
ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʛʘʟʦʜʠʥʘʤʠʢʠ ʚ ʟʘʜʘʯʘʭ 

ʩʦʚʨʝʤʝʥʥʦʡ ʘʩʪʨʦʬʠʟʠʢʠ

ɼ.ɺ.ɹʠʩʠʢʘʣʦ
ʅʘʮʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʬʠʟʠʢʠ ʠ ʤʘʪʝʤʘʪʠʢʠ



ɺʚʦʜʥʳʝ ʟʘʤʝʯʘʥʠʷ



ʉʚʝʨʭʥʦʚʳʝ, ʥʦʚʳʝ, ʜʞʝʪʳé

MBH=107-1011 M0

L~1042-1049ʵʨʛ/ʩ

< ʥʝʩʢʦʣʴʢʦ ʄʧʢ

3

ʂʚʘʟʘʨʳ - ʩʚʝʨʭʤʘʩʩʠʚʥʳʝ ʯʝʨʥʳʝ ʜʳʨʳ ʚ ʮʝʥʪʨʘʭ 

ʛʘʣʘʢʪʠʢ, ʥʘ ʢʦʪʦʨʳʝ ʪʝʯʝʪ ʤʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʦʙʨʘʟʫʷ 

ʘʢʢʨʝʮʠʦʥʥʳʡ ʜʠʩʢ. ʇʨʠ ʵʪʦʤ ʚʳʜʝʣʷʝʪʩʷ ʵʥʝʨʛʠʷ, ʘ 

ʪʘʢʞʝ ʩ ʦʛʨʦʤʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚ ʚʠʜʝ ʩʪʨʫʡ 

ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʛʘʟ.



4

ɼʞʝʪʳ ʚ ɸʗɻ ʠ ʪʝʩʥʳʭ ʜʚʦʡʥʳʭ ʟʚʝʟʜʘʭ

AGN: MBH=108-1011 M0

L<~1042-1049 erg/s

< few Mpc

ɻ~5-50

ȹt~ hours-years

CBS: MBH~10 M0

L<~LEdd~1037-1040 erg/s

~ pc

ɻ~1-10

ȹt~ days

(see e,g. astro-ph/0611521)
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1 ïʜʦʥʦʨ, 2 ïʘʢʢʨʝʪʦʨ, 3 ïʩʪʨʫʷ ʠʟL1, 4 ïʘʢʢʨʝʮʠʦʥʥʘʷ ʢʦʣʦʥʢʘ, 5 ïʘʢʢʨʝʮʠʦʥʥʳʡ ʜʠʩʢ,

ɺʟʘʚʠʩʠʤʦʩʪʠʦʪʚʝʣʠʯʠʥʳʤʘʛʥʠʪʥʦʛʦʧʦʣʜ̫ʚʦʡʥʳʝʩʠʩʪʝʤʳ,ʛʜʝ
ʘʢʢʨʝʪʦʨʦʤʷʚʣʷʝʪʩʷʥʘʤʘʛʥʠʯʝʥʥʳʡʙʝʣʳʡʢʘʨʣʠʢ,ʜʝʣʷʪʩʷʥʘʜʚʘ
ʢʣʘʩʩʘ: ʧʨʦʤʝʞʫʪʦʯʥʳʝʧʦʣʷʨ(rʠʣʠʟʚʝʟʜʳDQ Her) ʠʧʦʣʷʨ(rʠʣʠ
ʟʚʝʟʜʳAM Her). ɺʧʨʦʤʝʞʫʪʦʯʥʳʭʧʦʣʷʨʘʭʤʘʛʥʠʪʥʦʝʧʦʣʝʥʝʦʯʝʥʴ
ʩʠʣʴʥʦʝ(B ~ 104 ï106 ɻʩ)ʠʟʘʧʨʝʜʝʣʘʤʠʤʘʛʥʠʪʦʩʬʝʨʳʦʙʨʘʟʫʝʪʩʷ
ʘʢʢʨʝʮʠʦʥʥʳʡʜʠʩʢ. ɺʧʦʣʷʨʝʤʘʛʥʠʪʥʦʝʧʦʣʝʥʘʩʪʦʣʴʢʦʩʠʣʴʥʦʝ(B ~
107 ï108 ɻʩ),ʯʪʦʚʝʱʝʩʪʚʦʩʦʟʚʝʟʜʳ-ʜʦʥʦʨʘʧʘʜʘʝʪʧʨʷʤʦʥʘʛʣʘʚʥʫʶ
ʟʚʝʟʜʫʧʦʘʢʢʨʝʮʠʦʥʥʳʤʢʦʣʦʥʢʘʤ.



ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡʪʨʝʭʤʝʨʥʦʡ ʛʘʟʦʚʦʡ 
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ʋʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ:
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ʇʦʪʝʥʮʠʘʣ ʈʦʰʘ:

( )reg 1-=P
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ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡʪʨʝʭʤʝʨʥʦʡʤʘʛʥʠʪʥʦʡ  

ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ



ʉʪʨʫʢʪʫʨʘ ʪʝʯʝʥʠʷ ʚ 

ʪʝʩʥʳʭ ʜʚʦʡʥʳʭ ʟʚʝʟʜʘʭ



( )3
3d

r

m
= Ö -è øê úB d n n d ʄʘʛʥʠʪʥʦʝʧʦʣʝ

ʘʢʢʨʝʪʦʨʘʩʯʠʪʘʝʪʩʷ
ʜʠʧʦʣʴʥʳʤ. ɿʜʝʩÕɹ
ð ʚʝʢʪʦʨʤʘʛʥʠʪʥʦʛʦ
ʤʦʤʝʥʪʘ. ʄʘʛʥʠʪʥʫʶ
ʠʥʜʫʢʮʠʶ ʥʘ
ʧʦʚʝʨʭʥʦʩʪʠʟʚʝʟʜʳ-
ʘʢʢʨʝʪʦʨʘB ʙʫʜʝʤ
ʚʘʨʴʠʨʦʚʘʪʚɹ
ʠʥʪʝʨʚʘʣʝʦʪ0 ʜʦ107

ɻʩ. ʊʘʢʞʝʧʨʠʤʝʤ,
ʯʪʦ ʜʠʧʦʣʴʥʳʡ
ʤʦʤʝʥʪʥʘʢʣʦʥʝʥʢ
ʦʩʠʚʨʘʱʝʥʠʷʧʦʜ
ʫʛʣʦʤ30Ü.

ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʧʦʣʷʨ: Mwd=1 Msun, Msec=0.5 Msun, 

P=6h,  A=2 Rsun, cs=7.4 km/s, Mar=10-9 Msun/yr



Binary system in corotational frame







GB 510=*



GB 5105Ö=*



GB 610=*



GB 6105Ö=*



GB 810=*



ʇʨʦʙʣʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ
1) ʏʠʩʣʝʥʥʳʝ: ʩʭʝʤʳ,ʨʘʟʨʝʰʝʥʠʝʠʧʨ.

h : 1000 km 100 km 10 km



ʇʨʦʙʣʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ
1) ʏʠʩʣʝʥʥʳʝ: ʩʭʝʤʳ,ʨʘʟʨʝʰʝʥʠʝʠʧʨ.

2) ʇʦʣʥʦʪʘʤʦʜʝʣʠ: ʘʩʠʥʭʨʦʥʥʦʩʪʴ,

ʧʝʨʝʥʦʩʠʟʣʫʯʝʥʠʷ,ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ,

ʦʙʦʣʦʯʢʠé



ʇʨʦʙʣʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ
1) ʏʠʩʣʝʥʥʳʝ: ʩʭʝʤʳ,ʨʘʟʨʝʰʝʥʠʝʠʧʨ.

2) ʇʦʣʥʦʪʘʤʦʜʝʣʠ: ʘʩʠʥʭʨʦʥʥʦʩʪʴ,

ʧʝʨʝʥʦʩʠʟʣʫʯʝʥʠʷ,ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ,

ʬʦʨʤʠʨʦʚʘʥʠʝʦʙʦʣʦʯʝʢ,ʛʝʦʤʝʪʨʠʷ

ʤʘʛʥʠʪʥʦʛʦʧʦʣʷé





ʇʨʦʙʣʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ
1) ʏʠʩʣʝʥʥʳʝ: ʩʭʝʤʳ,ʨʘʟʨʝʰʝʥʠʝʠʧʨ.

2) ʇʦʣʥʦʪʘʤʦʜʝʣʠ: ʘʩʠʥʭʨʦʥʥʦʩʪʴ,

ʧʝʨʝʥʦʩʠʟʣʫʯʝʥʠʷ,ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ,

ʬʦʨʤʠʨʦʚʘʥʠʝʦʙʦʣʦʯʝʢ,ʩʣʦʞʥʘʷ

ʛʝʦʤʝʪʨʠʷʤʘʛʥʠʪʥʦʛʦʧʦʣʷ,ʠʧʨ.

3) ʂʦʨʨʝʢʪʥʦʩʪʴʚʳʙʦʨʘʠ ʫʯʝʪʘ

ʬʠʟʠʯʝʩʢʠʭʧʨʦʮʝʩʩʦʚ: ʛʝʥʝʨʘʮʠʷ

ʤʘʛʥʠʪʥʦʛʦʧʦʣʷ,ʢʦʣʦʥʢʦʚʘʷʘʢʢʨʝʮʠʷ,

ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʠʧʨ.
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ʇʘʨʘʤʝʪʨʜrʠʩʢʘʠ ʤʝʞʢʦʤʧʦʥʝʥʪʥʦʡʦʙʦʣʦʯʢʠ

ʦʧʨʝʜʝʣʷʶʪʩʷʤʝʭʘʥʠʟʤʦʤʧʝʨʝʥʦʩʘʫʛʣʦʚʦʛʦʤʦʤʝʥʪʘ.

ʅʘʠʙʦʣʝʝʝʩʪʝʩʪʚʝʥʥʳʤʦʙʨʘʟʦʤʵʪʦʪʤʝʭʘʥʠʟʤʤʦʞʝʪʙʳʪʴ

ʦʧʠʩʘʥʩʠʩʧʦʣʴʟʦʚʘʥʠʝʤʵʬʬʝʢʪʠʚʥʦʡʚʷʟʢʦʩʪʠ.
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ʇʘʨʘʤʝʪʨʜrʠʩʢʘʠ ʤʝʞʢʦʤʧʦʥʝʥʪʥʦʡʦʙʦʣʦʯʢʠ

ʦʧʨʝʜʝʣʷʶʪʩʷʤʝʭʘʥʠʟʤʦʤʧʝʨʝʥʦʩʘʫʛʣʦʚʦʛʦʤʦʤʝʥʪʘ.

ʅʘʠʙʦʣʝʝʝʩʪʝʩʪʚʝʥʥʳʤʦʙʨʘʟʦʤʵʪʦʪʤʝʭʘʥʠʟʤʤʦʞʝʪʙʳʪʴ

ʦʧʠʩʘʥʩʠʩʧʦʣʴʟʦʚʘʥʠʝʤʵʬʬʝʢʪʠʚʥʦʡʚʷʟʢʦʩʪʠ.

???=n



ʄʦʣʝʢʫʣʷʨʥʘʷ ʚʷʟʢʦʩʪʴ



ln Ö= smol c Hcsturb ÖÖ=an

ɺ 1972 ʅ.ʀ.ʐʘʢʫʨʘʠʈ.ɸ.ʉʶʥʷʝʚʧʨʝʜʣʦʞʠʣʠʠʜʝʶ
çʪʫʨʙʫʣʝʥʪʥʦʡèʚʷʟʢʦʩʪʠ,ʢʦʪʦʨʘʷʥʘ9-10 ʧʦʨʷʜʢʦʚ
ʙʦʣʴʰʝʤʦʣʝʢʫʣʷʨʥʦʡ. ʄʳʤʦʞʝʤʨʘʩʩʤʘʪʨʠʚʘʪʴʵʪʫ
ʚʷʟʢʦʩʪʴʢʘʢɻ ʬʬʝʢʪʠʚʥʫʶʠ ʠʩʧʦʣʴʟʦʚʘʪʴŬ-
ʧʘʨʘʤʝʪʨʜʣʦ̫ʧʠʩʘʥʠʷʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷʫʛʣʦʚʦʛʦ
ʤʦʤʝʥʪʘʚʩʠʩʪʝʤʝ.



ln Ö= smol c HcsSSturb ÖÖ=an





???=n



ʇʨʦʙʣʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ
1) ʏʠʩʣʝʥʥʳʝ: ʩʭʝʤʳ,ʨʘʟʨʝʰʝʥʠʝʠʧʨ.

2) ʇʦʣʥʦʪʘʤʦʜʝʣʠ: ʘʩʠʥʭʨʦʥʥʦʩʪʴ,

ʧʝʨʝʥʦʩʠʟʣʫʯʝʥʠʷ,ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ,

ʬʦʨʤʠʨʦʚʘʥʠʝʦʙʦʣʦʯʝʢ,ʩʣʦʞʥʘʷ

ʛʝʦʤʝʪʨʠʷʤʘʛʥʠʪʥʦʛʦʧʦʣʷ,ʠʧʨ.

3) ʂʦʨʨʝʢʪʥʦʩʪʴʚʳʙʦʨʘʠ ʫʯʝʪʘ

ʬʠʟʠʯʝʩʢʠʭʧʨʦʮʝʩʩʦʚ: ʛʝʥʝʨʘʮʠʷ

ʤʘʛʥʠʪʥʦʛʦʧʦʣʷ,ʢʦʣʦʥʢʦʚʘʷʘʢʢʨʝʮʠʷ,

ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʠʧʨ.



ɻʘʟʦʜʠʥʘʤʠʢʘ ʦʙʦʣʦʯʝʢ 

ʛʦʨʷʯʠʭ ʶʧʠʪʝʨʦʚ



͔̏ͦͨ͊ͤͭ͘͟͡·5 855 10 532 4 532
˨͊ͭ͊Υ м ˸͊Ύ нлнр˽͍͔͔ͦ͒ͭͪ͗͒ͤ·˴͙͊ͤ͒͒͊ͭ·˽ ͔͊ͤͭͤ͡·͔ ͙͔ͫͫͭͣ·

-͙ͭͪ͊ͤͭͤ͘·͚ ͔ͣͭͦ͒
ό˸͙͙ͫͫΎ ˴͔͔ͨͪ͡ ͙ TESS)

-͔ͣͭͦ͒ ͙͙͙͍͙ͣͪͦͤͪͦ͊ͤ͘͟͡Ύ͙ ͙ͭͪ͊ͤͭͤ͘·͚ ͔ͣͭͦ͒
ό͎͙͔͒ͪͯ ͔ͤ͊ͣͤ͘·͔ ͙͙ͦͫͣ͟;͔͙͔ͫ͟ ͔͍͙͙ͦ͋ͫͪ͊ͭͦͪύ 

˹͊ͦ ͍͔͎͙ͫͤͦͣͤͦͻ͔͔͙ͭͦͪͭ;͔͙ͫ͟ͻ
͙ͤ ͊͋͡Ό͔͒͊ͭ͡Έͤ·ͻ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Σ
ͯ;͔ͤ·͔ͦͼ͔͙͍ͤ͊ΌͭΣ;͍ͭͦͫ ͔͔ͪ͒ͤͣ
- ͚͍͔ͯ͊͗͒ͦ͒͘͘͟·͍˥͙͔͊͊ͭ͟͟͡
͔ͫͭΈͻͦͭΎ͋·ͦ ͒ͤΉ͔͊ͦͨ͊ͤͭ͊͘͟͡.
̏ͭͦͦ ͤ͊͘;͔͊ͭΣ;͍ͭͦ ͔͎͍ͫͦ
˥͙͔͊͊ͭͫͯ͟͟͡΅͔͍͔ͫͭͯͭͨͦͪΎ͒͊͟
100͙͙͍ͣ͊ͪ͒ͦ͡͡Ή͔ͦͨ͊ͤͭ͘͟͡.

exoplanets.nasa.gov



Credit: NASA's Goddard Space Flight Center

ʊʝʨʤʠʥçʛʦʨʷʯʠʡʖʧʠʪʝʨèʧʦʷʚʠʣʩʷʚʩʢʦʨʝʧʦʩʣʝʦʪʢʨʳʪʠʷʧʣʘʥʝʪʳ
Peg51b. ʉʝʡʯʘʩʵʪʠʤʪʝʨʤʠʥʦʤʥʘʟʳʚʘʶʪʧʣʘʥʝʪʳ,ʠʤʝʶʱʠʝʤʘʩʩʳ,
ʩʨʘʚʥʠʤʳʝʩʤʘʩʩʦʡʖʧʠʪʝʨʘ,ʠʙʦʣʴʰʠʝʧʦʣʫʦʩʠʢʦʨʦʯʝ0,1 ʘ.ʝ.
ʕʪʠʦʙʲʝʢʪʳʠʤʝʶʪʭʦʨʦʰʦʥʘʙʣʶʜʘʝʤʫʶʘʪʤʦʩʬʝʨʫ,ʢʦʨʦʪʢʠʝ
ʦʨʙʠʪʘʣʴʥʳʝʧʝʨʠʦʜʳ(~ʥʝʩʢʦʣʴʢʦʜʥʝʡ)ʠʦʪʥʦʩʠʪʝʣʴʥʦʛʣʫʙʦʢʠʝ
ʪʨʘʥʟʠʪʳ. ʕʪʠʦʩʦʙʝʥʥʦʩʪʠʧʦʤʦʛʘʶʪʥʘʤʦʧʨʝʜʝʣʷʪʴʬʠʟʠʯʝʩʢʠʝ
ʩʚʦʡʩʪʚʘʠ ʭʠʤʠʯʝʩʢʠʡʩʦʩʪʘʚʘʪʤʦʩʬʝʨʩr ʧʦʤʦʱʴʶ
ʩʫʱʝʩʪʚʫʶʱʠʭʥʘʟʝʤʥʳʭʠʢʦʩʤʠʯʝʩʢʠʭʧʨʠʙʦʨʦʚ.



ɻʦʨʷʯʠʝ 

ʖʧʠʪʝʨ
ʳ

ʍʦʣʦʜʥʳʝ 

ʛʘʟʦʚʳʝ ʛʠʛʘʥʪʳ

ɺʦʜʥʳʝ ʤʠʨʳ 

& ʃʝʜʷʥʳʝ 
ʛʠʛʘʥʪʳ

ʈʘʩʢʘʣʝʥʥ

ʳʝ ʄʠʨʳ

ʂʘʤʝʥʠʩʪʳʝ 

ʧʣʘʥʝʪʳ

exoplanets.nasa.gov



ʅʘʙʣʶʜʝʥʠʷ(Vidal-Madjar et al., 2003; Ben-Jaffel, 2008)
ʧʦʢʘʟʳʚʘʶʪ,ʯʪʦʜʣ H̫D 209458b ʟʘʪʤʝʥʠʝʚLyŬʚʥʝʩʢʦʣʴʢʦ
ʨʘʟʛʣʫʙʞʝ,ʯʝʤʟʘʪʤʝʥʠʝʩʘʤʦʡʧʣʘʥʝʪʳ(9-15% ʧʨʦʪʠʚ1,8%).
ʇʦʟʜʥʝʝʵʪʦʪɻʬʬʝʢʪʥʘʙʣʶʜʘʣʩʷʪʘʢʞʝʚʣʠʥʠʷʭC, O ʠSi
(Vidal-Madjar et al., 2004; Ben-Jaffel, 2009; Linsky et al. 2010).



ʅʘʙʣʶʜʝʥʠʷ(Vidal-Madjar et al., 2003; Ben-Jaffel, 2008)
ʧʦʢʘʟʳʚʘʶʪ,ʯʪʦʜʣ H̫D 209458b ʟʘʪʤʝʥʠʝʚLyŬʚʥʝʩʢʦʣʴʢʦ
ʨʘʟʛʣʫʙʞʝ,ʯʝʤʟʘʪʤʝʥʠʝʩʘʤʦʡʧʣʘʥʝʪʳ(9-15% ʧʨʦʪʠʚ1,8%).
ʇʦʟʜʥʝʝʵʪʦʪɻʬʬʝʢʪʥʘʙʣʶʜʘʣʩʷʪʘʢʞʝʚʣʠʥʠʷʭC, O ʠSi
(Vidal-Madjar et al., 2004; Ben-Jaffel, 2009; Linsky et al. 2010).



HST ʥʘʙʣʶʜʝʥʠʷʟʘʪʨʘʥʟʠʪʦʤʚ ʙʣʠʞʥʝʤʋʌ-ʜʠʘʧʘʟʦʥʝ

(ʌʦʩʩʘʪʠʠ ʜʨ., 2010) ʩʜʝʣʘʣʠWASP-12b ʦʜʥʦʡʠʟʩʘʤʳʭ

çʟʘʛʘʜʦʯʥʳʭèʵʢʟʦʧʣʘʥʝʪ. ʂʨʠʚʳʝʙʣʝʩʢʘʧʦʢʘʟʳʚʘʶʪ,ʯʪʦ

ʪʨʘʥʟʠʪʚʋʌ-ʜʠʘʧʘʟʦʥʝʟʥʘʯʠʪʝʣʴʥʦʛʣʫʙʞʝ,ʯʝʤʚʚʠʜʠʤʦʤ.

ʂʨʦʤʝʪʦʛʦ,ʙʳʣʦʙʥʘʨʫʞʝʥʠʨʘʥʥʠʡʠʥʛʨʝʩʩ.



ʊʘʢʠʝʥʘʙʣʶʜʝʥʠʷʫʢʘʟʳʚʘʶʪʥʘʥʘʣʠʯʠʝʘʩʠʤʤʝʪʨʠʡʚ

ʵʢʟʦʩʬʝʨʝʧʣʘʥʝʪʳ,ʪ.ʝ. ʩʪʨʫʢʪʫʨʳʧʦʛʣʦʱʘʶʱʝʛʦʚʝʱʝʩʪʚʘ

ʚʧʝʨʝʜʠʧʣʘʥʝʪʳ,ʥʘʨʘʩʩʪʦʷʥʠʠ4-5 ʨʘʜʠʫʩʦʚʧʣʘʥʝʪʳ.



ʇʣʘʥʝʪʘ

ɿʚʝʟʜʘ

L1 

ʇʦʣʦʩʪʠ

ʈʦʰʘ









ɺ ʧʨʦʩʪʝʡʰʝʤʩʣʫʯʘʝ,ʢʦʛʜʘʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝʵʬʬʝʢʪʦrʪʩʫʪʩʪʚʫʶʪ,ʚ
ʩʠʩʪʝʤʝʙʫʜʝʪʬʦʨʤʠʨʦʚʘʪʴʩʷʩʪʨʫʚ̫ʝʱʝʩʪʚʘʠʟʪʦʯʢʠL1. ʇʦʜʜʝʡʩʪʚʠʝʤ
ʩʠʣʂrʦʨʠʦʣʠʩʘʧʦʪʦʢʙʫʜʝʪʦʪʢʣʦʥʷʪʴʩʷʧʦʥʘʧʨʘʚʣʝʥʠʶʜʚʠʞʝʥʠʷʧʣʘʥʝʪʳ.

ʆʜʥʘʢʦɻʪʘʢʦʥʬʠʛʫʨʘʮʠʷʥʝ̫ ʚʣʷʝʪʩʷʩʪʘʙʠʣʴʥʦʡ. ɼʝʣʦʚʪʦʤ,ʯʪʦʚ
ʵʪʦʤʩʣʫʯʘʝʩʢʦʨʦʩʪʴʠʩʪʝʯʝʥʠʷʘʪʤʦʩʬʝʨʳʜʦʣʞʥʘʙʳʪʦɹʛʨʦʤʥʦʡ:

ʘʚʨʝʤʞ̫ʠʟʥʠʧʣʘʥʝʪʥʦʡʘʪʤʦʩʬʝʨʳʥʝʧʨʝʚʳʰʘʝʪʥʝʩʢʦʣʴʢʠʭʪʳʩʷʯʣʝʪ.



ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʩʦ ʟʚʝʟʜʥʳʤʚʝʪʨʦʤʤʦʞʝʪʧʦʤʦʯʴ
ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴʩʠʪʫʘʮʠʶ. ɼʠʥʘʤʠʯʝʩʢʦʝʜʘʚʣʝʥʠʝʚʝʪʨʘʤʦʞʝʪ
ʦʩʪʘʥʦʚʠʪʴʦʪʪʦʢʯʝʨʝʟʪʦʯʢʠL1ʠL2.



ʊʠʧʠʯʥʳʡçʛʦʨʷʯʠʡʖʧʠʪʝʨèʠʤʝʝʪʦʯʝʥʢɹʦʨʦʪʢʠʡʧʝʨʠʦʜ
ʦʙʨʘʱʝʥʠʷʠʢʦʨʦʪʢʫʶʙʦʣʴʰʫʧʁʦʣʫʦʩʴ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ,ʵʪʘ
ʧʣʘʥʝʪʘʜʚʠʞʝʪʩʷʚʛʘʟʝʟʚʝʟʜʥʦʛʦʚʝʪʨʘʩʦʩʚʝʨʭʟʚʫʢʦʚʦʡ
ʩʢʦʨʦʩʪʴʶ. ʂʦʛʜʘʛʨʘʚʠʪʠʨʫʶʱʝʝʪʝʣʦʠʣʠʪʝʣʦ,ʠʤʝʶʱʝʝ
ʘʪʤʦʩʬʝʨʫ,ʜʚʠʞʝʪʩʷʩʦʩʚʝʨʭʟʚʫʢʦʚʦʡʩʢʦʨʦʩʪʴʶ, ʚʦʟʥʠʢʘʝʪ
ʦʪʦʰʝʜʰʘʷʫʜʘʨʥʘʷʚʦʣʥʘ.



ʏʪʦʙʦrʧʨʝʜʝʣʠʪʴʧʦʣʦʞʝʥʠʝʠʬʦʨʤʫʢʦʥʪʘʢʪʥʦʛʦʨʘʟʨʳʚʘ,ʤʳ
ʤʦʞʝʤʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷʧʨʦʩʪʳʤʧʨʝʜʧʦʣʦʞʝʥʠʝʤʦʨʘʚʥʦʚʝʩʠʠ
ʤʝʞʜʫʜʠʥʘʤʠʯʝʩʢʠʤʜʘʚʣʝʥʠʝʤʥʘʙʝʛʘʶʱʝʛʦʧʦʪʦʢʘʠʜʘʚʣʝʥʠʝʤ
ʛʘʟʘʚʘʪʤʦʩʬʝʨʝ.



ɼʣ ʦ̫ʧʨʝʜʝʣʝʥʠʷʨʘʩʩʪʦʷʥʠʷʤʝʞʜʫ
ʢʦʥʪʘʢʪʥʳʤʨʘʟʨʳʚʦʤʠʦʪʦʰʝʜʰʝʡ
ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ ʤʦʞʥʦ
ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷʵʤʧʠʨʠʯʝʩʢʠʤʠ
ʬʦʨʤʫʣʘʤʠ(ɺʝʨʠʛʠʥʠʜʨ., 2011).

ʄ ð Mach number,
r0 ð distance to the contact discontinuity
R0 ð curvature radius of the contact

discontinuity
b0ð bluntness of the contact discontinuity
surface

Bow shock standoff distance:

Equation of the wave surface:



ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʩʣʫʯʘʝʘʪʤʦʩʬʝʨʳ,ʧʝʨʝʧʦʣʥʷʶʱʝʡ
ʧʦʣʦʩʪʴʈʦʰʘ,ʛʝʦʤʝʪʨʠʷʛʦʣʦʚʥʦʡʫʜʘʨʥʦʡʚʦʣʥʜrʦʣʞʥʘʙʳʪʴ
ʙʦʣʝʝʩʣʦʞʥʦʡ. ʄʦʱʥʳʡʧʦʪʦʢʦʪʚʥʫʪʨʝʥʥʝʡʪʦʯʢʠʃʘʛʨʘʥʞʘ,
ʦʪʢʣʦʥʷʝʤʳʡʩʠʣʦʡʂʦʨʠʦʣʠʩʘʚ ʥʘʧʨʘʚʣʝʥʠʠʜʚʠʞʝʥʠʷ
ʧʣʘʥʝʪʳ,ʥʝʪʦʣʴʢʦʫʚʝʣʠʯʠʚʘʝʪʨʘʩʩʪʦʷʥʠʝʜʦʋɺ,ʥʦʠʤʝʥʷʝʪ
ʝʝʬʦʨʤʫ.



ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʩʣʫʯʘʝʘʪʤʦʩʬʝʨʳ,ʧʝʨʝʧʦʣʥʷʶʱʝʡ
ʧʦʣʦʩʪʴʈʦʰʘ,ʛʝʦʤʝʪʨʠʷʛʦʣʦʚʥʦʡʫʜʘʨʥʦʡʚʦʣʥʜrʦʣʞʥʘʙʳʪʴ
ʙʦʣʝʝʩʣʦʞʥʦʡ. ʄʦʱʥʳʡʧʦʪʦʢʦʪʚʥʫʪʨʝʥʥʝʡʪʦʯʢʠʃʘʛʨʘʥʞʘ,
ʦʪʢʣʦʥʷʝʤʳʡʩʠʣʦʡʂʦʨʠʦʣʠʩʘʚ ʥʘʧʨʘʚʣʝʥʠʠʜʚʠʞʝʥʠʷ
ʧʣʘʥʝʪʳ,ʥʝʪʦʣʴʢʦʫʚʝʣʠʯʠʚʘʝʪʨʘʩʩʪʦʷʥʠʝʜʦʋɺ,ʥʦʠʤʝʥʷʝʪ
ʝʝʬʦʨʤʫ.



System parameters:

¸ M* = 1.1 Msun

¸ R* = 1.1 Rsun

¸ Mpl= 0.64 MJup

¸ Rpl = 1.32 RJup

¸ A = 0,045 a.u.

¸ P = 3.5d

Atmosphere parameters :

ɟ = ɟ0exp(-ɛGM(R-Rpl)/kTRRpl)

ɟ0= 3.2Ŀ10
-14 g/cm3

ʊ = 5000 õ10000 ʂ

Stellar wind parameters :

n = 1.4Ŀ104 cm-3

ʊ = 1Ŀ105ʂ

v = 100 ʢm/s(vorb= 143 km/s)

HD 209458b ï ʪʠʧʠʯʥʳʡʧʨʝʜʩʪʘʚʠʪʝʣʴçʛʦʨʷʯʠʭʖʧʠʪʝʨʦʚè.
ʀʤʝʶʪʩʷʥʘʠʙʦʣʝʝʧʦʜʨʦʙʥʳʝʜʘʥʥʳʝʥʘʙʣʶʜʝʥʠʡʵʪʦʡʧʣʘʥʝʪʳ.

ɻʘʟʦʚʘʷ ʦʙʦʣʦʯʢʘ ʵʢʟʦʧʣʘʥʝʪʳ HD 209458b



ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʧʣʘʥʝʪʳ ʜʦ ʚʥʫʪʨʝʥʥʝʡ ʪʦʯʢʠ ʃʘʛʨʘʥʞʘ ʩʦʩʪʘʚʣʷʝʪ Ḑ4.5 Rpl. 



ɽʩʣʠʪʦʯʢʘʣʦʙʦʚʦʛʦʩʪʦʣʢʥʦʚʝʥʠʷʥʘʭʦʜʠʪʩʷʚʥʫʪʨʠʧʦʣʦʩʪʠʈʦʰʘ,ʤʳ
ʧʨʝʜʧʦʣʘʛʘʝʤ,ʯʪʦʘʪʤʦʩʬʝʨʘʟʘʤʢʥʫʪʘʷ,ʘʝʝʬʦʨʤʘʤʦʞʝʪʠʤʝʪʣɹʠʰ ʤɹʘʣʳʝ
ʦʪʢʣʦʥʝʥʠʷʦʪʩʬʝʨʠʯʝʩʢʦʡ.



ɽʩʣʠʪʦʯʢʘʣʦʙʦʚʦʛʦʩʪʦʣʢʥʦʚʝʥʠʷʥʘʭʦʜʠʪʩʷʟʘʧʨʝʜʝʣʘʤʠʧʦʣʦʩʪʠʈʦʰʘ,ʤʳ
ʜʦʣʞʥʫrʚʠʜʝʪʴʦʙʨʘʟʦʚʘʥʠʝʠʩʪʝʯʝʥʠʷ(ʠʡ).





ɽʩʣʠ 
ʜʠʥʘʤʠʯʝʩʢʦʝ 
ʜʘʚʣʝʥʠʝ 
ʟʚʝʟʜʥʦʛʦ ʚʝʪʨʘ 
ʜʦʩʪʘʪʦʯʥʦ 
ʚʝʣʠʢʦ, ʧʦʪʦʢ ʠʟ 
ʚʥʫʪʨʝʥʥʝʡ 
ʪʦʯʢʠ ʃʘʛʨʘʥʞʘ 
ʦʩʪʘʥʦʚʠʪʩʷ ʥʘ 
ʥʝʢʦʪʦʨʦʤ 
ʨʘʩʩʪʦʷʥʠʠ ʦʪ 
ʧʣʘʥʝʪʳ ʠ 
ʚʦʢʨʫʛ ʧʣʘʥʝʪʳ 
ʩʬʦʨʤʠʨʫʝʪʩʷ 
ʩʪʘʮʠʦʥʘʨʥʘʷ 
ʘʩʠʤʤʝʪʨʠʯʥʘʷ 
ʛʘʟʦʚʘʷ 
ʦʙʦʣʦʯʢʘ.





N (cm-3) Temperature (K)

2  Ā 1010 6000

5 Ā  1010 7000

10Ā  1010 7500

20Ā  1010 8000



ʊ = 6000 K


