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I. ʇʨʦʝʢʪʠʨʫʝʤʳʝ ʢʦʥʬʠʛʫʨʘʮʠʷ, ʦʩʥʘʱʝʥʠʝ, 

ʚʦʟʤʦʞʥʦʩʪʠ  ʠ ʩʦʩʪʦʷʥʠʝ ʧʨʦʝʢʪʘ 
 

II. ʅʘʫʯʥʘʷ ʧʨʦʛʨʘʤʤʘ 
 

1. ɸʩʪʨʦʤʝʪʨʠʷ, ʟʚʝʟʜʥʘʷ ʘʩʪʨʦʥʦʤʠʷ ʠ 

ʘʩʪʨʦʬʠʟʠʢʘ 

2. ʅʝʙʝʩʥʘʷ ʤʝʭʘʥʠʢʘ ʠ ʟʘʜʘʯʠ ʘʩʪʝʨʦʠʜʥʦ- 

ʢʦʤʝʪʥʦʡ ʦʧʘʩʥʦʩʪʠ 
 

III. ɼʠʩʢʫʩʩʠʷ ʠ ʚʳʚʦʜʳ 
1. ʉʤʳʩʣ ʧʨʦʝʢʪʘ ʠ çʚʳʭʦʜè, ʩʦʧʦʩʪʘʚʣʝʥʠʝ 

2. ʉʧʝʮʠʘʣʠʟʘʮʠʷ ʟʘʜʘʯ 
 

IV. ɿʘʢʣʶʯʝʥʠʝ 
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ɼʦʧʫʩʢʠ ʥʘ ʫʩʪʘʥʦʚʢʫ ʂɸ:  DRL  ¢ 1000 ʢʤ,   dVL ¢ 0.1 ʤ/ʩ,   DL ~ 30 000 ʢʤ 

ʂʦʥʪʨʦʣʴ ʚʝʢʪʦʨʘ ʙʘʟʳ ɺ ʨʘʜʠʦʣʫʯʦʤ ʪʝʣʝʤʝʪʨʠʠ, ʠʜʫʱʝʡ ʧʦ ʩʪʦʨʦʥʘʤ  

L4 - ɿʝʤʣʷ, L5 - ɿʝʤʣʷ, ʩ ʦʰʠʙʢʦʡ ~ 1 ʢʤ, ʠ ʠʟʤʝʨʝʥʠʝʤ ʫʛʣʘ L4 - ɿʝʤʣʷ - 

L5 ʩ ʦʰʠʙʢʦʡ ~ 0±.003. ȩɔɒɆɓɔɈɗɐɎɋ ɔɖɇɎɘɡ ɕɋɖɋɛɔɊɆ.  ȹɗɘɔɏɝɎɈɔɗɘɢ ɊɈɎɌɋɓɎɏ 
ɐɔɗɒɎɝɋɗɐɎɛ ɆɕɕɆɖɆɘɔɈ  Ɉ ɔɐɖɋɗɘɓɔɗɘɎ ɘɖɎɉɔɓɆɑɢɓɡɛ ɜɋɓɘɖɔɈ ɑɎɇɖɆɜɎɎ ɓɆ ɎɓɘɋɖɈɆɑɋ Ɉ 
160 ɑɋɘ Ɉ 10³ ɕɋɖɋɐɖɡɈɆɋɘ Ɉɖɋɒɥ ɇɔɖɘɔɈɔɉɔ ɖɋɗəɖɗɆ. 
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ʉʊʀʄʋʃʓ 
ʀʩʭʦʜʥʦʡ ʠʩʪʠʥʦʡ, ʜʚʠʞʫʱʝʡ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʝʢʪʘ, ʷʚʣʷʝʪʩʷ 

ʬʘʢʪ: ʙʦʣʝʝ ʜʚʫʭ ʚʝʢʦʚ ʦʩʥʦʚʥʳʝ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʩʦʙʠʨʘʣʠʩʴ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʧʦʤʦʱʴʶ ʘʩʪʨʦʛʨʘʬʦʚ 

ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ.  

ɺʳʙʦʨ ʠʥʩʪʨʫʤʝʥʪʘ ʦʩʦʙʦ ʚʘʞʝʥ.  
 

ʋʯʠʪʳʚʘʷ ʦʪʩʫʪʩʪʚʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ 

ʦʙʣʘʩʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʈʦʩʩʠʠ(*), ʦʩʦʙʝʥʥʦ ʚ 

ʘʩʪʨʦʤʝʪʨʠʠ ʠ ʟʚʝʟʜʥʦʡ ʘʩʪʨʦʥʦʤʠʠ, ʩʦʧʦʩʪʘʚʠʤʳʭ ʩ ʟʘʨʫʙʝʞʥʳʤʠ, 

ʛʨʫʧʧʘ, ʨʘʟʨʘʙʘʪʳʚʘʶʱʘʷ ʆɿʉʆ, ʩʯʠʪʘʝʪ, ʯʪʦ ʥʘʜʦ ʚʳʧʦʣʥʠʪʴ ʨʘʙʦʪʫ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠ ʤʝʪʦʜʘʤʠ, ʭʦʨʦʰʦ ʦʩʚʦʝʥʥʳʤʠ ʚ ʥʘʟʝʤʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʥʦ ʚ ʢʦʩʤʠʯʝʩʢʦʤ ʠʩʧʦʣʥʝʥʠʠ, ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪ, ʘʢʪʫʘʣʴʥʳʡ ʜʣʷ 

ʥʘʫʢʠ, ʧʦ ʦʨʠʛʠʥʘʣʴʥʦʤʫ ʧʨʦʝʢʪʫ, ʥʝ çʧʣʝʪʷʩʴ ʚ ʭʚʦʩʪʝè ʠ ʥʝ ʧʦʚʪʦʨʷʷ 

ʫʞʝ ʩʜʝʣʘʥʥʦʛʦ. ʋʩʣʦʞʥʷʪʴ ʘʧʧʘʨʘʪʫʨʫ ʥʝ ʩʣʝʜʫʝʪ, ʥʘ ʙʦʨʪʫ ʥʝ ʜʦʣʞʥʦ 

ʙʳʪʴ ʢʨʠʦʛʝʥʠʢʠ, ʥʦ ʥʝʦʙʭʦʜʠʤ ʘʩʪʨʦʛʨʘʬ ʩ ʧʨʝʜʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 
 

 

(*) ɻʘʣʠʤʦʚ ʕ.ʄ. ɿɸʄʓʉʃʓ ʀ ʇʈʆʉʏɽʊʓ . ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʢʦʩʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʈʦʩʩʠʠ ʧʦʩʣʝʜʥʝʛʦ ʜʚʘʜʮʘʪʠʣʝʪʠʷ. ɼʚʘʜʮʘʪʴ ʣʝʪ ʙʝʩʧʣʦʜʥʳʭ ʫʩʠʣʠʡ. ʄ.: ɽʜʠʪʦʨʠʘʣ  ʋʈʉʉ, 

2010. ð 304 ʩ.  
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ɸʉʊʈʆɻʈɸʌ: ʇʨʦʩʯʠʪʘʥʳ ʙʦʣʝʝ 40 ʚʘʨʠʘʥʪʦʚ ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

ʪʨʝʭʟʝʨʢʘʣʴʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ 

ʠʟʦʙʨʘʞʝʥʠʝʤ ʧʦʩʣʝ ʚʪʦʨʦʛʦ ʟʝʨʢʘʣʘ ʠ ʩ ʦʨʪʦʩʢʦʧʠʯʝʩʢʠʤ 

ʜʠʬʨʘʢʮʠʦʥʥʳʤ ʢʘʯʝʩʪʚʦʤ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʚʩʝʤʫ ʧʦʣʶ.  

ʊʫʨʝʣʴ ʩʚʝʪʦʬʠʣʴʪʨʦʚ ʩʦʜʝʨʞʠʪ 12 ï 15 ʧʦʣʦʩ.  

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ: ʘʧʝʨʪʫʨʘ 1ʤ,  ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 30ʤ, 

ʜʠʘʤʝʪʨ ʧʦʣʷ ʟʨʝʥʠʷ 40¡ = 350 ʤʤ, ʵʢʨʘʥʠʨʦʚʘʥʠʝ ɖ = 0.4, ʤʘʩʰʪʘʙ 6.875±/ʤʤ =  

= 0.069±/ʧʠʢʩʝʣ. ʇʠʢʩʝʣ ʢʚʘʜʨʘʪʥʳʡ 10mm³10mm 

ɻʘʙʘʨʠʪʥʳʝ ʢʦʤʧʦʥʦʚʦʯʥʳʝ ʨʘʟʤʝʨʳ 130Ĭ130Ĭ400 ʩʤ3. ɿʝʨʢʘʣʘ ʄ1 ʠ ʄ3 ï ʵʣʣʠʧʩʦʠʜʳ 

ʚʨʘʱʝʥʠʷ, ʄ2 ï ʛʠʧʝʨʙʦʣʦʠʜ ʚʨʘʱʝʥʠʷ, m4, m5, m6, m7 ï ʧʣʦʩʢʦʩʪʠ, F ï ʧʣʦʩʢʦʩʪʴ 

ʧʨʠʝʤʥʠʢʘ, h1, h2 ī ʦʪʚʝʨʩʪʠʷ.  
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ʌʫʥʢʮʠʷ ʈʘʩʩʝʷʥʠʷ ʊʦʯʢʠ (ʌʈʊ, 

PSF) ʦʜʠʥʘʢʦʚʘ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʧʦʣʷ 

ʚ ʩʠʣʫ ʦʨʪʦʩʢʦʧʠʠ. ʊʨʝʙʦʚʘʥʠʝ 

ʦʨʪʦʩʢʦʧʠʠ ʜʦʚʦʣʴʥʦ ʞʝʩʪʢʦʝ, ʥʦ 

ʵʪʦ ʛʣʘʚʥʦʝ ʫʩʣʦʚʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʚʳʩʰʝʛʦ ï ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ 

ʫʩʣʦʚʠʷʭ ï ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷ 

ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʨʦʚʥʷ 

ʘʩʪʨʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ. 

ɼʝʬʦʢʫʩʠʨʦʚʢʘ ʥʝ ʩʤʝʱʘʝʪ 

ʮʝʥʪʨʘ (ʧʘʥʝʣʴ ʩʧʨʘʚʘ). 
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ʏʘʩʪʦʪʥʦ-ʢʦʥʪʨʘʩʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʲʝʢʪʠʚʘ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ 

ʠʟʦʙʨʘʞʝʥʠʝʤ ʟʘ ʛʣʘʚʥʳʤ ʟʝʨʢʘʣʦʤ ʩ ʠʩʧʨʘʚʣʝʥʥʦʡ ʜʠʩʪʦʨʩʠʝʡ 

ʉʠʩʪʝʤʘ ʠʤʝʝʪ ʜʠʬʨʘʢʮʠʦʥʥʦʝ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚʩʝʭ ʪʦʯʝʢ ʧʦʣʷ. 

ʆʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʜʨʫʛʠʝ ʨʝʰʝʥʠʷ ʧʦ ʢʘʯʝʩʪʚʫ ʩʠʩʪʝʤʳ ʨʝʛʠʩʪʨʘʮʠʠ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ.   
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49 ʇɿʉ ʚ ʢʚʘʜʨʘʪʥʦʡ 

ʤʦʟʘʠʢʝ + 4 (A, B, C, D) 

ʜʣʷ ʘʜʘʧʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘʚʝʜʝʥʠʝʤ 

ʠ ʫʜʝʨʞʘʥʠʝʤ 
 

ɺʘʨʠʘʥʪ, ʫʜʦʙʥʳʡ ʜʣʷ  

ʚʳʧʦʣʥʝʥʠʷ ʦʙʟʦʨʦʚ, 

ʧʦʭʦʞʝ, ʯʪʦ ʚʦʦʙʱʝ 

ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʡ.  
 

ɺ ʧʨʦʝʢʪʘʭ GAIA, 

JASMINE, OBSS , SNAP, 

ɺʂʆ-ʋʌ ʠ  ʪʝʧʝʨʴ 

EUCLID ʠ ʚ ʨʷʜʝ 

ʥʘʟʝʤʥʳʭ ʪʝʣʝʩʢʦʧʦʚ 

ʨʘʟʨʘʙʦʪʘʥʳ ʤʦʟʘʠʢʠ 

ʙ·ʣʴʰʠʭ ʨʘʟʤʝʨʦʚ.  

ʉʠʩʪʝʤʘ ʨʝʛʠʩʪʨʘʮʠʠ 

ʠʟʦʙʨʘʞʝʥʠʡ 

ʌʦʢʘʣʴʥʳʡ ʘʥʩʘʤʙʣʴ: 49 ʇɿʉ ʚ ʢʚʘʜʨʘʪʥʦʡ ʤʦʟʘʠʢʝ + 4 ʇɿʉ (A, B, C, D) 

ʜʣʷ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘʚʝʜʝʥʠʝʤ ʠ ʫʜʝʨʞʘʥʠʝʤ 
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ʆɾʀɼɸɽʄʓɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 
 

Å  ʊʦʯʥʦʩʪʴ ʘʩʪʨʦʤʝʪʨʠʯʝʩʢʘʷ ʚ ʢʘʜʨʝ   Ñ0.0007± 

Å  ʊʦʯʥʦʩʪʴ ʬʦʪʦʤʝʪʨʠʠ ʥʝ ʭʫʞʝ             Ñ0.05m 

Å   12ð15 ʧʦʣʦʩ ʚ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

Å  ʊʦʯʥʦʩʪʴ ʧʦʣʦʞʝʥʠʷ ʘʩʪʝʨʦʠʜʘ           Ñ2 ʢʤ »12 ʢʤ 

Å   ʀʟʤʝʨʝʥʠʷ ʧʘʨʘʣʣʘʢʩʦʚ ʟʚʝʟʜ ʚ ʩʬʝʨʝ ʨʘʜʠʫʩʦʤ    ¢ 5ʢʧʢ 

Å   ʇʨʝʜʝʣʴʥʘʷ ʟʚʝʟʜʥʘʷ ʚʝʣʠʯʠʥʘ        ¢ 25m 

Å   ʉʢʦʨʦʩʪʴ ʦʙʟʦʨʘ ʜʦ 15 ʢʘʜʨʦʚ ʚ ʯʘʩ (2 ʤʠʥ ʵʢʩʧʦʟʠʮʠʷ + 2 ʤʠʥ  

    ʧʝʨʝʥʘʮʝʣʠʚʘʥʠʝ) 

Å   ʈʝʩʫʨʩ ʆɿʉʆ ï 12 ʣʝʪ (ʛʝʣʠʦʮʠʢʣ).          

    

ʆʧʝʨʘʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ ʥʘ ʮʝʣʝʫʢʘʟʘʥʠʝ ʦʙʲʝʢʪʘ ɸʂʆ: ʪʨʝʙʫʝʪʩʷ ʤʠʥʠʤʫʤ 4 

ʢʘʜʨʘ ʩ ʠʥʪʝʨʚʘʣʦʤ, ʚ ʦʙʨʘʪʥʦʡ ʧʨʦʧʦʨʮʠʠ ʟʘʚʠʩʷʱʠʤ ʦʪ ʜʘʣʴʥʦʩʪʠ ʜʦ 

ʦʙʲʝʢʪʘ. ʆʙʲʝʢʪ ʚ ʪʨʘʥʩʥʝʧʪʫʥʦʚʦʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩ ʠʥʪʝʨʚʘʣʦʤ 1 

ʩʫʪʢʠ. ʆʙʲʝʢʪ ʚ ʦʢʦʣʦʟʝʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ï ʩ ʠʥʪʝʨʚʘʣʦʤ < 1 ʯʘʩ. ʂʘʜʨ = 2 

ʩʥʠʤʢʘ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʚʳʩʦʢʦʪʦʯʥʘʷ ʦʩʢʫʣʠʨʫʶʱʘʷ ʦʨʙʠʪʘ ʚʳʚʦʜʠʪʩʷ ʥʝ 

ʙʦʣʝʝ, ʯʝʤ ʟʘ 5 ʩʫʪʦʢ ʜʣʷ ʦʙʲʝʢʪʘ ʚ ʪʨʘʥʩʥʝʧʪʫʥʦʚʦʡ ʦʙʣʘʩʪʠ, ʠ ʥʝ ʙʦʣʝʝ, 

ʯʝʤ ʟʘ ʧʦʣʦʚʠʥʫ ʩʫʪʦʢ ʜʣʷ ʦʙʲʝʢʪʘ ʚ ʙʣʠʟʢʦʤ ʦʢʦʣʦʟʝʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 
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ʊʆʏʅʆʉʊʔ ʆʇʈɽɼɽʃɽʅʀʗ ʇʆʃʆɾɽʅʀʁ ʀ 

ʇɸʈɸʃʃɸʂʉʆɺ  
 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʇɿʉ-ʠʟʦʙʨʘʞʝʥʠʡ 

ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʌʈʊ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʡ ʤʘʢʩʠʤʫʤʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ s0 ʚ ʠʟʦʙʨʘʞʝʥʠʠ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘ 

ʧʠʢʩʝʣʴʥʦʤ ʧʦʣʝ ʇɿʉ, ʨʘʚʥʫʶ 0.01 ʫʛʣʦʚʦʛʦ ʨʘʟʤʝʨʘ 

ʧʠʢʩʝʣʘ ʧʨʠ ʦʪʥʦʰʝʥʠʠ S/N ~ 100, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ï ʩ 

ʦʰʠʙʢʦʡ ʥʝ ʛʨʫʙʝʝ 1% ʦʪ ʧʦʪʦʢʘ. ʋʛʣʦʚʳʝ ʨʘʟʤʝʨʳ 10-

ʤʠʢʨʦʥʦʛʦ ʧʠʢʩʝʣʘ 0.069±. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ s0 = 0.±0007. ʉ 

ʧʦʤʦʱʴʶ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʵʪʘ ʪʦʯʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ 

ʝʱʝ ʧʦʚʳʰʝʥʘ ʚ ʠʪʦʛʦʚʦʤ ʨʝʟʫʣʴʪʘʪʝ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʪʦʯʥʦʩʪʠ ʚ 0.ǌ0001 ʜʘʣʴʥʦʩʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʙʘʟʳ ʚ ʧʨʠʥʮʠʧʝ 

ʜʦʩʪʠʛʘʝʪ 10 ʢʧʢ, ʯʪʦ ʜʘʝʪ ʫʚʝʨʝʥʥʦʩʪʴ ʨʝʘʣʴʥʦ ʨʘʙʦʪʘʪʴ ʥʘ 

ʜʘʣʴʥʦʩʪʷʭ ʜʦ 5 ʢʧʢ.  
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ʄɽʈʀɼʀɸʅ 

ʆɹʉɽʈɺɸʊʆʈʀʀ 
 

1. ʉʙʨʦʩ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʎʋʇ ʧʦ ʣʠʥʠʷʤ TL4, TL5. 

ʀʟʤʝʨʝʥʠʝ ʠʭ ʜʣʠʥ 

ʨʘʜʠʦʣʫʯʦʤ çʪʫʜʘ-

ʦʙʨʘʪʥʦè.  

ɺʦʟʤʦʞʥʦ ʣʠ ʠʟʤʝʨʷʪʴ 

ʨʘʜʠʦ ʣʫʯʦʤ ʙʘʟʫ L4L5 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ï ʦʪʚʝʪʠʪ 

ʅʀʆʂʈ. 
 

2. ɸʩʪʨʦʛʨʘʬʳ ʠ ʜʘʪʯʠʢʠ 

ʥʘʧʨʘʚʣʝʥʠʷ çʂɸ Ÿ ɿʝʤʣʷè 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ  L4TL5 , 

ʪʦʯʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʜʣʠʥʳ 

ʚʝʢʪʦʨ-ʙʘʟʳ ʠ ʢʦʥʪʨʦʣʷ 

ʦʢʦʣʦʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 
 

3. ʅʘʠʚʳʛʦʜʥʝʡʰʝʝ ʤʝʩʪʦ 

ʜʣʷ ʥʘʙʣʶʜʝʥʠʡ ï 

çʤʝʨʠʜʠʘʥè ï ʩʝʯʝʥʠʝ GC.  

4 5L TL
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ʅʘʙʣʶʜʝʥʠʶ ʜʦʩʪʫʧʥʦ ʚʩʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʬʝʨʳ  

ʨʘʜʠʫʩʦʤ, ʨʘʚʥʳʤ ʧʦʣʫʦʩʠ ʦʨʙʠʪʳ ɺʝʥʝʨʳ, ʩ ʮʝʥʪʨʦʤ ʚ ʉʦʣʥʮʝ.  

ʋʩʣʦʚʥʳʝ ʟʝʥʠʪ ʠ ʥʘʜʠʨ ʥʘʙʣʶʜʘʶʪʩʷ.  
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ʀʜʝʷ ʩʠʩʪʝʤʳ ʧʦʜʚʝʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʝʛʦ ʥʘʚʝʜʝʥʠʷ 
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ʆʙʣʘʩʪʴ ʥʘʚʝʜʝʥʠʷ ʚʢʣʶʯʘʝʪ ʫʩʣʦʚʥʳʝ ʟʝʥʠʪ ʠ ʥʘʜʠʨ 
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ʉɺʆʁʉʊɺɸ ʆɿʉʆ ʀ ʇʈʆɻʈɸʄʄɸ: 
 

1. ʉʧʦʢʦʡʥʘʷ ʬʠʟʠʢʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʪʦʯʢʘʭ L4, L5: ʥʝʪ ʪʝʥʝʡ ʠ ʥʝʪ ʧʦʣʝʡ; 

2. çɺʳʥʝʩʝʥʥʦʝè ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ çɿʝʤʣʷ ï ʉʦʣʥʮʝè ʧʦʣʦʞʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʦʙʩʝʨʚʘʪʦʨʠʠ ï ʦʙʟʦʨ ʚʩʝʛʦ ʥʝʙʘ ʠ ʥʘʣʠʯʠʝ çʤʝʨʠʜʠʘʥʘè; 

3. ɹʘʟʘ ʦʙʩʝʨʚʘʪʦʨʠʠ ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ çʤʛʥʦʚʝʥʥʦʛʦè ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʣʣʘʢʩʦʚ, 

ʯʪʦ ʙʳʣʦ ʥʝʚʦʟʤʦʞʥʦ ʩ ʦʙʩʝʨʚʘʪʦʨʠʡ, ʨʘʙʦʪʘʶʱʠʭ çʩ ʦʜʥʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤè; 

ʚʦʟʤʦʞʥʳ ʥʘʙʣʶʜʝʥʠʷ ʪʦʯʝʯʥʦʛʦ ʤʠʢʨʦʣʠʥʟʠʨʦʚʘʥʠʷ. 

4. ʇʦʩʣʝ ʠʩʯʝʨʧʘʥʠʷ ʨʝʩʫʨʩʘ ʂɸ ʥʝ ʟʘʩʦʨʷʶʪ ʦʢʦʣʦʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʠʥʩʪʨʫʤʝʥʪʳ ʠʤʝʶʪ ʤʘʣʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʙʳʪʴ ʨʘʟʨʫʰʝʥʥʳʤʠ çʦʢʦʣʦʟʝʤʥʳʤ 

ʤʫʩʦʨʦʤè, ʘ ʩ ʫʯʝʪʦʤ çʩʧʦʢʦʡʥʦʡ ʬʠʟʠʢʠè ʠʤʝʶʪ ʚʳʰʝ ï ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʢʦʣʦʟʝʤʥʳʤʠ ʂɸ, ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ, ʚʝʨʦʷʪʥʦʩʪʴ ʙʦʣʴʰʝʛʦ ʩʨʦʢʘ 

ʨʘʙʦʪʳ. ɼʘʪʯʠʢʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʣʷ. 
 

ʕʪʠ ʩʚʦʡʩʪʚʘ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʠ ʧʨʦʛʨʘʤʤʫ ʆɿʉʆ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ 

ʪʨʠ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʟʘʜʘʯ, ʛʜʝ ʝʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʯʝʚʠʜʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʙʩʝʨʚʘʪʦʨʠʷʤʠ ʜʨʫʛʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʕʪʦ ʛʨʫʧʧʳ: 
 

1. ʅʝʙʝʩʥʘʷ ʤʝʭʘʥʠʢʘ, ʨʝʰʝʥʠʝ ʟʘʜʘʯ ɸʂʆ; 

2. ɸʩʪʨʦʤʝʪʨʠʷ, ʟʚʝʟʜʥʘʷ ʘʩʪʨʦʥʦʤʠʷ ʠ ʘʩʪʨʦʬʠʟʠʢʘ ī ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʩʧʝʢʪʨʘʭ ʠ ʥʘʙʣʶʜʝʥʠʝʤ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ 

ʤʛʥʦʚʝʥʥʳʭ ʧʘʨʘʣʣʘʢʩʦʚ ʟʚʝʟʜ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʘʣʴʪʝʨʥʘʪʠʚʫ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʠʭ ʨʝʘʣʠʟʘʮʠʠ - ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦʝʢʪʘʭ HIPPARCOS ʠ Gaia. 

3. ʅʘʙʣʶʜʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʪʨʘʥʟʠʝʥʪʦʚ - ʚʩʝ ʧʦ ʮʝʣʝʫʢʘʟʘʥʠʶ. 
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ʂ ʈɽʐɽʅʀʖ ɿɸɼɸʏ ɸʂʆ 
 

ʇʨʦʙʣʝʤʘ ɸʂʆ ʜʣʷ ʨʝʰʝʥʠʷ ʪʨʝʙʫʝʪ ʟʥʘʥʠʷ: 1) ʧʦʧʫʣʷʮʠʠ ʦʙʲʝʢʪʦʚ, ʧʘʜʝʥʠʝ 

ʢʦʪʦʨʳʭ ʥʘ ɿʝʤʣʶ ʛʨʦʟʠʪ ʛʣʦʙʘʣʴʥʳʤ ʧʦʨʘʞʝʥʠʝʤ ʮʠʚʠʣʠʟʘʮʠʠ ʩ ʧʝʨʝʩʪʨʦʡʢʦʡ 

ʢʣʠʤʘʪʘ ɿʝʤʣʠ, ʠ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʠʭ ʦʙʲʝʢʪʦʚ; 2) ʘʥʘʣʦʛʠʯʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʣʦʢʘʣʴʥʳʭ ʢʘʪʘʩʪʨʦʬ 

ʩ ʧʦʨʘʞʝʥʠʝʤ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʛʦʨʦʜʦʚ ʠ ʨʝʛʠʦʥʦʚ. ʅʘ ʙʘʟʝ ʵʪʦʛʦ ʟʥʘʥʠʷ 

ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʧʳʪʘ ʚʦʟʤʦʞʥʘ ʨʘʟʨʘʙʦʪʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʧʨʦʙʣʝʤʳ ɸʂʆ ʤʳ ʩʯʠʪʘʝʤ ʧʦʩʪʨʦʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ 

ʪʦʯʥʳʭ ʦʨʙʠʪ ʚʩʝʭ ʦʙʲʝʢʪʦʚ, ʠʤʝʶʱʠʭ ʧʦʪʝʥʮʠʘʣ ʩʪʦʣʢʥʦʚʝʥʠʷ. ʀʭ 

ʦʧʨʝʜʝʣʝʥʠʝ (ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ) ʨʘʮʠʦʥʘʣʴʥʦ ʚʝʩʪʠ ʚ ʦʩʥʦʚʥʦʤ ʥʘʟʝʤʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʙʦʛʘʱʝʥʳ ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʯʘʩʪʴ 

ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʥʝʜʦʩʪʠʞʠʤʫʶ ʚ ʦʨʙʠʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ (PanSTARRS), ʩʢʦʨʦʩʪʴ ʦʙʟʦʨʘ ʠ ʧʨʦʥʠʮʘʥʠʝ ʜʦ 24ð25 ʟʚ. ʚʝʣ. 

ʂʦʣʠʯʝʩʪʚʦ ʥʘʙʣʶʜʘʪʝʣʝʡ, ʣʶʙʠʪʝʣʝʡ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ, ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚʩʝ ʦʙʲʝʢʪʳ, ʟʘʚʝʜʦʤʦ ʷʨʯʝ 19ð20 ʟʚ. ʚʝʣ. 

ʙʫʜʫʪ ʜʝʪʝʢʪʠʨʦʚʘʥʳ ʟʘʜʦʣʛʦ ʜʦ ʚʦʟʤʦʞʥʦʛʦ ʩʪʦʣʢʥʦʚʝʥʠʷ ʥʘ ʜʘʣʴʥʠʭ 

ʨʘʩʩʪʦʷʥʠʷʭ. 
 

ʆʧʝʨʘʪʠʚʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʚʨʘʱʘʪʝʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʦʙʲʝʢʪʦʚ, ʩʙʣʠʞʘʶʱʠʭʩʷ ʩ ɿʝʤʣʝʡ (ʆʉɿ);  
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ʇʨʦʙʣʝʤʥʳʤʠ ʙʫʜʫʪ ʦʙʲʝʢʪʳ, ʩʙʣʠʞʘʶʱʠʝʩʷ ʩ ɿʝʤʣʝʡ ʩ ʩʦʣʥʝʯʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʥʘʙʣʶʜʝʥʠʝ ʢʦʪʦʨʳʭ ʦʧʪʠʯʝʩʢʠʤʠ ʥʘʟʝʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 

ʥʝʚʦʟʤʦʞʥʦ. ʆɿʉʆ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʠʭ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. 

ʅʘʙʣʶʜʝʥʠʷ ʚ ʟʘʩʦʣʥʝʯʥʦʡ ʦʙʣʘʩʪʠ ʥʝʙʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʬʘʟʝ ʦʩʚʝʱʝʥʠʷ. 

ʅʘʙʣʶʜʝʥʠʷ ʩ ʙʦʣʴʰʠʤ ʥʘʢʣʦʥʦʤ ʦʨʙʠʪʳ. 
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