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• Big Telescope Azimuthal (BTA):  6 m
• RATAN-600 radio telescope: 600 m
Research: stars, planets and protoplanet systems, the Solar 
system and the Sun, the Galaxy, galaxies, CMB, the 
interstellar medium, Instruments and Methods.

SAO 
RAS



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

Main mirror 
diameter 6.05 m
Focal length 24 m
Light collecting 
area 25.1 sq.m
Wavelength 
range 0.3 - 10 mkm
Angular 
resolution 0”.6 
Angular 
resolution with 
the speckle 
interferometry

0”.02 

Limiting 
magnitude for 
images

26.8 (S/N=5, 
Texp=1800 s, 1.5”)

Limiting 
magnitude for 
low-resolution 
spectra

24 (S/N=10 in 
continuum, 

Texp=7200 sec)

Spectral 
resolution

500-2000 (80 000 
for stellar 

spectrographs)

ZEISS-1000 PARAMETERS
Main mirror 
diameter

1016 mm

Ritchey - Cretien system
Focal length 13.3 m
Photometer field 
diameter 7’ 

Coude system
Focal length 36.5 m
Spectral resolution 40000,80 

000

Wavelength range 0.3 - 10 
mkm

Angular resolution 0”.8 
Spectral resolution 
(long slit) 500-1500

Limiting 
magnitude for 
images, V band

23.5 
(Texp=1800 
sec, seeing 

1.5”)

AS-500/2 PARAMETERS
Main mirror 
diameter

508 mm

Primary focus f/3
Focal length 1.4 m
FOV diameter 
(w/corrector) 1.3°

Cassegrain focus f/8
Focal length 4.0 m
FOV diameter 35’

FOV /Andor EM 
CCD 512x512 7’
Data sampling 0”.82 
Angular resolution 0”.9 

Limiting magnitude 
for images,V band

23.0 
(Texp=3600 
sec, seeing 

1.5”)



OUR SMALL 
TELESCOPES

 1-м и 60-см инструменты



OUR FIRST RESULTS – BLAZAR 2007+777 (2000-2001)



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 
supermassive BH in 
centres of blazars.



THE FIRST RESULTS FROM ZEISS-1000

           The Blazar  S4 0954+658

The Blazar AO 0235+164



THE MOST POWERFUL OUTBURST OF BLAZAR  S4 
0954+658 IN 2015 



FSRQ TXS0917+624 – AN UNIQUE MULTIPLE 
FLARE IN 2017-2018

?

Source field with
standard stars

Deep image
of TXS0917+624
under 1” seeing

The light curve of
TXS 0917+624 in
2002-2018

It’s light curve
Nov 2017-Feb2018



THE SMALL 0.5-M RC 
TELESCOPES    

(MANUFACTURED BY ASTROSIB, 
NOVOSIBIRSK)



WHAT CAN BE DONE WITH SMALL 0.5-M TELESCOPE ?

Zeiss-1000 (according to official schedule)
Photometrical accuracy – better 0.01 mag.

AS-500(on regular basis)
Photometrical accuracy – 0.01-0.03 mag, but more dense
time coverage.

The example – our studies of  blazar 0954+658 in R band through 2021-2022



S4 0954+658 «ZOO» INTRADAY VARIABLITY  WITH 0.5-M TELESCOPE



f0
(GHz)

Δf0
(GHz)

ΔF
(mJy/
beam)

HPBWx
sec

AR
arcsec

22.3 2.5 50 1.0 11
14.4 2.0 25 1.1 13
11.2 1.0 15 1.4 16
8.2 1.0 10 2.0 22
4.7 0.6 5 3.2 35

2.25 0.08 40 7.2 80
1.28 0.06 200 10 110

f0
(GHz)

Δf0
(GHz)

ΔF
(mJy/
beam)

HPBWx
sec

AR
arcsec

22.3 2.5 95 1.5 16.5
14.4 2.0 50 1.6 18
11.2 1.0 30 2.1 23
8.2 1.0 20 2.7 30
4.7 0.6 10 4.8 53

2.25* 0.08 80 11 121

RATAN-600: PARAMETERS AND 
RESULTS

Kovalev et al. 1999, 
2000, …



Multi-band study of blazar Mrk 501 within low activity period in 2017-2020. 
 
Variable non-thermal emission over the all energy ranges, mainly – in X- & 
γ-ray. 
Significant correlation between them.
Correlation between γ- & radio emission, lag ~ 100 d.

Multi-messenger characterization of Mrk501
during historically low X-ray and gamma-ray activity

ApJSS, 266, 2, id.37, 
2023

Radio, single-
dish

Freq, GHz

OVRO 15
Medicina 8, 24

RATAN-600 4.7, 11.2, 22 
Metsähovi 37

IRAM 100, 230 
Radio, interferometry

VLBA 43
SMA 230, 345

X-ray
Swift-XRT 0.3-2; 2-10 

keV
NuSTAR 3-7; 7-30 

keV
γ-ray

Fermi-LAT 0.3-500 GeV
MAGIC >0.2 TeV



MW  VARIABILITY OF 3С279

 MNRAS, 
submitted 
Aug 2023, 
MN-23-
3301-MJ

Variations of flux spectral density are explaining by 
a model of shock waves and changes of doppler-
factor in curved relativistic jet.



MULTI-MESSENGER ASTRONOMY LEAGUE FOR BRICS
2022-2025

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

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

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

PI: 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, PI – SAO 

RAS)

MALBRICS collaboration: multi-frequency monitoring of 
blazars

MALBRICS collaboration: optical monitoring of blazars

PROPOSAL 2 (ToO, PI – external, project member)
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

Vlasyuk et al., 2023AstBu..78..464V



AO 0235+164 – MULTI-BAND STUDIES

The schematic image of adopted 
AGN model according to 
Urry & Padovani 1995.

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: θ ≲ 0.5 mas (RadioAstron data)
Quasi-periodicity in optical and radio ranges ~8 yrs

SED – spectral energy distribution         
(https://tools.ssdc.asi.it/SED/)

Radio map at 15 GHz, MOJAVE
(https://www.cv.nrao.edu/MOJAVE/index.html)



RADIO & OPTICAL 
INSTRUMENTS USEDZeiss-1000

SAO RAS

AS-500/2
SAO RAS

RATAN-600
SAO RAS

RT-32
IAA RAS

RT-22
CrAO RAS

RATAN-600 – 1-22 GHz
RT-32 – 5, 8 GHz
RT-22 – 37 GHz

Zeiss-1000, AS-500/2 – R band



Sub-mm and gamma-rays facilities
SMA
Smithsonian Astrophysical Observatory

Fermi LAT

230 GHz γ-rays
SMA - Submillimeter Array



FACILIT
Y

BAND PERIOD OBSERV
.

RATAN-
600

1.2, 2.3, 
4.7, 8.2, 

11.2, 
22.3 
GHz

1997-
2024

SAO 
RAS

RT-32 4.84, 
8.57 
GHz

2020-
2024

IAA RAS

RT-22 37 GHz 2002-
2024

CrAO 
RAS

SMA 230 GHz 2002-
2024

SMA

Fermi 
LAT

0.1-100 
GeV

2008-
2023

Fermi 

Zeiss-
1000

R-band 2002-
2024

SAO 
RAS

AS-
500/2

R-band 2021-
2024

SAO 
RAS

MW variability of АО 0235+164

Article in preparation, Vlasyuk et al,2024



АО 0235+164: low state 
At 2009-2014



Flare activity of  AO 0235+164 across 20 yrs period



The structure function analysis 

Spect
r.
range

τ1 τ2 τ3 τ4 τlo
w

2 
GHz

1.1 0.9 0.9 1.7 -

5 
GHz

- 0.5 1.1 1.7 0.5

8 
GHz

0.9 - 0.9 1.7 0.5

11GH
z

0.9 - 1.1 1.4 0.5

22GH
z

0.5 0.7 0.9 1.4 0.5

37GH
z

0.4 0.7 ≥0.
9

0.9 ≥0.
5

230 
GHz

0.3 0.7 1.7 1.1 0.5

Optic
R

0.3 - - 0.4 0.4

γ-
rays

- - 1.1 0.4 0.4

Analysis results



The Discrete Correlation Functions 
Analysis



Range Period, 
yrs

2 GHz 6.2±0.2
5 GHz 5.5±0.1
8 GHz 6.0±0.2
11GHz 5.8±0.2
22GHz 5.0±0.2
37GHz 6.9±0.2

230 
GHz

6.0±0.3

Optic R 6.4±0.1
γ-rays 6.6±0.3

АО 0235+164:  quasi-reriods searches across 20 yrs

Peaks 
significance – 
From 5σ to 10σ



Quasi-periods across “low-state” period

Range Period, 
yrs

5 GHz 1.7±0.1
8 GHz 1.4±0.2
11GHz 2.3±0.1
22GHz 2.1±0.1
37GHz 2.3±0.1

230 GHz 1.4±0.1
Optical R 1.7±0.1

Peaks significance – 
from 3σ to 6σ



Day-by-day fluxe measurements with 
RATAN-600 in 2021-2022



AO 0235+164 – TOTAL SPECTRUM IN RADIO RANGE APPROXIMATION



telescop
e

band epoch Observat
ory

RATAN-
600

1.2, 2.3, 
4.7, 8.2, 

11.2, 22.3 
GHz

1997-
2024

SAO RAS

RT-32 4.8, 8.6 
GHz

2020-
2024

IAA RAS

RT-22 37 GHz 2002-
2024

CrAO 
RAS

Fermi 
LAT

0.1-100 
GeV

2008-
2023

Fermi 

Zeiss-
1000

R 2023-
2024

SAO RAS

AS-500/2 R 2023-
2024

SAO RAS

AZT-8 R 2005-
2023

CrAO 
RAS

LX-200 R 2005-
2023

AI SPbSU

MW variability of Ton 599



Blazar was discovered at SRG 
survey
Z = 5.466±0.003 (BТА, 
SCORPIO)
LX-ray = 3.6×1046 erg/s (2-10 keV)
R > 1100
𝛼4.7−8.2 = +0.71 (0.02),  ∼ 𝑆 𝜈𝛼
S1.4 = 26±0.9 mJy
Fvar=0.4 at 4.7, 8.2, 11.2 GHz

DISTANT BLAZAR  SRGE J170245.3+130104   AT Z=5.5

𝛼SW = -0.37 (0.13)

MWA, GLEAM-X, GMRT, ASKAP RACS, VLA, NVSS and VLASS, 
and RATAN-600 (An et al. 2023, MNRAS)

𝛼SRGE = -0.17 (0.05)
𝛼RATAN = +0.71 (0.02)

2023MNRAS.519.4047A

2024A&A...685A.111
L



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, МPTI
ASC; MPTI; INR RAS; SAO RAS

MULTI-MESSENGER ASTRONOMY



MULTI-MESSENGER ASTRONOMY: BLAZARS AS 
NEUTRINO SOURCES



BLcat catalog https://www.sao.ru/blcat

2022AstBu..77..361S
2014A&A...572A..59M

https://www.sao.ru/blcat


MALTE: MULTIWAVELENGTH 
ASTRONOMICAL LEAGUE FOR 

TRANSIENT EVENTS

ABOUT
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 GWs, the mysteries of many of these MM 
transient events might soon be unraveled.



SUMMARY

MW astronomy: various properties 
Blazars dominate at high z
Optics & Radio, Instruments
International cooperation

SAO RAS



Thank you for attention !
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