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ȨɎɊɎɒɎɏ ȨɗɋɗɈɫɘ: ~ 13,5 ɒɑɖɊ ɗɈ. ɖ.; 
ȭəɖɆɛəɈɆɓɓɥɒ ɖɔɍɞɎɖɋɓɓɥ ȨɗɋɗɈɫɘə
(ɐɔɗɒ. ɗɈɫɘɑɔɈɎɏ ɉɔɖɎɍɔɓɘ) ɖɆɊɫəɗ 
ȨɗɋɗɈɫɘə:  ~ 46,5 ɒɑɖɊ ɗɈ. ɖ.;
ȴɇôɩɒ ɗɕɔɗɘ. ȨɗɋɗɈɫɘə:4,2Ö1032 ɗɈ.ɖ.3; 

1 ȲɋɉɆɕɆɖɗɋɐ = 3,26 ɒɑɓ ɗɈ. ɖ.
1 ȩɫɉɆɕɆɖɗɋɐ = 3,26 ɒɑɖɊ ɗɈ. ɖ.
z=0,01--------- ~  45 Ȳɕɐ
z=0,1 ---------- ~ 400 Ȳɕɐ
z=1,0 ---------- ~ 3300 Ȳɕɐ
z=6,0 ---------- ~ 8500 Ȳɕɐ

ȰɆɖɘɔɉɖɆɚɔɈɆɓɔ:  10-4 ɗɕɔɗɘɋɖɋɌəɈɆ-
ɓɔɉɔ ɔɇôɩɒə ȨɗɋɗɈɫɘə;
ȳɆ ɈɫɊɗɘɆɓɥɛ >200 Ȳɕɐ ȨɗɋɗɈɫɘ ɗɘɆɩ
çɕɔɗɘəɕɔɈɔè ɔɊɓɔɖɫɊɓɎɒ ɫ ɫɍɔɘɖɔɕɓɎɒ, 
rɉɆɑ= 0,03 rɐɖɎɘ=3Ö10-31 ɉ/ɗɒ3

ȨɋɑɎɐɔɒɆɗɞɘɆɇɓɆ 
ɗɘɖəɐɘəɖɆ ȨɗɋɗɈɫɘə

(ɑɔɉɆɖɎɚɒ. ɒɆɗɞɘɆɇ)

Gott et al., 2005, ApJ, 624, 463
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http://www.journals.uchicago.edu/ApJ/journal/issues/ApJ/v624n2/59364/59364.html


ȨɋɑɎɐɔɒɆɗɞɘɆɇɓɆ ɗɘɖəɐɘəɖɆ ȨɗɋɗɈɫɘə,   z<0,04

ȷɘɖəɐɘəɖɆ ȲɫɗɜɋɈɔɉɔ ȨɗɋɗɈɫɘə: ɐɔɑɫɖ ɉɆɑɆɐɘɎɐ ɫ ɗɐəɕɝɋɓɢ ɉɆɑɆɐɘɎɐ ɈɫɊɕɔɈɫɊɆɩ ɈɫɊɗɘɆɓɥɒ ï
ɇɑɆɐɎɘɓɫ (z < 0.01 ), ɍɋɑɋɓɫ (0.01 < z < 0.04 ), 

ɝɋɖɈɔɓɫ (0.04 < z < 0.1 )  

(IPAC/Caltech, by T. Jarrett - ñLSS in the Local Universe: The 2MASS Galaxy Catalogò, 2004, PASA, 21, 396)



ȨɋɑɎɐɔɒɆɗɞɘɆɇɓɆ ɗɘɖəɐɘəɖɆ ȨɗɋɗɈɫɘə

Â ȷɕɔɗɘɋɖɋɌɋɓɓɥ (ɓɆɍɋɒɓɫ ɏ ɐɔɗɒɫɝɓɫ ɘɋɑɋɗɐɔɕɎ, ɒəɑɢɘɎɛɈɎɑɢɔɈɫ 
ɊɔɗɑɫɊɌɋɓɓɥ, ɋ-Ɇɗɘɖɔɓɔɒɫɥ, ɈɫɖɘəɆɑɢɓɫ ɔɇɗɋɖɈɆɘɔɖɫɬ)

Â ȶɔɍɕɔɊɫɑ ɉɆɑɆɐɘɎɐ, ɗɐəɕɝɋɓɢ ɫ ɓɆɊɗɐəɕɝɋɓɢ ɉɆɑɆɐɘɎɐ; ɕəɗɘɔɘ 
(ɐɆɖɘɔɉɖɆɚəɈɆɓɓɥ, ɐɆɘɆɑɔɉɫɍɆɜɫɥ, ɒɋɘɔɊɎ ɈɎɊɫɑɋɓɓɥ ɗɎɗɘɋɒ 
ɉɆɑɆɐɘɎɐ ɫ ɈɔɏɊɫɈ)

Â ȺɫɍɎɝɓɫ ɈɑɆɗɘɎɈɔɗɘɫ ɉɆɑɆɐɘɎɐ ɫ ɗɎɗɘɋɒ ɉɆɑɆɐɘɎɐ Ɋɑɥ ɍôɥɗəɈɆɓɓɥ 
ɈɕɑɎɈə ɔɘɔɝɋɓɓɥ

Â ȫɈɔɑɤɜɫɥ ɖɫɍɓɎɛ ɚɫɍɎɝɓɎɛ ɕɆɖɆɒɋɘɖɫɈ ɉɆɑɆɐɘɎɐ ɫ ɗɎɗɘɋɒ 
ɉɆɑɆɐɘɎɐ ñəɍɊɔɈɌò ɞɐɆɑɎ ɐɔɗɒɫɝɓɎɛ ɈɫɊɗɘɆɓɋɏ

Â ȷɜɋɓɆɖɫɬ ɚɔɖɒəɈɆɓɓɥ ɈɋɑɎɐɔɒɆɗɞɘɆɇɓɔɬ ɗɘɖəɐɘəɖɎ ȨɗɋɗɈɫɘə

Â ȹɘɔɝɓɋɓɓɥ ɕɆɖɆɒɋɘɖɫɈ ɖɔɍɖɆɛəɓɐɫɈ ə ɍɆɊɆɝɆɛ ɝɎɗɋɑɢɓɔɉɔ 
ɒɔɊɋɑɤɈɆɓɓɥ ɫ ɕɆɖɆɒɋɘɖɫɈ ɐɔɗɒɔɑɔɉɫɝɓɎɛ ɒɔɊɋɑɋɏ



ȨȲȷ ȨɗɋɗɈɫɘə: ȲɫɗɜɋɈɎɏ ȨɗɋɗɈɫɘ: 
ȳɔɈɫ ɐɆɘɆɑɔɉɎ: ȳɔɈɫ ɊɆɓɫ 
ɕɖɔ ɈɑɆɗɘɎɈɔɗɘɫ ɉɆɑɆɐɘɎɐ

ȷɘɈɔɖɋɓɔ ɔɖɎɉɫɓɆɑɢɓɫ ɐɆɘɆɑɔɉɎ ɫɍɔɑɢɔɈɆɓɎɛ ɉɆɑɆɐɘɎɐ, ɟɔ ɔɛɔɕɑɤɤɘɢ Ɉɗɋ 
ɓɋɇɔ: 2MIG, N=3227, z<0.1 ɘɆ LOG, N=520, z<0.01

ȨɎɈɝɋɓɫ ɒɔɖɚɔɑɔɉɫɥ ɘɆ ɚɫɍɎɝɓɫ ɈɑɆɗɘɎɈɔɗɘɫ ɉɆɑɆɐɘɎɐ, ɟɔ ɈɛɔɊɥɘɢ Ɉ ɜɫ ɐɆɘɆɑɔɉɎ, -- Ɉ ɔɕɘɎɝɓɔɒə, ɖɆɊɫɔ- ɘɆ 
əɑɢɘɖɆɚɫɔɑɋɘɔɈɔɒə ɊɫɆɕɆɍɔɓɆɛ. ȴɘɖɎɒɆɓɔ ɛɆɖɆɐɘɋɖɎɗɘɎɐɎ ɘɋɒɕə ɍɔɖɋəɘɈɔɖɋɓɓɥ Ɉ ɍɆɑɋɌɓɔɗɘɫ ɈɫɊ 
ɒɔɖɚɔɑɔɉɫɝɓɔɉɔ ɘɎɕə Ɋɑɥ ɫɍɔɑɢɔɈɆɓɎɛ ɉɆɑɆɐɘɎɐ, ɉɆɑɆɐɘɎɐ ə ɇɫɑɢɞ ɟɫɑɢɓɔɒə ɔɘɔɝɋɓɓɫ, Ɇ ɘɆɐɔɌ Ɋɑɥ 
ɇɑɎɍɢɐɎɛ ɆɐɘɎɈɓɎɛ ɉɆɑɆɐɘɎɐ ȲɆɖɐɆɖɥɓɆ. Ȩɋɖɛɓɥ ɉɖɆɓɎɜɥ sSFR(ɗɕɋɜɎɚɫɝɓɎɏ ɘɋɒɕ ɍɔɖɋəɘɈɔ-ɖɋɓɓɥ) 
ɩɊɎɓɆ  Ɋɑɥ Ɉɗɫɛ ɜɎɛ ɉɆɑɆɐɘɎɐïɖɋɍəɑɢɘɆɘ, ɥɐɎɏ ɒɆɩ ɍɓɆɏɘɎ ɕɔɥɗɓɋɓɓɥ ə ɒɔɊɋɑɥɛ ɋɈɔɑɤɜɫɬ ɉɆɑɆɐɘɎɐ.

ȶɋɍəɑɢɘɆɘɎ ɗɕɫɈɖɔɇɫɘɓɎɐɫɈ 
ɑɆɇɔɖɆɘɔɖɫɬ ə 2008-2015

(ȰɆɖɆɝɋɓɜɋɈɆ ɘɆ ɫɓ.). 



ȫɑɎɬɈ Ȧ.Ȧ. ɘɆ ɫɓ.









ȨȲȷ ȨɗɋɗɈɫɘə: ȲɫɗɜɋɈɎɏ ȨɗɋɗɈɫɘ: 
ȳɔɈɫ ɐɆɘɆɑɔɉɎ: ȳɔɈɫ ɊɆɓɫ 
ɕɖɔ ɈɑɆɗɘɎɈɔɗɘɫ ɉɆɑɆɐɘɎɐ

ȷɘɖəɐɘəɖɓɫ ɔɗɔɇɑɎɈɔɗɘɫ ɖɔɍɕɔɊɫɑə ɉɆɑɆɐɘɎɐ 

ə ȲɫɗɜɋɈɔɒə ɓɆɊɗɐəɕɝɋɓɓɫ (Ȳȳ) 

Â ȷɋɖɋɊ ɇɑɎɍɢɐɔ 7500 ɉɆɑɆɐɘɎɐ Ȳȳ ɈɎɥɈɑɋɓɔ 42% ɘɆɐɎɛ, ɟɔ ɓɋ 
ɈɛɔɊɥɘɢ Ɉ ɗɎɗɘɋɒɎ ɏ əɘɈɔɖɤɤɘɢ ɊɎɚəɍɓɫ ɆɉɖɋɉɆɘɎ; ɓɆɏɓɆɗɋɑɋɓɫ ɍ 
ɓɎɛ ɒɆɤɘɢ ɊɎɗɕɋɖɗɫɤ ɕɖɔɒɋɓɋɈɎɛ ɞɈɎɊɐɔɗɘɋɏ ~170 km/s, ɑɫɓɫɏɓɫ 
ɖɔɍɒɫɖɎ  ~6 MpcɘɆ ɚɔɖɒɆɑɢɓɋ ɍɓɆɝɋɓɓɥ ɈɫɊɓɔɞɋɓɓɥ ɈɫɖɫɆɑɢɓɔɬ 
ɒɆɗɎ Ɋɔ ɗɈɫɘɓɔɗɘɫ ~700 (ɗɔɓ.ɔɊ.).

Â ȹ ȲɫɗɜɋɈɔɒə ɓɆɊɗɐəɕɝɋɓɓɫ ɍɓɆɏɊɋɓɔ 89 ɐɔɗɒɫɝɓɎɛ ɕəɗɘɔɘ 
(ɈɔɏɊɫɈ), ɥɐɫ ɍɖɫɊɐɆ ɓɆɗɋɑɋɓɫ ɑɎɞɋ ɗɑɆɇɐɎɒɎ ɐɆɖɑɎɐɔɈɎɒɎ 
ɉɆɑɆɐɘɎɐɆɒɎ, ɕɋɖɋɈɆɌɓɔ ɕɫɍɓɫɛ ɘɎɕɫɈ, ɍ ɕɔɒɫɖɓɎɒ ɘɋɒɕɔɒ 
ɍɔɖɋəɘɈɔɖɋɓɓɥ ɘɆ ɍɆɕɆɗɆɒɎ ɓɋɏɘɖɆɑɢɓɔɉɔ ɈɔɊɓɤ Ɉ 2-3 ɖɆɍɎ 
ɇɫɑɢɞɎɒɎ, ɓɫɌ Ɋɑɥ ɐɆɖɑɎɐɫɈ, ɟɔ ɍɓɆɛɔɊɥɘɢɗɥ ə ɓɔɖɒɆɑɢɓɔɒə 
ɔɘɔɝɋɓɓɫ.

ȰɆɖɆɝɋɓɜɋɈɆ Ȩ.Ʉ., ȫɑɎɬɈ Ȧ.Ȧ. ɘɆ ɫɓ.

ȱɆɇ., 2009-2015



ȶɔɍɖɔɇɑɋɓɔ ɓɔɈɫ ɘɆ ɈɊɔɗɐɔɓɆɑɋɓɔ 
ɫɗɓəɤɝɫ ɒɋɘɔɊɎ ɐɑɆɗɘɋɖɎɍɆɜɫɬ 
ɉɆɑɆɐɘɎɐ ɍ ɒɋɘɔɤ ɊɔɗɑɫɊɌɋɓɓɥ 
ɖɔɍɕɔɊɫɑə ɈɎɊɎɒɔɬ ɫ ɘɋɒɓɔɬ ɒɆɘɋɖɫɬ. 
Ȩɕɋɖɞɋ ɔɘɖɎɒɆɓɔ ɕɆɖɆɒɋɘɖɎ çɒɆɗɆ-
ɗɈɫɘɓɫɗɘɢè ɉɆɑɆɐɘɎɐ ɘɆ Ɉɒɫɗɘə ȸȲ 
ə ɒɆɑɔɓɆɗɋɑɋɓɎɛ ɉɖəɕɆɛ, 
ə ɘ.ɝ. ɈɎɊɫɑɋɓɎɛ ɒɋɘɔɊɔɒ ɒɔɍɆɬɐɎ 
Ȩɔɖɔɓɔɉɔ: ɈɫɊ 20 Ɋɔ 50 ȲSun/LSun. 
ȹ ɉɖəɕɆɛ, Ɋɋ ɕɋɖɋɈɆɌɆɤɘɢ ɉɆɑɆɐɘɎɐɎ 
ɖɆɓɓɫɛ ɘɎɕɫɈ, ȸȲ ɕɋɖɋɈɆɌɓɔ 
ɒɫɗɘɎɘɢɗɥ Ɉ ɉɆɑɔ ɉɆɑɆɐɘɎɐ, ɟɔ 
ɈɛɔɊɥɘɢ ə ɉɖəɕɎ, Ɇ ə ɉɖəɕɆɛ, Ɋɋ 
ɕɋɖɋɈɆɌɆɤɘɢ ɉɆɑɆɐɘɎɐɎ ɕɫɍɓɫɛ ɘɎɕɫɈ, 
ïə ɗɕɫɑɢɓɔɒə ɉɆɑɔ ɉɖəɕɎ ɉɆɑɆɐɘɎɐ. 

ȨɆɈɎɑɔɈɆ ȝ.ȧ. ɘɆ ɫɓ.



ȝɍɔɑɢɔɈɆɓɫ ɉɆɑɆɐɘɎɐɎ ɍ ɆɐɘɎɈɓɎɒɎ ɥɊɖɆɒɎ: 
ɒəɑɢɘɎɛɈɎɑɢɔɈɫ ɈɑɆɗɘɎɈɔɗɘɫ

ȶɋɓɘɉɋɓɫɈɗɢɐɎɏ ɗɕɋɐɘɖ ɫɍɔɑɢɔɈɆɓɔɬ ɉɆɑɆɐɘɎɐɎ ɍ ɆɐɘɎɈɓɎɒ 
ɥɊɖɔɒ NGC6300 Ɉ ɊɫɆɕɆɍɔɓɫ ɋɓɋɖɉɫɏ 0,5-250 ɐɋȨ. 
ȳɎɌɓɥ ɕɆɓɋɑɢ ðɗɘɆɘɎɗɘɎɝɓɆ ɔɜɫɓɐɆ ɈɫɊɓɔɞɋɓɓɥ 
ñɒɔɊɋɑɢ/ɗɕɔɗɘɋɖɋɌɓɫ ɊɆɓɫò.

ȝɍɔɑɢɔɈɆɓɫ2MIG ȦɅȩ ȵɫɈɓɫɝɓɔɉɔɓɋɇɆ ɩɗɑɆɇɐɎɒɎɊɌɋɖɋɑɆɒɎ
ə ɖɆɊɫɔ- ɫȻ-ɊɫɆɕɆɍɔɓɆɛ. ȧɫɑɢɞɫɗɘɢ2MIG ɫɍɔɑ. ȦɅȩ ɓɆɑɋɌɆɘɢ 
Ɋɔ S0-Sc ɒɔɖɚɔɑɔɉɫɝɓɎɛɘɎɕɫɈ, ɍɥɐɎɛ40% ɈɫɊɓɔɗɥɘɢɗɥɊɔ 
ɘɎɕə Sb. Ȩɗɫɫɍɔɑ. ȦɅȩ ɘɎɕə Sy1ɒɆɤɘɢɇɆɖɎɥɐ ɒɔɖɚɔɑɔɉɫɝɓɫ
ɔɗɔɇɑɎɈɔɗɘɫ. ȼɋɊɔɍɈɔɑɥɩɍɖɔɇɎɘɎɈɎɗɓɔɈɔɐ, ɟɔɇɆɖ ɒɆɩ
ɈɎɖɫɞɆɑɢɓɋɍɓɆɝɋɓɓɥɊɑɥ ɫɗɓəɈɆɓɓɥɞɎɖɔɐɔɬɔɇɑɆɗɘɫ
ɋɒɫɗɫɏɓɎɛɑɫɓɫɏ(BLR) Ɉ ɫɍɔɑɢɔɈɆɓɎɛȦɅȩ. ȭɆɍɓɆɝɎɒɔ, ɟɔ
ɓɆɥɈɓɫɗɘɢBLR Ɉ ɫɍɔɑɢɔɈɆɓɎɛȦɅȩ ɩɊɔɐɆɍɔɒɘɔɉɔ, ɟɔ
ɈɍɆɩɒɔɊɫɥɍɗəɗɫɊɓɫɒɎɉɆɑɆɐɘɎɐɆɒɎ ɓɋ ɩɓɋɔɇɛɫɊɓɔɤ
əɒɔɈɔɤɊɑɥ ɚɔɖɒəɈɆɓɓɥBLR. 

ȵɔɕɋɖɋɊɓɫ ɔɜɫɓɐɎ ɒɆɗɎ ɜɋɓɘɖɆɑɢɓɎɛ ȳȲȽȪ ɊɔɍɈɔɑɥɤɘɢ 
Ɉɕɋɖɞɋ ɍɖɔɇɎɘɎ ɈɎɗɓɔɈɔɐ, ɟɔ ɒɆɗɆ ȳȲȽȪ ɫɍɔɑɢɔɈɆɓɎɛ 
ɉɆɑɆɐɘɎɐ ɗɎɗɘɋɒɆɘɎɝɓɔ ɓɎɌɝɋ ɍɆ ɒɆɗə ȦɅȩ, ɟɔ 
ɍɓɆɛɔɊɥɘɢɗɥ ə ɟɫɑɢɓɔɒə ɔɘɔɝɋɓɓɫ.  
ȨɆɈɎɑɔɈɆ ȝ.ȧ., ȵəɑɆɘɔɈɆȳ.ȩ., ȨɆɗɎɑɋɓɐɔ Ȧ.Ȧ. ɘɆ ɫɓ.



Multi-wavelength properties 
of the isolated AGNs in the Local UniverseÂVavilova I. , VasylenkoA., PulatovaN., BabykIu., DobrychevaD. IAU Symp. 
347

Â We presenta completeanalysisof multi-wavelengthpropertiesof 61 isolated AGNs,
which arelimited to KsÒ12.0m andVr < 15 000km/s. To obtaintheir propertieswe usedall
the availabledatabasesobtainedwith ground-basedand spaceobservatories. We show that
theobservednuclear activity of theseAGNs is connectedmostly with the internal galaxy
parameters(relative mass/size,dark/visible matter content,multi -wavelengthproperties
of gas-dust medium in accretiondisks,torôsstructure, central black holemassetc.).

Â Theseobjectswerepoorly investigated,especiallyin X-rays,andour studyhasallowed

1)to separatethe internalevolutionmechanismsfrom theenvironmentinfluenceandconsider
themastwo separateprocessesrelatedto fuelingnuclearactivity;

2)to explore absorptionfeaturesand the X-ray continuum radiation from accretiondisks
aroundSMBHs.

3)using the spectralHɓ-line datawe estimatedthe SMBH massesof severalisolatedAGNs
anddemonstratedtheir systematicallower valuesthantheSMBH massesof AGNs locatedin
adenseenvironment;

4)to evaluateX-ray properties,we processedthe spectraldata obtainedby XMM -Newton,
Swift, Chandra,INTEGRAL, andNuStar. We determinedspectralmodelsandvaluesof their
parameters (spectral index, intrinsic absorption etc.) using a cumulative soft and
reconstructedhard energyspectrum. The spectralparametersfor most of these61 isolated
AGNswereobtainedfor thefirst time.

5)to find a significant excesscontentof Sy 2 type galaxiesin comparisonwith Sy 1 type
galaxies(41% and10%); isolatedAGN hostsaremostly of late morphologicaltypes. It
meansa closeencounterin their past(more3 Gyr) appearscapableof activatinganevolution
sequence.





The estimates of SMBH masses
of the isolated AGNs

The estimates of SMBH masses of the isolated AGNs in the Local 
Universe show that they are systematically lower than the SMBH 
masses of AGNs located in a dense environment.



X-ray properties 
of the Isolated AGNs 





The automated morphological classification 
of galaxies from the SDSS at z<0.1 
by the machine learning technique

Vavilova I. , Elyiv A., DobrychevaD., Melnyk O.         IAU Symp. 348

We evaluateda new approachfor the automatedmorphologicalclassificationof big galaxy
samples,which is basedon the combinationof three methods: visual classification for
training samples; diagrams ñcolorindices ïconcentration indexò; machine learning
technique (Random forest). This approachwastestedandappliedfor theSDSSsamplesof
317,018galaxiesatz<0.1 (Dobrycheva, Vavilova, Melnyk, Elyiv, 2017, arXiv:1712.08955).

We plottedthediagramsof color indices(g-i) andluminosity,deVaucouleursradius,inverse
concentrationindex. Theseparametersmay be used for galaxy classification into three
classes: E - elliptical and lenticular,S - typesSa-Scd, andL - typesSd-Sdmandirregulars.
Theaccuracyis 98% for E, 88% for S, and57% for L types.

Thecombinationsof ñ(g-i) and R50/R90òandñ(g-i) and M
r
ògavethebestresult: 143,263

E type,112,578S type,61,177L type(Dobrycheva, Melnyk, Vavilova, Elyiv, 2015).

Machine learning technique(Random forest).

Trainingsampleof 5,000galaxieswasclassifiedvisually into earlyE (E, S0, S0a) andlateL
(Sato Irr) types. To definean accuracyof classifierswe appliedthe 5-folds validation and
foundthattheRandomForestprovidesthehighestaccuracy.

Applying the Random forest to the SDSSDR9 sampleof 60,561 galaxiesat z<0.1 we
obtainedthat47% E and53% L typesareamongthesegalaxies.

To besurein this approach,we prepareda sampleof ~1,800,000galaxiesfrom SDSSDR14
atz<1.0 andprovidedtheirautomatedmorphologicalclassification.



Machine Learning Technique

For the automated classification we used the supervised learning
approach by the software with an open source KNIME Analytics
Platform ver . 3.5.0. and Weka .

We have compared performance of three different classifiers:
Naive Bayes , Random Forest , and Support Vector Machine .

As main attributes of galaxies we took the absolute magnitudes:
Mu, Mg, Mr, M i, Mz, color indices MuīMr, MgīMi, MrīMz and
inverse concentration index R50 /R 90 to the center.

To estimate accuracy
of different classifiers
we applied
k-folds validation technique.

Machine Learning

WEKA



The accuracy of machine learning 
methods as a function of number of 
galaxies in sample. 

Random 
Forest

Support Vector 
Classifer
Naive 
Bayes

We have done the following steps with our 

training sample (N = 6,749 galaxies) to 

analyze an accuracy of the methods 

¸ It was divided into subsamples, which

contain such a number of galaxies: 

100,  500, 1000, 1500, 2000, 2500, 3000, 

3500, 4000, 4500, 5000, 5500, 6000, 6740;

¸ Random re-sampling, with the same 

numbers of galaxies per subsample, 

we repeated 10 times for each of the

subsamples;

¸ After, ñthey goneò to KNIME.
Random Forest provides the highest accuracy ï
92.9% are correctly classified (96 % E and 84 % L). 
The accuracy of another methods is from 87 % to 90 %.



SDSS DR9 (z<0.1, 
N=60,561)

Using the dataon the absolutemagnitudes,color indices,R50/R90, andtraining by
Random Forest classifierto galaxieswith visual morphologicaltypes,we applied
the trained model to 60,561 galaxies (SDSS DR9, z < 0.1) with unknown
morphologicaltypes,andgot theirclassification:

47% E (N=25,180) and53% L (N=35,381).
See: http://leda.univ-lyon1.fr/fG.cgi?n=hlstatistics&a=htab&z=d&sql=iref=52204



Results, Examples, 
and Problems:

¸ We were able to classify 60,561 galaxies, which extracted from the SDSSDR9 with
unknown morphological types at z<0.1, using Random Forest classifier and the data on
color indices, absolute magnitudes, inverse concentration index of galaxies with visual
morphological types. Finally, we found 25,180 Early and 35,381 Late types among
galaxies in our sample.

¸ The presence of ñspamsò(miss-classification problems mostly with face-on & edge-on
L-type galaxies, gravitational lenses (by-product (!!! ) of our approach), etc.) requires to
improve our algorithm for the automated SDSSôsgalaxy morphological classification.
Correct  morphological types                            ñSpamò (missclassified)  objects

E, z=0.03 E, z=0.025

L, z=0.026 L, z=0.029

Late type, but it is 
defined as Early, 
z=0.032 

Late type, but it is 
defined as Early, 
z=0.058 

Late type, but it is
defined as Early, 
z=0.029 

Grav. lens, but it is
defined as Early, 
z=0.032 



ȪɔɇɖɎɝɋɈɆ Ȫ.Ȩ. ɘɆ ɫɓ.



ȨɑɆɗɘɎɈɔɗɘɫ ɖɋɓɘɉɋɓɫɈɗɢɐɎɛ ɗɐəɕɝɋɓɢ 
ɉɆɑɆɐɘɎɐ ɓɆ z<1.8

Cɐəɕɝɋɓɓɥ JKCS 041(z=1.8) ȭɆɑɋɌɓɔɗɘɫ ɗɈɫɘɓɫɗɘɢ-ɘɋɒɕɋɖɆɘəɖɆ ɫ 
ɒɆɗɆ - ɘɋɒɕɋɖɆɘəɖɆ ə ɕɔɖɫɈɓɥɓɓɫ ɍ  ɕɔɕɋɖɋɊɓɫɒɎ ɖɋɍəɑɢɘɆɘɆɒɎ 
Ɋɑɥ ɇɫɑɢɞɋ 100 Ȼ-ɗɐəɕɝɋɓɢ ɓɆ z<1.4. ȵɔɐɆɍɆɓɆ ɆɈɘɔɒɔɊɋɑɢɓɆ 
ɒɔɊɋɑɢ (SMM) Ɋɑɥ ɗɐəɕɝɋɓɢ ɓɆ ɖɫɍɓɎɛ ɝɋɖɈɔɓɎɛ ɍɒɫɟɋɓɓɥɛ.  
ȧɆɇɎɐ Ʉ.Ȩ.



ȵɖɔɗɘɔɖɔɈɎɏ ɖɔɍɕɔɊɫɑ ɓɋɏɘɖɆɑɢɓɔɉɔ ɈɔɊɓɤ  
ɍɆ Ɋɔɕɔɒɔɉɔɤ LyŬ-ɑɫɗə, 2<z<5

ȵɖɎ ɊɔɗɑɫɊɌɋɓɓɫ ɕɔɉɑɎɓɆɓɓɥ Ɉ ɔɇɑɆɗɘɫ LyŬ-ɑɫɗə 
ɈɆɌɑɎɈə ɖɔɑɢ ɈɫɊɫɉɖɆɩ ɈɎɍɓɆɝɋɓɓɥ ɘɆɐ ɍɈɆɓɔɉɔ 
çɐɔɓɘɎɓəəɒəè, ɘɔɇɘɔ ɈɎɛɫɊɓɔɉɔ ɗɕɋɐɘɖə ɐɈɆɍɆɖɆ Ɋɔ 
ɕɔɉɑɎɓɆɓɓɥ ɒɫɌɉɆɑɆɐɘɎɝɓɎɒ ɗɋɖɋɊɔɈɎɟɋɒ, ɥɐɎɏ 
ɈɎɍɓɆɝɆɩ ɚəɓɐɜɫɤ ɕɖɔɍɔɖɔɗɘɫ <F>. ȶɫɍɓɫ ɒɋɘɔɊɎ 
ɊɆɤɘɢ ɖɫɍɓɫ ɍɓɆɝɋɓɓɥ <F>, ɖɫɍɓɎɜɥ ɥɐɎɛ ɗɘɆɓɔɈɎɘɢ 
ɈɫɊ 5%ɫ ɇɫɑɢɞɋ. 

ȭɆɕɖɔɕɔɓɔɈɆɓɔ ɓɔɈɎɏ ɒɋɘɔɊ ɈɎɍɓɆɝɋɓɓɥ ɐɔɓɘɎɓəəɒə 
ɕɖɎ ɈɎɐɔɖɎɗɘɆɓɓɫ ɐɔɒɕɔɍɎɘɓɎɛ ɗɕɋɐɘɖɫɈ, ɗɘɈɔɖɋɓɎɛ ɍ 
əɖɆɛəɈɆɓɓɥɒ ɔɗɔɇɑɎɈɔɗɘɋɏ ɔɐɖɋɒɎɛ ɗɕɋɐɘɖɫɈ 
ɐɈɆɍɆɖɫɈ.  ȸɔɖɇɆɓɤɐ ȴ.ȴ. ɘɆ ɫɓ.



Direct methods
Â In 1968, Maffei discovered two galaxies Maffei 1 

and Maffei 2 in the avoidance zone using 
observations in the IR-range (see, Maffei,  2003, 
for review of own works)

Â Now the IRAS and 2MASS surveys are actively used 
to solve these problems in the IR-range.  

Â Observations of the neutral hydrogen (21-cm)in 
frame of the DOGS project revealed the Dwingeloo
1 (Kraan-Korteweg et al., 1994) and Dwingeloo 2 
(Burton et al., 1996) galaxies in this zone (see, for 
example, on the estimates of their kinematic and 
dynamic parameters, Huchtmeier et al ., 1995; 
Buta et al., 1999; Karachentsev, 2005;). 

Â All these discoveries were made by the so-called 
direct methods.



Maffei 1 Maffei 2



Maffei 1 and Maffei 2
Â Morphology E3, Const: Cassiopea,  

Â R.A. 02h 36m 35.4s  DEC.+59° 39Ź19ź] Size75,000Ly ((23,000 pc)

Â Vr= 66.4 ± 5.0 km/s  Distance 2.85 ± 0.36 Mpc

Â m = 11.14 ± 0.06 (V-band) 

Â Maffei 1 was discovered on a hyper-sensitized I-N photographic 
plate exposed on 29 Sept 1967 with the Schmidt telescope at Asiago 
Observatory (together with its companion - spiral galaxy Maffei 2).

Â In 1970 H. Spinrad suggested that Maffei 1 is a nearby heavily 
obscured giant elliptical galaxy and estimated distance to Maffei1 as 
1 Mpc (Local Group member?????). Maffei 1 is located only 0.55°
from the galactic plane in the middle of the ZOA and suffers from 
about 4.7 magnitudes of extinction (a factor of about 1/70) in visible 
light. 

Â In 1983 this estimate was revised up to 2.1 +1.3
ī0.8 Mpc by R. Buta 

and      M. McCall (Maffei 1 is outside the Local Group!!!!). 

https://en.wikipedia.org/wiki/Maffei_1


Maffei 1 and Maffei 2

Â In 2001, T. Davidge and S. van den Bergh used adaptive optics to 
observe the brightest AGB stars in Maffei1 and concluded that 
distance is 4.4+0.6

ī0.5Mpc.

Â The latest determination of the distance to Maffei 1, which is based 
on the re-calibrated luminosity/velocity dispersion relation for E-
galaxies and the updated extinction, is 2.85 ± 0.36 Mpc.

Â The larger (Ó3Mpc) distances reported in the past 20 years would 
imply that Maffei 1 has never been close enough to the Local Group 
to significantly influence its dynamics. 

Â Maffei 1 is a principal member of a nearby group of galaxies. The group's 
other members are the giant spiral galaxies IC342 and Maffei 2.  Maffei 1 
has also a small satellite spiral galaxy Dwingeloo 1 as well as a number of 
dwarf satellites like MB1. The IC 342/Maffei Group is one of the closest 
galaxy groups to the Milky Way



Milky Way in the IR-range
[ -10ę; +10ę]

The near infrared, whole-sky homogeneous surveys such as 2MASS have resulted 
in a magnificent reduction of the ZOA



Zone of Avoidance 
at radio wavelengths

Â Because of the transparency of the Galaxy to the 21 cm 
radiation of neutral hydrogen, systematic HI -surveys are 
particularly powerful in mapping largescalestructure (LSS) in 
this part of the sky. 

Â The redshifted 21 cm emission of HI-rich galaxies are readily 
detectable at lowest latitudes and highest extinction levels and 
the signal will furthermore provide immediate redshift and 
rotational velocity information. 

Â The ParkesMultibeam HI ZOA Survey For these reasons, a 
systematic deep blind HI survey of the southern Milky Way was 
begun in 1997 with the Multibeam receiver at the 64 m Parkes
telescope.(surveys were centered on the southern Galactic 
Plane (GP): 196ƁÒ ż Ò 52Ɓ, |b| Ò 5 Ɓ.The coverage in redshift
space is ī1200 Ḑ< VhelḐ< 12700 km/s.



Distribution in Galactic coordinates of the 1036 galaxies 
detected in the deep HI ZOA survey.  Open circles: Vhel < 
3500; circled crosses: 3500 < Vhel < 6500; filled circles: Vhel 
> 9500 km/s
(Kraan-Korteweg  et al., 2003)



Norma Supercluster which seems in this plot to stretch from 360 Ɓto 290Ɓ, 
lying always just below the 6000 km/s circle, with a weakly visible 
extension towards Vela (Ḑ270Ɓ) at 6 - 7000 km/s. Puppisfilament (ż å 
240Ɓ), the HydraAntlia filament (ż å 280Ɓ), the very dense GA region (ż å 
300 ī 340Ɓ), followed by an underdense region (52ƁḐ> ż Ḑ> 350Ɓ) 
which is strongly influenced by the Local and Sagittarius Void  (Kraan-
Korteweg et al., 2003)

Galactic latitude slice with |b| Ò 5 Ɓout to 12000 km/s of the 1035 in HI 
detected galaxies. Circles mark intervals of 3000 km/s. 



Dwingeloo 1 and Dwingeloo 2

Â The most famous DOGS project was to survey 
ZOA using the 21 cm emission line HI: there 
were detected many galaxies that could not be 
detected in the infrared (for examples, 
Dwingeloo 1 and Dwingeloo 2 in 1994 and 1996 
respectively).

The Sagittarius dwarf galaxy 
provides an important clue 
to the formation process of 
the Milky Way. Many popular 
models of galaxy formation 
suggest that large galaxies 
are formed by a long 
process of aggregation of 
many smaller galaxies, 
possibly with some merger 
events being disruptive of 
the normal disk structure of 
spiral galaxies. Such a 
process should still be 
common today, yet it had 
been observed previously 
only in extremely rare cases. 
The Sagittarius dwarf 
merger with the Milky Way 
provides the ósmoking gunô, 
showing that such mergers 
do happen, they happen 
today, and they are not 
destructive.



Direct methods
Â The inhomogeneous distributed mass of matter in 

the Milky Way Avoidance Zone surrounding the 
Local Group may cause unbalanced gravity toward 
the Local Group in one direction. The expected 
velocity of the Local Group can be calculated by the 
sum of gravitational forces from all known LG 
galaxies (Karachentsev et al., 2013; Kashibadze et 
al., 2018).

Â Despite the fact that the resulting vector lies within 
20ę of the observed cosmic background dipole, the 
calculations remain highly ambiguous, partly 
because galaxies in the avoidance zone are not 
taken into account (Erdo∫du & Lahav, 2009). 



Direct methods
Â CMB measurements showed a 180ę asymmetry 

known as dipole. It manifests itself in the heating 
of 0.1% of CMB radiation in comparison with the 
average in one direction and in the same cooling in 
the opposite direction.  These measurements have 
been confirmed by the COBE (1989-1990) studies, 
which indicate that the Milky Way and its neighbors 
(the Local Group) are moving at a velocity of about 
600 km/s towards the Hydra constellation. 

Â What is the reason for this movement, which 
manifests itself in a slight deviation from the 
homogeneous expansion of the Universe? 




