
ʆʪʯʝʪ ʟʘ ʧʷʪʴ ʣʝʪ

ɸ. ɻ. ʂʫʨʘʥʦʚ

ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ

ʦʪʜʝʣ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʘʩʪʨʦʬʠʟʠʢʠ

13 ʜʝʢʘʙʨʷ 2022

14.12.2022



˿͙͡Ύ͙͔ͤ ͦͣͨ͊ͭͤ͟͟·ͻ ͦ͋Ά͔͍ͭͦ͟ 

˹͊ͦ ͍͙͙͔͙͙ͫͤͦ͊ͤͫͪͪ͊ͫ;͔͍͔ͭͦͣͭͦ͒ͦͣͨͦͨͯ͡Ύͼ͙͎͙͔͔ͦͤͤͦͦͫͤͭ͊ͨͦͫͭͪͦͤ͘·͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡Ύ͔ͯ͒͡Έ͎ͤͦͦͦ͋Ά͔͎͔ͣͤͦͦͭͣͨ͊
͙ͫ͡Ύ͙ͤΎ͙͔͍͚ͫͫͭͣ͒ͦͤ·ͻͦͣͨ͊ͭͤ͟͟·ͻ͍͔͒͘͘ό˹˭Ҍ̉˨͙̉˨Ҍ̉˨ύ͙͙͔͎ͦ͗͒͊ͣͦͦ;͙͔͔͙͍͙ͫ͊͒ͭͭͪͦ͊ͤ͟͡Ύ͙ͭ͊͟ͻ͙͔͍ͫͫͭͣ
͔ͭͯ͟΅͙ͻͤ͊͋͡Ό͔͙͒ͤΎͻLIGO/ Virgo O3. ˾͊ͫ;͔ͭ·͍͙͙ͨͪͦͦ͒ͫ͡Έͫͯ ;͔ͭͦͣΉ͍ͦ͡Όͼ͙͙͔͙ͣͭ͊͡͡;͙͍͔ͤͦͫͭ͒͘͘ό͍ͭͦ;͙͔͙ͣͫ͒͡͡Ύ
͍͔͒ͫͤ͘͘ ͔͍͚͔͙ͯͦͣͭ͊͡͡͡;ͤͦͫͭΈΌ-˹͔͔͙͔͊ͫͤ͡III)͙ͭ ͔͍͔͍͙ͣͨ͊͒ͦͦ͋ͪ͊ͦ͊ͤ͘͘͘Ύ͍ͦʕ͔͔͚ͫͤͤͦ͡.

˸͔͙͍͙͔͙ͦ͒ͪͦ͊ͤͪ͊͘͡͡;ͤ·ͻ͙͍͔͎͔͍͙ͭͨͦͪͤͭͤͦͫ͟ͻ͍͚͒ͦͤ·ͻ͙͔ͫͫͭͣ

Å˸͔ͭͦ͒ͦͣͨͦͨͯ͡Ύͼ͙͎͙͔͙ͦͤͤͦͦͫͤͭ͊ͯ͘͘;͔͊ͭͫΎΉ͍ͦ͡Όͼ͙Ύ͙͙͙ͫͣ͋ͦͭ;͔͙ͫ͟ͻ͔͎͔͍͙ͪͤͭͤͦͫ͟ͻ͍͚͒ͦͤ·ͻ͍˥͙͔͊͊ͭ͟͟͡.
˽ͦ͊͊ͤͦ͘͟Σ;ͭͦͯ;͔͔ͭͤͫͭ͊ͼ͙͙͔͙͍͙ͦͤ͊ͪͤͦͫͭͪ͗ͣ͊͊͘͟-ͫͺ͔͙ͪ;͔͚͍͍͚͔ͫͦ͒ͦͯͦͦ͊ͪ͘͟͟͟͟ͼ͙͙͙͘͘ ͍͔͎͍͔͎͙͎͒ͤͦͦͭͪ͊͊ͤͭ͊ͤ͊͘
͔͔͍ͣ͒ͤͤͦͪ͊͡΅͊Ό΅͙͔ͫΎ͔͚ͤͭͪͦͤͤ·͔͍͔͒͘͘·͍Ή͙ͭͻ͙ͫ ͭͦ;͙ͤ͊͟ͻ͍ͨͦͦ͘͡Ύ͔͙ͭͦͨͫ͊ͭΈ͙ͻͤ ͊͋͡Ό͔͔͔͙͔͒͊ͣͦͨͦͦ͗ͤͤ͊͡
͙͎͔͔͙͍͒͊ͪ͊ͣͣͨͪͦ͒ͪ͊΅͔͙ͤΎ͔͚͚͍͔ͤͭͪͦͤͤͦ͒͘͘·- ͔͎͔͍ͪͤͭͤͦͫ͊͟Ύ͍͔͙ͫͭͣͦͫͭΈ͍΄͙͙͔͔͍ͪͦͦͣ͒͊ͨ͊ͦͤͨ͊ͪ͊ͣͭͪͦ͘͟
͍͔͎͍͔͒ͤͦͦͭͪ͊͘͘.

Å˿ͭ͊ͤ͒͊ͪͭͤ͊ΎΉ͍ͦ͡Όͼ͙Ύ́˨˿ͫͯ ;͔͔͔͚͔ͭͦͣͦͫͦ͋ͤͤͦͫͭ͊ͪ͟͟ͼ͙͙ͤ͊͘ ͎͙͊ͣ͊ͤ;͔ͤͤ·͔˹˭ͨ ͍ͦͦ͘͡Ύ͔͙ͭͦ͟͡;͔͍͔ͫͭͤͤͦͦ͋ΆΎ͙ͫͤͭΈ
ͤ͊͋͡Ό͔͒͊ͣ·͔͍͚͍ͫͦͫͭ͊NULXό͔͎͔͍͙͔͍͔͙͙ͪͤͭͤͦͫͫͭͣͦͫͭ͟Σ͔͙ͨͪͦ͒·͍ͪ͊΅͔͙ͤΎ˹˭Σͦͪ ͙͋ͭ͊͡Έͤ·͔͔͙ͨͪͦ͒·́˨˿͙ͣ͊ͫͫ·
͙ͦͨͭ;͔͙ͫ͟ͻ͔͍ͦͣͨͦͤͤͭͦ͟ύΣ͔ͤͭ ͔ͪ͋ͯΎ͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͻ͔ͣͦ͒͡Έͤ·ͻ͔͔͙͚͙ͨͪ͒ͨͦͦ͗ͤͦͦͣ͊͟͡͡͡ͼ͙͙͔͎͔͍͎ͪͤͭͤͦͫͦͦ͟
͙ͯ͘͡;͔͙ͤΎͦͭ˹˭͍ͫ·͚ͫͦͦͫͤ͟ ͊͋͡Ό͔͚͍͔͒͊ͣͦͫͪͻΉ͙͎͍͚͍͔͙͒͒ͤͭͦͤͦͫͦͫͭͣͦͫͭ͟ΈΌ.

Å˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡ͺͯͤ͟ͼ͙͙͔͎͔͍͚͍͔͙͙ͪͤͭͤͦͫͦͫͭͣͦͫͭ͟(̅˾)˿ ͔͊ͪ͟͟ͼ͙ͪͯΌ΅͙ͻ͔͚ͤͭͪͦͤͤ·ͻ͍͔͙͒͘͘;͔ͪͤ·ͻ͒·͍ͪ
͙͔͒͊ͨ͊ͦͤ͘1035Җ[XҖ1041Ή͎ͪ/͍ͫ ͍͔͒ͦͦ͋ͪ͊ͯ͘͘͘Ό΅͙ͻ͎͙͊͊ͭ͊͟͟͡ͻ͙͎ ͙͊͊ͭ͊͟͟͡ͻͫͤ ͊;͊͡Έ͚͍ͤͦͫͨ·΄͚͍͔͍͙ͦ͒ͦͦ͋ͪ͊ͦ͊ͤ͘͘͘͟Ύ.

˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡Ή͍ͦ͡Όͼ͙͙͙ͪ͊͘͡;ͤ·ͻ͙͍ͭͨͦ́˨˿

Å He-star donor AM CVnstars and their progenitors as LISA sources    

Å 2020Galactic population of black holes in detached binaries with low-mass stripped helium stars: the case of LB-1 (LS V+22 25) 

Å 2018A young contracting white dwarf in the peculiar binary HD 49798/RX J0648.0-4418?
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˿ͭ͊ͭΈ͙ ͨͦ ͙ͫ͡Ύ͙ͤΌ ͦͣͨ͊ͭͤ͟͟·ͻ ͦ͋Ά͔͍ͭͦ͟ 
Å 2020On mass distribution of coalescing black holes

DolgovA.D.,KuranovA.G.,MitichkinN.A.,PoreyS.,PostnovK.A.,SazhinaO.S.,Simkin I.V.
Journal of Cosmology and AstroparticletƘȅǎƛŎǎΣ Ѕ12, ͫ Φ1-18

Å 2019Black hole spins in coalescing binary black holes
PostnovK.A.,KuranovA.G.
Monthly Notices of the Royal Astronomical Society, ͭͦпͣуоΣ ЅоΣ ͫΦ3288-3306

Å 2019Moments of black hole impulses in merging binary systems
PostnovKonstantin A.,KuranovA.G.,MitichkinN.A.
Physics Uspekhi, ͭ ͦсͣнΣ ЅммΣ ͫΦ1153-1161

Å 2019ˤ˻˭˸˻ˬ˹̍˩ ̏˶˩˴́˾˻˸ˢ˥˹ˮ́˹̍˩ ̒ˤ˶˩˹ˮ̒ ˽˾ˮ ˿˶ˮ̒˹ˮˮ ˨ˤ˻˯˹̍̆ ˿ˮ˿́˩˸ ˮ˭ 
˹˩˯́˾˻˹˹˻˯ ˭ˤ˩˭˨̍ ˮ ̉˩˾˹˻˯ ˨̍˾̍
˽͍ͦͫͭͤͦ ˴ΦˢΦΣ˴͍ͯͪ͊ͤͦˢΦ˥ΦΣ˿͙͙ͣͤ͟ ˮΦˤΦ
˽͙ͫΈͣ͊ ͍ ˢ͙ͫͭͪͦͤͦͣ;͔͙͚ͫ͟ ͗ͯͪͤ͊͡Σ ͭͦͣпрΣ ЅммΣ ͫΦ787-798

Å 2018Collapse of Rotating Stellar Cores in Single and Binary Systems: From SN 1987A to 
Coalescing Black Holes
PostnovK.A.,KuranovA.G., Physics of Atomic Nuclei, ͭͦ уͣмΣ ЅмΣ ͫΦ146-156
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ȶɐɒɎɊɒɐɄɂɏɊɇ ȹȦ

Vk = (1-fb) V

fb = Mfb/(Mfin - Mpro)

14.12.2022

ÅFrom C-O core mass: 
Mbh=0.9 Mco

Å+ additional fallback from 
stellar envelope:           

Mbh=0.9 (MFe+ ȹM)

C-O core mass Delayed Rapid













˿ͭ͊ͭΈ͙ ͨͦ ͔͎͔͍͙ͪͤͭͤͦͫͣ͟ ͙ͫͭͦ;͙ͤ͊ͣ͟

Å 2022 X-ray luminosity function of accreting neutron stars and black holes
PostnovK.,KuranovA., YungelsonL.,DƛƭΩŦŀƴƻǾM.
Proceedings of the VAK-2021 conference, Aug 23ς28, 2021 

Å 2021˽˻˽̂˶̒̇ˮˮ ̂˶̎́˾ˢ̒˾˴ˮ̆ ˾˩˹́˥˩˹˻ˤ˿˴ˮ̆ ˮ˿́˻̉˹ˮ˴˻ˤ ˤ ˥ˢ˶ˢ˴́ˮ˴ˢ̆Υ 
˽˾˻ˮ˿̆˻ˬ˨˩˹ˮ˩ ˮ ̏ˤ˻˶̑̇ˮ̒˴͍ͯͪ͊ͤͦˢΦ˥ΦΣ˽͍ͦͫͭͤͦ ˴ΦˢΦΣ͎͔̑ͤ͡Έͫͦͤ˶Φ˾Φ 
˽ˢˬ ͭͦͣптΣ ЅмнΣ ͫΦ866-891  

Å 2020˽˻˽̂˶̒̇ˮ˻˹˹̍˯ ˿ˮ˹́˩˭ ̂˶̎́˾ˢ̒˾˴ˮ̆ ˾˩˹́˥˩˹˻ˤ˿˴ˮ̆ ˮ˿́˻̉˹ˮ˴˻ˤ C 
˭ˢ˸ˢ˥˹ˮ̉˩˹˹̍˸ˮ ˹˩˯́˾˻˹˹̍˸ˮ ˭ˤ˩˭˨ˢ˸ˮ
˴͍ͯͪ͊ͤͦˢΦ˥ΦΣ˽͍ͦͫͭͤͦ ˴ΦˢΦΣ ͎͔̑ͤ͡Έͫͦͤ˶Φ˾Φ
˽ˢˬΣ ͭͦͣпсΣ ЅмлΣ ͫΦ702-720

Å 2019Wind-accreting Symbiotic X-ray Binaries
YungelsonLev R.,KuranovAlexandre G.,PostnovKonstantin A.
MNRAS,ͭͦпͣурΣ ЅмΣ ͫΦ851-860

14.12.2022



ULX

Å̂ ͡Έͭͪ͊Ύ͙͔͔͎͔͍͙͔͙ͪͪͤͭͤͦͫͫͭͦ͟͟;͙͙ͤ͟(ULX) ͭͦ;͔;ͤ·͔͔͎͔͍͙͔ͪͤͭͤͦͫ͟
͙ͫͭͦ;͙͙ͤ͟ΣLX > 1039Ή͎ͪ/ (ͫ0.3ς10͟Ήˤ)

ÅULX͋·͙ͦͭ͡ ͪ͟·ͭ·͔͍͙͔͚ͦ͋ͫͪ͊ͭͦͪEinstein͍ͤ͊;͔͊͡1980ͻ͎ ͎. ό˶͎͙͍ͦͤ͊ͤ
˿͔͚ͨ͋ͪͯ͟, 1983)

ÅULXͤ͊͋͡Ό͒͊ΌͭͫΎ͍͊ͫ͟͟ ͙ͨͪ͊͡Έͤ·ͻ͙͔͍͙ͤͨͪ͊͡Έͤ·ͻΣ͙͍ͭ͊͟ Ή͙͙ͨͭ͡͡;͔͙ͫ͟ͻ
͎͙͊͊ͭ͊͟͟͡ͻ. ˹͙͔͔͊͋ͦ͡Ύ͙ͪ͟U͔LX ͍͔ͫͭͪ;͊ΌͭͫΎ͍ ͎͙͊͊ͭ͊͟͟͡ͻͫͦ
͍͔͍͙͔͒ͦͦ͋ͪ͊ͦ͊ͤͣ͘͘͘.

Å̏ ͔ͭͦͪ ͙͔͒ͦ͋͟Ά͔ͭ͟·- ͍ͦ͊͟͡͡Έ͚ͤͦˤ͔͔͚ͫͤͤͦ͡(40aͨ)͟ ͎ͤ͊ ͙͊͊ͭͯ͟͟͡ό͍͔ͤ
͍͙͙͙͙͊ͫͣͦͫͭͦͭͭͨ͊͘ύ͙ͨͪͻͦ͒ΎͭͫΎ͙͔͍͙ͨͪͣͪͤͦ͒͊͊ͤ͒͒͊ͭ͊͟U͍LX.

Åʕ ˸͔͡;ͤͦͣ˽͙͙ͯͭ͘ ͍͔͔͔͙͍͔ͫͭͤ͒ͤͫͭͤͤ·͚͙͔ͭͪ͊ͤͤͭͤ͘·͚͙ͫͭͦ;͙ͤ͟Swift
J0243.6+6124(˴͔͔͙ͤͤ͊͒ .ͪ 2017).

Å˴ ͎͊ͭ͊ͦ͡ό͙̂ͦͭͦͤ͒͡ .ͪ, 2021)͔͙ͫͦ͒ͪ͗ͭ1843͙͊ͤ͒͒͊ͭ͊͟U͍LX͍ 951͎͙͔͊͊ͭ͟͟͡.

14.12.2022



ȱɒɊɒɐɆɂ ULX

Å͔̉ͪͤ·͔͒·ͪ·ͨͪ ͔ͦͣ͗ͯͭͦ;ͤ·ͻ͔ͣ͊ͫͫ͊ͪ͟͟ͼ͙ͪͯΌ΅͙͔ͫͫ ͯ͋Ή͙͎͍͚͒͒ͤͭͦͤͦͫͦͫͦͪͦͫͭ͟͟ΈΌ.

Å͙͙̅͊͋ͪ͊͟˸͔΅͔ͪΎ͍ͦ͟(2001) ͙˴͙͎͙ͤ͒ .ͪ,(2001) ͔͍͙͙͔͙͙ͤ͊ͫͣͦͨͪ͒ͨͦͦ͗͘͡͡Σ;ͭͦ
ͤ͊͋͡Ό͔͒͊ͣ·͔͍͔ͫͪͻΉ͙͎͍͙͔͍͔͙͙͒͒ͤͭͦͤͦͫͫͭͣͦͫͭ͟ULX Ύ͍͡ΎΌͭͫΎ͔ͪͯ͘͡Έͭ͊ͭͦͣ
ͺ͙͍͙͙ͦͯͫͪͦͯ͘͟͟͡;͔͙ͤΎ͍͔ͫͪͻ͙͙ͪͭ͟;͔͙͔ͫͣ͊ͪ͟͟͟ͼ͙ͦͤͤ·͙͍͎ͣ͒ͫͦͣͦͪͯ͟͟.͟ .͍͔͚ͦ͒ͤͦ͘͘
ͣ͊ͫͫ·.

Å˿ͦͭͪ͟·͙͔ͭͣͨͯ͡Έ͙ͫͪͯΌ΅͔͎͔͎͔͍͎͙ͦͪͤͭͤͦͫͦͦͯ͘͟͡;͔͙ͤΎULX (ˣ͔͙͙͊ͭͭ͒͟ .ͪ,2014)
͍͔͙ͨͦ͒ͭͪ͒ͦͫ͡ΈΣ;͔ͭͦͤͭͦ͡Έͦ͟BH,͙ͤͦ ͎͙͊ͣ͊ͤ͘;͔ͤͤ·͔NS͍ͭ ͔ͫͤ·ͻ͍͚͒ͦͤ·ͻ͙͔ͫͫͭͣ͊ͻ
͎ͣͦͯͭ͋·ͭΈ͊͟ ͔ͪ͟ͼ͙ͪͯΌ΅͙͙͔͙ͣͦͣͨͦͤͤͭ͊ͣ͟ULX.

Å˽͙ͪͪͦ͒͊ULX͊ ͙͍͔ͭͤͦͦ͋ͫͯ͗͒͊ͭͫ͟Ύ.
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ȤɓɑɝɚɌɂ ɓɄɇɒɗɏɐɄɐɋ:
Å Ɏɂɓɓɂ ȬȰ 
Å ɓɌɐɒɐɓɔɞ çɌɊɌɂè
Å ɎɂɅɏɊɔɏɐɇ ɑɐɍɇ ȯȩ

ȰɃɛɂɡ ɐɃɐɍɐəɌɂ
ʰ˂͙ͦͪͣ͊ͣ͘͡ͅ[Webbink, 1984]

ȬɍɠəɇɄɝɇ ɑɂɒɂɎɇɔɒɝ
ɓɘɇɏɂɒɊɡ

ȷɂɒɂɌɔɇɒ ɂɌɌɒɇɘɊɊ ɏɂ ȬȰ: 
ÅɉɄɇɉɆɏɝɋ Ʉɇɔɇɒ
ÅRLOF
ÅɄɐɉɎɐɈɏɂɡ ɏɇɕɓɔɐɋəɊɄɐɓɔɞ 
ɂɌɒɇɘɊɐɏɏɝɗɆɊɓɌɐɄ

Åɕəɇɔ ɖɂɌɔɐɒɂ ɏɂɑɒɂɄɍɇɏɏɐɓɔɊ
(çɃɊɎɊɏɅè)



BSE

Main assumptions for initial population: 

Z=0.02

Binarity rate: B=0.5 

{ŀƭǇŜǘŜǊ LaCΣ лΦм Җ aκM╒Җ млл

Flat f(q)

f(logP) ~ log10P
-0.55 [Sana et al. 2012]

Formation of NS: MNS= 1.4 M╒

Natal kick: V(NS) ςMaxwellian, ̀ Ґнср km/s 

[Hobbs et al. 2005]

ȮȧȴȰȦ ȲȢȳȹȧȴȰȤ

Distribution of magnetic momenta of nascent NS:

[Hurley et al. 2000, 2002] [B. Paxtonet al. 2011]



˽ͦͨͯ͡Ύͼ͙ͦͤͤ·͚ ͙͔ͫͤͭ͘ ͯ͡Έͭͪ͊Ύ͙ͪ͟ͻ͔͎͔͍͙ͪͤͭͤͦͫ͟ͻ 
͙ͫͭͦ;͙͍ͤͦ͟ Ŏ ͎͙͊ͣ͊ͤ͘;͔ͤͤ·͙͔͚ͣͤͭͪͦͤͤ·͙ͣ 

͍͔͙͒͊ͣ͘͘
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ȢɌɌɒɇɘɊɡ ɏɂ ȯȩ
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ȳɒɂɄɏɇɏɊɡ ɓ ɏɂɃɍɠɆɇɏɊɡɎɊ NSULX
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ȦɊɓɌɐɄɂɡ ɂɌɌɒɇɘɊɡ ɏɂ ȬȰ

ȲɇɏɔɅɇɏɐɄɓɌɂɡ ɓɄɇɔɊɎɐɓɔɞ

Åὒ πȢρὓ ὧȟ ὓ ὓ

Åὒ ὒ ὓ ȟὓ ὓ

ὦ ÍÁØρπ ϳȟχσά

ά = ϳὓ ὓ

ȦɊɓɌɐɄɂɡ ɏɇɕɓɔɐɋəɊɄɐɓɔɞ

Åὓ ὓ [G. Dubus, et al., 1999]

Å poutb = ɲtoutb/ (ɲtoutb +ɲt)

[ˢΦR. King, 2009]

14.12.2022



ȱɒɊɎɇɒ ɔɒɇɌɂ MESA
ɓɔɂɆɊɡ ɔɒɂɏɉɊɇɏɔɏɐɅɐɊɓɔɐəɏɊɌɂ
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ȱɒɊɎɇɒ ɔɒɇɌɂ MESA
ɓɔɂɆɊɡ ɔɒɂɏɉɊɇɏɔɏɐɅɐɊɓɔɐəɏɊɌɂ
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ȿɄɐɍɠɘɊɡ əɊɓɍɇɏɏɐɓɔɊ BHULX

14.12.2022

SFR = 10 M╒/yrɄɓɑɝɚɌɂ ɉɄɇɉɆɐɐɃɒɂɉɐɄɂɏɊɡ



BHULX ɓ ɆɐɏɐɒɐɎ, ɉɂɑɐɍɏɡɠɛɊɎ ɑɐɍɐɓɔɞ Ȳɐɚɂ, ɏɂ ɎɐɎɇɏɔ 10 ɎɍɒɆ ɍɇɔ

14.12.2022



Ȫɉ ɏɊɗ: ɔɒɂɏɉɊɇɏɔɏɝɇɊɓɔɐəɏɊɌɊ

14.12.2022



BHULX, ɂɌɌɒɇɘɊɡ Ɋɉ ɉɄɇɉɆɏɐɅɐ Ʉɇɔɒɂ, ɏɂ ɎɐɎɇɏɔ 10 ɎɍɒɆ ɍɇɔ.

14.12.2022



NSULX, ɏɂ ɎɐɎɇɏɔ 10 ɎɍɒɆ ɍɇɔ.

14.12.2022



ȿɄɐɍɠɘɊɡ əɊɓɍɇɏɏɐɓɔɊ ULX

14.12.2022

ɄɓɑɝɚɌɂ ɉɄɇɉɆɐɐɃɒɂɉɐɄɂɏɊɡ SFR = 1 M╒/yr



ȰɔɏɐɚɇɏɊɇ əɊɓɍɂ BHULX Ɍ NULX Ʉ ɅɂɍɂɌɔɊɌɇ 
ɓɐ ɓɔɂɘɊɐɏɂɒɏɝɎ ȩȰ

0,5 1 4

C265 1 1,9 0,04

D265 0,7 0,5 0,04

C30 2,5 2,6 0,04

D30 0,07 0,7 0,07

14.12.2022

ʰ



ȶɐɒɎɊɒɐɄɂɏɊɇ ȹȦ

Vk = (1-fb) V

fb = Mfb/(Mfin - Mpro)

14.12.2022

ÅFrom C-O core mass: 
Mbh=0.9 Mco

Å+ additional fallback from 
stellar envelope:           

Mbh=0.9 (MFe+ ȹM)

C-O core mass Delayed Rapid



14.12.2022

͙͔̉ͫͤͤͦͫͭ͡ΈULX
͍ ͔ͣͦͣͤͭ
͍͔͔͙ͪͣͤ10ͣͪ͒͡.
͔͔ͭͨͦͫͤ͊͡͡;͊͊͡
˭˻͍͔ͣͦ͒͡Έ͚ͤͦ
͎͙͔͊͊ͭ͟͟͡c
SFR= 1 M♇κ͎ͦ͒.

ˤ͎ͪͯ͟͡·ͻͫͦ͋͊͟͟ͻ
τ;͙͔ͫͤͤͦͫͭ͡Έ
ͫͭ͊ͼ͙ͦͤ͊ͪͤ·ͻ
(persistent)
͙ͫͭͦ;͙͍ͤͦ͟.



˸ͦ ͔͙͍͙͔͒ͪͦ͊ͤ͡ ͺͯͤ͟ͼ͙͙ ͔͎͔͍͚ͪͤͭͤͦͫͦ͟ ͍͔͙͙ͫͭͣͦͫͭ 
(̅˾ύ˿ ͔͊ͪ͟͟ͼ͙ͪͯΌ΅͙ͻ͔͚ͤͭͪͦͤͤ·ͻ ͍͔͒͘͘ ͙ ;͔ͪͤ·ͻ ͒·ͪ

14.12.2022



˸ͦ ͔͙͍͙͔͒ͪͦ͊ͤ͡ ͺͯͤ͟ͼ͙͙ ͔͎͔͍͚ͪͤͭͤͦͫͦ͟ ͍͔͙͙ͫͭͣͦͫͭ 
(̅˾ύ˿ ͔͊ͪ͟͟ͼ͙ͪͯΌ΅͙ͻ͔͚ͤͭͪͦͤͤ·ͻ ͍͔͒͘͘ ͙ ;͔ͪͤ·ͻ ͒·ͪ

14.12.2022

T=1Gyr T = 3Gyr T = 7 Gyr



˾͔ ͎͔͍ͤͭͤͦͫ͊͟Ύ ͍͔͙ͫͭͣͦͫͭΈ ˥͙͙͊͊ͭ͟͟͡

14.12.2022



˸ͦ ͔͙͍͙͔͒ͪͦ͊ͤ͡ ͺͯͤ͟ͼ͙͙ ͔͎͔͍͚ͪͤͭͤͦͫͦ͟ ͍͔͙͙ͫͭͣͦͫͭ 
(̅˾ύ˿ ͔͊ͪ͟͟ͼ͙ͪͯΌ΅͙ͻ͔͚ͤͭͪͦͤͤ·ͻ ͍͔͒͘͘ ͙ ;͔ͪͤ·ͻ ͒·ͪ

14.12.2022


