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Physical and mathematical sciences 

ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ 
 

 

ʋɼʂ 373.13:51(574) 

 

ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʆʈɻɸʅʀɿɸʎʀʀ ʉɸʄʆʉʊʆʗʊɽʃʔʅʓʍ ʈɸɹʆʊ  

ʇʆ ʂʋʈʉʋ ʄɸʊɽʄɸʊʀʏɽʉʂʆɻʆ ɸʅɸʃʀɿɸ  

ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʅɽʁʈʆʃʀʅɻɺʀʉʊʀʏɽʉʂʆɻʆ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʗ 
 

 
ɸ.ɾ ɸʙʜʳʢʘʨʠʤʦʚʘ

1
, ʉ.ʄ ʉʝʠʪʦʚʘ

2 

1
 ʤʘʛʠʩʪʨʘʥʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ, 

2 
ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

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

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ çʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʨʘʙʦʪ ʧʦ ʢʫʨʩʫ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʛʦ ʘʥʘʣʠʟʘè ʠʟʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʨʘʙʦʪ ʚ ʚʫʟʝ, ʠʩʩʣʝʜʦʚʘʥʳ ʢʨʠʪʝʨʠʠ ʨʘʟʨʘʙʦʪ-

ʢʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʨʘʙʦʪ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʥʝʡʨʦʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʝ-

ʠʤʫʱʝʩʪʚʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʫʜʠʘʣʴʥʳʡ, ʚʝʜʫʱʘʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʘʷ ʩʠʩʪʝʤʘ, ʢʠʥʝʩʪʝʪʠʢʘ, ʢʣʶʯʠ ʜʦʩʪʫʧʘ, 

ʥʝʡʨʦʣʠʥʛʚʠʩʪʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʷʟʳʢ ʪʝʣʘ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʜʝʪ ʧʨʦʮʝʩʩ ʩʪʘʥʦʚʣʝʥʠʷ ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʝ ʫʯʝʙʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʩʠʩʪʝʤʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚʳʩʰʝʡ ʰʢʦʣʳ ʚʩʝ ʙʦʣʴʰʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʨʘʙʦʪʘ ʩʦ ʩʪʫʜʝʥʪʘʤʠ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʨʝ-

ʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʛʣʘʚʥʳʭ ʟʘʜʘʯ: ʧʨʦʙʫʜʠʪʴ ʫ ʩʪʫʜʝʥʪʦʚ ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ ʧʨʝʜʤʝʪʘ ʠ ʨʘʟʚʠʪʴ ʪʚʦʨʯʝʩʢʠʝ 

ʩʧʦʩʦʙʥʦʩʪʠ ʙʫʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʦʧʠʨʘʷʩʴ ʧʨʠ ʵʪʦʤ ʥʘ ʵʬʬʝʢʪʠʚʥʦʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʦʙʫʯʝʥʠʝ. ʇʦʵʪʦʤʫ 

ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʳʩʰʝʡ ʰʢʦʣʳ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʪʘʣʦ ʚʦʟʨʘʩʪʘʥʠʝ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʜʦʣʠ ʩʘʤʦ-

ʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜ-

ʛʦʪʦʚʢʝ ʚʳʧʫʩʢʥʠʢʘ ʚʫʟʘ. 

ʋʩʠʣʝʥʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ, ʫʚʝʣʠʯʝʥʠʝ ʝʸ ʦʙʲʸʤʘ ʚ ʩʪʨʫʢʪʫʨʝ ʫʯʝʙʥʳʭ ʧʣʘʥʦʚ ʠ 

ʧʨʦʛʨʘʤʤ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʨʷʜʦʤ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʤʦʜʝʨ-

ʥʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

1) ʆʨʛʘʥʠʟʘʮʠʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʠʯʥʦʩʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘʧʨʘʚ-

ʣʝʥʥʦʩʪʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʚʳʧʫʩʢʥʠʢʦʚ, ʨʘʟʚʠʪʠʶ ʫ ʩʪʫʜʝʥʪʦʚ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʩʘʤʦʦʙʫʯʝʥʠʶ. 

2) ʈʘʩʰʠʨʝʥʠʝ ʜʦʣʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ ʧʨʠʜʘʸʪ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʫʯʝʙʥʦʤʫ ʧʨʦʮʝʩʩʫ 

ʧʨʦʙʣʝʤʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʘʢʪʠʚʥʦʝ ʚʦʚʣʝʯʝʥʠʝ ʩʪʫʜʝʥʪʦʚ ʚ ʩʘʤʦ-

ʩʪʦʷʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʮʝʣʦʩʪʥʦʡ ʩʠʩʪʝʤʳ ʟʘʜʘʥʠʡ, ʠʤʝʶʱʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠ ʚʦʟʨʘʩʪʘʶ-

ʱʠʡ ʫʨʦʚʝʥʴ ʩʣʦʞʥʦʩʪʠ. 

3) ʉʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʩʪʫʜʝʥʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʘʤʦʨʘʟʚʠʪʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʙʫʜʫʱʝʛʦ 

ʚʳʧʫʩʢʥʠʢʘ ʢ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʚʠʜʘʤ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʧʦʩʦʙʳ ʠ ʩʦʜʝʨʞʘʥʠʝ, ʢʦʪʦʨʦʡ ʥʝ ʤʦʛʫʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʠʣʠ 

ʦʩʚʘʠʚʘʪʴʩʷ ʧʦ ʦʙʨʘʟʮʘʤ.  

4) ʇʦʚʳʰʝʥʠʝ ʨʦʣʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʟʜʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʣʦ-

ʚʠʡ ʜʣʷ ʝʸ ʦʨʛʘʥʠʟʘʮʠʠ, ʫʩʠʣʝʥʠʝ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʢʘʢ ʩʪʫʜʝʥʪʦʚ, ʪʘʢ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʟʘ ʨʝʟʫʣʴʪʘʪʳ ʩʚʦʝʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʮʝʣʦʤ. 

ʉʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʩʪʫʜʝʥʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʥʝʡʨʦʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦ-

ʚʘʥʠʷ ï ʵʪʦ ʤʥʦʛʦʦʙʨʘʟʥʳʝ ʚʠʜʳ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʠ ʢʦʣʣʝʢʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚ-

ʣʷʶʪʩʷ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ, ʥʦ ʙʝʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʫʯʘʩʪʠʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʚ ʩʧʝʮʠʘʣʴʥʦ ʦʪʚʝʜʝʥʥʦʝ ʜʣʷ ʵʪʦʛʦ 

ʘʫʜʠʪʦʨʥʦʝ ʠ ʥʝʘʫʜʠʪʦʨʥʦʝ ʚʨʝʤʷ, ʠʩʧʦʣʴʟʫʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʢʣʶʯʠ ʜʦʩʪʫʧʘè.  

ʅʝʡʨʦʣʠʥʛʚʠʩʪʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠʟʫʯʘʝʪ ʚʥʫʪʨʝʥʥʠʝ ʧʨʦʮʝʩʩʳ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ, ʧʦ-

ʚʝʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʶ ʦʙʱʝʥʠʷ. ɼʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʚ ʠʟʫʯʝ-

ʥʠʠ ʯʝʣʦʚʝʢʘ, ʝʛʦ ʦʙʫʯʝʥʠʠ ʠ ʚʣʠʷʥʠʠ ʥʘ ʥʝʛʦ. 

ʉʫʱʝʩʪʚʫʶʪ ʪʝʭʥʦʣʦʛʠʠ ʥʝʡʨʦʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʦʙʫʯʝʥʠʠ ʩʪʫʜʝʥʪʦʚ (ʫʯʘʱʠʭʩʷ) ʩ ʨʘʟʥʳʤʠ ʚʝʜʫʱʠʤʠ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʚʦʩʧʨʠʷʪʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ï ʵʪʦ ʩʧʦʩʦʙ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʚ ʤʦʟʛʝ ʢʦʜʠʨʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʚ ʦʜʥʦʡ 

ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤʘʭ: ʚʠʟʫʘʣʴʥʦʡ, ʘʫʜʠʘʣʴʥʦʡ ʠ ʢʠʥʝʩʪʝʪʠʯʝʩʢʦʡ. 

ɺ ʨʘʤʢʘʭ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʫ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ ʝʩʪʴ ʩʚʦʡ ʦʩ-
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ʥʦʚʥʦʡ ʢʘʥʘʣ ʚʦʩʧʨʠʷʪʠʷ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʩʚʦʷ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ çʨʝʧʨʝʟʝʥʪʘʪʠʚʥʘʷ ʩʠʩʪʝʤʘè. ʉʯʠʪʘʝʪ-

ʩʷ, ʯʪʦ ʠʤʝʥʥʦ ʯʝʨʝʟ ʚʝʜʫʱʠʡ ʢʘʥʘʣ ʧʦʩʪʫʧʘʝʪ ʯʝʣʦʚʝʢʫ ʦʩʥʦʚʥʦʡ ʧʦʪʦʢ ʠʥʬʦʨʤʘʮʠʠ. ʈʝʧʨʝʟʝʥʪʘʮʠʷ ʦʧʨʝʜʝʣ̫-

ʝʪ, ʢʘʢ ʦʨʛʘʥʠʟʦʚʘʥ ʥʘʰ ʦʧʳʪ ʠ ʢʘʢ ʤʳ ʦʧʠʩʳʚʘʝʤ ʤʠʨ. ʕʪʦ, ʩʦʛʣʘʩʥʦ ʅʃʇ, ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʙʨʘʟʘʭ (ʚʠʟʫʘʣʴʥʘʷ 

ʩʠʩʪʝʤʘ), ʟʚʫʢʘʭ (ʘʫʜʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ), ʦʱʫʱʝʥʠʷʭ (ʢʠʥʝʩʪʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ). 

ɺ ʚʫʟʝ ʨʝʘʣʠʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ ʩʪʫʜʝʥʪʦʚ: 

ï ʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʨʘʙʦʪʘ, 

ï ʫʧʨʘʚʣʷʝʤʘʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʨʘʙʦʪʘ, 

ï ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʝ. 

ʂʦʥʪʨʦʣʠʨʫʝʤʘʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʳʧʦʣʥʷʝʪʩʷ ʩʪʫʜʝʥʪʘʤʠ ʥʘ ʫʨʦʚʥʝ ʦʧʝʨʘ-

ʮʠʠ, ʠʤʝʝʪ ʩʘʤʳʡ ʥʠʟʢʠʡ ʠʥʜʝʢʩ ʠʭ ʘʢʪʠʚʥʦʩʪʠ ʠ ʦʩʦʟʥʘʥʥʦʩʪʠ. ʉʪʫʜʝʥʪʳ ʨʘʙʦʪʘʶʪ çʧʦʜ ʢʦʥʪʨʦʣʝʤè ʟʘʜʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʦʥʠ ʚʳʧʦʣʥʷʶʪ, ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʘʣʠʯʠʝ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠʣʠ ʘʥʘʣʦʛʠʠ ʩ ʮʝʣʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʘʚʳʢʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʜʦʣʞʥʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʧʦʰʘʛʦʚʳʤ ʢʦʥ-

ʪʨʦʣʝʤ. 

ʋʧʨʘʚʣʷʝʤʘʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʪʦ, ʯʪʦ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʥʝ ʪʦʣʴʢʦ ʢʦʥʪʨʦʣʠʨʫʝʪ 

ʫʯʝʙʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʥʦ ʠ ʩʪʠʤʫʣʠʨʫʝʪ ʝʸ ʩ ʧʦʤʦʱʴʶ ʷʟʳʢʘ ʪʝʣʘ. ʂʦʥʝʯʥʘʷ ʮʝʣʴ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʚ-

ʤʝʩʪʥʦ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ ʦʩʦʟʥʘʥʠʷ. 

ʉʘʤʦʦʙʨʘʟʦʚʘʥʠʝ ï ʢʦʥʝʯʥʘʷ ʮʝʣʴ ʦʨʛʘʥʠʟʘʮʠʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʅʃʇ. ʉʘʤʦʦʙ-

ʨʘʟʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʥʘ ʫʨʦʚʥʝ ʜʝʡʩʪʚʠʷ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʃʠʯʥʦʩʪʴ, ʩʧʦʩʦʙʥʘʷ ʢ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʶ, ʨʫʢʦ-

ʚʦʜʩʪʚʫʝʪʩʷ ʚʥʫʪʨʝʥʥʝʡ ʤʦʪʠʚʘʮʠʝʡ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʪʘʚʠʪ ʧʝʨʝʜ ʩʦʙʦʡ ʮʝʣʴ ʠ ʚʳʙʠʨʘʝʪ ʩʧʦʩʦʙʳ ʝʸ ʨʝʘʣʠʟʘ-

ʮʠʠ. ʆʥʘ ʥʝ ʥʫʞʜʘʝʪʩʷ ʚ ʧʦʰʘʛʦʚʦʤ ʠ ʚʥʝʰʥʝʤ ʢʦʥʪʨʦʣʝ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʧʦʜ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʝʤ ʩʣʝʜʫʝʪ ʧʦ-

ʥʠʤʘʪʴ ʦʨʛʘʥʠʟʫʝʤʫʶ ʩʘʤʠʤ ʩʪʫʜʝʥʪʦʤ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʨʘʮʠʦʥʘʣʴʥʦʝ ʩ ʝʛʦ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʨʝʤʷ, ʤʦʪʠʚʠʨʫʝʤʫʶ 

ʩʦʙʩʪʚʝʥʥʳʤʠ ʧʦʟʥʘʚʘʪʝʣʴʥʳʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʫʶ ʠʤ ʩʘʤʠʤ. 

ʇʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʥʝʡʨʦʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʝʪ ʟʥʘʯʠ-

ʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʚʠʜʦʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʦʨʛʘʥʠʟʘʮʠʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ ʧʦ ʢʫʨʩʫ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ ʥʝʡʨʦʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʈʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʤʝʪʦʜʠʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʫʯʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʤʫ ʠʩʯʠʩʣʝʥʠʶ ʚ ʧʝʜʘʛʦ-

ʛʠʯʝʩʢʠʭ ʚʫʟʘʭ ʧʦ ʢʫʨʩʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ ʫʯʝʪʦʤ ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʠ ʦʙʫʯʘʶʱʠʭʩʷ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʦʥʪʨʦʣʴʥʘʷ ʨʘʙʦʪʘ ʥʘ ʫʩʚʦʝʥʠʝ ʪʝʤʳ çʅʝʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʛʨʘʣè. ɺʦʟʤʦʞʥʦʩʪʴ ʚʦʚʨʝʤʷ ʜʠʘ-

ʛʥʦʩʪʠʨʦʚʘʪʴ ʫʨʦʚʝʥʴ ʫʩʚʦʝʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ 

ʥʝʡʨʦʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʙʦʣʝʝ ʛʠʙʢʦʡ. ʉʠʩʪʝʤʘ ʘʫʜʠ-

ʪʦʨʥʳʭ ʟʘʥʷʪʠʡ ʧʦʟʚʦʣʷʝʪ ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʧʨʦʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʜʝʡʩʪʚʠʷ ʩʪʫʜʝʥʪʘ, ʧʨʦʢʦʤʤʝʥʪʠʨʦʚʘʪʴ ʠʭ, ʧʦʢʘ-

ʟʘʪʴ ʦʩʥʦʚʥʳʝ ʩʧʦʩʦʙʳ ʢʦʥʪʨʦʣʷ ʩ ʧʦʤʦʱʴʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʥʝʡʨʦʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʷ, ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ ʠ ʚʟʘʠʤʦʢʦʥʪʨʦʣʷ. 

ʕʬʬʝʢʪʠʚʥʦʡ ʬʦʨʤʦʡ ʦʙʫʯʝʥʠʷ ʚ ʨʘʤʢʘʭ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ ʩʪʘʥʦʚʷʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʥʷʪʠʷ ʠ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʩʪʫʜʝʥʪʦʚ, ʚʳʧʦʣʥʷʝʤʘʷ ʜʦʤʘ ʟʘ ʩʦʙʩʪʚʝʥʥʳʤ ʢʦʤʧʴʶʪʝʨʦʤ ʠʣʠ ʚ ʢʦʤʧʴʶʪʝʨʥʦʤ ʢʣʘʩ-

ʩʝ ʘʫʜʠʪʦʨʠʠ ʚʫʟʘ.   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʩʪʫʜʝʥʪʦʚ ʩʦʩʪʦʠʪ ʠʟ ʦʙʳʯʥʳʭ ʜʦʤʘʰʥʠʭ ʟʘʜʘʥʠʡ ʠ ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʳʭ ʪʚʦʨʯʝʩʢʠʭ ʟʘʜʘʥʠʡ. ʅʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʷʭ, ʨʘʙʦʪʘʭ ʩʪʫʜʝʥʪʳ ʧʨʠʛʣʘʰʘʶʪʩʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʢ 

ʧʨʦʚʝʨʢʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʜʦʤʘʰʥʝʤ ʟʘʜʘʥʠʠ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʘ, ʘ ʚʩʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʪʚʦʨʯʝ-

ʩʢʠʝ ʟʘʜʘʥʠʷ ʩʚʷʟʘʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ MathCAD. 

ʅʘʧʨʠʤʝʨ, ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʝ çʇʦʥʷʪʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘè ʧʨʦʚʦʜʠʪʩʷ ʩʝʨʠʷ ʦʧʳʪʦʚ, 

ʧʦʢʘʟʳʚʘʶʱʠʭ, ʯʪʦ ʚ ʧʦʥʷʪʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʫʩʣʦʚʠʷ ʚʳʙʦʨʘ ʪʦʯʝʢ ʠ ʩʧʦʩʦʙ ʨʘʟʙʠʝʥʠʷ ʦʪʨʝʟʢʘ 

[a, b] ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʦʠʟʚʦʣʴʥʳ. ʕʪʘ ʨʘʙʦʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʬʨʦʥʪʘʣʴʥʦ: ʚʝʜʝʪʩʷ ʦʜʥʘ, ʦʙʱʘʷ ʜʣʷ ʚʩʝʭ, ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ. ɼʘʣʝʝ ʢʘʞʜʳʡ ʧʦʣʫʯʘʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʟʘʜʘʥʠʷ ʩ ʫʯʝʪʦʤ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ 

ʚʦʩʧʨʠʷʪʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʤʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʟʘʜʘʥʠʡ ʥʘ MathCAD. 

ʕʪʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʣʣʶʩʪʨʘʮʠʶ ʩʫʱʝʩʪʚʝʥʥʦʩʪʠ ʫʩʣʦʚʠʷ ʦ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʚʳʙʦʨʘ ʪʦ-

ʯʝʢ ʚ ʩʦʩʪʘʚʣʝʥʠʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʫʤʤ, ʯʪʦ ʜʝʣʘʝʪ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʵʪʦ ʫʩʣʦʚʠʝ ʦʯʝʚʠʜʥʝʝ ʠ ʧʦʥʷʪʥʝʝ. 

ɺ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʝ çʇʣʦʱʘʜʴ ʬʠʛʫʨʳ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʢʨʠʚʦʡ, ʟʘʜʘʥʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʫʨʘʚ-

ʥʝʥʠʷʤʠ. ʇʣʦʱʘʜʴ ʚ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭè ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʘʢʝʪʘ 

MathCAD ʚ ʠʟʦʙʨʘʞʝʥʠʠ ʬʠʛʫʨ, ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʤʘʥʜʘʭ ʧʨʦʚʦʜʷʪʩʷ ʨʘʙʦʪʳ ʩ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʟʘʜʘʥʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ ʠ ʬʫʥʢʮʠʷʤʠ, ʟʘʜʘʥʥʳʤʠ ʚ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʬʨʦʥʪʘʣʴʥʦ: ʚʝʜʝʪʩʷ ʦʜʥʘ, 

ʦʙʱʘʷ ʜʣʷ ʚʩʝʭ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ. ʇʦʩʣʝ ʵʪʦʛʦ ʢʘʞʜʳʡ ʩʪʫʜʝʥʪ ʧʦʣʫʯʘʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʟʘʜʘʥʠʷ 

ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʅʃʇ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʤʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʟʘʜʘʥʠʡ ʥʘ MathCAD. 

ʊʘʢʞʝ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʪʚʦʨʯʝʩʢʠʝ ʟʘʜʘʥʠʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʪʝʤʘʤ: 

ʂʠʥʝʩʪʝʪʠʢʘʤ ï ʩʦʟʜʘʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʙʣʠʮ ʧʦ ʩʣʝʜʫʶʱʠʤ ʪʝʤʘʤ: çʆʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʛʨʘʣ ʠ ʝʛʦ 

ʩʚʦʡʩʪʚʘè, çʇʨʠʣʦʞʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘè, çʇʨʠʣʦʞʝʥʠʷ ʢʨʘʪʥʳʭ ʠ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʠʥʪʝʛʨʘʣʦʚè 

çʄʝʪʦʜʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷè. 

ɺʠʟʫʘʣʘʤ ï ʨʘʟʨʘʙʦʪʢʘ ʧʨʝʟʝʥʪʘʮʠʡ ʧʦ ʪʝʤʘʤ: çʆʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʛʨʘʣ ʠ ʝʛʦ ʩʚʦʡʩʪʚʘè, çʇʨʠʣʦʞʝʥʠʷ 

http://www.moluch.ru/archive/41/4957/images/5e73a151.gif
http://www.moluch.ru/archive/41/4957/images/5e73a151.gif
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ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘè ʠ çʇʨʠʣʦʞʝʥʠʷ ʢʨʘʪʥʳʭ ʠ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʠʥʪʝʛʨʘʣʦʚè. 

ɸʫʜʠʘʣʘʤ (ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʯʠʪʳʚʘʪʴ ʟʘʜʘʥʠʝ ʚʩʣʫʭ ʠʣʠ ʜʘʪʴ ʟʘʜʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʘʫʜʠʦ 

ʟʘʧʠʩʝʡ) ï ʦʙʲʷʩʥʠʪʴ ʘʣʛʦʨʠʪʤ ʥʘʭʦʞʜʝʥʠʷ ʧʣʦʱʘʜʠ ʬʠʛʫʨʳ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʢʨʠʚʦʡ, ʟʘʜʘʥʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ-

ʤʠ ʫʨʘʚʥʝʥʠʷʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʬʬʝʢʪʠʚʥʦʤʫ ʦʙʫʯʝʥʠʶ ʢʫʨʩʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʦ ʤʥʦʛʦʤ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʩ ʧʨʘʢʪʠʯʝʩʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ 

ʥʝʡʨʦʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ 

ʦʙʫʯʝʥʠʠ ʩʪʫʜʝʥʪʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʜʠʢʪʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʥʷʪʠʡ ʠʤʝʶʪ ʩʚʦʠʤ ʠʩʪʦʯʥʠʢʦʤ ʦʱʫʱʝʥʠʷ ʠ ʚʦʩʧʨʠʷʪʠʷ, ʘ ʪʘʢʞʝ ʠ ʪʝʤ, ʯʪʦ ʚ 

ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʘ ʠʤʝʝʪ ʤʝʩʪʦ ʪʝʩʥʘʷ ʩʚʷʟʴ ʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʤʳʰʣʝʥʠʷ ʠ 

ʯʫʚʩʪʚʝʥʥʳʭ ʚʦʩʧʨʠʷʪʠʡ. 
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Abstract. In work "Effectiveness of organization of individual works in course of mathematic analysis" differ-
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DECISION SUPPORT SYSTEM OF VACCINATION AS OPTIMAL CONTROL PROBLEM 
 

 
I .Ye. Andrushchak, Ph.D., Associate Professor 

Lutsk National Technical University, Ukraine 

 

Abstract. The theoretical foundations of optimal control problems in mathematical epidemiology are described 
in the article. The construction of optimal control for the problem of optimal vaccination with coexistence of two strains 

based on Pontryagin maximum principle is depicted. A numerical approach of optimal control of building using the 

direct method is proposed. 

Keywords: mathematical epidemiology, optimal control, the coexistence of strains of the virus, vaccination. 

 

Problem statement. Flue and acute respiratory diseases are actual medical and social problem due to high ex-

tensibility, risk of complications. Thatôs why the ways of optimal vaccination at existence of different virus strains are 

actual. 

 

The objective of given article is application of general methodology of optimal control for optimal vaccination 

problem solution at two virus strains coexistence. 

Theoretical background of optimal control for mathematical epidemiology problems. In problems of op-

timal control for mathematical epidemiology they consider the following control set: 
 

})(,,)(:)({ 0 measurabletutttbtuatuU f -¢¢¢¢= . 

 

Here 0,, >ftba . 

Assume that the state 
nRtx Í)( at given control UuÍ is determined by the system of ordinary differential 

equations: 
 

                                                                                       00)(

),,,(
)(

xtx

uxtf
dt

tdx

=

=

                                                                         

(1) 

 

where 
nRRnRRf ³³: is continuous and has continuous first partial derivatives due to  xand u. 

Since we assume )(tu  is measurable and bounded right side of the system (1) is continuous with respect to  x and 
only measurable with respect to t  at fixed x. Thus solutions of (1) are absolutely continuous functions satisfying to 

(1) almost everywhere. Provided such conditions existence of solution of (1) ),( utx  is proved in the works [Lukes, 

1982; Piccinini, 1984]. 

Optimal control problem contains cost criterion ][uJ  of the form: 

 

))((),,(][

0

f

t

t

txdtuxtLuJ

f

f+=ñ
 

 

where L is given real-valued function and f is continuously differentiable real-valued function. The objective is to find 

controller Uu Í*
 such that: 

 

                                                                                       
][inf][

* uJuJ
UuÍ

= .                                                                       (2) 

 

Once the model is described and defined as criterion in optimal control theory pose a number of problems 

[Macki, 1982; Sethi, 2000]: 

ï prove the existence of optimal control; 

ï a description of the construction of optimal control; 

ï proof of the uniqueness of the optimal control; 

ï proof of the uniqueness of the optimal control; 

                                                           
 É Andrushchak I.Ye. / ɸʥʜʨʫʱʘʢ ʀ.ɽ., 2015 
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ï study of the dependence of the optimal control parameters of the model. 

Sufficient conditions for the existence of optimal control for problem  (1)-(2) without the terminal component of the 

quality criteria given in [Fleming, 1975; Macki, 1982]. 

Theorem 1. We consider the optimal control problem (1)-(2) at a fixed interval. ],[
0 f

tt . Suppose that: 

1) there was 0>M  such, that Mutx ¢),(  for all UuÍ  and fttt ¢¢0 ; 

2) L is semicontinuous from below; 

3) plural )},,(),,,(,:),{( 00 vxtLyvxtfyUvyyD ²=Í$=+  is a convex set for 

}{],[),( 0 Mxttxt f ¢³Í . 

Then there is an optimal control Uu Í*
. 

Description constructing an optimal control for problem (1)-(2) gives the maximum principle of  Pontryagin 

terminal part  [Kamien,1991; Pontryagin, 1969] 
 

Theorem 2. Uu Í*
- optimal control in problem (1)-(2). Then there is the conjugate function 

nRR:l  

such, that ),( *utx , 
*u , l satisfy the system: 

 

                                                                                    

00

*

)(

),,,(
)(

xtx

uxtf
dt

tdx

=

=                                                                       (3) 

 

and conjugate system: 
 

                                                                  
ʣʴʥʦʩʪʽʪʨʘʥʩʚʝʨʪʘʫʤʦʚʘtxt

uxtfuxtL
x

H

dt

td

ff

x

T

x

-=

--=
µ

µ
-=

)),((')(

),,,(),,(
)( **

fl

l
l

                                           (4) 

 

where the Hamilton-Pontryagin function is defined as: 
 

                                                                        ),,(),,(),,( uxtfuxtLuxtH Tl+= .                                                         (5) 

  

Model of coexistence of two strains of the virus. A model of coexistence of two strains suggested in 

[Martsenyuk, Kuchvara, Journal of Automation and Computer Science].The model assumes that the vaccine is applied 

to vulnerable people. Thus we consider that the amount of vaccine is a function of time. )(tu . So )(tu - is the 

proportion of vulnerable individuals, who are at vaccination per unit time at time. t . Thus we arrive at the system 

control: 
 

( )( ) ,)(2211 StuSIISNS -+--=¡ bbm
 

 

( ),iiiii ISII amb +-=¡
 

(6) 

( ) ,ijjjiii RIIR bsma +-=¡
 

 

( )iiiiiii YIRY ambq +-=¡
 

jiji ¸= ,2,1,  
 

with appropriate initial conditions: 
 

0)0( SS =
 0)0( SS =

 0,)0( ii RR =
 0,)0( ii YY =

                                                  (7) 

 

Biologically significant area for (1), (2) is: 
 

( ){ }NYYRRIISRYYRRIIS ¢++++++Í=W + 212121
7

212121 ,,,,,, , 

phase which imposes restrictions: 

 

                                                      0²S , 01²I , 02²I , 01 ²R , 02 ²R , 01²Y , 02²Y ,                                  (8) 
 

                                                                        
NYYRRIIS ¢++++++ 212121 .                                                (9) 
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The set of control U  is defined as: 
 

                                
})(,0,1)(0:)({ measurabletutttutuU f -¢¢¢¢= . 

 

Here 
f

t
 
ï the ultimate time management. 

Note that the model (1) 0)( ¹tu  predicts a scenario without vaccination. When it is not acceptable then 

introduced vaccination program. Quality criterion in this case is functional: 
 

                   
ñ ++++=

ft

dttWutYtYtItIuJ
0

2

2121 ))(
2

1
)()()()((][

. 

 

There W is a weighting factor for vaccination. Thus, the aim is to determine the optimal Uu Í*
, control 

satisfying: 
 

                                                                                     
][inf][

* uJuJ
UuÍ

= .                                                                         (10) 

 

Based on Theorem 1 we see that the optimal control in the problem (6)-(10) exists, as integrand of quality 

criteria is a convex function and the trajectory of the system belongs to the space L. 

We apply Theorem 2 to obtain the necessary optimality conditions. Hamilton-Pontryagin function is: 
 

 

( )( )

( ) ( )

( ) ( )

( ) ( ) ).()(

)()(

)()(

))((
2

1

22222271111116

21112251222114

2222311112

22111

2

2121

YIRYIR

RIIRII

ISIISI

StuSIISNWuYYIIH

ambqlambql

bsmalbsmal

amblambl

bbml

+-++-+

++-++-+

++-++-+

+-+--+++++=

 

 

Thus, from Theorem 2 we Conjugate system: 
 

                        
223112

*

22111
1 )( IIuII

S

H

dt

d
blblbbml

l
--+++=

µ

µ
-= , 

         

( ) 111621151411211

1

2 )(1 RRSS
I

H

dt

d
bqlbslalamblbl

l
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µ
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( ) 222725122422321

2

3 )(1 RRSS
I

H

dt

d
bqlalbslamblbl

l
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µ

µ
-= , 

        

( ) 11162224

1

4 II
R

H

dt

d
bqlbsml

l
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µ

µ
-= , 

        

( ) 22271115

2

5 II
R

H

dt

d
bqlbsml

l
-+=

µ

µ
-= , 

        

( )16

1

6 1 aml
l

++-=
µ

µ
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Y

H

dt

d
, 

        

( )27

2

7 1 aml
l
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µ

µ
-=

Y

H

dt

d
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  (11) 

 

On the set }1)(0:{ * << tut  are  0
*

=
µ

µ

=uuu

H
, as follows: 

 

01

*

*

=-=
µ

µ

=

SWu
u

H

uu

l .  
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From: 
W

tSt
tu

)()(
)( 1* l
= . 

 

Survived, using upper and lower limits on the control, we see that the optimal control can be expressed as: 
 

                                                                               

îý

î
ü
û

îí

î
ì
ë

ö
÷

õ
æ
ç

å
=

+

W

tSt
tu

)()(
,1min)( 1* l .                                                             (12) 

 

Here we introduced the notation 

í
ì
ë

<

²
=+

0,0

0,
)(

x

xx
x

 
 

Thus, based on Theorem 1optymalne control in the problem (6)-(10) can be constructed by decision of such 

boundary-value problem: 
 

 
 

Theorem 3. For sufficiently small values 
f

t  solution of  (13) as follows: 

Proof. Suppose on the contrary that there are two solutions of (13), as follows: 
 

),...,,,,,,,,,(
*

7

*

2

*

1

*

2

*

1

*

2

*

1

*

2

*

1

** lllYYRRIISX =  ̔
 

( )( ) ,
)()(

,1min 1
2211 S

W

tSt
SIISN

dt

dS

îý

î
ü
û

îí

î
ì
ë

ö
÷

õ
æ
ç

å
-+--=

+
l

bbm  

( ),iiii
i ISI

dt

dI
amb +-=  

( ) ,ijjjii
i RII

dt

dR
bsma +-=  

( )iiiiii
i YIR

dt

dY
ambq +-= , jiji ¸= ,2,1, , 

0)0( SS = , 
0,)0( ii II = , 

0,)0( ii RR = , 
0,)0( ii YY = , 

223112
1

22111
1 )

)()(
,1min( II

W

tSt
II

S

H

dt

d
blbl

l
bbml

l
--

îý

î
ü
û

îí

î
ì
ë

ö
÷

õ
æ
ç

å
+++=

µ

µ
-=

+

,        

( ) 111621151411211

1

2 )(1 RRSS
I

H

dt

d
bqlbslalamblbl

l
-+-+--+-=

µ

µ
-= , 

( ) 222725122422321

2

3 )(1 RRSS
I

H

dt

d
bqlalbslamblbl

l
--++--+-=

µ

µ
-= , 

( ) 11162224

1

4 II
R

H

dt

d
bqlbsml

l
-+=

µ

µ
-= , 

( ) 22271115

2

5 II
R

H

dt

d
bqlbsml

l
-+=

µ

µ
-= , 

( )16

1

6 1 aml
l

++-=
µ

µ
-=

Y

H

dt

d , 

( )27

2

7 1 aml
l

++-=
µ

µ
-=

Y

H

dt

d , 

7,1,0)( == kt fkl . 

(13) 

 



ISSN 2311-2158. The Way of Science. 2015. ˉ 1 (11). 

 

 

19 

 

),...,,,,,,,,,(
**

7

**

2

**

1

**

2

**

1

**

2

**

1

**

2

**

1

**** lllYYRRIISX = . 

The right hand side of the system  (13) is Lipchitz function arguments. 
721212121 ,...,,,,,,,,, lllYYRRIIS . 

Hence there 0>C  was such that: 
 

                                                                     

dssXsXCtXtX

ft

ñ -¢-
0

****** ))()(()()( .                                               (14) 

 

Applying to (14) of the mean value theorem, we have that there is a time ft¢¢xx 0:  such that:  

 

))()(()()( ****** xx XXCttXtX f -¢- . at all. ],0[ fttÍ .  

 

If  you choose 
f

t  so that 
C

t f

1
< , we get a contradiction. 

Numerical computation of optimal control. Methods for the numerical solution of optimal control problems 

can be classified as direct and indirect [Betts, 2001; Von Stryk, 1992]. These methods are different approaches for 

finding solution of the problem of optimal control. Indirect methods attempt to solve the boundary value problem of 

necessary optimality conditions. In contrast, direct methods do not require the immediate construction of the necessary 

conditions. Direct methods do not build Conjugate system, control system and conditions transversalnosti. Studying 

optimal control using both approaches. The main disadvantage of using indirect methods is that even knowing a priori 

admissible state and control, there is no guarantee that improve the computed solution is known. Moreover, the indirect 

method requires initial approximate values for the conjugate variables and numerical solution of the conjugated system 

in practice is poorly determined task [Bryson, 1975]. For this reason, we used the direct method proposed in paper 

[Fabien, 1998], which allows us to find numerical solutions with even more general by (1)-(2) production. 

Formulation of optimal control problem for the direct method. The system of control for the phase coordinate 

nRtx Í)( , vector of unknown 
mRtu Í)(  parameters and controls: 

pn
RpÍ : 

 

                                                                                    00)(

),,,,(
)(

xtx

puxtf
dt

tdx

=

=
                                                               (15) 

 

Imposed restrictions on the state of the system and control parameters in the form of equalities: 
 

             
],[,0),,,( 0 ftttpuxtc Í=
 

(16) 

             where cn
Rpuxtc Í),,,(

,
 

 

in the form of inequalities: 
 

              
],[,0),,,( 0 ftttpuxtd Í¢  

(17) 

          where dn
Rpuxtd Í),,,( , 

 

restrictions on the state of the system at the final time and options in the form of equalities: 
 

         
,0))(( =ptx fy  

(18) 

            where 
yy

n

f Rptx Í)),(( , 

 

in the form of inequalities: 

 

           
0))(( ¢ptx fg , 

(19) 

         where 
gg

n

f Rptx Í)),(( . 
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Problem is to find the controls 
mRtu Í)(  and parameters

pn
RpÍ , that minimize the criterion as: 
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],[inf],[

)19()16(,

** puJpuJ
pu -Í

= .                                                         (20) 

 

Note that although the formulation of the problem (15)-(20) is that 
f

t
 
ï fixed, it can be adapted to the problem 

of optimal performance. This is done by normalizing the time variable t and placing the unknown final time as a 

parameter. 

 

Conclusions. Article studied the existence and uniqueness control problems of mathematical epidemiology. 

Based on the necessary conditions of optimality constructed boundary value problem for finding the optimum vaccina-

tion in a model of coexistence of the two viruses. 
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ʉʀʉʊɽʄɸ ʇʆɼɼɽʈɾʂʀ ʇʈʀʅʗʊʀʗ ʈɽʐɽʅʀʁ ɺɸʂʎʀʅɸʎʀʀ  

ɺ ɿɸɼɸʏɽ ʆʇʊʀʄɸʃʔʅʆɻʆ ʋʇʈɸɺʃɽʅʀʗ 
 

ʀ.ɽ. ɸʥʜʨʫʱʘʢ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʃʫʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʢʨʘʠʥʘ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʟʘʜʘʯʘʭ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʦʡ ʵʧʠʜʝʤʠʦʣʦʛʠʠ. ʆʧʠʩʘʥʳ ʧʦʩʪʨʦʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʟʘʜʘʯʠ ʦʧʪʠʤʘʣʴʥʦʡ ʚʘʢʮʠ-

ʥʘʮʠʠ ʧʨʠ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʠ ʜʚʫʭ ʰʪʘʤʤʦʚ ʚʠʨʫʩʘ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʤʘʢʩʠʤʫʤʘ ʇʦʥʪʨʷʛʠʥʘ. ʇʨʝʜʣʦʞʝʥ ʯʠʩ-

ʣʝʥʥʳʡ ʧʦʜʭʦʜ ʧʦʩʪʨʦʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʷʤʦʛʦ ʤʝʪʦʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʵʧʠʜʝʤʠʦʣʦʛʠʷ, ʦʧʪʠʤʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʰʪʘʤ-

ʤʦʚ ʚʠʨʫʩʘ, ʚʘʢʮʠʥʘʮʠʷ. 
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Biological sciences 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ 
 

 

ʋɼʂ 580:502.7  
 

ʈɽɼʂʀɽ ʈɸʉʊɽʅʀʗ ʉɽʄ. BORAGINACEAE ADANS.  

ɺʆ ʌʃʆʈɽ ʅɸʍʏʓɺɸʅʉʂʆʁ ɸɺʊʆʅʆʄʅʆʁ ʈɽʉʇʋɹʃʀʂʀ ɸɿɽʈɹɸʁɼɾɸʅɸ 
 

 
ɸ.ʄ. ɸʣʠʝʚʘ, ʜʦʢʪʦʨʘʥʪ  

ʅʘʭʯʳʚʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɸʟʝʨʙʘʡʜʞʘʥ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʪʘʪʴʝ ʜʘʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʨʝʜʢʠʭ ʨʘʩʪʝʥʠʷʭ ʩʝʤ. Boraginaceae Adans, 

ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʘʭʯʳʚʘʥʩʢʘʷ ɸʈ ʚ ʢʦʣʣʠʯʝʩʪʚʝ 25 ʨʦʜʦʚ ʠ 60 ʚʠʜʦʚ. ʆʜʥʘʢʦ, ʚ ʧʦʩʣʝʜ-

ʥʠʝ ʛʦʜʳ ʫʩʠʣʠʚʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʘʥʪʨʦʧʦʛʝʥʥʳʭ, ʪʝʭʥʦʛʝʥʥʳʭ, ʟʦʦʛʝʥʥʳʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʬʣʦʨʫ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʠʪʴ ʨʝʜʢʠʝ ʚʠʜʳ ʠ ʧʨʠʥʷʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʨʳ ʧʦ ʠʭ ʦʭʨʘʥʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʫʪʦʯʥʝʥʦ, ʯʪʦ 15 ʚʠʜʦʚ. ʦʙʲʝʜʠʥʝʥʥʳʭ 

ʚ 11 ʨʦʜʦʚ, ʷʚʣʷʶʪʩʷ ʨʝʜʢʠʤʠ. ʀʟʫʯʝʥʦ ʠʭ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʚʳʩʦʪʥʳʝ ʧʦʷʩʘ, ʤʝʩʪʦ ʨʘʩʧʦʣʦʞʝʥʠʷ, 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʪʠʧʳ ʠ ʩʪʘʪʫʩʳ ʧʦ ʩʪʝʧʝʥʠ ʨʝʜʢʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʤʝʡʩʪʚʘ, ʨʦʜ, ʚʠʜ, ɹʫʨʘʯʥʠʢʦʚʳʝ, ʨʝʜʢʠʡ, ʦʭʨʘʥʘ 
                                  

ʅʘʭʯʳʚʘʥʩʢʘʷ ɸʚʪʦʥʦʤʥʘʷ ʈʝʩʧʫʙʣʠʢʘ ʪʠʧʠʯʥʘʷ ʛʦʨʥʘʷ ʩʪʨʘʥʘ, ʠʤʝʶʱʘʷ ʩʣʦʞʥʦʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦ-

ʝʥʠʝ. ʂʣʠʤʘʪ ʩʫʭʦʡ ʠ ʨʝʟʢʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ. ʂʦʥʪʠʥʝʥʪʘʣʴʥʳʡ (ʂ), ʨʝʟʢʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ (ʈʂ) ʢʣʠʤʘʪʳ ʠ 

ʚʳʩʦʢʘʷ ʠʩʧʘʨʷʝʤʦʩʪʴ ʚ ʅʘʭʯʳʚʘʥʝ ʥʝ ʦʪʤʝʯʘʝʪʩʷ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ ʠ ʚ ʮʝʣʦʤ ʚʦ ʚʩʝʤ ʂʘʚʢʘʟʩʢʦʤ ʵʢʦʨʝʛʠʦʥʝ 

[2]. ʆʩʥʦʚʫ ʩʦʚʨʝʤʝʥʥʦʡ ʬʣʦʨʳ ʨʝʛʠʦʥʘ ʩʦʩʪʘʚʣʷʶʪ ʢʩʝʨʦʬʠʪʥʳʝ ʚʠʜʳ ʨʘʩʪʝʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦ ʬʣʦʨʝ 

ʨʝʛʠʦʥʘ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʙʦʣʝʝ 2835 ʚʳʩʰʠʭ ʩʧʦʨʦʚʳʭ, ʛʦʣʦʩʝʤʝʥʥʳʭ ʠ ʮʚʝʪʢʦʚʳʭ ʨʘʩʪʝʥʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 170 

ʩʝʤʝʡʩʪʚʘʤ ʠ 874 ʨʦʜʘʤ [9, 11]. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʘʚʪʦʥʦʤʥʦʡ ʨʝʩʧʫʙʣʠʢʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʦʛʨʦʤʥʳʝ ʨʝʩʫʨʩʳ ʧʦ-

ʣʝʟʥʳʭ ʨʘʩʪʝʥʠʡ. ɼʠʢʠʝ ʧʠʱʝʚʳʝ ʨʘʩʪʝʥʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʩʝʣʝʥʠʝʤ ʅʘʭ. ɸʈ. ʐʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʳ ʬʨʫʢʪʦʚʳʝ ʠ ʷʛʦʜʥʳʝ ʨʘʩʪʝʥʠʷ. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʧʨʠʛʦʜʥʳ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʘʛʦʪʦʚʢʠ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʨʝ-

ʛʠʦʥʘ ʝʞʝʛʦʜʥʦ ʤʦʞʥʦ ʟʘʛʦʪʘʚʣʠʚʘʪʴ ʩʦʪʥʠ ʪʦʥʥ ʧʣʦʜʦʚʦʷʛʦʜʥʦʛʦ ʠ ʣʝʢʘʨʩʪʚʝʥʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʳʨʴʷ [10]. 
 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤ. Boraginaceae Adans. ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʠʦʵʢʦʣʦʛʠʯʝʩʢʠʝ, ʬʣʦʨʠʩʪʠʯʝ-

ʩʢʠʝ, ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʝ ʠ ʨʝʩʫʨʩʦʚʝʜʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʘʨʰʨʫʪʥʳʤ ʭʦʜʦʤ ʦʙʭʦʜʠʣʠ ʪʝʨʨʠʪʦʨʠʠ 7-

ʤʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʨʘʡʦʥʦʚ ʚ ʪʝʯʝʥʠʝ 2012ï2015 ʛʛ. ʉʦʙʨʘʣʠ ʛʝʨʙʘʨʠʡ, ʩʬʦʪʦʛʨʘʬʠʨʦʚʘʣʠ ʫʩʣʦʚʠʷ ʧʨʦʠʟ-

ʨʘʩʪʘʥʠʷ, ʦʧʠʩʘʣʠ ʬʠʪʦʮʝʥʦʟʳ ʠ ʨʘʩʪʠʪʝʣʴʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ ʢʘʞʜʦʛʦ ʨʘʩʪʝʥʠʷ, ʦʙʨʘʟʫʝʤʳʝ ʠʤʠ. ʅʘ ʦʩʥʦʚʝ ʦʙ-

ʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʛʨʦʤʥʳʝ ʵʢʟʝʤʧʣʷʨʳ ʛʝʨʙʘʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʩʦʩʪʘʚʠʣʠ ʪʘʢʩʦ-

ʥʦʤʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʩʝʤ. Boraginaceae Adans. [1, 3, 4, 6, 8, 13]. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɸʟʝʨʙʘʡʜʞʘʥʘ ʩʝʤ. Boraginaceae Adans. ʩʦʜʝʨʞʠʪ 26 ʨʦʜʦʚ ʠ 82 ʚʠʜʦʚ [12]. ʀʟ ʥʠʭ ʚ 

ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʈ ʠʤʝʶʪʩʷ 25 ʨʦʜʦʚ (0,88 %) ʠ 60 ʚʠʜʦʚ (2,19 %). ʆʥʠ ʦʙʲʝʜʠʥʝʥʳ ʚ Superordo solananae ʠ 

Ordo Boraginales [4, 9, 11]. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʭ ʚʳʩʦʪʥʦʡ ʧʦʷʩʥʦʩʪʠ ʠ ʤʝʩʪʫ ʦʧʠʩʘʥʠʷ ʚʠʜʘ (ʪʘʙ. 1).  
 

ʊʘʙʣʠʮʘ 1  

ɺʳʩʦʪʥʳʝ ʧʦʷʩʘ ʠ ʤʝʩʪʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʝʜʢʠʭ ʚʠʜʦʚ 

                                                           
 É ɸʣʠʝʚʘ ɸ.ʄ. / Aliyeva A.M., 2015 

ʅʘʟʚʘʥʠʝ ʨʘʩʪʝʥʠʡ ɺʳʩʦʪʥʳʝ ʧʦʷʩʘ ʄʝʩʪʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

Arnebia minima  ʨʘʚʥʠʥʘ, ʥʠʞʥʠʡ ʛʦʨʥʳʡ ʧʦʷʩ ʦʧʠʩʘʥʦ ʠʟ ɸʨʘʚʠʠ 

Heliotropium tzvelevii  ʥʠʞʥʠʡ ʛʦʨʥʳʡ ʧʦʷʩ ʤʝʞʜʫ ʅʘʭʯʳʚʘʥ - ʆʨʜʫʙʘʜ 

H. szovitsii  ʥʠʞʥʠʡ ʛʦʨʥʳʡ ʧʦʷʩ ʦʧʠʩʘʥʦ ʠʟ ʅʘʭʯʳʚʘʥ 

Lappula sinaica  ʨʘʚʥʠʥʘ, ʜʦ ʩʨʝʜʥʝʛʦ ʛʦʨʥʦʛʦ ʧʦʷʩʘ ʦʧʠʩʘʥʦ ʩ ʉʠʥʝʷ 

L. sessiliflora  ʨʘʚʥʠʥʘ, ʥʠʞʥʠʡ ʛʦʨʥʳʡ ʧʦʷʩ ʦʧʠʩʘʥʦ ʠʟ ʀʩʧʘʛʘʥʠ 

Paracaryum laxiflorum  ʥʠʞʥʠʡ ʠ ʩʨʝʜʥʠʡ ʛʦʨʥʳʡ ʧʦʷʩ ʦʧʠʩʘʥʦ ʠʟ ʦʢʨ. ʕʨʟʫʨʫʤʘ 

Rindera lfnata  ʩʨʝʜʥʠʡ ʠ ʚʝʨʭʥʠʡ ʛʦʨʥʳʡ ʧʦʷʩ ʦʧʠʩʘʥʦ ʠʟ ʃʝʚʘʥʪʘ 

Solenanthus circinnatus ʩʨʝʜʥʠʡ ʛʦʨʥʳʡ ʧʦʷʩ ʦʧʠʩʘʥʦ ɺʝʨʭ. ʀʨʪʳʰ, ʛ.ɸʨʢʘʫʣ 

Nonea pulla  ʩʨʝʜʥʠʡ ʠ ʚʝʨʭʥʠʡ ʛʦʨʥʳʡ ʧʦʷʩ ʩʦʙʨʘʥʦ ʦʢʨ. ʩ. ɹʠʯʘʥʘʢ 

Onosma  gracilis  ʥʠʞʥʠʡ ʠ ʩʨʝʜʥʠʡ ʛʦʨʥʳʡ ʧʦʷʩ ʦʧʠʩʘʥʦ ʠʟ ʥʘʭ. ʘʨ ʩ. ɹʠʣʷʚ 

O. tenuiflora  ʨʘʚʥʠʥʘ, ʜʦ ʚʝʨʭʥʝʛʦ ʛʦʨʥ. ʧʦʷʩʘ ʦʧʠʩʘʥʦ ʠʟ ʦʢʨ.ʊʙʠʜʣʠʩʠ 

Caccinia macranthera  ʨʘʚʥʠʥʘ, ʜʦ ʩʨʝʜʥʝʛʦ ʛʦʨʥ. ʧʦʷʩʘ ʦʧʠʩʘʥʦ ʠʟ ʀʨʘʥʘ 

Echium biebersteinii . ʨʘʚʥʠʥʘ, ʜʦ ʩʨʝʜʥʝʛʦ ʛʦʨʥ. ʧʦʷʩʘ ʦʧʠʩʘʥʦ ʠʟ ʀʪʘʣʠʠ 

E. russicum  ʥʠʞʥʠʡ ʠ ʩʨʝʜʥʠʡ ʛʦʨʥʳʡ ʧʦʷʩ ʦʧʠʩʘʥʦ ʠʟ ɸʚʩʪʨʠʠ 

Myosotis alpestris  ʥʘ ʘʣʴʧʠʡʩʢʠʭ ʣʫʛʘʭ ʦʧʠʩʘʥʦ ʠʟ ɸʣʴʧ ɽʚʨʦʧʳ 
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ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ Caccinia macranthera ʠ Nonea pulla, ʦʩʪʘʣʴʥʳʝ 13 ʚʠʜʦʚ ʚʦ ʬʣʦʨʝ ɸʟʝʨʙʘʡʜʞʘʥʘ 

ʚʩʪʨʝʯʘʝʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʈ [12]. ʆʥʠ ʙʳʣʠ ʩʦʙʨʘʥʳ ʚ ʧʝʨʠʦʜ ʩ 1934 ʧʦ 1946 ʛʛ. ʅʘʧʨʠʤʝʨ, 

Lappula sessiliflora ʅʘʭ. ʨʘʚʥ. ʦʢʨ. ʅʘʭʯʳʚʘʥ, ʩʦʙʨ. 15.5.1934 ʛ. ʎ. ɻʫʨʚʠʯ ʠ 27.5. ʃ. ʀ. ʇʨʠʣʠʧʢʦ; Onosma 

tenuiflora ʅʘʭ. ʛʦʨʥ. ʩ. ʐʘʭʙʫʟ, 23.7.1937 ʛ., ʉ. ɿʘʢʘʨʷʥ; ʛ. ʂʶʢʶ , 8.7.1946 ʛ., ʀ. ʂʘʨʷʛʠʥ.  

ɾʠʟʥʝʥʥʳʝ ʬʦʨʤʳ ʨʝʜʢʠʭ ʚʠʜʦʚ ʩʝʤ. Boraginaceae Adans. ʥʘʤʠ ʠʟʫʯʝʥʳ ʧʦ ʤʝʪʦʜʠʢʝ ʀ. ɻ. ʉʝʨʝʙʨʷʢʦ-

ʚʘ [7]. ɺ ʩʝʤʝʡʩʪʚʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʝʛʠʦʥʘ ʨʝʜʢʠʝ ʚʠʜʳ ʩʦʩʪʘʚʣʷʶʪ 11 ʨʦʜʦʚ ʠ 15 ʚʠʜʦʚ: ʠʟ ʥʠʭ ʦʜʥʦʣʝʪʥʠʝ ï 4 

ʚʠʜʘ (27 %), ʜʚʫʭʣʝʪʥʠʝ ï 3 ʚʠʜʘ (20 %), ʤʥʦʛʦʣʝʪʥʠʝ ï 8 ʚʠʜʦʚ (53 %). ʈʝʜʢʠʝ ʚʠʜʳ ʚ ʨʦʜʘʭ ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʝ-

ʨʘʚʥʦʤʝʨʥʦ. ʊʘʢ ʢʘʢ 4 ʨʦʜʘ: Heliotropium, Lappula, Onosma ʠ Echium ʩʦʜʝʨʞʘʪ ʧʦ 2 ʚʠʜʘ, ʦʩʪʘʣʴʥʳʝ 8 ʨʦʜʦʚ 

ʩʦʜʝʨʞʘʪ ʧʦ 1 ʚʠʜʫ. 

ʀʟ ʩʝʤ. Boraginaceae Adans 15 ʚʠʜʦʚ: ɸʨʥʝʙʠʘ ʤʘʣʝʥʴʢʘʷ ï Arnebia minima Wettst. (A. linearifolia DC.), 

ʛʝʣʠʦʪʨʦʧ ʪʟʚʝʣʝʚʠʠ ï Heliotropium tzvelevii T.N.Pop. (H. kovalenskyi sensu M.Pop.), ʛ. ʰʦʚʠʮʘ ï H. szovitsii 

(Stev.) Bunge.(H. kovalenskyi Stschegl.), ʣʠʧʫʯʢʘ ʩʠʥʘʡʩʢʘʷ ï Lappula sinaica (DC.) Aschers. ex Schweinf., ʣ. 

ʩʠʜʷʯʝʮʚʝʪʢʦʚʘʷ ï L. sessiliflora (Boiss.) Guerke, ʧʘʨʘʢʘʨʠʫʤ ʨʳʭʣʦʮʚʝʪʢʦʚʳʡ ï Paracaryum laxiflorum Trautv., 

ʪʨʫʙʢʦʮʚʝʪ ʟʘʚʠʪʢʦʚʳʡ ï Solenanthus circinnatus Ledeb., ʥʦʥʥʝʷ ʨʦʟʦʚʘʷ ï Nonea pulla (Bieb.) Link, ʦʥʦʩʤʘ 

ʠʟʷʱʥʘʷ ï Onosma gracilis Trautv., ʦ. ʪʦʥʢʦʣʠʩʪʥʳʡ ï O. tenuiflora Willd. (O. rupestris Bieb), ʢʘʯʯʠʥʠʷ 

ʪʦʣʩʪʦʣʠʩʪʥʘʷ ï Caccinia macranthera (Banks & Soland.) Brand, ʨʫʤʷʥʢʘ ʙʠʙʝʨʰʪʝʠʥʠʷ ï Echium biebersteinii 

(Lacaita) Dabrocz. (E. italicum Jacq.), ʨ. ʢʨʘʩʥʳʡ ï E. russicum J.F.Gmel (E. rubrum Jacq.), ʥʝʟʘʙʫʜʢʘ ʘʣʴʧʠʡʩʢʘʷ ï 

Myosotis alpestris F.W. Schmidt, ï ʦʙʲʝʜʠʥʝʥʥʳʝ ʚ 11 ʨʦʜʦʚ ʷʚʣʷʶʪʩʷ ʨʝʜʢʠʤʠ. ɹʠʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʚʳʷʚʣʝʥʥʳʭ ʨʝʜʢʠʭ ʙʫʨʘʯʥʠʢʦʚ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 2.  
 

ʊʘʙʣʠʮʘ 2  

ʅʝʢʦʪʦʨʳʝ ʙʠʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʜʢʠʭ ʚʠʜʦʚ 

 

ɺ ʩʧʠʩʦʢ ʚʢʣʶʯʠʣʠ ʪʝ ʨʘʩʪʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʦʣʥʦʩʪʴʶ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʝʩʪʝʩʪʚʝʥʥʦ ʠʩʪʦʨʠ-

ʯʝʩʢʠʤ, ʵʢʦʣʦʛʠʯʝʩʢʠʤ, ʟʦʦʛʝʥʥʳʤ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ. ʆʥʠ ʧʦ ʩʪʝʧʝʥʠ ʨʝʜʢʦʩʪʠ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ 

ʦʪ ʜʨʫʛʘ [14, 15, 17]. ʇʦ ʩʪʘʪʫʩʫ ʫʛʨʦʞʘʶʱʝʛʦ ʩʦʩʪʦʷʥʠʷ, ʚʢʣʶʯʝʥʥʳʝ ʚ ʩʧʠʩʦʢ ʨʘʩʪʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʩʪʝ-

ʧʝʥʠ ʠʩʯʝʟʥʦʚʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʘʪʝʛʦʨʠʡ ʠ ʢʨʠʪʝʨʠʡ ʄʉʆʇ (ʪʘʙ. 3).    
 

ʊʘʙʣʠʮʘ 3 

ɻʝʦʛʨʘʬʠʯʝʩʢʠʡ ʪʠʧ ʘʨʝʘʣʘ ʠ ʩʪʘʪʫʩ ʩʪʝʧʝʥʠ ʨʝʜʢʦʩʪʠ  
ʅʘʟʚʘʥʠʝ ʨʘʩʪʝʥʠʡ ɻʝʦʛʨʘʬʠʯʝʩʢʠʡ ʪʠʧ ʘʨʝʘʣʘ ʉʪʘʪʫʩ ʩʪʝʧʝʥʠ ʨʝʜʢʦʩʪʠ 

Arnebia minima Wettst.  ʉʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦ-ʶʞʥʦ-ʀʨʘʥʩʢʠʡ Extinct in the wild (EW), 

Heliotropium tzvelevii  ɸʪʨʦʧʘʪʘʥʩʢʠʡ Critically endangered (CR) 

H. szovitsii ɸʪʨʦʧʘʪʘʥʩʢʠʡ Vulnerable (VU) 

Lappula sinaica  ʉʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦ-ʀʨʘʥʦ-ʪʫʨʘʥʩʢʠʡ Vulnerable (VU) 

L. sessiliflora  ʇʨʝʜʥʝʘʟʠʘʪʩʢʠʡ Least concern (LC) 

Paracaryum laxiflorum  ʄʘʣʦʘʟʠʡʩʢʠʡ ʛʦʨʥʳʡ Data defēcēent ï (DD) 

Rindera lfnata  ʇʝʨʝʜʥʝʘʟʠʘʪʩʢʠʡ ʛʦʨʥʳʡ Vulnerable (VU) 

Solenanthus circinnatus  ɻʠʨʢʘʥʩʢʠʡ Not evaluated (NE).    

Nonea pulla  ʇʦʥʪʠʯʢʩʢʦ-ʩʘʨʤʘʪʩʢʠʡ Vulnerable (VU) 

Onosma gracilis  ɸʪʨʦʧʘʪʘʥʩʢʠʡ Least concern (LC) 

O. tenuiflora ʄʘʣʦʘʟʠʡʩʢʠʡ Data defēcēent ï (DD) 

Caccinia macranthera  ʀʨʘʥʩʢʠʡ Not evaluated (NE).    

Echium biebersteinii  ʉʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦ-ʀʨʘʥʦ-ʪʫʨʘʥʩʢʠʡ Extinct in the wild (EW), 

E. russicum  ʇʘʥʥʦʥʩʢʦ-ʢʘʚʢʘʟʩʢʠʡ Critically endangered (CR) 

Myosotis alpestris  ɻʦʣʘʨʝʪʠʢ ʛʦʨʥʳʡ Vulnerable (VU) 

ʅʘʟʚʘʥʠʝ ʨʘʩʪʝʥʠʡ ɾʠʟʥʝʥʥʘʷ 

ʬʦʨʤʘ 

ɺʳʩʦʪʘ, 

ʩʤ 

ʌʝʥʦʬʘʟʘ 

 

ʄʝʩʪʦʦʙʠʪʘʥʠʷ 

Arnebia minima  ʦʜ. 7ï18 IVïV ʥʘ ʩʫʭʠʭ ʢʘʤʝʥʠʩʪʳʭ ʩʢʣʦʥʘʭ 

Heliotropium tzvelevii  ʤʥ. 25ï30 VïVIII  ʥʘ ʩʫʭʠʭ ʩʢʣʦʥʘʭ 

H. szovitsii ʦʜ. 10ï40 VIïVII  ʥʘ ʩʫʭʠʭ ʢʘʤʝʥʠʩʪʳʭ ʩʢʣʦʥʘʭ 

Lappula sinaica  ʦʜ. 5ï30 IVïVI ʥʘ ʩʫʭʠʭ ʛʣʠʥʠʩʪʳʭ ʩʢʣʦʥʘʭ 

L. sessiliflora  ʦʜ. 5ï10 IVïVI ʥʘ ʣʫʛʘʭ ʠ ʩʨʝʜʠ ʢʫʩʪʘʨʥʠʢʦʚ 

Paracaryum  ʜʚʫʭ. 20ï40 VïVII  ʥʘ ʩʫʭʠʭ ʩʢʘʣʠʩʪʳʭ ʩʢʣʦʥʘʭ 

Solenanthus circinnatus  ʤʥ. 40ï80 VïVII  ʥʘ ʣʫʛʘʭ ʠ ʩʨʝʜʠ ʢʫʩʪʘʨʥʠʢʦʚ 

Rindera lanata  ʤʥ. 20ï60 VïVII  ʥʘ ʣʫʛʘʭ ʠ ʩʨʝʜʠ ʢʫʩʪʘʨʥʠʢʦʚ 

Nonea pulla  ʤʥ. 10ï25 VïVIII  ʥʘ ʣʫʛʘʭ ʠ ʢʘʤʝʥʠʩʪʳʭ ʩʢʣʦʥʘʭ 

Onosma gracilis  ʤʥ. 20ï40 VïVII   ʥʘ ʩʢʘʣʠʩʪʳʭ ʠ ʢʘʤʝʥʠʩʪʳʭ ʩʢʣʦʥʘʭ 

O. tenuiflora ʤʥ. 10ï20 VIïVII  ʥʘ ʩʢʘʣʠʩʪʳʭ ʠ ʢʘʤʝʥʠʩʪʳʭ  

Caccinia macranthera  ʤʥ. 18ï40 IVïVI ʥʘ ʛʣʠʥʠʩʪʳʭ ʠ ʢʘʤʝʥʠʩʪʳʭ  

Echium biebersteinii  ʜʚʫʭ. 90ï120 VïIʍ ʥʘ ʩʫʭʠʭ ʩʢʣʦʥʘʭ ʠ ʨʫʩʣʘʭ ʨʝʢ 

E. russicum  ʜʚʫʭ. 12ï70 VïIʍ ʥʘ ʛʦʨʥʳʭ ʣʫʛʘʭ ʠ ʚ ʢʫʩʪʘʨʥʠʢʘʭ 

Myosotis alpestris  ʤʥ. 5ï30 VïVII  ʥʘ ʘʣʴʧʠʡʩʢʠʭ ʣʫʛʘʭ 
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ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ 2 ʚʠʜʘ ʥʘʭʦʜʷʪʩʷ ʥʘ ʛʨʘʥʠ ʠʩʯʝʟʥʦʚʝʥʠʷ ï Extinct (EX), 3 ʚʠʜʘ ʠʩʯʝʟʣʠ ʚ ʜʠʢʦʡ 

ʧʨʠʨʦʜʝ ï Extinct in the wild (EW), 1 ʚʠʜ ʥʘʭʦʜʠʪʩʷ ʚ ʢʨʠʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ï Critically endangered (CR), 4 ʚʠʜʘ 

ʫʷʟʚʠʤʳ ï Vulnerable (VU), 5 ʚʠʜʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʙʣʠʟʢʦʤʫ ʢ ʫʛʨʦʞʘʝʤʦʤʫ ï Near threatened (NT), 2 

ʚʠʜʘ ʚʳʟʳʚʘʶʪ ʥʘʠʤʝʥʴʰʠʝ ʦʧʘʩʝʥʠʷ ï Least concern (LC), ʫ ʜʚʫʭ ʚʠʜʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʘʥʥʳʭ ï Data defēcēent ï 

(DD) ʠ 3 ʥʝʦʮʝʥʝʥʥʳʝ ï Not evaluated (NE).  

ɼʚʘ ʚʠʜʘ: Onosma gracilis ʠ Nonea rosea ï ʷʚʣʷʶʪʩʷ ʂʘʚʢʘʟʩʢʠʤʠ ʵʥʜʝʤʠʢʘʤʠ. ʆʜʥʘʢʦ Nonea rosea 

ʚʩʪʨʝʯʘʝʪʩʷ ʚʥʝ ʂʘʚʢʘʟʩʢʦʛʦ ʵʢʦʨʝʛʠʦʥʘ, ʧʦʵʪʦʤʫ ʦʥʘ ʠʩʢʣʶʯʝʥʘ ʠʟ ʩʪʘʪʫʩʘ ʵʥʜʝʤʠʢʘ. ʈʘʩʪʫʱʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ ʚʠʜʳ: Alkanna orientalis (L.) Boiss. var. leucantha (Bornm.) Hub.-Mor., 

Rochelia disperma (L.fil.) C.Koch, var. microcalycina (Bornm.) Edmandson, Myosotis ramosissima Rochel ex 

Schuldes, subsp. incana (Boiss. et Bal.) Grak. ʠ Nonea pulla (L.) DC. ʫʢʘʟʳʚʘʶʪʩʷ ʵʥʜʝʤʠʢʘʤʠ ʊʫʨʮʠʠ [16].  

ʆʭʨʘʥʘ ʨʝʜʢʠʭ ʨʘʩʪʝʥʠʡ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʘ ʩ ʦʭʨʘʥʦʡ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʦʥʠ 

ʚʭʦʜʷʪ, ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʪʠʤ ʩʦʦʙʱʝʩʪʚʘʤ ʵʣʝʤʝʥʪʦʚ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʣʘʥʜʰʘʬʪʘ. ɺ ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʭ 

ʫʯʘʩʪʢʘʭ ʥʫʞʥʦ ʩʦʟʜʘʚʘʪʴ ʟʘʢʘʟʥʠʢʠ ʠ ʟʘʧʦʚʝʜʥʠʢʠ. ʉʣʝʜʫʝʪ ʚʝʩʪʠ ʨʝʜʢʠʝ ʨʘʩʪʝʥʠʷ ʚ ʢʫʣʴʪʫʨʫ ʙʦʪʘʥʠʯʝʩʢʠʭ ʩʘʜʦʚ.  

ʋʯʠʪʳʚʘʷ ʙʦʣʴʰʦʝ ʤʝʜʠʮʠʥʩʢʦʝ ʠ ʥʘʨʦʜʥʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʝʤ. ɹʫʨʘʯʥʠʢʦʚʳʭ ï Boraginaceae 

Adans., ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʧʦʧʫʣʷʮʠʡ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʦʭʨʘʥʷʝʤʫʶ ʪʝʨʨʠʪʦʨʠʶ ʠ ʫʤʝʥʴʰʠʪʴ ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ 

ʬʘʢʪʦʨʳ, ʧʨʠʥʷʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʨʳ ʜʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠ ʜʦʣʛʦʣʝʪʥʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʧʦʣʝʟʥʳʭ 

ʨʘʩʪʝʥʠʡ ʩʝʤʝʡʩʪʚʘ Boraginaceae Adans. ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʈ. 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ɸʨʪʘʤʘʥʦʚ, ɺ. ʀ. ʈʝʜʢʠʝ ʠ ʠʩʯʝʟʘʶʱʠʝ ʨʘʩʪʝʥʠʷ. ʇʦ ʩʪʨʘʥʠʮʘʤ ʂʨʘʩʥʦʡ ʂʥʠʛʠ ʉʉʉʈ / ɺ. ʀ. ɸʨʪʘʤʘʥʦʚ. ï ʄ. : 

ɸʛʨʦʧʨʦʤʠʟʜʘʪ, 1989. ï ʉ. 12ï37. 

2. ɹʘʙʘʝʚ, ʉ. ʖ. ɻʝʦʛʨʘʬʠʷ ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ / ʉ. ʖ. ɹʘʙʘʝʚ. ï ɹʘʢʫ : ʕʣʤ, 1999. 298 ʩ.        

3. ɻʨʦʩʩʛʝʡʤ ɸ. ɸ. ʆʧʨʝʜʝʣʠʪʝʣʴ ʨʘʩʪʝʥʠʡ ʂʘʚʢʘʟʘ / ɸ. ɸ. ɻʨʦʩʩʛʝʡʤ. ï ʄ. : ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʠʟʜʘʪʝʣʴʩʪʚʦ çʉʦ-

ʚʝʪʩʢʘʷ ʥʘʫʢʘè, 1949. 746 ʩ.  

4. ɻʫʨʟʝʥʢʦʚ, H. H. Boraginaceae Juss. / ʅ. ʅ. ɻʫʨʟʝʥʢʦʚ // ʆʧʨʝʜʝʣʠʪʝʣʴ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ ʉʘʭʘʣʠʥʘ ʠ ʂʫʨʠʣʴʩʢʠʭ 

ʦʩʪʨʦʚʦʚ. ï ʃ. : ʅʘʫʢʘ, 1974. ï ʉ. 276ï280. 

5. ɼʦʙʨʦʯʘʝʚʘ ɼ. ʅ. ʉʝʤʝʡʩʪʚʦ ɹʫʨʘʯʥʠʢʦʚʳʝ ï Boraginaceae ʊ. 5., ʏ. 2 / ɼ. ʅ. ɼʦʙʨʦʯʘʝʚʘ // ɾʠʟʥʴ ʨʘʩʪʝʥʠʡ. ï ʄ. : 

ʇʨʦʩʚʝʱʝʥʠʝ, 1981. ï ʉ. 394ï400  

6. ʂʘʤʝʣʠʥ, ʈ. ɺ. ʉʝʤ. Boraginaceae Juss. ɹʫʨʘʯʥʠʢʦʚʳʝ. ɺʳʧ. 8. / ʈ. ɺ. ʂʘʤʝʣʠʥ // ʌʣʦʨʘ ɿʘʙʘʡʢʘʣʴʷ. ï ʃ. : ʅʘʫʢʘ, 

1980. ï ʉ. 832ï842 . 

7. ʉʝʨʝʙʨʷʢʦʚ, ʀ. ɻ. ɾʠʟʥʝʥʥʳʝ ʬʦʨʤʳ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ ʠ ʠʭ ʠʟʫʯʝʥʠʝ. ʊ.3. / ʀ. ɻ. ʉʝʨʝʙʨʷʢʦʚ // ʇʦʣʝʚʘʷ ʛʝʦʙʦ-

ʪʘʥʠʢʘ. ï ʄ.-ʃ.: ʅʘʫʢʘ, 1964. 

8. ʇʨʠʣʠʧʢʦ, ʃ. ʀ. ʈʘʩʪʠʪʝʣʴʥʳʝ ʦʪʥʦʰʝʥʠʷ ʚ ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʉʉʈ / ʃ ʀ. ʇʨʠʣʠʧʢʦ // ʊʨʫʜʳ ɹʦʪʘʥʠʯʝʩʢʦʛʦ  

ʀʥʩʪʠʪʫʪʘ. ʊ.VII. ï ɹʘʢʫ : ɸʟ. ʌɸʅ., 1939. ï 196 ʩ.       

9. ʊʘʣʳʙʦʚ, ʊ. ɻ. ʊʘʢʩʦʥʦʤʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʬʣʦʨʳ ʅʘʭʯʳʚʘʥʩʢʦʡ  ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ. / ʊ. ɻ. ʊʘʣʳʙʦʚ, ɸ. ʐ. 

ʀʙʨʘʛʠʤʦʚ. ï ʅʘʭʯʳʚʘʥ : ɸʜʞʘʤʠ, 2008. ï 364 ʩ.  

10. ʀʙʨʘʛʠʤʦʚ, ɸ. ʐ. ʆʭʨʘʥʘ ʛʝʥʦʬʦʥʜʘ ʬʣʦʨʳ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚʳʩʦʢʦʛʦʨʠʡ ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʉʉʈ / ɸ. ʐ. ʀʙ-

ʨʘʛʠʤʦʚ // ʄʘʪ. ɺʩʝʩʦʶʟ. ʉʠʤʧ. çʆʭʨʘʥʘ ʛʝʥʦʬʦʥʜʘ ʧʨʠʨʦʜʥʦʡ ʬʣʦʨʳè. ï ʅʦʚʦʩʠʙʠʨʩʢ, 1980. ï 46 ʩ.  

11. ʀʙʨʘʛʠʤʦʚ, ɸ. ʐ. ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ ʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʙʦʪʘʥʠʢʦ-

ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ : ʘʚʪʦʨʝʬʝʨʘʪ ʜʠʩʩé ʜʦʢʪ. ʙʠʦʣ. ʥʘʫʢ. / ɸ. ʐ. ʀʙʨʘʛʠʤʦʚ. ï ɹʘʢʫ, 2007. ï ʉ. 44.   

12. ʌʣʦʨʘ ɸʟʝʨʙʘʡʜʞʘʥʘ. ʊ.VII . ï ɹʘʢʫ : ʀʟʜ. ɸʅ. ɸʟʝʨʙ. ʉʉʉʈ, 1956.  

13. ʏʝʨʝʧʘʥʦʚ, ʉ. ʂ. ʉʦʩʫʜʠʩʪʳʝ ʨʘʩʪʝʥʠʷ ʈʦʩʩʠʠ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚ (ʚ ʧʨʝʜʝʣʘʭ ʙʳʚʰʝʛʦ ʉʉʉʈ). ʄʠʨ ʠ 

ʩʝʤʷ-95 / ʉ. ʂ. ʏʝʨʝʧʘʥʦʚ. ï ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 1995. ï 992 ʩ.  

14. ĶUCN. Red List of Threatened Species. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: <http: // www. Iucnredlist.org.> 

Downloaded on 31 Decembr 2008. 

15. ĶUCN 2009. A usersô guide to the , ĶUCN, Red List web site. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï Version 1.0 (March 2009) 

16. Red Data Book of Iran (eds. Jalili A., Jamzad Z.) P.O. Box. 13185-116, Tehran, Iran, 1999. 

17. Red Data Book of  Turkey. Ankara, 2000. 246 p.    

 

ʄʘʪʝʨʠʘʣ ʧʦʩʪʫʧʠʣ ʚ ʨʝʜʘʢʮʠʶ 26.12.14. 

 
 

RARE PLANTS OF BORAGINACEAE ADANS. FAMILY  

IN THE FLORA OF NAKHCHIVAN AUTONOMOUS REPUBLIC OF AZERBAIJAN  
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Abstract. In the submitted article there is information about rare plants of Boraginaceae Adans family which 

are represented on the territory of Nakhchivan Autonomous Republic in the amount of 25 sorts and 60 types. However, 

in recent years there is more negative influence of ecological, anthropogenic, technological, zoogenic factors on flora 

and vegetation. The main aim of the research was to indicate rare types and to make necessary actions for their securi-

ty. In the result of the research, it was by us that 15 types, which are united in 11 sorts, are rare. We examined their 

current status, altitudinal belts, location, geographic types and statuses by the degree of rarity. 

Keywords: families, sort, type, Boraginaceae, rare, protection.  
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ʌ.ʇ. ʎʘʭʫʝʚʘ

1
, ʀ.ɸ. ɸʛʘʙʘʣʘʝʚ

2
  

1 
ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶʱʠʡ ʦʪʜʝʣʘ ʘʢʢʨʝʜʠʪʘʮʠʠ, ʥʘʫʢʠ ʠ ʨʘʟʚʠʪʠʷ 

2
 ʢʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʭ ʜʠʩʮʠʧʣʠʥ 

ʉʦʮʠʘʣʴʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ɼʝʨʙʝʥʪ), ʈʦʩʩʠʷ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʠʟʫʯʘʶʪʩʷ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʘʷ ʩʝʪʴ ʧʨʝʜʛʦʨʥʦʛʦ ɼʘʛʝʩʪʘʥʘ, ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ 

ʠ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʜʨʦʛʨʘʬʠʷ, ʛʠʜʨʦʩʝʪʴ, ʤʦʨʬʦʣʦʛʠʷ ʨʝʯʥʳʭ ʜʦʣʠʥ, ʦʨʦʰʝʥʠʝ, ʧʦʣʦʚʦʜʴʝ, ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝ ʩʪʦʢʦʚ.  
 

ʇʨʝʜʛʦʨʥʳʡ ɼʘʛʝʩʪʘʥ ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʜʫʛʦʦʙʨʘʟʥʦʡ ʧʦʣʦʩʦʡ ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ ʜʣʠʥʦʡ ʦʢʦ-

ʣʦ 210 ʢʤ ʠ ʰʠʨʠʥʦʡ ʦʪ 20 ʜʦ 50 ʢʤ. ʅʘʠʙʦʣʴʰʘʷ ʝʛʦ ʰʠʨʠʥʘ ʦʪʤʝʯʘʝʪʩʷ ʧʦ ʣʠʥʠʠ ʄʘʭʘʯʢʘʣʘ-ɹʫʡʥʘʢʩʢ, ʪʦ 

ʝʩʪʴ ʪʘʤ, ʛʜʝ ʭʨʝʙʪʳ ʧʨʝʜʛʦʨʠʡ ʧʦʜʩʪʫʧʘʶʪ ʢ ʂʘʩʧʠʡʩʢʦʤʫ ʤʦʨʶ. ʇʦʣʦʩʘ ʧʨʝʜʛʦʨʠʡ ʩʦʩʪʦʠʪ ʠʟ ʩʝʨʠʡ ʩʤʝʥʷʶ-

ʱʠʭ ʜʨʫʛ ʜʨʫʛʘ ʠʣʠ ʠʜʫʱʠʭ ʧʘʨʘʣʣʝʣʴʥʦ ʭʨʝʙʪʦʚ, ʚʦʟʚʳʰʝʥʥʦʩʪʝʡ. ʆʥʠ ʠʤʝʶʪ ʘʙʩ. ʚʳʩʦʪʳ ʦʪ 150ï200 ʜʦ 

1000 ʤ. ʉ ʫʜʘʣʝʥʠʝʤ ʦʪ ʤʦʨʷ ʚʳʩʦʪʘ ʭʨʝʙʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʄʝʞʜʫ ʩʚʦʜʦʚʳʤʠ ʧʦʜʥʷʪʠʷʤʠ ʠ ʭʨʝʙʪʘʤʠ ʨʘʩʧʦ-

ʣʦʞʝʥʳ ʰʠʨʦʢʠʝ ʜʦʣʠʥʳ, ʥʠʟʠʥʳ, ʢʦʪʣʦʚʠʥʳ. 

 ʇʨʝʜʛʦʨʴʷ ʩʠʣʴʥʦ ʨʘʩʯʣʝʥʝʥʳ ʨʝʯʥʳʤʠ ʜʦʣʠʥʘʤʠ ʠ ʫʱʝʣʴʷʤʠ. ʆʩʦʙʝʥʥʦ ʠʟʨʝʟʘʥʘ ʩʝʚʝʨʥʘʷ ʯʘʩʪʴ, ʛʜʝ 

ʧʝʨʝʜʦʚʳʝ ʭʨʝʙʪʳ ɹʦʣʴʰʦʛʦ ʂʘʚʢʘʟʘ ʧʨʦʨʝʟʘʥʳ ʛʣʫʙʦʢʠʤʠ ʢʘʥʴʦʥʘʤʠ. ʂʨʫʧʥʝʡʰʠʝ ʢʘʥʴʦʥʳ ʩʦʟʜʘʣʘ ʨ. ʉʫʣʘʢ. 

ʇʦʩʣʝ ʚʦʟʚʝʜʝʥʠʷ ʚʳʩʦʪʥʦʡ (232 ʤ) ʘʨʦʯʥʦʡ ʧʣʦʪʠʥʳ ʏʠʨʢʝʡʩʢʦʡ ɻʕʉ ʩʘʤʳʡ ʛʨʘʥʜʠʦʟʥʳʡ ʠʟ ʥʠʭ ʟʘʧʦʣʥʠʣʩʷ 

ʩʫʣʘʢʩʢʦʡ ʚʦʜʦʡ. ʆʙʨʘʟʦʚʘʣʠʩʴ ʬʘʥʪʘʩʪʠʯʝʩʢʠʝ ʧʝʡʟʘʞʠ, ʥʝ ʫʩʪʫʧʘʶʱʠʝ ʧʦ ʢʨʘʩʦʪʝ ʠ ʤʦʱʠ ʘʤʝʨʠʢʘʥʩʢʦʤʫ 

ɻʨʘʥʜ-ʢʘʥʴʦʥʫ. ʄʝʩʪʘʤʠ ʩʢʘʣʳ ʥʘʜ ʛʦʣʫʙʳʤʠ ʚʦʜʘʤʠ ʵʪʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʦʙʨʘʟʫʶʪ ʦʪʚʝʩʥʳʝ ʩʪʝʥʳ ʧʦʯʪʠ 

ʢʠʣʦʤʝʪʨʦʚʦʡ ʚʳʩʦʪʳ. 

ɺ ʮʝʥʪʨʘʣʴʥʦʡ, ʥʘʠʙʦʣʝʝ ʨʘʩʰʠʨʝʥʥʦʡ ʯʘʩʪʠ ʧʨʝʜʛʦʨʠʡ, ʧʨʝʦʙʣʘʜʘʶʪ ʢʫʧʦʣʦʚʠʜʥʳʝ ʚʦʟʚʳʰʝʥʥʦʩʪʠ, 

ʦʢʨʫʞʝʥʥʳʝ ʥʝʚʳʩʦʢʠʤʠ ʭʨʝʙʪʘʤʠ. ʕʪʦ ʚʪʦʨʘʷ ʧʦʩʣʝ ʨʘʚʥʠʥʥʦʛʦ ʤʝʞʜʫʨʝʯʴʷ ʊʝʨʝʢʘ ʠ ʉʫʣʘʢʘ ʞʠʪʥʠʮʘ ɼʘʛʝ-

ʩʪʘʥʘ. ʖʛʦ-ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʧʨʝʜʛʦʨʥʦʡ ʟʦʥʳ ʧʨʠʣʝʛʘʝʪ ʢ ʜʦʣʠʥʝ ʨ. ʉʘʤʫʨ.  

ɻʠʜʨʦʛʨʘʬʠʯʝʩʢʘʷ ʩʝʪʴ ʧʨʝʜʛʦʨʥʦʛʦ ɼʘʛʝʩʪʘʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʝʢʘʤʠ ʉʘʤʫʨ, ʉʫʣʘʢ, ʈʫʙʘʩ, ʂʫʨʘʭʦʤ, 

ʏʠʨʘʭʯʘʡ, ʋʣʣʫʯʘʡ, ʐʫʨʘʦʟʝʥʴ, ɻʘʤʨʠʦʟʝʥʴ ʠ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʭ ʧʨʠʪʦʢʦʚ, ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʧʝʨʝʩʳʭʘʝʪ ʚ 

ʞʘʨʢʦʝ ʚʨʝʤʷ (ʨʠʩ. 1). ʆʙʱʠʝ ʦʯʝʨʪʘʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʩʪʦʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʳʥʝʰʥʠʤ, ʨʝʢʠ ʧʨʠʦʙʨʝʣʠ ʚʦ 

ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʤʠʦʮʝʥʘ [ɹʫʜʘʛʦʚ ʠ ʜʨ. 1959, 1960; ɼʫʤʠʪʨʘʰʢʦ, ɹʫʜʘʛʦʚ, 1957; ɹʝʣʳʡ, 1965]. ɺʝʣʠʯʠʥʘ ʠ ʩʦ-

ʦʪʥʦʰʝʥʠʝ ʚʠʜʦʚ ʧʠʪʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʩʦʪʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʙʘʩʩʝʡʥʦʚ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. ʇʝʨʚʦʩʪʝʧʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʪʘʣʳʝ ʚʦʜʳ. 
 

 
 

ʈʠʩ. 1. ʆʨʦʛʠʜʨʦʛʨʘʬʠʯʝʩʢʘʷ ʩʭʝʤʘ ʇʨʝʜʛʦʨʥʦʛʦ ɼʘʛʝʩʪʘʥʘ 
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ɻʫʩʪʦ ʨʘʟʚʝʪʚʣʝʥʥʘʷ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʘʷ ʩʝʪʴ ʧʨʝʜʛʦʨʥʦʛʦ ʧʦʷʩʘ ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʩʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʛʝʦ-

ʣʦʛʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ [ʀʙʨʘʛʠʤʦʚ, 1962; ʃʠʣʠʝʥʙʝʨʛ, 1961]. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʨʝʢʠ ʧʝʨʝʩʝʢʘʶʪ ʧʨʝʜʛʦʨʴʷ 

ʚʜʦʣʴ ʧʦʧʝʨʝʯʥʳʭ ʥʘʨʫʰʝʥʠʡ, ʚʢʨʝʩʪ ʧʨʦʩʪʠʨʘʥʠʷ ʩʢʣʘʜʦʢ ʠ ʷʚʣʷʶʪʩʷ ʪʨʘʥʟʠʪʥʳʤʠ. ʅʘ ʫʯʘʩʪʢʘʭ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʷ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ ʤʘʡʢʦʧʘ ʠʣʠ ʩʘʨʤʘʪʘ ʨʝʢʠ ʪʝʢʫʪ ʚ ʭʦʨʦʰʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʦʣʠʥʘʭ ʩ ʪʝʨʨʘʩʠʨʦʚʘʥʥʳʤʠ 

ʩʢʣʦʥʘʤʠ ʠ ʧʣʦʩʢʠʤ ʜʥʦʤ, ʛʜʝ ʨʘʟʚʠʪʳ ʥʠʟʢʠʝ ʪʝʨʨʘʩʳ. ʇʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʭʨʝʙʪʦʚ, ʩʣʦʞʝʥʥʳʭ ʧʝʩʯʘʥʠʢʘʤʠ 

ʯʦʢʨʘʢ-ʢʘʨʘʛʘʥʩʢʦʡ ʪʦʣʱʠ ʠʣʠ ʧʝʩʯʘʥʠʢʘʤʠ ʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʚʝʨʭʥʝʛʦ ʩʘʨʤʘʪʘ, ʜʦʣʠʥʳ ʧʨʠʦʙʨʝʪʘʶʪ ʭʘʨʘʢʪʝʨ 

ʫʟʢʠʭ ʫʱʝʣʠʡ. ʉʧʨʷʤʣʝʥʥʳʝ ʠ ʫʟʢʠʝ ʫʯʘʩʪʢʠ ʜʦʣʠʥʳ ʥʘʙʣʶʜʘʶʪʩʷ ʪʘʢʞʝ ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʨʝʢʘʤʠ ʨʘʩʪʫʱʠʭ 

ʘʥʪʠʢʣʠʥʘʣʴʥʳʭ ʭʨʝʙʪʦʚ (ʘʥʪʝʮʝʜʝʥʪʥʳʝ ʜʦʣʠʥʳ) [ʃʠʣʠʝʥʙʝʨʛ, 1979]. 

ɼʦʣʠʥʳ ʧʨʠʪʦʢʦʚ ʧʦʧʝʨʝʯʥʳʭ ʨʝʢ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʟʥʘʯʠʪʝʣʴʥʳ ʧʦ ʩʚʦʠʤ ʨʘʟʤʝʨʘʤ. ʆʥʠ ʦʨʠʝʥʪʠʨʦʚʘ-

ʥʳ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʩʢʣʘʜʦʢ ʠ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʦ ʤʝʨʝ ʧʦʜʥʷʪʠʷ ʪʝʨʨʠʪʦʨʠʠ ʠ ʚʨʝʟʘʥʠʷ ʵʪʠʭ ʨʝʢ. ʆʨʪʦʛʦʥʘʣʴ-

ʥʳʡ ʨʠʩʫʥʦʢ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʡ ʩʝʪʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʭʘʨʘʢʪʝʨʥʳʭ ʯʝʨʪ ʣʘʥʜʰʘʬʪʘ ʥʠʟʢʦʛʦʨʠʡ. 

ɼʦʣʠʥʳ ʨʝʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʘʡʦʥʘ ʪʘʢʞʝ ʦʙʥʘʨʫʞʠʚʘʶʪ ʩʚʷʟʴ ʩ ʪʝʢʪʦʥʠʢʦʡ ʠ ʣʠʪʦʣʦʛʠʝʡ ʧʦʨʦʜ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʨ. ʉʫʣʘʢ ʧʨʠ ʚʭʦʜʝ ʚ ʧʨʝʜʛʦʨʴʷ ʨʝʟʢʦ, ʧʦʯʪʠ ʧʦʜ ʧʨʷʤʳʤ ʫʛʣʦʤ, ʠʟʤʝʥʷʝʪ ʩʚʦʝ ʩʝʚʝʨʦ-ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʩʫʙʰʠʨʦʪʥʦʝ, ʩʦʚʧʘʜʘʶʱʝʝ ʩ ʧʨʦʩʪʠʨʘʥʠʝʤ ʩʠʥʢʣʠʥʘʣʴʥʦʛʦ ʧʨʦʛʠʙʘ. ɼʘʣʝʝ ʨ. ʉʫʣʘʢ 

ʨʝʟʢʦ ʧʦʚʦʨʘʯʠʚʘʝʪ ʥʘ ʩʝʚʝʨ ʠ ʧʝʨʝʩʝʢʘʝʪ ʍʘʜʫʤʩʢʦʝ ʧʦʜʥʷʪʠʝ ʚʢʨʝʩʪ ʝʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʦʙʨʘʟʫʷ ʛʣʫʙʦʢʦʝ 

ʍʘʜʫʤʩʢʦʝ (ʄʠʘʪʣʠʥʩʢʦʝ) ʫʱʝʣʴʝ. ɺ ʧʦʣʦʩʝ ʪʨʝʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʨʘʟʚʠʪʳʭ ʥʘ ʢʨʳʣʝ ʍʘʮʫʤʩʢʦʛʦ ʧʦʜʥʷʪʠʷ, 

ʜʦʣʠʥʘ ʉʫʣʘʢʘ ʧʨʠʦʙʨʝʪʘʝʪ ʯʝʪʢʦʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʇʨʝʜʛʦʨʴʷ ʖʞʥʦʛʦ ɼʘʛʝʩʪʘʥʘ ʩ ʶʛʦ-ʟʘʧʘʜʘ, ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ ʧʝʨʝʩʝʢʘʶʪ ʮʝʣʳʡ ʨʷʜ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ 

ʢʨʫʧʥʳʭ ʨʝʢ. ʆʩʦʙʝʥʥʦʩʪʴ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʡ ʩʝʪʠ ʨʘʡʦʥʘ, ʛʣʫʙʠʥʘ ʵʨʦʟʠʦʥʥʦʛʦ ʨʘʩʯʣʝʥʝʥʠʷ ʠ ʤʦʨʬʦʣʦʛʠʷ 

ʨʝʯʥʳʭ ʜʦʣʠʥ ʪʘʢʞʝ ʥʘʭʦʜʷʪʩʷ ʚ ʪʝʩʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ. ʅʘ ʨʘʟʚʠʪʠʝ ʨʝʯʥʦʡ ʩʝʪʠ (ʢʘʢ 

ʠ ʨʝʣʴʝʬʘ ʚ ʮʝʣʦʤ) ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʘʣʠ ʧʦʧʝʨʝʯʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʧʦʜʥʷʪʠʷ ʠ ʧʨʦʛʠʙʳ. ʋʯʘʩʪʢʠ ʚʦʟʜʳʤʘ-

ʥʠʷ ʦʩʝʡ ʩʢʣʘʜʦʢ ʠʤʝʶʪ ʨʘʟʚʝʪʚʣʝʥʥʫʶ ʛʠʜʨʦʩʝʪʴ ʩ ʦʪʯʝʪʣʠʚʳʤʠ ʯʝʨʪʘʤʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʨʝʢ ʢ ʣʠʪʦʣʦʛʦ-

ʩʪʨʫʢʪʫʨʥʳʤ ʫʩʣʦʚʠʷʤ ʜʦʧʣʠʦʮʝʥʦʚʳʭ ʧʦʨʦʜ. ɺ ʧʦʧʝʨʝʯʥʳʝ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʜʦʣʠʥʳ ʚʧʘʜʘʶʪ ʤʥʦʛʦʯʠʩʣʝʥ-

ʥʳʝ ʤʝʣʢʠʝ ʧʨʠʪʦʢʠ ʠ ʙʘʣʢʠ, ʟʘʣʦʞʝʥʥʳʝ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʧʣʘʩʪʦʚ ʚ ʤʷʛʢʠʭ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜʘʭ ʩʘʨʤʘʪʘ, 

ʯʦʢʨʘʢʘ ʠ ʤʘʡʢʦʧʘ. ʉʘʤʠ ʧʦʧʝʨʝʯʥʳʝ ʜʦʣʠʥʳ ʠʤʝʶʪ ʯʝʪʢʦʦʙʨʘʟʥʦʝ ʩʪʨʦʝʥʠʝ: ʦʥʠ ʨʘʩʰʠʨʷʶʪʩʷ ʚ ʟʦʥʝ ʚʳʭʦʜʦʚ 

ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ ʠ ʨʝʟʢʦ ʩʫʞʘʶʪʩʷ ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʭʨʝʙʪʦʚ ʠ ʚʦʟʚʳʰʝʥʥʦʩʪʝʡ, ʩʣʦʞʝʥʥʳʭ ʢʨʝʧʢʠʤʠ ʧʝʩʯʘ-

ʥʠʢʘʤʠ ʠ ʠʟʚʝʩʪʥʷʢʘʤʠ [ʀʙʨʘʛʠʤʦʚ, 1962; ʃʠʣʠʝʥʙʝʨʛ, 1961]. 

ʀʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʫʯʘʩʪʢʘʭ ʧʦʧʝʨʝʯʥʳʭ ʧʨʦʛʠʙʦʚ, ʛʜʝ ʧʦʣʫʯʠʣʠ ʨʘʟʚʠʪʠʝ ʩʪʦʣʦʚʳʝ ʚʦʟʚʳ-

ʰʝʥʥʦʩʪʠ. ʈʝʢʠ ʟʜʝʩʴ ʪʝʢʫʪ ʚ ʷʱʠʢʦʦʙʨʘʟʥʳʭ ʜʦʣʠʥʘʭ, ʚʳʨʘʙʦʪʘʥʥʳʭ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʦʪʣʦʞʝʥʠʷʭ ʚʝʨʭʥʝʛʦ 

ʧʣʠʦʮʝʥʘ. ʅʘʧʨʘʚʣʝʥʠʝ ʠʭ ʩʦʚʧʘʜʘʝʪ ʩ ʦʙʱʠʤ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʤ ʥʘʢʣʦʥʦʤ ʚʝʨʭʥʝʧʣʠʦʮʝʥʦʚʳʭ ʩʣʦʝʚ. ʈʝʢʠ 

ʧʦʯʪʠ ʥʝ ʠʤʝʶʪ ʢʨʫʧʥʳʭ ʙʦʢʦʚʳʭ ʧʨʠʪʦʢʦʚ [ʃʠʣʠʝʥʙʝʨʛ, 1979]. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮ 1.1 ʠ 1.2, ʨʝʢʠ ʇʨʝʜʛʦʨʥʦʛʦ ɼʘʛʝʩʪʘʥʘ ʦʪʥʦʩʷʪʩʷ ʢ ʩʤʝʰʘʥʥʦʤʫ ʪʠʧʫ ʧʠʪʘʥʠʷ ʠ 

ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ. 

ʇʦʣʦʚʦʜʴʝ ʧʨʠʫʨʦʯʝʥʦ ʢ ʚʝʩʝʥʥʝ-ʣʝʪʥʝʤʫ ʩʝʟʦʥʫ. ɺ ʣʝʪʥʠʝ ʠ ʯʘʩʪʠʯʥʦ ʦʩʝʥʥʠʝ ʤʝʩʷʮʳ ʦʙʳʯʥʳ ʧʘʚʦʜ-

ʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʣʠʚʥʷʤʠ. ɼʣʷ ʚʩʝʭ ʨʝʢ ʭʘʨʘʢʪʝʨʥʘ ʥʠʟʢʘʷ ʟʠʤʥʷʷ ʤʝʞʝʥʴ. ʈʝʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʨʝʢ ʥʘ ʨʘʩʪʠʪʝʣʴ-

ʥʦʩʪʴ ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʜʘʣʝʝ ʜʥʠʱʘ ʜʦʣʠʥʳ, ʛʜʝ ʩʢʣʘʜʳʚʘʶʪʩʷ ʣʫʯʰʠʝ ʫʩʣʦʚʠʷ ʦʨʦʰʝʥʠʷ. ʉʢʣʦʥʳ ʜʦʣʠʥ 

ʜʘʞʝ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʠʩʧʳʪʳʚʘʶʪ ʦʩʪʨʳʡ ʥʝʜʦʩʪʘʪʦʢ ʚʦ ʚʣʘʛʝ. 
 

ʊʘʙʣʠʮʘ 1.1 

ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʢ (ʧʦ ɻʶʣʴ ʠ ʜʨ., 1961) 

ʈʝʢʘ ɼʣʠʥʘ, ʢʤ ʇʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ, ʢʚ. ʢʤ ɺʦʜʥʳʡ ʨʝʞʠʤ ʊʠʧ ʧʠʪʘʥʠʷ 

ʉʘʤʫʨ 213 7333 
ʃʝʪʥʝʝ ʧʦʣʦʚʦʜʴʝ 

ʅʠʟʢʘʷ ʟʠʤʥʷʷ ʤʝʞʝʥʴ 

ʉʤʝʰʘʥʥʳʡ (ʧʦʯʪʠ ʨʘʚʥʦʝ ʫʯʘʩʪʠʝ 

ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ) 

ʉʫʣʘʢ 169 15218 
ʃʝʪʥʝʝ ʧʦʣʦʚʦʜʴʝ 

ʅʠʟʢʘʷ ʟʠʤʥʷʷ ʤʝʞʝʥʴ 

ʉʤʝʰʘʥʥʳʡ (ʧʦʯʪʠ ʨʘʚʥʦʝ ʫʯʘʩʪʠʝ 

ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ) 

ʋʣʣʫʯʘʡ 111 1435 

ɺʝʩʝʥʥʝ-ʣʝʪʥʝʝ ʧʦʣʦʚʦʜʴʝ 

ʅʠʟʢʘʷ ʟʠʤʥʷʷ ʤʝʞʝʥʴ 

ʃʝʪʥʝ-ʦʩʝʥʥʠʝ ʧʘʚʦʜʢʠ 

ʉʤʝʰʘʥʥʳʡ: 

30ï40 % ï ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ, 

60ï70 % ï ʪʘʣʳʝ ʠ ʜʦʞʜʝʚʳʝ ʚʦʜʳ 

ʂʫʨʘʭ 85 1100 

ɺʝʩʝʥʥʝ-ʣʝʪʥʝʝ ʧʦʣʦʚʦʜʴʝ 

ʅʠʟʢʘʷ ʟʠʤʥʷʷ ʤʝʞʝʥʴ 

ʃʝʪʥʝ-ʦʩʝʥʥʠʝ ʧʘʚʦʜʢʠ 

ʉʤʝʰʘʥʥʳʡ: 

40 % ï ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ, 

40 % ï ʪʘʣʳʝ ʚʦʜʳ, 

20 % ï ʜʦʞʜʝʚʳʝ ʦʩʘʜʢʠ 

ʏʠʨʘʭʯʘʡ 93 895 

ɺʝʩʝʥʥʝ-ʣʝʪʥʝʝ ʧʦʣʦʚʦʜʴʝ 

ʅʠʟʢʘʷ ʟʠʤʥʷʷ ʤʝʞʝʥʴ 

ʃʝʪʥʝ-ʦʩʝʥʥʠʝ ʧʘʚʦʜʢʠ 

ʉʤʝʰʘʥʥʳʡ: 

75ï80 % ï ʪʘʣʳʝ ʠ ʜʦʞʜʝʚʳʝ ʚʦʜʳ, 

20-25 % ï ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ 

ʈʫʙʘʩ 92 1180 

ɺʝʩʝʥʥʝ-ʣʝʪʥʝʝ ʧʦʣʦʚʦʜʴʝ 

ʅʠʟʢʘʷ ʟʠʤʥʷʷ ʤʝʞʝʥʴ 

ʃʝʪʥʝ-ʦʩʝʥʥʠʝ ʧʘʚʦʜʢʠ 

ʉʤʝʰʘʥʥʳʡ: 

60 % ï ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ, 

40 % ï ʪʘʣʳʝ ʠ ʜʦʞʜʝʚʳʝ ʚʦʜʳ 

ʐʫʨʘʦʟʝʥʴ 80 1396 

ɺʝʩʝʥʥʝ-ʣʝʪʥʝʝ ʧʦʣʦʚʦʜʴʝ 

ʅʠʟʢʘʷ ʟʠʤʥʷʷ ʤʝʞʝʥʴ 

ʃʝʪʥʝ-ʦʩʝʥʥʠʝ ʧʘʚʦʜʢʠ 

ʉʤʝʰʘʥʥʳʡ: 

30ï40 % ï ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ, 

60ï70 % ï ʪʘʣʳʝ ʠ ʜʦʞʜʝʚʳʝ ʚʦʜʳ 

ɻʘʤʨʠʦʟʝʥʴ 58 359 

ɺʝʩʝʥʥʝʝ ʧʦʣʦʚʦʜʴʝ 

ʅʠʟʢʘʷ ʟʠʤʥʷʷ ʤʝʞʝʥʴ 

ʃʝʪʥʝ-ʦʩʝʥʥʠʝ ʧʘʚʦʜʢʠ 

ʉʤʝʰʘʥʥʳʡ: 

55ï65 % ï ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ, 

35ï45 % ï ʪʘʣʳʝ ʠ ʜʦʞʜʝʚʳʝ ʚʦʜʳ 
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ʊʘʙʣʠʮʘ 1.2 

ʇʦʤʝʩʷʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʦʢʘ ʚ % ʦʪ ʛʦʜʦʚʦʛʦ (ʧʦ ɻʶʣʴ ʠ ʜʨ., 1961) 

ʈʝʢʘ 

ʅʘʩʝʣ. 

ʧʫʥʢʪ 

(ʩʝʣʦ) 

ʄʝʩʷʮ ʉʨ. ʛʦʜʦʚʦʡ 

ʨʘʩʭʦʜ ʚʦʜʳ, 

ʢʫʙ.ʤ/ʩʝʢ 
I II  III  IV V VI VII  VIII  IX X XI XII  

ʉʘʤʫʨ ɸʭʪʳ 2,3 2,1 2,3 6,3 16,6 22,3 17,5 9,6 7,5 6,5 4,2 2,8 43,4 

ʉʫʣʘʢ ʄʠʘʪʣʳ 2,4 2,2 2,6 6,2 15,4 20,4 17,6 10,9 8,4 6,6 4,3 3,0 176 

ʋʣʣʫʯʘʡ ʄʘʜʞʘʣʠʩ 2,1 2,1 3,7 8,1 12,3 23,0 12,4 11,9 8,2 9,5 3,9 2,8 4,14 

ʂʫʨʘʭ ʂʘʩʫʤʢʝʥʪ 2,8 3,0 4,9 9,1 15,2 20,1 11,5 7,8 8,4 7,8 5,6 3,8 4,74 

ʏʠʨʘʭʯʘʡ 
ɸʰʘʛʘ-

ʎʠʥʠʪ 
1,6 1,8 2,9 5,8 6,2 17,0 19,5 11,8 9,9 7,3 3,9 2,3 5,52 

ʈʫʙʘʩ 
ʍʦʰʤʝʥ-

ʟʠʣʴ 
3,0 3,0 6,0 7,0 12,0 21,0 10,0 7,0 13,0 9,0 5,0 4,0 2,49 

ʐʫʨʘʦʟʝʥʴ ʕʨʧʝʣʠ 4,8 3,8 6,6 9,8 10,5 10,5 6,6 12,2 10,2 10,8 8,2 6,0 0,11 

ɻʘʤʨʠʦʟʝʥʴ 
ʋʩʝʤʠ-

ʢʝʥʪ 
4,9 5,4 6,9 9,8 11,6 13,8 6,6 7,0 9,0 10,7 7,9 6,4 0,77 

 

ɼʝʣʴʪʳ ʛʣʘʚʥʳʭ ʜʘʛʝʩʪʘʥʩʢʠʭ ʨʝʢ ï ʫʥʠʢʘʣʴʥʳʡ ʧʦʣʠʛʦʥ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʨʘʡʥʝ ʥʝ-

ʫʩʪʦʡʯʠʚʳʭ ʠ ʯʨʝʟʚʳʯʘʡʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦ ʭʘʨʘʢʪʝʨʫ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʩʣʝʜ-

ʩʪʚʠʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 
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ʋɼʂ 574.21 

 

ʆʈɻɸʅʀɿɸʎʀʗ ɿʆʆʀʅɼʀʂɸʎʀʀ  

ʅɸ ʊɽʈʈʀʊʆʈʀʀ ʇʈʆʄʓʐʃɽʅʅʆɻʆ ɻʆʈʆɼɸ  

(ʅɸ ʇʈʀʄɽʈɽ ɻʆʈʆɼɸ ʉʊɽʈʃʀʊɸʄɸʂ, ʈɽʉʇʋɹʃʀʂɸ ɹɸʐʂʆʈʊʆʉʊɸʅ) 
 

 
ɹ.ʖ. ʏʘʫʩ, ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʙʠʦʣʦʛʠʠ 

ɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʡ ʬʘʢʫʣʴʪʝʪ 

ʉʪʝʨʣʠʪʘʤʘʢʩʢʠʡ ʬʠʣʠʘʣ ɹʘʰʢʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʩʧʠʩʢʠ ʞʠʚʦʪʥʳʭ ʠ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘ-

ʥʳ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʬʘʫʥʠʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʛʦʨʦʜʘ ʩ ʫʯʝʪʦʤ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʠʥʜʠʢʘʮʠʷ, ʙʠʦʤʦʥʠʪʦʨʠʥʛ, ʟʦʦʠʥʜʠʢʘʮʠʷ, ʵʢʦʤʦʥʠʪʦʨʠʥʛ, ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, 

ʤʦʨʬʦʢʨʠʪʝʨʠʠ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʩ ʨʘʟʚʠʪʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ 

ʦʩʥʦʚʘʥʘ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʘʥʘʣʠʟʘ ʠ ʥʦʨʤʘʪʠʚʘʭ ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʇɼʂ). 

ʆʜʥʘʢʦ, ʧʨʠ ʵʪʦʤ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʢʦʥʪʨʦʣʷ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ, ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʠ ʧʦʯʚʳ 

ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ: 

- ʧʨʦʮʝʩʩʳ ʩʘʤʦʦʯʠʱʝʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ ʵʣʝʤʝʥʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 
ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ; 

- ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʘʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʦʣʴʢʦ ʦ ʢʦʣʠʯʝʩʪʚʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ; 

- ʧʨʠ ʵʪʦʤ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʚʦʟʜʫʭʘ, ʚʦʜʳ ʠ ʧʦʯʚʳ ʢʘʢ ʩʨʝʜ ʞʠʟʥʠ. 

ʇʦʵʪʦʤʫ ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʧʫʪʝʡ ʩʦʭʨʘʥʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʛʦ ʨʝʘʢʮʠʠ ʞʠʚʳʭ ʦʨʛʘʥʠʟ-

ʤʦʚ ʥʘ ʥʘʨʫʰʝʥʠʷ ʚ ʙʠʦʮʝʥʦʟʘʭ ʠ ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʮʝʥʠʚʘʪʴ ʚʨʝʜʦʥʦʩʪʥʦʩʪʴ ʟʘʛʨʷʟʥʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʚ ʝʜʠʥʠʮʘʭ 

ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʣʶʪʘʥʪʦʚ, ʥʦ ʠ ʧʦ ʰʢʘʣʝ ʦʪʚʝʪʥʳʭ ʨʝʘʢʮʠʡ ʙʠʦʪʳ, ʢʘʢ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ, ʚʦʜ ʠ ʧʦʯʚʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʨʘʩʪʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʣʦʛʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʠʦʠʥʜʠʢʘʮʠʠ ʚ ʩʠʩʪʝʤʝ ʵʢʦʤʦʥʠʪʦʨʠʥʛʘ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ, ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʧʦʯʚʳ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. 

ɿʦʦʠʥʜʠʢʘʮʠʷ ï ʦʜʥʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʙʠʦʤʦʥʠʪʦʨʠʥʛʘ, ʨʘʟʚʠʪʠʝ ʢʦʪʦʨʦʛʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪ ʷʚ-

ʥʫʶ ʧʝʨʩʧʝʢʪʠʚʫ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ ʨʘʙʦʪʳ ʘʚʪʦʨʘ ʠ ʨʷʜʘ ʫʯʝʥʳʭ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʚʩʝʭ ʞʠʚʦʪʥʳʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʠʥʜʠʢʘʪʦʨʦʚ. ʋʯʠʪʳʚʘʷ ʠʭ ʤʥʦʛʦʯʠʩʣʝʥʥʦʩʪʴ, ʧʦʠʩʢ 

ʙʠʦʠʥʜʠʢʘʪʦʨʦʚ ʠ ʤʦʨʬʦʤʘʨʢʝʨʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʩʪʠ.  

ʂʘʢ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʚʳʙʠʨʘʝʤʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʦʪʥʦʩʠʪʴʩʷ ʢ ʣʶʙʦʤʫ ʫʨʦʚʥʶ 

ʦʨʛʘʥʠʟʘʮʠʠ ï ʦʪ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʩʦʩʪʘʚʘ ʩʦʦʙʱʝʩʪʚ ʠ ʧʦʧʫʣʷʮʠʡ ʜʦ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ, ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʠʭ, ʙʠʦ-

ʭʠʤʠʯʝʩʢʠʭ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʊʘʢʦʡ ʢʦʤ-

ʧʣʝʢʩ ʠʟʤʝʨʝʥʠʡ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠʥʜʠʢʘʮʠʝʡ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʪʝʨʤʠʥʘ, ʠʤʝʷ ʚ 

ʚʠʜʫ, ʯʪʦ ʠʟʤʝʨʝʥʠʝ ʣʶʙʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʠʥʜʠʢʘʪʦʨʘʭ, ʚʟʷʪʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʦʮʝʥʠʚʘʝʤʦʡ 

ʩʠʩʪʝʤʳ.  

ɼʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʩʦʦʙʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʥʝʦʙ-

ʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ. ʈʝʰʝʥʠʝ ʞʝ ʚʦʧʨʦʩʘ ʦ ʚʳ-

ʙʦʨʝ ʤʦʨʬʦʢʨʠʪʝʨʠʷ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʚ ʩʠʩʪʝʤʫ ʬʘʫʥʠʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʩ ʧʨʠʤʝʥʝʥʠ-

ʝʤ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ, ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ, ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʦʚ. 

ʅʘʙʣʶʜʝʥʠʷ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʬʘʫʥʳ ʠ ʚʳʷʚʣʝʥʠʶ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦ-

ʨʦʜʘ ʉʪʝʨʣʠʪʘʤʘʢʘ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 20-ʪʠ ʣʝʪ. ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʤʦʜʝʣʴ ʙʠʦʤʦ-

ʥʠʪʦʨʠʥʛʘ, ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʘʤʢʘʭ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʢ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʶ ʥʠʞʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʠ ʦʮʝʥʠʚʘʝʤʳʝ ʢʨʠʪʝʨʠʠ ʜʣʷ ʬʘʫʥʠʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʛʦʨʦʜʘ. 

ɺʩʝʛʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʬʘʫʥʠʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʚʦʜ, ʥʘʟʝʤ-

ʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʠ ʧʦʯʚʳ ʚ ʛ. ʉʪʝʨʣʠʪʘʤʘʢʝ ʦʙʦʩʥʦʚʘʥʦ ʢ ʧʨʠʤʝʥʝʥʠʶ ʙʦʣʝʝ 130 ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ (ʩʤ. ʚ 

ʪʘʙʣʠʮʝ). 
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ʊʘʙʣʠʮʘ 

ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʧʘʨʘʤʝʪʨʳ ʫ ʞʠʚʦʪʥʳʭ,  

ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʬʘʫʥʠʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛ. ʉʪʝʨʣʠʪʘʤʘʢʘ 

ʆʨʛʘʥʠʟʤ ʇʦʢʘʟʘʪʝʣʠ/ʧʘʨʘʤʝʪʨʳ 

ʊʠʧ ʀʥʬʫʟʦʨʠʠ (Ciliata): Prodon ovum Ehrenberg, 1831; Lacrymaria olor 

M¿ller, 1786; Enchelys pupa O.F.Muller, 1786; Spathidium viride Kahl, 1926; 

Spathidium parculus Dujardin, 1841; Chilodontopsis depressa Perty, 1852; 

Chilodonella cucullulus O. F. Muller, 1786; Chilodonella uncinata Ehrenberg 1835; 

Dileptus anser Dujardin, 1841; Dileptus ʩygnus Clapetlachm.,1859; Amphileptus 

claparedei Stein, 1867; Loxophyllum helus Stokes 1884, Loxophyllum meleagris 

M¿ller, 1773; Loxodes magnus Stokes, 1887; Pleuronema coronatum Kenr, 1881; 

Paramecium putrinum Lachmann, 1858; Paramecium caudatum Ehrenberg, 1831; 

Frontonia acuminate Ehrenberg, 1833; Blepharisma undulans Stein, 1867; 

Spirostomum teres Claparede & Lachmann, 1859; Strongylidium lanceolatum 

Kowalewsky, 1883; Gastrostyla steini Engelmann, 1861; Uroleptus rattulus Stein, 

1859; Uroleptus piscis Muller, 1786; Zoothamnium arbuscula Ehrenberg, 1839 ʠ 

ʜʨ. 

ʇʦʢʘʟʘʪʝʣʠ ʩʘʧʨʦʙʥʦʩʪʠ, ʩʘʧʨʦʙʥʳʝ 

ʚʘʣʝʥʪʥʦʩʪʠ, ʠʥʜʠʢʘʪʦʨʥʳʡ ʚʝʩ 

ʂʣʘʩʩ ʂʦʣʦʚʨʘʪʢʠ (Rotatoria):  Trichoersa pusilla Lauterbom, 1898; Trichoersa 

rattus M¿ller, 1776; Trichoʩerʩa capucina Wierz. et Zach. 1893; Brachionus 

angularis Gosse 1851; Notholca squamula Jaschnov, 1922; Notholca acuminate 

Ehrenberg, 1832; Epiphanes senta Ehrenberg, 1832; Rotaria neptunia Ehrenberg, 

1830; Rotaria rotatoria Pallas, 1766; Ptygura melicerta Enrenberg, 1832 

ʇʦʢʘʟʘʪʝʣʠ ʩʘʧʨʦʙʥʦʩʪʠ, ʩʘʧʨʦʙʥʳʝ 

ʚʘʣʝʥʪʥʦʩʪʠ, ʠʥʜʠʢʘʪʦʨʥʳʡ ʚʝʩ 

ʆʪʨʷʜ ʧʦʜʸʥʢʠ (Ephemeroptera): Palingenia longicauda Olivier, 1791; Polymi-

tarcis virgo Olivier, 1791; Ephemera vulgata Linnaeus, 1758; Potamanthus luteus 

Linnaeus, 1767; Oligoneuriella rhenana Imhoff 1852; Ecdyonurus forcipula Grandi 

1946; Torleya belgica Ehrenberg, 1830; Habrophlebia lauta McLachlan, 1884; Cae-

nis macrura Stephens, 1835; Choroterpes picteti Eaton, 1871; Paraleptophlebia 

submarginata Stephens, 1835; Baetis bioculatus Linnaeus, 1767; Cloeon dipterum 

Linnaeus 1761; Siphlonurus aestivalis Eaton, 1903 

ʇʣʦʪʥʦʩʪʴ, ʩʘʧʨʦʙʥʳʝ ʚʘʣʝʥʪʥʦʩʪʠ, 

ʠʥʜʠʢʘʪʦʨʥʳʡ ʚʝʩ 

ʆʪʨʷʜ ʚʝʩʥʷʥʢʠ (Plecoptera): Nemura variegate Olivier, 1791; Perla marginta 

Panzer, 1799; Capnia nigra Pictet, 1833; Taeniopteryx nebulosa Linnaeus, 1758; 

Brachyptera risi Morton, 1896; Nemura picteti F. J. Pictet, 1856 

ʇʣʦʪʥʦʩʪʴ, ʩʘʧʨʦʙʥʳʝ ʚʘʣʝʥʪʥʦʩʪʠ, 

ʠʥʜʠʢʘʪʦʨʥʳʡ ʚʝʩ 

ʆʪʨʷʜ ʈʫʯʝʡʥʠʢʠ (Trichoptera):  Agrypnia pagetana Curtis, 1835; Phryganea 

grandis Linnaeus, 1758; Grammotaulius nitidus Muller, 1764 

ʇʣʦʪʥʦʩʪʴ, ʩʘʧʨʦʙʥʳʝ ʚʘʣʝʥʪʥʦʩʪʠ, 

ʠʥʜʠʢʘʪʦʨʥʳʡ ʚʝʩ 

ɼʚʫʩʪʚʦʨʯʘʪʳʝ ʤʦʣʣʶʩʢʠ (Bivalvia): Unio tumidus Philipsson, 1788 
ɺʳʧʫʢʣʦʩʪʴ, ʚʳʩʦʪʘ ʨʘʢʦʚʠʥʳ ʠ ʚʝʩ 

ʤʦʣʣʶʩʢʘ 

ʂʦʣʴʯʘʪʳʝ ʯʝʨʚʠ (Annelida): ʜʦʞʜʝʚʦʡ ʯʝʨʚʴ ʇʣʦʪʥʦʩʪʴ, ʚʝʩ 1 ʰʪ. 

ʄʘʣʦʱʝʪʠʥʢʦʚʳʝ ʯʝʨʚʠ (Oligochaeta): Tubifex tubifex Johannes Muller, 1774 ʇʣʦʪʥʦʩʪʴ, ʚʝʩ 1 ʰʪ. 

ʆʪʨʷʜ ʇʨʷʤʦʢʨʳʣʳʝ (Orthoptera): Omocestus viridulus Linnaeus, 1758; 

Asiotmethis muricatus Pallas, 1773; Arcyptera fusca Pallas, 1773 

ɼʣʠʥʘ ʫʩʠʢʦʚ, ʛʦʣʦʚʳ, ʧʝʨʝʜʥʠʭ ʥʦʛ, 

ʪʝʣʘ, ʢʨʳʣʴʝʚ ʠ ʟʘʜʥʠʭ ʥʦʛ 

ʉʝʤʝʡʩʪʚʦ ɾʫʞʝʣʠʮʳ (Carabidae): Pterostichus melanarius Illiger, 1798; 

Pterostichus niger Schaller, 1783; Carabus nemoralis Muller, 1764; Carabus granu-

lates Linne, 1758; Carabus convexus Fabricius, 1775; Amara aenea De Geer, 1774; 

Amara eurynota Panzer, 1797; Amara communis, Muller, 1764; Poecilus cupreus 

Linne, 1758; Poecilus versicolor Sturm, 1824; Pseudoophonus ruf²pes De Geer, 

1774; Agonum sexpunctatum Linne, 1758; Patrobus assimilis Chaudoir, 1844; 

Harpalus affinis Schrank, 1781; Anisodactylus binotatus Fabricius, 1787 

ɸʥʘʣʠʟ ʚʠʜʦʚʦʛʦ ʩʭʦʜʩʪʚʘ  

ʧʦ ʇ. ɾʘʢʢʘʨʫ 

ʉʝʤʝʡʩʪʚʦ ʙʦʞʴʠʭ ʢʦʨʦʚʦʢ (Coccinellidae): Adalia bipunctata Linnaeus, 1758 ʇʦʣʠʤʦʨʬʠʟʤ ʦʢʨʘʩʢʠ 

ʆʪʨʷʜ ʏʝʰʫʝʢʨʳʣʳʝ (Lepidoptera): Pieris brassicae Linnaeus, 1758 

ʄʝʨʥʳʝ ʧʨʠʟʥʘʢʠ ï ʜʣʠʥʘ ʛʦʣʦʚʳ, 

ʜʣʠʥʘ ʢʨʳʣʘ, ʜʣʠʥʘ ʙʨʶʰʢʘ, ʜʣʠʥʘ 

ʛʨʫʜʠ ʠ ʜʣʠʥʘ ʪʝʣʘ 

ʂʣʘʩʩ ʂʦʩʪʥʳʝ ʨʳʙʳ (Osteichthyes): Rutilus rutilus Linnaeus, 1758, ʚʦʟʨʘʩʪ 3 

ʛʦʜʘ 

ʄʝʨʥʳʝ ʧʨʠʟʥʘʢʠ ï ʜʣʠʥʘ ʪʝʣʘ, ʜʣʠʥʘ 

ʛʦʣʦʚʳ, ʘʥʪʝʜʦʨʩʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, 

ʧʦʩʪʜʦʨʩʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʥʘʠʙʦʣʴ-

ʰʘʷ ʚʳʩʦʪʘ ʪʝʣʘ, ʥʘʠʤʝʥʴʰʘʷ ʚʳʩʦʪʘ 

ʪʝʣʘ; ʜʠʘʤʝʪʨ ʛʣʘʟʘ, ʜʣʠʥʘ ʨʳʣʘ, ʤʝʞ-

ʛʣʘʟʥʠʯʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 

ɿʝʤʥʦʚʦʜʥʳʝ (Amphibia):  Rana ʝsculenta Linnaeus, 1758 

ʎʚʝʪ ʨʘʜʫʞʢʠ ʛʣʘʟʘ, ʤʦʨʬʘ çStriataè, 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ʢʦʥʝʯʥʦ-

ʩʪʝʡ ï ʧʦʣʠʜʘʢʪʠʣʠʷ, ʦʣʠʛʦʜʘʢʪʠʣʠʷ, 

ʩʠʥʜʘʢʪʠʣʠʷ ʠ ʜʨ. 

ʇʨʝʩʤʳʢʘʶʱʠʝʩʷ (Reptilia):  Lacerta agilis Linnaeus, 1758 ʆʢʨʘʩʢʘ, ʦʙʠʣʠʝ, ʧʣʦʪʥʦʩʪʴ 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 
ʆʨʛʘʥʠʟʤ ʇʦʢʘʟʘʪʝʣʠ/ʧʘʨʘʤʝʪʨʳ 

ʇʪʠʮʳ (Aves) 

ʄʦʥʠʪʦʨʠʥʛ ʟʠʤʥʠʭ ʠ ʣʝʪʥʠʭ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʦʨʥʠʪʦʢʦʤ-

ʧʣʝʢʩʦʚ. ʆʮʝʥʢʘ ʚʠʜʦʚʦʛʦ ʩʭʦʜʩʪʚʘ 

ʦʨʥʠʪʦʢʦʤʧʣʝʢʩʦʚ ʧʦ ɸ. ʆʭʘʠ (1957): 

ὑέ
Ѝ

 

ʄʣʝʢʦʧʠʪʘʶʱʠʝ (Mammalia): Fʝlis silvʝstris cʘtus 

ɺʘʨʠʘʥʪʳ ʦʢʨʘʩʘ - ʘʛʫʪʠ, ʩʝʨʝʙʨʠʩʪʳʡ 

ʪʵʙʙʠ, ʙʠʢʦʣʦʨ ʢʨʘʩʥʳʡ, ʯʝʨʥʳʡ, ʟʦʣʦ-

ʪʠʩʪʳʡ ʪʵʙʙʠ, ʙʠʢʦʣʦʨ ʯʝʨʥʳʡ, ʤʨʘ-

ʤʦʨʥʳʡ ʪʵʙʙʠ, ʜʳʤʯʘʪʳʡ, ʘʨʣʝʢʠʥ, 

ʰʠʥʰʠʣʣʦʚʳʡ, ʚʘʥ, ʧʷʪʥʠʩʪʳʡ ʪʵʙʙʠ, 

ʢʘʤʝʦ ʠ ʯʝʨʝʧʘʭʦʚʳʡ 

 

ʀʩʧʦʣʴʟʫʷ ʧʦʜʦʙʥʳʡ ʢʦʤʧʣʝʢʩ ʞʠʚʦʪʥʳʭ, ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʦʧʝʨʘʪʠʚʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠ-

ʩʪʝʤʳ ʬʘʫʥʠʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, ʥʘʟʝʤʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʠ ʧʦʯʚʳ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʛʦʨʦʜʘ. 
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Abstract. The lists of animals and parameters, which can be used for the organization of faunistic control in 

the territory of the industrial city taking into account regional features, are provided in this article. 
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ʇʆʃʋʏɽʅʀɽ ʂʈɸʉʅʆɻʆ ɾɽʃɽɿʆʆʂʀʉʅʆɻʆ ʇʀɻʄɽʅʊɸ  

ʅɸ ʆʉʅʆɺɽ ʆʊʈɸɹʆʊɸʅʅʓʍ ʊʈɸɺʀʃʔʅʓʍ ʈɸʉʊɺʆʈʆɺ 
 

 
ʀ.ɸ. ɺʘʩʠʣʝʥʢʦ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ,  

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʪʝʭʥʦʣʦʛʠʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʵʢʦʣʦʛʠʠ 

ɻɺʋɿ çʋʢʨʘʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

(ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ), ʋʢʨʘʠʥʘ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʨʘʩʥʦʛʦ ʞʝʣʝʟʦʦʢʠʩ-

ʥʦʛʦ ʧʠʛʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʦʪʨʘʙʦʪʘʥʥʳʭ ʪʨʘʚʠʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʤʝʪʦʜʦʤ ʧʨʦ-

ʢʘʣʠʚʘʥʠʷ ʛʝʪʠʪʘ. ʇʦʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʦʛʦ ʧʠʛʤʝʥʪʘ ʠ ʝʛʦ 

ʩʨʘʚʥʝʥʠʝ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʦʙʨʘʟʮʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʠʛʤʝʥʪ, ʪʨʘʚʠʣʴʥʳʝ ʨʘʩʪʚʦʨʳ, ʫʪʠʣʠʟʘʮʠʷ, ʩʠʥʪʝʟ. 

 

ɺʳʙʦʨ ʤʝʪʦʜʘ ʦʯʠʩʪʢʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʪʨʘʚʠʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ: ʨʘʩʭʦʜʘ, ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʠ ʩʦʩʪʘʚʘ ʩʪʦʯʥʳʭ ʚʦʜ; ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʟʚʣʝʯʝʥʠʷ ʧʨʠʤʝʩʝʡ ʠʟ 

ʩʪʦʯʥʳʭ ʚʦʜ; ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʦʯʠʱʝʥʥʦʡ ʚʦʜʳ ʧʨʠ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʠ ʦʙʦʨʦʪʥʦʛʦ ʚʦʜʦ-

ʩʥʘʙʞʝʥʠʷ ʠ ʜʣʷ ʩʙʨʦʩʘ ʚ ʚʦʜʦʝʤ; ʤʦʱʥʦʩʪʴ ʚʦʜʦʝʤʘ; ʥʘʣʠʯʠʷ ʨʘʡʦʥʥʳʭ ʠʣʠ ʛʦʨʦʜʩʢʠʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. 

ʆʪʨʘʙʦʪʘʥʥʳʝ ʪʨʘʚʠʣʴʥʳʝ ʨʘʩʪʚʦʨʳ ʦʙʨʘʟʫʶʪʩʷ ʧʫʪʝʤ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʩ ʮʝʣʴʶ ʫʜʘ-

ʣʝʥʠʷ ʦʢʘʣʠʥʳ ʠ ʦʢʠʩʣʦʚ. ɺ ʮʝʭʘʭ ʪʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʝʨʥʘʷ ʠ ʩʦʣʷʥʘʷ ʢʠʩʣʦʪʘ. ʇʦʩʣʝ ʪʨʘʚʣʝʥʠʷ ʤʝʪʘʣʣʳ 

ʧʨʦʤʳʚʘʶʪ, ʪʘʢ ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʤʳʚʥʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ 0,5ï5,0 ʛ/ʜʤ
3
 ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, 0,8ï5,0 

ʛ/ʜʤ
3
 ʩʫʣʴʬʘʪʘ ʞʝʣʝʟʘ ʠ ʜʦ 300 ʤʛ/ʜʤ

3
 ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ (ʦʢʘʣʠʥʘ, ʧʝʩʦʢ ʠ ʜʨʫʛʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ) [1]. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʪʨʘʚʠʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ (ʆʊʈ) ʧʨʘʢʪʠʯʝʩʢʠ 

ʣʶʙʦʛʦ ʩʦʩʪʘʚʘ, ʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘʰʣʠ ʤʝʪʦʜʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʞʝʣʝʟʥʦʛʦ ʢʫʧʦʨʦʩʘ ʩ ʆʊʈ ʩʝʨʥʦʢʠʩʣʦʛʦ 

ʪʨʘʚʣʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʣʷ ʩʠʥʪʝʟʘ ʛʠʜʨʦʢʩʠʜʦʚ ʞʝʣʝʟʘ [2ï4]. ʆʜʥʘʢʦ ʩʪʘʜʠʷ ʢʨʠʩʪʘʣ-

ʣʠʟʘʮʠʠ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʮʝʥʝ ʧʦʣʫʯʘʝʤʦʛʦ 

ʧʨʦʜʫʢʪʘ. 

ʇʦʵʪʦʤʫ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʫʪʠʣʠʟʘʮʠʠ ʪʨʘʚʠʣʴʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʩ ʧʦʣʫʯʝʥʠʝʤ ʞʝʣʝʟʦʦʢʠʩʥʳʭ ʧʠʛʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʣʘʢʦʢʨʘʩʦʯʥʦʡ ʠ ʩʪʨʦʠ-

ʪʝʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [5ï7]. ʋʩʪʘʥʦʚʢʠ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʆʊʈ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʠʛʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʤʘʣʦʛʘʙʘ-

ʨʠʪʥʳʤʠ, ʚʩʝ ʘʧʧʘʨʘʪʳ, ʢʦʪʦʨʳʝ ʚ ʥʠʭ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʳʤʠ ʠ ʚʳʧʫʩʢʘʶʪʩʷ ʩʝʨʠʡʥʦ. ʋʩʪʘʥʦʚʢʠ 

ʧʦ ʧʝʨʝʨʘʙʦʪʢʠ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʮʝʭʘʭ ʪʨʘʚʣʝʥʠʷ. ʇʨʦʚʝʜʝʥʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʪʨʘʙʦʪʘʥʥʳʝ ʪʨʘʚʠʣʴʥʳʝ ʨʘʩʪʚʦʨʳ ʦʪ ʪʨʘʚʣʝʥʠʷ ʯʝʨʥʳʭ ʤʝʪʘʣʣʦʚ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ, ʥʦ ʝʩʪʴ ʨʷʜ ʨʝʢʦʤʝʥʜʘʮʠʡ: 

1. ʊʨʘʚʠʣʴʥʳʝ ʨʘʩʪʚʦʨʳ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʢʠʩʣʳʤʠ ʨʘʩʪʚʦʨʘʤʠ, ʨʅ ʢʦʪʦʨʳʭ ʥʝ 

ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʩʘʞʜʝʥʠʶ ʛʠʜʨʦʢʩʠʜʦʚ ʞʝʣʝʟʘ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʩʪʘʜʠʶ ʧʦ 

ʫʤʝʥʴʰʝʥʠʶ ʢʠʩʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ [8]. 

2. ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʞʝʣʝʟʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 300ï500 ʛ/ʜʤ
3
, ʘ ʢʘʢ ʠʟʚʝʩʪʥʦ ʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʣʠʪʝ-

ʨʘʪʫʨʥʳʭ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʣʴʬʘʪʘ ʞʝʣʝʟʘ ʚʳʰʝ 120ï150 

ʛ/ʜʤ
3
 ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʝʣʝʥʦʚʘʪʦʤ ʦʪʪʝʥʢʘ ʧʠʛʤʝʥʪʘ. ɽʩʣʠ ʪʘʢʦʡ ʦʪʪʝʥʦʢ ʥʝ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʝʤ, 

ʪʦ ʩʫʱʝʩʪʚʫʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʜʦʚʝʜʝʥʠʷ ʆʊʈ ʜʦ ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʦʤʳʚʥʳʝ ʚʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʠʛʤʝʥʪʦʚ. 

3. ʆʪʨʘʙʦʪʘʥʥʳʝ ʪʨʘʚʠʣʴʥʳʝ ʨʘʩʪʚʦʨʳ, ʢʨʦʤʝ ʩʫʣʴʬʘʪʘ ʞʝʣʝʟʘ, ʩʦʜʝʨʞʘʪ ʧʨʠʤʝʩʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʣʠ-

ʷʪʴ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠʣʠ ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʦʵʪʦʤʫ ʪʨʘʚʠʣʴʥʳʝ ʨʘʩʪʚʦʨʳ ʢʘʞ-

ʜʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦʣʞʥʳ ʙʳʪʴ ʠʩʩʣʝʜʦʚʘʥʳ ʠ ʧʦʜʦʙʨʘʥ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪ. ʅʘʣʠ-

ʯʠʝ ʧʨʠʤʝʩʝʡ ʤʦʞʝʪ ʥʝʩʢʦʣʴʢʦ ʩʫʟʠʪʴ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʠʛʤʝʥʪʦʚ, ʪʘʢ ʧʠʛʤʝʥʪʳ ʠʟʛʦ-

ʪʦʚʣʝʥʳ ʠʟ ʆʊʈ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʦʩʤʝʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʣʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʭʫʜʦʞʝ-

ʩʪʚʝʥʥʳʭ ʢʨʘʩʦʢ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʚʥʫʪʨʝʥʥʝʡ ʦʪʜʝʣʢʠ ʧʦʤʝʱʝʥʠʡ. ʅʦ ʦʥʠ ʤʦʛʫʪ ʥʘʡʪʠ ʩʚʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʦʢʨʘʩʢʠ ʬʘʩʘʜʦʚ, ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʨʫʥʪʦʚʦʢ ʠ ʪʨʦʪʫʘʨʥʦʡ ʧʣʠʪʢʠ. 

ʇʦʣʫʯʝʥʠʝ ʢʨʘʩʥʳʭ ʞʝʣʝʟʦʦʢʩʠʜʥʳʭ ʧʠʛʤʝʥʪʦʚ ʧʫʪʝʤ ʧʨʦʢʘʣʠʚʘʥʠʷ ʛʝʪʠʪʘ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤ, 

ʪʘʢ ʢʘʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʯʠʩʪʦʛʦ ʧʨʦʜʫʢʪʘ, ʙʝʟ ʧʦʩʪʦʨʦʥʥʠʭ ʚʢʣʶʯʝʥʠʡ. ʇʦʵʪʦʤʫ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʥʦ-
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ʚʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʨʘʩʥʦʛʦ ʞʝʣʝʟʦʦʢʠʩʥʦʛʦ ʧʠʛʤʝʥʪʘ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʜʠʩʧʝʨʩʥʦʩʪʴʶ ʠ ʦʜʥʦʨʦʜʥʳʤ ʩʦʩʪʘ-

ʚʦʤ, ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʞʝʣʪʦʛʦ ʞʝʣʝʟʦʦʢʠʩʥʦʛʦ ʧʠʛʤʝʥʪʘ [5ï6]. ʊʝʭʥʦʣʦʛʠʷ 

ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ: 

1. ʆʯʠʩʪʢʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʪʨʘʚʠʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʦʪ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʧʫʪʝʤ ʬʠʣʴʪʨʦʚʘʥʠʷ ʠ ʩʥʠʞʝ-

ʥʠʷ ʢʠʩʣʦʪʥʦʩʪʠ. 

2. ɼʦʚʝʜʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʣʴʬʘʪʘ ʞʝʣʝʟʘ ʚʦʜʦʡ ʜʦ ʥʝʦʙʭʦʜʠʤʦʡ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʞʝʣʝʟʥʦʛʦ 

ʢʫʧʦʨʦʩʘ ï ʠʟʛʦʪʦʚʣʝʥʠʝ ʨʘʩʪʚʦʨʘ.  

3. ʆʢʠʩʣʝʥʠʷ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʞʝʣʝʟʘ (II) ʜʦ ʞʝʣʝʟʘ (III) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʛʠʜʨʦʣʠʟʦʤ. ɺʦʟʜʫʭ ʧʦʜʘ-

ʶʪ ʚ ʨʝʘʢʪʦʨ ʩ ʫʜʝʣʴʥʳʤ ʨʘʩʭʦʜʦʤ 2 ʜʤ
3
/ʜʤ

3
 ʨʘʩʪʚʦʨʘ, ʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʜʜʝʨʞʠʚʘʶʪ ʥʘ ʫʨʦʚʥʝ 100

0
ʉ ʧʨʠ ʧʦ-

ʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʤʝʰʘʣʢʦʡ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʟʦʣʷ, ʘ ʟʘʪʝʤ ʚʳʩʦ-

ʢʦʜʠʩʧʝʨʩʥʦʛʦ ʦʩʘʜʢʘ ʛʝʪʠʪʘ ʩʦ ʩʥʠʞʝʥʠʝʤ ʨʅ ʨʘʩʪʚʦʨʘ ʜʦ 2,0. 

4. ʆʩʘʞʜʝʥʠʝ ʠ ʨʦʩʪ ʯʘʩʪʠʮ ʛʠʜʨʦʦʢʠʩʠ ʞʝʣʝʟʘ (III) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʨʙʘʤʠʜʘ ʧʨʠ ʨʅ = 2,5ï4,0. ʇʨʦ-

ʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 7ï10 ʯʘʩʦʚ.  

5. ʌʠʣʴʪʨʦʚʘʥʠʝ, ʧʨʦʤʳʚʘʥʠʝ ʠ ʩʫʰʢʘ ʦʩʘʜʢʘ.  

6. ʇʨʦʢʘʣʠʚʘʥʠʝ ʛʠʜʨʦʦʢʠʩʠ ʞʝʣʝʟʘ, ʚ ʧʝʯʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 250ï750
0
ʉ ʚ ʪʝʯʝʥʠʝ 1ï2 ʯʘʩʦʚ ʩ ʧʨʝʜʳ-

ʜʫʱʠʤ ʝʛʦ ʠʟʤʝʣʴʯʝʥʠʝʤ. ɺ ʭʦʜʝ ʧʨʦʢʘʣʠʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʧʦʨʦʰʢʘ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʧʝʢʘʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʛʣʦʤʝʨʘʪʦʚ. ʐʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʧʨʦʢʘʣʠʚʘʥʠʷ ʧʦʟʚʦ-

ʣʠʪ ʧʦʣʫʯʠʪʴ ʢʨʘʩʥʳʡ ʦʩʘʜʦʢ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʪʪʝʥʢʘʤʠ ʦʪ ʤʦʨʢʦʚʥʦʛʦ ʜʦ ʙʦʨʜʦʚʦʛʦ ʮʚʝʪʘ. 

7. ʌʘʩʦʚʢʠ ʠ ʫʧʘʢʦʚʢʠ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ.   

8. ʋʪʠʣʠʟʘʮʠʷ ʬʠʣʴʪʨʫʶʱʠʭ ʠ ʧʨʦʤʳʚʥʳʭ ʚʦʜ.  

ʊʘʢʦʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʠʪ ʚ ʦʜʥʦʤ ʮʠʢʣʝ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʜʚʘ ʨʘʟʥʳʭ ʧʨʦʜʫʢʪʘ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩʦ ʩʧʨʦʩʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʩʧʦʩʦʙ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʥʳʤ ʠ ʵʢʦʣʦʛʠʯʥʳʤ. ʊʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʚʝʪʘ, ʫʢʨʳʚʠʩʪʦʩʪʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ ʧʨʦʜʫʢʪʘ. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʤʳʰ-

ʣʝʥʥʦʛʦ ʠ ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʦʚ 
ˉ ʇʦʢʘʟʘʪʝʣʴ ʇʨʦʤʳʰʣʝʥʥʳʡ ʦʙʨʘʟʝʮ ʇʦʣʫʯʝʥʥʳʡ ʦʙʨʘʟʝʮ 

1 ʉʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ, % 95,3 97,0 

2 ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ, % 0,5 0,4 

3 ɺʣʘʛʦʝʤʢʦʩʪʴ, % 1,0 1,0 

4 ʨʅ 7,0 7,0 

5 ʄʘʩʣʦʝʤʢʦʩʪʴ, ʛ/ʛ 21,0 22,0 

6 ʋʢʨʳʚʠʩʪʦʩʪʴ, ʛ/ʤ2 6,0 5,1 

7 ɼʠʩʧʝʨʛʠʨʫʝʤʦʩʪʴ, ʤʢʤ 13 12,5 

 

ʈʝʥʛʝʥʦʬʘʟʥʠʤ ʘʥʘʣʠʟʦʤ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʢʪʦʚ ʧʦʣʫʯʘʶʪ ʢʨʘʩʥʳʡ ʧʦʨʦʰʦʢ, ʘ 

ʤʝʪʦʜʦʤ ʤʠʢʨʦʩʢʦʧʠʠ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʨʦʰʦʢ ʩʦʩʪʦʠʪ ʠʟ ʯʘʩʪʠʮ ʨʘʟʤʝʨʘʤʠ ʙʣʠʟʢʠʤʠ 300 ʥʤ ʩ ʫʟʢʠʤ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝʤ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ (ʨʠʩ. 1).  

 

 
 

ʈʠʩʫʥʦʢ 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʢʨʘʩʥʦʛʦ ʞʝʣʝʟʦʦʢʠʩʥʦʛʦ ʧʠʛʤʝʥʪʘ ʧʦ ʨʘʟʤʝʨʘʤ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ:  

1. ʋʪʠʣʠʟʠʨʦʚʘʪʴ ʦʪʨʘʙʦʪʘʥʥʳʝ ʪʨʘʚʠʣʴʥʳʝ ʨʘʩʪʚʦʨʳ ʩ ʧʦʣʫʯʝʥʠʝʤ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥ-

ʥʦ ʚ ʮʝʭʘʭ ʪʨʘʚʣʝʥʠʷ ʥʘ ʧʨʦʩʪʦʤ ʦʙʨʫʜʦʚʘʥʠʠ. 

0

10

20

30

40

50

60

70

100 200 300 400 500 600

%

 

dΣ ͤͣ 



ISSN 2311-2158. The Way of Science. 2015. ˉ 1 (11). 

 

 

32 

 

2. ʇʦʣʫʯʘʪʴ ʞʝʣʪʳʝ ʠ ʢʨʘʩʥʳʝ ʞʝʣʝʟʦʦʢʠʩʥʳʝ ʧʠʛʤʝʥʪʳ ʥʘ ʦʜʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʩ-

ʪʨʝʙʦʚʘʥʠʷ. 

3. ʇʦʣʫʯʝʥʠʝ ʢʨʘʩʥʳʭ ʧʠʛʤʝʥʪʦʚ ʩ ʰʠʨʦʢʦʡ ʮʚʝʪʦʚʦʡ ʛʘʤʤʦʡ ʠ ʫʣʫʯʰʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 
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ʂ ɺʆʇʈʆʉʋ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʏʋʃɸʂʊɸʋʉʂʀʍ ʌʆʉʌʆʈʀʊʆɺ  

ɼʃʗ ʇʆʃʋʏɽʅʀʗ ʂʆʄʇʃɽʂʉʅʓʍ ʄʀʅɽʈɸʃʔʅʓʍ ʋɼʆɹʈɽʅʀʁ 
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3
, ɽ.ʅ. ʆʨʘʣʙʘʡ
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1 
ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

2, 3 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

4 
ʤʘʛʠʩʪʨʘʥʪ 

ʖʞʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɸʫʵʟʦʚʘ (ʐʳʤʢʝʥʪ), ʂʘʟʘʭʩʪʘʥ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʬʦʩʬʦʨʠʪʦʚʳʭ ʨʫʜ, ʠʩʧʦʣʴʟʫʝ-

ʤʳʝ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʇʨʠʚʝʜʝʥʳ ʫʩʨʝʜ-

ʥʝʥʥʳʝ ʭʠʤʠʯʝʩʢʠʡ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚʳ ʠʩʭʦʜʥʳʭ ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʦʮʝʩʩʝ 

ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʢʦʤʧʦʥʝʥʪʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʦʩʬʦʨʠʪ, ʨʫʜʘ, ʫʜʦʙʨʝʥʠʝ, ʚʝʨʤʠʢʫʣʠʪ, ʚʥʫʪʨʝʥʥʠʝ ʚʩʢʨʳʰʥʳʝ ʧʦʨʦʜʳ, ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷ, ʩʳʨʴʝ. 
 

ʈʝʛʫʣʷʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʥʘʯʘʣʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʝʚʨʦ-

ʧʝʡʩʢʠʭ ʩʪʨʘʥʘʭ ʚ ʩʝʨʝʜʠʥʝ ʍIʍ ʚʝʢʘ, ʥʦ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʚ ʵʪʠʭ ʩʪʨʘʥʘʭ ʫʜʦʙʨʝʥʠʡ ʧʨʦʠʟʦʰʝʣ ʚ 70-ʭ 

ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ʋʚʝʣʠʯʝʥʠʝ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ ʥʘʯʘʣʦʩʴ ʚ 1960 ʛʦʜʘʭ. ɺ 1960 

ʛʦʜʫ 87 % ʤʠʨʦʚʦʛʦ ʫʜʦʙʨʝʥʠʷ ʧʦʪʨʝʙʣʷʣʠ ʨʘʟʚʠʪʳʝ ʩʪʨʘʥʳ, ʚʢʣʶʯʘʷ ʙʳʚʰʫʶ ʉʉʉʈ ʠ ʩʪʨʘʥʳ ʠʟ ʎʝʥʪʨʘʣʴʥʦʡ 

ɽʚʨʦʧʳ [4]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʣʫʯʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʣʦʞʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʫʜʦʙʨʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʥʝʩʢʦʣʴʢʦ 

ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʉʨʝʜʠ ʥʠʭ ʘʤʤʦʬʦʩ, ʥʠʪʨʦʘʤʤʦʬʦʩ, ʜʠʘʤʤʦʬʦʩ, ʢʘʣʠʡʥʘʷ ʩʝʣʠʪʨʘ, ʥʠʪʨʦʬʦʩʢʘ, ʥʠʪ-

ʨʦʘʤʤʦʬʦʩʢʘ, ʨʘʩʪʚʦʨʠʥ ʠ ʜʨ.  

ʌʦʩʬʦʨʩʦʜʝʨʞʘʱʠʝ ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ ʠʛʨʘʶʪ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʣʴ-

ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʇʦ ʜʘʥʥʳʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʚ 2013 ʛʦʜʫ ʧʨʦʚʝʜʝʥʦ ʘʛʨʦʭʠ-

ʤʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʥʘ ʧʣʦʱʘʜʠ 3,6 ʤʣʥ. ʛʘ, ʚ ʮʝʣʦʤ ʧʦ ʨʝʩʧʫʙʣʠʢʝ ʦʙʩʣʝʜʦʚʘʥʦ 24,4 ʤʣʥ. ʛʘ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʘʛʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ, ʥʘ ʦʙʩʣʝʜʦʚʘʥʥʦʡ ʧʘʰʥʝ ʧʨʝʦʙʣʘʜʘʶʪ ʧʦʯ-

ʚʳ ʩ ʥʠʟʢʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʛʫʤʫʩʦʤ, ʩʦʩʪʘʚʣʷʶʱʠʝ 64% ʦʪ ʦʙʩʣʝʜʦʚʘʥʥʦʡ ʧʣʦʱʘʜʠ ʧʘʰʥʠ, ʩʦ ʩʨʝʜʥʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ï 34% ʠ ʚʳʩʦʢʠʤ ï 2% [3]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʫʜʦʙʨʝʥʠʡ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʧʝʨʝʨʘʙʦʪʢʝ ʬʦʩʬʦʨʠʪʦʚʦʡ ʨʫʜʳ ʙʘʩʩʝʡʥʘ ʂʘʨʘʪʘʫ. 

ʂʘʨʘʪʘʫʩʢʠʡ ʙʘʩʩʝʡʥ ʬʦʩʬʦʨʠʪʦʚʦʡ ʨʫʜʳ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʚ ʤʠʨʝ ʠ ʨʘʩʧʦʣʦʞʝʥ ʚ ɾʘʤ-

ʙʳʣʩʢʦʡ ʠ ʖʞʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʡ ʦʙʣʘʩʪʷʭ, ʚ ʧʨʝʜʝʣʘʭ ʭʨʝʙʪʘ ʄʘʣʦʛʦ ʂʘʨʘʪʘʫ [2]. ʂʘʨʘʪʘʫʩʢʠʡ ʙʘʩʩʝʡʥ ʚʳʪʷʥʫʪ 

ʩ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ ʥʘ 120 ʢʤ, ʧʨʠ ʰʠʨʠʥʝ ʦʪ 15 ʜʦ 25ï30 ʢʤ. ʇʣʦʱʘʜʴ ʝʛʦ ʩʦʩʪʘʚʣʷʝʪ 2500 ʢʤ
2
. 

ʎʝʥʪʨ ʨʘʟʨʘʙʦʪʢʠ ʬʦʩʬʦʨʠʪʦʚʦʡ ʨʫʜʳ ï ʛʦʨʦʜ ɾʘʥʘʪʘʩ. 

ɺ ʂʘʨʘʪʘʫʩʢʠʡ ʙʘʩʩʝʡʥ ʚʭʦʜʠʪ 45 ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʬʦʩʬʦʨʠʪʦʚ, ʚʘʞʥʝʡʰʠʝ ʠʟ ʢʦʪʦʨʳʭ: ɾʘʥʘʪʘʩ, 

ʂʦʢʜʞʦʥ, ʂʦʢʩʫ, ɸʢʩʘʡ, ʠ ʏʫʣʘʢʪʘʫ. ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɸʢʩʘʡ, ʏʫʣʘʢʪʘʫ ʠ ʂʦʢʜʞʦʥ ʧʦ ʦʜʥʦʤʫ ʧʣʘʩʪʫ ʬʦʩʬʦ-

ʨʠʪʥʳʭ ʨʫʜ ʤʦʱʥʦʩʪʴʶ 10ï15 ʤʝʪʨʦʚ, ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɾʘʥʘʪʘʩ ʠ ʂʦʢʩʫ ʠʤʝʝʪʩʷ ʧʦ ʜʚʘ ʧʣʘʩʪʘ ʤʦʱʥʦʩʪʴʶ 

ʜʦ 20 ʤʝʪʨʦʚ ʢʘʞʜʳʡ. ʌʦʩʬʦʨʠʪʥʳʝ ʧʣʘʩʪʳ ʧʦʜʩʪʠʣʘʶʪʩʷ ʬʦʩʬʘʪʥʦ-ʢʨʝʤʥʠʩʪʳʤʠ ʨʫʜʘʤʠ. ʌʦʩʬʦʨʠʪʳ ʂʘʨʘ-

ʪʘʫ ʠʤʝʶʪ ʦʩʘʜʦʯʥʳʡ ʭʘʨʘʢʪʝʨ ï ʜʝʩʷʪʢʠ ʤʠʣʣʠʦʥʦʚ ʣʝʪ ʥʘʟʘʜ ʥʘ ʤʝʩʪʝ ʂʘʟʘʭʩʪʘʥʘ ʙʳʣʦ ʪʝʧʣʦʝ ʤʦʨʝ, ʚ ʢʦʪʦ-

ʨʦʤ ʞʠʣʠ ʤʦʣʣʶʩʢʠ, ʠʤʝʚʰʠʝ ʨʘʢʦʚʠʥʳ. ʆʪʤʠʨʘʷ, ʦʥʠ ʦʙʨʘʟʦʚʳʚʘʣʠ ʧʣʘʩʪʳ ʬʦʩʬʘʪʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ. ʉʦ ʚʨʝ-

ʤʝʥʝʤ ʵʪʠ ʧʣʘʩʪʳ ʧʦʜʥʷʣʠʩʴ, ʤʦʨʝ ʦʪʩʪʫʧʠʣʦ, ʧʣʘʩʪʳ ʧʨʝʪʝʨʧʝʣʠ ʨʘʟʣʠʯʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ. ʊʘʢ ʦʙʨʘʟʦʚʘʣʩʷ 

ʬʦʩʬʦʨʠʪʥʳʡ ʙʘʩʩʝʡʥ ʂʘʨʘʪʘʫ. 

ʋʩʨʝʜʥʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʫʜ ʦʩʥʦʚʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʘʩʩʝʡʥʘ ʂʘʨʘʪʘʫ ʧʨʠʚʝʜʝʥ ʥʠʞʝ ʚ 

ʪʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ 1 

ʋʩʨʝʜʥʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʫʜ ʦʩʥʦʚʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʘʩʩʝʡʥʘ ʂʘʨʘʪʘʫ 
ʂʦʤʧʦʥʝʥʪʳ ʄʝʩʪʦʨʦʞʜʝʥʠʷ 

ɾʘʥʘʪʘʩ ʂʦʢʜʞʦʥ ʂʦʢʩʫ ɸʢʩʘʡ ʏʫʣʘʢʪʘʫ 

ʈ2ʆ5 25,1 26,58 25,18 24,2 25,9 

ʉʆ2 6,3 8,32 6,37 8,4 8,1 

ʉʘʆ 39,77 44,15 40,0 40,59 40,39 

MgO 2,4 2,65 1,88 3,3 3,3 

Siʆ2 17,66 9,63 17,77 14,07 14,01 

Al2O3 1,74 1,67 2,0 2,2 2,03 

FeO+Fe2O3 1,89 1,82 1,8 1,25 1,82 

                                                           
 É ɾʘʥʪʘʩʦʚ ʂ.ʊ., ʂʦʯʝʨʦʚ ɽ.ʅ., ʂʘʜʠʨʙʘʝʚʘ ɸ.ɸ., ʆʨʘʣʙʘʡ ɽ.ʅ. / Zhantasov K.T., Kocherov Ye.N., Kadirbaeva A.A.,  

Oralbay Ye.N., 2015 
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ʂʨʦʤʝ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʨʫʜʳ ʂʘʨʘʪʘʫ ʩʦʜʝʨʞʘʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʶ ʪʘʙʣʠʮʫ ʄʝʥʜʝʣʝʝʚʘ. ʅʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʤʳʰʴʷʢʘ (As) ʚ ʵʪʠʭ ʨʫʜʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʘʧʘʪʠʪʘʭ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪ-

ʨʦʚʘ ʈʦʩʩʠʠ, ʬʦʩʬʦʨʠʪʘʭ ʄʘʨʦʢʢʦ, ʌʣʦʨʠʜʳ, ʉʠʨʠʠ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥ. ʇʦʵʪʦʤʫ ʢʘʯʝʩʪʚʦ ʞʝʣʪʦʛʦ ʬʦʩʬʦʨʘ ʧʨʦ-

ʠʟʚʦʜʠʤʦʛʦ ʠʟ ʨʫʜ ʙʘʩʩʝʡʥʘ ʂʘʨʘʪʘʫ ʥʠʞʝ, ʯʝʤ ʫ ʬʦʩʬʦʨʘ, ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʠʟ ʩʳʨʴʷ ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʩʪʨʘʥ [1]. 

ʅʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠ-

ʢʦʤʧʦʥʝʥʪʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠʟ ʬʦʩʬʦʨʠʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʏʫʣʘʢʪʘʫ. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʠʩʴ: ʬʦʩʬʦʨʠʪʳ ʏʫʣʘʢʪʘʫ; ʚʝʨʤʠʢʫʣʠʪ ʂʫʣʘʥʜʠʥʩʢʠʡ; ʚʥʫʪʨʝʥʥʠʝ 

ʚʩʢʨʳʰʥʳʝ ʧʦʨʦʜʳ ʫʛʣʝʜʦʙʳʯʠ ʃʝʥʛʝʨcʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʋʩʨʝʜʥʝʥʥʳʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʢʦʤʧʦʥʝʥʪʦʚ ʰʠʭʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ 

ʧʦʣʠʢʦʤʧʦʥʝʥʪʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʣʦʞʥʦ-ʩʤʝʰʘʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʰʠʭʪʦʚʳʝ 

ʤʘʪʝʨʠʘʣʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʠʟʤʝʣʴʯʝʥʠʶ ʚ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʜʦ ʢʣʘʩʩʘ ʤʝʥʝʝ 0,1 ʤʢʤ. 

 

ʊʘʙʣʠʮʘ 2 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʭʦʜʥʳʭ ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʚ %) 

ʂʨʫʧʥʦʩʪʴ ʬʨʘʢʮʠʡ, 

ʤʤ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ 

ʌʦʩʬʦʨʠʪ ʏʫʣʘʢʪʘʫ ɺʝʨʤʠʢʫʣʠʪ ɺʥʫʪʨʝʥʥʠʝ ʚʩʢʨʳʰʥʳʝ ʧʦʨʦʜʳ 

7,1 16,97 - 13,44 

5 11,43 0,17 4,89 

3,15 13,72 1,26 7,77 

2 12,11 5,13 9,59 

1,4 8,62 20,66 8,77 

1 6,99 34,08 8,41 

0,71 5,65 26,60 8,32 

0,5 4,87 8,16 8,58 

0,3 5,47 1,63 9,56 

0,1 4,99 1,21 15,52 

ʤʝʥʝʝ0,1 9,17 1,11 5,14 

 

ʋʩʨʝʜʥʝʥʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʢʦʤʧʦʥʝʥʪʦʚ ʰʠʭʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʫʜʦʙʨʝ-

ʥʠʡ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 3 ʠ 4. 

 

ʊʘʙʣʠʮʘ 3 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʂʫʣʘʥʜʠʥʩʢʦʛʦ ʚʝʨʤʠʢʫʣʠʪʘ 

ʉʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ, ʚ % 

Na2O ʂ2ʆ Fʝ2ʆʟ Fʝʆ ɸl2ʆ3 SiO2 ʉʘʆ MgO ʅ2ʆ Mʧʆ 

6,5 6,5 6,0 2,0 13,5 38 3,0 19,5 5,0 0,8-1,1 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ ʚʝʨʤʠʢʫʣʠʪ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʭʦ-

ʨʦʰʠʤ ʩʪʠʤʫʣʷʪʦʨʦʤ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʬʠʢʩʘʮʠʠ ʘʟʦʪʘ ʠʟ ʘʪʤʦʩʬʝʨʳ.  

 

ʊʘʙʣʠʮʘ 4 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʥʫʪʨʝʥʥʠʭ ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ (ɺɺʇ) ʃʝʥʛʝʨʩʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʉʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ, ʚ % 

Nʘ2O ʂ2ʆ ʉr2O3 Fe2Oʟ ɸ12ʆʟ SiO2 ʉʘʆ Mgo Cʩʚ ʄʧʆ 

0,5 0,5 0,1 9,3 8,3 49,9 1,8 1,8 28 0,1-0,6 

 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʩʦʩʪʘʚʝ ʰʠʭʪʳ ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ ʩʣʫʞʘʪ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ ʠ ʧʦ-

ʚʳʰʘʶʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʫʜʦʙʨʝʥʠʷ. 
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Abstract. Information on the fields of the phosphorite ores used in the process of receiving complex mineral 

fertilizers of the prolonged action is presented in the article. The average chemical and granulometric composition of 

the initial charge materials used in the process of receiving multicomponent mineral fertilizers are given. 
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ʉʆɺʈɽʄɽʅʅʓɽ ʇʈʆɹʃɽʄʓ ʕʅɽʈɻʆʉɹɽʈɽɾɽʅʀʗ ɺ ʇʈʆʀɿɺʆɼʉʊɺɽ  
 

 
ʈ.ɸ. ʀʣʴʠʥ

1
, ʈ.ɸ. ʃʠʜʞʠ-ɻʦʨʷʝʚ

2
 

 1 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ ʃʘʙʦʨʘʪʦʨʠʝʡ ʥʝʪʨʘʜʠʮʠʦʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʋʧʨʘʚʣʝʥʠʷ ʥʘʫʢʠ  

 2 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʕʢʩʧʣʫʘʪʘʮʠʷ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘè 

ʌɻɹʆʋ ɺʇʆ çɸʩʪʨʘʭʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʪʦʧʣʠʚʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʚ ʣʶʙʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʧʨʠʚʦʜʷʪʩʷ ʥʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʫʩʧʝʰʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʨʘʟ-

ʣʠʯʥʳʭ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʥʝʫʜʘʯʥʳʡ ʧʨʠʤʝʨ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʥʘ ʪʝʧʣʦʚʳʭ 

ʩʝʪʷʭ ʆɸʆ çʊʕʎ-ʉʝʚʝʨʥʘʷè ʛ. ɸʩʪʨʘʭʘʥʴ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ, ʢʦʛʝʥʝʨʘʮʠʷ, ʤʠʢʨʦʪʫʨʙʠʥʳ, ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, 

ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʠʟʦʣʷʮʠʷ, ʪʝʧʣʦʚʳʝ ʩʝʪʠ. 

 

ʅʠ ʦʜʥʦ ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝ ʤʦʞʝʪ ʦʙʦʡʪʠʩʴ ʙʝʟ ʩʦʚʨʝʤʝʥʥʳʭ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʃʶʙʦʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʦʥʠʤʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʤʝʥʴʰʝʥʠʷ ʠʟʜʝʨʞʝʢ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʮʝʣʴʶ ʫʚʝʣʠ-

ʯʝʥʠʷ ʜʦʭʦʜʘ ʩʚʦʝʛʦ ʜʝʣʘ. ʅʘ ʨʳʥʢʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʝʛʦʜʥʷ ʧʨʝʜʣʘ-

ʛʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʢ ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ï ʫʩʪʘʥʦʚʦʢ 

ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʘʭ ʵʥʝʨʛʠʠ, ʪʘʢ ʠ ʪʝʭʥʦʣʦʛʠʡ (ʩʧʦʩʦʙʦʚ, ʤʝʪʦʜʦʚ ʠ ʪ.ʧ.) ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ. ʈʘʩ-

ʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʚʘʨʠʘʥʪʳ ʚʥʝʜʨʝʥʠʷ ʪʘʢʦʚʳʭ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʩ ʠʭ ʜʦ-

ʩʪʦʠʥʩʪʚʘʤʠ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ. 

ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʧʦʚʳʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ 

ʚʥʝʜʨʝʥʠʝ ʢʦʛʝʥʝʨʘʮʠʠ, ʪ. ʝ. ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. ʕʪʦʛʦ ʤʦʞʥʦ 

ʜʦʩʪʠʯʴ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʥʘʜʩʪʨʦʡʢʝ ʧʘʨʦʚʳʭ ʠʣʠ ʚʦʜʦʛʨʝʡʥʳʭ ʢʦʪʣʦʚ ʛʘʟʦʚʳʤʠ ʪʫʨʙʠʥʘʤʠ ʠʣʠ ʛʘʟʦʧʦʨʰʥʝʚʳ-

ʤʠ ʫʩʪʘʥʦʚʢʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʚʳʨʘʙʘʪʳʚʘʪʴʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʘ ʢʦʪʝʣ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʫʪʠʣʠʟʘʮʠʦʥ-

ʥʳʡ ʪʠʧ ʠ ʚʳʨʘʙʘʪʳʚʘʝʪ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ [1]. ʆʜʠʥ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʦʪʝʭ-

ʥʦʣʦʛʠʯʥʳʭ ʤʠʢʨʦʪʫʨʙʠʥʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʥʘʧʨʠʤʝʨ, ʬʠʨʤʳ Capstone. ʈʝʩʫʨʩ ʪʫʨʙʠʥ ʜʦʩʪʠʛʘʝʪ 60 ʪʳʩʷʯ ʯʘʩʦʚ, 

ʠʥʪʝʨʚʘʣ ʤʦʱʥʦʩʪʝʡ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ ï ʦʪ 60 ʢɺʪ ʜʦ 1 ʄɺʪ, ʧʨʦʩʪʳ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘ-

ʪʠʟʠʨʦʚʘʥʳ. ɺ ʈʦʩʩʠʠ ʝʩʪʴ ʧʨʠʤʝʨʳ (ʨʠʩ. 1) ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʦʮʝʥʪʨʘ ʥʘ ʙʘʟʝ ʤʠʢʨʦʪʫʨʙʠʥ ʥʘ ʧʫʥʢʪʝ ʩʙʦʨʘ 

ʥʝʬʪʠ ʅʦʚʦ-ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ 12 ʢʤ ʦʪ ʩ. ʀʚʘʥʠʭʘ ʉʘʨʘʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʤʦʱʥʦʩʪʴʶ 400 ʢɺʪ. 

ɺ ʧʝʨʩʧʝʢʪʠʚʝ 2 ʣʝʪ ï ʥʘʨʘʱʠʚʘʥʠʝ ʤʦʱʥʦʩʪʠ ʜʦ 1 ʄɺʪ. 

 

 

 

 

 

 
ʈʠʩ. 1. ʕʥʝʨʛʦʮʝʥʪʨ ʅʦʚʦ-ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ. ʀʚʘʥʠʭʘ ʉʘʨʘʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʙʘʟʝ ʤʠʢʨʦʪʫʨʙʠʥ Capstone 

 

ʇʦʤʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʪʘʥʦʚʢʠ ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʘʭ ʵʥʝʨʛʠʠ [2]. ʅʘʧʨʠʤʝʨ, ʚ ʧʨʦʝʢʪʝ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʤʠʢʨʦʨʘʡʦʥʘ çʖʥʦʩʪʴè ʇʨʠʚʦʣʞʩʢʦʛʦ ʨ-ʥʘ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʛʝʥʝʨʘʮʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ 

ʙʘʟʝ 8-ʤʠ ʤʠʢʨʦʪʫʨʙʠʥʥʳʭ ʫʩʪʘʥʦʚʦʢ Capstone C65 ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʴʶ 520 ʢɺʪ, ʘ ʥʘ ʢʨʳʰʝ ʧʦʤʝʱʝʥʠʷ 
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ʩ ʪʫʨʙʠʥʘʤʠ ʟʘʧʣʘʥʠʨʦʚʘʥʘ ʫʩʪʘʥʦʚʢʘ ʩʦʣʥʝʯʥʳʭ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ. ɺʥʝʰʥʠʡ ʚʠʜ ʵʥʝʨʛʦʮʝʥʪʨʘ 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2.  

 
 
ʈʠʩ. 2. ɺʥʝʰʥʠʡ ʚʠʜ ʵʥʝʨʛʦʮʝʥʪʨʘ ʜʣʷ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʤʠʢʨʦʨʘʡʦʥʘ çʖʥʦʩʪʴè  

ʇʨʠʚʦʣʞʩʢʦʛʦ ʨ-ʥʘ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ 

 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʧʨʦʝʢʪʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ 2 ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʧʦ 5 ʢɺʪ 

ʢʘʞʜʳʡ. ʕʥʝʨʛʠʶ ʦʪ ʩʦʣʥʝʯʥʦʡ ʠ ʚʝʪʨʦʚʦʡ ʫʩʪʘʥʦʚʦʢ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʥʫʞʜʳ ʵʥʝʨ-

ʛʦʮʝʥʪʨʘ, ʥʘ ʩʠʩʪʝʤʫ ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʤʠʢʨʦʨʘʡʦʥʘ, ʥʘ ʨʘʙʦʪʫ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʜʠʩʧʝʪʯʝʨʠʟʘ-

ʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʥʘ ʨʘʙʦʪʫ 8-ʤʠ ʧʝʨʠʤʝʪʨʘʣʴʥʳʭ IP-ʢʘʤʝʨ ʠ ʜʨ. 

ʂʨʦʤʝ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʥʝʨʠʨʫʶʱʠʭ ʦʙʲʝʢʪʦʚ, ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦ-

ʜʠʪʴ ʥʘ ʫʟʣʘʭ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʢʘʯʝ-

ʩʪʚʝ ʥʝʛʘʪʠʚʥʦʛʦ ʦʧʳʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʧʨʠʤʝʨ ʪʝʧʣʦ-

ʠʟʦʣʷʮʠʠ ʪʝʧʣʦʚʳʭ ʩʝʪʝʡ ʥʘ ʆɸʆ çʊʕʎ-ʉʝʚʝʨʥʘʷè (ʛ. ɸʩʪʨʘʭʘʥʴ) ʧʫʪʝʤ ʠʭ ʧʦʢʨʳʪʠʷ ʥʝʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʝʡ 

ʩʝʙʷ ʠ ʜʦ ʢʦʥʮʘ ʥʝ ʠʟʫʯʝʥʥʦʡ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʠʟʦʣʷʮʠ-

ʝʡ TLM Ceramic. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʠʚʝʜʝʥʘ ʬʦʪʦʛʨʘʬʠʷ ʪʝʧʣʦʚʠʟʠʦʥʥʦʡ ʩʲʝʤʢʠ ʤʝʩʪʘ ʩʚʘʨʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. ɼʦ ʠ 

ʧʦʩʣʝ ʩʚʘʨʥʦʛʦ ʰʚʘ ʪʨʫʙʘ ʧʦʢʨʳʪʘ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʠʟʦʣʷʮʠʝʡ, ʤʝʩʪʦ ʩʚʘʨʢʠ ʯʠʩʪʘʷ ʥʝʠʟʦʣʠʨʦʚʘʥʥʘʷ 

ʪʨʫʙʘ. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʠʟʦʣʷʮʠʷ ʥʝ ʩʠʣʴʥʦ ʧʦʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʯʪʦ ʚʝʜʝʪ ʢ 

ʟʘʚʳʰʝʥʥʳʤ ʪʝʧʣʦʧʦʪʝʨʷʤ. 
 

 
 

ʈʠʩ. 3. ʄʝʩʪʦ ʩʚʘʨʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʉʚʘʨʥʦʡ ʰʦʚ ʥʝ ʧʦʢʨʳʪ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʤ ʢʝʨʘʤʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʦʤ TLM 
 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʠʚʝʜʝʥʘ ʬʦʪʦʛʨʘʬʠʷ ʪʝʧʣʦʚʠʟʠʦʥʥʦʡ ʩʲʝʤʢʠ ʫʯʘʩʪʢʘ ʪʝʧʣʦʚʦʡ ʩʝʪʠ, ʧʦʢʨʳʪʦʡ ʩʪʘʥ-

ʜʘʨʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ Ursa (ʤʠʥʝʨʘʣʴʥʘʷ ʚʘʪʘ ʥʘ ʙʘʟʘʣʴʪʝ) ʪʦʣʱʠʥʦʡ 50 ʤʤ. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʜʘʥʥʘʷ ʠʟʦ-

ʣʷʮʠʷ ʛʦʨʘʟʜʦ ʣʫʯʰʝ ʚʳʧʦʣʥʷʝʪ ʩʚʦʠ ʬʫʥʢʮʠʠ, ʯʝʤ ʠʥʥʦʚʘʮʠʦʥʥʘʷ TLM Ceramic. 
 

 
 

ʈʠʩ. 4. ʋʯʘʩʪʦʢ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʪʝʧʣʦʚʦʡ ʩʝʪʠ, ʧʦʢʨʳʪʳʡ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ Ursa (ʤʠʥ. ʚʘʪʘ ʥʘ ʙʘʟʘʣʴʪʝ) 

ʪʦʣʱʠʥʦʡ 50 ʤʤ (ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʦʜʘʶʱʝʤ (ʚʝʨʭʥʝʤ) ʪʨʫʙʦʧʨʦʚʦʜʝ 60 0ʉ) 
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ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʘʤʠʭ ʪʝʧʣʦʚʳʭ ʩʝʪʝʡ, ʪʦ ʠ ʜʣʷ ʥʠʭ ʩʫʱʝʩʪʚʫʶʪ ʚʘʨʠʘʥʪʳ ʩʙʝʨʝʞʝʥʠʷ ʩʨʝʜʩʪʚ ʥʘ ʤʦʥʪʘʞ 

ʠ ʥʘ ʜʘʣʴʥʝʡʰʝʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. ʄʦʥʪʘʞ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʘʨʢʠ, ʘ ʩ 

ʧʦʤʦʱʴʶ ʤʫʬʪʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʩʠʩʪʝʤʝ Victaulic (ʨʠʩ. 5). ʊʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʮʠʥ-

ʢʦʚʘʥʥʫʶ ʪʨʫʙʫ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʢʦʤʧʝʥʩʘʮʠʠ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʧʨʦʠʟʚʦʜʠʪʴ ʨʝʤʦʥʪʥʳʝ ʨʘʙʦʪʳ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘ ʤʘʢʩʠʤʘʣʴʥʦ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ. ʇʨʠʤʝʥʝʥʠʝ ʦʮʠʥʢʦʚʘʥ-

ʥʳʭ ʪʨʫʙ (ʥʝʚʦʟʤʦʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʚʘʨʢʠ) ʧʦʟʚʦʣʠʪʴ ʫʚʝʣʠʯʠʪʴ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʜʦ 100 ʣʝʪ. 

 

 

 

 
ʈʠʩ. 5. ɺʥʝʰʥʠʡ ʚʠʜ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʤʫʬʪʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʩʠʩʪʝʤʝ Victaulic 

 

ɺ ʢʘʯʝʩʪʚʝ ʚʳʚʦʜʦʚ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʩʣʝʜʫʶʱʝʝ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʩʧʦʩʦʙʳ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ï ʵʪʦ ʪʦʣʴʢʦ 

ʤʘʣʘʷ ʯʘʩʪʴ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʙʝʨʝʯʴ ʵʥʝʨʛʠʶ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʪʘʢʠʭ ʤʝʨʦ-

ʧʨʠʷʪʠʡ ʧʦʥʷʪʥʘ ʠ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʘ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʥʝʦʙʭʦʜʠʤ ʪʱʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʘʨʠʘʥʪʦʚ ʚʥʝʜʨʝʥʠʷ ʪʦʛʦ 

ʠʣʠ ʠʥʦʛʦ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʛʦ ʤʝʨʦʧʨʠʷʪʠʷ, ʪ. ʢ. ʥʝ ʚʩʝʛʜʘ ʵʪʦ ʤʦʞʝʪ ʧʨʠʥʝʩʪʠ ʧʦʣʴʟʫ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʩ ʆɸʆ 

çʊʕʎ-ʉʝʚʝʨʥʘʷè ʛ.ɸʩʪʨʘʭʘʥʴ, ʢʦʛʜʘ ʭʦʪʝʣʠ ʩʦʢʨʘʪʠʪʴ ʧʦʪʝʨʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʘ ʧʦʣʫʯʠʣʦʩʴ ʥʘʦʙʦʨʦʪ. 
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ʄɽʊʆɼ ʈʋʅɻɽ ï ʂʋʊʊʓ ʏɽʊɺɽʈʊʆɻʆ ʇʆʈʗɼʂɸ ɺ CALC  
 

 
ɽ.ʄ. ʂʦʥʜʨʘʪʴʝʚ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʇʆ çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ ʠ ʠʥʬʦʨʤʘʪʠʢʠè, ʈʦʩʩʠʷ 
 

ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʨʝʘʣʠʟʘʮʠʷ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʪʘʙʣʠʮʝ Calc ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʤʝʪʦʜʘ ʈʫʥʛʝ ï ʂʫʪʪʳ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʅʘ ʧʨʠʤʝʨʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʨʘʙʦʪʘ ʩʦʟʜʘʥʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʢʦʪʦʨʦʝ ʚʧʦʣʥʝ ʜʦ-

ʩʪʫʧʥʦ ʦʙʳʯʥʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Calc, ʦʙʳʢʥʦʚʝʥʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʟʘʜʘʯʘ ʂʦʰʠ, ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, 

ʤʝʪʦʜ ʈʫʥʛʝ ï ʂʫʪʪʳ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ. 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʢʠ ʠ 

ʨʘʟʣʠʯʥʳʭ ʝʸ ʧʨʠʣʦʞʝʥʠʡ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʝʤ, ʯʪʦ ʩʚʦʜʷʪ ʧʨʦʮʝʩʩ ʨʝʰʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʢ 

ʥʝʢʦʪʦʨʦʡ ʢʦʥʝʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʧʝʨʘʮʠʡ ʥʘʜ ʯʠʩʣʘʤʠ [1 ʩ. 10]. ʈʘʟʚʠʪʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʘʣʴʥʝʡʰʝʤʫ ʚʦʟʨʘʩʪʘʥʠʶ ʠʭ ʟʥʘʯʝʥʠʷ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʘʢʝʪʳ ʧʨʦʛʨʘʤʤ, ʥʘʧʨʠʤʝʨ, Matcad, MATLAB , Maple, Mathematica, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʩʝʨʴʝʟ-

ʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʥʠʤʠ ʠ ʷʚʣʷʶʪʩʷ ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʧʨʦʜʫʢʪʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʜʣʷ ʨʝʰʝʥʠʷ ʚʳʙʨʘʥʥʳʤ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ ʧʦʩʪʘʚʣʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʪʨʝʙʫʝʪ ʭʦʨʦʰʠʭ ʥʘʚʳʢʦʚ 

ʧʨʦʛʨʘʤʤʠʩʪʘ, ʠ ʜʣʷ ʢʘʞʜʦʡ ʟʘʜʘʯʠ ʥʫʞʥʘ ʩʚʦʷ ʧʨʦʛʨʘʤʤʘ. 

ɼʦʩʪʫʧʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʤʦʞʥʦ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʪʘʙʣʠʮʝ Calc, ʢʦʪʦʨʘʷ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ 

ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʉʇʆ) Apache OpenOffice.org ʠ LibreOffice The Document Foundation. 

ʅʘʚʳʢʠ ʨʘʙʦʪʳ ʚ Calc ʣʝʛʢʦ ʠ ʙʳʩʪʨʦ ʫʩʚʘʠʚʘʶʪʩʷ, ʘ ʧʝʨʝʭʦʜ ʥʘ ʉʇʆ ʚ ʬʝʜʝʨʘʣʴʥʳʭ ʙʶʜʞʝʪʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ 

ʦʧʨʝʜʝʣʝʥ ʧʣʘʥʦʤ, ʫʪʚʝʨʞʜʝʥʥʳʤ ʨʘʩʧʦʨʷʞʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 17 ʜʝʢʘʙʨʷ 2010 ʛ. ˉ 2299-ʨ [2]. ʇʨʠ-

ʤʝʨʳ ʧʦʩʪʨʦʝʥʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚ-

ʥʝʥʠʡ ʤʝʪʦʜʦʤ ʕʡʣʝʨʘ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʕʡʣʝʨʘ ʠ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚ Calc ʧʨʠʚʝ-

ʜʝʥʳ ʚ ʨʘʙʦʪʘʭ [3, ʩ.  87; 4, ʩ. 10; 5, ʩ. 53; 6, ʩ. 251 ʠ 7, ʩ. 21]. 

ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜʦʤ ʕʡʣʝʨʘ 

ʦʙʣʘʜʘʝʪ ʥʝʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʥʘ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʜʢʦ, ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʯʘʣʴʥʦʡ ʦʮʝʥʢʠ 

ʠʩʢʦʤʦʛʦ ʨʝʰʝʥʠʷ, ʪ. ʢ. ʵʪʦʪ ʤʝʪʦʜ ʠʤʝʝʪ ʧʝʨʚʳʡ ʧʦʨʷʜʦʢ ʪʦʯʥʦʩʪʠ [8, ʩ. 179]. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʩ-

ʧʦʣʴʟʫʶʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʘ ʕʡʣʝʨʘ: ʤʝʪʦʜ ʕʡʣʝʨʘ ï ʂʦʰʠ ʠ ʤʝʪʦʜ ʩʝʨʝʜʠʥʥʳʭ ʪʦʯʝʢ [1, ʩ. 137], ʢʦ-

ʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʯʘʩʪʥʳʤʠ ʩʣʫʯʘʷʤʠ ʤʝʪʦʜʘ ʈʫʥʛʝ ï ʂʫʪʪʳ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ [8, ʩ. 182]. 

ʄʝʪʦʜ ʈʫʥʛʝ ï ʂʫʪʪʳ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʦʯʝʥʴ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ ʟʘ-

ʜʘʯʠ ʂʦʰʠ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʇʦʵʪʦʤʫ ʝʛʦ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʧʨʦʩʪʦ ʤʝʪʦ-

ʜʦʤ ʈʫʥʛʝ ï ʂʫʪʪʳ. ʉʪʘʥʜʘʨʪʥʘʷ ʩʭʝʤʘ ʤʝʪʦʜʘ ʈʫʥʛʝ ï ʂʫʪʪʳ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʧʦʧʫʣʷʨʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʘʢʝʪʘʭ: Mathematica, Maple, Mathcad, MATLAB , Maxima. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʂʦʰʠ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ: 
 

                                                                                      ),( yxfy =¡ ,                                                                            (1) 

 

                                                                                        y(x0) = y0.                                                                                  (2) 

 

ʈʘʩʯʝʪ ʧʦ ʤʝʪʦʜʫ ʈʫʥʛʝ ï ʂʫʪʪʳ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʚʝʜʝʪʩʷ ʥʘ ʨʷʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʨʘʚʥʦʦʪʩʪʦʷ-

ʱʠʭ ʰʘʛʦʚ h ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ [8, ʩ. 182]: 

 

                                                           )22(
6

   43211 kkkk
h

yy ii ++++=+ , i = 0, 1, 2, é ,                                        (3) 

 

ʛʜʝ k1, k2, k3, k4 ï ʧʦʧʨʘʚʢʠ, ʚʳʯʠʩʣʷʝʤʳʝ ʧʦ ʬʦʨʤʫʣʘʤ [8, ʩ. 183]: 
 

                                                                                       k1 = f (xi, yi),                                                                                (4) 
 

                                                                              k2 = f (xi + h/2,  yi + hk1/2),                                                                   (5) 

 

                                                                              k3 = f (xi + h/2,  yi + hk2/2),                                                                   (6) 

 

                                                                                k4 = f (xi + h,  yi + hk3).                                                                       (7) 

                                                           
 É ʂʦʥʜʨʘʪʴʝʚ ɽ.ʄ. / Kondrat'ev E.M., 2015 
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ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ yi+1 ʧʦ ʟʘʜʘʥʥʦʤʫ yi ʥʘʜʦ ʯʝʪʳʨʝ ʨʘʟʘ ʚʳʯʠʩʣʷʪʴ ʧʨʘʚʫʶ ʯʘʩʪʴ. ʇʨʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʨʘʩʯʝʪʘ ʧʦ ʤʝʪʦʜʫ ʈʫʥʛʝ ï ʂʫʪʪʳ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʠʢʣ ʩ ʢʦʥʝʯʥʳʤ ʯʠʩ-

ʣʦʤ ʰʘʛʦʚ.  

ʀʜʝʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʪʘʙʣʠʮʳ Calc ʚ ʮʠʢʣʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʘʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʚ ʷʯʝʡʢʘʭ, ʩ ʚʚʝʜʝʥʥʳʤʠ ʚ ʥʠʭ ʬʦʨʤʫʣʘʤʠ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʦʜʥʦʡ ʩʪʨʦʢʝ, 

ʧʦʩʣʝ ʚʳʜʝʣʝʥʠʷ ʩʪʨʦʢʠ ʷʯʝʝʢ ʩ ʬʦʨʤʫʣʘʤʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʜʚʠʞʝʥʠʷ ʤʘʨʢʝʨʘ ʟʘʧʦʣʥʝʥʠʷ ʚʥʠʟ ʣʠʩʪʘ. ɺ ʩʦ-

ʩʝʜʥʠʝ ʷʯʝʡʢʠ ʥʘʯʘʣʴʥʦʡ ʩʪʨʦʢʠ ʚʳʯʠʩʣʝʥʠʡ ʚʚʦʜʷʪʩʷ ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʝʨʘʪʦʨʦʚ ʮʠʢʣʘ. ɿʘʪʝʤ ʵʪʠ ʷʯʝʡʢʠ ʚʳʜʝ-

ʣʷʶʪʩʷ, ʠ ʤʘʨʢʝʨ ʟʘʧʦʣʥʝʥʠʷ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʥʠʟ ʥʘ ʪʨʝʙʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʦʢ, ʨʘʚʥʦʝ ʢʦʣʠʯʝʩʪʚʫ ʚʳʧʦʣʥʝ-

ʥʠʡ ʪʝʣʘ ʮʠʢʣʘ.  

ɺ ʵʣʝʢʪʨʦʥʥʦʡ ʪʘʙʣʠʮʝ Calc ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʧʨʦʚʝʨʝʥʘ ʤʝʪʦʜʠʢʘ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ        

(1) ï (2) ʤʝʪʦʜʦʤ ʈʫʥʛʝ ï ʂʫʪʪʳ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ. ɼʝʤʦʥʩʪʨʘʮʠʶ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʤʝʪʦʜʠʢʠ ʧʦʢʘʞʝʤ ʥʘ 

ʧʨʠʤʝʨʝ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʠ ʂʦʰʠ: 

 

                                                                                            y' = 2xy,                                                                                  (8) 

  

                                                                                            y(0) = 1,                                                                                  (9) 

 

ʪʦʯʥʳʤ ʨʝʰʝʥʠʝʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʷ y = exp(x
2
). 

ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (8) ï (9) ʠʩʢʘʣʦʩʴ ʥʘ ʦʪʨʝʟʝ [0, 1] ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʰʘʛʘ h. ʈʝʘʣʠʟʘʮʠʷ 

ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʪʘʙʣʠʮʝ Calc ʤʥʦʛʦʷʟʳʢʦʚʦʛʦ ʩʚʦʙʦʜʥʦʛʦ ʦʬʠʩʥʦʛʦ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ             

LibreOffice The Document Foundation ʚʝʨʩʠʠ 4.3.5.2 ʧʦʜ Windows (ʨʠʩ. 1).  

 

 
 

ʈʠʩ. 1. ʉʧʨʘʚʢʘ ʦ LibreOffice 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥ ʵʪʘʧ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʝʢ ʧʝʨʚʳʭ ʩʪʨʦʢ ʧʦ ʵʪʦʤʫ ʤʝʪʦʜʫ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ (8) ï (9) ʥʘ ʦʪʨʝʟʢʝ [0, 1] ʧʨʠ ʟʥʘʯʝʥʠʠ ʰʘʛʘ h = 0,05. ɼʘʣʝʝ ʷʯʝʡʢʠ ʩ C4 ʧʦ K4 (ʩʤ. ʨʠʩ. 2) ʚʳʜʝʣʷʶʪʩʷ, ʠ 

ʤʘʨʢʝʨ ʟʘʧʦʣʥʝʥʠʷ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʥʠʟ ʣʠʩʪʘ ʥʘ ʪʨʝʙʫʝʤʦʝ ʯʠʩʣʦ ʩʪʨʦʢ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʷʪ ʚʳʯʠʩʣʝʥʠʷ 

ʧʦ ʧʦʩʪʨʦʝʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ (ʨʠʩ. 3). 

 

 
 

ʈʠʩ. 2. ɿʘʧʦʣʥʝʥʠʝ ʷʯʝʝʢ ʧʝʨʚʳʭ ʩʪʨʦʢ 

 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (8) ï (9) ʥʘ ʦʪʨʝʟʢʝ [0, 1] ʨʘʟʥʳʤʠ ʤʝʪʦʜʘ-

ʤʠ ʚ Calc ʧʨʠ ʰʘʛʝ h = 0,1. ʀʟ ʩʨʘʚʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʤʝʪʦʜ ʈʫʥʛʝ ï ʂʫʪʪʳ 

ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʷʚʣʷʝʪʩʷ ʩʨʝʜʠ ʥʠʭ ʩʘʤʳʤ ʪʦʯʥʳʤ. 
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ʈʠʩ. 3. ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʂʦʰʠ y' = 2xy, y(0) = 1 ʥʘ ʦʪʨʝʟʢʝ [0, 1]  

ʤʝʪʦʜʦʤ ʈʫʥʛʝ ï ʂʫʪʪʳ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʚ Calc ʧʨʠ h = 0,05 

 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʚ Calc ʟʘʜʘʯʠ ʂʦʰʠ y' = 2xy, y(0) = 1 

ʥʘ ʦʪʨʝʟʢʝ [0, 1] ʧʨʠ ʰʘʛʝ h = 0,1 

x ʄʝʪʦʜ ʕʡʣʝʨʘ [3, 4] 
ʄʝʪʦʜ 

ʕʡʣʝʨʘ ï ʂʦʰʠ [7] 

ʄʝʪʦʜ 

ʈʫʥʛʝ ï ʂʫʪʪʳ 

4-ʛʦ ʧʦʨʷʜʢʘ 

ʊʦʯʥʦʝ ʨʝʰʝʥʠʝ 

0 1,0000 1,0000 1,0000 1,0000 

0,1 1,0000 1,0100 1,0101 1,0101 

0,2 1,0200 1,0407 1,0408 1,0408 

0,3 1,0608 1,0940 1,0942 1,0942 

0,4 1,1244 1,1732 1,1735 1,1735 

0,5 1,2144 1,2835 1,2840 1,2840 

0,6 1,3358 1,4324 1,4333 1,4333 

0,7 1,4961 1,6306 1,6323 1,6323 

0,8 1,7056 1,8934 1,8965 1,8965 

0,9 1,9785 2,2426 2,2479 2,2479 

1 2,3346 2,7091 2,7183 2,7183 

 

ʄʝʪʦʜ ʈʫʥʛʝ ï ʂʫʪʪʳ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʪʨʝʙʫʝʪ ʫʚʝʣʠʯʝʥʠʷ ʟʘʪʨʘʪ ʨʫʯʥʦʛʦ ʚʚʦʜʘ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʚ Calc ʤʝʪʦʜʘʤʠ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʦʙʳʢʥʦʚʝʥ-

ʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʥʦ ʧʦʣʫʯʘʶʱʠʝʩʷ ʧʦ ʥʝʤʫ ʨʝʟʫʣʴʪʘʪʳ ʦʢʫʧʘʶʪ ʵʪʠ ʫʩʠʣʠʷ.  

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʩʨʝʜʩʪʚʦ ʜʦʩʪʫʧʥʦ ʦʙʳʯʥʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ ʇʂ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʚ ʵʣʝʢʪʨʦʥʥʦʡ 

ʪʘʙʣʠʮʝ Calc ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʠ ʛʨʘʬʠʯʝʩʢʠ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʭ.   
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ʇʈʀ ʇɽʈɽɺʆɿʂɽ ʇɸʉʉɸɾʀʈʆɺ ʀ ɻʈʋɿʆɺ 
 

 
ɺ.ɸ. ʄʦʣʦʜʮʦʚ

1
, ɸ.ɸ. ɻʫʩʴʢʦʚ

2
, ʅ.ʖ. ɿʘʣʫʢʘʝʚʘ

3
 

1 
ʜʦʮʝʥʪ, 

2, 3 
ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ çʆʨʛʘʥʠʟʘʮʠʷ ʧʝʨʝʚʦʟʦʢ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷè 

ʌɻɹʆʋ ɺʇʆ çʊʘʤʙʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʈʦʩʩʠʷ 
 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʥʘʚʠʛʘʮʠʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʛʦʨʦʜʩʢʠʭ ʧʝʨʝʚʦʟʦʢ ʦʙʱʝʩʪʚʝʥʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʰʢʦʣʴʥʳʭ 

ʧʝʨʝʚʦʟʦʢ, ʘ ʪʘʢʞʝ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʦʮʝʥʢʝ ʠʤʠʜʞʘ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʘʩʩʘʞʠʨʩʢʠʝ ʧʝʨʝʚʦʟʢʠ, ʛʨʫʟʦʚʳʝ ʧʝʨʝʚʦʟʢʠ, ʧʝʨʝʚʦʟ-

ʢʘ ʜʝʪʝʡ, ʠʤʠʜʞ ʧʨʝʜʧʨʠʷʪʠʷ.  
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʛʨʫʟʦʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ. ʅʘ ʜʦʣʶ 

ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʨʠʭʦʜʠʪʩʷ 75 % ʦʙʱʝʛʦ ʦʙʲʸʤʘ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ ʠ ʩʚʳʰʝ 50 % ʧʘʩʩʘʞʠʨʦʚ, ʧʝʨʝ-

ʚʝʟʸʥʥʳʭ ʚʩʝʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ. ɺʳʙʦʨ ʚʠʜʘ ʪʨʘʥʩʧʦʨʪʘ ʩʚʷʟʘʥ ʩ ʝʛʦ ʤʦʙʠʣʴʥʦʩʪʴʶ, ʤʘʥʝʚʨʝʥʥʦʩʪʴʶ, 

ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ, ʦʙʝʩʧʝʯʝʥʠʝ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ çʦʪ ʜʚʝʨʠ ʢ ʜʚʝʨʠè [3]. 

ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʠ ʨʷʜ ʧʨʦʙʣʝʤʥʳʭ ʚʦʧʨʦʩʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʝʨʝʚʦʟʥʳʡ ʧʨʦ-

ʮʝʩʩ: 

- ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʩʦʚʨʝʤʝʥʥʦʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʝ, ʥʦʨʤʘʪʠʚʥʦʝ, ʤʝʪʦʜʠʯʝʩʢʦʝ ʠ ʧʨʘʚʦʚʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʨʘʟʚʠʪʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʢʘʢ ʚ ʮʝʣʦʤ ʧʦ ʩʪʨʘʥʝ, ʪʘʢ ʠ ʚ ʩʫʙʲʝʢʪʘʭ; 

- ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʪʨʘʩʣʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʧʘʜʫ ʠʥʚʝ-

ʩʪʠʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʯʘʩʪʠ ʧʨʠʦʙʨʝʪʝʥʠʷ ʥʦʚʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ; 

- ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ 
ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ; 

- ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠ ʧʦʜʜʝʨʞʢʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ; 

- ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʜʨ. 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʩʦʩʪʘʚʣʷʶʱʠʝ ʘʩʧʝʢʪʳ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʚʣʠʷʶʱʠʝ ʥʘ ʫʨʦʚʝʥʴ 

ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ. ʀʥʬʦʨʤʘʪʠʟʘʮʠʷ ʩʪʘʥʦʚʠʪʩʷ ʦʩʥʦʚʦʡ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ. ɺʩʝ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʨʘʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘ-

ʥʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʧʦʪʦʢʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʚʣʘʜʝʪʴ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʦʡ ʩʠʪʫʘʮʠʝʡ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ, ʚ ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ ʧʝʨʝʚʦʟʦʢ ʦʧʝʨʘʪʠʚʥʦ ʥʘʭʦʜʠʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʨʘʩʧʦʣʘʛʘʪʴ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʚ ʧʨʠʥʷʪʠʠ ʫʧʨʘʚ-

ʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʫʩʣʦʚʠʡ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʥʘʚʠʛʘʮʠʦʥ-

ʥʳʭ ʩʠʩʪʝʤ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʡ ʤʘʨʰʨʫʪ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ ʥʘʚʠʛʘ-

ʮʠʠ (ʉʉʅ). ʉʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʩʠʩʪʝʤʳ, ʢʘʢ ɻʃʆʅɸʉʉ ʠ GPS [1]. ʇʨʠ ʧʦʤʦʱʠ ʪʘʢʠʭ 

ʩʠʩʪʝʤ, ʢ ʧʨʠʤʝʨʫ, ʚ ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʫʣʫʯʰʘʝʪʩʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʚʪʦʜʦʨʦʛ, ʦʧʪʠʤʠʟʠʨʫʶʪʩʷ ʪʨʘʥʩ-

ʧʦʨʪʥʳʝ ʧʦʪʦʢʠ, ʧʦʚʳʰʘʝʪʩʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʛʦʨʦʜʘ. 

ɺ 2008 ʛʦʜʫ ʚʩʪʫʧʠʣ ʚ ʩʠʣʫ ʬʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʙ ʦʙʷʟʘʪʝʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʘ ʘʚʪʦ-

ʤʦʙʠʣʴʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʢʦʪʦʨʳʡ ʦʙʷʟʳʚʘʝʪ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘʭ, ʢʘʪʝʛʦʨʠʠ M, ʠʩʧʦʣʴʟʫʝ-

ʤʳʭ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʝʨʝʚʦʟʦʢ ʧʘʩʩʘʞʠʨʦʚ, ʠ ʢʘʪʝʛʦʨʠʠ N, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʦʧʘʩʥʳʭ ʛʨʫʟʦʚ 

ʦʙʦʨʫʜʦʚʘʪʴ ʘʧʧʘʨʘʪʫʨʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ ɻʃʆʅɸʉʉ ʠʣʠ ɻʃʆʅɸʉʉ/GPS. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʛʣʦʙʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ (ɻʃʆʅɸʉʉ) ʧʨʠ ʧʝʨʝʚʦʟʢʝ 

ʧʘʩʩʘʞʠʨʦʚ. 

ʋʩʪʘʥʦʚʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ɻʃʆʅɸʉʉ ʚ ʢʘʞʜʦʤ ʪʨʘʥʩʧʦʨʪʥʦʤ ʩʨʝʜʩʪʚʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶ-

ʱʠʭ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ: 

- ʩʦʙʣʶʜʝʥʠʝ ʤʘʨʰʨʫʪʘ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ; 

- ʩʦʙʣʶʜʝʥʠʷ ʛʨʘʬʠʢʦʚ ʜʚʠʞʝʥʠʷ; 

- ʩʦʙʣʶʜʝʥʠʝ ʚʦʜʠʪʝʣʷʤʠ ʨʝʞʠʤʘ ʪʨʫʜʘ ʠ ʦʪʜʳʭʘ; 

- ʢʦʥʪʨʦʣʴ ʩʢʦʨʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ; 

- ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ; 

- ʢʘʯʝʩʪʚʦ ʧʝʨʝʚʦʟʢʠ. 
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ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ, ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʦʩʪʘʥʦʚʢʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʤʘʨʰʨʫʪʝ, 

ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʮʝʥʪʨʘ, ʪʝʤ ʩʘʤʳʤ, ʟʘʩʪʘʚʣʷʷ ʚʦʜʠʪʝ-

ʣʝʡ ʩʦʙʣʶʜʘʪʴ ʩʢʦʨʦʩʪʥʳʝ ʨʝʞʠʤʳ ʠ ʧʨʘʚʠʣʘ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

ɼʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ ï ʧʘʩʩʘʞʠʨʦʚ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʧʘʩʩʘʞʠʨʩʢʦʤ ʘʚʪʦʪʨʘʥʩʧʦʨʪʝ 

ʉʉʅ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. ɹʦʣʴʰʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʩʠʩʪʝʤʳ ʦʪʩʣʝʞʠʚʘʥʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʚ ʛʦʨʦʜʝ. ʂ ʧʨʠʤʝʨʫ, ʚ ʛʦʨʦʜʝ ʊʘʤʙʦʚʝ ʚʥʝʜʨʝʥʠʝʤ ʠ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʤʫʥʠʮʠʧʘʣʴʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʄɹʋ çʇʘʩʩʘʞʠʨʩʢʠʝ ʧʝʨʝʚʦʟʢʠè. 

ɼʘʥʥʳʤ ʧʨʝʜʧʨʠʷʪʠʝʤ ʥʘ ʮʝʥʪʨʘʣʴʥʳʭ ʦʩʪʘʥʦʚʢʘʭ ʛʦʨʦʜʘ ʫʩʪʘʥʦʚʣʝʥʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʘʙʣʦ, ʥʘ ʢʦ-

ʪʦʨʳʭ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʫʢʘʟʳʚʘʝʪʩʷ ʨʘʩʯʸʪʥʦʝ ʚʨʝʤʷ (ʚ ʤʠʥʫʪʘʭ), ʦʩʪʘʚʰʝʝʩʷ ʜʦ ʧʨʠʙʳʪʠʷ ʪʨʘʥʩ-

ʧʦʨʪʘ ʥʘ ʦʩʪʘʥʦʚʢʫ ʧʦ ʢʘʞʜʦʤʫ ʤʘʨʰʨʫʪʫ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʠ ʤʘʨʰʨʫʪʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʚ 

ʜʘʥʥʳʝ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ɼʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʟʘʡʪʠ ʥʘ ʩʘʡʪ ʧʨʝʜʧʨʠʷʪʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʦʤʦʱʴʶ ʤʦʙʠʣʴʥʦʛʦ 

ʪʝʣʝʬʦʥʘ. ʀʥʬʦʨʤʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʢʘʨʪʳ ʛʦʨʦʜʘ, ʥʘ ʢʦʪʦʨʫʶ ʚʳʚʦʜʷʪʩʷ ʤʘʨʰʨʫʪʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʩʨʝʜʩʪʚʘ. 

ʅʝʜʦʩʪʘʪʢʘʤʠ ʪʘʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʪʨʘʥʩʧʦʨʪʘ ʷʚʣʷʝʪʩʷ ʥʝʚʝʨʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʠ 

ʧʨʠʙʳʪʠʷ ʘʚʪʦʙʫʩʘ ʥʘ ʦʩʪʘʥʦʚʦʯʥʳʡ ʧʫʥʢʪ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʩʠʩʪʝʤʘ ʚʝʜʸʪ ʨʘʩʯʸʪ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʨʝʜʥʝʡ 

ʩʢʦʨʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠ ʦʩʪʘʚʰʝʛʦʩʷ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʦʩʪʘʥʦʚʦʯʥʦʛʦ ʧʫʥʢʪʘ ʟʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʝʜʠʥʠʮʫ 

ʚʨʝʤʝʥʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʘʚʪʦʙʫʩ ʧʦʧʘʜʘʝʪ ʚ çʧʨʦʙʢʫè, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʤʠ-

ʥʠʤʘʣʴʥʦʡ ʠ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʪʘʙʣʦ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʝʡʩʪʚʠʪʝʣʴ-

ʥʦʩʪʠ (ʚ ʦʩʥʦʚʥʦʤ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʦʣʴʰʝ). 

ɹʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʩʯʠʪʘʝʤ ʥʘ ʦʩʪʘʥʦʚʦʯʥʳʭ ʧʫʥʢʪʘʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʥʘʨʦʜʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʠ ʩʘʤʦʛʦ ʘʚʪʦʙʫʩʘ. ʇʨʠ ʥʘʣʠʯʠʠ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʘʩʩʘʞʠʨ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʦ ʠ ʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʪʴ ʦʩʪʘʚʰʝʝʩʷ ʚʨʝʤʷ ʜʦ ʧʨʠʙʳʪʠʷ ʪʨʘʥʩʧʦʨʪʘ.  

ʆʨʛʘʥʠʟʘʮʠʷ ʧʝʨʝʚʦʟʦʢ ʜʝʪʝʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ï ʰʢʦʣʴʥʳʤʠ ʘʚʪʦʙʫʩʘʤʠ 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʘʚʪʦʙʫʩʦʚ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʜʝʪʝʡ ʩʠʩʪʝʤʘʤʠ ɻʃʆʅɸʉʉ ʠʣʠ ɻʃʆʅɸʉʉ/GPS ʷʚʣʷʝʪʩʷ ʪʘʢ-

ʞʝ ʦʙʷʟʘʪʝʣʴʥʳʤ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʚʘʞʥʳʤ, ʯʝʤ ʧʨʠ ʧʝʨʝʚʦʟʢʝ ʧʘʩʩʘ-

ʞʠʨʦʚ ʦʙʱʝʩʪʚʝʥʥʳʤ ʛʦʨʦʜʩʢʠʤ ʪʨʘʥʩʧʦʨʪʦʤ [2]. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʰʢʦʣʴʥʳʤ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ ʷʚʣʷʝʪʩʷ 

ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʝʚʦʟʦʢ ʜʝʪʝʡ, ʘ ʪʘʢʞʝ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʨʝʘʛʠʨʦʚʘʥʠʷ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʥʝ-

ʰʪʘʪʥʦʡ ʩʠʪʫʘʮʠʠ (ʛʦʣʦʣʝʜ, ʪʫʤʘʥ, ʩʠʣʴʥʳʡ ʩʥʝʛ, ʤʝʪʝʣʴ, ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʝ ʧʨʦʠʩʰʝʩʪʚʠʝ ʠ ʜʨ.).  

ɼʠʩʧʝʪʯʝʨʩʢʘʷ ʩʣʫʞʙʘ ʦʪʩʣʝʞʠʚʘʝʪ, ʚ ʢʘʢʦʤ ʤʝʩʪʝ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʘʭʦʜʠʪʩʷ ʪʨʘʥʩʧʦʨʪʥʦʝ 

ʩʨʝʜʩʪʚʦ, ʥʝ ʩʦʰʝʣ ʣʠ ʩ ʤʘʨʰʨʫʪʘ ʚʩʣʝʜʩʪʚʠʝ ʘʚʘʨʠʠ ʠʣʠ ʧʦʣʦʤʢʠ, ʢʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʡʩʦʚ ʩʦʚʝʨʰʝʥʦ. ʇʨʠ 

ʥʘʞʘʪʠʠ ʚʦʜʠʪʝʣʝʤ çʪʨʝʚʦʞʥʦʡ ʢʥʦʧʢʠè, ʤʛʥʦʚʝʥʥʦ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʩʚʷʟʴ ʩ ʜʠʩʧʝʪʯʝʨʩʢʠʤ ʧʫʥʢʪʦʤ. ɼʠʩ-

ʧʝʪʯʝʨ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʳʟʦʚʘ ʪʝʭʥʠʯʝʩʢʦʡ ʠʣʠ 

ʩʢʦʨʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʥʘ ʤʝʩʪʦ ʜʦʨʦʞʥʦʛʦ ʧʨʦʠʩʰʝʩʪʚʠʷ. 

ʅʘ ʙʘʟʝ ʧʨʝʜʧʨʠʷʪʠʷ ʊʆɻɹʋ çʐʢʦʣʴʥʳʡ ʘʚʪʦʙʫʩè ʛ. ʊʘʤʙʦʚʘ ʩʦʟʜʘʥʘ ʝʜʠʥʘʷ ʜʠʩʧʝʪʯʝʨʩʢʘʷ ʩʣʫʞʙʘ 

(ɽɼʉ) ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʰʢʦʣʴʥʳʤʠ ʧʝʨʝʚʦʟʢʘʤʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʨʪʘʣ, ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦ-

ʛʦ ʚʨʝʤʝʥʠ ʟʘ ʧʝʨʝʜʚʠʞʝʥʠʝʤ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʢ ɽɼʉ ʧʦʜʢʣʶʯʝʥ ʚʝʩʴ ʧʘʨʢ ʰʢʦʣʴ-

ʥʳʭ ʘʚʪʦʙʫʩʦʚ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʦʙʦʨʫʜʦʚʘʥʥʳʡ ʩʠʩʪʝʤʦʡ ɻʃʆʅɸʉʉ.  

ɼʣʷ ʢʦʥʪʨʦʣʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʝʨʝʤʝʱʝʥʠʠ ʰʢʦʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʦʩʪʫʧʘʝʪ ʚ ʫʧʨʘʚʣʝʥʠʝ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʛʦ ʘʚʪʦʜʦʨʦʞʥʦʛʦ ʥʘʜʟʦʨʘ ʧʦ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʫʧʨʘʚʣʝʥʠʝ ʪʨʘʥʩʧʦʨʪʘ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʫʧʨʘʚ-

ʣʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ʆʪʚʝʪʩʪʚʝʥʥʳʝ ʣʠʮʘ ʤʦʛʫʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʝʢʫʱʝʝ ʤʝʩʪʦʧʦ-

ʣʦʞʝʥʠʝ ʠ ʩʦʩʪʦʷʥʠʝ ʘʚʪʦʙʫʩʘ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦ ʠ ʦʙʱʠʡ ʢʠʣʦʤʝʪʨʘʞ ʩʦʚʝʨʰʝʥʥʳʭ ʠʤ ʨʝʡʩʦʚ. ɺ ʢʦʤʧʣʝʢʪ 

ʥʘʚʠʛʘʮʠʦʥʥʦ-ʩʚʷʟʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʭʦʜʷʪ ʜʚʫʭʩʪʦʨʦʥʥʷʷ ʛʨʦʤʢʘʷ ʩʚʷʟʴ ʠ ʪʨʝʚʦʞʥʘʷ ʢʥʦʧʢʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʉʉʅ ʧʨʠ ʦʮʝʥʢʝ ʠʤʠʜʞʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ 

ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʣʶʙʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʨʳʥʦʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʡ ʧʨʠʙʳʣʠ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʷ ʞʠʟʥʝʥʥʦ ʚʘʞʥʦ ʥʝ ʪʦʣʴ-

ʢʦ ʫʯʠʪʳʚʘʪʴ ʚʥʝʰʥʠʝ ʫʩʣʦʚʠʷ, ʥʦ ʠ ʠʤʝʪʴ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʣʘʛʦʧʨʠʷʪʥʦ-

ʛʦ ʚʥʝʰʥʝʛʦ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʠʤʠʜʞʘ, ʧʨʦʚʦʜʠʪʴ ʧʦʩʪʦʷʥʥʫʶ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʫʶ ʨʘʙʦʪʫ ʩ ʦʙʱʝʩʪʚʝʥʥʦʩʪʴʶ ʠ 

ʧʦʢʫʧʘʪʝʣʷʤʠ, ʚʦʟʚʝʜʝʥʥʫʶ ʚ ʧʨʠʥʮʠʧ ʜʝʷʪʝʣʴʥʦʩʪʠ ʬʠʨʤ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʟʘʜʘʯ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜ-

ʧʨʠʥʠʤʘʪʴ ʠ ʚʥʝʜʨʷʪʴ ʥʘ ʩʚʦʝʤ ʧʨʝʜʧʨʠʷʪʠʠ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʦʚʳʤʠ ʚ ʯʘʩʪʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʩʧʫʪʥʠ-

ʢʦʚʳʝ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ɻʃʆʅɸʉʉ ʠ GPS, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʙʳʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤ ʥʘ ʩʚʦʝʡ ʨʳʥʦʯ-

ʥʦʡ ʥʠʰʝ.  

ʇʦʥʷʪʠʝ ʠʤʠʜʞ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ: ʚʥʫʪʨʝʥʥʠʡ ʠ ʚʥʝʰʥʠʡ ʠʤʠʜʞ. ɺʥʝʰʥʠʡ ʠʤʠʜʞ 

ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʤʥʝʥʠʷ ʦ ʢʦʤʧʘʥʠʠ, ʬʦʨʤʠʨʫʝʪʩʷ ʨʝʢʣʘʤʥʦʡ ʢʘʤʧʘʥʠʝʡ, ʢʘʯʝʩʪʚʦʤ ʧʨʦʜʫʢʮʠʠ, 

ʩʚʷʟʷʤʠ ʩʦ ʩʨʝʜʩʪʚʘʤʠ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʙʱʝʩʪʚʝʥʥʦʡ ʨʘʙʦʪʦʡ. ɺʥʫʪʨʝʥʥʠʡ ʠʤʠʜʞ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʚʦʩʧʨʠʷʪʠʝ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʢʦʤʧʘʥʠʠ ʝʸ ʩʦʪʨʫʜʥʠʢʦʚ, ʤʝʥʝʜʞʝʨʦʚ, ʩʦʙʩʪʚʝʥʥʠʢʦʚ, ʘʢʮʠʦʥʝ-

ʨʦʚ, ʧʨʘʚʣʝʥʠʷ ʠ ʤʘʪʝʨʠʥʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʥʫʪʨʝʥʥʶʶ ʩʨʝʜʫ ʢʦʤʧʘʥʠʠ. 

ʈʘʩʩʤʦʪʨʠʤ, ʚʦʟʤʦʞʥʦ ʣʠ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʘʧʧʘʨʘʪʫʨʦʡ 

ʉʉʅ ʥʘ ʚʥʝʰʥʠʡ ʠʤʠʜʞ ʪʨʘʥʩʧʦʨʪʥʦʡ ʢʦʤʧʘʥʠʠ. ʕʬʬʝʢʪ ʦʪ ʚʥʝʜʨʝʥʠʷ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ ʥʘ ʪʘʢʦʡ ʵʣʝ-
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ʤʝʥʪ, ʢʘʢ ʚʥʝʰʥʠʡ ʠʤʠʜʞ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʛʣʘʟʘʤʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʫʩʣʫʛʠ ʠ ʧʨʦʯʠʭ ʚʥʝʰʥʠʭ ʩʪʨʫʢ-

ʪʫʨ, ʚʣʠʷʶʱʠʭ ʥʘʧʨʷʤʫʶ ʠʣʠ ʢʦʩʚʝʥʥʦ ʥʘ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʂʘʢ ʫʞʝ ʫʢʘʟʳʚʘʣʦʩʴ ʨʘʥʝʝ, ʫʩʪʘʥʦʚʢʘ ʉʉʅ ʥʘ ʪʨʘʥʩʧʦʨʪ ʢʘʪʝʛʦʨʠʠ ʄ ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʧʝʨʝʚʦʟʢʠ 

ʧʘʩʩʘʞʠʨʦʚ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʥʥʦʩʪʴʶ, ʚʦʟʣʦʞʝʥʥʦʡ ʟʘʢʦʥʦʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʯʠʪʘʪʴ ʫʩʪʘʥʦʚʢʫ ʘʧʧʘʨʘʪʫʨʳ ʉʉʅ 

ʦʪʣʠʯʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʨʝʜʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʝʣʴʟʷ. ʅʦ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʫʧʨʦʯʥʷʝʪʩʷ ʠʤʠʜʞ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʛʣʘʟʘʭ ʥʘʩʝʣʝʥʠʷ, ʫ ʢʦʪʦʨʦʛʦ ʚʦʟʥʠʢʘʝʪ ʯʫʚʩʪʚʦ ʟʘʙʦʪʳ 

ʩʦ ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʘ ʦ ʥʠʭ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʧʨʦʯʥʷʝʪʩʷ ʩʦʮʠʘʣʴʥʳʡ ʠʤʠʜʞ ʩʘʤʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʦʨʛʘʥʦʚ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ. 

ɺ ʩʣʫʯʘʝ ʩ ʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʤʠʩʷ ʥʘ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʢʘʭ, ʛʦʚʦʨʠʪʴ ʦʙ ʦʙʦʨʫʜʦʚʘʥʠʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʘʧʧʘʨʘʪʫʨʦʡ ʉʉʅ ʢʘʢ ʦ ʬʘʢʪʦʨʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʚʣʠʷʶʱʝʤ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʧʦ-

ʣʦʞʠʪʝʣʴʥʦʛʦ ʚʥʝʰʥʝʛʦ ʠʤʠʜʞʘ, ʠʤʝʝʪ ʩʤʳʩʣ, ʪʘʢ ʢʘʢ ʵʪʦ ʜʦʙʨʦʚʦʣʴʥʦʝ ʨʝʰʝʥʠʝ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʦʪʜʝʣʴʥʦ ʚʟʷ-

ʪʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʇʨʠ ʦʙʨʘʱʝʥʠʠ ʢʣʠʝʥʪʘ ʚ ʦʨʛʘʥʠʟʘʮʠʶ ʟʘ ʦʢʘʟʘʥʠʝʤ ʫʩʣʫʛʠ ʧʦ ʧʝʨʝʚʦʟʢʝ ʝʛʦ ʛʨʫʟʘ, ʦʥ ʦʙʨʘʱʘʝʪ ʚʥʠ-

ʤʘʥʠʝ ʥʘ ʪʝʭʥʠʯʝʩʢʫʶ ʦʩʥʘʱʸʥʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʥʝ ʚ ʧʦʩʣʝʜʥʶʶ ʦʯʝʨʝʜʴ. ʇʨʠ ʦʙʨʘʱʝʥʠʠ ʚ ʦʨʛʘʥʠ-

ʟʘʮʠʶ ʨʘʙʦʪʘʶʱʝʡ ʩʦ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʝʡ ʢʣʠʝʥʪʫ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʩʥʠʞʝʥʠʝ ʨʠʩʢʘ ʧʦ ʥʝʚʳʧʦʣʥʝʥʠʶ ʫʩʣʫ-

ʛʠ ʠ ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʟʘ ʩʯʸʪ: 

- ʩʦʙʣʶʜʝʥʠʷ ʨʝʞʠʤʘ ʪʨʫʜʘ ʠ ʦʪʜʳʭʘ ʚʦʜʠʪʝʣʝʡ (ʠʩʢʣʶʯʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ɼʊʇ ʠʟ-ʟʘ ʫʩʪʘʣʦʩʪʠ ʚʦ-

ʜʠʪʝʣʷ); 

- ʩʦʙʣʶʜʝʥʠʝ ʛʨʘʬʠʢʘ ʜʚʠʞʝʥʠʷ (ʠʩʢʣʶʯʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʥʷʪʠʷ ʢ ʧʝʨʝʚʦʟʢʝ çʣʝʚʳʭè ʛʨʫʟʦʚ); 

- ʠʩʢʣʶʯʝʥʠʝ ʧʝʨʝʧʨʦʙʝʛʦʚ ʠ ʢʦʥʪʨʦʣʴ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ. 

ɸ ʝʩʣʠ ʛʨʫʟʦʚʣʘʜʝʣʴʮʫ ʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʤʫ, ʢ ʧʨʠʤʝʨʫ, ʧʦ ʥʦʤʝʨʫ ʦʪʧʨʘʚʢʠ, ʦʪʩʣʝʞʠʚʘʪʴ ʜʚʠʞʝ-

ʥʠʝ ʩʚʦʝʛʦ ʛʨʫʟʘ ʦʪ ʧʫʥʢʪʘ ʧʦʛʨʫʟʢʠ ʜʦ ʧʫʥʢʪʘ ʨʘʟʛʨʫʟʢʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʦʪʟʳʚʝ 

(ʧʨʠ ʢʘʯʝʩʪʚʝʥʥʦ ʚʳʧʦʣʥʝʥʥʦʡ ʫʩʣʫʛʝ) ʤʦʞʥʦ ʙʳʪʴ ʫʚʝʨʝʥʥʳʤʠ. 

ʀ ʥʘʢʦʥʝʮ, ʛʦʚʦʨʷ ʦ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʪʘʢʩʦʤʦʪʦʨʥʳʤʠ ʧʝʨʝʚʦʟʢʘʤʠ ʧʘʩʩʘʞʠʨʦʚ, ʚʥʝʜʨʝ-

ʥʠʝ ʚ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʴ ʉʉʅ ʩʦ ʚʩʪʨʦʝʥʥʳʤ ʪʘʢʩʦʤʝʪʨʦʤ ʧʨʠʜʘʩʪ ʧʘʩʩʘʞʠʨʫ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʪʦʤ, ʯʪʦ ʧʦʝʟʜʢʘ ʙʫ-

ʜʝʪ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʦʡ, ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʫʛʠ  ʢʘʯʝʩʪʚʝʥʥʝʝ, ʘ ʫʩʣʫʛʘ ï ʙʦʣʝʝ ʢʦʤʬʦʨʪʘʙʝʣʴʥʦʡ ʜʣʷ ʢʣʠʝʥʪʘ ʟʘ ʩʯʸʪ: 

ʢʦʥʪʨʦʣʷ ʢʠʣʦʤʝʪʨʘʞʘ ʩʘʤʠʤ ʢʣʠʝʥʪʦʤ ʧʨʠ ʧʦʝʟʜʢʝ ʚ ʘʚʪʦʤʦʙʠʣʝ; ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʜʠʩʧʝʪʯʝʨʦʤ ʚʩʝʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚʳʝʭʘʚʰʠʭ ʥʘ ʤʘʨʰʨʫʪ; ʦʧʝʨʘʪʠʚʥʦʡ ʨʝʘʢʮʠʠ ʜʠʩʧʝʪʯʝʨʩʢʦʡ ʩʣʫʞʙʳ ʠ ʧʦʜʘʯʫ ʘʚʪʦʤʦ-

ʙʠʣʷ ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ ʧʦʩʣʝ ʟʘʢʘʟʘ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʩʪʘʥʦʚʢʘ ʘʧʧʘʨʘʪʫʨʳ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʩʨʝʜʩʪʚʘ ɸʊʇ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ, ʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʨʷʜ ʥʝʨʝʰʸʥʥʳʭ ʧʨʦʙʣʝʤʥʳʭ ʚʦʧʨʦʩʦʚ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʦʨʛʘʥʘʤʠ ʚʣʘʩʪʠ ʜʦʣʞʥʘ ʧʨʦʜʦʣʞʠʪʴʩʷ ʧʦʣʠʪʠʢʘ ʦʙ ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʉʉʅ ʥʘ ʘʚʪʦʤʦ-

ʙʠʣʴʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʧʨʦʜʦʣʞʠʪʴ ʨʘʟʚʠʪʠʝ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤ ʠ ʩʠ-

ʩʪʝʤ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚʦʟʤʦʞʥʦ ʦʙʦʨʫʜʦʚʘʪʴ ʩʠʩʪʝʤʳ ʩʧʝ-

ʮʠʘʣʴʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ, ʥʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʘ ʘʢʪʠʚʥʦʡ ʧʦʤʦʱʠ ʧʨʠ ʧʘʨʢʦʚʢʝ, ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʨʝ-

ʛʠʩʪʨʘʮʠʠ ʧʨʦʝʟʜʘ ʠ ʪ. ʧ. 
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2 

1 
ʘʩʧʠʨʘʥʪ, 

2 
ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ  

ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  

çʖʞʥʦ-ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè (ʅʀʋ) (ʏʝʣʷʙʠʥʩʢ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ ʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ ʥʝʬʪʷʥʳʭ ʢʦʢʩʦʚ ʩ ʩʝʨʦʡ  

0,5ï 4,3 ʤʘʩʩ. %. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʠʩʭʦʜʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʨʳ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʦʙʨʘʙʦʪʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʨʘʬʠʪ, ʥʝʬʪʷʥʦʡ ʢʦʢʩ, ʩʝʨʘ, ʪʝʨʤʠʯʝʩʢʘʷ ʜʝʩʫʣʴʬʫʨʠʟʘʮʠʷ, ʚʩʧʫʯʠʚʘʥʠʝ, ʥʠʟʢʦ-

ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʛʨʘʬʠʪʘʮʠʷ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʛʨʘʬʠʪ. ʆʙʣʘʩʪʴ ʝʛʦ ʧʨʠ-

ʤʝʥʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʢʘʢ ʧʨʦʚʦʜʷʱʠʤʠ, ʪʘʢ ʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʘʧʨʠʤʝʨ: ʚ ʤʝʪʘʣʣʫʨʛʠʠ ʠʩʧʦʣʴʟʫʶʪ 

ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʝ ʵʣʝʢʪʨʦʜʳ ʢʘʢ ʪʦʢʦʧʦʜʚʦʜʳ ʚ ʵʣʝʢʪʨʦʜʫʛʦʚʳʭ ʩʪʘʣʝʧʣʘʚʠʣʴʥʳʭ ʧʝʯʘʭ; ʚ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴ-

ʥʳʭ ʦʪʨʘʩʣʷʭ ï ʚʳʩʦʢʦʧʣʦʪʥʳʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʨʢʠ ʛʨʘʬʠʪʦʚ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʛʨʘʬʠʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʭʦʜʥʳʤ ʩʳʨʴʝʤ ʠ ʪʝʭʥʦʣʦʛʠʝʡ ʧʦʣʫʯʝʥʠʷ. ɺʳʩʦʢʫʶ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʚʜʦʣʴ ʦʩʠ ʧʨʝʩʩʦʚʘʥʠʷ ʛʨʘʬʠʪʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʠʛʦʣʴʯʘʪʦ-

ʛʦ ʢʦʢʩʘ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʚʳʰʝʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʛʨʘʬʠʪʦʚ ʧʨʠʤʝʥʷʶʪ 

ʢʦʢʩʳ ʠʟʦʪʨʦʧʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʢʦʢʩʘʭ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʪʨʫʢʪʫʨʳ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ (ʥʝ ʙʦʣʝʝ 0,5 

%). ʆʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʛʨʘʬʠʪʘ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʝʱʝ ʚ XIX  ʚʝʢʝ, ʥʝ ʧʨʝ-

ʪʝʨʧʝʣʠ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʂʦʢʩ ʟʘʜʘʥʥʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʤʝʰʠʚʘʶʪ ʩʦ ʩʚʷʟʫʶʱʠʤ, 

ʥʘʧʨʠʤʝʨ, ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʤ ʧʝʢʦʤ, ʩʤʝʩʴ ʧʨʝʩʩʫʶʪ. ʇʨʝʩʩʦʚʘʥʥʳʝ çʟʝʣʝʥʳʝè ʟʘʛʦʪʦʚʢʠ ʦʙʞʠʛʘʶʪ ʧʨʠ ʪʝʤʧʝ-

ʨʘʪʫʨʘʭ 900ï1000 
ʦ
ʉ: ʧʝʢ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʢʦʢʩ, ʩʚʷʟʳʚʘʷ ʠʩʭʦʜʥʳʡ ʢʦʢʩ ʚ ʝʜʠʥʫʶ ʤʦʥʦʣʠʪʥʫʶ ʟʘʛʦʪʦʚʢʫ. ʆʙʦ-

ʞʞʝʥʥʫʶ ʟʘʛʦʪʦʚʢʫ ʪʝʨʤʦʦʙʨʘʙʘʪʳʚʘʶʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 2500 
ʦ
ʉ ʠ ʚʳʰʝ [3], ʚ ʥʝʡ ʧʨʦʠʩʭʦʜʠʪ ʪʚʝʨʜʦʬʘʟʥʦʝ 

ʫʧʦʨʷʜʦʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʨʝʰʝʪʢʠ ʛʨʘʬʠʪʘ. 

ʇʨʦʠʟʚʦʜʠʤʳʝ ʚ ʈʦʩʩʠʠ ʥʝʬʪʷʥʳʝ ʢʦʢʩʳ ʨʝʛʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ ʙʦʣʝʝ 1,0 % ʦʪ-

ʚʝʨʛʘʶʪʩʷ ʢʘʢ ʩʳʨʴʝ ʜʣʷ ʛʨʘʬʠʪʠʨʦʚʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʇʦʩʢʦʣʴʢʫ ʪʘʢʠʝ ʢʦʢʩʳ ʠʥʠʮʠʠʨʫʶʪ ʧʨʠ ʛʨʘʬʠʪʘʮʠʠ 

ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʦʙʦʞʞʝʥʥʳʭ ʟʘʛʦʪʦʚʢʘʭ ʠ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʠ ʘʥʠʟʦʪʨʦʧʠʷ 

ʩʪʨʫʢʪʫʨʳ ʢʦʢʩʘ [2]. ɺʥʝʜʨʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʢʦʢʩʦʚ, ʢʘʢ ʠ ʮʝʣʝʚʦʡ ʧʦʜʛʦʪʦʚʢʠ ʪʷʞʝʣʳʭ ʥʝʬʪʷ-

ʥʳʭ ʦʩʪʘʪʢʦʚ ʜʣʷ ʢʦʢʩʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʣʦʩʝʨʥʠʩʪʦʛʦ ʢʦʢʩʘ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʥʝʪ [1]. ɺ ʫʩʣʦʚʠ-

ʷʭ ʜʝʡʩʪʚʫʶʱʠʭ ʩʘʥʢʮʠʡ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʝʨʥʠʩʪʳʭ ʢʦʢʩʦʚ ʘʢʪʫʘʣʠʟʠʨʫʝʪʩʷ. 

ɺ ʨʘʙʦʪʝ [5] ʦʪʤʝʯʝʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʩʧʦʩʦʙʦʚ ʩʥʠʞʝʥʠʷ ʩʝʨʳ ʚ ʥʝʬʪʷʥʳʭ ʢʦʢʩʘʭ: ʠʟʚʣʝʯʝʥʠʝ 

ʨʘʩʪʚʦʨʠʪʝʣʝʤ, ʪʝʨʤʠʯʝʩʢʘʷ ʜʝʩʫʣʴʬʫʨʠʟʘʮʠʷ, ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʜʝʩʫʣʴʬʫʨʠʟʘʮʠʷ, ʜʝʩʫʣʴʬʫʨʠʟʘʮʠʷ ʚ ʘʪʤʦʩʬʝʨʝ 

ʛʘʟʦʚ ʠʣʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʛʠʜʨʦʜʝʩʫʣʴʬʫʨʠʟʘʮʠʷ ʠ ʜʨʫʛʠʝ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠ ʪʝʨʤʠʯʝʩʢʦʝ ʦʙʝʩʩʝʨʠʚʘʥʠʝ ʥʝʬʪʷʥʳʭ ʢʦʢʩʦʚ ʩ ʠʩʭʦʜʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʩʝʨʳ ʦʪ 0,5 ʜʦ 4,3 %. 

ʊʝʨʤʦʦʙʨʘʙʦʪʢʫ ʢʦʢʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʢʘʣʢʠ (1300 
ʦ
ʉ) ʧʨʦʚʦʜʠʣʠ ʚ ʩʠʣʠʪʦʚʦʡ ʧʝʯʠ, ʧʨʠ 1400 

ʦ
ʉ 

ʠ ʚʳʰʝ ï ʚ ʧʝʯʠ ʊʘʤʤʘʥʘ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ; ʠʟʦʪʝʨʤʠʯʝʩʢʘʷ ʚʳʜʝʨʞʢʘ ʧʨʠ 1400 
ʦ
ʉ 

ï 2, 4, 5 ʠ 10 ʯʘʩ; ʧʨʠ 1500 
ʦ
ʉ ï 1, 2 ʠ 3 ʯʘʩʘ; ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ï 1 ʯʘʩ. ʆʙʨʘʟʮʳ ʦʭʣʘʞʜʘʣʠ ʚʤʝ-

ʩʪʝ ʩ ʧʝʯʴʶ, ʟʘʪʝʤ ʦʧʨʝʜʝʣʷʣʠ ʤʘʩʩʦʚʫʶ ʜʦʣʶ ʩʝʨʳ.  

ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʢʘʣʢʝ ʧʦʪʝʨʷ ʩʝʨʳ ʥʝʟʥʘʯʠʪʝʣʴʥʘ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ ʟʘ-

ʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʢʦʥʝʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʦ ʠ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʳʜʝʨʞʢʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʝ ʠ ʠʩʭʦʜʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʨʳ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʩʝʨʳ ʜʦ ʫʨʦʚʥʷ 0,1ï0,3 % ʧʨʠ 1400 
ʦ
ʉ ʪʨʝʙʫʝʪʩʷ 10 ʯʘʩʦʚ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ; ʧʨʠ 1500 
ʦ
ʉ ï 3 ʯʘʩʘ; ʧʨʠ 1800 

ʦ
ʉ ï 1 ʯʘʩʘ. ʇʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [5], ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʩʙʨʦʩ ʩʝʨʳ ʟʘ 0,5 ʯʘʩʘ ʧʨʠ 1800 
ʦ
ʉ ʩʦʩʪʘʚʠʣ 91 %. 

 

ʊʘʙʣʠʮʘ 

ɺʣʠʷʥʠʝ ʨʝʞʠʤʘ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʥʘ ʤʘʩʩʦʚʫʶ ʜʦʣʶ ʩʝʨʳ (%) ʚ ʥʝʬʪʷʥʳʭ ʢʦʢʩʘʭ ʠʟ ʛʫʜʨʦʥʘ 

ʊʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʙʦʪʢʠ, ʦʉ ɺʨʝʤʷ ʚʳʜʝʨʞʢʠ, ʯ ʂʦʢʩ ɸ ʂʦʢʩ ɺ ʂʦʢʩ ʉ ʂʦʢʩ D 

ʠʩʭʦʜʥʳʡ ï 0,5 1,5 2,3 4,3 

1300 5 0,5 1,4 2,1 3,7 

1400 2 0,4 1,3 2,1 3,4 

1400 3 0,3 1,3 1,9 2,0 

1400 4 0,4 1,2 1,4 1,5 

                                                           
É ʉʘʣʠʭʦʚ ɼ.ɸ., ɼʳʩʢʠʥʘ ɹ.ʐ. / Salikhov D.A., Dyskina B.Sh., 2015 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 
ʊʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʙʦʪʢʠ, ʦʉ ɺʨʝʤʷ ʚʳʜʝʨʞʢʠ, ʯ ʂʦʢʩ ɸ ʂʦʢʩ ɺ ʂʦʢʩ ʉ ʂʦʢʩ D 

1400 5 0,5 1,1 0,3 0,5 

1400 10 0,3 0,3 0,1 0,1 

1500 1 0,4 1,3 1,7 3,2 

1500 2 0,5 0,8 0,6 0,5 

1500 3 0,3 0,3 0,1 0,1 

1800 1 0,2 0,2 0,2 0,2 

 

ɼʝʩʫʣʴʬʫʨʠʟʘʮʠʷ ʚ ʦʙʣʘʩʪʠ 1400ï1800 ÁC ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʛʨʘʬʠʪʘʮʠʝʡ, ʩʥʠʞʝʥʠ-

ʝʤ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʠ ʢʘʞʫʱʝʡʩʷ ʧʣʦʪʥʦʩʪʠ. ʋʚʝʣʠʯʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘ ʩʯʸʪ ʫʚʝ-

ʣʠʯʝʥʠʷ ʨʘʟʤʝʨʦʚ ʤʠʢʨʦʧʦʨ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʵʪʦʪ ʵʬʬʝʢʪ ʥʘʩʪʦʣʴʢʦ ʷʚʥʦ ʚʳʨʘʞʝʥ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚʩʢʨʳʪʠʝ 

ʤʝʟʦʧʦʨ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʫʚʝʣʠʯʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʤʝʞʧʦʨʦ-

ʚʳʭ ʩʪʝʥʦʢ. ʄʝʪʦʜʦʤ ʨʪʫʪʥʦʡ ʧʦʨʦʤʝʪʨʠʠ ʚʳʷʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʧʦʨ ï ʧʦʷʚʣʝʥʠʝ ʢʘʥʘʣʴʥʳʭ ʧʦʨ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʪʦʷʥʥʳʤ ʧʦ ʜʣʠʥʝ ʩʝʯʝʥʠʝʤ. ʆʙʲʸʤ ʠ ʧʨʝʦʙʣʘʜʘʶʱʠʡ ʨʘʟʤʝʨ ʧʦʨ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʚʳʰʝ ʠʩ-

ʭʦʜʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʢʦʢʩʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʙʦʪʢʠ, ʥʘʧʨʠʤʝʨ, ʚ ʢʦʢʩʝ ʉ, ʧʨʠ 1400ï1500 Üʉ, ʧʨʝʦʙʣʘʜʘ-

ʶʱʠʡ ʨʘʟʤʝʨ ʧʦʨ ʩʦʩʪʘʚʠʣ ~60 ʥʤ; ʧʨʠ 1600 Üʉ ~80 ʥʤ; ʧʨʠ 1700ï2000 Üʉ ~100ï115 ʥʤ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʨʦʮʝʩʩʘʤ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʤ ʜʝʩʫʣʴʬʫʨʠʟʘʮʠʶ ʥʝʬʪʷʥʳʭ ʢʦʢʩʦʚ, ʧʨʠʚʝ-

ʜʝʥʳ ʚ ʨʘʙʦʪʘʭ [4, 6, 7]. ʇʦ ʤʥʝʥʠʶ ʵʪʠʭ ʘʚʪʦʨʦʚ, ʩʝʨʘ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ ʫʭʦʜʠʪ ʚ ʚʠʜʝ ʩʝʨʦʫʛʣʝ-

ʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʪʝʤ ʦʢʘʟʳʚʘʝʪ ʢʘʪʘʣʠʟʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʮʝʩʩʳ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʛʨʘʬʠʪʘʮʠʠ. 

ʆʜʥʘʢʦ ʥʝ ʩʣʝʜʫʝʪ ʠʩʢʣʶʯʘʪʴ ʚʣʠʷʥʠʷ ʚʥʫʪʨʠʧʦʨʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʭʦʜʘ ʩʝʨʳ ʠʟ 

ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʛʘʟʦʦʙʨʘʟʥʦʝ, ʢʦʪʦʨʦʝ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʠ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʩʝ ʵʪʠ ʷʚʣʝʥʠʷ. 
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Abstract. The research and the analysis of processes of a desulfurization of oil coke with sulfur of 0,5-4,3 

masses % was investigated. It is shown that efficiency of a desulfurization depends on the initial concentration of sulfur 

and on the temperature condition of processing. 
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ʉʀʉʊɽʄɸ ɸʅɸʃʀɿɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ɼɽʗʊɽʃʔʅʆʉʊʀ  

ʇʈɽɼʇʈʀʗʊʀʁ ʉʆʎʀɸʃʔʅʆʁ ʉʌɽʈʓ 
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ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 
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ʩʪʫʜʝʥʪ 

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ. ʌ. ʈʝʰʝʪʥʝʚʘ (ʂʨʘʩʥʦʷʨʩʢ), ʈʦʩʩʠʷ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ DEA (Data Envelopment 

Analysis) ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʝ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʩʬʝʨʝ 

ɾʂʍ. ʈʘʟʦʙʨʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʳʷʚʣʝʥʳ ʢʨʠʪʝʨʠʠ ʧʨʠʤʝʥʠʤʳʝ ʢ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʤʝʪʦʜʫ, ʦʧʨʝʜʝʣʝʥ ʘʣʛʦʨʠʪʤ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʦʙʲʝʢʪʦʚ ʠʩʭʦʜʷ ʠʟ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɾʂʍ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʦʮʝʥʢʘ, dea, ʩʦʮʠʘʣʴʥʘʷ ʩʬʝʨʘ. 
 

ɾʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʝ ʭʦʟʷʡʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʨʘʩʣʴ ʩʬʝʨʳ ʫʩʣʫʛ ʠ ʚʘʞʥʝʡʰʫʶ ʯʘʩʪʴ ʪʝʨʨʠʪʦ-

ʨʠʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʦʧʨʝʜʝʣʷʶʱʫʶ ʫʩʣʦʚʠʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʢʦʤʬʦʨʪʥʦʩʪʠ ʞʠ-

ʣʠʱʘ, ʝʛʦ ʠʥʞʝʥʝʨʥʦʝ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʦ, ʢʘʯʝʩʪʚʦ ʠ ʥʘʜʝʞʥʦʩʪʴ ʫʩʣʫʛ ʪʨʘʥʩʧʦʨʪʘ, ʩʚʷʟʠ, ʙʳʪʦʚʳʭ ʫʩʣʫʛ, ʦʪ ʢʦʪʦʨʳʭ 

ʟʘʚʠʩʠʪ ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ, ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʠ ʩʦʮʠʘʣʴʥʳʡ ʢʣʠʤʘʪ ʥʝ ʪʦʣʴʢʦ ʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ, ʥʦ ʠ ʚ ʦʪʜʝʣʴʥʦ 

ʚʟʷʪʳʭ ʜʦʤʘʭ, ʨʘʡʦʥʘʭ ʛʦʨʦʜʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʝʬʦʨʤʘ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ (ɾʂʍ) ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʦʡ 

ʠʟ ʩʘʤʳʭ ʦʩʪʨʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʈʦʩʩʠʠ. ʇʨʠʯʠʥʘ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʧʨʦʜʦʣʞʘʝʪʩʷ 

ʫʞʝ ʙʦʣʝʝ ʜʝʩʷʪʠ ʣʝʪ ʠ ʧʦʢʘ, ʧʦ ʤʥʝʥʠʶ ʧʦʜʘʚʣʷʶʱʝʡ ʯʘʩʪʠ ʥʘʩʝʣʝʥʠʷ, ʥʝ ʧʨʠʥʝʩʣʘ ʢʘʢʠʭ-ʣʠʙʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʝ-

ʟʫʣʴʪʘʪʦʚ, ʢʨʦʤʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʦʩʪʘ ʪʘʨʠʬʦʚ ʥʘ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʳʝ ʫʩʣʫʛʠ. ʇʦʵʪʦʤʫ ʨʝʬʦʨʤʘ ɾʂʍ ʠ ʩʚʷʟʘʥ-

ʥʳʝ ʩ ʥʝʡ ʧʨʦʮʝʩʩʳ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʦʮʠʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʦʙʱʝʩʪʚʝ [2]. 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʦʙʣʝʤ ɾʂʍ ʚ ʈʦʩʩʠʠ ʦʙʫʩʣʦʚʣʝʥʳ ʥʝʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ. ʋʧʨʘʚʣʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʳʭ ʫʩʣʫʛ (ɾʂʋ) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʛʣʘʩʦʚʘʥʠʠ, ʜʦʩʪʠʞʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʩʪʠ 

ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʩʪʘʚʱʠʢʦʚ ʫʩʣʫʛ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʦʪʨʝʙʠʪʝʣʷ ʩ ʜʨʫʛʦʡ.  

ʆʩʥʦʚʥʳʤʠ ʩʫʙʲʝʢʪʘʤʠ ʨʳʥʢʘ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʳʭ ʫʩʣʫʛ ʷʚʣʷʶʪʩʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʪʨʝʙʠʪʝʣʠ 

ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʳʭ ʫʩʣʫʛ (ʥʘʩʝʣʝʥʠʝ ʠ ʭʦʟʷʡʩʪʚʫʶʱʠʝ ʩʫʙʲʝʢʪʳ), ʘ ʩ ʜʨʫʛʦʡ ï ʧʨʦʠʟʚʦʜʠʪʝʣʠ ɾʂʋ (ʦʨ-

ʛʘʥʠʟʘʮʠʠ, ʫʧʨʘʚʣʷʶʱʠʝ ʞʠʣʠʱʥʳʤ ʬʦʥʜʦʤ; ʚʦʜʦʢʘʥʘʣ, ʵʣʝʢʪʨʦʩʝʪʠ ʠ ʪ. ʜ). ʂʘʞʜʳʡ ʠʟ ʩʫʙʲʝʢʪʦʚ ʨʳʥʢʘ 

ʧʨʝʜʲʷʚʣʷʝʪ ʩʚʦʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʳʭ ʫʩʣʫʛ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʪʨʝʙʠʪʝʣʴ ʢ 

ʦʩʥʦʚʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʪʨʝʙʣʷʝʤʳʭ ɾʂʋ ʦʪʥʦʩʠʪ ʢʘʯʝʩʪʚʦ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʳʭ ʫʩʣʫʛ, 

ʪ. ʝ. ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʢ ʢʨʠʪʝʨʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪʥʦ-

ʩʷʪ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʪ. ʝ. ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʢʘʯʝʩʪʚʦ ʥʘ ʦʩʥʦʚʝ ʠʩʭʦʜʷʱʠʭ ʦʪ ʧʦʪʨʝʙʠʪʝ-

ʣʝʡ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ [4]. 

ɿʘʜʘʯʘ ʦʮʝʥʢʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʘʢʦʡ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʢʘʢ ʦʪʨʘʩʣʴ ɾʂʍ, ʥʝ 

ʷʚʣʷʝʪʩʷ ʪʨʠʚʠʘʣʴʥʦʡ. ʂʦʥʝʯʥʦ, ʩʧʝʮʠʘʣʠʩʪʳ ʤʦʛʫʪ ʠʥʪʫʠʪʠʚʥʦ ʦʧʨʝʜʝʣʷʪʴ, ʢʘʢʠʝ ʧʦʩʪʘʚʱʠʢʠ ʫʩʣʫʛ ʨʘʙʦʪʘʶʪ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʘ ʢʘʢʠʝ ʦʪʩʪʘʶʪ ʦʪ ʜʨʫʛʠʭ. ʅʦ ʚʳʨʘʟʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʤʝʨʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʯʘʩʪʦ ʙʳ-

ʚʘʝʪ ʦʯʝʥʴ ʩʣʦʞʥʦ, ʘ ʧʦʜʯʘʩ ʠ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ [5]. 

ʂʦʤʧʴʶʪʝʨʥʘʷ ʧʦʜʜʝʨʞʢʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʫʧʨʘʚ-

ʣʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʪʘʢʦʡ ʧʦʜʜʝʨʞʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦ-

ʜʳ, ʚʳʙʦʨ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʘ ʪʘʢʞʝ ʦʪ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ. ɿʜʝʩʴ ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ 

ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ Data Envelopment Analysis (DEA) [1, 6].  

ʇʦʩʢʦʣʴʢʫ ʟʘʜʘʯʘ ʚ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʚ ʪʝʨʤʠʥʘʭ ʚʭʦʜʦʚ ʠ ʚʳʭʦʜʦʚ (inputs/outputs), ʪʦ ʥʝʦʙʭʦ-

ʜʠʤʦ ʦʪʥʝʩʪʠ ʦʜʥʫ ʯʘʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʲʝʢʪʳ, ʢ ʚʭʦʜʘʤ, ʘ ʜʨʫʛʫʶ ʯʘʩʪʴ ʧʦʢʘʟʘʪʝ-

ʣʝʡ ï ʢ ʚʳʭʦʜʘʤ. ʆʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ DEA ʚ ʨʷʜʝ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʨʘʟʜʝʣʝ-

ʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʤʦʞʝʪ ʥʝ ʙʳʪʴ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʡ ʩʚʷʟʠ, ʢʘʢ ʵʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝ-

ʥʠʶ ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʦʡ: ʧʦʢʘʟʘʪʝʣʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʩʯʠʪʘʶʪʩʷ ʤʝʥʴ-

ʰʠʝ ʟʥʘʯʝʥʠʷ, ʩʣʝʜʫʝʪ ʫʩʣʦʚʥʦ ʦʪʥʦʩʠʪʴ ʢ ʚʭʦʜʥʳʤ, ʘ ʧʦʢʘʟʘʪʝʣʠ, ʜʣʷ ʢʦʪʦʨʳʭ, ʥʘʦʙʦʨʦʪ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʷʚ-

ʣ̫ ʶʪʩʷ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ, ʩʣʝʜʫʝʪ ʫʩʣʦʚʥʦ ʦʪʥʦʩʠʪʴ ʢ ʚʳʭʦʜʥʳʤ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʧʦ 

ʤʝʪʦʜʫ DEA ʤʳ ʧʦʣʫʯʠʤ ʜʣʷ çʥʝʵʬʬʝʢʪʠʚʥʳʭè ʦʙʲʝʢʪʦʚ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʥʠʞʝʥʠʶ ʟʥʘʯʝʥʠʡ ʚʭʦʜʥʳʭ ʠ ʫʚʝʣʠʯʝ-

ʥʠʶ ʟʥʘʯʝʥʠʡ ʚʳʭʦʜʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʯʪʦ ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʣʦʛʠʢʝ ʢʦʥʢʨʝʪʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ɺʦʟʤʦʞ-

ʥʳ ʠ ʜʨʫʛʠʝ ʧʦʜʭʦʜʳ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʨʘʟʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ [7]. 

ʄʝʪʦʜ DEA ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʲʝʢʪʦʚ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥʠ 

ʩʨʘʚʥʠʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. ʆʜʥʘʢʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥ ʪʘʢʦʡ ʧʦʜʭʦʜ: ʵʢʩʧʝʨʪʳ ʬʦʨʤʠʨʫʶʪ ʥʝʢʦʪʦʨʦʝ 

ʤʥʦʞʝʩʪʚʦ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʠʤʝʶʱʠʭ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʪʘʢʠʝ, ʯʪʦ ʵʪʠ ʛʠʧʦʪʝʪʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʥʷʪʳ ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʦʚ. ʂʦʥʝʯʥʦ, ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʜʦʣʞʥʳ ʚʳʙʠʨʘʪʴʩʷ ʩ 

ʫʯʝʪʦʤ ʨʝʘʣʴʥʦʡ ʜʦʩʪʠʞʠʤʦʩʪʠ ʵʪʠʭ ʟʥʘʯʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʠʧʦʪʝʪʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʙʫʜʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʛʨʘʥʠʮʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʩʦʧʦʩʪʘʚʣʷʪʴ ʨʝʘʣʴʥʳʝ ʦʙʲʝʢʪʳ [3]. 
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ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶ-

ʱʠʝ ʢʨʠʪʝʨʠʠ: ʪʨʝʙʫʝʤʳʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ; ʬʦʨʤʘ ʚʳʭʦʜʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ; ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʬʘʢʪʦʨʘ. ʇʨʠʤʝʥʠʚ ʵʪʠ ʞʝ ʢʨʠʪʝʨʠʠ ʢ ʤʝʪʦʜʫ DEA, ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʫʶ ʢʘʨʪʠʥʫ. 

1. ʊʨʝʙʫʝʤʳʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ DEA ʥʝʦʙʭʦʜʠʤʳ ʪʦʣʴʢʦ ʣʠʰʴ ʟʥʘʯʝʥʠʷ ʚʭʦʜ-

ʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. ʅʝ ʪʨʝʙʫʝʪʩʷ ʟʘʜʘʚʘʪʴ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʫʢʘʟʘʥʠʷ 

ʚʘʞʥʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ (ʭʦʪʷ ʨʷʜ ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʵʪʦ). ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ 

ʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʪʘʢʦʝ ʜʝʣʝʥʠʝ ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ. 

2. ʌʦʨʤʘ ʚʳʭʦʜʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʤʝʪʦʜʘ DEA ʙʫʜʝʪ ʦʜʠʥ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘ-

ʪʝʣʴ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʠʟʫʯʘʝʤʳʭ ʦʙʲʝʢʪʦʚ. ʆʙʲʝʢʪʳ ʤʦʛʫʪ ʙʳʪʴ ʨʘʥʞʠʨʦʚʘʥʳ ʧʦ ʟʥʘʯʝʥʠʷʤ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʠʟʚʦʜʷʪʩʷ ʢʦʥʢʨʝʪʥʳʝ ʦʮʝʥʢʠ ʞʝʣʘʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚʦ ʚʭʦʜʘʭ/ʚʳʭʦʜʘʭ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ 

ʙʳ ʚʳʚʝʩʪʠ ʥʝʵʬʬʝʢʪʠʚʥʳʝ ʦʙʲʝʢʪʳ ʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʛʨʘʥʠʮʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

3. ʉʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. ɺ ʤʝʪʦʜʝ DEA ʟʥʘʥʠʷ ʵʢʩʧʝʨʪʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ (ʨʷʜ ʤʦʜʝʣʝʡ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʵʪʦ), ʥʘʧʨʠʤʝʨ, ʜʣʷ ʫʯʝʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʘʞ-

ʥʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʵʢʩʧʝʨʪʥʦʛʦ ʟʥʘʥʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘ-

ʝʪ ʩʪʝʧʝʥʴ ʩʫʙʲʝʢʪʠʚʠʟʤʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʦʜ DEA ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʚʣʠʷʥʠʝ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʀʩʧʦʣʴʟʫʷ ʠʜʝʶ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʤʝʪʦʜ DEA, ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʩʣʝʜʫʶʱʠʡ ʧʨʦʩʪʦʡ ʘʣʛʦʨʠʪʤ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʦʙʲʝʢʪʦʚ (ʩʯʠʪʘʝʤ, ʯʪʦ ʢʦʥʢʨʝʪʥʘʷ ʤʦʜʝʣʴ DEA ʫʞʝ ʚʳʙʨʘʥʘ). 

ʐʘʛ 1. ʆʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʚ ʚʳʙʦʨʢʝ. 

ʐʘʛ 2. ʆʙʲʝʢʪʳ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʨʘʚʥʘ ʝʜʠʥʠʮʝ, ʫʜʘʣʠʪʴ ʠʟ ʚʳʙʦʨʢʠ. ʕʪʦ ʙʫʜʝʪ ʧʝʨʚʳʡ çʢʣʘ-

ʩʪʝʨè ï ʦʙʲʝʢʪʳ ʩ ʥʘʠʚʳʩʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. 

ʐʘʛ 3. ʆʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʝʭ ʦʙʲʝʢʪʦʚ, ʦʩʪʘʚʰʠʭʩʷ ʚ ʚʳʙʦʨʢʝ. 

ʐʘʛ 4. ʆʙʲʝʢʪʳ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʨʘʚʥʘ ʝʜʠʥʠʮʝ, ʫʜʘʣʠʪʴ ʠʟ ʚʳʙʦʨʢʠ. ʕʪʦ ʙʫʜʝʪ ʩʣʝʜʫʶʱʠʡ 

çʢʣʘʩʪʝʨè. 

ʐʘʛ 5. ɽʩʣʠ ʚ ʚʳʙʦʨʢʝ ʦʩʪʘʣʠʩʴ ʦʙʲʝʢʪʳ, ʪʦ ʧʝʨʝʡʪʠ ʢ ʰʘʛʫ 3, ʠʥʘʯʝ ï ʢ ʰʘʛʫ 6. 

ʐʘʛ 6. ɿʘʚʝʨʰʝʥʠʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʙʫʜʝʪ ʛʨʫʧʧʘ çʢʣʘʩʪʝʨʦʚè, ʩʦʜʝʨʞʘʱʠʭ ʦʙʲʝʢʪʳ, ʦʜʥʦ-

ʨʦʜʥʳʝ ʥʝ ʚ ʩʤʳʩʣʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʘʢ ʚ ʢʣʘʩʪʝʨʥʦʤ ʘʥʘʣʠʟʝ, ʘ ʦʜʥʦʨʦʜʥʳʝ ʚ ʩʤʳʩʣʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɽʱʝ ʦʜʥʠʤ ʦʪʣʠʯʠʝʤ ʦʪ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ çʢʣʘʩʪʝʨʳè ʙʫʜʫʪ 

ʫʧʦʨʷʜʦʯʝʥʳ ï ʧʦ ʩʪʝʧʝʥʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜ DEA ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ 

ʧʨʦʮʝʩʩʝ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʥʝʵʬʬʝʢʪʠʚʥʳʭ ʦʙʲʝʢ-

ʪʦʚ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʠʣʠ ʫʤʝʥʴʰʝʥʠʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʝʨʝʤʝʥʥʳʭ.  
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Abstract. In this article the question of possibility of application of the DEA method (Data Envelopment Analy-
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ʈɸɿɺʀʊʀɽ ʏɽʈʅʆʁ ʄɽʊɸʃʃʋʈɻʀʀ ɺ ʂɸɿɸʍʉʊɸʅɽ (1965-1995 ɻɻ.) 
 

 
ɽ.ʌ. ɸʙʜʫʭʘʠʤʦʚ

1
, ʊ. ʂʘʢʘʨʦʚʘ

2
, ɸ. ɾʦʣʜʘʩʙʝʢ

3
 

1 
ʢʘʥʜʠʜʘʪ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

2 
ʤʘʛʠʩʪʨ, 

3 
ʧʨʝʧʦʜʘʚʘʪʝʣʴ  

1 
ʖʞʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ʆ. ɸʫʵʟʦʚʘ (ʐʳʤʢʝʥʪ), ʂʘʟʘʭʩʪʘʥ 

2, 3 
ʖʞʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʛʫʤʘʥʠʪʘʨʥʳʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʄ. ʉʘʧʘʨʙʘʝʚʘ (ʐʳʤʢʝʥʪ), ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʕʪʘ ʩʪʘʪʴʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʨʘʟʚʠʪʠʝ ʨʝʩʫʨʩʥʦʡ ʙʘʟʳ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʜʦʙʳʚʘʶʱʝʡ ʠ ʥʝ ʧʝʨʝʨʘʙʘʪʳʚʘʶ-

ʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʤʳʰʣʝʥʥʦʝ ʨʘʟʚʠʪʠʝ, ʢʦʤʧʘʥʠʷ, ʤʘʩʰʪʘʙʥʦʝ ʧʨʦʤʳʰʣʝʥʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ. 

 

ʏʝʨʥʘʷ ʤʝʪʘʣʣʫʨʛʠʷ ʷʚʠʣʘʩʴ ʦʪʨʘʩʣʴʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʠʤʝʣʘ ʙʦʣʴʰʦʝ ʨʘʡʦʥʦʦʙʨʘʟʫʶʱʝʝ 

ʟʥʘʯʝʥʠʝ. ʉʪʘʥʦʚʣʝʥʠʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʪʦʡ ʦʪʨʘʩʣʠ ʚ ʂʘʟʘʭʩʪʘʥʝ ʰʣʦ ʧʦ ʣʠʥʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʱʥʦʡ ʞʝʣʝ-

ʟʦʨʫʜʥʦʡ ʙʘʟʳ ʦʙʱʝʩʦʶʟʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠ ʉʉʉʈ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʦʪʢʨʳʪʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʝʩʧʫʙʣʠʢʠ 

ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʭʨʦʤʠʪʦʚʳʭ, ʤʘʨʛʘʥʮʝʚʳʭ ʠ ʞʝʣʝʟʥʳʭ ʨʫʜ. ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʨʝʩʧʫʙʣʠ-

ʢʠ ʦʙʝʩʧʝʯʠʚʘʣʠʩʴ ʚ ʦʩʥʦʚʥʦʤ ʩʳʨʴʝʚʳʤʠ ʨʝʩʫʨʩʘʤʠ ʩʦʙʩʪʚʝʥʥʳʭ ʢʘʟʘʭʩʪʘʥʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʂ 1985 ʛʦʜʫ 

ʙʳʣʠ ʜʦʙʳʪʳ ʧʝʨʚʳʝ ʢʫʙʦʤʝʪʨʳ ʨʫʜʳ ʥʘ ʂʦʯʘʨʩʢʦʤ ɻʆʂʝ, ʪʘʢʞʝ ʙʳʣʦ ʟʘʚʝʨʰʝʥʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ɾʝʟʢʝʥʪʩʢʦʛʦ 

ɻʆʂʘ. ʅʘ ʉʦʢʦʣʦʚʩʢʦ-ʉʘʨʙʘʡʩʢʦʤ ʢʦʤʙʠʥʘʪʝ ʙʳʣ ʩʜʘʥ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʨʫʜʥʠʢ ʂʫʨʞʫʥʢʫʣʴʩʢʠʡ.  

ʆʧʨʝʜʝʣʝʥʥʳʝ ʧʦʜʚʠʞʢʠ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʩʦʚʝʪʩʢʦʡ ʵʧʦʭʠ ʧʨʦʠʟʦʰʣʠ ʠ ʚʦ ʚʥʝʜʨʝʥʠʠ ʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ. ʊʘʢ, ʥʘ ʂʘʨʘʛʘʥʜʠʥʩʢʦʤ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʢʦʤʙʠʥʘʪʝ ʚ 

ʥʘʯʘʣʝ 1980-ʭ ʛʦʜʦʚ ʚʩʪʫʧʠʣ ʚ ʜʝʡʩʪʚʠʝ ʫʥʠʢʘʣʴʥʳʡ ʮʝʭ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʙʝʣʦʡ ʞʝʩʪʠ, ʩʪʦʣʴ ʜʝʬʠʮʠʪʥʳʡ ʜʣʷ 

ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʪʨʘʥʳ ʠ ʩʪʨʘʥ ʉʕɺ. ɺ ʵʪʠ ʞʝ ʛʦʜʳ ʚʩʪʫʧʠʣ ʚ ʩʪʨʦʡ ʂʘʯʘʨʩʢʠʡ ʛʦʨʥʦ-

ʦʙʦʛʘʪʠʪʝʣʴʥʳʡ ʢʦʤʙʠʥʘʪ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʨʠʟʚʘʥ ʚʳʧʦʣʥʷʪʴ ʨʦʣʴ ʥʦʚʦʡ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʂʘʟʘʭʩʪʘʥʩʢʦʡ ʄʘʛʥʠʪ-

ʢʠ. ɽʨʤʘʢʦʚʩʢʠʡ ʟʘʚʦʜ ʬʝʨʨʦʩʧʣʘʚʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣ ʚʳʧʫʩʢ ʧʨʦʜʫʢʮʠʠ. ɺ ʛ. ʈʫʜʥʦʤ ʙʳʣʠ ʩʦʟʜʘʥʳ 

ʤʦʱʥʦʩʪʠ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʛʥʝʫʧʦʨʦʚ.  

 

ʊʘʙʣʠʮʘ 1 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʧʨʦʜʫʢʮʠʠ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʚ 1965ï1995 ʛʛ. (ʤʣʥ.ʪ) [3] 

ʇʨʦʜʫʢʮʠʷ / ʛʦʜʳ 

 

1965 

 

1970 

 

1975 

 

1980 

 

1985 

 

1990 

 

1995 

 ɾʝʣʝʟʥʘʷ ʨʫʜʘ 

ʏʫʛʫʥ 

14,1 

1,6 

18,2 

1,8 

21,5 

3,6 

25,8 

 

23,0 

4,9 

23,8 

5,2 

14,9 

2.5 

ʉʪʘʣʴ 1,1 2,2 4,9 6,0 6,1 6,8 3,0 

ʇʨʦʢʘʪ 0,4 2,4 3,8 4,1 4,4 5,0 2,2 

 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʚ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʊʘʢ, ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʧʨʦʢʘʪʘ ʚ ʂʘʟʘʭʩʪʘʥʝ ʧʦʣʥʦʩʪʴʶ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʂʘʨʤʝʪʢʦʤʙʠʥʘʪʝ, ʥʘ ʜʦʣʶ ʉʦʢʦʣʦʚʩʢʦ-ʉʘʨʳʙʘʡʩʢʦʛʦ ɻʆʂ 

ʧʨʠʭʦʜʠʪʩʷ 61 % ʧʨʦʠʟʚʦʜʠʤʦʡ ʚ ʨʝʩʧʫʙʣʠʢʝ ʞʝʣʝʟʥʦʡ ʨʫʜʳ, ʥʘ ʜʦʣʶ ɸʢʩʫʡʩʢʦʛʦ ʟʘʚʦʜʘ ʬʝʨʨʦʩʧʣʘʚʦʚ - ʦʢʦ-

ʣʦ 81 % ʦʪ ʠʭ ʦʙʱʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺ ʩʦʩʪʘʚʝ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʂʘʟʘʭʩʪʘʥʘ ʠʤʝʝʪʩʷ ʧʷʪʴ ʦʪʨʘʩʣʝʡ: ʛʦʨʥʦʨʫʜʥʘʷ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ, ʬʝʨ-

ʨʦʩʧʣʘʚʥʘʷ, ʦʛʥʝʫʧʦʨʥʘʷ ʠ ʣʦʤʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʘʷ. ɺ ʥʠʭ ʨʘʙʦʪʘʶʪ ʢʨʫʧʥʳʝ ʞʝʣʝʟʦʨʫʜʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʉʦ-

ʢʦʣʦʚʩʢʦ-ʉʘʨʳʙʘʡʩʢʠʡ, ʃʠʩʘʢʦʚʩʢʠʡ, ʂʘʰʘʨʩʢʠʡ ɻʆʂ ʠ ɸʪʘʩʫʡʩʢʦʝ ʨʫʜʦʫʧʨʘʚʣʝʥʠʝ), ʭʨʦʤʠʪʦʚʦʝ (ɼʦʥʩʢʦʡ 

ɻʆʂ), ʤʘʨʛʘʥʮʝʚʦʝ (ɾʝʟʜʠʥʩʢʦʝ ʨʫʜʦʫʧʨʘʚʣʝʥʠʝ), ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪ ʠ ʜʚʘ ʬʝʨʨʦ-

ʩʧʣʘʚʥʳʭ ʟʘʚʦʜʘ (ɸʢʩʫʡʩʢʠʡ ʠ ɸʢʪʶʙʠʥʩʢʠʡ), ʟʘʚʦʜ çʂʘʟʦʛʥʝʫʧʦʨʳè (ʛ. ʈʫʜʥʳʡ) ʠ ʇʆ çʂʘʟʚʪʦʨʯʝʨʤʝʪè 

(ʛ. ɸʣʤʘʪʳ). 

ʊʝʨʨʠʪʦʨʠʘʣʴʥʦ ʧʨʝʜʧʨʠʷʪʠʷ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʨʘʟʤʝʱʝʥʳ ʚ ʯʝʪʳʨʝʭ ʦʙʣʘʩʪʷʭ ʨʝʩʧʫʙʣʠʢʠ (ʂʦʩʪʘ-

ʥʘʡʩʢʦʡ, ʂʘʨʘʛʘʥʜʠʥʩʢʦʡ, ɸʢʪʶʙʠʥʩʢʦʡ ʠ ʇʘʚʣʦʜʘʨʩʢʦʡ), ʛʜʝ ʠʤʝʶʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʞʝʣʝʟʥʳʭ ʨʫʜ ʠ ʚʦʜʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ. ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʂʘʟʘʭʩʪʘʥʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʨʝʤʷ 

ʧʨʝʜʧʨʠʷʪʠʷʤʠ: ʂʘʨʤʝʪʢʦʤʙʠʥʘʪʦʤ, ɸʢʪʶʙʠʥʩʢʠʤ ʠ ɸʢʩʫʡʩʢʠʤ ʟʘʚʦʜʘʤʠ ʬʝʨʨʦʩʧʣʘʚʦʚ. ʍʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ 

ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʂʘʟʘʭʩʪʘʥʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʝʜʧʨʠʷʪʠʷ ʵʪʦʡ ʦʪʨʘʩʣʠ ʚ ʦʩʥʦʚʥʦʤ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʩʳʨʴʝ-

                                                           
 É ɸʙʜʫʭʘʠʤʦʚ ɽ.ʌ., ʂʘʢʘʨʦʚʘ ʊ., ɾʦʣʜʘʩʙʝʢ ɸ. / Abdukhaimov E.F., Kakarova T., Zholdasbek A., 2015 
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ʚʦʡ ʙʘʟʦʡ. ʅʳʥʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʘ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʠ ʨʘʟʚʠʚʘʶʪʩʷ ʨʷʜ ʨʘʡʦʥʦʚ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, 

ʛʜʝ ʵʪʘ ʦʪʨʘʩʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʣʠʯʥʳʤʠ ʧʦʜʦʪʨʘʩʣʷʤʠ. 

ɸʢʪʶʙʠʥʩʢʠʡ ʨʘʡʦʥ ï ʵʪʦ ʢʨʫʧʥʝʡʰʘʷ ʙʘʟʘ ʜʦʙʳʯʠ ʭʨʦʤʠʪʦʚʳʭ ʨʫʜ, ʟʜʝʩʴ ʧʨʦʠʟʚʦʜʠʪʩʷ 95 % ʭʨʦʤʠ-

ʪʦʚʳʭ ʨʫʜ ʉʅɻ. ʉ ʧʨʦʤʳʰʣʝʥʥʳʤ ʦʩʥʦʚʘʥʠʝʤ ʫʥʠʢʘʣʴʥʳʭ ʟʘʧʘʩʦʚ ʭʨʦʤʠʪʦʚʳʭ ʨʫʜ ʂʝʤʧʠʨʩʘʡʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʙʳʚʰʠʡ ʉʉʉʈ ʧʨʝʢʨʘʪʠʣ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʝʝ ʠʟ-ʟʘ ʛʨʘʥʠʮʳ ʠ ʩʪʘʣ ʦʜʥʠʤ ʠʟ ʤʠʨʦʚʳʭ ʵʢʩʧʦʨʪʝʨʦʚ ʭʨʦʤʠʪʦʚ. 

ʈʘʟʚʝʜʘʥʥʳʝ ʟʘʧʘʩʳ ʭʨʦʤʠʪʦʚ ʚ ʨʝʩʧʫʙʣʠʢʝ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʫʩʪʫʧʘʶʪ ʣʠʰʴ ʖɸʈ, ʘ ʧʦ ʢʘʯʝʩʪʚʫ ʷʚʣʷʶʪʩʷ ʣʫʯ-

ʰʠʤʠ ʚ ʤʠʨʝ. ʎʝʥʪʨʘʣʴʥʳʡ ʂʘʟʘʭʩʪʘʥ - ʵʪʦ ʚʝʜʫʱʠʡ ʨʘʡʦʥ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʨʝʩʧʫʙʣʠʢʠ, ʩʧʝʮʠʘʣʠʟʠʨʫʶ-

ʱʠʡʩʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʯʫʛʫʥʘ, ʩʪʘʣʠ, ʧʨʦʢʘʪʘ ʠ ʧʨʦʜʫʢʪʦʚ ʢʦʢʩʦʭʠʤʠʠ. ɺ ʛʦʜʳ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ ʚ ʵʪʦʤ 

ʨʘʡʦʥʝ ʙʳʣ ʩʦʟʜʘʥ ɾʝʟʜʠʥʩʢʠʡ ʤʘʨʛʘʥʮʝʚʳʡ ʨʫʜʥʠʢ, ʢʦʪʦʨʳʡ ʙʳʣ ʛʣʘʚʥʳʤ ʧʦʩʪʘʚʱʠʢʦʤ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ 

ʨʫʜʳ ʜʣʷ ʄʘʛʥʠʪʦʛʦʨʩʢʦʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʙʠʥʘʪʘ ʚ ʈʦʩʩʠʠ. ɸʪʘʩʫʡʩʢʘʷ ʞʝʣʝʟʦʨʫʜʥʘʷ ʛʨʫʧʧʘ ʨʘʩʧʦʣʦ-

ʞʝʥʘ ʚ ɾʘʥʘ-ɸʨʢʠʥʩʢʦʤ ʨʘʡʦʥʝ ʂʘʨʘʛʘʥʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʩ ʢʨʫʧʥʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ ʂʘʨʘʞʘʣ, ʛʜʝ 94,5 % ʨʫʜ 

ʯʝʨʥʳʭ ʤʝʪʘʣʣʦʚ ʜʦʙʳʚʘʶʪʩʷ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ. ɺ ʨʝʛʠʦʥʝ ʨʘʙʦʪʘʝʪ ʦʜʠʥ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʚ ʉʅɻ ʂʘʨʘʛʘʥʜʠʥ-

ʩʢʠʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪ, ʢʦʪʦʨʳʡ ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʚʳʧʫʩʢʝ ʨʘʟʣʠʯʥʳʭ ʩʦʨʪʘʤʝʥʪʦʚ ʣʠʩʪʘ ʠ ʨʘʟ-

ʥʦʦʙʨʘʟʥʳʭ ʧʨʦʬʠʣʝʡ ʧʨʦʢʘʪʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʩʪʨʦʝ ʨʘʟʚʠʪʠʝ ʛʦʨʥʦʨʫʜʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʂʘʟʘʭʩʪʘʥʝ ʙʳʣʦ ʩʚʷʟʘʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʥʘʙʞʝʥʠʷ ʩʳʨʴʝʤ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʟʘʚʦʜʦʚ ʋʨʘʣʘ. ɼʦ 80 % ʜʦʙʳʚʘʝʤʦʡ ʞʝʣʝʟʥʦʡ ʨʫʜʳ 

ʚʳʚʦʟʠʣʦʩʴ ʟʘ ʧʨʝʜʝʣʳ ʨʝʩʧʫʙʣʠʢʠ - ʥʘ ʋʨʘʣ, ʚ ɿʘʧʘʜʥʫʶ ʉʠʙʠʨʴ, ʉʨʝʜʥʶʶ ɸʟʠʶ, ɻʨʫʟʠʶ, ʃʘʪʚʠʶ, ʪʘʢ ʢʘʢ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ 1 ʪ ʨʫʜʳ ʉʦʢʦʣʦʚʩʢʦ-ʉʘʨʳʙʘʡʩʢʦʛʦ ɻʆʂʘ ʧʦʯʪʠ ʚʜʚʦʝ ʜʝʰʝʚʣʝ, ʯʝʤ ʥʘ ʨʫʜʥʠʢʘʭ ʋʨʘʣʘ. ʇʘʚʣʦ-

ʜʘʨʩʢʠʡ ʨʘʡʦʥ - ʵʪʦ ʥʦʚʳʡ ʮʝʥʪʨ ʢʘʯʝʩʪʚʝʥʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʛʜʝ ʚ ʛ. ɸʢʩʫ ʨʘʙʦʪʘʝʪ ɸʢʩʫʡʩʢʠʡ ʬʝʨʨʦʩʧʣʘʚʥʳʡ 

ʟʘʚʦʜ, ʢʦʪʦʨʳʡ ʚ 1971ï1975 ʛʛ. ʜʘʣ ʚʝʩʴ ʧʨʠʨʦʩʪ ʬʝʨʨʦʩʧʣʘʚʦʚ ʉʉʉʈ. ɸʢʩʫʡʩʢʠʡ ʟʘʚʦʜ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʚ 

ʨʝʩʧʫʙʣʠʢʝ ʵʢʩʧʦʨʪʝʨʦʤ. ɹʦʣʝʝ 60 % ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ ʠʜʝʪ ʥʘ ʵʢʩʧʦʨʪ, ʯʪʦ ʜʘʝʪ ʨʝʩʧʫʙʣʠʢʝ ʦʢʦʣʦ 

100 ʤʣʥ. ʜʦʣʣ. ʚ ʛʦʜ. [2]. 

ɺʩʝʛʦ ʚ ʂʘʟʘʭʩʪʘʥʝ ʜʦʙʳʚʘʝʪʩʷ 32 ʚʠʜʘ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ɺ 1990 ʛ. ʦʙʱʘʷ ʩʪʦʠʤʦʩʪʴ ʜʦʙʳʚʘʝʤʦʡ 

ʧʨʦʜʫʢʮʠʠ ʩʦʩʪʘʚʠʣʘ 18 ʤʣʨʜ. ʜʦʣʣʘʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʦʣʴʰʝ ʧʦʣʦʚʠʥʳ (55 %) ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʦʣʶ ʪʦʧʣʠʚʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (9,9 ʤʣʨʜ. ʜʦʣʣ.), ʥʘ ʜʦʣʶ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʠʭʦʜʠʪʩʷ 18 % (3,3 ʤʣʨʜ. ʜʦʣʣ.), 

ʬʝʨʨʦʩʧʣʘʚʦʚ - 10 % (1,8 ʤʣʨʜ. ʜʦʣʣ.) [1]. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʜʦʙʳʚʘʝʤʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʵʢʩʧʦʨʪʠʨʫʝʪʩʷ 

ʠʟ ʨʝʩʧʫʙʣʠʢʠ ʚ ʩʪʨʘʥʳ ʙʣʠʞʥʝʛʦ ʠ ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ. 

ɺʘʞʥʝʡʰʝʡ ʦʪʨʘʩʣʴʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʠ ʫʨʦʚʝʥʴ ʨʘʟʚʠ-

ʪʠʷ ʵʢʦʥʦʤʠʢʠ, ʷʚʣʷʝʪʩʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʢʦʪʦʨʦʝ ʚ ʨʝʩʧʫʙʣʠʢʝ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʧʦʜʦʪʨʘʩʣʠ: ʤʝʪʘʣʣʦʦʙ-

ʨʘʙʦʪʢʘ ʠ ʩʦʙʩʪʚʝʥʥʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ. 

ʉʪʘʥʦʚʣʝʥʠʝ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʂʘʟʘʭʩʪʘʥʘ ʥʘʯʘʣʦʩʴ ʩ ʩʦʟʜʘʥʠʷ ʦʯʘʛʦʚʳʭ ʨʘʟʦʙʱʝʥʥʳʭ ʨʫʜʥʠʢʦʚ, ʰʘʭʪ, 

ʥʝʬʪʝʧʨʦʤʳʩʣʦʚ ʠ ʜʨʫʛʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʤʝʩʪʘʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʛʨʦʤʥʳʭ ʟʘʣʝʞʝʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʢʦʪʦ-

ʨʳʝ ʦʧʨʝʜʝʣʠʣʠ ʦʩʥʦʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʫʯʘʩʪʠʷ ʨʝʩʧʫʙʣʠʢʠ ʚ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ ʉʉʉʈ ʠ ʚ ʦʙʱʝʩʦʶʟʥʦʤ ʨʘʟʜʝ-

ʣʝʥʠʠ ʪʨʫʜʘ. ʕʪʠ ʦʯʘʛʦʚʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʩʥʘʙʞʘʣʠʩʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʧʨʠʚʝ-

ʟʝʥʥʳʤ ʠʟ ʩʣʦʞʠʚʰʠʭʩʷ ʮʝʥʪʨʦʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʙʳʚʰʝʛʦ ʉʉʉʈ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʪʦʛʦ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʟʣʘʭ ʩʦʟʜʘʚʘʣʠʩʴ ʦʪʨʘʩʣʝʚʳʝ ʨʝʤʦʥʪʥʳʝ ʠ ʤʝʪʘʣʣʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʮʝʭʘ ʠ ʤʘ-

ʩʪʝʨʩʢʠʝ, ʘ ʠʥʦʛʜʘ ʠ ʤʝʣʢʠʝ ʟʘʚʦʜʳ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʤʝʩʪʥʳʭ ʥʫʞʜ. ʇʦ ʭʘʨʘʢʪʝʨʫ ʦʥʠ ʙʳʣʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ 

ʤʝʪʠʟʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦ ʚʳʧʫʩʢʫ ʩʢʦʙʷʥʳʭ ʠʟʜʝʣʠʡ, ʧʦʩʫʜʳ ʠ ʜʨʫʛʠʭ ʥʝʩʣʦʞʥʳʭ ʪʦʚʘʨʦʚ ʥʘʨʦʜʥʦʛʦ ʧʦ-

ʪʨʝʙʣʝʥʠʷ. ʂ ʢʦʥʮʫ 1-ʡ ʧʷʪʠʣʝʪʢʠ (ʢ 1932 ʛ.) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 1928 ʛ. ʧʨʠ ʨʦʩʪʝ ʧʨʦʜʫʢʮʠʠ ʚʩʝʡ ʧʨʦʤʳʰʣʝʥʥʦ-

ʩʪʠ ʚ 2,2 ʨʘʟʘ, ʤʝʪʘʣʣʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʫʚʝʣʠʯʠʣʠ ʚʳʧʫʩʢ ʧʨʦʜʫʢʮʠʠ ʚ 3,5 ʨʘʟʘ. ʕʪʘ ʪʝʥʜʝʥʮʠʷ 

ʩʦʭʨʘʥʠʣʘʩʴ ʠ ʚ ʛʦʜʳ 2-ʡ ʠ 3-ʡ ʧʷʪʠʣʝʪʦʢ. ɿʘ 1933ï37 ʛʛ. ʧʨʠ ʨʦʩʪʝ ʦʙʲʝʤʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʨʝʩ-

ʧʫʙʣʠʢʝ ʚ 2,4 ʨʘʟʘ, ʧʨʦʜʫʢʮʠʷ ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʠ ʫʚʝʣʠʯʠʣʘʩʴ ʚ 3 ʨʘʟʘ [6].  

ɺ ʧʦʩʣʝʚʦʝʥʥʳʡ ʧʝʨʠʦʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʤʝʞʜʫ ʤʘʰʠʥʦʩʪʨʦʝʥʠ-

ʝʤ ʠ ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʦʡ ʥʝ ʧʨʦʠʟʦʰʣʦ. ʇʦ-ʧʨʝʞʥʝʤʫ, ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʝ ʚ ʩʚʷʟʠ 

ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ ʜʦʙʳʚʘʶʱʠʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ 1958 ʛ. ʫʜʝʣʴʥʳʡ ʚʝʩ ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʠ ʚ 

ʦʙʱʝʡ ʧʨʦʜʫʢʮʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʠ ʩʦʩʪʘʚʠʣ 53,6 %. ɼʦʣʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʤʝʪʘʣʣʦʦʙ-

ʨʘʙʦʪʢʠ ʚ ʦʙʱʝʤ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʝʩʧʫʙʣʠʢʠ ʚ 1965 ʛ. ʙʳʣʘ ʚ 1,4 ʨʘʟʘ ʥʠʞʝ ʘʥʘʣʦʛʠʯʥʦʛʦ ʦʙ-

ʱʝʩʦʶʟʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ [5]. 

ɺʝʜʫʱʠʤʠ ʦʪʨʘʩʣʷʤʠ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʂʘʟʘʭʩʪʘʥʘ ʷʚʣʷʶʪʩʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-

ʥʦʝ, ʪʷʞʝʣʦʝ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʥʘ ʜʦʣʶ ʢʦʪʦʨʳʭ ʧʨʠʭʦʜʠʪʩʷ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ (56,3 %, 

1975 ʛ.) ʚʘʣʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʵʪʦʡ ʦʪʨʘʩʣʠ, ʠʟ ʥʠʭ ʙʦʣʝʝ 1/3 ʩʦʩʪʘʚʣʷʝʪ ʧʨʦʜʫʢʮʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʤʘʰʠ-

ʥʦʩʪʨʦʝʥʠʷ [4]. 

ɺʝʜʫʱʠʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʷʚʣʷʣʠʩʴ: çʂʘʟʘʭʩʝʣʴʤʘʰè, ʇʘʚʣʦ-

ʜʘʨʩʢʠʡ ʪʨʘʢʪʦʨʥʳʡ ʟʘʚʦʜ, ʟʘʚʦʜ çʇʦʨʰʝʥʴè ʚ ʛ. ɸʣʤʘʪʳ, çɸʢʪʶʙʠʥʩʢʩʝʣʴʤʘʰè, çʄʘʥʢʝʥʪʞʠʚʤʘʰè ʠ ʜʨ. ʊʷ-

ʞʝʣʦʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʘʢʠʤʠ ʢʨʫʧʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʢʘʢ ɸɿʊʄ, ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʤʘʰʠʥʦ-

ʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜ ˉ1 ʠ ʜʨ., ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ - ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢʠʤ ʢʦʥʜʝʥʩʘʪʦʨʥʳʤ 

ʟʘʚʦʜʦʤ, ʂʝʥʪʘʫʩʢʠʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʤ, ʐʳʤʢʝʥʪʩʢʠʤ ʟʘʚʦʜʦʤ çʕʣʝʢʪʨʦʘʧʧʘʨʘʪè, çʉʝʤʠʧʘʣʘʪʠʥʩʢʢʘʙʝʣʴè, 

ɸʣʤʘʪʠʥʩʢʠʡ ʟʘʚʦʜʦʤ ʥʠʟʢʦʚʦʣʴʪʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. ʀʟ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʝ, ʘ ʪʘʢʞʝ ʩʪʨʦʠʪʝʣʴʥʦʝ, ʜʦʨʦʞʥʦʝ ʠ ʢʦʤʤʫʥʘʣʴʥʦʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ. ʇʝʨʚʘʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʢʠʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʢʘʢ ʟʘʚʦʜ çɸʢʛʶʙʨʝʥʪʛʝʥè, ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢʠʡ ʟʘʚʦʜ ʧʨʠʙʦʨʦʚ, ʂʦʢʰʝ-
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ʪʘʫʩʢʠʡ ʧʨʠʙʦʨʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜ; ʚʪʦʨʦʡ - ʂʝʥʪʘʫʩʢʠʤ ʵʢʩʢʘʚʘʪʦʨʥʳʤ, ʊʘʨʘʟʩʢʠʤ ʣʠʪʝʡʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʟʘʚʦʜʘʤʠ. 

ɺ ʮʝʣʦʤ, ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ ʨʝʛʠʦʥʦʚ ʂʘʟʘʭʩʪʘʥʘ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʛʦʨʥʦʜʦʙʳʚʘʶ-

ʱʝʡ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʷʚʣʷʶʱʠʭʩʷ ʙʘʟʦʚʳʤʠ ʦʪʨʘʩʣʷʤʠ ʵʢʦʥʦʤʠʢʠ ʂʘʟʘʭʩʪʘʥʘ. ɺ ʠʩʩʣʝ-

ʜʫʝʤʳʡ ʧʝʨʠʦʜ ʪʝʨʨʠʪʦʨʠʷ ʠ ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ ʂʘʟʘʭʩʪʘʥʘ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʦʝʥʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʨʝʩʧʫʙʣʠʢʘ ʩʪʘʣʘ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʝʛʦ ʟʚʝʥʴʝʚ. ɼʦʩʪʘʪʦʯʥʦ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ 

ʥʘʨʷʜʫ ʩ ʰʠʨʦʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʚʦʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʩʦʙʝʥʥʦ ʨʘʟʚʠʪʦʡ ʚ ɺʦʩʪʦʯʥʦʤ ʂʘʟʘʭʩʪʘʥʝ, ʥʘʯʠ-

ʥʘʣʦʩʴ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʘʪʦʤʥʦʛʦ ʧʦʣʠʛʦʥʘ ʧʦʜ ʉʝʤʠʧʘʣʘʪʠʥʩʢʦʤ, ʨʘʢʝʪʥʦʛʦ ʚ ʨʘʡʦʥʝ ɹʘʣʭʘʰʘ, ʘ ʥʝʤʥʦʛʦ ʧʦʟʜ-

ʥʝʝ ʢʦʩʤʦʜʨʦʤʘ ɹʘʡʢʦʥʫʨ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 1970ï1980-ʝ ʛʛ. ʵʢʦʥʦʤʠʢʘ ʂʘʟʘʭʩʪʘʥʘ ʧʝʨʝʰʣʘ ʥʘ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠ-

ʪʠʷ, ʛʣʘʚʥʦʡ ʝʸ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʙʳʣʘ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʜʦʩʪʠʛʥʫʪʘʷ ʚ ʦʩʥʦʚʥʦʤ, ʢʘʢ ʠ ʧʨʝʞʜʝ, ʟʘ 

ʩʯʝʪ ʵʢʩʪʝʥʩʠʚʥʳʭ ʬʘʢʪʦʨʦʚ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʚ ʂʘʟʘʭʩʪʘʥʝ ʟʘ ʩʯʝʪ ʚʦʚʣʝʯʝʥʠʷ ʚ ʭʦʟʷʡʩʪʚʝʥʥʳʡ ʦʙʦʨʦʪ ʩʳʨʴʝʚʳʭ, 

ʣʶʜʩʢʠʭ ʠ ʜʨʫʛʠʭ ʨʝʩʫʨʩʦʚ ʨʘʟʚʠʚʘʣʠʩʴ ʦʪʨʘʩʣʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʥʝ ʪʦʣʴʢʦ ʩ ʜʦʙʳʚʘʶʱʝʡ, ʥʦ ʠ ʩ 

ʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ: ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʘʷ ʠ ʭʠʤʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ, 

ʯʝʨʥʘʷ ʤʝʪʘʣʣʫʨʛʠʷ ʩ ʧʦʣʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʮʠʢʣʦʤ. ʈʘʟʚʠʪʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʶ ʥʦʚʳʭ ʛʦʨʦʜʦʚ ʠ ʨʘʙʦʯʠʭ ʧʦʩʝʣʢʦʚ, ʘ ʪʘʢʞʝ ʨʘʩʰʠʨʝʥʠʶ ʧʨʝʞʥʠʭ. ʆʜʥʘʢʦ, ʢ ʢʦʥʮʫ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʚ ʵʢʦ-

ʥʦʤʠʢʝ ʩʪʨʘʥʳ ʚʦʟʥʠʢʘʶʪ ʠ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʥʝʜʦʩʪʘʪʢʠ ʠ ʧʨʦʩʯʝʪʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʩʦʚʝʪʩʢʦʡ ʩʠʩʪʝʤʳ ʭʦʟʷʡ-

ʩʪʚʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʦʙʝʨʥʫʣʠʩʴ ʢʨʠʟʠʩʦʤ ʚ 90-ʝ ʛʦʜʳ. ʊʘʢ, ʧʨʦʜʦʣʞʘʣʘ ʫʛʣʫʙʣʷʪʴʩʷ ʜʠʩʧʨʦʧʦʨ-

ʮʠʷ ʤʝʞʜʫ ʜʦʙʳʚʘʶʱʠʤʠ ʠ ʦʙʨʘʙʘʪʳʚʘʶʱʠʤʠ ʦʪʨʘʩʣʷʤʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʜʦʤʠʥʠʨʫʶʱʝʝ ʧʦ-

ʣʦʞʝʥʠʝ ʧʦʣʫʯʘʣʘ ʜʦʙʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. ʂʦʣʦʩʩʘʣʴʥʳʝ ʩʜʚʠʛʠ ʚ ʩʪʦʨʦʥʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʨʝʜʩʪʚ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʧʨʠʚʝʣʠ ʂʘʟʘʭʩʪʘʥ ʢ ʧʘʨʘʜʦʢʩʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʨʘʟʚʠʪʠʝ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʯʝʥʴ ʩʣʘʙʦ ʚʣʠʷʣʦ ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʞʠʟʥʝʥʥʦʛʦ ʫʨʦʚʥʷ ʥʘʩʝʣʝʥʠʷ. ʕʢʦʥʦʤʠʢʘ ʚʩʝ ʙʦʣʝʝ ʨʘʙʦʪʘʣʘ ʥʘ ʩʝʙʷ, ʘ ʥʝ ʥʘ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʦ-

ʪʨʝʙʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ 50 ʣʝʪ ʍʍ ʩʪʦʣʝʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʂʘʟʘʭʩʪʘʥʘ ʨʘʟʚʠʚʘʣʘʩʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ. ɿʘ ʵʪʦ ʚʨʝʤʷ ʥʘʢʦʧʠʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦ-

ʛʝʥʥʳʭ ʧʨʦʙʣʝʤ, ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʶʱʠʭʩʷ ʥʘ ʦʢʨʫʞʘʶʱʝʤ ʩʨʝʜʝ ʠ ʯʝʣʦʚʝʯʝʩʢʦʤ ʧʦʪʝʥʮʠʘʣʝ ʨʝʩʧʫʙʣʠʢʠ. 
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1 
ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʜʘʞʘʤʠ,  

2
 ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʜʘʞʘʤʠ, 

3
 ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʭʠʤʠʠ ʠ ʬʠʟʠʢʠ

 

1, 2, 3 
ʌɻɹʆʋ ɺʇʆ çʈʦʩʩʠʡʩʢʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɻ.ɺ. ʇʣʝʭʘʥʦʚʘè (ʄʦʩʢʚʘ) ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʦʙʣʝʤʝ ʠʟʤʝʨʝʥʠʷ ʵʬʬʝʢʪʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʚʠʜʝʦʨʘʟʤʝʱʝʥʠʷ ʨʝ-

ʢʣʘʤʳ ʚ ʩʨʝʜʩʪʚʘʭ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʢʣʘʤʥʦʡ ʚʠ-

ʜʝʦʢʘʤʧʘʥʠʠ EOI (Effectiveness on investments, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ʟʘʪʨʘʪʳ) ʠ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʴʶʪʝʨʥʳʡ ʚʳ-

ʯʠʩʣʠʪʝʣʴ ʧʦʢʘʟʘʪʝʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʚʝʩʪʠʮʠʡ EOI, ʧʨʠʟʚʘʥʥʳʡ ʦʧʨʝʜʝʣʷʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʠ ʢʦʤʤʫʥʠʢʘ-

ʪʠʚʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʚʠʜʝʦʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʧʦʤʦʛʘʪʴ ʚ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ ʦ 

ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘ ʦʩʥʦʚʝ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʢʣʘʤʥʦʡ ʢʘʤʧʘʥʠʠ, ʠʭ ʟʥʘʯʠʤʦʩʪʠ ʠ 

ʩʪʦʠʤʦʩʪʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʚʠʜʝʦʧʣʘʥʠʨʦʚʘʥʠʝ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʪʝʣʝʚʠʜʝʥʠʝ, ʠʥʪʝʨʥʝʪ, 

ʤʫʣʴʪʠʤʝʜʠʡʥʘʷ ʚʠʜʝʦʨʝʢʣʘʤʘ.  

 

ʇʨʦʠʟʚʦʜʷ ʦʮʝʥʢʫ ʵʬʬʝʢʪʘ ʦʪ ʨʝʢʣʘʤʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʡ, ʚʳʜʝʣʷʶʪ ʜʚʘ ʝʛʦ ʦʩʥʦʚʥʳʭ ʚʠʜʘ: 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʠ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʡ [1]. ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʨʝʢʣʘʤʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʳʨʘʞʘʝʪʩʷ ʚ ʨʘʟʥʠʮʝ 

ʤʝʞʜʫ ʩʨʝʜʩʪʚʘʤʠ, ʟʘʪʨʘʯʝʥʥʳʤʠ ʥʘ ʨʝʢʣʘʤʫ, ʠ ʧʨʠʙʳʣʴʶ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʢʦʤʧʘʥʠʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʠʤʝʥʝʥʠʷ ʩʨʝʜʩʪʚ ʨʝʢʣʘʤʳ. ʂʦʤʤʫʥʠʢʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʨʝʢʣʘʤʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʳʨʘʞʘʝʪʩʷ ʚ ʚʦʟʜʝʡʩʪʚʠʠ 

ʨʝʢʣʘʤʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʥʘ ʮʝʣʝʚʫʶ ʘʫʜʠʪʦʨʠʶ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ, ʣʠʙʦ ʠʟʤʝʥʝʥʠʠ ʟʥʘʥʠʷ / ʤʥʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʦ ʪʦʚʘʨʝ ʠʣʠ ʫʩʣʫʛʝ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʫʞʝʩʪʦʯʝʥʠʝʤ ʢʦʥʢʫʨʝʥʮʠʠ ʨʘʩʪʸʪ ʩʪʨʝʤʣʝʥʠʝ ʨʝʢʣʘʤʦʜʘʪʝʣʝʡ ʢ ʦʮʝʥʢʝ ʠ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʘ ʦʪ ʨʝʢʣʘʤʥʳʭ ʢʘʤʧʘʥʠʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʛʘʨʘʥʪʠʝʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʝʢʣʘʤʳ ʠ ʨʝʟʫʣʴʪʘ-

ʪʠʚʥʦʩʪʠ ʝʸ ʦʪʜʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʦʚ. ʊʘʢʞʝ ʜʘʥʥʘʷ ʦʮʝʥʢʘ ʧʦʤʦʛʘʝʪ ʦʧʨʝʜʝʣʷʪʴ ʫʩʣʦʚʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʫʨʦʚʥʷ ʚʦʟʜʝʡʩʪʚʠʷ ʨʝʢʣʘʤʳ ʥʘ ʮʝʣʝʚʫʶ ʘʫʜʠʪʦʨʠʶ. ʇʨʠ ʵʪʦʤ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʨʝʢʣʘʤʳ ʢʨʘʡʥʝ ʪʝʩʥʦ 

ʩʚʷʟʘʥ ʩ ʝʸ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʤ ʵʬʬʝʢʪʦʤ. ɼʘʥʥʳʡ ʬʘʢʪʦʨ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʢʫʨʝʥʪʥʦʡ 

ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ, ʪʘʢ ʢʘʢ ʧʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʢʦʤʧʘʥʠʡ, ʧʨʝʜʣʘʛʘʶʱʠʭ ʚ ʦʜʥʦʤ ʩʝʢʪʦʨʝ ʵʢʦʥʦʤʠʢʠ 

ʩʭʦʞʠʝ ʧʦ ʩʚʦʠʤ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʪʦʚʘʨʳ ʠ ʫʩʣʫʛʠ, ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʨʝʢʣʘʤʥʦʡ ʢʘʤʧʘʥʠʠ 

ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʚʳʰʝʥʠʷ ʪʦʚʘʨʦʦʙʦʨʦʪʘ ʠ ʧʨʠʙʳʣʠ [2]. 

ʆʮʝʥʢʘ ʵʬʬʝʢʪʘ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʚʠʜʝʦʧʣʘʥʠʨʦʚʘʥʠʷ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʤʝʪʦʜʠʢʠ. ɺʘʞʥʦʩʪʴ ʜʘʥʥʦʛʦ ʬʘʢʪʦʨʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʘʢʞʝ ʤʥʝʥʠʝʤ ʨʷʜʘ ʵʢʩʧʝʨʪʦʚ 

ʚ ʦʙʣʘʩʪʠ ʦʥʣʘʡʥ-ʚʠʜʝʦ, 88 % ʠʟ ʢʦʪʦʨʳʭ ʫʚʝʨʝʥʳ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʜʦʢʘʟʘʪʝʣʴʥʦʡ ʙʘʟʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʠ-

ʜʝʦʨʝʢʣʘʤʳ ʚ ʠʥʪʝʨʥʝʪʝ, ʨʝʢʣʘʤʦʜʘʪʝʣʠ ʩʪʘʥʫʪ ʠʥʚʝʩʪʠʨʦʚʘʪʴ ʚ ʥʝʸ ʙʦʣʴʰʝ ʩʨʝʜʩʪʚ. ɼʘʥʥʫʶ ʛʠʧʦʪʝʟʫ ʧʦʜ-

ʪʚʝʨʞʜʘʶʪ ʠ ʤʝʜʠʘ-ʘʛʝʥʪʩʪʚʘ ï 52 % ʠʟ ʥʠʭ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʨʝʢʣʘʤʦʜʘʪʝʣʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʥʪʝʨʝʩʫʶʪʩʷ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷʤʠ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʠʜʝʦʨʝʢʣʘʤʳ ʚ ʠʥʪʝʨʥʝʪʝ [3]. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʚʠʜʝʦʧʣʘʥʠʨʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʥʦ ʦʩʪʘʸʪʩʷ ʦʪʢʨʳ-

ʪʳʤ ʚʦʧʨʦʩ ʦ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʜʘʥʥʳʭ ʠ ʩʨʘʚʥʝʥʠʠ ʠʭ ʩ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ ʜʦʩʪʘʚʢʠ ʚʠʜʝʦʢʦʥʪʝʥʪʘ. 

ʇʦʜʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʦʙʣʘʩʪʠ ʦʮʝʥʢʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʪʦʚʘʨʘ ʠ ʧʦʢʫʧʘʪʝʣʴ-

ʩʢʦʛʦ ʩʧʨʦʩʘ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʚ ʯʘʩʪʥʦʩʪʠ ʤʦʜʝʣʠ ʢʦʥʬʣʠʢʪʥʳʭ ʩʠʪʫʘʮʠʡ, ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʪʝʦʨʠʠ ʠʛʨ [4]. ʊʘʢ, ʧʦʢʫʧʘʪʝʣʴ ʧʨʠ ʧʨʠʦʙʨʝʪʝʥʠʠ ʪʦʚʘʨʘ ʨʫʢʦʚʦʜʩʪʚʫʝʪʩʷ ʦʧʠʩʘʥʠʝʤ ʝʛʦ ʧʦ-

ʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʚʦʡʩʪʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʧʠʩʳʚʘʝʤʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʦ. ʅʘ ʦʩʥʦʚʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʦʙʦʟʥʘʯʝʥʥʳʭ 

ʩʚʦʡʩʪʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʦʚʘʨʘ ʩ ʝʛʦ ʘʥʘʣʦʛʘʤʠ. ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʢʫʧʘʪʝʣʴ-

ʩʢʦʛʦ ʩʧʨʦʩʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʠʤʘ ʚʝʨʦʷʪʥʦʩʪʥʘʷ ʤʦʜʝʣʴ ʧʦʚʝʜʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʷ. 

ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʧʦʜʭʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʳ ʠ ʧʨʠʤʝʥʠʤʳ ʚ ʦʪʥʦʰʝʥʠʠ ʤʝʪʦʜʠʢʠ ʠʥʪʝʛʨʠʨʦ-

ʚʘʥʥʦʛʦ ʚʠʜʝʦʧʣʘʥʠʨʦʚʘʥʠʷ. ʊʘʢ, ʨʝʢʣʘʤʦʜʘʪʝʣʴ ʠ ʤʝʜʠʘʧʣʝʥʝʨ ʢʘʢ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʨʝʢʣʘʤʦʜʘʪʝʣʷ ʧʨʠ ʚʳʙʦʨʝ 

ʤʝʜʠʘʥʦʩʠʪʝʣʷ ʦʮʝʥʠʚʘʶʪ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʤʝʜʠʘ ʧʫʪʸʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʭ ʩʚʦʡʩʪʚ. ʇʫʩʪʴ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʘʯʝʩʪʚʘ ʨʝʢʣʘʤʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ n  ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 
j

q , nj ,...2,1= , ʯʪʦ ʧʦʟ-
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ʚʦʣʷʝʪ ʠʭ ʟʘʜʘʪʴ ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ ),...,...,(
21 nj

qqqqq=
C

, ʛʜʝ 
j

q , nj ,...2,1= .  ʈʘʩʩʤʦʪʨʠʤ ʵʪʠ ʢʘʯʝʩʪʚʘ ʚ ʩʨʘʚ-

ʥʝʥʠʠ ʩ ʥʝʢʦʪʦʨʳʤ ʵʪʘʣʦʥʦʤ ),...,...,(
0002010 nj

qqqqq =
C

. ʇʦʢʘʟʘʪʝʣʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʝʢʣʘʤʳ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʚʳʙʨʘʥʥʦʤʫ ʵʪʘʣʦʥʫ ʧʦ j -ʤʫ ʢʘʯʝʩʪʚʫ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1). 
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 ï ʚʝʣʠʯʠʥʘ j -ʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ʵʪʘʣʦʥʘ. 

ʂʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʠʩʳʚʘʝʪʩʷ ʚʝʢʪʦʨʦʤ ),...,...,(
21 nj

QQQQQ=
C

. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚʩʝʭ k  ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʠʜʦʚ ʨʝʢʣʘʤʳ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʦ ʚʩʝʤ n  ʢʘʯʝʩʪʚʘʤ ijQ . ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʥʝʨʘʚ-

ʥʦʟʥʘʯʥʳ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʜʦʣʞʥʳ ʨʘʥʞʠʨʦʚʘʪʴʩʷ ʧʦ ʠʭ ʚʘʞʥʦʩʪʠ. ʇʫʩʪʴ 
j
a  ï ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʞʥʦʩʪʠ 

ʜʣʷ ʧʦʢʫʧʘʪʝʣʷ j -ʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ),...2,1( nj = . ɺʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʫʩʣʦʚʠʶ (2): 

 

                                                                                    ä
=

=
n

j
j

1

1a                                                                                    (2) 

 

ɺʝʢʪʦʨ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ ),,,,,...,(
21 nj

A aaaa=
C

. ɺʝʣʠʯʠʥʫ 
j
a  ʤʦʞʥʦ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ j -ʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʪʦʚʘʨʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ 

ʦ ʚʳʙʦʨʝ ʜʘʥʥʦʛʦ ʪʠʧʘ ʨʝʢʣʘʤʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚʠʜʘ ʨʝʢʣʘ-

ʤʳ ʚ ʮʝʣʦʤ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʝʛʦ ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʮʝʥʢʦʡ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ (3): 

 

                                                                               ä
=

=Ö
n

j
ijji

QAQ
1

a
CC

                                                                         (3) 

 

ʊʦʛʜʘ ʚʝʣʠʯʠʥʘ 
i

K , ),...2,1( ki =  ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ i -ʛʦ 

ʚʠʜʘ ʨʝʢʣʘʤʳ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ (4): 

 

                                                                            ä
=

=Ö=
n

j
ijjii

QAQK
1

a
CC

                                                                (4) 

 

ɺʳʙʦʨ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʚʦʜʠʪʩʷ ʢ ʤʘʢʩʠʤʠʟʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ 
i

K

, ʪ. ʝ. ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʙʫʜʝʪ ʪʦʪ ʚʠʜ ʨʝʢʣʘʤʳ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 
i

i
Kmax . 

ɺ ʢʘʯʝʩʪʚʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʝʣʠʯʠʥʫ, 

ʩʚʷʟʘʥʥʫʶ ʩ ʟʘʪʨʘʪʘʤʠ ʥʘ ʨʝʢʣʘʤʫ (5):  

 

                                                                                        

i

i

i
C

K
K =
~

  ,                                                                             (5) 

 

ʛʜʝ 
i

C  ï ʟʘʪʨʘʪʳ ʥʘ i -ʡ ʚʠʜ ʨʝʢʣʘʤʳ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʵʣʝʤʝʥʪʘʤʠ ʤʘʪʨʠʮʳ ʙʫʜʫʪ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ (6): 
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,                                                                         (6) 

 

ʘ ʢʨʠʪʝʨʠʡ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 
i

i
K
~

max . 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʜʦʙʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʘʢʢʫʤʫʣʠʨʦʚʘʥʳ ʚʩʝ ʦʩʥʦʚʥʳʝ ʚʠʜʝʦʬʦʨʤʘʪʳ, ʘ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʝʥʳ ʢʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʚʘʞʥʳ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ ʦ ʚʳʙʦʨʝ ʤʝʜʠʘʢʘʥʘ-

ʣʘ. ɺʳʙʦʨ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʟʥʘʯʠʤʦʩʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʦʤ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʨʫʧʧʳ ʵʢʩʧʝʨʪʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩʨʝʜʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʢʦʤʧʘʥʠʠ-ʨʝʢʣʘʤʦʜʘʪʝʣʷ, ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʤʝʜʠʘʧʣʝʥʠʥʛʦʚʦʛʦ ʘʛʝʥʪʩʪʚʘ, ʘ ʪʘʢʞʝ ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʪʦʚ ʚ ʦʙʣʘʩʪʠ ʤʘʨʢʝʪʠʥʛʘ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʧʦʣʫ-

ʯʝʥʠʷ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ɼʝʣʴʬʠ, ʢʦʪʦʨʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʤʥʦʛʦʵʪʘʧʥʦʩʪʴ 

ʧʨʦʮʝʜʫʨʳ ʚʳʩʪʘʚʣʝʥʠʷ ʦʮʝʥʦʢ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʢʩʧʝʨʪʘʤ ʙʳʣ ʟʘʜʘʥ ʦʪʢʨʳʪʳʡ ʚʦʧʨʦʩ: çʅʘʟʦʚʠʪʝ ʢʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʚʘʞʥʳ ʜʣʷ ɺʘʩ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ ʦ ʚʳʙʦʨʝ ʤʝʜʠʘʢʘʥʘʣʘè. ɺ ʩʧʠʩʦʢ ʥʘʠʙʦʣʝʝ ʧʦ-

ʧʫʣʷʨʥʳʭ ʦʪʚʝʪʦʚ ʚʦʰʣʠ ʦʭʚʘʪ ʨʝʢʣʘʤʥʦʛʦ ʩʦʦʙʱʝʥʠʷ, ʫʟʥʘʚʘʥʠʝ ʨʝʢʣʘʤʥʦʡ ʢʦʧʠʠ ʠ ʙʨʝʥʜʘ, ʘ ʪʘʢʞʝ ʥʘʤʝʨʝ-

ʥʠʝ ʢʫʧʠʪʴ ʙʨʝʥʜ. ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʚʣʷʶʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʤʧʘʥʠʠ ʠ 

ʧʦʜʜʘʶʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʨʝʢʣʘʤʦʜʘʪʝʣʝʤ ʩ 

ʧʦʤʦʱʴʶ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʘʛʝʥʪʩʪʚ [5, 6]. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʚʦʜʥʳʡ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʤʝʜʠʘʢʘʥʘʣʦʚ, ʠʩ-

ʧʦʣʴʟʫʶʱʠʭ ʚʠʜʝʦʬʦʨʤʘʪ, ʠ ʠʭ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʩʤ. ʪʘʙʣ. 1). 
 

ʊʘʙʣʠʮʘ 1 

ʉʚʦʜʥʳʡ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʤʝʜʠʘʢʘʥʘʣʦʚ (ʚʠʜʝʦ) ʠ ʠʭ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʄʝʜʠʘ 
ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ 

ʦʭʚʘʪ 

ʋʟʥʘʚʘʥʠʝ ʨʝ-

ʢʣʘʤʥʦʡ ʢʦʧʠʠ 

ʋʟʥʘʚʘʥʠʝ 

ʙʨʝʥʜʘ 

ʅʘʤʝʨʝʥʠʝ 

ʢʫʧʠʪʴ ʙʨʝʥʜ  

ʎʝʥʘ ʨʝʢʣʘ-

ʤʳ, ʨʫʙ. 

ʊɺ 96.0 % 66 % 49 % 21 % 
 

20,000,000 

ʊɺ+ʆʥʣʘʡʥ-ʚʠʜʝʦ 97.8 % 80 % 75 % 29 % 
 

19,000,000 

ʊɺ+ʂʠʥʦʪʝʘʪʨʳ 96.2 % 70 % 52 % 22 % 
 

24,000,000 

ʊɺ+ʉʤʘʨʪ-ʊɺ 96.3 % 72 % 53 % 23 % 
 

23,500,000 

ʊɺ+ʅʝʵʬʠʨʥʦʝ ʊɺ 97.6 % 81 % 71 % 30 % 
 

23,000,000 
 

ʊʘʢ ʢʘʢ ʤʝʪʦʜʠʢʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʚʠʜʝʦʧʣʘʥʠʨʦʚʘʥʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʩʨʘʚʥʝʥʠʠ ʨʘʟʤʝʱʝʥʠʷ ʚ ʊɺ ʠ 

ʊɺ+ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʠʜʝʦʬʦʨʤʘʪ, ʧʦʩʤʦʪʨʠʤ ʥʘ ʦʙʦʟʥʘʯʝʥʥʳʝ ʚʳʰʝ ʜʘʥʥʳʝ ʚ ʢʦʵʬʬʠʮʠʝʥʪʥʦʤ ʚʳʨʘʞʝʥʠʠ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʟʤʝʱʝʥʠʝʤ ʪʦʣʴʢʦ ʚ ʊɺ (ʩʤ. ʪʘʙʣ. 2). 
 

ʊʘʙʣʠʮʘ 2 

ʉʚʦʜʥʳʡ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʤʝʜʠʘʢʘʥʘʣʦʚ (ʚʠʜʝʦ)  

ʠ ʠʭ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʢ ʊɺ 

ʄʝʜʠʘ/ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʂʦʤʙʠʥʠʨʦʚʘʥ-

ʥʳʡ ʦʭʚʘʪ 

ʋʟʥʘʚʘʥʠʝ ʨʝ-

ʢʣʘʤʥʦʡ ʢʦʧʠʠ 

ʋʟʥʘʚʘʥʠʝ ʙʨʝʥ-

ʜʘ 

ʅʘʤʝʨʝʥʠʝ ʢʫ-

ʧʠʪʴ ʙʨʝʥʜ  

ʎʝʥʘ ʨʝʢʣʘʤʳ, 

ʨʫʙ. 

ʊɺ 1.00 1.0 1.0 1.0  1.0 

ʊɺ+ʆʥʣʘʡʥ-ʚʠʜʝʦ 1.02 1.2 1.5 1.4  1.0 

ʊɺ+ʂʠʥʦʪʝʘʪʨʳ 1.00 1.1 1.1 1.1  1.2 

ʊɺ+ʉʤʘʨʪ-ʊɺ 1.00 1.1 1.1 1.1  1.2 

ʊɺ+ʅʝʵʬʠʨʥʦʝ ʊɺ 1.02 1.2 1.4 1.4  1.2 
 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʙʦʟʥʘʯʝʥʥʳʝ ʚʳʰʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ ʤʝʜʠʘʢʘʥʘʣʦʚ ʥʝʨʘʚʥʦʟʥʘʯʥʳ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʠʤ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʠʩʚʦʝʥʘ ʨʘʟʣʠʯʥʘʷ ʩʪʝʧʝʥʴ ʚʘʞʥʦʩʪʠ. ʇʨʠʤʝʤ Ŭj ʟʘ ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʘʞʥʦʩʪʠ ʜʣʷ j-ʛʦ ʧʦʢʘʟʘʪʝʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (j=1,2,én). ʇʨʠ ʵʪʦʤ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʦʣʞʥʳ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʶ: 
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=
n

j
j
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1a                                                                                (7) 

 

ɺʪʦʨʳʤ ʵʪʘʧʦʤ ʵʢʩʧʝʨʪʥʦʛʦ ʦʧʨʦʩʘ ʩʪʘʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʠʤʦʩʪʠ ʢʘʞʜʦʛʦ ʠʟ ʦʙʦʟʥʘʯʝʥʥʳʭ ʚʳʰʝ 

ʬʘʢʪʦʨʦʚ. ɼʣʷ ʵʪʦʛʦ ʵʢʩʧʝʨʪʘʤ ʙʳʣʘ ʟʘʜʘʥʘ ʟʘʜʘʯʘ ʧʨʠʩʚʦʝʥʠʝ ʟʥʘʯʠʤʦʩʪʠ ʢʣʶʯʝʚʳʤ ʧʘʨʘʤʝʪʨʘʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʢʣʘʤʥʦʡ ʢʘʤʧʘʥʠʠ, ʦʪʚʝʯʘʶʱʘʷ ʦʙʦʟʥʘʯʝʥʥʦʤʫ ʚ (7) ʧʨʠʥʮʠʧʫ. ʈʝʟʫʣʴʪʘʪ ʦʧʨʦʩʘ ʧʨʠʚʝʜʸʥ ʚ 

ʪʘʙʣʠʮʝ 3. 
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ʊʘʙʣʠʮʘ 3 

ʕʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʥʘʯʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ/ʮʝʥʳ 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʟʥʘʯʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  
ʂʦʵʬʬʠʮʠʝʥʪʳ ʟʥʘʯʠʤʦʩʪʠ ʧʘ-

ʨʘʤʝʪʨʦʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ/ʮʝʥʳ 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʦʭʚʘʪ 

ʋʟʥʘʚʘʥʠʝ  

ʨʝʢʣʘʤʥʦʡ 

ʢʦʧʠʠ 

ʋʟʥʘʚʘʥʠʝ 

ʙʨʝʥʜʘ 

ʅʘʤʝʨʝʥʠʝ  

ʢʫʧʠʪʴ ʙʨʝʥʜ 
 

ɿʥʘʯʠʤʦʩʪʠ  

ʧʘʨʘʤʝʪʨʦʚ  

ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ɿʥʘʯʠʤʦʩʪʴ 

ʮʝʥʳ 

0,1 0,25 0,25 0,4  0,5 0,5 

 

ʅʘ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʸʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʪʘʙʣ. 1 ʠ 2) ʠ ʧʨʠʩʚʦʝʥʥʳʭ ʢʘʞʜʦʤʫ ʠʟ ʥʠʭ ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʚ ʟʥʘʯʠʤʦʩʪʠ (ʪʘʙʣ. 3), ʧʦʣʫʯʘʝʤ ʧʨʦʠʟʚʝʜʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʠ ʠʭ ʟʥʘʯʠʤʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʝʜʠʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʦʧʨʝʜʝʣʸʥʥʦʛʦ 

ʢʘʢ ʩʫʤʤʘ ʚʩʝʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʤʝʜʠʘ (ʩʤ. ʪʘʙʣ. 4). 

 

ʊʘʙʣʠʮʘ 4 

ʂʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʜʠʘ 

ʄʝʜʠʘ/ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ 

ʦʭʚʘʪ 

ʋʟʥʘʚʘʥʠʝ  

ʨʝʢʣʘʤʥʦʡ  

ʢʦʧʠʠ 

ʋʟʥʘʚʘʥʠʝ 

ʙʨʝʥʜʘ 

ʅʘʤʝʨʝʥʠʝ 

ʢʫʧʠʪʴ 

ʙʨʝʥʜ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʊɺ 0.10 0.25 0.25 0.40 1.00 

ʊɺ+ʆʥʣʘʡʥ-ʚʠʜʝʦ 0.10 0.30 0.38 0.55 1.34 

ʊɺ+ʂʠʥʦʪʝʘʪʨʳ 0.10 0.27 0.27 0.42 1.05 

ʊɺ+ʉʤʘʨʪ-ʊɺ 0.10 0.27 0.27 0.44 1.08 

ʊɺ+ʅʝʵʬʠʨʥʦʝ ʊɺ 0.10 0.31 0.36 0.57 1.34 

 

ʌʘʢʪʦʨ ʮʝʥʳ ʨʘʟʤʝʱʝʥʠʷ ʯʘʩʪʦ ʙʳʚʘʝʪ ʦʜʥʠʤ ʠʟ ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʨʠ ʚʳʙʦʨʝ ʤʝʜʠʘʥʦʩʠʪʝʣʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʤʝʪʦʜ ʜʦʣʞʝʥ ʙʳʪʴ ʜʦʧʦʣʥʝʥ ʩ ʫʯʸʪʦʤ ʦʙʲʸʤʘ ʙʶʜʞʝʪʘ, ʟʘʪʨʘʯʠʚʘʝʤʦʛʦ ʥʘ ʪʦʪ ʠʣʠ 

ʠʥʦʡ ʤʝʜʠʘʥʦʩʠʪʝʣʴ (ʪʘʙʣ. 1), ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʞʥʦʩʪʠ ʩʪʦʠʤʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʧʨʠ ʚʳʙʦʨʝ ʨʝʢʣʘʤʦʥʦʩʠʪʝʣʷ 

(ʪʘʙʣ. 3). ʅʘ ʦʩʥʦʚʝ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʜʘʥʥʳʭ ʧʦʣʫʯʘʝʤ ʧʦʢʘʟʘʪʝʣʴ ʕʬʬʝʢʪʠʚʥʦʩʪʴ/ʎʝʥʘ (Effectiveness on 

investments, EOI), ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʝʛʦ ʟʥʘʯʠʤʦʩʪʠ, 

ʨʘʟʜʝʣʸʥʥʦʝ ʥʘ ʧʨʦʠʟʚʝʜʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʮʝʥʳ ʨʝʢʣʘʤʳ ʠ ʝʛʦ ʟʥʘʯʠʤʦʩʪʠ. ʇʦʢʘʟʘʪʝʣʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʥʚʝʩʪʠʮʠʡ EOI ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʚʳʨʘʞʝʥʠʷ: 

 
EOI= (ʂʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ)*(ʂʦʵʬʬʠʮʠʝʥʪ ʟʥʘʯʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ)* 

                                                                          *(ʂʦʵʬʬʠʮʠʝʥʪ ʟʥʘʯʠʤʦʩʪʠ ʮʝʥʳ) / ʎʝʥʘ                                                                (8) 

 

ɺ ʪʘʙʣʠʮʝ 5 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʠʥʚʝʩʪʠʮʠʡ EOI ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʝʢʣʘʤʳ. 

ʇʨʦʚʝʜʸʥʥʳʡ ʚʳʰʝ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʟʤʝʱʝʥʠʝ ʚ ʊɺ+ʆʥʣʘʡʥ-ʚʠʜʝʦ, ʷʚʣʷʶʱʝʝʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʤʝʪʦʜʠʢʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʚʠʜʝʦʧʣʘʥʠʨʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ï ʢʦʵʬʬʠʮʠʝʥʪ EOI ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʘʚʥʷʝʪʩʷ 0,35, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʚʩʝʭ 

ʦʩʪʘʣʴʥʳʭ ʦʧʮʠʡ ʨʘʟʤʝʱʝʥʠʷ, ʚʢʣʶʯʘʷ ʪʦʣʴʢʦ ʊɺ ʨʘʟʤʝʱʝʥʠʝ. 

 

ʊʘʙʣʠʮʘ 5 

ʇʦʢʘʟʘʪʝʣʴ ʕʬʬʝʢʪʠʚʥʦʩʪʴ/ʎʝʥʘ ʤʝʜʠʘ (EOI) 

ʄʝʜʠʘ/ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʟʥʘʯʠʤʦʩʪʠ ʵʬ-

ʪʠ 

ʎʝʥʘ ʨʝ-

ʢʣʘʤʳ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʟʥʘʯʠʤʦʩʪʠ 

ʮʝʥʳ 
 

ʕʬʬʝʢʪʠʚ-

ʥʦʩʪʴ/ʎʝʥʘ 

(EOI) 

ʊɺ 1.00 

0.5 

1.0 

0.5 

 0.25 

ʊɺ+ʆʥʣʘʡʥ-ʚʠʜʝʦ 1.34 1.0  0.33 

ʊɺ+ʂʠʥʦʪʝʘʪʨʳ 1.05 1.2  0.22 

ʊɺ+ʉʤʘʨʪ-ʊɺ 1.08 1.2  0.23 

ʊɺ+ʅʝʵʬʠʨʥʦʝ ʊɺ 1.12 1.2  0.24 

 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʤʝʪʦʜ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʚʳʙʦʨʝ ʤʝʜʠʘʥʦʩʠʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʨʝʢʣʘʤʦʜʘʪʝʣʶ ʠ ʤʝʜʠʘ-

ʧʣʝʥʠʥʛʦʚʦʤʫ ʘʛʝʥʪʩʪʚʫ ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ, ʙʘʟʠʨʫʶʱʠʝʩʷ ʢʘʢ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ, ʪʘʢ ʠ ʥʘ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʨʝʢʣʘʤʥʦʡ ʢʘʤʧʘʥʠʠ ʠ ʝʸ ʨʝʟʫʣʴʪʘʪʦʚ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʤʝʝʪ ʩʭʦʞʠʡ ʧʨʠʥʮʠʧ ʩ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ROI (return on investments, ʦʢʫʧʘʝʤʦʩʪʴ ʠʥʚʝʩʪʠʮʠʡ). ʄʝʪʦʜ ROI ʦʨʠʝʥʪʠʨʦʚʘʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʝ ʫʯʠʪʳʚʘʝʪ ʥʘʧʨʷʤʫʶ ʬʘʢʪʦʨ ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʦʙʫ-

ʩʣʦʚʣʠʚʘʝʪ ʥʘʣʠʯʠʝ ʨʠʩʢʦʚ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʊʘʢ, ʢʦʤʤʫʥʠʢʘʪʠʚʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʛʠʙʢʠʤ ʧʘ-

ʨʘʤʝʪʨʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʘʢʮʠʠ ʚʦ ʚʨʝʤʝʥʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʤʝʝʪ ʙʦʣʴʰʫʶ 

ʠʥʝʨʪʥʦʩʪʴ ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʡ ʨʝʘʢʮʠʠ ʠ ʧʦʟʞʝ ʥʝʸ. ʆʙʦʟʥʘʯʝʥʥʘʷ ʠʥʝʨʪʥʦʩʪʴ ʧʦʜ-
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ʭʦʜʘ ROI ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʢʦʪʦʨʳʝ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʥʝʛʘʪʠʚʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʙʫʜʝʪ ʟʘʤʝʪʝʥ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʟʞʝ, ʥʝʞʝʣʠ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʡ ʵʬʬʝʢʪ. 

ʆʙʦʟʥʘʯʝʥʥʳʝ ʚʳʰʝ ʘʨʛʫʤʝʥʪʳ ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʜʣʷ ʙʦʣʴʰʝʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʦʙʦʩ-

ʥʦʚʘʥʥʦʩʪʠ ʚ ʧʨʠʥʷʪʠʠ ʙʠʟʥʝʩ-ʨʝʰʝʥʠʡ ʦ ʨʝʢʣʘʤʥʳʭ ʠʥʚʝʩʪʠʮʠʷʭ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʧʘʨʘʤʝʪʨ ROI, ʥʦ ʪʘʢʞʝ ʦʙʦʟʥʘʯʝʥʥʳʡ ʚʳʰʝ ʧʘʨʘʤʝʪʨ EOI. 

ɺʳʯʠʩʣʠʪʝʣʴ ʧʦʢʘʟʘʪʝʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʚʝʩʪʠʮʠʡ EOI. ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʧʦ ʚʳʨʘʞʝʥʠ-

ʷʤ (1ï8) ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ï ɺʳʯʠʩʣʠʪʝʣʴ ʧʦʢʘʟʘʪʝʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʚʝʩʪʠʮʠʡ EOI. ʇʨʠ ʧʦʤʦʱʠ ʧʨʦ-

ʛʨʘʤʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʚʝʩʪʠʮʠʡ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʮʝʥʢʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʚʝʩʪʠʮʠʡ ʤʫʣʴʪʠʤʝʜʠʡʥʦʡ ʚʠʜʝʦʨʝʢʣʘʤʳ. ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩ. 1. ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ï ɺʳʯʠʩʣʠʪʝʣʷ 

 

ɺ ʣʝʚʦʡ ʯʘʩʪʠ ʠʥʪʝʨʬʝʡʩʘ ʨʘʟʤʝʱʝʥʳ ʦʢʦʰʢʠ ʜʣʷ ʚʚʦʜʘ ʧʘʨʘʤʝʪʨʦʚ ʵʪʘʣʦʥʘ. ɿʜʝʩʴ ʚʚʦʜʷʪʩʷ ʟʥʘʯʝʥʠʷ 

ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʦʭʚʘʪ, ʫʟʥʘʚʘʥʠʝ ʨʝʢʣʘʤʥʦʡ ʢʦʧʠʠ, ʫʟʥʘʚʘʥʠʝ ʙʨʝʥʜʘ, ʥʘʤʝʨʝʥʠʝ 

ʢʫʧʠʪʴ. ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʠʥʪʝʨʬʝʡʩʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʦʢʦʰʢʠ ʜʣʷ ʚʚʦʜʘ ʘʥʘʣʦʛʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʚʘʨʠʘʥʪʘ ʨʝʢʣʘʤʳ. ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʪʘʣʦʥʘ ʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʘʨʠʘʥʪʘ ʤʦʛʫʪ ʚʚʦʜʠʪʴʩʷ ʢʘʢ ʚ ʘʙʩʦʣʶʪʥʳʭ 

ʟʥʘʯʝʥʠʷʭ, ʪʘʢ ʠ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʪʥʦʩʷʪʩʷ ʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʟʥʘʯʝʥʠʷʤ ʧʘʨʘʤʝʪʨʦʚ ʵʪʘʣʦʥʘ. ʇʦʩʣʝ ʦʢʦʰʝʢ ʜʣʷ ʚʚʦʜʘ ʧʘʨʘʤʝʪʨʦʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʘʨʠʘʥʪʘ 

ʨʝʢʣʘʤʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʦʢʥʘ ʜʣʷ ʚʚʦʜʘ ʚʝʩʦʚ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʢʥʦ ʜʣʷ ʚʚʦʜʘ ʮʝʥʳ. ɿʥʘʯʝʥʠʷ ʚʝʩʦʚʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʶ, ʟʘʧʠʩʘʥʥʦʤʫ ʚ ʚʳʨʘʞʝʥʠʠ (7). ɿʥʘʯʝʥʠʝ ʮʝʥʳ ʤʦʞʝʪ 

ʙʳʪʴ ʘʙʩʦʣʶʪʥʳʤ, ʣʠʙʦ ʦʪʥʦʩʠʪʝʣʴʥʳʤ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʟʥʘʯʝʥʠʝ ʮʝʥʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʘʨʠʘʥʪʘ ʨʝʢʣʘʤʳ 

ʦʪʥʦʩʠʪʩʷ ʢ ʟʥʘʯʝʥʠʶ ʮʝʥʳ ʦʙʨʘʟʮʘ. ɺ ʩʣʝʜʫʶʱʝʡ ʩʪʨʦʢʝ ʠʥʪʝʨʬʝʡʩʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʦʢʥʦ ʜʣʷ ʚʚʦʜʘ ʚʝʩʘ ʮʝʥʳ, 

ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʜʦʣʞʥʦ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ 0ï1, ʠ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʥʘʯʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, 

ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʜʦʣʞʥʦ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ 0ï1. ʇʨʠ ʵʪʦʤ ʩʫʤʤʘ ʚʝʩʦʚ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 1.  

ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʠʥʪʝʨʬʝʡʩʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʢʥʦʧʢʠ ɺʳʯʠʩʣʠʪʴ ʠ ʆʙʥʦʚʠʪʴ. ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʢʥʦʧʢʫ 

ɺʳʯʠʩʣʠʪʴ ʧʨʦʠʟʚʦʜʷʪʩʷ ʚʳʯʠʩʣʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʷʤʠ (1ï8), ʘ ʨʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʝʥʠʷ ï 

ʧʦʢʘʟʘʪʝʣʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʚʝʩʪʠʮʠʡ EOI ï ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʦʢʦʰʢʝ. ʇʨʠ ʧʦʤʦʱʠ ʢʥʦʧʢʠ 

ʆʙʥʦʚʠʪʴ ʩʪʠʨʘʶʪʩʷ ʚʩʝ ʟʥʘʯʝʥʠʷ, ʚʚʝʜʝʥʥʳʝ ʚ ʦʢʦʰʢʠ ʠʥʪʝʨʬʝʡʩʘ. ɿʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʥʚʝʩʪʠʮʠʡ EOI, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ɺʳʯʠʩʣʠʪʝʣʷ, ʧʦʟʚʦʣʷʶʪ ʩʦʧʦʩʪʘʚʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʚʝʩʪʠʮʠʡ ʚ 

ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʤʫʣʴʪʠʤʝʜʠʡʥʦʡ ʚʠʜʝʦʨʝʢʣʘʤʳ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚʘʨʠʘʥʪ ʩ ʥʘʠʙʦʣʴʰʠʤ 

ʟʥʘʯʝʥʠʝʤ EOI ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʣʦʞʝʥʠʷ ʠʥʚʝʩʪʠʮʠʡ. ʅʘʧʨʠʤʝʨ, ʥʘ ʨʠʩʫʥʢʝ 2 

ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʚʳʯʠʩʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ EOI ʜʣʷ ʦʙʨʘʟʮʦʚʦʛʦ ʚʘʨʠʘʥʪʘ (ʵʪʘʣʦʥʘ). ɼʣʷ ʥʝʛʦ EOI = 0.25. ʕʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ EOI = 0.33425, ʢʦʪʦʨʦʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʜʣʷ ʧʝʨʚʦʛʦ ʚʘʨʠʘʥʪʘ ʨʝʢʣʘʤʳ (ʩʤ. 

ʨʠʩ. 1). 


