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ʋɼʂ 539.173 

ʊɽʆʈɽʊʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ɼʀʌʈɸʂʎʀʆʅʅʆɻʆ ʈɸʉʉɽʗʅʀʗ  

ɹʓʉʊʈʓʍ ʅɽʁʊʈʆʅʆɺ ɺ ʈɸʄʂɸʍ ʆʇʊʀʏɽʉʂʆʁ ʄʆɼɽʃʀ 

ʅʫʨʘʙʘʝʚʘ ɻ.ʋ. 

ʉʝʤʝʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʂʘʟʘʭʩʪʘʥ 

ʉ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʠʨʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʫʛʣʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤ 

ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ ʧʨʠ ʵʥʝʨʛʠʷʭ 14 ʄʵʚ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʤʠʨʦʚʳʤʠ ʜʘʥʥʳʤʠ. ʆʙʥʘʨʫʞʝʥʳ ʥʦʚʳʝ ʘʥʦʤʘʣʠʠ ʚ ʬʦʨʤʝ ʫʛʣʦʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ: 

ʧʦʜʲʝʤ ʩʝʯʝʥʠʡ ʧʦʜ ʤʘʣʳʤʠ ʫʛʣʘʤʠ, ʩʜʚʠʛ ʬʘʟʳ ʜʣʷ ʫʛʣʦʚ ʟʘʜʥʝʡ ʧʦʣʫʩʬʝʨʳ ʠ ʦʪʩʫʪʩʪʚʠʝ ʛʣʫʙʦʢʠʭ ʧʨʦʚʘʣʦʚ 

ʩʝʯʝʥʠʡ ʜʣʷ ʢʘʩʘʪʝʣʴʥʳʭ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʷʜʨʘ ʪʨʘʝʢʪʦʨʠʡ. 

ʆʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʠ ʩʚʦʡʩʪʚʘʭ ʷʜʝʨ 

ʜʘʶʪ ʷʜʝʨʥʳʝ ʨʝʘʢʮʠʠ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʨʝʘʢʮʠʠ 

ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ. ɺʘʨʴʠʨʫʷ ʪʠʧ ʥʘʣʝʪʘʶʱʠʭ ʯʘʩ-

ʪʠʮ ʠ ʠʭ ʵʥʝʨʛʠʶ, ʤʦʞʥʦ ʚʢʣʶʯʘʪʴ ʪʫ ʠʣʠ ʠʥʫʶ 

ʯʘʩʪʴ ʷʜʝʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʠʟʫʯʘʪʴ ʝʛʦ ʩʚʦʡʩʪʚʘ. 

ʈʘʩʩʝʷʥʠʝ ʥʝʡʪʨʦʥʦʚ ʥʘ ʷʜʨʘʭ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʫʥʠʢʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʪʘʢ ʢʘʢ ʥʝʡ-

ʪʨʦʥʥʘʷ ʘʤʧʣʠʪʫʜʘ ʥʝ ʩʦʜʝʨʞʠʪ ʢʫʣʦʥʦʚʩʢʠʭ ʬʘʟ ʚ 

S ï ʤʘʪʨʠʮʝ ʨʘʩʩʝʷʥʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʤʠʨʦʚʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʚʳ-

ʧʦʣʥʝʥ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚ ʨʘʤʢʘʭ ʦʧʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ, ʫʛʣʦʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʩʝʯʝʥʠʡ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ ʧʨʠ ʵʥʝʨʛʠʠ 

14 ʄʵɺ.  

ʊɽʆʈɽʊʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ʗɼɽʈʅʆʁ ɼʀʌʈɸʂʎʀʀ 

ʅɽʁʊʈʆʅʆɺ ɺ ʈɸʄʂɸʍ ʆʇʊʀʏɽʉʂʆʁ ʄʆɼɽʃʀ 

ʊʦʯʥʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʥʝʡ-

ʪʨʦʥʦʚ ʩ ʷʜʨʘʤʠ ʯʨʝʟʚʳʯʘʡʥʦ ʟʘʪʨʫʜʥʝʥʘ, ʧʦʩʢʦʣʴʢʫ 

ʜʣʷ ʵʪʦʛʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʪʨʝʙʫʝʪʩʷ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʥʦʛʠʭ ʪʝʣ. ʊʘʢʘʷ ʟʘʜʘʯʘ ʝʱʝ ʥʝ 

ʨʝʰʝʥʘ ʥʠ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ, ʥʠ ʚ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ. 

ɿʘʜʘʯʘ ʦʩʣʦʞʥʷʝʪʩʷ ʝʱʝ ʠ ʪʝʤ, ʯʪʦ ʜʦ ʩʠʭ ʧʦʨ ʧʦʥʠ-

ʤʘʥʠʝ ʧʨʠʨʦʜʳ ʷʜʝʨʥʳʭ ʩʠʣ (ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ) ʜʘʣʝ-

ʢʘ ʦʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ. ʇʦʵʪʦʤʫ ʥʝʪ ʦʙʱʝʡ ʪʝʦ-

ʨʠʠ ʷʜʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʘʷ ʤʦʛʣʘ ʙʳ ʩ 

ʝʜʠʥʳʭ ʧʦʟʠʮʠʡ ʠʩʪʦʣʢʦʚʘʪʴ ʧʦʣʫʯʘʝʤʳʝ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ (ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʩʝʯʝʥʠʷʭ) ʷʜʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʇʦʵʪʦʤʫ 

ʧʨʠʭʦʜʠʪʩʷ ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʧʨʠ-

ʙʣʠʞʝʥʥʦ, ʧʦ ʯʘʩʪʷʤ, ʧʨʠʙʝʛʘʷ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ. ʄʝʪʦʜʳ ʤʦʜʝʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ 

ʵʥʝʨʛʠʡ ʥʘʣʝʪʘʶʱʠʭ ʯʘʩʪʠʮ ʝʜʠʥʠʮʳ-ʜʝʩʷʪʢʠ ʄʵɺ, 

ʜʦʚʦʣʴʥʦ ʭʦʨʦʰʦ ʨʘʟʚʠʪʳ ʠ ʵʬʬʝʢʪʠʚʥʳ ʚ ʠʥʪʝʨ-

ʧʨʝʪʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʧʨʝʜʩʢʘʟʘ-

ʥʠʠ ʠʭ ʧʦʚʝʜʝʥʠʷ ʚ ʥʝʠʩʩʣʝʜʦʚʘʥʥʳʭ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠʭ ʠ ʤʘʩʩʦʚʳʭ ʜʠʘʧʘʟʦʥʘʭ. 

ʆʩʥʦʚʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʪʠ-

ʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʪʨʘʢʪʫʶʱʘʷ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʯʘʩʪʠʮʳ ʩ ʷʜʨʦʤ, ʢʘʢ ʯʠʩʪʦ ʦʧʪʠʯʝʩʢʫʶ ʟʘʜʘʯʫ. ɺ 

ʨʘʤʢʘʭ ʵʪʦʡ ʤʦʜʝʣʠ ʧʘʜʘʶʱʘʷ ʚʦʣʥʘ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 

ʜʚʝ ʯʘʩʪʠ: ʦʪʨʘʞʝʥʥʫʶ (ʨʘʩʩʝʷʥʥʫʶ) ʠ ʧʦʛʣʦʱʝʥʥʫʶ. 

ʄʦʜʝʣʴ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʷʜʝʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʨʘʩʩʯʠʪʘʪʴ ʧʦʣʥʦʝ ʩʝʯʝʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʩʝʯʝʥʠʝ ʨʘʩʩʝʷʥʠʷ ʥʘ ʧʦʪʝʥʮʠʘʣʝ 

ʷʜʨʘ (ʫʧʨʫʛʦʝ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʨʘʩʩʝʷʥʠʝ). ɺʩʝ ʞʝ ʦʩ-

ʪʘʣʴʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʦʧʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʙʲʝ-

ʜʠʥʷʶʪʩʷ ʚ ʩʝʯʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ, ʧʦʯʝʤʫ ʠ ʤʦʜʝʣʴ, ʚ 

ʧʨʠʥʮʠʧʝ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʢʘʥʘʣʴʥʦʡ. ɼʣʷ ʨʘʩʯʝʪʘ ʩʝ-

ʯʝʥʠʡ ʧʨʷʤʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʜʨʫʛʠʭ ʢʘʥʘʣʘʭ (ʥʝ-

ʫʧʨʫʛʦʝ ʨʘʩʩʝʷʥʠʝ, ʨʝʘʢʮʠʠ ʩ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʯʘʩʪʠʮ) ʥʫʞʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ: ʤʝʪʦʜ ʠʩʢʘ-

ʞʝʥʥʳʭ ʚʦʣʥ, ʤʝʪʦʜ ʩʚʷʟʘʥʥʳʭ ʢʘʥʘʣʦʚ. 

ʊʝʨʤʠʥ çʆʧʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴè ʚʧʝʨʚʳʝ ʧʦʷʚʠʣʩʷ 

ʚ 1952 ʛʦʜʫ. ɼʦ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʨʘʥʥʠʡ, ʧʦʣʫʢʣʘʩʩʠ-

ʯʝʩʢʠʡ ʚʘʨʠʘʥʪ ʦʧʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʳʣ ʨʘʟʚʠʪ ʥʘ 

ʦʩʥʦʚʝ ʦʧʠʩʘʥʠʷ ʷʜʨʘ ʢʘʢ çʤʫʪʥʦʛʦè (ʯʘʩʪʠʯʥʦ ʧʨʦ-

ʟʨʘʯʥʦʛʦ) ʰʘʨʠʢʘ, ʩʤʝʥʠʚʰʝʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ɹʝʪʝ ʦ 

ʷʜʨʝ, ʢʘʢ ʦ çʯʝʨʥʦʤè ʰʘʨʠʢʝ. ɽʩʪʝʩʪʚʝʥʥʦ ʩʣʝʜʫʶ-

ʱʠʤ ʰʘʛʦʤ ʙʳʣ ʧʝʨʝʭʦʜ ʢ ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʠʤ 

ʤʝʪʦʜʘʤ ʠ ʨʝʰʝʥʠʶ ʫʨʘʚʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ ʜʣʷ ʨʝ-

ʘʢʮʠʡ ʥʘ ʢʦʤʧʣʝʢʩʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ʷʜʨʘ.  

ʇʨʠ ʵʥʝʨʛʠʷʭ ʥʘʣʝʪʘʶʱʠʭ ʯʘʩʪʠʮ ʦʢʦʣʦ 

10 ʄʵɺ/ʥʫʢʣʦʥ ʜʣʠʥʘ ʚʦʣʥʳ ʯʘʩʪʠʮʳ ʩʪʘʥʦʚʠʪʩʷ 

ʩʨʘʚʥʠʤʦʡ ʠ ʜʘʞʝ ʤʝʥʴʰʝʡ ʨʘʟʤʝʨʦʚ ʷʜʨʘ. ʕʪʦ ʚ ʩʦ-

ʯʝʪʘʥʠʠ ʩ ʵʬʬʝʢʪʦʤ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʜʠʬʨʘʢ-

ʮʠʦʥʥʳʤ ʷʚʣʝʥʠʷʤ ʚ ʫʛʣʦʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ: ʜʠʬ-

ʬʝʨʝʥʮʠʘʣʴʥʦʝ ʩʝʯʝʥʠʝ ʥʦʩʠʪ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʠʤʝʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʝ ʤʠʥʠʤʫʤʳ ʠ ʤʘʢ-

ʩʠʤʫʤʳ. ʊʘʢʦʝ ʧʨʦʷʚʣʝʥʠʝ ʚʦʣʥʦʚʦʡ ʧʨʠʨʦʜʳ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʫʶʱʠʭ ʷʜʝʨʥʳʭ ʦʙʲʝʢʪʦʚ, ʚʳʨʘʞʘʝʤʦʡ 

ʫʨʘʚʥʝʥʠʝʤ ʐʨʝʜʠʥʛʝʨʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʦʜʘʚʣʷʶ-

ʱʝʤ ʯʠʩʣʝ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ, ʥʘʧʨʠʤʝʨ (p, p), (n, n): 

 æɊ+[k
2 
- V(r,R(n))]ĀɊ = 0, (1) 

ʛʜʝ: k - ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ; V(r,R(n)) - ʧʦʪʝʥʮʠʘʣ ʥʝ-

ʩʬʝʨʠʯʝʩʢʦʛʦ ʧʦʣʷ; R - ʧʘʨʘʤʝʪʨ ʧʦʪʝʥʮʠʘʣʘ;  

 
r

n
r

d
 

ʂʘʯʝʩʪʚʝʥʥʦ ʚʦʣʥʦʚʳʝ ʩʚʦʡʩʪʚʘ ʯʘʩʪʠʮ ʚ ʵʪʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʧʨʦʷʚʣʷʶʪʩʷ ʥʘ ʬʦʨʤʝ ʫʛʣʦʚʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʦʙʥʘʨʫʞʠʚʘʶʱʠʭ ʦʩʮʠʣʣʷʮʠʠ ʩʝʯʝ-

ʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʚʳʣʝʪʘ ɗ. ʌʦʨʤʘʣʠʟʤ 

ʦʧʠʩʘʥʠʷ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʦʜʠʪʩʷ ʢ ʩʣʝʜʫʶʱʝ-

ʤʫ. ʇʫʩʪʴ ʥʘ ʷʜʨʦ ɸ ʧʘʜʘʝʪ ʧʦʪʦʢ ʯʘʩʪʠʮ ʘ, ʦʧʠʩʳ-

ʚʘʝʤʳʭ ʚʦʣʥʦʡ ʜʝ-ɹʨʦʡʣʷ ɣa. ʇʦʩʢʦʣʴʢʫ ʜʦ ʷʜʨʘ 



 
ʋɾʇʉɾʋʁʐɾʊʃʁʂ ɹʆɹʄʁʀ ɽʁʍʉɹʃʏʁʇʆʆʇɼʇ ʉɹʊʊɾʘʆʁʘ ɺʔʊʋʉʔʎ ʆɾʂʋʉʇʆʇɻ ɻ ʉɹʅʃɹʎ ʇʈʋʁʐɾʊʃʇʂ ʅʇɽɾʄʁ 
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ʯʘʩʪʠʮʳ ʜʚʠʞʫʪʩʷ ʩʚʦʙʦʜʥʦ ʙʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

U(ʭ,ʫ,z)=0, ʪʦ ʠʭ ʜʚʠʞʝʥʠʝ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ 

ʐʨʝʜʠʥʛʝʨʘ ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʜʚʠʞʝʥʠʷ:  

 

2

ʘȹɊ E Ɋ
2m

ʘ

Z
 (2) 

ʈʝʰʝʥʠʝ ʪʘʢʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʝʩʪʴ ʧʣʦʩʢʘʷ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʘʷ ʚʦʣʥʘ:  

 ɣʘ (r)=AĀe
-ikr

. (3) 

ʇʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʷʜʨʦʤ ʚʦʣʥʦʚʘʷ ʬʫʥʢ-

ʮʠʷ ʚʳʭʦʜʥʦʛʦ ʢʘʥʘʣʘ ʙʫʜʝʪ ɣb(r), ʪʦʛʜʘ ʧʦʣʥʘʷ ʚʦʣ-

ʥʦʚʘʷ ʬʫʥʢʮʠʷ ʧʨʝʜʩʪʘʚʠʪʩʷ ʚ ʚʠʜʝ ʩʫʧʝʨʧʦʟʠʮʠʠ 

ʧʘʜʘʶʱʝʡ ʠ ʨʘʩʩʝʷʥʥʦʡ ʚʦʣʥ: 

 ɣ (r) = ɣa (r) + ɣb (r), (4) 

ʘ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ:  

 (æ+k
2
)Āɣ (r) = V(r)Ā ɣ (r) (5)  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʬʠʟʠʯʝʩʢʠ ʦʧʨʘʚʜʘ-

ʥʦ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʍʦʬʰʪʘʜʪʝʨʘ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʧʦʪʝʥʮʠʘʣ ʚ ʚʠʜʝ: 

 0V
V r

1 exp r R /a
 (6) 

ɽʛʦ ʥʘʟʳʚʘʶʪ ʧʦʪʝʥʮʠʘʣʦʤ ɺʫʜʩʘ-ʉʘʢʩʦʥʘ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʚ ʧʦʪʝʥʮʠʘʣ ʜʦʙʘʚʣʷʶʪ ʠ ʤʥʠʤʫʶ 

ʯʘʩʪʴ:  

 U(r) = VoĀfv (r)+iWoĀfw (r), (7) 

ʛʜʝ ʨʘʜʠʘʣʴʥʳʝ ʬʫʥʢʮʠʠ:  

 fv (r) = {1+ʝʭʨ[(r-Rv)/Av]}
-1
, (8) 

 fw (r) = {1+ʝʭʨ[(r-Rw)/Aw]}
-1
. (9) 

ʠʤʝʶʱʠʝʩʷ ʚ ʬʦʨʤʫʣʘʭ (7-9) ʧʘʨʘʤʝʪʨʳ: V0; W0; Rv; 

Av; Rw; Aw ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʩ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ʆʧʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʷʚʠʣʘʩʴ 

ʤʦʱʥʳʤ ʘʧʧʘʨʘʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷ-

ʥʠʷ, ʝʝ ʨʘʟʚʠʪʠʝ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʜʦ 

ʩʠʭ ʧʦʨ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʅʘ ʨʠʩʫʥʢʘʭ 1-2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚ-

ʥʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ [1,2] ʫʧʨʫʛʦʛʦ ʨʘʩ-

ʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ 14 ʄʵɺ ʥʘ ʷʜʨʘʭ 
48

Ti ʠ 
92

Zr ʩ ʤʠʨʦʚʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ [3]. 

ɺ ʪʘʙʣʠʮʝ 1 ʜʘʥʳ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʢ ʵʢʩʧʝʨʠʤʝʥ-

ʪʫ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʧʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ʊʘʙʣʠʮʘ 1. ʆʧʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʫʧʨʫʛʦ ʨʘʩʩʝʷʥʥʳʭ ʥʝʡʪʨʦʥʦʚ 

ʗʜʨʦ ɽn, ʄʵɺ 
ʆʧʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

V rv av Wd rd ad Vs.o rs.o as.o 
48

Ti 14 44.9 4.62 1.27 5.52 4.4 1.21 5.8 3.23 0.89 
92

Zr
 

14 44.3 5.64 1.25 6.02 5.91 1.31 5.8 4.02 0.89 
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ʊʦʯʢʠ - ʜʘʥʥʳʝ ʠʟ ʤʠʨʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ [3], ʩʧʣʦʰʥʘʷ ʢʨʠʚʘʷ - ʨʘʩʯʝʪ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʈʠʩʫʥʦʢ 1. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʩʝʯʝʥʠʷ ʨʘʩʩʝʷʥʠʷ 

 ʥʝʡʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ 14 ʄʵɺ ʥʘ ʷʜʨʝ 48Ti 

ʈʠʩʫʥʦʢ 2. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʩʝʯʝʥʠʷ ʨʘʩʩʝʷʥʠʷ  

ʥʝʡʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ 14 ʄʵɺ ʥʘ ʷʜʨʝ 92Zr 
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ɾɽɼɽʃ ʅɽʁʊʈʆʅɼɸʈɼʓר ɼʀʌʈɸʂʎʀʗʃʓפ  

ʐɸʐʓʈɸʋʓʅʓר ʆʇʊʀʂɸʃʓפ ʄʆɼɽʃʔ ʊɽʆʈɽʊʀʂɸʃʓפ ɸʅɸʃɯɿʓ 

ʅʫʨʘʙʘʝʚʘ ɻ.ʋ. 

ɾʝʜʝʣ ʥʝʡʪʨʦʥʜʘʨʜʳש ʜʠʬʨʘʢʮʠʷʣʳץ ʰʘʰʳʨʘʫʳ ʙʦʡʳʥʰʘ ᴅʣʝʤʜʽʢ ʜʝʨʝʢʪʝʨ ʞʠʥʘʣסʘʥ, ʙʘסʘʣʘʥסʘʥ ʞᴅʥʝ 

ʞװʡʝʣʝʥʛʝʥ. ɹײʨʳʰʪʳץ ʪʘʨʘʣʫʣʘʨ ʦʧʪʠʢʘʣʳץ ʤʦʜʝʣʴ ᴅʜʽʩʽ ʘʫʤʘסʳʥʜʘ ʪʘʣʜʘʥסʘʥ. ɹײʨʳʰʪʳץ ʪʘʨʘʣʫʣʘʨ ʪײʨʽʥʜʝ 

ʞʘשʘ ʘʥʦʤʘʣʠʷʣʘʨ ʪʘʙʳʣסʘʥ: ץʠʤʘʣʘʨʜʳש ʘʟסʘʥʪʘʡ ʙײʨʳʰʪʘʨʤʝʥ ץᴇʪʝʨʽʣʫʽ ʘʨʪץʳ ʞʘʨʪʳ ʩʬʝʨʘ ʙײʨʳʰʪʘʨʳ 

 .ʙʦʣʤʘʫʳ שʩʫʣʝʨʜʽװʪ שʠʤʘʣʘʨʜʘ ʪʝʨʝץ ʰʽʥװ ʷʜʨʦ ʙʝʪʽʥʝ ʞʘʥʘʤʘʣʘʨʳ שʳʩʫʳ ʞᴅʥʝ ʪʨʘʝʢʪʦʨʠʷʣʘʨʜʳסʰʽʥ ʬʘʟʘ ʳװ

 

ANALISED IN THE FRAM E OF OPTICAL MODEL D IFFRACTION SCATTERIN G OF FAST NEUTRONS  

G.U. Nurabaeva 

Of the world given date about diffraction scattering of fast neutrons to14 MeV energy has been collected, estimated 

and systemized. The angular distributions were analyzed in the frame of optical model. A new anomaly in form of an-

gular distribution has been discovered: increasing of cross-section at angles, phase shift for half-sphere back angles and 

there is no deep failure in cross-section by the tangetial for the nuclear surface track. 
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ʋɼʂ 669.018: 539.104 

ɺʃʀʗʅʀɽ ʄʆʑʅʆɻʆ ʀʄʇʋʃʔʉʅʆɻʆ ʕʃɽʂʊʈʆʅʅʆɻʆ ʆɹʃʋʏɽʅʀʗ  

ʅɸ ʉʊʈʋʂʊʋʈʋ ɸʋʉʊɽʅʀʊʅʓʍ ʉʊɸʃɽʁ ʀ ʏʀʉʊʓʍ ʄɽʊɸʃʃʆɺ 

ʂʘʜʳʨʞʘʥʦʚ ʂ.ʂ., ɽʨʤʘʢʦʚ ɽ.ʃ., ʂʠʩʣʠʮʠʥ ʉ.ɹ. 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʅʗʎ ʈʂ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

ʄʝʪʦʜʘʤʠ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʨʦʚʝʜʝʥ ʬʨʘʢʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʝʨʞʘʚʝʶʱʠʭ ʩʪʘʣʝʡ 

12ʍ18ʅ10ʊ, 03ʍ20ʅ45ʄ4ɹʈʎ ʠ ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʤʦʣʠʙʜʝʥʘ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʠʤʧʫʣʴʩʥʳʤʠ 

ʥʘʥʦʩʝʢʫʥʜʥʳʤʠ  ʵʣʝʢʪʨʦʥʥʳʤʠ ʧʫʯʢʘʤʠ ʠ ʨʘʟʨʫʰʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʜʥʦʦʩʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ. 

ɺɺɽɼɽʅʀɽ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʨʝʘʢʪʦʨʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʠ ʪʝʨʤʦʷʜʝʨ-

ʥʳʭ ʫʩʪʘʥʦʚʦʢ. ʆʜʥʘʢʦ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ 

ʧʨʠ ʨʘʙʦʪʝ ʪʝʨʤʦʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ, ʪʘʢʠʝ ʢʘʢ ʩʨʳʚ 

ʧʣʘʟʤʳ, ʤʦʛʫʪ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʪʴ ʥʘ ʤʝʭʘʥʠʯʝ-

ʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝ-

ʪʘʣʣʦʚ ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʚ ʨʝʘʢʪʦʨʦʩʪʨʦʝʥʠʠ. 

ʀʤʧʫʣʴʩʥʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʦʙʣʫʯʝʥʠʝ ʠʤʠʪʠʨʫʝʪ 

ʧʨʦʮʝʩʩʳ ʪʝʨʤʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʩʪʘʥʦʚʦʢ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʦʜʘ ʠ ʫʩʣʦʚʠʡ ʦʙʣʫʯʝʥʠʷ 

ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʠʘʣʘ ʧʨʝʪʝʨʧʝʚʘʝʪ ʨʘʟʣʠʯʥʳʝ ʠʟʤʝ-

ʥʝʥʠʷ,  ʚʣʠʷʶʱʠʝ ʥʘ ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʇʦʩʢʦʣʴʢʫ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ 

ʩʚʷʟʘʥʦ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʚʦʡʩʪʚʘʤʠ ʤʝʪʘʣʣʦʚ ʠ 

ʩʧʣʘʚʦʚ, ʪʦ ʬʨʘʢʪʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ-

ʟʚʦʣʷʪ ʚʳʷʚʠʪʴ ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʬʦʨ-

ʤʠʨʦʚʘʥʠʝ ʠ ʩʪʨʫʢʪʫʨʫ ʠʟʣʦʤʦʚ. ɺʝʩʴʤʘ ʚʘʞʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʥʦʩʝʢʫʥʜʥʳʭ 

(   100 ʥʩ) ʠʤʧʫʣʴʩʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʦʪʦʢʦʚ ʥʘ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʫʜʘʨʥʳʭ ʚʦʣʥ, ʢʦʪʦʨʳʝ 

ʚrʟʳʚʘʶʪ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʥʝ 

ʪʦʣʴʢʦ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ, ʥʦ ʠ ʚ ʦʙʲʝʤʝ ʤʘʪʝ-

ʨʠʘʣʘ. ʕʪʦʪ ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʠʟʤʝ-

ʥʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʠʢʨʠʩʪʘʣʣʦʚ, 

ʧʦʜʚʝʨʛʥʫʪʳʭ ʦʙʣʫʯʝʥʠʶ ʀʕʇ. 

ʄɽʊʆɼʀʂɸ ʕʂʉʇɽʈʀʄɽʅʊɸ 

ʀʩʩʣʝʜʦʚʘʣʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ  ʤʦʣʠʙʜʝʥ 

ʯʠʩʪʦʪʦʡ 99,96 ʚʝʩ.% ʠ ʥʝʨʞʘʚʝʶʱʠʝ ʩʪʘʣʠ ʘʫʩʪʝ-

ʥʠʪʥʦʛʦ ʢʣʘʩʩʘ 12ʍ18ʅ10ʊ, 03ʍ20ʅ45ʄ4ɹʈʎ. ʆʙ-

ʨʘʟʮʳ ʜʣʷ ʦʙʣʫʯʝʥʠʷ ʠ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʚ ʚʠʜʝ ʜʚʦʡʥʦʡ ʣʦʧʘʪʢʠ, ʩ ʧʦʤʦ-

ʱʴʶ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʰʪʘʤʧʘ, ʩ ʨʘʟʤʝ-

ʨʘʤʠ ʨʘʙʦʯʝʡ ʯʘʩʪʠ 103,5 0,3 ʤʤ. ʊʝʨʤʦʦʙʨʘʙʦʪ-

ʢʫ ʧʣʦʩʢʠʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʚʘʢʫʫʤʝ ʥʝ ʥʠʞʝ 

6,7 10
-3

 ʇʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1150
ʦ
ʉ ʚ ʪʝʯʝʥʠʝ ʦʜ-

ʥʦʛʦ ʯʘʩʘ. 

ʆʙʣʫʯʝʥʠʝ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦ-

ʜʠʣʠ ʦʜʥʦʢʨʘʪʥʳʤ ʠʤʧʫʣʴʩʦʤ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥ-

ʥʦʤ ʫʩʢʦʨʠʪʝʣʝ çʅʝʧʪʫʥè (ɸʣʤʘʪʳ) [1] ʩ ʵʥʝʨʛʠʝʡ 

ʵʣʝʢʪʨʦʥʦʚ 540 ʢʵɺ ʠ ʧʣʦʪʥʦʩʪʴʶ ʤʦʱʥʦʩʪʠ 

5 10
8
 ɺʪ/ʩʤ

2
. ʏʘʩʪʴ ʦʙʨʘʟʮʦʚ ʦʙʣʫʯʘʣʠ ʩ ʦʙʝʠʭ ʩʪʦ-

ʨʦʥ ʥʘ ʫʩʢʦʨʠʪʝʣʝ çʂʘʣʴʤʘʨè (ʄʦʩʢʚʘ) ʩ ʵʥʝʨʛʠʷʤʠ 

ʵʣʝʢʪʨʦʥʦʚ 180-520 ʢʵɺ, ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ 

3,6 10
8
 - 5,1 10

9
 ɺʪ/ʩʤ

2
. ɼʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʥʝ ʧʨʝʚʳʰʘʣʘ 100 ʥʩ [2]. 

ʆʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʦʠʟʚʦʜʠʣʦʩʴ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʩ-

ʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ  çInstron-1195è ʩʦ ʩʢʦʨʦʩʪʴʶ 

0.5 ʤʤ ʚ ʤʠʥ.   

ʊʦʧʦʛʨʘʬʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʬʨʘʢʪʦʛʨʘʬʠʶ ʦʙʣʫ-

ʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʟʫʯʘʣʠ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ Amray-1200 B ʠ çPhilips SEM 515è ʚ 

ʨʝʞʠʤʝ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. 

ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

ʀʤʧʫʣʴʩʥʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʦʙʣʫʯʝʥʠʝ ʠʤʝʝʪ ʜʚʘ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʘʪʝʨʠʘʣ, ʚʦ-ʧʝʨʚʳʭ, ʵʪʦ ʫʜʘʨ, ʚʦ-

ʚʪʦʨʳʭ ï ʚʩrʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʨ-

ʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʨʦʠʩʭʦʜʠʪ ʜʝʬʦʨʤʘʮʠʷ ʦʙʨʘʟʮʘ. 

ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʦʠʩʭʦʜʠʪ 

ʦʧʣʘʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʥʘ ʛʣʫʙʠʥʫ ʦʢʦʣʦ 40-50 ʤʢʤ. ʅʘ ʨʠʩʫʥʢʝ 1 ʘ, 

ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʨʘʢʪʦʛʨʘʤʤʳ ʥʝʦʙʣʫʯʝʥʥʳʭ ʩʪʘ-

ʣʝʡ 03ʍ20ʅ45ʄ4ɹʈʎ ʠ 12ʍ18ʅ10ʊ ʧʦʩʣʝ ʤʝʭʘʥʠ-

ʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʩʪʘʣʠ ʘʫʩʪʝ-

ʥʠʪʥʦʛʦ ʢʣʘʩʩʘ 12ʍ18ʅ10ʊ, 08ʍ16ʅ11ʄ3 ʦʙʣʘʜʘ-

ʶʪ ʭʦʨʦʰʠʤʠ ʧʣʘʩʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 20 ï 500
ʦ
ʉ. ʇʨʠ ʵʪʦʤ 

ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ ʥʦʩʠʪ ʚʷʟʢʠʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ, ʘ ʪʘʢʞʝ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʬʨʘʢʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʠʟʣʦʤʘ ʦʙʨʘʟʮʦʚ ʩʪʘʣʝʡ  12ʍ18ʅ10ʊ ʠ 

03ʍ20ʅ45ʄ4ɹʈʎ ʚʳʧʦʣʥʝʥʥʳʭ ʥʘʤʠ. ʇʦʚʝʨʭʥʦʩʪʴ 

ʚʷʟʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʚ ʧʣʦʩʢʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠ-

ʝʤ ʢʨʫʧʥʳʭ (6-8 ʤʢʤ) ʠ ʤʝʣʢʠʭ ʯʘʰʝʢ (1-6 ʤʢʤ) ʩ 

ʚʳʨʘʞʝʥʥʳʤʠ ʛʨʝʙʥʷʤʠ ʦʪʨʳʚʘ. ʏʘʰʢʠ ʠʤʝʶʪ 

ʬʦʨʤʫ ʧʨʘʚʠʣʴʥʳʭ ʧʦʣʫʩʬʝʨ, ʣʠʙʦ ʵʣʣʠʧʩʦʠʜʘ ʚ 

ʩʝʯʝʥʠʠ. ʂʨʫʧʥʳʝ ʯʘʰʝʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʤʝʩʪʝ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ-

ʭʦʜʠʣʠʩʴ ʚʢʣʶʯʝʥʠʷ.  
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ʘ ï 03ʍ20ʅ45ʄ4ɹʈʎ  

ʙ ï12ʍ18ʅ10ʊ. ʭ500 

ʈʠʩʫʥʦʢ 1. ʇʦʚʝʨʭʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʥʝʦʙʣʫʯʝʥʥʦʡ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 

ʅʘ ʨʠʩʫʥʢʝ 2 ʘ, ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʨʘʢʪʦʛʨʘʤʤʳ 

ʦʙʣʫʯʝʥʥʳʭ ʩʪʘʣʝʡ 03ʍ20ʅ45ʄ4ɹʈʎ ʠ 12ʍ18ʅ10ʊ 

ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʦʜʥʦʦʩʥʦʝ ʨʘʩ-

ʪʷʞʝʥʠʝ. ɼʣʷ ʦʙʣʫʯʝʥʥʦʡ ʩʪʘʣʠ 03ʍ20ʅ45ʄ4ɹʈʎ 

ʭʘʨʘʢʪʝʨʥʦ ʚʷʟʢʦʝ ʨʘʟʨʫʰʝʥʠʝ (ʨʠʩʫʥʦʢ 2ʘ). ʇʦ-

ʚʝʨʭʥʦʩʪʴ ʠʟʣʦʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʘʰʝʯʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʩ ʨʘʟʚʠʪʳʤʠ ʛʨʝʙʥʷʤʠ ʦʪʨʳʚʘ, ʰʠʨʠʥʘ 

ʩʘʤʦʛʦ ʠʟʣʦʤʘ ʩʦʩʪʘʚʣʷʝʪ 35-40 ʤʢʤ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʫʞʝʥʠʝ ʦʙʨʘʟʮʘ ʠ ʥʘ ʝʛʦ ʙʦʢʦʚʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ  ʚʠʜʥʳ ʩʣʝʜʳ ʜʝʬʦʨʤʘʮʠʠ. ɺʩʝ ʵʪʠ ʬʘʢ-

ʪʦʨʳ ʛʦʚʦʨʷʪ ʦ ʚʳʩʦʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ.  

ʀʟʣʦʤ ʦʙʣʫʯʝʥʥʦʡ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ʨʝʟʢʦ ʦʪ-

ʣʠʯʘʝʪʩʷ ʦʪ ʠʟʣʦʤʘ ʩʪʘʣʠ 03ʍ20ʅ45ʄ4ɹʈʎ. ʇʦ-

ʚʝʨʭʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʭʦʡ 

ʚʦʣʦʢʥʠʩʪʳʡ ʠʟʣʦʤ (ʨʠʩʫʥʦʢ 2ʙ). ʊʦʧʦʛʨʘʬʠʷ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʠʟʣʦʤʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʯʘʰʝʯʥʳʤ 

ʩʪʨʦʝʥʠʝʤ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʚʳʨʘʞʝʥʥʳʭ ʛʨʝʙʥʝʡ 

ʦʪʨʳʚʘ. ʐʠʨʠʥʘ ʠʟʣʦʤʘ ʦʢʦʣʦ 120 ʤʢʤ ï ʵʪʦ ʧʨʠ-

ʤʝʨʥʦ ʚ 3 ʨʘʟʘ ʤʝʥʴʰʝ ʯʝʤ ʫ ʩʪʘʣʠ 

03ʍ20ʅ45ʄ4ɹʈʎ. ʊʘʢʦʝ ʩʪʨʦʝʥʠʝ ʠ ʚʠʜ ʠʟʣʦʤʘ ʛʦ-

ʚʦʨʷʪ ʦ ʥʠʟʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʬʨʘʢʪʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʤʦʣʠʙʜʝʥʘ ʜʦ ʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 3. ɹʦʣʴʰʠʥʩʪʚʦ ʦʙʨʘʟʮʦʚ ʤʦʣʠʙʜʝʥʘ, ʦʙʣʫ-

ʯʝʥʥʳʭ ʥʘ ʫʩʢʦʨʠʪʝʣʝ çʂʘʣʴʤʘʨè ʩ ʧʣʦʪʥʦʩʪʴʶ 

ʤʦʱʥʦʩʪʠ  210
9
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2
 ʠ ʚʳʰʝ, ʨʘʟʨʫʰʘʣʠʩʴ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʧʫʯʢʦʤ ʵʣʝʢʪʨʦʥʦʚ. ʇʦʚʝʨʭʥʦʩʪʴ 

ʠʟʣʦʤʘ ʦʙʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ ʦʜʥʦ-

ʩʪʦʨʦʥʥʝʛʦ ʠʣʠ ʜʚʫʭʩʪʦʨʦʥʥʝʛʦ ʦʙʣʫʯʝʥʠʷ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʭʨʫʧʢʠʡ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ. ʅʘ 

ʬʨʘʢʪʦʛʨʘʤʤʝ (ʨʠʩʫʥʦʢ 3ʘ) ʚʠʜʥʦ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ 

ʧʨʦʠʟʦʰʣʦ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʞ-

ʟʝʨʝʥʥʳʝ ʬʨʦʥʪʘʣʴʥʳʭ ʪʨʝʱʠʥ. ʊʘʢʞʝ ʥʘ ʨʘʟʨʫ-

ʰʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʝʝʪ ʤʝʩʪʦ ʚʥʫʪʨʠʟʝʨʝʥʥʦʝ 

ʭʨʫʧʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʧʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ 

ʧʣʦʩʢʦʩʪʷʤ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʘʣʠʯʠʝ ʫʯʘʩʪ-

ʢʦʚ ʢʚʘʟʠʩʢʦʣʘ ʥʘ ʠʟʣʦʤʝ ʦʙʨʘʟʮʦʚ (ʨʠʩʫʥʦʢ 3ʙ). 

 
ʘ ï 03ʍ20ʅ45ʄ4ɹʈʎ 

 
ʙ ï 12ʍ18ʅ10ʊ 
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ʙ ï ʫʯʘʩʪʢʠ ʢʚʘʟʠʩʢʦʣʘ 

ʈʠʩʫʥʦʢ 3. 

ɿɸʂʃʖʏɽʅʀɽ 

ʀʤʧʫʣʴʩʥʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʦʙʣʫʯʝʥʠʝ ʧʦ-ʨʘʟʥʦʤʫ 

ʚʣʠʷʝʪ ʥʘ ʩʚʦʡʩʪʚʘ ʩʪʘʣʝʡ ʠ ʤʝʪʘʣʣʦʚ. ʇʦʩʢʦʣʴʢʫ 

ʫʜʘʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʭʚʘʪʳʚʘʝʪ ʚʝʩʴ ʦʙʲʝʤ ʦʙʨʘʟʮʘ 

ʚ ʦʪʣʠʯʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʪʦ ʚ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦ-

ʚʘʥʠʝ ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʳ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʩʥʠʞʝʥʠʝ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠ ʠʟʤʝʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ 

ʠʟʣʦʤʘ [3, 4]. ʉʪʘʣʴ 03ʍ20ʅ45ʄ4ɹʈʎ ʥʝ ʧʦʜʚʝʨʞʝ-

ʥʘ ʤʘʨʪʝʥʩʠʪʥʳʤ ʧʨʝʚʨʘʱʝʥʠʷʤ ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʩʦ-

ʜʝʨʞʘʥʠʷ ʥʠʢʝʣʷ ʠ ʩʦʭʨʘʥʷʝʪ ʩʚʦʡʩʪʚʘ ʠʩʭʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʠʤʧʫʣʴʩʥʳʤʠ ʵʣʝʢʪʨʦʥ-

ʥʳʤʠ ʧʫʯʢʘʤʠ. 

ʅʝʡʪʨʦʥʥʦʝ ʦʙʣʫʯʝʥʠʝ ʧʨʠʚʝʣʦ ʢ ʨʝʟʢʦʤʫ ʦʭ-

ʨʫʧʯʠʚʘʥʠʶ ʤʦʣʠʙʜʝʥʘ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʠʟ-

ʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʨʘʟʨʫʰʝʥʠʷ. ʈʘʟʨʫʰʝʥʠʝ ʧʨʦʠʩ-

ʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʜʘʨʥʳʭ ʚʦʣʥ, 

ʣʦʢʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʢʦʪʦʨʳʭ  ʧʨʝʚʳʰʘʝʪ ʜʠʥʘʤʠ-

ʯʝʩʢʠʡ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʤʝʪʘʣʣʘ, ʵʪʦ ʦʙʲʷʩʥʷʝʪ 

ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʦʙʣʫʯʝʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʝ-

ʭʘʥʠʟʤʳ ʨʘʟʨʫʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʫʩʣʦʚʠʷʤ 

ʠʩʧʳʪʘʥʠʡ ʠ ʨʝʞʠʤʘʤ ʦʙʣʫʯʝʥʠʷ. 
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ʊɽʆʈɽʊʀʏɽʉʂʆɽ ʀ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ  

ʆʉʆɹɽʅʅʆʉʊɽʁ ʌʆʈʄʀʈʆɺɸʅʀʗ ʇʆʊʆʂɸ ɺ ʂɸʅɸʃɽ ʇʃɸɿʄɽʅʅʆɻʆ ʋʉʂʆʈʀʊɽʃʗ 

ɾʫʢʝʰʦʚ ɸ.ʄ. 

ʂʘʟʘʭʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸʣʴ-ʌʘʨʘʙʠ, ɸʣʤʘʪʳ 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʪʦʢʘ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʤ  ʧʣʘʟʤʝʥʥʦʤ 

ʫʩʢʦʨʠʪʝʣʝ ʩ ʩʠʤʤʝʪʨʠʯʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʵʣʝʢʪʨʦʜʦʚ. ʏʠʩʣʝʥʥʳʡ ʨʘʩʯʝʪ ʧʨʦʚʝʜʝʥ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ ʙʣʦʯʥʦʡ ʧʣʘʟʤʳ ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ ʠʤʧʫʣʴʩʥʦʤʫ ʧʣʘʟʤʝʥʥʦʤʫ ʫʩʢʦʨʠʪʝʣʶ ʂʇʋ-30. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʧʦʪʦʢʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʥʘʯʘʣʴʥʳʤ ʨʘʙʦʯʠʤ ʜʘʚʣʝʥʠʝʤ. 

ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʫʩʢʦʨʠʪʝʣʷ.  

ɺɺɽɼɽʅʀɽ 

ʇʣʘʟʤʝʥʥʳʝ ʧʦʪʦʢʠ, ʬʦʨʤʠʨʫʝʤʳʝ ʩʠʣʴʥʦʪʦʯʥʳ-

ʤʠ ʠʤʧʫʣʴʩʥʳʤʠ ʫʩʢʦʨʠʪʝʣʷʤʠ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ, 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʠ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʚʦʣʴʥʦ 

ʧʨʦʩʪʫʶ ʩʭʝʤʫ ʫʩʪʨʦʡʩʪʚʘ, ʜʠʥʘʤʠʢʘ ʬʦʨʤʠʨʫʝʤʦʡ ʚ 

ʢʘʥʘʣʝ ʫʩʢʦʨʠʪʝʣʷ ʧʣʘʟʤʳ ʩʣʦʞʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ 

ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪ ʛʝʦʤʝʪ-

ʨʠʠ ʵʣʝʢʪʨʦʜʥʦʡ ʩʠʩʪʝʤʳ. ʇʦʵʪʦʤʫ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʬʦʨʤʠʨʫʝʤʦʛʦ ʧʦʪʦʢʘ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʫʩ-

ʢʦʨʠʪʝʣʷ. ʇʦʜʨʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʪʳ ʠʤʧʫʣʴʩ-

ʥʳʭ ʧʣʘʟʤʝʥʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ [1,2] 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʵʪʠʭ ʫʩʢʦʨʠʪʝʣʝʡ ʩʫʱʝʩʪʚʫʝʪ çʢʨʠ-

ʪʠʯʝʩʢʘʷè ʚʝʣʠʯʠʥʘ ʪʦʢʘ Jʢʨ, ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʦʪʦʨʦ-

ʛʦ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʠʡ ʨʦʩʪ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʨʘʟʨʷʜʝ ʠ 

ʥʘʙʣʶʜʘʝʪʩʷ  ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ɺɸʍ ʫʩʢʦʨʠʪʝʣʷ. 

ʇʨʠ ʵʪʦʤ  ʚ ʫʩʢʦʨʠʪʝʣʝ ʨʘʩʢʘʯʠʚʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷ 

ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʳ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʘʚʪʦʨʳ ʩʚʷʟʳ-

ʚʘʶʪ ʩ ʚʣʠʷʥʠʝʤ ʵʬʬʝʢʪʘ ʍʦʣʣʘ ʧʨʠ ʪʝʯʝʥʠʠ ʧʣʘʟʤʳ 

ʧʦʧʝʨʝʢ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʚʦʟʥʠʢʥʦ-

ʚʝʥʠʶ ʧʨʦʜʦʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, 

ʠʟ-ʟʘ ʯʝʛʦ ʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʩʪʨʦʡʢʘ ʩʪʨʫʢʪʫʨʳ ʨʘʟ-

ʨʷʜʘ. ɸ.ʀ.ʄʦʨʦʟʦʚ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʫʩʢʦʨʝʥʠʷ  

ʧʣʘʟʤʳ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʦʷʚʣʝʥʠʝ 

ʵʬʬʝʢʪʘ ʍʦʣʣʘ ʚʦʟʤʦʞʥʦ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʛʘʟʘ, ʢʦʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ʢʚʘʟʠ-

ʥʝʡʪʨʘʣʴʥʦʩʪʠ ʧʣʘʟʤʳ [3]. ɼʘʣʴʥʝʡʰʠʝ ʵʢʩʧʝʨʠʤʝʥ-

ʪʳ [4], ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʫʩʢʦʨʠʪʝʣʷʭ ʂʉʇʋ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʚʣʠʷʥʠʝ ʵʬʬʝʢʪʘ ʍʦʣʣʘ ʧʨʠʚʦʜʠʪ ʢ 

ʩʞʘʪʠʶ ʧʣʘʟʤʳ ʚ ʩʪʦʨʦʥʫ ʦʜʥʦʛʦ ʠʟ ʵʣʝʢʪʨʦʜʦʚ ʠ 

ʚʳʥʦʩʫ ʪʦʢʘ ʟʘ ʩʨʝʟ ʵʣʝʢʪʨʦʜʦʚ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦ-

ʚʘʪʴ ʨʘʙʦʪʫ ʧʣʘʟʤʝʥʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʚ ʨʝʞʠʤʝ ʩʦ 

ʩʧʣʦʰʥʳʤ ʥʘʧʦʣʥʝʥʠʝʤ. ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʨʘʙʦʯʠʡ ʛʘʟ 

ʟʘʧʦʣʥʷʝʪ ʨʘʙʦʯʫʶ ʢʘʤʝʨʫ ʧʨʠ ʟʘʜʘʥʥʦʤ ʥʘʯʘʣʴʥʦʤ 

ʜʘʚʣʝʥʠʠ, ʯʪʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʘʨʴʠʨʦ-

ʚʘʪʴ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʧʣʦʪʥʦʩʪʴ ʬʦʨʤʠʨʫʝʤʦʡ 

ʧʣʘʟʤʳ. ʕʪʦʪ ʨʝʞʠʤ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʦʥʥʦ-

ʧʣʘʟʤʝʥʥʳʝ ʧʦʪʦʢʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʯʪʦ ʧʝʨ-

ʩʧʝʢʪʠʚʥʦ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʧʣʘʟʤʝʥʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ [5-8]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʘ ʜʠʘʛʥʦʩʪʠʢʘ ʧʣʘʟʤʝʥʥʦ-

ʛʦ ʧʦʪʦʢʘ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʯʘʣʴʥʳʭ 

ʜʘʚʣʝʥʠʷʭ ʠ ʨʘʟʨʷʜʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ ʥʘ ʠʤʧʫʣʴʩʥʦʤ 

ʧʣʘʟʤʝʥʥʦʤ ʫʩʢʦʨʠʪʝʣʝ ʂʇʋ-30. 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʋʉʊɸʅʆɺʂɸ 

ʉʦʟʜʘʥʥʳʡ ʚ ʅʀʀʕʊʌ ʢʦʘʢʩʠʘʣʴʥʳʡ ʫʩʢʦʨʠ-

ʪʝʣʴ ʂʇʋ-30 ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʜʣʷ ʘʧʨʦʙʘʮʠʠ ʚʥʦʚʴ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ, ʪʘʢ ʠ 

ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ. ʋʩʢʦʨʠ-

ʪʝʣʴ ʠʤʝʝʪ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʵʣʝʢʪʨʦʜʳ ʠʟ ʤʝʜʠ ʜʣʠ-

ʥʦʡ 45 ʩʤ, ʜʠʘʤʝʪʨ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʜʘ 9 ʩʤ, ʚʥʫʪ-

ʨʝʥʥʝʛʦ ï 3 ʩʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʥʜʘʨʪʥʦʛʦ 

çʢʦʘʢʩʠʘʣʘè, ʫ ʢʦʪʦʨʦʛʦ ʮʝʥʪʨʘʣʴʥʳʡ ʵʣʝʢʪʨʦʜ ʙʣʠ-

ʟʦʢ ʧʦ ʜʣʠʥʝ ʢ ʥʘʨʫʞʥʦʤʫ, ʚ ʜʘʥʥʦʤ ʫʩʢʦʨʠʪʝʣʝ 

ʚʥʫʪʨʝʥʥʠʡ ʵʣʝʢʪʨʦʜ ʥʘ 5 ʩʤ ʢʦʨʦʯʝ ʚʥʝʰʥʝʛʦ ʠ 

ʠʤʝʝʪʩʷ ʙʫʬʝʨʥʳʡ ʦʙʲʝʤ ʚ ʥʘʯʘʣʝ ʵʣʝʢʪʨʦʜʦʚ. ʅʘ-

ʢʦʧʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ 25 ʢʦʥʜʝʥʩʘʪʦʨʦʚ 

ʀʂ-50-3 ʩ ʨʘʙʦʯʠʤ ʥʘʧʨʷʞʝʥʠʝʤ 30 ʢɺ, ʩʫʤʤʘʨʥʦʡ 

ʝʤʢʦʩʪʴʶ 75 ʤʢʌ. ʈʘʙʦʯʠʤ ʛʘʟʦʤ ʷʚʣʷʣʩʷ ʚʦʟʜʫʭ, 

ʢʦʪʦʨʳʡ ʦʩʪʘʚʘʣʩʷ ʚ ʢʘʤʝʨʝ ʧʦʩʣʝ ʦʪʢʘʯʢʠ ʜʦ ʨʘʙʦ-

ʯʝʛʦ ʜʘʚʣʝʥʠʷ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʷʣʠ ʧʦʷʩʘ ʨʦʛʦʚʩʢʦʛʦ ʩ 

ʨʘʟʣʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʠʪʢʦʚ, ʩʚʝʨʥʫʪʳʭ ʚ ʚʠʜʝ 

ʢʦʣʝʮ ʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩʥʘʨʫʞʠ ʥʘ ʨʘʟʨʷʜʥʦʡ ʰʠʥʝ ʠ 

ʚʥʫʪʨʠ ʫʩʢʦʨʠʪʝʣʷ ʚ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʢ 

ʥʘʧʨʘʚʣʝʥʠʶ ʧʣʘʟʤʝʥʥʦʛʦ ʧʦʪʦʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʥʫʪʨʠ ʫʩʢʦʨʠʪʝʣʷ ʠʟʤʝʨʷʝʪʩʷ ʪʦʢ, ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ 

ʩʝʯʝʥʠʝ ʢʦʣʴʮʘ. ɺ ʩʣʫʯʘʝ ʚʥʝʰʥʝʛʦ ʧʦʷʩʘ ʵʪʦʪ ʪʦʢ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʨʷʜʥʦʤʫ ʪʦʢʫ ʢʦʥʜʝʥʩʘʪʦʨʦʚ, ʘ ʚ 

ʩʣʫʯʘʝ ʚʥʫʪʨʝʥʥʝʛʦ ï ʪʦʢʫ ʚ ʧʣʘʟʤʝ. ʉʭʝʤʘ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘ-

ʣʘ ʩ ʧʦʷʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʟʘʧʦʤʠʥʘʶʱʠʡ ʦʩʮʠʣʣʦ-

ʛʨʘʬ ʉ8-14, ʩʠʛʥʘʣ ʧʦʜʘʚʘʣʠ  ʙʝʟ ʫʩʠʣʝʥʠʷ ʥʘ ʚʭʦʜ 

ʦʩʮʠʣʣʦʛʨʘʬʘ ʧʦ ʢʦʘʢʩʠʘʣʴʥʦʤʫ ʢʘʙʝʣʶ 50 ʆʤ. ʆʩ-

ʮʠʣʣʦʛʨʘʤʤʳ ʩʠʛʥʘʣʦʚ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ  ʬʦʪʦʛʨʘʬʠ-

ʨʦʚʘʥʠʷ ʵʢʨʘʥʘ ʦʩʮʠʣʣʦʛʨʘʬʘ. 
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ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʂʇʋ-30 

ʏʀʉʃɽʅʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʚʝʜʝʥʠʝ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ ʧʣʘʟ-

ʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ ʠʦʥʥʦʛʦ ʙʣʦʢʦʚ ʚ 

ʩʢʨʝʱʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʠ ʤʘʛʥʠʪʥʦʤ ʧʦʣʷʭ, ʩ 

ʫʯʝʪʦʤ ʢʚʘʟʠʥʝʡʪʨʘʣʴʥʦʩʪʠ ʧʣʘʟʤʳ. ʇʦʩʣʝʜʥʝʝ ʦʙ-

ʩʪʦʷʪʝʣʴʩʪʚʦ ʫʯʪʝʤ, ʚʚʝʜʷ ʧʨʦʜʦʣʴʥʫʶ ʢʦʤʧʦʥʝʥʪʫ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʚʦʟʥʠʢʘʶʱʫʶ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʜʚʠʛʘ ʙʣʦʢʦʚ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʟʘ ʩʯʝʪ ʨʘʟ-

ʥʦʩʪʠ ʤʘʩʩ ʠ ʟʘʨʷʜʦʚ ʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ, ʢʘʢ ʧʦʢʘ-

ʟʘʥʦ ʚ [9]. ʋʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʜʚʠʞʝʥʠʷ ʮʝʥ-

ʪʨʦʚ ʪʷʞʝʩʪʠ ʠʦʥʥʦʛʦ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʦʚ, ʘ 

ʪʘʢʞʝ ʭ- ʢʦʤʧʦʥʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʥʘʧʨʘʚ-

ʣʝʥʥʦʡ ʚʜʦʣʴ ʦʩʠ ʵʣʝʢʪʨʦʜʥʦʡ ʩʠʩʪʝʤʳ, ʠʤʝʶʪ ʚʠʜ: 
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ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʧʨʦʚʦʜʠʣʠ ʚ ʩʨʝʜʝ MathCAD7,  ʩ ʫʯʝʪʦʤ 

ʩʣʝʜʫʶʱʠʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ: ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʨʘʟ-

ʨʷʜʝ 20 ʢɺ, ʚʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 2 ʊʣ, ʥʘʯʘʣʴ-

ʥʘʷ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮ ʨʘʚʥʘ ʥʫʣʶ. ɺʝʣʠʯʠʥʘ ʤʘʛʥʠʪ-

ʥʦʛʦ ʧʦʣʷ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʂʇʋ-30 ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʨʘʥʝʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʟʦʥʜʦʚʳʭ ʤʝʪʦʜʦʚ 

[10,11]. ʀʩʩʣʝʜʦʚʘʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʪʨʘʝʢʪʦʨʠʠ ʯʘʩ-

ʪʠʮ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ n, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʨʘʙʦʯʝ-

ʤʫ ʜʘʚʣʝʥʠʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʵʣʝʢʪʨʦʥʦʚ  50 ʵɺ.  

ʅʘ ʨʠʩʫʥʢʝ 2 ʘ ʠ ʙ ʧʦʢʘʟʘʥʳ ʪʨʘʝʢʪʦʨʠʠ ʮʝʥʪʨʦʚ 

ʪʷʞʝʩʪʠ ʙʣʦʢʦʚ ʧʨʠ ʦʯʝʥʴ ʤʘʣʦʡ ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ 

0n , ʪ.ʝ. ʢʦʛʜʘ ʥʝ ʨʝʘʣʠʟʫʝʪʩʷ ʢʚʘʟʠʥʝʡʪʨʘʣʴ-

ʥʦʩʪʴ. ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʤʘʣʦʡ ʧʣʦʪʥʦʩʪʠ, ʫʯʠʪʳʚʘʷ 

ʨʘʟʤʝʨ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʰʠʨʠʥʘ 2 

ʩʤ., ʜʣʠʥʘ 45 ʩʤ.), ʠʦʥʳ ʜʚʠʛʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ, ʘ ʵʣʝʢʪʨʦʥʳ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘ-

ʧʨʘʚʣʝʥʠʠ,  ʠ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ ʧʨʦʠʩʭʦʜʠʪ ʬʘʢʪʠ-

ʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʦ. 
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ʈʠʩʫʥʦʢ 2.  ʊʨʘʝʢʪʦʨʠʠ ʠʦʥʦʚ ʘ) ʠ ʵʣʝʢʪʨʦʥʦʚ ʙ) ʧʨʠ ʤʘʣʦʡ ʧʣʦʪʥʦʩʪʠ. 
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ɼʨʫʛʘʷ ʢʘʨʪʠʥʘ  ʜʣʷ ʪʨʘʝʢʪʦʨʠʠ ʯʘʩʪʠʮ ʥʘʙʣʶʜʘ-

ʝʪʩʷ ʧʨʠ ʙʦʣʴʰʠʭ n, ʢʦʛʜʘ ʨʝʘʣʠʟʫʝʪʩʷ ʢʚʘʟʠ-

ʥʝʡʪʨʘʣʴʥʦʩʪʴ.  ʅʘ ʨʠʩʫʥʢʝ 3ʘ ʧʦʢʘʟʘʥʳ ʪʨʘʝʢʪʦʨʠʠ 

ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ʇʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʞʝ ʯʝʤ 10
12

 ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ, 

ʪʘʢʞʝ ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, ʧʨʦʠʩʭʦʜʠʪ ʧʦ 

ʮʠʢʣʦʠʜʝ ʚʜʦʣʴ ʦʩʠ x. ɼʘʣʝʝ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ  

ʵʣʝʢʪʨʦʥʳ ʥʘʯʠʥʘʶʪ ʫʭʦʜʠʪʴ ʜʘʣʝʢʦ ʚʜʦʣʴ y, ʘ ʜʚʠ-

ʞʝʥʠʝ ʠʦʥʦʚ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʟʘʪʨʫʜʥʝʥʦ ʠʟ-ʟʘ 

ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʵʣʝʢʪʨʦʥʦʚ (ʨʠʩʫ-

ʥʦʢ 3ʙ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʬʫʥʢʮʠʶ 

ʩʦʟʜʘʥʠʷ ʪʦʢʘ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʙʝ-

ʨʫʪ ʥʘ ʩʝʙʷ ʵʣʝʢʪʨʦʥʳ, ʘ ʠʦʥʳ ʷʚʣʷʶʪʩʷ çʯʠʩʪʦ 

ʠʥʝʨʮʠʦʥʥʳʤè ʢʦʤʧʦʥʝʥʪʦʤ ʩʠʩʪʝʤʳ. ʕʪʦ ʧʨʠʚʦ-

ʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʫʩʢʦʨʝʥʠʝ ʠʦʥʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʚʦʟʥʠʢʘʶʱʠʤ ʚ ʤʝʞ-ʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʧʨʦʜʦʣʴʥʳʤ (ʚʜʦʣʴ x) ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ, ʢʦʪʦ-

ʨʦʝ ʥʘʟʳʚʘʶʪ çʭʦʣʣʦʚʩʢʠʤè. ʇʨʦʠʩʭʦʜʠʪ ʵʪʦ ʩʣʝ-

ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ ʩʢʦʨʦʩʪʴ ʠʦʥʦʚ 

ʤʘʣʘ, ʵʣʝʢʪʨʦʥʳ ʠʭ ʦʙʛʦʥʷʶʪ ʠ ʪʷʥʫʪ ʟʘ ʩʦʙʦʡ. ʅʘ-

ʦʙʦʨʦʪ, ʥʘ ʩʪʘʜʠʠ ʪʦʨʤʦʞʝʥʠʷ ʵʣʝʢʪʨʦʥʳ ʦʪʩʪʫʧʘʶʪ 

ʠ ʪʷʥʫʪ ʠʦʥʳ ʚ ʦʙʨʘʪʥʫʶ ʩʪʦʨʦʥʫ. ʅʦ ʩʨʝʜʥʠʝ ʩʢʦ-

ʨʦʩʪʠ ʜʨʝʡʬʘ  ʚʜʦʣʴ  ʫ ʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ, ʦʯʝʚʠʜ-

ʥʦ, ʦʜʠʥʘʢʦʚʳ ʧʨʠ ʣʶʙʦʡ ʧʣʦʪʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚ 

ʫʩʢʦʨʠʪʝʣʝ ʜʦʣʞʥʳ ʥʘʙʣʶʜʘʪʴʩʷ ʧʨʦʜʦʣʴʥʳʝ ʢʦʣʝ-

ʙʘʥʠʷ ʪʦʢʘ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʳ. ʇʝʨʠʦʜ ʵʪʠʭ ʢʦʣʝ-

ʙʘʥʠʡ, ʦʯʝʚʠʜʥʦ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʤʧʣʠʪʫʜʦʡ ʚʥʝʰʥʝ-

ʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ.  

ʀʪʘʢ, ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʚʝ-

ʜʝʥʠʝ ʯʘʩʪʠʮ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʣʘʟ-

ʤʝʥʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʙʦʯʠʤ ʜʘʚʣʝʥʠ-

ʝʤ, ʪʦʯʥʝʝ, ʧʣʦʪʥʦʩʪʴʶ ʧʣʘʟʤʳ. ʇʨʠ ʥʠʟʢʦʡ 

ʧʣʦʪʥʦʩʪʠ, ʢʦʛʜʘ ʫʩʣʦʚʠʝ ʢʚʘʟʠʥʝʡʪʨʘʣʴʥʦʩʪʠ ʥʝ 

ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʠ, ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ ʥʝʟʘ-

ʚʠʩʠʤʦ. ɼʠʥʘʤʠʢʘ ʯʘʩʪʠʮ ʚ ʧʣʦʪʥʦʡ ʧʣʘʟʤʝ ʦʧʨʝʜʝ-

ʣʷʪʩʷ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʳʤ çʭʦʣʣʦʚʩʢʠʤè ʧʦʣʝʤ. ɺʝ-

ʣʠʯʠʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʚʳʰʝ ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ ʩʘʦʤʦʩʦʛʣʘʩʦʚʦʘʥʥʦʝ ʧʦʣʝ, ʩʦʩʪʘʚʣʷʝʪ 
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ʈʠʩʫʥʦʢ 3. ʊʨʘʝʢʪʦʨʠʠ ʵʣʝʢʪʨʦʥ ʚ (ʘ) ʠ ʠʦʥʦʚ (ʙ) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʈɽɿʋʃʔʊɸʊʓ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩ 

ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʜʠʥʘʤʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʪʦ-

ʢʘ ʚʥʫʪʨʠ ʫʩʢʦʨʠʪʝʣʷ. ʊʦʢ ʯʝʨʝʟ ʚʥʫʪʨʝʥʥʠʡ ʧʦʷʩ 

ʦʧʨʝʜʝʣʷʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʨʘʟʨʷʜʘ 

ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʜʘʚʣʝʥʠʷʭ 0,05, 0,08, 0,1, 0,5 ʠ 1 

ʪʦʨʨ.  ʅʘʧʨʷʞʝʥʠʝ ʨʘʟʨʷʜʘ ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ 12 ʜʦ 

24 ʢɺ ʩ ʰʘʛʦʤ  2 ʢɺ. ʊʠʧʠʯʥʳʝ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʩʠʛ-

ʥʘʣʦʚ ʧʨʠ 12 ʢɺ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5. ʅʘ ʚʩʝʭ 

ʢʘʨʪʠʥʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʠ ʧʦʣʦʞʠ-

ʪʝʣɹʥʳʝ ʤʘʢʩʠʤʫʤʳ, ʨʘʟʜʝʣʝʥʥʳʝ ʚʦ ʚʨʝʤʝʥʠ. ʇʦ-

ʩʢʦʣʴʢʫ ʚʨʝʤʝʥʥʦʡ ʩʜʚʠʛ ʤʝʞʜʫ ʧʠʢʘʤʠ ʦʜʠʥʘʢʦʚʦʡ 

ʧʦʣʷʨʥʦʩʪʠ ʙʣʠʟʦʢ ʢ ʧʝʨʠʦʜʫ ʚʥʝʰʥʝʛʦ ʨʘʟʨʷʜʥʦʛʦ 

ʪʦʢʘ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʠ ʢʘʞʜʦʤ ʧʝʨʠʦʜʝ ʨʘʟʨʷ-

ʜʘ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʚʫʭ ʧʠʢʦʚ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʦʡ ʧʦʣʷʨʥʦʩʪʠ. ɸʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʜʘʚʣʝʥʠʷ ʧʦ-

ʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʥʦʚʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʬʦʨʤʠ-

ʨʦʚʘʥʠʠ ʧʣʘʟʤʝʥʥʦʛʦ ʧʦʪʦʢʘ. ʇʨʠ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʷʭ 

ʥʘ ʦʩʮʠʣʣʦʛʨʘʤʤʘʭ (ʨʠʩʫʥʦʢ 5ʘ) ʘʤʧʣʠʪʫʜʘ ʦʪʨʠʮʘ-

ʪʝʣʴʥʳʭ ʧʠʢʦʚ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʯʝʤ ʧʦʣʦʞʠʪʝʣʴʥʳʭ. 

ʇʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʘʤʧʣʠʪʫʜʘ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʭ ʧʠʢʦʚ ʨʘʩʪʝʪ ʠ ʧʨʠ ʜʘʚʣʝʥʠʠ 1 ʪʦʨʨ (ʨʠʩʫ-

ʥʦʢ 5ʙ) ʦʥʠ ʧʦʯʪʠ ʦʜʠʥʘʢʦʚʳ. ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ, 

ʥʦ ʤʝʥʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʘʷ, ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʧʨʠ ʧʦ-

ʚʳʰʝʥʠʠ ʨʘʟʨʷʜʥʦʛʦ ʥʘʧʨ̫ʞʝʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʜʘʚʣʝʥʠʠ.  



ʋɾʇʉɾʋʁʐɾʊʃʇɾ ʁ ʖʃʊʈɾʉʁʅɾʆʋɹʄʕʆʇɾ ʁʊʊʄɾɽʇɻɹʆʁɾ  
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ʘ ï 0,05 ʪʦʨʨ.                                                                                ʙ ï 1 ʪʦʨʨ. 

ʈʠʩʫʥʦʢ 4. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʪʦʢʘ ʚ ʧʣʘʟʤʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʟʥʳʭ ʜʘʚʣʝʥʠʷʭ. 

ʇʦ ʚʝʨʪʠʢʘʣʠ 5280 ɸ/ʜʝʣ, ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ 5 ʤʢʩ/ʜʝʣ 

ʂʨʦʤʝ ʵʪʦʛʦ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʩ ʧʦʷ-

ʩʦʤ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʚʥʫʪʨʠ ʥʘ ʨʘʟʣʠʯʥʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʧʦ ʜʣʠʥʝ ʫʩʢʦʨʠʪʝʣʷ, ʥʘʯʠʥʘʷ ʦʪ ʩʨʝʟʘ 

ʵʣʝʢʪʨʦʜʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʩʪʨʫʢʪʫʨʘ ʧʦʪʦʢʘ ʦʩʪʘʝʪ-

ʩʷ ʧʨʝʞʥʝʡ, ʥʦ ʬʦʨʤʘ ʠ ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʦʚ ʠʟʤʝ-

ʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 5 

ʧʨʠʚʝʜʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ ʧʝʨʚʳʭ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ (I+) ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ (I-) ʧʠʢʦʚ, 

ʩʯʠʪʘʷ ʦʪ ʥʘʯʘʣʘ ʨʘʟʚʝʨʪʢʠ. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ 

ʘʤʧʣʠʪʫʜʘ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʠʢʦʚ ʤʦʥʦʪʦʥʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʝʩʣʠ ʥʝ ʩʯʠʪʘʪʴ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʦʛʦ 

ʤʘʢʩʠʤʫʤʘ ʚ ʨʘʡʦʥʝ 10 ʩʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʦʪʨʠ-

ʮʘʪʝʣʴʥʳʭ ʧʠʢʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʡ 

ʤʘʢʩʠʤʫʤ ʥʘ ʧʨʠ 8 ʩʤ ʦʪ ʩʨʝʟʘ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʜʘ. 

ɺʦʟʨʘʩʪʘʥʠʝ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷ-

ʥʠʠ ʥʝ ʷʚʣʷʝʪʩʷ ʬʘʢʪʦʤ, ʯʪʦ ʚ ʵʪʦʤ ʤʝʩʪʝ ʫʚʝʣʠʯʠ-

ʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʟʘʨʷʜʦʚ, ʧʦʪʦʤʫ ʯʪʦ ʧʣʦʱʘʜʴ ʧʦʜ 

ʧʠʢʘʤʠ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʯʘʩʪʠʯʥʦʡ ʜʝʠʦʥʠʟʘʮʠʝʡ ʧʣʘʟʤʳ ʟʘ 

ʩʯʝʪ ʩʦʫʜʘʨʝʥʠʡ ʩ ʥʝʡʪʨʘʣʴʥʳʤ ʛʘʟʦʤ, ʪ.ʝ. ʨʘʩʩʝʷʥʠ-

ʝʤ ɻʥʝʨʛʠʠ. ʇʦʵʪʦʤʫ, ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʩʨʝʟʘ 

ʵʣʝʢʪʨʦʜʦʚ ʢʦʣʠʯʝʩʪʚʦ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʜʦʣʞʥʦ 

ʧʘʜʘʪʴ ʧʦ ʦʙʲʝʢʪʠʚʥʳʤ ʧʨʠʯʠʥʘʤ. ʇʨʠʥʠʤʘʷ ʵʪʦʪ 

ʬʘʢʪ ʚʦ ʚʥʠʤʘʥʠʝ, ʘʤʧʣʠʪʫʜʘ ʪʦʢʘ ʜʦʣʞʥʘ ʧʦʩʪʝ-

ʧʝʥʥʦ ʧʘʜʘʪʴ ʧʦ ʜʣʠʥʝ ʫʩʢʦʨʠʪʝʣʷ. ʕʪʦʪ ʧʨʦʮʝʩʩ 

ʭʦʨʦʰʦ ʟʘʤʝʪʝʥ ʜʣʷ ʠʦʥʥʦʛʦ ʪʦʢʘ ʥʘ ʨʠʩʫʥʢʝ 5. ʆʜ-

ʥʘʢʦ, ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʦʢʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 6 ʠ ʦʩʦ-

ʙʝʥʥʦ 8 ʩʤ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠ-

ʪʫʜʳ ʩʠʛʥʘʣʘ. ʋʤʝʥʴʰʝʥʠʝ ʰʠʨʠʥʳ ʧʠʢʘ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʘʤʧʣʠʪʫʜʳ ʚ ʥʝʢʦ-

ʪʦʨʦʤ ʤʝʩʪʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʵʪʦʤ ʤʝʩʪʝ 

ʧʨʦʠʩʭʦʜʠʪ ʛʨʫʧʧʠʨʦʚʢʘ ʯʘʩʪʠʮ ʚʜʦʣʴ ʦʩʠ ʩʠʩʪʝʤʳ. 

ɺʝʨʦʷʪʥʦ, ʵʪʦ ʷʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʬʦʢʫʩʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʩ-

ʩʪʦʷʥʠʠ ʦʪ ʩʨʝʟʘ ʵʣʝʢʪʨʦʜʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩ-

ʭʦʜʠʪ ʚʳʥʦʩ ʣʠʥʠʡ ʪʦʢʘ ʟʘ ʩʨʝʟ ʵʣʝʢʪʨʦʜʦʚ ʠ ʩʞʘʪʠʝ 

ʯʘʩʪʠʮ ʢ ʦʩʠ ʩʠʩʪʝʤʳ. ɸʥʘʣʦʛʠʯʥʳʡ ʧʨʦʮʝʩʩ ʜʦʣ-

ʞʝʥ ʥʘʙʣʶʜʘʪʴʩʷ ʠ ʜʣʷ ʠʦʥʦʚ, ʥʦ ʪʘʢ ʢʘʢ  ʠʦʥʳ ʛʦ-

ʨʘʟʜʦ ʙʦʣʴʰʝ ʧʦ ʤʘʩʩʝ, ʵʬʬʝʢʪ ʬʦʢʫʩʠʨʦʚʢʠ ʜʣʷ 

ʥʠʭ ʩʣʘʙʦ ʚʳʨʘʞʝʥ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʥʘʙʣʶʜʘʝʤʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʩʣʝʜʫʶʱʠʤ. ʇʨʠ ʤʘʣʳʭ ʨʘʙʦʯʠʭ ʜʘʚʣʝʥʠʷʭ  ʵʣʝʢ-

ʪʨʦʥʳ  ʜʚʠʛʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʩʨʝʟʘ (ʢʦʥʮʘ) ʵʣʝʢʪʨʦ-

ʜʦʚ ʩ ʜʨʝʡʬʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ E/H.  
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ʈʠʩʫʥʦʢ 5. ɿʘʚʠʩʠʤʦʩʪʴ ʪʦʢʘ ʚ ʧʣʘʟʤʝ ʦʪ ʨʘʩʩʪʦʷʥʠʷ 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʠʦʥʳ, ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʣʘʨʤʦʨʦʚ-

ʩʢʦʛʦ ʨʘʜʠʫʩʘ, ʫʩʢʦʨʷʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʧʦ-

ʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʜʦʩʪʠʛʘʶʪ ʩʪʝʥʢʠ ʵʣʝʢʪʨʦ-

ʜʦʚ ʨʘʥʴʰʝ, ʯʝʤ ʦʥʠ ʫʩʧʝʚʘʶʪ ʚʳʡʪʠ ʠʟ 

ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʇʦʵʪʦʤʫ ʥʘ ʦʩʮʠʣʣʦʛʨʘʤʤʘʭ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʣʠʰʴ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʠʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʣʝʢʪʨʦʥʘʤʠ. ʇʨʠ 

ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʢʘʨʪʠʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ: 

ʠʦʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʜʚʠʛʘʶʪʩʷ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝ-

ʥʠʠ, ʫʩʢʦʨʷʷʩʴ ʚʩʣʝʜ ʟʘ ʵʣʝʢʪʨʦʥʘʤʠ, ʠ ʚ ʢʘʥʘʣʝ ʫʩʢʦ-

ʨʠʪʝʣʷ ʧʨʦʠʩʭʦʜʷʪ ʧʨʦʜʦʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʣʘʟʤʳ. 

ɼʠʥʘʤʠʢʘ ʵʪʠʭ ʢʦʣʝʙʘʥʠʡ, ʝʩʪʝʩʪʚʝʥʥʦ, ʦʧʨʝʜʝʣʷʝʪʩʷ 



ʋɾʇʉɾʋʁʐɾʊʃʇɾ ʁ ʖʃʊʈɾʉʁʅɾʆʋɹʄʕʆʇɾ ʁʊʊʄɾɽʇɻɹʆʁɾ  
ʇʊʇɺɾʆʆʇʊʋɾʂ ʍʇʉʅʁʉʇɻɹʆʁʘ ʈʇʋʇʃɹ ɻ ʃɹʆɹʄɾ ʈʄɹʀʅɾʆʆʇɼʇ ʌʊʃʇʉʁʋɾʄʘ 
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ʚʥʝʰʥʠʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ, ʪ.ʝ. ʥʘʧʨʷʞʝʥʠʝʤ ʥʘ 

ʵʣʝʢʪʨʦʜʘʭ. ʇʦʵʪʦʤʫ ʥʘ ʦʩʮʠʣʣʦʛʨʘʤʤʘʭ ʤʳ ʥʘʙʣʶʜʘ-

ʝʤ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʧʠʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʨʦʜʦʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ. 

ɺʓɺʆɼʓ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʧʣʘʟʤʝʥʥʦʛʦ ʧʦʪʦʢʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʣʦʪ-

ʥʦʩʪʠ ʛʘʟʘ ʚ ʢʘʥʘʣʝ ʫʩʢʦʨʠʪʝʣʷ. ʇʨʠ ʥʠʟʢʦʡ ʧʣʦʪʥʦ-

ʩʪʠ (ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʞʝ 10
11

 ʩʤ
-3
) ʧʣʘʟʤʘ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʩʦʩʪʦʠʪ ʠʟ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʪʦʢʘ. ʕʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʯʘʣʴʥʦʤʫ ʨʘʙʦʯʝʤʫ ʜʘʚʣʝʥʠʶ ʚʦʟ-

ʜʫʭʘ ʥʠʞʝ 0,05 ʪʦʨʨ.  ʇʨʠ ʚʳʩʦʢʦʤ ʨʘʙʦʯʝʤ ʜʘʚʣʝ-

ʥʠʠ (ʙʦʣʝʝ 0,1 ʪʦʨʨ),  ʚ ʂʇʋ ʨʝʘʣʠʟʫʝʪʩʷ ʭʦʣʣʦʚ-

ʩʢʠʡ ʨʝʞʠʤ ʫʩʢʦʨʝʥʠʷ ʠ ʩʪʨʫʢʪʫʨʘ ʧʦʪʦʢʘ ʧʨʝʜʩʪʘʚ-

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʛʫʩʪʢʦʚ 

ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʧʣʘʟʤʳ. ʆʜʥʘʢʦ 

ʚ ʮʝʣʦʤ, ʟʘ ʚʝʩʴ ʮʠʢʣ ʢʦʣʝʙʘʥʠʡ, ʧʣʘʟʤʘ ʥʝʡʪʨʘʣʴʥʘ. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʦʧʨʝʜʝʣʝʥʥʦ ʨʘʩʩʪʦʷʥʠʝ, ʥʘ ʢʦʪʦʨʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ  ʧʣʘʟʤʝʥʥʦʛʦ ʬʦʢʫʩʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʬʦʢʫʩʘ ʜʣʷ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʠ ʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʨʘʟʣʠʯʘʝʪʩʷ ʥʘ 2 ʩʤ. 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʪʦʢʘ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʩʪʦʯʥʠʢʦʚ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʥʠʟʢʠʭ ʵʥʝʨʛʠʡ. ʂʨʦʤʝ ʵʪʦʛʦ, 

ʫʢʘʟʘʥʥʳʝ ʵʬʬʝʢʪʳ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʵʣʝʢʪʨʦʥʥʦ-ʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʪʝʭʥʦ-

ʣʦʛʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ. 
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ɾװʢʝʰʦʚ ᴄ.ʄ. 

Ϸʣ-ʌʘʨʘʙʠ ʘʪʳʥʜʘϤʳ ϧʘʟʘϨ ϯʣʪʪʳϨ ʋʥʠʚʝʨʩʠʪʝʪi, ɸʣʤʘʪʳ 

ɾײʤʳʩʪʘ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʘʣʳץ ʧʣʘʟʤʘ װʜʝʪʢʽʰʪʽש ʵʣʝʢʪʨʦʜʪʘʨʳʥʳש ʘʨʘʩʳʥʜʘ ץʘʣʳʧʪʘʩʘʪʳʥ ʘסʳʥʥʳש 

 ʦʣʜʘʥʘץ ʰʽʥ ʝʢʽ ʢʦʤʧʦʥʝʥʪʽ ʙʣʦʢʪʳ ʤʦʜʝʣʴʜʽװ ʨʳʣʳʤײץ  ʘʥ.  ʂʇʋ-30סʩʳʥʳʣײ ʨʳʣʳʤʳ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽײץ

ʦʪʳʨʳʧ, ʩʘʥʜʳ ʤʦʜʝʣʴʜʝʫ ʞװʨʛʽʟʽʣʛʝʥ. ɸסʳʥʥʳײץ שʨʳʣʳʤʳ ʙʘʪʘʧץʳ ʞײʤʳʩ ץʳʩʳʤʳʤʝʥ ʙʝʣʛʽʥʝʣʝʪʽʥ 

ʧʣʘʟʤʘʥʳש ʪʳסʳʟʜʳסʳʥʘ ʪᴅʫʝʣʜʽ ʝʢʝʥʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ʉʦשʳʥʜʘ, ʝʩʝʧʪʝʧ ʘʣʳʥסʘʥ ʘץʧʘʨʘʪʪʘʨ ʵʢʩʧʝʨʠʤʝʥʪʘʣʜʳ 

ʥᴅʪʠʞʝʣʝʨʤʝʥ ʩʘʣʳʩʪʳʨʳʣסʘʥ. 
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THEORETICAL AND EXPE RIMENTAL RESEARCH OF  FEATURES OF A FLOW  

FORMATION  IN THE CH ANNEL OF THE PLASMA ACCELERATOR  

A.M. Zhukeshov 

Al-Farabi Kazakhstan National University, Almaty 

The results of research of formation of a flow in the electrodynamic plasma accelerator with symmetrical geometry 

of electrodes are present. The numerical account is carried out on the basis of a two-component block model of plasma 

in application to the pulse plasma accelerator KPU-30. Is shown, that the structure of a flow essentially depends on 

density of plasma determined by initial working pressure. The comparison of the received accounts with experimental 

data of the accelerator carried out. 
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ʋɼʂ 539.17.01 

ʂʆʈʈɽʃʗʎʀʗ ʂʆʃɽɹɸʊɽʃʔʅʆɻʆ ʂʆʃʃɽʂʊʀɺʅʆɻʆ  

ʀ ʂʃɸʉʊɽʈʅʆɻʆ ɼɺʀɾɽʅʀʁ ɺ ʃɽɻʂʀʍ ɸʂʊʀʅʆʀɼʅʓʍ ʗɼʈɸʍ 

ʂʘʙʫʣʦʚ ɸ.ɹ. 

ʂʘʟʘʭʩʢʠʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸʙʘʷ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

ʈʘʟʚʠʚʘʝʪʩʷ (6) (4) (5) (3) (5) (3) (3) (3) (3)d p d p d p d pU U U U O O O O O  ʩʠʤʤʝʪʨʠʷ ʦʙʦʙʱʝʥʥʦʡ 
ʢʣʘʩʪʝʨʥʦʡ ʙʦʟʦʥʥʦʡ ʤʦʜʝʣʠ. ʀʩʩʣʝʜʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʢʦʣʣʝʢʪʠʚʥʳʭ ʠ ʢʣʘʩʪʝʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʘʪʦʤʥʳʭ ʷʜʝʨ 

ʨʘʜʠʷ (ɸ=218,220,222), ʪʦʨʠʷ (ɸ=220, 222).  

ɸʪʦʤʥʳʝ ʷʜʨʘ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʦʷʚʣʷʁʪ ʢʨʦʤʝ 

ʢʣʘʩʪʝʨʥʦʡ ʠ ʜʨʫʛʠʝ ʬʦʨʤʳ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʜʚʠʞʝ-

ʥʠʷ. ʍʦʨʦhʦ ʠʟʚʝʩʪʥʳʡ ʧʨʠʤʝʨ ï ʵʪʦ ʢʦʣʣʝʢʪʠʚʥʘʷ 

ʤʦʜʘ, ʚʦʟʥʠʢʘʶɦʘʷ ʠʟ ʜʚʠʞʝʥʠʷ ʚʘʣʝʥʪʥʳʭ ʥʫʢʣʦ-

ʥʦʚ. ɺ ʨʝʘʣʥɹʳʭ ʘʪʦʤʥʳʭ ʷʜʨʘʭ ʢʦʥʢʨʝʪʥʳʡ ʚʠʜ ʢʦʣ-

ʣʝʢʪʠʚʠʟʘʮʠʠ ʚ ʯʠʩʪʦʡ ʬʦʨʤʝ ʥʘʙʣʜʁʘʝʪʩʷ ʨʝʜʢʦ. 

ʇʦɻʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʠʪʠʝ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʷʜʨʘ, 

ʢʦʪʦʨʳʝ ʫʯʠʪʚrʘʣʠ ʙʳ ʢʘʢ ʢʦʣʣʝʢʪʠʚʥʫʶ, ʪʘʢ ʠ ʢʣʘ-

ʩʪʝʨʥʫʶ ʤʦʜʳ, ʘ ʪʘʢʞʝ ʠʭ ʢʦʨʨʝʣʮ̫ʠʠ. ɽʩʣʠ ʢʦʣʣʝʢ-

ʪʠʚʥʘʷ ʤʦʜʘ ʠʤʝʝʪ ʢʚʘʜʨʫʧʦʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʢʣʘ-

ʩʪʝʨʥʘʷ ï ʜʠʧʦʣʴʥʳʡ, ʚ ʙʦʟʦʥʥʦʤ ʬʦʨʤʘʣʠʟʤʝ ʪʘʢʘʷ 

ʤʦʜʝʣʴ ʙʫʜʝʪ ʦʧʠʩʚrʘʪʴʩʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʝʡ 

(6) (4)U U . ɿʜʝʩʴ ʢʚʘʜʨʫʧʦʣʴʥʦʝ ʢʦʣʣʝʢʪʠʚʥʦʝ 

ʜʚʠʞʝʥʠʝ ʥʫʢʣʦʥʦʚ ʦʪʨʘʞʘʝʪʩʷ s- ʠ d-ʙʦʟʦʥʘʤʠ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢʣʘʩʪʝʨʥʘʷ ʤʦʜʘ ï 
ps - ʠ p -ʙʦʟʦʥʘʤʠ. 

ʂʦʣʣʝʢʪʠʚʥʘʷ ʠ ʢʣʘʩʪʝʨʥʘʷ ʤʦʜʳ ʜʚʠʞʝʥʠʷ ʥʫʢʣʦʥʦʚ 

ʘʪʦʤʥʦʛʦ ʷʜʨʘ ʧʦ ʩʫʪʠ ʩʚʦʝʡ ʨʘʟʥʳʝ ʠ ʧʦʵʪʦʤʫ ʪʨʝʙʫ-

ʝʪʩʷ ʚʚʝʜʝʥʠʝ ʜʚʫʭ ʪʠʧʦʚ s-ʙʦʟʦʥʦʚ. ʀʪʘʢ, ʢʚʘʜʨʫ-

ʧʦʣʴʥʦʝ ʢʦʣʣʝʢʪʠʚʥʦʝ ʜʚʠʞʝʥʠʝ ʩʠʤʤʝʪʨʠʯʥʦ (6)U  

ʛʨʫʧʧʝ [1], ʘ ʜʠʧʦʣʴʥʦʝ ʢʣʘʩʪʝʨʥʦʝ ï (4)U  [2], ʠ, ʝʩ-

ʣʠ ʦʥʠ ʤʝʞʜʫ ʩʦʙʦʡ ʢʦʨʨʝʣʠʨʫʁʪ, ʪʦ ʤʳ ʧʦʣʫʯʠʤ ʦʙ-

ʱʫʶ ʛʨʫʧʧʫ (6) (4)U U . 

ʆʙɦ ʠʡ ʛʘʤʠʣʴʪʦʥʠʘʥ, ʩʠʤʤʝʪʨʠʯʥʳʡ 

(6) (4)U U  ʛʨʫʧʧʝ, ʠʤʝʝʪ ʚʠʜ 

 
d p pdH H H V ,  (1) 

ʛʜʝ ʧʝʨʚʳʡ ʯʣʝʥ dH , ʩʠʤʤʝʪʨʠʯʥʳʡ (6)U  ʛʨʫʧʧʝ, 

ʦʪʨʘʞʘʝʪ ʢʚʘʜʨʫʧʦʣʴʥʦʝ ʢʦʣʣʝʢʪʠʚʥʦʝ ʜʚʠʞʝʥʠʝ ʥʫ-

ʢʣʦʥʦʚ, ʚʪʦʨʦʡ ʯʣʝʥ 
pH , ʩʠʤʤʝʪʨʠʯʥʳʡ (4)U   

ʛʨʫʧʧʝ, ʦʧʠʩʚrʘʝʪ ʜʠʧʦʣʴʥʫʶ ʢʣʘʩʪʝʨʥʫʶ ʤʦʜʫ, 

ʪʨʝʪʠʡ ʯʣʝʥ 
pdV  ʧʨʝʜʩʪʘʚʣʝ̫ʪ ʩʦʙʦʡ ʜʠʧʦʣʴ-ʢʚʘʜʨʫ-

ʧʦʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʢʦʨʨʝʣʮ̫ʠ-

ʝʡ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʠ ʢʣʘʩʪʝʨʥʦʛʦ 

ʜʚʠʞʝʥʠʡ ʥʫʢʣʦʥʦʚ ʚ ʘʪʦʤʥʦʤ ʷʜʨʝ. ɻʘʤʠʣʴʪʦʥʠʘʥ 

(1) ʘʥʘʣʦʛʠʯʝʥ ʦʙʦʣʦʯʝʯʥʦ-ʤʦʜʝʣʴʥʦʤʫ ʛʘʤʠʣʴʪʦ-

ʥʠʘʥʫ ʩ ʜʚʫʤʷ ʪʠʧʘʤʠ ʯʘʩʪʠʮ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʜʚʘ ʫʨʦʚʥʷ ʠ ʤʦʞʝʪ ʙʳʪʴ ʜʠʘʛʦʥʘ-

ʣʠʟʦʚʘʥ ʚ ʙʘʟʠʩʝ 

1 2; ;sp p
N N NN

d p p
s ds d N L s p N L  ʩ 

s sp d pN N N N N . ʆʧʝʨʘʪʦʨʳ s- ʠ d -, ʘ ʪʘʢ-

ʞʝ 
ps - ʠ p -ʙʦʟʦʥʦʚ ʟʘʧʦʣʥʷʁʪ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʢʦʪʦ-

ʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʘʟʠʩ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʫʧʧʳ 

(6) (4)U U . ɼʠʘʛʦʥʘʣʠʟʘʮʠʷ ʛʘʤʠʣʴʪʦʥʠʘʥʘ (1) 

ʜʦʣʞʥʘ ʧʨʦʚʦʜʠʪʴʩʷ ʯʠʩʣʝʥʥʤrʠ ʤʝʪʦʜʘʤʠ. ʆʜʥʘ-

ʢʦ, ʩʫʱʝʩʪʚʫʁʪ ʧʨʝʜʝʣʴʥʳʝ ʩʠʤʤʝʪʨʠʠ, ʧʦʟʚʦʣʷʶ-

ʱʠʝ ʧʨʦʚʦʜʠʪʴ ʨʝʜʫʢʮʠʶ ʠʩʭʦʜʥʦʡ ʛʨʫʧʧʳ, ʠ ʪʦʛʜʘ 

ʧʨʦʙʣʝʤʘ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ʤʦ-

ʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠ. 

ʀʩʩʣʝʜʫʝʤ ʚʠʙʨʘʮʠʦʥʥʳʡ ʧʨʝʜʝʣ (6) (4)U U  

ʛʨʫʧʧʳ. ʉʦʦʪʚʝʪʩʪʚʫʶɦʘʷ ʵʪʦʤʫ ʧʨʝʜʝʣʫ ʨʝʜʫʢʮʠ-

ʦʥʥʘʷ ʮʝʧʦʯʢʘ ʜʣʷ ʛʨʫʧʧʳ (6) (4)U U  ʟʘʧʠʩʚrʘʝʪ-

ʩʷ ʚ ʩʣʝʜʫʶɦʝʡ ʬʦʨʤʝ 

 
(6) (4) (5) (3)

(5) (3) (3) (3) (3)

d p d p

d p d p

U U U U

O O O O O
 (2) 

ʈʝʜʫʢʮʠʷ (2) ʧʨʠʝʤʣʝʤʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʣʘʩʪʝʨ-

ʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩʬʝʨʠʯʝʩʢʠʭ ʠ ʩʣʘʙʦ ʜʝʬʦʨʤʠʨʦʚʘʥ-

ʥʳʭ ʘʪʦʤʥʳʭ ʷʜʝʨ.  

ʂʘʢ ʠ ʚ ʢʚʘʜʨʫʧʦʣʴʥʦʤ ʩʣʫʯʘʝ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ, 

ʯʪʦ ʯʣʝʥʳ ʙʦʟʦʥ-ʙʦʟʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

, ,L pL LC C  ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʶɦʠʤʠ ʚ ʚʠʙʨʘʮʠʦʥʥʦʤ 

ʧʨʝʜʝʣʝ, ʠ, ʧʦʪʦʤʫ, ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʛʘʤʠʣʴʪʦʥʠʘʥ 

0
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2

0
1
2

0

1
2 1

2

1
2 1

2

.

L L

d m m L

m L

L L

p m m pL

m L

L L

L

L

H d d L C d d dd

p p L C p p pp

d p dp

(3) 

ɼʠʘʛʦʥʘʣʠʟʘʮʠʷ ʛʘʤʠʣʴʪʦʥʠʘʥʘ (3) ʚ ʙʘʟʠʩʝ 

; ;dN Np

d d p pd L p L IM  ʜʦʣʞʥʘ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʯʠʩ-

ʣʝʥʥʤrʠ ʤʝʪʦʜʘʤʠ. ʅʦ ʝʩʣʠ ʦʛʨʘʥʠʯʠʪʴ ʯʠʩʣʦ ʨ-ʙʦ-

ʟʦʥʦʚ ʝʜʠʥʠʮʝʡ, ʪʦ ʠʤʝʶʪ ʤʝʩʪʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʧ-

ʨʦɦʝʥʠʷ ʨʘʩʯʝʪʦʚ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʜʠʘʛʦʥʘʣʴʥʳʝ 

ʤʘʪʨʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʫʨʘʚʥʝʥʠʷ (3) ʩ ʙʘʟʠʩʥʤrʠ ʩʦ-

ʩʪʦʷʥʠʤ̫ʠ ; ;dN

d dd L p IM  ʟʘʧʠʩʚrʘʁʪʩ ̫

2
2

1

; ; ; ;

2 1

2
|} 2 1 ,

1

d d

d

d d

N N

d d d d

N

d d p d d

dN N

d d d J

J J

d L p IM H d L p IM

E d L N L

J L
d J dL d L J X

I J

 (4) 
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ʛʜʝ 
1

|}d dN N

d d dd J dL d L  ʷʚʣʷʁʪʩʷ d- ʙʦʟʦʥ-

ʥ ʤrʠ ʛʝʥʝʘʣʦʛʠʯʝʩʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʘ 

a b c
 ʦʙʦʟʥʘʯʘʁʪ 6j ï ʩʠʤʚʦʣʳ ɺʠʛʥʝʨʘ. ɺ 

ʚʨrʘʞʝʥʠʠ (3) dN

d dE L  ʧʨʝʜʩʪʘʚʣʝ̫ʪ ʩʦʙʦʡ 

ʵʥʝʨʛʠʶ d
N

d  ʢʦʥʬʠʛʫʨʘʮʠʠ, ʤʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ ʢʦ-

ʪʦʨʦʡ ʦʧʠʩʘʥ ʚ [1]. ʄʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʘʣʴʥʝʡhʠʝ 

ʫʧʨʦɦʝʥʠʷ, ʝʩʣʠ ʫʯʠʪʚrʘʪʴ ʩʚʷʟʴ ʨ-ʙʦʟʦʥʘ ʩ ʩʦʩʪʦʷ-

ʥʠʤ̫ʠ  d
N

d  - ʢʦʥʬʠʛʫʨʘʮʠʠ, ʦʪʥʦʩʷɦʠʤʠʩʷ ʢ ʦʩʥʦʚ-

ʥʦʡ ʧʦʣʦʩʝ 2d dL N . ʊʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʛʝʥʝʘʣʦ-

ʛʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʫʨʘʚʥʝʥʠʠ (4) ʨʘʚʥʳ ʝʜʠ-

ʥʠʮʝ, ʪʦ 

, 2 ; ; , 2 ; ;

( , 2 )

2 2
(2 1) (2 1) .
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d d

d
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I J

 (5) 

ɿʥʘʯʝʥʠʷ ʤʘʪʨʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (5) ʜʣʷ ʩʦʩʪʦʷ-

ʥʠʡ ʩ 2 1dI N  ʠ  2 dI N  ʨʘʚʥʳ: 

 
3

( , 2 ; ; 2 1)

( , 2 )

d

d

N

d d d

N

d d p d

E d L N p I N

E d L N N X
, (6) 

 
3

2

( , 2 ; ; 2 )

( , 2 )

2 1 / 3

d

d

N

d d d

N

d d p d

d

E d L N p I N

E d L N N X

N

, (7) 

ʛʜʝ 

 .  

ɺ ʜʘʥʥʦʡ ʩʭʝʤʝ ʛʝʥʝʨʠʨʫʁʪʩʷ: ʦʩʥʦʚʥʘʷ ʧʦʣʦʩʘ 

Y    ʠ ʧʦʣʦʩʳ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʯʝʪʥʦʩʪʠ  

N    ʠ   .  ɼʨʫʛʠʝ ʩʦʩʪʦʷ-

ʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʯʝʪʥʦʩʪʠ , ʢʦʪʦʨʳʝ 

ʚʦʟʥʠʢʘʁʪ ʠʟ ʩʚʷʟʠ   , ʥʝ ʬʦʨʤʠʨʫʁʪ ʦʪ-

ʜʝʣʴʥʫʶ ʧʦʣʦʩʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʪʘʢ ʢʘʢ  

 ʩʤʝhʠʚʘʝʪʩʷ ʩ 

. 

ʆʪʤʝʪʠʤ ʯʪʦ, ʯʪʦ ʤʝʞʧʦʣʦʩʥʳʝ ɽ1- ʧʝʨʝʭʦʜʳ 

ʨʘʟʨʝhʝʥʳ ʢʘʢ ʩ ʦʩʥʦʚʥʦʡ ʥʘ ʧʦʣʦʩʫ ʩ ʦʪʨʠʮʘʪʝʣʴ-

ʥʦʡ ʯʝʪʥʦʩʪʴʶ, ʪʘʢ ʠ ʥʘʦʙʦʨʦʪ. 

ʆʙɦʠʝ ʚʠʜʳ ʦʧʝʨʘʪʦʨʦʚ ɽ2- ʠ ɽ1-ʧʝʨʝʭʦʜʦʚ ʚ 

ʥʠʟhʝʤ ʧʦʨʷʜʢʝ ʟʘʧʠʩʚrʘʁʪʩ ̫

  (8) 

  (9) 

ɺ ʚʠʙʨʘʮʠʦʥʥʦʤ ʧʨʝʜʝʣʝ ʙʝʟ ʦʙʨʝʟʘʥʠʷ (8) ʠ (9) 

ʩʪʘʥʦʚ̫ʪʩ ̫

  (10) 

  (11) 

ʛʜʝ  . ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʚʳʡ ʠ 

ʪʨʝʪʠʡ ʯʣʝʥʳ (11) ʦʙʫʩʣʘʚʣʠʚʘʁʪ ɽ1-ʧʝʨʝʭʦʜʳ ʩ ʧʦʣʦ-

ʩʳ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʯʝʪʥʦʩʪʠ ʥʘ ʦʩʥʦʚʥʫʶ , ʘ 

ʚʪʦʨʦʡ ʯʣʝʥ (11) ʦʧʠʩʚrʘʝʪ ʦʙʨʘʪʥʳʝ  ɽ1-ʧʨʦ-

ʮʝʩʩʳ. ʀʩʧʦʣʴʟʫʷ ʘʣʛʝʙʨʫ ʪʝʥʟʦʨʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʪʨʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʊ(ɽ2) ʠ ʊ(ɽ1) ʚ ʙʘ-

ʟʠʩʝ ʩʦʩʪʦʷʥʠʡ , ʚʳʯʠʩʣʠʤ ʧʨʠʚʝ-

ʜʝʥʥʳʝ ʚʝʨʦ̫ʪʥʦʩʪʠ ɽ2- ʠ ɽ1-ʧʝʨʝʭʦʜʦʚ 

 (12) 

  (13) 

   (14) 

ʇʨʝʜʩʪʘʚʣʝ̫ʪ ʠʥʪʝʨʝʩ ʪʘʢʞʝ ʘʥʘʣʠʟ ʦʪʥʦhʝʥʠʷ 

ʧʨʠʚʝʜʝʥʥʳʭ ʚʝʨʦ̫ʪʥʦʩʪʝʡ ɽ1- ʠ ɽ2-ʧʝʨʝʭʦʜʦʚ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʠʥʦʚ ʫʨʦʚʥʝʡ I. ʂʦʤʙʠʥʠʨʫʷ ʫʨʘʚʥʝ-

ʥʠʷ (12), (13) ʠ (14), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʪʥʦhʝʥʠʷ  

ɺ(ɽ1)/ɺ(ɽ2) ʚʝʨʦ̫ʪʥʦʩʪʝʡ ʧʝʨʝʭʦʜʦʚ 

  (15) 

   (16) 

ʇʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ [3-5] ʜʘʥ-

ʥʳʭ ʠ ʩʨʘʚʥʝʥʠʝ ʠʭ ʩ ʨʘʩʯʝʪʥʤrʠ, ʧʦʣʫʯʝʥʥʤrʠ ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʠʧʦʣʴʥʳʭ ʩʪʝʧʝʥʝʡ 


