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ABSTRACT. We consider spherically-symmetric iiglal 4i€o, i6é aiaitaiaiiio aeaisi roaeed iioa-
solution of the 5D Kaluza-Klein theory, which metric adé6aaiiy, aiie aiaitaiaapol aivoodigiié +anoeii
coe cients depend on time only. When we construct +i8ii" &dide 1'yoeaeiidit” 0aidi". Ca afiliaip
the appropriate 4+1 splitting of the ve-dimensional 04agiiée 2+2+1-8icuaieaiiy 1810180 i anidé Naiod-
space and then perform the conformal transformation 0ii6 adée+eéi oa aiaiaiail daa6ési” T108ei60unY

we get the cosmological model with hypercylinder éaadaiseiai i1adéi. ia 1filai Taddeseaiial eaadai-
topology. There are scalar and electromagnetic elds eeiaié 4daodtouny éaitii-ieé o6idiagici 0aidi, Ui
with contact interaction. Besides this, these elds Iiifioéol iileeieée Eaadaiea. Oei iiieieéal
correspond to the inner region of the black hole &idiTaiaapol aoideéiii aaiieéluolitaa, iliééufia oa
in the appropriate choice of integration constants. daéiiaa a'yci. O 14ildIAINI6 aeiaaéo iiGelnia
Using 2+2+1 splitting technics and reduction we a'ycl aeéiioloufiy oidieeil, a ¢ aaiieéuoliial” ae-
get the lagrangian of the model. After that we build i&éaal diaiyiiy Aéigodéia-Aaiieuolia-Retai. Ic
the canonical formalism of the theory, which admits &ica'ycéia OUiaT diaiyiiy T08eidti éfiitidioe
constraints. These are Hamilton, momentum and i&0déée i'yoeaeiidilal idaiiolds. 1iitaieé ciifo
Gauss secondary constraints. Momentum constraint is 6it" 8ialoe ieyaal 6 aga+aiii 6it" idodeée. Aeya-
satis ed trivially in the homogeneous case. From the &y0ufiy, Ui 0 aéiadéd, uil dicaéyaalolfy, ileeéeai

Hamilton constraint we obtain the Einstein-Hamilton-  &ica'ycéé ¢ oOndaiel i ia ondaiel aedéode+iel
Jacobi equation. 5D metric components arise from iiéai [Gladush et al., 2015]. O iadgli6 aéiaaéo,

the solutions of this equation. Main puprpose of this c¢a &iifitalp aiaitaiainan i'yoeaeiioditar éioae-

work is to investigate properties of this metric. It {aoiidl 140404idaiiy aeaéode+ia 1éa ileed aooe
turns out that the con gurations with removable and  6fi6i601. Aifigidsestounty +afiaa caédeeiifiou &fi-
unremovable electric eld are possible to exist in this 0618iilal iffeeiééa 8ifoIdIal-+afial 1aodeée,

case [Gladush et al., 2015]. Removable electric eld yééé Tiefd! diciid Afanaios ¢ eifiitéiai-iié ifadei.
can be eliminated with 5D coordinate transformation. A&yagyloufy, ui 0aéa itadél Tiendr 40aaidvasiéieé
Time dependence of the spacetime metric conformal &léaifi Afanaios 6 aiaaasailio 1aéadoiino. Aoil,
factor is researched. This conformal factor corresponds caéazeil dia ciaéd foaeed iivdddoaaiiy, 6 Gié éi-
to the size of the Universe in cosmological model. fiiiélai+iié i1adei ilaed a60e 18endoit ii+aoéiad

It turns out that such model describes gravitational T1i8iaiyii idcia+ia dicaedaiiy.

collapse of the Universe in the distant future. However, Eap+iai fietaa  : ryoeadiidieé idinoid-+an: 0&idiy
depending on the integration constants signs, there gasgpe-Ecdéia: O-8icaycié: itadeu +isii aide,
can present some relatively small initial in ation. aifiietai«ia iadau.

Keywords : ve-dimensional space-time: Kaluza-
Klein model; time-dependent solution: black hole
model, cosmological model. AlIOAOIR. Ad&adtoury

i aineiaseololny noade+ii-neiaode+ieé dica'ycié
i'yoeagiioilr oalaiT Eaeose-Eedéia, 1&40de<ii
é1a0ioitioé yéi" cagdeseadl oieuée aia +ano. 16e ia-
éaaeilio 4+1- diclidiedii i'yoeaeiisiial idinoiao 1. Introduction

Used conventions:Greek indices , , etc. run from
0 to 3, latin indices from the beginning of alphabet
a, b, c etc. get valuesO and 1. Latin indices from the
middle of alphabeti, j, k etc. get values2 and 3.

’

a éiieisiiio aialadaseaiii, aiie aiaiiaiaapou
éiniteTai+iié iiadéi ¢ Aailadoeciiade+itp ofii-
élaith i neaeysiel oa dgaeodiiaaioiel ieyie, In the Kaluza-Klein theory, we start from the 5D
U7 Acalitaipou lise Ai&lp éficaéoiél +ei. C space metrics and Einstein-Hilbert action for 5D gravi-

tational eld ( 4D scalar eld, A potential of the
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electromagnetic eld):

ds®?2 = g dx dx € (dz+ A dx )* (1)

S= P g® R® dzd*x 2)
Here R®) and P g® are the scalar curvature and
metrics determinant for the 5D manifold, respectively.
The last one consists of ordinary 4D space-time and
the fth dimension (which is parametrized by z coordi-
nate). It is also assumed in the Kaluza-Klein theory
that there is a Killing vector along this fth dimensi-
on. Because of this assumption, geometrical quantiti-

es in our model do not depend orz as soon as such

dependence does not have physical manifestation in the

theory. From these facts after certain transformations
(2) has the following form (F is an electromagnetic
strength tensor):

z

2

3 1

= @ 4+ = = T &
S I R® + > +ge F F gd*x
RO=RWg ] g =e g
(3)

In present article we research the spherically-
symmetric solutions of the 5D Kaluza-Klein model,
which depends on time only. Such solutions can
represent the inner region of the black hole with scalar
eld or a cosmological model, if the event horizon of
that eld con guration does not exist.

We are going to work out the eld model solutions
using Hamilton-Jacobi method and to demonstrate
usefulness of that methods for analysis of the
homogeneous eld con gurations. Solution of the same
problem can be found in [Hongya Liu et al., 1993], but,
contrary to our treatment, that result was obtained
through Einstein equations.

2. Initial treatment

In the spherically-symmetric case 4D spacetime
metrics in ADM-parametrisation writes:

h i

g dx dx =e NZ2dt?2 e (dr+ N'dt)? ed 2
d?=d?+sin’d 2

4)
Here , and are the dynamical variables of

the model, N and N' are the Lagrange multipliers.
EM eld potential has only 2 non-zero components,
namely Ai, which is a dynamical variable, and Ag
Lagrange multiplier. Therefore, Hamilton function of
the model depends on the variables, , , A; and
their conjugate momentumsP , P , P , Pgy . Using
(3) and (4), in the spherically-symmetric case we obtain
from canonical approach this set of constraints:

H» O H 0 @Pew O (%)

These equalities manifest that action S does not
depend on time reparametrizaions and di eomor sms
of the r and z coordinates, respectively. Because of
the eld con guration homogeneity, second and thi-
rd constraints are satis ed automatically. Particularly,
from the third constraint we have that Pgy = Q(t),
where Q is an electric charge located in the spatial
coordinate origin. Therefore, we have only one equation

in our model, namely the Hamilton constraint H,  O:
1
H, =P?2 2P P +§P2+Q2e 3 a42* =0
2 7 22 22
= d sind dr dz=4 1z r
0 0 ri Zy
(6)

As we can see,H, does not contain A;, so the
corresponding momentum is conserved Q = const.

3. Einstein-Hamilton-Jacobi equation

3.1. Equation

Let us introduce a new set of generalized coordinates
in our model:

[ 3 = + = (7
New canonically conjugate momentums:
P=P+P P=P P = 3P +P (8)

Using (7) and (8) we simplify the expression for Hami-
Iton constraint. Substituting momentums with deri-
vatives of the action S with respect to the appropriate
conjugate coordinates, we get:

®° @&° 1l . & &

@ @ '3 3@

2 2

1 + QZe!

4% =0
3

)
We have obtained the Einstein-Hamilton-Jacobi
equation for our eld con guration. Here is a soluti-

on of this equation:

@

Z
— C:2| a 2 2
S=QA1+ 1 +C +s d C} 4%+
Z r
1 1

C: and C, denote integration constants,s, ands are
the sign constants choosing them be equal tal or 1
we can get all 4 families of solutions for (9). As it menti-
oned in Hamilton-Jacobi method, now we di erentiate
S with respect to C;, C; and Q:

@ _ @ _
@¢ ' @G

@ _
@Q ©

2
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Here ;, » and ¢ are some constants.
Z Z

d Cy
1=sC 7 42e+281 F(!)d
1 1 z
=1 + —s C, F(!)d!
2= 3 243!2 2 ()
0= A; %s! QF(1)e d!I  (10)
F (1) function denotes:
r i b
F()= Cf 5C Q% . o
12 Fig. 1: Qualitative time dependency of the conformal

. . factor e s =1
Constants 1, » and o describes the initial conditi- (s )

ons, that are values of eld variables at certaintg. As r !
to we can use the event horizon coordinate (see next _ dA; _ c{ %Cg cosh 2 t c2 iCZ
section) of the eld con guration, or just extremum 7 Tt 2s Q 2 Tt 1272
point of the R(t) function. " . (15)
_ 1 1 t , 1.,
3.2. Time-dependent solution = 2ts ﬂth 5 In cosh > C1 TZCZ
: . (16)
Solving (10) with respect to !, , and A; we

Here we chose Lagrange multiplieN " be equal to zero.
As the eld con guration is homogeneous such choice
does not a ect solutions listed above.

obtain expressions for three eld variables as functions
of the fourth one and the integration constants. Parti-
cularly, , andA; can be expressed as functions of.
However, it is convenient for further treatment to work
out the eld potentials as functions of time variable t. 4. Solution properties
Due to the model reparametrization invariance, time
coordinate can be chosen arbitrarily. We introducet 4.1. Event horizon
variable in the following way:
Z

By de nition, event horizon is an isotropic surface of

t= F()d (11)  the scale factorR:
2 —
We emphasize that time dependency could be chosen (rR) T 0
di erently, that is using momentum de nitions in the . ) )
Lagrange and Hamilton-Jacobi approaches, e. g.: Heret = tq denotes event horizon coordinate. Besides
this, we require that scalar eld is equal to zero on
P = @ = @ the horizon (black hole does not have scalar "hairs").
@a @ From the following equalities, we obtain the event hori-

The left part of this equation contains velocities and ZOn coordinatety and integration constants condition
multiplier N (t), but the right part consists only of under which eld con guration has such horizon:
coordinates. ChosingN (t) and solving this di erential 1 dr 2
equation we obtain time dependency. NZ dt et
Using (7), we write down components of the space- o
time metrics, EM eld strength and scalar eld as From the rst equality we have this complex of equati-

=0 (t=1tg)=0 17)

functions of time (Q 6 0): ons with respect toty:
2 r
—d_ C, 1 1
e ez 2
N = 5 - e (12 25 O 08 Qe e?+
FrmEr s ts Cf 4% P+ (18)
c? i3 2 45 ECot e e
e 1 ;2 2 ©&Xp g St 15-2 (13) tanh 1+ss 2jCijtg = s %igij
Q cosh & Cc? ZLcC? o .
The rst equation is transcendental, while the second
e —Ris Q2c2 exp 4, s %Czt immediately writes:
42 C? 5CZ costf 1+ss :jCijt 4 s s 4 1C,

(14) tg = ﬁﬂL S s J_Cljarcth S 3iCy (19)
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Putting (19) to the second equation in (17) (using Exact expression for the (22) as a function of time
expression for in (16)) we get the event horizon exi- is quite long, so we do not show it here. As follows
stence condition for integration constants. from our analysis, (22) diverges while two conditions
Having (19) and initial data (t = ty) = 0 we get are satised when R(t) or N (t) become equal to zero.
rid of ;1 and , in the expressions for event horizon From (12)-(16) we have that the rst condition is full -

radius Ry and scalar eld: lled whents ! 1 . It means that point t!1 is a
q singularity of the black hole. Indeed, scale factor in
QCy cosh %‘3 cz +cz that point is equal to zero R(t!1 )=0. So there
Ry = —¢———— h o (20) is a gravitational collapse to the singularity in in ni-
2 C} {Czcosharcth s 365 tely distant future for observer in the selected reference
q frame. In other words, it is geometrically impossible to
cosh L c2 1Llcz2 build a two-dimensional sphere with non-zero radius
1 1 2 1 1222 .
(t)=s =Co(t tg)+ zIn e R ——— and volume in such space.
24 cosh %9 cz Lcz The second condition is fulllled if ts satis es the
(21) following equation:
1 1. 1. .
S| écz S S éJClj tanh 1+ s s 21JClj ts +
4.2. Singularities of the spacetime geometry r— — r— !
1 2 1 ts > 1
- Cf -—Cstanh — C&f —Cs5 =0
In order to investigate geometrical singularities in 4 12 2 12
present con guration we calculate the Kretchman (23)

invariant K (t) for the obtained spacetime metrics (12)- .

(14). Singularities of this invariant as function of time Conclusion

(let us denote them asts) point to the geometrical si-

ngularities. By de nition: As it was shown in the analysis above, homogeneous
eld conguration in the 5D Kaluza-Klein model
represents charged black hole with the scalar eld
inside, or the cosmological model, if event horizon is
absent. It follows from the time dependencies of the
conformal factor e () (which are shown on g.1)
that such model describes gravitational collapse of a
homogeneous universe wherC, 0 and sequential
in ation and collapse when C, < 0.

K(t)= R® R®

It is quite complicated to get it in the direct calculation
from spacetime metrics components. Because of this,
we apply the 2+2 splitting technique to this issue. Fi-
rstly, let us represent spacetime manifold as a tensor
product R> S?, where the rst multiplier (we denote
it as M (1)) is a two-dimensional manifold with time _ N .
and radial coordinates, and the second one (which is Solution (12)'(1_6) contains |ntegrat|0_n consta_nts
denoted asM (")) is a two-dimensional sphere with C, and Cp, which have the following physical
radius R(t). Secondly, we write tensor quantities in the sense. If our eld con guration has event horizon,

vector basis adapted for splitting. According to this, these. constants are functions of the central mass,
Kretchman invariant can be written as follows: electric and scalar charges of the black hole. Exact

view of these functions is a subject for further research.
K (t) =R ;‘L)de R (4) abde +2R (a‘l?)J R (4) aibj +R I(l?])l R (4) ikjl

Using 2+2 splitting, we get: References
@ _ o) @ _ 1 Bronnikov K.A., Rubin S.G.: 2008, Lectures on Gra-
Rabde = Rped Gaf Raby = 5 (Ra)yp i vity and Cosmology, Moscow, Moscow Engineering
5 Physics Institute, 2008, 460 pp. (in Russian).
R@ - R (Hm (r R) Cu i ) Gladush V.D., Al-Shawaf Nadim: 2015,0dessa Astron.
il lem R2 oo Publ., 2, 28.
HereR () and Rj(llkl )™ are components of the Riemann Hongya Liu et al.: 1993,J. Math. Phys., 34, 9.

tensors ofM () and M (') respectively. Covariant deri- Gladush V.D.: 1979, Sov. Phys. J, 22, 11, 1172.

vatives (Rya)., are calculated using metrics onM ().
Finally, we have:
4 h i
K(t)= =7 1+(r R)?+(r R)* +

4
+ﬁ(R;a);b(R;d);egadgbe+ R (t) (22)
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OF CHARGED BLACK HOLES
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ABSTRACT. Analytical aspects of the classical ge-
ometrodynamics of charged black holes are considered
The classical model of the charged BHs is the spher-
ically symmetric con guration of the electromagnetic
and gravitational elds in GR. The feature of such
dynamic systems is that, in addition to the Killing
vector, they admit two motion integrals: the total
mass M and the charge Q of the con guration. Using
these conservation laws, as well as the Hamiltonian
constraint, the momenta as functions of con guration
variables are found. In addition, the integrability
conditions for the momenta as functional derivatives
of the action are satis ed. This allows us to calculate
the functional of action, which is a solution of the
Einstein-Hamilton-Jacobi equation.  Variations of
action functional with respect to the mass M and
charge Q lead to the solution of the Einstein equations
in the con guration space.

Keywords : electromagnetic and gravitational elds,
geometrodynamics, constraints, con guration space,
Einstein-Hamilton-Jacobi equation.

AITOAOIR.  Dicagyiool aiagioe+ii  afiaéoe
geane=ii”  &anlaodiaeiaiieé aey noade+ii-
fieidode+ii" (CC) éiiiadcdasi” aeéaéodiiaaiioiial

i Adaaicaciéiial eia COA. Tnageainop ©6ed
gliciaodacié 1 0a, ui aiié afonéapou aaa
iiodadaca 8606 cadaeuio iano i cadya. Aiy
Acigoaéia-Aietiadooa &y  EMioiaosasit ey
aelidii” 8aadési” ca afiiiialp 1a8a0aidaiiy
Edeeadiada caiaeouny &l Tifar

aaiiéuornitai ar.
Aééisenotacp+e caéiieé cadddaediiy 1ane i cadyao,
a O0adlae aaiieuoiiiad a'yg, ciaéaaii iliceune
yé O06iédi" ciiiied éiidiadoadi . Edil  ofaf,
aeéliopouny oiiae iiodastaaiiioi iiéeunia yé
oo0iéoitiaeiies 1oiaied ai.  OA& aicaiey! iai
jooeiace O6iéoiliaé ai” yé ofcal'ycié aiaiyiiy
Aéigodéia-Aaiieloiia-Rélai a ooiésiliasiied
iGiaies. Aadiaoi d6iéoditiags ai' Ulal 1afe M i
caoyad Q éfidiasoadi’ ioecaiayol ai 0daléoioiyo
8060606 a éfibiadoaciéiiio 161fioid.

Eép+iai netaa: A&edéodiiadiioid i adaadidasiéiad
aanaoosiaeiaiiéa, a'yce, eélioiacsaoviéieé

éfai.

ey,
i3ifi0i3, Biaiyiiy Aéipoaéia-Aaiiuoiia-R

1. Introduction

As is known, the space-time metric M* for a
spherically symmetric (SS) con guration of the elec-
tromagnetic and gravitational elds in GR (as well
as with the cosmological constant) admits the Killing
vector. Therefore, in the R-region, when choosing
Killing time, the elds do not have dynamic degrees
of freedom. Therefore, to study the questions of
guantization, in [Gladush 2016, 2018], we limited
ourselves to considering the T-region, where these
elds have a dynamic meaning. The limited nature of
this direction dictates us to consider a more general,
geometrodynamics approach to the SS con guration of
electromagnetic and gravitational elds [Kuchar 1994,
Louko 1996, Makela 1998]. In this approach, a 3 +
1-splitting of M # into a one-parameter family of space-
like hypersurfaces is constructed. The corresponding
parameter labeling the hypersurfaces determines the
time coordinate of a normal reference frame and
describes the evolution of geometric quantities de ned
on these hypersurfaces. This introduces the dynamics
of objects de ned on these hypersurfaces itM .

2. The basic dynamic values
of the con guration

We start from the general Arnowitt-Deser-Misner SS
line element.

ds?= N? dx®® L2 dr+ N'dx®® R3d 2; (1)
wherex® = ctandd 2 = d 2+sin?d 2. In this
formula the lapse N and the shift N", as well as the
quantities L and R, which are considered as the dynam-
ical variables of the spacetime geometry, are assumed
to be functions of the time coordinatex® = ct and the
radial coordinate r only. The electromagnetic potential

is taken to be described by the SS one-form

A= Agdx®+ A,dr = 'dx °+ dr; 2)

where Ag = ' x%r and A, = x%:r . For the
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Einstein-Maxwell theory the action is The last constraint has the solution
4 P— R?
S= & yeo “YWR+F F gd*x (3) NLE=Q (11)
+ (boundary terms), It follows from here that
whereg = NZ2L2R*sin?> is the determinant of the E= ., '.,=NL g: (12)
metric (1), @R is the Ricci scalar, andF = A ' ' R?
A s the electromagnetic eld tensor. Inserting the Thjs determines the electric eld strength E of the

SS elds (1) and (2) and integrating over the angles
and we obtain, up to boundary terms, the action

z
S=  Ld’; (4)
1 c
L=—-T+ —NU:
N 5 NU (5)

Here L the Lagrangian of system, T and U are the
kinetic and potential parts of system:

T= S[R(Lo (LN"),)

+L(Ro N'Ry)(Ro N'Ry) (6)
1 R? .
*a%L EY
1 R R
Uu=1L ERr2+2FRrL’ 2ERrr ; (7
where
E=Fo= Fo= ;0 'i:

We give the constraints that arise from the Lagrangian H =

(5). First we write down the primary constraints

PN:@%:O; PNr:@l\bzo;

= Q =
@0

P: 0:

Next, we write down the secondary constraints, are

the Hamiltonian, momentum (di eomorphism) and
Gaussian ones, respectively

_ 1 Sy —
i 8= =T+5U=
& £2R(Lio (LN").)(Ro N'Ry)
(0]
3 2
SL(Ro N'Ry)*+ AR E?2 ®)
+& L iRZ+2RR/L, 2RR, =0;
L &R v
NN Lo g (NL Ry 9)
N.
L Rior NrR;rr WJR;O =0;
L 1@ R?
==~ T E =0: 10
' c@r NL (10)

chargeQ.
The canonical momenta, which are conjugate to the
variablesL;R and are

Pr= k= & IL(Re N'R))
+R(Lio (LN")0l 5 (13)

_ @ ¢ R Ry -
PL—@— *W(Ro N'Ry) ; (14)
P @ _Rr - Q. (15)

@0 CcNL ¢
A Legendre transformation, up to surface terms,
leads to the Hamiltonian action

[L;I§; P LiPr;P S N;NT; ]

= dx® dr (PrRR.o+ PLLog+ P .o (16)
NH N'H, 'H.):
where
Q L ., cL _,
= —p PrP. + P
@N & 2R2 L R R'H T oR?
&L 1_, R R .
= 5 Ri+ZRebs [ Ru =0; (17)
L .
Hr = N'™ L(PL);r PrR; =0 (18)
L @
H = = =P =0 1
—= P =0 (19)

Here the Hamiltonian, di eomorphism and Gauss law
constraints, which are expressed through momenta

3. The mass function and momenta of eld
con guration

The Einstein equations for the con guration under
consideration lead to the conservation laws of charge
Q (11) and the total mass function M (Gladush 2012).

3 Q?
Mut = ——R 1+(r R)? + ; 20
ot = 5 (r R) 2R (20)
For metric (1), the mass function is de ned as follows
¢ 1 1
Mt = 27R 1+ W(R;O N'R;)? FRZr
3 2
+ R _E = m = const; (22)

202N 2 L2
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or, by the formulae (13,14,15) one gets M in terms of The expression forP_ does not contain the derivatives

momenta
" i 4

2
R+ (PL) R

— —R2
c? R

Mot = L2

C2
- 22)
P

=+ _ =

m:
2R

Using the mass function and the Hamiltonian con-
straint (17), one can nd the momenta P_ and Pg on
the CS, which allows one to construct the action of the
system as a solution of the Einstein-Hamilton-Jacobi
equation (EHJ). Indeed, taking into account (15), from
(22) we nd P_ as a function of massm, chargeQ, and
con guration variables of the system

p—

P fR Fiot ; (23)
where

R2

Fot = z° F; (24)
2m Q?
= + — :

F 1 2R &R (25)

If one substitutes this expression forP, into Eq. (17),
we get the momentumPg

" #
c? R m
R Ftot L T C2R ( )

ir

It is easy to check on that the momentum constraint
(18) for the momenta (23), (26), i.e., the condition
for the invariance of the action functional, is satis ed
identically.

4. The action and the system trajectories in
the con guration space

The EHJ equation for the action S[L;R; ;Q;m;r]
can be obtained by substituting the functional deriva-
tives

(27)

into constraint (17).
However, we will nd the action in a simpler way.
The last equation in (27) gives
z

SolL;R; Q;m;r] + Q

dr;
c
(28)
where S[L; R; Q; m;r] is a functional independent of
, and moreover,

SIL;R; ;Q;m;r] =

(29)

of L, therefore, following (Louis-Martinez 1994), the
rst equation in (29) is directly integrated:

SolL; R; Q;m;r]
np— R
Ftot iln

+G(R;M;Q;r)

(30)

LP For Ry

LRdr PFa Ry

S%[L;R;Q;m;r]S
s R P— R
= ¢ LRAr ' Frr %arcthﬁ%
+G(R;M;Q;r) ;

(1)

where G (R;M; Q;r) is a functional independent ofL.
Using the second equation in (29), from (30) we obtain
So S
S0 _ > R
R Pr RG(R,m,Q,r).
This implies that G(R;m; Q;r) = G(m; Q;r) is afunc-
tional independent of R. Here we indirectly checked the
integrability conditions of functional equations (29)
As a result, we come to the action functional in the
CS

Pr = (32)

SJL;R; ;Qim;r] (33)
—°3RLRdr P R | L? For Ry
- tOt n'— Fwot R
+R9dr + drg(mQr)
C

as a solution of the EHJ equation. Hereg(M;Q;r) is
an arbitrary function of M;Q andr.

The system trajectories in the CS or the solution of
Einstein equations follow from the relations

S P —
Frot

L
= Cc— f =0: 4
== oo of (=0} (34)
S Qp F 1 1
_ tot - - - .
Q L"RF Tc c @70 (39
where the following notation is introduced
@gm;Q;r)
f = _; 36
(1) o (36)
L2dmQir) .
= : 37
© @0 (37)
Hence it can be seen, that
r R2
L= Ff2(r) ?” ; (38)
Q
= o tf() §: (39)

The obtained relations determine the dependence of
the dynamic variables L and on the coordinate r,
the variable R(r) and its derivative with respect to r.
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From here we nd the space-time metric M © and the R= —(c +X); (52)

potential of the electromagnetic eld c? '

ds? = N2 dx° ° (40)

Ff2(r) F 'R2 dr+N'dx®? R2d 2;
A="'dx °+ + f 9ol- 41
= (0) (r)R r. (41)

The lapseN and the shift N" can be found by passing
to the Reissner-Nordstrom solution in the T-region
or by using the corresponding time recovery procedure.

5. Minisuperspace metric

From relation (8) we have N = P 2 T=cU). There-
fore, the action (4) can be rewritten as follows

Z z
1 c
= 0 —T+ =N
S dx dr rN > U
Z Z
— 0 c
= 2 dx° dr Z—TU (42)
or, taking into account (6), in the form
r-—z z
2
s= £ 4 b 43)

Here we introduce the Lie di erentials by the formulas

DL = (Lo (LNT).,)dx° (44)
= dL (LNT")., dx%;

DR = (Ro N'R;)dx° (45)
= dR N'R,dx’;

D = (0 'y)dx%=d oidx®: (46)

Then, the action S can be rewritten as
r—z Z

S= > dr D ; (47)

where D 2 is the supermetric CS
D 2=uUd 3= .

h i
2RDLDR + LDR2 + RED 2 :(48)

— 1 [ou

2c

In the simplest case of curvature coordinates in the
T-region, whenR = cT(x?), and all spatial derivatives
disappear, we haveU = L and the action takes the
form

S = (49)
<R _Rp
=< dr (2RdR + LdR) LdL + R?d 2
Using the eld transformation
2
12 = —* ¢ x Y . (0
C +X c +X
S (51)

T Cc +X

supermetric of D 2 is reduced to the Lorentz form, i.e.
CSis at

d 2=L 3= c2d?+ de® + dy?; (53)
It follows that minisupermetrics admits the motions
group O(1; 2). Note that the supermetric kinetic part

d%:de02 )
h i

1 4 2, R? 2 .
3¢ ¢ 2RDLDR + LDR“+ TD ; (54)

is conformally at.

6. Conclusions

It is to be noted that the inequality Fiy = R3=L%+
F >F > 0in equation (23) determines the classically
admissible region. Its boundary is given by the equa-
tion roots Fi; = 0. On the other hand, the T-region
of Reissner-Nordstrom space-time is specied by the
condition F > 0, while the horizon is determined by
the equation F = 0. It is easy to see that theT-region
is contained in a classically admissible region.

It is also interesting to note that the complete inte-
grability of the considered system is preserved when
the cosmological constant is added. The complete
integrability of the system is due to the fact that the
considered eld con guration in the SS case does not
have local degrees of freedom. However, the inclusion
of a scalar eld in the con guration completely
destroys the picture. In this case, the mass function is
not conserved, and the corresponding equations in the
general case cannot be analytically solved. Physically,
this is due to the fact that spherical symmetry allows
scalar eld waves. In this case, the con guration turns
out to be a dynamic system with an in nite number
of freedom degrees.
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ABSTRACT. Glueball and oddball resonances lying powerful tool to classify hadrons. The proposed tra-
on the pomeron/odderon trajectories (Chew-Frautchi jectory opens a new avenue of research in hadron spec-
plot) with threshold and asymptotic behaviour re- troscopy (Chew-Frautchi plot), applicable both to or-
quired by analyticity and unitarity are predicted. dinary mesons and baryons as well as to glueballs lying
While the parameters of meson and baryon trajecto- on the pomeron and odderon trajectories.
ries can be determined both from the scattering data  Keywords : Regge trajectories, resonances,
and from the particles spectra, this is not so for the pomeron, odderon, glueball, meson, baryon.
pomeron (and odderon) trajectory, known only from
ts to scattering data only. S oo o o

o . L AlIOAOIR. ladadda+ail daciiaifie aépaiéia

The main idea in our approach is in USe Of @ NON- \ . i on  vn s x s c3 Sxa® A amxi @ X7
linear complex Regge trajectory for the pomeron satis- oo, care o Wl cageaol 1a 0daaedidi  fadtia

. piex =egge trajectory for the pome (1aaad7ia, 4cacie xp-Odad+) ¢ TidiEN 0a
fying the requirements of the analytic S-matrix theory . o ) o0 ro oy O A

. . . afierioioe+iip 1Maaaiiéip, ui caaiaiéuiypou
yet tting the data. The crucial task, on which glueball = L\ ixy xrasasn.rma: ax zrasxoma: A Anz o aw
- . aeiiaal aiaeioe+iinoi oa oiidadiinoi. A oié +an,
(and oddball) predictions are based is the Correct t Of . & .\ xiie sxm 18 ~rrxm Sa ZxxnrfAx XA 8 ANNAX: 2
. yé 1adaiaodd iagiiied oa 4adiiiied 0daaéioioié
the pomeron (and odderon) trajectory to the data. i AN n i aaa e CAtA A Ao
j ] ifeia &esciareoce yé ¢ aaieéd 1061 OichAiyiiy,
_ The basp sub-process is pomeron-pomeron scatter-gaa i fideoda +anieile, 6 iAileceal A&y
Ing, producmg quebaIIs Iylng onAthe direct-channel 08adéoiaié inasiia (C)é. Té.éé.aﬁé.), 1) Yéi e
pomeron trajectory.  Glueball & towers, called ;317 ii6131a0ip esd ¢ Aaied 151 dICAIYITY.
reggeized Breit-Wigner resonances, lie on this trajec- jx:aes

‘ Crucial for the identi cafi fth iates | IRiTailp fagdp iadlp * ¢anioifidaaly iaeiiiéied
ory. Crucial for the identl cation of tnese Stales IS ayisgaiies 08a&eoisie Daased, U caataieiypoi

>

kncl)vv_ledgtc)e of the non—llqear codmplex _trajectlory, m';e-r- 201531 AjAside~ oaisi S jaosesi i ise
polating eltween negative anf podsmve vauEs of its 6iifi6 TieRopot  Aaii. Eseoe+iel ! calsa ¢
argument. Its parameters are found trom to the scat- AGRASAIAIBANIRIE Aafale.

. : : : i
tering dgta. While the real part qf the. trajectory is Adgiadl ! iia-idioan Sichiyiiy MasTia ¢
almost linear, the recovery of the imaginary part, de- ...z zaxron mapsmmin  Sn 208 o xxe £3 % 8 AR xi
s ) . . . ioiacéoaaiyi aepaiéia, ul éaseaol ia 00aaéiodi
termining the widths of predicted glueballs, iS an IM- <o xns A i 2 Axzai: R smpcs AAN Xa e ArsiA
) S imadiia & ioyilié éaiagi. Noiadi+-eée aepaiéia,
portant ingredient in our approach. N S S N
yéi ie iaceadalil oadseaciaaiieie oagiiaifaie

Oddballs, resonances made of three gluons have theiz3apa-Aiaiasa. &30l ia 66 058328018
same right of existence as glueballs made of two gluons.gsapa=<iai 46V 1481080i8a0i" 66 fdafia ! ciaiiy
Oddballs are expected to lie on the odderon trajectory jagiiiéilp NAeRiT 06a46018I°, Yea ijoadiept
exactly in the same way as glueballs lie on the pomeron;ix i33308aicie oa ficeoeaidie cia+aiiyie
trajectory. adaoiaioa. A ofé -af, ye daasuia +afoeia

The trajectory introduced in this paper can be ap- 08a&é018i" iaéaed &iiigia, ciadlasediiy ~ oyail
plied also to studies or ordinary meson and baryon +afnogi¢, yéa &al aéciaral gedeie aepaieia, !
spectra (Chew-Frautchi plot). adazeéeaip 10éaiiasnitp ~anoeiip iasial iiastas.

The parameters of the pomeron and odderon tra- 1a&lée - dachiaifie, yéi néeaaapouny ¢ 06
jectories are tted to the data on high-energy elastic &epiiia, iapou 0aéd faia 18aal fa ifiéaaliy,
proton-proton scattering. The tted trajectories are yé i aépaiee, ui Aééadapolny ¢ &ai0 aepaieia.
extrapolated to the resonance region to predict massesié 81aii¢oti, Uf 1aaiée edaeaoi ia 08a&éioadi”
and widths of glueballs and oddballs. Appended by iaadiia ocaé nail, yé aepaieé - ia 006aaéoisi’
unitary symmetry, the Chew-Frautchi plot remains a ifiagiia.
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OBa4éioisi” caidiiiitaaii & aaiié 81aioi ileeia

cafoifioaace oaélee & 4aifigideediily fAidéodia
cae+aéied iaciia oa aaaifiia.
ladaiaode odaaéoidsi” imadiia oa Taa

[EEEG]IE
idéa'ycaii ai aaied aeniéiaiadadoeiial idozeital
iaofi-isiofiital  Sichipaaiiy. liaiaaii
0daléoisiT aénodaiiedtaali a Taeanou &aciiainia
a6y 1a0aaaa+aiiy 1an i pédei aepaicia oa 1aaieia.
pagii ¢ 6i0adiip fiei&oditp, adasie xp-Odad+ 1
ifoGaeiéi iifiodoiaiol 6 ééaneodiéadi” aadiiia.

Eéb+Téi fieéfaa 00a88010i" Paseed, daciiaifie,

1. Introduction

Regge trajectories (t) connect the scattering region,
t < 0 with particle spectroscopy, t > 0. In this way
they realize crossing symmetry and anticipate duality:
dynamics of two kinematically disconnected regions are
interrelated. The behaviour of trajectories both in the
scattering and particle region is close to linear. This
observation, combined with the properties of dual mod-
els and hadron strings resulted in a prejudice of the
linearity of Regge trajectories. Appended by unitary
symmetry, the Chew-Frautchi plot remains a powerful
tool to classify hadrons.

Unitarity imposes (Barut et al., 1962) a severe con-
straint on the threshold behavior of the trajectories:

= (Do (t 1)

while asymptotically the trajectories are constrained
by (Bugrij et al., 1973)

to) (to)+1 :2;

®

tint
til

const

@)

The above asymptotic constrain can be still lowered to
a logarithm by imposing (Jenkovszky, 1987 and earlier
references) wide-angle power behaviour for the ampli-
tude. While the parameters of meson and baryon tra-
jectories can be determined both from the scattering
data and from the particles spectra, this is not true
for the pomeron (and odderon) trajectory, known only
from ts to scattering data only (negative values of
its argument). An obvious task is to extrapolate the
pomeron trajectory from negative to positive values to
predict glueball states at J = 2;4;::: non has been
found. Given the nearly linear form of the pomeron
trajectory, known from the ts to the (exponential)
di raction cone, little room is left for variations in the
region of particles ¢ > 0.)

We continue the lines of research initiated in (Fiore
et al., 2016) and (Fiore et al., 2018) in which an an-
alytic pomeron trajectory was used to calculate the

production measurable in proton proton scattering.
The basic idea in that approach is in the use of a non-
linear complex Regge trajectory for the pomeron sat-
isfying the requirements of the analytic S-matrix the-
ory and tting the data. Fits imply high-energy elas-
tic proton-proton and/or proton-antiproton scattering
(with the odderon in mind!).

The basic sub-process is pomeron-pomeron scatter-
ing, producing glueballs lying on the direct-channel
pomeron trajectory, with a triple pomeron vertex.
Glueball &»towersag, i.e. excited glueball states,
called reggeized Breit-Wigner resonances, lie on this
trajectory. Crucial for the identi cation of these states
is knowledge of the nonlinear complex trajectory,
interpolating between negative and to positive values
of its argument. Its parameters are tted to the
scattering data. While the real part of the trajectory
is almost linear, the recovery of the imaginary part,
determining the widths of predicted glueballs, is a
highly non-trivial problem.

2. Simple analytic Regge trajectory

What is the simplest ansatz for a Regge trajectory
satisfying the following constrains: a) threshold behav-
ior imposed by unitarity, Eq. (1), b) asymptotic behav-
ior constrained by Eq. (2), c) yet compatible with the
nearly linear behavior in the resonance region (Chew-
Frautchi plot)? Attempts and explicit examples can
be found in a number of papers, see e.g. (Fiore et al.,
2016 and 2018) and (Szanyi., 2017) and earlier refer-
ences therein.

The trajectory:

1
2

+
to t

+
[a} lt
P

®3)

=17 Py
wherety = 4m? for pomeron andtg = 9m? for odderon
and ; 1; » are adjustable parameters, to be tted to
scattering (t < 0) data with the obvious constrains:

(0) 108and 9%0) 0:3 (in case of the pomeron
trajectory). Trajectory Eq. (3) has square-root asymp-
totic behavior, in accord with the requirements of the
analytic S-matrix theory.

With the parameters tted in the scattering region,
we continue trajectory Eq. (3) to positive values of t.
When approaching the branch cut att = tp; one has to
chose the right Riemann sheet, Fort > t o trajectory
Eqg. (3) may be rewritten as

1 T_‘ + it
20T to+
with the sign "minus” in front of
de nition of the physical sheej.
Fort>>t o j (1)! -

4)

N .
P
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2, according to the

)=

jti. For t >t (on the

pomeron-pomeron cross section in central exclusiveupper edge of the cut),Im > O:
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The interceptis (0) =1+
is

and the slope att =0

i 5)

%0 =
0) = P
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To anticipate subsequent ts and discussions, note
that the presence of the light threshold t = 4m?
(required by unitarity and the observed "break” in
the data) results in the increasing, compared with the
"standard" value of about 0:25 GeV 2, slope.

The crucial task, on which glueball (and oddball)
predictions are based is the correct t of the pomeron
(and odderon) trajectory to the data. Credibility of
such predictions depend on the reliability of these ts.
The most direct and reliable ways to t the pomeron
(and odderon) trajectory are those to high-energy elas-
tic nucleon scattering, of which the LHC data on
proton-proton scattering, dominated by pomeron ex-
change are the best. The contribution of secondary
trajectories here is negligible.

The situation, however is not that simple. The
smooth, nearly exponential smalljtj part of the cone
(jt  0:3 before the dip) at the LHC is too short to
t the trajectory and provide its reliable interpolation
to large positive values, where glueball are expected.
Fits in this limited interval are under control and the
small deviation from and exponential of the cone,
can be parametrized by a pomeron (and odderon)
exchange within the simple Donnachie-Landsho
model (Donnachie et al., 2002), see next Section,
where the resulting trajectory inherits the curvature,
called "break" seen both at the ISR and LHC near
t 0:1 GeV?.

3. Glueballs and Oddballs

3.1 Pomeron/odderon trajectories in Central
Exclusive Production

Central exclusive di ractive (CED) production con-
tinues to attract the attention of both theorists and
experimentalists, seee.g. Refs.(Fiore et al.,2018, Ew-
erz et al., 2019) and references therein. This interest
is triggered by LHC's high energies, where even the
sub-energies at equal partition are su cient to neglect
the contribution from secondary Regge trajectories and

consequently CED can be considered as a gluon factory

producing exatic particles such as glueballs.

In single-di raction dissociation or single dissocia-
tion (SD) one of the incoming protons dissociates, in
double-di raction dissociation or double dissociation
(DD) both protons dissociate, and in central dirac-
tion (CD) or double-Pomeron exchange (DPE) neither

proton dissociates. These processes are listed below,

SD pp! pp
or pp! pp
DD pp! pp
CD (DPE) pp! pXp;

where p represents a diractively dissociated pro-
ton and X denotes a central system, consisting of
meson/glueball resonances. Schematic diagrams are

shown in Fig. 1.
3
— M1
% (t)

_— M6

1
f(t)

®

f(t)
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Figure 1: Regge-pole factorization.

The basic sub-process is pomeron-pomeron scatter-
ing, producing glueballs lying on the direct-channel
pomeron trajectory, with a triple pomeron vertex.
Glueball &»towersag, i.e. excited glueball states,
called reggeized Breit-Wigner resonances, lie on this
trajectory. Crucial for the identi cation of these states
is knowledge of the non-linear complex trajectory, in-
terpolating between negative and positive values of its
argument. Its parameters are tted to the scattering
data. While the real part of the trajectory is almost
linear, the recovery of the imaginary part, determining
the widths of predicted glueballs, is a highly non-trivial
problem.

In the present paper, by introducing a new model of
the Regge trajectories, both for the pomeron and odd-
eron, we continue studies along the lines of Ref. (Fiore
et al.,, 2016 and 2018) . We rst t the parameters
of those trajectories to high-energy elastic scattering
data then extrapolate the tted new trajectories to
the particle region to predict the masses and widths
of the glueballs and oddballs lying respectively on the
pomeron and odderon trajectories.

3.2. Scattering amplitude, cross sections, resonances

In (Fiore et al., 2018) the resonances contribution to
pomeron-pomeron (PP) cross section was calculated
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from the imaginary part of the amplitude by use of the  —~ 10° e
optical theorem E : s TorEN e
tF’P(NI 2) - :mA(M 2,t=0) - (6) E, — Regge SP fit
5
X [OP? =m (M2 g .,
e 5 O < e (M)Z+(=m (M2)2’ S,
(7 10? mm
In this Section we concentrate on the pomeron. In g
this case Eq. (7) reduces to e
a
PP (M2) = k’*? =m (M?) )
¢ (M%) = a T <e MD)2+(=m (M2 000 002 004 006 008 010 012 014
(8) -t [GEVZ]

wherek = f;(0), and, for simplicity here we setk = 1.

We start by comparing the resulting glueball spectra Figure 2: pp di erential cross section at 13 TeV tted
in two ways: rst we plot the real and imaginary parts  to the model: Eq. (10) and trajectory Eq. (3)
of the trajectory (Chew-Frautchi plot) and calculate

the resonances' widths by using the relation (see: e.qg. 0.04

g Vs=13 TeV, pp ]
Eqg. (18) in R.Fiore et al. 0404021) = 0 TOTEM data J
g o iiggsefgafi 0.43 Jf
(s=M?) = ?: (S_); 9) % 002 g=3047:001 “\
) - Bt
where s) = dRe (p §):dp S. 5;’ 0.00}— L 0 - ‘% i T‘ ﬁ‘] %%
LT
3.3. Regge-pole ts to high-energy elastic scattering = _gop
data i i
High-energy elastic proton-proton and proton- 0860 002 004 006 008 010 012 014
antiproton scattering, including ISR and LHC energies -t [GeV]

was successfully tted with non-linear pomeron trajec-

tories in a number of paper, see (Jenkovszky et al., rigyre 3: Normalized pp di erential cross section at

2018) and references therein. Since here we are inter-3 1oy tted to the model Eq. (10) with trajectory
ested in the parametrization of the pomeron (and odd- Eq. (3)

eron) trajectories, dominating the LHC energy region,
we concentrate on the LHC data, where secondary tra-
jectories can be completely ignored in the near forward where p (t) is given by Eqg. (3) (changing variables to
direction. variable t). We used the norm:
While at lower energies, e.g. at the ISR, the dirac-
tion cone shows almost perfect exponential behavior i = —jAp(s;1)j% (11)
corresponding to a linear pomeron trajectory in a wide dt s
span of 0 < t < 1:3 GeV?, violated only by the Fig. 3 shows the normalized form of the di erential
"break" near t 0:1 GeV?, at the LCH it is almost  cross section (used by TOTEM (The TOTEM col-
immediately followed by another structure, namely by |aboration, 2018)) illustrating the low- jtj "break" phe-
the dip at t 0:6 GeV?. The dynamic of the dip nomenon (Jenkovszky et al., 2018) related to the non-
(di raction minimum) has been treated fully and suc- Jinear square root term in the pomeron trajectory.
cessfully (Szanyi, Bence et al, 2019), however thoseHowever, it should be also noted that the "break" may
details are irrelevant to the behavior of the pomeron result from the two-pion threshold both in the trajec-
trajectory in the resonance (positive s) region and tory and the non-exponential residue, as discussed in
expected glueballs there, that depend largely on the (Jenkovszky et al., 2018).
imaginary part of the trajectory and basically on the Fits with the SP model is quite simple. However,
threshold singularity in Eq. (3). they are not sensitive to the odderon and thus are not
In Fig. 2 we show a t to the low- jtj elastic proton- suitable to predict oddballs. A more advanced, DP

proton di erential cross section data (The TOTEM col-  model was considered in (Szanyi et al., 2019) with the
laboration, 2018) at 13 TeV with a simple model: result shown in the gure below.

Ap(sit)= apele ! »M%(s=qp) *®;  (10)
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3.4. Glueball and Oddball spectroscopy

The non-linear trajectory can be applied to glue-
balls and oddballs (Szanyi et al., 2019). The real and
imaginary part of the pomeron trajectory obtained by
the SP (simple model of scattering amplitude) and DP
(double-pole model) ts to high energy elastic scatter-
ing data are shown in Fig. 4 and Fig. 5. Fig. 4 shows
also the predicted glueballs (with their widths) lying on
the on the pomeron trajectory. The slope of trajectory
is shown in Fig. 6.

The predicted pomeron component of the PP total
cross section with the calculated ratios of neighboring
resonances' widths both SP and DP case are shown in
Fig. 7.

Table 1: Fitted parameters of the pomeron and odd-
eron trajectories, see (Szanyi et al., 2019).
Pomeron

a 1:08009 0:00005
b[GeV 2] 0:2980 0:0021
c[GeV ! 0:02467 0:00128

Table 2: Fitted parameters of the pomeron and odd-
eron trajectories in the DP model, (Szanyi et al., 2019).
Pomeron Odderon

a 1:04592 0:00005 16131 0:0020
b [GeV 2] 0:3042 0:0009 01987 0:0010
c [GeV l] 0:05880 0:00046 008483 0:00155
< A0 o T
=3 i - glueball state with its width ]
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Figure 4: Real part of the pomeron trajectory Eq. (3)
both for the SP and DP models as functions oft. The
widths of resonances (glueballs) are shown as horizon-
tal error bars.
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Figure 5: Imaginary part of the pomeron trajectory
Eqg. (3) both for SP and DP models as functions oft.
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Figure 6: Slope of the pomeron trajectory Eq. (3) both
for SP and DP models as functions ot.
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Figure 7: The pomeron component in PP total cross
section for two di erent amplitude models.

exactly in the same way as glueballs lie on the pomeron

Oddballs, resonances made of three gluons have thetrajectory.

same right of existence as glueballs made of two gluons.
Oddballs are expected to lie on the odderon trajectory

The real part of the odderon trajectory are shown
in Figs. 8. The predicted oddballs (with their widths)
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Figure 8: Real part of the odderon trajectory Eq. (3) Figure 11: The odderon component in the total cross
as function of t. The widths of resonances (oddballs) section for two di erent models.
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Figure 9: Imaginary part odderon of the trajectory
Eqg. (3) both for SP and DP models as functions oft.
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lying on the on the odderon trajectory are also shown.

4. Mesons and baryons

The trajectory introduced in this paper can be ap-
plied also to studies or ordinary meson and baryon
spectra (Chew-Frautchi plot). Figs 12 and 13. The
theoretical (calculated using non-linear trajectory) and

experimental widths are shown as red and green lines,

respectively. Note that the mesons and baryon’s widths
data is available, which is opposite to the pomeron case
which allows making more precise ts.

Data about mesons and baryons were taken fronM.
Tanabashi et al. (Particle Data Group), Phys. Rev. D
98, 030001 (2018) and 2019 update.

Table 3: Values of the parameters of the meson and
baryon trajectories, calculated from corresponding ts.

mesons baryons
a 0466118 0:.001389 0167111 0:116851
b 0:880401 0:002208 0858974 0:057756
c 0:017517 0:.000869 0027311 0:004087
5. Conclusions

Trajectory as EqQ. (3) opens a new avenue in hadron
spectroscopy (Chew-Frautchi plot), applicable both to
ordinary mesons and baryons as well as to glueballs
lying on the pomeron and odderon trajectories. Work
in this direction is in progress. Appended by unitary
symmetry, the Chew-Frautchi plot will remains a
powerful tool in hadron spectroscopy.
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ABSTRACT. We present the results of applying  AlIOAOIR. A 6ié &iaioi i@ iddanoaasytit
deep convolutional neural network to the images of dacéelivace canoindaaiiy c¢aidoéial iaést
redshift-limited (z < 0:1) sample of 300000 galaxies 1484zei a1 ciadazedill dacaéoeé aedidée, Vyéa
from the SDSS DR9. We aimed to classify galaxies into Taideedia i1 +adaiifio clitdiip ( z < 01).
the two classes: Elliptical and Spiral. To create the Agaidéa iifioédl 300000 ciadasedili dacagoeé
training sample, we used a set of 6000 galaxies from 66514141 146yaé SDSSDR9. & iage ia iaoi
our previous work with visually inspected morphologi- &éafésié6aade aacadoeée ia 4aa éeane: Asiive+ii
cal types, and also added 80 000 well-con rmed galaxies 0a Niidaéiii. Odaiéaaciia aéaidéa iifoeod 6000
from Galaxy Zoo 2 dataset, that were also classi ed ¢ladaesedill dacaéoéé ¢ iaged 11iadaaiio a1aio,
visually. With a given sample of 86 000 galaxies, we da aicoaelil a6el aeécia+ail iidoielai-ieé oeél
used the deep neural network, namely Xception, to &iaeil” dagaéoeée. Al 0daivaaguil acaivee ie
provide a classi cation of g-r-i composite images (25 &iaaée 80000 ¢iadaseail daéaéoeé ¢ aedidée aaied
arcsec in each axis in size) of galaxies. Keeping in theGalaxyZoo02, U7 0aéiee 46ée ééafediéiaaii aicoaédi.
mind a relatively small training dataset, we provided [a 1fiifai aaied ai6a

=

a itai aaiéd 00adicdaélil” aeaioée adéaéoeé
the data augmentation (horizontal and vertical ips, 86 000 ié cafoiidaaee caid0éias iaédiiié 1adaaed,
random shifts on  10pixels, and rotations within 180 a faid Xception, U4 c¢diaéoe 11861&1ai+i6
degrees), that was randomly applied to the images ééafediéadip Aaacaéoeé aeéivenoiadp+e g-r-i
during learning. The data augmentation is a key féeaaaii cladasediiy Aagaéoeé (aiciidi 25 ia
technique within our algorithm to display the variative 25 860146 faésia). A&y iad+aiiy iadeaé
nature of the observed galaxies, and avoid over tting & &aéé&idenoiadtii aiaiiiii 1acailéd aeaidéd
problem. We compared our classi cation result with ¢iadasedit, U7 faééadal Taideedily ia 16iiéo6

the Support Vector Machine (SVM) classication yéifioi iiadédé, oa 6 iiaaelao aénie6acasip. Aey
performed on the SDSS photometric data (absolute 1édatdiily dacéelioacia ie aeéisencace aaéieuéa
magnitudes, colour indices, inverse concentration index, aiaiied i8eéfiia (dideciioaguii oa aadoeéaeuii
ratios of semiaxes, etc.), and proposed a methodiddaaidioe, &aeiaaélai choae ia 107iénaeia
to learn the benets from both approaches (Deep 0a 14ddoaiily & ideead 180 &daaociia), yéi aoee
Learning and photometric classi cation). We show the aéiaaéiael -+eifli canoifiiaali ai c¢ladaeedil

stack these two approaches to block these mistakesAaiéd * éép+iaib 0&diiéib & iaesii6 agaioeoii aéy
quality of SDSS galaxies. daéaéoeé oa oieéiaily 1diaeaie Tadaiaa+aiiy
) . . oo ifadei. le Tisiaiyeé fTodéiaii dacoeloace
Keywords : galaxies, morphological classication, .. .«..Ax... N
. ; éeaneodiéadi” ¢ oacoeloaocaie iagl Tiiadcaaiii
machine learning. Ay 28 A A A A A A AN At ARAANS XA L gt 2 n 10
a1410é, aa aeéidenotadcaaeeni oiotiaode+ii aaiii
(aaniepoii ¢iayii adee-eie, Téaciéée éieliss,
caidioiié iiadén élicaiodasi, fiiaaiaiigaiiy

E-mail: vld.khramtsov@gmail.com



22

Odessa Astronomical Publications,vol. 32 (2019)

Figure 1: Probability distribution for validation sam-
ple of 6000 galaxies, classi ed visually and with DL.
Probabilities for Ellipticals ( E) (left) and for Spirals
(S) (right) of being E- and S- types, respectively.

iiaifdé oa ii.) oa 4o 1ildied ajeoisia. A
dacoeuoaoi, ie caidiilicaace iaoia agy aea+aiiy
ia0ddad ¢ 1410 Tiadiaia (deeaiéd iaa+aily oa
oiofidooe+ia ééeaneodiéasiy). & Téacotit

cadaéuii Méeéé 1410 aéaioeoiia i iofitiont
fiéeanoe oi aada iiadiae agy oieéiaiy imeeié
¢ laolp Tiadeveoe of+iifion  i1doIETAI+T
ééaneodiéadi” aacaéoeé SDSS.

Eép+iai fnelaa: ilo6iéai+ia ééaneodiéaosiy
dasaéoee, iagéiia faa+aify.

1. Introduction

Morphological classi cation of galaxies can provide
insights into the processes that form the evolution of
Universe. The modern wide- eld surveys (like the SDSS
[Blanton et al. 2017)) include 10° of resolved galax-
ies and require the machine learning application. Deep
Learning (DL) methods (namely, Convolutional Neural
Networks) mimics visual inspection of images by expert
but with a much higher speed-performance. In this
study we used Deep Convolutional Neural Network to
classify 300000 galaxiesz < 0:1) from the SDSS DR9
[Ahn et al. 2012, Dobrycheva et al. 2017 and com-
pared it with photometric classi cation approach
[Dobrycheva et al. (2018) Dobrycheva et al. (2015].
We note that binary classi cation (Elliptical and Spiral
galaxies) is a primary method for searching gravitational
lenses $ergeyev et al. 2018 Khramtsov et al. 2019
and locating gravitational waves' host galaxies
[Dalya et al. 201§ as well as important for Zone of
Avoidance identi cation [Vavilova et al. 2018].

2. Data and methods

We used the data from crowd-source Galaxy Zoo 2

project [Willett et al. 2013] providing positional

cross-matching of this catalogue with inference sample

[Dobrycheva 2013 and obtained 170000 common
sources. Then, we selected reliable classi cation with
using ags (from Galaxy Zoo 2 catalogue) for the Ellip-
tical (t01_smooth_or_features_a0l smooth_flag )
and Spiral (t01_smooth_or_features_a02_features-
_or_disk_flag ) galaxies, that returned 15264
Ellipticals and 64 441 Spirals. Besides this training
sample we used a list of 6163 visually inspected
galaxies (4148 Ellipticals and 2015 Spirals) as a
validation sample. We applied the Deep Convolutional
Neural Network called Xception [Chollet 2016 that
gives the state-of-art performance in classifying images.
We trained the Xception network on 2=3 of training
sample from Galaxy Zoo data and validated the results
on remaining 1=3 fraction and on visually inspected
galaxies. The distribution of nal probabilities for
visually inspected 6 000 galaxies is shown in Fig.1.

3. Results

We compare the obtained probabilities returned by
our Deep Learning (DL) model with the corresponding
probabilities obtained by Support Vector Machine
(SVM, [Vapnik 1979]) method. One can see in Fig.1,
that our DL model performed well on Spirals, when
some Ellipticals from visually inspected sample owed
to the class of Spiral galaxies p > 0:5). We inspected
the galaxies, which have rival probabilities (i.e., were
classi ed di erently with two methods, see Fig.2, top).
Galaxies classi ed with DL as Ellipticals and as Spirals
with SVM look like smooth rounded sources, but in
most of cases, they are the starforming galaxies (as we
directly checked with SDSS spectra) despite the lacking
of resolved spiral structure on their images. This result
indicates that DL method can classify rounded sources
as Ellipticals but it can not catch the spectral energy
distribution properties of galaxies more clearly than
SVM, trained on photometric features of galaxies.
Also, the galaxies classi ed as Spirals with DL and
as Ellipticals with SVM, are, mostly, the edge-on or
face-on Spirals. This con rms that SVM method could
not deal with such galaxy images and one should
include the additional information (e.g., semi-axis
ration) in classi cation [ Vasylenko et al. 2019. The
total amount of di erently classi ed galaxies is 60 000.
So, an overall classication of galaxies with DL is
satisfactory (Fig.2, bottom) and can be joined with
SVM classi cation to obtain more con dent result. We
propose to use the Stacking algorithm, when some
meta-classi er learns to select sources with using
probabilities returned by some basic classi ers as input
features. We expect that this method will improve the
nal classi cation adopting the best from both methods.
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Figure 2: (Top gure) Representative galaxy sample with rival probabilities; top row: Ellipticals with DL, Spirals
with SVM; bottom row: Ellipticals with SVM, Spirals with DL. (Bottom gure) Representative galaxy sample
with reliable DL classi cation; top row: Ellipticals; bottom row: Spirals.
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ABSTRACT. In this paper, we study the distribu- around, the interior of the caustic remains to the left;

tion of images from a point source inN - point gravi- g) the boundaries of the regions consist of arcs
tational lenses. (closure of the image of arcs) with a hereditary orien-
It is well known that in a Schwarzschild lens (N = tation; all eight regions are divided into the following

1) from a point source, there are always two images. two classes: four regions in which the orientation of the

Moreover, one of them is always inside the Einstein boundary coincides with the orientation on the caustic

ring, and the second outside it. It follows that: and four regions in which the orientation of the bound-
a) the image plane is divided into two areas; ary is opposite to the orientation on the caustic.

b) in each area there is glways only one image, Keywords : gravitational lensing: lens mapping,
c) the source plane, with the exception of the sjngle-valued regions, image distribution.

caustic point (origin), is uniquely mapped onto each of | i

the two areas of the image plane. AlIOAOIR. A a&aiie 6|a|9A|M|e ”alnelaaeolu

In our study, we describe an algorithm that allows 0GT1&i€ ciadasedit oi-&iaial &eedddea a N
us to determine the single-valued regions in a 2-point 0*€iaed adaaioadieied &iicad.
gravitational lens and demonstrate it using an exam- _Aiada aiaiil, Ui & eéiici Paadogeetiaa (N =
ple of a binary symmetric lens in which the distance 1) & Oi-éiaial aseddaca caacede ifi6! aaa
between the point masses is 1. We have shown that¢iadaaiiy.  16e+ii6 fail ¢ e caazae
in this case the full prototype of the caustic divides ¢iadlaeolfly anadaaeii &ieudy Aéigodéia, a iigd

the image plane into eight simply connected areas that ¢l ilial. Caiane neias* ut:

have the following properties: a) iélleia cladasedill dicaéaalouny fa &ai
a) if the point source is inside the caustic, then it Taéanoi;

has ve images in ve (internal) areas; b) & é&iaeiié 1aéanoi cadaede ciadiaeolny éegd
b) if the point source is outside the caustic, then Taid ¢iadaseaiiy;

it has three images in three (external) areas; c) ielaueia aeedddea, ca aeéep+aiiyi of-ee
c) in each area there can be no more than oneéadficeée  (ii~acéa  éfioaeiac),  faiigia+ii

image; aiatadasedlouny ia éleeio ic 4260 14canoaé ieinéinoi

d) if the image of a point source is located in ¢ladaseait.
one of the ve internal areas, then the remaining four A diaioi Tiefiaieé aedioeoi, yéee aicaiey:
also have images, while none of the three external areasiicia+eoe Taéanoi iaiigia+iiioi & 2-0 oi+élaié
have images of the source; adaaioaciéiie e&iici. 1 aailinosoti élal ia

e) if the image of the source is located in one of iBeé&aai 4iiadii” fieidode+il &iicé a yeié aianoaiu
the three external areas, then its images also exist in lige Oi+éiaeieé ianaie &aidiaip! 1. 1é iféacaee,
the remaining two, while none of the ve internal areas U7 & 0aé€iio aeiaaéo iiaieé idiiadac éaonoeée
contains a prototype of this source; dicaeaal igiliei6 ciadaesediu fa aifii Taiica'yci

é
eod
G

f) a caustic is a continuous, piecewise smooth, 1aéafoaé. Oi Taeanoi aietaipou fano
closed Jordan curve that has a nite number of singular aéafioéaifnoyie:
points; each smooth, open part of the caustic, the ends a) yéui 0i+&lad aaeadaél ciadiagouny anasaaeii
of which are singular points (the caustic arc) has four éadfioeée, of aiif ial i'you c¢ladasedil a T1yoe
inverse images, of which only one belongs to the critical (4i600igii6) 1aéafioyo;

fieie

set, the caustic arcs are positively oriented (when going b) yéul 01+61ad &eeddadel ciadiaeouny ciai
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gaonoeée, of afil ial ode ciadaesediiy a 0duid 8
(ciaiigiic) 1a6anoys; 3 y=x, i m. o a

fi) & éleeiié Tagafioi iieed ciadiacoeny i aieliod n=1 X1 a@n)TH(xe b))t 1)
Taiial cladazeaiiy; VR N T

d AN A A,ax O rras AL ARAANA . 060..\ . YZ 2 B I"I(X:l an)2+(X2 bn)z

) Vyeul cladaeediiy oi+-éiaial aaeddaéa n=1
ciadiaeouny a faiié ic i'yoe aidooigiid 14éanoaé, where yi;y, - dimensionless coordinates of point

ol a4 +10eolid 14eanoyd, Ul caéeégeéeny, oOaélae
ciadiayouny ciadaaediiy, ide+1i6 & aefaiié ic 08U
claiigiic Taeanodé idial ¢iadaasedill aeeddaea;

e) yéui ¢ladaaedily aseddaéa ciadiaeouny a iaiié
ic 0dUMG ciaiigiic Tacanodé, of 4 4ad6 Taeanoys,
Ul cacégeeeny, oadle ifidpol é1al ciadasedily,
ide+1io fi & faiié ic T'yoe Aai6odigiic 1aeancaé
jaial id8Madaco aaial aeeddaea;

f) eaonoeéa ! (aiddadaia, eoni-ii-acaaea,
caiéidda eeiddailaa éoeada, Ui iat  &iio
—efél Thiaeeaed o1+ié; éieeia aéadéa aiaéoeoa
+afioeia éadnoeée, &iidi yéi" - Thfaéeai oi+ée (adaa
gadnoeée) ial +loede idiadace, ic yeed éewgd
1aéi jacdseeol édeoe+iié iileeeii, 465e éaonoeée
cioitiotaaii 1iceoeaii ( 10é 1adlai aiéodigiifiol
éadnoeée caeegaalouny ceiaa);

g) 4adaiési fTaeanodé néeaaapouny

‘‘‘‘ ciadaezedity a6a) ¢ iiadéiaip
18itioaditp; i aifiii aeanodé aieyoury ia ianooiii
aaa éeéane: +10ede Taéanoi, a yéed 1oitiocaciy
aoaiedi Aiaiagaal ¢ foiticaditp ia éadnoeoi,
oa +i0éde Taéanoi, a yéed 1oiticadiy aocaiedi
idloeedseia af 18itioadi” ia éadnoeoi.

Eéb+Téi ficlaa : Adadioasiéia éiicéaaiiy, eiiciaa
aiatadaeediiy, 1aeanoi iaficia+iiioi, &iciiaie
cladasedil.

ic aoa

1. Introduction

Gravitational lensing e ects (Bliokh&Minakov,

1989; Zakharov, 1997; Schneider, 1999) are becoming

more and more essential, when di erent astrophysical

objects (Gaudi et al. 2008; Han et al. 2013; Gould et
al. 2014) and even the whole Universe is studied. From
the one hand, it is connected with a development of
technologies and engineering solutions. On the other de nes the critical set

hand, mathematical models development (Bronza &
Kotvytskiy, 2017; Kotvytskiy, Bronza & Shablenko,
2017; Kotvytskiy & Bronza, 2016) allows us to do more

profound conclusions based on already received obser-

vation data. In this study, we show how lens plane can

source,X1; Xy - dimensionless image positions(a, ; b,)
- coordinates of point massesn,: Dimensionless point
masses are normalized:

X
m, =1: (2)
n=1
Equation (1) gives a single-valued mappingL
L:(RZnNA)! R? (3)

of lens planeR% , where points with point masses are
deleted, to source planeR? .
We introduce new complex variablesz e
Z = X1+ Xal; 4)
Then system of equations (1) becomes (Kotvytskiy&
Shablenko&Bronza, 2018):

=y + Yol

(®)

where A, = a, + ib, are coordinates of point masses
in complex form, Equation (5) speci es mapping

L:(C,nA)! C (6)

of complex planeC, (with deleted points) to complex
plane C .
Mapping Jacobian (5) is given by following equation

a; ).
@z;z)’

J=J()= ()

Then equation
J=0 (8)

of mapping (5). Set image
is a causticK . The caustic is speci ed by mapping

9)

Thus pre-image of the caustic is an image of critical
set

K =1L() :

_be split into a sevgral areas, yvhere in every area there  \na puild complete pre-image of the caustic in lens
is the only one point source image. We call the areas plane to de ne single-valued regions (Balk, Petrov &

as a single-valued region and we study their properties.

2. General approach

System of equations that describesN -point gravita-
tional lens is:

Poluchin, 1976).
set

Inverse mapping of (6) is de ned by

Q=L Y(K)=1L YL(O) ; (10)

This is the complete pre-image of caustic. Mapping
L ! is not single-valued, hence set® and do not
coincide.
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Figure 1: Critical curve of binary symmetrical lens
with a=0:5

3. Binary lens

We demonstrate the algorithm, described in previ-
ous paragraph, for symmetrical binary lens with equal
masses. Then from (2), we have:

mi = my=1=2: (11)

Assume without loss of generality, that point masses

are located on real axis with distancea from origin, i.e.

A= a A= a: (12)
In this case, equation (5) is given by:
z
=27 7ﬂ; (13)

which de nes mapping (6). Then Jacobian (7) is given
by

a2+ 72 a2+ 72
J = > 5 (14)
(a2 z?)"(a* 277
It follows from (8) that critical set is de ned by
equation:
a2+ 72 a2+ 72
1= 5 5 (15)

It is known (Dank & Heyrovsky 2015), that critical

Figure 2: Caustic of symmetrical binary lens with a =
0:5

Figure 3: Caustic of symmetrical binary lens with ori-
entation

there is a closed Jordan curve. With

a> 1 (29)

there are two closed Jordan curves, the one is outside
the second.

We con ne the study with case (18). We chose pa-
rameter a = 0:5. The form of the critical curve is on
Fig. 1. Caustic is the image of critical set (9). Thus,
critical curve showed on Fig. 1 corresponds to caustic
showed on Fig. 2.

For the following analysis we depict each arc of caus-

set, de ned by equation (15), is split on a few classes tic With dierent style and give them number (arcs’

depending on parametera. When

a< 1:(2p 2); (16)

orientation correspond to orientation that is accepted
in complex analysis (see Fig. 3)).

Arc's orientation of complete caustic pre-image is in-
duced by caustic orientation. Note, that caustic pre-

critical curve consists of three closed Jordan curve - the image (i.e. critical curve) in complete pre-image has

two of them are inside the third. When

a=1 :(zp 2) (17)

opposite to critical curve orientation (Fig. 4).
It is necessary to build complete caustic pre-image
according to (10) to de ne single-valued regions , as

critical set is represented as a closed curve with two it Was noted previously. In our case, we have curve

self-crossing. When

1:(2ID 2)<a< 1 (18)

(Fig. 5).
Complete caustic pre-image split lens plane into8
two-dimensional regions. In order to de ne internal
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Figure 6: Caustic of symmetrical binary lens with three
point sources

Figure 4: Critical curve of symmetrical binary lens
with orientation

Figure 7: Distribution of caustic images and three
Figure 5: Complete caustic pre-image of symmetrical point sources in symmetrical binary gravitational lens
binary lens with orientation

and external regions on lens plane, we set three point
sources on source plane, that is shown in form of tri-
angle, square and star (Fig. 6).

Sources are located out of the caustic, on the caus-
tic and inside the caustic respectively on Fig. 7. The
caustic orientation is not shown on Fig. 7.

It is known, that source located inside the caustic
has ve images, on the caustic - four images, and out
of the caustic - three images (Fig. 7).

It is known from the theory of functions of several
complex variables, that an image of any of the ve
internal regions is interior of the caustic, when the . ) .
mapping is L. And an image of any of the three Flggr_e 8: Division of complete caus_tlc pre-image on
exterior regions - caustic exterior. Moreover, restric- POSitively (grey) and negatively (white) oriented re-
tion of mapping L on the regions is homomorphism. 910NS
Thus, eight regions are single-valued regions. Conse-
quently, if we have ve images, these images are in
interior regions, and then there are no images in three
exterior regions. Orientation, that is de ned on the
caustic, induces orientation on lens plane of each ofBalk M.B., Petrov V.A., Poluchin A.A.: 1976, Zadach-
eight regions. Boundary of four regions are oriented  nik-praktikum po teorii analiticheskih funkcij,
positively, and another four - negatively (Fig 8). Prosveschenie, Moskow (in Russian), 136p.
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ABSTRACT. In the theory of the N-point gravita-  problem, complex analysis.
tional lens equation, two groups of problems can be dis- ATTOAGIR. NAGR4 A3cEici 814681 | casas
tinguished. These are the so-called primal and INVErse ... x- s.c.xi s s OAQ o Ao \f o

: ) . yéi oicaéyaapolu & oaioi” oiaiyiiy N-01+-&iaéd
problems. Primal problems include problems of image 55, sisagiaies sii, iieia AcAiGe0e Aai Ad6IE
de nition in a speci ed lens for a speci ed source. In- casas.  OR, A8 cAAii, idyii i CAIBION CAAAL.
verse problems include problems of determining a Iens,AT i3yies cada: AIANAYOU CAdAH Aecia:Aily
source, or multiple images from one or more speci ed q.xx 51 3 cazaiié Giici 46y CAZANAT AaeAda8a.
images. Inverse problem have an important applica- Al cAlsioed  Aeciacaily siice, AmAdaea aal
tons. _ _ - adcai+i gladasedill il TAING a4l Adeicuen caaaiel

We studied the equation of the N-point gravitational ladacediiyi. Caididia cada+a 1al Admeeead
lens in a complex form. These studies became the basigasaaaaia CAROIGAAITY.
for the solution of the inverse problem in the following je Aificiace6aase Biaiyiiy N-07-&74]
formulation. N-point gravitational lens has speci ed. A52AI0M0IGIT  Gilce A ENIGAGAM6  ASAEYAI
It is necessary to determine all other images from one AifGiaseally foase inMalb Ay 6Tgé'ygai|'y.
of the images of a point source in N-point gravitational 1430121 caaa+i & fafoGiie TROAITASE caaaia N
lens. Determine the necessary and su cient conditions O+81aa A33AI0AGIEIA ilca, IAIAGIAN, 1T TAIMO
under which this problem has solutions. ic Cladacedill & fié OT+&TATAT AseAGABA Adcia+eoe

The algebraic formulation of the problem has the apj jigi ciasasesiiy ouia aedddea. Aéciareoe
following form. The equation (of N-point gravitational  j37a5iaii i 4i1i0A0ii 6i1ae, idé Yees 6y casa+a iat
lens) has speci ed. Itis necessary to solve the problem gjcaycia.
of solutions uni cation (to express unequivocally all of A sax34557=iié oidioepaalii caaa+a ial AeAEVA.
the equation solutions through one parameter). Casail Biaijily N-OT-8lal &A0Aai0adié iice.

To solve the inverse problem, we used methods of al-igiggiai dicaycace caaa+o 6iididiicasii &idaia
gebraic geometry and function theory. Branches equa- (jaiicia+ii aédaceoe ofii &idaii Siaiyiiy +adac
tions of any algebraic function admit unequivocal pa- jsef 1253id08).
rameterization by Puiseux series. The solutions of Rey  Bicaycaily TAA0f&IT  caaasi ie
the N-point gravitational lens equation are algebraic zaaiaenoiasaace 140148 2833403 < &311205i"
functions de ned by a certain irreducible polynomial. ; as3i5i° goiesie. piaiyily aisle  adau-yer
That polynomial has unequivocally de ned by the N- aszaa58°+ii  66ieoi  afioneapou Taiigia+io
point gravitational lens equation. Thus, the polyno- 2621408&¢a6ip ayaaie Abéiaifi Ea3daiaea.
mial roots also admits parameterization by Puiseux se- giasji Biaiyiiy N-oi-61al &9a4idaciéil iice *
ries. (A TRARA

A sAA R

aeidasa ~ieie oaiésiyie aecia+aieie iacadaaiei
In simple cases, for lenses with a small nhumber ofjii5j+&aifi. Oa&é inal-eai 1aiigia+ii

point masses, the solution can be obtained in a sim- a¢cia+atouny diaiyiiyi N-0i+é&fal" adadicasdiéin”
pler form. In particular, for the Schwarzschild lens gjice. 10eed, &idaii OUIAT iifai+é&ia, 0aéle

and binary lens, the inverse problem has a solution in Afj6fiéapol adaidodecasip dyaaie Apdiaia

radicals. Eaadaieed.

Keywords : gravitational lens, source image, inverse O i8ii0ed a€iaaéad, a&y éiic ¢ jacei +enél
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oi+é1aed ian, oica'ycié ileed adoé fiodeiaieé Using equation (1), new proofs have been obtained

a aielg 18TN0ON6 aedeyai. Ciéddia, aey éiice of previously known theorems about images of a point

Jaaoogeélaa i aiiadii” éiice caioioia caga+a ial source in the N-point gravitational lens:

dica'ycié & cadeéaéad. - about single extended image (Einstein ring)

Eep+iai netaa:  adaaioaciéii eiice, cladaeediiy  [Kotvytskiy et al, 2017];

AseadAsa, 1440iaia caaa+a liieaénies aasic. - about in mum of a number of point source images
in the N-point gravitational lens [Dank & Heyrovsky,
2015];

1. Introduction - about supremum of a number of point source im-

ages in the N-point gravitational lens [Osmayev &
By methods of algebraic geometry we studied the Matvienko, 2018].

equation of N-point gravitational lens. This has led us Using equation (1), a new, previously unknown,
to a special case solution of one of the inverse problemsresult has also been obtained. The problem of
Expressly, N-point gravitational lens is specied and unequivocal parameterization of image coordinates
the coordinates of one of the image of the point source has been solved. Algorithms that admit to express
in it are known. It is necessary to determine the co- unequivocal the coordinate of any image through the
ordinates of all other images. Formulate the necessary same parameter have been designed. In particular,
and su cient conditions under which this problem has the coordinate of one of the images might be used as

solutions. a parameter.
The algebraic formulation of the problem has the
following form. The equation (of N-point gravitational 3.Solution of the problem of image coordi-

lens) has speci ed. Itis necessary to solve the problem nates parameterization
of solutions uni cation (to express unequivocally all of

the equation solutions through one parameter). For the Schwarzschild lens, a theorem holds.

In this paper, we used methods of algebraic geome- Theorem 1. Let z be the complex coordinate of

try and function theory. The solutions of the equation one of the images in the Schwarzschild lens, then the
N-point gravitational lens possible to parameterize by ., dinate of the second image is 1

Puiseux series. _ Proof. Images in a Schwarzschild lens with coordi-
For lenses with a small number of point masses, nates z and 1 are images of the same source as
the solution can be obtained in a simpler form. In

particular, for the Schwarzschild lens and binary lens, @)= ( }) 4)
the inverse problem has a solution in radicals. z

Indeed, equation (1) for the Schwarzschild lens in
2.  N-point gravitational lens equation in complex form has the form:
complex form
=z )
if mass of the lens is located at the origin of the
coordinates.
Substitute in equation (5) %, we have:

N | =

N-point gravitational lens equation can be written
in complex form:

=z w(2); @
1,1 1 _ 1 1 _
wherein (%)_ = (;)_ 2 (%)_
W=Xq Mp L X m, =1; 2 = %+Z= =) @= ( %):

n=1 (Z An) | n=1
- - Therefore, relation (4) holds.

where m, - normalized point masses included in the ~ The theorem is proved.

lens, A, their complex coordinates [Kotvytskiy, SH- Each point source, which located not at the origin
ablenko, Bronza, 2018; Witt, 1990]. In [Dank, Hey- Of the coordinates, has exactly two point images in
rovsky, 2015], it has also proved that: the Schwarzschild lens. Therefore, the problem of im-
age coordinates parameterization for the Schwarzschild
_ 1 PY2). lens is solved.
w= degP(z) P(2)’ ®) Corollary to Theorem 1. Let g1;0, the ane

coordinates of one of the images in the Schwarzschild
W lens, then the a ne coordinates of the second image
where P(z) = (z Ap™M.
-, " w(@E+ B); G+
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Proof. Let z= g + @i, then

Re( )= GG+ B)im( )= G+ )

The corollary is proved.

For polynomials P (z) in one variable overz the eld
of complex numbers, the following theorem holds.

Theorem 2. Let P(z) the polynomial over the eld
of complex numbers and2 degP(z) 5, then, the
problems of parameterization of roots of the polyno-
mial P(z) are solvable in radicals.

Proof. Polynomial remainder theorem implies that
the dierence P(z) P(t) is divided exactly by the
binomial (z t). Then

P(z) P,

Rz = — — (6)

is a polynomial in two variables. The degree of the

polynomial Q(z;t) for each of the variables

degq,(Q(z;1)) = deg(Q(z;t)) = n
wheren = deg P(2).
If n 5, then the polynomial Q(z;t), as a polyno-
mial from the variable z, over the eld of rational func-
tions from t, has the degreedeq,(Q(z;t)) 4. There-

1; (7)

fore, each of itsn 1 roots can be expressed in radicals

through its coe cients. Since the coe cients of the
polynomial Q(z;t) are rational functions of t, its roots
are unequivocally expressed in terms of. The variable
t will be considered as a parameter.

Thus, the problem of parameterization of the roots
of a polynomial Q(z;t) is solvable in radicals.

We have an expression fon 1 roots of polynomial
P(z) through t. We will put the remaining root of
polynomial P(z) equal tot.

The theorem is proved.

Remark of the theorem 2. Let the polynomial
P(z) meet the conditions of theorem 2, thenn 1

roots of polynomial P (z) can be expressed in terms of

the remaining root. Indeed, let havet equal to one of
the roots of the polynomial.

Example to theorem 2.
ied

Let the equation be spec-

22+ az®+ bz+c=0 (8)

It is necessary to express two rootg; ; z, of equation
(8) by the third zs.
Solution.  Denote the polynomial standing in the
left side of equation (8) by P3(2), i.e.
Ps(z) = 22+ az? + bz+ c:

9)

The di erence P3(z) P3(t) is divided exactly by the
binomial (z t):

Ps(z) Pa(t)= z°+ az?+ bz+ ¢
(t3+ at?+ bt+ c) =
)+ bz t)=

t)(z? + zt+ t>+ az+ at + b)

=z 3+ a(z? (10)

:(Z

If z the root of a polynomial P3(z), then from (10)

2+ zt+t?+az+at+ b=0 (12)

Equation (11) as regard to the variable is the
guadratic equation:

ZZ+(t+a)z+t?+at+b=0 (12)

The roots of equation (12) are equal to:

t+a IO(t+ a)? 4(t?+ at+ b)

2

Z3;2 =

With the z3 = t we have:

Zz+ a 4z% 2az; 4b+ a2

2

Z1;2 =

The roots of equation (8) z;; z, are expressed by the
third root zs.

In the general case, for the N-point gravitational lens
we have:

From equation (1), we have:

Mn_. (13)
n=1 An

We proceed to the complex conjugation in both parts
of the equation (13):

=z T (14)
n=1 2 n
Substitute the variable z from equation (14 to (13),
we have:

m
=z P L (15)
z N ma gy
n=1 n=1 z A, n

Equation (15) is brought into polynomial form and
all summands are transferred to the left side of the
equation. Denote the left side of the obtained equation
by F(z; ;).

Compute the expression

w_F(z ;) F@;)_F@ FQ@.
Q2 = AL
The following theorem holds.

Theorem 3. The expression™2_FW is a polyno-

mial in two variables z and t.

Proof. The validity of the theorem follows from
polynomial remainder theorem. The residue from di-
viding the polynomial F(z) by the dierence (z t)
is equal to F(t). And from the corollary of polyno-
mial remainder theorem. The numbert is the root
of the polynomial F(z) if and only if the expression
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F(2)
(z

F (t) is divided without residue by the binomial
t). The theorem is proved.

Polynomial Q(z;t) will be termed a di erence poly-
nomial for polynomial F(z). Polynomial Q(z;t) as
regard to the variable z has the degree [Kotvytskiy,
Bronza, Shablenko, 2017]:

deg Q(z;t) =deg,F(z; ; ) 1
N2+1 1=N?

(17)

The Z polynomial, actually, is reduced. Polynomial
is presented in the form of a product of irreducible
factors [Bronza & Kotvytskiy, 2017; Bronza, 2016], if
it is reduced.

The problem of root parameterization of a polyno-
mial Q(z;t) may be solved by using Puiseux series.
For this purpose, there is a geometric method known
as Newton's Diagram , see [Chebotarev, 1948].

4. Solution of inverse problem for binary
symmetric lens

Let S, = Sy( a;a) is a binary symmetrical lens with
massesm; = m, = 0:5, which located at the a and
a points on the real axis. The lens equation has the
form: B

V4
e

=z :
7z a?

(18)

Exclude from equation (18) and equation of complex-
conjugate to it z, all summands are transferred to the
left side and factorized, we have:

(2
(2

aZ)(ZZ a2)2 + 27(22

a’)+ z2)(z" a)=0:

a%)z+

(z

72

(19)

Denote the left side of equation (19) byF (z; ; ).
Compute the polynomial by the formula (16).

Q=( a2+ Hz*+[( @+ )+

H(@@ T NBH( @+ )+

(a2 +  Ot+a* 27 222 )2+

O € R (20)
+(2at 277 227 )t+( 22t +2a22 0 )z+

+( a%+ 72)t4 +(a% + 72)t3+

+(at 277 227 %2+
—2

—2
+( 2a* +2a? St+( ab+a* "+ a?+2a’

)

Polynomial Q(z;t) as regard to the variable z has
the fourth power degree. Its coe cients are polynomi-
als in the variable t. Q(z;t) roots may be expressed
in radicals from its coe cients. Since, as the coe -
cients Q(z;t), there are polynomials in the variablet,
we have: z;.5.3.4 = z(t). Among other things, since the
polynomial F (z; ; ) has another rootzs = t, we have:

Z1:2:3:4 = 2(Z5): (21)

The formula (21) proved the possibility to express
all roots of the polynomial Q(z;t) by one parametert.

Thus, the inverse problem for a binary lens is solv-
able in radicals.

In particular, if a point source is located on the real
axis, the lens has three images on the real axis, at
the points with coordinates z;i = 1;2;3, the relation
holds:

zlp 1+4(22
4z}

Z a?)(zf

a?)

az+1) (@)

23,3 =

In total, a source in the binary symmetrical lens
may have either 3 or 5 images. For any realZ source
is located on the real axis, it also has either3 or 5
images. Both cases are realized.
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ABSTRACT. We propose detailed scheme that is
describing the morphology of linear substructures in

galaxy clusters. Our base morphological scheme di-

vides galaxy clusters using numerical criteria according
the parameters: concentration to the cluster center, the

aicaiey! iolaiaeoe aiaéic gaeadéi oa 1a'éoeail.

ARi feoi+aiiy, yei aca+ageny, 1 4 éaocaéici laiiéer

oa Oéiia %The Catalogue of Galaxy Clusters and
Groups¢, (2006); ii61diadip idT aacaéoeée éiseiial

ABoi+aiiy Acyol ¢ 8a0a&1a0 acacoes Ipinoasnéial

presence of linear substructure, orientation of images xadaiilal 1aéyao iaaa (0iad6+a oa ii., 2003).

of galaxies, the role of brightest cluster members, the
shape of galaxies.

e isaaroaasyti
iMaseainose  &iiéies

BAac6eldaon aiagico

fi6anoooéodd & 254

rran

and edge-on wall substructures and to select galaxy Yéi dicoagiaaii a 1aeanoyo iacaiélgi” aocnoeie

clusters with possible peculiarities in hot gas and/or
DM distribution.

Keywords : Galaxies: clusters: morphology.

AITOAOIR. 1166181y fesi+aiu  Fasagoeeé

1 faiel ¢ iachdmsediged  eeépia A
3icoiiiiy  Aalepoiéied idioania  oI3I6AAIT
adseeNangoaall’  M0B6806SI  AR&naios  oa
aca+&ify iioed  odice+ied  fiaidia.
P&coBU0A0e +efiBaiied eNlrpoadied neioeysié
Aicaleypoll  0AAGHR63308, Ui  OIBAI&I0ASII

fi6anodoeodde o feéoi+aiii ia ! Aaeiaaéiaeie,

aiie aiataoaseapou  oiciiaié  iaéianeaiigial
¢ éfal énifidioia - o0aiil" 1a0adi . loé
ounie, oicoagdaaiiy aacaéoeé 6 neédi+aiii !

jaéaiiodiiigii ifaééaoidil dicilaiéd ia oieuée

0aiil” 1a0adi’, a é aady-ial dacod, a oaéie alil
18itioasi’ aasagoeé o Hano 0aéiee
ja 1 aeiaagiaeie: a faifioied Thtageainoyo
daéaéoeée aeodiaippouny aaiase ficde iacaiélgi”
aonoeie, a aanioied éfa

-aenéiai aaéaéoeée
aediaippouny ai ia81aiagéoeyssd ia”.

Diciiaie dagaéoeé 6 nedi+aiii ¢ad+it Tiefdaaoe
yé é1a1 iooietai+ieé oei. 11061éidi+ia noaia,
y&6 6 2013 8i6i caidfiiitaail laitél, Aiedatouny
fa Aaeéieuéa fiGal i1o6ietai+il
éeaneodiéaoi dicied aaocidcia oa TIiifaala ia
+enaeiied éoeoadiyo. No&i6 oddaeiciaail 6
iaéaoi id91adai ¥%The Cluster Cartographys. 0O4&

......

aagacoes. O afiid Aciaaeas ey feci-&iu, a
yees idencoi  éifiéli  A6ARO fésasat
ideasecii 50%, Of Aiidiagal ¢ BAcoEUdAdAIS
8liipoadies feiceysié oa aal  ileeseaifiou
adaseane 0ali NOANOB0B06E SAAGEYSIeIe.

A 3iaioe caidiitiaail 440asiio esafiesieasip
feci-il Aa6aeoee ¢ &iliéidie fGAROBOEOGAAIE.
ifagé iiadia aal ileeéeaiion aeaiceod fadaa 0ased
AeGi+&il 0aéi, O 1apol A6t sifiéfi inTaeeaifioi
a4l aiaitaiaapol 4eiaaes dicoagoaaiiy aaniait

Eép+iai nelaa:

1. Introduction

The morphology of galaxy clusters is the accessible
key to understanding the evolution of the Universe as
well as to distribution of DM. Distribution of galaxies
both in the space and on the celestial sphere re ected
the primordial adiabatic uctuations in beginning mo-
ments of Universe, as it shown in big number of works
from Silk (1968), Peebles & Yu (1970), Sunyaew &
Zeldovich (1970). The results of di erent numerical
simulations from well quoted Millennium Simulation
(Springel et al., 2005) to lllustris Project (Vogelsberger
et al., 2014; Artale et al., 2017) or Cui et al. (2018)
show galaxy clusters as evolved elements of large scale
structure of the Universe. Galaxy fraction is small-
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est part in cluster mass, nevertheless galaxies were andthree telescopes in Chile and South Africa. The cat-

remain the con dent optical markers of structure of
clusters. The connection between distributions of main
components of galaxy clusters DM, hot gas and galax-
ies was established by Dietrich et al. (2012) for A222
and A223 clusters. Their galaxies form linear substruc-
ture which duplicate the hot gas bridge and DM arch

alogue of galaxies MRSS is complete to a magnitude
limit of rg = 18™:3. Each form more than 5 mil-
lions of MRSS galaxies have equatorial coordinates,
magnitude, axes and position angle of best-t ellipse
and some another parameters. Unfortunately, MRSS
is last photographic catalogue and their galaxies have

not redshifts.

About 1.2 millions of galaxies are in the limit of
MRSS complexness. This short list was the observa-
al., 2004, Pearce at al.,2017). tional base of The Catalogue of Galaxy Clusters and

The distribution of galaxies can be described as their Groups (Panko & Flin, 2006, hereafter PF catalogue)
morphology. Based on classical approaches, includingwhich was created for statistical study of galaxy clus-
both famous Bautz Morgan (1970), Rood Sas- ters properties. PF galaxy clusters having 100 and
try (1971) systems and less popular lopez-Cruz & more galaxies in cluster eld we consider as rich ones.
Gaztanaga (2001) and lopez-Cruz (2003)ones, Panko For each PF galaxy cluster we have the list of galax-
(2013) proposed improved and integrated scheme ofies in cluster eld and each galaxy have full information
morphological classi cation for 2D distribution of from MRSS. In our research the data for each galaxy in
galaxies on the celestial sphere. According to the the cluster are transformed to CC format. Real sizes of
Panko scheme, galaxy clusters have types correspond-galaxies are so small for using in CC mapping. So, the
ing to cluster concentration (from C compact, to symbols corresponded to galaxies are calculated from
| intermediate, and O open), atness signs (L magnitudes and ellipticity as:
line or F at, and no symbol if no indication of at-

between the interacted clusters. The another case
collided galaxy clusters show di erent distribution of
intercluster galaxies, hot gas and DM (Markevitch et

ness is present) and the role of bright galaxies @ or m0=3 20:6(18:5 m) 4 g (1)

BG, if the bright cluster members role is signi cant).

Other peculiarities are noted asP. Flatness signs can 0 9

correspond to lamentary substructure or preferential 2a= ﬁmi; 2b= (m9) 2)
1 2E+E?2 2a

plane in cluster. The designations can be combined,
for example CFcD or ILP.

The Cluster Cartography set (hereafter CC) was cre- were 2a and 2b are sizes of major and minor axes of
ated for simpli cation of the galaxy clusters classi ca- symbol; ellipticity E =1 2 The equations (2) trans-
tion (Panko & Emelyanov, 2015). As a result, it was form the circle to ellipse with the same area and con-
established the linear substructures present as pecu-nect symbol axes with galaxy magnitude.
liarities in about 50% of rich galaxy clusters. We can The coe cients in the equation 1 were determined
assume the linear substructures are regular peculiari- for MRSS galaxies and can be changed in case of using
ties in galaxy clusters. another input data. For CC standard map size 4000

The paper is organized in the standard manner. 4000arcsec the symbol sizes calculated according to
Section 2 contains the description of the observational the equation 1 are optimal for visual control.
data and the cluster mapping, section 3 presents the Last modi cation of CC set allows to exclude the
characters of linear substructures and its analysis, and central part of cluster in estimation of the degree of
section 4 conclusions and analysis is given at the end. concentration to the main band. The degree can be
noted as 5, 7, 9, 11, where numerals corresponds the
band width relative to cluster diameter (1=5, 1=7, 1=9,
1=11). So we can replace marks and L to L5...L11
(Fig. 1).

The distribution of densities in the bands is calcu-

after MRSS). It's a result of scanning of 217 plates
of Southern Sky Atlas R (ESO) by P DS2020GM Plus

The classi cation of objects into stars, galaxies, and
perturbed objects was done by an automatic proce-
dure with a posterior visual check of the automatic In our previous study we analyzed the2D the dis-

classi cation, which considerably diminished the num- tribution of galaxies in the galaxy clusters on the ce-
ber of objects erroneously classi ed as galaxies. Ex-lestial sphere using CC set according to the improved
ternal calibration of the photographic magnitudes was scheme of morphological classi cation (Panko, 2013,
carried out by means of CCD sequences obtained with Panko, 2015). We studied 254 rich open (Panko &

2. Observational base and the method of
analysis

3. The results and discussion
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Figure 1: From left to right: maps and distribution of density of galaxies in bands for L5, L9 and L 11 subtypes.
In case PF 0368-45700-type, the central region was excluded.

Figure 2: Orientation of galaxies in densest band in PF 2234-5249 cluster. From left to right: map, distribution
of density of galaxies in the bands, corresponded td.5 subtype and distribution of cosines of acute angles
between the direction of L5-line and all galaxies inside the central (main) band.

Emelyanov, 2017, Panko et al., 2018), 178 rich inter- for our input data was found by Tugay et al. (2016)
mediate (Panko et al., in preparation) and 28 rich con- for PF2187-1958 cluster. In this case the overdense
centrated galaxy clusters (Panko et al., 2018), as well strip has the same direction as major axis of the elon-
as 112 ones placed in richest regions of southern skygated X-ray halo. The same situation was observed
(Panko et al., in preparation). Our experience allows by Mann & Ebeling (2012) in evolved galaxy clusters
us to simplify and to specify the detailed classica- MACS J0416.1-2403 A2744, A2813, MACS J0358.8-
tion of linear substructures asL5:::L11. Connection 2955; L type according Panko, (2013) morphological
between hot gas distribution and linear substructure scheme orL9 - L11 according to present paper.
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0.4. Scatter of cosines in 0.1 to 0.4 bins is connected arXiv:astroph/0009028.

with small ellipticities of images of galaxies. In this loopez-Cruz O.: 2003, in: The Garrison Festschrift:
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ABSTRACT. We give a brief overview of the i1déodad noaiia yadd, 6 dieiad, 1adiifioi,
existing nuclear data base, and describe the structure i¢ifiiiiai, cadyaiaes i iafiiaed oaaionad i viéliinoi,
of the International Nuclear Data Centres Network. ii6i8iadip 187 61616 yaad, iadaceiad yaadied
Because the amount of experimental data in nuclear 34aéoié, diciaae iafoaaieuied yaas. Aia iaiioe
physics is extremely large, the note aims to show the i 0i+iii0i ©6&6 &aiéd cagaseadl daiiasdiéia i
way to modern methods of acquaintance with the char- yaadia aaciaéa, a oadiee aéieiai+ia 16&éiyoiifiou
acteristics of arrays of nuclei through the nuclear data yaadied ofoaitaie. Noaidaiiy aace yaddied
banks accessible through the Web-technologies. In&aieéd a Aigidoni aicaieeou éliodiepaade yeinol
particular, the note describes the methods to extract yaadieé &aied, ui iMoad&ypoury fileeéda+al,
information on the nuclei and nuclear reactions in i cadacia+eoe aiaiaiaiinol fenoal &iifioaio,
nuclear data banks. The data include information on yéi caééadapoufiy a 0adii-ii i81aéoe, nd+aniei
the masses and energies of the nuclei of the separationiseiadiaiél fioaiaadoai. [a itai iidldiasi,
energy of nucleons and clusters, the spectra of statesti lifioyolniy a aacad yaadied aaied, 16iiptoudy
of nuclei, their spin, parity, isospin, charge and mass dadiadiéia iadaidazediiy ia éidiohe 6aaéoidia
radii and densities, information about the shape of AAN i iigi A6céé a 15616&fi "6 &eéfiesaasi .
the nuclei, the cross sections of nuclear reactions, theOa &aicaieéyr é&fiodiepaace id16an AAcia+ii
decay of unstable nuclei. On the completeness andaéfieédacasi” é&igionia aoiiied Baaéoidia
accuracy of the data depends on radiation and nuclear idiipaace iieeéeaifiot diataseadily 6andodnd
safety, and environmental acceptability of nuclear aéniedacaci’, yéui iadaaeudt 1aaei daseaiaioital
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1. Introduction. Nuclear Data Types and work together under IAEA contracts or agreements
Data Centers over a period of 3-4 years.

Technology transfer to developing countries is car-

1.1. What is nuclear data? ried out in two ways: through Technical Co-operation

projects, such as the recent Latin American Mirror

Nuclear data are quantitative results of scienti c in- Serve_r PrOJec_t prowdmg °”"r.‘e _nuclea_1r data service
to Latin American countries with insu cient Internet

vestigations of the nuclear properties of matter. They tion to the NDS. by installi .
describe properties of atomic nuclei and the fundamen- connection fo the » Dy Instafling a mirror server

tal physical relationships governing their interactions, n Brazn,kotr tt_he !nsgrl]latm.n ofdathm|n|hdata|cent§rt
thereby characterizing the physical processes under-°" akvr\:or S alohn n th anar,] a|3 tl(r:o_lrjg Tnuctear ata
lying all nuclear technologies. Examples of nuclear Workshops such as those held a rieste.

data include cross sections, half-lives, decay modes and 1€ Atomic and Molecular Data Unit of the NDS
decay radiation properties, and -rays from radionu- keeps databases for fusion energy and other plasma

clides. The scope of the data collections includes all '€S€arch and other applications, such as ALADDIN

85 natural elements with 290 stable isotopes and more (Numerical data) and AMBDAS (bibliographic data),

than 2500 radionuclides. and issues specialized publications (e.g. CIAMDA).
The applications of nuclear data include all areas '€ databases are kept on a separate server. The

of nuclear science and technology, covering er]ergyremainder of this lecture deals only with the nuclear
applications ( ssion reactor design; nuclear fuel cycles; dat@ services of NDS.

nuclear safety; reactor monitoring and uence determi-

nation; waste disposal and transmutation; accelerator ~ 1.3. Nuclear data types

driven systems; fusion device design and plasma pro-

cessing technologies) as well as non-energy applications Nyclear data are commonly categorized in two main
(cancer radiotherapy; production of radioisotopes for groups: nuclear reaction data, describing the interac-
medical and industrial applications; personnel dosime- tions of various projectiles such as neutrons, protons or
try and radiation safety; nuclear safeguards; waste photons with target nuclei, and nuclear structure and
disposal and transmutation; environmental monitoring  gecay data, describing nuclear levels, half-lives and ra-
and clean-up; materials analysis and process control; gipactive decay radiations. For evaluated data (both
radiation damage studies; detection of concealed nymeric) or bibliographic.

explosives and illegal drugs; exploration for oil and Bibliographic data : References with some descrip-

other minerals) and basic research (e.g. nuclearyion of the contents, but no numerical data. Examples
astrophysics) and education. For details of the review 5. c|NDA (Computer Index of Neutron Data) and
of nuclear data for applications and original references, Ngr (Nuclear Science References).

see Tsytrinov A.V., Pankov A.A., Serenkova |.A.: 2015. Experimental data : Results of individual mea-

surements as reported by the authors. The most im-

1.2. The role of the IAEA Nuclear Data Section portant example is EXFOR/CSISRS, the library for

experimental nuclear reaction data.

The Nuclear Data Section (NDS) of the International Evaluated data libraries contain recommended
Atomic Energy Agency (IAEA) carries out the IAEA  data based on all data available from experiments
activities concerning development and dissemination of and/or theory, arrived at after critical analysis of ex-
nuclear and atomic data for applications. In addition, perimental data and their uncertainties, inter- and ex-
the NDS is involved in technology transfer activities to trapolation, and/or nuclear model calculations. They
assist scientists in developing countries. are stored in strictly de ned formats such as ENDF-6

The main tasks of the data center include compila- (the international format for evaluated nuclear reaction
tion of new data in the databases EXFOR and CINDA data) or ENSDF (the format of the Evaluated Nuclear
(in cooperation with other participating data centers, Structure data File). The main cross section libraries
see below), collection and maintenance of general-in ENDF format usually also contain the relevant decay
purpose and specialized evaluated data libraries, on-data needed in the main applications.
line and o -line nuclear data services with particular Nuclear reaction data include cross sections, an-
emphasis on the needs of developing countries, and cogular and energy distributions of secondary particles,
ordination of nuclear data center networks. resonance parameters, and related quantities. For

Nuclear data development is conducted mainly neutron-induced reactions up to 20 MeV, the libraries
through Co-ordinated Research Projects (CRPs). In are very complete; the coverage for higher energies is
such projects, which usually result in the production of less complete but improving. Experimental data are
a new (or signi cant upgrade of an existing) database, found in EXFOR, the related bibliography in CINDA;
typically 4-10 scienti ¢ groups from di erent countries  several evaluated data libraries exist up to 20 MeV or
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higher. For charged-particle induced and photonuclear
reactions, selected experimental data are compiled in

EXFOR and only few evaluations exist. Heavy-ion
data are partly compiled in EXFOR.
Nuclear Structure and decay data: Half-lives,

data (for applications) from ENSDF, plus thermal
neutron data (cross sections and resonance integrals).
Available online.

MIRD : Medical Internal Radiation Dose : Based
on ENSDF, data processed with code RADLST . Ta-

decay schemes, nuclear level properties, energies andbles with intensities, energies and dose of all produced

intensities of
masses.
bibliographic data are contained in NSR. There are
many other nuclear structure and decay data libraries,

mostly derived from or related to ENSDF; some

of these are listed in Section 2 below, others - not
available from NDS - include the Table of Isotopes

the Isotope Explorer, a computer program for viewing

ENSDF and for interactive access to nuclear structure
and decay data, and NUBASE, a library of nuclear
and decay properties.

-rays and emitted particles, atomic

1.4. Nuclear data center networks

Both the collection and the distribution of nuclear
data are organised on a world-wide scale. Two inter-
national networks are coordinated by the IAEA: the
Network of Nuclear Reaction Data Centers and the
Nuclear Structure and Decay Data Network. The data
centers participating in these networks are involved
in the various stages of data preparation between
measurement and application (i.e. compilation, review
and/or evaluation, processing, distribution). Special-
ized data centers cooperate with the major centers
in the various data center functions (in particular
data compilation and evaluation). The sharing of
work on a world-wide basis in the various areas of
work, including data distribution, is de ned partly
geographically and partly by data types (scope) and is
coordinated by the IAEA Nuclear Data Section.

2. Overview of Data Libraries at IAEA

The IAEA Nuclear Data Section holds a total of
about 100 nuclear data libraries, representing an enor-
mous economic and scienti ¢ value. All libraries and
the related documentation are available free of charge
to scientists in IAEA member states. An overview is
given in the documentIndex of Nuclear Data Libraries
available from the IAEA Nuclear Data Section Brief
documentations of contents and/or format for most
libraries are published in the IAEA-NDS- report series.

2.1. General purpose libraries

Nuclear Wallet Cards : Basic properties of ground

radiations, including X-rays, Auger electrons, etc., and

The major database is ENSDF, related decay scheme plots, for the selected nuclide. Available

online.

ENSDF : (Evaluated Nuclear Structure Data File)
is the master library for structure and decay data,
resulting from a continuous international evaluation ef-
fort coordinated by the IAEA. The master le is main-
tained by the US-NNDC. It contains evaluated experi-
mental data for most known nuclides in the mass range
1-277. The evaluations are done for mass chains (e.g.
A=235) and are published in the journal Nuclear Data
Sheets Available online.

NSR : (Nuclear Science References): Bibliographic
database for low and intermediate energy nuclear
physics. This is the main bibliography for structure
and decay data and for non-neutron reaction data and
covers the literature from 1910to present. It is pub-
lished regularly in the journal Nuclear Data Sheets
Available online.

CINDA : (Computer Index of Neutron Data): Bib-
liography of neutron data literature, covering also in-
o cial publications and computer les. Includes also
( ,11), ( ,f) and spontaneous ssion data. References
describing the same experiment are listed together. An
extension of the database to include charged-particle
induced and all photonu- clear reactions is under prepa-
ration. Available online, as a book in several volumes,
and on CD-ROM

EXFOR : Experimental nuclear reaction data, com-
piled continuously by the network of nuclear reaction
data centers coordinated by NDS. Contains neutron,
charged-particle induced and photonuclear data, in-
cluding integral and all types of di erential cross sec-
tions, resonance parameters, polarization data, ssion
product yields, and many related data types. The li-
brary contains both numerical data tables and a struc-
tured abstract with experimental and bibliographic in-
formation. The neutron data in EXFOR are linked to
the CINDA bibliography. The data can be retrieved
in several formats, including computational format for
further processing, and graphs. The main usage of
EXFOR is for evaluators (the EXFOR database is the
starting point for all cross section evaluations), for ap-
plied users if no evaluation is available, and for re-
searchers measuring or calculating cross section data.
Available online and on CD-ROM.

Evaluated cross section data libraries in
ENDF-6 format: the major general purpose evalu-

and meta-stable states, available as a pocket bookletated libraries ENDF-B/VI (USA), BROND-2 (Rus-

(from US-NNDC) and online.
NUDAT : User-friendly extract of most important

sia), JEF-2 (Europe), JENDL-3 (Japan), CENDL-2
(China) are available online (ENDF database) and
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on CD-ROM. All of these libraries cover the neutron 2.3. Other special libraries
energy range from10 ° eV to 20 MeV, with some
evaluations extending to higher energies (partly up to
1 GeV) and including also some charged-particle in- nqqe| calculations of nuclear reaction data, available
duced reactions. Output is available in several formats ,jine.

including plots, and software packages (Pre-Processing NMF-90

gnoll_ Utility cod_es) are favallszlet Z)r d?jta treat_mentt. | database for neutron spectrum adjustment (unfolding)
nline comparisons of evaluated and experimental .., ovonc Available online.

cross sections can be done using the package ZVView. XG Standards (X-ray and -ray standards for de-

tector calibration): This database contains for selected
nuclides their half-lives and the energies and emission
probabilities of -rays and X-rays suitable for detec-
FENDL-2 : Comprehensive cross section library for tor and e ciency calibration. A new version will be
fusion and other applications, resulting from a world- released soon, see NDS web page.
wide e ort including extensive testing, coordinated by EPDLOT (Evaluated Photon Data Library): Pho-
IAEA consists of several sublibraries for transport cal- ton interaction data from 1 eV to 100 GeV from
culations, activation, fusion reactions, etc. Available [|awrence Livermore National Laboratory.

online. . SGNucDat (Nuclear Data for Safeguards): A PC
IAEA Photonuclear Data Library @ Evaluated gatabase (also available as a handbook) containing
photonuclear cross sections forl64 isotopes for ener- clear data needed for the development and applica-

gies up to 140 MeV (most isotopes), up to about 25 tjon of nuclear material accounting techniques.
MeV for the others; for shielding, medical and other

applications. Available online.

RIPL-2 A database of input parameters for nuclear

Neutron Metrology File: Integrated

2.2. Specialized evaluated cross section libraries

2.4. Computer programs

Charged Particle Cross Section Database for
Medical Radioisotope Production for diagnostics and
monitor reactions: Production cross sections for - The following computer code packages are available
emitters and positron emitters, for incident protons free of charge from NDS.
through a-particles up to about 30 MeV. Available on- EMPIRE-II : system of codes for nuclear reaction
line. calculations (Version 2.18);

RNAL (Reference Neutron Activation Library): ENDF Utility Codes (Release 6.13);
Evaluated cross sections for 255 neutron-induced re- ENDF Preprocessing CodesRREPRO 2015 );
actions leading to radioactive products, for activation ENDVER
analysis and various other applications. The evalua-
g?cr)ljsé Z\::re extracted from various regional and national ZWIEW  package for interactive plotting of nu-

NGATLAS : Atlas of neutron capture cross sections clegrhdata. des for th . f |
for 739 targets from 10 ° eV to 20 MeV. Available as d ther comguter co esd (?r t ehprﬁiéisll\ll”lg IO mljjc ear
a handbook (plots only) or online. ata have to be requested from the uclear Data

RRDF-98 Neutron cross sections for 22 dosimetry Bank, Issy-les-Moulineaux near Paris, France.
reactions. Available online.

MENDL-2 and MENDL-2P Activation cross sec- 3. Data Access and Services
tions for 505 stable and unstable targets between Al
and Po for incident neutrons up to 100 MeV and in-
cident protons up to 200 MeV, for transmutation and
other applications. Available by FTP.

: ENDF Veri cation support package;
ENSDF analysis and utility programs;

Various data distribution media are o ered by NDS,
including WWW, CD- ROM and hardcopies in order
to serve the diverse needs of users from both developing

WIND and WIND-2 Cross sections for U, Np, . e . .
and Pu isotopes for waste incineration, including neu- and fully industrialized counties. A nuclear data mir-
' ror server has been established at IPEN in Brazil to

tron cross sections up to 100 MeV, proton cross sectionsim rove on-line access for Latin America by providin
for U238, and neutron activation data for P u®3° P y P 9

up to WWW, FTP and Telnet access to the IAEA nuclear

2 Gev. data services
Minsk Actinides Library Evaluated neutron ' .
cross sections for TR*?, U, Np, Pu, Am and Cm WWW- Nuclear — Data  Services web-
isotopes. site of the _IAEA can be accegsed through
http://www-nds.iaea.org (IAEA Vienna) or

http://www-nds.ipen.br/ (Brazil mirror server).
Contains links to most data libraries, electronic doc-
uments, nuclear data programs, general information,
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and much more. Some data are available also by FTP
and/or a Telnet-based on-line retrieval system.

Handbooks : A number of nuclear data handbooks
have been produced by NDS (some of them are priced
IAEA publications), including hardcopy versions of the
CINDA bibliography of neutron data, and a Handbook
on Nuclear Data for Safeguards; normally, the results
of a Co-ordinated Research Project on nuclear data are
published within the IAEA-TECDOC series.

Reports : NDS publishes informal reports in the
INDC series, containing meeting summaries, unpub-
lished nuclear data works from member states, and
translations from Russian literature; most recent re-
ports are available electronically on the NDS website.

Nuclear Data Newsletter is published biannually,
and serves as the primary medium for current aware-
ness of new nuclear data available from NDS; available
in hardcopy and from the web.

Custom  retrievals and
vices can be requested by
services@iaeand.iaea.org

mail  ser-
e-mail to

other
informal

4. Creation of a nuclear data center at Gomel
State Technical University (GSTU)

The activity on the development of Scientic,
Methodological and Information Basis for Nuclear and
Technological Calculations had been started in 2013 in
the framework of joint Project of Ukrainian Nuclear
Data Center (UkrNDC) at the Institute for Nuclear
Research of NAS (Ukraine) and Laboratory for Physi-
cal Studies at the GSTU (Gomel, Belarus). The name
of the Project was "Accumulation, Processing, System-
atization and Analyses of Information in the Nuclear
Power as the basis to found the Information Nuclear
Data Center".

Fourteen Webpages of the Nuclear Data Information
Center (in Russian and English) at GSTU were devel-
oped and performed by Dr. O.0. Grizay. In most

Figure 1. Main Webpage (in English) of the Nuclear
Data Information Center at the GSTU.

libraries will look like one database to the user.
Further improvements under way include increased
distribution of databases through the Internet and the
creation of additional regional copies of the Nuclear
Data Services Websites. Creating a nuclear databases
in Belarus, in particular in GSTU (Gomel) in closed
collaboration with Ukrainian experts is also discussed.
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cases, the Russian and English versions of the pages

are identical, with the exception of the MANUAL
pages. The main Webpage is depicted in Fig. 1.

5. Concluding Remarks

The primary aims of the IAEA Nuclear Data Sec-
tion are to encourage the development and organize
the assembly of a wide range of atomic and nuclear
databases, and ensure improvements in technical
performance by providing ready access to users in
Member States. To make the service more user-
friendly and, at the same time, extend the retrieval
possibilities, development of a combined nuclear reac-
tion database is under way, using advanced database
software, with which the EXFOR, CINDA and ENDF
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ABSTRACT. Population studies of the extragalac- 188ii daail-, ii6da+adaliial  aiaiaciio  oa
tic objects are a major part of the universe large-scale aéaeitai  aeisiiiaiiy, fiiiio&dasediiy  oa
structure study. Apart from radio, infrared, and iiaaélugd io0ioieidily iicadagaéoe+ied 1a1éoia,
visible wavelength bands, observations and further 0aéed yé nédi+aiiy dacaéoeé, éadacade, aeacade,

quasars, blazers, liners, and active star burst regions 48600y a d&ioa&iianieno oa aaia-aiaiaciiad. A
are also conducted in the X-ray and gamma bands. In 6ié 814i0i ié i81adée 0ioleeiaiiy oa 148ad8aMio
of the infrared and X-ray observational data, build daiodaiianuéed aiaiaciiia oa fadcadcaaée digilaie
a distribution of a selected sample sources by typesa aéaidoi 06 Aseddae ca oeill. Idlajagiciaail
and attempted to analyze types of the extragalactic aiifio Ticadaéaéoe+ied Ta'*éoia dicied oeiia
objects at distances up to z = 0.1 using observational ia aiafoaiyd ai z=0.1 &aeéidenoiadcp+e aaii
data of relevant space observatories. aiainaiaied éinii+ied 1anasaaoisié.

Data from a leading X-ray space observatory A&y fééaaaiiy jaéaielged éaoaéiaia
XMM-Newton were used to compile the largest daiodaiianuéed a=eddaé aééidenoiadpouny Aaali
catalog of X-ray sources. Current version of XMM i8faiaii” &aiodaiianuér éifii+ii” 1anasaaoidi’

SSC (Serendipitous Source Catalog) contains more XMM-Newton.  1ioi+ia &&8fiy €aoaeiao XMM
than half a million sources. In our previous works SSC (Serendipitous Source Catalog) iificeol Tiiaa

we selected and analyzed a sample of 5021 X-rayiiaiieuélia deeddde. O faged Tadaaiio 81aioad
galaxies observed by XMM-Newton. Identi cation ié aidiadaée oa idlaiagicodaée aaii 5021 daeaéoeée
step of the study. In this study we used infrared XMM-Newton. ladioeoieasiy oa éeaneodiéasiy
apparent magnitudes from WISE catalog of AGN (&0 382403 ! A&améeéael ianodiiei esaién
candidates. In 2010 space telescope WISE performediifigiasediiy. O 6iilio aiféiasediii ié aééideficase
full sky survey in four infrared bands and detected ii68a+adaiii ¢iadazedily ii6da+adaliT Efli+ii

AL ~O

747 million sources. WISE catalog of AGN candidates Tafiadaacioi” WISE ¢ éaoaéiad éaiaeaaoia o
amounts 4 million of possible extragalactic sources. aé0eaii yada &agaéoeé. O 2010 ai6i éifii+ieé
We built infrared color-color diagram for our sample 0&ganéti WISE caiéiiéa 1aeéya anduial iaiar

of X-ray galaxies and assessed their types usingidda o6 -+10€dUi6 ii68a+adaiied aiaiaciiad oa
WISE telescope data. In this study we also analyzed aéyaea 747 lieuéliia azddde. Eaocaeia WISE

i N AN A A N AN s N AN N

and SDSS Sloan Great Wall. In the further studies ila6a6aaée ii6da+asdaiio éielisiad aiagddaido aey
we are planning to investigate the distribution of fagi" aeaidée Saidaaiianueed dagagoeé oa iviieee
di erent types of X-ray galaxies within the large-scale "6 o0eie, aééidenoiadp+e aaii oaeanéiia WISE. A

structures of the Universe. oié ofaioi ie oaélee &ifciacée adéééiiangoaaio
Keywords : AGN, XMM-Newton, WISE, X-ray, 08680086 Ananaios (fa aianoaiyé ai z=0.1). O&é
infrared survey. aiaeic aeyaea neoi+aiiy aacaéoéé ééanoad Coma

oa Aadeeed foii6 Néfaia (Sloan Great Wall). O
ifaaéuged aineiasediiyd ie iéaioll aineiaeoce
dicifaié oicied oeiia odaioaaiiafiuéed aacaéoeé 6

adeesfiafigdaaied nod6eo6sad Ananaioo.

AIIOAOIR. Aifigiaesediiy neéeaad i idesiae

Z AN ANO ~A

alféiasedill adéeéliangoaall nodoéosdse afianaioo.
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Eép+iai figiaa: Aéoeaii yada dacagoee, XMM-
Newton, WISE, &aioadiiafuéd aeidtiipaaiiy,
ii6da+a0afii 1aeyae.

1. Introduction

Multiwavelength observations have a great impor-
tance for extragalactic astronomy. Many manifesta-
tions of the galactic activity could be detected in X-
ray and infrared bands. In this respect the most
vast database of X-ray sources is contained in XMM-
Newton Serendipitous Source Catalogue (XMM-SSC).
Current version of XMM-SSc, 3XMM-DR8 comprises
more than 500 thousand sources (Rosen et al., 2016).
We compiled a sample of extragalactic sources by pre-
vious version of XMM-SSC - 2XMM (Watson et al.,
2009). Our sample, herein Xgal, contains 5021 entries
(Tugay, 2014). HyperLeda database* (Makarov et al.,
2014) was used for identi cation extragalactic X-ray
sources and further Xgal compilation. Classi cation of
Xgal sources is the next objective of our study. Most of
X-ray emitting galaxies are more likely to have AGNs
(Tugay & Vasylenko, 2011), but this statement should
be veri ed.

For the purpose of this study we used data from the

sky survey performed by Wide-eld Infrared Survey oy et al., 2013; 747.634.026 sources) and X-
Explorer (WISE). This space observatory registered . oo rces observation using already compiled cat-
more than 747 million mfrare(_j emission sources. The alogues: XMM-Newton Serendipitous Source Cat-
WISE telescope hasa4O—cent|meter—d|ameteraperture.a|Ogue OXMMi-DR3 (262.902 sources): HyperLeda

Its' fqur working Wavglength ban_ds are 3.4, 4:6, 12 gnd (2.777.804 galaxies) and Xgal (Tugay, 2012; 5.021
?2 microns. The main astroqomlcal sources irradiating sources). Some previously obtained multiwavelength
in such bands are the following: cross-correlation results based on data from WISE,

W1 band (3.4 micrometers) stars and galaxies;  3xMmM, and FIRST/NVSS for 2529 sources are given
W2 band (4.6 micrometers) thermal radiation from ;, paper of Mingo et al. (2016). In our study we

the internal heat sources of sub-stellar objects like gglected the most bright X-ray galaxies with a ux
brown dwarfs; o Fx > 10 ®¥mw=m2. Classication of these objects
W3 band (12 micrometers) thermal radiation of a5 performed using SIMBAD Astronomical Database.

asteroids; _ . . Initially we assumed that Xgal objects should be in
W4 band (22 micrometers) dust in star-forming

regions.

The rst three band are often used to build color
diagrams for classi cation of WISE sources. Distri-
bution of the dierent cosmic objects by types and
their IR colors is presented on Fig. 12 (Cutri et al.,
2013). The purpose of the current work was to identify
Xgal sources in WISE catalog and classify them using
established infrared colors.

Figure 1. IR wave bands and objects types observed
by Wide- eld Infrared Survey Explorer (Cutri et al.,
2013)

2. Sample Studies

One of the study objectives was to perform cross
identi cation between WISE all sky observations

Lhttp://leda.univ-lyon1.fr . . . .
2http://wise2.ipac.caltech.edu/docs/release/allsky/expsup/ Figure 2: WISE color diagram for AGN candidates

index.htm! from (Assef et al., 2018) found in Xgal sample.
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WISE AGN catalog (Assef et al., 2018), since as it was
mentioned above, most of X-ray galaxies are AGNSs.
Our results are given below on Fig. 2. We identi-
ed 267 sources with W1-W2>0.5 that corresponds to
QSO region on WISE color diagram (Fig. 1). WISE
AGN catalog was compiled using mentioned selection
criterion and contains approximately 4 million infrared
AGN candidates.

Then we performed cross correlation of Xgal with a
whole AIIWISE catalog (Cutri et al., 2013) and found 4
thousands matching objects that roughly corresponds
to the number of X-ray WISE sources in (Mingo et
al., 2016). We have split SIMBAD types into three
groups: ellipticals, spirals and AGNs. Distribution of
bright Xgal sources of these three types was plotted
on Fig. 3. On this chart it is possible to distinguish
guasars (color index W1-W2>0.5) and galaxies (color _. .
index W1-W2<0.5) which could be divided into ellip- i9uré 3: The MIXR sample: AGN activity versus star
tical and spiral types. Elliptical galaxies emit X-rays formation. IR l(;olor diagram for 573 X-ray galaxies
from cluster or group halo. Spiral galaxies may have With Fx > 10 mW=s=n?. Balls elliptical galaxies,
X-ray emission from star formation regions (Tugay & galaxies in groups and clusters. 'Irnanglesl spiral and
Vasylenko, 2011). Such galaxies are not numerous instar-formlng galaxies. Dots AGN's: QSO's, Seyferts,
our sample. Moreover, the following two comments LINERS
could be made here. First, in MIXR sample (Mingo et
al., 2016) there is a division for spiral and star-forming
galaxies. We can not make such a dierence in our
sample. Second, a subset of the galaxies that we mark
as 'spirals' has an incorrect position on a color dia-
gram. The explanation to this could be that some of
the galaxies classi ed in SIMBAD as spirals are in fact
Seyfert galaxies and they occupy the upper part of the
plot on Fig. 3. Lower part of the 'spirals' chart in-
dicates that there should be an X-ray halos envelope
around these galaxies.

We have also analysed radial distribution of the
bright X-ray galaxies in Sloan Digital Sky Survey
region. In case of uniform distribution, the number
of galaxies should increase as a cubic function of the
distance. And vice versa, radial velocity of a galaxy
Vs is expected to be increased as cubic root function
of galaxy order number in the list sorted by velocity
value. Any major deviations from uniform spatial ]
distribution of galaxies should lead to divergence of 3- Conclusion
Vzk (N) relation from cubic root. Such deviations
becomes the most visible in our sample after replacing Elliptical and clustered X-ray galaxies has a clear
Vak (N) by Vs =1:00™ (N) (Fig. 4; power-law base stand out position on the infrared color-color diagram.
factor equal to 1.007 was selected empirically). The Main source of their X-ray emission should be ex-
main trend of such a function for the main part plained as interstellar and intergalactic gas. Quasars
of the sample is a horizontal line approximation. also could be distinguished with WISE magnitudes.
Additional increase of this function corresponds to Main source of X-ray emission AGNSs is accretion disc
larger distances between galaxies, e.g. voids. The decaround central black hole. Star-forming galaxies has
lination on the graph corresponds to dense large-scaleneither clear region at color diagram nor signi cant
structures (LSS) in galaxy distribution. Coma galaxy representation among X-bright galaxies. Some LSS
cluster and Sloan Great Wall were revealed in this elements could be resolved in radial distribution of
distribution. Behind Sloan Great Wall the number of X-ray galaxies. Such studies could be developed and
X-ray galaxies becomes insigni cant that makes LSS combined with other methods of LSS analysis (Tugay,
detection impossible and causes rapid growth of plot 2014; Tugay et al., 2016).
on Fig. 4 for largest N.

Figure 4: Large-scale structures in radial distribution
of X-ray galaxies
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ABSTRACT. We present a study on the verica- 130ip ie aeéidenocaée aedidésd 60561 dacaéoeé
tion of Machine Learning methods to be applied for ¢ 0e08faial 7aeyaé SDSSDR9 ic +adaiieie
binary morphological classi cation of galaxies. With clitiaiiyie 0;02 < z < 0;06 0a aaniepoieie
this aim we used the sample of 60561 galaxies from thecgidyieie adée+eéiaie 24" <M, < 194™. le
SDSS DR9 survey with a redshift of0:02< z < 0:06and cafoiidaage oaéi 1aolae iageéiilal faa=+aiiy,
absolute magnitudes of 24" <M, < 194™. We Aaeéidéndiadp+e aeaniéé é&ia iaienaieée ia
applied the following classi cation methods using own Python, U4 idaaeéuii aecia+eoe i1d6igiaip
code in Python to predict correctly the morphology of daiiid i Ticiid O¢iia dagaéoeé: ia‘aieé Aaél,
Late and Early galaxies: Naive Bayes, Random Forest, 4¢iaaéiaeé &if, 1401a 1ii6ied aaeéoidia, &laifoe+ié
Support Vector Machines, Logistic Regression, and k- 384d8afip, k-iacaéese+ €6 fofidia. Aey 08aicaaiiy
Nearest Neighbor algorithm. To study the classi er, we éé&anédiéacioa ie &aeééioenoiadaace aaniépoii
used absolute magnitudesM ;Mg; M, ;M;; M, color c¢ioyii adée+eie My;Mg;M;;Mi;M,, Tiéacieée
indicesMy M;;Myg M;;My MgygM, M, and é&éuis6 My M, ;Mg M;;My Mg M, M, 062

a
a0

inverse concentration index to the centerR50=R90. caiaioiié ifadén élioaiodaci” éielisd ai 6aiodo
We compared these new results with previous one R50=R90.
made with the KNIME Analytics Platform 3.5.3. It I& Tigiaiyee 6i dacoelivaoe ¢ iageie iiiadaaiiie,

turned out that Random Forest and Support Vector yéi aoéé c¢diagadii ca aiiliiaip i8iasaiiial
Machine Classiers provide a highest accuracy, as ¢aadcia+aiiy KNIME Analytics 3.5.3. Aéyaeéify,
in the previous study, but with help our code in Uf 14614 Random Forest i Support Vector Machine
Python we increased an accuracy from 92.9 % of0aéiee ¢adacia+opou iaédielgd oi+iifiol, aéd ca
correctly classied (96% E and 84% L) to 94,6% afilitalp iagial éiaé ia Python ié iiadeueée

(96,9% E and 89,7 % L). The accuracy of the o01+iiidl ¢ 92,9 % idadeélii ééanediéiaaied (96 %
remaining methods also grew by 88% to 93%. So; E i84 % -L) & 94,6 % (96,9 % -E i 89,7 % -L).
using these classi ers and the data on color indices, Oi+iifioli d4@0e 140i4ia 0aéie ¢difiea ia 88 % &l
absolute magnitudes, inverse concentration index of 93 %. 10sed, 08aiop+é 6i é&afedieanide ja aaied
galaxies with visual morphological types, we were able 87 iiéacieée éieliidd, adniepoii ¢idyii adee+eéie,

to classify 60561 galaxies from the SDSSDR9 with ¢aidioiié ifadén élioaiodasi™ &ielidd ai 6aiodo

unknown morphological types and found 22 301E and &aéaéoeé, ié ciidée aecia+éoe 11odiéldi+ii oeie

38260L types among them. aeédaidée 60561 dacaéoeé ¢ 0eodiaial 1aeyao iada

Key words : galaxies, morphological classication, SDSSDR9 i iodeiage 22301 E 3aiiio i 38260 L
ATTAA A mmmin gero s Eep+iai fiefaa :  iiooielai+ia eeanesieasiy
AlIOAOIR.  Tiaail  aineéiaeseaily  Gial éégaé(‘)éé AgRIiA IAA-Aiiv y

adoeoiéaoi’  iaofaia  laeéiiial  faa+aiiy, ’ -ally

Ut canoifitaaii &gy aaoliace+ii”  aiiadii’

11001&Tai+iT" ééaneodiéadi” aaéaéoeé. C oOitp
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1. Introduction these radial velocities from the SDSSDR9, we ap-
plied multi-parametric diagram and visual inspection
As a result of the fast development of new technolo- to get the automated galaxy morphological classi-
gies for the ground-based and space-born telescopescation. Namely, as for the photometry parame-
the volume of digital data about space objects ters diagrams we used a well-known fact that galaxy
(including the extragalactic ones) has grown rapidly morphological type is correlated with the color in-
in recent decades. The massive volume of data anddices, luminosity, de Vaucouleurs radius, inverse con-
more and more increasing computing power facilities centration index etc. [Karachentseva et al. (1994)
change the way in how science and technology areDobrycheva et al. (2012) Melnyk et al. (2012)]. We
managed. This opens up and get challenges into further plotted the diagrams of color indicesg i and one
research in each eld, hence, instigating the search of the aforementioned parameters and discovered that
for new approaches to process this huge astroinfor-these parameters may be used for galaxy classi cation
mation resource (see, for example, Zaane (1999) into three classes: E elliptical and lenticular, S
Srivastava et al. (2012) Ivezic et al. (2014), spirals Sa-Scd types, and- late spirals Sd-Sdm and
Al-Jarrah et al. (2015), Vavilova (2016)]). irregulars types. The accuracy is 98 % folE, 88 % for
Due to the new astronomical observational surveys, S, and 57 % forL types. The combinations of color
their data collection is available online in the form of indicesg i and inverse concentration indexR50=R90;
big science databases in all ranges of the electromageolor indicesg i and absolute magnitudeM, gave the
netic spectrum: Fermi-GLAST [Acero et al. (2015] best result: 143 263E type, 112578S type, 61177L
in gamma, ROSAT [Voges et al. (2000) and XMM- type [Dobrycheva et al. (2017)].
Newton [Rosen et al. (2016) Pierre et al. (2016)] Not enough classi cation accuracy forL type galaxies,
in X-ray, GALEX [ Leeetal. (2011] in ultravi- we undergone the di erent MLM for providing a binary
olet, WISE [Wright et al. (2010)] and 2MASS automated morphological classi cation. Why is binary
[Skrutskie et al. (2006)] in infrared, Extragalactic one, because we decided compourfland L in one class
Radio Continuum Surveys [Norris et al. (2017)] or of the Late type galaxiesL. We tested di erent MLM
Discrete Radio Source SurveysHraude et al. (2002), for the SDSS DR9 samples of 317 018 galaxiesat< 0:1
zCOSMOS deep sky survey Bcoville et al. (2007)], using KNIME Analytic Platform and found that the
deep surveys with the Hubble Space Telescope, andRandom Forest provides the highest accuracy, namely
SDSS Sloan Digital Sky Survey [Gunn et al. (1998)] 91 % of galaxy types are classi ed correctly: 96 % Early
in optical ranges as well as other surveys. (E) and 80 % Late (L) types [Dobrycheva et al. (2017].
Since 2000, the Sloan Digital Sky Survey (SDSS) To improve accuracy of the results we developed own
collected the more data that had been amassed in code for the automated morphological classi cation of
the entire history of astronomy [Blanton et al. (2017)]. galaxies and apply it to the sample of 60561 galaxies
Now, its archive contains of about 170 terabytes of from the SDSSDR9 at0:02< z < 0:06. Results of this
information. In this context, the astronomers, who are study are presented in this paper.
directly involved in the SDSS, identi ed the problem
of the automated morphological galaxy classi cation
as one of the extremely actual task. Machine learning
methods (MLM) are able to uncover hidden relations _
between observed data (e.g., galaxy parameters and We used the sample of 60 561 galaxies from SDSS DR9

images) and physical properties of galaxies. First of With. the absolu-te magnitudes 24" <M, < 1947
all, we mention several works related to the morpho- & 0:02<z < 0:06. As we said above the color indices,

logical classi cation of galaxies from the SDSS such [NVerse concentration index R50=R90, and absolute
as [Andrae et al. (2010), Dobrycheva et al. (2017) magnitude are the good parameters for training MLM
Dobrycheva et al. (2018) Dominguez et al. (2018) [Dobrycheva et al. (2015][Dobrycheva et al. (2017).
Barchi et al. (2019)] as well as to the visual classi ca- The absolute magnitude was obtained by the formula:
tion, Z00 project, _such as Banerji et al. (2010)], or M,=m, 5 Ig(D.) 25 K.(z) ext;

for radio galaxies with AGNs [Zhixian et al. (2018)].

For the rst time we have introduced and applied Where m, - visual stellar magnitude in r band, D
the high-order 3D Voronoi tessellation method for the - distance luminosity, ext, - the Galactic absorption
identi cation of low-populated galaxy systems from in r, K;(z) - k-correction in r band according to
a volume-limited SDSS DR5 to estimate environment [Chilingarian et al. (2010), Chilingarian et al. (2012)].
e ects [Vavilova et al. (2005), Elyiv et al. (2009)] and The color indices were obtained as:
binary morphological content [Vavilova et al. (2009)] o _ _ _ .
of 6786 galaxies with300(km=s < V| < 950(km=s ¢ Mi=(Mg M) (extg exti) (Ko(2) Ki2));
containing in these systems. where mg and m; visual stellar magnitude in g

After enlarging the sample to 317018 galaxies with and i band; exty and ext; the Galactic absorption

2. Galaxy sample from SDSS DR9
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Figure 2: Training galaxy sample. Dependence of pre-
diction accuracy for Logistic Regression Classi er on

Figure 1: Distribution of galaxies by redshifts in the 4 vcn parameter

training sample (line - late type, pillars - early type
galaxy)

in g and i band; Kg(z) and K;(z) k-correction

in g and i band, respectively. Following the SDSS
recommendation we involved limits m, < 17.7 by
visual magnitude in r-band to avoid typical statistical

errors in spectroscopic ux.

3. Training galaxy sample

A training galaxy sample contains of 6 163 galaxies at
0:02< z < 0:1 with the absolute magnitudes 24" <
M; < 194™ from the SDSS DR9 (Fig. 1).

It was composed of several samples with certain mor-Figure 3: Training galaxy sample. Dependence of pre-
phological types of galaxies from our previous work and diction accuracy for Support Vector Machine Classi er
is based on the SDSS DR9. We split galaxies visually on the "C" parameter
on two classes a€ (including E, SO, SOa types) and
L (from Sa to Irr types), which were selected randomly o ) - .
with di erent redshifts and luminosity. We collected 1) & logistic function to model the probability of a binary
training sample, which contain 764 galaxies described dependence of an object class on its features. The
by [Dobrycheva et al. (2018}, and 2) 5000 galaxies de- correspondlrjg probability for each class may vary from 0
scribed by [Dobrycheva et al. (2015). After the beta to 1 depending on the features Tolles et al. (2016). A
run of machine learning for the unknown morphological function.th.at converts a Iogical factor into a probability
types, we have done visual inspection of the randomly IS & logistic function. This can be egtended to more
selecting galaxies and 3) added these galaxies to thethan two classes. The model itself simply models the
training sample. likelihood of_OL_Jtput in terms of enter data and (_Jloes not

Additionally, we used an automatic regression method perform statistical gIaSS| cat|(_)n (it is not a classi er). Ifc
of discarding galaxies that strongly deviate from the Includes the quantizer function and works by selecting
mean value. We re-de ned the mean of the magnitude the cuto value and classifying the input as more likely
in each Iter and its scatter after each discard and than the cuto as one class, below as another.
then limited arti cially this permissible deviation Support-Vector Machines  (SVMs) are controlled

for the average. Thus, we got a sample of 6 163 galaxies!e@rning models that analyze data used for classi ca-
tion and regression analysis. Given a set of classi ed

o ) ) training cutters, the SVM learning algorithm builds
4. Veri cation of Machine Learning methods a model that determines the class of objects by their
for morphological classi cation parameters Bmola et al. (2004). The SVM model is a
representation of the points of the hyperspace objects so
Logistic Regression is a statistical model that uses that the samples of the individual classes are separated
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in Figures 2 and 3, respectively.

k-Nearest Neighbors  (k-NN) is a simple non-
parametric method used for classi cation. The object
is classi ed by multiple votes of its neighbors, and the
object is assigned to the class most common among
its closest neighbors, where k-number of neighbors. If
k =1, then the object is simply assigned to the class
of one nearest neighbor in the parameter space for the
selected metric. Neighbors are drawn from the training
dataset Burkov et al. (2019)]. The accuracy dependen-
cies of the number of neighbors for k-Nearest Neighbors
is shown in Figure 4. A feature of the k-NN algorithm
is related to its sensitivity to the local data structure.
Advantages of this method: simple implementation,

Figure 4: Training galaxy sample. Dependence of pre-adaptation to the desired task by choosing a metric,

diction accuracy for k-Nearest Neighbors Classi er on interpret-ability. The disadvantages include: poor per-

parameter "neighbors" formance in tasks with many objects in the training
sample; di culties in nding the right weight and de-
termining what features are required for classi cation;
dependence on the selected metric.

Naive Bayes classiers is a family of simple prob-
ability classi ers based on the application of Bayes'
theorem with strong "naive" assumptions about inde-
pendence between traits. This determines a certain
statistical distribution of parameters for each of the
classes $oria et al. (2011). The probability of falling
into a class depends on the ratio of the statistical density
of the distribution of classes at a point for the selected
model by independent parameters.The advantages of
the method are as follows: high speed of work, easy
interpret-ability of the results of the algorithm. The
relatively low quality of classi cation and the inability

Figure 5: Training galaxy sample. Dependence of pre_to take into account the dependence of the classi ca-

diction accuracy for Random Forest Classi er on pa- tion result on a combination of features are the main
rameter "max_depth" disadvantages of this method. We used this method as

a reference.

Random Forest is an ensemble classi cation and
by a clear gap, which wide is maximized as possible.regression method that works by constructing a large
Then, the new objects are displayed in the same spacenumber of decision trees and averaging the result of
and assumed to belong to the category based on thepredicting individual trees. This helps to reduce the
side of the gap to which they fall. This method has risk of overting. Tree models - where the target
such disadvantages: it is used only for problems with variable can take a discrete set of class values, are called
two classes, it is impossible to calibrate the probability classi cation trees [Burkov et al. (2019)]. In these
of getting to a certain class, the model parameters are trees, the leaves represent classes, and the branches
di cult to interpret. represent the set of features that lead to these classes.

By default, Logistic Regression and SVC use L2 con-In branching nodes there is a logical operator. The goal
troller. For these methods, the C parameter deter- is to create a model that predicts the value of the target
mines the degree of regulation, where a higher degreevariable with the highest precision based on multiple
of C corresponds to a lesser regulation. When C input variables by calibrating the tree shape. Tree
values height Logistic Regression and SVM trying to t construction is recursive until the subset in the node
the models to the initial data as accurately as possible, has all the characteristics of the target variable, or when
then C is low models trying to look for a vector of splitting the accuracy of the prediction will not remain
coe cients closely to zero. Therefore, at low C values, constant. The accuracy dependencies of the maximum
the algorithm tries to t the most data points, while  depth of the tree for Random Forest Classi er applied
at low C values it increases the contribution of each to the tra ining sample is shown in Figure 5. The
individual point. The accuracy dependencies of the C main advantage of the method is the high productivity
parameter for Logistic Regression and SVM are shown of training and forecasting; such decision trees can
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be easily visualized and interpreted. The disadvan-
tage is related to the method's propensity for retraining.

6. Results and Conclusion

Using own code in Scikit Learn Pythont to predict
correctly the galaxy morphology (Late and Early types)
we veri ed several Machine Learning methods for bi-
nary morphological classi cation of galaxies. With this
aim we used the sample of 60561 galaxies from the
SDSS DR9 survey with a redshift of0:02 < z < 0:06
and absolute magnitudes of 24" <M, < 194",
Among the machine learning methods were as fol-
lows: Naive Bayes, Random Forest, Support Vector
Machines, Logistic Regression, and k-Nearest Neigh-
bor algorithm. To study the classi er, we used ab-
solute magnitudesM,;Mg; M, ;M;; M, color indices Figure 6: Images of galaxies from SDSS with the cor-
My M ;Mg MMy MgM, M, and inverse rectly classi ed morphology. Top: Early type (Ellipti-
concentration index to the center R50=R90. cals). Bottom: Late type (Spirals).
Prediction accuracy was evaluated for each of these
methods for training galaxy sample (see, Figures) and

reaches the following values: work (DL) to the images of redshift-limited (z < 0:1)
Naive Bayes Classier 0.886 (E 0.920, L 0.818) Sample of 300000 galaxies from the SDSS DR9 by
0.01; [Khramtsov et al. (2019)] with the same aim of binary
k-Nearest Neighbors Classier 0.945 € 0.9389, morphological classi cation has been shown, for exam-

L 0.958) 0.006; ple, that DL method can classify rounded sources as
Logistic Regression Classier 0.949 € 0.968, L Ellipticals but it can not catch the spectral energy dis-

0.911) 0.006; tribution properties of galaxies more clearly than SVM,
Random Forest Classier 0.9545 (E 0.967, L trained on the photometric features of galaxies.

0.928) 0.003: The problem points arise when we have cases of the
Support Vector Machine Classi er 0.964 (E 0.961, face-on and edge-on galaxies (Figure 7). The most of

L 0.969) 0.006. these galaxies are miss-classi ed as Ellipticals (early

All the above mentioned classi ers include the K-Fold YP€)- The good case is that methods allow us to recover
Cross Validation method. gravitational lenses (point-like sources, arcs) and the

We compared these new results with previous one most of such miss-classi cations are also among Ellipti-
which were made using the KNIME Analytics Platform ‘cals. So, we have overestimated number of Ellipticals

3.5.3 ([Dobrycheva et al. (2017)). It turned out that and underestimated number of Spirals (about of 10 %).

the method of Random Forest and Support Vector Bu_t Fhis probllem Cﬁn behdecidedl, when we wil _fo_rm
Machine provide a highest accuracy (as in the previous trammg samples t rougn severa steps (pre-tral_nlng,
study for the Random Forest Method), but with help ne-tuning, and classi cation). The step of ne-tuning

of our code in Python we increased an accuracy from SETlpu!d llnclu(;ig_ .the II|mr|]tat|ons on the axes—r?tm r:or
92.9 % of correctly classied (96% E and 84% L) Ipticals, additional photometry parameters for the

to 94,6% (96,9% E and 89,7 % L). The accuracy of face-on galaxies, as well as trainings with images and

the remaining methods also grew by 88% to 93% (See,spectral features of galaxies. Results of this approach

Figure 6, where the images of the correct classi cation as well as a conception of the automated morphological
are pres,ented) classi cation of a big data sample of galaxies with a

So, using the Random Forest and Support Vector wider redshift range Yvill be given in other. pgpers.
Machine Classi ers, and the data on color indices, abso- 1h€ Machine leamning methods are an indispensable
lute magnitudes, inverse concentration index of galax- assistant in solving morphological classi cation since
ies with visual morphological types, we were able to their rst apphcatlon tp decide th.|s problem with the
classify 60561 galaxies from the SDSS DR9 with un_ANN—aIgorlthm_ [Storne—Lombardl. et al. (1992)]. They
known morphological types and found 22301E and &€ also.e ective for reconstruction of Zohe of Av0|.d-
38260L types among them. At the same time, the ance distance modulus for local galaxies, gravita-

results of applying the Deep convolutional neural net- tional lenses search, where the authors have own ex-
perience (Mavilova et al. (2018)], [Elyiv et al. (2019)],

Lhttps://scikit-learn.org/ [Sergeyev et al. (2018)], respectively).
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Figure 7: Images of galaxies from SDSS with the miss-
classi ed morphology. Top and Left Bottom: Late types
(Spirals), which are classi ed as Early type (Ellipticals).
Right Bottom: gravitational lens classi ed as Early
type galaxy (Ellipticals).
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ABSTRACT. We have described the method of
investigation of the di use interstellar band (DIB) at
6202 A. This DIB is seen in the spectra of cepheid
stars, and it is blended with two stellar lines of Ce Il
(6201.773 A) and Ni | (6204.6 A). After removal
of the blending lines of ionized cerium and neutral
nickel, we can determine the equivalent widths (EW)
of the DIB. This procedure can be applied for the
sample of cepheids (with well known distances), which
enables one to construct the map of the organic matter
distribution in the Galactic disc and use these values
to investigate the E(B V) DIB EW relation. The
relation found from Cepheids matches that found in B
stars. This relation can help to nd the reddening for
newly discovered Cepheids without extensive photo-
metric data, and thus determine their distances. The
relation between E(B V) and the DIB EW does not
yield precise reddening values. It is not a substitute
for better photometric or spectroscopic methods. At
best, it is indicative, but it provides some information
that may not be otherwise available.

Keywords : Classical cepheids; ISM lines and

bands, ISM molecules, ISM structure
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2. Method
1. Introduction
The di use interstellar band at the wavelength 6202

Di use interstellar bands (DIBs) are quite broad ab- A Wwas selected as an object of the study. In the
sorptions which can be found in the spectra of the dif- cepheid spectra, in most cases this DIB is superim-
ferent astronomical objects. In visual and near IR re- Posed on two stellar absorption lines, namely ionised
gion there are about 500 DIBs.These bands are ob_cerium(6201.773A) and neutral nickel (6204.6A) lines.
served when the light of the star is absorbed when In contrast to weak line of cerium, the neutral nickel
it crosses translucent clouds. The origin of the DIBs line is quite strong. A correct measurement of the
(i.e. their carriers) is still a mystery. There have been equivalent width of the DIB at 6202 A is not feasible
a number of theories advanced regarding the nature unless the blending lines of stellar origin are removed.
of interstellar absorbing material resulting in the phe- As it was stated in Introduction Kashuba et al. (2016)
nomenon of DIBs in stellar spectra. No exact nidenti - developed a method that enables performing such a
cation of the central wavelengths of DIBs are available procedure. Similar to that method our approach con-
at present, but there are strong belief that they are cerning the DIB 6202 A consists the following steps.
caused by complex molecular absorption. At present 1. We checked accuracy of the oscillator strengths of
the widely accepted hyphotesis about DIBs carriers two blending lines: Ce 11 (6201.773A) and Ni | (6204.6
supposes that po|ycyc|ic aromatic hydrocarbons can A). This is necessary in order to calculate synthetic
produce observed absorptions in the stellar spectra. Spectrum of the background star in vicinity of 6202
Nevertheless, Cox (2011) and Salama et al. (2014)A DIB. Preliminary values of loggf for the lines were
doubted this hyphotesis. Another way to explain the taken from the Vienna Atomic Line Database (VALD)
appearance of DIBs may be to consider the absorption (http://vald.astro.uu.se/). Initial values of the oscilla-
capacity of and/or bucky ball carbon structures. tor strengths for the considered lines were 1.949 and

Many works were devoted to a comprehensive obser- 1.079 respectively. Then the oscillator strengths for
vational study of DIB, their ne structure, in partic-  these two lines were updated using the solar spectrum
ular. In particular, it was found that The equivalent ~©Of Kurucz et al (1984) and the cerium and nickel abun-

widths of the DIBs vary within a wide range, and in dances in the Sun from Grevesse et al. (1996). The
some cases correlate with the reddening along the line-resulting values areloggf =  1:550 for the cerium
of-sight. The wavelength of a DIB in the photospheric line and loggf = 1:155for the nickel line. The best
rest frame of the background source varies due to the S for pro les of these lines in the solar spectrum are
system velocity of the background source. shown in Fig. 1.

As a rule, DIBs were studied in the spectra of hot 2+ The synthetic spectrum for a particular star is
O B stars because their visual region is less crowded 9enerated using its atmosphere model, which is calcu-
with spectral lines and the continuum is smooth. High 'ated using previously known such parameters as e ec-

resolution spectra of such stars aord an excellent tivVe temperature, surface gravity, microturbulent ve-

possibility to study the ne structure of DIBs. Unfor-  10City and metallicity. S
tunately, the distances of O B stars can be determined  3: Then the observed spectrum is divided into syn-
with low accuracy. Therefore, if we are interested in thetic spectrum, and this procedure gives us a DIB
study the spatial distribution of the DIBs absorption Pro le free of stellar spectral lines.

in our Galaxy, then we must understand that such 4 Finally, the equivalent width of the cleaned DIB
spatial distribution can be burdened with distance Pro le is determined by direct integration.

inaccuracy. It would be a good opportunity to use

for this purpose spectra of the stars whose distances 3. Atmospheric parameters and synthetic

are know with a high precision, the cepheid spectra, spectra

for instance. Cepheids are the stars of F G spectral
class, and their visual region is full of the stellar
spectral lines. With a high probability any DIB pro le

in their spectra is spoiled with stellar lines. This
is a problem that prevents the direct determination
the DIB characteristics, like its equivalent width, in
particular. Kashuba et al. (2015) and Kashuba et al.
(2016) described a method that allows to clean 6613
A DIB blended prole. In this paper we describe
similar procedure which allows to re ne 6202A DIB
pro le.

The atmospheric parameters (e ective temperature
Te , surface gravity logg, microturbulent velocity V;
and [Fe/H]) of the program stars were used to cal-
culate the fragments of synthetic spectra of cepheids
containing the 6202 A DIB. We used stellar atmo-
sphere models rst applied for analysis in Kashuba et
al. (2016). In synthetic spectrum calculations in the
6202 A DIB vicinity we used cerium abundance de-
rived from Ce Il line 6043.37A , and nickel abundance
derived from Ni | 6176.81A line. Both lines are situ-
ated close to the DIB region, they are not blended with
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Figure 3: Normalized fragment of the spectrum of BV
Figure 1: Observed (circles) and synthetic (thin line) Cas.
spectra of the Sun in vicinity of the 6202 A DIB.
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observed and synthetic spectra in the 620A DIB re-
gion for one program star. BV Cas (Te = 5551 K,
log g=1:99, V; =3:29km s 1, [Fe/H] = +0.02).
The result of applying step 3 (see previous section)
is shown for BV Cas in Fig. 3.
Measured equivalent width of the 6202A DIB in
BV Cas is 0.1006A.

Conclusion

We described method which enables one to clean
the 6202 A diuse interstellar band from the stellar
blending lines of ionezed cerium (6201.773A) and
neutral nickel (6204.6 A). This procedure gives a
possibility to measure pure DIB equivalent width. In
turn, this characteristic can be traced as a function
of interstellar reddening caused by the absorption of
light by dust particles. We plan to apply described
procedure for the sample of cepheid spectra previously
analyzed by Kashuba et al. (2016) with the aim of the
6613A DIB study.
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ABSTRACT. In this paper, we determine the causes "hkes”""m\Zgbo ]ZeZdlbd KithiZzxgbgv gZz
of correlations between the observed logarithmic lu- jh[hlb Z\lhjish”*h\" _gh “hkeggy a\ yadm fe°
minosity logL of galaxies with active nuclei (AGN) h~ghnhlhgghx Zgeleeypelx ihabljhge\
with particular attention to BL Lac type objects. The “~hie_jh\kdbf jharbj_ggyf eegec pbo "~_ Z
properties of ux variations of these galaxies in -rays hilbpe $*1 IhdZaZgh sh g_ijyfbf ~hdZ:
(logL ) and in optics (logLo) are associated with the gzZy\ghkle ~hklZlgvh€ deevdhKlZ €ihabljhg
combined action of cosmic rays (CR), and also with Zge]eeyps€ B dZgdE" +\ m OplaktZ gkn
hard radiation around the entire perimeter of AGN. gZy\gbfb ~Zgh#dZeh]«\ ~ey $*1 aZijhihgh\:

The necessity of using positron spectroscopy in suchdze«[jm\Zggy €0 k\elghkle \ egrbo h[eZklyo
objects is found. The importance of high-precision

measurements of 1.022 MeV line arising from the anni-
hilation of positrons with K-electrons of multielectron

atoms in the interstellar medium of disk component
of the studied galaxies is emphasized. The relation-
ship between the single-photon positron annihilation
and the Doppler line broadening of the same atoms
in optics is investigated in AGN. We found that indi-

Key words : active galactic nuclei, cosmic rays,
inter stellar medium.

1. Introduction

The shells of supernovae and the active nuclei of
galaxies exibit a signi cant eld of hard radiation. The
: . production of high-energy quanta and particles inside
rect evidence of the presence of a su cient number of e young supernova shells is based on the intense ra-
positrons and their annihilation are the cascade chan- gjpactive decay of unstable isotopes with protons ex-

nels observed in the form of -resonance. According cess. Such a process is accompanied by the formation of

ibration of their luminosity in other spectral regions is

q In the active nuclei of galaxies the charged high-energy
proposed.

particles are formed. Their movement along the mag-
netic power tubes ensures their delivery to the vast pe-
:GHL:P1YM~*Zgec jh[hle \bagZq_giph¢katiregidns of AGN, providing them the su cient
dhj_eypec fo dzZlZeh gbfb ~ Zegnbrbh to forandheir optically bright regions. The sizes
eh]Zjbnfegghx k\elgeKRJ/ ]ZeZdIbd of these regions can be as big as several kiloparsec in
Zdb\gbfb y*jzgbl Hkh[eb\m m\Z]m ijdoineegatakies.
1ZeZdlbdZf I%im/DF Hkh[eb\hkle afpgha after we are going to consider the relationship
k¥lghkl pbo ]ZeZdIbdRJZhilbpe O Rpklween the intensity of hard radiation and the optical
[meb ih\ yaZge a gZy\geklx dhf[sgh\Zglifosty rodit&d b 8dki& nuclei of galaxies. Quite
ijhf_ge\1 DOZ hjkldbo \bijhfegx\Zgv ihofidny thfgnNuminosity noticeably exceeds the total lu-
i_jbf_Ijm $*1 €0 deevdekgbf oZ]j%mbsitpdfldl@éfs in this galaxy. The calculations of
H[%jmglh\Zgh fh eb\sklv \bdhjbklZ g trahspbrtjdf ggibs charged particles in the plane
ki_dljkhdhie€ \ [1Zdbo  h[ I}kdido ke _anb halo of these galaxies (Moskalenko & Strong, 1998)
\Z eb\ekV\bkhdhlhggbo \bfejx\Zgv0HE®9g afid the associated processes of photo-ionization bal-
sh \bgbdzZ} " Zogrkeeype€ ihablgnee {Osterbrock & Ferland, 2005) allowed the quali-
D e dljhgZfb [Z]1Z1h_e_dljhggb otative estihtates of the sources of excitation of optical
fetahjyghlh k_j_"h\bsZ Ab kdh\h &ransikehs ' dtdm<€ and molecules both for the plane
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and for the halo of these galaxies. According to the 2. The relationship between the AGN lumi-
results presented by Osterbrock & Ferland (2005) and nosity in hard and optical ranges
Osterbrock (1989) the above mentioned mechanisms
are not su cient to produce the observed optical lumi-
nosities.

In this work, on the basis of taking into account the
atomic photoelectric e ect, previously obtained stan-

Numerous satellite and ground-based observations of
galaxies with AGN have made possible the creation of
catalogs where the energy uxes in the gamma, x-ray,
and optical ranges are collected. In particular, it is pos-

dard values of the source f_um_:tior_1 of such me(_jieS(E) sible to investigate the correlations of the energy uxes
and the electron energy distribution f (E) (Doikov et observed in B lter, with those at 1 keV and 1 GeV.

al., 2015.3) we analyzed the reasons of ex0|tat|on_of the It is important because the indicated energies are in
electronic struct.ure of "’“O”FS and molecules. Ba;mg N the spectral ranges where the main energy is released
the result_s obtal_ned_by Doikov (2019) _for scattering by in AGN center (1 GeV) and further transformed in the
dust part|c_les with sizes of_ 10 20 nm it was concIL_Jded AGN's outer regions (1 keV and B- Iter). The pres-
that the diuse nature of interstellar dust scattering ence of synchrotron radiation energy in the indicated

:S an a(;idltlo_?sl factoL_to (;ncrease fthe _AGNS cl)ptlcal intervals is con rmed by the strong polarization and
uminosity. e combined e ect of ionization losses . . 1ditive structure of obseved ux.

in gas-dust aggregates, over the entire AGN volume . o
Synchrotron radiation polarization measurements

and, as a result, the formation of a radiation eld with lat lusivelv to the AGN' tral part. Th
source function S(E), is caused by the formation of relate exciusively to the A2 s central part. The sen-
sitivity of these observations is limited by the near-

cascade electron’s transitions to the K-level. This phe- . . . :
nomenon leads to the fact that the contribution to the centrgl reglons_of AGN, |n_wh|ch the den5|_ty of gas and
excitation of optical transitions of the radiation eld dust is much higher than in the outer regions. Due to
and of Auger electrons becomes comparable both inthe randomness of-the. structurg of gas-dust conglom-
the absolute values of energy and also in its intensity. era_Ltes, the depolarization of radlat|on.prloceeds rathgr
After each event of a K-vacancy formation caused q_wckly at scales of several parsec W't.hm the galactic
disks. Thus, the catalog data used for integrated ows

by an atomic photoelectric e ect, several Auger elec- - . )
trons are thrown out by each of the atoms and each of at the indicated spectral intervals can be considered to
be nonpolarized without the loss of generality.

them excitates, in particular, the optical transitions. _ _
In this case, the energy transfer coe cient of hard ra- ~ The second important parameter is the observed
diation is maximal. Thus, the determination of optical galaxies absolute luminosity at the indicated energies.
luminosity requires the information on the relationship The fact is that in order to determine the redistribution
between the total kinetic energy of hard radiation and ©f energy between -quanta, protons, -particles and
particles and the total energy emitted in the optical the lepton component, it is necessary to solve the rel-
range. Here after we are trying to solve this problem ativistic kinetic equation using the observed values of
in several main steps. energy uxes and the cross sections of reaction between
In Section 2, the selection of objects from Fermi the mentioned particles and quanta. The variable pa-

satellite catalogs { the so-called standard AGNs { is rameters in this case are the total energy ux and the
carried out. In this paper, attention is paid to the UX of -quanta. Both these uxes are determined by
observed properties of BL Lac type of AGN. The hard Satellite observations.
radiation uxes from such objects are slightly distorted A complete catalog of objects with the morphology
by the inverse Compton e ect and can be used to esti- of interest to us is several hundred. The homogeneous
mate the optical luminaosity. selection of BL Lac type objects is dozens of galax-
Section 3 uses the results of previous section to nd ies. It is su cient for statistical sampling. To achieve
the induced radiation eld S(E) and the Auger electron the thermolization of a fully ionized hydrogen-helium
distribution function f (E). plasma in the incident substance, in order to be able to
In Section 4 we estimate the optical luminosity of X the observed -quanta energies, the extremely high
AGN and the spectroscopic properties of gas-dust con- values of the substance density and temperature are
glomerates associated with the presence of hard radia-necessary. These high values are unacceptable for the
tion, especially in their peripheral regions. stable functioning of accretion disks around massive
In Conclusion section the general spectroscopic crite- formations in the AGN's center.
ria for observations of important spectral lines of light One of the possible mechanisms to accelerate the
elements in AGN are proposed. charged particles is their acceleration due to the large
The Discussion section compares the proposeddierence of the electric eld potentials (Blandford,
methods for studying the AGN optical spectra and 1977). An essential feature of this scenario is the pos-
their relationship with the  -spectra. sibility of the formation of a spark discharge with the
emerging current of electrons and positrons parallel to
the electric eld. One electron (or positron) acceler-
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ated by this potential di erence is capable of achieving
high enough energy to form -radiation due to the so-
called photon comptonization.

These photons, initially emitted tangentially to the
electric eld lines, can, after passing through the gap
of the central part of the accretion disk, collide with
a signi cant perpendicular component of the magnetic
eld and create an electron-positron pair. The pair
should be accelerated and it can be the rst step of
cascade.

The physical system presumably adjusts its param-
eters to nd su cient number of charged particles for
current creation. The next step can be the transforma-
tion of this current to jet. The existence of su ciently
intense cross-sectional electric and magnetic elds and
the resulting acceleration mechanisms allows us to con-
clude that high-energy -quanta are formed in jets af-
ter the acceleration of mainly protons, -particles, and
the lepton component. The use of relativistic kinetic
equation at this stage allows the calculation of collision

cross sections as it was proposed by Dermer (1986) and€lation: g =

Gould (1982).

The overview of existing observations shows that
AGNs ux has a signicant, dense and energetically
important part in  -rays with 1 GeV energies. Given
the density of particles and quanta at the base of the
jets, it should be expected that the inverse Compton
e ect is the main mechanism to transfer the energy of
accelerated particles to quanta.

It means that the energy of particles is lost mainly
due to the inverse Compton e ect and inhibitory losses,
while the energy of -quanta in this case increases un-
limitedly (Gould, 1975). Let us limit our consideration
by the jet base only. In this case the maximum energy
of charged particles accelerated ow is in the region of

several GeV. At these energies, we have a discontinu-

ity in the spectral distribution of the marked type of
galaxies due to -resonance. The probability of col-
lisions of leptons with -quanta is signi cantly higher
than for collisions with protons and -particles.
Nevertheless, it is important to determine the coef-

cient of energy transfer from leptons to low-energy

-quanta and protons. Assuming that upon transition
from the inner, thermolysed part of the accretion disk
to the jet, the protons and leptons have an upper limit
of kinetic energy no more than a few MeV (with a pos-
sible scattering of the order of megavolts).

Let us consider the collision cross sections for reac-

tions between the accelerated leptons and the -quanta

suming that in a jet the maximun of electrons energy
distribution shifts toward higher energies with the in-
creasing distance from the center, we determine the
e ect of the lepton current on the energy characterit-
ics of protons and quanta. The collision of a high-
energy lepton with a photon inside the jet is given by
the Klein-Nishina formula. For the kinetic energy of
the electron E = mc? and the photon energyh ac-
cording to (Lang, 1974) we have:

_ 3 1+q 2q9(1+q)
© T 27T @ T1+2q In(1+2q) +
1 1+3q
+Z*In(1+2q) m (1)

In the energy range of interest to us, the frequency
of the radiation o emitted as a result of the in-
verse Compton e ect is represented by the relation
o = mc?=h. The parameter q is represented by the
h=(mc?). 1 =6:65 10 %°cm? is the
Thomson scattering cross section.

The presence of relativistic electrons and a magnetic
eld at the jet's base leads to the synchrotron self-
compton e ect and results in a rapid energy increase
of the -quants of the eld from 6 MeV to 1 GeV.
Such an e ect leads to the fact that the energies of rel-
ativistic electrons and quanta are equalized. As early
as the 1950s, the rathe rhigh accuracy experiments on
the scattering of fast electrons by nucleons, and the
elastic character of interactions for energies less than
2-3 GeV was noticed.

Therefore, the fraction of the energy transferred from
the fast electron to the proton is determined by the dif-
ferential cross sectiond =d \y of the Mott scattering,
multiplied by a function that depends on the charge
distribution inside the proton - F(q) (called the form
factor) and the spins of the interacting particles.
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In the interval of the energies under consideration, in-
stead of the scattering angle , the Breit scattering
angle - g is used according to the formula:
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In high-energy physics, the quantity ¢ has the di-
mension (GeVY. In the present problem ¢?

otg’ 5 ©)

(inverse Compton e ect) as well as between the accel- 3(GeV)?. And the q value itself can be interpreted as
erated leptons and the protons (taking into account the transmitted momentum. The value of the trans-
the bremsstruhlung loss). The second type of declela- mitted impulse, expressed in terms of the value of the
ration is attributed to the lepton-hadron model of the incident impulse py in the Rosenblatt formula, is ex-
interaction of protons and -particles with relativistic  pressed by the ratio:
lepton.

Both types of interactions are well known in cosmic
ray physics and are well studied experimentally. As-
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The various mechanisms of protons and -particles ac-
celeration that occur in the AGN's central part provide
such an acceleration of cosmic rays that their energy is
su cient to be detected by modern satellites. During

the quiet phase intervals the AGN center should pro-

duce a CR luminosity of the order of 1d* 10 erg=s

This energy is redistributed between the lepton and
hadron components. For the occurrence of spallation
reactions in the peripheral regions of AGN, a signi -
cant part of hadrons with energies of 3 or more GeV
is necessary. The relative contents of -particles and
protons in the AGN's center are proportional to the
average ratio of helium to hydrogen. If all particles
start from energies of several MeV and accelerate to
2-3 GeV, then during the motion from AGN through
the galactic halo due to pair collisions with relativistic
electrons, the momentum represented by formula (4) is
transmitted to protons and -particles.

After the transition from accretion disk to jet, the
electrons become relativistic. But it is necessary to
point that the momentum transfer coe cient of the
protons and -particles acceleration by relativistic lep-
tons is small. Each proton should experience a mini-
mum of three thousand collisions with such electrons
on the scales of the order of 1 kpc. Let us estimate
the reality of such a process analyzing the properties
of observed jets in AGNs of BL Lac type objects.

The scattering of electrons by protons at low energies
is Coulomb, purely elastic. For the rst estimates, we
take into account that the characteristic interaction ra-
dius is comparable with the De-Broglie wavelength p.
Then the minimum impact angle at which the scatter-
ing occurs is min = 2= p 2. Then the dierential
scattering cross section takes the form:

2

—AIn

4 —
72- =
min

2
=

2

In( p)? 4

()= ®)

Collision frequency N (). Here isthe speed of
the relativistic electron relative to the proton, N is the
concentration of protons. The actual number of atoms
in a single magnetic tube with a length L of 1 kpc is
NL = 102 10?® particles=cm?. During the move-
ment along such tubes, the number of collisions of rel-
ativistic electrons with the proton component reaches
10° 10" events, which is enough to accelerate protons
and -particles to GeV.

Then we can say that the particle drift along the
magnetic force tubes occurs in such a way that the
energy distribution function of the leptons is shifted
toward several MeV, and the maximum of the pro-
ton and -particle energy distribution { towards GeV.
Upon reaching the galactic disk, all protons with en-
ergies above 3-5 GeV begin to participate in inelastic
scattering by hydrogen atoms, causing, among other
things also the -resonance, according to the scheme

with well known cross sections:
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It should be noted here that positrons are formed with
a 50% probability (end of the rst series of cascades),
25% end of the second series of cascades. And, nally,
with 25% neutral pions - © are created (Doikov et al.,
2019a; Gusev et al. 2000). -quanta from such decays
have an energy of 67.5 GeV. By varying the thickness
of the galactic disk and the density of gas-dust con-
glomerates, we conclude that all protons, even with
the cascades cross sections of 18 cm?, participate
in the -resonance with hydrogen atoms of the inter-
stellar medium in galactic disk with AGN.

The given observational results show one of the
reasons for the correlation between luminosity in the

- and optical spectral ranges. In other words,
logL =logl, const. The nal products of such trans-
formations, namely e*, e andthe -quanta with en-
ergy of 67.5 MeV are mixed with fast electrons drifting
along the magnetic tubes.

Cascade transitions to K-vacancies in atoms (includ-
ing the atoms in molecules) caused by ionization losses
in the atoms of the galactic disk cause the luminos-
ity of AGN's peripheral regions. In addition to quanta
formed by cascade transitions, Auger electrons are in-
jected into the medium, carrying away half the en-
ergy stored in the K-vacancy. For media with a given
chemical composition, in the previous work, the energy
distribution functions of Auger electrons { F(E) and
the source function S(E) were obtained (Doikov et al.,
2018).

It follows from the calculations that half of the en-
ergy of K-vacancies is emitted by atoms in the form of
soft X-ray and hard UV radiation, and the rest is car-
ried away by Auger electrons, which excite the upper
atomic and molecular shells.

These mechanisms are responsible for the lumines-
cence of both central and peripheral regions of AGN.
The conversion e ciency to high-energy radiation from
high-energy protons and -particles is 1%. The e -
ciency reaches 40% for secondary and primary electrons
and positrons,.

The correlation between the measured uxes at 1
GeV energies and optical radiation, taken from the BL
Lac type AGN catalog data (Fan et al., (2016) and
given in Table 1, shows a stable, directly proportional
correlation. An analysis of the spectroscopic properties
of gas-dust conglomerates taking place in a medium
penetrated by these cosmic rays was carried out by
Doikov et al. (2018; 2019a,b). The comparability of X-
ray uxes from the AGN center and its periphery was
found. It was not expected as the mentioned uxes are
the result of independent physical mechanisms.
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Leptons, unlike hadrons in a jet, in the energy in- Note that the ratio of the concentration of photons,
terval under consideration lose additional energy on electrons and protons in the central region of AGN
synchrotron bremsstrahlung radiation (Gould, 1975). should dier from the concentration of protons and
In this case, the observed results of -quanta ux mea- electrons by at least eight orders of magnitude.
surements can be used to make preliminary estimate Note that the choice of objects in Table 1 and the
of the charged particles ux at the jet base, and also determination of the quantitative parameters of cosmic
the X-ray (at 1 KeV) and optical (B- Iter) uxes. It ray uxes are required by the need of su ciently strong
allows estimation the spectroscopic response due to themagnetic elds and the intense uxes in optics and -
energy transport to the AGN's peripheral regions. bands of the spectrum.

Table 1 shows the observed data for AGN type BL  The motion of cosmic rays with relativistic energies
Lac objects and our calculations for these objects. The in local magnetic elds leads to the appearance of
rst seven columns are taken from Fan et al. (2016). synchrotron radio emission. Therefore, we will be
These are the designation, the redshift, the type, and limited to galaxies of the LB and IB type in the
the logatithms of uxes in four spectral regions, namely classi cation considered by Fan et al. (2016). For LB
in radio, optical, x-ray, and -ray. The last four type of BL Lac objects we have the maximum spectral
columns are the results of our calculations and will be distribution for the frequencies log , < 14, and for IB
explained in more details in Section 4 of this paper.  type { in the interval 14 <log , < 15.

The total number of BL Lac type galaxies exceeds six
hundred objects. Consider, for example, the luminosity
of the second galaxy in Table 1, namelyd 00080+4713.

Logarithm of the total luminosity expressed in erg=sec ) ) )
is logL = 44:87. Assuming that this luminosity is  1hus, in the the BL Lac type galaxies with AGN we

caused mainly by protons, -particles, and leptons, we have atwo-component plasma at the jet base. The rst
can estimate the energy and uxes of these particles component are relativistic electrons with energy reach-

3. Induced continuous emissions (theory)

(H) at the jet base using the following formula: ing several GeV and the second are non-relativistic pro-
187 . tons and -particles with energies of the order of sev-
H=1=h 6:25 10°"%" particles=sec: eral MeV. Considering this physical system, we can as-

sume that both components are in di erent equilibrium
states. The acceleration of protons and -particles
(with energies of several MeV) by relativistic electrons
Hp = H=(4pR%) 15 10% particles=cm® sec: (several GeV energies) is associated with momentum
transfer from relativistic electrons minus losses due to
synchrotron, bremsstrahlung, backward Compton scat-
k- tering and ionization losses.

In the interval of logarithms of Lorentz factors 1

As the average size (R) of AGN is 400 parsec, the value
of peripheral ux can be written as:

Thus, we have the upper boundary of the proton ux
(not con rmed by observations). It is more realistic to
use the mechanisms that occur in jets as a result of ta
ing into account collisions of leptons € and e*) with !
protons and -particles proposed by Dermer (1986). 109 3 related to the physical system under con-
From the point of view of the relativistic kinetic the- S|dera_1t_|on, the cross sections for ionization losses are
ory, only the inner part of the accretion disk can be Prevailing at the jet base wherelog = 1. Here the

considered to be the optically thin relativistic proton electrons also achieve relativistic velocities. Then, in
plasma. In the remaining disk parts, the medium is a & halo of a BL Lac galaxy type galaxy with AGN, in-

two-component, proton { electron plasma. Under such side the corresponding magnetic tube, we can note the
conditions, only the quanta with energies of not more comparable values of cross sections for bremsstrahlung

than several MeV can be formed. It is the contribution radiation losses due to the collision of relativistic elec-
to 1 keV ux trons with protons and -particles and the cross sec-

Bremsstrahlung manifests itself at the energies not tions describing synchrotron radiation inside magnetic

exceeding tens of MeV (Gould, 1975). The formation tUPes:- _ _
of non-nuclear -quanta with several GeV energies re- Within the framework of a given physical system,

quires the presence of strongly accelerated particles in protons gnd -particles can be considered to be practi-
the AGN's center, mamely at the jet base, the su - cally motionless. Then the rate of energy exch_ange be-
ciently high probability of collision of accelerated par- Ween fast electrons and protons or -particles is (Der-
ticles with lower-energy quanta, and also the signi cant M€, 1986; Gould, 1982):
magnetic eld gradients.

The recent AGN observations from the Pamella and

. : . due dup: 4e*
Fermi satellites found the quanta and particles of su- — = T (7)
perhigh (TeV) energies. It was shown that such an en- dt dt c
ergy increase is possible only due to the inverse Comp- Np; In 4KT e +( o) Te Tp

ton e ect between high-energy particles and quanta. Mp; P Te
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Table 1: BL Lac type objects: observed uxes and relative remaining part uxes calculated for 1 kpc distance.

Object Type Observed uxes Calculated uxes for 1 kpc distance
Lr Lo L L ECH) [ EChHe) [ ECa) [ EC 1)
1 KeV 1 GeV

1 2 3 4 5 6 7 8 9 10 11
J0001.2-0748 B 42.36 45.39 45.23 0.55 0.55 0.98 0.55
J0008.0+4713 0.280 B 41.18 45.54 43.51 44.87 0.19 0.19 0.62 0.19
J0008.6-2340 0.147 B 40.38 44.97 43.72 43.08 0 0 0 0
J0009.1+0630 LB 42.43 45.04 45.14 0.46 0.46 0.89 0.46
J0013.2-3954 LB 42.74 44.42 45.21 0.53 0.53 0.96 0.53
J0013.9-1853 0.095 B 39.90 43.72 42.88 0 0 0 0
J0014.0-5025 HB 45.38 44.64 0.70 0.70 1.13 0.70
J0018.4+2947 0.100 HB 40.00 43.54 42.84 0.0 0.0 0 0
J0018.9-8152 HB 45.37 45.16 0.69 0.69 1.12 0.69
J0019.4+2021 LB 43.04 44.42 4491 0.23 0.23 0.66 0.23
J0021.6-2553 LB 41.88 45.06 45.14 0.46 0.46 0.89 0.46
J0022.1-1855 B 41.39 45.60 44.56 45.13 0 0 0.31 0
0022.1-5141 HB 45.51 45.14 0.83 0.83 1.26 0.83
J0022.5+0608 LB 42.57 44.64 45.68 0.99 0.99 1.43 0.99

where! ,. are the plasma frequencies of protons and
-particles. The corresponding relaxation time will be:

due
dt
The acceleration time of protons and -particles is
three orders of magnitude longer than the character-
istic times of electron-electron collisions. Therefore,
there are always high-energy electrons in a jet capable
to transmit the momentum to protons and -particles.
Thus, having the collision frequency of relativistic elec-
trons with slow protons and -particles, we can obtain
the value of the transferred energy:

8
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Substituting in the rst equation of the system Z =1,
N;i = 1 cm 2 and the tabular data of the constants,
we obtain the simple relation comfortable for further
calculations:

dEr
x In(")

For small values of the Lorentz factor -electrons can
still be considered as non-relativistic € 6 MeV),
and the momentum transfer can occur mainly due to
collisions. Then:

=0:305 10 %°E (10)

dE
dx

4 NZ In[ +.m>
2 2

0:393 10 %7 In[ *"—

€
m 2z
- 2] Jicm

(11)
Formulas (10) and (11) allow us to draw the following
conclusions:

1. Elastic collisions of relativistic electrons with pro-
tons and -particles lead to the energy losses due to
bremsstrahlung and to the transfer of a part of the
pulse (not more than 0.01% per collision) to accelerate

2. The collisions of nonrelativistic electrons with
protons and -particles occur in such a way that energy
losses due to collisions exceed radiation losses. Formula
(10) gives the correct result for the loss of electron en-
ergy up to the values of several MeV. The accelerations
of protons and -particles are the most e ective in this
case. As the electron energies increase, the transfer of
mechanical energy to protons and -particles becomes
less e cient.

3. For acceleration of protons and -particles to the
energies of the order of 2-3 GeV at least fcollisions
with fast electrons are required.

4. The optical luminosity of AGN

In this section, we determine the optical luminos-
ity of AGN from the observed data, namely using the
columns with Ly and L in Table 1. The study of cos-
mic rays formed in the centers of galaxies woth various
morphologies using the PAMELA satellite led to the
conclusion that AGN form the particle ows with en-
ergies comparable to those generated by-ray uxes.
Take, for example, galaxy J0001.2-0748 of type IB with
a luminosity near Ly = 10%° erg=secat a quantum en-
ergy of 1 GeV. This value of luminosity and the pres-
ence of magnetic elds with intensities from hundreds
gauss in the AGN's center to 10 # gauss in the periph-
ery of the magnetic tubes the particles with energies
up to several GeV will be held .

Taking the average size of the AGN's luminous
disk of the order of 0.4-1 kpc, we obtain an area of
1:44 102 cm?. For the indicated values of L , the
number of particles and quanta with an energy of 1
GeV is 10" charged particles and quanta. The total
luminosity of the center of our Galaxy is six orders of
magnitude lower, providing on average 1 particle per
1 cm?. Therefore, for galaxy J0001.2-0748, the up-
per limit of the surface ux of protons, -particles and

these particles. The cross sections for such scatteringelectrons of the order of 10 particles=cm? can be con-

do not exceed the thomson value ;.

sidered to be acceptable.



Odessa Astronomical Publications,vol. 32 (2019) 61

Let us try to nd the energy distribution of these individual recombination lines.
particles. The electrons have energies no higher than a It is necessary to comment on the results of the
few MeV. Protons and -particles { no higner than 2-3 AGN's luminosity calculations taking into account the
GeV. The fractional parts of electrons and protons are presence of a dust component. In this case, columns
equal; the part of -particles are 10 times lower than eight and nine take into account the cascade transitions
that of protons. The thickness of the galactic disk in in elements such as Mg, Si, and O of the constituent
the region of AGN is 200-300 parsecs, which gives adust. According to Doikov (2019), even in the near
thickness of absorbing media for these particles equal surface layers of dust, with a depth of 10-15 nm the
to 10?1 cm. The number of collisions of high-energy above atoms form cascade transitions, with the forma-
protons and -particles within the speci ed disk thick- tion of X-ray quanta. The same atoms participate in
nessis:N = NjNg L 1 6 for protons and 0.1 - the circulation of matter of gas-dust complexes in the
0.6 for -particles. That is, all protons and -particles form of molecules and free atoms.
entering the disk component experienced the transfor-  Of particular interest for the interpretation of radi-
mations described by equation (6) corresponding to the ation in x-rays are Mg and Si because their cascades
channels of the -resonance transformation. 2p 1s, 3d 2p generate x-ray quanta after lling a
According to Gusev et al. (2000), the energy trans- K-vacancy near 1 KeV. Small dust particles scatter x-
fer coe cient of the initial energy in the equation (6) ray radiation with a wavelength close to 1-10 nm. The
is 1%. It means that the nal energy amount is of the probability of the formation of such quanta depends on
order of several tens of MeV. The main mechanism of the chemical composition of the medium.
energy loss for leptons in (6) are the ionization loss, the  The same can be said about C, N, O elements. The
positron annihilation, and the decay of photo-pions, as mentioned process of lling K-vacancies was studied by
it is indicated in the third channel of (6). lonization Dojkov et al. (2018). It was found the di use lling of
losses at given initial energies are caused by the for-the peripheral regions of AGN with quanta of similar
mation of K-vacancies in all chemical elements or by origin in the range from 100 eV to 10 KeV. In this case,
ionization of hydrogen and helium. the observation of x-ray ux at 1 KeV can characterize
The e ciency of energy transfer for the nal prod-  the presence of such elements as Ne, Na, Mg. But their
ucts of equation (6) into radiation is 10-30%, depend- |ow contents are of little use for such an analysis. The
ing on the chemical element in which the K-vacancy exception is Mg. Note that all elements other elements
is formed. In hydrogen and helium the recombination, are at least six orders of magnitude less abundant.
which depends on the concentration of ions and ther-  Therefore the signi cant uxes of quanta with an
mal electrons, plays a large role, but the cascades in'energy of 1 KeV are created mainly by the central
stantly appear in the remaining elements, which con- part of AGN localized by the jet base, and the di use
tribute to the excitation of optical transitions. Auger component is formed by the entire volume of AGN.
electrons are formed simultaneously with cascades andrgrmed in the AGN's peripheral parts UV and soft
lead to the same e ect. X-rays are responsible for the formation of high-power
Summing up the results of the previous work gptical luminescence caused by secondary radiation
(Doikov, 2019a,b) and the calculations in this article, and Auger electrons. The cross sections for the
we can show the main results in Table 1, where the re- excitation of optical transitions under the in uence
minder of the uxes at the distance of 1 kpc from the of a steady radiation eld are at least ve orders
center of galaxy with AGN are shown in columns from of magnitude larger than the photo-cross sections

8 to 11. considered when K-vacancies are formed.
The columns 8 and 9 show relative part of ux re-

maining after the absorption by only the hydrogen and
only the helium. Column 10 takes into account the
absorption by dust component, namely the caron and
silicon dust. The last column is the part of the ux The appearance of multichannel observations of
remaining after the absorption by all components, tab- AGN luminosities in various spectral regions made it
ulated in columns 8-10. The zero values in coluns 8-11possible to analyze the energy interaction of the AGN
indicate the full absorption of radiation at the distance center with its periphery. At the same time, it was con-
1 kpc from the center. Columns 8 and 9 are similar cluded that energy is transmitted in the form of cosmic
because the results of multiplications the concentra- rays and hard radiation in the form of quanta. In par-
tion and the cross sections for hydrogen and helium ticular, the importance of -resonance is determined.
are equal. The coe cient of transformation of the initial en-
Let us note than hydrogen and helium absorption ergy of these sources into the optical radiation is de-
manifests itself only in the optical component of AGN termined. It is correlated with the -range luminos-
spectrum. It produces the di use scattering of quanta, ity. One of the consequences of the interaction of high-
and also the bremsstrahlung and ionizing radiation for energy protons with hydrogen atoms of the interstellar

5. Discussion
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medium is the formation of intense ux of secondary eral region, are mixed with Auger electrons.
positrons. The heavy component of cosmic rays forms -
As a result, the annihilation of secondary positrons resonance in collisions with hydrogen in gas-dust
with K-electrons gives rise to their single-photon an- conglomerates according to the schemes shown by the
nihilation with a  -ray energy of 1.022 MeV and two- equation (6). The nal products of all three channels
photon annihilation with an energy of 0.511 MeV. The of the indicated circuit e ciently transmit energy and
intensity of the -lines produced by the annihilation of participate in the formation of the optical radiation
positrons is a unique diagnostic spectroscopic tool for eld.
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ABSTRACT. Objects with the B[e] phenomenon tion - Stars: circumstellar matter - Stars: binaries:
exhibit permitted and forbidden emission lines due general.
to the presence of circumstellar ionized gas and AOAOIR  Tate0e ¢ oAMAM  Ble]
large infrared excesses due to processing of thequaqssnei sicatesii oa cadidiiai &iifiei i
stellar radiation by circumstellar dust. There are 234U TBCRGOIADI AAGIEICIAVIAT iTiicIAAiAT
ve groups of stars that show this phenomenon caaay oy ¢
. X .. dacd o0a Adeeéidl iioda+adaliial  iaaeewgéo
(pre-main-sequence Herbig Ae/Be stars, symbiotic adayee  1AO&ACIANIbAAID  (Aaeleiciayiel
t to-planet bul jant, S0 sy
Systems, proto-planetary nebulae, some SUpeTgIant o™ \aigpoi 1you 4861 ¢id, yéi ifeacopou
and FS CMa type objects). The latter group is the .o " one ioxol x7 o aans RO AiA
. 0aé obaifiai (ladaa-Al Ae/Be ¢idi 0ei6 Aadaida,
most recently discovered and the least explored. The Ailaioc~ii HeRoAie. iBIOTIEAIR0ASH OO
leading hypothesis about the group nature IMplieS .o i ssixscsy xUninass L P
. . . aayéi iaddidaioe oa ia'éoé oeié FS CMa). Ifoaiiy
that they are mostly intermediate-mass binary sys- 366ia ! clanil 14a3all AiAedeolp 0 fAidig
tems, whose circumstellar medium was created during . ... _ o« Rema iy minmr @ a \Asn s s A A
’ aifeideeaiiip. Aiélaia aiiidaca uial idediae
a strong mass-transfer phase due to a Roche lobe.... < iy i s & amz anopais o g oo
. . 0i" aodie Tiéyaarl a ono, ui alie o aielgifioi
over ow of the more massive star in the system. We fadicicie ReRdAIAIe idlieied ian. et
have been conducting a large program of SpeCtrOSCOPiCiaééTéTgTayié f833:1a804 AOAIBPIOURY fé iaioyc
and photometric observations of many objects and bace ResiNal IAGAMNG 1ane cadayee iadadieallp
ndidates to this group. The current report IS . Caxn i e 3 xo .~axis PO
ca D . 0 Tdleiéi6 Dlgad o0a+iaéie ¢ aiélg iafeaii
devoted to the preliminary results of our ongoing ... . ~.~.aq- TN YA AMAMANS  ASiaaz
! . . . ¢idi 6 Aenoaii. e 1all aeéiiade aaéeéo
study of two objects with similar underlying early  x sxsss  mogassamans. iax  sx  ansas
B-type stars, FS CMa (the group prototype) and MO ...
Cam. The objects show di erent emission-line Pro 18S ... sx iy o imaiim o iy Zac gon im0 x o i
. ) . 0it" aogie. Oa iiaiaiiéaiiy ioéenay+aii 1madaaiii
and infrared excesses which are most likely due to BACOBIOA0AI 1ACTAT TOAIRGANAT AGA-AIN HAI
di erent tilt angles of their non-spherical envelopes T'éféc‘)ié Gi foiesie AeTaieie 6Eai|'i‘|é. (;%yié
Wlth r_esp_ect to the line of sight. Variability of spectral A-08i6, FS CMa (idioioei 386i¢) o2 MO Cam.
lines is discussed here.
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jaéaiélig Noleeéié cadayéeé oiciel éooai iadeéd "o
ianoase-ied 1aigiiie al eeii fiioaddeediiy. A
d1aioi 1aaiaioait ciiiiifiot Aidéodaéuied &iiié 6éd
1a'*éoia.
Eép+iai felaa:

O An:

Ble]-¢ioi, aaiépoiy B[e]-¢io,

1. Introduction

The B[e] phenomenon is the presence of line emis-

sion (e.g., Hi and Fe ii) and large IR excesses
due to dust in the spectra of B type stars (Allen &
Swings 1976). It is found in ve stellar groups (Lamers
et al. 1998): pre-main-sequence stars, symbiotic bina-
ries, compact Proto-Planetary Nebulae, some super-
giants, and FS CMa objects. Classi cation and deter-
mination of fundamental parameters of many objects
with the B[€] phenomenon is dicult due veiling of
stellar features by circumstellar material.

The group of FS CMa objects was de ned with
the following criteria (Miroshnichenko 2007). Obser-
vational: A hot star continuum with emission lines of
Hi, Fei, O, [Feii], [Oi], Caii; a large IR excess
peaking at =10 30 m and sharply decreasing at
longer wavelengths; location outside star-forming re-
gions; and a secondary companion (if revealed) typi-
cally either fainter and cooler or degenerate. Physical:
Hot star has a spectral type between O9 and A2 and
a luminosity range log L/L  between 2.0 and 4.5.

Most FS CMa objects show very strong emission-line
spectra inconsistent with mass loss from single stars.
Our studies show that they are not pre-main-sequence
stars or proto-planetary nebulae due to lack of cold
circumstellar dust. They are thought to be binary

systems after a strong mass-transfer stage, when large

amounts of gas and dust were formed in the circum-
stellar envelope. However, only 30% of the 70
group members and candidates have been conrmed
to be binary systems mostly due to a lack of data.

2. Observations

Optical spectroscopic observations of the group
prototype FSCMa and MO Cam were obtained with
echelle spectrographs (resolving powerR 12000
65000) at the following telescopes: 3.6m Canada

telescope of the Tien-Shan Astronomical Observatory
(Kazakhstan) in BV R lters in 2014 2016. We have
also collectedV band light curves from the ASAS SN
all-sky survey (Kochanek et al. 2017) for both objects.
The latter are shown in Fig. 1 (left panel).

3. The objects description

FSCMa. A peculiar spectrum of FS CMa was dis-
covered over 120 years ago (Pickering et al. 1898) and
classi ed as that of a Be star (Merill et al. 1925). Later
a large IR excess due to radiation of circumstellar
dust was found, and it became a prototype of objects
with the B[e] phenomenon (Allen & Swings 1976).
It was also considered a Herbig Ae/Be star (e.g.,
Sitko et al. 1995), but it belongs to no star forming
region. Miroshnichenko (2007) included it in the B[e]
subgroup of FS CMa objects, which are thought to be
post mass-transfer binary systems. Its binarity has
been suspected from spectro-astrometric data (Baines
et al.2006) but unconrmed by other techniques.
FS CMa shows long-term brightness variations, which
are large in the visual range (V=6.9 8.8 mag, Mirosh-
nichenko 1998) and much smaller in the near-IR.

MO Cam. The H emission in the spectrum of
MO Cam (also known as AS78) was discovered by
Merill & Burwell (1933). Its large IR excess was
identied in the IRAS data by Dong & Hu(1991).
Initial study was done by Miroshnichenko et al. (2000),
who detected brightness variations of V  0:3 mag
and P Cygni type Balmer line proles, found the
object's spectral type to be B3, and spectroscopically
estimated its distance to be 2.9 kpc from the Sun.

4. Results

FS CMa shows fast brightness and line pro le vari-
ations on a timescale of several days. Blue peaks of
double-peaked emission-line pro les vary stronger than
red peaks indicating an active mass loss from the B
type star. Small emission peaks near the centers of the
Balmer lines may arise in the material near the center
of mass of the binary (Fig. 1, right panel). Absorption
lines of Hei have variable positions, which may be due
to a variable contribution from the circumstellar disk.

Line prole and brightness variations of MO Cam

France Hawaii Telescope (CFHT, USA), 2.7m Harlan are not as fast and not as strong as in FSCMa.
J. Smith telescope (McDonald Observatory, USA), Absorption components of the P Cyg type pro les in
2.1m telescope of the Observatorio Astroromico Na- Balmer lines vary in shapes, indicating changes in the
cional San Pedro Martir (Mexico), 11.4 9.8m South Velocity of the circumstellar material in front of the
African Large Telescope, 2m Himalayan Chandra B type star (Fig. 1, right panel).

Telescope (HCT, India), and 0.81 m telescope of the

Three College Observatory (USA, FSCMa only).

Photometric observations were obtained with a 1m
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5. Conclusions

Both photometric and spectroscopic data show that
FS CMa is a highly variable object, while variations of
MO Cam are much smaller (Fig. 1, left panel). Bright-
ness variations of both objects contain no periodic
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Project No BR05236322 Studies of physical processes
in extragalactic and galactic objects and their subsys-
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component. There is no clear evidence for secondaryof the Republic of Kazakhstan. The results are par-
companions in the properties of both objects, but the tially based on observations obtained at the Canada-

properties are very unusual for single stars. FSCMa France-Hawaii Telescope (CFHT) which is operated by

MO Cam might have already nished this phase. A
more frequent monitoring at timescales of days to

tut National des Sciences de I'Univers of the Centre
National de la Recherche Scienti que de France, and

weeks may help understanding the reasons for thethe University of Hawaii; South African Large Tele-

objects' variability. Spectroscopic distances to both
objects are consistent GAIA parallaxes (0.62 0.02
kpc for FSCMa and 3.0 0.3 kpc for MO Cam, GAIA
DR2, 2018).
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Figure 1: Left panel. V band light curves of FS CMa
and MO Cam from the ASAS SN survey in 2012 2018
(Kochanek et al.2017). Right panel. H line vari-

ations in the objects' spectra. Only high-resolution
data from CFHT, McDonald Observatory, and HCT

are shown. Intensity normalized to the local contin-

uum is plotted against heliocentric radial velocity.
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CHEMICAL IMPRINTS IN ATMOSPHERIC ABUNDANCESIN
PLANET- HOSTING STARS
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ABSTRACT. We examined 12 planébosting stars gZ”*ebrhd \feklm @h”"gZ a "“hkee""m\Zgbo
based onhomogeneous spectral dafabtained with the ijh”~_fhgkljm\ZeZ "h~rgbgpbo agdfiobes\
SOPHIE echellspectrograph with R = 75,000 at the OHP,aZe _"ghkl_c \erghkghlh \feklm \h]g_|
France) andisinguniform techniques for determination of e f gle\ ~h e_Idbo \<*bdhfg"jAkigp-€ 7
,p\)larameters and.abundances pf a seriedenfients (Ll,_ C, Dexqh\e kehdZjdb \fslkjdb ZIfhkna jb

a, Mg, Al, S, Si, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Zn, cidb ez 1Zige KblKI~tb Ki dlihkdhieaqe
Y, Zr, Ba, La, Ce, Pr, Nd, SandEu). as '€cg_t2)ge KD _dljhkdhi=qg

For our set of stars with detected massive planets, we
havefound [Fe/H]rangng from --0.3 to 0.4 dexThereis 1. Introdu ction
the only star for whichthe lithium content has been
reliably shown to be lower than predicted valugsverage
C/O ratio (0.52“0.08) isslighty lower than thesolarone
(0.54),and C/O ratiostend to correlate witlthe planetary
mass Magnesium follows thérendin Galactic chenical

evqutlonexhlbltlng adependenpe on theanetarymass role aschemicalimprints in their atmospheric abundances
Manganesand bariumarebothslightly overabundant. may beused asindicabrs of the presence of planetary

Keywords: stars: abundancesstars: atmospheresstars: Systemswhile elemental ratios are essentia study

The study of starsvith planetary systemis a rapidly
developing branch of astrophysics. Most exoplanets were
discovered by spectrometric measurements of the radial
velocity of stars andplaneary transis. Studying the
chemical composition of parent stars playsimportan

planetary systemstechniques: spectroscopic formation of planets of different masses.
) ~_The first studies revealed a relationship between
:GHL:P1YFb “hkee"beb asj a iené@lidigfFe/H] and the presence of planets.q

kibjZxgbkv gZ h”ghjetge ki_dljjpdgGdhZales 1997 Udry & Santos 2007 and referesce
gZ _r_eki_dljh]jZz®23+,( dgha”-evglngrein) and subsequentljt was shown that such a
anrZlgekdx H[k_j\ZIhj«€ HI |jbreagdashipcould beobservedin the stars with massive
NjZgpey Mdhjbklh\mxphtoge f_lh"Ipkbets like Jupitefe.g. Israelian & Mayor 2001; Fischer
\bagZqg_ggy iZjgifdkdim jy m _e_f_gl«& VAlenti&005; Sousat al 2008). Later, suggestions
Na, Mg, Al , S, Si, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Niwere maddo detectexoplanetsn metalpoorstars (Sousa
Zn, Y, Zr, Ba, La, Ce, Pr, Nd, SZEu). et al 2008 Adibekyanet al 2012b,a 2015). Lithium
<Z eb\m jhev \+7e¢]jZ} \b\g_ggy o-fltypgdefiiencyhag bearassociated with the presence of
fZl_jbgkvdbo acjlmdfegghfim kZlgARn _jplanets (Gozalez & Laws 2000Gonzaleset al 2008,
fh mlv g_klb ©\e~[bldb? ijbkmlghkl20i@ Beelianjgy lalo 2004, 2009 Delgado Menaet al
kbkl _f Z kis\\eAghr_ggy _e_ f _gl+\ } 2044Apueirpetraly2014 Misheninaet al 2015 etc.)
\b\gq_ggy ml\hj_ggy ieZg | jeagbo fzkvhile an excess of lithium isotopes®liias been deemed
GZre ~hkeer""m\Zge asjdb a fZkb)\g®fipdic _Presepce of massive planetg (ésraelian
fZxlv jeagm f_|1Ze0ggekéiH] <Q > etal 2001 Montalban & Rebolo 2002pelgado Menaet
kmi_jf_1Zeeqgeklv g_ fh _ [mlb gZA.a&éZ}Q@S)(q?qpfteiip r lithium content in the host stars of
gZy\ghkle iezg_| Jeagbc \fekl e-lex Mgsive plapelea(.44)pg compared to thetars without
asjdZo \s”ih\e~AZ} _\hexpecghbf af-ngF ecteq, planetsdqyugver,the rotational velociies Vsini Of

asjdz +° \edj ihdZam} \bkgZz® With gt Jupiterstend to behigher on average than
ihje\gygh a ijh]lghahf \hexpe€ _g‘% 3 ofqln%ie starssuggesting that rotatiorial induced
agZq_ggy >&.2@ 07 cClO=qQ *“ . mixing (rather-thanthe presence of planets) might be

. ; — 'bA for er lithium depletion A strong
ierljbfmxlv a[Z]Zq_ggy \mle_p_f \ gZFPiPH"%5 i PoHTHE" th
ajzadm Ze. p_ malhA mlilvky correlgﬁ é elithium content and age was

a aivah ;
hljbfZgbfb GAMEE]IZ «g = bse’rved, Wbﬁlcboulgbe due testellar evolution (Baumann

. > 7 al 2010 Carloset al 2016).
?é%'{li e]ZZ g]f hl pg ’Tlg\& e\b debbcq gjg_zg " P:% 0205(?_ sl lh Earfioh t &((ygen ratiC/O in planethosing stars
“ gb'q_ Khgyqgh€ \_ ebaqbg k00> q%n 0 de key information about the protoplanetarysdisc
Er

. . . N the relevant planes are formed (Kuchner&
kihkl_je]Z}Ivky 1j_gn aze_-ghkl-Zb0g, 0 %)fherfe are noticeable discrepancies in the

ieZg_IbFZjlZg_Ipv[Zjec \byleyxlv " o¥iglBesf Cand O abundansén various studieso date
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For instancePetigura &Marcy (2011 )reported thaplanet This study is aimed ahdependent assessmenttbé
bearing systemwere enriched in carbomwith C/O>=1.00; relatiorship between the presence of massive planets and
however a number obtherstudies(e.g.Nissenet al 2013, specificfeatures of chemical composition of parent stars.
2014)did notsupport theexistence of carborich planets

with the C/O valuesnot exceeihg 0.8. Teskest al (2014 2. Observational data

found that the mean C/O ratior their sampleof transiting
exoplanethost stawas0.54 (C/Os = 0.54)as compared to
the previously measure@/O averages for thbost stas of
~0.650.75. Later, 6 XiU$Q G Uep \&l (2016, 2017)

We used the stellar spectfeom the OHP archive
(Moultaka et al. 2004) of theechelletype spectrograph
SOPHIE (Perrushat al 2017 obtained aR = 75000in
the wavelendt range 4400 +6 ¢ DQG -t¢-hdisgD O

showed that the linearrelationship between[N/Fe] and ratio (S/N) better than 80.The Spectraprocessing was
[Fe/H] was due to the metalich nature of planebosing performed using the DECH20 software package

stass, i.e. due to Galactic chemical evolution. They also ;

foundtwo differentslopel trends for [C/Fe] with [Fe/H] ® ﬂtetvél?paezdinur (?gm /DE%goﬂwafjlﬁﬁjrdmov (2007),

and [Fe/H] < 0Oanda flat distribution of the [C/Fe] ratio for E’iagethost.in stars with detecfe d massive pla

all planetary masseRecently, Pavlenket al (2019 have 9 P (mtﬂ_ '
the planetiry mases My greater than thenass of Jupiter

reportedthat metalrich dwarfs with planets argcher in M I I d ol h o
carbon with<[C/OJ> = 0.05* 0.05, s stearand planetargharacteristiesuers
: - : o adoptedfrom the following sourcesMoutou et al
The ragnesium to silicon ratlcﬁ\/l_g/S|] IS hlgherfor. for HD13908; Herbraret al (2016 for HD143105,
the stars with lowmass planets (Adibekyaet al 2015); ,a5859 HD220842 HD12484, HD141399, HIP65407
the correction for the NLTE effects (Adibekyaet al ! . ' ’
and HD109384; Diazet al (2016 for HD191806 and

20.17)h.asresul'ed masmal_l differenceandhigh [Mg/Si] HD221586; Santoet al (2016 for HD219828 anRey et
ratios in the stars hostingSuperEarth/Neptunenass al. (2017 for HD17674andHD29028

planes are likely to be associated witheir formation ' '
The correlation betwee@/O and Mg/Si is crucial to the 3. Determination of parameters and chemical
determiration of mineralogy of planetary compins compositiors

(6 XiU$IQ G etmV2018, HARPS sampleYhe authors
obtained C/O < 0.8 for ther entire sample of planets.
Among starswith high-mass companion®.8 > C/O > 0.4
was reportedfor 86% of starsand C/O < 0.4for 14%
Mg/Si is 1 < Mg/Si < 2for all the stars with lowmass
planetsand85% of tlose withhigh-mass compani@and
Mg/Si < 1 forthe remainingl5% of the last onesThere
were o planethostingstars withMg/Si > 2. For planet
hosting starsvith low-mass companion£/O and Mg/Si
were similar to the solar oneswvhereasC/O waslower for
the stars with highmass companions.

A correlation between the abundance differences ae
condensation temperatufi@ond may also be indicatve of
the presenceof Earthlike planets. Melendeet al (2009)
revealedthat the Surexhibited a depletion of refractory
elements relative to the volatilnesas compared tthe
solar twins. Thdinding wasassociated witlthe formation
of planetary systems like our ovame, in particular with
the existence of terresdtiplanets (Melendeet al 2009).
Further, t was shown that similar relationshipsight
reflecta wide diversityof exoplanetary systems observe
so far as well as avariety ofscenaris which wuld occur
for the matter in circumstellar dis (Spinaet al. 2016)
and that the obtained dependence ¢iie abundance
difference on Teong Wascorrelated with theage and birth .
SODFH LQ WKH *DOD[\ *&® @l]R013] +HU1°QiQ'G"F|‘]
Adibekyan et al 2014, 2015; Nissen 2013)eing not ’ *
related tathe presence of plaats. I 1

The nmanganeseabundance differensefor the stars
with and without planetweredetermined[Mn/Fe] ratios
of planethosing starswere higher (Kanget al 2011).As \
regards the neutron-capture elements low barium 08 |- c sz ]
content was founih planethostingstars Misheninaet al. I ci R
2015); and Delgado Menaet al (2018)reportedBa, Sr, o . . .
Ce ad Zrunderabundanceés the stars with planetsyith ' 5380.0 5380.2 5380.4 5380.6
theony VWDWLVWLFDOO\ VLJQLILFDQW 1 XQGHUDE®AOGDQFH RI
0.03 dexbeing observetbr Bain low-mass planehosts

The efective temperatuie Terr were derived bythe
calibration ofthe linedepth ratios for spectrdihe pairs
with different low-level excitation potentials (Kovtyukdt
al. 2003) under he condition ofindependence ahe Fe
contentalong theFe Ilines on the low-level potential of
the relevantline. The surface gravities log g were
computed by the ionisatiobalance; the microturbulent
velocity Vi was determing by factoring out the
correlationbetween the abundarsandequivalent widtls
of the Fe | linesWe used the FEklines to derive [Fe/H]
dThe demental abundances werdetermined using
astelli& Kurucz (LTE) models The Kurucz WIDTH9
code wasusedfor the LTE detemination ofNa, Mg, Al,

S, Si, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Zn, Y, Zr, Ba,
La, Ce, Pr,Nd and Sm abundancesThe modified latest
version of STARSP (Tsymbal, 1996) wagmployedfor
the LTE determination oti, C, O and Eu abundances
The total uncertainty due to parameter and EW errors for
the Fe I and Fe Il lines are 0.06 and 0.08,respectively

he determination aceacy varies from 0.06 to (R1dex

or different elements

The canparisorof the synthetic and observed spectra for
the @ cline for HD 17674is presentedn Fig. 1.

Relative Flux

Figure 1. The observed(asterisks) and calculated (solid
line) spectra in the region of the C I line for HD 17674.
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4. Results and discussion suggestedy Delgado Menzat al (2015). The separately

considerediow estimatesof the lithium abundance with

otential chemicalindicatorsof the presence of planetsf 1o thorough analysis of the pential causes of its
Sifferent masseqFe/H], Li abunda%ce © M /gi etc) depletion cannot beeckoned as reliable criteriorof the
’ 10, Mg : presence of massive planeither

Metallicity [Fe/H]. Our target stars with massive C/O and [C/O] ratios. Fi
e 7 . . Figs.3 and 4 show [C/O] vs.
planes differ in metallicity -0.3 <[Fe/H] < 0.4.Therefore [Fe/H] and C/O vs. M. Our average values [C/O]-6.03

the supermetallicity cannot ltlee only reliable criteriorof “0.07 and C/O = 0.520.06 do not support carbon
thepresence of planets.

X L . enrichment in outarget sample of stagrghough tley are
Li abundance. Fig.2illustratesthe correlation between - ; . :
the Li abundanceog A(Li) and Ter. The eolutionary consigent with the results obtained with HARPS

. spectrograpltiy SuarezAnderset al( 2018):0.8 > C/O >
g:glgi(t)?tl; edn”:g;nfol.?;aéri?fféitnfg (52” are markedwith 0.4 for 86% of high-mass companions and C/O < (ot
As can be seemn Fiq.2 differgent.Li abundansdn our the remaining 14%However, weobsenre a slight trendof
9.2, . C/O with metallicity andplaneary mass
target stars correspo_rtd the evolutiomry change;. Only [Mg/Si] ratio. The observed trend of [Mg/Si] with
one star (HD13908with the age o2.9 Gyr exhibits the metallicity (Fig.5) can be duedo the Galactic evolution

Li depletionas compared to the'vo_lutlon predlct|or§ lihe average <[Mg/Sik = -0.05 “0.09 is lower than the
The star HD13105 (with log A(Li) = 1.16 and r0t<”mon"’lsolar value of [Mg/Si}y = 0.0. We caralso se¢he scatter
velocity vsin i = 8.1 kniseq) enables tosupposethat .

rotationaly induced mixingrather than he presence of of [Mg/Si] in the region of several Jupiter masses well
planets might beesponsibldor greater depletion of Li as as correlation betwedMg/Si] andMpl with lower values

corresponding tgreatemassegFig. 6).

As follows from the Introduction, thereare some
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Relative abundance of refractory elements to Castelli F., Kurucz R. L.2004, ArXiv Astrophysics €
volatile ones. For all our target stayswe plotted the prints, astreph/0405087
relationship between theslative abundance of refractoryFigueira P., Faria J. P., Delgatitena E.et al.: 2014,
elements tovolatile onesand condensatiortemperature  A&A, 570 21

Teond (Fig. 7). Fischer D. A., Valenti 32005,ApJ 622, 1102
For none of the stars did we find asignificant slopd Gaidos E.2015,ApJ 804, 40.
trends(correlation3. *RQID% OH] +HU QD % EeMBrA]E; Squsa'H &IJDGR

[Mn/Fe]. [Mn/Fe] ratios in planethosing stars are  al.: 2013 A&A, 552 6.
higher (Kang et al 2011). Our average value is Gonzalez G.1997,MNRAS285 403
<[Mn/Fe]> = 0.10 “ 0.06. Gonzalez G., Laws €2000,AJ, 119,390
Neutron-capture elements:with low Ba in the stars Gonzalez G.2008,MNRAS 386, 928
hosting lowmass planet (-0.03, Delgado Menat al Gonzalez G., Carlson M. K., Tobin R. W2010,MNRAS
2015), we obtained <[Ba/Fe]> = 0.090.16 forthe stars 407, 314

with massive planets. HerbrarG., Arnold L., Forveille Tet al: 2016,A&A, 588 Al45
Israelian G., Santos N. C., Mayor M., Rebola R001,
5. Conclusiors Nature,411, 163

IsraelianG., Santos N. C., Mayor M., Rebolo:R004,

Forthetarge set of stars with massive planets, heve A&A, 414, 601
found metallicities rangng from -0.3 to 0.4 thereis the Israelian G, Delgado Mena E., Santos N. & al: 2009,
only starin the sampldor which the lithium contenthas Nature,462, 189
beenreliably shown to be lower ammpare to thestellar Kovtyukh V. V., Soubiran C., Belik S. I., Gorlova N: I.
evolution predictions the average<C/O> ratio = 2003,A&A, 411, 559
0.52“0.08 isslightly lower than thesolar one (0.54while Kuchner M.J. & Seager S; 2005, arXiv:astro
C/O ratiostend to be dependewin the planetarymas; ph/0504214v2
magnesium follows the tend in Galactic chemical Melendez J., Adpnd M., Gustafsson B., Yong D2009,
evolutionexhibiting adependence on ti@anetarymass ApJ 704, L66.

o R . Mishenina T, Kovtyukh, V., Soubiran C., Adibekyan
Our determination®f the C/O and Mg/Si ratioarein V. Zh: :2015 MNRAS462 1563

good agreement witthe results R 6 Xi §® G dtpal Montalban J.Rebolo R. 2002, A&A. 386, 1039

(2018). Manganese and baripm are ingh_tIy Moultaka J., llovaisky S., Prugniel Ph., Soubiran C.
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relative alundancs of refractory elements tovolatile NissenP E. 2013 AGA. 552 A73.

ones and condensatiortemperatureslcong IN SUMMary, NissenP.E. Che,n Y.’ Q., Carigi, let al: 2014, ARA
we cannot reliably single out one or another criterian. 588 25, ' ' ' ' '
larger sample of stars is required tmsee the Onehag A., Gustafsson B., Korn A.: 20B&A, 562 102
determination and further applicationf statisticdly ., 1enko YV Kaminsky BM Jakins J.Set al.- 2019,
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THE ON- AND OFF-STATE GENERATIONS IN THE CASE OF
THE THICK ACCRETION DISK AND UNDEFINED
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ABSTRACT. In the present work we have com- simulations on the base of classical microquasar Cyg
puted the thick accretion disk (the accretion disk with  X-1. The goal of the present research is to compute
radiation pressure) for the case of unde ned precessionthe donor's wind, one-point-stream formation, its
over very long time (more than 14 precession periods). motion in Roche lobe of accretor, the thick accretion
The calculations show that in this case the origin of disk formation and it's slaved precession for a irregular
the ON-states and OFF-states are strong irregular precession period. To calculate the thick accretion
in time. The calculations also show that the jet's disk we will use in the calculations the computations
launches are taking place very suddenly over 7 20 of the z-direction radiation pressure in the disk volume.
minutes of the orbital time. The jet's launches over
OFF-states occurs discrete as it is observed in real

microquasars. 2. The numerical algorithm

AINOGAOIR. A
aeéliage  fa+eneaiiy o
aefnéod (aéoaciéiial aeféd ¢ daadiaceaiei oefién)

agy jadécia+aii ioacanic isioyail

The description of the numerical algorithm in use in
details is given in our previous works (Nazarenko &
Nazarenko, 2014, 2015, 2016, 2017; Nazarenko V.V.,
2018). Shortly, this algorithm is as follows: to re-
solve the non-stationary Euler's hydrodynamical equa-
tions we have used the astrophysical variant of "large-
particles" code by Belotserkovsky and Davydov (Be-
lotserkovskii O.M., Davydov Yu.M., 1982); to simulate
one-point-stream we use the donor's atmosphere model
that in turn is constructed on the base Kurucz's grid
(Kurucz R.L., 1979) with the donor's parameters; we

iaoitaia).  Tarensaiiy ileéacase, Ui a o6uNo
aeiaaed aaidoaciy aeéep+aied oa aéep+aied
ficaiia * adeed iddadseydieie ¢ +afiil. Dacoeuoaoe
dicdadoiéia oaéle iléacaee, Ul caioné asedo
aeieéal osaioial isloyan naie aaaaoyoe
Oaeeei 1daioaeuiial ~ano. Caiéné asedo idloyai

aeéep+aied foaiia a iaged Ta+eneaiiyd aeieéat
aenéoaoii, Ul aiaifaiaal Aifioaddeediiyi a
daaeuied iiésieaacadad.

Keywords : Stars: binaries - stars: jets - methods:

use the free- ow boundary conditions allowing to a gas
to ow freely via the calculation area boundaries; to
calculate mass ow real temperature we use the radia-
tion cooling explicitly (Cox D. P., Daltabuit E., 1971).

In the present calculation we use the rectangular co-
ordinate system centred on the donor's centre. We
have adopted the donor's mass to be equal to 40 solar
mass and the accretor's mass to be equal to 10 solar
mass. The precession period in the present simulations
In the present research we have continued to is about of 8 orbital periods. Hereafter all the distances
simulate the ON- and OFF-states generations on the will be given in units of the orbital separations; the av-
base of microquasar Cyg X-1 by the methods of 3-D erage volume disk specic viscosity and the average
numerical hydrodynamics (Nazarenko & Nazarenko, volume disk specic angular momentum will be given
2014, 2015, 2016, 2017; Nazarenko V.V., 2018). Then units of VoA, where Vj; is the orbital speed and A -
present work is devoted to the thick accretion rates the orbital separation; the time are given in the unit

numerical - hydrodynamics.

1. Introduction
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such that 2 is equal to orbital period.

Figure 1: The central disk's temperature over the or-
bital plane versus time.

Figure 2: The central disk's temperature below the
orbital plane versus time.

To calculate the radiation pressure in disk we will
use the radiation model in the approach of the opti-
cally thin layers and we will use the following formula
of radiation pressure: Frap = H/C , where is
coe cient of Thomson scattering, H is the radiation
ux which is calculated in terms of thermodynamical
equilibrium, C is the light speed.

We denote the X,Y and Z-coordinate of the accretor-
1asXacc1, Yacc 1 and Zace 1. The time evolution
of these values are de ned by the relations:

ZA19=0:15ZB19=0:15ZC19=0:15

TET222=TET222+DT/8.0 where DT is time step,

quantity of the orbital periods in the one precession
period. TET222n 1 = -14.846, since we start the
precession motion on time 0.00 and before the preces-
sion starting we must form accretion disk and to make
it in stationary state.

ZA199 = ZA19 (cos(TET222=ZA221))"** 2221

Yacer = ZA199 (sin(TET222=ZA21))“" 9,

ZB199=ZB19 (cos(TET222=ZB221))*®® %2,

Zacer = ZB 199 (cos(TET222=2B21))%%8 1°,

ZC199=27ZC19 (cos(TET222=2C221))*C %21,

Xacer =1:0 ZC199 (cos(TET222=2C21))*¢*,

In the formulas written above the values ZA19,
ZB19, ZC19, ZA21, ZB21, ZC21, ZAA19, ZBB19,
ZCC19, ZA221, 7ZB221, ZC221, ZAA2221, ZBB2221,
ZCC2221 are the parameters. These parameters are
in the present calculations equal correspondingly to
the following magnitudes: 0.15, 0.15, 0.15, 4.50, 2.89,
5.19, 1.0, 1.0, 1.0, 99999999.0, 99999999.0, 99999999.0,
0.0, 0.0, 0.0.

3. The results

We have begin our simulations with the start of
the precession motion and have continued it over 14
precession periods to show our on-o state model on
relatively long time scale. The key parameters in the
present calculations are the central disk's temperature
over and below orbital plane. We show the time
dependencies of these parameters in Fig.1 and Fig.2.
As it is led from these gures the o -states are arising
every 5 precession periods and the beginning and end
of these states occurs very rapidly over 7 20 minutes
of orbital plane. The time intervals of o -states are
about of one precession period. Thus, it means, that
the jet's launches take place practically very suddenly
in respect to the o -state durations. The comparison
both Fig.1 and Fig.2 pictures shows that they are
practically identical to a each other. It means that in
the present simulations two armed jets are simulated.
To show the OFF-state structure in more details we
show time dependence of central disk's temperature
on the vicinity of 7 8 precession period (see Fig.3).
As it is led from this gure the OFF-state structure
is consisting of the partial pics and this result is in
good accordance with observation (Fender et al. 2003,
2004) The time dependencies of jet's velocities in the
disk's centrE over and below orbital plane are showing
in Fig.4 and Fig.5. As it is led from these gures the
jet's launches are beginning suddenly and velocities
in o -states are reaches 2000 2500 km per second.
Such the relatively small jet's velocity is explained by
the circumstance that jet's launches in our calculations
occurs on the highness of 5000 shvarchild radius in-
stead of real 50 ones. The details of the jet's launches

given in units described above; the number 8.0 is the on the 7 8 precession period is seen in Fig.6. From
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Figure 3: The central disk's temperature over the or- Figure 5: The central disk's velocity below the orbital
bital plane versus time in details for the OFF-state on plane versus time.
7 8 precession periods.

Figure 4: The central disk's temperature over the or- Figure 6: The central disk's velocity over the orbital
bital plane versus time. plane versus time in details for the OFF-state on 7
8 precession periods.
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Figure 7: The mass accretion rate versus time.

Figure 8: The mass transfer rate versus time.

N ) = = H L ]
e - -1

Figure 9: The cross-section of the calculation area by
the Z-X plane.

Figure 10: The accretor-1 motion in the Z-Y plane.
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these gure it is good seen that the jet launches over  Finally we may conclude that our jet launch model
o -state is in the view of the partial picks also as the are in very good accordance with the observations
central disk's part temperature structure. The mass (Mirabel & Rodriquez, 1999; Stirling et al.,, 2001,
accretion rate near the disk centre time dependence Fender et al., 2003, 2004; Migliari & Fender, 2006)
is shown in Fig 7. As it is led from these gure this through the following points:

value is anticorellated with temperature in the disk's 1. The rstis that jet launch in our model is occur
centre. The time dependence of mass transfer ratepractically instantaneously about of 7 20 minutes of
via one-point is shown in Fig.8. These gure shows orbital plane.

the strong variations of this value with time (here 2. The second is the anticorrelation between mass
we must point out that the position of the point via accretion rate and the central disk's temperature.
which we have calculated the mass transfer rate in 3. The third is the jet time structure that is in the
the present research was xed in space and time and view of the partial pics not connected with a each other.
was corresponding toX cc1 = 1:0 ). Namely these
variations explains the o - and on-states generation in
the present research. Indeed, over high mass transfer
rate value the density in the disk centre is high and Belotserkovskii O.M., Davydov Yu.M.: 1982, The
the radiation cooling results in the low temperature in large particles code in gas dynamics, Moscow:
the disk's centre. On contrary, over low mass transfer Nauka, 391.

rate the density in the disk's centre is strong decreased Cox D.P., Daltabuit E.: 1971, ApJ, 167, 113.

and radiation cooling is not a ective in this case. It Fender R.P., Gallo E., Jonker P.: 2003,MNRAS, 343,
results in instantaneously heating the space near the  L99.

disk centre and jets are launching in this moment. Fender R.P., Belloni T., Gallo E.: 2004, MNRAS, 355,
The one-point mass transfer rate varieties are in turn 1105.

resulting from a precession motion. Such the mecha- Kurucz, R.L.: 1979, ApJ.Suppl.Ser., 40, 1.

nism of o - and on-states generation is working in the Mirabel L.F. & Rodriqguez L.F.: 1999, Ann. Rev.
present research. To illustrate the vertical structure Astron. Astrophys., 37, 409.

of the thick accretion disk we show this structure Migliari S. & Fender P.: 2006, MNRAS, 366, 79.

in Fig.9 in which the z-x plane cross-section of the NazarenkoV.V., Nazarenko S.V.:20140Odessa Astron.
calculation area is plotted. In this gure we may see Publ., 27, 137.

the donor (the number 1), one-point stream (1), the NazarenkoV.V., Nazarenko S.V.:20150dessa Astron.
jets (the number 2), the donor's wind (wind), the thick Publ., 28, 171.

accretion disk (the number 3) and the funnel along NazarenkoV.V., Nazarenko S.V.:20160dessa Astron.
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4. Summary and conclusions

The present calculations show that in the case of
unde ned precession period jointly with the variable
binary separation (on time scale of precession periods)
the generation of o - and on-states begins to be not ev-
ery precession period and o -states are arising approxi-
mately every 5 precession periods. The jet launches oc-
cur very rapidly over 7 20 minutes of orbital plane.
This is very short time scale since the o -state time
interval is about of 1 precession period. As it is led
from the present research the o -on-states generations
are explained by the precession motion of the disk.
The explanation of the jet origination that is work-
ing in the present research is very convenient for the
radiation-driven jets and it is in bade agreement with
the magnetically-driven jets.
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ABSTRACT. We summarize a study of optical, &filiidip 14Radaaoidi” Swift i AéTaasui 1&daeei
UV and X-ray light curves of the nearby changing aaociiaoceciaaiéé 0aeanéfia MASTER ca iadiia
look active galactic nucleus in the galaxy NGC 1566 2007-2019 83. & 0aéiae 154afdoaaeyii dacoeuoace
obtained with the Neil Gehrels Swift Observatoryand Tfioe+ii" fi1aéodinéfi’, fodeiaii” fa 1.9-i
the MASTER Global Robotic Network over the period 08€a&néfii  liaadii--Adodeeainuél” Anoalifi+i”
2007-2019. We also report on optical spectroscopyiaiddaaoidi’ a iadiia ¢ iadiiy 2018 81é6 i Aadacail
using the South African Astronomical Observatory 2019 3i86. AOGET aéyaedil cia+ia caieugdiiy, ia
1.9-m telescope between Aug. 2018 and Mar. 2019. Al,5 Tidyaéa, daioadadiianuéial iioiés, a oaéie
substantial increase in X-ray ux by 1.5 orders of mag- yfiédaainoi a OO0 i Tioe=+ifié aiaiaciiad a iadwié
nitude was observed following the brightening in the i1&iagii 2018 8. lifey Alfyaiaiiy iaéneioio ia

UV and optical bands during the rst half of 2018 year. ii+a0éo6 éeiiy 2018 9., if0iée ia anid alaaeeiad
After a maximum was reached at the beginning of 6aeéu cidigeééeny ¢ aayéeie &ieeaaiiyie.
July 2018, the uxes in all bands decreased with some [aéaiéiig iMioii i1a0idii fifacade a &deaié aeenéo
uctuations. The most remarkable re-brightenings in iifiéy 1aéneidié fiifioadidaceny a iioadaaéad MID
of the light curve following the decline from the bright 58440-58494 i 58603-58654. Aiigiodaa ciiiilfioi
phase were observed at MJD range 58440-58494 andioiéd adea iaédiéliga a daioaadiianuénio aiaiagiii
58603-58654. The amplitude of the ux variability i cidig6dacany ci caiélgdiiyl &laseéie Gaeéi.
is strongest in the X-ray band and decreases with Ni&éode ieciél” oicaiéuil” caaoiiioi (AAdTAil
increasing wavelength. Low-resolution spectra (Aug 2018 &)  &aiiifodopou adaiace+ia ineeaily
2018) reveal a dramatic strengthening of the broad @é&diéed éfiiliaioia aiifiiéied &iiié, a cadiee &iiié

emission as well as high-ionization [FeX]6374 lines.aéfiél itiicaoi” [FeX] (iaideéeas, 6374 A). Oi &iii”

published spectra. The change in the type of the opti- 1€i6&li6 & Tidaciélaaied fidéodad. Ciila 0eid
cal spectrum was accompanied by a signi cant change Tioé+iial [iaéodo ndidialasedaacany cia=ip
in the X-ray spectrum. For the last optical spectra (31 ¢liiip daiodaiianuéial niaéoda. Ca Tiioaiiiie
Nov. 2018 28 Mar. 2019) we see dramatic changesfioé+iéi fiidéodaie (31 éenofiaaa 2018 & - 28
compared to 2 Aug 2018, accompanied by the fading 438a¢iy 2019 &.) ié aa+eéil Adaiaoce=ii ciiieé a

line. E ectively, two changing look (CL) cases were c¢iatiel ifigaaeaiiyi oediéed aiiniéied éiiié,
observed for this object: changing to Sy1.2 type and a 0aélee &iii” aéfiéi” ifiicaoi” [FeX] 6374 A. 0
then returning to the low state as Sy 1.8 Sy1.9 type. fidoi, 4y 6UIaT 14'1é0a fiifioadidaéeny aaa aeiaaée
Some possible explanations of the observed dramaticgiiié 0&i6 (CL): 7adadia a oéi Syl.2, a Tioil
changes are discussed. Maasidity a iecuéeé noai ¢ oéili Sy 1.8 -
Sy1.9. T1aaiaidppoufiy aayei ileeéeai iyhiaiiy

AlIOACIR. le faataeir i faaaispui 00000 21N Sxo iaiiia axslisaliix i

AR &G AN AR i xoiixecaxia axsai saxna  (iNOA0aER08AIE0 ddaiaoe+ied ciii.
caaaaii Tioe+ii, OO 0a daiddaiianuéi eéoeai aéenéo _ _ _ o
jadadeoe+ial AGORAINAT a6a808+11Al V403, yeeé Key words : Galsxies active galaxies: individual:

cliip? 0&i, & 43628086i NGC 1566, Véi 108&iaii ¢a NGC 1566.
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1. Introduction (2019)) reveal a dramatic strengthening of the broad
emission as well as high ionisation [FeX]6374 lines.

. These lines were not detected so strongly in the past
The NGC 1566 was discovered at 1826 by Jamespublished spectra. The change in the type of the

Dunlop and has Ion.g history of investigations (see e.g. optical spectrum was accompanied by a signi cant
references at da Silva et al., 2017; Oknyansky gt gl., change in the X-ray spectrum. All these facts give
2019; Parker et al., 2019). The broad nuclear emission opportunity to classify NGC 1566 as CL (Oknyansky
lines characteristic of the Seyfert phenomenon in this o 5 2018: Oknyansky et al., 2019). Following
object were discovered in 1956 (de Vaucouleurs G. & yqpitoring with Swift reveiled re-brightening of the
de Vaucogleurs A., 1961; de Vaucouleurs, 1973) a”dobject in December 2018 (Grupe et al., 2018b) and

nucleus was later classied as type 1. Itis one of the yege outhursts were not so bright as in July 2018,
brightest (V. 10™:0 but Vaen 13":0 in 5 arc- gych re-brightenings after most dramatical outbursts
sec radius aperture) and nearest galaxies with AGN probably are typical propety of the some part of CL

in the South Hemisphere. This object is also nearest AgNs since were noted in several other ones of them
Changing Look (CL) AGN (Oknyansky et al., 2019). (Oknyansky et al., 2017: Oknyansky et al., 2018:
The nucleus of NGC 1566 has a low brightness rela- oo et al. 2018).

tive to the host galaxy (V 13™:0) and CL events

there were probably discovered just because it is so
close. The Changing Look active galactic nuclei (CL 2. Observational data and results
AGNSs) are objects which undergo dramatic variabil-
ity of the emission line pro les and classi cation type,

which can change from type 1 (showing both broad curves of the nearby changing look active galactic nu-

and narrow lines) to type 1.9 (wher_e the broa_d '"?es cleus in the galaxy NGC 1566 obtained with the Neil
almost d|§appear) or vice versa within a shqrt time in- Geprels Swift Observatory and the MASTER Global
terval (prmally a few months). The dramatical spec- Robotic Network over the period 2007-2019. The
tral vanat!ons in NGC 1566 had been repor_ted rstly light curves for 2007-2018 are presented by Oknyansky
by Pastoriza ar_ld Ge_rola (1970) after comparison of _the (2019) and those for the years 2018-2019 are shown in
spectrum ob_ta|_ned n 17%9 W.'th some of the earliest Fig. 1. It can be seen there that all variations in the op-
spectroscopic investigations, in 1956 (de Vaucouleurstical' UV and X-ray are well correlated. We also report

G. & de Vaucouleurs A., 1961}, in 1962 (Shobbrook, on optical spectroscopy using the South African As-

_1_36?) Whecrje broad H “f?e Véas much rr;ore \ ”g?lr.‘s"’ef- tronomical Observatory 1.9-m telescope between Aug
AGaN was done sooan Er 'SICO\iegrg?O vzrla I'I%'IO 2018 (Oknyansky et al., 2018; Oknyansky et al., 2019)
s in continuum (Fitch et al., ) and variabil- and Mar 2019. A substantial increase in X-ray ux

ity_of emission lines was n_ot too unexpe_ctable. The by 1.5 orders of magnitude was observed following the
object had several dramatic changes of its spectrum brightening in the UV and optical bands during the

during th? pas_t tens of years (da Sil\_/a etal., 2017) but rst half of 2018 (Ducci et al., 2018; Kuin et al., 2018;
was not identi ed as a (_:L AGN until the 2018 evgnt Ferrigno et al., 2018; Grupe et al., 2018a; Oknyansky et
(O_knyar_13ky _et al., 2018; OI_<nyansky etal., 2919) since al., 2018; Oknyansky et al., 2019; Parker et al., 2019).
this designation only came into common use in the past amplitude of the ux variability is strongest in the

decade. X-ray band and decreases with increasing wavelength.
NGC 1566 is a galaxy with a very well-studied After a maximum was reached at the beginning of July
variable active nucleus, but most intensive multiwave 2018, the uxes in all bands decreased with some uc-
photometic observations were done during past year tuations. The most remarkable re-brightening in the
after discovery of a new reawakening (Kuin et al., light curve following the decline from the bright phase
2018; Ferrigno et al., 2018; Grupe et al., 2018a; Parker was observed at MJD range 58440-58494 (Event 1) and
et al.,, 2019; Cutri et al., 2018) and new CL phase 58603-58654 (Event 2). Event 1 and Event 2 are indi-
(Oknyansky et al., 2018; Oknyansky et al., 2019 and cated in Fig. 1 (see also Grupe et al., 2018b; Grupe
references there). A substantial increase of X-ray ux et al., 2019). The amplitudes of the re-brightening in
by 1.5 orders of magnitude was observed following UV and optical bands are signi cantly higher for Event
the brightening in the UV and optical bands during 1 than for Event 2. That is di erent from the X-ray
the last year. After a maximum was reached at the variations for which uxes in the maxima were about
beginning of July 2018 the uxes in all bands decreased the same. This di erence is well seen at Fig. 1. If
with some uctuations. The amplitude of the ux we take into account the host galaxy contamination
variability is strongest in the X-ray band and decreases in the aperture used then the relative decreases from
with increasing wavelength. Low resolution spectra the maximum in July 2018 to minimum in June 2019
(obtained near maximal level of state Oknyansky et al. in the di erent UV/Opt bands were about the same

We summarize a study of optical, UV and X-ray light
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Figure 1. Multi-wavelength observations of NGC 1566
shown for 2018-2019 only.Top Panel: The Swift/XRT
0.510 keV X-ray ux (inergcm 2 s %) (lled cir-
cles). Bottom Panel: The large open circles are MAS-
TER un Itered optical photometry of NGC 1566 re-
duced to the V system while the points areV ASAS-SN
(nightly means) reduced to the Swift V system. The
led circles are MASTER BV photometry. The open
boxes areUV W1 and UBV data obtained by Swift.

(9times).

was accompanied by a signi cant change in the X-ray
spectrum. For the last spectra (30 Nov 2018 28 Mar
2019) we see dramatic changes compared to Aug 2018,
accompanied by the fading of the broad emission lines.
E ectively, two changing look cases were observed by
us for this object during the past year.

3. Conclusion

NGC 1566 is one of the typical examples of a CL
AGN, since it demonstrates dramatical variability of
broad emission lines, UV continuum, high ionisation
lines like [FeVII] and [FeX], and also recurrent bright-
ening and dimming events. NGC 1566 is one of the
clearest illustrations of Seyfert spectra ranging from
type 1.2 to type 1.9 AGNs at di erent epochs. The
object is nearest the AGN and CL AGN and so it
o ers one of the best opportunities for studying this
phenomenon. The light curves from X-ray to opti-
cal bands presented here show very good correlations
over a long time interval. This result is mostly in
agreement with a scenario where the variability across
several wavebands (spanning X-rays UV/Optical) is
driven by variable illumination of the accretion disc by
soft X-rays (see the same conclusions for another CL
object, NGC2617 (Shappee et al., 2014; Oknyansky et
al., 2017)). We have shown, using spectroscopy (1.9
m SAAQO) and multi-wavelength photometry (MAS-
TER, Swift Ultraviolet/Optical and XRT Telescopes),
that NGC 1566 recently experienced a dramatic out-
burst in all wavelengths, including a considerable
strengthening of broad permitted and high ionisation
[FeX]6374A lines, as well as substantial changes in the
shape of the optical and X-ray continua (Oknyansky et
al., 2019). After a maximum was reached at the begin-
ning of July 2018, the uxes in all bands dramatically
decreased with some uctuations. The strength of the
broad permitted, high ionisation [FeX]6374Alines and
UV continuum dramatically decreased (end of March
2019) and the object can then be classi ed as Sy1.8
Sy1.9. So we witnessed a second CL case in NGC1566.

Despite the successes of the simple orientation-based
AGN uni cation scheme, there are signi cant problems
that cannot be explained solely by dierent orienta-
tions. A major challenge to the simple model is the
existence of CL AGNs. Orientation obviously cannot
change on the time-scale of the observed type changes,
and hence some other explanation is needed. What
must happen to make such a dramatic changes pos-
sible? An alternative explanation is that transitions

Low-resolution spectra (2 Aug 2018) (see Fig. 2) from type 1 to type Sy2 AGNSs or vice versa are con-
reveal a dramatic strengthening of the broad emission nected with some dramatic variability of the ionizing

as well as high-ionization [FeX]6374Alines. These lines
were not detected so strongly in the past published

spectra. The change in the type of the optical spec-

trum (Oknyansky et al., 2018; Oknyansky et al., 2019)

radiation, such as temporarily switching on or switch-
ing o their engine (Lyuty et al., 1984; Penston et al.,
1984; Runnoe et al., 2016; Katebi et al., 2019). More
references on the possible explanations for the CL phe-
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Figure 2: The isolated nuclear (low resolution) nonstellar spectra (solid line) in NGC 1566 obtained by subtrac-
tion of the host galaxy spectrum (thin line) from the original spectrum. (See details in the text). The spectra
for 2 Aug 2018 and 9 Jan 2019 are shifted ug0 “ergcm 2A ! for good seeing

nomenon can be found in discussions by MacLeod etGrupe D., Mikula R., Komossa S. et al.: 2018b,The

al. (2019) and Ruan et al. (2019). Astronomer's Telegram, 12314.
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USING CONSUMER-GRADE DSLR CAMERA AND SMALL
TELESCOPE TO FIND NEW VARIABLE STARS

M.Yu. Pyatnytskyy
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ABSTRACT. Twenty-seven new variable stars were aiagic6 oa éeaniediéadi” adeé caed=aii alaaoéiai
found in DSLR images captured from October 2017 daeadaca daied (adoiiaceciaaii 1aeyae iaaa).
to June 2019. All images were taken using unmod- Agéidefdaia aaoidll  fencdia ¢  6eddial
ied Canon EOS 600D DSLR attached to a Sky- acadéactil” éaidde oa idaaéeéial 0aearéno iar
watcher 150/750 Newtonian on a motorized equato- +6oéeaifiol, yéa alcaiey: Aaoaéoeail aeyaeyoe
rial mount. The variables were registered in The In- ciiiii ¢ geédiéel &iaiaciili  yiesaainodé o
ternational Variable Star Index (VSX, AAVSO) as jaéfneioii (aia 8.9 & 14.4 ciayil™ adee<eie 6
PMAKV1..PMAKV27 respectively. Most of them 6i6uodi V a&y cidie, uf Tienaii 6 &aié 81aioi)
(twelve) were classi ed as semiregular variables of dif- ¢a aiaiaciini ¢iii &af 0.1 ciayii adee+eie oa
ferent subtypes, nine as eclipsing binaries (EA, EW, jaaiol i&igél 6 aéiaaed yiedaaesd cid (¢ ¢iayiip
and EB), three rotating RS Canum Venaticorum-type ageé+eiip aiéy 11..12 6 6iélodi V aal 1aigip).
stars, one rotating ellipsoidal variable (ELL), one Delta Nasaa ciiiied cid, yéi acee ciaéadii idioyaii
Scuti-type pulsating variable, and one as a possible zaiai aifieiaseaiiy, éietiéa yiedaaisi ca 10 ¢idyid
nova-like (NL) star. aaee+eio 6 iaéneioii. O4 iieed naia+eoe, Ul iniot

The setup and methodology used by the author al- 4a3aoi idaialiés ynésaaes ciiiied, yéi ia ioiieaii
lowed discovering of variables having a wide range of adofiace+iéie Taéyaaie (0aéi Vyféoaai ciiiii
maximum brightness (from 8™9 to 14™4 in V band for iiaedol foailaece 16iagdio aey aaoiiace+ied
stars described in the current work), variability range 14éyaia, yéi iaciéaii ia aiétg ouiyii 1a'.eo0e).
upto 0M1 and less, and quite di erent periods of vari- Ala3i nasi” cladasediu, 108eiaied ca iadia,
ability, from hours to hundreds of days. Although all zigigeé ca oie, &dicaleypol aeyaeyoe ciiiii ¢
those variables were detected using images taken by thegeaieei aiaiaciili 6adaéoddil” 0deaa&inoi ciif,
author, detailed analysis and classi cation of stars re- iz diaei ai fifoaiu aiia.
quired the involvement of additional data sources (au-

tO’T“'i‘t?‘?' slfyﬁs‘urv.t.ay?). . o _ Keywords : variable stars, aperture photometry,
AANODAEO. Aaaaoyou fiii iiaed ciiiied ¢iod DSLR.
4081 ciaéadil fa ciladaeediiyd, Todeiaied ca

¢ &faoiy 2017 i1 +46aail 2019. Afi ¢ladaseaiiy 1. Introduction

adee Todeiaii ca afiidip iailaediéiaail

ééiééé Canon EOS 600D, Ila'laiél'f an ‘C)éeéﬁéﬁé' Aperture photometry with a D|g|ta| S|ng|e Lens Re-
8406688018a SkywatCher 150/750. O&éanéli aoa ex (DSLR) camera is a popu|ar method among am-
anoaitagaieé ia iloideciaaiiio aéaaoioeaeuiiio ateur astronomers for the estimation of stellar bright-
itiooaaiii. Ciaeadii ciiiii acee casarfiodiaaii 6 ness (Hoot, 2007; Kloppenborg et al., 2012; Pieri, 2012;
International Variable Star Index (VSX, AAVSO) ¥€&  zhang et al., 2015; Blackford et al, 2016). Despite that
PMAKV1..PMAK V27, aiaitaiaii. Aielgifiou ¢ ied consumer-grade DSLR cameras use Bayer matrix with
(adaiaacyou) acee eganedieiaaii yé iaiiaidaaeeuii non-photometric color lters, after proper calibration
ciiiii dicied iiaoeiia, adayou ye caodiipaaii they can be used for the precise aperture photometry
iiadiéii (oeiia EA, EW o0a EB), 0de yé ¢idi 0eid (Kloppenborg et al., 2012; Pieri, 2012; Blackford et al,
RSCVn, faia agiifi’aaedia iiaaiéia 0eio ELL, 2016). In the current work, the author demonstrates
Taia 1agtaiieiodaia iceunop+a cliiia 0ei6 DSCT that the accuracy of photometry with a modest DSLR
0a Taia lieeéeda fiafmaiaia (NL) ¢idy. camera and a small 150mm Newtonian makes us pos-

Ari caaaaii ¢ioi aoee aeyaeaii ia ciiié

ao, sible to discover new variable stars having a relatively
colaedied aaoishl, aey adocaelilal ilaaeueial

small range of variability (from several tenths of mag-
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nitude to <0 M1) in a light-polluted suburban area. night) was analyzed by the Find Variables module of

Although most of the variables listed in catalogs MuniWin package. To make a search more e cient,
(see, for example, probably the most comprehensive cropped parts of the full eld of view were used. Mu-
catalog of known variables: The International Variable niWin makes aperture photometry for all stars in the
Star Index (VSX) (Watson et al., 2006)) are discov- analyzed eld of view for the series of images producing
ered by automated sky surveys (such as ASAS-SN Standard Deviation of the Magnitude vs. Magnitude
(Kochanek et al., 2017), SuperWASP (Butters et al., plot. Outlying points in that plot may correspond to
2010), NSVS (Waniak et al., 2004), ZTF (Masci et variable stars.
al., 2019), etc.), in many cases the stars, discovered Each suspected star (having a big standard devia-
by individual astronomers (both professional and tion of magnitude across the sequence) was checked
amateur) or small groups of them are better described for existence in the VSX and catalogs covered by
and properly classi ed. Results of a search for the new the VizieR Catalogue Service (VizieR). If the variable
variables in sequences of DSLR images are presentedurned out to be a new one, aperture photometry for
in the current work. the suspected star was done on short stacks (530s), a
light curve was built and a period (if exists) was esti-
mated. For long periodic and semiregular variables the
measures were averaged by sessions (nights), for short-
period stars individual measures were used. The aper-

A setup used by the author consists of 150mm /5 ture photometry was done with AstrolmageJ software
Newtonian on tracking equatorial mount. Canon EOS (Collins et al., 2017), an ensemble approach (several
600D DSLR was attached to the telescope instead of an comparison stars) was used.
eyepiece to get images at the prime focus. The eld of  As far as DSLR uses Bayer matrix with non-standard
view of the setup was 1.7 1.1°. All observations have |ters, data had to be transformed (as far as it is pos-
been carried out in a suburban area of Kyiv (Ukraine). sible) into a standard photometric system (this is es-
Image acquisition was carried out following the proce- pecially important in case of ensemble photometry be-
dure described by Blackford et al. (2016). Calibration cause color indices of the stars in the ensemble are dif-
frames (bias-, dark- and at- frames) were taken at the ferent). Magnitudes of the target star measured rel-
end of each observing session with the same ISO lev-ative to each comparison star in the ensemble were
el, the same exposure was used for dark frames as fotransformed from ones obtained for Bayer matrix Iters
the science images. Exposure of 30 seconds was used # values corresponding to the Johnson V lIter using
most cases. a synthetic V- Iter methodology (VSF) (Pieri, 2012).

Raw images from the camera were transformed in- In this methodology a corrected sygnal of camera's
to FITS format, then were calibrated with master bias, green lter is used:
dark and at frames. As far as the camera uses a three- B
color Bayer matrix, channel separation was used to G.=G+aR bB (1)
produce sets of images in green, blue and red lters where G. is the corrected signal of the green lter, R,
in FITS format. To increase the signal-to-noise ratio B are signals of the red and blue lters, respective-
(SNR), several individual images (usually 5) were av- ly. Coe cients a and b were selected to minimize the
eraged (stacked) to produce an image with better SNR, di erence between Jonhson V Iter output V; and cor-
this also diminishes the e ect of atmospheric scintilla- rected signal of the green channel using the ensemble
tions. Before averaging, the star alignment procedure of stars with known brightness:
was applied to individual images. Measures for nal
light cSrr\)/es were made on those stacked images, how- Vi = k(G + aR;  DbB) )
ever, for the initial search, all images taken during an Here k is a scaling factor. Author of VSF methodol-
observing session (night) were aligned and stacked to-ogy states that it generally gives better precision for
gether. So the initial search for new variables was done red stars than the standard transformation technique
on a set of such nightly-averaged images. (Pieri, 2012).

Transforming from camera raw images to FITS, Calibration of the author's setup ( nding transfor-
preparation of master bias, dark and at frames, chan- mation coe cients) was done using M67 standard eld
nel separation, and image stacking were done usingprovided by the AAVSO (American Association of
a set of utilities created by the author (Pyatnytskyy, Variable Stars Observers). To make a solution of the
2018); calibration of science images and star align- system of equations (2) more robust, the author used a
ments before stacking were done using IRIS software simpli ed approach proposed by Pieri (2019) in which
(Buil, 2010). The search for the variables was done with a assumed to be equal tdb.

MuniWin/C-MuniPack software (Hroch, 2014). The resulting magnitude for each light curve point

A series of images (green channel only) correspond towas an average of those transformed values obtained
di erent observing nights (one averaged image for each relative to all comparison stars in the ensemble.

2. Data acquisition and processing
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For better estimation of the period and other star's
characteristics data from ASAS-SN (Kochanek et al.,
2017), SuperWASP (Butters et al., 2010), and APASS
(Henden et al., 2018) surveys were used together with
data obtained by the author for further analysis. In
some cases, when the author's data had poor quali-
ty (for faint stars or stars at the margin of a eld of
view where star's image was severely distorted by opti-
cal aberrations) only data from the mentioned surveys
were used. In such cases, original images were used to
detect a fact of variability itself only.

A period search for periodic and semiregular vari-
ables was performed with VStar software. If a star was
proven to be a new (previously unregistered) variable,
it was sent for registration to the VSX.

2. Results

Using data collected from October 2017 to June
2019, 27 new variables have been found in ve
starelds. They were registered in the VSX as
PMAKVL1..PMAK V27 respectively. The characteris-
tics of the variables are summarised in Table 1. Most
of the new variables (16) were found in a single eld in
Cygnus around an object 2MASS J21313973+3529220
(this is a known variable indexed as Romanov V4 in the
VSX) which was the main observation target in this
eld. There were more than 60 observation nights for
this eld from October 2017 to December 2018. Such
a relatively long series of images allowed us to discover
periodic and semiregular variables having a wide peri-
od range, from hours to hundreds of days.
All of the new-found variables have relatively small )
variability range (less tnan one magnitude), three of Fig. 1. Upper pane: Folded light curves of PMAK V1.
them have a range less than 1 in V band (see Ta- Epoch (2458119.913 HJD) di ers from those speci ed
ble 1). This proves the good sensitivity of the setup and In the VSX by half of the period. Lower pane: Folded
accuracy of the method. It is interesting to note that light curves of PMAKV16: a variable with the smallest
several of the stars are brighter than 10" in maximum ange (007 in V band) for which light curves with au-
which makes them problematic targets for some au- thor's data are available. The period has been re ned.
tomatic surveys (for example, ASAS-SN nominal sat-
uration limit is between 10" and 11" magnitude in 3. Conclusion
V-band (Kochanek et al., 2017)). It may indicate that
there are many bright unknown variables to search for. ~ Setup of a small (150mm f/5 in the current case)
Additionally, photometry in Johnson V and Johnson telescope equipped with DSLR camera has su cient
B bands were measured for some of the new variablessensitivity which allows one to e ectively detect new
(as noted before, only V-band data calculated using variables having brightness up to 14™ in V band and
VSF approach were used for period analysis). For two- variability range up to  0™1 or even less for bright
band photometry, standard transformation (see Black- stars (of about 11M .. 12" and brighter).
ford et al., 2016; Kloppenborg et al., 2012; Henden & Among the stars found during the current research,
Kaitchuck, 1982) from Bayer green and blue channel several are brighter than 10" in maximum. This is ev-
was used based on transformation coe cients obtained idence that there exist many unknown bright variables
from observations of M67 standard eld provided by which are worth searching for.
the AAVSO. Examples of light curves are shown in  Long series of frames taken over a period of more
Fig. 1. It is seen that the author's data (PMAK) for V  than a year allows ones to detect variables with a wide
band are in a good agreement with ASAS-SN V band range of characteristic duration of changes, from hours
which con rms the reliability of measurements. to hundreds of days.
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Table 1: New variables found in DSLR images collected from October 2017 to June 2019 (data from the VSX)

VSX name Catalog designation Coordinates J2000 | Type |Period (d) [Epoch (HJD) [ Range (V) [D?
PMAK V1 2MASS J21303361+353129021:30:33.62+35:31:29.0 EW 0.40280 | 2458119.712(13.10 - 13.38
PMAK V2 2MASS J21300019+353728221:30:00.18+35:37:28.2 SRB 44.9 2458124 13.5-14.0
PMAK V3 2MASS J21300722+355955021:30:07.23+35:59:55.1 SRS 26.3 2458159 12.8 - 134
PMAK V4 2MASS J21321559+350721321:32:15.59+35:07:21.3 SRB 43.5 2457741 12.6 - 13.1
PMAK V5 TYC 2712-1327-1 21:30:17.88+35:10:25.4 EA 4.7392 2458119.23 | 13.15 - 13.6:/10
PMAK V6 2MASS J21282963+351137521:28:29.63+35:11:37.3 RS 44.69 2457187.75 [11.96 - 12.25
PMAK V7 TYC 2712-183-1 21:28:43.22+35:33:39.0 SRB 49.3 2458161 109-114
PMAK V8 TYC 3196-2125-1 21:41:45.58+44:05:49.4 SR 126.9 2458176 [11.26 - 11.63
PMAK V9 BD+34 4421 21:27:51.02+35:34:20.9 SRD 36.4 2455827 89-93
PMAK V10 |2MASS J21335644+351852521:33:56.44+35:18:52.3 RS 13.214 2458234 144 - 149
PMAK V11 |2MASS J21345319+354201621:34:53.19+35:42:01.4 EW |0.4011496| 2457139.898|14.10 - 14.65
PMAK V12 |2MASS J21314096+354220921:31:40.97+35:42:20.9 SRB 30.27 2457755 14.1 - 14.6
PMAK V13 |2MASS J21283912+350239021:28:39.12+35:02:39.1 EW | 0.556504 | 2457554.65 |13.16 - 13.34
PMAK V14 T[2MASS J21341089+352028521:34:10.89+35:20:28.5 EA | 1.095355 | 2457139.792| 14.3 - 14.9:[18
PMAK V15 BD+63 173 01:20:20.51+64:01:30.3 SRB 334 2457725 9.7 - 10.15
PMAK V16 TYC 4034-1138-1 01:24 21.07+63:16:02.7 ELL | 0.50991 | 2457204.34 |10.86 - 10.93
PMAK V17 |2MASS J21400903+441003721:40:09:04+44:10:03.8 SRS 27.6 2457749 (12.84 - 13.17
PMAK V18 |2MASS J21430699+430256821:43:07.00+43:02:56.8 EA 3.50965 | 2457729.45| 12.67 - 12.9| 8
PMAK V19 |2MASS J13353214+731713813:35:32.15+73:17:13.7 RS 12.86 2457278 |13.11 - 13.52
PMAK V20 |2MASS J21444177+435621421:44:41.79+43:56:21.4 SRS 24 2457740 [12.76 - 13.12
PMAK V21 |2MASS J20335348+595650620:33:53.49+59:56:50.7DSCT | 0.143553 | 2457266.455|12.62 - 12.65
PMAK V22 |2MASS J21315159+354923821:31:51.59+35:49:23.8 EA 14.492 2457216.5 [13.12 - 13.27 9
PMAK V23 1[2MASS J01153742+632804801:15:37.41+63:28:04.8 EB | 0.693731]| 2457777.855[14.28 - 15.08
PMAK V24 BD+34 4443 21:31:06.42+35:24:19.6 SRS 19.57 2455840.5 | 9.68 - 9.88
PMAK V25 TYC 2712-846-1 21:34:11.36+34:56:04.1 SRD 279 2457745 [11.63 - 11.76
PMAK V26 TYC 3583-1129-1 20:56:16.68+50:15:52.2 EA 3.94548 | 2457105.65 (11.94 - 12.03 7
PMAK V27 |2MASS J13275559+732453013:27:55.60+73:24:52.9 NL: 12.81 - 13.05

! Co-discoverers: B. Sesar et al., 2017
2 primary eclipse duration for EA-type binaries as a fraction of the width of one complete eclipse cycle in %
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ABSTRACT. We investigate evolutional status of 1anadaaoidi’ 1a&nieial iasiliagiital 6iiaddneoaoo
cepheid V1033 Cyg in this work, its period of light (Oéda’ia) ia 48-iii o&eanéli ACO-3, Tiiauailio
variation consists 49:94 and the star is a real candidate 67071081 ¢ ICC-ia0de6ap Sony ICX429ALL,
on rst crossing of instability stripe (IS) (as well as adeé ¢diaeadii 1864 Aelidpaaily aeenéd V1033 Cyg

of UMi). At rst crossing of instability stripe, that a 0iéloodi V, i 713 aéiiopaaiu 6 o6iéuodi R, yéi
lasts all close 1000 years, cepheids demonstrate the-anoéiai iaddadii a oaaé. 1 oa ia 8éf. 2, a Mafinop
rapid increase of period, sometimes is a presence ofiifiodiii ¢a aadafip http://cdsarc.ustrasbg.friviz-
strong line of lithium 6707 A. Such objects knows only bin/cat. Cia+ii" ciiié aiieiodae faie ia iodeiaii.
four in our Galaxy, one of them - V1033 Cyg. During lai¢ aécia+aii iié
included in a instability stripe amplitude of pulsations {afiocaaiéuiiioi  aeyaeéiny ui afia ciadiaeouny
headily grows from a zero to some permanent size, andaiéy " 68i036. O 6ié 6aci aalepoiéital dicaeodo i
on leaving from (1S) - again falls to a zero. For veri ca- & 11aéiii Aiifioadidaceny cia+ii" ¢iiie aiigiodae
tion this phenomenon in the Astronomical observatory (iléaciééia éiéiiids). Edeai aéenés, adaeoeaia
of Odesa National University (Ukraine) on the 48-cm 0&aiiadaodda i faioiifiol V1033 Cyg aiaiaiaapol
telescope AZT-3, equipped by CCD photometer with fidaai” 0diaaidicagiied iéelnavcié éeeane+ied
the optical sensor Sony ICX429ALL, a 1864 measuring 64644 6 0ai0di fivae iafnoaaielitioi.
of light V1033 Cyg were done in the Iter of V and
713 in the lter R, that are partly presented in the
Table. 1 and Fig. 2, and fully accessible to address )
http://cdsarc.ustrasbg.fr/viz-bin/cat. ~ Considerable 1. Introduction
change of amplitude it is not got by us. The position
of cepheid is certain by us in the (IS) - it appeared that V1033 Cyg (GSC 2674.03107), (s2000:0 =
star is near her center. In this phase evolutional to 20"05"20:66%; j2000:0 = +32 39032:500) is the clas-
development and it must not be observed considerable sical cepheid variable star (GCVS) with amplitude
change of amplitude (color index). The light curves, 14™4 15M:5 (pg) and period 49937512 (Samus' et
e ective temperature and luminosity of V1033 Cyg al., 2011).
are consistent with fundamental mode pulsation for a  The variability of the star was found by Miller

classical Cepheid on the center of the instability strip. (1965), using the moments of brightness on 88 pho-

Keywords : Stars: variables: Cepheids V1033 Cyg

AOAOIR. O #ajié aiaioi e affieiazedlt tographic plates, it has dened elements of light
aaiepoiéieé foaoon 6&6&'ae V1033 Cyg, iadia variation and has noted, that the period of cepheid
ciiie asereés yelr foaiaeon  49:94, | yea @ quickly changes. The star was thoroughly investigated
dAasuiel eafaeaaol fa iAdpa 1A8A0SIAIN by L. Berdnikov (1987, 1992), L. Berdnikov et al.
ficae janoaaisuiinio (V@ i UMi). i iadgii6 (2019), as the cepheid that crosses the instability strip

4840816 fi6ae ianoaaicuiiioi (Ni), yeee oseaat fqr the rst time. It was reported as a Cepheid with
afiiial a8eciiél 1000 &iéia, 6&6& a8 aaiiiodcpou  Li over-abundance by Luck & Lambert (2011).

gagaéd coinoaily 1asitad, iiélee  fayaififou

feéuil” &iii” eioiy 6707 A. Oaéed Taéoia aiani 2. Observations

888 4 6 (a6 AaBAGOSSI, T4ia ¢ 180 V1033 Cyg.

||a —fiﬁ ﬁﬁTa() é ﬁi()éé féﬁ@fiéleuﬁﬁf)l ffllelf)()afi The photometnc CCD Observatlons Of V1033 Cyg

iéunadié nodilel ¢oifioat aia ioey ai yei fili icaél”  were obtained at the Astronomical station near Odesa

aaee+éie, a ive aediai ¢i NI ciiad iaaa* ai during the observation seasons in 2013-15 years, in

ioey. Aey iadaaidee outal yaeta a Anosiili-iié V lter, later on, in 2017 year the observations were
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performed in V and R Iters. We were using the
48 cm re ector AZT-3 of Astronomical observatory
of Odesa National University, equipped with CCD
photometer and Peltier cooler (Sony optical sensor
ICX429ALL, 600x800 pixels) in the /4.5 Newtonian
focus (Udovichenko, 2012).

The datasets consists of 1864 V-band and 713 R-
band data points obtained from over 60 nights of ob-

MaxHJD = 2452701.6164+4.9494727 E +
+0.14237 10 5 E?,

the phases calculated for these elements are given
in Table 1. The phase curve V1033 Cyg from our ob-
servations and quadratic light elements is presented in
Fig. 2.

servations. Two stars were chosen as comparison and

check stars as close as possible in B-V color to vari-
able. Comparison star is USNO-A 1200-14402731,
Beomp = 14:M285 Veomp = 13:™399 (APASS, 2010),
Recomp = 12:M800 (NOMAD, 2005); check star is
USNO-A 1200-14401158).

The standard reduction of the CCD frames
were carried out by using the MUNIPACK (Motl,
http://sourceforge.net/projects/c-munipack) soft-
ware. The procedures for an aperture photometry is
composed of the dark-level and at- eld corrections,
determination of the instrumental magnitudes and
precision. The photometry was transformed to the
standard VRc Johnson-Cousins system by means of
the dierential photometry method (Benson 1998).
The transformation coe cient was determined from
observations of standard stars (Udovichenko 2012).
The nding chart with market-out variable, compari-
son and check stars is shown in Fig. 1. The errors in
individual data points vary from 0 ™.005 to 0".02.

Figure 1: The nding chart V1033 Cyg with the com-
parison and check stars marked.

3. Results

Period. Using only the photoelectric moments of
maximum from paper by Berdnikov et al (2019),
current quadratic light elements of V1033 Cyg are
obtained:

A}
A}

Figure 2: The phase curve in V-band and V-R color
variations V1033 Cyg with quadratic light elements.

The O C diagram covering more than 100 years in-
dicates a rapid increase of the period of 18.2 s/yr, in
agreement with a rst crossing of the instability strip
for this star (Berdnikov et al. 2019).

Amplitude. The Fourier decomposition was applied
to Berdnikov's photoelectric and our CCD observations
of V1033 Cyg. For the V-amplitude obtained values
Ay = 0.724 mag (Berdnikov) and A, =0.718 mag (our
observations). Thus, there are no rapid evolutionary
changes in the amplitude of V1033 Cyg.

Temperature. Using the T vs (B V) calibrations
from the papers by Kovtyukh (2007) and Kovtyukh et
al (2008), e ective temperatures (T, ) for the Cepheid
were obtained, its are shown in Fig. 3. The aver-
age e ective temperature for V1033 Cyg is<T¢ > =
5864 45 K (phases = 0.288 and 0.846).

Hertzsprung-Russell diagram. The absolute mag-
nitude My=3.13 is found using the "absolute
magnitude pulsational period" relation of Gieren et al.
(1998). The loci of V1033 Cyg on the H-R diagram are
shown in Fig. 4. Evolutionary tracks from Salasnich
et al (2000) for Z=0.019 and [ /Fe]=0 are shown for
reference. These models do not develop long blue loops
for stars with 25 M, and hence they do not cross the
instability strip. On the other hand, stars with 57
M do show blue loops that cross the lower part of the
cepheid instability strip.

In Figure 4 also shown the location of yellow
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Table 1: V1033 Cyg. Observational list.

JDhel phase \% V R JDhel phase \% V R JDhel phase \% V R
2450000+ mag mag 2450000+ mag mag 2450000+ mag mag
8335.4033 0.887 12.960 1.019 8341.3018 0.079 12.662 0.936 8365.3242 0.929 12.751 0.968
83354219 0.891 12.943 1.022 8342.3057 0.281 12,962 1.054 8365.4268 0.949 12.660 0.929
8335.4395 0.895 12.923 1.014 8342.3271 0.285 12964 1.059 8366.2520 0.116 12.726 0.967
8335.4580 0.899 12.902 1.010 8343.2939 0.481 13.159 1.099 8374.2744 0.736 13.295 1.118
83354766 0.902 12.880 1.006 8343.3164 0.485 13.164 1.096 8375.2354 0.930 12.746 0.957
8335.4941 0.906 12.861 0.999 8344.3057 0.685 13.273 1.112 8379.2949 0.750 13.296 1.105
8335.5137 0.910 12.839 0.993 8344.3281 0.690 13.276 1.111 8380.3623 0.965 12.608 0.896
8335.5332 0.914 12.826 0.991 8345.2754 0.881 12990 1.020 8381.4365 0.182 12.805 0.974
8335.5527 0.918 12.798 0.977 8345.2939 0.885 12976 1.019 8382.4619 0.389 13.051 1.067
8336.4141 0.092 12.687 0.951 8345.3115 0.888 12.963 1.016 8383.5078 0.600 13.225 1.104
8336.4287 0.095 12.685 0.947 8346.2979 0.087 12.669 0.939 8390.4492 0.002 12.581 0.906
8336.4424 0.097 12.695 0.949 8346.3193 0.092 12.679 0.956 8397.3916 0.404 13.087 1.072
8337.3340 0.278 12.930 1.045 8347.2793 0.286 12.947 1.030 8398.3965 0.606 13.260 1.109
8337.3525 0.281 12.957 1.048 8347.2930 0.288 12.950 1.040 8399.3877 0.807 13.238 1.091
8337.3701 0.285 12.953 1.035 8348.4072 0513 13.207 1.098 8400.3916 0.009 12.601 0.921
8339.3428 0.683 13.280 1.138 8351.3438 0.106 12.690 0.945 8401.4004 0.213 12.845 1.019
8339.3604 0.686 13.282 1.140 8351.3623 0.110 12.697 0.944 8402.3809 0.411 13.092 1.072
8339.3760 0.690 13.284 1.136 8362.2725 0.313 12966 1.045 8403.3799 0.613 13.240 1.122
8340.3037 0.877 13.026 1.021 8363.3115 0.523 13.189 1.108 8404.3818 0.815 13.226 1.087
8340.3213 0.881 13.008 1.025 8364.3105 0.724 13.295 1.126 8405.3955 0.020 12.606 0.932
8341.2842 0.075 12.662 0.937 8365.2510 0.914 12.811 0.961

Figure 3: Variation of T, of V1033 Cyg with phase.

supergiants and classical Cepheids in the H-R diagram
(Kovtyukh et al 2010). First, we nd that the Z =
0.019 tracks do a good job of predicting the positions Figure 4: The H-R diagram constructed using our pa-

of the blue loops and yellow supergiants foMy, >

have My

8, consistent with the evolutionary tracks.

5. rameters. Classical Cepheids are plotted as open cir-
The most luminous yellow supergiants in our sample cles, supergiants as lled squares. Lines indicate evolu-

tionary tracks by Salasnich et al (2000) for 15, 10, 7, 5,

4,and 3M (top to bottom) for z=0.019 and [ /Fe]=0.
Dashed lines indicate IS for classical Cepheids. V1033
Cyg is shown as asteric.
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Conclusion

Our own analysis of V1033 Cyg, covering more than
100 years indicates a rapid increase of the period of

18.19 0.08 slyr, in agreement with a rst crossing of
the instability strip for this star (this paper and Berd-
nikov et al 2019).

It was found that the V-amplitude does not change
rapidly. This is naturally explained by the position of
the star in the center of the instability strip.

The results are consistent with fundamental mode
pulsation in V1033 Cyg, as well as with a rst crossing
of the instability strip.
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ABSTRACT. We present the results of an analysis &iaiip 11.75 kms . Aiigiodaa osaaiagiin
of 20 spectra of UMi (Polaris) obtained in September @aéaéifioi aifiyaéa 3.50 kms 1, oa iiaddiogany
2018 January 2019 using 0.81m telescope of theidéaéecit ia diadil 11iadaaiio 16iiié 6 3.43, 3.31,
Three College Observatory (TCO), North Carolina, and 3.81 kms ! | aiaifaiail, yéi adee anoaiiasaii
USA. Frequency analysis displays an increase of the&déy faocia nadiiy - a06aiy 2016, fi+iy - aadaciy
pulsational period up to 3.68 min in comparison to 2017 0a Aadiiy - ad0aiy 2017 &ieia. OQ&iadiviy
the August - December 2017 - January - May 2018 ¢&ifioaily aiieiocae dadiaglil” gaéaéinoi ana ua
observational sets, and it come to 3.973216 days. Thecaddaaaloufy. N&d&aiy Ty = 6051 22 K, 0a alia
systemic velocity ( velocity) is equal to  11.75 iléacd! ¢difo a1 dacéelivadia fidoia 2005 2007 &iéia,
kms 1. The radial velocity amplitude rose to 3.50 04, aidiiail, iat oaiadivip &l ¢cdinoaiiy. Noiifii
kms ! and actually returned to the previous values 16iiéé dadiagiied gaeaéinodé, 1vdeiaies ia TCO

of 3.43, 3.31, and 3.81kms ! | respectively, found 0& Hermes ca ifidaiii ~ioede diee iféacopou ciife
from the August - December 2016, January - March i6éifRaciéii aiieiodae NMeysii .

2017 and August - December 2017 sets. The radial Eep+iai fielaa : Cioir  oadiaelii pae&aeinoi;
velocity's amplitude growth tendency still remains. 353 5e: 2046004l  0A1iAdA06de;  BABA Ae:
The averageT. =6051 22 K shows a growth toward jssifiasiéii iaditae: 6204 ae: UMi

the value found from the 2005 2007 observational

sets and probably has a tendency toward theT,

growth. The joint TCO and Hermes radial velocity 1. Introduction
measurements during the last four years show the

changes of Polaris' pulsational amplitude. .
In our previous papers (Usenko et al. 2016, 2017,

Key words : Stars: radial velocities; Cepheids: 5q1gy\ye found that the pulsational period and radial
e ective temperatures; Cepheids: pulsational periods; velocity amplitude of Polaris had increased in 2015
Cepheids: UMi 2018.

ATTAA A JN vx2Q o,xrlv\ o Zarae NN NN NN set 7

AJIO:AO I.@' e '6.399.'.90,1'. 6?996,99?(19\ alacico The former was up 8.6 minutes in comparison to the
..Zq\r?.@e??'aowEJM'N(“?)./?“ ), yél aoee |(,).§e|a|| '@ __ data from 2007, and the latter became 4.16kms *
|(:S‘|o.y~gm|“a~u::16an|y i a??."."!XE‘.’??, 9? -y ..2.0\19.2'9@ (twice the one of the 2007 data). The average Tt
¢a anmidaip 0.81m 0aéanéiié 1anadaacioi” Ol ~ 6017 K is close to the value determined from the
...... 2001 2004 set. During August December 2016 (37
spectra) and January March 2017 (12 spectra) the
.......... pulsation period decreased by 17.3 min in comparison
Mo e AiA A XA £ ...~ With the 2015 data. The radial velocity amplitude
fAi+iy —_oéaaly 2018 o&iéia oa oiaieé 3.973216 aiia. o eased to 3.43%ms L in 2016 and toty3.31 ﬁms 1
@aeaeifiot fenoale, aal ( velocity) aeyaeeany in the beginning of 2017. The averagel, was 6021



88 Odessa Astronomical Publications,vol. 32 (2019)
Table 1: Observational data of UMi during September - December 2018 and January 2019
Date HID T eff Phase RV (km s Ty
YY/MM/DD 2450000+ K K Metals NL H H H
180906 8368.5931 6058 21 0.934 -14.49 1.70 176 -14.45 -14.84 -14.67
181019 8411.4928 6057 20 0.731 -11.50 177 159 -12.23 -9.93 -8.58
181021 8413.5843 6055 19 0.258 -11.68 1.68 189 -12.23 -8.92 -10.96
181024 8416.5683 6073 23 0.009 -13.01 1.61 173 -13.42 -7.80 -11.84
181029 8421.6551 5984 18 0.289 -11.19 1.78 166 -11.20 -7.53 -10.24
181030 8422.6439 5969 21 0.538 -9.95 1.86 157 -9.47 -4.03 -8.90
181116 8439.6274 6038 22 0.812 -12.35 1.69 147 -12.07 -9.87 -11.31
181117 8440.6117 6086 21 0.060 -13.20 1.91 155 -13.40 -10.75 -12.20
181119 8442.6074 6050 21 0.562 -10.69 1.86 163 -10.18 -6.94 -8.58
181120 8443.6292 6117 23 0.819 -12.37 1.60 153 -13.25 -8.88 -11.26
181205 8458.6511 6074 21 0.600 -10.72 1.48 158 -11.30 -8.21 -8.81
181216 8469.5308 6007 21 0.338 -11.29 1.47 159 -10.92 -8.52 -9.70
181217 8470.5557 6083 25 0.596 -10.63 1.59 164 -10.74 -6.97 -9.46
181222 8475.5715 6095 24 0.859 -13.30 1.20 161 -14.05 -9.15 -11.57
181224 8477.5626 5948 20 0.360 -11.40 1.34 159 -10.33 -8.56 -9.44
181226 8479.5699 6102 22 0.865 -13.09 1.45 170 -13.39 -10.70 -12.34
190105 8489.5582 6041 20 0.379 -11.07 1.51 164 -10.38 -7.44 -9.77
190115 8499.5614 6090 22 0.897 -11.85 137 160 -11.89 -8.81 -10.80
190125 8509.5801 6050 22 0.418 -10.21 1.46 171 -10.12 -7.02 -8.83
190130 8514.6088 6042 27 0.684 -11.03 1.63 170 -11.47 -9.57 -9.53
6150 T 2. Observations and frequency analysis
[ ©O o ]
61001 o, 86 1
C o 8 O J . .
< - 5 ° 5 . o © E Sixteen spectra were taken in September December
— 60501 ® ° o o < 2018 and four in January 2019 with the 0.81m tele-
& 6000l o 1 scope of the Three College Observatory (TCO), located
[} C ] . . .
= E ° 5 3 in central North Carolina, USA. They were obtained
5950 o 4 with anechelle spectrograph manufactured by Shelyak
F ‘ ‘ ‘ ‘ ‘ ‘ ‘ 1 Instruments? in a spectral range from 4250 to 780\
5900 I — Lo I — Lo I — Lo I — Lo

-1
-0.3 -0.1 0.1 0.3 0.5
Phase

0.7 09 1.1 1.3

Figure 1: The e ective temperature and radial velocity
variations of Polaris folded with its pulsational period
for the September December 2018 and January 2019
set.

K with amplitudes of 54 K and 70 K, respectively.
Instead during August December 2017 (29 spectra)
and January May 2018 (38 spectra) the pulsational
period increased to 39970662 but was still less than

with a spectral resolving power of R 12000 and no
gaps between the spectral orders. The data were re-
duced using theechelle package in IRAF.

DECH30 package (Galazutdinov 2007) allows to
measure the line depths and radial velocities using
spectra in FITS format. Lines depths were used to
determine the e ective temperature (a method based
on the spectroscopic criteria, Kovtyukh 2007). The de-
rived values of Tes and radial velocity for each spec-
trum are given in Table 1.

In the next step, we used the PERIODO04 program
(Lenz & Breger 2005), which employs the Fourier and
Fast Fourier Transform analysis and minimizes the
residuals of sinusoidal ts to the data.

A Fourier amplitude spectrum was obtained over
a frequency range of 01 d*! with a resolution of
0.00002 d . The highest amplitude corresponds to a
frequency of 0.251685 0.000255 d*® or 3.973216
0.004 days, respectively. This period is larger by 3.68
minutes compared to that of 3.970662 days determined
from the August December 2017 and January May
2018 observational set. The systemic velocity (

3.9979872 observed in 2015. The mean radial velocity velocity) is equal to  11.75 kms L.

amplitudes in these sets were 3.8%kms ! and 2.80

kms ! respectively, i.e. a new amplitude decrease
was obvious. The average values of, were found

to be 6017 K and 6039 K, respectively, but the
Te
in the radial velocity amplitude. Therefore we have
to continue our investigation to study this unusual
behavior of Polaris.

amplitude has increased despite the decrease

The following ephemeris has been computed based
on the radial velocity values:

RVmin = HID 24584403736 + 3:973216 E (1)

Figure 1 represents phase curves of the Polaris radial
velocity (lower panel) and e ective temperature (upper
panel) variations during our observational set.

Lhttp://www.shelyak.com
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Figure 2: Variations of the mean e ective temperature

of Polaris during the last 75 years. Open circles show Figure 3: Radial velocity amplitude variations of Po-

values from the(B V) vs. T relationship by Gray
(1992), lled circles show values from the line depth
ratios (Kovyukh 2007).

As seen in Figure 1, in case of the data approxima-
tions by sinusoidal curves, the mean amplitudes of the
radial velocity curves are 3.50 kms?!, and it is some-
what lager compared to the January May 2018 result
(Ary =2.80 kms !). However, it is comparable with
our previous results (August - December 2016, January
- March 2017 and August - December 2017 with Ay
= 3.43, 3.31, and 3.81kms !, respectively).

The e ective temperature variations show remark-
able changes their mean and maximum values have
increased in comparison to those from previous sets
with the average value of 6051 22 K. This value is close
to the result derived from the 2005 2007 sets (Usenko
et al. 2018), and probably has a tendency toward the
Te growth. Figure 2 shows the variations of the mean
Te of Polaris during the last 75 years, while Figure 3
demonstrates the radial velocity amplitude variations
in the last 125 years. As seen in Figure 3, the ampli-
tude growth tendency still remains.

It would be interesting to compare our TCO 2015
2019 radial velocity measurements with those obtained
by Anderson (2019) taken with the Hermes spectro-
graph. As seen in Figure 4, there is a good agreement
between the TCO and Hermes data, therefore we can
observe their positional relationship and changes of
the pulsational amplitude during the last four years.

3. Summary

1. As seen from the results of our observations, the
pulsational period of Polaris shows an increase by
3.68 minutes in comparison with the data obtained
during the August - December 2017 and January
- May 2018 observational set.

laris over the last

125 years.
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Figure 4: Radial velocity variations of Polaris over the
last ten years. Red squares - TCO data, black squares

Hermes data.

2. The mean amplitude of the radial velocity during
this observational set 3.50 kms! has returned to
that of the previous sets of August - December
2016, January - March 2017 and August - Decem-
ber 2017. Nevertheless the pulsational amplitude
growth tendency still remains.

3. The mean e ective temperature of Polaris for this
data set was found to be 6051 22 K. This value is
close to those determined for the 2005 2007 sets
(Usenko et al. 2018).

4. All the TCO radial velocity measurements during
2015 2019 have a good agreement with those
measured fromHermesdata. The joint data show
the changes of Polaris' pulsational amplitude.
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ABSTRACT. We present the results of a spectro- low rotational velocity projection, and this fact allows
scopic and photometric investigation of 20 objects us to determine its chemical composition to compare
from the open cluster Collinder 394, which contains with that of the Cepheid BB Sgr. Its CNO and
the Cepheid BB Sgr. Besides the Cepheid, we studied Na abundances are close to the solar one, while the
tree K-giants, four B-giants, and twelve B-A-F main Cepheid show a de cit of carbon, an overabundance of
sequence stars. Radial velocities (RV),vsini, Tg , nitrogen, nearly solar oxygen, and an overabundance
logg, were determined using spectroscopic modelof sodium. Three foreground K-giants have di erent C
tting and atmosphere models. We have derived the abundances (from a de cit to the solar), and Na (from
color-excesses, reddenings, and intrinsic colors forthe solar to an overabundance) as well as a solar-like
these stars using theirTe and logg from compar- O content. The foreground F7-8 V star No. 75 (CPD
ison to the atmosphere models, especially for hot 20 7218 was revealed to be a Li-rich star, while the
stars. Proper motions, RV and GAIA DR2 2018 A7 V star No. 69 (BD 20 5290 has an anomalous
parallax/distance values for these stars allowed us de cit of CNO with overabundances of some , r- and
to determine their membership in the cluster and s-process elements.

absolute magnitudes. We found that seven stars Key words : Open clusters: radial velocities; Stars:

do not belong to the cluster. The parallaxes and apundance; GAIA parallaxes; Cepheids; B - giants;
reddenings of 13 condently cluster members led to K_gjants; individual: Collinder 394

the distances in a range of 630800 pc, although

the majority of them (8 objects) are located at a

mean distance of 657.766.7 pc, and 5 objects with  A[IOAOQIR. &  id&c&iootT  dacoélivace

the Cepheid could probably belong to the cluster's fjgéosiiéni~ied oa o610lidodi+iéd alnéiaia
corona. All the members have [Fe/H] near 0.1 dex. 20 14a'éoia ¢ &ichiyital Aési+aiiy Collinder 394,
The main sequence B-star No. 76 (HD 174307) has ayéa aiinot 6ad&d'aé BB Sgr. 1édil 6ad& ae, ie
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Aifeiacee 0de E-aiaaioa, +ioede A-aiaaioa oa
43212806400 B-A-F cid. Dasiaélii gaeaéinoi (RV),
vsini, Te , log giodeiaii ¢ ae&idemoaiiyi 1a0Mia
fi&eoaineNi=ital Gi00iiE6 0a 1144686 A0IHOAS.
fiidadzeii 616iide 6i6 ¢id, acaidenoiaop+e 6
log goéydh iidiaipaaiiy ¢ iiageyie aoiifoas,
ifaceal a6y &idy-~ed cid. Asafii 8668, RV 04
iadasaénie/aiancaii ¢ GAIA DR2 2018 &y 6i6 cid

Te 0a

0a aafiépoii iadiiodae. Anoaitagait, ui il
cid ia facdseaol a1 REGI+aily. ladagaéne oa
+adaliiity 13 fidadseiid +eaiia néodi+aily aapou
aianoaii aia 630 ar 800 iA, &i+a aiéugenou ¢ ied
(8 141é0ia) ciadiayouny fa AAGaaiuT aianoaii 6
657.7 66.7, 04 1'you ¢ 6ada aip ilecéeal, iacaseadl
& eisiie neociaiiy. Oni ~&aie iapou [Fe/H]
aiey 0.1 dex. A-cidy Al No. 76 (HD 174307)
ial 1aéd cia+aily 61'eoi” waeaéinoi 14ad06, oa

0a4 4&icaileeel anoaitagoe " oili-iéé neeaa aey
ii3iaiyiy ¢ BB Sgr. ~ &lifid CNO 0a Na aéciieeé
an fatiy+i1af, ofai yé 6aoa aa ial 4adicio a6aeacp,
faagegié aciod, niy+-ieé éenaiu oa iazeegié
i200ip. O E-aidaioe 4044 AEGI+Aiyi 1apoi
dicieéé aiino a6aedop (aia aaodiviod ai Aliy+itan)
0a iaodip (aia ATi+ital ai idaeeeéod), oa iliy+ieé
8&fail. Cidy No. 75 (CPD 20 7218 (F7-8 V), éa
Ohce 1 TA0AA REGI-AINI, AeYASEANT ¢ (AAESEEN
Li, ofai V& ¢idy No. 69 (BD 20 5290 (A7 V) iat
aifiaéuieéé &a6ioio CNO ¢ iaaeeégéll aayéed
aéaiaioia |, r- oa s- idioafnia.

Eép+iai netaa: Pichiyii nedi+aiiy, ionaidai

paéaéinoi, oOili+iéé néeaa cio, Tadaéaéne GAIA,
640a"ae, A-diaaioe, E-aiaaioe, néoi+aiiy Collinder
394.

1. Introduction

The open cluster Collinder 394 is part of a dou-
ble cluster with Collinder 393 (NGC 6716) (Turner &
Prederos 1985). Being a loose grouping d8- and A-
type stars, it contains a 6964 Cepheid BB Sgr as a
possible member of its corona. According to Turner
& Prederos (1985), the earliest spectral type stars in it

2. Observations

Our observations were taken at the 11m SALT
(Southern African Large Telescope) equipped with
HRS (High Resolution Spectrograph). HRS is a dual-
beam (3700-5500 & 5500-890\) ber-fed, white-
pupil, echelle spectrograph, which uses VHP gratings
as cross dispersers. We obtained one spectrum for
each object using the medium mode with the spec-
tral resolving power R = 40000, an average S/N of
over 100, which it is enough to reach our observational
goals. These spectra will be used to derive the atmo-
sphere parameters and chemical abundances for some
elements of the open cluster members. The data were
reduced using theechelle context in MIDAS . Also, the
feros package developed forechelle data reduction from
the Fiber-fed Extended Range Optical Spectrograph
(FEROS) was used. Both FEROS and HRS provide
very similarechelle data.

We used the DECH30 package (Galazutdinov
2007) designed to use the spectra in FITS format
to measure the line depths and their equivalent
widths. The radial and rotational velocities were mea-
sured by tting of the observed spectra with models
from Coelho (2014). The object IDs, magnitudes,
spectral types, proper motions, parallaxes from the
GAIA DR18 catalogue, measured radial and rota-
tional velocities for each spectrum are given in Table 1.

3. Results and Analysis

3.1. Radial and rotational velocities, proper motions
and parallaxes

As seen in Table 1, judging from proper motion, ra-
dial velocity and parallax measurements, seven objects
are evident foreground or background stars. It should
be noted that our results are consistent with those from
other sources: RV = 12.0kms * (Wilson & Joy 1950)
for HD 124403; and<RV> = 11.35 kms ! (Lloyd-
Evans 1968) for BB Sgr, respectively. According to
Conrad et al. (2017), the cluster's mean radial veloc-
ityis 1.9 6.5 kms 1, and the majority of con dent
cluster members have close radial velocities.

As seen in Table 1, the Cepheid BB Sgr, three K-

areB8,E(B V)=0.25 0.01,Vp-My =9.04 0.08,d giants Nos. 21, 72, 74 and the F7 V star No. 75 have
=643 25 pc, and an age near 610’ yr. Collinder 394 low vsini, while hot main-sequence (hereafter MS)
has not been carefully studied spectroscopically except stars are fast-rotating objects. It is very surprisingly
for BB Sgr. Therefore, the main goals of our inves- to detect the MS B-star No. 76 with a low radial
tigation are as follows: 1) to measure the radial and velocity projection.

rotational velocities of the cluster's stars, 2) to deter-

mine the atmospheric parameters, metallicities, CNO 3.2, Color-indices, color-excesses, reddenings, and
and Na abundances and compare the abundances ofatmosphic parameters

the objects of di erent spectral types, and 3) to de-
termine the distances using GAIA DR2 parallaxes and
RV data, and to check thier membership in the cluster.

Turner & Prederos (1985) determined color-excesses,
reddenings, and intrinsic colors for the cluster's ob-
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jects using UBV RI color-indices. To improve these similar to BB Sgr, which has My = 3."59 0.07 and
parameters, we have used their atmospheric parame-d = 801 26.4 pc, respectively.
ters Te and logg, determined with the model tting Other objects from the list turned out to be either

method. Next, these estimates were performed for foreground or background stars all three K-giants,

the (U-B) and (B-V)( determinations for the hot B- and three MS A- and F- type stars.

and A-type stars using the Kurucz (1993) models from

Bessel et al. (1998). For more evolved stars of GK —4.0 B U B

spectral types with a large number of narrow metallic L BB*S -

absorption lines we have used the lines depth relation = 174403 £

to derive Te (Kovtyukh 2007), and a Fe ionization B 7

balance to derivelog g. These estimates give an oppor- B © 0o |

tunity to determine corresponding (U-B) and (B-V)¢ L Odz: il

values for FGK -stars. - O12 6 8
The described above results allowed us to deter- ®

mine the color-excesses, reddenings, and mterstellarS 0.0 B O %63 B

extinction. All these data are given in Table 2. At - ® _

that we have used (U-B) and (B-V) color-indices from B 035 n

Turner & Prederos (1985). As seen from this table, the 030

majority of hot stars have close reddening values in a 2.0 i

range of 0M56 - 0™ 88, except for the Be star No. 24 = -

(HD 174652) and stars, which probably belong to the B N

cluster's corona: HD 174403, Nos. 70 and 76, and BB 4.0

Sgr (0Mm97 -1M19). Our Eg v values demonstrate an ’ 14000 11500 9000 6500 4000

excellent agreement with photometrically determined Teff

ones from Turner & Prederos (1985) Table 1, except

for the star No. 30. The foreground and background

objects have very di erent parameters. Figure 1 rep- Figure 1: Te - My diagram for the Collinder 394 con-

resents aTe - My diagram for the con dent members  dent members. Open circles show the MS stars, lled

of Collinder 394. As seen from the diagram, object No. circles show the B-giants.

76 with a low rotation velocity projection is located in

the middle of the cluster's MS, while the object No. 3.4. Chemical abundances

61 is located near the turn-o point. HD 174403,

an eclipsing binary (Turner & Prederos 1983), was When the atmospheric parameters were derived, we

found at the horizontal branch. Its main component used the VALD oscillator strengths (Kupka et al. 1999)

with a mass of 6 M could be a rst-crossing Cepheid and LTE model atmospheres from Castelli & Kurucz

instability strip object. (2004) for determination of the element abundances.
For that we have worked with stars with relatively low
3.3. Absolute magnitudes and distances rotational velocity projections: BB Sgr, Nos. 21, 69,

72, 74, 75, and 76. As seen, only two of these ob-

Table 3 contains the absolute magnitudes of the jects are true cluster members, therefore the rest are
Collinder 394 objects derived from photometry by foreground and background ones, respectively. Never-
Turner & Prederos (1985) and those derived by us theless the chemical abundances of each object from
using the GAIA DR2 parallaxes and our T and Ay our list are of interest. Tables 4 and 5 present the re-
data. As can be seen from the Table 3, the parallax- sults of our investigations. Since these objects have
based M, only for 8 objects determined as the con - di erent evolutionary stages, we will discuss every star
dent cluster's members agree with those from Turner separately.
& Prederos (1985). Figure 2 represents a variable- BB Sgr The Cepheid has a solar-like iron content,
extinction diagram for the cluster con dent members a carbon de cit, an overabundance of nitrogen and
only. We have obtained the mean distance modulus sodium, and a nearly solar oxygen abundance, i.e.
(Vo -My)=9.09 0.21 with the reddening law slope R typical for a yellow supergiant after the rst dredge-up
=Ay/Eg v =3.34 0.02. Turner & Prederos (1985) stage. All other elements have nearly solar abun-
estimated R = 3.1 0.3. Our estimate of (Vo - My) dances. Therefore, our results are close to those of
gives a distance of d = 657.7 66.7 pc, and with this Usenko et al. (2013) and Luck et al. (2006).
value it turns out that Collinder 394 is located about 76 (HD 174307) This MS B-star, which is considered
15 pc further away compared to the value from Turner to be a Cepheid progenitor, demonstrates a solar
& Prederos (1985). Four objects (Nos. 12, 27, 63, and CNO, Na, Fe, and other elements abundances with
76) located at 760 824 pc could belong to the corona, small overabundances of neon, argon, and sulphur,
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Table 1: General data for the observed objects in Collinder 394 and derived RVs.
Object \Y Sp.type RV, kms I PLX (GAIA) Membership
BB Sgr I 6.93 GO Ib + 0.392 5.078 +17.11 0.04 1.2485 0.0411 m
HD 174403 751 B8 II-1ll 1.477 5.987 +18.76 043 1.5011 0.0529 m
2 (HD 174723) 8.88 B8 1.468 5.838 +951 023 1.3703 0.0622 m
3 (CPD 20 7272) 11.19 B9? 65.800 + 6.600 +30.24 012 nm
6 (HD 174706) 10.30 B7-B8 Il 1.329 5.268 +357 024 1.5783 0.0708 m
12 (HD 174685) 9.52 B8 V 1.967 6.206 +9.35 025 1.2743 0.0716 m
21 (CPD 20 7255) 10.45 KO 11? + 1.662 12.445 272 0.02 2.2489 0.0673 fg
22 (HD 174651) 8.47 B8 IV 2.256 6.227 +576 019 1.4318 0.0777 m
24 (HD 174652) 9.06 B9e 1.417 6.317 0.78 110 1.3518 0.0612 m
27 (CPD 20 5300 ) 10.34 B7-B8? 1.310 5.728 +484 024 1.2135 0.0546 m
30 (CPD 20 7248) 11.56 AV 2.052 5.579 440 0.09 1.5077 0.0487 m
35 (CPD 20 7240) 11.25 AV 0.909 5.493 +1145 031 1.3115 0.0473 m
61 (HD 174594) 8.30 B5 Il 1.732 6.284 +877 018 1.4439 0.0578 m
63 (HD 174538) 10.37 B9 Il 4.300 6.800 +1099 0.13 1.2839 0.0503 m
69 (BD 20 5290 ) 10.87 A7 V? 0.115 9.890 4424 0.04 2.4470 0.0439 fg
70 (GSC 06289 03051) 12.25 A2 V 1.772 4.033 +2750 032 0.8821 0.0373 bg
72 (GSC 06289 03067) 11.59 K1 1m? 4.921 11.509 46.78 0.04 1.0858 0.0457 fg
74 (HD 174402) 9.27 K1/2 11?2 25.509 43.853 7.61 0.02 3.7919 0.0453 fg
75 (CPD 20 7218) 1111 F7-8 V? + 9.694 4.597 2294 0.04 4.7670 0.0357 fg
76 (HD 174307) 10.36 B8/9 I 1.289 6.078 +17.00 0.05 1.3155 0.0349 m
1 - Phase 0. P 624 according to Usenko et al. (2013); m - member; nm - non-member; fg - foreground object; bg - background object.

Table 2: Atmospheric parameters, rotational velocities,
tions for the Collinder 394 objects.

intrinsic colors, color-excesses, reddenings, and extinc-

Star T eff 1og g vsini UGB o | BY o | Eu B8 Eg v Ay R
BB Sgr © 5332 6 | 130 0.05 108 0.1 061 0.87 030 028 1.00 357
HD 174403 13245 165 | 3.49 001 1987 14 0.48 013 022 029 0.7 333
2 (HD 174723) 14500 10 | 4.00 0.01 1379 0.4 054 0.14 0.15 025 084 | 332
3(CPD 20 7272) 10700 7 | 442 002 1105 03 0.16 0.04 025 0.26 0.88 335
6 (HD 174706) 10752 10 | 432 0.2 1328 13 0.17 0.05 0.20 0.26 0.87 335
12 (HD 174685) 14000 50 | 430 0.01 158.1 0.6 0.49 0.13 0.17 0.23 0.76 3.32
21 (CPD 20 7255) 4825 13 | 300 002 00 0.0 078 1.03 0.10 013 0.47 3.65
22 (HD 174651) 14350 77 | 400 001 2233 06 053 014 022 025 084 | 332
24 (HD 174652) 14000 200 | 362 0.50 2373 203 053 014 023 030 1.01 335
27 (CPD 20 5300) 12037 12 | 419 001 1297 05 0.32 0.10 015 022 074 | 336
30 (CPD 20 7248) 8375 2 | 417 0.01 501 03 0.08 013 012 019 0.63 336
35 (CPD 20 7240) 8676 7 | 363 001 3149 10 0.10 0.05 007 017 056 337
61 (HD 174594) 14418 19 | 378 0.1 155.7 0.6 0.55 0.15 017 0.26 084 | 329
63 (HD 174538) 11511 6 | 417 001 2292 06 0.26 0.08 018 026 0.88 335
69 (BD 20 5290 ) 7705 5 | 350 001 19 02 0.19 0.16 031 0.34 117 3.40
70 (GSC 06289 03051) 9698 15 | 381 002 27124 13 0.40 0.02 0.65 035 119 336
72 (GSC 06289 03067) 4683 12 | 270 002 01 00 093 110 038 027 0.99 3.68
74 (HD 174402) 4575 19 | 310 002 79 0.1 0.98 112 011 013 0.48 3.68
75 (CPD 20 7218) 6250 15 | 450 0.05 247 01 0.01 054 0.04 0.05 0.19 3.42
76 (HD 174307) 11313 13 | 387 001 05 0.1 0.25 0.09 0.19 035 117 335

1 - Teff, logg, (UB) ¢ and (B-V)

Table 3: Comparison between absolute magnitudes and
distances, determined using GAIA DR2 parallaxes and
photometric data.

Object My (1&P85) My (GAIA) d (pC) (GAIA)
BB Sor 308 012 359 0.07 80096  26.37
HD 174403 244 008 256 0.00 666.18 2348
2 (HD 174723) 103 005 136 0.10 72977 3313
3(CPD 20 7272) +1.36 008 +207 006 44466 1331
6 (HD 174706) +044 008 +042 010 633.59  28.42
12 (HD 174685) 027 007 067 012 78475 44.09
21 (CPD 20 7255 ) - +174 006 44466 1331
22 (HD 174651) 135 008 158 011 698.42  37.90
24 (HD 174652) 095 008 128 010 739.75  33.49
27 (CPD 20 5300 ) +062 008 +002 010 824.06  37.08
30 (CPD 20 7248 ) +148 008 +182 007 663.26  21.42
35 (CPD 20 7240 ) +158 008 +158 008 76249 27.50
61 (HD 174594) 168 008 182  0.09 692.57  27.72
63 (HD 174538) +051 008 +016 008 778.88 3051
69 (BD -20 5290) +083 008 +164 004 408.66  7.33
70 (GSC 06289 03051) +223 008 +079 009 1133.66  47.94
72 (GSC 06289 03067) - +078  0.09 92098 3876
74 (HD 174402) +168 002 26372 315
75 (CPD 20 7218) - +431 001 209.78 157
76 (HD 174307) +022 008 038 0.05 760.17 2017

and a de cit of titanium.

69 (BD 205290 A MS A-star with a unique
substantial CNO de cit, a de cit of Mg, Al, Si, Ca,
Sc, Ti, a solar-like Fe, and an overabundance of r- and
s-process elements.

21 (CPD 20 7255 An early K-giant, whith an upper
estimate of lithium content log A(Li) <0.4 dex. It has

o for the phase 0.624 according to Usenko et al. (2013)

a decit of carbon, a small de cit of nitrogen and a
close to solar abundance of oxygen and sodium. The
rest of the elements show close to solar abundances
except for a small overabundance of some s-process
elements, an evident overabundance of K and Mn, and
a small de cit of Rb.

72 (GSC 06289 03067) A colder K-giant has close to
solar C and O abundances, a small overabundance
of sodium and aluminum, the rest of the elements
have a close to solar abundances, except for small
overabundances of Si, S, Mn, and Eu.

74 (HD 174402) K-giant, that has solar abundances
of C, O, and Na. The rest of the elements have
abundances close to solar one, except for small over-
abundances of S, Sc, Sm, and Eu.

75 (CPD 20 7218 This F-type MS star is a lithium-
rich object (see Fig. 3) with log A(Li) = 2.95. CNO
and Na abundances are close to solar, but some
elements, such as K, V, Zr, Pr, Sm, Eu and Gd,
demonstrate evident overabundances.
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Table 4: Chemical abundances for Collinder 394 objects. Part 1.

BB Sgr 76 (HD 174307) 69 (BD 20 5290 )

Element [EVH] NL UAL13 LKAO6 [EVH] NL [EVH] NL
Cc1 0.22 0.21 13 0.21 0.06 1.18 0.13 9
cu 0.07 0.13 4

N | 0.46 0.24 4 - - 0.05 0.14 9 -1.45 0.18 6
O 1 0.03 0.02 2 0.02 0.13 0.07 0.08 7 0.92 0.12 3
Ne | 0.23 0.12 5

Na | 0.26 0.10 2 0.04 0.04 2 0.02 0.19 3
Mg | 0.01 0.00 1 0.26 0.02 0.12 3 0.51 0.04 2
Mg Il 0.05 0.15 7

Al | 0.25 0.12 5 0.45 0.15 0.24 0.15 5
Al 1l 0.07 0.14 5

Si | 0.17 0.11 16 0.25 0.14 0.24 0.18 14
Si 0.18 0.33 2 0.21 0.02 0.15 15 0.18 0.21 2
S| 0.12 0.21 2 0.05 0.17 0.13 0.21 3
S 0.25 0.17 15

K1 0.04 0.00 1
Ar | 0.33 0.03 3

Ca | 0.02 0.11 3 0.06 0.12 0.16 - 1 0.67 0.08 5
Ca Il 0.02 0.33 2

Sc |l 0.07 0.18 2 0.16 0.08 0.17 0.21 3 0.62 0.29 3
T 0.02 0.12 26 0.03 0.22 0.76 0.56 9
Ti N 0.05 0.15 4 0.14 0.54 0.13 10 0.52 0.12 3
\| 0.28 0.03 6 0.14 0.10 0.91 0.05 2
\All 0.26 0.02 2 0.09 0.13 0.00 1 0.10 0.00 1
Cr | 0.12 0.14 16 0.12 0.09 0.21 0.19 7
Cr 1l 0.23 0.14 6 0.08 0.11 0.06 13 0.04 0.16 5
Mn | 0.00 0.06 5 0.06 0.24 0.17 4
Mn I 0.24 0.03 4

Fe | 0.06 0.09 185 0.07 0.08 0.02 0.11 10 0.02 0.08 117
Fe 1l 0.05 0.07 10 0.07 0.08 0.02 0.12 120 0.00 0.10 26
Co | 0.10 0.10 7 0.06 0.15 0.87 0.08 2
Ni | 0.08 0.10 43 0.11 0.00 0.17 0.09 25
Ni 1l 0.01 0.15 3

Cu | 0.08 0.37 5 0.15 0.21 0.30 0.26 4
Zn | 0.72 0.11 3
Rb | 0.13 0.00 1 1.21 0.00 1
Sr i 0.10 0.37 2

Y 0.09 0.08 5 0.04 0.53 0.10 4
Zr 1 0.04 0.14 2 0.20 - 0.47 0.18 2
La 1l 0.05 0.14 4 0.06 0.22 0.55 0.04 2
Ce Il 0.11 0.09 7 0.09 0.09 0.66 0.12 6
Pr 0.22 0.20 5 0.37 - 0.72 0.28 2
Nd 11 0.05 0.10 6 0.15 0.03 0.66 0.19 6
Sm 1l 0.12 0.09 4 0.12 - 0.62 0.03 3
Eu 1l 0.09 0.08 3 0.18 0.04 1.44 0.93 3
Gd 1l 0.30 0.00 1 - - - - -
4. Summary 6. Star No. 76 located in the middle of clusters' MS,

star No. 61 is located near the turn-o" point,

. According to the derived RV, color-indices, and
parallaxes/distances only 13 of the 20 objects,
which we have investigated, are con dently mem-
bers of Collinder 394.

. An overwhelming majority of the con dent clus-

ter members have high rotational velocity projec-
tions, except for star No. 76 (HD 174307) and the
Cepheid BB Sgr. Five foreground objects, three
K-giants and two MS stars, have lowv sinivalues.

. We have revised color-excesses and reddenings for
the objects that allowed us to re ne their intrinsic
colors, especially for the hot stars.

. Atmospheric parameters of the hot stars were de-
termined by tting method, while parameters of
the Cepheid, giants, and MS stars were deter-
mined exclusively by the method of atmosphere
models.

. The distances of the most cluster stars deter-

mined from the GAIA DR2 2018 parallaxes lie in Castelli F. & Kurucz R.L.:

a range of 633 740 pc that roughly corresponds

7.

8.

9.

and HD 174403 is located at the horizontal branch.

The abundances of carbon, nitrogen, oxygen, and
sodium in the hot star No. 76 turned out to be
close to the solar ones, while there is a de cit
of C and an overabundance of N and Na with a
solar-like O abundance for the cool variable super-
giant BB Sgr. This fact indicates that the Cepheid
have already passed through the " rst dredge-up"
stage.

The foreground A-type MS star No. 69 has an
anomalous substantial de cit of CNO elements
with a de cit of some - and an overabundance
of r- and s-process elements.

The foreground object an F7-8 MS star No. 75 is
a lithium-rich object.
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Table 5: Chemical abundances for Collinder 394 objects. Part 2.
21 (CPD 20 7255 ) 72 (GSC 06289-03067) 74 (HD 174402) 75 (CPD 20 7218)
Element [EVH] NL [EVH] NL [EVH] NL [EVH] NL
[Sl] 0.28 0.01 3 0.10 0.18 4 0.02 0.05 2 0.15 0.10 3
N | 0.13 0.00 1 - - - - - - 0.02 0.12 2
o1 0.07 0.20 3 0.07 0.13 3 0.03 0.00 2 0.02 0.01 2
Na | 0.05 0.13 2 0.23 0.03 2 0.12 0.15 3 0.09 0.08 2
Mg | 0.09 0.15 2 0.05 0.00 1 0.14 0.09 2 0.05 0.00 1
Al 1 0.06 0.08 5 0.31 0.12 6 0.16 0.11 6 0.01 0.08 5
Si | 0.13 0.10 15 0.28 0.10 14 0.24 0.09 10 0.02 0.13 12
Si Il 0.41 0.09 2 - - - - - - 0.25 0.06 2
S 0.09 0.06 2 0.26 0.00 1 0.46 0.00 1 0.16 0.10 2
K1 0.21 0.00 1 0.11 0.00 1 0.10 0.09 2 0.47 0.00 1
Ca | 0.01 0.14 8 0.13 0.14 6 0.09 0.07 7 0.01 0.18 5
Sc |l 0.10 0.08 5 0.12 0.08 5 0.47 0.08 5 0.89 0.00 1
Tl 0.04 0.21 23 0.21 0.24 25 0.07 0.33 23 0.01 0.11 4
TN 0.19 0.17 5 0.18 0.30 5 0.22 0.21 2 0.25 0.06 3
\| 0.04 0.15 6 0.07 0.17 5 0.16 0.05 3 0.52 0.00 1
\All 0.07 0.11 3 0.27 0.13 4 0.31 0.10 3 0.47 0.00 1
Cr | 0.15 0.08 17 0.11 0.09 16 0.20 0.09 18 0.12 0.21 8
Cr 1l 0.05 0.05 6 - - - - - - 0.18 0.19 5
Mn | 0.49 0.10 5 0.66 0.23 3 0.24 0.12 2 0.10 0.13 6
Fe | 0.12 0.12 232 0.16 0.14 212 0.12 0.12 190 0.06 0.15 172
Fe 1l 0.10 0.10 25 0.17 0.12 15 0.11 0.09 2 0.07 0.14 13
Co | 0.02 0.06 6 0.35 0.15 8 0.24 0.19 5 0.20 0.06 2
Ni | 0.03 0.06 43 0.18 0.12 47 0.13 0.10 43 0.05 0.17 31
Cu | - - - - - - - - - 0.04 0.37 5
Zn | - - - - - - - - - 0.01 0.07 3
Rb | 0.30 0.00 1 0.10 0.00 - 0.01 0.00 1 - -
Y Il 0.00 0.20 3 0.03 0.21 3 0.02 0.21 3 0.10 0.12 3
Zr 0.05 0.07 2 0.01 0.02 2 0.26 0.20 3 0.51 0.00 1
La 1l 0.10 0.05 4 0.22 0.19 6 0.20 0.14 4 0.05 0.00 1
Ce 1l 0.09 0.09 3 0.01 0.07 3 0.09 0.11 7 0.20 0.35 2
Prl 0.01 0.19 4 0.04 0.20 4 0.10 0.24 4 1.03 0.00 1
Nd 11 0.29 0.07 6 0.09 0.14 5 0.30 0.18 5 0.24 0.00 1
Sm 1l 0.16 0.06 3 0.19 0.13 3 0.44 0.11 4 1.67 0.00 1
Eu 1l 0.32 0.09 3 0.41 0.04 2 0.58 0.10 3 0.70 0.00 1
Gd Il 0.13 0.00 1 - - - 0.26 0.00 1 2.44 0.00 1
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Figure 2: Variable-extinction diagram for con dent
Collinder 394 members.
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ABSTRACT. Inthis paper, we studied the iropre- mXxIviayfbjZggydhglbgmmmfih\blanjpdhg
hensible fading of a contimm of noise storms and type IV !/bgmZevigieo kd¥\Ibim "+ZiZa260 F=p
continual bursts in the decameter range, cadimg in time  |hdZaZgh aZ\fbjZgdlyglbgmmiffh\b [m,j
with coronal mass ejections (CMEs) for solar proton event§ \yaZ @D <F \+"jeagyxlvkly gkb\g=K|k
(SFE). A comparative analysis showed that about 60% o € *klx¥fbjfgyZlZdhrbjbghxfm]hZ\fb
the CMEs are accompanied by the fading of the pontn 1 Z99ydZklhxgZyde-kihkl_je]ZH¥HkbfZevgZ
of noise storms and type IV contimlbursts in the range of Jeb[b@Z\fbjZgigevr Ih]Jh " _1Zevges "hkee"" ¢
25-30 MHz. It is shown that the ding of the continuum of ihdZab sh gZ le« aZ]Zevgh]h kiZdm ihlhdn
a noise storm associated with a CME is distinguished byhfegx\Zggy a[_j+]Z}Ivky IlhgdZ IpiZgZkh\Z ¥
the intensity and duration ofdimg, as well as the width of 9Z kmke"gkll iz P_ fh'_ \dZam\Zlb gZ I_ =
the fading bad and the fquency at which the maximum iihfegx\Zggy _djZgm}ivky ah\dxrgyh€ hle:
fading depth is observed. Moreoveetalled studies have reyom ihrbj_ggy \bijhfegx\Zggy P_ fh _ [m
shown that, against the background of a general decline@8 " 9Z < scevgZ ofZjZ kZfh]h D<gg¥[h " ih]e
the radiation flux, a fine temporal structure at adjacent freahghkn_j¢ IhjebgZggy gZ gbavdbo gqZklhlZc
guencies remains. This may indicatat the radiation is A_fee peedhf th ébd yd j_gl]_ge\kvd_ -
shielded by amxernal region in the path of radiation prop!iZne<he_Ih\_ \bijhfegx\Zggy kiZeZom fh"_
agation. It can be a cold and dense cloud of the CME itséiZ |b “h”*Zldh\m dhjhldhqgZkgmatimga aidyfex M
or absorption in the ionosphere. Absorption at low frequehmeb ijh\_"_ge "hke+""_gghjzad gyadmg b’ \f
cies in the Earth's iosphere is quite possible, sinte x gdmmfm rmfhibo [mj a j_gl]_ge\kvdbfb ki
ray and ultraviolet rdiation of the flae can cause addi- |hj*\gyevgbc ZipdZ&a sh «kgm} "hkbtv kbevg
tional shortterm ionization. In this regard, studies havet\ yahd «gl_]jZevgh]h dhidhgim€ djbnZehkle.
been condued on the relationship of the fading of the coni_91]_ge\kvdbo kiZeZgZ\evegbsfglihlhdhf -
tinuum of noise storms with-ray flares. A comparative _N_dIbxghib\Ze<klx agpy dhglbgmmfm rmfh

analysis showed théhere is a fairly strong relationship be-\P0o [mj \e~ih\e~gh Ijbghfm a\ yahd fe" _
tween the integidflux and the effective duration ofray 9bfb “ebl_evghklyflsljh6b dh_ne+pe}gl dhj_
flares with the integidlux and the effective duration oftheeypP*€ fe° “hke""m\ZigpfhZfb § LZdh

decrease in the continuum of noise storms, respectivelymeh ihdZazgh #&4Zkigphtdimevkges aZ\fbjZgc
Moreover, the relationship betweéhe effective durations 1h\ yaZge a <fimevkgbfb j_gl]_ge\kvdbfb kiZz
is slightly higher, where the correlation coefficieatteen !ib\Zee a ihkImih\bfb Ijb\Zebfb j_gl]_g-\k
the stidied valuesL V § W ZDV DOVR \KKReZ® Af K D Wh ¥kFediwsh shjebgZggy fh'_
termimpulsefading is associated witmpulsex-ray flaes, \*"[m\ZIbky <« XZh}e<DkF |hfm [me "hke<e""_
and longterm with gradual longerm xray flaes. It was a\ yahd fe" ilfZZb_ agb" _ggy dhglbiggmmfm r
noted above that absorption can also occur in the body\dt0 [mj gZ "Zgec qZklhle « r\brdeklx D<F |
the CME itself, therefore, the relatiship ktween the pa- 9bc ZgZeZaZihdh <kgm} ~hkbbda\ kadnwdg
rameters for lowering the continuum of noise storms atfa~ fZdkb¥glex ]Jeb[bghx jaZt\dp « r\b”deklx
given frequency and the speed of the CME was ivesP <F "_ dh_nepe}gl dhj_eype<€ fe* "hkee""m!
gated. A comparative analysis showed that there is a faigyp dbgZfb §

strong relationship between the maximum fading depth aRgywords: speedbf the CME, fading continuumof noise

the CME peed, where the correlation caefént etween storms integral flux.

the studied values V §

:GHL:P1WI~r"Zgejh[hl4hkes~ ggajhamfeaeIntroduction
azZ\fbjZzgdylbgmmmifm\bjanjrdhglbgmZevgbo
kie _kds\Ibim A~ _dzf_ Ijh\th&ZizZalygla[+]z Theinterestincoronal mass ejections is due to their high

xlvkygZldhjhgzZevgbtib”ZfbkpD < [ ~ e y geoeffetiveness.
khgygqgbbjhlhggbbh~sc(KIl). Ihje\gyevgh Broadband studies in the radio range showed that most of

ZgZetddZazZsh [ebav®b% D<F kmijh\h~he CME formation events are accompanied by sjophe-
nomena in the radio range (about 80% of the total number of
cases). In 50% of cases, the phenomena in the radio band
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precedinglie registration of th€EME are broadband. At the
same time, it was shown that CMESs that are not accompar
by broadband phenomena in the radio rangeepaetions
ZLWK D VPDOO DQJXODU ZdeGtidhkre-
locity of not more than 700m/s

A generalization of the observational data in the rad
range indicates that at the stage of CME formation in the n
ter-decameter bands, an increase in the continuum of nc
storms with characteristic quasiperiodic oscillations is ol
served until thenoise storms completely fade before th
CME exit (Durasova et al., 1999, 2002). In the oeater
decimeter ranges, at the stage of the CME&tion, an in-
crease in the microwave radiation intensity is observed,
well as powerful bursts of the GRF typéth characteristic
temporal fluctuations in theuk intensity with periods 20
minutes, and shogeriod fluctuations in the dk intensity
are observed immediately before the CME output, fet3.0
minutes with periods ranging from22 seconds (Grecbx,
2003; Fridmar& Sheiner, 2008).

It should also be noted that there is a strong connecti Figure1: Examples of fading of a continuum of noise
betweenCMEs and broadband contialtype IV bursts. It <5rms and contiral bursts associated with a CME
was shown in (Isaev& Tsap, 2017) that there is a strong

relationship between the CME velocity and thtegraflux

of microwave bursts ¢bursts) for proton events. Moreo-
ver, the relationship between the speed of the CME and t
integral flux of type IV contirual bursts largely depends on
the frequency of the contialradio burst. With a decrease
in the frequency of radio emission ofrtmual bursts, the
relationship between the CME velocity and the integr fl
of continwal bursts sharply decreases and is practically al
sent already in the metdecameter wavelength ranges.

2. Initial data and research results Figure2: The relationship between the parameters

of the fading continuum of noise storms and the pa-

The studied sample contains 112 solar proton ever
rameters ofx-rav bursts.

(SPE) for the period from 24.1-2000 to 2307-2016years

accompanied by CME. Of 11€ME HYH QW V §

were accompanied by the fading of a continuum of noispectumfrom Solar Radio Spectrograph. The effect of fading
storms and type IV contimibursts in the decameter rang@oise storms is shown by black arrows. Above the figures, the
at frequencies of 230 MHz. date, time of registtn and speed of tHeME are indicated.

For analysis, we used original recordingshefdynamic It was noted above that for most events, the effect of fading
spectumsin the range of 2880 MHz with Solar Radio noise storms is observed in a narrow frequency bafrdm
Spectrograph (SRhttp://www.ngdc.noaa.gov/stp/ spacel25 kHz to 2 MHz. Havever, for some events, fading can be
weather/soladata/solafeatures/solaradio/rstaspectral,  observed in the band 6D MHz, for example, as for the event
CME data (SOHO/LASCO CME CATALOG), list of proton04-11-2003(see Figre 1 b).
events(ftp://ftp.swpc.noaa.gov/pub/indices/ SPE.txt), origi- It is interesting that, against the background of a general
nal recordings of the-ray radiation of the Sun in the rangelecrease in theuk, the fine terporal structure is pserved
ofl- ¢ DQG WKH LQWH Q VL With & lendréyH (itScirRoe/ §2€n fronX § comparison with the fine temporal
of E, >1-100 MeV according to GOEShttps://sat- structure at neighboring frequencies inligl). This may
dat.ngdc.noaa.gov/sem/goes/data/ new_avg/). indicate that the radiation is shielded by ateenal region

A comparative analysis showed that fagliof noise in the path of radiation propagation. It candeold and
storms is characterized by the frequency band width dense cloud of the CME itself or absorption in the iono-
maximum intensity (deptb¥max durationd and frequency VSKHUH $EVRUSWLRQ DW ORZ IUHTXHQ
fmax @t which the maximum fading depth is observed. Fephere is quite possible, since theay and ultraviolet ra-
most events, fading noise storms are observed in a nardiation of flares can cause additional skterm ionization.
frequency band” | from 125 kHz to 2 MHz. For most In connectbn with these, studies were conducted of the re-
events, the maximum intensity (depth) of fadigxis ob- lationship between the parameters of fading noise storms at
served in the frequency regi@nx 8 0 +In Figures 1 a frequency of 26.875 MHz and the parameters-cdyx
a) and b) show examples of the attenuation tbfe contin- bursts in the range of ¢
uum of nase storms and type IV contiakbursts at fixed fre- A comparative analysis that there is a fairly strong-rel
guenciestaken from the original recordings dhedynamic tionship between the integral flux of lowering the comtim

of noise stormsce ) &hMthe integileflux of x-ray burstscs.)



Odessa Astronomical Publications,vol. 32 (2019) 99

raydt (See Figire 2 a), as well as between the effective durdhere is a fairly strong relationship between the fading depth
tion of the decrease in the continuum of noise stormbnoise storms and the proton flux intensgwith anen-

@) GiWahd the effective duration of-ray bursts cg) ergy ofE,> 30 MeV(see Figire3 c).

raydt/Fmaxxray (S€€ Figire2 b). Mareover, the relationship be-

tween ce ) Giand Fy.raydt/Fnaxxray is much higher, where 3. Discussion of the results

the correlation coefficient between the studied valuésV §

0.71. Additional studies have shown that there is a definitelt is known that for thermal braking radiatiom the
relationship between the duration of faglinoise stormsl CME body or in the ionosphere, the decrease in intensity
and the duration of-ray burstsand continal microwave should be bradband toward low frequencies. And in this
bursts It was also shown that shaégrmimpulsefading is case, for most events, the decline in intensity occurs in a
associated withmpulse x-ray flares and longterm with narrow band, decreasimgt only at higher frequencies, but

gradual longerm xray flares. also at lower frequencies. In this regard, this effect cannot
be associated with absorption in the CME body or in the
ionosphere.

A possible alternative explanation, according to V.F.
Melnikov, there may be the follwing effect. Usually,
shortterm decreases in the intensity of meter radiosemi
sion in type IV bursts are associated with a breakdown of
the cone instability, which is the cause of the comtico-
herent radiation. The failure is caused by the injectioa o
new portion of energetic electrons that fill the loss cone,
i.e., lead to a sharp decrease in the transversetrapugomf
the electrons trapped in the magnetic traph&es this ef-
fect works in this case. But here, too, there isrtageprob-
lem assciated with narrowband. Why is thelfag band so
narrow? Indeed, despite the fact that radio emission in type
IV bursts is coherent, i.e., locally narrdyand, a broadband
of meterdecameter radiation is gaa#ly observed. This is
due to the large exteand longitdinal heterogeneity of the
trap (magnetic loop). The way out of the contradiction can
be this: the instability breaks down only in a relatively
small quasihomogeneous part of the trap, while radiation
continues to be generated in other pafthe trap.

Acknowledgmentd he author thanks V.F. Melnikov
for discussion and assistance in interpreting the results.
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a definite relationship between the fading intensity of noise

stormsFmaxand the velocity of coronal shock wawésock

(see Figire3 b), where the correlation coefficiarttetween

the studied valued V § W VKRXOG DOVR EH QRWHG WKDW
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MULTI-FREQUENCY RADIO INTERFEROMETRY ALGORITHM

Orlov V. V., Lytvynenko OA., Galanin V.V.
URAN-4 Observatory of IRA NASU, Odessa, Ukrainean4@te.net.ua

ABSTRACT. This article is a continuation of the work gh]h i**Zxlvky fmevlbiebdZIb\ghc h[jh
pubished in (Orloy 2018). A method ofmulti-frequency \Z]lh\h]h ie*kmfh\m\Zgogdhan @iz fb
beamformingof a radio interferometer is proposed. The M jh[hle ijh\h~blvky fh”~_ex\Zggy kbk
model diagram is presented, which consists of two antenfi@ *ehegl_jn_jhf_IjZz gz hkgh\e fghlhqgzZk
arrays, filters, receivers and a signal summing cirdlie h[jh[db kblgzZe-\ Ahkee " mxlvky fh et
model works as follows. The sigals received by the fegefeaZpe€ jelgy [*gdboKlledKbdZgh sh
antennas pass through the nadmamd filters of the af_gr_ggy je\gy [*qgbo i_exklhd fh eb\h az
receiving devices, which are tuned to certain frequenciesharbj gy "~<ZiZahgm qgzZklhl Z[h aZzZklhk
after which they are subjected to multiplicative processing[jh[db kb]gZee\ \e~r A _deevdho deZkl_je\
and weightdsummation with their coefficients. j_relhd aZ jZomghd €0 i**“kmfh\m\Zggy

In this work, model the system of a radiosgl_jn_jhf_ljZ>ey \biz~dm l[jvho [Za
interferometer based on muftequency signal ¢gl _jn_jhf _|jZ sh kdez~Z}Ivky a h”gZdh\bo
processing, and study the possibilities of minimizing the _relhd jhajZoh\ZgzZ km&ZjpyvhfmK \biZ~dm
level of side lobes of thantenna patter(AP). It is shown ~hky]Z}Ivky agZqg_ agb’ _ggy [*qggbo i_exkl
that a decrease in the level of side lobes is possible due[teqgbo i _exklhd h"bghqgh€ Zgl _ghx |
the expansion of the frequency range or the application dh”~ZevrZ hilbfeaZpeyh > a”eckgx\Zlbky
signal processing from several clusters (antenna array$p [hjhf ~eZiZahge\egdZjilhjhfalje \Z]h\bo
due to their summation in the interferometer circeitr dh_nepe}gle\ ijb ie*kmfh\m\Zgge kb]JgZe-\
the case of three bases of the interferometer, consisting of AZihihghdBc f_Ih”~ “~hal\hey} Z~Zilm\ZIlb
the same antenna aws, the total AP is calculated. Inthisegl_jn_jhfdljaZz jZomghd IbfgZkh\h€ h[jh[c
case, a significant reduction of the side lobes to the levelZklhlgbo dZgddZjo kbldgzZklhl « \Z]lh\Zz
of the side lobes of a single antenna array is achievetigh]hgzZklhlgZjh[dZ kblgZe-\ aZ[_ai_qgm»
Further optimization of the radiation pattern can beagb™ _ggy je\gy [*gqgbo i_exklhd ie™\b.
carried out by choosing the frequency rangdgsthe jha”“eevgh€ a~Zlghkle esgkBgkihkgitZggy
interferometers and weights when summing the signals. aZijhihgh\Zgbo Ze]lhjblfe\ ~hal\heblv af_

The proposed method makes it possible to adapt then _dI kiemIm\Zggy \* J[ebavdh jhalZr
interferoméer AP due to time processing in frequencyjZ”~«h”~" | KB[qgbkex\Zevge fh eb\hkle \Z]h\
channelsThe choice of the frequency grid and weightedh[jh[db fh mlv [mlb j_ Zeeah\Zge \ | Zevgh
multi-frequency signal processimgovide a decrease in mjZom\Zgay_jlZggy A_fee kdZ@m\Zggy °
the level of side lobes and increase the resolution of ttemIh\h]hdhm\Zggy jZ~«h""_j e
instruments.The application of the proposed algorithms .
will reduce the confusion effect from closely spaced radicP exghie . : keh \.Z. Zgl_ggz j_rel d.z

. ) jZ™ehegl_jn_jhf_ljhilbfeaZpey NeZlizfz
sources. The computationalpossibilities of weigled Kii
; ) , ; L ijyfh\zZghkle
procesing are realized in real time, taking into account
the rotation of the Earthscanning the ARand angular

arrangement of radio sources. .
9 1. Introduction

Keywords: antenna array, multiplicative processing,

optimization, antenna pattern The development of the leftequency range in radio
astronomy is currently accompanied by a sharp increase in
AGHL:P1Y Py klzlly } i j h™Mphf\ ™ the gumber ohewradio telescopes with large antenna arrays

him[eedih€ElgihlbHjehhZ $@018). AZijh-ih (LOFAR, LWA, GURT, NenuFAR, ett. The purpose of
gh\zgh f_figR]gZzklihlgh]lh nhjfm\Zggy the&]glahges is improving the quality of resolution when
kijyfh\Zghkle C > jzZ”ehegl_jn_jhfeJdldating the parameters of space radio sources.
lj_~klz\e gz fz fh~_ees ydzZ kdez”Z}Ivkhe desire\fbrothe effective use of decametel lam-
Zgl_ggbo j_relhd neevlje\ ijbcfZevgleguepbk hiét€\ wavelength ranges in radio astronomy
ko _fb imfla\m\Zggy kb]JgZe-\ | j Z p ¥éadd o' the \need to improve hardware and algorithmic
gZklmigbf qgbghf ljbcgyle Zgl_gZiMeanKihégeZimprovements are necessary for: increasing
ijhoh”ylv g_j_a \mavdhkfm]h\e neevlijie sampfeZ sizg od the signal when evaluating the
ijbkljh€\ yde gZeZrlh\Zge gZ i_\g- pagakételdof del&stigl bodies, irasig noise immunity,
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as well as improving the quality of the antenna pattenmatched with the wavelengthQ main (first) carrier
(AP) with limited aperture sizes (Megnl1997 frequencyZ Z, speed of wave propatpn Vv,

Konovalenkg 2016). An effective way to increase the :
sample size of a signal is the property of the broadbanh flo K4/ JcosM xthe phase of spatial delay of

signal, due to whichthe accumulation of samples can béhe wave front arrival at the frequengg, M xthe angle
carried out at several frequenci@degn 200Q Shaw of the wave front arrival relative to the normalA® base
1965 Shepelev et al2017 Shepelev et al., 2019n this A +the initial phase. It is assumed thatfilters Ny,
case, it is necessary to take into account the depeed Ny, | 1.L, the amplitude, phase and mutual

of the shape of the Aén the carrier frequencyspecially f di . - d h f
the width of the main and side lobd$ie development of requency distortions are iglinated to the accuracy o
power leveling in frequency channels

digital technology for multfrequency sigal reception in
the range of 1200 MHz also creates the prerequisites foP®> R (U*U;), | L.,L, where < > are the
the application of optimal atgithms for the formation of averaging symbols of the process over time.
AP in real tme without changing the apertures of the In (Orlov, 2018), a method for optimizing the weight
antennas of the radio interferometer. processing of this model for radiometry is consideard

This article proposs algorithms for optimizing ABy it is shown that the level of side lobes can be reduced by
processing signals at several frequencié® system of a more than 15 dB with a slight expansion of the main lobe
radio interferometer is simulated on the basis of multof theantenna pattern
frequerty signal processingexplores the possibility of
minimizing the level of the side lobes of the AP. 3. Antenna pattern optimization of the multi-

frequency radio interferometer
2. The model of the studied system
The possibilities of lowering th level of the side

The system under study based on multiplicative signf@dbes of the AP are investigated. The frequency response
processindfig. 1) consists of ZantennaarraysAR, AR, is formed by summing the signals from the outputs of the
the signals from whose outputs pass through &, frequency channels of the interferometer in the frequency
separation range (narrow, compared with the previous
algorithm), with a deviation from the reference frequency
4 frequencies, then bjected to MP and weighted The frequency response is formed by summing the signals
from the outputs of the frequency channels of the
interferometer in the frequency separation range (narrow,

The model of a monochromatic point source of @,mnared with the previous algorithm), withdaviation

signal from the outputs of a pair of filters of thefrom the reference frequency 4 within (1 ... 1.5) Z.

| frequency channel of two omnidirectional antennas c.’:l_lr_‘;h ianals of adi idi el
berepresented as e output signals of adjacent equidistantlement

antennaarrays 1 and 2 at an arbitrary carrier frequency,
Uy(t) Uexp{i(Z(t t) M} taking into account (1), have therfn

Uexp{i(st M 1))}
Uy () Uexp{j(£(t t) M}

Np; narrowband filters| 1,...L of receivers tuned to

summation with coefficients, .

N
Uy Uep{i[Ft i D] M}

. (1) !
Uexp{i(t M 1)} v
wheretg #the delay time of arrival of the wave front along : Uexp{j(ft M ( DI} 2
the aperture of MPthe size of which d @2 8/ Zis i1
USNIWID exntjczt i (N D1 /2)
sin(l,/2) !
Usin(N I,/2) .
Uz () “sin(,/12) exp{j(4t M (N DI,/2)},
whereis I}, g, K4/ JsinM - the phase of the

spatial delay of the arrival of the wave front at a
frequency 4, M+is the angle of arrival of the wave
front relative to the normal to th&P, taking valuesn the

interval [ 92, §2]. Then the output signal after

summing the responses of the frequency channels is
determined

Uout Re{Ul,IU;,I}

) 2
SN2 - cog (N 1)

©)

Figure 1. Radiometry system with mulfrequency UZ%

processing 1L Gsin(l,12)
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Figure3: AP of the interferometer at the same frequency and

Figure 2: AP of the interferometer at one frequencydan when averaging in the frequency rangepanded scale

with averaging in the frequency range.

The output signal of equidista-element antenna
arrays1 and 2 g§paced a distance wich is M times more
than the size of each antenna ayratyan arbitrary carrier
frequency, taking into account (41§3), has the form

Uout Re{Ul.IU ;I}

L ; 2
U2 1 g BN/ o osimn 1)
1T esin(l 12) z

(4)

The formation of broadband APs carried out by
summing the signals from the outputs of the frequency

channels (4), i.e. averaging over a frequency range froII—J?gure 4: The total AP when summing the signals from

Z to Z with weighed constant G' [L1.0/L. e outputs of 3 interferometersxpanded scaje
Averaging & applied in the unifon grid of the frequency

range Z / Z=1,1, L =100. 4. Conclusion

In Fig. 2 shows the radiation pattern of a radio
interferometer consisting of two N 16 elementary
antenna arrays. The base between them is M = 100 ti
larger than th size of one antenna arréje dashed curve

The proposed approach extends the capabilities of

n{gg]io interferoretry in the formation of APdue to
porary processing in frequency channdlsie to

weighted processing, the resolution of interferometers is

represent narrowand AP at the same frequenpy, tha. increased, theonfusion effects reduced when receiving

curverepresent broadband AFrom the analysis of Fig. gjgnals from closely located radio sourcesgeneral, the

2 it follows that a decrease in the level of sidee®b npice of the frequency grid and weighted multi

(compared with narroeand AR is observedas they frequency signal prassing providea decrease in the

move away from the main lobét the same time, within |eve| of side lobes, increase the resolution, and also

0.1 of the width of the main lobe of the antenna arrayaducethe influence of interference.

(Fig. 3,expanded scaJethe side lobes practically do not  The computational capabilities of weighiprocessing

decrease- the first positive side lobe i0.6 from the are reaftime, taking into account the rotation of the Earth,

main A decrease irtheir level is possible due to thescanning thébeam and the angular arrangement of radio

expansion of the frequency range or the use of processsmurces< The computational capabilities of weighted

signals from several clusters (antenna arrays), f@rocessingmay be carry out at reéime, taking into

example, by summing these signals in an interferometeraccount the rotation of the Earth, beam scanaing the

For the case of three bases of interferometers wigingular arrangement of radio sources

sizes M1 = 100; M2 = 125; BI= 150 calculated the total

DN. The calculation was carried out in accordance with References

(4) and taking into account the same antenna arrays.  Konovalenko A. et al.: 201RadiophysRadioastron, 21, 2, 83.

Megn A.,ZBZa%%% S., et al.: 199Radio phys. radio

astron, 2, 4, .
Uot ) 1 O osin(l, 12) ; coslliMy (N D} - ©) Megn A, Braude S2000,Radio phys. radio astrorb, 1, 5.
kit ' Orlov V.V. etal.: 2018,0dessa AstrarPubl, 31, 137.
F|g 4 ShOWS a fragment Of the tota| AR ShOWS a Shepe|eWA etal.: 2017,Rad|0 phyS’.adIO astl’or], 22, 4, 247

decrease in the side lobes be tlevel of the side lobes of Sh%‘?gev | \I-/|GH et Fa:_.'ZOiQ, 6t£1 GGF?T/?/WDIntesrriaﬂogal 2 U
a single antenna array used in the interferomé&erther $VV(\?/ URS K(%V LEV QD QG +(3 DIWHU *DP
optimization of the radiation pattern is carried out by Summer School2 $V W U RaQdRoByond: Astrophysics,
choosing the frequency ranges of interferometers and Cosmology, Radioastronomy ar®V W U R E IARgDSR J\~
weighting factors when summing the signals. 2019, Odess#&rogram and Abstract33.

Shaw E., Davis D.: 19650reign Radio Electronic41, 103
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FREQUENCY DEPENDENCHEF THE IONOSPHERE
SCINTILLATION PARAMETERS ONTHE OBSERVATIONS OF
COSMIC RADIO SOURCERT THE DECAMETER WAVE RANGE

S. K.PanishkgO. A. Lytvynenko

Observatory URAM, Institute of RadidAstronomy NASU
Pushkinskayatr., 37, Odessa, 651,28kraine spanishko@ukr.net

ABSTRACT.When signal fronmadio source propagateshljbfZgbo <a gbo ki_dljZevpgbbey "' _dke\
through irregularity layer in the ionosphere it hasjZ”eh”" _j e Ki_dljZepgmep”lZdkb \bgbke_g-
fluctuations of the amplitude (stillations) which time ea <g”_dke\hljbfZgbo <+a ki_dlje\ ehghkn_j
spectrum hagowerform with index UL u It was shown nemdImZpesc ih azZibkzf KkjERIh] " jge
that such form of the time spectrum of amplitudéhje\gyggy pbo \_ebqgbg f¢° kh[hx ihdZaZeh
fluctuations caused kyyower formof the spatial spectrum ~ey jZ~eh"" _j_eZ K j_amevlzZIl kie\iz".
of electron concentratidonospherérregularity withindex i_j_~[Zq_gbf |_hje}x ydZz ~himkdz} h~*g

LL UEsie. LL v Based on theoreticgdreconditions jhakex\Zggy jZ~+ho\bev \ «hghkn_js 1h”e[ge
for such form of thespatial spectrumthe frequency [meb hljbfZge \ jZger_ ijh\_" gglyo *gkiee”  _
dependence of scintillation indew (scintillation intensity Z\lhje\ ¢ ihlj_[mxlv shgZcf_gr_ ijbcfZlb ~h m\
characteristic was obtained in form power function: 8 nzZdlhjb \ieb\m yd ]_hf_ljey _n_dIm f_j_
B4 JL:LEt;oy thus JL sa Similar frequency [Z]ZlhjZah\_ jhakex\Zggy jZ**ho\bev
dependence of the scintillation index was observed . AehAS . o
experimentdly for case of weak scintillationd ( O r &. In f IJD eoxlq. g \g y k,? h(;ng I?h \ b_<J:_ € Q «7Ziz ;P?g:] k nj—J,g.
this work the frequency dependence of scintillatima—Z KIhi 9z aze ‘_g klv
parameters was analyzed d¢ong-term observationsof -
power cosmic radio sources adio telescope URAM at
20 and 29VIHz. The results were compared with results of
ealier carried out investigations.

1. Introduction

When signal from cosmic radio source propagateken t
Key words: radio sources ionosphere scintillations inhomogeneous ionosphere it has fluctuations of intensity or

decameter rangéequencydependence scintillations. Scintillation effect an be characterized by
scintillation index andtime spectrum of fluctuations.
:GHL:P1Y Ijb ijhoh”~"_gge kb]gzeSsintllation index dénes as(Liu et al, 1989: | L

jZ~reh"~" _j_eZ q_j_a g_h~ghjergbc r24:+P P AJtoR_\here + xintensiy of the received
\bgbdzxlv  Zfiee«Im~ge nemdImZp e &adioj &drtdh kadlbZaeidtsare the timeaveraging Time
f_j_oleggy qZkh\lydkka fd&} kl_i_g_\mspelifim ofthe intensity fluctuations has power shape with
*g"_dkkf3 ;meh ihdZazZgh sh 1ZdZ nhdigonertlb \Jaht caused bhe powerform of the spaal
ki_dljm ZfieeIm~"gbo nemdImZpesc \bipdctein of the dAddphere plasma irregularits,: G R
ijhkihjhihlh “ki_dljm +hghkn_jgbo g ) @hivald Adftberith index(veh, 1982
_e _dljhggh€ dhgp_gljZp<€ .+, 10f| lmkh.hf .
<boh~yqgb <a |_hj_Ibqgbo ijbims_gv ~ey 1zdh€ ntijfg/ES @)
ijhklhjh\h]h ki_dljm [meZ hljbfZgZ qzk|Printllatigns onge redium irregularities caariginate
g _dkm f_jmleg¥jzdl_jbklbdZ .g|_gnkd‘§erghekqonditionsofstrongandweakwavescattering
f j _olegv \ nhjfe kl_i_g_\h€ RmMgdpragke 1987. If 1 Ns then scintillations are strong,
n=(@E+2)/4 |h[ltEl5 Ih~e[gZ qZklhlgZ-apsaturated and if I ' s (usually | Ordy then
egh _dkm f_j olegv _dki_jbf_glZevgh s&ntillations jare weakl hg single scattering of the radio
\biZz~dm keZ[dbo f(nOd.gy pec ijz@gnal occurs at weak scintillatioasd radio signal suffers
ijhZzgZe+sah\ZgZ qzZklhlgZ aZe " geklv imyltiple|geattering inla gase of the saturated scintillations.
ih ~h\Thljb\Zebf kihkl_j_"_ggyf ihim" gkata tterretpjanccomplicatdy absencef the analytic
jZhehn j e & & & g Z&lecisions for strong scintillations, tapproximate methods
jZ"shl_e_kdhis M2:GZklhlZo . F = parguse in fiis case.

jed 1g”_dk gZklhlgh€ aZe_"ghkl- [lanosphgiekssintllpiéonssere observed in the range
egM_dke\ f_j_olegv hljbfZgbo gz ~\ho fgmk1A|Mbz s Jo\R-Glz (Wu, 1983. For weak
jZzrsh~' _j e ogfy_dR ihklscgbf Z aZzescitfilkationsithe frequency dependence was obtained as
\_ebgbgb +g”_dkm f_j gdegah\Zjhz k(Lju etgal., 1985 | R B’2 Thus scintillation effect is
agZq_ggy <+g”_dke\ qZklhlgh€ aZze mogehsigwficanzaswaxe lehgth of radio signal is larger.
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N n(25/20 MH2) sources. The negative part is remarkable in all pictures that
12f aciaa ol }\\‘\ mean the larger values of scintillation index at the higher
81 H ﬂmﬂ I frequency. Similar resultwas obtained in the work

: (Rashkovsky, 2004on the observations of the ionosphere
scintillations of radio source 3C405 at the decameter radio
wave range and this do not agree with theoretical concepts.
sczra 2p \\\’\q The dependence of spectral inddxfrom scintillation

or T index | at frequency 25 MHz is shown on thig. 1b. Data

0.1 02 03 04 0& for plots was btained by meaning of indeXon scintillation

index intervals with step 0.1 in limits from 0.01 up to 0.50
| (weak scintillations). The dependence trend is emphasized

4-3-2-1012 3 456 0 0.1 02 03 04 05

e
oL
o

32-1012 3 4

oo by polynomial of the third ordeFrom graphg/ou can see
0 01 02 03 04 ot thatthe values of the spectral index do statyconstant and
a0l scasy T depend from scintillation index thapincide thecase othe
— e multiple radio wave scatterin(yeh et al, 198p Also you
201 | |||”||||||“ ol can note that dependence for radio sources 3C405 and 3C461
O 01234 0 0102 03 040 ismore sloping thn for3C144 and 3C27Most likely that
n m (25 MHz) connected with the high on which radio source observed
a b because the first sources located higher than the second and

respectively the conditions tdfescintillationoccurrencere
different(Panishko et al., 209
The mean values of the scintillation index and spectral
indexare presenteith the Table 1Y ou can note that values
of the index J and also Lare consistant with theoretical
values for case of the single radio wave scattesirly for
Frequency dependence cannot be determinate in the cas¥C#05 that was showed by results of the work
saturated scintillationsTheoretical calculations associatéRashkovsky 2004) These values are remarkably larger
spectral indexJ with the sp#ial spectrum exponentLas for 3C144 and 3C461 and smaller for 3C274 than predicted
(Liu et al., 1988: by thetheory.Estimations of the indiceksand Lgobtained
JLLEt: v ) from the radio source records haess discrepancy with
' theoretical data howeveBC274 also have the smaller
values of the spectral index.

Figure 1. Behavior of the pectra index: a =
histogramsp +dependences dhe scintillation index
(25MHz), solidline +approximation byolynomal of
the third order

In such case for power form of the sphspectrumJ N

s&v In the present work the analysi$ the ionosphere
scintillation spectral inites calculated from scintillation
indicesobtainedfrom observations of power radio sour Table 1. Mearvaluesof the scintillation parameters
at frequencies 20 and 25 Mhka&as carried out

Source mMm M n_ pP1 P p

2. Observation data 3Kl44 0.29 042 18 3.7 34 54
3KR74 0.19 0.25 1.2 31 34 28
lonosphere scintillation parameters were obtained fromK 020 0.28 1.6 46 46 43

observations of power cosmic radio soure8€144, 3C274, K 018 0.28 19 40 41 54
3C405, 3C461Ivhich were carried out on the radio telescope
URAN-4 during 1998007 at 20 and 25 MHzObservation 4. Conclusions
method and processing teolue were consided in the
works(Derevyagiret al., 2005; Panishkeet al., 2013 From the observations ofth power radio sources on
Index U can bedetermined on the slant part of the tim®&T URAN-4 at 20 and 25 MHihe values of the spectral
power spectrumeceived from observationdex Jcan be index were obtained during 192®07. Frequency
derived ontheindex Ufrom equation 1) and alsdndex J dependencaliffers for each sourcéhat means different
can be obtained frorthe scintillation indexmeasured at conditions of scintillation occurrenceterpretation of this
two frequencies (equatio)) as(Yeh et al., 198p data requires thattraction of many factomshichinfluence
. . 5 o, ‘BT o ) on the results including multiple radio wave scattering and
JBOR; L FZ %5 B0l B PZ B R (3) geometry of the scintillation effect.

where BLtw/*V, BLtr/*V, |Igand |¢ %

P . ; References
scintillationindices on the corresponding frequencies. i . %A
Thus number of 3529 values of the spectral ingas Degr)ivzggim V. G. etal.: 2008stron.&Astrophys. Trans.

obtainedwith using observation records of good qualit
(without radio interferencegnd analysis of this data will
be considered in the next section.

¥ranke F. J.: 198'Radio Sci.22, 643.

Liu C. H. et al.:1986Radio Sci.24,363.

Panishko S.D et al.: 2019, Radiofizikai Radioastre
nomia, 24, 44(in Russian)

Rashkovsky S. L.: 2004, 12¥UZov. Radiofizika47, 705

(in Russian)

u D. M.: 1983 Radio Sci.18, 589.

Yeh K. C. et al.: 1982Rroc. IEEE 70, 324.

3. Results and theirdiscussion

Histograms of the spectral indices calculated frow
equation (3) are presented on thg. la for 4th radio
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JOVIAN DECAMETER RADIO EMISSION:
TO THE QUESTION ON THE SIZE OF SOURCES

N.O. Tsvyk

Institute of Radio Astronomy of NASU,
Kharkiv, Ukraine, natalitsv69@gmail.com

ABSTRACT. There are debated the questions on of the Jupiter magnetosphere. The thin transverse
size and properties of sources of Jupiter DAM radio structure of the S-sources can be explained by the
emission (JRE). The evolution and the parameters of mechanism of plasmas uctuations with periods of
the sources in the DAM lo-B-storm of October 30, = e = 10 ms, and with the peculiarities of the
2008, consisting of a large number of S-bursts, andbunches of plasma clots that lead to electron leakage
interspersed with L-bursts and N-bursts, are analyzed and to the emission of plasma plaits. The observed
in detail. It is shown that S-bursts in this storm deceleration of the MHD wave velocities can be
are most likely to occur in the northern hemisphere explained by the inuence of the lo Jupiter ow
of Jupiter at heights (00.2) R; and at longitudes tube.

ms = (195220)° (when Jupiter is deployed to the Keywords : Jupiter, DAM radio emission, MHD

observer CML = j;; = 130160°). The onset of the \yaves, source sizes.

lo-B-storm is associated with sources at high altitudes, . . . . o e .

and over time the sources drop down to Jupiter (as _ AlIOAOIB. —~ Bicaéyiooi  ieoaily — idi
the observed S-burst frequencies increase with time). 01Gii0€ i aganoeaifioi &eeadaé &acaiacdiatal

The possibility of the appearance of L- and N-bursts 6e}a|Tée|E§TAu||ciéa|A|¥ p_'_"!c\’ééé{ (ADD)A Aaoaeuﬁ .
on the background of S-bursts is discussed. L-bursts0laiaéiciaaii aaiepdip i aecia-aii iadaiaode
can arise from the southern hemisphere of Jupiter, at 42d0aé & I-A-a6di aia 30 eefaoiy 2008 d., ui

ARNA 1Q ~ArA

a height of 0.2R;. And N-bursts can most likely be feeadatouny ¢ aaeeéial +efea S-fiieanéia, |

O~ A

. . ©9NOIS L Aqa s RTARRANIA i s AT A
located in the northern hemlsphere at s = 66° ladaiasea ouny ¢ L-niéanéaie i N-Aiéanéaie.

at a height of 0.2R;. Using the spectral data on the .[T‘??Qaifa\,PE‘Sj'j"'éEilﬁ?‘\fﬁ,_ oie aodi, pacasd ca
JRE from 30.10.08, the sizes (thickness and length) 81, aeieéapol & iiaii+iié iiaeogi piicada ia

of lament-like sources of JRE - electron beams were a€f110ad (00.2)R; i ia diaaioad s = (195
determined, and the parameters of the MHD (Alfven) 220) (€iée Piidad iiaadicoee at fiiinoadiaa+a
waves that activating the JRE bursts. It is shown CEML = = 130160°). li=aoié [i-A-a0di

that the L-radiation sources most likely appear to 1a¥caieé ¢ azadaeaie ia aaeeeed aefiload, i
be thin laments elongated to magnetic eld lines, ¢ Tafill deddaéa fidheapoufy aiec ai Piiddda

with a thickness of more then 10 km, and up to (i8eofio, Ui fiiioadasedaaii ~anoioe S-inicanéia ¢

2000 km in length. And the sources of S-radiation *fill TiaaéuGpoufiy). laaiaidptoufly iieeéeainot
look like links with lament-like emissions less than 1 Yae L- I N-fii€aféia ia ofii S-niéanéia. Oae,
km thick (10 100 strands in a bundle) and up to 300 L-filéafée iieebol acoe iayecaii ¢ aeeddacaie ¢
km in length ying at a speed of (0.050.1) ¢ away 'laaailli lia€6ei Piioada, ia aefiiol (00.2) R, . l6é
from Jupiter . The observed A-wave velocities are OUllo, N-fii€anee, gaeaga ca ana, lieedol aeieéaou
2 3 times slower than the A-wave velocity predicted @& liaii+iié iiaé6éifa s = 66° i ia aefiioi 0.2R;.
theoretically (about 0.001 c, in light velocity units). A€idefioiacp+e fiaéodaéuii aaii i APP aia
Frequency (0.2 1 MHz) and temporal (up to 1 min) ,3\0;10'08.',,989%%” °6|<;||_§-3e (o!augla . s}la?eg!a)

di raction modulation of “lanes" con rms the size of ~1€0€i-llaiaied awadaé ADP-i6-éia aeaeodiiia,

the S-sources less than 200 km. Conclusions are madé [20aiaode I1AA (aéuaaiiaiueed) Gaeed, oes, U

about the theoretical prerequisites for the appearance 2€0€a0pou fiiéaniee AbP. lieacail, ui deeadaéa

of S-bursts with observed parameters. Estimates of L-8€10Mliipaaiiy, saeaed ca afa, aeaeyaapou yé
the radiation intensity of S-sources indicate an addi- ©!!€! 1€0€€, a€oyalool ocalase 1aaliolidl 11ey,
tional increase in the radiation of the source near the Olaueiip aiéliga iiee 10 &i, i aiaeeeiip & 2000
generation region; this indicates a non-nomogeneous®l- A a®adaéa S-aeidiiiipaaiiy aeaeyaapou ye
structure of the environment in the active regions §aV¢ee ¢ ieo€i-iaiaied aceedia olaueiip iaiga
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1 & (1T 10 100 {&d7é a caycoi) i ataceeiip & 300
8i, U7 6000 i @adagifiop (0.050.1)A & AOIBH6
aia biiodda. Nilfiodddsedadii pacaéifioi A-6aeél
a 23 dace ilaidiiigi Aia cla+&ily oAcASIAOI
A-6agéi, 1addaaa+aii o0aiddoe+il (4éeciél 0.001
i, a 7aeiéoyd paeaéinoaé naioea). xafioloia
(021 1A0) i ~afaa (a1 1 6a) aeodaeviéia
iaceyoly APP  "aiSicale”  iiada&dAces!
diciide S-aeedddéa idigd 200 éi. Coiagait
aenifage 187 0aidace+ii 1adadadiiae iyae S-
figanéia APb ¢i fAiiioadasedaaigie 1adaidodaie.
Toiiée iioaifeainioi aeidfiipaaiiy S-deedddé
aéach! ia alaacéiaa iineeaity aeidiiiipaaiiy
AcedBdca Maceco Taeanoi Aalddaocii; 0& &Alaieeou
io7  [&aiieiaio 0060680  naddiiaevua  a
A60eAaies Taeanoyd 1adiioinoadse biiddda. Ofiéa
Mada+ia A0B0E0OSA S-aaead4¢6 Tieed 4008 Tiyiiaia
iadaiicili  06edéodacié ieacie ¢ Tiadilaaie

= e = 10 1fi, i ¢ iila8eaioyie aoi+ioiase
iBaciiaed caonoeia, U ideAlayou Al Aodieally
aedeodiiia i al aeéeadia ieaciiaed aseddoia.
Nilfio&dasesaaia oitaiglidily oaeaéiiodé IAA-
6aeél Teeia Myniedce aieeall 1Moiéiali oodaée
T Piiods.
Eép+iai féfaa pii0dd, &46aid0d1aa daail-
agidniipaaiiy, 1AA daeei, diciioe aseddds.

2. Properties and mechanisms of the DAM
Jovian radio emission

There was established that the radiation pattern
(RP) of JRE has the form of a hollow cone with a so-
lution of (60 90) °. In this regard, the observed sources
are usually located near the limb of Jupiter, and the
longitude of the source is shifted relative to the central
meridian of Jupiter by approximately the magnitude
of the RP (which introduces us ambiguity). In addi-
tion, Jupiter's DAM sources correlate with the phase-
position of the lo satellite ( ;0), and prefer to ap-
pear at certain active longitudes (A, B, C, D sources).
Therefore, for lo-correlated storms, the position of the
source in longitude is uniquely determined as:

1o +180° ;

where 2Q° is the source shift-advancing angle
(Ryabov & Gerasimova, 1990).

The sources of L-type exhibit predominantly longi-
tudinal correlation; and S-sources predominantly cor-
relate with the lo phase. The latitude of the sources of
DAM radiation can be determined only on the assump-
tion that the sources in the lo-dependent storms are at-
tached to the lo-Jupiter ux tube and are located near
the northern or southern foot of the tube. In this case,

ms = 1

it is usually considered that DAM radiation is gener-
ated in the form of fast extraordinary X-waves, and
then in the Leblanc model (Leblanc, et al., 1993) the
right-polarized radio wave sources (A, B) are tied to
Jupiter as one of the most powerful source of radio the northern Jupiter's hemisphere, and left-polarized
emission in the solar system was discovered in 1955qqrces (C, D) are tied to the southern hemisphere.
(Burke and Franklin; see more: Ryabov and Gerasi-  The mechanism of Jupiter's DAM radiation can be
mova, 1990). The Jupiter's radio emission (JRE) has a associated with one of the instabilities of electromag-
maximum at DAM frequency range, and it consists of petic or plasma waves near the cyclotron frequency,
the bright (up to 107 Jy) short S-bursts of millisecond  that developing (running) under the condition of res-

duration and the slight less brightly (up to 10° Jy) long  onance between waves and particles in a low-density
L-bursts of second duration. At the frequency range of non-equilibrium plasma (! pe <<! be):

higher then 100 MHz, the continuous synchrotron ra-
diation is observed in the equatorial region of Jupiter
at heights of 2R;. At the same height (2R;), in the wheres=0, -1, ... There is most often it is believed that
kHz frequency range there is observed the relatively instability arises at the s = -1 resonance for fast ex-
bright (up to 10° Jy) quasi-periodic 10-minute bursts, traordinary X-modes, that give us the Maser cyclotron
the nature and shape of which are similar to lll-type radiation (MCR) which observed as L-bursts of JRE
solar bursts. And the same 10-minute frequency mod- (Wu, 1985, Melrose, 1986, others). And the generation
ulation is exhibit in all sources of DAM radiation that  of S-bursts can occur due to both MCR instability (s
connected with the Alfven wave modulation features. = -1) and the Cherenkov plasma instability (CR) at
We are interested here the main and ne size- resonance ofs = 0 from bunched fast electron beams
structure of DAM Jupiter's radio emission sources on (see Zaitsev, et al., 1986; Boev, et al.,1991).
the example of one of observed storms (the storm at  Moreover, there is necessary the generation of MCR
30.10.2008). It give us to nd out on the mechanisms into an e cient pumping of electrons with a cone ve-
of DAM JRE generation, the form of the radiation |ocity distribution ( T». > T) and beam elongated.
source, and the speci c features of the development of Then the energy of nonequilibrium weakly relativistic
the storm. (1> 0.001) electrons is pumped maserly into fast
extraordinary wave and into plasma waves with a radi-
ation pattern RP = (60-90) ° to the magnetic eld line
in the source.

1. Introduction

I slpe kpve =0;
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The Cherenkov radiation (CR) mechanism may be
even more e ciently than the maser mechanism, and
it converts the energy of electron accelerated in elec-

Table 1: Spectral data of storm at 30.10.2008 and
transverse sources size (L) by time data

tron beams into plasma Z-waves near the upper hybrid UT, . “' lis

frequency. However, these Z-waves not go away the hr:min

source; and there is required an additional conversion 246 197 131

of Z-waves into fast electromagnetic (X- or O-) modes, 15:52 200 133

which signi cally reduces the e ciency of Cherenkov 15:52(N) 667

source. The CR pattern is also directed almost per- 16:00 205 140

pendicular to the source magnetic line RP ' 80°); 16:26 216 154

and under di erent conditions of wave transformation, 16:26(L) 154

a large variation of S-burst shapes can occur (see Zait- UT, F,  Burst Fi, Ti, Li,

sev, et al., 1986; Boev, et al., 1993). hr:min MHz type MHz ms km
Jupiter and lo are binding by a ux tube along a  15:46 23 S,loB 0.1.05 02.2 0.008

magnetic eld line. lo's electromotive force accelerates 15:52 22 S, rain 0.2 2 -

and ionizates the electrons along the lo  Jupiter ux 168 S,loB 0.3 1 0.007

tube (IFT) and they elongated to magnetic eld linein ~ 15:52 16.4 N, 0.1 0.5 0.005

a weakly ionized plasma. The MHD Alfven (A) waves not lo?

activate the processes of electron acceleration and the 16:00 275 S,10B 0.3 5 0.03

formation of bunched ejection that are the sources of 22.5 S 0.4 6 0.035

S-bursts emissions. 19 S 0.6 7 0.04
The mechanism of acceleration of electrons may 16:26 31 S,loB 0.2 10 0.06

turn to runaway e ects in electric elds in the region of 27 S 0.2 12 0.08

the lo Jupiter ux tube (see Boev et al., 2001). It was 24 S 0.3 17 0.1

16:26 18 L 0.6 >1000 >6

shown that the electric elds which induced by the lo
tube movement increase the value of runaway Dreiser
threshold. The maximum electric elds corresponding
to A and B sources in the northern hemisphere burst duration, and L; is transverse source size, cor-
are reached at longitudes s = (100150)° and responded to T;.

(170 250)°.  Moreover, these electric eld values The Table 2 continues the Table 1, and it show
almost exceed the Dreiser threshold in the northern the characteristics of the JRE sources obtained by fre-
hemisphere, and the electron beams can be generatedluency spectral data. Bucr corresponds to the mag-
at all longitudes, which responded to the S-bursts netic eld of burst source by MCR model (when ob-
generation on this hemisphere. So, the southern served frequencyF = 1.1! pe(Bmcr )=(2 ), consider-
hemisphere of Jupiter it is able to accelerate electron ing the disperse wave condition).Bcr corresponds to
beams only in narrow selected areas; and the southernthe magnetic eld in Cherenkov source model (when

hemisphere is more variability to L-bursts generation. (2F ) = !pe(Bcr)? + ! 5 ). The burst drift (see
Drift in Table 2, in MHz/s) corresponds the source ve-

] locity of us, which is slightly relativistic (near 0.1c,
3. Sizes of the sources from spectral data c=3 10 cm/s). The terms of hgy and hss are the
height of source location (by MCR model) for northern
The source sizes were simple estimated by spectraand southern hemisphere, respectively; h; is length of
data of L- and S-bursts as size by burst duration (the the source (in km, along magnetic line or to height di-
transverse source size by longitudes) and size by heightrection). If we assume that S-bursts occur the most
(by frequency data). The evolution of bursts in the likely in the northern hemisphere of Jupiter, there is
DAM lo-B-storm of 30.10.2008 (the observations of S-source locate in this storm of the height (0 0.2R;
Ryabov, et al., 2014) is analyzed in detail. It is con- (by the frame of MCR model) and at longitudes ;s
sisting with a large number of S-bursts, as well as them = (195 220) °, when Jupiter is turned to the observer
alternating with L-bursts and N-bursts. The results of at longitude CML = |;; = (130 160)°.
the analysis are given in the Tables 1, 2. The train of S-bursts are induced and modulated by
The Table 1 show the data of burst set: UT is the the Alfven (A) wave. This fact show the wide-lanes
universal time of observed spectrum (the fragments of modulation on spectrum data by 0.51 MHz width
2 MHz frequency width and by 1 s duration); ; is and slow drifting, corresponding to A-wave lengths (see
Jupiter's central meridian longitude (CML) at this UT- as and an columns in table 2) and wave velocity
time moment; ;5 is the longitude of source location (ca). According to the storm, S-bursts are inducted
(when lo phase is |, = 9398°); F is the frequency by A-waves that go both away from Jupiter and to
(in MHz) where bursts observed. T; is instantaneous the Jupiter, that propagating with velocity about cp




108 Odessa Astronomical Publications,vol. 32 (2019)

Table 2: The characteristics of JRE-sources in the lo B storm at 30.10.2008 and heights lengthh, h;) of
these sources by frequency spectral data, acording to northernhgy ) and sourthen (hss) hemisphere (see the
text more). Source or Alfven wave velocities (Is, ca) are in units of light velocity c; heights of source are in
units of R;

Time, Freq., Bmcr Bcr Drift, ug=c a=Cc hyn, hss, AN AS h;,
hr:min MHz MHz/s R; R; km km  km
15:46 23 7.2 56 -22  0.08 -0.001 0.13 0.24 2100 4300 140
15:52 22 7.1 54 -21  0.08 0.0001 0.14 0.25 800 3570 140
16.8 54 43 -135 0.07 0.0006 0.21 0.34 2800 5700 280
15:52(N) 16.4 47 3.64 -5.1 0.03 0.0003 0.22 0.22 300 150
16:00 27.5 87 6.8 -30  0.09 0.0004 -0.02 0.16 710 1400 110
22.5 7.1 55 0.1 0.0005 0.2 0.24 1100 2100 180
19 6.1 438 -27  0.11 0.0007 0.16 0.3 1800 3500 320
16:26 31 10 7.8 -30  0.09 -0.0001 -0.02 0.15 710 1400 61
27 87 6.8 -30  0.09 -0.02 0.15 1100 2100 71
24 7.7 6 -30 0.1 -0.0001 0.04 0.22 1800 3500 180
16:26(L) 18 59 45 0.1? - 0.0002 0.1 0.35 1100 2100 50

=0.0005¢c, which is in 2 3 times slower than the A- of the sourceg, by the diameter of the rst Fresnel
wave velocity predicted by plasma parameters "the- zone (d; =
oretically” (0.001c). These Alfven waves have A

8cD=! 1), and by the repetition
periods (Trep) Of scattering inhomogeneities @, = 2

1000 km, and the A-waves may change the direction DT . =T,;), assuming that the scattering inhomo-
by re ection on Jupiter by Ta 10 min (the table geneities are located of distanceld) in close Jupiter's
2 indicate the change of A-wave direction, but we do magnetosphere bounded by the lo torus Tj is orbital
not obtained T, because of spectra fragmenting). The period of Jupiter). These estimates con rm the size of
start of lo-B-storm is associated with sources at higher the S-source is less than 200 km.

altitudes, and when time over, the sources drop down
to Jupiter as O4 (Acuna, 1975) magnetic eld model
predicted, despite of observed S-bursts frequencies in-
crease with time.

There are observed L- and N-bursts simultaneously There are made conclusions about the theoretical
with S-bursts in this storm. Thus, L-bursts can be as- prerequisites for the appearance of DAM JRE bursts

sociated with source from the other (southern) hemi- Y‘”th opserved parameters. We may elst|mate the_ power
sphere of Jupiter, against of S-bursts associate with intensity lest Of the source of Jupiter's DAM radiation

4. Discussion and theoretical interpretations

= . 2\
northern hemisphere. The other way, N-bursts may by S-source volume Vs = Li hf):
likely arise outside the lo Jupiter tube, and can be 10- et = | Eis=(! p0Sis )= ( =! 10)( M eC?Vs )(0:1n¢o)
cated in the northern hemisphere at s = 65° and pere |, =10 4 1, is radiation increment, =1.004,

at heights of 0.2R; (at this longitudes). o =2 20 MHz, neo=10° cm 3 is electron density,
On using the spectral data, there were determined Ejs is source energySjs = 4 (4a.u.)®> RP,we nd for

the sizes (thickness and length) of the lamentous S-source:les =2 10° Jy. This intensity is some lower

sources of the JRE-electron-beams and the parametersthen observed ones, 10Jy (see Ryabov, Gerasimova,

of the burst-activate MHD (Alfven) waves. It is shown
that the source of L-radiation the most likely looks like
as thin laments elongated along a magnetic eld with
a thickness of L; ' 50 km and a length of higher
1000 km. The other way, S-radiation sources look like
as bunches of lamentary outbursts (plasma clots) with
a thickness of L;=(10 100)m (of 10 100 threads per
bunch), and a length of h; =(100-300) km, ying
away from Jupiter with speed (0.05 0.1)c.

The ne structure of the DAM bursts in this storm
detects the diraction modulation of the JRE within
the "lanes" by the frequency of (0.2 1 MHz) and by
time (up to Trep = 1 min). On using the Arkhipov

1990), and this fact pointed us about the additional
ampli cation of the source radiation near the genera-
tion region. This suggests an inhomogeneous structure
of the medium in active S-bursts zone. The power of
L-radiation is easily to match with they sizes.

The sources of Jupiter's radio emission in all ranges
of radio waves are easily explained with runaway mech-
anism. The ne transverse structure of the S-sources
may be explained by the mechanism of electron uctua-
tions, with periods are considered with time scattering
of electron and atoms, = ;= 10 ms, and source
transverse size is compared to the length of emitted
waves (10 m). It is connected with the features of the

model (2003, 2007), it is possible to estimate the size bunching of electron-plasma blobs that lead to electron
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runaway and to the emission of plasma bunches. Alter- Arkhipov O.V., Ruker H.O.: 2007, Astron. Astroph.,
natively, for the L- sources we are: = ; =1 s (time 467, 353.

scattering of ion and atoms), and this is compared to Boev A.G., Lukyanov M.Yu.: 1991, Sov. Astron., 35,
the time of forming of plasma blobs and thick current 422.

treads. The observed reducing the A-wave velocities Boev A.G., Lukyanov M.Yu., Tsvyk N.: 1993, Kine-

in comparison with the "theoretical" ones can be ex-
plained by the in uence of the lo Jupiter ow tube
and the re ection events on the propagation of MHD
waves.

We use mainly in spectrum interpretation the MCR
model. There are need to study additionally the ne
structure of all DAM sources with the UTR-2 and
GURT observation, as well as to study theoretically,
with attracting a possible Cherenkov mechanism for
the S- and N-bursts interpretations.
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ABSTRACT. The Ukrainian T-shape radio tele-
scope (UTR-2) has been used to carry out a multifre-
quency radio survey of a part of the northern sky with
coordinates of the declinations+10 < Dec: < +29 ,
and right assertions 0" < R:A: < 24". The observa-

tions were performed at very low radio frequencies,

12.6, 14.7, 16.7 20 and 25 MHz. They were ful lled
by scanning the sky due the Earth's rotation with the
ve-beam pattern antenna at 11 xed declinations.
The observations for six ve-beam strips, that covered
the declinations ranges from +10 to +19 , the
so-called "a fast scanning mode" was used.

In this 14380aify  CAléi

iiaidfain: 0" < R:A: < 24", ¢ aééidendaiiyi
Oéda‘ifnuelal O-iaiaital  daailodeanélio (OOD-
2). O& adoaa +anoeia 1aeyad ia OOD-2, i&dga
+afiogia fAoiRcAasany Tasanoi Tiaii+iial aaa
¢ éfioaeiaoaie: +29 < Dec: < +55 ,
0" < RA: < 21", Nilfio&d8seaiiy caiénidii ia
40aed ecliéed daait+~anoioas, 12.6, 14.7, 16.7, 20 i
25 1A6. idTioRéia caaoiifiol idééia+ia noaitaeod

10 éAo fa +~anoioas aia 12,6 at 16,7 1A6 i 40 éAd
ja 4416 aéaeued +anoioas. Nilfiodddsediiy acee
daasiciaali wéyoii neaivaaily idaa ca dasasiié

I'yoeidtiaiaalp  aiaadaiip

mode, the antenna positions were switched in the cycle Aidyitaaiiioi (AN) aio&ieé ia 11 oiéAtaaieds

between the three selected strips at xed declinations

fioesadiiys. Eileedi aiééfiaiaieé ishiiu AN

every 40 seconds in the observational process. For thedianoi'ol 7aéi aia a480aiaT fa 23' & iadeaiaii.

remaining strips, both the fast scanning mode and the
usual observation mode at one xed declination were

used. Each pattern pencil-beams are spaced apart bygarioe 68, yéi i6iiepaace rdegaiiy aia
23' in the meridian. The angular size of the beam is ai

about 1 at 12.6 MHz 0:5 at 25 MHz at the zenith.
from 12.6 to 16.7 MHz and 40 kHz at the two highest

performed with the aid of the etalon noise generator

E6oiaeé oiciio idnaiy fioaitagol ideaeecit 1
ja 126 1A6 i 05 ia 25 1A a caiioi. Asy
+10
+19 , [ii0A04zeaily aeélivaaseny, a oaé
caaiiio, »0dzeeii paeaéial feaicaaiiy . O o6uiid
iA0AieeAEIRY A veeedi, &laeii 40 fidéosia iise 0dlNia

~N Z AN

Asy oBagoe fiidd aeéisenoiacaaeent yé oaeeei

for the each observation. These data surveyed weregaéaéidi fiéaidaaiiy, 0aé i cae+aéieé dameéi -

obtained during the period from 1997 to 2013 only at
nighttime. The total number of observation amounted
to more than 700 nights. The statistics for each
point of the survey varied from 5 to 40 realizations.

filioaddeediiy fa Tailio 6iéntaailié noeearii.
Eagiadoaaiiy aesiail” ilooaeiinoi agéiicaase a&y
gleiial Aiiioadaaediiy ca affiiaip aoa&liilal

44iddaoida @6id. Aaii adee iodeiaii ca iadita ¢

PN -

The results of these observations are the brightness 1997 ii 2013 &ié. Cadaélia éiéuéinou Aifioadaseail

temperature maps presented here at each mentionedfidaiiagééa itiaa 700 i(i+aé.
above frequencies of the decameter band. However giseii”

it should be noted that there are shown "raw" maps
without rhe zero level and striping e ect corrections.

Noaoefioeéa aey
ol-ée 1aeyad éiecdaeany aia 5 ai 40
daaeicaoié. Pacéetoaoil 6e6 nilioadaseaiu 1
iddanocaaeaii 060 éadoe 04ailadaodd Yiiedaainoi

These maps comprise emission from discrete anddaaiiagidiiiipaaily ia élefié ¢ aelacdasaied

extended radio sources, the Galaxy and extragalactic ~afoio 4aéaiaosdiaial  aiaiaciio.
background. The most intense radio emission on the cacgia+éoe,

jajaé feia
208, Ul 04 ¥fedic éadoe, A4ac 08a0éoi”

maps is observed from the Galactic Plane and the i6&UTaial diaiy i éideddaaily a6aéoo fidvaanoinoi.

North Polar Spur (NPS).

AITOAOIR. [IEEEEN aaaaoi+anoioieé
daail 1aeya <anoeéie liafi+it" idaanit Tiaédei
¢ noeedit: +10 < Dec: < +29, i i8yiéd

Aaii éadoe aiiliopou aeidiiiipaaily yé aia

01+81ae0, 0aé i i8loyeied daiiiasedddé,a 0adie
0116 Aagaéoéée | lacaaadaéoeée. laéaiélg
ifoaineaia odaaitagidiiilpaaily [ilRioadiaatouny
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aia Aasaeoeital aeneo i Tiaii+it Teyai were carried out at frequencies of 12.6, 14.7, 16.7 20
dioe. and 25 MHz. These observations were performed with
Key words: Key words.Radio continuum: ISM, @ Ve-beam directional pattern, scanning the sky due
surveys, Galaxy: Structure, decameter range. the Earth's rotation, at 11 xed declinations in the

ranges from+10 to +29 . Each sky strips, covered
_ with ve beams, was observed at four dierent hour
1. Introduction angles ( 1"; 2"). Since the sidelobes dier at dif-
ferent hour angles, this helps us to reduce the confu-
Surveys of the sky radio emission at dierent Sion errors. For six ve-beam strips, in the declination
frequencies have been carried out for more than 70ranges from+10 to +19 , the so-called "fast scanning
years, the rst map of the Galactic radio emission at mode" was used. In this mode, the antenna positions
160 MHz was made by G.Reber (1944). There areWwere switched in the cycle between the three selected
well-known maps of the all sky at frequencies 408 MHz strips at xed declinations every 40 seconds in the ob-
(Haslam at al., 1982), 1420 MHz ( Reich and Reich, servational process. This switching speed allows, due
1982). Also a number of low-frequency surveys haveto the Earth rotation, to move to the starting point
been carried out, including those at 10 MHz (Antonov, of the cycle spaced to half of the beam-width at 25
1973; Caswell, 1976), at 22 MHz (Roger et al., 1999), MHz. For the remaining strips, both the fast scanning
at 34.5 MHz (Dwarakanath and Udayashankar, 1990), mode and the usual observation mode at one xed dec-
at 38 MHz (Milogradov-Turin and Smith, 1973), at 45 lination were used. The angular resolution, receivers'
MHz (Alvarez et al., 1997; Maeda et al., 1999). In the bandwidths of the corresponding frequency channels
last years the LWAL survey at nine frequencies from are shown in Table 1.
35 to 80 MHz was presented by Dowell et al. (2017).
Despitethis, obtaining maps in a wide frequency range op1e 1. UTR-2 observational parameters for the
with h|gh_ resoluthn and ;ensmwty, espgually at low Northern sky survey
frequencies, remains an important task in modern ra- Frequency Bandwidth HPBW

dio astronomy. The such maps are necessary to study (MHz) (kHz)  (arcmin)
spectral properties of the thermal and non-thermal 126 10 55 67
components of the continuous radio emission of the 14.7 10 47 53
Galaxy, to build a global model of sky radiation at 16.7 10 41 46
the entire radio frequency range, for example as in 20.0 40 34 39
(De Oliveira-Costa et al., 2008; Dowell et al., 2017). 25.0 40 27 31

In the work, we represent the maps of the decameter

waveband survey of the part of the Northern sky o _
with declinations +10 < Dec: < +29 , and right At the beginning and end of each observation day,

ascensions" < R:A: < 24", which were carried out @ calibration of the output power was performed with
with the UTR-2 radio telescope. Earlier we introduced the aid of the etalon noise generator connected with
the maps of the Sky in the declination range from distributed ampll ers plaCEd in the eld of the tele-
+29 to +55 and right ascensionsO < R:A: < 20" scope array. The method of observations and calibra-
(Vasilenko et al., 2006). tions of the continuum radio emission using the UTR-2
is described in detail by Krymkin (1978).
] ) The presented data were obtained with observations
2. Observations and data processing at the UTR-2 during from 1997 to 2013 only at night
time. The total number of observation amounted to
The UTR-2 radio telescope has been used to carry more than 700 nights. The statistics for each point of
out a multifrequency radio survey of the northern sky. the survey varied from 5 to 40 realizations.
This is T-shaped telescope, it consists of two NS and For each frequency, the survey data processing con-
EW antenna arms, one of which, with dimensions sisted of several stages.
1880 54 m?, is located along the meridian and the 1) Initial analysis of records and calibrations, where
other, with dimensions 900 54 m?, along the parallel. data subject to the inuence of narrow-band inter-
The e ective area is approximately equal to 150 000 ference were excluded, and if the calibrations before
m? at 25 MHz at the zenith. The directional pattern and after the observation session di ered by more than
represents a fan of ve pencil beams at each frequency. 15%, then such a session was completely excluded from
The beams separation ¢ Dec:) is about 23° at the processing.
zenith. The rst side-lobe level in the meridian plane 2) Statistical processing of the data was carried out
is 13 dB. A detailed description of the UTR-2 can be separately to each observational strip, each hour an-
found in Braude et al. (1978). gle, and each series of observations; and included the
Under the program of the survey, the observations determination of the rms brightness temperatures and



112 Odessa Astronomical Publications,vol. 32 (2019)

Figure 1: UTR-2 total brightness temperature map of the part of the Northern sky survey at 20 MHz.The
region covered:+10 < Dec:< +29 , and 0" < R:A: < 24":
The map is divided into pats at a six hours at R.A..
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the ltration of the temperature values by dispersions. useful for the estimation of the required e ective areas

3) Separation of the background component from to- of radio telescopes to perform the various research
tal the radio emission using an FIR lter and its sub- programs for very low frequencies in the north celestial
sequent analisis. hemisphere.

4) Correlation analysis of the brightness temperature
data arrays obtained for di erent hour angles and series  Raferences
of observations for every declination.

5) Comparison of the data for adjacent strips and
obtaining the nal brightness temperature scans for the
observed region of the sky.

6) Mapping of the observed sky at the corresponding
frequencies using the software package Sky Continuum
Survey (Vasilenko et al., 2005).
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et al.: 2008,Mon. Not R. Astron. Soc., 388, 247.

In this study, the maps of the radio emission Dowell J., Taylor G.B., Schinzel F.K. et al.: 2017,

of the part northern sky survey at the decame-  Mon. Not. R. Astron. Soc., 469, 4537.

ter wavelength are obtained. The region covered Dwarakanath K.S., Udayashankar N.. 1990,

+10 < Dec: < +29 and Oh < RA: < 24h The J. Astrophys. Astr., 11, 323.

survey was carried out at very low radio frequencies, Haslam C.G.T., Salter C.J., Sto el H., Wilson W.E.:

12.6, 14.7, 16.7 20 and 25 MHz, with the best angular 1982, Astron. Astrophys. Suppl Ser, 47, 1.

resolution and sensitivity ever achieved at these Maeda K., Alvarez H., Aparici J. et al. 1999,

frequencies. Note for comparison that the angular res- _ Astron. Astrophys. Sup. Ser, 140, 145.

olution in the nearest low-frequency survey carried out Milogradov-TurinJ. and Smith F.G.. 1973,

at 22 MHz with the DRAO radio telescope 1:1 1.7 Mon. Not. R. Astron. Soc., 61, 269. _

at the zenith (Roger et al., 1999). However, it should Krymkin V.V.. 1978, Astrophys. Space Sci. ,

be noted that shown here is the "raw" maps without 54, 187.

reducing of the zero level and striping e ect correc- Reber G.: 1944 ,Astrophys. J., 100, 279.

tions. To compare in detail ours' maps with another Reich P. and Reich W.: 1986, Astron.  Astrophys

we need to do it. But this is the task for the next Suppl. Ser, 63, 20S.

paper. The maps of brightness temperatures comprise Roger R S., Costain C.H., Landecker T.L.et al.

the Galactic and extragalactic background, a part of 1999, Astron. Astrophys. Sup., 137, 7.

the Galactic plane and the North Polar Spur, discrete Vasilenko N.M., Sidorchuk, M.A., Muha, D.V. et al.:

and extended sources. Figures 1 represent the map of 2006,In: 1AU Joint Discussion , 12, 45.

the total emission at 20 MHz in the equatorial coor- Vasilenko N.M., Mukha D.V., Sidorchuk M.A. et al.:

dinates for the 2000 epoch. The superim brightness ~2005,Radio Phys. and Radio Astron, 10, 244.

temperatures are gray shaded and include isophotes.

Contours of brightness temperature are indicated with

a bar scale. The brightness temperatures are given in

thousands of Kelvins.

4. Conclusions

The maps of the Northern sky surveys at the
decameter wavelengths carried out in the lowest
frequency part of the spectrum open to the ground-
based observations are presented. They have the best
angular resolution ever achieved for these frequencies.
The presented maps are also of great importance for
the analysis of the distribution of galactic synchrotron
emission and morphology of the magnetic eld in
our Galaxy. They can be combined with high fre-
quency data to study morphological changes of the
background structures. In addition, these maps are
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MULTI-WAVELENGTH OBSERVATIONS OF
A LARGE SOLAR FLARE

S.N. Chornogor, N.N. Kondrashova
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ABSTRACT. We present the results of the multi-
wavelength study of the two-ribbon solar are on July
19, 2000 in the active region NOAA 9087. The evo-
lution and morphological properties of the are pro-

ductive active region have been analyzed. The active

region was growing rapidly and showed a complex mul-
tipolar magnetic eld con guration. It was large, pro-
ducing many events, including the are under consid-
eration. The 3N/M6.4 two-ribbon are was a promi-
nent, long duration event in the active region evolution.
According to Solar Geophysical Data (SGD) the are

aéoeail” Taeanioi. Aéoeaia 1aeanol wacadl
coificaea i adilinodoaaca fnéeaaid aadaociiieydio
élioiacoasip 1aaiioian imey. Alia 46ea aeeéip,
fiide+-eiyea dadaol 1Maié, aéep+if ¢i fiagadti, ui
aea+arouny. Aaifodi-éiaeé niacad 3N/M6.4 ada
aecia+iip, 0deaagip Tailp a aalepoi” aéoeaii
faéanoi. Ca aaieieé Solar Geophysical Data (SGD),
fiiacad 00eaaa 2,5 aiagie. Aeéea Aiddai" fiagads
diaddaaany ¢ 4adaouid 1ifoys aéoeail” Taeanoi.

Agy aifeiasedily aééidenoail iltaiaily aaied
éifii+-ié6 oa iacaiied ianasaaoisié. Aaii aey

~ N ARnNA AnmA ~O A e ARNA

lasted 2.5 hours. The are energy release took place in &e18fi0éial (HXR) oa i'yéiai (SXR) daiodaiianuéiai

many sites of the active region.

We used combination of data from space and ground
based observatories for study. The hard X-ray (HXR)
and soft X-ray (SXR) data were obtained at the
Yohkoh Telescopes (HXT and SXT) and Geostationary
Operational Environmental Satellite (GOES). The full-

aeislifpaaily adeé 1iodeiaii ia o0aéanéniad
Yohkoh (HXT 6a SXT) oa Geostationary Operational
Environmental Satellite (GOES). laiioiadaie oa
EUV-ciadazeaiiy aoee iodeiaii Solar and Helio-
spheric Observatory (SOHO) Michelson Doppler Im-
ager (MDI) oa Extreme Ultraviolet Telescope (EIT).

disk magnetograms and EUV-images were provided Adée aééidefioaii H -diétiodiadaie ¢ Meudon spec-

by the Solar and Heliospheric Observatory (SOHO)
Michelson Doppler Imager (MDI) and Extreme ultra-
violet Imaging Telescope (EIT). We used theH Iter-
grams from the Meudon spectroheliograph and white
light images of Big Bear Solar Observatory (BBSO).
All the data show continuously evolving SXR, EUV
and H features during the are. The HXR and the
type Il radio bursts were observed at the are onset.
The rst H are kernels and the surge, connected
with the lament eruption, were initiated near a large
positive-polarity sunspot. The main bright kernels of
the are occurred at the centre of the active region
near magnetic neutral line, after that the are ribbons
appeared along it. It was found that HXR coronal
source was located along a magnetic polarity inversion
line of the active region. EUV loop structures indicate

troheliograph 0a ciadasediity & aiéiié Raioéi ¢ Big
Bear Solar Observatory (BBSO).

Oni  &aii  1Méagopol, Ul W& +an  Aiagass
aiadoadaeeny Tinoiéii ciiie & oicied aiaiaciiad:
SXR, EUV o0a H . ja i1+a0e6 fiagad
fiifioddidageny nicanée HXR oa daailfieanée
[l 0&i6. 146gi H -yada fiaeadd oa 68iiinoadieé
aeéea c'yaeeeny aiey adeesl iiy+il ieyie ¢
iiceoeaiip ieyadiinop.  Ihitaii yhnesaai yada
filagado aeieéée a 0aiodi aéoeail” 1aéanoi iaeecod
iaafiofi” idéodaeuii éiii’, niney +1al acalase 1@
¢'yaeeeny nodi+ee fniagads. Acel anoaitagan, ol
gigtiaeuia &sedddél HXR dicoagiaaid oOcaiaee
ifi” ifaddni™ 1aaiiolt” 1Meydiinoi aéoeail” Taeanoi.
Nod6&oode EUV-idodél aeacopoll ia fitnoadaseii

aiéace iaaiioifai

7

AN NALAA s

iadactaiaily iia ~an Aleiaf

the observational evidence of a magnetic reconnection 0a¢e fiiaéado.

during the main phase of the are.

AITOAOIR. A &i4l0i 164&f0aaE4aIT dacoElva0e
dadaoidaeelnaial  aifeiaesedity  aatnodi-éiaial
ily+ifai  fAiaéado 19 éeiily 2000 oié6 a
aéoeaiié 1aeanoi NOAA 9087. Isiaiagigiaail
aailepoip oa ii6ielai+ii aeanoeainoi fAiagéadial

Keywords : active regions, solar ares, magnetic
reconnections, multi-wavelength observations.
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energy is converted into radiation, heat, particle accel-
eration, uxes and waves. The development of two- !
ribbon ares has been studied on the base of multi- g 20f®
wavelength observations in many works (eg, Ding et

al., 2003, Rovira et al., 2007, Kumar et al., 2010). 6x107*
They are often accompanied by eruption of the la-
ment lying along the neutral magnetic line (eg, Ding
et al., 2003). Surges are observed often simultaneously 5, 0-5
with two-ribbon ares. Kumar et al. (2010) reported

that the trigger of the M8.9/3B are was the activation 1508
of spiral-twisted structures. The emergence of a new
magnetic ux, the movement of photospheric matter, 1250
the shear and the vortex movements at the footpoints
of the loops can lead to magnetic reconnection, result-
ing in ares (eg, Heyvaerts et al., 1977, Gorbachev et 750
al., 1988, Somov et al., 2002, Su et al., 2007).

We study an evolution and morphological properties
of the two-ribbon solar are on July 19, 2000 in the
are-productive active region NOAA 9087. We used
multi-wavelength data and analyzed the sequence of
are images on ltergrams in the H line, magne-
tograms and extreme ultraviolet images.

. BLlUON N ]
1. Introduction | 2.69 GHz
, . 3000 -
Solar two-ribbon ares are extremely powerful erup- j
tions caused by magnetic reconnections. The magnetic |
1 2500 .
|
|

4x107®

1000

Rttt ¥4

500

Figure 1: Di erent wavelenght light curves (H inten-
sity, soft X-ray ux, radio solar ux) for are on July
19, 2000.

which indicates the emergence of new magnetic
2. Observational data uxes. The neutral magnetic line had a curved shape,
its length and shape changed in time. The region

Space-born and ground based observations are used.pro_d!JCed many events, including the ares. , Flare
The hard X-ray (HXR) and soft X-ray (SXR) data activity p_eaked on July 19, when the magnetic eld
were obtained at the Yohkoh Telescopes (HXT and SOnguration was - - . The most powerful 3N/M6.4
SXT) and Geostationary Operational Environmental tWo-fibbon are in the active region occurred on that
Satellite (GOES). The full-disk magnetograms and day. We analyzed the development of this are in
EUV-images were provided by the Solar and He- present work.
liospheric Observatory (SOHO) Michelson Doppler
Imager (MDI) and Extreme ultraviolet Imaging Tele- 4. Flare evolution
scope (EIT). H -lItergrams were obtained with the
Meudon spectroheliograph, radio data with Learmonth
Solar Radio Spectrograph, white light images in Big
Bear Solar Observatory (BBSO).

According to Solar Geophysical Data (SGD) the
3N/M6.4 two-ribbon are occurred in the active re-
gion NOAA 9087 at 06:37 UT on 2000 July 19, peaked
at 07:23 UT and lasted 2.5 hours. Flare coordinates
3. Active region NOAA 9087 are S18E10. The are is a long duration event. SXR,
EUV and H data show continuously evolving features

Morphological properties of the active region (AR) during the are.
NOAA 9087 have been analyzed. The active region Hard X-ray and the type Ill radio bursts were ob-
emerged from the edge of the solar disk on July served at the are onset. Two bursts of the HXR in-
15 and was visible on the disk until July 27, 2000. tensity and four radio bursts at 2.69 GHz were in the
AR developed rapidly, its structure changed. The initial phase (Table 1, Figure 1). Figure 1 shows dif-
number of spots increased from day to day, new spots ferent wavelength light curves. The ux of soft X-ray
appeared, while others disappeared. The shape of theradiation slowly decreased in the main phase of the
spots was complex and changed over time. The active are. Flare peaks at the H line are later than peaks
region showed a complex multipolar magnetic eld in radio emission and HXR. It indicates that magnetic
con guration, which became more complicated as it reconnections took place in corona at onset of the are.
developed. Parasitic polarity regions were observed, We used the observational data in theH line ob-
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Figure 2: H -images (Meudon) for di erent phases of are July 19, 2000 evolution

Table 1: Times (UT) of burst peaks in di erent wave-
length ranges.

Max1 Max2 Max3 Max4
HXR 06:49:27 06:57:01
Radio 06:49 06:59 07:06 07:16
H 06:50:33 07:01:11 07:07:34 07:18:12

tained using the spectroheliograph of the observatory
in Meudon for study. Filtergrams were obtained in
time steps from 30 seconds to 1 minute. We have an-
alyzed in detail the development of the are in H -
ltergrams. Figure 2 shows the evolution of the are
inthe H line. At the beginning of the are two bright

kernels appeared in the region of a large spot, several

plages and are kernels brightened at rst peaks of
HXR and radio emission at 06:49 UT. New are kernels
appeared at the middle part of the active region. The
rst are kernels near the large spot disappeared, large

post- are loops appeared and chromospheric surge oc-

curred at this place (Fig. 2).
The position of the hard X-rays source at 06:57 UT

was obtained by Yohkoh HXT. The HXR contour im-
age was overlaid on the MDI magnetogramH , SOHO
195A and SXT images (Fig. 3). Comparison between
the spatial distribution of the H kernels and that of
the HXR source shows that HXR source was located
in the central part of active region above the magnetic
neutral line in the brightest kernel area. In most of the
area, the position of the source of hard X-rays coincides
with the place of the soft X-ray emission.

A new H kernel appeared at the bottom of the ac-
tive region shortly before the are maximum. Flare
kernels in the other part of the active region bright-
ened. Cold post- are loops near large spot are visible
in 304 A. The maximum brightness of all kernels was
at the main H peak of the are at 07:23 UT (Fig. 2).

A set of consecutive images of loops in the extreme
ultraviolet wavelength passband 195Awas analyzed.
EUV loop structures show the observational evidence
of a new magnetic reconnection closer to the spot
during the main phase of the are (Fig. 4). New are
H kernels appeared in the magnetic reconnection
area (Fig. 2).



Odessa Astronomical Publications,vol. 32 (2019) 117

5. Conclusions

The evolution of the two-ribbon 3N/M6.4 are on _200f E
19 July 2000 in the are-productive solar active re- g ]
gion NOAA 9087 analyzed on the base of the multi- g o
wavelength observations, combination of data from
space and ground-based observatories.
show continuously evolving SXR, EUV and H fea-

tures during the are.

The active region was growing rapidly and showed
a complex multipolar magnetic eld con guration. It
was large and produced many eruptive events. The
3N/M6.4 are was a prominent, long duration event in Solar X (arsec)
the active region evolution. The are energy release
took place in many sites of the active region. E 1

HXR and type Il radio bursts were observed at the -200 E

are kernels and the surge 2 g
were initiated near a large positive-polarity sunspot.
The main bright kernels of the are occurred at the
centre of the active region near magnetic neutral line,
after that the are ribbons appeared along it.

HXR coronal source was located above magnetic
neutral line of the active region in the brightest
H kernels area. EUV loop structures show the

are onset. The rst H
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observational evidence of the magnetic reconnections ~300 ~200 ~100 0

during the are main phase.
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ABSTRACT. This work is a continuation ofthe work _9 _jl*}x \ "eZiZahgr _I< A K11mjhk

(Isaeva E., 2018n which a new approximation of the in-\h”" " m\Zebkyhdtbkg_jlecgbfb ijhihgZfb &
tegrd energy spectrum of solar cosmic ray (SCRt@ns _9 _j]*}x F_<

was presented in the rangel-100 MeV. In this work, the ~ M”Zgec jh[hle gzZ\h*ylvky j_am-evlZlb .
comments and wishes of colleagues working in this fielZP*€ <+gl_]jZevgh]h _g_j]_Ibggh]h ki_dlj:
were taken into account. First, the commenese taken KD a _g_j]®}k F_< aZ "hihfh]hx-nmgdp-<h

into account on the form of the functional for approximatd Zem sh feklblv klmi_g_\m « _dkihg_glgm
ing the energy spectrum of protons, which must correspond! hj*\gyevgbc ~ ZgZe+a ihdZaZ\ sh ~Zgbc
in form to the functionals predicted by particle acceleratodZe ~Z} "m _ ]Zjg_ gZ[eb _ggly &ey ijhlh
theories. Secondly, the previously obtained functionald _jl*}x \ "eZiZahgk !<
should be cheked for highenergy protons with energiesDqu h\e kehMZlhgge ih"s€ g _j] _lbggbc Ki_
>1000 MeV. .y . ijhlhge\ <gl_gkb\g+klv ijhlhgghlh ihlhdm

For the analysis, we used original records of thengity
of the flux of SCR protons accordi!’\g to the data from 1 |htroducti on
GOES. The studied sample contains 349 solar proton
events EPE) for the period fron03-02-1986 to 1202-2018  cyyrently, it is believed that SCR can be accelerated either
years accompanied by protons with energies in the rangg, e region of flare energy release in the current sheets
1-850 MeV. Of 349 SB, 53 were accompanied by high (\ieinikov V. et al., 1986; 1991; Nidson A. et al., 2008:;
energy protons with energies850 MeV. _ . Chertok . etal., 2009) or at the fronts shock waves that can be

In this paper, we present the results of approximation gfngated by both flares and coronal mass ejections (CMES)
the integraenergyspectrum of SCR protons with energiegreams D., 1999; Cliver E. et al., 2004). However, the paper
> 1-850 MeV using a functional containing power and &¥tsan vy, And Isaeva E., 2012)opides strong arguments in
ponential functions. A comparative analysis showed thayor of the model of a twetage acceleration mechanism pro-
this functlpnal gives a very good approximation for SCBosed half a centuggo (Wild J. et al., 1963).
protons with energies in the range-850 MeV. It is known that the shape of the energy spectrum of SCR
Keywords: Proton events, energy spectrum of protons, iﬁ[OtOﬂS is directly related to partiCIe acceleration mecha-
tensity of the proton flux. nisms. In this regard, attempts are made to eogtly rep-

resent the SCR spectrum based on observatiotalodan

:GHL:P1Y>ZgZh[hlZ ijh~h\"_ggyh[hlbgeneral physical considerations. In fact, abtaj the true
(IsaevaE., 2018)\ ydefemedZ ~"klZ\e gh¥XZijhd spectrum of accelerated particles in the source is a very dif-
kbfZpegl ]jZevglylh]_Ibqgg&h]HljiZh!h g -e\ficulttask (Miroshnichenko L., 2014; 2018). Shock waves in
khggbahkfgipdjhf_g(KD) \ AeziZahge thecorona, and then the effects of the transfer of accelerated
100 F_<M~Zgjple[hlpmebZoh\Zagem\Z " |1dg garticles in an interplanetary aetic field (IMF), associ-
ih[Z Zgghhe yldejZpxxIVpsdZemldei jr, ated with the dispersion of paes in velocity, strongly
[mebjZoh\Zagzm\Z" _sfg’yh nhjfb nmgd p «Rediethe observed spectrurs a result, thepectrums of
ney ZiijhdkefZpee _g_jl _lbgghlh ki SPEsNthek Phig WK ke distinguished by a wide variety
ydbc az nhjhhkg g \*”~ih\e~AZIb n &g dh shapgseanchiensities.Only the spectrum of particles

yde ijhjhdmxIv |_hj*€ ijbkdhj_ggy W rnpepargy ofy ° OH9 DSSUR[LPDWHO\ ¥
Aim]_ jZger_ hljbfZgbc nmgdp.hgrpgdstqthgpeqtiumofthesou'rce..

j_\ejblb ~ey \bkhdh_g _jl*qgbo ijh|hgElgure&ls"_th_quxymplesoftyp|calmtdgmergyspec—

I F < trumsof SCR protons with energies in the rafge 1-850

>ey ZgZeeam [meb \bdhjbklZge hMEMEY S azZibkb

egl_glgh\kle ihlhdm ijhlhigez XKDgbfb Figure 1 clearly shows the significant differescle-
GOES >hkees~""m\ZgZ \b[¢jdZ feklblv tweentheygygrjsp oth in the form of their spentand in
ijhlhggbo ih7~ec KII az -D2j+h”id - intensity. The speatim have a clearly pronounced vaole

022018 jhdbsh kmijh\hAZrebkijhlhgZfb <ppe, and with increasing energy, the spectresoines
steeper. An explanation for this behavior has not yet been
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found. It can onf be stated that the spectrum can be de-For the analysis, we used the original records ofrties i
scribed above the kink energy by a poueew function with  sity of the proton flux, with theenergyg, in the rangd,>1-

exponential cutoff (Akin‘ian et al., 1983; Ellisast al.,

850 MeV from data from apparatuses of the GOES series

1985). According to (Band et al., 1993; Mewaldt et al(https://satdat.ngdc.noaa.gov/sem/gdesa/new_avg/ and
2005; 2006; 2012), such spagtisare betér described by also a list of solar proton events (SPE)e ®ample studied

a double power function.

a) b)
Figure 1: a) Integral energy spectrum of SCRopr
tons b) The contribution of each parameter indun
tional (1) in the formation of the integral energyspe
trum o protons

contains 39 proton events for the period from-02-1986

to 12-02-2018 yeas. This sample is complete, since it con-
tains almost all events registered for the specified period, in-
cluding very weak events and superimposed events, which
wereseparated and identified by the author independently. In
this connetion, errors associated with the separation and
identification of proton events are possible. In this sample of
349 SFE 168 events were identified by the author, and the
remaining eventsare present in the SFE directory
(ftp://ftp.swpc.noaa. gov/pub/indices/SPB.tkor all these
events, an attempt was made to find a single écapide-
pendence of the proton flux intensityon the proton energy
E,>1-850MeV. To this end, oginal records of the intensity

of the proton fluxl, with the energyg, in the rangeEy>1-
850MeV for all 349 proton events were pressed. As a pa-
rameter characterizing the proton flux, the maximum inten-
sity of the proton flux, of a given energy was chen during

the proton event. The value of theparameter was calcu-
lated from the preflare level. In the case of superposition of
proton events, the value bfwas calculated from the level

of the previous proton event. Emissions associated with in-
terference and with the inggition of shock waves were also
eliminated.

3. Approximation of the integral energy spectrum of
SCR protons in the rangeEp> 1-850 MeV

In figure 1a) shows the characteristic types of energy
spectum for the SFEs accompaniedy highenergy po-
tons with an energy d,> 850 MeV. There are 53 such
events in the studied sample.figure 1a) the energy spec-
trum of protons are shown, the shape of which gadig
changes from an almost rectilinear spectrum to atgpa
with a kirk.

In this work, the approximation of the energy spectrum
of SCR protons in the rangg, > 1-850 MeV was pe
formed using functional (1), which contains power and ex-
ponential functions,

+ Lsr@20@K%01>% (g

wherea, b, candd are the linearegression coefficients that
were found using the least squares method. lnditja) the
black circles indicate the observed valaéthe proton flux
intensity, and the thin solid black line shows the vatas
culated using the functional (1).

It can be seen that the approximation of the spettis-
ing the functional (1) gives a very good approximation.

4 Lsr 2)
4 L3O @3)
y LA @
4 L ADE )
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In figure 1 b) the contribution of each parametess{dn 4. Conclusion
the functional (1) to the formation of the spectrum is shown.
The X axis represents the decimal logarithms of the protorA new approximation of the observetdergy spectrum
energyE,, and the Y axis shows the logarithms of the prof SCR protons in the randg > 1-850 MeV gives a fairly
ton flux intensityl,. In figure 1 b) the gray horontal line good approximation. Therefore, a comparison of the o
indicates the initial valuesf the proton flux intensityo (2), served proton spectrum with the spectrum predicted by
as well as the numerical valuekthe decimal logarithmlp. SCR acceleration models can be more accuratéinatstd
The red color indicates the conution of the power func- by the conditionsn the acceleration source, as well as the
tion (3) to the formation ofhie spetrum, and the blue (4) contribution of transport effects in the interpary mag-
and green (5) colors indicate the contribution from the emetic field, and the additional particle acceleration by coro-
ponential functions. nal and interplanetary shock waves.

In Figure 2 shows the scattering diagrams between the
observed and calculated valuwgfghe proton flux intensity — References
SCRIp in the rangeE, > 1-850 MeV. Of the 349 proton
events, 249 were accompanied by protons with energhdgn’ianS., Logachev lu 1983,Catalogieof SolarPraon
E,> 100 MeV and 53 events were accompanied by protonsEvents19701979 IZMIRAN .

with E,> 850 MeV. Band D., Matteson J., Ford Let al..1993, Astrophys.J,,
413 281
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RELATIONSHIP OF THE ROTON FLUX INTENSITYWITH
RELATIVE DISTANCE BETWEBN HARMONICS OFTYPE Il RADIO
BURSTS IN THE RANGE25-180 FHZ

E.A. Isaeva
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ABSTRACT. In this work, he relative distanceeb jZdl_jgh ihkimih\_ af_gr_ggy \e*ghkgh€ \e:
tween the harmonics of type Il radio bursts and ita-relfegefZevghlh agZq_ggy ahkhZggyfbf aj
tionship with the intensity of the proton flux with aneg- M ~Zgec jh[hle 1Zdh™ [me “hke+s”  _g a\ ye

gy > 30 MeV are studied. kbghkle ihlhdm ijhlhge\ khgyqgbo dhkfeqg
The studied sample contains 112 solar proton evenB (SP_g+\ KDI a \khXghkigiZggx fe* ]ZjfhgedZfb
for the period from 24.1-2000to 20-12-2014yearsaccom- jZ”~<h kie_kde\ ,, Ibim \ ~Zgbc fhf_ gl
panied by type Il radio bursts in the range cfl88 MHz. Ihje\gyevgbc ZgZe+sa ihdZaz\ sh dkagm} *hk
For analysis, we used the original recordingshefdy- a\ yahd fe  egl_gkb\geklIx ihlhdm ijhlhge\ a
namic specumin the range of 2880 MHz from theSo- ! F_<qZklhlhxgZ hkgh\gec 1Zjfhgepe gZ vy
lar Radio spectrograph (SRS), as well as the origieal rkihkl _je]Z}Ivky fegefZewgy &gBhdhkgh€
cordings of the proton flux intensity with an energyl- \<"klZge fe' ]1ZjfhgedZfb kie_kdm ,, Ibim |
100 MeV according to GOES data. sh gbf gb'gq_ qgBkjBlhkgh\gec JZjfhgepe Ib

A comparative analysis showed that for the vast miajo\bs_ egl_gkb\geklv ihlhdm ijhlhge\
ty of solar proton events, the relative distance between thea x gh\e ke khZjyqge iggthin~+€ «gl_gkb\gekl
harmonics of a type Il burst varies over time oasewide jnihdm ijhlhge\ jZ~eh kie_kdb Ibim ,,
range. Moreover, each event is characterized by a gradyah |z gv f+> ZjfhgedZfb
decrease in the relative distance to the minimum value
with subsequent increase. )

In this work, we also studied the relationship between 1. Introduction
the proton flux intensity of solar cosmic rays (SCGihd o .
the relative distance between the harmonics of typa-Il r T0 date, many indications have been received that type
dio bursts at a given time. A comparative analysis showkdradio bursts are generated at shock wave fronts
that there is a fairly strong relationship between the protefheleznyakov, 1970; Wd and Smerd, 1972; Nelson and
flux intensity with an energy 30 MeV and the frequency Melrose, 1985). In this case, quite often, the dynamic
f, at the fundarental harmonic, at which the minimumsPetrum, one can observe splitting of the burst band into
value of the relative distance between the harmonics of tW@ parallel strips, which behave similarly in both intens
type Il burst is observed. It was shown that the lower theand drift velocity (Wild and Smerd, 1972; Netsand
frequencyf; at the fundamental harmonic, the higher thdelrose, 1985; Mann, 1995, 1996 ; Zimovets et al., 2012;
intensity of the proton flux. Vasanth et al., 2014). Some authors believe that the strips
Keywords: Sdar proton events, proton flux inensity B0 BERgE (R 0%, 2o e at a
type Il radio bursts, relative distance between harmomcsgiven timet; by the relative bandvidth ~ | 1 = (fr> %.1)/

) ) . TAC A fi1, wherefi 1 is the radiation frequency.
fo G] gij 'hpgl.\g%%h.lg E ikee K dl_}z)gqr:g gg\g;y ;(rllig VlThe observed barjd splitting. is usyallly associf_;lted with
eal akb\aikIkdimhlhaa i1-380 F_ < the plasma mechanism of radio emissitirthe ratio of

g> N E n g m ge._g_J - the characteristic frequencies of the bafysi 1

e m\ibdZjdZeklbl¥l2 khgyqggihb .

IhggbidAe€K11) aZ_j+ha2411-2000 i h20-12- approximately equal to 2, then they speak of two harmo

: - A A : i irst and,second) radiation generated by a sowee |
2i?n14\1 rl?’gsiggwéj.?:\:hp mivky jz7«h kid_ kca e?iBeithérlin front of or behind the front of the shock
>ey ZgZeeam [meb \bdhjbklizge hj§ Ye\%ggq\?#ql.ué&#iil frs significantly from the iret-
AbqZfe bo ki_dljZ\ahgs=Z F=p a kh r value andsi noficeably less than 2, then this splitting
h?h .gg.h Ki dl 'IIK]JKnZ 174 hp hi b]-g' -Alsp associated with the plasma mechanism of radio
gz o klb ool KB Jh ele ihlhdm iih IJh o @iSSI%ﬁW?&er" in this case, the generation occurs at
F o< agZ 7\92 bf% a *2(6 : 9° Yorie hal icin front and behind the shock front (Smerd
| hj_-\gyevgb?: ZgZe-a ihdzaz\ sh et al,, 1974, 126)7% \Visnak et al., 200D02; Zimovets,
- A 2012; La'nt\1 etal., 2014), where the plasma density and
[*evrhkle khgyggbo ijhlhggboZ\r"kt¥Z\p gs .
fe’ 1ZjfhgedZfb kie_kdm ,, Ibim af-g% VZ%% y teqﬁggq#?ncy of electromagnetic waves have
qzZkm \ rbjhdbo f_"Zo ljbghfm ~ey df™ Qtyiﬁ' Nigeanings.
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b)

b)
Figure1: a) Dynamic spectrum of a type Il burst as-
sociated with a proton event on -8% 2003year.
b) Change of the splittinly over timet;.

2. Initial data and research results

c)
Figure2: a) Dependence of the relative distarge
on the frequency value; at the 1st harmonic.
b) Therelationshipbetween the proton flux inte
sity Ip and the relative distand®min.
¢) The relationship between the proton flux mte
sity Ipand the frequenchy1, min, at which the min
mum value of the relative distanbgnin between
the harmonics of the type Il burst is observed.

The stulied sample contains 112 solar proton evesrREY
for the period from 24.1-2000 to 2612-2014years accom-
panied by bursts Il in the range-280 MHz. For the analy-
sis, we used original records of the proton flux with an ener-
gy of E, > 1-100 MeV accordig to the datdfrom GOES
(https://satdat.ngdc.noaa.gov/sem/goes/data/new_arig),
inal recordings ofhe dynamic spectmm in the range of 25
180 MHz with Solar Radio Spectrograp{SRS)
(http://www.ngdc.noaa.gov/stp/spaseather/soladatdsolar
featurefsolarradio/rstaspectral/), as well as a lisf proton
events (ftp:/ftp.swpc.noaa. gov/pub/indicBBE. txt). (1)

In figure 1a) shows an example of the dynamiccspe
trum of a type Il radio burst associated with a proton burst
on 31052003 year As canbe seen, two bands can be 2)
distinguished corresponding to the main and secomd ha
monics. In this work, we used a new regression model
(Isaeva and Tsap, 2017) to approximate the type Il bursiThis model makes it possible to fairly accuratelyi-est
harmonics (1), wher&; is the frequency of the maximummate the frequency drift velocity for 95% of type Il bursts
of typell burst at a given harmonic at a given tiyg - in the range 2880 MHz, for which the correlation cbe
reference number,- harmonic numberg andd; - linear ficient r between the observed and calculated frequency
regression coefficients. valuesr « 0.98. For all events, the zero time moment
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corresponded to the beginning of a type Il burst at the first3. Conclusion
harmonic at a frequency of 180 MHz.

In Figure 1a) an approximation of the harmonics of a As follows from the obtained results, the often observed
type Il burst is shown by thin white lines along the-haevolution of the splitting of bands of type Il radio bursts can
monics The vertical arrow indicates the distance betwede associated with a change in the density jump in front and
harmonics in frequency| id £fi1 at a given time;. For behind the shock front, which is determined by the charac-
112 type |l bursts, the harmonic splitting width wagdstuteristics of both the shock wave and theimmnment.
ied, which was characterized by the relative distdmce The inhomogeneity of the source can also makera ce
between harmonics (2), whefg and fi» are frequency tain contribution, which leads to a stronger absorption of
values at 1 and 2 harmonics at a given time electromagnetic waves in the ldwequency or high

In Figure1 b) shows a typical example of a change in tlieequency emission band at the first harmonic.
relative distancdy over timet; for a type Il radio burst of A sufficiently strong relationship between the intensity
31-05-2003. A comparative analysis showed that over timef, the SCR proton flux and the frequenfzyat the first
the width of the cleavage can vary over a wide range. Itharmonic, at which the minimum value of the relative
shown tlat each event is characterized by a gradual dhkstance is observednay be an additional parameter for
crease in the splitting width to the minimum valuebgf,  diagnosing the flux of SCR protons.
with a subsequent increase. Moreover, for different events,
the minimum value of the splitting,min is observed in dif-  References

ferent frequency ranges. Figure 2 a) the dependence Oflsaeva E., Tsap Yu.: 201 Ddessa AstrarPubl, 30, 222.

the relqtlve distanch on the frgquency,l at the st har- MannG., ClasserT., AurasH.: 1995, Adron. and Astro-
monic is shown. In figre 2 a) it can be seen that for the phys. 295 775

event of 31052003 yeay the minimum Spitingdimn 1030 G “KiassenA., ClasserH. et al: 1996, Astron and
corresponds to a certain frequeigynin at 1harmonic. Astro” lys..Su i’Ser 119 4'89 ' '
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there is a fairly strong relationship between the relativ N RLab.rum 333 ; ’ T
distanceb; averaged over the entire time interval of a typg " J ; .
Il burst and the proton flux intensitly. Moreover, the §m|§[(j Ss.iheréci?agslé., Stewart RL974, ed. G.ANewkirk,
relationship betweet andlpis much higher for protonsT v y | P51, E - 2018osmic R _— 108
with energies> 3000 MeV, where the correlation dee sap Yu., isaeva k. pSMIC Researchad, < '
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strong relationship between the proton flux intenkjtsnd . .

the minimum relative distance between the harmonics %%r;aékGI?,?,aMagdalen|c J., Aurass teét al.. 2005 A&A,
the type llradio burstimin (see Figire 2b), where the corre- ) . .

lation coefficientr betweenl, and bimin is approxmately Zhg;?gsg(\;or\é:bé?g}gﬁg;ﬁ?lssmn of Sun and
0.63, which is in full agreement with the prewsly ob- Zimovets | ViImér Ng Chian A et al: 2012 Astron
tained results in the work (Tsap Yu., Isaeva E., 2013). dA t" h 547"'d A6 13' " ’

Also in this work, we studied the relationship between and Astrophys 1040, 15,
the proton flux intensityl, and the frequency i min at
which the minimum splittindp; minis observed.

A comparative analysis showed that the relationship
betweenl, andfi1minis much highethan between, and
bi.min, Where the correlation coefficienbetween the sti+
LHG TXDQWLWLHYV LV § DQGg- § UHVSHFWLYHO\ VHH )L
ure2 b and2 c).

It was shown that the lower the frequerfcymin at the
fundamental harmonic, the higher the proton flux intensity
Ip (seeFigure?2 c), where the correlation coefficientbe-

WZHHQ WKH VWXGLHG TXDQWLWLHYV LV §
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ABSTRACT. We present in a concise statement the new :GHL:P1¥b ij_~klZ\ey}fh m klbkehfm \bde
results based on spectgalarization measurements ofgh\e j_amevydbb [ZamxIvkykigdljZevgh
magnetic fields in an extremely powerfulopon solar iheyjbaZpecgbo \lfwp¥¥Agelgbo ihee\ m
flare on October 28, 2003 of X17.2 / 4B class. Thebgyldhithim ghfm ijhlhgghfm khgyqghfm kiZ
observation material was obtainedvith Echelle “h\lgy j en[X17.24B. Cihkl_j_"ghbc
spectrograph oHST AO KNU, which makes it possible fZ1_jeZen\ hljbfZgbc gZ _r_evghfm ki_dljh]
to analyze the spectral manifestations of the ZeemaKL :H D@M\"ydb ghffim eb\eklv ZgZe-am\ZIt
effect in very many lines of the visiblegion of the Ki_dljZevge ijhy\b _n_dIm"m_}ZZ3& hro
spectrum, including the photospheric and chromosphefic 9¢yo \b"*bfh€ hleZkle ki_dljm m Ihfm
lines. Thel “V andV profiles of about ten Fel and Fell "hlh kn‘_bjcg ojhfhkn bjgesgyo ;meh \blq_gh
lines, aswellasthd. H H DRBGOLQHV zHUHMNW Y Mkgbavdh *_Kylkelekgkcz 12dh"
in a area ofthe seismic source of the flare, which Waf'g*_b" H,H iH/\ hleZkle k_ckfeqgh]h —J_¢

; ; ; ; iZeZom yd_ ehdZeeam\Zehkv \ h[eZkle ie
localized inthe sunspot penumbra 8fmagnetic polarity. . ' . = .
In this flare, we found an unprecedented Balm eyfbS iheyjghkM pvhim kiZeZom fb \by\be

GHFUHPHQW RI LOWHQVLWLHV R —%i.j—BQAc-ch'][‘-ieéﬁf&g'ﬁl%/"%l{;kwj—.f—g' ijb yd

dsto ratio | (H | (H Q w Y gl Xghhkl_c ™\ gey ihkl _je]Zehkyv
correspondso rafl ' ! KRy G )/TH ) = 1.68 M e Fer84345 a
54345 line with very low Lande factogg = $.014),a , m- Tbavdbf n.Z dl Hj(ge# £0.974) \ b \.e h
reliable splitting of emission peaks was found, whichhkrh \g._ ‘has ie -f-k-c ybo _ig-d-\
could indicate superstrong magnetic fields (about 50 kQ)O| Zam\JZgIE ng f_Z] g_-gdj?(-)y cililey S hg f 2 b y
of N polarity. Indications for magnetic fields with . . :

ihe ekimebZdh\lby\e Zas\db gZ fZ]ge-lg-

LQWHQVLW\ 8§ polariy*wdrd found too. Theseihey%1 9zZijm’ g-klyx §_‘gd- dSkiheblgngIelh]/g 9
indications are based on the studtiod Stokes/ profile Pe \dZas\db %o_jmglmxlvky 9Z \b\q_g+ Klhdkh
of Fell 5234.6 line. In this line, there were two positivg, eegFell 52346 M pec e -sigeid }(-]Ke?)\z
and two negative peaks of profil indicating a twe ihablb\gbo «» "\Z g ]ZIb\gchi-sih) \ijlZrmeney
component structure of the magnetic field. According ta Z\hodhfihg_glg m k limdimjm fZAg=tghlh ihe
the simulation data, the smaltale component with the 3 rZgbfb fh~_ex\Zggy fzZedhZknyZ[glZz a

abovemertioned superstrong magnetic field had a filling g zazgbf \bs gZ~kbevgbf fZ]gelghf ihe
factor about 0.1 and had narrow (about twice) the-halh zd1hj azih\g_ggy e a\m’_ge m jzat
widths of the line profile. The close contact of ki dljzevgbo  e+<GZ Il-kgbc  dhglzdl
subtelescopic magnetic fields of different magnetigem[l e kdhisqgbgbdZJipes\ jeagh€ fZ]gelgh
polarity, but of lower NnAHQVLW\ % § N* i YghkPVRe f grh€ gziamd=ghiizlam}
indicated by the comparison of the helidths of the Fel |zdh" ihje\gyggy ie\rb jket527dl«6250.2 m

5247.1 and 5250.2 lines. In general, it can be concludgdhkh\hfm iZjZf 1lje< peehfm fh gZ ajh[blb
that the necessary conditions for theconnection of \bkgh\hd sh \ h[eZkle k_ckfeqgh]h "~ _j ez
magneticlines were fulfilled even at the photospheridcbdhgm\Zebkv ¢ hijndhA\p ~ey fZ]gelgh]h
level, rather than in the corona or chromosphere, as j _kihemqg _ggy kbeh\bo eegec gZ\elv gZ nh
suggested by theoretical models of solar flares. je\ge Z g_ \ dhjhge Z[h ojhfhkn_je yd p_ ijk

. N . .
Keywords: Sun, solar activity, solar flares, magneticm |_hj_lbggbo fh*_eyo khgyqgbo kiZzeZo-\

fields, spectral lines, the Zeeman effect, sspeng Dexgh\e kehKhgp_ khgygqgZ Zdlb\geklv Kl

mgnetic  fields mixedpolarity magnetic fields kiZeZob fZ]lgelge iheygekieddpZev _n_dl

sunquakes A_}fZzgzZz gzZ~kbevge fZ]gtZdg-lideyihey
aferZgh€ iheyjkhiglp_ljykeggy
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1. Introduction to the pospeak phase. Below, we briefly analyze the
observational data for both abemamed moments. It
Helioseismic wavess(inquakesare the least studiedshould be noted that at the time of maxim1106:30
phenomenon that accompanies the energy release of sdi), the entrance slit of the Echelle spectrograph was in
flares. They are obseed in the form of perturbations onWKH LPPHGLDWH YLFLQLW\ § GHJUF
the photospheric Dpplerogram®f the Sun, which extend source, which was located in the region of the sunspot
concentrically from some source of perturbation. Sugienumbra ofS polar polarity and had coordinatés =
ZDYHV ZHUH REVHUYHG LQ 8§ RI VRORG BODUH VicheRQ\ZBO¥) RiiEZharkova
such flares had several such soultéssovichev, 205). and Zharkov (2007). At 11:14:10 UT, the entrance slit of
Physically, these are acoustic waves that move notthe spectrograph was projected exactly on the location of
the surface but in the bowels of the Sun (hence the namée seismic source.
seismic). They reflected because of the temperature
gradient and reach the surface at higher speeds. The
velocity of seismic waves, sible on the surface, increases 3. Profiles of linesand magnetic fields
with the distance from the energy source.
Sometheir parameters araypical lifetime is 23 min, According to our observations, the flare under gtud
impulse a10* g cm / s source localizationis photos had an unprecedented Balmer decrement of intensities in
phere, (h § 30-100 kn). Possible energy sources of H. D®G OLQHV I GIDPHB )\ /IRILWYV N\
sunguakesare electronor/and proton beamsr electre et al., 2018). Typically, this ratio is less than unity; only
magnetic forces four solar flares were observed, when this ratio was
To elucidate the nature of the sunquakes, detailgtbater than unityAt the maximum of the flare, the
observational data on the deep layers of the so&mission in theHd line exceededhe level of the nearest
photosphere are needed, including, firttah, magnetic spectral continuum by about 3.2 timeStrong flare
fields as one of the probable sources of energy @missiorswereobservedalsoin D3, D1, D2, Mgl 5183.6,
sunquakes. It is such data that can be obtained from the DQG c OLQHYV
Echelle Zeeman spectrograms of solar flares. In this Such well known lines as Fel 5250.2, 6302.5, 5247.1
paper, we present preliminary results of an analysis @fd 6301.5 h& in the flare pure Fraunhoferprofiles,
such spectrograms relatl to the location of a seismicwithout emission peaks at their cores. More strong lines
source in a very powerful proton solar flare. Fel 5233 and chad weak and splitted emission
peaks Strong emission peaks were observed in Fel lines
of 15" multiplet (Fig. 1).
2. Observations FromFig. 1 it follows that all three lines hawémilar
character of splittingof emissive peaks in line cores
The extremely powerful proton solar flare on Octobdtowever, it should be noted that for the lines Fe | 5269.5
28, 2003 of X17.2 / 4B classas observedwith Echelle DQG )H , WKH /DQGp IDFWRUV DUF
spectrograph of the horizontal solar telescope hef tto 1.208 and 1.426, respectivéfigmanek and Stefand976)
Astronomical Observatory of Taras Shevchenko National
University of Kyiv (HST AO KNU). This instrument, the
observational conditions and some other characteristics of
the flare were described in detail by Lozitsky et al. (2018).
Here we briefly recall Hat the main advantage of the
instrument is that a very wide range of spectrum, from
4000 to 6600c, can be obervedsimultaneously. Also
simultaneously the spectra in orthogonal circular
polarizations, i.e. combinations of Stokes paramdtery
and! iV, arerecorded. =
According to CORONAS, GOES, INTEGRAL, _
RHESSI, SOHO and TRACE dathe impulsive phase of 0
the flare was from 11:06 to 11:16 UT and had a-line
broadening temperature of few hundred thousand
degrees %chrijver et al, 2006) From the dataof High
Energy Neutron Detector (HEND) onboard of the Mars - _
Odyssey Mission it follows that the total energy of nhon 02t S I A R
WKHUPDO HOHFWURQV LQ WKHoBODVK §§D VLl ZBY, IURP 1do 200 300
i 33erg (Nizamov et al, 2018). It is useful to recall that S mA)
this flare was stilied earlier by many authors, e.g. Kiener

et al (2006), Mandrini et al (2006), Kosovichev (20083 re 1:0bserved “V profiles of thethreeFel lines of 18
and Zharkova & Zharkov (2007), Lozitsky (2009), etc.  itipletin solar flare of 2003 October 28 for time 11:14 UT
Between 9:33 UT and 11:22 UighteenZeeman (nnsineak phase)Position of Fel 5397.1line is original,

spectrograms of this flare were obtained. The spectrogrgreasother lines are artificiallydisplacedon +0.4 and+

for 11:06:30 UT corresponds to the peak phase of the, along vertical direaih for better comparison.
flare, while the spectrogram for 11:14:10 UT corresponds

’
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/ILQH KDV D YHU\ VPDOO DQG QHJDWLYH /DQGp IDFWRU
namely-0.014 /DQGL 'HJOT, Q QR wditgk¥\this

into account, as well as the actual value of the spectral
splitting of the erssion peaks in Fig. 1, then we obtain
these lines such magnetic fields:-1.1, -1.3 and
approximately +50 kG, respectively (thet+" sign
corresponds to théN magnetic polarity). Thus, if the
splitting of the emission peaks in the core of the 5434.5 line
reflects really the Zeeman effect, we have an indication that
in the region of the seismic source the magnetic fields
differed by more than an order of magnitude and had
different magnetic polarity. Such features of the magnetic
field are noted inside aarea on the Sun having an area of
about 3 square megmetergMm), i.e. corresponding to the
spatial resolution of our observations.

4. New data to problem of superstrong fields
The question of the reality of magnetic fields of a Iev%l\'/%ur;oii?;ﬂzeisnv &fﬂ&g \I/:vilicShSZ:%).rSre“snpeo%earsgsg g y
of &0 kG is doubtful in connection with the fabit such Mm on the Sun
fields must have a huge magnetic pressure tha®isrdlers
of magnitude higher than the external plasma pressure
outside the corresponding structures (Lozitsky, 200).
can expect that the magnefield topologyin areas of such
superstrongfields is extremelypeculiar for suppressing
such huge difference of pressues®n in a short time.

It would seem that to verify the reality of such gial

in the case of photographical observations (asuincasg
it could be critically small compared to instruntal noise.

(3) Therefore, the advantage of using lines with very
small Lande factors is that they concentrate the spectral

tic fields. it i h tBnd th d Nontributions from very strong magnetic fields in two
magnetic Nields, 1t 1S enoug € corresponaing o rrow intervals of the spectrum placed symmetrically
manifestations of the Zeeman effect in Snwith large

/0QGp 1IDFWRUV  +rzHvHU  wih (BB AL ST EHEHT IR o
problems arise here. Obviously, this is also true for lines with anomalous

(1) Very large Zeeman splittings must correspond gﬂ)litting, because then all s@omponents of the Zeeman

very high magnetic field strengths. For example, for & F% litting are concentrated also in virtually the sgrtece
5250.0 line with a Lande factoressg= 3, the Zeeman inpthe gpectrum y

splitting should be 1.9c if the magnetic field is close to (4) Spectral lines with very small Lande factors are

50 kG. But this line has the closest intense spectral ble%%antageous for the diagnosis of su magnetic fields

at dlstance_s of 0.4c and beyond. It 1S clear that thealso because they give contrasting spectral manifestations
corresponding spectral features (i.e. Zeemanls

. . > even with a large magnetic field dispersion in spatially
components) W'". Qverlap in the spectrum on blend I'n?ﬁ]resolved structures. Indeed, it would be unrealistic to
where they are difficult to dete_ct. . assume that in such structures the magnetic field is always
(2) There are very few lines of metal in the SOIE[FIe same everywhere, that is, the lateral magnetic field profile

spectrum with simple triplet splitting, which sometimeg, rectangular. It is known, for example, that in sunspots this

have emission peaks in solar flares. Namely on suahsy:)g%é)ﬁle is not rectangular but rather smooth, of a Gaussian

\é\:‘es(i:gr?i ﬁrgaeriszrnee:gs gﬁegansiuct::tldisdlriicihlelnaé?l?alr esg(; e. But in a case of insufficient spatial resolution, sections
! ’ . h  significantl different magnetic strengths fall
flare, not under the flare. In the flare studied, such clizgrtn 9 y 9 9

em:?szo? ]E)Ie;alrst arﬁ. gt;ger\/sids 4|r15 tTe Il'an?S of Ith@th' rengths correspond to different Zeeman splittings in the
mutip’et of =el, towhich fine - &IS0 DEIONGS. IN iS;ho0tym As a result, the observed sigma components will

multiplet No. 15, the tal number of spectral lines is 12,b ; ;
. . ) e very blurred, with weak conttadhis factor, as well as
but only Fel 5434.5 line is the Zeeman triplet. Its.we very bl e I W

ve fact s{éjé( ), W}f#d the?i i ELSU erstrong
FOHDYD‘].H SDWWHU.Q LV .YHU\ V %j%b@%hes i rgeL facoﬁs%gzlsrﬁi ffictent, with
components with a relative intensity of 0.5, if we conS|dff-6W chances of success

the magnetic field to be purely longitudinal (i.e., whke rg

ultaneously into the input aperture. Such different

FHQWUDO & FRPSRQHQW LV DE Ogldeﬁéﬁere%‘f”{ﬁl‘;ﬁiﬁg'e%eﬁgoﬁ%
DQRPDORXVO\ WKDW LV wkH LQWHAWTWLEHY ffic é%ﬁ. n?% studfed
component are distributed over some numbers of e (Fig. 2).

components with intensities of less than 0.5, which are, In
addition, substantially spacealer long distances. As CY
result, the contrast of the observed pattern of anomalgZ

This line has empirically determined and relatively
e Lande factorg« = 0.993) which allows to determine
magnetic field more exactly. Buto anomalous

splitting is significantly reduced for very strong fields an eeman splitting, each sigma components of this line
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consist by five sultomponents which have following
splittings in units of normal splitting: 0.738, 0.993, 1.248, 0.075
1.503 and 1.758emanek and Stefanov, 76). Intensity
of this componentsHT XD O 0.050*
0.014, respectively. In case of Zeeman triplet and
longitudinal magnetic field, intensity of single sigma g o5 |
component should be 0.5. This means that the mast |
intensive Zeeman sutomponent (0.738/0.214) is weakers
in compaison with single sigma component of a Zeemat
triplet in 2.34 times, in accordance with ratio 0.5/0.2145
Obviously, this circumstance makes worse the conditions ~0-0257
of observations of the characteristic features in the spectra.

A detailed examination of thebserved profiles of “ -0.050
V andV of Fe | 5371.493 line shows that one cannot
really conclude that the above features exist. Regarding _g g75- . T ——
the Stokes profil&/ (Fig. 2), we can see something similar -300 -200 -100 O 100 200 300
at distances of about Pc DQG Pc EXW ZH "Q(mA)
cannot trae the presence of weaker stdmponents.
These data relate to the same place in the flare whereigure 3: Observed Stok&sprofile of Fell 5234.6line in
clear splitting of emission peaks was observed by Rek flare. Filled circles present observations, solid line
54345 line (Fig. 1). Possible reasons for the absencedata of simuktion in frame of twecomponent model.
characteristic spectral manifestationms Fe | 5371.493
line aresignificant magnetic field dispersion, small filling
factor and thermodynamic effedts volumes withvery
strong magnetic fields. conditions orboth photospheric and chromospheric levels

It can be expected that the influence of the anomalausing noRLTE approximation. In principle, any other
splitting and magnetic field dispersion willebless for program could be used for this purpose, in partic8I&
weaker fields. Based on this assumptiorgfiies of the which allows make the optimal accordance of
Fell 5234.6 linewere studied in detailThis linehasthe observations and theory in authomatic regime, on a base
effective Lande factor 0.86&s Lande factor for the lower of special algorithm. However, it is necessary take into
level is 0.980, and for the upper one is 1.069, i.e. this linecount thatSIR has two essentiasimplifies Firstly,
is nad a Zeeman triple(Zemanek and Stefanov, 1985)filling factor in this program is assumed as unchanged
However, this line has a strong emission in the flarajth hight in atmosphere. Secondly, simulations for
which completely fills its Fraunhofer profile and reachesahromospheric layers carry out IOTE approximation.
level of 1.3in units ofthe continuum level. Our experience with progranFANDORAand SIRshown

It was foundfor the flare maximum (11:06 UThat that for photospheric layers both programs give identical
the Stokes parametéf of this line has two positive andresults(Andriets et al., 2012).
two negative peaks (Fig. 3Jhis can be interpreted as a The semiempirical model was built by trial and error.
manifestation of the tweomponent structure of theA large number of theoretical line profilavere calculated
magnetic field, in which the weaker secondary peaks various distributions with the height of the magnetic
belong to the smalicale compoent with strong fields field and thermodynamic parameters and such altitude
having a small filling factor. As the simulation showed, idistributions were selected as the most likely that gave the
this case, the magnetic field strength in the sisedle best agreement of the simulations and observations.
component should be about 12 kG, and the filling factor of In the semiempirical model, the magnetic field has a
this component is about 0.Magnetic polarities in bbt remarkable feature, namely, a very narrow and high peak
components i§, i.e opposite regarding abomamed field of the magnetic field in the range @8.3 dlogWd 2.5
of &0 kG.The spectral width of flare emission strong (Fig. 4) where Wis the opticakhickness in the continuum
smaltscalecomponent isabout2 times smaller than in aat a wavelength ofo= 5000 c. The geometrical thickness
component with a large filling factoAs to magnetic field of this layer corresponds to 40 km.Here, the magnetic
of 12 kG in the flare earlier Lozitsky (2015) obtained afield reaches I = 90 kG, which is about 2 times more

0.000-

similar resultusing observations in Fel 5288e. than according to direct measurements of splittafg
_ N emissive peaks in Fel 5434.5 lifeeeFig. 1above.
5. Semiempirical model ForlogWt #.5 magnetic field is close to zero, which

reflects the fact that there is no observed splitting in lines
For building of a seraempirical model of photosphericre| 5123.7 and Fé 5576.1, which are formed, in
OD\HUV RI WKH IODUH ZH XVBG h&&M HbweP WanRiRViin IFef3RHAs for the
Fel 5123.7, 5434.5 and 5576d OLQHY¥ cOn@@er temperature in the flar€luae it is increased essentially
program Which is an ingendent imp_lementation of the(by about 5061500 K) for all values oflog Wd 0.5,
algorithms in thePANDORAcode published by Avrett & although the maximum difference betweBge and Touiet

Loeser (1969). This program was created bys opserved precisely in the range of the maximum
E.A. Baranovsky (with the help by Elalanushenko) and it magnetic field.

allows to determine the magnéefiield and thermodynamical
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origin, i.e. they occur somewhere deeplobe the
12.0- photosphere, where the gas dmd dynamic pressure is
large enough to concentrate such a strong magnetic field.
A theoretical MHD model of a magnetic vortex, in which
very strong magnetic fields are possible, was proposed by
6RORYTHY

8.0—
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6. Conclusion andshort discussion

We found indications fowery strong mixeepolarity
magnetic fieldsn an exceptionally powerful solar flacé
2003 October 28 of X17.24B class These indications
relateto area ofthe seismic source 353 according to
Kosovichev (2006) an@harkova and Zharkov ( 2007) in : : :
active regionNOAA 0486. In this placeFel 5434.5line ggqgr%ﬁi/lég\éeggfor?gg'oee;g 025

with very low and empirically determined Lande factor, \

) _» . ~CUIDQGL 'HJOT, R F I3@anRhyé.77, 285.
(gef = 9.014) has reliable splittingf @missive peaks ih Lozi?sky V.G 2009ﬂAs?rc?n Letter35 132;(; 1
“V profiles which can reflect existence of superstror]_gbzitskyV'G N 2015Adv Sbace ReséS 058
magnetic field 0" G) of opposite ) polarity. ozitsky V.G., Baranovsky E.A. Loz'itska N.l. et al.:
However, we found no evidence of such very strong fieltlj’s2018 MNRAS 477 2796 '

in another line of the same multiplet of iron, Fel 5371.R4andrini C. H.. DemoulinP.. SchmiedeB. DelucaE. E
which hasgers = 0.993. Perhaps, this discrepancy is causeds  je .Ud.;jin W 2006.’ Solar Phys 2"38 293 o

by the anomalous picture of the Zeeman splitting |Gizamov. B. A Zimoves. 1. V. Golovin. D. V.et al.:

second Iin'e and 'magnetic field  dispersion in. theZOlS; Journal of Atmospheric and Solderrestrial
corresponding spatially unresolved structurés.semi Physics 179, 484

empirical flare model built using the algorittPANDORA Schrijver, C. J., Hudson,H. S, Murphy,R. J. et2006
code shows that thextremely strongmagnetic fields ApJ65'011821Y1192 ' ’ ’ ’
could belocalized in a fairly narrow altitude range ¢80 6 ROR Y  H0135Sdlar Phys 286 441

km) of the upper photospheriataon other photospheric Zemanek E.N.Stefanov A.P., 1976Yestnik Kiev Univ.
linesindicatea close proximity of strong magnetic fields Ser.Astrononii, 18, 20 ' '

of opposite magnetic gparities which could create the, o\ anek £ N Stefanov A.P. 1985, Vestnik KievUniv.
necessary conditions for intensive reconnection of lines o stronomiya27, 32 ' '

for_ce _vvith a powerful energy release in the areahef Zharkova V.V., Zharko®.1., 2007 Ap J 664 573
seismic source.

The present study reveals a significant new feature of
the phenomenon of superstrong metic fields in flares,
namely, their possible concentration in a very narrow
altitude range (Fig.4). That is, the corresponding
structures can hardly be imagined as very thin and long
magnetic tubes or ropes that stretch from under the
photosphere to thdéemperature minimum zone. Most
likely, these are sma#icale magnetic balls, whirlwinds, or
at least thin magnetic sheets that rise during the flare at
speeds of 2 km s. The latter, apparently, indicates their
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SOLAR PLASMA DYNAMICS DURING THE FORMATION
AND DEVELOPMENT OF ELLERMAN BOMBS PAIR
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ABSTRACT. The results of the specic features
study of solar plasma dynamics in di erent layers of
the active region (AR) of NOAA 11024 under the in-
uence arisen and evolving two Ellerman bombs (EB-1
and EB-2) are presented. Spectral data with high spa-
tial and temporal resolution were obtained with the
French-Italian THEMIS solar telescope. We used spec-
tra were obtained in the H -line and in the lines form-
ing within a wide range of photospheric heights: Fel

630.15, 630.25, and 630.35 nm and Til 630.38
nm. EBs evolved in the region magnetic ux that were
emerging at the time. Changes in the velocity and di-
rection of chromospheric and photospheric matter mo-
tion in the region of Ellerman bombs and in their im-
mediate vicinity at di erent stages of EBs evolution
were determined and analyzed.

Temporal variations in the line-of-sight velocities
(Vlos) of the chromospheric matter at a level of theH
core formation showed two periods in the velocity en-
hancement, containing several individual peaks. The
maximum Vlos was 9 and 8 km/s toward and from
the observer, respectively. Rapid upward and down-

ward plasma streams (where Vlos reaches 80 and 50¢ iaiayiés

km/s, respectively) were sometimes observed.
It was found that up ows were predominant at all
levels of the AR photosphere. At the same time, Vlos

decreased considerably in the region of EBs. Appar-

ently, the small-scale downward ows induced by mag-

netic reconnections were superimposed onto the large-

scale upward motion of the new magnetic ux plasma.
The line-of-sight velocity in the central part of EB-1
and EB-2 varied from 1 to 0 km/s and from 1 to 0.2
km/s in the upper photospheric layer and from 1.6
to 0.2 km/s and from 1.1 to 0.25 km/s in the lower
layer of the photosphere, respectively.

The studied features of temporary changes in the
line-of-sight velocities of the chromospheric and photo-
spheric matter during the formation and development
of Ellerman bombs indicate that they a ect both the
photosphere and the lower chromosphere.

Keywords : Ellerman bombs, chromosphere, photo-
sphere, line-of-sight velocities.

AIMOAOIR. Tdaafoaacail dacodioace Aaifeéi-
acedily laceainodé aeiaiiee miy+it ieacie a
dicied padad aeoeail” Taeanoi NOAA 11024 iia
aieéal 4aio alia Aeeddiaia (BE-1 04 BE-2), Veéi
agéieese i dicacaaseny. Nidéodasuii aaii ¢ aeniéip

fitfy=iTai
fiidéode, yéi aéet fodeiaii a &ifi’ H 04 a é&iiiyd,
Ui 61816poURY & gediénio diaiactii 61010adied

aenio: Fel  630.15, 630.25 i 630.35 i1 oa Til
630.38 ii. Aliae Aeeadiaia dicacaaseny a 1asanoi
iaaiioial moleo, ui aesiaea a oié +an. Aecia+ail

0a iofaiagiciaail ciiie oaéaéinoi oa iaigyiéo

AAAAAA

Taganoi ana Aeedsiaia oa "6 iaéacese+ed 16ieesi

AN QO Anes

xaffai ciiie ioTiaiaal” wo&éaéinoi  (Vlos)
001iifoasii” oa+iaéié ia aiaii  o6ieidaaiiy
yada eiiir H 1aéé aada iaddilaé caieugaiiy

pacasifiol, yei Recasascely ¢ AAGIEUETH 180Aied
figia. lagheiasiia Vios foaiiaeea 9 oa 8 &iff
FitioAGiAA=a OA Aia (UT&T, Aianaiaf.
ieacie 44136 o aiéc, 43 Vios fiyaasa 80 oa 50 &i/f,
aiaiaiaf.

A6él anoaitagail, uf ia anio diaiyd 61oifidvade
a aeéoeail” 1aganoi aiaddaaany iadadaseil iiaén
da+1aeie. O oié =04 +af Aitnoadiaaéiny imioia
cldigaiiy Vlos a linoyd &icoagdaaiiy BE.
Eifaiof, aoiailiangoadii  iecdidii  Toiée,
acéeeéaii jaaiioieie 1adac1aiaiiyie,
jageasaeeny ia Adeeééliangoadieé aendiaieé
d60 ieacie 1aal 1aaiioial moies. IsNiaiaaa
gafadifiol a oaiodasuiié -anoeii BA-1 oa BA-2

clipadeany aia 1 & 0 &i/fi i aia 1 &1 0.2 &/
6 a3d6iulic oadi 6i0ifioade oa aia 1.6 &1 0.2
8i/fi i aia 1,1 & 0.25 &I/l 6 ieeeiili6 oadi
AAAAAA Airigiagedii iitaseairiol
-~ afi1aed ciif i31i&i4ae0 pacasifiodé oaMRoAsIT

\\\\\
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131 EB-1 L4r EB-2

EB-2 EB-1

Figure 1: H spectrum of the AR obtained at 9:42:45
UT. EB-1 and EB-2 are Ellerman bombs, L1 is the
analyzed area, and L2 is the AR section lies outside the ’
region of emerging magnetic ux and without active
structures.

Aleeaapol ye ia ooinoass, oaé i fa ieeeip
63111164d06.

E€p+iai figiaa: ~ allae Aééadiaia, 60iifdada, Figure 2: Temporal variations of the emission intensity
oioinGada, idliaiadi paeaeinoi. (I/lc) in the wings of the H line at the distances of 0.1

nm from its center in the long-wavelength (curves 1),
short-wavelength (curves 2) wings and also Fe-1, Fe-2

1. Introduction > ! L
line-center intensity in the spectra of EBs central part.

Ellerman bombs (EBs), or moustaches, are a part of

:?rﬁlgtjrcefgmi)rﬁ ;Ze)é;;er Zkt'r?]rg;'vﬁg;esmaélésscign?]ré%?é 4 THEMIS 90-cm vacuum solar telescope on July 4, 2009

with a rapid local release of eneF;gy rﬁagnetic elds, and (Kondrashova et al,, 2013). During 20 minuFes, frqm

speci ¢ plasma motions (Nelson etl al. 2013) EIIer,man 09:30 UT to 09:50 UT, 4QO spectra of the active region
' ' NOAA 11024 were obtained. On the day of our ob-

282?;;%2 ahgfé trﬁ]ecomglseti( (;ynaegrlcii t?]fethguﬁp%ir_ servations AR was at an early stage of evolution, and
P ' y y app young its activity was quickly growing. In our work we used

veloping aptlve regions (ARs) with gcomplex magne“c two spectral regions containing the chromospheric line
struc_ture, n t.“? regions of emerging mag_ne_tlc UX€S, "4 and four Fraunhofer lines forming within a wide
and in the vicinity of sunspots. Although this interest- range of photospheric heights: two strong neutral iron
ing phenomenon has been in the focus of many studies,"neS Fel 630.15. 630 25 nrﬁ and two weak lines Eel
but in which layer of the solar atmosphere magnetic re- 630.35 nm an;j T'il 6.30 38 nm. In the paper these
connections triggering the formation of EBs occur still lines are denoted as Fe-1 .Fe-2 Fé-3 and Ti. It should
remains unclear. Some authors have suggested thatbe noted that two strong :emd Mo weak Iineé forming
Ellerman’s bombs are a purely photospheric phenom- in upper and lower photospheric layers,respectively.

ena (Vissers G. J. M. et al. 2013). It is assumed that . ]
Figure 1 shows one of theH -spectra AR obtained

the magnetic- eld energy in the process of EBs de- ) X X
velopment is spent largely on acceleration of plasma during our observations. The width of the spectrum
range containing the H line was approximately 0.6

ows. Jets of matter originating at t he reconnection X o
nm. The studied AR site is marked by an arrow L1

site form, di erently directed motion is observed. The : . . .
and L2 is the AR area without active structures, which

study of matter motion specic features at di erent ] ) )
levels of the solar atmosphere during EBs development Was also studied for comparison. Two extended bright
narrow emission bands are seen in the wings of the

should help determine the height of their formation. o > s )
H line, while a central part of the line is occupied

by absorption. These bands are two Ellerman bombs
2. Observational data (EB-1 and EB-2) having developed for that time. It is
worth noting that the spectra of Ellerman bombs are
The studied Ellerman bombs (EB-1 and EB-2) Opposite to the spectra of ares by appearance: in the
emerged and evolved in active region NOAA 11024 ares, on the contrary, a strong emission in the center
(AR). Spectral data with high spatial (below 1 ar- of the H line and not very extensive and rather weak
sec) and temporal (about 3 seconds) resolution wereWings are observed.
conducted by E.V. Khomenko with the French-Italian EBs evolved in the region of the emerging magnetic
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Figure 3: Intensity variations along the spectrograph slit during our observations in the blue wing of theH
line at distance 0.1 nm from its center (a), in the center of photospheric line Fel-1 (b) and line-of-sight velocity

determined from the shifts of the Fel-1 line core (c).

ux (Valori et al., 2012). Interestingly, the beginning
of our observations coincided with the initial stage of
EB-2 evolution (Pasechnik, 2016).

3. Temporal EBs evolution

In our work, we used the Stokes | pro les obtained
from the spectra with an interval corresponding to the

distance of 160 km on the solar surface (Pasechnik,

2016). It was found that the proles of researched
lines determined at di erent stages of EBs evolution

illustrates that the excitation induced by consecutive
magnetic reconnections in the EB-1 region propagated
along a magnetic loop and initiated the formation of
EB-2, and then the two EBs evolved as a physically
connected pair. It should be noted that observations
showed that 50% of Ellerman bombs appear and
disappear in pairs and are likely the bases of compact
magnetic loops (Zachariadis et al., 1987).

4. Variations of Chromospheric and Pho-
tospheric Vlos in the studied AR site with

were asymmetric with the emission excess in the long- €Volving EBS

wavelength wing (Fig. 2). Figures 2 and 3 a, b show

changes in the intensity of the studied lines in the spec-  Changes in the velocity and direction of chromo-

tra of Ellerman bombs during our observations. It is spheric and photospheric matter motion in the region

seen that the brightness of EB-1 gradually decreased of Ellerman bombs and in their immediate vicinity at

while the brightness of EB-2 increased quite sharply. di erent stages of EBs evolution were determined and
All the time curves of brightness variation are shaped analyzed (Pasechnik, 2019).

like a series of peaks (Fig. 2). This indicates a pulsed Temporal variations in the line-of-sight velocities of

release of energy.

At all photospheric levels brightness variations were
of an oscillatory nature with an interval of 15 min
(Fig. 2 and Fig 3 b).

An increase in the core intensity of all the studied
photospheric lines was correlated spatially with an in-
crease in the wing intensity of theH line (Fig. 3 a,
b).

Within the rst 3 min of observations three peaks
(with 1-min intervals between them) are seen in
all EB-1 brightness curves (Fig. 2). Figure 3 a, b

the chromospheric material at a level of theH core

formation showed two periods in the velocity enhance-
ment, containing several individual peaks. The max-
imum Vlos was 9 and 8 km/s toward and from the

observer, respectively. Figure 5 a shows that the peri-
ods of the velocity growth contained three individual

peaks.

It was found that up ows were predominant at all
levels of the AR photosphere. While noticeable de-
crease of the line-of-sight velocity magnitudes was ob-
served at the EBs location (Fig. 4). Apparently, the
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Vlos, km/s Vlos, km/s
0.2

Figure 4: Line-of-sight velocity variations along the
spectrograph slit at di erent moments of observation
(Curves 15).

small-scale downward ows induced by magnetic re-
connections were superimposed onto the large-scale up-
ward motion of plasma of the new magnetic ux. The
shape of photospheric lines pro les reinforces this con-
clusion. The pro les of strong lines that formed in the
upper photosphere had a red asymmetry. The pro les
of weak lines forming in the lower photosphere had sev-
eral components in the red wing.

All the Vlos time curves are similar to the brightness
variation curves in that they are shaped like a series o
peaks (Fig. 2 and Fig. 5 b). This suggests that the
energy release in Ellerman bombs was associated with
successive intermittent magnetic reconnections. Two the lower chromosphere layer, where the core of the
time periods ( 6 and 4 min) comprising several peaks H line was formed, the matter moved upward, and
manifested themselves. The velocity of upward motion in the same time downward ows reduced the velocity
of photospheric matter decreased considerably within of ascending plasma at the photosphere level. Such a
these intervals. The line-of sight velocity in the cen- distribution of velocities could cause magnetic recon-
tral part of EB-1 and EB-2 varied from 1to O km/s  nections that occurred in the layer between the upper
and from 1 to 0.2 km/s in the upper photospheric photosphere and the lower chromosphere. (Pasechnik,
layer and from 1.6 to 0.2 km/s and from 1.1t00.25 2019). It can be concluded that Ellerman bombs af-
km/s in the lower layer of the photosphere, respectively fect both the photosphere and the lower chromosphere.
(Pasechnik, 2019).

The Ellerman bombs were accompanied by small
chromospheric ejections (surges) with upward veloc-
ities of about 60 km/s and lasting for 0.5 1.5 min Kondrashova N. N., Pasechnik M.N., Chornogor S.N.

Figure 5: Temporal variations in the chromospheric
f and photospheric line-of-sight velocity determined from
the core line shifts.
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The studied features of the temporal changes in
the line-of-sight velocity of chromospheric and photo-
spheric matter indicate that during the development
of EBs, multidirectional movement was observed - in
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ABSTRACT. The paperexaminegiataon the effectsof ieZzafh\h€ eegab dheb \ aZe_"ghkle \en k
thelunartidal wavein the Earth'supperatmospherenthe ~°_j_eZ sh”h ijbeb\gh€ o\bees \eA[m\Z}Ivky
observedlux of radiosourcesMonitoring of the fluxeof j_ggy njhglm o\bee \bijhfegx\Zggy < j_ame
powerful galactic and extragalactic radiources is carried escamxlvky jeage\emkdkevgh]h nhdmkm\Zggy
out at the URAM radio telescope of the OdasObserva- | _gkb\l\gbo f _j olegv Z[h jhafb\Zggy aZzZibl
tory of the Institute of Radio Astronomy of the NAS of*™ j eZ AZ ~Zgbfb fhgelhjbg]m \bijhfegx\Z
Ukraine sincel987 till now. The monitoringgrogram in- Im>gbo jZ**h”~" _j e DZkkehi_y $ E_[*"Vv :
cludesradio galaxies 3C274, 3C405 and supernova rem-+\Z : \bagZqg_ge jhafejb « kijmdImjZ ahghb
nants 3C144, 3C461. hanges of fluxes of radiationo\bee m \_jogec jZlfehn\bjh[ey} n_dl ieZaft
sources atlecameter waveare determinedby thecondi- \h]lh eegam\Zggy AZ]Zevge jhafejb pe}€ ah
tion of anionosphere resulted due space weather varia-j_~_ggyfb gZ gZklhlZo . Flp klzZgh\blv
tion and tidalevents. When radio sources are observ8@ dmlh\bo ]jZ"mke\ azZ i§jydfyfetg kob
through a tidal wave, a "plasma lens" effect is realized myggy¥ ayadm a \_ebdbf h[ky]lhf ~Zgbo kih
the ionosphere. Depending on the position of the radio gv a[eb” jggyh~" _j e a fekyp_f gZ JL MJ
source relative to the tidal wave, the radiation wave frontis fh eb\_ ih~"ZevZevg | \b\q_ggy ijhy\e\ _n_1
sought. As a result, various effects are realized: strong flo-\ @ Zafh\h€ eegab?2 \ ehghkn_je \ aZe_ “ghl
cusing, intense flickering or "blurred"” recording of the raebgbgb ijbeb\gh]h h[mj_ggy <Z eb\bf nzd
dio source. Accdaling to the data of radiation monitoringh[e+sd iheh  _ggy jZ~*h”" _j e sh”h fZdkbfmf
of powerful radio sources, the dimensions and structureo§ h€ o\bee sh dkg* gh™e gZkimigbo jh[hlZo
the tidal wave zone in the upper atmosphere producing
effect of "plasma lensing" have been determined. The to
size of this zone according to obseifwas on frequent 20
and 25 MHz is on the order of &0 angular degrees in
right ascension andeclination.

%-:"ywords: atmospheridunartides, upper atmosphere, ra-
i0 sources

1. Introduction

:GHL:P1¥ jh[hle jhaley”rZxlIvky *Zg-Tidal phiekamena inthe Earth's atmosphere arise from the
AT ggy \ieb\m fekyggh€ ijbeb\gh€ o\lgmvitational farcesoof ZHe Moon and the Sun (gravitational
fhkn_je A_fee gZ kihkl_j_"m\Zgbc ih ltdes) Zidrdm theymal heating by the Sun (thermal tides).
Fhgelhjbg] ihlhde\ \bijhfegx\Zggy ihlmpagtbimn] Zhe Lidference between the physical nature of
Ibggbo ihtaz]Zezdlbggbo jZz~«h”" _j e gightatiohkllanklythermal tides, they have different periodic-
gZ jZ"*hl_e_kdhis WW:kvdh€ h[k_j\Zih|&€avitational tides have a halhy period and form two
NehZkljhghfeqggh]h egklblmIm G:G Md }jid# gaves direct j@gnd neerse. Thermal tides have a daily
e ih I _i_jergec gqZk < ijh]jZfm fhgelhjjegddanddeerqgaliged in the area of the terminator.
jZ"*h]ZezZdlbdb K K e aZebrdbatg #ohy tatllw@astronomy observations on ean
K K Kihkl_j_"_ggy jZ**h”" _j_e 48rhdib Adbescope are the most effective method of inves-
ebky hdj_fbfb k_ZgkZfb \ jeagbo qZ kigating tdiah Wawes dccurring in the ionosphere.
j_"eeZo l]h~"bgb ~h « iekey gZkm dm&intedggvat@he*URANE radio telescopthe program
Kihkl_j_"_ggy ijh\h”beb \ ZgZzeh]h\hdfmonitorm§epojwerful galactic and out of galactic sources
}kljZp€ a jhdm \ pbnjh\hfm M jhdaried jdutlhe yrbHAitoring program includes radio gal-
xlvky \biz*"dbmjhpdeb\gh€ o\be- aZ axikg Ba27Mh 3C405 and supernova remnants 3C144,
gelhjbglm jZz~«h”" _j e m pbnjh\hfm j_30n6l. Dbkerviadigns€of these radiousoes provide uni-
azZ i_jehn- jj Afegb ihlhde\ \bijhfegXdrihg?ghour coverage over timand allow recording of
jZ™reh"" j e gZ ~_dZzZf_ljh\bo o\beydhe $tagaliedonosghere and the processes taking place in
klzghf ehghkn_jb ie” \ieb\hf afeg dhibydlehgé/enhchandes in the flesxof radio sources and
I1Z ijbeb\gbo y\bls kihkl_j ~ gge jZ~-ethéirfligkeeng. Observations were conducted in analog re-
g_j_a ijbeb\gm o\bex \ chghkn_je* j_Zadiagmijddek sincenl9@7 in digital.
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2. Abnormal types of radio source records The use of the radio telescope"URAN having a knife
pattern, a decameter range of working frequencies and the
The work deals with the occurrence of a wave based @#ssibility of longterm tracking of the space radio source
the monitoring of radio sources in the digital recordingemonstrated the possibility to implement a radio astron-
mOde, for the periOd 1998004. Radio source records Wer%my method of Observing tidahenomena in the upper at-

chosen as the data under study when they passed neapfi§phere of the Earth by the method of transmitting the
Moon. These data were charaized by three types of rec- region of tidal disturbances in the ionosphere.

ords:presence of strong flickering of radio sources, strong
compressioror complete breakdown of recording of dia-
grams of direction of radio telescope. All these effects can
be caused by the different race position of space radio
sources relative to the maximum tidal wave in the iono-
spherewhich acts like a "plasma” lens stibrting the front

of the wave coming from the radio source. For an example
of this type of record, refer to Fig-2.

The recorded abnormal records coincided with time of
the close arrangement of the Moon and sources on right as-
cension (Fig.3-5). During periods when observations were
conducted 24 hours a day, the effects of a direct and reverse
tidal wave were noted.

Detection of similar effects at on radio telescopéJ : &

4" in decameter range is related to value of angular resolut]ipaureg_ The position of abnormal radio 24 records
of radio telescope able to register distortion of wave front Oéries dépending on the distance between the Moon and the

radio source radiation under influence of tidal wave in I0ND= Hio source by right ascension (192804)

sphereAbnormal records in the presence of focusing, defo-
cusing, and strong flickering phenomena can be interpreted
as the effect of devabing a "plasma lens" in the Earth 's ion-
osphere by the formed lunar tidal wave. Applying this inter-
pretation and taking into account the spatial realization of ab-
normal types of records, it is possible to estimate the dimen-
sions of the lunar tidal wave the ionosphere, which was in
the range of 3@0 angular degrees at right ascension.

Figure 4: The position of abnormal radio 3C405 records
varies depending on the distance between the Moon and the
radio source by right asesion (19982004)

Figure 1:Sample 3C405 source recotdhugust 25, 1998
(20-25 MHz)

Figure 5. The position of abnormal radio 3C461 records
varies depending on the distance between the Moon and the

) . radio source by right ascension (192@04)
Figure 2:Sample 3C144 source recorddpril 22, 1988

(25MHz A-80m)
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Due to the large number of observations of the approactReferences
of radio sources to the Moon, further detailed study of the
effects of the "plasma lens" in the ionosphere as a resulBofinelli B.E., NamgaladzeA.A.: lonosphere Physics,
the magnitude of tidal disturbance is possible. An importantMoscow Nauka, 1988, Chapter 5. Neutral atmosphere
factor is the cosideration of the position of the radio source and processes in it. Tidgs. 281288.
relative to the maximum of the tidal wave, which will bé\kasofu S.I., ChapmanS.: Solar terrestrial physics. Ox-

carried out in next works. ford, 1972 Chapter4. Dynamics of the upper atmos-
phere and dynamo effect, Tidal vibrations of the atmos-
3. Conclusion phere p. 34368

SidorenkolN.S. $WPRVSKHULF SURFHVVHYV DQC
1The possibility of investigating the passage of tidal wave tation. St.PetersburgHydrometeoizdat2002. Chapter
in the Earth 'sonosphere using the method of "transmis- 4 Tides and Earth's rotation. {6-121
sion" by its space radio sources in the decameter wdayenkanR.A.: Lunarvariations in the lonospherAustral-
range using the method of digital registration has been exian Journal of Physi¢®, 112.
perimentally confirmed.
1The observed effects of severe flickering are associated
with the passage diinar tidal disturbance in the Earth 's
ionosphere, containing direct and reverse tidal waves that
act like a plasma lens, distorting the shape of the radio
source record.
iObservational data show that the size of the tidal pertur-
bation is approximatel30-60 degrees in right ascension
and declination from different sources.
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ABSTRACT. It is shown that in 2016/17 the smoothed leevdb ~ kdeevdb kbgh”bggbo fekype
anomalies of air temperature Tine European Territory of ~Hb AZ Zghfaed kkype\ kihkl_je]Zxlvky
Russia repeated the course of the perigee distance, whidr afegb i_j€\eCghZzyhe” ~h
varies along the sinusoid with period of 206 days. df H~*gzZ afegZ a”eckgx}lvky agbo Zghfz
Discovered the basic pattern mgesyzygy tides: 206 fekype\ Ne ZaZim]Eekype\ Ne

daily beating pressure anomalies for the new moons ahdzdZ qzZklhlgZ fh "meypey a€dgbkbz je]_cgh
full moons. Pressure anomalies in the full moon and nekb e v gh mkdezZ”gx} kbgojhgeazZpex Zlfh
moon can be appraxated by sinusoids with periods ofijhp_ke\ a fekh@ylggbfb ijbeb\Zfb

envelope beatmabout 412 days and opposite phases. The sy

range of oscillations in the antinodes reaches 40 M ;é( qg \ ‘. k':e h‘th y ?]-g(t:fn/\gby q gfb : ebb \db ff . Ik yags
which in order of magnitude is quite comparable to thB € ijhlgha ih] at+g e-fZlm
real SYNOPTIC fluctuations in atrgpheric pressure.

Keywords: lunisolar tides, lunar cycles, weather forecast, 1. Introduction

climate changes It is widely believed that global scale periodic
'GHL:P1Y KIZIly iibk\yq_gZ ie J'ﬁerm OODWLRQV Rl WKH (D UaéKifiw DWPR

keas]ecgbc ijbeb\Zf \ Alfh&ndirekd|Z\ tides,which are caused, first, by heatirthe
ijhy\bbky\ g_a\bgZcghfm jh_a\bldma“P ‘Qtﬁ

Ihl I?Ipz_gkg.-\ Ijgsz h/(\jjbhjlﬁ\;.k \; g '\Ci J!FJ bi’rr]h'fl‘} I€b ; in the stratospheric ozone layer. Naturally,

aleZA' _ge ZghfZes€ | |fh\-JI21ymj¢)/ZLJ terma tides have the solaaily frequency and its

i i X\ i 12, 8 hours, etc.). Gravitational tides
ih\lhjx\Zeb oe" i_fe]\ecrkhZge ?;Earmomcs (
lhdzazgh sh AhAZNZggy qZkIh S{a"ytttlt%htgractlon of the Moon and the Sun are

f as negilge and having no effect on
Zghfz bo kbghdgbge\fekype\ ihjhn" 0
[bgl ly idj)qbgl eb\g hg gl\<bqe b a y p joh ’\lhf syno,ptl progesses in the atmosph@hkapman, Lindzen

C . . 1 I However, a monitoring of lunisolar
ijbeb\gbc pbde \ieb\Z} gZ jha\blhd 9|ZB ANt 7 RS
iihp ke gZeb\@hygy Z1fhkn gh]h rﬁjtﬂ] of the Earth's rotation rate has revealed

| fi jZImjb « ih]h4 hJgZ-~h [h\bc ob t atmosphenc processes tend to vary simultaneously

ihjmrm} ijZ\bevgbc k_ahggbc oe? |h]VV1' extr %scﬂlaﬂons of the Earth's rotation
b's

te dditionally, Sidorenkov (2009)
"h agZqgbo ZghfZe-c f I _hjheh]e qg E‘
<klZgh\e kgih\iZ~AeggpizAide\ a | dhj rf pecrumoftheangularmomentumof

: : r th global atmosphere has lunar components witfoger
jZTenjhbZ dkb fmi off dé % 5 days), half a lunar month (13.6 days),

rgm the land and water surfaces directly
ar radiation and, second, by absorbing solar

fzdkbfZevghx _fi_
i_je]l_c®\r~rklZge Fekypy Z \biz~ de\
_fi_jzZImgbach]h fegeifmfAgZc”_gZz h
azdhghf-jg-klv i-K=a-pglybo ijbiebi: re anomalies in Moscothat reveal lunar

ZghfZesc Ibkdhhehén]h 1Z ih\gh]h E"EP[?
: . . nts with periods of 355, 206, 87, and 27 days
:ghfZe+€ Ibkdm h]mheh’(\gh!Fhkypy fh° |dorenkov2009

Zijlkbfm\Zlb k@®gibklydh]bgav [blly : ,
i jehAZfb [ebavdh Aol « ijhibe_ Eb?%e %Of%az h{:_ar cycle in the evolution of weather

a lunar month (7 day®)is is confirmed
,s§ectral analysis of lortgrm series of air

A esses uropean Russias first noted by the
Jhafzo dhebizgv \ m}ﬂ?h\glyyl% thDk g% 17 The spring of 2017 mienstratedan

; theweatherprocesses over European
kbghilbggbfb dheb\zZggyfb Zlfhkn_ P% ﬁ‘
IhdZazZgh sh dhj éypehenrkizge Fek) it] More specmcally, from the secondveek of

; L A ruary e air temperatures rose to thawing
iﬁhflzz?ki];tz/ I—[frln—\jzz}lmj\b eg}hjjrmzn:(}l I.\?ky \ .W% th@gthc!r Ferlek of February, the daily mean

\eA[m\ZxIvky afegb €€ haghef gi : became posnnt/)@nkMarchl the at)solute]c
ZghfZeegkbogfekype\ Ah[b ”be@%r@uremaﬂma were broken in many cities o

\_ebghgpeedhf fh'gZ
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European Russia. Thentperature reached values typical
for the middle of Apriland the existing snow cover
thawed quickly The ice on the Don, Oka, Dnieper,
Western Dvina, and Volga rivers was broken extremely
early. In the secondweek of April, the increase in
temperature ceased and negative temperature anomalies
persisted until the last days of April. Then a folay
summe-like heat wave was observed, which was
followed (starting from May 4) by a temperature decrease
to April values. In the thirdveekof May, the temperature
began to return to normal values. However, a cold wave of
Arctic air swept the region on the firdays of June. As a
result, the temperature reduced to extremely low values.
Night frosts were still observeid many areas of European
Russia in June (i.e., extremely late in the season).

2. Observations and their analysis

The Hydrometeorological Centerof the Russian
Federationsupportsthe MIDL databasevhich storesthe
anomalies of daily mean temperatuof about 2700
Northern Hemisphereveather stationsThese anomalies

Figure 1. Deviation of the lunar perigee distance from
362464 km (thmonds) and the anomalies of daily mean

are computed according to Bagrov's technigBegfov air tempeature in Moscow over 2016/2017 (the thin curve

Loktionova 1994). The dailynean temperaturgnomalies depicts Qany mean values, and the thick curve shows 27
for each stationere determined by applying a piecewiséldy moving aveages).
parabolic approximationQordin, 1994) that used the
monthly meansData from MIDL for several stations in
European Russia were used in the present study.
Figure 1 dispys the anomalies of daily mean temperature
in Moscowfor 2016/2017. Itshowsthat they exhibit large
dayto-day fluctuationsSidorenkov(2015) andSidorenkov
(2009 and 2016) shotiat intramonthly (i.e. semimonthly
and quasiveekly) temperature variatis can linked to the
lunisolar tides. Accordingly, daily temperature anomadies
smoothed by computing their 22y moving average3he
smootheddata isdisplayedin Fig. 1 using athick curve
which mimics a sinusoidal waweth minima in November
2016, and Maytune 2017 and maxima in March and
September 2017
The observed range in the temperature anomaly
RV FLOODWL R @\WhieHHe2 p&idd/(timef interval
betweersimilar extrema) is about 204 dayEhis period is
very closeto the 20éday perod obtained bySidorenkov
(2015) andSidorenkov(2009 and 2016from a computed Figure 2: The 2#day moving averages of temperature
periodogram of a 4§ear time-series of temperature anonalies in Moscow (sofl), Krasnodar (triangles), and
anomaliedor Moscow. Samara (crosses) in comparison with the lunar perigee
Experience shows that the correlation lengththe distance (dimonds connected by the dashed curve).
temperature anomalider European Russia is m®than
1000 km. Therefore, the plottéemperature anomalidsr
Moscow well characterizethe smoothed variations in of quadratureg(the first or third quarter phases), when the
temperature anomalies over ttemtirety of European DQJOH EHWZHHQ WKH ORRQ DQG WKH 6.
Russia.In addition, plotdike Fig. 1 were constructed forat minimum strength (i.e. neap tides) the lunar orbit
Krasnodar, RosteenDon, Kazan, and Samara weathefvere a circle, the strength of thespring and neap tides
stations.These plOtS showed similar variations in their ZXNOUId not Change over time. However, the lunar orbit is
day moving average temperature anomalies, differing ordiiptical. The point of the Moon's orbit closest to the
in the values and times of their daily fluctuatioR&gy(2). Earth is the perigee, while the farthest point is the apogee.
Finally, thetemperature anomaliésr all the stabnscited A |ine drawn through the pigiee and apogee is called the
follow the variations in the lunar perigee distance. line of apsides (lin®f-apse). Naturally, the tidal force of
2.1.0rigin of the 206day lunar cycle the Moon experienced by the Earth asmaximum at
_ perigee an@d minimum atapogee
- New and full moons are also known as syzygies. At The perigee end of thine-of-apseof the lunar orbit
times of syzygy, the Sun, Earth, and Moon are in a straigBhtinuously moves from g€ to east over theelestial

line. Accordingly, their tidal forces aco treinforce one gphere, returning to nearly the same positioativel to the
anotherso that the spring tidgeeakin strength At times
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stars every 8.85 years. The Sun makes autwon relative Figure 3 provides key information for understangthe
to the stars in the same direction in 1 year. &beg, if the formation mechanism of 2@y oscillations of
perigee end of thdine-of-apsestarts & a time when it temperature anomalies in the atmosphere. It suggests that
points directly at the Sun, then anothéd.78days or 1.127 the atmospheramust exhibit pressure oscillatiorlike the
years are required for it to return to the originaerigean springdides in the ocean, which can lead to the
configuration {e. the Sun catches up with the jgee). formation of 206day oscilations of air temperature.
This is true because the frequencies of two cemned Specifically, Fig. 3 shows that the spring tides at full and
revolutionsare subtracted} 1 1 new moons have oppositeeights at antinodes and are

1 885 1.127 nearly identical at nodesWith regards toatmospheric

The 411.78day periodis called theFull Moon Cycle pressuresuch behavior meartkat alternating semimonthly

(FMC). Clearly, it takes roughly 206 days before the perig yclonic and anticyclonic processes prevail at antinodes,

end of the lunar orbit makes half a revolutihe 206day Put they die out at nodes. Such dynamics of atmospheric
cycle is known in astronomy as half tle FMC. From a processes can lead to considerable differences between the

physics point of view, the 41@ay cycle is the period of air temperature conditions at antinodes and nodes. The

beats produced by interfering the close frequencies Ff%md of these differences 206 days.
anomalistic (27.55 days) and synodic (29.53 days) months

(Sidorenkoy 2015; Sidorenkoy 2009; 2016 Wilson,

2012 or the synodic month and tleeectionperiod in the

lunar lorgitude (31.81 days)l'he important point to note

is that the206-day cycleis equal to the halifference

between the frequencies of the interfering oscillatiags

well as being a whole multiple of the synodic month

(since 7 x 29.53 days = 206.7 days).

2.2.Manifestation in terrestrial processes

The realignment of the anomalistic and synodic orbital
periods cited above influences lunar tidal and terrestrial
atmospheric processdsor example, the distance between
the Earth and the Moon at therigee anges from 370000
to 356000 kmwith along-term average period of about
206 days.This effect of lunar distances illustrated in
Figs. 1 and 2, where thdeviation of perigeandistance
from its average value of 362464 knis depicted by
diamondsconnectd by a dashed curve. The length of the
lunar anomalistic month (i.e., the time interval between
two consecutive passages of the Moon through the
perigee) ranges from 28.5 to 24.8 days, while its dong
term average is equal to 27.554545 days.

It is importantto note that theEarth's motion around
the barycenter of the Earfhloon system reflects all
motions of the Moon at a scale of 1:81. Therefore, the
Earth has similar variations its pericentric distance and
in its angular velocity of monthly rotation arod the
barycenter with a period of 206 da§Sidorenkoy 2015;
Sidorenkoy 2009; 2016). However, since we are on the
Earth, we cannot see or experience its motion randt
use the Moon to study the motions of the Earth.

2.3.Spring tides

The 206day cycliFLW\ RI WKH (DUWKfV SHULFHQWULF
distance and, hence, its angular velocity of monthly
rotation about the Earthloon barycenter, must influence
processes in the Earth's spheres, primarily, in those of the
atmosphere and hydrosphefer exampleFig. 3 presets
the maximum sea levéleightsat full and new moons in
various ports around the globe (Feesuk, Masloy, 2011). . )

Inspection of Fig. 3 shows that all tidal curvés; a Figure 3: Highest spingWLGH DW IXOO PRRQV |
given lunar phase (i.e. new or fulgre well approximated PRRQV T LQ _D OXUPDQVN E 3XHUWR
by an enveloping sineufiction with a period of about 412(¢) Suva (Fiji), (d) Lerwick (Scotland), and (e) Magadan
days and an amplitude of about 60 cm. For perigean sprifiySuk, Masloy 2011).
curves, the period of the beats (the time interval between
neighboring nodes or antinodes) is equal to 206 days.
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The main feature of perigean spring tides is that tbé about 412 days and opposite phases. The range of
curve for each syzygyi.e. new or full moon)is well oscillations at antinode®gaches 40 mb, which is comparable
approximated by a sine function (beat envelope) withia order of magnitude witractual synoptic oscillations of
period of 412 days an® SKDVH GLIIHUFdQ@F Hatidspherfc pressure and close to spring tides in the ocean
Therefore, for any dal characteristic, each positivgAvsuk, Masloy 2011 since a icm sea level elevation is
anomaly in one syzygy is associated with a negatigguivalent to atmospheric pressure of 1 (nfta).
anomaly in the nearest othipe syzygy. Theootcause  Thus, Figs. 4 and 5 suggest that the geodynamical forces
is that the lunar orbit is elliptical. If thtloon passes in 2016/2017 were able to overcome the stochastic
through perigee at full moon, then the distance to th@ermodynamics of the atmosphere and imposed their
Earth reduces to a minimum and the tidal force iglestiaimechanical tidal cyclicity on the weather evolution
maximum (positive anomalies). Roughly half a monthyer European Russia. It is e#e cases of forced
later, at new moon, the Moon is in the opposite part of t§gnchronization of atmospheric dynamics and tides that give
orbit at the maximum distance (near apogee) and the tigfg to Junar components in the spectra of anomalies of

force becomes minimum (negative andies. meteorological characteristic§Sidorenkoy 2009 2015;
_ In 27.55 days, the Moon returns to the perigee, but thi§16) connected with atmospheric spring tides. The-206
time two days ahead of full maq29.53 + § Q HiBY cycle of spring tides violated the correct seasonal

time, it returns four days ahead of full moon, and so Qphriations in meteorological characteristics. Many local
With each revolution, the tidal force decreases at fyllcord extremes of daily meteorological characteristics

moon and increases at new moon. About 3.5 synodi§served across European Russia in 2016/2017 were
months later, the spring tides become of equal strength{atqciated with this cycle.

a beatnhode) and, then, the tidal force at new moon begins
to prevail over that at full moon, reaching a maximum
range (at an antinode) after about 7 syzygies. Next, the
tidal range decreases over 3.5 months until the next node
is reached and so on. Changeskhia sign of anomalies
from full to new moons and back always occur at beat
nodes at intervals of about 206 days.

2.4.Spring tides in the atmosphere

The appearance of a 20@y cycle in the 2017 weather
prompted our study of atmospheric spring tides, whieh
expected to manifest themselves in atmospheric pressure
oscillations in a similar manner to the deeel spring
tides in Fig.3 (Avsuk Masloy 2011). Specifically, a
series of thredour groundsurface pressure measured at
the VDNKh weather statiomiMoscow over the last two
years was used to calculate daily mean pressure values
and their anomalies. The daily pressures at the Moscow
State University meteorological observatory averaged
over 19662010 were used as normalgeference
(Sidorenkov et al2008. Figure 4: Spring oscillations of atmospheric pressate
Next, for each full moon day, we chose the daily meafie VDNKh (Moscow) weather statiaover 2016/2017.
pressure anomaly ovefor this day. A series of
atmospheric pressure anomalies for all new moons was
separately generated in a similar manner. With the help of
Excel, the atmospheric pressure aiaties at the VDNKh
weather station were plotted for full moons (open circles
on the broken curve) and for new moons (solid circles on
the solid curve) over 2018017 (Fig.4).
The spring tides in Kazan were additionally analyzed.
With the help of Excelhie anomaly atmospheric pressure at
the Kazan University weather station were plotted for full
moons (open circles on the broken curve) and for new moons
(solid circles on the solid curve) over 262617 (Fig. 5).
Figures 4 and 5 show that the spring caiilhs of
atmospheric pressure avery noisy. Nevertheless, the basic
features of spring tides, namely, nodast{e summer of 2016
and May of 2017) and antinodes (in Februltsirch and
Septembectober of 2017gan be observedt can clearly be rigre 5: Spring oscillations of atmospheric pressure at
seen hat the pressure anomalies at new and full moons ar Qb an weather station over 2016/2017
different signs. The pressure anomalies at full and new moons
can be approximated by sinusoids viitrat envelopgeriods
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The 206day cycleof temperature anomalies leads ttides on the atmosphere. Clearly, the possibility of
violations of seasonal temperature variations. Feynchronization depends on the seaebrihe year. The
example, due to its contribution, the 2016 winter ov@06-day cycle and four years are in the ratio of 1S@.
European Russia began nearly one month earlier, wtalter four years, the phase of the 268y cycle re
the 2017 summer set in one month later than its ussghchronizes with the season$ the year.Hence, you
time. These phenomena were followed by a shift iwould expect thatthe maximum correlation of the
summer to August and a delay in fall. In January of 201f®@mperature anomalieb with R shouldhave a fowyear
the phases of 26@ay lunar and annual solar cycleperiod. Howeverthis study shows that tends to have an
coincided, and winter came, though mild with little snowightyear period since, infour years, the lunar phases
at the beginning, but frosty with much snowvifa end. reverse (i.e. full moons are observed instead of new

Overthe time intervatonsideredtwo extrema (maxima moons). (Recall that the Moon is between the Sun and the
or minima) of the perigee distance and the temperature ozarth at new moon, while the Earth is between the Sun
European Russia were observed at $hene time. This and the Moon at full moonso theconfiguration of the
suggests an interesting dependence: record maximgnavitational forces is entirely different in these cases).
temperatures tend to occur simultaneously with perig€bus, the same lunar phase occurs at the same time in the
distance maximayhile the cases of minimum temperatureseasonal cycle once every digfears i.e., the 20&lay
with perigee distance minima. cycle in temperature anomalies and weather features is

For example, according to daily data from theanifested primarily when certain mutual configurations
Hydrometeorological Bulletin of the Hydrometeorologicabf the Earth, Moon, and Sun are repeated.

Center of Russia, near the maximum of the perigeeA good example of eightear cyclicity is the still
distance on March 1, 2017, thésmlute temperature widely remembered unusiliadry and warm fall observed
maximum was exceededin Moscow, St. Petersburg,over European Russia in 2018. Earlier similar weather
Bryansk, Rostovon-Don, Kirov, and some other cities.anomalies in fall occurred in 2010, 2002, and 1994. Even
Near the next maximum of the perigee distance (earlier similar dry anomalies in fall were observed in
September 13), theemperaturenaximumfor September 1954, 1946, and 1938.

12 was exceeded in Velikiye LikSmolensk, Tver,

Rybinsk, Simferopol, Anapa, Krasnodar, ektowever, References

absolute temperature minima are observadch less Avsuk YUN.. Maslov L.A: 2011, Earth, Moon, and

frequently, possibly due to the global warming of the
climate. Near the distance minimum of May 26 to June g|3a8nfgs 108 Issue 1, 77DOI 10.1007/s1103811-

20, 2017, frosts were obrsed over European Russia an . )
the minimum temperature extremes wesrceededin %agrov AN., Lok'uonqva EA:' 1994, Meteorology and
Hydrology,11, 100[in Russian]

Arkhangelsk, Lipetsk, Pskov, Tambov, Ufa, etc. : X
The correlation presented in Figs. 1 andh@wever, Go[zglr:u\s/s,?éh]lgm,Meteorology and Hydrology1, 110

between the lunar perigee distafit@and the anomalies of _.
temperatur@ canrot persist permanentlifhis is true since S|dorer.1kov N.'S" Isae]\cA.A., Orlov IAl Shlezrstyukovf
is that the Moon passes througle perigee more frequently g.G..'ZCI)OS,lgéngo%g .H>§f°”?’3te°r° ogical Center o
thanit passes through the same phasethere is a slow Sid USS:? ssulsl s g [in us&ané.A 2012 RUSS|
drift between the Synodic and Anomalistic month so 1Bat iaoren OVI ' d Lém?rova s » Russian
anomalistic months (413.3182 days)roughly equivalent S.dMeteiro Oglglse}n 231'5“3893376 Nc_). 6| 411. d
to 14 synodic months (413.4282 day3)hus, over15 |bqrenhov 14 N 3 5’. F\()aop.ysma processesin
anomalistic months, the perigee distance varies twice fr% |ospkere . 0. 9, fin Russian]. q logical
356500 to 370000 kmwith onevariation lasts for seven >'90r€n«ov NS. 2016,|n Proc. O.f Hy rometeorologica
anomalistic months (192.8 days), and the other, for ei feenter of Rugslassue359, 33[in EU?SI&D] - Th |
months (20.4 days).This leads to a kindf frequency Sﬁéng?a\iiétﬁiffgpﬁhgetmseﬁhg:gnggefé?g)erma
modulation being imposed on the perigee distance.. ) ' ! '
variations that complicate the synchronization I?g::glgﬁVN;a zogjopa)‘fs::all_ %r\(/)vcssl;ez F V\\//vléilr?h(gimE HW 2z
atmospheric processes with lunisolar tides. : '

An analysis of longerm temperature anomalies has WILEY -VCH Verlag GmbH & Co. KGaA317pp.
shown that thesituation described abovs a rather rare Sidorenkov NS: 2016,Izvestiya, Atmospheric and Oceanic
event where there is aynchronization of oscillations in ~ Physics52, No. 7, 667DOI: 10.1134/S0001433816070094
the atmospheric circulation with oscillations ofsidorenkovN.S.:: 2017, AApTr, 30, Issue 2, 249, ISSN
geodynamic forces in the EarfffooniSun system. An 10556796
analysis of atmospheric pressure in Moscow startiom fr Volland H. 1988 Atmospheric Tidal and Planetary
1966 reveals that caseslike the aboveconsidered Waves.Kluwer Academic Publisherfordrecht, The
synchronization of pressure oscillations with perigean Netherlands348pp.
spring tides were observed in 1978, 1980, 1982, and 1984lson I.R.G.,Lunar Tides and the Lorgerm
Some examp|es of Synchronization of atmospheric Variationof the Peallatitude Anomaly of the Summer
processes with geodynamic forces can bendb in SubTropicalHigh-Pressure  Ridge over Eastern
(Sidorenkoy 2016;Sidorenkoy 2009; 2016, 2017). Australia, The Open Atmospheric Science Journal,

All meteorological features discussegreviously — 2012,6, 49
appeaibecause ofhe effectgproduced by perigean spring
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ABSTRACT. 1957 + The first laboratory building, :GHL:P1Y957 +i_jrZ eZ[hjZlhjgZ [mA~"e\ey
known as the White House, was buitarBaldone onthe \e¢~ hfZ yd ;eebc "ef [meZ ih[m~"h\ZgZ ih[ebe
Riekstu hill, in the territory of the next Observatory.gZ iZ]hj[e Jedkim gZfAac|imliyige j\Z
01.01.1958 + The Astronomy Sector was separated frorhh je € + :kljhghfggbc k_dlhj \e~rhdj_f
the Irstitute of Physics and commendaedependent asti- b\ky \¢”A 1gklbImIm neabdbZ _jlganh®t4\eygy_a
ty as the Laboratory of Astrophysics at the Latviandsea geklv yd EZ[hjZ|hj°y Zkljhneabdb EZI\eckvd
my of Sciences (LAS)In 1967, with the decision of thegZmB:G M ] _ggyf lj_abne€ EZI\eck
Presidium of the Latvian SSR LAS the Laboratory afF A JKJ EGEZ[hjZlhjex Zkljhn-abdb [meh i _j_I\F
trophysics was transformed into the Radioastrophysic OgZ JZ”~ehZkljhneabqgdgmjexh[kibj\E:G [~
servatory at LAS. Under the leadership of the firseator, d_je\gbpl\hf i _jrh]lh ijhj_dlhjZ YgekZ 1dZzZi
Janis Ikaunieks, an instrumentddservatiorbasedevelops jha\b\Z}Ivky egkljmf_glZevgZ [ZaZ\kihkl_j_
+a 1.2m Schmidt telescope was installed in 1966 far opt jhpe ey hilbgqgbo kihkl_j_ ~ gv [m\ \klZ
cal observations. The project of the variable base radioigbc.2-f_Ijh\bc |_e_kdhi RferlZ Ijh_dl jZ"el
terferometer after the death of J. Ikaunieks was unrealizéd.jn_jhf_1jZ afeggh€ [Zab ivké&y ZdilgHl-

To continue astronomical observations in radio range, @_[m\ j_Zeeah\Zgbc >ey ijh”"h\"_ggy Zkljhg
1972 10m radi telescope RO was purchased. kihkl_j_"_gv m jZ"eh"eZiZalgre Nkl Z i

Non-stationary processes and spectral researchref cgh\e_Iohf_ljh\bc jZrehl|_&l-kdhi
bon stars are associated with the study in optic raege G _klZpehgZjge ijhp_kb 1Z ki_dljZzevge ~hlk
velops following the plan ofJ.lkaunieksAfter the esth- \m]e p_abjhdh\Tyazygb\q _ggyfh[eZkies h
lishment of the UL Institute of Astronomy in 1997, thdbqgh]h "«ZjZahgm beb jhalblhaelZzghf
field of research in the optical range igpplemented by >~ 1dZmge dkZ IekeWL Klgkjbdgmym Zkljh
the research direction of sithobjects of the solar system.ghfe€ m jhpe kn_jZ ~hkee”"_gv \ hill
However,the area of radio astromy hasstopped due to *«ZiZahges ~“hih\gx}Ivky gZijyfdhf "hke+s”" g
lack of furding. h[ }dle\ Khgyqgh€ kbkl_qbijylﬂh\'gﬂ"dh

The scientific potential of the Baldone Observatey r Zkljhghfmé€bgbezZky gq_j_a [jZd negZgkm\Zgg
mains sgnificant. It should be mentionethat the 22,000 GZmdh\bc ihl_gp- Ze hlk_j\ZHgZgghzerhg
Schmidt telescope astroplate archive obtained in 196V *gh\ex}lvky Kee” aZagZqghdpoesHd Z
2005, will be digitized entirely this yearAfter digital im- jhieklb@®Rfe”1Z hljbfzZge-\ jhdZohlpv
age processing, coordinates and brightness for aboutjofdm [m”~mlv ih\geklIx hpbnjh\Zge lekey ¢
330,000,000 objects will be obtainetihe database will h[jh[db ah[jZz _gw [mM{mfzZge dhhj*bgzZlb Iz
contain details of star movement, brigbssvariability [ebkdb[ebagh ”eQ00 h[ }dls\ ;ZaZ "~Zgbo
(both longterm and shofterm) and details of known, [m”~ _ feklblb ~ 1Zes jmom[ebkdiynd a’flgy
unknown asteroids and comets. Jhkljhdh\h€ 1Zd ¢ dhjhldhkljhdh\h€ [|Z " |2

In 2008, monitoring of asteroids in ti8elar Systemis ¢g_ \e¢~ hfbo Zkl _jh€”e\ |Z dhf_|I
started in ObservatoryJp till now 77 new asteroids he M jhpe \ h[k_j\Zlhje€ fjthgilthg B gH
beendiscovered in the Solar System and 11 of them havek|_jh€~«\ m Khgyqggec kbkl_fe >hl_i_j m
been named. kbkl_fe [meh \by\e_gh gh\bo Zkl_jh€”"e\

Research on carbon starsigl continuing successfully. hljbfZ egiZ an
The number of carbon stars currently discovered ha >hke<”" _ggy \m]e_p_\bo ae<jhd "Ake mkier
reached 400. A methodology has been created for dstimalv < ~"Zgbc qZk deevdeklv \byle_gbo \m]e_
ing the temperature and distance to the carbon stars. Wérk kyle Z KIVhj "gZeli]dh “ey hpegdb | _fi
is currentlyunderway to improve this method. jZImjb [Z \e"klZge “h \m]e_p_\bo asjhd AZ

Observatory is continuing its work on popularizirgta jh[hlb a m~"hkdhgZe ggy pvh]h f_Ih"m
tronomy. Number of visitors per year has risen from 1000 H[k _j\ZIlhjey ijh~h\"m} jh[hIm gZ” ihime)
in 90sto almost four thousand in 2018. pe}x Zkljhghfe€ Deevdeklv \eMerm\Zqge\ az

- N N i { .
Keywords: Baldone Observatorkistory-carbon stars m-o fZzc _ ~h ghlbjvho Ibkkgem
photographic archivetasteroids Dexgh\e keh¥Ze*hgkvdzZ h[k_pZkhhpyyy
\ml]e_bypehjernhlh]jZneqgbctZjde\h€"b
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1. Historical review 1997. Previously the sharp decline of finance amount for
science leads to the abandonment of the radio astienom
The Astrophysics Observatory of the Institute of Asal research at the Baldone Observatory. Researclr-of ca
tronomy of the University of Latvia in Baldone Riekstubon stars iad nova continues in the newly established UL
hill began its adtities in 1958. The Astronomy $®r Institute. Following the recommendation of the Red Giant
was separated from the Institute of Physics and commeWsrking Group of the International Astronomical Union,
es independent activity as the Laboratory of Astrophysias updated version of the Galactic Carbon Star Catalogue
at the Latvian Academy of Sciences (LAS). A year ageas prepared and published by the ingitastronomers,
the first laboratory building was built in thertigory of the in 2001. The average amount of visits to the catalogue
next observatory, 5 knfrom Baldone town near Riekstuhome page is close to 100,000 per year.
hill, the sccalled "White House". The founder andsfi
director of the Observatory was Janis Ikaunieks (1912
1969). Heplanned to develop two directions of research:
to create a large ba radio interferometer andesearch
late-type stars in theptic. In 1959, an agement was
signed with Carl Ceiss factory of East Germany (GDR) on
the construction of a Schmidt telescope to ensure the per-
formance of optical observations.
In 1962, by coordinating the astronomical plans of the
Baltic republics, it is planned that the Astrophysics Labor-
atay of LAS wodd become a radio astronomy center in
the Baltics region. The name of the Astrophysics Labora-
tory was changed in 1967 with the LAS decistorRadi-
oastrophysical @servatory at the LASAt this momenin
time, the pioject of a twekilometre long rig for multk
antenna for variable base radio inteofmeter has been
completed. This project does not succéedause ofhe
premature dath of Janidkaunieks. e further develop-
ment of the area of radio interferometry, 30 m 0@ Figyre 1 10 m Baldone Observatory radio telescopelRT
radio antennagvere builti Q 5R ¥ X aMiQHe Qities of
Engure and Salacgrivalso wasalso discontinued An
interesting deviation+ similar plan was realized many
years after in Mullard radio observatoip England.
Thanks to the efforts of #urs Balklavs (1932005), the
next long-term director of the Observatory, the direction
of radio astronomy studies remains with the 10 m radio
antenna prchased in 1972, at 755, 610 and 326 MHz.
The development of optical astronomy went in line with
Janis Ikauniek's idea. On the firshyé of January 1965,
the 1.2 m large field (19 square meters field of view)
Schmidt system telescope with an input aperture of 0.8 m
has arived to the Observatory. It is the twelfth largest
Schmidt telescope in the world to date (Figure 2).
The constructin of pavilion for telescope was carried out
with the help of Latvian specialists only and wasptet- _. .
ed in June 1966. The pavilion and the dome of the te ggure 2 Baldone Schmidtelescope
scope were designediy the Latvian Design and @s
truction Bureau of the Latvian SSR LAS. Constian
work was led by the repair and construction department of
LAS. The dome was made by the Riga Ship Repair Plant
and assembled by a specialized assembly plant. These
orgarizations met for the first time with such a special
object, therefore there wereamy difficulties in their work
(Figure 3). The first observations with Baldone Schmidt
telescope were made in December 1966. The test results
have shown, that it is a very higjuality instrument.
After gaining political independence in 1991, the pro-
cess of reorganization in all sectors of the economy and
science began in Latvia. As a result of science reform, the
institutes of LAS were integrated into universities. The
LAS Radioastrophysical Observatory together with éstr
nomcal Observatory of the Unérsity of Latvia (UL)
formed independent Institute of Astronomy at the UL ifjgyre 3 Baldone Schmidt telescope pavilion
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2. Research in Baldone Observatory
Table 1. Asteroids discovered at the Baldone Astraphys
The properties of carbon (C) stars at#l successfily —cal Observatory.

studied in the optical range. Over 300 new carbon stafdumber| Name Year of | Discovering Diam
have been discoverath the objective prism photographs designa| year (km)
taken with the Baldone Schmidt éetope. A green -tion

yellow survey was made with the resolution about 500 [0P74084 | Baldone 2011 2008 1.5
1000 at Hgamma. The region of the sky covered by the>84984 | |kaunieks | 2012 2010 15
survey: 4.5 degrees wide zones centered on the galacli§se664 | Trakai 2012 2008 35
latitudes +7 and7 degrees between loihgdes 68 and 200351324 Vytautas | 2012 2009 3
degrees on the equatorial zone at ltudps 8496 degrees 330836 | Orius 2013 2009 35

and 172180 degrees on several other separate fields v
five degrees diameter. Some infrared platese made on
the Kodak plates 1N with rekition 500 near the A band

'343157 | Mindaugas| 2013 | 2009 3.5
392142 | Solheim | 2014 | 2009 3

of Earth atmosphere. The region of the sky covered: 4332530 | Canders | 2015 | 2008 2
degrees wide zone centered on the galactic latitude |+323646 | Blumbahs | 2015 | 2008 1.5
degrees between longitudes 128 and 140 degrees, regit#8694 | Saule 2016 | 2008 0.6
between latitudes +9.5 an®.5 cegrees and longitudes| 457743 | Balklavs | 2016 | 2009 1

betwee 80 and 96 degrees. In the last ten yearssiaa-

al prism doservations were made with CCDs: CCD ST In 2010, three UL instites +Atomic Physics and Spe
10XME and STX16803. More than 50 new carbon starsoscopy, Astronomy, Geodesy and Geoinformatics-
were discovered in Cygnus, Perseus and Cassiopeiatablish the Association FOTONIKAV. A year later, the
gions (Eglitis & Sokolova, 2018). Nestationary pocess- Association in the fierce competition earns FP7 3.F mi
es are being stiied not only in the newly discovered Gion EUR REGPOT project FOTONIKAV, which has a
stars, but also in 70 flaming stamhich were discovered positive push foresearch growth in all three institutes. In
in Andromeda Galaxy. Speophotometric studies of C 20122013, several master theses and three doctaeal th
stars reveal that gradients [757685] shows the corrat ses have beetaught in astrophysics. UsingddfF ONIKA -
tion with Teff taken fronBergeat et al. (2001). It reveals v project funds, higkprecision scanners are beingrpu
a possibility to classify carbon stars by temperature-inttchased, which lay the foundations for the Balelo
ces and to detect effective temperatures of stars with ac§chmidt telescope's more than 22,000 (direct) and 2,300

UDF\ * R Q Y H V WLIJDWLRQV R dsp@btré{)V\échHn mie&? pl’a@e‘% aEchive digitization. The
Mauron (2008) give possibilities to creagemethod ©  gcanning process of direct plates in this year is in the final

evaluate absolute magnitude of latebca stars using (& stages. After completing the next stegligital image po-

K)o color indices. The calcation of distances was madecessing with spediarograms developed by the National
by the equation:

Academy of Sciences of Ukraine at the Main AstroRom
Mk +mk + 5Igr + Ak + 10 = 0, whereis in kpc. cal Observatory (Andruk et al., 2014, Andruk et al.,
2016a,b), a large astronomical database will be obtained.
The evaluation shows that around 330,000,000 stars will
%?ve accurate equatorial coordtes and brightness. It
will be an exclusive database for réfig the visible

Now our methodology is testingsing GAIA parallax
measurements.

On the subject of carbon stars General Catalogue
Cool Carbon Stars (CGCS) (Alksnis et, &001) and four N . .
monographs were prepared, two of which were reissue@sﬂvemem of stardor variability of brightnessstudies for

the US. eroids and comets, both knoyvn and mesearch As

In 2005/2006years, the Baldone Astrophysics ObsaervShOWn by the processing dfglt.al.lmaggs of some of the
tory has exhausted the astroplaeserves, as manufactu astroplatesobtalne.mn. the ecliptic region, they contain
ers have already abandoned astronomical photo plate @0Zens of asteroid images up to 17 B (blue spectrum
duction. The transition period to new light receivers i sy/@"ge) many of which were discovered decades later than
cessfully used for the recoating with alumnim of the main the photographic obseations in Baldone observatory.
mirror of Baldone Schmidt's telescope in Germany, addis ®sult points to a real opportunity to discover new
from 2007 the telescope continues taiserve with a small Unknown ateroids and comets near Earth. Publication of
3.2 megapixel CCD camera that uses only 0.4% of tke téfata of U tultraviolet observation is also important, as the
scope's field of view. Athetelescope opportitieschange, humber of publications in the Astronomical Data System
research topics are also changing. Although the themeobfStrasbourg with U magnitudesire close to hundred,
traditional carbon star remeh has beeretained, in 2008 while articles with the visual and near infrared measur
monitoring ofthe asteroids in the solar systehadstared ments are tens of times more.
Despite the very small sky coverage, the new direction 02016 +2017 years were filled with intensive work op-o
research brings positive results thanks to the uniquely highizing the optical system of Schmidt telescope. Ag-a r
telescope light sensitivity. The 21mag thralsl is reached sult of the optical system calcutats, the Institute of 8-
by the teéscope in the red part of the spectrum with an onomy managed to develop an additional lens to be placed
minute exposurevhich allows the recording of 50m Hi@s in the optical system of the Schmidt telescope to make the
in the Main Asteroid Blt (i.e., at distances 330 to 480lmi convex compatible Schmidt telescope focal plane with the
lion km). In the next 7 years, 49 new asteroids are beifigt bed plane of CCD. There are now two 16.8 megapixel
discowered. 11 of them were named. cameras STX.6803 in the focus of the telescope. Each CCD
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2017, when 21 new asteroids were discovered in a short
period oftime. Up to now 77 new asteroids were digeo
ered in Observatory. The direction of research is important
to protect the Earth from the fall of asteroids amanine
the minerals on therim future Events such as the fall of
Chelyabinsk's meteibe seem rareHowever, as shown by
NASA's published radar map of bolides fall, similar events
on Earth are on averageeeyfive years (Figure 5) and only
becausef the uneven populatiodistributionon Earth it is
not as often bserved.
The new capabilities of tedeope allow for intensifi-
tion not only of classical carbon star research, but also
expand research field: to study the physical properties of
comets and asteroids, and to start investigations in the
Figure 4 Two CCD cameras are located in the focal plarield of relativistic particle. The coperation with adio
of the Schmidt telescope. astronomers allowed winning the Latvian Science rEou
FLOV EDVLF DQG DSSOLHG UHVHDUFK
6\VWHP 6PDOO %RG\ 5SHVHDUFK”~
The popularity of the Baldone Astrophyai®©bservatry
is growing in the world, thanks to work on digitiziniget
archives of astronomical photographic plates, piaga
many scientific publications, participating in inteional
conferences and creating a Planetarium in the dome of the
Schmidt Telescope. The number of popular scierterk
visitors has increagefrom 1000 in 2012 to almost 4000 in
2018. Baldone Astrophysical Observatory has been invited
as a member in three internationabjpcts related to the
popularization of natural sciences iSttist Night, Night
2018 “Youth attraction to astrmmy (projects Est
Lat Interreg SpaceTem and Online Obstxy)).
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INVESTIGATION OFNEO ASTEROIDS 2006 VB1AND 1986 DA
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ABSTRACT. 566 positions and photometric obs&rv Chelyabinsk asteroid) of an estimated Agarth asteroid
tions of NEO objects 2006 VB14 =5705 = 345705 and population of around 20 million, implying that a signifi-
1986 DA were obtained with Baldone Schmidt telescopant impactor population at these sizes could be present
in 2018 and 2019, to detecting rotation period and othaut not yet caloged in the discovered nekarth asteroid
physical characteristics. A Fourier transform was applipdpuktion (Brown et al.,2013). The importance of the
to determine the rotation period for asteroid 198§mall body studies in the Solaystem can be properly
DA=6178. Value 3.2 “0.02h was obtained. Obsetions evaluated if we recall the volcanic eruption effects in Ice-
confirm the previously obtained rotationrjpel P = 3.25h land, canparable to the effect caused by the fall of a small
for 2006 VB14. asteroid. The fall of an asteroid larger than 50 m will be a
disaster that can stop the progress in the wandéveral
years, but the fall of a 300 m and larger body can termi-
nate the dedepment of civilization on the Earth for sev-
DN _ _ eral deades, or even destroy the humanity at all. At the
ki_j_"_BdlNEO +2006VB14 =Y5705 = 345705 5th med¢ing of the PECS Committee in on 2% May

léﬁ?f??;&gié?;zzoﬁz}?é gfbg]ynb)i ? S K dihz.‘:_ér:,t‘r%OOQ in Esrin (ialy), the total number of NEO and hazard
ﬂ [ i1Zgd¥ *grbon -Ja bqgod] %/d | _jgb%yl I asteroids, isssessed as 66 000 (Bobrinsky, 2009). NASA

o, : opgress on ®f March 2007 provided the assessment of
\bagZq_ggy i_jeh"m h{_jlZggDAK17g ht%e %r lem in NeaEarth Object Survey and Deflection

[meh a %Ok Ihk T]\,\Z 9 T( . k%(]ll\".m’!‘l tgdilj p.f/\th\e %5‘195 Iof Aternatives. It concluded that only tléde
.qz— g.gry h I.' bf% be i " eh ’TJH;{:_:igI%é] gl' he —glrounrH Ha¥e plus space sensor observations of Venus, like
500%V814 J 9 = - yrey the orbit, can allow a more prompt solution of thelpro

' lem, i.e. to discover the NEO asteroids (up to 90%) in the
Dexgh\e keMB@ +Zk|_jh&tbjeh”b h[_jlZoegsest future (Milani et al., 2012). Finally, the research of
asteoids manags to draw vast attention of mass media,
thus promoting the awareness of the importance bf sc
ence, including astronomy, among public at large, young
ieople in particular. From the other point of view the in-

Keywords: NEO *asteroidstrotation perods

:GHL:P156 ihabpridzZznhlhf_Ijbqgdkbio

1. Introduction

The surfaces of smallest planets and moons of the S
system are covered with g number of craters create
by asteroids. Every day, Earth is bombarded with mof
than 100 tons of dust and millimeteized particles from
space. About once a year, a two meter sized asteroid
Earth's atmosphere, often creating a bolide event as
friction of the Earth's atmosphere causes them to disin
grate +sometimes explosively. About every five yea

Chelaybinsk type event take part. The largest impact dlfE)'rmed in a rathl location where water can directly con-

ing this 20year interval was the recent daytime Chelyefj’ense Water must have been deliverechéoBEarth from
binsk event (440,000t 500,000 tos of TNT) recorded "elsewhere": gogenically, i.e., from asteroids and comets,

over catral Russia on February 15, 2013. This small as: : - :
teroid that exploded in the atmosphere near ChelyabinggeISe endgenically, i.e., from accreting watabsorbed

tication of asteroids properties are importéot deved-

ment of evolution theory of the Solar system and klass
ation of small objects in the Solar system. Photometric
tudy of light curves can obtaiadditional information
B3ut size, rotation period, structure of objects, existence

Craters ad ice fields on the surface, which is verg-i
ortant data for space missions and for fantastic ideas
bout mining of minerals on asteroids. The Earth was not

Russia was about 16 meters in size before it hit the Ea dies. It is another motive to perform the research of the

While that impact focused public attention on the potential all bodies in the Solar system.

hazads of NEO impacts with Earth, space scientists have2 Observation

long known that such events are just a part of Earth's geo-

logic history. Scientific assessments of the risk of, as We”Observatins of NEO asteroids were made in 2618

as the hazards posed by, future asteroid impacts V\%]lg with 16.8 Mb camera STX6803 installed on Ba

Earth vary. In an a}rtlcle pushed in Nature (2(,),13) by done Schmidt telescope. Baldone. Schmidt has 1.2m main
Peter Brown and his colleagues reported that telescomﬁror correction lens 80 cm, focal length 2.4m

Sl.Jdrvet{]s thave 13;;'(')3/ dlsEcove_:re((jJI_ abotjt =00 Mthb?stter—th In 2018, 1028 CCD images were obtained covering 200
olds that are meters in diameter (comparable to §quare degees of sky and 7 new asteroidsrev disco-
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ered. Common number of observed asteroigas 826.
Baldone observatory work at high declinations 50
degrees), because the sky covering in this region is very
weak (see Sky coverage map at
https://www.minorplanetcenter.net/iau/SkyCoverage.html).
Without monitoring of asteroids the purpose of this research
were obtaining the light curves of 2008¥4 and 1986 DA

in order to determine theirs rotational ijpek 566 positions
and photometric observations of NEO objects 2006 VB14 =
Y5705 = 345705 and 1986 DA were obtained, to detecting
rotation period and other physical characteristizsscrip-

tion of obtained imageis given in Table 1.

Table 1. NEO asteroidsbservedat the Baldone Astr Figure 1:Light curve for NEO2006 VB14
physical Observatory.

Object/Date Number of CCD
imagies
2006 VB 14 = 345705
14.10.2018 3
17.10.2018 3
17/18102018 53
04/05.11.2018 40
28/29.11.2018 125
29/30.11.2018 108
30.11/01.12.2018 90
1986 DA = 6178
16/17.04.2019 27
17/18/.04.2019 25 Figure 2:Light curve for NEO1986 DA
22/23/04.2019 23
28/29.04.2019 34 4. Results
05/06.05.2019 21 ’

A Fourier transform was applied to determine thavot
tion period for both asteroids. Light curves were created
3. Processing of CCD images also using MPO Canopus software.
The otation period 3.25" 0.02 h better fitted to our
In order to reduce the images, flats, bias, and darleasurements for 2006 VB14. The period is in agreement
cdibration images wer taken each night. The progranmvith the earlier work of Skiff et al. 2012. The sharp fall of
Maxim DL was used to reduce and align the images. Theéghtness in phases 0.3 and 0.8 and the brightness peak in
flat-field images were taken against the twilight sky. THe1ase 0.1, indicate on possilpresence of a crater and the
darks were exposed for the same time as the ctepe bright surface area (frozen gas field or water) on the-aste

light i ¢ th inutes f th asigs. The °id surface,_ respec_tively. _
rlg q ﬁ'l,g?%f;é u";’g dofror giie'wgzoens or both asids. The The rotation period 3.25' 0.02 h better fitted to our

Afterward, the program MPO Canopus vi10.2.1. easurements for 1986 DA. The similar reductiom an

. i rocessing procedure was used for 130 CCD images of
(Warner, 2011) was used to perform differentiabpme-  ogteroid 1086 DA. A Fourier transform was then applied

try on the reduced data. For each data set, five stars Wgrgetermine the rotation period. A Fourier transform was

used for brightness comparison to the asterojorfdile  then applied to determine the rotation peri€@d O X H “
photometry using a differential photometry ieimue was 0.02h was obtained.

done to determine the brightness of corgaar stars and  Thisresearch is funded by the Latvian Council o Sc

the asteroid. The errors in magnitude for stars and astettQFH SURMHFW 323&RPSOH[ S@0WYHVWLJIDW
oids were found and plotted in a phasagdam. Relatve VPDOO ERGLHV’™ -2818RMHFW 1R O]S
magnitude (the differendeetween brightness and average
day brightness of asteroid) reeis rotationphag form
light curve. 339 brightness measurements of 2006 VBBaownP.G. et at 2013, Nature,

and 130 for 1986 DA were obtained using "g" GAIAB _httpls//s\;(dg(i)-%gK/ll_O.10§|8/natttge”1247§1240
itud f th 30 t ) I‘.Ian' A" s |n0( anet bull, :
magnitudes of more than sileeence stars Milani A. et al: 2012,Minor Planet Bull,

http://belissima.aobs/Conf2012/Milani_2012.pdf
Skiff B.A. et al.: 2012 Minor Planet Bull, 39, 111
Warner, B.D. 2011, MPO Canopus software v10.2.1.0
http://www.minorplanetobserver.com/
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ABSTRACT. The report is dedicateto introducing = : GHL:P1Y>hih\e”v ijbk\yq_gZ hagZchfe_g
the operation and prospects of further development palhlIhx iZjk '_—d Ib\Zf ih*Zevrh]h jhalbldm f_]
simple VLBI networks which were created in Ukraine,l\Jé1 kibo fﬂ G.>| hi bk | } rr]n] -9 br?. [\. | EASJ Z E ]gr; E Zr|1\e.:1:
Latvia, and China for monitoring the orbital information] ﬁ/k 1Zpe hgg Z] 5 b% Kmim IJg bde\ v g> h «d eIZ Am
of geostationary satellites. The Ukrainiaatvian network ezl\eckvdhe f j “+ ydZ nmgdpehgm} a
consists of fivestations located in Mykolaiv, Kharkiv, \ 5 p Aylv  ifylv klZgprb\Zgbalz\ feklZo
Mukacheve, Ventspils, and Rivne, and it operates singey qhe Z €\ OZjde\ Fmdzq_\ < _glkisek
2015. The Chinese network consists of three stations IDp|1zZckvdZ f j "Z kdez~ Z_bl Vpky 7 9_'F31' c
cated in Shanghai, Duyun, and Urumgi, and it formallyhalZrh\Zgbo \ 6KDQJKDL 'X\DQ « \ 8UXP"-
carried out a network observation from June 2019. ijh\h~blv kihkl_j_ "~ _ggy a g_j\gy

The networks have identical hardware and software. The F_j_ "¢ fZxlv e~ _glbqg_ ZiZjZImjg_ < ijh]
main principle of the operation of the networks learnedZ[_ai ggy Hkgh\gbf ijbgpbihf nmgdpeshgm
from the VLBI is correlation analysis of brizand noise f_j_~ aZihabq_gbf a JG>; } dhj_eyp-cgb
like signals of satellite television DV/B, which are emitted FPjhdhkfm]h\bo rmfhih~e[gbo kb]gZ

, : : mimlgbdh\h]h e_[Zq_g@y y 8%
by satellites and synchrondyseceived by the stations of migbdZfh . kbgojh
P

I
; : bijhfegxxlvky kmi
the networks. Singlrequency GPS receivers are used for. N .
. . . ' jbcfZxlvky klZgpeyfb f_j_ " >ey kbgojh
the synchronizing of network stations. Time difference q!l|zgp f_j_"+ \bdhjbkih\mxTvky hAghqzklhlg
J

arrival (TDOA) between the signals paths from the identicg bcfzqs < amevizZle dhj _eypecghlh
TV satellite to different stations is obtainea wising corre- \, 4 9Zqzxlvky agzZq_ggy 7'2$ 7LPH 'LIIH
lation analysis. These values of TDOA are used to detgfy Uy YD O kb]gzes\ kmimlgbdh\h]h I
mine orbital elements of the tracked satellites which arepfejygagzq _ggy 7'2$ \bdhjbklh\mxlvky

given in the report. Nably, the cost of one set of staton\bagZq_ggy _e f_gle\ hljjrr &ty h \ Zidhtgo
equipment does notxeeed $2000, and the current operatk mimligbde\ 1Z klI\hj_ggy dZlZeh]s\ njzZ]f_
ing costs arabout $50 per day. gZ\h~ylvky \ "hAR\egd¢Zqgbfh 1Zdh~ sh \Zjlek
The prospects of further development of the simple”ghlh dhfie_dIm h[eZ”"gZggy klZgp+€ g_
VLBI networks include a) the possibility of continuous ~Z ihlhqge _dkiemZIlZpecghhEzIib
independent nomvasive highprecision determination of | _jki_dIb\geklv ih~Zevrh]h jha\hhdm f_j_

the position of arbitrary active satellites (especiaity i K!P0 JG>; h[mfhle gz Z fh eb\eklx [_ai_j_
portant in the ase of their cdocation), b) the possibility g—eahz‘e 3 ggyh ]Ahh \g-E.vgg\bZoa bz\g Iht} \hg 82 k E ?nr: :nhlz%ré]-r{
e e e e POl "2 Th ) \baioaon [ 1 Sb1-kix Thighe
. . : \IhfZlbazZpe+€ gZpeex\Zggy IZ nmgdpehgm\Z
geophysical and astronomical t_asks, d) relat|\_/ely feWp\ekix \bd hijbklZggy gZdhibg _gbo ~Zgbo
IlEJ]ndS tnec<|a(ssary for the moderniaat and operation of * gv “ey \bjer_ggy gZmdh\bo ] _hneabggbo
e networks.



Odessa Astronomical Publications,vol. 32 (2019) 149

ghfeqgbo aziMge\glygh g _agZqge dhrlb g_h[oe"~g-
Ney fh”h_jgeazZpe+€ « _dkiemzZlzZpe€ f_j_~

Keywords: geostationary satelliieTDOA, orbital ek-
ments DVB-S.

1. Introduction

Simple VLBI network uses correlation analysis ofidig
tal satellite television signals, synchronously received by
geographically spacedetwork stations, to calculate the
time difference of arrival (TDOA) of these signals to the
network stationgBushuev et al., 2016).he obtained va
ues of the TDOA and the known station coordinates dréggure * The 3D position of Apsta6C in ITRF20080n
used to determine the orbital elementsadfackedsatd- June 17, 2019.
lite. It is shown in (Bushuev et al., 2017) that the error of
calculating satellite coordinates by a network of three or
more stations is 223 m. The error of calculating ceordiard deviation of the residuals of measured and model
nates by a network of two stations exceeds 7000 m.  values of the TDOA about 20 times less for the numerical
Herewith he network isa prototype of passive coreel model than for the SGP4/SDP4 model.
tion ranging (PaCoRa) systeneveloped byFraunhofer  The obtained dailyorbit elements (numerical model)
1S andSESin 20102013 (ESA, 2019)|.t is reported that are used to calculatthe 3D position of Apslr.6c in
PaCoRa systems are created in the US and Europe gme2008 that is showim Fig. 1.
that the systems enable SES to track 80% of its geost

tionarysatellites (SatMagazine, 2019). 3. Prospects:a network of global monitoring of geo-
) o ) . stationary satellites

2. Operation of the Ukrainian -Latvian and Chinese
networks A detail list of the benefits of a simple VLBI network
or passivecorrelation ranging system over traditional-sa
ellite positioning systems is given on the website (ESA,
2019).The prospects of using such systems, first of all, in
our opinion, depend on their cost and the value of the e
ror of determining the orbital pit®n of the satelliteThe
L - : price of one station of the simple VLBI networks is about
operation in Mykolaiv in September 2018his allowed $2000. This is three orders of magnitude less than the cost

two triplets of stations to track two satellites EutelsaB : i
and 13C.The results of these observations are used §6 @ Single VGOS (VLBI Global Observing Systemg:st

determine the orbit elements of the satellites using tWgn- Herewith operating costs aeg a level of about $50

models of motion: the analytical model SGP4 / SDP4 aR@" day fotheexisting néwork stations .
the numerical model of infegrating the equations of m The error of satellite orbit determination is proportional

tion of the satellites (Kaliuzhnyi et al., 2016)oday, the (0 the TDOA error. The physical limit of the TDOA error is
Eutelsat13B and Eutelsat3C catalog contain orbit e- inversely proportional to the width of the signal ctpem
ments obtained for 1175 and 106 dayS, respective|y_ and is estimated at 0.1 ns for Chlj]lsatenlte teleksion Sig'

Works on modernization the network continues. Todajls. It is proposed to reach the limit by using a quantum
two additional stations, located in Mykolayiv and Rivndgference oscillator for synchronizing and as an ADC refer-
are constantly operatirand the ninth station in Ventspilsence oscillator. Then the error of coordinate determination
is being set upUpon commissioning the ninth stationwill be at the level of about 1 m. Despite the digant
three tripletsof stationswill able to simultaneously tr&e increase in the cost of the upgraded station, the cost of a
ing all three satellites locatedh ithe geostationary cell simple VLBI network of five such stations is estimated at

f (This would track the relative position ttie sate the cost of one VGOS statioihe operating costs of the
lites in the geostationary cell and determine the momenfsgraded simple VLBI network would remain low because
of the goproach of the satellites to each other. of the fully automat targeting and operatioHerewith the

The Chinese network of three stations located fretwork of such stations could track almost all geostation-
Shanghai, Duyun, and Urumgi has begun tracking thgy satellites that radiate TV signals, for example, on Eu-
Apstar & VDWHOOLWH 9.f@nlyloQe sakQ Hope. Therefore, it is possible to create a simple VLBI net-
lite is locatedin the geostationargell 134 E The network work for g|0ba| monitoring of geostatiery satellites,

observations have been used as to determine the errafigith will consist of separate regionakwerks or clusters
the TDOA measurement, and the orbit elements of the

satellite.The standard deviation of the TDOA &t ave- 4. Conclusion
aging interveaD R| V IRU DOO sSDLUV RI VWDWLRQV LV * Qv

and coincide with the TDOA error obtained by the 1o simple VLBI networks separately operate now in

UkrainianLatvian network(Bushuevet al., 2016) The g .qne and Chinarhey could be considered as twosslu
fact that theSGP4/SDP4nodel is significantlyess acarate ters of the network of global monitoring of geostationary

than the numerical model was also confirmdthestan ¢ 4 iites Relatively few funds are necessary for thedmo

The UkrainianLatvian network operatesince Decem-
ber2015 Kaliuzhnyi et al., 207) andinitially trackedthe
single satellite Eutelsdt3B located in the gedationary
F H O O togdtlger with two other satellites Euteld®C
and Eutelsal 3E. An additional sixth station was put into
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ernization and operation of the networks to providercodushuev F. Kaliuzhnyi V., Shulga O. et al.: 2017Rmc. of
dinate accuracy of about 1 mhe modernized networks  the 9th IAASS Conference Session 11: Space Traffic Con-
could be usedlsofor accumulated observational data to trol #l, Toulouse (France), 180 October 2017, 213.
solve scientific geophysical drastronomical tasks. ESA. TELECOM ARTES.PROGRAM. a@sive Corral-

In the short term, it is proposed to carry out joint ohse tion Ranging (PaCoRa), [online]. Available at:
vations of satellites that have DVB transponders with a  https://artes.esa.int/projects/passiegrelationranging

footprint as in Europe and China. pacora [Accessed 15 October 2019].
Kaliuzhnyi M., Bushuev F., Shulga O. et al.: 2008]es-
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ABSTRACT. This paper presents the results ofshely 1AU MDC- > @ kihjz~"bqgge f_|I_hjb a 6RQ
of evolution of Jupiterfamily cometlike orbits of six [Zab ~Zgbo > @ a\bqZcge ohg”jshb Ibim +
meteoriteproducing groupsincluding sporadic fireballs kihkl _je]Zebky mfgkllZevgh e gZ\dheha_f
from the IAU MDC database 2007 [1], sporadic meteor& k| _jh€”ithl_gpecge [Zlvde\kvde leeZ ~hkee’
from the SonataCo database [Ristrumentally observed ]jmi ShJ i _j_\ejblb a\ yahd fo
H5 and L3.5 ordinary chondritesas well as nedéarth f_I|_hjbhiI\hjxgbfb]jmizZfb « €0 ihl_gpecgbfb
asteroids which areotential parentf the examined [ZIvde\kvdbfb leeZfb fb  \bdhgzZeb gb
groups In order b verify the relationship between <gl_]jm\Zggy hj[elZevghlh jmom C
meteoriteproducing groupand their potential parents, wef | _hjhmlI\hjxgbo ]imi ijhly]lhf deevdho
performed backwardiumericalintegraton of the orbital Ibkygheelv 1gl_1jm\Zggy ijh\h”"behky dee
motion oftheV H JU Ri&sber§ over several millennia\bdhjbklZggyf ijh]jZzfgh]lh azZ[_ai_q_ggy +D
The numerical integration was carried out using the Halleyj Z\s1Zpecge h[mj_ggy \_ebdbo iezZg_I
software [3]. The equations of motion faced in jZ"«Zpecgh]h Ibkdm =« digh[lhjdghgz
gravitational perturbationsdue to the major planets, \jZoh\mbkae \ j*\gyggyo jmom _ Qbk_e
radiation pressureffectsandthePoyntingRobertsondrag. *gl_]jm\Zggy je\gygv jmom \bdhgm\Zehky
The equations of motiowere nunerically integrated using ?\_joZjl-1hkl_i_gyyde fh mlv azZklhkh\m\ZIb
the 11"-order Everhart methodpplicable to stugingthe ~ey ~hke+”" _ggy jmom dhjhldhi_jeh~bggbo
motion of Jupiterapproachingshortperiod cometsThe aZaglZx a[eb _ggy a Xiel_jhf Qbk_ev

numerical integration of theneanorbital elements o +gl_]jm\Zggy hj[elZevgbo _e f gle\ k_j "g
group, as well as those of the relevanteteorite and ]jmib f_Ibltgy e« ihl_gpecgh]h [ZIvde\kvd
potential parenasteroid over 5000 yeardas showrthat Zkl _jh€rZ aZz jhde\ ihdZam} sh i_
the respectiveperihelia, eccentricities and argumerdf _dkp_gljbkbl_1b . Zjlmf_glb i_jb]._

perihelionevolved in a similar manneover tte specified \hexpehgmxlv ZgZeh]egqgbf gbghf aZ p_c i.
period. The Dsy-criterion of Southworth and Hawkins][4 Dsy-djbl _jec KZnZI\©jlOhdegkZ > @ ydbc
which is a quantitative measure ofbital similarity, has deevdekghx fejhx ih~e[ghkle fo hj[el.
remairedbelow 0.3[5] for about 5000 yearsin the groups aZebrZ}Ilvky gb ' q_ > @ ijhly]hf [ebavdh
of Neuschwanstein and Mason Gulyeteoritesandfor \ ]jmiZo f_Il_hjble\ 1HXVFKZDQVWHLQ +« O
about3,500to 4, \HDUV LQ WKH JURXSMRAVOH-QHAMYM N QPGniZo f_|_hjble\ %HQHAI
Park Forestmeteorites In the graips ofthe .RaL&H <« 3DUN )RUHVW M ]jmiZo f_I_hjble\ .R&
Pribram meteorites,the mean orbits and tbse of their k_j _~gy hj[«lZ ]jmi <+ hj[slb €0 ihl_grg
potential parents remadsimilaras defined interms ofthe [ZIvde\kvdbo |I_e aZebrzZxlvky [ekavdbfb a]
Dsw-criterionover a relatively shorperiodof about 2000 djbl_jex gZ g \ _ebdhfm ijhfe'dm gZkm [eba
to 3000 years.We can infer from ourfindings that jhde\ Hljbfzge j_ameviZIb "hal\heyxlv
meteoriteproducing sporadic fireballsand @oradic \bkgh\db ijh a\ yahd hniil\Mhjxpbd b o

meteos are related tthe H5 andL3.5 ordinary chondrites kihjZ~"bggbo [hee”e\ ¢ kihjZz~bqggbo f_I_I
and their potential parentse. nearEarth asteroidsnthe a\bqgqZcgbfb o&Ed@"“jbllbim + / « £o0
investigatedgroups. Theestimatedtime intervals over ihl_gpecgbfb [Zlvde\kvdbdgE\ldkERlma fgbfb
which the evolving orbits of thel U R Xngevhfiershave Zkl _jh€7~Zfb \ "hkee~" _gbo ]jmiZo HIjbfZge-
shown good similarity are indicative ofrelatively recent gZkm ijhly]hf Wddxgpehgmp{elkb ge_ge\ Jjmi
formation of meteoritgoroducing groups as a result of* _fhgkljmxIlv bjZadge] \dZamxlv gZ \e*ghkgt
fragmentation of their parebbdies g_"Z\ghl\hj_gdy!l_hjbmI\hjxxgbo J]jmi \

GHL:RY, M KIZIl ij _"kiz\e g+ jla@@\dp's nizlf_glzp-€ €o [Zlvd-\kvdbo I_

ZgZera_\hexpe€ dhf_lhih~e[gbc hj[Keyvkordls:ekdludon torbit tgroup fireball £meteorite
Xiel _jZ r_klb f_lhmjHjxxgbo ]jmi zardinary chondritetcometlike *Jupiterfamily.
\dexqgzxlv kihjz*"bgges [hee~ b a f_I|_hjgh€ [Zab ~“Zgbo
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1. Introduction activity profile. Several other peaks in the activity profile
which did not correspond to angecognisedcometary

According to theclassicalmodel for cometary nucle meteor showersvere also identified; some of those could
being envisioned anglomerateof volatile ices and dust be related tasteroidameteorite streams.
grains meteopoid streamgorm through the ejectioof dust Unlike cometswhich regularly feedmeteoroid streams
grainsup toa fewcentimetres in size from comg&. After whenpassingaround theperihelionof their orbits asteroids
being ejectedhesemeteoroiddravelin aheliocentric orbit rarely experience disruptivevents; hence swarms of
just asther parent comef V. Q Xdo@sH eMtime required asteroidal meteoroids are liketp result from onceff
for the ejected dugirainsto preadaboutthe whole orbit evens, which could be, dr instanceasteroidssmashing
of their parentforming a closed meteoroidwarm is into each otheror colliding with large meteoroids.
estimated to be several hundreds of y§élsTherefore, Therefore the spatial density of asteroidal meteoroid
the time required to form a closed curvie short as swarnsshould be lowewhile theirmeteor activityshould
compared tdhe age ofmeteooid stream memberwhich differ from that of the meteoroid streama$ cometary
areseveraithousandyear old.When @metary dusgrains origin. No doubt thatollisions(as impact eventsgsult in
whose orbits ar&arth-crossing reachEarth, theyerterits disruption of the parent body withedebrisin the form of
atmosphere creating a meteor evéeteor fiowershave small particles and biggdéragments such asobbles and
been observed fanillennia, with material beingegularly pebblespartially survivingin its orbit. In such a scenario,
fed into the stream throughotitis periodfrom the parent meteoroid swarican only be produced from the collision
andmaterial lost through thexternaleffects mainlyunder of relatively large bodies with the asterdémpactor of
the action ofgravitational perturbationsy the planetand several tens of metrés diameter Asteroid(4) Vestawith
due toradiationpressure effectd'he bulk of thescattered its fragmentsexpelledthroughstriking with the impactor
material forms the sporadic mete@id background. can bean example of asteroidal origin of meteoritéeme
Catastrophic breakup of cometary nuclei is another R WKHVH IUDJPHQWY XSRfaltoelheVVLQJ |
mechanisnior producing meteoroid streantdig boulders earthV V X bkl BiétébritesGravitational perturbations
can be producechtough such a mechanisas observed caused by Jupiter and other planets indblar system as
during theC/1999 S4 (LINEAR) comet breakp. well asrotational instability, can also causesmiption of

Theideaof meteoroid streams and meteors asteroidaliearEarth objects (NEOs].he situation when an astereid
origin has been considergateviously[8-11]. Halliday et like object in the cometke orbit may turn out tde a
al. [12] analysed orbits of 8fireballs £namely, 56 from dormant comein disguise which iscovered by a crust up
the MORP (Meteorite Observation and Recovery Projecto 10 m thickbuilt up on its surfacewith time and has
network in western Canaplalata and 33 from thePN ceased to shoanycometary activityhas been investigated
(Prairie Network in central USAist - which could survive in many studies.
the passage through thatmospher with a nonzero
terminal mass. The authors suggesteekisting of four 2. Distribution of sporadic meteor and meteorite
possible meteoritproducing groups, among which grougproducing fireball eventsthroughout a year
1 included instrumentally observed Innisfree meteorite, and
inferred the asteroidal origin afome fireball streams Based on several sources of data performed he
Greenberg & Chapman [8] reported that stonyiron analysis ofthe annual activity of large and small sporadic
mesosiderites formed at the canantle interfaces of small meteors and meteoritesncluding 737 bright sporadic
asteroidal parentof 100200 km in diameter while fireballs (brighter than-6 mag) from the International
pallasiteformed in smaller parent bodies of-500 km in Astronomical Union Meteor Data Centre (IAU MDC)
diameter.The authors ssumed that meteorites might belatabase [1], 1,416 small meteors ifre2.5 t0-5.0 mag)
pieces oflarge main-belt asteroidsderived primarily by from the SonataCo database [2] and 338 meteoiits
cratering collisions rather thagisruptive fragmentation. known fall dates.The fireballs vere selectedif the
Shestaka [13] examinea swarmof meteoriteproducing following conditions were methe fireball terminal height
bodies containing the Innisfree and Ridgedale firebalis. He ” N Pre-atmospheric velocity - ”  km sec;
author found out that the investigated swaiso included terminal velocitVe " km sec' anda nonzeroterminal
nine small meteoric swarms, several asteroids and rbass The resulting data set wagrouped intobins by an
fireballs photographed by the PN and MORP camdilas. incrementof 10 degrees in the solar longitudg. The
RUELW RI WKLV VZDUP D SSnudfyinF kdistibutionu a¥ Kng \nuRheE ofVinvestigated events as a
early FebruaryWith the aim of investigating the annuafunction of the solar longiide L, was plotted ananalysed
fireball activity pofile, Beech [14Janalysedheoccurrence to identify the periods of activity of sporadic fireballs,
time data for 2,373 fireball events predominantly observeteteors and meteorites with known fall dates throughout a
across Canada and documentedhie Millman Fireball year The resultant distribution of sporadic meteor and
Archive. The authorreported thatall known @metary fireball activity throughout a year is shown in &idl and
meteor Bowers producingprominent meteors anddiballs 2. Several prominent peaks of activigsting for 2630
are r@resented aglistinct peaksin the annual fireball days can be observed at the solar longitudeSL  f f

f f f f bQRG f
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Figure 2:The number of meteoriteroducing fireball and

Figure 1: The number oSporadic meteceventsversus the pHi\wHRULWH HYHQWYV YHUVXV WKH VROT
solar longitude/ u

3. The selected pups of meteoriteproducing and determine the meteoroid group age. The determination
meteoroids in Jupiter-family comet-like orbits and their ~ Of the age of meteoriproducing groups is essential for the
plausible parent bodies establishment of relationship betweeeatsorite groups and

their parents, which could be either asteroids or extinct

The constructed histograms of the annual activity ¢omes, as well as for the study dfie mechanismof
sporadic fireballs and meteors (Figs. 1 andj@eusan formation ofthe investigatedneteoritegroups.
impetusto further study the issue of the existence of groups * With a large number of the nedtarth asteroids
of meteoriteproducing sporadic meteoroids in the reafliscovered so far, the isa highprobability ofcoincidental
Earth spacdn thepreviouspaper15], the authorseported Similarity betweenany two orbits at the current time
the detecton of six groups of meteoriteroducing Therefore, the orbital evolution should be further studied to
meteoroids andL3.5 + H5 type ordinary chondrite adoptasreal couples of asteroids and groupdy those
meteoritesobserved over certain periods of the increas@f€s Whose orbits remaid similar for a longperiod of
fireball activity. Those groupsvere named after the knowntime of about 5,00 years [9].
member meteoritesThe similarity between theorbits of #n addition to dynamic propertiespmmon taxonomic
members okachgroup established with applicationthie featurescan also be indicative of the common origin of
SouthworthHawkins Dsy criterion as a quantitative meteoroid groups and their parentsearEarth objects+
measure of orbital similarityas thegroupmembership in the solar system.
condition to bemet Thevalue of Dyy<= 0.3 was adopted ~ T0 analyse the orbital eluion of the meteorit@roducing
for the investigated groupNowadays, ti is generally groups investigated in this stydye equations of motiomere
assumed that the methofbr associating groups of numerically integrated using the®arder Everhart method
meteoriteproducing sporadic meteoroids with theitvhich is one of the most precise methodseikaminingthe
potential parentd.e. comets or asteroidsased only on the orbital evolution of the solar system bodies and is applicable
Dsnorbital similarityfunction is notsufficient. to studying themotion of Jupiterapproaching shogeriod
Similarly to meteoroid swarms artleir connectiorwith nearEarth objectsThebackwarchumerical integration of the
their parents, tharrangement of eteoritesnto groupsand ~ orbital motion equations of the group membvesscarried out
their lifetime in the neatEarth spaceare governed by Over apeod of 5,000 years using the Halley software T3l
evo|utionary processes. The re|ationship between equations of motion factorehdgravitational perturbations due
meteoriteproducing groupand their potentia| parent'se_ to the major planets, radiation pressure effects and the
NEOs should beverified by thebackwardsnaysis oftheir PoyntingRobertson drag.
orbital evolutionover a time span aeveral millenniaThe
possibility to associate a plausible parent body with a4.1.Orbital evolution of the% H Q Hj@RoYmeteorite
certain group and estimate tf@mationage ofthegroup (L3.5, H5typg) andnear-Earth asteroid2000JF5

of ggnetically reIatgd meteorimoducing megoroids is The % H Q Hir@BaNs andmeteoritewere observedver
crucialfor the establishment of the relationship betwien aperiod of L MinL| § )fincrease in the fireball activity.

meteoriteproducing group and comets or asteroids, as We¥e backward numerical integration of the mean afbit

as for t.he study of.thmechanism for yielding meteorite elementsof the group (Mean) andearEarth asteroi@®000
producing meteoroid swarms JF5was carried out over a period of 5,000 ye&he relevant
perihelia g, eccentricities e and arguments of perihedon
evolved in a similar manner throughout the whole specified
period The Dyu-criterion of similarity between the mean
orbit of the grou@and that oNEA 2000 JF5 remained below

.25 for abouffour and a halthousind yearswhich may
indicate that themeteoroidsbroke off from the parent
asteroid in the beginning ofdtspecifiecperiod.

4. Evolution of meteorite-producing groups and
associated NEOs

In the studies of the orbital evolution of meteoroids a
nearEarth objectarried out inrecent years, a common
approacho theresearch on this isstmas beemleveloped:

+Meteoroidswithin a swarm or groupas well as their
probable parent body (NEOS), should havbits similar
by theDsw-criterion of Southworth and Hawkins. It makes
it possible to associate a plausible parent body with a group
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Figure 3 Evolution of the - FULWHULRQ RI VLPLODULW\ EHWZHHQ WKH PHDQ DQG %}
and NEA 2000 JF5 orbits (B) over 5,000 years.

Figure 4 Evolutionof the orbital elements (Athe eccentricitye; BEWKH DUJXPHQW R Sthépgekteldon RQ & D
T RI WKH %HQHARY PHWHRULWH 1($ -) DQG 1($%$ -+ RYHU \HD U

Figure 5 Evolution of the Ry-criterion of similarity between the meand Neuschwanstein meteorite orbits (A) and the
mean and NEA 2010 GE35 orbits (B) over 5,000 years.

Figure6: Evolution of the orbital elements (Athe eccentricitye; BEWKH DUJXPHQW R Sthépekhdlon RQ & D
q) of the Neuschwansteimeteorite, NEA 2010 GE35 and NEA 2005 RW3 over 5,000 years.

Figure 7 Evolution of the Ru-criterion of similarity between the mean and Park Forest meteorite orbits (A) and the mean
and NEA 2013 EV108 orbits (B) over 5,000 years.
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Figure 8 Evolution of the orbital elements (Athe eccentricitye; BBEW KH DUJXPHQW R Sthégekheldon RQ & D
q) of the Park Forest meteorite, NEA 2013 EV108 and NEA 2011 CY46 over 5,000 years.

Figure 9 Evolution of the Q@u-criterionof VLPLODULW\ EHWZHHQ WKH PHDQ DQG .RaLFH PHW
NEA 2011 KG13 orbits (B) over 5,000 years.

Figure 10 Evolution of the orbital elements (Athe eccentricitye; BBEW KH DUJXPHQW R SHidpethEion RQ & D
T RI WKH .Rd4LFH PHWHRULWH DQG 1($ .* RYHU \HDUYV

Figure 11 Evolution of the Ru-criterion of similarity between the mean and Mason Gully meteorite orbits @\jhen
mean and NEA 2009 FS orbits (B) over 5,000 years.

Figure 12 Evolution of the orbital elements (Athe eccentricitye; BBEW KH DUJXPHQW R SHidpethElion RQ & D
q) of the Mason Gully meteorite, NEA 2009 FSBNEA 2011 KK15 oveb,000 years
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Figure 13 Evolution of the B-criterion (Fig. 13A) and k-criterion (Fig. 13B) of similarity between the orbits of the
Pribram and Neuschwanstein meteorites over 5,000 years.

4.2. Orbital evolution of the Neuschwanstein meteoroatbit of the group and that tife . R & Lnkelteoriteremained
group, meteorite (EL6 type) and nearth asteroid 2010 below 04 for abouttwo thousand yearsvhile the mean
GE35. orbit and that of the plausible parent, i.e. NEA 2011 KG13,
were similarfor aboutthree and a hathousand year§.he
relevant perihelia g, eccentricities e and arguments of

erihelion &evolved in a similar manner throughout the

The Neuschwansteirfireballs and meteorite were
observed over a period of 1 Maj|(§ )fincrease in the
flreball .aCt'V'ty' The results qf the backward numeric hole specified periodhich may be indicative of the age
integration of the mean orbital elements of the grou | WKH mBtadrdidgrou
(Mean) and neaEarth asteroid 2010 GE35 over a perio R
of 5,000 years are illustrated in Figs. 5 and I6e Televant ~ 4.5. Orbital evolution of the Mason Gullyneteoroid
perihelia g, eccentricities e amdguments of perihelio& group,meteorite K5 type and nearEarth asteroil?009FS
evqlved na S'm"?r manner thrqug'hout the whole specified The Mason Gully meteorite (observed on 13 April 2010)
period. The [w-criterion of similarity between the mean

. : and therelevantgroup of fireballs were observed over a
orbit of the group and that ™EA 2001 GE35 remained riod ofL Maj (L, § )fincrease irthe fireball activity.

below 0.2 for aboutfive thousand years which may indic i%e results of the backward numerical integration of the
that the meteoroids broke off from the parent asteroid in t . 9
meéan orbital elements of the group (Mean) and-&eath

very beginning of the specified period. asteroid2009 FSover a period of 5,000 years atetpedin
4.3. Orbital evolution ofthe Park Forestmeteoroid Figs.11and 2. As can beseenfrom the figures,he Dsy-

group, meteorite(L5 type and nearEarth asteroid2013 criterion of similarity between the mean orbit of the group

EV108. and that of thé&lason Gullymeteorite remained below3h

The Park Forest meteorite was observed on 27 Ma;o aboutfive thousand years whiltae mean orbit and that

! . of the plausible parent, i.e. NEA @@ FS were similar
2003. The Park Forest fireballs and meteoriteere
observed over a period of 1 Maj(§ )fincrease in the (Dsu < 0.35) for abou three and a half thousand years

fireball activity. The results of the backward numeric hich may be indicative of the time of the group formation
) . Y. . he relevant perihelia q, eccentricities e and arguments of
integration of the mean orbital elentenof the group

. .~ perihelion &evolved in a similar manner throughout the
(Mean) and neaEarth.astelrouziOlS EV108over a period whole specified periad
of 5,000 years ardepictedin Figs.7 and8. The relevant

perihelia g, eccentricities e and arguments of perihefon In Figs. 4, 6, 8 and 1avhich illustrate the orbital

evolved in a similar manner throughout the whole specifi eaolution of meteorites and their probable parent asteroids
period The Dyw-criterion of similarity between the mean(E EAs),for the sake of comparisotfie evolution of orbital

orbit of the group and that &§EA 2013 EV108&emained elements of two nedfarth asteroids is shown; in

.~ particular,one of these NEARas beerchosen as a parent
below 03 for aboutthree and a hathousand years which a'%teroid (red line) while another NE@reen line) depicts

may mdu;ate that the meteorOIds broke Of.f from the ParGHs evolution ofan orbit different from those of the group,
asteroid in the beginning of ttspecified period. meteorite and chosen parent asteroid.

4.4. Orbital evolution of WK H . Rngteéréldgroup, : . :
meteorite(H5 type) and nearEarth asteroid?011KG13 Neﬁ.géh?vgjr:tsileir?\gﬂggg) r?lgtg]()eriéfram (H5 type b

ol KH RALEH PHWHRULWH ZDV REVHUKHG B8 ie whtl 5ok Bdoh 27 March 2003
a e}iod 6f6 Maj (L, § O J increase in the fireballefhe Pribram group was observed over a period of 1 Maj (
P ) (L] )fincrease in the fireball activitylhe results of the

activity. The results of the backward numerical imegraﬂoﬁackwar d numerical intearation of the mean orbital
of the mean orbital elements of the group (Mean) and negl 9

r . . :
) . ements of thd’ribram and Neuschwanstein meteorites

Earth asteroi@011 KG13over a period of 5,000 years are . -

presentedn Figs. 9 and 10. As can be inferr from the over a period of 5,000 years aeownin Fig. 13. Based on

figures, he Dyrcriterion of similarity between the rneanthe results of the numerical integratidhe Dp-criterion
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andDsy-criterion of similarity between thmeteoriteorbits +The data on the mean orbit of a group of meteorite
were calculated with an increment of 200 yeds.the producing meteoroids enable to relate the group to its
present time (epoch 2000.0) both criteria are extremgigobable origin which is either asteroidal or cometary. The
small (b = 0.009 and By = 0.025)which enables to results indicating the existence of groups of meteorite
deduce that the Pribram amdeuschwanstein meteoriteproducing meteoroids in Jupiteamily cometlike Earth
orbitsevolved in a similar mannewerthe specified period crossing orbits suggest that relatively large and solid
andpreserved the similarity oheir orbits. meteoroids, which are members of these groups, can
In the study[13], a neatEarth asteroid ith the structure survive the passage through the atmosphere and fall to the
similar to that of asteroid Itokawavas considered as asurface as meteorites. In such a case, these meteorites are
potential parent of the Pribram and Neuschwanstgintentally samples of cometary material which can be
meteorites.The disrupion of the asteroid with such aexamined using laboratory techniques.
pattern might result in ejectng both large fragments +The investigated groups can still contain objects which
(cobbles and pebbles) and smaller debris (meteoroidsg potentially hazardous fahe (DUWKV Y BEhRVSKHU|
which could form a group of meteoriproducing nowadaysnay fall to Earttas meteoritesThis canprovide

meteoroids in the nedtarth orbit. a strongincentiveto carry out targetechonitoiing of the
fireballs and meteors in these groggher radiant points
5. Conclusions over specified periods of the group activity.
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backwaré numerical integration of themean orbil
element®f a groupas well as those of the relevamtteorite 1. IAU MDC databasehttp://www.astro.sk/~ne/IAUMDC/
and potetial parent neaEarth asteroid over a period of Ph2007/database.html
5,000 years has shown thalhe respective perihelia 2.SonotaCo databadgtp:/sonotaco.jp/doc/SNM/index.html
eccentricities and arguments of perihelion evolved in3aBondarenko YuHalley software201Q
similar manner throughout the specified period 4. Southworth R.B., Hawkins G.S1963,Smiths. Contrib.
+The Dsy-criterion, whichis a quantitative measure of  Astrophys, 7, 261.
orbital similarity, has remained below 0@ about 5,000 5. Kramer EN., Musii V.I., Shestaka.S.. 1980,Komety i
years in the groups of Neuschwanstein and Mason GullyMeteory 29-31, 83.
meteorites anébr about 3,500 to 4,500 years in the groupd Whipple FL.: 1940,The Scientific Monthlys1, 579.
RI %HQHARY DQG 3D U Nn }ieWkbipd/ ofP HMNESR.| HaWkéesA.986,Mon. Not. R. Astr. Sq@23 479.
. R @ Landl Pribram meteorites, the mean orbits and thd&e&sreenberdr., ChapmarC.R.: 1984, Icarus 57, Is. 2, 267.
of their potental parents remaed similar as defined in 9. Porubcan V.Williams I.P., Kornos L. 2004, Earth,
terms of the Qw-criterion over a relatively short period of Moon, Planets95, 697.
about 2,000 to 3,000 years. 10.Trigo-5RGU O % JXH] 0 -:200%ManQMbQ (
+Our findingsenableusto inferthat meteoritgoroducing R. Astron. So¢382, Is.13, 1933.
sporadic fireballs and sporadic meteors are related td3he TR% WK 3 9HI1PBIVY MoR N@. RVAStron.
andL3.5 ordinary chondrites and their potential parents, i.e. Soc, 415, 1527.
nearEarth asteroids, in the group$ Neuschwanstein and12. Halliday I., Blackwell A.T., Griffin A.A.1990,Meteoritics
Mason Gully meteorites and also thos&#6H QHAaARY DQZ5 BD UN
Forest meteoritesThe estimated time intervals, durindl3.Shestaka I. $1994 Astronomicheskii Vestnik8 No. 6, 94.
ZKLFK WKH HYROYLQJ RUELVe$bR I 1% BéechiM.ZDOEINGN, thélIeErdldithe IMB4:4, 104.
good similarity, are indicative of relatively recent formatiof5. Konovalova N.A., Gorbanev Ju.M2018, Odessa
of the examinedneteoriteproducing groups as a result of Astron Publ, 32, in press
fragmentation of their parebbdies




162 Odessa Astronomical Publications,vol. 32 (2019)

DOl:http://dx.doi.org/10.18524/18121215.2019.32.181906

FIRST RESULTS OF CLRIFYING OF ORBITAL BLEMENTS OF
LOW-ORBIT SPACECRAFTUSING OBSERVATIONSOF THE
RI "MAQO" DOPPLER STATION
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ABSTRACT. 18 artificial satellites of the Earth, which_e _f_gle\ hj[elb kmimlgbdZ \ nhlingle 7/( 7
emit radio signal at a frequency of 4880 MHz during their (OHPH QW lhgzldh\e agZgq_ggy _®_f_gle\
flight in the Mykolaiv visibility zone, were found as aresuf Z" mxIvky a kZcilrackwigDAZHnN\Z "bfh hsh f
of thesearching carried out in the RI "MAQ". 10 of 18 satel* _evge agZq_ggy “~hiie_je\kvdh]h Bkm\m qZ
lites during not less than 7 days each wemmraatically fZge a \bdhjbklZggyf ihgZldh\bo _e_f_gle\
WUDFNHG E\ WKH 'RSSOHU VWDWLRRdR bkDAWH G EDheyH iBrma®2jZ7+«tkb]lgZe-\
frequency of received radio signal was automatically detérbijhfegx\Zgbo kmimlgbdhf e« ijbcgylbo klIZq
mined as a result of spegitprocessing of radio signal amapl H[gbkex\Zebky j_lmeyjgZz kig™MgWhz 1z \b
tudes registered by the station during satellite trackingkK DI k#té\e jeagbXe \Wfejygbo « fh”_evgbo
Herewith 5 of 10 satellites emitted rbarmonic broadband agZq_gv jZ”«Zevgh€ r\b~dhkle 1jh\_"_gh i
signals. The radial velocity of sHies is calculated usingthej _Jmjpgyh€ « \biZ~*dh\h€ kdkZ4yhl\bohHZaZeh
frequency of received radiagsials. g_agZqg_ af_gr_ggy j_Imeyjgh€ s \biz~rdh!

The obtained values of radial velocity changing in time&bo -l iekey mlhqg_ggy _elbf gle\ hjJ
were used to clarify TLE (Twdine Element) orbital el- >eyi*M\bs _ggy lhgghkle \bagZqgjhglwy hj[eIb
ements of satellites. Initial orbital elements were dowgm}lvky ijh\_klb fh” _jgeaZpex ZiZfZImjb |1Z
loaded from the spadeack.org site.lt would be noted ghlh azZ[_ai_q_ggy klZgpe<€ a f_Ilhjx af_gr_c¢
that nodel values of Doppler shibf frequency, obtained db kbgojhgeazZpe€ [Z ihob[db \bad@Zq_ggy
using the initialorbital elemers, also use for searching”ehdtgZe e\ LZdh™ ijhihgm}Iivky \bdhjbklh\
radio signals emitted by tracked satellites and received pyevr Ih«dg”esyd "hiie_je\kvdbo \bfejx\Zgv I.
the station.The regular (mean) and random (standard dejmom kmimlgbde\
viation) components of the difference-(© of measured
and model values of radial velocity were calculated. 1I6<teywords DopplerY ¥ffect, radic beacon, lowrbit satel-
comparison of the redar and random components of@©
was made, which showed their slight decreasing after cl
ifying orbital eements.

In order to improve the accuracy of the orbit detestidin, Over the last few years, ambitious projects have
it is proposed to upgrade the station'shivare and software in emerged to create global higpeed Internet satellite sy
order to reduce synchronizing and frequency determinatiems, such as (OneWeb Satellites, 2019; STARLINK.
errors. It is also proposed to use moresmte modedas Dop- 2019; Telsat, 2019)According to our egnates, about

1. Introdu ction

pler measurements, and the motion ofliate 16000 of these satellites will be put into service by 2030.
) ) . . i er Wlt 45Q0 of these satellites will have an orbit-alt
'_GHL.'P1Y< j_ameviZl Hjhy_7 gh]F N qu nd 11500 sHites will have an orbit

©OF:H® ihrmdm \byle_gh rlmngo k rg km.It is estimated that there will be

fee yde ijb ijhevhle \ ahge \b~bfhikle or%%resae%esmthe lane of one orlfior compa

ijhfegxxlv jZA+hkb]gZe gZ-qZkHhpe h> P P

n, the constellatioof 27 GPS satellites placed in 6
iie_je\kvdhXgkd}x klI\hj_ghx \ G>1 @ﬁp
: A t§ of 4 satellltes (slots) in each plaf@lobal Pos

Z\IhfZlbgghfm j_“bfs |Jh\ gh kmuh(th

.a Kkmi mlg b(y}hfijgnl Cgr_ . ngS s , 2019 Given the height of the orbits, the

QzInZ lintayinln 122+ hkblgZem hod g;fgrﬁéz e s

fZlbggmfj “bfe amevizle ki_dljZevgh ' '9 ' :

A A er I"our opjnip slight deviations from thei-un
i:nl iej hl\rr}: ,\l? Sg]yg i ; i\m | géé {kllljhb\ Zpgvbhgc morm cPstr uti ion f%we density of satellites in the orbit

de\ \bijhfegx\Zeb g _]Zjfhgeqgbec rb%an?u Q%Jﬂqmﬂ(%ntlyaffectthequalltyofthe nmiet
kblgZe AZ qzklhlhx ijbcgylh]h jZo e JPLE W ‘r'me[tﬁ%the corresponding significars- di
ex\ZeZky ¢XQZZr\bAdeklv kmimlgbdZ place nfrr(]gwe}n e Orblljtl helg?t) of tthetEaglths sutrface
. . oA (398 reforea problem of constant indepéen
HljbfZge agZq_ggy jZ"*Zevgh€ Mbh@i{} #95: " <R gfa

. . reci eter t|on>f the position of loworbit
gxxlvky m qZzk \bdhjbklh\m\zebkysate Yeswl%egc moreurgentAsquuontothe
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problem may be the creation networks of passive Dopplesrresponda function f(t) that equal model values atdio
radars (stations) that determine the orbital positioref sbeacon frequency at a momentCorrelation functio of
ellites using the Doppler shift of frequency of radig-si Aoss and Amod is calallate at first to find the radio signal
nals emited by the satellite§.hese could be dier special emitted bythe tracked satéite and received by the station
monochromatic radio beacon signgtontinuous wavedr Herewith ntervals oft andf for which functionAqs is de-
non-harmonic brodband payload signals. termined must be greater than for functids The posi-
The Doppler station was developed and tested in the RIL R Q@ Q Gof'the maimum of the correlation function is
30$2” WR LQYHVWLJIJDWH WKH adrRs/ VIREADG Q' H RW X VK KD I- QI B vQiBetoifl g
to clarity the orbit of loworbit satellites(Bushuev, R18) relative to the beginning ofAws The desired signal is
The station uses a compact higkh reeiver of up to 766 searted in the e T XH QF\ U DrQ Birindai the points
GHz frequency range that gtlgasimplifies and reduces thewhereAn.qd = 1 after the shiftSo, the errors of synchroniz-
cost of its hardward GNSSSDR, 2019) Initial orbits of ing('t) and determination of frequen¢yf) of the received
tracked satellites are taken from (SPATEACK.ORG, radio signalare also btained as aesult of the correlation
2018). Model values of Doppler shift of frequency, obb QD O\VLV 7 KHis YieQdtHe Bifferénce in the
tained @ing the initial orbits,are usel for searching radio nominal frequency of theeceiverreference geerator from
signals emitted by tracked satellites and received by the valid ongBushuev, 2018)
station.It would be noted that 58 satellites were checked to
search radio beanocsignals. Radio lzeons were detected 3. Results of satellite orbit clarifying
for 18 satellites and 8 of them emit continuous waves.
The results of thelarifying of the orbit of 10 satktes are
2. Upgrading the post-processing of observation d- shown in Table 1. Each satellite was tracked auicailyt by
ta obtained by the Doppler station the Doppler station foat least 7 dayslhe dotained records
of signals of satellite radio beons were analyzed by
There are two stages to clarify orbit elements of tl&atDoppler and the measured values of the radial component
given satellite: reatime and post processin@ushuev, of the satellite velocityos were detemined The WinMNK
2018). In real time the radio signals arecoeded in wav program used measured valuesvgf to claify orbit ele-
files using software defined radio and freeware programents of the satellite3he model values of the radial veloci-
HDSDR (High Definition Software Defined Radidost ty were calculed before(vemod and after {amod) clarifying
processing includeanalyzingthe wav-files to detemine of the satellite orbitderewith the orbit elements doleaded
the radial component of the satellite velocifyong and from spacerack.org were used to calculatemes Mears
clarifying of the satellite orbital edments usig vobs The (Mean) and standard detions (SD) of the difference
program SatDoppler is used to determing(t) as the (k=(Vobs tVemod are shown in the domns 3% H | RUTEbLle
function of timet, and program WinMNKtakesinto ec- 1. The values of Mean and SD of the differente(Voos *

countvoudt) to clarify of the satellite abit elements Vamod) DUH VKRZQ LQ WKH FROXPQV 33IWHU
The program SatDoppler has been significanfgrad- absolute values of the mean and standard deviatidr afd
ed compare witl{Bushuev, R18) The upgraded pgram (s are shown ircolumns3'LIl _OHadR'L 11 6 of

uses modeValues of Doppler shift of équency(faop) and Table 1.The row "Total average" contains the average values
correlation analysefor searching radio signals emitteg of the data above it.

tracked stellites and received by the statiofhe model It follows from the data in Table 1 that the clarifying of
values offyop are calculated using the initial orbit elementthe orbit elements of the satellites results in a slight d
of tracked satellite downloaded from(SPACE crease (by an &vage of 1.6 m/s) of both means anadta
TRACK.ORG, 2018)Let Axpdt,f) denote the amplitude ofard deviations of the difference of the measured and model
the receivedsignal as a functio of time €) and frequency values of the radial velocity of the tracked Haés.

(f). Let also Amodt,f) denotethe pattern equal O anywhere It would be noted that thedio beacons of five sdides
exceptsomepointswhereAn.=1. The points wherbno=1 from Table 1emitted norharmonic broabland sgnals.

Table 1: Results of satellite orbit clarifying.
Name Before After After-Before

Mean, m/s| SD, m/s | Mean, m/s| SD, m/s | Diff [Mean|, m/s| Diff SD, m/s
OSCAR19 -0.2 5.4 -0.3 4.8 0.1 -0.6
CUTE-1 0.2 2.2 0.0 1.8 -0.2 -0.4
CUTE-1.7 -1.2 10.4 -0.3 10.2 -0.9 -0.2
SEEDS -0.1 3.4 -0.2 3.0 0.1 -0.4
KESEKI 0.0 8.9 0.1 8.4 0.1 -0.5
ITUPSAT-1 18.8 120.5 5.0 114.4 -13.8 -6.0
XIWANG -1 -0.2 3.8 -0.4 3.6 0.2 -0.1
GOMX-1 -0.5 28.7 -1.6 22.9 1.1 -5.8
AIST-2D -0.6 8.4 -0.6 7.6 0.0 -0.8
TECHNOSAT -5.4 24.7 -2.7 23.3 -2.7 -1.3
Total average 1.1 21.6 -0.1 20.0 -1.6 -1.6
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RESULTS OF POSITIONA AND PHOTOMETRIC MEASURE-
MENTS OF METEOR TRABCTORIES OBSERVED INMYKOLAIV
201+2018

M.O. Kulichenko?, O.V. Shulgd, Yu.M. GorbaneV
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Mykolaiv, Ukraing <niiko4kulichenko@gmail.com
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ABSTRACT. Regular meteor observation ngi TV Ijhly]hf - azZnedkh\Zgh [eevr_ h~rghim
CCD unintensified techniques was started in 201Rlin gbo f_I_hjgbo j_}kljZpec 1Z [z&bkgbc f_|
@®ykolaiv astronomical observatofy(RI MAQO). The \bagZq_ghkle iZjzf _Ije\ ZIfhkn_jgh€ 1jZ}dlhje
method of meteor registration is based ¥W LQJ *WUDBIFWN]_eehp_gljbggh€ hj[elb f_I_hjh€”rZ [meb
and VWDFN~ Wt Bbtaning X&mes with reference\bdhjbkdx§ f Ih*m Fbhgjeh ;m\ kl\hj gbc dzZlZz
stars and online meteor detectgwftwaredeveloped at RI eh] ihabpecgbo IZ nhlhf_ljbggbo iZjZf_lje\ Kil
NAO. The main accent of the research is made on precigbo f | _hjgbo ljZ}dlhjec K_j ~g} d\zZ*jzZlbqg_
astrometry and meteoroid orbits calculatibiew observa- ZiijhdkbfZpe€ f_I_hjgh€ |jZ}dlhje€ \_ebdbf dh
tional campaign with baselines 11.7 and 100 km was stdff520)". AZ j _amevlzZlZfb kihkl_j "agwedZb jZfb
ed in 20172018in collaboration withAstronomical Ob- ahjm fgZ [Zabkgec \e~klZg- df [meb h[gbke
servatoryof the I.I. Mechnikov Odessa National Universi-f_Ijb ZIfh kn_jgh€ ljZz}dlhje€ IZ e f glb ] _eeh
ty. Eight telescopes with narrow field lens (f=50 mth[ lb "ey f_lI_hjh€”e\ G_\bagZq_ge-klv \ h[c
f/1.2) were installed in Mykolaiv and Odessa. More thahbfb o d\Z|hj Zevgbo dhhjr*bgzl jz~rezZglZ ¢
3000 single station meteoasid 221 double station mete- \e"klZge df kd&Z{}Z3gvbdn?z G_\bagZ
orsweredetectedduring 20172018 Uncertanties of me- q_geklv \ h[gbke_gge ] _hp_gljbggh@&@5r\brdhkl
teor trajectory and orbital parameters are calculated usiddk \ h[gbke g g «+50d kM.

Monte Carlo methodCatalog of meteor trajectory posi- . . .

tions and photometric parameters has created. Standgith.h kehlZ_hjb hj[+lb f_I_hjhenrel 1_e_\-
deviation of approximation of a meteoric trajectory in - -99y

large circleis (15-20)". Kinematic parameters of atmos-

pheric meteoric trajectories and elements of heliocentric1. Introduction

orbits for 3 meteors were calculated based on the results

of television observations with cameras with a field of Meteor observation using video techréguwas started at

YLHZ f DW D EDVHOLQTte etrage/ DSHAHH D U FIKP MYKOIW Y WIXWWHU RQRPLFDO REVEH
uncertaintyof visible radiant estimation i (0.3-0.7) Z (RI MAO) in 2011. This is the third big meteor research

with baselinel00 km. The geocentricvelocity estimation campaign in Ukraine after Odessa (Gorbanev, et al., 2006;
uncertainty is 0.5 km/s, elevation uncertainty isI5® m. Gorbanev, 2009) and Kiev (Hajdukova, et al., 1995; Kozak,

2001). Theresearch is based on a system of fixed tele-

Keywords: meteors, meteoroid orbits, video observation. scopes equipped with TECD cameras for both single and

:GHL:P1Y Jigemelihkl_j_"_ggy f_I_dbgsle sttion observation. The main goals were setting
\bdhjbklZggyf g _i**"kbe_gh€ |_e_\e+a-cgb@pletely dutangatid bbemekion of meteors, and obtaining
jhaihgzlih \ j \ G>1 ©OFb d h e Z €\ k \adtromeékitj argditirogghére trajectonyaraneters of mete-

h[k _j\Zlhjey2 G>F HhH¥ kihkl_j_ ~ gv aZzZanghtatigbtcpoint coordinates, velocities, orbit elements)
gZ \bdhjkaZgg- kihkh[m gZdh|bq g g ysiag oafmml spiware adeyeloped in Rl MABesults of
hIbeZggZ \ a hihjgbfb ahjyfb « ijh]jZdablenstatidh] observations in Mykolaiv are Kulichenko,
i_g_gg- sh j_tkljm} f_1_hjb \ j_"bfe j_&al@bliKygizhenko ghShulga, 2018).

ajh[e_ghl]h \ G>1 F:H =heh\gbc Zdp_gl “hke*~" _ggy jh

[blvky gZ hljbfZzggy \bkhdhlhggbo iheh" @Méfe&qr’rubsérvbtibrjrrethodsandfacilities

gh€ |]}d|hj € 1Z \bagZqg_gge hj[ebcf_llAijh€Ne

kihl_j_"_gv ihgz\ky \ i gZ klzgp- y%el %%Eekeggqq?s

\eAKIZgyTth 1z df \ kie\jh[slgbpl\e %d&
ghx hIkK_\Zihis)x H~_kvdnih gZpehgZeyghili i d B teor patrol which mclies.
ef 11 F_qgbdh\Z <ekef |_e_kdhis\ a ‘? éJ %:ﬁrﬁn P

_ o\ a ge opes m f/12) equipped with a TV
(=50 mm f [mebzgkie_g \deheZ}\ camerasWAT + T TFhe field
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of view of eachtelescope 5.6 f 7.4 f Comparing with 3. Results

previous work (Kulichenko, et al 2Bl such optical sys-

tems allow to increase amount of detected meteors and av3.1. Single station observation

erage angular length of observed meteor trajec&ygtem

doesn't have any iesifier. Each video system is contained During 20172018 more than 3000 single statiowte-

in a hermetic capsule to prevent it from rain and other agrs were observed. The mean duration of observed meteor
gressive meteorological conditions (Figure Qameras trajectories is in 041.2 s. Mean amount of frames is

work in the interlace mode with rate 50 Kfmes per apout 810. The distribution of meteors over meteor mag-
secondThree stations with baselines 11.7 490 kmwere pitudehas two maxima at®and 2. Arc length of meteor

set: 1) Mykolaiv, RI MAO, consists of 4 telescopesygjecrories is in (0.08.5) f

(3 ); Mykolaiv, Vitovka, consists  The main parameter of single station meteor trajectory

of 2 telescope$3 ); Kryzhanov- is the position of meteor's path big circle pole (Gorbanev
ka, Astronomical Observatory of the I.I. Mechnikov Odess@ | baev 2009). This parameter is used for further

National University O ONU), consists of 2 telescOpescalculating of radiant point coordinataad heightgAsta-

(3 povich, 1958). The mean @wracy of pole coordinates
) estimation is about (059 f
2.2. Observation method

. ) 3.2. Meteoroid orbits
The original observation method was developed at Rl
MAQO for observation of objects having high apparent pye to large amount of detected phenomena only short
rates on stare telescopes (Shulga, et al., 2009, 2011). Figtiod of observation for two stations with baseline 100
ly it was used for observation of artificial satellites. Thgy, (4 telescopes) is completely process@dtal number
main idea of the method is obtaining frames with stars agf gphserved meteors was 220, number of simultaneous
moving object separately for more accurate coordingigserved meteor trajectories 130. In the period from
measurement. The automated meteor detection SOﬂWAEﬁ“ 2018 to July 2018 213 single station meteors were

was designed in 2010, based on tkpegience with real getected, but only 3 meteqfEable 1)were observed sim-
) ) ultaneously because of difficulty wittbrrect pointing of
Parallel to the restime detection process the star imaggyrrow field telescopes on distance 100 km. After pointing

time video stream processing.

DUH DFFXPXODWHG ZLWK D

-ahdH [ RRelbk i AbYlst 2918kl

bimif

WdafeNng for dou-

VWDFN® WHFKQLTXH S$SFFXUDF\ RIpW Kihtiol Rhetddtd iR frél pdtiod Wkt 4 \mdrthsVgéve

. \Ao) result of 218 meteord.he velocity estimation uncertainty
The method of double station synchronization is basedigrp 5 kms, elevation uncertainty is 8150 m.Uncertain-

using PP8mpulse from GPS receiver Resolutidras refer- ties of heliocentric orbital elemets calculation are shown

than 6 arc sec. Limiting magade for stars (1-A3)™

ence impulse. Accuracy of time synchronization i$<0

2.3. Software

equatorial coordinates of the meteor trajectoriésre are

in the table 1.

N . . Table 1:Results of meteoroid orbit determination for 3 me-
The modified software is used for the adétion of the teoroids observed in ApsMay 2018 with baseline 100 km

four main steps of calculation:
1) stars processing (software TraEx (written in
Python, developed in RI MAQJ)eference star catalogue

Paramedr

20180413 _.
739090_A3
K1

20180413 _
804334_A3
K1

220180502_1
746108_A3
K1

D

+Tycho?2
2) extracting andmeasuring the metedrajectory
points in frame coordinate system (softwatEraEx);

Radiant
equatorial
FRRUGLQ

3) calculation of the equatorial coordinates of tt
meteor trajectories using results of the previous ste

®eocentric ve-
ity Vg, km/s

(software £TraEX);

Height H1, km

4) searching for meteors observed simultaneous

Ya, aul

from two stationsaand calculation of parameters of atmog

., au

phere trajectories and elements of heliocentric or
(software developed in RI MAO).
Uncertainties of meteor trajectory and orbital paral

Perihelion
istance ¢, au

ccentricity e

ters are calculated using Monte Carlo method (Albin, et
2016). The Monte @rlo method is based on the gener

LQFOLQDYV

VLROQ L

tion of random numbers in accordance with the statisti
distributions of the measured equatorial coordinates of
meteor and, as a consequence, the corresponding disti
tions for all the kinematic and orbital paramstef the

Afgument of

LRQ RP

[SHULKHO

engitude of
ascending node

23.77

HeP  f

23.79

meteor body. This approach allows us to estimate

standard deviation of the desired quantities, as well as to

specify their mathematical expectation.



Odessa Astronomical Publications,vol. 32 (2019) 167

4. Conclusion Astapovich I.S.: 1958, Meteor phenomena in Earth at-

mosphere(Fizmatgiz, Moscow).

Since 2011 regular automatic monitoring of meteoGorbanew. M., Golubae\A. V., ZhukovV. V., et al.:
ZLWK WKH XVH RI 3S\WUDFN DQG VWI2006,Solar System Researat0, 5, 41R QG XFWHG
In 20172018 eight meteor telescopes worked, located Gorbanew. M.: 2009, Odessa AstroRubl, 22, 60.
tree stations at a distances of 11.7 km and 100Am. Gorbanew. M., GolubaevA. V.: 2009, Odessa Astran
array of data containing more than 3000 single stationPubl, 22, 4.
meteor trajectories has been obtained. Catalog of metHajdukova M., Kruchinenko V. G., Kazantsev A. M., et
trajectory positions and photometric paeters has  al.: 1995Earth, Moon, and Planet$8, 1-3, 297.
created. Standard deviation of approximation of Kozak P. M., Rozhilo A. A., & Taranukha Y. G.: 2004,
meteoric trajectory in a large circle(15-20)". Kinematic Proc. of the Meteoroids 2001 CarEnce, 6 10 August
parameters of atmospheric meteoric trajectories and2001, Kiruna, SwederEd.: Barbara Warmbein. ESA
elements of heliocentric orbits for 3 meteors were SP495, Noordwijk: ESA Publications Division, ISBN
calculated based on the resulfstelevision observations 92-9092805-0, 337.
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distance 100 km. The velocity estimation uncertainty is Proc. of the International Meteor Conference, Poznan,
0.5 km/s, elevation uncertainty is-380 m. Poland, 2225 August 2013 Eds.: Gyssens, M.;

Roggemans, P.; Zoladek, P. International Meteor Or-
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MODEL OF GRAVITATIONAL EFFECTS IN SATURN'S RINGS
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ABSTRACT. In this work, we consider one possi-
ble gravitational interaction in a system consisting of
Saturn, its satellites and rings. The structure of rings
can be changed because of such interactions leading to
some sculpting of rings. In consequence of not triv-
ial gravitational e ects, various perturbations are ob-

served on the edges of rings. We use methods of ce:

lestial mechanics to describe a system containing the
planet, two satellites and the ring placed between them.
In such a system, gravitational forces lead to running
waves that deform the ring. These e ects are peculiar
to Saturn's F ring. The description of these perturba-
tions needs more di cult physical model. In particu-
lar, to nd the change in the ring's edge it's necessary
to go to the non-inertial reference frame. To describe
some e ects we expect to employ methods of nonlinear
physics to build the model.

AIOAGIG. Caaayee iifii Eanfiii ca ifoaiii
diée a6l 106eiaii 4adaol aaied 8T ieaidaod
Naoo6di oa - éieuoy. AoeT aeyaeai, L‘Jl fiefiodia
giedol Naooddia oa éial Adivoieéia ial aacei+

ideeeaaia iolyad a0aaioasciéies acatitaié. O aaiié
a14101 i@ dlcaeyaalii 1aio ¢ iiseéeaed acatitaié

a Aa6aaiocaciéilio e nenoaie. Nod6206da
gigdou 1leed cliipaaoenlu caeaseil aia 18yao
ﬁéé ééééibédi" CIT '|'6égéT'aé()U éT iééiéﬁiiéﬁé?

ia a6a|eoyo gigdou ileedol aia+ oaaoe gaoaauy
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ence frame.

1. Introduction

After the end of the Cassini Mission in 2017 scien-

tists are still processing and analyzing obtained im-

ages of Saturn's and it rings. One of the main con-
clusions based on obtained data is that a structure of
Saturn's rings is fairly di cult. Scientists assume com-
plex models of gravitational interactions in order to
explain the heterogeneity in the distribution of rings
matter. For example, the gap between rings A and B
is explained by gravitational resonance 2:1 of A ring

with the Mimas and named Cassini Division. Other

interesting interactions due to orbital resonance are
considered in work (Araujo et al.,, 2015). The satel-
lites Janus and Epimetheus are in uenced by orbital
resonance 7:6 (Proco et al., 1987) and impact on the
edge of the A ring. Thereby, there are perturbations
in the form of waves on the ring's edge. Such waves
have a three-dimensional structure and fade out with
extending deep into the ring. Janus and Epimetheus
are located on the close orbits, and when the one over-
takes another, their orbits switch (every 4:2 years). In
(Fig. 1) the change of orbits is demonstrated in de-
pendence on a period of time. Appeared gravitational

Figure 1. Semi-major axis for Janis (red) and
Epimetheus (blue) as a function of time between 2000
and 2020 years, from a numerical integration, tted to
Cassini data (Cooper et al., 2015)
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force due to such a switching causes perturbations on
the edge. These perturbations are small in comparing
with the size of the ring and do not change its overall

structure. It is assumed that waves fade out enough
quickly then we can speak about particles bonds in the
ring.

In this work, we concern with another problem.
Consider the thin ring between two moons in orbital
resonance. This situation is realized for an F ring of
Saturn surrounded by Prometheus and Pandora. The
F ring is far from the main rings system, therefore
is not inuenced by them. The F ring can have
dynamical changing in structure (Fig. 2) due to a
satellites impact.

Figure 2: In the left corner is Pandora, and in the
right is Prometheus, acquired by the Cassini spacecraft
[solarsystem.nasa.gov]

2. Physical model

Each ring surrounding Saturn consists of dust and
ice particles that move on stable orbits. If the outer
gravitational eld of Saturn is supplemented by a small
perturb additive (it can be caused by distant satellite
or tidal forces of the planet) then the search of orbital
parameters will be more di cult. One of the ways to
describe such a motion is presented in (Burns, 1976).
If the ring is located between orbits of two satellites
moving in gravitational resonance, the variable in time
and localized in space gravitational eld, that could
be not assumed as small, acts on the patrticles. In re-
sult, the strong perturbations, distorting the ring, are
observed. To describe the motion of the particle in

the ring in such a case, we suggest using the Newto-
nian approach: the gravitational force, acting on the
particle, consists of force sourced by the planet, and
perturbation forces sourced by satellites. To describe
the latter, we introduce disturbing potential. The tech-
nigue of introducing such potential is presented in (Shu
et al., 1984; Renner et al., 2006) Obtained equations,
generally speaking, describe perturbed motion and is a
case of N-body problem.

For numerical simulation of the motion of such a
gravitational system one should use the following equa-
tions: '

H rj )

The system of equations (1) with initial conditions
describe the N-body problem completely. Unfortu-
nately, this system is not applicable for the analyti-
cal study and can be time-consuming for the numer-
ical simulation. Here we propose an alternative ap-
proach that is lack of the mentioned disadvantages.
We will study an orbit of a separate particle in the
non-inertial frame that rotates around the central mass
with the angular velocity of the ring. In such a frame
non-perturbed particle should rest, while perturbed
particles oscillate about their rest points. Moreover
while the amplitude of such oscillation evidently much
smaller the ring radius, it can be comparable with the
distance between satellites and ring, producing non-
trivial and non-linear dynamics. For two particles an
equation has a form:

|
m;m;(r;

i

dbri
M G2

1)

i6]

®r oM drt hopoyi
= . + 2 . + .. . 2
dt2 !jrj3r dt ’ IR 2)
where r s a radius vector directed from the particle

with mass m, M is g mass of moving particle in

the new reference frame, is an angular frequency
vector of rotating reference frame.

3. Discussion

Besides, we propose to consider the classical task of
celestial mechanics from the point of view nonlinear
physics and to describe perturbation as non-small
additive in the equation of motion in the rotating
reference frame. In result, we aim to nd an ana-
logue with soliton solutions (Kosevich et al., 1978),
that is a case in propagation nonlinear waves in a
medium. This analogue could describe some dynami-
cal e ects, that can have a place in Saturns rings.
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ABSTRACT. To study the dynamic properties of UPIMS are given. The studies are relevant not only
of the new generation of airplanes, helicopters, un- for eld testing of aircraft, but also of scientic and
manned aerial vehicles, rocket and artillery weapons practical interest in the construction of monitoring
and ammunition at test sites (polygons) use mobile systems for airspace in the visible and infrared spectral
laser optical-electronic stations of the trajectory of ranges and the study of the trajectories of objects of
measurement (LOETMS). Each LOETMS provides arti cial and natural origin in the Earth's atmosphere.
the detection of test air objects in the visible and  AfJOAOIR. A&y  &inéiacediily aeidii+ied
infrared spectral ranges, their high-precision tracking, agsanoeainoaé iialai igigiiiy eioagia, 4asoTéiioia,
measurement and delivery of the parameters of the gaciigioies &icasuied aiadaocia, o638a0IHAT 03
coordinates of the movement of air objects in real yzpecasiénueiai icaditiiy | Aiideiania ia
time. In order to eliminate systematic and suppress jjaizijag  Aeé&idefoiadpou  Maiéuii  eacasii
random errors of trajectory measurements, LOETMSS fjipaai-2638081iii foaioi 08380isi aeiidpaaiiy
are integrated into a unied polygon information- (EJANOA). Eiseia ETANOA caadacia+ot aeyasaiiy
measuring system (UPIMS). Since the cost of each aaisiaiacaaies iaiodyies Ta1édia 6 agaeiiio i
LOETMS is high enough, when constructing the jigsa-35aiiii6 aiaiaciiad fideéods, "6 aefieior-ia
UPIMS, the problem arises of choosing the minimum pgiaiaia, agiis i aeaa+¢ iadaiaosdia éidagiao
number of LOETMSs and their location along the gga6 2i08yied 1460ia a odceeii B3ABUNAT
test tracks of the polygon so that the dispersion of 376 Ay 6f6iAiTy AEf0AIAde+ied i 18ea0saiiy
estimates of the parameters of the coordinates of zaj3581386 iMesie 083018165  Aadiidpaail
the movement of air objects is minimal or at least EJANOA ii04486pouRy a 4&i6 ii6idiasién-
less than or equal to a given threshold. The report ggajigpaasuic nefodio ieialio (AIAND). Oaé
provides a mathematical formulation and solution of ya aasoifiou éieeii” ETANOA aineou aeniea, of
the two-criterion problem of optimal placement of j5e& 1jadaiai AIANT aeieéal 187a8dia 384180
LOETMS on the territory of the polygon. The main jjjiasuii” gicuéinoi ETANOA i "6 8igoagoaaiiy
attention is paid to the mathematical formulation and Ociiaze AQidTA0AAGHIRE 08af  &IAN6  0asel
the method of solving the problem of metrological -gfiy, (114 aefi&aniy 16iiie A8ai&08ia E1Id&SIA0
certi cation of the UPIMS for a xed number and 5656 ifaiosyied iateoia acea iifiiasuiip aaj,
location of LOETMSs along the test tracks of the jazgiaéiii, idigd aal diaiip caaailio 1dia0.
polygon. It is shown that the solution of the UPIMS & siijaiai iaaiaeoufy jaodiace+ia mfoaiiaéa i
metrological certi cation problem is reduced to lin-  #igaiiy 526668e088ia80IT casa=e Tioeiasuial

earizing the non-linear function of random arguments gjcijngiiy ETANOA ia  083e0id8i"  ii&ianio.
(model of the trajectory of air objects) and calculating {gfiaia 6aasza ideaicdia 1addiade+iié MMOANACI
the dispersions of dependent variables (parametersj 34746 8igdiiy cazasi 18081614+ A08R0AVI"

of motion coordinates) from known dispersions of A|AN &y 6ientaaii eiéiéinioi 0a dicoAB6aAiiy
independent variables. The results of solving the EJANOA 6caiaze ALidIA0AAEITRE 0dafi TEIANO.
problems of optimal placement of LOETMSs on the ffeacail, o 8ig&ily casasi 18081ETEI+iT
territory of the polygon and metrological certi cation
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aoanoasit  AIANT caiaeounly &1 éiidadecasi’
fagiiiéi 06iédi” adiaaélaes asaciaioia (iladeéi
08418018i" 83686 iTai0dyied 14'180ia) i dicdassoies
4efiaofié cagdaeies ciiiiéd (1adaidodia éiidasiao
8660) aia aiafied aeniddfié fAcasdaeied ciiiied.

iaglayouny — dacosicace  aedigdily  cadaail
fioeiaguiial aiciivaiiy ETANOA ia 088eo0isi”
ieiaoe oa 1&osieiai+it  aocanoasit  AIANI,

i51ad4aii aineiasedily aéoocasuii & oieuée aey
ieiaiiied aeioiadcadaiu éiocaéuied aiadaoia, a é
i0aan0aaeypou iavéiaeé i idagoe+ieé iivadan, ioe
iTa0aiai fefiodil ifiioideids ifaiodyiial i8inoiao

a aeaéino i iibda+asaiiiio aiaiaciiad fidaéodo i
aineiaeediiy 0daleoisié 80006 Ta'1éoia god+ilal i
idediaiial iidiasediiy a aoiinoasi Caiéi.

Key words : trajectory measurements, information-
measuring system, laser optoelectronic stations,
optimal placement, mathematical model of coverage.

1. Introduction

Increasing the e ciency of use of modern weapons
leads to the need to expand the dynamic and functional
characteristics of aircraft (aircraft), cruise and anti-
aircraft guided missiles, models of artillery equipment.
Under these conditions, the problem of the study of the
dynamic characteristics of LA, testing and evaluation
of their extreme (maximum permissible) characteris-
tics becomes extremely relevant (Dodonov & Putiatin,
2017).

The mobile laser optical-electronic stations of the
trajectory of measurement (LOETMS) developed at
KHNURE (Semenets et al., 2018) can be used for
various ight experiments, certi cation of aircraft and
rocket-artillery systems, providing trajectory informa-
tion and video information to control the characteris-
tics of various aircraft with coordinate measurement,
observation and recording of video information and
subsequent detailed analysis of the dynamic and func-
tional characteristics of the investigated aircraft.

Each LOETMS in its area of responsibility is pro-
grammed to track a target in a predicted path seg-
ment. The programming process is automated and
runs simultaneously for all LOESTI. To synchronize
and adjust the delivery of goals for each LOETMS,
the technology of wireless sensor information and com-
munication network is used in the process of aircraft
maintenance. Each LOETMS in the process of track-
ing an aircraft transmits its current coordinates via a
communication channel to LOETMS, which is in the

aircraft over the territory of the the test site. Before
conducting ight tests, this problem must be solved,
and the relative position of LOETMS on the territory

of the test site is known. To determine the coordinates
of each LOETMS, we use dual-frequency GPS receivers
mounted on the vertical axis of the LOETMS support-
ing and turning arrangement. The results of measur-
ing the coordinates of each LOETMS and their errors
are entered into the LOETMS database and are peri-
odically updated in accordance with the regulations.
Thus, UPIMS is a set of spatially distributed, inter-
connected wireless sensor information and communica-
tion networks LOETMS and other auxiliary technical
means for receiving video and measuring information,
its transformation, processing in order to present data
on the trajectory parameters of the observed aircraft
in the required form.

Signi cant spatial distribution of LOETMS on the
test site, the need to take into account the errors of
binding coordinates of each LOETMS to the topobase
using the global navigation satellite positioning system
(GPS), the errors of leveling the LOETMS platforms,
alignment errors (linking each local spherical coor-
dinate system of LOESTI to the global geocentric
coordinate system), individual metrological character-
istics of each LOETMS, identifying and eliminating
systematic errors and suppressing random errors of
general measurements by several LOETMS, led to
the fact that the problem of metrological certica-
tion UPIMS aircraft is extremely complex and relevant.

2. The structure and purpose of the complex

Supporting and turning arrangement on which are
installed:

visible range camera;

thermal camera with teleobjective lens;
laser ranging equipment;

GPS receiver for geodetic reference;

Horison laser level for positioning supporting and
turning arrangement;

Fig. 1 and Fig. 2 show views of the turning ar-
rangement (Semenets et al., 2018).

The purpose of the system. Designed to solve a wide
range of tasks of monitoring airspace in the optical and

waiting queue. Based on these data, the coordinates Oflnfrared ranges.

the expected capture point and the ight path of the
aircraft are adjusted relative to the predicted.

The article presents a mathematical formulation and
a method for solving the problem of optimal placement
of LOETMS along the most probable ight paths of an

detect all moving objects;
automatic recognition of the type of aircraft;

selection (automatic / manual) of a speci c object;
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nodes of a wireless sensor network in a unied poly-
gon information-measuring system.

The subject of the study is optimization methods
for covering a rectangular area with LOETMS control
zones.

4. Domain description

There is a need to create control and management
systems in which the objective function is de ned not
only as a direct assessment of the characteristics and

) ) ) conditions of the object, but also with the help of some
Figure 1: Front view of the turning arrangement  gqgitional (for example, signal) information. A physi-
cal model linking the characteristics of the object and
additional information should be constructed in such
a way that it is possible to track and diagnose the pa-
rameters of the object.

In this case, each controlled point in the region
should be in the coverage area of at least one receiver
(sensor). The area that the sensor controls is shown
as a circle. Then, the qualities of an adequate model
of control and monitoring systems can be consid-
ered the circular coverage (circles) of the regiorR?
with additional restrictions arising from the physical
characteristics of the equipment used (Antoshkin &

Pankratov, 2016).
Figure 2: Back view of the turning arrangement

] o ] 5. Solving the problem of regular coverage of
its precision tracking; a rectangular area

automatic calculation of coordinate parameters
(coordinates, velocity projections) of each moving  In (Fejes Toth, 1972), the coverage criterion is de-
object in the local (spherical) and global (Green- ned as follows: for the set, which should be a circu-

wich) coordinate systems. lar cover for the  set, it is necessary and su cient that
any intersection point of the circles belong to at least
3. Task and goals of work three circles, and each intersection point of the circle

and the boundary of the region belong to at least two
The problem can be formulated as follows: it is nec- circles, as shown in Fig. 3.
essary to completely cover a certain rectangular area, As part of this task, we assume that the area of
called the coverage area, with some objects, calleda unied polygon information-measuring system is a
nodes of the wireless sensor network, so that the ob-rectangle.
served point of the object is detected by three nodes |t js known (Fejes Toth, 1972) that the optimal cov-
at the same time, while technological restrictions are grage of a plane with circles is achieved using the so-
observed. o . called regular or lattice coverage. Therefore, we use
One of the technological limitations may be restric- yegylar coverage to cover the rectangle with circles.

tions on the minimum and maximum allowable ,d's' The set-theoretic model of the problem of covering a
tances between the centers of the nodes of the erelesqectangle P with the number n of circles is as follows:

sensor network and the border of the coverage area, as
well as between the centers of the "neighboring” nodes
of the wireless sensor network (Antoshkin et al., 2001). p C; 1)

The aim of the work is to develop a mathematical
model and optimize the placement of nodes of the wire-
less sensor network in the rectangular region of a uni- That is, each point of the region Tp belongs to at
ed polygon information-measuring system. least one of the circlesC;, C,, ... C,. The mathe-

The object of study is the process of mathemat- matical model of the task in the absence of additional
ical modeling and optimization of the placement of restrictions can be represented as:
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Figure 3: Coverage criteria

n (tt)

n

R; 2
whererho(tijt) - distance between points;t; andtt =
(tx;ty) 2 5 t = (Xi;yi) - center of i-th circle; Iy
f1;2;:::mg; R-radius of circles.

The set of vectors:

maxmi
tTo il

r=na;+ max;n,m2Z; 3)
where a; = (ayy;aly); 8 = (@x;azy) - linearly inde-
pendent, is called a lattice with basisa;;a, and is de-
noted L Lambda(a;;ay); Z - the set of integers,
Lambda - the operator that maps the set of pairs of
vectors to the set of families of the form (3).

Covering y ;i;jZ with planes in circles , =

(iap + jaz) = (0;0) + iag + jag;i;jZ is called a
single (lattice-frequent) covering of the circle (0;0)
which is performed along the basiga;; a;) of the lattice
L = (a1;a2) where (0;0) circle centered at (0;0).

The solution method is to generate (with a given
step) a set of basis vectors that guarantee the existence
of a accomplished covering by the constructed bases,
and choose the best of the constructed lattice coverings.

Now we turn to the problem of the correct sectional-
regular coating of the rectangle using circles. The so-
lution to this problem is reduced to the solution of two
problems of covering a rectangle with vertically and
horizontally located sections of a rectangular shape.
Since the tasks in the statement coincide, in what fol-
lows we restrict ourselves to considering the rst of
them.

The objective function of this problem has the same
properties as the objective function of the problem of
regular covering of a rectangle, with the exception of
periodicity. In addition, the dependence of the result

on the parameters is complex and di cult to formalize.

This leads to the need to use approximate methods for
solving the problem. For example, the application of
the method of applying a grid to the region of possible
solutions allows us to solve the problem of sectional-
regular coating in two stages (Pankratov et al., 2002):

solving a number of problems of uniform regular
cutting of sectionsA hy by the method described
above;

item selects the optimal combination of sections.

First, it is worth solving a number of inverse problems
of regular coverage. Namely, for a given number of
detection zones, it is necessary to determine the max-
imum possible section size, it is covered by a given
number of detection zones. It should be noted that
when solving the problem of regularly covering the en-
tire rectangle with this method, all these solutions can
be obtained as intermediate results.

We now turn to solving the problem of choosing the
optimal set of sections. In its statement, this problem
is similar to the well-known one-dimensional knapsack
problem (Korbut & Filkenshtein, 1969) if we interpret
the number of circlesk located in the section as the
weight of the element, and the valuehy as the length
of the element. However, the function of the goal in
this case is unconventional, namely: it is necessary to
nd a set of elements of minimum weight, providing
over ows or at least full lling of the knapsack.

An interesting feature of the proposed method for
constructing section-regular coatings is that it can be
naturally generalized to the case of dividing a rectangu-
lar region into sections that are regularly covered with
circles of di erent radii.

In Fig. 4 and 5 show the results of separation of
sections of regular and regular coverage of section A
using circles of radius 5700, respectively. Although
both coatings are formed by 31 circles, regular sectional
coating is preferable as it is more technologically ad-
vanced.

Figure 4: Regular coverage
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Coverage criteria highlighted: in order for one mul-
titude to be a circular cover of another multitude, it
is necessary and su cient that any intersection point
of the circles belong to at least three circles, and each
intersection point of the circle and the boundary of the
region belong to at least two circles.

Thus, using these methods and meeting the criteria,
the task is completed - the observed point of the object
is detected simultaneously by three points.

For the vast majority of practical applications, the
method of sectional-regular coatings has an advantage

] . over the method of regular coatings.
Figure 5: Sectional-regular coverage
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ABSTRACT. The Qlar system is fored from a pr  feqgbo ijhf_d»h”~gy gZ ih\_jogx A_fe» izZz7Z}
mary gasdust cloud. Asteroids and cometary nuclei are lhgg f_I1ghE j_gh\bgb ;eevrZiéxkz ihljz
made of the same substance. Therefore, the study of thgif ih\ _jogx m qZk ~«€ f_| _hjghoeihHhkdeb F _|I
debris will help determine their properties. It is best tmI\hjxxIvky ea aZebrde\ y/hf jI\e Akl ojHHEN
investigate the substance of meteoroids in the laboratogsbo lee >ey “hkegh\bgdyyj*jZ dhf_Ib Qmjxfh
The presencef radioactive chemical elements in meteo \Z2=_jZkbf_gdh "h g_£€_ @it dbgrteziZzjZI
ites provides mportant information about their age. The\Zjleklx [ebavdh fej~ }\jh Fb ijhihgm}fh
study of the istopic composition and content of uranium\b\q_ggy fZlmj*_ydbo y”~_j dhf_I| |Z Zkl_jh€"e
and thorium gives an age of a meteorite substancetd gZ \*"[bjZIb ajZe&db€fre\ ijyfh \ dhkfeqghfm ijl
billion years. Measurement of cosmogensotopes in klhje gZ hjfde ALZf f | _hjh€~ge qZklbgdb g_h
meteorites and analysis of their content allows useto diecfZlb hgXdj\m\Zlb « "hiZZAbftbxg~ey j | _ev
termine the size, mass and age of meteoritic bodies befgrh ] hhke*~" geey aZohie _ggy j_gh\bgb a dhgd
falling to Earth. By measuring the content of tritium andh [Zlvde\kvdh]lh dhf_Igh]h y*jZ Z[hg Zkl_jh€"
helium in a meteorite, the average intensity of the cosmichfm hijlhje fh gZ \bdhjbklh\m\ZIb \b]hlh\e_g-
rays banbardng the sample is estimateivery day, 100 kb”m dj_fgex iZkldb yde aZih\g_ge* Z_jh]_e_

WRQV RI PHWHRULWH PDWH-U LIZ®Ihld OaX h By} bevAaHk i b o W ysthVae Wdxtex
face. A large mass falls to the surface under the actiondfb~dekix g_ i_j_]lj*\Zxqb €0 Re<]Zibal\hey} &
meteor shwers. Meteor showers are formed from theZdbo qZklbgdZo hjl]Zgeqge 1Z sgre fhe _dmeb
remnants of the nuclei of known comets angr@sd bal- db ih\bgge [mlb alZ~glpe[eFavde "h fZdkbfmfe
ies. To study the substance of the nucleus of comet-Chh[jZgbo f_|_ hhigbde\i
yumowv-Gerasimenko, a spacecraft was sent to it WOt e xgqh\e kelil\Z_hjh€~ 1 fhjge ihlhdhb ]Za
about 1 billion euros. We offer, that to study the materiglp\z ofzjz <ahlhigbc kdez” aZohie_ggy |
of some nuclei of comets and asteroids, it is possible to - -
take meteoroid sargs directly in outer space in the The Solar system was formed from a primarv-dast
(DUWKfV RUELW 7KHUH PHWHRURbE Asteiditlahdcdniethrk MuWei %drﬁsiét%ét Khhid G
preserved andeiivered to Earth for a thorough stud§o  primary substance. In this regard, we can assume that the
capture matter from a specific parent cometamleus or gecret of the ogjin of our system can remain inside aste
asteroid in outer space, traps made of giliaioxide, jgs and cometary nuclei.
which are filled with airgel, can be used. The eriat of  Therefore, the study of their fragments will help answer
the traps allows you to capture particles flying at highany of the questions posed. The invasion of these-met

speed witout overheating them. This allows you to savgy yURL GV L QWR WKH (DUWKYJV DWPRVSKFE
organic and other molecules in such particles. Such tragps, with air moleailes.

should be actated at the moments of maximums of the The degree of this interaction and its consequenees d

selected meteor showers. pend on the value of the extaémospheric speed of the
Keywords: meteor, meteor shower, gdsast cloud, iso- meteoroid. Its boundary value is determined by the magn
tope composition, capture of matter tude of the second cosmic velocity for our planet and for

he solar,system. The sgkof the Earth in its orbit around

\ : .
: . N h% S m/s. And the maximum possible speed of

]Zahibeh\h€ ofZjb A 1Zdh€ ° jvigh\blgl F%%

ih€rb « dhf _Ige yAjzZ thle\b-\q_’\@giyflﬁj‘Bp% I!;LGV LQ W|KZkni/®. TNerffing, tReU EL W L

\bagZqblb €0 \gmijergs \ecﬂkle\hlil-qh(B%er% of the oncoming meteoroid relative to the Earth will

AGHL:P1KhgyqgZ kbkl_fZ knhjfhygly

f | _hjh€re\ Ahkee” m\ZHghoe A{HHY |G Z equal to]72 km/s; and meteoroids that datap with

geklv jZ~+hZdlb\gbo offgdgba f_d_hjb%arthialittlemorethan 11 km/s. Under such cend

; . P f meteoroid invasion of the atmosphere is
i _gh\bge ~Z} \Z ebVmexgijhj€o \ed <b\XS g rateo :
“ahlhighlh kdeZ~m « \fekim mjzZgm « IH}.YEARN0e.Qf 312 km/s. At such high speeds, the
gh€ j _gh)lbgkej® jhde\ <bfejx\Zggy dIfK¢ Fgtecroid with a mass ot g and a speed of
cahlhie\ \ fbiZ®jlZ ZgEe-\fekim ~ha\he{3kK geeds 2aJ.

gblb jhafejb fZkm 1Z \ed f_|_hjblgbo L i 2AX @HUJ\ YDOXHV D ERG\ H
A _fex AZ afeghx \feklm ljblex 1Z ] _e= thgsppere; galisfers, @ huge impulse to air molecules.

lv kK i A eql kb\geKkl hf[ZiA a¢p Totfisigy, heafy, g portion of the front of its surface
gxxiv k_J_79x =0l_4d g v [hflz] mxa d slows down its movement. With a deeper penetration
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of the body into the atmospleerair density increases; the Therefae, samples of the nuclei of the above comets
number of its interactions with atmospheric molecules @d some asteroids can be taken in near space.
also growing.This leads to mechanical fragmentation of Recall that to study the substance of the nucleus of
the meteorite into parts. Moreover, more fragile bodiesmet ChuryumosGerasimenko, an apparatus was sent to
begin to frgment at a high height, and more durablesoné, worth about 1 billion eurosNASA after 2021 is
at a much lower level. plamed to catch a small asteroid using an unmanned

It is best to determine the structure, mass, density gmdbe; then it will be delivered to the orbit of the Moon,
chemical composition of a meteoroid in a laboratory studyd, after the selection of the necessary samples, they will
of its substance. But for now, we can only remotély obe sent to Earth for a detailed study. But we offer that in
serve meteors, or obtain information when registering tbeder to study the materiaf some cometary nuclei or
interaction of meteoroid dust particles with special sensosV WHURLGY LW LV QRW QHFHVVDU\ WR
installed on spacecraft. . great distances. To do this, we can take meteoroid samples
_ The presence of radioactive chemical elementselean  of some selected comets or asteroids from the above list,
ites provides important information about their age. Itis dg¢y | JKW LQ RXWHU VS D§hérd that (EetéaV KV R L
termined using the decay laws of natural radioactiiepss. iq particles can be captured, mothballed and delivered to
For example, some isotopes of uranium awdum, having Earth for research using higfuality equipment(Vid-
half-lives from 700 million to 14 billion years, decay, form5chenkag Steklov 2018,
ing lead isotopes. Therefore, the study of the modern iSotopiGyeyices for capturing matter in outer space can be traps
composition of lead and the a#Ve contents of uranium ands; %d with an airgel made of silicon dicdé. These were

! ; ; |
thorium gives the age of a meteorite substance equal to i d in the study of the substance of the comet 81P / Wild

I
ot .9 . S
billion years. Cemogenic isotopes also play an importan ; ; VThe -
role in determiing the time intervals from the moment of f }h V\{ KH kk? URE TR'EGT:“'EMG??' fl _mat?ue;]l. h
fall, i.e., the age of terrestrial meteorites. ot the fraps Bows you 1o capture particies tlying at hig

Measurements of some cosmogenic iscsopave also spei(ijsv:ﬁhout ove:heat|ngl;ht?]m. . d oth ekl
shown that meteorites are tens and hundreds of thousand-g OwWS you 10 save both orga and other mecules

of years old. An analysis of their content allows uséde dn SQCh particles (qugnko et al. 2000; Kozyrovs
termine the initial size and mass of meteorite bodies @& Vidmachenko2018;Vidmachenka: Stekloy 2017). We

fore falling to Earth. propose eqpping orbital comic systems with such cells,

So, under the influence of cosmic rays in metesria which should be used at the moments .of theimams of
radioactive helium isotope is formedritium. Therefore, the selected meor showers. Micrometetes captured by
according to changes of the tritium and helium content $4¢h cells in space and delivered to Earth will notffezted
the meteorite with depth, the average intensity of tre c®Y high temperature. Therefore, they can be delivered here
mic rays, which bombarded the sample, is estimated. Afefl thorough research. Ensuring therility of the meeoroid
WKH LQLAWMPRVSEBWKLF IRUP Y R Gubstancepvd @rorde yajulinformation that mayetate
the meteorite body are also may estimated by the conténpossible extraterrestrial life during astasbgical studies.
of the helium isotope. In terms of chemical composition, And wherein, to study samples of the nuclei of comets and
meteorites practically do not differ from terrestrial rocksisteroids, it is not necessary to send special probes for mil-
But in meteorites, which have been found Barth su- lions of kilometers. To implement suctpeogram, it is nec-
face, rare or generally unknown minerals . Sometimes tiagsary to capture matter from the parent cometarigus or
grains of diamond come across, apparently, arising aasteroid during the action of a particular meteor shower.
result of some kind of impact.

Until now, it was possible to study the composition of References
those cometary nuclei and asteroids whose oniggenmete- Churyumov K.I., Steklov A.F., Vidmachenko A.P. et al:
ULDOV IHOO WR WGhhryrbovan & 216V X U2016,ASR 11(2), 99.
Every day, 1001000 tons of meteorites falldiere Churyumov K.1., Steklov A.F.Vidmachenko A.P. et al.:
(Churyumov et al2014;2015 9LGJODFKHQNR _ 2016 Meteoroids 2016ESTEC Noordwijk, 63.
machenko 2009: Vidmachenko et al. 1979¢rwachenko Churyumov K.I., Steklov A.F., Vidmachenko A.P. et al.:

& Morozhenko 2014; Vidmachenko &teklov 2013 28}_4\5 E%neErengtﬁ gf |_r|e\9ula)r Zogs%rvgti\sr\lil Ef\t,tlie 1tW3 9L

And most of their mass appeared on the surface duri§gspkiev G.N. Steklov A.F.. Vidmachenko A.P.: 2017
the ation of meteor showers. They arise when the Earth, 48| PSC Texas LPI Co. 1964, id.1135. o ’

during its orbital motion, passes through longstets of Dashkiev G.N., Vidmachenko A.P., Steklov A.F. et al.:
meteoric matter in orbit around the Sun. This is repeated2018,49LPSGC Texas LPI Co. 2083, id.1107.
annually, ad their active action lasts from seakdays to Gorlenko V.M., Zhmur S.I., Duda V.I. et a000,0LEB,

months(Dashkievet al, 2018. 30, 6, 567. _
Most of these flows are formed from the remnants §0zyrovska N.O.Vidmachenko A.P.: 20180 ISC AS
the nuclei of known comets, and for sevetdiom aste- YS Uman, 86.

oid bodies(Dashkiev et al. 208, Vidmachenko& Vid- R"itgeﬁlgrg M é‘),{%%‘gcﬁ f; F5o13). 574.
machenko 2007 For example, the parent body of metec\'?idmachenko A.P.: 2009\SR 6(1) 56,

shower Quadrantidesis asteroid 2003 EH; vinides * vigmachenko A.P., Klimenko V.M., Morozhenko A.V.:
2003 BD44, 2002 FC and 1998 SJ70; Geminid&200 1979,AAfiz, 39, 84.

Phaton; Arietides +1566 Icarus. For the meteor showevidmachenko A.P., Morozhenko O.V.: 2014, The piGsar.
Lirides is considered as source Comet C / 1861,téer e of surface Eartlike planets. (MAO, NULESU, Kyiv), 388.
Aquarids and Orionides+ are Halley's comet; lpha Vidmachenko A.P., Steklov A.F.: 2018SR 9(2), 146.
Capricornids + 169P / NEAT, DelteAquarids + 96 / Vidmachenko A.P., Steklov A.F.: 20119 ISC AS Y;S
Machgolts, PerseidesSwift-Tuttle 1862l1l, Draonides + , Ukraine, 21.

P : ; Vidmachenko A.P. &klov A.F.: 2018ASR 14(1), 15.
19001l JacobiniZinner, Taurids = Enke, Leonids + ', " 8
TempekTutl, Ursids +8P / Tuttle. Vidmachenko A.P., Vidmachenko H.A.: 208&tAIm 53, 195.



178 Odessa Astronomical Publications,vol. 32 (2019)

$6752,1)250$7,&6

DOI:http://dx.doi.org/10.18524/1818215.2019.3281557

NEW ASTROMETRIC REDWTION OF THE SUPERCBMOS
PLATE ARCHIVE: FIRSTRESULTS

V.S. Akhmetov, V.M. Andrulk, Yu.l. Protsyuk, H. Relké, I. Eglitis®

Linstitute of Astronomy, V. N. Karazin Kharkiv National University, Kharkiv,
Ukraing akhmetovvs@mail.com

2Main Astronomical Observatory of the National Academy of Sciencelk@fine,
Kyiv, Ukraine, andruk@mao.kiev.ua

3Research Institute Mykolaiv Astronomical Observatory,
1 Observatorna Str54000 Mykolaiv, Ukraineyuri@nao.nikolaev.ua

4Walter Hohmann Bservatory, Essen, Germarmglena_relke@yahoo.com
SInstitute of Astronomy, University of Latvia, Riga, Latvilgmars.eglitis@Iu.lv

ABSTRACT. The arrivals of the new more accuracygZkghx lhgqgeklx M pec jh[hle fb ij _"klZ\ey}
reference catalogs and development of new atittand j _amevliZlb Zkljhf _ljbggh€ j "mdpe<€ ~_ydbo
approaches for reduction astrometric data give the nepwgbo ieZle\hd \ kbkl_fm hihjgh]BR8zZI1Zeh]m
life for photographic plates archives. Gaia DR2 isnotonlyde [meb hljbfZge Rfe”rl | _e_ kdhihf :g
a giant step in the astrometric accuracy allowing to meastkljZeeckvdec h[k _j\ZIhje€ |Z [meb hpbnjh\z
ure new objects it also provides plates archives obsernvgidZfhx kdZgm\Zggy 6XSHU&26026 Nhlh]jZn
in the past with mdern accuracy. In this work we presente\db hpbnjh\zZg- [l je\ge\ kejh]lh dhe
the first results of astrometric reduction in the system pgha”eevghx a”Zlgeklx fdf gZ iedk_ev kl\
Gaia DR2 for some photographic plates that were obe bvad h =[] isdk_evgbo "Zgbo GZ kvh]lh”"g
tained by UK Schmidt telescope (UKST) and digitized bykgm} ihgz~ ieZle\hd hljbfzgbo |Zdbfh
the SuperCOSMOS scanning machine. To date the UK$Te kdhizZfb yde a[_je]Zxlvky \ [¢[echl_pe n
has taken over 17,000 plates, the plates are stored in¢heo ieZls\hd m Dhjhees\kvdec h[k_j\Zlhje€
Plate Library at the Royal Observatory, Edinburgh. Themj] Fb jh[bfh gh\m h[jh[dm nhlh]jZneqggbc
photographic plates are digitized to 15 bits (32768 graynd sh ~halheblv hljbfZlb pegge "Zge "ey f
levels) with a resolution of 10 microns (0.67"hke”" _gv yd m ]JZemae Zkljhf_lje€ 1Zd -
arcsec)/pixel). Each digitized Schmidtlate has size J_amevIZlb gZrbo “hke+~" _gv \by\beb ~_yd-
32256x32256 pixels and produces ab8uGhyte pixel ~ey ih”"Zevrh]lh \bdhgZggy jh[hlb ih h[jh[p
data We are making new reduction of photographi¢ _ebdbo aZ jhafejhf ieZle\hd ijh]jZfb 6 XSHU
plates that allowing to provide valuable data for futuree _  \gmljergy hpegdZ Ihgghkle iheh _gv
researches in astrometry as well as in astrophy$ivts djZsZ g ZgZehleqg- j_amevlZIlb h
results of our research showed some problems for furthl@X SHU &26026 1Z [m"mlv ihdjZs_ge i*key \
successful implement of works started to process the digif-_“klZ\e_gbo ijh[e_f
ized scans with such large size in the frame of the Supey- . .

COSMOS program. Hower, the internal estimation of %beg qahh\ y Zk‘en Ia\rthygT-_Z.I z é)khgw[(é\r} Egz hpbajh

the accuracy position ofbgects are better the same resultg [iz 0y ~ey =
of the SuperCOSMOC reduction and will be improved

after the solving these problems. 1. Introduction

Keywords: stellar catalogs, digitized plate processing,

photometry, UBV system This work has been done to explore the possibility of ex-

tending the FON project into "deepfrom B=17"to B =
:GHL:P1Y |Ihy\Z gh\bo \bkhdhlhqg b2 Rakjjdko201B; Andruk, 201yaln the FON project
IZeh]s\ Z 1Zdh" jhajh[dZ gh\bo f_Ilh~ digitized «sScarts"ef\ phetpgraphic plates with the size of
Zkljhf_ljbggh€ j "mdp+<€ ~"Zgbo ~ZxI|v18§000x13®0Q pix&lsowé&na processed to create a catalog of
nhlh]jZneqgbo ieZle\hd+xpDIgD ‘ebr_ ]-p@idions and Bnagnitude stars of the Northern Sky (An-
kvdbc djhd m Zkljhf_Ijbggec |hqghkdsuk, 80l78)hiathisegper, we examined the podgypiof
\bfejx\ZIlb gh\e h[ }dlb Z 1Zdh" ~ha\hesing buj lséifVdrel @oléHambly N.C. et al., 200)a0
ihje\gx\Zlb Zjoe\ge kihkl_j =~ ggy \ fipitizeth photogeapkimplates from the Schmidtdebpe at
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Figure 1: The &arts splitting scheme for the plate number
602. Only images of bright staagter the pocessing of the
scan in the MIDAS/ROMAFQOT environent are mapped.

the AngloAustralian Observatory. This is a sdit Schmidt rigyre 2: The distribution of errors definition of equril

with the following parareters: the diameter of the mirror iscoordinatest UHSUHVHQWHG DV GLIIHUHQFH"

1.83 m; focal distancet3.07 m; a square photographigystem of Tyche? catalog for the plate 602 at the initial
plate with the size of 356x356 mm covers 6.4x6.4 degrdtft panel 1a, 1b, 1c, 1d) and the final (right panel 2a, 2b,
of sky; scale+67.12 arcsec/mm; spatial resolutiar670 2c, 2d) stges of reduction. Panel e is a map of the sky of
mas/pixel. To date, there are more than 17,000 photograpfght stars. Panel f shows the plot of instrumental photo-
ic plates obtained by this Schmidt emtope which are Metric values m again stellar-Elues of the Tych@
stored in thePlate Library &the Royal Observatory, Edin—Catalog for 936 stars.

burgh. Sevel plates from this Plate Library were digitized ) . ]

by the SuperCOSMOS scanning machine The astrone$f@f@l doubles objects instead of real one. The figure 2
tives were digitized to 15 bits (32768 gray levels) with #10Ws the distbution of errors definition of equatorial
spatial resolution of 10 microns per pixel. They have dioordinatesl (represented asfiHUHQFHV RI 4. @/
mensions of 32256x32256 pixels and a volume Gi®tes System of Tyche catalogfor the plgte 6Q2 at the initial

of pixel data(Hambly N.C. et al., 200)bFor the extracting (1€ft panel 1a, 1b, 1c, 1d) and the final (right panel 2a, 2b,
of the star images we used the MIDAS software enviro?C: 2d) stages of reductioniagvely rectangle cordinates
ment. But it has a size limit: the size of scan to loegssed XY and stellar Bvalues. On the bottom of the left panel

is No more than 20,00020,000 pixels. Theuthors found (€) is @ map of the sky of bright stars, on panel(fhe

an opportunity to use the Midas software envinent by Plot of instrumental phometric values m against stellar
splitting each scan into 8 overlapped parts (bands) by Br/alues of the ycho-2 catalog for 936 stars. .
coordinates of Y. The width of the olapped zones is 256 At this stage of the study the authors could not empl
pixels. As our small experience of the datacpssing Ment the photomet.nc reduction of the instrumental \{alues
shown, instrumetal photometric values in the overlapping? into the Bmagnitude of Johnson's system by using a
bands are needed for photometric miignt of all eight characteristic curve. Due to the generation of an arbitrary

bands. The splitting scheme of the scan for the plate No.&ggnber of false objects insteafireal one for bright stars it
is shown on the figure 1. was not possible to build the part of the real charatteri

curve for stars brighter than B <™. order to sorehow
2. The first results of the processing of pltes with 2adequately calibrate characteristic curve across the entire
the size of 32256x32256 pixels range of stellar values of registered olgdntthe system of
photoelectric measurements of stars or at least in the B
Processing of digitized scans in the MIDAS/ROMAFO¥Yystem of Tyche? catalog(Relke, 2013 Theefore the
environment allows to obtain data for all registered objecgithors made a photometric assessment tandieie the
rectangular coordinates X,Y; photometric values m ahgh values of the extremely weak registered objects for sev-
FWHM. The reduction of the rectangular coordisadf X,Y eral pr@essed plates with one exposure in thedynitude
into the system of equatal coordinates was carried out irsystem of the Gaia DRZaia Collaloration,2018. Results
the system of Tych@ catalog(HogE. et al., 200pfor stars of the photometry of the scanmhber 602 in the Bystem
in the range of B 9™ +£14™(Andruk, 2015; Andruk, 2006 of the Gaia DR2 are preded on the Figure 30n the a
Brighter stars were not useechuse of the gergtion of se  panel is the plot of instrumil photomé&ic measurem

LC
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against the stellar Balues of the Gaia DR2 catalog £
-0.74 is thecontrast coefficient of photo emulsion). On the
b-panel = distribution of all 234685recorded objects
(points) and 90122 identified stars from the Gaia DR2 cata-
log (conthnuous line) by star intervals. Onthe c, d, t, fand g
panels tthe differences between the calculated b' and the
catalogue b valuedl E  -lE(1= 0.30") relative to tle
rectangllar coordinates X, Y, the distance from the center
of the plate R, the-j color and si¢ar B values the of the
Gaia DR2 catalogespectively.

The results summary of the processing of scans for
seven selected astronegatives obtained by the #ithm
Telescope of the AnglAustralian Observatory is pre-
sented in the table 1. The first column shows the number
of plate Np and centers coordinates RA, DE@& second
one *observation epoch'. The reduction errors for the
coordnates RA, DEC in the sywin of Tyche2 catalog
ka ckand the error of Bnagnitudes in the Bystem of
Gaia DR2 catalogk are entered in the third column. The
fourth column shows the total number of registeréd o
jects Nobj and the magnitude value for extremely weak
objects in he B-system of the Gaia DR2 catalbgy .

Figure 3: The results of the photometry of the scam-nu 3. Conclusions
ber 602 in the Bsystem b of the Gaia DR2 catalog. On the
a-panel is the plot of instrumental photometric measur
m against the Bnagnitudes of the Gaia DR2 catalo§~

-0.74 is thecontrast coefficient of photo emulsion). On th

The use of the automatic splitting of scans into several

?eﬁght) parts in the MIDAS/ROMAFQOT environment allows
he processing of the plates with the size of 32256x32256
1€ p g p

b-panel + distribution of all 234685 recorded object ixels. However the ressltof our esearches showed some

(points) and 90122 identified stars from the Gaia D oblems that need to be solve for further successfully im-

. ; ; ment of works started to process of the digitized scans
catalog (continuous line) by star intervals. On the c, d, ¢ P
and g panelstthe differences between the calculated ﬁh such size in the frame of the SuperCOSMOS program.

~ . 1. In the photometric sense eight zones 4,256 pixile
and the catalogue b valudsE  -tE( 1= 0.30") relative : : - :
to the rectangular coordinates X, Y, the distance from t th overlapping 256 pixels at the ' coordinate combine

. 6t quite correctly (figure 3,-ganel). In the sirometric
center of the plate R, thedcolor and Bmagnitudes of sens?a there is no gu(cr?problerﬁ (finge paael).

the Gaia DR2 catalog respectively. 2. At the MIDAS/ROMAFOT processing stage, you
need to split up the registeredjetts into two sequees,
i weaker tharB > 11" (FWHM < 30pixels) and a bright-
Tablel. Results of the processing of scans for seven plates g « 11m Bright objects need additional fiition

(smoothing) procedures to prevent the generation of false

Np/RA/DEC  Epoch ka Be & Nobj/blim objects. Dividing objects into twsequences will need
about 50% mce processing time.
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