
 

ɋɩɟɤɬɪɨɩɨɥɚɪɢɡɚɰɢʁɚ :  ɇɨɜɢ ɩɨɝɥɟɞ ɭ
 ɰɟɧɬɚɪ ɚɤɬɢɜɧɢɯ ɝɚɥɚɤɫɢʁɚ 

 

Ʌɭɤɚ ɑ. ɉɨɩɨɜɢʄ  

Ⱥɫɬɪɨɧɨɦɫка ɨɩɫɟɪɜаɬɨɪија, Ȼɟɨɝɪаɞ 



Ⱥɤɬɢɜɧɟ ɝɚɥɚɤɬɢɱɤɚ ʁɟɡɝɪɚ 

• ɇɚʁʁɚɱɢ ɢɡɜɨɪɢ ɟɧɟɪɝɢʁɟ ɭ ɜɚɫɢɨɧɢ – 

ɜɢɞʂɢɜɢ ɧɚ ɜɟɥɢɤɢɦ ɤɨɫɦɨɥɨɲɤɢɦ 
ɪɚɫɬɨʁɚʃɢɦɚ  

• ɍ ɰɟɧɬɪɢɦɚ ɫɩɢɪɚɥɧɢɯ ɢ ɟɥɢɩɬɢɱɤɢɯ 
ɝɚɥɚɤɫɢʁɚ – ɟɜɨɥɭɰɢʁɚ ɝɚɥɚɤɫɢʁɚ 

• Ⱥɤɪɟɰɢʁɚ ɨɤɨ ɫɭɩɟɪɦɚɫɢɜɧɟ ɰɪɧɟɪ ɪɭɩɟ – 

ɟɤɫɬɪɟɦɧɢ ɮɢɡɢɱɤɢ ɭɫɥɨɜɢ, ɨɫɨɛɢɧɟ  
 

 



Гɚɥɚɤɫɢјɟ – ɞɨɦɚћɢɧɢ ɤɜɚɡɚɪɚ 

•Ɍɟшɤɨ ɩɨɫɦɚɬɪɚɬɢ ɡɛɨɝ ɫјɚјɚ цɟɧɬɪɚ 

•ɍɝɥɚɜɧɨɦ ɩɨɤɚɡɭјɭ ɫɬɪɭɤɬɭɪɟ ɫɭɞɚɪɚ  

Ɉɛɥɢɤ ɝɚɥɚɤɫɢʁɚ ɭ ɱɢʁɟɦ ʁɟ ɰɟɧɬɪɭ ɤɜɚɡɚɪ 



Ʉɨɟɜɨɥɭɰɢʁɚ ɐɊ ɢ ɝɚɥɚɤɫɢʁɚ 

• ɇɨɪɦɚɥɧɚ 
ɝɚɥɚɤɫɢʁɚ 

ɇɚɫɬɚɧɚɤ ɢ 
ɟɜɨɥɭɰɢʁɚ 
ɝɚɥɚɤɫɢʁɚ 

• ɋɭɞɚɪ  
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Ɋɚɫɬ ɝɚɥɚɤɫɢʁɟ 

Ɋɚɫɬ ɐɊ 

• ȺȽЈ - 
ɤɜɚɡɚɪ 

• Ɂɜɟɡɞɨɪɨɞɧɚ 
ɢ ɮɚɡɚ ȺȽЈ 



ɏɢʁɟɪɚɪɯɢʁɚ ɭ ɮɨɪɦɢɪɚʃɭ ɝɚɥɚɤɫɢʁɚ 
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Ⱥɤɬɢɜɧɟ ɝɚɥɚɤɬɢɱɤɚ ʁɟɡɝɪɚ 

• ɍɥɨɝɚ  ɰɪɧɢɯ ɪɭɩɚ ɭ ɟɜɨɥɭɰɢʁɢ ɝɚɥɚɤɫɢʁɚ 
– ɡɧɚɱɚʁ ɨɞɪɟђɢɜɚʃɚ ɩɚɪɚɦɟɬɚɪɚ 
ɫɭɩɟɪɦɚɫɢɜɧɟ ɰɪɧɟ ɪɭɩɟ (ɦɚɫɚ, ɫɩɢɧ) 
 



ɍɥɨɝɚ ɫɭɩɟɪɦɚɫɢɜɧɢɯ ɰɪɧɢɯ 
ɪɭɩɚ ɭ ɪɚɡɜɨʁɭ ɝɚɥɚɤɫɢʁɚ ɢ 

ɜɚɫɢɨɧɟ 

• ɇɚɥɚɡɟ ɫɟ ɭ ɰɟɧɬɪɢɦɚ (ɫɜɢɯ) ɝɚɥɚɤɫɢʁɚ 

• Ɇɚɫɟ: MBH = 10 5
 – 1010 Msun 

• Ɋɚɫɬɭ ɩɨɦɨʄɭ ɫɭɞɚɪɚ ɢ ɚɤɪɟɰɢʁɟ 

• ɂɦɚʁɭ ɭɬɢɰɚʁ ɧɚ ɝɚɥɚɤɫɢʁɭ-ɞɨɦɚʄɢɧɚ  
• ɍɬɢɱɭ ɧɚ ɮɨɪɦɢɪɚʃɟ ɢ ɟɜɨɥɭɰɢʁɭ 

ɝɚɥɚɤɫɢʁɚ, ɚ ɬɢɦɟ ɢ ɜɟɥɢɤɢɯ ɫɬɪɭɤɬɭɪɚ ɭ 
ɜɚɫɢɨɧɢ 



ȼɟɡɚ ɐɊ- ɨɜɚɥ 
MBH  Mbulge

1.74  

   MBH =  0.2 % Mbulge   

ɨɜɚɥ 

Ɂɜɟɡɞɚɧɢ ɞɢɫɤ 

ɐɊ 



Ɉɬɜɨɪɟɧɚ ɩɢɬɚʃɚ: 

• ȿɜɨɥɭɰɢʁɚ ɭɧɢɜɟɪɡɭɦɚ - ɍɥɨɝɚ ɰɪɧɢɯ ɪɭɩɚ  
(ɨɞ ɩɪɢɦɨɪɞɢɚɥɧɢɯ ɞɨ ɫɭɩɟɪɦɚɫɢɜɧɢɯ) 

• Ɉɝɪɨɦɧɚ ɢɡɪɚɱɟɧɚ ɟɧɟɪɝɢʁɚ - Ɏɢɡɢɱɤɢ 
ɩɪɨɰɟɫɢ ɤɨʁɢ ɫɭ ɭ ɩɨɡɚɞɢɧɢ  

• ɍɥɨɝɚ ɫɭɞɚɪɚ ɭ ɮɨɪɦɢɪɚʃɭ ɪɚɡɥɢɱɢɬɢɯ 
ɫɬɪɭɤɬɭɪɚ ɭ ɜɚɫɢɨɧɢ ɢ ɩɨɤɪɟɬɚʃɚ 
ɚɤɬɢɜɧɨɫɬɢ ɤɨɞ ɝɚɥɚɤɫɢʁɚ 

• ɢɬɞ 

 



ɒɬɚ ɫɭ ɚɤɬɢɜɧɚ ɝɚɥɚɤɬɢɱɤɚ 
ʁɟɡɝɪɚ? 

• Ɂɜɟɡɞɨɥɢɤɢ ɨɛʁɟɤɬɢ ɭ ɰɟɧɬɪɢɦɚ ʁɟɞɧɨɝ ɛɪɨʁɚ  
ɝɚɥɚɤɢɫʁɚ – ɤɨʁɢ ɧɟɦɚʁɭ  ɡɜɟɡɞɚɧɢ ɫɩɟɤɬɚɪ  

• ȿɦɢɬɢʁɭ ɨɝɪɨɦɧɭ ɤɨɥɢɱɢɧɭ ɟɧɟɪɝɢʁɟ ɭ ɰɟɥɨɦ 
ɟɥɟɤɬɪɨɦɚɝɧɟɬɧɨɦ ɫɩɟɤɬɪɭ (ɨɞ ɝɚɦɚ ɞɨ ɪɚɞɢɨ 
ɡɪɚɱɟʃɚ) 

• ɍ ɡɚɜɢɫɧɨɫɬɢ ɨɞ ɫɩɟɤɬɪɚɥɧɢɯ ɤɚɪɚɤɬɟɪɢɫɬɢɤɚ 
ɞɟɥɟ ɫɟ ɭ ɪɚɡɥɢɱɢɬɟ ɝɪɭɩɟ (Sy1, Sy2, QSOs, 
ɤɜɚɡɚɪɢ, ɛɥɚɡɚɪɢ, ɢɬɞ.) 



Ɇɨɞɟɥ ȺȽЈ - ɍɧɢɮɢɤɚɰɢʁɚ 

ɐɪɧɚ 
ɪɭɩɚ 



ȚoȘțș 
1-100 pc 

`ȗȓȈȊȈ 
ȐȏȉȖȟȐȕȈ’ 

~l.d. ȒȖȘȖȕȈ 
дȐșȒ 
~AUs 

    ИЦ         ОȗȚȐȟȒȖ-УЉ         X-ȏȘȈȞȐ 
 

ȿɧɟɪɝɢʁɚ ɭ 
ɫɩɟɤɬɪɭ – 

ɟɦɢɫɢɨɧɟ ɨɛɥɚɫɬɢ 



Ʌɢɧɢʁɫɤɢ ɫɩɟɤɬɚɪ 



ɂɫɬɪɚɠɢɜɚʃɚ ɤɨɞ ɧɚɫ 
• ɐɟɧɬɚɪ – ɝɪɚɜɢɬɚɰɢʁɚ, 

ɦɚɫɚ ɰɪɧɟ ɪɭɩɟ (ɉ. 
Јɨɜɚɧɨɜɢʄ, Ⱦ. ɂɥɢʄ, ȿ. 
Ȼɨɧ, Ⱥ. Ʉɨɜɚɱɟɜɢʄ, ɋ. 
ɋɢɦɢʄ) 

• ɋɩɟɤɬɪɚɥɧɟ ɤɚɪɚɤɬɟɪɢɫɬ. 
ȿɦ. ɪɟɝ. (Ј. Ʉɨɜɚɱɟɜɢʄ-

Ⱦɨʁɱɢɧɨɜɢʄ, Ɇ. 
Ʌɚɤɢʄɟɜɢʄ, ɋ. Ɇɚɧɞɢʄ) 

• Ɍɨɪɭɫ ɢ ɡɜɟɡɞɚɧɚ 
ɩɨɩɭɥɚɰɢʁɚ (ɇ. Ȼɨɧ , Ɇ. 
ɋɬɚɥɟɜɫɤɢ) 

v 



ɉɨɥɚɪɢɡɚɰɢʁɚ ɭ ɫɩɟɤɬɪɭ: 
ɍɤɪɚɬɤɨ ɨ ɩɨɥɚɪɢɡɚɰɢʁɢ 

ɟɥɟɤɬɪɨɦɚɝɧɟɬɧɢ ɬɚɥɚɫ 

ɇɩɪ ɚɤɨ ʁɟ ɧɚ x, E0x = 0, 

ɩɨɫɬɨʁɢ ɫɚɦɨ ʁɟɞɧɚ 
ɤɨɦɩɨɧɟɧɬɚ ɩɨ y  

y)t-kzcos(E)tz,(E

xt)-kzcos(E)tz,(E
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ɋɬɨɤɫɨɜɢ ɩɚɪɚɦɟɬɪɢ  
ɨɩɢɫɚɧɢ ɩɨɦɨʄɭ ɟɥɟɤɬɪɢɱɧɨɝ ɩɨʂɚ 
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ɍ ɫɥɭɱɚʁɭ ɥɢɧɟɚɪɧɟ ɩɨɥɚɪɢɡɚɰɢʁɟ V=0: 
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Ⱦɜɚ ɩɚɪɚɦɟɬɪɚ, ɫɬɟɩɟɧ 
ɩɨɥɚɪɢɡɚɰɢʁɟ ɢ 
ɩɨɥɚɪɢɡɚɰɢɨɧɢ ɭɝɚɨ 



ɒɟɦɚ ɫɬɨɤɫɨɜɢɯ ɩɚɪɚɦɟɬɚɪɚ – 

ɜɟɤɬɨɪɢ! 
 



ǳȒȏȄȔȌȋȄȚȌјȄ ȗ ȏȌȑȌјȄȐȄ Ȍ ȎȒȑȖȌȑȗȗȐȗ 
АǧЈ 

    i ~ 0, ȔȄȕȉјȄȭȉ ~ 0 (E ), ȓȒȕȐȄȖȔȄȭȉ ȈȌȕȎȄ (E )  
Ȍ ȐȏȄȋȄ (E )  

      ǶȒȔȗȕ~ 
1018cm 

         ǩǰ-
Ǵ~1017cm 

      АȎȔȉȚȌȒȑȌ ȈȌȕȎ~ 
1015cm (E||) 

ЦǴ, M~108M .     
Rg~1013cm 

ȐȏȄȋ (E)  

    i <45, ȉȎȆȄȖȒȔȌјȄȏȑȒ 
ȔȄȕȉјȄȭȉ> 0, (E ) 

     i ~ 90, ȓȒȏȄȔȑȒ ȔȄȕȉјȄȭȉ> 0 (E), 
ȜȌȔȒȎȉ ȏȌȑȌјȉ ȕȄȎȔȌȆȉȑȉ 

ǳȒȏȄȔȌȋȄȚȌјȄ ȗ ȎȒȑȖȌȑȗȗȐȗ 
 ǳȔȉȑȒȕ ȋȔȄțȉȭȄ ȗ АǨ 
 ǵȌȑșȒȖȔȒȑȕȎȒ ȋȔȄțȉȭȉ ȗ 

ȐȏȄȋȗ 
 ǴȄȕȉјȄȭȉ ȑȄ ȓȔȄȜȌȑȌ ȗ 

ȖȒȔȗȕȗ 
 

ǳȒȏȄȔȌȋȄȚȌјȄ ȗ ȏȌȑȌјȄȐȄ 
 ǴȄȕȉјȄȭȉ (ȖȒȔȗȕ) 
 ǳȔȉȑȒȕ ȋȔȄțȉȭȄ ȗ ȏȌȑȌјȌ 



ǳȒȏȄȔȌȋȄȚȌјȄ ȎȒȈ АǧЈ 

ВаȔțа јȓ Ȝрјȓțтација 

No pol or 

Blazars,  

high pol. 



ɒɢɪɨɤɟ ɥɢɧɢʁɟ (Sy 1) – Smith et al. 2004, 

ɩɨɥɚɪɧɚ ɢ ɟɤɜɚɬɨɪɢʁɚɥɧɚ ɩɨɥɚɪɢɡɚɰɢʁɚ 



ǱȄȜȄ ȕȓȉȎȖȔȒȓȒȏȄȔȒȐȉȖȔȌјȕȎȄ 
ȓȒȕȐȄȖȔȄȭȄ: 

ǰȒȖȌȆ 
 ǳȔȒȗțȄȆȄȭȉ ȓȔȒȐȉȭȌȆȒȕȖȌ ȗ ȓȒȏȄȔȌȋȒȆȄȑȒȐ ȕȓȉȎȖȔȗ ȎȒȈ ǶȌȓȄ 1 АǧЈ 

 ǲȈȔȉђȌȆȄȭȉ ȈȌȐȉȑȋȌјȄ Ȍ ȓȔȌȔȒȈȉ ȓȒȏȄȔȌȋȄȚȌȒȑȉ 
ǰȉȖȒȈȉ 

 ǳȒȕȐȄȖȔȄȭȉ Ȍ ȐȉȔȉȭȉ ȏȌȑȉȄȔȑȉ ȓȒȏȄȔȌȋȄȚȌјȉ (ǵȖȒȎȕȎȒȆȌ ȓȄȔȄȐȉȖȔȌ) 
ȎȒȈ ǶȌȓȄ 1 АǧЈ. ǱȌȕȎȄ ȕȓȉȎȖȔȄȏȑȄ ȔȉȋȒȏȗȚȌјȄ, ȄȏȌ ȆȉȮȌ Ȓȅȕȉȇ 
ȖȄȏȄȕȑȌș ȈȗȊȌȑȄ, ȓȒȕȐȄȖȔȄȭȉ ȗ ȑȉȎȒȏȌȎȒ 

 ǴȉȆȉȔȅȉȔȄȚȌјȄ, ȓȔȒȚȉȑȄ ȈȌȐȉȑȋȌјȄ ȓȒȏȄȔȌȋȄȚȌȒȑȉ ȒȅȏȄȕȖȌ Ȍ 
ȗȓȒȔȉђȌȆȄȭȉ ȕȄ ȈȌȐȉȑȋȌјȄȐȄ ȜȌȔȒȎȒȏȌȑȌјȕȎȉ 

 ǰȒȈȉȏȌȔȄȭȉ ȓȒȈȄȖȄȎȄ ȕȄ ȎȒȈȒȐ  STOKES  (ȔȄȋȆȌјȉȑ ȒȈ ȕȖȔȄȑȉ Ǵȉȑȉ 
ǧȗȕȐȄȑȄ) 

ИȑȕȖȔȗȐȉȑȖ 
 6-m ȖȉȏȉȕȎȒȓ + SCORPIO, ȕȓȉȎȖȔȄȏȑȌ Ȓȓȕȉȇ 4000-8000 AA 

 ǴȄȋȏȌțȌȖ ȖȌȓ ȄȑȄȏȌȋȉȔȄ  – Savart plate,  Wollaston-ȒȆȄ ȓȔȌȋȐȄ  
 ǵȓȉȎȖȔȄȏȑȄ ȔȉȋȒȏȗȚȌјȄ 5-40AA, 

  ǶȄțȑȒȕȖ ȐȉȔȉȭȄ ȗ ȓȒȏȄȔȌȋȄȚȌјȌ ~ 0.1-0.3%  



ɉɨɫɦɚɬɪɚʃɚ 

 

 
ɋɬɨɤɫɨɜɢ ɩɚɪɚɦɟɬɪɢ ɡɚ ɡɜɟɡɞɚɧɭ             

ɤɨɦɩɨɧɟɧɬɭ 

 

 

 

 

 

 

ɋɬɨɤɫɨɜɢ ɩɚɪɚɦɟɬɪɢ 



Ɍɢɩ 1 AȽЈ: ȿɤɜɚɬɨɪɢʁɚɥɧɚ ɩɨɥɚɪɢɡɚɰɢʁɚ 
ɭ ɲɢɪɨɤɢɦ ɥɢɧɢʁɚɦɚ (Smith et al. 

2004,2005) 

Ɉɛɥɢɤ 
ɩɨɥɚɪɢɡɨɜɚɧɢɯ 

ɲɢɪɨɤɢɯ ɥɢɧɢʁɚ 

Broad line P.A. 



 
ǵȓȉȎȖȔȒȓȒȏȄȔȒȐȉȖȔȌјȄ  Mrk 6 (IC 450)  

  

 Sy 1.5 ɝɚɥɚɤɫɢјɚ, z=0.0185,  m(B)=14.29,  M(B)=-20.41 

 

 ɉɨɫɦɚɬɪɚɧɚ ɧɚ 6 –m ɬɟɥɟɫɤɨɩɭ ɋАɈ ɊАɋ ɭ ɩɟɪɢɨɞɭ 2010-2013; 

 ɋɩɟɤɬɚɪ ɢɡ 12 ɟɩɨɯɚ ɭ ɫɩɟɤɬɪɚɥɧɨɦ ɨɩɫɟɝɭ ɨɞ Hβ ɞɨ Hα ɫɚ 
ɫɩɟɤɬɪɚɥɧɨɦ ɪɟɡɨɥɭɰɢɨɦ ɨɞ 7-8 A ; 

 Ɇɟђɭɡɜɟɡɞɚɧɚ ɩɨɥɚɪɢɡɚɰɢјɚ ɨɛɪɚɱɭɧɚɬɚ 

 ɉɪɟɰɢɡɧɨɫɬ ɦɟɪɟʃɚ ɋɬɨɤɫɨɜɢɯ ɩɚɪɚɦɟɬɚɪɚ јɟ  0.2%  

 

Afanasiev, V. L.,  Popovic, L. C., Shapovalova, A. I.  Ilic, D,. 

2014, MNRAS, 440, 519  



ɉɨɫɦɚɬɪɚʃɚ 

ɤɨɧɬɢɧɭɭɦ 

Ʉɨɧɬɢɧɭɭɦ ɢ 
ɥɢɧɢʁɟ 

H
 
 



ɉɪɨɦɟʃɢɜɨɫɬ 

 ɞɢɦɟɧɡɢʁɟ ɩɨɥ ɨɛɥ ɭ 
ɤɨɧɬɢɧɭɭɦɭ ~ 0.002 pc, 

ɨɛɥɚɫɬ ɥɢɧɢʁɚ ~ 0.2 pc 

~2 day 

~22 day 



ɉɨɥɚɪɢɡɚɰɢʁɚ ɭ ɲɢɪɨɤɢɦ ɥɢɧɢʁɚɦɚ 

Afanasiev, V. L.,  Popovic, L. 

C., Shapovalova, A. I.  Ilic, D,. 

2014, MNRAS, 440, 519  

H
 
  

H
 
  

Eq. sc. 

+ rotat. 



Ɍɪɢ ɩɨɥɚɪɢɡɚɰɢɨɧɟ ɨɛɥɚɫɬɢ 

-Ɍɨɪɭɫ – ɟɤɜɚɬɨɪɢʁɚɥɧɚ ɩɨɥɚɪɢɡɚɰɢʁɚ 

- ɞɜɟ ɞɨɞɚɬɧɟ ɨɛɥɚɫɬɢ, ɜɟɪɨɜɚɬɧɨ ɭ 

ɦɥɚɡɭ, ɩɨɥɚɪɧɨ ɪɚɫɟʁɚʃɟ. 
 



ǳȔȒȐȉȑȄ ȗ ȜȌȔȒȎȒј  H ȑȄ ȆȔȉȐȉȑȕȎȒј ȕȎȄȏȌ ȒȈ 
10 ȇȒȈȌȑȄ 

ȿɤɜɚɬɨɪɢјɚɥɧɨ ɪɚɫɟјɚʃɟ 

 jɆɥɚɡ 

Аɤɪɟɰɢɨɧɢ ɞɢɫɤ 

Ⱦɚ ɥɢ ɞɨɥɚɡɢ ɞɨ ɩɪɟɰɟɫɢʁɟ ɦɥɚɡɚ? 



ɇɨɜɢ ɩɨɝɥɟɞ ɧɚ ɰɟɧɬɚɪ Mrk 6 

- Шɢɪɨɤɨɥɢɧɢјɫɤɚ ɨɛɥɚɫɬ јɟ ɤɨɦɩɥɟɤɫɧɚ, ɬɪɢ ɨɛɥɚɫɬɢ 
ɨɞ ɱɟɝɚ јɟɞɧɚ ɩɪɚɬɢ ɤɪɟɬɚʃɟ ɚɤɪɟɰɢɨɧɨɝ ɞɢɫɤɚ, ɚ 
ɞɪɭɝɟ ɞɜɟ ɫɭ ɦɥɚɡɟɜɢ (јɟɞɚɧ ɫɚ ɜɟɥɢɤɢɦ ɛɪɡɢɧɚɦɚ) 

- Кɚɲʃɟʃɟ ɭ ɩɨɥ ɤɨɧɬɢɧɭɭɦɭ ~ 2 ɞɚɧɚ, ɚ ɭ ɲɢɪɨɤɢɦ 
ɥɢɧɢјɚɦɚ ~22 ɞɚɧɚ;  

- Ⱦɭɝɨɪɨɱɚɧ ɩɪɨɦɟʃɢɜɨɫɬ (10 ɝɨɞɢɧɚ) ɩɪɨɦɟɧɚ ɭ 
ɫɬɪɭɤɬɭɪɢ ɲɢɪɨɤɨɥɢɧɢјɫɤɟ ɨɛɥɚɫɬɢ? 

 

 

 

 



H
 
 

ǵȓȉȎȖȔȒȓȒȏȄȔȒȐȉȖȔȌјȄ 
3C390.3   

24 ɟɩɨɯɟ ɭ ɩɟɪɢɨɞɭ 2010-2014  

ɝɨɞɢɧɟ 

ɉɪɨɦɟɧɟ ɭ  H ɥɢɧɢјɢ ɢ 
ɤɨɧɬɢɧɭɭɦɭ 

Hβ
 
  

Afanasiev, V. L., Shapovalova, 

A. I.,  Popovic, L. C., 2015, 

MNRAS, 448, 2889  



ɉɨɥɚɪɢɡɚɰɢʁɚ ɡɚɜɢɫɢ ɨɞ ɬɚɥɚɫɧɟ 
ɞɭɠɢɧɟ, ɭ ɥɢɧɢʁɢ P~0? 

H
 
  

Hβ
 
  

rotat.? 



ɉɪɨɦɟʃɢɜɨɫɬ 



Ⱦɟɩɨɥɚɪɢɡɚɰɢʁɚ ɭ ɲɢɪɨɤɢɦ 
ɥɢɧɢʁɚɦɚ 3C390.3 

Afanasiev, V. L., Shapovalova, 

A. I.,  Popovic, L. C., 2015, 

MNRAS, 448, 2889  

ɞɟɩɨɥɚɪɢɡɚɰɢʁɚ 



ɇɨɜɢ ɩɨɝɥɟɞ ɭ ɰɟɧɬɚɪ 3C390.3   

  ɡɚɜɢɫɧɨɫɬ ɩɨɥɚɪɢɡɚɰɢјɟ ɨɞ ɬɚɥɚɫɧɟ ɞɭɠɢɧɟ 

  ɞɟɩɨɥɚɪɢɡɚɰɢʁɚ ɭ  H ɢ H, ɜɟɪɨɜɚɬɧɨ ɨɛɥɚɫɬ ɢɡɧɚɞ ɞɢɫɤɚ 

  ɩɥɚɜɢ ɩɨɦɟɪɚʁ  ( -1200 km/s) ɭ ɩɨɥɚɪɢɡɨɜɚɧɨʁ ɤɨɦɩɨɧɟɧɬɢ – 

ɦɥɚɡ ɢɡ ɰɟɧɬɪɚ 

 Пɪɨɦɟʃɢɜɨɫɬ ɭ ɩɨɥɚɪɢɡɨɜɚɧɨɦ ɡɪɚɱɟʃɭ  : 
 ɦɚɥɨ ɤɚɲʃɟʃɟ (~10 ɞɚɧɚ) ɢɡɦɟђɭ ɧɟɩɨɥɚɪɢɡɨɜɚɧɨɝ ɢ 

ɩɨɥɚɪɢɡɨɜɚɧɨɝ ɤɨɧɬɢɧɭɭɦɚ, ɦɧɨɝɨ ɦɚʃɢ ɧɟɝɨ ɤɚɲʃɟʃɟ ɭ 
ɲɢɪɨɤɢɦ ɥɢɧɢʁɚɦɚ  (H) ~138  (H) ~60 ɞɚɧɚ 

Кɚɲʃɟʃɟ ɭ ɩɨɥɚɪɢɡɨɜɚɧɨʁ ɲɢɪɨɤɨʁ ɥɢɧɢʁɢ  (H )~ 89 ɞɚɧɚ, 
ɦɧɨɝɨ ɦɚʃɟ ɧɟɝɨ ɭ ɧɟɩɨɥɚɪɢɡɨɜɚɧɨʁ ~ 140 ɞɚɧɚ 



Ɉɞɪɟђɢɜɚʃɟ ɦɚɫɚ ɰɪɧɢɯ ɪɭɩɚ ɭ 
ɰɟɧɬɪɢɦɚ ɝɚɥɚɤɫɢјɚ 

  ɇɟɤɨɥɢɤɨ ɦɟɬɨɞɚ (ɞɢɧɚɦɢɤɚ ɡɜɟɡɞɚ, ɝɚɫɚ, 
ɦɚɫɟɪɢ, ɪɟɜɟɪɛɟɪɚɰɢјɚ, ɢɬɞ.): Ⱦɢɪɟɤɬɧɟ ɢ 
ɢɧɞɢɪɟɤɬɧɟ ɦɟɬɨɞɟ (ɧɩɪ ɜɢɞɢ Peterson 

2014 SSRev) 

Ⱦɚ ɥɢ ɦɨɠɟ ɫɩɟɤɬɪɨɩɨɥɚɪɨɦɟɬɪɢјɚ 
ɩɨɦɨʄɢ? 

 

 



ɒɢɪɨɤɟ ɟɦɢɫɢɨɧɟ ɥɢɧɢʁɟ ȺȽЈ - 
ɪɟɜɟɪɛɟɪɚɰɢʁɚ 

ȼɟɨɦɚ ɛɥɢɡɭ ɰɪɧɟ ɪɭɩɟ - 
ɜɢɪɢʁɚɥɢɡɚɰɢʁɚ: 
ɒɢɪɢɧɚ ɥɢɧɢʁɟ ~ 
ɪɨɬɚɰɢɨɧɨʁ ɛɪɡɢɧɢ 

G

vR
fM BLR

BH

2



Ⱦɨɛɢјɚ ɫɟ ɢɡ ɲɢɪɢɧɟɥɢɧɢјɟ  

Ⱦɢɦɟɧɡɢјɚ ɢɡ 
ɤɚɲʃɟʃɚ+ɪɟɜɟɪɛɟɪɚɰɢјɚ 

Фɚɤɬɨɪ ɤɨʁɢ ɡɚɜɢɫɢ ɨɞ 
ɝɟɨɦɟɬɪɢʁɟ ɢ ɩɨʂɚ ɛɪɡɢɧɚ 

Ɉɛɥɚɫɬ ɟɦɢɫɢʁɟ 

ɥɢɧɢʁɚ 

ɂɡɜɨɪ ɤɨɧɬɢɧɭɭɦɚ 

 



Ɉɰɟɧɚ ɦɚɫɟ ɰɪɧɟ ɪɭɩɟ – v vs. R  
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ɉɨɥɚɪɢɡɚɰɢјɚ ɭ ɲɢɪɨɤɨј H. 

ȿɤɜɚɬɨɪɢʁɚɥɧɨ ɪɚɫɟʁɚʃɟ - ɢɞɟјɚ 
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V vs. tan(φ) – ɞɢɪɟɤɬɧɚ ɩɪɨɜɟɪɚ Ʉɟɩɥɟɪɨɜɨɝ 
ɤɪɟɬɚʃɚ  

-0.5 



ǳȒȕȐȄȖȔȄȑȌ  P.A,  Afanasiev & Popovic 2015 
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ɉɪɨɰɟɧɚ ɞɢɦɟɧɡɢјɚ Rsc ɬɨɪɭɫɚ 

Ɇɟɪɟʃɚ ɢɡ IR (2-3 mkm) 

Кɚɲʃɟʃɟ ɢɡɦɟђɭ K ɢ  V-

ɫɩɟɤɬɪɚɥɧɟ ɨɛɥɚɫɬɢ. 
 

ɢɥɢ 

 

 

 

 

ɉɨɦɨʄɭ ɪɟɥɚɰɢјɟ: 

M. Kishimoto et al., A&A 

527, A121 (2011) 



ɇɨɜɢ ɦɟɬɨɞ ɡɚ ɦɟɪɟʃɟ ɦɚɫɚ ɫɭɩɟɪɦɚɫɢɜɧɢɯ ɰɪɧɢɯ 
ɪɭɩɚ, Afanasiev & Popovic 2015, ApJL, 800, L35 



Log(M) from reverberation 
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ɉɨɥɚɪɢɡɚɰɢʁɚ ɢ ɪɟɜɟɪɛɟɪɚɰɢʁɚ 



ǴȄȋȏȌțȌȖȉ ȐȉȖȒȈ 

} stars 

masers 
gas 

polarization 

Tremaine et al., ApJ, 2002, 574, 740 (ɧɚɲɢ ɩɨɞɚɰɢ – ɩɥɚɜɟ ɬɚɱɤɟ) 



ɋɩɟɤɬɪɨɩɨɥɚɪɢɡɚɰɢʁɚ ȺȽЈ – ɪɚɞ ɭ 
ɬɨɤɭ (ɛɭɞɭʄɢ ɪɚɞ) 

 У ɩɪɨɝɪɚɦɭ ɩɨɫɦɚɬɪɚʃɟ ɩɪɟɤɨ 40  Sy 1 АȽЈ – 

ɬɪɟɧɭɬɧɨ ɨɛɪɚɞɚ ɩɨɞɚɬɚɤɚ ɢ ɚɧɚɥɢɡɚ (Аɮɚɧɚɫɢɟɜ) 

 

 

 Ɇɨɞɟɥɢɪɚʃɟ ɩɨɥɚɪɢɡɚɰɢјɟ ɭ ɲɢɪɨɤɨɥɢɧɢјɫɤɨɦ 
ɪɟɝɢɨɧɭ (Ђɨɪђɟ ɋɚɜɢʄ ɢ Ɋɟɧɟ Ƚɭɫɦɚɧ) 
 

 ɉɪɟɥɢɦɢɧɚɪɧɢ ɪɟɡɭɥɬɚɬɢ ɡɚ NGC 4051 

 BLR (ld)  4.3 – 15 ld, Ɍɨɪɭɫ 38 – 54 ld,  V =400 km/s,  

tau  0.5 ɢ  0.8, ɭɝɚɨ ɩɨɫɦɚɬɪɚʃɚ ɨɞ   30 ɫɬɟɩɟɧɢ 

 
 



ɉɨɫɦɚɬɪɚʃɚ NGC 4051 

 



ɉɪɨɦɟɧɚ ɨɩɬɢɱɤɟ ɞɟɛʂɢɧɟ ɨɞ 0.5 

ɞɨ 0.8 



BLR 4.3-10ld 



BLR 4.3-15ld 



BLR 4.3-20ld 

ȼɢɲɟ ɨ ɨɜɨɦɟ ɭ ɩɪɟɞɚɜɚʃɭ Ђ.ɋɚɜɢʄ (ɭɫɤɨɪɨ) 



Ɇɟɬɨɞ: ɩɪɟɞɧɨɫɬɢ ɢ ɩɪɨɛɥɟɦɢ 

1. ɋɚɦɨ ʁɟɞɧɨ ɤɜɚɥɢɬɟɬɧɨ ɩɨɫɦɚɬɪɚʃɟ 

2. Ɉɞɪɟђɢɜɚʃɟ ɦɚɫɚ ɐɊ ɢɡ ɪɚɡɥɢɱɢɬɢɯ ɥɢɧɢʁɚ ɭ 
ɫɩɟɤɬɪɭ ɧɚ ɢɫɬɢ ɧɚɱɢɧ – ɨɞɪɟђɢɜɚʃɟ ɦɚɫɚ ɐɊ 
ɧɚ ɪɚɡɥɢɱɢɬɢɦ ɪɚɫɬɨʁɚʃɢɦɚ ɧɚ ɢɫɬɢ ɧɚɱɢɧ 

3. ȼɢɪɢʁɚɥɢɡɚɰɢʁɚ ɫɟ ɩɪɨɜɟɪɚ, ɧɟ ɭɡɢɦɚ ɫɟ 
ɚɩɪɢɨɪɢ 

 

 

 

1. ɉɪɨɛɥɟɦ ɫɚ ɞɨɩɪɢɧɨɫɨɦ ɦɟђɭɡɜɟɡɞɚɧɟ 
ɩɨɥɚɪɢɡɚɰɢʁɟ 

2. Ɉɰɟɧɚ ɭɧɭɬɪɚɲʃɟɝ ɪɚɞɢʁɭɫɚ ɬɨɪɭɫɚ 

3. ɉɪɨɛɥɟɦ ɝɞɟ ɟɤɜɚɬɨɪɢʁɚɥɧɚ ɩɨɥɚɪɢɡɚɰɢʁɚ ɧɢʁɟ 
ɞɨɦɢɧɚɧɬɧɚ 

 



• ɂɡɝɥɟɞɚ ɞɚ ʁɟ ɟɤɜɚɬɨɪɢʁɚɥɧɨ ɪɚɫɟʁɚʃɟ 
ɞɨɦɢɧɚɧɬɧɨ ɤɨɞ Ɍɢɩ 1 ȺȽЈ, ɦɟђɭɬɢɦ ɞɪɭɝɢ 
ɟɮɟɤɬɢ ɫɭ ɩɪɢɫɭɬɧɢ (ɦɥɚɡɟɜɢ, ɜɪɟɥɚ ɩɥɚɡɦɚ 
ɤɨʁɚ ɞɟɩɨɥɚɪɢɡɭʁɟ ɢɬɞ.) 

• ɉɨɥɚɪɢɡɚɰɢʁɚ ɭ ɤɨɧɬɢɧɭɭɦɭ ɢ ɫɩɟɤɬɪɚɥɧɢɦ 
ɥɢɧɢʁɚɦɚ – ɜɢɲɟ ɩɨɞɚɬɚɤɚ ɨ ɰɟɧɬɪɚɥɧɨʁ 
ɨɛɥɚɫɬɢ (ɩɪɨʁɟɤɰɢʁɚ ɜɟɤɬɨɪɚ ɧɚ ɩɪɚɜɚɰ 
ɩɨɫɦɚɬɪɚʃɚ) 

• ɇɨɜɢ ɦɟɬɨɞ ɡɚ ɨɰɟɧɭ ɦɚɫɚ ɰɪɧɢɯ ɪɭɩɚ 

Ɂɚɤʂɭɱɚɤ 

ɏȼȺɅȺ ɇȺ ɉȺɀЊɂ! 

 

 



3. Ʉɚɤɨ ɢɡɦɟɪɢɬɢ ɫɩɢɧ ɢ ɦɚɫɭ 
ɰɪɧɟ  ɪɭɩɟ 

• Ⱥɤɪɟɰɢɨɧɢ ɞɢɫɤ – ɜɟɨɦɚ 
ʁɚɤɚ  Fe K ɥɢɧɢʁɚ (6.4 keV) 



 Ʉɚɤɨ ɢɡɦɟɪɢɬɢ ɦɚɫɭ ɰɪɧɟ ɪɭɩɟ 
ɇɚɲɚ ɝɚɥɚɤɫɢʁɚ (Genzel et al. 1997,2003; Ghez et al. 

1998, 2005)                M*=3.6 E6 Msun 

 



ɇɟɤɢ ɩɪɢɦɟɪɢ, ɤɨɞ ɛɥɢɠɢɯ 
ɝɚɥɚɤɫɢʁɚ 
– Ɉɩɬɢɱɤɟ ɟɦɢɫɢɨɧɟ ɥɢɧɢʁɟ 

 M87: H, [NII] 

  M*=2.4E9 Msun  

  

Macchetto et al. (1997) 

R 

V 



ȺȽЈ: ɍɞɚʂɟɧɟ ɝɚɥɚɤɫɢʁɟ 

• ɇɟɦɨɝɭʄɟ ɪɚɡɥɭɱɢɬɢ 
ɰɟɧɬɚɪ ɢ ɫɚ ɧɚʁɚɜɟʄɢɦ 
ɬɟɥɟɫɤɨɩɢɦɚ  

ɫɩɟɤɬɪɨɫɤɨɩɢʁɚ 

• ȿɦɢɫɢɨɧɟ ɥɢɧɢʁɟ – 

ɧɚɱɢɧ ɞɚ ɫɟ ɢɫɩɢɬɚʁɭ 
ɟɦɢɫɢɨɧɟ ɨɛɥɚɫɬɢ ɨɤɨ 
ɰɪɧɟ ɪɭɩɟ 

Zheng et al. 1997 
60 



ɉɪɨɛɥɟɦ ɤɨɞ ɭɞɚʂɟɧɢɯ ɨɛʁɟɤɚɬɚ -    
ɰɟɧɬɪɚɥɧɚ ɨɛɥɚɫɬ ɧɟɪɚɡɥɭɱɢɜɚ 

• ̠̹̹̈́њ̹ V=f(R) 
• V – ̼̼̹͌̈́́ ̹̼̼̹̀͂́ͅ ̼̼̿́ј̹ 

• R – ̹͆͌̾͂ ̹̼̼̀̈́͆f 

• Б̴̼͆́ ̷̹̹̼͂̀͆̈́ј̴ ̼̼̼͌̈́͂̾͂̿́ј̷̾͂ͅ ̷̴̹̼̈́͂́ 



• ̴̴̸̥̈́њ̴ ̴ͅ ̤͇̼ͅј͂̀, ̴̡̹̀͋̾͂̀ ̼ ̠̹̼̾̾͂̀ͅ 
(̴̸̶̼̈́͂ Shapovalova+, Popovic+ 2008-2016)  

– ̶̵̴̹̹̼̈́̈́̈́͊͂́͂ ̴̴̼̀̓̈́њ̹ 
- ̷̴ͅ ͂̾͂ ̹͊̈́́ ͇̹̈́̓ ј̹ ͈͂͆͂ј̶̴̼̻͂́͂́the 

continuum from the accretion disk 

ɉɪɨɝɪɚɦɢ ɫɩɟɤɬɪɨɫɤɨɩɫɤɢɯ 
ɩɪɚʄɟɧɚ ȺȽЈ  

Ɉɛɥɚɫɬ ɟɦɢɫɢʁɟ 

ɥɢɧɢʁɚ 

ɂɡɜɨɪ ɤɨɧɬɢɧɭɭɦɚ 

 

Ʉɚɲʃɟʃɟ 
ɢɡɦɟђɭ 
ɩɪɨɦɟɧɟ ɭ 
ɤɨɧɬɢɧɭɭɦɭ ɢ 
ɥɢɧɢʁɢ 



ɉɨɫɦɚɬɪɚʃɚ 
• 6m + 1m ɬɟɥɟɫɤɨɩɢ - SAO RAS (Russia) 

• 2.1 m  ɬɟɥɟɫɤɨɩ - Guillermo Haro Observatory, Cananea, 

Sonora, Mexico 

• 2.1 m ɬɟɥɟɫɤɨɩ- Observatorio Astronómico Nacional,  

San Pedro Martir, Baja California, Mexico 

63 



ɉɪɨɦɟɧɚ ɭ ɲɢɪɨɤɢɦ ɥɢɧɢʁɚɦɚ 

• NGC4151 

Hȕ 



• RBLR = a * (L5100)
 γ   pc  

– L5100 : ɥɭɦɢɧɨɡɧɨɫɬ ɤɨɧɬɢɧɭɭɦɚ (λLλ) ɧɚ 5100 A ɭ 1046 erg 

s−1 

– Ȗ = 0.6 ± 0.1, ɡɚɜɢɫɢ ɨɞ ɥɢɧɢʁɟ (ɧɩɪ Hȕ, a ≃ 0.4 pc)  

M
BH

= f
R
BLR
FWHM

2

G

ɉɨɬɪɟɛɧɨ: 
•ɒɢɪɨɤɟ ɥɢɧɢʁɟ 

•Ɉɫɨɛɢɧɚ ɟɦɢɫɢɨɧɟ 
ɨɛɥɚɫɬɢ 

ȼɢɪɢʁɚɥɧɚ ɬɟɨɪɟɦɚ 

Ⱦɨɛɢʁɟɧɚ ɟɦɩɢɪɢʁɫɤɚ 
ɪɟɥɚɰɢʁɚ 

Ɇɚɫɚ ɐɊ ɢ ɲɢɪɨɤɟ ɥɢɧɢʁɟ 



ɉɪɨɛɥɟɦɢ 

• Ɋɟɥɚɰɢʁɚ ɦɨɠɟ ɛɢɬɢ ɭɩɨɬɪɟɛʂɟɧɚ ɧɚ ɫɚɦɨ 
ʁɟɞɧɨ ɩɨɫɦɚɬɪɚʃɟ, ɚɥɢ ȺȽЈ ɫɭ ɩɪɨɦɟʃɢɜɢ 
ɨɛʁɟɤɬɢ 

• Ƚɟɨɦɟɬɪɢʁɚ ɟɦɢɫɢɨɧɟ ɨɛɥɚɫɬɢ, ɧɩɪ 
ɢɡɛɚɰɢɜɚʃɟ ɝɚɫɚ 

• Ʉɚɤɨ ɩɪɨɜɟɪɢɬɢ ɞɚ ʁɟ ɞɨɦɢɧɚɧɬɧɨ ɝɚɫ 
ɝɪɚɜɢɬɚɰɢɨɧɨ ɜɟɡɚɧ 

• Ⱦɚ ɥɢ ɩɨɥɚɪɢɡɚɰɢʁɚ ɦɨɠɟ ɩɨɦɨʄɢ? 



4. ɍɥɨɝɚ ɬɨɪɭɫɚ ɢ ɩɨɥɚɪɢɡɚɰɢʁɚ 

• ɋɚɞɪɠɢ ɦɚɬɟɪɢʁɚɥ ɧɟɨɩɯɨɞɚɧ ɡɚ ɚɤɪɟɰɢʁɭ 

• ɋɚɤɪɢɜɚ ɚɤɬɢɜɧɨɫɬ ɤɨɞ ɧɟɤɢɯ ȺȽЈ 

• ɉɨɥɚɪɢɡɚɰɢʁɚ 

volume Юlling factor

o
p
ti
c
a
l 
d
e
p
th

CLUMPY
(Nenkova+)

CAT3D
(Hoenig+)

H&S

low

low

high

high smooth models
(Pier & Krolik, Loska+, Rowan-Robinson+, 
Granato & Danese, Schartmann+, Fritz+)

RADMC
(D&vB)

RR95
Stalevski+

Schartmann+



ɍɥɨɝɚ ɬɨɪɭɫɚ ɭ ɟɦɢɫɢʁɢ ȺȽЈ, 
i=0 deg 

 



ɍɥɨɝɚ ɬɨɪɭɫɚ ɭ ɟɦɢɫɢʁɢ ȺȽЈ, 

i=20 deg 

 



ɍɥɨɝɚ ɬɨɪɭɫɚ ɭ ɟɦɢɫɢʁɢ ȺȽЈ, 

i=40 deg 

 



ɍɥɨɝɚ ɬɨɪɭɫɚ ɭ ɟɦɢɫɢʁɢ ȺȽЈ, 

i=50 deg 

 



ɍɥɨɝɚ ɬɨɪɭɫɚ ɭ ɟɦɢɫɢʁɢ ȺȽЈ, 

i=70 deg 

 



ǳȒȏȄȔȌȋȄȚȌјȄ ȗ ȜȌȔȒȎȒј H 
ȏȌȑȌјȌ – ȉȎȆȄȖȒȔȌјȄȏȑȒ ȔȄȕȉјȄȭȉ 

V 

PA 
PA shape 
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Afanasiev et al. 2014 (Mrk 
6); Afanasiev & Popovic 
2015, ApJL, 800, L35 

PA shape 

log[tg(PA)] lo
g
(V

/c
) 



ǳȒȕȐȄȖȔȄȭȄ, 6Ȑ ȖȉȏȉȕȎȒȓ ǵАǲ 



ǰȉȔȉȑȉ ȐȄȕȉ ЦǴ, ȔȉȆȉȔȅȉȔȄȚȌјȄ Ȍ 
ȓȒȏȄȔȌȋȄȚȌјȄ 

log(M) ɪɟɜɟɪɛɟɪɚɰɢʁɚ 
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• Ɉɞ 2010, ɨɛʁɚɜʂɟɧ 41 ɪɚɞ ɭ Ɇ21 – Ɇ23, ɨɞ 
ɱɟɝɚ  23 ɪɚɞɚ ɭ  Ɇ21 -  ɩɨɡɢɬɢɜɧɨ ɰɢɬɢɪɚɧɢ 
ɜɢɲɟ ɨɞ 400 ɩɭɬɚ (ɢɡɜɨɪ ȺȾɋ) 

• ȼɟɥɢɤɢ ɛɪɨʁ ɨɬɜɨɪɟɧɢɯ ɩɢɬɚʃɚ ɭ ɨɜɨʁ 
ɨɛɥɚɫɬɢ – ɩɟɪɫɩɟɤɬɢɜɚ 

 

ɍɦɟɫɬɨ ɡɚɤʂɭɱɤɚ 


