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ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ 
 

 
ʋɼʂ 621.383 

 

ʀʅʊɽɻʈɸʃʔʅʓɽ ɻɽʊɽʈʆʌʆʊʆɼʀʆɼʅʓɽ ʉʊʈʋʂʊʋʈʓ ʅɸ ʆʉʅʆɺɽ AL xGA1-xP ʀ 

GAʫIN 1-ʫP  P-N ʇɽʈɽʍʆɼʆɺ 
 

 
ʄ.ɸ. ɸʙʜʫʢʘʜʳʨʦʚ

1
, ʅ.ɸ. ɸʭʤʝʜʦʚʘ

2
, ɸ.ʉ. ɻʘʥʠʝʚ

3
, ʀ.ʆ. ɼʞʫʤʘʥʠʷʟʦʚ

4
 

1
 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

2, 3
 ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, 

4 
ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʋʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʊʘʰʢʝʥʪ), ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʝʜʝʥʳ ʩʪʨʫʢʪʫʨʘ ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʚʫʭʧʝʨʝʭʦʜʥʳʭ ʛʝʪʝʨʦʬʦʪʦʜʠʦ-

ʜʦʚ ʥʘ ʦʩʥʦʚʝ  AlxGa1-xP (0 Ò ʭÒ 0.6) ʠ GaʫIn1-ʫP (0.6 Ò ʫÒ 0.7), ʘ ʪʘʢʞʝ ʠʭ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʛʝʪʝʨʦʬʦʪʦʜʠʦʜʳ ʦʙʣʘʜʘʶʪ ʨʘʟʜʝʣʝʥʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʚ ʬʠʦʣʝʪʦʚʦʡ ʠ 

ʋʌ ʧʦʣʦʩʘʭ ʩʧʝʢʪʨʘ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚ ʩʠʩʪʝʤʘʭ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʢʦʥʪʨʦʣʷ ʛʦʨʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʤʝʪʦʜʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʫʧʨʦʚʦʜʥʠʢ, ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘ, ʬʦʪʦʯʫʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʛʝʪʝʨʦʬʦʪʦʜʠʦʜʳ. 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʝʟʢʦ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʤʥʦʛʦʧʝʨʝʭʦʜʥʳʤ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʤ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʧʨʦʚʦʜʥʠ-

ʢʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ [1,2]. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥ-

ʪʨʦʣʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ  ʤʦʜ ʚ ʣʘʟʝʨʥʳʭ ʩʠʩʪʝʤʘʭ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳ ʬʦʪʦʜʠʦʜʳ ʩ ʜʚʫʤʷ ʨ-n ʧʝʨʝʭʦʜʘʤʠ [3]. ʊʘ-

ʢʦʡ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʧʨʠʙʦʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʘʢ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʠ ʢʘʢ ʨʘʟʜʝʣʠ-

ʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ, ʛʜʝ ʩ ʧʦʤʦʱʴʶ ʦʪʥʦʰʝʥʠʷ ʬʦʪʦʩʠʛʥʘʣʦʚ ʜʚʫʭ ʬʦʪʦʜʠʦʜʦʚ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʜʣʠʥʫ ʚʦʣʥ ʥ ʚʳ-

ʭʦʜʝ ʣʘʟʝʨʘ ʩ ʨʘʟʨʝʰʝʥʠʝʤ, ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʜʨʝʡʬʘ ʧʦʣʦʞʝʥʘ ʤʘʢʩʠʤʫʤʘ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʩʚʦʡʩʪʚʘ ʛʝʪʝʨʦʬʦʪʦʜʠʦʜʦʚ (ɻʌɼ), ʨʘʙʦʪʘʶʱʠʭ ʚ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʦʣʦʩʝ 0.35 Ò ɚ 

Ò 0.6 ʤʢʤ, ʛʜʝ ʰʠʨʦʢʦ- ʠ ʫʟʢʦʟʦʥʥʳʝ  ʨ-n ʧʝʨʝʭʦʜʳ  ʚʳʧʦʣʥʝʥʳ  ʥʘ ʦʩʥʦʚʝ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ Al xGa1-xP ʠ GaʫIn1-ʫP 

(0 Ò ʭ Ò 0.5, 0.6 Ò ʫ Ò 0.7) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʥʝʩʫʱʠʡ ʢʨʠʩʪʘʣʣ (ʧʦʜʣʦʞʢʘ) ï ʠʟ GaP, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʤʝʞʜʫ ʜʚʫʤʷ 

ʨ-n  ʧʝʨʝʭʦʜʘʤʠ (ʨʠʩ1, ʘ). ʅʘ ʨʠʩ. 1, ʙ ʧʨʠʚʝʜʝʥʦ ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʤʝʞʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʧʦʜʦʙʥʦʡ ʛʝʪʝʨʦ-

ʩʪʨʫʢʪʫʨʝ. ʆʙʱʘʷ ʪʦʣʱʠʥʘ ʧʦʜʣʦʞʢʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 100 ʤʢʤ. ʉʫʤʤʘʨʥʘʷ ʪʦʣʱʠʥʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʨ- ʠ  n- ʪʠʧʘ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʢʘʞʜʦʡ ʩʪʨʫʢʪʫʨʝ ʥʝ ʧʨʝʚʳʰʘʝʪ ʩʫʤʤʳ ʜʣʠʥʳ ʜʠʬʬʫʟʠʠ ʥʝʦʩʥʦʚʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠ ʪʦʣʱʠ-

ʥʳ ʦʙʣʘʩʪʝʡ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʨ-n ʧʝʨʝʭʦʜʦʚ. ʆʤʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʦʙʣʘʩʪʠ nGaP ʵʣʝʢʪʨʠʯʝʩʢʠ ʩʦʝʜʠʥʷʝʪ ʨ-n ʧʝʨʝ-

ʭʦʜʳ. ʊʳʣʴʥʘʷ ʩʪʦʨʦʥʘ ʫʟʢʦʟʦʥʥʦʡ GaʫIn1-ʫP  ʨ-n ʩʪʨʫʢʪʫʨʳ ʧʦʢʨʳʪʘ ʦʪʨʘʞʘʶʱʠʤ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʢʦʥʪʘʢʪʦʤ. 

ʇʨʠ ʦʩʚʝʱʝʥʠʠ ɻʌɼ ʩʦ ʩʪʦʨʦʥʳ ʰʠʨʦʢʦʟʦʥʥʦʛʦ Al xGa1-xP, ʬʦʪʦʥʳ ʩ hɜ,  ʧʨʝʚʳʰʘʶʱʝʡ ʵʥʝʨʛʠʠ ʧʨʷ-

ʤʳʭ ʦʧʪʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʦʚ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʛʣʦʱʘʶʪʩʷ ʚ ʰʠʨʦʢʦʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʠ 

ʛʝʥʝʨʠʨʫʶʪ ʬʦʪʦʪʦʢ ʚ ʨ-n ʧʝʨʝʭʦʜʝ. ɹʣʘʛʦʜʘʨʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʷʤʳʭ ʦʧʪʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʦʚ ʚ ʥʝʧʨʷʤʦʟʦʥʥʦʤ 

ʨʘʩʪʚʦʨʝ Al xGa1-xP, 

 
 
ʈʠʩ. 1.  ʉʪʨʫʢʪʫʨʘ ɻʌɼ ʥʘ ʦʩʥʦʚʝ AlxGa1-xP/GaP/GaʫIn1-ʫP ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ (ʘ): 1 ï ʨ,n AlxGa1-xP, 2 ï p,n GaʫIn1-ʫP, 3 ï ʧʦʜ-

ʣʦʞʢʘ ʠʟ GaP, 4,5,6 ï ʦʤʠʯʝʩʢʠʝ ʢʦʥʪʘʢʪʳ, ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʤʝʞʟʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʥʦʩʠʪʝʣʝʡ ʚ ʩʪʨʫʢʪʫʨʝ (ʙ). 
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ɼʣʠʥʥʦʚʦʣʥʦʚʦʡ ʢʨʘʡ ʩʠʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠ ʤʘʢʩʠʤʫʤ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʲʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʵʥʝʨ-

ʛʠʠ ʬʦʪʦʥʦʚ hv > 2.8 ʵɺ. ʏʘʩʪʴ ʬʦʪʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ hv < 2.8 ʵɺ ʧʨʦʥʠʢʘʝʪ ʩʢʚʦʟʴ ʰʠʨʦʟʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʜ-

ʣʦʞʢʠ ʙʝʟ ʧʦʛʣʦʱʝʥʠʷ, ʧʦʧʘʜʘʶʪ ʚ ʫʟʢʦʟʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʚʳʟʳʚʘʶʪ ʚ ʥʝʤ ʬʦʪʦʪʦʢ. ʊʘʢ ʢʘʢ, GaʫIn1-ʫP ʨ- n 

ʧʝʨʝʭʦʜ ʨʘʩʧʦʣʦʞʝʥ ʧʦʜ ʰʠʨʦʢʦʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ ʧʦʜʣʦʞʢʦʡ GaP,  ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ  ʢʨʘʡ  ʧʦʛʣʦʱʝʥʠʷ 

ʬʦʪʦʥʦʚ ʚ ʫʟʢʦʟʦʥʥʦʤ ʨ-n ʧʝʨʝʭʦʜʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʰʠʨʠʥʝ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʧʨʷʤʦʟʦʥʥʦʛʦ GaʫIn1-ʫP, ʘ ʝʛʦ ʢʦ-

ʨʦʪʢʦʚʦʣʥʦʚʘʷ ʛʨʘʥʠʮʘ ʬʦʪʦʦʪʚʝʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʝʢʪʨʦʤ ʧʨʦʧʫʩʢʘʥʠʷ GaP. ʇʦʵʪʦʤʫ ʫʟʢʦʟʦʥʥʳʡ ʨ-n ʧʝʨʝʭʦʜ  

ʨʝʛʠʩʪʨʠʨʫʝʪ ʠʟʣʫʯʝʥʠʝ ʚ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʦʣʦʩʝ 1.9 Ò  hv Ò  2.8 ʵɺ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʥʦʛʦʩʣʦʡʥʘʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ  ʦʧʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʠ 

ʨʘʟʣʦʞʠʪʴ ʝʛʦ ʥʘ ʜʚʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʪʝʨʚʘʣʘ (ʨʠʩ.2). ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʌɼ, ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʚ ʠʟʫʯʘʝʤʳʭ ɻʌɼ ʩʪʨʫʢʪʫʨʘʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʙʣʘʛʦʜʘʨʷ ʚʚʝʜʝ-

ʥʠʶ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʟʨʘʯʥʦʡ ʧʦʜʣʦʞʢʠ ʤʝʞʜʫ ʰʠʨʦʢʦ- ʠ ʫʟʢʦʟʦʥʥʳʤʠ ʨ-n ʧʝʨʝʭʦʜʘʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʟʦʥʳ ʧʝʨʝʢʨʳʪʠʷ ʩʧʝʢʪʨʦʚ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʰʠʨʦʢʦ- ʠ ʫʟ-

ʢʦʟʦʥʥʳʭ ɻʌɼ ʩʪʨʫʢʪʫʨ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʧʦʣʦʩʝ ʧʝʨʝʢʨʳʪʠʷ ʩʧʝʢʪʨʦʚ ʬʦʪʦʯʫʚ-

ʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 20% ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʧ-

ʪʠʯʝʩʢʠʤ ʧʝʨʝʢʨʝʩʪʥʳʤ ʧʦʤʝʭʘʤ ʤʝʞʜʫ ʰʠʨʦʢʦ- ʠ ʫʟʢʦʟʦʥʥʳʤʠ ʨ-n ʧʝʨʝʭʦʜʘʤʠ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʜʝʪʝʢʪʠʨʦ-

ʚʘʥʠʠ ʤʝʜʣʝʥʥʦ ʜʨʝʡʬʫʶʱʠʭ ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ ʩʚʝʪʦʚʳʭ ʧʦʪʦʢʦʚ. 

 

 
 

ʈʠʩ. 2. ʉʧʝʢʪʨʳ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨ-n ʧʝʨʝʭʦʜʦʚ ʚ ɻʌɼ   ʩʪʨʫʢʪʫʨʝ: 1 ä Al0.1Ga0.9P, 2 ä Ga0.6In0.4P 

    

ʉʧʝʢʪʨʳ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩ-

ʣʠ ʚʩʝ ʧʨʦʥʠʢʘʶʱʠʝ ʯʝʨʝʟ ʦʩʚʝʱʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʬʦʪʦʥʳ ʧʦʛʣʦʱʘʣʠʩʴ ʚʙʣʠʟʠ ʨ-n ʧʝʨʝʭʦ-

ʜʘ, ʚʩʝ ʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʬʦʪʦʥʦʩʠʪʝʣʠ ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʬʦʪʦʪʦʢʝ. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʦʩʣʘʙʣʝʥʠʝ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ Al xGa1-xP ʨ-n ʧʝʨʝʭʦʜʘ ʚ ʙʦʣʝʝ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʦʙʣʘ-

ʩʪʠ ʩʧʝʢʪʨʘ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ ʫʤʝʥʴʰʝʥʠʷ ʩʫʤʤʘʨʥʦʡ ʪʦʣʱʠʥʳ ʬʦʪʦʘʢʪʠʚʥʦʛʦ ʩʣʦʷ ʜʦ ʟʥʘʯʝʥʠʡ, ʤʝʥʴʰʠʭ ʛʣʫ-

ʙʠʥʳ ʧʦʛʣʦʱʝʥʠʷ ʬʦʪʦʥʦʚ. ʊʦʛʜʘ ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ ʜʣʠʥʥʦʚʦʣʥʦʚʳʭ ʬʦʪʦʥʦʚ ʯʘʩʪʴ ʬʦʪʦʥʦʩʠʪʝʣʝʡ, ʚ ʦʩʥʦʚʥʦʤ, 

ʛʝʥʝʨʠʨʫʝʪʩʷ ʟʘ ʦʙʣʘʩʪʴʶ ʠʭ ʨʘʟʜʝʣʝʥʠʷ ʠ ʟʘ ʩʯʝʪ ʤʘʣʦʡ ʜʣʠʥʳ ʜʠʬʬʫʟʠʠ ʥʝʦʩʥʦʚʥʳʭ ʥʦʩʠʪʝʣʝʡ, ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʣʠʥʥʦʚʦʣʥʦʚʳʝ ʬʦʪʦʥʳ ʥʝ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʨ-n ʧʝʨʝʭʦʜʘ ʠ ʥʝ ʫʯʘʩʪʚʫʶʪ ʚ ʬʦʪʦʪʦʢʝ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩ ʫʤʝʥʴ-

ʰʝʥʠʝʤ ʩʫʤʤʘʨʥʦʡ ʪʦʣʱʠʥʳ Al xGa1-xP ʦʪ 2 ʤʢʤ ʜʦ 1 ʤʢʤ ʠ ʤʝʥʝʝ, ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʚ ʧʦʣʦʩʝ 2.25Ò  hv  Ò  

2.8 ʵɺ ʟʘʤʝʪʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 5% ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ. 

ɼʣʠʥʥʦʚʦʣʥʦʚʘʷ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ Al xGa1-xP  ʨ-n ʧʝʨʝʭʦʜʘ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʦʨʘ ʩʦʦʪʥʦʰʝʥʠʷ ʫʨʦʚʥʷ 

ʣʝʛʠʨʦʚʘʥʠʷ ʨ- ʠ n ʦʙʣʘʩʪʝʡ ɻʌɼ ʩʪʨʫʢʪʫʨʳ.  ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʜʦ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʧʦʣʦʩʝ ʩʧʝʢʪʨʘ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 

15.. .20%. 

ʉ ʨʦʩʪʦʤ ʫʨʦʚʥʷ ʣʝʛʠʨʦʚʘʥʠʷ GaP ʦʪ 10
17

 ʜʦ 10
19

 ʩʤ
-3
 ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨ-n ʧʝʨʝʭʦʜʘ ʚʙʣʠʟʠ ʢʦ-

ʨʦʪʢʦʚʦʣʥʦʛʦ ʢʨʘʷ ʩʧʝʢʪʨʘ ʬʦʪʦʦʪʚʝʪʘ ʩʥʠʞʘʝʪʩʷ ʚ 1.5 ʨʘʟʘ ʠʟ-ʟʘ ʧʦʛʣʦʱʝʥʠʷ ʬʦʪʦʥʦʚ ʥʘ ʩʚʦʙʦʜʥʳʭ ʥʦʩʠʪʝʣʷʭ 

ʟʘʨʷʜʘ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʬʦʪʦʪʦʢ ʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʠʟʤʝʥʥʦʩʪʠ ʤʝʭʘʥʠʟʤʘ ʛʝʥʝʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʩʚʝʱʝʥʥʦʩʪʠ. ʉ ʨʦ-

ʩʪʦʤ ʧʨʠʣʦʞʝʥʥʦʛʦ ʦʙʨʘʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʴ ʬʦʪʦʪʦʢʘ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ ʩʤʝʱʘʝʪʩʷ ʚ 

ʦʙʣʘʩʪʴ ʙʦʣʴʰʠʭ ʪʦʢʦʚ, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʩʪʨʫʢʪʫʨ ʩ ʤʘʣʦʡ ʜʣʠʥʦʡ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʤʝʱʝʥʠʷ ʥʝʦʩʥʦʚʥʳʭ ʥʦ-

ʩʠʪʝʣʝʡ ʟʘʨʷʜʘ. ʇʦʵʪʦʤʫ, ʫʚʝʣʠʯʝʥʠʝ ʩʙʦʨʘ ʬʦʪʦʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʥʦʩʠʪʝʣʝʡ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʨʘʩʰʠʨʝʥʠʷ 

ʦʙʣʘʩʪʠ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʨ-n ʧʝʨʝʭʦʜʘ.         

 ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʦʩʚʝʱʝʥʥʦʩʪʠ ʦʪ 10 ʜʦ 5000 ʣʢ ʧʨʠʚʦʜʠʪ 

ʢ ʠʟʤʝʥʝʥʠʶ ʬʦʪʦʪʦʢʘ ʥʘ 1.5 ʧʦʨʷʜʢʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʟʥʘʯʝʥʠʠ ʦʙʨʘʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ Uʦʙʨ ʠʣʠ ʥʘ 2 ʧʦʨʷʜʢʘ 

ʧʨʠ ʨʦʩʪʝ Uʦʙʨ ʜʦ ʟʥʘʯʝʥʠʡ, ʙʣʠʟʢʠʭ ʧʦʣʦʚʠʥʝ ʧʨʦʙʠʚʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʨ-n ʧʝʨʝʭʦʜʘ. 
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ʂʘʢ ʠʟʚʝʩʪʥʦ, ʦʩʥʦʚʥʦʡ ʧʫʪʴ ʧʦʣʫʯʝʥʠʷ ʤʘʣʦʛʦ ʧʦʨʦʛʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ï ʵʪʦ ʩʥʠʞʝʥʠʝ ʪʝʤʥʦʚʦʛʦ ʪʦ-

ʢʘ ʨ-n ʧʝʨʝʭʦʜʘ. ʆʛʨʘʥʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʬʦʪʦʘʢʪʠʚʥʳʭ ʩʣʦʝʚ ʚ- ʰʠʨʦʢʦ- ʠ ʫʟʢʦʟʦʥʥʦʤ ʨ-n ʩʪʨʫʢʪʫʨʘʭ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʪʝʤʥʦʚʦʛʦ ʪʦʢʘ ʟʘ ʩʯʝʪ ʦʩʣʘʙʣʝʥʠʷ ʚʢʣʘʜʘ ʝʝ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ, ʪʘʢ ʢʘʢ ʝʛʦ ʚʝ-

ʣʠʯʠʥʘ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʪʦʣʱʠʥʝ ʙʘʟʦʚʦʛʦ ʩʣʦʷ. 

 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʛʝʪʝʨʦʬʦʪʦʜʠʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʩ Al xGa1-xP  ʠ GaʫIn 1-ʫP  ʧʝʨʝʭʦʜʘʤʠ 

 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʨʦʛʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ɻʌɼ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ, ʙʦʣʴʰʦʝ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ ʥʘʛʨʫʟʢʠ RH, ʪʘʢ ʢʘʢ ʪʝʧʣʦʚʳʝ ʰʫʤʳ ʥʘʛʨʫʟʢʠ ʨʘʩʪʫʪ ʢʘʢ RH
1/2

 , ʘ ʥʘʧʨʷʞʝʥʠʝ ʩʠʛʥʘʣʘ ʠ ʩʦʙʩʪʚʝʥʥʳʝ 

ʰʫʤʳ ɻʌɼ ʥʘ ʥʘʛʨʫʟʢʝ ʨʘʩʪʫʪ ʩʠʣʴʥʝʝ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ RH. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʨʦʛʘ ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʠ ʥʘʛʨʫʟʢʠ ʚʳʙʠʨʘʣʠ ʠʟ ʩʣʝʜʫʶʱʝʛʦ ʫʩʣʦʚʠʷ [4]. 

RH = 0.052FM / (Iʪ +Iʬ) ʛʜʝ Iʪ ʠ  Iʬ ï ʪʝʤʥʦʚʦʡ ʠ ʬʦʪʦʪʦʢ  ʨ-n ʧʝʨʝʭʦʜʦʚ, FM ï ʢʦʵʬʬʠʮʠʝʥʪ ʰʫʤʘ ʧʨʠ 

ʥʘʛʨʫʟʢʝ  RH .ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ɻʌɼ ʩʪʨʫʢʪʫʨ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʭ 

ʜʚʫʭʧʝʨʝʭʦʜʥʳʭ ʛʝʪʝʨʦʬʦʪʦʜʠʦʜʦʚ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʭ ʩʚʝʪʦʚʳʭ ʧʦʪʦʢʦʚ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʳʤ ʤʝʪʦʜʦʤ. 
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Abstract. In this article the structures and photoelectrical features of two transitional heterophotodiodes on the 

basis of AlxGaIn1-ʭP (0 Ò xÒ< 0.6) and GayIn1-ʫP (0.6Ò ʫÒ< 0.7), and their main parameters are given. It is shown that 

the examined heterophotodiodes possess a divided spectral sensitivity in the violet and ultra violet lines of the spectrum, 

which are perspective in the systems of absorbed spectral photometric analysis and control of the combustion of organ-

ic substances by the differential method. 

Keywords: semi-conductor, heterostructure, photosensitivity, photoelectrical features, heterophotodiodes. 

 

 

 

 

ʇʘʨʘʤʝʪʨ Al xGa1-xP   

 ʨ-n ʧʝʨʝʭʦʜ 

GaʫIn1-ʫP   

 ʨ-n ʧʝʨʝʭʦʜ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʦʩʠʪʝʣʝʡ ʚ ʙʘʟʦʚʦʤ ʩʣʦʝ, ʩʤ-3 5Ā 1016...3 Ā10 17 5Ā 1016...3 Ā10 17 

ʊʦʣʱʠʥʘ ʙʘʟʦʚʦʛʦ ʩʣʦʷ, ʤʢʤ 0.2...0.6 0.4...0.9 

ʋʜʝʣʴʥʘʷ ʝʤʢʦʩʪʴ ʨ-n ʧʝʨʝʭʦʜʘ, 103 ʧʌ/ʩʤ2 1...3 2...4 

ʆʙʨʘʪʥʳʡ ʪʦʢ ʨ-n ʧʝʨʝʭʦʜʘ, ɸ/ʩʤ2 1.5...3 Ā10-10  0.7... 1.5 Ā10-9 

ʅʘʧʨʷʞʝʥʠʝ ʧʨʦʙʦʷ, ɺ 20...25 15...20 

ʈʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʂ 200...600 200...550 

ʌʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ɸ/ɺʪ 0.20...0.22 0.24...0.26 

ɼʣʠʥʘ ʚʦʣʥʳ ʤʘʢʩʠʤʫʤʘ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʤʢʤ 0.40...0.42 0.55...0.57 

ʇʦʨʦʛʦʚʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ɺʪ/ɻʮ 1/2 0.5...1 Ā10-14  0.7...1.1 Ā10-13 
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ʋɼʂ 531.36:534.1 

 

ʂ ɿɸɼɸʏɽ ʆ ʈɸɿɺɪʈʊʓɺɸʅʀʀ ʉʆʃʅɽʏʅʆɻʆ ʇɸʈʋʉɸ 

 
 
ɸ.ʇ. ɹʣʠʥʦʚ, ʜʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʢʘʬʝʜʨʘ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʠ 

ɺɻɹʆʋ ɺʇʆ ʈɻɸʋ ï ʄʉʍɸ ʠʤ ʂ.ɸ. ʊʠʤʝʨʷʟʝʚʘ (ʄʦʩʢʚʘ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʦ ʨʘʟʚʸʨʪʳʚʘʥʠʠ ʚ ʥʝʚʝʩʦʤʦʩʪʠ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʧʣʸʥʢʠ ʠʟ ʨʫʣʦ-

ʥʘ ʚ ʧʨʷʤʦʫʛʦʣʴʥʠʢ, ʥʘʧʨʠʤʝʨ, ʟʘʜʘʯʘ ʦ ʨʘʟʚʸʨʪʳʚʘʥʠʠ çʉʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘè, ʠʣʠ ʙʣʠʟʢʘʷ ʢ ʵʪʦʡ ʟʘʜʘʯʘ ʦ ʚʳ-

ʜʚʠʞʝʥʠʠ ʠʟ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ (ʂɸ) ʟʦʥʜʦʚ ʥʘ ʪʨʦʩʘʭ. ɺʚʠʜʫ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʩʪʠ ʧʨʦ-

ʮʝʩʩʘ ʩʠʣʳ ʛʨʘʚʠʪʘʮʠʠ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ. ʇʣʸʥʢʘ ʠʣʠ ʪʨʦʩʳ ʩʯʠʪʘʶʪʩʷ ʥʝʨʘʩʪʷʞʠʤʳʤʠ ʠ ʥʝʚʝʩʦʤʳʤʠ. ʈʘʟ-

ʚʝʨʪʳʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʸʪ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʤʘʩʩʳ (ʙʘʣʣʘʩʪʳ), ʟʘʢʨʝʧʣʸʥʥʳʝ ʥʘ 

ʢʦʥʮʘʭ ʧʣʸʥʢʠ ʧʨʠ ʚʨʘʱʝʥʠʠ ʙʘʨʘʙʘʥʘ (ʠʣʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ) ʩ ʥʝʢʦʪʦʨʦʡ ʠʟʚʝʩʪʥʦʡ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦ-

ʩʪʴʶ. (ɹʘʣʣʘʩʪʘʤʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʨʝʠ ʬʦʨʤʠʨʫʝʤʦʛʦ ʧʘʨʫʩʘ). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʘʟʚʸʨʪʳʚʘʥʠʝ ʧʨʦʠʟʚʦ-

ʜʠʪʩʷ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʩʠʤʤʝʪʨʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʨʠʚʝʜʝ-

ʥʦ ʢ ʢʚʘʜʨʘʪʫʨʘʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʩʝʤʝʡʩʪʚʦ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ ʩ ʦʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ï ʤʦʤʝʥʪʦʤ ʠʥʝʨ-

ʮʠʠ ʙʘʨʘʙʘʥʘ. ʇʦʩʣʝ ʧʦʣʥʦʛʦ ʨʘʟʤʘʪʳʚʘʥʠʷ ʧʣʝʥʢʠ ʜʚʠʞʝʥʠʝ ʙʘʣʣʘʩʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʂɸ ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʦ 

ʜʫʛʘʤ ʦʢʨʫʞʥʦʩʪʝʡ ʩ ʮʝʥʪʨʘʤʠ ʚ ʪʦʯʢʘʭ ʢʨʝʧʣʝʥʠʷ ʪʨʦʩʦʚ ʥʘ ʂɸ. ʕʪʦ ʜʚʠʞʝʥʠʝ ʪʘʢʞʝ ʦʧʠʩʘʥʦ ʚ ʚʠʜʝ ʫʨʘʚ-

ʥʝʥʠʷ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ, ʪʨʘʝʢʪʦʨʠʷ, ʬʘʟʦʚʘʷ ʧʣʦʩʢʦʩʪʴ. 

 

ʅʝʢʦʪʦʨʳʝ ʚʦʧʨʦʩʳ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ ʦʩʚʝʱʝʥʳ ʚ ʤʦʥʦʛʨʘʬʠʷʭ [1, 2]. ɺ ʧʨʦʮʝʩʩʝ ʨʘʩ-

ʰʠʨʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʂɸ-ʟʦʥʜʳ ʝʝ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʣʘʚʥʦ ʫʙʳʚʘʝʪ. ʆʪʜʝʣʠʚ ʟʦʥʜʳ ʦʪ ʂɸ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʟʘʤʝʜʣʝʥʠʝ ʝʛʦ ʚʨʘʱʝʥʠʷ. ɿʘʤʝʜʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʂɸ ʠʤʝʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʠ ʨʘʥʝʝ ʜʦʩʪʠʛʘʣʦʩʴ, 

ʥʘʧʨʠʤʝʨ, ʚʳʙʨʘʩʳʚʘʥʠʝʤ ʠʟ ʂɸ ʛʨʫʟʠʢʦʚ (ʙʘʣʣʘʩʪʦʚ) ʥʘ ʥʠʪʷʭ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʦʙʨʳʚʦʤ [3]. 

1. ɼʚʠʞʝʥʠʝ ʢʦʥʮʝʚʳʭ ʤʘʩʩ ʜʦ ʩʭʦʜʘ ʧʣʸʥʢʠ ʩ ʙʘʨʘʙʘʥʘ 

ʇʫʩʪʴ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ  t = 0, ʥʘʧʨʠʤʝʨ, ʜʚʘ ʙʘʣʣʘʩʪʘ (ʨʝʠ ʧʘʨʫʩʦʚ),  ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷ-

ʶʪʩʷ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʪʦʯʢʘʤʠ, ʥʘʯʠʥʘʶʪ ʧʣʦʩʢʦʝ ʜʚʠʞʝʥʠʝ ʩ ʥʘʪʷʞʝʥʠʝʤ ʧʣʸʥʦʢ (ʪʨʦʩʦʚ)  ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʜʠʫʩʘ R ʚʨʘʱʘʶʱʝʛʦʩʷ ʙʘʨʘʙʘʥʘ ʠʟ ʪʦʯʝʢ M
o
, M '

o
 (ʨʠʩ. 1). 

ʉ ʙʘʨʘʙʘʥʦʤ ʩʚʷʟʘʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ Oxy ʪʘʢ, ʯʪʦ ʝʸ ʥʘʯʘʣʦ ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ ʚʨʘʱʝʥʠʷ, ʘ ʦʩʴ x ʧʨʦ-

ʭʦʜʠʪ ʯʝʨʝʟ ʪʦʯʢʫ M
o
.  

ʇʦʩʣʝ ʦʪʧʫʩʢʘʥʠʷ ʙʘʣʣʘʩʪʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʦʥʠ ʥʘʯʥʫʪ ʫʜʘʣʷʪʴʩʷ ʦʪ ʙʘʨʘʙʘʥʘ ʧʦ 

ʪʨʘʝʢʪʦʨʠʷʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ  xy ʵʚʦʣʴʚʝʥʪʳ ʢʨʫʛʘ. ʇʦʣʦʞʝʥʠʝ ʩʠʩʪʝʤʳ Oxy ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ OXY  ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʛʣʦʤ Ŭ, ʘ ʧʦʣʦʞʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʙʘʣʣʘʩʪʦʚ ʚ ʩʠʩʪʝ-

ʤʝ Oxy ï ʧʦʣʷʨʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ű,r. 
ʀʟ ʫʨʘʚʥʝʥʠʷ ʵʚʦʣʴʚʝʥʪʳ 

                                                                              ű = r
2
/R

2
 - 1 ï arccos 

R

r
                                                               (1.1) 

 

ʩʣʝʜʫʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʝʡ 

                                                                          ű
Ā
 = r

2
/R

2
 - 1 r
Ā
/r,      (Ā) = d/dt                                                           (1.2)  

 

ɸʙʩʦʣʶʪʥʘʷ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮʳ M ʝʩʪʴ va = ve + vŰ , ʛʜʝ   ve = ( )Ŭ
Ā
+ ű
Ā

 re ,  vr=ίÃÏÓ‎ r/r, ï ʜʣʠʥʘ ʜʫʛʠ 

M
o
M ʵʚʦʣʴʚʝʥʪʳ, e, r

Ā
/r = n ï ʝʜʠʥʠʯʥʳʝ ʚʝʢʪʦʨʳ (ʨʠʩ. 1). 

ʂʚʘʜʨʘʪ ʘʙʩʦʣʶʪʥʦʡ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮʳ va 
2
= ( )Ŭ
Ā
+ ű
Ā

 
2
r
2
 + ίÃÏÓ‎ . ʋʯʠʪʳʚʘʷ, ʯʪʦ ÃÏÓ‎ = R/r, ɔ 

= < AOM, (ʨʠʩ.1) ί Ὑ• ‎ , ὃὓ ЍςὙί, ὶ Ὑ ὃὓ ὙὙ ςί

Ὑ ρ • ‎ , ί Ѝὶ Ὑ • ‎, ‎ Ὑὶ ὶЍὶ Ὑϳ , ʧʦʣʫʯʠʤ  

                                            va 
2
 = ( )Ŭ

Ā
+ ű
Ā

 
2
r
2
 +Ὑ ρ Ὑ ὶϳ •

ϳ
                              (1.3) 

 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ 
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                                                                                     T =  
1

2
 I Ŭ
Ā2

 +  mv
a
2
                                                                      (1.4) 

 

 I ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʙʘʨʘʙʘʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʩʠʤʤʝʪʨʠʠ, m ï ʤʘʩʩʘ ʙʘʣʣʘʩʪʘ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʳʡ ʤʦʤʝʥʪ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ 

                                                                        

                                                                       K = I Ŭ
Ā
 + 2m r

2
 ( )Ŭ
Ā
+ ű
Ā

 ,                   (1.5) 

 

ʠʟ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ  Ŭ
Ā
 = ( )K - 2 m r

2
 ű
Ā

/ ( )I + 2 m r
2
, ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝ-

ʨʝʟ ʢʦʦʨʜʠʥʘʪʫ r ʠ ʝʸ ʩʢʦʨʦʩʪʴ r
Ā
. 

T = 
1

2
  

K
2

I + 2mr
2
  +άὙ Ὑ ςὶ Ὑ Ⱦὶ ὍὶȾὍ ςάὶ  

                                 Ὑ ρ Ὑ ὶϳ Ͻὶ Ὑ Ὑὶϳ ὶ                (1.6) 

 

ʇʦʩʣʝ ʧʝʨʝʭʦʜʘ ʢ ʙʝʟʨʘʟʤʝʨʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ ʠ ʧʘʨʘʤʝʪʨʘʤ 

ὶ Ὑή, ὸ †‫ϳ , ‫ ‌π , Ὅ άὙὉ, ή ‫ή ή ὨήὨ†ϳ , ὶ Ὑ,‫ή 

ὑ Ὁ ςάὙ‫  ʥʘ ʫʨʦʚʥʝ ʵʥʝʨʛʠʠ Ὤ άὙ Ὁ ς‫  ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ 

ςή ρ ή Ὁ ςή Ὁ Ὁ ςή ρήϳϳ ρ ρήϳϳ ή   

                                                     Ὁ ς ρ Ὁ ς Ὁ ςήϳ                                 (1.7) 

ʅʘ ʨʠʩ. 2 ʠʟʦʙʨʘʞʝʥʳ ʬʘʟʦʚʳʝ ʪʨʘʝʢʪʦʨʠʠ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʝʢʦʪʦʨʳʤ ʟʥʘʯʝʥʠʷʤ 

ʧʘʨʘʤʝʪʨʘ ɽ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ q  1, ή π,  ʘ ʧʨʠ q Ÿ Ð, ή O ρ (ʠʣʠ ὶO Ὑ.(‫ 
ʉʠʣʘ ʨʘʩʪʷʞʝʥʠʷ ʪʨʦʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʙʩʦʣʶʪʥʳʤ ʫʩʢʦʨʝʥʠʝʤ ʙʘʣʣʘʩʪʘ 

ⱷ ‌ὶ▄  ‌▪ ς‌ὶ▄  ⱷ  

ʛʜʝ ⱷ ί ЍςὙίϳ ▄ ί▄Ⱳ  ï ʣʦʢʘʣʴʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʙʘʣʣʘʩʪʘ, 

 ▄Ⱳ ʠ  ▄  ʝʜʠʥʠʯʥʳʝ ʚʝʢʪʦʨʳ, ʚʳʭʦʜʷʱʠʝ ʠʟ ʪʦʯʢʠ ʄ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʵʚʦʣʴʚʝʥʪʝ ʠ ï ʧʦ  ʥʦʨʤʘʣʠ ʢ ʥʝʡ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ▄  ▄ÃÏÓ‎ ⱲÓÉÎ‎ , ▪  ▄ÓÉÎ‎ ⱲÃÏÓ‎, ʧʦʣʫʯʠʤ  

ⱷ ‌ὶ ς‌ὶÃÏÓ‎ ‌ὶÓÉÎ‎ ί ЍςὙί ϳ  ▄ ‌ὶ ς‌ὶÓÉÎ‎

‌ὶÃÏÓ‎ ί Ⱳ  

ʊ.ʢ. ʫʩʢʦʨʝʥʠʝ ʙʘʣʣʘʩʪʘ ʩʦʟʜʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘʪʷʞʝʥʠʝʤ ʪʨʦʩʘ, ʪʦ ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʵʪʦʛʦ ʫʩʢʦ-

ʨʝʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ ʥʫʣʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʣʘ ʨʘʩʪʷʞʝʥʠʷ ʪʨʦʩʘ  

˝ ά ‌ὶ ς‌ὶÃÏÓ‎ ‌ὶÓÉÎ‎ ί ЍςὙί ϳ  

ʚ ʢʦʥʝʯʥʦʤ ʚʠʜʝ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ q. 

2.  ɼʚʠʞʝʥʠʝ ʙʘʣʣʘʩʪʦʚ ʧʦʩʣʝ ʩʭʦʜʘ ʧʣʸʥʢʠ ʩ ʙʘʨʘʙʘʥʘ 

ʉ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʪʦʯʢʘ ʢʘʩʘʥʠʷ ʪʨʦʩʘ ʩ ʙʘʨʘʙʘʥʦʤ ʩʦʚʧʘʜʸʪ ʩ ʪʦʯʢʦʡ ʢʨʝʧʣʝʥʠʷ ʪʨʦʩʘ ʥʘ ʙʘʨʘ-

ʙʘʥʝ ʪʨʘʝʢʪʦʨʠʷ ʙʘʣʣʘʩʪʘ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʩʪʘʥʝʪ ʦʢʨʫʞʥʦʩʪʴʶ ʨʘʜʠʫʩʘ R
o
 (ʨʘʚʥʦʛʦ ʜʣʠʥʝ ʚʩʝʛʦ 

ʪʨʦʩʘ) ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ ʢʨʝʧʣʝʥʠʷ ɺ. (ʨʠʩ.3). ʆʪ ʢʦʦʨʜʠʥʘʪ Oxy ʧʝʨʝʡʜʸʤ ʢ ʥʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ Oɝɖ , 

ʥʘʧʨʘʚʠʚ ʦʩʴ ɝ ʯʝʨʝʟ ʪʦʯʢʫ ɺ. 

ʊʝʧʝʨʴ ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʧʦʣʦʞʝʥʠʝ ʙʘʣʣʘʩʪʘ ʄ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ɓ, Ɋ, r, 

ʛʜʝ  ɓ = Ŭ + ű
m
, ʘ ʧʦʣʷʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ɣ, r ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʩʦʦʪʥʦʰʝʥʠʝʤ r = R cosɣ + R

2
o - R

2
 sin

2
ɣ,  

ɣ̒  [ ]-ɣ
o
, ɣ

o
, ɣ

o
 = arctg

R
o

R
.  ʂʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ  K = I ɓ

Ā
 + 2 m r

2
 [ ]ɓ
Ā
 + ɣ
Ā

 = const ʪʝʧʝʨʴ ʦʧʨʝʜʝʣʷʝʪ, ʩʢʦ-

ʨʦʩʪʴ  ɓ
Ā
 = ( )K - 2 m r

2
 ɣ
Ā

 ù ( )I + 2m r
2

, ʘ ʢʚʘʜʨʘʪ ʘʙʩʦʣʶʪʥʦʡ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

     ὺ ὶ ὶ ‍ ‪ᴂ ,  

ʛʜʝ ὶ Ὑὶ‪ÓÉÎ‪ Ὑ ὙÓÉÎ‪ . 
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ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʝʧʝʨʴ ʧʨʠʥʠʤʘʝʪ ʚʠʜ 
 

    Ὕ άὶ ‪                                  ςȢρ 

     

ʇʦʩʣʝ ʧʝʨʝʭʦʜʘ ʢ ʙʝʟʨʘʟʤʝʨʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ ʥʘ ʪʦʤ ʞʝ ʫʨʦʚʥʝ ʵʥʝʨʛʠʠ h, ʯʪʦ ʠ ʚ ʧ.1, ʧʦʣʫʯʠʤ ʫʨʘʚʥʝ-

ʥʠʝ ʩʝʤʝʡʩʪʚʘ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ ʩ ʜʚʫʤʷ ʧʘʨʘʤʝʪʨʘʤʠ ɽ ʠ R0 /R. 

ςή
Ὁ

Ὁ ςή

ÓÉÎ‪

Ὑ Ὑ ÓÉÎ‪ϳ
‪ᴂ Ὁ ς ρ Ὁ ς Ὁ ςήϳ   ςȢς 

ʛʜʝ ‪ᴂ ‪ᴂ‫ϳ , ή ÃÏÓ‪ Ὑ Ὑ ÓÉÎ‪ϳ  

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ R0  = R ɻ ʪʦ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʧʨʦʩʪʦʡ ʚʠʜ 

 

‪ᴂ
Ὁ ς τÃÏÓ‪ ρ

τὉ ςÓÉÎς‪
                                                                  ςȢσ  

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ Ro >> R ʠʤʝʝʤ ɗ å ɣ ʠ  eĀŰ  å 1, r =
~

 Ro . ɺ ʪʘʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 
mjy ##º  ʠ 

( )( )2 2
0 02 2mK mR I mRb jº - +  

ʏʪʦʙʳ ʦʙʝ ʚʝʪʚʠ ʨʘʟʚʸʨʥʫʪʦʡ ʧʣʸʥʢʠ ʦʩʪʘʚʘʣʠʩʴ ʚ ʧʣʦʩʢʦʩʪʠ ʦʩʠ  ɝ  ʥʘʜʦ ʚ ʤʦʤʝʥʪ ʦʙʨʘʱʝʥʠʷ ʫʛʣʘ ɣ ʚ 

ʥʦʣʴ ʢ ʧʘʨʝ ʙʘʣʣʘʩʪʦʚ ʧʨʠʣʦʞʠʪʴ ʪʦʨʤʦʟʥʦʡ ʠʤʧʫʣʴʩ ʤʦʤʝʥʪʘ ( ) mRRm j#
2

02 + ,  ʧʨʠ ʵʪʦʤ, ʬʠʥʠʰʥʘʷ ʫʛʣʦʚʘʷ 

ʩʢʦʨʦʩʪʴ ɓ
Ā

B
  ʚʩʝʡ ʩʠʩʪʝʤʳ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʜʚʠʞʝʥʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʠʥʪʝʛʨʘʣʘ ʧʣʦʱʘʜʝʡ K, ʫʤʝʥʴʰʝʥʥʦʛʦ ʥʘ 

ʚʝʣʠʯʠʥʫ ʪʦʨʤʦʟʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʪ.ʝ. ï ʠʟ ʚʳʨʘʞʝʥʠʷ 

( )[ ] ( ) ( ) mB RRmmRIRRmI jab ### 2

00

22

0 222 +-+=++ , ʛʜʝ  Ŭ
Ā
o
 ï ʫʛʣʦʚʘʷ  ʩʢʦʨʦʩʪʴ ʙʘʨʘʙʘʥʘ ʜʦ ʨʘʟʚʸʨ-

ʪʳʚʘʥʠʷ ʧʣʸʥʢʠ.  

(ɺ ʯʘʩʪʥʦʩʪʠ, ʚʝʣʠʯʠʥʦʡ  ɓ
Ā

B
  ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʨʦʩʪʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʝʮʝʩʩʠʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʥʘ ʦʨʙʠʪʝ. ɺʤʝʩʪʦ ʪʦʨʤʦʟʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʧʨʠʣʦʞʝʥʥʦʛʦ ʢ ʙʘʣʣʘʩʪʘʤ, ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʘʟ-

ʛʦʥʥʳʡ ʠʤʧʫʣʴʩ ʢ ʙʘʨʘʙʘʥʫ). 

ɺ ʨʝʞʠʤʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʧʫʪʥʠʢʘ ʩʦʣʥʮʘ [3] ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ɓ
Ā

B
  ʜʦʣʞʥʘ ʩʦʚʧʘʜʘʪʴ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦ-

ʩʪʴʶ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʇʨʠ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ ɓ
Ā

B
  ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʬʦʨʤʳ ʧʘʨʫʩʘ ʧʦʪʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʢʘ 

ʨʘʩʯʘʣʦʢ ʤʝʞʜʫ ʨʝʷʤʠ. 

ʇʣʦʩʢʦʩʪʠ ʧʘʨʫʩʦʚ, ʚʠʜʠʤʦ, ʤʦʞʥʦ ʨʘʟʚʝʨʥʫʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʨʘʙʘʥʘ, ʝʩʣʠ ʧʘʨʫʩʘ ʟʘʢʨʝʧʠʪʴ ʥʘ ʙʘʨʘʙʘʥʝ ʩ 

ʧʦʤʦʱʴʶ ʨʝʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʨʘʱʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʧʝʨʝʯʥʳʭ ʦʩʝʡ ʙʘʨʘʙʘʥʘ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʮʝʥʪʨ ʤʘʩʩ ʢʦʩ-

ʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ʅʘʧʨʠʤʝʨ, ʪʦʛʜʘ ʵʪʠ ʧʣʦʩʢʦʩʪʠ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʚ ʦʜʥʫ ʧʣʦʩʢʦʩʪʴ (ʢ ʬʠʛʫʨʝ çʟʚʝʟʜʘè). 

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ R=0 ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪ ʚ ʩʚʷʟʢʫ ʪʨʝʭ ʪʝʣ, ʧʣʦʩʢʦʝ ʜʚʠʞʝʥʠʝ ʢʦʪʦʨʦʡ 

ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʝ [4]. 
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ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ɻʦʣʫʙʝʚʘ ʖ.ʌ., ʉʪʝʧʘʥʦʚʘ ʉ.ʗ. ʠ ʈʦʜʥʠʢʦʚʘ ɸ.ɺ. ʟʘ ʧʦʣʝʟʥʳʝ ʩʦʚʝʪʳ ʧʨʠ ʦʙʩʫʞʜʝ-

ʥʠʠ ʨʘʙʦʪʳ. 
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TO THE TASK OF DEPLOYMENT OF THE SOLAR SAIL  
 

A.P. Blinov, Candidate of Physical and Mathematical Sciences, Associate Professor, Higher Mathematics Department 

Russian State Agrarian University named after K.A. Timiryazev (Moscow), Russia 

 

Abstract. The task of unrolling of synthetic film from the roll to the rectangle is considered in this article, for 

example, the task of unrolling of the Sun Sail (mirror film), or similar task of sliding of probes on the cables out of a 

spaceship. In view of proposed process of short duration the power of gravitation is not taken into account. The film or 

the cables are regarded as inextensible and weightless.  Unrolling is done at the expense of centrifugal forces acting on 

the ballasts which are fixed on the ends of the film while the barrel (the spaceship) is spinning with a certain initial ve-

locity. (The yards of the sail can be used as ballasts). It is supposed that unrolling is done with symmetry of the system 

being kept relative to the axis of spinning of the barrel. The result of the task is quadratures representing the family of 

phase paths with a parameter- an inertia moment of the barrel. After the final unrolling of the film the ballasts contin-

ues their movement relatively to the spaceship along the circle arcs with the centres in the points of fixing of the cables 

on the spaceship. This movement is also described as an equation of phase paths. During the process of expansion of 

the ñThe Sun Sail- Probesò system its angular velocity gradually decreases. Having separated the probes from the 

spaceship, one can slow down the spaceship spinning. It could be achieved by ejection of the ballasts on the threads out 

of the spaceship with the following break of the threads [3]. Some additional problems of unrolling of the Sun Sail are 

considered in the editions [1, 2]. 

Keywords: kinematic relation, trajectory, phase plane. 
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ʋɼʂ 524.824: 519.876 
 

ʇʆʉʋʊʆʏʅɸʗ ɼʀʅɸʄʀʂɸ ɸʃʔʌɸ-ɸʂʊʀɺʅʆʉʊʀ 
239

PU ʇʈʀ ʉʆʃʅɽʏʅʆʄ ɿɸʊʄɽʅʀʀ 
 

 
ʇ.ʄ. ʄʘʟʫʨʢʠʥ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʘʢʘʜʝʤʠʢ ʈɸɽ ʠ ʈɸɽʅ, 

ʯʣʝʥ ɽʚʨʦʧʝʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ɽʩʪʝʩʪʚʦʟʥʘʥʠʷ 

ʇʦʚʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʁʦʰʢʘʨ-ʆʣʘ, ʈʦʩʩʠʷ 
 

ɸʥʥʦʪʘʮʠʷ. ʇʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ  ʩ 09.03.2005 ʧʦ 22.04.2005 ʧʦʢʘʟʘʥʘ ʜʠʥʘʤʠʢʘ 

ʧʦ ʩʫʪʢʘʤ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ ʫ ʦʙʨʘʟʮʘ ʧʣʫʪʦʥʠʷ 
239

Pu ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʯʝʨʝʟ ʩʝʢʫʥʜʫ. ʄʘʩʩʠʚ r040309.dat, 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʤ ʘʢʘʜʝʤʠʢʦʤ ʈɸɽʅ ʉ.ʕ. ʐʥʦʣʴ, ʙʳʣ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ 43 ʩʫʪʢʘʤ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ. ʇʨʠʚʝʜʝʥʳ ʚʦʣʥʦʚʳʝ ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʟʘʪʤʝʥʠʷ ʧʦ ʜʥʷʤ, ʥʦʯʘʤ ʠ ʩʫʪʢʘʤ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ, ʩʦʣʥʝʯʥʦʝ  ʟʘʪʤʝʥʠʝ, ʧʦʩʫʪʦʯʥʘʷ ʜʠʥʘʤʠʢʘ. 
 

ɺʚʝʜʝʥʠʝ. ɸʢʘʜʝʤʠʢ ʈɸɽʅ ʉ.ʕ. ʐʥʦʣʴ ʜʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʫ ʘʣʴʬʘ-ʘʢʪʠʚʥʦʩʪʠ 
239

Pu: çʄʥʝ ʭʦʪʝ-

ʣʦʩʴ ʥʘʣʘʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʨʝʟʫʣʴʪʘʪʦʤ çʩʠʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡè, ʧʨʦʮʝʩʩʘ ʟʘʚʝ-

ʜʦʤʦ ʥʝ ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʢʘʢʠʭ-ʣʠʙʦ ʟʝʤʥʳʭ ʫʩʣʦʚʠʡ éè [7, ʩ.75]. ɼʘʣʝʝ ʦʥ ʦʪʤʝʯʘʝʪ: çʄʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʬʣʶʢʪʫ-

ʘʮʠʷʤʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʣʝʡè [7, ʩ.95].  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʦʢʘʞʝʤ ʧʨʠʤʝʨʳ, ʫʙʝʜʠʪʝʣʴʥʦ ʜʦʢʘʟʳʚʘʶʱʠʝ ʛʠʧʦʪʝʟʫ ʉ.ʕ. ʐʥʦʣʴ.   

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ. ɺ ʤʘʩʩʠʚʝ r040309.dat ʥʘʭʦʜʠʪʩʷ 3808482 ʥʘʙʣʶʜʝʥʠʷ. ʆʥʠ ʧʦʣʫʯʝʥʳ ʝʞʝʩʝʢʫʥʜ-

ʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʘʣʴʬʘ-ʘʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʮʘ 
239

Pu [2]. ʇʨʠʤʝʤ ʟʘ ʥʘʯʘʣʦ ʩʫʪʦʢ 5 ʯ ʫʪʨʘ. ʊʦʛʜʘ ʮʝʣʳʝ ʩʫʪʢʠ 

ʥʘʯʠʥʘʶʪʩʷ ʩ 10.03.2005 ʚ 5 ʯ ʫʪʨʘ. ʊʘʙʣʠʮʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʘʥʘ ʚ [2], ʘ ʤʝʪʦʜʠʢʘ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ ʚ [1].   

ʇʦʩʫʪʦʯʥʘʷ ʜʠʥʘʤʠʢʘ. ɺ ʪʝʯʝʥʠʝ 43 ʩʫʪʦʢ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʠʨʘʱʝʥʠʡ ʠʤʧʫʣʴʩʦʚ 

ʦʪ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ ʧʨʦʠʩʭʦʜʠʣʦ (ʨʠʩ. 1) ʧʦ ʯʝʪʳʨʝʭʯʣʝʥʥʦʡ (ʧʦ ʚʦʟʤʦʞʥʦʩʪʷʤ ʧʨʦʛʨʘʤʤʳ CurveExpert) ʬʦʨʤʫʣʝ. 
 

  
ʊʨʝʥʜ  ʧʝʨʚʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ 

  
ʪʨʝʥʜ ʠ ʧʝʨʚʘʷ ʚʦʣʥʘ ʚʦʟʤʫʱʝʥʠʷ ʚʪʦʨʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ 

  
ʪʨʝʥʜ ʠ ʜʚʝ ʚʦʣʥʳ ʚʦʟʤʫʱʝʥʠʷ ʦʩʪʘʪʢʠ ʧʦʩʣʝ ʬʦʨʤʫʣʳ (1) 

 

ʈʠʩ. 1. ɼʠʥʘʤʠʢʘ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʨʘʱʝʥʠʡ ʯʘʩʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ ʧʦ ʩʫʪʢʘʤ 

                                                           
 É ʄʘʟʫʨʢʠʥ ʇ.ʄ. / Mazurkin P.M., 2013 
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4321 ʯʯʯʯʯ IIIII +++= ,                      (1) 

)1023283,4exp(4061,8956
99183,25

1 cʯ tI -Ö-= , )13896,0exp(1011361,1
15150,174695,109

2 ccʯ ttI -Ö= - , 

)28629,2/cos( 113 -= ptAI cʯ p , )032665,0exp(3459,8911 ctA --= , 09410,81=p , 

)73510,5/cos( 224 -= ptAI cʯ p , 96411,2442 -=A , 
55286,0

2 036984.060197,2 ctp += , 
 

ʛʜʝ 
ʯI  ï ʯʘʩʦʚʳʝ ʧʨʝʚʳʰʝʥʠʷ ʩʫʤʤʳ ʝʞʝʩʝʢʫʥʜʥʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘʜ 1080000, ʰʪ./ʯ, 

ct  ï ʚʨʝʤʷ ʩ ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ 

0=ct  ʩ 10 ʤʘʨʪʘ 2005 ʛʦʜʘ ʚ 5 ʯʘʩʦʚ ʫʪʨʘ, ʩʫʪʢʠ, A  ï ʘʤʧʣʠʪʫʜʘ (ʧʦʣʦʚʠʥʘ) ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʩʫʤʤʳ 

ʝʞʝʩʝʢʫʥʜʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʰʪ./ʯ, p  ï ʧʦʣʫʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʷ ʧʨʦʮʝʩʩʘ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ ʦʙʨʘʟʮʘ 
239

Pu, ʩʫʪʢʠ. 

ʇʝʨʚʘʷ ʚʦʣʥʘ ʠʤʝʝʪ ʫʙʳʚʘʶʱʫʶ ʘʤʧʣʠʪʫʜʫ ʠ ʧʦʩʪʦʷʥʥʳʡ ʧʦʣʫʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʷ. ɸ ʚʪʦʨʘʷ ʚʦʣʥʘ, ʥʘʦʙʦ-

ʨʦʪ, ʧʦʣʫʯʠʣʘ ʧʦʩʪʦʷʥʥʫʶ ʘʤʧʣʠʪʫʜʫ ʠ ʧʝʨʝʤʝʥʥʳʡ ʧʦʣʫʧʝʨʠʦʜ. ʇʝʨʠʦʜ ʧʝʨʚʦʡ ʚʦʣʥʳ ʨʘʚʝʥ 2³8,09410 º 16,19 

ʩʫʪʦʢ. ɸ ʚʪʦʨʘʷ ʚʦʣʥʘ ʥʘʯʠʥʘʝʪ ʫʩʧʦʢʘʠʚʘʪʴʩʷ (ʩʥʠʞʘʝʪʩʷ ʯʘʩʪʦʪʘ) ʩ 2³2,60197 º 5,20 ʩʫʪʦʢ.  ɸʜʝʢʚʘʪʥʦʩʪʴ (1) 

ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʢʦʨʨʝʣʷʮʠʠ ʨʘʚʝʥ 0,8206 (ʨʠʩ. 1), ʧʦʵʪʦʤʫ ʬʦʨʤʫʣʘ (1) ʦʪʥʦʩʠʪʩʷ ʢ ʛʨʫʧʧʝ ʩ ʩʠʣʴʥʳʤʠ ʬʘʢʪʦʨ-

ʥʳʤʠ ʩʚʷʟʷʤʠ (7,0²r ). ʇʦ ʚʨʝʤʝʥʠ ʚ ʯʘʩʘʭ 
ʯt  ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 0,8076. ʆʙʝ ʬʦʨʤʫʣʳ ʧʦ-

ʣʫʯʘʶʪ ʩʠʣʴʥʫʶ ʪʝʩʥʦʪʫ, ʥʦ ʩʫʪʦʯʥʘʷ ʜʠʥʘʤʠʢʘ ʪʦʯʥʝʝ (0,8206>0,8076) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʯʘʩʦʚʦʡ.  

ɼʝʥ.ɹ ʀʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʜʥʷ ʠ ʥʦʯʠ ʧʦ ʧʨʘʚʦʩʣʘʚʥʦʤʫ ʢʘʣʝʥʜʘʨʶ ʧʦʟʚʦʣʷʶʪ ʯʝʪʢʦ ʨʘʟʜʝʣʠʪʴ ʩʫʪʢʠ 

ʥʘ ʜʚʝ ʧʦʣʦʚʠʥʳ, ʘ ʟʘʪʝʤ ʥʘʡʪʠ ʩʫʤʤʫ (ʚ ʩʫʪʢʠ)  ʠ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʜʥʸʤ ʠ ʥʦʯʴʶ. ɺ ʪʝʯʝʥʠʝ 43 ʩʫʪʦʢ ʩʨʝʜʥʝʩʪʘ-

ʪʠʩʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʠʨʘʱʝʥʠʡ ʠʤʧʫʣʴʩʦʚ ʦʪ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ ʜʥʸʤ ʧʨʦʠʩʭʦʜʠʣʦ (ʨʠʩ. 2) ʧʦ ʬʦʨʤʫʣʝ 
 

                                                                          
4321 ʜʜʜʜʜ IIIII +++= ,        (2) 

)0094648,0exp(5748,1109191 cʜ tI -= , )45176,115exp(1047026,2
27213,078056,837

2 ccʜ ttI -Ö= , 

)62691,1/cos( 113 -= ptAI ʩʜ p , )32194,1exp(7027,10775
41223,034919,1

1 cc ttA --= ,  

60005,25

1 1064510,923969,9 ctp -Ö-= , )44627,2/cos( 224 -= ptAI ʩʜ p ,  

)07586,44exp(1094185,5
44776,017122,8332

2 cc ttA -Ö= - , 
01333,1

2 013634.0084120,0 ctp += , 

ʛʜʝ 
ʜI  ï ʜʥʝʚʥʦʝ (05 ʯ-17 ʯ) ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʚʳʰʝʥʠʡ ʠʤʧʫʣʴʩʦʚ, ʰʪ.  

 

  

ʊʨʝʥʜ  ʧʝʨʚʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ 

  
ʪʨʝʥʜ ʠ ʧʝʨʚʘʷ ʚʦʣʥʘ ʚʦʟʤʫʱʝʥʠʷ ʚʪʦʨʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ 

  
ʪʨʝʥʜ ʠ ʜʚʝ ʚʦʣʥʳ ʚʦʟʤʫʱʝʥʠʷ ʦʩʪʘʪʢʠ ʧʦʩʣʝ ʬʦʨʤʫʣʳ (2) 
 

ʈʠʩ. 4. ɼʠʥʘʤʠʢʘ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʨʘʱʝʥʠʡ ʯʘʩʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ ʧʦ ʜʥʷʤ 43 ʩʫʪʦʢ 
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ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 0,9779 ʦʯʝʥʴ ʚʳʩʦʢ. ʋʨʘʚʥʝʥʠʝ (2) ʦʪʥʦʩʠʪʩʷ ʢ ʩʚʝʨʭʩʠʣʴʥʦʡ ʪʝʩʥʦʪʝ ʩʚʷʟʠ.   

ʅʦʯ.ɹ ɿʘ 43 ʩʫʪʦʢ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʠʨʘʱʝʥʠʡ ʠʤʧʫʣʴʩʦʚ ʦʪ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ ʥʦʯʴʶ 

ʧʨʦʠʩʭʦʜʠʣʦ (ʨʠʩ. 3) ʧʦ ʬʦʨʤʫʣʝ 

                                                                          
4321 ʥʥʥʥʥ IIIII +++= ,        (3) 

 

)0088246,0exp(2441,1111101 cʥ tI -= , )18159,94exp(1018243,1
27542,070843,696

2 ccʥ ttI -Ö= , 

)17110,2/cos( 113 -= ptAI ʩʥ p , )1036596,8exp(23597,7116
20301,36

1 ctA -Ö--= ,  

08880,1

1 0060618,082906,7 ctp -= , )79491,3/cos( 224 += ptAI ʩʥ p ,  

)0068079,0exp(1059704,9
42126,213226,3032

2 cc ttA -Ö= - , 
34158,1

2 035180.011431,6 ctp -= , 

ʛʜʝ 
ʥI  ï ʥʦʯʥʦʝ (17 ʯ-05 ʯ) ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʚʳʰʝʥʠʡ ʠʤʧʫʣʴʩʦʚ, ʰʪ.  

 

  
ʊʨʝʥʜ  ʧʝʨʚʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ 

  
ʪʨʝʥʜ ʠ ʧʝʨʚʘʷ ʚʦʣʥʘ ʚʦʟʤʫʱʝʥʠʷ ʚʪʦʨʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ 

  
ʪʨʝʥʜ ʠ ʜʚʝ ʚʦʣʥʳ ʚʦʟʤʫʱʝʥʠʷ ʦʩʪʘʪʢʠ ʧʦʩʣʝ ʬʦʨʤʫʣʳ (3) 

 

ʈʠʩ. 3. ɼʠʥʘʤʠʢʘ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʨʘʱʝʥʠʡ ʯʘʩʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ ʧʦ ʥʦʯʘʤ 43 ʩʫʪʦʢ 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 0,9872 ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʥʸʤ. 

ɼʝʥʴ-ʥʦʯ.ɹ ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʜʠʥʘʤʠʢʠ ʘʣʴʬʘ-ʘʢʪʠʚʥʦʩʪʠ ʫ ʥʘʩ ʚʦʟʥʠʢ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʩʫʪʦʯʥʳʤ ʧʨʠʨʘʱʝ-

ʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʠʤʧʫʣʴʩʦʚ, ʠ ʦʥ ʦʧʨʝʜʝʣʷʝʪʩʷ (ʨʠʩ. 4) ʧʦ ʬʦʨʤʫʣʝ  
 

                                                                  321 pppp IIII ++= ,         (4) 
 

)097802,0exp(7865,15041 cp tI -= , )011394,0exp(1060552,1
29210,203164,4754

2 ccp ttI -Ö-= - , 

)39034,1/cos( 113 -= ptAI ʩp p , )58642,0exp(1001047,2
99795,010807,127

1 cc ttA -Ö= -
,  

67858,15

1 1046250,206508,2 ctp -Ö-= . 

 

ʛʜʝ pI  ï ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʜʥʝʚʥʳʤʠ ʠ ʥʦʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʣʠʯʝʩʪʚʘ ʠʤʧʫʣʴʩʦʚ, ʰʪ. ʪʦʛʜʘ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ 

ʵʪʘ ʨʘʟʥʠʮʘ ʧʦʢʘʟʳʚʘʝʪ ʟʘʪʝʥʝʥʠʝ ɿʝʤʣʝʡ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʦʪ ʉʦʣʥʮʘ.  
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9767.10

15387.25

S = 5481.22645107

r = 0.97044069

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.1 8.0 15.8 23.7 31.5 39.4 47.2
78119.70

90596.30

103072.90

115549.50

128026.10

140502.70

152979.30

S = 3362.08084165

r = 0.74903662

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.1 8.0 15.8 23.7 31.5 39.4 47.2
-13756.51

-8558.38

-3360.24

1837.90

7036.04

12234.17

17432.31

S = 4050.06844298

r = 0.98719806

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.1 8.0 15.8 23.7 31.5 39.4 47.2
78119.70

90596.30

103072.90

115549.50

128026.10

140502.70

152979.30

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.1 8.0 15.8 23.7 31.5 39.4 47.2-8204.56

-5846.27

-3487.97

-1129.68

1228.62

3586.91

5945.20
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ʊʨʝʥʜ  ʧʝʨʚʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ 

  
ʪʨʝʥʜ ʠ ʧʝʨʚʘʷ ʚʦʣʥʘ ʚʦʟʤʫʱʝʥʠʷ ʦʩʪʘʪʢʠ ʧʦʩʣʝ ʬʦʨʤʫʣʳ (4) 

 

ʈʠʩ. 4. ɼʠʥʘʤʠʢʘ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʨʘʱʝʥʠʡ ʯʘʩʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ ʧʦ ʨʘʟʥʦʩʪʠ ʜʥʷ ʠ ʥʦʯʠ 
 

ɼʘʣʴʥʝʡʰʝʝ ʥʘʨʘʱʠʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (4) ʟʘʪʨʫʜʥʝʥʦ. ʇʨʠ ʵʪʦʤ ʥʘ ʛʨʘʬʠʢʘʭ 

ʚʠʜʝʥ ʩʧʘʜ ʘʢʪʠʚʥʦʩʪʠ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ ʧʝʨʝʜ ʩʦʣʥʝʯʥʳʤ ʟʘʪʤʝʥʠʝʤ.  

ʉʫʪʢʠ. ɿʘ 43 ʩʫʪʦʢ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʠʨʘʱʝʥʠʡ ʠʤʧʫʣʴʩʦʚ ʦʪ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ ʚ ʪʝʯʝ-

ʥʠʝ ʩʫʪʢʠ ʧʨʦʠʩʭʦʜʠʣʦ (ʨʠʩ. 5) ʧʦ ʬʦʨʤʫʣʝ 
 

  
ʊʨʝʥʜ  ʧʝʨʚʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ 

  
ʪʨʝʥʜ ʠ ʧʝʨʚʘʷ ʚʦʣʥʘ ʚʦʟʤʫʱʝʥʠʷ ʚʪʦʨʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ 

  
ʪʨʝʥʜ ʠ ʜʚʝ ʚʦʣʥʳ ʚʦʟʤʫʱʝʥʠʷ ʦʩʪʘʪʢʠ ʧʦʩʣʝ ʬʦʨʤʫʣʳ (5) 

 

ʈʠʩ. 5. ɼʠʥʘʤʠʢʘ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʨʘʱʝʥʠʡ ʯʘʩʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ ʧʦ ʩʫʪʢʘʤ 

S = 6278.10628049

r = 0.52157801

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.1 8.0 15.8 23.7 31.5 39.4 47.2
-22382.10

-16223.90

-10065.70

-3907.50

2250.70

8408.90

14567.10

S = 5156.21295348

r = 0.60123614

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.1 8.0 15.8 23.7 31.5 39.4 47.2
-18543.34

-12834.37

-7125.41

-1416.45

4292.51

10001.47

15710.44

S = 5664.55427293

r = 0.73178591

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.1 8.0 15.8 23.7 31.5 39.4 47.2
-22382.10

-16223.90

-10065.70

-3907.50

2250.70

8408.90

14567.10

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.1 8.0 15.8 23.7 31.5 39.4 47.2
-13456.17

-8973.64

-4491.11

-8.59

4473.94

8956.47

13439.00

S = 12.70974157

r = 0.95268588

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.1 8.0 15.8 23.7 31.5 39.4 47.2149.07

174.66

200.24

225.82

251.41

276.99

302.57

S = 9.49905670

r = 0.64061245

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.1 8.0 15.8 23.7 31.5 39.4 47.2-39.14

-28.08

-17.02

-5.96

5.10

16.16

27.22

S = 10.15547603

r = 0.97427221

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.1 8.0 15.8 23.7 31.5 39.4 47.2149.07

174.66

200.24

225.82

251.41

276.99

302.57

S = 6.47166982

r = 0.73586742

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.1 8.0 15.8 23.7 31.5 39.4 47.2-28.64

-19.15

-9.65

-0.15

9.34

18.84

28.34

S = 7.65483502

r = 0.98829482

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.1 8.0 15.8 23.7 31.5 39.4 47.2149.07

174.66

200.24

225.82

251.41

276.99

302.57

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.1 8.0 15.8 23.7 31.5 39.4 47.2-17.02

-11.97

-6.93

-1.88

3.16

8.21

13.25
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                                                                   4321

310 ccccc IIIII +++=- ,        (5) 

)077637,0exp(51513,268
58961,5

1 cc tI -= , )43051,11exp(1004470,6
49630,089617,3322

2 ccc ttI -Ö= - , 

)97338,1/cos( 113 += ptAI ʩc p , )054109,0exp(76469,341 ctA -= , 
ctp 088366,055925,111 -= ,  

)25211,4/cos( 224 += ptAI ʩc p , )75138,2exp(1000475,2
88702,062429,4035

2 cc ttA -Ö= - ,  

99809,0

2 025704.056658,0 ctp += . 

ʛʜʝ 
cI  ï ʩʫʪʦʯʥʦʝ (05 ʯ-05 ʯ) ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʚʳʰʝʥʠʡ ʯʠʩʣʘ ʠʤʧʫʣʴʩʦʚ, ʰʪ./ʩʫʪʢʠ, 

ɺ ʪʘʙʣʠʮʝ 1 ʜʘʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʯʝʪʳʨʝʭ ʧʘʨʘʤʝʪʨʦʚ ʫ ʩʫʪʦʢ. 

 

ʉʨʘʚʥʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʦʯʴʶ ʜʠʩʧʝʨʩʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ (3) ʤʝʥʴʰʝ, ʯʝʤ ʜʥʸʤ ʧʦ (2). 

ʇʨʠ ʵʪʦʤ ʪʝʩʥʦʪʘ ʩʚʷʟʠ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʢʦʨʨʝʣʷʮʠʠ ʪʘʢʞʝ  ʚʳʰʝ. 

ʅʘʠʙʦʣʴʰʝʡ ʘʜʝʢʚʘʪʥʦʩʪʴʶ 0,9883 ʦʙʣʘʜʘʝʪ ʤʦʜʝʣʴ (5) ʧʦʩʫʪʦʯʥʦʡ ʜʠʥʘʤʠʢʠ ʧʨʠʨʘʱʝʥʠʡ ʠʤʧʫʣʴʩʦʚ.  

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʵʢʩʪʨʝʤʫʤʳ ʧʦ 24 ʯʘʩʘʤ.    

ʄʘʢʩʠʤʫʤ. ʈʘʥʞʠʨʦʚʘʥʠʝʤ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʥʘʭʦʜʠʤ ʤʠʥʠʤʫʤʳ ʠ ʤʘʢʩʠʤʫʤʳ ʩʨʝʜʠ 43-ʩʫʪʦʯʥʳʭ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʡ ʧʦ 24 ʯʘʩʘʤ ʚ ʩʫʪʢʘʭ (ʪʘʙʣ. 2).  
 

ʊʘʙʣʠʮʘ 2  

ʄʠʥʠʤʫʤʳ ʠ ʤʘʢʩʠʤʫʤʳ ʧʨʠʨʘʱʝʥʠʡ ʧʦʯʘʩʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʧʦ ʩʫʪʢʘʤ ʠʟʤʝʨʝʥʠʡ 

ɼʘʪʘ 
ɺʨʝʤʷ  

ct , ʩʫʪʢʠ 

ʄʠʥʠʤʫʤ 

mincI , ʰʪ./ʯ 

ʄʘʢʩʠʤʫʤ  

maxcI , ʰʪ./ʯ 
ɼʘʪʘ 

ɺʨʝʤʷ  

ct , ʩʫʪʢʠ 

ʄʠʥʠʤʫʤ 

mincI , ʰʪ./ʯ 

ʄʘʢʩʠʤʫʤ  

maxcI , ʰʪ./ʯ 

10 ʤʘʨʪʘ 1 8247 10492 31 ʤʘʨʪʘ 22 4816 8955 

11 ʤʘʨʪʘ 2 6579 10564 01 ʘʧʨʝʣʷ 23 5516 9623 

12 ʤʘʧʪʘ 3 7523 10714 02 ʘʧʨʝʣʷ 24 6396 10814 

13 ʤʘʨʪʘ 4 7124 11178 03 ʘʧʨʝʣʷ 25 7052 10907 

14 ʤʘʨʪʘ 5 5502 9352 04 ʘʧʨʝʣʷ 26 6747 11911 

15 ʤʘʨʪʘ 6 6476 9976 05 ʘʧʨʝʣʷ 27 5850 13132 

16ʤʘʨʪʘ 7 6965 10074 06 ʘʧʨʝʣʷ 28 7466 13358 

17 ʤʘʨʪʘ 8 7345 10879 07 ʘʧʨʝʣʷ 29 8281 12063 

18 ʤʘʨʪʘ 9 5674 10156 08 ʘʧʨʝʣʷ 30 10550 13490 

19 ʤʘʨʪʘ 10 6424 10389 09 ʘʧʨʝʣʷ 31 9731 14034 

20 ʤʘʨʪʘ 11 6138 10701 10 ʘʧʨʝʣʷ 32 9639 13213 

21 ʤʘʨʪʘ 12 7188 11123 11 ʘʧʨʝʣʷ 33 9755 13181 

22 ʤʘʨʪʘ 13 6182 10838 12 ʘʧʨʝʣʷ 34 10069 13799 

23 ʤʘʨʪʘ 14 7188 10085 13 ʘʧʨʝʣʷ 35 9374 13451 

24 ʤʘʨʪʘ 15 6180 11791 14 ʘʧʨʝʣʷ 36 8913 13640 

25 ʤʘʨʪʘ 16 6718 10552 15 ʘʧʨʝʣʷ 37 9803 13419 

26 ʤʘʨʪʘ 17 6074 10516 16 ʘʧʨʝʣʷ 38 10580 15470 

27 ʤʘʨʪʘ 18 4874 9378 17 ʘʧʨʝʣʷ 39 9379 13215 

28 ʤʘʨʪʘ 19 6553 9273 18 ʘʧʨʝʣʷ 40 8496 12886 

29 ʤʘʨʪʘ 20 5712 10415 19 ʘʧʨʝʣʷ 41 8657 13254 

30 ʤʘʨʪʘ 21 5332 10755 20 ʘʧʨʝʣʷ 42 9183 12633 

    21 ʘʧʨʝʣʷ 43 9246 12694 
 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 2 ʚʠʜʥʦ, ʯʪʦ ʛʣʦʙʘʣʴʥʳʡ ʤʠʥʠʤʫʤ ʘʢʪʠʚʥʦʩʪʠ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ ʦʙʨʘʟʮʘ 
239

Pu ʥʘʙʣʶ-

ʜʘʣʩʷ 31 ʤʘʨʪʘ 2005 ʛʦʜʘ, ʘ ʛʣʦʙʘʣʴʥʳʡ ʤʘʢʩʠʤʫʤ ʧʨʦʷʚʠʣʩʷ 16 ʘʧʨʝʣʷ, ʪʦ ʝʩʪʴ ʯʝʨʝʟ 8 ʩʫʪʦʢ ʧʦʩʣʝ ʟʘʪʤʝʥʠʷ.  

ʇʦʩʣʝ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ [5] ʧʦʣʫʯʝʥʘ (ʨʠʩ. 6) ʬʦʨʤʫʣʘ 
 

                                                               max4max3max2max1max ccccc IIIII +++= ,       (6) 

 

)00036168,0exp(6454,10529
61567,1

max1 cc tI -= , )86015,93exp(1001861,1
27001,077910,667

max2 ccc ttI -Ö= , 

)50403,1/cos( 11max3 -= ptAI ʩc p , )043295,0exp(26380,22
18237,167689,1

1 cc ttA --= ,  

38547,2

1 00040746,032771,9 ctp -= , )76132,2/cos( 22max4 += ptAI ʩc p , 7691,5022=A , 

 

ʊʘʙʣʠʮʘ 1  

ʉʨʘʚʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʫʪʦʢ ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ  

ʧʦʢʘʟʘʪʝʣʠ  

ʇʘʨʘʤʝʪʨʳ ʫ ʩʫʪʦʢ 

ʜʝʥʴ ʥʦʯʴ ʜʝʥʴ - 

ʥʦʯʴ 

ʩʫʪʢʠ 

ɺʨʝʤʷ, ʯ 05 - 17 17 - 05 0 05 - 05 

ɼʠʩʧʝʨʩʠʷ 5569 4050 5665 7655 

ʂʦʵʬʬ. ʢʦʨʨʝʣʷʮʠʠ 0,9779 0,9872 0,7318 0,9883 
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17730,0

2 10835.108966,4 ctp -= . 

ʊʦʛʜʘ ʯʝʪʢʦ ʧʨʦʷʚʣʷʝʪʩʷ ʩʦʣʥʝʯʥʦʝ ʟʘʪʤʝʥʠʝ ʚ ʪʝʯʝʥʠʝ 16 ʩʫʪʦʢ ʩ 31 ʤʘʨʪʘ ʧʦ 16 ʘʧʨʝʣʷ. ʕʪʦ ʧʝʨʠʦʜ 

ʤʦʞʥʦ ʜʘʣʝʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʪʜʝʣʴʥʦ ʠ ʨʘʟʙʠʪʴ ʩʫʪʢʠ ʧʦ ʯʘʩʘʤ, ʘ ʟʘʪʝʤ ʠ ʧʦ ʤʠʥʫʪʘʤ. 
 

  
ʊʨʝʥʜ  ʧʝʨʚʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ 

  
ʪʨʝʥʜ ʠ ʧʝʨʚʘʷ ʚʦʣʥʘ ʚʦʟʤʫʱʝʥʠʷ ʚʪʦʨʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ 

  
ʪʨʝʥʜ ʠ ʜʚʝ ʚʦʣʥʳ ʚʦʟʤʫʱʝʥʠʷ ʦʩʪʘʪʢʠ ʧʦʩʣʝ ʬʦʨʤʫʣʳ (6) 

 

ʈʠʩ. 6. ɼʠʥʘʤʠʢʘ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʨʘʱʝʥʠʡ ʤʘʢʩʠʤʘʣʴʥʳʭ ʯʘʩʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ 
 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʚʩʝʭ ʬʦʨʤʫʣ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʧʦʩʫʪʦʯʥʦʡ ʜʠʥʘʤʠʢʝ ʟʘ ʧʝʨʠʦʜ 43 ʩʫʪʦʢ, ʚʩʝ ʦʥʠ ʠʤʝʶʪ ʦʜ-

ʥʫ ʠ ʪʫ ʞʝ ʢʦʥʩʪʨʫʢʮʠʶ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ɸʥʘʣʦʛʠʯʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʠʤʝʶʪ ʠ ʧʦʯʘʩʦʚʳʝ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ. ʊʦʛʜʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʘʡʜʝʥʘ ʫʩʪʦʡʯʠʚʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʨʘʟʥʳʝ ʟʥʘʝʯ-

ʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʰʢʘʣʘʭ ʚʨʝʤʝʥʠ ʠʟʤʝʨʝʥʠʷ ʘʣʴʬʘ-ʘʢʪʠʚʥʦʩʪʠ.     

ʄʠʥʠʤʫʤ. ɼʣʷ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʦ ʧʦ ʤʠʥʠʤʫʤʫ ʟʥʘʯʝʥʠʡ ʧʨʝʚʳʰʝʥʠʷ ʠʤʧʫʣʴʩʦʚ ʧʦ ʜʘʥʥʳʤ ʪʘʙʣʠ-

ʮʳ 2 ʧʦʣʫʯʝʥʘ (ʨʠʩ. 7) ʤʦʜʝʣʴ ʚʠʜʘ 

                                                                                  min4min3min2min1min ccccc IIIII +++= ,       (7) 
 

)013308,0exp(4073,7457min1 cc tI -= , )69821,107exp(1074644,1
26507,081430,748

min2 ccc ttI -Ö= , 

)68067,0/cos( 11min3 += ptAI ʩc p , )032784,0exp(63942,2691 ctA = , 98382,71=p , 

)05270,3/cos( 22min4 -= ptAI ʩc p , )71337,22exp(1059508,1
019735,08

2 ctA -Ö= , 

49934,1

2 0014685.056159,2 ctp += . 
 

ʌʦʨʤʫʣʘ (7) ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʫʧʨʦʩʪʠʣʘʩʴ ʠ ʤʝʥʴʰʝ ʩʪʘʣʦ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. ʇʨʠ ʵʪʦʤ ʧʦʣʫʧʝʨʠʦʜ 

ʧʝʨʚʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʨʘʚʝʥ 2 ³ 7,98382 = 15,96764 º 16 ʩʫʪʦʢ. ʕʪʦ ʢʦʣʝʙʘʥʠʝ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʯʘʩʪʦʪʦʡ, ʨʘʚʥʦʡ 1 /16 ʩʫʪʢʠ
-1
 ʠʣʠ 24 / 16 = 1,5 ʯʘʩ

-1
 ʠʣʠ 1,5 ³ 60 = 90 ʤʠʥ

-1
, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤʫ 

ʮʠʨʢʘʜʠʘʥʥʦʤʫ ʮʠʢʣʫ. ʕʪʦ ʮʠʢʣ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠ ʚ ʧʦʚʝʜʝʥʠʠ ʣʶʜʝʡ.  

ʉʨʘʚʥʝʥʠʝ ʫʨʘʚʥʝʥʠʡ (6) ʠ (7) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʜʠʥʘʤʠʢʠ ʤʘʢʩʠʤʫʤʘ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʵʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʠ ʠʟ-ʟʘ ʵʪʦʛʦ ʚʩʸ ʞʠʚʦʝ ʥʘ ɿʝʤʣʝ ʥʘʯʠʥʘʝʪ ʚʦ ʚʨʝ-

ʤʷ ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ ʙʝʩʧʦʢʦʠʪʴʩʷ.  ʅʦ ʧʦ ʠʟʤʝʥʝʥʠʶ ʤʠʥʠʤʫʤʘ ʧʨʝʚʳʰʝʥʠʡ ʠʤʧʫʣʴʩʦʚ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ 

ʥʘʙʣʶʜʘʝʪʩʷ, ʥʘʦʙʦʨʦʪ, ʫʩʧʦʢʦʝʥʠʝ ʧʨʦʮʝʩʩʘ, ʪʘʢ ʢʘʢ ʚʪʦʨʘʷ ʚʦʣʥʘ ʧʦ ʫʨʘʚʥʝʥʠʶ (7) ʩ ʧʨʠʙʣʠʞʝʥʠʝʤ ʟʘʪʤʝʥʠʷ 

ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʣʫʧʝʨʠʦʜ, ʥʘʯʠʥʘʷ ʦʪ 2 ³ 2,56159 = 5,12318 ʩʫʪʦʢ. 
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ʊʨʝʥʜ  ʧʝʨʚʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ 

  
ʪʨʝʥʜ ʠ ʧʝʨʚʘʷ ʚʦʣʥʘ ʚʦʟʤʫʱʝʥʠʷ ʚʪʦʨʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ 

  
ʪʨʝʥʜ ʠ ʜʚʝ ʚʦʣʥʳ ʚʦʟʤʫʱʝʥʠʷ ʦʩʪʘʪʢʠ ʧʦʩʣʝ ʬʦʨʤʫʣʳ (18) 
 

ʈʠʩ. 7. ɼʠʥʘʤʠʢʘ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʨʘʱʝʥʠʡ ʤʠʥʠʤʘʣʴʥʳʭ ʯʘʩʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ 
 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʛʨʘʬʠʢʠ ʦʩʪʘʪʢʦʚ, ʤʦʞʥʦ ʠ ʜʘʣʴʰʝ ʧʦʣʫʯʘʪʴ ʚʦʣʥʦʚʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. ʅʦ ʜʣʷ ʵʪʦʛʦ 

ʥʫʞʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʥʘʷ ʩʨʝʜʘ ʠ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨ ʧʝʪʘʬʣʦʧʥʦʛʦ ʢʣʘʩʩʘ. 
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DAILY DYNAMICS OF ALPHA ACTIVITY 
239

PU AT THE SOLAR ECLIPSE  
 

P.M. Mazurkin,  Doctor of Engineering Science, Professor, Academician of RANS, member of EANS 

Volga Region State Technological University, Russia 
 

Abstract. According to the measurements of the solar eclipse with 09.03.2005 on 22.04.2005 shows the evolu-

tion of radioactivity for days in a sample of plutonium 
239

Pu measurements a second. An array r040309.dat, provided 

RANS S.E. Shnol was distributed to 43 days in the statistical modeling. The dynamics of the wave equation eclipse by 

day, night and day is given. 

Keywords: radioactivity, a solar eclipse, daily dynamics. 
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ʋɼʂ 524.824: 519.876 

 

ʀɼɽʅʊʀʌʀʂɸʎʀʗ ʉʊɸʊʀʉʊʀʏɽʉʂʀʍ ʋʉʊʆʁʏʀɺʓʍ ɿɸʂʆʅʆʄɽʈʅʆʉʊɽʁ 
 

 
ʇ.ʄ. ʄʘʟʫʨʢʠʥ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʘʢʘʜʝʤʠʢ ʈɸɽ ʠ ʈɸɽʅ, 

ʯʣʝʥ ɽʚʨʦʧʝʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ɽʩʪʝʩʪʚʦʟʥʘʥʠʷ 

ʇʦʚʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʁʦʰʢʘʨ-ʆʣʘ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ʧʨʦʮʝʩʩ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ (ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ) ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʘʩʠʤʤʝʪʨʠʯʥʳʤʠ ʚʝʡʚʣʝʪ-ʩʠʛʥʘʣʘʤʠ ʧʦ ʜʠʥʘʤʠʯʝʩʢʠʤ ʨʷʜʘʤ ʠʟʤʝʨʝʥʠʡ. ʇʦʢʘʟʘʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʠʜʝʥ-

ʪʠʬʠʢʘʮʠʠ ʫʩʪʦʡʯʠʚʳʭ ʟʘʢʦʥʦʚ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʠʣʠ ʚʦʣʥʦʚʦʡ ʜʠʥʘʤʠʢʠ ʣʶʙʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦʣʥʦʚʳʤʠ 

ʚʝʡʚʣʝʪʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʘʤʧʣʠʪʫʜʦʡ ʠ ʯʘʩʪʦʪʦʡ ʢʦʣʝʙʘʥʠʷ. ʉʪʘʪʴʷ ʜʘʥʘ ʢʘʢ ʨʝʰʝʥʠʝ 23-ʦʡ 

ʧʨʦʙʣʝʤʳ ɻʠʣʴʙʝʨʪʘ ʦʜʥʠʤ-ʝʜʠʥʩʪʚʝʥʥʳʤ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤ ʚʦʣʥʦʚʳʤ ʫʨʘʚʥʝʥʠʝʤ ʚ ʦʙʱʝʡ ʬʦʨ-

ʤʝ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʘʚʪʦʨʦʤ, ʠ ʪʝʤ ʩʘʤʳʤ ʜʦʢʘʟʘʥʘ ʛʠʧʦʪʝʟʘ ʠ ʠʟʚʝʩʪʥʘʷ ʢʦʥʮʝʧʮʠʷ ɼʝʢʘʨʪʘ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʜʝʥʪʠʬʠʢʘʮʠʷ, ʘʩʠʤʤʝʪʨʠʯʥʳʡ ʚʝʡʚʣʝʪ, ʜʠʥʘʤʠʢʘ, ʩʫʤʤʘ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ. 

 

ɺʚʝʜʝʥʠʝ. ʇʨʦʙʣʝʤʘ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ (23-ʷ ʧʨʦʙʣʝʤʘ ɻʠʣʴʙʝʨʪʘ) ʜʦ ʩʠʭ 

ʧʦʨ ʥʝ ʨʝʰʝʥʘ, ʭʦʪʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʤʘʪʝʤʘʪʠʢʠ ʤʥʦʛʦ ʩʜʝʣʘʥʦ ʩʘʤʠʤ ɻʠʣʴʙʝʨʪʦʤ [1]. ʄʘʪʝʤʘʪʠʯʝʩʢʫʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ɼʘʚʠʜʘ ɻʠʣʴʙʝʨʪʘ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʢʦʥʮʝʧʮʠʠ (ʚʝʢʪʦʨʳ ʧʦ-

ʥʠʤʘʥʠʷ): ʘ) ʠʥʪʝʛʨʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʠ ʬʠʟʠʢʘ (ʚ ʦʙʱʝʤ ʩʤʳʩʣʝ: ʚʢʣʶʯʘʷ ʚʩʝ ʜʨʫʛʠʝ ʥʘʫʢʠ: ʘʩʪʨʦʥʦʤʠʷ, ʙʠʦ-

ʣʦʛʠʷ ʠ ʵʢʦʣʦʛʠʷ, ʵʢʦʥʦʤʝʪʨʠʢʘ, ʪʝʭʥʦʣʦʛʠʷ ʠ ʜʨ.); ʙ) ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʯʠʩʣʦʚʳʝ ʧʦʣʷ ʠ ʠʥʚʘʨʠʘʥʪʳ. ɼʚʘ ʵʪʠʭ 

ʚʝʢʪʦʨʘ ʧʦʥʠʤʘʥʠʷ ʚʤʝʩʪʝ ʦʙʲʝʜʠʥʷʝʪ ʪʝʦʨʠʷ ʘʢʩʠʦʤʘʪʠʢʠ ɻʠʣʴʙʝʨʪʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʩʠʦʤʘʪʠʢʘ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʦʙʦʠʭ ʧʦʜʭʦʜʦʚ ï ʦʪ ʤʘʪʝʤʘʪʠʢʘ ʢ ʬʠʟʠʢʫ-ʪʝʦʨʝʪʠʢʫ (ʧʝʨ-

ʚʳʡ ʚʝʢʪʦʨ) ʠ, ʥʘʦʙʦʨʦʪ, ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʘ ʢ ʤʘʪʝʤʘʪʠʢʫ. ʄʦʥʘʨʥʳʡ ʧʦʜʭʦʜ ʤʘʪʝʤʘʪʠʢʘ-ʪʝʦʨʝʪʠʢʘ ʢ ʨʘʟʚʠ-

ʪʠʶ ʘʙʩʪʨʘʢʪʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʤʳ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤ, ʪʘʢ ʢʘʢ ʥʘ ʤʥʦʛʠʭ ʧʨʠʤʝʨʘʭ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ (ʚʝʨʦʷʪʥʦʩʪ-

ʥʦʛʦ) ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʙʝʜʠʣʠʩʴ ʚ ʪʦʤ, ʯʪʦ ʨʝʰʝʥʠʝ 23-ʡ ʧʨʦʙʣʝʤʳ ɻʠʣʴʙʝʨʪʘ ʥʘʭʦʜʠʪʩʷ ʥʝ ʚ ʤʘʪʝʤʘʪʠʢʝ ʠʣʠ 

ʬʠʟʠʢʝ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ, ʘ ʠʤʝʥʥʦ ʚ ʧʝʨʝʭʦʜʝ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʠ (ʠʟʤʝʨʝʥʠʷ ʚ ʬʠʟʠʢʝ, ʘʩʪʨʦʥʦʤʠʠ, 

ʙʠʦʣʦʛʠʠ ʠ ʵʢʦʣʦʛʠʠ, ʩʦʮʠʦʣʦʛʠʠ ʠ ʵʢʦʥʦʤʝʪʨʠʢʝ, ʪʝʭʥʠʢʝ ʠ ʪʝʭʥʦʣʦʛʠʠ) ʢ ʤʝʪʦʜʘʤ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ.   

ʂʣʶʯʦʤ ʢ ʧʦʥʠʤʘʥʠʶ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʘʪʝʤʘʪʠʢʘʤʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʥʘʤʠ ʤʝʪʦʜʦʣʦʛʠʠ ʠʜʝʥʪʠʬʠʢʘ-

ʮʠʠ ʠʥʚʘʨʠʘʥʪʦʚ ʧʦ ʨʝʘʣʴʥʳʤ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤ ʯʠʩʣʦʚʳʤ ʧʦʣʷʤ, ʢʘʢ ʨʝʟʫʣʴʪʘʪʘʤ ʤʥʦʛʦʬʘʢʪʦʨʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ, ʷʚʣʷʝʪʩʷ ʵʚʨʠʩʪʠʯʝʩʢʦʝ ʫʪʚʝʨʞʜʝʥʠʝ: çʈʫʢʦʚʦʜʷʱʠʤ ʧʨʠʥʮʠʧʦʤ ʜʣʷ ɻʠʣʴʙʝʨʪʘ ʩʣʫʞʠʣʘ ʘʥʘʣʦʛʠʷ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʜʣʷ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʦʪ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡè [1]. ʅʦ ʫ ʥʘʩ ʠʥʚʘʨʠʘʥʪʘ-

ʤʠ ʷʚʣʷʶʪʩʷ ʛʣʘʜʢʠʝ ʠ ʷʚʥʦ ʥʝʣʠʥʝʡʥʳʝ ʫʩʪʦʡʯʠʚʳʝ ʟʘʢʦʥʳ [2-6, 8], ʚʢʣʶʯʘʷ ʠ ʚʦʣʥʦʚʳʝ ʬʫʥʢʮʠʠ, ʧʨʠʤʝʥʠ-

ʤʳʝ ʢ ʚʝʱʝʩʪʚʝʥʥʳʤ ʯʠʩʣʦʚʳʤ ʧʦʣʷʤ (ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʚʳʙʦʨʢʘʤ). ʇʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʬʠʟʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʚ 

ʧʨʠʥʷʪʦʤ ʤʥʦʞʝʩʪʚʝ ʦʙʦʩʦʙʣʝʥʥʦ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴʩʷ ʟʘ ʦʙʲʷʩʥʷʶʱʫʶ ʧʝʨʝʤʝʥʥʫʶ [2, 3, 8].  

ʎʝʣʴ ʩʪʘʪʴʠ ï ʧʦʢʘʟʘʪʴ ʤʝʪʦʜʦʣʦʛʠʶ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʘʜʜʠʪʠʚʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʠʥʚʘʨʠʘʥʪʦʚ ʚ ʚʠʜʝ ʘʩʠʤ-

ʤʝʪʨʠʯʥʳʭ ʚʝʡʚʣʝʪ-ʩʠʛʥʘʣʦʚ. ʈʝʘʣʴʥʳʡ ʧʨʠʤʝʨ ʧʨʠʚʝʜʝʥ ʚ ʥʘʰʠʭ ʩʪʘʪʴʷʭ ʧʦ ʜʠʥʘʤʠʢʝ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ [2, 3].  

ʄʝʪʦʜʦʣʦʛʠʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʫʩʪʦʡʯʠʚʳʭ ʟʘʢʦʥʦʚ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. ʇʦʜʨʦʙʥʝʝ ʦʪʜʝʣʴʥʳʝ ʦʩʦ-

ʙʝʥʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʜʘʥʳ ʚ [2-8]. ʄʝʪʦʜʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʦʡ 

CurveExpert ʧʦʢʘʟʘʥʘ ʚ [7, 9]. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʦ ʜʘʥʥʳʤ (ʯʠʩʣʦʚʦʤʫ ʧʦʣʶ, ʪʘʙʣʠʯʥʦʡ ʤʦʜʝʣʠ) ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ:  

1) ɻ ʚʨʠʩʪʠʯʝʩʢʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʩʫʪʠ ʠʟʫʯʘʝʤʦʛʦ ʷʚʣʝʥʠʷ ʠʣʠ ʧʨʦʮʝʩʩʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʠ 

ʘʥʘʣʠʟʘ ʪʘʙʣʠʯʥʦʡ ʤʦʜʝʣʠ (ʘʧʨʠʦʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ) ʠ ʦʩʤʳʩʣʝʥʠʷ ʚ ʭʦʜʝ ʚʳʷʚʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʫ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʦʡ ʦʜʥʦʬʘʢʪʦʨʥʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦ ʝʸ ʘʜʜʠʪʠʚʥʳʤ ʩʦʩʪʘʚʣʷʶʱʠʤ (ʘʧʦʩʪʝʨʠʦʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ);  

2) ʩʪʨʫʢʪʫʨʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʢʘʞʜʦʡ ʦʜʥʦʬʘʢʪʦʨʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʚ ʦʙʱʝʡ ʤʦʜʝʣʠ ʚ 

ʚʠʜʝ ʩʫʤʤʳ ʠʥʚʘʨʠʘʥʪʦʚ ʠʟ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʚʝʡʚʣʝʪ-ʩʠʛʥʘʣʦʚ;  

3) ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʥʘʨʘʱʠʚʘʝʤʦʡ ʧʦ ʦʪʜʝʣʴʥʳʤ ʠʥʚʘʨʠʘʥʪʘʤ ʩʪʨʫʢʪʫʨʳ ʢʘʞʜʦʡ 

ʫʩʪʦʡʯʠʚʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʵʚʨʠʩʪʠʯʝʩʢʘ.̫ ʆʥʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʟʥʘʥʠʝ ʧʨʝʜʤʝʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʟʜʝʩʴ ʚʘ-

ʞʝʥ ʧʝʨʝʭʦʜ ʦʪ ʬʠʟʠʢʠ ʢ ʤʘʪʝʤʘʪʠʢʝ, ʘ ʥʝ ʥʘʦʙʦʨʦʪ.  ɻʣʘʚʥʦʝ ʵʚʨʠʩʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʟʘʜʘʥʥʦʝ 

ʯʠʩʣʦʚʦʝ ʧʦʣʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʬʦʨʤʣʷʝʤʦʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ. ɺ ʥʝʡ ʥʝʷʚʥʦ ʟʘʢʣʶʯʝʥ 

ʚʝʩʴ ʩʦʜʝʨʞʘʪʝʣʴʥʳʡ ʩʤʳʩʣ (ʵʚʨʠʩʪʠʢʘ) ʠ ʧʦʥʠʤʘʥʠʝ (ʢʦʥʮʝʧʮʠʷ) ʘʚʪʦʨʘ ʠʟʤʝʨʝʥʠʡ ʩʤʳʩʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ʂʨʠʪʝʨʠʝʤ (ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʤʝʨʦʡ) ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʩʦʩʪʘʚʣʝ-

ʥʠʠ ʯʠʩʣʦʚʦʛʦ ʧʦʣʷ, ʪ.ʝ. ʪʘʙʣʠʮʳ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʭ, ʜʣʷ ʜʨʫʛʠʭ ʵʪʘʧʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʧʨʦʩʪʳʝ 

ʯʠʩʣʘ ʠ ʠʭ ʨʷʜʳ [5, 6] ʥʝ ʠʤʝʶʪ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ: ʦʥʠ ʘʙʩʦʣʶʪʥʦ ʜʦʩʪʦʚʝʨʥʳ, ʜʦʙʨʦʪʥʳ ʠ ʥʘʜʝʞʥʳ. ɸ 

ʜʨʫʛʠʝ ʚʠʜʳ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʤʝʶʪ ʨʘʟʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ [4, 8]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʯʠʩʣʦʚʳʝ 

ʦʙʲʝʢʪʳ ï ʥʘʠʣʫʯʰʠʝ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʟʘʢʦʥʦʚ-ʠʥʚʘʨʠʘʥʪʦʚ.  

ʅʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʥʘʭʦʜʷʪʩʷ ʧʨʝʮʠʟʠʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʚ ʘʩʪʨʦʥʦʤʠʠ, ʬʠʟʠʢʝ, ʪʝʭʥʠʢʝ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʜʨʫ-

ʛʠʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ [2, 3]. ʅʘ ʪʨʝʪʴʝ ʤʝʩʪʦ ʚʩʪʘʶʪ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ (ʫ ʥʘʩ ï ʣʝʩʥʳʝ ʜʝʨʝʚʴʷ) ʠ ʠʭ ʧʦʚʝʜʝ-
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ʥʠʝ ʠʤʝʝʪ ʯʝʪʢʦ ʧʨʦʷʚʣʷʶʱʠʡʩʷ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʦʵʪʦʤʫ ʣʠʥʝʡʥʳʝ ʠ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʝ ʤʦʜʝʣʠ ʙʠʦ-

ʣʦʛʘʤ ʚʦʦʙʱʝ ʥʝ ʧʦʜʭʦʜʷʪ. ʉʘʤʳʝ ʚʳʩʦʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʠʤʝʶʪ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʠʟ-ʟʘ ʠʭ 

ʚʳʩʦʢʦʡ ʩʫʙʲʝʢʪʠʚʥʦʩʪʠ [8].    

ʄʳ ʜʘʚʥʦ ʦʪʢʘʟʘʣʠʩʴ ʦʪ ʤʝʪʦʜʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʦʦʙʱʝ ʥʝ ʧʨʠʤʝʥʷʝʤ ʧʨʦʛʨʘʤʤʳ 

ʩʪʘʪʠʩʪʠʢʠ ʠʟ Excel. ɺ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʝʨʚʳʡ ʵʪʘʧ (ʚʘʨʠʘʮʠʷ ʬʫʥʢʮʠʡ) ʠʟ ʪʝʦʨʠʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠʩʢʣʶʯʘʝʪʩʷ, 

- ʫʩʪʦʡʯʠʚʳʝ ʟʘʢʦʥʳ ʟʘʨʘʥʝʝ ʟʘʜʘʥʳ ʢʘʢ ʠʥʚʘʨʠʘʥʪʳ. ʀʟ ʥʠʭ ʢʘʢ ʠʟ ʢʠʨʧʠʯʠʢʦʚ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʪʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʧʨʠʤʝʨʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ (ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ) 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʫʩʪʦʡʯʠʚʦʛʦ ʟʘʢʦʥʘ (ʧʦ ʪʘʙʣʠʮʝ 1 ʠʭ ʚʩʝʛʦ ʩʝʤʴ) ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʵʚ-

ʨʠʩʪʠʯʝʩʢʦʛʦ ʦʩʤʳʩʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʟʘʜʘʯʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʵʚʨʠʩʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ 23-ʷ ʧʨʦʙʣʝʤʘ ɻʠʣʴʙʝʨʪʘ ʥʘʤʠ ʧʦʢʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʬʦʨʤʘʣʠ-

ʟʦʚʘʥʘ. ʅʦ ʦʥʘ ʙʳʣʘ ʧʦʣʥʦʩʪʴʶ ʨʝʰʝʥʘ ʥʘ ʩʪʨʫʢʪʫʨʥʦʤ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʫʨʦʚʥʷʭ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ. ɺʘʨʠʘ-

ʮʠʷ ʬʫʥʢʮʠʡ ʩʚʦʜʠʪʩʷ ʢ ʦʩʦʟʥʘʥʥʦʤʫ ʦʪʙʦʨʫ ʫʩʪʦʡʯʠʚʳʭ ʟʘʢʦʥʦʚ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʶ ʥʘ ʠʭ ʦʩʥʦʚʝ ʘʜʝʢʚʘʪʥʳʭ 

ʫʩʪʦʡʯʠʚʳʭ ʚʦʣʥʦʚʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. ɺ ʙʫʜʫʱʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʦʜ-

ʥʦʬʘʢʪʦʨʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʣʶʙʳʭ ʪʘʙʣʠʯʥʳʭ ʜʘʥʥʳʭ (ʯʠʩʣʦʚʳʭ ʤʘʪʨʠʮ) ʧʦ ʤʥʦʛʦʬʘʢʪʦʨʥʳʤ ʠʟʤʝʨʝʥʠʷʤ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʩʪʨʫʢʪʫʨʥʘʷ. ɼʝʢʘʨʪ ʧʨʝʜʧʦʣʘʛʘʣ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʜʥʦʛʦ-ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʘʣʛʝʙʨʘʠʯʝ-

ʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʧʨʠʛʦʜʥʦʛʦ ʢʘʢ ʚʘʨʠʘʥʪ ʨʝʰʝʥʠʷ ʜʣʷ ʣʶʙʳʭ ʪʠʧʦʚ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ.  

ɻʠʣʴʙʝʨʪ ʤʝʯʪʘʣ ʦʙ ʠʥʚʘʨʠʘʥʪʘʭ, ʠʟ ʢʦʪʦʨʳʭ ʢʘʢ ʠʟ ʢʠʨʧʠʯʠʢʦʚ ʙʫʜʝʪ ʩʦʙʠʨʘʪʴʩʷ ʵʪʦ ʫʥʠʚʝʨʩʘʣʴʥʦʝ 

ʫʨʘʚʥʝʥʠʝ.  ʅʘʰʠ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʠʥʚʘʨʠʘʥʪʳ ʜʘʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

 

ʊʘʙʣʠʮʘ 1 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʪʳ (ʠʩʭʦʜʥʳʝ ʠʥʚʘʨʠʘʥʪʳ) ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʠ 
ʌʨʘʛʤʝʥʪʳ ʙʝʟ ʧʨʝʜʳʩʪʦʨʠʠ  

ʠʟʫʯʘʝʤʦʛʦ ʷʚʣʝʥʠʷ ʠʣʠ ʧʨʦʮʝʩʩʘ 

ʌʨʘʛʤʝʥʪʳ ʩ ʧʨʝʜʳʩʪʦʨʠʝʡ  

ʠʟʫʯʘʝʤʦʛʦ ʷʚʣʝʥʠʷ ʠʣʠ ʧʨʦʮʝʩʩʘ 

axy=  ï ʟʘʢʦʥ ʣʠʥʝʡʥʦʛʦ ʨʦʩʪʘ ʠʣʠ ʩʧʘʜʘ (ʧʨʠ ʦʪʨʠʮʘ-

ʪʝʣʴʥʦʤ ʟʥʘʢʝ ʧʝʨʝʜ ʧʨʘʚʦʡ ʩʪʦʨʦʥʦʡ ʬʦʨʤʫʣʳ ʣʠʥʝʡʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ) 

ay=  ï ʟʘʢʦʥ ʥʝ ʚʣʠʷʥʠʷ ʧʨʠʥʷʪʦʡ ʦʙʲʷʩʥʷʶʱʝʡ ʧʝʨʝ-

ʤʝʥʥʦʡ ʥʘ ʧʦʢʘʟʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʫʶ 

ʧʨʝʜʳʩʪʦʨʠʶ ʟʥʘʯʝʥʠʡ  
baxy=  ï ʟʘʢʦʥ ʧʦʢʘʟʘʪʝʣʴʥʦʛʦ ʨʦʩʪʘ (ʟʘʢʦʥ ʧʦʢʘʟʘʪʝʣʴ-

ʥʦʡ ʛʠʙʝʣʠ 
baxy -=  ʥʝ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ, ʠʟ-ʟʘ ʙʝʩ-

ʢʦʥʝʯʥʦʩʪʠ ʧʦʢʘʟʘʪʝʣʷ ʧʨʠ ʥʫʣʝʚʦʤ ʟʥʘʯʝʥʠʠ ʦʙʲʷʩʥʷʶ-

ʱʝʡ ʧʝʨʝʤʝʥʥʦʡ)  

)exp( cxay °=  ï ʟʘʢʦʥ ʃʘʧʣʘʩʘ ʚ ʤʘʪʝʤʘʪʠʢʝ (ʎʠʧʬʘ ʚ 

ʙʠʦʣʦʛʠʠ, ʇʘʨʝʪʦ ʚ ʵʢʦʥʦʤʠʢʝ, ʄʘʥʜʝʣʴʙʨʦʪʘ ʚ ʬʠʟʠʢʝ) 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʦʩʪʘ ʠʣʠ ʛʠʙʝʣʠ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦ-

ʨʦʛʦ ʃʘʧʣʘʩ 

ʩʦʟʜʘʣ ʤʝʪʦʜʦʣʦʛʠʶ ʦʧʝʨʘʪʦʨʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ 

)exp( cxaxy b -=  ï ʙʠʦʪʝʭʥʠʯʝʩʢʠʡ ʟʘʢʦʥ ʚ ʫʧʨʦʱʝʥʥʦʡ 

ʬʦʨʤʝ (ʇ.ʄ. ʄʘʟʫʨʢʠʥ), ʢʦʛʜʘ ʧʦʢʘʟʘʪʝʣʴʥʳʡ ʨʦʩʪ ʧʦʩʪʝ-

ʧʝʥʥʦ ʧʦʣʫʯʘʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʪʦʨʤʦʞʝʥʠʝ 

)exp( dcxay °=  ï ʟʘʢʦʥ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʦʩʪʘ ʠʣʠ 

ʛʠʙʝʣʠ ʚ ʧʦʣʥʦʡ ʬʦʨʤʝ (ʢʦʥʩʪʨʫʢʮʠʠ), ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʴ, ʥʝ ʨʘʚʥʫʶ ʝʜʠʥʠʮʝ (ʇ.ʄ. ʄʘʟʫʨʢʠʥ) 

)exp( db cxaxy -= - ʙʠʦʪʝʭʥʠʯʝʩʢʠʡ ʟʘʢʦʥ, ʦʙʱʠʡ ʜʣʷ ʰʝʩʪʠ ʢʦʥʩʪʨʫʢʪʦʚ (ʇ.ʄ. ʄʘʟʫʨʢʠʥ) 

 

ʆʥʠ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʧʦ ʧʨʠʥʮʠʧʫ çʦʪ ʧʨʦʩʪʦʛʦ ʢ ʩʣʦʞʥʦʤʫè. ʇʦ ʩʫʪʠ, ʬʨʘʛʤʝʥʪʳ ʠ ʩʘʤ ʙʠʦʪʝʭʥʠʯʝ-

ʩʢʠʡ ʟʘʢʦʥ ʷʚʣʷʶʪʩʷ çʢʠʨʧʠʯʠʢʘʤʠ ɻʠʣʴʙʝʨʪʘè ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ, ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʘʜʜʠʪʠʚʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠʩʢʦʤʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʠʣʠ ʚʦʣʥʦʚʦʡ ʤʦʜʝʣʠ.  

ʀʥʚʘʨʠʘʥʪʳ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʚ ʚʠʜʝ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʚʝʡʚʣʝʪ-ʩʠʛʥʘʣʦʚ ʪʘʢʞʝ ʚʢʣʶʯʘʶʪ ʚ 

ʩʝʙʷ ʢʦʥʩʪʨʫʢʪʳ ʠʟ ʪʘʙʣʠʮʳ 1 ʢʘʢ ʘʤʧʣʠʪʫʜʘ (ʧʦʣʦʚʠʥʘ) ʠ ʧʦʣʫʧʝʨʠʦʜ.  

ɺ ʪʘʙʣʠʮʝ 1 ʧʦʢʘʟʘʥʳ ʚʩʝ ʥʘʠʙʦʣʝʝ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʠʥʚʘʨʠʘʥʪʳ (ʬʨʘʛʤʝʥʪʳ). ʋ ʥʠʭ ʚʧʝʨʝʜʠ ʤʦʛʫʪ 

ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʳ ʦʧʝʨʘʪʠʚʥʳʝ ʢʦʥʩʪʘʥʪʳ ç+è ʠʣʠ ç-è. ʐʝʩʪʴ ʫʩʪʦʡʯʠʚʳʭ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʯʘʩʪʥʳʤʠ ʩʣʫʯʘʷʤʠ ʙʠʦʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ, ʧʦʢʘʟʘʥʥʦʛʦ ʚʥʠʟʫ ʪʘʙʣʠʮʳ 1. ɺ ʥʘʟʚʘʥʠʠ ʟʘʢʦʥʘ ʩʣʦʚʦ çʙʠʦʪʝʭ-

ʥʠʯʝʩʢʠʡè ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʳ ʧʨʠʜʝʨʞʠʚʘʝʤʩʷ ʠʜʝʡ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʦ ʢʦʩʤʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʞʠʟʥʠ. ʕʪʦ ʜʦʢʘ-

ʟʳʚʘʝʪʩʷ ʚ [5] ʪʝʤ, ʯʪʦ ʨʷʜ ʌʠʙʦʥʘʯʯʠ ʷʚʣʷʝʪʩʷ ʥʝʢʠʤ çʨʦʜʩʪʚʝʥʥʠʢʦʤè ʨʷʜʘ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʨʦʩʪʳʭ ʯʠʩʝʣ.    

ɽʩʣʠ ʠʟʚʝʩʪʥʳ ʵʚʨʠʩʪʠʯʝʩʢʘʷ ʧʨʝʜʳʩʪʦʨʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʯʠʩʣʦʚʦʛʦ ʧʦʣʷ (ʪʘʙʣʠʯʥʦʡ ʤʦʜʝʣʠ), ʪʦ 

ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʘ ʩʤʳʩʣʦʚʘʷ ʨʘʩʰʠʬʨʦʚʢʘ ʢʘʞʜʦʛʦ ʚʝʡʚʣʝʪ-ʩʠʛʥʘʣʘ, ʫ ʢʦʪʦʨʦʛʦ ʚʝʡʚʣʝʪ (ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ) ʚ 

ʩʚʦʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʜʝʨʞʠʪ ʪʝ ʠʣʠ ʠʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠʥʚʘʨʠʘʥʪʳ ʠʟ ʪʘʙʣʠʮʳ 1. 

ɺʩʝ ʠʟʚʝʩʪʥʳʝ ʟʘʢʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʯʘʩʪʥʳʤʠ ʩʣʫʯʘʷʤʠ ʙʠʦʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ, ʯʪʦ ʧʦ-

ʜʨʦʙʥʦ ʧʦʢʘʟʘʥʦ ʚ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ [7].  

ʅʘʧʨʠʤʝʨ, ʟʘʢʦʥ ɻʘʫʩʩʘ (ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ) ʟʘʧʠʰʝʪʩʷ ʠʟ ʟʘʢʦʥʘ ʵʢʩʧʦʥʝʥ-

ʮʠʘʣʴʥʦʡ (ʧʦ ʦʩʥʦʚʘʥʠʶ ʩ ʯʠʩʣʦʤ ʚʨʝʤʝʥʠ e) ʛʠʙʝʣʠ ʧʦ ʪʘʙʣʠʮʝ 1 ʩ ʜʦʧʦʣʥʝʥʠʝʤ ʯʝʪʚʝʨʪʳʤ ʧʘʨʘʤʝʪʨʦʤ f  ʫ 

ʤʦʜʝʣʠ ʚ ʚʠʜʝ ʬʦʨʤʫʣʳ 

                                                                           ))(exp( 2=--= dfxcay , 0=b , xf ~= ,          (1) 

 

ʛʜʝ x~  ï ʟʥʘʯʝʥʠʝ ʚʣʠʷʶʱʝʡ ʧʝʨʝʤʝʥʥʦʡ ʧʨʠ ʤʘʢʩʠʤʫʤʝ ʟʘʚʠʩʠʤʦʛʦ ʧʦʢʘʟʘʪʝʣʷ.  

ʋʩʪʦʡʯʠʚʳʝ ʟʘʢʦʥʳ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʜʝʣʘʶʪ ʚʳʙʦʨ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʠʜʝʥ-

ʪʠʬʠʢʘʮʠʠ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (ʯʠʩʣʦʚʳʭ ʧʦʣʷʭ) ʚʧʦʣʥʝ ʦʩʤʳʩʣʝʥʥʳʤ, ʠ ʧʦʵʪʦʤʫ ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʤʦʜʝ-
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ʣʠʨʦʚʘʥʠʝ ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʩʣʫʯʘʡʥʦʤ ʧʦʠʩʢʝ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʦʡ ʪʠʧʘ CurveExpert ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʫ 

ʠʩʢʦʤʦʡ ʤʦʜʝʣʠ. ʇʦʵʪʦʤʫ ʠʟ ʪʝʦʨʠʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʝʨʚʳʡ ʵʪʘʧ (ʚʳʙʦʨ ʩʣʫʯʘʡʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫʨʘʚʥʝʥʠʷ) ʠʩ-

ʢʣʶʯʘʝʪʩʷ ʠ ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʚʪʦʨʦʡ ʵʪʘʧ ï ʩʣʫʯʘʡʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʠʩʢʦʤʦʡ ʤʦʜʝʣʠ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʤʦʜʝʣʠ ʧʨʦʚʦʜʠʪʩʷ ʦʙʨʘʙʦʪʢʦʡ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʪʘʢ: 

ï ʚʥʘʯʘʣʝ ʚʳʷʚʠʪʴ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʥʝʣʠʥʝʡʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ;    

ï ʟʘʪʝʤ ʜʦʧʦʣʥʷʪʴ ʵʪʠ ʪʨʝʥʜʦʚʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ. ʆʥʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ CurveExpert-1.40 [7, 9] ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʴʟʫʶʪʩʷ ʩʪʫʜʝʥʪʳ (ʙʫʜʫʱʠʝ ʙʘʢʘʣʘʚʨʳ ʠ ʤʘʛʠʩʪʨʳ), ʘ 

ʪʘʢʞʝ ʘʩʧʠʨʘʥʪʳ ʠ ʜʦʢʪʦʨʘʥʪʳ. ʅʘ ʩʢʚʦʟʥʳʭ ʧʨʠʤʝʨʘʭ ʤʝʪʦʜʦʣʦʛʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘ-

ʮʠʠ ʧʦʜʨʦʙʥʦ ʧʦʢʘʟʘʥʘ ʚ [5].  

ɺʳʙʦʨ ʩʪʨʫʢʪʫʨʳ ʠʩʢʦʤʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʧʦ ɼʝʢʘʨʪʫ ʜʣʷ ʥʝʠʟ-

ʚʝʩʪʥʦʡ ʧʝʨʚʦʦʙʨʘʟʥʦʡ ʧʦ ʚʦʣʥʦʚʳʤ ʫʨʘʚʥʝʥʠʷʤ, ʠʤʝʶʱʠʤ ʧʝʨʝʤʝʥʥʳʝ ʘʤʧʣʠʪʫʜʫ ʠ ʧʦʣʫʧʝʨʠʦʜ (ʧʦʣʦʚʠʥʳ 

ʯʘʩʪʦʪʳ ʢʘʢ ʦʙʨʘʪʥʘʷ ʚʝʣʠʯʠʥʘ ʧʦʣʫʧʝʨʠʦʜʘ) ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʷʝʪʩʷ 

ʠʟ ʫʩʪʦʡʯʠʚʳʭ ʟʘʢʦʥʦʚ (ʠʥʚʘʨʠʘʥʪʦʚ), ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1.   

ʇʨʦʮʝʩʩ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʝʢʨʘʱʘʝʪʩʷ ʧʦ ʫʩʣʦʚʠʶ ʜʦʩʪʠʞʝʥʠʷ ʧʘʨʘ-

ʤʝʪʨʦʚ ʤʦʜʝʣʠ ʥʝʢʦʪʦʨʦʛʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʨʠʨʘʱʝʥʠʷ ʠ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʦʥ-

ʩʪʨʫʠʨʫʝʤʦʡ ʤʦʜʝʣʴʶ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʯʠʩʣʦʚʦʛʦ ʧʦʣʷ.  

ʋʨʦʚʥʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʚʳʷʚʣʷʝʤʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ.  ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʠʥʪʝʨʚʘʣʳ ʠʟʤʝʥʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʢʘʢ ʤʝʨʳ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ.  

 

 

ʉʫʱʝʩʪʚʫʶʱʘʷ ʰʢʘʣʘ ʢʚʘʥʪʠʬʠʢʘʮʠʠ ʪʝʩʥʦʪʳ ʩʚʷʟʠ ʤʝʞʜʫ ʧʨʠʥʷʪʳʤʠ ʬʘʢʪʦʨʘʤʠ (ʥʝʪ ʩʚʷʟʠ, ʩʣʘʙʘʷ ʠ 

ʩʠʣʴʥʘʷ ʩʚʷʟʴ) ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʛʨʫʙʦʡ.  

ʅʘʤʠ ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʠʤʝʥʥʦ ʘʥʘʣʠʟ ʩʣʘʙʳʭ ʩʚʷʟʝʡ, ʦʪʙʨʘʩʳʚʘʝʤʳʭ ʧʨʠ ʣʠʥʝʡʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ 

ʧʨʠʤʝʥʝʥʠʠ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʬʘʢʪʦʨʥʦʡ ʩʚʷʟʠ ʧʦ ʟʘʢʦʥʫ ɻʘʫʩʩʘ (ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ), ʜʘʝʪ ʥʦʚʳʝ 

ʥʘʫʯʥʳʝ ʠʜʝʠ ʠ ʧʦʩʣʝʜʫʶʱʠʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ (ʧʦʣʫʯʝʥʦ ʙʦʣʝʝ 90 ʧʘʪʝʥʪʦʚ ʥʘ ʠʟʦʙʨʝʪʝʥʠʷ).   

ʇʨʠ ʘʥʘʣʠʟʝ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʧʣʦʰʴ ʠ 

ʨʷʜʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʣʠʥʝʡʥʘʷ ʤʦʜʝʣʴ ʠʣʠ ʞʝ ʥʝ ʠʤʝʶʱʠʡ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʘʣʛʝʙʨʘʠʯʝʩʢʠʡ ʧʦʣʠʥʦʤ. 

ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʣʠʥʝʡʥʘʷ ʤʦʜʝʣʴ ʠʥʚʘʨʠʘʥʪʥʘ ʢ ʣʶʙʦʤʫ ʪʠʧʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʷʚʥʦ 

ʥʝʛʘʫʩʩʦʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʠ ʜʘʞʝ ʢ ʩʢʝʜʘʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʩ ʧʝʨʝʤʝʥʥʦʡ ʜʠʩʧʝʨʩʠʝʡ.  

ʇʦʵʪʦʤʫ ʥʘʤʠ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʜʣʷ ʪʝʭʥʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 5%, ʜʨʫʛʘʷ ʰʢʘʣʘ (ʪʨʝʪʠʡ ʩʪʦʣʙʝʮ ʪʘʙʣʠʮʳ 2).  

ʆʜʥʘʢʦ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʵʪʦʡ ʰʢʘʣʳ ʫʨʦʚʥʝʡ ʘʜʝʢʚʘʪʥʦʩʪʠ ʪʘʢʞʝ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ɼʣʷ ʤʥʦʛʠʭ ʧʨʠʨʦʜʥʳʭ (ʙʠʦʣʦʛʠʯʝʩʢʠʭ) ʦʙʲʝʢʪʦʚ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʮʠʟʠʦʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ 

ʧʨʠʰʣʦʩʴ ʚʚʝʩʪʠ ʝʱʝ ʜʚʘ ʠʥʪʝʨʚʘʣʘ ʫʨʦʚʥʷ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʦ ʯʝʪʚʝʨʪʦʤʫ ʩʪʦʣʙʮʫ ʪʘʙʣʠʮʳ 2, ʯʪʦ ʥʘʤʠ ʙʳʣʦ ʚʳ-

ʧʦʣʥʝʥʦ ʪʦʣʴʢʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʨʷʜʦʚ ʧʨʦʩʪʳʭ ʯʠʩʝʣ [5].  

ʂʦʥʮʝʧʮʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʚʳʙʦʨʢʘʤ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʚʳʙʦʨʢʘ ï ʵʪʦ ʤʥʦʛʦʬʘʢ-

ʪʦʨʥʦʝ ʯʠʩʣʦʚʦʝ ʧʦʣʝ, ʦʬʦʨʤʣʝʥʥʦʝ ʚ ʚʠʜʝ ʪʘʙʣʠʯʥʦʡ ʤʦʜʝʣʠ. ʕʪʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʦʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʜʦʧʦʣʥʷ-

ʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʙʣʠʮʘʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ, ʥʦ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʷ-

ʶʪʩʷ ʪʦʣʴʢʦ ʯʠʩʣʦʚʳʝ ʚʳʙʦʨʢʠ. ʇʨʠʯʝʤ ʥʝʦʙʷʟʘʪʝʣʴʥʦ ʚʩʝ ʢʣʝʪʢʠ ʪʘʙʣʠʮʳ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʧʦʣʥʝʥʥʳʤʠ ʯʠʩʣʘ-

ʤʠ. ʆʜʥʘʢʦ ʢʣʝʪʢʠ ʜʦʣʞʥʳ ʠʤʝʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠ ʦʜʥʦʨʦʜʥʳʝ ʧʦ ʧʨʠʥʷʪʦʤʫ ʤʥʦʞʝʩʪʚʫ ʬʘʢʪʦʨʦʚ ʟʥʘʯʝʥʠʷ.  

ʇʨʠ ʵʪʦʤ ʪʘʙʣʠʯʥʘʷ ʤʦʜʝʣʴ ʥʝʦʙʷʟʘʪʝʣʴʥʦ ʠʤʝʝʪ ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʧʦʷʩʥʝʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʘʚʪʦʨʳ ʠʟʤʝ-

ʨʝʥʠʡ, ʧʨʠʚʦʜʷ ʚ ʩʚʦʠʭ ʧʫʙʣʠʢʘʮʠʷʭ ʪʘʙʣʠʮʳ ʜʘʥʥʳʭ, ʜʘʶʪ ʥʝʚʝʨʥʳʝ ʩʦʜʝʨʞʘʪʝʣʴʥʳʝ ʪʦʣʢʦʚʘʥʠʷ. ʕʪʦʪ ʬʝʥʦ-

ʤʝʥ ʬʦʨʤʘʣʠʟʘʮʠʠ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʪʘʙʣʠʮʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ, ʜʘʞʝ ʝʩʣʠ ʦʥʘ ʩʦʩʪʘʚʣʝʥʘ ʘʚʪʦʨʘʤʠ ʧʨʘ-

ʚʠʣʴʥʦ, ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩʦʜʝʨʞʘʪʝʣʴʥʦ ʦʩʤʳʩʣʝʥʘ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ [2, 8] ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ  ʩʚʷʟʝʡ ʤʝʞʜʫ ʧʘʨʘʤʠ ʬʘʢʪʦʨʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʙʠʥʘʨʥʳʭ ʩʚʷʟʝʡ.     

ʊʦʛʜʘ ʧʝʨʚʠʯʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʪʘʙʣʠʯʥʘʷ ʤʦʜʝʣʴ (ʠʩʭʦʜʥʦʝ ʯʠʩʣʦʚʦʝ ʧʦʣʝ), ʢʦʪʦʨʘʷ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʧʦ-

ʊʘʙʣʠʮʘ 2 

ʋʨʦʚʥʠ ʪʝʩʥʦʪʳ ʬʘʢʪʦʨʥʳʭ ʩʚʷʟʝʡ 

ʀʥʪʝʨʚʘʣ ʢʦʵʬʬʠʮʠʝʥʪʘ  

ʢʦʨʨʝʣʷʮʠʠ 

ʍʘʨʘʢʪʝʨ ʪʝʩʥʦʪʳ ʩʚʷʟʠ ʤʝʞʜʫ ʬʘʢʪʦʨʘʤʠ 

ʩʫʱʝʩʪʚʫʶʱʘʷ ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʷ 

ʰʢʘʣʘ ʜʣʷ ʪʝʭʥʠʯʝʩʢʠʭ  

ʠʟʤʝʨʝʥʠʡ 

ʰʢʘʣʘ ʜʣʷ ʧʨʝʮʠʟʠʦʥʥʳʭ  

ʠʟʤʝʨʝʥʠʡ  

1 

ʩʠʣʴʥʘʷ ʩʚʷʟʴ 

ʦʜʥʦʟʥʘʯʥʘʷ  ʦʜʥʦʟʥʘʯʥʘʷ 

0,99é1,00 

ʩʠʣʴʥʝʡʰʘʷ  

ʧʦʯʪʠ ʦʜʥʦʟʥʘʯʥʘʷ 

0,95é0,99 ʩʚʝʨʭʩʠʣʴʥʘʷ 

0,90é0,95 ʩʠʣʴʥʝʡʰʘʷ  

0,7é0,9 ʩʠʣʴʥʘʷ  ʩʠʣʴʥʘʷ  

0,5é0,7 
ʩʣʘʙʘʷ ʩʚʷʟʴ 

ʩʨʝʜʥʷʷ  ʩʨʝʜʥʷʷ  

0,3...0,5 ʩʣʘʙʦʚʘʪʘʷ  ʩʣʘʙʦʚʘʪʘʷ  

0,1é0,3 

ʥʝʪ ʩʚʷʟʠ 

ʩʣʘʙʘʷ ʩʣʘʙʘʷ 

0,0é0,1 ʩʣʘʙʝʡʰʘʷ  ʩʣʘʙʝʡʰʘʷ  

0 ʥʝʪ ʩʚʷʟʠ  ʥʝʪ ʩʚʷʟʠ  
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ʛʨʝʰʥʦʩʪʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʘ ʚʪʦʨʠʯʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʢʦʤʦʝ ʩʣʦʞʥʦʝ ʘʣʛʝʙʨʘʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ (ʚ 

ʩʤʳʩʣʝ ɼʝʢʘʨʪʘ), ʩʦʩʪʘʚʣʝʥʥʦʝ ʠʟ ʠʥʚʘʨʠʘʥʪʦʚ ʪʘʙʣʠʮʳ 1 (ʚ ʩʤʳʩʣʝ ʢʠʨʧʠʯʠʢʦʚ ɻʠʣʴʙʝʨʪʘ). ʕʪʦʪ ʧʨʦʮʝʩʩ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ï ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ. ʉʘʤʘ ʧʝʨʚʦʦʙʨʘʟʥʘʷ ʚ ʚʠʜʝ ʥʝʠʟʚʝʩʪʥʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʥʫʞʥʳʤ, ʭʦʪʷ, ʤʦʞʝʪ ʙʳʪʴ, ʢʪʦ-ʪʦ ʠ ʩʫʤʝʝʪ ʧʦʣʫʯʘʪʴ ʠʥʪʝʛʨʘʣʳ ʧʦ ʥʘʰʠʤ ʤʦʜʝʣʷʤ.  

ʕʪʦ ʙʳʣʦ ʙʳ ʚʝʣʠʢʠʤ ʩʦʟʠʜʘʥʠʝʤ, ʢʘʢ ʠ ʦʙʱʠʝ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʜʣʷ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ. 

ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝ ʚʦʣʥʦʚʘʷ ʤʦʜʝʣʴ (ʥʘʧʨʠʤʝʨ, ʪʨʝʥʜ ʠʣʠ ʪʝʥʜʝʥʮʠʷ) 

ʩʦʜʝʨʞʠʪ ʩʫʤʤʫ ʜʚʫʭ ʙʠʦʪʝʭʥʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ ʠ ʧʦʣʫʯʘʝʪ ʚʠʜ ʫʨʘʚʥʝʥʠʷ 
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ʛʜʝ 
ʪy  ï ʪʨʝʥʜ (ʪʝʥʜʝʥʮʠʷ), x  ï ʦʙʲʷʩʥʷʶʱʘʷ ʧʝʨʝʤʝʥʥʘʷ, 

81...aa  ï ʧʘʨʘʤʝʪʨʳ ʦʙʦʙʱʝʥʥʦʡ ʤʦʜʝʣʠ (2).  

ʇʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʧʘʨʘʤʝʪʨ ʤʦʜʝʣʠ (2) ʠʤʝʝʪ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ.  

ʅʝ ʚʦʣʥʦʚʦʡ ʭʘʨʘʢʪʝʨ ʦʙʱʘʷ ʤʦʜʝʣʴ (2) ʧʦʣʫʯʘʝʪ ʚ ʜʚʫʭ ʩʣʫʯʘʷʭ: 

1) ʢʦʛʜʘ ʰʘʛ ʜʠʩʢʨʝʪʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʠʦʜʦʤ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ 

ʚʦʟʤʫʱʝʥʠʷ ʠʟʤʝʨʷʝʤʦʛʦ ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ (ʥʘʧʨʠʤʝʨ, ʠʤʧʫʣʴʩ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʳ ʪʨʝʙʫʝʪ ʨʝʛʠʩʪʨʘʮʠʠ 

ʘʤʧʣʠʪʫʜʳ ʯʝʨʝʟ ʢʘʞʜʳʝ 0,001 ʩ; 

2) ʢʦʛʜʘ ʠʥʪʝʨʚʘʣ ʧʨʦʮʝʩʩʘ ʠʟʤʝʨʝʥʠʡ ʤʘʣ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʫʧʝʨʠʦʜʦʤ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʚʦʟʤʫʱʝ-

ʥʠʷ ʠʟʤʝʨʷʝʤʦʛʦ ʧʦʢʘʟʘʪʝʣʷ (ʥʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʝ ʛʣʦʙʘʣʴʥʦʡ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʜʥʦʡ ʪʦʯʢʝ ɿʝʤ-

ʣʠ ʪʨʝʙʫʝʪ ʨʝʛʠʩʪʨʘʮʠʠ ʟʘ 1000 ʣʝʪ ʠ ʙʦʣʝʝ). 

ɸʩʠʤʤʝʪʨʠʯʥʳʡ ʚʝʡʚʣʝʪ. ʄʳ ʧʨʠʜʝʨʞʠʚʘʝʤʩʷ ʢʦʥʮʝʧʮʠʠ ɼʝʢʘʨʪʘ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʤʝʥʝʥʠʠ ʘʣ-

ʛʝʙʨʘʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʦʙʱʝʛʦ ʚʠʜʘ ʥʘʧʨʷʤʫʶ ʢʘʢ ʢʦʥʝʯʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʠʥʪʝ-

ʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ɼʣʷ ʪʘʢʦʛʦ ʦʙʦʙʱʝʥʠʷ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʢʣʘʩʩ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ [2-8].  

ʋʩʣʦʚʠʷʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʘʩʠʤʤʝʪʨʠʯʥʘʷ ʚʝʡʚʣʝʪ-ʬʫʥʢʮʠʷ ʚʠʜʘ 
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ʛʜʝ y  ï ʧʦʢʘʟʘʪʝʣʴ (ʟʘʚʠʩʠʤʳʡ ʬʘʢʪʦʨ), i  ï ʥʦʤʝʨ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʦʜʝʣʠ (3), m  ï ʢʦʣʠʯʝʩʪʚʦ ʯʣʝʥʦʚ ʚ 

ʤʦʜʝʣʠ (3), ʧʨʠʯʝʤ ʢʦʩʠʥʫʩ ʷʚʣʷʝʪʩʷ ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ ʤʝʞʜʫ ʛʝʦʤʝʪʨʠʝʡ ʠ ʘʣʛʝʙʨʦʡ, x  ï ʦʙʲʷʩʥʷʶʱʘʷ ʧʝ-

ʨʝʤʝʥʥʘʷ (ʚʣʠʷʶʱʠʡ ʬʘʢʪʦʨ), 
101...aa  ï ʧʘʨʘʤʝʪʨʳ, ʧʨʠʥʠʤʘʶʱʠʝ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʚ ʭʦʜʝ ʩʪʨʫʢʪʫʨʥʦ-

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ (3) ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʚ ʭʦʜʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ.  

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʜʦʩʪʘʪʦʯʥʘ ʫʩʝʯʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ (ʧʦ 

ʚʣʦʞʝʥʥʦʡ ʚ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʬʦʨʤʫʣʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʷ) ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʚʝʡʚʣʝʪʘ ʪʠʧʘ 
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ʇʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ m  ʯʣʝʥʦʚ ʚ ʥʘʰʠʭ ʧʨʠʤʝʨʘʭ ʜʦʩʪʠʛʘʣʘ ʜʦ 90 ʠ ʙʦʣʝʝ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʦʙʱʘʷ ʩʪʦʭʘʩʪʠʯʝʩʢʘʷ ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ (4), ʚ ʢʦʪʦʨʦʡ ʥʝ ʚʦʣʥʦʚʳʝ ʯʘʩʪʠ (1) ʩʪʘʥʦʚʷʪʩʷ 

ʯʘʩʪʥʳʤʠ ʩʣʫʯʘʷʤʠ ʠ ʧʦʢʘʟʳʚʘʶʪ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʝ ʥʘ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʠʟʤʝʨʝʥʠʡ ʧʦʚʝʜʝʥʠʝ ʦʙʲʝʢʪʘ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʩʦʩʪʘʚʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʧʦʚʝʜʝʥʠʝ ʤʥʦʛʠʭ ʘʩʪʨʦʥʦʤʠʯʝ-

ʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʠʥʳʭ ʦʙʲʝʢʪʦʚ. 

ɼʠʥʘʤʠʯʝʩʢʠʡ ʨʷʜ ʢʘʢ ʯʝʨʝʜʘ ʩʠʛʥʘʣʦʚ. ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʥʠʤʘʥʠʝ 

ʩʤʳʩʣʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʷʜʘ ʢʘʢ ʦʪʨʘʞʝʥʠʷ ʢʘʢʦʛʦ-ʪʦ ʩʦʩʪʘʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠʣʠ ʞʝ ʤʥʦʞʝʩʪʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʠ ʧʘʨʘʣʣʝʣʴʥʦ ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠʨʦʜʥʳʭ ʠ/ʠʣʠ ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʨʝʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ.  

ɺʧʝʨʚʳʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʘʪʴ ʤʦʜʝʣʠ ʤʥʦʛʠʭ ʪʠʧʦʚ ʨʷʜʦʚ ʜʠʥʘʤʠʢʠ [2-8] ʥʘ ʢʦʥʮʝʧʮʠʠ ʘʜʜʠʪʠʚʥʦʛʦ ʨʘʟ-

ʣʦʞʝʥʠʷ ʣʶʙʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʷʜʘ ʥʘ ʤʥʦʞʝʩʪʚʦ ʩʠʛʥʘʣʦʚ.  

ʉʠʛʥʘʣ ï ʵʪʦ ʤʘʪʝʨʠʘʣʴʥʳʡ ʥʦʩʠʪʝʣʴ ʠʥʬʦʨʤʘʮʠʠ. ɸ ʠʥʬʦʨʤʘʮʠʷ ʥʘʤʠ ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ ʤʝʨʘ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ. ʉʠʛʥʘʣ ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ, ʥʦ ʝʛʦ ʧʨʠʸʤ ʥʝ ʦʙʷʟʘʪʝʣʝʥ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʨʷʜ ʧʨʦʩʪʳʭ ʯʠʩʝʣ ʠʟʚʝ-

ʩʪʝʥ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʣʝʪ, ʥʦ ʩʫʪʴ ʝʛʦ ʢʘʢ ʤʥʦʞʝʩʪʚʘ ʩʠʛʥʘʣʦʚ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʙʳʣʘ ʨʘʩʢʨʳʪʘ [5]. ʉʠʛʥʘʣʦʤ ʤʦ-

ʞʝʪ ʙʳʪʴ ʣʶʙʦʡ ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠʣʠ ʝʛʦ ʯʘʩʪʴ. ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʥʝʠʟʚʝʩʪʥʳʭ ʩʠʛʥʘ-

ʣʦʚ ʜʘʚʥʦ ʠʟʚʝʩʪʥʦ, ʥʘʧʨʠʤʝʨ, ʯʝʨʝʟ ʨʷʜʳ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ [4] ʚʦ ʤʥʦʛʠʭ ʪʦʯʢʘʭ ʧʣʘʥʝʪʳ. 

ʊʦʛʜʘ ʣʶʙʦʝ ʫʨʘʚʥʝʥʠʝ ʪʠʧʘ (4) ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ ʢʘʢ ʚʝʡʚʣʝʪ-ʩʠʛʥʘʣ ʚʠʜʘ   
 

    )/cos( 8iiii apxAy -= p , )exp( 42

31
ii a

i

a

ii xaxaA -= , ia

iii xaap 7

65 += ,      (5)   
 

ʛʜʝ iA  ï ʘʤʧʣʠʪʫʜʘ (ʧʦʣʦʚʠʥʘ) ʚʝʡʚʣʝʪʘ (ʦʩʴ y ), ip  ï ʧʦʣʫʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʷ (ʦʩʴ x ). 

ʇʦ ʬʦʨʤʫʣʝ (5) ʩ ʜʚʫʤʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʧʦʩʪʦʷʥʥʳʤʠ e  (ʯʠʩʣʦ ʅʝʧʝʨʘ ʠʣʠ ʯʠʩʣʦ 

ʚʨʝʤʝʥʠ) ʠ p (ʯʠʩʣʦ ɸʨʭʠʤʝʜʘ ʠʣʠ ʯʠʩʣʦ ʧʨʦʩʪʨʘʥʩʪʚʘ) ʦʙʨʘʟʫʝʪʩʷ ʠʟʥʫʪʨʠ ʠʟʫʯʘʝʤʦʛʦ ʷʚʣʝʥʠʷ ʠ/ʠʣʠ ʧʨʦʮʝʩ-

ʩʘ ʢʚʘʥʪʦʚʘʥʥʳʡ ʚʝʡʚʣʝʪ-ʩʠʛʥʘʣ. ʇʦʥʷʪʠʝ ʚʝʡʚʣʝʪ-ʩʠʛʥʘʣʘ ʧʦʟʚʦʣʷʝʪ ʘʙʩʪʨʘʛʠʨʦʚʘʪʴʩʷ ʦʪ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩ-

http://ru.wikipedia.org/wiki/%D0%9D%D0%BE%D1%81%D0%B8%D1%82%D0%B5%D0%BB%D1%8C_%D0%B8%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%86%D0%B8%D0%B8
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32 

 

ʣʘ ʩʘʤʠʭ ʨʷʜʦʚ (ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝ ʪʦʣʴʢʦ ʜʠʥʘʤʠʯʝʩʢʠʭ) ʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʘʜʜʠʪʠʚʥʦʝ ʨʘʟʣʦʞʝʥʠʝ.  

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ. ɺ ʤʘʩʩʠʚʝ r040309.dat ʥʘʭʦʜʠʪʩʷ 3808482 ʥʘʙʣʶʜʝʥʠʷ. ʆʥʠ ʧʦʣʫʯʝʥʳ ʝʞʝʩʝʢʫʥʜ-

ʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʘʣʴʬʘ-ʘʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʮʘ 
239

Pu [3]. ʇʨʠʤʝʤ ʟʘ ʥʘʯʘʣʦ ʩʫʪʦʢ ʧʦ ʠʩʯʠʩʣʝʥʠʶ ʚʨʝʤʝʥʠ ʤʥʦ-

ʛʠʭ ʨʝʣʠʛʠʡ 5 ʯʘʩʦʚ ʫʪʨʘ. ʊʦʛʜʘ ʮʝʣʳʝ ʩʫʪʢʠ ʥʘʯʠʥʘʶʪʩʷ ʩ 10 ʤʘʨʪʘ 2005 ʛʦʜʘ ʚ 5 ʯʘʩʦʚ ʫʪʨʘ. ʇʦʵʪʦʤʫ ʠʟ ʤʘʩ-

ʩʠʚʘ r040309.dat ʠʩʢʣʶʯʘʝʤ ʧʝʨʚʳʝ 54314 ʪʦʯʝʢ ʠ ʧʦʣʫʯʘʝʤ 43 ʧʦʣʥʳʭ ʩʫʪʦʢ. ʇʦʩʣʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʙʦʣʝʝ 43 

ʩʫʪʦʢ ʪʘʢʞʝ ʠʩʢʣʶʯʠʣʠ. ɺʩʝʛʦ ʙʳʣʦ ʫʯʪʝʥʦ 3715200 ʥʘʙʣʶʜʝʥʠʡ ʚ ʥʦʚʦʤ ʤʘʩʩʠʚʝ r040309utozn.dat ʠʣʠ 97,55% 

ʦʪ ʠʩʭʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ. ɿʘʪʝʤ ʝʞʝʩʝʢʫʥʜʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʨʦʩʫʤʤʠʨʦʚʘʥʳ ʧʦ ʚʦʟʨʘʩʪʘʶʱʠʤ ʰʢʘʣʘʤ 

ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʧʠʩʠ ʯʠʩʣʘ ʚ ʧʘʤʷʪʠ ʢʦʤʧʴʶʪʝʨʘ: ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʩʙʦʡ ʧʨʦ-

ʛʨʘʤʤʥʦʡ ʩʨʝʜʳ CurveExpert-1.40 ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʟʥʘʯʝʥʠʷ ʩʫʤʤʳ ʙʦʣʝʝ 5
102Ö .   

ʇʦʯʘʩʦʚʘʷ ʜʠʥʘʤʠʢʘ. ɼʘʣʝʝ ʧʨʠʚʝʜʝʤ ʧʨʠʤʝʨ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʯʝʪʳʨʝʭʯʣʝʥʥʦʡ ʤʦʜʝʣʠ ʧʦʯʘʩʦʚʦʡ ʜʠ-

ʥʘʤʠʢʠ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ. ɺʩʝ 43 ʩʫʪʦʢ ʠʟʤʝʨʝʥʠʡ ʜʘʶʪ ʧʦʯʘʩʦʚʫʶ ʜʠʥʘʤʠʢʫ ʟʘ ʚʨʝʤʷ ʚ 43³24 = 1032 ʯʘʩʦʚ.  

ɺʨʝʤʷ 
ʯt  ʚ ʯʘʩʘʭ ʟʘ ʚʩʝ 43 ʩʫʪʢʠ ʠʟʤʝʨʝʥʠʡ ʚʣʠʷʝʪ ʧʦ ʦʙʱʝʡ ʬʦʨʤʫʣʝ (ʨʠʩ. 1) 

 

                                                                          
4321 ʯʯʯʯʯ IIIII +++= ,        (6) 

 

)00032887,0exp(1280,98641 ʯʯ tI -= , )00011920,0exp(1094831,8
37029,170681,25

2 ʯʯʯ ttI -Ö= - , 

)88335,0/cos( 113 += ptAI ʯʯ p , )1076974,3exp(6762,2012 5

1 ʯtA -Ö-= , 46911,211=p , 

)03684,4/cos( 224 -= ptAI ʯʯ p , )00034297,0exp(4475,10582 ʯtA -= , 73986,101=p . 

 

  
ʊʨʝʥʜ  ʧʝʨʚʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ 

  
ʪʨʝʥʜ ʠ ʧʝʨʚʘʷ ʚʦʣʥʘ ʚʦʟʤʫʱʝʥʠʷ ʚʪʦʨʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ 

  
ʪʨʝʥʜ ʠ ʜʚʝ ʚʦʣʥʳ ʚʦʟʤʫʱʝʥʠʷ ʦʩʪʘʪʢʠ ʧʦʩʣʝ ʬʦʨʤʫʣʳ (11) 

 
ʈʠʩ. 1. ɼʠʥʘʤʠʢʘ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʨʘʱʝʥʠʡ ʯʘʩʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ ʧʦ ʯʘʩʘʤ ʟʘ 43 ʩʫʪʢʠ 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʦʜʝʣʠ (6) ʨʘʚʝʥ 0,8076 ʠ ʵʪʦ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʪʝʩʥʦʪʳ ʩʚʷʟʠ ʦʪʥʦʩʠʪ 

S = 1902.21257824

r = 0.08150020
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0.1 189.3 378.4 567.6 756.8 945.9 1135.13750.60

5881.40
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10143.00
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S = 1293.69064183

r = 0.73250619
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0.1 189.3 378.4 567.6 756.8 945.9 1135.1-5609.01
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2855.98
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