
˻́̉˩́ ˻ ˹ˢ̂̉˹˻˯ ˮ ́˩̆˹ˮ̉˩˿˴˻˯ ˾ˢˣ˻́˩ 
˾ˢ́ˢ˹-600 

2024-I 
͊͘Φͣ ͙͔͒ͪͭͦͪ͊͟ ͨͦ ͤ͊ͯ;͚ͤͦ ͔ͪ͊͋ͦͭ 

˿͙͍ͦͭͤͦ͊͟ ̑.ˤΦ 
29.10.2024 



˹ˢˣ˶̑˨ˢ́˩˶̎˹̍˩ ˽˾˻˥˾ˢ˸˸̍ нлнп 

͎ͦ͒ ˸͊ͫ͟. 
͍ͦͣ͘. ; 

̅͊ͭ͟. ͍ ͔ͪͣΎ ͪ͊͋ͦͭ·Σ ; ͎͊ͪͯ͊͘͘͟ 
͔͔ͭͫͦͨ͊͟͡ 

͍ ͙͔͔ͤͭͪͫ͊ͻ 
͔ͭͪͭΈ͙ͻ ͙͡ͼ ͍͔͎ͫͦ ͍.ͤ ͨ ͦ͡Έ͘Φ 

2014 8784 8022 4600 91% 57% 

2015 8760 8054 4228 92% 52% 

2016 8784 7992 5415 91% 68% 

2017 8231 7973 5230 97% 66% 

2018 8760 7812 5602 90% 71% 

2019 6445 5968 5009 92% 77% 

2020 7404 6864 4805 92% 70% 

2021 8760 7632 6309 87% 83% 

2022 8760 6802 5154 78% 76% 

2023 8760 7874 6132 90% 78% 

2024 

˽͔ͦ͒͒ͪ͗͊ͤͤ·͔ ͤ ͊͋͡Ό͔͒͊ͭ͡Έͤ·͔ ͊͘Ύ͍͙͟ 

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 

29 24 26 36 29 29 30 32 29 29 17 

˻͎͙ͪ͊ͤ͊͘ͼ͙͙-ͨͦ͡Έ͍͔͙ͦ͊ͭ͘͡ 

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 

14 11 13 18 20 20 25 19 31 35 23 

˿ˢ˻ ˾ˢ˹ нф/10/2024 



˿́ˢ́ˮ˿́ˮ˴ˢ нлнп-I 
˴͙ͦͤͭͤͯͯͣ м-нн ˥˥ͼ 
ό˻͋͡Φ ЅмΣ нύ  

˿˿˽˴ о-му ˥˥ͼ 
ό˻͋͡Φ Ѕоύ  

˸͎ͤͦͦͯ͡;͔͍͚ͦ пΦт ˥˥ͼ 
ό˻͋͡Φ Ѕрύ  

˽͊ͤ͡ 21 015  1 911 4 185 

˽͔͙ͦͭͪ  2 609 (12.4 %)  146 (7.6 %)  386 (9.2 %)  

˽͎ͦͦ͒͊  2 342 (11.1 %)  95 (5.0 %)  352 (8.4 %)  

ˢͨͨ͊ͪ͊ͭͯͪ͊  13 (0.1 %)  17 (0.9 %)   34 (0.8 %) 

ˢ͔ͤͭͤͤ͊ 28 (0.1 %)  17 (0.9 %)  0 (0 %)  

˽ͪͦ;͔͔  226 (1.1 %)  17 (0.9 %) 0 (0 %)  

˿ˢ˻ ˾ˢ˹ нф/10/2024 



˸͔ͭͦ͒· 1-2: ˮ͔͔͙͔ͣͪͤ͘ ͔ͫͨͭͪ͊͟͡Έ͚ͤͦ ͙ͨͦͭͤͦͫͭ͡ ͨͦͭͦ͊͟ 
͙͙ͪ͊͒ͦͯ͘͡;͔͙ͤΎ ͍ ͙͔͒͊ͨ͊ͦͤ͘ мΦо-нмΦт ˥˥ͼ ͤ͊ ͙͔ͨͪͣͤͦ-
͙͔͙͔ͣͪͭ͘͡Έͤ·ͻ ͔ͦͣͨͫ͊͟͟͡ͻ ͍͙ͭͦͪ;ͤ·ͻ ͔ͪ͊͘͟͡ Ѕм ͙ Ѕн 
(͙ͦͤͭͤͯͯͣ͟ύ. 

˸͔ͭͦ͒ 3: ˮ ͔͔͙͔ͣͪͤ͘ ͙͔͙͍͙ͤͭͤͫͤͦͫͭ ͙ ͨͦ͡Ύ͙ͪ͊͘ͼ͙͙ ͙͙ͪ͊͒ͦͯ͘͡;͔͙ͤΎ 
˿ͦͤ͡ͼ͊ ͍ ;͊ͫͭͦͭͤͦͣ ͙͔͒͊ͨ͊ͦͤ͘ 1-18 ˥ ˥ͼ ͤ͊ ˿˿˽˴-2016 (͔ͪ͊ͦ͘͟͡ Ѕ3). 

˸͔ͭͦ͒ 4: ˮ ͔͔͙͔ͣͪͤ͘ ͔ͫͨͭͪ͊͟͡Έ͚ͤͦ ͙ͨͦͭͤͦͫͭ͡ ͨͦͭͦ͊͟ ͤ͊ пΦп-рΦл ˥˥ͼ ͫ 
͍·͙ͫͦͣ͟ ͍͔͔ͪͣͤͤ·ͣ ͔ͪ͊ͪ͘΄͔͙͔ͤͣ όсл ҡǎύ ͤ ͊ ͎ͣͤͦͦͯ͡;͔͍ͦͣ 
͔ͫͨͭͪ͊͟͡Έͤͦͣ ͔͔ͦͣͨͫ͟͟͡ (͍͙ͭͦͪ;͔ͤͦ ͔ͪ͊ͦ͘͟͡ Ѕ5). 

˸͔ͭͦ͒· ˾ˢ́ˢ˹-600 

f0, (GHz) ɲŦ0, (GHz) ɲCΣ όmJy/ 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) ɲŦ0, (GHz) ɲCΣ όmJy/ 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 

f0, (GHz) ɲŦ0, (GHz) ɲCΣ όmJy/ beam) HPBWx, sec AR, arcsec 

4.40-4.55 0.15 10 3.2 35 

4.55-4.70 0.15 10 3.2 35 

4.70-4.85 0.15 10 3.2 35 

4.85-5.00 0.15 10 3.2 35 

2.21-2.29 0.08 40 7.2 80 

parameter 

frequency range 1.0-18 GHz 
frequency resolution levels  80 channels - 100 MHz; 

10 channels - 1500 MHz; 
time resolution 0.0025 sec-1 

sensitivity by flux density  0.01 s.f.u. 

dynamic range  > 60 dB 

frequency range 1.0 ς 3.0 GHz 
frequency resolution 122 kHz ς 1 GHz 

time resolution 8.3 ҡǎ 
dynamic range 90 dB 

˿ˢ˻ ˾ˢ˹ нф/10/2024 



˽͔͙͔ͦͦ͗ͤ͡ ͦ͋ ͦͻ͚ͪ͊ͤͤͦ ͔ͦͤ͘ ˾ˢ́ˢ˹-600 

˾͊͋ͦ;͙͔ ͨͦͦͫ͡· ͙͔͍ͪ͊͒ͦͣͭͪͦ ˾ˢ́ˢ˹-слл ͙ ͙ͻ ;͊ͫͭͦͭͤ·͔ 
͊͘΅͙ͭͤ·͔ ͦͤ͘· 

˴͙͔͙͙ͪͭͪ ͎͍͙ͫͦ͊ͫͦ͊ͤ͡Ύ ͔ͪ͊ͣ͘΅͔͙ͤΎ 
͙ͫͭͦ;͙͍ͤͦ͟ ͙ͫͭͦ;͙͍ͤͦ͟ ͙͔ͪ͊͒ͦͨͦͣͻ ͍͙͙͋͘͡ 

Ή͔͔͍ͣͤͭͦ͡ ˥˭ 



˾͙͔͊͒ͦͣͭͪ· ˾ˢ́ˢ˹-600 

ˤ͙ͭͦͪ;͔ͤͦ ͔ͪ͊ͦ͘͟͡ м - 1-ол ˥˥ͼ 
ˤ͙ͭͦͪ;͔ͤͦ ͔ͪ͊ͦ͘͟͡ н ς 2.3-нн ˥˥ͼ 
ˤ͙ͭͦͪ;͔ͤͦ ͔ͪ͊ͦ͘͟͡ о ς 1-му ˥˥ͼ;  
ˤ͙ͭͦͪ;͔ͤͦ ͔ͪ͊ͦ͘͟͡ р ς нΣ пΦт ˥˥ͼ 

̉͊ͫͭͦͭ͊Σ ˥˥ͼ 



˾˩˸˻˹́ ˴ˢˣ˩˶̎˹̍̆ ˿˩́˩˯ ˴˾̂˥˻ˤ˻˥˻ ˻́˾ˢˬˢ́˩˶̒ ˾ˢ́ˢ˹-600 

˽͔ͪͦͭͤ͟·͔ ͔ͪ΄͔͙ͤΎ: 
Ç ͪ͊ͪ͊͋ͦͭ͊͘͟ ͔ͭͻ͙ͤ;͔͎ͫͦͦ͟ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ ͨͦ ͙͍͍ͨͪͦͦ͒ͫͭͯ͘ 
ͪ͊͋ͦͭ; 
Ç ͙͙ͦͨͭͣ͊͘ͼ͙Ύ ͫͻ͔ͣͤ·ͻ ͔ͪ΄͔͙͚ͤ; 
Ç ͫͦͪ͊͟΅͔͙͔ͤ ͔͊͋͟͡Έ͚ͤͦ ͨͪͦ͒ͯ͟ͼ͙͙; 
Ç ͔ͭͻ͎͙ͤͦͦ͡Ύ ͔ͣͭͦ͒͊ ͣͦͤͭ͊͗ͤ·ͻ ͪ͊͋ͦͭ; 
Ç ͍·͋ͦͪ ͔͊͋͟͡Έ͚ͤͦ ͨͪͦ͒ͯ͟ͼ͙͙ ͙ ͍ͫͦͨͯͭͫͭͯΌ΅͙ͻ ͙͔͙͚͒͘͡. 
˾͊͋ͦͭ· 2023-2024: 
Ç Ήͭ͊ͨ ͔͍͙ͦͣͨͭͦ͊ͤ͟͟͡Ύ ͙ ͎͍͙ͨͦ͒ͦͭͦ͟ ͟ ͍͔͔͙ͨͪͦ͒ͤΌ ͪ͊͋ͦͭ 



˥ˢˮ: ˮ ˭˸˩˾˩˹ˮ˩ ˽˻˶˻ˬ˩˹ˮ̒ ˴˾ˢ˯˹ˮ̆ ˥˾̂˽˽ 
˿ˢ˻ ˾ˢ˹ нф/10/2024 



˥ˢˮ: ˿ ˴ˢ˹ˮ˾˻ˤˢ˹ˮ˩ ˽˻ˤ˩˾̆˹˻˿́ˮ ̏˶˩˸˩˹́˻ˤ 

ˮ͔͔͙ͣͪͤ͘Ύ ͦͭͪ͊͗͊Ό΅͔͚ ͍͔ͨͦͪͻ͙ͤͦͫͭ Ή͔͔͍ͣͤͭͦ͡ ͍͔͎ͫͦ 
˿͔͍͔͎ͪͤͦͦ ͔ͫͭͦͪ͊͟ 

3 ;͊ͫ͊ ͤ ͊ ͔͙͍ͦͪͪͭͪͦͯ͟͟͟ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͎ͦ͒ͤͦͦ 

Ή͔͔ͣͤͭ͊͡. ˽͔ͦͫ͡ ͔͙͍͙ͦͪͪͭͪͦ͟͟͟ ͍ͨͪͦͦ͒ΎͭͫΎ ͦͤͭͪͦ͟͡Έͤ·͔ 

͙͔͔͙ͣͪͤ͘Ύ. ˿˴˻ Ή͔͔ͣͤͭ͊͡ Ѕ489 ͒  ͦ ͔͙͍͙ͦͪͪͭͪͦ͟͟͟ 

ҕ1.45ͣ .ͣ ˻ ͙͔͗͒͊ͣ͊Ύ ˿ ˴˻ ͨ ͔ͦͫ͡ ͟ ͔͙͍͙ͦͪͪͭͪͦ͟͟ ҕ0,25ͣ .ͣ 

˿ˢ˻ ˾ˢ˹ нф/10/2024 



ˮ˭˸˩˾˩˹ˮ˩ ˽˻˶˻ˬ˩˹ˮ̒ ˾˩˶̎˿˻ˤ̍̆ ˽̂́˩˯ 
˿ˮ˿́˩˸ˢ ˥˻˾ˮ˭˻˹́ˮ˾˻ˤˢ˹ˮ̒ ˤ́˻˾ˮ̉˹˻˥˻ ˭˩˾˴ˢ˶ˢ Ѕм 



˾ˢ˨ˮ˻˸˩́˾̍ ˾ˢ́ˢ˹-600 

˿˴ˣ ˮ˾̏ ˾ˢ˹ 

˨͙͊ͨ͊ͦͤ͘ 21.0-ноΦр ˥˥ͼΣ моΦр-мрΦр ˥˥ͼΣ 
ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ· ΄ͯͣ͊ мΦо ͙ мΦн ͒ˣΦ 

ˢ˻ ˿͟ ͊ͪ͒-͔͙̏ͭͪͦͤͫ͟͟͡ ˿͔͙ͨͭͪͦ͊ͤ͊͊ͭͦͪ͘͟͡· 1450 ͙  ннрл ˸˥ͼ όнύ 

˥̊ ͤ͊ ͙͔ͪ͊͒ͦͣͭͪ ол ˥˥ͼ 

˹͊͊͒͊͟͡ ͍͎ͤͦͦͦ ͙͔ͪ͊͒ͦͣͭͪ͊ нΦм ͫ ͣ ͤ͊ ͍͙ͭͦͪ;͔ͤͦ ͔ͪ͊ͦ͘͟͡ Ѕо 

˿ˢ˻ ˾ˢ˹ нф/10/2024 



˹͊͋͡Ό͔͒͊ͭ͡Έͤ·͔ ͎ͨͪͦͪ͊ͣͣ· 

˾ˢ˨ˮ˻˿ˤ˻˯˿́ˤˢ ˢ˿́˾˻̅ˮ˭ˮ̉˩˿˴ˮ̆ 
ˮ˿́˻̉˹ˮ˴˻ˤ ˹˩˯́˾ˮ˹˻ 
˿ˤ˩˾̆ˤ̍˿˻˴ˮ̆ ̏˹˩˾˥ˮ˯ 

Å IceCube ͭ ͙͎͎͔ͪͪΥ ͔͔͔͗ͣͫΎ;ͤ·͚ 
͙͙͎ͣͦͤͭͦͪͤ ˢ̒˥ - ͤ ͍ͦ·ͻ ͙͍͊ͤ͒͒͊ͭͦ͟ ͍ 
͙ͫͭͦ;͙͙ͤ͟ ͔͚͙ͤͭͪͤͦ ͍·͙ͫͦ͟ͻ Ή͔͎͙͚ͤͪΦ 

Å ˾ˢ́ˢ˹-слл ͍ ͎ͣͤͦͦ͊ͤ͊͟͡Έ͚ͤͦ 
͙͙͊ͫͭͪͦͤͦͣΥ ͨͦͤ͊͡Ύ ͍·͋ͦͪ͊͟ ˾˿˨ˣ-
ͦͣͨ͊ͭͤ͟͟·ͻ ͚ͫͭͪͯ ͍ Ύ͒ͪ͊ͻ ͎͙͊͊ͭ͟͟͡ ͊͟͟ 
͙͙͍ͤ͒͊ͭͦͪͦ͟ ͔͚͙ͤͭͪͤͦ ͍·͙ͫͦ͟ͻ Ή͔͎͙͚ͤͪΦ 

Å ˸͎͍͍ͤͦͦͦͤͦ͡·͔ ͍͚͍ͫͦͫͭ͊ ͔͔͔͙ͨͪͣͤͤͦͫͭ 
͍·͙͋ͦͪ͟ нллл ͍͋͊͊ͪͦ͘͡. 

˴˻˶˶ˢˣ˻˾ˢ̇ˮ̒ MALBRICS 
Å MALBRICS ͦ͊͋ͦͪ͊͟͡͡ͼ͙Ύ: ͪ ͙͍͚͍͊͒ͦͫͦͫͭ͊ ͭ ͙͔ͪ͊ͤͤͭͤ͘·ͻ ͫͦ͋·͙͚ͭΦ 
Å MALBRICS ͦ͊͋ͦͪ͊͟͡͡ͼ͙Ύ: ͣ ͎ͤͦͦ;͊ͫͭͦͭͤ·͚ ͙͙͎ͣͦͤͭͦͪͤ ͍͋͊͊ͪͦ͘͡. 

ˮ˿˿˶˩˨˻ˤˢ˹ˮ˩ ̏ˤ˻˶̑̇ˮˮ ˢ̒˥ 
Å ˸͙͙͎ͦͤͭͦͪͤ {wD9 WмтлнпрΦоҌмолмлп - ͫ ͎͊ͣͦͦ ͣͦ΅͎ͤͦͦ 
͔͎͔͍͎ͪͤͭͤͦͫͦͦ͟ ͍͊͊ͪ͊͘͟ ͤ͊ ȊҔрΦ 

Å ˾͙͔͊͒ͦͫͨͭͪ͟· ͙ ͔͔͔ͨͪͣͤͤͦͫͭΈ ͍͍͊͊ͪͦ͘͟ ͤ͊ ȊҔпΦ 
Å ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͙͍͚͍ͪ͊͒ͦͫͦͫͭ ͎ ͙͊͊ͭ͟͟͡ ͤ͊ ȊҔоΦ 
Å ˾͙͍͚͍͊͒ͦͫͦͫͭ͊ ͎ ͙͙͒ͪͦͫ͟͡Έͤ·ͻ ͔͎͔͍ͣ͊ͣ͊ͪͦ͘ OHM. 
ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͙͎͙ͪ͊͒ͦ͊͊ͭ͟͟͡ FR0. 

ˮ˿˿˶˩˨˻ˤˢ˹ˮ˩ ˸ˮ˴˾˻˴ˤˢ˭ˢ˾˻ˤ 
Å ˸͙͙͎ͦͤͭͦͪͤ ͙͍͍ͣͪͦ͊͊ͪͦ͘͟͟ - ͎ ͙͊͊ͭ͟͡;͔͙ͫ͟ͻ ͔͎͔͍͙ͪͤͭͤͦͫ͟ͻ 
͍͚͒ͦͤ·ͻ ͍͔͒͘͘ ͫͦ ͚ͫͭͪͯͤ·͙ͣ ͍·͙͋ͪͦͫ͊ͣΦ 

˾ˢ˨ˮ˻˿ˤ˻˯˿́ˤˢ ˹ˮˬ˹˩˯ ˴˻˾˻˹̍ 
ˮ ̆˾˻˸˻˿̅˩˾̍ ˿˻˶˹̇ˢ 

Å ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͍ͫͨ·΄͔;ͤ·ͻ ͔ͨ͊ͣͤͤ͘͡·ͻ ͫͭͪͯͭͯͪ͟ ͍ 
͔͒ͼ͙͔͍ͣͭͪͦͦͣ ͙͔͒͊ͨ͊ͦͤ͘Φ  

Å ˽͎ͪͦͤͦ͘ ͚ͨͪͦͭͦͤͤͦ ͙͍͙͊ͭͤͦͫͭ͟ ˿ͦͤ͡ͼ͊Φ 
Å ˽͙ͦͫ͟ ͙ ͔͎͙ͪͫͭͪ͊ͼ͙Ύ ͍͙͔͙͙͊ͨͪͦ͒͘͟;͔͙ͫ͟ͻ ͨͯ͡Έͫ͊ͼ͙͚Φ 
Å ˮ͔͔͙͔ͣͪͤ͘ ͎͙ͣ͊ͤͭͤ·ͻ ͔͚ͨͦ͡ ͍ ͔ͫͦͤ͡;͚ͤͦ ͔ͦͪͦͤ͟Φ  
Å ˽͙ͦͫ͟ ͼ͙ͦͭͪͦͤͤ͟͡·ͻ ͙͙͚ͤ͡ ͍ ͙͍͊ͭͤ͟·ͻ ͦ͋͊ͫͭ͡Ύͻ ˿ͦͤ͡ͼ͊Φ 

́˾ˢ˹˭ˮ˩˹́˹̍˩ ˿˻ˣ̍́ˮ̒ 
Å ˨͔͔͙͍͙͔ͭͭͪͦ͊ͤ͟ ͙ͨͦ͒ͤ͘ͻ 
͙͍ͪ͊͒ͦͫͨ·΄͔͟ ͍  ¢59 
ͫͦ͋·͙ͭΎͻΦ 

Å ˨͔͔͙͍͙͔ͭͭͪͦ͊ͤ͟ GRB (ToO) 
Å ˽͙ͦͫ͟ ͋·ͫͭͪ·ͻ 
͙͍͔͍ͪ͊͒ͦͫͨͫͦ͟͡. 



˥͙͎͙͔͊ͤͭͫ͟ ͍ͫͨ·΄͙͟ Cyg X-о ͍ нлнп ͎Φ 

Atel: 
2023ATel16289....1T; 2023ATel16168....1T; 2023ATel16008....1E; 2023ATel15974....1T; 2023ATel15964....1T; 2021ATel15142....1T; 
2021ATel14821....1T; 2020ATel13835....1T; 2020ATel13461....1T; 2020ATel13442....1T; 2019ATel13304....1T; 2019ATel12855....1T; 
2019ATel12739....1T; 2019ATel12701....1T; 2019ATel12510....1T; 2019ATel12372....1T 

˴͙͍ͪ·͔ ͔͋ͫ͊͟͡ Cyg X-о ͍ ͎͊ͣͣ͊-ͯ͡;͊ͻ ͙ ͍ ͙͙͔ͪ͊͒ͦ͒͊ͨ͊ͦͤ͘Φ ˭ͤ͊;͙͔ͣͦ ͎͊ͣͣ͊-͙ͯ͘͡;͔͙͔ͤ 
͔͙͔ͦͪͪͪͯͭ͟͡ ͫ  ͪ͊ ͙͍͒ͦͫͨ·΄͙͊ͣ͟Σ ͔͊͒ͪ͗͊͘͟ w-˥ ͔ͣͤΈ΄͔ ͎ͦ͒ͤͦͦ ͒ͤΎ 

Publications: 
2024NatAs...8.1031V; 
2024ApJ...969L..30S; 
2023ApJ...958L..16V; 
2023AstBu..78..225T; 
2022AstL...48..389M; 
2022ARep...66..451C; 
2021MNRAS.504.1482B; 
2021ApJ...906...10E; 
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When Blazars Produce Neutrinos?   лппсҌммнΥ ͔͚͙ͤͭͪͤͦ ͙ ͙͍ͪ͊͒ͦͫͨ·΄͊͟ ͍ нлнп ͎ͦ͒ͯ ό!¢Ŝƭ мсплф ͙ ͒ͪΦύ   

Fermi LAT 
adaptive binning 

Kovalev et al. in prep. 

IceCube-240105A: ñʙʨʦʥʟʦʚʳʡò ʘʣʝʨʪ 5 ʷʥʚʘʨʷ 2024. 

ȷɐɆɝɔɐ ɓɆɕɖɆɈɑɋɓɎɥ ɕɔɑɥɖɎɍɆɜɎɎ Ɉ ɥɊɖɋ ɓɆ 90Á ʧʦʩʣʝ 

ʚʩʧʳʰʢʠ: ʫʜʘʨʥʳʝ ʚʦʣʥʳ ʠʣʠ ʠʟʤʝʥʝʥʠʝ ʦʧʪʠʯ.ʪʦʣʱʠ ? 



II. Radio variability of QSO at z>3 

cosmological time dilation 

40 yrs Ą 10-12 yrs 
different ˄ rest frame 

1-22 GHz Ą 10-100 GHz 

Sotnikova et al. 2024 



Cluster analysis. PCA k-means + SOM  

SAO RAS 29/10/2024 

Cluster N t rest, 
yr 

VS5 r˄est, 
GHz 

Nobs z 

0 6 5.7 0.48 26.3 21 4.6 
1 21 7.0 0.22 22.0 13 3.7 
2 31 8.4 0.13 19.7 12 3.2 
3 20 8.7 0.42 19.3 14 3.1 
4 23 9.1 0.29 20.8 55 3.4 

clusters in the primary component 
(PC) coordinates 

2D t-SNE representation 



Z = 5.466ҕ0.003 (B́ ˢΣ SCORPIO) 
LX-ray = 3.6Ҏ1046 erg/s (2-10 keV) 
R > 1100; S1.4 = 26ҕ0.9 mJy 
пΦтҍуΦн = +0.71 (0.02), Ὓ Ḑ ’ 
Fvar=0.4 (0.04) at 4.7 GHz 
         0.4 (0.05) at 8.2 GHz 
         0.4 (0.3) at 11.2 GHz 

SRGE J170245.3+130104 at z=5.5 

SW = -0.37 (0.13) 

Radio spectra J1702+13: MWA, GLEAM-X, GMRT, ASKAP 
RACS, VLA, NVSS and VLASS, and RATAN-600 

SRGE = -0.17 (0.05) RATAN = +0.71 (0.02) 

2023MNRAS.519.4047A 

Khorunzhev et al. 2021; Tao An et al., 2023 

RATAN-600  

 2020-2024 



VLBA, Dec 2021 
Dec 6, 1.73 GHz, 8.35 mJy 
Dec 7, 2.26 GHz, 7.47 mJy 
Dec 21, 4.87 GHz, 6.57 mJy 

VLBA observations Dec 2021 
Dec 6, 1.5 GHz, 11.4 mJy 
Dec 7, 2.3 GHz, 8.4 mJy 
Dec 21, 4.9 GHz, 6.4 mJy 

SRGE J170245.3+130104 at z=5.5 SAO RAS 29/10/2024 

parameters L band S band C band 

Epoch Dec 06 Dec 07 Dec 21 

Total observing time, hr 2.75 4 2.75 

Central frequency, GHz 1.73 2.26 4.87 

Total bandwidth, MHz 256 256 512 

Synthesis beam, mas 11.7 x 5.19 9.46 x 5.10 10.91 x 4.46 

Image rms noise level, mJy/beam 0.11 0.09 0.42 

Peak flux density, mJy/beam 6.77 6.89 6.40 

Integrated flux density, mJy 8.35Ñ0.09 7.47Ñ0.08 6.57Ñ0.02 

Size, mas 3.28 1.63 0.91 

Brightness temperature, 109 K 2.0 4.4 2.7 

Yuanqi Liu et al. 2024 
VLBI 2021 

High radio loudness > 1000; 
The brightest X-ray blazar; 
Flat radio spectra; 
Prominent radio variability on timescales of few 
days in the rest frame. 



PSO J0309+27 at z=6.1 

VLBA, Spingola et al., 2020 

R>103; h
radio < 0.5; Fvar = 0.30 (0.02); tobs ~50 d 

1.5 GHz 5 GHz 

8 GHz 

RATAN-600, 5 GHz, 2020-2021 

2021MNRAS.503.4662M 

RATAN-600, 2020-2024 

Fvar = 0.28 (0.27); t rest=230 d 

Mufakharov et al. 2021 

Bright one-sided jet extended for 500 parsec 
Brightest X-ray AGN detected at z > 6  

Belladitta et al. 2020 




























