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 Physical and mathematical sciences 

ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ 

 

 

ʋɼʂ 530.1 

 

ʌʀɿʀʂɸ ʇʈʆʎɽʉʉʆɺ, ʇʈʆʀʉʍʆɼʗʑʀʍ ɺ ɺʊʉʇ 

ʂɽʈɸʄʀʏɽʉʂʆʄ ʄɽʊɸʃʃɽ ʇʈʀ ɺʓʉʆʂʀʍ ʊɽʄʇɽʈɸʊʋʈɸʍ 
 

 
ʃ.ʇ. ɻʥʘʪʶʢ-ɼʘʥʠʣʴʯʫʢ

1
, ɼ.ɸ. ɹʳʩʪʨʦʚ

2 

1 
ʩʦʠʩʢʘʪʝʣʴ ʘʩʧʠʨʘʥʪʫʨʳ, ʠʥʞʝʥʝʨ, ʢʘʬʝʜʨʘ çʕʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘè,  

2 
ʘʩʧʠʨʘʥʪ, ʠʥʞʝʥʝʨ, ʢʘʬʝʜʨʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ  

1 
ʄʦʩʢʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ (ʄɸʄʀ),  
2 
ʄʦʩʢʦʚʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʆʪʢʨʳʪʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʠʪʪʨʠʡ-

ʙʘʨʠʝʚʦʤ ʢʝʨʘʤʠʯʝʩʢʦʤ ʤʝʪʘʣʣʝ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʠ ʧʨʝʜʦʩʪʝʨʝʞʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʘʩʥʳʭ ʤʦ-

ʤʝʥʪʦʚ, ʢʘʢ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ, ʪʘʢ ʠ ʚ ʢʦʩʤʦʩʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ, ʛʝʦʤʝʪʨʠʷ ʈʠʤʘʥʘ, ʪʝʦʨʠʷ çʧʨʦʩʪʨʘʥʩʪʚʦ-ʚʨʝʤʷè, ʯʝʨʥʳʝ ʠ 

ʙʝʣʳʝ ʜʳʨʳ, ʩʠʥʛʫʣʷʨʥʘʷ ʪʦʯʢʘ, ʦʜʥʦʩʪʦʨʦʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʄʝʙʠʫʩʘ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʦʧʠʩʘʥʥʳʝ ʥʘʤʠ ʨʘʥʝʝ [1,2], ʦʧʨʝʜʝʣʠʣʠ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠʪʪʨʠʡ-

ʙʘʨʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʩʦʩʪʘʚʘ 1-2-3 ʥʝʩʫʱʝʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ, ʦʧʨʝʜʝʣʠʣʠ ʫʩʣʦ-

ʚʠʷ ʧʦʣʫʯʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʝʪʘʣʣʘ ʟʘ ʩʯʝʪ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ. ʆʧʨʝʜʝʣʠʣʠ, ʯʪʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʡ ʵʬʬʝʢʪ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 777 
0
C. ʆʙʨʘʪʠʚʰʠʩʴ ʢ ʪʝʦʨʠʠ ʚ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ 

[1,2] ʤʳ ʧʦʢʘʟʘʣʠ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʨʦʠʩʭʦʜʠʪ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʦ-

ʮʝʩʩ, ʢʘʢ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʧʘʨʘ ʵʣʝʢʪʨʦʥʦʚ ʩ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʤʠ ʩʧʠʥʘʤʠ, ʦʧʠʨʘʷʩʴ ʥʘ ʛʝʦʤʝʪʨʠʶ ʈʠʤʘʥʘ, 

ʩʯʠʪʘʷ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ-ʚʨʝʤʷ ʧʣʦʩʢʦʝ, ʥʝ ʠʩʢʨʠʚʣʝʥʥʦʝ. (ʈʠʩ.1, ʈʠʩ.2, ʈʠʩ.3. [3,4].) ʅʘ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ ʤʳ ʚʦʩʧʨʠʥʠʤʘʝʤ ʪʦʣʴʢʦ ʦʜʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ-ʚʨʝʤʷ, ʧʨʠ ʵʪʦʤ ʙʝʣʳʝ ʜʳʨʳ ʠʟʣʫʯʘʶʪ ʵʥʝʨʛʠʶ, ʘ ʯʝʨʥʳʝ ï 

ʧʦʛʣʦʱʘʶʪ. ɹʦʨ ʩʯʠʪʘʣ, ʯʪʦ ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ʦʧʠʩʳʚʘʝʪ ʥʝ ʨʝʘʣʴʥʳʡ ʤʘʢʨʦʤʠʨ, ʘ ʟʥʘʥʠʷ ʦ ʥʝʤ, ʥʘ ʦʩʥʦʚʝ 

ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʳ ʧʨʝʜʩʢʘʟʘʥʠʷ, ʪʦʛʜʘ ʧʦ ʘʥʘʣʦʛʠʠ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʘʰʠ ʵʣʝʢʪʨʦʥʥʳʝ ʧʘʨʳ, ʜʦʡʜʷ ʜʦ ʪʦʯʢʠ 

ɸn, ʧʨʦʡʜʷ ʚʩʝ ʫʨʦʚʥʠ, ʠʤʝʷ ʵʥʝʨʛʠʶ ɽn, ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʙʝʣʫʶ ʜʳʨʫ, ʩʧʦʩʦʙʥʫʶ ʠʟʣʫʯʘʪʴ, ʪʦʛʜʘ 

ʜʘʥʥʦʡ ʵʥʝʨʛʠʠ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ ʵʬʬʝʢʪʘ. ʂʦʛʜʘ ʵʣʝʢʪʨʦʥʥʳʝ ʧʘʨʳ, ʜʦʭʦʜʷʪ ʜʦ ʫʨʦʚʥʷ 

ʘ1, ʪʦ ʙʝʣʘʷ ʜʳʨʘ ʧʝʨʝʭʦʜʠʪ ʚ ʯʝʨʥʫʶ. ʇʦʷʚʠʚʰʘʷʩʷ ʯʝʨʥʘʷ ʜʳʨʘ ʥʘʯʠʥʘʝʪ ʧʦʛʣʦʱʘʪʴ ʵʥʝʨʛʠʶ ʠ, ʜʘʣʝʝ, ʩ ʨʦ-

ʩʪʦʤ ʵʥʝʨʛʠʠ ʧʝʨʝʭʦʜʠʪ ʚ ʙʝʣʫʶ ʠ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ. ɺʝʨʥʝʤʩʷ ʢ ʪʝʦʨʠʠ çʇʨʦʩʪʨʘʥʩʪʚʦ-ʚʨʝʤʷè, ʧʦ ʢʦʪʦʨʦʡ 

ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʠʡ ʪʦʥʥʝʣʴ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʨʘʟʥʳʭ ʠʟʤʝʨʝʥʠʷʭ. ʕʪʦʪ ʪʫʥʥʝʣʴ, 

ʩʚʷʟʳʚʘʶʱʠʡ ʨʘʟʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʷʚʣʷʝʪʩʷ ʢʦʥʛʣʦʤʝʨʘʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ.  

 

 
 

ʉʘʤʦ ʵʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʬʣʫʢʪʫʘʮʠʷʤ (ʪ.ʝ. ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʠʟʤʝʥʷʝʪʩʷ ʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʥʘ ʥʦʚʫʶ ʩʪʫʧʝʥʴ ʨʘʟʚʠʪʠʷ, ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ.) 

[5]. ʅʘ ʨʠʩ. 4, ʪʦʯʢʘ 0 ï ʵʪʦ ʩʠʥʛʫʣʷʨʥʘʷ ʪʦʯʢʘ (ɼʣʷ ɺʩʝʣʝʥʥʦʡ ï ʵʪʦ ʯʝʨʥʳʝ ʠ ʙʝʣʳʝ ʜʳʨʳ.) ʂʘʢ ʠʟʚʝʩʪʥʦ, ʵʪʦ 

ʪʦʯʢʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ-ʚʨʝʤʝʥʠ, ʛʜʝ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʠʝ, ʢʘʢ ʢʨʠʚʠʟʥʘ, ʧʣʦʪʥʦʩʪʴ ʠ ʜʨʫʛʠʝ, ʩʪʘʥʦ-
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ʚ̫ ʪʩʷ ʙʝʩʢʦʥʝʯʥʳʤʠ, ʦʙʳʯʥʳʝ ʟʘʢʦʥʳ ʬʠʟʠʢʠ ʥʘʨʫʰʘʶʪʩʷ (ʥʦ ʩʠʥʛʫʣʷʨʥʘʷ ʪʦʯʢʘ ʥʝ ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʦʤ ʯʝʨʥʦʡ ʠ 

ʙʝʣʦʡ ʜʳʨ, ʘ ʥʘʭʦʜʠʪʩʷ ʚ ʤʘʣʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʥʠʭ.) ʏʪʦ ʞʝ ʧʨʦʠʟʦʡʜʝʪ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʥʘʛʨʝʚʘʥʠʠ ʢʝʨʘʤʠʯʝʩʢʦ-

ʛʦ ʤʝʪʘʣʣʘ? ʇʝʨʝʡʜʝʤ ʦʧʷʪʴ ʢ ʪʝʦʨʠʠ: ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʫʞʝ ʢʚʘʥʪʦʚʳʡ ʤʠʨ, ʛʜʝ ʥʘʰʘ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʤʠʢʨʦ ʧʨʦʩʪʨʘʥʩʪʚʦʤ, ʛʜʝ, ʩʦʙʣʶʜʘʝʪʩʷ ʢʚʘʥʪʦʚʘʷ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ, ʢʦʛʜʘ ʙʝʣʘʷ ʜʳʨʘ ʧʝʨʝʭʦʜʠʪ ʚ ʯʝʨʥʫʶ ʠ 

ʥʘʦʙʦʨʦʪ.  

 
 

 
 
ʈʠʩ. 5. ɺʠʜ ʥʘ ʫʩʣʦʚʥʳʡ ʢʦʥʫʩ ʩʚʝʨʭʫ, ʛʜʝ ʩʠʥʛʫʣʷʨʥʘʷ ʪʦʯʢʘ ʆ ʥʘʜ ʢʦʥʫʩʦʤ ʚ ʧʨʝʜʝʣʴʥʦ-ʤʘʣʦʡ ʙʣʠʟʦʩʪʠ ʦʪ (Ā) ɸn. 

ʈʠʩ. 5* ɸʢʩʦʥʦʤʝʪʨʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ  

ʈʠʩ. 6. ʂʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʧʣʦʩʢʦʩʪʝʡ, ʧʦ ʢʦʪʦʨʳʤ ʜʚʠʞʝʪʩʷ ʵʣʝʢʪʨʦʥʥʘʷ ʧʘʨʘ ʚ 

ʧʦʣʫʯʝʥʥʦʤ ʢʦʥʫʩʝ. ʏʝʤ ʚʳʰʝ ʫʨʦʚʝʥʴ, ʪʝʤ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʥʝʦʙʭʦʜʠʤʦ ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʝ ʜʣʷ ʧʝʨʝʭʦʜʘ ʥʘ ʥʝʛʦ ʩ ʧʨʝʜʳʜʫ-

ʱʝʛʦ ʫʨʦʚʥʷ ʠ ʥʘʦʙʦʨʦʪ. 

 

ʆʜʥʘʢʦ, ʧʦ ʩʣʦʚʘʤ ʉʪʠʚʝʥʘ ʍʦʢʠʥʛʘ, ʙʝʣʳʝ ʠ ʯʝʨʥʳʝ ʜʳʨʳ ʤʦʛʫʪ ʙʳʪʴ ʦʯʝʥʴ ʧʦʭʦʞʠ, ʢʦʛʜʘ ʦʯʝʥʴ ʤʘ-

ʣʳ. ʊʦʛʜʘ: 

* ʯʝʨʥʳʝ ʤʘʣʳʝ ʜʳʨʳ ʙʫʜʫʪ ʠʟʣʫʯʘʪʴ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʚʳʛʣʷʜʷ, ʢʘʢ ʙʝʣʳʝ; 

* ʙʝʣʳʝ ʤʘʣʳʝ ʜʳʨʳ ʙʫʜʫʪ ʧʦʛʣʦʱʘʪʴ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟʣʫʯʝʥʠʡ ʠ ʚʳʛʣʷʜʝʪʴ, ʢʘʢ ʯʝʨʥʳʝ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʠʘʛʨʘʤʤʦʡ ʂʘʨʪʝʨʘ ï ʇʝʥʨʦʫʟʘ [3]. ʊʦʛʜʘ ʪʦʯʢʘ ɸn ʝʩʪʴ ʪʘ ʪʦʯʢʘ, ʢʦʪʦʨʘʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ 

ʮʝʥʪʨ ʙʝʣʦʡ ʜʳʨʳ, ʢʘʢ ʤʳ ʧʨʝʜʧʦʣʦʞʠʣʠ ʩʥʘʯʘʣʘ, ʘ ʮʝʥʪʨ ʯʝʨʥʦʡ ʜʳʨʳ ʩ ʦʛʨʦʤʥʦʡ ʵʥʝʨʛʠʝʡ ʟʘ ʩʯʝʪ ʢʚʘʥʪʦʚʦʡ 

ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ. ʀ ʤʘʣʘʷ ʙʣʠʟʦʩʪʴ ʢ ʯʝʨʥʦʡ ʜʳʨʝ ʩʠʥʛʫʣʷʨʥʦʡ ʪʦʯʢʠ, ʚ ʢʦʪʦʨʦʡ, ʢʘʢ ʤʳ ʛʦʚʦʨʠʣʠ ʚʳʰʝ, ʠʟʤʝ-

ʥʝʥʠʝ ʢʨʠʚʠʟʥʳ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʧʝʨʝʭʦʜʠʪ ʚ Ð, ʚʝʩʴʤʘ ʥʘʩʪʦʨʘʞʠʚʘʝʪ. ʇʦʯʝʤʫ? ʇʦʪʦʤʫ ʯʪʦ ʚʦʟʤʦʞʥʳ 

ʨʘʟʨʫʰʘʶʱʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʧʨʠ ʠʭ ʩʦʚʧʘʜʝʥʠʠ, ʯʪʦ ʤʳ ʠ ʨʘʟʙʝʨʝʤ ʜʘʣʝʝ. 

ʀʪʘʢ, ʫʯʝʥʳʝ ʩʦʚʨʝʤʝʥʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ, ʯʪʦ ʜʚʘ ʵʣʝʢʪʨʦʥʘ ʩ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʤʠ ʩʧʠʥʘʤʠ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʵʣʝʢʪʨʦʥʥʦʝ ʥʝʡʪʨʠʥʦ ʠ ʷʚʣʷʶʪʩʷ ʜʚʫʤʷ ʯʘʩʪʠʮʘʤʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʝʩʪʴ ʵʣʝʢʪʨʦʥ, ʥʦ ʚ ʦʜ-

ʥʦʤ ʠʟ ʜʚʫʭ ʨʘʟʥʳʭ ʩʦʩʪʦʷʥʠʡ. ɺ 1998 ʛʦʜʫ ʥʘ çʉʫʧʝʨ-ʂʘʤʶʢʘʥʜʝè ʚʧʝʨʚʳʝ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʦʩʮʠʣʣʷʮʠʷ 

ʥʝʡʪʨʠʥʦ, ʪʦ ʝʩʪʴ ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʡʪʨʠʥʦ ʠʤʝʝʪ ʤʘʩʩʫ. ʀ ʤʳ ʥʝ ʛʦʚʦʨʠʤ ʦ ʢʦʧʠʷʭ ʵʣʝʢʪʨʦʥʦʚ ï ʤʶʦʥʘʭ ʠ 

ʪʘʫ-ʯʘʩʪʠʮʘʭ, ʢʦʪʦʨʳʝ, ʠʤʝʷ ʪʘʢʦʡ ʞʝ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ, ʢʘʢ ʵʣʝʢʪʨʦʥ, ʧʦʭʦʞʠʝ ʦʙʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʦ 

ʙʦʣʴʰʫʶ ʤʘʩʩʫ (ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ ʚ ʘʪʦʤʥʳʭ ʝʜ. ʧʨʠʤʝʨʥʦ 0,0005, ʤʶʦʥʘ ï 0,1, ʪʘʫ ï 1,8) [4]. ʇʨʠ ʧʦʜʲʝʤʝ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʚʳʰʝ, ʯʝʤ ʊʚʪʩʧ, ʯʝʨʥʘʷ ʜʳʨʘ ʨʘʩʰʠʨʷʝʪʩʷ, ʠ ʜʣʷ ʥʘʰʝʛʦ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʝʪʘʣʣʘ, ʥʘʛʨʝʚʘʥʠʝ ʦʪ ʊ Ó 
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ʉ ʠ ʚʳʰʝ, ʧʨʠʚʝʜʝʪ ʢ ʧʝʨʝʩʝʯʝʥʠʶ ʛʦʨʠʟʦʥʪʘ ʩʦʙʳʪʠʡ ʯʝʨʥʦʡ ʜʳʨʳ ʩʠʥʛʫʣʷʨʥʦʡ ʪʦʯʢʦʡ, ʠ ʧʨʦʠʟʦʡʜʝʪ 

ʚʟʨʳʚ. ɺʝʨʥʝʤʩʷ ʢ ʥʘʰʝʡ ʩʭʝʤʝ, ʨʠʩ.3, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʢʘʢ ʨʠʩ.5 ʧʦʩʣʝ ʫʪʦʯʥʝʥʠʡ ʠ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʚ ʤʦʤʝʥʪ ʩʦʩʪʦʷʥʠʷ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʝʪʘʣʣʘ, ʘ ʠʤʝʥʥʦ: ʥʘʰ 

ʈʠʤʘʥʦʚʩʢʠʡ ʮʠʣʠʥʜʨ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʢʦʥʫʩ, ʚʝʨʰʠʥʘ ʢʦʪʦʨʦʛʦ ʩʤʝʱʝʥʘ, ʢʘʢ ʠ ʨʘʥʴʰʝ, ʦʪ ʮʝʥʪʨʘ ʦʢʨʫʞʥʦʩʪʠ 

(ʨʠʩ.1, 2, 3) ʚ ʩʦʦʪʥʦʰʝʥʠʠ (2/3:1/3) d, ʛʜʝ d ï ʜʠʘʤʝʪʨ, ʘ ʜʚʠʞʝʥʠʝ ʧʘʨʳ ʵʣʝʢʪʨʦʥʦʚ ʙʫʜʝʪ ʧʨʝʞʥʠʤ, ʢʘʢ ʥʘ 
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ʨʠʩ.1, 2, 3. ʄʳ ʨʘʥʝʝ ʥʝ ʦʙʲʷʩʥʷʣʠ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʪʘʢʦʝ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦʝ ʩʤʝʱʝʥʠʝ: ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʟʘ ʩʯʝʪ 

ʦʯʝʥʴ ʙʳʩʪʨʦʛʦ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʟʤʝʥʝʥʠʡ ʥʘʧʨʘʚʣʝʥʠʡ ʠʭ ʜʚʠʞʝʥʠʷ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʩ ʯʘʩʪʠʮʘʤʠ 

ʩʨʝʜʳ. ɼʘʣʝʝ, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ (ʂ1, ʂ2...ʂn-1, Kn) ʥʝ ʙʫʜʫʪ, ʢʘʢ ʤʳ ʧʨʝʜʧʦʣʘʛʘʣʠ ʨʘʥʴʰʝ, ʨʘʚʥʳ. 

ʉʦʛʣʘʩʥʦ ʛʨʘʬʠʢʫ (ʨʠʩ.6), ʯʝʤ ʥʠʞʝ ʫʨʦʚʝʥʴ, ʪʝʤ ʵʪʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʥʴʰʝ. ʆʩʪʘʝʪʩʷ ʫʟʥʘʪʴ, ʯʪʦ ʚʦʟʚʨʘʱʘʝʪ 

ʵʣʝʢʪʨʦʥʳ ʥʘ ʥʘʯʘʣʴʥʳʡ ʫʨʦʚʝʥʴ? ɺʦʟʤʦʞʥʦ ʢʦʥʛʣʦʤʝʨʘʪ ʵʣʝʢʪʨʦʥʦʚ ʠ ʪʘʭʠʦʥʦʚ (ʠʟ ʯʘʩʪʠʮ ʪʦʣʴʢʦ ʪʘʭʠʦʥʳ, 

ʦʙʣʘʜʘʷ ʦʛʨʦʤʥʦʡ ʵʥʝʨʛʠʝʡ, ʥʝ ʠʤʝʷ ʤʘʩʩʳ, ʩʧʦʩʦʙʥʳ ʤʝʥʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʚʩʧʷʪʴ). ʏʝʨʥʳʝ ʜʳʨʳ, 

ʦʙʨʘʟʦʚʳʚʘʶʱʠʝʩʷ ʥʘ ʫʨʦʚʥʝ ɸZ (ʠʤʝʶʪʩʷ ʚʚʠʜʫ ʣʶʙʳʝ z = 2 õ n) ʦʯʝʥʴ ʙʳʩʪʨʦ ʠʩʧʘʨʷʶʪʩʷ, ʠ ʯʘʩʪʠʮʳ ʦʢʘʟʳ-

ʚʘʶʪʩʷ ʥʘ ʫʨʦʚʥʝ ʘ1 ʠ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ. (ɸ ʚʦʪ ʠ ʥʘʰʘ ʤʘʰʠʥʘ ʚʨʝʤʝʥʠ (!?), ʩʤʦʪʨʷ ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʪʴ ʧʦʜ 

ʵʪʠʤʠ ʩʣʦʚʘʤʠ) 

ʇʨʝʜʩʪʘʚʠʤ ʧʨʦʩʪʝʡʰʫʶ ʦʜʥʦʩʪʦʨʦʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʄʝʙʠʫʩʘ, ʢ ʩʦʞʘʣʝʥʠʶ, ʪʘʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʚ 

ʧʨʠʨʦʜʝ ʩʘʤʘ ʧʦ ʩʝʙʝ ʩʫʱʝʩʪʚʦʚʘʪʴ ʥʝ ʤʦʞʝʪ (ʚʠʜʠʤʦ ʄʝʙʠʫʩ ʧʦʬʘʥʪʘʟʠʨʦʚʘʣ, ʧʨʠʜʫʤʘʚ ʪʘʢʦʡ ʚʘʨʠʘʥʪ.  ɽʉ-

ʃʀ ʈɸʉʉʄʆʊʈɽʊʔ ɽɽ ʀɿʆɹʈɸɾɽʅʀɽ, ʇʈɽɼʉʊɸɺʃɽʅʅʆɽ ʄʝʙʠʫʩʦʤ [3], ʊʆ ʄʆɾʅʆ ʋɺʀɼɽʊʔ, ɻɼɽ 

ɹʓʃʆ ʏɸʉʊʀʏʅʆ ʉʊɽʈʊʆ ʀɿʆɹʈɸɾɽʅʀɽ ɺ ʎʀʃʀʅɼʈɽ), ʘ ʤʦʞʝʪ ʙʳʪʴ ʩʦʟʜʘʥʘ ʪʦʣʴʢʦ ʠʩʢʫʩʩʪʚʝʥʥʦ.  

1. ɹʝʨʝʤ ʣʝʥʪʫ ʢʘʢʦʡ-ʪʦ ʰʠʨʠʥʳ (ʥʝ ʚʘʞʥʦ), ʝʩʣʠ ʩʦʝʜʠʥʷʝʤ ʢʦʥʮʳ ʙʝʟ ʩʢʨʫʯʠʚʘʥʠʷ, ʧʦʣʫʯʘʝʤ ʮʠ-

ʣʠʥʜʨ. 

2. ɽʩʣʠ ʩʦʝʜʠʥʷʝʤ ʪʘʢ, ʯʪʦʙʳ (Ā) 1 ʩʦʚʧʘʣʘ ʩ (Ā) 2*, ʘ (Ā) 2 ï ʩ(Ā) 1*, ʪʦ ʧʦʣʫʯʘʝʤ ʪʫ ʩʘʤʫʶ ʦʜʥʦʩʪʦʨʦʥ-

ʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʦʜʥʠʤ ʤʦʤʝʥʪʦʤ ʩʢʨʫʯʠʚʘʥʠʷ. ʅʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʪʘ ʦʜʥʦʩʪʦʨʦʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘ ʨʠʩ.7, 

ʢʦʪʦʨʫʶ ʚʦʟʤʦʞʥʦ ʩʜʝʣʘʪʴ ʢʘʞʜʦʤʫ ʞʝʣʘʶʱʝʤʫ. ʉʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʦ ʜʚʠʞʝʥʠʝ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʪʦʯʢʠ d ʢ 

ʪʦʯʢʝ d
1 
ʠ ʜʘʣʝʝ ʢ ʪʦʯʢʝ d
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3. ʈʘʟʙʝʨʝʤ ʤʦʤʝʥʪ ʩʦʝʜʠʥʝʥʠʷ ʮʠʣʠʥʜʨʦʤ, ʧʨʠ ʫʩʣʦʚʠʠ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʣʝʥʪʳ, ʠ ʝʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʫʟʦʩʪʠ ʧʦ ʰʠʨʠʥʝ, ʠʤʝʶʱʝʡ ʚʠʜ (Ð). 

 ʈʠʩ. 8 ʦʪʦʙʨʘʞʘʝʪ ʯʘʩʪʠ ʧʝʪʣʠ ʧʨʠ ʦʜʠʥʘʨʥʦʤ ʩʢʨʫʯʠʚʘʥʠʠ, ʥʘʭʦʜʷʱʠʭʩʷ ʜʨʫʛ ʥʘʜ ʜʨʫʛʦʤ. ʉʯʠʪʘʝʤ, 

ʝʩʪʴ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʵʪʠ ʜʚʝ ʧʦʚʝʨʭʥʦʩʪʠ ʜʨʫʛ ʥʘʜ ʜʨʫʛʦʤ ʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʦʩʢʦʩʪʷʭ, ʚʦʪ ʪʦʛʜʘ-ʪʦ ʠ ʚʦʟʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʨʝʤʝʥʥʦʡ ʪʦʥʥʝʣʴ, ʧʨʠʯʝʤ, ʯʝʤ ʜʘʣʴʰʝ ʵʪʠ ʜʚʝ ʧʦʚʝʨʭʥʦʩʪʠ ʂ1 ʠ ʂ2 (ʵʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʯʪʦ ʠʥʦʝ, ʢʘʢ 

ʜʚʝ ʩʪʦʨʦʥʳ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʣʝʥʪʳ) ʙʫʜʫʪ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʪʝʤ ʥʘ ʙʦʣʝʝ ʜʘʣʴʥʝʝ ʚʨʝʤʷ ʚ ʧʨʦʰʣʦʝ ʤʦʞʥʦ ʙʫʜʝʪ 

ʧʝʨʝʡʪʠ, ʘ ʚʘʨʴʠʨʫʷ ʵʪʠʤ ʨʘʩʩʪʦʷʥʠʝʤ, ʠ ʚ ʨʘʟʥʦʝ ʚʨʝʤʝʥʥʦʝ ʙʫʜʫʱʝʝ(!). ʕʪʦ ʢʘʢ ʢʨʦʪʦʚʘʷ ʥʦʨʘ, ʥʦ ʥʝ ʚ ʢʘʢʦʤ-

ʪʦ ʧʣʦʪʥʦʤ ʪʝʣʝ, ʘ ʚ ʥʘʰʝʤ ʩʦʟʥʘʥʠʠ, ʢʦʛʜʘ ʯʝʣʦʚʝʢ ʥʘʭʦʜʠʪʩʷ ʚ ʵʪʦʤ ʪʦʥʥʝʣʝ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʧʝʪʣʠ ʠʟ ʢʘ-

ʢʦʛʦ-ʪʦ ʤʘʪʝʨʠʘʣʘ, ʩʦʟʜʘʥʥʦʡ ʠʩʢʫʩʩʪʚʝʥʥʦ. ʇʨʠʯʝʤ, ʜʦʧʫʩʪʠʤ, ʥʘʭʦʜʷʩʴ ʥʘ ʧʣʦʩʢʦʩʪʠ ʂ1 ʠʣʠ ʥʘʜ ʥʝʡ, ʯʝʤ 

ʜʘʣʴʰʝ ʵʪʠ ʜʚʝ ʧʦʚʝʨʭʥʦʩʪʠ ʂ1 ʠ ʂ2 (ʵʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʯʪʦ ʠʥʦʝ, ʢʘʢ ʜʚʝ ʩʪʦʨʦʥʳ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʣʝʥʪʳ) ʙʫ-

ʜʫʪ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʪʝʤ ʥʘ ʙʦʣʝʝ ʜʘʣʴʥʝʝ ʚʨʝʤʷ ʚ ʧʨʦʰʣʦʝ ʤʦʞʥʦ ʙʫʜʝʪ ʧʝʨʝʡʪʠ, ʘ ʚʘʨʴʠʨʫʷ ʵʪʠʤ ʨʘʩʩʪʦʷʥʠʝʤ, ʠ 

ʚ ʨʘʟʥʦʝ ʚʨʝʤʝʥʥʦʝ ʙʫʜʫʱʝʝ(!) ʈʠʩ.8: ʯʝʣʦʚʝʢ ʥʘʭʦʜʠʪʩʷ ʚ ʥʘʩʪʦʷʱʝʤ, ʧʨʦʡʜʷ ʪʦʣʱʫ ʤʘʪʝʨʠʘʣʘ, ʦʥ ʦʢʘʞʝʪʩʷ ʥʘ 

ʧʣʦʩʢʦʩʪʠ ʂ2 ʠʣʠ ʙʣʠʟʢʦ ʢ ʥʝʡ, ʥʦ ʫʞʝ ʚ ʧʨʦʰʣʦʤ; ʜʘʣʝʝ ʵʪʦ ʧʨʦʰʣʦʝ, ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʦʪ ʥʝʜʘʣʝʢʦʛʦ ʚ ʙʦʣʝʝ 

ʜʘʣʝʢʦʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ h, ʜʦʡʜʷ ʜʦ ʧʣʦʩʢʦʩʪʠ ʂ2 ʥʠʞʥʝʛʦ ʬʨʘʛʤʝʥʪʘ. ʇʨʦʭʦʜʷ ʯʝʨʝʟ ʪʦʣʱʫ ʣʝʥ-

ʪʳ, ʯʝʣʦʚʝʢ ʥʘʭʦʜʠʪʩʷ ʚ ʧʝʨʝʩʪʨʦʝʯʥʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʣʦʝ, ʥʝ ʦʩʦʟʥʘʚʘʷ ʩʝʙʷ ʠ ʚʨʝʤʷ, ʠ, ʚʳʡʜʷ ʠʟ ʥʝʛʦ, ʦʢʘ-

ʟʳʚʘʝʪʩʷ ʚ ʙʫʜʫʱʝʤ, ʜʘʣʴʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʝʥʘ ʚʝʣʠʯʠʥʦʡ h. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʰʘ ʢʨʦʪʦʚʘʷ ʥʦʨʘ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʪʨʝʤʷ ʩʣʘʛʘʝʤʳʤʠ:  

ʅʦʨʘ1 = ʪʫʥʥʝʣʴ ʤʝʞʜʫ ʂ1 ʠ ʂ2 (ʚʝʨʭʥʝʡ ʣʝʥʪʳ)                                                                                          (1) 

ʅʦʨʘ2 = ʪʫʥʥʝʣʴʤʝʞʜʫʂ2 (ʚʝʨʭʥʝʡ ʣʝʥʪʳ) ʠ ʂ2 (ʥʠʞʥʝʡ ʣʝʥʪʳ)                                                               (2) 

ʅʦʨʘ3 = ʪʫʥʥʝʣʴ ʤʝʞʜʫʂ2 ʠ ʂ1 (ʥʠʞʥʝʛʦ ʬʨʘʛʤʝʥʪʘ ʣʝʥʪʳ)                                                                       (3) 

ʊʫʥʥʝʣʴʥʳʡ ʧʝʨʝʭʦʜ = ʅʦʨʘ1+ʅʦʨʘ2+ʅʦʨʘ3                                                                                                 (4) 

(ʅʘʧʨʠʤʝʨ, ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʯʝʣʦʚʝʢ ʜʦʣʞʝʥ ʠʩʧʳʪʳʚʘʪʴ ʚʨʝʤʝʥʥʳʡ ʫʭʦʜ ʦʪ ʨʝʘʣʴʥʦʩʪʠ, ʢʦʛʜʘ ʦʥ 

ʧʨʦʝʟʞʘʝʪ ʥʘ ʧʦʝʟʜʝ ʤʝʪʨʦ, ʧʦʜ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʪʨʫʙʘʤʠ ʢʘʢʠʭ-ʣʠʙʦ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʦʜʦʙ-

ʥʳʤ ʦʙʨʘʟʦʤ.) ʊʘʢ ʞʝ ʠ ʣʝʪʯʠʢʠ ʚ ʩʘʤʦʣʝʪʝ ʤʦʛʫʪ ʧʦʪʝʨʷʪʴ ʥʘ ʤʛʥʦʚʝʥʠʷ ʦʩʦʟʥʘʥʠʝ ʨʝʘʣʴʥʦʩʪʠ. ʅʦ ʥʝ ʠʟ-ʟʘ 

ʥʝʜʦʤʦʛʘʥʠʷ, ʘ ʠʟ-ʟʘ ʧʦʧʘʜʘʥʠʷ ʚ ʵʪʦʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʪʦʣʙ ʦʪ ʪʦʥʥʝʣʷ. ʏʝʣʦʚʝʢ, ʧʨʦʣʝʪʘʷ, ʧʨʦʝʟʞʘʷ, ʧʨʦʭʦʜʷ 

ʥʘʜ ʪʦʯʢʘʤʠ ʩʢʨʝʱʝʥʠʷ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʥʝʢʦʪʦʨʦʤʫ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡ-

ʩʪʚʠʶ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ ʵʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ (!).                                                                                                                                                                                                                                                                                      

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʘʷ ʤʘʩʩʘ ʯʝʨʥʦʡ ʜʳʨʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 20 ʤʠʣʣʠʘʨʜʥʳʭ ʜʦʣʝʡ ʢʠʣʦʛʨʘʤʤʘ- 



ISSN 2308-4804. Science and world . 2013. ˉ 4 (4). 

 

 

17 

 

ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʩʩʝ ʇʣʘʥʢʘ ʨʘʚʥʦʡ 10
-33
. ʕʪʦ ʚ ʢʚʘʜʨʠʣʴʦʥ ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʩʘʤʳʝ ʤʘʩʩʠʚʥʳʝ ʯʘʩʪʠʮʳ, ʢʦ-

ʪʦʨʳʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ ɹɸʂʝ ɸʜʨʦʥʥʦʛʦ ʂʦʣʣʘʡʜʝʨʘ. ʋʯʝʥʳʝ ʫʞʝ ʦʧʨʝʜʝʣʠʣʠ 28 ʯʘʩʪʠʮ, ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʛʨʫʧʧʫ ʬʝʨʤʠʦʥʦʚ ï ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʘʪʝʨʠʠ, ʠ ʛʨʫʧʧʫ ʙʘʨʠʦʥʦʚ, ʠʟ 90 ʯʘʩʪʠʮ ʩʠʣʳ, ʧʝʨʝʥʦʩʯʠʢʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɸʚʪʦʨʳ ʥʝ ʩʦʛʣʘʩʥʳ ʩ ʫʯʝʥʳʤʠ, ʩʯʠʪʘʶʱʠʤʠ ʦʙʷʟʘʪʝʣʴʥʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʩʠʤʤʝʪʨʠʠ ʤʝʞʜʫ ʬʝʨʤʠʦʥʘʤʠ ʠ ʙʘʨʠʦʥʘʤʠ. ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʧʨʠʤʝʨʦʤ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘ-

ʟʦʚ. ʊʦʛʜʘ ʚ ʘʣʬʘʚʠʪʝ (ʚʦʟʴʤʝʤ ʨʫʩʩʢʠʡ) ʜʦʣʞʥʦ ʙʳʪʴ ʩʪʦʣʴʢʦ ʛʣʘʩʥʳʭ, ʩʢʦʣʴʢʦ ʠ ʩʦʛʣʘʩʥʳʭ, ʥʦ ʥʘ 11 ʛʣʘʩʥʳʭ 

ʧʨʠʭʦʜʠʪʩʷ 20 ʩʦʛʣʘʩʥʳʭ ʠ 2 ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ, ʵʪʦ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʫʢʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʚʝʨʙʘ-

ʣʠʟʫʝʪʩʷ çʙʦʛʘʪʩʪʚʦè ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ. ʃʠʰʴ ʦʜʥʦ ʩʣʦʚʦ ʤʳ ʤʦʞʝʤ ʩʦʩʪʘʚʠʪʴ ʠʟ ʦʜʥʦʡ ʙʫʢʚʳ ï ʷ. ɸ ʧʦʣʥʳʡ ʧʝ-

ʨʝʯʝʥʴ ʤʘʪʝʨʠʘʣʴʥʳʭ ʯʘʩʪʠʮ, ʥʘʡʜʝʥʥʳʭ ʥʘ ʩʝʛʦʜʥʷ, ʚʩʝʛʦ 16. ʕʪʦ ʰʝʩʪʴ ʢʚʘʨʢʦʚ, ʪʨʠ ʟʘʨʷʞʝʥʥʳʭ ʣʝʧʪʦʥʘ ʠ 

ʪʨʠ ʥʝʡʪʨʘʣʴʥʳʭ ʣʝʧʪʦʥʘ. 

ʊʝʤʥʘʷ ʤʘʪʝʨʠʷ ï ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʠ ʝʝ ʵʣʝʤʝʥʪʘʨʥʘʷ çʤʘʪʝʨʠʘʣʴʥʘʷ ʷʯʝʡʢʘè, ʢʘʢ ʤʳ 

ʜʫʤʘʝʤ, ʜʦʣʞʥʘ ʩʦʩʪʦʷʪʴ ʠʟ ʥʝʢʦʪʦʨʦʛʦ ʢʦʥʛʣʦʤʝʨʘʪʘ ʯʘʩʪʠʮ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʠʟʚʝʩʪ-

ʥʦʤʫ ʫʩʣʦʚʠʶ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ. ʋʩʣʦʚʠʝ ʵʪʦ: ʦʪʩʫʪʩʪʚʠʝ ʟʘʨʷʜʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʚʝʪʦʤ. ʋʯʝʥʳʤʠ ʫʞʝ 

ʦʧʨʝʜʝʣʝʥʘ ʮʚʝʪʥʦʩʪʴ ʛʣʶʦʥʦʚ, ʠ ʜʘʣʝʝ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ 

 

   *(1ʢʨʘʩʥʳʡ + 1ʟʝʣʝʥʳʡ = 1ʯʝʨʥʳʡ), 

                                                                    **(2ʩʠʥʠʭ+1ʢʨʘʩʥʳʡ = ʯʝʨʥʳʡ),                                                               (5) 

***(2ʩʠʥʠʭ + 1ʟʝʣʝʥʳʡ = 1ʯʝʨʥʳʡ), 

 

ʪ.ʝ. ʮʚʝʪʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʳ ʯʘʩʪʠʯʥʦ ʫʯʣʠ (ʝʩʣʠ ʜʘʞʝ ʮʚʝʪʥʦʩʪʴ ʥʝ ʩʚʝʪʦʚʘʷ, ʚʩʝ ʨʘʚʥʦ ʵʪʠ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʥʘʤ ʢʘʞʝʪʩʷ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ). 

  
ʀʪʦʛʠ: 

ɺʦ-ʧʝʨʚʳʭ, ʧʨʠ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʝʪʘʣʣʘ ʚʳʰʝ 1000 
0
ʉ 

ʚʦʟʤʦʞʝʥ ʚʟʨʳʚ. 

ɺʦ-ʚʪʦʨʳʭ, ʥʝ ʠʟʙʝʞʘʪʴ ʚʟʨʳʚʘ ʧʨʠ ʢʘʢʠʭ-ʪʦ ʠʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ, ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ. ʈʘʟʨʫʰʘʶʱʠʡ ʤʦʤʝʥʪ ʤʦʞʝʪ ʥʘʩʪʫʧʠʪʴ ʠ ʧʨʠ ʨʘʙʦʪʘʭ ʥʘ ʦʨʙʠʪʝ, ʧʦʵʪʦʤʫ ʚʝʩʴ 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʩʤʠʯʝʩʢʠʡ ʤʫʩʦʨ ʙʫʜʝʪ ʦʧʘʩʝʥ ʜʣʷ ʢʦʨʘʙʣʷ, ʠ ʦʙʰʠʚʢʘ ʝʛʦ, ʦʯʝʚʠʜʥʦ, ʥʝ ʜʦʣʞʥʘ ʠʤʝʪʴ ʤʝ-

ʪʘʣʣʠʯʝʩʢʦʝ ʧʦʢʨʳʪʠʝ, ʥʦ ʧʦʢʨʳʪʠʝ ʠʟ ʤʘʪʝʨʠʘʣʘ, ʥʝ ʥʝʩʫʱʝʛʦ ʢʘʢʠʝ-ʣʠʙʦ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ. 

ɺ-ʪʨʝʪʴʠʭ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ çʤʘʰʠʥʳ ʚʨʝʤʝʥʠè, ʫʯʪʷ ʥʘʰʠ ʚʳʚʦʜʳ ʦʙ ʦʰʠʙʦʯ-

ʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʄʝʙʠʫʩʘ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɼɽʌɽʂʊʆɺ ʂʈʀʉʊɸʃʃʀʏɽʉʂʆʁ ʗʏɽʁʂʀ ʅɸ ɻʈɸʅʀʎɽ çʆɹʒɽʄ-

ʇʆɺɽʈʍʅʆʉʊʅʓɽ ʉʃʆʀ ɸʊʆʄʆɺè, ɺʃʀʗʖʑʀʍ ʅɸ ʇʈʆʎɽʉʉʓ 

ʃʖʄʀʅɽʉʎɽʅʎʀʀ 
 

 
ʊ.ʈ. ɾʘʢʫʧʦʚ1

, ʄ.ʂ. ʄʳʨʟʘʭʤʝʪ2 

1
 ʤʘʛʠʩʪʨʘʥʪ ʢʘʬʝʜʨʳ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ, ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʠ,  

2 ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʠ.ʦ. ʧʨʦʬʝʩʩʦʨʘ 
1, 2 ɽʚʨʘʟʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʃ.ʅ. ɻʫʤʠʣʝʚʘ (ɸʩʪʘʥʘ), ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟʣʫʯʝʥʠʷ ʩ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʤʠ ʩʣʦʷʤʠ ʢʨʠʩʪʘʣʣʘ ʠ ʚʳʷʚʣʝʥʠʝ ʧʨʠʯʠʥ, ʢʦʪʦʨʳʝ ʫʭʫʜʰʘʶʪ ʧʨʦʮʝʩʩʳ ʨʝʛʠʩʪʨʘʮʠʠ ʯʘʩʪʠʮ, ʘ ʠʤʝʥʥʦ 

ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʝʪʝʢʪʦʨʘ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʩʭʦʜʷʱʠʭ ʦʢʦʣʦ ʜʝʬʝʢʪʦʚ ʚʥʫʪʨʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʷʯʝʡʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʬʝʢʪ, ʣʦʚʫʰʢʘ, ʧʨʠʤʝʩʥʳʡ ʠʦʥ, ʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʷʯʝʡʢʘ. 
 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʘʢʪʠʚʘʮʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʢʨʠʩʪʘʣʣʘʭ ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʝʬʝʢʪʳ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʩʮʠʥʪʠʣʣʷʪʦʨʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʭ ʤʦʣʝʢʫʣ ʠ ʪ.ʜ, ʥʦ ʠ ʩʘʤʘ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ [1], (ʥʘ ʛʨʘʥʠʮʝ çʦʙʲʝʤ-ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ ʘʪʦʤʦʚè) ʩʦʜʝʨʞʘʱʝʡ ʚ ʫʟʣʘʭ ʧʨʠʤʝʩʥʳʝ ʠʦʥʳ, ʘ ʪʘʢʞʝ 

ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʥʘʨʫʰʝʥʠʷ ʟʘʧʦʣʥʝʥʠʷ ʫʟʣʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʜʣʷ ʢʨʠʩʪʘʣʣʘ 

Y2SiO5īCʝ, ʚʤʝʩʪʦ ʠʦʥʘ Y ʧʦʩʪʘʚʠʪʴ ʚ ʫʟʝʣ ʨʝʰʝʪʢʠ ʠʦʥ Cʝ ʠ ʪ.ʜ. ɼʘʥʥʳʝ ʜʝʬʝʢʪʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʟʜʘʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʫʨʦʚʥʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʝ. ʇʝʨʝʭʦʜʳ ʵʣʝʢʪʨʦʥʦʚ ʩ ʥʠʭ 

ʜʦʣʞʥʳ ʙʳʪʴ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʤʠ, ʯʪʦ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ ʧʨʦʮʝʩʩ ʪʫʰʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʄʝʪʘʩʪʘʙʠʣʴʥʳʝ 

ʫʨʦʚʥʠ ʩʣʫʞʠʣʠ ʙʳ ʣʦʚʫʰʢʦʡ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ [2]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʘʥʥʳʡ ʫʨʦʚʝʥʴ (ʣʦʚʫʰʢʘ) ʧʨʠʦʙʨʝʪʘʝʪ ʟʘ-

ʨʷʜ (+ Q ʠ - Q). ɿʘʨʷʜ ʫʨʦʚʥʷ ʟʘʚʠʩʠʪ ʦʪ ʩʦʨʪʘ ʠʦʥʘ, ʪ.ʝ ʚʳʛʦʜʥʦ ʣʠ ʝʤʫ ʦʪʜʘʚʘʪʴ ʵʣʝʢʪʨʦʥ ʚ ʦʙʲʝʤ ʢʨʠʩʪʘʣʣʘ 

ʠʣʠ ʟʘʭʚʘʪʳʚʘʪʴ ʵʣʝʢʪʨʦʥʳ ʩ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʨʷʜʘ ʫʨʦʚʥʷ ʧʨʦʠʩʭʦʜʠʪ ʜʚʘ ʧʨʦʮʝʩʩʘ: 

ς ʧʨʠ - Q ʩʦʟʜʘʝʪʩʷ ʵʢʨʘʥʠʨʦʚʘʥʥʳʡ ʦʙʲʝʤʥʳʡ ʟʘʨʷʜ (+) ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʨʠʪʷʛʠʚʘʝʪ ʵʣʝʢʪʨʦʥʳ. ʕʣʝʢʪʨʦʥʳ, ʢʦʪʦʨʳʝ ʧʨʠʪʷʥʫʣʠʩʴ ʢ ʟʘʨʷʜʫ, ʩʦʟʜʘʶʪ ʧʦʣʝ ʦʪʪʘʣʢʠʚʘʶʱʠʝ ʜʨʫʛʠʝ ʵʣʝʢ-

ʪʨʦʥʳ ʚ ʥʠʟ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ (ʪ.ʝ ʢʘʢ ʙʳ ʥʘʙʣʶʜʘʝʪʩʷ çʥʘʩʳʱʝʥʠʝè ʟʘʨʷʜʦʤ). 

ς ʧʨʠ + Q ʩʦʟʜʘʝʪʩʷ ʵʢʨʘʥʠʨʦʚʘʥʥʳʡ ʟʘʨʷʜ (-), ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʪʷʛʠʚʘʝʪ ʜʳʨʢʠ (ʧʨʦʠʩʭʦ-

ʜʠʪ ʢʦʤʧʝʥʩʘʮʠʷ ʟʘʨʷʜʘ). ʇʨʠ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ ʯʘʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʟʘʠʤʝʝʪ ʙʦʣʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʳʝ ʥʠʞ-

ʥʠʝ ʩʦʩʪʦʷʥʠʷ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ, ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʘ ʪʘʢʞʝ 

ʫʚʝʣʠʯʠʚʘʷ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʶ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘ ȹɽ~0,6-0,7 ʵɺ. 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʦʟʜʘʥʠʝ çʢʚʘʟʠʜʠʧʦʣʠè ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʤ ʥʘ 

ʧʨʦʮʝʩʩʳ ʠʟʣʫʯʝʥʠʷ. ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʜʘʥʥʦʛʦ ʬʘʢʪʘ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʢʨʠʩʪʘʣʣʘ 

ʜʣʠʥʥʦʚʦʣʥʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ ʢʘʢ ʧʨʦʮʝʩʩ ʜʝʟʘʢʪʠʚʘʮʠʠ ʜʘʥʥʦʛʦ ʵʬʬʝʢʪʘ. ʈʘʩʩʤʦʪʨʠʤ ʦʜʥʦʤʝʨʥʫʶ ʟʘʜʘʯʫ, ʠʩ-

ʧʦʣʴʟʫʷ ʤʦʜʝʣʴ ʂʨʦʥʠʛʘ ï ʇʝʥʥʠ [3]. ʈʘʟʙʠʚʘʝʤ ʦʙʣʘʩʪʴ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ: 1 ς ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ, 
2 ς ʩ ʙʘʨʴʝʨʦʤ (ʢʦʪʦʨʳʡ ʩʦʟʜʘʥ ʠʦʥʦʤ ʚ ʫʟʣʝ ʨʝʰʝʪʢʠ). ʈʝʰʘʝʤ ʦʜʥʦʤʝʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʐʨʝʜʠʥʛʝʨʘ ʩ ʜʘʥʥʳʤ 
ʧʦʪʝʥʮʠʘʣʦʤ:   
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ɿʜʝʩʴ ʨʘʩʩʤʦʪʨʝʥ ʩʣʫʯʘʡ, ʛʜʝ ɽ Ó U, ʘ ʪʘʢʞʝ ʜʘʥʳ: 
2

2
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>

ʪU
-=gb .  ɼʣʷ ʦʙʣʘ-

ʩʪʠ (-ʘ<x<a/2), ʧʦʣʫʯʘʝʤ ʜʘʥʥʳʡ ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʠ ʟʦʥ ɹʨʠʣʶʵʥʘ, ʜʣʷ ʩʚʦʙʦʜʥʦʡ ʯʘʩʪʠʮʳ (ɽ>>U):   
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g
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                                                (2) 

ɼʣʷ ʦʙʣʘʩʪʠ (0<x<a/2) ʥʘ ʛʨʘʥʠʮʝ ʙʘʨʴʝʨʘ (ʥʘʭʦʜʠʤ ʜʝʪʝʨʤʠʥʘʥʪ ʤʘʪʨʠʮʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʦʣʥʦʚʳʭ 

ʬʫʥʢʮʠʠ): 
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ʀʟ ʜʘʥʥʦʡ ʤʘʪʨʠʮʳ ʧʦʣʫʯʘʝʤ ʥʝʨʘʚʝʥʩʪʚʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʨʝʰʝʥʥʳʭ ʟʦʥ ʵʥʝʨʛʠʠ ʥʘ ʛʨʘʥʠʮʝ ʙʘʨʴʝʨʘ: 
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ɼʣʷ ʦʙʣʘʩʪʠ (ʘ/4<x<a) ʥʘʭʦʜʷʱʝʡʩʷ ʟʘ ʙʘʨʴʝʨʦʤ: 
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ʊʘʢʞʝ ʜʘʝʪʩʷ ʦʙʣʘʩʪʴ ʨʘʟʨʝʰʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʠ:  
 

                                                   

22

22

14)cos( öö
÷

õ
ææ
ç

å
-ö

÷

õ
æ
ç

å
²

g

b
ba

eka                                                   (6) 

 

 ɼʝʪʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʩ ʫʯʝʪʦʤ ʩʠʤʤʝʪʨʠʠ ʷʯʝʡʢʠ ʢʨʠʩʪʘʣʣʘ ʠ ʚʣʠʷʥʠʷ ʧʨʦʮʝʩ-

ʩʦʚ, ʠʩʭʦʜʷʱʠʭ ʦʪ ʦʙʲʝʤʘ ʢʨʠʩʪʘʣʣʘ (ʚʣʠʷʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʟʘʨʷʜʦʚ), ʘ ʪʘʢʞʝ ʫʯʝʪ ʩʠʤʤʝʪʨʠʠ ʨʝʰʝʪʢʠ. 
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Abstract. Important aspect is studying of mechanisms of interaction of radiation with blankets of crystal and 

identification of the reasons, which worsen processes of registration of body, namely resolution power of the detector, 

and studying of processes occurring about defects in lattice cell.   

Keywords: defect, trap, impurity ion, luminescence, cell. 
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ʋɼʂ 524.824: 519.876 

 

ɼʀʅɸʄʀʂɸ ɸʃʔʌɸ-ɸʂʊʀɺʅʆʉʊʀ 
239

PU ʇʆ ʕʊɸʇɸʄ ʉʆʃʅɽʏʅʆɻʆ ɿɸʊʄɽʅʀʗ 
 

 
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 ʯʝʨʝʟ ʢʘʞʜʫʶ ʩʝʢʫʥʜʫ ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ ʩ 09.03.2005 ʧʦ 

22.04.2005 ʧʦʢʘʟʘʥʘ ʜʠʥʘʤʠʢʘ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ ʫ ʦʙʨʘʟʮʘ ʧʣʫʪʦʥʠʷ 
239

Pu ʚ ʨʘʟʥʳʭ ʵʪʘʧʘʭ. ʀʟ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ 

r040309.dat, ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʚʳʜʝʣʝʥʳ ʥʘʯʘʣʦ, ʪʫʨʙʫʣʝʥʪʥʘʷ ʠ ʣʘʤʠʥʘʨʥʘʷ ʬʘʟʳ ʟʘʪʤʝʥʠʷ, 

ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥ ʧʝʨʠʦʜ ʚʠʜʠʤʦʛʦ ʤʘʢʩʠʤʫʤʘ ʠ ʚʳʷʚʣʝʥʳ ʥʦʚʳʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʉʦʣʥʮʘ, ʃʫʥʳ ʠ ɿʝʤʣʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ, ʩʦʣʥʝʯʥʦʝ ʟʘʪʤʝʥʠʝ, ʵʪʘʧʳ, ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ. 

 

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 ʫʩʣʦʚʠʡéè [7, ʩ.75]. ɼʘʣʝʝ ʦʥ ʦʪʤʝʯʘʝʪ: çʄʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʬʣʶʢʪʫ-

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

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

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

ʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʘʣʴʬʘ-ʘʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʮʘ 
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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 ʧʦʢʘʟʘʥʘ 

ʚ [1, 4].  ʇʦʩʫʪʦʯʥʘʷ ʜʠʥʘʤʠʢʘ ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ ʠʟʣʦʞʝʥʘ ʚ ʩʪʘʪʴʝ [3].  

ʅʘʯʘʣʦ ʟʘʪʤʝʥʠʷ. ɸʙʩʦʣʶʪʥʳʡ ʤʠʥʠʤʫʤ ʫ ʦʙʦʠʭ ʧʘʨʘʤʝʪʨʦʚ 
mincI  ʠ 

maxcI , ʢʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʪʘʙ-

ʣʠʮʳ 1, ʥʘʭʦʜʠʪʩʷ 31 ʤʘʨʪʘ (ʚʳʜʝʣʝʥʳ ʧʦʣʫʞʠʨʥʳʤ ʰʨʠʬʪʦʤ). ʕʪʦ ʠ ʝʩʪʴ ʥʘʯʘʣʦ ʧʨʦʮʝʩʩʘ ʟʘʪʤʝʥʠʷ.  

 

ɺ ʩʪʘʪʴʷʭ [2. 3] ʙʳʣʦ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ  
 

                                                                1080000
3600

1

-=ä
=i

iʯ II ,                                                                          (1) 

 

                                                           
 É ʄʘʟʫʨʢʠʥ ʇ.ʄ. / Mazurkin P.M., 2013 

 

ʊʘʙʣʠʮʘ 1  

ʇʦʯʘʩʦʚʳʝ ʠʤʧʫʣʴʩʳ ʩ ʥʘʯʘʣʘ ʟʘʪʤʝʥʠʷ  

ɼʘʪʘ 
ɺʨʝʤʷ  

ct , ʩʫʪʢʠ 

ʄʠʥʠʤʫʤ 

mincI , ʰʪ./ʯ 

ʄʘʢʩʠʤʫʤ  

maxcI , ʰʪ./ʯ 

31 ʤʘʨʪʘ 22 4816 8955 

01 ʘʧʨʝʣʷ 23 5516 9623 

02 ʘʧʨʝʣʷ 24 6396 10814 

03 ʘʧʨʝʣʷ 25 7052 10907 

04 ʘʧʨʝʣʷ 26 6747 11911 

05 ʘʧʨʝʣʷ 27 5850 13132 

06 ʘʧʨʝʣʷ 28 7466 13358 

07 ʘʧʨʝʣʷ 29 8281 2063 

08 ʘʧʨʝʣʷ 30 10550 13490 

09 ʘʧʨʝʣʷ 31 9731 14034 

10 ʘʧʨʝʣ ̫ 32 939 13213 

11 ʘʧʨʝʣʷ 33 9755 13181 

12 ʘʧʨʝʣʷ 34 10069 13799 

13 ʘʧʨʣ ̫ 35 937 13451 

14 ʘʧʨʝʣʷ 36 8913 13640 

15 ʘʧʨʝʣʷ 37 9803 13419 

16 ʘʧʨʝʣʷ 38 10580 15470 

17 ʘʧʨʝʣʷ 39 9379 1325 

18 ʘʧʨʝʣʷ 40 8496 12886 

19 ʘʧʨʝʣʷ 41 8657 13254 

20 ʘʧʨʝʣʷ 4 9183 2633 

21 ʘʧʨʝʣʷ 43 9246 12694 
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ʛʜʝ I  ï ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʤʧʫʣʴʩʘ, ʩ
-1
, ʧʦ ʤʘʩʩʠʚʫ r040309.dat, 

ʯI  ï ʯʘʩʦʚʳʝ ʧʨʝʚʳʰʝʥʠʷ ʯʠʩʣʘ ʠʤʧʫʣʴʩʦʚ 

ʥʘʜ ʧʦʩʪʦʷʥʥʳʤ ʟʥʘʯʝʥʠʝʤ 1080000.  

ʇʨʠʤʝʤ ʥʦʚʫʶ ʰʢʘʣʫ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ ʦʪ ʥʘʯʘʣʘ 0=t  ʦʪ 10-11 ʯʘʩʦʚ 31 ʤʘʨʪʘ. 

ɼʘʪʘ 08 ʘʧʨʝʣʷ ï ʵʪʦ ʧʦʷʚʣʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ, ʘ ʘʣʴʬʘ-ʨʘʩʧʘʜ ʧʦʢʘʟʳʚʘʝʪ ʤʘʢʩʠʤʫʤ 

ʚʦʟʤʫʱʝʥʠʷ ʤʝʞʜʫ ʪʨʝʤʷ ʥʝʙʝʩʥʳʤʠ ʪʝʣʘʤʠ ʪʦʣʴʢʦ 16 ʘʧʨʝʣʷ, ʪʦ ʝʩʪʴ ʯʝʨʝʟ 8 ʩʫʪʦʢ ʧʦʩʣʝ ʚʠʜʠʤʦʛʦ ʧʦʣʥʦʛʦ 

ʧʝʨʝʢʨʳʪʠʷ ʃʫʥʦʡ ʜʠʩʢʘ ʉʦʣʥʮʘ.  

ʇʦʩʣʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʫʯʠʣʠ (ʨʠʩ. 1) ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʜʠʥʘʤʠʢʠ ʨʘʟʥʦʩʪʠ ʧʦʯʘʩʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʚ 

ʚʠʜʝ ʯʝʪʳʨʝʭʯʣʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ  
 

                                                                  
4321 ʯʯʯʯʯ IIIII +++= ,                                                                     (2) 

 

)026552,0exp(3711,6741 78107,0

1 tIʯ -= , 

)0011069,0exp(50764,106 12621,193625,0

2 ttIʯ -= , 

)29500,0/cos( 113 += ptAIʯ p , 90622,711=p , )83371,16exp(1006779,5 19089,093975,66

1 ttA -Ö-= , 

)24614,0/cos( 224 -= ptAIʯ p , 16557,3052 -=A , 11686,122=p , 

 

ʛʜʝ t  ï ʚʨʝʤʷ ʚ ʯʘʩʘʭ, ʥʘʯʠʥʘʷ ʦʪ 10-11 ʯʘʩʦʚ 31 ʤʘʨʪʘ 2005 ʛʦʜʘ, 
ʯI  ï ʯʘʩʦʚʳʝ ʧʨʝʚʳʰʝʥʠʷ ʯʠʩʣʘ ʠʤʧʫʣʴʩʦʚ,  

1ʯI , 

2ʯI , 
3ʯI  ʠ 

4ʯI  ï ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʦʜʝʣʠ (2), 
1A  ʠ 

2A  ï ʘʤʧʣʠʪʫʜʳ (ʧʦʣʦʚʠʥʘ) ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʚʦʟ-

ʤʫʱʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʚʦʣʥʳ, 
1p  ʠ 

2p  ï ʧʦʣʫʧʝʨʠʦʜʳ ʢʦʣʝʙʘʥʠʡ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ ʦʙʨʘʟʮʘ 
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Pu.  

 
S = 1127.77759518

r = 0.79502512

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 97.5 195.1 292.6 390.1 487.7 585.23750.60

5881.40

8012.20

10143.00

12273.80

14404.60

16535.40

 

S = 1098.53309063

r = 0.22222409

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 97.5 195.1 292.6 390.1 487.7 585.2-4435.31

-2967.87

-1500.44

-33.01

1434.42

2901.85

4369.29

 
ʊʨʝʥʜ  ʧʝʨʚʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ 

S = 1091.97557544

r = 0.81178171

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 97.5 195.1 292.6 390.1 487.7 585.23750.60

5881.40

8012.20

10143.00

12273.80

14404.60

16535.40

 

S = 1060.21544982

r = 0.19797906

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 97.5 195.1 292.6 390.1 487.7 585.2-3820.79

-2420.78

-1020.77

379.25

1779.26

3179.27

4579.28

 
ʪʨʝʥʜ ʠ ʧʝʨʚʘʷ ʚʦʣʥʘ ʚʦʟʤʫʱʝʥʠʷ ʚʪʦʨʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ 

S = 1072.88062483

r = 0.82018941

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 97.5 195.1 292.6 390.1 487.7 585.23750.60

5881.40

8012.20

10143.00

12273.80

14404.60

16535.40

 

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 97.5 195.1 292.6 390.1 487.7 585.2
-3694.07

-2308.42

-922.76

462.90

1848.56

3234.21

4619.87

 
ʪʨʝʥʜ ʠ ʜʚʝ ʚʦʣʥʳ ʚʦʟʤʫʱʝʥʠʷ ʦʩʪʘʪʢʠ ʧʦʩʣʝ ʬʦʨʤʫʣʳ (1) 

 

ʈʠʩ. 1. ɼʠʥʘʤʠʢʘ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʨʘʱʝʥʠʡ ʯʘʩʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ ʦʪ 10-11 ʯʘʩʦʚ 31 ʤʘʨʪʘ 
 

ʄʦʜʝʣʴ (1) ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʩʠʣʴʥʦ ʫʧʨʦʩʪʠʣʘʩʴ. ʇʨʠ ʵʪʦʤ ʦʙʝ ʢʨʠʟʠʩʥʳʝ ʚʦʣʥʳ (ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʥʘʢ 
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ʧʝʨʝʜ ʘʤʧʣʠʪʫʜʦʡ) ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʧʦʣʫʯʠʣʠ ʧʦʩʪʦʷʥʥʳʝ ʧʝʨʠʦʜʳ ʢʦʣʝʙʘʥʠʷ 143,81 ʠ 24,23 ʯʘʩʘ. 

ɺʪʦʨʦʝ ʟʥʘʯʝʥʠʝ ʙʣʠʟʢʦ ʢ ʧʝʨʠʦʜʫ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʚʦʢʨʫʛ ʩʘʤʦʛʦ ʩʝʙʷ. ɸ ʧʝʨʚʦʝ ʢʦʣʝʙʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʝ-

ʨʠʦʜʠʯʥʦʩʪʴʶ ʚ 6 (5,99208) ʩʫʪʦʢ. ʇʨʠ ʵʪʦʤ ʩʫʪʦʯʥʦʝ ʢʦʣʝʙʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʩʪʦʷʥʥʦʡ ʘʤʧʣʠʪʫʜʦʡ, ʨʘʚʥʦʡ 

2³305.16557  º 610 ʠʤʧʫʣʴʩʦʚ ʦʙʨʘʟʮʘ 
239

Pu. ʕʪʦ ʟʥʘʯʠʤʘʷ ʨʘʟʥʠʮʘ, ʨʘʚʥʘʷ ʧʦʯʪʠ ʜʚʫʭʩʝʢʫʥʜʥʳʤ ʠʤʧʫʣʴʩʘʤ.  

ʌʠʟʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ. ɺʥʠʤʘʪʝʣʴʥʦ ʨʘʩʩʤʦʪʨʠʤ ʧʦʯʘʩʦʚʫʶ ʜʠʥʘʤʠʢʫ ʧʨʦʮʝʩʩʘ ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ 

ʠʟ ʪʘʙʣʠʮʳ 1. ɼʣʷ ʵʪʦʛʦ ʚ ʪʘʙʣʠʮʫ 2 ʧʦʤʝʩʪʠʤ ʥʦʚʳʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
 

ʊʘʙʣʠʮʘ 2  

ʕʢʩʪʨʝʤʫʤʳ ʧʨʠʨʘʱʝʥʠʡ ʧʦʯʘʩʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʚ ʧʨʦʮʝʩʩʝ ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ 

ɼʘʪʘ 
ɺʨʝʤʷ  

ct , ʩʫʪʢʠ 

ʄʠʥʠʤʫʤ 

mincI , ʰʪ./ʯ 

ʄʘʢʩʠʤʫʤ  

maxcI , ʰʪ./ʯ 
ɼʘʪʘ 

ɺʨʝʤʷ  

ct , ʩʫʪʢʠ 

ʄʠʥʠʤʫʤ 

mincI , ʰʪ./ʯ 

ʄʘʢʩʠʤʫʤ  

maxcI , ʰʪ./ʯ 

31 ʤʘʨʪʘ 22 4816 8955 11 ʘʧʨʝʣʷ 33 9755 13181 

01 ʘʧʨʝʣʷ 23 5516 9623 12 ʘʧʨʝʣʷ 34 10069 13799 

02 ʘʧʨʝʣʷ 24 6396 10814 13 ʘʧʨʝʣʷ 35 9374 13451 

03 ʘʧʨʝʣʷ 25 7052 10907 14 ʘʧʨʝʣ ̫ 36 8913 13640 

04 ʘʧʨʝʣʷ 26 6747 11911 15 ʘʧʨʝʣʷ 37 9803 13419 

05 ʘʧʨʝʣʷ 27 5850 13132 16 ʘʧʨʝʣʷ 38 10580 15470 

06 ʘʧʨʝʣʷ 28 7466 13358 17 ʘʧʨʝʣʷ 39 9379 13215 

07 ʘʧʨʝʣʷ 29 8281 12063 18 ʘʧʨʝʣʷ 40 8496 12886 

08 ʘʧʨʝʣʷ 30 10550 13490 19 ʘʧʨʝʣʷ 41 8657 13254 

09 ʘʧʨʝʣʷ 31 9731 14034 20 ʘʧʨʝʣʷ 42 9183 12633 

10 ʘʧʨʝʣʷ 32 9639 13213 21 ʘʧʨʝʣʷ 43 9246 12694 
 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʘʢʩʠʤʫʤ ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ ʧʨʠʰʝʣʩʷ ʥʘ 8 ʘʧʨʝʣʷ ʚ 23 ʯʘʩʘ 45 ʤʠʥʫʪ ʠ 00 ʩʝʢʫʥʜ 

(23: 0054 ¡¡¡ ). ʇʦʵʪʦʤʫ ʜʘʪʫ 8 ʘʧʨʝʣʷ ʚ ʪʘʙʣʠʮʝ 1 ʠ ʪʘʙʣʠʮʝ 2 ʚʳʜʝʣʷʝʤ ʧʦʣʫʞʠʨʥʳʤ ʰʨʠʬʪʦʤ.  

ʉʨʘʟʫ ʞʝ ʟʘʤʝʯʘʝʤ (ʵʪʦ ʠʟʚʝʩʪʥʦ ʠʟ ʥʘʰʝʛʦ ʤʝʪʦʜʘ ʤʠʥʠʤʘʢʩʥʦʛʦ ʛʨʘʜʠʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ) ʛʨʫʧʧʫ ʩʫʪʦʢ, 

ʚ ʢʦʪʦʨʦʡ ʠʤʝʝʪʩʷ ʤʠʥʠʤʫʤʳ ʧʦ ʢʦʥʮʘʤ ʠʥʪʝʨʚʘʣʘ. ʊʦʛʜʘ ʩʘʤʦ ʟʘʪʤʝʥʠʝ ʧʦ ʜʘʥʥʳʤ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ ʧʨʦʠʟʦʰʣʦ 

ʚ ʧʝʨʠʦʜ ʩ 5 ʧʦ 10 ʘʧʨʝʣʷ 2005 ʛʦʜʘ. ʇʦʣʫʯʘʝʤ ʛʨʫʧʧʫ ʜʘʥʥʳʭ ʧʦ ʧʨʠʨʘʱʝʥʠʶ ʠʤʧʫʣʴʩʦʚ: 05 ʘʧʨʝʣʷ ï 5850 ʰʪ.; 

06 ʘʧʨʝʣʷ ï 7466 ʰʪ.; 07 ʘʧʨʝʣʷ ï 8281 ʰʪ.; 08 ʘʧʨʝʣʷ ï 10550 ʰʪ.; 09 ʘʧʨʝʣʷ ï 9731 ʰʪ. ʠ 10 ʘʧʨʝʣʷ 9639 ʰʪ. 

ʕʪʦ ʠʟʤʝʥʝʥʠʝ ʧʦʜʯʠʥʷʝʪʩʷ ʙʠʦʪʝʭʥʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ [4]. 

ɿʘ ʧʨʝʜʝʣʘʤʠ ʵʪʦʡ ʛʨʫʧʧʳ ʟʥʘʯʝʥʠʷ 
mincI  ʧʦʚʳʰʘʶʪʩʷ. 

ʇʦ ʤʘʢʩʠʤʫʤʫ ʥʘʙʣʶʜʘʝʪʩʷ ʩʜʚʠʛ ʥʘ ʦʜʥʠ ʩʫʪʢʠ (ʪʦʯʥʝʝ ʤʦʞʥʦ ʫʟʥʘʪʴ ʧʦ ʜʘʥʥʳʤ [2]).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʚʳʡ ʬʠʟʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ï ʵʪʦ ʧʝʨʠʦʜ ʘʢʪʠʚʥʳʭ ʬʘʟ ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ. ɺʪʦʨʦʡ 

ʬʠʟʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ï ʵʪʦ ʣʘʛ ʟʘʧʘʟʜʳʚʘʥʠʷ ʯʘʩʦʚʦʛʦ ʤʘʢʩʠʤʫʤʘ ʨʘʟʥʠʮʳ ʠʤʧʫʣʴʩʦʚ ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʧʨʠʙʦʨʘ 
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Pu.     

ʊʨʝʪʠʡ ʬʠʟʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʝʨʠʦʜʝ ʩ 14 ʧʦ 18 ʘʧʨʝʣʷ 2005 ʛʦʜʘ. ɿʜʝʩʴ ʧʨʦʠʩʭʦʜʠʣʘ 

ʥʝʢʘʷ ʨʝʣʘʢʩʘʮʠʷ (ʠʣʠ ʠʥʜʫʢʮʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʚʦʣʥʳ) ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ, ʪʦ ʝʩʪʴ ʥʝʢʦʝ ʧʦʩʣʝʜʝʡʩʪʚʠʝ ʦʪ 

ʧʨʦʪʠʚʦʩʪʦʷʥʠʷ ʪʨʠʘʜʳ çʉʦʣʥʮʝ ï ʃʫʥʘ ï ɿʝʤʣʷè. ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʫʤʳ ʧʨʦʠʩʭʦʜʷʪ ʚ ʦʜʥʠ ʠ ʪʝ ʞʝ ʩʫʪʢʠ 16 ʘʧʨʝʣʷ.   

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʧʝʨʚʳʡ ʬʠʟʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ ʦʪʜʝʣʴʥʦʩʪʠ.  

ʉʦʣʥʝʯʥʦʝ ʟʘʪʤʝʥʠʝ. ɺʚʝʜʝʤ ʥʦʚʫʶ ʰʢʘʣʫ ʠʟʤʝʨʝʥʠʡ ʚʨʝʤʝʥʠ 0=t  (ʪʘʙʣ. 3), ʥʘʯʠʥʘʷ ʩ 08-09 ʯʘʩʦʚ 5 

ʘʧʨʝʣʷ 2005 ʛʦʜʘ (27=ct ). 
 

 ʊʘʙʣʠʮʘ 3  

ʏʘʩʦʚʳʝ ʧʨʠʨʘʱʝʥʠʷ ʠʤʧʫʣʴʩʦʚ ʧʨʠ ʩʦʣʥʝʯʥʦʤ ʟʘʪʤʝʥʠʠ 

ʏʘʩʳ 

ʩʫʪʦʢ 

ɺʨʝʤʷ 

ʩʫʪʦʢ, 

ʯ 

ʅʦʤʝʨ ʩʫʪʦʢ ʧʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ 2 

27 28 29 30 31 32 

t , ʯ ʯI , 

ʰʪ. 

t , 

ʯ 
ʯI , 

ʰʪ. 

t , 

ʯ 
ʯI , 

ʰʪ. 

t , 

ʯ 
ʯI , 

ʰʪ. 

t , 

ʯ 
ʯI , 

ʰʪ. 
t , ʯ ʯI , ʰʪ. 

05-06 1   21 11176 45 10260 69 11134 93 11248 117 12076 

06-07 2   22 9500 46 9213 70 11506 94 10509 118 11426 

07-08 3   23 10264 47 10656 71 10707 95 11951 119 13213 

08-09 4 0 5850 24 9712 48 9503 72 11866 96 13387 120 12039 

09-10 5 1 8736 25 9293 49 9608 73 12106 97 12568 121 12032 

10-11 6 2 7074 26 7466 50 8281 74 11983 98 12015 122 11841 

11-12 7 3 8155 27 8206 51 10680 75 12856 99 11504 123 10349 

12-13 8 4 7632 28 7578 52 10612 76 11510 100 12870 124 11424 

13-14 9 5 7664 29 8533 53 10929 77 12582 101 11075 125 10831 

14-15 10 6 10276 30 9283 54 10199 78 10953 102 11005 126 10071 

15-16 11 7 8961 31 10250 55 9843 79 11886 103 11864 127 11811 

16-17 12 8 7418 32 9554 56 10195 80 11776 104 12144 128 12952 

17-18 13 9 8865 33 9499 57 10557 81 13490 105 12177 129 11342 

18-19 14 10 9332 34 9609 58 10754 82 11827 106 12301 130 11219 



ISSN 2308-4804. Science and world . 2013. ˉ 4 (4). 

 

 

23 

 

ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 3 

ʏʘʩʳ 

ʩʫʪʦʢ 

 

ɺʨʝʤʷ 

ʩʫʪʦʢ, 

ʯ 

ʅʦʤʝʨ ʩʫʪʦʢ ʧʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ 2 

27 28 29 30 31 32 

t , ʯ 

 

ʯI , 

ʰʪ. 

t , 

ʯ 

ʯI , 

ʰʪ. 

t , 

ʯ 

ʯI , 

ʰʪ. 

t , 

ʯ 

ʯI , 

ʰʪ. 

t , 

ʯ 

ʯI , 

ʰʪ. 

t , ʯ 

 

ʯI , ʰʪ. 

 

19-20 15 11 10092 35 10190 59 10946 83 12111 107 12547 131 10749 

20-21 16 12 9592 36 13358 60 11809 84 10609 108 10227 132 11644 

21-22 17 13 8535 37 12529 61 12063 85 10550 109 10863 133 11234 

22-23 18 14 9399 38 10125 62 9743 86 12438 110 12057 134 12274 

23-24 19 15 10665 39 10154 63 11259 87 10640 111 14034 135 9639 

24-01 20 16 11251 40 9591 64 9915 88 10644 112 9731   

01-02 21 17 13132 41 10850 65 10098 89 12760 113 12307   

02-03 22 18 10376 42 11110 66 11711 90 10977 114 10995   

03-04 23 19 10126 43 11017 67 11762 91 11523 115 11965   

04-05 24 20 9440 44 8540 68 9943 92 11043 116 12204   
  
ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʦʡ ʰʢʘʣʳ ʚʨʝʤʝʥʠ ʠ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 3 ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʫʩʪʦʡʯʠ-

ʚʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩ ʚʝʡʚʣʝʪ-ʩʠʛʥʘʣʘʤʠ ʠ ʧʦʣʫʯʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (ʨʠʩ. 2) ʚʠʜʘ 
 

                                                                 4321 ʯʯʯʯʯ IIIII +++= ,                                                                      (3) 

)1070748,9exp(3425,5903 5

1 tIʯ
-Ö= , )0018305,0exp(6319,1752 27086,0

2 ttIʯ -= , )73562,1/cos( 113 -= ptAIʯ p , 

)71195,4exp(09447,58 38126,000192,6

1 ttA --= , 
19315,0

1 03439,172672,12 tp -= , )77989,1/cos( 224 += ptAIʯ p , 

)15804,21exp(1040978,5 044109,09

2 tA -Ö-= , 
42326,1

2 021607,005214,23 tp += . 

 
S = 1075.46052844

r = 0.69837238

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 24.8 49.5 74.3 99.0 123.8 148.55031.60

6668.40

8305.20

9942.00

11578.80

13215.60

14852.40

 

S = 974.75933533

r = 0.44420282

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 24.8 49.5 74.3 99.0 123.8 148.5-3115.29

-1896.12

-676.95

542.22

1761.38

2980.55

4199.72

 
ʊʨʝʥʜ  ʧʝʨʚʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ 

S = 992.26471576

r = 0.76847060

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 24.8 49.5 74.3 99.0 123.8 148.55031.60

6668.40

8305.20

9942.00

11578.80

13215.60

14852.40

 

S = 925.02804369

r = 0.29755169

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 24.8 49.5 74.3 99.0 123.8 148.5-2921.88

-1954.72

-987.56

-20.41

946.75

1913.91

2881.07

 
ʪʨʝʥʜ ʠ ʧʝʨʚʘʷ ʚʦʣʥʘ ʚʦʟʤʫʱʝʥʠʷ ʚʪʦʨʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ 

S = 943.32165416

r = 0.80311025

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 24.8 49.5 74.3 99.0 123.8 148.55031.60

6668.40

8305.20

9942.00

11578.80

13215.60

14852.40

 

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 24.8 49.5 74.3 99.0 123.8 148.5
-2435.04

-1560.14

-685.25

189.65

1064.55

1939.44

2814.34

 
ʪʨʝʥʜ ʠ ʜʚʝ ʚʦʣʥʳ ʚʦʟʤʫʱʝʥʠʷ ʦʩʪʘʪʢʠ ʧʦʩʣʝ ʬʦʨʤʫʣʳ (3) 

 

ʈʠʩ. 2. ɼʠʥʘʤʠʢʘ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʨʘʱʝʥʠʡ ʯʘʩʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ ʧʨʠ ʩʦʣʥʝʯʥʦʤ ʟʘʪʤʝʥʠʠ 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ ʥʘ ʨʠʩʫʥʢʝ 3, ʩʦʣʥʝʯʥʦʝ ʟʘʪʤʝʥʠʝ ʩʦʜʝʨʞʠʪ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʚʝ ʬʘʟʳ: 

1) ʧʝʨʚʳʝ 50 ʟʥʘʯʝʥʠʡ ʧʦʯʘʩʦʚʦʛʦ ʧʨʠʨʘʱʝʥʠʷ ʠʤʧʫʣʴʩʦʚ (5-6 ʘʧʨʝʣʷ 2005 ʛ.) ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʚʦʣʥʦʚʦʡ 

ʚʭʦʜ ʚ ʩʦʣʥʝʯʥʦʝ ʟʘʪʤʝʥʠʝ (ʪʫʨʙʫʣʝʥʪʥʘʷ ʬʘʟʘ), ʪʦ ʝʩʪʴ ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʥʘʷ ʘʜʘʧʪʘʮʠʷ ʪʨʝʭ ʥʝʙʝʩʥʳʭ ʪʝʣ; 

2) ʩʦʙʩʪʚʝʥʥʦ ʚʪʦʨʘʷ ʬʘʟʘ ʟʘʢʣʶʯʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʩʧʦʢʦʡʥʦʤ ʧʨʦʪʝʢʘʥʠʠ ʧʨʦʮʝʩʩʘ ʩʦʣʥʝʯʥʦʛʦ 

ʟʘʪʤʝʥʠʷ (ʣʘʤʠʥʘʨʥʘʷ ʬʘʟʘ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʠʥʠʤʘʢʩʥʳʡ ʛʨʘʜʠʝʥʪʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʨʘʩʧʦʣʦʞʝʥʠʶ ʵʢʩʪʨʝʤʫ-

ʤʦʚ ʠʟʫʯʘʝʤʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʦʪʜʝʣʴʥʳʝ ʵʪʘʧʳ ʚʦ ʚʨʝʤʝʥʠ ʠʣʠ ʞʝ ʯʘʩʪʠ ʚ ʠʥʪʝʨʚʘʣʝ ʦʙʲʷʩʥʷʶʱʝʡ ʧʝʨʝʤʝʥʥʦʡ. 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʚʪʦʨʫʶ ʬʘʟʫ. ʀʤʝʥʥʦ ʚ ʥʝʡ ʥʘʭʦʜʠʪʩʷ ʚʠʜʠʤʳʡ ʤʘʢʩʠʤʫʤ ʧʦʢʨʳʪʠʷ ʜʠʩʢʘ ʉʦʣʥʮʘ. 

ʃʘʤʠʥʘʨʥʘʷ ʬʘʟʘ ʟʘʪʤʝʥʠʷ. ʇʦ ʥʝʡ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 4. ʉʥʦʚʘ ʧʨʠʤʝʤ ʥʦʚʦʝ ʥʘʯʘʣʦ ʫ ʰʢʘʣʳ ʚʨʝʤʝʥʠ, ʪʦ ʝʩʪʴ ʧʦʩʪʘʚʠʤ ʫʩʣʦʚʠʝ 0=t  ʜʣʷ 10-11 ʯʘʩʦʚ 7 

ʘʧʨʝʣʷ 2005 ʛ. (29=ct ).  

ʇʦʩʣʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʥʦʚʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ (ʨʠʩ. 3) ʯʝʪʳʨʝʭʯʣʝʥʥʘʷ (ʧʦ ʧʨʝʜʝʣʫ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʦ-

ʛʨʘʤʤʥʦʡ ʩʨʝʜʳ ʪʠʧʘ CurveExpert) ʬʦʨʤʫʣʘ ʚʠʜʘ 

 

                                                                   
4321 ʯʯʯʯʯ IIIII +++= ,                                                                    (4) 

 

)0019756,0exp(8035,84371 tIʯ -= , )0051704,0exp(7543,1152 00173,139071,0

2 ttIʯ -= , 

)10468,0/cos( 113 -= ptAIʯ p , 

)00044783,0exp(37760,3091 tA = , 
05567,2

1 00040662,049584,13 tp -= , )25439,5/cos( 224 -= ptAIʯ p , 

)032055,0exp(24347,7502 tA --= , 
89556,0

2 16944,038703,2 tp += . 

 
S = 888.85643297

r = 0.49966307
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S = 842.14044564
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ʊʨʝʥʜ  ʧʝʨʚʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ 

S = 879.28897611

r = 0.57374618
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ʪʨʝʥʜ ʠ ʧʝʨʚʘʷ ʚʦʣʥʘ ʚʦʟʤʫʱʝʥʠʷ ʚʪʦʨʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ 
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ʪʨʝʥʜ ʠ ʜʚʝ ʚʦʣʥʳ ʚʦʟʤʫʱʝʥʠʷ ʦʩʪʘʪʢʠ ʧʦʩʣʝ ʬʦʨʤʫʣʳ (4) 

 
ʈʠʩ. 3. ɼʠʥʘʤʠʢʘ ʯʘʩʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʘʣʴʬʘ-ʨʘʩʧʘʜʘ ʧʨʠ ʣʘʤʠʥʘʨʥʦʡ ʬʘʟʝ ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ 
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ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʜʝʣʴʶ (3) ʚ ʬʦʨʤʫʣʝ (4) ʠʟʤʝʥʠʣʠʩʴ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫ ʦʙʦʠʭ 

ʢʦʣʝʙʘʥʠʡ. ɼʣʷ ʫʩʣʦʚʠʷ 0=t  ʧʦ (3) ʧʦʣʫʯʠʣʠ 01=A ʠ 02A ʧʨʠ ʚʭʦʜʝ ʚ ʪʫʨʙʫʣʝʥʪʥʫʶ ʬʘʟʫ. ʇʦ ʬʦʨʤʫʣʝ (4) 

ʠʤʝʝʤ: 4,3091=A ʠ 2,7502 -=A ʠʤʧʫʣʴʩʘ. ʇʦʣʫʧʝʨʠʦʜ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʝʥ 12,73; 20.05 ʯ ʠ 13,50 ʠ 2,39 ʯ.  

    

ʊʘʙʣʠʮʘ 4  

ʏʘʩʦʚʳʝ ʧʨʠʨʘʱʝʥʠʷ ʠʤʧʫʣʴʩʦʚ ʧʨʠ ʩʦʣʥʝʯʥʦʤ ʟʘʪʤʝʥʠʠ ʧʨʠ ʣʘʤʠʥʘʨʥʦʡ ʬʘʟʝ  

ʏʘʩʳ  

ʩʫʪʦʢ 

ɺʨʝʤʷ  

ʩʫʪʦʢ, 

ʯ 

29 (07.04) 30 (08.04) 31 (09.04) 32 (10.04) 
ʏʘʩʳ  

ʩʫʪʦʢ 

ɺʨʝʤʷ  

ʩʫʪʦʢ, 

ʯ 

29 (07.04) 30 (08.04) 31 (09.04) 32 (10.04) 

t , 

ʯ 
ʯI , 

ʰʪ. 

t , 

ʯ 
ʯI , 

ʰʪ. 

t , 

ʯ 
ʯI , 

ʰʪ. 

t , 

ʯ 
ʯI , 

ʰʪ. 

t , 

ʯ 
ʯI , 

ʰʪ. 

t , 

ʯ 
ʯI , 

ʰʪ. 

t , 

ʯ 
ʯI , 

ʰʪ. 

t , 

ʯ 
ʯI , 

ʰʪ. 

05-06 1   19 11134 43 11248 67 12076 17-18 13 7 10557 31 13490 55 12177 79 11342 

06-07 2   20 11506 44 10509 68 11426 18-19 14 8 10754 32 11827 56 12301 80 11219 

07-08 3   21 10707 45 11951 69 13213 19-20 15 9 10946 33 12111 57 12547 81 10749 

08-09 4   22 11866 46 13387 70 12039 20-21 16 10 11809 34 10609 58 10227 82 11644 

09-10 5   23 12106 47 12568 71 12032 21-22 17 11 12063 35 10550 59 10863 83 11234 

10-11 6 0 8281 24 11983 48 12015 72 11841 22-23 18 12 9743 36 12438 60 12057 84 12274 

11-12 7 1 10680 25 12856 49 11504 73 10349 23-24 19 13 11259 37 10640 61 14034 85 9639 

12-13 8 2 10612 26 11510 50 12870 74 11424 24-01 20 14 9915 38 10644 62 9731   

13-14 9 3 10929 27 12582 51 11075 75 10831 01-02 21 15 10098 39 12760 63 12307   

14-15 10 4 10199 28 10953 52 11005 76 10071 02-03 22 16 11711 40 10977 64 10995   

15-16 11 5 9843 29 11886 53 11864 77 11811 03-04 23 17 11762 41 11523 65 11965   

16-17 12 6 10195 30 11776 54 12144 78 12952 04-05 24 18 9943 42 11043 66 12204   

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʣʘʤʠʥʘʨʥʘʷ ʬʘʟʘ ʩʘʤʘ ʜʝʣʠʪʩʷ ʥʘ ʪʨʠ ʯʘʩʪʠ: ʚʭʦʞʜʝʥʠʝ 

ʚ ʟʘʪʤʝʥʠʝ ʩ 10-11 ʯʘʩʘ 7 ʘʧʨʝʣʷ ʜʦ 22-23 ʯʘʩʘ ʵʪʠʭ ʞʝ ʩʫʪʦʢ; ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʟʘʪʤʝʥʠʷ ʩ 22-23 ʯʘʩʘ 7 ʘʧʨʝʣʷ ʜʦ 

24-01 ʯʘʩʘ 9 ʘʧʨʝʣʷ; ʟʘʚʝʨʰʝʥʠʝ ʟʘʪʤʝʥʠʷ ʩ 24-01 ʯʘʩʘ 9 ʘʧʨʝʣʷ ʜʦ 23-24 ʯʘʩʘ 10 ʘʧʨʝʣʷ 2005 ʛʦʜʘ. 

ʃʘʤʠʥʘʨʥʘʷ ʬʘʟʘ ʜʝʣʠʪʩʷ ʥʘ ʪʨʠ ʯʘʩʪʠ, ʘ ʤʘʢʩʠʤʫʤ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʟʘʪʤʝʥʠʷ.  

ʄʘʢʩʠʤʫʤ ʟʘʪʤʝʥʠʷ. ʇʝʨʚʳʝ ʜʚʘ ʯʘʩʘ ʠ ʚʪʦʨʳʝ ʯʝʪʳʨʝ ʯʘʩʘ ʚʪʦʨʦʡ ʯʘʩʪʠ ʣʘʤʠʥʘʨʥʦʡ ʬʘʟʳ ʜʘʶʪ 

ʦʙʦʩʦʙʣʝʥʥʳʝ ʜʚʘ ʠʤʧʫʣʴʩʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʟʫʯʝʥʳ ʪʦʣʴʢʦ ʧʨʠ ʤʠʥʫʪʥʦʤ ʠʩʯʠʩʣʝʥʠʠ ʪʝʢʫʱʝʛʦ ʚʨʝʤʝʥʠ. 

ʇʦʵʪʦʤʫ ʚ ʪʘʙʣʠʮʝ 5 ʥʘʯʘʣʦ ʰʢʘʣʳ ʚʨʝʤʝʥʠ ʧʨʠʥʠʤʘʝʪʩʷ ʩ 04-05 ʥʘ 7 ʘʧʨʝʣʷ 2005 ʛʦʜʘ. 

 

ʆʜʥʘʢʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʧʦʯʘʩʦʚʦʡ ʰʢʘʣʦʡ ʟʘʪʨʫʜʥʷʝʪʩʷ, ʠ ʤʦʜʝʣʴ ʧʦʣʫʯʘʝʪʩʷ ʩ ʤʘʣʳʤ ʫʨʦʚʥʝʤ ʘʜʝʢ-

 

ʊʘʙʣʠʮʘ 5  

ʏʘʩʦʚʳʝ ʧʨʠʨʘʱʝʥʠʷ ʠʤʧʫʣʴʩʦʚ ʧʨʠ ʤʘʢʩʠʤʫʤʝ ʟʘʪʤʝʥʠʷ  

ʏʘʩʳ  

ʩʫʪʦʢ 

ɺʨʝʤʷ  

ʩʫʪʦʢ, 

ʯ 

ʅʦʤʝʨ ʩʫʪʦʢʧʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ 1 

29 (07.04) 30 (08.04) 31 (09.04) 

t , ʯ ʯI , ʰʪ. t , ʯ ʯI , ʰʪ. t , ʯ ʯI , ʰʪ. 

05-06 1   1 11134 25 1248 

06-07 2   2 11506 26 10509 

07-08 3   3 10707 27 11951 

08-09 4   4 11866 28 13387 

09-10 5   5 12106 29 12568 

10-11 6   6 11983 30 12015 

11-12 7   7 12856 31 11504 

12-13 8   8 11510 32 12870 

13-14 9   9 12582 33 11075 

14-15 10   10 10953 34 11005 

15-16 11   11 11886 35 11864 

16-17 12   12 11776 36 12144 

17-18 13   13 13490 37 12177 

18-19 14   14 11827 38 12301 

19-20 15   15 12111 39 12547 

20-21 16   16 10609 40 10227 

21-22 17   17 10550 41 10863 

22-23 18  9743 18 12438 42 12057 

23-24 19  11259 19 10640 43 14034 

24-01 20  9915 20 10644 44 9731 

01-02 21  10098 21 12760   

02-03 22  11711 22 10977   

03-04 23  11762 23 11523   

04-05 24 0 9943 24 11043   
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ʚʘʪʥʦʩʪʠ. ʕʪʦʪ ʬʘʢʪ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʫʞʥʦ ʧʝʨʝʭʦʜʠʪʴ ʢ ʝʞʝʤʠʥʫʪʥʦʤʫ, ʘ ʟʘʪʝʤ ʠ ʝʞʝʩʝʢʫʥʜʥʦʤʫ, ʢʦʣʠʯʝʩʪʚʫ 

ʠʤʧʫʣʴʩʦʚ.  

ʇʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʩʝʢʫʥʜʥʫʶ ʰʢʘʣʫ ʚʨʝʤʝʥʠ ʧʦʣʫʯʘʝʪʩʷ 45³3600 = 162000 ʥʘʙʣʶʜʝʥʠʡ, ʘ ʧʨʦʛʨʘʤʤʥʘʷ 
ʩʨʝʜʘ CurveExpert-1.40 ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʪʦʣʴʢʦ ʜʦ 3600 ʪʦʯʝʢ [6].  

ʅʫʞʥʘ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʘʷ ʧʨʦʛʨʘʤʤʥʘʷ ʩʨʝʜʘ ʜʣʷ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ ʧʝʪʘʬʣʦʧʥʦʛʦ ʢʣʘʩʩʘ. ʉʮʝʥʘʨʠʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʟʜʘʥʳ [4. 5].  

ɺʥʘʯʘʣʝ ʵʪʘʧ ʤʘʢʩʠʤʫʤʘ ʟʘʪʤʝʥʠʷ ʚ ʣʘʤʠʥʘʨʥʦʡ ʬʘʟʝ ʧʨʠʜʝʪʩʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦ ʤʠʥʫʪʥʦʡ ʰʢʘʣʝ. ʊʦ-

ʛʜʘ ʧʦʣʫʯʠʤ 45³60 = 2700 ʪʦʯʝʢ, ʯʪʦ ʚʧʦʣʥʝ ʧʦʤʝʩʪʠʪʩʷ ʚ CurveExpert-1.40.   
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PU IN STAGES OF SOLAR ECLIPSE 
 

P.M. Mazurkin,  Doctor of Engineering Science, Professor, Academician of RANS, member of EANS 
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Abstract. According to measurements every other second a solar eclipse with 09.03.2005 till 22.04.2005 it is 

shown by evolution of radioactivity at a plutonium 239Pu sample in different stages. From r040309.dat data file, statis-

tical modeling allocated the beginning, turbulent and laminar phases of an eclipse, and the period of a visible maximum 

is considered and new gravitational physical effects in interaction of the Sun, the Moon and Earth are revealed. 

Keywords: radioactivity, solar eclipse, stages, gravitational effects. 
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ʋɼʂ 004.424.5 

 

ʉʊɸʅɼɸʈʊʅʓɽ ɸʃɻʆʈʀʊʄʓ ʈɸɹʆʊʓ ʉʆ ʉʇʀʉʂɸʄʀ ɺ ʉʈɽɼɽ VB 

 
 
ɸ.ɸ. ʅʘʡʟʘʛʘʨʘʝʚʘ, ʧʨʝʧʦʜʦʚʘʪʝʣʴ, ʤʘʛʠʩʪʨ ʪʝʭʥʠʯʝʩʢʠʡ ʥʘʫʢ 

ʂʘʟʘʭʩʢʠʡ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ. ʉʝʡʬʫʣʣʠʥʘ (ɸʩʪʘʥʘ), ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʦʩʥʦʚʘʤ ʨʘʙʦʪʳ ʩʦ ʩʧʠʩʢʘʤʠ ʚ Visual Basic. 

ɺ ʨʘʟʣʠʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʨʝʜʝʣʝʥʠʡ ʪʘʢʠʤ ʚʠʜʘʤ ʜʘʥʥʳʭ. ʂ ʚʠʜʘʤ 

ʜʘʥʥʳʭ ʦʪʥʦʩʷʪ ʠ ʩʚʷʟʘʥʥʳʝ ʩʧʠʩʢʠ, ʠ ʨʘʟʨʝʞʝʥʥʳʝ ʩʧʠʩʢʠ, ʩʪʝʢʠ ʠ ʦʯʝʨʝʜʠ, ʢʦʣʣʝʢʮʠʠ, ʤʘʩʩʠʚʳ ʠ ʪʘʢ ʜʘʣʝʝ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʢʘʞʜʳʡ ʚʠʜ ʠʤʝʝʪ ʤʥʦʛʦ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʮʠʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʨʪʠʨʦʚʢʘ, Visual Basic, ʘʣʛʦʨʠʪʤ. 

 

ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʤʝʪʦʜʘʭ ʦʙʨʘʙʦʪʢʠ ʩʧʠʩʢʦʚ ʠ ʚʠʜʘʭ ʠʭ ʩʦʨʪʠʨʦʚʢʠ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ 

ʘʣʛʦʨʠʪʤʳ ʙʫʜʫʪ ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʚʩʝʭ ʩʧʠʩʢʦʚ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʩʧʠʩʢʘʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʧʦʩʦʙʘʭ ʚʳʜʝʣʝʥʠʷ 

ʧʘʤʷʪʠ ʠ ʩʧʦʩʦʙʘʭ ʠʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʢʦʣʣʝʢʮʠʠ ʩʦʟʜʘʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʢʦʥʩʪʨʫʢʮʠʡ ʚʠʜʘ: Dim 

MyColl as New Collection, ʤʘʩʩʠʚʳ ʧʨʠ ʧʦʤʦʱʠ Dim MyArray (10) as Long, ʩʧʠʩʢʠ ʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʧʨʠ 

ʧʦʤʦʱʠ ʦʧʝʨʘʪʦʨʘ New, ʩʦʟʜʘʚʘʷ ʢʦʧʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʩʧʠʩʢʦʚ, ʚʩʝ ʦʥʠ, ʢʦʥʝʯʥʦ, ʚ ʯʝʤ-ʪʦ ʩʭʦʞʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ɺ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʩʝ ʪʘʢ ʞʝ 

ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʟʘʜʘʯʠ ʨʘʙʦʪʳ ʩ ʤʘʩʩʠʚʘʤʠ ʠ ʢʦʣʣʝʢʮʠʷʤʠ. ʀ ʢʦʣʣʝʢʮʠʷ, ʠ ʤʘʩʩʠʚ ʚ Visual Basic ʧʦʟʚʦʣʷʶʪ 

ʩʦʟʜʘʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʩʨʝʜʩʪʚ ʚʝʩʴʤʘ ʫʜʦʙʥʳʤ ʥʘ ʧʨʘʢʪʠʢʝ. 

ʄʘʩʩʠʚ ï ʵʪʦ ʩʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʪʠʧ ʩʧʠʩʢʦʚ. ʇʦʨʷʜʦʢ ʵʣʝʤʝʥʪʦʚ ʚ ʤʘʩʩʠʚʝ ʟʘʜʘʝʪʩʷ ʠʥʜʝʢʩʘʤʠ 

ʝʛʦ ʵʣʝʤʝʥʪʦʚ. ɺ VB (VBA) ʤʘʩʩʠʚʳ ʤʦʛʫʪ ʙʳʪʴ ʦʜʥʦʤʝʨʥʳʤʠ ʠ ʤʥʦʛʦʤʝʨʥʳʤʠ (ʚ ʧʨʠʥʮʠʧʝ, ʦʜʥʦʤʝʨʥʳʡ ʤʘʩ-

ʩʠʚ ï ʵʪʦ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʤʥʦʛʦʤʝʨʥʦʛʦ). ʈʘʟʤʝʨʥʦʩʪʴ ʤʘʩʩʠʚʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 60. ʕʪʦ ʦʯʝʥʴ ʤʥʦʛʦ. ʅʝ ʩʣʝʜʫ-

ʝʪ ʧʫʪʘʪʴ ʤʥʦʛʦʤʝʨʥʦʩʪʴ ʤʘʩʩʠʚʘ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʩʪʦʣʙʮʦʚ ʚ ʥʝʤ. 

ʊʨʝʭʤʝʨʥʳʡ ʤʘʩʩʠʚ ʧʨʠʚʝʩʪʠ ʪʨʫʜʥʦ, ʥʦ ʝʛʦ ʚʩʝʛʜʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʢʫʙʘ.  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʠʥʪʘʢʩʠʩ ʦʙʲʷʚʣʝʥʠʷ ʤʘʩʩʠʚʘ ʪʘʢʦʡ: 

{Dim Private | Public | Static} ʠʤʷ_ʧʝʨʝʤʝʥʥʦʡ (ʩʧʠʩʦʢ_ʨʘʟʤʝʨʥʦʩʪʝʡ) _ [As ʠʤʷ_ʪʠʧʘ] 

ʅʘʧʨʠʤʝʨ, 

Dim Spisok (10) As Long 

Dim Spisok (10, 25) As Long 

Dim Spisok (1 To 10, 5 to 50) As String 

ʂʦʣʣʝʢʮʠʷ ï ʵʪʦ ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʨʘʟʥʦʛʦ ʪʠʧʘ. ʀʤʝʥʥʦ ʵʪʦʪ ʬʘʢʪ ï ʢʦʣʣʝʢʮʠʷ 

ʥʝ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʩʦʜʝʨʞʠʤʦʝ ï ʠ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʝʝ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʝʨʝʜ ʤʘʩʩʠʚʘʤʠ. ʆʜʥʘʢʦ 

ʵʪʠʤ ʜʝʣʦ ʥʝ ʟʘʢʘʥʯʠʚʘʝʪʩʷ. ʈʘʟʤʝʨ ʢʦʣʣʝʢʮʠʠ ʟʘʨʘʥʝʝ ʥʝ ʬʠʢʩʠʨʫʝʪʩʷ, ʚʩʝ ʵʣʝʤʝʥʪʳ ʠʥʜʝʢʩʠʨʦʚʘʥʳ (ʢʘʢ ʚ 

ʤʘʩʩʠʚʝ), ʥʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ (ʠʣʠ ʚʩʝ) ʤʦʛʫʪ ʠʤʝʪʴ ʩʧʝʮʠʘʣʴʥʳʡ ʢʣʶʯ. ʇʨʠ ʫʜʘʣʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʠʟ ʢʦʣʣʝʢʮʠʠ 

ʥʝ ʚʦʟʥʠʢʘʝʪ "ʜʳʨ", ʯʪʦ ʚʳʩʚʦʙʦʞʜʘʝʪ ʧʘʤʷʪʴ ʠ ʥʝ ʪʨʝʙʫʝʪ ʦʪ ʧʨʦʛʨʘʤʤʠʩʪʘ ʥʘʧʠʩʘʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʮʝʜʫʨʳ 

ʜʣʷ ʩʞʘʪʠʷ ʩʧʠʩʢʘ. ʅʦ ʟʘ ʪʘʢʦʝ ʫʜʦʙʩʪʚʦ ʧʨʠʭʦʜʠʪʩʷ ʧʣʘʪʠʪʴ. ɺ ʮʝʣʦʤ ʢʦʣʣʝʢʮʠʷ ʨʘʙʦʪʘʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʜʣʝʥ-

ʥʝʝ, ʯʝʤ ʤʘʩʩʠʚ.  

ʊʘʢ ʦʙʲʷʚʣʷʝʪʩʷ ʥʦʚʘʷ ʢʦʣʣʝʢʮʠʷ: 

Dim RabCollect As New Collection 

ʈʘʙʦʪʘʝʤ ʩ ʵʣʝʤʝʥʪʘʤʠ ʢʦʣʣʝʢʮʠʠ: 

With RabCollect 

MsgBox .Count 'ʧʦʢʘʟʘʪʴ ʥʘ ʵʢʨʘʥʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ 

.Add "ʇʝʪʨʦʚ" 'ʜʦʙʘʚʠʪʴ ʟʘʧʠʩʴ ï ʚ ʪʘʢʦʡ ʚʠʜʝ ʜʦʙʘʚʣʷʝʪʩʷ ʚʩʝʛʜʘ ʢʦʥʝʮ ʩʧʠʩʢʘ 

.Add "ʀʚʘʥʦʚ", "ʨʘʙʦʯʠʡ" 'ʜʦʙʘʚʠʪʴ ʟʘʧʠʩʴ, ʩ ʢʣʶʯʦʤ "ʨʘʙʦʯʠʡ" 

.Add "Cʠʜʦʨʦʚ", "ʩʣʫʞ", 2 'ʜʦʙʘʚʠʪʴ ʟʘʧʠʩʴ, ʩ ʢʣʶʯʦʤ "ʩʣʫʞ", ʧʝʨʝʜ ʚʪʦʨʦʡ ʟʘʧʠʩʴʶ 

.Remove 1 'ʫʜʘʣʝʥʠʝ ʧʝʨʚʦʛʦ ʵʣʝʤʝʥʪʘ 

.Remove "ʩʣʫʞ" 'ʫʜʘʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʧʦ ʢʣʶʯʫ 

MsgBox .Item(1) 'ʧʝʯʘʪʴ ʧʝʨʚʦʛʦ ʵʣʝʤʝʥʪʘ 

'ʢʘʢ ʚʳ ʜʦʛʘʜʘʣʠʩʴ ʵʪʦ ʙʫʜʝʪ ʀʚʘʥʦʚ. 

End With   

ʉʦʨʪʠʨʦʚʢʘ ʚʳʙʦʨʦʤ (selectionsort) ï ʧʨʦʩʪʦʡ ʘʣʛʦʨʠʪʤ. ʀʜʝʷ ʩʦʩʪʦʠʪ ʚ ʧʦʠʩʢʝ ʥʘʠʤʝʥʴʰʝʛʦ ʵʣʝʤʝʥʪʘ ʚ 

ʩʧʠʩʢʝ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʤʝʥʷʝʪʩʷ ʤʝʩʪʘʤʠ ʩ ʵʣʝʤʝʥʪʦʤ ʥʘ ʚʝʨʰʠʥʝ ʩʧʠʩʢʘ. ɿʘʪʝʤ ʥʘʭʦʜʠʪʩʷ ʥʘʠʤʝʥʴʰʠʡ ʵʣʝ-

ʤʝʥʪ ʠʟ ʦʩʪʘʚʰʠʭʩʷ, ʠ ʤʝʥʷʝʪʩʷ ʤʝʩʪʘʤʠ ʩʦ ʚʪʦʨʳʤ ʵʣʝʤʝʥʪʦʤ. ʇʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚʩʝ 

ʵʣʝʤʝʥʪʳ ʥʝ ʟʘʡʤʫʪ ʩʚʦʝ ʢʦʥʝʯʥʦʝ ʧʦʣʦʞʝʥʠʝ. 

Public Sub Selectionsort(List() As Long, min As Long, max As Long) 

'ʟʜʝʩʴ List() ï ʤʘʩʩʠʚ, ʢʦʪʦʨʳʡ ʧʝʨʝʜʘʝʪʩʷ ʚ ʧʨʦʮʝʜʫʨʫ ʦʙʨʘʙʦʪʢʠ 

'min ï ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ 

                                                           
 É ʅʘʡʟʘʛʘʨʘʝʚʘ ɸ.ɸ. / Nayzagaraeva A.A., 2013 
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'max ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ  

Dim i As Long 

Dim j As Long 

Dim b_val As Long 

Dim b_j As Long 

For i = min To max ï 1 

' ʅʘʡʪʠ ʥʘʠʤʝʥʴʰʠʡ ʵʣʝʤʝʥʪ ʠʟ ʦʩʪʘʚʰʠʭʩʷ. 

b_val = List(i)  

b_j = i 

For j = i + 1 To max 

If List(j) < b_val Then 

b_val = List(j) 

b_j = j 

End If 

Next j 

' ʇʦʤʝʩʪʠʪʴ ʵʣʝʤʝʥʪ ʥʘ ʤʝʩʪʦ. 

List(b_j) = List(i) 

List(i) = b_val 

Next i 

End Sub 

ɹʳʩʪʨʘʷ ʩʦʨʪʠʨʦʚʢʘ (quicksort) ï ʨʝʢʫʨʩʠʚʥʳʡ ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʧʦʜʭʦʜ "ʨʘʟʜʝʣʷʡ ʠ 

ʚʣʘʩʪʚʫʡ". ɽʩʣʠ ʩʦʨʪʠʨʫʝʤʳʡ ʩʧʠʩʦʢ ʙʦʣʴʰʝ, ʯʝʤ ʤʠʥʠʤʘʣʴʥʳʡ ʟʘʜʘʥʥʳʡ ʨʘʟʤʝʨ, ʧʨʦʮʝʜʫʨʘ ʙʳʩʪʨʦʡ ʩʦʨʪʠ-

ʨʦʚʢʠ ʨʘʟʙʠʚʘʝʪ ʝʛʦ ʥʘ ʜʚʘ ʧʦʜʩʧʠʩʢʘ, ʘ ʟʘʪʝʤ ʨʝʢʫʨʩʠʚʥʦ ʚʳʟʳʚʘʝʪ ʩʝʙʷ ʜʣʷ ʩʦʨʪʠʨʦʚʢʠ ʜʚʫʭ ʧʦʜʩʧʠʩʢʦʚ. 

ʄʦʞʥʦ ʫʣʫʯʰʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʙʳʩʪʨʦʡ ʩʦʨʪʠʨʦʚʢʠ, ʝʩʣʠ ʧʨʝʢʨʘʪʠʪʴ ʨʝʢʫʨʩʠʶ ʜʦ ʪʦʛʦ, ʢʘʢ ʧʦʜʩʧʠʩʢʠ 

ʫʤʝʥʴʰʘʪʩʷ ʜʦ ʥʫʣʷ, ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ ʩʦʨʪʠʨʦʚʢʫ ʚʳʙʦʨʦʤ. 

Public Sub QuickSort (List() As Long, ByVal min As Long, ByVal max As Long) 

Dim m_v As Long  

Dim hi As Long 

Dim lo As Long 

Dim i As Long 

' ɽʩʣʠ ʚ ʩʧʠʩʢʝ ʤʝʥʝʝ 500 ʵʣʝʤʝʥʪʦʚ, 

' ʟʘʚʝʨʰʠʪʴ ʝʛʦ ʩʦʨʪʠʨʦʚʢʫ ʧʨʦʮʝʜʫʨʦʡ SelectionSort. 

If max - min < 500 Then 

SelectionSort List(), min, max 

Exit Sub 

End If 

'ʉʦʙʩʪʚʝʥʥʦ, ʩʦʨʪʠʨʦʚʢʘ 

' ɺʳʙʨʘʪʴ ʨʘʟʜʝʣʷʶʱʝʝ ʟʥʘʯʝʥʠʝ. 

i = Int((max - min + 1) * Rnd + min) 

m_v = List(i) 

' ʇʝʨʝʤʝʩʪʠʪʴ ʝʛʦ ʚʧʝʨʝʜ. 

List(i) = List(min) 

lo = min 

hi = max 

Do 

' ʇʨʦʩʤʦʪʨ ʩʚʝʨʭʫ ʚʥʠʟ ʦʪ hi ʜʦ ʟʥʘʯʝʥʠʷ < m_v. 

Do While List(hi) >= m_v 

hi = hi - 1 

If hi <= lo Then Exit Do 

Loop 

If hi <= lo Then 

List(lo) = m_v 

Exit Do 

End If 

' ʇʦʤʝʥʷʪʴ ʤʝʩʪʘʤʠ ʟʥʘʯʝʥʠʷ lo ʠ hi. 

List(lo) = List(hi) 

' ʇʨʦʩʤʦʪʨ ʩʥʠʟʫ ʚʚʝʨʭ ʦʪ lo ʜʦ ʟʥʘʯʝʥʠʷ >= m_v. 

lo = lo + 1 

Do While List(lo) < m_v 

lo = lo + 1 

If lo >= hi Then Exit Do 
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Loop 

If lo >= hi Then 

lo = hi 

List(hi) = m_v 

Exit Do 

End If 

' ʇʦʤʝʥʷʪʴ ʤʝʩʪʘʤʠ ʟʥʘʯʝʥʠʷ lo ʠ hi. 

List(hi) = List(lo) 

Loop 

' ʉʦʨʪʠʨʦʚʘʪʴ ʜʚʘ ʧʦʜʩʧʠʩʢʘ. 

QuickSort List(), min, lo - 1 

QuickSort List(), lo + 1, max 

End Sub 

ʄʥʦʛʠʝ ʧʨʦʛʨʘʤʤʠʩʪʳ ʚʳʙʠʨʘʶʪ ʘʣʛʦʨʠʪʤ ʙʳʩʪʨʦʡ ʩʦʨʪʠʨʦʚʢʠ, ʪ.ʢ. ʦʥ ʜʘʝʪ ʭʦʨʦʰʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚ. 

ɼʣʷ ʦʙʨʘʪʥʦʡ ʩʦʨʪʠʨʦʚʢʠ ʠʩʧʦʣʴʟʫʡʪʝ ʩʣʝʜʫʶʱʠʡ ʢʦʜ. ɺʤʝʩʪʦ ʩʪʨʦʢʠ 

Do While List(hi) >= m_v 

ʚʩʪʘʚʴʪʝ 

Do While List(hi) < m_v 

ɺʤʝʩʪʦ ʩʪʨʦʢʠ 

Do While List(lo) < m_v 

ʚʩʪʘʚʴʪʝ 

Do While List(lo) >= m_v 

ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʟʘʜʘʯ ʚʳ ʤʦʞʝʪʝ ʩʤʝʣʦ ʚʳʙʨʘʪʴ ʙʳʩʪʨʫʶ ʩʦʨʪʠʨʦʚʢʫ. ʕʪʦ ʦʙʝʩʧʝʯʠʪ ʜʦ-

ʩʪʦʡʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʉʦʨʪʠʨʦʚʢʘ ʧʦʜʩʯʝʪʦʤ (countingsort) ï ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʦʯʝʥʴ ʭʦʨʦʰʦ ʨʘʙʦʪʘʝʪ, 

ʝʩʣʠ ʵʣʝʤʝʥʪʳ ʜʘʥʥʳʭ ï ʮʝʣʳʝ ʯʠʩʣʘ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ. ʕʪʦʪ ʘʣʛʦ-

ʨʠʪʤ ʨʘʙʦʪʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʟʥʘʯʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʤʝʞʜʫ 1 ʠ 1000. ɽʩʣʠ ʩʧʠʩʦʢ ʫʜʦʚʣʝʪʚʦ-

ʨʷʝʪ ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʩʦʨʪʠʨʦʚʢʘ ʧʦʜʩʯʝʪʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʚʝʨʦʷʪʥʦ ʙʳʩʪʨʦ. ɺʳʜʘʶʱʘʷʩʷ ʩʢʦʨʦʩʪʴ ʩʦʨʪʠ-

ʨʦʚʢʠ ʧʦʜʩʯʝʪʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʧʝʨʘʮʠʠ ʩʨʘʚʥʝʥʠʷ.  

Public Sub Countingsort(List() As Long, sorted_list() As Long, Counts() As Long, _ 

ByVal min As Long, ByVal max As Long, _ 

ByVal min_value As Long, ByVal max_value As Long) 

Dim i As Long 

Dim j As Long 

Dim k As Long 

Dim new_index As Long 

For i = min_value To max_value 

Counts(i) = 0 

Next i 

For i = min To max 

Counts(List(i)) = Counts(List(i)) + 1 

Next i 

new_index = min 

For i = min_value To max_value 

For j = 1 To Counts(i) 

sorted_list(new_index) = i 

new_index = new_index + 1 

Next j 

Next i 

End Sub  

ʉʦʨʪʠʨʦʚʢʘ ʧʦʜʩʯʝʪʦʤ ʦʧʠʨʘʝʪʩʷ ʥʘ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʜʘʥʥʳʭ ï ʮʝʣʳʝ ʯʠʩʣʘ. ʇʦʵʪʦʤʫ ʵʪʦʪ ʘʣʛʦ-

ʨʠʪʤ ʥʝ ʤʦʞʝʪ ʧʨʦʩʪʦ ʩʦʨʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʜʨʫʛʠʭ ʪʠʧʦʚ. ɺ Visual Basic ʥʝʣʴʟʷ ʩʦʟʜʘʪʴ ʤʘʩʩʠʚ ʩ ʛʨʘʥʠʮʘʤʠ ʦʪ A 

ʜʦ Z. ʇʨʦʱʝ ʚʩʝʛʦ ʜʣʷ ʩʦʨʪʠʨʦʚʢʠ ʩʪʨʦʢʦʚʳʭ ʟʥʘʯʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʨʫʛʠʝ ʚʠʜʳ ʩʦʨʪʠʨʦʚʢʠ (ʙʳʩʪʨʘʷ, ʚʳʙʦʨʦʤ). 

ɽʩʪʝʩʪʚʝʥʥʦ, ʟʜʝʩʴ ʨʘʩʩʤʦʪʨʝʥʳ ʜʘʣʝʢʦ ʥʝ ʚʩʝ ʩʧʦʩʦʙʳ ʩʦʨʪʠʨʦʚʢʠ. ʀʭ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ, ʥʦ ʧʨʠʚʝʜʝʥʳ 

ʪʨʠ ʚʘʨʠʘʥʪʘ. ʇʦʪʦʤʫ ʯʪʦ ʩʦʨʪʠʨʦʚʢʘ ʚʳʙʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʛʜʘ, ʢʦʛʜʘ ʩʣʝʜʫʝʪ ʦʪʩʦʨʪʠʨʦʚʘʪʴ ʢʦʨʦʪʢʠʝ ʩʧʠʩ-

ʢʠ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʩʪʨʦʢʠ ʠʣʠ ʯʠʩʣʘ ʩʦʜʝʨʞʘʪʩʷ ʚ ʤʘʩʩʠʚʝ. ʈʝʟʫʣʴʪʘʪ ʙʫʜʝʪ ʦʜʠʥʘʢʦʚʦ ʭʦʨʦʰ. ʏʘʩʪʦ ʵʪʦʪ 

ʩʧʦʩʦʙ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʩʦʨʪʠʨʦʚʢʝ ʩʦʜʝʨʞʠʤʦʛʦ ListBox. ʀ ʜʘʞʝ ʝʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʧʦʚʪʦʨʥʘʷ ʩʦʨʪʠ-

ʨʦʚʢʘ ʚ ʦʙʨʘʪʦʤ ʧʦʨʷʜʢʝ ʙʫʜʝʪ ʢʨʘʡʥʝ ʥʝʵʬʬʝʢʪʠʚʥʘ, ʚʩʝ ʞʝ ʪʘʢʦʡ ʧʦʜʭʦʜ ʚʧʦʣʥʝ ʦʧʨʘʚʜʘʥ. 

ɹʳʩʪʨʘʷ ʩʦʨʪʠʨʦʚʢʘ ʚʩʝʛʜʘ ʜʘʝʪ ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ, ʢʨʦʤʝ ʢʦʨʦʪʢʠʭ ʩʧʠʩʢʦʚ. ʀʟʫʯʠʚ ʝʝ ʦʜʥʘʞʜʳ, 

ɺʳ ʤʦʞʝʪʝ ʩʤʝʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʚ ʩʚʦʠʭ ʨʘʟʨʘʙʦʪʢʘʭ. 
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ʉʦʨʪʠʨʦʚʢʘ ʧʦʜʩʯʝʪʦʤ ʧʨʠʚʝʜʝʥʘ ʟʜʝʩʴ ʣʠʰʴ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ. ʀʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʥʘ ʧʨʘʢʪʠʢʝ ʥʝ ʪʘʢ 

ʫʞ ʠ ʫʜʦʙʥʦ, ʭʦʪʷ ʮʝʣʦʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʝʦʙʣʘʜʘʶʪ ʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ. 
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Abstract. This article is devoted to fundamental bases of work with the lists in Visual Basic. In various litera-

tures the large number of definitions of such types of data can meet. To types of data carry both the connected lists, and 

the rarefied lists, stacks and turns, collections, arrays and so forth. Each type of data has many different variations. 

Keywords: sorting, Visual Basic, algorithm. 
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ɺɽʂʊʆʈʅɸʗ ʌʆʈʄɸ ɿɸʂʆʅɸ ɻʈɸɺʀʊɸʎʀʆʅʅʆɻʆ ɼʀʅɸʄʀʏɽʉʂʆɻʆ 

ʊʆʈʄʆɾɽʅʀʗ ʌʀɿʀʏɽʉʂʀʍ ʆɹʒɽʂʊʆɺ 
 

 
ɸ.ʉ. ʅʝʛʨʘʰ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʧʝʮʠʘʣʠʩʪ 

ʋʧʨʘʚʣʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ɸʜʤʠʥʠʩʪʨʘʮʠʠ ʛ. ʃʦʙʥʷ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʌʦʨʤʫʣʠʨʫʝʪʩʷ ʚʝʢʪʦʨʥʘʷ ʬʦʨʤʘ ʟʘʢʦʥʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʦʨʤʦʞʝʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʣʝʜʩʪʚʠʷ ʵʪʦʛʦ ʟʘʢʦʥʘ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 

ʠʟʚʝʩʪʥʳʤ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʤ ʬʘʢʪʘʤ (ʢʨʫʛʦʚʳʝ ʦʨʙʠʪʳ ʙʦʣʴʰʠʥʩʪʚʘ ʩʧʫʪʥʠʢʦʚʳʭ ʩʪʨʫʢʪʫʨ ʩʦʣʥʝʯʥʦʡ ʩʠ-

ʩʪʝʤʳ ʠ ʜʣʠʥʥʳʝ ʭʚʦʩʪʳ ʢʦʤʝʪ). ʌʦʨʤʫʣʠʨʫʝʪʩʷ ʜʦʧʦʣʥʝʥʠʝ ʢ ʧʝʨʚʦʤʫ ʟʘʢʦʥʫ ʂʝʧʣʝʨʘ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʧʦʩʪʘ-

ʥʦʚʢʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʬʦʨʤʫʣʳ, ʚʳʨʘʞʘʶʱʝʡ ʟʘʢʦʥ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʦʨʤʦʞʝ-

ʥʠʷ. ʈʘʙʦʪʘ ʘʜʨʝʩʦʚʘʥʘ ʚʩʝʤ, ʠʥʪʝʨʝʩʫʶʱʠʤʩʷ ʬʠʟʠʢʦʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʟʘʢʦʥ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʩʧʫʪʥʠ-

ʢʦʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʢʦʤʝʪʳ ʠ ʘʩʪʝʨʦʠʜʳ, ʧʝʨʚʳʡ ʟʘʢʦʥ ʂʝʧʣʝʨʘ,  ʭʚʦʩʪʳ ʢʦʤʝʪ, ʘʥʦʤʘʣʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘ-

ʨʘʪʦʚ ʇʠʦʥʝʨ.    

 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚ ʘʩʪʨʦʥʦʤʠʠ ʠʤʝʶʪʩʷ ʵʤʧʠʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʥʝ ʠʤʝʶʪ ʫʜʦʚʣʝʪʚʦʨʠ-

ʪʝʣʴʥʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʩʪʘʥʦʚʢʘ ʚʦʧʨʦʩʘ (ʠ ʦʪʚʝʪʘ ʥʘ ʥʝʛʦ), ʧʦʯʝʤʫ 

ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʩʧʫʪʥʠʢʦʚ ʩʧʫʪʥʠʢʦʚʳʭ ʩʪʨʫʢʪʫʨ ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʦʨʙʠʪʳ, ʙʣʠʟʢʠʝ ʢ 

ʦʢʨʫʞʥʦʩʪʷʤ, ʘ ʪʘʢʞʝ ï ʧʦʯʝʤʫ ʟʘ ʢʦʤʝʪʦʡ ʦʙʨʘʟʫʝʪʩʷ ʩʣʠʰʢʦʤ ʜʣʠʥʥʳʡ ʛʘʟʦʧʳʣʝʚʦʡ ʩʣʝʜ (ʭʚʦʩʪ). ɺ ʥʘʩʪʦʷ-

ʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʵʪʠʭ ʜʘʥʥʳʭ.  

ɺ ʨʘʙʦʪʘʭ [1] - [3] ʫʩʪʘʥʦʚʣʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʷʟʠ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʟʘʜʘʯʠ ʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ 

ʜʠʥʘʤʠʯʝʩʢʦʤ ʪʦʨʤʦʞʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ, ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʢʚʘʥʪʦʚ), ʫʜʘʣʷʶʱʠʭʩʷ ʦʪ ʟʚʝʟʜʳ, ʚʳʷʚʣʝʥʳ ʢʨʠʪʝʨʠʠ ʧʦʜʦʙʠʷ ʪʘʢʠʭ ʷʚʣʝʥʠʡ,  ʩʬʦʨʤʫʣʠʨʦʚʘʥ çʟʘʢʦʥ ʛʨʘʚʠʪʘ-

ʮʠʦʥʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚè, ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʩʣʝʜʩʪʚʠʷ ʵʪʦʛʦ ʟʘʢʦʥʘ. ɺ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʷʚʣʷʶʱʝʡʩʷ ʨʘʟʚʠʪʠʝʤ ʨʘʙʦʪ [1] ï [3], ʵʪʦʤʫ ʟʘʢʦʥʫ ʧʨʠʜʘʥʘ ʚʝʢʪʦʨʥʘʷ ʬʦʨʤʘ ʠ ʩʬʦʨʤʫʣʠ-

ʨʦʚʘʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʣʝʜʩʪʚʠʷ ʵʪʦʛʦ ʟʘʢʦʥʘ.  

1. ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏʀ 

ʉʬʦʨʤʫʣʠʨʫʝʤ ʟʘʜʘʯʫ ʪʘʢ: ʧʨʠʜʘʪʴ ʟʘʢʦʥʫ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ ʚʝʢʪʦʨʥʫʶ ʬʦʨʤʫ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʩʪʚʠʷ ʵʪʦʛʦ ʟʘʢʦʥʘ. 

2. ʈɽʐɽʅʀɽ ɿɸɼɸʏʀ 

ɿʘʢʦʥ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚʳʨʘʞʝʥ ʩʣʝʜʫʶʱʠʤʠ ʜʚʫʤʷ 

ʬʦʨʤʫʣʘʤʠ [3]: 

                                                                                               ,                                                             (1) 

 

                    

                                                                                          .                                                             (2) 

                                          

 

ʌʦʨʤʫʣʘ (1) ʦʪʥʦʩʠʪʩʷ ʢ ʬʠʟʠʯʝʩʢʦʤʫ ʦʙʲʝʢʪʫ çʪʝʣʦè (ʢ ʢʦʩʤʠʯʝʩʢʦʤʫ ʘʧʧʘʨʘʪʫ, ʚ ʯʘʩʪʥʦʩʪʠ), ʘ ʬʦʨ-

ʤʫʣʘ (2) ï ʢ ʬʠʟʠʯʝʩʢʦʤʫ ʦʙʲʝʢʪʫ çʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʢʚʘʥʪè (ʜʘʣʝʝ ʕʄʂ). ʆʙʘ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘ ʫʜʘʣʷʶʪʩʷ 

ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ (ʟʚʝʟʜʳ).  

ɿʜʝʩʴ  ï ʫʩʢʦʨʝʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʪʝʣʘ,   

ï ʧʦʩʪʦʷʥʥʘʷ ʚʝʣʠʯʠʥʘ ï ʢʨʠʪʝʨʠʡ ʩʠʣʦʚʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʪʦʨʤʦʞʝʥʠʷ ʪʝʣʘ (ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ), 

ɔ ï ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ, 

ɟ  ï ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʦʢʨʫʞʘʶʱʝʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʦʙʣʘʩʪʠ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ, 

v ï ʩʢʦʨʦʩʪʴ ʫʜʘʣʝʥʠʷ ʪʝʣʘ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ, 

ʩ ï ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʢʚʘʥʪʘ, 

 ï ʫʩʢʦʨʝʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʕʄʂ, 

 ï ʧʦʩʪʦʷʥʥʘʷ ʚʝʣʠʯʠʥʘ ï ʢʨʠʪʝʨʠʡ ʩʠʣʦʚʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦ-

ʛʦ ʪʦʨʤʦʞʝʥʠʷ ʕʄʂ. 

ʊʦʨʤʦʞʝʥʠʝ ʕʄʂ ʧʦʥʠʤʘʝʪʩʷ ʚ ʩʤʳʩʣʝ ʧʦʪʝʨʠ ʠʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ ʵʥʝʨʛʠʠ. 

ʀʟ ʜʘʥʥʳʭ ʧʦ ʠʟʤʝʨʝʥʠʶ ʩʢʦʨʦʩʪʝʡ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ çʇʠʦʥʝʨ 10è ʠ çʇʠʦʥʝʨ 11è, ʩʣʝʜʫʝʪ ʩʣʝ-

                                                           
 É ʅʝʛʨʘʰ ɸ.ʉ. / Negrash A.S., 2013 
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ʜʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʧʨʦʠʟʚʝʜʝʥʠʷ  [1]: 

                                                                      = å 8  (ʢʛ/ʤ
3
)
0,5 

  .                                                           (3) 

 

ʏʠʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ (8), ʫʢʘʟʘʥʥʦʝ ʚ ʬʦʨʤʫʣʝ (25) ʨʘʙʦʪʳ [1], ʷʚʣʷʝʪʩʷ ʦʧʝʯʘʪʢʦʡ, ʟʘ ʢʦʪʦʨʫʶ ʘʚ-

ʪʦʨ ʧʨʠʥʦʩʠʪ ʠʟʚʠʥʝʥʠʷ ʯʠʪʘʪʝʣʷʤ. 

ɺ ʨʘʙʦʪʝ [2] ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʳ  ʠ ʧʦʣʫʯʝʥʦ ʝʝ ʯʠʩʣʦʚʦʝ 

ʟʥʘʯʝʥʠʝ 
    

                                                  =   = const = 2,9  (ʢʛ/ʤ
3
)
0,5

 ,                               (4) 

 

ʛʜʝ ï ʧʦʩʪʦʷʥʥʘʷ ʍʘʙʙʣʘ ( 1/ʩ), 

ʢʨʠʪʝʨʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʕʄʂ 

( ). 

ʀʩʧʦʣʴʟʫʷ ʠʟʚʝʩʪʥʦʝ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ () ʚʝʱʝʩʪʚʘ ʚʦ ɺʩʝʣʝʥʥʦʡ [4], ʠʟ (3) ʠ (4) 

ʧʦʣʫʯʠʤ: 

  ,       . 

ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʥʦ ʧʨʠʥʷʪʴ 

 

                                                        ,       .                                                                    (5) 

 

ʉ ʫʯʝʪʦʤ (5) ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ [2] 

 

 

                                                                ɟ = Ŀ                                                          (6) 

 

ʧʨʠʤʝʪ ʚʠʜ              

                                                                            ɟ         .                                                             (7) 

 

ɽʩʪʴ ʦʩʥʦʚʘʥʠʷ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʬʦʨʤʫʣʳ (1) ʠ (2) ʩʧʨʘʚʝʜʣʠʚʳ ʠ ʜʣʷ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʧʨʠʙʣʠʞʘʶ-

ʱʠʭʩʷ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʪʝʣʫ (ʢ ʟʚʝʟʜʝ). ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʟʘʢʦʥʫ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʦʨʤʦʞʝʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʤʦʞʥʦ ʧʨʠʜʘʪʴ ʚʝʢʪʦʨʥʫʶ ʬʦʨʤʫ, ʫʯʠʪʳʚʘʷ ʩʣʝʜʫʶʱʠʝ ʪʨʠ ʭʘʨʘʢʪʝʨʥʳʭ ʩʣʫʯʘʷ. 

1. ɺʝʢʪʦʨ ʩʢʦʨʦʩʪʠ (v) ʪʝʣʘ ʠ ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ (n) ʚʥʝʰʥʝʡ ʥʦʨʤʘʣʠ ʢ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ (ʟʚʝʟʜʳ) ʣʝʞʘʪ ʥʘ ʦʜʥʦʡ ʧʨʷʤʦʡ ʠ ʥʘʧʨʘʚʣʝʥʳ ʚ ʩʪʦʨʦʥʫ ʚʥʝʰʥʝʡ ʥʦʨʤʘʣʠ.   

 ʌʦʨʤʫʣʘ (1) ʧʨʠʤʝʪ ʚʠʜ 

                                                                              ,                                                              (8) 

 

ʛʜʝ  ï ʧʨʦʝʢʮʠʷ ʫʩʢʦʨʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʪʝʣʘ ʥʘ ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ (n).  

2. ɺʝʢʪʦʨ ʩʢʦʨʦʩʪʠ (v) ʪʝʣʘ ʠ ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ (n) ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ (ʪ. ʝ. ʩʢʦʨʦʩʪʴ ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʢʘ-

ʩʘʪʝʣʴʥʦʡ ʢ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ).   

ʌʦʨʤʫʣʘ (1) ʧʨʠʤʝʪ ʚʠʜ 
 

                                                                                    .                                                                         (9) 

 

3. ɺʝʢʪʦʨ ʩʢʦʨʦʩʪʠ (v) ʪʝʣʘ ʠ ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ (n) ʣʝʞʘʪ ʥʘ ʦʜʥʦʡ ʧʨʷʤʦʡ ʠ ʥʘʧʨʘʚʣʝʥʳ ʚ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʳʝ ʩʪʦʨʦʥʳ.   

ʌʦʨʤʫʣʘ (1) ʧʨʠʤʝʪ ʚʠʜ 

                                                                              .                                                             (10) 

 

ʉ ʫʯʝʪʦʤ (8) ï (10) ʬʦʨʤʫʣʘ (1) ʧʨʠʤʝʪ ʦʙʦʙʱʝʥʥʫʶ ʬʦʨʤʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʚʝʢʪʦʨʦʚ v ʠ n: 

                                                                     Ŀn       ,                                                          (11) 

ʠʣʠ  
 

                                                    = Ŀcos  =    ,                                                (12) 
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                                                                            = Ŀcos     ,                                                                       (13) 

 

ʛʜʝ  ï ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ n ʠ v, ʠʥʜʝʢʩ n ʦʟʥʘʯʘʝʪ ʧʨʦʝʢʮʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʝʢʪʦʨʘ ʥʘ ʥʘʧʨʘʚ-

ʣʝʥʠʝ ʚʝʢʪʦʨʘ (n). 

ʌʦʨʤʫʣʘ (2) ʧʨʠʤʝʪ ʘʥʘʣʦʛʠʯʥʫʶ ʬʦʨʤʫ: 

 

                                                                     Ŀn       ,                                                       (14) 

ʠʣʠ  
 

                                                             = Ŀcos  =   ,                                      (15) 

                                                                             

                                                                               = Ŀcos     ,                                                                     (16) 
 

ʛʜʝ  ï ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ n ʠ c, ʠʥʜʝʢʩ n ʦʟʥʘʯʘʝʪ ʧʨʦʝʢʮʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʝʢʪʦʨʘ ʥʘ ʥʘʧʨʘʚ-

ʣʝʥʠʝ ʚʝʢʪʦʨʘ n. 

ʌʦʨʤʫʣʳ (11) ʠ (14) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʝʢʪʦʨʥʫʶ ʬʦʨʤʫ ʟʘʢʦʥʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʪʦʨʤʦʞʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 

3. ʉʃɽɼʉʊɺʀʗ ɿɸʂʆʅɸ ɻʈɸɺʀʊɸʎʀʆʅʅʆɻʆ ɼʀʅɸʄʀʏɽʉʂʆɻʆ ʊʆʈʄʆɾɽʅʀʗ ʌʀ-

ɿʀʏɽʉʂʀʍ ʆɹʒɽʂʊʆɺ 

3.1. ʂʨʫʛʦʚʳʝ ʦʨʙʠʪʳ ʩʧʫʪʥʠʢʦʚ ʩʧʫʪʥʠʢʦʚʳʭ ʩʪʨʫʢʪʫʨ 

3.1.1. ʕʤʧʠʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ɽʩʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ [5] ʧʦ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘʤ ʦʨʙʠʪ ʧʣʘʥʝʪ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ, ʪʦ ʤʦʞʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʩʣʝʜʫʶʱʝʝ. ʋ ʧʣʘʥʝʪ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʪʦʣʴʢʦ ʄʝʨʢʫʨʠʡ ʠ ʇʣʫʪʦʥ ʠʤʝʶʪ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʳ 20-

25%. ʋ ʄʘʨʩʘ ʠ ʅʝʧʪʫʥʘ ï 9%. ʖʧʠʪʝʨ, ʉʘʪʫʨʥ, ʋʨʘʥ ï ʦʢʦʣʦ 5%. ɺʝʥʝʨʘ ʠ ɿʝʤʣʷ ï  0,7-1,7%.  

ʋ ʢʨʫʧʥʳʭ ʩʧʫʪʥʠʢʦʚ ʧʣʘʥʝʪ ʉʦʣʥʝʯʥʦʡ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʳ ʝʱʝ ʤʝʥʴʰʝ. ʃʫʥʘ ï 5,5%. ʉʧʫʪʥʠʢʠ ʄʘʨʩʘ 

ɼʝʡʤʦʩ ʠ ʌʦʙʦʩ 0,3-2%. ʏʝʪʚʝʨʢʘ ʩʧʫʪʥʠʢʦʚ-ʛʠʛʘʥʪʦʚ ʖʧʠʪʝʨʘ (ʀʦ, ɽʚʨʦʧʘ, ɻʘʥʠʤʝʜ, ʂʘʣʠʩʪʦ) ï 0,2-0,9%. ʀʟ 

13 ʢʨʫʧʥʳʭ ʩʧʫʪʥʠʢʦʚ ʉʘʪʫʨʥʘ ʪʦʣʴʢʦ ʊʠʪʘʥ ʠʤʝʝʪ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ 3%. ʕʢʩʮʝʥʪʨʠʩʠʪʝʪʳ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ï 

ʤʝʥʝʝ 0,5%. ʀʟ ʰʝʩʪʠ ʢʨʫʧʥʳʭ ʩʧʫʪʥʠʢʦʚ ʋʨʘʥʘ ʪʦʣʴʢʦ ʄʠʨʘʥʜʘ ʠ ɸʨʠʵʣʴ ʠʤʝʶʪ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʳ ʦʢʦʣʦ 3%, ʘ 

ʊʨʠʪʦʥ, ʆʙʝʨʦʥ, ʊʠʪʘʥʠʷ ʠ ʋʤʙʨʠʵʣʴ ï 0,1-0,5%. ʉʧʫʪʥʠʢ ʇʣʫʪʦʥʘ ʍʘʨʦʥ ï 0,01%. ʀʩʢʣʶʯʝʥʠʝ ʠʟ ʵʪʦʛʦ ʧʨʘ-

ʚʠʣʘ ʩʦʩʪʘʚʣʷʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʫʪʥʠʢʦʚ, ʠʤʝʶʱʠʭ ʤʘʣʫʶ ʤʘʩʩʫ. 

ʗʚʣʷʝʪʩʷ ʣʠ ʩʣʫʯʘʡʥʦʩʪʴʶ ʬʘʢʪ ʪʦʛʦ, ʯʪʦ ʦʨʙʠʪʳ ʙʦʣʴʰʠʥʩʪʚʘ ʩʧʫʪʥʠʢʦʚ ʩʧʫʪʥʠʢʦʚʳʭ ʩʪʨʫʢʪʫʨ ʩʦʣ-

ʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʧʦʯʪʠ ʢʨʫʛʦʚʳʝ? ʆʥʠ ʤʦʛʣʠ ʙʳ ʙʳʪʴ ʠ ʵʣʣʠʧʪʠʯʝʩʢʠʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʝʨʚʳʤ ʟʘʢʦʥʦʤ 

ʂʝʧʣʝʨʘ. 

3.1.2. ʕʬʬʝʢʪ ʦʢʨʫʛʣʝʥʠʷ ʦʨʙʠʪ ʩʧʫʪʥʠʢʦʚʳʭ ʩʪʨʫʢʪʫʨ 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʫʢʘʟʘʥʥʳʭ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ.  

ʇʦ ʟʘʢʦʥʫ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʥʦʨʤʘʣʴʥʘʷ (ʢ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ) ʢʦʤʧʦʥʝʥʪʘ ʩʢʦʨʦʩʪʠ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʫʤʝʥʴʰʘʝʪʩʷ. ʕʪʦ ʧʨʠ-

ʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩʧʫʪʥʠʢʘ: ʨʘʟʤʝʨ ʙʦʣʴʰʦʡ ʦʩʠ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʦʨʙʠʪʳ ʫʤʝʥʴʰʘ-

ʝʪʩʷ. ʌʦʨʤʘ ʦʨʙʠʪʳ ʩʪʨʝʤʠʪʩʷ ʢ ʬʦʨʤʝ ʦʢʨʫʞʥʦʩʪʠ. 

ʊ. ʝ. ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʵʣʣʠʧʪʠʯʝʩʢʠʝ ʦʨʙʠʪʳ ʩʧʫʪʥʠʢʦʚ ʩʪʨʝʤʷʪʩʷ ʢ ʢʨʫʛʦʚʳʤ ʦʨʙʠʪʘʤ. ʕʪʦ ʷʚʣʝʥʠʝ 

ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʵʬʬʝʢʪʦʤ ʦʢʨʫʛʣʝʥʠʷ ʦʨʙʠʪ ʩʧʫʪʥʠʢʦʚʳʭ ʩʪʨʫʢʪʫʨ.  

ʋʢʘʟʘʥʥʦʝ ʷʚʣʝʥʠʝ ï ʩʣʝʜʩʪʚʠʝ ʟʘʢʦʥʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢ-

ʪʦʚ (ʠʤʝʶʱʝʛʦ ʪʘʢʫʶ ʞʝ ʰʠʨʦʢʫʶ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ, ʢʘʢ ʠ ʟʘʢʦʥ ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʧʨʠʨʦʜʘ 

ʦʙʦʠʭ ʟʘʢʦʥʦʚ ʦʜʥʘ ï ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʦ ʷʚʣʝʥʠʝ ʜʦʣʞʥʦ ʠʤʝʪʴ ʤʝʩʪʦ ʥʝ ʪʦʣʴʢʦ ʚ ʩʧʫʪʥʠʢʦ-

ʚʳʭ ʩʪʨʫʢʪʫʨʘʭ ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ, ʥʦ ʠ ʚ ʩʧʫʪʥʠʢʦʚʳʭ ʩʪʨʫʢʪʫʨʘʭ ʜʨʫʛʠʭ ʟʚʝʟʜ. 

3.1.3. ɼʦʧʦʣʥʝʥʠʝ ʢ ʧʝʨʚʦʤʫ ʟʘʢʦʥʫ ʂʝʧʣʝʨʘ 

ʀʟ ʠʟʣʦʞʝʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʝʨʚʳʡ ʟʘʢʦʥ ʂʝʧʣʝʨʘ ʥʫʞʜʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʜʦʧʦʣʥʝʥʠʠ: ʚ ʣʶʙʦʡ 

ʩʧʫʪʥʠʢʦʚʦʡ ʩʪʨʫʢʪʫʨʝ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʙʦʣʴʰʦʡ ʦʩʠ ʵʣʣʠʧʩʘ ʦʨʙʠʪʳ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. 

3.2. ɻʘʟʦʧʳʣʝʚʳʝ ʭʚʦʩʪʳ ʢʦʤʝʪ 

3.2.1. ʕʤʧʠʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʕʤʧʠʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ ʠ ʜʘʥʥʳʝ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʣʠʥʝ ʭʚʦʩʪʦʚ ʢʦʤʝʪ, ʥʝʦʙʲʷʩʥʠʤʦʡ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʊʘʢ, ʢʦʤʝʪʘ 1882 ʛʦʜʘ 

ʠʤʝʣʘ ʭʚʦʩʪ ʜʣʠʥʦʡ ʥʝ ʤʝʥʴʰʝ 6 ʘ. ʝ. [6]. 

ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʋʣʠʩʩ 1 ʤʘʷ 1996 ʛʦʜʘ, ʥʝʦʞʠʜʘʥʥʦ ʧʨʦʰʝʜʰʝʛʦ ʩʢʚʦʟʴ 

ʛʘʟʦʚʳʡ ʭʚʦʩʪ ʢʦʤʝʪʳ C/1996 B2 (ʍʷʢʫʪʘʢʵ), ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʠʥʘ ʭʚʦʩʪʘ ʵʪʦʡ ʢʦʤʝʪʳ ʩʦʩʪʘʚʣʷʝʪ ʢʘʢ ʤʠʥʠʤʫʤ 

3,8 ʘ. e. [7]. ɺ 1999, 2000 ʠ 2007 ʛʦʜʘʭ ʋʣʠʩʩ ʪʘʢʞʝ ʧʨʦʭʦʜʠʣ ʩʢʚʦʟʴ ʛʘʟʦʚʳʝ ʭʚʦʩʪʳ ʢʦʤʝʪ C/1999 T1 (ʄʘʢʥʦʪʘ 

ï ʍʘʨʪʣʠ), C/2000 S5 ʠ C/2006 P1 (ʄʘʢʥʦʪʘ) [7]. 

3.2.2. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʆʙʨʘʟʦʚʘʥʠʝ ʭʚʦʩʪʘ ʢʦʤʝʪʳ ʩʚʷʟʘʥʦ ʩ ʜʝʡʩʪʚʫʶʱʝʡ ʥʝ ʥʝʝ ʩʠʣʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʦʨ-

ʤʦʞʝʥʠʷ. ɻʨʘʚʠʪʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʝʪʳ ʩ ʚʝʱʝʩʪʚʦʤ ʦʢʨʫʞʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦ-

http://ru.wikipedia.org/wiki/C/1996_B2_(%D0%A5%D1%8F%D0%BA%D1%83%D1%82%D0%B0%D0%BA%D1%8D)
http://ru.wikipedia.org/wiki/%D0%90%D1%81%D1%82%D1%80%D0%BE%D0%BD%D0%BE%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%B5%D0%B4%D0%B8%D0%BD%D0%B8%D1%86%D0%B0
http://ru.wikipedia.org/w/index.php?title=C/1999_T1_(%D0%9C%D0%B0%D0%BA%D0%BD%D0%BE%D1%82%D0%B0_%E2%80%94_%D0%A5%D0%B0%D1%80%D1%82%D0%BB%D0%B8)&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=C/1999_T1_(%D0%9C%D0%B0%D0%BA%D0%BD%D0%BE%D1%82%D0%B0_%E2%80%94_%D0%A5%D0%B0%D1%80%D1%82%D0%BB%D0%B8)&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=C/2000_S5&action=edit&redlink=1
http://ru.wikipedia.org/wiki/C/2006_P1_(%D0%9C%D0%B0%D0%BA%D0%BD%D0%BE%D1%82%D0%B0)
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ʚʘʥʠʶ çʭʚʦʩʪʘè (ʩʣʝʜʘ) ʟʘ ʢʦʤʝʪʦʡ. ʕʪʦʪ ʩʣʝʜ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʦʷʚʣʝʥʠʝ ʟʘʢʦʥʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʢʦʤʝʪʳ. ɺ ʩʦʩʪʘʚ ʛʘʟʦʧʳʣʝʚʦʛʦ ʭʚʦʩʪʘ ʢʦʤʝʪʳ ʜʦʣʞʥʳ ʚʭʦʜʠʪʴ ʚʝʱʝʩʪʚʘ ʢʦʩʤʠʯʝ-

ʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʠʤʝʶʱʠʝʩʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʨʘʝʢʪʦʨʠʠ  ʜʚʠʞʝʥʠʷ ʢʦʤʝʪʳ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʭʚʦʩʪ 

(ʩʣʝʜ) ʜʦʣʞʝʥ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʟʘ ʣʶʙʳʤ ʪʝʣʦʤ (ʟʘ ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ, ʚ ʯʘʩʪʥʦʩʪʠ), ʫʜʘʣʷʶʱʠʤʩʷ ʦʪ ʮʝʥ-

ʪʨʘʣʴʥʦʛʦ ʪʝʣʘ ʠʣʠ ʧʨʠʙʣʠʞʘʶʱʠʤʩʷ ʢ ʥʝʤʫ. 

ɺʣʠʷʥʠʝ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʥʘ ʢʦʤʝʪʫ ʠ ʭʚʦʩʪ ʠʤʝʝʪʩʷ ʣʠʰʴ ʧʨʠ ʝʝ ʧʨʦʭʦʞʜʝʥʠʠ ʚ ʠʟʚʝʩʪʥʦʡ ʙʣʠʟʦʩʪʠ 

ʦʪ ʉʦʣʥʮʘ. ʆʥʦ ʜʝʣʘʝʪ ʢʦʤʝʪʫ ʠ ʝʝ ʭʚʦʩʪ ʚʠʜʠʤʳʤʠ ʚʙʣʠʟʠ ʉʦʣʥʮʘ, ʥʦ ʥʘʣʠʯʠʝ ʭʚʦʩʪʘ ʢʦʤʝʪʳ ʷʚʣʷʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʨʝʟʫʣʴʪʘʪʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʥʘ ʢʦʤʝʪʫ, ʢʘʢ ʵʪʦ ʧʦʣʘʛʘʣʦʩʴ ʨʘʥʝʝ. 

4. ʇʈɽɼʃʆɾɽʅʀʗ ʇʆ ʇʆʉʊɸʅʆɺʂɽ ʕʂʉʇɽʈʀʄɽʅʊʆɺ ɼʃʗ ʋʊʆʏʅɽʅʀʗ ʇʈʆʀɿɺɽ-

ɼɽʅʀʗ    

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ () ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʉʦʣʥʮʘ [ʠ 

ʫʪʦʯʥʝʥʠʷ ʧʨʦʠʟʚʝʜʝʥʠʷ , ʚʭʦʜʷʱʝʡ ʚ ʬʦʨʤʫʣʫ (8)], ʙʳʣʦ ʙʳ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʨʠ ʧʣʘʥʠʨʫʝʤʳʭ ʦʪ-

ʧʨʘʚʢʘʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʢ ʢʦʤʝʪʘʤ (ʠʣʠ ʘʩʪʝʨʦʠʜʘʤ) ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʫʩʪʘʥʦʚʢʫ ʥʘ ʥʠʭ ʧʨʠʙʦʨʘ ʜʣʷ ʙʦ-

ʣʝʝ ʪʦʯʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ ʢʦʤʝʪʳ (ʠʣʠ ʘʩʪʝʨʦʠʜʘ) ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʝ-

ʣʠʯʠʥʳ ʫʩʢʦʨʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʦʨʤʦʞʝʥʠʷ. 

ɹʳʣʦ ʙʳ ʪʘʢʞʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʦʚʪʦʨʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʢʦʩʤʠʯʝʩʢʠʤʠ ʘʧʧʘʨʘʪʘʤʠ ï ʙʣʠʟʥʝʮʘʤʠ, ʥʦ ʩ 

ʫʚʝʣʠʯʝʥʥʳʤʠ ʵʥʝʨʛʦʨʝʩʫʨʩʘʤʠ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʂɸ ʇʠʦʥʝʨ 10 ʠ ʇʠʦʥʝʨ 11) ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ ʘʧʧʘʨʘʪʦʚ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʪʘʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʦʭʨʘʥʷʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʩʦʤʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʫʝɦ-

ʩʪʚʦʚʘʥʠʷ çʘʥʦʤʘʣʴʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷè ʂɸ ʇʠʦʥʝʨ 10 ʠ 11 ʫ ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʦʩʪʘʣʠʩʴ, 

ʢʘʢ ʵʪʦ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ [1] ʠ [2]. 

ɿɸʂʃʖʏɽʅʀɽ 

ʉʠʩʪʝʤʘ ʜʦʧʫʱʝʥʠʡ, ʧʨʠʥʷʪʘʷ ʚ ʨʘʙʦʪʘʭ [1]-[3], ʘ ʪʘʢʞʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʨʠʚʝʣʘ ʢ ʨʝʟʫʣʴʪʘʪʘʤ, ʥʝ 

ʧʨʦʪʠʚʦʨʝʯʘʱʠʤ ʠʤʝʶʱʠʤʩʷ ʵʤʧʠʨʠʯʝʩʢʠʤ ʜʘʥʥʳʤ. 

ɹʣʘʛʦʜʘʨʷ ʵʬʬʝʢʪʫ ʦʢʨʫʛʣʝʥʠʷ ʦʨʙʠʪ ʩʧʫʪʥʠʢʦʚʳʭ ʩʪʨʫʢʪʫʨ ʚʝʨʦʷʪʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʥʝʟʝʤʥʦʡ 

ʞʠʟʥʠ ʚ ʩʧʫʪʥʠʢʦʚʳʭ ʩʪʨʫʢʪʫʨʘʭ ʜʨʫʛʠʭ ʟʚʝʟʜ (ʩ ʚʨʝʤʝʥʝʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʩʦʧʦʩʪʘʚʠʤʳʤ ʩ ʩʦʣʥʝʯʥʳʤ)  ʚʳʰʝ, 

ʯʝʤ ʵʪʦ ʤʦʞʥʦ ʙʳʣʦ ʦʞʠʜʘʪʴ ʨʘʥʝʝ: ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʞʠʟʥʠ ʙʣʘʛʦʧʨʠʷʪʥʝʝ ʥʘ ʧʣʘʥʝʪʘʭ ʩ ʢʨʫʛʦʚʳʤʠ ʪʨʘ-

ʝʢʪʦʨʠʷʤʠ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ. 
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ɿɸʄɽʅɸ ɼʀʉʂʈɽʊʅʆɻʆ ʇʈɽʆɹʈɸɿʆɺɸʅʀʗ ʌʋʈʔɽ  

ɸʇʇʈʆʂʉʀʄʀʈʋʖʑʀʄ ʇʈɽʆɹʈɸɿʆɺɸʅʀɽʄ 
 

 
ʃ.ɸ. ʆʩʠʧʦʚ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

 

ɸʥʥʦʪʘʮʠʷ. ɼʘʥʳ ʬʦʨʤʫʣʳ ʠ ʧʨʦʠʟʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʠ ʣʠʥʝʡʥʦ-

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʜʠʩʢʨʝʪʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʨʘʚʥʳʤʠ ʠ ʧʝʨʝʤʝʥʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ ʤʝʞʜʫ 

ʦʪʩʯʝʪʘʤʠ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʩʢʨʝʪʥʳʝ ʧʨʦʮʝʩʩʳ, ʮʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ, ʮʠʬʨʦʘʥʘʣʦʛʦʚʳʝ ʩʠʩʪʝʤʳ. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʮʠʬ-

ʨʦʚʳʤʠ ʢʦʥʪʨʦʣʣʝʨʘʤʠ,  ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʶʪʩʷ ʨʘʙʦʪʦʡ ʧʨʦʛʨʘʤʤ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʜʠʩʢʨʝʪʥʳʭ ʦʪʩʯʝʪʦʚ. ʕʪʠ ʩʠʛʥʘʣʳ ʤʦʛʫʪ ʬʠʢʩʠʨʦʚʘʪʴʩʷ ʥʘ ʠʥʪʝʨʚʘʣʘʭ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʜʠʩ-

ʢʨʝʪʘʤʠ. ɼʘʣʝʝ ʦʥʠ ʧʦʩʪʫʧʘʶʪ ʥʘ ʘʥʘʣʦʛʦʚʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʠʣʦʚʳʤ ʧʨʠʚʦʜʦʤ. ɺ ʠʥʪʝʨʝʩʘʭ ʢʘʯʝʩʪʚʘ ʠʭ 

ʦʙʨʘʙʦʪʢʠ ʞʝʣʘʪʝʣʴʥʦ ʧʝʨʝʚʝʩʪʠ ʵʪʠ ʩʠʛʥʘʣʳ ʚ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʫʶ ʥʝʧʨʝʨʳʚʥʫʶ ʬʦʨʤʫ.                  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʪʘʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʘ ï ʜʠʩʢʨʝʪʥʦʝ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ (ɼʇʌ), ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʌ. ɹʝʩʩʝʣʝʤ, ʠ ʪʝʦʨʝʤʘ ʦʪʩʯʝʪʦʚ ɺ. ʂʦʪʝʣʴʥʠʢʦʚʘ ï ʂ.ʐʝʥʥʦʥʘ. ɺ [1] 

ʦʪʤʝʯʝʥ ʥʝʜʦʩʪʘʪʦʢ ʵʪʠʭ ʤʝʪʦʜʦʚ ʠʟ-ʟʘ ʚʦʟʥʠʢʘʶʱʠʭ ʧʫʣʴʩʘʮʠʡ ɻʠʙʙʩʘ, ʟʘʪʨʫʜʥʷʶʱʠʭ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʘʥʘʣʦʛʦʚʳʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ. 

1. ʉʠʛʥʘʣʳ ʩ ʨʘʚʥʳʤʠ  ʠʥʪʝʨʚʘʣʘʤʠ ʜʠʩʢʨʝʪʥʦʩʪʠ.  ʇʨʦʚʝʜʝʤ ʥʘ ʧʨʠʤʝʨʘʭ ʩʨʘʚʥʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʥʳʭ ʦʛʠʙʘʶʱʠʭ ʜʠʩʢʨʝʪʥʳʭ ʬʫʥʢʮʠʡ ʩ  ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩ ʧʦʤʦʱʴʶ ʘʧ-

ʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ [2,3]. ʇʨʦʛʨʘʤʤʘ ʚ ʧʘʢʝʪʝ Mathcad ʩ ɼʇʌ ʠ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʤ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʝʤ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.1.   

ɿʜʝʩʴ ʤʳ ʧʨʠʚʦʜʠʤ ʪʦʣʴʢʦ ʬʦʨʤʫʣʳ, ʚʳʚʦʜ ʢʦʪʦʨʳʭ ʜʘʥ ʚ ʢʥʠʛʝ [2]. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʷʪ ʥʘʙʦʨ ʩʣʫ-

ʯʘʡʥʳʭ ʯʠʩʝʣ ʚ N+1 ʪʦʯʢʘʭ (ʛʜʝ N ï ʯʠʩʣʦ ʠʥʪʝʨʚʘʣʦʚ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʟʥʘʯʝʥʠʷʤʠ  vk, k=0é12: 
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 ʉʜʝʣʘʝʤ ʥʝʢʦʪʦʨʳʝ  ʧʦʷʩʥʝʥʠʷ. ʀʥʪʝʨʚʘʣ ʤʝʞʜʫ ʦʪʩʯʝʪʘʤʠ ʚʟʷʪ ʊ=2, ʠʥʪʝʨʚʘʣ ʥʘʙʣʶʜʝʥʠʷ NÖT ʦʙʦ-

ʟʥʘʯʝʥ tN, ʆʩʥʦʚʥʘʷ ʯʘʩʪʦʪʘ W=p/tN, ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ w=p/N. ʂʦʵʬʬʠʮʠʝʥʪʳ ʩʧʝʢʪʨʘ ɼʇʌ ʘk ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ 

ʣʝʚʦʡ ʢʦʣʦʥʢʝ ʬʦʨʤʫʣ. ʂʨʘʡʥʠʝ ʟʥʘʯʝʥʠʷ ʘ0  ʠ  ʘN   ʫʤʝʥʴʰʘʶʪʩʷ ʚ 2 ʨʘʟʘ.  ʆʛʠʙʘʶʱʘʷ ʜʠʩʢʨʝʪʥʳʭ ʦʪʩʯʝʪʦʚ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʷʜʦʤ ʌʫʨʴʝ  ä
=

=
N

k

k kWtatu
0

cos)(
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ʕʪʘ ʬʫʥʢʮʠʷ ʥʘ ʛʨʘʬʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʫʥʢʪʠʨʦʤ. 

ʌʦʨʤʫʣʳ ʩʧʝʢʪʨʘ ʣʠʥʝʡʥʦ-ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʠʩ-

ʢʨʝʪʥʳʭ ʦʪʩʯʝʪʦʚ ʨʘʚʥʦʙʝʜʨʝʥʥʳʤʠ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ ʩ ʦʩʥʦʚʘʥʠʝʤ ʚ ʜʚʘ ʠʥʪʝʨʚʘʣʘ (ʟʘʧʠʩʘʥʳ ʚ ʧʨʘʚʦʡ ʢʦʣʦʥʢʝ 

ʧʨʦʛʨʘʤʤʳ).  ʂʦʣʠʯʝʩʪʚʦ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʧʝʢʪʨʘ ck  ʜʦʣʞʥʦ ʙʳʪʴ ʙʝʩʢʦʥʝʯʥʳʤ, ʤʳ ʦʛʨʘʥʠʯʠʤ ʠʭ ʜʦ M=2N, ʥʦ 

ʟʘʪʝʤ ʚʚʝʜʝʤ ʢʦʤʧʝʥʩʘʮʠʶ [2-4].  ɺʤʝʩʪʦ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ vk  ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʝʨʚʳʝ ʨʘʟʥʦʩʪʠ  qk=vk-

vk-1 ʠ ʚʪʦʨʳʝ ʨʘʟʥʦʩʪʠ  gk-1=qk-1-qk.  ʇʝʨʝʜ ʩʢʦʙʢʘʤʠ ʬʦʨʤʫʣʳ ʩʧʝʢʪʨʘ (ʚʤʝʩʪʦ 1/N ʚ ɼʇʌ) ʩʪʘʚʠʪʩʷ ʢʦʤʧʝʥʩʠ-

ʨʫʶʱʠʡ  ʤʥʦʞʠʪʝʣʴ MÖ(1/k
2
+1/M

2
)/p

2
.  ʅʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ c0=a0.  ɺʳʭʦʜʥʘʷ ʦʛʠʙʘʶʱʘʷ y(t) ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʳʯ-

ʥʳʤ ʨʷʜʦʤ ʌʫʨʴʝ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ck  ʜʠʩʢʨʝʪʥʦʛʦ ʩʧʝʢʪʨʘ (ʥʘ ʛʨʘʬʠʢʝ ʧʦʢʘʟʘʥʘ ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ). 

ʆʙʘ ʤʝʪʦʜʘ ʜʘʶʪ ʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʪʦʯʢʘʭ ʦʪʩʯʝʪʘ (ʵʪʦ ʚʠʜʥʦ ʠʟ ʧʫʥʢʪʠʨʥʦʛʦ ʛʨʘʬʠʢʘ ʨʘʟʥʦʩʪʠ y(t)-

u(t)), ʥʦ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʦʪʩʯʝʪʘ ʜʣʷ ɼʇʌ ʚʠʜʥʳ ʟʘʤʝʪʥʳʝ ʧʫʣʴʩʘʮʠʠ (ʷʚʣʝʥʠʝ ɻʠʙʙʩʘ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʡ 

ʬʫʥʢʮʠʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʪʨʝʙʫʝʪ ʧʨʦʚʦʜʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʪʝʨʧʦʣʷʮʠʶ. ɸʧʧʨʦʢʩʠʤʠʨʫʶʱʝʝ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʝʪ ʧʫʣʴʩʘʮʠʠ  ʥʝʧʨʝʨʳʚʥʳʭ ʦʛʠʙʘʶʱʠʭ ʠ ʝʛʦ ʨʘʮʠʦʥʘʣʴʥʦ ʧʨʠʤʝʥʷʪʴ, ʢʦʛʜʘ ʪʨʝ-

ʙʫʝʪʩʷ ʚʳʯʠʩʣʷʪʴ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʡ ʩʠʛʥʘʣ. 

 

                                                           
 É ʆʩʠʧʦʚ ʃ.ɸ. / Osipov L.A., 2013 
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ʈʠʩ. 1. ʉʨʘʚʥʝʥʠʝ  ʤʝʪʦʜʦʚ ɼʇʌ ʠ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

 

2. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʝʧʨʝʨʳʚʥʳʭ ʦʛʠʙʘʶʱʠʭ ʜʣʷ ʩʠʛʥʘʣʦʚ ʩ ʥʝʨʘʚʥʦʤʝʨʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ ʜʠʩ-

ʢʨʝʪʥʦʩʪʠ. ʇpʠ ʧʝpʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʤʝʞʜʫ ʦʪʩʯʝʪʘʤʠ Tn=tn-tn-1 ʠʩʭʦʜʥʘʷ ʬʫʥʢʮʠʷ v(t) ʥʘ ʦʪpʝʟʢʝ ʚʨʝʤʝʥʠ 

0...tN  ʚ ʩʣʫʯʘʝ ʣʠʥʝʡʥʦʡ ʠʥʪʝpʧʦʣʷʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧpʝʜʩʪʘʚʣʝʥʘ ʩʫʤʤʦʡ ʪʨʘʧʝʮʠʡ, ʟʘʧʦʣʥʷʶʱʠʭ ʠʥʪʝʨʚʘʣ 

ʤʝʞʜʫ ʦʪʩʯʝʪʘʤʠ. ʉ ʫʯʝʪʦʤ  ʥʝʨʝʛʫʣʷʨʥʦʡ ʜʠʩʢʨʝʪʥʦʩʪʠ ʧʦʪʨʝʙʫʝʪʩʷ ʠʥʘʯʝ ʦʧʨʝʜʝʣʷʪʴ ʨʘʟʜʝʣʝʥʥʳʝ ʧʝʨʚʳʝ 

ʨʘʟʥʦʩʪʠ  

1

1

-

-

-

-
=

nn

nn

n
tt

vv
q   ʠ    ʠʭ  ʨʘʟʥʦʩʪʠ   ,11 nnn qqg -= --  ʛʜʝ n=1éN.  ɽʩʪʝʩʪʚʝʥʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʦʣʦʩʘ 

ʩʧʝʢʪʨʘ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʤʠʥʠʤʘʣʴʥʳʤ ʠʟ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʦʪʩʯʝʪʘʤʠ (ʦʙʦʟʥʘʯʠʤ ʝʛʦ h), ʪ.ʝ. ʙʫʜʝʪ ʠʤʝʪʴ 

ʟʥʘʯʝʥʠʝ 2p/h, ʘ ʢʦʣʠʯʝʩʪʚʦ ʣʠʥʝʝʢ ʩʧʝʢʪʨʘ ʩʦʩʪʘʚʠʪ M=2tN/h. ʇʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʙʳʣʠ ʚʳʚʝʜʝʥʳ ʬʦʨʤʫʣʳ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʥʝʧʨʝʨʳʚʥʘʷ ʬʫʥʢʮʠʷ, ʦʛʠʙʘʶʱʘʷ ʜʠʩʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ,  ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʨʷʜʦʤ ʌʫʨʴʝ ʩ 

ʠʟʤʝʥʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʨʘʟʣʦʞʝʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʩʠʛʥʘʣ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʪʘʙʣʠʮʝʡ: 

 

tk 
0 2 4 6 8 10 11 12 14 20 21 22 24 

vk 
20 -20 0 120 150 120 45 -30 100 100 155 200 20 

 

ʀʟ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʠʥʪʝʨʚʘʣʳ ʧʦ ʚʨʝʤʝʥʠ ʤʝʥʷʶʪ ʟʥʘʯʝʥʠʷ ʦʪ 1 ʜʦ 6. 

ʈʘʩʯʝʪʳ ʧʦ ʠʟʤʝʥʝʥʥʳʤ ʬʦʨʤʫʣʘʤ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2. 
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ʈʠʩ. 2. ɸʧʧʨʦʢʩʠʤʠʨʫʶʱʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠ ʥʝʨʝʛʫʣʷʨʥʦʡ ʜʠʩʢʨʝʪʥʦʩʪʠ 

 

ɿʘʤʝʪʠʤ, ʯʪʦ ʬʦʨʤʫʣʳ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ ʩʧʝʢʪʨʘ ʧʨʠ ʥʝʨʘʚʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʪʘʢ ʞʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʡ ʦʛʠʙʘʶʱʝʡ ʜʠʩʢʨʝʪʥʦʡ ʬʫʥʢʮʠʠ.  

ɿʘʢʣʶʯʝʥʠʝ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʛʠʙʘʶʱʠʭ ʜʠʩʢʨʝʪʥʳʭ ʦʪʩʯʝʪʦʚ ʩ ʧʦʤʦʱʴʶ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ 

ʧʦʜʪʚʝʨʜʠʣʦ ʠʭ ʥʝʧʨʠʛʦʜʥʦʩʪʴ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢ ʥʝʧʨʝʨʳʚʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʦʛʦ  ʫʧʨʘʚʣʝʥʠʷ.  ʇʨʠʚʝʜʝʥʥʳʡ  ʤʝʪʦʜ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʢʘʟʘʣ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʝʝ 

ʢʘʯʝʩʪʚʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʛʠʙʘʶʱʠʭ ʜʠʩʢʨʝʪʥʳʭ ʦʪʩʯʝʪʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʟʘʜʘʯʘʭ ʮʠʬʨʦʘʥʘʣʦʛʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ. ɿʘʤʝʪʠʤ, ʯʪʦ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʫʩʧʝʰʥʦ ʨʝʰʘʪʴ ʠ ʟʘʜʘʯʠ ʮʠʬʨʦ-

ʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʠʤʧʫʣʴʩʦʚ (ʢʦʜʦʚ ɹʘʨʢʝʨʘ) [4,5]. 
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ɸɼɼʀʊʀɺʅʆʉʊʔ ʊʈʋɼʅʆʉʊʀ ʊɽʉʊʆɺʓʍ ɿɸɼɸʅʀʁ 
 

 
ɸ.ʇ. ʇʦʧʦʚ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ  

 

ɸʥʥʦʪʘʮʠʷ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʙʝʩʧʨʠʩʪʨʘʩʪʥʳʡ ʘʥʘʣʠʟ, ʚ ʪʝʦʨʠʠ IRT ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʶ ʧʘʨʘʤʝʪʨʠʯʝ-

ʩʢʠʭ ʤʦʜʝʣʷʭ ʈʘʰʘ ʠ ɹʠʨʥʙʘʫʤʘ ʪʨʫʜʥʦʩʪʴ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʥʝ ʦʙʣʘʜʘʝʪ ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʚʦʡʩʪʚʦʤ ʘʜʜʠ-

ʪʠʚʥʦʩʪʠ ʜʘʞʝ ʥʘ ʫʨʦʚʥʝ ʦʧʨʝʜʝʣʝʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʨʘʤʢʘʭ ʧʨʝʜʣʦʞʝʥʥʦʡ ʨʘʥʝʝ ʘʚʪʦʨʦʤ ʥʦʚʦʡ ʤʦʜʝʣʠ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʘʜʜʠʪʠʚʥʦʩʪʴ ʪʨʫʜʥʦʩʪʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʥʝ ʪʦʣʴʢʦ ʚʳʪʝʢʘʝʪ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ, ʥʦ ʠ ʜʦʧʫʩ-

ʢʘʝʪ ʵʤʧʠʨʠʯʝʩʢʫʶ ʧʨʦʚʝʨʢʫ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʦʛʦ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʤʝʪʦʜʘ ʚʠʨʪʫʘʣʴʥʦʛʦ ʪʝʩʪʠʨʦ-

ʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʘʜʝʢʚʘʪʥʦʩʪʴ ʥʦʚʦʡ ʤʦʜʝʣʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ, ʪʨʫʜʥʦʩʪʴ, ʘʜʜʠʪʠʚʥʦʩʪʴ, ʥʦʚʘʷ ʤʦʜʝʣʴ, ʚʠʨʪʫʘʣʴʥʦʝ ʪʝʩʪʠʨʦ-

ʚʘʥʠʝ, ʘʜʝʢʚʘʪʥʦʩʪʴ. 

 

ɺʚʝʜʝʥʠʝ. ʀʩʪʦʨʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘʩʯʠʪʳʚʘʝʪ ʥʝ ʦʜʠʥ ʜʝʩʷʪʦʢ ʣʝʪ, ʥʦ ʧʨʦʙʣʝʤʘ ʢʦʨʨʝʢʪʥʦʛʦ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʪʨʫʜʥʦʩʪʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʧʦʣʫʯʠʣʘ ʘʜʝʢʚʘʪʥʦʛʦ ʨʝʰʝʥʠʷ. ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʥʦʩʠʪ ʥʝ 

ʘʢʘʜʝʤʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʥʦ ʠʤʝʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʘʞʥʦʝ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠ-

ʩʪʝʤʘʭ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʘʤʳʭ ʥʘʠʚʥʳʭ, ʦʩʥʦʚʦʡ ʜʣʷ ʦʮʝʥʢʠ ʨʝʡʪʠʥʛʘ ʠʩʧʳʪʫʝ-

ʤʳʭ ʩʣʫʞʠʪ ʩʫʤʤʘʨʥʘʷ ʪʨʫʜʥʦʩʪʴ ʚʝʨʥʦ ʨʝʰʝʥʥʳʭ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʘ ʥʝ ʧʨʦʩʪʦ ʠʭ ʦʙʱʝʝ ʯʠʩʣʦ. ʆʪʩʶʜʘ ʩʣʝ-

ʜʫʝʪ, ʯʪʦ ʝʩʣʠ ʢʦʤʧʴʶʪʝʨʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʩʨʝʜʩʪʚʦ ʜʠʜʘʢʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʪʦ ʦʙʲʝʢʪʠʚ-

ʥʦʩʪʴ ʦʮʝʥʦʢ ʨʝʡʪʠʥʛʘ ʠʩʧʳʪʫʝʤʳʭ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʢʦʨʨʝʢʪʥʦʩʪʠ ʚʳʙʨʘʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʫʜʥʦʩʪʠ 

ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ. 

ɺ ʪʝʦʨʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʪʨʫʜʥʦʩʪʴ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʣʠʰʴ ʧʦ ʚʥʝʰʥʠʤ ʬʦʨ-

ʤʘʣʴʥʳʤ ʧʨʠʟʥʘʢʘʤ, ʥʦ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʵʪʦ ʬʦʨʤʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʛʣʘʩʦʚʘʥʦ ʩ 

ʥʘʰʠʤʠ ʠʥʪʫʠʪʠʚʥʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ ʪʨʫʜʥʦʩʪʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʠ ʝʝ ʩʚʦʡʩʪʚʘʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʞʝʣʘʪʝʣʴ-

ʥʦ, ʯʪʦʙʳ ʵʪʘ ʚʝʣʠʯʠʥʘ ʧʨʠʥʠʤʘʣʘ ʣʠʰʴ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʠ ʦʙʣʘʜʘʣʘ ʩʚʦʡʩʪʚʦʤ ʘʜʜʠʪʠʚʥʦʩʪʠ, ʢʦʪʦ-

ʨʦʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʧʨʦʩʪʦʡ ʢʦʤʧʦʟʠʮʠʠ ʟʘʜʘʥʠʡ ʠʭ ʪʨʫʜʥʦʩʪʠ ʩʫʤʤʠʨʫʶʪʩʷ. ʇʦʢʘʞʝʤ, ʯʪʦ ʚ ʭʦʨʦʰʦ ʠʟʚʝʩʪ-

ʥʦʡ ʚ ʪʝʩʪʦʣʦʛʠʠ ʪʝʦʨʠʠ IRT (Item Response Theory) ʠ ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʶ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʪʝʩʪʠ-

ʨʦʚʘʥʠʷ ʈʘʰʘ ʠ ɹʠʨʥʙʘʫʤʘ ʵʪʠ ʪʨʝʙʦʚʘʥʠʷ ʥʝ ʚʳʧʦʣʥʷʶʪʩʷ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʵʪʠ ʪʝʦʨʠʠ ʬʘʢʪʠʯʝʩʢʠ ʨʦʜʠʣʠʩʴ ʚ 

ʜʦʢʦʤʧʴʶʪʝʨʥʫʶ ʵʧʦʭʫ, ʢʦʛʜʘ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʣʘʩʴ ʣʠʰʴ ʙʣʘʥʦʯʥʘʷ ʬʦʨʤʘ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʥʘʜʝʞʥʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʫʜʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʘʚʠʣʴʥʦʩʪʴ ʦʪʚʝʪʦʚ ʥʘ ʪʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚ ʪʦ ʚʨʝʤʷ 

ʚ ʪʝʦʨʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʝʦʙʣʘʜʘʣʠ ʧʦʧʳʪʢʠ ʚʳʨʘʟʠʪʴ ʪʨʫʜʥʦʩʪʴ ʪʝʩʪʦʚʦʛʦ ʟʘʜʘʥʠʷ ʣʠʰʴ ʯʝʨʝʟ ʚʝʨʦʷʪʥʦʩʪʴ ʝʛʦ 

ʨʝʰʝʥʠʷ. ʉʨʝʜʠ ʧʦʜʦʙʥʳʭ ʚʳʨʘʞʝʥʠʡ ʩʫʱʝʩʪʚʫʝʪ ʧʦ ʩʫʪʠ ʜʝʣʘ ʝʜʠʥʩʪʚʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ, ʩʦʛʣʘʩʫʶʱʝʝʩʷ ʩ ʪʨʝ-

ʙʦʚʘʥʠʝʤ ʘʜʜʠʪʠʚʥʦʩʪʠ: 
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ɺ ʪʝʦʨʠʠ IRT ʪʨʝʙʦʚʘʥʠʝ ʘʜʜʠʪʠʚʥʦʩʪʠ ʧʦʣʥʦʩʪʴʶ ʠʛʥʦʨʠʨʫʶʪ, ʠ ʜʣʷ ʪʨʫʜʥʦʩʪʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʧʦ 

ʥʝ ʚʧʦʣʥʝ ʧʦʥʷʪʥʳʤ ʧʨʠʯʠʥʘʤ ʚʳʙʠʨʘʶʪ ʠʥʦʝ ʚʳʨʘʞʝʥʠʝ: 
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ɺ ʤʦʜʝʣʠ ʈʘʰʘ [6] ʜʣʷ ʪʨʫʜʥʦʩʪʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʧʦʣʫʯʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝ, ʦʪʣʠʯʘʶʱʝʝʩʷ ʦʪ ʬʦʨʤʫʣʳ 

IRT ʩʣʘʛʘʝʤʳʤ, ʩʦʚʧʘʜʘʶʱʠʤ ʩʦ ʩʨʝʜʥʠʤ ʫʨʦʚʥʝʤ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ ʠʩʧʳʪʫʝʤʳʭ: 
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ɺ ʤʦʜʝʣʠ ɹʠʨʥʙʘʫʤʘ [7] ʧʝʨʝʜ ʟʥʘʢʦʤ ʣʦʛʘʨʠʬʤʘ ʧʦʷʚʣʷʝʪʩʷ ʤʥʦʞʠʪʝʣʴ, ʦʙʨʘʪʥʳʡ ʢ ʜʠʬʬʝʨʝʥʮʠʨʫʶ-

ʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘʜʘʥʠʷ: 
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ʈʘʟʫʤʝʝʪʩʷ, ʥʠ ʦʜʥʦ ʠʟ ʚʳʨʘʞʝʥʠʡ (2-4) ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʠ ʧʦʣʦʞʠʪʝʣʴʥʦʩʪʠ, ʥʠ ʘʜʜʠʪʠʚʥʦʩʪʠ ʪʨʫʜ-

ʥʦʩʪʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ. ʂʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʦʜʝʣʝʡ ʈʘʰʘ ʠ ɹʠʨʥʙʘʫʤʘ [4] ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝ-

ʤʳ ʢʦʨʨʝʢʪʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʫʜʥʦʩʪʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʪʨʝʙʫʝʪ ʧʨʠʚʣʝʯʝʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʠʜʝʡ. 

ʇʨʠ ʦʙʩʫʞʜʝʥʠʠ ʧʨʦʙʣʝʤʳ ʚ ʣʠʯʥʳʭ ʙʝʩʝʜʘʭ ʩ ʫʯʘʩʪʥʠʢʘʤʠ ʩʝʤʠʥʘʨʦʚ, ʧʨʦʚʦʜʠʚʰʠʭʩʷ ʚ 2004-2005 ʛʦʜʘʭ ɸʉʊ 

ʎʝʥʪʨʦʤ, ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʤʥʦʛʠʤ ʧʦʥʷʪʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʥʝ ʪʦʣʴʢʦ ʧʨʘʚʠʣʴʥʦʩʪʠ, ʥʦ 

ʠ ʚʨʝʤʝʥʠ ʨʝʰʝʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ. ɹʝʜʘ ʙʳʣʘ ʚ ʪʦʤ, ʯʪʦ ʥʠʢʪʦ ʪʦʣʢʦʤ ʥʝ ʟʥʘʣ, ʯʪʦ ʧʦʪʦʤ ʩ ʵʪʦʡ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʜʝʣʘʪʴ. ʄʥʦʛʠʝ ʩʢʣʦʥʷʣʠʩʴ ʢ ʤʳʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʢʘʞʜʳʤ ʫʯʘʩʪʥʠ-

ʢʦʤ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʨʝʰʝʥʠʝ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʝʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʨʝʡʪʠʥʛʘ. ʆʜʥʘʢʦ ʥʠ-

ʢʪʦ ʠʟ ʫʯʘʩʪʥʠʢʦʚ ʜʠʩʢʫʩʩʠʠ ʥʝ ʤʦʛ ʦʪʚʝʪʠʪʴ ʥʘ ʧʨʦʩʪʦʡ ʚʦʧʨʦʩ, ʢʘʢ ʠʤʝʥʥʦ ʩʣʝʜʫʝʪ ʵʪʦ ʜʝʣʘʪʴ. 

ʀʤʝʥʥʦ ʪʦʛʜʘ ʫ ʘʚʪʦʨʘ ʦʢʦʥʯʘʪʝʣʴʥʦ ʩʦʟʨʝʣʘ ʠʜʝʷ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʧʦʧʳʪʦʢ ʧʨʷʤʦʛʦ ʫʯʝʪʘ ʚʨʝʤʝʥʠ ʨʝʰʝ-

ʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʨʝʡʪʠʥʛʘ ʠʩʧʳʪʫʝʤʳʭ, ʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ ʨʝʰʝʥʠʷ 

ʢʘʞʜʦʛʦ ʪʝʩʪʦʚʦʛʦ ʟʘʜʘʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʝʛʦ ʪʨʫʜʥʦʩʪʠ, ʯʪʦʙʳ ʟʘʪʝʤ ʧʨʠʤʝʥʠʪʴ ʥʘʡʜʝʥʥʳʝ ʦʮʝʥʢʠ ʪʨʫʜʥʦʩʪʠ 

ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʧʨʠ ʨʘʩʯʝʪʝ ʨʝʡʪʠʥʛʘ ʠʩʧʳʪʫʝʤʳʭ. ʆʜʥʘʢʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʵʪʘ ʠʜʝʷ ʟʘʨʘʙʦʪʘʣʘ, ʥʝʦʙʭʦʜʠʤʦ 

ʙʳʣʦ ʜʦʧʦʣʥʠʪʴ ʝʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʦ ʢʦʥʢʨʝʪʥʦʤ ʚʠʜʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʦʠʩʢʘ ʨʝ-

ʰʝʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ. 

ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʙʳʣʦ ʥʘʡʜʝʥʦ ʚ ʨʘʙʦʪʘʭ ʘʚʪʦʨʘ [1-2], ʛʜʝ ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʦ-

ʠʩʢ ʨʝʰʝʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦʨʦʜʥʳʡ ʚʦ ʚʨʝʤʝʥʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. ʀʟ ʵʪʦʛʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʧʦʯʪʠ ʦʜʥʦʟʥʘʯʥʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʨʝʤʷ ʧʦʠʩʢʘ ʚʝʨʥʦʛʦ ʨʝʰʝʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʷʚʣʷʝʪʩʷ ʩʣʫ-

ʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʧʦʜʯʠʥʷʶʱʝʡʩʷ ʛʘʤʤʘ-ʨʘʩʧʨʝʜʝʣʝʥʠʶ: 
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ɻʘʤʤʘ-ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʝʟ-

ʨʘʟʤʝʨʥʳʡ ʧʘʨʘʤʝʪʨ Ŭ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʪʨʫʜʥʦʩʪʴʶ ʪʝʩʪʦʚʦʛʦ ʟʘʜʘʥʠʷ, ʘ ʧʘʨʘʤʝʪʨ ɚ, ʠʤʝʶʱʠʡ ʨʘʟʤʝʨʥʦʩʪʴ 

ʦʙʨʘʪʥʦʛʦ ʚʨʝʤʝʥʠ, ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʫʨʦʚʝʥʴ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ ʠʩʧʳʪʫʝʤʦʛʦ (ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʤʦʞʥʦ ʩʯʠ-

ʪʘʪʴ ʘʥʘʣʦʛʦʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʕɺʄ). 

ʇʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ ɚ ʩʚʝʨʪʢʘ ʛʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʚʥʦʚʴ ʷʚʣʷʝʪʩʷ ʛʘʤʤʘ-

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ: 

                                                ( )( ) ( )tftdtfttf ,,,,,, 212
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ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʠʯʝʤ ʠʥʳʤ, ʢʘʢ ʬʦʨʤʘʣʴʥʳʤ ʚʳʨʘʞʝʥʠʝʤ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦʙ ʦʜʥʦʨʦʜʥʦʩʪʠ ʚʦ ʚʨʝʤʝʥʠ 

ʧʨʦʮʝʩʩʘ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ. 

ʈʘʜʠʢʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠʚʳʯʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʪʨʝʙʦʚʘʣʠ ʩʝʨʴʝʟʥʦʛʦ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ, 

ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ (ʉʂʊ) ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʩʪʨʫʢ-

ʪʫʨʘ ʢʦʪʦʨʦʡ ʜʦʣʞʥʘ ʧʦʟʚʦʣʷʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʪʫʜʝʥʪʦʚ, ʥʦ ʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʙʲʝʢʪʠʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʧʨʦʮʝʩʩʘʭ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʠ ʧʨʦʮʝʩʩʘ ʪʝʩʪʠʨʦʚʘ-

ʥʠʷ ʚ ʮʝʣʦʤ. 

ɺ 2009 ʛʦʜʫ ʙʳʣʘ ʩʦʟʜʘʥʘ ʉʂʊ ɸʃʔʌɸ [3], ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʷʪ ʨʝʜʘʢʪʦʨ ʙʘʟ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, 

Web-ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʝʩʩʠʡ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʨʝʞʠʤʝ online ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʪʠ 

Internet, ʠ ʤʦʜʫʣʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʩʝʩʩʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʜʚʘ ʤʘʩʩʠʚʘ, ʩʦʜʝʨʞʘ-

ʱʠʝ ʧʨʘʚʠʣʴʥʦʩʪʴ ʠ ʚʨʝʤʷ ʨʝʰʝʥʠʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ: 
 

                                                              Njniji ,...2,1,...2,1, ==c ,                                                       (7) 

                                                                Njnit ji ,...2,1,...2,1, == ,                                                       (8) 

 

ʛʜʝ n ï ʯʠʩʣʦ ʟʘʜʘʥʠʡ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʪʝʩʪʘʭ, N ï ʯʠʩʣʦ ʩʪʫʜʝʥʪʦʚ, ʧʨʠʥʷʚʰʠʭ ʫʯʘʩʪʠʝ ʚ ʩʝʩʩʠʠ ʪʝ-

ʩʪʠʨʦʚʘʥʠʷ. 

ɺ ʤʦʜʫʣʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʤʘʩʩʠʚʳ (7) ʠ (8) ʤʘʩʩʠʚʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʨʦʮʝʜʫʨʝ ʦʙʨʘʙʦʪʢʝ, ʦʩʥʦʚʘʥʥʦʡ 

ʥʘ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʤ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʝ ʧʨʠʥʮʠʧʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝ-
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ʤʦʤ ʥʘʤʠ ʩʣʫʯʘʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʨʘʚʥʘ: 
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ʋʩʣʦʚʠʷ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ (9) ʧʨʠʚʦʜʷʪ ʢ ʩʠʩʪʝʤʝ ʥʦʨʤʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʨʘʚʜʦʧʦʜʦʙʠʷ: 
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ʛʜʝ Ni ï ʯʠʩʣʦ ʠʩʧʳʪʫʝʤʳʭ, ʚʝʨʥʦ ʨʝʰʠʚʰʠʭ i-ʝ ʟʘʜʘʥʠʝ, ʘ ʩʪʘʥʜʘʨʪʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ɣ(Ŭ) ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʜʣʷ ʧʩʠ ʬʫʥʢʮʠʷ ʕʡʣʝʨʘ. 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (10-11) ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʝ ʟʥʘʯʝʥʠʷ ʪʨʫʜʥʦʩʪʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ 

ʠ ʫʨʦʚʥʷ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ ʠʩʧʳʪʫʝʤʳʭ. 

ʄʝʪʦʜ ʚʠʨʪʫʘʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʘʜʜʠʪʠʚʥʦʩʪʠ ʥʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠ-

ʘʣʴʥʳʡ ʤʝʪʦʜ, ʧʦʣʫʯʠʚʰʠʡ ʥʘʟʚʘʥʠʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ. ɺʠʨʪʫʘʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʝʛʦ 

ʥʘʟʚʘʥʠʷ, ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʥʝ ʧʨʦʚʦʜʠʪʩʷ, ʥʦ ʝʛʦ ʜʘʥʥʳʝ ʧʦʜʛʦʪʘʚʣʠʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʨʝʘʣʴʥʦʡ ʩʝʩʩʠʠ ʪʝ-

ʩʪʠʨʦʚʘʥʠʷ ʧʦ ʢʘʢʦʡ-ʣʠʙʦ ʜʠʩʮʠʧʣʠʥʝ. ɽʩʣʠ ʠʩʭʦʜʥʳʡ ʨʝʘʣʴʥʳʡ ʪʝʩʪ ʩʦʜʝʨʞʠʪ n ʟʘʜʘʥʠʡ, ʪʦ ʚʠʨʪʫʘʣʴʥʳʡ ʪʝʩʪ 

ʩʦʜʝʨʞʠʪ n(n-1)/2 ʟʘʜʘʥʠʡ, ʯʪʦ ʨʘʚʥʦ ʯʠʩʣʫ ʨʘʟʣʠʯʥʳʭ ʧʘʨ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʚ ʠʩʭʦʜʥʦʤ ʪʝʩʪʝ. ʂʘʞʜʦʡ ʧʘʨʝ ʟʘʜʘ-

ʥʠʡ ʚ ʠʩʭʦʜʥʦʤ ʪʝʩʪʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʜʘʥʠʝ ʚ ʚʠʨʪʫʘʣʴʥʦʤ ʪʝʩʪʝ, ʩʦʩʪʘʚʣʝʥʥʦʝ ʠʟ ʟʘʜʘʥʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʧʘʨʫ. ʕʪʦ 

ʩʣʦʞʥʦʝ ʩʦʩʪʘʚʥʦʝ ʟʘʜʘʥʠʝ ʩʯʠʪʘʝʪʩʷ ʚʳʧʦʣʥʝʥʥʳʤ, ʝʩʣʠ ʚʳʧʦʣʥʝʥʳ ʦʙʘ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ ʧʨʦʩʪʳʭ ʟʘʜʘʥʠʷ, ʘ 

ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ ʩʫʤʤʘʨʥʦʤʫ ʚʨʝʤʝʥʠ ʨʝʰʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ ʧʨʦʩʪʳʭ ʟʘʜʘʥʠʡ. 

ɼʣʷ ʵʤʧʠʨʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʘʜʜʠʪʠʚʥʦʩʪʠ, ʪʨʫʜʥʦʩʪʴ ʩʣʦʞʥʳʭ ʩʦʩʪʘʚʥʳʭ ʟʘʜʘʥʠʡ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ. 

ʇʝʨʚʳʡ ʩʧʦʩʦʙ. ɼʘʥʥʳʝ ʨʝʘʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʝʨʝʜʘʶʪʩʷ ʚ ʤʦʜʫʣʴ ʦʙʨʘʙʦʪʢʠ, ʛʜʝ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʟʥʘʯʝʥʠʷ ʪʨʫʜʥʦʩʪʠ ʟʘʜʘʥʠʡ ʠʩʭʦʜʥʦʛʦ ʪʝʩʪʘ. ɿʘʪʝʤ ʪʨʫʜʥʦʩʪʴ ʢʘʞʜʦʛʦ ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʥʦʛʦ ʟʘʜʘʥʠʷ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʢʘʢ ʩʫʤʤʘʨʥʘʷ ʪʨʫʜʥʦʩʪʴ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ ʟʘʜʘʥʠʡ. 

ɺʪʦʨʦʡ ʩʧʦʩʦʙ. ɼʘʥʥʳʝ ʨʝʘʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ ʚʠʨʪʫʘʣʴʥʦʛʦ 

ʪʝʩʪʠʨʦʚʘʥʠʷ. ʕʪʠ ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʟʘʪʝʤ ʚ ʤʦʜʫʣʴ ʦʙʨʘʙʦʪʢʠ, ʛʜʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʫʜʥʦʩʪʴ ʩʣʦʞʥʳʭ ʩʦʩʪʘʚ-

ʥʳʭ ʟʘʜʘʥʠʡ. 

ɿʥʘʯʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ ʦʮʝʥʢʠ ʪʨʫʜʥʦʩʪʠ ʩʦʩʪʘʚʥʳʭ ʟʘʜʘʥʠʡ ʧʝʨʝʜʘʶʪʩʷ ʚ ʙʣʦʢ ʨʝʛʨʝʩ-

ʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʛʜʝ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʧʨʦʚʝʨʷʝʪʩʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʛʠʧʦʪʝʟʳ ʦ ʩʦʚʧʘʜʝʥʠʠ ʵʪʠʭ ʦʮʝʥʦʢ. 
 

 
 

ʈʠʩ. 1. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʠ ʧʨʦʚʝʜʝʥʠʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʠ ʧʨʦʚʝʨʢʝ ʛʠʧʦʪʝʟʳ 

ʘʜʜʠʪʠʚʥʦʩʪʠ 
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ʇʨʦʚʝʨʢʘ ʘʜʜʠʪʠʚʥʦʩʪʠ ʪʨʫʜʥʦʩʪʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʤʝʪʦʜʦʤ ʚʠʨʪʫʘʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʘʩʴ 

ʥʘʤʠ ʥʝʦʜʥʦʢʨʘʪʥʦ. ɿʜʝʩʴ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦ ʤʝʪʦʜʘʤ ʘʥʘʣʠʟʘ ʠ ʦʙʨʘ-

ʙʦʪʢʠ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʦʤ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 75 ʩʪʫʜʝʥʪʦʚ ʚʝʯʝʨʥʝʛʦ ʦʪʜʝʣʝʥʠʷ ɺʳʩʰʝʡ ʰʢʦʣʳ ʙʠʟʥʝʩʘ ʖʌʋ. 

ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ ʪʝʩʪʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩʣʫʯʘʡʥʦʡ ʚʳʙʦʨʢʦʡ ʟʘʜʘʥʠʡ ʠʟ ʨʘʟʙʠʪʦʡ ʥʘ ʙʣʦʢʠ ʙʘʟʳ ʪʝʩʪʦʚʳʭ ʟʘʜʘ-

ʥʠʡ, ʠ ʩʦʜʝʨʞʘʣʠ 14 ʟʘʜʘʥʠʡ. 

ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʚ ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʝ: 

 

                                                                   
746.0

168.3
902.0

800.0

017.3 -
=

- xy
.                                                         (12) 

 

ʃʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ (12) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʚʠʜʝ: 

 

                                                                                      baxy += .                                                                            (13) 

 

ʇʨʠ ʫʨʦʚʥʝ ʥʘʜʝʞʥʦʩʪʠ 95.01 =-a  ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ: 
 

                                                         240.0051.0090.0968.0 °-=°= ba .                                             (14) 

 

ʇʦʩʢʦʣʴʢʫ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 1=a  ʠ 0=b  ʧʦʧʘʜʘʶʪ ʚ ʜʘʥʥʳʡ ʠʥʪʝʨʚʘʣ, ʛʠʧʦʪʝʟʫ ʦʙ ʘʜʜʠ-

ʪʠʚʥʦʩʪʠ ʪʨʫʜʥʦʩʪʠ ʩʦʩʪʘʚʥʳʭ ʟʘʜʘʥʠʡ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʡ ʩ ʥʘʜʝʞʥʦʩʪʴʶ ʥʝ ʥʠʞʝ 

95.01 =-a . 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʨʝʛʨʝʩʩʠʷ ʜʚʫʭ ʦʮʝʥʦʢ ʪʨʫʜʥʦʩʪʠ ʩʦʩʪʘʚʥʳʭ ʟʘʜʘʥʠʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ ʨʝ-

ʛʨʝʩʩʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʪʚʝʯʘʶʱʠʝ ʪʦʤʫ ʞʝ ʫʨʦʚʥʶ ʥʘʜʝʞʥʦʩʪʠ. ɿʘʚʠʩʠʤʦʩʪʴ xy=  ʣʝʞʠʪ ʚ ʵʪʠʭ ʛʨʘʥʠ-

ʮʘʭ, ʯʪʦ ʩʣʫʞʠʪ ʝʱʝ ʦʜʥʠʤ ʘʨʛʫʤʝʥʪʦʤ ʚ ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ ʛʠʧʦʪʝʟʫ ʘʜʜʠʪʠʚʥʦʩʪʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʜʦʩʪʦʚʝʨʥʦʡ ʩ ʥʘʜʝʞʥʦʩʪʴʶ ʥʝ ʥʠʞʝ 95.01 =-a . 

 

                                                                        
 

ʈʠʩ. 2. ʈʝʛʨʝʩʩʠʷ ʜʚʫʭ ʦʮʝʥʦʢ ʩʦʩʪʘʚʥʳʭ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ 
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ɿʘʢʣʶʯʝʥʠʝ. ɺʩʝ ʚʳʰʝ ʠʟʣʦʞʝʥʥʦʝ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʥʦʚʘʷ ʤʦʜʝʣʴ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʘʝʪ ʚʥʫʪ-

ʨʝʥʥʝ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʝ ʠ ʩʦʛʣʘʩʫʶʱʝʝʩʷ ʩ ʠʥʪʫʠʪʠʚʥʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦʧʨʝʜʝʣʝʥʠʝ ʪʨʫʜʥʦʩʪʠ ʪʝʩʪʦʚʳʭ 

ʟʘʜʘʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʪʨʫʜʥʦʩʪʴ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʦʙʣʘʜʘʝʪ 

ʩʚʦʡʩʪʚʦʤ ʘʜʜʠʪʠʚʥʦʩʪʠ, ʠ, ʯʪʦ ʥʝ ʤʝʥʝʝ ʚʘʞʥʦ, ʵʪʦ ʩʚʦʡʩʪʚʦ ʥʘʭʦʜʠʪ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʥʘ ʵʤʧʠʨʠʯʝʩʢʦʤ ʫʨʦʚʥʝ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʪʝʩʥʦ ʧʨʠʤʳʢʘʝʪ ʢ ʩʪʘʪʴʝ [5], ʛʜʝ ʧʨʠʚʦʜʠʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʥʦʚʦʡ ʤʦ-

ʜʝʣʠ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʠ ʥʘʤʝʯʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʚʪʦʨʘ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ ʠ ʧʨʘʢ-

ʪʠʢʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ʇʦʧʦʚ, ɸ.ʇ. ʅʦʚʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʩʪʠʨʦʚʘʥʠʷ / ɸ.ʇ. ʇʦʧʦʚ, ɸ.ɸ. ɹʦʛʦʤʦʣʦʚ, ʃ.ɸ. ʇʦʧʦʚʘ // ʅʘʫʢʘ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ. ï 2005. ï  ˉ 3. ï C. 221.   

2. ʇʦʧʦʚ, ɸ.ʇ. ʅʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʪʝʦʨʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ / ɸ.ʇ. ʇʦʧʦʚ // ʀʟʚʝʩʪʠʷ ʖʌʋ. ʇʝʜʘʛʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ. ï 

2008. ï ˉ 1-2. ï ʉ.24.  

3. ʇʦʧʦʚ, ɸ.ʇ. ʉʚʠʜʝʪʝʣʴʩʪʚʦ ˉ17561 ʦʪ 09.10.2011 ʦ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ çɸʃʔ-

ʌɸè / ɸ.ʇ. ʇʦʧʦʚ // ʆʙʲʝʜʠʥʝʥʥʳʡ ʬʦʥʜ ʵʣʝʢʪʨʦʥʥʳʭ ʨʝʩʫʨʩʦʚ çʅʘʫʢʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝè ʀʥʩʪʠʪʫʪʘ ʥʘʫʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʤʦʥʠʪʦʨʠʥʛʘ ʈɸʆ ʈʌ.  

4. ʇʦʧʦʚ, ɸ.ʇ. ʇʨʦʙʣʝʤʘ ʦʮʝʥʢʠ ʪʨʫʜʥʦʩʪʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ / ɸ.ʇ. ʇʦʧʦʚ // ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ʉʝʚʝʨʦʢʘʚʢʘʟʩʢʠʡ ʨʝ-

ʛʠʦʥ. ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ. ï 2012. ï ˉ4. ï ʉ. 115.   

5. ʇʦʧʦʚ, ɸ.ʇ. ʅʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ / ɸ.ʇ. ʇʦʧʦʚ // ʅʘʫʢʘ ʠ ʄʠʨ. 

ï 2013. ï ˉ1 (1). ï ʉ. 38.   

6. Rasch, G. Probabilistic Models for Some Intelligence and Attainment Tests / G. Rasch // Chicago & London: The Univ. 

of Chicago Press, 1980. ï 199 ʨ.  

7. Wright, B.D., Masters G.N. Rating scale analysis. Rasch measurements / B.D. Wright, G.N. Masters // Chicago: MESA 

Press, 1982. ï 206 p.   

 

ʄʘʪʝʨʠʘʣ ʧʦʩʪʫʧʠʣ ʚ ʨʝʜʘʢʮʠʶ 25.11.13. 

 

 

ADDITIVITY OF TEST ITEMS DIFFICULTIES  
 

A.P. Popov, Candidate of Physical and Mathematical Sciences, Associate Professor 

Southern Federal University, Russia 

 

Abstract. The impartial analysis shows: the theory IRT and related parametric models of difficulty of test items 

of Rush and Birnbaum does not possess natural additivity property even at the level of definitions. At the same time, in 

the framework of proposed earlier by author a new model of testing the additivity of test items difficulties not only stems 

from the definition, but also allows an empirical test with the help of specially created for this purpose the method of 

virtual testing. The results of validation confirm the adequacy of the new model. 

Keywords: test items, difficulty, additivity, new model, virtual testing, adequacy. 
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ʋɼʂ 541.135.4:543.272.1 

 

ʆ ɺʆɿʄʆɾʅʆʉʊʀ ʉʀʅʊɽɿɸ ʅɸʅʆʇʃɽʅʂʀ ɼʀʆʂʉʀɼɸ ɺɸʅɸɼʀʗ 

 ʉ ʇʆʄʆʑʔʖ ʉʋʇɽʈʀʆʅʀʂɸ 
 

 
ɸ.ɾ. ʈʘʭʠʤʙʝʢʦʚ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ 

ɾʝʪʳʩʫʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ. ɾʘʥʩʫʛʫʨʦʚʘ (ʊʘʣʜʳʢʦʨʛʘʥ), ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʫʥʠʢʘʣʴʥʳʭ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ 

ʚʘʥʘʜʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʛʦʣʦʛʨʘʬʠʠ ʜʣʷ ʟʘʧʠʩʠ ʠ ʭʨʘʥʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʉʠʥʪʝʟ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʚʝʨʜʦʛʦ ʦʢʩʠʜʥʦʛʦ ʩʫʧʝʨʠʦʥʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ (ʊʆʉʇ), ʥʘ ʦʩʥʦʚʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ 

ʜʚʫʦʢʠʩʠ ʮʠʨʢʦʥʠʷ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʙʦʣʴʰʠʭ ʧʣʦʪʥʦʩʪʷʭ ʪʦʢʘ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʚʝʨʜʳʡ ʵʣʝʢʪʨʦʣʠʪ, ʩʫʧʝʨʠʦʥʠʢ, ʵʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ, ʢʘʪʠʦʥ, ʘʥʠʦʥ, ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʘʷ ʢʘʤʝʨʘ.   

 

ʅʘʠʙʦʣʝʝ ʝʩʪʝʩʪʚʝʥʥʳʡ ʧʫʪʴ ʧʦʣʫʯʝʥʠʷ ʦʢʠʩʣʦʚ ʤʝʪʘʣʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʘʥʘʜʠʷ, ï ʦʢʠʩʣʝʥʠʝ ʤʝʪʘʣʣʘ 

ʢʠʩʣʦʨʦʜʦʤ ʛʘʟʦʚʦʡ ʬʘʟʳ. ʊʝʯʝʥʠʝ ʠ ʨʝʟʫʣʴʪʘʪ ʦʢʠʩʣʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʠ ʠ ʢʠʩʣʦʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʛʘʟʦ-

ʚʦʡ ʬʘʟʳp [1], ʢʦʪʦʨʳʡ ʚ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʩʤʝʩʠ ʢʠʩʣʦʨʦʜʘ ʩ ʥʝʡʪʨʘʣʴʥʳʤ ʛʘʟʦʤ, ʚʟʷʪʦʡ ʧʨʠ ʦʙʱʝʤ ʜʘʚʣʝ-

ʥʠʡ 1 ʘʪʤ., ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʊ ʠ ʧʘʨʮʠʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʨ: 

 

                                                                        PRT ln=p ,                                                                            (1) 
 

ʛʜʝ R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

ʅʘʠʣʫʯʰʠʤ ʠʟ ʪʘʢʠʭ ʩʨʝʜʩʪʚ ʷʚʣʷʝʪʩʷ ʢʠʩʣʦʨʦʜʥʳʡ ʥʘʩʦʩ (ʂʅ), ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʥʩ-

ʧʦʨʪʥʳʭ ʩʚʦʡʩʪʚ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʜʚʫʦʢʠʩʠ ʮʠʨʢʦʥʠʷ, ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʜʦʟʠʨʦʚʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʘʪ-

ʤʦʩʬʝʨʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʙʣʦʢʦʚ: ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʠ ʢʘʯʘʶʱʝʛʦ ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʦʨʮʠʶ 

ʢʠʩʣʦʨʦʜʘ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ.  

 
 

ʈʠʩ. 1. ʄʘʢʝʪ ʢʠʩʣʦʨʦʜʥʦʛʦ ʥʘʩʦʩʘ ʠʟ ʩʫʧʝʨʠʦʥʠʢʘ 
 

ʉʦʙʩʪʚʝʥʥʦ ʂʅ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ.1. ʂʘʯʘʶʱʘʷ ʠ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʩʝʢʮʠʷ, ʚʦ ʠʟʙʝʞʘʥʠʝ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ 

ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ, ʩʤʦʥʪʠʨʦʚʘʥʳ ʥʘ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʪʨʫʙʢʘʭ 1 ʠʟ ʢʝʨʘʤʠʢʠ ʩʦʩʪʘʚʘ +9ʤʦʣ. 

% V2O3. ɼʣʠʥʘ ʪʨʫʙʢʠ ï 240 ʤʤ, ʜʠʘʤʝʪʨ ï 10ʤʤ, ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ï 1 ʤʤ. ʕʣʝʢʪʨʦʜʳ 2 ʧʦʣʫʯʝʥʳ ʜʚʫʢʨʘʪʥʳʤ 

ʚʞʠʛʘʥʠʝʤ ʧʣʘʪʠʥʦʚʦʡ ʧʘʩʪʳ ʧʨʠ 900 
0
ʉ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ. ɼʣʠʥʳ ʢʘʯʘʶʱʝʡ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʝʢʮʠʠ ʩʦ-

ʩʪʘʚʣʷʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 100 ʠ 5 ʤʤ. ʊʦʢʦʦʪʚʦʜʳ 3 ʚʳʧʦʣʥʝʥʳ ʠʟ ʧʣʘʪʠʥʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʜʠʘʤʝʪʨʦʤ 0,5 ʤʤ., 

ʧʨʠʧʝʯʝʥʥʦʡ ʢ ʧʘʩʪʦʚʦʤʫ ʧʦʢʨʳʪʠʶ. ʇʣʘʪʠʥʦ-ʧʣʘʪʠʥʦʨʦʜʠʝʚʳʝ ʪʝʨʤʦʧʘʨʳ 4 ʩʤʦʥʪʠʨʦʚʘʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʥʘ ʢʘʯʘʶʱʝʡ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʝʢʮʠʷʭ. ɺʘʢʫʫʤʥʦʧʣʦʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʢʘʯʘʶʱʝʡ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʝʢʮʠʠ ʤʝʞ-

ʜʫ ʩʦʙʦʡ ʠ ʩ ʛʘʟʦʚʦʡ ʤʘʛʠʩʪʨʘʣʴʶ ʚʳʧʦʣʥʝʥʳ ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ ʚʚʝʨʭʫ [2].   

ʂʅ ʧʦʜʩʦʝʜʠʥʝʥ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʢʘʤʝʨʝ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʢʠʩʣʝʥʠʝ ʧʣʝʥʦʢ ʚʘʥʘʜʠʷ.  

                                                           
 É ʈʘʭʠʤʙʝʢʦʚ ɸ.ɾ. / Rakhimbekov A.Zh., 2013 



ISSN 2308-4804. Science and world . 2013. ˉ 4 (4). 

 

 

44 

 

 

   
 

ʈʠʩ. 2. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʢʘʤʝʨʘ ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʥʘʥʦʧʣʝʥʢʠ ʜʠʦʢʩʠʜʘ ʚʘʥʘʜʠʷ 

 

ʂʘʤʝʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʫʙʫ ʠʟ ʦʧʪʠʯʝʩʢʦʛʦ ʢʚʘʨʮʘ 1 ʜʠʘʤʝʪʨʦʤ 60 ʤʤ, ʜʣʠʥʦʡ 600 ʤʤ [3]. ʊʨʫʙʘ 

ʫʢʨʝʧʣʝʥʘ ʚʝʨʪʠʢʘʣʴʥʦ, ʟʘʧʘʷʥʥʳʤ ʢʦʥʮʦʤ ʚʚʝʨʭ. ɻʘʟ ʘʨʛʦʥ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʢʠʩʣʦʨʦʜʘ, ʟʘʜʘʚʘʝʤʦʡ ʢʠʩʣʦʨʦʜ-

ʥʳʤ ʥʘʩʦʩʦʤ, ʧʦʩʪʫʧʘʝʪ ʚ ʢʘʤʝʨʫ ʯʝʨʝʟ ʪʨʫʙʢʫ 2, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ. ʆʙʨʘʟʝʮ 3 ʚ ʚʠʜʝ ʧʣʝʥʢʠ 

ʚʘʥʘʜʠʷ ʥʘ ʩʠʪʘʣʣʦʚʦʡ ʧʦʜʣʦʞʢʝ ʚʚʦʜʠʪʩʷ ʚ ʨʘʙʦʯʫʶ ʟʦʥʫ ʢʘʤʝʨʳ ʩ ʧʦʤʦʱʴʶ ʜʝʨʞʘʪʝʣʷ 4, ʫʢʨʝʧʣʝʥʥʦʛʦ ʥʘ 

ʩʲʝʤʥʦʡ ʧʨʦʙʢʝ 5 ʩ ʦʪʚʝʨʩʪʠʝʤ ʜʣʷ ʚʳʭʦʜʘ ʛʘʟʘ. ɺ ʜʝʨʞʘʪʝʣʝ ʩʤʦʥʪʠʨʦʚʘʥʘ ʪʝʨʤʦʧʘʨʘ 6 ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʦʙʨʘʟʮʘ. ɺ ʫʩʪʘʥʦʚʢʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ ʦʢʠʩ-

ʣʝʥʠʷ. ʆʥʘ ʩʥʘʙʞʝʥʘ ʣʘʟʝʨʦʤ ʃɻ-126. ʂʦʥʪʨʦʣʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ɚ=0.63 ʤʢʤ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʟʣʫʯʝʥʠʷ, ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʦʢʠʩʣʷʝʤʦʛʦ ʦʙʨʘʟʮʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ VO2 

ʤʝʥʷʶʪʩʷ ʫʩʣʦʚʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʠʟʣʫʯʝʥʠʷ, ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ VO2 ʠ ʤʝʪʘʣʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫ-

ʜʠʪʴ ʦ ʛʣʫʙʠʥʝ ʧʨʦʢʠʩʣʝʥʠʷ ʦʙʨʘʟʮʘ [4]. 

ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ ʩʠʩʪʝʤʳ ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʪ ʠʟ ʦʧʪʠʯʝʩʢʦʡ ʯʘʩʪʠ, ʣʘʟʝʨʘ ʢʨʘʩʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʝʨʳʚʘʪʝʣʴ, ʟʝʨʢʘʣʦ, ʦʙʨʘʟʝʮ, ʬʦʪʦʧʨʠʝʤʥʠʢ ʨʘʙʦʯʝʛʦ ʩʠʛ-

ʥʘʣʘ. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʯʘʩʪʴ ʚʢʣʶʯʘʝʪ ʬʦʪʦʧʨʠʝʤʥʠʢʠ ʨʘʙʦʯʝʛʦ ʠ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʦʚ, ʬʘʟʦʚʳʡ ʜʝʪʝʢʪʦʨ, ʫʩʠʣʠ-

ʪʝʣʴ ʠ ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʡ ʩʘʤʦʧʠʩʝʮ. 

ʇʦʜʛʦʪʦʚʢʘ ʫʩʪʘʥʦʚʢʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʦʜʢʣʶʯʝʥʠʷ ʛʘʟʦʚʦʛʦ ʙʘʣʣʦʥʘ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʩʢʦʨʦʩʪʠ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ. ɿʘʪʝʤ ʩʣʝʜʫʝʪ ʚʢʣʶʯʠʪʴ ʧʠʪʘʥʠʝ ʧʝʯʝʡ ʢʠʩʣʦʨʦʜʥʦʛʦ ʥʘʩʦʩʘ ʠ ʢʘʤʝʨʳ ʠ ʧʦʜʥʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ 

ʜʦ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʧʨʠʯʝʤ, ʚʦ ʠʟʙʝʞʘʥʠʝ ʪʝʧʣʦʚʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʢʝʨʘʤʠʢʠ, ʩʢʦʨʦʩʪʴ ʧʦʜʲʝʤʘ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʠʩʣʦʨʦʜʥʦʛʦ ʥʘʩʦʩʘ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 300 ʛʨʘʜ/ʯʘʩ. ʉʣʝʜʫʝʪ ʟʘʨʘʥʝʝ ʚʢʣʶʯʠʪʴ ʧʨʠʙʦʨʳ ʩʠʩʪʝʤʳ ʦʧʪʠʯʝ-

ʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʧʠʪʘʥʠʝ ʮʝʧʠ ʢʘʯʘʶʱʝʡ ʩʝʢʮʠʠ, ʧʦʩʣʝ ʯʝʛʦ ʫʩʪʘʥʦʚʠʪʴ ʪʦʢ ʢʘʯʘʶʱʝʡ ʩʝʢʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʪʨʝʙʫʝʤʦʝ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʥʘ ʚʳʭʦʜʝ ʨ, ʩʚʷʟʘʥʥʦʝ ʩ ʵʜʩ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʷʯʝʡʢʠ ʬʦʨʤʫʣʦʡ (2) 

 

                                                                                  )
4

exp(1

RT

F
PP

E
-=                                                                    (2) 

 

ʆʙʨʘʟʝʮ ʧʣʝʥʢʠ ʚʘʥʘʜʠʷ ʧʦʤʝʩʪʠʪʴ ʥʘ ʧʣʦʱʘʜʢʝ ʜʝʨʞʘʪʝʣʷ ʠ ʚʚʝʩʪʠ ʝʛʦ ʚ ʨʘʙʦʯʫʶ ʟʦʥʫ ʢʘʤʝʨʳ, ʧʦʩʣʝ 

ʯʝʛʦ ʥʘʩʪʨʦʠʪʴ ʩʠʩʪʝʤʫ ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʪʘʢ, ʯʪʦʙʳ ʦʪʨʘʞʝʥʥʳʡ ʦʪ ʦʙʨʘʟʮʘ ʣʫʯ ʣʘʟʝʨʘ ʧʦʧʘʣ ʥʘ ʬʦʪʦʧʨʠ-

ʝʤʥʠʢ. ɺ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ ʚʘʥʘʜʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʥʦʛʦ ʣʫʯʘ ʠʟʤʝʥʷʝʪʩʷ, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪ-

ʯʝʪʣʠʚʘʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ, ʧʦ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʛʣʫʙʠʥʝ ʧʨʦʢʠʩʣʝʥʠʷ ʦʙʨʘʟʮʘ (ʨʠʩ.3). 
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ʈʠʩ. 3. ʀʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʢʨʠʚʘʷ 

 

ɺʠʜʥʦ, ʯʪʦ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ ʦʢʠʩʣʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʠʷ ʧʘʜʘʝʪ, ʦʩʮʠʣʣʠʨʫʷ 

[5]. ʊʦʣʱʠʥʫ ʦʢʠʩʥʦʡ ʧʣʝʥʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʵʢʩʪʨʝʤʫʤʘʤʠ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʧʦ ʬʦʨʤʫʣʝ )
4

(
n

d
l

= , ʛʜʝ l ï ʨʘʙʦʯʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʣʘʟʝʨʘ, n ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʧʣʝʥʢʠ. ɼʣʷ l = 0.63 

ʤʢʤ ʠ n ʜʣʷ VO2 = 3 ʧʦʣʫʯʠʤ d = 0.05 ʤʢʤ.  
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Abstract. In the article possibility of receiving unique films on the basis of vanadium dioxide which are applied 

in holography to record and storage of optical information is considered. Synthesis is carried with the help of the firm 

oxidic superionic conductor (FOSC), on the basis of the stabilized dioxide of zirconium at high temperature and big 

density of current.   
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ʋʇʈɸɺʃɽʅʀɽ ʋʈʆɺʅɽʄ ʌɽʈʄʀ ɺ ɺʊʉʇ ʉ ʇʆʄʆʑʔʖ ʉʋʇɽʈʀʆʅʀʂɸ 
 

 
ɸ.ɾ. ʈʘʭʠʤʙʝʢʦʚ

1
, ʈ. ʆʢʩʫʢʙʘʝʚʘ, ɸ. ɹʘʡʙʦʣʘʪʦʚʘ, ʄ. ɸʛʘʜʠʣʦʚʘ, ʄ. ʊʫʨʩʫʥʛʘʟʳ  

1 
ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ 

ɾʝʪʳʩʫʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ. ɾʘʥʩʫʛʫʨʦʚʘ (ʊʘʣʜʳʢʦʨʛʘʥ), ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 
 

ɸʥʥʦʪʘʮʠʷ. ʅʘʩʪʦʷʱʠʡ ʤʝʪʦʜ ʫʧʨʘʚʣʝʥʠʷ ʫʨʦʚʥʝʤ ʌʝʨʤʠ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʩʪʨʫʢʪʫʨʥʳʤ ʬʘʟʦʚʳʤ 

ʧʝʨʝʭʦʜʘʤ, ʜʝʪʘʣʷʤ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʵʣʝʢʪʨʦʥ-ʨʝʰʝʪʦʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʪʚʝʨʜʳʭ ʦʢʩʠʜʥʳʭ ʠʦʥʥʳʭ ʧʨʦʚʦʜʥʠʢʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʚʝʨʜʳʡ ʵʣʝʢʪʨʦʣʠʪ, ʘʥʠʦʥ, ʢʘʪʠʦʥ, ʵʣʝʢʪʨʦʜ, ʩʫʧʝʨʠʦʥʠʢ. 
 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʫʧʨʘʚʣʝʥʠʷ ʫʨʦʚʥʝʤ ʌʝʨʤʠ, ʠʩʧʦʣʴʟʫʶʱʠʡ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʚʦʡʩʪʚʘ ʪʚʝʨʜʳʭ ʦʢʩʠʜʥʳʭ ʩʫʧʝʨʠʦʥʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ (ʊʆʉʇ). ʕʪʦ ʧʨʠʤʝʩʥʳʝ ʠʦʥʥʳʝ 

ʧʨʦʚʦʜʥʠʢʠ, ʥʘʟʳʚʘʝʤʳʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʠʣʠ ʦʢʩʠʜʥʳʤʠ ʪʚʝʨʜʳʤʠ ʵʣʝʢʪʨʦʣʠʪʘʤʠ. ʈʝʯʴ ʠʜʝʪ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʜʚʫʦʢʠʩʠ ʮʠʨʢʦʥʠʷ, ʧʨʦʷʚʣʷʶʱʝʡ ʥʘʨʷʜʫ ʩ ʧʨʝʢʨʘʩʥʳʤʠ ʦʛʥʝʫʧʦʨʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʠʦʥʥʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ 

ʦʢʨʫʞʘʶʱʝʤ ʛʘʟʝ ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʨʘʩʪʝʪ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ. 

ʅʘʩʪʦʷʱʠʡ ʤʝʪʦʜ ʫʧʨʘʚʣʝʥʠʷ ʫʨʦʚʥʝʤ ʌʝʨʤʠ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʩʪʨʫʢʪʫʨʥʳʤ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʘʤ, ʜʝʪʘʣʷʤ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʵʣʝʢʪʨʦʥ-ʨʝʰʝʪʦʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʛʝʨʤʝʪʠʟʠʨʦʚʘʥʥʦʤ ʪʠʛʣʝ ʠʟ ʊʆʉʇ [1] (ʨʠʩ. 

1) ʨʘʩʧʣʘʚʣʝʥ ʠ ʦʪʚʝʨʞʜʝʥ ɺʊʉʇ (ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢ) ï ʦʙʨʘʟʝʮ 2. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʥʘʨʫʞʠ 

ʥʘʥʝʩʝʥ ʧʣʘʪʠʥʦʚʳʡ ʵʣʝʢʪʨʦʜ 3. ʕʣʝʢʪʨʦʜʳ 4 ʠ 5 ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʘ ʨʘʚʥʦʚʝʩʠʝʤ ʤʝʞʜʫ ʦʙʨʘʟʮʦʤ ʠ 

ʛʘʟʦʚʦʡ ʬʘʟʦʡ ʥʘʜ ʥʠʤ. ʇʣʘʪʠʥʦʚʳʝ ʟʦʥʜʳ 6 ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʪʦʢʦʦʪʚʦʜʘ ʧʨʠ ʜʦʟʠʨʦʚʘʥʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ʦʙʨʘʟʮʝ. 

ʇʨʠ çʥʠʟʢʠʭè ʞʝ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ 

ʧʝʨʝʭʦʜʘ ʚ ʦʙʨʘʟʮʝ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʜʘʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ [2]. 
 

 
 

ʈʠʩ. 1. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʷʯʝʡʢʘ ʠʟ ʊʆʉʇ 
 

ʀʟʤʝʥʝʥʠʝ ʯʠʩʣʘ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʚ ʦʙʨʘʟʮʝ æn ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʫʨʦʚʥʷ ʌʝʨʤʠ æɽF, ʢʦʪʦʨʦʝ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʨʘʟʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʦʤ 3 ʠ ʦʙʨʘʟʮʦʤ æű=æɽF.          

ʇʦʣʷʨʠʟʘʮʠʷ ʵʣʝʢʪʨʦʜʦʚ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ű ʠ ʚʢʣʘʜʦʤ ʝʝ ʚ æɽF ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʇʦ ʟʥʘʯʝʥʠʷʤ æn  ʠ 

æɽF ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ  

                                                                                      D(ɽF)= 2æn / æɽF                                                                         (1) 
 

ʛʜʝ 2 æn  ï ʯʠʩʣʦ çʚʘʣʝʥʪʥʳʭè ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʚʥʝʩʝʥʥʳʭ æn  ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʚ ʦʙʨʘʟʝʮ 

ʝʜʠʥʠʯʥʦʛʦ ʦʙʴʝʤʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʨʦʚʥʷ ʌʝʨʤʠ ʦʪ  ɽF  ʜʦ ɽF + æɽF.  

ɺʝʣʠʯʠʥʘ D(ɽF) ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʇʨʠʚʣʝʢʘʷ ʨʝʥʪʛʝʥʦʚʩʢʠʝ 

ʠʟʤʝʨʝʥʠʷ, ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ  
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ʛʜʝ æɡ ï ʠʟʤʝʥʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʙʴʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʩʚʷʟʘʥʥʦʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʫʨʦʚʥʷ 

ʌʝʨʤʠ ʦʪ ɽF  ʜʦ ɽF + æɽF. ʌʫʥʢʮʠʷ ɜ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ï ʚʝʣʠʯʠʥʳ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʢʦʥʩʪʘʥʪʝ ʵʣʝʢʪʨʦʥ ï ʬʦʥʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɼʣʷ  ɔ-ɺʊʉʇ ʦʙʨʘʟʮʦʚ ʦʙʥʘʨʫʞʝʥʳ 

ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʵʪʦʡ ʚʝʣʠʯʠʥʳ å 40ʵɺ [3]. 

ʅʘ ʨʠʩ. 2. ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʌʝʨʤʠ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 

D ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ ʧʝʨʝʭʦʜʘ ʊʩ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʙʨʘʟʮʘʭ ʩʦʩʪʘʚʘ ɺʽ1,82  Sr1,73 Ca1,25 Cu2,2 Ox.  
 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʫʨʦʚʥʷ ʌʝʨʤʠ ɽF, ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ D ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ ʧʝʨʝʭʦʜʘ ʊʩ 

 

ɿʜʝʩʴ, ʢʘʢ ʠ ʜʣʷ ɔ-ɺʊʉʇ, ʥʘ ʦʩʠ ɽF ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʫʯʘʩʪʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʊʩ å 90 ʠ 70ʂ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʧʣʦʱʘʜʠ ʧʦʜ ʢʨʠʚʦʡ ʦʪ ɽF ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʩʣʝ ʦʪʢʘʯʢʠ ʠʟ ʦʙʨʘʟʮʘ 0,15 ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʥʘ 

ʵʣʝʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ ʦʙʨʘʟʝʮ ʧʝʨʝʭʦʜʠʪ ʠʟ ʩʦʩʪʦʷʥʠʷ ʩ ʊʩ å 90 ʚ ʩʦʩʪʦʷʥʠʝ ʊʩ å 70ʂ. ʇʦʩʣʝʜʫʶʱʘʷ ʦʪʢʘʯʢʘ ʠʟ 

ʦʙʨʘʟʮʘ 0,3 ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʧʝʨʝʚʦʜʠʪ ʦʙʨʘʟʝʮ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʬʘʟʫ ʩ ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ ʧʨʦʚʦʜʠʤʦʩʪʠ  

å20  ʤʵɺ. ʂʨʦʤʝ ʪʦʛʦ ʧʣʦʱʘʜʴ ʧʦʜ ʢʨʠʚʦʡ  D ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʬʘʟʫ ʧʦʯʪʠ 

ʧʦʣʦʚʠʥʘ ʩʦʩʪʦʷʥʠʡ ʦʜʥʦʡ ʠʟ ʵʣʝʢʪʨʦʥʥʳʭ ʟʦʥ ʧʝʨʝʩʝʢʘʝʪ ʫʨʦʚʝʥʴ ʌʝʨʤʠ ʠ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʙʣʠʟʠ ʥʝʛʦ [4]. 

ʕʪʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʬʘʢʪ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʢʘʢ ʩʤʝʰʘʥʥʦʛʦ ʵʣʝʢʪʨʦʥ-ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʢʦʥʮʝʥʪʨʠʨʫʶʱʝʛʦ 

ʵʣʝʢʪʨʦʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʫʨʦʚʥʷ ʌʝʨʤʠ [5]. ʇʨʝʜʣʦʞʝʥʘ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʘʢʦʛʦ 

ʧʝʨʝʭʦʜʘ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ 

                                                                             
() 20
ah+= cc TT   ,                                                                            (3) 

 

ʛʜʝ Ǽ ï ʧʘʨʘʤʝʪʨ ʧʦʨʷʜʢʘ, ʩʚʷʟʘʥʥʳʡ ʩ ʤʷʛʢʦʡ ʤʦʜʦʡ ʥʘ ʛʨʘʥʠʮʝ ʟʦʥʳ ɹʨʠʣʣʶʵʥʘ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʱʝʣʴʶ 

ʠʩʭʦʜʥʦʛʦ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ ʧʝʨʝʭʦʜʘ. 
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ʀ.ɺ. ʐʘʤʘʥʠʥ

1
, ɺ.ʀ. ʐʘʤʘʥʠʥ

2 

1 
ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʬʠʟʠʢʠ,  

2 
ʤʘʛʠʩʪʨ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʘʩʧʠʨʘʥʪ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
1 
ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, 

2 
ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʠʟʣʦʞʝʥʳ ʧʨʝʜʧʦʩʳʣʢʠ ʠ ʚʳʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʭʠ-

ʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʤʘʩʩʘʤʠ ʷʜʝʨ ʘʪʦʤʦʚ ʚ ʠʥʪʝʨʚʘʣʘʭ 80<M<105 ʠ 125<M<160 ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʝʢʘʥʠʷ ʚ 

ʟʚʝʟʜʘʭ ʨʝʘʢʮʠʡ ʜʝʣʝʥʠʷ ʷʜʝʨ ʩ ʤʘʩʩʦʡ MÓ228 ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʝʡʪʨʦʥʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʠʤʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ, ɺʩʝʣʝʥʥʘʷ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ, ʜʝʣʝʥʠʝ ʷʜʝʨ, ʧʨʦʜʫʢʪʳ ʜʝʣʝ-

ʥʠʷ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʤʘʩʩʘʤ, ʢʦʨʨʝʣʷʮʠʷ. 

  

ɺʚʝʜʝʥʠʝ 

ʀʟʚʝʩʪʥʳʡ ʬʘʢʪ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚʦʜʦʨʦʜʥʘʷ ʢʦʨʦʥʘ ʉʦʣʥʮʘ ʦʙʦʛʘʱʝʥʘ ʠʦʥʘʤʠ ʘʪʦʤʦʚ ʚʩʝʭ ʭʠʤʠʯʝ-

ʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʭʦʪʷ ʉʦʣʥʮʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʳʯʥʫʶ ʟʚʝʟʜʫ ʢʣʘʩʩʘ çGè, ʠʥʘʯʝ ï ʞʝʣʪʳʡ ʢʘʨʣʠʢ, ʘ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʠ ʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ ʚ ʥʝʡ ʥʝʩʦʠʟʤʝʨʠʤʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʫʩʣʦʚʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʟʨʳʚʫ ʩʚʝʨʭʥʦ-

ʚʳʭ ʠʣʠ ʩʣʠʷʥʠʶ ʥʝʡʪʨʦʥʥʳʭ ʟʚʝʟʜ. ʉʦʛʣʘʩʥʦ ʩʫʱʝʩʪʚʫʶʱʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʉʦʣʥʮʝ ʷʚʣʷʝʪʩʷ ʤʦʣʦʜʦʡ ʟʚʝʟ-

ʜʦʡ ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ (ʧʦʧʫʣʷʮʠʠ I) ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʘʣʣʦʚ, ʪʦ ʝʩʪʴ ʦʥʦ ʦʙʨʘʟʦʚʘʣʦʩʴ ʠʟ ʦʩʪʘʥʢʦʚ 

ʟʚʝʟʜ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʡ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʧʫʣʷʮʠʡ III ʠ II). ʅʘʣʠʯʠʝ ʠʦʥʦʚ ʘʪʦʤʦʚ ʚʩʝʭ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʨʦʥʝ ʉʦʣʥʮʘ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʵʪʠʤ ʬʘʢʪʦʤ. ʆʙʱʝʧʨʠʥʷʪʦ, ʯʪʦ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʚ ʩʦʣʥʝʯ-

ʥʦʤ ʷʜʨʝ ʧʨʦʪʝʢʘʶʪ ʪʝʨʤʦʷʜʝʨʥʳʝ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ ʚʦʜʦʨʦʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʷʜʝʨ ʛʝʣʠʷ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʚ ʟʚʝʟʜʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʦʣʥʝʯʥʦʤ ʷʜʨʝ, ʪʷʞʝʣʳʭ ʷʜʝʨ ʚ ʨʝʘʢʮʠʷʭ ʩ ʫʯʘʩʪʠʝʤ 

ʪʨʝʭ, ʯʝʪʳʨʝʭ ʠ ʙʦʣʝʝ ʷʜʝʨ ʩ ʤʘʩʩʦʡ M>4 ʠ ʟʘʨʷʜʦʤ Z>2 ʥʝ ʦʙʩʫʞʜʘʝʪʩʷ. ʂʘʢ ʧʨʝʜʝʣʴʥʳʡ ʫʯʠʪʳʚʘʝʪʩʷ ʤʥʦʛʦʯʘ-

ʩʪʠʯʥʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʭʦʜʝ r-ʧʨʦʮʝʩʩʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʥʦʡ ʟʚʝʟʜʳ, 

ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʩʪʘʜʠʠ ʧʨʝʜʩʚʝʨʭʥʦʚʦʡ, ʢʦʛʜʘ ʜʦʧʫʩʢʘʝʪʩʷ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʡ ʩʣʠʷʥʠʷ ʥʝʩʢʦʣʴʢʠʭ a-ʯʘʩʪʠʮ ʠ 

ʥʫʢʣʦʥʦʚ ʪʠʧʘ: 

 
ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʚʦ ɺʩʝʣʝʥʥʦʡ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʧʨʝʜ-

ʤʝʪʦʤ ʜʠʩʢʫʩʩʠʡ ʠ ʧʦʠʩʢʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʭ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʥʳʭ ʚʝʨʩʠʡ. ɺ 

ʩʘʤʦʡ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʠ ʧʨʠʥʷʪʦʡ ʥʘ ʩʝʛʦʜʥʷ ʚʝʨʩʠʠ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʳ ʧʨʠ ʚʟʨʳʚʘʭ 

ʩʚʝʨʭʥʦʚʳʭ ʟʚʝʟʜ.   

ʅʦ ʥʦʚʳʝ ʤʦʜʝʣʠ ʦʪʚʝʨʛʘʶʪ ʵʪʫ ʚʝʨʩʠʶ. ɺ ʯʘʩʪʥʦʩʪʠ, ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʩʦʪʨʫʜ-

ʥʠʢʘʤʠ MPA (ʀʥʩʪʠʪʫʪ ʘʩʪʨʦʬʠʟʠʢʠ ʄʘʢʩʘ ʇʣʘʥʢʘ) ʠ ʉʚʦʙʦʜʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ɹʨʶʩʩʝʣʷ (Vrije Universiteit 

Brussel), ʧʦʢʘʟʘʣʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʜʨʫʛʦʡ ʚʝʨʩʠʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʟʦʣʦʪʦ, ʧʣʘʪʠʥʘ, ʪʦʨʠʡ, ʧʣʫʪʦʥʠʡ ʠ ʜʨʫ-

ʛʠʝ ʪʷʞʝʣʳʝ ʘʪʦʤʳ ʨʦʞʜʘʶʪʩʷ ʧʨʠ ʩʣʠʷʥʠʠ ʥʝʡʪʨʦʥʥʳʭ ʟʚʝʟʜ. ʈʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ, 

ʦʙʲʝʜʠʥʷʶʱʝʡ ʨʝʣʷʪʠʚʠʩʪʩʢʫʶ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʟʚʝʟʜʳ ʠ ʤʦʜʝʣʴ ʷʜʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ 

ʚ ʟʚʝʟʜʝ [4, 5]. 

ʇʨʠʤʝʯʘʪʝʣʝʥ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʧʝʨʝʯʝʥʴ ʧʨʠʥʠʤʘʝʤʳʭ ʚʦ ʚʥʠʤʘʥʠʝ ʷʜʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʠ ʤʥʦʛʦʩʪʘʜʠʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚʦ ɺʩʝʣʝʥʥʦʡ ʚʭʦʜʷʪ ʚʩʝ, ʟʘ ʠʩʢʣʶʯʝʥʠ-

ʝʤ ʧʨʦʮʝʩʩʘ ʜʝʣʝʥʠʷ ʪʷʞʝʣʳʭ (MÓ228) ʷʜʝʨ. ʅʦ, ʝʩʣʠ ʩʠʥʪʝʟ ʪʷʞʝʣʳʭ ʷʜʝʨ ʚ ʨʝʘʢʮʠʷʭ ʩ ʫʯʘʩʪʠʝʤ ʪʨʝʭ, ʯʝʪʳʨʝʭ 

ʠ ʙʦʣʝʝ ʷʜʝʨ ʩ ʤʘʩʩʦʡ M>4 ʠ ʟʘʨʷʜʦʤ Z>2 ʥʝ ʧʨʠʥʠʤʘʝʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʚʚʠʜʫ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʡ ʚʝʨʦʷʪʥʦ-

ʩʪʠ ʵʪʠʭ ʨʝʘʢʮʠʡ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʭʯʘʩʪʠʯʥʳʤʠ) ʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʵʥʝʨʛʠʡ ʢʫʣʦʥʦʚʩʢʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ ʷʜʝʨ, 

ʪʦ ʧʨʦʮʝʩʩʳ ʜʝʣʝʥʠʷ ʪʷʞʝʣʳʭ ʷʜʝʨ ʠʩʢʣʶʯʝʥʳ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʙʝʟ ʩʝʨʴʝʟʥʳʭ ʦʩʥʦʚʘʥʠʡ.  

ʇʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʚʳʜʚʠʞʝʥʠʷ ʛʠʧʦʪʝʟʳ 

ʆʙʱʝʧʨʠʥʷʪʦ, ʯʪʦ ʪʝʨʤʦʷʜʝʨʥʦʝ ʛʦʨʝʥʠʝ ʢʨʝʤʥʠʷ ʚ ʤʘʩʩʠʚʥʳʭ ʟʚʝʟʜʘʭ ʷʚʣʷʝʪʩʷ ʢʦʥʝʯʥʦʡ ʩʪʘʜʠʝʡ ʪʝʨ-

ʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ ʥʫʢʣʠʜʦʚ, ʥʘ ʢʦʪʦʨʦʡ ʦʙʨʘʟʫʶʪʩʷ ʷʜʨʘ ʛʨʫʧʧʳ ʞʝʣʝʟʘ, ʦʙʣʘʜʘʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʫʜʝʣʴ-

ʥʦʡ ʵʥʝʨʛʠʝʡ ʩʚʷʟʠ [3]. ɻʦʨʝʥʠʝ ʢʨʝʤʥʠʷ ʩʣʝʜʫʝʪ ʟʘ ʩʪʘʜʠʝʡ ʛʦʨʝʥʠʷ 
16
O ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʣʦʪʥʦ-

ʩʪʠ. ʌʦʪʦʜʠʩʩʦʮʠʘʮʠʠ ʩʪʘʥʦʚʷʪʩʷ ʧʦʜʚʝʨʞʝʥʳ ʩʣʦʞʥʳʝ ʘʪʦʤʥʳʝ ʷʜʨʘ, ʘ ʦʩʚʦʙʦʞʜʘʶʱʠʝʩʷ ʧʨʦʪʦʥʳ, ʥʝʡʪʨʦʥʳ 

ʠ a-ʯʘʩʪʠʮʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʥʝ ʫʩʧʝʚʰʠʤʠ ʜʠʩʩʦʮʠʠʨʦʚʘʪʴ ʷʜʨʘʤʠ ʠ ʦʙʨʘʟʫʶʪ ʙʦʣʝʝ ʪʷʞʝʣʳʝ ʷʜʨʘ, ʚʢʣʶ-
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ʯʘʷ ʷʜʨʘ ʞʝʣʝʟʥʦʛʦ ʧʠʢʘ ʥʘ ʢʨʠʚʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ [2]. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʦʧʠʩʳʚʘʝʪʩʷ ʩʦʪʥʝʡ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʜʚʝ ʠʟ ʥʠʭ [3]: 

 

 
 

ʇʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʪʠʧʘ 
28

Si + 
28

Si 
56

Ni + ɔ ʩʯʠʪʘʶʪ ʤʘʣʦʚʝʨʦʷʪʥʳʤ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʢʫʣʦʥʦʚʩʢʦʛʦ 

ʙʘʨʴʝʨʘ. ʕʪʫ ʨʝʘʢʮʠʶ ʩʠʤʚʦʣʠʯʝʩʢʠ ʟʘʤʝʥʷʶʪ ʥʘ ʩʣʝʜʫʶʱʠʝ: 

 

 
 

ʗʜʨʘ 
56
Ni ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʚʫʭ ɓ

-
- ʨʘʩʧʘʜʦʚ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ 

56
Fe. 

ʇʦʩʪʫʣʠʨʫʝʪʩʷ, ʯʪʦ ʧʦʩʣʝʜʫʶʱʠʡ ʪʝʨʤʦʷʜʝʨʥʳʡ ʩʠʥʪʝʟ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʣʝʛʢʠʭ ʷʜʝʨ ʷʜʨʘ-

ʤʠ ʛʨʫʧʧʳ ʞʝʣʝʟʘ ʥʝ ʠʤʝʝʪ ʤʝʩʪʘ, ʪʘʢ ʢʘʢ ñʵʪʦʪ ʧʨʦʮʝʩʩ ʜʦʣʞʝʥ ʧʨʦʪʝʢʘʪʴ ʪʦʣʴʢʦ ʩ ʧʦʛʣʦʱʝʥʠʝʤ ʵʥʝʨʛʠʠò. 

ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ ʦʙʱʝʧʨʠʥʷʪʦ, ʯʪʦ ʩʠʥʪʝʟ ʘʪʦʤʥʳʭ ʷʜʝʨ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ ɼ. ʄʝʥʜʝʣʝʝʚʘ ʟʘ ʛʨʫʧʧʦʡ 

ʞʝʣʝʟʘ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʨʫʛʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʠ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʄ. ʠ ɼʞ. ɹʝʨʙʠʜʞʠ, ʋ. ʌʘʫʣʝʨ ʠ ʌ. ʍʦʡʣ ʚ 1957 

ʛʦʜʫ, ʪʘʢʠʝ ʥʫʢʣʠʜʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ s-, r- ʠ p-ʧʨʦʮʝʩʩʦʚ [3]. 

ʈʘʩʩʤʦʪʨʠʤ s-ʧʨʦʮʝʩʩ [3]. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʜʣʝʥʥʳʡ ʟʘʭʚʘʪ ʥʝʡʪʨʦʥʦʚ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʥʝʫʩʪʦʡʯʠʚʳʝ ʷʜʨʘ ʨʘʩʧʘʜʘʶʪʩʷ ʧʨʝʞʜʝ, ʯʝʤ ʫʩʧʝʶʪ ʧʨʠʩʦʝʜʠʥʠʪʴ ʩʣʝʜʫʶʱʠʡ ʥʝʡʪʨʦʥ. ʇʦʵʪʦ-

ʤʫ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ s-ʧʨʦʮʝʩʩ ʠʜʝʪ ʚ ʥʝʜʨʘʭ ʟʚʝʟʜ ʥʘ ʥʦʨʤʘʣʴʥʦʡ ʩʪʘʜʠʠ ʠʭ ʵʚʦʣʶʮʠʠ. 

ʇʨʠʤʝʨʦʤ ʬʨʘʛʤʝʥʪʘ ʮʝʧʦʯʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʷʜʝʨʥʳʭ s-ʟʘʭʚʘʪʦʚ ʥʝʡʪʨʦʥʦʚ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʭʝʤʘ: 

 

 

 

 
 

ɿʘʚʝʨʰʘʶʪʩʷ ʮʝʧʦʯʢʠ ʧʨʝʚʨʘʱʝʥʠʡ s-ʧʨʦʮʝʩʩʘ ʥʘ ʠʟʦʪʦʧʘʭ ʩʚʠʥʮʘ ʠ ʚʠʩʤʫʪʘ 
209
Bi, ʪʘʢ ʢʘʢ ʧʦʩʣʝʜʫʶ-

ʱʠʝ ʥʫʢʣʠʜʳ 
210
ʈo ʠ 

211
ʈo ʠʩʧʳʪʳʚʘʶʪ a-ʨʘʩʧʘʜ ʩ ʧʝʨʠʦʜʦʤ ʧʦʣʫʨʘʩʧʘʜʘ 138 ʩʫʪʦʢ ʠ 0,5 ʩ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʧʨʝʚʨʘʱʘʷʩʴ ʚ ʩʚʠʥʝʮ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʝʡʪʨʦʥʦʚ ʚ s-ʧʨʦʮʝʩʩʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ~10
11

 ʤ
-3
, ʢʦʪʦʨʦʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʫʢʣʦʥʦʚ ʚ ʥʝʜʨʘʭ ñʥʦʨʤʘʣʴʥʳʭò ʟʚʝʟʜ (ɟ > 10
3
 ʢʛ/ʤ

3
, n > 6 Ā10

29
ʤ

- 3
). 

ɺ ʢʘʯʝʩʪʚʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʫʯʘʩʪʠʷ s-ʧʨʦʮʝʩʩʘ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʘʢʪ 

ʧʨʠʤʝʨʥʦ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʳ ʧʨʦʠʟʚʝʜʝʥʠʷ ʩʝʯʝʥʠʷ ʟʘʭʚʘʪʘ ʥʝʡʪʨʦʥʘ ʷʜʨʦʤ ů ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ na, 
ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʚ s-ʧʨʦʮʝʩʩʝ, ʚ ʠʥʪʝʨʚʘʣʝ ʤʝʞʜʫ ʷʜʨʘʤʠ ʩ ʟʘʧʦʣʥʝʥʥʳʤʠ ʥʝʡʪʨʦʥʥʳʤʠ ʦʙʦʣʦʯʢʘʤʠ. 

ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʧʨʠʤʝʨʝ ʩʣʠʷʥʠʝ ʥʝʡʪʨʦʥʦʚ ʩ ʷʜʨʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʨʦʮʝʩʩ, ʧʨʦʪʝʢʘʶʱʠʡ ʧʨʠ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʷʜʝʨ ʠ ʥʝʡʪʨʦʥʦʚ v, ʪʘʢ ʢʘʢ ʟʥʘʯʝʥʠʝ <ův> ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ 

ʚʝʣʠʯʠʥʫ 3Ā10
-23

 ʤ
3
/ʩ. ɽʩʣʠ ʧʦʣʦʞʠʪʴ ʩʝʯʝʥʠʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʟʘʭʚʘʪʘ ʥʝʡʪʨʦʥʘ ʨʘʚʥʳʤ 1 ʤʙ (10

-31
 ʤ

2
), ʪʦ ʝʛʦ 

ʩʢʦʨʦʩʪʴ ʜʦʣʞʥʘ ʙʳʪʴ ʩʫʙʩʚʝʪʦʚʦʡ.  

ʉʝʯʝʥʠʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʟʘʭʚʘʪʘ ʪʝʧʣʦʚʦʛʦ ʥʝʡʪʨʦʥʘ ʷʜʨʦʤ 
56

Fe ʥʝ ʧʨʝʚʳʰʘʝʪ 3 ʙ, ʥʝʡʪʨʦʥʘ ʩ ʵʥʝʨʛʠʝʡ 

30 ʢʵɺ ï 40 ʤʙ. ʇʨʠ ʵʪʦʤ ʜʣʷ <ův> ~3Ā10
-23

 ʤ
3
/ʩ ʵʥʝʨʛʠʷ ʥʝʡʪʨʦʥʘ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝʥʝʝ 4,7 ʢʵɺ, ʘ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ ʬʨʘʛʤʝʥʪʘ ʮʝʧʦʯʢʠ ʪʨʝʙʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ. ʊʦ ʝʩʪʴ ʧʨʦʮʝʩ-

ʩr  ʩʠʥʪʝʟʘ ʷʜʝʨ ʥʠʢʝʣʷ, ʩʚʠʥʮʘ ʠ ʚʠʩʤʫʪʘ (ʪʘʢ ʞʝ, ʢʘʢ ʠ ʧʨʦʮʝʩʩʳ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʣʝʛʢʠʭ ʷʜʝʨ ʷʜʨʘʤʠ ʛʨʫʧʧʳ 

ʞʝʣʝʟʘ) ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ ʪʦʣʴʢʦ ʩ ʧʦʛʣʦʱʝʥʠʝʤ ʵʥʝʨʛʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʧʨʦʪʝʢʘʥʠʝ 150 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʟʘʭʚʘʪʦʚ (ʦʪ ʷʜʨʘ ʞʝʣʝʟʘ ʜʦ ʷʜʨʘ ʚʠʩʤʫʪʘ) ʧʦʪʨʝʙʫʝʪʩʷ ʥʝ ʤʝʥʝʝ 0,7 ʄʵɺ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, s-ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʪʦʣʴʢʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ (ʩ ʧʦʛʣʦʱʝʥʠʝʤ) ʵʥʝʨʛʠʠ ʠ 

ʚʦʧʨʦʩ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʚʳʛʦʜʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʮʝʩʩʦʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʣʝʛʢʠʭ ʷʜʝʨ ʷʜ-

ʨʘʤʠ ʛʨʫʧʧʳ ʞʝʣʝʟʘ ʚ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ. ʊʦ ʞʝ 

ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʠ ʦʙ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʚʳʛʦʜʥʦʩʪʠ r- ʠ p-ʧʨʦʮʝʩʩʦʚ. 

ɺ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʧʨʦʮʝʩʩʦʚ ʪʠʧʘ ñʚʟʨʳʚ ʩʚʝʨʭʥʦʚʦʡò ʨʝʰʘʶʪʩʷ, ʚ ʩʫʱʥʦʩʪʠ, ʦʜʥʦʤʝʨʥʳʝ 

ʟʘʜʘʯʠ, ʘ ʚ ʘʥʘʣʠʟʝ ʚʣʠʷʥʠʷ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʥʘ ʢʚʘʥʪʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚʦ ʚʥʠʤʘʥʠʝ ʧʨʠʥʠʤʘʝʪʩʷ ʪʦʣʴʢʦ ʚʢʣʘʜ 

ʧʣʘʟʤʳ. ʆʜʥʘʢʦ, ʠʤʝʶʪʩʷ ʩʝʨʴʝʟʥʳʝ ʘʨʛʫʤʝʥʪʳ ʚ ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ ʬʠʟʠʢʘ ʩʚʝʨʭʥʦʚʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʦʞʥʝʝ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤ ʫʯʝʪ ʚʨʘʱʝʥʠʷ ʦʙʦʣʦʯʢʠ ʟʚʝʟʜʳ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʛʦ ʥʘʣʠʯʠʷ ʩʠʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʧʨʠʯʝʤ, ʵʪʠ ʜʚʘ ʬʝʥʦʤʝʥʘ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʚʝʣʠʯʠʥʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ, ʨʘʟʚʠʚʘʝʤʦʛʦ ʧʨʠ ʢʦʣʣʘʧʩʝ ʷʜʨʘ ʩʚʝʨʭʥʦʚʦʡ, ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ~ 10
13

 ɻʩ, ʪʦ ʥʘʣʠ-

ʯʠʝ ʚʨʘʱʝʥʠʷ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʪʦʨʦʠʜʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʥʦ-

ʩʪʠ ʧʦʣʷ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʬʘʢʪʦʨ 10
3
-10

4
. ʆʯʝʥʴ ʩʠʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʪʘʢʞʝ ʠʤʝʶʪʩʷ ʫ ʨʷʜʘ ʟʚʝʟʜ, ʥʘʭʦ-

ʜʷʱʠʭʩʷ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʩʪʘʜʠʷʭ ʵʚʦʣʶʮʠʠ. ʋ ʥʝʢʦʪʦʨʳʭ ʙʝʣʳʭ ʢʘʨʣʠʢʦʚ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʥʘʙʣʶʜʝʥʠʷ 

ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʠʭ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʦʩʪʠʛʘʝʪ 10
6 
-10

8
 ʕ. 

ɽʩʪʴ ʚʩʝ ʦʩʥʦʚʘʥʠʷ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʢʠʥʝʪʠʢʘ ʩʠʥʪʝʟʘ ʷʜʝʨ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʚ ʦʯʝʥʴ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʷʭ (ʥʘʧʨʠʤʝʨ, ʚ ʷʜʨʝ ʧʨʝʜʩʚʝʨʭʥʦʚʦʡ), ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʠʚʳʯʥʦʡ, ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʥʘʯʠʤʳʝ ʩʝʯʝʥʠʷ ʨʝʘʢʮʠʡ 


