
ȷȬȳȺȮȴȶɋȼȺȽȷȬȮȬȷȱȶȽȬȹȰȼȺȮȴɃ,
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ȾȼȱȭȿȱȾȽɋȼȬȳȼȬȭȺȾȶȬȸȱȾȺȰȺȮ, 

ȺȻȴȽɇȮȬɊɅȴɁȰȴȹȬȸȴȶȿȻȺȻȿȷɋɂȴȵ

ɉȶȳȺȻȷȬȹȱȾȻȺȽȷȱȰȴȽȽȴȻȬɂȴȴ

ȻȼȺȾȺȻȷȬȹȱȾȹȺȯȺȰȴȽȶȬ
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ὑ ά … Ὑέ ὴ

ρȢυɇρπɩɜɏπȢςς ρτ πȢρτ ςȢσ

Gossage et al. (2021 )

ὓz =ρὓṩ, [Fe/H] = 0. 0

ὓẘðɘɌɝɝɌ ɓɎɑɓɐɧ;

ὙẘðɜɌɐɔɟɝ ɓɎɑɓɐɧ;

ɱðɟɏɗɚɎɌɫ ɝɖɚɜɚɝɞɨ ɎɜɌɥɑəɔɫ ɓɎɑɓɐɧ;

† ðɎɜɑɘɫ ɖɚəɎɑɖɞɔɎəɚɏɚ ɛɑɜɑɘɑɤɔɎɌəɔɫ

Ȼɑɜɔɚɐ ɎɜɌɥɑəɔɫ ɓɎɑɓɐɧ ɖɌɖ ɠɟəɖɢɔɫ 

Ɏɜɑɘɑəɔ ɝɘɚɘɑəɞɌɐɔɝɝɔɛɌɢɔɔ ɐɔɝɖɌ



1. ȶȮȬȳȴȽȾȬɂȴȺȹȬȼȹɇȱȻȼȴȷȴȮɇ(ὗ )

2. ȰȴȹȬȸȴɃȱȽȶȴȱȻȼȴȷȴȮɇ

ÅȴȹȱȼɂȴȬȷɈȹɇȱȮȺȷȹɇ(ὗ ) ð

Ȼȼȴςὖ ὖ

ÅȯȼȬȮȴȾȬɂȴȺȹȹɇȱȮȺȷȹɇ(ὗ ) ð

Ȼȼȴὓ ὓ ὖ ȟὓzȟὸ

ȼɌɝɣɑɞ ɞɑɘɛɚɎ ɐɔɝɝɔɛɌɢɔɔ ɛɜɔɗɔɎəɚɕ ɩəɑɜɏɔɔ ðBarker (2020) ɔLazovik (2021).

ὗð
ȻȬȼȬȸȱȾȼȻȼȴȷȴȮȹȺȵȰȴȽȽȴȻȬɂȴȴ

(ȺȻȼȱȰȱȷɋȱȾȾȱȸȻȸȴȯȼȬɂȴȴȻȷȬȹȱȾɇ);

ρ

ὥ

Ὠὥ

Ὠὸ

ɱ ὲ

ɱ ὲ

ωὲ

ς

ὓ

ὓẘ

Ὑẘ
ὥ

ρ

ὗ

ὍzðȸȺȸȱȹȾȴȹȱȼɂȴȴȳȮȱȳȰɇ;

ὓ ðȸȬȽȽȬȻȷȬȹȱȾɇ;

ὲðȿȯȷȺȮȬɋȽȶȺȼȺȽȾɈȻȷȬȹȱȾɇ;

ὥðȺȼȭȴȾȬȷɈȹɇȵȼȬȰȴȿȽ.ρ

ὗ

ρ

ὗ

ρ

ὗ

ρ

ὗ



ρ

ὗ

ρ

ὗ

ρ

ὗ

ρ

ὗ

ρ

ὗ

ρφ“Ὃ

σςὰρὙz ὃ

Ὀ

ύ

ὓz =ρὓṩ, ὖ τȢυ̒ ̔Ȣ̓,ὖ ρ̒ ̔Ȣ̓, [Fe/H] = +0.2  

Ȼɚɐɜɚɍəɚɝɞɔ ðɎ ɝɞɌɞɨɑ Barker (2020)

ɉɎɚɗɪɢɔɫɛɜɔɗɔɎəɚɏɚɠɌɖɞɚɜɌ.ɂɎɑɞəɧɑ

ɖɎɌɐɜɌɞɧɀəɌɣɌɗɚ ɐɔɝɝɔɛɌɢɔɔ ɏɜɌɎɔɞɌɢɔɚəəɧɡ 
Ɏɚɗə ɐɗɫ ὓ ρπȟσȟρȟπȢσὓ (ɝɗɑɎɌ əɌɛɜɌɎɚ) 
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Ȼɚɐɜɚɍəɑɑ ɚ ɘɌɏəɔɞəɚɘ ɎɓɌɔɘɚɐɑɕɝɞɎɔɔ ɔ ɑɏɚ ɖɌɗɔɍɜɚɎɖɑ ðɎ ɜɌɍɚɞɑ Strugarek et al. (2016)
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ὧðȶȺɉɀɀȴɂȴȱȹȾȽȺȻȼȺȾȴȮȷȱȹȴɋ;

ὃὩðɉɀɀȱȶȾȴȮȹȬɋȻȷȺɅȬȰɈȮȳȬȴȸȺȰȱȵȽȾȮȴɋ;

ὄ ȴ” ðȷȺȶȬȷɈȹȺȱȳȹȬɃȱȹȴȱȸȬȯȹȴȾȹȺȯȺȻȺȷɋȴ

ȻȷȺȾȹȺȽȾȴȳȮȱȳȰȹȺȯȺȮȱȾȼȬ;

ὄ ȹȬȻȼɋȲȱȹȹȺȽȾɈȸȬȯȹȴȾȹȺȯȺȻȺȷɋȻȷȬȹȱȾɇȹȬ
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1. ȹȬȻȼɋȲȱȹȹȺȽȾɈȸȬȯȹȴȾȹȺȯȺȻȺȷɋȻȷȬȹȱȾɇ

ȮɇɃȴȽȷȱȹȬȽȺȯȷȬȽȹȺȻȺȰɁȺȰȿHORI (2021) Ƚ

ȴȽȻȺȷɈȳȺȮȬȹȴȱȸȸȺȰȱȷȱȵȯȺȼɋɃȴɁ

ɊȻȴȾȱȼȺȮ, ȻȺȽȾȼȺȱȹȹɇɁȶȺȰȺȸMESA

2. ȷȺȶȬȷɈȹȬɋȻȷȺȾȹȺȽȾɈȳȮȱȳȰȹȺȯȺȮȱȾȼȬðȴȳ

ȸȺȰȱȷȱȵSTARAML (REVILLEETAL. (2015))

3. ȹȬȻȼɋȲȱȹȹȺȽȾɈȸȬȯȹȴȾȹȺȯȺȻȺȷɋȳȮȱȳȰɇð

ȴȳȶȬȷȴȭȼȺȮȶȴAUIRETAL. (2021)

ɉɎɚɗɪɢɔɫ ɩɖɎɌɞɚɜɔɌɗɨəɚɕ əɌɛɜɫɒɑəəɚɝɞɔ 

ɘɌɏəɔɞəɚɏɚ ɛɚɗɫ ɛɗɌəɑɞɧ



1. ɀɚɞɚɔɝɛɌɜɑəɔɑ 

ρ

ὥ

Ὠὥ

Ὠὸ

…

ὓ

Ὠὓ

Ὠὸ
…ðȰȺȷɋȿȯȷȺȮȺȯȺȸȺȸȱȹȾȬȾȱȼɋȱȸȺȯȺȮȱɅȱȽȾȮȬ, ȮȺȳȮȼȬɅȱȹȹȺȯȺȹȬȺȼȭȴȾȿ

ʂ ɩɠɠɑɖɞɔɎəɚɝɞɨ ɠɚɞɚɔɝɛɌɜɑəɔɫ
” ɝɜɑɐəɫɫ ɛɗɚɞəɚɝɞɨ ɛɗɌəɑɞɧ;

Ὂ ɛɚɞɚɖ XUV ɔɓɗɟɣɑəɔɫ;

ὧ ɝɖɚɜɚɝɞɨ ɓɎɟɖɌ;

ὶ ɜɌɐɔɟɝ ɓɎɟɖɚɎɚɕ ɛɚɎɑɜɡəɚɝɞɔ;

” ɛɗɚɞəɚɝɞɨɌɞɘɚɝɠɑɜɧ ɛɗɌəɑɞɧ Ɏ 

ɚɍɗɌɝɞɔ ɓɎɟɖɚɎɚɕ ɛɚɎɑɜɡəɚɝɞɔ

Ὑ ɜɌɐɔɟɝ ɛɚɗɚɝɞɔ ȼɚɤɌ
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ɝɚɏɗɌɝəɚ Caldiroli et al. (2021)ὑ ρ
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ὶȟὧȟ”Ɏɧɣɔɝɗɫɪɞɝɫ ɝɚɏɗɌɝəɚ Murray -Clay et al. (2009)

ȶɌɗɔɍɜɚɎɖɌ ὒ ɎɓɫɞɌ ɔɓ  Johnstone et al. (2021) 



2. Ȼɑɜɑəɚɝ ɎɑɥɑɝɞɎɌ ɛɜɔ ɓɌɛɚɗəɑəɔɔ ɛɚɗɚɝɞɔ ȼɚɤɌ
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ρ

ὓ

Ὠὓ

Ὠὸ

ρ
ὥ
Ὠὥ
Ὠὸ

ς‖ ρ
‖
ὒ
Ὠὒ
Ὠὸ

‚
ρ
σ ς…ς‖ ρ

ὥ ὪὙ
ὓz

ὓ

Ⱦ

= + 

‖
ὨÌÎὙ

ὨÌÎὊ
‚

ὨÌÎὙ

ὨÌÎὓ

Ὢ=  σȾ , …= 0.5



Ὠὥ

Ὠὸ

Ὠὥ

Ὠὸ

Ὠὥ

Ὠὸ

Ὠὥ

Ὠὸ

Ὠ

Ὠὸ

ρ

Ὅz
ῲ  z

ὨὍz

Ὠὸ

ρ

ςὥ

Ὠὥ

Ὠὸ
Ὅὲ

Ὠὓ

Ὠὸ
-!8

Ὠὓ

Ὠὸ
ȟ
Ὠὓ

Ὠὸ



ȽɛɗɚɤəɌɫ ɝɔəɫɫ ɗɔəɔɫ ðɛɑɜɑɘɑɥɑəɔɑ ɛɗɌəɑɞɧ;

Ƚɔəɫɫ ɤɞɜɔɡɚɎɌɫ ɗɔəɔɫ ðɖɚɜɚɞɌɢɔɚəəɧɕɜɌɐɔɟc;

Ƚɔəɫɫ ɛɟəɖɞɔɜəɌɫ ɗɔəɔɫ ðɏɜɌəɔɢɌ ɚɍɗɌɝɞɔ 

Ɏɚɓɍɟɒɐɑəɔɫ ɔəɑɜɢɔɌɗɨəɧɡ Ɏɚɗə;

ȶɜɌɝəɌɫ ɗɔəɔɫ ðɛɜɑɐɑɗ ȼɚɤɌ;

ȲɑɗɞɌɫ ɤɞɜɔɡ-ɛɟəɖɞɔɜəɌɫ ɗɔəɔɫ ðɛɚɎɑɜɡəɚɝɞɨ ɓɎɑɓɐɧ

ɃɑɜəɌɫ ɞɚɣɖɌ ðɘɚɘɑəɞ əɌɣɌɗɌ ɐɔɝɝɔɛɌɢɔɔ 

ɏɜɌɎɔɞɌɢɔɚəəɧɡ Ɏɚɗə;

Ƀɑɜəɧɑ ɖɜɑɝɞɧ ɚɏɜɌəɔɣɔɎɌɪɞ ɠɌɓɟ ɓɌɛɚɗəɑəɔɫ 

ɛɚɗɚɝɞɔ ȼɚɤɌ.

ɉɎɚɗɪɢɔɫ ɘɌɝɝɧ ɔ ɚɜɍɔɞɌɗɨəɧɕ ɞɜɑɖ ɏɚɜɫɣɑɏɚ 
ɪɛɔɞɑɜɌ ɝὓ ȟ ςὓ, ɚɍɜɌɥɌɪɥɑɏɚɝɫ Ɏɚɖɜɟɏ 

ɓɎɑɓɐɧ ɝɚɗəɑɣəɚɕ ɘɌɝɝɧ ɝ ὖ ȟ τȢυɝɟɞ.  



ὓ ȟ πȢσὓ ὓ ȟ ςὓ



ὖ ȟ ςȢυ̒ ̔Ȣ̓

ὓ ȟ ςὓ

ὖ ȟ ρς̒ ̔Ȣ̓

ὓ ȟ ςὓ



ὓ ȟ πȢσὓ ὓ ȟ ςὓ

ὖ ȟ ςȢυ̒ ̔Ȣ̓

Ƚɔəɔɑ, ɓɑɗɑəɧɑ, 

ɚɜɌəɒɑɎɧɑ, 

ɠɔɚɗɑɞɚɎɧɑ ɗɔəɔɔ:

…= 0.3, 0.5, 0.7, 1, 

ɝɚɚɞɎɑɞɝɞɎɑəəɚ

ὖ ȟ ςȢυ̒ ̔Ȣ̓



ὴÌÏÇὖ ȟ ᶿὩὼὴ
ȟ ᶻ

ᶻ
,ὖ ȟ> 2 ɝɟɞ.

‒z= 0.81, „z = 0.24 

(NGC 2362, Irwin et al. (2008))

ÅȹɌɣɌɗɨəɧɕɛɑɜɔɚɐ ɎɜɌɥɑəɔɫ ɓɎɑɓɐɧ

ÅȷɚɏɜɌɎəɚɘɑɜəɚɑɜɌɝɛɜɑɐɑɗɑəɔɑ 

əɌɣɌɗɨəɚɕ ɘɌɝɝɧ ɛɗɌəɑɞɧ Ɏ ɐɔɌɛɌɓɚəɑ 
[0.3, 10] ὓ

ÅȷɚɏɜɌɎəɚɘɑɜəɚɑɜɌɝɛɜɑɐɑɗɑəɔɑ 

əɌɣɌɗɨəɚɏɚ ɚɜɍɔɞɌɗɨəɚɏɚ ɛɑɜɔɚɐɌ Ɏ 

ɐɔɌɛɌɓɚəɑ [1, 10] ɝɟɞ.

ÅȽɔɝɞɑɘɧ ɔɘɑɪɞ ɜɌɎəɧɕ ɎɚɓɜɌɝɞ

ȼɌɝɛɜɑɐɑɗɑəɔɑ ɛɑɜɔɚɐɌ ɎɜɌɥɑəɔɫ ɓɎɑɓɐɧ. 

ȽɔəɫɫɐɔɌɏɜɌɘɘɌ ðɐɌəəɧɑIrwin et al. (2008 ). 

ȶɜɌɝəɌɫɐɔɌɏɜɌɘɘɌ ðəɌɣɌɗɨəɧɑ ɛɑɜɔɚɐɧ, 

ɛɚɗɟɣɑəəɧɑ ɝ ɟɣɑɞɚɘ ɖɌɗɔɍɜɚɎɖɔ Ɏɜɑɘɑəɔ 

ɐɔɝɝɔɛɌɢɔɔ ɛɜɚɞɚɛɗɌəɑɞəɚɏɚ ɐɔɝɖɌ.



ȶɜɌɝəɧɑ ɖɜɟɏɔ ðəɌɍɗɪɐɌɑɘɧɑ ɛɗɌəɑɞɧ ɟ 
ɓɎɑɓɐ ɝ ɘɌɝɝɚɕ Ɏ ɐɔɌɛɌɓɚəɑ [0.95, 1.05] ὓἄ



ȶɜɌɝəɧɑ ɖɜɟɏɔ ðəɌɍɗɪɐɌɑɘɧɑ ɛɗɌəɑɞɧ ɟ 
ɓɎɑɓɐ ɝ ɘɌɝɝɚɕ Ɏ ɐɔɌɛɌɓɚəɑ [0.95, 1.05] ὓἄ



ȶɜɌɝəɧɑ ɖɜɟɏɔ ðəɌɍɗɪɐɌɑɘɧɑ ɛɗɌəɑɞɧ ɟ 
ɓɎɑɓɐ ɝ ɘɌɝɝɚɕ Ɏ ɐɔɌɛɌɓɚəɑ [0.95, 1.05] ὓἄ




