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BTA, Zeiss-1000 & AS-500/2 parameters

BTA PARAMETERS

Main mirror
diameter

Focal length

Light collecting
area

Wavelength
range

Angular
resolution

Angular
resolution with
the speckle
interferometry
Limiting
magnitude for
images
Limiting
magnitude for
low-resolution

~cnnnr+r

6.05 m
24 m
25.1 sg.m

0.3-10 mkm

0”.6

0".02

26.8 (S/N=5,

T.,=1800s, 1.5")

24 (S/N=10 in
continuum,
T.,=7200 sec)

ZE|ISS-1000 PARAMETERS

Main mirror 1016 mm
diameter
Ritchey - Cretien system
Focal length 13.3m
Photometer field :
diameter 7
Coude system
Focal length 36.5m
: 40000,80
Spectral resolution 000
0.3-10
Wavelength range 48
Angular resolution 0”.8
Spectral resolution | 44 1500
(long slit)
Lijane (T 2 1800
magnitude for g .
images, V band sec4 s:e"e\lng

AS-500/2 PARAMETERS

Main mirror 508 mm
diameter
Primary focus f/3

Focal length 1.4 m

FOV diameter 1.30
3
(w/corrector)

Cassegrain focus f/8

Focal length 4.0 m

FOV diameter 35’

FOV /Andor EM 7"

CCD 512x512

Data sampling 0”.82

Angular resolution 0”.9
23.0

Limiting magnitude (T,,=3600
for images,V band | sec, seeing
1.5")
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OUR FIRST RESULTS - BLAZAR 2007+777 (2000-2001)

Astronamy Reports, Vol 47, No. 1, 5008, pp. 1-6. Translated from Astrom
Original Russian 'r.;: Copyright © 2008 by Bychkova, .lr....e.uj.i. “n'\yni.

cheskif Zhurnal, Vol 88, Mo, I, 2082, pp. 3-7.
ridonova.

Optical Variability of the Blazar 2007 + 777

V. S. Bychkova', N.S. Kardashev', V.V. Vlasyuk®, and 0. l. Spiridonova®

! Astro Space Center, Lebedev Physical Institute, ul. Profsoyuznaya 84/32, Moscow, 117997 Russia
I8pecial Asirophysical Observaiory, Russian Academy of Sciences, pos. Nizhnii Arkhyz,
Karachai-Cherkessia, Russia
Received March 8, 2002; in final form, May 23, 2002

Abstract—We present the resulis of optical monitoring of the blazar 2007 + 777 on the 60-cm Zeiss-600
reflector of the Special Astrophysical Observatory of the Russian Academy of Sciences. Light curves in the
B and V bands obtained from August 8, 2000, through May 25, 2001, reveal variability with characieristic
time scales from 10 to 40 days. (© 2003 MAIK " Nauka/Interperiodica”.

4 BYCHEOVA ef al.

16.[:[,; - October 25, 2000 - January 30, 2001
(a) ()
16.25

16.50

71 T -

16.75
17.00
17.25
17.50
17:75

T

T
—

-

T
T

1::::::1::::1:::[::E::I“.1 ok e : Eoooomo T Eeerte——s o

T
—_—
L
[
e
—
W
ey
o
-
=
ey
——
T
—
=i
—
—
-
=
—

18.00 ! 1
8.20 8.38 855 8.73 5.90 9.08 9.25 9.43 9.60 4.50 4.94 538 581 625 6.69 7.13 7.56 8.00

f, hours

f. hours

B (a)
17.50

17.75 i A 2t
T5F go- .&#_‘,_., 12 P z

18.00
18.25
18.50
18.75
19.00F

19.25F

19_5“ 1 | [ 1 [ 1 1 1 1 []

R
16,00

1625 %, S g pe-H
16.50 y

e
7

1

-
=N

L=

16.75F h/l

1700+ \

17.25F /

17.50F

17.751

‘lgm 1 1 1 L 1 1 L L 1 1
0 35 70 105 140 175 210 245 280 315 350

JD-2451750

Fig. 3. Light curves of the blazar 2007 4 777 in the (a) B
and (b) i bands over the entire period of our ohservations
i solid lines with points). The dashed lines with crosses
in the upper part of each panel show the light curves for
control star 3. The figure shows the mean brightnesses for
each night.



THE PROGRAM OF N.S.KARDASHEV AT ZEISS-1000 (2001-2018)

The method -
simultaneous BVRI-
photometry using by
CCD-photometer of 1-
m telescope and radio
observations RT-22 of
Crimean observatory.

The main aim - search
of variability in optical
and radio ranges,
determination of time
delay to measure
parameters of

| | ]
s rree e memauzs DLE e

Table 1. List of observed objects

_ Coordinates (J2000)
Source Name
" i
[HB8Y] 0235+ 164 02" Jam RER +1¢ 36 59" 0.940
TXS 0917+624 04 21 36.2 +62 15 52 1.446
[HB89] 0954+658 09 o8 47.2 +65 33 o 0.368
[HB8Y] 1308+326 13 10 28.6 +32 20 44 0.99
J 1819+3845 18 19 26.6 +38 45 02 0.54
_ Coordinates, 2000
Source name :
I i
DA 55 ogt aGm o8 6* +47° al’ 237 0.859
1C 38.41 16 35 19.9 +38 08 04 1.514
2134 + 004 2] 36 J86 +00) 41 54 1.94
2145 + 067 21 48 054 b a7 KH 0.99
3C 454.3 22 o .7 +16 (08 L2 (.85




THE FIRST RESULTS FROM ZEISS5-1000

—The Blazar AO 0235+164

B46 BYCHKOVA ef al.

[HB89] 0235 + 164.R.Oct.11/12, 2001 [HB89] 0235 + 164.R.Oct.13/14, 2001
1.0 1.0

A T : The Blazar S4 0954+658
1.1} B 1.1} -
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-025F b in Fig. 1.
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THE MOST POWERFUL OUTBURST OF BLAZAR 5S4
0954+658 IN 2015

ISEN 13770, Astronomy Reports, 2006, Val 60, No 12, pp 10851046, © Plolades Publishing, Led.. 2006
!JIr;(ImlfHJA:-\lll Text (€ A.E Valvach, V.5 Bychkowi, M.G. Larlonov, N.5. P\mlu.rn LN, Valwach, V.V. Viasyuk, 0.1 Spiridomive, A. Libtevamikl, M. Tornikeskl, MF. Aller,
H.D. Aller, & Pooley, L. Carraseo, A. Porras, E Reclilas, 2006, puldished in Astromomicheskil Zharnal, 2006, Vol 82, No. 12, pp. 1002-10F2

Non-stationary Emission of the Blazar S4 09544658
over a Wide Range of Wavelength

A.E. Volvach"*, V.S. Bychkova’, M. G. Larionov’, N.S. Kardashev’,
L. N. Volvach"?, V. V. Vlasyuk®, 0. L. Spiridonova®, A. Lahteenmakl , M. Tornikoski®,
M. F. Aller®, H.D. Aller®, G. Pooley’, L. Carrasco®, A. Porras®, and E. Recillas®

!Crimean Astrophysical Observatory, Russian Academy of Sciences, Nauchnyi, Russia
Institute of Applied Asironomy, Russian Academy of Sciences, Si. Petersburg, Russia
4Asiro Space Cenler, Lebedev Physical Institule, Russian Academy of Sciences,
Profsoyuznaya ul. 84/32, Moscow, 17997 Russia
*Special Astrophysical Observatory, Russian Acadermy of Seiences,

Nizhnii Arkhyz, Karachaevo-Cherkesskaya Republic, 369167 Russia
S Metsdhoui Radio Observatory, Aalto University, Helsinki, Finland
®Department of Astrononty, University of Michigan, Aan Arbor, MI48109-1042, USA
" Cavendish Laboratory, Cambridge University, Cambridge, United Kingdom
SNational Insiituie of Astrophysics, Oplics, and Electromnics,

Luis Enrigue Erro I, Tonanizinila, Puebla, Mexico
Received March 28, 2016 in final form, June 18, 2016

Abstract—Data from long-term multi-frequency monitoring are used to analyze variations in the flux
density of the active galactic nueleus S4 0954+658. These data were obtained at the Crimean Astrophysical
Observalory, the Metsihovi Radio Observatory of Aalto University, the University of Michigan Radio
Astronomy Observatory, the Cavendish Laboratory of Cambridge Universily, the Special Astrophysical
Observatory, and the National Institute of Astrophysics, Oplics, and Electronics, 0.1-300-GeV data from
the Fermi space gamma-ray observatory were also used. Radio data at 4.8, 8, 14.5, 15,22.2 and 36.8 GHz
are considered together with optical and near-infrared data in the R, J, H, and K filters.

In the framework of a model in which binary supermassive black holes (SMBHs) are present in active
galactic nuclei, harmonie and structural analyses are carried out to establish the orbital (T, = T80 yrs)
and precessional (T, 2= 7800 yrs) periods in the rest frame of the source.

The development of the most powerful lare ever observed in this object, which oceurred in February 2015,
is considered. The delay in the flare’s development in different wavelength ranges from the gamma-ray
lo the radio is determined. both the magnitude of the delays and the durations of the flares themselves
sugrgrest that the physical characteristics of S4 0954+658 are similar to those of the blazar 55 0716+714,
which displays evidence of a high + factor for the jet motion and high superluminal speeds in the jet. The
masses of the components of the binary SMBH (M and m), the dimensions of their orbit, and the velocity
of the lower-mass SMBH about the ceniral SMBH are estimated. The derived physical characteristics are
subject o a comparative analysis.
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Fig. 1. Light curves of 54 (544658 in the optical, near-1R, radio, and gamma-ray.



FSRQ TXS0917+624 — AN UNIQUE MULTIPLE
FLARE IN 2017-2018
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THE SMALL 0.5-M RC
TELESCOPES
(MANUFACTURED BY ASTROSIB,
NOVOSIBIRSK)




WHAT CAN BE DONE WITH SMALL 0.5-M TELESCOPE 7

The example - our studies of blazar 0954+658 in R band through 2021-2022
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Photometrical accuracy - better 0.01 mag.
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AS-500(on regular basis)
Photometrical accuracy - 0.01-0.03 mag, but more der
time coverage.



S4 0954+658 «ZOO» INTRADAY VARIABLITY WITH 0.5-M TELES&\Q@\\\
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RATAN-600: PARAMETERS AND

REé i i i Té Secondary mirror
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Multi-band study of blazar Mrk 501 within low activity period in 2017-2020.

Variable non-thermal emission over the all energy ranges, mainly -

Y-ray.
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MULTI-MESSENGER ASTRONOMY LEAGUE FOR BRICS
2022-2025

Pl: Prof. Lili Yang, Sun Yat-sen University, China:
Study data reconstruction of LHAASO,
observations and catalogues of high-energy transients;

Pl: Dr.Sotnikova Yu., SAO RAS, Russia:
Studies of blazars, GRB, HEN, optical and radio observations;

Pl: Prof. Soebur Razzaque, University of Johannesburg, South Africa:
GRB, AGN (SALT, SAAO, MeerKAT);

Pl: Dr. Nayantara Gupta, Raman Research Institute, India:
association of UHE cosmic ray, gamma-ray or GW event;
Identify the sources associated with IceCube events;

ToO observations (Astrosat, HCT) MW data analysis, MM and MW
modeling.



RATAN-600, BTA, ZEISS-1000 PROPOSALS

PROPOSAL 1 (regular observations of blazars, Pl - SAO
RAS)

MALBRICS collaboration: multi-frequency monitoring of
blazars

MALBRICS collaboration: optical monitoring of blazars

PROPOSAL 2 (ToO, Pl - external, project member)

IYALEAASE Sy N N gih gim o e S A= 5 8 R g BB N = =

MALBRICS trigger: radio properties of transient events
MALBRICS trigger: optical properties of transient events

GRB, flaring blazars, high-energy neutrino candidates HEN,
TDE.



Optical and radio variability of the blazar S4
0954+658 -
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AO 0235+164 - MULTI-BAND STUDIES
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AO 0235+164

Target object for many observing proigrams

High variablity level across all EM range

Among first AGNs with confirmed correlation between gamma- and optical flares
Jet orientation angle ~2.4° (Hovatta et al., 2009)

Compacntess: 0 < 0.5 mas (RadioAstron data)

Quasi-periodicity in optical and radio ranges ~8 yrs

The schematic image of adopted
AGN model according to
Urry & Padovani 1995.
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Sub-mm and gamma-rays facilities

hsonian Astrophysi‘cal Observatory

230 GHz
SMA - Submillimeter Array
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AO 0235+164: low state .
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Flare activity of AO 02354164 across 20 yrs period
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Analysis results

GHz

GHz

GHz
11GH

22GH
37GH
230

GHz
Optic

1.1

0.9

0.9

0.5

0.4

0.3

0.3

0.9

0.5

0.7

0.7

0.7

The structure function analysis

0.9

1.1

0.9

1.1

0.9

1.7

1.7

1.7

1.4

1.4

0.9

1.1

0.4

0.5

0.5

0.5

0.5

Ul v

0.4

0.5¢ #_h#
£ 00 = ..'+‘++
=) 4
E _05 -
9 [ ] .
=10 " 2 GHz, epoch 4
.
=15 .
1.25 1.50 1.75 2.00 225 250 2.75 3.00
lg(T), days
1.0
05 4‘,—&'%
= —
= 00 T
fa)
o -05 I
35 . 11 GHz, epoch 4
1.25 150 1.75 2.00 2.25 250 2.75 3.00
Ig(T), days
0.5 L
«ﬂmf
F 0.0 o
) 74
[a) e, 4
205 Bk '°+++ Y
: t ot 230 GHz, epoch 4
i
=10k . . . . .
1.25 150 1.75 2.00 2.25 250 2.75 3.00

Ig(t).days

0.5f /ﬁ
- w
£ 00 Tl
3 "
_10 . ¥ia " 5 GHz, epoch 4
1.0 1.5 2.0 2.5 3.0
lg(T), days
o3t AN
= |4
"-" ..‘-:.. ‘
3 00 .
[a) .,
o . b
=t . 22 GHz, epoch 4
-1.0c.°
1.25 150 1.75 2.00 225 250 275 3.00
Ig(t).days
__ 05
E , i
3 M
= 0.0 + ‘*'# :
i + L A ) = ... e I }
" «4+R-band, epoch 4
~0s| , R P
0.5 1.0 1.5 2.0 2.5 3.0
Ig(T),days

IgD™M (1)

|gD(1)(T)

gD (1)

05 m
AT
0.0 P
-,.‘w*
-05 it
L]
~1.0 o 8 GHz, epoch 4
1.0 1.5 2.0 2.5 3.0
lg(T), days
1.0
e
e
& | 4
0.0 oot
=0A 2 37 GHz, epoch 4
-1.0} ,
1.25 150 1.75 2.00 225 250 2.75 3.00
Ig(T). days
0,6‘ -++.
0.4 H-**"\ 0, !
0.2} .E.T‘ i %
LI
0.0} . .
gl . ‘ y-ray, epoch 4
L]
150 175 200 225 250 275 3.00
Ig(T), days



The Discrete Correlation Functions
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AO 0235+164: quasi-reriods searches across
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Quasi-periods across “low-state” period
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ay-by-day fluxe measurements with
ATAN-600 in 2021-2022
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AO 0235+164 - TOTAL SPECTRUM IN RADIO RANGE APPROXIMA]
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MULTI-MESSENGER ASTRONOMY

2020-2022: MSHE the
project “Neutrinos and
astrophysics of particle”

2024-2026: “Studying the
origin, sources and
properties of neutrinos at
the Baikal Neutrino
Telescope and other world-
class facilities”

© D. Sokol, MPTI

ASC; MPTI; INR RAS; SAO RAS



MULTI-MESSENGER ASTRONOMY: BLAZARS AS
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RATAN-600 multi-frequency catalogue of blazars
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TRANSIENT EVENTS

The MALTE is an international collaboration for exploring transient astronomical events. The aim of the project is
a coordination of joint observations with optical and radio instruments which operate under control of MALTE
members. The collaboration was initiated by groups within the BRICS project “Transient astronomical events and
Deep Survey science” in 2022-2025.

Our universe is full of diverse populations of astrophysical objects that emit powerful radiation in extreme and
unpredictable fashion over the whole EM spectrum and also in the form of neutrinos and GWs. Notable
examples include gamma-ray bursts (GRBs), high-energy neutrino candidates, gravitational-wave bursts, AGN
flares, and X/gamma-ray, optical and radio transients. Many of these are associated with catastrophic events
involving relativistic compact objects such as black holes and neutron stars. However, their compact nature has
hindered detailed observational characterization, thereby preventing a thorough physical understanding. Thanks
to the recent advancements in facilities sensitive to neutrinos and GWSs, the mysteries of many of these MM
transient events might soon be unraveled.
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MW astronomy: various properties
Blazars dominate at high z
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