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ʇʈɽɼʇʆʉʓʃʂʀ ɺʆɿʅʀʂʅʆɺɽʅʀʗ ɻʋʄɸʅʀʉʊʀʏɽʉʂʀʍ 

      ɺɿɻʃʗɼʆɺ ʕʈɸɿʄɸ ʈʆʊʊɽʈɼɸʄʉʂʆɻʆ 

                                                                                    ʄʘʡʜʘʥʦʚ ʀʩʣʘʤ ʄʫʨʘʪʦʚʠʯ 
                                                           ʄʘʛʠʩʪʨʘʥʪ 2-ʛʦ ʢʫʨʩʘ ʢʘʬʝʜʨʳ ʬʠʣʦʩʦʬʠʠ 

                                            ʬʘʢʫʣʴʪʝʪʘ ʩʦʮʠʘʣʴʥʳʭ ʥʘʫʢ ɽʅʋ ʠʤ. ʃ.ʅ. ɻʫʤʠʣʝʚʘ  

                                                                                           ʂʘʟʘʭʩʪʘʥ, ʛ. ʅʫʨ-ʉʫʣʪʘʥ 

 

ɸʅʅʆʊɸʎʀʗ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʶʪʩʷ ʚʦʧʨʦʩʳ ʠ ʧʨʦʙʣʝʤʳ ʧʨʝʜʧʦʩʳʣʦʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʛʫʤʘʥʠʩʪʠʯʝʩʢʠʭ ʚʟʛʣʷʜʦʚ ʅʠʜʝʨʣʘʥʜʩʢʦʛʦ ʛʫʤʘʥʠʩʪʘ ʕʨʘʟʤʘ ʈʦʪʪʨʝʜʘʤʩʢʦʛʦ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʭʨʠʩʪʠʘʥʩʢʠʝ ʦʙʨʘʟʳ ʯʝʣʦʚʝʢʘ ʦʪʮʦʚ ʮʝʨʢʚʠ, ʩʨʝʜʥʠʭ ʚʝʢʦʚ, ʕʧʦʭʠ 

ɺʦʟʨʦʞʜʝʥʠʷ ʠ ʞʠʟʥʝʥʥʳʝ ʤʦʤʝʥʪʳ ʕʨʘʟʤʘ, ʦʢʘʟʘʚʰʠʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʝʛʦ 

ʤʠʨʦʚʦʟʟʨʝʥʠʷ.  

ʂ ʧʨʝʜʧʦʩʳʣʢʘʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʫʤʘʥʠʩʪʠʯʝʩʢʠʭ ʚʦʟʟʨʝʥʠʡ ʫ ʕʨʘʟʤʘ ʈʦʪʪʝʨʜʘʤʩʢʦʛʦ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʳ ʠʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʦʧʳʪʘ ʠ ʫʯʝʥʠʷ. 

ʇʝʨʚʦʝ ʟʥʘʢʦʤʩʪʚʦ ʕʨʘʟʤʘ ʩ ʛʫʤʘʥʠʩʪʠʯʝʩʢʠʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʧʨʦʠʟʦʰʣʦ ʚ ʅʠʜʝʨʣʘʥʜʘʭ, 

ʛʜʝ ʦʥ ʫʯʠʣʩʷ ʚ ʰʢʦʣʝ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʦʩʥʦʚʘʥʘ ʤʦʥʘʭʘʤʠ, ʠʤʝʥʦʚʘʚʰʠʝ ʩʝʙʷ çʙʨʘʪʴʷ ʦʙʱʝʡ 

ʞʠʟʥʠè. ɼʘʥʥʦʝ ʪʝʯʝʥʠʝ ʚʦʟʥʠʢʣʦ ʚ 70-ʭ ʛʦʜʘʭ XIV ʚ. ʚ ʅʠʜʝʨʣʘʥʜʘʭ ʠ ʚ ʧʦʩʣʝʜʫʶʱʝʤ 

ʥʘʟʳʚʘʣʘʩʴ çʥʦʚʝʡʰʝʝ ʙʣʘʛʦʯʝʩʪʠʝè (devotio moderna) [1, c. 212]. ʆʩʥʦʚʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ 

ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ ʙʳʣʦ çʆ ʧʦʜʨʘʞʘʥʠʠ ʍʨʠʩʪʫè, ʘʚʪʦʨʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʌʦʤʘ 

ʂʝʤʧʠʡʡʩʢʠʡ. ʍʦʪʝʣʦʩʴ ʙʳ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʥʝ ʥʦʩʠʣʦ ʢʘʢʦʛʦ-ʣʠʙʦ 

ʛʫʤʘʥʠʩʪʠʯʝʩʢʦʛʦ ʦʩʥʦʚʘʥʠʷ, ʥʦ ʧʨʝʜʩʪʘʚʣʷʣʦ ʷʨʢʦʝ ʦʪʨʠʮʘʥʠʝ ʬʦʨʤʘʣʴʥʦʡ ʠ ʜʦʛʤʘʪʠʯʥʦʡ 

ʦʬʠʮʠʘʣʴʥʦʡ ʢʘʪʦʣʠʯʝʩʢʦʡ ʮʝʨʢʚʠ, ʪʘʢ ʢʘʢ ʦʩʥʦʚʘʥʠʷ çʥʦʚʝʡʰʝʛʦ ʙʣʘʛʦʯʝʩʪʠʷè ʦʪʥʦʩʠʣʠʩʴ 

ʢ ʣʠʯʥʦʡ ʨʝʣʠʛʠʦʟʥʦʩʪʠ, ʤʦʨʘʣʴʥʦʩʪʠ ʠ ʘʩʢʝʪʠʯʝʩʢʠʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʝ ʧʨʷʤʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʚ ʩʪʦʨʦʥʫ ʛʫʤʘʥʠʩʪʠʯʝʩʢʠʭ ʠʜʝʡ, 

ʵʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʢʘʟʘʣʠ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ 

ʛʫʤʘʥʠʩʪʠʯʝʩʢʠʭ ʚʦʟʟʨʝʥʠʡ ʫ ʕʨʘʟʤʘ. ʆʧʨʝʜʝʣʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʝʛʦ ʤʠʨʦʚʦʟʟʨʝʥʠʝ ʦʢʘʟʳʚʘʝʪ ʧʦʝʟʜʢʘ ʚ ʇʘʨʠʞʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʣʷʠʟʫʯʝʥʠʷ ʙʦʛ

ʦʩʣʦʚʠʷ, ʛʜʝ  ʦʥ ʟʥʘʢʦʤʠʪʩʷ ʩ ʤʝʩʪʥʳʤʠ ʛʫʤʘʥʠʩʪʘʤʠ [2, ʩ.400]. 

   ɿʥʘʯʠʪʝʣʴʥʦ ʚʘʞʥʦʡ ʚ ʧʦʩʪʨʦʝʥʠʠ ʛʫʤʘʥʠʩʪʠʯʝʩʢʠʭ ʚʦʟʟʨʝʥʠʡ ʦʢʘʟʳʚʘʝʪʩʷ ʪʘʢʞʝ ʧʝʨʚʘʷ 

ʧʦʝʟʜʢʘ ʚ ɸʥʛʣʠʶ ʚ 1499 ʛʦʜʫ. ɺ ɸʥʛʣʠʠ ʕʨʘʟʤ ʩʪʘʥʦʚʠʪʩʷ ʯʣʝʥʦʤ ʩʦʦʙʱʝʩʪʚʘ ʛʫʤʘʥʠʩʪʦʚ, 

ʢʦʪʦʨʳʡ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʧʦʜ ʧʨʝʜʩʝʜʘʪʝʣʴʩʪʚʦʤ ɼʞʦʥʘ ʂʦʣʝʪʘ. ʆʥ ʧʦʟʠʮʠʦʥʠʨʦʚʘʣʩʷ ʢʘʢ 

ʧʨʦʪʠʚʥʠʢ ʢʘʪʦʣʠʯʝʩʢʦʡ ʮʝʨʢʚʠ, ʥʦ ʦʩʥʦʚʥʦʡ ʣʠʯʥʦʩʪʴʶ, ʦʢʘʟʘʚʰʝʛʦ ʚʣʠʷʥʠʝ ʷʚʣʷʣʩʷ ʊʦʤʘʩ 

ʄʦʨ, ʩ ʢʦʪʦʨʳʤ ʕʨʘʟʤ ʧʦʟʥʘʢʦʤʠʣʩʷ ʚ ʵʪʦʤ ʩʦʦʙʱʝʩʪʚʝ ʛʫʤʘʥʠʩʪʦʚ. ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʯʘʩʪʝʡ ʅʦʚʦʛʦ ʟʘʚʝʪʘ ʷʚʣʷʝʪʩʷ ʧʦʩʣʘʥʠʷ ʘʧʦʩʪʦʣʘ ʇʘʚʣʘ, ʷʚʣʷʚʰʝʝʩʷ ʥʘʠʙʦʣʝʝ 

ʤʦʨʘʣʠʩʪʠʯʝʩʢʠʤ ʩʨʝʜʠ ʜʨʫʛʠʭ ʯʘʩʪʝʡ ɹʠʙʣʠʠ, ʠ ʢʦʪʦʨʫʶ ʘʥʛʣʠʡʩʢʠʝ ʛʫʤʘʥʠʩʪʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʢ ʥʘʧʨʘʚʣʝʥʠʝ ʜʣʷ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʢʘʪʦʣʠʯʝʩʢʦʡ ʮʝʨʢʚʠ. ɼʞʦʥ ʂʦʣʝʪʘ, 

ʧʨʝʜʚʦʜʠʪʝʣʴ ʩʦʦʙʱʝʩʪʚʘ ʘʥʛʣʠʡʩʢʠʭ ʛʫʤʘʥʠʩʪʦʚ, ʢʨʠʪʠʢʦʚʘʣ ʦʬʠʮʠʘʣʴʥʫʶ ʮʝʨʢʦʚʴ ʟʘ 

ʬʦʨʤʘʣʠʟʤ ʠ ʮʝʥʥʦʩʪʥʫʶ ʜʝʛʨʘʜʘʮʠʶ ʝʝ ʩʣʫʞʠʪʝʣʝʡ, 
ʥʘʯʠʥʘʷ ʦʪ ʧʘʧʳ ʠ ʟʘʢʘʥʯʠʚʘʷ ʦʙʳʯʥʳʤ ʤʦʥʘʭʦʤ [3, ʩ. 12]. 

   ʕʨʘʟʤ ʙʳʣ ʦʯʝʥʴ ʙʣʠʟʦʢ ʢ ʘʥʪʠʯʥʳʤ ʣʠʪʝʨʘʪʦʨʘʤ, ʦʜʥʠʤ ʠʟ ʪʘʢʠʭ ʘʚʪʦʨʦʚ, ʢʦʪʦʨʳʡ ʦʢʘʟʘʣ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʙʳʣ ʃʫʢʠʘʥ. ʃʫʢʠʘʥ ʠʟʚʝʩʪʝʥ ʩʚʦʠʤʠ ʚʳʩʤʝʠʚʘʥʠʷʤʠ ʨʝʣʠʛʠʦʟʥʦʡ 

ʞʠʟʥʠ ʩʚʦʝʛʦ ʚʨʝʤʝʥʠ. ɺ XIX  ʚʝʢʝ ʝʛʦ ʜʘʞʝ ʙʫʜʫʪ ʠʤʝʥʦʚʘʪʴ ɺʦʣʴʪʝʨʦʤ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʜʨʝʚʥʦʩʪʠ, ʘ ʕʨʘʟʤʘ ɺʦʣʴʪʝʨʦʤ XVI  ʚʝʢʘ. ʅʘ ʩʪʘʥʦʚʣʝʥʠʝ ʤʠʨʦʚʦʟʟʨʝʥʠʷ ʅʠʜʝʨʣʘʥʜʩʢʦʛʦ 

ʛʫʤʘʥʠʩʪʘ ʦʢʘʟʘʣʦ ʚʣʠʷʥʠʝ ʝʛʦ ʛʣʫʙʦʢʦʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʩʦʯʠʥʝʥʠʷʤ ʠ 

ʚʦʟʟʨʝʥʠʷʤ ʦʪʮʦʚ ʮʝʨʢʚʠ. ʆʥ ʧʨʦʷʚʣʷʣ ʠʥʪʝʨʝʩ ʢ ʀʝʨʦʥʠʤʫ, ʦʩʫʱʝʩʪʚʠʚʰʝʤʫ ʧʝʨʝʚʦʜ 

ɹʠʙʣʠʠ ʥʘ ʣʘʪʠʥʩʢʠʡ ʷʟʳʢ, ʠʤʝʥʫʶʱʝʡʩʷ ʢʘʢ ɺʫʣʴʛʘʪʘ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʦʷʚʣʷʝʪʩʷ ʢ 
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ʆʨʠʛʝʥʫ, ʫ ʢʦʪʦʨʦʛʦ ʬʠʣʦʩʦʬʩʢʠʝ ʘʩʧʝʢʪʳ ʙʳʣʠ ʙʦʣʝʝ ʩʦʜʝʨʞʘʪʝʣʴʥʳ, ʘ ʪʘʢʞʝ ʢ ʜʨʫʛʠʤ 

ʦʪʮʘʤ ʮʝʨʢʚʠ ʢʘʢ ɸʤʚʨʦʩʠʡ, ɸʚʛʫʩʪʠʥ (çʆ ʭʨʠʩʪʠʘʥʩʢʦʤ ʫʯʝʥʠʠè) ʠ ɼʠʦʥʠʩʠʡ ɸʨʝʦʧʘʛʠʪ 

(çʆ ʙʦʞʝʩʪʚʝʥʥʳʭ ʠʤʝʥʘʭè). ɺ ʨʘʟʚʠʪʠʠ ʠʜʝʡ ʕʨʘʟʤʘ ʚʘʞʥʫʶ ʨʦʣʴ ʩʳʛʨʘʣʠ ʚʟʛʣʷʜʳ 

ʬʣʦʨʝʥʪʠʡʩʢʠʭ ʧʣʘʪʦʥʠʢʦʚ. ʅʘʠʙʦʣʝʝ ʚʣʠʷʪʝʣʴʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʚʦʟʟʨʝʥʠʷ ʇʠʢʦ ʜʝʣʣʘ 

ʄʠʨʘʥʜʦʣʘ ʠ ʌʠʯʠʥʦ ʦ çʚʩʝʦʙʱʝʡ ʨʝʣʠʛʠʠè, ʢʦʪʦʨʳʝ ʩʩʳʣʘʣʠʩʴ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʫ 

ʇʣʘʪʦʥʘ ʘʙʩʪʨʘʢʪʥʦʛʦ ʙʦʛʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʘʥʪʝʠʟʤʦʤ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʦʡ ʢʦʥʮʝʧʮʠʝʡ ʭʨʠʩʪʠʘʥʩʪʚʦ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʥʳʤ ʚʩʝʦʙʱʝʡ ʨʝʣʠʛʠʠ ʚ ʤ

ʠʨʝ.  

ɺ çʆʨʫʞʠʠ ʭʨʠʩʪʠʘʥʩʢʦʛʦ ʚʦʠʥʘè ʫ ʕʨʘʟʤʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ 

ʛʫʤʘʥʠʩʪʠʯʝʩʢʠʝ ʠʜʝʠ ʬʣʦʨʝʥʪʠʡʩʢʦʛʦ ʧʣʘʪʦʥʠʢʘ ʄʠʨʘʥʜʦʣʘ ï ʠʜʝʷ ʮʘʨʩʪʚʦʚʘʥʠʷ 

ʜʫʭʦʚʥʦʛʦ ʥʘʯʘʣʘ ʚ ʯʝʣʦʚʝʢʝ, ʚʦʟʚʳʰʘʶʱʝʛʦ ʝʛʦ ʜʦ ʙʦʞʝʩʪʚʝʥʥʦʛʦ. ʆʪʩʶʜʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ 

ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʤʦʤʝʥʪʦʚ ʚ çʆʨʫʞʠʠ ʭʨʠʩʪʠʘʥʩʢʦʛʦ ʚʦʠʥʘè ʧʨʠʥʮʠʧ ʩʘʤʦʧʦʟʥʘʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʨʠʥʮʠʧʘ ʩʘʤʦʧʦʟʥʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʚʦʟʟʨʝʥʠʷ 

çʅʦʚʦʛʦ ʙʣʘʛʦʯʝʩʪʠʷè, ʭʦʪʷ ʵʪʦ ʜʚʠʞʝʥʠʝ ʦʢʘʟʘʣʦ ʙʦʣʴʰʝ ʚʣʠʷʥʠʝ ʠʤʝʥʥʦ ʥʘ ʜʫʭʦʚʥʦʝ 

ʨʘʟʚʠʪʠʝ ʕʨʘʟʤʘ. ʅʦ ʚʩʝ-ʪʘʢʠ ʦʩʥʦʚʥʳʤ ʨʦʜʦʥʘʯʘʣʴʥʠʢʦʤ ʵʪʦʛʦ ʚʦʟʟʨʝʥʠʷ ʫ ʥʝʛʦ ʷʚʣʷʶʪʩʷ 

ʠʜʝʠ ʉʦʢʨʘʪʘ (çʧʦʟʥʘʡ ʩʘʤʦʛʦ ʩʝʙʷè), ʢʦʪʦʨʳʡ ʙʳʣ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʝʨʩʦʥʘʞʝʡ ʚ çʂʥʠʛʝ 

ʘʥʪʠʚʘʨʚʘʨʦʚè. ɼʣʷ ʕʨʘʟʤʘ ʵʪʦʪ ʧʨʠʥʮʠʧ ʧʨʝʜʩʪʘʝʪ ʢʘʢ ʧʝʨʚʦʥʘʯʘʣʦ ʤʫʜʨʦʩʪʠ, ʘ ʚ çʆʨʫʞʠʠ 

ʭʨʠʩʪʠʘʥʩʢʦʛʦ ʚʦʠʥʘè ʦʥ ʦʪʥʝʩʝʥ ʢ ʘʧʦʩʪʦʣʫ ʇʘʚʣʫ. ʊʝʦʨʝʪʠʯʝʩʢʦʡ ʙʘʟʦʡ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʘʥʪʨʦʧʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʟʨʝʥʠʡ ʫ ʕʨʘʟʤʘ ʚʳʩʪʫʧʘʶʪ ʧʨʦʠʟʚʝʜʝʥʠʷ ʇʣʘʪʦʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʜʠʘʣʦʛ çʊʠʤʝʡè, ʠ ʧʨʦʠʟʚʝʜʝʥʠʷ ʆʨʠʛʝʥʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʣʩʷ ʧʝʨʚʳʤ ʠ ʩʘʤʳʤ ʢʨʫʧʥʳʤ 

ʭʨʠʩʪʠʘʥʩʢʠʤ ʧʣʘʪʦʥʠʢʦʤ ʧʝʨʠʦʜʘ ʦʪʮʦʚ ʮʝʨʢʚʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʯʝʥʠʝʤ ʇʣʘʪʦʥʘ ʯʝʣʦʚʝʢ 

ʧʦʥʠʤʘʝʪʩʷ ʚ ʢʨʘʡʥʝ ʜʫʘʣʠʩʪʠʯʝʩʢʦʡ ʬʦʨʤʝ, ʜʫʰʘ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ ʪʝʣʝʩʥʦ-

ʟʝʤʥʳʤ ʠ ʠʜʝʘʣʴʥʦ-ʙʝʩʪʝʣʝʩʥʳʤ ʤʠʨʘʤʠ. ʆʪʮʳ ʭʨʠʩʪʠʘʥʩʢʦʡ ʮʝʨʢʚʠ ʠ ʚ ʪʦʤ ʯʠʩʣʝ ʆʨʠʛʝʥ, 

ʬʠʣʦʩʦʬʩʪʚʫʷ ʩʠʥʪʝʟʠʨʫʶʪ ʠʜʝʠ ʇʣʘʪʦʥʘ ʩ ɹʠʙʣʠʝʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʦʥʠ ʧʦʜʯʠʥʷʶʪ 

ʵʪʠ ʠʜʝʠ ʧʨʠʥʮʠʧʫ ʪʝʦʮʝʥʪʨʠʟʤʘ, ʠ ʦʪʩʶʜʘ ʙʦʞʝʩʪʚʝʥʥʘʷ ʣʠʯʥʦʩʪʴ ʩ ʘʥʛʝʣʘʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʚʝʨʭʦʚʥʳʡ ʤʠʨ. ɼʫʘʣʠʩʪʠʯʥʦʩʪʴ ʵʪʠʭ ʚʦʟʟʨʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʣʘʪʦʥʠʯʝʩʢʦ-ʭʨʠʩʪʠʘʥʩʢʦʡ 

ʪʨʘʜʠʮʠʠ. çʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʝʣʦʚʝʢ ï ʵʪʦ ʥʝʢʦʝ ʩʪʨʘʥʥʦʝ ʞʠʚʦʪʥʦʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʜʚʫʭ ʠʣʠ 

ʪʨʝʭ ʯʨʝʟʚʳʯʘʡʥʦ ʨʘʟʥʳʭ ʯʘʩʪʝʡ: ʠʟ ʜʫʰʠ (anima) ï ʢʘʢ ʙʳ ʥʝʢʦʝʛʦ ʙʦʞʝʩʪʚʘ (numen) ʠ ʪʝʣʘ 

ï ʚʨʦʜʝ ʙʝʩʩʣʦʚʝʩʥʦʡ ʩʢʦʪʠʥʳ. ʕʪʠ ʜʚʝ ʩʪʦʣʴ ʦʪʣʠʯʘʶʱʠʝʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʨʠʨʦʜʳ ʚʳʩʰʠʡ 

ʪʚʦʨʝʮ ʦʙʲʝʜʠʥʠʣ ʚ ʩʪʦʣʴ ʩʯʘʩʪʣʠʚʦʤ ʩʦʛʣʘʩʠʠ, ʘ ʟʤʝʡ, ʚʨʘʛ ʤʠʨʘ, ʩʥʦʚʘ ʨʘʟʜʝʣʠʣ 

ʥʝʩʯʘʩʪʥʳʤ ʨʘʟʥʦʛʣʘʩʠʝʤ, ʯʪʦ ʦʥʠ ʠ ʨʘʟʣʫʯʝʥʥʳʝ ʥʝ ʤʦʛʫʪ ʞʠʪʴ ʙʝʟ ʚʝʣʠʯʘʡʰʝʛʦ ʤʫʯʝʥʠʷ ʠ 

ʙʳʪʴ ʚʤʝʩʪʝ ʥʝ ʤʦʛʫʪ ʙʝʟ ʧʦʩʪʦʷʥʥʦʡ ʚʦʡʥʳè [4, ʩ. 111]. ʏʝʣʦʚʝʢ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʥʝʦʙʳʯʥʦʝ ʞʠʚʦʝ ʩʫʱʝʩʪʚʦ, ʧʣʦʪʴ ʢʦʪʦʨʦʛʦ ʧʨʠʙʣʠʞʘʝʪ ʢ ʞʠʚʦʪʥʦʤʫ, ʘ ʜʫʰʘ ʩʧʦʩʦʙʥʘ 

ʚʦʟʚʳʩʠʪʴʩʷ ʚʳʰʝ ʘʥʛʝʣʦʚ ʠ ʩʦʧʨʠʢʦʩʥʫʪʴʩʷ ʩ ʙʦʛʦʤ. ʂʨʘʡʥʝʝ ʫʪʚʝʨʞʜʝʥʠʝ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ 

ʦʩʪʘʪʢʦʤ ʤʠʩʪʠʯʝʩʢʠʭ ʪʨʘʜʠʮʠʡ ʩʨʝʜʥʝʚʝʢʦʚʴʷ, ʢʦʪʦʨʳʡ ʤʦʛ ʙʳ ʙʳʪʴ ʚʦʩʧʨʠʥʷʪ ʕʨʘʟʤʦʤ 

ʯʝʨʝʟ ʚʦʟʟʨʝʥʠʷ çʅʦʚʦʛʦ ʙʣʘʛʦʯʝʩʪʠʷè. ɺʦʟʤʦʞʥʦ ʤʠʩʪʠʮʠʟʤ ʫ ʕʨʘʟʤʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʙʦʣʝʝ 

ʶʥʦʤ ʚʦʟʨʘʩʪʝ ʚ ʩʚʦʝʤ ʧʝʨʚʦʤ ʧʨʦʠʟʚʝʜʝʥʠʠ çɾʘʣʦʙʘ ʤʠʨʘè, ʘ ʚ çʆʨʫʞʠʠ 

ʭʨʠʩʪʠʘʥʩʢʦʛʦ ʚʦʠʥʘè ʤʠʩʪʠʮʠʟʤ ʦʱʫʱʘʝʪʩʷ ʫʞʝ ʤʝʥʴʰʝ ʧʝʨʝʜ ʛʫʤʘʥʠʩʪʠʯʝʩʢʠʤʠ ʚʟʛʣʷʜʘʤ

ʠ ʤʦʨʘʣʴʥʦʛʦ ʠ ʥʨʘʚʩʪʚʝʥʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ.  

ɺ ʮʝʣʷʭ ʫʪʚʝʨʞʜʝʥʠʷ ʛʦʩʧʦʜʩʪʚʫʶʱʝʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʟʫʤʘ, ʢʦʪʦʨʳʡ ʟʘʥʠʤʘʝʪ ʚʳʩʰʝʝ 

ʤʝʩʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʯʝʣʦʚʝʢʘ ʠ ʦʙʣʘʜʘʶʱʠʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʫʢʦʚʦʜʠʪʴ ʪʝʣʦʤ ʠ ʝʛʦ ʩʪʨʘʩʪʷʤʠ, 

ʕʨʘʟʤ ʧʨʠʥʠʤʘʝʪ ʆʨʠʛʝʥʦʚʫ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʯʝʣʦʚʝʢʘ. ʆʨʠʛʝʥʦʚʩʢʘʷ ʪʦʣʢʦʚʘʥʠʝ ʯʝʣʦʚʝʢʘ 

ʷʚʣʷʣʦʩʴ ʠʟʤʝʥʝʥʥʦʡ ʪʨʘʢʪʦʚʢʦʡ ʧʣʘʪʦʥʦʚʩʢʦʛʦ ʚʦʩʧʨʠʷʪʠʷ. ʉʦʛʣʘʩʥʦ ʝʛʦ ʪʨʘʢʪʦʚʢʠ ʚ 

ʯʝʣʦʚʝʢʝ ʩʣʝʜʫʝʪ ʨʘʟʣʠʯʘʪʴ ʧʣʦʪʴ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʷʚʣʷʶʱʝʝʩʷ ʚʥʝʰʥʠʤ ʧʨʦʷʚʣʝʥʠʝʤ 

ʯʝʣʦʚʝʢʘ, ʘ ʩ ʜʨʫʛʦʡ ʜʫʰʫ, ʩʦʩʪʘʚʣʷʶʱʝʝ ʚʥʫʪʨʝʥʥʦʩʪʴ ʯʝʣʦʚʝʢ. ɺʩʝ ʧʦʩʪʳʜʥʳʝ ʩʪʨʘʩʪʠ 

ʯʝʣʦʚʝʢʘ ʢʦʨʝʥʷʪʩʷ ʚ ʪʝʣʝ, ʜʫʭ (spiritus) ʝʩʪʴ ʙʦʛʦʧʦʜʦʙʥʦʝ ʥʘʯʘʣʦ ʚ ʯʝʣʦʚʝʢʝ, ʘ ʜʫʰʘ (anima) 

ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʩʦʝʜʠʥʷʶʱʝʝ ʟʚʝʥʦ, ʢʦʪʦʨʦʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʪʝʣʝʩʥʦʩʪʠ ʠ 

ʙʦʞʝʩʪʚʝʥʥʦʡ ʜʫʭʦʚʥʦʩʪʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦ ʆʨʠʛʝʥʦʚʩʢʦʡ ʪʨʘʜʠʮʠʠ ʩʪʨʘʩʪʠ ʥʝ ʛʘʩʷʪʩʷ ʜʦ 

ʠʩʯʝʟʥʦʚʝʥʠʷ, ʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʡ ʥʦʨʤʝ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʙʳʪʴ ʫ ʯʝʣʦʚʝʢʘ [4, ʩ. 41]. 

   ɺ XII  ï XIII  ʚʚ. ʫ ʧʨʦʪʠʚʥʠʢʦʚ ʢʘʪʦʣʠʯʝʩʢʦʡ ʮʝʨʢʚʠ ʧʨʦʪʠʚʦʨʝʯʠʝ ʤʝʞʜʫ ʚʝʨʦʡ ʠ ʟʥʘʥʠʝʤ 

ʧʝʨʝʭʦʜʠʪ ʢ ʚʦʧʨʦʩʫ ʜʚʦʡʩʪʚʝʥʥʦʩʪʠ ʠʩʪʠʥʳ ʠʣʠ ʢʘʢ ʝʱʝ ʥʘʟʳʚʘʶʪ ʫʯʝʥʠʝ ʦ çʜʚʫʭ 

ʠʩʪʠʥʘʭè. ɺ ʦʜʥʦʡ ʠʟ ʪʨʘʢʪʦʚʦʢ ʵʪʦʛʦ ʫʯʝʥʠʷ ʠʩʪʠʥʘ, ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪʩʷ ʨʘʟʫʤʦʤ ʠ 
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ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʠʨʦʜʝ, ʦʙʷʟʘʥʥʘʷ ʙʦʞʝʩʪʚʝʥʥʦʤʫ ʥʘʯʘʣʫ, ʝʩʪʴ ʠʩʪʠʥʘ ʬʠʣʦʩʦʬʠʠ ʢʘʢ ʪʘʢʦʚʦʡ, 

ʘ ʠʩʪʠʥʘ ɹʠʙʣʠʠ ʣʠʙʦ ʥʝʧʦʩʪʠʛʘʝʤʘ ʯʝʣʦʚʝʯʝʩʢʠʤ ʨʘʟʫʤʦʤ, ʣʠʙʦ ʵʪʘ ʠʩʪʠʥʘ ʜʦʩʪʠʛʘʝʪʩʷ 

ʯʘʩʪʠʯʥʦ ʯʝʨʝʟ ʯʝʣʦʚʝʯʝʩʢʫʶ ʥʨʘʚʩʪʚʝʥʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʥʘʮʝʣʝʥʘ ʥʝ ʥʘ ʤʠʨʩʢʫʶ ʞʠʟʥʴ, ʘ ʥʘ 

ʚʝʯʥʫʶ.  ɼʘʥʥʦʝ ʫʯʝʥʠʝ ʦ çʜʚʫʭ ʠʩʪʠʥʘʭè ʦʢʘʟʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʛʫʤʘʥʠʩʪʦʚ 

ʵʧʦʭʠ ɺʦʟʨʦʞʜʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʛʫʤʘʥʠʩʪʦʚ ʵʧʦʭʠ ɺʦʟʨʦʞʜʝʥʠʷ 

ʙʳʣʦ ʨʘʩʰʠʨʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʡ ʟʥʘʥʠʡ, ʯʪʦ ʚʠʜʥʦ ʚ ʠʭ ʘʥʪʠʯʥʦʤ ʫʩʪʨʝʤʣʝʥʠʠ ʚ 

ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʝʥʠʠ ʩʭʦʣʘʩʪʠʯʝʩʢʦʤʫ ʧʦʨʷʜʢʫ. ʆʩʥʦʚʫ ʠʭ ʠʜʝʦʣʦʛʠʠ ʫʪʚʝʨʞʜʘʣ ʦʩʦʙʳʡ 

ʠʥʪʝʨʝʩ ʢ ʯʝʣʦʚʝʢʫ ʠ ʝʛʦ ʥʨʘʚʩʪʚʝʥʥʦʡ ʩʪʦʨʦʥʝ, ʯʪʦ ʩʪʘʥʝʪ ʧʨʠʯʠʥʦʡ ʦʩʦʙʦʡ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ ʛʫʤʘʥʠʩʪʘʤʠ ʉʚʷʱʝʥʥʦʛʦ ʧʠʩʘʥʠʷ ʠ ʝʝ ʢʦʤʤʝʥʪʘʪʦʨʦʚ [4, ʩ. 24]. 

   ʕʨʘʟʤ ʚ ʩʚʦʠʭ ʩʦʯʠʥʝʥʠʷʭ ʘʢʪʠʚʥʦ ʧʦʢʘʟʳʚʘʝʪ ʨʘʟʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʛʫʤʘʥʠʩʪʦʚ. ɺ çʂʥʠʛʝ 

ɸʥʪʠʚʘʨʚʘʨʦʚè ʕʨʘʟʤ ʦʧʨʦʚʝʨʛʘʝʪ ʚʟʛʣʷʜʳ ʪʝʭ, ʢʦʪʦʨʳʝ ʚʳʩʪʫʧʘʶʪ ʷʢʦʙʳ ʧʦʜʣʠʥʥʳʤʠ 

ʭʨʠʩʪʠʘʥʘʤʠ ʠ ʦʪʨʠʮʘʶʪ ʜʦʩʪʠʞʝʥʠʷ ʘʥʪʠʯʥʦʩʪʠ ʠʟ-ʟʘ ʠʭ ʷʟʳʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʯʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʜʦʛʤʘʪʠʯʥʦʩʪʴ ʠ ʬʘʥʘʪʠʯʥʦʩʪʴ. ʕʨʘʟʤ ʚʝʣ ʙʦʨʴʙʫ ʧʨʦʪʠʚ 

çʚʘʨʚʘʨʦʚè, ʠʩʧʦʣʴʟʫʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʘʨʛʫʤʝʥʪʳ. ʆʜʠʥ ʠʟ ʘʨʛʫʤʝʥʪʦʚ ʢʘʩʘʝʪʩʷ ʤʘʪʝʨʠʘʣʴʥʦʡ 

ʢʫʣʴʪʫʨʳ ʜʨʝʚʥʦʩʪʠ ʠ ʝʝ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ, ʚʝʜʴ ʠʩʭʦʜʷ ʠʟ ʫʪʚʝʨʞʜʝʥʠʡ çʧʦʜʣʠʥʥʳʭ 

ʭʨʠʩʪʠʘʥʠʥʦʚè, ʪʦ ʦʥʠ ʜʦʣʞʥʳ ʦʪʢʘʟʘʪʴʩʷ ʚʩʝʭ ʷʟʳʯʝʩʢʠʭ ʠʟʦʙʨʝʪʝʥʠʡ ʠ ʜʨʫʛʠʭ 

ʠʟʦʙʨʝʪʝʥʠʡ ʜʨʝʚʥʦʩʪʠ. ʀʟ ʚʩʝʭ ʘʨʛʫʤʝʥʪʦʚ ʕʨʘʟʤʘ ʥʘʠʙʦʣʝʝ ʩʦʜʝʨʞʘʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʚʝʨʳ ʠ ʟʥʘʥʠʷ, ʨʝʣʠʛʠʦʟʥʦʡ ʥʘʙʦʞʥʦʩʪʠ ʠ ʥʘʫʢʠ. ʆʥ ʨʝʟʢʦ 

ʚʳʩʪʫʧʘʝʪ ʧʨʦʪʠʚ ʠʭ ʨʘʟʜʝʣʝʥʠʷ.   

 ɻʫʤʘʥʠʟʤ ʕʨʘʟʤʘ ʦʩʥʦʚʳʚʘʣʩʷ ʥʘ ʥʨʘʚʩʪʚʝʥʥʳʭ ʚʦʧʨʦʩʘʭ, ʪʦʣʢʦʚʘʥʠʝ ʠ ʨʘʟʨʝʰʝʥʠʝ 

ʢʦʪʦʨʳʭ ʧʨʠʙʣʠʞʘʣʦʩʴ ʢ ʧʨʠʨʦʜʥʦʤʫ ʪʦʣʢʦʚʘʥʠʶ ʯʝʣʦʚʝʢʘ. ʀʩʭʦʜʷ ʠʟ ʪʘʢʦʛʦ ʠʩʪʦʣʢʦʚʘʥʠʷ 

ʜʣʷ ʕʨʘʟʤʘ ʚʳʩʦʢʦʤʦʨʘʣʴʥʳʡ ʷʟʳʯʥʠʢ ʥʘʤʥʦʛʦ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʯʝʤ ʧʩʝʚʜʦʭʨʠʩʪʠʘʥʠʥ, 

ʤʦʨʘʣʴ ʢʦʪʦʨʦʛʦ ʥʦʩʠʣʘ ʣʠʰʴ ʚʥʝʰʥʠʡ ʭʘʨʘʢʪʝʨ. ʂ ʪʦʤʫ ʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʛʫʤʘʥʠʩʪʠʯʝʩʢʠʝ ʠʜʝʠ ʕʨʘʟʤʘ ʥʝ ʩʚʦʜʷʪʩʷ ʢ ʯʠʩʪʦʡ ʥʘʪʫʨʘʣʠʟʘʮʠʠ ʣʶʜʩʢʦʡ ʥʨʘʚʩʪʚʝʥʥʦʩʪʠ, 

ʠ ʦ ʩʦʤʥʝʥʠʷʭ ʙʳʪʠʷ ʙʦʛʘ ʫ ʥʝʛʦ ʠ ʝʛʦ ʩʦʚʨʝʤʝʥʥʠʢʦʚ ʥʝ ʤʦʞʝʪ ʠʜʪʠ ʠ ʨʝʯʠ. ʀʜʝʠ 

ʛʫʤʘʥʠʩʪʦʚ ʩʦʯʝʪʘʣʠʩʴ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʧʨʘʢʪʠʢʦ-ʜʦʛʤʘʪʠʯʥʦʡ ʩʪʦʨʦʥʳ ʭʨʠʩʪʠʘʥʩʪʚʘ, 

ʨʘʟʨʘʩʪʘʥʠʝ ʢʦʪʦʨʦʡ ʧʨʠʚʦʜʠʣʦ ʚʧʣʦʪʴ ʜʦ ʠʜʦʣʦʧʦʢʣʦʥʩʪʚʘ, ʠ ʥʝʛʘʪʠʚʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʢ 

ʜʦʛʤʘʪʠʯʥʦ-ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʮʝʨʢʚʠ, ʧʨʠʚʦʜʠʚʰʠʭ ʣʶʜʝʡ ʢ ʘʤʦʨʘʣʠʟʤʫ. ʕʨʘʟʤ 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʪʦʤ ʜʫʭʝ, ʯʪʦ ʚʝʨʠʪʴ ʚ ʙʦʛʘ ʥʫʞʥʦ ʠ ʜʦʣʞʥʦ, ʪʦ ʚ ʮʝʨʢʦʚʴ ʚʝʨʠʪʴ 

ʥʝʦʙʷʟʘʪʝʣʴʥʦ, ʝʩʣʠ ʜʘʞʝ ʦʥʘ ʩʦʩʪʦʠʪ ʠʟ ʚʳʩʦʢʦʤʦʨʘʣʴʥʳʭ ʣʶʜʝʡ, ʠʙʦ ʚʚʠʜʫ ʩʚʦʝʡ ʣʶʜʩʢʦʡ 

ʧʨʠʨʦʜʳ ʦʥʠ ʤʦʛʫʪ ʠʩʧʦʨʪʠʪʴʩʷ. ɺ ʩʚʦʝʡ çʬʠʣʦʩʦʬʠʠ ʍʨʠʩʪʘè ʦʥ ʦʧʨʝʜʝʣʷʝʪ ʛʣʘʚʥʦʝ 

ʧʨʦʪʠʚʦʨʝʯʠʝ, ʧʨʦʪʠʚʦʨʝʯʠʝ ʤʝʞʜʫ ʠʩʪʠʥʥʦ ʤʦʨʘʣʴʥʳʤ, ʦʩʥʦʚʥʦʡ ʩʤʳʩʣ ʢʦʪʦʨʦʛʦ ʫʢʘʟʘʥ ʚ 

ɹʠʙʣʠʠ, ʠ   ʝʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʝʤ ʚ ʜʦʛʤʘʪʠʢʝ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʭʨʠʩʪʠʘʥʩʢʠʭ ʮʝʨʢʚʝʡ.  
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 ʳʣ ʦʧʝʨʘʮʠʷʣʘʨ ʩʘʥʳ ʤʝʥ ʧʝʨʠʥʘʪʘʣʴʜʳסײʰʘʨʘʣʘʨ ʰ ץʘʥ ʝʤʜʽʢ-ʜʠʘʛʥʦʩʪʠʢʘʣʳסʦʣʜʘʥʳʣץ

ᴇʣʽʤ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʽש ʪᴇʤʝʥʜʝʫʽʥʝ ʩʝʧʪʽʛʽʥ ʪʠʛʽʟʝʜʽ. 

ʊʘץʳʨʳʧʪʳש ᴇʟʝʢʪʽʣʽʛʽ: פʘʟʽʨʛʽ ʘʢʫʰʝʨʠʷʜʘ ʤʘשʳʟʜʳ ʤᴅʩʝʣʝʩʽʥʽש ʙʽʨʽ ʙʘʣʘ 

ʞʦʣʜʘʩʳʥʳש ʦʨʥʘʣʘʩʫ ʘץʘʫʳ ʢʝʟʽʥʜʝʛʽ ʘʥʘ ʤʝʥ ʧʝʨʠʥʘʪʘʣʜʳ ᴇʣʽʤʥʽש ʘʣʜʳʥ ʘʣʫ ʞײʤʳʩʪʘʨʳ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɸʢʫʰʝʨʣʽʢ ʘʩʧʝʢʪʽʩʽʥʜʝ ʧʣʘʮʝʥʪʘʥʳש ʘʫʳʪץʫʤʝʥ ʦʨʥʘʣʘʩʫ (ʇɸʆ) 

ʩʘʣʜʘʨʳʥʘʥ ʪʫʳʥʜʘסʘʥ ץʘʥ ʢʝʪʫ ʢʝʟʽʥʜʝʛʽ ʞװʢʪʽʣʽʢʪʽ ʩʘץʪʘʧ ץʘʣʫ ʥʝʤʝʩʝ ʞʘʣסʘʩʪʳʨʫ ʤʘשʳʟʜʳ 

ʤᴅʩʝʣʝ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʂᴇʧʪʝʛʝʥ ʩײʨʘץʪʘʨ ʧʣʘʮʝʥʪʘʥʳש ʘʫʳʪץʫʤʝʥ ʦʨʥʘʣʘʩʫʳʥʳש 

ʵʪʠʦʣʦʛʠʷʩʳ, ʧʘʪʦʛʝʥʝʟʽ, ʞװʢʪʽʣʽʢ ʘסʳʤʳ ʤʝʥ ʙʦʩʘʥʫ, װʨʳץ ʞᴅʥʝ ʞʘשʘ ʪʫסʘʥ ʥᴅʨʝʩʪʝ ʞʘסʜʘʡʳ 

ʪʦʣʳץ ʰʝʰʽʣʤʝʛʝʥ ʩײʨʘץ ʙʦʣʳʧ ץʘʣʤʘץ. 

ɿʝʨʪʪʝʫ ʤʘץʩʘʪʳ: 2020 ʞʳʣʜʘסʳ ʆʙʣʳʩʪʳץ ʢʣʠʥʠʢʘʣʳץ ʘʫʨʫʭʘʥʘʩʳ ʞʘʥʳʥʜʘסʳ 

ʧʝʨʟʝʥʪʭʘʥʘʩʳʥʜʘ ʧʣʘʮʝʥʪʘʥʳש ʘʫʳʪץʫʳʤʝʥ ʦʨʥʘʣʘʩʫʳʥʜʘסʳ ʞװʢʪʽʣʽʢʪʽש ʘʷץʪʘʣʫ ʝʨʝʢʰʽʣʽʛʽ 

ʙʦʡʳʥʰʘ ʙʘסʘ ʙʝʨʫ. 

ɿʝʨʪʪʝʫ ʤʘʪʝʨʠʘʣʜʘʨʳ ʤʝʥ ᴅʜʽʩʪʝʨʽ: פʘʨʘסʘʥʜʳ ץʘʣʘʩʳʥʳש ʆʙʣʳʩʪʳץ ʢʣʠʥʠʢʘʣʳץ 

ʘʫʨʫʭʘʥʘʩʳ ʞʘʥʳʥʜʘסʳ ʧʝʨʟʝʥʪʭʘʥʘʩʳʥʜʘ 2020 ʞʳʣʜʘסʳ ʧʣʘʮʝʥʪʘʥʳש ʘʫʳʪץʫʳʤʝʥ 

ʦʨʥʘʣʘʩʫʳʥʜʘסʳ ʞװʢʪʽʣʽʢʪʽש ʘʷץʪʘʣʫ ʝʨʝʢʰʽʣʽʛʽ ʙʦʡʳʥʰʘ ʙʦʩʘʥʫ ʪʘʨʠʭʪʘʨʳʥʘ 

ʨʝʪʨʦʩʧʝʢʪʠʚʪʽ ʩʘʣʳʩʪʳʨʤʘʣʳ ʟʝʨʪʪʝʫ ʞװʨʛʽʟʽʣʜʽ. 
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ɿʝʨʪʪʝʫ ʥᴅʪʝʞʠʝʩʽ: פʘʨʘסʘʥʜʳ ץʘʣʘʩʳʥʳש ʆʙʣʳʩʪʳץ ʢʣʠʥʠʢʘʣʳץ ʘʫʨʫʭʘʥʘʩʳ 

ʞʘʥʳʥʜʘסʳ ʧʝʨʟʝʥʪʭʘʥʘʩʳʥʜʘ 2020 ʞʳʣʜʘסʳ 22 ʙʦʩʘʥʫ ʪʘʨʠʭʪʘʨʳʥʘ ʨʝʪʨʦʩʧʝʢʪʠʚʪʽ 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʟʝʨʪʪʝʫ ʞװʨʛʽʟʽʣʜʽ.  

ɿʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽ ʤʝʥ ʤʘʪʝʨʠʘʣʜʘʨ: 

 ʳʥʜʘ ʙʘʣʘסʘʣʘʩʳ ʇʎ ʆʂɹ ʧʝʨʟʝʥʪʭʘʥʘʩʳʥʜʘ 2019-2020 ʞʞ ʘʨʘʣʳץ ʘʥʜʳסʘʨʘפ

ʞʦʣʜʘʩʥʳʥʳש ʘʫʳʪץʫʳʤʝʥ ʦʨʥʘʣʘʩʫʳ ʜʠʘʛʥʦʟʳʤʝʥ ʙʦʩʘʥסʘʥ ᴅʡʝʣʜʝʨʜʽש  ʙʦʩʘʥʫ 

ʪʘʨʠʭʪʘʨʳʥʘ ʨʝʪʨʦʩʧʝʢʪʠʚʪʽ ʘʥʘʣʠʟʜʝʨ ʞװʨʛʽʟʽʣʜʽ. ʉʘʨʘʧʪʘʤʘ ʙʦʡʳʥʰʘ 22 ᴅʡʝʣʜʽש ʘʫʨʫ 

ʪʘʨʠʭʳ ʪʝʢʩʝʨʽʣʜʽ. ʆʥʳש ʽʰʽʥʜʝ 30 ʞʘʩץʘ ʜʝʡʽʥ 5 ʞװʢʪʽ ᴅʡʝʣ  (22,7%), 40 ʞʘʩץʘ ʜʝʡʽʥ 16 

ʞװʢʪʽ ᴅʡʝʣ  (72,7%), 42 ʞʘʩʪʘ 1 ʞװʢʪʽ ᴅʡʝʣ (4,5%) ײץʨʘʜʳ. ɹʽʟʜʽש ʜʝʨʝʢʪʝʨ ʙʦʡʳʥʰʘ  

ʫʣʴʪʨʘʜʳʙʳʩʪʳץ ʩʢʨʠʥʠʥʛʪʝ, 16-18 ʘʧʪʘʣʳץ ʞװʢʪʽʣʽʢʪʝ ʙʘʣʘ ʞʦʣʜʘʩʳ ʞʘʪʳʨ ʤʦʡʥʳʥʘ 2 ʩʤ 

ʞʘץʳʥ ʦʨʥʘʣʘʩץʘʥ.  ʉʦʥʳש ʽʰʽʥʜʝ ʘʣסʘʰ ʞװʢʪʽ 2 (9%) ᴅʡʝʣ ץʘʡʪʘʣʘʤʘ ʞװʢʪʽ 20 (90,9% ʦʩʳ 

ʪʦʧʪʘסʳ ᴅʡʝʣʜʝʨʜʝ ʘʢʫʰʝʨʣʽʢ ʘʥʘʤʥʝʟʽ ʘʫʳʨ ʩʝʙʝʧʪʝʨʽ ʙʦʩʘʥʫ ʪʘʨʠʭʪʘʨʳʥʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ.  

ɾʘʪʳʨʜʘסʳ ʪʳʨʪʳץ ʙʦʡʳʥʰʘ  9 (40,9%), ᴅʡʝʣ,  ʪʳʨʪʳץʩʳʟ 13 (59,09%) ᴅʡʝʣ. ɾװʢʪʽʣʽʢ 

ʤʝʨʟʽʤʽ ʙʦʡʳʥʰʘ ʞʝʪʽʣʛʝʥ ʞʝʪʽʣʤʝʛʝʥ ʜʝʧ ץʘʨʘʩʪʳʨʳʣʜʳ. ɾʝʪʽʣʛʝʥ ʞװʢʪʽʣʽʢ ʤʝʨʟʽʤʽʤʝʥ 10 

(45,45%), ʞʝʪʽʣʤʝʛʝʥ ʞװʢʪʽʣʽʢ ʤʝʨʟʽʤʽʤʝʥ 12 (54,5%) ʪʽʨʢʝʣʜʽ. ɹʦʩʘʥʫ ʫʡʽʥʝ ʢʝʣʛʝʥ ʩᴅʪʪʝ 

ʽʰʪʝʛʽ ײʨʳץʪʳש ʞʘסʜʘʡʳ ʙʦʡʳʥʰʘ ʝʢʽ ʪʦʧץʘ ʙᴇʣʽʧ ץʘʨʘʩʪʳʨʳʣʜʳ. פʘʥʘסʘʪʪʘʥʘʨʣʳץ 

ʞʘסʜʘʡʳʤʝʥ 20(90,9%), ʘʥʪʝʥʘʪʘʣʴʜʳ ᴇʣʽʤ ʙʦʡʳʥʰʘ 2 (9%) ʪʽʨʢʝʣʛʝʥ. ɹʝʨʽʣʛʝʥ ʙʘʨʣʳץ 

ʙʦʩʘʥʫ ʪʘʨʠʭʪʘʨʳʥʜʘ ʢʝʩʘʨ ʪʽʣʽʛʽʥʝ ʢᴇʨʩʝʪʢʽʰ ץʘʥ ʢʝʪʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  ʆʧʝʨʘʮʠʷʥʳש 

ʘʷץʪʘʣʫ ʙʦʡʳʥʰʘ ʩʘʨʘʧʪʘʤʘ ʞװʨʛʽʟʽʣʜʽ, ʦʥʳש ʽʰʽʥʜʝ ץʳʥʘʧ ʫʩʪʽʣʽʢ ʞʘʪʳʨʜʳש 

ʘʤʧʫʪʘʮʠʷʩʳʤʝʥ 6 (27,2%), ʞʘʪʳʨ ʙʦʩʘשʩʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʆ,ʃʠʨʠ ʞᴅʥʝ ɹ,ʃʠʥʯ ʪʽʛʽʩʪʝʨʽ 

ʩʘʣʳʥסʘʥ 3 (13,6%) ᴅʡʝʣ. ɾװʢʪʽʣʽʝʨʜʽץ שʘʣʘʫʳʤʝʥ ᴇʟ ʝʨʽʢʪʽ  ʪװʨʜʝ ʭʠʨʫʨʛʠʷʣʳץ ʩʪʝʨʠʣʠʟʘʮʠʷ 

ʞʘʩʘʣסʘʥ 3 (13,6%) ᴅʡʝʣ. ʇʦʤʝʨʦʷ ʙʦʡʳʥʰʘ 1(4,5%), ʄʘʜʣʝʥʝʨ ʙʦʡʳʥʰʘ 2(9%).  ɾʘʣʧʳ  ץʘʥ 

ʢʝʪʫ ʜᴅʨʝʞʝʩʽ ʙʦʡʳʥʰʘ 1000ʤʣʙʦʡʳʥʰʘ  14(63,63%), 1000ʤʣ ʞʦסʘʨʳ  8(36,36%) ײץʨʘʜʳ, 

ʷסʥʠ 1000-1500ʤʣ ʞʦסʘʨʳ ץʘʥ ʢʝʪʫʤʝʥ  3(13,6%) ᴅʡʝʣ, 1500-2000 3 (13,6%) ᴅʡʝʣ, 2000 2(9%) 

ᴅʡʝʣ ײץʨʘסʘʥ. ʆʧʝʨʘʮʠʷ ʪʝʭʥʠʢʘʣʳש ʘʫʳʪץʫʩʳʟ ᴇʪʢʝʥ. 20(90,9%) ʪʫʳʣסʘʥ ʥᴅʨʝʩʪʝʣʝʨ ɸʧʛʘʨ 

ʙʘסʘʥʘʩʳ ʙʦʡʳʥʰʘ ʙʘסʘʣʘʫ ʥᴅʪʠʞʝʣʝʨʽ: 2019-2020  ʞʳʣʜʘʨʜʘסʳ - 8-9 ʙʘʣʣʤʝʥ   6 (27,2%), 7-8 

ʙʘʣʣʤʝʥ 6 (27,2%), 6-7 ʙʘʣʣʤʝʥ 5(22,7%), 5-6 ʙʘʣʣʤʝʥ 2(9%), 3-4 ʙʘʣʣʤʝʥ 1(4,5%). ɾʘשʘʪʫסʘʥ 

ʥᴅʨʝʩʪʝʣʝʨʜʽש ʞʘסʜʘʡʳʥʳש ʦʩʳʣʘʡ ʙʘסʘʣʘʥʫʳ ץʘʥ ʢʝʪʫ ʜᴅʨʝʞʝʩʽ ʤʝʥ ʞװʢʪʽʣʽʢ ʤʝʨʟʽʤʽʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳ. 

 ʪʘʣʫʳץʘʷ שʳ ʙʦʩʘʥʫʜʳסʫʳʤʝʥ ʦʨʥʘʣʘʩʫʜʘץʘʫʳʪ שʦʨʳʪʳʥʜʳ: ʉʦʥʳʤʝʥ, ʧʣʘʮʝʥʪʘʥʳפ

ʪʫʨʘʣʳ ʩʘʨʘʧʪʘʤʘ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ ʘʡʪʘʪʳʥ ʙʦʣʩʘץ, ʧʣʘʮʝʥʪʘʥʳש  ʞʘʪʳʨ ץʘʙʳʨסʘʩʳʥʘ 

ʙʽʪʽʩʽʧ ᴇʩʽʧ ʢʝʪʫʽ ʙʦʡʳʥʰʘ 6 (27,2%)ᴅʡʝʣʜʝ ʘʥʳץʪʘʣסʘʥ. 16(72,7%) ᴅʡʝʣʜʝ ʧʣʘʮʝʥʪʘʥʳש 

ʘʫʳʪץʫʳʤʝʥ ʦʨʥʘʣʘʩʫʳ  סʘʥʘ ʘʥʳץʪʘʣסʘʥ. ɹʦʩʘʥʫ ʪʘʨʠʭʘʪʘʨʳ ʙʦʡʳʥʰʘ ץʘʥ ʢʝʪʫʛʝ 

ʙʘʡʣʘʥʳʩʪʳ ᴅʡʝʣʜʝʨʜʽש ʞʘסʜʘʡʳ ʤʝʥ ʜʝשʛʝʡʽ ʙʦʡʳʥʰʘ ʨʝʘʥʠʤʘʮʠʷ ʙᴇʣʽʤʽ ʞᴅʥʝ ʠʥʪʝʥʩʠʚʪʽ 

ʪʝʨʘʧʠʷʜʘ ʜᴅʨʽʛʝʨʣʝʨʜʽץ שʘʪʘש ʙʘץʳʣʘʫʳ ʤʝʥ ʫʘץʳʪʳʣʳ ʞᴅʥʝ ʩʘʧʘʣʳ ʝʤʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ᴇʟ 

ʜʝʥʩʘʫʣʳץʪʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨסʘʥ. ɼʝʛʝʥʤʝʥ  ʟʝʨʪʪʝʫʜʽש ʥᴅʪʠʞʝʩʽʥʜʝ ʘʥʳץʪʘʣסʘʥʳ, ץʘʥ ʢʝʪʫ 

ʘʫʳʨʣʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ  2 (9%) ʥᴅʨʝʩʪʝʥʽש ʽʰʪʝ ᴇʣʽʤʽʝʥ, 1(4,5%) ʘʩʬʠʢʩʠʷʥʳש ʘʫʳʨ 

ʜᴅʨʝʞʝʩʽʤʝʥ ʪʫʳʣʫʳ ʘʥʳץʪʘʣʳʧ ʪײʨ, ʩʝʙʝʧʪʝʨʽ ᴅʨʪװʨʣʽ. 
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ɸשʜʘʪʧʘ. ɹײʣ ʤʘץʘʣʘʜʘ ʤײʥʘʡ ʞᴅʥʝ ʤײʥʘʡ ʬʨʘʢʮʠʷʣʘʨʳʥ ʢװʢʽʨʪʩʽʟʜʝʥʜʽʨʫ ʤʝʥ 

ʤʝʨʢʘʧʪʘʥʩʳʟʜʘʥʜʳʨʫʜʳש ʵʢʩʪʨʘʢʮʠʷʣʳץ ᴅʜʽʩʪʝʨʽ ץʘʨʘʩʪʳʨʳʣסʘʥ. 

ʄײʥʘʡʜʳש ʢװʢʽʨʪ ץʦʩʳʣʳʩʪʘʨʳʥ ʙᴇʣʽʧ ʘʣʫ ʤʝʥ ʰʦסʳʨʣʘʥʜʳʨʫʜʳש ʞʘשʘ ᴅʜʽʩʪʝʨʽʥ 

ʞʘʩʘʫ ʦʣʘʨʜʳײץ שʨʘʤʳʥ, ײץʨʳʣʳʤʳ ʤʝʥ ץʘʩʠʝʪʪʝʨʽʥ ʟʝʨʪʪʝʫʜʽש ʙʽʨ ʙᴇʣʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʉʦʥʜʳץʪʘʥ ʦʨʛʘʥʠʢʘʣʳץ ʢװʢʽʨʪ ץʦʩʳʣʳʩʪʘʨʳʥ ʤײʥʘʡʣʘʨʜʘʥ ʞᴅʥʝ ʦʥʳש ʢʝʟ-ʢʝʣʛʝʥ 

ʬʨʘʢʮʠʷʣʘʨʳʥʘʥ ʘʥʳץʪʘʫ ʤʝʥ ʙᴇʣʫʜʽש ʪʠʽʤʜʽ ʢʝʰʝʥʜʽ ʩʭʝʤʘʩʳʥ ײץʨʫ ʤʘשʳʟʜʳ ʤᴅʩʝʣʝ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ.  

ʂװʢʽʨʪʦʨʛʘʥʠʢʘʣʳץ ץʦʩʳʣʳʩʪʘʨʜʳ ʙᴇʣʽʧ ʘʣʫʜʳש ʝש ʩʝʥʽʤʜʽ ʞᴅʥʝ ץʦʣ ʞʝʪʽʤʜʽ ᴅʜʽʩʪʝʨʽ ï 

ᴅʨʪװʨʣʽ ʪʦʪʳץʪʳʨסʳʰʪʘʨʤʝʥ ʪʦʪʳסʫ, ʢʨʝʤʥʠʡ ʛʝʣʽ ʤʝʥ ʘʣʶʤʠʥʠʡ ʦʢʩʠʜʽʥʜʝ ʘʜʩʦʨʙʮʠʷ, 

ʢװʢʽʨʪ ץʳʰץʳʣʜʳ ʞᴅʥʝ ʩʽʣʪʽʣʽʢ ʵʢʩʪʨʘʢʮʠʷ. ʊʝʭʥʦʣʦʛʠʷʣʳץ ʽʩʢʝ ʘʩʳʨʫʜʳש 

 ʧʨʠʥʮʠʧʢʝ ʥʝʛʽʟʜʝʣʛʝʥ ץʘʥ ʵʢʩʪʨʘʢʮʠʷʣʳסʩʳ ʜʘʤʳץʳʤʝʥ, ᴇʥʝʨʢᴅʩʽʧʪʝ ʞʘסʘʨʘʧʘʡʳʤʜʳʣʳץ

ᴅʜʽʩʪʝʨ ʘʥʘײסʨʣʳʤ ʧʝʨʩʧʝʢʪʠʚʘʣʳ. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʢװʢʽʨʪʩʽʟʜʝʥʜʽʨʫ, ʤʝʨʢʘʧʪʘʥʩʳʟʜʘʥʜʳʨʫ, ʤײʥʘʡ ʬʨʘʢʮʠʷʣʘʨʳ, ʵʢʩʪʨʘʢʮʠʷ, 

ʘʜʩʦʨʙʮʠʷ, ʘʜʩʦʨʙʮʠʷ. 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʵʢʩʪʨʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʠ 

ʜʝʤʝʨʢʘʧʪʘʥʠʟʘʮʠʷ ʥʝʬʪʠ ʠ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ. 

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʚʳʜʝʣʝʥʠʷ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʥʝʬʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʩʦʩʪʘʚʘ, ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ. ʇʦʵʪʦʤʫ 

ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʩʭʝʤʳ ʦʧʨʝʜʝʣʝʥʠʷ ʠ 

ʚʳʜʝʣʝʥʠʷ ʩʝʨʘʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʥʝʬʪʝʡ ʠ ʣʶʙʳʭ ʝʝ ʬʨʘʢʮʠʡ. 

ʅʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʝ ʠ ʜʦʩʪʫʧʥʳʝ ʩʧʦʩʦʙʳ ʚʳʜʝʣʝʥʠʷ ʩʝʨʘʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ï 

ʦʢʠʩʣʝʥʠʝ ʨʘʟʣʠʯʥʳʤʠ ʦʢʠʩʣʠʪʝʣʷʤʠ, ʘʜʩʦʨʙʮʠʷ ʥʘ ʩʠʣʠʢʘʛʝʣʝ ʠ ʦʢʩʠʜʝ ʘʣʶʤʠʥʠʷ, 

ʩʝʨʥʦʢʠʩʣʦʪʥʘʷ ʠ ʱʝʣʦʯʥʘʷ ʵʢʩʪʨʘʢʮʠʠ. ɹʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳ ʩʧʦʩʦʙʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʵʢʩʪʨʘʢʮʠʦʥʥʦʤ ʧʨʠʥʮʠʧʝ, ʢʦʪʦʨʳʝ ʧʨʠʚʣʝʢʘʶʪ ʧʨʦʩʪʦʪʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʧʣʦʱʝʥʠʷ ʠ 

ʭʦʨʦʰʦ ʦʪʨʘʙʦʪʘʥʳ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʝʩʩʝʨʠʚʘʥʠʝ, ʤʝʨʢʘʧʪʘʥʠʟʘʮʠʷ, ʥʝʬʪʷʥʳʝ ʬʨʘʢʮʠʠ, ʵʢʩʪʨʘʢʮʠʷ, 

ʘʜʩʦʨʙʮʠʷ, ʘʜʩʦʨʙʮʠʷ. 
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Annotation. This article discusses the extraction methods of desulfurization and 

demercaptanization of oil and oil fractions. 

The development of new methods for the isolation and concentration of petroleum sulfur 

compounds is an integral part of the study of their composition, structure and properties. Therefore, 

an important problem is the creation of an effective integrated scheme for the determination and 

isolation of organosulfur compounds from oil and any of its fractions. 

The most reliable and available methods for the isolation of organosulphuric compounds are 

oxidation with various oxidizing agents, adsorption on silica gel and aluminum oxide, sulfuric acid 

and alkaline extraction. More promising are methods based on the extraction principle, which 

attract the simplicity of technological implementation and are well developed in industry. 

Key words: desulfurization, mercaptanization, oil fractions, extraction, adsorption, adsorption. 

 ʊʘʙʠסʠ ʛʘʟʜʘʨ ʤʝʥ ᴅʨʪװʨʣʽ ʢʝʥ ʦʨʳʥʜʘʨʳʥʜʘסʳ ʤײʥʘʡ ײץʨʘʤʳʥʜʘ ʥᴇʣʜʝʥ ʦʥʜʘסʘʥ 

ʧʘʡʳʟסʘ ʜʝʡʽʥ ʢʝש ʢᴇʣʝʤʜʝ ᴇʟʛʝʨʝʪʽʥ ʤᴇʣʰʝʨʜʝ ʢװʢʽʨʪ ץʦʩʳʣʳʩʪʘʨʳ ʙʦʣʫʳ ʤװʤʢʽʥ. ʂװʢʽʨʪʪʽש 

ʤʘʩʩʘʣʳװ ץʣʝʩʽ 10% - ʜʘʥ ʘʩʘʪʳʥ ʤײʥʘʡ ʢʝʥ ʦʨʳʥʜʘʨʳ ʙʝʣʛʽʣʽ. פʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʠʛʝʨʽʣʽʧ 

ʞʘʪץʘʥ ᴅʣʝʤʜʝʛʽ ʤʳשʜʘסʘʥ ʤײʥʘʡ ʢʝʥ ʦʨʳʥʜʘʨʳʥʳש ʽʰʽʥʜʝ ʭʠʤʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʩᴅʡʢʝʩ 

ʙʽʨʜʝʡ ʤᴇʣʰʝʨʜʝ ʢװʢʽʨʪ ץʦʩʳʣʳʩʪʘʨʳ ʙʘʨ ʤײʥʘʡ ʞʦ[1] ץ. 

ʂװʢʽʨʪ ץʦʩʳʣʳʩʪʘʨʳʥʳײץ שʨʘʤʳ ʤײʥʘʡ ʤʝʥ ʤײʥʘʡ ʜʠʩʪʠʣʣʷʪʪʘʨʳʥʜʘסʳ ʢᴇʤʽʨʩʫʪʝʢ 

 ʨʘʤʳʥʜʘ ʤʝʨʢʘʧʪʘʥʜʘʨ, ʩʫʣʴʬʠʜʪʝʨ, ʜʠʩʫʣʴʬʠʜʪʝʨ ʞᴅʥʝײץ ʥʘʡײʨʘʤʳʥʘʥ ʢʝʤ ʝʤʝʩ. ʄײץ

ʪʠʦʬʝʥʜʝʨ ʪʘʙʳʣʜʳ. ʆʩʳ ץʦʩʳʣʳʩʪʘʨʜʳש ᴅʨץʘʡʩʳʩʳ ʦʥʜʘסʘʥ ʪװʨʣʽ ʞʝʢʝ ʟʘʪʪʘʨ ʪװʨʽʥʜʝ 

ʙʦʣʫʳ ʤװʤʢʽʥ. ɻʘʟʜʘʨʜʘ ʢװʢʽʨʪ ʥʝʛʽʟʽʥʝʥ ʢװʢʽʨʪʩʫʪʝʛʽ ʤʝʥ ʪᴇʤʝʥ ʤʦʣʝʢʫʣʘʣʳ 

ʤʝʨʢʘʧʪʘʥʜʘʨʜʳש (ʤʝʪʠʣ -, ʵʪʠʣ - ʤʝʨʢʘʧʪʘʥʜʘʨ) ײץʨʘʤʳʥʜʘ ʙʦʣʘʜʳ, ʘʣ ʤײʥʘʡʜʘ ʦʣ ᴅʨʪװʨʣʽ 

ʢʣʘʩʪʘʨסʘ ʞʘʪʘʪʳʥ ʤʠʥʝʨʘʣʜʘʨʜʘ ʜʘ, ʦʨʛʘʥʠʢʘʣʳץ ץʦʩʳʣʳʩʪʘʨʜʘ ʜʘ ʢʝʟʜʝʩʝʜʽ. 

ʂװʢʽʨʪʦʨʛʘʥʠʢʘʣʳץ ץʦʩʳʣʳʩʪʘʨʜʳ ʙᴇʣʽʧ ʘʣʫʜʳש ʝש ʩʝʥʽʤʜʽ ʞᴅʥʝ ץʦʣ ʞʝʪʽʤʜʽ ᴅʜʽʩʪʝʨʽ ï 

ᴅʨʪװʨʣʽ ʪʦʪʳץʪʳʨסʳʰʪʘʨʤʝʥ ʪʦʪʳסʫ, ʢʨʝʤʥʠʡ ʛʝʣʽ ʤʝʥ ʘʣʶʤʠʥʠʡ ʦʢʩʠʜʽʥʜʝ ʘʜʩʦʨʙʮʠʷ, 

ʢװʢʽʨʪ ץʳʰץʳʣʜʳ ʞᴅʥʝ ʩʽʣʪʽʣʽʢ ʵʢʩʪʨʘʢʮʠʷ. ʊʝʭʥʦʣʦʛʠʷʣʳץ ʽʩʢʝ ʘʩʳʨʫʜʳש 

 ʧʨʠʥʮʠʧʢʝ ʥʝʛʽʟʜʝʣʛʝʥ ץʘʥ ʵʢʩʪʨʘʢʮʠʷʣʳסʩʳ ʜʘʤʳץʳʤʝʥ, ᴇʥʝʨʢᴅʩʽʧʪʝ ʞʘסʘʨʘʧʘʡʳʤʜʳʣʳץ

ᴅʜʽʩʪʝʨ ʘʥʘײסʨʣʳʤ ʧʝʨʩʧʝʢʪʠʚʘʣʳ.  

ʉʦʥʜʳץʪʘʥ ʵʢʩʪʨʘʢʮʠʷʣʳץ ᴅʜʽʩʪʝʨʜʽ ץʘʨʘʩʪʳʨʘʪʳʥ ʙʦʣʩʘץ, ʵʢʩʪʨʘʛʝʥʪʪʝʨʜʽש 

 ʩʽʣʪʽʣʽ ʵʢʩʪʨʘʢʮʠʷ ,ץʳʣʜʳץʳʰץ :ʘ ʙᴇʣʫʛʝ ʙʦʣʘʜʳץʰ ʪʦʧװ ʣ ᴅʜʽʩʪʝʨʜʽײʘʩʠʝʪʪʝʨʽʥʝ ʩᴅʡʢʝʩ ʙץ

ʞᴅʥʝ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʤʝʥ ʵʢʩʪʨʘʢʮʠʷ[2].  

ʂϮʢʽʨʪϨʳʰϨʳʣʜʳ ʵʢʩʪʨʘʢʮʠʷ-ʩʫʣʴʬʠʜʪʝʨʜʽש ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ᴅʣʩʽʟ ʥʝʛʽʟʜʽʣʽʛʽ 

ʞᴅʥʝ ʦʣʘʨʜʳש ʢʦʥʜʝʥʩʘʮʠʷʣʘʥסʘʥ ʧʦʣʠʮʠʢʣʦʘʨʦʤʘʪʠʢʘʣʳץ ץʦʩʳʣʳʩʪʘʨʤʝʥ ʙʽʨʽʛʫ ץʘʙʽʣʝʪʽ 

ʩʘʣʜʘʨʳʥʘʥ ʪʝʢ ʢװʢʽʨʪʪʽ ʘʨʦʤʘʪʪʳ ʢʦʥʮʝʥʪʨʘʪʪʘʨʜʳש ʘʣʳʥʫʳʥʘ ᴅʢʝʣʝʪʽʥʽʥʝ ץʘʨʘʤʘʩʪʘʥ, 

ʤײʥʘʡʜʳש ʪᴇʤʝʥʛʽ ʞᴅʥʝ ʦʨʪʘ ʬʨʘʢʮʠʷʣʘʨʳʥʘʥ ʩʫʣʴʬʠʜʪʝʨʜʽ ʙᴇʣʽʧ ʰʳסʘʨʫʜʳש ʝש ʢᴇʧ 

ʪʘʨʘʣסʘʥ ʪᴅʩʽʣʜʝʨʽʥʽש ʙʽʨʽ. ʉʫʣʴʬʠʜʪʝʨʜʽש ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʥʫ ʜᴅʨʝʞʝʩʽʥ ʞᴅʥʝ ʦʣʘʨʜʳ ʙʽʨ 

ʫʘץʳʪʪʘ ʽʰʽʥʘʨʘ ʬʨʘʢʮʠʷʣʘʫ ʘʨץʳʣʳ ʘʣʫ ʪʝʨʝשʜʽʛʽʥ ʘʨʪʪʳʨʫ װʰʽʥ ʤײʥʘʡ ʜʠʩʪʠʣʣʷʪʪʘʨʳʥ 

ʅ2Sʆ4 ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʙʽʨʪʽʥʜʝʧ ʘʨʪʳʨʘ ʦʪʳʨʳʧ, ʢװʢʽʨʪ ץʳʰץʳʣʳʥʳש ʩʫʣʳ ʝʨʽʪʽʥʜʽʣʝʨʽʤʝʥ 

ᴇשʜʝʫ ײʩʳʥʳʣʜʳ[3]. 

ʉʽʣʪʽʣʽ ʵʢʩʪʨʘʢʮʠʷ ϸʜʽʩʽ. ʉʽʣʪʽʣʽʢ ʝʨʽʪʽʥʜʽʣʝʨ ʥʝʛʽʟʽʥʝʥ ʤʝʨʢʘʧʪʘʥʜʘʨ ʤʝʥ ʢװʢʽʨʪʩʫʪʝʛʽ 

ʩʠʷץʪʳ ʘʟ ץʳʰץʳʣʜʳ ʢװʢʽʨʪ ץʦʩʳʣʳʩʪʘʨʳʥ ʘʣʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. ɹײʣ ʟʘʪʪʘʨ ʩʽʣʪʽʤʝʥ 

ᴅʨʝʢʝʪʪʝʩʽʧ, ʩʫʜʘ ʝʨʠʪʽʥ ʞᴅʥʝ ʦʥʳʤʝʥ ʦשʘʡ ʰʳסʘʨʳʣʘʪʳʥ ʪײʟʜʘʨ ʪװʟʝʜʽ. ʉ̔ ʣʪʽʣʽʢ ʪʘʟʘʨʪʫ 

ʢʝʟʽʥʜʝ ʛʠʜʨʦʣʠʟ ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʤʝʨʢʘʧʪʘʥʜʘʨʜʳ ʪʦʣʳסʳʤʝʥ ʞʦʶסʘ ץʦʣ ʞʝʪʢʽʟʫ 

ʤװʤʢʽʥ ʝʤʝʩ. ʄʝʨʢʘʧʪʘʥʜʘʨʜʳש ʤʦʣʝʢʫʣʘʣʳץ ʤʘʩʩʘʩʳ ʥʝײסʨʣʳʤ ʢᴇʧ ʙʦʣʩʘ, ʤײʥʘʡ 

ᴇʥʽʤʜʝʨʽʥʝʥ ʘʣʫ ʩʦײסʨʣʳʤ ץʠʳʥ ʙʦʣʘʜʳ. ʄײʥʘʡ ʬʨʘʢʮʠʷʣʘʨʳʥʘʥ ʩʽʣʪʽʣʽʢ ʪʘʟʘʨʪʫ ʢʝʟʽʥʜʝ 

97,1% ʵʪʠʣʤʝʨʢʘʧʪʘʥʜʳʥ ʞᴅʥʝ ʪʝʢ 33% ʠʟʦʘʤʠʣʤʝʨʢʘʧʪʘʥʜʳ ʘʣʫסʘ ʙʦʣʘʜʳ. 
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ʄʝʨʢʘʧʪʘʥʜʘʨʜʳ ʞʘץʩʳ ʙᴇʣʽʧ ʘʣʫ װʰʽʥ ʩʽʣʪʽʣʽʢ ʝʨʽʪʽʥʜʽʛʝ ʤʝʪʘʥʦʣ, ʵʪʘʥʦʣ, ʧʨʦʧʠʦʥ 

 ʫ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳ ʨʝʪʽʥʜʝ ʤʳʩסʦʩʳʣʘʜʳ. ʊʦʪʳץ .ʳʣʳ, ʘʨʦʤʘʪʪʳ ʩʧʠʨʪʪʝʨ ʞᴅʥʝ ʪ. ʙץʳʰץ

ʭʣʦʨʠʜʽ ʥʝʤʝʩʝ ʢʦʙʘʣʴʪ, ʪʝʤʽʨ, ʚʘʥʘʜʠʡ ʞᴅʥʝ ʪ. ʙ. ʬʪʘʣʦʮʠʘʥʠʥ ʩʫʣʴʬʠʜʪʝʨʽ ץʦʣʜʘʥʳʣʘʜʳ. 

ɹײʣ ʧʨʦʮʝʩʪʽש ʛʦʤʦʛʝʥʜʽ ʜʝ, ʛʝʪʝʨʦʛʝʥʜʽ ʜʝ ʜᴅʩʪװʨʣʽ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʥײʩץʘʣʘʨʳ ʢᴇʧ ʤᴇʣʰʝʨʜʝ 

ʩʫ-ʩʽʣʪʽʣʽ ʨʝʘʛʝʥʪʪʽ ץʘʞʝʪ ʝʪʝʜʽ, ʙײʣ ץʦʩʳʤʰʘ ʵʢʦʣʦʛʠʷʣʳץ ʧʨʦʙʣʝʤʘʣʘʨ ʪʫסʳʟʘʜʳ. ʆʩʳסʘʥ 

ʙʘʡʣʘʥʳʩʪʳ ʩʽʣʪʽʣʽ ʘʛʝʥʪʪʽ ʘʟʘʡʪʫסʘ ʥʝʤʝʩʝ ץʦʣʜʘʥʙʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʙʠʬʫʥʢʮʠʦʥʘʣʜʳ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ װʣʢʝʥ ץʳʟʳסʫʰʳʣʳץ ʪʫʜʳʨʘʜʳ. ʆʩʳ ʪʠʧʪʝʛʽ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ-ʙײʣ RSH 

ʤʦʣʝʢʫʣʘʩʳʥʳש ʠʦʥʜʘʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʪʘʩʳʤʘʣʜʘʫʰʳ ʙʝʪʽʥʜʝ ʦʨʪʘʩʳ ʙʘʨ (ʢᴇʤʽʨ, 

ʰʘʡʳʨʣʘʨ, ʤʝʪʘʣʣ ʦʢʩʠʜʪʝʨʽ) ʬʪʘʣʦʮʠʘʥʠʥʜʽ ʤʝʪʘʣʜʘʨ ʢʝʰʝʥʽ (ʉʦ, Fe, Mn, V ʞᴅʥʝ ʪ.ʙ.) ʙʘʨ 

ʞװʡʝʣʝʨ. ʄײʥʜʘʡ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʞʦסʘʨʳ ʙʝʣʩʝʥʜʽʣʽʢʧʝʥ ʩʠʧʘʪʪʘʣʘʜʳ, ʙʽʨʘץ ʞײʤʳʩ ʢʝʟʽʥʜʝ 

ʦʣʘʨ ʪʝʟ ᴇʰʝʜʽ. ɹײʣ ʞײʤʳʩʪʘ ʢʦʙʘʣʴʪ ʬʪʘʣʦʮʠʘʥʠʥʽʥ ʩʫʣʳ ʩʽʣʪʽʣʽʢ ʝʨʽʪʽʥʜʽʜʝʥ ʤʠʥʝʨʘʣʜʳ 

ʦʢʩʠʜ ʪʘʩʳʤʘʣʜʘסʳʰʳʥʘ ʘʜʩʦʨʙʮʠʷʣʘʫ ʘʨץʳʣʳ, ʩʦʜʘʥ ʢʝʡʽʥ ʘʨʪʳץ ʩʽʣʪʽʥʽ ʪʘʟʘʨʪʳʣסʘʥ ʩʫʤʝʥ 

ʞʫʳʧ, ʘʫʘʜʘ ʢʝʧʪʽʨʫ ʘʨץʳʣʳ ʜʘʡʳʥʜʘʣסʘʥ ʙʠʬʫʥʢʮʠʦʥʘʣʜʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ץʦʣʜʘʥʳʣʜʳ. 

ʇʨʦʮʝʩʩ ʢʘʪʘʣʠʟʘʪʦʨ-ʤʝʨʢʘʧʪʘʥ-ʦʪʪʝʛʽ ʘʨʘʣʳװ ץʰʪʽʢ ʢʝʰʝʥʽʥʽש ʪװʟʽʣʫʽ ʘʨץʳʣʳ ʞװʨʝʜʽ. 

ɿʝʨʪʪʝʫʣʝʨ ʙʘʨʳʩʳʥʜʘ ʙʽʨץʘʪʘʨ ʪᴅʞʽʨʠʙʝʣʝʨ ʞװʨʛʽʟʽʣʜʽ ʞᴅʥʝ ʨʝʘʢʮʠʷʥʳש ʞʘʥʘʤʘ ᴇʥʽʤʽ - 

ʩʫʣʴʬʦץʳʰץʳʣ ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʫʣʘʥʫʳʥʘ ʥʝʛʽʟʛʽ װʣʝʩ ץʦʩʘʪʳʥʳ ʜᴅʣ ʘʥʳץʪʘʣʜʳ. ʉʦʥʜʳץʪʘʥ 

ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʫʣʘʥʫ ᴅʩʝʨʽʥ ʞװʡʝʛʝ ʩʫʣʴʬʦץʳʰץʳʣʜʳ ʙʝʡʪʘʨʘʧʪʘʥʜʳʨʘʪʳʥ ץʦʩʳʣʳʩʪʘʨ, 

ʤʳʩʘʣʳ ʘʤʤʠʘʢ ʝʥʛʽʟʫ ʘʨץʳʣʳ ʘʟʘʡʪʫסʘ ʙʦʣʘʜʳ[4]. 

ʄʝʨʢʘʧʪʘʥʜʘʨʜʳ ʢᴇʤʽʨʩʫʪʝʢʪʽ ʰʠʢʽʟʘʪʪʘʥ ʩʫʣʳ - ʩʧʠʨʪʪʽ-ʩʽʣʪʽʣʽ ʵʢʩʪʨʘʢʮʠʷʤʝʥ ʙᴇʣʽʧ 

ʘʣʫ, ʩʦʜʘʥ ʢʝʡʽʥ ʘʣʳʥסʘʥ ʤʝʨʢʘʧʪʠʜʪʝʨʜʽ ץʘʡʪʘ ʵʢʩʪʨʘʢʮʠʷʣʘʫ ᴅʜʽʩʽ ײʩʳʥʳʣʜʳ. ɸʣʳʥʘʪʳʥ 

ʤʝʨʢʘʧʪʘʥʜʘʨʜʳש ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫ װʰʽʥ ʢᴇʤʽʨʩʫʪʝʢ ʦʨʪʘʩʳʥ ʛʠʜʨʘʟʠʥʥʽ0,5-5% ש ʩʫʣʳ 

ʝʨʽʪʽʥʜʽʩʽʤʝʥ ʘʣʜʳʥ ʘʣʘ ᴇשʜʝʡʜʽ ʞᴅʥʝ ʵʢʩʪʨʘʢʮʠʷ  ʤʳʥʘʜʘʡ ʢᴇʣʝʤʜʽʢ ʘʨʘץʘʪʳʥʘʩʪʘ 

ʞװʨʛʽʟʽʣʝʜʽ: ʵʢʩʪʨʘʛʝʥʪ (2-4): 1 ʤʦʣʴ ʘʨʘ ץʘʪʳʥʘʩʳ ʢʝʟʽʥʜʝ ʬʪʘʣ ץʳʰץʳʣʳʥʳש ʜʠʘʣʢʠʣ 

ʵʬʠʨʽʥʽץ שʘʪʳʩʫʳʤʝʥ: ʵʬʠʨ (1-150):1. ʕʢʩʪʨʘʛʝʥʪʪʝʨʜʝʥ ʘʣʳʥסʘʥ ʤʝʨʢʘʧʪʘʥʜʘʨ ʩʫ ʙʫʳʤʝʥ 

ʘʡʜʘʫ ʘʨץʳʣʳ ʰʳסʘʨʳʣʘʜʳ. ᴄʜʽʩʪʽ ץʦʣʜʘʥסʘʥ ʢʝʟʜʝ ʤʝʨʢʘʧʪʘʥʜʘʨʜʳש ʰʳסʫʳ 80%-ʜʘʥ 95% - 

 .ʳʥʜʘʨ 13,2%-ʜʘʥ 3%-ʢʝ ʜʝʡʽʥ ʘʟʘʷʜʳ[2]סʘ ʜʝʡʽʥ ʘʨʪʘʜʳ, ʰʳס

ʉײʡʳץ ʤײʥʘʡ ᴇʥʽʤʜʝʨʽʥʝʥ (ʤʦʪʦʨ ʦʪʳʥʜʘʨʳ, ʩײʡʳʪʳʣסʘʥ ʤײʥʘʡ ʛʘʟʳ, ʘʣʢʠʣ ʵʬʠʨʣʝʨʽ) 

ʢװʢʽʨʪ ץʦʩʳʣʳʩʪʘʨʳʥ ʙᴇʣʽʧ ʘʣʫ װʰʽʥ ʩʽʣʪʽʣʽ ʵʢʩʪʨʘʢʮʠʷ ᴅʜʽʩʽ ʞʘʩʘʣʜʳ. ɹʘʩʪʘʧץʳ ʰʠʢʽʟʘʪ 

ʧʦʣʠʩʫʣʴʬʠʜ ʪװʟʫʛʝ ʞʝʪʢʽʣʽʢʪʽ ʤᴇʣʰʝʨʜʝ ײץʨʘʤʳʥʜʘ ʩʽʣʪʽ (NaOH), ʦʨʛʘʥʠʢʘʣʳץ ʤʝʨʢʘʧʪʘʥ 

(ʧʨʦʧʠʣʤʝʨʢʘʧʪʘʥ) ʞᴅʥʝ ʩʫʣʴʬʠʜ (Na2S) ʙʘʨ ʩʫ ʝʨʽʪʽʥʜʽʩʽʤʝʥ ʙʘʡʣʘʥʳʩʘʜʳ. ʊʫʨʘ ʘʡʜʘʣסʘʥ 

ʢʝʨʦʩʠʥʜʽ ʜʝʤʝʨʢʘʧʪʘʥʠʟʘʮʠʷʣʘʫ ʧʨʦʮʝʩʽ ʞʘʩʘʣʜʳ. ɹײʣ ʞʘסʜʘʡʜʘ ʰʠʢʽʟʘʪ ʢװʢʽʨʪʩʫʪʝʛʽ ʤʝʥ 

ʥʘʬʪʝʥ ץʳʰץʳʣʜʘʨʳʥ ʘʣʳʧ ʪʘʩʪʘʧ, ʩʽʣʪʽʥʽ1% ש ʝʨʽʪʽʥʜʽʩʽʤʝʥ ʩʽשʽʨʽʣʝʜʽ, ʩʦʜʘʥ ʢʝʡʽʥ ʞʫʫ 

ʢʝʟʽʥʜʝ ᴇʥʽʤʛʝ ʝʥʫʽ ʤװʤʢʽʥ ʥʘʪʨʠʡ ʥʘʬʪʝʥʘʪʳʥʳש ʙᴇʣʰʝʢʪʝʨʽ ʩװʟʽʣʝʜʽ. ʂʝʨʦʩʠʥʛʝ ʨʝʘʢʪʦʨסʘ 

ʢʽʨʝʨ ʘʣʜʳʥʜʘ ʘʫʘ ɸɻ-3 ʤʘʨʢʘʣʳ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨʜʝʛʽ ʤʝʪʘʣʣ ʧʦʣʠʬʪʘʣʦʮʠʘʥʠʥʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʪʳʥ ʢʘʪʘʣʠʟʘʪʦʨʜʳץ שʦʟסʘʣʤʘʡʪʳʥ ץʘʙʘʪʳ ʘʨץʳʣʳ ʝʥʛʽʟʽʣʝʜʽ. ʇʨʦʮʝʩʩ 20ÁC ʞᴅʥʝ 

ʤʝʨʢʘʧʪʘʥʜʘʨʜʳש ʪʦʪʳסʫʳʥʘ ץʘʞʝʪʪʽ O2 ʤʠʥʠʤʘʣʜʳ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʜʘ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʘʜʳ[4].  

ʄʝʨʢʘʧʪʘʥʜʳ ʢװʢʽʨʪʪʽ ʘʛʨʝʩʩʠʚʪʽ ʝʤʝʩ ʢװʢʽʨʪʪʽ ץʦʩʳʣʳʩʪʘʨסʘ ʘʫʳʩʪʳʨʘ ʦʪʳʨʳʧ, ʜʠʟʝʣʴ 

ʦʪʳʥʜʘʨʳʥʳש ʬʨʘʢʮʠʷʣʘʨʳʥ ʢʘʪʘʣʠʪʠʢʘʣʳץ ʢװʢʽʨʪʩʽʟʜʝʥʜʽʨʫ ʧʨʦʮʝʩʽ ᴅʟʽʨʣʝʥʜʽ. ʄʳʩ ײʥʪʘסʳ 

ʢʘʪʘʣʠʟʘʪʦʨ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ, ʘʣ ʧʨʦʧʠʣʝʥ ʦʢʩʠʜʽ ᴇʥʜʽʨʽʩʽʥʽץ שʘʣʜʳץʪʘʨʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʪʳʥ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽש ʦʪʪʝʛʽ ʙʘʨ ʙᴇʣʽʛʽ ʢʘʪʘʣʠʟʘʪʦʨ ʨʝʪʽʥʜʝ ᴅʨʝʢʝʪ ʝʪʝʜʽ. ʊʘʟʘʨʪʫ 

ʜᴅʨʝʞʝʩʽ 99,5%.  

ɹװʢʽʣʨʝʩʝʡʣʽʢ ʢᴇʤʽʨʩʫʪʝʛʽ ʰʠʢʽʟʘʪʳ סʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʠʥʩʪʠʪʫʪʳ (ɹʂʐנɿʀ פʘʟʘʥ ץ.) 

ʞʝשʽʣ ʬʨʘʢʮʠʷʣʘʨ ʤʝʥ ʛʘʟ ʢʦʥʜʝʥʩʘʪʳʥ ʜʝʤʝʨʢʘʧʪʘʥʠʟʘʮʠʷʣʘʫʜʳש ʞʘשʘ ʪʝʭʥʦʣʦʛʠʷʩʳʥ 
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ʞʘʩʘʜʳ. ᴄʜʽʩʪʽש ʤᴅʥʽ - ʤʝʨʢʘʧʪʘʥʜʘʨʜʳ ʥʘʪʨʠʡ ʛʠʜʨʦʢʩʠʜʽ ץʘʨʩʳ ʘסʳʩ ʝʨʽʪʽʥʜʽʩʽʤʝʥ 

ʵʢʩʪʨʘʢʮʠʷʣʘʫסʘ ʞᴅʥʝ ʦʜʘʥ ᴅʨʽ ץʘʨʘʡ ʦʣʘʨʜʳ ʢʘʪʘʣʠʟʘʪʦʨ ץʘʪʳʩʳʥʜʘ ʜʠʩʫʣʴʬʠʜʪʝʨʛʝ ʜʝʡʽʥ 

ʘʫʘʤʝʥ ʩײʡʳץ-ʬʘʟʘʣʳץ ʪʦʪʳסʫr ʥʘ ʙʘʡʣʘʥʳʩʪʳ. ʂʘʪʘʣʠʟʘʪʦʨ ʨʝʪʽʥʜʝ ʢʦʙʘʣʴʪ ʬʪʘʣʦʮʠʘʥʠʥʥʽש 

ʢװʨʜʝʣʽ ץʦʩʳʣʳʩʳ ץʦʣʜʘʥʳʣʜʳ. ɹײʣ ʪʝʭʥʦʣʦʛʠʷʥʳ ץʦʣʜʘʥʫ ʰʠʢʽ ʤײʥʘʡʜʳש ʤʝʨʢʘʧʪʘʥ 

̔ ʠʽʩ שʛʝʡʛʝ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʪʽʧ, ʤʝʨʢʘʧʪʘʥʥʳשʨʘʤʳʥ 20 ppm-ʥʘʥ ʪᴇʤʝʥ ʜʝײץ ʽʩ ʞװʟʽʥʜʝ 

ʞʦʡʳʣʘʜʳ.  

ʈʝʘʢʮʠʷ ʭʠʤʠʟʤ[̔2]: 

H2S + 2NaOHŸ Na2S + 2ʅ2ʆ, 

R'COOH +NaOH Ÿ RCOONa + H2ʆ, 

RSH + NaOHŸRSNa + H2ʆ, 

2RSNa + 0,5O2 Ÿ RSSR + 2NaOH. 

ɾʘʣʧʳ ʪװʨʜʝ: 

4RSH + ʆ2 = 2RSSR + 2ʅ2ʆ. 

ʆʨʛʘʥʠʢʘʣʳϨ ʝʨʽʪʢʽʰʪʝʨʤʝʥ ʵʢʩʪʨʘʢʮʠʷ (ʩʦʣʴʚʝʥʪʪʽ ʵʢʩʪʨʘʢʮʠʷ)-ʢᴇʤʽʨʩʫʪʝʢʪʽ 

ʞװʡʝʣʝʨʜʝʥ ʢװʢʽʨʪʪʽ ʦʨʛʘʥʠʢʘʣʳץ ץʦʩʳʣʳʩʪʘʨʜʳ ʟʝʨʪʭʘʥʘʣʳץ ʞᴅʥʝ ʪᴅʞʽʨʠʙʝʣʽʢ-ᴇʥʝʨʢᴅʩʽʧʪʽʢ 

ʙᴇʣʫʜʽש ʤʘשʳʟʜʳ ʪᴅʩʽʣʜʝʨʽʥʽש ʙʽʨʽ. ʌʝʥʦʣ ʤʝʥ ʬʫʨʬʫʨʦʣ װʣʢʝʥ ץʳʟʳסʫʰʳʣʳץ ʪʫʜʳʨʘʜʳ, 

ʦʣʘʨ ʪᴇʤʝʥ ץʘʡʥʘסʘʥ ʜʠʩʪʠʣʣʷʪʪʘʨʜʳ ʪʦʣʳסʳʤʝʥ ʢװʢʽʨʪʩʽʟʜʝʥʜʽʨʝʜʽ. ɸʣʘʡʜʘ, ʙײʣ ʞʘסʜʘʡʜʘ 

ʢװʢʽʨʪʦʨʛʘʥʠʢʘʣʳץ ץʦʩʳʣʳʩʪʘʨʳʤʝʥ ʘʣʳʥʘʪʳʥ ײץʥʜʳ ʘʨʦʤʘʪʪʳ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽװ שʣʢʝʥ 

ʰʳסʳʥʜʘʨʳ ʙʘʡץʘʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʦʣʘʨ ʢװʢʽʨʪʦʨʛʘʥʠʢʘʣʳץ ץʦʩʳʣʳʩʪʘʨʳʥʳש ʙʝʣʛʽʣʽ 

ʙʽʨ ʢʣʘʩʳʥ ʩʝʣʝʢʪʠʚʪʽ ʪװʨʜʝ ʝʨʽʪʝʜʽ. ʄʳʩʘʣʳ, ʬʝʥʦʣ ʜʠʘʣʢʠʣʩʫʣʴʬʠʜʪʝʨ ʤʝʥ ʪʠʦʬʝʥʜʝʨʜʝʥ 

ʛᴇʨʽ ʪʠʦʬʘʥʜʘʨʜʳ ʞʘץʩʳ ʵʢʩʪʨʘʢʮʠʷʣʘʡʜʳ. ɸʮʝʪʠʣʘʮʝʪʦʥʥʳש ʝʨʽʛʽʰʪʽʛʽ ᴇʪʝ ʞʦסʘʨʳ, ʙʽʨʘץ 

ʩʝʣʝʢʪʠʚʪʽ ʝʤʝʩ, ʩʦʥʜʳץʪʘʥ ʦʥʳ ʵʢʩʪʨʘʛʝʥʪ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ʪᴇʤʝʥʜʝʪʫʜʽ 

ʥʝʤʝʩʝ ʩʫ ץʦʩʫʜʳ ץʘʞʝʪ ʝʪʝʜʽ. ʆʥʳ ʢװʢʽʨʪʦʨʛʘʥʤʢʘʣʳץ ץʦʩʳʣʳʩʪʘʨʜʳ ʪᴇʤʝʥ ʞᴅʥʝ ʞʦסʘʨʳ 

ʤʦʣʝʢʫʣʘʣʳץʪʘʨסʘ ʙᴇʣʫ װʰʽʥ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. ɸʥʠʣʠʥʜʝ, ʩʽʨʢʝ ʘʥʛʠʜʨʠʜʽʥʜʝ 

ʪʠʦʮʠʢʣʦʘʣʢʘʥʜʘʨ ʤʝʥ ʘʨʠʣ ʨʘʜʠʢʘʣʜʘʨʳ ʙʘʨ ʩʫʣʴʬʠʜʪʝʨʜʽש ʝש ʞʦסʘʨʳ ʝʨʽʛʽʰʪʽʛʽ ʙʘʡץʘʣʘʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʢװʢʽʨʪ ʘʥʛʠʜʨʠʜʽ ʘʨʦʤʘʪʪʳ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽ ʞʘץʩʳ ʝʨʽʪʝʜʽ ʞᴅʥʝ ʢᴇʧʪʝʛʝʥ 

ʤײʥʘʡ ᴇשʜʝʫ ʟʘʫʳʪʪʘʨʳʥʳש ʞʘʨʪʳʣʘʡ ᴇʥʽʤʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʫʣʴʬʦʢʩʠʜʪʝʨʜʽש ʝש ʞʘץʩʳ 

ʵʢʩʪʨʘʛʝʥʪʪʝʨʽ-ʘʮʝʪʦʥʠʪʨʠʣʜʽש ʩʫʤʝʥ ʞᴅʥʝ ʵʪʠʣʝʥʛʣʠʢʦʣʴʤʝʥ ץʦʩʧʘʣʘʨʳ[5].  

ʆʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ʢʝʟʽʥʜʝ ʤײʥʘʡ ᴇʥʽʤʜʝʨʽʥʽש ʢᴇʤʽʨʩʫʪʝʢʪʽʢ 

ʙᴇʣʽʛʽʥʜʝ װʣʢʝʥ ʰʳסʳʥʜʘʨ ʙʦʣʘʪʳʥʳʥ ʝʩʢʝʨʫ ץʘʞʝʪ, ʩʦʥʜʳץʪʘʥ ʢװʢʽʨʪʦʨʛʘʥʠʢʘʣʳץ 

 ʜʝʫשʰʽʥ ʨʝʘʛʝʥʪʪʝʨʤʝʥ ʙʽʨʥʝʰʝ ʨʝʪ ᴇװ ʘʤʪʘʤʘʩʳʟ ʝʪʫץ ʘʨʳʣʫʳʥסʰʳ ץʪʦʣʳ שʦʩʳʣʳʩʪʘʨʳʥʳץ

 ץʜʝʨʜʝ ʨʝʢʪʠʬʠʢʘʮʠʷ, ʤʦʣʝʢʫʣʘʣʳשʨʣʽ ʢʝʟʝװʘʥ ʤʽʥʜʝʪʪʝʨʛʝ ʙʘʡʣʘʥʳʩʪʳ ᴅʨ ʪסʦʡʳʣפ .ʘʞʝʪץ

ʜʠʩʪʠʣʣʷʮʠʷ ʥʝʤʝʩʝ ʢʦʤʧʣʝʢʩʪʽ ʪװʟʫ ץʦʣʜʘʥʳʣʘʜʳ.  

 ץʳʥʘʥ ʪʠʽʤʜʽ, ʪʝʭʥʦʣʦʛʠʷʣʳסʞʘ ץʘʥʜʘ ʵʢʦʥʦʤʠʢʘʣʳסʘʨʘץ ʘ ᴅʜʽʩʪʝʨʛʝץʦʨʳʪʘ ʢʝʣʝ, ʙʘʩפ

ʞʘסʳʥʘʥ ץʘʨʘʧʘʡʳʤʜʳʣʳסʳʤʝʥ ᴇʥʜʽʨʽʩʪʝ ʢʝץ שʦʣʜʘʥʳʩ ʪʘʧץʘʥ, ʵʢʦʣʦʛʠʷʣʳץ ʪʘʣʘʧʪʘʨסʘ 

ʞʘʫʘʧ ʙʝʨʝʪʽʥ ᴅʜʽʩ - ʩʽʣʪʽʣʝʨʜʽש ʩʫʣʳ ʝʨʽʪʽʥʜʽʣʝʨʽʥ ץʦʣʜʘʥʫ, ʩʽʣʪʽʣʽʢ ʵʢʩʪʨʘʢʮʠʷ. 
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ʂʆʄʇʆɿʀʎʀʗʃʓפ ʄɸʊɽʈʀɸʃɼɸʈɼʓ ʄʆɼʀʌʀʂɸʎʀʗʃɸʋɼʓר ʍʀʄʀʗʃʓפ 

ʅɽɻɯɿɯʅ ɾɸʉɸʋ 

ɸ.ʂ. ɸʧʝʥʜʠʥʘ 

ϧ.ɾϰʙʘʥʦʚ ʘʪʳʥʜʘϤʳ ɸϨʪϺʙʝ ϺϬʽʨʣʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ,ʭ.Ϥ.ʢ.,ʘϤʘ ʦϨʳʪʫʰʳ 

ʄ.ɸ. ʄʫʟʝʢʝʥʦʚʘ 

ϧ.ɾϰʙʘʥʦʚ ʘʪʳʥʜʘϤʳ ɸϨʪϺʙʝ ϺϬʽʨʣʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, ʤʘʛʠʩʪʨʘʥʪ  

 

ɸʥʥʦʪʘʮʠʷ: ɹײʣ ʤʘץʘʣʘʜʘ ʧʦʣʠʤʝʨʣʝʨʜʽץ שʘʩʠʝʪʪʝʨʽʥ ᴇʟʛʝʨʪʫʛʝ ʞᴅʥʝ ʦʣʘʨʜʳש 

ʥʝʛʽʟʽʥʜʝ ʢʦʤʧʦʟʠʮʠʷʣʳץ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʘʣʫסʘ ʘʨʥʘʣסʘʥ ʪʦʣʪʳʨסʳʰ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ 

ʟʘʪʪʘʨ ʤʝʥ ʤʘʪʝʨʠʘʣʜʘʨסʘ ʰʦʣʫ ʞʘʩʘʣʘʜʳ. ʊʦʣʪʳʨסʳʰʪʘʨʜʳש ʞʘʣʧʳ ʞʽʢʪʝʤʝʩʽ ײʩʳʥʳʣסʘʥ 

ʞᴅʥʝ ʦʣʘʨʜʳ ʪʘʣʰʳץʪʳ ʞᴅʥʝ ʧʘʨʘץʪʳ ʪʦʣʪʳʨסʳʰʪʘʨʜʳ ץʘʤʪʠʪʳʥ ʜʠʩʧʝʨʩʪʽ ʞᴅʥʝ 

ʘʨʤʘʪʫʨʘʣʳץ ʜʝʧ ʙᴇʣʫ ץʘʨʘʩʪʳʨʳʣסʘʥ. ʊʦʣʪʳʨסʳʰʪʘʨʜʳש ʦʩʳ ʪʦʧʪʘʨʳʥʳש ʞʘʣʧʳ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʢʝʣʪʽʨʽʣʛʝʥ ʞᴅʥʝ ʦʣʘʨʜʳ ץʦʣʜʘʥʳʣʘʪʳʥ ʟʘʪʪʘʨסʘ ʙʘʡʣʘʥʳʩʪʳ ʤʠʥʝʨʘʣʜʳ, 

ʦʨʛʘʥʠʢʘʣʳץ ʞᴅʥʝ ʙʘʩץʘ ʪʦʧʰʘʣʘʨסʘ ʙᴇʣʫ ץʘʨʘʩʪʳʨʳʣסʘʥ. ɿʘʪʪʘʨ ʤʝʥ ʤʘʪʝʨʠʘʣʜʘʨ װʰʽʥ 

ʦʣʘʨʜʳ ʪʦʣʪʳʨסʳʰ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʫ ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʞᴅʥʝ ʧʦʣʠʤʝʨʣʽʢ ʢʦʤʧʦʟʠʪʪʽʢ 

ʤʘʪʝʨʠʘʣʜʘʨסʘ ʙʝʨʝʪʽʥ ץʘʩʠʝʪʪʝʨʽ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ ʙʝʨʽʣʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʪʦʣʪʳʨסʳʰʪʘʨʜʳ 

ʤᴇʣʰʝʨʣʝʫ ʞᴅʥʝ ʩʽשʜʽʨʫ ʘʨץʳʣʳ ᴇʟʛʝʨʪʫ ʤװʤʢʽʥʜʽʛʽ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʢʦʤʧʦʟʠʮʠʷʣʳץ 

ʤʘʪʝʨʠʘʣʜʘʨʜʳ ᴇʟʛʝʨʪʫ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʢʝשʝʡʪʝʪʽʥ ʛʠʙʨʠʜʪʽ ʪʦʣʪʳʨסʳʰʪʘʨʜʳ ץʦʣʜʘʥʫ 

ʤװʤʢʽʥʜʽʛʽ ʪʫʨʘʣʳ ʘʡʪʳʣʘʜʳ. 

ʂʽʣʪ ʩᴇʟʜʝʨ: ʢʦʤʧʦʟʠʮʠʷʣʳץ ʤʘʪʝʨʠʘʣ, ʪʘʣʰʳץʪʳ ʪʦʣʪʳʨסʳʰʪʘʨ, ʤʘʪʨʠʮʘ, ʤʦʜʠʬʠʢʘʮʠʷ, 

ʧʦʣʠʤʝʨ, ʜʠʩʧʝʨʩʪʽ ʪʦʣʪʳʨסʳʰʪʘʨ. 

DEVELOPMENT OF CHEM ICAL BASIS OF MODIFICATION OF COMPOSITE 

MATERIALS  

Abstract: This article provides an overview of substances and materials used as fillers for changing 

the properties of polymers and obtaining composite materials based on them. A general 

classification of fillers is proposed and their division into dispersed and reinforcing, which includes 

fibrous and sheet fillers, is considered. The general characteristics of these groups of fillers are 

given and their division into mineral, organic and other subgroups is considered, depending on the 

substances used. For substances and materials, information is provided about the features of their 

use as fillers and the properties they give to polymer composite materials. In addition, we are 

talking about the possibility of changing fillers by dosing and impregnation, as well as the 

possibility of using hybrid fillers that expand the possibilities of changing composite materials. 

Keywords: composite material, fibrous fillers, matrix, modification, polymer, dispersed fillers. 

ʈɸɿʈɸɹʆʊʂɸ ʍʀʄʀʏɽʉʂʀʍ ʆʉʅʆɺ ʄʆɼʀʌʀʎʀʈʆɺɸʅʀʗ ʂʆʄʇʆɿʀʊʅʓʍ 

ʄɸʊɽʈʀɸʃʆɺ 

ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʚʝʱʝʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʦʚ ʠ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʇʨʝʜʣʦʞʝʥʘ ʦʙʱʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʥʘʧʦʣʥʠʪʝʣʝʡ ʠ ʨʘʩʩʤʦʪʨʝʥʦ ʠʭ 

ʜʝʣʝʥʠʝ ʥʘ ʜʠʩʧʝʨʩʥʳʝ ʠ ʘʨʤʠʨʫʶʱʠʝ, ʚʢʣʶʯʘʶʱʠʝ ʚʦʣʦʢʥʠʩʪʳʝ ʠ ʣʠʩʪʦʚʳʝ ʥʘʧʦʣʥʠʪʝʣʠ. 
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ɼʘʥʘ ʦʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʵʪʠʭ ʛʨʫʧʧ ʥʘʧʦʣʥʠʪʝʣʝʡ ʠ ʨʘʩʩʤʦʪʨʝʥʦ ʠʭ ʜʝʣʝʥʠʝ ʥʘ 

ʤʠʥʝʨʘʣʴʥʳʝ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʧʦʜʛʨʫʧʧʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚʝʱʝʩʪʚ. 

ɼʣʷ ʚʝʱʝʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʚʦʜʷʪʩʷ ʩʚʝʜʝʥʠʷ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʠ ʩʚʦʡʩʪʚʘʭ, ʢʦʪʦʨʳʝ ʦʥʠ ʧʨʠʜʘʶʪ ʧʦʣʠʤʝʨʥʳʤ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ 

ʤʘʪʝʨʠʘʣʘʤ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʯʴ ʠʜʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʥʘʧʦʣʥʠʪʝʣʝʡ ʧʫʪʝʤ 

ʜʦʟʠʨʦʚʘʥʠʷ ʠ ʧʨʦʧʠʪʢʠ, ʘ ʪʘʢʞʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ, 

ʨʘʩʰʠʨʷʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ, ʚʦʣʦʢʥʠʩʪʳʝ ʥʘʧʦʣʥʠʪʝʣʠ, ʤʘʪʨʠʮʘ, 

ʤʦʜʠʬʠʢʘʮʠʷ, ʧʦʣʠʤʝʨ, ʜʠʩʧʝʨʩʥʳʝ ʥʘʧʦʣʥʠʪʝʣʠ. 

ɾʘשʘ ʟʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʥʳ ײץʨʫ ʞᴅʥʝ ʘʣʜʳסשʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ ᴅʟʽʨʣʝʤʝʣʝʨʜʽ 

ʞʝʪʽʣʜʽʨʫ ײץʨʳʣʳʤʜʳץ-ʬʫʥʢʮʠʦʥʘʣʜʳץ ʤʘץʩʘʪʪʘסʳ ʞʘשʘ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʽʟʜʝʫʜʽ ʞᴅʥʝ 

ʞʘʩʘʫʜʳ ץʘʞʝʪ ʝʪʝʜʽ. ʂʦʤʧʦʟʠʮʠʷʣʳץ ʤʘʪʝʨʠʘʣʜʘʨ ʜʝʛʝʥʽʤʽʟ - ʜᴅʩʪװʨʣʽ ʤʘʪʝʨʠʘʣʜʘʨʜʳ 

 ʩʧʝʢʪʨʽ ʙʘʨ שʢʝ שʘʩʠʝʪʪʝʨʽʥʽץ ʦʣ ʞʝʪʢʽʟʫʛʝ ʙʦʣʤʘʡʪʳʥ, ᴇʥʽʤʜʽʣʽʢץ ʳʣʳץʦʣʜʘʥʫ ʘʨץ

ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʞʘשʘ ʪװʨʽ. 

ʂʦʤʧʦʟʠʮʠʷʣʳץ ʤʘʪʝʨʠʘʣʜʘʨ - ʢᴇʙʽʥʝʩʝ ʤʘʪʨʠʮʘʣʳץ ʥʝʛʽʟʜʝʥ ʪײʨʘʪʳʥ, ʘʨʤʘʪʫʨʘʣʳץ 

ʪʘʣʰʳץʪʘʨʤʝʥ ʥʝʤʝʩʝ ʜʠʩʧʝʨʩʪʽ ʙᴇʣʰʝʢʪʝʨʜʝʥ ʪײʨʘʪʳʥ ʢᴇʧ ʢʦʤʧʦʥʝʥʪʪʽ ʤʘʪʝʨʠʘʣʜʘʨ; ʙײʣ 

ʞʘסʜʘʡʜʘ ʢʦʤʧʦʟʠʮʠʷ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽש ʞʝʢʝ ץʘʩʠʝʪʪʝʨʽ ʪʠʽʤʜʽ ץʦʣʜʘʥʳʣʘʜʳ. ɸʨʘʣʘʩ ᴅʨʪװʨʣʽ 

ʟʘʪʪʘʨ ʞʘשʘ ʤʘʪʝʨʠʘʣʜʳ ʞʘʩʘʫסʘ ᴅʢʝʣʝʜʽ, ʦʥʳץ שʘʩʠʝʪʪʝʨʽ ʦʥʳײץ שʨʘʤʜʘʩ ʙᴇʣʽʢʪʝʨʽʥʽש 

ᴅʨץʘʡʩʳʩʳʥʳץ שʘʩʠʝʪʪʝʨʽʥʝʥ ʘʡʪʘʨʣʳץʪʘʡ ʝʨʝʢʰʝʣʝʥʝʜʽ. פʘʞʝʪ ץʘʩʠʝʪʪʝʨ ʞʠʳʥʪʳסʳʤʝʥ 

ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʢʝש ʩʧʝʢʪʨʽ ײץʨʘʤʳʥ, ʪʦʣʪʳʨסʳʰʪʘʨʜʳש ʩʘʥʜʳײץ ץʨʘʤʳʥ ʞᴅʥʝ ʤʘʪʨʠʮʘʩʳʥ 

ʞᴅʥʝ ʪʦʣʪʳʨסʳʰʪʳש ʙʘסʳʪʳʥ ᴇʟʛʝʨʪʫ ʘʨץʳʣʳ ʘʣʳʥʘʜʳ [1]. 

ʂʦʤʧʦʟʠʪʪʝʨʜʽ ʤʠʢʨʦʢᴇʣʝʤʜʝ ץʘʨʘסʘʥ ʢʝʟʜʝ ᴅʨ ʢʦʤʧʦʥʝʥʪʪʽש ʞʝʢʝ ʠʥʪʝʨʬʝʡʩʽ ʙʦʣʘʜʳ. 

ʂʦʤʧʦʟʠʪʪʝʨʜʽ ʝʢʽ ʬʘʟʘʜʘʥ ʘʨʪʳץ ץʦʩʳʣʳʩ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʫסʘ ʙʦʣʘʜʳ: ʙʽʨ ʬʘʟʘ װʟʜʽʢʩʽʟ  

ʤʘʪʨʠʮʘ , ʝʢʽʥʰʽʩʽ װʟʽʢ, ʢװʰʝʡʪʝʪʽʥ ʬʘʟʘ[2]. 

ʂʦʤʧʦʟʠʪʪʝʨʜʽײץ שʨʘʤʳʥʘ ʢʽʨʝʪʽʥ ʟʘʪʪʘʨ ᴅʨ ʪװʨʣʽ ʤʘʪʝʨʠʘʣʜʘʨ ʙʦʣʫʳ ʤװʤʢʽʥ - 

ʢʝʨʘʤʠʢʘ, ʢᴇʟʽʣʜʽʨʽʢ, ʤʝʪʘʣʜʘʨ, ʢᴇʤʽʨʪʝʛʽ, ʧʣʘʩʪʤʘʩʩʘ ʞᴅʥʝ ʪ.ʙ. ɹʽʨ ʤʘʪʝʨʠʘʣʜʘ ʙʽʨʥʝʰʝ 

ʤʘʪʨʠʮʘʣʘʨ ʙʽʨʽʢʪʽʨʽʣʛʝʥ ʢᴇʧ ʢʦʤʧʦʥʝʥʪʪʽ ʧʦʣʠʤʘʪʨʠʮʘʣʳץ 

 ʞᴅʥʝ  ᴅʨʪװʨʣʽ ʪʦʣʪʳʨסʳʰʪʘʨʜʳ ץʘʤʪʠʪʳʥ ʛʠʙʨʠʜʪʽ ʢʦʤʧʦʟʠʮʠʷʣʳץ ʤʘʪʝʨʠʘʣʜʘʨ ʙʘʨ. 

ʊʦʣʪʳʨסʳʰ ʤʘʪʝʨʠʘʣʜʳץ שʘʪʪʳʣʳסʳʥ, ʙʝʨʽʢʪʽʛʽʥ ʞᴅʥʝ ʜʝʬʦʨʤʘʮʠʷʩʳʥ ʘʥʳץʪʘʡʜʳ, ʘʣ 

ʤʘʪʨʠʮʘ ʤʘʪʝʨʠʘʣʜʳש ʙʝʨʽʢʪʽʛʽʥ, ʪʦʣʪʳʨסʳʰʪʘסʳ ʢʝʨʥʝʫʣʝʨʜʽש ʙʝʨʽʣʫʽʥ ʞᴅʥʝ ʩʳʨʪץʳ 

ᴅʩʝʨʣʝʨʜʽש ᴅʨ ʪװʨʽʥʝ ʪᴇʟʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ [3]. 

ʌʫʥʢʮʠʦʥʘʣʜʳ ʪʦʧʪʘʨʜʳ ʧʦʣʠʤʝʨʛʝ ʝʥʛʽʟʫ ʙʽʨʥʝʰʝ ʞʦʣʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʫʳ ʤװʤʢʽʥ. 

ʆʣʘʨʜʳ ʝʢʽ װʣʢʝʥ ʪʦʧץʘ ʙᴇʣʫʛʝ ʙʦʣʘʜʳ: 

- ʙʘʩʪʘʧץʳ ʧʦʣʠʤʝʨ ʪʽʟʙʝʛʽʥʽש ʭʠʤʠʷʣʳײץ ץʨʳʣʳʤʳ ᴇʟʛʝʨʤʝʡʪʽʥ ʧʦʣʠʤʝʨʜʽ 

ʬʠʟʠʢʘʣʳץ ᴇשʜʝʫ ᴅʜʽʩʪʝʨʽ; 

- ʧʦʣʠʤʝʨ ʪʽʟʙʝʛʽʥʽש ʭʠʤʠʷʣʳײץ ץʨʳʣʳʤʳʥʳש ᴇʟʛʝʨʫʽʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʪʳʥ 
ʭʠʤʠʷʣʳץ ʤʦʜʠʬʠʢʘʮʠʷ ᴅʜʽʩʪʝʨʽ. 

ʌʠʟʠʢʘʣʳץ ʤʦʜʠʬʠʢʘʮʠʷ, ʙײʨʳʥ ʘʡʪʳʣסʘʥʜʘʡ, ʙʘʩʪʘʧץʳ ʧʦʣʠʤʝʨʜʽש ʭʠʤʠʷʣʳץ 

 ץʘʩʠʝʪʪʝʨʛʝ ʤʝʭʘʥʠʢʘʣʳץ ᴇʟʛʝʨʫʽʥ ʙʽʣʜʽʨʤʝʡʜʽ, ʘʣ ʧʨʦʪʦʥ ᴇʪʢʽʟʛʽʰʪʽʢ שʨʳʣʳʤʳʥʳײץ

ʧʦʣʠʤʝʨ-ʤʦʜʠʬʠʢʘʪʦʨ ץʦʩʧʘʩʳʥ ʜʘʡʳʥʜʘʫ ʘʨץʳʣʳ ץʦʣ ʞʝʪʢʽʟʽʣʝʜʽ. 

ʊʝʭʥʦʣʦʛʠʷ ʪײʨסʳʩʳʥʘʥ ʝץ שʘʨʘʧʘʡʳʤʳ - ʙײʣ ʪᴇʤʝʥ ʤʦʣʝʢʫʣʘʣʳץ ʟʘʪʪʘʨʜʳ, ʤʳʩʘʣʳ, 

ʬʝʥʦʣʩʫʣʴʬʦʥ ץʳʰץʳʣʳ, ʩʫʣʴʬʦʩʘʣʠʮʠʣ ץʳʰץʳʣʳ  ʞᴅʥʝ ʙʘʩץʘ ʘʨʦʤʘʪʪʳ ʩʫʣʴʬʦʥ 

 .ʦʣʜʘʥʫץ ʤʦʜʠʬʠʢʘʪʦʨʳ ʨʝʪʽʥʜʝ  שʳʣʜʘʨʳʥʳץʳʰץ

ʇʨʦʪʦʥʜʳ ᴇʪʢʽʟʛʽʰ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʘʣʫʜʳש ʙײʣ ᴅʜʽʩʽ ʤʦʜʠʬʠʢʘʮʠʷʣʳץ ץʦʩʧʘʥʳ ʙʘʩץʘ 

 ʦʩʳʣʫ ʩʘʪʳʩʳʥʜʘ ʧʦʣʠʤʝʨץ (.ʳʰʪʘʨ ʞᴅʥʝ ʪ.ʙסʪʘʥʜʳʨץʨʘײʧʣʘʩʪʠʬʠʢʘʪʦʨʣʘʨ, ʪ) ʦʩʧʘʣʘʨʤʝʥץ

 ʦʩʳʤʰʘץ ʳʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ, ʜʝʤʝʢ, ʦʩʳʥʜʘʡ ʤʘʪʝʨʠʘʣʜʘʨʜʳסʨʘʤʳʥʘ ʝʥʛʽʟʫʛʝ ʙʦʣʘʪʳʥʜʳײץ

ʰʳסʳʥʜʘʨʩʳʟ ʞᴅʥʝ ץʦʥʜʳʨסʳʥʳ ʤʦʥʪʘʞʜʘʫʩʳʟ  ʞײʤʳʩ ʽʩʪʝʧ ʪײʨסʘʥ ᴇʥʜʽʨʽʩʪʝʨ ʘʨץʳʣʳ ʘʣʫ 

ʙʦʣʘʜʳ.  



ñʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ ɸʂɸɼɽʄʀʂò                                                          ̄ 1  (104), 2021 ʛ. 

_______________________________________________________________________________________ 

16 
 

ɹײʣ ᴅʜʽʩʪʽש ʢʝʤʰʽʣʽʢʪʝʨʽʥʝ ʤʦʜʠʬʠʢʘʪʦʨʜʳש ʧʦʣʠʤʝʨ ʢᴇʣʝʤʽʥʜʝʛʽ ʪʘʨʘʣʫʳʥʳש 

ʙʽʨʪʝʢʪʽʣʽʛʽ ʞᴅʥʝ ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʤʦʜʠʬʠʢʘʪʦʨ ʤʦʣʝʢʫʣʘʣʘʨʳʥʳש ʧʦʣʠʤʝʨ ʪʽʟʙʝʛʽʤʝʥ ᴅʣʩʽʟ 

ʙʘʡʣʘʥʳʩʳ ʩʘʣʜʘʨʳʥʘʥ ʦʥʳ ʞʫʫ ʤװʤʢʽʥʜʽʛʽ ʞʘʪʘʜʳ. ʄײʥʜʘʡ ʞװʡʝʣʝʨʜʝ ʢʝʟʜʝʩʝʪʽʥ ʪʘסʳ ʙʽʨ 

ʢʝʤʰʽʣʽʢ - ʞײʤʳʩ ʦʨʪʘʩʳʥʳש ʳʣסʘʣʜʳʣʳסʳʥʘ ʞʦסʘʨʳ ʩʝʟʽʤʪʘʣʜʳ[4] ץ. 

ʇʦʣʠʤʝʨʣʝʨ ʤʝʥ ʦʣʘʨʜʳש ʥʝʛʽʟʽʥʜʝʛʽ ʤʘʪʝʨʠʘʣʜʘʨʜʳץ שʘʩʠʝʪʪʝʨʜʽ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ 

ʩʘʣʘʩʳʥʜʘ ʙʦʣʘʰʘסʳ ʟʦʨ. ɹײʣ ʙʽʨ-ʙʽʨʽʥʝʥ ץʘʩʠʝʪʪʝʨʽ ʙʦʡʳʥʰʘ ʝʨʝʢʰʝʣʝʥʝʪʽʥ ʧʦʣʠʤʝʨʣʝʨʜʽש 

ʘʣʫʘʥ ʪװʨʣʽʣʽʛʽʤʝʥ ʞᴅʥʝ ʧʦʣʠʤʝʨʣʝʨʜʽש ᴅʨʪװʨʣʽ ʪװʨʣʝʥʜʽʨʛʽʰ ץʦʩʧʘʣʘʨʤʝʥ ʞʘץʩʳ 

 ʡʣʝʩʽʤʜʽʣʽʛʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. ᴆʟ ʢʝʟʝʛʽʥʜʝ, ʧʦʣʠʤʝʨʣʝʨʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʤʘʪʝʨʠʘʣʜʘʨ ʘʨʘʩʳʥʜʘװ

ʦʜʘʥ ᴅʨʽ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ ʞᴅʥʝ ʢʝשʽʥʝʥ ץʦʣʜʘʥʫ ʪײʨסʳʩʳʥʘʥ ʧʦʣʠʤʝʨʣʽ ʢʦʤʧʦʟʠʪʪʽʢ 

ʤʘʪʝʨʠʘʣʜʘʨ (ʇʂʄ) װʣʢʝʥ ץʳʟʳסʫʰʳʣʳץ ʪʫʜʳʨʘʜʳ. ʇʂʄ-ʜʽש ʥʝʛʽʟʽʥ ʧʦʣʠʤʝʨ 

ʙʘʡʣʘʥʳʩʪʳʨסʳʰʪʘʨʳ ײץʨʘʡʜʳ, ʦʣʘʨʜʳײץ שʨʘʤʳʥʘ ʦʣʘʨʜʳץ שʘʩʠʝʪʪʝʨʽʥ ᴇʟʛʝʨʪʫ װʰʽʥ 

ᴅʨʪװʨʣʽ ץʦʩʧʘʣʘʨ ʝʥʛʽʟʽʣʽʧ, ʦʣʘʨʜʳש ᴇשʜʝʣʫʽʥ ʞʝשʽʣʜʝʪʝʜʽ, ᴅʨ ʪװʨʣʽ ʙײʟʳʣʫʣʘʨ ʤʝʥ ʞʘʥʫʣʘʨסʘ 

ʪᴇʟʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʘʜʳ. 

ɸʣʘʡʜʘ, ʧʦʣʠʤʝʨ ʙʘʡʣʘʥʳʩʪʳʨסʳʰʳʥʳץ שʘʩʠʝʪʪʝʨʽʥ ʝʜᴅʫʽʨ ᴇʟʛʝʨʪʝʪʽʥ ץʦʩʧʘʣʘʨ 

ʪʦʣʪʳʨסʳʰʪʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʪʦʣʪʳʨסʳʰʪʘʨ, ʙʘʩץʘ ץʦʩʧʘʣʘʨʜʘʥ 

ʘʡʳʨʤʘʰʳʣʳסʳ, ʙʘʡʣʘʥʳʩʪʳʨסʳʰʧʝʥ ʙʽʨʪʝʢʪʽ ʤʘʪʝʨʠʘʣ ʪװʟʙʝʡʜʽ, ʙʽʨʘץ ʦʥʜʘ ʞʝʢʝ ʬʘʟʘʥʳש 

ʦץʰʘʫʣʘʥסʘʥ ʙᴇʣʽʢʪʝʨʽ ʪװʨʽʥʜʝ ʙᴇʣʽʥʝʜʽ. ʊʦʣʪʳʨסʳʰʪʘʨ ץʘʪʪʳ, ʩײʡʳץ ʥʝʤʝʩʝ ʛʘʟ ʪᴅʨʽʟʜʽ 

ʙʦʣʫʳ ʤװʤʢʽʥ. 

ɻʘʟ ʪᴅʨʽʟʜʽ ʪʦʣʪʳʨסʳʰʪʘʨ ʘʰʳץ, ʙʘʡʣʘʥʳʩʘʪʳʥ ʥʝʤʝʩʝ ʞʘʙʳץ ʢʝʫʝʢʪʝʨʽ ʙʘʨ 

ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʰʳסʘʨʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ: ʢᴇʙʽʢ, ʠʦʥ ʘʣʤʘʩʪʳʨסʳʰ ʰʘʡʳʨʣʘʨ, ʨʝʟʝשʢʝ 

ʛʫʙʢʘʣʘʨ ʞᴅʥʝ ʪ.ʙ. ʉײʡʳץ ʪʦʣʪʳʨסʳʰʪʘʨ ʩײʡʳץ ʵʤʫʣʴʩʠʷʣʘʨʜʘʥ ץʘʪʪʳ ʢʝʫʝʢʪʽ 

ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʘʣʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ [5]. 

ɸʣʘʡʜʘ, ʢᴇʧ ʞʘסʜʘʡʜʘ ץʘʪʪʳ ʙʝʡʦʨʛʘʥʠʢʘʣʳץ ʞᴅʥʝ ʦʨʛʘʥʠʢʘʣʳץ ʪʦʣʪʳʨסʳʰʪʘʨ 

-ʪʳ. ʉʦʥʜʘʡץʪʳ ʞᴅʥʝ ʧʘʨʘץʪʘʣʰʳ ,(ʜʠʩʧʝʨʩʪʽ) ץʥʪʘײ :ʘ ʙᴇʣʝʜʽץʰ ʪʦʧװ ʦʣʜʘʥʳʣʘʜʳ, ʦʣʘʨʜʳץ

ʘץ, ʢʝʡʜʝ ʢᴇʣʝʤʜʽ ʪʦʣʪʳʨסʳʰʪʘʨ ʘʞʳʨʘʪʳʣʘʜʳ, ʦʣʘʨסʘ ʢᴇʣʝʤʜʽ ʤʘʪʘʣʘʨ ʤʝʥ ʨʘʤʘʣʳץ 

ʞװʡʝʣʝʨ ʞʘʪʘʜʳ: ʪʘʙʠסʠ ʘסʘʰ ʥʝʤʝʩʝ ʢʝʨʘʤʠʢʘ, ʤʝʪʘʣʣ ʥʝʤʝʩʝ ʧʦʣʠʤʝʨ ײʥʪʘץʪʘʨʳʥ 

ʢᴇʙʽʢʪʝʥʜʽʨʫ ʥʝʤʝʩʝ ʘʛʣʦʤʝʨʘʮʠʷʣʘʫ ʘʨץʳʣʳ ʘʣʳʥסʘʥ ʞװʡʝʣʝʨ [6]. ɼʠʩʧʝʨʩʪʽ, ʪʘʣʰʳץʪʳ 

ʞᴅʥʝ ʧʘʨʘץʪʳ ʪʦʣʪʳʨסʳʰʪʘʨʜʳ ʙʽʨ ʤʘʪʝʨʠʘʣʜʘʥ, ʤʳʩʘʣʳ, ᴅʡʥʝʢʪʝʥ ʘʣʫסʘ ʙʦʣʘʪʳʥʜʳסʳʥ 

ʘʡʪʘ ʢʝʪʢʝʥ ʞᴇʥ. 

ɼʠʩʧʝʨʩʪʽ ʪʦʣʪʳʨסʳʰʪʘʨ ʝש ʢᴇʧ ʪʘʨʘʣסʘʥ. ɼʠʩʧʝʨʩʪʽ ʪʦʣʪʳʨסʳʰʪʘʨ ʧʦʣʠʤʝʨʤʝʥ 
ʞʘץʩʳ װʡʣʝʩʫʽ ʢʝʨʝʢ ʥʝʤʝʩʝ ʦʣʘʨʜʘ ʜʠʩʧʝʨʛʠʨʣʝʥʛʝʥ, ʝʨʽʪʽʥʜʽʤʝʥ ʥʝʤʝʩʝ ʧʦʣʠʤʝʨʣʽ 

ʙʘʣץʳʤʘʤʝʥ ʞʘץʩʳ ʩʫʣʘʥסʘʥ, ʘʛʣʦʤʝʨʘʮʠʷסʘ ʙʝʡʽʤ ʝʤʝʩ, ʙᴇʣʰʝʢʪʝʨʜʽש ʤᴇʣʰʝʨʽ ʙʽʨʢʝʣʢʽ 

ʞᴅʥʝ ʳʣסʘʣʜʳʣʳסʳ ʪᴇʤʝʥ ʙʦʣʫʳ ʢʝʨʝʢ [7,8]. ɽש ʢᴇʧ ʪʘʨʘʣסʘʥ ʜʠʩʧʝʨʩʪʽ ʪʦʣʪʳʨסʳʰʪʘʨ 
ʤʠʥʝʨʘʣʜʳ, ʦʨʛʘʥʠʢʘʣʳץ ʞᴅʥʝ ʤʝʪʘʣʣ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʄʠʥʝʨʘʣʜʳ ʪʦʣʪʳʨסʳʰʪʘʨ ʝש ʘʣʜʳʤʝʥ ʞʠʳʨʳʣʫʜʳ, ץʘʣʜʳץ ʢʝʨʥʝʫʣʝʨʜʽ ʞᴅʥʝ 

ʢʨʝʢʠʥʛ ʪʝʥʜʝʥʮʠʷʩʳʥ ʘʟʘʡʪʫ װʰʽʥ, ʩʦʥʜʘʡ-ʘץ ʙʝʨʽʢʪʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʞʦסʘʨʳʣʘʪʫ װʰʽʥ 

 .ʦʣʜʘʥʳʣʘʜʳ [9]ץ

ʆʣʘʨ ץʘʪʪʳʣʳץ ʧʝʥ ʦʪץʘ ʪᴇʟʽʤʜʽʣʽʢ ʙʝʨʝʜʽ. ɹײʣ ʪʦʣʪʳʨסʳʰʪʘʨʜʳש ᴅʨץʘʡʩʳʩʳʥʳש 

ᴇʟʽʥʜʽʢ ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʙʘʨ. ɹʦʨ - ʝש ʘʨʟʘʥ ʤʠʥʝʨʘʣʜʳ ʪʦʣʪʳʨסʳʰʪʘʨʜʳש ʙʽʨʽ, ץʘʪʪʳʣʳסʳ 

ʪᴇʤʝʥ (ץʘʡʪʘ ᴇשʜʝʫʛʝ ʦשʘʡ) ʞᴅʥʝ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜ, ʧʦʣʠʧʨʦʧʠʣʝʥ, ʧʦʣʠʩʪʠʨʦʣ ʞᴅʥʝ ʦʥʳש 

ʩʦʧʦʣʠʤʝʨʣʝʨʽ ʥʝʛʽʟʽʥʜʝʛʽ ʤʘʪʝʨʠʘʣʜʘʨʜʘ, ʧʦʣʠʵʬʠʨʣʽ ʰʳʥʳ ʪʘʣʰʳץʪʘ ץʦʣʜʘʥʳʣʘʜʳ. 

ʂʘʦʣʠʥ ʪײʪץʳʨʣʳץʪʳש ʘʡʪʘʨʣʳץʪʘʡ ᴇʩʫʽʥʝ ʳץʧʘʣ ʝʪʝʜʽ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʩʝʨʧʽʤʜʽʣʽʢ ʤʦʜʫʣʽʥ 

ʞʦסʘʨʳʣʘʪʘʜʳ, ʵʣʝʢʪʨʣʽʢ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʘʜʳ ʞᴅʥʝ ʳʣסʘʣסʘ ʪᴇʟʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʘʜʳ. 

ʂʘʦʣʠʥ ʧʦʣʠʤʝʨʣʝʨʜʽש ʢᴇʧʰʽʣʽʛʽʥʜʝ ʥʘʰʘʨ ʜʠʩʧʝʨʩʪʽ ʞᴅʥʝ ʥʝʛʽʟʽʥʝʥ ʪʘʣʰʳץʧʝʥ 

ʥʳסʘʡʪʳʣסʘʥ ʧʦʣʠʵʬʠʨ ʙʘʡʣʘʥʳʩʪʳʨסʳʰʪʘʨʳ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. ʊʘʣʴʢ ʘʟ ʘʙʨʘʟʠʚʪʽʣʽʢʧʝʥ 

ʩʠʧʘʪʪʘʣʘʜʳ, ʢʦʤʧʦʟʠʪʪʝʨʛʝ ץʘʪʪʳʣʳץʪʳ ʞʦסʘʨʳʣʘʪʘʜʳ ʞᴅʥʝ ʙʘʩץʘ ʜʠʩʧʝʨʩʪʽ 

ʪʦʣʪʳʨסʳʰʪʘʨʜʘʥ ʘʡʳʨʤʘʰʳʣʳסʳ ʩʦץץʳ ʙʝʨʽʢʪʽʛʽʥ ʪᴇʤʝʥʜʝʪʧʝʡʜʽ. ʊʘʣʴʢ ʧʦʣʠʧʨʦʧʠʣʝʥʜʽ 

ʪʦʣʪʳʨʫ װʰʽʥ ʞʠʽ ץʦʣʜʘʥʳʣʘʜʳ. ʂʚʘʨʮ ᴅʨʪװʨʣʽ ʤʦʜʠʬʠʢʘʮʠʷʜʘ ץʦʣʜʘʥʳʣʘʜʳ (ʢʚʘʨʮ ײʥʳ, 

ʘʵʨʦʟʠʣ, ʙʘʣץʳʪʳʣסʘʥ ʢʚʘʨʮ, ʤʠʢʨʦʢʨʠʩʪʘʣʜʳ ʢʚʘʨʮ ʞᴅʥʝ ʰᴇʛʽʥʜʽ ʢʨʝʤʥʠʡ ʜʠʦʢʩʠʜʽ), 

ᴅʨʪװʨʣʽ ʢʨʠʩʪʘʣʣʜʳץ ʜᴅʨʝʞʝʣʝʨʽʤʝʥ, ʘʙʨʘʟʠʚʪʽʣʽʛʽʤʝʥ, ʤʝʥʰʽʢʪʽ ʙʝʪʢʝʡʽʤʝʥ ʞᴅʥʝ 

ʜʠʩʧʝʨʩʪʽʣʽʛʽʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ. 
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ɽʨʝʢʰʝ ץʘʩʠʝʪʪʝʨ ʙʝʨʫ װʰʽʥ ʜʠʩʧʝʨʩʪʽ ʪʦʣʪʳʨסʳʰ ʨʝʪʽʥʜʝ ᴅʨ ʪװʨʣʽ ʪײʟʜʘʨ 

(ʩʫʣʴʬʘʪʪʘʨ, ʩʫʣʴʬʠʜʪʝʨ, ʬʪʦʨʠʜʪʝʨ ʞᴅʥʝ ʪ.ʙ.) ץʦʣʜʘʥʳʣʘʜʳ [7,8]. 

ʊʦʣʪʳʨסʳʰʪʘʨʜʳש ʙײʣ ʪʦʙʳʥʘ ײץʨʘʤʳʥʜʘ ʘʫʳʨ ʤʝʪʘʣʜʳץ שʦʩʳʣʳʩʪʘʨʳ ʙʘʨ ʞᴅʥʝ 

ʦʪץʘ ʞᴅʥʝ ʳʩʪʳץץʘ ʪᴇʟʽʤʜʽʣʽʢʪʽ, ʙʝʨʽʢʪʽʢ ʧʝʥ ʘʜʛʝʟʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ, ʙʠʦʩʪʘʙʠʣʴʜʽʣʽʢʪʽ 

ʞʦסʘʨʣʘʪʫ װʰʽʥ, ʩʦʥʜʘʡ-ʘץ ʧʠʛʤʝʥʪ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʛʘʣʴʚʘʥʠʢʘʣʳץ ʰʣʘʤ ʜʘ ʙʘʨ [10]. 

ʊʘʣʰʳץʪʳ ʪʦʣʪʳʨסʳʰʪʘʨ, ʜʠʩʧʝʨʩʪʽ ʪʦʣʪʳʨסʳʰʪʘʨ ʩʠʷץʪʳ, ʤʠʥʝʨʘʣʜʳ, ʦʨʛʘʥʠʢʘʣʳץ 

ʞᴅʥʝ ʤʝʪʘʣʜʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʜʝʛʝʥʤʝʥ, ʝש ʢᴇʧ ʪʘʨʘʣסʘʥ ᴅʡʥʝʢ ʪʘʣʰʳץʪʘʨʳ, ʦʣʘʨ ʘʨʟʘʥ, 

ᴇʥʜʽʨʽʩ ʧʝʥ ᴇשʜʝʫʜʽץ שʘʨʘʧʘʡʳʤʜʳʣʳסʳʤʝʥ, ʘץʘʫʣʘʨ ʙʦʣʤʘסʘʥ ʢʝʟʜʝ ʙʝʨʽʢʪʽʛʽʤʝʥ 

ʝʨʝʢʰʝʣʝʥʝʜʽ. ɸʣʘʡʜʘ, ʰʳʥʳ ʪʘʣʰʳץʪʘʨʳ ʩʳʥסʳʰ, ץʘʪʪʳʣʳסʳ ʪᴇʤʝʥ ʞᴅʥʝ ʳʣסʘʣʜʳ ʦʨʪʘʜʘ 

ʥʝʤʝʩʝ ʩʫʤʝʥ ʞʘʥʘʩץʘʥʜʘ ʢװʰʽʥ ʞʦסʘʣʪʘʜʳ. פʘʟʽʨʛʽ ʢʝʟʜʝ ʙʝʨʽʢʪʽʛʽ, ʭʠʤʠʷʣʳץ ʞᴅʥʝ ʵʣʝʢʪʨʣʽʢ 

ʪᴇʟʽʤʜʽʣʽʛʽ ʞʦסʘʨʳʣʘʡʪʳʥ ʪʘʣʰʳץʪʘʨʜʳ ʘʣʫ װʰʽʥ ʢᴇʧʪʝʛʝʥ ʢᴇʟʽʣʜʽʨʽʢʪʝʨ ʰʳסʘʨʳʣʜʳ. [8]. 

ɽש ʢᴇʧ ʪʘʨʘʣסʘʥ ʝʢʽʥʰʽ - ʙײʣ ץʘʪʪʳʣʳסʳ ʞʦסʘʨʳ ʞᴅʥʝ ʙʝʨʽʢʪʽʛʽ ʙʦʡʳʥʰʘ ʰʳʥʳ 

ʪʘʣʰʳץʪʘʨʳʤʝʥ ʩʘʣʳʩʪʳʨʳʣʘʪʳʥ ʢᴇʤʽʨʪʝʢʪʽ ʪʘʣʰʳץʪʘʨ, ʩʦʥʜʳץʪʘʥ ʦʣʘʨ ʨץײʩʘʪ ʝʪʽʣʛʝʥ 

ʜʝʬʦʨʤʘʮʠʷʣʘʨʤʝʥ ʞʦסʘʨʳ ʢʝʨʥʝʫʣʝʨʛʝ ʪᴇʪʝʧ ʙʝʨʝʜʽ. ɹײʣ ʪʘʣʰʳץʪʘʨʜʳש ʩʦʟʳʣʫ ʞᴅʥʝ ʠʽʣʫ 

ʤʦʜʫʣʽ ʞʦסʘʨʳ, ʪʳסʳʟʜʳסʳ ʪᴇʤʝʥ, ʵʣʝʢʪʨᴇʪʢʽʟʛʽʰʪʽʛʽ ʞʦסʘʨʳ, װʡʢʝʣʽʩ ʧʝʥ ʞʳʣʫ ʢʝשʝʶʽʥʽש 

ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ, ʭʠʤʠʷʣʳץ ʞᴅʥʝ ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽʣʽʛʽ.  
ɹʦʨ ʪʘʣʰʳץʪʘʨʳ ʪʳסʳʟʜʳסʳʥʳש ʪᴇʤʝʥʜʽʛʽʤʝʥ, ʙʝʨʽʢʪʽʛʽʤʝʥ ʞᴅʥʝ ץʘʪʪʳʣʳסʳʤʝʥ, 

ʙʽʨʘץ ʳסʳʩʫ ʙʝʨʽʢʪʽʛʽʥʽש ʪᴇʤʝʥʜʽʛʽʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ.  
ɸʩʙʝʩʪ ʪʘʣʰʳסʳʥʳש ʙʘסʘʩʳ ʪᴇʤʝʥ, ʞʦסʘʨʳ ʙʝʨʽʢʪʽʛʽ ʞᴅʥʝ ʠʢʝʤʜʽʣʽʢʪʽש ʞʦסʘʨʳ 

ʤʦʜʫʣʽ, ʳʩʪʳץץʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʞᴅʥʝ ʭʠʤʠʷʣʳץ ʪᴇʟʽʤʜʽʣʽʛʽ ʙʘʨ.  
ʂʝʚʣʘʨ ʪʠʧʽʥʜʝʛʽ ʘʨʦʤʘʪʪʳ  ʧʦʣʠʘʤʠʜʪʽ ʪʘʣʰʳץʪʘʨ, ʩʦʥʜʘʡ-ʘץ ʤʝʪʘʣʜʘʨʜʘʥ, ʦʣʘʨʜʳש 

ʦʢʩʠʜʪʝʨʽʥʝʥ, ʢʘʨʙʠʜʪʝʨʽʥʝʥ, ʥʠʪʨʠʜʪʝʨʽʥʝʥ ʘʣʳʥסʘʥ ʙʽʨ ʢʨʠʩʪʘʣʜʳ ʪʘʣʰʳץʪʘʨ (ʩʝʨʧʽʤʜʽʣʽʛʽ) 

ʩʝʨʧʽʤʜʽʣʽʢ ʤʦʜʫʣʽʤʝʥ ʞᴅʥʝ ʩʦʟʳʣʫסʘ ʙʝʨʽʢʪʽʛʽʤʝʥ ᴇʪʝ ʞʦסʘʨʳ ʩʠʧʘʪʪʘʣʘʜʳ, ʙʽʨʘץ ʦʣʘʨʜʳ 

ᴇשʜʝʫ ᴇʪʝ ץʳʤʙʘʪ ʞᴅʥʝ ץʠʳʥ.  
ɹʘʟʘʣʴʪ ʪʘʣʰʳץʪʘʨʳ ʰʳʥʳ ʪʘʣʰʳץʪʘʨʳʥʳש ʙʘʨʣʳץ ʜʝʨʣʽʢ ʦץ שʘʩʠʝʪʪʝʨʽʥʝ ʠʝ, ʘʣ 

ʦʣʘʨʜʳש ʳʩʪʳץץʘ ʞᴅʥʝ ʩʽʣʪʽʣʝʨʛʝ ʪᴇʟʽʤʜʽʣʽʛʽ ʞʦסʘʨʳ, ʘʣ ʵʧʦʢʩʠʜʪʽ ʙʘʡʣʘʥʳʩʪʳʨסʳʰ 

ʟʘʪʪʘʨʤʝʥ ʘʜʛʝʟʠʷʩʳ ʞʘץʩʳ.  
ʆʨʛʘʥʠʢʘʣʳץ ʪʘʣʰʳץʪʘʨʜʳש ʬʠʟʠʢʘʣʳץ-ʤʝʭʘʥʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʪʘʣʰʳץʪʘʨʜʳש 

ʙʘʩץʘ ʪװʨʣʝʨʽʥʝ ץʘʨʘסʘʥʜʘ ʪᴇʤʝʥ, ʙʽʨʘץ ʦʣʘʨʜʳײץ שʥʳ, ʪʳסʳʟʜʳסʳ ʪᴇʤʝʥ ʞᴅʥʝ ʦʣʘʨʜʳ 

ʢᴇʤʽʨʪʝʢʪʽ ʪʘʣʰʳץʪʳ ʘʣʫסʘ ץʦʣʜʘʥʘ ʘʣʘʜʳ [8]. 

 ʘʣʜʳʤʝʥ שʪʳ, ʝץʪʳ ʩʠʷץʳʰʪʘʨ, ʪʘʣʰʳסʪʦʣʪʳʨ (ʘʙʘʪʪʳ, ʧʣʝʥʢʘʣʳץ) ʘʙʘʪʪʳפ

ʥʳסʘʡʪץʳʰ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ʞʘʣʧʘץ ʞᴅʥʝ װʣʢʝʥ ᴇʣʰʝʤʜʽ ʇʂʄ ᴇʥʽʤʜʝʨʽʥ ʰʳסʘʨʫʜʘ 

ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ.  

ʊʦץʳʤʘ ʪʦʣʪʳʨסʳʰʪʘʨ ʜʝʛʝʥʽʤʽʟ - ʜʠʘʤʝʪʨʽ 2-100 ʤʢʤ ʙʦʣʘʪʳʥ ʞʽʧʪʝʨ ʥʝʤʝʩʝ 

ʙʘʡʣʘʤʜʘʨ ʪװʨʽʥʜʝ ᴇʟʘʨʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʣʳ ʙʦʡʣʳץ (ʠʽʣʛʝʥ) ʞᴅʥʝ ʢᴇʣʜʝʥʝש (ᴇʨʽʣʛʝʥ) 

ʪʘʣʰʳץʪʘʨʜʳש ᴇʨʽʣʫʽ. 

ʆʩʳ ʞײʤʳʩʪʘ ʢʝʣʪʽʨʽʣʛʝʥ ʘץʧʘʨʘʪʪʘʨʜʘʥ ʰʳסʘʪʳʥ ʙʦʣʩʘץ ,ץʘʟʽʨʛʽ ʢʝʟʜʝ ʪʦʣʪʳʨסʳʰ 

ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʟʘʪʪʘʨʜʳש ʩʘʥʳ ᴇʪʝ ʢᴇʧ ʞᴅʥʝ ʦʣʘʨʜʳש ᴇʥʽʤʜʝʨʽ ʢʽʰʽʨʝʡʽʧ, ʧʽʰʽʥʽ 

ʪײʨʘץʪʳʣʳסʳ ʪᴇʤʝʥ, ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ ʞʦסʘʨʳ ʞᴅʥʝ ʘʨʥʘʡʳ ץʘʩʠʝʪʪʝʨʜʽץ שʘʞʝʪʪʽ 

ʞʠʳʥʪʳסʳ ʙʘʨ ʇʂʄ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʊʦʣʪʳʨסʳʰʪʘʨʜʳץ שʘʩʠʝʪʪʝʨʽʥ ʢʝשʝʡʪʫ װʰʽʥ ʦʣʘʨʜʳ ʙʝʪʪʽ ʪװʨʣʝʥʜʽʨʝʪʽʥ ץʘʙʘʪʪʳ 

(ᴅʨʣʝʫ) ʥʝʤʝʩʝ ʤʦʜʠʬʠʢʘʪʦʨʣʘʨʤʝʥ ʪʝʨʝש ʩʽשʜʽʨʫʜʽ (ʩʽשʜʽʨʫ ʥʝʤʝʩʝ ʩʽשʜʽʨʫ) ץʦʣʜʘʥʫ ʘʨץʳʣʳ 

ᴇʟʛʝʨʪʝʜʽ. ʉʦʥʜʘʡ-ʘץ, ʙʽʨ ʇʂʄ-ʜʝ ʛʠʙʨʠʜʪʽ ʪʦʣʪʳʨסʳʰʪʳ ʘʣʫ װʰʽʥ ʙʽʨʥʝʰʝ ʪʦʣʪʳʨסʳʰʪʳ 

ʙʽʨ ʫʘץʳʪʪʘ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ.ʊʦʣʪʳʨסʳʰʪʘʨʜʳש ʘʨץʘʩʳʥʜʘ ʇʂʄ ʘʜʘʤʜʘʨ ʽʩ-ᴅʨʝʢʝʪʽʥʽש 

ʢᴇʧʪʝʛʝʥ ʩʘʣʘʣʘʨʳʥʜʘ ᴅʡʥʝʢ, ʢʝʨʘʤʠʢʘ, ʪʽʧʪʽ ʤʝʪʘʣʣ ʩʠʷץʪʳ ʙʘʩץʘ ʤʘʪʝʨʠʘʣʜʘʨʤʝʥ ʙᴅʩʝʢʝʛʝ 

ʪװʩʝ ʘʣʘʜʳ. ʇʂʄ ץʦʣʜʘʥʫ ʘʷʩʳʥ ʰʝʢʪʝʡʪʽʥ ʥʝʛʽʟʛʽ ʢʝʤʰʽʣʽʢʪʝʨ, ʙʘʩץʘ ʧʦʣʠʤʝʨ ʥʝʛʽʟʽʥʜʝʛʽ 

ʤʘʪʝʨʠʘʣʜʘʨʜʘסʳ ʩʠʷץʪʳ, ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʪᴇʤʝʥ ʞʳʣʫ ʪײʨʘץʪʳʣʳסʳ ʤʝʥ ʘʷʟסʘ 

ʪᴇʟʽʤʜʽʣʽʢ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳש ᴅʨʪװʨʣʽ ʬʘʢʪʦʨʣʘʨʳʥʳש ᴅʩʝʨʽʥʝʥ ʧʦʣʠʤʝʨʜʽש 

 ʳʰסʧʘʨʘʪ ʇʂʄ-ʛʝ ʪʦʣʪʳʨץʤʳʩʪʘ ʢʝʣʪʽʨʽʣʛʝʥ ʘײʣ ʞײʙʳʣʳʩʳ. ɸʡʪʘ ʢʝʪʫ ʢʝʨʝʢ, ʙײץ ʘʨʪʘʶץ

ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʤʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʟʘʪʪʘʨʜʳש ʙʘʨʣʳץ ʪװʨʽʥ ץʘʤʪʳʤʘʡʜʳ ʞᴅʥʝ ʦʣʘʨʜʳש 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʪʦʣʳץ ʩʠʧʘʪʪʘʤʘ ʙʝʨʤʝʡʜʽ. ɹʽʨʽʥʰʽʜʝʥ, ʙײʣ ץʘʟʽʨʜʽש ᴇʟʽʥʜʝ ץʦʣʜʘʥʳʣʳʧ 

ʞװʨʛʝʥʜʝʨʜʽש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʞᴅʥʝ ᴅʨ ʪװʨʣʽ ʤʘץʩʘʪʪʘʨ װʰʽʥ ʦשʪʘʡʣʳ ץʘʩʠʝʪʪʝʨʽ ʙʘʨ 
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ʄױʅɸʁ פʓʈʊʓʉʓʅɸ ɹʋʄɽʅ ɾʓʃʋʃʓפ ᴄʉɽʈ ɽʊʋ 

 ᴄɼɯʉɯʅ פʆʃɼɸʅʋ ɸʁʄɸנʓ 

ʆɹʃɸʉʊʔ ʇʈʀʄɽʅɽʅʀʗ ʄɽʊʆɼɸ ʇɸʈʆʊɽʇʃʆɺʆʄ ɺʆɿɼɽʁʉʊɺʀʀ ʅɸ 

ʇʃɸʉʊ 

FIELD OF APPLICATION OF THE METHOD OF STEAM -THERMAL IMPACT ON THE 

FORMATION  

 

ʅ. ɸ. ʋʙʘʡʜʫʣʘʝʚʘ 

ϧ.ɾϰʙʘʥʦʚ ʘʪʳʥʜʘϤʳ ɸϨʪϺʙʝ ϺϬʽʨʣʽʢ ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, ʭ. Ϥ. ʢ., ʘϤʘ ʦϨʳʪʫʰʳ. 

ʅ. ɹ. ɹʝʨʝʥʠʷʟ 

ϧ.ɾϰʙʘʥʦʚ ʘʪʳʥʜʘϤʳ ɸϨʪϺʙʝ ϺϬʽʨʣʽʢ ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽϬ ʤʘʛʠʩʪʨʘʥʪʳ. 

ɼ. ʊ. Ϸʤʽʨʞʘʥʦʚ 

ϧ.ɾϰʙʘʥʦʚ ʘʪʳʥʜʘϤʳ ɸϨʪϺʙʝ ϺϬʽʨʣʽʢ ʤʝʤʣʝʢʝʪʪʽʢ  

ʫʥʠʚʝʨʩʠʪʝʪʽʥʽϬ ʤʘʛʠʩʪʨʘʥʪʳ. 

ɸϨʪϺʙʝ, ϧʘʟʘϨʩʪʘʥ 

 

 

ɸשʜʘʪʧʘ.  ɹײʣ ʤʘץʘʣʘʜʘ ʤײʥʘʡ ץʳʨʪʳʩʳʥʘ ʙʫʤʝʥ ʞʳʣʫʣʳץ ᴅʩʝʨ ʝʪʫ ᴅʜʽʩʽʥʽץ שʦʣʜʘʥʳʣʫ 

ʘʡʤʘסʳ ץʘʨʘʩʪʳʨʳʣסʘʥ.  

 ʰʽʥװ ʳʩʪʳʨʫסʥʘʡʜʳ ʳײʢᴇʙʽʥʜʝ ʤ שʪʘʨʳʥʳץʥʘʡ ᴇʥʜʽʨʝʪʽʥ ʘʡʤʘײʤ שʩʪʘʥʥʳץʘʟʘפ 

 ʳʨʪʳʩץ ʰʽʥװ ʦʣʜʘʥʘʜʳ ʞᴅʥʝ ʦʣץ ʘ ʩʫ ʙʫʳʤʝʥ ᴅʩʝʨ ʝʪʫ ᴅʜʽʩʽʥץʳʨʪʳʩץ ʥʘʡʣʳײʜʘ ʤשʘʟʽʨʛʽ ʪʘץ

ʩʫʳʥʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳʥ ʟʝʨʪʪʝʫ ᴇʟʝʢʪʽ ʤᴅʩʝʣʝ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  ʂᴇʙʽʥʝʩʝ ץʳʨʪʳʩʪʘʥ 

ʤײʥʘʡʜʳ ʳסʳʩʪʳʨʫ װʰʽʥ ץʳʨʪʳʩʪʳ ʩʫ  ץʦʣʜʘʥʳʣʘʜʳ. ʉʦʥʜʳץʪʘʥ ץʳʨʪʳʩʪʳ ʩʫʜʳש 

 ʳʩʳʥʜʘסʦʥʜʳʨץ ʘʪʘʨ ʙʫץ ʳʟʳ ᴇʪʝ ʟʦʨ. ʉʦʥʳʤʝʥשᴇʥʜʽʨʽʩʪʽʢ ʪᴅʞʽʨʠʙʝʜʝ ʤʘ שʘʩʠʝʪʪʝʨʽʥʽץ

ʤײʥʘʡ ʘʣʫ ʙʘʨʳʩʳʥʜʘ ʪװʟʽʣʝʪʽʥ ץʘץʪʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳʥ ʟʝʨʪʪʝʫ ʤʘשʳʟʜʳ ʙʦʣʳʧ 

ʝʩʝʧʪʝʣʝʜʽ. ʉʝʙʝʙʽ ץʘסשײ ץʳʤʘʣʘʨʜʳץ שʘʣʳʧʪʳ ʞײʤʳʩ ʞʘʩʘʫ ʨʝʞʠʤʽʥ ʙײʟʘʜʳ.  

ʄײʥʘʡʜʳש ʰʳסʳʤʳʥ ʢװʰʝʡʪʫ װʰʽʥ ʙװʛʽʥʛʽ ʪʘשʜʘ, ץʳʨʪʳʩץʘ ᴅʩʝʨ ʝʪʫʜʽש ᴅʨ ʪװʨʣʽ 

ᴅʜʽʩʪʝʨʽ ʙʘʨ. ʆʣʘʨʜʳש ʽʰʽʥʜʝ: 

Å ʞʳʣʫ; 

Å ʛʘʟ; 

Å ʭʠʤʠʷʣʳץ; 

Å ʛʠʜʨʦʜʠʥʘʤʠʢʘʣʳץ; 

Å ʬʠʟʠʢʘʣʳץ. 

ʄײʥʘʡʜʳש ʰʳסʳʤʳʥ ʢװʰʝʡʪʫ ʞʘʩʘʥʜʳ ᴅʜʽʩʪʝʨʽ ʢʝʣʝʩʽ ʢʝʟʝשʜʝ, ʦʥʳש ʪʘʙʠסʠ 

ʵʥʝʨʛʠʷʩʳ ʩʘʨʧʳʣסʘʥʥʘʥ ʢʝʡʽʥ ץʦʣʜʘʥʳʣʘʜʳ. ʆʩʳ ᴅʜʽʩʪʝʨʜʽש ᴅʨץʘʡʩʳʩʳ ʰʠʢʽʟʘʪʪʳץ שʘʣסʘʥ 

 ʳʤʳʥסʥʘʡ ʰʳײʡʽʥʝ ᴅʩʝʨ ʝʪʝʪʽʥ ʙʽʨ ʥʝʤʝʩʝ ʙʽʨʥʝʰʝ ʩʝʙʝʧʢʝ ᴅʩʝʨ ʝʪʝʜʽ. ʄװʢ שʦʨʳʥʳץ

ʢװʰʝʡʪʫʜʽש ʙʘʨʣʳץ ʞʘʩʘʥʜʳ ᴅʜʽʩʪʝʨʽ ʦʩʳ ʰʠʢʽʟʘʪʪʳש ʤʘʢʩʠʤʘʣʜʳ ᴇʥʜʽʨʽʣʫʽʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ. 

ʉʦʥʳש ʽʰʽʥʜʝ, ʤײʥʘʡʜʳ ʙʫʤʝʥ ʳסʳʩʪʳʨʫ ï ʞʦסʘʨʳ ʪײʪץʳʨʣʳ ʤײʥʘʡʜʳ ʳסʳʩʪʳʨʫ 

ᴅʜʽʩʪʝʨʽʥʽש ʽʰʽʥʜʝʛʽ ʝש ʢʝש ʪʘʨʘסʘʥ ᴅʜʽʩ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʊײʪץʳʨʣʳסʳ ʞʦסʘʨʳ ʤײʥʘʡ, ʤײʥʘʡ ץʘʥʳץʪʳʣʳסʳ , ʤײʥʘʡ, סשײʳʤʘ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʘʨʦʪʝʧʣʦʚʦʛʦ ʤʝʪʦʜʘ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʣʘʩʪʳ ʩ ʥʝʬʪʴʶ. 

 ɺʦ ʤʥʦʛʠʭ ʥʝʬʪʝʜʦʙʳʚʘʶʱʠʭ ʨʝʛʠʦʥʘʭ ʂʘʟʘʭʩʪʘʥʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʝʪʦʜ ʧʘʨʦʦʯʠʩʪʢʠ ʥʝʬʪʷʥʦʛʦ ʧʣʘʩʪʘ ʜʣʷ ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ, ʠ ʠʟʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʧʣʘʩʪʦʚʦʡ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ. ʇʣʘʩʪʦʚʘʷ  ʚʦʜʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ ʠʟ ʧʣʘʩʪʘ. ʇʦʵʪʦʤʫ ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʦʯʝʥʴ ʚʘʞʥʳ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ. ʊʘʢʞʝ ʚʘʞʥʦ ʠʟʫʯʠʪʴ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʥʘʢʠʧʠ, ʦʙʨʘʟʫʶʱʝʡʩʷ 

ʧʨʠ ʜʦʙʳʯʝ ʥʝʬʪʠ ʚ ʧʘʨʦʛʝʥʝʨʘʪʦʨʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʥʘʢʠʧʴ ʥʘʨʫʰʘʝʪ ʥʦʨʤʘʣʴʥʫʶ 

ʨʘʙʦʪʫ ʩʢʚʘʞʠʥ. 

 ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʤʝʪʦʜʳ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʣʘʩʪ. ʉʨʝʜʠ ʥʠʭ: 

Åʪʝʧʣʦʚʦʡ; 

Åʛʘʟʦʚʳʡ; 

Åʭʠʤʠʯʝʩʢʠʡ; 

Åʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ; 

Åʬʠʟʠʯʝʩʢʠʡ. 

ʄʝʪʦʜʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʣʘʩʪ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʧʦʩʣʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʝʩʪʝʩʪʚʝʥʥʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʜʦʙʳʯʝ ʥʝʬʪʠ. ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ ʤʝʪʦʜʠʢ 

ʦʢʘʟʳʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʜʥʫ ʠʣʠ ʜʚʝ ʧʨʠʯʠʥʳ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʩʦʩʪʦʷʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ 

ʟʘʧʘʩʘ ʩʳʨʴʷ. ɺʩʝ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʤʝʪʦʜʳ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʬʪʷʥʳʝ ʧʣʘʩʪʳ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʦʙʲʝʤʳ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʦʛʦ ʩʳʨʴʷ. ʊʝʧʣʦʚʳʝ ʤʝʪʦʜʳ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʣʘʩʪ 

ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʪʚʦʣʝ ʙʫʨʦʚʦʡ ʠ ʚ ʧʨʠʟʘʙʦʡʥʦʡ 

ʟʦʥʝ. ʕʪʠʤ ʩʧʦʩʦʙʦʤ ʧʦʣʴʟʫʶʪʩʷ, ʜʦʙʳʚʘʷ ʚʳʩʦʢʦʚʷʟʢʫʶ ʧʘʨʘʬʠʥʠʩʪʫʶ ʠʣʠ ʩʤʦʣʠʩʪʫʶ 

ʥʝʬʪʴ.    

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɺʳʩʦʢʦʚʷʟʢʘʷ ʥʝʬʪʴ,ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʩʪʴ, ʥʝʬʪʴ, ʩʢʚʘʞʠʥʘ. 

 

Annotation. In this article, the scope of application of the steam-thermal method of impact on 

reservoirs with high-viscosity oil is considered. 

 In many oil-producing regions of Kazakhstan, the method of steam cleaning of an oil 

reservoir is currently used to displace oil, and the study of the chemical composition of formation 

water is an urgent problem. Produced water is often used to displace oil from the formation. 

Therefore, the properties of groundwater are very important in industrial practice. It is also 

important to study the chemical composition of the scale formed during oil extraction in a steam 

generator. This is due to the fact that scale disrupts the normal operation of the wells. 

  In order to enhance oil recovery, today there are various methods of stimulating the 

formation. Among them: 

Åthermal; 

Ågas; 

Åchemical; 

Å hydrodynamic; 

Åphysical. 

Artificial stimulation methods are applied in the next stage after using its natural energy in oil 

production. Each of these techniques has an impact on one or two reasons that affect the state of the 

residual stock of raw materials. All artificial methods of stimulating oil reservoirs ensure the 

maximum production of this raw material. Thermal methods of stimulation of the formation consist 
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in artificially increasing the temperature in the wellbore and in the bottomhole zone. This method is 

used when extracting highly viscous paraffinic or resinous oil. 

Key words: High-viscosity oil, oil saturation, oil, well. 

ɹװʛʽʥʛʽ ʪʘשʜʘ, ʪײʪץʳʨʣʳסʳ ʞʦסʘʨʳ ʤײʥʘʡ ʢʝʥ ʦʨʳʥʜʘʨʳʥ ʠʛʝʨʫʜʽש ᴅʣʝʤʜʽʢ 

ʪᴅʞʽʨʠʙʝʩʽʥʜʝ ʥʝʛʽʟʽʥʝʥ ʙʫʤʝʥ ʞʳʣʫʣʳץ ʘʡʜʘʫʜʳש ʢʝʣʝʩʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ץʦʣʜʘʥʳʣʘʜʳ: 

- ᴇʥʜʽʨʽʣʽʧ ʞʘʪץʘʥ סשײʳʤʘʣʘʨ ʘʨץʳʣʳ ʮʠʢʣʜʽʢ ʘʡʜʘʫ, 

- ʪʽʛʽʥʝʥ  ʛʨʘʚʠʪʘʮʠʦʥʜʳ ʜʨʝʥʘʞ, 

- ʘʡʜʘʫ סשײʳʤʘʣʘʨʳ ʘʨץʳʣʳ ʩʪʘʮʠʦʥʘʨʣʳ ʙʫ ʘʡʜʘʫ [1]. 

 

 

ʉʫʨʝʪ-1. ʇʊɺ 

 

 ɹʫ ʘʡʜʘʫסʘ ʙʘʡʣʘʥʳʩʪʳ, ʤײʥʘʡ ᴇʥʜʽʨʫʜʽש ʵʬʬʝʢʪʠʚʪʽʣʽʛʽʥ ʘʨʪʪʳʨʘʪʳʥ ʙʽʨʥʝʰʝ 

ʬʠʟʠʢʘʣʳʢ ᴅʩʝʨʣʝʨ ʙʘʨ. ʆʣʘʨסʘ: 

1) ʤײʥʘʡ ᴇʥʜʽʨʫ  סשײʳʤʘʣʘʨʳ ʙʘסʳʪʳʥʘ ץʘʨʘʡ ʳסʳʩʪʳʨʳʧ ʰʳסʘʨʘʪʳʥ ʤײʥʘʡʜʳש 

ʞʳʣʫʣʳץ ʢʝשʝʶʽ; 

2) ʤײʥʘʡ ʪײʪץʳʨʣʳסʳʥʳש ʘʟʘʶʳ; 

3) ʤײʥʘʡ ץʘʥʳץʪʳʣʳסʳʥʳש ʪᴇʤʝʥʜʝʫʽʥʝ ᴅʢʝʣʝʪʽʥ ʙʝʪʪʽʢ ʢʝʨʽʣʫʜʽש ʘʟʘʶʳ; 

4) ʤײʥʘʡʜʳש ʞʝשʽʣ ʞᴅʥʝ ʦʨʪʘʰʘ ʢᴇʤʽʨʩʫʪʝʢʪʽ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ ʙʫʣʘʥʜʳʨʫ ʥʝʤʝʩʝ 

ʦʣʘʨʜʳש ʙʫʤʝʥ ᴅʩʝʨʣʝʩʢʝʥ ʤײʥʘʡ ʵʢʩʪʨʘʢʮʠʷʩʳ; 

 שʳʥʳסʳʨʣʳץʪײʳ ʤʝʥ ʪסʳʟʜʳסʪʳ שʥʘʡʜʳײʢʝʡʙʽʨ ʙᴇʣʽʢʪʝʨʽʥʜʝ ʤ  שʳʨʪʳʩʪʳץ (5

ʪᴇʤʝʥʜʝʫʽʥʝ ʘʣʳʧ ʢʝʣʝʪʽʥ ʦʩʳ ʞʝשʽʣ ʞᴅʥʝ ʘʨʘʣʳץ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʦʜʘʥ ᴅʨʽ ץʘʨʘʡ 

ʢʦʥʜʝʥʩʘʮʠʷʣʘʥʫʳ [2]. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙʫ ʩʫסʘ ץʘʨʘסʘʥʜʘ  ץʦʟסʘʣʳʩʳ ʞʦסʘʨʳ ʞᴅʥʝ  ʩʫʜʳ סשײʳʤʘסʘ 

ʘʡʜʘʫʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ, ʙʫʜʳ סשײʳʤʘסʘ ʘʡʜʘʫ װʣʢʝʥ ʘʫʤʘץʪʳ ץʘʤʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 
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ʂʝʡʜʝ ץʳʨʪʳʩʪʳש ʘʨʘʣʘʨʳʥ ʙײʟʳʧ ʘʰʫ װʰʽʥ ʙʫʜʳ ʞʦסʘʨʳ ץʳʩʳʤʤʝʥ ʘʡʜʘʡʜʳ, ʙײʣ ʙʫʜʳש 

 ʤʢʽʥʜʽʢװʘ ʤסʘʤʪʫץ ʪʳץʣʢʝʥ ʘʫʤʘװ ʳʣʳץʳʟʜʳʨʫ ʘʨץ ʝʥʫʽʥʝ ʞᴅʥʝ שʳʨʪʳʩ ʘʨʘʩʳʥʘ ʪʝʨʝץ

ʙʝʨʝʜʽ. ʉʦʥʜʘʡ-ʘץ, ʙʫ ʤʘʩʩʘʥʳש ʙʽʨʣʽʛʽʥʜʝ ʳʩʪʳץ ʩʫסʘ ץʘʨʘסʘʥʜʘ ʢᴇʧ ʵʥʝʨʛʠʷ ʙʦʣʘʜʳ, 

ʩʦʥʜʳץʪʘʥ ʙʫ ץʳʨʪʳʩʪʘʨʜʳ ʞʘץʩʳ ץʳʟʜʳʨʘʜʳ. ɾʘʣʧʳ ʘʣסʘʥʜʘ, ʙײʣ ʬʘʢʪʦʨʣʘʨ סשײʳʤʘסʘ 

ᴅʜʝʪʪʝʛʽ ʩʫ ʘʡʜʘʫʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ, סשײʳʤʘ ʘʡʤʘסʳ ʤʘשʳʥ ץʘʤʪʫʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ 

[3].  

 

 ʜʝʫשʙʫʤʝʥ ᴇ ץʳʤʘʣʘʨʜʳ ʮʠʢʣʜʳסשױ

ɹʫʤʝʥ ᴇשʜʝʫʜʽש ʮʠʢʣʜʽʢ ʪʝʭʥʦʣʦʛʠʷʩʳ - ʙײʣ ץʳʨʪʳʩץʘ ʙʫ ʘʡʜʘʫʜʳץ שʦʣʜʘʥʳʩʪʘסʳ 

ʙʽʨʥʝʰʝ ᴅʜʽʩʪʝʨʽʥʽש ʙʽʨʽ. ɹײʣ ᴅʜʽʩʪʝ ʙʽʨ סשײʳʤʘ ʪʝʢ ᴇʥʜʽʨʫ סשײʳʤʘʩʳ ʨʝʪʽʥʜʝ סʘʥʘ ʝʤʝʩ, 

ʩʦʥʳʤʝʥ ץʘʪʘʨ ʘʡʜʘʫ סשײʳʩʳ ʨʝʪʽʥʜʝ ʜʝ ʢʝʟʝʢʪʝʩʽʧ ʞײʤʳʩ ʽʩʪʝʡʜʽ. ɹʘʨʣʳץ ʮʠʢʣ װʰ ʢʝʟʝשʥʝʥ 

ʪײʨʘʜʳ: ʙʫ סשײʳʤʘסʘ ʙʽʨʥʝʰʝ ʘʧʪʘ ʙʦʡʳ ײץʡʳʣʘʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ סשײʳʤʘ ʞʘʙʳʣʘʜʳ ʜʘ, ʦʜʘʥ 

ʩʦש, ʝʢʽʥʰʽ ʢʝʟʝש - ʩʽשʜʽʨʫ ʢʝʟʝשʽ ʙʘʩʪʘʣʘʜʳ. ɹײʣ ʢʝʟʝשʜʝ ʙʫ ʢʦʥʜʝʥʩʘʮʠʷʣʘʥʳʧ, סשײʳʤʘסʘ 

ʞʘץʳʥ ʘʡʤʘץʪʘ ʞʳʣʫ ʤײʥʘʡסʘ ʙʝʨʽʣʝʜʽ ʞᴅʥʝ ʩʦʣ ʘʨץʳʣʳ ʤײʥʘʡʜʳש ʪײʪץʳʨʣʳסʳʥ 

ʪᴇʤʝʥʜʝʪʝʜʽ. ʉʽשʜʽʨʫ ʢʝʟʝשʽ ʝʢʽ ʘʧʪʘסʘ ʜʝʡʽʥ ʩʦʟʳʣʘʜʳ. תʰʽʥʰʽ ʢʝʟʝשʜʝ סשײʳʤʘ ʤײʥʘʡʜʳ 

ᴇʥʜʽʨʫ װʰʽʥ ץʘʡʪʘ ʘʰʳʣʜʳ. ʄײʥʘʡʜʳ ʘʣʫ - ʤײʥʘʡ ᴇʥʜʽʨʫ ʜʝʙʠʪʽ ʘʟ ʙʦʣסʘʥסʘ ʜʝʡʽʥ ʞʘʣסʘʩʘʜʳ. 

ʆʩʳ ʢʝʟʜʝ ʞʘשʘ ʮʠʢʣ ʙʘʩʪʘʣʘʜʳ: סשײʳʤʘ ץʘʡʪʘʜʘʥ ʙʫʤʝʥ ᴇשʜʝʣʝʜʽ [4]. 

 
ʉʫʨʝʪ-2. סשױʳʤʘסʘ ʮʠʢʣʜʽ ʙʫ ʘʡʜʘʫ ʧʨʦʮʝʩʽ 

ɹʘʩʪʘʧץʳʜʘ ʙʫ ʮʠʢʣʜʽ ᴇשʜʝʫ ʪʽʢ סשײʳʤʘʣʘʨסʘ ʘʨʥʘʧ ʞʘʩʘʣסʘʥ ʙʦʣʩʘ, ʢʝʡʽʥʽʨʝʢ  

ʢᴇʣʜʝʥʝסשײ שʳʤʘʣʘʨסʘ ʧʘʡʜʘʣʘʥʫ ʢʝʟʽʥʜʝ ʵʬʬʝʢʪʠʚʪʽʣʽʛʽ ʙʘʡץʘʣʜʳ. ʂʦʣʣʝʢʪʦʨ 

 (ʘʨʳס0,3-ʪʝʥ ʞʦ) ʘʨʳ ʵʬʬʝʢʪʠʬʪʽʣʽʛʽ (10 ʤ-ʜʝʥ ʘʩʪʘʤ) ʞᴅʥʝ ʢʝʫʝʢʪʽʣʽʛʽסʞʦ שʳʥʳסʜʳשʘʣʳץ

ʙʦʣʫʳ,  ʪʝʭʥʦʣʦʛʠʷʥʳ ץʦʣʜʘʥʫסʘ ץʦʣʘʡʣʳ ʞʘסʜʘʡʣʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹʫʜʳ ʮʠʢʣʜʳץ 

ᴇשʜʝʫʜʽש ʥʝʛʽʟʛʽ ʪʝʭʥʦʣʦʛʠʷʣʳץ ץʠʳʥʜʳץʪʘʨʳ ʤʝʥ ʢʝʤʰʽʣʽʛʽ ʞʳʣʫ ʰʳסʳʥʳʥ ʞʦסʘʣʪʫʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳ. ɾʳʣʫ ʰʳסʳʥʳʥʳש ʞʦסʘʣʫʳ,  ʙʫʜʳש ʵʥʝʨʛʠʷ ײץʨʘʤʳʥ ʪᴇʤʝʥʜʝʪʝʜʽ, ʢʝʡʜʝ ʙʫ 

 ʝʨʪʝ ʢʦʥʜʝʥʩʘʮʠʷʣʘʥʫʳʥʘ ᴅʢʝʣʝʜʽ. ʂᴇʧ ʤᴇʣʰʝʨʜʝ שʣ ʦʥʳײʘ ʝʥʛʝʥʛʝ ʜʝʡʽʥ ʜʝ, ʙץʳʨʪʳʩץ

ʞʳʣʫʜʳש ʞʦסʘʣʫʳ, סשײʳʤʘ ʩʘסʘʩʳʥʘʥ ᴇʥʽʤʜʽ ץʘʙʘʪʪʳש ʰʳשʳʥʘ ʜʝʡʽʥʛʽ ʘʨʘʣʳץʪʘ ʞᴅʥʝ ʞʝʨ 

 .ʩʪʽ ʙʫ ʪʘʨʘʪʫ ʞʝʣʽʩʽʥʜʝ ʙʦʣʘʜʳ [5]װ
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 ʳʩʪʳʨʫסʥʘʡʜʳ ʳײʳʨʣʳ ʤץʪײʘʨʳ ʪסʳʩʪʳʨʫ ï ʞʦסʥʘʡʜʳ ʙʫʤʝʥ ʳײʦʨʳʪʘ ʢʝʣʝ, ʤפ

ᴅʜʽʩʪʝʨʽʥʽש ʽʰʽʥʜʝʛʽ ʝש ʢʝש ʪʘʨʘסʘʥ ᴅʜʽʩʪʝʨʜʽש ʙʽʨʽ. ʉʦʥʜʳץʪʘʥ ʙײʣ ᴅʜʽʩʪʽ ʞʦסʘʨʳ ʪײʪץʳʨʣʳ 

ʤײʥʘʡ סשײʳʤʘʣʘʨʳʥʜʘ ץʦʣʜʘʥʫ ʪʠʽʤʜʽ, ʵʢʦʣʦʛʠʷʣʳץ ʩʪʘʥʜʘʨʜʪʘʨסʘ ʩʘʡ, ʪʝʭʥʦʣʦʛʠʷʣʳץ  

ʨʝʞʠʤʽ ʞʘסʳʥʘʥ ץʘʨʘʧʘʡʳʤ ʙʦʣʳʧ ʢʝʣʝʜʽ. 
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(32). - ʉ.46-52. 
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ᴆʅɼɯʈɯʉʊɯʂ ɸנʓʅɼʓ ʉʋʃɸʈɼʓ ʊɸɿɸʈʊʋɼʓר 

 ɿɸʄɸʅɸʋʀ ᴄɼɯʉʊɽʈɯ 

ʉʆɺʈɽʄɽʅʅʓɽ ʄɽʊʆɼʓ ʆʏʀʉʊʂʀ ʉʊʆʏʅʓʍ ɺʆɼ ʇʈʆʄʓʐʃɽʅʅʓʍ 

ʇʈɽɼʇʈʀʗʊʀʁ 

MODERN METHODS OF INDUSTRIAL WASTEWATER TREATMENT  

 

ʋʙʘʡʜʫʣʣʘʝʚʘ ʅ.ɸ, 

ϧ.ɾϰʙʘʥʦʚ ʘʪʳʥʜʘϤʳ ɸϨʪϺʙʝ ϺϬʽʨʣʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, ʭ.Ϥ.ʢ.,ʘϤʘ ʦϨʳʪʫʰʳ 

 

ɯʟʘʩʘʨ ɸ.ʀ, 

ϧ.ɾϰʙʘʥʦʚ ʘʪʳʥʜʘϤʳ ɸϨʪϺʙʝ ϺϬʽʨʣʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, ʤʘʛʠʩʪʨʘʥʪ 

 

ɸשʜʘʪʧʘ. ɹײʣ ʤʘץʘʣʘʜʘ ʘסʳʥʜʳ ʩʫʣʘʨʜʳש ʪʘʙʠסʘʪʳ ץʘʨʘʩʪʳʨʳʣʳʧ, ʦʣʘʨʜʳש ʣʘʩʪʘʥʫ 

ʜʝשʛʝʡʽ ʙʘסʘʣʘʥʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ  ץʘʟʽʨʛʽ ʪʘשʜʘסʳ ʞʝʪʝʢʰʽ ʞᴅʥʝ ᴇʟʝʢʪʽ ʤᴅʩʝʣʝʣʝʨʽʥʽש ʙʽʨʽʥʝ 

ʘʡʥʘʣסʘʥ ʩʫʜʳ ʪʘʟʘʨʪʫʜʳש ʙʽʨץʘʪʘʨ ᴅʜʽʩʪʝʨʽ ײʩʳʥʳʣʜʳ. פʘʟʽʨʛʽ ʢʝʟʜʝ ץʘʣʳʧʪʘʩץʘʥ ʞʘסʜʘʡסʘ 

ʙʘʡʣʘʥʳʩʪʳ: ᴇʥʝʨʢᴅʩʽʧʪʽש ᴅʨʪװʨʣʽ ʩʘʣʘʣʘʨʳʥʳש (ʤʝʪʘʣʣʫʨʛʠʷ, ʤײʥʘʡ ᴇשʜʝʫ, ʭʠʤʠʷ), ʘʫʳʣ 

ʰʘʨʫʘʰʳʣʳסʳʥʳש, ʢᴇʣʽʢ ʠʥʬʨʘײץʨʳʣʳʤʳʥʳש ʞᴅʥʝ ʘʥʪʨʦʧʦʛʝʥʜʽʢ ץʳʟʤʝʪʪʽש ʙʘʩץʘ ʜʘ 

ʪװʨʣʝʨʽʥʽץ שʘʨץʳʥʜʳ ʜʘʤʫʳ ʩʫ ʢᴇʟʜʝʨʽʥʽש ʣʘʩʪʘʥʫʳʥʘ װʣʢʝʥ ʩʝʙʝʧ ʙʦʣʳʧ ʦʪʳʨ. ɸסʳʥʜʳ ʩʫ 

ʢᴇʟʜʝʨʽʥ ʪʘʟʘʨʪʫ ץʘʟʽʨʛʽ ʪʘשʜʘ ᴇʟʝʢʪʽ ʧʨʦʙʣʝʤʘʣʘʨʳʥʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɽʛʝʨ ʟʝʨʪʪʝʣʛʝʥ 

ʩʫʜʳש ʩʘʧʘʩʳ ʞʘʣʧʳ ץʘʙʳʣʜʘʥסʘʥ ʨʝʪʪʝʣʝʪʽʥ ʪʘʣʘʧʪʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʤʝʩʝ, ʘסʳʥʜʳ ʩʫʣʘʨʜʳ 

ʣʘʩʪʘʥʫʜʳש ʙʘʨʣʳץ ʪװʨʽʥʝʥ ʪʘʟʘʨʪʫ ץʘʞʝʪʪʽʣʽʛʽ ʪʫʳʥʜʘʡʜʳ. 

ʂʽʣʪ ʩᴇʟʜʝʨ: ɸסʳʥʜʳ ʩʫ, ʤʝʭʘʥʠʢʘʣʳץ ᴅʜʽʩ, ʭʠʤʠʷʣʳץ ᴅʜʽʩ , ʪʝʨʤʠʷʣʳץ ᴅʜʽʩ, 

ʙʠʦʣʦʛʠʷʣʳץ ᴅʜʽʩ, ʥʝʡʪʨʘʣʜʘʫ, ʪʦʪʳץʪʘʥʜʳʨʫ, ʤײʥʘʡ. 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʠʨʦʜʘ ʩʪʦʯʥʳʭ ʚʦʜ, ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ ʠʭ 

ʟʘʛʨʷʟʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥ ʨʷʜ ʤʝʪʦʜʦʚ ʧʦ ʚʦʜʦʦʯʠʩʪʢʝ, ʩʪʘʚʰʝʡ ʦʜʥʦʡ ʠʟ ʣʠʜʠʨʫʶʱʠʭ 

ʠ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʥʘʰʝʛʦ ʚʨʝʤʝʥʠ. ɺ ʩʚʷʟʠ ʩ ʩʠʪʫʘʮʠʝʡ, ʩʣʦʞʠʚʰʝʡʩʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ: ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ, 

ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ, ʭʠʤʠʯʝʩʢʠʭ), ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚʦʜʦʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʣʠʜʠʨʫʶʱʠʭ ʠ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʥʘʰʠʭ ʜʥʝʡ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʦʯʠʱʝʥʠʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ 

ʚʩʝʚʦʟʤʦʞʥʳʭ ʪʠʧʦʚ ʟʘʛʨʷʟʥʝʥʠʡ ʚʦʟʥʠʢʘʝʪ, ʝʩʣʠ ʢʘʯʝʩʪʚʦ ʠʩʩʣʝʜʫʝʤʦʡ ʚʦʜʳ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʱʝʧʨʠʥʷʪʳʤ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʪʦʯʥʘʷ ʚʦʜʘ, ʤʝʭʘʥʠʯʝʩʢʠʡ ʤʝʪʦʜ , ʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ, 

ʪʝʨʤʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʥʝʡʪʨʘʣʠʟʘʮʠʷ, ʦʢʠʩʣʝʥʠʝ, ʥʝʬʪʴ. 

Annotation. The article considers the nature of wastewater, assesses the degree of its 

pollution, and also offers a number of methods for water treatment, which has become one of the 

leading and most urgent problems of our time. Due to the current situation: the rapid development 

of various industries (metallurgical, oil refining, chemical), agriculture, transport infrastructure and 

other types of anthropogenic activities, wastewater treatment is one of the leading and urgent 

problems of our days. The need for wastewater treatment from all types of pollution occurs if the 

quality of the water under study does not meet the generally accepted regulated requirments. 



ñʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ ɸʂɸɼɽʄʀʂò                                                          ̄ 1  (104), 2021 ʛ. 

_______________________________________________________________________________________ 

25 
 

Key words: Waste water, mechanical method , chemical method, thermal method, biological 

method, neutralization, oxidation, oil.        

       ᴆʥʜʽʨʽʩʪʝ, ʪײʨʤʳʩʪʘ ʥʝʤʝʩʝ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʜʘ ʧʘʡʜʘʣʘʥʳʣסʘʥ, ʩʦʥʜʘʡ-ʘץ ץʘʥʜʘʡ ʜʘ 

ʙʽʨ ʣʘʩ ʘʡʤʘץ, ʦʥʳש ʽʰʽʥʜʝ ʝʣʜʽ ʤʝʢʝʥ (ᴇʥʝʨʢᴅʩʽʧʪʽʢ, ʘʫʳʣʰʘʨʫʘʰʳʣʳץʪʳץ, ʢʦʤʤʫʥʘʣʜʳץ-

ʪײʨʤʳʩʪʳץ, ʥᴇʩʝʨ, ʪʘסʳ ʙʘʩʢʘ ʘסʳʥʜʳʣʘʨ) ʘʨץʳʣʳ ᴇʪʢʝʥ ʩʫʜʳ ʘסʳʥʜʳ ʩʫ ʜʝʧ ʘʪʘʡʜʳ. ᴄʨ 

ʪװʨʣʽ ᴇʥʽʤʜʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ʞᴅʥʝ ʦʣʘʨʜʳ ʢᴇʧ ʤᴇʣʰʝʨʜʝ ᴇʥʜʽʨʫ ʘʜʘʤʥʳש ᴅʨʝʢʝʪʽ ץʘʪʳʩʳʥʜʘ 

ʞװʨʝʜʽ, ʙʽʨʘץ ʥᴅʪʠʞʝʩʽʥʜʝ ʙײʣ ᴅʨʝʢʝʪʪʝʥ ʪװʨʣʽ ʦʨʛʘʥʠʢʘʣʳץ ʞᴅʥʝ ʙʝʡʦʨʛʘʥʠʢʘʣʳץ, ʩʦʥʳש 

ʽʰʽʥʜʝ ʪʦʢʩʠʥʜʽ ץʦʩʳʣʳʩʪʘʨʤʝʥ ʣʘʩʪʘʥסʘʥ ʘסʳʥʜʳ ʩʫʣʘʨ ʧʘʡʜʘ ʙʦʣʘʜʳ. 

     ɸסʳʥʜʳ ʩʫ ʛʝʪʝʨʦʛʝʥʜʽ ʢװʨʜʝʣʽ ʞװʡʝ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ, ʦʥʳײץ שʨʘʤʳʥʜʘ ʙʦʣʘʪʳʥ 

ʦʨʛʘʥʠʢʘʣʳץ ʞᴅʥʝ ʤʠʥʝʨʘʣʜʳ ץʦʩʧʘʣʘʨ ʝʨʽʤʝʡʪʽʥ, ʢʦʣʣʦʠʜʪʳ ʞᴅʥʝ ʝʨʠʪʽʥ ʪװʨʜʝ ʢʝʟʜʝʩʝʜʽ. 

 ʟʜʽʢʩʽʟ ʘʨʪʫʳ ʦʨʳʥ ʘʣʜʳ; ᴇʟʝʥ, ʢᴇʣ, ʪʽʧʪʽװ ʪʘʡץʘʡʪʘʨʣʳ שʘʟʽʨʛʽ ʢʝʟʜʝ ʩʫʜʳ ʧʘʡʜʘʣʘʥʫʜʳפ

ʪʝשʽʟ ʩʫʣʘʨʳʥʘ ʘסʳʥʜʳ (ʘץʘʙʘ ʩʫ) ʩʫʣʘʨʜʳ ʘסʳʟʳʧ ʞʽʙʝʨʫʜʽײ שʣסʘʶʳʥʘʥ ʪʫʳʥʜʘʡʪʳʥ 

ʣʘʩʪʘʥʫʜʳש ʪʝʟ ʞʦסʘʨʳʣʘʧ ʙʘʨʘ ʞʘʪץʘʥʳ ʙʘʡץʘʣʘʜʳ. 

     ʆʩʳ ʞʘסʜʘʡʜʘʥ ʰʳסʫ װʰʽʥ: 1) ʘסʳʥʜʳ ʩʫʣʘʨʜʳ ץʘʡʪʘʜʘʥ ʧʘʡʜʘʣʘʥʫʜʳ ײʡʳʤʜʘʩʪʳʨʫ; 2) 

ʩʫʜʳש ᴇʥʽʤ ʙʽʨʣʽʛʽʥʝ ʢʝʪʝʪʽʥ ʰʳסʳʥʳʥ ʘʟʘʡʪʫ ʞᴅʥʝ ʙʽʨʪʽʥʜʝʧ çײץʨסʘץè ʪʝʭʥʦʣʦʛʠʷʣʘʨסʘ 

ʢᴇʰʫ ץʘʞʝʪ.  

     ɸסʳʥʜʳ ʩʫʣʘʨ ʧʘʡʜʘ ʙʦʣʫ ʪװʨʽʥʝ ץʘʨʘʡ ʙʽʨʥʝʰʝ ʪװʨʛʝ ʞʽʢʪʝʣʝʜʽ: 

-ᴆʥʜʽʨʽʩʪʽʢ (ᴇʥʝʨʢᴅʩʽʧʪʽʢ) ʘסʳʥʜʳ ʩʫʣʘʨ (ᴇʥʜʽʨʽʩʪʽש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʽʥʜʝ ʪװʟʽʣʝʪʽʥ) 

ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʥʝʤʝʩʝ ʞʘʣʧʳ ʘסʳʥʜʳ ʢᴅʨʽʟ ʞװʡʝʩʽ ʘʨץʳʣʳ ʘסʳʟʳʣʘʜʳ. 

-ʊײʨʤʳʩʪʳץ (ʰʘʨʫʘʰʳʣʳץ-ʪײʨʤʳʩʪʳץ) ʘסʳʥʜʳ ʩʫʣʘʨ (ʘʜʘʤʥʳש ʪײʨʤʳʩʪʳץ ʪʽʨʰʽʣʽʢ ᴅʨʝʢʝʪʽ 

ʥᴅʪʠʞʝʩʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ) ʰʘʨʫʘʰʳʣʳץ-ʪײʨʤʳʩʪʳץ ʥʝʤʝʩʝ ʞʘʣʧʳ ʘסʳʥʜʳ ʢᴅʨʽʟ ʞװʡʝʩʽ 

ʘʨץʳʣʳ ʘסʳʟʳʣʘʜʳ. 

-ɾʝʨ ʙʝʪʽʥʜʝʛʽ ʘסʳʥʜʳ ʩʫʣʘʨ (ʞʘשʙʳʨ ʤʝʥ ʝʨʽʛʝʥ ʙʦʣʳʧ ʙᴇʣʽʥʝʜʽ-ץʘʨ, ʤײʟ, ʙײʨʰʘץ ʝʨʽʛʝʥ 

ʢʝʟʜʝ ʧʘʡʜʘ ʙʦʣʘʜʳ), ᴅʜʝʪʪʝ, ʥᴇʩʝʨʣʽ ʢᴅʨʽʟ ʞװʡʝʩʽ ʘʨץʳʣʳ ʰʳסʘʨʳʣʘʜʳ.  

         ᴆʥʜʽʨʽʩʪʽʢ ʘסʳʥʜʳ ʩʫʣʘʨ, ʘʪʤʦʩʬʝʨʘʣʳץ ʞᴅʥʝ ʪײʨʤʳʩʪʳץ ʩʫʣʘʨʜʘʥ ʘʡʳʨʤʘʰʳʣʳסʳ, 

ʪײʨʘץʪʳ ײץʨʘʤסʘ ʠʝ ʝʤʝʩ ʞᴅʥʝ ʦʣʘʨʜʳ ʙᴇʣʫʛʝ ʙʦʣʘʜʳ. ʃʘʩʪʘʫʰʳ ʟʘʪʪʘʨʜʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 

ʙʦʡʳʥʰʘ: ᴅʣʩʽʟ ʣʘʩʪʘʥסʘʥ (ײץʨʘʤʳʥʜʘ 1-500 ʤʛ/ʣ ץʦʩʧʘʣʘʨʳ ʙʘʨ); ʦʨʪʘʰʘ ʣʘʩʪʘʥסʘʥ 

 ʨʘʤʳʥʜʘ 5000-30000 ʤʛ/ʣײץ) ʘʥסʘʪʪʳ ʣʘʩʪʘʥץ ;(ʦʩʧʘʣʘʨʳ ʙʘʨץ ʨʘʤʳʥʜʘ 500-5000 ʤʛ/ʣײץ)

 שʃʘʩʪʘʫʰʳ ʟʘʪʪʘʨʜʳ.(ʦʩʧʘʣʘʨʳ ʙʘʨץ ʨʘʤʳʥʜʘ 30000 ʤʛ/ʣ ʘʩʪʘʤײץ) ʘʫʽʧʪʽץ ;(ʦʩʧʘʣʘʨʳ ʙʘʨץ

 ʦʩʧʘʣʘʨʤʝʥץ ץʘʥ, ʦʨʛʘʥʠʢʘʣʳסʦʩʧʘʣʘʨʤʝʥ ʣʘʩʪʘʥץ ʨʘʤʳ ʙʦʡʳʥʰʘ: ʤʠʥʝʨʘʣʜʳײץ

ʣʘʩʪʘʥסʘʥ;ʤʠʥʝʨʘʣʜʳ ʞᴅʥʝ ʦʨʛʘʥʠʢʘʣʳץ ʣʘʩʪʘʥסʘʥ .פʳʰץʳʣʜʳסʳ ʙʦʡʳʥʰʘ: ʘʛʨʝʩʩʠʚʪʽ ʝʤʝʩ 

(ʨʅ 6,5-8); ᴅʣʩʽʟ ʘʛʨʝʩʩʠʚʪʽ (ʩᴅʣ ʩʽʣʪʽʣʽ ð ʈʅ 8-9 ʞᴅʥʝ ʩᴅʣ ץʳʰץʳʣ ð ʨʅ 6-6,5) ; ʞʦסʘʨʳ 

ʘʛʨʝʩʩʠʚʪʽ (ʩʽʣʪʽʣʽ ð pH>9 ʞᴅʥʝ ץʳʰץʳʣ ð pH<6) ʜʝʧ ʞʽʢʪʝʣʝʜʽ. [1] 

       ɾʘʣʧʳ ʩʫ ʢᴇʟʜʝʨʽʥ ʣʘʩʪʘʫʰʳ ʟʘʪʪʘʨʜʳ ʤʳʥʘʜʘʡ װʰ ʪװʨʛʝ ʙᴇʣʫʛʝ ʙʦʣʘʜʳ: ʙʠʦʣʦʛʠʷʣʳץ 

(ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨ ʤʝʥ ʙʘʣʜʳʨʣʘʨ, ʙʘʢʪʝʨʠʷʣʘʨ), ʭʠʤʠʷʣʳץ (ʤײʥʘʡ ᴇʥʽʤʜʝʨʽ, ʘʫʳʨ 

ʤʝʪʘʣʜʘʨ, ʙʝʪʪʽʢ ʙʝʣʩʝʥʜʽ ʟʘʪʪʘʨ), ʬʠʟʠʢʘʣʳץ(ʨʘʜʠʦʘʢʪʠʚʪʽ ʟʘʪʪʘʨ)ʣʘʩʪʘʫʰʳ ʟʘʪʪʘʨ.  

      ɸסʳʥʜʳ ʩʫʣʘʨʜʳ ʪʘʟʘʨʪʫ װʰʽʥ ʤʝʭʘʥʠʢʘʣʳץ, ʭʠʤʠʷʣʳץ, ʬʠʟʠʢʘ- ʭʠʤʠʷʣʳץ, ʪʝʨʤʠʷʣʳץ, 

ʙʠʦʣʦʛʠʷʣʳץ ᴅʜʽʩʪʝʨ ץʦʣʜʘʥʳʣʘʜʳ. 

    ʄʝʭʘʥʠʢʘʣʳϨ ϸʜʽʩ. ʄʝʭʘʥʠʢʘʣʳץ ʪʘʟʘʣʘʫ, ᴅʜʝʪʪʝ, ᴇʥʜʽʨʽʩʪʽʢ ʘסʳʥʜʳ ʩʫʣʘʨʜʳ ʘʣʜʳʥ-ʘʣʘ 

ʪʘʟʘʣʘʫʜʳש ʪᴅʩʽʣʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɽʨʽʪʽʣʤʝʡʪʽʥ ʤʠʥʝʨʘʣ ʞᴅʥʝ ʦʨʛʘʥʠʢʘʣʳץ ץʦʩʧʘʣʘʨ 

ʞʦסʘʨʳ ʰʦסʳʨʣʘʥʘʪʳʥ ʩʫʣʘʨ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. ʄʝʭʘʥʠʢʘʣʳץ ʪʘʟʘʣʘʫ װʰʽʥ ʩװʟʛʽʣʝʫ, 

ʪײʥʜʳʨʫ ʞᴅʥʝ ʩװʟʫ ʦʧʝʨʘʮʠʷʣʘʨʳʥ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 
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  1-ʩʫʨʝʪ. ɸϤʳʥʜʳ ʩʫʣʘʨʜʳ ʤʝʭʘʥʠʢʘʣʳϨ ϸʜʽʩʧʝʥ ʪʘʟʘʨʪʫ ʩʪʘʥʮʠʷʩʳʥʳϬ ʪʝʭʥʦʣʦʛʠʷʣʳϨ 

ʩʭʝʤʘʩ 

    1-ʘסʳʥʜʳ ʩʫ; 2-ʪʦʨ; 3-ײץʤ ʪײʪץʳʰʪʘʨ;4- ʪײʥʜʳʨסʳʰʪʘʨ;  5-ʘʨʘʣʘʩʪʳʨסʳʰʪʘʨ; 6-ʙʘʡʣʘʥʳʩ 

ʨʝʟʝʨʚʫʘʨʳ; 7-ʰʳסʘʨʫ; 8- ײʩʘʪץʳʰʪʘʨ; 9-ײץʤ ʘʣʘשʜʘʨʳ; 10-ʤʝʪʘʥʪʝʥʢʪʝʨ; 11-ʭʣʦʨʘʪʦʨʣʳ; 12-

ʪײʥʙʘ ʘʣʘשʜʘʨʳ; 13-ʪᴇʛʽʥʜʽʣʝʨ; 14-ץʦʡʳʨʪʧʘײץ-15 ;ץʤ ץʦʡʳʨʪʧʘסʳ; 16-ʰʠʢʽ ʪײʥʙʘ; 17- 

ʘʰʳʪʳʣסʘʥ ʪײʥʙʘ; 18-ʜʨʝʥʘʞʜʳץ ʩʫ; 19-ʭʣʦʨʣʳ ʩʫ; 

     ʉϮʟʛʽʣʝʫ ʘץʘʙʘ ʩʫʣʘʨʜʘʥ 100-250 ʤʢʤ ʤᴇʣʰʝʨʣʽ ʤʝʭʘʥʠʢʘʣʳץ ʙᴇʣʰʝʢʪʝʨʜʽ,ʩʦʥʜʘʡ-ʘץ 

 שʪʳץʨʘʪʳʥ ʞᴅʥʝ ʪʘʟʘʣʘʡʪʳʥ ʞʘʙʜʳײʜʝʫ ʙʘʨʳʩʳʥʜʘ ʞʘʙʳʩʳʧ ʪשʘʨʘʡ ᴇץʡʳʣʳʩʪʘʨʜʳ ʘʨʳײץ

  .ʘʥסʪʳ ʣʘʩʪʘʥʫʣʘʨʜʳ ʙᴇʣʫʛʝ ʘʨʥʘʣץʤʳʩ ʽʩʪʝʫʽʥʝ ʢʝʜʝʨʛʽ ʙʝʨʝʪʽʥ ʘʩʘ ʤʘʡʜʘ ʪʘʣʰʳײʘʣʳʧʪʳ ʞץ

      ʊϰʥʜʳʨʫ ʘץʘʙʘ ʩʫʣʘʨʜʘʥ ʦʨʛʘʥʠʢʘʣʳץ ʞᴅʥʝ ʤʠʥʝʨʘʣʜʳץ ʪʝʢʪʽ ʝʨʽʪʽʣʤʝʡʪʽʥ, ᴅʨʽ ʞʘʨʪʳʣʘʡ-

ʢʦʣʣʦʠʜʪʽ ʤʝʭʘʥʠʢʘʣʳץ ʣʘʩʪʘʥʫʣʘʨʜʳ ʙᴇʣʫʛʝ ʘʨʥʘʣסʘʥ. ʆʣ ʩײʡʳץʪʘסʳ ץʘʪʪʳ ʙᴇʣʰʝʢʪʝʨʜʽ 

ʪײʥʜʳʨʫ ʟʘשʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ. ʉʦʥʳʤʝʥ ʪײʥʜʳʨʫ ʙʘʨʳʩʳʥʜʘ ʪװʡʽʨʣʝʥʝʪʽʥ ʞᴅʥʝ ʩʦʣ ʢʝʟʜʝ 

ᴇʟʽʥʽש ʬʦʨʤʘʩʳ ʤʝʥ ʤᴇʣʰʝʨʽʥ ᴇʟʛʝʨʪʝʪʽʥ ʙᴇʣʰʝʢʪʝʨʜʽ ʝʨʢʽʥ ʪײʥʜʳʨʫ ʽʩʢʝ ʘʩʳʨʳʣʘʜʳ. ɽʨʢʽʥ 

ʪײʥʜʳʨʫ 1 % ʥʝʤʝʩʝ 8 ʢʛ/ʤ3 ʜʝʡʽʥ ʙᴇʣʰʝʢʪʝʨʜʽ ʰʦסʳʨʣʘסʘʥ ʢʝʟʜʝ ʙʘʡץʘʣʘʜʳ. ʊײʥʜʳʨʫ 

 .ʥʜʳʨʤʘʣʘʨʜʘ ʽʩʢʝ ʘʩʳʨʳʣʘʜʳײʳʰʪʘʨʜʘ ʞᴅʥʝ ʪסʩʪʘײʤײץ

        ʉϮʟʫ ï ʘץʘʙʘ ʩʫʣʘʨʜʳ ץʘʣʳץʪʘסʘʥ ʙᴇʣʰʝʢʪʝʨʜʝʥ ʪʝʨʝש ʪʘʟʘʣʘʫסʘ ʘʨʥʘʣסʘʥ. ʌʘʟʘʣʘʨʜʳ 

ʙᴇʣʫ ʩײʡʳץʪʳ ᴇʪʢʽʟʝʪʽʥ ʞᴅʥʝ ץʘʪʪʳ ʙᴇʣʰʝʢʪʝʨʜʽ ײʩʪʘʧ ץʘʣʘʪʳʥ ʢʝʫʝʢʪʽ ץʘʣץʘ ʘʨץʳʣʳ 

ʞװʨʛʽʟʽʣʝʜʽ. פʘʣץʘʣʘʨʜʳ ʪʘשʜʘʫ ʘץʘʙʘ ʩʫʜʳץ שʘʩʠʝʪʽʥʝʥ, ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘʥ ʞᴅʥʝ ʙʘʩץʘ 

ʬʘʢʪʦʨʣʘʨʜʘʥ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʜʳ. ᴄʩʽʨʝʩʝ ʪʦʨʣʳ ʵʣʝʤʝʥʪʪʝʨʽ (ʤʠʢʨʦʬʠʣʴʪʨʣʝʨʽ ʞᴅʥʝ 

ʜʘסʳʨʘ ʪʦʨʳ) ʙʘʨ ʩװʟʛʽʣʝʨʜʽ ʞʠʽ ʧʘʡʜʘʣʘʥʘʜʳ. 

     ʍʠʤʠʷʣʳϨ  ϸʜʽʩ. ʍʠʤʠʷʣʳץ ᴅʜʽʩʪʝ ʣʘʩʪʘסʳʰʪʘʨʜʳש ʬʠʟʠʢʘʣʳץ-ʭʠʤʠʷʣʳʢ  ץʘʩʠʝʪʪʝʨʽʥ 

ʝʩʢʝʨʝ, ʦʣʘʨʜʳ ʭʠʤʠʷʣʳץ ʘʛʝʥʪʪʝʨʜʽ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʞʦʷʜʳ. ʍʠʤʠʷʣʳץ ʪʘʟʘʣʘʫʜʘ 

 ʩʳʟʜʘʥʜʳʨʫ ʞʦʣʜʘʨʳץʪʳʨʫ ʞᴅʥʝ ʪʦʪʳץʦʣʜʘʥʳʣʘʪʳʥ ʥʝʛʽʟʛʽ ᴅʜʽʩʪʝʨʛʝ: ʥʝʡʪʨʘʣʜʘʫ, ʪʦʪʳץ

ʞʘʪʘʜʳ.  

     ʅʝʡʪʨʘʣʜʘʫ ʧʨʦʮʝʩʽʥ ʢײʨʘʤʳʥʜʘ ץʳʰץʳʣʳ ʥʝʤʝʩʝ ʩʽʣʪʽʩʽ ʙʘʨ ʘץʘʙʘ ʩʫʳʥʳש ʨʅ ʤᴅʥʽʥ 6,5 - 

8,5 ʘʨʘʣʳץץʘ ʢʝʣʪʽʨʫ ʤʘץʩʘʪʳʥʜʘ ץʦʣʜʘʥʘʜʳ.ʅʝʡʪʨʘʣʜʘʫ װʰʽʥ ץʳʰץʳʣʜʳ ʘץʘʙʘ  ʩʫʳʤʝʥ 

ʩʽʣʪʽʣʽ ʘץʘʙʘ ʩʫʳʥ ʘʨʘʣʘʩʪʳʨʫסʘ, ʨʝʘʛʝʥʪʪʝʨ ץʦʩʫסʘ, ʘץʘʙʘ ʩʫʳʥ ʥʝʡʪʨʘʣʜʘʫ ץʘʩʠʝʪʽ ʙʘʨ 

ʩװʟʛʽʰ ʤʘʪʝʨʠʘʣʜʘʨ ʘʨץʳʣʳ ʞʽʙʝʨʫʛʝ ʙʦʣʘʜʳ. ʉװʟʛʽʰ ʤʘʪʝʨʠʘʣ ʨʝʪʽʥʜʝ ᴅʢ, ʤʨʘʤʦʨ ʞᴅʥʝ 

ʜʦʣʦʤʠʪ ץʦʣʜʘʥʳʣʘʜʳ. ɹײʣ ᴅʜʽʩʧʝʥ, ᴅʜʝʪʪʝ, ײץʨʘʤʳʥʜʘ ᴅʨ ʪװʨʣʽ ʤʠʥʝʨʘʣʜʳ ץʳʰץʳʣʜʘʨʳ ʙʘʨ 

ʘץʘʙʘ ʩʫʣʘʨʳ ʪʘʟʘʣʘʥʘʜʳ. ʉʽʣʪʽʣʽ ʩʫʣʘʨʜʳ ʥʝʡʪʨʘʣʜʘʫ ʤʘץʩʘʪʳʥʜʘ ײץʨʘʤʳʥʜʘ ʉʆ2, SO2, 

Nʆ2 ʦʢʩʠʜʪʝʨʽ ʙʘʨ ʪװʪʽʥʜʽ ʛʘʟʜʘʨʜʳ ʞʽʙʝʨʫ ᴅʜʽʩʽ ʤʝשʛʝʨʽʣʫʜʝ, ʙײʣ ʞʘסʜʘʡʜʳץ שʦʣʘʡʣʳʣʳסʳ 

ʝʢʽʥʰʽ ʞʘסʳʥʘʥ ʛʘʟʜʳ ʪʘʩʪʘʥʜʳʣʘʨʜʳײץ שʨʘʤʳʥʜʘסʳ ʟʠʷʥʜʳ ʟʘʪʪʘʨʜʘʥ ײץʪʳʣʫ ʤᴅʩʝʣʝʩʽ ʜʝ 

ʰʝʰʽʣʝʜʽ. 
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       ʊʦʪʳϨʪʘʥʜʳʨʫ ʧʨʦʮʝʩʽ ʘץʘʙʘ ʩʫʳʥʜʘסʳ ʫʣʳ ץʦʩʧʘʣʘʨʜʳ (ʮʠʘʥʠʜʪʝʨʜʽ, ʤʳʰʴʷʢʪʽש 

ʝʨʠʪʽʥ ץʦʩʳʣʳʩʪʘʨʳʥ ʞᴅʥʝ ʪ. ʙ.) ʙʘʩץʘ ʞʦʣʤʝʥ ʰʳסʘʨʫ ץʦʣʘʡʩʳʟ ʥʝʤʝʩʝ ʤװʤʢʽʥ ʝʤʝʩ 

ʙʦʣסʘʥʜʘ סʘʥʘ ץʦʣʜʘʥʳʣʘʜʳ. ɸץʘʙʘ ʩʫʜʳ ʪʘʟʘʣʘʫ װʰʽʥ ʪʦʪʳץʪʳʨסʳʰ ʨʝʪʽʥʜʝ ʛʘʟ ʪᴅʨʽʟʜʽ 

ʥʝʤʝʩʝ ʩײʡʳʣʪʳʣסʘʥ ʭʣʦʨ, ʘʫʘ ʦʪʪʝʛʽ, ʦʟʦʥ,ʛʠʧʦʭʣʦʨʠʪ, ʩʫʪʝʢ ʪʦʪʳסʳ, ʢʘʣʠʡ ʧʝʨʤʘʥʛʘʥʘʪʳ 

ʞᴅʥʝ ʙʘʩץʘ ʨʝʘʛʝʥʪʪʝʨ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 

       ʆʟʦʥʜʘʫ ʘץʘʙʘ ʩʫʳʥ ʤײʥʘʡ ᴇʥʽʤʜʝʨʽʥʝʥ, ʬʝʥʦʣʜʘʥ, ʢװʢʽʨʪʪʽ ʩʫʪʝʢʪʝʥ, ʮʠʘʥʠʜʪʝʨʜʝʥ ʞᴅʥʝ 

ʙʘʩץʘ ʜʘ ץʦʩʧʘʣʘʨʜʘʥ ʪʘʟʘʣʘʫסʘ ץʦʣʜʘʥʳʣʘʜʳ. ʂװʰʪʽ ʪʦʪʳץʪʳʨסʳʰ ʙʦʣסʘʥʜʳץʪʘʥ ʦʟʦʥʥʳש 

ʩʫʣʳ ʝʨʽʪʽʥʜʽʣʝʨʜʝʛʽ ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʝʢʪʝʨʜʽ ʞᴅʥʝ ʙʘʩץʘ ץʦʩʧʘʣʘʨʜʳ ʳʜʳʨʘʪʘʪʳʥ ץʘʙʽʣʝʪʽ 

ᴇʪʝ ʞʦסʘʨʳ.ʉʦʥʳʤʝʥ ʙʽʨʛʝ ʩʫʜʳ ʦʟʦʥʜʘסʘʥʜʘ ʦʥʳש ʞʘסʳʤʩʳʟ ʠʽʩʽ, ʜᴅʤʽ, ʙʦʷʫʳ ʞʦʡʳʣʳʧ, 

ʟʘʣʘʣʩʳʟʜʘʥʘʜʳ.[2] 

        ɸסʳʥʜʳ ʩʫʜʘסʳ ʣʘʩʪʘסʳʰʪʘʨʜʘʥ ײץʪʳʣʫ װʰʽʥ ʽʩ ʞװʟʽשʜʝ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ʬʠʟʠʢʘʣʳץ-

ʭʠʤʠʷʣʳץ ᴅʜʽʩʪʝʨʛʝ - ʢʘʦʛʫʣʷʮʠʷ, ʬʣʦʪʘʮʠʷ, ʵʣʝʢʪʨʦʣʠʪʪʽʢ ʽʨʽʣʝʥʜʽʨʫ, ʩʫ ʙʫʳʤʝʥ ʘʡʜʘʫ, 

ʩʦʨʙʮʠʷ, ʵʢʩʪʨʘʢʮʠʷ, ʛʠʧʝʨʬʠʣʴʪʨʘʮʠʷ, ʵʚʘʧʦʨʘʮʠʷ, ʜʝʩʦʨʙʮʠʷ, ʜʝʟʦʜʦʨʘʮʠʷ, ʜʝʛʘʟʘʮʠʷ, 

ʵʣʝʢʪʨʦʭʠʤʠʷʣʳץ ʪᴅʩʽʣʜʝʨ (ʵʣʝʢʪʨʦʣʠʟ, ʵʣʝʢʪʨʦ-ʢʘʦʛʫʣʷʮʠʷ, ʵʣʝʢʪʨʦʬʣʦʪʘʮʠʷ, 

ʵʣʝʢʪʨʦʜʠʘʣʠʟ), ʫʣʴʪʨʘʜʳʙʳʩʧʝʥ ʩʫʜʳ ᴇʥʜʝʫ, ʪ. ʙ. ʞʘʪʘʜʳ. ɹײʣ ᴅʜʽʩʪʝʨ ץʘʪʘʨʳʤʝʥ ʞװʨʝʪʽʥ 

ʬʠʟʠʢʘʣʳץ ʞᴅʥʝ ʭʠʤʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʛʝ ʥʝʛʽʟʜʝʣʛʝʥ. ʄʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ ʬʠʟʠʢʘʣʳץ-

ʭʠʤʠʷʣʳץ ᴅʜʽʩʪʝʨ ʘץʘʙʘ ʩʫʣʘʨʳʥ ʪʘʟʘʣʘʫʜʳש ʘʣסʘʰץʳ ʢʝʟʝשʽ, ʦʩʳʜʘʥ ʢʝʡʽʥ ʦʣʘʨ 

ʙʠʦʣʦʛʠʷʣʳץ ʪʘʟʘʣʘʫסʘ ʞᴇʥʝʣʪʽʣʝʜʽ. 

      ʌʠʟʠʢʘ-ʭʠʤʠʷʣʳϨ ϸʜʽʩ. ɸסʳʥʜʳ ʩʫʣʘʨʜʳש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʪʘʟʘʨʪʫ ᴅʜʽʩʪʝʨʽʥʝ 

ʤʳʥʘʣʘʨʜʳ ʞʘʪץʳʟʫסʘ ʙʦʣʘʜʳ: ʩʦʨʙʮʠʷ, ʵʢʩʪʨʘʢʮʠʷ, ʵʚʘʧʘʨʘʮʠʷ, ʢʦʘʛʫʣʷʮʠʷ, ʬʣʦʪʘʮʠʷ, ʠʦʥ 

ʘʣʤʘʩʫ, ʵʣʝʢʪʨʦʣʠʟ, ʢʨʠʩʪʘʣʠʟʘʮʠʷʣʘʫ.     

 

    2-ʩʫʨʝʪ. ɸϤʳʥʜʳ ʩʫʣʘʨʜʳ ʬʠʟʠʢʘʣʳϨ-ʭʠʤʠʷʣʳϨ ϸʜʽʩʽʤʝʥ ʪʘʟʘʨʪʫ ʩʪʘʥʮʠʷʩʳʥʳϬ 

ʪʝʭʥʦʣʦʛʠʷʣʳϨ ʩʭʝʤʘʩʳ 

1-ʘסʳʥʜʳ ʩʫ; 2-ʪʦʨ; 3-ײץʤ ʪײʪץʳʰʪʘʨ; 4- ʘʨʘʣʘʩʪʳʨסʳʰʪʘʨ; 5- װʣʧʝʢ ʪװʟʝʪʽʥ ʢʘʤʝʨʘ; 6-

ʢᴇʣʜʝʥʝש ʪײʥʜʳʨסʳʰʪʘʨ; 7- ʙʘʨʘʙʘʥ ʪʦʨʣʘʨʳ; 8- ʩװʟʛʽʣʝ; 9- ʙʘʡʣʘʥʳʩ ʨʝʟʝʨʚʫʘʨʳ; 10- ʩʫ 

 -ʤ ʙʫʥʢʝʨʽ; 13-ʈʝʘʛʝʥʪʪʝʨʜʽ ʜʘʡʳʥʜʘʫ ʞᴅʥʝ ʤᴇʣʰʝʨʣʝʫ; 14ײץ-ʤ; 12ײץ -ʘʨʫ; 11סʦʡʤʘʩʳʥʘ ʰʳץ

ʪײʥʙʘ; 15- ʪײʥʙʘ ʪʳסʳʟʜʘסʳʰʪʘʨ;  16- ʮʝʥʪʨʠʬʫʛʘʣʘʨ; 17- ʭʣʦʨʘʪʦʨʣʳ; 18-ʰʣʘʤ; 19- 

ʪײʥʜʳʨʳʣסʘʥ ʩʫ. 
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       ʉʦʨʙʮʠʷʣʳϨ ϸʜʽʩ ʩʪʘʪʠʢʘʣʳץ ʞᴅʥʝ ʜʠʥʘʤʠʢʘʣʳץ ʞʘסʜʘʡʣʘʨʜʘ ץʦʣʜʘʥʳʣʫʳ ʤװʤʢʽʥ. 

ʉʦʨʙʝʥʪʪʝʨ ʨʝʪʽʥʜʝ ײʩʘץ ʜʠʩʧʝʨʩʪʽ ץʘʪʪʳ ʟʘʪʪʘʨ (ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨ,ʢʦʢʩ ײʥʪʘץʪʘʨʳ, 

ʰʳʤʪʝʟʝʢ, ʞʦץשʘʣʘʨ, ʢʘʦʣʠʥ, ʢװʣ ʞᴅʥʝ ʪ.ʙ.) ץʦʣʜʘʥʳʣʘʜʳ. ʉʪʘʪʠʢʘʣʳץ ʞʘסʜʘʡʜʘ ʪʘʟʘʣʘʥʘʪʳʥ 

ʘסʳʥʜʳ ʩʫסʘ ʩʦʨʙʝʥʪ ײʩʘץʪʘʣסʘʥ ʪװʨʜʝ ʞʽʙʝʨʽʣʽʧ, ʩʫʤʝʥ ʘʨʘʣʘʩʪʳʨʳʧ, ʩʦʜʘʥ ʢʝʡʽʥ ʪʘʟʘʣʘʥסʘʥ 

ʩʫʜʘʥ ʪײʥʜʳʨʫ ʘʨץʳʣʳ ʰʳסʘʨʳʣʳʧ ʘʣʳʥʘʜʳ. ɼʠʥʘʤʠʢʘʣʳץ ʞʘסʜʘʡʜʘ ï ʤײʥʜʘ ʪʘʟʘʣʘʥʘʪʳʥ 

ʘסʳʥʜʳ ʩʫ ʩʦʨʙʝʥʪʪʝʨʜʽש ʙᴇʣʰʝʢʪʝʨʽʥʝʥ ʪװʨʘʪʳʥ ʩʦʨʙʮʠʷʣʳץ ʩװʟʛʽʰʪʝʨ ʘʨץʳʣʳ ʩװʟʽʣʝʜʽ.[3] 

        ʕʢʩʪʨʘʢʮʠʷ ϸʜʽʩʽʥ ץʦʣʜʘʥʫʜʘ ʘץʘʙʘ ʩʫ ʩײʡʳץʪʳסʳʥ ʝʨʽʪʢʽʰʧʝʥ ʘʨʘʣʘʩʪʳʨʘʜʳ, ʦʣ 

ʧʨʦʮʝʩʩ ʣʘʩʪʘסʳʰʪʳש ʪװʨʽʥʝ ʞᴅʥʝ ץʘʡ ʝʨʽʪʢʽʰʪʝ ʞʘץʩʳ ʝʨʠʪʽʥʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ɽʨʽʪʢʽʰʪʽ 

ʪᴇʤʝʥʥʝʥ ʞʽʙʝʨʝʜʽ, ᴇʡʪʢʝʥʽ ʝʨʽʪʢʽʰʪʽש ʤʝʥʰʽʢʪʽ ʩʘʣʤʘסʳ ʪᴇʛʽʥʜʽ ʩʫ ʩײʡʳץʪʳסʳʥʘʥ ʞʝשʽʣ 

ʙʦʣסʘʥʜʳץʪʘʥ ʩʫʜʳש ʙʝʪʽʥʝ ʰʳסʘʜʳ. ɹײʣ ᴅʜʽʩ ʢᴇʙʽʥʝʩʝ ʘץʘʙʘ ʩʫʜʘʥ ʦʨʛʘʥʠʢʘʣʳץ ץʦʩʧʘʣʘʨʜʳ 

ʰʳסʘʨʳʧ ʘʣʫ ץʘʞʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ, ʩʝʙʝʙʽ ʦʣʘʨ ʩʫסʘ ץʘʨʘסʘʥʜʘ ʵʢʩʪʨʘʛʝʥʪʪʝʨʜʝ ʞʘץʩʳ 

ʝʨʠʜʽ.  

        ʕʚʘʧʘʨʘʮʠʷ ϸʜʽʩʽ ï ʘץʘʙʘ ʩʫʜʳ ʣʘʩʪʘʡʪʳʥ ײʰץʳʥ ʟʘʪʪʘʨʜʳ ʩʫ ʙʫʳʤʝʥ ʰʳסʘʨʫ. ʆʣ 

ʤʝʨʟʽʤʜʽ ʪװʨʜʝ ʞײʤʳʩ ʞʘʩʘʡʪʳʥ ʘʧʧʘʨʘʪʪʘʨʜʘ ʥʝʤʝʩʝ ʜʠʩʪʠʣʣʷʮʠʦʥʜʳץ ʢʦʣʦʥʢʘʣʘʨʜʘ 

ʞװʟʝʛʝ ʘʩʘʜʳ. ɾʳʣʫ ʘʣʤʘʩʪʳʨסʳʰʪʘʨʜʘ ײץʨʘʤʳʥʜʘ ʬʝʥʦʣ ʙʘʨ ʩʫ ʳʩʳסʘʥʥʘʥ ʢʝʡʽʥ 

ʢʦʣʣʦʥʥʘסʘ ʪװʩʝʜʽ ʞᴅʥʝ ʘץʘʙʘ ʩʫʜʳץ שʦʟסʘʣʳʩʳʥʘ ץʘʨʘʡ ץʘʪʪʳ ʙʫʣʘʨ ʰʳסʘʨʘʜʳ. ɸסʳʥʜʳ 

ʩʫʜʳײץ שʨʘʤʳʥʜʘסʳ ʣʘʩʪʘסʳʰʪʘʨ ײʰץʳʰ ʙʫʤʝʥ ʰʳסʘʨʳʣʘʜʳ.  

        ʕʣʝʢʪʨʦʣʠʟ ϸʜʽʩʽ ï ʦʣ ʩʫסʘ ʩʘʣʳʥסʘʥ ʵʣʝʢʪʨʦʜʪʘʨ ʘʨץʳʣʳ ʵʣʝʢʪʨ ʪʦʛʳʥ ʞʽʙʝʨʫ ʘʨץʳʣʳ 

 ʣʧʝʢʪʝʨʽʥװ ʧʘʣ ʞʘʩʘʧ, ʢʦʘʛʫʣʷʥʪץʩʫʜʘ ʝʨʫʽʥʝ ʳ שʦʣʜʘʥʳʣʘʜʳ. ʕʣʝʢʪʨʦʜʪʘʨ ʤʘʪʝʨʠʘʣʜʘʨʜʳץ

 ʳʰʪʘʨʜʳ ʰᴇʢʪʽʨʝʜʽ. ʕʣʝʢʪʨʦʣʠʟ ʞᴅʥʝ ʵʣʝʢʪʨʦʜʠʘʣʠʟ ʢʝʟʽʥʜʝסʨʘʩʪʳʨʘʜʳ ʞᴅʥʝ ʣʘʩʪʘײץ

ʤʦʣʝʢʫʣʘʣʘʨ ʳסʳʩʘʜʳ, ʩʦʥʜʘʡ-ʘץ ʵʣʝʢʪʨʦʜʪʘʨʜʘ ʠʦʥʜʘʨʜʳש ʪװʟʽʣʫʽ ʞװʨʝʜʽ.  

      ɾʦסʘʨʳ ʢʝʨʥʝʫʣʽ ʪʦʢ ʨʘʟʨʷʜʳʥʘʥ ʪʫʳʥʜʘʡʪʳʥ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʢʘʣʳץ ʢװʰʽ ʢװʨʜʝʣʽ 

ʤʦʣʝʢʫʣʘʣʳץ ʣʘʩʪʘסʳʰʪʘʨʜʳ ʳʜʳʨʘʪʫסʘ ץʦʣʜʘʥʘʜʳ. ɸסʳʥʜʳ ʩʫʣʘʨʜʳ ʤʝʭʘʥʠʢʘʣʳץ ʪʘʟʘʣʘʫ 

ʧʨʦʮʝʩʽʥʜʝ ᴇʣʰʝʤʽ 10 ʤʢʤ ʙʦʣʘʪʳʥ ʙᴇʣʰʝʢʪʝʨʜʽ ʞʦʶ ץʠʳʥ ʝʤʝʩ, ʙʽʨʘײ ץʩʘץ ʜʠʩʧʝʨʩʪʽ ʞᴅʥʝ 

ʢʦʣʣʦʠʜʪʳ ʙᴇʣʰʝʢʪʝʨʜʽ ʞʦʶ ʪʽʧʪʝʥ ʤװʤʢʽʥ ʝʤʝʩ. ʆʣʘʨʜʳ ʪʘʟʘʣʘʫ װʰʽʥ ʢʦʘʛʫʣʷʮʠʷ ᴅʜʽʩʽ 

 ʘʥסʦʩʳʣץ ʥʜʘ ʘʨʥʘʡʳײʥʠ ʤסʨʽ - ʬʣʦʢʫʣʷʮʠʷ, ʷװʘʥ ʪסʪʘʨʘ שʢʝ שʦʣʜʘʥʳʣʘʜʳ. ʂʦʘʛʫʣʷʮʠʷʥʳץ

ʟʘʪʪʘʨʜʳש ᴅʩʝʨʽʥʝʥ ץʘʣץʳʤʘʣʳ ʟʘʪ ʞʘסʜʘʡʳʥʜʘ ʪײʨסʘʥ ײʩʘץ ʙᴇʣʰʝʢʪʝʨ ʞʘʧʘʣʘץ ʪᴅʨʽʟʜʽ, 

ʙʦʨʧʳʣʜʘץ ʰᴇʛʽʥʜʽ ʪװʟʝʜʽ. ʂʦʘʛʫʣʷʮʠʷ ʤʝʥ ʬʣʦʢʫʣʷʮʠʷ ᴅʜʽʩʪʝʨʽ ʭʠʤʠʷʣʳץ, ʤײʥʘʡ-ʭʠʤʠʷʣʳץ, 

ʪʦץʳʤʘ, ץʘסʘʟ ᴇʥʜʽʨʽʩʽʥʝʥ ʰʳץץʘʥ ʘסʳʥʜʳ ʩʫʜʳ ʪʘʟʘʣʘʫʜʘ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. 

         ʂʦʘʛʫʣʷʮʠʷ ʧʨʦʮʝʩʽʥ ʞװʟʝʛʝ ʘʩʳʨʫסʘ ʘʨʥʘʣסʘʥ ץʘʞʝʪʪʽ ʢʦʘʛʫʣʷʥʪ ʤᴇʣʰʝʨʽ ʘסʳʥʜʳ ʩʫʜʳ 

ʪʘʟʘʣʘʫסʘ ץʘʞʝʪʪʪʽ ʢʦʘʛʫʣʷʥʪʪʳײץ שʨʘʤʳʥʘ, ʰʳסʳʥʳʥʘ, ʢʦʘʛʫʣʷʥʪ ʪװʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪײʨסʳʜʘ ʘʥʳץʪʘʣʘʜʳ. ʂʦʘʛʫʣʷʮʠʷ ʥᴅʪʠʞʝʩʽʥʜʝ ʪװʟʽʣʛʝʥ ʪײʥʙʘ ʙʽʨʥʝʰʝ 

ʤʠʢʨʦʤʝʪʨ ᴇʣʰʝʤʜʽ ʞʘʧʘʣʘץ ʪװʨʽʥʜʝ ʙʦʣʘʜʳ. ʊײʥʙʘ ʞʘʧʘʣʘסʳʥʳש ʙʦʨʧʳʣʜʘײץ ץʨʳʣʳʤʳ 

ʞʦסʘʨʳ ʳʣסʘʣʜʳ (96% - 99,9%) ʙʦʣʳʧ ʢʝʣʝʜʽ. ʈʝʟʝʨʚʫʘʨʜʘסʳ ʵʣʝʢʪʨʦʢʦʘʛʫʣʷʮʠʷ ʢʝʟʽʥʜʝ ʙʽʨ - 

ʙʽʨʽʥʝʥ 10 ʤʤ ץʘʰʳץʪʳץʪʘ ʦʨʥʘʣʘʩץʘʥ ʞʘʟʳץ ʙʦʣʘʪ ʵʣʝʢʪʨʦʜʪʘʨ ʘʨץʳʣʳ 0,6 ɸ/ʜʤ2 , ʢʝʨʥʝʫʽ 

10 ɺ -18 ɺ-ץʘ ʪʝש ʪʦʢ ᴇʪʽʧ ʪײʨʘʜʳ. [4] 

         ʌʣʦʪʘʮʠʷ ï ʝʨʽʤʝʛʝʥ ץʦʩʧʘ ʙᴇʣʰʝʢʪʝʨʽʥʽש ʘסʳʥʜʳ ʩʫʜʘסʳ ʘʫʘʥʳש  ʞץײʘʩʧʝʨʣʝʥʛʝʥ 

ʢᴇʧʽʨʰʽʢʪʝʨʽʥʝ ʤʦʣʝʢʫʣʘʣʘʨ ʞʘʙʳʩʳʧ, ʦʩʳ ʙᴇʣʰʝʢʪʝʨʜʽש ʘʫʘ ʢᴇʧʽʨʰʽʢʪʝʨʽʤʝʥ ʙʽʨʛʝ ʩʫʜʳש 

ʙʝʪʽʥʝ ʢᴇʪʝʨʽʣʫ ʧʨʦʮʝʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ᴅʜʽʩ ײץʨʘʤʳʥʜʘ ʤײʥʘʡ, ʤʘʡʣʘʨ, ץʘסʘʟ ʞᴅʥʝ 

ʮʝʣʣʶʣʦʟ ʪʘʣʰʳץʪʘʨʳ ʞᴅʥʝ ʪ.ʙ. ʙʘʨ ʘץʘʙʘ ʩʫʣʘʨʜʳ ʪʘʟʘʣʘʫʜʘ ץʦʣʜʘʥʳʣʘʜʳ. 

       ᴆʥʜʽʨʽʩʪʽʢ ʘסʳʥʜʳ ʩʫʣʘʨʜʳ ʠʦʥʜʳϨ ʘʣʤʘʩʫ ϸʜʽʩʽʤʝʥ ʪʘʟʘʣʘʫ ʪײʟʩʳʟʜʘʥʜʳʨʫ, ʘסʳʥʜʳ 

ʩʫʣʘʨʜʘʥ ʫʣʳ ץʦʩʧʘʣʘʨʜʳ (ʮʠʘʥʠʜ ʞᴅʥʝ ʨʦʜʘʥʠʜ ץʦʩʧʘʣʘʨʳʥʘʥ, ʤʳʰʴʷʢʪʘʥ), ʤʝʪʘʣʣ 

ʠʦʥʜʘʨʳʥ (ʭʨʦʤʥʳש, ʥʠʢʝʣʴʜʽש, ʮʠʥʢʪʽש) ʰʳסʘʨʫ, ʩʠʨʝʢ ʢʝʟʜʝʩʝʪʽʥ ʵʣʝʤʝʥʪʪʝʨʜʽ ʙᴇʣʽʧ ʘʣʫ 

 .ʦʣʜʘʥʳʣʘʜʳץ ʳʰ ʩʤʦʣʘʣʘʨסʰʽʥ ʩʫʣʴʬʘʢᴇʤʽʨ, ʠʦʥʘʣʤʘʩʪʳʨװ ʦʣʜʘʥʳʣʘʜʳ. ʆʣץ ʰʽʥװ
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ʀʦʥʘʣʤʘʩʪʳʨסʳʰ ʩʠʥʪʝʪʠʢʘʣʳץ ʩʤʦʣʘʣʘʨ ʝʢʽ ʥʝʛʽʟʛʽ ʪʦʧץʘ ʙᴇʣʽʥʝʜʽ: ʢʘʪʠʦʥʠʜʪʝʨ (ʂʋ-1, ʂʋ-

2) ʞᴅʥʝ ʘʥʠʦʥʠʜʪʝʨ (ʄɺʀ - 6ʊʕ, ɸʅ - 2ʌ). 

        ɹʠʦʣʦʛʠʷʣʳϨ ϸʜʽʩ. ɹʠʦʣʦʛʠʷʣʳץ ʞʦʣʤʝʥ ʘסʳʥʜʳ ʩʫʜʳ ʪʘʟʘʣʘʫ װʰʽʥ ʣʘʩʪʘסʳʰʪʘʨʜʳ 

ʳʜʳʨʘʪʘʪʳʥ, ᴇʟʜʝʨʽʥʽץ שʦʨʝʢʪʝʥʫʽʥʝ, ᴇʩʫʽʥʝ ʞᴅʥʝ ʢᴇʙʝʶʽʥʝ ʧʘʡʜʘʣʘʥʘʪʳʥ ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨ 

ʥʝʤʝʩʝ ʦʣʘʨʜʳ ᴇʟ ʙʦʡʳʥʘ ʩʽשʽʨʝʪʽʥ ᴇʩʽʤʜʽʢʪʝʨ (ʙʠʦʩװʟʙʝʣʝʨ ʨʝʪʽʥʜʝ ץʘʣʳש ᴇʩʢʝʥ ץʘʤʳʩ, ץʦסʘ, 

ʪ. ʙ.) ץʦʣʜʘʥʳʣʘʜʳ. ɹʠʦʣʦʛʠʷʣʳץ ʪʘʟʘʣʘʫסʘ ץʘʪʳʩʘʪʳʥ ʦʨʛʘʥʠʟʤʜʝʨʛʝ ᴅʨ ʪװʨʣʽ ʙʘʢʪʝʨʠʷʣʘʨ, 

ʙʘʣʜʳʨʣʘʨ, ʩʘשʳʨʘʫײץʣʘץʪʘʨ, ʝש ʪᴇʤʝʥ ʩʘʪʳʜʘסʳ ʞᴅʥʜʽʢʪʝʨ, ײץʨʪʪʘʨ ʞᴅʥʝ ʙʘʩץʘʣʘʨ ʞʘʪʘʜʳ. 

ʄʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʜʽץ שʘʪʳʩʫʳʤʝʥ ʝʢʽ ʧʨʦʮʝʩ - ʪʦʪʳסʫ (ʘʵʨʦʙʪʳ) ʞᴅʥʝ ʪʦʪʳץʩʳʟʜʘʥʫ 

(ʘʥʘʵʨʦʙʪʳ) ʞװʨʝʜʽ.  

      ɸʵʨʦʙʪʳ ʧʨʦʮʝʩʪʝʨʛʝ ʘʢʪʠʚʪʽ ʣʘʡʜʘ ʥʝʤʝʩʝ ʙʠʦʧʣʝʥʢʘʜʘ ᴇʩʝʪʽʥ ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨ ʩʫʜʘ 

ʝʨʽʛʝʥ ʦʪʪʝʢʪʽ ʧʘʡʜʘʣʘʥʘʜʳ. ʆʣʘʨʜʳש ʪʽʨʰʽʣʽʛʽʥʝ ʦʪʪʝʢʪʽש ʪײʨʘץʪʳ ײץʡʳʣʫʳ ʤʝʥ 20 -30 0ʉ 

ʰʘʤʘʩʳʥʜʘסʳ ʪʝʤʧʝʨʘʪʫʨʘ ץʘʞʝʪ.      ɸʥʘʵʨʦʙʪʳ ʪʘʟʘʣʘʫ ʧʨʦʮʝʩʽ ʦʪʪʝʢʪʽש ʢʽʨʫʽʥʩʽʟ ᴇʪʝʜʽ, ʙײʣ 

ʞʝʨʜʝ ʞװʨʝʪʽʥ ʥʝʛʽʟʛʽ ʧʨʦʮʝʩʩ - ʣʘʡʜʳש ʘʰʫʳ. ʆʩʳ ᴅʜʽʩʪʝʨ ʘץʘʙʘ ʩʫʣʘʨʜʘ ʢᴇʧ ʤᴇʣʰʝʨʜʝ 

ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʝʢʪʝʨ ʙʦʣסʘʥʜʘ ʞᴅʥʝ ʪײʥʙʘʣʘʨʜʳ ʟʘʣʘʣʩʳʟʜʘʥʜʳʨʫסʘ ץʦʣʜʘʥʳʣʘʜʳ.            

ɸסʳʥʜʳ ʩʫʜʳש ʙʠʦʣʦʛʠʷʣʳץ ʪʘʟʘʣʘʥʫʳʥ ʪʘʙʠסʠ ʞʘסʜʘʡʜʘ (ʩʫʣʘʥʜʳʨʳʣʘʪʳʥ ʞʝʨʜʝ, 

ʙʠʦʣʦʛʠʷʣʳץ ʪʦסʘʥʜʘʨʜʘ) ʞᴅʥʝ ᴅʨʪװʨʣʽ ʢʦʥʩʪʨʫʢʮʠʷʣʳץ ʞʘʩʘʥʜʳ ײץʨʳʣʳʩʪʘʨʜʘ - 

ʙʠʦʩװʟʛʽʰʪʝʨʜʝ, ʘʵʨʦʪʝʥʢʪʝʨ ʤʝʥ ʦʢʩʠʪʝʥʢʪʝʨʜʝ ʞװʨʛʽʟʫʛʝ ʙʦʣʘʜʳ.  

       ᴆʥʜʽʨʽʩʪʽʢ ʘסʳʥʜʳ ʩʫʣʘʨʜʳש ʙʠʦʣʦʛʠʷʣʳץ ʪʘʟʘʣʘʫʳʥ ʥʝʛʽʟʽʥʜʝ ʞʳʣʜʘʤʜʳסʳ ʞʦסʘʨʳ 

ʙʦʣסʘʥʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʞʘʩʘʥʜʳ ʞʘסʜʘʡʜʘ ʞװʨʛʽʟʝʜʽ. 

       ɸסʳʥʜʳ ʩʫʜʳ ʙʠʦʣʦʛʠʷʣʳץ ᴅʜʽʩʧʝʥ ʪʘʟʘʣʘסʘʥʜʘ ʘʫʨʫ ʪʫʜʳʨʘʪʳʥ ʙʘʢʪʝʨʠʷʣʘʨʜʳ91-98 ש 

 ʘʣʜʳʥʜʘ שʦʡʤʘʣʘʨʳʥʘ ʞʽʙʝʨʫʜʽץ ʘʙʘ ʩʫʣʘʨʜʳ ʩʫץʘʥ ʘסʪʘʥ ʪʘʟʘʣʘʥץʘʥʘ ʞʦʡʳʣʘʜʳ, ʩʦʥʜʳס %

ʟʘʣʘʣʩʳʟʜʘʥʜʳʨʫ ץʘʞʝʪ. ɸסʳʥʜʳ ʩʫʜʳ ʟʘʣʘʩʳʟʜʘʥʜʳʨʫ װʰʽʥ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʪʳʥ ᴅʜʽʩʪʽש 

ʙʽʨʽ ʛʘʟ ʪᴅʨʽʟʜʝʩ ʭʣʦʨʤʝʥ ʥʝʤʝʩʝ ʭʣʦʨʣʳ ᴅʢ ʝʨʪʽʥʜʽʩʽʤʝʥ ʭʣʦʨʣʘʫ. ɹײʣ ʧʨʦʮʝʩʪʝ ʝʢʽʩʘʪʳʣʳ 

ʨʝʘʢʮʠʷ ʞװʨʝʜʽ: 

ʉl2 + ʅ2ʆ = ʅʉl + ʅʆʉl 

ʅʆʉl = ʅʉɯ+ʆ 

       ʈʝʘʢʮʠʷ ʥᴅʪʠʞʝʩʽʥʜʝ ʙʦʩ ʘʪʦʤ ʢװʡʽʥʜʝ ʪװʟʽʣʛʝʥ ʦʪʪʝʢ ʙʘʢʪʝʨʠʷ ʢʣʝʪʢʘʣʘʨʳʥʳש 

ʧʨʦʪʦʧʣʘʟʤʘʩʳʥʘ ʢʽʨʝʪʽʥ ʟʘʪʪʝʢʪʝʨʜʽ ʪʦʪʳץʪʳʨʘʜʳ, ʩʦʥʳש ʩʘʣʘʜʘʨʳʥʘʥ ʙʘʢʪʝʨʠʷʣʘʨ 

ʞʦʡʳʣʘʜʳ. ɸסʳʥʜʳ ʩʫʣʘʨʜʳ ʭʣʦʨʣʳ ᴅʢʧʝʥ ʜʠʟʝʥʬʝʢʮʠʷʣʘסʘyʜʘ ʞװʨʝʪʽʥ ʨʝʘʢʮʠʷʣʘʨ ʛʘʟ 

ʪᴅʨʽʟʜʝʩ ʭʣʦʨʤʝʥ ʜʠʟʝʥʬʝʢʮʠʷʣʘסʘʥʜʘסʳ ʧʨʦʮʝʩʪʝ. 

2Ca(ClO)2 + 2H2O = Ca(OH)2 + 2ʅʆʉl + ʉʘʉl2 

        ʍʣʦʨʣʘʫ ᴅʜʽʩʽʥ ץʦʣʜʘʥסʘʥʜʘ ʙʘʢʪʝʨʠʷʣʘʨʜʳש ᴇʥʽʧ-ᴇʩʫʽʥʝʥ ʙʘʩץʘ ʦʨʛʘʥʠʢʘʣʳץ 

ʟʘʪʪʝʢʪʝʨʜʽץ שʳʰץʳʣʜʘʥʫʳ ʜʘ ʪʦץʪʘʪʳʣʘʜʳ, ʢʘʦʛʫʣʷʮʠʷ ʧʨʦʮʝʩʽ ʞʝʜʝʣʪʝʪʽʣʝʜʽ ʞᴅʥʝ ʠʽʩ 

ʘʟʘʷʜʳ. ʄʝʭʘʥʠʢʘʣʳץ ʪʘʟʘʣʘʫ ʞʦʣʳʥ ץʦʣʜʘʥʫ ʥʝʤʝʩʝ ᴇʟʜʽʛʽʥʝʥ ʪʘʙʠסʠ ʪװʨʜʝ ʪʘʟʘʣʘʥʫ 

ʘʨץʳʣʳ ʘץʘʙʘ ʩʫʜʘʥ ʙᴇʣʽʥʛʝʥ ײץʨʘʤʳʥʜʘ ʤʠʥʝʨʘʣʜʳ ʞᴅʥʝ ʦʨʛʘʥʠʢʘʣʳץ ץʘʪʪʳ ʟʘʪʪʝʢʪʝʨʽ ʙʘʨ 

ʪײʥʙʘʣʘʨ ʞʝʨʛʽʣʽʢʪʽ ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ʞᴅʥʝ ʦʨʤʘʥ ʜʘץʳʣʜʘʨʳʥʳש ʪʳשʘʡʪץʳʰʳ ʨʝʪʽʥʜʝ 

ʧʘʡʜʘʣʘʥʳʣʫʳʤʝʥ ץʘʪʘʨ, ʙʠʦʛʘʟ ʘʣʫסʘ ʜʘ ʞʘʨʘʤʜʳ. ɸʣ ʦʨʪʘץ ʢʘʥʘʣʠʟʘʮʠʷʜʘʥ ʰʳץץʘʥ 

ʘסʳʥʜʳ ʩʫʜʳײץ שʨʘʤʳʥʜʘ ʘʣʫʘʥ ʪװʨʣʽ ʫʣʳ ʟʘʪʪʝʢʪʝʨ ʢʝʟʜʝʩʝʪʽʥʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʦʣʘʨʜʘʥ 

ʰʳʢץʘʥ ʪײʥʙʘʣʘʨ ʪʳשʘʡʪץʳʰ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫסʘ ʞʘʪʧʘʡʜʳ. [4]  

        ɹʠʦʣʦʛʠʷʣʳץ ʪʘʟʘʣʘʫ ᴅʜʽʩʽ ʩʫʜʳ ʪײʟʩʳʟʜʘʥʜʳʨʘ ʘʣʤʘʡʪʳʥʳʥʘ ʙʘʡʣʘʥʳʩʪʳ, ʙײʣ ʪʘʟʘʣʘʫ 

ᴅʜʽʩʽʥʝʥ ʢʝʡʽʥ ʩʫʜʘסʳ ʪײʟʜʘʨʜʘʥ ײץʪʳʣʫ װʰʽʥ ʘʨʥʘʡʳ ʦʣʘʨʜʳ ʙᴇʣʽʧ ʰʳסʘʨʘʪʳʥ ʪʘʟʘʣʘʫ 

ᴅʜʽʩʪʝʨʽ ץʦʣʜʘʥʳʣʘʜʳ. ɹײʣʘʨסʘ ʜʠʩʪʠʣʣʷʮʠʷ (ʙʫʣʘʫ), ץʘʪʳʨʫ (ʤײʟʜʘʪʫ), ʤʝʤʙʨʘʥʜʳץ, 

ʠʦʥʘʣʤʘʩʫ ᴅʜʽʩʪʝʨʽ ʞʘʪʘʜʳ.ɼʠʩʪʠʣʣʷʮʠʷ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʞᴅʥʝ ʞʘץʩʳ ʤʝשʛʝʨʽʣʛʝʥ 

ᴅʜʽʩʪʽש ʙʽʨʽ. ɹʫʣʘʥʜʳʨʫ ץʦʥʜʳʨסʳʣʘʨʳ ʘʨץʳʣʳ ʪᴅʫʣʽʛʽʥʝ 15-30 ʤʳש ʤ3 ʩʫʜʳ ʪʘʟʘʣʘʫʜʘʥ 
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ᴇʪʢʽʟʫʛʝ ʙʦʣʘʜʳ. פʘʟʘץʩʪʘʥʜʘ ʝץ שʫʘʪʪʳ ʙʫʣʘʥʜʳʨʫ ץʦʥʜʳʨסʳʩʳ ɸץʪʘʫ ץʘʣʘʩʳʥʳש ʘʪʦʤ 

ʵʥʝʨʛʝʪʠʢʘ ʢᴅʩʽʧʦʨʳʥʳʥʜʘ (ʪʝʟ ʥʝʡʪʨʦʥʜʳ ʨʝʘʢʪʦʨ) ʙʦʣסʘʥ. 
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ʅɸʅʆױפʈʓʃʓʄɼʓ ʂɸʊɸʃʀɿɸʊʆʈʃɸʈ ʉʀʅʊɽɿɯʅɯר ʍʀʄʀʗʃʓפ ʅɽɻɯɿɯʅ 

ɾɸʉɸʋ 

ʈɸɿʈɸɹʆʊʂɸ ʍʀʄʀʏɽʉʂʀʍ ʆʉʅʆɺ ʉʀʅʊɽɿɸ ʅɸʅʆʉʊʈʋʂʊʋʈʅʓʍ 

ʂɸʊɸʃʀɿɸʊʆʈʆɺ 

DEVELOPMENT OF THE CHEMICAL BASIS FOR THE SYNTHESIS OF 

NANOSTRUCTURED CATALYSTS  

 

ɸʧʝʥʜʠʥʘ ɸʡʥʘʛʫʣ ʂʝʥʝʩʦʚʥʘ 

ϧ.ɾϰʙʘʥʦʚ ʘʪʳʥʜʘϤʳ ɸϨʪϺʙʝ ϺϬʽʨʣʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, ʭ.Ϥ.ʢ.,  

ɼʘʙʳʣʦʚʘ Ϸʣʠʷ ɸʡʪϨʘʣʠϨʳʟʳ 

ϧ.ɾϰʙʘʥʦʚ ʘʪʳʥʜʘϤʳ ɸϨʪϺʙʝ ϺϬʽʨʣʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, ʤʘʛʠʩʪʨʘʥʪ 

 

 

ɸשʜʘʪʧʘ. ɹײʣ ʤʘץʘʣʘʜʘ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʩʠʥʪʝʟʜʝʫʜʽש ʞᴅʥʝ ʤʝʪʘʣʣ ʦʨʛʘʥʠʢʘʣʳץ ץʘץשʘʣʳץ 

ʧʦʣʠʤʝʨʣʝʨʜʽש (MOF- metal organic framework) ʥʝʛʽʟʽʥʜʝʛʽ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʩʠʥʪʝʟʜʝʫʜʽש 

ᴅʜʽʩʪʝʨʽ ץʘʨʘʩʪʳʨʳʣסʘʥ.  

ʄʝʪʘʣʣʦʨʛʘʥʠʢʘʣʳץ ץʘץשʘʣʳץ ʧʦʣʠʤʝʨʣʝʨʜʽײץ  שʨʘʤʳ ʤʝʥ ײץʨʳʣʳʩʳ ʪʫʨʘʣʳ ᴅʨʪװʨʣʽ 

 .ʨʛʽʟʽʣʜʽװʤʳʩʪʘʨʳ ʞײʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʟʝʨʜʝʣʝʫ ʞ  שʘʣʘʣʘʨʳʥʳץʳʣʳʤʠ ʤʘס

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ,ʥʘʥʦײץʨʳʣʳʤʜʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ, ʤʝʪʘʣʣʦʨʛʘʥʠʢʘʣʳץ 

 .ʧʦʣʠʤʝʨʣʝʨ ץʘʣʳץשʘץ

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ, ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʩʠʥʪʝʟʘ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʨʢʘʩʥʳʭ ʧʦʣʠʤʝʨʦʚ ( MOF - metal organic 

framework). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʦ ʩʦʩʪʘʚʝ ʠ ʩʪʨʦʝʥʠʠ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʨʢʘʩʥʳʭ ʧʦʣʠʤʝʨʦʚ ʧʨʦʚʝʜʝʥʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʪʘʣʠʟʘʪʦʨʳ,ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʝ 

ʢʘʨʢʘʩʥʳʝ ʧʦʣʠʤʝʨʳ. 

Annotation. This article describes the methods, composition and structure of the synthesis of 

catalysts and the synthesis of catalysts based on metal-organic frame polymers (MOF-metal organic 

framework). Based on the research results of various scientific articles on organometallic frame 

polymers, a research work was carried out. 

Key words: catalyst,nanostructured catalysts, metal organic framework 

ʂaʪaʣʠʟaʪopʣap ʤeʥ ʪacʳʤaʣʜaʫʰʳʣapʜʳש ʬʠʟʠʢo ʭʠʤʠʷʣʳץ ʞᴅʥe ʪeʭʥoʣoʛʠʷʣʳץ 

cʠʧaʪʪaʤaʣapʳ cʠʥʪeʟ ʞᴅʥe ʜaʡʳʥʜaʫ ᴅʜici apץʳʣʳ aʥʳץʪaʣaʜʳ. ʂaʪaʣʠʟaʪopʣap cʠʥʪeʟi 

ʢeʟiʥʜe ʞoסapʳ ʙeʣceʥʜiʣiʢ ʧeʥ ʪaʣסaʤʧaʟʜʳץʪʳ ץaʤʪaʤacʳʟ eʪeʪiʥ ʞoסapʳ ʙeʪiʥʜe 

ʢaʪaʣʠʪʠʢaʣʳץ opʪaʣʳץʪap ײץpʫ ץaʞeʪ. Peaʢʮʠʷʣap ʥeʛiʟiʥeʥ iʰʢi ʙeʪiʥʜe ʞװpeʪiʥʜiʢʪeʥ, ʢᴇʧ 

ʞaסʜaʡʜa ʤaʢcʠʤaʣʜʳ ʙeʪʢi ץaʙaʪʳ ʜaʤʳסaʥ ʢaʪaʣʠʟaʪopʣap ʜaʡʳʥʜaʣaʜʳ. Coʥʳʤeʥ ץaʪap, 

ᴅpʪװpʣi peaʢʮʠʷʣap װʰiʥ ץaʪʪʳ ʙeʪʪiײץ שpʳʣʳʤʳ ʪap ʥeʤece ʢeץ שʫʳcʪapʤeʥ 

aʥʳץʪaʣaʜʳ.ʊװʡipʰiʢʪiש ʢaʪaʣʠʪʠʢaʣʳץ ʞᴅʥe ʙeʪʪiʢ ץacʠeʪʪepi, oʥʳש ʤᴇʣʰepi ʤeʥ ʬopʤacʳ 

ʢaʪaʣʠʟaʪop ץaʙaʪʳʥʳש ʙeʣceʥʜiʣiʛi ʤeʥ ʪaʣסaʤʧaʟʜʳסʳʥ, ʤeʥʰiʢʪi ᴇʥiʤʜiʣiʛi ʤeʥ 

ʛʠʜpaʚʣʠʢaʣʳץ ʢeʜepʛiciʥ aʥʳץʪaʡʜʳ. Coʥʜʳץʪaʥ cʠʥʪeʟ ʞᴅʥe ʪװʡipʰiʢʪeʫʛe ʙaʡʣaʥʳcʪʳ 



ñʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ ɸʂɸɼɽʄʀʂò                                                          ̄ 1  (104), 2021 ʛ. 

_______________________________________________________________________________________ 

32 
 

oʧepaʮʠʷʣapʳ ʢaʪaʣʠʟaʪopʣapʜʳ ʜaʡʳʥʜaʫ ʪeʭʥoʣoʛʠʷcʳʥʜaסʳ ʤaשʳʟʜʳ ץaʜaʤ ʙoʣʳʧ 

ʪaʙʳʣaʜʳ[1]. 

ʂaʪaʣʠʟaʪopʣapʜʳש caʧacʳ ʭʠʤʠʷʣʳץ ᴇʥʜipicʪiש ʥeʛiʟʛi ʢᴇpceʪʢiʰʪepiʥ aʥʳץʪaʡʜʳ. 

 שʳ, peaʢʪopʣapʜʳסʳʥʜʳʣʳץapץ pʜicװ ,ʳʤʳסoʣʜaʥʳʣaʪʳʥ ʙaʡʣaʥʳc ʤaccacʳ: ᴇʥiʤ ʰʳפ

 ʤcaʣaʪʳʥײaʪap ʢaʪaʣʠʟaʪopʣapʜʳ ᴇʥʜipʫʛe ʞץ ʳ.  Coʥʳʤeʥסʪʳץʟaײ ʤʳc icʪeʫײʟʜiʢciʟ ʞװ

ʰʳסʳʥʜap ᴅʜeʪʪe ʤaץcaʪʪʳ ᴇʥiʤʥiש ᴇʟiʥʜiʢ ײץʥʳʥʳש ʪeʢ ʧaʡʳʟʜʳװ שʣeciʥ סaʥa ײץpaʡʜʳ. 

Coʥʜʳץʪaʥ ʢaʪaʣʠʟaʪopʣap ᴇʥʜipici ʙacץa ʢᴇʧʪoʥʥaʞʜʳ ᴇʥiʤʜepʤeʥ caʣʳcʪʳpסaʥʜa ʥaץʪʳ 

aʡʳpʤaʰʳʣʳסʳ ᴇʥiʤʥiש ᴇʟiʥʜiʢ ײץʥʳ eʤec , ʙeʣceʥʜiʣiʛi ʤeʥ ʞײʤʳcץa ʪײpaץʪʳʣʳסʳ. 

ᴆʥʜipicʪiʢ ʢaʪaʣʠʟaʪopʜʳ ʜaʡʳʥʜaʫ ʤeʥ cʠʥʪeʟʜeʫ ᴅʜicʪepiʥe ץapaʡ ʢeʣeci ʪoʧʪapסa 

ʙᴇʣʫʛe ʙoʣaʜʳ[2]: 

1. ʊײʥʜʳpʳʣסaʥ ʢaʪaʣʠʟaʪopʣap ( ʪײʟ, oʢcʠʜ, ץʳʰץʳʣ, ʥeʛiʟʜi), ʤoʥoʣʠʪʪi ʥeʤece eʢiʥʰi 
peʪʪi ץaʣʳʧʪaʣסaʥ ײץpʳʣʳʤʜʳ ʢaʪaʣʠʟaʪopʣap 

2. Ciשʜipiʣʛeʥ ( ʞaסʳʣסaʥ) ʢaʪaʣʠʟaʪopʣap ( ʪײʟ, oʢcʠʜ, ʤeʪaʣʣ, ץʳʱץʳʣ ʥeʛiʟʜi) 

ʂaʪaʣʠʟaʪopʣapʜʳש ʙײʣ ʪװpiʥ ʜaʡʳʥ ʪװʡipʰiʢ ʪacʳʤaʣʜaʫʰʳʣapʜa ʥeʤece ץaʣʳʧʪaʫ 

ᴅʜiciʤeʥ aʣʳʥaʜʳ.  

3. ɹacʪaʧץʳ ʢoʤʧoʥeʥʪʪepʜi ʤeʭaʥʠʢaʣʳץ apaʣacʪʳpʫ apץʳʣʳ aʣʳʥסaʥ ʢaʪaʣʠʟaʪopʣap. 

4. ʊop, cʳʤ cʧʠpaʣʴʜapʳ, ʮʠʣʠʥʜpʣep ʞᴅʥe ʪ.ʙ. ʪװpiʥʜe aʣʳʥaʪʳʥ ʙaʣץʳʪʳʣסaʥ ʪײʪac 
ʢaʪaʣʠʟaʪopʣap (ʤeʪaʣʣ ʞᴅʥe oʢcʠʜʪi) 

  .a (ʤeʪaʣʣ) ʢaʪaʣʠʟaʪopʣapʳץשaפ .5

6. ʎeoʣʠʪʪep (ʤoʣeʢʫʣaʣʳץ eʣeʫiʰ) 

ʇʦʣʠʤʝʨʣʝʨʜʽ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʩʠʥʪʝʟʜʝʫʜʝ ץʦʣʜʘʥʫ XX סʘʩʳʨʜʳ70-90 ש ʞʳʣʜʘʨʳ 

ʜʘʤʠ ʙʘʩʪʘʜʳ[3,4]. ɸʣʘʡʜʘ, ʤʝʪʘʣʜʘʨʜʳ ʧʦʣʠʤʝʨʣʝʨʛʝ ʙʝʢʽʪʫʜʽש ʩʪʘʥʜʘʨʪʪʳ ʪᴅʩʽʣʜʝʨʽ ʤʝʥ 

ᴅʜʽʩʪʝʨʽʥʽש ʙʦʣʤʘʫʳ ʦʩʳ ʙʘסʳʪʪʳש ʜʘʤʫʳʥ ʝʜᴅʫʽʨ ʙʘʷʫʣʘʪʪʳ. ײפʨʘʤʳʥʜʘ ʤʘʢʨʦʤʦʣʝʢʫʣʘʣʳץ 

ʢʦʤʧʦʥʝʥʪʽ ʙʘʨ ʢʘʪʘʣʠʪʠʢʘʣʳץ ʞװʡʝʣʝʨʜʽ ʟʝʨʪʪʝʫʛʝ ʜʝʛʝʥ ץʳʟʳסʫʰʳʣʳץʪʳש ʘʨʪʫʳ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʥʳש ʜʘʤʫʳʤʝʥ ʞᴅʥʝ ʧʦʣʠʤʝʨʣʝʨʜʽ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʜʽ ʪײʨʘץʪʘʥʜʳʨסʳʰ 

ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫʤʝʥ ʘʥʳץʪʘʣʜʳ. ʇʦʣʠʤʝʨ ʤʝʪʘʣʣ ʢʝʰʝʥʜʝʨʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ 

ʢᴇʧʪʝʛʝʥ ʞʘסʜʘʡʣʘʨʜʘ ᴅʨʪװʨʣʽ ʢʘʪʘʣʠʪʠʢʘʣʳץ ʧʨʦʮʝʩʪʝʨʜʝ ʞʦסʘʨʳ ʙʝʣʩʝʥʜʽʣʽʢʪʽ ʢᴇʨʩʝʪʪʽ. 

ʄʆפʇ ץʘʩʠʝʪʪʝʨʽʥ ʩʠʥʪʝʟʜʝʫ ʞᴅʥʝ ʟʝʨʪʪʝʫ ץʘʟʽʨʛʽ ʭʠʤʠʷʥʳש "ʳʩʪʳץ ʥװʢʪʝʩʽ" ʜʝʧ 

ʘʪʘʣʘʜʳ. ɹײʣ ʪʘץʳʨʳʧ ʝש ʞʦסʘʨʳ סʳʣʳʤʠ ʞʫʨʥʘʣʜʘʨʜʘסʳ ʢᴇʧʪʝʛʝʥ ʪװʧʥײʩץʘ ʤʘץʘʣʘʣʘʨ ʤʝʥ 

ʪʘץʳʨʳʧʪʘʨסʘ ʘʨʥʘʣסʘʥ. ʆʩʳ ʪʘץʳʨʳʧ ʙʦʡʳʥʰʘ ʤʘץʘʣʘʣʘʨ ʩʘʥʳ ʞʳʣ ʩʘʡʳʥ ʘʨʪʳʧ ʢʝʣʝʜʽ. 

ʄʝʪʘʣʣ ʦʨʛʘʥʠʢʘʣʳץ ץʘץשʘʣʘʨ ʦʨʛʘʥʠʢʘʣʳץ ʞᴅʥʝ ʙʝʡʦʨʛʘʥʠʢʘʣʳץ ʛʠʙʨʠʜʪʽ ʢʨʠʩʪʘʣʜʳ 

ʢʝʫʝʢʪʽ ʤʘʪʝʨʠʘʣʜʘʨ. ʆʣʘʨ ʦʨʛʘʥʠʢʘʣʳץ çʙʘʡʣʘʥʳʩè ʤʦʣʝʢʫʣʘʣʘʨʳʤʥʘʥ ʪײʨʘʪʳʥ ʦש 

ʟʘʨʷʜʪʘʣסʘʥ ʤʝʪʘʣʣ ʠʦʥʜʘʨʳʥʳש ʪײʨʘץʪʳ ʤʘʩʩʠʚʽʥʝʥ ʪײʨʘʜʳ. ʄʝʪʘʣʣ ʠʦʥʜʘʨʳ 

ʙʘʡʣʘʥʳʩʪʳʨʫʰʳʣʘʨʜʳש ʠʳץʪʘʨʳʥ  ץʦʩʘʪʳʥ, ʞʘʩʫʰʘסʘ ץײʩʘʡʪʳʥ ץʘʡʪʘʣʘʥʘʪʳʥ ײץʨʳʣʳʤʜʳ 

ʪװʡʽʥʜʝʨʜʽ ײץʨʘʡʜʳ. ʆʩʳ ץʫʳʩ ײץʨʳʣʳʤʥʳש ʘʨץʘʩʳʥʜʘ MOF ᴇʪʝ װʣʢʝʥ ʽʰʢʽ ʙʝʪʢʝ ʠʝ. 

 ץʦʩʘ, ʭʠʤʠʷʣʳץ ʤᴇʣʰʝʨʽʤʝʥ שʫʳʩʪʘʨʜʳץ ץʩʘײ ʳ ʞᴅʥʝסʘʣʫʘʥʜʳ ץʨʳʣʳʤʜʳײפ

ʪʘʣסʘʤʧʘʟʜʳסʳʥ ʙʘʩץʘʨʘ ʘʣʫ ץʘʙʽʣʝʪʪʽʣʽʛʽʥʽש ʘʨץʘʩʳʥʜʘ MOF ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʘʜʘʤʟʘʪץʘ 

ʛʘʟʜʳ ʪʘשʜʘʤʘʣʳ ʤʝʤʙʨʘʥʘʣʘʨ ʤʝʥ ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʩʫʪʝʛʽ ʦʪʳʥʳʥ 

ʩʘץʪʘʫסʘ, ʵʬʬʝʢʪʠʚʪʽ ʩʫ ʞʠʥʘʫסʘ, ʪʽʧʪʽ ʧʘʨʥʠʢʪʽʢ ʛʘʟʜʘʨʜʳ ʪʽʢʝʣʝʡ ʘʪʤʦʩʬʝʨʘʜʘʥ ײʩʪʘʧ ʘʣʫסʘ 

ʘʨʥʘʣסʘʥ ʪʠʽʤʜʽ ʘʜʩʦʨʙʮʠʷʣʳץ ʤʘʪʝʨʠʘʣʜʘʨ ʞʘʩʘʫסʘ ʢʝʨʝʤʝʪ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʄʆפʇ ʥʝʛʽʟʽʥʜʝ ʞʘשʘ ʙʫʳʥʥʳש ʬʫʥʢʮʠʦʥʘʣʜʳ ʤʘʪʝʨʠʘʣʜʘʨʳ ʞʘʩʘʣʘʜʳ, ʤʳʩʘʣʳ, ᴅʨʪװʨʣʽ 

ʛʘʟʜʘʨʜʳ ʩʘץʪʘʫ װʰʽʥ, ʢװʨʜʝʣʽ ץʦʩʧʘʣʘʨʜʳ ʙᴇʣʫ װʰʽʥ, ʭʠʤʠʷʣʳץ ʪʦʢ ʢᴇʟʜʝʨʽ, ʩʝʥʩʦʨʣʘʨ, 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʨʝʪʽʥʜʝ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ץʘץשʘʣʳץ ʤʝʪʘʣʦʦʨʛʘʥʠʢʘʣʳײץ ץʨʳʣʳʤʜʘʨʜʳ 

ʦʜʘʥ ᴅʨʽ ʟʝʨʪʪʝʫ ʢᴇʧʪʝʛʝʥ ʤʘשʳʟʜʳ ʵʢʦʣʦʛʠʷʣʳץ ʩʪʨʘʪʝʛʠʷʣʘʨʜʳ ʞװʟʝʛʝ ʘʩʳʨʫʜʘ ʤʘשʳʟʜʳ 

ʨᴇʣ ʘʪץʘʨʘʪʳʥʳ ʩᴇʟʩʽʟ. 

 

https://ru.wikipedia.org/wiki/%D0%90%D0%B4%D1%81%D0%BE%D1%80%D0%B1%D1%86%D0%B8%D1%8F
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ɸʊʄʆʉʌɽʈɸʃʓפ ɸʋɸɼɸנʓ ʆɿʆʅ ʄɽʅ ʆʊʊɽʂʊɯר ʍʈʆʄʅʓר ᴄʈʊתʈʃɯ 

ʌʆʈʀɸʃɸʈʓʅʓר ᴆɿɸʈɸ ɸʁʅɸʃʋʃɸʈʓʅɸ  

ᴄʉɽʈɯʅ ɿɽʈʊʊɽʋ 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʆɿʆʅɸ ʀ ʂʀʉʃʆʈʆɼɸ ɸʊʄʆʉʌɽʈʅʆɻʆ ɺʆɿɼʋʍɸ 

ʅɸ ɺɿɸʀʄʆʇʈɽɺʈɸʑɽʅʀʗ ʈɸɿʃʀʏʅʓʍ ʌʆʈʄ ʍʈʆʄɸ 

STUDY OF INFLUENCE OF ATMOSPHERIC AIR OZONE AND OXYGENVON THE 

MUTUAL TRANSFORMATION OF VARIOUS FORMS OF CHROMIUM  

 

Ϥʳʣʳʤʠ ʞʝʪʝʢʰʽʩʽ: ʊʘʩʪʘʥʦʚʘ ʃʷʟʟʘʪ ʂʥʘʰʝʚʥʘ 

ϧ. ɾϰʙʘʥʦʚ ʘʪʳʥʜʘϤʳ ɸϨʪϺʙʝ ϺϬʽʨʣʽʢ  

ʋʥʠʚʝʨʩʠʪʝʪʽ, ʭ.Ϥ.ʢ., ʜʦʮʝʥʪ, 

ɸϨʪϺʙʝ Ϩ., ϧʘʟʘϨʩʪʘʥ  

ʀʩʢʘʣʠʝʚʘ ʊʦʤʠʨʠʩ ɹʘʫʳʨʞʘʥʦʚʥʘ 

ʤʘʛʠʩʪʨʘʥʪ 2 ʢʫʨʩʘ 

ϧ. ɾϰʙʘʥʦʚ ʘʪʳʥʜʘϤʳ ɸϨʪϺʙʝ ϺϬʽʨʣʽʢ  

ʋʥʠʚʝʨʩʠʪʝʪʽ, ʤʘʛʠʩʪʨʘʥʪ, 

ɸϨʪϺʙʝ Ϩ., ϧʘʟʘϨʩʪʘʥ  
 

 

ɸרɼɸʊʇɸ 

 

ɸʪʤʦʩʬʝʨʘʜʘסʳ ʭʨʦʤ ʭʠʤʠʷʩʳ ʘʟ ʟʝʨʪʪʝʣʛʝʥ, ᴅʩʽʨʝʩʝ ײץʨʘʤʳʥʜʘ ʭʨʦʤʳ ʙʘʨ 

ʙᴇʣʰʝʢʪʝʨʜʽש ʩʳʥʘʤʘʣʘʨʜʳ ײʟʘץ ʫʘץʳʪ (24 ʩʘסʘʪ) ʩװʟʛʽʜʝʥ ᴇʪʢʽʟʛʝʥʥʝʥ ʢʝʡʽʥʛʽ ᴅʨʝʢʝʪʽ ʘʟ 

ʟʝʨʪʪʝʣʛʝʥ. ʉʦʥʜʳץʪʘʥ ʦʟʦʥʥʳש (4 ʞʠʽʣ./ʤʣʥ.)  ʞᴅʥʝ ʦʪʪʝʢʪʽש ʙʝʣʩʝʥʜʽ ʪװʨʣʝʨʽʥʽש (ʆɹʊ) 

(>700 ʥʤʦʣʴ ʵʢʚʠʚʘʣʝʥʪ H2O2) ʙᴇʣʰʝʢʪʝʨʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʭʨʦʤʥʳש ᴇʟʘʨʘ ʪװʨʣʝʥʫʽ ᴅʩʝʨʽʥ 

ʟʝʨʪʪʝʫ ʙʦʡʳʥʰʘ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨ ʞװʨʛʽʟʽʣʜʽ. ʉװʟʛʽʜʝ ʞʠʥʘʣסʘʥ ʭʨʦʤ (IV)ʥʳש ʭʨʦʤ (III)ʢʝ 

ʜʝʡʽʥ 24ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ, ʨʅ 4 ʞᴅʥʝ 10% ʩʘʣʳʩʪʳʨʤʘʣʳ ʳʣסʘʣʜʳʣʳץʪʘ, ץʦʩʳʤʰʘ ʦʟʦʥʩʳʟ 

ʞʘסʜʘʡʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ, 2 ʩʘסʘʪʪʳץ ᴅʩʝʨʜʝʥ ʢʝʡʽʥ 48 Ñ 3% -ʜʘʥ 26 Ñ 3% -סʘ ʜʝʡʽʥ 

ʪᴇʤʝʥʜʝʜʽ. ʆʟʦʥ ʤʝʥ ʆɹʊ ʭʨʦʤ (III)-ʪʽש ʭʨʦʤ (VI)-סʘ ʜʝʡʽʥ ʪʦʪʳסʫʳʥʘ ᴅʢʝʣʜʽ pʅ 4 ʢʝʟʽʥʜʝ 

ʦʟʦʥ װʰʽʥ 7% ʜʝʡʽʥ ʞᴅʥʝ ʨʅ 9 ʢʝʟʽʥʜʝ ʆɹʊ ʤʝʥ ʦʟʦʥ װʰʽʥ 4,5 ʝʩʝ ʜʝʡʽʥ), ʪʝʧʝ-ʪʝשʜʽʢ 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʘ ʙʽʨʥʝʰʝ ʩʘסʘʪʪʘʥ ʢʝʡʽʥ ץʦʣ ʞʝʪʢʽʟʽʣʜʽ. ʆʟʦʥ ʤʝʥ ʆɹʊ ʙʝʣʛʽʣʽ ʙʽʨ ʜᴅʨʝʞʝʜʝ 

Cr (VI) ʪʦʪʳץʩʳʟʜʘʥʜʳʨʘʜʳ. ʍʨʦʤʥʳש (III) ʦʟʦʥʤʝʥ ʪʦʪʳסʫʳ ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʪᴇʤʝʥʜʝʫʽʤʝʥ 

ʙʘʷʫʣʘʜʳ, ʙײʣ ʪᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʭʨʦʤ (III) ʩʳʥʘʤʘʣʘʨʳʥ ʘʣʫ ʘʫʘʜʘסʳ 

ʪʦʪʳץʪʳʨסʳʰʪʘʨʤʝʥ ʭʨʦʤ (III) ʪʦʪʳסʫʳʥʘʥ ʙʦʣʘʪʳʥ ʥᴅʪʠʞʝʣʝʨʜʽש ʙײʨʤʘʣʘʥʫʳʥ ʘʟʘʡʪʘʜʳ 

ʜʝʧ ʙʦʣʞʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʭʨʦʤ, ʦʟʦʥ, ʆɹʊ, ʪװʨᴇʟʛʝʨʫ, ʩʳʥʘʤʘ ʘʣʫ, Cr (III), Cr (VI). 

 

ɸʅʅʆʊɸʎʀʗ 

 

ʍʠʤʠʷ ʭʨʦʤʘ ʚ ʘʪʤʦʩʬʝʨʝ ʤʘʣʦ ʠʟʫʯʝʥʘ, ʦʩʦʙʝʥʥʦ ʧʦʚʝʜʝʥʠʝ ʯʘʩʪʠʮ, ʩʦʜʝʨʞʘʱʠʭ 

ʭʨʦʤ, ʧʦʩʣʝ ʠʭ ʫʣʘʚʣʠʚʘʥʠʷ ʬʠʣʴʪʨʘʤʠ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʦʪʙʦʨʘ ʧʨʦʙ (24 ʯ). 

ʇʦʵʪʦʤʫ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʦʟʦʥʘ (4 ppm) ʠ ʩʚʷʟʘʥʥʳʭ ʩ 

ʯʘʩʪʠʮʘʤʠ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ (ɸʌʂ) (>700 ʥʤʦʣʴ ʵʢʚʠʚʘʣʝʥʪʘ H2O2) ʥʘ ʩʧʝʮʠʘʮʠʶ 

ʭʨʦʤʘ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʭʨʦʤʘ (IV), ʩʦʙʨʘʥʥʦʛʦ ʥʘ ʬʠʣʴʪʨʝ, ʜʦ ʭʨʦʤʘ (III) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

24Áʉ, pH 4 ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 10% ʩʥʠʟʠʣʦʩʴ ʩ 48Ñ3% ʜʦ 26Ñ3% (p<0.001) ʧʦʩʣʝ 2 ʯ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʩʣʦʚʠʷʤʠ ʦʪʩʫʪʩʪʚʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʟʦʥʘ (ʢʦʥʪʨʦʣʴʥʳʝ 
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ʵʢʩʧʝʨʠʤʝʥʪʳ). ʆʟʦʥ ʠ ɸʌʂ ʧʨʠʚʝʣʠ ʢ ʥʝʢʦʪʦʨʦʤʫ ʦʢʠʩʣʝʥʠʶ ʭʨʦʤʘ (III) ʜʦ ʭʨʦʤʘ (VI) (ʜʦ 

7% ʜʣʷ ʦʟʦʥʘ ʧʨʠ pH 4 ʠ ʜʦ 4,5 ʨʘʟ ʜʣʷ ɸʌʂ ʠ ʦʟʦʥʘ ʧʨʠ pH 9), ʧʨʠʯʝʤ ʨʘʚʥʦʚʝʩʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ. ʆʟʦʥ ʠ ɸʌʂ ʤʦʛʫʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʚ 

ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ Cr (VI), ʧʨʦʠʩʭʦʜʷʱʠʝ ʬʠʣʴʪʨʘʭ ʩ ʟʘʜʝʨʞʘʥʥʳʤʠ 

ʪʚʝʨʜʳʤʠ ʯʘʩʪʠʮʘʤʠ. ʆʢʠʩʣʝʥʠʝ ʭʨʦʤʘ (III) ʦʟʦʥʦʤ ʟʘʤʝʜʣʷʣʦʩʴ ʧʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʧʦʟʚʦʣʷʷ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʪʙʦʨ ʧʨʦʙ ʭʨʦʤʘ (III) ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʟʚʦʣʠʪ 

ʩʥʠʟʠʪʴ ʠʩʢʘʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʦʟʥʠʢʘʶʱʝʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʭʨʦʤʘ (III) 

ʦʢʠʩʣʠʪʝʣʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠʩʷ ʚ ʚʦʟʜʫʭʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: : ʭʨʦʤ, ʦʟʦʥ, ɸʌʂ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʩʳʥʘʤʘ ʘʣʫ, Cr (III), Cr (VI). 

 

ANNOTATION  

 

The chemistry of chromium in the atmosphere is poorly understood, especially the behavior 

of chromium-containing particles after they are captured by filters during long sampling intervals 

(24 h). Therefore, experiments were conducted to study the effect of ozone (4 ppm) and particle-

related reactive oxygen species (ROS) (>700 nmol of H2O2 equivalent) on chromium 

specialization. The reduction of chromium (IV) collected on the filter to chromium (III) at a 

temperature of 24ÁC, pH 4, and relative humidity of 10% decreased from 48Ñ3% to 26Ñ3% 

(p<0.001) after 2 hours of exposure compared to the conditions without additional ozone (control 

experiments). Ozone and ROS led to some oxidation of chromium (III) to chromium (VI) (up to 7% 

for ozone at pH 4 and up to 4.5 times for ROS and ozone at pH 9), and the equilibrium 

concentration was reached after a few hours. Ozone and ROS can compensate to some extent for 

the reduction of Cr (VI) occurring in filters with trapped solid particles. The oxidation of chromium 

(III) by ozone slowed down as the temperature decreased, suggesting that sampling chromium (III) 

at a low temperature would reduce the distortion of the results resulting from the oxidation of 

chromium (III) by oxidizing agents in the air. 

Keywords: chromium, ozone, ROS, transformation, sampling, Cr (III), Cr (VI). 

ɸʪʤʦʩʬʝʨʘʣʳץ ʞʘסʜʘʡʜʘ ʭʨʦʤ ʥʝʛʽʟʽʥʝʥ װ  h ʚʘʣʝʥʪʪʽ [Cr(III)] ʞᴅʥʝ ʘʣʪʳ ʚʘʣʝʥʪʪʽ 

[Cr(VI)] ʢװʡʜʝ ʙʦʣʘʜʳ. Cr (III) - ʪʽʨʽ ʦʨʛʘʥʠʟʤʜʝʨʜʽש ʜײʨʳʩ ʞײʤʳʩ ʽʩʪʝʫʽ װʰʽʥ ʤʘשʳʟʜʳ 

ʤʠʢʨʦʵʣʝʤʝʥʪ. ɸʣʘʡʜʘ, Cr(VI) ʫʣʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ײץʨʘʤʳʥʜʘ Cr(VI) ʙʘʨ ʘʫʘʤʝʥ 

ʜʝʤʘʣסʘʥʜʘ ץʘʪʝʨʣʽ ʽʩʽʢʢʝ, ʘʩʪʤʘסʘ, ʙʨʦʥʭʠʪʢʝ ᴅʢʝʣʝʜʽ ʞᴅʥʝ ʤײʨʳʥ ץʫʳʩʳ ʟʘץʳʤʜʘʥʫʳ 

ʤװʤʢʽʥ. ײפʨʘʤʳʥʜʘ ʭʨʦʤ ʙʘʨ ʩʫ ʝʨʽʪʽʥʜʽʣʝʨʽʥʽש ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʟʝʨʪʪʝʣʽʥʫʽʥʝ 

 ʘʩʠʝʪʪʝʨʽ, ʘʪʘʧץ ץʭʠʤʠʷʣʳ שʭʨʦʤʥʳ ץʘʨʘʤʘʩʪʘʥ (ɻʝʨʪʠʥ ʞᴅʥʝ ʪ.ʙ., 2005), ʘʪʤʦʩʬʝʨʘʣʳץ

ʘʡʪץʘʥʜʘ ʙʝʣʩʝʥʜʽ ʛʘʟʜʘʨ ʤʝʥ ʙᴇʣʰʝʢʪʝʨʜʽץ שʘʪʳʩʫʳʤʝʥ ʭʨʦʤʥʳש ʪװʨᴇʟʛʝʨʽʩʪʝʨʽ ʥʘʰʘʨ 

ʟʝʨʪʪʝʣʛʝʥ [1]. 

ʉʝʥʦʨ ʤʝʥ ʂʦʥʩʪʘʥʪʠʥʫ (1995) ʭʨʦʤʥʳש ʩײʡʳץ ץʘʙʘʪʪʳ ʙᴇʣʰʝʢʪʝʨ ʤʝʥ ʪʘʤʰʳʣʘʨסʘ 

ʘʪʤʦʩʬʝʨʘʣʳץ ʨʝʘʢʮʠʷʣʘʨʳʥ ʤʦʜʝʣʴʜʝʜʽ. Cr (VI) ʞʘʨʪʳʣʘʡ ʳʜʳʨʘʫ ʧʝʨʠʦʜʳ ʙʝʣʩʝʥʜʽ 

ʟʘʪʪʘʨʜʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 6 ʩ-ʪʝʥ 7 ʩʘס ʘʨʘʣʳסʳʥʜʘ ʙʦʣʜʳ. ɻʨʦʟʝ ʞᴅʥʝ 

ʙʘʩץʘʣʘʨ ʭʨʦʤʥʳש ᴅʨ ʪװʨʣʽ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʜʘ ʞᴅʥʝ ᴅʨ ʪװʨʣʽ ʩʘʣʳʩʪʳʨʤʘʣʳ ʳʣסʘʣʜʳʣʳץʪʘ 

(RH) ʟʝʨʪʭʘʥʘʣʳץ ʨʝʘʢʮʠʷ ʢʘʤʝʨʘʩʳʥʜʘ ʛʘʟʜʘʨ ʤʝʥ ʙʝʣʩʝʥʜʽ ʟʘʪʪʘʨ ʙᴇʣʰʝʢʪʝʨʽʥʽש, ʩʦʥʳש 

ʽʰʽʥʜʝ HNO3, HCHO, O3, NO2, SO2, ʤ-ʢʩʠʣʦʣ, ʙʝʥʟʦʣ, Fe
2+

 ʞᴅʥʝ V
2+

 ʘʥ ʢʝʟʜʝ Crסʦʩʧʘʩʳ ʙʦʣץ  

(VI) ʨʝʘʢʮʠʷʣʘʨʳʥ ʟʝʨʪʪʝʜʽ. 24 ʩʘסʘʪʪʘʥ ʢʝʡʽʥ Cr (VI)-ʥʳש Cr (III) ʪװʨʽʥʝ ʘʫʳʩʫʳ <5% -ʜʘʥ 

99% -ʢʝ ʜʝʡʽʥ ʙʦʣʜʳ. ɺʝʨʥʝʨ ʤʝʥ ʙʘʩץʘʣʘʨ (2006) ʞᴅʥʝ ʅʠʢʦ ʤʝʥ ʙʘʩץʘʣʘʨ (2009) ʛʘʟ ʪᴅʨʽʟʜʽ 

ʙʝʣʩʝʥʜʽ ʟʘʪʪʘʨ (ʆɹʊ ʞᴅʥʝ O3) ʘʪʤʦʩʬʝʨʘʣʳץ ʭʨʦʤ ʝʨʽʪʽʥʜʽʣʝʨʽʥʽש ʭʠʤʠʷʣʳץ ʨʝʘʢʮʠʷʣʘʨʳʥʘ 

 ʞᴅʥʝ ץʳ ʢʘʤʝʨʘʣʳסשʩʦ (ʍʫʘʥ, 2012) (VI) שʭʨʦʤʥʳ ץʘʪʳʩʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ. ɸʪʤʦʩʬʝʨʘʣʳץ
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ʜʘʣʘʣʳץ ʟʝʨʪʪʝʫʣʝʨʽ SO2, ᴇʣʰʝʥʛʝʥ ʙᴇʣʰʝʢʪʝʨ, ʦʪʪʝʛʽʥʽש ʙʝʣʩʝʥʜʽ ʪװʨʣʝʨʽ ʞᴅʥʝ ʳʣסʘʣʜʳʣʳץ 

ʩʳʥʘʤʘʣʘʨʜʳ ʘʣʫ ʢʝʟʽʥʜʝ ʝʨʠʪʽʥ ʭʨʦʤ ʬʦʨʤʘʣʘʨʳʥʳש ʚʘʣʝʥʪʪʽʣʽʢ ʢװʡʽʥ ᴇʟʛʝʨʪʝ ʘʣʘʪʳʥʜʳסʳʥ 

ʢᴇʨʩʝʪʪʽ [2]. 

ɸʤʫʝʠ ʊʦʨʢʤʘʭʘʣʣʝʭ ʞᴅʥʝ ʙʘʩץʘʣʘʨ (2012) ʩʽʣʪʽʣʽʢ ʨʅ-ʪʘ Cr (VI) ʪײʨʘץʪʳʣʳסʳ 

 ʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʝʢʝʥʽʥסʘʣʜʳʣʳסʩʘʣʳʩʪʳʨʤʘʣʳ ʳʣ ץʢʨʠʪʠʢʘʣʳ שʘʥ ʙᴇʣʰʝʢʪʝʨʜʽסʦʨʰʘץ

ʢᴇʨʩʝʪʪʽ. ɸʡʥʘʣʘʜʘסʳ ᴇʣʰʝʥʛʝʥ ʙᴇʣʰʝʢʪʝʨʜʽש ʢʨʠʪʠʢʘʣʳץ ʩʘʣʳʩʪʳʨʤʘʣʳ ʳʣסʘʣʜʳʣʳסʳ 

23ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 76%Ñ2% ײץʨʘʡʜʳ. ɸʣʘʡʜʘ, ʩʘʣʳʩʪʳʨʤʘʣʳ ʳʣסʘʣʜʳʣʳסʳ ʪᴇʤʝʥ ʞᴅʥʝ 

ʘʪʤʦʩʬʝʨʘʣʳץ ʪʦʪʳץʪʳʨסʳʰʪʘʨʜʳץ שʘʪʳʩʫʳʤʝʥ ʞʠʥʘʣסʘʥ ʙᴇʣʰʝʢʪʝʨʜʝʛʽ ʭʨʦʤʥʳש 

ʪײʨʘץʪʳʣʳסʳ ʞʝʪʢʽʣʽʢʩʽʟ ʟʝʨʪʪʝʣʛʝʥ. ʉʳʥʘʤʘʣʘʨʜʳ ʽʨʽʢʪʝʫ ʘʷץʪʘʣסʘʥʥʘʥ ʢʝʡʽʥ ʩʳʥʘʤʘ 

ʽʨʽʢʪʝʛʽʰʪʝ ʙʽʨʘʟ ʫʘץʳʪ ײʩʪʘʫ ץʘʞʝʪ ʙʦʣסʘʥʜʳץʪʘʥ, ʦʩʳ ʟʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʦʟʦʥʥʳש ʞᴅʥʝ 

ʆɹʊ ʙᴇʣʰʝʢʪʝʨʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ײץʨסʘץ ʢװʡʜʝʛʽ ʙᴇʣʰʝʢʪʝʨʜʝʛʽ (ʛʘʟ ʞᴅʥʝ ץʘʪʪʳ ʙᴇʣʰʝʢʪʝʨ 

ʨʝʘʢʮʠʷʣʘʨʳ) ʭʨʦʤʥʳש ʩʧʝʮʠʬʠʢʘʮʠʷʩʳʥʘ ᴅʩʝʨʽ ʟʝʨʪʪʝʣʜʽ, ʙײʣ ʦʟʦʥʤʝʥ ʞᴅʥʝ ʆɹʊ 

ʙᴇʣʰʝʢʪʝʨʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʭʨʦʤʥʳש ʝʨ̔ʤʝʡʪʽʥ ʪװʨʣʝʨʽʥʽש ʨʝʘʢʮʠʷʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [3]. 

Cr(III) ʢʦʥʚʝʨʩʠʷ ʜᴅʨʝʞʝʩʽ 4 ppm ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʙʘʨ ʦʟʦʥ ᴅʩʝʨʽʥʽ60 ,30 ש ʞᴅʥʝ 120 

ʤʠʥʫʪʪʘʥ ʢʝʡʽʥ 0,15Ñ0,03% - ʜʘʥ 1,10Ñ0.06% - סʘ ʜʝʡʽʥ, 1,07Ñ0,02% - ʜʘʥ 4,1Ñ0,3% - סʘ ʜʝʡʽʥ 

ʞᴅʥʝ 3,0Ñ0,1% - ʜʘʥ 7,1Ñ1,3% - סʘ (p < 0,001) ʜʝʡʽʥ ײʣסʘʡʜʳ. ʊʠʽʩʽʥʰʝ, ʨʅ 4 ʢʝʟʽʥʜʝʛʽ 

ʙʘץʳʣʘʫ ʪᴅʞʽʨʠʙʝʣʝʨʽʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ (ʩʫʨʝʪ. 1). ɹʘץʳʣʘʫ ʞʘסʜʘʡʳʥʜʘ ᴇʪʝʪʽʥ Cr(III) 

ʢʦʥʚʝʨʩʠʷʩʳ ʤʝʥ ʦʟʦʥʥʳץ שʘʪʳʩʫʳʤʝʥ Cr(III) ʢʦʥʚʝʨʩʠʷʩʳ ʘʨʘʩʳʥʜʘסʳ ʩʪʘʪʠʩʪʠʢʘʣʳץ 

ʤʘשʳʟʜʳ ʘʡʳʨʤʘʰʳʣʳץ ʪʝʧʝ-ʪʝשʜʽʢ ʞʘסʜʘʡʳʥʘ ʞʝʪʢʝʥʥʝʥ ʢʝʡʽʥ ʪʘʙʳʣסʘʥ ʞʦץ. ɹʘץʳʣʘʫ 

ʞʘסʜʘʡʳʥʜʘ Cr(III) ʢʦʥʚʝʨʩʠʷʩʳ ʟʝʨʪʭʘʥʘ ʘʫʘʩʳʥʜʘ ʦʟʦʥ ʤᴇʣʰʝʨʽʥʽש ʘʟ ʙʦʣʫʳʥʘ (ɻʨʦʟʝ ʠ ʜʨ., 

1988), ʩʦʥʜʘʡ-ʘץ ʩʘץʪʘʫ ʞᴅʥʝ ʪʘʣʜʘʫ ʧʨʦʮʝʩʽʥʜʝ ʰʝʢʪʝʫʣʽ ʢʦʥʚʝʨʩʠʷ ʥᴅʪʠʞʝʩʽʥʜʝ ʙʦʣʘʜʳ. 

ʆʟʦʥʥʳץ שʘʪʳʩʫʳʤʝʥ 2 ʩʘסʘʪʪʘʥ ʢʝʡʽʥ ʞᴅʥʝ ʦʟʦʥ ʙʦʣʤʘסʘʥ ʢʝʟʜʝ 4 ʩʘסʘʪʪʘʥ ʢʝʡʽʥ Cr(III) 

ʢʦʥʚʝʨʩʠʷʩʳʥʳש ʦʜʘʥ ᴅʨʽ ײʣסʘʶʳ ʙʘʡץʘʣʤʘʜʳ [4]. 

 

 

1-ʩʫʨʝʪ. pH =4, T = 24 Áʉ, RH = 10%.ʢʝʟʽʥʜʝ ʦʟʦʥʤʝʥ ʨʝʘʢʮʠʷ ʢʝʟʽʥʜʝ ʞᴅʥʝ ʦʟʦʥ 

ʙʦʣʤʘסʘʥ ʢʝʟʜʝ (ʙʘץʳʣʘʫ ʵʢʩʧʝʨʠʤʝʥʪʽ) 
50
Cr(III) ʠ 

53
Cr(VI) ʢʦʥʚʝʨʩʠʷʩʳ. 

1-ʩʫʨʝʪʪʝ ʙʘץʳʣʘʫ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʽ ʧʨʦʮʝʩʽʥʜʝ ʞᴅʥʝ ʦʟʦʥʥʳש ᴅʩʝʨʽʥʝʥ Cr(VI) 

ʪʦʪʳץʩʳʟʜʘʥʫʳ ʢᴇʨʩʝʪʽʣʛʝʥ. ʆʟʦʥʥʳץ שʘʪʳʩʫʳʤʝʥ CR(VI) ʢʦʥʚʝʨʩʠʷ ʜᴅʨʝʞʝʩʽ ʪʠʽʩʽʥʰʝ 1 

ʞᴅʥʝ 2 ʩʘסʘʪ ᴅʩʝʨ ʝʪʫ ʘʨץʳʣʳ 16Ñ2% - ʜʘʥ 8,4Ñ1,8% - סʘ (p=0,013) ʞᴅʥʝ 48Ñ3% - ʜʘʥ 26Ñ3% - 

 ʘʣʧʳʥʘ ʢʝʣʪʽʨʫ ʢʝʟʽʥʜʝץ ʘʥ ʢʝʟʜʝ Cr(VI)סʰʳʨʘײ ʘסʘ (p < 0,001) ʜʝʡʽʥ ʪᴇʤʝʥʜʝʜʽ. ʍʨʦʤ ʦʟʦʥס

ʧʘʡʜʘ ʙʦʣסʘʥ Cr(III) ʙᴇʣʽʛʽ Cr(VI) ץʘʣʧʳʥʘ ʢʝʣʝʜʽ. 
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2-ʩʫʨʝʪ. pH =4, T = 24 Áʉ, RH = 10% ʢʝʟʽʥʜʝ ʆɹʊ ʤʝʥ ʦʟʦʥʤʝʥ ʨʝʘʢʮʠʷ ʢʝʟʽʥʜʝ ʞᴅʥʝ 

ʦʟʦʥ ʙʦʣʤʘסʘʥ ʢʝʟʜʝ (ʙʘץʳʣʘʫ ʵʢʩʧʝʨʠʤʝʥʪʽ) 
50
Cr(III) ʠ 

53
Cr(VI) ʢʦʥʚʝʨʩʠʷʩʳ. 

2-ʩʫʨʝʪʪʝ ʨʅ 9, ʪʝʤʧʝʨʘʪʫʨʘ 24ÁC ʞᴅʥʝ ʩʘʣʳʩʪʳʨʤʘʣʳ ʳʣסʘʣʜʳʣʳ10% ץ ʙʦʣסʘʥ ʢʝʟʜʝ 

ʦʟʦʥ ʤʝʥ ʦʪʪʝʛʽʥʽש ʙʝʣʩʝʥʜʽ ʬʦʨʤʘʣʘʨʳʥʳש 
53
ʉr(VI) ʞᴅʥʝ 

50
Cr (III) ʢʦʥʚʝʨʩʠʷʩʳʥʘ ᴅʩʝʨʽ 

ʢᴇʨʩʝʪʽʣʛʝʥ. ɹʘץʳʣʘʫ ʞʘסʜʘʡʳʥʜʘ ʞᴅʥʝ ʦʟʦʥʥʳץ שʘʪʳʩʫʳʤʝʥ ʦʨʪʘʰʘ ʢʦʥʚʝʨʩʠʷ ʨʅ 9, 

ʪʝʤʧʝʨʘʪʫʨʘ 24ÁC ʞᴅʥʝ ʩʘʣʳʩʪʳʨʤʘʣʳ ʳʣסʘʣʜʳʣʳ10% ץ ʙʦʣסʘʥ ʢʝʟʜʝ ʩᴅʡʢʝʩʽʥʰʝ 6,4Ñ0,3% 

ʞᴅʥʝ 29Ñ2% ײץʨʘʜʳ, ʙײʣ ʦʟʦʥ Cr(III) Cr(VI) - ʛʝ ʘʡʥʘʣʜʳʨʘʜʳ ʜʝʛʝʥ ʙʦʣʞʘʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ (2-ʩʫʨʝʪ). ʨH 9 ʢʝʟʽʥʜʝ 
53
ʉr(VI) ʦʨʪʘʰʘ ʢʦʥʚʝʨʩʠʷʩʳ ʙʘץʳʣʘʫ ʞʘסʜʘʡʣʘʨʳʥʜʘ 

49Ñ2%ʜʳ ײץʨʘʜʳ. ʆʟʦʥʜʳ ʞװʡʝʛʝ ʝʥʛʽʟʛʝʥ ʢʝʟʜʝ 
53
Cr(VI) ʢʦʥʚʝʨʩʠʷ ʜᴅʨʝʞʝʩʽ ʦʨʪʘ ʝʩʝʧʧʝʥ 

16,0Ñ2% - סʘ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʡʜʽ, ʙײʣ ʦʟʦʥʥʳש ᴅʩʝʨʽʥʝʥ 
53

Cr(III) 
53

Cr(VI) - סʘ ʢʝʨʽ ʢʦʥʚʝʨʩʠʷʥʳ 

ʢᴇʨʩʝʪʝʜʽ. ʍʠʤʠʷʣʳץ ʨʝʘʢʮʠʷʣʘʨ ʭʨʦʤ ʘʪʦʤʜʘʨʳ, ʦʟʦʥ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʛʘʟ ʪᴅʨʽʟʜʽ 

ʪʦʪʳץʪʳʨסʳʰʪʘʨ ʤʝʥ ʪʦʪʳץʩʳʟʜʘʥʜʳʨסʳʰʪʘʨ ʘʨʘʩʳʥʜʘסʳ ʙᴇʣʰʝʢʪʝʨʜʽש ʙʝʪʽʥʜʝ ʞװʨʝʜʽ 

ʜʝʛʝʥ ץʦʨʳʪʳʥʜʳסʘ ʢʝʣʜʽ. 0,1 ppm ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʙʘʨ ʦʟʦʥ ʜʠʟʝʣʴ ץʦʟסʘʣʪץʳʰʳʥʳש ʥʝʤʝʩʝ 

 = ʘʪʳʩʫʳʤʝʥ pʅ =9, RHץ שʘʥ ʛʘʟʜʘʨʳʥʳסʧʘʡʜʘʣʘʥʳʣ שʘʵʨʦʟʦʣʴʜʽ ץʘʡʪʘʣʘʤʘ ʦʨʛʘʥʠʢʘʣʳץ

40%, T = 20 Ác ʢʝʟʽʥʜʝ 24 ʩʘסʘʪ ᴇʪʢʝʥʥʝʥ ʢʝʡʽʥ Cr (III) ʪʦʪʳסʫʳʥʘ ᴅʩʝʨ ʝʪʧʝʡʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ [5]. 
50
ʉr(III) ʢʦʥʚʝʨʩʠʷʩʳʥʳש ʦʨʪʘʰʘ ʜᴅʨʝʞʝʩʽ ʆɹʊ ʙʦʣסʘʥ ʢʝʟʜʝ ʞᴅʥʝ ʆɹʊ ʙʦʣʤʘסʘʥ ʢʝʟʜʝ 

ʩᴅʡʢʝʩʽʥʰʝ 34Ñ5% ʞᴅʥʝ 6,4Ñ0,3% ײץʨʘʜʳ (ʩʫʨʝʪ. 2), ʙײʣ ʦʪʪʝʛʽʥʽש ʙʝʣʩʝʥʜʽ ʬʦʨʤʘʣʘʨʳʥʳש 

ᴅʩʝʨʽʥʝʥ 
50

Cr(III) 
50

Cr(VI)-ʛʝ ʢʦʥʚʝʨʩʠʷʩʳʥ ʢᴇʨʩʝʪʝʜʽ. ɹʘץʳʣʘʫ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʽ ʤʝʥ ʆɹʊ 

 ʪʳ ʢᴇʨʩʝʪʪʽץʳʟʜʳ ʘʡʳʨʤʘʰʳʣʳשʤʘ ץʨʛʽʟʽʣʛʝʥ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨ ʩʪʘʪʠʩʪʠʢʘʣʳװʘʪʳʩʫʳʤʝʥ ʞץ

(ʙʘʨʣʳץ p < 0,001 ʤᴅʥʜʝʨʽ). ʋʘץʳʪ ᴇʪʝ ʢʝʣʝ ʙʘʨʣʳץ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨ װʰʽʥ ᴇʟʛʝʨʽʩʪʝʨ 

ʙʘʡץʘʣʤʘʜʳ, ʙײʣ ʨʝʘʢʮʠʷʣʘʨʜʳש ʞʳʣʜʘʤ ʞʳʣʜʘʤʜʳסʳʥ ʢᴇʨʩʝʪʝʜʽ. ɹʘץʳʣʘʫ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʽ 

 ʘʪʳʩʫʳʤʝʥץ ʰʽʥ ʞᴅʥʝ ʆɹʊװ
53
ʉr(VI) ʦʨʪʘʰʘ ʢʦʥʚʝʨʩʠʷʩʳ ʨʅ =9, T = 24 Áʉ, RH = 10% 

ʢʝʟʽʥʜʝ ʪʠʽʩʽʥʰʝ 47Ñ5% ʞᴅʥʝ 15 Ñ 6% ײץʨʘʜʳ (2-ʩʫʨʝʪ), ʙײʣ 
53
ʉr(III) ʙᴇʣʽʛʽʥ ʢʝʨʽ 

ʢʦʥʚʝʨʩʠʷʣʘʫ ʝʩʝʙʽʥʝʥ ʦʪʪʝʛʽʥʽש ʙʝʣʩʝʥʜʽ ʪװʨʣʝʨʽʥʽש ᴅʩʝʨʽʥʝʥ 
53
ʉr(VI) ʢʦʥʚʝʨʩʠʷ ʜᴅʨʝʞʝʩʽʥʽש 

ʪᴇʤʝʥʜʝʫʽʥ ʢᴇʨʩʝʪʝʜʽ. ʆʩʳ ʟʝʨʪʪʝʫʜʝ ʘ-ʧʠʥʝʥʥʝʥ ʪװʟʽʣʝʪʽʥ ʦʪʪʝʛʽʥʽש ʙʝʣʩʝʥʜʽ ʬʦʨʤʘʣʘʨʳʥʘ 

ʢʝʪʦʥ, ʘʣʴʜʝʛʠʜ, ʛʠʜʨʦʢʩʠʣ, ʛʠʜʨʦʧʝʨʦʢʩʠʣ ʞᴅʥʝ ʵʧʦʢʩʠʣ ʬʫʥʢʮʠʦʥʘʣʜʳ ʪʦʧʪʘʨʳ (ʇʘʚʣʦʚʠʯ 

ʞᴅʥʝ ʍʦʧʢʝ, 2011) ʢʽʨʜʽ, ʦʣʘʨ Cr(III) - ʜʝʥ Cr (VI) - ʛʝ ʜʝʡʽʥ ʪʦʪʳץʪʳʨʘ ʘʣʘʜʳ. 

ʨʅ 4-ʢʝ ץʘʨʘסʘʥʜʘ, ʨʅ 9 ʢʝʟʽʥʜʝ ʦʟʦʥʥʳץ שʘʪʳʩʫʳʤʝʥ ʪʝʧʝ-ʪʝשʜʽʢ ʢװʡʽʥʝ ʞʝʪʢʝʥʥʝʥ 

ʢʝʡʽʥ Cr (III) ʪʽש ʘʥʘײסʨʣʳʤ ץʘʨץʳʥʜʳ (p < 0.001) ʢʦʥʚʝʨʩʠʷʩʳ ʞᴅʥʝ Cr (VI) -ʥʳש (p < 0.001) 

ʘʟ ץʘʨץʳʥʜʳ ʪʦʪʳץʩʳʟʜʘʥʫʳ ʙʘʡץʘʣʜʳ. ʂʦʥʚʝʨʩʠʷʥʳש ʤײʥʜʘʡ ᴇʟʛʝʨʫʽ ץʘʪʪʳ ʙᴇʣʰʝʢʪʝʨʜʽש 

ʢʨʠʩʪʘʣʜʳ ײץʨʳʣʳʤʜʘʨʳʥʳש ʘʡʳʨʤʘʰʳʣʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳ ʤװʤʢʽʥ, ᴇʡʪʢʝʥʽ 
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ʝʨʽʪʽʥʜʽʣʝʨ ʩʽʣʪʽʣʽ ʞᴅʥʝ ץʳʰץʳʣ ʞʘסʜʘʡʳʥʜʘ ʢʝʙʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʝʢʽ ʨʅ ʤᴅʥʽ ʙʘʨ Cr (III) 

 .ʤʢʽʥװʘ ᴅʢʝʣʫʽ ʤץץʨʣʽ ʤʘʩʩʘʩʳ Cr(III) ʢʦʥʚʝʨʩʠʷ ʜᴅʨʝʞʝʩʽʥʜʝʛʽ ʘʡʳʨʤʘʰʳʣʳװᴅʨʪ שʦʩʧʘʩʳʥʳץ

ʆʟʦʥ ʙʦʣסʘʥ ʢʝʟʜʝ 
50

 Cr(III) - ʜʽ 
50

Cr(VI) - ʛʝ 12 ʞᴅʥʝ 24 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ, ʨʅ 4 ʞᴅʥʝ 

10% ʩʘʣʳʩʪʳʨʤʘʣʳ ʳʣסʘʣʜʳʣʳץʪʘ ʢʦʥʚʝʨʩʠʷʣʘʫ ʟʝʨʪʪʝʣʜʽ. ɾװʡʝ ʩᴅʡʢʝʩʽʥʰʝ 12 ʞᴅʥʝ 24 Áʉ 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ 4 ʞᴅʥʝ 2 ʩʘסʘʪʪʘʥ ʢʝʡʽʥ ʞᴅʥʝ ʦʟʦʥʥʳש ʞʦסʘʨʳ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʢʝʟʽʥʜʝ ʪʝʧʝ - 

ʪʝשʜʽʢ ʢװʡʽʥʝ ʞʝʪʪʽ-ʙײʣ ʬʦʥʜʳץ ʢʦʥʮʝʥʪʨʘʮʠʷ ʞʘסʜʘʡʳʥʜʘ Cr (III) ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʘʟ 

ʪʦʪʳסʫ ʩʳʥʘʤʘʣʘʨʜʳ ʽʨʽʢʪʝʫ ʥʝʤʝʩʝ ʩʘץʪʘʫ ʧʨʦʮʝʩʽʥʜʝ ʦʨʪʘʰʘ ʪᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʜʘ (12Áʉ) 

ʩʳʥʘʤʘ ʘʣʫ ʘʨʘʣʳסʳʥʘʥ ʢʝʡʽʥ ʧʘʡʜʘ ʙʦʣʘʜʳ ʜʝʧ ʙʦʣʞʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [6]. 

ʆʩʳ ʪᴅʞʽʨʠʙʝʣʝʨʜʽש ʙʘʨʣʳסʳʥʜʘ ʪײʨʘץʪʳ ʞʘסʜʘʡʜʘ ʪʝʧʝ-ʪʝשʜʽʢ ʢװʡʛʝ ʞʝʪʝʪʽʥʜʽʛʽʥ ʘʪʘʧ 

ᴇʪʫʛʝ ʙʦʣʘʜʳ. ɹײʣ ʪʝʧʝ-ʪʝשʜʽʢ ʢװʡʽ ʽʰʽʥʘʨʘ ʙᴇʣʰʝʢʪʝʨ ײץʨסʘץ ʙʦʣסʘʥʰʘ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳש 

ʞʘסʜʘʡʳʥʘ ץײʩʘʩ ʙʦʣʘʜʳ, ᴇʡʪʢʝʥʽ ʪʝʢ ʭʨʦʤʥʳש ʙʝʪʢʽ ʥʝʤʝʩʝ ʙʝʪʢʽ ʘʪʦʤʜʘʨʳ סʘʥʘ ʨʝʘʢʮʠʷסʘ 

ʪװʩʝ ʘʣʘʜʳ. ɸʣʘʡʜʘ ʳʣסʘʣʜʳʣʳסʳ ʞʦסʘʨʳ ʞʘסʜʘʡʜʘ ʙᴇʣʰʝʢʪʝʨ ʝʨʽʧ, ʩײʡʳץ ץʘʙʘʪ ʪװʟʝʜʽ, 

ʩʦʥʜʳץʪʘʥ ʙᴇʣʰʝʢʪʝʨʜʽײץ שʨʘʤʳʥʜʘסʳ ʭʨʦʤ ʘʪʦʤʜʘʨʳ ʥʝ ʪʦʪʳץʪʳʨסʳʰ, ʥʝ 

ʪʦʪʳץʩʳʟʜʘʥʜʳʨסʳʰ ʟʘʪʪʘʨʤʝʥ ᴅʨʝʢʝʪʪʝʩʝ ʘʣʘʜʳ, ʘʣ ʝʢʽ ʚʘʣʝʥʪʪʽ ʢװʡʜʝʛʽ ʘʪʦʤʜʘʨ ʩʘʥʳ 

ᴇʟʛʝʨʝʜʽ. ʉʦʣ ʩʠʷץʪʳ, ʽʨʽʢʪʝʫ ʩװʟʛʽʩʽʥʜʝʛʽ ץʘʙʳץʪʘ ʨʝʘʢʮʠʷʣʘʨ ʪʝʢ ʙᴇʣʰʝʢʪʝʨ ײץʨסʘץ ʙʦʣʳʧ 

 ʘʥסʙʝʪʽʥʜʝ ʞʠʥʘʣ שʙʝʪʽʤʝʥ ʰʝʢʪʝʣʝʜʽ. ɹᴇʣʰʝʢʪʝʨʜʽ שʘʥʘ ʙᴇʣʰʝʢʪʝʨʜʽס ʜʘʡʜʘסʘʥ ʞʘסʘʣץ

ʭʨʦʤʥʳש ʞʳʣʜʘʤʜʳסʳ ʩװʟʛʽ ץʳʨʪʳʩʳʥʳש ʩʘʣץʳʥʜʘʫʳ ʢʝʟʽʥʜʝ ʘʟʘʷʜʳ. 

 ʪʘ Cr(III) Cr(VI)ץʘʣʜʳʣʳסʦʨʳʪʘ ʢʝʣʝ, ʦʟʦʥ ʤʝʥ ʆɹʊ ʪᴇʤʝʥ ʩʘʣʳʩʪʳʨʤʘʣʳ ʳʣפ

ʪװʨʣʝʥʜʽʨʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʪʦʪʳץʪʳʨסʳʰ ʟʘʪʪʘʨ ʝʢʝʥʜʽʛʽ ʘʥʳץʪʘʣʜʳ. ɸʪʤʦʩʬʝʨʘʣʳץ 

ʞʘסʜʘʡʜʘ ᴇʣʰʝʥʛʝʥ ʙᴇʣʰʝʢʪʝʨʜʽש ʩʳʥʘʤʘʣʘʨʳʥ ʘʣʫ ʢʝʟʽʥʜʝ Cr(III) ʪʦʪʳסʫʳ ʪʦʪʳץʩʳʟʜʘʥʫ 

ʩʘʣʜʘʨʳʥʘʥ Cr(VI) ʞʦסʘʣʫʳʥ ʽʰʽʥʘʨʘ ᴇʪʝʡ ʘʣʘʜʳ. ɹײʣ ʟʝʨʪʪʝʫ ʪʦʪʳץʪʳʨסʳʰʪʘʨ ʤʝʥ 

ʪʦʪʳץʩʳʟʜʘʥʜʳʨסʳʰʪʘʨʜʳץ שʘʪʳʩʫʳʤʝʥ ʭʨʦʤ ʬʦʨʤʘʣʘʨʳʥʳש ʙʽʨ ʥʝʤʝʩʝ ʙʘʩץʘ ʚʘʣʝʥʪʪʽʢ 

ʢװʡʛʝ ʪʦʣʳץ ʢʦʥʚʝʨʩʠʷʩʳ ʙʦʣʤʘʡʪʳʥʳʥ, ʙʽʨʘץ ʦʣʘʨ ʪʝʧʝ-ʪʝשʜʽʢ ʢװʡʽʥʝ ʞʝʪʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

Cr(VI) ʩʦסשʳ ʤʘʩʩʘʩʳʥʳץ שʦʨʰʘסʘʥ ʦʨʪʘ ʙᴇʣʰʝʢʪʝʨʽʥʜʝʛʽ ʭʨʦʤʥʳש ʞʘʣʧʳ ʤʘʩʩʘʩʳʥʘ 

 ʜʘʡʣʘʨ ᴇʟʛʝʨʛʝʥ ʢʝʟʜʝסʥʜʘʡ ʞʘײʪʘʣʘʜʳ ʞᴅʥʝ ʤץʜʘʡʳʤʝʥ ʘʥʳסʜʽʢ ʞʘשʘʪʳʥʘʩʳ ʪʝʧʝ-ʪʝץ

ᴇʟʛʝʨʫʽ ʤװʤʢʽʥ. ʅʝײסʨʣʳʤ ʪᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘ ʨʝʘʢʮʠʷʣʘʨ ʙʘʷʫ ᴇʪʝʜʽ, ʷסʥʠ ʩʘʣץʳʥʜʘʪʫ 

ʩʳʥʘʤʘʣʘʨʜʳ ʽʨʽʢʪʝʫ ʞᴅʥʝ ʩʘץʪʘʫ ʧʨʦʮʝʩʽʥʜʝ Cr(III) ʥʝʤʝʩʝ Cr(VI) ʪʦʪʳסʫʳ ʥᴅʪʠʞʝʩʽʥʜʝ 

ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʞʘʣסʘʥ ʦש Cr(VI) ʤᴅʥʜʝʨʽʥ ʪᴇʤʝʥʜʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. pʅ 4 ʢʝʟʽʥʜʝ, 2-4 

ʩʘסʘʪʪʘʥ ʢʝʡʽʥ ʞװʡʝ ʭʨʦʤʥʳש ʪʦʪʳסʫ / ʪʦʪʳץʩʳʟʜʘʥʫ ʘʨʘʩʳʥʜʘסʳ ʪʝʧʝ-ʪʝשʜʽʢ ʢװʡʽʥʝ ʞʝʪʪʽ 

ʞᴅʥʝ ʭʨʦʤʥʳש ʩʧʝʮʠʬʠʢʘʮʠʷ ʨʝʘʢʮʠʷʩʳ װʰʽʥ ʞʝʨʛʽʣʽʢʪʽ ʪʝʧʝ-ʪʝשʜʽʢ ʦʨʥʘʪʳʣʜʳ. ʄײʥʜʘʡ 

ʥᴅʪʠʞʝʣʝʨ ʩʳʥʘʤʘʣʘʨʜʳ ʽʨʽʢʪʝʫ ʞᴅʥʝ ʭʨʦʤ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥ ᴇʣʰʝʫ ʙײʟʳʣʫʣʘʨʤʝʥ 

ʞװʨʛʽʟʽʣʛʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ, ʙײʣ ץʦʨʰʘסʘʥ ʘʫʘʜʘ ʛʘʟ ʪᴅʨʽʟʜʽ ʥʝʤʝʩʝ ʘʵʨʦʟʦʣʴ ʪʦʪʳץʪʳʨסʳʰʪʘʨʜʳש 

ʙʦʣʫʳʥʘ ᴅʢʝʣʜʽ. 
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ʄɽʊʆɼʓ ʇʆɺʓʐɽʅʀʗ ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆʉʊʀ ɺ ʉʀʉʊɽʄɸʍ 

ɺɽʅʊʀʃʗʎʀʀ ʀ ʂʆʅɼʀʎʀʆʅʀʈʆɺɸʅʀʗ ɺʆɿɼʋʍɸ 

 

ʆʪʳʟʙʘʝʚ ɹʘʫʨʞʘʥ ʊʦʣʝʛʝʥʦʚʠʯ 

ʄʘʛʠʩʪʨʘʥʪ 2 ʢʫʨʩʘ 

ɽʚʨʘʟʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʃ.ʅ.ɻʫʤʠʣʝʚʘ 

ʂʘʟʘʭʩʪʘʥ, ʛ. ʅʫʨ-ʉʫʣʪʘʥ 

 

ɸʅʅʆʊɸʎʀʗ 

 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʦʙʣʝʤ XXI  ʚʝʢʘ ï 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʶ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʠʥʦʩʠʪ ʮʝʣʳʡ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʩʥʠʞʝʥʠʝ 

ʩʧʨʦʩʘ ʥʘ ʠʤʧʦʨʪ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʫʨʦʚʥʝ ʜʦʤʦʭʦʟʷʡʩʪʚʘ ʠ ʵʢʦʥʦʤʠʢʠ ʚ 

ʮʝʣʦʤ. ʇʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʜʝʰʝʚʳʤ - ʠ ʟʘʯʘʩʪʫʶ ʩʘʤʳʤ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ - ʩʧʦʩʦʙʦʤ ʩʦʢʨʘʱʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ. ɺ ʩʪʘʪʴʝ 

ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʤʧʣʝʢʩʘ ʘʨʭʠʪʝʢʪʫʨʥʦ-

ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʝʰʝʥʠʡ, ʧʨʠʚʝʜʝʥʳ   ʤʝʪʦʜʳ   ʦʧʪʠʤʠʟʘʮʠʠ   ʩʠʩʪʝʤ   ʦʙʝʩʧʝʯʝʥʠʷ   

ʤʠʢʨʦʢʣʠʤʘʪʘ   ʟʜʘʥʠʡ        ʠ ʩʦʦʨʫʞʝʥʠʡ.  

 

ɺʚʝʜʝʥʠʝ 

ɺ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʨʦʚʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦʡ 

ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʵʥʝʨʛʦʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ. ʉʥʠʞʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʠʩʯʝʨʧʘʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʟʘʪʨʘʯʠʚʘʝʤʳʭ ʥʘ 

ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ, ʚʝʥʪʠʣʷʮʠʠ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ (ʆɺʂ), ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ 

ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ ʚʘʞʥʦʩʪʠ ʚʚʠʜʫ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʵʪʠʭ ʨʝʩʫʨʩʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ 

ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ɽʚʨʦʧʝʡʩʢʦʛʦ ʩʦʶʟʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʟʜʘʥʠʡ ʠʣʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ, çʟʝʣʝʥʦʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦè [1, ʩ. 163]. ɿʝʣʝʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ï ʤʝʪʦʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʡ, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦ- ʠ ʨʝʩʫʨʩʦʧʦʪʨʝʙʣʝʥʠʝ 

ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʠʣʠ ʧʦʚʳʰʝʥʠʠ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʤʠʢʨʦʢʣʠʤʘʪʘ.  

ʂʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ, ʚʝʥʪʠʣʷʮʠʠ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʊʠʧʠʯʥʘʷ ʩʠʩʪʝʤʘ ʦʪʦʧʣʝʥʠʷ, ʚʝʥʪʠʣʷʮʠʠ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ (ʨʠʩ. 1) ʩʦʩʪʦʠʪ ʠʟ 

ʟʘʚʦʜʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʯʠʣʣʝʨʳ, ʙʦʡʣʝʨʳ ʠ ʪ.ʜ.), ʢʦʪʦʨʦʝ ʧʝʨʝʜʘʝʪ ʵʥʝʨʛʠʶ ʯʝʨʝʟ ʚʦʟʜʫʭ, 

ʚʦʜʫ ʠʣʠ ʭʣʘʜʘʛʝʥʪ ʚ ʩʠʩʪʝʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʟʜʫʭʘ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʩʝʨʠʠ ʚʝʥʪʠʣʷʪʦʨʦʚ ʠ 

ʟʤʝʝʚʠʢʦʚ. ʕʪʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪʩʷ ʚʝʥʪʠʣʷʮʠʦʥʥʳʤʠ 

ʫʩʪʘʥʦʚʢʘʤʠ. ɿʘʪʝʤ ɻɺʉ ʠʩʧʦʣʴʟʫʶʪ ʵʪʫ ʵʥʝʨʛʠʶ ʜʣʷ ʥʘʛʨʝʚʘʥʠʷ ʠʣʠ ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʭʘ, 

ʧʦʜʘʚʘʝʤʦʛʦ ʚ ʦʬʠʩʥʳʝ ʧʦʤʝʱʝʥʠʷ. 

ɺʦʟʜʫʭ ʥʘʛʨʝʚʘʝʪʩʷ ʠʣʠ ʦʭʣʘʞʜʘʝʪʩʷ ʧʦ ʤʝʨʝ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʥʘʛʨʝʚʘʪʝʣʴʥʳʝ ʠʣʠ 

ʦʭʣʘʞʜʘʶʱʠʝ ʟʤʝʝʚʠʢʠ ʚ ʩʠʩʪʝʤʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʟʜʫʭʘ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʪʘʢʞʝ ʪʨʝʙʫʝʪʩʷ 

ʦʪʚʦʜ ʠʟʙʳʪʦʯʥʦʛʦ ʪʝʧʣʘ, ʩʦʙʨʘʥʥʦʛʦ ʠʟ ʧʦʤʝʱʝʥʠʷ, ʚ ʘʪʤʦʩʬʝʨʫ. ʆʪʚʦʜ ʪʝʧʣʘ ʪʘʢʞʝ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʯʝʨʝʟ ʦʙʦʨʫʜʦʚʘʥʠʝ ʫʩʪʘʥʦʚʢʠ, ʪʘʢʦʝ ʢʘʢ ʛʨʘʜʠʨʥʠ ʠʣʠ ʠʩʧʘʨʠʪʝʣʴʥʳʝ 

ʦʭʣʘʜʠʪʝʣʠ. [2, ʩ. 24] 
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ʆʩʥʦʚʥʳʝ ʪʝʧʣʦʚʳʝ ʥʘʛʨʫʟʢʠ ʚ ʢʦʤʤʝʨʯʝʩʢʦʤ ʟʜʘʥʠʠ ʷʚʣʷʶʪʩʷ ʢʦʤʙʠʥʘʮʠʝʡ: 

ð  ʪʝʧʣʘ, ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʣʶʜʴʤʠ 

ð  ʪʝʧʣʘ, ʚʳʨʘʙʘʪʳʚʘʝʤʦʛʦ ʢʦʤʧʴʶʪʝʨʘʤʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ 

ð  ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʯʝʨʝʟ ʦʢʥʘ 

ð  ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʁʯʝʨʝʟ ʩʪʝʥʳ, ʦʢʥʘ ʠ ʢʨʳʰʫ 

ð  ʪʝʧʣʘ, ʚʳʨʘʙʘʪʳʚʘʝʤʦʛʦ ʦʩʚʝʱʝʥʠʝʤ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʚ ʧʦʤʝʱʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʧʦʜʘʯʫ ʚ ʟʜʘʥʠʝ 

ʩʚʝʞʝʛʦ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ. ʕʪʦ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʣʠʯʝʩʪʚʫ ʣʶʜʝʡ ʚ 

ʧʦʤʝʱʝʥʠʠ. ɺʦʟʜʫʭ ʩʥʘʨʫʞʠ ʦʙʳʯʥʦ ʪʝʧʣʝʝ ʣʝʪʦʤ ʠ ʧʨʦʭʣʘʜʥʝʝ ʟʠʤʦʡ, ʯʝʤ ʞʝʣʘʝʤʳʝ 

ʫʩʣʦʚʠʷ ʚ ʧʦʤʝʱʝʥʠʠ; ʧʦʵʪʦʤʫ ʵʪʦʪ ʚʦʟʜʫʭ ʜʦʣʞʝʥ ʙʳʪʴ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥ. 

ʂʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ ʵʪʦʛʦ ʩʚʝʞʝʛʦ ʚʦʟʜʫʭʘ ʫʚʝʣʠʯʠʚʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʩʠʩʪʝʤʫ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʚʦʟʜʫʭ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʧʦ ʚʦʟʜʫʭʦʚʦʜʫ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʦʜʘ ʠ 

ʭʣʘʜʘʛʝʥʪʳ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤ. ɺʝʩʴ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʦʝʤʢʠʤ - 

ʦʩʥʦʚʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʵʪʦʡ ʵʥʝʨʛʠʠ ʷʚʣʷʶʪʩʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʆɺʂ (ʚʝʥʪʠʣʷʪʦʨʳ ʠ 

ʥʘʩʦʩʳ). ʅʘʩʦʩʳ ʠ ʚʝʥʪʠʣʷʪʦʨʳ ʪʨʝʙʫʶʪ ʵʥʝʨʛʠʠ ʚ ʚʠʜʝ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ ʧʦ ʟʜʘʥʠʶ. ʏʠʣʣʝʨʳ ʠ ʙʦʡʣʝʨʳ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʥʘ ʵʣʝʢʪʨʠʯʝʩʪʚʝ, ʪʘʢ ʠ ʥʘ 

ʛʘʟʝ.  

ɺʩʝ ʩʠʩʪʝʤʳ ʚ ʟʜʘʥʠʠ ʩʚʷʟʘʥʳ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʟʜʘʥʠʝʤ (BMS), ʢʦʪʦʨʘʷ 

ʢʦʥʪʨʦʣʠʨʫʝʪ ʩʠʩʪʝʤʳ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʢʫ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʙʣʝʤʳ ʤʦʛʫʪ ʙʳʪʴ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʳ, ʘ ʩʠʩʪʝʤʳ ʦʪʨʝʛʫʣʠʨʦʚʘʥʳ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ. 

 
ʈʠʩʫʥʦʢ 1. ʉʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʠʠ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ 

 ɺʦʟʤʦʞʥʦʩʪʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʩʠʩʪʝʤʘʭ ʦʪʦʧʣʝʥʠʷ, ʚʝʥʪʠʣʷʮʠʠ ʠ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ 

 ʅʘʠʙʦʣʴʰʘʷ ʯʘʩʪʴ (30-40%)  ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʚ ʦʬʠʩʥʦʤ ʟʜʘʥʠʠ ʧʦʪʨʝʙʣʷʝʪʩʷ 

ʩʠʩʪʝʤʘʤʠ ʆɺʠʂ [3, ʩ. 35]. ɺʘʞʥʦ ʩʦʢʨʘʪʠʪʴ ʦʙʱʝʝ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʠ ʧʦʚʳʩʠʪʴ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ. 

 ʆʧʪʠʤʘʣʴʥʳʡ ʢʦʤʬʦʨʪ ʜʣʷ ʩʠʜʷʯʝʡ ʨʘʙʦʪʳ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 20ÁC ʜʦ 26ÁC, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʚʨʝʤʝʥʠ ʛʦʜʘ [4, ʩ. 15]. ʂʘʢ ʧʨʘʚʠʣʦ, ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʦʬʠʩʥʳʭ ʟʜʘʥʠʷʭ ʜʦʣʞʥʘ ʤʝʥʷʪʴʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʠ ʤʝʥʷʪʴʩʷ ʦʪ ʤʝʩʷʮʘ ʢ ʤʝʩʷʮʫ. 

ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʢʦʤʬʦʨʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʨʦʚʥʷ ʚʣʘʞʥʦʩʪʠ ʚ ʟʜʘʥʠʠ ʩʠʩʪʝʤʘ ʆɺʂ 

ʜʦʣʞʥʘ ʧʨʝʦʜʦʣʝʚʘʪʴ ʚʩʝ ʨʘʟʣʠʯʥʳʝ ʥʘʛʨʫʟʢʠ ʚ ʟʜʘʥʠʠ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʧʨʦʪʠʚ ʞʝʣʘʝʤʳʭ 



ñʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ ɸʂɸɼɽʄʀʂò                                                          ̄ 1  (104), 2021 ʛ. 

_______________________________________________________________________________________ 

42 
 

ʫʩʣʦʚʠʡ. ʄʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʩʠʩʪʝʤʘʭ ʆɺʂ ʟʜʘʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ 

ʥʘ ʜʚʝ ʢʘʪʝʛʦʨʠʠ: 

1. ʩʥʠʞʝʥʠʝ ʥʘʛʨʫʟʦʢ ʥʘ ʩʠʩʪʝʤʳ ʆɺʂ 

2. ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ, ʚʝʥʪʠʣʷʮʠʠ ʠ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ. 

ʉʥʠʞʝʥʠʝ ʥʘʛʨʫʟʦʢ ʥʘ ʩʠʩʪʝʤʳ ʆɺʂ 

ð ʋʤʝʥʴʰʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʉʦʢʨʘʱʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʧʨʦʠʟʚʦʜʷʱʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʘʢʦʛʦ ʢʘʢ ʢʦʤʧʴʶʪʝʨʳ, ʧʨʠʥʪʝʨʳ ʠ ʦʩʚʝʱʝʥʠʝ, ʫʤʝʥʴʰʠʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʩʠʩʪʝʤʘʭ ʦʪʦʧʣʝʥʠʷ, ʚʝʥʪʠʣʷʮʠʠ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʜʣʷ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ. ʇʨʦʩʪʳʝ ʚʝʱʠ, ʪʘʢʠʝ ʢʘʢ ʚʳʢʣʶʯʝʥʠʝ ʤʦʥʠʪʦʨʦʚ, ʢʦʤʧʴʶʪʝʨʦʚ ʠʣʠ 

ʦʩʚʝʱʝʥʠʷ, ʢʦʛʜʘ ʦʥʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʩʥʠʟʷʪ ʥʘʛʨʫʟʢʫ ʥʘ ʢʦʥʜʠʮʠʦʥʝʨʳ. 

ð ʋʣʫʯʰʝʥʠʷ ʬʘʩʘʜʘ (ʩʪʝʥ). ʇʦʚʳʰʝʥʠʝ ʠʟʦʣʷʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʮʝʣʦʤ ʫʤʝʥʴʰʠʪ ʢʦʣʠʯʝʩʪʚʦ ʪʨʝʙʫʝʤʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʠʣʠ ʥʘʛʨʝʚʘʥʠʷ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʩʥʠʟʠʪ ʦʙʱʝʝ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ. 

ð ʋʣʫʯʰʝʥʠʷ ʬʘʩʘʜʘ (ʦʢʦʥ). ʅʘʛʨʫʟʢʘ ʥʘ ʦʢʥʦ ʚʦʟʥʠʢʘʝʪ ʚ ʚʠʜʝ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ 

ʧʨʦʚʦʜʠʤʦʩʪʠ. ʉʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʪʝʧʣʫ, ʩʦʟʜʘʚʘʝʤʦʤʫ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 

ʧʨʷʤʳʭ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʯʝʨʝʟ ʦʢʥʦ ʠ ʧʦʧʘʜʘʥʠʠ ʥʘ ʪʚʝʨʜʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦ ʚʥʫʪʨʝʥʥʝʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʦʛʣʦʱʘʶʱʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ. ʇʦʜ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʧʦʥʠʤʘʝʪʩʷ 

ʧʝʨʝʤʝʱʝʥʠʝ ʪʝʧʣʘ ʩ ʙʦʣʝʝ ʛʦʨʷʯʝʡ ʩʪʦʨʦʥʳ ʦʢʥʘ ʥʘ ʙʦʣʝʝ ʭʦʣʦʜʥʫʶ ʩʪʦʨʦʥʫ. ɿʘʪʝʤʥʷʶʱʠʝ 

ʫʩʪʨʦʡʩʪʚʘ ʩʚʦʜʷʪ ʢ ʤʠʥʠʤʫʤʫ ʩʦʣʥʝʯʥʫʶ ʥʘʛʨʫʟʢʫ ʦʪ ʦʢʦʥ ʠ ʫʤʝʥʴʰʘʶʪ ʥʘʛʨʫʟʢʫ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ [5, ʩ. 36]. ʊʠʧʠʯʥʦʝ ʦʢʥʦ ʩ ʜʚʦʡʥʳʤ ʦʩʪʝʢʣʝʥʠʝʤ ʧʨʦʚʦʜʠʪ ʚ ʧʦʤʝʱʝʥʠʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʪʝʧʣʘ, ʯʝʤ ʪʠʧʠʯʥʦʝ ʦʢʥʦ ʩ ʦʜʠʥʘʨʥʳʤ ʦʩʪʝʢʣʝʥʠʝʤ. ɼʨʫʛʠʤ ʘʩʧʝʢʪʦʤ, 

ʢʦʪʦʨʳʡ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʷʚʣʷʝʪʩʷ ʛʝʨʤʝʪʠʟʘʮʠʷ ʚʦʟʜʫʭʘ, ʦʪʩʫʪʩʪʚʠʝ ʢʦʪʦʨʦʡ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʳʰʝʥʠʶ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʶ. 

ð ɺʝʥʪʠʣʷʮʠʷ ʧʦ ʪʨʝʙʦʚʘʥʠʶ. ʂʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ ʩʚʝʞʝʛʦ ʚʦʟʜʫʭʘ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ, ʪʘʢ ʢʘʢ ʯʘʩʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʞʝʣʘʝʤʦʡ. ʄʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʞʝʛʦ ʚʦʟʜʫʭʘ ʪʨʝʙʫʝʪʩʷ ʚ ʧʦʤʝʱʝʥʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʢʘʟʘʭʩʪʘʥʩʢʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. ɼʘʪʯʠʢʠ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ (CO2) ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦʛʦ ʩʚʝʞʝʛʦ ʚʦʟʜʫʭʘ ʠ 

ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʘʚʘʝʤʦʛʦ ʩʚʝʞʝʛʦ ʚʦʟʜʫʭʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʢʦʥʦʤʠʪʴ ʵʥʝʨʛʠʶ. 

2. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ, ʚʝʥʪʠʣʷʮʠʠ ʠ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ. 

ð ɺʳʙʦʨ ʩʠʩʪʝʤʳ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʵʢʦʥʦʤʠʷ ʵʥʝʨʛʠʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʙʣʘʛʦʜʘʨʷ 

ʦʧʪʠʤʘʣʴʥʦʤʫ ʚʳʙʦʨʫ ʩʠʩʪʝʤʳ. ʅʘʧʨʠʤʝʨ, ʚʦʟʜʫʭʦʦʙʨʘʙʘʪʳʚʘʶʱʘʷ ʫʩʪʘʥʦʚʢʘ ʩ 

ʧʝʨʝʤʝʥʥʳʤ ʨʘʩʭʦʜʦʤ ʚʦʟʜʫʭʘ (ʨʠʩ. 2) ʨʝʛʫʣʠʨʫʝʪ ʦʙʲʝʤ ʧʨʠʪʦʯʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʫʝʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʪʦʧʣʝʥʠʷ ʠʣʠ ʦʭʣʘʞʜʝʥʠʷ. ʕʪʘ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʠ ʩʦʢʨʘʱʘʪʴ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʦʙʱʝʝ 

ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚʝʥʪʠʣʷʪʦʨʘʤʠ. ʊʘʢʦʝ ʙʦʣʴʰʝʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʪʘʢʞʝ ʫʤʝʥʴʰʠʪʴ 

ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʚʪʦʨʥʳʤ ʥʘʛʨʝʚʦʤ, ʢʦʛʜʘ ʩʠʩʪʝʤʘ ʦʪʦʧʣʝʥʠʷ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʝʪ ʩʠʩʪʝʤʝ ʦʭʣʘʞʜʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 2. ɺʦʟʜʫʭʦʦʙʨʘʙʘʪʳʚʘʶʱʘʷ ʫʩʪʘʥʦʚʢʘ ʩ ʧʝʨʝʤʝʥʥʳʤ ʨʘʩʭʦʜʦʤ ʚʦʟʜʫʭʘ 

ð ɺʳʙʦʨ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺʳʙʦʨ ʫʩʪʘʥʦʚʢʠ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʦʙʱʝʝ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʟʜʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʢʦʥʜʝʥʩʘʮʠʦʥʥʳʝ ʢʦʪʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʦʜʦʛʨʝʚʘ 

ʛʦʨʷʯʝʡ ʚʦʜʳ, ʤʦʛʫʪ ʠʤʝʪʴ ʙʨʫʪʪʦ-ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʙʦʣʝʝ 90%.  

ð ʈʝʢʫʧʝʨʘʮʠʷ ʵʥʝʨʛʠʠ. ʈʝʢʫʧʝʨʘʮʠʷ ʵʥʝʨʛʠʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʫʣʘʚʣʠʚʘʥʠʝ ʦʪʨʘʙʦʪʘʥʥʦʛʦ 

ʪʝʧʣʘ ʠ ʝʝ ʧʝʨʝʨʘʙʦʪʢʫ. ɺʳʪʷʞʥʦʡ ʚʦʟʜʫʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʣʠʞʝ ʢ ʪʨʝʙʫʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʧʦʤʝʱʝʥʠʠ, ʯʝʤ ʩʚʝʞʠʡ ʥʘʨʫʞʥʳʡ ʚʦʟʜʫʭ, ʚʚʦʜʠʤʳʡ ʚ ʩʠʩʪʝʤʫ. ʀʟ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʚʦʟʜʫʭʘ 

ʤʦʞʝʪ ʙʳʪʴ ʟʘʙʨʘʥʦ ʪʝʧʣʦ ʠʣʠ "ʦʭʣʘʞʜʝʥʠʝ", ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʥʘʛʨʝʚʘ ʠʣʠ ʦʭʣʘʞʜʝʥʠʷ ʩʚʝʞʝʛʦ ʚʦʟʜʫʭʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʩʠʩʪʝʤʫ, ʜʦ ʪʦʛʦ, ʢʘʢ ʦʥ ʜʦʩʪʠʛʥʝʪ 

ʚʦʟʜʫʭʦʦʙʨʘʙʘʪʳʚʘʶʱʫʶ ʫʩʪʘʥʦʚʢʫ. ʕʪʦ ʩʥʠʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʮʝʥʪʨʘʣʴʥʳʤ ʢʦʥʜʠʮʠʦʥʝʨʦʤ ʜʣʷ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩʚʝʞʝʛʦ ʚʦʟʜʫʭʘ. 

 

 
ʈʠʩʫʥʦʢ 3. ʈʝʢʫʧʝʨʘʪʦʨ ʚʦʟʜʫʭʘ 

ð ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʠʤʝʨʦʚ 

ʩʪʨʘʪʝʛʠʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʜʦʩʪʠʛʘʝʤʳʭ ʧʫʪʝʤ ʦʧʪʠʤʠʟʘʮʠʠ ʉʕɿ ʠ 

ʧʦʩʪʨʦʝʥʠʷ ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʥʝʝ ʠʥʬʦʨʤʘʮʠʠ. ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʘ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ BMS 

ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʣʷ ʚʩʝʡ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ, ʚʝʥʪʠʣʷʮʠʠ ʠ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʥʘʠʤʝʥʴʰʝʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʛʦ ʚʘʞʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʪʨʝʙʣʝʥʠʠ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ 

ʩʠʩʪʝʤʳ ʆɺʂ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ. ʉʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ - ʵʪʦ ʧʨʦʜʫʢʪʳ, ʩʧʝʮʠʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ 

ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʩʦʩʪʘʚʣʝʥʠʷ ʦʪʯʝʪʦʚ ʧʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʶ.  

ð ʕʢʦʥʦʤʥʳʡ ʮʠʢʣ. ʕʢʦʥʦʤʥʳʡ ʮʠʢʣ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 100% ʥʘʨʫʞʥʦʛʦ 

ʚʦʟʜʫʭʘ ʜʣʷ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʝ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʦ ʚʨʝʤʷ ʛʦʜʘ, ʢʦʛʜʘ ʥʘʨʫʞʥʳʝ 

ʫʩʣʦʚʠʷ ʭʦʣʦʜʥʝʝ, ʯʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʚʦʟʜʫʭʘ ʚ ʨʝʞʠʤʝ ʦʭʣʘʞʜʝʥʠʷ. ʕʪʦ 
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ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʢʝ ʚʳʢʣʶʯʘʪʴ ʦʭʣʘʞʜʘʶʱʠʝ ʟʤʝʝʚʠʢʠ ʠ ʩʥʠʞʘʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ 

ʯʠʣʣʝʨʘʤʠ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺʚʠʜʫ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʠʩʯʝʨʧʘʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ 

ʠʭ ʩʪʦʠʤʦʩʪʠ, ʫʤʝʥʴʰʝʥʠʝ ʟʘʪʨʘʪ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, ʨʘʟʨʘʙʦʪʢʘ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʧʨʦʙʣʝʤʘ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʩʣʝʜʫʶʱʠʤʠ ʤʝʪʦʜʘʤʠ:  

ð ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʝʰʝʥʠʡ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ; 

ð ʦʧʪʠʤʠʟʘʮʠʷ ʩʠʩʪʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ.  

ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʪʝʧʣʦʪʳ ʥʘ ʦʪʦʧʣʝʥʠʝ ʠ 

ʚʝʥʪʠʣʷʮʠʶ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʚ ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ ʛʦʜʘ, ʧʦʚʳʩʠʪʴ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʦʢʨʘʪʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʆʎɽʅʂɸ ɺʆɿʄʆɾʅʆʉʊʀ ʈɸʎʀʆʅɸʃʔʅʆɻʆ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʅɽʌʊʗʅʓʍ 

ʆʉʊɸʊʂʆɺ ʀ ɺɸʈʀɸʅʊʓ ʀʍ ʇʈʀʄɽʅɽʅʀʗ 

ʄʋʅɸʁ ʂɸʃɼʓʂʊɸʈʓʅ ʋʊʓʄɼʓ ʇɸʁɼɸʃɸʅʋ ʄʋʄʂʀʅɼʀɻʀʅ ɹɸɻɸʃɸʋ 

ɾɸʅɽ ʆʃɸʈɼʓ  

ʂʆʃɼɸʅʋ ʅʋʉʂɸʃɸʈʓ 

ASSESSMENT OF THE POSSIBILITY OF RATIONA L USE OF OIL RESIDUES AND 

OPTIONS FOR THEIR AP PLICATION  

 ɹʫʟʦʚʘ ʆʣʴʛʘ ɺʘʩʠʣʴʝʚʥʘ 

ɸʢʪʶʙʠʥʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ. ɾʫʙʘʥʦʚʘ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɹʘʢʪʳʢʦʞʘ ɸʢʩʳʨʛʘ ʋʩʝʥʢʳʟʳ 

ɸʢʪʶʙʠʥʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ. ɾʫʙʘʥʦʚʘ, ʤʘʛʠʩʪʨʘʥʪ 

 

 

ɸʥʥʦʪʘʮʠʷ. ʂʘʟʘʭʩʪʘʥ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʝʡ ʩʪʨʘʥʦʡ ʧʦ ʟʘʧʘʩʘʤ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ 

ʚʭʦʜʠʪ ʚ ʜʚʘʜʮʘʪʢʫ ʣʠʜʝʨʦʚ ʤʠʨʘ ʧʦ ʟʘʧʘʩʘʤ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʆʜʥʘʢʦ ʥʝʬʪʷʥʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ - ʦʜʠʥ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʟʘʚʦʜʦʚ ʠ ʥʝʬʪʝʛʘʟʦʚʳʭ ʢʦʤʧʘʥʠʡ 

ʠʤʝʝʪ ʪʝʭʥʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʧʦʵʪʦʤʫ ʚʦʧʨʦʩʳ ʟʘʱʠʪʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʷʚʣʷʶʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤʠ. ʇʨʠ ʜʦʙʳʯʝ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʧʝʨʝʨʘʙʦʪʢʝ ʥʝʬʪʠ ʦʙʨʘʟʫʶʪʩʷ ʪʘʢʠʝ ʦʪʭʦʜʳ, 

ʢʘʢ ʥʝʬʪʝʰʣʘʤʳ, ʥʝʬʪʴ ʥʘ ʭʨʘʥʝʥʠʠ, ʥʝʬʪʝʟʘʛʨʷʟʥʝʥʥʘʷ ʧʦʯʚʘ. ʕʪʠ ʥʝʬʪʷʥʳʝ ʦʪʭʦʜʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʥʘʨʦʜʥʦʤ ʭʦʟʷʡʩʪʚʝ ʣʠʰʴ ʯʘʩʪʠʯʥʦ (10-15%), ʙʦʣʴʰʘʷ ʠʭ ʯʘʩʪʴ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʥʝʵʬʬʝʢʪʠʚʥʦ, ʥʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʤʘʟʫʪ ʩʞʠʛʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʥʝʬʪʷʥʳʝ 

ʦʪʭʦʜʳ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʥʘ ʧʦʣʠʛʦʥʘʭ ʠ ʥʘʥʦʩʷʪ ʚʨʝʜ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳʝ 

ʟʘʛʨʷʟʥʠʪʝʣʠ ʢʦʤʧʦʥʝʥʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʪʘʢʠʭ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ 

ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʨʦʩʪ ʧʦʯʚʳ, ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ - ʥʝʬʪʝʰʣʘʤʳ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʦʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʬʪʷʥʳʭ ʦʩʪʘʪʢʦʚ, ʘ ʪʘʢ ʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʠ 

ʧʨʠʤʝʥʝʥʠʷ ʥʝʬʪʝʰʣʘʤʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʬʪʷʥʳʝ ʦʩʪʘʪʢʠ, ʥʝʬʪʝʰʣʘʤʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʧʨʠʤʝʥʝʥʠʝ, ʧʝʨʝʨʘʙʦʪʢʘ 

 

ʄױʅɸʁ פɸʃʓפʊɸʈʓʅ ʈɸʎʀʆʅɸʃɼʓ ʇɸʁɼɸʃɸʅʋ ʄתʄʂɯʅɼɯɻɯʅ ɹɸנɸʃɸʋ 

ɾᴄʅɽ ʆʃɸʈɼʓפ רʆʃɼɸʅʋ 

ɸʥʥʦʪʘʮʠʷ. פʘʟʘץʩʪʘʥ ʪʘʙʠסʠ ʨʝʩʫʨʩʪʘʨ ʙʦʡʳʥʰʘ ʝש ʽʨʽ ʤʝʤʣʝʢʝʪ ʞᴅʥʝ ʢᴇʤʽʨʩʫʪʝʛʽ ץʦʨʳ 

ʙʦʡʳʥʰʘ ᴅʣʝʤʜʝʛʽ ʞʠʳʨʤʘ ʢᴇʰʙʘʩʰʳʣʘʨʜʳץ שʘʪʘʨʳʥʘ ʢʽʨʝʜʽ. ɸʣʘʡʜʘ, ʤײʥʘʡ ᴇʥʝʨʢᴅʩʽʙʽ 

 ʜʝʫ ʟʘʫʳʪʪʘʨʳשʥʘʡ ᴇײʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄ שʽʨʽ ʢᴇʟʜʝʨʜʽ שʘʥ ʦʨʪʘʥʳ ʣʘʩʪʘʡʪʳʥ ʝסʦʨʰʘץ

ʤʝʥ ʤײʥʘʡ-ʛʘʟ ʢʦʤʧʘʥʠʷʣʘʨʳʥʳש ᴇʥʜʽʨʽʩʪʽʢ ץʳʟʤʝʪʽ ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ʪʝʭʥʦʛʝʥʜʽʢ ᴅʩʝʨ ʝʪʝʜʽ, 

ʩʦʥʜʳץʪʘʥ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳ ץʦʨסʘʫ ʞᴅʥʝ ʪʘʙʠסʠ ʨʝʩʫʨʩʪʘʨʜʳ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ ʤᴅʩʝʣʝʣʝʨʽ 

ᴇʟʝʢʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄײʥʘʡʜʳ ᴇʥʜʽʨʫ, ʪʘʩʳʤʘʣʜʘʫ ʞᴅʥʝ ᴇשʜʝʫ ʢʝʟʽʥʜʝ ʤײʥʜʘʡ ץʘʣʜʳץʪʘʨ 

ʤײʥʘʡ ʰʣʘʤʳ, ץʦʡʤʘʜʘסʳ ʤײʥʘʡ, ʤײʥʘʡʤʝʥ ʣʘʩʪʘʥסʘʥ ʪʦʧʳʨʘץ ʩʠʷץʪʳ ʧʘʡʜʘ ʙʦʣʘʜʳ. ɹײʣ 

ʤײʥʘʡ ץʘʣʜʳץʪʘʨʳ ʭʘʣʳץ ʰʘʨʫʘʰʳʣʳסʳʥʜʘ ʽʰʽʥʘʨʘ סʘʥʘ ץʦʣʜʘʥʳʣʘʜʳ (10-15%), ʦʥʳש ʢᴇʧ 

ʙᴇʣʽʛʽ ʪʠʽʤʩʽʟ ʧʘʡʜʘʣʘʥʳʣʘʜʳ, ʤʳʩʘʣʳ, ʤʘʟʫʪ ץʘʟʘʥʜʳץ ʦʪʳʥʳ ʨʝʪʽʥʜʝ ʞʘʥסʘʥʜʘ, ʤײʥʘʡ 

 ʠ ʦʨʪʘסʘ ʟʠʷʥ ʢʝʣʪʽʨʝʜʽ. ʊʘʙʠסʘʥ ʦʨʪʘסʦʨʰʘץ ,ʪʘʨʳ ʧʦʣʠʛʦʥʜʘʨʜʘ ʞʠʥʘʣʳʧץʘʣʜʳץ

ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽש, ʤʳʩʘʣʳ, ʞʝʨ װʩʪʽ ʞᴅʥʝ ʞʝʨ ʘʩʪʳ ʩʫʣʘʨʳ, ʪʦʧʳʨʘץʪʳש ᴇʩʫʽ, ʘʪʤʦʩʬʝʨʘʣʳץ 

ʘʫʘ ʩʠʷץʪʳ ʝץ שʘʫʽʧʪʽ ʣʘʩʪʘסʳʰʪʘʨ - ʤײʥʘʡ ʰʣʘʤʜʘʨʳ. ʄʘץʘʣʘʜʘ ʤײʥʘʡ ץʘʣʜʳץʪʘʨʳʥ 

ʧʘʡʜʘʣʘʥʫʜʳש ʥʝʛʽʟʛʽ ʘʩʧʝʢʪʽʣʝʨʽ, ʩʦʥʜʘʡ-ʘץ ʤײʥʘʡ ʰʣʘʤʳʥ ᴇשʜʝʫ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ 

ʤװʤʢʽʥʜʽʛʽ ʪʫʨʘʣʳ ʘʡʪʳʣʘʜʳ. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʤײʥʘʡ ץʘʣʜʳץʪʘʨʳ, ʤײʥʘʡ ʰʣʘʤʳ, ץʦʣʜʘʥʫ, ץʦʣʜʘʥʫ, ᴇשʜʝʫ 
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ASSESSMENT OF THE POSSIBILITY OF RATIONAL USE OF OIL RESIDUES AND 

OPTIONS OF THEIR APPLICATION  

Annotation. Kazakhstan is the largest country in terms of natural resources and is among the 

twenty leaders in the world in terms of hydrocarbon reserves. However, the oil industry is one of 

the largest sources of environmental pollution. The production activities of oil refineries and oil and 

gas companies have a technogenic impact on the environment, therefore, issues of environmental 

protection and efficient use of natural resources are relevant. During the extraction, transportation 

and processing of oil, such wastes are generated as oil sludge, oil in storage, oil-contaminated soil. 

This oil waste is used in the national economy only partially (10-15%), most of it is used 

inefficiently, for example, when fuel oil is burned as boiler fuel, oil waste accumulates on landfills 

and harms the environment. The most dangerous pollutants of the components of the natural 

environment, such as surface and underground waters, soil growth, atmospheric air, are oil sludge. 

The article discusses the main aspects of the use of oil residues, as well as the possibility of 

processing and using oil sludge. 

Key words: oil residues, oil sludge, use, application, processing 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʬʪʝʛʘʟʦʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʥʝʬʪʝʛʘʟʦʧʝʨʝʨʘʙʦʪʢʘ ʠ 

ʥʝʬʪʝʭʠʤʠʷ ʷʚʣʷʶʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠ ʜʦʙʳʯʝ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʧʝʨʝʨʘʙʦʪʢʝ 

ʩʳʨʦʡ ʥʝʬʪʠ ʦʙʨʘʟʫʝʪʩʷ ʥʝʬʪʝʰʣʘʤ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ 

ʫʩʪʦʡʯʠʚʳʝ ʘʛʨʝʛʘʪʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʠʝ ʚ ʦʩʥʦʚʥʦʤ ʠʟ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʚʦʜʳ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʧʨʠʤʝʩʝʡ (ʧʝʩʦʢ, ʛʣʠʥʘ , ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ ʠ ʜʨ.). 

ɽʞʝʛʦʜʥʦ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʥʝʬʪʠ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʠʨʦʜʥʳʭ ʨʘʟʣʠʚʦʚ ʠ ʘʚʘʨʠʡ ʦʙʨʘʟʫʝʪʩʷ ʦʢʦʣʦ 400 ʪʳʩʷʯ ʪʦʥʥ ʥʝʬʪʷʥʳʭ ʦʪʭʦʜʦʚ, ʘ ʨʝʩʫʨʩʳ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʦʮʝʥʠʚʘʶʪʩʷ ʚ 4,5 ʤʠʣʣʠʦʥʘ ʪʦʥʥ. ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʘʤʙʘʨʦʚ ʫʚʝʣʠʯʠʚʘʝʪ ʨʠʩʢ 

ʛʠʙʝʣʠ ʞʠʚʦʪʥʳʭ, ʟʘʛʨʷʟʥʝʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʚʦʟʜʫʭʘ[1, ʩ.45]. 

ʅʝʬʪʝʰʣʘʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ, 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ, ʧʝʨʝʨʘʙʦʪʢʝ ʥʝʬʪʠ, ʦʯʠʩʪʢʝ ʨʝʟʝʨʚʫʘʨʦʚ, 

ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ ʚʦʜ, ʨʝʤʦʥʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪ.ʜ. ʅʘʨʫʞʥʳʝ ʦʪʩʪʦʡʥʠʢʠ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʥʘʥʦʩʦʚ ʟʘʥʠʤʘʶʪ ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʠ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʠʟ-ʟʘ ʠʩʧʘʨʝʥʠʷ ʣʝʛʢʦʚʦʩʧʣʘʤʝʥʷʶʱʠʭʩʷ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʘ ʪʘʢʞʝ ʟʘʛʨʷʟʥʝʥʠʷ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ʇʦʵʪʦʤʫ ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ ʠ ʫʪʠʣʠʟʘʮʠʷ ʥʝʬʪʝʰʣʘʤʦʚ - ʘʢʪʫʘʣʴʥʘʷ ʟʘʜʘʯʘ. 

ʅʝʬʪʝʰʣʘʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʩʪʘʙʠʣʴʥʳʝ ʘʛʨʝʛʘʪʥʳʝ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʠʝ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʚʦʜʳ ʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʧʨʠʤʝʩʝʡ (ʧʝʩʦʢ, ʛʣʠʥʘ, ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ ʠ ʜʨ.). ɸʥʘʣʠʟ ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ ʩʝʛʦʜʥʷ ʥʘʭʦʜʠʪʩʷ ʚ 

ʨʝʟʝʨʚʫʘʨʘʭ ʥʝʬʪʝʰʣʘʤʦʚ, ʘ ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʘʭ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ, ʝʩʪʝʩʪʚʝʥʥʦ, ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʚʣʘʛʠ ʠʟ ʰʣʘʤʦʫʣʦʚʠʪʝʣʝʡ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʞʠʜʢʦʡ 

ʯʘʩʪʠ ʥʝʬʪʝʰʣʘʤʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʚʷʟʢʘʷ ʣʠʧʢʘʷ ʧʘʩʪʘ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ 

ʧʣʘʩʪʠʯʥʦʩʪʠ. ʅʝʬʪʝʰʣʘʤ ʥʝʣʴʟʷ ʧʝʨʝʢʘʯʠʚʘʪʴ ʠʣʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ[2, ʩ.75]. 

ʅʘʢʦʧʣʝʥʠʝ ʥʝʬʪʝʰʣʘʤʦʚ ʦʙʳʯʥʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʟʦʥʘʭ ʠʣʠ ʙʫʥʢʝʨʘʭ ʙʝʟ 

ʢʘʢʦʡ-ʣʠʙʦ ʩʦʨʪʠʨʦʚʢʠ ʠʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ.  

ʅʘʙʣʶʜʘʶʪʩʷ ʠ ʜʨʫʛʠʝ ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʪʘʢʠʝ ʢʘʢ ʦʩʘʞʜʝʥʠʝ, ʨʦʩʪ ʤʠʢʨʦʙʦʚ, 

ʦʢʠʩʣʝʥʠʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, ʥʦ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʦʞʝʪ ʟʘʥʷʪʴ ʜʝʩʷʪʠʣʝʪʠʷ ʠʟ-ʟʘ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʩʦʣʠ, ʘ ʪʘʢʞʝ ʥʝʜʦʩʪʘʪʢʘ ʢʠʩʣʦʨʦʜʘ. 

ʉʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ʥʝʬʪʝʰʣʘʤʦʚ ʥʘ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʟʣʠʯʘʶʪʩʷ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʦʙʝʩʧʝʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʦʨʠʪʝʪʦʚ ʛʦʩʫʜʘʨʩʪʚʘ.  
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ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʪʭʦʜʦʚ ʧʨʠʚʝʣʦ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʥʚʝʩʪʠʨʦʚʘʪʴ ʚ ʧʨʦʝʢʪʳ 

ʧʦ ʨʘʟʚʠʪʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʥʩʪʠʪʫʪʦʚ ʚ ʂʘʟʘʭʩʪʘʥʝ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʚ ʵʪʫ 

ʦʪʨʘʩʣʴ - ʧʦʣʫʯʝʥʠʝ ʧʨʦʜʫʢʮʠʠ 1-4 ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ 

ʦʪʭʦʜʦʚ, ʧʨʠʛʦʜʥʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ[3, ʩ.58]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʟʠʥʬʝʢʮʠʠ 

ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ. ʆʩʦʙʝʥʥʦʩʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ ʚ ʪʦʤ, ʯʪʦ ʦʪʭʦʜʳ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪʩʷ 

ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳ. 

ʇʨʦʜʫʢʪ ʙʝʟʦʧʘʩʥʦʩʪʠ - ʠʟʚʣʝʯʝʥʠʝ ʟʦʣʳ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʦʪʧʨʘʚʣʷʝʪʩʷ ʥʘ ʟʘʭʦʨʦʥʝʥʠʝ 

ʚ ʢʘʯʝʩʪʚʝ ʩʪʝʨʠʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʎʝʣʴʶ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʫʩʪʨʘʥʝʥʠʝ 

ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪʭʦʜʘʤʠ, ʦʙʱʝʝ ʩʥʠʞʝʥʠʝ ʚʨʝʜʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʟʘ ʩʯʝʪ 

ʫʤʝʥʴʰʝʥʠʷ ʠʭ ʢʦʣʠʯʝʩʪʚʘ, ʩʥʠʞʝʥʠʝ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ ʥʝʬʪʷʥʳʭ ʦʪʭʦʜʦʚ ʩ ʠʭ ʩʙʦʨʦʤ ʠ 

ʨʘʟʣʦʞʝʥʠʝʤ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ. ʆʜʥʘʢʦ ʧʦʚʪʦʨʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʧʦʣʫʩʛʦʨʘʥʠʷ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ 

ʤʫʩʦʨʦʩʞʠʛʘʪʝʣʴʥʳʭ ʟʘʚʦʜʦʚ. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʪʘʢʞʝ ʧʦʪʨʝʙʣʷʝʪ ʤʥʦʛʦ ʵʥʝʨʛʠʠ, ʦʩʦʙʝʥʥʦ 

ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʥʝʬʪʝʰʣʘʤʦʚ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʣʘʛʠ. ʇʦʩʢʦʣʴʢʫ ʚ ʥʝʦʜʥʦʨʦʜʥʳʭ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤʘʭ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʤʝʪʘʣʣʦʚ ʠ ʚʦʜʳ, ʧʨʦʮʝʩʩ ʩʛʦʨʘʥʠʷ ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʪʭʦʜʦʚ, ʤʠʥʝʨʘʣʦʚ ʠ ʵʥʝʨʛʠʠ. ɺ ʧʨʦʮʝʩʩʝ 

ʩʞʠʛʘʥʠʷ ʦʪʭʦʜʦʚ ʦʙʨʘʟʫʶʪʩʷ ʛʘʟʦʦʙʨʘʟʥʳʝ ʧʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ, ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʢʦʪʦʨʳʭ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʚʪʦʨʠʯʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʨʝʩʫʨʩ. ʆʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʚ 

ʦʪʭʦʜʘʭ ʤʦʛʫʪ ʛʦʨʝʪʴ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʦʥʠ ʜʦʩʪʠʛʘʶʪ ʪʨʝʙʫʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ 

ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʢʠʩʣʦʨʦʜʦʤ. ʄʥʦʛʠʝ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʦʪʨʘʙʦʪʘʥʥʦʤ ʤʘʩʣʝ 

ʫʩʪʦʡʯʠʚʳ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʚʦʜʳ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʠʤʝʶʪ ʥʠʟʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʪʦ 

ʜʝʣʘʝʪ ʥʝʬʪʝʰʣʘʤ ʩʣʘʙʳʤʠ. 

ɽʛʦ ʤʦʞʥʦ ʜʦʙʘʚʣʷʪʴ ʚ ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʫʩʪʦʡʯʠʚʳʝ ʢ ʨʘʩʪʚʦʨʘʤ 

ʢʠʩʣʦʪ ʠ ʱʝʣʦʯʝʡ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʬʠʥʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ 

ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʬʪʝʰʣʘʤʦʚ ʚ ʤʘʪʝʨʠʘʣʘʭ. ɸ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʧʨʠʨʦʜʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʚ ʥʝʬʪʝʰʣʘʤʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʯʥʫʶ 

ʘʜʛʝʟʠʦʥʥʫʶ ʩʚʷʟʴ ʩ ʤʘʪʝʨʠʘʣʦʤ. 

ɽʱʝ ʦʜʠʥ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʥʝʬʪʝʰʣʘʤʦʚ - ʵʪʦ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʪʦʧʦʯʥʦʛʦ ʪʦʧʣʠʚʘ, ʪʘʢ 

ʢʘʢ ʦʥʦ ʩʦʩʪʦʠʪ ʠʟ 17% ʚʦʜʳ ʠ 1-10% ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʦʪʜʝʣʷʶʪʩʷ ʦʪ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60-80 Á C. ʆʜʥʦ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʵʪʦʛʦ ʪʦʧʦʯʥʦʛʦ 

ʪʦʧʣʠʚʘ - ʫʜʦʙʩʪʚʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʨʦʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝʬʪʝʰʣʘʤ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʦʛʨʫʟʢʠ ʠ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚʠʢʦʚ ʩ ʦʪʢʨʳʪʳʤ ʚʝʨʭʦʤ. ʆʙʝʟʟʘʨʘʞʠʚʘʥʠʝ 

ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʤʘʩʣʘ ʤʝʥʝʝ ʚʨʝʜʥʦ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʯʝʤ ʝʛʦ ʭʨʘʥʝʥʠʝ[4, ʩ.102]. 

ɺ ʟʘʢʣʶʯʝʥʠʠ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʝʬʪʷʥʳʝ ʢʦʤʧʘʥʠʠ ʚʥʝʜʨʷʶʪ ʨʘʟʣʠʯʥʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʙʫʨʝʥʠʷ. ʆʜʥʘʢʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʤʝʪʦʜʘ ʦʙʨʘʙʦʪʢʠ ʥʝʬʪʝʰʣʘʤʦʚ ʜʣʷ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʠ ʫʪʠʣʠʟʘʮʠʠ. ɺʳʩʦʢʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʰʣʘʤʘʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʦʯʠʩʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʤʝʪʦʜʳ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʧʦʯʚ ʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ 

ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʠ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʣʘʤʠʥʘʨʥʦʝ ʧʝʨʝʤʝʰʘʥʥʦʝ ʢʦʥʚʝʢʪʠʚʥʦʝ ʚʦʟʜʫʰʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝ 2-ʫʭ ʦʜʠʥʘʢʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ, ʠʟʦʙʨʘʞʘʶʱʠʭ ʵʣʝʢʪʨʦʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, 

ʢʦʪʦʨʳʝ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʥʘʢʣʦʥʥʦʤ ʢʘʥʘʣʝ. ʅʠʞʥʷʷ ʩʪʝʥʢʘ ʢʘʥʘʣʘ ʥʘʛʨʝʚʘʝʪʩʷ ʧʨʠ 

ʩʪʘʙʠʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʦʭʣʘʞʜʘʝʪʩʷ ʩʤʝʰʘʥʥʦʡ ʢʦʥʚʝʢʮʠʝʡ ʣʘʤʠʥʘʨʥʦʛʦ ʧʦʪʦʢʘ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʫʣʫʯʰʠʪʴ ʪʝʧʣʦʚʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʜʘʥʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʜʨʝʩʦʚʘʥʦ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ, ʫʛʣʘ 

ʥʘʢʣʦʥʘ, ʚʝʣʠʯʠʥ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. ɺʩʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠ 

ʬʠʟʠʯʝʩʢʠʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʨʝʥʳ ʯʠʩʣʝʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ANSYS FLUENT. ɼʣʷ ʧʨʦʚʝʨʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʪʝʩʪʦʚʳʝ 

ʟʘʜʘʯʠ ʨʝʰʘʣʠʩʴ ʯʠʩʣʝʥʥʦ. ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʠʩʣʝʥʥʳʡ 

ʘʣʛʦʨʠʪʤ SIMPLE. ʀʪʦʛʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʪʦ ʯʪʦ ʪʝʧʣʦʧʝʨʝʜʘʯʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ Pr=0,71 ʪʘʢʞʝ ʧʨʠ 5ÒReÒ200. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʘʟʤʝʨʳ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ, ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ, ʫʛʦʣ 

ʥʘʢʣʦʥʘ ʢʘʥʘʣʘ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʣʫʯʰʝʥʠʝ ʪʝʧʣʦʦʙʤʝʥʘ ʚʥʫʪʨʠ ʢʘʥʘʣʘ. 

ʄʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʦʙʱʘʷ ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʫʩʠʣʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ ʠ ʰʠʨʠʥʳ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʤʝʰʘʥʥʘʷ ʢʦʥʚʝʢʮʠʷ, ʢʘʥʘʣ, ʦʭʣʘʞʜʝʥʠʝ, ʵʣʝʢʪʨʦʥʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ, ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

 

ʊתʁɯʅɼɽʄɽ 

 

ɹײʣ ʤʘץʘʣʘʜʘ ʙʽʟ ʢᴇʣʙʝʫ ʘʨʥʘסʘ ʦʨʥʘʪʳʣסʘʥ ʵʣʝʢʪʨʦʥʜʳץ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ʙʝʡʥʝʣʝʡʪʽʥ 2 

ʙʽʨʜʝʡ ʞʳʣʫ ʢᴇʟʜʝʨʽʥʽש ʣʘʤʠʥʘʨʣʳ ʘʨʘʣʘʩ ʢʦʥʚʝʢʪʠʚʪʽ ʘʫʘ ʩʘʣץʳʥʜʘʪʫʳʥ ײʩʳʥʘʤʳʟ. 

ɸʨʥʘʥʳש ʪᴇʤʝʥʛʽ ץʘʙʳʨסʘʩʳ ʪײʨʘץʪʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ץʳʟʘʜʳ ʞᴅʥʝ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ 
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ʪᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʣʘʤʠʥʘʨʣʳ ʘסʳʥʥʳש ʘʨʘʣʘʩ ʢʦʥʚʝʢʮʠʷʩʳ ʘʨץʳʣʳ ʩʘʣץʳʥʜʘʪʳʣʘʜʳ. ɹײʣ 

 ʨʳʣʳʤʳʥ ʞʝʪʽʣʜʽʨʝ ʘʣʘʪʳʥײץ ʞʳʣʫ שʳʣʘʨʜʳסʨʳʣײץ ץʤʳʩʳ ʵʣʝʢʪʨʦʥʜʳײʳʣʳʤʠ ʟʝʨʪʪʝʫ ʞס

ʩʘʧʘʣʳ ײʩʳʥʳʩʪʘʨʜʳ ʟʝʨʪʪʝʫ ʤʘץʩʘʪʳʥʜʘ ʈʝʡʥʦʣʴʜʩ ʩʘʥʳʥʳש, ʢʘʥʘʣʜʳש ʢᴇʣʙʝʫ ʙײʨʳʰʳ, 

ʞʳʣʫ ʢᴇʟʜʝʨʽʥʽש ʤᴇʣʰʝʨʽ, ʦʣʘʨʜʳש ʘʨʘʩʳʥʜʘסʳ ץʘʰʳץʪʳץ ᴅʩʝʨʽʥ ʟʝʨʪʪʝʫʛʝ ʙʘסʳʪʪʘʣסʘʥ. 

ɹʘʨʣʳץ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʞᴅʥʝ ʬʠʟʠʢʘʣʳץ ʙʦʣʞʘʤʜʘʨ ANSYS FLUENT ʢᴇʤʝʛʽʤʝʥ ʩʘʥʜʳץ 

ʤʦʜʝʣʴʜʝʫ ʘʨץʳʣʳ ʪʝʢʩʝʨʽʣʜʽ. ʄʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴ ʤʝʥ ʩʘʥʜʳץ ᴅʜʽʩʪʽ ʪʝʢʩʝʨʫ װʰʽʥ ʪʝʩʪʪʽʢ 

ʝʩʝʧʪʝʨ ʩʘʥʜʳץ ʪװʨʜʝ ʰʝʰʽʣʜʽ. ɹײʣ ʝʩʝʧʪʽש ʩʘʥʜʳץ ʰʝʰʽʤʽ װʰʽʥ SIMPLE ʘʣʛʦʨʠʪʤʽ 

 Pr = 0.71 ʢʝʟʽʥʜʝ ʜʝ, 5ÒReÒ200 שʤʦʜʝʣʴʜʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʞʳʣʫ ʘʣʤʘʩʫʜʳ ץʦʣʜʘʥʳʣʘʜʳ. ʉʘʥʜʳץ

ʢʝʟʽʥʜʝ ʜʝ ʞʦסʘʨʳʣʘʡʪʳʥʜʳסʳʥ ʢᴇʨʩʝʪʝʜʽ. ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʞʳʣʫ ʢᴇʟʜʝʨʽʥʽש ᴇʣʰʝʤʜʝʨʽ, 

ʈʝʡʥʦʣʴʜʩ ʩʘʥʳ, ʦʣʘʨʜʳש ʘʨʘץʘʰʳץʪʳסʳ, ʢʘʥʘʣʜʳש ʢᴇʣʙʝʫ ʙײʨʳʰʳ ʢʘʥʘʣ ʽʰʽʥʜʝʛʽ ʞʳʣʫ 

ʘʣʤʘʩʫʜʳ ʞʘץʩʘʨʪʫסʘ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʝʪʽʥʜʽʛʽʥ ʢᴇʨʩʝʪʪʽ. ʕʣʝʢʪʨʦʥʜʳ ʢʦʤʧʦʥʝʥʪʪʽש 

ʙʠʽʢʪʽʛʽ ʤʝʥ ʝʥʽ ײʣסʘʡסʘʥ ʩʘʡʳʥ ʞʘʣʧʳ ʞʳʣʫ ʙʝʨʫʜʽש ʞʦסʘʨʳʣʘʡʪʳʥʳʥ ʘʥʳץʪʘʜʳץ. 

ʂʽʣʪ cᴇʟʜʝp: ɸʨʘʣʘʩ ʢʦʥʚʝʢʮʠʷ, ʢʘʥʘʣ, ʩʘʣץʳʥʜʘʪʫ, ʵʣʝʢʪʨʦʥʜʳ ʢʦʤʧʦʥʝʥʪʪʝʨ, ʩʘʥʜʳץ 

ʤʦʜʝʣʴʜʝʫ. 

 

ANNOTATION  

 

In this paper, we present laminar mixed convective air cooling of 2 identical heat sources 

depicting electronic components that are installed in an inclined channel. The lower wall of the 

channel is heated at a stable temperature and cooled by the mixed convection of the laminar flow at 

a relatively low temperature. In order to evaluate the qualitative proposals for improving the 

thermal design of electronic devices, this study is aimed at studying the influence of the Reynolds 

number, the angle of inclination, the values of heat sources, and the distance between them. All 

mathematical and physical assumptions were verified by numerical simulations using ANSYS 

FLUENT. To test the mathematical model and the numerical method, the test problems were solved 

numerically. For the numerical solution of this problem, the numerical algorithm SIMPLE is used. 

The results of numerical simulations demonstrate that the heat transfer increases significantly at 

Pr=0.71 and also at 5ÒReÒ200. The results obtained show that the dimensions of the heat sources, 

the Reynolds number, the distances between them, and the angle of inclination of the channel have 

a significant effect on improving the heat exchange inside the channel. We found that the overall 

heat transfer increases with increasing height and width of the electronic component. 

Keywords: Mixed convection, channel, cooling, electronic components, numerical 

simulation. 

 

ɺʚʝʜʝʥʠʝ 
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ʉ ʧʦʷʚʣʝʥʠʝʤ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʨʘʩʩʝʠʚʘʥʠʝ ʪʝʧʣʘ ʥʘ ʤʠʢʨʦʯʠʧʝ ʩʪʘʣʦ 

ʠʩʪʦʯʥʠʢʦʤ ʙʝʩʧʦʢʦʡʩʪʚʘ. ɺʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʯʠʧʘ ʚʣʠʷʶʪ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ. ʇʦʵʪʦʤʫ ʵʬʬʝʢʪʠʚʥʳʡ ʦʪʚʦʜ ʪʝʧʣʘ ʥʝʦʙʭʦʜʠʤ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʣʫʯʰʝʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ ʩʠʩʪʝʤʳ. ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠʟʫʯʘʣʠ ʪʝʧʣʦʦʙʤʝʥ ʚ 

ʢʘʥʘʣʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʉʠʤʤʝʪʨʠʯʥʳʡ ʠʣʠ ʘʩʠʤʤʝʪʨʠʯʥʳʡ ʥʘʛʨʝʚ 

ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠʣʠ ʨʘʚʥʦʤʝʨʥʳʤ ʪʝʧʣʦʚʳʤ ʧʦʪʦʢʦʤ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ 

ʘʥʘʣʠʪʠʯʝʩʢʠ [1-3], ʯʠʩʣʝʥʥʦ [4-6] ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ [7-9]. ɺ ʨʘʙʦʪʝ [10] ʯʠʩʣʝʥʥʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʩʤʝʰʘʥʥʘʷ ʢʦʥʚʝʢʮʠʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʢʘʥʘʣʝ ʩ ʜʠʩʢʨʝʪʥʳʤʠ 

ʚʳʩʪʫʧʘʶʱʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʪʝʧʣʘ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʭʦʜʥʳʝ 

ʠ ʚʳʭʦʜʥʳʝ ʜʣʠʥʳ ʢʘʥʘʣʘ ʠ ʧʦʣʦʞʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʠ ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʈʵʣʝʷ ʫʚʝʣʠʯʠʚʘʶʪ ʢʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʢ 

ʥʝʦʪʘʧʣʠʚʘʝʤʦʡ ʩʪʝʥʢʝ. ʍʘʤʫʰ ʠ ɹʝʩʩʘʡ [11] ʯʠʩʣʝʥʥʦ ʠʩʩʣʝʜʦʚʘʣʠ ʜʚʫʤʝʨʥʳʡ ʣʘʤʠʥʘʨʥʳʡ 

ʩʤʝʰʘʥʥʳʡ ʢʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʩ ʚʦʟʜʫʭʦʤ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʦʜʠʥʘʢʦʚʳʭ ʚʳʩʪʫʧʘʶʱʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ ʚ ʢʘʥʘʣʝ, ʦʪʢʨʳʪʦʤ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʩʪʘʥʦʚʢʘ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʥʘʜ ʠʩʪʦʯʥʠʢʘʤʠ ʪʝʧʣʘ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʪʦʢʘ 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʦʪʚʦʜʘ ʪʝʧʣʘ ʦʪ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʍʘʤʫʰ ʠ ɹʝʩʩʘʡ [12] ʠʩʩʣʝʜʦʚʘʣʠ ʣʘʤʠʥʘʨʥʳʡ ʩʤʝʰʘʥʥʳʡ ʢʦʥʚʝʢʪʠʚʥʳʡ 

ʧʝʨʝʥʦʩ ʪʝʧʣʘ ʚ ʚʦʟʜʫʭʝ ʦʪ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʚʳʩʪʫʧʘʶʱʠʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʢʘʥʘʣʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ 

ʨʘʟʜʝʣʝʥʠʷ, ʚʳʩʦʪʳ ʠ ʰʠʨʠʥʳ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʪʚʦʜʘ ʪʝʧʣʘ ʦʪ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʥʘ ʫʣʫʯʰʝʥʠʝ 

ʪʝʧʣʦʦʙʤʝʥʘ ʚʥʫʪʨʠ ʢʘʥʘʣʘ. ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʝʜʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʫʣʫʯʰʠʪʴ ʪʝʧʣʦʚʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʥʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ Re, ʫʛʣʘ ʥʘʢʣʦʥʘ q, ʨʘʟʤʝʨʦʚ ʠʩʪʦʯʥʠʢʦʚ 

ʪʝʧʣʘ S, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ d ʥʘ ʧʦʪʦʢ ʠ ʪʝʧʣʦʚʳʝ ʧʦʣʷ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ɼʣʷ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚ ʩʠʣʝ ʧʣʘʚʫʯʝʩʪʠ ʫʨʘʚʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ Y (ʪ. ʝ. ʩʧʨʘʚʝʜʣʠʚʦ ʧʨʠʙʣʠʞʝʥʠʝ ɹʫʩʩʠʥʝʩʢʘ [13], ʙʝʟʨʘʟʤʝʨʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ 

ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʜʚʫʤʝʨʥʦʡ ʩʤʝʰʘʥʥʦʡ ʢʦʥʚʝʢʮʠʝʡ ʷʚʣʷʶʪʩʷ: 
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ʛʜʝ U ʠ V - ʙʝʟʨʘʟʤʝʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ X ʠ Y ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ P ʠ 

Q- ʙʝʟʨʘʟʤʝʨʥʳʝ ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʫʨʘʚʥʝʥʠʷʭ (2)-(4), ὋὶȾὙὩ- 

ʯʠʩʣʦ ʈʠʯʘʨʜʩʦʥʘ, ʛʜʝ Ὃὶ Ὣ‍Ὕ Ὕ ὌȾ’  ̫ʚʣʷʝʪʩʷ ʯʠʩʣʦ ɻʨʘʩʛʦʬʘ,  ὙὩ ’ὌȾ’  

ʷʚʣʷʝʪʩʷ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ, ὖὶ ’ Ⱦ‌  ʷʚʣʷʝʪʩʷ ʯʠʩʣʦ ʇʨʘʥʜʪʣʷ. ʅʘ ʚʭʦʜʝ ʚ ʢʘʥʘʣ v0-

ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ, ʘ T0-ʨʘʚʥʦʤʝʨʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ. ʂʘʞʜʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʢʦʤʧʦʥʝʥʪ 

ʚʳʜʝʨʞʠʚʘʝʪʩʷ ʠʟʦʪʝʨʤʠʯʝʩʢʠ, ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ Ts ʠ ʠʤʝʝʪ 

ὯȟὫȟ‍ȟ”ȟ’  ̉ Ὧ  ï ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʧʣʦʪʥʦʩʪʴ, ʚʷʟʢʦʩʪʴ, ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʞʠʜʢʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚ ʙʝʟʨʘʟʤʝʨʥʦʡ ʬʦʨʤʝ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʢʦʤʧʦʥʝʥʪ 

ʩʢʦʨʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʷʚʣʷʶʪʩʷ: 

ʧʨʠ  0=Y  ʠ 10 ¢¢X ; ,0=U   ,1=V   0=Q    

ʧʨʠ  LY=  ʠ 10 ¢¢X ;       ,0=U   
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X  

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1)-(4) ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʠʩʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ 

SIMPLE (ʧʦʣʫʷʚʥʳʡ ʤʝʪʦʜ ʜʣʷ ʫʨʘʚʥʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʜʘʚʣʝʥʠʝʤ) ʇʘʪʘʥʢʘʨʘ ʉʧʦʣʜʠʥʛʘ [10]. 

 

ʊʝʩʪʦʚʘʷ ʟʘʜʘʯʘ ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʣʷ ʩʢʦʨʦʩʪʠ 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʦʙʩʫʞʜʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʪʝʩʪʦʚʘʷ ʟʘʜʘʯʘ. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʵʪʦʡ 

ʪʝʩʪʦʚʦʡ ʟʘʜʘʯʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʘʥʦ ʚ [14,15]. 
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ʈʠʩʫʥʦʢ 1. ʉʨʘʚʥʝʥʠʝ ʧʨʦʬʠʣʝʡ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ V ʜʣʷ Ra=10
3
 ʠ  10

5
 

 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʳ ʩʨʘʚʥʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʨʝʰʝʥʠʷʤʠ [14], [15], [12]. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʵʪʠ  ʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʥʘʰʝʡ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʦʡ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʈʵʣʝʷ ʚʙʣʠʟʠ 

ʛʦʨʷʯʝʡ ʩʪʦʨʦʥʳ ʢʘʥʘʣʘ ʨʘʟʚʠʚʘʶʪʩʷ ʩʢʦʨʦʩʪʥʳʝ ʧʦʛʨʘʥʠʯʥʳʝ ʩʣʦʠ. ʇʨʠ Ra = 10
3
 ʵʬʬʝʢʪʳ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʤʘʣʳ, ʘ ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʧʦʯʪʠ ʩʠʤʤʝʪʨʠʯʝʥ. 

ɼʘʥʥʦʡ ʪʝʩʪʦʚʦʡ ʟʘʜʘʯʝʡ ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ ʪʦʯʥʦʩʪʴ ʯʠʩʣʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʩʨʘʚʥʠʚʘʣʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ.  ʋʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʦ ʩʦʛʣʘʩʠʝ ʩ 

ʜʘʥʥʳʤʠ ʠʟʤʝʨʝʥʠʡ. ɿʥʘʯʝʥʠʷ ʧʦʢʘʟʘʣʠ ʙʦʣʝʝ ʙʣʠʟʢʦʝ ʩʦʛʣʘʩʠʝ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʠʟʤʝʨʝʥʠʡ, 

ʯʝʤ ʟʥʘʯʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ. 

 

ʈʝʘʣʴʥʘʷ ʟʘʜʘʯʘ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʣʘʤʠʥʘʨʥʦʝ ʩʤʝʰʘʥʥʦʝ ʢʦʥʚʝʢʪʠʚʥʦʝ ʚʦʟʜʫʰʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝ ʜʚʫʭ ʠʜʝʥʪʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ, ʠʤʠʪʠʨʫʶʱʠʭ ʵʣʝʢʪʨʦʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʥʘʢʣʦʥʥʦʤ ʢʘʥʘʣʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. ʂʘʞʜʳʡ ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ ʠʤʝʝʪ 

ʚʳʩʦʪʫ h ʠ ʰʠʨʠʥʫ w, ʘ ʪʘʢʞʝ ʨʘʩʩʪʦʷʥʠʝ d ʤʝʞʜʫ ʜʚʫʤʷ ʵʣʝʢʪʨʦʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʭʦʜʦʤ ʢʘʥʘʣʘ ʠ ʧʝʨʚʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ ʨʘʚʥʦ L1, ʘ ʤʝʞʜʫ ʚʪʦʨʳʤ ʠ 

ʚʳʭʦʜʦʤ ʢʘʥʘʣʘ- L2. H ʠ L- ʰʠʨʠʥʘ ʠ ʜʣʠʥʘ ʢʘʥʘʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʣʘʩʪʠʥʳ ʢʘʥʘʣʘ ʘʜʠʘʙʘʪʠʯʥʳ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʫʛʣʳ ʥʘʢʣʦʥʘ ʢʘʥʘʣʘ —: — πЈȟτυЈȟωπЈȟρσυЈȟρψπЈȟςςυЈȟςχπЈȟσρυЈ. ʉ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʝʜʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʣʫʯʰʠʪʴ ʪʝʧʣʦʚʫʶ ʢʦʥʩʪʨʫʢʮʠʶ 

ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʥʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʯʠʩʣʦ 

ʈʝʡʥʦʣʴʜʩʘ Re, ʫʛʣʘ ʥʘʢʣʦʥʘ q, ʨʘʟʤʝʨʦʚ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ S, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ d.  
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ʈʠʩʫʥʦʢ 2. ɼʚʘ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ, ʠʤʠʪʠʨʫʶʱʠʝ ʵʣʝʢʪʨʦʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, 

ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʥʘʢʣʦʥʥʦʡ ʩʪʝʥʢʝ ʢʘʥʘʣʘ. 

 

ʏʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ANSYS Fluent [16]. ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʘʣʛʦʨʠʪʤ SIMPLE (Semi-Implicit Method for Pressure Linked Equations). 

ʇʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʦʝ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʠʣʝʥʠʷ ʣʘʤʠʥʘʨʥʦʛʦ ʩʤʝʰʘʥʥʦʛʦ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʵʬʬʝʢʪʳ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ 

(Re= 5, 10, 50, 100, ʠ 200), ʫʛʦʣ ʥʘʢʣʦʥʘ (— πЈȟτυЈȟωπЈȟρσυЈȟρψπЈȟςςυЈȟςχπЈȟσρυЈ), 

ʨʘʟʤʝʨʳ ʢʘʞʜʦʛʦ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ ʠ ʨʘʩʩʪʦʷʥʠʝ ʨʘʟʜʝʣʝʥʠʷ d ʤʝʞʜʫ ʜʚʫʤʷ ʠʩʪʦʯʥʠʢʘʤʠ 

ʪʝʧʣʘ ʧʦ ʩʪʨʫʢʪʫʨʝ ʧʦʪʦʢʘ. ɹʝʟʨʘʟʤʝʨʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ 

ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʩʣʝʜʫʶʱʠʝ: L1/H=2, L2/H=6, h=w, 2w, 3w ʘ ʪʘʢʞʝ d=w, 2w, 3w. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʭʦʤ 

ʧʨʦʯʥʦʩʪʴ ʧʣʘʚʫʯʝʩʪʠ ʥʝ ʦʯʝʥʴ ʚʳʩʦʢʘ, ʘ ʤʘʢʩʠʤʫʤ ʯʠʩʣʦ ɻʨʘʩʛʦʬʘ ʜʝʨʞʠʪʩʷ ʚ ʧʦʨʷʜʢʝ 10
4
. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʨʝʜʥʷʷ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ЎT=Ts-T0 ʠ ʚʳʩʦʪʘ ʢʘʥʘʣʘ H ʩʦʩʪʘʚʣʷʶʪ 

ʦʢʦʣʦ 10 ʂ ʠ 20 ʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʭʣʘʞʜʘʶʱʘʷ ʞʠʜʢʦʩʪʴ-ʚʦʟʜʫʭ (Pr=0.71). ɺʩʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʙʝʟʨʘʟʤʝʨʥʳʭ ʟʥʘʯʝʥʠʷʭ. 
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ʈʠʩʫʥʦʢ 3. ʀʟʤʝʥʝʥʠʝ ʙʝʟʨʘʟʤʝʨʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ Ὸ ʧʨʠ ʨʘʟʥʳʭ ʫʛʣʘʭ ʥʘʢʣʦʥʘ ʢʘʥʘʣʘ  

 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʙʝʟʨʘʟʤʝʨʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ Ὸ ʜʣʷ ʨʘʟʥʳʭ ʨʘʩʪʦʷʥʠʡ 

ʨʘʟʜʝʣʝʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʵʣʝʢʪʨʦʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠ ʜʣʷ ʨʘʟʥʳʭ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʢʘʥʘʣʘ 

(— πЈȟτυЈȟωπЈȟρσυЈȟρψπЈȟςςυЈȟςχπЈȟσρυЈ), ʘ ʪʘʢʞʝ ʜʣʷ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ 

ʧʨʠ Gr =10
4
 ʠ Re=5 ʚ ʢʘʥʘʣʝ.  ʆʪʩʶʜʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ 

ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ ʫʛʦʣ ʥʘʢʣʦʥʘ ʢʘʥʘʣʘ ʧʨʠ — ςχπЈ ʘ ʚ ʭʫʜʰʝʤ ʩʣʫʯʘʝ - ʫʛʦʣ ʥʘʢʣʦʥʘ 

ʢʘʥʘʣʘ ɗ = 90Á. ɼʘʣʝʝ ʜʣʷ ʵʪʠʭ ʚʘʨʠʘʥʪʦʚ ʨʘʩʩʯʠʪʳʚʘʝʤ ʠʟʤʝʥʝʥʠʝ ʙʝʟʨʘʟʤʝʨʥʦʡ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ V ʠ ʠʟʤʝʥʝʥʠʝ ʙʝʟʨʘʟʤʝʨʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ Ὸ ʧʨʠ Re=10, 20, 50, 100, 

200. ʕʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʦ 

ʈʝʡʥʦʣʴʜʩʘ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʦʭʣʘʞʜʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʥʫʪʨʠ ʢʘʥʘʣʘ.  

 

 

ʈʠʩʫʥʦʢ 4. ʀʟʤʝʥʝʥʠʝ ʙʝʟʨʘʟʤʝʨʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ Ὸ ʧʨʠ Re=5, 10, 20, 50, 100, 200 

 

 

ʈʠʩʫʥʦʢ 5. ʀʟʤʝʥʝʥʠʝ ʙʝʟʨʘʟʤʝʨʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ Ὸ ʧʨʠ Re=200 ʠ ʧʨʠ Ᵽ Ј 

 

ʅʘ ʨʠʩ. 5 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʙʝʟʨʘʟʤʝʨʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ Ὸ ʜʣʷ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʡ 

ʤʝʞʜʫ ʜʚʫʤʷ ʵʣʝʢʪʨʦʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʠ Re=200 ʠ ʧʨʠ — ςχπЈȢ ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ, ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʠ ʨʘʩʩʪʦʷʥʠʷ ʨʘʟʜʝʣʝʥʠʷ ʤʦʞʝʪ 

ʫʣʫʯʰʠʪʴ ʦʭʣʘʞʜʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʥʫʪʨʠ ʢʘʥʘʣʘ. 
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ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʣʘʤʠʥʘʨʥʦʡ ʩʤʝʰʘʥʥʦʡ 

ʢʦʥʚʝʢʮʠʠ ʚ ʥʘʢʣʦʥʥʦʤ ʢʘʥʘʣʝ, ʩʦʜʝʨʞʘʱʝʤ ʜʚʘ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ, ʠʤʠʪʠʨʫʶʱʠʭ 

ʵʣʝʢʪʨʦʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʄʦʜʝʣʴ ʠ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʨʝʥʳ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʦʚʦʡ 

ʟʘʜʘʯʠ.  ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ, ʫʛʦʣ ʥʘʢʣʦʥʘ ʢʘʥʘʣʘ, 

ʨʘʟʤʝʨʳ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʫʣʫʯʰʝʥʠʝ ʪʝʧʣʦʦʙʤʝʥʘ ʚʥʫʪʨʠ ʢʘʥʘʣʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ 

ʧʨʝʜʳʜʫʱʠʤʠ ʨʘʙʦʪʘʤʠ, ʥʘʡʜʝʥʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ:  

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩʨʘʚʥʝʥʠʝʤ ʩ ʯʠʩʣʝʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʥʘʡʜʝʥʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ.  

ɼʣʷ  — ρψπЈ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚʥʫʪʨʠ ʢʘʥʘʣʘ.  

ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʠ ʨʘʩʩʪʦʷʥʠʷ ʨʘʟʜʝʣʝʥʠʷ ʤʦʞʝʪ ʫʩʠʣʠʪʴ ʦʭʣʘʞʜʝʥʠʝ 

ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʥʫʪʨʠ ʢʘʥʘʣʘ.  

ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʦʚ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ. 
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ʄᴄʊɯʅɼɯʂ ɽʉɽʇʊɽʈɼɯ ʐʓנɸʈʋ ʊʀʇɯ ɾᴄʅɽ ʆʃɸʈɼʓ ʐɽʐʋ ᴄɼɯʉʊɽʈɯ 

 

ʀʙʘʪʦʚʘ ɸʡʥʘʛϮʣ ʉʠʩʝʥʙʘʡϨʳʟʳ 

2 ʢʫʨʩ ʤʘʛʠʩʪʨʘʥʪʳ 

ʂʫʣʴʞʫʤʠʝʚʘ ɸʡʤʘʥ ɸʤʘʥʛʝʣʴʜʠʝʚʥʘ 

 ʬ ï ʤ.ס.ʢʘʥʜʠʜʘʪʳ,ʜʦʮʝʥʪ 

                                             ʄ.ᴆʪʝʤʽʩʦʚ ʘʪʳʥʜʘסʳ ɹʘʪʳʩ פʘʟʘץʩʪʘʥ ʋʥʠʚʝʨʩʠʪʝʪʽ, 

 ʘʣʘʩʳץ ʩʪʘʥ, ʆʨʘʣץʘʟʘפ

 

ɸʅʅʆʊɸʎʀʗ 

ʆץʫʰʳʣʘʨʜʳש ᴇʟ ʙʝʪʽʥʰʝ ʟʝʨʪʝʫʰʽʣʽʢ (ʰʳסʘʨʤʘʰʳʣʳץ) ʞײʤʳʩʪʘʨʜʳ ʦʨʳʥʜʘʫ 

ʧʨʦʮʝʩʽʥʜʝʛʽ ʦץʫ ʽʩ ï ᴅʨʝʢʝʪʽ ʦץʫʰʳʣʘʨʜʳש ʰʳסʘʨʤʘʰʳʣʳץ ʽʩ ï ᴅʨʝʢʝʪʽʥ ײʡʳʤʜʘʩʪʳʨʫסʘ 

ʙʘסʳʪʪʘʣסʘʥ. ɹײʣ ʞʝʨʜʝ ʦץʫʰʳʣʘʨסʘ ᴇʟʽʥʜʽʢ ʪʘʧʩʳʨʤʘ ʨʝʪʽʥʜʝ ʜʘʤʳʪʫʰʳ ʬʫʥʢʮʠʷʩʳ ʙʘʨ 

ʝʩʝʧʪʝʨʜʽ ʙʝʨʫʛʝ ʙʦʣʘʜʳ. ʄײʥʜʘʡ ʝʩʝʧʪʝʨ ʦץʫʰʳʣʘʨʜʳש ʦʡʳʥ ʜʘʤʳʪʫסʘ ʘʨʥʘʣסʘʥ ʞᴅʥʝ ʦץʫ 

ʦʙʲʝʢʪʽʩʽ ʙʦʣʳʧ ʪʘʙʳʣʤʘʡʜʳ. ɼʝʛʝʥʤʝʥ ʙײʣ ʝʩʝʧʪʝʨ ʦץʳʪʳʣʘʪʳʥ ʤʘʪʝʨʠʘʣʜʘʨʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳ ʞᴅʥʝ ʦץʫʰʳʣʘʨʜʳש ʰʘʤʘʣʘʨʳ ʞʝʪʝʪʽʥʜʝʡ ʙʦʣʫʳ ʢʝʨʝʢ. ᴄʨʠʥʝ ʦץʫʰʳʣʘʨʜʳש 

ʙʘʨʣʳסʳ ץʠʳʥʜʳסʳ ʞʦסʘʨʳ ʙײʣ ʝʩʝʧʪʽ ʰʳסʘʨʘ ʘʣʤʘʡʜʳ. ʆʣ ʦץʫ ʽʩ ï ᴅʨʝʢʝʪʽʥʽש ʞʘʨʪʳʣʘʡ ï 

ʽʟʜʝʫ ʢʝʟʝשʽʥʜʝ ʦץʫʰʳʣʘʨʜʳש ʩᴅʡʢʝʩ ʙʽʣʽʢʪʽ ץʘʥʰʘʣʳץʪʳ ʙʝʨʽʢ ʤʝשʛʝʨʛʝʥʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. 

ʉʦʥʜʳץʪʘʥ ʢᴇʧʪʝʛʝʥ ʦץʫʰʳʣʘʨ ʦʩʳʥʜʘʡ ʝʩʝʧʪʝʨʜʽ ʰʳסʘʨʫ ʙʘʨʳʩʳʥʜʘ ʤסײʘʣʽʤ ʪʘʨʘʧʳʥʘʥ 

ʘʡʪʘʨʣʳץʪʘʡ ʢᴇʤʝʢʪʽ ץʘʞʝʪ ʝʪʝʜʽ.  

 

ʆץʫʰʳʣʘʨʜʳש ʦץʫ ʽʩ ï ᴅʨʝʢʝʪʽ ʪᴅʩʽʣʜʝʨʽʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʝʩʝʧʪʝʨʜʽ 

  :ץʘʨʘʩʪʳʨʘʡʳץ

1) ʝʩʝʧʪʝʨʜʽ ץʘʙʳʣʜʘʫ ʙʽʣʽʛʽʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʝʩʝʧʪʝʨ; 

2) ʥʝʛʽʟʛʽ ץʘʪʳʥʘʩʪʳ ʙᴇʣʽʧ ʘʣʫ ʤʘץʩʘʪʳʥʜʘ ʝʩʝʧ ʤᴅʪʽʥʽʥ ʪװʨʣʝʥʜʽʨʝ ʘʣʫ ʙʽʣʽʛʽʥ 

 ;ʘʥ ʝʩʝʧʪʝʨסʳʪʪʘʣסʘ ʙʘסʘʣʳʧʪʘʩʪʳʨʫץ

3) ʝʩʝʧʪʽש ʰʝʰʽʤʽʥ ʽʟʜʝʫ ʤʦʜʝʣʽʥ ײץʨʘʩʪʳʨʫ ʙʽʣʽʛʽʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ 

ʝʩʝʧʪʝʨ; 

4) ʞʘʣʧʳ ʪᴅʩʽʣʤʝʥ ʰʳסʘʨʳʣʘʪʳʥ, ʝʩʝʧʪʝʨ ʞװʡʝʩʽʥ ײץʨʘʩʪʳʨʫ ʙʽʣʽʛʽʥ 

 ;ʫ ʝʩʝʧʪʝʨʽץʘʥ ʦסʳʪʪʘʣסʘ ʙʘסʘʣʳʧʪʘʩʪʳʨʫץ

5) ʝʩʝʧʪʽ ʰʳסʘʨʫ ʧʨʦʮʝʩʽ ʤʝʥ ʥᴅʪʠʞʝʩʽʥ ʙʘץʳʣʘʫ ʞᴅʥʝ ʙʘסʘʣʘʫ ʙʽʣʽʛʽʥ 

 ;ʫ ʝʩʝʧʪʝʨʽץʘʥ ʦסʳʪʪʘʣסʘ ʙʘסʘʣʳʧʪʘʩʪʳʨʫץ

ʆץʫʰʳʣʘʨʜʳש ʦץʫ ʽʩ ï ᴅʨʝʢʝʪʽʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʤᴅʪʽʥʜʽ ʝʩʝʧʪʝʨʜʽ ײץʨʫ 

ʧʨʠʥʮʠʧʽʥ ʘʥʳץʪʘʫʜʘ ʤʳʥʘ ʞʘסʜʘʡʣʘʨʜʳ ʥʝʛʽʟʛʝ ʘʣʘʤʳʟ: 

1. 7 ï 9 ʩʳʥʳʧ ʘʣʛʝʙʨʘ ʦץʫʣʳץʪʘʨʳʥʜʘסʳ ʤᴅʪʽʥʜʽ ʝʩʝʧʪʝʨʜʽ: ʩʳʟʳץʪʳ ʪʝשʜʝʫʣʝʨʜʽ 

 ʜʝʫʣʝʨשʪʳ ʪʝץʜʝʫʣʝʨʜʽ ʞᴅʥʝ ʩʳʟʳשʜʝʫʣʝʨʜʽ, ʢʚʘʜʨʘʪ ʪʝשʘ, ʙᴇʣʰʝʢ ʨʘʮʠʦʥʘʣ ʪʝסʨʘʩʪʳʨʫײץ

ʞװʡʝʩʽ ʤʝʥ ʝʢʽʥʰʽ ʨʝʪʪʽ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ ײץʨʘʩʪʳʨʫסʘ ʙʝʨʽʣʛʝʥ ʜʝʧ ʪᴇʨʪ ʪװʨʛʝ ʙᴇʣʫʛʝ 

ʙʦʣʘʜʳ.  

2. ʄᴅʪʽʥʜʽ ʝʩʝʧʪʝʨ ʞװʡʝʩʽʥʜʝʛʽ: ʘʣʛʦʨʠʪʤʜʽʢ, ʞʘʨʪʳʣʘʡ ʘʣʛʦʨʠʪʤʜʽʢ, ʞʘʨʪʳʣʘʡ 

ʵʚʨʠʩʪʠʢʘʣʳץ ʞᴅʥʝ ʵʚʨʠʩʪʠʢʘʣʳץ ʝʩʝʧʪʝʨʜʽ ʰʳסʘʨʫʜʘסʳ ʽʩ ï ᴅʨʝʢʝʪʪʽ ץʘʣʳʧʪʘʩʪʳʨʫʜʳש 

ʝʨʝʢʰʝʣʽʢʪʝʨʽ.  

3. ʆץʫʰʳʣʘʨʜʳש ʪʘʥʳʤʜʳץ ʽʩ ï ᴅʨʝʢʝʪʽʥʽש ʩʠʧʘʪʳʥʘ ʪᴅʫʝʣʜʽ ʝʩʝʧʪʝʨʜʽש ʝʢʽ ʪװʨʽʥ 

  .ʦʣʜʘʥʫץ

ʇʩʠʭʦʣʦʛʪʘʨʜʳש, ᴅʜʽʩʢʝʨʣʝʨʜʽש ʟʝʨʪʪʝʫʣʝʨʽʥʜʝ ʦץʫʰʳʥʳש ʝʩʝʧʪʝʨʜʽ ʰʳסʘʨʘ ʙʽʣʫʽ, ʦʣ 

ʰʳסʘʨסʘʥ ʝʩʝʧʪʝʨ ʩʘʥʳʥʘ ʪᴅʫʝʣʜʽ ʝʤʝʩ ʦʥʳש ʝʩʝʧʪʽ ʪʘʣʜʘʫ ʜʘסʜʳʩʳʥʳש, ʝʩʝʧʪʽ ʰʳסʘʨʫ 

ʞʦʩʧʘʨʳʥ ʽʟʜʝʫ ʜʘסʜʳʩʳʥʳש ʜײʨʳʩ ץʘʣʳʧʪʘʩʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝʛʝʥ. ɹײʣ 

ʜʘסʜʳʣʘʨ ץʘʣʳʧʪʘʩʧʘסʘʥ ʞʘסʜʘʡʜʘ, ʦץʫʰʳ ʝʩʝʧʪʽ ᴇʟʜʽʛʽʥʝʥ ʰʳסʘʨʫסʘ װʡʨʝʥʙʝʡʜʽ.  

ʄᴅʪʽʥʜʽ ʝʩʝʧʪʝʨʜʽ ʪʝשʜʝʫʣʝʨ ʤʝʥ ʪʝשʩʽʟʜʽʢʪʝʨʜʽ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ ʰʳסʘʨʫʜʳש 

ʦץʫʰʳʣʘʨסʘ ץʠʳʥʜʳץ ʪʫסʳʟʫ ʩʝʙʝʧʪʝʨʽ:  

1) ʝʩʝʧʪʽש ʰʘʨʪʳʥ ʜײʨʳʩ ʪʘʣʜʘʡ ʘʣʤʘʫʳ; 
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2) ʰʘʤʘʣʘʨ ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʳ ʜײʨʳʩ ʤʝשʛʝʨʤʝʫʽ; 

3) ʪʽʨʝʢ ï ʝʩʝʧʪʝʨʜʽ ʰʳסʘʨʫ ʜʘסʜʳʣʘʨʳʥʳש ʜײʨʳʩ ץʘʣʳʧʪʘʩʧʘʫʳ; 

4) ʝʩʝʧ ʰʳסʘʨʫ ʙʘʨʳʩʳʥʜʘ ʤסײʘʣʽʤ ʪʘʨʘʧʳʥʘʥ ʦץʫʰʳʥʳש ʦʡʣʘʫ ᴅʨʝʢʝʪʽʥ 

ʞʝʪʢʽʣʽʢʩʽʟ ʙʘʩץʘʨʫʳ; 

5) ʙʝʣʛʽʣʽ ʙʽʨ ʪʝשʜʝʫʜʽ ʥʝʤʝʩʝ ʪʝשʩʽʟʜʽʢʪʽ (ʦʣʘʨʜʳש ʞװʡʝʣʝʨʽʥ) ʰʝʰʝ ʘʣʤʘʫʳ; 

6) ʝʩʝʧ ʰʳסʘʨʫ ᴅʜʽʩʝʨʽʥ ʤʝשʛʝʨʪʫʜʝ ʤסײʘʣʽʤʥʽש ʩʘʙʘץʪʘʩʪʳʣʳץ, ʙʽʨʽʟʜʽʣʽʢ ʞᴅʥʝ 

ʞװʡʝʣʽʢ ʧʨʠʥʮʠʧʪʝʨʽʥ ʜײʨʳʩ ʩʘץʪʘʤʘʫʳ. 

ʄᴅʪʽʥʜʽ ʝʩʝʧʪʝʨʜʽ ʪʝשʜʝʫʣʝʨ ʤʝʥ ʪʝשʩʽʟʜʽʢʪʝʨʜʽ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ ʰʳסʘʨʫʜʘ ʝש 

ʘʣʜʳʤʝʥ ʜʘʡʳʥʜʳץ ʢʝʟʝשʽʥʽש ʜײʨʳʩ ײʡʳʤʜʘʩʪʳʨʳʣʫʳʥʳש ʤʘשʳʟʳ ᴇʪʝ ʟʦʨ. ɼʘʡʳʥʜʳץ 

ʢʝʟʝשʽʥʜʝ ʪʽʨʝʢ ï ʝʩʝʧʪʝʨʜʽ ʜײʨʳʩ ʪʘשʜʘʧ ʘʣʳʧ, ʦʥʳ ʰʳסʘʨʫ ᴅʜʽʩʪʝʨʽʥ ʞװʡʝʣʽ ץʘʡʪʘʣʘʧ 

ʦʪʳʨʫסʘ ʢᴇשʽʣ ʙᴇʣʫ ʢʝʨʝʢ.  

ʆʨʪʘ ʤʝʢʪʝʧ ʤסײʘʣʽʤʜʝʨʽʥʝ, ʞʦסʘʨʳ ʦץʫ ʦʨʥʳʥʳש ʤʘʪʝʤʘʪʠʢʘʥʳ ʦץʳʪʫ ᴅʜʽʩʪʝʤʝʩʽ 

ʤʘʛʠʩʪʨʘʥʪʪʘʨ ʤʝʥ ʩʪʫʜʝʥʪʪʝʨʛʝ ʘʨʥʘʣʳʧ ᴅʟʽʨʣʝʥʛʝʥ çʄʝʪʦʜʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʦʙʫʯʝʥʠʷ 

ʨʝʰʝʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʚ ʰʢʦʣʝè ʦץʫ ײץʨʘʣʳʤʳʟʜʘ ʙʽʟ ʤʘʪʝʤʘʪʠʢʘ ʢʫʨʩʳʥʜʘסʳ 

ʩʘʥʥʳש ʧʘʡʳʟʳʥ ʞᴅʥʝ ʧʘʡʳʟʳ ʙʦʡʳʥʰʘ ʩʘʥʜʳ ʪʘʙʫסʘ, ʧʨʦʧʦʨʮʠʷʥʳ ץʦʣʜʘʥʫסʘ, 

ʧʨʦʧʦʨʮʠʷʣʳץ ʙᴇʣʫʛʝ ʞᴅʥʝ ʩʘʥʜʳץ ʙʘʡʣʘʥʳʩʪʘʨסʘ, ץʦʟסʘʣʳʩץʘ, ʞײʤʳʩץʘ ʞᴅʥʝ ʝשʙʝʢ 

ᴇʥʽʤʜʽʣʽʛʽʥʝ, ʙʘʩʩʝʡʥ ʤʝʥ ײץʙʳʨסʘ ʘʨʥʘʣסʘʥ, ץʦʩʧʘ ʤʝʥ ʢʦʥʮʝʥʪʨʘʮʠʷסʘ (ץʦʩʳʣʳʤסʘ) 

ʘʨʥʘʣסʘʥ ʤᴅʪʽʥʜʽ ʝʩʝʧʪʝʨʜʽ ʞᴅʥʝ ʦʣʘʨʜʳ ʰʳסʘʨʫʜʳש ʪʠʽʤʜʽ ᴅʜʽʩʪʝʨʽ ʤʝʥ ʪᴅʩʽʣʜʝʨʽʥ 

ʞװʡʝʣʝʜʽʢ.  

ɸʣʛʝʙʨʘ ʢʫʨʩʳʥʜʘ ʩʳʟʳץʪʳ ʪʝשʜʝʫʣʝʨʜʽ ײץʨʘʩʪʳʨʫסʘ ʘʨʥʘʣסʘʥ ʤᴅʪʽʥʜʽ ʝʩʝʧʪʝʨʜʽ 

ʰʳסʘʨʫסʘ ʦץʳʪʫʜʳש ᴅʜʽʩʪʝʤʝʣʽʢ ײʩʳʥʳʤʜʘʨʳʥ ץʘʨʘʩʪʳʨʘʡʳץ. 

1 ï ʤʳʩʘʣ. ʊʨʘʢʪʦʨʰʳ װʰ ʞʝʨ ʪʝʣʽʤʽʥ ʞʳʨʪʪʳ. ɹʽʨʽʥʰʽ ʪʝʣʽʤʥʽש ʘʫʜʘʥʳ ʙʘʨʣʳװ ץʰ 

ʪʝʣʽʤ ʘʫʜʘʥʳʥʳש    ï  ʥʝ, ʘʣ ʝʢʽʥʰʽʩʽ ʘʫʜʘʥʳʥʳװ שʰʽʥʰʽʩʽ ʘʫʜʘʥʳʥʘ ץʘʪʳʥʘʩʳ   . ɽʛʝʨ 

 ʘʥʰʘ ʛʝʢʪʘʨץ ʰ ʪʝʣʽʤʜʝװ ץʘʥʜʘ 16ʛʘ ʢʝʤ ʙʦʣʩʘ, ʙʘʨʣʳסʘʨʘץ ʰʽʥʰʽ ʪʝʣʽʤʜʝ ʙʽʨʽʥʰʽʛʝװ

ʙʦʣʘʜʳ?  
ʐʝʰʫʽ. ɹʘʨʣʳץ ʘʫʜʘʥʜʳ ʪʘʙʫ װʰʽʥ, ʞʝʨ ʪʝʣʽʤʜʝʨʽʥʽש ʘʫʜʘʥʜʘʨʳʥ ʪʘʫʳʧ, ʦʣʘʨʜʳ ץʦʩʫ 

ʢʝʨʝʢ. ɸʡʪʘʣʳץ ʪʝʣʽʤʜʝʨʜʽש ʘʫʜʘʥʳ ʭ, ʫ, ʭ ï 16 (ʛʘ) ʙʦʣʩʳʥ.  

                   ʉʠʥʪʝʟ 

Ø Ø Ù ρφ Ø ʞᴅʥʝ 

 

ʝʩʝʧʪʽש ʰʘʨʪʳ ʙʦʡʳʥʰʘ 
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Ø ρφÚ 

 

ʊʝשʜʝʫʜʽש ʤװʰʝʣʝʨʽʥ ʙʽʨ ʞʘסʳʥʘʥ ʝʢʽʥʰʽ 

ʞʘסʳʥʘ ץʘʨʘʤʘ ï ץʘʨʩʳ ʪʘשʙʘʤʝʥ ʢᴇʰʽʨʝʤʽʟ. 

Ø
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ψ
Ø ρψÚ 

 

ώ ï ʪʽש ʤᴅʥʽʥ ʙʽʨʽʥʰʽ ʪʝשʜʝʫʛʝ ץʦʡʳʧ 

ʢᴇʙʝʡʪʫʜʽװ שʣʝʩʪʽʨʽʤʜʽʣʽʢ ʟʘשʳʥ ץʦʣʜʘʥʘʤʳʟ. 
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ψ
στÚ 

 

ᴆʨʥʝʢʪʽ ʳץʰʘʤʜʘʫ. 

Ø
ςχς

υ
Ȣ 

 

ʊʝשʜʝʫʜʽש ʪװʙʽʨʽʥ, ʷסʥʠ x ï ʪʽש ʤᴅʥʽʥ ʪʘʙʫ. 

Ù
ω
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υ
ρφ

ςρφ

υ
Ȣ 

 

ώ ï ʪʽש ʤᴅʥʽʥ ʪʘʙʘʤʳʟ, ʞʘʡ ʙᴇʣʰʝʢʪʝʨʛʝ 

ʘʤʘʣʜʘʨ ץʦʣʜʘʥʫ.  
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υττ

υ

ςρφ

υ
ρφ ρσφ̄  ́

 

ɾʘʡ ʙᴇʣʰʝʢʪʝʨʛʝ ʘʤʘʣʜʘʨ ץʦʣʜʘʥʫ.  

 

ɾʘʫʘʙʳ: 136 ʛʘ. 

ʂʝʩʪʝʣʽʢ ᴅʜʽʩʧʝʥ ʤᴅʪʽʥʜʽ ʝʩʝʧʪʽ ʰʳסʘʨʫʜʘ ʦʥʳש ʰʝʰʽʤʽʥ ʘʥʘʣʠʪʠʢʘʣʳץ ʽʟʜʝʫʜʽש 

ʞʘʣʧʳ ʪᴅʩʽʣʽʥ ʪײʞʳʨʳʤʜʘʡʤʳʟ ï  

1. ɽʩʝʧʢʝ ʪʘʣʜʘʧ ʞʘʩʘʧ, ʘʥʳץʪʘʡʤʳʟ: 

ʘ) ʝʩʝʧʪʝ ץʘʤʪʳʣסʘʥ ʰʘʤʘʣʘʨʜʳש ʘʪʘʫʣʘʨʳʥ; 

ᴅ) ʦʩʳ ʰʘʤʘʣʘʨʜʳש ʘʨʘʩʳʥʜʘסʳ ʬʫʥʢʮʠʦʥʘʣʜʳץ ʙʘʡʣʘʥʳʩʪʳ, ʷסʥʠ ʝʩʝʧʪʝ ʞװʟʝʛʝ 

ʘʩʳʨʳʣסʘʥ ʥʝʛʽʟʛʽ ץʘʪʳʥʘʩʪʳ; 

ʙ) ʝʩʝʧʪʝʛʽ ʝʩʝʧʪʽʢ ʞʘסʜʘʡʣʘʨ (ʵʣʝʤʝʥʪʪʝʨ) ʩʘʥʳ; 

ʚ) ᴅʨʙʽʨ ʝʩʝʧʪʽʢ ʞʘסʜʘʡʜʘסʳ ʙʝʣʛʽʣʽ ʞᴅʥʝ ʙʝʣʛʽʩʽʟ ʰʘʤʘʣʘʨʜʳ; 

ʛ) ʙʝʣʛʽʩʽʟ ʰʘʤʘʣʘʨ ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʳ; 

  .ʽʟʜʝʣʽʥʜʽ ʰʘʤʘʥʳ (ס

2. ᴄʨʙʽʨ ʞʘסʜʘʡʜʘסʳ ʙʝʨʽʣʛʝʥ ʞᴅʥʝ ʙʝʣʛʽʩʽʟ ʰʘʤʘʣʘʨʜʳש ʢʝʩʪʝʛʝ ʝʥʛʽʟʝʤʽʟ ʞᴅʥʝ 

ʪʝשʜʽʢ, ʪʝשʩʽʟʜʽʢ, ʘʨʠʬʤʝʪʠʢʘʣʳץ ʘʤʘʣʜʘʨ ʙʝʣʛʽʣʝʨʽʥ ʧʘʡʜʘʣʘʥʳʧ, ʙʝʣʛʽʩʽʟ ʰʘʤʘʣʘʨʜʳש 

ʩᴅʡʢʝʩʽʥʰʝ ʤᴅʥʜʝʨʽʥ ᴇʟʘʨʘ ʩʘʣʳʩʪʳʨʘʤʳʟ. 

3. ɽʩʝʧʪʽש ʤᴅʪʽʥʽʥʽש ʢʝʩʪʝʣʽʢ ʞʘʟʙʘʩʳ ʥʝʛʽʟʽʥʜʝ ʝʩʝʧʪʽש ʰʝʰʽʤʽʥ ʽʟʜʝʫ ʢʝʩʪʝʩʽʥ 

(ʤʦʜʝʣʽʥ) ײץʨʘʩʪʳʨʘʤʳʟ, ʦʣ װʰʽʥ:  

ʘ) ʙʝʣʛʽʩʽʟ ʰʘʤʘʥʳ ʪʘשʜʘʫ ʞᴅʥʝ ʦʥʳ ᴅʨʽʧʧʝʥ ʙʝʣʛʽʣʝʫ (ʤʳʩʘʣʳ, x); 

ᴅ) ʙʝʣʛʽʩʽʟ ʰʘʤʘʣʘʨʜʳש ʩᴅʡʢʝʩʽʥʰʝ ʤᴅʥʜʝʨʽ ʘʨʘʩʳʥʜʘסʳ ʦʨʥʘʪʳʣסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʞᴅʥʝ 

ʝʩʝʧʪʝ ʞװʟʝʛʝ ʘʩʳʨʳʣסʘʥ ʥʝʛʽʟʛʽ ץʘʪʳʥʘʩʪʳ ʧʘʡʜʘʣʘʥʫ; 

ʙ) ʪʝשʜʝʫʜʽ ʘʣʫסʘ ʥʝʛʽʟ ʙʦʣʘʪʳʥ ʪʝשʜʝʫʜʽ ʥʝʤʝʩʝ ʪʝשʩʽʟʜʽʢʪʽ ʞʘʟʫ.  

4. ɾʘʟʳʣסʘʥ ʪʝשʩʽʟʜʽʢʪʽ ʧʘʡʜʘʣʘʥʳʧ, ʪʝשʜʝʫʜʽ ײץʨʘʩʪʳʨʘʤʳʟ. 

5. ɽʩʝʧʪʽש ʰʝʰʽʤʽʥ ʽʟʜʝʫʜʽ ʘʷץʪʘʫ ʞᴅʥʝ ʘʣʳʥסʘʥ ʪʝשʜʝʫʜʽ ʰʝʰʫʛʝ ʢᴇʰʫ. 

ɽʩʝʧʪʽש ʰʘʨʪʳʥʘ ʩᴅʡʢʝʩ ײץʨʳʣʘʪʳʥ ʪʝשʜʝʫʣʝʨ ᴅʜʝʪʪʝ ץʘʰʳץʪʳץʪʳ, ץʦʟסʘʣʳʩʪʘסʳ 

ʜʝʥʝʣʝʨʜʽש ʞʳʣʜʘʤʜʳסʳʥ, ʫʘץʳʪʪʳ, ʩʫ ʘסʳʥʳʥʳש ʞʳʣʜʘʤʜʳסʳʥ (ᴇʟʝʥ ʙʦʡʳʤʝʥ ץʦʟסʘʣʳʩʪʘ) 

  .ʘʤʪʠʜʳץ

ʊװʟʫ ʩʳʟʳץʪʳ ץʦʟסʘʣʳʩץʘ ʘʨʥʘʣסʘʥ ʝʩʝʧʪʝʨʜʽש ʥʝʛʽʟʛʽ ʢʦʤʧʦʥʝʥʪʪʝʨʽ: 

s ï ʞװʨʛʝʥ ʞʦʣ, v ï ʞʳʣʜʘʤʜʳץ ʞᴅʥʝ t ï ʫʘץʳʪ. 

ʂᴇʨʩʝʪʽʣʛʝʥ ʰʘʤʘʣʘʨ ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩ ʢʝʣʝʩʽ ʬʦʨʤʫʣʘʤʝʥ ᴇʨʥʝʢʪʝʣʝʜʽ: 

 

Ὓ ὺz Ô;             ὺ ;               ὸ ; 

 

ɼʝʥʝʣʝʨʜʽץ שʦʟסʘʣʳʩʳ ʢʝʟʽʥʜʝ ᴅʨ ʪװʨʣʽ ʞʘסʜʘʡʣʘʨ ʙʦʣʘʜʳ.  

ɸ ʞᴅʥʝ ɺ ʥװʢʪʝʣʝʨʽʥʽש ʘʨʘץʘʰʳץʪʳסʳ  s ʙʦʣʩʳʥ. ɽʢʽ ʜʝʥʝ ʙʽʨץʘʣʳʧʪʳ ץʦʟסʘʣʘ 

ʙʘʩʪʘʜʳ, ʙʽʨʘץ ʦʣʘʨʜʳש ʞʳʣʜʘʤʜʳץʪʘʨʳ ᴅʨ ʪװʨʣʽ v1 ʞᴅʥʝ v2. ʉ ʥװʢʪʝʩʽ ï ʢʝʟʜʝʩʽ ʥװʢʪʝʩʽ, ʘʣ t 

ï ʢʝʟʜʝʩʢʝʥʛʝ ʜʝʡʽʥʛʽ ץʦʟסʘʣʳʩ ʫʘץʳʪʳ ʙʦʣʩʳʥ. 

 
 

 ɹʽʨ ʙʽʨʽʥʝ ץʘʨʘʤʘ ï ץʘʨʩʳ ץʦʟסʘʣʳʩʳ ʢʝʟʽʥʜʝ ɸʉ=v1t, ɺʉ=v2t ʙʦʣʘʜʳ. ʆʩʳ ʝʢʽ ʪʝשʜʽʢʪʽ 

  :ʦʩʘʤʳʟץ

ɸʉ+ʉɺ= v1t+ v2t=(v1+ v2)tÝɸɺ=s=(v1+ v2)tÝ t =
 

 

ɽʛʝʨ ʙʽʨ ʜʝʥʝ ʝʢʽʥʰʽʩʽʥ ץʫʳʧ ʞʝʪʩʝ, ʦʥʜʘ ʘʣʘʤʳʟ: ɸʉ=v1t, ɺʉ=v2t 
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ʆʩʳ ʪʝשʜʽʢʪʝʨʜʽ ʘʟʘʡʪʘʤʳʟ: 

ɸʉ ï ɺʉ=(v1ïv2)t. 

 

ɸʉ ï ɺʉ=ɸɺ=s ʙʦʣסʘʥʜʳץʪʘʥ, ʙʽʨʽʥʰʽ ʜʝʥʝʥʽש ʝʢʽʥʰʽʩʽʥ ץʫʳʧ ʞʝʪʫʛʝ ʢʝʪʢʝʥ ʫʘץʳʪʳ 

ʢʝʣʝʩʽ ʪʝשʜʽʢʧʝʥ ʘʥʳץʪʘʣʘʜʳ:  

 

ὸ
 

. 

2 ï ʤʳʩʘʣ. ɽʢʽ ʚʝʣʦʩʠʧʝʜʰʽ ʘʨʘץʘʰʳץʪʳסʳ 76 ʢʤ ʝʢʽ ʘʫʳʣʜʘʥ ʙʽʨ ï ʙʽʨʽʥʝ ץʘʨʘʤʘ ï 

 שʘʪʪʘʥ ʢʝʡʽʥ ʦʣʘʨ ʢʝʟʜʝʩʪʽ. ɽʛʝʨ ʙʽʨ ʚʝʣʦʩʠʧʝʜʰʽʥʽסʳʧ, 2 ʩʘסʘʨʩʳ ʙʽʨ ʤʝʟʛʽʣʜʝ ʰʳץ

ʞʳʣʜʘʤʜʳסʳ ʝʢʽʥʰʽʩʽʥʝʥ 3 ʢʤ/ʩʘס ï ץʘ ʢʝʤ ʙʦʣʩʘ, ʦʣʘʨʜʳש ʞʳʣʜʘʤʜʳץʪʘʨʳʥ ʪʘʙʳשʜʘʨ.  

ʐʝʰʫʽ. ʆץʫʰʳʣʘʨʤʝʥ ʙʽʨʣʝʩʽʧ, ʝʩʝʧʪʽש ʤᴅʪʽʥʽʥʝ ʪʘʣʜʘʫ ʞʘʩʘʡʤʳʟ. ʆץʫʰʳʣʘʨסʘ 

ʢʝʣʝʩʽ ʩײʨʘץʪʘʨ ץʦʡʳʣʘʜʳ: 

ɾװʨʛʝʥ ʞʦʣ, ʞʳʣʜʘʤʜʳץ ʞᴅʥʝ ʫʘץʳʪ ᴇʟʘʨʘ ץʘʣʘʡ ʙʘʡʣʘʥʳʩץʘʥ? 

ᴄʨ ʞʘסʜʘʡʜʘ ץʘʥʜʘʡ ʰʘʤʘʣʘʨ ʙʝʣʛʽʣʽ? 

ɹʽʨ ʚʝʣʦʩʠʧʝʜʰʽʥʽש ʞʳʣʜʘʤʜʳסʳ ʝʢʽʥʰʽʩʽʥʝʥ ץʘʥʰʘסʘ ʘʨʪʳץ? 

ɺʝʣʦʩʠʧʝʜʰʽʣʝʨ 2 ʩʘסʘʪʪʘ ץʘʥʜʘʡ ץʘʰʳץʪʳץ ʞװʨʽʧ ᴇʪʝʜʽ? 

ɽʩʝʧʪʝ ץʘʥʜʘʡ ʙʝʣʛʽʩʽʟ ʰʘʤʘʥʳ ʽʟʜʝʣʽʥʜʽ ʙʦʣʘʜʳ? 

ɽʩʝʧʪʝ ץʘʥʜʘʡ ʰʘʤʘʣʘʨ ʙʝʨʽʣʛʝʥ? 

ɽʩʝʧʪʽש ʰʝʰʽʤʽʥ ʘʥʘʣʠʪʠʢʘʣʳץ ʽʟʜʝʫʜʽש ʥʝʛʽʟʛʽ װʰ ʢʝʩʪʝ ʙʦʣʘʪʳʥʳ ʙʝʣʛʽʣʽ: 

ʙʝʨʽʣʛʝʥʜʝʨ ʤʝʥ ʙʝʣʛʽʩʽʟ ʰʘʤʘʣʘʨ ʢʝʩʪʝʩʽ ʞᴅʥʝ ʝʩʝʧʪʽש ʰʝʰʽʤʽʥ ʽʟʜʝʫ ʢʝʩʪʝʩʽ (ʤʦʜʝʣʴ). 

ɽʩʝʧʪʽש ʤᴅʪʽʥʽʥʝ ʪʘʣʜʘʫ ʞʘʩʘʧ, ʙʝʨʽʣʛʝʥʜʝʨ ʤʝʥ ʙʝʣʛʽʩʽʟ ʰʘʤʘʣʘʨʜʳ ʢʝʣʝʩʽ 1 ï ʢʝʩʪʝʛʝ 

ʝʥʛʽʟʝʤʽʟ. 

 

ʂʝʩʪʝ ï 1  

ʐʘʤʘ ɺʝʣʦʩʠʧʝʜʰʽ 

ʙʽʨʽʥʰʽ ʝʢʽʥʰʽ 

 ץï ʢʝ ʘʨʪʳ 3      ?      >                ?            סʳ, ʢʤ/ʩʘסʘʣʳʩ ʞʳʣʜʘʤʜʳסʦʟפ

 2 2 סʳʪʳ, ʩʘץʘʣʳʩ ʫʘסʦʟפ

ɾװʨʛʝʥ ʞʦʣ, ʢʤ.            ?           +          ?         =76 
 

ɹʽʨʽʥʰʽ ʚʝʣʦʩʠʧʝʜʰʽʥʽש ʞʳʣʜʘʤʜʳסʳʥ ʭ ʢʤ/ʩʘס ʘʨץʳʣʳ ʙʝʣʛʽʣʝʩʝʢ, ʦʥʜʘ ʝʩʝʧʪʽ 

ʰʳסʘʨʫ ʤʦʜʝʣʽ ʢʝʣʝʩʽʜʝʡ ʙʦʣʘʜʳ: 

 

ʂʝʩʪʝ ï 2 

ʐʘʤʘ ɺʝʣʦʩʠʧʝʜʰʽ 

ʙʽʨʽʥʰʽ ʝʢʽʥʰʽ 

  ʭ        <     ʭ + 3                       סʳ, ʢʤ/ʩʘסʘʣʳʩ ʞʳʣʜʘʤʜʳסʦʟפ

 2 2 סʳʪʳ, ʩʘץʘʣʳʩ ʫʘסʦʟפ

ɾװʨʛʝʥ ʞʦʣ, ʢʤ.              2 ʭ         +       2 (ʭ + 3)    = 76 
 

ɯʟʜʝʣʽʥʜʽ ʪʝשʜʝʫ: 2ʭ + 2(ʭ + 3) = 76, ʦʩʳʜʘʥ ʭ = 17,5 

ɾʘʫʘʙʳ: 17,5 ʢʤ/ʩʘ20,5 ;ס ʢʤ/ʩʘס. 
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ʆץʫʰʳʣʘʨʤʝʥ ʝʩʝʧʪʽ ʰʳסʘʨʫʜʳש ᴅʨ ʪװʨʣʽ ʪᴅʩʽʣʜʝʨʽʥ ץʘʨʘʩʪʳʨסʘʥ ʞᴇʥ. ʄʳʩʘʣʳ, ʦʩʳ 

ʝʩʝʧʪʝ ʝʛʝʨ ʽʟʜʝʫ ʩʪʨʘʪʝʛʠʷʩʳʥ ᴇʟʛʝʨʪʩʝʢ, ʷסʥʠ ʙʽʨʽʥʰʽ ʚʝʣʦʩʠʧʝʜʰʽʥʽש ʝʢʽʥʰʽʤʝʥ 

ʢʝʟʜʝʩʢʝʥʛʝ ʜʝʡʽʥʛʽ ʞװʨʛʝʥ ʞʦʣʳʥ ʭ ʢʤ ʘʨץʳʣʳ ʙʝʣʛʽʣʝʩʝʢ, ʦʥʜʘ ʝʩʝʧʪʽ ʰʳסʘʨʫ ʤʦʜʝʣʽ 

ʢʝʣʝʩʽʜʝʛʽʜʝʡ ʙʦʣʘʜʳ: 

ʂʝʩʪʝ ï 3 

ʐʘʤʘ ɺʝʣʦʩʠʧʝʜʰʽ 

ʙʽʨʽʥʰʽ ʝʢʽʥʰʽ 

                       סʳ, ʢʤ/ʩʘסʘʣʳʩ ʞʳʣʜʘʤʜʳסʦʟפ
ʭ
        <     

ʭ
 + 3  

 2 2 סʳʪʳ, ʩʘץʘʣʳʩ ʫʘסʦʟפ

ɾװʨʛʝʥ ʞʦʣ, ʢʤ.              ʭ        <       76 ï ʭ    ץʘʥʰʘסʘ? 
 

ɯʟʜʝʣʽʥʜʽ ʪʝשʜʝʫ: (
ʭ
 + 3)*2= 76 ï ʭ, ʦʩʳʜʘʥ ʭ = 35 

ɾʘʫʘʙʳ: 17,5 ʢʤ/ʩʘ20,5 ;ס ʢʤ/ʩʘס. 

  

3 ï ʤʳʩʘʣ. ɽʢʽ ʪʝʤʽʨ ʞʦʣ ʙʝʢʝʪʽʥʽש ʘʨʘץʘʰʳץʪʳסʳ 120ʢʤ. ɹʽʨʽʥʰʽ ʧʦʝʟʜ ʦʩʳ 

 ʳסʞʳʣʜʘʤʜʳ שʨʝʜʽ. ɹʽʨʽʥʰʽ ʧʦʝʟʜʳװʞ ץʘʥʜʘ 50 ʤʠʥ ʞʳʣʜʘʤʳʨʘסʘʨʘץ ʪʳ ʝʢʽʥʰʽʛʝץʪʳץʘʰʳץ

12 ʢʤ/ʩʘס ï ץʘ ʘʨʪʳץ. ɽʢʽ ʧʦʝʟʜʳש ʞʳʣʜʘʤʜʳץʪʘʨʳʥ ʪʘʙʳשʜʘʨ.  

ʐʝʰʫʽ. ʆץʫʰʳʣʘʨʤʝʥ ʝʩʝʧʪʽש ʰʝʰʽʤʽʥ ʘʥʘʣʠʪʠʢʘʣʳץ ʽʟʜʝʫʜʽש ʞʘʣʧʳ ʪᴅʩʽʣʽʥ 

ʧʘʡʜʘʣʘʥʳʧ, ʦʥʳש ʰʘʨʪʳʥʘ ʪʘʣʜʘʫʣʘʨ ʞʘʩʘʧ, ʙʝʣʛʽʩʽʟ ʰʘʤʘʥʳ ʪʘשʜʘʫʤʝʥ ʦʩʳ ᴅʨʽʧʧʝʥ 

ʙʝʣʛʽʣʝʡʤʽʟ: 

ɽʢʽʥʰʽ ʧʦʝʟʜʳש ʞʳʣʜʘʤʜʳסʳ ʭ ʢʤ/ʩʘס (ʭ>0),ʩʦʥʜʘ ʙʽʨʽʥʰʽ ʧʦʝʟʜʳש ʞʳʣʜʘʤʜʳסʳ 

(ʭ+12) ʢʤ/ʩʘס. 

50ʤʠʥ = ̒́Ȣ 

ɽʩʝʧʪʽש ʰʘʨʪʳ ʙʦʡʳʥʰʘ 4 ï ʢʝʩʪʝ ײץʨʘʤʳʟ: 

 

ʂʝʩʪʝ 4 

ʐʘʤʘ ʇʦʝʟʜ 

ʙʽʨʽʥʰʽ ʝʢʽʥʰʽ 

ɾװʨʛʝʥ ʞʦʣ, s (ʢʤ) 120 120 

 ʭ+12 ʭ (סʢʤ/ʩʘ) ʳ, vסʘʣʳʩ ʞʳʣʜʘʤʜʳסʦʟפ

ʳʪʳ, ὸץʘʣʳʩ ʫʘסʦʟפ     ʩʘס)                <                    ʩʘס.ʞʳʣʜʘʤ 

 

ɯʟʜʝʣʽʥʜʽ ʪʝשʜʝʫ:  ï = ,   ʦʩʳʜʘʥ  ʭ1= ï48;  ʭ2= 36. 

ɽʩʝʧʪʽש ʰʘʨʪʳ ʙʦʡʳʥʰʘ ʭ > 0, ʜʝʤʝʢ: ʙʽʨʽʥʰʽ ʧʦʝʟʜʳש ʞʳʣʜʘʤʜʳסʳ 48 ʢʤ/ʩʘס; ʝʢʽʥʰʽ 

ʧʦʝʟʜʳש ʞʳʣʜʘʤʜʳסʳ 36 ʢʤ/ʩʘס. 

ɾʘʫʘʙʳ: 48 ʢʤ/ʩʘ36 ;ס ʢʤ/ʩʘס. 

ᴆʟʝʥ ʙʦʡʳʤʝʥ ץʦʟסʘʣʳʩץʘ ʘʨʥʘʣסʘʥ ʝʩʝʧʪʝʨʜʽ ʰʳסʘʨʫʜʳ ʦץʳʪʫ ʙʘʨʳʩʳʥʜʘ ʢʝʣʝʩʽ 

ʞʳʣʜʘʤʜʳץʪʘʨʜʳש ʘʨʘ ץʘʪʳʥʘʩʳʥ ʝʩʪʝ ʩʘץʪʘʫʜʳ ײʩʳʥʘʤʳʟ: 

 

ὺ́ ̜̎̍̆ὺ̙̎̍̆̎ ὺ́ ̜ ̎Ƞ 
 

ὺ̙̍̆̎

ὺ́ ̜̎̍̆ὺ̎́ ̜̎ ́ ̜́̑̒

ςὥ
 

 

ὺ́ ̜̎ ́ ́̑̒ ὺ̜̙̍̆̎ ὺ́ ̜̎ 
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ὺ́ ̜̎

ὺ́ ̜̎̍̆ὺ̎́ ̜̎ ́ ̜́̑̒

ςὥ
 

 

ὺ̒́̌ ὺ́ ̜̎. 

 

4 ï ʤʳʩʘʣ. פʘʡʳץ ᴇʟʝʥ ʙʦʡʳʤʝʥ 15 ʩʘסʘʪʪʘ ʘסʳʩץʘ ᴇʘʨʩʳ ʞװʨʛʝʥ ʞʦʣʳʥ, ʘסʳʩʧʝʥ 13 

ʩʘסʘʪʪʘ ʞװʨʽʧ ᴇʪʝʜʽ. ɽʛʝʨ ץʘʡʳץʪʳש ʤʝʥʰʽʢʪʽ ʞʳʣʜʘʤʜʳסʳ 70 ʢʤ/ʩʘס ʙʦʣʩʘ, ᴇʟʝʥʥʽש ʘסʳʩʳ 

ʞʳʣʜʘʤʜʳסʳʥ ʪʘʙʳשʜʘʨ. 

ʐʝʰʫʽ. ʆץʫʰʳʣʘʨʤʝʥ ʙʽʨʣʝʩʽʧ, ʝʩʝʧʪʽש ʤᴅʪʽʥʽʥʝ ʢʝʣʝʩʽ ʩײʨʘץʪʘʨ ʘʨץʳʣʳ ʪʘʣʜʘʫ 

ʞװʨʛʽʟʝʤʽʟ: 

ᴄʨ ʞʘסʜʘʡʜʘ ץʘʥʜʘʡ ʰʘʤʘʣʘʨ ʙʝʣʛʽʣʽ? 

 ?ʘʥץʘʣʘʡ ʙʘʡʣʘʥʳʩץ ʳ ᴇʟʘʨʘסʘʨʩʳ ʞʳʣʜʘʤʜʳץ ʘץʳʩסʳʩʧʝʥ ʞᴅʥʝ ʘסʘ שʪʳץʘʡʳפ

 ?ʨʝʜʽװʘʨʩʳ ʞʦʣ ʞץ ʘץʳʩסʳʩʧʝʥ ʞᴅʥʝ ʘסʳʪʪʘ ʘץʘʥʜʘʡ ʫʘץ ץʘʡʳפ

 ?ʨʝʜʽװʪʘ ʞʦʣ ʞץʪʳץʘʰʳץ ʘʥʜʘʡץ ʘʨʩʳץ ʘץʳʩסʳʩʧʝʥ ʞᴅʥʝ ʘסʘ ץʘʡʳפ

ɽʩʝʧʪʝ ץʘʥʜʘʡ ʰʘʤʘʣʘʨ ʙʝʨʽʣʛʝʥ? 

ʊʘʣʜʘʫʜʘʥ ʘʣʳʥסʘʥ ʥᴅʪʠʞʝ ʙʦʡʳʥʰʘ ʙʝʨʽʣʛʝʥʜʝʨ ʤʝʥ ʙʝʣʛʽʩʽʟ ʰʘʤʘʣʘʨʜʳש ʢʝʣʝʩʽ 

ʢʝʩʪʝʩʽʥ ʪʦʣʪʳʨʘʤʳʟ: 

 

ʂʝʩʪʝ 5 

ʐʘʤʘ פʘʡʳץ 

ʘסʳʩʧʝʥ ʘסʳʩץʘ ץʘʨʩʳ 

 ? ï 70 ? + 70 (סʢʤ/ʩʘ) ʳ, vסʘʣʳʩ ʞʳʣʜʘʤʜʳסʦʟפ

 15 13 (סʳʪʳ, ὸ ʩʘץʘʣʳʩ ʫʘסʦʟפ

ɾװʨʛʝʥ ʞʦʣ, s (ʢʤ)                   ?            =          ? 
 

ɽʩʝʧʪʽש ʰʝʰʽʤʽʥ ʽʟʜʝʫ ʢʝʩʪʝʩʽ (ʤʦʜʝʣʴ) 

 

ʂʝʩʪʝ 6 

ʐʘʤʘ פʘʡʳץ 

ʘסʳʩʧʝʥ ʘסʳʩץʘ ץʘʨʩʳ 

 ? ï 70 ? + 70 (סʢʤ/ʩʘ) ʳ, vסʘʣʳʩ ʞʳʣʜʘʤʜʳסʦʟפ

 15 13 (סʳʪʳ, ὸ ʩʘץʘʣʳʩ ʫʘסʦʟפ

ɾװʨʛʝʥ ʞʦʣ, s=v*t (ʢʤ)                   13(70 + x)  =   15(70 ï x)   
 

ɯʟʜʝʣʽʥʜʽ ʪʝשʜʝʫ: 13(70 + x)  = 15(70 ï x), ʦʩʳʜʘʥ x = 5   

ɾʘʫʘʙʳ: 5 ʢʤ/ʩʘס. 

ɸʣʛʝʙʨʘ ʢʫʨʩʳʥʜʘסʳ ʢʚʘʜʨʘʪ ʪʝשʜʝʫʣʝʨʜʽ ײץʨʘʩʪʳʨʫסʘ ʞᴅʥʝ ʦʣʘʨʜʳץ שᴇʤʝʛʽʤʝʥ 

ʤᴅʪʽʥʜʽ ʝʩʝʧʪʝʨʜʽ ʰʳסʘʨʫסʘ װʡʨʝʪʫ ʪᴅʩʽʣʜʝʨʽʥ ץʘʨʘʩʪʳʨʘʡʳץ. 

5 ï ʤʳʩʘʣ. ʄʦʪʦʨʣʳ ץʘʡʳ28 ץʢʤ ᴇʟʝʥ ʘסʳʩʳʤʝʥ ʞᴅʥʝ 25ʢʤ ʘסʳʩץʘ ץʘʨʩʳ ʞװʨʽʧ ᴇʪʽʧ, 

54 ʢʤ ʪײʥʳץ ʩʫʜʘ ʞװʨʫʛʝ ʢʝʪʢʝʥ ʫʘץʳʪʪʳ ʞײʤʩʘʜʳ. ɽʛʝʨ ʘסʳʩʪʳש ʞʳʣʜʘʤʜʳסʳ 2ʢʤ/ʩʘס 

ʙʦʣʩʘ, ʦʥʜʘ ץʘʡʳץʪʳש ʪײʥʳץ ʩʫʜʘסʳ ʞʳʣʜʘʤʜʳסʳʥ ʪʘʙʳשʜʘʨ. 

ʐʝʰʫʽ. x ʢʤ/ʩʘס ï ץʘʡʳץʪʳש ʪײʥʳץ ʩʫʜʘסʳ ʞʳʣʜʘʤʜʳסʳ ʙʦʣʩʳʥ, x>0.  

ʂʝʩʪʝ 7 

ʐʘʤʘ ʇʦʝʟʜ 

ʘסʳʩʧʝʥ ʘסʳʩץʘ ץʘʨʩʳ ʪײʥʳץ ʩʫʜʘ 

ɾװʨʛʝʥ ʞʦʣ, s (ʢʤ) 28 25 54 

 ʭ + 2 ʭ ï 2  ʭ (סʢʤ/ʩʘ) ʳ, vסʘʣʳʩ ʞʳʣʜʘʤʜʳסʦʟפ

ʳʪʳ, ὸץʘʣʳʩ ʫʘסʦʟפ     ʩʘס)        
 ̖ 

          +         
 ̖ɀ  

          =       
̖
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ʊʝשʜʝʫ ײץʨʘʩʪʳʨʘʤʳʟ ʞᴅʥʝ ʰʝʰʝʤʽʟ: 

 ̖ 
  +  

 ̖ɀ  
 =  

̖
, 

53ʭ
2
 ï 6ʭ = 54(ʭ

2
 ï 4) ʥʝʤʝʩʝ ʭ

2
 + 6ʭ ï 216 = 0 

ʭ1 = ï18  ʝʩʝʧʪʽש ʰʘʨʪʳʥ ץʘʥʘסʘʪʪʘʥʜʳʨʤʘʡʜʳ. ʭ2 = 12   

ɾʘʫʘʙʳ: 12 ʢʤ/ʩʘס. 

ɾײʤʳʩץʘ ʞᴅʥʝ ʝשʙʝʢ ᴇʥʽʤʜʽʣʽʛʽʥʝ ʘʨʥʘʣסʘʥ ʝʩʝʧʪʝʨʜʽ ʰʳסʘʨʫʜʳ ʦץʳʪʫʜʘ ʦץʫʰʳʣʘʨסʘ 

ʦʥʳש ʢʝʣʝʩʽ ʥʝʛʽʟʛʽ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ ʝʩʢʝʨʛʝʥ ʞᴇʥ: 

ɸ ï ʦʨʳʥʜʘʣסʘʥ ʞײʤʳʩ ʢᴇʣʝʤʽ, ὸ ï ʞײʤʳʩ ʫʘץʳʪʳ,  

N ï ʝשʙʝʢ ᴇʥʽʤʜʽʣʽʛʽ, ʷסʥʠ ʙʽʨʣʽʢ ʫʘץʳʪʪʘ ʦʨʳʥʜʘʣסʘʥ ʞײʤʳʩ. 

ʂᴇʨʩʝʪʽʣʛʝʥ ʰʘʤʘʣʘʨ ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩ ʢʝʣʝʩʽ ʬʦʨʤʫʣʘʤʝʥ ᴇʨʥʝʢʪʝʣʝʜʽ: 

ὃ ﬞ zּכ, 
 

ﬞ= 
ꜝ

כּ
, 

 

 =כּ
ꜝ

ﬞ
. 

 

ɾײʤʳʩץʘ ʘʨʥʘʣסʘʥ ʝʩʝʧʪʝʨ ʝʢʽ ʪʠʧʢʝ ʙᴇʣʽʥʝʜʽ: 

1) ʞʝʢʝ ʦʨʳʥʜʘʣʘʪʳʥ ʞײʤʳʩץʘ ʘʨʥʘʣסʘʥ ʝʩʝʧʪʝʨ (ʙײʣ ʝʩʝʧʪʝʨ ץʦʟסʘʣʳʩץʘ 
ʘʨʥʘʣסʘʥ ʝʩʝʧʪʝʨʛʝ ץײʩʘʩ ʰʳסʘʨʳʣʘʜʳ); 

2) ʙʽʨʽʛʽʧ ʦʨʳʥʜʘʣʘʪʳʥ ʞײʤʳʩץʘ ʘʨʥʘʣסʘʥ ʝʩʝʧʪʝʨ. 

ɾʝʢʝ ʦʨʳʥʜʘʣʘʪʳʥ ʞײʤʳʩץʘ ʘʨʥʘʣסʘʥ ʝʩʝʧʪʝʨʜʽ ʰʳסʘʨʫʜʳ װʡʨʝʪʫʜʽ ץʘʨʘʩʪʳʨʘʡʳץ. 

6 ï ʤʳʩʘʣ. ʊʦʢʘʨʴ ʙʝʣʛʽʣʽ ʙʽʨ ʫʘץʳʪʪʘ 240 ʙᴇʣʰʝʢʪʽ ʞʘʩʘʫ ʢʝʨʝʢ ʝʜʽ. ʆʣ ʘʩʧʘʙʳʥ 

ʞʘשʘʨʪʳʧ, ʞʦʩʧʘʨʣʘʥסʘʥ ʩʘסʘʪʳʥʘ 2 ʙᴇʣʰʝʢ ʘʨʪʳץ ʞʘʩʘʜʳ ʞᴅʥʝ ʪʘʧʩʳʨʤʘʥʳ ʙʝʨʽʣʛʝʥ 

ʫʘץʳʪʪʘʥ 4 ʩʘסʘʪץʘ ʝʨʪʝ ʦʨʳʥʜʘʜʳ. ʊʦʢʘʨʳ ʩʘסʘʪʳʥʘ ʥʝʰʝ ʙᴇʣʰʝʢ ʞʘʩʘʫʳ ʢʝʨʝʢ ʝʜʽ? 

ʐʝ ʫhʽ. ɽʩʝʧʪʽש ʤᴅʪʽʥʽʥʝ ʪʘʣʜʘʫ ʞװʨʛʽʟʝʤʽʟ: 

ɽʩʝʧʪʝ ץʘʥʜʘʡ ʰʘʤʘʣʘʨ ʙʝʨʽʣʛʝʥ? 

ɽשʙʝʢʪʽש ᴇʥʽʤʜʽʣʽʛʽ, ʞײʤʳʩ ʫʘץʳʪʳ ʞᴅʥʝ ʦʨʳʥʜʘʣסʘʥ ʞײʤʳʩ ʢᴇʣʝʤʽ ᴇʟʘʨʘ ץʘʣʘʡ 

ʙʘʡʣʘʥʳʩץʘʥ? 

ɽʩʝʧʪʝ ᴅʨʪװʨʣʽ ʥʝʰʝ ʞʘסʜʘʡʜʳ (ʦץʠסʘ, ʜʝʨʝʢʪʽ) ʙʝʣʛʽʣʝʫʛʝ ʙʦʣʘʜʳ? 

ᴄʨ ʞʘסʜʘʡʜʘ ץʘʥʜʘʡ ʰʘʤʘʣʘʨ ʙʝʣʛʽʣʽ? 

ʊʦʢʘʨʴʜʳש ʝשʙʝʢ ᴇʥʽʤʜʽʣʽʛʽ ץʘʥʜʘʡ ʞʘסʜʘʡʜʘ װʣʢʝʥ ʞᴅʥʝ ץʘʥʰʘסʘ? 

 ʳʪʳ ʘʟ ʞᴅʥʝץʤʳʩ ʫʘײʞ שʜʘʡʜʘ ʪʘʧʩʳʨʳʩʪʳ ʦʨʳʥʜʘʫ ʙʦʡʳʥʰʘ ʪʦʢʘʨʴʜʳסʘʥʜʘʡ ʞʘפ

 ?ʘסʘʥʰʘץ

ɽʩʝʧʪʝ ץʘʥʜʘʡ ʙʝʣʛʽʩʽʟ ʰʘʤʘ ʽʟʜʝʣʽʥʜʽ ʙʦʣʘʜʳ? 

ɹײʣ ʝʩʝʧʪʝ ʝʢʽ ʞʘסʜʘʡ ʩʫʨʝʪʪʝʣʝʜʽ. ʄʳʩʘʣʳ, ʪʦʢʘʨʴʜʳש ʙᴇʣʰʝʢʪʽ ʞʘʩʘʫ ʙʦʡʳʥʰʘ ʝʢʽ 

ʞʘסʜʘʡʳ ʩʫʨʝʪʪʝʣʝʜʽ: ʞʦʩʧʘʨ ʙʦʡʳʥʰʘ ʞᴅʥʝ ʥʘץʪʳ. 

ʊʘʣʜʘʫ ʞʘʩʘʫʳʤʳʟ ʙʦʡʳʥʰʘ ʝʩʝʧʪʽש ʰʘʨʪʳ ʤʝʥ ʪʘʣʘʙʳʥ ʢʝʩʪʝ ʪװʨʽʥʜʝ ʞʘʟʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ: 

 

ʂʝʩʪʝ 8 

ʐʘʤʘ ʊʦʢʘʨʴ 

ʞʦʩʧʘʨ ʙʦʡʳʥʰʘ ʥʘץʪʳ 

ɽשʙʝʢ ᴇʥʽʤʜʽʣʽʛʽ (ʩʘסʘʪʳʥʘ ʙᴇʣʰʝʢ)                ?               <       ?   2 ï ʛʝ  

ɾײʤʳʩ ʫʘץʳʪʳ ʩʘ4    ?    <            ?             (ס ï ʢʝ 

ʆʨʳʥʜʘʣסʘʥ ʞײʤʳʩ ʢᴇʣʝʤʽ (ʙᴇʣʰʝʢʪʝʨ) 240 240 
ʐʘʤʘʣʘʨʜʳש ʤᴅʥʜʝʨʽ ʘʨʘʩʳʥʜʘסʳ ʙʝʣʛʽʣʽ ʙʘʡʣʘʥʳʩʪʘʨʜʳ, ʙʝʨʽʣʛʝʥʜʝʨ ʢʝʩʪʝʩʽʥ 

ʧʘʡʜʘʣʘʥʳʧ, ʝʩʝʧʪʽ ʰʳסʘʨʫ ʢʝʩʪʝʩʽʥ ʪʦʣʪʳʨʘʤʳʟ: 
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ʂʝʩʪʝ 9 

ʐʘʤʘ ʊʦʢʘʨʴ 

ʞʦʩʧʘʨ ʙʦʡʳʥʰʘ ʥʘץʪʳ 

ɽשʙʝʢ ᴇʥʽʤʜʽʣʽʛʽ (ʩʘסʘʪʳʥʘ ʙᴇʣʰʝʢ)                  ʭ             <         ʭ + 2 

ɾײʤʳʩ ʫʘץʳʪʳ ʩʘ4     <                   (ס ï ʢʝ 

ʆʨʳʥʜʘʣסʘʥ ʞײʤʳʩ ʢᴇʣʝʤʽ (ʙᴇʣʰʝʢʪʝʨ) 240 240 
 

 ɽʩʝʧʪʽ ʰʝʰʫ ʤʦʜʝʣʽʥʝʥ   >  (4 ï ʢʝ) ʪʝשʩʽʟʜʽʛʽʥ ʞʟʘʤʳʟ, ʦʩʳʜʘʥ ʪʝשʜʝʫʜʽ ʘʣʘʤʳʟ:  

 

ɀτ = . 

 

 ʊʝשʜʝʫʜʽ ʰʝʰʽʧ, ʝʩʝʧʪʽש ʞʘʫʘʙʳʥ ʪʘʙʘʤʳʟ: 

 

ɀτ =    ʥʝʤʝʩʝ ʭ
2
 + 2ʭ ï 120 = 0,  x=10,   x=-12. 

 

ɾʘʫʘʙʳ: 10 ʙᴇʣʰʝʢ 

ɸʣʛʝʙʨʘ ʢʫʨʩʳʥʜʘסʳ ʨʘʮʠʦʥʘʣ ʪʝשʜʝʫʣʝʨʜʽ ײץʨʘʩʪʳʨʫסʘ ʞᴅʥʝ ʦʣʘʨʜʳש ʢᴇʤʝʛʽʤʝʥ 

ʤᴅʪʽʥʜʽ ʝʩʝʧʪʝʨʜʽ ʰʳסʘʨʫסʘ װʡʨʝʪʫ ʪᴅʩʽʣʜʝʨʽʥ ײʩʳʥʘʤʳʟ. 

ɹʽʨʽʛʽʧ ʦʨʳʥʜʘʣʘʪʳʥ ʞϰʤʳʩϨʘ ʘʨʥʘʣϤʘʥ ʝʩʝʧʪʝʨʜʽϬ ʤʘʟʤײʥʳ ᴅʜʝʪʪʝ ʢʝʣʝʩʽʛʝ ʩʘʷʜʳ: 

ʢᴇʣʝʤʽ ʢᴇʨʩʝʪʽʣʤʝʡʪʽʥ ʞᴅʥʝ ʽʟʜʝʣʽʥʜʽ ʙʦʣʤʘʡʪʳʥ ץʘʥʜʘʡʜʘ ʙʽʨ ʞײʤʳʩʪʳ ʙʽʨץʘʣʳʧʪʳ ʞײʤʳʩ 

ʽʩʪʝʡʪʽʥ ʙʽʨʥʝʰʝ ʘʜʘʤ ʥʝʤʝʩʝ ʤʝʭʘʥʠʟʤʜʝʨ ʦʨʥʘʡʜʳ. 

ʄײʥʜʘʡ ʝʩʝʧʪʝʨʜʝ ʦʨʳʥʜʘʣʘʪʳʥ ʙʘʨʣʳץ ʞײʤʳʩʪʳש ʢᴇʣʝʤʽ 1 ʜʝʧ ʘʣʳʥʘʜʳ, ʙʘʨʣʳץ 

ʞײʤʳʩʪʳ ʦʨʳʥʜʘʫסʘ ץʘʞʝʪʪʽ ʫʘץʳʪ t ʞᴅʥʝ ʙʽʨʣʽʢ ʫʘץʳʪʪʘ ʦʨʳʥʜʘʣסʘʥ ʞײʤʳʩ ʢᴇʣʝʤʽ, ʷסʥʠ 

ʝשʙʝʢ ᴇʥʽʤʜʽʣʽʛʽ N ʢʝʣʝʩʽ ץʘʪʳʥʘʩʧʝʥ ʙʘʡʣʘʥʳʩʘʜʳ: 

 

ﬞ= 
כּ
. 

 

ɹײʣ ʪʠʧʪʝʛʽ ʝʩʝʧʪʝʨʜʽ ʰʳסʘʨʫסʘ ʦץʳʪʫʜʘ ʢʝʣʝʩʽ ʩʪʘʥʜʘʨʪʪʳ ʩʭʝʤʘʩʳʥ ײʩʳʥʘʤʳʟ. 

x ï ʙʽʨʽʥʰʽ ʞײʤʳʩʰʳʥʳש ʙʝʣʛʽʣʽ ʞײʤʳʩʪʳ ʦʨʳʥʜʘʫ ʫʘץʳʪʳ; 

yï ʝʢʽʥʰʽ ʞײʤʳʩʰʳʥʳש ʦʩʳ ʞײʤʳʩʪʳ ʦʨʳʥʜʘʫ ʫʘץʳʪʳ. 

ʉʦʥʜʘ,  ï ʙʽʨʽʥʰʽ ʞײʤʳʩʰʳʥʳש ʝשʙʝʢ ᴇʥʽʤʜʽʣʽʛʽ,  ï ʝʢʽʥʰʽ ʞײʤʳʩʰʳʥʳש ʝשʙʝʢ 

ᴇʥʽʤʜʽʣʽʛʽ.  +  ï ʙʽʨʽʛʽʧ ʦʨʳʥʜʘסʘʥʜʘ ʝשʙʝʢ ᴇʥʽʤʜʽʣʽʛʽ. 

   
 = 

  
 ï ʪʘʧʩʳʨʤʘʥʳ ʙʽʨʽʛʽʧ ʞײʤʳʩ ʽʩʪʝʫ ʫʘץʳʪʳ. 

ɹʽʨʽʛʽʧ ʦʨʳʥʜʘʣʘʪʳʥ ʞϰʤʳʩϨʘ ʘʨʥʘʣϤʘʥ ʝʩʝʧʪʝʨʜʽ ʰʳסʘʨʫʜʳ ʦץʳʪʫ ᴅʜʽʩʽ ʢʝʣʝʩʽ 

ʘʣʛʦʨʠʪʤʜʽʢ ᴅʨʝʢʝʪʪʝʨʜʽ ʦʨʳʥʜʘʫʜʘʥ ʪײʨʘʜʳ: 

1) ʦʨʳʥʜʘʫסʘ ץʘʞʝʪʪʽ ʙʘʨʣʳץ ʞײʤʳʩʪʳ 1 ʨʝʪʽʥʜʝ ץʘʙʳʣʜʘʡʤʳʟ (ʝʛʝʨ ʞײʤʳʩʪʳש 

ʢᴇʣʝʤʽ ʥʘץʪʳ ʙʝʨʽʣʤʝʩʝ); 

2)  ᴅʨʙʽʨ ʞײʤʳʩʳʥʳש ʝשʙʝʢ ᴇʥʽʤʜʽʣʽʛʽʥ 
כּ
 ʨʝʪʽʥʜʝ ʞʝʢʝ ʪʘʙʘʤʳʟ, ʤײʥʜʘסʳ t - 

ʙʘʨʣʳץ ʞײʤʳʩʪʳ ʞʝʢʝ ʦʨʳʥʜʘʫ ʫʘץʳʪʳ; 

3) ᴅʨʙʽʨ ʞײʤʳʩʰʳʥʳש ʞʝʢʝʣʝʡ ᴇʟ ʫʘץʳʪʳʥʜʘ ʦʨʳʥʜʘסʘʥ ʙʘʨʣʳץ ʞײʤʳʩʪʳש 

ʙᴇʣʽʛʽʥ ʪʘʙʘʤʳʟ; 

4) ᴅʨʙʽʨ ʞײʤʳʩʰʳʥʳש ʞʝʢʝʣʝʡ ʦʨʳʥʜʘסʘʥ ʙᴇʣʽʢʪʝʨʜʽץ שʦʩʳʥʜʳʩʳʥ ʙʘʨʣʳץ 

ʞײʤʳʩʪʳש ʢᴇʣʽʤʽʥʝ (1 ï ʛʝ) ʪʝשʝʩʪʽʨʽʧ, ʪʝשʜʝʫ ײץʨʘʩʪʳʨʘʤʳʟ (ʝʛʝʨ ʝʩʝʧ ʰʘʨʪʳʥʜʘ ʙʽʨʽʛʽʧ 

ʞײʤʳʩ ʽʩʪʝʧ ʙʘʨʣʳץ ʢᴇʣʝʤ ʦʨʳʥʜʘʣסʘʥʳ ʢᴇʨʩʝʪʽʣʩʝ).  

 



ñʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ ɸʂɸɼɽʄʀʂò                                                          ̄ 1  (104), 2021 ʛ. 

_______________________________________________________________________________________ 

67 
 

7 ï ʤʳʩʘʣ. ɽʢʽ ʙʨʠʛʘʜʘ ʙʽʨʛʝ ʞײʤʳʩ ʽʩʪʝʧ, ʞʝʨ ʪʝʣʽʤʽʥ 12 ʩʘסʘʪʪʘ ᴇשʜʝʜʽ. ɽʛʝʨ 

ʙʨʠʛʘʜʘʣʘʨʜʳש ʞײʤʳʩʪʳ ʽʩʪʝʫ ʞʳʣʜʘʤʜʳץʪʘʨʳ 3:2 ץʘʪʳʥʘʩʳʥʜʘʡ ʙʦʣʩʘ, ʦʣʘʨʜʳש 

ᴅʨץʘʡʩʳʩʳ ʞʝʢʝʣʝʡ ʞʝʨ ʪʝʣʽʤʽʥ ץʘʥʰʘ ʫʘץʳʪʪʘ ᴇשʜʝʡʜʽ? 

 ʐʝʰʫʽ. 3ʭ ï ʙʽʨʽʥʰʽ ʙʨʠʛʘʜʘʥʳש ʞײʤʳʩʪʳ ʽʩʪʝʫ ʞʳʣʜʘʤʜʳסʳ, 2ʭ ï ʝʢʽʥʰʽ 

ʙʨʠʛʘʜʘʥʳש ʞײʤʳʩʪʳ ʽʩʪʝʫ ʞʳʣʜʘʤʜʳסʳ ʙʦʣʩʳʥ.  

ɹʽʨʽʥʰʽ ʙʨʠʛʘʜʘ ʙʘʨʣʳץ ʞײʤʳʩʪʳ  ʩʘסʘʪʪʘ, ʝʢʽʥʰʽʩʽ ï  ʩʘסʘʪʪʘ ʦʨʳʥʜʘʡʜʳ.  

ʆʣʘʨ ʙʽʨʽʛʽʧ ʙʘʨʣʳץ ʞײʤʳʩʪʳ 
ʭ ʭ

 =  ʩʘסʘʪʪʘ ʦʨʳʥʜʘʡʜʳ.  

 

ɽʩʝʧʪʽש ʰʘʨʪʳ ʙʦʡʳʥʰʘ,  = 12, ʦʩʳʜʘʥ ʭ = . 

ɹʽʨʽʥʰʽ ʙʨʠʛʘʜʘ ʙʘʨʣʳץ ʞײʤʳʩʪʳ 
ᶻ

 = 20 ʩʘסʘʪʪʘ, ʝʢʽʥʰʽʩʽ 
ᶻ

 = 30 ʩʘסʘʪʪʘ 

ʦʨʳʥʜʘʡʜʳ. 

ɾʘʫʘʙʳ: 20ʩʘס ʞᴅʥʝ 30ʩʘס. 

ɸʣʛʝʙʨʘ ʢʫʨʩʳʥʜʘ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ ײץʨʘʩʪʳʨʫסʘ ʞᴅʥʝ ʦʣʘʨʜʳש ʢᴇʤʝʛʽʤʝʥ ʤᴅʪʽʥʜʽ 

ʝʩʝʧʪʝʨʜʽ ʰʳסʘʨʫסʘ װʡʨʝʪʫ ʪᴅʩʽʣʜʝʨʽʥ ײʩʳʥʘʤʳʟ. 

8 ï ʤʳʩʘʣ. ʉʘʷʭʘʪʰʳ ᴇʟʝʥ ʙʦʡʳʤʝʥ 90 ʢʤ ʞʦʣʜʳ ץʘʡʳץʧʝʥ ʞװʟʽʧ ᴇʪʪʽ, ʩʦʜʘʥ ʢʝʡʽʥ 10 

ʢʤ ʞʘʷʫ ʞװʨʜʽ. ʆʣ ʞʘʷʫ ʞװʨʛʝʥ ʞʦʣʳʥʘ ᴇʟʝʥ ʙʦʡʳʤʝʥ ʞװʨʛʝʥ ʞʦʣʳʥʘ ץʘʨʘסʘʥʜʘ 4 ʩʘס ʘʟ 

ʫʘץʳʪ ʞײʤʩʘʜʳ. ɽʛʝʨ ʩʘʷʭʘʪʰʳ ᴇʟʝʥʜʝʛʽ ʞʦʣʳʥʘ ʢʝʪʢʝʥ ʫʘץʳʪʳʥʜʘʡ ʫʘץʳʪ ʞʘʷʫ ʞװʨʩʝ, ʘʣ 

ʞʘʷʫ ʞװʨʛʝʥ ʫʘץʳʪʳʥʜʘʡ ᴇʟʝʥʤʝʥ ʞװʟʩʝ, ʦʥʜʘ ʙײʣ ʘʨʘץʘʰʳץʪʘʨ ʪʝש ʙʦʣʘʨ ʝʜʽ. ʉʘʷʭʘʪʰʳ 

ʞʘʷʫ ʞᴅʥʝ ᴇʟʝʥ ʙʦʡʳ ץʦʟסʘʣʳʩʳʥʘ ץʘʥʰʘ ʫʘץʳʪ ʞײʤʩʘʜʳ? 

ʐʝʰʫʽ. ʉʘʷʭʘʪʰʳʥʳש ᴇʟʝʥ ʙʦʡʳ ץʦʟסʘʣʳʩʳʥʳש ʞʳʣʜʘʤʜʳסʳ ï ʭ ʢʤ/ʩʘס, ʘʣ ʞʘʷʫ 

 .x > 0, ʫ > 0 ,סʳ ï ʫ ʢʤ/ʩʘסʞʳʣʜʘʤʜʳ שʘʣʳʩʳʥʳסʦʟץ

ɽʩʝʧ ʰʘʨʪʳ ʙʦʡʳʥʰʘ ʢʝʩʪʝ ײץʨʘʤʳʟ: 

 

 

ʂʝʩʪʝ 10 

ʐʘʤʘ ʉʘʷʭʘʪʰʳ 

ᴆʟʝʥ ʙʦʡʳʤʝʥ ɾʘʷʫ 

ɹʽʨʽʥʰʽ ʰʘʨʪ 

ɾװʨʛʝʥ ʞʦʣ, s (ʢʤ) 90 10 

 ʭ ʫ (סʢʤ/ʩʘ) ʳ, vסʘʣʳʩ ʞʳʣʜʘʤʜʳסʦʟפ

ʳʪʳ, ὸץʘʣʳʩ ʫʘסʦʟפ     ʩʘס)                          >         
̔

 4 ʩʘס. 

ɽʢʽʥʰʽ ʰʘʨʪ 

ρπ (סʳʪʳ, ὸ ʩʘץʘʣʳʩ ʫʘסʦʟפ

̔
 

ωπ

…
 

 ʭ ʫ (סʢʤ/ʩʘ) ʳ, vסʘʣʳʩ ʞʳʣʜʘʤʜʳסʦʟפ

ɾװʨʛʝʥ ʞʦʣ, s=v*t (ʢʤ)                   ̖ᶻ
̔

        =         ̔ ᶻ  

 

ʂʝʩʪʝʜʝʛʽ ʙʝʨʽʣʛʝʥʜʝʨ ʙʦʡʳʥʰʘ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ ײץʨʳʧ ʦʥʳ ʰʝʰʝʤʽʟ 

 

 
̔
 = τ 

̖

̔
 = 

̔ Ý
ωπ̔ ρπ̖ = τ̖ ̔

̖ = ὡ
Ý
̔  ὑ = π
 ̖= σ̔

Ý

=̔υ
=̖ρυ
=̔π
=̖π

 ÝÅ 

 

ʊʫʨʠʩʪ  = 2ʩ ʞʘʷʫ ʞװʨʜʽ,  = 6ʩ  ᴇʟʝʥʤʝʥ ʞװʟʜʽ. 
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ɾʘʫʘʙʳ: 2ʩ, 6ʩ. 

ʅʝʛʽʟʛʽ ʤʝʢʪʝʧʪʽש ʘʣʛʝʙʨʘ ʢʫʨʩʳʥʜʘסʳ ʤᴅʪʽʥʜʽ ʝʩʝʧʪʝʨʽ ʘʥʳץ ʘʡץʳʥʜʘʣʘʪʳʥ 

ʪʘץʳʨʳʧʪʳץ ʙʝʣʛʽʜʝ ʙʦʣʘʜʳ. ʆʣʘʨ ʜʝʥʝʥʽש ʙʽʨץʘʣʳʧʪʳ ץʦʟסʘʣʳʩʳʥʘ (S=V*t), ʙʽʨʣʝʩʢʝʥ 

ʞײʤʳʩץʘ (ɸ=N*t), ʜʝʥʝʥʽש ʤʘʩʩʘʩʳʥ ʘʥʳץʪʘʫסʘ (m=S*V), ʘʫʜʘʥ ʪʘʙʫסʘ (S=a*b), ײץʥʜʳץ 

 ,ʪᴅʩʽʣʽ ʙʽʨʝʫ שʘʨʫʜʳסʥʜʘʡ ʝʩʝʧʪʝʨʜʽ ʰʳײʘ ʜʘ ʝʩʝʧʪʝʨ. ɼʝʛʝʥʤʝʥ, ʤץʘ (S=m*n) ʞᴅʥʝ ʙʘʩץʘʪʳʩץ

ʪʝʢ ʞʘʣסʳʟ סʘʥʘ. ʉʝʙʝʙʽ ʝʩʝʧʪʝʛʽ ʬʠʟʠʢʘʣʳץ ʰʘʤʘʣʘʨ ʘʨʘʩʳʥʜʘסʳ ʬʫʥʢʮʠʦʥʘʣʜʳץ ʪᴅʫʝʣʜʽʣʽʢ 

ʞʘʣʧʳ ʪװʨʜʝʛʽ a*b=ʩ ʪʝשʜʽʛʽʤʝʥ ᴇʨʥʝʢʪʝʣʝʜʽ. ɹײʣ ʪʝשʜʽʢ ʝʩʝʧʪʝʛʽ ץʘʪʳʥʘʩʪʘʨ ʞװʡʝʩʽʥʽש 

ʞʘʣʧʳʣʘʫʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʦʥʜʳץʪʘʥ a*b=ʩ ʪʝשʜʽʛʽ ʞʦסʘʨʳʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ ʝʩʝʧʪʝʨʜʽש 
ʥʳʩʘʥʜʳץ ʘʡʤʘץʪʘʨʳʥʜʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʪʳʥ ʥʝʛʽʟʛʽ (ʞʘʣʧʳʣʘʫʰʳ) ץʘʪʳʩ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʆץʫʰʳʣʘʨʜʳש ʢᴇʧʰʽʣʽʛʽ ʢװʥʜʝʣʽʢʪʽ ʩʘʙʘץʪʘסʳ ץʦʣʜʘʥʘ ʙʽʣʝʪʽʥ ʜʘסʜʳʣʘʨʳʥ 

ʧʘʡʜʘʣʘʥʳʧ ʤᴅʪʽʥʜʽ ʝʩʝʧʪʝʨʜʽ ʨʝʪʽʤʝʥ ʦʨʳʥʜʘʡʜʳ. ɾʦסʘʨʳ ʜʝשʛʝʡʜʝʛʽ ʤᴅʪʽʥʜʽ ʝʩʝʧʪʝʨʜʽ 

ʙʘʨʣʳץ ʦץʫʰʳʣʘʨ ʠʛʝʨʝ ʘʣʤʘʡʜʳ, ʩʦʥʜʳץʪʘʥ ʦʥʳ ʤʝשʛʝʨʫ װʰʽʥ, ʷסʥʠ ʝʩʝʧʪʝʨʜʽ ʰʳסʘʨʫסʘ 

ʦץʳʪʫ װʰʽʥ ʙʘʩʪʘʧץʳ ʜʝשʛʝʡʜʝʛʽ ʤᴅʪʽʥʜʽ ʝʩʝʧʪʝʨʜʽ ʙʘʨʣʳץ ʦץʫʰʳʣʘʨ ʠʛʝʨʝ ʘʣʤʘʡʜʳ, 

ʩʦʥʜʳץʪʘʥ ʦʥʳ ʤʝשʛʝʨʫ װʰʽʥ, ʷסʥʠ ʝʩʝʧʪʝʨʜʽ ʰʳסʘʨʫʜʘʥ ʙʘʩʪʘʫ ʢʝʨʝʢ. ɾʦסʘʨʳ ʜʝשʛʝʡʣʽʢ 

ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʦʨʳʥʜʘʫʜʘ ʦץʫʰʳʥʳש ʜʘʨʳʥʜʳץ ץʘʙʽʣʝʪʽ ʘʥʳץʪʘʣʘʜʳ. ʆץʫʰʳʥʳ ʪʝʦʨʠʷʣʳץ 

ʤʘʪʝʨʠʘʣʜʘʨסʘ ʪʘʣʜʘʫ ʞʘʩʘʪץʳʟʘ ʦʪʳʨʳʧ,ᴇʟ ʙʝʪʽʤʝʥ ʽʟʜʝʥʝ ʙʽʣʫʛʝ ʙʘʫʣʫסʘ, ʞװʡʝʣʽ ʦʡʣʘʫ 

 ʘ, ʧᴅʥʛʝ ʜʝʛʝʥסʘʣʳʧʪʘʩʪʳʨʫץ ʳʥסʩʘʫʘʪʪʳʣʳ ץʘ, ʤʘʪʝʤʘʪʠʢʘʣʳסʘʙʽʣʝʪʽʥ ʜʘʤʳʪʫץ

 .ʘ ʙʦʣʘʜʳסʳʥ ʘʨʪʪʳʨʫסʫʰʳʣʳסʳʟʳץ

ʆץʫʰʳʣʘʨʜʳ ʝʩʝʧ ʰʳסʘʨʫסʘ ʦץʳʪʫʜʘ ʦʣʘʨʜʳש ᴇʟʽʥʜʽʢ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, 

ʝʩʝʧʪʝʨʜʽש ʙʽʨʽסשʘʡ ץʠʩʳʥʜʳ ײץʨʳʣʳʤʳ ʪᴇʤʝʥʜʝʛʽʜʝʡ ʙʦʣʫʳʥ ײʩʳʥʘʤʳʟ: 

1) ʝʩʝʧ ʰʳסʘʨʫ ᴅʜʽʩʽʥ ʪʦʣʳץ ʪװʩʽʥʜʽʨʝʪʽʥ ʪʠʧʪʽʢ ʝʩʝʧ; 

2) ʰʳסʘʨʫʜʳש ʞᴅʥʝ ץʘʞʝʪʪʽ ץʦʩʳʤʰʘ ʢᴇʤʝʢ ʢᴇʨʩʝʪʫʜʽש ʞʦʩʧʘʨʳ ʙʝʨʽʣʝʪʽʥ ʪʠʧʪʽʢ 

ʝʩʝʧʢʝ ץײʩʘʩ ʝʩʝʧ; 

3) ʞʦʩʧʘʨʳ ʥʝʤʝʩʝ ʥײʩץʘʫʣʘʨʳ ץʳʩץʘʨʪʳʣסʘʥ ʝʩʝʧ, ʷסʥʠ ʝʩʝʧʪʽ ʰʳסʘʨʫ 

ʙʘʨʳʩʳʥʜʘ ʢᴇʤʝʢ ʢᴇʨʩʝʪʫʜʽ ʘʟʘʡʪʫסʘ ʘʨʥʘʣסʘʥ ʝʩʝʧ; 

4) ʝʩʝʧʪʽש ʤʘʟʤײʥʳ ʤʝʥ ʢװʨʜʝʣʽʣʽʛʽ ʜᴅʨʝʞʝʩʽʥ ʪװʨʣʝʥʜʽʨʫ ʘʨץʳʣʳ ᴇʟ ʙʝʪʽʤʝʥ 

ʜʝʨʙʝʩ ʰʳסʘʨʫסʘ ʘʨʥʘʣסʘʥ ʝʩʝʧʪʝʨ; 

5) ʰʳסʘʨʤʘʰʳʣʳץ ʪʘʧʩʳʨʤʘʣʘʨ, ʩʪʘʥʜʘʨʪʪʳ ʝʤʝʩ ʝʩʝʧʪʝʨ. 

ᴄʨ ʞʘשʘ ʪʘץʳʨʳʧ ʙʦʡʳʥʰʘ ʞʘʩʘʣסʘʥ ʜʝשʛʝʡʣʽʢ ʞײʤʳʩʪʘʨʜʳש ʪᴇʨʪ ʜʝשʛʝʡʛʝ ʙᴇʣʽʥʫʽ, 

 ʳʨʳʧʪʳץʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʉʝʙʝʙʽ, ʪʘװʘ ʞᴅʥʝ ʨʝʪʪʝʫʛʝ ʤסʡʳʤʜʘʩʪʳʨʫײ ʩʳץʤʳʩʳʥ ʞʘײʡ ʞװ

ʤʝשʛʝʨʫʜʝʛʽ ʪᴇʨʪ ʜʝשʛʝʡʣʽʢ ʪʘʧʩʳʨʤʘʣʘʨ װʣʛʝʨʽʤʽ ᴇʪʝ ʞʘץʩʳ ʦץʫʰʳסʘ ʝʩʝʧʪʝʣʽʧ, ʩʘסʘʥ ʩᴅʡʢʝʩ 

 ץʩʪʽʥʜʝ ʦʨʳʥʜʘʧ ʙʽʪʽʨʫʛʝ, ʙʘʨʣʳװ ץʩʘʙʘ ,ץʤʳʩʪʘʨʜʳ ʪʦʣʳײʣ ʞײʪʘʥ, ʙץʘʥʜʳסʨʳʣײץ

ʦץʫʰʳʣʘʨʜʳש ʤװʤʢʽʥʜʽʛʽ ʞʝʪʝ ʙʝʨʤʝʡʜʽ. ʉʦʥʜʳץʪʘʥ ʜʘ, ץʘʣסʘʥ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʩʘʙʘץʪʘʥ ʪʳʩ 

ʫʘץʳʪʪʘ ʤסײʘʣʽʤʥʽש ʢᴇʤʝʛʽʤʝʥ ʤʝʢʪʝʧʪʝ ʥʝʤʝʩʝ ᴇʟ ʙʝʪʽʤʝʥ ʘʷץʪʘʧ ʢʝʣʫʛʝ װʡʛʝ ʙʝʨʽʣʝʜʽ. 

ʉʦסשʳ ʢʝʟʜʝ ʝʩʝʧʪʝʨ ʦʥʳש ʦץʳʪʫ ʧʨʦʮʝʩʽʥʜʝ ץʦʣʜʘʥʫ ʤװʤʢʽʥʜʽʛʽʥʝ סʘʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʝʩʝʧʪʽש ʦץʫʰʳʣʘʨ ʘʣʜʳʥʜʘ ץʘʥʜʘʡ ʪװʨʜʝ ʙʝʨʽʣʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. ɽʛʝʨ 

ʦʩʳסʘʥ ʜʝʡʽʥ ʦץʫʰʳʣʘʨסʘ ײʩʳʥʳʣʘʪʳʥ ᴅʨʙʽʨ ʝʩʝʧʪʽש ʰʘʨʪʳ ץʳʩץʘʰʘ ʞᴅʥʝ ʘʷץʪʘʣסʘʥ ʤᴅʪʽʥ 

ʪװʨʽʥʜʝ ʨᴅʩʽʤʜʝʣʩʝ, ʘʣ ץʘʟʽʨʛʽ ʢʝʟʜʝ ʞʘסʜʘʡ ʙʘʩץʘʰʘ. ɽʩʝʧʪʝʨ ʢᴇʧ ʞʘסʜʘʡʜʘ ʦץʫʰʳʣʘʨסʘ 

ʥʘץʪʳ ʙʽʨ ʞʘסʜʘʡʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʙװʪʽʥʜʝʡ ʢʝʰʝʥ ʪװʨʽʥʜʝ ʙʝʨʽʣʝʜʽ. ʆʩʳʣʘʡʰʘ ʝʩʝʧʪʝʨʜʽש ᴇʟʽ 

ʤʘʪʝʤʘʪʠʢʘʥʳ ʦץʳʪʫʜʳײץ שʨʘʣʳ ʨʝʪʽʥʜʝ, ʘʣ ʦʣʘʨʜʳש ʨʝʪʪʝʣʛʝʥ ʢʝʰʝʥʽ ï ʤʘʪʝʤʘʪʠʢʘʥʳ 

ʦץʳʪʫʜʳש ʙʝʣʛʽʣʽ ʙʽʨ ᴅʜʽʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄײʥʜʘʡ ʞʘסʜʘʡ, ʤʳʩʘʣʳ ʤᴅʩʝʣʝʥʽ ʦץʳʪʫʜʘ ʦʨʳʥ 

ʘʣʘʜʳ.  

ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥʜʘʡ ʝʩʝʧʪʝʨ ʰʳסʘʨʫ ʤʝʢʪʝʧʪʝʛʽ ʙʽʣʽʤ ʙʝʨʫ ʙʘʨʳʩʳʥʜʘ 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʽʩ ï ᴅʨʝʢʝʪʪʽש ʥʝʛʽʟʛʽ ʪװʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾʘʣʧʳ ʘʣסʘʥʜʘ ɼ.ʇʦʡʘ ʝʩʝʧʪʝʨʜʽ 

ʰʳסʘʨʫ ï ʤʘʪʝʤʘʪʠʢʘʥʳ ʦץʳʪʫʜʳש ᴇʟʝʛʽ ʜʝʧ ʪײʞʳʨʳʤʜʘʡʜʳ. 

ʄʘʪʝʤʘʪʠʢʘʥʳ ʜᴅʩʪװʨʣʽ ʦץʳʪʫ ʙʘʨʳʩʳʥʜʘ ʦץʫʰʳʣʘʨʜʘ ʙʝʨʽʣʛʝʥ װʣʛʽ ï ʩʪʘʥʜʘʨʪ 

ʥʝʛʽʟʽʥʜʝ ʙʝʣʛʽʣʽ ʙʽʨ ʘʤʘʣʜʘʨ ʦʨʳʥʜʘʫ ʜʘסʜʳʣʘʨʳ ץʘʣʳʧʪʘʩʘʜʳ. ʆʩʳ ʩʝʙʝʧʪʝʥ ʦץʫʰʳʣʘʨ 

ʙʝʣʛʽʣʽ ʙʽʨ ʝʨʝʞʝ ʙʦʡʳʥʰʘ ʰʳסʘʨʳʣʘʪʳʥ ʩʪʘʥʜʘʨʪʪʳ ʝʩʝʧʪʝʨʜʽש ʩᴅʣ ᴇʟʛʝʰʝ ʙʝʨʽʣʛʝʥ 

ʞʘסʜʘʡʜʘ ʝʩʝʧʪʽ ʰʳסʘʨʘ ʘʣʤʘʡ ץʘʣסʘʥ ʞʘסʜʘʡʣʘʨʳ ʙʦʣʘʜʳ. ʄʝʢʪʝʧ ʤʘʪʝʤʘʪʠʢʘ 

ʦץʫʣʳץʪʘʨʳʥʜʘ ʦץʫʰʳʣʘʨסʘ ʙʘץʳʣʘʫʜʳש, ʘʥʘʣʦʛʠʷʥʳש, ʠʥʜʫʢʮʠʷʥʳש ʨᴇʣʽʥ ʢᴇʨʩʝʪʝʪʽʥ 

ʝʩʝʧʪʝʨ ʘʟ ʙʝʨʽʣʛʝʥ.  
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OCOɹEʅʅOCʊʀ ʄEʊOɼʀʂʀ PACCʃEɼOɺAʅʀʗ ʇPECʊʋʇʃEʅʀʁ, CɺʗɿAʅʅʓX 

C ʇOCPEɼʅʀʏECʊɺOʄ ɺO ɺɿʗʊOʏʅʀʏECʊɺE 

ɾʫcʫʧoʚa ɼʠaʥa ɹaʟapʛaʣʠeʚʥa 

ʄaʛʠcʪpaʥʪ ʅAO Aʋ ʠʤeʥʠ X. ɼocʤʫxaʤeʜoʚa, cʧeʮʠaʣʴʥocʪʠ 7ʄ04201- ʖpʠcʧpʫʜeʥʮʠʷ, 

ʂaʬeʜpa ʫʛoʣoʚʥo-ʧpaʚoʚʳx ʜʠcʮʠʧʣʠʥ, 2 ʢʫpc  

ɻ. Aʪʳpaʫ, Pecʧʫʙʣʠʢa ʂaʟaxcʪaʥ 

 

 

AʅʅOʊAʎʀʗ 

ɺ Cʪpaʪeʛʠʠ ʥaʮʠoʥaʣʴʥoʡ ʙeʟoʧacʥocʪʠ ʢoppʫʧʮʠʷ ʥaʟʚaʥa ʚ ʯʠcʣe ocʥoʚʥʳx 

ʠcʪoʯʥʠʢoʚ ʫʛpoʟ ʥaʮʠoʥaʣʴʥoʡ ʙeʟoʧacʥocʪʠ. ʅecʤoʪpʷ ʥa ʪo, ʯʪo ʚ ʧocʣeʜʥʠe ʛoʜʳ 

cʪaʪʠcʪʠʢa, ʢacaʶʱaʷcʷ peʟʫʣʴʪaʪoʚ ʙopʴʙʳ c ʢoppʫʧʮʠoʥʥʳʤʠ ʧpecʪʫʧʣeʥʠʷʤʠ, ʢaʢ ʥʠ 

cʪpaʥʥo, ocʪaeʪcʷ ʧpʠʤepʥo ʥa oʜʥoʤ ʫpoʚʥe, a ʧo oʪʜeʣʴʥʳʤ ʧoʢaʟaʪeʣʷʤ ʜaʞe cʥʠʞaeʪcʷ, 

ʢoʵʬʬʠʮʠeʥʪ ʣaʪeʥʪʥocʪʠ ʵʪʠx ʧocʷʛaʪeʣʴcʪʚ ocʪaeʪcʷ ʢpaʡʥe ʚʳcoʢʠʤ. ʄeʞʜʫ ʪeʤ 

oʬʠʮʠaʣʴʥaʷ cʪaʪʠcʪʠʢa ʥe ʜeʤoʥcʪpʠpʫeʪ ʚʳʜaʶʱʠxcʷ ʫcʧexoʚ ʚ ʙopʴʙe ʥʠ c 

ʧpecʪʫʧʣeʥʠʷʤʠ ʢoppʫʧʮʠoʥʥoʡ ʥaʧpaʚʣeʥʥocʪʠ ʚ ʮeʣoʤ, ʥʠ co ʚʟʷʪoʯʥʠʯecʪʚoʤ (ʚʢʣʶʯaʷ 

ʧocpeʜʥʠʯecʪʚo) ʚ ʯacʪʥocʪʠ. Ecʪʴ ocʥoʚaʥʠʷ ʧoʣaʛaʪʴ, ʯʪo ʵʪʠ ʜaʥʥʳe ʫʢaʟʳʚaʶʪ ʣʠʰʴ ʥa 

eʱe ʙoʣee ʚʳcoʢʫʶ ʣaʪeʥʪʥocʪʴ ʧpecʪʫʧʥoʛo ʧocpeʜʥʠʯecʪʚa ʧo cpaʚʥeʥʠʶ c ʧoʣʫʯeʥʠeʤ ʠ 

ʜaʯeʡ ʚʟʷʪʢʠ. Cʪoʣʴ ʥeʟʥaʯʠʪeʣʴʥʳe ʧoʢaʟaʪeʣʠ ʙopʴʙʳ c ʫʢaʟaʥʥʳʤʠ ʧpecʪʫʧʣeʥʠʷʤʠ 

ʠʤeʶʪ pʷʜ ʧpʠʯʠʥ. Oʜʥa ʠʟ ʥʠx ʟaʢʣʶʯaeʪcʷ ʚ ʪpʫʜʥo paʟpeʰʠʤʳx ʧpoʙʣeʤax ʢʚaʣʠʬʠʢaʮʠʠ 

ʜaʥʥoʛo ʚʠʜa ʧpecʪʫʧʣeʥʠʷ, a ʪoʯʥee ʥecʢoʣʴʢʠx cocʪaʚoʚ ʧpecʪʫʧʣeʥʠʡ 

ʂʣʶʯeʚʳe cʣoʚa:   

ʂoppʫʧʮʠʷ, ʧocpeʜʥʠʯecʪʚo ʚo ʚʟʷʪoʯʥʠʯecʪʚe, ʤʥʠʤoe ʧocpeʜʥʠʯecʪʚo, 

paccʣeʜoʚaʥʠʷ ʧpecʪʫʧʣeʥʠʡ, ʢpʠʤʠʥaʣʠcʪʠʯecʢʠe ʤeʪoʜʠʢʠ paccʣeʜoʚaʥʠʷ, oʙʱecʪʚeʥʥo 

oʧacʥʳe ʜeʷʥʠʷ, ʤeʪoʜʠʢa paccʣeʜoʚaʥʠʷ ʧpecʪʫʧʣeʥʠʷ. 

Aʥaʣʠʟ ʠʤeʶʱʠxcʷ paʟʥooʪpacʣeʚʳx ʧʫʙʣʠʢaʮʠʡ ʧoʢaʟʳʚaeʪ, ʯʪo ʫʯeʥʳe ʚ oʙʣacʪʠ 

ʫʛoʣoʚʥoʛo ʧpaʚa paʟʚepʥʫʣʠ aʢʪʠʚʥʫʶ ʜʠcʢʫccʠʶ ʥe ʪoʣʴʢo ʧo ʚoʧpocaʤ ʪoʣʢoʚaʥʠʷ ʠ 

ʧpʠʤeʥeʥʠʷ ʜeʡcʪʚʫʶʱʠx ʥopʤ, ʥo ʠ ʧo ʧpoʙʣeʤaʤ ʠʟʤeʥeʥʠʷ ʠ ʜoʧoʣʥeʥʠʷ ʫʛoʣoʚʥoʛo 

ʟaʢoʥoʜaʪeʣʴcʪʚa, ʫcʪpaʥeʥʠʷ ʠʤeʶʱʠxcʷ ʟaʢoʥoʜaʪeʣʴʥʳx ʥeʪoʯʥocʪeʡ ʚ ʢoʥcʪpʫʢʮʠʠ 

cocʪaʚoʚ ʧocpeʜʥʠʯecʪʚa ʚo ʚʟʷʪoʯʥʠʯecʪʚe. ɺ cʚoʶ oʯepeʜʴ ʢpʠʤʠʥaʣʠcʪʠʯecʢʠe ʤeʪoʜʠʢʠ 

ʠ oʪʜeʣʴʥʳe ʤeʪoʜʠʯecʢʠe peʢoʤeʥʜaʮʠʠ, ʧocʚʷʱeʥʥʳe paccʣeʜoʚaʥʠʶ ʚʟʷʪoʯʥʠʯecʪʚa ʠ 

ʠʥʳx ʢoppʫʧʮʠoʥʥʳx ʧpecʪʫʧʣeʥʠʡ, ocʪaʶʪcʷ oʜʥʠʤʠ ʠʟ ʤʥoʛoʯʠcʣeʥʥʳx ʠ ʜocʪaʪoʯʥo 

paʟpaʙoʪaʥʥʳx ʚ ʢpʠʤʠʥaʣʠcʪʠʢe. Paʟʣʠʯʥʳʤ acʧeʢʪaʤ ʢpʠʤʠʥaʣʠcʪʠʯecʢʠx ʤeʪoʜʠʢ ʠ 

ʤeʪoʜʠʯecʢʠx peʢoʤeʥʜaʮʠʡ ʧo ʚʳʷʚʣeʥʠʶ, pacʢpʳʪʠʶ ʠ paccʣeʜoʚaʥʠʶ ʜoʣʞʥocʪʥʳx, 

cʣʫʞeʙʥʳx ʧpecʪʫʧʣeʥʠʡ, ʧpecʪʫʧʣeʥʠʡ ʢoppʫʧʮʠoʥʥoʡ ʥaʧpaʚʣeʥʥocʪʠ (ʢoppʫʧʮʠoʥʥʳx 

ʧpecʪʫʧʣeʥʠʡ), ʚʟʷʪoʯʥʠʯecʪʚa ʧocʚʷʱeʥʳ paʙoʪʳ ʊ. ɺ. Aʚepʴʷʥoʚoʡ, ʖ. ɺ. Acʪaʬʴeʚa, ʄ. 

O. ɹaeʚa, O. ʗ. ɹaeʚa, ɼ. ʀ. ɹeʜʥʷʢoʚa, P. C. ɹeʣʢʠʥa, ɺ. ʊ. ɹoʙpoʚa, ʖ. ʇ. ɹopʫʣeʥʢo, ɺ. C. 

ɹʫpʜaʥoʚoʡ, O. A. ɺaʛʠʥa, ʀ. A. ɺoʟʛpʠʥa, ɹ. ɺ. ɺoʣʞeʥʢʠʥa, ʊ. C. ɺoʣʯeʮʢoʡ, A. ʌ. 

ɺoʣʳʥcʢoʛo, ɺ. ʂ. ɻaʚʣo, ɹ. ʗ. ɻaʚpʠʣoʚa ʠ ʜp.  

ɺʳcoʢo oʮeʥʠʚaʷ ʪpʫʜʳ ʚcex ʧepeʯʠcʣeʥʥʳx aʚʪopoʚ, oʪʤeʪʠʤ, ʯʪo oʥʠ, ʢaʢ ʧpaʚʠʣo, 
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ʧpecʪʫʧʣeʥʠʡ, ʚ oʧʠcaʥʠʠ ʪʠʧʠʯʥʳx cʣeʜcʪʚeʥʥʳx cʠʪʫaʮʠʡ ʠ ʪ. ʧ., oʜʥaʢo ʥe aʢʮeʥʪʠpʫʶʪ 

ʥa ʥeʡ ʚʥʠʤaʥʠʷ, ʥe ʧoʢaʟʳʚaʶʪ ocoʙeʥʥocʪeʡ ʚʳʜʚʠʞeʥʠʷ ʠ ʧpoʚepʢʠ ʚepcʠʡ, ʚʳʷʚʣeʥʠʷ ʠ 

paccʣeʜoʚaʥʠʷ ʢoppʫʧʮʠoʥʥʳx ʧpecʪʫʧʣeʥʠʡ ʚ ʫcʣoʚʠʷx ʜeʷʪeʣʴʥocʪʠ ʧocpeʜʥʠʢa ʠʣʠ 

ʤʥʠʤoʛo ʧocpeʜʥʠʢa. ɺ ʯacʪʥocʪʠ, ʥe ʚcʪpeʯaeʪcʷ peʢoʤeʥʜaʮʠʡ ʧo ocoʙeʥʥocʪʷʤ 

ʧpoʚeʜeʥʠʷ ʥe oʜʥoʛo, a ʜʚʫx oʧepaʪʠʚʥʳx ʵʢcʧepʠʤeʥʪoʚ: cʥaʯaʣa ï ʧpoʪʠʚ ʧocpeʜʥʠʢa, 

ʟaʪeʤ (ecʣʠ oʥ ʥe ʤʥʠʤʳʡ) ï ʧpoʪʠʚ ʚʟʷʪʢoʧoʣʫʯaʪeʣʷ. ɺ ʧʫʙʣʠʢaʮʠʷx ʥe ʫʯʠʪʳʚaʣʠcʴ 

peaʣʠʠ ʜeʡcʪʚʫʶʱeʛo ʫʛoʣoʚʥoʛo, ʫʛoʣoʚʥo-ʧpoʮeccʫaʣʴʥoʛo ʠ ʠʥoʛo aʥʪʠʢoppʫʧʮʠoʥʥoʛo 

ʟaʢoʥoʜaʪeʣʴcʪʚa.  

Oʙʲeʢʪoʤ ʠccʣeʜoʚaʥʠʷ ʚʳcʪʫʧaeʪ ʢpʠʤʠʥaʣʴʥaʷ ʢoppʫʧʮʠoʥʥaʷ ʜeʷʪeʣʴʥocʪʴ, 

cʚʷʟaʥʥaʷ co ʚʟʷʪoʯʥʠʯecʪʚoʤ, a ʪaʢʞe ʜeʷʪeʣʴʥocʪʴ ʧpaʚooxpaʥʠʪeʣʴʥʳx opʛaʥoʚ ʧo 

ʚʳʷʚʣeʥʠʶ, pacʢpʳʪʠʶ ʠ paccʣeʜoʚaʥʠʶ ʚʟʷʪoʯʥʠʯecʪʚa ʠ ʠʥʳx ʧpecʪʫʧʣeʥʠʡ 

ʢoppʫʧʮʠoʥʥoʡ ʥaʧpaʚʣeʥʥocʪʠ. 

ʇpeʜʤeʪoʤ ʠccʣeʜoʚaʥʠʷ ʷʚʣʷʶʪcʷ ʟaʢoʥoʤepʥocʪʠ ʧpecʪʫʧʥoʡ ʜeʷʪeʣʴʥocʪʠ, 

cʚʷʟaʥʥoʡ c ʧocpeʜʥʠʯecʪʚoʤ ʚo ʚʟʷʪoʯʥʠʯecʪʚe, ʧpoʪʠʚoʜeʡcʪʚʠʷ ʫʛoʣoʚʥoʤʫ 

ʧpecʣeʜoʚaʥʠʶ ʠ cʚʷʟaʥʥʳe c ʥʠʤʠ ʟaʢoʥoʤepʥocʪʠ ʜeʷʪeʣʴʥocʪʠ ʧpaʚooxpaʥʠʪeʣʴʥʳx 

opʛaʥoʚ ʧo ʚʳʷʚʣeʥʠʶ, pacʢpʳʪʠʶ ʠ paccʣeʜoʚaʥʠʶ ʧpecʪʫʧʣeʥʠʡ, cʚʷʟaʥʥʳx c 

ʧocpeʜʥʠʯecʪʚoʤ ʚo ʚʟʷʪoʯʥʠʯecʪʚe. 

ʅaʫʯʥaʷ ʥoʚʠʟʥa peʟʫʣʴʪaʪoʚ ʠccʣeʜoʚaʥʠʷ cocʪoʠʪ ʚ ʪoʤ, ʯʪo c ʫʯeʪoʤ aʚʪopcʢʠx 

ʧoʜxoʜoʚ ʢ ʢpʠʤʠʥaʣʠcʪʠʯecʢoʡ ʢʣaccʠʬʠʢaʮʠʠ ʚʟʷʪoʯʥʠʯecʪʚa ʠ ʠʥʳx ʧpecʪʫʧʣeʥʠʡ 

ʢoppʫʧʮʠoʥʥoʡ ʥaʧpaʚʣeʥʥocʪʠ ʚʧepʚʳe ʬopʤʫʣʠpʫʶʪcʷ ʧoʥʷʪʠe ʠ ʧpʠʟʥaʢʠ ʧpecʪʫʧʣeʥʠʡ, 

cʚʷʟaʥʥʳx c ʧocpeʜʥʠʯecʪʚoʤ ʚo ʚʟʷʪoʯʥʠʯecʪʚe. ʅa ʵʪoʡ ocʥoʚe ʜoʢaʟʳʚaeʪcʷ 

ʥeoʙxoʜʠʤocʪʴ coʟʜaʥʠʷ ʯacʪʥoʡ ʤeʪoʜʠʢʠ (a ʪoʯʥee, ocoʙeʥʥocʪeʡ ʤeʪoʜʠʢʠ) paccʣeʜoʚaʥʠʷ 

ʵʪʠx paʟʥopoʜʥʳx ʧpecʪʫʧʣeʥʠʡ, ʚʳʜeʣeʥʥʳx ʧo ʫʛoʣoʚʥo-ʧpaʚoʚoʤʫ ʠ ʢpʠʤʠʥaʣʠcʪʠʯecʢʠ 

ʟʥaʯʠʤʳʤ ocʥoʚaʥʠʷʤ.  

ʇpecʪʫʧʣeʥʠʷ, cʚʷʟaʥʥʳe c ʧocpeʜʥʠʯecʪʚoʤ ʚo ʚʟʷʪoʯʥʠʯecʪʚe, xapaʢʪepʥʳ ʪeʤ, ʯʪo 

ʚ ʧpaʢʪʠʢe oʥʠ peʜʢo ʙʳʚaʶʪ coʚepʰeʥʥʳʤʠ eʜʠʥʠʯʥo. ʅaʙʣʶʜaʶʪcʷ ʜʚe ʚaʞʥʳe ʠ 

ʧpaʢʪʠʯecʢʠ ʟʥaʯʠʤʳe ʟaʢoʥoʤepʥocʪʠ ʵʪʠx oʙʱecʪʚeʥʥo oʧacʥʳx ʧocʷʛaʪeʣʴcʪʚ: a) oʥʠ ʚ 

ocʥoʚʥoʤ coʚepʰaʶʪcʷ cepʠʡʥo, ʥeoʜʥoʢpaʪʥo; ʙ) ʧpʠ ʢʚaʣʠʬʠʢaʮʠʠ oʥʠ ʯaʱe ʚceʛo 

ʧoʜʧaʜaʶʪ ʧoʜ ʧpʠʟʥaʢʠ paʟʣʠʯʥʳx coʚoʢʫʧʥocʪeʡ cocʪaʚoʚ ʧpecʪʫʧʣeʥʠʡ.  

ɺ ʧpecʪʫʧʥoʡ ʜeʷʪeʣʴʥocʪʠ, cʚʷʟaʥʥoʡ c ʧocpeʜʥʠʯecʪʚoʤ ʚo ʚʟʷʪoʯʥʠʯecʪʚe, 

ʫʯacʪʚʫʶʪ, ʢaʢ ʧpaʚʠʣo, ʜʚe ʠʣʠ ʪpʠ ocʥoʚʥʳe ʢaʪeʛopʠʠ ʣʠʮ. ɺ ʢpʠʤʠʥaʣʴʥʳx cʠʪʫaʮʠʷx 

ʤʥʠʤoʛo ʧocpeʜʥʠʯecʪʚa ʫʯacʪʚʫʶʪ ʢaʢ ʤʠʥʠʤʫʤ ʚʟʷʪʢoʜaʪeʣʴ ʠ ʤʥʠʤʳʡ ʧocpeʜʥʠʢ. ɺ 

cʠʪʫaʮʠʷx peaʣʴʥoʛo ʧocpeʜʥʠʯecʪʚa. 

ʋʯeʪ ʵʪʠx paʟʲʷcʥeʥʠʡ, ʚ coʯeʪaʥʠʠ c aʥaʣʠʟoʤ ʠ oʙoʙʱeʥʠeʤ ʧpaʢʪʠʢʠ 

paccʣeʜoʚaʥʠʷ ʫʛoʣoʚʥʳx ʜeʣ ʚ oʪʥoʰeʥʠʠ ʜeʡcʪʚʠʪeʣʴʥʳx ʠ ʤʥʠʤʳx ʧocpeʜʥʠʢoʚ ʚo 

ʚʟʷʪoʯʥʠʯecʪʚe, ʧoʟʚoʣʠʣ ʧpʠʡʪʠ ʢ ʚʳʚoʜaʤ o ʪoʤ, ʯʪo ʚʥoʚʴ coʟʜaʚaeʤʳe, ʚʢʣʶʯaʷ 

ʥacʪoʷʱʫʶ, a ʪaʢʞe ʤoʜepʥʠʟʠpʫeʤʳe ʢpʠʤʠʥaʣʠcʪʠʯecʢʠe ʤeʪoʜʠʢʠ paccʣeʜoʚaʥʠʷ 

ʚʟʷʪoʯʥʠʯecʪʚa, ʠʥʳx ʢoppʫʧʮʠoʥʥʳx ʧpecʪʫʧʣeʥʠʡ ʚ oʙʷʟaʪeʣʴʥoʤ ʧopʷʜʢe ʜoʣʞʥʳ 

coʜepʞaʪʴ peʢoʤeʥʜaʮʠʠ ʧo ʧoʚoʜʫ: 

 - c oʜʥoʡ cʪopoʥʳ, ʪaʢʪʠʯecʢʠx ʧpʠeʤoʚ, ʥaʧpaʚʣeʥʥʳx ʥa ʠʟʙeʞaʥʠe ʧpoʚoʢaʮʠʡ ʠ 

ʧoʜcʪpeʢaʪeʣʴcʢʠx ʜeʡcʪʚʠʡ co cʪopoʥʳ oʧepaʪʠʚʥʳx coʪpʫʜʥʠʢoʚ ʠ coʜeʡcʪʚʫʶʱʠx ʠʤ 

ʣʠʮ;  

- c ʜpʫʛoʡ cʪopoʥʳ, ʧpoʚeʜeʥʠʷ ʪaʢʪʠʯecʢʠx oʧepaʮʠʡ, ʥaʧpaʚʣeʥʥʳx ʥa ʠʥʠʮʠaʪʠʚʥoe 

ʚʳʷʚʣeʥʠe ʠ ʠʟoʙʣʠʯeʥʠe ʢoppʫʧʮʠoʥepoʚ. çʀʥʠʮʠaʪʠʚʥoe ʚʳʷʚʣeʥʠe ʠ ʠʟoʙʣʠʯeʥʠeè ʚ 

ʟaʜaʥʥoʤ ʢoʥʪeʢcʪe oʟʥaʯaeʪ ʧpaʢʪʠʯecʢʫʶ peaʣʠʟaʮʠʶ ʟaʷʚʣeʥʥoʛo ʚʳʰe ʧpʠʥʮʠʧa 
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ʧpʠopʠʪeʪa ʥacʪʫʧaʪeʣʴʥoʛo xapaʢʪepa paccʣeʜoʚaʥʠʷ, ʢoʛʜa ʧpaʚooxpaʥʠʪeʣʴʥʳe opʛaʥʳ ʥe 

ʪoʣʴʢo oʞʠʜaʶʪ ʧaccʠʚʥo ʪex, ʢʪo ʧpʠʜeʪ c ʟaʷʚʣeʥʠʷʤʠ o ʚʳʤoʛaʪeʣʴcʪʚe ʚʟʷʪʢʠ (ʪaʢoʡ 

ʧoʜxoʜ ʟaʯacʪʫʶ ʥeʵʬʬeʢʪʠʚeʥ), a caʤʠ ʠʜʫʪ ʚ ʥacʪʫʧʣeʥʠe ʥa ʢoppʫʧʮʠoʥʥʫʶ 

ʧpecʪʫʧʥocʪʴ. 

ʇo ʢpʠʤʠʥaʣʠcʪʠʯecʢʠ ʟʥaʯʠʤʳʤ ocʥoʚaʥʠʷʤ ʚʳʜeʣʷeʪcʷ ʮeʣʳʡ pʷʜ ʪʠʧoʚ ʣʠʯʥocʪʠ, 

ʚ ʯacʪʥocʪʠ peaʣʴʥʳe ʠʣʠ ʤʥʠʤʳe ʧocpeʜʥʠʢʠ: - ʥe cʚʷʟaʥʥʳe ʬopʤaʣʴʥo c ʜeʷʪeʣʴʥocʪʴʶ 

ʚʟʷʪʢoʧoʣʫʯaʪeʣʷ (poʜcʪʚeʥʥʠʢʠ, ʟʥaʢoʤʳe, ʜpʫʟʴʷ, ʣʠʮa, paʥee ʜaʚaʚʰʠe ʚʟʷʪʢʫ 

ʢoʥʢpeʪʥoʤʫ ʜoʣʞʥocʪʥoʤʫ ʣʠʮʫ ʠ ʜaʣee, ʧo ʜoʛoʚopeʥʥocʪʠ c ʥʠʤ, ʧpeʚpaʪʠʚʰʠe ʵʪo ʚ 

ʧpecʪʫʧʥʳʡ ʧpoʤʳceʣ); - cʚʷʟaʥʥʳe c ʜeʷʪeʣʴʥocʪʴʶ ʚʟʷʪʢoʧoʣʫʯaʪeʣʷ ʧpoʬeccʠoʥaʣʴʥo 

ʠʣʠ ʧo ʜoʣʞʥocʪʠ (aʜʚoʢaʪʳ ï cʣeʜoʚaʪeʣʷʤ, cʫʜʴʷʤ; ʧoʜʯʠʥeʥʥʳe ï cʚoʠʤ pʫʢoʚoʜʠʪeʣʷʤ, 

ʣaʙopaʥʪʳ ï ʚ oʪʥoʰeʥʠʠ ʧpeʧoʜaʚaʪeʣeʡ ʠ ʪ. ʧ.). ɺʳʜeʣʷeʪcʷ ʪaʢʞe ʧpocʪoe ʧocpeʜʥʠʯecʪʚo 

(ʧepeʜaʯa ʚʟʷʪʢʠ ʯepeʟ oʜʥoʛo ʧocpeʜʥʠʢa) ʠ cʣoʞʥoe (ʯepeʟ ʥecʢoʣʴʢʠx ʧocpeʜʥʠʢoʚ). 

ʇocʣeʜʥee ʚʳpaʞaeʪcʷ ʚ paʟʜeʣeʥʠʠ ʬʫʥʢʮʠʡ ʤeʞʜʫ ʥʠʤʠ, ʥaʧpʠʤep: a) ʧocpeʜʥʠʯecʪʚo ʚ 

ʧepeʜaʯe ʚʟʷʪʢʠ; ʙ) ʧocpeʜʥʠʯecʪʚo ʚ coʜeʡcʪʚʠʠ ʧo ʧoʚoʜʫ ʚʳʧoʣʥeʥʠʷ ʪoʛo, ʟa ʯʪo oʥa 

ʜaeʪcʷ. 

ɺʳʜeʣʷʶʪcʷ ʠ ʜpʫʛʠe ʪʠʧʳ ʧpecʪʫʧʥʠʢoʚ. Oʜʥaʢo, ʥecʤoʪpʷ ʥa ʰʠpoʢoe ʠx paʟʥooʙpaʟʠe, 

ʚce ʪʠʧʳ peaʣʴʥʳx ʠ ʤʥʠʤʳx ʧocpeʜʥʠʢoʚ ʚo ʚʟʷʪoʯʥʠʯecʪʚe oʙʲeʜʠʥʷeʪ oʜʥa 

ʟaʢoʥoʤepʥocʪʴ: ʧpecʪʫʧʣeʥʠʷ coʚepʰaʶʪcʷ ʫʢaʟaʥʥʳʤʠ ʣʠʮaʤʠ ʚ cʚʷʟʠ c xopoʰo ʠʟʚecʪʥoʡ 

ʠʤ cʣʫʞeʙʥoʡ ʜeʷʪeʣʴʥocʪʴʶ, ʪ. e. ʚ paʤʢax ʧpaʚooʪʥoʰeʥʠʡ, ʚ ʢoʪopʳx oʥʠ, ʢaʢ ʧpaʚʠʣo, 

ʷʚʣʷʶʪcʷ cʧeʮʠaʣʠcʪaʤʠ, ʠʤeʶʪ oʧpeʜeʣeʥʥʳʡ oʧʳʪ, ʟʥaʥʠʷ. 

Oʧʠcʳʚaʶʪcʷ ʪaʢʞe ʪʠʧʠʯʥʳe ʧpʠʟʥaʢʠ ʧoʚeʜeʥʠʷ ʧpecʪʫʧʥʠʢa-ʧocpeʜʥʠʢa 

(ʤʥʠʤoʛo ʧocpeʜʥʠʢa) ʚ ʜʚʫx ʪʠʧʠʯʥʳx ʢpʠʤʠʥaʣʴʥʳx cʠʪʫaʮʠʷx: 1) ʚʟaʠʤooʪʥoʰeʥʠʷ c 

peaʣʴʥʳʤ ʣʠʙo ʧoʪeʥʮʠaʣʴʥʳʤ, a ʪaʢʞe ʤʥʠʤʳʤ (ʚ cʠʪʫaʮʠʷx ʤʥʠʤoʛo ʧocpeʜʥʠʯecʪʚa) 

ʚʟʷʪʢoʧoʣʫʯaʪeʣeʤ; 2) ʚʟaʠʤooʪʥoʰeʥʠʷ c peaʣʴʥʳʤ ʣʠʙo ʧoʪeʥʮʠaʣʴʥʳʤ, ʧo eʛo ʤʥeʥʠʶ, 

ʚʟʷʪʢoʜaʪeʣeʤ. 

ɺ cʣeʜcʪʚeʥʥoʡ cʠʪʫaʮʠʠ, ʢoʛʜa ʜoʣʞʥocʪʥoe ʣʠʮo caʤo cooʙʱaeʪ o ʪoʤ, ʯʪo ʥeʢoe ʣʠʮo ʠʣʠ 

ʧocpeʜʥʠʢ ʧpeʜʣaʛaeʪ eʤʫ ʚʟʷʪʢʫ ʣʠʙo ʧʳʪaeʪcʷ ee ʚpʫʯʠʪʴ (35 % oʪ ʚcex ʠʟʫʯeʥʥʳx ʜeʣ), 

ʧpeʜʚapʠʪeʣʴʥaʷ ʧpoʚepʢa oʙʳʯʥo ʥe ʧpoʚoʜʠʪcʷ. ʋʛoʣoʚʥʳe ʜeʣa ʧoʜoʙʥoʛo poʜa ʥe 

ʧpeʜcʪaʚʣʷʶʪ ʢpʠʤʠʥaʣʠcʪʠʯecʢoʡ cʣoʞʥocʪʠ. Ocʥoʚʥoe ʥaʧpaʚʣeʥʠe paccʣeʜoʚaʥʠʷ ʟʜecʴ ï 

ʵʪo ʬʠʢcaʮʠʷ ʬaʢʪa ʧepeʜaʯʠ ʚʟʷʪʢʠ ʠ ʜoʢaʟʳʚaʥʠe ʫʤʳcʣa ʥa ee ʧepeʜaʯʫ ʜoʣʞʥocʪʥoʤʫ 

ʣʠʮʫ. ɺ cʣeʜcʪʚeʥʥʳx cʠʪʫaʮʠʷx, cʚʷʟaʥʥʳx c ʚʳʷʚʣeʥʠeʤ ʜeʷʪeʣʴʥocʪʠ ʪoʣʴʢo ʧocpeʜʥʠʢa 

(ʠʣʠ ʤʥʠʤoʛo ʧocpeʜʥʠʢa), oʜʥo ʠʟ ocʥoʚʥʳx ʥaʧpaʚʣeʥʠʡ ï ʥeoʙxoʜʠʤocʪʴ ʠʟoʙʣʠʯeʥʠʷ ʥe 

ʪoʣʴʢo ʧocpeʜʥʠʢa (ecʣʠ oʥ ʷʚʣʷeʪcʷ ʪaʢoʚʳʤ, a ʥe ʤoʰeʥʥʠʢoʤ), ʥo ʠ ʚʟʷʪʢoʜaʪeʣʷ 

(ʚʟʷʪʢoʧoʣʫʯaʪeʣʷ), ʠʥʳx coʫʯacʪʥʠʢoʚ. Ecʣʠ ʥe cʣeʜoʚaʪʴ ʵʪoʤʫ ʥaʧpaʚʣeʥʠʶ, ʪo ʚeʣʠʢa 

ʚepoʷʪʥocʪʴ ʪoʛo, ʯʪo ʢoʛʜa c ʧoʣʠʯʥʳʤ ʙʫʜeʪ ʟaʜepʞaʥ ʪoʣʴʢo ʧocpeʜʥʠʢ, ʪo 

ʧpeʜʧoʣaʛaeʤʳʡ ʚʟʷʪʢoʜaʪeʣʴ (ʚʟʷʪʢoʧoʣʫʯaʪeʣʴ) ʠ coʫʯacʪʥʠʢʠ ʤoʛʫʪ ʫʡʪʠ oʪ ʫʛoʣoʚʥoʡ 

oʪʚeʪcʪʚeʥʥocʪʠ, ʧocʢoʣʴʢʫ ʧepʚʳʡ ʧoʧʳʪaeʪcʷ çʚʟʷʪʴ ʚce ʥa ceʙʷè, ʪ. e. ʧpʠʟʥaʪʴ ʚʠʥʫ ʚ 

ʤʥʠʤoʤ ʧocpeʜʥʠʯecʪʚe.  
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ʊױʊʓʅʓʃנɸʅ ᴆʉɯʄɼɯʂ ʄɸʁʓʅ פɸʁʊɸ ʕʊʀʈʀʌʀʂɸʎʀʗʃɸʋ תʐɯʅ 

ʊױʈɸפʊʓ ʈɽʉʋʈʉʊɸʈɼɸʅ ɸʃʓʅנɸʅ ɽʂɯ ʅɽɻɯɿɻɯ ɻɽʊɽʈʆɻɽʅɼɯ  

ʂɸʊɸʃʀɿɸʊʆʈɼʓ ʂʀʅɽʊʀʂɸʃʓפ ʉɸʃʓʉʊʓʈʋ 

 ɹʝʢʪʝʤʽʩϰʣʳ ʈʘϨʳʤ                                                                                             

   ϧ.ɾϰʙʘʥʦʚ ʘʪʳʥʜʘϤʳ ɸϨʪϺʙʝ ϺϬʽʨʣʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ,                                

      ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ,ɸϨʪϺʙʝ Ϩʘʣʘʩʳ                                                      

 

ɸʅʅʆʊɸʎʀʗ. 

ʉʽʣʪʽʣʽ ʞʝʨ ʤʝʪʘʣʣ ʦʢʩʠʜʪʝʨʽ ʙʠʦʜʠʟʝʣʴ ʦʪʳʥʳʥ ᴇʥʜʽʨʫʛʝ ץʦʣʘʡʣʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʣʘʨʜʳש ʽʰʽʥʜʝ CaO ʞᴅʥʝ MgO ʝש ʞʘץʩʳ ʪʠʽʤʜʽʣʽʛʽʤʝʥ ʪʘʥʳʤʘʣ. ɹײʣ 

ʟʝʨʪʪʝʫʜʝ ʙʠʦʜʠʟʝʣʴ ʦʪʳʥʳʥ ᴇʥʜʽʨʫ װʰʽʥ װʥʝʤʜʽ ʞᴅʥʝ ʪײʨʘץʪʳ ʨʝʩʫʨʩʪʘʨʜʘʥ ʩʠʥʪʝʟʜʝʣʛʝʥ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ץʦʣʜʘʥʳʣʜʳ. ʅʘץʪʳʨʘץ ʘʡʪʩʘץ, ʢʘʣʴʮʠʡ ʤʝʥ ʤʘʛʥʠʡ ʢʘʨʙʦʥʘʪʳʥʳש ʢᴇʟʽ 

ʨʝʪʽʥʜʝ ʤʠʜʠʷ ץʘʙʳץʪʘʨʳ ʤʝʥ ʤʠʥʝʨʘʣʠʟʘʮʠʷʣʘʥסʘʥ  ʩʫ ʪʘʟʘʨʪʫ ʰᴇʛʽʥʜʽʣʝʨʽ 900 Á C-ʪʘʥ 

ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʢʘʣʴʮʠʡ ʤʝʥ ʤʘʛʥʠʡ ʦʢʩʠʜʪʝʨʽʥʝ ʘʡʥʘʣʜʳ. ʄʝʪʘʥʦʣ ʤʝʥ 

ʧʘʡʜʘʣʘʥʳʣסʘʥ ʘʩʧʘʟʜʳץ ʤʘʡ 24:1 ʞᴅʥʝ 22,5:1 ץʘʪʳʥʘʩʳʥʜʘ 12 ʞᴅʥʝ 9,08 ʤʘʩ. ʤʠʜʠʷ 

 ʥʙʘʣʘʨʳ ʥʝʛʽʟʽʥʜʝ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨײʘʥ ʩʫ ʪʘʟʘʨʪʫ ʪסʪʘʨʳ ʤʝʥ ʤʠʥʝʨʘʣʠʟʘʮʠʷʣʘʥץʘʙʳץ

 ʳסʞʳʣʜʘʤʜʳ שʳʰʪʳסʨʳʰʪʳ ʢʦʣʙʘʜʘ ʨʝʘʢʮʠʷ ʞʘʩʘʜʳ. ɸʨʘʣʘʩʪʳʨײʘʪʳʩʫʳʤʝʥ 250 ʤʣ ʝʢʽ ʙץ

350 ʘʡʥ / ʤʠʥ ʙʦʣסʘʥ ʢʝʟʜʝ ʪʝʤʧʝʨʘʪʫʨʘʥʳש (343 ,338 ,333 ,328 ʞᴅʥʝ 348 ʂ) ʞᴅʥʝ ʫʘץʳʪʪʳש 

(1, 3, 5, 7 ʞᴅʥʝ 8 ʩʘס) ʤʘʡʜʳש ʙʠʦʜʠʟʝʣʴʛʝ ʘʡʥʘʣʫʳʥʘ ᴅʩʝʨʽ ʟʝʨʪʪʝʣʜʽ. ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʝʢʽ 

ʢʘʪʘʣʠʟʘʪʦʨʜʳ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʨʝʘʢʮʠʷʩʳʥʳש ʙʽʨʽʥʰʽ ʨʝʪʪʽ ʞʘʣסʘʥ 

ʢʠʥʝʪʠʢʘʩʳʥ ʢᴇʨʩʝʪʝʜʽ.    

 ʘʟʙʘʣʳ ʦʪʳʥץ ʘʨʪʫʳʥʘ ʞᴅʥʝ שʨʘʥʳʩʪʳײʘ ʩסʜʘ ʞʘʥʘʨʤʘʡ ʤʝʥ ʵʥʝʨʛʠʷשʘʟʽʨʛʽ ʪʘפ

ʨʝʩʫʨʩʪʘʨʳʥʳש ʰʝʢʪʝʫʣʽ ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʞʘשʘʨʪʳʣʘʪʳʥ ʘʣʴʪʝʨʥʘʪʠʚʪʽ ʦʪʳʥ ʪװʨʣʝʨʽʥʝ 

ʢᴇʧ ʢᴇשʽʣ ʙᴇʣʽʥʫʜʝ. ʄʘʡ ץʳʰץʳʣʜʘʨʳʥʳש ʤʝʪʠʣ ʵʬʠʨʽ ʜʝʧ ʪʝ ʘʪʘʣʘʪʳʥ ʙʠʦʜʠʟʝʣʴ ʦʪʳʥʳ ï 

ʘʣʴʪʝʨʪʝʨʥʘʪʠʚʪʽ ʞʘʥʘʨʤʘʡʣʘʨʜʳש ʘʨʘʩʳʥʜʘסʳ ʪʘʨʠʭʳ ʪʝʨʝץ ,שʦʣʞʝʪʽʤʜʽ ʪװʨʣʝʨʽʥʽש ʙʽʨʽ. 

 ʘʨʳסʨʘʤʳʥʜʘ ʦʪʪʝʛʽ ʙʘʨ ʞᴅʥʝ ʞʦײץ ʘʥʜʘ ʙʠʦʜʠʟʝʣʴסʘʟʙʘʣʳ ʜʠʟʝʣʴ ʦʪʳʥʳʤʝʥ ʩʘʣʳʩʪʳʨפ

ʞʘʥʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʤʝʥ ʤʘʡʣʘʫ ץʘʙʽʣʝʪʽʥʝ, ʮʝʪʘʥ ʩʘʥʳʥʘ ʠʝ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ײץʨʘʤʳʥʜʘ 

ʢװʢʽʨʪʪʽש ʪᴇʤʝʥ ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʞʘʥʫ ʢʝʟʽʥʜʝ ץʘʫʽʧʪʽ ʰʳסʘʨʳʥʜʳʣʘʨʜʳש ʰʳסʫʳʥ 

ʪᴇʤʝʥʜʝʪʝʜʽ. ɹʠʦʜʠʟʝʣʴ ʦʪʳʥʳʥ ᴇʩʽʤʜʽʢ ʤʘʡʣʘʨʳʥʘʥ, ʞʘʥʫʘʨ ʤʘʡʣʘʨʳʥʘʥ ʞᴅʥʝ 

ʧʘʡʜʘʣʘʥʳʣסʘʥ ᴇʩʽʤʜʽʢ ʤʘʡʳʥʳץ שʘʣʜʳץʪʘʨʳʥʘʥ ʘʣʫסʘ ʙʦʣʘʜʳ. ʇʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ 

ʨʝʘʢʮʠʷʩʳ ʪʨʠʛʣʠʮʝʨʠʜʪʝʨ ʤʝʥ ʤʝʪʘʥʦʣ ʘʨʘʩʳʥʜʘ ʞװʨʝʜʽ, ʥᴅʪʠʞʝʩʽʥʜʝ ʞʘʥʘʤʘ ᴇʥʽʤ ʨʝʪʽʥʜʝ 

ᴅʢ ʧʝʥ ʛʣʠʮʝʨʠʥ ʧʘʡʜʘ ʙʦʣʘʜʳ. ʇʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʨʝʘʢʮʠʷʩʳʥʳש ʪʠʧʪʽʢ ʩʭʝʤʘʩʳ ʢʝʣʝʩʽ 

ʪʝשʜʝʫʜʝ ʙʝʨʽʣʛʝʥ (1-ʪʝשʜʝʫ). 

R1COOCH2                                                                  HOCH2   R1COOCH3 

        |   |  | 

R2COOCH     + 3CH3OH                                             HOCH  +     R2COOCH3 

        |   | |                                   

R3COOCH2                                                                  HOCH2         R3COOCH3 
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ɹʽʨʪʝʢʪʽ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʥʝʛʽʟʛʽ ʞᴅʥʝ ץʳʰץʳʣ ʛʝʪʝʨʦʛʝʥʜʽ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʞʝשʽʣ ʞᴅʥʝ ʘʨʟʘʥ ʙᴇʣʽʥʫ ʤʝʥ ʨʝʛʝʥʝʨʘʮʠʷʥʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳʥʘ ʠʝ. ɾʘʣʧʳ 

ʘʣסʘʥʜʘ, ʥʝʛʽʟʛʽ ʛʝʪʝʨʦʛʝʥʜʽ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ץʳʰץʳʣʜʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨסʘ ץʘʨʘסʘʥʜʘ ʦʣʘʨʜʳש 

ʞʦסʘʨʳ ʙʝʣʩʝʥʜʽʣʽʛʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ. ʅʝʛʽʟʛʽ ʛʝʪʝʨʦʛʝʥʜʽ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʽʰʽʥʜʝ ʢʘʣʴʮʠʡ 

ʦʢʩʠʜʽʥʝ (ʉʘʆ) ʦʥʳש ʞʦסʘʨʳ ʢʘʪʘʣʠʪʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʣʽʛʽʥʝ, ץʘʣʧʳʥʘ ʢʝʣʫʽʥʝ/ץʘʡʪʘ 

 ʢᴇʧ ʙʦʣʫʳʥʘ שʨʜʝ ʘʨʟʘʥ ʨʝʩʫʨʩʪʘʨʜʳװʰʽʥ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװ ʦʣʜʘʥʳʣʫʳʥʘ ʞᴅʥʝ ʦʥʳ ᴇʥʜʽʨʫץ

 ʽʣ ʙᴇʣʽʥʝʜʽ. ʉʦʥʳʤʝʥשʙʘʡʣʘʥʳʩʪʳ ʢᴇʧ ʢᴇ (.ʳ ʞᴅʥʝ ʪ.ʙסʘʙʳץ ʘץʤʳʨʪײʪʘʨʳ, ʞץʘʣʜʳץ ץʘʙʳץ)

 ʪʘʨʳʥʘץʘʣʜʳץ ʪʘʥ ʤʘʡץʘ ʩʝʟʽʤʪʘʣ ʝʤʝʩ, ʩʦʥʜʳסʘʣסʘʪʘʨ, CaO ʘʟ ʤᴇʣʰʝʨʜʝ FFA ʤʝʥ ʳʣץ

ʢʝʣʝʜʽ. פʦʣʜʘʥʳʣʘʪʳʥ ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʪװʨʽʥʝ ץʘʨʘʤʘʩʪʘʥ, ʨʝʘʢʪʦʨʜʳש ʢʦʥʬʠʛʫʨʘʮʠʷʩʳ, 

ʨʝʘʢʮʠʷ ʫʘץʳʪʳ ʞᴅʥʝ ʦשʪʘʡʣʳ ʧʨʦʮʝʩʩ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʩʠʷץʪʳ ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʘץʧʘʨʘʪ ʘʣʫ 

 ʘʣʘʨ (2009) ʢʘʪʘʣʠʟʘʪʦʨ ʨʝʪʽʥʜʝץʘʞʝʪ. ɺʝʣʢʦʚʠʯ ʞᴅʥʝ ʙʘʩץ ʨʫײץ ʰʽʥ ʨʝʘʢʮʠʷ ʢʠʥʝʪʠʢʘʩʳʥװ

ʉʘʆ ץʘʪʳʩʳʥʜʘ ʤʝʪʘʥʦʣʤʝʥ ʢװʥʙʘסʳʩ ʤʘʡʳʥʳש ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷʩʳʥʳש ʢʠʥʝʪʠʢʘʩʳʥ 

ʟʝʨʪʪʝʜʽ. ʆʣʘʨ ʧʨʦʮʝʩʪʽש ʙʽʨʽʥʰʽ ʢʝʟʝשʽʥʜʝ ʪʨʠʛʣʠʮʝʨʠʜʪʽש ʤʘʩʩʘʣʳץ ʘʫʳʩʫʳ ʨʝʘʢʮʠʷʥʳ 

ʙʘʩץʘʨסʘʥʳʥ, ʘʣ ʩʦסשʳ ʩʘʪʳʩʳʥʜʘ ʭʠʤʠʷʣʳץ ʨʝʘʢʮʠʷ ʞʳʣʜʘʤʜʳץʪʳ ʘʥʳץʪʘʡʪʳʥ ʬʘʢʪʦʨסʘ 

ʘʡʥʘʣסʘʥʳʥ ʘʥʳץʪʘʜʳ. ʊʘסʳ ʙʽʨ ʟʝʨʪʪʝʫʜʝ ɼʦʩʩʠʥ (2006) ʛʝʪʝʨʦʛʝʥʜʽ ʢʘʪʘʣʠʟʘʪʦʨ ʨʝʪʽʥʜʝ 

ʤʘʛʥʠʡ ʦʢʩʠʜʽ (MgO) ʢʘʪʘʣʠʟʜʝʣʛʝʥ ʵʪʠʣʘʮʝʪʘʪ ʤʝʪʘʥʦʣʠʟʽʥʽש ʢʠʥʝʪʠʢʘʩʳʥ ʟʝʨʪʪʝʜʽ. ʆʣʘʨ 

ʩײʡʳץ ʬʘʟʘʜʘ װʰ ʩʘʪʳʣʳ "ʕʣʝʡ-ʈʠʜʝʣʴ" ʤʝʭʘʥʠʟʤʽʥ ץʦʣʜʘʥʳʧ, ʤʝʪʘʥʦʣʜʳש ʘʜʩʦʨʙʮʠʷʩʳ 

ʦʩʳ ʨʝʘʢʮʠʷʥʳש ʞʳʣʜʘʤʜʳסʳʥ ʘʥʳץʪʘʡʪʳʥ ʢʝʟʝש ʝʢʝʥʽʥ ʘʥʳץʪʘʜʳ. ɹʠʨʣʘ ʞᴅʥʝ ʙʘʩץʘʣʘʨ 

(2012) ʛʝʪʝʨʦʛʝʥʜʽ ʙʘʟʘʣʳץ ʢʘʪʘʣʠʟʘʪʦʨ ʨʝʪʽʥʜʝ ײʣʫʣʘʨ ץʘʙʳסʳʥʳץ שʘʪʳʩʫʳʤʝʥ 

ʧʘʡʜʘʣʘʥʳʣסʘʥ ᴇʩʽʤʜʽʢ ʤʘʡʳʥ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷʣʘʫʜʳש ʙʽʨʽʥʰʽ ʨʝʪʪʽ ʢʠʥʝʪʠʢʘʩʳ ʪʫʨʘʣʳ 

ʭʘʙʘʨʣʘʜʳ. ʆʣʘʨ 79ʢɼʞ.ʤʦʣʴ
-1

 ʘʢʪʠʚʪʝʥʜʽʨʫ ʵʥʝʨʛʠʷʩʳʥ ʞᴅʥʝ ʞʠʽʣʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽʥ 

2,98Ĭ1010 ʤʠʥ
-1

 ʘʥʳץʪʘʜʳ. ʇʫʢʘʣʝ(2015) ʛʝʪʝʨʦʛʝʥʜʽ ץʘʪʪʳ ʢʘʪʘʣʠʟʘʪʦʨʜʳ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, 

ʧʘʡʜʘʣʘʥʳʣסʘʥ ᴇʩʽʤʜʽʢ ʤʘʡʳʥ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷʣʘʫ ʢʠʥʝʪʠʢʘʩʳʥʘ ʫʣʴʪʨʘʜʳʙʳʩʪʳש ᴅʩʝʨʽʥ 

ʟʝʨʪʪʝʜʽ. ʆʣʘʨ ʂ3ʈʆ4 ʢʘʪʘʣʠʟʘʪʦʨʳʥʳץ שʘʪʳʩʫʳʤʝʥ 64,241 ʢɼʞ.ʤʦʣʴ
-1

 ʘʢʪʠʚʪʝʥʜʽʨʫ 

ʵʥʝʨʛʠʷʩʳʥ ʘʥʳץʪʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʦʣʘʨ ץײʩʘʩ ʞʘסʜʘʡʣʘʨʜʘ ᴅʜʝʪʪʝʛʽ ʪᴅʩʽʣʤʝʥ 

ʩʘʣʳʩʪʳʨסʘʥʜʘ ʫʣʴʪʨʘʜʳʙʳʩʪʳץ ץʘʪʳʩʳʥʜʘ ʞʦסʘʨʳ ᴇʥʽʤʜʽʣʽʢʢʝ ʠʝ ʙʦʣʜʳ. ʐʠʢʽʟʘʪ ײץʥʳ, 

ᴅʜʝʪʪʝ, ʙʠʦʜʠʟʝʣʴ ᴇʥʜʽʨʽʩʽʥʽש ʞʘʣʧʳ ײץʥʳʥʳײץ 70-80% שʨʘʡʜʳ. ʉʦʥʜʳץʪʘʥ ʙʠʦʜʠʟʝʣʴʜʽ 

ʞʦסʘʨʳ ʪʠʽʤʜʽ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʞʝʫʛʝ ʙʦʣʤʘʡʪʳʥ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʳʣסʘʥ 

ʤײʥʘʡ ʨʝʩʫʨʩʪʘʨʳʥʘʥ ʘʣʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʞʘʩʘʫ ץʘʞʝʪ. ʆʩʳ ʥʝʛʽʟʜʝ ʦʩʳ ʟʝʨʪʪʝʫʜʽש ʤʘץʩʘʪʳ 

ʘʨʟʘʥ ʨʝʩʫʨʩʪʘʨʜʘʥ ʘʣʳʥסʘʥ ʉʘʆ ʞᴅʥʝ MgO ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, 

ʧʘʡʜʘʣʘʥʳʣסʘʥ ᴇʩʽʤʜʽʢ ʤʘʡʣʘʨʳʥʘʥ ʙʠʦʜʠʟʝʣʴ ᴇʥʜʽʨʽʩʽʥʽש ʰʠʢʽʟʘʪ ײץʥʳʥ ʪᴇʤʝʥʜʝʪʫ ʙʦʣʜʳ. 

[1] 

2. ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ᴅʜʽʩʪʝʨ  

2.1. ʄʘʪʝʨʠʘʣʜʘʨ ʞʝʨʛʽʣʽʢʪʽ ʤʝʡʨʘʤʭʘʥʘʜʘʥ ʘʣʳʥסʘʥ ᴇʩʽʤʜʽʢ ʤʘʡʳʥʳץ שʘʣʜʳץʪʘʨʳ 

ʞᴅʥʝ ʤʝʪʘʥʦʣ 99,5% ʦʩʳ ʟʝʨʪʪʝʫʜʝ ʵʪʝʨʠʬʠʢʘʮʠʷ ʞᴅʥʝ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʨʝʘʢʮʠʷʣʘʨʳ װʰʽʥ 

ʧʘʡʜʘʣʘʥʳʣʜʳ. 97% ʢװʢʽʨʪ ץʳʰץʳʣʳ ʵʪʝʨʠʬʠʢʘʮʠʷ ʨʝʘʢʮʠʷʩʳʥʳש ʢʘʪʘʣʠʟʘʪʦʨʳ ʨʝʪʽʥʜʝ 

ʧʘʡʜʘʣʘʥʳʣʜʳ. פʳʰץʳʣ ʩʘʥʳʥ ʘʥʳץʪʘʫ װʰʽʥ 85% ʢʘʣʠʡ ʛʠʜʨʦʢʩʠʜʽ ץʦʣʜʘʥʳʣʜʳ. 

ʇʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʨʝʘʢʮʠʷʩʳʥʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʘʣʫ ʢᴇʟʽ ʨʝʪʽʥʜʝ 

ʧʘʡʜʘʣʘʥʳʣסʘʥ ʤʠʜʠʷ ץʘʙʳסʳ ʤʝʥ ʤʠʥʝʨʘʣʩʳʟʜʘʥʜʳʨʳʣסʘʥ ʩʫʳ ʧʘʡʜʘʣʘʥʳʣʜʳ. [3] 

2.2. ʂʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʜʘʡʳʥʜʘʫ  

ʄʠʜʠʷ ץʘʙʳץʪʘʨʳ ʤʝʥ ʤʠʥʝʨʘʣʩʳʟʜʘʥʜʳʨʳʣסʘʥ ʩʫ ʪʘʟʘʨʪʫ ʰᴇʛʽʥʜʽʣʝʨʽ ʝʨʽʪʽʥʜʽʜʝ 

 ,ʘ ʜʝʡʽʥ ʝʢʰʝʣʽʧ(125-250 ʤʢʤ)סʘʥסʪʘʨ ʤʠʢʨʦʙᴇʣʰʝʢʪʝʨʜʽ ʙᴇʣʽʧ ʘʣץʥʪʘײ ʘʥסʪʘʣʜʳ. ɸʣʳʥץʩʘײ

ʩʦʜʘʥ ʢʝʡʽʥ 110  ʪʝʤʧʝʨʘʪʫʨʘʜʘ 18 ʩʘסʘʪ ʢʝʧʪʽʨʽʣʜʽ. [3] 
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2.3. ʕʪʝʨʠʬʠʢʘʮʠʷ ʨʝʘʢʮʠʷʩʳ 

ʕʪʝʨʠʬʠʢʘʮʠʷ ʨʝʘʢʮʠʷʩʳ ʧʘʡʜʘʣʘʥʳʣסʘʥ ʤʘʡʜʳץ שʳʰץʳʣ ʩʘʥʳ 2 ʤʛ ʂʆʅ/ʛ ʤʘʡʤʝʥ 

ᴇʣʰʝʥʛʝʥʜʽʢʪʝʥ, 1 ʤʛ ʂʆʅ/ʛ-ʜʘʥ ʪᴇʤʝʥ ץʳʰץʳʣ ʩʘʥʳʥʘ ʞʝʪʫ װʰʽʥ ʵʪʝʨʠʬʠʢʘʮʠʷ ʢʝʟʝשʽ 

ʞװʨʛʽʟʽʣʜʽ. ʕʪʝʨʠʬʠʢʘʮʠʷ ʨʝʘʢʮʠʷʩʳ 5 ʤʘʩ.% H2SO4 ʢʘʪʘʣʠʟʘʪʦʨʳ ץʘʪʳʩʳʥʜʘ ʤʝʪʘʥʦʣʜʳש 

ʤʘʡסʘ ʤʦʣʷʨʣʳץ ץʘʪʳʥʘʩʳ 18:1 ʢʝʟʽʥʜʝ 65-ʪʘ 5 ʩʘסʘʪ ʙʦʡʳ ʞװʨʛʽʟʽʣʜʽ.ʕʪʝʨʠʬʠʢʘʮʠʷʜʘʥ 

ʢʝʡʽʥ ʧʘʡʜʘʣʘʥʳʣסʘʥ ᴇʩʽʤʜʽʢ ʤʘʡʳʥʳץ שʳʰץʳʣ ʩʘʥʳ 0,49 ʤʛ ʂʆʅ/ʛ ʤʘʡסʘ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʜʽ. 

2.4. ʇʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʨʝʘʢʮʠʷʩʳ ʪʝʨʤʦʤʝʪʨ ʤʝʥ ʢʦʥʜʝʥʩʘʪʦʨʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ ʝʢʽ ʤʦʡʳʥʳ 

ʙʘʨ 250 ʤʣ ʢʦʣʙʘʜʘ ʞװʨʛʽʟʽʣʜʽ.ʇʘʡʜʘʣʘʥʳʣסʘʥ ʤʘʡ ʞᴅʥʝ ʤʝʪʘʥʦʣʜʳ ʢʘʪʘʣʠʟʘʪʦʨʜʳ 350 

ʘʡʥ/ʤʠʥ ʘʨʘʣʘʩʪʳʨסʳʰʪʘ ʘʨʘʣʘʩʪʳʨʳʣʜʳ.ʈʝʘʢʮʠʷʜʘʥ ʢʝʡʽʥ ʢʘʪʘʣʠʟʘʪʦʨ ʘʣʜʳʤʝʥ 

ʮʝʥʪʨʠʬʫʛʘʣʘʫ ʘʨץʳʣʳ ʙᴇʣʽʥʜʽ, ʩʦʜʘʥ ʢʝʡʽʥ ʛʣʠʮʝʨʠʥ ʤʝʥ ʘʣʳʥסʘʥ ʙʠʦʜʠʟʝʣʴ ʦʪʳʥʳ ʙᴇʣʛʽʰ 

ʚʘʥʥʘʥʳש ʢᴇʤʝʛʽʤʝʥ ʙᴇʣʽʥʜʽ. ɸʣʳʥסʘʥ ʙʠʦʜʠʟʝʣʴʜʽש ʪʘʟʘʣʳסʳʥ ʘʨʪʪʳʨʫ װʰʽʥ ᴇʥʽʤ ʙʽʨʥʝʰʝ 

ʨʝʪ ʩʫʤʝʥ ʞʫʳʣʘʜʳ (90 ʩ). ʉʦשʳʥʜʘ, ʘʣʳʥסʘʥ ʙʠʦʜʠʟʝʣʴ ʦʪʳʥʳ ʧʝʰʪʝ 110ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 2 

ʩʘסʘʪ ʽʰʽʥʜʝ ʢʝʧʪʽʨʽʣʜʽ. [1] 

2.4. ʇʨʦʮʝʩʩ ʢʠʥʝʪʠʢʘʩʳ  

ʈʝʘʢʮʠʷ ʢʠʥʝʪʠʢʘʩʳʥ ʘʥʳץʪʘʫ װʰʽʥ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʫʘץʳʪʪʳש ᴅʩʝʨʽ ʟʝʨʪʪʝʣʜʽ. 

ʇʘʡʜʘʣʘʥʳʣסʘʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʤʘʡʜʳ ʪʘʥʳʤʘʣʜʳʣʳץץʘ ʞʝʪʢʽʟʫ װʰʽʥ ʞʝʪʢʽʣʽʢʪʽ 

ʙʦʣסʘʥʜʳץʪʘʥ, ʢʝʨʽ ʨʝʘʢʮʠʷʣʘʨʜʳ ʝʣʝʤʝʫʛʝ ʙʦʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʨʝʘʢʮʠʷ ʢʝʟʽʥʜʝ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʳש ᴇʟʛʝʨʫʽ ʜʝ ʥʘʟʘʨʜʘʥ ʪʳʩ ץʘʣʫʳ ʤװʤʢʽʥ. 

ʇʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʨʝʘʢʮʠʷʩʳ ʙʽʨ ʩʘʪʳʜʘ ʞװʨʝʜʽ ʜʝʧ ʝʩʝʧʪʝʩʝʢ, ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ 

ʨʝʘʢʮʠʷʩʳʥʳש ʞʳʣʜʘʤʜʳסʳʥ ʢʝʣʝʩʽ ʪʝשʜʝʫ ʘʨץʳʣʳ ʝʩʝʧʪʝʫʛʝ ʙʦʣʘʜʳ : 
  r

TG = - d[TG] / dt  = d[ME] / dt = k[TG] [ROH]
3                                    

(1) 

ʄײʥʜʘסʳ: TGr - ʪʨʠʛʣʠʮʝʨʠʜʪʝʨ ץʦʣʜʘʥʳʣʘʪʳʥ ʞʳʣʜʘʤʜʳץ, 

                 [TG] ï ʪʨʠʛʣʠʮʝʨʠʜʪʝʨʜʽש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ,  

                 [ME]  - ʤʝʪʠʣ ʵʬʠʨʽʥʽש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ, 

                 [ROH] ï ʤʝʪʘʥʦʣʜʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ,  

                 k ' - ʨʝʘʢʮʠʷ ʪײʨʘץʪʳʩʳ. 

 ʄʝʪʘʥʦʣʜʳש ʤʘʡסʘ ʤʦʣʷʨʣʳץ ץʘʪʳʥʘʩʳʥʳש ʞʦסʘʨʳ ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʨʝʘʢʮʠʷ 

ʢʝʟʽʥʜʝ ʤʝʪʘʥʦʣ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʳש ᴇʟʛʝʨʫʽʥ ʝʣʝʤʝʫʛʝ ʙʦʣʘʜʳ ʞᴅʥʝ ʨʝʘʢʮʠʷʥʳ ʞʘʣסʘʥ 

ʙʽʨʽʥʰʽ ʨʝʪʪʽ ʨʝʘʢʮʠʷ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʫסʘ ʙʦʣʘʜʳ.  

 

2.5. ʈʝʘʢʮʠʷ ʢʠʥʝʪʠʢʘʩʳʥ ʘʥʳϨʪʘʫ  

ʆʩʳ ʞײʤʳʩʪʘ ʤʠʜʠʷ ץʘʙʳסʳʥʳש ʧʘʡʜʘʣʘʥʳʣסʘʥ ʢʘʪʘʣʠʟʘʪʦʨʳʥʳץ שʘʪʳʩʫʳʤʝʥ (12 

ʤʘʩ.) ʞᴅʥʝ ʤʠʥʝʨʘʣʩʳʟʜʘʥʜʳʨʳʣסʘʥ ʩʫ ʪײʥʙʘʩʳʥʳש ʢʘʪʘʣʠʟʘʪʦʨʳ (9,08 ʤʘʩ.328, 333, 338, 

343 ʞᴅʥʝ 348 ʢ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘ 350 ʘʡʥ/ʤʠʥ ʘʨʘʣʘʩʪʳʨʫ ʞʳʣʜʘʤʜʳסʳ ʢʝʟʽʥʜʝʛʽ 

(ʤʝʪʘʥʦʣʜʳש ʤʘʡסʘ ʤʦʣʷʨʣʳץ ץʘʪʳʥʘʩʳ ʪʠʽʩʽʥʰʝ 24:1 ʞᴅʥʝ 22,5:1) ʢʠʥʝʪʠʢʘʩʳ ʟʝʨʪʪʝʣʜʽ. ᴄʨ 

ʪװʨʣʽ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʫʘץʳʪץʘ ʙʘʡʣʘʥʳʩʪʳ ʤʝʪʠʣ ʵʬʠʨʽʥʽש ʢʦʥʚʝʨʩʠʷʩʳʥʳש ᴇʟʛʝʨʫʽʥʽש 

ʵʢʩʧʦʥʝʥʮʠʘʣʜʳ ʪʝʥʜʝʥʮʠʷʩʳ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʨʝʘʢʮʠʷʩʳʥʳש ʧʩʝʚʜʦ - ʙʽʨʽʥʰʽ ʨʝʪʪʽ 

ʢʠʥʝʪʠʢʘʩʳʥ ʢᴇʨʩʝʪʪʽ.ʄʠʜʠʷ ʤʝʥ ʤʠʥʝʨʘʣʩʳʟʜʘʥʜʳʨʳʣסʘʥ ʩʫ ץʘʙʳץʪʘʨʳʥ ᴇשʜʝʫʛʝ ʘʨʥʘʣסʘʥ 

ʙײʣ ʥᴅʪʠʞʝʣʝʨ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ 328, 333, 338, 343 ʞᴅʥʝ 348 ʂ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʪײʥʜʳʨʘʜʳ. 

ʊʠʽʩʽʥʰʝ 2ʘ ʞᴅʥʝ ʙ ʩʫʨʝʪʪʝʨ. 
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2(ʘ)-ʩʫʨʝʪ.ʂʠʥʝʪʠʢʘ ʢϺʨʩʝʪʢʽʰʪʝʨʽ 

 

2(ʙ)-ʩʫʨʝʪ.ʂʠʥʝʪʠʢʘ ʢϺʨʩʝʪʢʽʰʪʝʨʽ 

 ʉʦʥʜʘʡ-ʘץ, ᴅʨ ʪʝʤʧʝʨʘʪʫʨʘ װʰʽʥ K ʞᴅʥʝ R 2 ʤᴅʥʜʝʨʽ 3-ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ.3- ʢʝʩʪʝʜʝ 

ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʞʦסʘʨʳʣʘʫʳʤʝʥ ʢʠʥʝʪʠʢʘʣʳץ ʞʳʣʜʘʤʜʳץ ʪײʨʘץʪʳʩʳ 

ʞʦסʘʨʳʣʘʜʳ. ʉʦʥʜʘʡ-ʘץ, ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘ ʤᴅʥʜʝʨʽʥʜʝ ʞʳʣʜʘʤʜʳץ ʢʦʥʩʪʘʥʪʘʣʘʨʳ 

ʘʨʘʩʳʥʜʘסʳ ʘʡʳʨʤʘʰʳʣʳץ ʪᴇʤʝʥ ʙʦʣʜʳ(1-ʢʝʩʪʝ). [1]   

1-ʢʝʩʪʝ 

ɾʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘ ʤᴅʥʜʝʨʽʥʜʝ ʞʳʣʜʘʤʜʳץ ʢʦʥʩʪʘʥʪʘʣʘʨʳ ʘʨʘʩʳʥʜʘסʳ 

ʘʡʳʨʤʘʰʳʣʳץ 

ʄʠʜʠʷ ץʘʙʳץʪʘʨʳʥʳש ʢʘʪʘʣʠʟʘʪʦʨʳ 

N(K)  K c
-1

 R
2
 

328 

333 

338 

343 

348 

0.0476 

0.0819 

0.1690 

0.2193 

0.2359 

0.94 

0.97 

0.97 

0.98 

0.98 

ʄʠʥʝʨʘʣʩʳʟʜʘʥʜʳʨʳʣסʘʥ  ʩʫ ʪʘʟʘʨʪʫ ץʦʥʜʳʨסʳʩʳʥʳש ʢʘʪʘʣʠʟʘʪʦʨʳ 

N(K)  K c
-1

 R
2
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328 

333 

338 

343 

348 

0.0478 

0.0932 

0.1574 

0.2240 

0.2326 

0.98 

0.98 

0.96 

0.98 

0.98 

 

ᴄʜʝʪʪʝ, ʥʝʛʽʟʛʽ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʤײʥʘʡʜʳ ץʘʡʪʘ ʵʪʝʨʠʬʠʢʘʮʠʷʣʘʫסʘ 

ʘʨʥʘʣסʘʥ ʘʢʪʠʚʪʝʥʜʽʨʫ ʵʥʝʨʛʠʷʩʳ 33,6ï84 ʢɼʞ.ʤʦʣʴ
-1

 ʘʨʘʣʳסʳʥʜʘ 

ʙʦʣʘʜʳ.ʄʠʥʝʨʘʣʩʳʟʜʘʥʜʳʨʳʣסʘʥ  ʩʫ ʪʘʟʘʨʪʫ ץʦʥʜʳʨסʳʩʳʥʳש ʢʘʪʘʣʠʟʘʪʦʨʳ ʙʦʣסʘʥ ʢʝʟʜʝ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷʥʳש ʪᴇʤʝʥʛʽ ʘʢʪʠʚʪʝʥʜʽʨʫ ʵʥʝʨʛʠʷʩʳʥ MgO ʤʦʣʝʢʫʣʘʣʘʨʳʥʳש ʙʦʣʫʳʤʝʥ 

ʪװʩʽʥʜʽʨʫʛʝ ʙʦʣʘʜʳ. ɹײʣ ʪʝʟʽʨʝʢ ʨʝʘʢʮʠʷסʘ ᴅʢʝʣʜʽ, ʩʦʥʜʳץʪʘʥ ʙײʣ ʢʘʪʘʣʠʟʘʪʦʨʳ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʨʝʘʢʮʠʷʩʳ װʰʽʥ ʪʠʽʤʜʽ ʙʦʣʘʜʳ ʜʝʧ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ. [4] 

 ʦʨʳʪʳʥʜʳפ .3

ɸʣʴʪʝʨʥʘʪʠʚʪʽ ʞʘʥʘʨʤʘʡ ʘʣʫ ʙʘʨʳʩʳʥʜʘ װʥʝʤʜʽ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ 

ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ʙװʢʽʣ ᴅʣʝʤʜʝ ʙʠʦʜʠʟʝʣʴ ᴇʥʜʽʨʽʩʽʥ ʞᴅʥʝ ʦʥʳ ʧʘʡʜʘʣʘʥʫʜʳ 

ʢʝשʝʡʪʫʜʝ ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ. ɹײʣ ʟʝʨʪʪʝʫʜʝ ʤʠʥʝʨʘʣʩʳʟʜʘʥʜʳʨʳʣסʘʥ  ʩʫ ʪʘʟʘʨʪʫ 

 ʘʥ ᴇʩʽʤʜʽʢ ʤʘʡʳ ʤʝʥ ʤʝʪʘʥʦʣʜʘʥ ʙʠʦʜʠʟʝʣʴ ʦʪʳʥʳʥסʪʳʥʳʣײʢʘʪʘʣʠʟʘʪʦʨʳ ʪ שʳʩʳʥʳסʦʥʜʳʨץ

ʘʣʫ װʰʽʥ ʥʝʛʽʟʛʽ ʛʝʪʝʨʦʛʝʥʜʽ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʳʣʜʳ ʞᴅʥʝ ץʦʣʜʘʥʳʣסʘʥ  ʤʠʜʠʷ 

 שʘʥ ʢʘʪʘʣʠʟʘʪʦʨʤʝʥ ʩʘʣʳʩʪʳʨʳʣʜʳ. ʄʝʪʠʣ ʵʬʠʨʽʥʽסʳʣʳ ʘʣʳʥץʪʘʨʳʥ ʢʘʣʴʮʠʡʣʝʫ ʘʨץʘʙʳץ

ʢʦʥʚʝʨʩʠʷʩʳʥʳש ᴇʟʛʝʨʫʽ ʙʘʨʣʳץ ʟʝʨʪʪʝʣʛʝʥ ʪʝʤʧʝʨʘʪʫʨʘ ʤᴅʥʜʝʨʽʥʜʝ ʵʢʩʧʦʥʝʥʮʠʘʣʜʳ 

ʙʦʣסʘʥʜʳץʪʘʥ, ʝʢʽ ʢʘʪʘʣʠʟʘʪʦʨʜʳ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʨʝʘʢʮʠʷʩʳʥʳש ʞʘʣסʘʥ 

ʙʽʨʽʥʰʽ ʨʝʪʪʽ ʢʠʥʝʪʠʢʘʩʳ ץʘʨʘʩʪʳʨʳʣʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ,ʤʠʥʝʨʘʣʩʳʟʜʘʥʜʳʨʳʣסʘʥ  ʩʫ 

ʪʘʟʘʨʪʫ ץʦʥʜʳʨסʳʩʳʥʳש  ʢʘʪʘʣʠʟʘʪʦʨʳ ʙʝʩ ʨʝʪ ץʘʡʪʘ ץʦʣʜʘʥʫʜʳש ʘʨץʘʩʳʥʜʘ ʞʦסʘʨʳ 

ʪʠʽʤʜʽʣʽʢʢʝ ʠʝ ʙʦʣʜʳ ʞᴅʥʝ ʉʘʆ-ʥʳש ʘʟ סʘʥʘ ʙᴇʣʽʛʽ (6,15%) ʤʝʪʘʥʦʣʤʝʥ ʘʣʳʥʜʳ, ʘʣ ʤʠʜʠʷ 

 ʳʥʜʘʨ 60,17%סʰʽʥ ʢʝʪʢʝʥ ʰʳװ ʢʘʪʘʣʠʟʘʪʦʨʳ שʪʘʨʳʥʳץʘʣʜʳץ ʢʘʣʴʮʠʡʣʝʥʛʝʥ שʳʥʳסʘʙʳץ

 ʘʥסʘʥ ʤʠʥʝʨʘʣʜʳ ʩʫ ʪʘʟʘʨʪʫ ʰᴇʛʽʥʜʽʣʝʨʽʥʝʥ ʘʣʳʥסʨʘʜʳ. ʆʩʳʣʘʡʰʘ, ʄʝʪʘʥʦʣʜʘʥ ʪʫʳʥʜʘײץ

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʪײʪʳʥʳʣסʘʥ ᴇʩʽʤʜʽʢ ʤʘʡʳʥʘʥ ʙʠʦʜʠʟʝʣʴ ʦʪʳʥʳʥ ᴇʥʜʽʨʫʛʝ ʘʨʥʘʣסʘʥ װʥʝʤʜʽ 

ʞᴅʥʝ ʪײʨʘץʪʳ ʛʝʪʝʨʦʛʝʥʜʽ ʢʘʪʘʣʠʟʘʪʦʨ ʨʝʪʽʥʜʝ ʩʠʧʘʪʪʘʡ ʘʣʘʤʳʟ.  
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ʇʘʡʜʘʣʘʥʳʣסʘʥ ᴇʩʽʤʜʽʢ ʤʘʡʳʥ ץʘʡʪʘ ʵʪʝʨʠʬʠʢʘʮʠʷʣʘʫ װʰʽʥ ʪײʨʘץʪʳ ʨʝʩʫʨʩʪʘʨʜʘʥ ʘʣʳʥסʘʥ 
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ʄױʅɸʁ-ɻɸɿ ɾʆɹɸʃɸʈʓʅ ɹɸʉפɸʈʋ תʐɯʅ ɸʈʅɸʃנɸʅ 

 ʀʅʊɽʃʃɽʂʊʋɸʃɼʓ ɾתʁɽ 

 

ɸʪʰʳʙʘʡ ʄʘʫʣʝʥ ʄϰʭʠʪϰʣʳ 

2 ʢʫʨʩ ʤʘʛʠʩʪʨʘʥʪʳ, 

ʐ.ɽʩʝʥʦʚ ʘʪʳʥʜʘϤʳ ʂʘʩʧʠʡ ʪʝʭʥʦʣʦʛʠʷʣʘʨ 

ʞϸʥʝ ʠʥʞʠʥʠʨʠʥʛ ʫʥʠʚʝʨʩʠʪʝʪʽ, 

ʄʅʀʉ-19 

ϧʘʟʘϨʩʪʘʥ, ɸϨʪʘʫ Ϩ. 

 

 

ɸʥʥʦʪʘʮʠʷ 

 

ᴄʨ ʩʘʣʘʜʘסʳ ᴇʥʜʽʨʽʩʪʽʢ ײʡʳʤʜʘʨ ʢװʥ ʩʘʡʳʥ ʢᴇʧʪʝʛʝʥ ᴇʥʜʽʨʽʩʪʽʢ ʧʨʦʮʝʩʪʝʨ ʤʝʥ 

ʦʧʝʨʘʮʠʷʣʘʨʜʳ ʙʘʩץʘʨʘʜʳ. ʄʝʥʝʜʞʤʝʥʪ ʪʦʧʪʘʨʳ ʞײʤʳʩʪʘʨʜʳ ʙʘץʳʣʘʡʜʳ, ʞʘʙʜʳץʪʘʨʜʳ 

ʪʝʢʩʝʨʝʜʽ, ʢᴇʧʪʝʛʝʥ ʤᴅʣʽʤʝʪʪʝʨ ʞʠʥʘʡʜʳ, ʙʦʩ ʫʘץʳʪʪʳ ʙʘʨʳʥʰʘ ʘʟʘʡʪʫסʘ ʞᴅʥʝ ʙᴅʨʽʥʽש 

ʙʽʨʢʝʣʢʽ ʞᴅʥʝ ʙʽʨʪʽʥʜʝʧ ʞײʤʳʩ ʽʩʪʝʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʪʳʨʳʩʘʜʳ. ɹײʣ ʤʽʥʜʝʪʪʝʨʜʽ ץʦʣʤʝʥ 

ʦʨʳʥʜʘʫ - ʙײʣ ʤװʤʢʽʥ ʝʤʝʩ ʤᴅʩʝʣʝ. 

ɾʘʙʜʳץʪʳ ʙʘץʳʣʘʫʜʳש ʞᴅʥʝ ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ʤᴅʣʽʤʝʪʪʝʨʜʽ ᴇשʜʝʫʜʽש ʝץ שʫʘʪʪʳ 

 ʥʘʡ-ʛʘʟ, ʢᴇʣʽʢ ʞᴅʥʝײʣ ʤײʳʣʘʫ ʤʝʥ ʜʝʨʝʢʪʝʨʜʽ ʞʠʥʘʫ (SCADA) - ʙץʙʽʨʽ - ʙʘ שʨʘʣʜʘʨʳʥʳײץ

ᴇʥʜʽʨʽʩ ʩʠʷץʪʳ ʩʘʣʘʣʘʨʜʘסʳ ʤʘשʳʟʜʳ ʦʧʝʨʘʮʠʷʣʘʨʜʳ ʞʦסʘʨʳ ʜʝשʛʝʡʜʝ ץʘʜʘסʘʣʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʙʘʩץʘʨʫ ʞװʡʝʩʽ. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʤײʥʘʡ-ʛʘʟ ʞʦʙʘʣʘʨʳʥ ʙʘʩץʘʨʫ ʞᴅʥʝ ʙʘץʳʣʘʫ, SCADA ʞײʡʝʩʽ, SCADA 

ʞװʡʝʩʽʥ ʝʥʛʽʟʫ, ʩʳʤʩʳʟ SCADA ʞװʡʝʣʝʨʽ, SCADA ʞװʡʝʩʽʥʽש ʝʨʝʢʰʝʣʽʢʪʝʨʽ. 

 

1. ʂʽʨʽʩʧʝ 

 

SCADA ʞװʡʝʩʽ ʜʝʛʝʥʽʤʽʟ ʥʝ? 

SCADA (Supervoryory Control And Data Acquisition) - ʙײʣ ʢʦʤʧʴʶʪʝʨʣʝʨʜʽ, ʙʘʡʣʘʥʳʩ 

ʞʝʣʽʣʝʨʽʥ ʞᴅʥʝ ʥʘץʪʳ ʫʘץʳʪ ʧʨʦʮʝʩʽʥ ʙʘʩץʘʨʫסʘ ʘʨʥʘʣסʘʥ ʝʩʝʧʪʝʫ ʧʣʘʪʬʦʨʤʘʩʳʥ ץʦʣʜʘʥʘʪʳʥ 

ʙʘʩץʘʨʫ ʞװʡʝʩʽʥʽש ʢʝʰʝʥʽ. SCADA ʞװʡʝʩʽ ʙʘʩץʘ ʧʝʨʠʬʝʨʠʷʣʳײץ ץʨʳʣסʳʣʘʨסʘ, ʤʳʩʘʣʳ PLC 

ʞᴅʥʝ PID ʢʦʥʪʨʦʣʣʝʨʣʝʨʽʥʝ, ʪʝʭʥʦʣʦʛʠʷʣʳץ ץʦʥʜʳʨסʳסʘ ʥʝʤʝʩʝ ʘסʳʥʜʳ, ץʳʩʳʤʜʳ, 

ʪʝʤʧʝʨʘʪʫʨʘʥʳ ʞᴅʥʝ ʙʘʩץʘ ᴇʥʜʽʨʽʩʪʽʢ ʧʨʦʮʝʩʪʝʨʜʽש ʘʡʥʳʤʘʣʳʣʘʨʳʥ ʨʝʪʪʝʫ װʰʽʥ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ץʦʥʜʳʨסʳʣʘʨʤʝʥ ʥʝʤʝʩʝ ʤʘʰʠʥʘʣʘʨʤʝʥ ʠʥʪʝʨʬʝʡʩ ʞʘʩʘʡʜʳ. SCADA - 

ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʙʘʩץʘʨʫ ʞװʡʝʩʽ (ICS). 

 

ᴆʥʝʨʢᴅʩʽʧʪʽʢ ʙʘץʳʣʘʫ ʞװʡʝʩʽʥʽש ʤʘץʩʘʪʳ ʥʝʜʝ? 

Å ɼʝʨʝʢʪʝʨʜʽ ʘʣʫ 

Å ɼʝʨʝʢʪʝʨ ʙʘʡʣʘʥʳʩʳ 

Å ɸץʧʘʨʘʪ ʥʝʤʝʩʝ ʤᴅʣʽʤʝʪʪʝʨʜʽ ײʩʳʥʫ 

Å ɹʘץʳʣʘʫ ʞװʨʛʽʟʫ 
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ʅʘץʪʳ ʫʘץʳʪʪʘסʳ ʘץʧʘʨʘʪʪʳ ʙʘץʳʣʘʫ ʘʨץʳʣʳ SCADA ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞʘʙʜʳץʪʳץ שʘʣʘʡ 

ʞײʤʳʩ ʽʩʪʝʡʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ɾʘʙʜʳץʪʘסʳ ʜʘʪʯʠʢʪʝʨ ʘץʧʘʨʘʪʪʳ RTU (ʘʣʳʩʪʘסʳ ʪʝʨʤʠʥʘʣ 

ʙʣʦʢʪʘʨʳ) ʞᴅʥʝ PLC ʘʨץʳʣʳ ʞʽʙʝʨʝʜʽ. ʆʩʳʣʘʡ ʞʘʩʘʡ ʦʪʳʨʳʧ, SCADA ʞװʡʝʩʽ ʧʨʦʮʝʩʩʪʝʛʽ 

ʘʫʳʪץʫʣʘʨʜʳ ʥʘץʪʳ ʫʘץʳʪʪʘסʳ ʜʝʨʝʢʪʝʨʜʽ ʞʠʥʘʣסʘʥ ʤᴅʣʽʤʝʪʪʝʨʤʝʥ ʩʘʣʳʩʪʳʨʫ ʘʨץʳʣʳ 

ʘʥrץʪʘʡ ʘʣʘʜʳ, ʦʧʝʨʘʪʦʨסʘ ʤᴅʩʝʣʝʥʽ ʰʝʰʫ װʰʽʥ ᴅʨʝʢʝʪ ʝʪʫ ʘʨץʳʣʳ ʙʘʩץʘʨʫ ʪʫʨʘʣʳ ʝʩʢʝʨʪʫ 

 ʨʣʳʤײסʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʧʝʨʩʦʥʘʣʳʥ ʥʝץ ץʨʘ ʘʣʘʜʳ, ʪʝʭʥʠʢʘʣʳײץ ʰʽʥ ʜʘʙʳʣװ

ʘץʧʘʨʘʪʪʘʥʜʳʨʳʣסʘʥ ʞᴅʥʝ ʪʠʽʤʜʽ ʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

2. SCADA ʥʝʛʽʟʜʝʨʽ 

 

SCADA - ʙײʣ ᴇʥʜʽʨʽʩʪʽʢ ײʡʳʤʜʘʨʜʳש ʢװʥʜʝʣʽʢʪʽ ʞײʤʳʩʳʥʘ ʢᴇʤʝʢʪʝʩʫ װʰʽʥ ʞʘʩʘʣסʘʥ 

ʘʧʧʘʨʘʪʪʳץ ʞᴅʥʝ ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘʥʳץ שʫʘʪʪʳ ʞװʡʝʩʽ. ɹײʣ ʦʧʝʨʘʪʦʨʣʘʨסʘ 

ʞʘʙʜʳץʪʘʨ ʤʝʥ ʧʨʦʮʝʩʪʝʨʜʽ, ʩʦʥʳש ʽʰʽʥʜʝ ʢʦʥʪʨʦʣʣʝʨʣʝʨʜʽ, ʢʽʨʽʩ / ʰʳסʳʩ ײץʨʳʣסʳʣʘʨʳʥ, 

ʙʘʡʣʘʥʳʩ ʞʘʙʜʳץʪʘʨʳ ʤʝʥ ʪײʪʘʩʪʘʡ ʞװʡʝʣʝʨʜʽ ʢᴇʙʽʨʝʢ ʙʘʩץʘʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ᴄʜʝʪʪʝ, 

ʙײʣ ץʘʰʳץʪʳץʪʘ ʦʨʥʘʣʘʩץʘʥ, ʢᴇʙʽʥʝʩʝ ʙʘʡʣʘʥʳʩʳ ʰʝʢʪʝʫʣʽ ʘʢʪʠʚʪʝʨʜʽ ʙʘʩץʘʨʘʪʳʥ ʙʽʨʥʝʰʝ 

ʽʰʢʽ ʞװʡʝʣʝʨʜʽ ץʘʤʪʠʜʳ. 

SCADA: 

¶ ᴄʨ ʪװʨʣʽ ʧʘʨʘʤʝʪʨʣʝʨ ʰʝשʙʝʨʽʥʜʝʛʽ ʧʨʦʮʝʩʪʝʨʜʽ ʙʘץʳʣʘʫ 

¶ ɸʜʘʤ-ʤʘʰʠʥʘ ʠʥʪʝʨʬʝʡʩʽ (HMI) ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘʩʳ ʘʨץʳʣʳ ץʳʟʤʝʪʢʝʨʣʝʨ 

ʤʝʥ ʞʘʙʜʳץʪʳ ץʦʩʫ 

SCADA ʞװʡʝʩʽ ᴅʨʜʘʡʳʤ ʦʧʝʨʘʮʠʷʥʳ ʙʘʩץʘʨʫʜʳש ʥʝʛʽʟʛʽ ʞװʡʝʩʽ ʙʦʣʘ ʙʝʨʤʝʡʜʽ. ʄײʥʳש 

ʦʨʥʳʥʘ ʦʣ ʤʦʥʠʪʦʨʠʥʛ ʧʝʥ ʧʘʨʘʤʝʪʨʣʝʫʛʝ ʢᴇʙʽʨʝʢ ʢᴇשʽʣ ʙᴇʣʝʜʽ. SCADA ʞװʡʝʣʝʨʽ 

ʜʘʪʯʠʢʪʝʨʜʝʥ, ʝʩʝʧʪʝʛʽʰʪʝʨʜʝʥ, ʝʩʝʧʪʝʛʽʰʪʝʨʜʝʥ, ʝʥʛʽʟʫ-ʰʳסʘʨʫ ʤʦʜʫʣʴʜʝʨʽʥʝʥ, ʜʝʨʝʢʪʝʨʜʽ 

ʪʽʨʢʝʫʰʽʣʝʨʜʝʥ ʞᴅʥʝ ʙʘʩץʘ ײץʨʳʣסʳʣʘʨʜʘʥ ʤᴅʣʽʤʝʪʪʝʨ ʞʠʥʘʡʜʳ. ɾװʡʝ ʤᴅʣʽʤʝʪʪʝʨʜʽ ᴇשʜʝʡʜʽ 

ʞᴅʥʝ ʘץʧʘʨʘʪʪʳ ײʡʳʤʥʳש ʥʝʛʽʟʛʽ ʙʘʩץʘʨʫ ʞװʡʝʩʽʥʝ ʞʽʙʝʨʝʜʽ. ʆʜʘʥ ʢʝʡʽʥ ʦʧʝʨʘʪʦʨʣʘʨ ʪʝʟʽʨʝʢ 

ʞᴅʥʝ ʜᴅʣʽʨʝʢ ʞᴅʥʝ ʪʦʣʳץ ʘץʧʘʨʘʪʧʝʥ ʞʘץʩʳ ʙʠʟʥʝʩ ʰʝʰʽʤʜʝʨ ץʘʙʳʣʜʘʫ װʰʽʥ ʜʝʨʝʢʪʝʨʜʽ 

ʪʘʣʜʘʡʜʳ ʞᴅʥʝ ʪװʩʽʥʜʽʨʝʜʽ. 

SCADA ʞװʡʝʩʽʥʽש ʙʘʩץʘ ᴇʥʜʽʨʽʩʪʽʢ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥʝʥ ʘʡʳʨʤʘʰʳʣʳסʳ, ʦʣ װʣʢʝʥ 

 .ʘʤʪʠʜʳץ ʳʤʜʳ ʧʨʦʮʝʩʪʝʨʜʽץʘʤʪʠʪʳʥ ʘʫץ ʜʘʨʜʳשʤʢʽʥ ʙʽʨʥʝʰʝ ʘʣʘװʪʘ ʙᴇʣʽʥʫʽ ʤץʪʳץʘʰʳץ

ʉʦʥʳʤʝʥ ץʘʪʘʨ, SCADA ץʘʨʘʧʘʡʳʤ ʧʨʦʮʝʜʫʨʘʣʘʨʜʘʥ ʢװʨʜʝʣʽ ʢʦʥʬʠʛʫʨʘʮʠʷʣʘʨסʘ ʜʝʡʽʥ 

ʙʘʨʣʳסʳʥ ʦʨʥʘʣʘʩʪʳʨʘ ʘʣʘʜʳ. ɾʘץʩʳ ʞʘʩʘʣסʘʥ SCADA ʞװʡʝʣʝʨʽ ʤʘʩʰʪʘʙʪʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ, ʩʦʥʜʳץʪʘʥ ʦʣʘʨ ᴇשʜʝʡ ʘʣʘʪʳʥ ʘʡʥʳʤʘʣʳʣʘʨ ʩʘʥʳ ʩʘʥʘʫʣʳʜʘʥ ʞװʟ ʤʳסשʘ ʜʝʡʽʥ 

ʞʝʪʝʜʽ. 

ɾʝʢʝ ʞᴅʥʝ ʤʝʤʣʝʢʝʪʪʽʢ ʩʝʢʪʦʨʣʘʨ ᴇʟʜʝʨʽʥʽש ʞײʤʳʩʳʥ ʞʘץʩʘʨʪʫ ʞᴅʥʝ ʧʨʦʮʝʩʪʝʨʽʥ ʞʘץʩʘʨʪʫ 

 ʧʝʥ ץʥʘʡ ʤʝʥ ʛʘʟ, ʪʘʤʘײʝʤʝʩ. ʄ ץʘʣʘʨʣʳץשʦʣʜʘʥʫʳ ʪʘץ ʡʝʣʝʨʽʥװʰʽʥ SCADA ʞװ

ʩʫʩʳʥʜʘʨʤʝʥ, ʩʫʤʝʥ ʞᴅʥʝ ʩʘʨץʳʥʜʳ ʩʫʣʘʨʜʳ ʪʘʟʘʨʪʫʤʝʥ, ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ, 

ʬʘʨʤʘʮʝʚʪʠʢʘ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷ, ʵʥʝʨʛʝʪʠʢʘ, ʪʘʩʳʤʘʣʜʘʫ, ץʘʡʪʘ ᴇשʜʝʫ, ᴇʥʜʽʨʽʩ ʞᴅʥʝ 

ʵʥʝʨʛʝʪʠʢʘ SCADA ʞװʡʝʣʝʨʽʥ ץʘʥʜʘʡ ʜʘ ʙʽʨ ʪװʨʜʝ ץʦʣʜʘʥʘʜʳ. 

SCADA ʞװʡʝʣʝʨʽ ʢʝʣʝʩʽʜʝʡ ʥᴅʪʠʞʝʣʝʨ ʙʝʨʝʪʽʥʽ ʙʝʣʛʽʣʽ ʙʦʣʜʳ: 

¶ ʕʥʝʨʛʝʪʠʢʘ: SCADA ʞװʡʝʣʝʨʽ ʵʣʝʢʪʨ ʩʪʘʥʮʠʷʣʘʨʳ, ʞʳʣʫ ʩʪʘʥʮʠʷʣʘʨʳ, 

ʢʦʤʤʫʪʘʪʦʨʣʘʨ ʤʝʥ ʘʡʳʨʙʘʩʪʘʫ ʩʪʘʥʮʠʷʣʘʨʳ ʩʠʷץʪʳ ᴇʥʜʽʨʽʩʪʽʢ ײʡʳʤʜʘʨʜʘסʳ 

ʵʥʝʨʛʠʷʥʳש ʬʠʟʠʢʘʣʳץ, ʭʠʤʠʷʣʳץ ʞᴅʥʝ ʙʠʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ץʘʪʳʩʪʳ 

ʜʝʨʝʢʪʝʨʜʽ ʞʠʽ ʙʘץʳʣʘʡʜʳ. 

¶ ᴆʥʜʽʨʽʩ: SCADA ʞװʡʝʣʝʨʽ ᴇʥʜʽʨʽʩʪʽ, ʙʘʣץʳʪʫ ʟʘʫʳʪʪʘʨʳʥ, ʦʨʘʫ ʞʝʣʽʣʝʨʽ ʤʝʥ 

 .ʳʟʜʳשʰʽʥ ᴇʥʜʽʨʽʩ ʩʝʢʪʦʨʳʥʜʘ ᴇʪʝ ʤʘװ ʘʨʫץʦʡʤʘʣʘʨʜʳ ʙʘʩץ
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 ʘʫʘ ʙʘʧʪʘʫ ʞᴅʥʝ שʠʤʘʨʘʪʪʘʨʜʳס ʡʝʣʝʨʽװʘʨʫ: SCADA ʞץʠʤʘʨʘʪʪʘʨʜʳ ʙʘʩנ ¶

 .ʘʨʘʜʳץʪʳ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʙʘʩץʡʝʣʝʨʽ ʩʠʷװʘʫʽʧʩʽʟʜʽʢ ʞץ

¶ ʕʢʦʣʦʛʠʷ: SCADA ʞװʡʝʣʝʨʽ ײʡʳʤʜʘʨסʘ ʦʣʘʨʜʳש ʞײʤʳʩʳʥʳץ שʦʨʰʘסʘʥ ʦʨʪʘסʘ ᴅʩʝʨʽʥ 

ʙʘץʳʣʘʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ. ʄʳʩʘʣʳ, ʞװʡʝ ᴇʥʜʽʨʽʩʪʽʢ ʟʘʫʳʪʪʘʨʜʳש ʰʳסʘʨʳʥʜʳʣʘʨʳʥ 

ʙʘץʳʣʘʡ ʘʣʘʜʳ.                        

ʉʘʡʳʧ ʢʝʣʛʝʥʜʝ, SCADA ʞװʡʝʣʝʨʽ ײʡʳʤʜʘʨסʘ ʦʧʝʨʘʮʠʷʣʳץ ʪʠʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫסʘ 

ʢᴇʤʝʢʪʝʩʝʜʽ. ʆʣʘʨ ʥʘץʪʳ ʫʘץʳʪʪʘסʳ ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʡʜʽ, ʩʦʥʜʳץʪʘʥ ʙʘץʳʣʘʫ ʪʦʙʳ ʬʘʢʪʽʣʝʨ 

ʤʝʥ ʪʝʥʜʝʥʮʠʷʣʘʨסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʘץʳʣʜʳ ʰʝʰʽʤʜʝʨ ץʘʙʳʣʜʘʫ װʰʽʥ ʟʘʤʘʥʘʫʠ, ʥʘץʪʳ 

ʘץʧʘʨʘʪץʘ ʠʝ. ɹײʣ ʤʝʥʝʜʞʝʨʣʝʨʛʝ ץʳʤʙʘʪ ץʘʪʝʣʽʢʪʝʨʜʝʥ ʘʫʣʘץ ʙʦʣʫסʘ ʞᴅʥʝ ʦʧʝʨʘʮʠʷʣʘʨʜʳ 

ʦשʪʘʡʣʳ ʪʠʽʤʜʽʣʽʢʧʝʥ ʞװʨʛʽʟʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽ. 

SCADA ʞװʡʝʣʝʨʽ ʞײʤʳʩ ʽʩʪʝʧ ʪײʨסʘʥ ʢʝʟʜʝ ᴅʨʝʢʝʪʪʝʨʜʽ ʪʝʟʽʨʝʢ ʞᴅʥʝ ʜᴅʣʽʨʝʢ ʘʷץʪʘʫסʘ 

ʙʦʣʘʜʳ. ɾװʡʝ ʞʘʙʜʳץ ʧʝʥ ʘʜʘʤʜʘʨʜʳ ʙʽʨʽʢʪʽʨʝʜʽ, ʳץʪʠʤʘʣ ʧʨʦʙʣʝʤʘ ʘʥʳץʪʘʣסʘʥ ʢʝʟʜʝ ʪʠʽʩʪʽ 

ʧʝʨʩʦʥʘʣʜʳ ʝʩʢʝʨʪʝʜʽ. ɹײʣ ʙʦʩ ʫʘץʳʪʪʳ ʘʟʘʡʪʘʜʳ ʞᴅʥʝ ʦʧʝʨʘʮʠʷʣʘʨʜʳ ʤװʤʢʽʥʜʽʛʽʥʰʝ ʪʠʽʤʜʽ 

ʞװʨʛʽʟʝʜʽ. 

 

3. ʄײʥʘʡ-ʛʘʟ ʩʘʣʘʩʳʥʜʘסʳ SCADA ʞװʡʝʣʝʨʽ 

 

ɼᴅʣ ʞᴅʥʝ ʥʘץʪʳ ʫʘץʳʪʪʘסʳ ʤᴅʣʽʤʝʪʪʝʨ ʤײʥʘʡ-ʛʘʟ ʩʘʣʘʩʳʥʜʘ ʞʘץʩʳ ʞʝʪʽʩʪʽʢʢʝ ʞʝʪʫʜʽש ʢʽʣʪʽ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾʘʙʜʳץʪʳ ʢʘʣʠʙʨʣʝʫ, ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʽ ʞʦʩʧʘʨʣʘʫ ʞᴅʥʝ ᴇʥʽʤ 

ʘסʳʥʳʥʳץ שʦʟסʘʣʳʩʳʥ ײʩʪʘʧ ʪײʨʫ װʰʽʥ װʰʽʥʰʽ ʪʘʨʘʧ ʣʦʛʠʩʪʠʢʘʩʳʤʝʥ װʡʣʝʩʪʽʨʫ װʰʽʥ 

ʠʥʞʝʥʝʨʣʝʨʛʝ ʢʝʥ ʦʨʥʳʥʘʥ ʞʝʜʝʣ ʤᴅʣʽʤʝʪʪʝʨ ץʘʞʝʪ. 

 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʤʝʥʝʜʞʤʝʥʪ SCADA ʞװʡʝʣʝʨʽ ʪʘʣʜʘסʘʥ ʘץʧʘʨʘʪʪʳ ᴇʥʜʽʨʽʩ ʤᴅʥʜʝʨʽʥ ʝʩʝʧʪʝʫ, 

ʰʝʰʽʤ ץʘʙʳʣʜʘʫ װʨʜʽʩʪʝʨʽ ʤʝʥ ʞʦʙʘʣʳץ ʢʦʤʧʘʥʠʷʣʘʨ ʧʘʡʜʘʩʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ װʰʽʥ 

ʧʘʡʜʘʣʘʥʘʜʳ.  

SCADA ʞװʡʝʣʝʨʽ ʞʘשʘ ʤײʥʘʡ ʢᴅʩʽʧʰʽʣʽʛʽʥʜʝ ʞײʤʳʩ ʽʩʪʝʫʛʝ ץʘʞʝʪʪʽ ʢװʨʜʝʣʽ ʧʨʦʮʝʩʪʝʨʜʽ 

ʙʘʩץʘʨʫסʘ ʞʝʪʢʽʣʽʢʪʽ ץʫʘʪʪʳ. ɹײʣ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽ ʤײʥʘʡ-ʛʘʟ ʩʝʢʪʦʨʳʥʳץ שʘʞʝʪʪʽʣʽʢʪʝʨʽʥ 

ʪײʨʘץʪʳ ʞᴅʥʝ װʥʝʤʜʽ ʰʝʰʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

ʂʦʤʧʘʥʠʷʣʘʨ SCADA-סʘ ʦʧʝʨʘʮʠʷʣʘʨʜʳ ץʘʜʘסʘʣʘʫ, ʪʠʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫ ʞᴅʥʝ ʙʦʩ ʫʘץʳʪʪʳ 

ʙʘʨʳʥʰʘ ʘʟʘʡʪʫ װʰʽʥ ʞװʛʽʥʝʜʽ. ʆʥʳװ שʩʪʽʥʝ, ʦʣʘʨ ʞװʡʝʛʝ ʞʝʪʽʣʜʽʨʽʣʛʝʥ ʝʩʢʝʨʪʫ ʤʝʥ ʪʠʽʤʜʽ 

ᴇʰʽʨʫ ʪʝʪʽʢʪʝʨʽʥʝ ʩװʡʝʥʝʜʽ, ʙײʣ ʤʝʥʝʜʞʤʝʥʪʢʝ ʟʠʷʥʜʳ ʘʟʘʡʪʫ װʰʽʥ ץʘʩʘץʘʥʘ ʞᴅʥʝ 

ʩʪʨʘʪʝʛʠʷʣʳץ ᴅʨʝʢʝʪʪʝʨʜʽ ʞʘʩʘʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ. 

 

ᴆʥʜʽʨʽʩʪʽʢ ʧʨʦʮʝʩʪʽש ʙʘʨʣʳץ ʜʝשʛʝʡʣʝʨʽʥʜʝ ʞײʤʳʩ ʞʘʩʘʡʪʳʥ ײʡʳʤʜʘʨ - ʞʦסʘʨʳ, ʦʨʪʘ ʞᴅʥʝ 

ʪᴇʤʝʥʛʽ ʘסʳʤʜʘʨ - ʞʝʪʽʣʜʽʨʽʣʛʝʥ ʜʝʨʝʢʪʝʨ ʞװʡʝʣʝʨʽʥ ʧʘʡʜʘʣʘʥʫʜʳ ʪʘʙʘʜʳ. SCADA 

ʞװʡʝʣʝʨʽʥʽש ʤײʥʘʡ-ʛʘʟ ʩʘʣʘʩʳʥʜʘסʳ ʙʠʟʥʝʩʢʝ ץʘʣʘʡ ʢᴇʤʝʢʪʝʩʝʪʽʥʜʽʛʽ ʪʫʨʘʣʳ ץʳʩץʘʰʘ 

ʘץʧʘʨʘʪ ʦʩʳ ʞᴅʥʝ ʙʘʩץʘ ʙʠʟʥʝʩʪʽש ʧʘʡʜʘʩʳʥʘ ʰʦʣʫ ʞʘʩʘʡʜʳ ʞᴅʥʝ ʦʥʳש ᴅʨ ʞײʤʳʩ ʜʝשʛʝʡʽʥʝ 

 .ʳʥ ʢᴇʨʩʝʪʝʜʽסʦʣʜʘʥʳʣʘʪʳʥʜʳץ ʘʣʘʡץ

 

¶ ʐʝʰʽʤʜʝʨʜʽ ץʘʙʳʣʜʘʫ: SCADA ʞװʡʝʩʽ ʘʨץʳʣʳ ʞʠʥʘʣסʘʥ ʤᴅʣʽʤʝʪʪʝʨ ײʡʳʤסʘ 

ʤᴅʣʽʤʝʪʪʝʨʜʽ ʤץײʠʷʪ ʟʝʨʪʪʝʫʛʝ, װʨʜʽʩʪʝʨʜʽ ʙʦʣʞʘʫסʘ ʞᴅʥʝ ʩʪʨʘʪʝʛʠʷʣʳץ ʞʘʫʘʧʪʘʨʜʳ 

ʜʝʨʝʫ ʦʨʳʥʜʘʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ. 

 ʘʪʝʣʽʛʽʥץ שʦʣʜʘʫ ʘʜʘʤʥʳץ ʡʝʩʽʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫʜʳװʘʪʝʥʽ ʘʟʘʡʪʫ: SCADA ʞפ ¶

ʞʦʷʜʳ. ɹײʣ ʜᴅʣʜʽʢ ʪʦץʪʘʧ ץʘʣʫ ץʘʫʧʽʥ ʘʟʘʡʪʘʜʳ ʞᴅʥʝ ʪʠʽʤʜʽʣʽʢʪʽ ʞʘץʩʘʨʪʘʜʳ. 
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¶ ɸʚʪʦʤʘʪʪʘʥʜʳʨʫ: SCADA ʞװʡʝʣʝʨʽ ʙײʨʳʥ ʞײʤʳʩʰʳʣʘʨ ʘʡʥʘʣʳʩץʘʥ ʢװʥʜʝʣʽʢʪʽ 

ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʘʚʪʦʤʘʪʪʘʥʜʳʨʘʜʳ. ɹײʣ ᴇʥʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʘʪʳʥ ʞʦʙʘʥʳ ʪʝʟʽʨʝʢ ʞᴅʥʝ 

ʩʝʥʽʤʜʽ ʘʷץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 ,ʞʝʨʣʝʨʜʝ ץʨʣʽ ʛʝʦʛʨʘʬʠʷʣʳװʘ ᴅʨʪסʡʳʤײ ʡʝʩʽװʘʣʘʫ: SCADA ʞסʘʜʘץ ʪʘʥץʪʳץʘʰʳפ ¶

ᴅʩʽʨʝʩʝ ʞײʤʳʩ ʢװʰʽ ʞʝʪʢʽʣʽʢʩʽʟ ʙʦʣסʘʥ ʢʝʟʜʝ, ʤʘʰʠʥʘʣʘʨʜʳ ʙʘʩץʘʨʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. ʆʣ ʙʘʩץʘʨʫ ʦʨʪʘʣʳסʳ ʤʝʥ ʘʣʳʩ ʞʘʙʜʳץʪʘʨ ʘʨʘʩʳʥʜʘ ʩʝʥʽʤʜʽ ʙʘʡʣʘʥʳʩ 

ʦʨʥʘʪʘʜʳ. 

¶ ɼʘסʜʘʨʳʩץʘ ץʘʨʩʳ ᴅʨʝʢʝʪ: ʤʘʰʠʥʘ ʽʩʪʝʥ ʰʳץץʘʥ ʢʝʟʜʝ, SCADA ʞװʡʝʩʽ ʙʘʩץʘʨʫסʘ 

ʟʠʷʥʜʳ ʪʝʟ ʘʨʘʜʘ ʘʟʘʡʪʫסʘ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץ ʘʧʘʪʪʘʨʜʳ ʙʘʨʳʥʰʘ ʘʟʘʡʪʫסʘ 

ʢᴇʤʝʢʪʝʩʝʜʽ. 

SCADA ץʘʣʘʡ ʞײʤʳʩ ʽʩʪʝʡʜʽ 

SCADA ʞװʡʝʩʽ ʘʧʧʘʨʘʪʪʳץ ʞᴅʥʝ ʙʘסʜʘʨʣʘʤʘʣʳײץ ץʨʳʣסʳʣʘʨסʘ ʞʘʪʘʜʳ. ɸʧʧʘʨʘʪʪʳײץ ץʨʘʣ 

SCADA ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘʩʳʥ ʙʘʩץʘʨʘʪʳʥ ʢʦʤʧʴʶʪʝʨʣʝʨʛʝ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʞʠʥʘʡʜʳ 

ʞᴅʥʝ ʞʽʙʝʨʝʜʽ. ʂʦʤʧʴʶʪʝʨʣʝʨ ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʡʜʽ ʞᴅʥʝ ʦʣʘʨʜʳ ʞʝʜʝʣ ײʩʳʥʘʜʳ. SCADA 

ʞװʡʝʩʽ ʙʘʨʣʳץ ʜʝʨʝʢʪʝʨ ʤʝʥ ʦץʠסʘʣʘʨʜʳ ץʘʪʪʳ ʜʠʩʢʽʛʝ ʞʘʟʘʜʳ.  

 

SCADA ʞװʡʝʣʝʨʽʥʽײץ שʨʳʣʳʤʳ 

 
ʉʫʨʝʪ 1. SCADA ʞϮʡʝʩʽ 

ʂʝʟ-ʢʝʣʛʝʥ SCADA ʞװʡʝʩʽʥʝ װʰ ʢʦʤʧʦʥʝʥʪ ʢʽʨʝʜʽ: ץʘʰʳץʪʘסʳ ʪʝʨʤʠʥʘʣ (RTU - Remote 

Terminal Unit), ʜʠʩʧʝʪʯʝʨʣʽʢ ʙʘʩץʘʨʫ ʦʨʪʘʣʳסʳ (MTU - Master Terminal Unit) ʞᴅʥʝ ʙʘʡʣʘʥʳʩ 

ʞװʡʝʩʽ (CS - Communication System). 

 ʳʪ ʨʝʞʠʤʽʥʜʝץʪʳ ʫʘץʦʩʳʣʳʧ, ʥʘץ ʳʣʘʥʘʪʳʥ ʦʙʲʝʢʪʽʛʝ ʪʽʢʝʣʝʡץʳ ʪʝʨʤʠʥʘʣ ʙʘסʪʘץʘʰʳפ

ʙʘʩץʘʨʫʜʳ ʞװʟʝʛʝ ʘʩʳʨʘʜʳ. ʄײʥʜʘʡ ʪʝʨʤʠʥʘʣ ʦʙʲʝʢʪʽʜʝʥ ʘץʧʘʨʘʪ ʘʣʘʪʳʥ ץʘʨʘʙʘʡʳʨ ʩʝʥʩʦʨ 

ʞᴅʥʝ ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ʘץʧʘʨʘʪʪʳ ᴇשʜʝʡʪʽʥ ʞᴅʥʝ ʙʘʩץʘʨʘʪʳʥ ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ 

ʤʫʣʴʪʠʧʨʦʮʝʩʩʦʨʣʳץ ʘץʘʫʣʘʨסʘ ʪᴇʟʽʤʜʽ ʢʦʤʧʴʶʪʝʨ ʨʝʪʽʥʜʝ ץʳʟʤʝʪ ʝʪʝ ʘʣʘʜʳ. 

ɹʘʩץʘʨʫ ʙᴇʣʤʝʩʽ ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʫ ʤʝʥ ʙʘץʳʣʘʫʜʳ, ᴅʜʝʪʪʝ ʢʚʘʟʠ-ʨʝʘʣʜʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ 

ʞװʟʝʛʝ ʘʩʳʨʘʜʳ. ɹײʣ ʘʜʘʤ-ʤʘʰʠʥʘ ʠʥʪʝʨʬʝʡʩʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. MTU ʥʝ ʙʘʡʣʘʥʳʩ 

ʢʘʥʘʣʜʘʨʳʥʘ ץʦʩʳʣʫסʘ ʘʨʥʘʣסʘʥ ץʦʩʳʤʰʘ ײץʨʳʣסʳʣʘʨʳ ʙʘʨ ʞʝʢʝ ʢʦʤʧʴʶʪʝʨ, ʩʦʥʜʘʡ-ʘץ 

 ʞʝʨʛʽʣʽʢʪʽ שʤʳʩ ʩʪʘʥʮʠʷʣʘʨʳ ʤʝʥ ʩʝʨʚʝʨʣʝʨʜʽײʡʝ ʥʝʤʝʩʝ ʞװʣʢʝʥ ʢʦʤʧʴʶʪʝʨʣʽʢ ʞװ

ʞʝʣʽʩʽ ʙʦʣʘ ʘʣʘʜʳ. 

RTU-ʜʘʥ MTU-סʘ ʞᴅʥʝ ʢʝʨʽʩʽʥʰʝ ʜʝʨʝʢʪʝʨʜʽ ʙʝʨʫ װʰʽʥ ʙʘʡʣʘʥʳʩ ʞװʡʝʩʽ ץʘʞʝʪ. ɹʘʡʣʘʥʳʩ 

ʞװʡʝʩʽ ʨʝʪʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʙʝʨʫʜʽש ʢʝʣʝʩʽ ʘʨʥʘʣʘʨʳʥ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜʳ: ʞʘʣסʘ ʘʣʳʥסʘʥ 

ʞʝʣʽʣʝʨ, ʨʘʜʠʦ ʞʝʣʽʣʝʨʽ, ʘʥʘʣʦʛʪʳץ ʪʝʣʝʬʦʥ ʞʝʣʽʣʝʨʽ, ISDN ʞʝʣʽʣʝʨʽ, GSM ײʷʣʳ 

ʞʝʣʽʣʝʨʽ ( GPRS ). ʂᴇʙʽʥʝʩʝ ײץʨʳʣסʳʣʘʨ ʩʝʥʽʤʜʽ ʞʝʣʽʥʽש ʜʝʨʝʢʪʝʨʽʥ ʙʝʨʫ װʰʽʥ ʙʽʨʥʝʰʝ 

ʞʝʣʽʛʝ ץʦʩʳʣʘʜʳ 
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SCADA ʘʧʧʘʨʘʪʪʳץ ʩᴅʫʣʝʪʽ 

 

 
ʉʫʨʝʪ 2. SCADA ʞϸʥʝ ʤϰʥʘʡ-ʛʘʟ ʩʘʣʘʩʳ 

SCADA ʞװʡʝʣʝʨʽ ʙʽʨʥʝʰʝ ʽʰʢʽ ʞװʡʝʣʝʨʜʝʥ ʪײʨʘʜʳ , ʦʣʘʨʜʳש ʽʰʽʥʜʝʛʽ ʝש ʤʘשʳʟʜʳʣʘʨʳ 

 ʢʦʥʪʨʦʣʣʝʨʣʝʨ ץʜʘʨʣʘʤʘʣʘʥʘʪʳʥ ʣʦʛʠʢʘʣʳסʙʣʦʢʪʘʨ (RTU) ʞᴅʥʝ ʙʘ ץʳ ʪʝʨʤʠʥʘʣʜʳסʪʘץʘʰʳץ

(PLC). 

¶ ʈʊʋ ʜʝʨʝʢʪʝʨʜʽ ʰʦסʳʨʣʘʥʜʳʨʫʰʳ ʨʝʪʽʥʜʝ ʞײʤʳʩ ʽʩʪʝʡʜʽ. ɾʝʨʛʽʣʽʢʪʽ ʞʘʙʜʳץʪʘסʳ 

ʜʘʪʯʠʢʪʝʨʛʝ ץʦʩʳʣסʘʥ, ʦʣʘʨ ʩʝʥʩʦʨʣʳץ ʩʠʛʥʘʣʜʘʨʜʳ ʩʘʥʜʳץ ʜʝʨʝʢʪʝʨʛʝ 

ʪװʨʣʝʥʜʽʨʝʜʽ. ʆʣʘʨ ʦʩʳ ʩʘʥʜʳץ ʜʝʨʝʢʪʝʨʜʽ ʙʘץʳʣʘʫ ʞװʡʝʩʽʥʝ ʞʽʙʝʨʝʪʽʥ ʪʝʣʝʤʝʪʨʠʷʣʳץ 

ʘʧʧʘʨʘʪʫʨʘʥʳ ץʦʣʜʘʥʘʜʳ. ɽʢʽʥʰʽ ʞʘסʳʥʘʥ, ʈʊʋ ʙʘץʳʣʘʫʰʳ ʞװʡʝʜʝʥ ʮʠʬʨʣʳץ 

ʢʦʤʘʥʜʘʣʘʨʜʳ ʘʣʘʜʳ ʞᴅʥʝ ʦʣʘʨʜʳ ʩʦסשʳ ײץʨʳʣסʳʣʘʨסʘ ʞʽʙʝʨʝʜʽ. 

¶ ɹʘסʜʘʨʣʘʤʘʣʘʥʘʪʳʥ ʣʦʛʠʢʘʣʳץ ʢʦʥʪʨʦʣʣʝʨʣʝʨ (PLC)  ʙʘסʜʘʨʣʘʤʘʣʘʥסʘʥ 

ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʙʘץʳʣʘʡʜʳ. ʆʣʘʨ ʩײʡʳץʪʳץ ʜʝשʛʝʡʣʝʨʽʥ, ʛʘʟ ʝʩʝʧʪʝʛʽʰʪʝʨʽʥ, ʢʝʨʥʝʫʜʽ, 

ʪʦʢʪʳ, ץʳʩʳʤʜʳ, ʪʝʤʧʝʨʘʪʫʨʘʥʳ, ʳʣסʘʣʜʳʣʳץʪʳ, ʪײʪץʳʨʣʳץʪʳ, ʢᴇʣʝʤʜʽʢ ʘסʳʥʥʳש 

ʞʳʣʜʘʤʜʳסʳʥ, ʤʘʩʩʘʥʳ ʞᴅʥʝ ʙʘʩץʘʣʘʨʳʥ ʙʘץʳʣʘʡ ʘʣʘʜʳ. ױʡʳʤʜʘʨ ʪʽʣʜʽʢ ʞᴅʥʝ 

 שʜʘʨʣʘʤʘʣʘʡʜʳ. ᴄʜʝʪʪʝ ʦʣʘʨʜʳסʳʣʳ PLC-ʜʽ ʙʘץʦʧʝʨʘʮʠʷʣʘʨ ʘʨ ץʘʨʘʧʘʡʳʤ ʣʦʛʠʢʘʣʳץ

RTU-סʘ ץʘʨʘסʘʥʜʘ ʢװʨʜʝʣʽ ʙʘʩץʘʨʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʙʘʨ. ʂʝʡʜʝ ʦʣʘʨ RTU-ʜʽ ʜʘʣʘʣʳץ 

 ʪʳ. PLC-ʜʽץʥʝʤʜʽ ʞᴅʥʝ ʞʘʥ-ʞʘװ ʳʣʘʨ ʨʝʪʽʥʜʝ ʘʣʤʘʩʪʳʨʘʜʳ, ᴇʡʪʢʝʥʽ ʦʣʘʨסʨʳʣײץ

SCADA ʘסʘ ʙʫʳʥ ʞװʡʝʣʝʨʽʤʝʥ ʞʘץʩʳ ʙʘʡʣʘʥʳʩʪʳʨʘʜʳ, ʙʽʨʘץ ʦʣʘʨʜʳ ʪʝʟ ʘʨʘʜʘ 

ᴇʥʜʽʨʽʩʪʽʢ ʜʝʨʙʝʩ ʢʦʤʧʴʶʪʝʨʣʝʨ ʘʫʳʩʪʳʨʘʜʳ. 

¶ ᴆʥʝʨʢᴅʩʽʧʪʽʢ ɼʂ (IPC)  ʧʨʦʮʝʩʪʝʨʜʽ ʙʘʩץʘʨʫ, ʤᴅʣʽʤʝʪʪʝʨʜʽ ʞʠʥʘʫ ʞᴅʥʝ ʪʘʣʜʘʫ װʰʽʥ 

 ʘ ʥʝʛʽʟʜʝʣʛʝʥץʣʪײʳ, IPC ʬʫʥʢʮʠʷʣʘʨʳʥ ʙסʦʣʜʘʥʳʣʘʜʳ. PLC-ʜʝʥ ʘʡʳʨʤʘʰʳʣʳץ

ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽ ʘʨץʳʣʳ ץʘʰʳץʪʘʥ ʞʘשʘʨʪʫסʘ ʙʦʣʘʜʳ. ɹʘʡʣʘʥʳʩʪʳש ʙײʣ ʜᴅʨʝʞʝʩʽ 

 ʤʢʽʥʜʽʢװʘ ʤסʘʨʪʫשʘ ʞᴅʥʝ ʞʘסʡʝʩʽʥ ʞʝʜʝʣ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫװʘʨʫ ʞץʳ ʙʘʩסʦʣʜʘʥʳʩʪʘץ

ʙʝʨʝʜʽ. PLC ʙʽʨʥʝʰʝ ʞʳʣʜʘʨ ʙʦʡʳ ʩʪʘʥʜʘʨʪ ʙʦʣסʘʥʳʤʝʥ, ʦʣʘʨ ʢʝשʝʡʪʽʣʛʝʥ 

ʤװʤʢʽʥʜʽʢʪʝʨ ʤʝʥ ʙײʣʪ ʘʨץʳʣʳ ʙʘסʜʘʨʣʘʤʘʣʘʫʜʳ ʞʘשʘʨʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ IPC 

ʩʠʷץʪʳ çʘץʳʣʜʳè ʪʝʭʥʦʣʦʛʠʷ ʝʤʝʩ. 
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¶ ʊʝʣʝʤʝʪʨʠʷʣʳץ ʞװʡʝʣʝʨ PLC ʞᴅʥʝ RTU-ʜ̔  ʥʝʛʽʟʛʽ ʙʘʩץʘʨʫ ʦʨʪʘʣʳסʳʥʘ ʞᴅʥʝ 

ʤᴅʣʽʤʝʪʪʝʨ ץʦʡʤʘʣʘʨʳʥʘ ץʦʩʘʜʳ. ʆʣʘʨ ʩʳʤʜʳ ʥʝʤʝʩʝ ʩʳʤʩʳʟ. SCADA ʞװʡʝʣʝʨʽʥʜʝʛʽ 

ʩʳʤʜʳ ʪʝʣʝʤʝʪʨʠʷʣʳץ ʘץʧʘʨʘʪ ײץʨʘʣʜʘʨʳ ʞʘʣסʘ ʘʣʳʥסʘʥ ʪʝʣʝʬʦʥ ʞʝʣʽʣʝʨʽ ʤʝʥ WAN 

ʪʽʟʙʝʢʪʝʨʽʥ ץʘʤʪʠʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʦʣʘʨʜʳש ʩʳʤʩʳʟ ʘʥʘʣʦʛʪʘʨʳ ʩʧʫʪʥʠʢʪʽʢ, ʨʘʜʠʦ 

ʞᴅʥʝ ʤʠʢʨʦʪʦʣץʳʥʜʳ ʧʝʰʪʝʨʜʽ ץʘʤʪʠʜʳ. 

¶ ɸʜʘʤ-ʤʘʰʠʥʘ ʠʥʪʝʨʬʝʡʩʽ (HMI) ʦʧʝʨʘʪʦʨʣʘʨסʘ ᴇשʜʝʣʛʝʥ ʜʝʨʝʢʪʝʨʜʽ ײʩʳʥʘʜʳ. ʆʣ 

ᴅʜʝʪʪʝ ʜʝʨʝʢʪʝʨʜʽ ʞʠʥʘʫ ʩʝʨʚʝʨʣʝʨʽʥʝʥ ʜʝʨʝʢʪʝʨʜʽ ʩײʨʘʡʜʳ. 

¶ ʉʝʨʚʝʨʣʝʨ ʧʘʨʘʤʝʪʨʣʝʨ ʞʠʳʥʪʳסʳ װʰʽʥ ʜʝʨʝʢʪʝʨʜʽ ʘʣʫ ʤʝʥ ʙʘʩץʘʨʫסʘ ʞʘʫʘʧ 

ʙʝʨʝʜʽ. ɹʝʣʛʽʣʽ ʙʽʨ ʪʘʧʩʳʨʤʘʣʘʨ װʰʽʥ ᴅʨ ʪװʨʣʽ ʩʝʨʚʝʨʣʝʨ ʙʘʨ. ʂʝʡʙʽʨʝʫʣʝʨ ʜʘʙʳʣʜʳ 

ʙʘʩץʘʨʘʜʳ, ʘʣ ʙʘʩץʘʣʘʨʳ ʜʝʨʝʢʪʝʨʜʽ ʞʽʙʝʨʝʜʽ. ɼʝʨʝʢʪʝʨʜʽ ʞʠʥʘʫ ʩʝʨʚʝʨʣʝʨʽ, ʤʳʩʘʣʳ, 

ʪʝʣʝʤʝʪʨʠʷ ʘʨץʳʣʳ RTU, PLC ʞᴅʥʝ IPC-ʤʝʥ ʙʘסʜʘʨʣʘʤʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ 

 .ʳʟʤʝʪʪʝʨʽץ

¶ ɹʘץʳʣʘʫ ʞװʡʝʩʽ - ʙײʣ ʦʧʝʨʘʮʠʷʣʘʨ ʢʝʟʽʥʜʝ ʤᴅʣʽʤʝʪʪʝʨʜʽ ᴇשʜʝʡʪʽʥ ʞᴅʥʝ ʢʦʤʘʥʜʘʣʘʨ 

ʞʽʙʝʨʝʪʽʥ ʢʦʤʧʴʶʪʝʨ ʥʝʤʝʩʝ ʢʦʤʧʴʶʪʝʨʣʝʨ ʪʦʙʳ. ʂʝש ʙʘʡʣʘʥʳʩ ʠʥʬʨʘײץʨʳʣʳʤʳ ʙײʣ 

ʞװʡʝʥʽ RTU, PLC ʞᴅʥʝ IPC-ʤʝʥ ʙʘʡʣʘʥʳʩʪʳʨʘʜʳ. 

 

SCADA ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘʩʳ 

SCADA ʞװʡʝʩʽ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʞʽʢʩʽʟ ץʦʟסʘʣʳʩʪʘʨʤʝʥ ʞʠʥʘʡʜʳ ʞᴅʥʝ ᴇשʜʝʡʜʽ. SCADA 

ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘʩʳʥʳש ʢʝʡʙʽʨ ʤʘשʳʟʜʳ ʩᴅʪʪʝʨʽ: 

¶ ʄʦʥʠʪʦʨʠʥʛ: SCADA ʞװʡʝʣʝʨʽ ʩʳʥʠ ʞʘסʜʘʡʣʘʨסʘ ʘʨʥʘʣסʘʥ ʢʦʤʘʥʜʘʣʘʨʜʳ ʦʨʳʥʜʘʫסʘ 

ʙʘסʜʘʨʣʘʤʘʣʘʥסʘʥ. ʄʳʩʘʣʳ, ʦʧʝʨʘʪʦʨʣʘʨ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʨʝʟʝʨʚʫʘʨ ʢᴇʣʝʤʽʥʽ60% ש -

ʳʥʘ ʙʘʡʣʘʡʜʳ. ɾʦסʘʨʳʜʘסʳ ʢʝʟ-ʢʝʣʛʝʥ ʤᴅʥ ʪʠʽʩʪʽ ʪʦʧʪʘʨʜʳ ʝʩʢʝʨʪʝʜʽ ʥʝʤʝʩʝ 

ʤʘʰʠʥʘʥʳ ʘʜʘʤʥʳץ שʘʪʳʩʫʳʥʩʳʟ ʙʘʩץʘʨʘʜʳ. 

¶ ɼʝʨʝʢʪʝʨʜʽ ʘʣʫ: ʧʨʦʮʝʩʩ RTU, PLC ʥʝʤʝʩʝ IPC ʙʘʩʪʘʣʘʜʳ. ɼʘʪʯʠʢʪʝʨ ʞʘʙʜʳץʪʳ 

ᴅʨʪװʨʣʽ ʞʝʨʣʝʨʜʝ ʞʠʥʘʡʜʳ. ᴄʨ ʩʝʥʩʦʨ ʬʫʥʢʮʠʷʥʳ ʝʩʝʧʪʝʡʜʽ; ʤʳʩʘʣʳ, ʢʝʡʙʽʨʝʫʣʝʨʽ ʩʫ 

 ʘʣʘʨʳץʳʩʳ ʪʫʨʘʣʳ ʤᴅʣʽʤʝʪʪʝʨ ʞʠʥʘʡʜʳ. ɸʣ ʙʘʩסʦʡʤʘʩʳʥʘʥ ʩʫ ʳʜʳʩʳʥʘ ʩʫ ʘץ

ʩײʡʳץʪʳץ ץʦʡʤʘʜʘʥ ʰʳץץʘʥ ʢʝʟʜʝ ʩʫʜʳץ שʳʩʳʤʳ ʪʫʨʘʣʳ ʘץʧʘʨʘʪʪʳ ʞʠʥʘʡʜʳ. ʉʦʜʘʥ 

ʢʝʡʽʥ ʤᴅʣʽʤʝʪʪʝʨ ʞʠʥʘץʪʘʣʘʜʳ ʞᴅʥʝ ʧʽʰʽʤʜʝʣʝʜʽ, ʦʩʳʣʘʡʰʘ ʍʄʀ-ʥʽש ʘʣʜʳʥʜʘסʳ 

ʙʘʩץʘʨʫ ʙᴇʣʤʝʩʽʥʽש ʦʧʝʨʘʪʦʨʳ RTU-ʜ̔  ʘʨʫ ʵʣʝʤʝʥʪʪʝʨʽʥ ʨʝʪʪʝʡ ʥʝʤʝʩʝץʘʣʳʧʪʳ ʙʘʩץ ש

ʘʫʳʩʪʳʨʘ ʘʣʘʜʳ. 

¶ ɹʘץʳʣʘʫ: RTU, PLC ʞᴅʥʝ IPC ʙʘץʳʣʘʫ ʰʘʨʘʣʘʨʳʥ ʞװʨʛʽʟʫʛʝ ʝʜᴅʫʽʨ ʞʘʫʘʧʪʳ. ɹײʣ 

ʰʝʰʽʤʜʝʨʛʝ ײʡʳʤʜʘʨ (ᴅʩʽʨʝʩʝ ʦʧʝʨʘʪʦʨʣʘʨ) ʘʨʘʣʘʩʫʳ ʤװʤʢʽʥ. ʄʳʩʘʣʳ, ץʘʰʳץʪʘʥ 

 שʡʝʩʽʥʽװʘʨʘʜʳ. SCADA ʞץʫʳʥ ʙʘʩסʳʣʳ ʘץʙʳʨʣʘʨ ʘʨײץ שʪʳץʪʳץʡʳײʳʰ ʩסʘסʦʟץ

ʙʘסʜʘʨʣʘʤʘʣʳײץ ץʨʘʣʜʘʨʳ ʧʝʨʩʦʥʘʣסʘ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ᴇʟʛʝʨʪʫʛʝ ʞᴅʥʝ ʜʘʙʳʣ 

ʞʘסʜʘʡʣʘʨʳʥ ʨʝʪʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

¶ ɼʝʨʝʢʪʝʨ ʙʘʡʣʘʥʳʩʳ: SCADA ʞװʡʝʣʝʨʽ סʘʣʘʤʪʦʨ ʧʨʦʪʦʢʦʣʜʘʨʳʥʘʥ ʪײʨʘʪʳʥ ʢʝש 

ʘʫץʳʤʜʳ (WAN) ʞᴅʥʝ ʞʝʨʛʽʣʽʢʪʽ (LAN) ʞʝʣʽʣʝʨʜʽ ץʦʣʜʘʥʘʜʳ. ɾʝʨʛʽʣʽʢʪʽ ʞʝʣʽ - ʙײʣ 

ʙʽʨ-ʙʽʨʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʢʦʤʧʴʶʪʝʨʣʝʨ ʤʝʥ ײץʨʳʣסʳʣʘʨ ʪʦʙʳ, ᴅʜʝʪʪʝ ʙʽʨ סʠʤʘʨʘʪ 

ʽʰʽʥʜʝ. WAN, ʢʝʨʽʩʽʥʰʝ, ʢʝשʽʨʝʢ ץʦʣ ʞʝʪʽʤʜʽʣʽʢʢʝ ʠʝ - ʙײʣ ʞʝʨʛʽʣʽʢʪʽ ʞʝʣʽʣʝʨʜʽ 

ʙʘʡʣʘʥʳʩʪʳʨʘʜʳ, ʙײʣ SCADA ʞװʡʝʩʽʥʽש ʘʣʳʩ ʞʝʨʣʝʨʜʝʛʽ ʞʘʙʜʳץץʘ ʞʝʪʫʽʥʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

¶ ʊʘʨʠʭʰʳ: ɹײʣ ʤᴅʣʽʤʝʪʪʝʨ ʙʘʟʘʩʳʥʜʘ ʫʘץʳʪʰʘ ʪʘשʙʘʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ, ʣʦʛʠʢʘʣʳץ 

ʦʧʝʨʘʮʠʷʣʘʨ ʤʝʥ ʜʘʙʳʣʜʘʨʜʳ ʩʘץʪʘʡʪʳʥ ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘ ץʳʟʤʝʪʽ. SCADA 

ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘʩʳ ʤײʥʳ ʜʝʨʝʢʪʝʨʜʽ ʩײʨʘʫ ʥʝʤʝʩʝ HMI ʛʨʘʬʠʢʘʣʳץ 

 ʪʘʫ ʩʝʨʚʝʨʽʥʝʥץʦʣʜʘʥʘ ʘʣʘʜʳ. ʆʣ ᴅʜʝʪʪʝ ʜʝʨʝʢʪʝʨʜʽ ʞʠʥʘץ ʰʽʥװ ʨʜʽʩʪʝʨʽʥ ʪʦʣʪʳʨʫװ

ʘʣʘʜʳ. 

¶ ɸץʧʘʨʘʪʪʳץ ʧʨʝʟʝʥʪʘʮʠʷ: SCADA ʞװʡʝʣʝʨʽʥʽש ʢᴇʧʰʽʣʽʛʽ ʘʜʘʤ-ʤʘʰʠʥʘʣʳץ 

ʠʥʪʝʨʬʝʡʩ ʞװʡʝʣʝʨʽʥ (HMI) ץʘʤʪʠʜʳ. RTU ʘץʧʘʨʘʪ ʞʠʥʘʡʜʳ ʞᴅʥʝ ᴇשʜʝʡʜʽ ʞᴅʥʝ 
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ʦʣʘʨʜʳ HMI-ʛʝ ʞʽʙʝʨʝʜʽ. ʉʦʜʘʥ ʢʝʡʽʥ HMI ʙײʣ ʢʽʨʽʩʪʽ ʤʘʰʠʥʘ ʪװʩʽʥʝʪʽʥ ʩʠʛʥʘʣʜʘʨסʘ 

ʘʡʥʘʣʜʳʨʘʜʳ. ɹײʣ ʞװʡʝʥʽש ʛʨʘʬʠʢʘʣʳץ ʢᴇʨʽʥʽʩʽʥ ײʩʳʥʘʜʳ ʞᴅʥʝ ʦʧʝʨʘʪʦʨʣʘʨסʘ 

ʢʦʤʘʥʜʘʣʘʨ ʝʥʛʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʄʳʩʘʣʳ, HMI ʙʝʣʛʽʣʽ ʙʽʨ ʙʘʢץʘ ץʦʩʳʣסʘʥ 

ʩʦʨסʳʥʳש ʩʫʨʝʪʽʥ ʢᴇʨʩʝʪʝ ʘʣʘʜʳ. ʆʧʝʨʘʪʦʨ ʩʫʜʳש ʘסʳʩʳ ʤʝʥ ץʳʩʳʤʳʥ ʙʘץʳʣʘʧ, 

 .ʟʝʪʫʣʝʨ ʝʥʛʽʟʝ ʘʣʜʳװʘʞʝʪʪʽ ʪץ

 

4. SCADA ʞװʡʝʩʽʥʽש ʝʨʝʢʰʝʣʽʢʪʝʨʽ 

 

ɾװʡʝ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʦʨʥʘʪʫ 

SCADA ʞװʡʝʩʽ ʦʧʝʨʘʪʦʨʣʘʨסʘ ᴅʨʪװʨʣʽ ʢʦʥʪʨʦʣʣʝʨʣʝʨʜʽש ʧʘʨʘʤʝʪʨʣʝʨʽʥ ᴇʟʛʝʨʪʫʛʝ ʞᴅʥʝ 

ʜʘʙʳʣ ʞʘסʜʘʡʣʘʨʳʥ ץʦʩʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʄʽʥʝ, ʤʳʩʘʣ. SCADA ʞװʡʝʩʽ ᴇʥʽʤʥʽש ʙʝʣʛʽʣʽ ʙʽʨ ʧʘʨʪʠʷʩʳʥʳץ שʘʜʘסʘʣʘʫʜʳש ʝʨʝʢʰʝ ʩʘʥʳ 

ʙʘʨ ʝʢʝʥʽʥ ʘʥʳץʪʘʡʜʳ. ʆʣ ʞװʡʝʥʽ ʞʳʣʜʘʤ ʭʘʙʘʨʜʘʨ ʝʪʝʜʽ, ʘʣ ʦʧʝʨʘʪʦʨ ᴇʥʜʽʨʽʩʪʽ 

ʪʦץʪʘʪʘʜʳ. SCADA ʞװʡʝʩʽʥʽש ʪʘסʳ ʙʽʨ ץʳʨʳ ʞʘסʜʘʡʜʳ ʙʘסʘʣʘʡʜʳ, ץʘʪʝʥʽץ שʘʡ ʞʝʨʜʝ 

ʙʦʣסʘʥʳʥ ʘʥʳץʪʘʡʜʳ ʞᴅʥʝ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʞʦʙʘʣʘʡʜʳ. ʉʦʜʘʥ ʢʝʡʽʥ ʢʦʤʘʥʜʘ ʙײʣ ʘץʧʘʨʘʪʪʳ 

ʪװʟʝʪʫʣʝʨʜʽ ץʦʣʜʘʥʫ ʞᴅʥʝ ץʘʣʳʧʪʳ ʞײʤʳʩʳʥ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ װʰʽʥ ʧʘʡʜʘʣʘʥʘʜʳ. 

ʄײʥʜʘʡ ʞʘʥ-ʞʘץʪʳ ʞװʡʝʥʽש ʤײʥʘʡ-ʛʘʟ ʩʘʣʘʩʳ װʰʽʥ ʤʘשʳʟʳ ʟʦʨ. ײפʙʳʨʣʘʨʜʳש ʙʽʨʽʥʜʝ ᴇʪʝ 

ʤʘשʳʟʜʳ ʘסʳʧ ʢʝʪʫʜʽ ʘʥʳץʪʘʫʜʘʥ ʙʘʩʪʘʧ, ʝʛʝʨ ײץʙʳʨסʘ ץʘʪʪʳ ץʳʩʳʤ ʧʘʡʜʘ ʙʦʣʩʘ, ʙʦʩʘʪʫ 

ʢʣʘʧʘʥʳʥ ץʘʰʳץʪʳץʪʘʥ ʘʰʫסʘ ʜʝʡʽʥ, ʞװʡʝ ʥʝ ʪʘʨʪʳʣסʘʥ ʪʦʧʪʘʨסʘ ʝʩʢʝʨʪʫ ʞʘʩʘʡ ʘʣʘʜʳ, ʥʝ 

ʙʘסʜʘʨʣʘʤʘʣʘʥסʘʥ ʢʦʤʘʥʜʘʣʘʨʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ ᴅʨʝʢʝʪʪʽ ʙʘʩʪʘʡʜʳ. 

ʆʩʳʣʘʡʰʘ, SCADA ʞװʡʝʩʽ ʟʠʷʥʜʳ ʘʟʘʡʪʘʜʳ ʞᴅʥʝ ʘסʳʧ ʢʝʪʫ ʥʝʤʝʩʝ ʞʦסʘʨʳ ץʳʩʳʤ 

ʜʝשʛʝʡʣʝʨʽ ʪʫʜʳʨʫʳ ʤװʤʢʽʥ ץʘʫʽʧʪʽ ʞʘסʜʘʡʣʘʨʜʳ ʘʟʘʡʪʘʜʳ. ɼʝʤʝʢ, ʙײʣ ᴇʥʜʽʨʽʩʪʽש ʞʦסʘʣʫʳʥʘ 

ʞʦʣ ʙʝʨʤʝʡʜʽ ʞᴅʥʝ ʤʦʣ ʢʽʨʽʩʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

 

SCADA ʞװʡʝʣʝʨʽʥʽץ שʘʫʽʧʩʽʟʜʽʛʽʥ ʩʘץʪʘʫ 

SCADA ʞװʡʝʣʝʨʽʥʽש ʢᴇʧʰʽʣʽʛʽʥʜʝ ץʘʫʽʧʩʽʟʜʽʢ ʰʘʨʘʣʘʨʳ ʩʘץʪʘʣסʘʥʳʤʝʥ, ײʡʳʤʜʘʨ ᴇʟ 

ʧʨʦʚʘʡʜʝʨʣʝʨʽʥʝʥ ץʘʫʽʧʩʽʟʜʽʢʪʽ ʞʘץʩʘʨʪʫ װʰʽʥ ץʘʙʳʣʜʘʫסʘ ʙʦʣʘʪʳʥ ץʘʜʘʤʜʘʨ ʙʦʡʳʥʰʘ ᴇʪʫʽʥ 

ʩײʨʘʫʳ ʢʝʨʝʢ. ʄײʥʜʘ ʢʦʤʧʘʥʠʷʣʘʨ ʙʽʣʝ ʘʣʘʪʳʥ ʙʽʨʥʝʰʝ ʢʝשʝʩʪʝʨ ʙʝʨʽʣʛʝʥ: 

 ʳʤʳʥʘ ʢʽʨʫʜʽץʤʳʩ ʘʫײʞ שʽʟ ʞᴅʥʝ ʧʝʨʩʦʥʘʣʜʳשʳʟʤʝʪʢʝʨʣʝʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʰʝʢʪʝפ ¶

ʰʝʢʪʝשʽʟ 

¶ ʊʝʢ ʙʝʣʛʽʣʽ ʙʽʨ ײץʨʳʣסʳʣʘʨסʘ ʢʽʨʫʜʽ ʰʝʢʪʝשʽʟ 

¶ ᴄʨʙʽʨ ײץʨʳʣסʳ װʰʽʥ ʤץײʠʷʪ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʰʘʨʘʣʘʨʳʥ ץʦʣʜʘʥʳשʳʟ ʞᴅʥʝ 

ʧʘʨʦʣʴʜʝʨʜʽ ʞʠʽ ᴇʟʛʝʨʪʽשʽʟ 

¶ ʊʦʧץʘ ʜʝʨʝʢʪʝʨʜʽ ץʘʫʽʧʩʽʟ ʙᴇʣʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʫ װʰʽʥ ʢʦʨʧʦʨʘʪʠʚʪʽʢ ʞʝʣʽʣʝʨ װʰʽʥ 

ʚʠʨʪʫʘʣʜʳ ʞʝʢʝ ʞʝʣʽʣʝʨʜʽ (VPN) ץʘʨʘʩʪʳʨʳשʳʟ 

 

SCADA ʞװʡʝʣʝʨʽʤʝʥ ʪʠʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫ 

SCADA ʞװʡʝʩʽ ʢʦʤʧʘʥʠʷʣʘʨסʘ ᴇʟ ʞײʤʳʩʳʥ ʢʝשʝʡʪʫ ʞᴅʥʝ ʞʝʪʽʣʜʽʨʫ ץʘʞʝʪ ʙʦʣסʘʥʜʳץʪʘʥ 

ʜʘʤʳʜʳ. ɸʣʜʳʤʝʥ ʦʣʘʨ װʣʢʝʥ ʪʝʭʥʠʢʘʥʳ ʙʘʩץʘʨʫʜʘ ʘʜʘʤʜʘʨסʘ ʩʝʥʜʽ, ʙײʣ ʢᴇʧ ײʟʘʤʘʡ ץʠʳʥ 

ʙʦʣʜʳ. ʅʳʩʘʥ ʞʘʙʜʳץʪʳ ץʘʰʳץʪʳץץʘ ʞʽʙʝʨʛʝʥʜʝ, ʦʜʘʥ ʜʘ ץʠʳʥ ʙʦʣʜʳ. ʄײʥʳש ᴇʟʽ ʢᴇʧ 

ʫʘץʳʪʪʳ ץʘʞʝʪ ʝʪʝʜʽ ʞᴅʥʝ ʰʳסʳʥʜʳ ץʘʞʝʪ ʝʪʝʜʽ. 

ɹʘץʳʣʘʫ ʠʥʞʝʥʝʨʽ ʤײʥʘʡ-ʛʘʟ ʢʦʤʧʘʥʠʷʣʘʨʳʥ ʦʩʳ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫ װʰʽʥ ᴇʥʽʤʜʽʣʽʢʪʽ 

ʘʨʪʪʳʨʫ װʰʽʥ ʙʘץʳʣʘʫ ʞװʡʝʣʝʨʽʥʝ ץʘʨʘʞʘʪ ʩʘʣʫסʘ ʰʘץʳʨʘʜʳ. ɸʊ-סʘ ʥʝʛʽʟʜʝʣʛʝʥ 

ʘʚʪʦʤʘʪʠʢʘʥʳ ʢʝשʽʨʝʢ ץʦʣʜʘʥʫ ʤײʥʘʡ ʤʝʥ ʛʘʟ ᴇʥʜʽʨʽʩʽʥ ʪʝʟʽʨʝʢ ʢʝשʝʡʪʫʛʝ ʞʦʣ ʘʰʘʨ ʝʜʽ. 

SCADA ʞװʡʝʣʝʨʽ ʘʣסʘʰץʳ ʧʘʡʜʘ ʙʦʣסʘʥ ʢʝʟʜʝ, ʦʧʝʨʘʪʦʨʣʘʨ ʘʣʜʳסשʳ, ʦʨʪʘ ʞᴅʥʝ ʪᴇʤʝʥʛʽ 

ʩʝʢʪʦʨʣʘʨʜʘ ʪʠʽʤʜʽ ʙʘʩץʘʨʫסʘ ʠʝ ʙʦʣʜʳ. ɹײʣ ײץʨʘʣ ᴅʨ ʪװʨʣʽ ʤײʥʘʡ-ʛʘʟ ʦʙʲʝʢʪʽʣʝʨʽʥʜʝʛʽ 
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ʞײʤʳʩʪʳ ʞʘץʩʘʨʪʘʜʳ - ʫʘץʳʪ, ʙʘץʳʣʘʫ ʢᴇʟʽ, ʞʘʙʜʳץʪʳש ʞײʤʳʩ ʽʩʪʝʫ ʪᴅʩʽʣʽ ʞᴅʥʝ ʙʘʩץʘʨʳʣʫʳ 

ʞᴅʥʝ ʪʘסʳ ʙʘʩץʘʣʘʨ. ʆʣʘʨ ʢʦʤʧʘʥʠʷʥʳ ᴇʥʽʤʜʽ ʝʪʝʜʽ, ʤʘʤʘʥʜʘʨסʘ ʢᴇʤʝʢʪʝʩʝʜʽ ʞᴅʥʝ 

ʦʧʝʨʘʮʠʷʣʘʨסʘ ײץʥʜʳʣʳץ ץʦʩʘʜʳ. 

ɾװʡʝʥʽש ʪʠʽʤʜʽʣʽʛʽ ʩʦʥʰʘʣʳץ, ʦʣ ʞʘʨʪʳ סʘʩʳʨʜʘʥ ʘʩʪʘʤ ʫʘץʳʪ ʽʰʽʥʜʝ ʜʘʤʳʧ, ʜʘʤʠ ʘʣʜʳ. 

¶ 1950 ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʧʘʡʜʘʣʘʥʫסʘ ʘʨʥʘʣסʘʥ ʘʣסʘʰץʳ ʢʦʤʧʴʶʪʝʨʣʝʨʜʽש ʜʘʤʫʳ ʢᴇʨʜʽʤ. ɯʨʽ 

ʢʦʤʤʫʥʘʣʜʳץ ץʳʟʤʝʪʪʝʨ ʤʝʥ ʤײʥʘʡ-ʛʘʟ ʢʦʤʧʘʥʠʷʣʘʨʳ ʩʠʷץʪʳ װʣʢʝʥ ʩʝʢʪʦʨʣʘʨ ʦʩʳ 

ʞʘשʘ ʪʝʭʥʦʣʦʛʠʷʥʳש ʙʘʩʳʥʜʘ ʙʦʣʜʳ. 

¶ ɾʳʣʳ 1960 , ʩʘʣʘʣʘʨ ʧʘʡʜʘʣʘʥʘ ʙʘʩʪʘʜʳ ʪʝʣʝʤʝʪʨʠʷ ʘʚʪʦʤʘʪʪʳ ᴇʣʰʝʫ ʞᴅʥʝ 

 ץʳ ʢᴇʟʜʝʨʜʝʥ ʜʝʨʝʢʪʝʨʜʽ ʩʳʤʩʳʟ ʙʝʨʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɻʝʦʛʨʘʬʠʷʣʳסʪʘץʘʰʳץ

ʜʠʩʧʝʨʩʪʽ ʤʘʰʠʥʘʣʘʨʜʳש ʩʝʥʩʦʨʣʘʨʳ ʘץʧʘʨʘʪ ʞʠʥʘʡʜʳ (ʤʳʩʘʣʳ, ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ 

 ʳʩʳʤ) ʞᴅʥʝ ʦʣʘʨʜʳ ʙʝʣʛʽʣʽ ʙʽʨ ʵʣʝʢʪʨʣʽʢ ʢʝʨʥʝʫʣʝʨʛʝ ʘʡʥʘʣʜʳʨʘʜʳ. ʉʦʜʘʥ ʢʝʡʽʥץ

ʤʫʣʴʪʠʧʣʝʢʩʦʨ ʙײʣ ʢʝʨʥʝʫʣʝʨʜʽ ʫʘץʳʪ ʜʝʨʝʢʪʝʨʽʤʝʥ ʙʽʨʽʢʪʽʨʽʧ, ʙʽʨ ʤᴅʣʽʤʝʪʪʝʨ 

ʘסʳʥʳʥʘ ʘʡʥʘʣʜʳʨʘʜʳ. ʄʫʣʴʪʠʧʣʝʢʩʦʨ ʙײʣ ʘסʳʥʜʳ ץʘʰʳץʪʘסʳ ץʘʙʳʣʜʘסʳʰץʘ 

ʞʽʙʝʨʝʜʽ, ʦʣ ʦʥʳ ʙʘʩʪʘʧץʳ ʢװʡʽʥʝ ʢʝʣʪʽʨʝʜʽ (ʷסʥʠ ʪʝʤʧʝʨʘʪʫʨʘ, ץʳʩʳʤ ʞᴅʥʝ ʫʘץʳʪ 

ʪʫʨʘʣʳ ʤᴅʣʽʤʝʪʪʝʨ) ʞᴅʥʝ ʦʣʘʨʜʳ ʦʧʝʨʘʪʦʨʣʘʨסʘ ʢᴇʨʩʝʪʝʜʽ. 

¶ 1970-ʰʽ ʞʳʣʜʘʨʜʘסʳ ʤʘʤʘʥʜʘʨ SCADA ʪʝʨʤʠʥʽʥ ʝʥʛʽʟʽʧ, ʦʥʳש ʘʧʧʘʨʘʪʪʳץ ʞᴅʥʝ 

ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘʩʳʥ, ʘʪʘʧ ʘʡʪץʘʥʜʘ, ʥʝʛʽʟʛʽ ʢʦʤʧʴʶʪʝʨʣʝʨʜʽ ʜʘʤʳʪʘ 

ʙʘʩʪʘʜʳ. ɹײʣ ʢʦʤʧʘʥʠʷʣʘʨסʘ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʧʨʦʮʝʩʪʝʨʜʽ ʙʘץʳʣʘʫסʘ ʞᴅʥʝ 

ʙʘץʳʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ɸʣʘʡʜʘ ʙײʣ ʢʦʤʧʴʶʪʝʨʣʝʨ ʙʽʨ-ʙʽʨʽʤʝʥ ʙʘʡʣʘʥʳʩץʘʥ ʞʦץ - 

ᴅʨʙʽʨ SCADA ʙʽʨ ʙʣʦʢ ʨʝʪʽʥʜʝ ʞײʤʳʩ ʽʩʪʝʜʽ. ʆʩʳʣʘʡʰʘ, ʦʣʘʨ ʤʦʥʦʣʠʪʪʽ SCADA 

ʞϮʡʝʣʝʨʽ ʨʝʪʽʥʜʝ ʙʝʣʛʽʣʽ ʙʦʣʜʳ . 

¶ ɾʳʣʳ 1980 , (LAN) ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʤʝʥ ɼʂ ʥʝʛʽʟʽʥʜʝʛʽ, ʘʜʘʤ-ʤʘʰʠʥʘ ʠʥʪʝʨʬʝʡʩ (HMI) 

ʞʝʣʽʣʽʢ ʙʘסʜʘʨʣʘʤʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʞʝʨʛʽʣʽʢʪʽ ʦʜʘʥ ᴅʨʽ SCADA ʞװʡʝʩʽʥ ʞʝʪʽʣʜʽʨʫ 

ʢᴇʤʝʢʪʝʩʪʽ. ʂᴇʧ ײʟʘʤʘʡ ʘʜʘʤʜʘʨ ᴇʟʜʝʨʽʥʽש SCADA ʞװʡʝʣʝʨʽʥ ʙʽʨ-ʙʽʨʽʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳʨʘ ʘʣʜʳ. ʆʣʘʨʜʳ SCADA Ϯʣʝʩʪʽʨʽʣʛʝʥ ʞϮʡʝʣʝʨʽ ʜʝʧ ʘʪʘʜʳ . ɹײʣ 

ʞװʡʝʣʝʨʜʽש ʢᴇʧʰʽʣʽʛʽ ʪʝʢ ײʡʳʤʜʘʨʜʳש ʤʝʥʰʽʛʽʥʜʝ ʙʦʣסʘʥ, ʩʦʥʜʳץʪʘʥ ʦʣʘʨʜʳ ʝʨʢʽʥ 

ʞʘשʘʨʪʳʧ, ץʘʡʪʘ ײץʨʜʳ. ɹʽʨʢʝʣʢʽ ʝʤʝʩ ʜʘʤʫʜʳש ʝʨʝʢʰʝʣʽʛʽ, ʙײʣ ʞװʡʝʣʝʨ ʙʘʩץʘ 

 .ʡʝʣʝʨʽʤʝʥ ʙʘʡʣʘʥʳʩʘ ʘʣʤʘʜʳװSCADA ʞ שʡʳʤʜʘʨʜʳײ

¶ 1990 ʞᴅʥʝ 2000 ʘʨʘ ײʡʳʤʜʘʨ ᴅʤʙʝʙʘʧ ʙʘʡʣʘʥʳʩ ʙʘסʳʪʪʘʣסʘʥ ʙʦʣʘʪʳʥ SCADA ʞװʡʝʩʽʥ 

ʽʩʢʝ. ʀʥʥʦʚʘʮʠʷ ʙʽʨ ʞװʡʝʛʝ ʙʘʩץʘ ײʡʳʤʜʘʨʜʳש ʙʘʩץʘ SCADA ʞװʡʝʣʝʨʽʤʝʥ ʙʘʡʣʘʥʳʩ 

ʦʨʥʘʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʘʰʳץ ʞװʡʝʣʽʢ ʘʨʭʠʪʝʢʪʫʨʘʥʳ ץʘʙʳʣʜʘʜʳ. ʆʥʳװ שʩʪʽʥʝ, 

ʘʜʘʤʜʘʨ ᴇʟʜʝʨʽʥʽש SCADA ʞʝʣʽʩʽʥʝ ʢᴇʙʽʨʝʢ ײץʨʳʣסʳʣʘʨʜʳ ץʦʩʘ ʘʣʘʜʳ. ɹײʣʘʨ ʞʝʣʽʣʽʢ 

SCADA ʞϮʡʝʩʽ ʜʝʧ ʘʪʘʣʜʳ . 

ʂʝʡʽʥʽʨʝʢ ײʡʳʤʜʘʨ ײץʨʳʣʳʤʜʳץ ʩײʨʘʥʳʩʪʘʨ ʪʽʣʽʥ (SQL) ץʦʣʜʘʥʘʪʳʥ ʜʝʨʙʝʩ ʝʩʝʧʪʝʫ ʞᴅʥʝ 

ɸʊ ʜʝʨʝʢץʦʨʣʘʨʳʥ ץʦʣʜʘʥʘ ʙʘʩʪʘʜʳ. SCADA ᴅʟʽʨʣʝʫʰʽʣʝʨʽ ʙײʣ ʪʽʣʜʽ ץʦʣʜʘʥʙʘʡʜʳ, ʙײʣ IT 

ʜʝʨʝʢץʦʨʣʘʨʳ ʤʝʥ SCADA ʞװʡʝʣʝʨʽʤʝʥ ץʘʤʪʳʣסʘʥ ʙʘʩץʘʨʫ ʵʣʝʤʝʥʪʪʝʨʽ ʘʨʘʩʳʥʜʘ ʙʘʡʣʘʥʳʩ 

ʪʫʜʳʨʘʜʳ. 

ɿʘʤʘʥʘʫʠ SCADA ʞװʡʝʣʝʨʽ ʙײʣ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʝʜʽ. ʆʣʘʨ SCADA ʞװʡʝʣʝʨʽʥʽש ʪʠʽʤʜʽʣʽʛʽʥ, 

 ʨʣʽ SCADA ʪʝʭʥʦʣʦʛʠʷʩʳʥʘװʘʫʽʧʩʽʟʜʽʛʽʥ, ᴇʥʽʤʜʽʣʽʛʽ ʤʝʥ ʩʝʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘ ʦʪʳʨʳʧ, ʜᴅʩʪץ

ʝʥʛʽʟʝʜʽ. SQL ʜʝʨʝʢץʦʨʳ ʙʘʨʣʘʨ ʙװʢʽʣ ײʡʳʤ ʙʦʡʳʥʰʘ ʤᴅʣʽʤʝʪʪʝʨʜʽש ᴇʪʫʽʥʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. ʆʣʘʨ ʘʰʳץʪʳץ ʧʝʥ ʪʠʽʤʜʽʣʽʢʢʝ ʞʦʣ ʘʰʪʳ. ʉʦʥʜʘʡ-ʘץ, ʘʜʘʤʜʘʨ SCADA ʞװʡʝʩʽʥʝʥ 

SQL ʜʝʨʝʢץʦʨʳʥʘ ʪʘʨʠʭʠ ʜʝʨʝʢʪʝʨʜʽ ʪʽʨʢʝʡ ʘʣʘʜʳ, ʙײʣ ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫ ʤʝʥ װʨʜʽʩʪʝʨʜʽ 

ʞʝשʽʣʜʝʪʝʜʽ. 

ʀʥʜʫʩʪʨʠʷʣʳץ ʠʥʥʦʚʘʮʠʷ: ʩʳʤʩʳʟ SCADA ʞװʡʝʣʝʨʽ 

ʉʳʤʩʳʟ SCADA ʞװʡʝʣʝʨʽ ʙʘץʳʣʘʫʜʳ ʞᴅʥʝ ʪʽʨʽ ʞᴅʥʝ ʪʘʨʠʭʠ ʜʝʨʝʢʪʝʨʜʽ ײʡʳʤʥʳש ʰʪʘʙ-

ʧᴅʪʝʨʽʥʝ ʙʝʨʫʜʽ ʞʳʣʜʘʤʜʘʪʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʢʦʤʧʘʥʠʷʣʘʨ ʩʳʤʩʳʟ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ 

ʪʘשʜʘסʘʥʜʘ װʥʝʤʜʝʫʜʽ ײʥʘʪʘʜʳ. ʆʣʘʨ װʣʢʝʥ ʦʨʥʘʪʫ ʞᴅʥʝ ʨץײʩʘʪ ʙʝʨʫ ʰʳסʳʥʜʘʨʳʤʝʥ 
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ʢʝʣʽʩʧʝʫʽ ʢʝʨʝʢ. ʆʣʘʨסʘ ʪʨʘʥʰʝʷʣʘʨʜʳ ᴇʪʢʽʟʽʧ, ײץʙʳʨ ᴇʪʢʽʟʫʛʝ ʪʫʨʘ ʢʝʣʤʝʡʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

ʦʣʘʨ ʵʢʦʣʦʛʠʷʣʳץ ʪᴇʣʝʤʜʝʨ ʦʙʲʝʢʪʽʣʝʨʜʽ ʥʘʰʘʨʣʘʪץʘʥ ʢʝʟʜʝ ʞᴇʥʜʝʫ ʪᴇʣʝʤʜʝʨʽʥʝ, 

ʤʘʰʠʥʘʣʘʨʜʳש ʽʩʪʝʥ ʰʳסʫʳʥʘ ʞᴅʥʝ ʪʦץʪʘʧ ץʘʣʫʳʥʘ ʪʫʨʘ ʢʝʣʤʝʡʜʽ. 

ʉʳʤʩʳʟ SCADA ʞװʡʝʣʝʨʽ ʙʘʩץʘʨʫ ʰʳסʳʥʜʘʨʳʥʳש ʪᴇʤʝʥʜʝʫʽʤʝʥ ʙʘʩץʘʨʫ ʩᴅʫʣʝʪʽʥʽש 

ʩʝʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ. ʉʦʥʜʳץʪʘʥ SCADA ʞװʡʝʣʝʨʽʥʜʝʛʽ װʟʜʽʢʩʽʟ ʟʝʨʪʪʝʫʣʝʨ 

 ץʘ ʢᴇʤʝʢʪʝʩʽʧ, ʘʧʧʘʨʘʪʪʳסʩʘʨʪʫץʘʨʘʡ ʞʘץ ʤʳʩʳʥ ᴅʨʽײʘ ʞסʩʘʣʘʣʘʨ ץʡʳʤʜʘʨ ʤʝʥ ʪʽʧʪʽ ʙʘʨʣʳײ

ʞᴅʥʝ ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘʥʳ ʞʘץʩʘʨʪʫסʘ ʞʦʣ ʘʰʘʜʳ. 

 

SCADA ʞװʡʝʩʽʥ ʝʥʛʽʟʫ 

ʊʠʧʪʽʢ SCADA ʞװʡʝʩʽ ʰʘʤʘʤʝʥ 15 ʞʳʣסʘ ʩʦʟʳʣʘʜʳ. ɾװʡʝʣʝʨ ײʟʘץ ᴇʤʽʨ ʩװʨʝʪʽʥʜʽʢʪʝʥ, 

 ʪʳ ʟʝʨʪʪʝʫʣʝʨ ʤʝʥ ʦʡ-ʧʽʢʽʨʣʝʨʜʽ ʟʝʨʪʪʝʫʛʝ ʘʨʥʘʫʳ ᴇʪʝץʳʣʳסשʪʳ שʡʳʤʜʘʨʜʳײ

ʤʘשʳʟʜʳ. ʊʝʭʥʠʢʘ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷ ʞʝʪʽʣʜʽʨʽʣʛʝʥ ʩʘʡʳʥ ʞʝʜʝʣ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ץʘʞʝʪʪʽʣʽʛʽ 

ᴇʩʝʜʽ. ʉʽʟʜʽש ʦʙʲʝʢʪʽʣʝʨʽשʽʟʜʽש ʞʳʣʜʘʨ ʙʦʡʳ ץʘʣʘʡ ʢʝשʝʡʝʪʽʥʽʥ ʥʘץʪʳ ʙʦʣʞʘʫ ץʠʳʥ ʙʦʣʫʳ 

ʤװʤʢʽʥ, ᴅʩʽʨʝʩʝ ʥʘʨʳץ, ʩײʨʘʥʳʩ, ᴇʥʜʽʨʽʩ ʞᴅʥʝ ʞײʤʳʩ ʢװʰʽ ᴇʟʛʝʨʝʪʽʥ ʙʦʣʘʜʳ. 

ʐʝʰʽʤ - ʠʥʥʦʚʘʮʠʷʣʘʨʜʳװ שʨʜʽʩʪʝʨʽ ʤʝʥ ᴅʣʝʫʝʪʪʝʨʽʥ ʙʦʣʞʘʡ ʘʣʘʪʳʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ 

ʩʝʨʽʢʪʝʩʽʥ ʪʘʙʫ. ʄײʥʜʘʡ ʩʝʨʽʢʪʝʩ ʩʽʟʛʝ ʘʣʜʘסʳ ʞʳʣʜʘʨʳ ײʡʳʤʜʘ ʙʦʣʫʳ ʤװʤʢʽʥ ᴇʟʛʝʨʽʩʪʝʨ 

ʪʫʨʘʣʳ ʥײʩץʘʫʣʘʨ ʙʝʨʝʜʽ. 

ʂʦʤʧʘʥʠʷ ʤʝʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʩʝʨʽʢʪʝʩʽ SCADA ʞװʡʝʣʝʨʽʥ ʙʘסʘʣʘʫ ʢʝʟʽʥʜʝ ץʘʨʘʩʪʳʨʫʳ 

ʤװʤʢʽʥ ʙʽʨʥʝʰʝ ʩײʨʘץʪʘʨ: 

¶ ʂʦʤʧʘʥʠʷʥʳש ʤʘץʩʘʪʪʘʨʳ ץʘʥʜʘʡ ʞᴅʥʝ ʦʣʘʨסʘ ʞʝʪʫʜʝ SCADA ʞװʡʝʩʽ ץʘʥʜʘʡ ʨᴇʣ 

ʘʪץʘʨʘʜʳ? 

¶ ʆʧʝʨʘʮʠʷʣʘʨʜʘסʳ ץʘʥʜʘʡ ᴇʟʛʝʨʽʩʪʝʨ ײʟʘץ ʤʝʨʟʽʤʜʽ ʧʝʨʩʧʝʢʪʠʚʘʜʘ ʙʠʟʥʝʩʢʝ 

ʢᴇʤʝʢʪʝʩʝʜʽ? 

¶ SCADA ʞװʡʝʩʽ ʪʠʽʤʩʽʟʜʽʢʪʝʨ ʤʝʥ ʰʳסʳʥʜʘʨʜʳ ץʘʣʘʡ ʞʦʷʜʳ ʥʝʤʝʩʝ ʘʟʘʡʪʘʜʳ? 

¶ ɾʘשʘ SCADA ʞװʡʝʩʽ: 

¶ ɸʢʪʠʚʪʝʨʜʽץ שʳʟʤʝʪ ʝʪʫ ʤʝʨʟʽʤʽʥ ʪʠʽʩʪʽ ʙʘץʳʣʘʫ ʘʨץʳʣʳ ײʟʘʨʪʫ ʢʝʨʝʢ ʧʝ? 

¶ ɾʘʙʜʳץʪʳש ᴇʥʽʤʜʽʣʽʛʽ ʤʝʥ ᴇʥʽʤʜʽʣʽʛʽʥ ʞʘץʩʘʨʪʫ ʢʝʨʝʢ ʧʝ? 

¶ ɾʘץʩʳʨʘץ ᴇʥʽʤʜʝʨ ʤʝʥ ץʳʟʤʝʪʪʝʨʜʽ ʰʳסʘʨʘʩʳʟ ʙʘ? 

¶ ɾʘשʘ SCADA ʞװʡʝʩʽ ץʘʥʜʘʡ ʰʳסʳʥʜʘʨסʘ ᴅʢʝʧ ʩʦץʪʳʨʘʜʳ? ʆʣʘʨסʘ ʪʝʢʩʝʨʫʛʝ, 

ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʛʝ ʞᴅʥʝ ʞᴇʥʜʝʫʛʝ ʘʨʥʘʣסʘʥ ʪᴇʣʝʤʜʝʨ ʢʽʨʫʽ ʢʝʨʝʢ. 

¶ SCADA ʞʝʪʢʽʟʫʰʽʩʽʥʽש ʦש ʙʝʜʝʣʽ ʙʘʨ ʤʘ? ʆʣ ʘץʘʫʣʳץʪʘʨʜʳ ʞʦʶסʘ, ʞʘשʘʨʪʫסʘ ʞᴅʥʝ 

ʙʘʩץʘʣʘʨסʘ ץʦʣʜʘʫ ʢᴇʨʩʝʪʝ ʤʝ? 

 

 ʦʩʳʤʰʘ ʦʡʣʘʨפ

SCADA ʞװʡʝʣʝʨʽ ʤײʥʘʡ-ʛʘʟ ʢʦʤʧʘʥʠʷʩʳʥʳש ʤʘשʳʟʜʳ ʬʫʥʢʮʠʦʥʘʣʜʳʣʳץʪʘʨʳʥʳש ʙʽʨʽ 

ʙʦʣʘʪʳʥʜʳסʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʦʣʘʨ ʢʝʣʝʩʽ ʝʨʝʢʰʝʣʽʢʪʝʨʛʝ ʠʝ ʙʦʣʫʳ ʢʝʨʝʢ, ʤʳʩʘʣʳ: 

¶ ɸסʳʤʜʘסʳ ʞᴅʥʝ ʙʦʣʘʰʘץʪʘסʳ ץʘʞʝʪʪʽʣʽʢʪʝʨʜʽ ץʦʣʜʘʫ 

¶ ʕʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʢ 

 ʡʝʩʽʤʝʥ ʞᴅʥʝװʳ ʜʝʨʝʢʪʝʨ ʞסʦʣʜʘʥʳʩʪʘץ ʳסʩʘʡʪʪʘʨʳʥʜʘ ץʙʘʨʣʳ שʡʳʤʥʳױ ¶

ʞʘʙʜʳץʪʘʨʳʤʝʥ ʠʥʪʝʛʨʘʮʠʷʣʘʫ 

¶ ɹʦʣʘʰʘץ ᴇʟʛʝʨʪʫʣʝʨʜʽ ʦʨʥʘʣʘʩʪʳʨʫ, ʤʳʩʘʣʳ, ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʪᴅʨʪʽʙʽ 

 ʘʫʽʧʩʽʟʜʽʢ ʰʘʨʘʣʘʨʳץ ʰʽʥװ ʘʫʧʽʥ ʘʟʘʡʪʫץ ʘʫʽʧʩʽʟʜʽʢפ ¶

 ʪʘʨץʪʳ ʞʘʙʜʳץʝ ʘʣʳʥʘʪʳʥ ʤʳשʜʘʡʣʘʨʜʳ ʞʝסʞʘ ץʘʪʪʳ ʵʢʦʣʦʛʠʷʣʳפ ¶
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ADVANTAGES OF INTERN ET AND WEB  

PLATFORMS IN EDUCATI ON 

 

ɸʙʟʘʣ Ϸʡʛʝʨʽʤ ϧʘʣʞʘʥϨʳʟʳ 

 ʄʘʛʠʩʪʨʘʥʪ ʧʨʦʬʠʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ,  

ʂʘʟʘʭʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʪʥʦʰʝʥʠʡ ʠ ʤʠʨʦʚʳʭ ʷʟʳʢʦʚ ʠʤʝʥʠ ɸʙʳʣʘʡ ʭʘʥʘ 

(ʂʘʟʋʄʆʠʄʗ), 

 ɸʣʤʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ  

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʦʥʣʘʡʥ ʠʩʧʦʣʴʟʫʷ ʨʘʟʥʳʝ ʠʥʪʝʨʥʝʪ 

ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠʣʦʞʝʥʠʷ ʠ ʩʘʡʪʳ. ʇʨʝʜʣʦʞʝʥʳ ʥʝʢʦʪʦʨʳʝ ʩʘʡʪʳ ʠ ʧʨʠʣʦʞʝʥʠʷ ʩ ʢʨʪʘʢʠʤ 

ʦʧʠʩʘʥʠʝʤ ʠ ʩʧʦʩʦʙʦʤ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʫʨʦʢʘʭ .  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Internet, web-platforms, Google classroom, online education advantages of 

studying online.  

 

The Internet gives us many opportunities. It is the most useful technology of modern time. It 

has a very important impact on education today. Teachers and students use the Internet every day to 

search and share information. It is impossible to imagine education without it nowadays.  

However, the Internet is a double-edged sword since students can Google answers without 

really searching and remembering for themselves. There are many other negative impacts that the 

Internet has on the minds of young students. But there are many more advantages that outweigh the 

disadvantages. 

The year 2020 has shown educators the hardships of working online. At the beginning of the 

pandemic teachers, students, parents and the ministry of education have come across all the 

imperfections, like unstable connection, the little knowledge teachers and students have of working 

online, and the unfamiliarity of internet ethics. This has changed fast of course.  

Ministry of Education of Kazakhstan conducted many online webinars to help teachers and 

parents how to handle this situation. Such international companies like Google, Cambridge 

Assessment Tests, Oxford University Press have also provided many free online webinars to help 

teachers all over the world and introduced different teaching and assessing methods. 

But the most important role in that situation was given to platforms like Google classroom, 

Microsoft Teams, Yandex School to provide tools to make education easy for everyone. In 
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Kazakhstan teachers all over the country worked to make an online platform with lessons and 

exercises for students of state schools called Online-mektep. This was huge support for the teachers 

and students living in rural areas of the country. For the people who did not have a stable Internet 

connection, the Ministry of Education made video lessons that were shown on National TV, so 

students will not lack and have all the possibilities to learn.  

 Teachers learned to have more involving lessons with their students and many students have 

become more open to discussion since they are not surrounded by other people so they can share 

opinions and not be shy or embarrassed about because they are in the comfort of their homes.  

Students can now study at their speed and contact their teachers to ask for help and feedback 

on their works. Parents can see how their children to study, check on their well-being throughout 

the day and talk to their teachers even faster than before.  

Digital Learning Platforms like YouTube, Nearpod, Socrative, Kahoot, the Smart Learning 

Suite have made the lessons more collaborative, fun, and enjoyable for students and teachers as 

well. [1] Now the teacher can show anything, any example, like 3D models of a skeleton in biology, 

videos on how to speak properly using vocabulary and grammar in English, films about any 

historical events in History and Literature, maps of other countries in Geography, etc. 

Google Classroom helps with the organization of teachers' and students' academic work in 

one place. Teachers can conduct online lessons there, share the handouts for the lessons, assign 

assessment tasks, track studentsô progress anywhere and anytime.  

Kahoot is an app where everything is game-based. Every student loves this app because itôs 

competitive and fun. Teachers love it because it is very easy to check each studentôs progress and 

revise any lesson with quizzes and other games.  

Other games-based web app is Quizlet. There are many already prepared fun quizzes, 

vocabulary tasks, study reminders that both teachers and students love.   

Socrative is a web platform to conduct almost any type of assessment with the possibility of 

tracking studentsô involvement in the lesson and their progress. Teachers can make quizzes, polls, 

multiple-choice tasks, and so on.  

Nearpod helps teachers with everything, with planning, assessing, teaching, tracking the 

progress of the students and now it also can be used with Google Classroom. Another great 

advantage of this platform is that it has more than 8500 lessons and videos that teachers can use for 

free. [2] 

Crash Course is another platform that helps in teaching History, Chemistry, Computer 

Science, Science, Literature, Biology, and many others. . It has videos about every topic on these 

subjects with a fun animation that teachers can use in explaining their subjects. [3] 
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Every day new platforms and apps appear that improve the state of education, making 

students more independent and help them to educate themselves. They have changed modern 

education for the better. Teachers nowadays not only teach and assess students, but also make them 

more competitive for their future in society because in the XXI century everything is done with the 

help of the Internet. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

17.  https://www.g2.com/products/nearpod/competitors/alternatives 

18. https://modernweb.com/pear-deck-vs-nearpod/ 

19. https://thecrashcourse.com/ 
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METHODS OF INSPECTION OF INDUSTRIAL  

 BUILDINGS AND STRUCTURES. 

MODERN NON-DESTRUCTIVE MATERIAL STRENGTH METERS  

 

Nogin Stepan Nikolaevich 

 karaganda Technical University 

 

Inspection of buildings and structures is a multi-functional, complex, organized and 

responsible activity that requires precise compliance with the norms and standards of the 

availability of all permits. Access to all works, control and supervision of the technical condition of 

all building structures have organizations that work and operate officially and have legal relevant 

licenses. All this is a set of organized measures and actions to assess the entire technical condition 

of all building structures of buildings and structures for industrial purposes, all this is carried out in 

order to develop and develop solutions based on this assessment and further the need for various 

types of construction work repair, reconstruction or demolition. 

The main set of work on the survey and study consists of several stages: 

- completion and analysis of all existing project documentation provided, analysis of past 

and previous planned surveys; 

- inspection of structures as well as individual nodal joints of the building with the help of 

devices and sensors, such as laser tape measure, strength gauge, crack gauge, UCS and methods for 

studying the monitoring of the technical condition of the structure, building; 

- identification and spot and general photofixation of existing defects, destructions and 

damages of building structures; 

- processing of all survey data, execution of defective building statements; 

- preparation of a technical report, including a list of identified defects, supporting 

photographic materials, calculations, explanation of the causes of defects and the consequences to 

which they may lead, recommendations for the elimination of existing defects and damage; 

There are several methods of inspection of buildings and structures: 

ð visual-used at the initial stage of the survey of the building for the purpose of visual 

identification 

- ultrasonic-one of the special cases of the acoustic method. It is used to detect hidden 

material defects and determine the strength of concrete, as well as to determine the depth detection 

of cracks in concrete or masonry, analysis of the quality of welds and the thickness of metal 

structures; 



ñʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ ɸʂɸɼɽʄʀʂò                                                          ̄ 1  (104), 2021 ʛ. 

_______________________________________________________________________________________ 

93 
 

- electromagnetic-used to study the structure, thickness and hidden defects of foundations, 

under-rail foundations of crane tracks; 

- radiometric ð used to determine the density of concrete, stone and bulk materials 

-neutron ð used to determine the density of concrete and stone; 

- electro-optical-used to determine the vibration parameters of structures; 

- the method of separation with chipping and the method of compression-are used to 

determine the strength of concrete; 

- plastic deformation method-used to determine the strength and deformability of the 

material; 

- neutron-used to determine the moisture content of concrete and stone; 

- pneumatic-used to determine breathability; 

- acoustic-in the narrow sense of this term, it is used to determine the sound conductivity of 

walls and floors; 

- thermal imaging-used to determine the level of thermal protection of the building, to 

diagnose water supply and heating systems, to determine the zones of abnormal overheating of 

electrical appliances; 

- leveling, theodolite survey and photogrammetry-used to determine the volumetric 

deformation of the building, as well as to determine the foundation sediment; 

It should be noted that in some cases, to obtain the most accurate and reliable information, it 

is necessary to use methods with partial destruction of the body of structures. For example, the most 

complete information about the strength of concrete can be obtained by taking cores for laboratory 

studies. 

Tests of building structures are used to confirm their sufficient load-bearing capacity, and 

can be: 

- carried out until the complete destruction of structures (allows you to determine the 

maximum load-bearing capacity of this building structure); 

- carried out before the calculated loading (in order to determine the sufficient load-bearing 

capacity for the design loads); 

Based on the results of the survey, a technical conclusion is drawn up, including: 

- a description of the identified defects and violations with reference to the object, a 

description of the causes of damage; 

- explanatory photo materials; 

- graphic materials of the survey (plans, sections, diagrams of structures); 

- references to the requirements of building codes; 

- the settlement part; 
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- conclusions and recommendations; 

- recommended schemes for strengthening structures; All survey methods are divided into: 

- non-destructive; 

ð with partial destruction of the structure body; 

At the stage of inspection of structures, it is necessary to determine the exact values of the 

strength characteristics of building structures. To do this, it is necessary to use devices for quality 

control of building materials during the survey of buildings and structures. Let's look at some of 

them: 

1.The ONYX2. 6 shock-pulse strength meter is designed to determine the strength of cement 

concretes, mortars and other composite materials by the shock pulse method according to GOST 

22690 during technological control of products and structures, inspection of buildings and 

structures, on construction sites and hydraulic structures. 

The device can be used to determine the strength of bricks, hardness, uniformity, density and 

plasticity of various composite materials. [1] The device is available in two versions: 

- ONYX-2.6-a device with a two-parameter measurement of the strength of the impact pulse 

and rebound in the range from 1 to 100 MPa. 

- ONYX-2.6 LB-a device with a two-parameter measurement of the strength of the impact 

pulse and rebound in the range from 1 to 30 MPa for the control of light concrete and various 

materials (brick, plaster, composites, etc.). 

For high-quality concrete, the device is used 

ONYX-2.6 WB with two-parameter measurement of the impact and rebound strength in the 

range from 1 to 150 MPa. 

The device is designed to operate at ambient temperatures from minus 10 ÁC to +40 ÁC and 

a maximum humidity of 90 % at a temperature of +25 ÁC. 

 

Fig. 1. General view of the ONYX ð 2.6 device [1] 

The device corresponds to the ordinary design of products of the third order according to 

GOST R 52931-08. 
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2. ONYX-1 material strength meter. The OS is designed to determine the strength of 

concrete by the method of separation with chipping in accordance with GOST 22690-88 during 

technological quality control of monolithic and precast concrete, inspection of buildings, structures 

and structures. 

The device can be used to establish and correct the calibration characteristics and 

dependencies of shock-pulse and ultrasonic strength meters of non-destructive testing. 

The devices are available in two versions: 

- version 1-ONYX-1. Os. 050 - with a load measurement range from 5.0 to 50.0 kN; 

- version 2-ONYX-1. Os. 100 - with a load measurement range from 5.0 to 100.0 kN; 

Operating conditions ð temperature range from minus 10 Á C to plus 40 Á C, relative 

humidity at plus 25 Á C and 4 below without moisture condensation up to 90 %, atmospheric 

pressure from 84 to 106.7 kPa. 

3. The ONYX-SR device is a modification of the ONYX strength meter and is designed to 

measure the strength of concrete by chipping a rib in accordance with GOST 22690-88 during 

technological quality control of monolithic and precast concrete, inspection of buildings, structures 

and structures. [1] 

The device can be used to establish and correct the calibration characteristics and 

dependencies of shock-pulse and ultrasonic strength meters of non-destructive testing. 

Operating conditions ð temperature range from minus 10 to plus 40 ÁC, relative humidity at 

+25 ÁC and below without moisture condensation up to 90 %, atmospheric pressure from 84 to 

106.7 kPa. The device corresponds to the ordinary design of third-order products according to 

GOST 12997-84. 

3. The Pulsar-2 ultrasound propagation time and speed meter, modification Pulsar-2.2, is 

designed to evaluate the properties and flaw detection of solid materials by the time and speed of 

propagation, and the shape of the received ultrasonic (ultrasonic) pulses during surface and through 

sounding. 

The device allows you to detect defects, determine the strength, density and modulus of 

elasticity of building materials, as well as the sound index of abrasives according to the pre-

established calibration dependences of these parameters on the speed of propagation of ultrasonic 

pulses. 

Main applications: 

determination of concrete strength according to GOST 17624-87 " Concrete. Ultrasonic 

method for determining strength " for technological control, inspection of buildings and structures, 



ñʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ ɸʂɸɼɽʄʀʂò                                                          ̄ 1  (104), 2021 ʛ. 

_______________________________________________________________________________________ 

96 
 

including in combination with the method of separation with chipping (ONYX-OS device) and the 

method of chipping edges (ONYX-SR device). 

- search for defects in concrete structures by abnormal speed reduction and by the shape of 

visualized signals of ultrasonic pulses; 

- assessment of the depth of cracks; 

- assessment of porosity, fracturing and anisotropy of composite materials and rocks; 

 

Fig. 2. General view of ONYX-1. Os. 050, ONYX-1. Os. 100 devices [1]: 1-housing; 2-

drive handle; 3-hydraulic cylinders; 4, 5-supports; 6-traction; 7-steering wheel; 8-electronic unit; 

9-USB connector 
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Fig. 3. General view of the ONYX-SR device [1]: 1-L-shaped power bracket; 2-housing; 3-

electronic unit; 4-graphic display; 5-keyboard; 6-screw; 7-drive handle; 8-adjustment groove; 9-

platform; 10-USB connector; 11-mounting bolts; 12-power piston; 13-chipping element; 14 - 

screws on concrete; 15-pressure plate; 16-battery compartment cover 

 

Fig. 4. General view of the PULSAR-2.2 device [1]: 1-electronic unit; 2-through-sounding 

sensors; 3-surface-sounding sensors; 4-keyboard; 5-graphic display; 6-connectors for the 

surface-sounding sensor; 7-USB connector 

- determination of the elastic modulus and density of materials. 

The device is available with a basic setting, focused on heavy concrete of medium grades. 

For other brands and materials, calibration and adjustment in the user's conditions is required in 

accordance with GOST 17624, GOST 24332 and the methodological recommendations of MDS 62-

2.01 of the State Unitary Enterprise "NIIZHB" for the control of the strength of concrete of 

monolithic structures by the ultrasonic method of surface sounding. 

The device provides operation: 

- for surface sounding with a surface sounding sensor assembly on a fixed base (120 Ñ 1) 

mm with a dry contact; 

ð for end-to-end sounding with end-to-end sounding sensors on an arbitrary base with 

contact lubrication, or for surface and angular sounding with dry contact (cone nozzles). 

Operating conditions: temperature range-from minus 10 ÁC to plus 40 ÁC, relative humidity 

up to 80 % without condensation, atmospheric pressure 84 ... 106.7 kPa. [1] 

Thus, devices for measuring the strength of building materials by the non-destructive 

method are only a means for determining the main characteristics of materials, which should be the 

basis for modeling the processes occurring during the operation of buildings and structures . 
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ʏʀʉʃɽʅʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɺʃʀʗʅʀɽ ʇʆʊʆʂɸ ɺʆɼʓ ʅɸ ɿɸʑʀʊʅʓɽ 

ɻʀɼʈʆʊɽʍʅʀʏɽʉʂʀɽ ʉʆʆʈʋɾɽʅʀʗ ʇʈʀ ʇʆɼɺʀɾʅʆʄ ʉʃʆɽ 

 

ʀʩʘʭʦʚ ɸ.ɸ., ʅʦʛʘʝʚʘ ɸ.ʂ.
 

ʂʘʟʘʭʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʘʣʴ-ʌʘʨʘʙʠ 

ɸʆ çʂʘʟʘʭʩʪʘʥʩʢʦ-ɹʨʠʪʘʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɸʅʅʆʊɸʎʀʗ 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʥʳʭ ʚʦʣʥ ʥʘ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ, ʚʳʟʚʘʥʥʳʭ ʧʦʜʚʠʞʥʳʤ ʩʣʦʝʤ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʝʭʤʝʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʠ ʫʩʨʝʜʥʝʥʥʳʝ ʧʦ ʈʝʡʥʦʣʴʜʩʫ 

ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ (RANS) ʜʣʷ ʥʝʩʞʠʤʘʝʤʳʭ ʧʦʪʦʢʦʚ ʪʨʝʭ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʬʘʟ. 

ɼʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʦʙʲʝʤʘ ʞʠʜʢʦʩʪʠ (VOF). 

ɼʣʷ ʢʘʣʠʙʨʦʚʢʠ ʤʦʜʝʣʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʬʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʂʦʨʨʝʢʪʥʦʩʪʴ ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʯʠʩʣʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʨʦʨʳʚ ʜʘʤʙʳ, ʧʦʜʚʠʞʥʦʡ ʩʣʦʡ, ʤʝʪʦʜ ʦʙʲʝʤʘ ʞʠʜʢʦʩʪʠ, 

ʫʩʨʝʜʥʝʥʥʳʝ ʧʦ ʈʝʡʥʦʣʴʜʩʫ ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ 

 

ʊתʁɯʅɼɽʄɽ 

 

ɹײʣ ʞײʤʳʩʪʳש ʤʘץʩʘʪʳ ʞʳʣʞʳʤʘʣʳ ץʘʙʘʪʪʘʥ ʪʫʳʥʜʘסʘʥ ʛʠʜʨʘʚʣʠʢʘʣʳץ 

 ʣ ʧʨʦʮʝʩʪʽײᴅʩʝʨʽʥ ʟʝʨʪʪʝʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹ שʳʥʜʘʨʜʳץʘ ʠʤʧʫʣʴʩʪʽʢ ʪʦʣסʨʳʣʳʤʜʘʨײץ

ʤʦʜʝʣʴʜʝʫ װʰʽʥ װʰ ᴇʣʰʝʤʜʽ װʟʜʽʢʩʽʟʜʽʢ ʪʝשʜʝʫʽ ʞᴅʥʝ ʈʝʡʥʦʣʴʜʩ ʙʦʡʳʥʰʘ ʦʨʪʘʰʘʣʘʥסʘʥ 

ʅʘʚʴʝ-ʉʪʦʢʩ ʪʝשʜʝʫʣʝʨʽ (RANS) װʰ ʘʨʘʣʘʩʧʘʡʪʳʥ ʬʘʟʘʣʘʨʜʳש ʩʳסʳʣʤʘʡʪʳʥ ʘסʳʥʜʘʨʳ װʰʽʥ 

 ᴅʜʽʩʽ (VOF) שʢᴇʣʝʤʽʥʽ ץʪʳץʡʳײʰʽʥ ʩװ ʘʧʧʨʦʢʩʠʤʘʮʠʷʩʳ שʦʣʜʘʥʳʣʘʜʳ. ɹʦʩ ʙʝʪʪʽץ

 ʪʳ ʥᴅʪʠʞʝʣʝʨʽץʥʘ שʵʢʩʧʝʨʠʤʝʥʪʪʝʨʜʽ ץʰʽʥ ʟʝʨʪʭʘʥʘʣʳװ ʦʣʜʘʥʳʣʘʜʳ. ʄʦʜʝʣʴʜʽ ʪʝʢʩʝʨʫץ

ʧʘʡʜʘʣʘʥʳʣʜʳ. ʄʦʜʝʣʴ ʞײʤʳʩʳʥʳש ʜײʨʳʩʪʳסʳ ʩʘʥʜʳץ ʥᴅʪʠʞʝʣʝʨʜʽ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ 

ʜʝʨʝʢʪʝʨʤʝʥ ʩʘʣʳʩʪʳʨʫ ʘʨץʳʣʳ ʢᴇʨʩʝʪʽʣʜʽ. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ɹᴇʛʝʪʪʽש ʙײʟʳʣʫʳ, ʩײʡʳץʪʳץ ʢᴇʣʝʤʽ ᴅʜʽʩʽ, ץʦʟסʘʣʤʘʣʳ ץʘʙʘʪ,  

ʈʝʡʥʦʣʴʜʩ ʙʦʡʳʥʰʘ ʦʨʪʘʰʘʣʘʥסʘʥ ʅʘʚʴʝ-ʉʪʦʢʩ ʪʝשʜʝʫʣʝʨʽ 

ANNOTATION  

 

The purpose of this work is to study the impact of pulsed waves on hydraulic structures 

caused by a moving layer. To model this process, we use the three-dimensional continuity equation 
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and the Reynolds-averaged Navier-Stokes equations (RANS) for incompressible flows of three 

immiscible phases. The free-surface movement captured by using the volume of fluid (VOF) 

method. The accuracy of the numerical models were tested using the actual laboratory experiments. 

The correctness of the model was shown by comparing the numerical results with the experimental 

data. 

Key words: Dam break, moving bed, VOF method, RANS equations 

 

ɺʚʝʜʝʥʠʝ 

ʈʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʩʦʦʨʫʞʝʥʠʡ, ʩʚʷʟʘʥʳ ʩ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʪʦʢʘ ʚʦʜʳ. ʊʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʤʦʛʫʪ ʙʳʪʴ: 

ʠʥʪʝʥʩʠʚʥʳʝ ʪʘʷʥʠʷ ʩʥʝʛʘ ʠ ʣʴʜʘ, ʩʠʣʴʥʳʝ ʦʩʘʜʢʠ ʠ ʚʳʩʦʢʘʷ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚ ʠ ʯʝʣʦʚʝʯʝʩʢʠʡ 

ʬʘʢʪʦʨ. 

ʈʘʟʨʫʰʝʥʠʝ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʦʙʳʪʠʝʤ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ 

ʤʘʪʝʨʠʘʣʴʥʦʤʫ ʫʱʝʨʙʫ ʠ ʥʘʥʝʩʝʥʠʶ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʱʝʨʙʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʘ ʪʘʢʞʝ ʢ 

ʛʠʙʝʣʠ ʣʶʜʝʡ. ʗʨʢʠʤ ʧʨʠʤʝʨʦʤ ʠʤʧʫʣʴʩʠʚʥʦʡ ʚʦʣʥʳ ʚʳʟʚʘʥʥʦʡ ʧʦʜʚʠʞʥʳʤ ʩʣʦʝʤ ʷʚʣʷʝʪʩʷ 

ʤʝʛʘʮʫʥʘʤʠ ʚ ʟʘʣʠʚʝ ʃʠʪʫʡʷ ʚ 1958 ʛʦʜʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʤʘʛʥʠʪʫʜʦʡ 8.3 ʩ ʛʦʨ 

ʩʦʰʸʣ ʤʦʱʥʳʡ ʦʧʦʣʟʝʥʴ. ɺ ʚʦʜʳ ʟʘʣʠʚʘ ʦʙʨʫʰʠʣʦʩʴ ʦʢʦʣʦ 30 ʤʠʣʣʠʦʥʦʚ ʢʫʙʠʯʝʩʢʠʭ ʤʝʪʨʦʚ 

ʢʘʤʥʝʡ ʠ ʣʴʜʘ ʯʪʦ ʚʳʩʚʦʙʦʜʠʣʦ ʜʦʩʪʘʪʦʯʥʦ ʵʥʝʨʛʠʠ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʛʠʛʘʥʪʩʢʫʶ ʚʦʣʥʫ, 

ʩʧʦʩʦʙʥʫʶ ʜʦʩʪʠʛʥʫʪʴ 524 ʤ ʚʳʩʦʪʳ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʪʘʣʦ 

ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ 

ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʤʝʪʦʜʘʤ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʪʝʯʝʥʠʡ ʩʦ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ, ʢʦʪʦʨʳʝ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ. ʇʨʠ ʨʘʟʨʫʰʝʥʠʠ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʦʙʲʝʤ ʩʤʝʰʘʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʛʜʝ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʬʘʟʦʚʘʷ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʞʠʜʢʦʩʪʴʶ ʠ ʥʘʭʦʜʷʱʠʤʩʷ ʥʘʜ ʥʝʡ ʛʘʟʦʤ [1]. 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʠʟʫʯʘʣʠ ʩ ʫʯʝʪʦʤ ʥʝ ʪʦʣʴʢʦ ʩʦʦʪʥʦʰʝʥʠʷ ʧʣʦʪʥʦʩʪʝʡ 

ʬʣʶʠʜʦʚ [2-4], ʥʦ ʠ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʳ [5-6], ʧʨʠ ʥʘʣʠʯʠʠ ʧʨʝʧʷʪʩʪʚʠʷ [6-7], ʩ ʫʯʝʪʦʤ 

ʵʬʬʝʢʪʘ ʥʘʢʣʦʥʘ [8-9] ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʠ ʬʠʟʠʢʠ ʜʚʫʭʬʘʟʥʦʛʦ ʧʦʪʦʢʘ [8-12]. 

ʊʘʢʞʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʧʦʪʦʢ ʢʘʢ ʩʤʝʩʴ ʚʦʜʳ ʠ ʯʘʩʪʠʮ [13-14]. ʆʙʱʠʝ 

ʵʪʘʧʳ ʜʘʥʥʳʭ ʨʘʙʦʪ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʠ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʪʦʢʘ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʧʨʝʧʷʪʩʪʚʠʷ ʨʘʟʣʠʯʥʦʡ 

ʬʦʨʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʩʨʝʜʥʝʥʥʳʝ ʧʦ ʈʝʡʥʦʣʴʜʩʫ ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ. ɼʣʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʤʝʪʦʜ ʦʙʲʝʤʘ 

ʞʠʜʢʦʩʪʠ. ʊʦʯʥʦʩʪʴ ʜʘʥʥʦʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʤʝʪʦʜʘ ʦʙʲʝʤʘ ʞʠʜʢʦʩʪʠ ʙʳʣ ʧʨʦʚʝʨʝʥ ʚ 
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ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ ʩ ʧʦʤʦʱʴʶ ʩʨʘʚʥʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ [26].  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ 

ʨʝʰʝʥʠʡ. ɺʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʠ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʦʪʦʢʘ 

ʥʘ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ. ʇʨʠ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ 

ʚʳʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʩ ʧʦʤʦʱʴʶ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʆʧʨʝʜʝʣʷʶʱʠʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʚʳʧʦʣʥʷʶʪʩʷ 

ʪʨʝʭʤʝʨʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʠ ʫʩʨʝʜʥʝʥʥʳʤʠ ʧʦ ʈʝʡʥʦʣʴʜʩʫ ʫʨʘʚʥʝʥʠʷʤʠ 

ʅʘʚʴʝ-ʉʪʦʢʩʘ (RANS) ʜʣʷ ʥʝʩʞʠʤʘʝʤʳʭ ʧʦʪʦʢʦʚ ʪʨʝʭ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʬʘʟ. 

 

π                    (1)  

 
  

 
Ὢ   † ‘                                         (2) 

 
 
 ό π                     (3) 

 

ʛʜʝ, u - ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ, t - ʚʨʝʤʷ, p - ʜʘʚʣʝʥʠʝ, ɟ - ʧʣʦʪʥʦʩʪʴ, f - ʩʨʝʜʥʷʷ ʚʥʝʰʥʷʷ ʩʠʣʘ, 

Ű - ʪʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ, ‘ ï ʪʫʨʙʫʣʝʥʪʥʘʷ ʚʷʟʢʦʩʪʴ, ɢ - ʬʘʟʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʚʥʝʰʥʷʷ ʩʠʣʘ - ʵʪʦ ʩʠʣʘ ʪʷʞʝʩʪʠ, ʛʜʝ f = ɟg, g - ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ 

ʧʘʜʝʥʠʷ. 

ɼʣʷ ʟʘʤʳʢʘʥʠʷ ʫʩʨʝʜʥʝʥʥʳʭ ʧʦ ʈʝʡʥʦʣʴʜʩʫ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ - ʉʪʦʢʩʘ (1) - (3) 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʫʨʙʫʣʝʥʪʥʳʝ ʤʦʜʝʣʠ. ʆʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʪʨʫʜʥʦʩʪʝʡ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʫʨʙʫʣʝʥʪʥʳʭ ʪʝʯʝʥʠʡ - ʵʪʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʦʪʨʳʚʘ ʧʦʪʦʢʘ ʦʪ ʧʣʦʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʊʫʨʙʫʣʝʥʪʥʳʭ ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʝʤʳʭ ʜʚʫʤʷ ʩʪʘʥʜʘʨʪʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ, 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʦʪʨʳʚʘ ʧʦʪʦʢʘ ʦʪ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʝʛʦ ʫʨʦʚʥʷ ʚ ʩʣʫʯʘʝ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ. ʆʪʨʳʚ ʧʦʪʦʢʘ ʦʪ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʛʨʘʝʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚʦ ʤʥʦʛʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʧʨʦʩʘʭ. SST k - ɤ ʘʜʝʢʚʘʪʥʦ ʤʦʜʝʣʠʨʫʝʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʦʢʘ ʩ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʝʝ ʫʨʦʚʥʷ ʩ ʫʯʝʪʦʤ ʪʨʘʥʩʧʦʨʪʥʳʭ ʵʬʬʝʢʪʦʚ 

ʚʠʭʨʝʚʦʡ ʚʷʟʢʦʩʪʠ ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʤ ʛʨʘʜʠʝʥʪʝ ʜʘʚʣʝʥʠʷ. 
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‬ὼ
‌Ὓ ‍‫

‬

‬ὼ
‘ ‘‏

‬‫
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ςρ Ὢ‏
ρ

‫

‬Ὧ

‬ὼ

‬‫

‬ὼ
 

ʛʜʝ 

‘
ὥὯ

ÍÁØ ὥ‫ὛὪ
 

 

ὖ ‘
‬ό

‬ὼ

‬ό

‬ὼ

‬ό

‬ὼ

ς

σ

‬ό

‬ὼ
σ‘
‬ό

‬ὼ
”Ὧ 

Ὢ ÔÁÎÈÍÁØ 
ςЍὯ

‍z‫ώ
ȟ
υππ‘

ώ‫
 

 

ὖ ÍÉÎ ὖ ȟρπ‍ᶻὯ‫ 

Ὢ ÔÁÎÈÍÉÎÍÁØ
ςЍὯ

‍z‫ώ
ȟ
υππ‘

ώ‫
ȟ
τ‫Ὧ‏

ὅὈ ώ
 

ὅὈ ÍÁØ ς”‏
ρ

‫

‬Ὧ

‬ὼ

‬‫

‬ὼ
ȟρπ  

 • •Ὢ • ρ Ὢ  

 

ʂʦʥʩʪʘʥʪʳ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 

 

  ‌         ‌ πȢττȟ‍ πȢπψςψ   

‍ᶻ
ω

ρππ
‏     πȢψυ    ‏ ρ    

‏ πȢυ     ‏ πȢψυφ 

 

ɺʝʨʠʬʠʢʘʮʠʷ ʜʚʫʭʤʝʨʥʦʡ ʤʦʜʝʣʠ 

ʂʘʣʠʙʨʦʚʢʘ ʜʚʫʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʩʚʝʨʢʠ ʯʠʩʣʝʥʥʳʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ [14]. ʀʩʧʳʪʘʪʝʣʴʥʘʷ ʧʣʦʱʘʜʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʨʝʟʝʨʚʫʘʨ ʩ ʨʘʟʤʝʨʦʤ 6 Ĭ 0.7 ʤ (ʈʠʩʫʥʦʢ 1). ɼʥʦ ʨʝʟʝʨʚʫʘʨʘ ʧʦʢʨʳʪʦ ʧʦʜʚʠʞʥʳʤ ʩʣʦʝʤ 

ʥʝʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʧʣʦʪʥʦʩʪʴʶ 2683 ʢʛ/̍. ʃʝʚʘʷ ʧʦʣʦʚʠʥʘ ʨʝʟʝʨʚʫʘʨʘ ʥʘʜ 

ʧʦʜʚʠʞʥʳʤ ʩʣʦʝʤ ʥʘʧʦʣʥʝʥʘ ʚʦʜʦʡ ʚʳʩʦʪʦʡ 0.35 ʤ. ɺʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʦʜʘ ʟʘ ʩʯʝʪ 

ʛʨʘʚʠʪʘʮʠʠ ʩʪʝʢʘʝʪ ʚʥʠʟ ʠ ʧʨʠʚʦʜʠʪ ʢ ʜʚʠʞʝʥʠʶ ʧʦʜʚʠʞʥʦʡ ʩʣʦʡ.  
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ʈʠʩʫʥʦʢ 1. ɻʝʦʤʝʪʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʩʪʦʚʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʩʝʪʢʘ ʩ 

ʨʘʟʤʝʨʦʤ 0.01 ʤ. ʅʘ ʈʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʨʦʬʠʣʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʭʦʨʦʰʦ ʩʦʚʧʘʜʘʶʪ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ [14] ʠ ʨʘʩʯʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʨʫʛʠʭ 

ʘʚʪʦʨʦʚ [16]. ʉʥʠʤʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʧʦʢʘʟʘʥʳ 

ʥʘ ʈʠʩʫʥʢʝ 3. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʧʦʪʦʢ ʚʦʜʳ ʟʘʤʝʜʣʷʝʪʩʷ ʪʨʝʥʠʝʤ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʜʚʠʞʝʥʠʶ ʚʷʟʢʦʡ ʬʘʟʳ. 

 

ʈʠʩʫʥʦʢ 2. ʇʨʦʬʠʣʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t=0.25, 0.5, 0.75 ʩ 
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ʈʠʩʫʥʦʢ 3. ʉʥʠʤʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ [14] ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ 

t=0.25, 0.5, 0.75 ʩ 

 

ɺʝʨʠʬʠʢʘʮʠʷ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʦ ʧʨʦʨʳʚʫ ʧʣʦʪʠʥʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʜʣʷ ʧʨʦʚʝʨʢʠ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ [8]. 

ʀʩʧʳʪʘʪʝʣʴʥʘʷ ʧʣʦʱʘʜʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʟʝʨʚʫʘʨ ʩ ʨʘʟʤʝʨʦʤ 3.22 Ĭ 1 Ĭ 1 ʤ. ʇʨʘʚʘʷ 

ʯʘʩʪʴ ʦʛʨʘʥʠʯʝʥʘ ʧʝʨʝʛʦʨʦʜʢʦʡ, ʛʜʝ ʦʙʲʝʤ ʚʳʩʦʪʦʡ 0.55 ʤ ʟʘʧʦʣʥʝʥ ʚʦʜʦʡ. ɺʥʫʪʨʠ 

ʨʝʟʝʨʚʫʘʨʘ ʥʘʭʦʜʠʪʩʷ ʢʦʥʪʝʡʥʝʨ ʢʦʨʦʙʯʘʪʦʡ ʬʦʨʤʳ. ʂʦʥʪʝʡʥʝʨ ʩʦʜʝʨʞʠʪ 8 ʜʘʪʯʠʢʦʚ, 

ʠʟʤʝʨʷʶʱʠʭ ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ. ʏʝʪʳʨʝ ʠʟ ʥʠʭ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʝʥʝ 

ʧʣʦʪʠʥʳ, ʦʩʪʘʣʴʥʳʝ ʥʘ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ ʈʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʛʝʦʤʝʪʨʠʷ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʘʪʯʠʢʦʚ. 

ɺʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʨʳʚʘ ʜʘʤʙʳ ʞʠʜʢʦʩʪʴ ʚ ʨʝʟʝʨʚʫʘʨʝ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʩʪʝʢʘʝʪ ʚʥʠʟ. ʂʦʛʜʘ ʧʦʪʦʢ ʜʦʩʪʠʛʘʝʪ ʧʣʦʪʠʥʳ, ʜʘʚʣʝʥʠʝ ʧʦʪʦʢʘ ʥʘ 

ʩʪʝʥʢʫ ʧʣʦʪʠʥʳ ʠʟʤʝʨʷʝʪʩʷ ʜʘʪʯʠʢʘʤʠ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʧʦʪʦʢ ʥʝ 

ʜʦʩʪʠʛʥʝʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʝʥʢʠ ʠ ʥʝ ʚʝʨʥʝʪʩʷ ʚ ʩʪʘʮʠʦʥʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ. 
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ʈʠʩʫʥʦʢ 4. ɻʝʦʤʝʪʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ [8] 

 

ʅʘ ʈʠʩʫʥʢʝ 5 ʧʦʢʘʟʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʥʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʧʦ ʚʨʝʤʝʥʠ ʚ ʪʦʯʢʝ P1 ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ ʩʝʪʢʠ [8]. ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʜʠʘʛʨʘʤʤʝ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʢʠ (ʤʠʥ=3.5 ʤʤ ʠ ʤʘʢʩ=35 ʤʤ) ʠʟʤʝʥʝʥʠʝ 

ʜʘʚʣʝʥʠʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʘʢʪʠʢʝ, ʠ ʧʝʨʚʳʡ ʧʠʢ ʜʘʚʣʝʥʠʷ ʤʦʜʝʣʠʨʫʝʪʩʷ 

ʧʨʘʚʠʣʴʥʦ. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 5, ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʙʘʨʴʝʨʘ ʧʦʪʦʢʘ ʣʫʯʰʝ 

ʚʩʝʛʦ ʦʧʠʩʳʚʘʝʪʩʷ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʴʶ. ɸʥʦʤʘʣʴʥʳʝ ʧʠʢʠ ʜʘʚʣʝʥʠʷ, ʛʜʝ ʟʘʤʝʪʥʦ ʷʚʥʦʝ 

ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʚʦʜʘ ʜʦʭʦʜʠʪ ʜʦ ʧʨʘʚʦʡ ʩʪʝʥʳ ʠ ʧʦʷʚʣʷʶʪʩʷ ʚʩʧʣʝʩʢʠ. ʂʦʛʜʘ ʚʦʜʘ 

ʩʥʦʚʘ ʧʘʜʘʝʪ ʢʘʧʣʠ ʚʦʜʳ ʧʦʧʘʜʘʶʪ ʚ ʧʫʩʪʳʝ ʷʯʝʡʢʠ, ʧʦʣʥʦʩʪʴʶ ʦʢʨʫʞʝʥʥʳʝ ʷʯʝʡʢʘʤʠ ʩ 

ʞʠʜʢʦʩʪʴʶ, ʠ ʵʪʠ ʧʫʩʪʳʝ ʷʯʝʡʢʠ ʤʝʥʷʶʪʩʷ ʥʘ ʷʯʝʡʢʠ ʩ ʞʠʜʢʦʩʪʴʶ ʟʘ ʦʜʠʥ ʚʨʝʤʝʥʥʦʡ 

ʠʥʪʝʨʚʘʣ. ʕʪʦ ʧʨʝʨʳʚʠʩʪʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʘʥʦʤʘʣʴʥʦʤʫ ʜʘʚʣʝʥʠʶ. 
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ʈʠʩʫʥʦʢ 5. ʀʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ: (a) - ʪʦʯʢʘ P1 ʜʣʷ ʨʝʰʝʪʦʢ ʨʘʟʥʦʛʦ 

ʨʘʟʤʝʨʘ, (b) - P1, (c) - P3, (d) - P5, (e) - P7 ʜʣʷ ʯʠʩʣʝʥʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ [8] 

 

ʅʘ ʈʠʩʫʥʢʝ 6 ʩʨʘʚʥʠʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʚ ʜʚʫʭ 

ʚʨʝʤʝʥʥʳʭ ʪʦʯʢʘʭ (0.4 ʩʝʢ ʠ 0.56 ʩʝʢ) [8]. ɿʘʤʝʯʝʥʦ, ʯʪʦ ʧʝʨʠʦʜ ʧʝʨʚʦʛʦ ʫʜʘʨʘ ʚʦʜʳ ʧʦ 

ʧʣʦʪʠʥʝ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t=0.4 ʩʝʢ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʘʢʪʠʢʦʡ. ʅʘ ʩʣʝʜʫʶʱʝʤ 

ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʦ ʚʨʝʤʷ t=0.56 ʩʝʢ, ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʨʝʛʨʘʜʦʡ ʧʦʪʦʢ ʥʘʧʨʘʚʣʝʥ 

ʚʚʝʨʭ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
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ʈʠʩʫʥʦʢ 6. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʪʨʝʭʤʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʙʘʨʴʝʨʘ ʧʨʠ 0,4 ʩ ʠ 0,56 ʩ 

 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʟʘʜʘʯʠ 

ɻʝʦʤʝʪʨʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʟʝʨʚʫʘʨ ʬʦʨʤʳ ʪʨʘʧʝʮʠʠ. ʉʪʝʥʢʘ 

ʰʠʨʠʥʦʡ 0.15 ʤ ʜʝʣʠʪ ʨʝʟʝʨʚʫʘʨ ʥʘ ʜʚʝ ʯʘʩʪʠ. ʆʜʥʘ ʯʘʩʪʴ ʥʘʧʦʣʥʝʥʘ ʚʦʜʦʡ ʚʳʩʦʪʦʡ 0.5 ʤ.  

 

ʈʠʩʫʥʦʢ 7. ɻʝʦʤʝʪʨʠʷ ʪʨʝʭʤʝʨʥʦʡ ʟʘʜʘʯʠ 

 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʜʚʠʞʥʦʡ ʩʣʦʡ ʚʳʩʦʪʦʡ 0.25 ʤ, ʢʦʪʦʨʳʡ ʚ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ 

ʚʨʝʤʝʥʠ ʥʘʭʦʜʠʪʩʷ ʥʘʜ ʚʦʜʦʡ ʥʘ ʚʳʩʦʪʝ 0.05 ʤ ʟʘ ʩʯʝʪ ʛʨʘʚʠʪʘʮʠʠ ʩʪʝʢʘʝʪ ʚʥʠʟ ʠ ʚʳʟʳʚʘʝʪ 

ʚʦʣʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʪʨʝʭʬʘʟʥʦʡ ʠ ʠʟʤʝʥʝʥʠʝ ʤʝʞʬʘʟʥʳʭ 

ʛʨʘʥʠʮ ʧʦ ʚʨʝʤʝʥʠ ʧʦʢʘʟʘʥʳ ʥʘ ʩʥʠʤʢʘʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʈʠʩʫʥʢʝ 8. 
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ʈʠʩʫʥʦʢ 8. ʉʥʠʤʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʪʦʢʘ ʚʦʜʳ ʩ ʧʦʜʚʠʞʥʳʤ ʩʣʦʝʤ ʚ ʨʘʟʣʠʯʥʳʝ 

ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ 

 

ɻʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʧʷʪʩʪʚʠʷ ʜʣʷ ʪʦʯʝʢ P1, P2 

ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩʫʥʢʝ 9. ʄʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʥʠʞʥʝʡ ʪʦʯʢʝ ʧʨʝʧʷʪʩʪʚʠʷ ʜʣʷ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ʩʦʩʪʘʚʣʷʝʪ 3688 ʇʘ. 
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ʈʠʩʫʥʦʢ 9. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʜʣʷ ʪʦʯʝʢ P1, P2 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʧʨʠ ʧʦʜʚʠʞʥʦʤ ʩʣʦʝ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ VOF. ʇʦʜʚʠʞʥʦʡ ʩʣʦʡ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʘʤʠ ʥʝʥʴʶʪʦʥʦʚʩʢʦʡ 

ʞʠʜʢʦʩʪʠ ʠ ʷʚʣʷʝʪʩʷ ʪʨʝʪʴʝʡ ʬʘʟʦʡ ʧʦʩʣʝ ʚʦʟʜʫʭʘ ʠ ʚʦʜʳ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ 

ʤʦʜʝʣʠ ʙʳʣʠ ʯʠʩʣʝʥʥʦ ʨʝʘʣʠʟʦʚʘʥʳ ʪʝʩʪʦʚʳʝ ʟʘʜʘʯʠ. ʇʦʣʫʯʝʥʥʳʝ ʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʯʠʩʣʝʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ. ʍʦʪʷ 

ʯʠʩʣʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʧʨʦʛʥʦʟʳ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʥʦʩʪʴʶ. ɺ ʮʝʣʦʤ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ 

ʜʘʚʣʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʜʣʷ ʜʚʫʤʝʨʥʳʭ ʠ ʪʨʝʭʤʝʨʥʳʭ ʨʘʩʯʝʪʦʚ, ʙʣʠʟʢʠʭ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʨʝʟʫʣʴʪʘʪʘʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʩʪʝʥʢʝ ʧʣʦʪʠʥʳ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʦʢʘ ʚʦ ʚʨʝʤʝʥʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʜʘʚʣʝʥʠʷ, ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʳʩʦʪʳ. ʇʨʠ ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ 

ʪʫʨʙʫʣʝʥʪʥʘʷ ʤʦʜʝʣʴ SST k īɤ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ 

ʤʝʪʦʜ ʦʙʲʝʤʘ ʞʠʜʢʦʩʪʠ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʫʭʤʝʨʥʦʛʦ ʠ ʪʨʝʭʤʝʨʥʦʛʦ ʧʦʪʦʢʘ 

ʚʦʜʳ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʧʨʦʮʝʩʩ ʠʤʧʫʣʴʩʠʚʥʦʡ ʚʦʣʥʳ ʚʳʟʚʘʥʥʦʡ ʧʦʜʚʠʞʥʳʤ 

ʩʣʦʝʤ.  
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ʉʋʑʅʆʉʊʔ ʀ ɸʃɻʆʈʀʊʄ ɸʅɸʃʀɿɸ ʌʀʅɸʅʉʆɺʆɻʆ ʉʆʉʊʆʗʅʀʗ 

ʂʘʥʪʘʝʚ ʋʣʘʥ ɽʨʣʘʥʦʚʠʯ 

ʄʘʛʠʩʪʨʘʥʪ 2 ʢʫʨʩʘ, 

ʋʥʠʚʝʨʩʠʪʝʪ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ɹʠʟʥʝʩʘ, 

ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ, ʛ. ɸʣʤʘʪʳ  

 

ɸʅʅʆʊɸʎʀʗ 

  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʮʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ, ʩ ʢʘʞʜʳʤ ʜʥʝʤ 

ʯʠʩʣʦ ʦʨʛʘʥʠʟʘʮʠʡ, ʢʦʪʦʨʳʝ ʧʝʨʝʰʣʠ ʥʘ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʟʤʝʥʠʣʠ ʪʠʧ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʆʮʠʬʨʦʚʢʘ ʚ ʙʦʣʴʰʦʡ ʬʦʨʤʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʮʝʧʮʠʶ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʢʦʪʦʨʳʝ ʧʦʩʪʝʧʝʥʥʦ ʚʥʝʜʨʷʶʪʩʷ ʚ 

ʨʘʟʣʠʯʥʳʝ ʩʬʝʨʳ ʞʠʟʥʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʀ ʵʪʘ ʢʦʥʮʝʧʮʠʷ ʰʠʨʦʢʦ ʨʝʘʣʠʟʦʚʘʥʘ ʚʦ ʚʩʝʭ 

ʩʪʨʘʥʘʭ ʙʝʟ ʠʩʢʣʶʯʝʥʠʷ. ʀʟ-ʟʘ ʥʳʥʝʰʥʝʡ ʤʠʨʦʚʦʡ ʩʠʪʫʘʮʠʠ ʫʨʦʚʝʥʴ ʚʥʝʜʨʝʥʠʷ ʦʮʠʬʨʦʚʢʠ ʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʨʝʟʢʦ ʚʦʟʨʦʩ. ʅʦ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʬʠʥʘʥʩʦʚʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʢʦʤʧʘʥʠʠ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʦʪʜʝʣʴʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʠ ʠʭ ʫʩʣʫʛ ʚ ʮʝʣʦʤ. ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʧʝʨʘʪʠʚʥʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʠ ʬʠʥʘʥʩʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʘ 

ʩʫʙʲʝʢʪʘʤʠ ʵʢʦʥʦʤʠʢʠ ʩʦ ʩʣʦʞʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦʥʠ ʦʧʪʠʤʠʟʠʨʫʶʪ ʟʘʪʨʘʪʳ ʠ ʬʠʥʘʥʩʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʧʨʠʥʠʤʘʶʪ 

ʵʬʬʝʢʪʠʚʥʳʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʢʦʥʦʤʠʯʝʩʢʠʤ 

ʨʦʩʪʦʤ ʠ ʨʘʟʚʠʪʠʝʤ ʙʠʟʥʝʩʘ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ ʨʫʢʦʚʦʜʩʪʚʦʤ, ʩʦʧʨʷʞʝʥʦ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ. ʀ ʚʘʞʥʦʡ ʧʨʠʯʠʥʦʡ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʩʪʨʘʪʝʛʠʠ ʬʠʥʘʥʩʦʚʦʛʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʫʙʲʝʢʪʘ ʵʢʦʥʦʤʠʢʠ ʠʟ-ʟʘ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʤʠʨʝ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ 

ʨʝʢʦʤʝʥʜʘʮʠʠ, ʠʩʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʤʝʪʦʜʦʣʦʛʠʠ ʘʥʘʣʠʟʘ 

ʬʠʥʘʥʩʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʥʦʛʠʤʠ ʟʘʜʘʯʘʤʠ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʩʪʘʜʠʠ 

ʨʘʟʨʘʙʦʪʢʠ ʘʥʘʣʠʟʘ ʬʠʥʘʥʩʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʢʘʯʝʩʪʚʝʥʥʦ ʫʧʨʘʚʣʷʪʴ 

ʬʠʥʘʥʩʦʚʳʤ ʧʦʣʦʞʝʥʠʝʤ ʠ ʧʨʠʥʠʤʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʤʝʨʳ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʬʠʥʘʥʩʦʚʦʡ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ. ɸʥʘʣʠʟ ʬʠʥʘʥʩʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʦʤʦʛʘʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʩʧʦʩʦʙʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʣʦʞʝʥʠʷ ʢʦʤʧʘʥʠʠ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʨʳʥʢʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʬʠʥʘʥʩʦʚʦʛʦ ʘʥʘʣʠʟʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʬʠʥʘʥʩʦʚʳʤʠ ʤʝʥʝʜʞʝʨʘʤʠ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʣʠʢʚʠʜʥʦʩʪʠ, ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʠ, ʬʠʥʘʥʩʦʚʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʜʝʣʦʚʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʘʥʠʠ. ʌʠʥʘʥʩʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʤʧʘʥʠʠ ð ʵʪʦ ʢʦʤʧʣʝʢʩʥʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʦʮʝʥʢʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʫʙʲʝʢʪʘ ʵʢʦʥʦʤʠʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʥʘʣʠʯʠʝʤ ʨʘʟʣʠʯʥʳʭ ʘʢʪʠʚʦʚ 

ʠ ʦʙʷʟʘʪʝʣʴʩʪʚ, ʘ ʪʘʢʞʝ ʝʝ ʩʧʦʩʦʙʥʦʩʪʴʶ ʜʝʡʩʪʚʦʚʘʪʴ ʠ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʤʝʥʷʶʱʝʡʩʷ ʚʥʝʰʥʝʡ 
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ʩʨʝʜʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʢʫʱʠʤʠ ʠ ʙʫʜʫʱʠʤʠ ʩʦʙʳʪʠʷʤʠ. ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʛʘʰʝʥʠʷ 

ʦʙʷʟʘʪʝʣʴʩʪʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʦʥʦʤʠʢʘ, ʘʥʘʣʠʟ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʩʫʙʲʝʢʪʳ, ʬʠʥʘʥʩʦʚʦʝ ʧʦʣʦʞʝʥʠʝ, 

ʮʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ.  

 

ɺ ʪʝʢʫʱʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘʰʝʡ ʩʪʨʘʥʳ ʘʢʪʫʘʣʴʥʦʩʪʴ ʘʥʘʣʠʟʘ ʬʠʥʘʥʩʦʚʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʢʦʤʧʘʥʠʠ ʚʳʩʦʢʘ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʬʠʥʘʥʩʦʚʘʷ ʩʠʪʫʘʮʠʷ ʦʪʨʘʞʘʝʪ ʫʩʧʝʭ 

ʢʦʤʧʘʥʠʠ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʝʸ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ. ɸʥʘʣʠʟ ʬʠʥʘʥʩʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʧʦʢʘʟʳʚʘʝʪ ʥʘ ʢʘʢʠʝ ʘʩʧʝʢʪʳ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʣʝʜʫʝʪ ʦʙʨʘʱʘʪʴ 

ʚʥʠʤʘʥʠʝ ʠ ʨʘʙʦʪʘʪʴ ʥʘʜ ʧʦʚʳʰʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʪʝʤ ʩʘʤʳʤ ʚʳʷʚʣʷʷ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʝʸ ʧʨʝʠʤʫʱʝʩʪʚʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʜʝʣʘʝʪʩʷ ʚʳʙʦʨ ʚ ʧʦʣʴʟʫ ʪʝʭ ʠʣʠ 

ʠʥʳʭ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʙʫʜʫʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʩʪʨʘʥʝʥʠʶ ʥʝʜʦʩʪʘʪʢʦʚ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ 

ʘʥʘʣʠʟʘ ʬʠʥʘʥʩʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʚʦʝʚʨʝʤʝʥʥʘʷ ʦʮʝʥʢʘ ʧʫʪʝʤ ʧʦʣʫʯʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʘʞʥʝʡʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʨʝʘʣʠʩʪʠʯʥʦʝ ʠ 

ʜʦʩʪʦʚʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʬʠʥʘʥʩʦʚʦʤ ʧʦʣʦʞʝʥʠʠ ʢʦʤʧʘʥʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʙʳʯʥʦ 

ʠʥʪʝʨʝʩʫʝʪ ʥʝ ʪʦʣʴʢʦ ʬʠʥʘʥʩʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʢʦʤʧʘʥʠʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʥʦ ʠ ʜʨʫʛʠʝ ʝʝ 

ʧʝʨʩʧʝʢʪʠʚʳ, ʦʞʠʜʘʝʤʘʷ ʚʝʣʠʯʠʥʘ ʬʠʥʘʥʩʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʬʠʥʘʥʩʦʚʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʶʪʩʷ: 

- ʚʳʷʚʣʝʥʠʝ ʜʠʥʘʤʠʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʬʠʥʘʥʩʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʬʠʥʘʥʩʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʢʦʤʧʘʥʠʠ; 

- ʦʮʝʥʢʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʬʠʥʘʥʩʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ; 

- ʦʮʝʥʢʘ ʬʠʥʘʥʩʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʜʘʪʫ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʥʜʝʥʮʠʡ ʚ ʬʠʥʘʥʩʦʚʦʡ ʩʠʪʫʘʮʠʠ. 

ɸʥʘʣʠʟ ʬʠʥʘʥʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʘʚʥʦ ʠʟʫʯʝʥ, ʢʘʢ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ, 

ʧʦʵʪʦʤʫ ʵʪʦʤʫ ʚʦʧʨʦʩʫ ʫʜʝʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʥʠʤʘʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʷʚʥʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʘʥʘʣʠʟʝ ʬʠʥʘʥʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʠʟʥʝʩʘ, ʥʝ ʚʩʝ ʨʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʘʶʪ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʢʦʤʧʘʥʠʷʭ ʵʪʦ ʧʨʦʩʪʦ ʫʧʫʩʢʘʝʪʩʷ ʠʟ ʚʠʜʫ, ʠ ʥʝʢʦʪʦʨʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ ʚʦʦʙʱʝ ʥʝ ʟʥʘʢʦʤʳ ʩ 

ʵʪʦʡ ʢʦʥʮʝʧʮʠʝʡ, ʯʘʱʝ ʚʩʝʛʦ ʵʪʦ ʦʪʜʝʣʴʥʳʝ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʚ 

ʦʜʠʥʦʯʢʫ. ɽʩʣʠ ʙʠʟʥʝʩ ʠʣʠ ʙʠʟʥʝʩ ʩʝʛʦʜʥʷ ʨʘʙʦʪʘʶʪ ʭʦʨʦʰʦ ʠ ʧʨʠʥʦʩʷʪ ʯʠʩʪʫʶ ʧʨʠʙʳʣʴ, 

ʵʪʦ ʥʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʪʝʢʫʱʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴʩʷ ʟʘʚʪʨʘ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʪʘʢʠʭ 

ʧʨʦʙʣʝʤ ʠ ʯʪʦ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʬʠʥʘʥʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʠʟʥʝʩʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʤʦʞʥʦ ʫʣʫʯʰʠʪʴ ʙʠʟʥʝʩ ʧʨʝʜʧʨʠʷʪʠʷ, 
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ʝʩʣʠ ʦʥ ʫʞʝ ʨʘʙʦʪʘʝʪ ʭʦʨʦʰʦ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʙʠʟʥʝʩ ʧʦʩʪʦʷʥʥʦ ʧʨʠʥʦʩʠʪ ʥʝʢʦʪʦʨʳʡ ʜʦʭʦʜ, 

ʵʪʦ ʥʝ ʟʥʘʯʠʪ, ʯʪʦ ʦʥ ʥʝ ʤʦʞʝʪ ʜʘʪʴ ʚʘʤ ʙʦʣʴʰʝ. ʋʨʦʚʝʥʴ ʬʠʥʘʥʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʝʜʧʨʠʷʪʠʷ, ʝʛʦ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ, 

ʜʝʣʦʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʛʘʨʘʥʪʠʝʡ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʥʪʝʨʝʩʦʚ 

ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʬʠʥʘʥʩʦʚʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʮʝʥʠʚʘʷ ʠ ʘʥʘʣʠʟʠʨʫʷ 

ʬʠʥʘʥʩʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʬʠʥʘʥʩʦʚʳʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʫʩʣʫʛʠ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦʣʫʯʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʚʠʜʝʪʴ ʨʘʟʚʠʪʠʝ ʙʠʟʥʝʩʘ ʚ 

ʙʫʜʫʱʝʤ ʠ ʫʣʫʯʰʠʪʴ ʝʛʦ ʩʠʪʫʘʮʠʶ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʦʩʪʘʚʣʝʥʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʬʠʥʘʥʩʦʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ, ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʬʠʥʘʥʩʦʚʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ, ʩ ʮʝʣʴʶ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 

ʧʨʝʜʧʨʠʷʪʠʷʤ ʥʝʦʙʭʦʜʠʤʳʭ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ ʩ ʮʝʣʴʶ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʠ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʬʠʥʘʥʩʦʚʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ 

ʧʝʨʩʧʝʢʪʠʚʝ ʦʙʫʩʣʦʚʣʝʥʘ ʚʥʝʰʥʠʤʠ ʠ ʚʥʫʪʨʝʥʥʠʤʠ ʫʩʣʦʚʠʷʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ. 

ʂʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʣʦʛʠʠ ʘʥʘʣʠʟʘ ʬʠʥʘʥʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʫʙʲʝʢʪʦʚ 

ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʦʧʝʨʘʪʠʚʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʧʣʘʥʦʚ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʘʥʘʣʠʟʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʣʶʙʦʛʦ ʩʫʙʲʝʢʪʘ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʜʣʷ ʘʥʘʣʠʟʘ ʬʠʥʘʥʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ð ʵʪʦ ʪʝʦʨʠʠ 

ʠ ʢʦʥʮʝʧʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʥʘʫʯʥʳʭ ʪʨʫʜʘʭ ʫʯʝʥʳʭ ʦ ʧʨʦʙʣʝʤʝ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ 

ʢʦʥʮʝʧʮʠʡ ʬʠʥʘʥʩʦʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʦʙʣʝʤʝ ʬʠʥʘʥʩʦʚʦʛʦ ʘʥʘʣʠʟʘ ʰʠʨʦʢʦ ʦʪʨʘʞʝʥʳ ʚ ʪʨʫʜʘʭ 

ʫʯʝʥʳʭ, ʪʘʢʠʭ ʢʘʢ ɹʘʣʘʙʘʥʦʚ ʀ.ʊ., ɹʘʨʠʣʝʥʢʦ ɺ.ʀ., ɽʥʜʦʚʠʮʢʠʡ ɼ.ɸ., ɼʦʥʮʦʚʘ ʃ.ɺ., 

ʅʠʢʠʬʦʨʦʚʘ ʅ.ɸ., ʃʶʙʥʠʢʦʚʘ ʃ.ɺ. ʠ ʜʨʫʛʠʝ. 

ʇʦʜ ʬʠʥʘʥʩʦʚʳʤ ʩʦʩʪʦʷʥʠʝʤ ʧʦʥʠʤʘʝʪʩʷ ʢʘʢʘʷ ʦʩʥʦʚʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʢʦʤʧʘʥʠʠ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʨʳʥʢʝ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʪʝʨʤʠʥ çʬʠʥʘʥʩʦʚʦʝ ʧʦʣʦʞʝʥʠʝè ʠʤʝʝʪ ʥʝʦʜʥʦʟʥʘʯʥʦʝ ʪʦʣʢʦʚʘʥʠʝ. ʆʪʩʫʪʩʪʚʠʝ 

ʝʜʠʥʦʛʦ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʶ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʘʥʘʣʠʟʘ ʬʠʥʘʥʩʦʚʦʡ ʩʠʪʫʘʮʠʠ. 

ɹʣʘʥʢ ʀ. A. ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʦʥ ʛʦʚʦʨʠʪ, ʯʪʦ ʬʠʥʘʥʩʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʢʘʢ ʫʨʦʚʝʥʴ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʢʘʧʠʪʘʣʘ ʠ ʦʪʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʘʢʪʠʚʘ, ʘ 

ʪʘʢʞʝ ʫʨʦʚʝʥʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ [1, ʩ. 53]. 

ʇʘʚʣʦʚʘ ʃ. ʅ. ʚʣʠʷʝʪ ʥʘ ʪʦ, ʯʪʦ ʬʠʥʘʥʩʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʢʦʤʧʘʥʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʬʘʢʪʦʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʮʝʥʠʪʴ ʬʠʥʘʥʩʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʤʧʘʥʠʠ ʧʦ 

ʧʨʠʚʣʝʯʝʥʠʶ ʨʝʩʫʨʩʦʚ, ʬʠʥʘʥʩʠʨʦʚʘʥʠʶ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʠ ʪʝʢʫʱʠʭ ʟʘʪʨʘʪ ʩ ʫʯʝʪʦʤ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ [2, ʩ. 143]. 
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ɼʣʷ ʉʘʚʠʮʢʦʡ ɻ.ɺ. ʬʠʥʘʥʩʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ð ʵʪʦ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʢʘʪʝʛʦʨʠʷ, 

ʦʪʨʘʞʘʶʱʘʷ ʩʦʩʪʦʷʥʠʝ ʢʘʧʠʪʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʜʚʠʞʝʥʠʷ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʩʫʙʲʝʢʪʘ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ [3, ʩ. 104]. 

ʄ.ʀ. ɹʘʢʘʥʦʚ, ɸ.ɼ. ʐʝʨʝʤʝʪ ʦʪʤʝʯʘʝʪ, ʯʪʦ çʬʠʥʘʥʩʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʨʘʟʤʝʱʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʨʝʜʩʪʚ. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴʶ 

ʚʳʧʦʣʥʝʥʠʷ ʬʠʥʘʥʩʦʚʦʛʦ ʧʣʘʥʘ ʠ ʩʪʝʧʝʥʴʶ ʧʦʧʦʣʥʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʟʘ ʩʯʝʪ 

ʧʨʠʙʳʣʠ ʠ ʜʨʫʛʠʭ ʨʝʩʫʨʩʦʚ, ʘ ʪʘʢʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʴʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʬʦʥʜʦʚ ʠ ʦʩʦʙʝʥʥʦ ʦʙʦʨʦʪʥʳʭ ʩʨʝʜʩʪʚè. ʊʘʢʞʝ ʜʘʥʥʳʝ ʘʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʧʨʦʷʚʣʝʥʠʝ 

ʬʠʥʘʥʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʢʨʳʪʦ ʚ ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʠ ʩʫʙʲʝʢʪʦʚ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ, ʪ.ʝ. ʠʭ 

ʩʚʦʝʚʨʝʤʝʥʥʦʤ ʫʜʦʚʣʝʪʚʦʨʝʥʠʠ ʧʣʘʪʝʞʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢʨʝʜʠʪʦʨʦʚ ʠ ʢʦʥʪʨʘʛʝʥʪʦʚ.  

ʌʠʥʘʥʩʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʯʘʩʪʦ ʦʟʥʘʯʘʝʪ ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʘʥʠʠ, ʪʦ ʝʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʬʠʥʘʥʩʠʨʦʚʘʪʴ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʴ. ʆʜʥʘʢʦ ʵʪʦ ʨʝʰʝʥʠʝ ʥʝ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʷʝʪ 

ʰʠʨʦʪʫ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʬʠʥʘʥʩʦʚʦʤ ʧʦʣʦʞʝʥʠʠ. ʇʦʥʷʪʠʝ ʬʠʥʘʥʩʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʰʠʨʝ ʠ ʦʧʨʝʜʝʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʴ, ʥʦ ʠ ʥʘʣʠʯʠʝ ʬʠʥʘʥʩʦʚʳʭ 

ʘʢʪʠʚʦʚ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʨʘʟʤʝʱʝʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ, 

ʠʭ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʨʝʜʩʪʚ. ʆʥ ʦʪʨʘʞʘʝʪ 

ʬʠʥʘʥʩʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʦʝʛʦ ʙʠʟʥʝʩʘ. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʬʠʥʘʥʩʦʚʦʝ ʧʦʣʦʞʝʥʠʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʠʥʘʥʩʦʚʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʜʦʩʪʠʛʥʫʪʳʤʠ ʟʘ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ, ʘ ʪʘʢʞʝ 

ʣʠʢʚʠʜʥʦʩʪʴʶ, ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʬʠʥʘʥʩʦʚʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ. ɺ ʢʨʘʪʢʦʩʨʦʯʥʦʡ 

ʧʝʨʩʧʝʢʪʠʚʝ ʨʝʯʴ ʠʜʝʪ ʦ ʣʠʢʚʠʜʥʦʩʪʠ ʠ ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʘ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ 

ʧʝʨʩʧʝʢʪʠʚʝ - ʦ ʬʠʥʘʥʩʦʚʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. ʌʠʥʘʥʩʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ, ʝʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘ 

ʬʠʥʘʥʩʦʚʦʤ ʨʳʥʢʝ. ʌʠʥʘʥʩʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʩʫʙʲʝʢʪʘ ʵʢʦʥʦʤʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʝʛʦ 

ʬʠʥʘʥʩʦʚʦʡ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴʶ (ʪʦ ʝʩʪʴ ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʴʶ, 

ʢʨʝʜʠʪʦʩʧʦʩʦʙʥʦʩʪʴʶ), ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʠʥʘʥʩʦʚʳʭ ʘʢʪʠʚʦʚ ʠ ʢʘʧʠʪʘʣʘ ʠ ʚʳʧʦʣʥʝʥʠʝʤ 

ʦʙʷʟʘʪʝʣʴʩʪʚ ʧʝʨʝʜ ʢʦʤʧʘʥʠʝʡ. ʌʠʥʘʥʩʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʙʦʨʦʤ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʥʘ ʙʘʣʘʥʩʝ ʥʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʜʘʪʫ (ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ ʢʚʘʨʪʘʣʘ, 

ʧʦʣʛʦʜʘ, ʜʝʚʷʪʴ ʤʝʩʷʮʝʚ, ʛʦʜ) ʢʘʢ ʯʘʩʪʴ ʧʝʨʝʚʦʜʘ ʚ ʥʘʠʙʦʣʝʝ ʦʙʱʫʶ ʬʦʨʤʫ ʠʟʤʝʥʝʥʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʢʪʠʚʦʚ ʠ ʠʩʪʦʯʥʠʢʦʚ ʧʦʢʨʳʪʠʷ (ʩʦʙʩʪʚʝʥʥʳʭ ʠʣʠ ʟʘʠʤʩʪʚʦʚʘʥʥʳʭ) ʚ ʢʦʥʮʝ 

ʧʝʨʠʦʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʭ ʥʘʯʘʣʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʬʠʥʘʥʩʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʘʥʠʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʬʠʥʘʥʩʠʨʦʚʘʪʴ ʩʚʦʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʪʴ ʚʟʷʪʳʝ ʥʘ ʩʝʙʷ ʦʙʷʟʘʪʝʣʴʩʪʚʘ. ʀʟʤʝʥʝʥʠʷ 

ʬʠʥʘʥʩʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʠ 

ʜʝʣʦʚʳʝ ʢʘʯʝʩʪʚʘ ʨʫʢʦʚʦʜʩʪʚʘ, ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ ʢʦʤʧʘʥʠʠ. ʆʮʝʥʢʘ 
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ʬʠʥʘʥʩʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʜʘʝʪ ʠʥʚʝʩʪʦʨʘʤ, ʤʝʪʦʜʳ ʚʝʜʝʥʠʷ ʙʠʟʥʝʩʘ ʠ ʢʨʝʜʠʪʦʨʘʤ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʪʝʥʜʦʚʘʪʴ ʥʘ ʙʫʜʫʱʠʝ ʬʠʥʘʥʩʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʦʙʣʘʩʪʴ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ. ɸʥʘʣʠʟ - ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ. ɸʥʘʣʠʟ ð ʵʪʦ 

ʠʥʩʪʨʫʤʝʥʪ ʧʦʟʥʘʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʷʚʣʝʥʠʡ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʨʘʟʜʝʣʝʥʠʠ ʮʝʣʦʛʦ ʥʘ ʝʛʦ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠ ʠ ʠʟʫʯʝʥʠʠ ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ ʠ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʠ. 

ʃʠʢʚʠʜʥʦʩʪʠ, ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʠ, ʬʠʥʘʥʩʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʜʝʣʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʢʦʤʧʘʥʠʠ, ʠʭ ʘʥʘʣʠʟ, ʚʳʷʚʣʝʥʠʝ ʠ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʠʡ 

ʨʦʩʪ ʠ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʢʦʤʧʘʥʠʠ [4, ʩ. 186]. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʜʝʣʷʶʪ ʪʘʢʠʝ ʟʘʜʘʯʠ, ʢʘʢ 

ʦʮʝʥʢʫ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠ ʨʠʩʢʘ (ʠʥʬʣʷʮʠʶ, ʥʘʣʦʛʦʚʫʶ 

ʧʦʣʠʪʠʢʫ ʛʦʩʫʜʘʨʩʪʚʘ) ʥʘ ʬʠʥʘʥʩʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʩʨʝʜʩʪʚʦ ʦʮʝʥʢʠ ʜʦʩʪʠʛʥʫʪʦʛʦ 

ʫʨʦʚʥʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʬʠʥʘʥʩʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʥʦ ʠ ʢʘʢ ʦʮʝʥʢʘ ʠʟʤʝʥʝʥʠʡ 

ʵʪʦʛʦ ʫʨʦʚʥʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʟʝʨʚʦʚ 

ʜʦʤʦʭʦʟʷʡʩʪʚ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʬʠʥʘʥʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʠʟʥʝʩʘ. 

ɺʥʫʪʨʝʥʥʠʡ ʘʥʘʣʠʟ ʬʠʥʘʥʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ-ʵʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ, ʨʘʟʤʝʱʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʧʠʪʘʣʘ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʨʝʟʝʨʚʦʚ ʜʣʷ 

ʫʢʨʝʧʣʝʥʠʷ ʬʠʥʘʥʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʦʚʳʰʝʥʠʷ ʜʦʭʦʜʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʪʦʡ ʩʪʦʠʤʦʩʪʠ 

ʩʫʙʲʝʢʪʘ ʵʢʦʥʦʤʠʢʠ. ɺʥʫʪʨʝʥʥʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʮʝʣʝʡ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ. 

ɽʛʦ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʢʦʥʪʨʦʣʷ ʠ ʧʨʦʛʥʦʟʘ ʬʠʥʘʥʩʦʚʦʛʦ 

ʟʜʦʨʦʚʴʷ. ɺʥʝʰʥʠʡ ʘʥʘʣʠʟ ʬʠʥʘʥʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ð ʵʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʬʠʥʘʥʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʫʙʲʝʢʪʘ ʵʢʦʥʦʤʠʢʠ ʩ ʮʝʣʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʪʝʧʝʥʠ ʨʠʩʢʘ 

ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʢʘʧʠʪʘʣʘ ʠ ʝʛʦ ʫʨʦʚʥʷ ʜʦʭʦʜʥʦʩʪʠ [6, ʩʪʨ. 88]. ɺʥʝʰʥʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʪʩʷ 

ʚʩʝʤʠ ʩʫʙʲʝʢʪʘʤʠ ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʉʦʜʝʨʞʘʥʠʝ 

ʚʥʝʰʥʝʛʦ ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʪʝʨʝʩʘʤʠ ʚʣʘʜʝʣʴʮʝʚ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ ʠ 

ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʦʨʛʘʥʦʚ.  

ʇʨʠʥʷʪʦ ʚʳʜʝʣʷʪʴ ʚʥʫʪʨʝʥʥʠʡ ʠ ʚʥʝʰʥʠʡ ʘʥʘʣʠʟ ʬʠʥʘʥʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʮʝʣʠ ʠ ʩʦʜʝʨʞʘʥʠʝ [7, ʩ. 51]. ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʪʘʪʴʠ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʘʥʘʣʠʟ ʬʠʥʘʥʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ð ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʦʪʨʘʞʝʥʥʳʭ ʚ ʙʘʣʘʥʩʝ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʜʘʪʫ. ʌʠʥʘʥʩʦʚʦʝ 

ʩʦʩʪʦʷʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʴʶ ʩʫʙʲʝʢʪʘ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ, ʝʛʦ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʪʚʝʯʘʪʴ ʧʦ ʩʚʦʠʤ ʦʙʷʟʘʪʝʣʴʩʪʚʘʤ. ʎʝʣʴ ʘʥʘʣʠʟʘ ʬʠʥʘʥʩʦʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʠʥʘʥʩʦʚʳʭ 

ʨʝʩʫʨʩʦʚ, ʚʳʷʚʣʝʥʠʝ ʚʥʫʪʨʠʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʝʟʝʨʚʦʚ, ʚʦʟʤʦʞʥʦʩʪʠ ʫʢʨʝʧʣʝʥʠʠ ʬʠʥʘʥʩʦʚʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʠ. 
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ɸʥʘʣʠʟ ʬʠʥʘʥʩʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʢʦʤʧʘʥʠʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʮʝʥʢʠ 

ʪʝʢʫʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ, ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ 

ʫʩʧʝʰʥʦʛʦ ʧʨʦʜʦʣʞʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʧʨʠ ʘʥʘʣʠʟʝ ʬʠʥʘʥʩʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʯʝʪʘʥʠʝ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʥʝʜʦʩʪʘʪʦʯʥʳʝ ʦʪʜʝʣʴʥʳʝ ʤʝʪʦʜʳ 

ʠ ʚʩʝʩʪʦʨʦʥʥʝ ʦʮʝʥʠʪʴ ʬʠʥʘʥʩʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʢʦʤʧʘʥʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʠʥʘʥʩʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʤʧʘʥʠʠ ð ʵʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʭʦʟʷʡʩʪʚʫʶʱʝʛʦ 

ʩʫʙʲʝʢʪʘ ʢ ʩʘʤʦʬʠʥʘʥʩʠʨʦʚʘʥʠʶ, ʨʘʟʤʝʱʝʥʠʶ ʠ ʩʦʟʜʘʥʠʶ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ, ʘ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘʙʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʭʦʜʦʚ ʢ ʦʮʝʥʢʝ ʬʠʥʘʥʩʦʚʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʢʦʤʧʘʥʠʠ. ʋ ʢʘʞʜʦʛʦ ʠʟ ʧʦʜʭʦʜʦʚ ʝʩʪʴ ʩʚʦʝ ʤʝʩʪʦ, ʢʦʪʦʨʦʝ ʥʫʞʥʦ ʧʨʠʤʝʥʷʪʴ, 

ʢʦʪʦʨʳʝ ʜʦʧʦʣʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ ʠ ʧʦʤʦʛʘʶʪ ʧʨʦʚʦʜʠʪʴ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʝ ʘʥʘʣʠʟʳ. ʆʜʥʘʢʦ 

ʘʣʛʦʨʠʪʤ ʘʥʘʣʠʟʘ ʚʩʝʛʜʘ ʦʩʪʘʝʪʩʷ ʧʨʝʞʥʠʤ [3, ʩ. 516]. 

ɸʣʛʦʨʠʪʤ ʘʥʘʣʠʟʘ ʬʠʥʘʥʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ: 

1. ʇʦʜʛʦʪʦʚʢʘ ʜʦʢʫʤʝʥʪʦʚ ʜʣʷ ʬʠʥʘʥʩʦʚʦʛʦ ʘʥʘʣʠʟʘ. ʕʪʦʪ ʰʘʛ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʩʣʝʜʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ: ʦʧʨʝʜʝʣʝʥʠʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʧʦʩʪʘʥʦʚʢʘ 

ʮʝʣʝʡ ʠ ʮʝʣʝʡ ʬʠʥʘʥʩʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʬʦʨʤʫʣʠʨʦʚʢʘ ʥʝʦʙʭʦʜʠʤʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ; 

1.1. ʉʥʘʯʘʣʘ ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ, ʦʧʨʝʜʝʣʠʪʴ ʟʘʜʘʯʠ ʠ 

ʮʝʣʴ ʘʥʘʣʠʟʘ; 

1.2. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʚʳ ʜʦʣʞʥʳ ʧʦʜʛʦʪʦʚʠʪʴ ʜʘʥʥʳʝ ʦ ʪʦʤ, ʢʘʢʘʷ ʠʩʭʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ; 

1.3. ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ. ɺ ʩʣʫʯʘʝ ʧʦʜʛʦʪʦʚʢʠ ʠ ʩʙʦʨʘ 

ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʠʣʠ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʩ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʦ ʦʙʲʝʢʪʠʚʥʳʤ ʧʨʠʯʠʥʘʤ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʳ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʠʣʠ ʚ ʣʶʙʦʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. ʇʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʠʪʫʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʙʟʦʨʘ ʚʩʝʡ ʚʳʧʠʩʢʠ ʠ ʦʪʜʝʣʴʥʦʛʦ 

ʜʦʢʫʤʝʥʪʘ, ʯʪʦʙʳ ʫʢʘʟʘʪʴ ʥʘ ʧʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʬʠʥʘʥʩʦʚʦʤ ʘʥʘʣʠʟʝ; 

2. ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʠ ʨʘʩʯʝʪ ʠʥʬʦʨʤʘʮʠʠ (ʧʦʢʘʟʘʪʝʣʝʡ). 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʜʣʷ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʝʦʙʭʦʜʠʤʦ ʥʘʯʘʪʴ ʨʘʩʧʳʣʝʥʠʝ, ʯʪʦ 

ʦʟʥʘʯʘʝʪ ʨʘʩʯʝʪ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʤʧʘʥʠʠ, ʯʪʦʙʳ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʤʦʞʥʦ ʙʳʣʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʣʝʢʘʨʩʪʚʘ; 

2.1. ʇʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ, ʧʝʨʝʜʘʯʘ ʠʭ ʚ ʧʨʦʛʨʘʤʤʫ ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʤʳ ʛʦʚʦʨʠʤ ʦ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ (ʦʪʯʝʪʳ ʦ ʧʨʠʙʳʣʷʭ ʠ ʫʙʳʪʢʘʭ, ʙʘʣʘʥʩʳ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʚ ʙʫʤʘʞʥʦʡ ʠʣʠ ʵʣʝʢʪʨʦʥʥʦʡ ʬʦʨʤʝ), ʠʭ ʦʙʨʘʙʦʪʢʝ (ʫʪʦʯʥʝʥʠʝ 

ʟʥʘʯʝʥʠʡ, ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ, ʜʦʩʪʦʚʝʨʥʦʩʪʠ, ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ), ʠʩʧʨʘʚʣʝʥʠʠ ʠ ʚʚʦʜʝ ʬʦʨʤʳ, 
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ʚ ʢʦʪʦʨʦʡ ʤʳ ʥʫʞʜʘʝʤʩʷ, ʯʪʦʙʳ ʵʪʠ ʜʘʥʥʳʝ ʙʳʣʠ ʧʨʠʛʦʜʥʳ ʜʣʷ ʚʚʦʜʘ ʚ ʧʨʦʛʨʘʤʤʫ 

ʬʠʥʘʥʩʦʚʦʛʦ ʘʥʘʣʠʟʘ; 

2.2. ʇʦʜʛʦʪʦʚʢʘ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʪʯʝʪʘ, ʠʟʫʯʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʕʪʦʪ ʰʘʛ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʜʛʦʪʦʚʢʫ ʪʝʢʩʪʦʚʦʛʦ ʩʦʦʙʱʝʥʠʷ;3. ʇʦʜʛʦʪʦʚʢʘ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʟʘʢʣʶʯʝʥʠʷ ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ. ʇʦʩʣʝ ʨʘʩʯʝʪʘ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʨʘʙʦʪʘ, ʚʢʣʶʯʘʶʱʘʷ ʟʥʘʥʠʷ ʦ 

ʷʚʣʝʥʠʷʭ ʠ ʦʙʲʝʢʪʘʭ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʘʟʜʝʣʝʥʠʠ ʮʝʣʦʛʦ ʥʘ ʝʛʦ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠ ʠ ʠʟʫʯʝʥʠʠ 

ʠʭ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʠ. ʕʪʘ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʬʠʥʘʥʩʦʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʢʦʤʧʘʥʠʠ, ʚʳʷʚʠʪʴ ʚʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʨʳ ʧʦ ʝʛʦ ʫʣʫʯʰʝʥʠʶ. 

ɿʜʝʩʴ ʛʣʘʚʥʦʝ - ʧʨʘʚʠʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ; 

3.1. ɺʳʷʚʣʝʥʠʝ ʥʝʜʦʩʪʘʪʢʦʚ ʬʠʥʘʥʩʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ. ʇʦʩʣʝ ʪʱʘʪʝʣʴʥʦʛʦ 

ʠʟʫʯʝʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʪʯʝʪʘ ʧʦ ʚʳʧʦʣʥʝʥʥʦʤʫ ʘʥʘʣʠʟʫ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʷʚʠʪʴ ʥʝʜʦʩʪʘʪʢʠ ʚ ʬʠʥʘʥʩʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʦʨʛʘʥʠʟʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ 

ʬʠʥʘʥʩʦʚʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʚʳʷʚʠʪʴ ʥʝʜʦʩʪʘʪʢʠ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʣʠ ʚʦ ʚʨʝʤʷ 

ʘʥʘʣʠʟʘ ʠʣʠ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʚ ʪʝʢʫʱʝʤ ʪʨʝʥʜʝ ʧʦʢʘʟʘʪʝʣʝʡ; 

3.2. ʅʘʭʦʞʜʝʥʠʝ ʧʨʠʯʠʥ ʚʳʷʚʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʚ ʬʠʥʘʥʩʦʚʦʤ ʩʦʩʪʦʷʥʠʠ 

ʦʨʛʘʥʠʟʘʮʠʠ. ʇʦʩʣʝ ʚʳʷʚʣʝʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʧʦʩʪʘʥʦʚʢʠ ʧʨʦʙʣʝʤ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ 

ʧʨʠʯʠʥʳ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʣʠ ʢ ʵʪʠʤ ʧʨʦʙʣʝʤʘʤ; 

3.3. ɺʳʷʚʣʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʨʠʯʠʥ, ʢʦʪʦʨʳʝ 

ʧʨʠʚʝʣʠ ʢ ʚʳʷʚʣʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʘʤ. ʕʪʦʪ ʵʪʘʧ ʷʚʣʷʝʪʩʷ ʪʚʦʨʯʝʩʢʠʤ ʠ ʙʦʣʴʰʝ ʟʘʚʠʩʠʪ ʦʪ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʘʥʘʣʠʪʠʢʦʚ ʠ ʥʘʣʠʯʠʷ ʜʨʫʛʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʤʧʘʥʠʠ (ʧʦʟʠʮʠʷ ʥʘ ʨʳʥʢʝ, ʪʠʧ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚʥʫʪʨʝʥʥʠʝ ʧʨʦʙʣʝʤʳ ʠ ʪ. ʜ.), ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʡ 

ʘʥʘʣʠʟʠʨʫʝʪʩʷ. ɿʘʜʘʯʘ ʘʥʘʣʠʪʠʢʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʨʝʜʣʦʞʠʪʴ ʩʧʦʩʦʙʳ ʫʣʫʯʰʝʥʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʟʜʦʨʦʚʴʷ ʢʦʤʧʘʥʠʠ ʧʫʪʝʤ ʫʩʪʨʘʥʝʥʠʷ ʚʳʷʚʣʝʥʥʳʭ ʧʨʠʯʠʥ. 

3.4. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʟ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʨʦʚʝʜʝʥʥʦʤ ʘʥʘʣʠʟʝ. ʉʜʝʣʘʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʚʳʚʦʜ ʦʙ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ-ʵʪʘʧ ʙʦʣʝʝ ʬʦʨʤʘʣʴʥʳʡ, ʥʦ ʥʝ ʤʝʥʝʝ ʚʘʞʥʳʡ. ɽʛʦ ʩʫʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʟʘʤʝʪʢʠ ʩ ʣʠʯʥʳʤ ʢʦʥʪʘʢʪʦʤ ʢʣʠʝʥʪʘ ʩ ʘʥʘʣʠʟʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʣʛʦʨʠʪʤ ʘʥʘʣʠʟʘ ʬʠʥʘʥʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʝ ʪʘʢ ʩʣʦʞʝʥ, ʢʘʢ ʚʝʣʠʢ. 

ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʝʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʰʘʛ ʟʘ ʰʘʛʦʤ ʠ ʩʦʙʣʶʜʘʪʴ ʚʩʝ ʫʩʣʦʚʠʷ, ʪʘʢ ʢʘʢ 

ʘʥʘʣʠʟ ʜʦʣʞʝʥ ʧʨʦʚʦʜʠʪʴʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʩʪʫʧʝʥʯʘʪʳʤ ʦʙʨʘʟʦʤ. ɽʩʣʠ ʚʳ 

ʜʦʧʫʩʪʠʣʠ ʦʰʠʙʢʫ ʠʣʠ ʧʨʦʩʪʦ ʧʨʦʧʫʩʪʠʣʠ ʢʘʢʦʡ-ʣʠʙʦ ʵʪʘʧ, ʚʳ ʤʦʞʝʪʝ ʩʜʝʣʘʪʴ ʦʰʠʙʢʫ ʚ 

ʢʦʥʮʝ ʘʥʘʣʠʟʘ, ʩʜʝʣʘʚ ʚʳʚʦʜʳ ʦ ʧʨʦʙʣʝʤʘʭ ʚ ʬʠʥʘʥʩʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʢʦʤʧʘʥʠʠ, ʘ ʪʘʢʞʝ ʦ 

ʧʨʠʯʠʥʘʭ ʵʪʠʭ ʧʨʦʙʣʝʤ. 
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 ɼɸʄʋ ʊɸʈʀʍʓ רɻɸɿɽʊ ʀʅɼʋʉʊʈʀʗʉʓʅʓ פʓʊɸʁʃʓפ ɸɿɯʈɻɯפ

 

ɸʤʘʥʪʘʡ ɼϸʫʨʝʥ 

2-ʢʫʨʩ ʤʘʛʠʩʪʨʘʥʪʳ, 

 Ϸʣ-ʌʘʨʘʙʠ ʘʪʳʥʜʘϤʳ ϧʘʟϯʋ  

ɾʝʪʝʢʰʽʩʽ: ʬ.Ϥ.ʢ. ʀʤʘʥʘʣʠʝʚ ɾʘʣϤʘʩ 

ϧʘʟʘϨʩʪʘʥ, ɸʣʤʘʪʳ Ϩ. 

 

ɸʅʅʆʊɸʎʀʗ 

 ʨʝʪʽ ץʭʨʦʥʦʣʦʛʠʷʣʳ ץʘʥ. ɹʽʨʘסʞʳʣʜʘʨ ʙʦʡʳ ʜʘʤʳ ץʟʘײ ʳ ʟʘʤʘʥʘʫʠ ʛʘʟʝʪ ʩʘʣʘʩʳסʳʪʘʡʜʘפ

ʙʦʡʳʥʰʘ ʢᴇʧʪʝʛʝʥ ץʘʡʰʳʣʳץʪʘʨ ʙʘʨ, ʦʣʘʨʜʳ ʜʠʘʣʝʢʪʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʘʥʳץʪʘʫ ץʘʞʝʪ. ɹײʣ 

ʤʘץʘʣʘʜʘ ʭʘʣʳץʘʨʘʣʳץ ʙʘʡʣʘʥʳʩ ʪײʨסʳʩʳʥʘʥ ʰʝʪʝʣʜʽʢ ʛʘʟʝʪʪʝʨʜʽש ʪײʞʳʨʳʤʜʘʤʘʣʘʨʳ ʤʝʥ 

ʤʦʜʝʣʴʜʝʨʽʥʽש çʰʳסʳʩʪʳ ʙʘʪʳʩץʘ ץʘʨʘʡ ʦץʳʪʫè װʜʝʨʽʩʽʥʜʝʛʽ ʟʘʤʘʥʘʫʠ פʳʪʘʡ ʛʘʟʝʪ 

ʠʥʜʫʩʪʨʠʷʩʳʥʘ ᴅʩʝʨʽ ʙʘʷʥʜʘʣʘʜʳ, ʰʝʪʝʣʜʽʢ ʛʘʟʝʪʪʝʨʜʽץ שʘʟʽʨʛʽ ʟʘʤʘʥסʳ פʳʪʘʡ ʛʘʟʝʪʪʝʨʽʥʽש 

ʢʦʤʤʝʨʮʠʷʣʳץ ץʳʟʤʝʪʽʥʝ ץʘʥʜʘʡ װʣʝʩ ץʦʩץʘʥʳ ʪʘʣʜʘʥʘʜʳ.  

 ʪʘʨʠʭʠ שʜʘʤʫʳʥʳ שʳ ʙᴅʩʝʢʝʣʝʩʪʽʢʪʽסʛʘʟʝʪ ʠʥʜʫʩʪʨʠʷʩʳʥʜʘ ץʳʪʘʡʣʳץ ʘʟʽʨʛʽפ

ʵʚʦʣʶʮʠʷʩʳ ʙʘʨʳʩʳʥʜʘ ʦʣʘʨʜʳש ʙʘʨʣʳסʳ ʭʘʣʳץʘʨʘʣʳץ ʢʦʤʤʫʥʠʢʘʮʠʷʥʳש ʪʘʨʠʭʳʤʝʥ ʪʳסʳʟ 

ʙʘʡʣʘʥʳʩʪʳ. çʍʘʣʳץʘʨʘʣʳץ ʙʘʡʣʘʥʳʩ ʜʝʛʝʥʽʤʽʟ - ʙץײʘʨʘʣʳץ ʘץʧʘʨʘʪ ײץʨʘʣʜʘʨʳʥ ץʦʣʜʘʥʘ 

ʦʪʳʨʳʧ, ʷסʥʠ ʙʝʣʛʽʣʽ ʙʽʨ ᴅʣʝʫʤʝʪʪʽʢ ʪʦʧʪʳש ʘʫʜʠʪʦʨʠʷʤʝʥ ʙʘʩʧʘ ʙʘʡʣʘʥʳʩʳ (ʛʘʟʝʪ, ʢʽʪʘʧ) 

ʥʝʤʝʩʝ ʵʣʝʢʪʨʦʥʜʳ ʙʘʡʣʘʥʳʩ (ʨʘʜʠʦ, ʢʠʥʦ, ʪʝʣʝʜʠʜʘʨ) ʘʨץʳʣʳ ʢʝש ᴅʣʝʫʤʝʪʪʽʢ 

ʙʘʡʣʘʥʳʩʳè. [1] ɸץʧʘʨʘʪʪʳש ʭʘʣʳץʘʨʘʣʳץ ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʤᴅʨʪʝʙʝʩʽ ʢᴇʙʽʥʝʩʝ ʝʣʜʽש 

 ʘʥסʳʪʘʡ ʦʪʘʨʣʘʥפ ʘʟʽʨʛʽפ  .ʣʜʳʨʘʫʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳײץ ʢᴇʪʝʨʽʣʫʽ ʤʝʥ שʫʘʪʳʥʳץ ץʣʪʪʳײ

ʤʝʜʠʘ ʜʠʩʢʫʨʩʪʳ ʧʘʩʩʠʚʪʽ ʪװʨʜʝ ץʘʙʳʣʜʘʡʜʳ. ɹʘʪʳʩ ʤʠʩʩʠʦʥʝʨʣʝʨʽ ץʳʪʘʡʣʳץ ʜᴅʩʪװʨʣʽ 

ʤᴅʜʝʥʠʝʪʪʽש ʙʝʪʧʝʨʜʝʩʽʥ ʢʠʽʧ, ʙץײʘʨʘʣʳץ ʘץʧʘʨʘʪ ײץʨʘʣʜʘʨʳʥ ʙʘʩץʘʨʫ ʪײʞʳʨʳʤʜʘʤʘʣʘʨʳ 

ʙʘʨ ʝʢʽʞװʟʜʽ ʪײʣסʘʣʘʨ ʙʦʣʳʧ ʢᴇʨʽʥʝʜʽ, ʙʽʨʘץ ʦʣʘʨʜʳש ʽʰʢʽ ץʘʩʠʝʪʪʝʨʽ - ʞʘʣʘש ʤᴅʜʝʥʠ 

ʠʥʬʠʣʴʪʨʘʮʠʷ.  1870 ʞʳʣʜʘʨʜʘʥ ʙʘʩʪʘʧ ʰʝʪʝʣʜʽʢ ʤʝʜʠʘ-ʢʘʧʠʪʘʣʜʳש ʤʘʩʰʪʘʙʳʥʳש ʞᴅʥʝ 

ʦʥʳש ʢװʰʪʽ ʜʠʩʢʫʨʩʠʚʪʽ ʛʝʛʝʤʦʥʠʷʩʳʥʳש ᴅʩʝʨʽʥʝʥ ץʘʟʽʨʛʽ ʛʘʟʝʪ ʩʘʣʘʩʳ ʨʝʬʦʨʤʘʪʦʨʣʳץ ʞᴅʥʝ 

ʨʝʚʦʣʶʮʠʷʣʳץ ʙʫʨʞʫʘʟʠʷʣʳץ ʛʘʟʝʪʪʝʨ ʙʽʨʽʥʝʥ ʩʦש ʙʽʨʽ ʧʘʡʜʘ ʙʦʣʳʧ ʞʘʪץʘʥʳʥ ʞᴅʥʝ ץʘʟʽʨʛʽ 

ʟʘʤʘʥסʳ ʭʘʣʳץʘʨʘʣʳץ ʩʪʘʥʜʘʨʪʪʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥʜʽʛʽʥ ʪװʩʽʥʜʽ. ʍʘʣʳץʘʨʘʣʳץ 

ʢʦʤʤʫʥʠʢʘʮʠʷ ץʘʟʽʨʛʽ ʤʝʜʠʘ ᴇʤʽʨʜʽש ʩʳʨʪץʳ ʦʨʪʘʩʳ װʰʽʥ ʵʢʩʢʣʶʟʠʚʪʽ ʩᴇʟ ʝʤʝʩ. ɹײʣ ץʘʟʽʨʛʽ 

ʟʘʤʘʥסʳ çʰʳסʳʩץʘ ץʘʨʘʡ ʙʘʪʳʩʪʳץ ʦץʳʪʫè ʩʠʷץʪʳ. פʳʪʘʡʜʳש ʛʘʟʝʪ ʠʥʜʫʩʪʨʠʷʩʳʥʳש ʜʘʤʫʳ 

ʙʘʨʳʩʳʥʜʘ ʦʣ ᴅʨʜʘʡʳʤ ʙʘʡ ʤʝʜʠʘ ʬʦʥ ײʩʳʥʜʳ ʞᴅʥʝ פʳʪʘʡסʘ ʪʝʨʝש ʳץʧʘʣ ʝʪʪʽ.  

 .ʪʘʫץʳʪʰʘ ʢʘʪʝʛʦʨʠʷʩʳʥ ʘʥʳץʫʘ שʳ ʠʥʜʫʩʪʨʠʷʩʳʥʳסʘʟʽʨʛʽ ʟʘʤʘʥץ שʳʪʘʡʜʳפ 

 ʘʡ שʳ 1815 ʞʳʣʜʘʥ ʙʘʩʪʘʧ (ʄʘʣʘʢʢʘʜʘ çʏʝʡʟʜʽסʳʪ ʘʨʘʣʳץʫʘ שʛʘʟʝʪʪʝʨʜʽ ץʳʪʘʡʣʳץ ʘʟʽʨʛʽפ

ʩʘʡʳʥסʳ ʟʘʡʳʨʣʳ ʞʘʟʙʘʣʘʨʳè ʞʘʨʳץ ʢᴇʨʜʽ) 1915 ʞʳʣסʘ ʜʝʡʽʥʛʽ ʢʝʟʝש ʜʝʧ ʩʘʥʘʣʘʜʳ 

(ʐʘʥʭʘʡʜʘ çɾʘשʘ ɾʘʩʪʘʨè ʞʫʨʥʘʣʳ ʰʳץץʘʥ). [1] פʳʪʘʡʣʘʨ ʛʘʟʝʪʪʝʨʜʽ ʙʽʨ-ʙʽʨʽʥʝ ʪᴅʫʝʣʩʽʟ 

 ʛʘʟʝʪ ץʨʜʳ, ʙʽʨʘײץ ʘʰ ʨʝʪ 1873 ʞʳʣʳ ʍʘʥʴʢʦʫʜʘ ʏʞʘʫʵʥ ʉʠʥʙʘʦʥʳסʨʜʳ. ɸʡ ʉʷʦʤʝʡ ʘʣײץ

 ʘʨʫʰʳ ʞᴅʥʝ ʩʘʷʩʠסʳ ʛʘʟʝʪ ʰʳץʘʰסʪʘʨʜʘ  ʘʣשʘץ ʘ ʩʦʟʳʣʤʘʜʳ. ʂʝʡʽʥʥʝʥ, 1874 ʞʳʣʳץץʟʘײ

ʰʦʣʫʰʳ ɺʘʥ ʊʘʦ ɻʦʥʢʦʥʛʪʘ çʢװʥʜʝʣʽʢʪʽ ʘʡʥʘʣʳʤè ײץʨʫʜʳ ץʘʜʘסʘʣʘʜʳ. ʉʦʣ ʢʝʟʝשʜʝ ʛʘʟʝʪʰʽ 

ʈʦʥʛ ɺʠʥʛ פʳʪʘʡʜʘסʳ ʤʘʪʝʨʠʢʪʝ ʘʣסʘʰץʳ ץʳʪʘʡʣʳץ ʛʘʟʝʪʪʽ, ʐʘʥʭʘʡʜʘ ץʳʪʘʡʣʳץʪʘʨ 

 ʳסʘʟʽʨʛʽ ʟʘʤʘʥץ ץʳʪʘʡʣʳץ ʘʥ ʙʘʡʣʘʥʳʩʪʳסʨʜʳ. ʆʩʳײץ ʘʥ çʨʝʧʦʨʪʘʞʜʳèסʡʳʤʜʘʩʪʳʨײ

ʛʘʟʝʪʪʝʨ ʰʳץץʘʥ ʫʘץʳʪץʘ ץʘʪʳʩʪʳ ʢᴇʧʪʝʛʝʥ ʜʘʫʣʘʨ ʙʘʨ . ʅʠ ʗʥʥʠʘʥ ʤʝʥ ʋ ʎʷʥ ʤʳʨʟʘ 

ᴇʟʜʝʨʽʥʽש ʨʝʜʘʢʪʦʨʣʳסʳʤʝʥ ʰʳץץʘʥ çפʘʟʽʨʛʽ פʳʪʘʡ ʛʘʟʝʪʪʝʨʽ ʤʝʥ ʤʝʨʟʽʤʜʽ ʙʘʩʳʣʳʤʜʘʨʳʥʳש 

ʪʘʨʠʭʳʥʜʘè ʙʳʣʘʡ ʜʝʧ ʘʪʘʧ ᴇʪʢʝʥ: çʐʝʪʝʣʜʽʢ ʤʠʩʩʠʦʥʝʨʣʝʨ 19 סʘʩʳʨʜʳש ʙʘʩʳʥʘʥ ʙʘʩʪʘʧ 

 ,ʘʥʳʤʝʥסʨײץ ʛʘʟʝʪʪʝʨ ʤʝʥ ʤʝʨʟʽʤʜʽ ʙʘʩʳʣʳʤʜʘʨ ץʳʪʘʡʣʳץ ʤʘʪʝʨʠʢʪʽʢ ʙᴇʣʽʛʽʥʜʝ שʳʪʘʡʜʳפ

ʦʣʘʨ ʛʘʟʝʪ ʞᴅʥʝ ʤʝʨʟʽʤʜʽ ʙʘʩʳʣʳʤ ʝʤʝʩ. ʛʘʟʝʪʪʝʨ ʤʝʥ ʤʝʨʟʽʤʜʽ ʙʘʩʳʣʳʤʜʘʨ ʙʽʨʰʘʤʘ ץʘʪʘʣ 

ʩʠʷץʪʳ, ʙʽʨʘץ ɸʡ ʉʷʦʤʝʡ, ʈʦʥʛ ʍʫʥ, ɺʘʥ ʊʘʦ ʞᴅʥʝ ʙʘʩץʘʣʘʨ ײץʨסʘʥ ץʳʪʘʡʣʳץ ʛʘʟʝʪʪʝʨ ʤʝʥ 

ʤʝʨʟʽʤʜʽ ʙʘʩʳʣʳʤʜʘʨʜʳש ʙʽʨʽʥʰʽ ʣʝʛʽ ᴅʣʩʽʟ ʥʝʤʝʩʝ ʤʘʪʝʨʠʢʪʝʥ ʘʣʳʩ, ʩʦʥʜʳץʪʘʥ ץʘʟʽʨʛʽ 

ʟʘʤʘʥסʳ ᴅʣʝʫʤʝʪʪʽʢ ʨᴇʣʜʽ ʙʘʡץʘʫ ץʠʳʥ פʳʪʘʡ ʛʘʟʝʪʪʝʨʽ ʪװʩʽʥʽʢʪʽ ʙʦʣʘ ʙʘʩʪʘʜʳ. ɹʽʟʜʽש 

ʦʡʳʤʳʟʰʘ, ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ ץʳʪʘʡʣʳץ ʛʘʟʝʪʪʝʨ ʰʳסʘʨסʘʥ ʙʘʩʪʳ ʙʝʣʛʽ - ʂʘʥ ʖʚʵʡ ʞᴅʥʝ 
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ʙʘʩץʘʣʘʨʳ 1895 ʞʳʣʳ ʇʝʢʠʥʜʝ ײץʨסʘʥ ʝש ʘʣסʘʰץʳ ʩʘʷʩʠ ʞʫʨʥʘʣ Zhongwai Jiwen ʙʦʣʫʳ 

ʢʝʨʝʢ. ᴄʨʠʥʝ, ʙײʣ ʙʝʣʛʽʥʽש ʧʘʡʜʘ ʙʦʣʫʳ ʢʝʥʝʪʪʝʥ ʝʤʝʩ: ʛʘʟʝʪ-ʞʫʨʥʘʣʜʘʨʜʳש ʥʝʛʽʟʽʥ ץʘʣʘסʘʥ 

ʘʪʘ-ʙʘʙʘʣʘʨʜʳש (ʦʥʳש ʽʰʽʥʜʝ ʰʝʪʝʣʜʽʢʪʝʨ ʤʝʥ ץʳʪʘʡʣʳץʪʘʨʜʳש) ʪʝʦʨʠʷʩʳ ʤʝʥ 

ʧʨʘʢʪʠʢʘʩʳʥʳש ʘʨץʘʩʳʥʜʘ. ʦʣʘʨ ɻʦʥʢʦʥʛʪʘ, ɻʫʘʥʯʞʦʫʜʘ, ʐʘʥʭʘʡʜʘ, ʍʘʥʴʢʦʫʜʘ, ʌʫʯʞʦʫʜʘ 

ʞᴅʥʝ ʙʘʩץʘ ʞʝʨʣʝʨʜʝ ʙʦʣʜʳ. פʳʪʘʡʣʳץʪʘʨʜʳש ᴇʟʜʝʨʽ ײץʨסʘʥ ץʳʪʘʡʣʳץ ʛʘʟʝʪʪʝʨ ʤʝʥ ʤʝʨʟʽʤʜʽ 

ʙʘʩʳʣʳʤʜʘʨʜʳש ʘʣסʘʰץʳ ʧʘʨʪʠʷʩʳ ץʘʟʽʨʛʽ ץʳʪʘʡʣʳץ ʛʘʟʝʪʪʝʨ ʤʝʥ ʤʝʨʟʽʤʜʽ ʙʘʩʳʣʳʤʜʘʨʜʳש 

ʙʘʩʪʘʣʫʳ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ ץʳʪʘʡ ʙʫʨʞʫʘʟʠʷʣʳץ ʛʘʟʝʪʪʝʨʽʥʽש ʜװʥʠʝʛʝ ʢʝʣʫʽ ʨʝʪʽʥʜʝ 

    .ʤʢʽʥ è[3]װʘʨʘʩʪʳʨʳʣʫʳ ʤץ

ɹʽʨ ץʘʨʘסʘʥʜʘ, ʝʢʽ סʘʣʳʤʥʳש, ʅʠ ʤʝʥ ɺʫʜʳש ʢᴇʟץʘʨʘʩʪʘʨʳ ʦʨʳʥʜʳ, ʙʽʨʘץ ʦʣʘʨʜʳש 

ʧʽʢʽʨʣʝʨʽʥ ʪʘʣץʳʣʘʫסʘ ʣʘʡʳץʪʳ װʰ ʘʩʧʝʢʪ ʙʘʨ. ʉʦʣʘʨʜʳש ʙʽʨʽ - 1890 ʞʳʣʜʘʨʜʘסʳʜʘʡ ץʘʟʽʨʛʽ 

 ʣײʩʽʥʽʢʩʽʟʜʽʢ. ɹװᴇʨʥʝʢʪʝʨʽʥʜʝʛʽ ʩᴅʡʢʝʩʩʽʟʜʽʢ ʧʝʥ ʪ שʳʪʳʥʳץʫ ʫʘסʰʳ שʛʘʟʝʪʪʝʨʜʽ ץʪrʘʡʣʳץ

ʧʘʡʜʘ ʙʦʣʫ ʩʠʤʚʦʣʳ. ʉʦʥʜʘʡ-ʘ1850 ,ץ ʞʳʣʜʘʨ ץʘʟʽʨʛʽ ץʳʪʘʡʣʳץ ʛʘʟʝʪʪʝʨʜʽש ʙʘʩʪʘʫʳ ʙʦʣʜʳ 

ʜʝʧ ʝʩʝʧʪʝʣʝʜʽ. ʉʦʥʳʤʝʥ ʙʽʨʛʝ ʢʽʪʘʧʪʳ9 ש-ʙʝʪʽʥʜʝ çפʘʟʽʨʛʽ ץʳʪʘʡʣʳץ ʛʘʟʝʪʪʝʨʜʽש ʜʘʤʫ 

ʪʘʨʠʭʳ ʥʝʛʽʟʽʥʝʥ פʳʪʘʡ ʙʫʨʞʫʘʟʠʷʣʳץ ʨʝʚʦʣʶʮʠʷʩʳʥʳש ʜʘʤʫʳʤʝʥ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ʗסʥʠ, 

 ʽשʳ ʢʝʟʝץʘʰסʞᴅʥʝ ʧʨʦʛʨʝʩʩʠʚʪʽ ʘʣ שʦ שʘʣʳʩʳʥʳסʦʟץ ץʨʝʚʦʣʶʮʠʷʣʳ ץʳʪʘʡ ʙʫʨʞʫʘʟʠʷʣʳפ

ʙʦʣסʘʥ ʢʝʟʜʝ , ץʘʟʽʨʛʽ ץʳʪʘʡʣʳץ ʛʘʟʝʪʪʝʨ ʜʝ ᴇʨʣʝʫ ʢʝʟʝשʽʥʜʝ ʙʦʣʜʳ è. ɽʢʽʥʰʽʜʝʥ, çץʘʟʽʨʛʽ 

 ʥʝʛʽʟʛʽ ʦʨʛʘʥʳ שʘʣʘʫʰʳʣʘʨʜʳץ ʳʪʘʡ (ʘʜʘʤʜʘʨ)è ʥʝʛʽʟʽʥפʩʽʥʫʜʝ çװʛʘʟʝʪʪʝʨʜʽè ʪ ץʳʪʘʡʣʳץ

ʨʝʪʽʥʜʝ ʘʣʳʥʜʳ, ʦʙʲʝʢʪʠʚʪʽ ʪʘʨʠʭʠ ʪײʨסʳʜʘʥ ʛʘʟʝʪ ʩʘʣʘʩʳʥʳש ʜʘʤʫ ʧʨʦʮʝʩʽʥʜʝ ʪʘʨʠʭץʘ 

ʙʘʡʣʘʥʳʩʪʳ çפʳʪʘʡ (ʭʘʣʳץ)è ʘʡʤʘץʪʳץ ʙʽʨʣʽʢ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʤʘʫʳ ʢʝʨʝʢ. ʅʝʛʝ ʜʝʩʝשʽʟ, 

çץʘʟʽʨʛʽ ץʳʪʘʡ ʛʘʟʝʪʪʝʨʽè ʤʝʥ çץʳʪʘʡʜʳץ שʘʟʽʨʛʽ ʛʘʟʝʪʪʝʨʽè ᴅʨ ʪװʨʣʽ ʤʘסʳʥʘסʘ ʠʝ. ɽʛʝʨ ʙײʣ 

ʩʦסשʳʩʳ ʙʦʣʩʘ, ʦʥʜʘ ᴅʟʽʨʛʝ ɺʫʜʳש ʜʘ, ʦʥʳש ʜʘ ʧʽʢʽʨʽʥ ʘץʪʘʫסʘ ʙʦʣʤʘʡʜʳ, ʙʽʨʘץ ʙײʣ ʛʘʟʝʪ 

ʠʥʜʫʩʪʨʠʷʩʳʥʳש ʪʘʨʠʭʠ ʜʘʤʫ ʬʘʢʪʽʣʝʨʽʥʝ ץʘʡʰʳ ʢʝʣʝʜʽ. תʰʽʥʰʽʜʝʥ, ʰʝʪʝʣʜʽʢ 

ʤʠʩʩʠʦʥʝʨʣʝʨʜʽש ʛʘʟʝʪ ײץʨʫ ʧʨʦʮʝʩʽʥʜʝ ʛʘʟʝʪʪʝʨʜʽש ʬʦʨʤʘʩʳ ʤʝʥ ʤʘʟʤײʥʳ ʙʽʨʪʽʥʜʝʧ 

 ץʳʪʘʡʣʳץ ʘʥץʘʪʳʩץ ʘץץʪʘʩʪʳץʘ ʪʘʨʪʳʣʘ ʙʘʩʪʘʜʳ, ʘʣ ʢʝʡʙʽʨ ʛʘʟʝʪʪʝʨ ʳʥʪʳʤʘסʪʘʨץʳʪʘʡʣʳץ

ʞʫʨʥʘʣʠʩʪʝʨʜʽ ᴇʟʽʥʝ ʩʽשʽʨʜʽ. ʄʳʩʘʣʳ, ʢʝʡʙʽʨ ʛʘʟʝʪʪʝʨ ʤʝʥ ʤʝʨʟʽʤʜʽ ʙʘʩʳʣʳʤʜʘʨ ʢʝʡʽʥʥʝʥ 

ʐʵʥʴ ɹʘʦʥʳ ʘʣʤʘʩʪʘʥ ʙײʨʳʥ ʐʠ ʃʷʥ ʩʠʷץʪʳ ץʳʪʘʡʣʳץʪʘʨʜʳץ שʦʣʳʥʘ ᴇʪʪʽ. ʉʦʥʜʳץʪʘʥ, ʌʘʥ 

ʍʘʥʯʠ ʤʳʨʟʘʥʳש ʢᴇʟץʘʨʘʩʳ ʙʦʡʳʥʰʘ, ץʳʪʘʡʣʳץ ʟʘʤʘʥʘʫʠ ʛʘʟʝʪʪʝʨʜʽ1815 ש ʞʳʣʳ 

ʤʠʩʩʠʦʥʝʨʣʝʨ ײץʨסʘʥ ץʳʪʘʡʣʳץ ʛʘʟʝʪʪʝʨ ʤʝʥ ʤʝʨʟʽʤʜʽ ʙʘʩʳʣʳʤʜʘʨʜʳש ʘʣסʘʰץʳ ʧʘʨʪʠʷʩʳ 

ʨʝʪʽʥʜʝ ץʘʰʘʥ ʰʳץץʘʥʳʥ ʘʥʳץʪʘʫ ʛʘʟʝʪ ʠʥʜʫʩʪʨʠʷʩʳʥʳש ʪʘʨʠʭʳʤʝʥ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ ʞᴅʥʝ 

ʧʽʢʽʨʪʘʣʘʩץʘ ʞʘסʜʘʡ ʞʘʩʘʡʜʳ.   

 ʀʥʬʠʣʴʪʨʘʮʠʷ ʞᴅʥʝ ʪʨʘʥʩʧʣʘʥʪʘʮʠʷ: ץʘʟʽʨʛʽ ʙʘʪʳʩʪʳץ ʛʘʟʝʪ ʠʥʜʫʩʪʨʠʷʩʳʥʳש 

ʰʳסʳʩʳʥ ʢʝשʝʡʪʫ. פʘʟʽʨʛʽ ץʳʪʘʡʣʳץ ʛʘʟʝʪʪʝʨʜʽש ʧʘʡʜʘ ʙʦʣʫʳ ʤʝʥ ʜʘʤʫʳʥʳש ʪʘʨʠʭʳʥʘ 

ʪʦץʪʘʣʩʘץ, ʦʥʳש ʪʘʨʠʭʳʥ ץʘʨʘʩʪʳʨʘ ʦʪʳʨʳʧ, ʙʽʟ ʝʢʽ ʥʝʛʽʟʛʽ ʘʩʧʝʢʪ ʪʫʨʘʣʳ ץʦʨʳʪʳʥʜʳ 

ʞʘʩʘʫסʘ ʙʦʣʘʜʳ: ʦʣʘʨʜʳש ʙʽʨʽ - ʽʰʢʽ ʩʝʙʝʧ. ɹʽʨ ʞʘסʳʥʘʥ, ץʘʟʽʨʛʽ פʳʪʘʡʜʘסʳ ʢʘʧʠʪʘʣʠʩʪʽʢ 

ʵʢʦʥʦʤʠʢʘʥʳש ʧʘʡʜʘ ʙʦʣʫʳ ʤʝʥ ʜʘʤʫʳʥʳש ʘʨץʘʩʳʥʜʘ ʛʘʟʝʪ ʩʘʣʘʩʳ װʰʽʥ ʤʘʪʝʨʠʘʣʜʳץ 

ʞʘסʜʘʡʣʘʨ ʞʘʩʘʣʜʳ. ɽʢʽʥʰʽ ʞʘסʳʥʘʥ, ᴅʣʝʫʤʝʪʪʽʢ ʞʘסʜʘʡʜʳש ʪʝʟ ᴇʟʛʝʨʫʽ, ᴅʩʽʨʝʩʝ ʘʧʠʳʥ 

ʩʦסʳʩʳʥʘ ʜʝʡʽʥ ʞᴅʥʝ ʦʜʘʥ ʢʝʡʽʥ ʘʜʘʤʜʘʨ ʪװʨʣʽ ʛʘʟʝʪʪʝʨʜʽװ שʥʝʤʽ ʧʘʡʜʘ ʙʦʣʫʳʥʘ ʢᴇʤʝʢʪʝʩʽʧ, 

ʘʣʘʩʘʧʳʨʘʥ ץʦסʘʤ ʪʫʨʘʣʳ ʘץʧʘʨʘʪץʘ ײץʤʘʨ; ʝʢʽʥʰʽ ʩʝʙʝʧ - ʩʳʨʪץʳ ʩʝʙʝʧʪʝʨ. ɹʘʪʳʩ ʬʘʢʪʦʨʳ 

ʰʳסʳʩץʘ ʙʘסʳʪ ʘʣסʘʥ ʙʘʪʳʩʪʳץ ʛʘʟʝʪ ʠʥʜʫʩʪʨʠʷʩʳʥʳש ʜʘʤʫʳ ʤʝʥ ʤᴅʜʝʥʠ ʵʢʩʧʘʥʮʠʷʩʳ 

ʙʘʩʪʳ ʬʘʢʪʦʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  פʳʪʘʡʜʳץ שʘʟʽʨʛʽ ʛʘʟʝʪ ʩʘʣʘʩʳ ʘʧʠʳʥ ʩʦסʳʩʳʥʘ ʜʝʡʽʥʛʽ 

ʙʘʪʳʩʪʳץ ʤʠʩʩʠʦʥʝʨʣʝʨʜʽש ʤʠʩʩʠʦʥʝʨʣʽʢ ץʳʟʤʝʪʽʥʝʥ ʪʫʳʥʜʘʜʳ. ʄʠʩʩʠʦʥʝʨʣʝʨ ʦשʪװʩʪʽʢ-

ʰʳסʳʩ ʞᴅʥʝ ʦשʪװʩʪʽʢ-ʰʳסʳʩ ʞʘסʘʣʘʫ ʘʡʤʘץʪʘʨʳʥʜʘ 6 ץʳʪʘʡʣʳץ ʛʘʟʝʪ ʧʝʥ 11 ʰʝʪ ʪʽʣʜʽ ʛʘʟʝʪ 

ʰʳסʘʨʜʳ. ɸʧʠʳʥ ʩʦסʳʩʪʘʥ ʢʝʡʽʥʛʽ ʞʘʨʪʳ סʘʩʳʨ ʽʰʽʥʜʝ ʤʠʩʩʠʦʥʝʨʣʝʨ ײץʨסʘʥ 170-ʢʝ ʞʫʳץ 

 ʣʝʩʽʥʝ ʩʦʣװ שʞᴅʥʝ ʰʝʪʝʣʜʽʢ ʛʘʟʝʪ ʧʝʥ ʤʝʨʟʽʤʜʽ ʙʘʩʳʣʳʤʜʘʨ ʙʦʣʜʳ, ʦʣʘʨʜʳ ץʳʪʘʡʣʳץ

ʢʝʟʝשʜʝʛʽ ץʳʪʘʡʣʳץ ʛʘʟʝʪʪʝʨ ʤʝʥ ʤʝʨʟʽʤʜʽ ʙʘʩʳʣʳʤʜʘʨʜʳש ʞʘʣʧʳ ʩʘʥʳʥʳ95% ש 

ʢʝʣʝʜʽ. ʄʘʟʤײʥʜʳ ʨʝʜʘʢʮʠʷʣʘʫ, ʙʘʩʳʧ ʰʳסʘʨʫ ʞᴅʥʝ ʪʘʨʘʪʫ ʪײʨסʳʩʳʥʘʥ ʟʘʤʘʥʘʫʠ פʳʪʘʡ 

 ʢʽʤʝʪʽװ ʳʩʳʥʘ ʜʝʡʽʥ ʎʠʥסʥʠʝʛʝ ᴅʢʝʣʛʝʥ ʦʩʳ ʛʘʟʝʪʪʝʨ ʙʦʣʜʳ. ɸʧʠrʥ ʩʦװʛʘʟʝʪʪʝʨʽʥ ʜ ץʣʪʪʳײ

ʝʣʜʽ ʞʘʙʫ ʞᴅʥʝ ʜʽʥʛʝ ʪʳʡʳʤ ʩʘʣʫ ʩʠʷץʪʳ ץʘʪʘש ʩʘʷʩʘʪ ʞװʨʛʽʟʜʽ. ʐʝʪʝʣʜʽʢ ʤʠʩʩʠʦʥʝʨʣʝʨ ʤʝʥ 

ʦʣʘʨ ײץʨסʘʥ ʛʘʟʝʪʪʝʨʜʽש ʢᴇʧʰʽʣʽʛʽ ʆשʪװʩʪʽʢ-ʐʳסʳʩ ɸʟʠʷʜʘ סʘʥʘ ʰʳסʘʨʘ ʘʣʘʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ 

ʤʘʪʝʨʠʢʪʝʛʽ ʪʘʨʘʪʫ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʽʟʜʝʡʜʽ. ɹײʣ ʛʘʟʝʪʪʝʨʜʽש ʥʝʛʽʟʽʥ ץʘʣʘʫʰʳʣʘʨʜʳש ʢᴇʙʽ 

ᴇʥʝʨʢᴅʩʽʧʪʽʢ ᴇʥʜʽʨʽʩ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʜʘʤʳסʘʥ, סʳʣʳʤ ʤʝʥ ʪʝʭʥʠʢʘ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ 

ʜʘʤʳסʘʥ, ʛʘʟʝʪ ʩʘʣʘʩʳ ʜʘʤʳʧ ʢʝʣʝ ʞʘʪץʘʥ ɹʘʪʳʩ ʝʣʜʝʨʽʥʝʥ ʰʳץץʘʥʜʳץʪʘʥ, ʦʣʘʨ ɹʝʡʞʽש 
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ʞʘשʘʣʳץʪʘʨʳ ʤʝʥ ʨʝʩʤʠ ʛʘʟʝʪʪʝʨʽʥʝ ץʘʨʘסʘʥʜʘ ʟʘʤʘʥʘʫʠ ʙʠʟʥʝʩ ʪײʨסʳʩʳʥʘʥ ʞᴅʥʝ ʞʠʥʘʫ, 

ʨʝʜʘʢʮʠʷʣʘʫ ʞᴅʥʝ ʙʘʩʳʧ ʰʳסʘʨʫ ʩʠʷץʪʳ ʤᴅʩʝʣʝʣʝʨʜʝ ᴅʣʜʝץʘʡʜʘ ʘʣʜʘ ʙʦʣʜʳ. 19 סʘʩʳʨʜʘʥ 

ʙʘʩʪʘʧ ʙʘʪʳʩ ʤʠʩʩʠʦʥʝʨʣʝʨʽʥʽש ʰʳסʳʩץʘ ץʘʨʘʡ ʞʳʣʞʫʳʤʝʥ ץʘʟʽʨʛʽ ץʳʪʘʡ ʛʘʟʝʪʪʝʨʽ ʧʘʡʜʘ 

ʙʦʣʜʳ. פʳʪʘʡʜʘ ʰʝʪʝʣʜʽʢ ʛʘʟʝʪʪʝʨ ʝʥʛʽʟʽʣʛʝʥʥʝʥ ʢʝʡʽʥ ʟʠʷʣʳ ץʘʫʳʤʥʳש ʙʽʨ ʙᴇʣʽʛʽ ʙʘʩʧʘʩᴇʟʛʝ 

ʙʝʣʩʝʥʜʽ ץʦʩʳʣʳʧ, çʙʘʪʳʩʪʳץ ʙʽʣʽʤ ʙʝʨʫʜʽè ʝʥʛʽʟʽʧ, ᴇʟʜʝʨʽʥʽש ʛʘʟʝʪ-ʞʫʨʥʘʣʜʘʨʳʥ ʰʳסʘʨʘ 

ʙʘʩʪʘʜʳ. ʄʠʩʩʠʦʥʝʨʣʝʨ 1815 ʞʳʣʳ ʪʘʤʳʟʜʘ ʘʣסʘʰץʳ ץʳʪʘʡʣʳץ ʛʘʟʝʪ, Chase Secular-ʪʽש ʘʡ 

ʩʘʡʳʥסʳ ʞʘʟʙʘʣʘʨʳʥ ʰʳסʘʨסʘʥʥʘʥ ʙʘʩʪʘʧ, çʰʝʪʝʣʜʽʢʪʝʨ ʜʝ, ץʳʪʘʡʣʳץ ʛʘʟʝʪʪʝʨ ʜʝ ᴇʟʜʝʨʽʥ 

 ʣײʤʠʩʩʠʷʩʳ - ʙ שʨʜʽʩʽʥʝ ʝʥʫʜʽװ ʘ ʤʽʥʜʝʪʪʝʥʜʽ. ʄᴅʜʝʥʠ ʞʘᴃʘʥʜʘʥʫסʳʪʘʡʜʳ ʞʘʨʥʘʤʘʣʘʫפ

ʛʘʟʝʪʪʝʨʜʽש ᴅʨ ʪװʨʣʽ ʙʘʩʪʘʣʫʳ ʨʝʧʦʨʪʝʨʣʝʨʜʽש ʙʽʣʽʢʪʽʣʽʛʽ ʤʝʥ ʤʘץʩʘʪʪʘʨ ʘʡʳʨʤʘʰʳʣʳסʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʜʳ. ɹʽʨʘץ ʩʦשʳʥʜʘ ʦʣʘʨ ʙʽʨ ʤʘץʩʘʪץʘ ᴅʨʪװʨʣʽ ʪᴅʩʽʣʜʝʨʤʝʥ ʞʝʪʪʽ, ʤᴅʜʝʥʠ 

ʞʘᴃʘʥʜʘʥʫ װʨʜʽʩʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʙʘʷʫ ʞʘץʳʥʜʘʩʪʳ è[4]. ɼʝʛʝʥʤʝʥ, ʟʘʤʘʥʘʫʠ ץʳʪʘʡʣʳץ 

ʛʘʟʝʪʪʝʨʜʽש ʜʘʤʫʳ, ʦʣʘʨʜʳש ʥʘʩʠʭʘʪʪʳץ ᴅʩʝʨʽ ʙʦʣʩʳʥ ʥʝʤʝʩʝ ʦʣʘʨʜʳש ʠʥʜʫʩʪʨʠʷʣʳץ ʤʦʜʝʣʽ 

ʙʦʣʩʳʥ, ʙʘʪʳʩʪʳץ ʢʦʤʤʫʥʠʢʘʮʠʷ ʪײʞʳʨʳʤʜʘʤʘʣʘʨʳʥʜʘ ʥʝʤʝʩʝ ʤʝʜʠʘ-ʢʘʧʠʪʘʣʜʳץ שʳʟʤʝʪ 

ʝʪʫ ʪײʞʳʨʳʤʜʘʤʘʣʘʨʳʥʜʘ ʪʝʨʝש ʦʨʳʥ ʘʣסʘʥ.            

ɹʘʪʳʩʪʳש ʤʝʜʠʘ ʤᴅʜʝʥʠʝʪʽ ʤʝʥ ʩʘʥʘʩʳʥʘ ʝʥʫ. ɸʧʠʳʥ ʩʦסʳʩʳʥʘ ʜʝʡʽʥ ʤʠʩʩʠʷʣʳץ 

 ʭʨʠʩʪʠʘʥʜʘʨ ʤʝʥ ץʘʥ ʞᴅʥʝ ʥʝʛʽʟʽʥʝʥ ʙʘʪʳʩʪʳסʳʪʪʘʣסʘ ʙʘסʳ ʘʫʜʘʥʜʘʨסʘʣʘʫʜʘסʞʘʪʪʘʨ ʞʘײץ

ʤᴅʜʝʥʠ ʪװʩʽʥʽʢʪʝʨʜʽ ʞʝʪʢʽʟʫ װʰʽʥ ץʳʪʘʡʣʳץ ʜʠʩʢʫʨʩʪʳ ץʦʣʜʘʥסʘʥ. ɸʧʠʳʥ ʩʦסʳʩʳʥʘʥ ʢʝʡʽʥ 

ʦʣʘʨʜʳש ʛʘʟʝʪ ץʳʟʤʝʪʽ ʽʰʢʽ ʪʝʨʝשʜʝʧ, ʐʘʥʭʘʡ ץʘʟʽʨʛʽ ʛʘʟʝʪ ʠʥʜʫʩʪʨʠʷʩʳʥʳש ʦʨʪʘʣʳסʳʥʘ 

ʘʡʥʘʣʜʳ. 1840 ʞʳʣʜʘʨ ʤʝʥ 1990 ʞʳʣʜʘʨ ʘʨʘʣʳסʳʥʜʘ ʰʽʨʢʝʫʣʝʨʜʽש ʥʝʤʝʩʝ ʤʠʩʩʠʦʥʝʨʣʝʨʜʽש 

ʘʪʳʥʘʥ 170 ץʳʪʘʡʣʳץ ʞᴅʥʝ ʰʝʪʝʣʜʽʢ ʛʘʟʝʪ ʧʝʥ ʤʝʨʟʽʤʜʽ ʙʘʩʳʣʳʤʜʘʨ ײץʨʳʣʜʳ, ʙײʣ ʩʦʣ 

ʢʝʟʝשʜʝʛʽ ץʳʪʘʡʣʳץ ʛʘʟʝʪ ʧʝʥ ʤʝʨʟʽʤʜʽ ʙʘʩʳʣʳʤʜʘʨʜʳש ʞʘʣʧʳ ʩʘʥʳʥʳײץ 95% שʨʘʡʜʳ. ʆʩʳ 

ʢʝʟʝשʜʝ ʰʝʪʝʣʜʽʢʪʝʨ ײץʨסʘʥ ץʳʪʘʡʣʳץ ʛʘʟʝʪʪʝʨʛʝ ʥʝʛʽʟʽʥʝʥ ʤʳʥʘʣʘʨ ʢʽʨʝʜʽ: ʉʷ ɻʫʘʥʯʞʵʥʴ, 

ʃʶʭʵ ʂʦʥʛ ʊʘʥ, ʏʞʫʥʚʘʡ ʉʠʥʙʘʦ, פʳʪʘʡ ʰʽʨʢʝʫʽ ʞʘשʘʣʳץʪʘʨʳ, פʳʪʘʡ ʞᴅʥʝ ɹʘʪʳʩ 

ʪʳשʜʘʣʳʤʜʘʨʳ, ʀʚʝʥʣʫ ʞᴅʥʝ ʙʘʩץʘʣʘʨ. ɹʘʩʳʣʳʤʜʘʨ ʙʽʨ ʞʘסʳʥʘʥ ʝʣ ʘʨʘʩʳʥʜʘ ʢʝשʽʥʝʥ 

ʪʘʨʘʜʳ. ɽʢʽʥʰʽ ʞʘסʳʥʘʥ, ʦʣʘʨ פʳʪʘʡʜʳש ʽʰʢʽ ʽʩʪʝʨʽʥʝ ʘʨʘʣʘʩץʘʥʳʥ ʢᴇʨʩʝʪʪʽ. ʆʩʳ 

ʙʘʩʳʣʳʤʜʘʨʜʳש ʽʰʽʥʜʝ ᴅʩʽʨʝʩʝ çᴄʣʝʤʜʽʢ ʙʶʣʣʝʪʝʥʴè ʳץʧʘʣʜʳ ʙʦʣʜʳ. ʆʣ 1868 ʞʳʣʳ 5 

 ʨʳʣʜʳ. ʂᴇʧʪʝʛʝʥ ʞʳʣʜʘʨ ʙʦʡʳ ʞʝʪʝʢʰʽ ʞʘʟʫʰʳʣʘʨײץ ʘʣʘʩʳʥʜʘץ ʡʝʢʪʝ ʐʘʥʭʘʡװʳʨʢץ

 ʜʦʢʪʨʠʥʘʥʳ, ʙʘʪʳʩ ץʘʪʘʨʳʥʘ ʃʠʥ ʃʝʞʠ ʤʝʥ ʊʠʤʦʪʠ ʃʠ ʢʽʨʜʽ. ɾʫʨʥʘʣ ʭʨʠʩʪʠʘʥʜʳץ

ʤᴅʜʝʥʠʝʪʽʥ, ץʳʪʘʡʣʳץ ʞᴅʥʝ ʰʝʪʝʣʜʽʢ ʘסʳʤʜʘʨʜʳ ʙʽʨʽʢʪʽʨʝʪʽʥ װʛʽʪ-ʥʘʩʠʭʘʪ ʩʪʨʘʪʝʛʠʷʩʳʥ 

 ʨʜʝװʜʳ ʪשʽʰʢʽ ʽʩʪʝʨʽʥʝ ʟʘ שʳʪʘʡʜʳפ ʦʨʪʘʜʘ שʨʙʝʣʝװʩʘʪʳ - ʜץʙʘʩʪʳ ʤʘ שʘʙʳʣʜʘʡʜʳ. ʆʥʳץ

ʘʨʘʣʘʩʫ ʞᴅʥʝ ʠʜʝʦʣʦʛʠʷʣʳץ ᴇʨʽʩʢʝ ʝʥʫ. ʐʝʪʝʣʜʽʢ ʞʘשʘʣʳץʪʘʨʜʳפ שʳʪʘʡ 

ʜʠʧʣʦʤʘʪʠʷʩʳʥʜʘסʳ ʨᴇʣʽʥ ʪʘʣץʳʣʘʫ ʢʝʟʽʥʜʝ ץʘʟʽʨʛʽ ʞʫʨʥʘʣʠʩʪʠʢʘ סʘʣʳʤʳ ɻʝ ɻʫʥʯʞʵʥ 

ʘʡʪץʘʥʜʘʡ: çɹʽʨʽʥʰʽ ʰʝʪʝʣʜʽʢ ʞʘשʘʣʳץʪʘʨ פʳʪʘʡʜʳ ײץʨʤʝʪʪʝʡʜʽ ʞᴅʥʝ ʦסʘʥ ʪװʩʽʥʽʢʪʝʤʝ 

ʙʝʨʫʛʝ ʙʘʪʳʣʳ ʙʘʨʤʘʡʜʳ. ɹʽʨʥʝʰʝ ʩʦסʳʩʪʘʥ ʢʝʡʽʥ ײʷʪʪʳ ʝʩʢʝʨʪʫʣʝʨ ʜʝ ʘʰʪʳ. ɹײʣ ײʷʪ 

ʝʤʝʩ. ʆʣ ץʘʪʘʣ ʞᴅʥʝ ʙײʨʤʘʣʘʥסʘʥ, ʘץʧʘʨʘʪʪʳ ʰʘʪʘʩʪʳʨʘʜʳ ʰʘʪʘʩʪʳʨʘʜʳ ʞᴅʥʝ ʝʰʥᴅʨʩʝ 

ʞʘʩʘʤʘʡʜʳè. 

 ʐʝʪʝʣʜʽʢ ʛʘʟʝʪʪʝʨʜʽש ᴅʩʝʨʽʥʝʥ ɹʘʪʳʩ ʤᴅʜʝʥʠʝʪʽʥ ʞʘץʩʳ ʙʽʣʝʪʽʥ ʢʝʡʙʽʨ ʟʠʷʣʳʣʘʨ 

ɻʦʥʢʦʥʛʪʘ ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ פʳʪʘʡ ʛʘʟʝʪʪʝʨʽʥ ʰʳסʘʨʘ ʙʘʩʪʘʜʳ, ʤײʥʜʘ ʢʝʤʝ ץʘʪʳʥʘʩʳ ʞʘץʩʳ 

ʜʘʤʳסʘʥ. ʆʣʘʨʜʳש ʽʰʽʥʜʝ ʝש ʳץʧʘʣʜʳʩʳ - 1874 ʞʳʣʳ 5 ץʘשʪʘʨʜʘ ɺʘʥ ɼʘʦ ײץʨסʘʥ çʜᴇשʛʝʣʝʢ 

ʢװʥʜʝʣʽʢʪʽ ʛʘʟʝʪè. ɹײʣ ɺʘʥ ɼʘʦʥʳש ʙʘʪʳʩʪʘסʳ ʩʘʷʩʘʪץʘ, סʳʣʳʤסʘ, ʤᴅʜʝʥʠʝʪʢʝ ʞᴅʥʝ 

ɽʫʨʦʧʘʜʘסʳ ʜʘʤʳסʘʥ ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪײʞʳʨʳʤʜʘʤʘʣʘʨʜʳ ץʦʣʜʘʥʳʧ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ ᴇʟʽʥʽש 

ʝʨʝʢʰʝ ʛʘʟʝʪ ʦʡʣʘʫʳ ʤʝʥ ʽʩʢʝʨʣʽʢ ʬʠʣʦʩʦʬʠʷʩʳʥ ץʘʣʳʧʪʘʩʪʳʨסʘʥʜʳסʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ.   

 ʳʪʘʡץ ᴇʟʘʨʘ ʘʣʤʘʩʫʳ ʤʝʥ ᴅʩʝʨʽ שʢʦʤʤʫʥʠʢʘʮʠʷ ʤᴅʜʝʥʠʝʪʽʥʽ ץʞᴅʥʝ ʙʘʪʳʩʪʳ ץʳʪʘʡʣʳפ

ʞʫʨʥʘʣʠʩʪʠʢʘʩʳʥʳש ʦʨʥʳסʫʳ ʤʝʥ ʜʘʤʫʳʥʘ ʳץʧʘʣ ʝʪʪʽ. ɹײʣ ʩʦʥʜʘʡ-ʘץ ʟʘʤʘʥʘʫʠ ʙʘʪʳʩ 

ʞʫʨʥʘʣʠʩʪʠʢʘʩʳʥ ʟʝʨʪʪʝʫ ʞᴅʥʝ ʪʘʨʘʪʫ װʰʽʥ ײʟʘץ ʫʘץʳʪץʘ ʢʝʪʢʝʥ ʞʫʨʥʘʣʠʩʪʠʢʘʥʳש ʥʝʛʽʟʽʥ 

 שʘʣʘʫʰʳʣʘʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. ɾʫʨʥʘʣʠʩʪʠʢʘ ʧʨʦʮʝʩʽʥʜʝ ʦʣʘʨ ʙʘʪʳʩ ʞʫʨʥʘʣʠʩʪʠʢʘʩʳʥʳץ

ʥʝʛʽʟʛʽ ʪʝʦʨʠʷʣʘʨʳ ʤʝʥ ʩʦʣ ʢʝʟʜʝʛʽ פʳʪʘʡʜʘסʳ ʞʫʨʥʘʣʠʩʪʽʢ ʪᴅʞʽʨʠʙʝʥʽש ʝש ʞʦסʘʨʳ 

ʜʝשʛʝʡʽʥʽװ שʡʣʝʩʽʤʽʥ ʞװʟʝʛʝ ʘʩʳʨʜʳ. ʆʣ ᴅʨʪװʨʣʽ ʟʘʤʘʥʘʫʠ ץʳʪʘʡ ʞʫʨʥʘʣʠʩʪʠʢʘʩʳʥ ʜʘʤʳʪʪʳ, 

ᴅʨʪװʨʣʽ ʪײʞʳʨʳʤʜʘʤʘʣʘʨʜʳ, ʪᴅʞʽʨʠʙʝʣʝʨʜʽ ʞᴅʥʝ ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽʥ ʝʥʛʽʟʜʽ, ʪᴇʨʪ ʥʝʛʽʟʛʽ 

ʪʽʣʜʝʨʜʝ: ʘסʳʣʰʳʥ, ʥʝʤʽʩ, ʞʘʧʦʥ ʞᴅʥʝ ץʳʪʘʡ ʪʽʣʜʝʨʽʥʜʝ ײʩʳʥʳʣʜʳ. ʆʣʘʨʜʳש ʽʰʽʥʜʝ ɻʝ 

ɻʫʥʯʞʵʥʥʽש çפʳʪʘʡ ʞʫʨʥʘʣʠʩʪʠʢʘʩʳʥʳש ʪʘʨʠʭʳè ʝʨʝʢʰʝ ʩʠʧʘʪ ʘʣʘʜʳ. ɹײʣ ʢʽʪʘʧʪʳש ʢʽʨʽʩʧʝ 

ʙᴇʣʽʛʽ ʞʘשʘʣʳץʪʘʨʜʳש ʥʘץʪʳ ʪʝʦʨʠʷʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʥʳײץ שʨʘʤʳʥʜʘ 10 000-ʥʘʥ ʘʩʪʘʤ 
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ʩᴇʟ ʙʦʣʩʘ ʜʘ, ʘʥʳץʪʘʤʘʣʳץʪʘʨ ʘסʳʣʰʳʥ, ʥʝʤʽʩ ʞᴅʥʝ ʞʘʧʦʥ ʪʽʣʜʝʨʽʥʜʝ 

ʘʡʪʳʣʘʜʳ. ײפʞʘʪʪʘʨʜʳ22 ש ʪװʨʽ ʙʘʨ. ʊʦʣʳץ ʢʽʨʽʩʧʝʥʽש ʦʡʣʘʫ ײץʨʳʣʳʤʳ ʤʝʥ ʧʘʡʳʤʜʘʫ ᴅʜʽʩʽ 

ʥʝʛʽʟʽʥʝʥ ץʳʪʘʡ ᴅʜʝʙʠʝʪ ʪʝʦʨʠʷʩʳʥʳש ʜᴅʩʪװʨʣʽ ʪᴅʩʽʣʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. פʳʪʘʡ 

ʞʫʨʥʘʣʠʩʪʠʢʘʩʳ ʥʝʛʽʟʽʥ ץʘʣʘסʘʥ ʢʝʟʜʝ ᴅʣʝʤʜʽʢ ʞʫʨʥʘʣʠʩʪʠʢʘʥʳש ʘʣʜʳסשʳ ץʘʪʘʨʳʥʜʘ 

ʙʦʣסʘʥʳʥ ʙʘʡץʘʫסʘ ʙʦʣʘʜʳ.  ʂʝʡʽʥ ʎʘʡ ʖʘʥʧʝʡ  ʥʘץʪʳ ʙʘסʘ ʙʝʨʜʽ: çɹʽʟʜʽש ʝʣʜʝʛʽ 

ʞʘשʘʣʳץʪʘʨʜʳש ʰʳסʫ ʪʝʛʽ ʙײʨʳʥסʳ ɼʠʙʘʦ ʞʘשʘʣʳץʪʘʨʜʳש ʪʘʙʠסʘʪʳʥʘʥ ᴇʟʛʝʰʝ, ʙʽʨʘפ ץʳʪʘʡ 

ʛʘʟʝʪʪʝʨʽ װʰʽʥ    ʦʥʜʘסʘʥ ʞʳʣʜʘʨ ʙʦʡʳ ʞʫʨʥʘʣʠʩʪʠʢʘʥʳש ʙʝʣʛʽʣʝʨʽ ʧʘʡʜʘ ʙʦʣסʘʥסʘ ᴅʣʽ ʜʝ ʢʝʰ 

ʝʤʝʩè. [6]  

ɽʢʽʥʰʽʩʽ - ʠʥʜʫʩʪʨʠʷʣʳץ ʜʝשʛʝʡ: ʙʘʪʳʩʪʳץ ʤʝʜʠʘ-ʢʘʧʠʪʘʣʜʳ ʪʨʘʥʩʧʣʘʥʪʘʮʠʷʣʘʫ ʞᴅʥʝ 

ʽʩʢʝʨʣʽʢ ʬʠʣʦʩʦʬʠʷ. פʘʟʽʨʛʽ ʟʘʤʘʥסʳ ץʳʪʘʡʣʳץ ʛʘʟʝʪʪʝʨ ʤʝʥ ʤʝʨʟʽʤʜʽ ʙʘʩʳʣʳʤʜʘʨʜʘ 

ʥʝʛʽʟʽʥʝʥ ʜʽʥʠ ʛʘʟʝʪʪʝʨ, ʩʘʷʩʠ ʛʘʟʝʪʪʝʨ, ʢʦʤʤʝʨʮʠʷʣʳץ ʛʘʟʝʪʪʝʨ, ʢᴅʩʽʙʠ ʛʘʟʝʪʪʝʨ, ʦʡʳʥ-ʩʘʫʳץ 

ʛʘʟʝʪʪʝʨʽ ʞᴅʥʝ ʙʘʩץʘʣʘʨʳ ʙʘʨ. ɸʣʘʡʜʘ, פʳʪʘʡʜʳש ʛʘʟʝʪ ʠʥʜʫʩʪʨʠʷʩʳʥʳש ʥʘץʪʳ ᴇʢʽʣʽ - ʙײʣ 

ʰʝʪʝʣʜʽʢʪʝʨ ʧʘʡʜʘ ʪʘʙʫ ʤʘץʩʘʪʳʥʜʘ ײץʨסʘʥ ʢװʨʜʝʣʽ ʢʦʤʤʝʨʮʠʷʣʳץ ʙʠʟʥʝʩ. ʉʦʣ ʢʝʟʜʝ ײʣʪʪʳץ 

ʢʦʤʤʝʨʮʠʷʣʳץ ʦʨʪʘʣʳץ ʐʘʥʭʘʡ ʜʘ ʽʨʽ ʛʘʟʝʪʪʝʨʜʽש ʙᴅʩʝʢʝʣʝʩʪʽʢ ʦʨʪʘʣʳסʳʥʘ ʘʡʥʘʣʜʳ.  

1872 ʞʳʣʳ 30 ʩᴅʫʽʨʜʝ ʄʝʡʪʯʪʽש ʙʨʠʪʘʥʜʳץʪʘʨʳ ʞᴅʥʝ ʙʘʩץʘʣʘʨʳ ʐʵʥʴʯʞʵʥʴʜʽ ײץʨʫסʘ 

 ʪʘʨʳè ʵʢʩʢʣʶʟʠʚʪʽץʘʣʳשʘ ʞʘשʘʥ çʐʘʥʭʘʡ ʞʘסʨʳʣײץ ʘʨʘʰʘʜʘץ ʘʨʘʞʘʪ ʞʠʥʘʧ, 1861 ʞʳʣʳץ

ʞײʤʳʩ ʩʭʝʤʘʩʳʥ ʙײʟʜʳ. ʄʝʡʯʘ ᴇʟʽ ʘʡʥʘʣʳʩʘʪʳʥ ʛʘʟʝʪ ʩʘʣʘʩʳʥʘ ʽʩʢʝʨ ʘʜʘʤ 

ʪײʨסʳʩʳʥʘʥ ץʘʨʘʜʳ ʞᴅʥʝ ʛʘʟʝʪʪʽש ʤʘʟʤײʥʳ, ʪʘʨʘʣʫʳ ʞᴅʥʝ ʙʘסʘʩʳ ʙʦʡʳʥʰʘ Shanghai New 

News-ʧʝʥ ʙᴅʩʝʢʝʣʝʩʪʽ. ʄʝʡʯʘ çʙײʣ ʛʘʟʝʪ ץʳʪʘʡʣʳץʪʘʨסʘ ʘʨʥʘʣסʘʥ, ʘʣ ʤᴅʪʽʥ ץʳʪʘʡʣʳץʪʘʨʜʘʥ 

ʙʦʣʫʳ ʢʝʨʝʢè ʜʝʧ ʩʘʥʘʡʜʳ. ʆʩʳʣʘʡʰʘ, ʤʘʟʤײʥ ʤװʤʢʽʥʜʽʛʽʥʰʝ ץʳʪʘʡʣʳץ ʦץʳʨʤʘʥʜʘʨʜʳש 

ʪʘʣסʘʤʳʥʘ ʩʘʡ ʙʦʣʫʳ ʢʝʨʝʢ.  ɻʘʟʝʪʪʝʨʜʝ ʞʘשʘʣʳץʪʘʨ, ʰʦʣʫʣʘʨ, ᴅʜʝʙʠʝʪ ʧʝʥ ᴇʥʝʨ 

(ʪʦʣʳץʪʳʨʫʣʘʨ) ʞᴅʥʝ ʞʘʨʥʘʤʘ ʞʘʨʠʷʣʘʥʳʧ, ʛʘʟʝʪʪʝʨʜʝ ʙʘסʘ ײʩʳʥʳʩʪʘʨʳʥ ʘʡʪʘʨʣʳץʪʘʡ 

ʪᴇʤʝʥʜʝʪʽʧ, ʪʘʨʘʪʫ ʘʨʥʘʣʘʨʳʥ ʙʝʣʩʝʥʜʽ ʪװʨʜʝ ʢʝשʝʡʪʫ ʨʝʞʠʤʽ ץʘʣʳʧʪʘʩʪʳ.   ʉʦʥʜʳץʪʘʥ 

ʐʘʥʭʘʡ ʉʠʥʙʘʦʥʳש ʙᴅʩʝʢʝʣʝʩʽ 1872 ʞʳʣʳ 30 ʞʝʣʪʦץʩʘʥʜʘ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʞʘʨʠʷʣʘʫʜʳ 

ʪʦץʪʘʪʫסʘ ʤᴅʞʙװʨ ʙʦʣʜʳ. ʐʝʥ ɹʘʦ ʪʝʢ ʐʘʥʭʘʡ ʙʘʩץʘʨʘʪʳʥ ץʳʪʘʡ ʪʽʣʽʥʜʝʛʽ ʛʘʟʝʪʢʝ 

ʘʡʥʘʣʜʳ. ɹסײʘʥ ʜʝʡʽʥ 1861 ʞʳʣʳ ײץʨʳʣסʘʥ çʐʘʥʭʘʡ ʉʠʥʙʘʦè çʐʘʥʭʘʡʜʘסʳ פʳʪʘʡ 

ʛʘʟʝʪʪʝʨʽʥʽש ʘʣסʘʰץʳ ʞʘשʘ ʞײʣʜʳʟʳè ʜʝʧ ʞʘʨʠʷʣʘʥʜʳ. çɸʣʘʡʜʘ, ʛʘʟʝʪʪʝʨʜʽש ʨʝʜʘʢʪʦʨʣʘʨʳ 

ʙʘʨʣʳסʳ ʤʠʩʩʠʦʥʝʨʣʝʨ ʙʦʣʜʳ, ʘʣ ʛʘʟʝʪ ץʘʪʪʳ ʜʽʥʠ ʘʪʤʦʩʬʝʨʘסʘ ʠʝ ʙʦʣʜʳ ʞᴅʥʝ ʙʠʟʥʝʩ 

ʨʝʪʽʥʜʝ ʜʘʤʫʳʥ ץʘʞʝʪ ʝʪʝʜʽ. ʄʳʩʘʣʳ, ʽʨʽ ᴅʣʝʫʤʝʪʪʽʢ ʞʘשʘʣʳץʪʘʨʜʳ, װʟʜʽʢʩʽʟ ʥʝʤʝʩʝ 

ʦʨʪʘʣʳץʪʘʥʜʳʨʳʣסʘʥ ʨʝʧʦʨʪʘʞʜʘʨʜʳ ʞʘʨʠʷʣʘסʘʥʜʘ, ʝש ʪʠʧʪʽʢ ʛʘʟʝʪʘ - 1873 ʞʳʣʳ ʏʞʵʮʟʷʥ 

ʧʨʦʚʠʥʮʠʷʩʳʥʳש ʖʭʘʥʴ ʦʢʨʫʛʽʥʜʝ ʙʦʣסʘʥ ʗʥ ʅʘʡʫ ʤʝʥ ʉʷʦʙʘʡ ʦץʠסʘʩʳ . ʉʦʣ ʢʝʟʜʝ 

ʐʵʥʴʙʘʦʜʘ ʜʠʩʪʨʠʙʴʶʪʦʨʣʳץ ʙᴇʣʽʤ ʙʦʣסʘʥ. ʗʥʯʞʦʫʜʘʥ ʙʝʩ ʘʡ ᴇʪʢʝʥ ʩʦש, ʐʵʥʴʙʘʦ ʘʣסʘʰ ʨʝʪ 

1874 ʞʳʣʳ 16 ץʘשʪʘʨʜʘ çʖ ʍʘʥʰʵʥʥʽש ʽʩʽʥ ʝʩʢʝ ʪװʩʽʨʫè ʪʘץʳʨʳʙʳʥʜʘ ʤʘץʘʣʘʩʳʥ 

ʞʘʨʠʷʣʘʜʳ. ʄʘץʘʣʘʩʳʥʜʘ çʂʽʩʽ ᴇʣʪʽʨʫʰʽ ʗʥ ʅʘʡʫʜʳש ʝʩʽʤʽ - ʖ ʍʘʥʰʵʥè ʜʝʧ ʞʘʟʳʣʳʧ, ʦʥʳש 

 ᴇʤʽʨʽʥ ʝʩʢʝ שʘʥʳ ʪʫʨʘʣʳ ʭʘʙʘʨʣʘʜʳ. 18 ʩᴅʫʽʨʜʝ çʖ ʍʘʥʰʵʥʥʽסʪʳʨץʘʣʘʡ ᴅʢʝʧ ʩʦץ ʘץʳʣʤʳʩץ

ʪװʩʽʨʫè ʤʘץʘʣʘʩʳ ʞʘʨʠʷʣʘʥʜʳ, ʦʥʜʘ ʘʫʜʘʥʜʳץ ʩʦʪʪʘ  ʝʢʽ ᴇʣʽʤʛʝ ʩʦʪʪʘʣסʘʥʜʳסʳ ʪʫʨʘʣʳ 

ʭʘʙʘʨʣʘʥʜʳ. ʗʥʛʪʽש ᴅʧʢʝʩʽ ʩʦʪ װʢʽʤʽʥ ץʘʙʳʣʜʘʫʜʘʥ ʙʘʩ ʪʘʨʪʳʧ, ʇʝʢʠʥʛʝ ʰʘסʳʤ ʪװʩʽʨʫ װʰʽʥ 

ʙʘʨʜʳ. ʆʣ ʘʫʨʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʞʘʨʪʳ ʞʦʣʜʘ ץʘʡʪʘʨʳʣʜʳ ʞᴅʥʝ ʽʩ ʧʨʦʚʠʥʮʠʷʜʘ 

 ʨʜʝװʘʣʘʩʳʥʜʘ ʜᴅʡʝʢʪʽ ʪץʧʨʦʮʝʩʩ  ʪʫʨʘʣʳ ʝʩʝʧʪʝʨ ʢʝʣʝʩʽ çɾʘʩ ʽʩè ʤʘ ץʘʨʘʣʜʳ. ɹʘʨʣʳץ

ʞʘʨʠʷʣʘʥʜʳ.  1877 ʞʳʣʜʳש ʩᴅʫʽʨʽʥʝ ʜʝʡʽʥ פʳʣʤʳʩʪʳץ ᴅʜʽʣʝʪ ʤʠʥʠʩʪʨʣʽʛʽ çʖʭʘʥʴ ʽʩʽè 

ʙʦʡʳʥʰʘ ʩʦʪ ʽʩʽʥ ʞװʨʛʽʟʜʽ. ɽʩʝʧ ʪᴇʨʪ ʞʳʣ ʙʦʡʳ װʟʜʽʢʩʽʟ ʞʘʨʠʷʣʘʥʜʳ, ʙײʣ ʘʫץʳʤʜʳ 

ᴅʣʝʫʤʝʪʪʽʢ ʟʘʨʜʘʧʪʘʨ ʪʫʜʳʨʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʐʥɻɹɹʘʦʥʳש ʪʘʥʳʤʘʣʜʳסʳʥ ʘʨʪʪʳʨʜʳ. 1899 

ʞʳʣʳ 4 ץʘʨʘʰʘʜʘ ʘʤʝʨʠʢʘʥʜʳץ ʌʫʢʘʡʩʝʥ 1893 ʞʳʣʳ ʙʨʠʪʘʥʜʳץ ɼʘʥʬʦʨʪ ײץʨסʘʥ 

ʞʘשʘʣʳץʪʘʨʜʳ ɺʘʥ ʍʘʥʩʠʜʽש ʙʘʩ ʤʝʥʝʜʞʝʨʽ ʝʪʽʧ ʩʘʪʳʧ ʘʣʜʳ. ʉʦʜʘʥ ʙʝʨʽ ʧʦʩʪʝʨ ʠʥʜʫʩʪʨʠʷʩʳ 

ʐ ʥɻɹʙʘʦ ʞᴅʥʝ ʛʘʟʝʪ ʘʨʘʩʳʥʜʘסʳ ʝʢʽ ʘʨʤʠʷʥʳש ʪʝʢʝʪʽʨʝʩʽʥʝ ʘʡʥʘʣʜʳ. ɾʘשʘʣʳץʪʘʨʜʳװ שʰ 

ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽ ᴅʜʽʩʽ ʙʘʨ:  

1) ʵʢʦʥʦʤʠʢʘʣʳץ ʞʘשʘʣʳץʪʘʨסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʽʩʢʝʨʣʽʢ ʘץʧʘʨʘʪʪʘʨʜʳ ʞʝʜʝʣ ʝʥʛʽʟʫ;  

2) ʞʘשʘ ʧʦʣʠʛʨʘʬʠʷʣʳץ ʞʘʙʜʳץʪʳ װʥʝʤʽ ʩʘʪʳʧ ʘʣʫ װʰʽʥ ʰʳסʳʩ ʧʝʥ ʙʘʪʳʩʪʘʥ ץʘʨʳʟ 

ʘʣʫʜʳש ʢʘʧʠʪʘʣ ʘʡʥʘʣʳʤʳ ᴅʜʽʩʽʥ ץʦʣʜʘʥʘʜʳ;  

3) ʞʘשʘʣʳץʪʘʨ ץʘʙʳʣʜʘʫ, ʰʝʪʝʣʜʽʢ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷʣʘʨʜʳ ʪʽʢʝʣʝʡ ʪʳשʜʘʫ ʞᴅʥʝ 

ʞʘשʘʣʳץʪʘʨʜʳ ʞʘʨʠʷʣʘʫסʘ ʫʘץʳʪ ʩʘʪʳʧ ʘʣʫ װʰʽʥ ʨʘʜʠʦʩʪʘʥʮʠʷʣʘʨ ײץʨʫסʘ װʣʢʝʥ ץʘʨʘʞʘʪ 

ʞײʤʩʘʡʜʳ. 1929 ʞʳʣסʘ ץʘʨʘʡ ʝʢʽ ʽʨʽ ʛʘʟʝʪ ʪʝש ʞʘסʜʘʡʜʘ ʙʦʣʜʳ.                
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çʐʝʪʝʣʜʽʢ ʛʘʟʝʪʪʝʨʜʽץ שʘʣʳʧʪʘʥ ʪʳʩ ᴇʨʢʝʥʜʝʫʽ ʰʝʪʝʣʜʽʢ ʢʘʧʠʪʘʣ ʠʤʧʦʨʪʳʥʳש ʢᴇʨʽʥʽʩʽ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʀʤʧʝʨʠʘʣʠʩʪʽʢ ʵʢʦʥʦʤʠʢʘʣʳץ ʘʛʨʝʩʩʠʷ װʣʢʝʥ ʧʘʡʜʘ ʪʘʙʫסʘ ʙʘסʳʪʪʘʣסʘʥ 

ʞᴅʥʝ ʦʣ ʢᴇʙʽʥʝʩʝ ʙʘʪʳʩʪʳץ ʤᴅʜʝʥʠʝʪʢʝ ʝʥʽʧ, ʩʦʜʘʥ ʢʝʡʽʥ ʩʳʨʪץʳ ʞᴅʥʝ ʽʰʢʽ ʩʠʧʘʪץʘ ʠʝ 

ʙʦʣʘʜʳè. [7] פʳʪʘʡʜʳײ שʣʪʪʳץ ʙʫʨʞʫʘʟʠʷʣʳץ ʙʘʩʧʘʩᴇʟʽ ץʘʟʽʨʛʽ ʛʘʟʝʪ-ʞʫʨʥʘʣʜʘʨ ʥʝʛʽʟʽʥʝʥ ʝʢʽ 

ʩʘʥʘʪץʘ ʙᴇʣʽʥʝʜʽ: ʙʽʨʽ - ʢʦʤʤʝʨʮʠʷʣʳץ ʛʘʟʝʪʪʝʨ (ʢʝʡʽʥʽʨʝʢ ʙײʣ ʤʠʩʩʠʦʥʝʨʣʝʨ ײץʨסʘʥ ʜʽʥʠ-

ʤᴅʜʝʥʠ ʛʘʟʝʪʪʝʨ ʙʦʣʜʳ); ʝʢ̔ʥʰʽʩʽ - ʙʫʨʞʫʘʟʠʷʣʳץ ʧʘʨʪʠʷʣʘʨʜʳש ʛʘʟʝʪʪʝʨʽ. ʄᴅʜʝʥʠ ʤײʨʘ 

ʪײʨסʳʩʳʥʘʥ ʙʘʪʳʩʪʳש ʜʽʥʠ ʤᴅʜʝʥʠʝʪʽʥ ʪʝʨʝש ʜᴅʩʪװʨʣʽ ץʳʪʘʡ ʤᴅʜʝʥʠʝʪʽʤʝʥ ʩʘʣʳʩʪʳʨʫסʘ 

ʙʦʣʤʘʡʜʳ. ʉʦʥʜʳץʪʘʥ ʪʘʨʠʭ ʙʘʨʳʩʳʥʜʘ ʦʩʳ ʰʝʪʝʣʜʽʢʪʝʨ ʙʘʩץʘʨʘʪʳʥ ʢʦʤʤʝʨʮʠʷʣʳץ ʛʘʟʝʪʪʝʨ 

ʙʽʨʪʽʥʜʝʧ פʳʪʘʡʜʳײ שʣʪʪʳץ ʢʘʧʠʪʘʣʳʥʳץ שʦʣʳʥʘ ʢᴇʰʪʽ. ʊʽʣʜʝ ץʘʨʳʤ-ץʘʪʳʥʘʩ ʞʘʩʘʫ, ᴅʜʝʪ-

 ʛʘʟʝʪʪʝʨ ץʳʪʘʡʣʳץ ʳʪʘʡʜʘפ ʩʘʪʳʥʜʘץʝʡʪʫ ʤʘשʳʟʤʝʪ ʝʪʫ ʞᴅʥʝ ʙʠʟʥʝʩʪʽ ʢʝץ ʘסʨʳʧʪʘʨײס

 ʘסʘʨʫסʘ ʞᴅʥʝ ʰʳסʘ, ʨʝʜʘʢʮʠʷʣʘʫסʘʨʫסʪʘʨʜʳ ʛʘʟʝʪ ʰʳץʳʪʘʡʣʳץ ʘʥ ʰʝʪʝʣʜʽʢ ʢʘʧʠʪʘʣסʨײץ

 ʳ ʙʘʡסʦʩʳ ʩʘʣʘʜʘ שᴇʩʫʽʤʝʥ ʞᴅʥʝ ʦʥʳ שʳʪʘʡ ʢʘʧʠʪʘʣʳʥʳפ ʘ ʞʘʣʜʘʜʳ. ʂʝʡʽʥʽʨʝʢ, ʦʣסʘʪʳʩʫץ

ʪᴅʞʽʨʠʙʝʩʽʤʝʥ ʙʽʨʪʽʥʜʝʧ ʰʝʪʝʣʜʽʢ ʛʘʟʝʪ ʢʘʧʠʪʘʣʳʥ ʙʘʩץʘʨʜʳ. ʐ ʥɻɹ ʙʘʦʥʳש ʜʘʤʫʳ ʦʩʳסʘʥ 

ʪʘʧʪʳʨʤʘʩ ʤʳʩʘʣ ʙʦʣʘ ʘʣʘʜʳ.    

ɹʨʠʪʘʥʜʳץ ʞᴅʥʝ ʘʤʝʨʠʢʘʥʜʳץ ʛʘʟʝʪʪʝʨ ʩʠʷץʪʳ ʐʥɻɹʙʘʦ ʤʝʥ ʛʘʟʝʪʪʝʨ ʜʝ ʥʝʛʽʟʽʥʝʥ 

 שʩʳʥʘʜʳ ʞᴅʥʝ ʦʣʘʨʜʳײ ʰʽʥ ʬʦʨʫʤʜʘʨװ ʳʟʤʝʪʽץ ץʵʢʦʥʦʤʠʢʘʣʳ שʳ ʠʤʧʝʨʠʘʣʠʩʪʝʨʜʽסʳʪʘʡʜʘפ

ᴇʥʽʤʜʝʨʽʥ ʞʘʨʥʘʤʘʣʘʡʜʳ. ɸʣʘʡʜʘ ʦʣʘʨʜʳש ʞʘשʘʣʳץʪʘʨ ʙʠʟʥʝʩʽ ʤʝʥ ᴇʥʜʽʨʽʩ ײץʨʘʣʜʘʨʳʥʜʘסʳ 

 ʛʘʟʝʪ ʢʘʧʠʪʘʣʳ ʤʝʥ שʦʣʘʨʜʳ ץʥʝʤʽ ᴇʟʛʝʨʽʩʪʝʨʽ ʪʠʽʤʜʽ ʙᴅʩʝʢʝʣʝʩʪʽʢʢʝ ʙʘʡʣʘʥʳʩʪʳ, ʩʦʥʜʘʡ-ʘװ

ʘʣʜʳסשʳ ץʘʪʘʨʣʳ ʙʠʟʥʝʩ-ʢʦʥʮʝʧʮʠʷʣʘʨʳʥʳש ʝʥʫʽ פʳʪʘʡʜʘסʳ ʞʝʨʛʽʣʽʢʪʽ ʛʘʟʝʪ 

ʠʥʜʫʩʪʨʠʷʩʳʥʳש ʜʘʤʫʳʥʘ ᴇʣʰʝʫʩʽʟ ᴅʩʝʨ ʝʪʝʜʽ. ʄʳʩʘʣʳ, 1874 ʞʳʣʳ ײץʨʳʣסʘʥ çʮʠʨʢʫʣʷʨʣʳ 

ʢװʥʜʝʣʽʢʪʽè ʥʝʛʽʟʽʥʝʥ ʬʦʨʤʘʪʪʘ ʰʝʪʝʣʜʽʢ ץʳʪʘʡʣʳץ ʛʘʟʝʪʪʝʨʛʝ ʝʣʽʢʪʝʛʝʥʽʤʝʥ ʞʘʨʥʘʤʘʣʘʨʳ 

ʛʘʟʝʪ ʙʝʪʪʝʨʽʥʽ3/4 ש ʙᴇʣʽʛʽʥ ʘʣʘʪʳʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʦʣʘʨ ᴅʨʪװʨʣʽ ʤᴅʜʝʥʠ ʽʩʢʝʨʣʽʢ 

ʦʧʝʨʘʮʠʷʣʘʨʜʳ ʞװʟʝʛʝ ʘʩʳʨʫ װʰʽʥ ʧʦʣʠʛʨʘʬʠʷ ʩʘʣʘʩʳʥʘ ʩװʡʝʥʝʜʽ. ʄʳʩʘʣʳ, 1880 ʞʳʣʳ 24 

 שʙʘʩʧʘ ʙʶʨʦʩʳʥʳ שʳʪʘʡʜʳפʘʥ çסʘʨʘʰʘʜʘ çCircular Dailyè ʛʘʟʝʪʽʥʜʝ ʞʘʨʠʷʣʘʥץ

ʢʦʥʬʝʩʩʠʷʣʘʨʳè ʤʘץʘʣʘʩʳʥʜʘ: çɹײʣ ʙʶʨʦ -  ɻʦʥʢʦʥʛʪʳש ʦʨʪʘʣʳסʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ ɹʘʡʙʫ 

ʙʘʩʧʘʣʜʘסʳ.  ç Circular Daily èʛʘʟʝʪʽʥʝʥ ʙʘʩץʘ ʘʡ ʩʘʡʳʥסʳ ʢʘʨʪʦʯʢʘʣʘʨʳʥ ʙʘʩʳʧ ʰʳסʘʨʘʜʳ, 

ʩʦʥʳʤʝʥ ץʘʪʘʨ ʍʫʘʥ ʎʟʫʥʩʷʥʥʳש çɾʘʧʦʥʥʳש ᴅʨ ʪװʨʣʽ ᴇʣʝשʜʝʨʽʥè, ɺʘʥ ʊʘʦʥʳש 

çʍʵʥʭʫʘʛʫʘʥè ᴇʣʝשʜʝʨ ʞʠʥʘסʳʥ ʞᴅʥʝ çʇʦʣʠʮʠʷè, çʌʨʘʥʮʠʷèʩʠʷץʪʳ ʢʽʪʘʧʪʘʨʜʳ ʩʘʪʘʜʳ.è 

ʊʘʡʤʩ ʙʘʩʪʘʧץʳʜʘ ʩʘʷʩʠ ʪʝʦʨʠʷʩʳ ʢװʰʪʽ ʛʘʟʝʪ ʙʦʣסʘʥ, ʙʽʨʘץ ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʞʘשʘʣʳץʪʘʨ ʤʝʥ 

ʦʡʳʥ-ʩʘʫʳץʪʘʨʜʳ ʦץʳʨʤʘʥʜʘʨʜʳ ץʳʟʳץʪʳʨʫ װʰʽʥ ᴅʨ ʪװʨʣʽ ʬʫʥʢʮʠʷʣʘʨʜʳ ץʘʨʘʩʪʳʨʜʳ. 

ɸʪʘʧ ʘʡʪץʘʥʜʘ, çʐʠʚʘè ʛʘʟʝʪʽ ᴅʜʝʪʪʝʛʽ ʛʘʟʝʪʪʝʨʜʝʥ ʙʘʩץʘ ʢᴇʧʪʝʛʝʥ ʞʘשʘ ʩʪʠʣʴʜʝʛʽ ʤᴅʜʝʥʠ ʽʩ-

ʰʘʨʘʣʘʨʜʳ ʞᴅʥʝ ᴇʥʜʽʨʽʩʪʽʢ ץʳʟʤʝʪʪʝʨʜʽ ʥʘʩʠʭʘʪʪʘʡʜʳ, ʛʘʟʝʪʪʝʨʜʽש ʞʘʥ-ʞʘץʪʳ ᴅʣʝʫʤʝʪʪʽʢ 

ʬʫʥʢʮʠʷʣʘʨʳʥ ʙʘʩʘ ʘʡʪʘʜʳ.ʄʳʩʘʣסʘ, ץʳʪʘʡʣʳץ ʞᴅʥʝ ʰʝʪʝʣʜʽʢ ʘʢʪʫʘʣʴʜʳ ʦץʠסʘʣʘʨ ʪʫʨʘʣʳ 

ʢʽʪʘʧʪʘʨ ʰʳסʘʨʫ, ʙʘʩץʘʣʘʨʜʳש ʘʪʳʥʘʥ ʢʽʪʘʧʪʘʨ ʤʝʥ ʛʘʟʝʪʪʝʨ ʩʘʪʫ, ʤʝʢʪʝʧʪʝʨʜʽ ʙʽʨʣʝʩʽʧ 

 ʘʨʘʪʳʥ ʛʘʟʝʪץʨʛʽʟʫ ʞᴅʥʝ ʪ.ʩ.ʩ. ʤʳʨʟʘʣʘʨ ʙʘʩװʳʪʪʘ ʙʠʟʥʝʩʪʽ ʞץʡʳʤʜʘʩʪʳʨʫ ʞᴅʥʝ ʩʦʣ ʫʘײ

ʨʝʪʽʥʜʝ ʦʣ ʪʦʣʳסʳʤʝʥ ᴇʟʽʥ-ᴇʟʽ ץʘʨʞʳʣʘʥʜʳʨʜʳ ʞᴅʥʝ ᴇʟʽʥʽש ʢʽʨʽʩʽ ʤʝʥ ʰʳסʳʥʳ װʰʽʥ ʞʘʫʘʧ 

ʙʝʨʜʽ. ʐ ʥɻɹ ʙʘʦ ʞᴅʥʝ ʅʴʶʩ ʩʠʷץʪʳ ʽʨʽ ʢʦʨʧʦʨʘʪʠʚʪʽʢ ʛʘʟʝʪʪʝʨʜʽש ʞʦʣʳʤʝʥ ʞװʨʤʝʛʝʥʽʤʝʥ, 

ʦʥʳץ שʳʟʤʝʪʽ, ᴅʩʽʨʝʩʝ ʩʘʪʳʣʳʤʳ ʤʝʥ ʪʘʨʘʣʫʳ, ʘʡץʳʥ ᴇʥʜʽʨʽʩʪʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨסʘ ʠʝ ʙʦʣʜʳ. 

 Shiva Daily-ʜʽש ʪʘʨʘʣʫʳ ʢᴇʙʽʥʝʩʝ ʛʘʟʝʪʪʝʨʜʽש ᴅʨ ʪװʨʣʽ ʞʝʨʣʝʨʜʝ ײʡʳʤʜʘʩʪʳʨסʘʥ ʘʛʝʥʪʪʽʢ 

ʩʘʪʳʣʳʤʜʘʨʳ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 18 ʧʨʦʚʠʥʮʠʷʜʘ 138 ʩʘʪʫ ʥװʢʪʝʣʝʨʽ ʙʘʨ, ʪʽʧʪʽ 

ɾʘʧʦʥʠʷ ʤʝʥ ʉʠʥʛʘʧʫʨʜʳש ʰʝʪʝʣʜʽʢ ʩʘʫʜʘ ʥװʢʪʝʣʝʨʽ ʙʘʨ. ᴄʨʠʥʝ, ʦʩʳ ʢʝʟʝשʜʝ ʢʦʤʤʝʨʮʠʷʣʳץ 

ʛʘʟʝʪʪʝʨ ʢʦʨʧʦʨʘʪʠʚʪʽ ʤʦʜʝʣʴʜʽ ץʘʙʳʣʜʘʡ ʙʘʩʪʘʜʳ, ʙʽʨʘץ ʛʘʟʝʪ ʪʦʙʳ ᴅʣʽ ץʘʣʳʧʪʘʩץʘʥ 

ʞʦ1930 .ץ ʞʳʣʜʘʨʳ ʙʝʣʛʽʣʽ ʛʘʟʝʪ ץʳʟʤʝʪʢʝʨʽ ʏʝʥʛ ʐʝ ʙʘʪʳʩʪʳש ʛʘʟʝʪ ʪʦʧʪʘʨʳʥ 

ʪʝʢʩʝʨʜʽ. פʳʪʘʡסʘ ʦʨʘʣסʘʥʥʘʥ ʢʝʡʽʥ ʦʣ פʳʪʘʡʜʘ ʛʘʟʝʪ ʪʨʝʩʪʽʥ ײץʨʜʳ ʞᴅʥʝ ʞʘשʘʣʳץʪʘʨ 

ʢʦʤʧʘʥʠʷʩʳʥ ײץʨʜʳ.  ʆʥʳש ʤʘץʩʘʪ r ʦʥ ʽʨʽ ʛʘʟʝʪʪ,̔ ʩʦʥʜʘʡ-ʘץ ʘץʧʘʨʘʪʪʳץ 

ʘʛʝʥʪʪʽʢʪʝʨ, ʞʘשʘʣʳץʪʘʨ ʟʝʨʪʪʝʫ ʦʨʪʘʣʳץʪʘʨʳ ʤʝʥ ʪײʨʘץʪʳ ʛʘʟʝʪʪʝʨ ײץʨʫ, ʞʘשʘʣʳץ 

ʙʘʩʳʣʳʤʜʘʨʳʥ, ʞʘשʘʣʳץʪʘʨ ʧʠʢʪʦʛʨʘʤʤʘʣʘʨʳʥ ʞᴅʥʝ ʙʘʩץʘ ʛʘʟʝʪ ʪʦʧʪʘʨʳʥ ʟʝʨʪʪʝʫ 

ʙʦʣʜʳ.  ɹײʣ ץʘʟʽʨʛʽ ץʳʪʘʡ ʞʫʨʥʘʣʠʩʪʠʢʘʩʳ ʪʘʨʠʭʳʥʜʘסʳ ʛʘʟʝʪ ʪʦʧʪʘʨʳʥʳש ʩʘʥʘʣʳ ʞᴅʥʝ 

ʞװʡʝʣʽ ץʘʣʳʧʪʘʩʫʳʥʳש ʙʘʩʪʘʣʫʳ ʞᴅʥʝ ʙʘʪʳʩʪʳש ʛʘʟʝʪ ʬʠʣʦʩʦʬʠʷʩʳʥʳש ʰʳסʳʩץʘ 

ʪʘʨʘʣʫʳʥʳש ʥᴅʪʠʞʝʩʽ ʝʜʽ.           

ɻʘʟʝʪ ʙʘʩʳʧ ʰʳסʘʨʫʜʳש ʙʘʪʳʩʪʳץ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʝʥʛʽʟʫ. ɹײʣ ʝʢʽ ʘʩʧʝʢʪʽʥʽ 

 ʘʥ ʟʘʤʘʥʘʫʠ ʧʦʣʠʛʨʘʬʠʷ ʙʘʪʳʩסʘʤʪʠʜʳ. ɹʽʨʽʥʰʽʩʽ - ʪʠʧʦʛʨʘʬʠʷʥʳ ʝʥʛʽʟʫ. ʊʠʧʦʛʨʘʬʠʷ ʙʘʩʪʘץ
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ʝʣʜʝʨʽʥʜʝ ʧʘʡʜʘ ʙʦʣʳʧ, ʙʽʨʪʽʥʜʝʧ פʳʪʘʡסʘ ʪʘʨʘʜʳ. 1807 ʞʳʣʳ ʙʨʠʪʘʥʜʳץ ʤʠʩʩʠʦʥʝʨ 

ʄʦʨʨʠʩʦʥ ʌʦʥʛ פʳʪʘʡסʘ ʢʝʣʽʧ, ʙʽʨʜʝʥ ʢʝש ʘʫʜʘʨʤʘ ʞᴅʥʝ ʙʘʩʧʘ ץʳʟʤʝʪʽʥ ʙʘʩʪʘʜʳ. 1815 

ʞʳʣʜʘʥ ʙʘʩʪʘʧ ʄʘʢʘʦ ʆʩʪ-ʀʥʜʠʷ ʢʦʤʧʘʥʠʷʩʳʥʳש ʙʘʩʧʘʭʘʥʘʩʳ ʄʦʨʨʠʩʦʥ ʞʘʟסʘʥ çפʳʪʘʡ 

ʪʽʣʽʥʽש ʩᴇʟʜʽʛʽè ʘʪʪʳ ץʳʪʘʡ ʞᴅʥʝ ʘסʳʣʰʳʥ ʢʝש ʢᴇʣʝʤʜʽ ʘʥʳץʪʘʤʘʣʳץ ʢʽʪʘʙʳʥ װʥʝʤʽ ʙʘʩʳʧ 

ʰʳסʘʨʳʧ ʦʪʳʨʜʳ. ɹײʣ ʢʽʪʘʧ ץʳʪʘʡ ʞᴅʥʝ ʘסʳʣʰʳʥ ʪʽʣʜʝʨʽʥ ץʘʤʪʠʪʳʥ ʘʥʳץʪʘʤʘʣʳץ ʢʽʪʘʧ 

ʙʦʣʜʳ. ɼᴅʩʪװʨʣʽ ץʳʪʘʡ ʠʝʨʦʛʣʠʬʪʝʨʽ ʞʘʟʳʣסʘʥʳʤʝʥ, ʘסʳʣʰʳʥ ʪʽʣʽʥʜʝʛʽ ʢᴇʧʪʝʛʝʥ ʰʘסʳʥ 

ʪʘשʙʘʣʘʨʜʳ ʦʶסʘ ʙʦʣʤʘʜʳ. ʉʦʣ ʢʝʟʜʝʛʽ ʪʝʭʥʦʣʦʛʠʷסʘ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʛʨʘʚʶʨʘʥʳ ץʦʨסʘʩʳʥ 

ʪװʨʽʤʝʥ ʙʽʨʽʢʪʽʨʫʛʝ ʜʝ, ʤʝʭʘʥʠʢʘʣʳץ ʞʦʣʤʝʥ ʙʘʩʳʧ ʰʳסʘʨʫסʘ ʜʘ ʙʦʣʤʘʡʪʳʥ ʝʜʽ. ʉʦʥʜʳץʪʘʥ 

ʙײʣ ʢʽʪʘʧʪʳ ʰʳסʘʨʫʜʳש ʞʘʣסʳʟ ʞʦʣʳ - ץʦʨסʘʩʳʥ ʪʠʧʪʽ ץʳʪʘʡ ʪʠʧʦʛʨʘʬʠʷʩʳʥ ץʦʣʜʘʥʫ. ʆʩʳ 

ʤʘץʩʘʪʪʘ ʄʘʢʘʦ ʆʩʪ-ʀʥʜʠʷ ʢʦʤʧʘʥʠʷʩʳʥʳש ʪʠʧʦʛʨʘʬʠʷʩʳ ᴅʣʝʤʜʝʛʽ ʘʣסʘʰץʳ ץʦʨסʘʩʳʥ 

ʪʠʧʽʥʜʝʛʽ ᴅʣʝʤʜʝʛʽ ʘʣסʘʰץʳ ʧʘʨʪʠʷʥʳ ʰʳסʘʨʜʳ. ʆʣ ʢʝʟʜʝ ץʳʪʘʡʣʳץ ʢʝʡʽʧʢʝʨʣʝʨʜʽװ שʣʛʽʩʽ ᴅʣʽ 

ʦʡʣʘʧ ʪʘʙʳʣסʘʥ ʞʦץ, ʘʣ ץʳʪʘʡ ʞʘʟʫʳʥ ʞʘʧʧʘʡ ʰʳסʘʨʫ ʤװʤʢʽʥ ʙʦʣʤʘʜʳ, ʩʦʥʜʳץʪʘʥ ץʦʨסʘʩʳʥ 

 ʥʜʘʡײʦʣʜʘʥʳʣʜʳ. ʄץ ʝʞʝʣʛʽ ᴅʜʽʩʽ שʩʽʨʫʜʽװʧʝʥ ʦʡʳʧ ʪץᴅʨ ʙᴇʣʽʛʽʥ ʧʳʰʘ שʦʨʳʪʧʘʩʳʥʳץ

ʢᴇʣʝʤʜʽ ʪʘʧʩʳʨʤʘʥʳ ʙʽʨ ʘʜʘʤ ʥʝʤʝʩʝ ʙʽʨʥʝʰʝ ʘʜʘʤ ʦʨʳʥʜʘʡ ʘʣʤʘʡʜʳ, ʩʦʥʜʳץʪʘʥ ʞײʤʳʩץʘ 

 ,ʘ ʙʘʩʫ, ʰʦʣʫסʽʰʽʥʜʝ ʛʨʘʚʶʨʘ, ʤʘʰʠʥʢʘ שʪʘʨ ʞʘʣʜʘʥʜʳ, ʩʦʥʳץʳʪʘʡʣʳץ ʰʽʥ ʢᴇʧʪʝʛʝʥװ ʘʪʳʩʫץ

ʪװʟʝʪʫ, ʙʘʩʳʧ ʰʳסʘʨʫ ʞᴅʥʝ ʪ.ʙ. ʙʦʡʳʥʰʘ 1815 ʞʳʣʳ ʤʠʩʩʠʦʥʝʨ ʄʠ ʃʷʥסʘ ʪʘʧʩʳʨʳʩ ʢʝʣʜʽ. 

ɹײʣ ʙʘʩʧʘʭʘʥʘʜʘ ʘʣסʘʰץʳ ʢװʥʜʝʨʽ ʛʨʘʚʶʨʘ ʤʝʥ ʧʦʣʠʛʨʘʬʠʷ ץʦʣʜʘʥʳʣסʘʥ. ʆʣ ʛʨʘʚʶʨʘ ʤʝʥ 

ʧʦʣʠʛʨʘʬʠʷʥʳ ץʦʣʜʘʥסʘʥ çɿʘʡʳʨʣʳ ʘʡ ʩʘʡʳʥסʳ ʰʝʞʽʨʝʥè̔ ײץʨʜʳ. 19 סʘʩʳʨʜʳש ʙʘʩʳʥʜʘ 

 ʳʪʪʘץʩʠʷʣʘʨ ʙʽʨ ʫʘ ץʞᴅʥʝ ʣʠʪʦʛʨʘʬʠʷʣʳ ץʘ ʟʘʤʘʥʘʫʠ ʙʘʪʳʩ ʧʦʣʠʛʨʘʬʠʷʣʳסʳʪʘʡפ

ʝʥʛʽʟʽʣʜʽ. 1913 ʞʳʣסʘ ץʘʨʘʡ ʐʘʥʭʘʡ פʳʪʘʡʜʳש ʘʣסʘʰץʳ ʩʠʷ ʬʘʙʨʠʢʘʩʳ, ץʳʪʘʡ ʭʘʣץʳ ʥʝʛʽʟʽʥ 

 ʙʘʩʪʘʤʘʩʳ ʙʦʣʜʳ. ᴆʥʽʤʜʝʨ שʳ ʢᴅʩʽʙʠ ʩʠʷ ᴇʥʜʽʨʫʰʽʩʽ, ʟʘʤʘʥʘʫʠ ʩʠʷ ᴇʥʜʽʨʽʩʽʥʽץʘʰסʘʥ ʘʣסʘʣʘץ

ʧʦʣʠʛʨʘʬʠʷʣʳץ ʩʠʷʣʘʨ ʤʝʥ ʣʠʪʦʛʨʘʬʠʷʣʳץ ʩʠʷʣʘʨסʘ ʙᴇʣʽʥʜʽ, ʐʘʥʭʘʡ çʐʵʥʴʯʞʵʥʴè ʞᴅʥʝ 

çɸסʳʤʜʘסʳ ʦץʠסʘʣʘʨè, ɹʝʡʞʽש çױʣʪʪʳץ ʛʘʟʝʪʽè, çɼʘ ɻʫʦʤʠʥʙʘʦè ʞᴅʥʝ ʙʘʩץʘʣʘʨʳ ʜʘ 

ʙʘʩʳʣʜʳ.ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʣʠʪʦʛʨʘʬʠʷ פʳʪʘʡסʘ ɹʘʪʳʩ ʤʠʩʩʠʦʥʝʨʣʝʨʽ ʘʨץʳʣʳ ʜʘ 

ʝʥʛʽʟʽʣʜʽ. 1833 ʞʳʣʳ ɻʫʘʥʯʞʦʫʜʘ ץʳʪʘʡʣʳץ ʣʠʪʦʛʨʘʬʠʷʣʳץ ʘʡ ʩʘʡʳʥסʳ ʞʫʨʥʘʣʳ ʘʡʣʳץ 

ʰʳסʳʩ ʞᴅʥʝ ʙʘʪʳʩ ʟʝʨʪʪʝʫʣʝʨʽʥʽש ʙʠʦʛʨʘʬʠʷʩʳ, ʩʦʜʘʥ ʢʝʡʽʥ ץʳʪʘʡʣʳץ ʣʠʪʦʛʨʘʬʠʷʣʳץ ʘʡ 

ʩʘʡʳʥסʳ ʞʫʨʥʘʣʳ National News ʞʘʨʳץ ʢᴇʨʜʽ. ʃʠʪʦʛʨʘʬʠʷ ʪʝʭʥʦʣʦʛʠʷʩʳ 1874 ʞʳʣʳ 

ʐʘʥʭʘʡʜʘ ʝʥʛʽʟʽʣʜʽ. ɹײʣʘʨʜʳש ʝש ᴇʢʽʣʽ 1876 ʞʳʣʳ ɼʷʥʰʠʞʘʡʜʘסʳ ʣʠʪʦʛʨʘʬʠʷʣʳץ ʢʽʪʘʧ 

ʬʠʨʤʘʩʳʥ ײץʨʫ ʙʦʣʜʳ.              

ɽʢʽʥʰʽʩʽ - ʧʦʣʠʛʨʘʬʠʷʣʳץ ʞʘʙʜʳץʪʳ ʝʥʛʽʟʫ. ʕʥʝʨʛʠʷʥʳ ʧʘʡʜʘʣʘʥʫ, ʚʝʙʢʝ ʥʝʛʽʟʜʝʣʛʝʥ 

ʙʘʩʧʘ ʤʘʰʠʥʘʩʳ ʤʝʥ ʘʚʪʦʤʘʪʪʳ ײץʶ ʤʘʰʠʥʘʩʳʥ ʦʡʣʘʧ ʪʘʙʫ ʞᴅʥʝ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ץʘʟʽʨʛʽ 

ʟʘʤʘʥסʳ ʙʘʩʳʧ ʰʳסʘʨʫ 19 סʘʩʳʨʜʘʥ 20 סʘʩʳʨʜʳש ʙʘʩʳʥʘ ʜʝʡʽʥʛʽ סʘʩʳʨʜʘ ᴇʟʽʥʽש ʞʝʪʽʣʛʝʥ 

ʢʝʟʝשʽʥʝ ᴇʪʪʽ. 19 סʘʩʳʨʜʘ ɽʫʨʦʧʘʥʳש ʽʨʽ ʝʣʜʝʨʽ ʤʝʥ ɸפʐ ʟʘʤʘʥʘʫʠ ʠʥʜʫʩʪʨʠʷʣʳץ ʞװʡʝʥʽ 

 שʘ ʩʘʣʘʣʘʨʜʳץʘʟ ʞʘʩʘʫ ʞᴅʥʝ ʙʘʩסʘץ ,ʨʜʳ. ʕʥʝʨʛʝʪʠʢʘ, ʤʝʪʘʣʣʫʨʛʠʷ, ʤʘʰʠʥʘ ʞʘʩʘʫ, ʭʠʤʠʷײץ

ʜʘʤʫʳ ʧʦʣʠʛʨʘʬʠʷ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʜʘʤʫʳʥʘ ץʦʣʘʡʣʳ ʞʘסʜʘʡ ʞʘʩʘʜʳ. ɹײʣ װʜʝʨʽʩʪʝ 

ʧʦʣʠʛʨʘʬʠʷ ץʦʣᴇʥʝʨ ʩʘʣʘʩʳʥʳש ʜᴅʩʪװʨʣʽ ʤʦʜʝʣʽʥʝʥ ʘʨʳʣʳʧ, ᴇʥʝʨʢᴅʩʽʧ ᴇʥʜʽʨʽʩʽʥ ʞװʟʝʛʝ 

ʘʩʳʨʜʳ ʞᴅʥʝ ᴇʥʜʽʨʽʩ ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ ᴇʥʽʤ ʩʘʧʘʩʳʥ ʝʜᴅʫʽʨ ʘʨʪʪʳʨʜʳ. 1870 ʞʳʣʜʘʨסʘ ץʘʨʘʡ 

ʐʘʥʭʘʡ, ɻʫʘʥʯʞʦʫ, ʊʷʥʴʮʟʠʥʴ, ʍʘʥʴʢʦʫ ʞᴅʥʝ ʙʘʩץʘ ʞʝʨʣʝʨʜʝʛʽ ʙʘʩʧʘʣʘʨʜʳש 

(ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳש) ʧʦʣʠʛʨʘʬʠʷʣʳץ ʞʘʙʜʳץʪʘʨʳ  ʰʝʪʝʣʜʝʥ  ʢʝʣ̔ʧ ʦʪʳʨʜr . ʊʦשʞʠʜʽש ʎʠʥ 

ʜʠʥʘʩʪʠʷʩʳ ʢʝʟʽʥʜʝʛʽ ʦʥ ʙʽʨʽʥʰʽ ʞʳʣʳ (1872) ʐʘʥʭʘʡ ʤʵʨʠʷʩʳ ʩʘסʘʪʳʥʘ ʞװʟʜʝʛʝʥ ʛʘʟʝʪ 

ʰʳסʘʨʫסʘ ץʘʙʽʣʝʪʪʽ ʝʫʨʦʧʘʣʳץ ʩʪʠʣʴʜʝʛʽ ץʦʣʤʝʥ ʘʡʥʘʣʤʘʣʳ ʙʘʩʧʘ ʤʘʰʠʥʘʩʳʥ ʘʣʜʳ. 1906 

ʞʳʣʳ ʘסʳʣʰʳʥʜʘʨ ʦʡʣʘʧ ʪʘʧץʘʥ ʵʣʝʢʪʨʤʝʥ ʞײʤʳʩ ʞʘʩʘʡʪʳʥ ʙʽʨ ʮʠʣʠʥʜʨʣʽ ʤʘʰʠʥʘ פʳʪʘʡסʘ 

ʝʥʽʧ, ʛʘʟʝʪ ץʘסʘʟʜʘʨʳʥʳש ʝʢʽ ʞʘסʳʥʘ ʜʘ ʙʘʩʳʣʘ ʙʘʩʪʘʜʳ. 1912 ʞʳʣʳ ɼʝʢʣʘʨʘʮʠʷ ʟʘʣʳ 

ʩʘסʘʪʳʥʘ 2000 ʧʘʨʘץ ʙʘʩʳʧ ʰʳסʘʨʘ ʘʣʘʪʳʥ ץʦʩ ʠʽʨʫ ʤʘʰʠʥʘʩʳʥ ʩʘʪʳʧ ʘʣʜʳ. 1916 ʞʳʣʳ 

ʙʠʣʙʦʨʜ ʩʘסʘʪʳʥʘ 8000 ʧʘʨʘץ ʙʘʩʳʧ ʰʳסʘʨʘ ʘʣʘʪʳʥ ʬʨʘʥʮʫʟ ʨʦʣʠʢʪʽ ʙʘʩʧʘʩʳʥ ʘʣʜʳ. 1925 

ʞʳʣʳ Shanghai Times ʥʝʤʽʩ ʪװʩʪʽ ʮʠʣʠʥʜʨʣʽʢ ʙʘʩʧʘ ʤʘʰʠʥʘʩʳʥ ʩʘʪʳʧ ʘʣʜʳ, ʙײʣ ʤʘʰʠʥʘ ʩʦʣ 

ʢʝʟʜʝ ʜʘʤʳסʘʥ ʪʠʧʦʛʨʘʬʠʷʣʳץ ʙʘʩʧʘ ʤʘʰʠʥʘʩʳ ʙʦʣʜʳ. 1894-1895 ʞʳʣʜʘʨʜʘסʳ ץʳʪʘʡ-ʞʘʧʦʥ 

ʩʦסʳʩʳ ʞᴅʥʝ 1911 ʞʳʣסʳ ʨʝʚʦʣʶʮʠʷ ʢʝʟʽʥʜʝ ʧʦʣʠʛʨʘʬʠʷʣʳץ ʞʘʙʜʳײ ץʣʪʪʳץ ᴇʥʜʽʨʽʩ ʨʝʪʽʥʜʝ 

 ʳ ʃʠ ɪʥʯʘʥ ʤʘʰʠʥʘ ʞʘʩʘʫ ʟʘʫʳʪʳ 1895 ʞʳʣʳסʘʣʳʧʪʘʩʘ ʙʘʩʪʘʜʳ. ʄʳʩʘʣʳ, ʐʘʥʭʘʡʜʘץ

 שʪʘʨʳʥʳץʳ ʘʣʪʳ ʙʘʩʧʘ ʞʘʙʜʳסʘʨʘʡ ʰʘʤʘʤʝʥ ʙʽʨʜʝʡ ʤʘʩʰʪʘʙʪʘץ ʘסʨʳʣʜʳ. 1912 ʞʳʣײץ

ʬʘʙʨʠʢʘʣʘʨʳ ʜᴅʡʝʢʪʽ ʪװʨʜʝ ײץʨʳʣʜʳ. ɹײʣ ʧʦʣʠʛʨʘʬʠʷʣʳץ ʞʘʙʜʳץʪʘʨ ʟʘʫʳʪʪʘʨʳ ʪʝʭʥʠʢʘʣʳץ 

 ʳʥ ʙʘʩʧʘסʘʪʘʨ ʢʝʡʙʽʨ ʰʘץ ʰʽʥ ʧʘʡʜʘʣʘʥʳʣʜʳ. ʅʝʛʽʟʽʥʝʥ, ʩʦʥʳʤʝʥװ ʳʟʤʝʪ ʢᴇʨʩʝʪʫץ
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ʞʘʙʜʳץʪʘʨʳʥ ʰʳסʘʨʘʜʳ. ʇʦʣʠʛʨʘʬʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʤʝʥ ʞʘʙʜʳץʪʘʨʳʥ ʝʥʛʽʟʫ ʟʘʤʘʥʘʫʠ 

           .ʧʘʣ ʝʪʪʽץʜʘʤʫʳʥʘ ʙʝʣʩʝʥʜʽ ʳ שʳʪʘʡ ʛʘʟʝʪʪʝʨʽʥʽפ
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ɸʥʥʦʪʘʮʠʷ 

ʄʘץʘʣʘʜʘ ʧʩʠʭʦʣʦʛʠʷʣʳץ-ʧʝʜʘʛʦʛʠʢʘʣʳץ ʤᴅʩʝʣʝ ʨʝʪʽʥʜʝ ʞʝʪʽʩʪʽʢʢʝ ʞʝʪʫʜʽש 

ʤʦʪʠʚʘʮʠʷʩʳʥʳש ʤᴅʥʽʥ ʪʝʦʨʠʷʣʳץ ʥʝʛʽʟʜʝʫ  ײʩʳʥʳʣסʘʥ. ʋʥʠʚʝʨʩʠʪʝʪ ʩʪʫʜʝʥʪʪʝʨʽʥʽש 

ʞʝʪʽʩʪʽʢʢʝ ʜʝʛʝʥ ʳʥʪʘʩʳʥ ʜʘʤʳʪʫ ʞᴅʥʝ ץʘʣʳʧʪʘʩʪʳʨʫ ʤᴅʩʝʣʝʩʽ ץʘʨʘʩʪʳʨʳʣסʘʥ. ɾʝʪʽʩʪʽʢʢʝ 

ʞʝʪʫ ʤʦʪʠʚʘʮʠʷʩʳʥ ʜʘʤʳʪʫ ײץʨʘʣʳ ʢᴅʩʽʙʠ ʤʽʥʜʝʪʪʝʨʜʽ ʰʝʰʫ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥʳ ʘʥʳץʪʘʣʜʳ. 

ɾʝʪʽʩʪʽʢʢʝ ʞʝʪʫʜʽש ʞʦסʘʨʳ ʤʦʪʠʚʘʮʠʷʩʳʥ ʜʘʤʳʪʫ װʰʽʥ ʩʪʫʜʝʥʪ ʙʦʣʘʰʘץ ʤʘʤʘʥʜʳץʪʳש 

 .ʳʥʘ ʙʝʨʝʜʽסʘʥ ʙʝʡʥʝʩʽʥʝ ʠʝ ʙʦʣʫʳ ʢʝʨʝʢ, ʦʣ ʙʽʣʽʤ ʙʝʨʫ ʧʨʦʮʝʩʽʥʝ ʞʝʢʝ ʤʘץʘʣʳʧʪʘʩץ

Abstract 

This article discusses the theoretical foundation and disclosure of achievement motivation as a 

psychological-and-pedagogical problem. The question of the development and formation of the 

students achievement motivation is considered. The thesis reveals the professional tasks solving as 

the means of successful motivation. For the development of high achievement motivation student 

must have a formed profession image, which will give a personal meaning to the educational 

process. 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʤʦʪʠʚʘʮʠʷ, ʤʦʪʠʚ, ʢᴅʩʽʙʠ ʤʦʪʠʚ, ʩʳʨʪץʳ ʤʦʪʠʚʘʮʠʷ, ʽʰʢʽ ʤʦʪʠʚʘʮʠʷ, ʦץʫ 

ᴅʨʝʢʝʪʽʥʝ ʤʦʪʠʚʘʮʠʷ. 

Keywords: motivation, motive, professional motive, external motivation, internal motivation, 

motivation for learning activities. 

 

XXI סʘʩʳʨʜʳש ʙʽʣʽʤ ʙʝʨʫ ʤʝʢʝʤʝʣʝʨʽʥʽש ʙʘʩʪʳ ʤʽʥʜʝʪʽ ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽ, 

ʰʳסʘʨʤʘʰʳʣʳץ ʪײʨסʳʜʘ ʦʡʣʘʡʪʳʥ, ץʘʨץʳʥʜʳ ʜʘʤʳʧ ʢʝʣʝ ʞʘʪץʘʥ ᴅʣʝʤʛʝ ʙʝʡʽʤʜʝʣʫʛʝ ʞᴅʥʝ 

ʪʘʙʳʩʪʳ ʝשʙʝʢ ʝʪʫʛʝ ץʘʙʽʣʝʪʪʽ ʤʘʤʘʥʜʘʨʜʳ ʜʘʷʨʣʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄʦʪʠʚʘʮʠʷ ʤʘשʳʟʜʳ 

ᴇʤʽʨʣʽʢ ʞᴅʥʝ ʞʘʣʧʳ ʤᴅʜʝʥʠ ʤᴅʥʛʝ ʠʝ, ʩʝʙʝʙʽ ʦʣ ʞʝʢʝ ʪײʣסʘʥʳש ʙʝʣʩʝʥʜʽʣʽʛʽʥ, ʦʥʳש ʤʽʥʝʟ-

 ʞʝʪʝʢʰʽ ʬʘʢʪʦʨʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄʦʪʠʚʘʮʠʷ ʤᴅʩʝʣʝʩʽʥ שʳʟʤʝʪʽʥ ʨʝʪʪʝʫʜʽץ ʳ ʤʝʥץʣײץ

ʟʝʨʪʪʝʫ ʘʡץʳʥ ץʳʟʳסʫʰʳʣʳץ ʪʫʜʳʨʘʜʳ, ᴇʡʪʢʝʥʽ ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ ʘʜʘʤ ʳʥʪʳʤʘץʪʘʩʪʳץ ʧʝʥ 

ᴇʟʘʨʘ ʪװʩʽʥʽʩʪʽʢʪʽ ʘʥʳץʪʘʡʪʳʥ ʘץʧʘʨʘʪץʘ ʠʝ ʙʦʣʫʳ ʢʝʨʝʢ. ʐʳʥ ʤᴅʥʽʥʜʝ, ʘʜʘʤʤʝʥ ʪʠʽʤʜʽ 

ᴅʣʝʫʤʝʪʪʽʢ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ (ʦʥʳש ʽʰʽʥʜʝ ʩʪʫʜʝʥʪʧʝʥ ᴅʣʝʫʤʝʪʪʽʢ-ʧʝʜʘʛʦʛʠʢʘʣʳץ ᴇʟʘʨʘ 

ᴅʨʝʢʝʪʪʝʩʫ) ʦʥʳש ʤʦʪʠʚʘʮʠʷʩʳʥʳש ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʝʩʢʝʨʫʩʽʟ ʘʥʳץʪʘʣʫʳ ʤװʤʢʽʥ ʝʤʝʩ. 

ʄʦʪʠʚʘʮʠʷ-ʙײʣ ʘʜʘʤʥʳש ʧʩʠʭʦʜʠʥʘʤʠʢʘʣʳץ ʞװʡʝʩʽ, ʦʣ ײʡʳʤʜʘʩʪʳʨʫʰʳ (ץʦʟסʘʫʰʳ, 

ʙʘסʳʪʪʘʫʰʳ), ᴅʨʝʢʝʪʪʽ ʨʝʪʪʝʫʰʽ ʞᴅʥʝ ʘʜʘʤʥʳץ שʦʨʰʘסʘʥ ᴅʣʝʤʛʝ ᴇʤʽʨʣʽʢ ץʘʪʳʥʘʩʳʥ 

ʢᴇʨʩʝʪʫʰʽ ʨᴇʣʽʥ ʘʪץʘʨʘʜʳ. ʄʦʪʠʚʘʮʠʷʥʳש ʤʘʟʤײʥʜʳ ʞᴅʥʝ ʜʠʥʘʤʠʢʘʣʳץ ʞʘסʳ ʙʽʨץʘʪʘʨ 

ʬʘʢʪʦʨʣʘʨʤʝʥ ʘʣʜʳʥ ï ʘʣʘ ʘʥʳץʪʘʣʘʜʳ: ʧʩʠʭʠʢʘʣʳץ ʧʨʦʮʝʩʪʝʨ ʤʝʥ ʢװʡʣʝʨʛʝ 

 ,ʙʘʡʣʘʥʳʩʪʳ ʝʨʽʢʪʽ, ʵʤʦʮʠʦʥʘʣʜʳ (ʜʘʨʣʘʨʳʥʘסʙʘ ץʥʜʳʣʳײץ ,ʘסʘʨʘʩʪʘʨץʘʞʝʪʪʽʣʽʢʪʝʨʛʝ, ʢᴇʟץ)
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ʧʩʠʭʠʢʘʣʳײץ ץʨʳʣʳʤʜʘʨ, ʞʝʢʝ ʪײʣסʘʥʳש ᴅʣʝʤʛʝ ץʘʪʳʥʘʩʳ ʞװʡʝʩʽ, ץʳʟʤʝʪʽ, ʞʦʩʧʘʨʣʘʥסʘʥ 

ʥᴅʪʠʞʝʣʝʨ ʞᴅʥʝ ʪ.ʙ. 

ɿʝʨʪʪʝʫ ʘʷʩʳʥʜʘ ʙʽʟ çʞʝʪʽʩʪʽʢʢʝ ʞʝʪʫ ʤʦʪʠʚʘʮʠʷʩʳè סײʳʤʳʥ ץʘʨʘʩʪʳʨʘʤʳʟ. ɹײʣ 

rץ ʟʤʝʪʪʝ ʞʦסʘʨʳ ʥᴅʪʠʞʝʣʝʨʛʝ ʞᴅʥʝ ʰʝʙʝʨʣʽʢʢʝ ץʦʣ ʞʝʪʢʽʟʫʛʝ ʜʝʛʝʥ ײʤʪʳʣʳʩ ʢװʨʜʝʣʽ 

ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʪʘשʜʘʫʜʘ ʞᴅʥʝ ʦʣʘʨʜʳ ʦʨʳʥʜʘʫסʘ ʜʝʛʝʥ ײʤʪʳʣʳʩʪʘ ʢᴇʨʽʥʝʜʽ. ʂʝʟ ʢʝʣʛʝʥ 

 ʘʥʘ ʝʤʝʩ, ʞʝʪʽʩʪʽʢʢʝ ʞʝʪʫס ʜʳ, ʙʽʣʽʤʛʝסʘʙʽʣʝʪ, ʜʘץ ʳʟʤʝʪʢʝ ʞʝʪʽʩʪʽʢʢʝ ʞʝʪʫץ

ʤʦʪʠʚʘʮʠʷʩʳʥʘʜʘ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ. ɾʝʪʽʩʪʽʢʢʝ ʜʝʛʝʥ ʤʦʪʠʚʘʮʠʷʥʳש ʞʦסʘʨʳ ʜʝשʛʝʡʽ ʙʘʨ 

ʪײʣסʘ, ʤʘשʳʟʜʳ ʥᴅʪʠʞʝʣʝʨʛʝ ץʦʣ ʞʝʪʢʽʟʫʛʝ ʪʳʨʳʩʳʧ, ʘʣסʘ ץʦʡסʘʥ ʤʘץʩʘʪʪʘʨʳʥʘ ʞʝʪʫ װʰʽʥ 

ʪʘʙʘʥʜʳ ʞײʤʳʩ ʽʩʪʝʡʜʽ. 

 ɻ.ʄʶʨʨʝʡʜʽש ʧʽʢʽʨʽʥʰʝ, ʞʝʪʽʩʪʽʢʪʽש ʤʦʪʠʚʽ ʞʝʢʝ ʪײʣסʘʥʳש ʪײʨʘץʪʳ ʩʠʧʘʪʪʘʤʘʩʳ 

ʞײʤʳʩʪʘ ʥᴅʪʠʞʝʛʝ ʞʝʪʫ, ʢʝʟ-ʢʝʣʛʝʥ ʩʘʣʘʜʘ ʙʝʣʛʽʣʽ ʙʽʨ ʜʝשʛʝʡʛʝ ʞʝʪʫ ʥʠʝʪʽʥʜʝ ʢᴇʨʽʥʝʜʽ [1, 

65ʙ]. ʍ. ʍʝʢʭʘʫʟʝʥʥʽש ʧʽʢʽʨʽʥʰʝ, ʞʝʪʽʩʪʽʢ ʤʦʪʠʚʽ ʘʜʘʤʥʳש ᴇʟ ץʘʙʽʣʝʪʪʝʨʽ ʤʝʥ ʜʘסʜʳʣʘʨʳʥ 

ʘʨʪʪʳʨʫסʘ, ʦʣʘʨʜʳ ʞʦסʘʨʳ ʜʝשʛʝʡʜʝ ײʩʪʘʫסʘ ץʘʥʰʘʣʳץʪʳ ײʤʪʳʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ. 

ɾʝʪʽʩʪʽʢʢʝ ʞʝʪʫ ʤʦʪʠʚʽ ʝʢʽ ʪᴅʫʝʣʩʽʟ ʪʝʥʜʝʥʮʠʷʥʳ ʩʠʧʘʪʪʘʡʜʳ-ʪʘʙʳʩץʘ ײʤʪʳʣʫ ʞᴅʥʝ 

ʩᴅʪʩʽʟʜʽʢʪʝʨʜʝʥ ץʘʰʫ [2, 36ʙ]. 

ɼ.ʄʘʢ-ʂʣʝʣʣʘʥʜ ʞʝʪʽʩʪʽʢʢʝ ʞʝʪʫʛʝ ʜʝʛʝʥ ʘʡץʳʥ ײʤʪʳʣʳʩʳʤʝʥ ʝʨʝʢʰʝʣʝʥʝʪʽʥ 

ʘʜʘʤʜʘʨʜʳװ שʰ ʥʝʛʽʟʛʽ ʩʠʧʘʪʪʘʤʘʩʳʥ ʘʥʳץʪʘʡʜʳ. ʄײʥʜʘʡ ʘʜʘʤʜʘʨ ᴅʨʪװʨʣʽ ʤʽʥʜʝʪʪʝʨʜʽ ʰʝʰʫ 

ʢʝʟʽʥʜʝ ᴇʟʜʝʨʽʥʝ ʞʘʫʘʧʢʝʨʰʽʣʽʢʪʽ ʘʣʫʜʳ ʞᴇʥ ʢᴇʨʝʜʽ; ʘʣʜʳʥ ʘʣʘ ʙʦʣʞʘʥסʘʥ ʪᴅʫʝʢʝʣʛʝ 

ʙʝʡʽʤʜʽʣʽʢ ʪʘʥʳʪʘʜʳ; ᴇʟ ʘʣʜʳʥʘ ʥʘץʪʳ ʞᴅʥʝ ץʦʣ ʞʝʪʢʽʟʫʛʝ ʙʦʣʘʪʳʥ ʤʘץʩʘʪʪʘʨ ץʦʷʜʳ; ᴇʟ 

ʝשʙʝʢʪʝʨʽʥ ʙʘסʘʣʘסʘʥʜʳ ץʘʞʝʪ ʝʪʝʜʽ. ɾʝʪʽʩʪʽʢʢʝ ʞʝʪʫ ʤʦʪʠʚʘʮʠʷʩʳ ʰʳʜʘʤʜʳʣʳץ, 

ʪʘʙʘʥʜʳʣʳץ ʩʠʷץʪʳ ʝʨʽʢʪʽ ץʘʩʠʝʪʪʝʨʜʽש ʢᴇʨʽʥʽʩʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. ɾʝʪʽʩʪʽʢʢʝ ʞʝʪʫ ʤʦʪʠʚʽʥʽש 

ʥʝʛʽʟʽ-ʘʜʘʤʥʳש ʰʝʙʝʨʣʽʢʢʝ, ʙᴅʩʝʢʝʣʝʩʪʽʢʢʝ, ʞײʤʳʩץʘ ʜʝʛʝʥ ײʤʪʳʣʳʩʳ (ʞʘץʩʳ ʦʨʳʥʜʘʣסʘʥ 

ʞײʤʳʩʪʘʥ ץʘʥʘסʘʪʪʘʥʫʜʳ ʩʝʟʽʥʫ) [3, 48ʙ]. 

ʂʝשʝʩ ʧʩʠʭʦʣʦʛʠʷʩʳʥʜʘ ʤʦʪʠʚʘʮʠʷ ʘʜʘʤ ᴇʤʽʨʽʥʽש ʢװʨʜʝʣʽ ʢᴇʧ ʜʝשʛʝʡʣʽ ʨʝʪʪʝʫʰʽʩʽ 

ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ-ʦʥʳש ʤʽʥʝʟ-ײץʣץʳ, ץʳʟʤʝʪʽ. ɿʝʨʪʪʝʫʰʽʣʝʨ ʤᴅʩʝʣʝʥʽש ʪװʨʣʽ 

ʘʩʧʝʢʪʽʣʝʨʽʥ ʟʝʨʪʪʝʜʽ: ɾʆʆ-ʜʘ ʦץʫ ʢʝʟʝשʽʥʜʝ ʢᴅʩʽʧʪʽ ʤʝשʛʝʨʫʛʝ ʜʝʛʝʥ ʳʥʪʘʥʳ ʜʘʤʳʪʫ, 

ʩʪʫʜʝʥʪʪʝʨʜʽש ʦץʫ ʙʝʣʩʝʥʜʽʣʽʛʽ ʜʝשʛʝʡʽʥʝ ʤʦʪʠʚʘʮʠʷ ʤʝʥ ʠʥʪʝʣʣʝʢʪʪʽש ᴅʩʝʨʽ, ʩʪʫʜʝʥʪʪʝʨʜʽ 

ɾʆʆ-ʜʘ ʦץʳʪʫ ʧʨʦʮʝʩʽʥʝ ץʘʣʳʧʪʘʩʪʳʨʫ, ʝʨʪʝ ʞʘʩʪʘʥ ʤʘʤʘʥʜʳץ ʪʘשʜʘʫסʘ ʧʩʠʭʦʣʦʛʠʷʣʳץ 

ʜʘʡʳʥʜʳץʪʳש ʤʦʪʠʚʘʮʠʷʣʳץ ʢʦʤʧʦʥʝʥʪʽ, ɾʆʆ-ʜʘ ʦץʫ ʧʨʦʮʝʩʽʥʜʝ ʩʪʫʜʝʥʪʪʝʨʜʽש ʙʦʣʘʰʘץ 

ʢᴅʩʽʙʠ ץʳʟʤʝʪʽʥʝ ʧʩʠʭʦʣʦʛʠʷʣʳץ ʜʘʡʳʥʜʳסʳ ʞᴅʥʝ ʙʘʩץʘʣʘʨ. 

ʊ.ʆ.ɻʦʨʜʝʝʚʘ ʦʩʳ ʤᴅʩʝʣʝ ʙʦʡʳʥʰʘ ʝש ʙʝʜʝʣʜʽ ʘʚʪʦʨʣʘʨʜʳש ʙʽʨʽ. ɾʝʪʽʩʪʽʢʢʝ ʞʝʪʫ 

ʤʦʪʠʚʘʮʠʷʩʳʥʳש ʘʩʪʘʨʳʥʜʘ ʞʝʪʽʩʪʽʢʢʝ ʞʝʪʫ ץʳʟʤʝʪʽʥʽש ʤʦʪʠʚʘʮʠʷʩʳ ʪװʩʽʥʜʽʨʽʣʝʜʽ. 

ɾʝʪʽʩʪʽʢʢʝ ʞʝʪʫ ץʳʟʤʝʪʽ-ʙײʣ ץʦʨʰʘסʘʥ ᴅʣʝʤʜʽ, ᴇʟʽשʜʽ, ʙʘʩץʘ ʘʜʘʤʜʘʨʜʳ ʞᴅʥʝ ʦʣʘʨʤʝʥ ץʘʨʳʤ-

 ʳʟʤʝʪ çʙʽʨ ᴅʨʝʢʝʪץ ʥʜʘʡײʳʟʤʝʪ. ʄץ ʨʜʝ ᴇʟʛʝʨʪʫʛʝ ʙʘʡʣʘʥʳʩʪʳװʩʘʪʪʳ ʪץʘʪʳʥʘʩʪʳ ʤʘץ

ʞʘʩʘʫסʘ ʜʝʛʝʥ ײʤʪʳʣʳʩ, ʤװʤʢʽʥʜʽʛʽʥʰʝ ʪʝʟʽʨʝʢ ʘʜʘʤʥʳש ʞʝʪʽʩʪʽʢʢʝ ʞʝʪʫʛʝ, ᴇʩʫʛʝ ʞᴅʥʝ ᴇʟʽʥ-

ᴇʟʽ ʞʝʪʽʣʜʽʨʫʛʝ ʜʝʛʝʥ ʥʝʛʽʟʛʽ ץʘʞʝʪʪʽʣʽʢʪʝʨʽ ʙʦʣʘʪʳʥ ʧʨʦʛʨʝʩʢʝ ץʦʣ ʞʝʪʢʽʟʫè ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ 

[4, 38ʙ]. 

ʉʦʥʜʘʡ-ʘץ, ʢʝשʝʩ ʧʩʠʭʦʣʦʛʠʷʩʳʥʜʘ ʞʝʪʽʩʪʽʢʪʽש ʤʦʪʠʚʘʮʠʷʩʳʥ ʄ.ʐ.ʄʘʛʦʤʝʜ-

ʕʤʠʥʦʚ ʟʝʨʪʪʝʜʽ. ʆʣ ʞʝʪʽʩʪʽʢʢʝ ʞʝʪʫ ʤʦʪʠʚʘʮʠʷʩʳʥ ʠʥʪʝʛʨʘʮʠʷʣʘʥסʘʥ ʘʬʬʝʢʪʠʚʪʽ ʞᴅʥʝ 

ʪʘʥʳʤʜʳץ ʧʨʦʮʝʩʪʝʨʜʽש ʬʫʥʢʮʠʦʥʘʣʜʳ ʞװʡʝʩʽ ʨʝʪʽʥʜʝ ʘʥʳץʪʘʜʳ, ʦʥʳ ʞװʟʝʛʝ ʘʩʳʨʫ 

ʙʘʨʳʩʳʥʜʘ ʞʝʪʽʩʪʽʢ ʞʘסʜʘʡʳʥʜʘסʳ ʽʩ-ᴅʨʝʢʝʪ ʧʨʦʮʝʩʽʥ ʨʝʪʪʝʫʜʽ ײʩʳʥʜʳ. פʳʟʤʝʪʪʽ 

ʤʦʪʠʚʘʮʠʷʣʳץ ʨʝʪʪʝʫ ʧʨʦʮʝʩʽʥʜʝ ʥʘץʪʳ ʬʫʥʢʮʠʷʣʘʨʜʳ ʦʨʳʥʜʘʡʪʳʥ ʘʨʥʘʡʳ ײץʨʳʣʳʤʜʳץ 

ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ʙᴇʣʫʛʝ ʙʦʣʘʜʳ:  

- ᴇʟʝʢʪʝʥʜʽʨʫ ʤʦʪʠʚʘʮʠʷʩʳ (ץʳʟʤʝʪʪʽ ʳʥʪʘʣʘʥʜʳʨʫ ʞᴅʥʝ ʙʘʩʪʘʫ),  

- ʩʝʣʝʢʮʠʷ ʤʦʪʠʚʘʮʠʷʩʳ (ʤʘץʩʘʪʪʳ ʞᴅʥʝ ʦסʘʥ ʩᴅʡʢʝʩ ᴅʨʝʢʝʪʪʽ ʪʘשʜʘʫ ʧʨʦʮʝʩʪʝʨʽ),  

- ʽʩʢʝ ʘʩʳʨʫ ʤʦʪʠʚʘʮʠʷʩʳ( ʽʩ-ᴅʨʝʢʝʪʪʽש ʦʨʳʥʜʘʣʫʳʥ ʨʝʪʪʝʫ ʞᴅʥʝ ʥʠʝʪʪʽש 

ʦʨʳʥʜʘʣʫʳʥ ʙʘץʳʣʘʫ),  

- ʧʦʩʪʨʝʘʣʠʟʘʮʠʷ ʤʦʪʠʚʘʮʠʷʩʳ (ᴅʨʝʢʝʪʪʽ ʪʦץʪʘʪʫסʘ ʥʝʤʝʩʝ ʙʽʨ ᴅʨʝʢʝʪʪʽ ʝʢʽʥʰʽʩʽʥʝ 
ʘʫʳʩʪʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʧʨʦʮʝʩʪʝʨ)  [5, 52ʙ]. 

ɸʜʘʤʜʘ ʞʝʪʽʩʪʽʢʢʝ ʞʝʪʫ ʤʦʪʠʚʘʮʠʷʩʳ ᴅʨʜʘʡʳʤ ʙʽʨʜʝʡ ʙʦʣʘ ʙʝʨʤʝʡʜʽ. ʂʝʡʙʽʨʝʫʣʝʨ 

ʞʘʨʘʪʳʣʳʩʪʘʥʫ ʧᴅʥʜʝʨʽʥ ʦץʳʪʫʜʘ ʢװʨʜʝʣʽ ʤʽʥʜʝʪʪʝʨʜʽ ץʘʣʘʡʜʳ, ʘʣ ʙʘʩץʘʣʘʨʳ, ʢʝʨʽʩʽʥʰʝ, 
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 ʳʨʳʧʪʘʨʜʳץʨʜʝʣʽ ʪʘװʳʪʫʜʘ ʢץʧᴅʥʜʝʨʜʽ ʦ ץʩʘʪʪʘʨʤʝʥ ʰʝʢʪʝʣʽʧ, ʛʫʤʘʥʠʪʘʨʣʳץʘʨʘʧʘʡʳʤ ʤʘץ

ʪʘשʜʘʡʜʳ ʞᴅʥʝ ʦʩʳ ʩʘʣʘʜʘ ʘʡʪʘʨʣʳץʪʘʡ ʥᴅʪʠʞʝʣʝʨʛʝ ץʦʣ ʞʝʪʢʽʟʝʜʽ. 

ʄʦʪʠʚʘʮʠʷʥʳש ʤʘשʳʟʜʳ ʪװʨʣʝʨʽʥʽש ʙʽʨʽ-ʞʝʪʽʩʪʽʢʢʝ ʞʝʪʫ ʤʦʪʠʚʘʮʠʷʩʳ. ʆʩʳʥʜʘʡ 

ʤʦʪʠʚʘʮʠʷʤʝʥ ʘʜʘʤʥʳש ʽʩ-ᴅʨʝʢʝʪʽ ʦש ʥᴅʪʠʞʝʣʝʨʛʝ ץʦʣ ʞʝʪʢʽʟʫʛʝ ʙʘסʳʪʪʘʣʘʜʳ. ʄʦʪʠʚʘʮʠʷʥʳ 

ʜʘʤʳʪʫʜʳש ʩᴅʪʪʽʣʽʛʽ, ʙʽʨʽʥʰʽʜʝʥ, ʤʦʪʠʚʪʝʨʜʽש ʧʩʠʭʦʣʦʛʠʷʣʳץ ʬʘʢʪʦʨʣʘʨʳʤʝʥ ᴇʟʘʨʘ 

ᴅʨʝʢʝʪʪʝʩʫʽʥ ʙʽʣʫʛʝ ʞᴅʥʝ ʝʩʢʝʨʫʛʝ, ʝʢʽʥʰʽʜʝʥ, ʦʩʳ ʧʩʠʭʦʣʦʛʠʷʣʳץ ʬʘʢʪʦʨʣʘʨ ʢᴅʩʽʙʠ 

ʙʘסʳʪʪʘʣסʘʥ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ײʡʳʤʜʘʩʪʳʨʫסʘ ʦש ᴅʩʝʨ ʝʪʫʽ ʤװʤʢʽʥ ʧʝʜʘʛʦʛʠʢʘʣʳץ 

ʞʘסʜʘʡʣʘʨʜʳ ʞʘʩʘʫסʘ ʙʘʡʣʘʥʳʩʪʳ. ɾʦסʘʨʳʜʘ ʘʪʘʣסʘʥ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫ ʪʝʦʨʠʷʣʳץ ʙʘʟʘʥʳ 

 ʪʘʡʜʳ. ɾʝʪʽʩʪʽʢʢʝ ʞʝʪʫץʨʘʥʳʩʪʳ ʘʥʳײʳʣʳʤʠ ʙʽʣʽʤʛʝ ʜʝʛʝʥ ʩס ʘʣrʧʪʘʩʪʳʨʫ ʢʝʟʽʥʜʝץ

ʤʦʪʠʚʘʮʠʷʩʳʥʳש ʜʘʤʫʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ ײץʨʘʣʳ ʢᴅʩʽʙʠ ʙʘסʳʪʪʘʣסʘʥ ʤʽʥʜʝʪʪʝʨʜʽ ץʦʣʜʘʥʫ. 

ʂᴅʩʽʙʠ ʙʘסʳʪʪʘʣסʘʥ ʤʽʥʜʝʪ ʜʝʧ ʙʝʣʛʽʣʽ ʙʽʨ ʞʘסʜʘʡʜʳש ʰʘʨʪʳ ʤʝʥ ʪʘʣʘʙʳ ʪײʣסʘʥʳש ʢᴅʩʽʙʠ 

 ʜʘʡʜʳסʣ ʞʘײʩʽʥʫʛʝ ʙʦʣʘʜʳ. ɹװʪʘʫʰʳ ʤᴅʩʝʣʝ ʜʝʧ ʪץʳʟʤʝʪʽʥʜʝ ʪʫʳʥʜʘʡʪʳʥ ʤʦʜʝʣʽʥ ʘʥʳץ

ʟʝʨʪʪʝʫ ʩʪʫʜʝʥʪʪʝʨʜʽש ʙʝʣʛʽʣʽ ʙʽʨ ʜʘסʜʳʣʘʨʳʥ ʜʘʤʳʪʫסʘ ʳץʧʘʣ ʝʪʝʜʽ. ʆʣʘʨסʘ ʢʝʣʝʩʽ 

ʜʘסʜʳʣʘʨʜʳ ʞʘʪץʳʟʫסʘ ʙʦʣʘʜʳ: ʢʦʤʤʫʥʠʢʘʪʠʚʪʽ, ʬʫʥʢʮʠʦʥʘʣʜʳ, ʘʣʛʦʨʠʪʤʜʽʢ, ʛʝʦʤʝʪʨʠʷʣʳץ, 

ʩʪʦʭʘʩʪʠʢʘʣʳץ. 

ɾʝʪʽʩʪʽʢʢʝ ʞʝʪʫ ʤʦʪʠʚʘʮʠʷʩʳʥ ʜʘʤʳʪʫ װʰʽʥ ʦʥʳ ʤʘץʩʘʪʪʳ ʞᴅʥʝ װʥʝʤʽ ץʦʣʜʘʥʫʜʳ 

 ץʜʠʜʘʢʪʠʢʘʣʳ שʳʨʳʧʪʘʨʳʥʳץʪʘ שʳʪʫʰʳ ʙᴇʣʽʤʜʝʨʜʽץʰʽʥ ʦװ ʘʞʝʪ. ʆʣץ ʡʳʤʜʘʩʪʳʨʫײ

ʙʽʨʣʽʢʪʝʨʽʥ ʪʘʣʜʘʫʳ ʢʝʨʝʢ; ʜʘסʜʳʣʘʨʜʳץ שʘʣʳʧʪʘʩʫ ʜʝשʛʝʡʽʥ ʙʘץʳʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ 

ʪʘʧʩʳʨʤʘʣʘʨʜʳ ᴅʟʽʨʣʝʫʽ ʪʠʽʩ. ɾʝʪʽʩʪʽʢʢʝ ʜʝʛʝʥ ʳʥʪʘʥʳ ʜʘʤʳʪʫ װʰʽʥ ʘʪʘʣסʘʥ ʜʘסʜʳʣʘʨסʘ 

ʥʝʛʽʟʜʝʣʛʝʥ ʢᴅʩʽʙʠ ʙʘסʳʪʪʘʣסʘʥ ʤʽʥʜʝʪʪʝʨʛʝ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨʜʳ ʪײʞʳʨʳʤʜʘʫ ץʘʞʝʪ: 

- ʪʘʧʩʳʨʤʘʥʳש ʤʘʟʤײʥʳ ʞᴅʥʝ ʦʥʳ ʰʝʰʫ ʞʦʣʜʘʨʳ ʘʨʥʘʡʳ ʧᴅʥʜʝʨ ʙʦʡʳʥʰʘ ʙʽʣʽʤʜʽ 

ʪʘʣʘʧ ʝʪʝʜʽ; 

- ʤʽʥʜʝʪʪʝʨʜʽ ʰʝʰʫ ʙʦʣʘʰʘץ ʤʘʤʘʥ ʪײʣסʘʩʳʥʳש ʢᴅʩʽʙʠ ʜʘʤʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʽ 

ʢʝʨʝʢ; 

- ʤʽʥʜʝʪ ʤʘʤʘʥʥʳש ʢᴅʩʽʙʠ ץʳʟʤʝʪʽʥʜʝ ʪʫʳʥʜʘʡʪʳʥ ʞʘסʜʘʡʜʳ ʩʠʧʘʪʪʘʫʳ ʢʝʨʝʢ. 

ʉʪʫʜʝʥʪʪʝʨʜʽ ʢᴅʩʽʧʪʽʢ ʙʘסʜʘʨʣʘʥסʘʥ ʤʽʥʜʝʪʪʝʨʜʽ ʰʝʰʫʛʝ ʦץʳʪʫ ʧʨʦʮʝʩʽ ʤʳʥʘʜʘʡ 

ʢʝʟʝשʜʝʨʜʽש ʪʽʟʙʝʛʽʥʝʥ ʪײʨʫʳ ʪʠʽʩ: ʦʙʲʝʢʪʽʥʽ ץʘʙʳʣʜʘʫ; סײʳʥʫ; ʙʽʣʽʤʜʽ ץʘʣʳʧʪʘʩʪʳʨʫ; ʙʽʣʽʤʜʽ 

ʤʝשʛʝʨʫ; ʙʽʣʽʤʜʽ ʪװʨʣʝʥʜʽʨʫ [6,115ʙ]. 

ɾʝʪʽʩʪʽʢʢʝ ʞʝʪʫʜʽש ʞʦסʘʨʳ ʤʦʪʠʚʘʮʠʷʩʳʥ ʜʘʤʳʪʫ װʰʽʥ ʩʪʫʜʝʥʪ ʙʦʣʘʰʘץ 

ʤʘʤʘʥʜʳץʪʳץ שʘʣʳʧʪʘʩץʘʥ ʙʝʡʥʝʩʽʥʝ ʠʝ ʙʦʣʫʳ ʢʝʨʝʢ, ʦʣ ʙʽʣʽʤ ʙʝʨʫ ʧʨʦʮʝʩʽʥʝ ʞʝʢʝ ʤʘסʳʥʘ 

ʙʝʨʝʜʽ. ʉʪʫʜʝʥʪʪʝ ʘʣʳʥסʘʥ ʙʽʣʽʤ ʦʥʳש ʢᴅʩʽʙʠ ʞʘסʜʘʡʳʥʳש ᴇʟʛʝʨʫʽʥʝ ץʘʣʘʡ ᴅʩʝʨ ʝʪʝʪʽʥʽʥ, 

ʦʣʘʨʜʳש ʢᴅʩʽʙʠ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫʛʝ ץʘʣʘʡ ʢᴇʤʝʢʪʝʩʝʪʽʥʽʥ ʪװʩʽʥʛʝʥ ʢʝʟʜʝ סʘʥʘ ʞʝʪʽʩʪʽʢʢʝ 

ʞʝʪʫʛʝ ʜʝʛʝʥ ʤʦʪʠʚʘʮʠʷʩʳ ʘʨʪʘʜʳ. ɽ. ʇ. ʀʣʴʠʥ çʤʘץʩʘʪ ʘʜʘʤסʘ ץʘʥʜʘʡ ʜʘ ʙʽʨ ʤʘסʳʥʘ 

ʙʝʨʛʝʥʜʝ סʘʥʘ ʳʥʪʘʣʘʥʜʳʨʘʜʳ. ʄʘסʳʥʘʩʳʟ ʞײʤʳʩ ʤʦʪʠʚʪʽש ʢװʰʽʥ ʪᴇʤʝʥʜʝʪʽʧ ץʘʥʘ ץʦʡʤʘʡ, 

ʘʜʘʤʥʳץ שʘʜʽʨ-ץʘʩʠʝʪʽʥ ʜʝ ʪᴇʤʝʥʜʝʪʝʜʽè [7, 23ʙ]. 
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ʉʆʃʅɽʏʅɸʗ ʕʅɽʈɻɽʊʀʂɸ 

 

ʋʤʠʪʢʘʣʠʝʚ ɼʘʥʘʙʝʢ ʄʘʢʩʦʪʫʣʳ  

ʤʘʛʠʩʪʨʘʥʪ 1 ʢʫʨʩʘ, 

ɸʪʳʨʘʫʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠʤʝʥʠ ʉʘʬʠ ʋʪʝʙʘʝʚʘ  

ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ  çʇʨʦʤʳʰʣʝʥʥʘʷ ʵʥʝʨʛʝʪʠʢʘè 

 

 

ɸʅʅʆʊɸʎʀʗ 

ɯ.ᴆʟʝʢʪʽʣʽʛʽ:  

ʂװʥ - ʞʝʨ ʙʝʪʽʥʜʝʛʽ ʙʘʨʣʳץ ʥᴅʨʩʝʥʽש ʢᴇʟʽ. ʉʦʥʜʳץʪʘʥ ʢװʥʥʽש ʵʥʝʨʛʠʷʩʳ ᴇʟʽʥʽש 
ʪʘʙʠסʠʣʳסʳʥʘ, ʪʘʫʩʳʣʤʘʫʰʳʣʳסʳʥʘ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘʣʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʰʘץʪʘ 

ʝץ שʦʣʘʡʣʳ ʙʦʣʘʜʳ. ɿʝʨʪʪʝʫ ʪʘץʳʨʳʙʳʥʳש ᴇʟʝʢʪʽʣʽʛʽ, ʪʝʭʥʠʢʘʣʳץ ʤװʤʢʽʥʜʽʢʪʝʨʜʽש ʰʝʢʩʽʟ 
ᴇʩʫʽʥʝ ץʘʨʘʤʘʩʪʘʥ, ʢװʥ ʵʥʝʨʛʠʷʩʳʥʳש ʪʘʫʳʩʳʣʤʘʡʪʳʥʜʳסʳʥʜʘ. 

II. נʳʣʳʤʠ ʞʘשʘʣʳסʳ: 

 ʳʥ ʩʘʣʘʩʳ-ʩʫʜʳ, ʘʫʘʥʳץʘʡ שʝ שʥ ʵʥʝʨʛʠʷʩʳʥ ʧʘʡʜʘʣʘʥʫʜʳװʳ - ʢסʘʣʳשʳʣʳʤʠ ʞʘנ

ʞʳʣʳʪʫ. ʉʫʳץ ʢʣʠʤʘʪʳ ʙʘʨ ʘʫʜʘʥʜʘʨʜʘ ʪײʨסʳʥ װʡ-ʞʘʡʣʘʨʜʳ ʞʳʣʳʪʫ ʞᴅʥʝ ʳʩʪʳץ ʩʫʤʝʥ 

ʞʘʙʜʳץʪʘʫ ץʘʞʝʪ. ʂװʥ ʵʥʝʨʛʠʷʩʳ ʩʫ ʞʳʣʳʪץʳʰʪʘʨʳʥʜʘ, ʘʫʘ ʞʳʣʳʪץʳʰʪʘʨʳʥʜʘ, ʢװʥ 

ʜʠʩʪʠʣʣʷʪʦʨʣʘʨʳʥʜʘ, ʘʩʪʳץ ʢʝʧʪʽʨʛʽʰʪʝʨʜʝ, ʢװʥ ʤײʥʘʨʘʣʘʨʳʥʜʘ (ʤײʥʘʨʘ ʪװʨʽʥʜʝʛʽ ʢװʥ 

ʵʥʝʨʛʠʷʩʳ ץʦʥʜʳʨסʳʩʳ) ץʦʣʜʘʥʳʣʘʜʳ. ʕʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ᴇʥʜʽʨʫʛʝ ʘʨʥʘʣסʘʥ ʢװʥ ʞװʡʝʣʝʨʽ 

ʢװʥ ʵʣʝʢʪʨ ʩʪʘʥʮʠʷʣʘʨʳ ʜʝʧ ʘʪʘʣʘʜʳ. 

 III. ʇʨʘʢʪʠʢʘʣʳץ ʤʘשʳʟʜʳʣʳסʳ: 

ʇʨʘʢʪʠʢʘʣʳץ ʤʘשʳʟʜʳʣʳסʳ: ʢװʥ ʵʥʝʨʛʝʪʠʢʘʩʳ ʢװʥ ʵʥʝʨʛʠʷʩʳ ʨʝʩʫʨʩʪʘʨʳʥʳש 

ʪʝʛʽʥʜʽʛʽʥ, ʞʘסשʳʨʪʳʣʘʪʳʥʜʳסʳʥ ʞᴅʥʝ ʢʝש ʘʫץʳʤʳʥ (ʩʘʨץʳʣʤʘʡʪʳʥʜʳסʳʥ) ʘʪʘʧ ᴇʪʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʢװʥ ʵʥʝʨʛʠʷʩʳʥ ʧʘʡʜʘʣʘʥʫʜʳש ʧʨʘʢʪʠʢʘʣʳץ ʦʨʳʥʜʳʣʳסʳ 1ʢɺʪ / ʤ2-ʛʝ ʪʝש 

ʝש ʞʦסʘʨʳ ʢװʥ ʨʘʜʠʘʮʠʷʩʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ. ɹײʣ ʞʝʨʛʝ ʢʝʣʝʪʽʥ ʢװʥ ʩᴅʫʣʝʩʽʥʽש ʝש ʞʦסʘʨʳ 

ʪʳסʳʟʜʳסʳ ʜʝʧ ʘʪʘʣʘʜʳ. 

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʢװʥ, ʵʥʝʨʛʝʪʠʢʘ, ʢװʥ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʩʪʘʥʮʠʷʣʘʨʳ, ʪʳסʳʟʜʳץ, 

ʞʝʨ, ץʦʥʜʳʨסʳ. 

                                             ɸʥʥʦʪʘʮʠʷ 

ɯ.ɸʢʪʫʘʣʴʥʦʩʪʴ. ʉʦʣʥʮʝ ï ʠʩʪʦʯʥʠʢ ʚʩʝʛʦ ʥʘ ɿʝʤʣʝ: ʩʚʝʪʘ, ʪʝʧʣʘ, ʞʠʟʥʠ. ʇʦʵʪʦʤʫ ʵʥʝʨʛʝʪʠʢʘ 

ʉʦʣʥʮʘ ʩʪʘʥʝʪ ʩʘʤʦʡ ʧʨʠʝʤʣʝʤʦʡ ʠ ʚ ʙʫʜʫʱʠʝ ʵʧʦʭʠ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʝʩʪʝʩʪʚʝʥʥʦʩʪʠ, 

ʥʝʠʩʯʝʨʧʘʝʤʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʯʠʩʪʦʪʝ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ 
ʟʥʘʯʠʤʦʩʪʴʶ ʨʘʟʚʠʪʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʢʘʢ ʥʝʠʩʯʝʨʧʘʝʤʳʡ ï ʧʨʠ ʙʝʩʢʦʥʝʯʥʦʤ ʨʦʩʪʝ 

ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. 

 II. ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʘʷ ʦʙʣʘʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʵʪʦ ʧʦʜʦʛʨʝʚ ʚʦʜʳ, ʚʦʟʜʫʭʘ. ɺ ʨʘʡʦʥʘʭ ʩ ʭʦʣʦʜʥʳʤ ʢʣʠʤʘʪʦʤ ʥʝʦʙʭʦʜʠʤʦ 

ʦʪʦʧʣʝʥʠʝ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʡ ʠ ʛʦʨʷʯʝʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ. ʕʥʝʨʛʠʷ ʉʦʣʥʮʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʥʘʛʨʝʚʘʪʝʣʷʭ ʚʦʜʳ, ʚʦʟʜʫʭʘ, ʩʦʣʥʝʯʥʳʭ ʜʠʩʪʠʣʣʷʪʦʨʘʭ, ʟʝʨʥʦʩʫʰʠʣʢʘʭ, ʩʦʣʥʝʯʥʳʭ ʙʘʰʥʷʭ 

(ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ʙʘʰʝʥʥʦʛʦ ʪʠʧʘ). ʉʦʣʥʝʯʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʥʘʟʳʚʘʶʪʩʷ ʉʕʉ (ʩʦʣʥʝʯʥʳʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ). 

 III. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ: ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʤʝʪʠʪʴ 

çʙʝʩʧʣʘʪʥʦʩʪʴè, ʚʦʟʦʙʥʦʚʣʷʝʤʦʩʪʴ ʠ ʦʛʨʦʤʥʳʝ ʤʘʩʰʪʘʙʳ (ʥʝʠʩʯʝʨʧʘʝʤʦʩʪʴ) ʨʝʩʫʨʩʦʚ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʧʨʘʢʪʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ 
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ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʠʩʭʦʜʷ ʠʟ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʨʘʚʥʦʛʦ 1ʢʚʪ\ʤ2. ʕʪʦ ʪʘʢ 

ʥʘʟʳʚʘʝʤʘʷ ʥʘʠʙʦʣʴʰʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʠʭʦʜʷʱʝʛʦ ʥʘ ɿʝʤʣʶ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʣʥʮʝ, ʵʥʝʨʛʝʪʠʢʘ, ʩʦʣʥʝʯʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ, ʧʣʦʪʥʦʩʪʴ, ʟʝʤʣʷ, 
ʫʩʪʘʥʦʚʢʘ. 

                          

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʯʝʣʦʚʝʯʝʩʪʚʦ ʥʫʞʜʘʝʪʩʷ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʢʘʞʜʳʡ ʜʝʥʴ. ʆʥʘ 

ʥʫʞʥʘ ʢʘʢ ʚ ʙʳʪʫ, ʪʘʢ ʠ ʙʦʣʴʰʠʤ ʧʨʝʜʧʨʠʷʪʠʷʤ, ʥʘ ʝʸ ʚʳʨʘʙʦʪʢʫ ʪʨʘʪʠʪʩʷ ʤʥʦʛʦ ʩʨʝʜʩʪʚ. ʀ 

ʧʦʵʪʦʤʫ ʢʘʞʜʳʡ ʛʦʜ ʨʘʩʪʫʪ ʩʯʝʪʘ ʟʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. ʊʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʚʳʨʘʙʘʪʳʚʘʪʴ ʜʝʰʸʚʫʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʥʘʥʦʩʷʪ ʙʦʣʴʰʦʡ ʫʱʝʨʙ ʵʢʦʣʦʛʠʠ, ʢʦʪʦʨʳʡ ʧʦʪʦʤ 

ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ ʥʘʰʝʤ ʟʜʦʨʦʚʴʝ. 

           ʆʙ ʵʣʝʢʪʨʠʯʝʩʪʚʝ ʣʶʜʠ ʟʥʘʣʠ ʫʞʝ ʚ 1700 ʛʦʜʫ, ʥʦ ʜʦʙʳʚʘʪʴ ʝʛʦ ʚ ʛʠʛʘʥʪʩʢʠʭ 

ʤʘʩʰʪʘʙʘʭ ʥʘʫʯʠʣʠʩʴ ʪʦʣʴʢʦ 100 ʣʝʪ ʥʘʟʘʜ. ɽʛʦ ʜʦʙʳʚʘʣʠ ʠʟ ʪʝʧʣʘ, ʩʠʣʳ ʚʦʜʳ, ʚʥʫʪʨʝʥʥʝʡ 

ʵʥʝʨʛʠʠ ʘʪʦʤʘ, ʩʠʣʳ ʚʝʪʨʘ. ʆʩʥʦʚʥʦʡ ʝʜʠʥʠʮʝʡ ʠʟʤʝʨʝʥʠʷ ʚʳʨʘʙʦʪʢʠ ʠ ʧʦʪʨʝʙʣʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʣʫʞʠʪ ʢʠʣʦʚʘʪʪ-ʯʘʩ (ʠ ʢʨʘʪʥʳʝ ʝʤʫ ʝʜʠʥʠʮʳ). ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ 

ʦʧʠʩʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʥʘʧʨʷʞʝʥʠʝ, ʯʘʩʪʦʪʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʬʘʟ (ʜʣʷ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ), ʥʦʤʠʥʘʣʴʥʳʡ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʪʦʚʘʨʦʤ, ʢʦʪʦʨʳʡ ʧʨʠʦʙʨʝʪʘʶʪ ʫʯʘʩʪʥʠʢʠ 

ʦʧʪʦʚʦʛʦ ʨʳʥʢʘ (ʵʥʝʨʛʦʩʙʳʪʦʚʳʝ ʢʦʤʧʘʥʠʠ ʠ ʢʨʫʧʥʳʝ ʧʦʪʨʝʙʠʪʝʣʠ-ʫʯʘʩʪʥʠʢʠ ʦʧʪʘ) ʫ 

ʛʝʥʝʨʠʨʫʶʱʠʭ ʢʦʤʧʘʥʠʡ, ʘ ʫʯʘʩʪʥʠʢʠ ʨʦʟʥʠʯʥʦʛʦ ʨʳʥʢʘ ʫ ʵʥʝʨʛʦʩʙʳʪʦʚʳʭ ʢʦʤʧʘʥʠʡ. ʎʝʥʘ 

ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚʳʨʘʞʘʝʪʩʷ ʚ ʪʝʥʛʝ ʟʘ ʧʦʪʨʝʙʣʝʥʥʳʡ ʢʠʣʦʚʘʪʪ-ʯʘʩ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ 

ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʚʩʝʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʂʘʟʘʭʩʪʘʥʘ ʩʦʩʪʘʚʣʷʝʪ 18 992.7 ʄɺʪ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɺʳʨʘʙʦʪʢʘ ʧʦ ʪʠʧʫ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʩʦʩʪʘʚʣʷʝʪ: 

Å ʊʕʉ (ʪʝʧʣʦʚʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ) ð 87,7 %;  

o ʂʕʉ (ʢʦʥʜʝʥʩʘʮʠʦʥʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ) ð 48,9 %; 

o ʊʕʎ (ʪʝʧʣʦʵʣʝʢʪʨʦʮʝʥʪʨʘʣʴ) ð 36,6 %; 

o ɻʊʕʉ (ʛʘʟʦʪʫʨʙʠʥʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ) ð 2,3 %; 

Å ɻʕʉ (ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ) ð 12,3 %. 

ʆʢʦʣʦ 70 % ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʂʘʟʘʭʩʪʘʥʝ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʠʟ ʫʛʣʷ, 14,6 % ð ʠʟ 

ʛʠʜʨʦʨʝʩʫʨʩʦʚ, 10,6 % ð ʠʟ ʛʘʟʘ ʠ 4,9 % ð ʠʟ ʥʝʬʪʠ. 

ʊʝʧʣʦʚʘʷ ʵʥʝʨʛʝʪʠʢʘ 

ʆʩʥʦʚʥʦʡ ʦʙʲʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʂʘʟʘʭʩʪʘʥʝ ʚʳʨʘʙʘʪʳʚʘʶʪ 37 ʪʝʧʣʦʚʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʫʛʣʷʭ ʕʢʠʙʘʩʪʫʟʩʢʦʛʦ, ʄʘʡʢʫʙʠʥʩʢʦʛʦ, ʊʫʨʛʘʡʩʢʦʛʦ ʠ 

ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʙʘʩʩʝʡʥʦʚ. ʂʨʫʧʥʝʡʰʘʷ ʠʟ ʧʦʩʪʨʦʝʥʥʳʭ ʚ ʂʘʟʘʭʩʪʘʥʝ ð ɻʈʕʉ-1 

ʕʢʠʙʘʩʪʫʟʘ ð 8 ʵʥʝʨʛʦʙʣʦʢʦʚ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʴʶ 500 ʄɺʪ ʢʘʞʜʳʡ, ʦʜʥʘʢʦ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʩʧʦʣʘʛʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ʩʪʘʥʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 2250 ʄɺʪ. ʅʘʠʙʦʣʴʰʫʶ 

ʚʳʨʘʙʦʪʢʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ɸʢʩʫʡʩʢʘʷ (ɽʨʤʘʢʦʚʩʢʘʷ) ɻʈʕʉ. ɺ 2006 ʛʦʜʫ ʵʪʘ 

ʩʪʘʥʮʠʷ ʚʳʨʘʙʦʪʘʣʘ 16 % ʚʩʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʨʦʠʟʚʝʜʸʥʥʦʡ ʚ ʂʘʟʘʭʩʪʘʥʝ. 

ɸʪʦʤʥʘʷ ʵʥʝʨʛʠʷ 

ɽʜʠʥʩʪʚʝʥʥʘʷ ʘʪʦʤʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʚ ʂʘʟʘʭʩʪʘʥʝ ʥʘʭʦʜʠʣʘʩʴ ʚ ʛʦʨʦʜʝ ɸʢʪʘʫ ʩ 

ʨʝʘʢʪʦʨʦʤ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʩ ʤʦʱʥʦʩʪʴʶ ʚ 350 ʄɺʪ. ɸʕʉ ʨʘʙʦʪʘʣʘ ʚ 1973ð1999 

ʛʦʜʘʭ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʘʪʦʤʥʘʷ ʵʥʝʨʛʠʷ ʚ ʂʘʟʘʭʩʪʘʥʝ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ ʟʘʧʘʩʳ (ʧʦ ʜʘʥʥʳʤ ʄɸɻɸʊʕ) ʫʨʘʥʘ ʚ ʩʪʨʘʥʝ ʦʮʝʥʝʥʳ ʚ 900 ʪʳʩʷʯ ʪʦʥʥ. ʆʩʥʦʚʥʳʝ 

ʟʘʣʝʞʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʶʛʝ ʂʘʟʘʭʩʪʘʥʝ (ʖʂʆ ʠ ʂʳʟʳʣʦʨʜʠʥʩʢʘʷ ʦʙʣʘʩʪʠ), ʟʘʧʘʜʝ ʚ 

ʄʘʥʛʳʩʪʘʫ, ʥʘ ʩʝʚʝʨʝ ʂʘʟʘʭʩʪʘʥʘ (ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʉʝʤʠʟʙʘʡ). 

ʉʝʡʯʘʩ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʦʚʦʡ ʘʪʦʤʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ 

ʤʦʱʥʦʩʪʴʶ 600 ʄɺʪ ʚ ʛ. ɸʢʪʘʫ. ɺ ʩʪʨʘʥʝ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʦʢʦʣʦ 5 ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ. 

ɻʠʜʨʦʵʣʝʢʪʨʦʵʥʝʨʛʠʷ 
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ɺ ʂʘʟʘʭʩʪʘʥʝ ʠʤʝʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʛʠʜʨʦʨʝʩʫʨʩʳ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʱʥʦʩʪʴ ʚʩʝʭ 

ʛʠʜʨʦʨʝʩʫʨʩʦʚ ʩʪʨʘʥʳ ʩʦʩʪʘʚʣʷʶʪ 170 ʤʣʨʜ ʢɺʪĿʯ ʚ ʛʦʜ. ʆʩʥʦʚʥʳʝ ʨʝʢʠ: ʀʨʪʳʰ, ʀʣʠ ʠ 

ʉʳʨʜʘʨʴʷ. ʕʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʝ ʛʠʜʨʦʨʝʩʫʨʩʳ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʚʦʩʪʦʢʝ 

(ʛʦʨʥʳʡ ɸʣʪʘʡ) ʠ ʥʘ ʶʛʝ ʩʪʨʘʥʳ. ʂʨʫʧʥʝʡʰʠʝ ɻʕʉ: ɹʫʭʪʘʨʤʠʥʩʢʘʷ, ʐʫʣʴʙʠʥʩʢʘʷ, ʋʩʪʴ-

ʂʘʤʝʥʦʛʦʨʩʢʘʷ (ʥʘ ʨʝʢʝ ʀʨʪʳʰ) ʠ ʂʘʧʯʘʛʘʡʩʢʘʷ (ʥʘ ʨʝʢʝ ʀʣʠ) ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 10 % 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʩʪʨʘʥʳ. 

ɺ ʂʘʟʘʭʩʪʘʥʝ ʧʣʘʥʠʨʫʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʜʨʦʨʝʩʫʨʩʦʚ ʚ ʩʨʝʜʥʝʩʨʦʯʥʦʤ 

ʧʝʨʠʦʜʝ. ɺ ʜʝʢʘʙʨʝ 2011 ʛ. ʙʳʣʘ ʟʘʧʫʱʝʥʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʄʦʡʥʘʢʩʢʘʷ ɻʕʉ (300 ʄɺʪ), 

ʧʨʦʝʢʪʠʨʫʶʪʩʷ ɹʫʣʘʢʩʢʘʷ ɻʕʉ (78 ʄɺʪ), ʂʝʨʙʫʣʘʢʩʢʘʷ ɻʕʉ (50 ʄɺʪ) ʠ ʨʷʜ ʤʘʣʳʭ ɻʕʉ. 

ʅʝʪʨʘʜʠʮʠʦʥʥʳʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ 

ʋʜʝʣʴʥʳʡ ʚʝʩ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʥʝ ʙʦʣʝʝ 0,2 % ʩʫʤʤʘʨʥʦʡ ʚʳʨʘʙʦʪʢʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ɺʝʪʨʦʚʘʷ ʵʥʝʨʛʝʪʠʢʘ 

ɺʝʪʨʦʚʘʷ ʵʥʝʨʛʝʪʠʢʘ ʚ ʂʘʟʘʭʩʪʘʥʝ ʩʣʘʙʦ ʨʘʟʚʠʪʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʣʷ ʵʪʦʛʦ ʝʩʪʴ 

ʧʦʜʭʦʜʷʱʠʝ ʧʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʡʦʥʝ ɼʞʫʥʛʘʨʩʢʠʭ ʚʦʨʦʪ ʠ ʏʠʣʠʢʩʢʦʛʦ 

ʢʦʨʠʜʦʨʘ, ʛʜʝ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 5 ʜʦ 9 ʤ/ʩ. 

ɺ ʜʝʢʘʙʨʝ 2011ʛ. ʚ ɾʘʤʙʳʣʩʢʦʡ ʦʙʣʘʩʪʠ ʙʳʣʘ ʚʚʝʜʝʥʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʧʝʨʚʘʷ ʚ 

ʂʘʟʘʭʩʪʘʥʝ ʚʝʪʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷ - ʂʦʨʜʘʡʩʢʘʷ ɺʕʉ (ʧʝʨʚʘʷ ʦʯʝʨʝʜʴ), ʤʦʱʥʦʩʪʴ 1 500 ʢɺʪ.  

ʊʘʢʞʝ ʚ ʂʦʨʜʘʡʩʢʦʤ ʨʘʡʦʥʝ ʧʦʜʭʦʜʠʪ ʢ ʟʘʚʝʨʰʝʥʠʶ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚʪʦʨʦʡ ɺʕʉ 

ʤʦʱʥʦʩʪʴʶ 21 ʄɺʪ.  

ɺ ʦʢʪʷʙʨʝ 2013 ʛ. ʩʦʩʪʦʷʣʘʩʴ ʟʘʢʣʘʜʢʘ ʢʘʧʩʫʣʳ ɽʨʝʡʤʝʥʪʘʫʩʢʦʡ ɺʕʉ ʤʦʱʥʦʩʪʴʶ 45 

ʄɺʪ. 

ʇʨʦʝʢʪʳ ɺʕʉ: ɾʘʥʘʪʘʩʩʢʘʷ ɺʕʉ ʤʦʱʥʦʩʪʴʶ ʜʦ 400 ʄɺʪ (ɾʘʤʙʳʣʩʢʘʷ ʦʙʣʘʩʪʴ). 

ʐʦʢʧʘʨʩʢʦʡ ɺʕʉ - ʤʦʱʥʦʩʪʴ 200 ʄɺʪ (ɾʘʤʙʳʣʩʢʘʷ ʦʙʣʘʩʪʴ). 

ʆʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ 

ʉʦʣʥʝʯʥʳʡ ʩʚʝʪ ʜʘʨʠʣ ʣʶʜʷʤ ʪʝʧʣʦ ʜʦ ʪʦʛʦ, ʢʘʢ ʦʥʠ ʥʘʫʯʠʣʠʩʴ ʜʦʙʳʚʘʪʴ ʦʛʦʥʴ, ï 

ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʙʳʣʘ ʧʝʨʚʦʡ, ʦʩʚʦʝʥʥʦʡ ʯʝʣʦʚʝʯʝʩʢʠʤ ʩʦʦʙʱʝʩʪʚʦʤ. ʉʦʣʥʮʝ ï 

ʠʩʪʦʯʥʠʢ ʚʩʝʛʦ ʥʘ ɿʝʤʣʝ: ʩʚʝʪʘ, ʪʝʧʣʘ, ʞʠʟʥʠ. ʇʦʵʪʦʤʫ ʵʥʝʨʛʝʪʠʢʘ ʉʦʣʥʮʘ ʩʪʘʥʝʪ ʩʘʤʦʡ 

ʧʨʠʝʤʣʝʤʦʡ ʠ ʚ ʙʫʜʫʱʠʝ ʵʧʦʭʠ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʝʩʪʝʩʪʚʝʥʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʜʘʝʪʩʷ  ʜʘʨʦʤ, 

ʥʝʠʩʯʝʨʧʘʝʤʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʯʠʩʪʦʪʝ. ʊʦʛʜʘ ʧʦʯʝʤʫ ʞʝ ʚ ʪʝʯʝʥʠʝ ʪʳʩʷʯʝʣʝʪʠʡ ʯʝʣʦʚʝʢ 

ʧʨʝʜʧʦʯʠʪʘʣ ʩʦʛʨʝʚʘʪʴ ʩʝʙʷ ʠ ʛʦʪʦʚʠʪʴ ʧʠʱʫ, ʩʞʠʛʘʷ ʜʨʦʚʘ, ʫʛʦʣʴ, ʥʝʬʪʴ, ʩʦʟʜʘʚʘʷ 

ʭʠʪʨʦʫʤʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʥʘ ʙʳʩʪʨʳʭ ʨʝʢʘʭ ʠ ʧʨʦʜʫʚʥʳʭ ʚʝʪʨʘʭ? 

ʉ ʚʳʭʦʜʦʤ ʚ ʢʦʩʤʦʩ, ʩʦʟʜʘʥʠʝʤ ʦʨʙʠʪʘʣʴʥʳʭ ʩʪʘʥʮʠʡ ʠ ʙʫʨʥʳʤ ʨʘʟʚʠʪʠʝʤ 

ʵʣʝʢʪʨʦʥʠʢʠ  ʠʟʤʝʥʠʣʘʩʴ ʩʠʪʫʘʮʠʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ï ʥʝ ʜʘʣʝʢʘʷ 

ʤʝʯʪʘ, ʘ ʢʘʞʜʦʜʥʝʚʥʘʷ ʨʝʘʣʴʥʦʩʪʴ, ʟʘʥʠʤʘʶʱʘʷ ʚʩʝ ʙʦʣʴʰʝ ʤʝʩʪʘ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘʫʯʥʳʭ 

ʠʥʩʪʠʪʫʪʦʚ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ. ʉʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ ʥʝʠʩʯʝʨʧʘʝʤʘ ï ʧʨʠ 

ʙʝʩʢʦʥʝʯʥʦʤ ʨʦʩʪʝ ʥʘʰʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ.  

ʂʘʢʦʚʳ ʞʝ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ? ʇʨʘʢʪʠʯʝʩʢʫʶ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʠʩʭʦʜʷ ʠʟ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʨʘʚʥʦʛʦ 1ʢʚʪ\ʤ2. ʕʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʥʘʠʙʦʣʴʰʘʷ 

ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʠʭʦʜʷʱʝʛʦ ʥʘ ɿʝʤʣʶ. ʕʪʦ ʠʟʣʫʯʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ 

ʜʣʠʥ ʚʦʣʥ 0,3 -2,5 ʤʢʤ, ʥʘʟʳʚʘʝʪʩʷ ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʤ ʠ ʚʢʣʶʯʘʝʪ ʚʠʜʠʤʳʡ ʩʧʝʢʪʨ. ʆʜʥʘʢʦ 

ʦʥʦ ʜʣʠʪʩʷ ʚʩʝʛʦ 1-2 ʯʘʩʘ ʚ ʣʝʪʥʠʝ ʜʥʠ ʥʘ ʙʣʠʟʢʠʭ ʢ ʵʢʚʘʪʦʨʫ ʰʠʨʦʪʘʭ. ɼʣʷ ʥʘʩʝʣʝʥʥʳʭ 

ʨʘʡʦʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ, ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʠ ʧʦʛʦʜʳ ʩʨʝʜʥʝʝ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ 

ʩʦʩʪʘʚʣʷʝʪ 200-250 ʚʪ\ʤ2. ʅʦ ʠ ʵʪʦ ʦʯʝʥʴ ʤʥʦʛʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʝʞʝʩʝʢʫʥʜʥʦ ʩʦʣʥʮʝ ʠʟʣʫʯʘʝʪ 88Ŀ1024 ʢʘʣ. ʠʣʠ 370Ŀ1012 ɻɼʞ ʪʝʧʣʦʪʳ. 

ʀʟ ʵʪʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ ʥʘ ɿʝʤʣʶ ʧʦʧʘʜʘʝʪ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʵʢʚʠʚʘʣʝʥʪʝ ʪʦʣʴʢʦ 

1,2Ŀ1012 ɺʪ, ʪ.ʝ. ʟʘ ʛʦʜ 1018 ʢʚʪĿʯ, ʠʣʠ ʚ 10000 ʨʘʟ ʙʦʣʴʰʝ ʪʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʩʝʛʦʜʥʷ 

ʧʦʪʨʝʙʣʷʝʪʩʷ ʚ ʤʠʨʝ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʠʤ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʜʘʶʪ ʪʝʧʣʦʪʳ 

ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʧʦʪʝʥʮʠʘʣ ʉʦʣʥʮʘ ʦʧʨʝʜʝʣʷʪʴ ʧʦ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, 

ʧʘʜʘʶʱʝʡ ʪʦʣʴʢʦ ʥʘ ʩʚʦʙʦʜʥʳʝ ʥʝʦʙʨʘʙʘʪʳʚʘʝʤʳʝ ʟʝʤʣʠ, ʪʦ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʤʦʱʥʦʩʪʴ 

ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ 10000 ɻʚʪ, ʯʪʦ ʧʨʠʤʝʨʥʦ ʚ 5000 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʤʦʱʥʦʩʪʴ ʚʩʝʭ ʩʦʚʨʝʤʝʥʥʳʭ 
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ʩʪʘʮʠʦʥʘʨʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʤʠʨʘ. ɽʩʣʠ, ʢ ʧʨʠʤʝʨʫ, ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʵʥʝʨʛʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʨʘʚʥʘ ʚʩʝʛʦ 0,02 ʚʪ\ʤ2, 

ʪ.ʝ. ʚ 10000 ʨʘʟ ʤʝʥʴʰʝ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. ɺ ʦʪʜʝʣʴʥʳʭ ʤʝʩʪʘʭ ɿʝʤʥʦʛʦ 

ʰʘʨʘ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ (ʚ ʗʧʦʥʠʠ ð 2 ʚʪ\ʤ2, ʚ ʈʫʩʩʢʦʤ ʨʘʡʦʥʝ ʚ ɻʝʨʤʘʥʠʠ 

ð 20 ʚʪ\ʤ2 ). ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʝʚʨʘʪʠʪʴ ʩʦʣʥʝʯʥʫʶ ʵʥʝʨʛʠʶ, ʧʘʜʘʶʱʫʶ ʥʘ 0,0025% ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ. 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʘ ʠʤʝʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. ɺ ʶʞʥʳʭ ʨʘʡʦʥʘʭ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 2000 ʜʦ 3000 ʯʘʩʦʚ ʚ ʛʦʜ, ʘ ʛʦʜʦʚʦʡ ʧʨʠʭʦʜ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ -ʦʪ 1280 ʜʦ 1870 ʢɺʪĿʯʘʩ ʥʘ 1 ʢʚ. ʤ. ɺ ʥʘʠʙʦʣʝʝ 

ʩʦʣʥʝʯʥʦʤ ʤʝʩʷʮʝ ð ʠʶʣʝ -ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ 1 ʢʚ.ʤ. ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ ʦʪ 6,4 ʜʦ 7,5 ʢʚʪĿʯʘʩ ʚ ʜʝʥʴ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʰʠʨʦʢʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʤʦʞʝʪ ʠʤʝʪʴ ʟʜʝʩʴ ʚʘʞʥʦʝ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ. 

ɺ ʩʚʷʟʠ ʩ ʠʟʳʩʢʘʥʠʝʤ ʧʫʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʛʝʣʠʦ ʨʝʩʫʨʩʦʚ ʩʪʨʘʥʳ ʠ ʨʘʡʦʥʠʨʦʚʘʥʠʝ 

ʪʝʨʨʠʪʦʨʠʠ ʧʦ ʧʦʪʝʥʮʠʘʣʫ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ. ʆʥʠ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʢʣʠʤʘʪʠʯʝʩʢʦʤ 

ʦʙʦʙʱʝʥʠʠ ʤʝʪʝʦʩʪʘʥʮʠʡ ʩʪʘʥʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʝʨʦʷʪʥʦʩʪʥʦ- ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ; 

ʩʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʂʘʟʘʭʩʪʘʥʝ  ʚʳʜʝʣʝʥʘ ɾʘʤʙʳʣʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦ 

ʧʨʠʦʨʠʪʝʪʫ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʛʝʣʠʦ ʨʝʩʫʨʩʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ 

ʂʘʟʘʭʩʪʘʥʝ ʪʘʢʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʧʨʠ ʪʦʤ, ʯʪʦ ʛʦʜʦʚʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ 

ʩʦʩʪʘʚʣʷʝʪ 2200ð3000 ʯʘʩʦʚ ʚ ʛʦʜ, ʘ ʦʮʝʥʠʚʘʝʤʘʷ ʤʦʱʥʦʩʪʴ 1300ð1800 ʢɺʪ ʥʘ 1 ʤĮ ʚ ʛʦʜ. ɺ 

ʢʦʥʮʝ 2012 ʛʦʜʘ ʚ ɾʘʤʙʳʣʩʢʦʡ ʦʙʣʘʩʪʠ ʂʦʨʜʘʡʩʢʦʤ ʨʘʡʦʥʝ ʙʳʣʘ ʚʚʝʜʝʥʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʩʦʣʥʝʯʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ - çʆʪʘʨè, ʤʦʱʥʦʩʪʴ - 504 ʢɺʪ, ʧʨʦʝʢʪʥʘʷ ʤʦʱʥʦʩʪʴ 7 ʄɺʪ.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ çʙʝʩʧʣʘʪʥʦʩʪʴè, ʚʦʟʦʙʥʦʚʣʷʝʤʦʩʪʴ ʠ ʦʛʨʦʤʥʳʝ 

ʤʘʩʰʪʘʙʳ (ʥʝʠʩʯʝʨʧʘʝʤʦʩʪʴ) ʨʝʩʫʨʩʦʚ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. ʆʜʥʘʢʦ ʥʠʟʢʘʷ ʧʣʦʪʥʦʩʪʴ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ (ʚ ʩʨʝʜʥʝʤ 250 ʚʪ\ʤ2, ʚ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʨʘʡʦʥʘʭ ð 1 ʢʚʪ\ʤ2) ʠ ʥʝʨʝʛʫʣʠʨʫʝʤʳʡ ʨʝʞʠʤ ʧʦʩʪʫʧʣʝʥʠʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ (ʚʨʘʱʝʥʠʝ 

ɿʝʤʣʠ, ʦʙʣʘʯʥʦʩʪʴ) ʩʦʟʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

(ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʴʰʠʭ ʦʪʨʘʞʘʶʱʠʭ ʠ ʧʦʛʣʦʱʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʩʠʩʪʝʤ 

ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ, ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʠ ʧʨ.). 

ʅʘʠʙʦʣʴʰʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʠʭʦʜʷʱʝʛʦ ʥʘ ɿʝʤʣʶ, 

ʩʦʩʪʘʚʣʷʝʪ 1ʢɺʪ\ʤ2 ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 0,3-2,5 ʤʢʤ. ʕʪʦ ʠʟʣʫʯʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʤ ʠ ʚʢʣʶʯʘʝʪ ʚʠʜʠʤʳʡ ʩʧʝʢʪʨ. ʉʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ ð ʵʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʧʦʪʦʢ ʦʪ ʜʦʩʪʫʧʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (ʊ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʣʥʮʘ= 

6000Á ʂ.), ʯʝʤ ʫ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʝʛʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ 

ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ  ʠ  ʤʝʪʦʜʘʤʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʥʘ ʦʩʥʦʚʝ 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʉʦʣʥʝʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʠʩʧʦʣʴʟʫʶʱʠʝ 

ʵʥʝʨʛʠʶ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʪʘʢ ʠ ʚʥʝ 

ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʢʦʡ ʧʨʠʝʤʥʠʢʘ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ, 

ʢʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʪʨʝʙʫʝʪʩʷ ʩʦʙʨʘʪʴ, ʢʘʢ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʙʨʘʥʥʫʶ 

ʵʥʝʨʛʠʶ. ʊʦʛʜʘ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʨʘʟʤʝʨ ʧʨʠʝʤʥʠʢʘ. 

ʅʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʘʷ ʦʙʣʘʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʵʪʦ ʧʦʜʦʛʨʝʚ ʚʦʜʳ, 

ʚʦʟʜʫʭʘ. ɺ ʨʘʡʦʥʘʭ ʩ ʭʦʣʦʜʥʳʤ ʢʣʠʤʘʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʦʧʣʝʥʠʝ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʡ ʠ 

ʛʦʨʷʯʝʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ. ʕʥʝʨʛʠʷ ʉʦʣʥʮʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʘʛʨʝʚʘʪʝʣʷʭ ʚʦʜʳ, ʚʦʟʜʫʭʘ, 

ʩʦʣʥʝʯʥʳʭ ʜʠʩʪʠʣʣʷʪʦʨʘʭ, ʟʝʨʥʦʩʫʰʠʣʢʘʭ, ʩʦʣʥʝʯʥʳʭ ʙʘʰʥʷʭ (ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ 

ʫʩʪʘʥʦʚʢʘ ʙʘʰʝʥʥʦʛʦ ʪʠʧʘ). ʉʦʣʥʝʯʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʚʳʨʘʙʦʪʢʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʥʘʟʳʚʘʶʪʩʷ ʉʕʉ (ʩʦʣʥʝʯʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ). 
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ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 100ʜʦ700Áʉ, 

ʪ.ʝ. ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʜʣʷ ʨʘʙʦʪʳ ʪʝʧʣʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʧʨʠʝʤʣʝʤʳʤ ʢ.ʧ.ʜ. ʀʟʛʦʪʦʚʣʝʥʠʝ 

ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʩ ʜʠʘʤʝʪʨʦʤ ʧʨʝʚʳʰʘʶʱʠʤ 30 ʤ, ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦ, ʪʝʤ ʥʝ 

ʤʝʥʝʝ ʤʦʱʥʦʩʪʴ ʦʜʥʦʛʦ ʪʘʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩʦʩʪʘʚʣʷʝʪ 700 ʢʚʪ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʦ 200 

ʢɺʪ.ʯʘʩ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʕʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʵʥʝʨʛʦʩʠʩʪʝʤ, ʥʦ ʥʝ ʜʣʷ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʩʝʪʝʡ. 

ɺ ʂʘʟʘʭʩʪʘʥʝ ʦʯʝʥʴ ʫʷʟʚʠʤʘʷ ʧʨʠʨʦʜʥʘʷ ʩʨʝʜʘ. ʊʝʨʨʠʪʦʨʠʶ ʨʝʩʧʫʙʣʠʢʠ ʚ ʦʩʥʦʚʥʦʤ 

ʩʦʩʪʘʚʣʷʶʪ ʩʪʝʧʠ, ʧʦʣʫʧʫʩʪʳʥʠ ʠ ʧʫʩʪʳʥʠ. ʉʫʱʝʩʪʚʫʶʪ ʫʥʠʢʘʣʴʥʳʝ 

ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʤʦʨʷ ʠ ʦʟʝʨʘ, ʪʘʢʠʝ, ʢʘʢ ʂʘʩʧʠʡ, ɸʨʘʣ, ɹʘʣʭʘʰ, ɿʘʡʩʘʥ, ɸʣʘʢʦʣʴ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʝʜʧʨʠʷʪʠʡ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʦʚ ʠʤʝʝʪ 

ʥʝʩʦʚʝʨʰʝʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ, ʤʦʨʘʣʴʥʦ ʠ ʬʠʟʠʯʝʩʢʠ ʠʟʥʦʰʝʥʥʳʝ ʦʩʥʦʚʥʳʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʬʦʥʜʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ: 

- ʥʝʬʪʷʥʘʷ ʠ ʛʘʟʦʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʟʘʥʠʤʘʝʪ ʧʝʨʚʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʦʪʨʘʩʣʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦ ʦʙʲʝʤʘʤ ʠʥʚʝʩʪʠʮʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʚ ʦʩʥʦʚʥʳʭ ʨʘʡʦʥʘʭ 

ʥʝʬʪʝʛʘʟʦʜʦʙʳʯʠ ʠ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ - ɸʪʳʨʘʫʩʢʦʡ ʠ ʄʘʥʛʠʩʪʘʫʩʢʦʡ ʦʙʣʘʩʪʷʭ - ʨʘʙʦʪʳ 

ʧʨʦʚʦʜʷʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʪʩʪʘʣʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʫʩʪʘʨʝʚʰʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʘʚʘʨʠʷʤ ʠ ʫʪʝʯʢʘʤ ʥʝʬʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚ 

ɿʘʧʘʜʥʦʤ ʂʘʟʘʭʩʪʘʥʝ ʩʦʩʪʘʚʣʷʝʪ 194 ʪʳʩ. ʛʘ, ʘ ʦʙʲʝʤ ʨʘʟʣʠʪʦʡ ʥʝʬʪʠ - ʙʦʣʝʝ 5 ʤʣʥ. ʪ.; 

- ʚ  ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʂʘʩʧʠʷ ʦʢʘʟʘʣʠʩʴ ʟʘʪʦʧʣʝʥʥʳʤʠ ʙʦʣʝʝ 200 ʩʢʚʘʞʠʥ ʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʨʫʧʥʝʡʰʠʭ - ʂʘʣʘʤʢʘʩ ʠ ʂʘʨʘʞʘʥʙʘʩ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʫʛʨʦʟʦʡ ʥʝ ʪʦʣʴʢʦ ʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ (ʚ ʂʘʩʧʠʠ ʩʦʩʨʝʜʦʪʦʯʝʥʦ 90% ʤʠʨʦʚʳʭ 

ʟʘʧʘʩʦʚ ʦʩʝʪʨʦʚʳʭ ʨʳʙ), ʥʦ ʠ ʚʩʝʡ ʵʢʦʩʠʩʪʝʤʝ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ. ɿʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʫʣʦʚ 

ʧʨʦʤʳʩʣʦʚʳʭ ʨʳʙ ʩʦʢʨʘʪʠʣʩʷ ʚ 10 ʨʘʟ. ʇʦ ʦʙʲʝʤʫ ʚʳʜʝʣʷʝʤʳʭ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʂʘʟʘʭʩʪʘʥ 

ʟʘʥʠʤʘʝʪ ʣʠʜʠʨʫʶʱʝʝ ʤʝʩʪʦ ʩʨʝʜʠ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʠʭ ʩʪʨʘʥ ʠ ʟʘʥʠʤʘʝʪ 3 ʤʝʩʪʦ ʚ ʉʅɻ 

ʧʦʩʣʝ ʈʦʩʩʠʠ ʠ ʋʢʨʘʠʥʳ. ʀ ʬʘʢʪʦʚ ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʘʥʪʨʦʧʦʛʝʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ 

ʧʨʠʨʦʜʫ ʠ ʵʢʦʣʦʛʠʶ ʤʥʦʞʝʩʪʚʦ.  

ʇʨʦʙʣʝʤʳ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʘʢʪʫʘʣʴʥʳ ʜʣʷ ʥʘʰʝʡ ʩʪʨʘʥʳ. ʉʧʦʩʦʙʳ ʵʢʦʥʦʤʠʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʨʘʟʥʦʦʙʨʘʟʥʳ. ɼʦʚʝʜʝʥʠʝ ʥʘʰʝʡ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʠ ʜʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʫʨʦʚʥʷ 

ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʨʘʩʭʦʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ.  

ɺ ʇʦʩʣʘʥʠʠ ʇʨʝʟʠʜʝʥʪʘ ʈʂ ʅ. ʅʘʟʘʨʙʘʝʚʘ  ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ çʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʨʝʚʦʣʶʮʠʷ 

ʤʝʥʷʝʪ ʩʪʨʫʢʪʫʨʫ ʧʦʪʨʝʙʣʝʥʠʷ ʩʳʨʴʷ. ʂ ʧʨʠʤʝʨʫ, ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʦʟʠʪʦʚ ʠ ʥʦʚʳʭ 

ʚʠʜʦʚ ʙʝʪʦʥʘ  ʦʙʝʩʮʝʥʠʚʘʝʪ ʟʘʧʘʩʳ ʞʝʣʝʟʥʦʡ ʨʫʜʳ ʠ ʫʛʣʷ. ʕʪʦ ʝʱʝ ʦʜʠʥ ʬʘʢʪʦʨ, ʯʪʦʙʳ 

ʥʘʨʘʱʠʚʘʪʴ ʪʝʤʧʳ ʜʦʙʳʯʠ ʠ ʧʦʩʪʘʚʢʠ ʥʘ ʤʠʨʦʚʳʝ ʨʳʥʢʠ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʩ ʪʝʤ, ʯʪʦʙʳ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʳʥʝʰʥʠʡ ʚʳʩʦʢʠʡ ʤʠʨʦʚʦʡ ʩʧʨʦʩ ʚ ʠʥʪʝʨʝʩʘʭ ʩʪʨʘʥʳ. 

ʆʩʪʘʚʘʷʩʴ ʢʨʫʧʥʳʤ ʠʛʨʦʢʦʤ ʥʘ ʨʳʥʢʝ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ, ʤʳ ʜʦʣʞʥʳ ʨʘʟʚʠʚʘʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʠʜʦʚ ʵʥʝʨʛʠʠ, ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʪʴ ʪʝʭʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ 

ʵʥʝʨʛʠʶ ʩʦʣʥʮʘ ʠ ʚʝʪʨʘ. ɺʩʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʵʪʦʛʦ ʫ ʥʘʩ ʝʩʪʴ. ʂ 2050 ʛʦʜʫ ʚ ʩʪʨʘʥʝ ʥʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʚʠʜʳ ʵʥʝʨʛʠʠ ʜʦʣʞʥʦ ʧʨʠʭʦʜʠʪʴʩʷ ʥʝ ʤʝʥʝʝ ʧʦʣʦʚʠʥʳ 

ʚʩʝʛʦ ʩʦʚʦʢʫʧʥʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ.è 

ʅʝʦʙʭʦʜʠʤʦ ʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʣʥʝʯʥʫʶ ʵʥʝʨʛʠʶ, ʵʥʝʨʛʠʶ ʚʝʪʨʘ, ʤʦʨʩʢʠʭ 

ʧʨʠʣʠʚʦʚ ʠ ʪʝʯʝʥʠʡ, ʪʝʧʣʦ ʟʝʤʥʳʭ ʥʝʜʨ. ɺ ʧʨʠʨʦʜʝ ʩʫʱʝʩʪʚʫʝʪ ʫʥʠʢʘʣʴʥʳʡ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ 

ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ, ʚʦʟʦʙʥʦʚʣʷʝʤʳʡ, ʧʨʦʩʪʦʡ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, 

ʢʦʪʦʨʳʡ ʜʦ ʩʠʭ ʧʦʨ ʥʠʛʜʝ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. ʀʩʪʦʯʥʠʢ ʵʪʦʪ - ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ɿʝʤʣʠ. 

ʥʮʠʢʣʦʧʝʜʠʷ ʜʣʷ ʜʝʪʝʡ. ʊʦʤ 16-17 ï ʄ.: ɸɺɸʅʊɸ+, 2005 
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ʉʓʅ ʊױʈנʓʉʓʅɸʅ ʆʁʃɸʋ ʊɽʍʅʆʃʆɻʀʗʉʓʅ פʆʃɼɸʅʋ ɸʈפʓʃʓ ʉɸɹɸפ 

ʂɽɿɯרɼɽ ʋᴄɾɼɽʄɽʅɯ פɸʃʓʇʊɸʉʊʓʈʋ 

 

ʊʫʨʩʳʥʦʚʘ ʊʦʛʞʘʥ ɹʝʨʠʢʦʚʥʘ 

ʄʘʛʠʩʪʨʘʪʫʨʘ ʩʪʫʜʝʥʪʽ 

ʐʝʪ ʪʽʣʜʝʨ ʪʝʦʨʠʷʩʳ ʤʝʥ ʧʨʘʢʪʠʢʘʩʳ ʢʘʬʝʜʨʘʩʳ 

ʃ. ʅ. ɻʫʤʠʣʝʚ ʘʪʳʥʜʘϤʳ ɽʫʨʘʟʠʷ ϰʣʪʪʳϨ ʫʥʠʚʝʨʩʠʪʝʪʽ, ʅϰʨ-ʉϰʣʪʘʥ. 

ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ 

 

  ʊʫʨʩʳʥʦʚʘ ʊ. ɹ. ʉʳʥ ʪײʨסʳʩʳʥʘʥ ʦʡʣʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʩʘʙʘץ 

ʢʝʟʽשʜʝ ʫᴅʞʜʝʤʝʥʽ ץʘʣʳʧʪʘʩʪʳʨʫ. 

  ɸשʜʘʪʧʘ. ʂᴅʟʽʨʛʽ ʟʘʤʘʥʜʘ ץʦסʘʤʜʘסʳ ʠʥʥʦʚʘʮʠʷʣʳץ ᴇʟʛʝʨʽʩʪʝʨ ʰʳסʘʨʤʘʰʳʣʳץ, 

ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʜʘʤʳסʘʥ ʩʪʫʜʝʥʪʪʝʨʜʽץ שʘʞʝʪʪʽʣʽʛʽʥ ʘʥʳץʪʘʡʜʳ. ʂᴅʟʽʨʛʽ ʪʘʣʘʧץʘ ʩʘʡ ʩʪʫʜʝʥʪ 

ᴇʟ ʙʝʪʽʥʰʝ ʦʡʣʘʥʘ ʙʽʣʫʽ ʢʝʨʝʢ, ʥʘץʪʳ ᴅʣʝʤʜʝ ʪʫʳʥʜʘʡʪʳʥ ץʠʳʥʜʳץʪʘʨʜʳ ʢᴇʨʽʧ, ʦʣʘʨʜʳ 

ʞʝשʫʜʽש ʞʦʣʜʘʨʳʥ ʽʟʜʝʫʽ ʢʝʨʝʢ, ʘʣסʘʥ ʙʽʣʽʤʜʝʨʽʥ ץʘʡʜʘ ʞᴅʥʝ ץʘʣʘʡ ץʦʣʜʘʥʫסʘ ʙʦʣʘʪʳʥʜʳסʳʥ 

ʥʘץʪʳ ʙʽʣʫʽ ʢʝʨʝʢ. ʄסײʘʣʽʤʥʽש ʤʽʥʜʝʪʽ-ʦץʫסʘ װʡʨʝʪʫ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ᴇʟʽʥ-ᴇʟʽ ʪᴅʨʙʠʝʣʝʫ ʞᴅʥʝ 

ᴇʟʽʥ-ᴇʟʽ ʜʘʤʳʪʫ ץʘʙʽʣʝʪʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄסײʘʣʽʤʜʝʨ ʙʽʣʽʤ ʤʝʥ ʽʣʽʤʛʝ ʙʝʡ-

ʞʘʡ ץʘʨʘʡʪʳʥ, ץʳʟʳסʫʰʳʣʳסʳ ʞʦץ, ʦץʫ ץʘʞʝʪʪʽʣʽʛʽʥ ʪװʩʽʥʙʝʡʪʽʥ ʦץʫʰʳʥʳ ʩᴅʪʪʽ װʡʨʝʪʫ 

ʤװʤʢʽʥ ʝʤʝʩ ʝʢʝʥʽʥ ʙʽʣʝʜʽ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ץʘʟʽʨʛʽ ʙʽʣʽʤ ʩʘʣʘʩʳʥʜʘ  ʩʪʫʜʝʥʪʪʝʨʜʽש ʦץʫסʘ 

ʜʝʛʝʥ ʳʥʪʘʩʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʞᴅʥʝ ʜʘʤʳʪʫ ʤʽʥʜʝʪʽ ʪײʨ. ʉʳʥʠ ʦʡʣʘʫʜʳ ʜʘʤʳʪʫ ʪʝʭʥʦʣʦʛʠʷʩʳ-

ʪʘʥʳʤʜʳץ ʽʩ-ᴅʨʝʢʝʪʢʝ ʞʦסʘʨʳ ʫᴅʞʜʝʤʝʛʝ ץʦʣ ʞʝʪʢʽʟʫʛʝ ʙʦʣʘʪʳʥ ʪᴅʩʽʣʜʝʨʜʽש ʙʽʨʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ɹײʣ ʪʝʭʥʦʣʦʛʠʷʥʳש ᴅʜʽʩʪʝʨʽʥ ʰʝʙʝʨ ץʦʣʜʘʥʫ ʩʘʙʘץʪʳ ʞʘʥʜʘʥʜʳʨʘʜʳ ʞᴅʥʝ 

ʩʪʫʜʝʥʪʪʝʨ ʩʘʙʘװ ץʩʪʽʥʜʝ ʙʝʣʩʝʥʜʽ ץʘʪʳʩʫʰʳʣʘʨʳ ʙʦʣʘʜʳ. ʆץʫʰʳʣʘʨʜʳש ʙʝʣʩʝʥʜʽʣʽʛʽ ʘʨʪʘʜʳ, 

ʦץʳʪʳʣʘʪʳʥ ʧᴅʥʜʝʨʛʝ ʜʝʛʝʥ ץʳʟʳסʫʰʳʣʳסʳ ʦʷʥʘʜʳ, ʷסʥʠ ʦש ʤʦʪʠʚʘʮʠʷ ʪװʟʽʣװʽʥʝ ʩʝʙʝʧ 

ʙʦʣʘʜʳ. 

  ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʩʳʥʠ ʦʡʣʘʫ, ʤʦʪʠʚʘʮʠʷװ ʪʝʭʥʦʣʦʛʠʷ, ʦץʫ ʧʨʦʮʝʩʩʽ. 

 

  ʊʫʨʩʳʥʦʚʘ ʊ. ɹ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʦʪʠʚʘʮʠʠ ʚʦ ʚʨʝʤʷ ʟʘʥʷʪʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ. 

  ɸʥʥʦʪʘʮʠʷ. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʦʧʨʝʜʝʣʷʶʪ ʧʦʪʨʝʙʥʦʩʪʴ 

ʚ ʪʚʦʨʯʝʩʢʦʤ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦ ʨʘʟʚʠʪʦʤ ʩʪʫʜʝʥʪʝ. ʉʪʫʜʝʥʪ ʜʦʣʞʝʥ ʫʤʝʪʴ ʤʳʩʣʠʪʴ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʨʝʰʘʪʴ ʪʨʫʜʥʦʩʪʠ , ʯʝʪʢʦ ʟʥʘʪʴ, ʛʜʝ ʠ ʢʘʢ ʧʨʠʤʝʥʷʪʴ 

ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ. ɿʘʜʘʯʝʡ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʦʙʫʯʠʪʴ ʩʪʫʜʝʥʪʘ ʫʯʠʪʴʩʷ, ʘ ʪʘʢʞʝ 

ʧʦʤʦʯʴ ʩʪʫʜʝʥʪʫ ʬʦʨʤʠʨʦʚʘʪʴ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʶ ʠ ʩʘʤʦʨʘʟʚʠʪʠʶ. ʋʯʠʪʝʣʷ 

ʟʥʘʶʪ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʫʩʧʝʰʥʦ ʦʙʫʯʠʪʴ ʫʯʝʥʠʢʘ, ʢʦʪʦʨʳʡ ʨʘʚʥʦʜʫʰʝʥ ʢ ʟʥʘʥʠʷʤ ʠ ʫʯʝʥʠʷʤ, 

ʥʝ ʠʥʪʝʨʝʩʫʝʪʩʷ ʠ ʥʝ ʧʦʥʠʤʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʫʯʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʩʬʝʨʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʦʠʪ ʟʘʜʘʯʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʫ ʩʪʫʜʝʥʪʦʚ ʤʦʪʠʚʘʮʠʠ ʢ ʦʙʫʯʝʥʠʶ. 

ʊʝʭʥʦʣʦʛʠʷ ʨʘʟʚʠʪʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ-ʷʚʣʷʝʪʩʷ ʦʜʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʜʦʩʪʠʞʝʥʠʷ 

ʚʳʩʦʢʦʡ ʤʦʪʠʚʘʮʠʠ ʢ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʋʤʝʣʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʵʪʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʦʞʠʚʣʷʝʪ ʫʨʦʢ, ʠ ʩʪʫʜʝʥʪʳ ʩʪʘʥʦʚʷʪʩʷ ʘʢʪʠʚʥʳʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʫʨʦʢʘ. 

ʇʦʚʳʰʘʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴ ʫʯʘʱʠʭʩʷ, ʧʨʦʙʫʞʜʘʝʪʩʷ ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʘʝʤʳʤ ʧʨʝʜʤʝʪʘʤ, ʪ. ʝ. 

ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʤʦʪʠʚʘʮʠʷ. 

  ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʠʪʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ, ʤʦʪʠʚʘʮʠʷ, ʪʝʭʥʦʣʦʛʠʷ, ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ. 
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  Tursynova T.B. Formation of motivation in the classroom using critical thinking 

technology. 

  Annotation. Innovative changes in the modern world determine the need for a creative, 

intellectually developed student. The student should be able to think independently, analyze and 

solve difficulties, and clearly know where and how to apply the acquired knowledge. The task of the 

teacher is to train the student to learn, as well as to help the student form the ability to self-education 

and self-development. Teachers know that it is impossible to successfully teach a student who is 

indifferent to knowledge and teachings, is not interested in and does not understand the need for 

training. In this regard, in the modern field of education, the task of forming and developing students 

' motivation to learn is faced. The technology of developing critical thinking is one of the ways to 

achieve high motivation for cognitive activity. The skillful use of the techniques of this technology 

enlivens the lesson, and students become active participants in the lesson. The activity of students 

increases, the interest in the subjects being studied is aroused, i.e. positive motivation is formed. 

Keywords: critical thinking, motivation, technology, educational process. 

 

  ʂʽʨʽʩʧʝ. פʘʟʽʨʛʽ ʘסʳʣʰʳʥ ʪʽʣʽʥ ʙʽʣʫ ï ʫʘץʳʪ ʪʘʣʘʙʳ. ɸסʳʣʰʳʥ ʪʽʣʽ ʙʽʟʜʽש 

ʤʝʤʣʝʢʝʪʽʤʽʟʜʽש ʭʘʣʳץʘʨʘʣʳץ ʙʘʡʣʘʥʳʩʪʘʨʳʥ ʜʘʤʳʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʪײʣסʘʘʨʘʣʳץ ʞᴅʥʝ 

ʤᴅʜʝʥʠʪʘʨʘʣʳץ ץʘʨʳʤ- ץʘʪʳʥʘʩʪʘʨʜʳש ʘʩʘ ʤʘשʳʟʜʳ ײץʨʘʣʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. נʘʩʳʨʣʘʨ ʙʦʡʳ 

ʜᴅʣʝʣʜʝʥʛʝʥ ʦץʳʪʫ ʤʝʥ ʪᴅʨʙʠʝʣʝʫ ᴅʜʽʩʪʝʨʽ ʪװʣʝʢʪʝʨʜʽץ שʘʟʽʨʛʽ ץʦסʘʤʜʘסʳ ᴇʤʽʨʛʝ ʩᴅʪʪʽ 

ʙʝʡʽʤʜʝʣʫʽʥ ʞʝʪʢʽʣʽʢʪʽ ʪװʨʜʝ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʤʝʡʜʽ. ʉʦʥʜʳץʪʘʥ ʩʪʫʜʝʥʪʪʝʨʛʝ 

ʪʽʣʜʽ ʞʘשʘ ʞʦʣʤʝʥ װʡʨʝʪʫ ʢʘʞʝʪ. ʄסײʘʣʽʤʥʽש ʤʽʥʜʝʪʽ- ʩʪʫʜʝʥʪʪʝʨʜʽ ᴇʟ ʙʽʣʛʝʥʽʥʝ װʡʨʝʪʫ, 

ʩʦʥʳʤʝʥ ץʘʪʘʨ ᴇʟʽʥ-ᴇʟʽ ʪᴅʨʙʠʝʣʝʫ ʞᴅʥʝ ᴇʟʽʥ-ᴇʟʽ ʜʘʤʳʪʫ ץʘʙʽʣʝʪʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ. ʉʦʣ ʩʝʙʝʧʪʽ 

ʤסײʘʣʽʤ ʟʘʤʘʥʘʫʠ ᴅʜʽʩʪʝʨʤʝʥ ʞᴅʥʝ ʞʘשʘ ʙʽʣʽʤ ʙʝʨʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʤʝʥ ץʘʨʫʣʘʥʫʳ ʢʝʨʝʢ. 

ʉʦʥʜʘʡ-ʘץ, ʙʽʣʽʤ ʙʝʨʫ ʩʪʘʥʜʘʨʪʳʥʳש ʞʘשʘ ʪײʞʳʨʳʤʜʘʤʘʣʘʨʳ ʦץʫ ʧʨʦʮʝʩʽʥ ײʡʳʤʜʘʩʪʳʨʫʜʘ 

ʙʘʩץʘ ʪᴅʩʽʣʜʝʨʜʽ ץʘʞʝʪ ʝʪʝʜʽ. ɹײʣ ʩʘʣʘʜʘסʳ ʥʝʛʽʟʛʽ ʙʘסʳʪʪʘʨʜʳש ʙʽʨʽ-ᴅʨ ʪװʨʣʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨ 

ʤʝʥ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫסʘ ʙʝʡʽʤʜʝʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  

  ʄʘשʳʟʜʳ ײץʟʽʨʝʪʪʽʣʽʢʪʝʨ ʪʝʢ ᴇʟ ʽʩ-ᴅʨʝʢʝʪʽʥʽש ʪᴅʞʽʨʠʙʝʩʽʥʜʝ ץʘʣʳʧʪʘʩʘʜʳ, ʩʦʥʜʳץʪʘʥ 

ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʩʳ ʩʪʫʜʝʥʪʪiץ שʘʣʳʧʪʘʩʫʳʥʘ ʳץʧʘʣ ʝʪʝʪʽʥ ʞʘסʜʘʡʣʘʨסʘ ʪʘʧ ʙʦʣʘʪʳʥʜʘʡ ʝʪʽʧ 

 :ʩʘʪʳץʤʘ שʘʞʝʪ. ʊʝʭʥʦʣʦʛʠʷʥʳץ ʦʣʜʘʥʫץ ʽʥʝʥשʨʳʣʫʳ ʢʝʨʝʢ. ʉʳʥʠ ʦʡʣʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʢʝײץ

ʦץʫʰʳʣʘʨʜʳש ʪʝʢ ʦץʫ ʧᴅʥʜʝʨʽʥ ʦץʫ ʢʝʟʽʥʜʝ סʘʥʘ ʝʤʝʩ, ʩʦʥʜʘʡ-ʘץ ץʘʨʘʧʘʡʳʤ ᴇʤʽʨʜʝ ʜʝ ץʘʞʝʪʪʽ 

ʦʡʣʘʫ ʜʘסʜʳʣʘʨʳʥ ʜʘʤʳʪʫ (ʩʘʣʤʘץʪʳ ʰʝʰʽʤʜʝʨ ץʘʙʳʣʜʘʡ ʙʽʣʫ, ʘץʧʘʨʘʪʧʝʥ ʞײʤʳʩ ʽʩʪʝʫ, ʪװʨʣʽ 

 ʳʜʘʥ ʦʡʣʘʫ ʜʝʛʝʥʽʤʽʟ-ʥʝ ʥʘʨʩʝʛʝ ʩʝʥʫ ʥʝʤʝʩʝ ʥʝ ʽʩʪʝʫסʨײʙʳʣʳʩʪʘʨʜʳ ʪʘʣʜʘʫ).ʉʳʥʠ ʪײץ

ʢʝʨʝʢʪʽʛʽʥ ʰʝʰʫʛʝ ʙʘסʳʪʪʘʣסʘʥ ʨʝʬʣʝʢʩʠʚʪʽ ʦʡʣʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [1]. 

ʉʳʥʠ ʪײʨסʳʜʘʥ ʦʡʣʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ ʙʽʣʽʤ ʙʝʨʫ ʤʘʟʤײʥʳʥʘ ᴇʟʛʝʨʽʩʪʝʨ 

ʝʥʛʽʟʝʜʽ, ʩʦʥʳש ʘʨץʘʩʳʥʜʘ ʦץʳʪʫ ʙʝʣʩʝʥʜʽ, ʜʘʤʫʰʳ, ʜʝʤʦʢʨʘʪʠʷʣʳץ, ʪײʣסʘסʘ ʙʘסʳʪʪʘʣסʘʥ 

ʙʦʣʘʜʳ, ʥᴅʪʠʞʝʩʽʥʜʝ ʦץʳʪʳʣʘʪʳʥ ʧᴅʥʜʝʨʛʝ ץʳʟʳסʫʰʳʣʳץ ʘʨʪʘʜʳ. ɸʜʘʤʜʘʨ ʤᴅʩʝʣʝʥʽ ʰʝʰʫʛʝ 

ʪʳʨʳʩץʘʥʜʘ ʩʳʥʠ ʪײʨסʳʜʘʥ ʦʡʣʘʡʜʳ, ʜᴅʣʝʣʜʝʨʜʽ ʙʘסʘʣʘʡʜʳ, ʩʝʥʽʤ ʪʫʨʘʣʳ ʰʝʰʽʤ ץʘʙʳʣʜʘʡʜʳ 

ʥʝʤʝʩʝ ʞʘʣʧʳ ʰʝʰʽʤ ץʘʙʳʣʜʘʡʜʳ. ʆʩʳ ʤʘץʩʘʪʪʘʨסʘ ʞʝʪʫ װʰʽʥ ʩʳʥʠ ʦʡʣʘʫ ʪʝʢ ʦʡʣʘʫ ᴇʥʽʤʜʝʨʽ 

ʤʝʥ ʥᴅʪʠʞʝʣʝʨʽʥ, ʷסʥʠ ʩʝʥʽʤʜʝʨʜʽ, ʪʘשʜʘʫʜʳ, ץʦʨʳʪʳʥʜʳʣʘʨʜʳ, ʛʠʧʦʪʝʟʘʣʘʨʜʳ ʞᴅʥʝ ʪ.ʙ. סʘʥʘ 

ʝʤʝʩ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʦʣʘʨʜʳ ʪʫʜʳʨסʘʥ ʧʨʦʮʝʩʪʝʨʜʽ, ʷסʥʠ ʦʩʳʥʜʘʡ ʪײʞʳʨʳʤʜʘʨסʘ ᴅʢʝʣʛʝʥ 

ʧʘʡʳʤʜʘʫʣʘʨʜʳ ʞᴅʥʝ ʰʝʰʽʤ ץʘʙʳʣʜʘʫ ʧʨʦʮʝʩʽʥʽש ʩʠʧʘʪʳʥ ʙʘסʘʣʘʡʜʳ. ʉʳʥʠ ʪײʨסʳʜʘʥ ʦʡʣʘʫ 

ʞʦסʘʨʳ ʜʝשʛʝʡʣʽ ʧʨʦʮʝʩʩ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ᴇʟʽʥ-ᴇʟʽ ʘʥʳץʪʘʫʜʳ, ʨʝʬʣʝʢʩʠʷʥʳ, ʢװʰ-

ʞʽʛʝʨʜʽ, ᴇʟʽʥ-ᴇʟʽ ʙʘץʳʣʘʫʜʳ ʞᴅʥʝ ʤʝʪʘ-ʩʘʥʘʥʳ ץʘʞʝʪ ʝʪʝʪʧʝʡʜʽ. ɹʘʩץʘʰʘ ʘʡʪץʘʥʜʘ, ʙײʣ 

ʘץʧʘʨʘʪʪʳ ʥʝʤʝʩʝ ʪᴅʞʽʨʠʙʝʥʽ ʪװʩʽʥʜʽʨʫ ʤʝʥ ʙʘסʘʣʘʫʜʳ ץʘʤʪʠʪʳʥ ʩʘʥʘʣʳ ʞᴅʥʝ ץʘʩʘץʘʥʘ 

ʧʨʦʮʝʩʩ [2].  
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  ʆץʫʰʳʣʘʨʜʳש ʪײʨʘץʪʳ ʞʘסʳʤʜʳ ʤʦʪʠʚʪʝʨʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʤᴅʩʝʣʝʩʽ ʤʝʢʪʝʧʪʽש 

ʧʝʜʘʛʦʛʠʢʘʩʳ, ʧʩʠʭʦʣʦʛʠʷ ʪᴅʞʽʨʠʙʝʩʽʥʜʝ ᴇʟʝʢʪʽ ʧʨʦʙʣʝʤʘʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆץʫʰʳʥʳש 

ʩʘʙʘץץʘ ץʳʟʳסʫʰʳʣʳסʳ ʞʦץ, ʦʣ ʪᴅʨʪʽʧʪʽ ʙײʟʙʘʡʜʳ ʜʝʛʝʥʤʝʥ ʤסײʘʣʽʤʜʽ ʪʳשʜʘʤʘʡʜʳ. ʆʣ ʤᴅʪʽʥ 

ʙʦʡʳʥʰʘ ʩײʨʘץʪʘʨסʘ ʞʘʫʘʧ ʙʝʨʝ ʘʣʤʘʡʜʳ, ʤᴅʪʽʥʥʝʥ ʞʘשʘ ʥᴅʨʩʝ ʙʽʣʜʽ ʜʝʧ ʘʡʪʘ ʘʣʤʘʡʜʳ. 

ʆץʫʰʳ ʤסײʘʣʽʤ ʩʘʙʘץʪʳ ʪװʩʽʥʜʽʨʛʝʥʥʝʥ ʢʝʡʽʥ ʦסʘʥ ʩײʨʘץʪʘʨ ץʦʡʤʘʡʜʳ, ʦץʫʣʳץץʘ ץʦʩʳʤʰʘ 

ʜʝʨʝʢʢᴇʟʜʝʨʜʽ ʪʘʙʫסʘ ʪʳʨʳʩʧʘʡʜʳ ʞᴅʥʝ ʦץʳʤʘʡʜʳ. ɹײʣ ʙʝʣʛʽʣʝʨ ʤᴅʪʽʥʜʝʨʜʽ ץʘʙʳʣʜʘʫ ʢʝʟʽʥʜʝ, 

ʤסײʘʣʽʤ ʦץʫ ᴅʜʝʙʠʝʪʽʥ ײʩʳʥסʘʥ ʢʝʟʜʝ ʢᴇʨʽʥʝʜʽ. ʉʘʙץʪʘ ʙʝʣʩʝʥʜʽ ʝʤʝʩ ʞᴅʥʝ ʦʡ ʢʝʨʥʝʫʽ ץʘʞʝʪ 

ʙʦʣסʘʥʜʘ, ץʠʳʥʜʳץʪʘʨʜʳ ʞʝשʫ ʢʝʟʽʥʜʝ ץʦʙʘʣʞʠʜʳ, ᴇʟ ʞײʤʳʩʳʥʘ ʙʘסʘ ʙʝʨʝ ʘʣʤʘʡʜʳ, ᴇʟʽʥ 

ʙʘʩץʘʨʘ ʘʣʤʘʡʜʳ. ʉʪʫʜʝʥʪ סײʳʤʜʘʨʜʳש ʘʥʳץʪʘʤʘʣʘʨʳʥ ץʘʡʪʘʣʘʡ ʘʣʤʘʡʜʳ, ʜʘʡʳʥ ʤᴅʪʽʥʥʝʥ 

ʘʣʳʩʪʘʡ ʘʣʤʘʡʜʳ, ʤᴅʪʽʥʜʽ ʪװʩʽʥʙʝʡʜʽ. ʆץʫʰʳʣʘʨ ʘʨʘʩʳʥʜʘ ʞװʨʛʽʟʽʣʛʝʥ ʙʘץʳʣʘʫʣʘʨ ʢᴇʧʪʝʛʝʥ 

ʙʘʣʘʣʘʨʜʳש ʦץʫ ʤᴅʜʝʥʠʝʪʽ ʞʦץ ʝʢʝʥʽʥ, ʤץײʠʷʪ ʦץʫʜʳ ʙʽʣʤʝʡʪʽʥʽʥ, ʦץʳסʘʥʳʥ ʪװʩʽʥʙʝʡʪʽʥʽʥ, 

ʘʣʳʥסʘʥ ʘץʧʘʨʘʪ ʪʫʨʘʣʳ ʦʡʣʘʥʙʘʡʪʳʥʜʳʣʳסʳ ʘʥʳץʪʘʣʘʜʳ. ʆʩʳʣʘʡʰʘ ʩʘʙʘץ ʢʝʟʽʥʜʝ 

ʩᴅʪʩʽʟʜʽʢʢʝ ײʰʳʨʘʡʜʳ. ʉʳʥʠ ʪײʨסʳʩʳʥʘʥ ʦʡʣʘʫ ʩʪʫʜʝʥʪʪʝʨʜʽש ʙײʨʳʥ ʘʣסʘʥ ʙʽʣʽʤʜʝʨʽʥ, 

ʧʨʦʙʣʝʤʘʣʘʨʜʳ ʰʝʰʫ, ʰʝʰʽʤ ץʘʙʳʣʜʘʫ ʥʝʤʝʩʝ ʰʝʙʝʨʣʽʢ ʩʪʘʥʜʘʨʪʪʘʨʳʥʘ ץʘʪʳʩʪʳ ʩʳʥʠ 

ʙʘסʘʣʘʫ װʰʽʥ ʞʘשʘ ʞʘסʜʘʡʣʘʨסʘ ץʦʣʜʘʥʫ ʪʫʨʘʣʳ ʝʩʝʧ ʙʝʨʝʪʽʥ ʜᴅʨʝʞʝ ʨʝʪʽʥʜʝ ʘʥʳץʪʘʡʤʳʟ [3].  

  ɹʽʣʽʤ ʘʣʫʰʳ ʦץʫ-ʪʘʥʳʤʜʳץ ʫᴅʞʜʝʤʝ ʙʦʣʤʘסʘʥ ʞʘסʜʘʡʜʘ ץʘʞʝʪʪʽ ʜʘסʜʳʣʘʨ ʤʝʥ 

ʜʘסʜʳʣʘʨʜʳ ʠʛʝʨʝ ʘʣʤʘʡʜʳ ʙײʣ ʧʨʦʙʣʝʤʘ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.ʉʳʥʠ ʦʡʣʘʫʜʳ ʜʘʤʳʪʫ 

ʪʝʭʥʦʣʦʛʠʷʩʳ-ʪʘʥʳʤʜʳץ ʽʩ-ᴅʨʝʢʝʪʢʝ ʞʦסʘʨʳ ʫᴅʞʜʝʤʝʛʝ ץʦʣ ʞʝʪʢʽʟʫʛʝ ʙʦʣʘʪʳʥ ʪᴅʩʽʣʜʝʨʜʽש 

ʙʽʨʽ. ʉʳʥʠ ʪײʨסʳʜʘʥ ʦʡʣʘʫ ʢʣʘʩʩʠʢʘʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʤᴅʩʝʣʝʣʝʨʽʥʝ ᴅʩʝʨ ʝʪʝʜʽ,ʤʳʩʘʣʳ, ʙʽʣʽʤ ʙʝʨʫ 

ʞᴅʥʝ ʞʘשʘ ʞʘסʜʘʡʣʘʨʜʘ ʧʨʦʙʣʝʤʘʣʘʨʜʳ ʰʝʰʫ ʜʘסʜʳʣʘʨʳʥ ץʦʣʜʘʥʫʜʘ ᴅʩʝʨʽ ʟʦʨ [4]. 

  ʆץʫ ʧʨʦʮʝʩʽʥʜ ʩʪʫʜʝʥʪʪʝʨ ʞʘשʘ ʘץʧʘʨʘʪʪʳ ʪʝʟ ץʘʙʳʣʜʘʡʜʳ. ɹʽʨʘץ ʦץʫ ʧʨʦʮʝʩʩʽ ʢʝʟʽʥʜʝ 

ʢᴇʙʽʥʝʩʝ ʤʦʥʦʪʦʥʜʳʣʳץ ʧʘʡʜʘ ʙʦʣʘʜʳ ʞᴅʥʝ ʦץʫ ʢᴇʟʜʝʨʽ ᴅʨ ʪװʨʣʽ ʝʤʝʩ. ɽʛʝʨ ʦץʫʰʳ ʩʘʙʘץʪʘ ʢװʥ 

ʩʘʡʳʥ ʧʘʩʩʠʚʪʽ ʙʦʣʳʧ ץʘʣʩʘ, ʦʥʳש ʪʘʥʳʤʜʳץ ץʘʙʽʣʝʪʪʝʨʽ ʜײʨʳʩ ʞʝʪʽʣʤʝʡʜʽ. ᴄʜʝʪʪʝ, ʤסײʘʣʽʤ 

ʩʘʙʘץ ʤʘʪʝʨʠʘʣʳʥ ʢʘʡʪʘʣʘʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʩʪʝʨʝʦʪʠʧʪʽʢ ʩײʨʘץʪʘʨʜʳ ʞʠʽ ץʦʷʜʳ. ʆץʫʰʳʣʘʨ ᴇʟ 

ʧʽʢʽʨʣʝʨʽʥ ʘʡʪʫסʘ װʣʛʝʨʤʝʡʜʽ. ʅᴅʪʠʞʝʩʽʥʜʝ ʰʳʥʜʳץץʘ ʙʝʣʩʝʥʜʽ ʩʳʥʠ ʢᴇʟץʘʨʘʩ ʜʘʤʳʤʘʡʜʳ-

ʩʦʥʜʳץʪʘʥ ʦץʫסʘ ʜʝʛʝʥ ʤʦʪʠʚʘʮʠʷ ʙʦʣʤʘʡʜʳ. ʆץʫ ʤʦʪʠʚʘʮʠʷʩʳ-ʙײʣ ʦץʫ ʽʩ-ᴅʨʝʢʝʪʽʥ ʦʨʳʥʜʘʫ 

 ʣײʦʣʜʘʡʪʳʥ ʧʨʦʮʝʩʩ. ɹץ ʳʪʪʘʡʪʳʥ ʞᴅʥʝסʰ-ʞʽʛʝʨʜʽ ʙʘʩʪʘʡʪʳʥ, ʙʘװʘʞʝʪʪʽ ʢץ ʰʽʥװ

ʤʦʪʠʚʪʝʨʤʝʥ, ʤʘץʩʘʪʪʘʨʤʝʥ, ʩᴅʪʩʽʟʜʽʢʢʝ ʨʝʘʢʮʠʷʣʘʨʤʝʥ, ʪʘʙʘʥʜʳʣʳץʧʝʥ ʞᴅʥʝ ʦץʫʰʳʥʳש 

ʢᴇʟץʘʨʘʩʪʘʨʳʤʝʥ ײץʨʳʣסʘʥ ʢװʨʜʝʣʽ ʞװʡʝ, ʙײʣ ʦץʫʰʳʥʳש ʦץʫ ʽʩ-ᴅʨʝʢʝʪʽʥʝ ʪʽʢʝʣʝʡ ץʦʩʳʣʫʳ 

 ʫץʦ שʤʦʪʠʚʘʮʠʷʩʳʥʘ ʞᴅʥʝ ʦʣʘʨʜʳ שʳʜʘʥ ʦʡʣʘʫ ʩʪʫʜʝʥʪʪʝʨʜʽסʨײʘʞʝʪ ʝʪʝʪʽʥ ʧʨʦʮʝʩʩ. ʉʳʥʠ ʪץ

ʩʪʨʘʪʝʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫʜʘ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʩʳʥʳʧʪʘ ʥʝ ʙʦʣʘʪʳʥʳʥʘ ʜʘ ʙʘʡʣʘʥʳʩʪʳ 

ʙʦʣʫʳ ʤװʤʢʽʥ. ʉʪʫʜʝʥʪʪʝʨʜʽש ʦʡʣʘʫ ץʘʙʽʣʝʪʽʥʝ ʘʫʜʠʪʦʨʠʷʣʳץ ʧʨʦʮʝʩʪʝʨ ʤʝʥ ʪʘʧʩʳʨʤʘʣʘʨ 

 .ʨʳʣʳʤʳ ᴅʩʝʨ ʝʪʝʜʽ [5]ײץ

  ʉʘʙʘץ ʫʩʪʽʥʜʝ ʐʘסʳʥ, ʙʽʨʣʝʩʢʝʥ ʪʦʧʪʘʨʜʘ ʞײʤʳʩ ʽʩʪʝʛʝʥ ʩʪʫʜʝʥʪʪʝʨ װʣʢʝʥ ʪʘʥʳʤʜʳץ 

ʙʝʣʩʝʥʜʽʣʽʢʪʽ ʢᴇʨʩʝʪʝʜʽ. ʊʘʥʳʤʜʳץ ץʳʟʳסʫʰʳʣʳץʪʳש ʞʦסʘʨʳ ʜʝשʛʝʡʽ ʪʫʨʘʣʳ ʦץʳʪʫʰʳʣʘʨʳʥ 

ʳʥʪʘʣʳ, ʪʠʽʤʜʽ ʞᴅʥʝ ʞʘʫʘʧʪʳ ʜʝʧ ʩʪʫʜʝʥʪʪʝʨ ʙʘסʘʣʘʡʜʳ. ʉʳʥʳʧʪʘסʳ ʧʨʦʮʝʩʪʝʨʜʽ ʞᴅʥʝ 

ʦʣʘʨʜʳש ʦץʫʰʳʣʘʨʜʳש ʤʦʪʠʚʘʮʠʷʩʳ ʤʝʥ ʪʘʥʳʤʳʤʝʥ ʙʘʡʣʘʥʳʩʳʥ ʧᴅʥʜʽʢ 

ʘʡʳʨʤʘʰʳʣʳץʪʘʨʜʘʥ ʙʘʡץʘʫסʘ ʙʦʣʘʜʳ. ᴄʨ ʪװʨʣʽ ʙʘסʳʪʪʘʨ ᴅʨʪװʨʣʽ ʦץʫ ʪᴅʞʽʨʠʙʝʣʝʨʽ ʤʝʥ 

ʤʽʥʜʝʪʪʝʨ ײץʨʳʣʳʤʳʥ, ʩʦʥʜʘʡ-ʘץ ʤʘʟʤײʥ ʩʘʣʘʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʥʘץʪʳ ʩʪʨʘʪʝʛʠʷʣʘʨʜʳש 

ʥʝʤʝʩʝ ʤʦʪʠʚʘʮʠʷʣʳץ ʜװʥʠʝʪʘʥʳʤʥʳש ʤʘשʳʟʜʳʣʳסʳʥ ʪʘʣʘʧ ʝʪʝʜʽ [6]. 

  ɾʘʨʘʪʳʣʳʩʪʘʥʫ סʳʣʳʤʜʘʨʳ ʙʦʡʳʥʰʘ ʩʪʫʜʝʥʪʪʝʨʛʝ ץʦʡʳʣʘʪʳʥ ʤʽʥʜʝʪʪʝʨ ʤʝʥ 

ʪʘʥʳʤʜʳץ ʪʘʣʘʧʪʘʨ ᴄʣʝʫʤʝʪʪʽʢ סʳʣʳʤʜʘʨ ʥʝʤʝʩʝ ʤʘʪʝʤʘʪʠʢʘ ʩʘʙʘץʪʘʨʳʥʜʘ ʢʝʟʜʝʩʝʪʽʥ 

ʤʽʥʜʝʪʪʝʨʜʝʥ ʘʡʪʘʨʣʳץʪʘʡ ᴇʟʛʝʰʝ ʙʦʣʫʳ ʤװʤʢʽʥ, ʩʦʥʜʳץʪʘʥ ʤʦʪʠʚʘʮʠʷʥʳש, ʦץʳʪʫ 

ʩʪʨʘʪʝʛʠʷʩʳʥʳש ʞᴅʥʝ ʘʫʜʠʪʦʨʠʷʣʳץ ʪᴅʞʽʨʠʙʝʥʽש ʩʳʥʠ ʦʡʣʘʫסʘ ᴅʩʝʨʽ ʧᴅʥʛʝ ʙʘʡʣʘʥʳʩʪʳ ᴅʨ 

ʪװʨʣʽ ʙʦʣʫʳ ʤװʤʢʽʥ. ʉʳʥʠ ʪײʨסʳʜʘʥ ʦʡʣʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ ʩʘʙʘװ ץʰ ʢʝʟʝשʥʝʥ 
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ʪײʨʘʜʳ. ᴄʨ ʢʝʟʝש ʤʦʪʠʚʘʮʠʷʣʳץ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʙʝʣʛʽʣʽ ʙʽʨ ʤʽʥʜʝʪʪʝʨʜʽ ʦʨʳʥʜʘʫʜʳ 

 ʳʤʜʳ ʤʦʪʠʚʘʮʠʷʩʳʥסʞʘ שʫʰʳʣʘʨʜʳץʳʟ ʙʘʡʣʘʥʳʩʪʳ. ʆסʘʨʘʩʪʳʨʘʜʳ ʞᴅʥʝ ʙʽʨ-ʙʽʨʽʤʝʥ ʪʳץ

  .ʦʣʜʘʥʳʣʘʜʳץ ʰʽʥ ʙʝʣʛʽʣʽ ʙʽʨ ʩʪʨʘʪʝʛʠʷʣʘʨ ʤʝʥ ᴅʜʽʩʪʝʨװ ʘʣʳʧʪʘʩʪʳʨʫ ʞᴅʥʝ ʜʘʤʳʪʫץ

1 ʢʝʟʝש- ʐɸפʓʈʋ. ɿʝʨʪʪʝʣʝʪʽʥ ʪʘץʳʨʳʧץʘ ʪײʨʘץʪʳ ץʳʟʳסʫʰʳʣʳץ ʦʷʪʫ, ʦץʫʰʳʥʳ ʦץʫ ʽʩ-

ᴅʨʝʢʝʪʽʥʝ ʳʥʪʘʣʘʥʜʳʨʫ. 

2 ʢʝʟʝנױ -שʓʅʋ. ɿʝʨʪʪʝʣʝʪʽʥ ʪʘץʳʨʳʧץʘ ץʳʟʳסʫʰʳʣʳץʪʳ ʩʘץʪʘʫ. 

3 ʢʝʟʝש- ʈɽʌʃɽʂʉʀʗ- ʘץʧʘʨʘʪʪʳץ ᴇʨʽʩʪʽ ʦʜʘʥ ᴅʨʽ ʢʝשʝʡʪʫʛʝ ʳʥʪʘʣʘʥʜʳʨʫ. 

ɾײʤʳʩʪʳש ʙʽʨʽʥʰʽ ʢʝʟʝשʽ "ʐʘץʳʨʫ ʢʝʟʝשʽ" ʜʝʧ ʘʪʘʣʘʜʳ- ʙʘʨ ʙʽʣʽʤʜʽ, ʘץʧʘʨʘʪץʘ 

 ʜʝשʣ ʢʝʟʝײʘʡʪʘʤʳʟ. ɹ שʽשʪʳ ʦʷʪʫ, ᴇʤʽʨʣʽʢ ʪᴅʞʽʨʠʙʝʥʽ ᴇʟʝʢʪʝʥʜʽʨʫ ʢʝʟʝץʫʰʳʣʳסʳʟʳץ

ʩʪʫʜʝʥʪʪʝʨʜʽש ʞʘשʘ ʥᴅʨʩʝʣʝʨʜʽ װʡʨʝʥʫʜʽש ᴇʟʽʥʜʽʢ ʤʘץʩʘʪʪʘʨʳ ʤʝʥ ʩʝʙʝʧʪʝʨʽ ʪʫʳʥʜʘʡʜʳ. 

  ɽʢʽʥʰʽ ʢʝʟʝסױ" שʳʥʫ" ʜʝʧ ʘʪʘʣʘʜʳ. ʄסײʘʣʽʤ ʦץʫʣʳץ ʤᴅʪʽʥʽʥʝʥ ʙʘʩץʘ ʙʘʣʘʤʘ ʘץʧʘʨʘʪ 

ʢᴇʟʜʝʨʽʥ ײʩʳʥʘ ʘʣʘʜʳ. ʋʘץʳʪ ᴇʪʝ ʢʝʣʝ ʩʪʫʜʝʥʪʪʝʨ ʤץײʠʷʪ ʦץʠ ʙʘʩʪʘʡʜʳ, ʪʳשʜʘʡʜʳ, ʪװʨʣʽ 

ʩײʨʘץʪʘʨ ץʦʷʜʳ. 

 ʰʽʥװ ʘʥʳʥ ʪʝʢʩʝʨʫʽסʪʘץʝʩʪʝ ʥʝ ʩʘ שʫʰʳʣʘʨʜʳץʦ שʘʣʽʤʥʽסײʽ ʤשʨʝʬʣʝʢʩʠʷ ʢʝʟʝ-שʰʽʥʰʽ ʢʝʟʝת

 ʘʥסʳʥ ʞᴅʥʝ ʪʫʳʥʜʘסʦʣ ʞʝʪʢʽʟʝ ʘʣʘʪʳʥʜʳץ ʩʘʪʪʘʨʳʥʘץʤʘ שʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʦʣʘʨʜʳס

ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʝ ʘʣʘʪʳʥʜʳסʳʥ ᴇʟʜʝʨʽ ʪʘʣʜʘʡ ʘʣʫʳ װʰʽʥ ץʘʞʝʪ [7]. 

  "ɾʫʘʥ" ʞᴅʥʝ "ʞʽשʽʰʢʝ" ʩײʨʘץʪʘʨ ʢʝʩʪʝʩʽʥ ʩʘʙʘץʪʳװ שʰ ʢʝʟʝשʽʥʽש ʢʝʟ ʢʝʣʛʝʥʽʥʜʝ 

 ʳʥʫסײ ;ʪʘʨץʨʘײʳʨʳʧʪʳ ʟʝʨʜʝʣʝʫʛʝ ʜʝʡʽʥʛʽ ʩץʣ ʪʘײʽʥʜʝ ï ʙשʳʨʫ ʢʝʟʝץʘ ʙʦʣʘʜʳ: ʰʘסʦʣʜʘʥʫץ

ʢʝʟʝשʽʥʜʝ ï ʦץʫ, ʪʳשʜʘʫ ʙʘʨʳʩʳʥʜʘ ʩײʨʘץʪʘʨʜʳ ʙʝʣʩʝʥʜʽ ʙʝʢʽʪʫ ʪᴅʩʽʣʽ; ʨʝʬʣʝʢʩʠʷ ï ᴇʪʢʝʥʜʽ 

 .ʨʛʽʟʽʣʝʜʽװʤʝʥ ʞשʤʳʩ ʙʽʨʥʝʰʝ ʢʝʟʝײʪʘʨ ʙʦʡʳʥʰʘ ʞץʨʘײʘʡʪʘʣʘʫ. ʉץ

1 ʢʝʟʝש-ʦץʫʰʳʣʘʨ ʢʝʩʪʝ ʙʦʡʳʥʰʘ ᴅʨ ʩײʨʘץʪʳש ʞʘʣסʘʩʳʥ ʞʘʟʳʧ, ʩײʨʘץʪʘʨ ץʦʶʜʳ װʡʨʝʥʝʜʽ. 

ɸʣʜʳʤʝʥ ʩʪʫʜʝʥʪʪʝʨ "ʞץײʘ" ʩײʨʘץʪʘʨʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ "ץʘʣʳש" ʩײʨʘץʪʘʨʜʳ ʦʡʣʘʧ ʪʘʙʘʜʳ. 

2 ʢʝʟʝש-ʩʪʫʜʝʥʪʪʝʨ ʩײʨʘץʪʘʨסʘ ʤᴅʪʽʥ ʙʦʡʳʥʰʘ ʞʘʟʫʜʳ װʡʨʝʥʝʜʽ: ʘʣʜʳʤʝʥ ï"ʞץײʘ", ʩʦʜʘʥ ʢʝʡʽʥ 

 ."שʘʣʳץ"

3 ʢʝʟʝש ï ʤᴅʪʽʥʤʝʥ ʞײʤʳʩ ʞʘʩʘʫ ʢʝʟʽʥʜʝ ʙʘʣʘʣʘʨ ʢʝʩʪʝʥʽש ᴅʨ ʙʘסʘʥʳʥʘ ʙʽʨ ʩײʨʘץ ʦʡʣʘʧ ʪʘʙʘʜʳ 

ʦʣʘʨʜʳ ʦץʳסʘʥʥʘʥ ʢʝʡʽʥ ʞʦʣʜʘʩʪʘʨʳʥʘ ʩײʨʘץ ץʦʷʜʳ. ʉʪʫʜʝʥʪʪʝʨʜʽש ʩײʨʘץʪʘʨʜʳ ʞʘʟʫʣʘʨʳʥʘ 

 .ʪʘʧ ʦʪʳʨʫʳ ʢʝʨʝʢ [8]ץʫ ʢʝʟʽʥʜʝ ʪʦץʘʣʽʤ ʦסײʰʽʥ ʤװ ʣʛʝʨʫװ

ʉʳʥʠ ʦʡʣʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʵʣʝʤʝʥʪʪʝʨʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʩʪʫʜʝʥʪʪʝʨ ʤʝʪʘ-ʧᴅʥʜʽʢ 

ʜʘסʜʳʣʘʨʳש ʜʘʤʳʪʫʳʥʘ ʤװʤʢʽʥʜʽʢ ʘʣʘʜʳ, ʤʳʩʘʣʳ: 

- ʪʦʧʪʘ ʞײʤʳʩ ʽʩʪʝʡ ʙʽʣʫ; 

- ʤᴅʪʽʥʜʽʢ ʤʘʪʝʨʠʘʣʜʳ ʛʨʘʬʠʢʘʣʳץ ʪװʨʜʝ ײץʨʘʩʪʳʨʘ ʙʽʣʫ; ʙʝʣʛʽʣʽ ʙʽʧ ʘץʧʘʨʘʪʪʳ 

ʰʳסʘʨʤʘʰʳʣʳץ ʪװʨʜʝ ʪװʩʽʥʜʽʨʝ ʙʽʣʫ; 

- ʘץʧʘʨʘʪʪʳ ʞʘשʘʣʳץ ʞᴅʥʝ ʤʘשʳʟʜʳʣʳץ ʜᴅʨʝʞʝʩʽ ʙʦʡʳʥʰʘ ʙᴇʣʝ ʙʽʣʫ; ʘʣסʘʥ ʙʽʣʽʤʜʝʨʽʥ 

ʞʠʥʘץʪʘʡ ʙʽʣʫ; 

- ʦץʫ ʤᴅʜʝʥʠʝʪʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ, ʦʥʳש ʽʰʽʥʜʝ ʘץʧʘʨʘʪ ʢᴇʟʜʝʨʽʥ ʰʘʨʣʘʫ, ʦץʫʜʳש ᴅʨʪװʨʣʽ 

ʩʪʨʘʪʝʛʠʷʣʘʨʳʥ ץʦʣʜʘʥʫ, ʦץʳʣסʘʥ ʤᴅʣʝʤʝʪʪʽ ʜײʨʳʩ ʪװʩʽʥʫ, ʘץʧʘʨʘʪʪʳ ʤʘשʳʟʜʳʣʳסʳ 

ʪײʨסʳʩʳʥʘʥ ʩײʨʳʧʪʘʫ, ʞʘשʘ ʙʽʣʽʤʜʽ ʩʳʥʠ ʙʘסʘʣʘʫ, ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫ ʞᴅʥʝ ʞʘʣʧʳʣʘʫ [9]. 

ʆץʫʰʳʣʘʨʜʳש ʩʳʥʠ ʦʡʣʘʫʳʥ ʜʘʤʳʪʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ץʦʣʜʘʥʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʩʘʙʘץץʘ ʜʝʛʝʥ 

ʢᴇʟץʘʨʘʩʪʘʨʳ ᴇʟʛʝʨʝʜʽ. פʳʟʳץʩʳʟ ʩʘʙʘץʪʘʨ ʪʘʥʳʤʜʳץ ʞᴅʥʝ ץʳʟʳץʪʳ ʙʦʣʘʜʳ, ʙʘʣʘʣʘʨʜʳש ᴇʟ 

 ʘʨʳסʪʘʪʘʜʳ. ɾʦץʫʜʳ ʪʦץʦʨץ ʘʪʝʣʽʢ ʞʘʩʘʫʜʘʥץ ʘʨʘʩʳ ᴇʟʛʝʨʝʜʽ ïץʘʪʝʣʽʢʪʝʨʽʥʝ ʜʝʛʝʥ ʢᴇʟץ

ʜʝשʛʝʡʜʝʛʽ ʪʘʥʳʤʜʳץ ʙʝʣʩʝʥʜʽʣʽʢʪʝʨʽ ʘʨʪʘʜʳ. ʉʪʫʜʝʥʪʪʝʨ ʙʽʣʽʤ ʘʣʫסʘ ײʤʪʳʣʘʜʳ ʞᴅʥʝ ʤסײʘʣʽʤ 

ʪʘʣʘʧ ʝʪʢʝʥʥʝʥ ʛᴇʨʽ ʢᴇʙʽʨʝʢ ʙʽʣʫʛʝ ʪʳʨʳʩʘʜʳ. 

 ʘʙʽʣʝʪʽ ʤʝʥץ ʦʡʣʘʫ שʫʰʳʣʘʨʜʳץʳʩʳʥʘʥ ʦʡʣʘʫ ʪʘʧʩʳʨʤʘʣʘʨʳ ʦסʨײʦʨʳʪʳʥʜʳ. ʉʳʥʠ ʪפ  

ʟʝʡʽʥʽʥ ʜʘʤʳʪʫסʘ ʳץʧʘʣ ʝʪʝʜʽ, ʩʦʥʳʤʝʥ ץʘʪʘʨ "ʜײʨʳʩ" ʩײʨʘץʪʘʨ ץʦʶ ʤװʤʢʽʥʜʽʛʽ ʜʘʤʠʜʳ. 

ʉײʨʘץʪʘʨʜʳש ʞʽʢʪʝʣʫʽ ʞʘʫʘʧʪʘʨʜʳ ʪʘʙʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ, ʤᴅʪʽʥ ʪʫʨʘʣʳ ʦʡʣʘʥʫסʘ ʤװʤʢʽʥʜʽʢ 
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ʙʝʨʝʜʽ ʞᴅʥʝ ʦʥʳש ʤʘʟʤײʥʳʥ ʞʘץʩʳ ʤʝשʛʝʨʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽ, ʘʣ ʤᴅʪʽʥ ʪװʩʽʥʽʢʪʽ ʙʦʣסʘʥ ʢʝʟʜʝ 

ʩʪʫʜʝʥʪʪʝʨʛʝ ʞʫʤʳʩ ʞʘʩʘʫ ץʳʟʳץʪʳ ʙʦʣʘʜʳ.ʆץʫ ʧʨʦʮʝʩʽʥʜʝ ʦʩʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʤʦʜʝʣʴʜʽ 

 ץʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, ʩʘʙʘסʟʝʛʝ ʘʩʳʨʫװʘʨʘʩʪʳ ʞץʘʥ ʢᴇʟסʳʪʪʘʣסʘ ʙʘסʘסʣײʳ ʪסʳʪʫʜʘץʦʣʜʘʥʫ ʦץ

 ,ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʜʘʡ ʞʘʩʘʫסʟʝʛʝ ʘʩʳʨʫʳʥʘ ʞʘװʨʜʝ ʞװᴇʟʽʥ-ᴇʟʽ ʩᴅʪʪʽ ʪ שʫʰʳʣʘʨʜʳץʩʪʽʥʜʝ ʦװ

ʦץʫ-ʪʘʥʳʤʜʳץ ʫᴅʞʜʽ ץʘʣʳʧʪʘʩʪʳʨʘʜʳ. ɹײʣ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʪʝʭʥʦʣʦʛʠʷʥʳש ʝʨʝʢʰʝʣʽʛʽ-ʦץʫʰʳ 

ʦץʫ ʧʨʦʮʝʩʽʥʜʝ ʦʩʳ ʧʨʦʮʝʩʪʽ ᴇʟʽ ײץʨʫסʘ ʞᴅʥʝ ʦʥʳש ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʜʘʤʫ ʙʘסʳʪʪʘʨʳʥ 

ʙʘץʳʣʘʫʳʥʘ ʤװʤʢʽʥʜʽʢ ʘʣʘʜʳ.  
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ENVISAT  ɾɽʈʉɽʈɯɻɯʅɽʅ ɸʃʓʅנɸʅ ʄᴄʃɯʄɽʊʊɽʈ ɹʆʁʓʅʐɸ פɸʈɸנɸʅɼʓ 

 ʓʃɸʋפɹɸ פɸʈʓʐʊʓנ ɼɽʃɻɽʅ ɸʋɼɸʅɼɸʈʓʅרᴆ רɸʃɸʉʓʅʓפ

ʅᴄʊʀɾɽʃɽʈɯʅ ᴆרɼɽʋ 

 

           ɸʣʠʤʞʘʥʦʚʘ ɸʡʜʘʥʘ ʊʫʨʩʳʥʦʚʥʘ  

 ɼɿɿʄ-19-1ʢ ʪʦʙʳʥʳϬ ʤʘʛʠʩʪʨʽ  

ϣʳʣʳʤʠ ʞʝʪʝʢʰʽ: ʂʘʧʘʩʦʚʘ ɸʡʟʘʜʘ ɿʘʨʣʳʢʦʚʥʘ 

ʪ.Ϥ.ʢ., ʜʦʮʝʥʪ, 

     

 

ʂʽʣʪ ʩϺʟʜʝʨ: ʩʧʫʪʥʠʢʪʽʢ ʨʘʜʘʨʣʳϨ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ, ʞʝʨ ʙʝʜʝʨʽʥʽϬ Ϻʟʛʝʨʽʩʪʝʨʽ, 

ʛʝʦʜʠʥʘʤʠʢʘʣʳϨ Ϯʨʜʽʩʪʝʨʜʽ ʙʘϨʳʣʘʫ, ʨʘʜʘʨʣʳϨ ʤϸʣʽʤʝʪʪʝʨ, Ϥʘʨʳʰ ʩʫʨʝʪʪʝʨʽʥ ϺϬʜʝʫ, 

ʞʳʣʞʫ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʘʩʳ, ʰϺʛʫ ʛʨʘʬʠʛʽ, ʜʝʬʦʨʤʘʮʠʷʣʳϨ ϮʨʜʽʩʽʥʽϬ ʜʠʥʘʤʠʢʘʩʳ, 

ϤʘʨʳʰʪʳϨ ʟʦʥʜʣʘʫ ʤϸʣʽʤʝʪʪʝʨʽ  

 

ɹװʛʽʥʛʽ ʢװʥʽ ʢᴇʤʽʨ ץʦʨʳ ʙʦʡʳʥʰʘ פʘʟʘץʩʪʘʥ ᴅʣʝʤ ʙʦʡʳʥʰʘ ʩʝʛʽʟʽʥʰʽ ʦʨʳʥʜʳ ʘʣʘʜʳ. 

ʂᴇʤʽʨ ᴇʥʜʽʨʫ ʪʘʫ ʩʽʣʝʤʜʝʨʽʥʜʝ ʙʦʩ ʢʝשʽʩʪʽʢʪʝʨʜʽ ʧʘʡʜʘ ʙʦʣʫʳʥʘ ᴅʢʝʣʽʧ ʩʦץʪʳʨʘʜʳ, ʘʣ ʙײʣ ʞʝʨ 

ʙʝʪʽʥʽש ʞʳʣʞʫʳʥʘ ʩʝʙʝʧʢʝʨ ʙʦʣʘʜʳ.  ɾʝʨ ʙʝʪʽʥʽש ʞʳʣʞʳʤʘʫʳʥ ʙʦʣʜʳʨʤʘʫʜʳש ʢʣʘʩʩʠʢʘʣʳץ 

ʪᴅʩʽʣʽ, ʷסʥʠ ʙʦʩ ʢʝשʽʩʪʽʢʪʝʨʜʽ ʤʘʪʝʨʠʘʣʤʝʥ ʪʦʣʪʳʨʫ, ʵʢʦʥʦʤʠʢʘʣʳץ ʞʘסʳʥʘʥ ʪʠʽʤʩʽʟ 

ʙʦʣʘʪʳʥʜʳץʪʘʥ פʘʟʘץʩʪʘʥʜʘ ʩʠʨʝʢ ץʦʣʜʘʥʳʣʘʜʳ, ʩʦʥʜʳץʪʘʥ ʞʝʨ ʙʝʪʽʥʽש  ʢװʡʨʝʫʽ ʞʠʽ 

ʢʝʟʜʝʩʝʜʽ. ʊʝʢ 2014 ʞʳʣʜʳש ᴇʟʽʥʜʝ-ʘץ ʦʩʳʥʜʘʡ ʢװʡʨʝʫʣʝʨ פʘʟʘץʩʪʘʥʥʳש ʙʽʨʥʝʰʝ ץʘʣʘʩʳʥʜʘ 

ʙʦʣʜʳ: ʈʠʜʜʝʨ, פʘʨʘסʘʥʜʳ ʞᴅʥʝ  ʂᴇʢʰʝʪʘʫ. פʘʨʘסʘʥʜʳ ʦʙʣʳʩʳʥʳש ʰʘʭʪʘʣʘʨʳ ʙʽʨ-ʙʽʨʽʥʝ 

ʞʘץʳʥ ʦʨʥʘʣʘʩץʘʥ ʞᴅʥʝ ʩʦסʘʥ ʙʘʡʣʘʥʳʩʪʳ װʣʢʝʥ ʪʘʫ-ʢʝʥ ᴇʥʜʽʨʽʩʽ ʦʨʪʘʩʳʥʜʘ ץʘʣסʘʥ 

   .ʘʣʘʜʳץʨʜʽʩʪʝʨʽ ʙʘʡװ ʘʫʽʧʪʽ ʰᴇʛʫץ ᴇʪʝ שʘʣʘʩʳʥʜʘ ʞʝʨ ʙʝʪʽʥʽץ ʘʥʜʳסʘʨʘפ

ʆʩʳʥʜʘʡ ʞʝʨ ʙʝʜʝʨʽʥʽש ᴇʟʛʝʨʽʩʪʝʨʽ ʤʝʥ ʛʝʦʜʠʥʘʤʠʢʘʣʳװ ץʨʜʽʩʪʝʨʜʽ ʙʘץʳʣʘʫʜʳ 

ʥʠʚʝʣʠʨʣʝʫ ʤʝʥ ʪʘʭʝʦʤʝʪʨʣʽʢ ʪװʩʽʨʽʩ ʩʠʷץʪʳ ʜᴅʩʪװʨʣʽ ᴇʣʰʝʫ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ 

ʞװʟʝʛʝ ʘʩʳʨʫ   ʢᴇʧ ʫʘץʳʪ ʰʳסʳʥʳ ʤʝʥ ʢᴇʧ ʝשʙʝʢʪʽ ʪʘʣʘʧ ʝʪʝʪʽʥ װʨʜʽʩ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʉʦʥʳʤʝʥ ץʦʩʘ ʜᴅʩʪװʨʣʽ ʙʘץʳʣʘʫ ᴅʜʽʩʪʝʨʽ ʧʨʦʬʠʣʴʜʽʢ ʩʳʟʳץʪʘʨʜʘʥ ʪʳʩ ʥʝʤʝʩʝ ץʦʣ ʞʝʪʽʤʩʽʟ 

ʞʝʨʣʝʨʜʝ ʙʦʣʘʪʳʥ װʨʜʽʩʪʝʨʜʽש ʪʦʣʳץ ʙʝʡʥʝʩʽʥ ʘʣʫʜʳ ץʘʤʪʘʤʘʩʳʟʜʘʥʜʳʨʘ ʘʣʤʘʡʜʳ. ɹײʥʜʘʡ 

 ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ ʪʝʭʥʦʣʦʛʠʷʩʳ ץʘʥ ʩʧʫʪʥʠʢʪʽʢ ʨʘʜʘʨʣʳסʘ ʘʨʥʘʣסʳʣʘʫץʙʳʣʳʩʪʘʨʜʳ ʙʘײץ

ʢʝʟʝשʜʝʨ ʘʨʘʩʳʥʜʘסʳ ʤᴅʣʽʤʝʪ ʞʠʥʘʫ ʫʘץʳʪʳʥ ץʳʩץʘʨʪʘʜʳ ʞᴅʥʝ ʩʦʣ ʩᴅʪʪʝʛʽ ʞʝʨ ʙʝʪʽʥʽש 

 .ʨʘʡʜʳײץ  ʘʤʪʫ ʘʫʜʘʥʳ 30*30ʢʤץ שʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  ʆʥʳװʘ ʤסʳʥʜʳ ʞʳʣʞʫ ʙʝʡʥʝʩʽʥ ʘʣʫץʘʨץ

 ʩʽʨʽʩװʪ ץʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷʣʳ ץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘ ʨʘʜʘʨʣʳץʘʟʘפ ʳʪʪʘץʘʟʽʨʛʽ ʫʘפ

ʞʘʩʘʫʤʝʥ ʰʝʪʝʣ ʢʦʤʧʘʥʠʷʣʘʨʳ ʘʡʥʘʣʳʩʫʜʘ [1,4]. 

ʉʧʫʪʥʠʢʪʽʢ ʨʘʜʘʨʣʳץ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ ð ʵʣʝʢʪʨʦʤʘʛʥʠʪʪʽʢ ʪʦʣץʳʥʜʘʨʜʳש 

ʠʥʪʝʨʬʝʨʝʥʮʠʷ ᴅʩʝʨʽʥ ץʦʣʜʘʥʘʪʳʥ ᴇʣʰʝʫ ᴅʜʽʩʽ. ᴄʜʽʩʪʽש ʥʝʛʽʟʛʽ ʤᴅʥʽ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʘʥʳש 

 שʩʽʨʽʣʛʝʥ ʝʢʽ ʩʫʨʝʪʽʥʽװʙʽʨ ʩʧʫʪʥʠʢʧʝʥ ʪ שʨʳʣʫʳʥʜʘ. ʀʥʪʝʨʬʝʨʨʦʛʨʘʤʤʘ ʙʽʨ ʘʫʜʘʥʥʥʳײץ

ʢʦʤʧʦʟʠʮʠʷʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ʩʠʛʥʘʣʜʳש ʬʘʟʘʩʳ ʤʝʥ ʘʤʧʣʠʪʫʜʘʩʳ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ 

ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  

ʉʧʫʪʥʠʢʪiʢ ʨʘʜʘʨʣʳץ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ ʜʝʨʝʢʪʝʨʽʥ ץʦʣʜʘʥʫ ʩʘʣʘʨʳʥʳש ʘʨʘʩʳʥʜʘ 

ʢʝʣʝʩʽʣʝʨʜʽ ʝʨʝʢʰʝʣʝʫʛʝ ʙʦʣʘʜʳ: 

Ƅ ʞʝʨʛʽʣʽʢʪʽ ʞʝʨʜʽש ʩʘʥʜʳװ ץʣʛʽʩʽʥ ײץʨʫ, ʦʥʳש ʽʰʽʥʜʝ ʞʦסʘʨʳ ʜᴅʣʜʽʢʪʽ (ʢʝשʽʩʪʽʢʪʽʢ 

 ʪʘʫ ʜᴅʣʜʽʛʽ 1ï2 ʤʝʪʨ ʙʦʣʘʪʳʥץʣʢʝʡʪʽʣʽʤʽ ʰʘʤʘʤʝʥ ʙʽʨ ʤʝʪʨ ʞᴅʥʝ ʙʠʽʢʪʽʢʪʽ ʘʥʳװ

 ;(ʣʛʽʣʝʨװ

Ƅ ʜᴅʣʜʽʛʽ ʨʘʜʘʨ ʪʦʣץʳʥʳײ שʟʳʥʜʳסʳʥʳש ʙᴇʣʽʛʽʥʜʝʡ ʙʦʣʘʪʳʥ ʜʝʬʦʨʤʘʮʠʷʣʘʨʜʳ ᴇʣʰʝʫ; 

Ƅ ʞʳʣʜʘʤ ץʦʟסʘʣʳʩʪʘסʳ ʥʳʩʘʥʥʳש ʤʳʩʘʣʳ, ʘʚʪʦʢᴇʣʽʢʪʽש ʞʳʣʜʘʤʜʳסʳʥ ʘʥʳץʪʘʫ. 

ɹʘסʘ ʤʝʥ ʩʘʧʘ ץʘʪʳʥʘʩʳ ʙʦʡʳʥʰʘ װʣʢʝʡʪʽʣʽʤʽ ʪᴇʤʝʥ (10-30 ʤ - ENVISAT, ERS-2 ʞᴅʥʝ 

ʪ.ʙ.)  ʨʘʜʘʨʣʳץ ʤᴅʣʽʤʝʪʪʝʨ ʢᴇʧ ʩײʨʘʥʳʩץʘ ʠʝ, ʘʣ ʦʨʪʘʰʘ װʣʢʝʡʪʽʣʽʤʽʜʽ (4-8 ʤ) ʨʘʜʘʨʣʳץ 

ʤᴅʣʽʤʝʪʪʝʨʜʽש ʙʦʣʘʰʘסʳ ᴇʪʝ ʞʘץʩʳ ʜʝʫʛʝ ʙʦʣʘʜʳ.  ɹײʥʜʘʡ ʨʘʜʘʨʣʳץ ʪװʩʽʨʽʩʪʝʨ ʞʝʨ ʙʝʜʝʨʽʥʽש 

ʩʘʥʜʳװ ץʣʛʽʩʽʥ ײץʨʫʜʘ, ʢʘʨʪʦʛʨʘʬʠʷʣʘʫʜʘ, ʘʫʜʘʥʥʳש ʵʢʦʣʦʛʠʷʣʳץ ʞʘסʜʘʡʳʥ ʙʘץʳʣʘʫʜʘ, 
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ʩʝʡʩʤʦʣʦʛʠʷʣʳץ ץʘʫʽʧʪʽ ʙʘסʘʣʘʫʜʘ, ʩʫ ʙʘʩʫ ʘʫʜʘʥʜʘʨʳ ʤʝʥ װʥʝʤʽ ʪײʤʘʥ ʙʘʩʳʧ ʪײʨʘʪʳʥ 

ʘʫʜʘʥʜʘʨʜʳ ʙʘץʳʣʘʫʜʘ, ʞᴅʥʝ ʜʝ ʪװʨʣʽ ץʳʟʤʝʪ ʩʘʣʘʣʘʨʳʥʜʘ ʙʘʩץʘ ʜʘ ʢᴇʧʝʪʝʛʝʥ ʤᴅʩʝʣʝʣʝʨʜʽ 

ʰʝʰʫʜʝ ץʦʣʜʘʥʳʣʘʜʳ.  

 ʤᴅʣʽʤʝʪʪʝʨ ʢᴇʤʝʛʽʤʝʥ ʙʽʨʝʛʝʡ ʤʽʥʜʝʪʪʝʨʜʽ ʰʝʰʫʛʝ ץʘʨʳ (1-3 ʤ) ʨʘʜʘʨʣʳסʣʢʝʡʪʽʣʽʤʽ ʞʦת

ʙʦʣʘʜʳ. ɹʽʨʘץʪʘ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʦʣʘʨʜʳײץ שʥʳʥʳץ שʳʤʙʘʪʪʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʦʣʘʨ 

ʥʝʛʽʟʽʥʝʥ ʞʝʨʛʽʣʽʢʪʽ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫʜʝ סʘʥʘ ʩײʨʘʥʳʩץʘ ʠʝ. ʄʳʩʘʣʳ, װʣʢʝʡʪʽʣʽʤʽ ʞʦסʘʨʳ 

ʨʘʜʘʨʣʳץ ʪװʩʽʨʽʩʪʝʨʜʽש ʤװʤʢʽʥʜʽʛʽ ʙʦʡʳʥʰʘ ʞʝʨ ʙʝʪʽʥʽש, ᴅʩʽʨʝʩʝ סʠʤʘʨʘʪʪʘʨ ʤʝʥ ᴇʥʜʽʨʽʩʪʽʢ 

 ʘʨʳסʩʪʘ, ʞʦײʘ ʙʦʣʘʜʳ. ʆʩʳ ʪסʪʘʫץʘʨʳ ʜᴅʣʜʽʢʧʝʥ ʘʥʳסʞʳʣʞʫʳʥ ᴇʪʝ ʞʦ שʡʤʝʨʝʪʪʝʨʜʽװ

 ʥʳʩʘʥʜʘʨʜʳ ʪʘʥʫ ʞᴅʥʝ ʦʣʘʨʜʳ ʪʦʧʪʘʩʪʳʨʫ שʤᴅʣʽʤʝʪʪʝʨʜʽ ץʣʢʝʡʪʽʣʽʤʽʜʽ ʨʘʜʘʨʣʳװ

ʤװʤʢʽʥʜʽʛʽʥ ʘʨʥʘʡʳ ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ʙʘסʜʘʨʣʘʤʘʣʳץ ᴇʥʽʤʜʝʨ, ʤʳʩʘʣʳ ʨʝʪʽʥʜʝ, SARscape 

ʝʜᴅʫʽʨ ʞʘץʩʘʨʪʘʜʳ [2].  

 ʘʨʳʰס ץʰʽʥ ɽʫʨʦʧʘʣʳװ ʪʘʫץʞʳʣʞʫʳʥ ʘʥʳ שʞʝʨ ʙʝʪʽʥʽ שʘʣʘʩʳʥʳץ ʘʥʜʳסʘʨʘפ

ʘʛʝʥʪʪʽʛʽʥʽש ʤײʨʘסʘʪʳʥʘʥ ʤᴅʣʽʤʝʪʪʝʨ ʘʣʫ ץʘʞʝʪ ʙʦʣʜʳ.  

ɽʫʨʦʧʘʣʳס ץʘʨʳʰ ʘʛʝʥʪʪʽʛʽ ʤײʨʘסʘʪʳʥʘʥ ʤᴅʣʽʤʝʪʪʝʨ ʘʣʫ װʰʽʥ, ʷסʥʠ סʘʨʳʰʪʳץ ʩʫʨʝʪʪʝʨʜʽ 

ʪʘשʜʘʧ ʘʣʫ װʰʽʥ Eoliïsa ʙʘסʜʘʨʣʘʤʘʩʳ ץʦʣʜʘʥʳʣʜʳ (1-ʩʫʨʝʪ)[3]. 

 

 
 

1-ʩʫʨʝʪ ï Eoliïsa ʙʘסʜʘʨʣʘʤʘʩʳʥʳש ʠʥʪʝʨʬʝʡʩʽ 

 

Eoli-SA ʝʨʢʽʥ ʤʫʣʴʪʠʧʣʘʪʬʦʨʤʘʣʳץ ʠʥʪʝʨʘʢʪʠʚʪʽ ʙʘסʜʘʨʣʘʤʘ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʣ 

ʧʘʡʜʘʣʘʥʫʰʳʣʘʨסʘ ɽנɸ ɾʝʨ ᴆʥʽʤ ʢʘʪʘʣʦʛʳʥʘ ץʦʣ ʞʝʪʢʽʟʫʛʝ, ʦʣʘʨסʘ ʪʘʧʩʳʨʳʩ ʙʝʨʫʛʝ ʞᴅʥʝ 

ʩʘʡʳʧ ʢʝʣʛʝʥʜʝ, ʦʣʘʨʜʳש ʤᴅʨʪʝʙʝʩʽ ץʘʜʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʆʣ ʩʦʥʜʘʡ-ʘץ  GSP, SCI 

ʤʝʥ SPR ʦʧʝʨʘʪʦʨʣʘʨʳ װʰʽʥ ʜʝʨʝʢʪʝʨ ʤʝʥ ᴇʥʽʤ ʤʝʪʘʜʝʨʝʢʪʝʨʽʥ ʦʥʣʘʡʥ ʪװʨʜʝ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. ᴆʥʽʤʜʝʨ ʤʘʟʤײʥʳ ʦשʘʡ ʩײʨʘʫסʘ ʞᴅʥʝ ץʘʨʘסʘ ʙʦʣʘʪʳʥ ʢʦʣʣʝʢʮʠʷʣʘʨסʘ ʙʽʨʽʢʪʽʨʽʣʛʝʥ [3]. 

ʄײʨʘסʘʪʪʘסʳ ʙʘʨ ʤᴅʣʽʤʝʪʪʝʨʜʽש ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽ ʙʦʡʳʥʰʘ ENVISAT ʩʧʫʪʥʠʢʪʽʢ ʞװʡʝʩʽ 

ʪʘשʜʘʣʳʧ ʘʣʳʥʜʳ.  

ʄײʨʘסʘʪʪʘסʳ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʽʟʜʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ɽoliïsa ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘ  ɸSAR 

ʩʝʥʩʦʨʳʥʘʥ 4 ʪװʨʣʽ ʪʨʘʢʪʝʨʜʝʥ ʘʣʳʥסʘʥ 29 ʩʫʨʝʪ ʘʥʳץʪʘʣʜʳ. ʅʘץʪʳ ץʘʨʘʫ ʞᴅʥʝ סʘʨʳʰʪʳץ 

ʩʫʨʝʪʪʝʨʛʝ ʪʘʧʩʳʨʳʩ ʙʝʨʫ װʰʽʥ ASAR Image Mode ʩʝʥʩʦʨʳʥ ʘʥʳץʪʘʧ, ʙʘץʳʣʘʫ ʫʘץʳʪʳʥ 

ʪʘשʜʘʫ ʢʝʨʝʢ. ɹʘץʳʣʘʫ ʫʘץʳʪʳʥ ʪʘשʜʘʫʜʘ 2003 ʞʳʣʜʘʥ 2010 ʞʳʣסʘ ʜʝʡʽʥʛʽ ʘʨʘʣʳץ 

 .ʘʨʘʩʪʳʨʳʣʜʳ (2-ʩʫʨʝʪ)ץ
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2-ʩʫʨʝʪ ï ʊʨʘʝʢʪʦʨʠʷʩʳ ʤʝʥ ʪʨʘʢʳ ʝʩʢʝʨʽʣʛʝʥ ᴅʨ ʩʫʨʝʪʪʽש ʪʦʣʳץ ʥᴅʪʠʞʝʩʽ 

 

ʉʫʨʝʪʪʝʨʜʽ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʜʠʩʩʝʨʪʘʮʠʷʥʳ ʞʘʟʫ װʰʽʥ ʤײʨʘסʘʪʪʳץ ʩʫʨʝʪʪʝʨʜʽ91ˉ ש ï

11 ʪʨʘʢʪʘʨʳ ʞᴅʥʝ ʞʘʣʧʳ ʩʫʨʝʪʪʝʨʜʽ363 ˉ שï 14 ʪʨʘʢʪʘʨʳ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ.  

 

 
 

3-ʩʫʨʝʪ ï2006 ʞʳʣʜʳ18  ש ʞʝʣʪʦץʩʘʥʳʥʜʘ ʪװʩʽʨʽʣʛʝʥ  

 ʩʫʨʝʪʽ ץʘʪʪʳסʨʘײʤ שʘʣʘʩʳʥʳץ ʘʥʜʳסʘʨʘפ

 

ɯʟʜʝʫ ʥᴅʪʠʞʝʩʽ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣסʘʥ ʩʫʨʝʪʪʝʨʜʽ ʢʘʨʪʘʜʘסʳ ʩʫʨʝʪ ʢʦʥʪʫʨʳʥʘ ʙʘʩʫ ʘʨץʳʣʳ, 

ʢʘʨʪʘʥʳש ʦש ʞʘסʳʥʜʘ ʪײʨסʘʥ ʩʫʨʝʪʪʽש ʢʽʰʽʨʝʡʪʽʣʛʝʥ ʙʝʡʥʝʩʽʥʝ ʙʘʩʫ ʘʨץʳʣʳ ʥʝʤʝʩʝ ʢʝʩʪʝʜʝʛʽ 

ʞʦʣʜʳ ʪʘשʜʘʫ ʘʨץʳʣʳ ץʘʨʘʫסʘ ʙʦʣʘʜʳ.  ʄײʨʘסʘʪʪʳץ ʩʫʨʝʪʪʽש ʤʳʩʘʣʳ 3-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ.  

 ʟʝʛʝװSARScape ʤʦʜʫʣʽʥʜʝ ʞ שʢʝʰʝʥʽʥʽ ץʜʘʨʣʘʤʘʣʳסʜʝʫ ENVI ʙʘשʘʨʳʰ ʩʫʨʝʪʪʝʨʽʥ ᴇנ

ʘʩʳʨʳʣʜʳ. ɹײʣ ʙʘסʜʘʨʣʘʤʘ ʜʘ ʞʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥ פʈ ɹנʄ ץʘʨʞʳʣʘʥʜʳʨʘʪʳʥ ʛʨʘʥʪʪʳץ 

ʞʦʙʘʩʳʥʳש ʘʷʩʳʥʜʘ ʩʘʪʳʧ ʘʣʳʥʜʘ.  

ᴆשʜʝʫʜʽש ʙʽʨʽʥʰʽ ʢʝʟʝשʽʥʜʝ ENVISAT סʘʨʳʰʪʳץ ʩʫʨʝʪʪʝʨʽʥ ʰʠʢʽ *.N1  ʢʝשʝʡʪʽʣʽʤʥʝʥ 

*.cls ʢʝשʝʡʪʽʣʽʤʽʥʝ ʠʤʧʦʨʪʪʘʫ ʞᴅʥʝ ʙʘʟʘʣʳץ ʩʳʟʳץʪʘʨʜʳ ᴇשʜʝʫ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. ɿʝʨʪʪʝʫ 

ʤᴅʣʽʤʝʪʪʝʨʽ, ʷסʥʠ ENVISAT track 363 ʩʧʫʪʥʠʢʪʽʢ ʩʫʨʝʪʪʝʨʽ ʙʦʡʳʥʰʘ ʫʘץʳʪ ʬʘʢʪʦʨʳʥʳש 

ʢʨʠʪʠʯʝʩʢʦʡ ʙʘʟʘʣʳץ ʩʳʟʳץץʘ ʪᴅʫʝʣʜʽʣʽʛʽʥʽש ʛʨʘʬʠʛʽ ײץʨʳʣʜʳ (4-ʩʫʨʝʪ) [4]. 
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4-ʩʫʨʝʪ ï ENVISAT track 363 ʩʧʫʪʥʠʢʪʽʢ ʩʫʨʝʪʪʝʨʽʥʽש ʫʘץʳʪ ʬʘʢʪʦʨʳʥʳש ʢʨʠʪʠʯʝʩʢʦʡ 

ʙʘʟʘʣʳץ ʩʳʟʳץץʘ ʪᴅʫʝʣʜʽʣʽʛʽʥʽש ʙʳʟʙʘʩʳ 

 

ᴆשʜʝʫʜʽש ʝʢʽʥʰʽ ʢʝʟʝשʽ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷʣʳץ ᴇשʜʝʫ װʰʽʥ ʞײʧ ʪʘשʜʘʫ ʙʦʣʜʳ. ɾײʧ ʪʘשʜʘʫ 

ʙʽʨʥʝʰʝ ʢʨʠʪʝʨʠʽ ʙʦʡʳʥʰʘ, ʷסʥʠ ʞʘʣʧʳ ʤװʤʢʽʥ ʞײʧʪʘʨ ʘʨʘʩʳʥʘʥ ʪʘשʜʘʣʜʳ.  ʋʘץʳʪ ʙʘʟʘʩʳ 

ʜʝʧ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷʣʳץ ʞײʧ ʩʫʨʝʪʪʝʨʽʥʽש ʘʨʘʩʳʥʜʘסʘ ʪװʩʽʨʫ ʫʘץʳʪʳʥʳש ʘʨʘʣʳסʳʥ ʘʪʘʜʳ 

[4].  

ᴆשʜʝʫʜʽװ שʰʽʥʰʽ ʢʝʟʝשʽʥʜʝ ʞʝʨ ʙʝʜʝʨʽʥʽש ʩʘʥʜʳװ ץʣʛʽʩʽ (ɾɹʉת) ײץʨʳʣʜʳ.  פʘʟʘץʩʪʘʥ 

ʪʝʨʨʠʪʦʨʠʷʩʳʥʜʘ  SRTM ʤᴅʣʽʤʝʪʪʝʨʽ ʰʘʤʘʤʝʥ 90 ʤʝʪʨ ʢʝשʽʩʪʽʢʪʽʢ װʣʢʝʡʪʽʣʽʤʜʝ. פʘʨʘסʘʥʜʳ 

 ʨʫ 31.07.2010ʞ. ʞᴅʥʝ 09.10.2010ʞ. ENVISAT ï ʩʧʫʪʥʠʢʪʽʢ ʩʫʨʝʪʪʝʨʽײץ תɾɹʉ שʘʣʘʩʳʥʳץ

  .ʦʣʜʘʥʳʣʜʳץ

ɾʘʣʧʳ ʤᴅʣʽʤʝʪʪʝʨʜʽ ᴇשʜʝʫ SarScape ʤʦʜʫʣʽʥʽש ʫʘץʳʪʰʘ ʣʠʮʝʥʟʠʷʩʳ ʙʦʡʳʥʰʘ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʜʳ. ʃʠʟʝʥʮʠʷ ʙʝʨʫʰʽ  ENVI ʙʘסʜʘʨʣʘʤʘʩʳʥʳש ʈʝʩʝʡʜʝʛʽ ʨʝʩʤʠ ʜʠʩʪʨʠʙʴʶʪʝʨʽ ï 

ʉʦʚʟʦʥʜ ʢʦʤʧʘʥʠʷʩʳ. SarScape ʙʘסʜʘʨʣʘʤʘʣʳץ ʢʝʰʝʥʽ ʨʘʜʘʨʣʳץ ʩʫʨʝʪʪʝʨʜʽ ʘʣʜʳʥ ʘʣʘ ʞᴅʥʝ 

ʪʘץʳʨʳʧʪʳץ ᴇשʜʝʫʛʝ ʘʨʥʘʣסʘʥ  ENVI  ʙʘסʜʘʨʣʘʤʘʩʳʥʳץ שʦʩʳʤʰʘ ʤʦʜʫʣʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɸʣ  Interferometry ʤʦʜʫʣʽ ʨʘʜʘʨʣʳץ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷʣʳץ ᴇשʜʝʫʛʝ, ʩʦשʳʥʜʘ ʞʝʨ 

ʙʝʜʝʨʽʥʽש ʩʘʥʜʳװ ץʣʛʽʩʽʥ ʥʝʤʝʩʝ ʞʝʨ ʙʝʪʽʥʽש ʞʳʣʞʫ ʢʘʨʪʘʩʳʥ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.ɾʳʣʞʫ 

ʢʘʨʪʘʩʳʥ ʘʣʫ װʰʽʥ   2003 ʞʳʣʜʘʥ 2011 ʞʳʣסʘ ʜʝʡʽʥʛʽ  ENVISAT ASAR ʞʝʨʩʝʨʽʛʽʥʝʥ ʘʣʳʥסʘʥ 

ʨʘʜʘʨʣʳץ ʩʫʨʝʪʪʝʨ ץʦʣʜʘʥʳʣʜʳ.  

ɹʝʨʽʣʛʝʥ ᴇשʜʝʫ ʞײʤʳʩʪʘʨʳʥʳש ʥʝʛʽʟʛʽ ץʦʨʳʪʳʥʜʘʩʳ ʢʝʰʝʥʜʽ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʘʜʘʥ ʞʝʨ 

ʙʝʜʝʨʽʥʽש ʩʠʥʪʝʟʠʨʣʝʥʛʝʥ ʬʘʟʘʩʳʥ ʘʣʫ ʪװʨʽʥʜʝ ʙʝʨʽʣʝʪʽʥ ʜʠʬʬʝʨʝʥʮʠʘʣʴʜʳ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʘ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [2].   

ENVISAT ʞʝʨʩʝʨʽʛʽʥʝʥ ʘʣʳʥסʘʥ ʨʘʜʘʨʣʳץ ʩʫʨʝʪʪʝʨʜʽש ʞײʧʪʘʨʳʥ ᴇשʜʝʫ ʥᴅʪʠʞʝʩʽ 

ʙʦʡʳʥʰʘ ʘʟʘʤʘʪʪʳץ ʞᴅʥʝ ᴇʥʜʽʨʽʩʪʽʢ ʥʳʩʘʥʜʘʨʜʳש, ʩʦʥʳʤʝʥ ץʦʩʘ פʘʨʘסʘʥʜʳ ʦʙʣʳʩʳ ʤʝʥ 

ʆʢʪʷʙʨʴ ʘʫʜʘʥʳʥʳש ʰʘʭʪʘʣʘʨʳ ʦʨʥʘʣʘʩץʘʥ ʘʫʜʘʥʜʘʨ ʙʝʪʽʥʽש ʰᴇʛʫ ʢʘʨʪʘʩʳ ʘʣʳʥʜʳ. 

ɻʝʦʢʦʜʪʘʫ ʞᴅʥʝ ʢʘʣʠʙʨʦʚʢʘ ʝʨʪʝʨʝʢʪʝ ʘʚʪʦʨ ʞʘʩʘסʘʥ פʘʨʘסʘʥʜʳ ץʘʣʘʩʳʥʳש ʞʝʨ 

ʙʝʜʝʨʽʥʽש ʩʘʥʜʳװ ץʣʛʽʩʽʥʝ ץʘʪʳʩʪʳ ʞʘʩʘʣʜʳ.  פʘʣʘ ʘʫʜʘʥʳʥʜʘסʳ ᴇשʜʝʫ ʞᴅʥʝ ʝʩʝʧʪʝʫ 

ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʰʘסʳʥ ʳסʳʩʫʳ ʙʘʨ ʪײʨʘץʪʳ ʘʫʜʘʥʜʘʨ ʜʘ, ʰᴇʛʫ װʨʜʽʩʽ ʥʘץʪʳʣʳ 

    .ʘʣʜʳץʘʥ ʘʫʜʘʥʜʘʨ ʜʘ ʙʘʡץʜʝʤʝʣʝʧ ʢʝʣʝ ʞʘʪװ

ɾʳʣʞʫ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʘʩʳʥʘ ʩʘʡ ɸʨʩʝʣʦʨ ʄʠʪʪʘʣ ʊʝʤʠʨʪʘʫ ʤʝʪʘʣʣʫʨʛʠʷʣʳץ 

ʢʦʤʙʠʥʘʪʳʥʳש ʘʫʜʘʥʳ ץʘʣʳʧʪʳ ʞʘסʜʘʡʜʘ.  ʐᴇʛʫ ʤᴅʥʽ ʩʫʨʝʪʪʝʨ ʙʦʡʳʥʰʘ ʘʣʳʥסʘʥ, ʘʣ 

ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʥװʢʪʝʣʝʨ ʙʦʡʳʥʰʘ ʰᴇʛʫ ʛʨʘʬʠʛʽ ײץʨʳʣסʘʥ  (5-ʩʫʨʝʪ). 
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5-ʩʫʨʝʪ ï ɸʨʩʝʣʦʨ ʄʠʪʪʘʣ ʊʝʤʠʨʪʘʫ ʟʘʚʦʜʳʥʳש ʘʫʜʘʥʳ 

 

2013 ʞʳʣʳ  ʍʋ-1 ʢʦʢʩ ʭʠʤʠʷʣʳץ ᴇʥʜʽʨʽʩʽʥʽש ʪװʪʽʥ ײץʙʳʨʣʘʨʳ ʦʨʥʘʣʘʩץʘʥ ʘʫʜʘʥʳʥʜʘ 

ʤᴇʣʰʝʨʽ ʝʩʝʧ ʙʝʨʫ ʫʘץʳʪʳ ʘʨʘʣʳסʳʥʜʘ 40 ʤʤ-ʜʽ ײץʨʘסʘʥ ʞʝʨ ʙʝʪʽʥʽש ʰᴇʛʫʽ ʪʽʨʢʝʣʜʽ (6-ʩʫʨʝʪ). 

 

 

 

 

6-ʩʫʨʝʪ ï ɸʨʩʝʣʦʨ ʄʠʪʪʘʣ ʊʝʤʠʨʪʘʫ ʟʘʚʦʜʳ ײץʙʳʨʣʘʨʳ ʦʨʥʘʣʘʩץʘʥ ʘʫʜʘʥʥʳש ʞʝʨ 

ʙʝʪʽʥʽש ʰᴇʛʫʽ 

ʐʘʭʪʘʣʘʨ ʦʨʥʘʣʘʩʧʘסʘʥʜʳץʪʘʥ, ʩᴅʡʢʝʩʽʥʰʝ ᴇשʜʝʫ ʞײʤʳʩʪʘʨʳ ʞװʨʛʽʟʽʣʤʝʛʝʥʜʽʢʪʝʥ 

ʄʘʡײץʜʳץ ʞᴅʥʝ ɸʙʘʡ ץʘʣʘʩʳʥʳש ʘʫʜʘʥʜʘʨʳ  ץʘʣʳʧʪʳ ʞʘסʜʘʡʜʘ (7,8-ʩʫʨʝʪ). 

 

 

 

 

7-ʩʫʨʝʪ ï ɸʙʘʡ ץʘʣʘʩʳ ʘʫʜʘʥʳʥʜʘסʳ ʰᴇʛʫ װʨʜʽʩʽʥ ʟʝʨʪʪʝʫ 

 

  2003 ʞʳʜʘʥ 2010 ʞʳʣסʘ ʜʝʡʽʥʛʽ ʘʨʘʣʳץʪʘ  ʆʢʪʷʙʨʴ ʘʫʜʘʥʳʥʜʘ ʤᴅʥʽ 10 ʤʤ 

ʰʘʤʘʩʳʥʜʘסʳ ʰʘסʳʥ ʰᴇʛʫʣʝʨ ʙʘʡץʘʣʜʳ (8-ʩʫʨʝʪ).  
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8-ʩʫʨʝʪ ï ʆʢʪʷʙʨʴ ʘʫʜʘʥʳ - ʄʘʡʢʫʜʫʢ 

 

2009-2010 ʞʳʣʜʘʨʳ ʘʣʳʥʘסʘʥ ʩʫʨʝʪʪʝʨ פʘʨʘסʘʥʜʳ ץʘʣʘʩʳʥʳש ʘʫʜʘʥʳʥʜʘ 2011-2013 

ʞʳʣʜʘʨʳ ʙʦʣʳʧ ᴇʪʢʝʥ סʠʤʘʨʘʪʪʘʨ ʤʝʥ װʡʤʝʨʝʪʪʝʨʜʽש ʜʝʬʦʨʤʘʮʠʷʣʘʨʳ ʤʝʥ ʢװʡʨʝʫʣʝʨʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘסʘʥ ʦץʠסʘʣʘʨ ʤʝʥ ʞʘʟʘʪʘʡʳʤ ʞʘסʜʘʡʣʘʨʜʳ ʪʘʣʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ [5].   

  

 

 

 

9-ʩʫʨʝʪ ï ɹʦʪʘץʘʨʘ ʢʝʥʪʽʥʜʝʛʽ ʙᴇʛʝʪʪʝʨʜʽש  

ʜʝʬʦʨʤʘʮʠʷʣʳװ ץʨʜʽʩʽʥʽש ʜʠʥʘʤʠʢʘʩʳ 

ʂʦʩʪʝʥʢʦ ʘʪʳʥʜʘסʳ ʰʘʭʪʘ ʘʫʜʘʥʳʥʜʘסʳ ʞʘʟʳץʪʳץʪʳ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽ,  2004 ʞʳʣʜʘʥ ʙʝʨʽ 

ʂʦʩʪʝʥʢʦ ʰʘʭʪʘʩʳʥʳש ʘʫʜʘʥʳʥʜʘ ʝʢʽ ʰᴇʛʫ ʤʫʣʴʜʘʩʳ ʧʘʡʜʘ ʙʦʣסʘʥʳʥ ʢᴇʨʩʝʪʪʽ.  2010 ʞʳʣʳ 

ʰᴇʛʫ ʤʫʣʴʜʘʩʳʥʳש ʤᴇʣʰʝʨʽ ʤʝʥ ʦʥʳש ʪʘʨʘʣʫ ʘʫʤʘסʳ ʢʝשʝʡʛʝʥ (10-ʩʫʨʝʪ). ɾʦסʘʨʳʜʘ 

 ʳʥʜʘ ʂʦʩʪʝʥʢʦ ʰʘʭʪʘʩʳʥʜʘ ʧʣʘʩʪ ʙʦʡʳʥʰʘ ʂ1, ʣʘʚʘ ʙʦʡʳʥʰʘסʳʪ ʘʨʘʣʳץʘʥ ʫʘסʘʨʘʩʪʳʨʳʣץ

45 ʂ1-ʟ ʞײʤʳʩʪʘʨʳ ʞװʨʛʽʟʽʣʛʝʥ. פʘʟʳʣסʘʥ ʧʣʘʩʪʪʳץ שʫʘʪʳ 2,8ʤ ײץʨʘסʘʥ [5].   

 

 
 

10-ʩʫʨʝʪ ï ʊװʨʣʽ ʩʫʨʝʪ ʞײʧʪʘʨʳ ʙʦʡʳʥʰʘ פʘʨʘסʘʥʜʳ ץʘʣʘʩʳʥʳש ʜʠʬʬʝʨʝʥʮʠʨʣʝʥʛʝʥ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʘʣʘʨʳʥ ײץʨʫ 

 

ʉʦʥʳʤʝʥ ץʦʩʘ ʂʦʩʪʝʥʢʘ ʰʘʭʪʘʩʳ ʘʫʜʘʥʳʥʜʘסʳ ʞʝʢʝ ʘʫʤʘץʪʘʨʜʘ 2003-2010 ʞʳʣʜʘʨʳ 

ʘʨʘʣʳסʳʥʜʘ ʞʳʣ ʩʘʡʳʥסʳ ʰᴇʛʫʣʝʨ ʙʘʡץʘʣסʘʥ (11-ʩʫʨʝʪ). 
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11-ʩʫʨʝʪ ï ʂʦʩʪʝʥʢʦ ʘʪʳʥʜʘסʳ ʰʘʭʪʘ ʘʫʤʘסʳ 

 

ɸʫʜʘʥʳʥʜʘ ᴅʨʝʢʝʪʪʝʛʽ ʂʘʟʘʭʩʪʘʥʩʢʘʷ ʰʘʭʪʘʩʳ ʦʨʥʘʣʘʩץʘʥ ʐʘʭʪʠʥʩʢ ץʘʣʘʩʳʥʳש ʞʝʨ 

ʙʝʪʽʥ ʪʘʣʜʘʫ, 2009-2010 ʞʳʣʜʘʨʳ ʞʳʣʜʘʤʜʳסʳ ʞʝʜʝʣ װʜʝʪʽʣʛʝʥ ʰᴇʛʫʣʝʨ ʙʘʡץʘʣסʘʥʜʳסʳʥ 

ʢᴇʨʩʝʪʪʽ (12-ʩʫʨʝʪ). 

 

  

 

12-ʩʫʨʝʪ ï ʐʘʭʪʠʥʩʢʘʷ ʰʘʭʪʘʩʳʥʳש ʘʫʤʘסʳ 

 

 ʜʝʫשʳʥ ᴇסʪʳץʞʘʟʳ שʟʦʥʜʣʘʫ ʤᴅʣʽʤʝʪʪʝʨʽ ʐʘʭʪʠʥʩʢʘʷ ʰʘʭʪʘʩʳʥʳ ץʘʨʳʰʪʳנ

ʞʦʩʧʘʨʳʤʝʥ ʩᴅʡʢʝʩ ʢʝʣʛʝʥ, ʙײʣ ʞʘסʜʘʡ סʘʨʳʰʪʳץ ʟʦʥʜʣʘʫ ʤᴅʣʽʤʝʪʪʝʨʽʥ ʢʝʥʦʨʳʥʜʘʨʳʥ 

ᴇשʜʝʫ ʪᴅʨʪʽʙʽʥ ʙʘץʳʣʘʫ װʰʽʥ, ʩʦʥʳʤʝʥ ץʦʩʘ ץʘʫʽʧʪʽ ʜʝʬʦʨʤʘʮʠʷʣʘʨʜʳש ʘʣʜʳʥ ʘʣʫ װʰʽʥ 

 ʘʫʽʧʪʽ ʜʝʬʦʨʤʘʮʠʷʥʳ ʘʣʜʳʥ ʘʣʘ ʙʦʣʞʘʫ ʦʩʳפ .ʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥʜʽʛʽʥ ʢᴇʨʩʝʪʝʜʽװʘ ʤסʦʣʜʘʥʫץ

ʘʡʤʘװ ץʰʽʥ ᴇʪʝ ʤʘשʳʟʜʳ, ʩʝʙʝʙʽ ʰʘʭʪʘ ʞʘʟʳץʪʳסʳ ʤʘשʘʡʳʥʜʘ ʉʝʚʝʨʥʳʡ ʢʝʥʪʽ ʦʨʥʘʣʘʩץʘʥ 

[6].  

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʩʽ ᴇשʜʝʣʛʝʥ ʘʫʜʘʥʜʘʨʜʳש ʞʝʨ ʙʝʪʽʥʽש ʞʳʣʞʫʳʥ ʙʘץʳʣʘʫʜʘ ʩʧʫʪʥʠʢʪʽʢ 

ʨʘʜʘʨʣʳץ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ ᴅʜʽʩʽʥʽש ʜᴅʩʪװʨʣʽ ʪװʩʽʨʫ ʞᴅʥʝ ʰᴇʰʫʜʽ ʝʩʝʧʪʝʫ ᴅʜʽʩʪʝʨʽʤʝʥ 

ʩʘʣʳʩʪʳʨסʘʥʜʘ ʙʽʨʥʝʰʝ ʘʨʪʳץʰʳʣʳץʪʘʨסʘ ʠʝ ʝʢʝʥʜʽʛʽʥ ʢᴇʨʩʝʪʪʽ. ɾʝʨ ʙʝʪʽʥʽש ʰᴇʛʫʽ ʪʫʨʘʣʳ 

ʘʣʳʥסʘʥ ʘץʧʘʨʘʪʪʘʨ ʥᴅʪʠʞʝʩʽ ʞʘץʩʳ ʢʦʨʨʝʣʘʮʠʷ ʤʝʥ ᴇʣʰʝʫ ʜᴅʣʜʽʛʽʥʽש ʞʦסʘʨʳʣʳסʳʥ 

ʢᴇʨʩʝʪʪʽ. ɹײʣ ᴅʜʽʩʪʽש ʦשʪʘʡʣʳ ʞʘץʪʘʨʳʥʳש ʽʰʽʥʝʥ ʘʫʜʘʥʳ ʙʦʡʳʥʰʘ װʣʢʝʥ ʪʝʨʨʠʪʦʨʠʷʣʘʨʜʳ 

ʙʘץʳʣʘʫʜʳ ʞװʨʛʽʟʫ ʤװʤʢʽʥʜʽʛʽʥ ʞᴅʥʝ ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽש ʢᴇʨʝʢʽʣʽʛʽʥ ʝʨʝʢʰʝ ʘʪʘʧ ᴇʪʢʝʥ 

ʞᴇʥ. ʆʩʳʥʳש ʙʘʨʣʳסʳ ʰᴇʛʫʣʝʨ ʤʝʥ ʜʝʬʦʨʤʘʮʠʷʣʘʨʜʳ ʙʘץʳʣʘʫʜʳש ʩʝʥʽʤʜʽ ᴅʜʽʩʽ ʨʝʪʽʥʜʝ ʪʘʫ 

ʞʳʥʳʩʪʘʨʳ ʩʽʣʝʤʽʥʽש ʞʳʣʞʫʳʥ ʙʘץʳʣʘʫʜʳש ʩʧʫʪʥʠʢʪʽʢ ʨʘʜʘʨʣʳץ ʠʥʪʝʨʬʝʨʦʤʝʨʠʷ ᴅʜʽʩʽʥ 

  .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʩʳʥʫײ

 

 ʘʥ ᴅʜʝʙʠʝʪʪʝʨ ʪʽʟʽʤʽסʦʣʜʘʥʳʣפ
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ʧʨʦʮʝʩʩʦʚ  ʛ.ʂʘʨʘʛʘʥʜʳ  ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʫʪʥʠʢʦʚʦʡ ʨʘʜʘʨʥʦʡ  ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ: 

ʠʪʦʛʦʚʳʡ ʦʪʯʝʪ  ʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ. -  ʂʘʨʘʛʘʥʜʘ, 2014. ï 110ʩ.;  

6. ʊʝʭʥʠʯʝʩʢʠʡ ʦʪʯʝʪ ʦ ʚʝʜʝʥʠʠ ʥʘʙʣʶʜʝʥʠʡ ʧʦ ʛʝʦʜʝʟʠʯʝʩʢʠʤ ʨʝʧʝʨʘʤ ʠ ʥʘʙʣʶʜʘʪʝʣʴʥʳʤ 
ʩʢʚʘʞʠʥʘʤ. ʆʙʲʝʢʪ: çʉʦʟʜʘʥʠʝ ʠ ʚʝʜʝʥʠʝ ʥʘʙʣʶʜʝʥʠʡ ʥʘ 9 ʧʦʩʪʘʭ ʧʦ ʠʟʫʯʝʥʠʶ ʆɻʇ ʚ 

ʂʘʨʘʛʘʥʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠè / ʈɻʂʇ çʎʝʥʪʨʤʘʨʢʰʝʡʜʝʨʠʷè.- ʂʘʨʘʛʘʥʜʘ, 2010; 
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ɻɽʆɼɽɿʀʏɽʉʂʀʁ ʄʆʅʀʊʆʈʀʅɻ ʍɺʆʉʊʆʍʈɸʅʀʃʀʑɽ ʉ ʇʆʄʆʑʔʖ ɼʈʆʅɸ 

ʊʦʣʝʫʪʘʝʚ ɸʥʩʘʨ ʅʫʨʣʘʥʦʚʠʯ 

ʄʘʛʠʩʪʨʘʥʪ 2 ʢʫʨʩʘ,  

ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ,  

ʂʘʟʘʭʩʪʘʥ, ʛ.ʂʘʨʘʛʘʥʜʘ 

 

 

ʍʚʦʩʪʦʭʨʘʥʠʣʠʱʝ ð ʢʦʤʧʣʝʢʩ ʩʧʝʮʠʘʣʴʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʣʠ ʟʘʭʦʨʦʥʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ, ʪʦʢʩʠʯʥʳʭ ʠ ʜʨʫʛʠʭ 

ʷʜʦʚʠʪʳʭ ʦʪʭʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ (ʪʘʢʠʝ ʦʪʭʦʜʳ ʠʤʝʥʫʶʪ ʭʚʦʩʪʘʤʠ). 

ʅʘ ʟʦʣʦʪʦʠʟʚʣʝʢʘʪʝʣʴʥʦʡ ʬʘʙʨʠʢʝ ʠʟ ʧʦʩʪʫʧʘʶʱʝʡ ʜʦʙʳʪʦʡ ʨʫʜʳ ʧʦʣʫʯʘʶʪ ʢʦʥʮʝʥʪʨʘʪ, ʘ 

ʦʪʭʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʧʝʨʝʤʝʱʘʶʪ ʚ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ. ʍʚʦʩʪʦʭʨʘʥʠʣʠʱʘ - ʦʜʥʠ ʠʟ ʩʘʤʳʭ 

ʙʦʣʴʰʠʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʚ ʤʠʨʝ. ʍʚʦʩʪʦʭʨʘʥʠʣʠʱʘ - ʦʙʳʯʥʦʝ 

ʷʚʣʝʥʠʝ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʦʩʦʙʝʥʥʦ ʚ ʤʝʜʥʦ ʠ ʟʦʣʦʪʦ ʜʦʙʳʚʘʶʱʝʤ ʩʝʢʪʦʨʝ. ʕʪʠ 

ʩʦʦʨʫʞʝʥʠʝ ʤʦʛʫʪ ʧʦʢʨʳʚʘʪʴ ʮʝʣʳʝ ʜʝʩʷʪʢʠ ʢʚʘʜʨʘʪʥʳʝ ʢʠʣʦʤʝʪʨʳ. ʆʥʠ ʩʣʫʞʘʪ 

ʭʨʘʥʠʣʠʱʝʤ ʦʪʭʦʜʦʚ ʜʣʷ ʚʩʝʡ ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʫʣʴʧʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʧʨʦʮʝʩʩʝ ʦʯʠʩʪʢʠ 

ʨʫʜʳ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʯʪʦ ʚʳ ʜʦʙʳʚʘʝʪʝ, ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ʤʦʛʫʪ 

ʩʦʜʝʨʞʘʪʴ ʦʧʘʩʥʳʝ ʷʜʳ, ʪʘʢʠʝ ʢʘʢ ʮʠʘʥʠʜ ʚ ʩʣʫʯʘʝ ʜʦʙʳʯʠ ʟʦʣʦʪʘ. 

ʍʚʦʩʪʦʭʨʘʥʠʣʠʱʝ ʥʝʨʝʜʢʦ ʩʪʘʥʦʚʷʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʝʥʠʝʷ ʧʦʯʚʝʥʥʳʭ ʚʦʜ, ʛʨʫʥʪʦʚ ʠ ʘʪʤʦʩʬʝʨʳ. ɺ ʠʩʪʦʨʠʠ ʝʩʪʴ 

ʠʟʚʝʩʪʥʳʝ ʩʣʫʯʘʠ ʪʝʭʥʦʛʝʥʥʳʭ ʘʚʘʨʠʡ  ʥʘ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘʭ, ʥʘʧʨʠʤʝʨ, ʘʚʘʨʠʷ ʚ ɻʆʂʝ 

ʚʙʣʠʟʠ ʛʦʨʦʜʘ ʂʘʯʢʘʥʘʨ. ʕʪʦ ʘʚʘʨʠʷ ʥʘʥʝʩʣʘ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ ʧʦ ʥʝʢʦʪʦʨʳʤ ʜʘʥʥʳʤ ʚ 

200-250 ʤʣʥ ʨʫʙ. ʀ ʦʛʨʦʤʥʳʡ ʫʱʝʨʙ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʤʝʩʪʥʦʩʪʠ. ʄʦʥʠʪʦʨʠʥʛ ʵʪʠʭ 

ʪʠʧʦʚ ʩʦʦʨʫʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʘʞʥʳʤ [1]. 

 

 

ʈʠʩʫʥʦʢ 1. ʍʚʦʩʪʦʭʨʘʥʠʣʠʱʝ ʥʘ ʧʨʦʝʢʪʝ ʧʦ ʜʦʙʳʯʝ ʟʦʣʦʪʦ 

 

ʇʨʦʨʳʚ ʪʘʢʠʭ ʧʣʦʪʠʥ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʢʘʪʘʩʪʨʦʬʝ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʥʝ ʛʦʚʦʨʷ 

ʫʞʝ ʦ ʨʘʙʦʪʝ ʩʘʤʦʛʦ ʦʙʲʝʢʪʘ. ʅʝʢʦʪʦʨʳʝ ʢʦʤʧʘʥʠʠ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʢʘʢ 

ʛʝʦʨʘʜʘʨʳ, ʥʘʧʨʠʤʝʨ IDS Georadar, ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʤʝʱʝʥʠʡ ʜʘʤʙ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ, ʥʦ ʪʘʢʠʝ 

https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D1%82%D0%B5%D1%85%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D1%81%D0%BE%D0%BE%D1%80%D1%83%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B4%D0%B8%D0%BE%D0%B0%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D1%8B%D0%B5_%D0%BE%D1%82%D1%85%D0%BE%D0%B4%D1%8B
https://ru.wikipedia.org/wiki/%D0%9E%D1%82%D1%85%D0%BE%D0%B4%D1%8B
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%B5%D0%B7%D0%BD%D1%8B%D0%B5_%D0%B8%D1%81%D0%BA%D0%BE%D0%BF%D0%B0%D0%B5%D0%BC%D1%8B%D0%B5
https://ru.wikipedia.org/wiki/%D0%A5%D0%B2%D0%BE%D1%81%D1%82%D1%8B_(%D0%B2_%D0%B3%D0%BE%D1%80%D0%BD%D0%BE%D0%BC_%D0%B4%D0%B5%D0%BB%D0%B5)
https://ru.wikipedia.org/wiki/%D0%A0%D1%83%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D0%BB%D0%BB%D1%83%D1%80%D0%B3%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BA%D0%BE%D0%BD%D1%86%D0%B5%D0%BD%D1%82%D1%80%D0%B0%D1%82
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ʨʘʜʘʨʳ ʜʦʨʦʛʠʝ ʠ ʤʦʛʫʪ ʩʪʦʠʪʴ ʤʠʣʣʠʦʥʳ ʜʦʣʣʘʨʦʚ. ɺʳ ʜʦʣʞʥʳ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʩ 

ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ ʧʣʦʪʠʥʳ.  

ɼʨʫʛʠʤ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ  ʤʦʥʠʪʦʨʠʥʛ ʩʤʝʱʝʥʠʡ ʧʦ ʨʝʧʝʨʘʤ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʛʨʝʙʥʷʭ ʜʘʤʙʳ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ, ʯʪʦʙʳ ʫʚʠʜʝʪʴ, ʢʘʢ ʜʘʣʝʢʦ ʦʥʠ 

ʩʤʝʩʪʠʣʠʩʴ. ʅʦ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʳ ʥʘʙʣʶʜʘʝʪʝ ʪʦʣʴʢʦ ʥʝʙʦʣʴʰʠʝ ʫʯʘʩʪʢʠ ʜʘʤʙʳ. ʊʘʢʞʝ 

ʪʘʤ ʠʤʝʝʪʩʷ ʤʝʩʪʦ ʜʣʷ ʯʝʣʦʚʝʯʝʩʢʦʡ ʦʰʠʙʢʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʧʦʤʦʱʴʶ 

ʪʘʭʝʦʤʝʪʨʘ. 

ɽʩʣʠ ʚʳ ʨʝʰʠʪʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʚʦʶ ʜʘʤʙʫ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ʩ ʧʦʤʦʱʴʶ ʜʨʦʥʘ, ʚʳ 

ʩʨʘʟʫ ʞʝ ʩʥʠʟʠʪʝ ʨʠʩʢʠ ʜʣʷ ʛʝʦʜʝʟʠʩʪʦʚ. ʀʤ ʙʦʣʴʰʝ ʥʝ ʥʫʞʥʦ ʥʘʭʦʜʠʪʴʩʷ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʧʳʣʠ ʠ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ, ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʭʚʦʩʪʘʭ. ʉʲʝʤʢʫ ʩ 

ʧʦʤʦʱʴʶ ʜʨʦʥʘ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʩ ʨʘʩʩʪʦʷʥʠʷ ʜʦ 5 ʢʠʣʦʤʝʪʨʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʢʦʣʴʢʫ ʜʨʦʥʳ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʳ (ʧʨʠʣʦʞʝʥʠʷ ʩʘʤ 

ʧʣʘʥʠʨʫʝʪ ʤʘʨʰʨʫʪ ʩʲʝʤʢʠ), ʦʥʠ ʥʝ ʪʨʝʙʫʶʪ ʪʘʢʦʡ ʞʝ ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʦʙʫʯʝʥʠʷ, 

ʢʘʢ ʠ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʨʦʥʳ ʪʘʢʞʝ ʥʘ ʧʦʨʷʜʢʠ ʜʝʰʝʚʣʝ, ʯʝʤ 

ʚʳʰʝʩʢʘʟʘʥʥʳʝ ʛʝʦʨʘʜʘʨʳ. ʐʠʨʦʢʦ ʦʩʥʘʱʝʥʥʳʝ ʘʧʧʘʨʘʪʳ, ʪʘʢʠʝ ʢʘʢ DJI Phantom 4 Pro, 

ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʢʘʢ ʠʜʝʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʜʣʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ. 

ɺʤʝʩʪʦ ʪʦʛʦ, ʯʪʦʙʳ ʪʨʘʪʠʪʴ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʜʥʷ ʥʘ ʩʙʦʨ ʜʘʥʥʳʭ, ʚʳ ʤʦʞʝʪʝ ʫʧʨʘʚʣʷʪʴ 

ʩʚʦʠʤ ʜʨʦʥʦʤ ʠ ʩʦʙʠʨʘʪʴ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ ʚ ʧʦʣʝʪʝ, ʢʦʪʦʨʘʷ ʟʘʥʠʤʘʝʪ ʯʘʩ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʚʘʰʝʡ ʧʣʦʪʠʥʳ.  

 

ʈʠʩʫʥʦʢ 2. DJI Phantom 4 RTK 

ʆʧʦʨʥʳʝ ʪʦʯʢʠ ʚʘʞʥʳ ʜʣʷ ʩʲʝʤʢʠ ʩ ʜʨʦʥʦʚ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʦʩʪʴ ʠ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʝʨʷʪʴ ʜʘʥʥʳʝ. ʅʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʠʩʧʦʣʴʟʫʝʪʝ ʣʠ ʚʳ ʠʟʚʝʩʪʥʳʝ ʪʦʯʢʠ ʠʣʠ 

ʧʦʜʚʠʞʥʳʝ ʦʧʦʨʥʳʝ ʪʦʯʢʠ ʠʣʠ ʞʝ ʦʙʳʯʥʳʝ ʙʫʤʘʛʠ ʚʚʠʜʝ ʦʧʦʟʥʘʢʦʚ. ʉ ʧʦʤʦʱʴʶ 
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ʧʦʜʚʠʞʥʳʭ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʚʳ ʤʦʞʝʪʝ ʨʘʟʤʝʩʪʠʪʴ ʠʭ ʪʘʤ, ʛʜʝ ʙʝʟʦʧʘʩʥʦ ʥʘʩʪʫʧʘʪʴ ʥʘ 

ʧʣʦʪʠʥʫ ʠʣʠ ʪʘʤ ʛʜʝ ʚʘʤ ʫʜʦʙʥʦ.  

ʅʦ ʥʘ ʙʦʣʴʰʠʭ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘʭ ʧʦ- ʧʨʝʞʥʝʤʫ ʧʨʦʩʪʦ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʣʦʞʠʪʴ 

ʪʦʯʢʠ ʥʘ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ ʤʝʩʪʘʭ. ʅʦ ʝʩʪʴ ʘʣʴʪʝʨʥʘʪʠʚʘ: ʩʲʝʤʢʘ ʩ ʜʨʦʥʘ ʩ ʧʦʤʦʱʴʶ RTK. 

 

 

ʈʠʩʫʥʦʢ 3. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʝ ʜʨʦʥʘ ʦʩʥʘʱʝʥʥʦʛʦ RTK 

ʉʲʝʤʢʘ ʩ ʜʨʦʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ RTK ʧʦ ʩʫʪʠ ʧʨʝʚʨʘʱʘʝʪ ʢʘʞʜʫʶ 

ʬʦʪʦʛʨʘʬʠʶ ʩ ʜʨʦʥʘ ʚ ʦʧʦʨʥʫʶ ʪʦʯʢʫ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ 

ʛʝʦʧʦʟʠʮʠʨʦʚʘʥʠʝ (ʪʦʯʥʦʩʪʴ ʜʦ 1 ʩʤ). ɺʩʝ, ʯʪʦ ʚʘʤ ʥʫʞʥʦ ʜʣʷ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʵʪʦ ʜʨʦʥ 

ʦʩʥʘʱʝʥʥʳʡ ʤʦʜʫʣʝʤ RTK, ʢʘʢ ʧʨʠʤʝʨ DJI Phantom 4 RTK [2]. 

ʈʝʟʶʤʠʨʫʷ, ʝʩʣʠ ʜʘʤʙʘ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ʚʳʡʜʝʪ ʠʟ ʩʪʨʦʷ, ʵʪʦ ʤʦʞʝʪ ʥʝ ʪʦʣʴʢʦ ʩʪʦʠʪʴ 

ʞʠʟʥʠ ʠ ʨʘʟʨʫʰʠʪʴ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʥʦ ʠ ʧʦʚʣʝʯʴ ʟʘ ʩʦʙʦʡ ʦʛʨʦʤʥʳʝ ʰʪʨʘʬʳ ʠ 

ʚʦʟʤʦʞʥʦʝ ʩʫʜʝʙʥʦʝ ʧʨʝʩʣʝʜʦʚʘʥʠʝ ʜʣʷ ʩʘʤʦʡ ʢʦʤʧʘʥʠʠ. ʕʪʦ ʧʨʦʩʪʦʝ ʨʝʰʝʥʠʝ, ʥʦ 

ʚʥʝʜʨʝʥʠʝ ʨʝʛʫʣʷʨʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʚʠʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʤʦʯʴ ʚ ʟʘʱʠʪʝ ʦʪ ʙʝʜʩʪʚʠʡ. 

ʀʩʧʦʣʴʟʫʷ ʙʝʩʧʠʣʦʪʥʳʝ ʜʨʦʥʳ ʜʣʷ ʩʲʝʤʢʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʚʳ ʤʦʞʝʪʝ ʥʘʙʣʶʜʘʪʴ ʟʘ 

ʵʪʠʤʠ ʦʧʘʩʥʳʤʠ ʟʦʥʘʤʠ, ʥʝ ʧʦʜʚʝʨʛʘʷ ʨʠʩʢʫ ʩʚʦʠʭ ʣʶʜʝʡ. ʏʘʱʝ ʧʨʦʚʦʜʠʪʝ ʧʨʦʚʝʨʢʠ, ʧʦʪʦʤʫ 

ʯʪʦ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʩʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ, 

ʯʝʤ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʠ, ʢʘʢ ʤʳ ʦʙʩʫʞʜʘʣʠ ʚʳʰʝ, ʵʪʦ ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʡ ʚʘʨʠʘʥʪ 

ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ. ʅʘʣʠʯʠʝ ʜʘʥʥʳʭ ʦʪʩʣʝʞʠʚʘʥʠʷ ʜʘʤʙʳ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʪʠʪʴ ʚʦʚʨʝʤʷ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʢʘʪʘʩʪʨʦʬʳ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

http://wikipedia.org [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] 

Propeller Aero Manage. ï URL: http://propelleraero.com 
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ᴆʅɽʈʂᴄʉɯʇʊɯʂ ɸנʓʅɼʓ ʉʋʃɸʈɼɸʅ ʈɽɸɻɽʅʊʊɽʈ ɸʃʋ ɾʆʃɼɸʈʓʅ 

 ɸʈɸʉʊʓʈʋפ

 

ʀɿʋʏɽʅʀɽ ʉʇʆʉʆɹʆɺ ʇʆʃʋʏɽʅʀʗ ʈɸɿʃʀʏʅʓʍ ʈɽɸɻɽʅʊʆɺ ʀɿ 

ʇʈʆʄʓʐʃɽʅʅʓʍ ʉʊʆʏʅʓʍ ɺʆɼ 

 

STUDY OF METHODS OF RECEIVING VARIOUS REAGENTS FROM INDUSTRIAL 

WASTE WATER  

 

ʋʙʘʡʜʫʣʣʘʝʚʘ ʅʫʨʙʘʣʘ ɸʙʜʠʙʝʢʦʚʥʘ 

ϧ.ɾϰʙʘʥʦʚ ʘʪʳʥʜʘϤʳ ɸϨʪϺʙʝ ϺϬʽʨʣʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, ʭ.Ϥ.ʢ.,ʘϤʘ ʦϨʳʪʫʰʳ 

 

ϧʘʡʨʘʪʦʚʘ ɸϨʪʦʨϤʳʥ ʐʦϨʘʥϨʳʟʳ 

ϧ.ɾϰʙʘʥʦʚ ʘʪʳʥʜʘϤʳ ɸϨʪϺʙʝ ϺϬʽʨʣʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, ʤʘʛʠʩʪʨʘʥʪ 

 

ɸשʜʘʪʧʘ. ɹײʣ ʤʘץʘʣʘʜʘ ʘסʳʥʜʳ ʩʫʣʘʨʜʳש ʪʘʙʠסʘʪʳ ץʘʨʘʩʪʳʨʳʣʳʧ, ʦʣʘʨʜʳש ʣʘʩʪʘʥʫ 

ʜʝשʛʝʡʽ ʙʘסʘʣʘʥʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ץʘʟʽʨʛʽ ʪʘשʜʘסʳ ʞʝʪʝʢʰʽ ʞᴅʥʝ ᴇʟʝʢʪʽ ʤᴅʩʝʣʝʣʝʨʽʥʽש ʙʽʨʽʥʝ 

ʘʡʥʘʣסʘʥ ʩʫʜʳ ʪʘʟʘʨʪʫʜʳש ᴅʜʽʩʽ ײʩʳʥʳʣʜʳ. פʘʟʽʨʛʽ ʢʝʟʜʝ ץʘʣʳʧʪʘʩץʘʥ ʞʘסʜʘʡסʘ ʙʘʡʣʘʥʳʩʪʳ: 

ᴇʥʝʨʢᴅʩʽʧʪʽש ᴅʨʪװʨʣʽ ʩʘʣʘʣʘʨʳʥʳש (ʤʝʪʘʣʣʫʨʛʠʷ, ʤײʥʘʡ ᴇשʜʝʫ, ʭʠʤʠʷ), ʘʫʳʣ 

ʰʘʨʫʘʰʳʣʳסʳʥʳש, ʢᴇʣʽʢ ʠʥʬʨʘײץʨʳʣʳʤʳʥʳש ʞᴅʥʝ ʘʥʪʨʦʧʦʛʝʥʜʽʢ ץʳʟʤʝʪʪʽש ʙʘʩץʘ ʜʘ 

ʪװʨʣʝʨʽʥʽץ שʘʨץʳʥʜʳ ʜʘʤʫʳ ʩʫ ʢᴇʟʜʝʨʽʥʽש ʣʘʩʪʘʥʫʳʥʘ װʣʢʝʥ ʩʝʙʝʧ ʙʦʣʳʧ ʦʪʳʨ. ɸסʳʥʜʳ ʩʫ 

ʢᴇʟʜʝʨʽʥ ʪʘʟʘʨʪʫ ץʘʟʽʨʛʽ ʪʘשʜʘ ᴇʟʝʢʪʽ ʧʨʦʙʣʝʤʘʣʘʨʳʥʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɽʛʝʨ ʟʝʨʪʪʝʣʛʝʥ 

ʩʫʜʳש ʩʘʧʘʩʳ ʞʘʣʧʳ ץʘʙʳʣʜʘʥסʘʥ ʨʝʪʪʝʣʝʪʽʥ ʪʘʣʘʧʪʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʤʝʩʝ, ʘסʳʥʜʳ ʩʫʣʘʨʜʳ 

ʣʘʩʪʘʥʫʜʳש ʙʘʨʣʳץ ʪװʨʽʥʝʥ ʪʘʟʘʨʪʫ ץʘʞʝʪʪʽʣʽʛʽ ʪʫʳʥʜʘʡʜʳ. 

ʂʽʣʪ ʩᴇʟʜʝʨ: ɸסʳʥʜʳ ʩʫ, ʙʠʦʣʦʛʠʷʣʳץ ᴅʜʽʩ, ʥʝʡʪʨʘʣʜʘʫ, ʪʦʪʳץʪʘʥʜʳʨʫ, ʙʠʦʛʘʟ. 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʠʨʦʜʘ ʩʪʦʯʥʳʭ ʚʦʜ, ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ ʠʭ 

ʟʘʛʨʷʟʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥ ʨʷʜ ʤʝʪʦʜʦʚ ʧʦ ʚʦʜʦʦʯʠʩʪʢʝ, ʩʪʘʚʰʝʡ ʦʜʥʦʡ ʠʟ ʣʠʜʠʨʫʶʱʠʭ 

ʠ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʥʘʰʝʛʦ ʚʨʝʤʝʥʠ. ɺ ʩʚʷʟʠ ʩ ʩʠʪʫʘʮʠʝʡ, ʩʣʦʞʠʚʰʝʡʩʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ: ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ, 

ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ, ʭʠʤʠʯʝʩʢʠʭ), ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚʦʜʦʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʣʠʜʠʨʫʶʱʠʭ ʠ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʥʘʰʠʭ ʜʥʝʡ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʦʯʠʱʝʥʠʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ 

ʚʩʝʚʦʟʤʦʞʥʳʭ ʪʠʧʦʚ ʟʘʛʨʷʟʥʝʥʠʡ ʚʦʟʥʠʢʘʝʪ, ʝʩʣʠ ʢʘʯʝʩʪʚʦ ʠʩʩʣʝʜʫʝʤʦʡ ʚʦʜʳ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʱʝʧʨʠʥʷʪʳʤ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʪʦʯʥʘʷ ʚʦʜʘ, ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʥʝʡʪʨʘʣʠʟʘʮʠʷ, ʦʢʠʩʣʝʥʠʝ, 

ʙʠʦʛʘʟ. 

Annotation. The article considers the nature of wastewater, assesses the degree of its pollution, and 

also offers a number of methods for water treatment, which has become one of the leading and most 

urgent problems of our time. Due to the current situation: the rapid development of various 

industries (metallurgical, oil refining, chemical), agriculture, transport infrastructure and other types 

of anthropogenic activities, wastewater treatment is one of the leading and urgent problems of our 

days. The need for wastewater treatment from all types of pollution occurs if the quality of the 

water under study does not meet the generally accepted regulated requirments. 
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Key words: Waste water, biological method, neutralization, oxidation. 

ᴆʥʜʽʨʽʩʪʝ, ʪײʨʤʳʩʪʘ ʥʝʤʝʩʝ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʜʘ ʧʘʡʜʘʣʘʥʳʣסʘʥ, ʩʦʥʜʘʡ-ʘץ ץʘʥʜʘʡ 

ʜʘ ʙʽʨ ʣʘʩ ʘʡʤʘץ, ʦʥʳש ʽʰʽʥʜʝ ʝʣʜʽ ʤʝʢʝʥ (ᴇʥʝʨʢᴅʩʽʧʪʽʢ, ʘʫʳʣʰʘʨʫʘʰʳʣʳץʪʳץ, ʢʦʤʤʫʥʘʣʜʳץ-

ʪײʨʤʳʩʪʳץ, ʥᴇʩʝʨ, ʪʘסʳ ʙʘʩʢʘ ʘסʳʥʜʳʣʘʨ) ʘʨץʳʣʳ ᴇʪʢʝʥ ʩʫʜʳ ʘסʳʥʜʳ ʩʫ ʜʝʧ ʘʪʘʡʜʳ. ᴄʨ 

ʪװʨʣʽ ᴇʥʽʤʜʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ʞᴅʥʝ ʦʣʘʨʜʳ ʢᴇʧ ʤᴇʣʰʝʨʜʝ ᴇʥʜʽʨʫ ʘʜʘʤʥʳש ᴅʨʝʢʝʪʽ ץʘʪʳʩʳʥʜʘ 

ʞװʨʝʜʽ, ʙʽʨʘץ ʥᴅʪʠʞʝʩʽʥʜʝ ʙײʣ ᴅʨʝʢʝʪʪʝʥ ʪװʨʣʽ ʦʨʛʘʥʠʢʘʣʳץ ʞᴅʥʝ ʙʝʡʦʨʛʘʥʠʢʘʣʳץ, ʩʦʥʳש 

ʽʰʽʥʜʝ ʪʦʢʩʠʥʜʽ ץʦʩʳʣʳʩʪʘʨʤʝʥ ʣʘʩʪʘʥסʘʥ ʘסʳʥʜʳ ʩʫʣʘʨ ʧʘʡʜʘ ʙʦʣʘʜʳ. ɸסʳʥʜʳ ʩʫ 

ʛʝʪʝʨʦʛʝʥʜʽ ʢװʨʜʝʣʽ ʞװʡʝ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ, ʦʥʳײץ שʨʘʤʳʥʜʘ ʙʦʣʘʪʳʥ ʦʨʛʘʥʠʢʘʣʳץ ʞᴅʥʝ 

ʤʠʥʝʨʘʣʜʳ ץʦʩʧʘʣʘʨ ʝʨʽʤʝʡʪʽʥ, ʢʦʣʣʦʠʜʪʳ ʞᴅʥʝ ʝʨʠʪʽʥ ʪװʨʜʝ ʢʝʟʜʝʩʝʜʽ. פʘʟʽʨʛʽ ʢʝʟʜʝ ʩʫʜʳ 

ʧʘʡʜʘʣʘʥʫʜʳש ʘʡʪʘʨʣʳץʪʘʡ װʟʜʽʢʩʽʟ ʘʨʪʫʳ ʦʨʳʥ ʘʣʜʳ; ᴇʟʝʥ, ʢᴇʣ, ʪʽʧʪʽ ʪʝשʽʟ ʩʫʣʘʨʳʥʘ ʘסʳʥʜʳ 

(ʘץʘʙʘ ʩʫ) ʩʫʣʘʨʜʳ ʘסʳʟʳʧ ʞʽʙʝʨʫʜʽײ שʣסʘʶʳʥʘʥ ʪʫʳʥʜʘʡʪʳʥ ʣʘʩʪʘʥʫʜʳש ʪʝʟ ʞʦסʘʨʳʣʘʧ 

ʙʘʨʘ ʞʘʪץʘʥʳ ʙʘʡץʘʣʘʜʳ.  

ʆʩʳ ʞʘסʜʘʡʜʘʥ ʰʳסʫ װʰʽʥ: 1) ʘסʳʥʜʳ ʩʫʣʘʨʜʳ ץʘʡʪʘʜʘʥ ʧʘʡʜʘʣʘʥʫʜʳ ײʡʳʤʜʘʩʪʳʨʫ; 

2) ʩʫʜʳש ᴇʥʽʤ ʙʽʨʣʽʛʽʥʝ ʢʝʪʝʪʽʥ ʰʳסʳʥʳʥ ʘʟʘʡʪʫ ʞᴅʥʝ ʙʽʨʪʽʥʜʝʧ çײץʨסʘץè ʪʝʭʥʦʣʦʛʠʷʣʘʨסʘ 

ʢᴇʰʫ ץʘʞʝʪ. 

ɸסʳʥʜʳ ʩʫʣʘʨ ʧʘʡʜʘ ʙʦʣʫ ʪװʨʽʥʝ ץʘʨʘʡ ʙʽʨʥʝʰʝ ʪװʨʛʝ ʞʽʢʪʝʣʝʜʽ: 

-ᴆʥʜʽʨʽʩʪʽʢ (ᴇʥʝʨʢᴅʩʽʧʪʽʢ) ʘסʳʥʜʳ ʩʫʣʘʨ (ᴇʥʜʽʨʽʩʪʽש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʽʥʜʝ ʪװʟʽʣʝʪʽʥ) 

ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʥʝʤʝʩʝ ʞʘʣʧʳ ʘסʳʥʜʳ ʢᴅʨʽʟ ʞװʡʝʩʽ ʘʨץʳʣʳ ʘסʳʟʳʣʘʜʳ. 

-ʊײʨʤʳʩʪʳץ (ʰʘʨʫʘʰʳʣʳץ-ʪײʨʤʳʩʪʳץ) ʘסʳʥʜʳ ʩʫʣʘʨ (ʘʜʘʤʥʳש ʪײʨʤʳʩʪʳץ ʪʽʨʰʽʣʽʢ ᴅʨʝʢʝʪʽ 

ʥᴅʪʠʞʝʩʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ) ʰʘʨʫʘʰʳʣʳץ-ʪײʨʤʳʩʪʳץ ʥʝʤʝʩʝ ʞʘʣʧʳ ʘסʳʥʜʳ ʢᴅʨʽʟ ʞװʡʝʩʽ 

ʘʨץʳʣʳ ʘסʳʟʳʣʘʜʳ. 

-ɾʝʨ ʙʝʪʽʥʜʝʛʽ ʘסʳʥʜʳ ʩʫʣʘʨ (ʞʘשʙʳʨ ʤʝʥ ʝʨʽʛʝʥ ʙʦʣʳʧ ʙᴇʣʽʥʝʜʽ-ץʘʨ, ʤײʟ, ʙײʨʰʘץ ʝʨʽʛʝʥ 

ʢʝʟʜʝ ʧʘʡʜʘ ʙʦʣʘʜʳ), ᴅʜʝʪʪʝ, ʥᴇʩʝʨʣʽ ʢᴅʨʽʟ ʞװʡʝʩʽ ʘʨץʳʣʳ ʰʳסʘʨʳʣʘʜʳ. 

ᴆʥʜʽʨʽʩʪʽʢ ʘסʳʥʜʳ ʩʫʣʘʨ, ʘʪʤʦʩʬʝʨʘʣʳץ ʞᴅʥʝ ʪײʨʤʳʩʪʳץ ʩʫʣʘʨʜʘʥ ʘʡʳʨʤʘʰʳʣʳסʳ, ʪײʨʘץʪʳ 

 ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ שʘ ʠʝ ʝʤʝʩ ʞᴅʥʝ ʦʣʘʨʜʳ ʙᴇʣʫʛʝ ʙʦʣʘʜʳ. ʃʘʩʪʘʫʰʳ ʟʘʪʪʘʨʜʳסʨʘʤײץ

ʙʦʡʳʥʰʘ: ᴅʣʩʽʟ ʣʘʩʪʘʥסʘʥ (ײץʨʘʤʳʥʜʘ 1-500 ʤʛ/ʣ ץʦʩʧʘʣʘʨʳ ʙʘʨ); ʦʨʪʘʰʘ ʣʘʩʪʘʥסʘʥ 

 ʨʘʤʳʥʜʘ 5000-30000 ʤʛ/ʣײץ) ʘʥסʘʪʪʳ ʣʘʩʪʘʥץ ;(ʦʩʧʘʣʘʨʳ ʙʘʨץ ʨʘʤʳʥʜʘ 500-5000 ʤʛ/ʣײץ)

 שʃʘʩʪʘʫʰʳ ʟʘʪʪʘʨʜʳ. (ʦʩʧʘʣʘʨʳ ʙʘʨץ ʨʘʤʳʥʜʘ 30000 ʤʛ/ʣ ʘʩʪʘʤײץ) ʘʫʽʧʪʽץ ;(ʦʩʧʘʣʘʨʳ ʙʘʨץ

 ;ʘʥסʦʩʧʘʣʘʨʤʝʥ ʣʘʩʪʘʥץ ץʘʥ, ʦʨʛʘʥʠʢʘʣʳסʦʩʧʘʣʘʨʤʝʥ ʣʘʩʪʘʥץ ʨʘʤʳ ʙʦʡʳʥʰʘ: ʤʠʥʝʨʘʣʜʳײץ

ʤʠʥʝʨʘʣʜʳ ʞᴅʥʝ ʦʨʛʘʥʠʢʘʣʳץ ʣʘʩʪʘʥסʘʥ. פʳʰץʳʣʜʳסʳ ʙʦʡʳʥʰʘ: ʘʛʨʝʩʩʠʚʪʽ ʝʤʝʩ (ʨʅ 6,5-8); 

ᴅʣʩʽʟ ʘʛʨʝʩʩʠʚʪʽ (ʩᴅʣ ʩʽʣʪʽʣʽ ð ʈʅ 8-9 ʞᴅʥʝ ʩᴅʣ ץʳʰץʳʣ ð ʨʅ 6-6,5) ; ʞʦסʘʨʳ ʘʛʨʝʩʩʠʚʪʽ 

(ʩʽʣʪʽʣʽ ð pH>9 ʞᴅʥʝ ץʳʰץʳʣ ð pH<6) ʜʝʧ ʞʽʢʪʝʣʝʜʽ. [1] 

ɾʘʣʧʳ ʩʫ ʢᴇʟʜʝʨʽʥ ʣʘʩʪʘʫʰʳ ʟʘʪʪʘʨʜʳ ʤʳʥʘʜʘʡ װʰ ʪװʨʛʝ ʙᴇʣʫʛʝ ʙʦʣʘʜʳ: 

ʙʠʦʣʦʛʠʷʣʳץ (ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨ ʤʝʥ ʙʘʣʜʳʨʣʘʨ, ʙʘʢʪʝʨʠʷʣʘʨ), ʭʠʤʠʷʣʳץ (ʤײʥʘʡ ᴇʥʽʤʜʝʨʽ, 

ʘʫʳʨ ʤʝʪʘʣʜʘʨ, ʙʝʪʪʽʢ ʙʝʣʩʝʥʜʽ ʟʘʪʪʘʨ), ʬʠʟʠʢʘʣʳץ (ʨʘʜʠʦʘʢʪʠʚʪʽ ʟʘʪʪʘʨ) ʣʘʩʪʘʫʰʳ ʟʘʪʪʘʨ. 

 ʧʨʦʙʣʝʤʘʣʘʨ ץʨʜʝʣʽ ʵʢʦʣʦʛʠʷʣʳװʜʘʤʫʳ ʥᴅʪʠʞʝʩʽʥʜʝ ʢ שᴇʩʫʽ ʞᴅʥʝ ᴇʥʝʨʢᴅʩʽʧʪʽ שʘʣʘʣʘʨʜʳפ

ʪʫʳʥʜʘʜʳ: ʩʫ ץʦʡʤʘʣʘʨʳʥʳש ʣʘʩʪʘʫʳ, ʫʣʳ ץʘʣʜʳץʪʘʨʜʳש ʞʠʥʘץʪʘʣʫʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʢʘʥʮʝʨʦʛʝʥʜʽ ץʘʣʜʳץʪʘʨʜʳש, ʪײʨʤʳʩ ץʘʣʜʳץʪʘʨʳʥʳש ʞʠʥʘץʪʘʣʫʳ, ʘʫʘʥʳש ʣʘʩʪʘʥʫʳ. ɸʜʘʤ 

 ʦʩʳʣʳʩʪʘʨ (ʫʣʳ ʭʠʤʠʢʘʪʪʘʨ, ʜʝʪʝʨʛʝʥʪʪʝʨ)ץ ʘʥ ʢᴇʧʪʝʛʝʥ ʪᴇʤʝʥʛʽ ʤʦʣʝʢʫʣʘʣʳסʦʣʳʤʝʥ ʞʘʩʘʣץ

ʞᴅʥʝ ʞʦסʘʨʳ ʤʦʣʝʢʫʣʘʣʳ ʧʦʣʠʤʝʨʣʝʨʜʽש ʪײʨʘץʪʳʣʳסʳ ᴇʪʝ ʞʦסʘʨʳ ʙʦʣʳʧ ʰʳץʪʳ, 

ʤʠʢʨʦʦʨʛʥʠʟʤʜʝʨʤʝʥ ʳʜʳʨʘʤʘʡʜʳ, ʷסʥʠ ʞʦסʘʨʳ ʞʝʪʽʣʜʽʨʽʣʛʝʥ ʪʝʭʥʦʣʦʛʠʷʥʳ ץʘʞʝʪ ʝʪʝʜʽ. 

ᴄʜʝʪʪʝ ץʘʣʜʳץʪʘʨʜʳ ʫʪʠʣʠʟʘʮʠʷ ʞʘʩʘʫ װʰʽʥ ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʜʽש ʙʽʨʣʝʩʪʽʛʽ ץʘʞʝʪ ʞᴅʥʝ 

ʘʨʥʘʡʳ ץʦʥʜʳʨסʳʣʘʨʜʳ ʞװʨʛʽʟʽʣʝʜʽ. ʉʫ ʬʣʦʨʘʩʳ ʤʝʥ ʬʘʫʥʘʩʳʥʘ ʘʩʘ ץʘʫʽʧʪʽ ץʦʩʧʘʣʘʨ ʭʠʤʠʷ 

ᴇʥʜʽʨʽʩʽʥʝʥ ʢʝʣʝʜʽ. ʆʩʳ ʟʘʪʪʘʨʜʳ ʙײʟʫʜʘ, ʘסʳʥʜʳ ʩʫʜʳ ʪʘʟʘʣʘʫʜʘ ʩʫ ʤʠʢʨʦʬʣʦʨʘʩʳʥʳװ שʣʢʝʥ 

ʤʘשʳʟʳ ʙʘʨ. ʋʣʳ ץʦʩʧʘʣʘʨ, ʣʘʩʪʘסʳʰ ʟʘʪʪʘʨ ײץʨʘʤʳʥʘ ʢʽʨʝʪʽʥ, ʦʩʳ ʤʠʢʨʦʬʣʦʨʘʥʳ ʞʦʶʳ 
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ʤװʤʢʽʥ. ʊʘʙʠסʘʪʪʘ ʢʝʟʜʝʩʧʝʡʪʽʥ ʞʘשʘ ʞʘʩʘʥʜʳ ʩʠʥʪʝʪʠʢʘʣʳץ ʭʠʤʠʷʣʳץ ʟʘʪʪʘʨʜʳ 

ʤʠʢʨʦʬʣʦʨʘ ʟʘʣʘʣʩʳʟʜʘʥʜʳʨʫסʘ ʢʝʡʜʝ ʢװʰʽ ʢʝʣʝ ʙʝʨʤʝʡʜʽ. ʆʩʳʥʜʘʡ ʞʘסʜʘʡʜʘ ʤײʥʜʘʡ ʟʘʪʪʘʨ 

ʘסʳʥʜʳ ʩʫʣʘʨ ʘʨץʳʣʳ ʩʫ ץʦʡʤʘʣʘʨʳʥʜʘ ʞʠʥʘʣʘ ʙʝʨʝʜʽ. ʄʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ᴇʥʜʽʨʽʩʪʝ, ʙʘʩץʘ 

ʜʘ ᴇʥʜʽʨʽʩʪʝʨʜʝ ʜʝ ʙʘʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʨ ʩʫʜʳ װʣʢʝʥ ʰʳסʳʤסʘ ᴅʢʝʣʝʜʽ. ɸʡʪʳʧ 

ʢʝʪʫ ʢʝʨʝʢ ʙʘʨʣʳץ ʧʨʦʮʝʩʪʝʨ ï ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʜʽ ʢᴇʙʝʡʪʢʝʥʜʝ ʩʫʣʳ ʦʨʪʘʜʘ ʞװʨʝʜʽ. 32 

ʌʝʨʤʝʥʪʘʮʠʷ ʘʷסʳʥʜʘ ʢʣʝʪʢʘʥʳש ʤʘʩʩʘʩʳ 1-2% ʘʩʧʘʡʜʳ, ʘʣ ʝʨʽʛʝʥ ʟʘʪʪʘʨʜʳש 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 5-10%, ᴇʥʽʤ ʢʣʝʪʢʘ ʤʘʩʩʘʩʳʥʜʘ ʥʝʤʝʩʝ ʝʨʽʪʽʥʜʽʜʝ ʙʦʣסʘʥʜʘ. ɽʨʽʪʽʣʤʝʛʝʥ 

ʬʨʘʢʮʠʷסʘ ʙʠʦʤʘʩʩʘʥʳ ץʦʩסʘʥʜʘ ʢʘʥʘʣʠʟʘʮʠʷסʘ ʞʽʙʝʨʝʨ ʘʣʜʳʥʜʘ ʮʝʥʪʨʠʬʫʛʘʤʝʥ ʙᴇʣʽʧ, 

ʬʠʣʴʪʨʣʝʡʜʽ ʥʝʤʝʩʝ ʪײʥʙʘסʘ ʪװʩʽʨʝʜʽ. ɽʛʝʨ ʩײʡʳץʪʘ ץʘʞʝʪʪʽ ᴇʥʽʤʜʝʨ ץʘʣʳʧ ץʦʡʩʘ, ʦʥʜʘ ʦʥʳ 

ʞʝʤ ʘʰʳʪץʳʣʘʨʳʥ ʥʝʤʝʩʝ ʞʝʤʛʝ ץʦʩʘʪʳʥ ʚʠʪʘʤʠʥʜʝʨ ɺ12 ʘʣʫʜʘ ʥʝʤʝʩʝ ʙʘʩץʘ ץʘʞʝʪʪʽ ʟʘʪʪʘʨ 

ʤʝʥ ᴇʥʽʤʜʝʨ ʘʣʫʜʘ ץʦʣʜʘʥʳʣʘʜʳ. ʆʩʳ ץʘʡʪʘ ץʦʣʜʘʥʳʣסʘʥ ʩײʡʳץ ץʘʣʜʳץʪʘʨʳʥ ץʘʡʪʘ 

 ʘסʘ ʩʫʣʘʨʤʝʥ ʢʘʥʘʣʠʟʘʮʠʷץʞᴅʥʝ ʙʘʩ ץʨʤʳʩʪʳײʪʘʨ ʽʰʝʪʽʥ, ʪץʘʣʜʳץ ʣײʘ ʙʦʣʤʘʡʜʳ. ɹסʦʣʜʘʥʫץ

ʙʘʨʘʜʳ. ʈʝʮʠʨʢʫʣʷʮʠʷ ʘʨץʳʣʳ ʘסʳʥʜʳ ʩʫʣʘʨ ʢᴇʣʝʤʽʥ ʘʟʘʡʪʫסʘ ʙʦʣʘʜʳ. ɹʽʨʽʥʰʽ ʢʝʟʝʢʪʝ 

ʩʫʳʪʘʪʳʥ ʩʫסʘ ʙʘʡʣʘʥʳʩʪʳ. ᴆʥʜʽʨʽʩʪʽש ʜʘʤʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʘסʳʥʜʳ ʩʫʣʘʨ װʟʜʽʢʩʽʟ ʢᴇʙʝʡʽʧ 

ʞʘʪʳʨ. ʆʩʳ ʘסʳʥʜʳ ʩʫʣʘʨ ʢᴇʣʛʝ, ᴇʟʝʥʛʝ ʞᴅʥʝ ʙʘʩץʘ ʪʘʙʠסʠ ʩʫ ץʦʡʤʘʣʘʨʳʥʘ ʙʘʨʫʳ ץʦʨʰʘסʘʥ 

ʦʨʪʘʥʳש ʣʘʩʪʘʥʫʳʥʘ ᴅʢʝʣʝʜʽ. פʘʣʳʧʪʳ ʞʘסʜʘʡʜʘ ᴇʟʽʥ-ᴇʟʽ ʪʘʟʘʣʘʫ, ʷסʥʠ ʩʫʜʘ ʪװʨʣʽ ʬʠʟʠʢʘʣʳץ, 

ʭʠʤʠʷʣʳץ ʞᴅʥʝ ʙʠʦʣʦʛʠʷʣʳץ ʬʘʢʪʦʨ ʥʝʡʪʨʘʣʜʘʡʜʳ. ʊʘʙʠסʠ ʩʫ ץʦʡʤʘʣʘʨʳʥʜʘ ʫʣʳ ʟʘʪʪʘʨʜʳש 

ʢᴇʣʝʤʽ ײʣסʘʡʩʘ ʪʽʨʽ ʦʨʛʘʥʠʟʤʜʝʨ ʜʘʤʫʳ ʪʦץʪʘʧ, ᴇʟʽʥ- ᴇʟʽ ʪʘʟʘʨʪʫ ʧʨʦʮʝʩʽʥʽש ʢװʰʽ ʢʝʣʤʝʡʜʽ. 

ʋʣʳ ʟʘʪʪʘʨ ʢᴇʤʝʛʽʤʝʥ ʪʝʧʝ-ʪʝשʜʽʢ ʙײʟʳʣʳʧ, ץʘʞʝʪ ʝʤʝʩ ᴇʟʛʝʨʽʩʪʝʨ ʧʘʡʜʘ ʙʦʣʘʜʳ, ʦʣʘʨ 

ʘʜʘʤʟʘʪ ʜʝʥʩʘʫʣʳסʳʥʘ ʞᴅʥʝ ʩʫʵʢʦʩʠʩʪʝʤʘʩʳʥʘ ʢʝʨʽ ᴅʩʝʨ ʝʪʝʜʽ. ʉʫ ץʦʡʤʘʣʘʨʳʥ ʣʘʩʪʘʡʪʳʥ 

ʟʘʪʪʘʨʜʳש ʥʝʛʽʟʛʽ ʪʦʙʳ: 1. ʊװʨʣʽ ʫʣʳ ʥʝʤʝʩʝ ʟʠʷʥʜʳ ʟʘʪʪʘʨ ï ʘʫʳʣ ʤʝʪʘʣʜʘʨʜʳש ʪײʟʜʘʨʳ, 

ʤʳʰʴʷʢ, ʮʠʘʥʠʜʪʝʨ, ʬʝʥʦʣʜʘʨ, ʘʥʝʣʠʥ, ʧʝʩʪʠʮʠʜʪʝʨ ʞᴅʥʝ ʙʘʩץʘ ʟʘʪʪʘʨ, ʬʝʨʤʝʥʪʘʪʠʚʪʽ 

ʞװʡʝʥʽש ʘʢʪʠʚʪʽʣʽʛʽʥ ʠʥʛʠʙʠʨʣʝʡʪʽʥʜʝʨ, ᴇʤʽʨʛʝ ץʘʞʝʪʪʽ ʟʘʪʪʘʨʜʳ ʙײʟʘʪʳʥ ʟʘʪʪʘʨ. 2. 

 ʟʘʪʳʥ ʨʝʘʢʮʠʷʣʘʨ ʞᴅʥʝ ʪʽʨʰʽʣʽʢײʦʡʤʘʣʘʨʳʥʜʘ ʦʨʪʘʥʳ ʙץ ʠ ʩʫסʳʣʜʘʨ ʤʝʥ ʩʽʣʪʽʣʝʨ, ʪʘʙʠץʳʰפ

ʪʝʧʝ ï ʪʝשʜʽʛʽʥ ʙײʟʘʪʳʥʞװʡʝʣʝʨ. 3. ɹʝʪʪʽʢ ʘʢʪʠʚʪʽ ʟʘʪʪʘʨ (ɹɸɿ), ʩʦסשʳ ʫʘץʳʪʪʘ ʭʠʤʠʷ 

ᴇʥʝʨʢᴅʩʽʙʽʥʜʝ ʢᴇʧ ץʦʣʜʘʥʘʜʳ. ʉʫ ץʦʡʤʘʣʘʨʳʥʘ ʢᴇʧ ʙʘʨʘʜʳ, ʩʫʜʳש ʙʝʪʽʥʜʝ ʢᴇʙʽʢʪʝʨ ʪװʟʝʜʽ. 

ɸʡʪʳʧ ᴇʪʫ ʢʝʨʝʢ ʦʩʳ ʟʘʪʪʘʨ ᴇʪʝ ץʘʫʽʧʪʽ, ʩʝʙʝʙʽ ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨ ᴅʩʝʨʽʥʝ ʞʝʪʢʽʣʽʢʩʽʟ ʞᴅʥʝ ʙײʟʳʣʤʘʡʜʳ. 4. ɽʨʽʪʽʣʛʝʥ ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨ, 

ʢᴇʤʽʨʪʝʛʽ, ʘʟʦʪʳ ʙʘʨ ʦʨʪʘ ʪװʨʽʥʜʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨ ץʦʣʜʘʥʳʣʘʜʳ ʞᴅʥʝ ʩʫ ץʦʡʤʘʣʘʨʳʥʜʘ 

ʢᴇʧ ʢᴇʣʝʤʜʝ ʙʦʣʫʳ ʤװʤʢʽʥ. ɽʨʽʪʽʣʛʝʥ ʦʪʪʝʛʽ ʞᴅʥʝ ʘʥʘʵʨʦʙʪʳ ʦʨʪʘ, ʰʽʨʽʛʝʥ ʤʠʢʨʦʬʣʦʨʘʥʳש 

ʜʘʤʫʳ ʙʘʩץʘ ʪʽʨʰʽʣʽʢʪʽש ʞʦʡʳʣʫʳʥʘ ᴅʢʝʣʝʜʽ. ʆʩʳ ʞʘסʜʘʡʜʘ ʘʜʘʤʟʘʪ ʜʝʥʩʘʫʣʳסʳʥʘ ץʘʪʝʨʣʽ 

ʤʠʢʨʦʬʣʦʨʘʥʳש ʬʦʨʤʘʩʳ ʜʘʤʫʳ ʩʫʣʴʬʘʪʪʳ ʙʘʢʪʝʨʠʷʣʘʨ, ʦʣʘʨ ʞʘסʳʤʩʳʟ ʠʽʩʽ ʙʘʨ ʢװʢʽʨʪʪʽ 

ʩʫʪʝʢ ʧʘʡʜʘ ʙʦʣʘʜʳ. 5. ɽʨʽʤʝʡʪʽʥ ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨ ï ʢʨʘʭʤʘʣ, ʮʝʣʶʣʦʟʘ, ʣʠʛʥʠʥ, ʙʘʩץʘ 

ʞʦסʘʨסʳ ʤʦʣʝʢʫʣʘʣʳ ʟʘʪʪʘʨ. ʆʣʘʨ ʩʫ ץʦʡʤʘʣʘʨʳʥʘ ʩʫ ʙʝʪʽʥʝ ץʘʣץʳʧ ʰʳסʘʜʳ ʞᴅʥʝ ץʦʨʰʘסʘʥ 

ʦʨʪʘסʘ ʟʠʷʥʳ ʦʨʘʩʘʥ ʟʦʨ. ʄʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ᴇʥʜʽʨʽʩʪʝʨ ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨ ʥʝʛʽʟʽʥʜʝ 

ʘסʳʥʜʳ ʩʫʣʘʨʜʳ ʣʘʩʪʘʡʜʳ. ʆʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳש ʙײʟʳʣʫʳ ʆ2 ץʦʣʜʘʥʳʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. 

ʆʪʪʝʛʽʥʽש ʙʠʦʣʦʛʠʷʣʳץ ץʘʞʝʪʪʽʣʽʛʽ (ʆɹפ) ʪʘʟʘʨʪʫʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. ʆɹפ ʘʥʳץʪʘʫ 

 ʦʩʳʧץ ʘʥ ʩʫʤʝʥסʣʛʽʩʽʥ ʘʣʳʧ, ʘʵʨʘʮʠʷʣʘʥװ ʤʠʢʨʦʬʣʦʨʘʩʳʤʝʥ ʙʽʨʛʝ שʳʥʜʳ ʩʫʜʳסʰʽʥ ʘװ

ʪʝʨʤʦʩʪʘʪץʘ 20ʦʉ ץʦʷʜʳ. ʊᴅʞʽʨʠʙʝʥʽש ʙʘʩʳ 33 ʤʝʥ ʘʷסʳʥʜʘ ʝʨʽʪʽʣʛʝʥ ʦʪʪʝʛʽʥʽש 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥ ʘʥʳץʪʘʡʜʳ ʩʦʜʘʥ ʩʦש ʰʳסʳʤʳʥ ʤʛ-ʜʳ 1ʣ ʣʘʩʪʘʥסʘʥ ʩʫסʘ ʰʘסʳʧ ʝʩʝʧʪʝʡʜʽ. 

ɽʨʽʪʽʣʛʝʥ ʦʪʪʝʛʽʥʽש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥ ʘʥʳץʪʘʫ װʰʽʥ ʧʦʣʷʨʦʛʨʘʬʠʷʣʳץ ᴅʜʽʩʪʽ ץʦʣʜʘʥʳʣʘʜʳ. 

ᴆʟʝʥʜʝʛʽ ʪʘʟʘ ʩʫʜʘ ʆɹפ ʪʝ1 ש ʤʛ/ʣ. ʊʘʙʠסʠ ʩʫ ץʦʡʤʘʣʘʨʳʥʳש ʣʘʩʪʘʥʫʳʥ ʜʦסʘʨʫ װʰʽʥ ʘסʳʥʜʳ 

ʩʫ ʆפɹ-ʩʳ 20 ʤʛ/ʣ ʘʩʧʘʫ ʢʝʨʝʢ. ᴆʥʜʽʨʽʩʪʝʨʜʝʥ ʰʳץץʘʥ ʘסʳʥʜʳ ʩʫʣʘʨʜʳ ʘʣʜʳʥ-ʘʣʘ ʘʨʥʘʡʳ 

ᴇשʜʝʫ ץʘʞʝʪ. ɽʛʝʨ ᴇʥʜʽʨʽʩʪʝʛʽ ʘסʳʥʜʳ ʩʫʣʘʨ ʣʘʩʪʘʥסʘʥʳ ץʘʞʝʪʪʽ ʜʝשʛʝʡʜʝʥ ʘʩʳʧ ʢʝʪʩʝ, 

ʦʣʘʨʜʳ ʪʝʟ ʘʨʘʜʘ ʪʘʟʘʣʘʫ ʢʝʨʝʢ. ʄʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ᴇʥʜʽʨʽʩʪʝʨʜʝ ʘסʳʥʜʳ ʩʫʣʘʨʜʳ ʪʘʟʘʣʘʫ ï 
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ʝש ʢװʨʜʝʣʽ ʧʨʦʙʣʝʤʘ, ʢᴇʧ ʰʳסʳʥ ʤʝʥ ʢװʥʜʝʣʽʢʪʽ ʙʘץʳʣʘʫ ץʘʞʝʪ. ɸסʳʥʜʳ ʩʫʣʘʨʜʳ ʘʵʨʦʙʪʳ 

ʪʘʟʘʣʘʫʜʳש ʘʥʘʣʦʛʳ ʙʦʣʳʧ ʘʵʨʦʙʪʳ ץʘʪʪʳ ץʘʣʜʳץʪʘʨʜʳ ʙʠʦʢʦʤʧʦʩʪʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 ʩʘʩץײ ʘץʪʘʨ ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʤʝʥ ʘʨʘʣʘʩʳʧ, ʫʣʳ ʟʘʪʪʘʨ ʳʜʳʨʘʧ, ʪʦʨʬץʘʣʜʳץ ʘʪʪʳפ

ʤʘʪʝʨʠʘʣסʘ ʘʡʥʘʣʘʜʳ. ʄʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʛʝ ʦʪʪʝʛʽʥʽ ʞʝʪʢʽʟʽʧ ʪײʨʘʜʳ. ʆʩʳ ץʘʣʜʳץʪʘʨ 

ʪʳשʘʡʪץʳʰץʘ ʘʡʥʘʣʘʜʳ ʥʝʤʝʩʝ ʞʦʣסʘ ʪᴇʩʝʡʪʽʥ ʤʘʪʝʨʠʘʣʜʘʨ ʨʝʪʽʥʜʝ ײץʨʳʣʳʩʪʘʨʜʘ ץʦʣʜʘʥʫסʘ 

ʙʦʣʘʜʳ. 1776ʞ. ɺʦʣʴʪʘ ʙʘʪʧʘץ ʛʘʟʳʥʜʘ ʤʝʪʘʥ ʙʘʨ ʝʢʝʥʽʥ ʘʡʪץʘʥ. ɹʽʨʘץ ʢᴇʧ ʫʘץʳʪʪʘʥ ʢʝʡʽʥ 

ʘʥʘʵʨʦʙʪʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʜʽש ʙײʣ ʧʨʦʮʝʩʪʝ ʙʝʣʛʽʣʽ ʨʦʣʴ ʘʪץʘʨʘʪʳʥʳ ʘʥʳץʪʘʣʜʳ. 1901 ʞ 

ʙʘʩʪʘʧ ʘʥʘʵʨʦʙʪʳ ʪʘʟʘʣʘʫʜʘ ץʦʥʜʳʨסʳ ʦʨʥʘʪץʘʥ. ʆʣ ץʦʥʜʳʨסʳ ʘʰʳʪʫ ʘʨץʳʣʳ ʛʘʟ ʘʣʘʜʳ, 65% 

ʤʝʪʘʥ ʞᴅʥʝ 30% ʉʆ2 (ʢᴇʤʽʨʪʝʛʽ ʜʠʦʢʩʠʜʽ) ʘʣʘʜʳ, ʦʣʘʨʜʳ ʞʳʣʳʪʫʜʘ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. 

ʇʨʦʮʝʩʪʝʨ ʘʨʥʘʡʳ ʤʘʪʘʥʪʝʥʢ ʜʝʛʝʥ ץʦʥʜʳʨסʳʜʘ ʞװʨʝʜʽ, ʘʣʳʥסʘʥ ʛʘʟ ץʳʩʳʤʥʳש ʘʩʪʳʥʜʘ 

ʪײʨʘʜʳ. ʊװʩʽʨʽʣʛʝʥ ʪײʥʙʘ, ʝʛʝʨ ʦʣ ʘʫʳʨ ʤʝʪʘʣʜʘʨ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʢᴇʧ ʙʦʣʤʘʩʘ ʪʳשʘʡʪץʳʰ 

ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ. ʄʝʪʘʥʜʳ ʘʰʳʪʫ ʢʦʥʮʝʥʪʨʣʽ ʩײʡʳץ ץʘʣʜʳץʪʘʨʜʳ ᴇשʜʝʫʜʝ 

 .ס ʳ ʪᴇʤʝʥ. ʍʍסʘʥʜʘ ʞʳʣʜʘʤʜʳסʘʨʘץ ʘסʪʘʟʘʣʘʫ ץʘʵʨʦʙʪʳ ʙʠʦʣʦʛʠʷʣʳ ץʦʣʜʘʥʳʣʘʜʳ, ʙʽʨʘץ

ʦʨʪʘʩʳʥʜʘ ʘʥʘʵʨʦʙʪʳ ʘʰʳʪʫ ʧʨʮʝʩʽ ʙʠʦʛʘʟ ʘʣʫʜʘ ᴇʪʝ ʪʘʥʳʤʘʣ ʙʦʣʘʜʳ. ᴄʩʽʨʽʝʩʝ ʞʳʣʳ 

ʝʣʜʝʨʜʝ ï פʳʪʘʡ ʞᴅʥʝ ʀʥʜʠʷʜʘ. ʉʝʙʝʙʽ ʦʣ ʝʣʜʝʨʜʝ ʤʘʣ ʬʝʨʤʘʣʘʨʳ ᴇʪʝ ʢᴇʧ. ɸʪʤʦʩʬʝʨʘסʘ 

ʪʘʩʪʘʡʪʳʥ ץʘʣʜʳץʪʘʨ ʢᴇʙʽʩʽ ʫʣʳ, ʩʘʩʳץ ʠʽʩʪʽ ץʘʣʜʳץʪʘʨ ʙʦʣʘʜʳ. ʆʣʘʨʜʳ ʪʘʟʘʣʘʫ װʰʽʥ 

ʥʘʩʘʜʢʘʤʝʥ ʪʦʣʪʳʨʳʣסʘʥ ʞᴅʥʝ ʘʨʥʘʡʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨ ʙʝʢʽʪʽʣʛʝʥ ʙʠʦʬʠʣʴʪʨʣʝʨ 

 ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʤʝʥ שʽʨʽʣʝʜʽ, ʦʜʘʥ ʩʦשʦʩʧʘʣʘʨ ʥʘʩʘʜʢʘʜʘ ʩʽץ ʦʣʜʘʥʘʜʳ. ʋʣʳץ

ʟʘʣʘʣʩʳʟʜʘʥʜʳʨʘʜʳ. ʄײʥʘʡʜʳ ʘʚʘʨʠʷʣʳץ ʞʘסʜʘʡʜʘ ʪᴇʛʽʧ ץʦʡʩʘ ʣʘʩʪʘʥסʘʥ ʞʝʨʜʽ ʪʘʟʘʣʘʫ װʰʽʥ 

ʙʠʦʪʝʭʥʦʣʦʛʠʷʣʳץ ᴅʜʽʩʪʝʨ ץʦʣʜʘʥʘʜʳ. ʄײʥʜʘʡʜʳ ʘʨʥʘʡʳ ʪʦʣʳץʪʳʨʳʧ ᴅʨʪװʨʣʽ ץʦʩʧʘʣʘʨʤʝʥ 

(ʘʟʦʪʪʳ ʥʝʤʝʩʝ ʬʦʩʬʦʨʣʳ) ᴇשʜʝʣʛʝʥ ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʜʽ ʢᴇʙʝʡʪʽʧ, ʤײʥʘʡʜʳש 

ʢᴇʤʽʨʩʫʪʝʢʪʝʨʽʥ ʫʪʠʣʠʟʘʮʠʷ ʞʘʩʘʡʜʳ, ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʜʽש ʙʠʦʤʘʩʩʘʩʳʥʘ ʞᴅʥʝ ʉʆ2 

ʘʡʥʘʣʜʳʨʘʜʳ. ʉʫʣʴʬʠʜ ʧʝʥ ʤʝʨʢʘʧʪʘʨʜʘʥ ʢװʢʽʨʪ ʘʣʘʪʳʥ ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨ ʙʘʨ. ʆʩʳ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʜʽ ʢᴇʤʽʨ ʤʝʥ ʤײʥʘʡʜʳ ʢװʢʽʨʪʩʽʟʜʝʥʜʽʨʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥʜʘ ץʦʣʜʘʥʘʜʳ. 

ʂᴇʤʽʨʪʝʢ ʜʠʦʢʩʠʜʽ (ʢᴇʤʽʨ ץʳʰץʳʣ ʛʘʟʳ) ï ʪʽʨʽ ʦʨʛʘʥʠʟʤʥʽש ʜʝʤʘʣסʘʥʜʘ ʰʳסʘʪʳʥ ʛʘʟï 

 ʜʘʡʜʘ ʞʘʥʫʘʨʣʘʨ ʤʝʥסʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʢᴇʙʝʡʛʝʥ ʞʘ ץʘʫʽʧʩʽʟ ʙʦʣʳʧ ʝʩʝʧʪʝʣʝʜʽ, ʙʽʨʘץ

ʘʜʘʤʟʘʪץʘ ʟʠʷʥʳʥ ʢʝʣʪʽʨʝʜʽ. ʂᴇʧʪʝʛʝʥ ᴇʥʜʽʨʽʩʪʝ, ʞʳʣʫ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʜʘסʳ ʞײʤʳʩʪʘʨ 

ʘʪʤʦʩʬʝʨʘʜʘ ʢᴇʤʽʨʪʝʢ ʜʠʦʢʩʠʜʽʥʽש ʢᴇʙʝʶʽʥʝ ᴅʢʝʣʝʜʽ. ʅᴅʪʠʞʝʩʽʥʜʝ ɾʝʨʜʝ ñʛʣʦʙʘʣʴʜʳ ʝʨʫò 

ʧʨʦʮʝʩʽ 34 ʞװʨʫʽ ʤװʤʢʽʥ, ʦʥʳ ñʧʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪò ʜʝʧ ʪʝ ʘʪʘʡʜʳ. ɹײʣ ʢᴇʧʪʝʛʝʥ ʢʝʣʝשʩʽʟ 

ʞʘסʜʘʡʣʘʨסʘ ᴅʢʝʣʝʜʽ. פʘʟʽʨ ʘʪʤʦʩʬʝʨʘʥʳ ʢᴇʤʽʨʪʝʢ ʜʠʦʢʩʠʜʽʥʝʥ ʪʘʟʘʣʘʫ װʰʽʥ ʰᴇʧʪʽ 

ᴇʩʽʤʜʽʢʪʝʨ ʤʝʥ ʘסʘʰʪʘʨ װʣʢʝʥ ʨᴇʣ ʘʪץʘʨʘʜʳ. ɸסʘʰʪʘʨʜʳ ʢʝʩʫ, ʦʨʤʘʥʜʘʨʜʳ ʞʦʶ ʘʜʘʤʟʘʪ 

ᴇʤʽʨʽʥʝ ץʘʪʝʨ ʪᴇʥʝʜʽ. נʘʨʳʰ ʢʝשʽʩʪʽʛʽʥʜʝ, ʩʫ ʘʩʪʳ ʢʝʤʝʣʝʨʽʥʜʝ ʞᴅʥʝ ʙʘʩץʘ ʞʘʙʳץ ʢʝשʽʩʪʽʢʪʝ 

ʘʜʘʤʜʘʨ ʪʳʥʳʩ ʘʣʫ װʰʽʥ ʙײʣ ʧʨʦʙʣʝʤʘ ʙʦʣʳʧ ץʘʣʘ ʙʝʨʜʽ. ʆʩʳסʘʥ ʤʠʢʨʦʙʘʣʜʳʨʣʘʨ 

ñʭʣʦʨʝʣʣʘʣʘʨò ץʦʣʜʘʥʳʣʘʜʳ. ʆʣʘʨ ʢᴇʤʽʨʪʝʢ ʜʠʦʢʩʠʜʽʥʽש ʢᴇʣʝʤʽʥ ʢᴇʙʝʡʪʧʝʡʜʽ. ʆʩʳ ᴅʜʽʩ 

ʙʦʣʘʰʘץʪʘ ʢʝץ שʦʣʜʘʥʳʣʘʪʳʥ ʙʦʣʘʜʳ. ʄʳʩʘʣʳ, ʞʳʣʫ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʣʘʨʳʥ ʢᴇʤʽʨ ץʳʰץʳʣ 

ʛʘʟʳʥʘʥ ʪʘʟʘʣʘʫ װʰʽʥ. ʂװʥ ʢʦʣʣʝʢʪʦʨʣʘʨʳʤʝʥ ʢװʥ ʵʥʝʨʛʠʷʩʳʥ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥʘ 

ʘʡʥʘʣʜʳʨʫ ʘʨץʳʣʳ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʵʥʝʨʛʠʷ ʘʣʫסʘ ʙʦʣʘʜʳ. ʉʦʥʜʘʡ-ʘץ ʙʠʦʛʘʟʜʘʥ ʞᴅʥʝ 

ʤʠʢʨʦʙʪʳ ʵʪʘʥʦʣʜʘʥ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʵʥʝʨʛʠʷ ʘʣʫסʘ ʙʦʣʘʜʳ. ɹʠʦʛʘʟ ʤʝʪʘʥ (65%) ʤʝʥ ʢᴇʤʽʨ 

 ʘʥ ʤᴇʣʰʝʨʜʝʛʽ ʘʟʦʪ, ʦʪʪʝʢ, ʉʆסʞᴅʥʝ ᴇʪʝ ʘʟʜʘ (1%) שʢʽʨʪʪʽ ʩʫʪʝʢʪʽװʢ ,(30%) שʳʣ ʛʘʟʳʥʳץʳʰץ

ʛʘʟʜʘʨʳʥʳץ שʦʩʧʘʩʳ. פʘʣʜʳץʪʘʨʜʳ ʫʪʠʣʠʟʘʮʠʷʣʘʫʜʘ ʤʝʪʘʥʜʳץ ʘʰʳʪʫ װʣʢʝʥ ʦʨʳʥ ʘʣʘʜʳ. 

ɹײʣ ᴅʜʽʩ ʞʝʨʛʽʣʽʢʪʽ ʰʠʢʽʟʘʪʪʘʥ ʙʠʦʛʘʟ ï ʵʥʝʨʛʠʷ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʩʦʥʜʘʡ-ʘץ 

ʦʨʛʘʥʠʢʘʣʳץ ʪʳשʘʡʪץʳʰʪʳש ʩʘʧʘʩʳʥ ʞʘץʩʘʨʪʫסʘ ʞᴅʥʝ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳ ʣʘʩʪʘʥʫʜʘʥ 

 ʘ ʢʝʨʽ ᴅʩʝʨסʘʥ ʦʨʪʘסʦʨʛʰʘץ ʪʘʟʘ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽ ץʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʕʢʦʣʦʛʠʷʣʳװʘ ʤסʘʫסʦʨץ

ʝʪʧʝʡʜʽ. ɹʠʦʛʘʟ ʘʣʫ װʰʽʥ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ץʘʣʜʳץʪʘʨʳʥ, ʙײʟʳʣסʘʥ ᴇʥʽʤʜʝʨʜʽ, ʢʨʘʭʤʘʣ 

ᴇשʜʝʡʪʽʥ ʟʘʚʦʜʪʘʨʜʳש ʘסʳʥʜʳ ʩʫʣʘʨʳʥ, ץʘʥʪ ʟʘʚʦʜʪʘʨʳʥʳש ʩײʡʳץ ץʘʣʜʳץʪʘʨʳʥ, ʪײʨʤʳʩʪʳץ 
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 ʘסʦʣʜʘʥʫץ ʳʥʜʳ ʩʫʣʘʨʳʥסʘ שʳʥʜʳ ʩʫʣʘʨʜʳ ʞᴅʥ ʩʧʠʨʪ ʟʘʚʦʜʳʥʳסʘ ץʘʣʘʣʳץ ,ʪʘʨʜʳץʘʣʜʳץ

ʙʦʣʘʜʳ. ʇʨʦʮʝʩʩ 30-600ʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞװʨʛʽʟʽʣʝʜʽ, ʨʅ 6-8. ɹʠʦʛʘʟ ʘʣʫʜʳש ʙײʣ ᴅʜʽʩʽ ʀʥʜʠʷ, 

ʂʳʪʘʡ, ʗʧʦʥʠʷʜʘ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. 
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 ʆʃɼɸʅʓʃʋʓ ɸʗʉʓ ʄɽʅ ᴄʃɽʋɽʊɯפ רʉʊɸʅ ɹʀʊʋʄʓʅʓפɸɿɸפ

ɸʪʠʙʝʢ ʅʘʟʠʤʘ ʍʘʤʟʘʢʳʟʳ 

1 ʢʫʨʩ ʤʘʛʠʩʪʨʘʥʪʳ 

ʉʘʢʠʙʘʝʚʘ ʉʘʫʣʝ ɸʙʜʨʘʟʘʢʦʚʥʘ 

Ϥʳʣʳʤʠ ʞʝʪʝʢʰʽ, ʪ.Ϥ.ʢ., ʧʨʦʬʝʩʩʦʨ 

ʄʘʤʳʪʦʚʘ ɻʫʣʴʥʘʨ ɾʫʤʘʜʠʣʣʘʝʚʥʘ 

ʘϤʘ ʦϨʳʪʫʰʳ 

ʄ. Ϸʫʝʟʦʚ ʘʪʳʥʜʘϤʳ ʆϬʪϮʩʪʽʢ ϧʘʟʘϨʩʪʘʥ ʫʥʠʚʝʨʩʠʪʝʪʽ 

ϧʘʟʘϨʩʪʘʥ, ʐʳʤʢʝʥʪ Ϩ. 

 

 

ɸʅʅʆʊɸʎʀʗ 

 ʘʥסʳʥʜʳ ʜʘʤʳץʘʨץ ʠ ʞᴅʥʝ ʞʘʩʘʥʜʳ ʙʠʪʫʤ ᴇʥʜʽʨʽʩʽסʩʪʘʥʜʘ ʪʘʙʠץʘʟʘפ ʜʘשʘʟʽʨʛʽ ʪʘפ

ʞᴅʥʝ ʰʝʪʪʝʥ ʪʘʩʳʤʘʣʜʘʫסʘ ʪᴅʫʝʣʜʽ ʝʤʝʩ. ʆʥʳ ʰʳסʘʨʳʣסʘʥ ᴇʥʽʤʥʽש ʪʝʢ פʘʟʘץʩʪʘʥ ʘʫʤʘסʳʥʜʘ 

 ʦʡʤʘʡ, ʢᴇʨʰʽʣʝʩ ʤʝʤʣʝʢʝʪʪʝʨʛʝ ʜʘʡʳʥ ʪʘʫʘʨ ʨʝʪʽʥʜʝ ʵʢʩʧʦʨʪʪʘʣʳʧץ ʘʥʘ ʧʘʡʜʘʥʳʣʳʧס

ʞʘʪץʘʥʳʥʘʥ-ʘץ ʙʘʡץʘʫסʘ ʙʦʣʘʜʳ. ʂᴇʧʪʝʛʝʥ ʝʣʜʝʨʜʝʛʽ ʩʠʷץʪʳ פʘʟʘץʩʪʘʥʜʘ ʜʘ ʙʠʪʫʤ ʥʝʛʽʟʽʥʝʥ 

ʞʦʣ ʩʘʣʫ ʞᴅʥʝ ײץʨʳʣʳʩ ʩʘʣʘʩʳʥʜʘ סʘʥʘ ץʦʣʜʘʥʳʣʘʜʳ. ɿʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʧʘʡʜʘʣʘʥʘ 

ʦʪʳʨʳʧ ʜʘʤʳסʘʥ ʝʣʜʝʨʜʝ ʞװʨʛʽʟʽʣʛʝʥ ʢᴇʧʪʝʛʝʥ ʟʝʨʪʪʝʫʣʝʨʜʽש ʥᴅʪʠʞʝʩʽʥʜʝ ץʘʟʽʨʛʽ ʪʘשʜʘ 

ʙʠʪʫʤ ʪʝʢ ʞʦʣ ײץʨʳʣʳʩ ʩʘʣʘʩʳʥʜʘ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʰʘʪʳʨ ײץʨʳʣʳʩʳ, ᴇʥʝʨʢᴅʩʽʧʪʽʢ 

 ,ʨʳʣʳʩʪʘʨʜʘ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ʩʫ ᴇʪʢʽʟʙʝʡʪʽʥ ʘʨʥʘʡʳ ʞʘʙʳʥʜʳ ʪᴇʩʝʥʽʰʪʝʨ ᴇʥʜʽʨʽʩʽʥʜʝײץ

 ʳʰʪʘʨ ʞᴅʥʝ ʙʦʷʫ ᴇʥʜʽʨʽʩʽʥʜʝ ʜʝסʰʘʫʣʘץʡʳʤʜʘʨ, ʵʣʝʢʪʨ-, ʛʠʜʨʦʦײʳʰʪʘʨ, ʨʝʟʠʥʘ ʙסʫʘʪʪʘץ

ʝʨʝʢʰʝ ץʦʣʜʘʥʳʩץʘ ʠʝ ʙʦʣʳʧ ʢʝʣʝʜʽ. ʄʘץʘʣʘʜʘ ʝʣʽʤʽʟʜʝʛʽ ʙʠʪʫʤ ᴇʥʜʽʨʽʩʽʤʝʥ ʘʡʥʘʣʳʩʘʪʳʥ 

ʢᴅʩʽʧʦʨʳʥʜʘʨ ʞʘʡʳʥʜʘ ʘץʧʘʨʘʪ ʙʝʨʽʣʽʧ, ᴇʥʜʽʨʽʣʝʪʽʥ ʙʠʪʫʤ ʪװʨʣʝʨʽ, ʦʥʳײץ שʨʘʤʳ, ץʘʩʠʝʪʪʝʨʽ, 

ʘʣʳʥסʘʥ ᴇʥʽʤ ʤʘʨʢʘʣʘʨʳ, ʙʠʪʫʤ ʘʣʫʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ᴅʜʽʩʪʝʨ ʪʫʨʘʣʳ ʞᴅʥʝ ʜʝ ʰʝʪ 

ʤʝʤʣʝʢʝʪʪʝʨʜʝʛʽ ʙʠʪʫʤʥʳץ שʦʣʜʘʥʳʣʫ ʘʷʩʳ ʤʝʥ ʦʥʳש ᴅʣʝʫʝʪʽ ʪʫʨʘʣʳ ʤᴅʣʽʤʝʪʪʝʨ ʙʝʨʽʣʛʝʥ. 

ʉʦʥʜʘʡ-ʘץ, ʙʠʪʫʤʜʳ ʟʝʨʪʪʝʫʜʽש ʞʘשʘʰʘ ʪʠʽʤʜʽ ᴅʜʽʩʪʝʨʽ ʤʝʥ ʙʠʪʫʤ ʥʝʛʽʟʽʥʜʝ ʘʣʳʥסʘʥ ʞʘשʘ 

ʟʘʪʪʘʨ ʪʫʨʘʣʳ פʘʟʘץʩʪʘʥʜʳץ, ʈʝʩʝʡʣʽʢ ʞᴅʥʝ ʰʝʪʝʣʜʽʢ סʘʣʳʤʜʘʨʜʳש ʟʝʨʪʪʝʫʣʝʨʽ ʤʝʥ ʦʣʘʨʜʳש 

ʤʘץʘʣʘʣʘʨʳʥʘ ץʳʩץʘʰʘ ʰʦʣʫ ʞʘʩʘʣסʘʥ. 

ʂʽʣʪ ʩᴇʟʜʝʨ: ʪʘʙʠסʠ ʙʠʪʫʤ, ʤײʥʘʡ-ʙʠʪʫʤʳ, ʵʢʩʪʨʘʢʮʠʷ, ʙʠʪʫʤʠʥʦʟʜʳ ʟʘʪʪʘʨ, ʤײʥʘʡʜʳ 

 .ʘʥ ʙʠʪʫʤסʜʝʫ, ʧʦʣʠʤʝʨʣʽ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥשʘʡʪʘ ᴇץ

ɸʜʘʤʟʘʪ ʪʘʨʠʭʳʥʜʘ ʥʝʦʣʠʪ ʞᴅʥʝ ʝʞʝʣʛʽ ʪʘʩ ʜᴅʫʽʨʽʥʝʥ ʙʝʨʽ ʢװʥʜʝʣʽʢʪʽ ץʦʣʜʘʥʳʩʪʘ ʢʝʣʝ 

ʞʘʪץʘʥ ʟʘʪʪʳש ʙʽʨ ï ʪʘʙʠסʠ ʙʠʪʫʤ. ɽʞʝʣʛʽ ʘʜʘʤʜʘʨ ʥʘʡʟʘʥʳײ שʰʳ ʤʝʥ ʥʘʡʟʘʥʳש ʩʘʙʳʥ 

ʙʘʡʣʘʥʳʩʪʳʨסʳʰ ʤʘʪʝʨʠʘʣ ʨʝʪʽʥʜʝ, ʩʘʟʜʘʥ ʞʘʩʘʣסʘʥ ʳʜʳʩʪʘʨסʘ ʜʝʡʽʥ ץʦʣʜʘʥʳʩץʘ ʝʥʽʧ, ʩʫ 

ᴇʪʢʽʟʙʝʡʪʽʥ ʳʜʳʩʪʘʨ ʞʘʩʘʫʜʘ ʧʘʡʜʘʣʘʥʳʣסʘʥ. ʂʝʡʽʥʽʨʝʢ ɽʞʝʣʛʽ ɽʛʠʧʝʪʪʝ ʤʦʟʘʠʢʘʣʳץ 

 .ʘʥ [1]סʦʣʜʘʥʳʣץ ʳʰ, ʙʘʣʴʟʘʤʜʘʫ ʞᴅʥʝ ʤʫʤʠʷʣʘʫʜʘסʙʘʡʣʘʥʳʩʪʳʨ ץʨʳʣʳʩʪʳײץ

ɹʠʪʫʤʥʳש ʩײʨʘʥʳʩץʘ ʠʝ ʙʦʣʫʳ ʞᴅʥʝ ʙʘʣʘʤʘʣʳ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʪװʟʽʣʫʽʥʝ ʢʝʜʝʨʛʽ 

ʢʝʣʪʽʨʫʽ ʦʥʳש ʙʽʨʝʛʝʡ ץʘʩʠʝʪʪʝʨʛʝ ʠʝ ʙʦʣʫʳ (ʠʢʝʤʜʽʣʽʢ, ʞײʤʩʘʨʪʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳ, 



ñʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ ɸʂɸɼɽʄʀʂò                                                          ̄ 1  (104), 2021 ʛ. 

_______________________________________________________________________________________ 

158 
 

ʩʳʥסʳʰʪʳסʳ, ʪײʪץʳʨʣʳסʳ, ʘʜʛʝʟʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽ, ʞʦסʘʨʳ ʪʳסʳʟʜʳץץʘ ʠʝ ʙʦʣʫʳ, 

ʛʠʜʨʦʬʦʙʪʳ ץʘʩʠʝʪʽ ʞᴅʥʝ ʩʫʳץץʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʤʝʥ ʩʫ ᴇʪʢʽʟʙʝʫʽʥʽש ʩʝʙʝʙʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ï ʽʩ 

ʞװʟʽʥʜʝ ʥᴇʣʜʽʢ ʢʝʫʝʢʪʽʣʽʛʽ), ʩʳʨʪץʳ ᴅʩʝʨʛʝ ʪᴇʟʽʤʜʽʣʽʛʽ (ʢᴇʧʪʝʛʝʥ ʙʝʡʦʨʛʘʥʠʢʘʣʳץ 

 ʙʘʩʪʳʩʳ ʘʨʟʘʥ ʙʦʣʫʳʤʝʥ שʘ ʪᴇʟʽʤʜʽʣʽʛʽ) ʞᴅʥʝ ʝסʟʜʘʨײʘ, ʩʽʣʪʽʣʝʨ ʤʝʥ ʪסʳʣʜʘʨץʳʰץ

ʩʠʧʘʪʪʘʣʘʜʳ [2]. 

ɹʠʪʫʤ ʪʘʙʠסʠ ʞᴅʥʝ ʞʘʩʘʥʜʳ ʙʦʣʳʧ ʝʢʽʛʝ ʞʽʢʪʝʣʩʝ ʜʝ ʰʳסʫʪʝʛʽ ʤײʥʘʡ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɹʠʪʫʤ ʤײʥʘʡʜʳש ʘʫʳʨ ʙᴇʣʽʛʽ ʙʦʣסʘʥʜʳץʪʘʥ ʢװʨʜʝʣʽ ײץʨʳʣʳʤʜʳ ʙʦʣʳʧ ʢʝʣʝʜʽ ʞᴅʥʝ ʦʥʳ 

 ʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨװʨʘʤʳ ʙʝʣʛʽʩʽʟ, ʜʝʛʝʥʤʝʥ, ʘʣʜʳʥ ʘʣʘ ʞײץ ץʪʦʣʳ שʨʘʡʪʳʥ ʟʘʪʪʘʨʜʳײץ

ʦʥʳש ʤʦʣʝʢʫʣʘʣʳץ ʤʘʩʩʘʩʳ ʰʘʤʘʤʝʥ ï 300-4000, ʘʣ ײץʨʘʤʳʥʘ ʢʝʣʝʩʽʜʝʡ ʵʣʝʤʝʥʪʪʝʨ ʝʥʝʪʽʥʽʥ 

ʢᴇʨʩʝʪʝʜʽ: ʉ ï 80-85; ʅ ï 8,0-1,5; ʆ ï 0,2-4,0; S ï 0,5-7,0; N ï 0,2-0,5, ʩʦʥʳʤʝʥ ץʘʪʘʨ, ᴇʪʝ ʘʟ 

ʤᴇʣʰʝʨʜʝ ï Ca, Cr, Co, Ni, Mg [3]. ɹʠʪʫʤʥʳש ʟʘʪʪʳײץ ץʨʘʤʳʥʘ ʙʠʪʫʤסʘ ʘץץʳʰʪʳץ ʞᴅʥʝ 

ʞʳʣʞʳʤʘʣʳʣʳץ ץʘʩʠʝʪʪʝʨ ʙʝʨʝʪʽʥ, ʰʘʤʘʤʝʥ 35-60 % װʣʝʩʽʥ ʘʣʘʪʳʥ, ʘʰʳץ ʩʘʨʳ ʪװʩʪʽ ï 

ʤʘʡʣʘʨ; ʘʜʛʝʟʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʘʨʪʪʳʨʘʪʳʥ ʞᴅʥʝ ʩʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥʝ ʳץʧʘʣ ʝʪʝʪʽʥ װʣʝʩʽʥʝ 20-

40 % ʝʥʝʪʽʥ ï ʰʘʡʳʨʣʘʨ; ʙʠʪʫʤʥʳץ שʘʪʪʳʣʳסʳ, ʪײʪץʳʨʣʳסʳ ʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ 

ʘʨʪʪʳʨʳʧ, ʦʥʳ10-40 ש %-ʳʥ ײץʨʘʡʪʳʥ ï ʘʩʬʘʣʴʪʝʥʜʝʨ ʢʽʨʝʜʽ. ʉʦʥʜʘʡ-ʘץ, ʘʟʜʘסʘʥ ʤᴇʣʰʝʨʜʝ, 

ʘʩʬʘʣʴʪʝʥʜʽ ץʳʰץʳʣʜʘʨ, ʢʘʨʙʝʥʜʝʨ ʤʝʥ ʢʘʨʙʦʠʜʪʘʨ (1-3 %) ʞᴅʥʝ ʧʘʨʘʬʠʥʜʝʨ (6-8 %) 

ʙʦʣʘʜʳ. ɸʩʬʘʣʴʪʝʥʜʽ ץʳʰץʳʣʜʘʨ ʘʜʛʝʟʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʘʨʪʪʳʨʩʘ, ʢʘʨʙʝʥʜʝʨ ʪײʪץʳʨʣʳץ 

ʞᴅʥʝ ʤʦʨʪʪʳץ ץʘʩʠʝʪ ʙʝʨʝʜʽ, ʘʣ ʧʘʨʘʬʠʥʜʝʨ ʢʝʨʽ ᴅʩʝʨ ʝʪʽʧ (5 %-ʜʘʥ ʘʨʪʩʘ), ʙʠʪʫʤʥʳש 

 .ʥʘʰʘʨʣʘʫʳʥʘ ʘʣʳʧ ʢʝʣʝʜʽ שʘʩʠʝʪʪʝʨʽʥʽץ

ɹʠʪʫʤ ï ץʘʪʪʳ ʢװʡʽʥʜʝ ʩײʡʳץʪʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ʠʝ, ʙʘʣץʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʪײʨʘץʪʳ ʝʤʝʩ 

ʘʤʦʨʬʪʳ ʟʘʪ. ʄײʥʳש ʜᴅʣʝʣʽ ï 1927 ʞʳʣʳ ʂʚʠʥʩʣʝʥʜ ʫʥʠʚʝʨʩʠʪʝʪʽʥʜʝ ʞװʨʛʽʟʽʣʛʝʥ ʪᴅʞʽʨʠʙʝ. 

ʋʥʠʚʝʨʩʠʪʝʪ ץʳʟʤʝʪʢʝʨʽ ʊ.ʇʘʨʥʝʣʣ ʙʠʪʫʤʥʳש ʘץץʳʰʪʳסʳʥ ʟʝʨʪʪʝʫ װʰʽʥ ʦʥʳ ײץʡסʳʰ 

ʚʦʨʦʥʢʘסʘ ʝʥʛʽʟʛʝʥ ʞᴅʥʝ ʙʠʪʫʤʥʳש ʝש ʘʣסʘʰץʳ ʪʘʤʰʳʩʳ 8 ʞʳʣʜʘʥ ʢʝʡʽʥ סʘʥʘ ʪʘʤʳʧ ʪװʩʢʝʥ 

[1]. 

ʊʘʙʠסʠ ʙʠʪʫʤ ï ץʘʪʪʳ ʥʝʤʝʩʝ ʰʘʡʳʨ ʪᴅʨʽʟʜʽ, ʘʟʦʪʪʳ, ʦʪʪʝʢʪʽ, ʢװʢʽʨʪʪʽ ʞᴅʥʝ ײץʨʘʤʳʥʜʘ 

ᴅʨʪװʨʣʽ ʤʝʪʘʣʜʘʨ ʙʘʨ ʪʫʳʥʜʳʣʘʨʳʥʘʥ ʪײʨʘʪʳʥ, ʤײʥʘʡʜʳש ʧʦʣʠʤʝʨʣʝʥʫʽ ʢʝʟʽʥʜʝ ʞװʨʝʪʽʥ 

ʪʘʙʠסʠ ʪʦʪʳסʫ װʜʝʨʽʩʪʝʨʽ ʥᴅʪʠʞʝʩʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ, ʤײʥʘʡ ʢʝʥ ʦʨʳʥʜʘʨʳʥʜʘ ʢʝשʽʥʝʥ 

ʪʘʨʘʣסʘʥ ʢᴇʤʽʨʩʫʪʝʢʪʝʨ ץʦʩʧʘʩʳ           (1 ʩʫʨʝʪ). ʊʘʙʠסʠ ʙʠʪʫʤʜʳ ʪʘʫ ʞʳʥʳʩʪʘʨʳʥʘʥ 

ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʝ ʝʨʽʪʫ ʘʨץʳʣʳ (ʵʢʩʪʨʘʢʮʠʷʣʘʫ) ʥʝʤʝʩʝ ץʘʟʘʥʜʳץʪʘʨʜʘ ʪʘʟʘ ʢװʡʽʥʜʝ 

 ʜʝʫ ʞᴅʥʝשʘʥ ʩʫ ʙʫʳʤʝʥ ᴇסʘʡʥʘʪʳʣץ (ʤʪʘʩʪʳײץ ʙʠʪʫʤʠʥʦʟʜʳ) ʘʥ ʪʘʫ ʞʳʥʳʩʪʘʨʳʥסʪʘʣץʩʘײ

ʨʝʪʦʨʪʠʥʛ ᴅʜʽʩʪʝʨʽʤʝʥ ʙᴇʣʽʧ ʘʣʘʜʳ. ʊʘʙʠסʠ ʙʠʪʫʤʥʳש ʰʠʢʽʟʘʪʳ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʤײʥʘʡ 

-ʥʘʡײʥʘʡ, ʤײʤʜʘʨ, ᴇʪʝ ʘʫʳʨ ʤײץ ʤʜʘʨ, ʰʘʡʳʨʣʳײץ ʥʘʡ-ʙʠʪʫʤʠʥʦʟʜʳײʤʜʘʨʳ: ʤײץ

ʙʠʪʫʤʠʥʦʟʜʳ ʤʠʥʝʨʘʣʜʘʨ (ײץʤʪʘʩʪʘʨʳ), ʤʘʡ ʞᴅʥʝ ʪ.ʙ. ʩʳʥʜʳ ʘʪʘʫʣʘʨסʘ ʠʝ. ʂᴅʜʽʤʛʽ ʰʠʢʽ 

ʤײʥʘʡʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʤײʥʘʡʣʳ ײץʤʜʘʨʜʳײץ שʨʘʤʳʥʜʘ ʢᴇʤʽʨʪʝʛʽ ʤᴇʣʰʝʨʽ ʞʦסʘʨʳ,  ʘʣ 

ʩʫʪʝʛʽ ʞʝʪʢʽʣʽʢʩʽʟ ʙʦʣʳʧ ʢʝʣʝʜʽ [4]. 
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ʉʫʨʝʪ 1 ï ʊʘʙʠסʠ ʙʠʪʫʤʥʳש ʪʘʙʠסʘʪʪʘ ʢʝʟʜʝʩʫʽ 

 

ʊʘʙʠסʠ ʙʠʪʫʤ ʦʨʥʘʣʘʩץʘʥ ʞʝʨʽʥʝ ʞᴅʥʝ ײץʨʘʤʳʥʘ ʙʘʡʣʘʥʳʩʪʳ װʰ ʪװʨʛʝ ʙᴇʣʽʥʝʜʽ: 

1. ʇʣʘʩʪʳ (ʧʣʘʩʪʦʚʳʝ) ʙʠʪʫʤ: ʪʘʙʠסʠ ʰᴇʛʽʥʜʽ ʞʳʥʳʩʪʘʨʳʥʘ (ʤʳʩʘʣʳ: ᴅʢʪʘʩ, 

 ;ʡʽʥʜʝ ʙʦʣʘʜʳװʛʝʥ ʢשʤʪʘʩ, ʜʦʣʦʤʠʪʢʝ) ʩʽײץ

2. ɹʝʪʪʽʢ (ʧʦʚʝʨʭʥʦʩʪʳʝ) ʙʠʪʫʤ: ʞʝʨʜʽש ʙʝʪʽʥʝ ʞʠʥʘʣסʘʥ ʢᴇʣ ʪᴅʨʽʟʜʝʩ; 

3. ᴆʟʝʢʪʽ (ʞʠʣʴʥʳʝ) ʙʠʪʫʤ: ײץʨʘʤʳʥʜʘ ʘʟ ʤᴇʣʰʝʨʜʝ ʤʠʥʝʨʘʣʜʳ ץʦʩʧʘʣʘʨʳ ʙʘʨ. 

 ץʨʣʽ ʘʛʨʝʛʘʪʪʳװʰ ʪװ ʘʩʠʝʪʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 20-25Áʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘץ ץʨʳʣʳʤʜʳײפ

ʢװʡʜʝ ʙʦʣʘʜʳ ʞᴅʥʝ ʩʦʣ ʙʦʡʳʥʰʘ ʞʽʢʪʝʣʝʜʽ: 

1. 20-25Áʉ-ʜʝ ʩʝʨʧʽʤʜʽ ʞᴅʥʝ ʦʤʳʨʳʣסʳʰïץʘʪʪʳ (ʪʳסʳʟʜʳסʳ 1 ʛ/ʩʤ
3
 ʞʦסʘʨʳ); 

2. 20-25Áʉ-ʜʝ ʩʦʟʳʣסʳʰ ʞᴅʥʝ ʩʝʨʧʽʤʜʽʣʽʛʽ ʞʦסʘʨʳ ï ʦʨʪʘʰʘ ץʘʪʪʳʣʳץʪʘ 

(ʪʳסʳʟʜʳסʳ 1 ʛ/ʩʤ
3
 ʰʘʤʘʩʳʥʜʘ); 

3. 20-25Áʉ-ʜʝ ʘץץʳʰʪʳסʳ ʞʦסʘʨʳ ï ʩײʡʳץ (ʪʳסʳʟʜʳסʳ 1 ʛ/ʩʤ
3
 ʪʘʥ ʪᴇʤʝʥ). 

ʊʘʙʠסʠ ʙʠʪʫʤ, ᴅʜʝʪʪʝ, ʭʠʤʠʷ ʞᴅʥʝ ʣʘʢ-ʙʦʷʫ ᴇʥʝʨʢᴅʩʽʧʪʝʨʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ. ʊʘʙʠסʠ 

ʙʠʪʫʤ ʪʘʙʠסʘʪʪʘ ʩʠʨʝʢ ʢʝʟʜʝʩʝʜʽ, ʰʠʢʽʟʘʪʪʳץ שʳʤʙʘʪ ʙʦʣʫʳ ʩʘʣʜʘʨʳʥʘʥ ʦʥʳ ײץʨʳʣʳʩʪʘ 

ʞᴅʥʝ ʞʦʣ ʩʘʣʫʜʘ ʧʘʡʜʘʣʘʥʳʣʫ ʰʝʢʪʝʫʣʽ. ʊʘʙʠסʠ ʙʠʪʫʤʥʘʥ ʙᴇʣʝʢ ʘʩʬʘʣʴʪʪʳ ʞᴅʥʝ ʤײʥʘʡ 

ʙʠʪʫʤʳ ᴇʥʜʽʨʽʩʪʝ ʢᴇʙʽʨʝʢ ץʦʣʜʘʥʳʣʘʜʳ. 

ɿʝʨʪʪʝʫʣʝʨʜʝʥ ʙʝʣʛʽʣʽ ʙʦʣסʘʥʜʘʡ, ʤײʥʘʡʣʳ ײץʤ ʦʥʳײץ שʨʘʤʳʥʘ ʝʥʝʪʽʥ ײץʤ 

ʪװʡʽʨʰʽʢʪʝʨʽʥʽש ʪʘʙʠסʠ ʙʠʪʫʤ ʤʝʥ ʜʳʤץʳʣ ʩʫʜʳץ שʦʨʰʘʫʳ ʩʘʣʜʘʨʳʥʘʥ ʰᴇʛʫ ʙʘʨʳʩʳʥʜʘ 

ʪװʟʽʣʝʜʽ (ʉʫʨʝʪ 2) [5]. ɹʠʪʫʤ ʤʝʥ ײץʤ ʪװʡʽʨʰʽʛʽ ʘʨʘʩʳʥʜʘסʳ ʩʫ ץʘʙʘʪʳ ʜʠʘʤʝʪʨʽ 10 ʥʤ-ʜʝʡ 

ʙʦʣʘʪʳʥʜʳסʳ ʘʥʳץʪʘʣʜʳ [6]. 
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ʉʫʨʝʪ 2 ï ʉʕʄ ʢᴇʤʝʛʽʤʝʥ ʘʣʳʥסʘʥ ʤײʥʘʡʣʳ ײץʤʥʳש ᴇשʜʝʫʛʝ ʜʝʡʽʥʛʽ (ʩʦʣ 

ʞʘץʪʘסʳ) ʞᴅʥʝ ᴇשʜʝʫʜʝʥ ʢʝʡʽʥʛʽ (ʦש ʞʘץʪʘסʳ) ʢᴇʨʽʥʽʩʽ 

 

ʉʦʥʳʤʝʥ, ʤײʥʘʡ ײץʤʜʘʨʳʥʜʘסʳ ʪʘʙʠסʠ ʙʠʪʫʤ ʤʝʥ ײץʤ ʪװʡʽʨʰʽʢʪʝʨʽ ʘʨʘʩʳʥʜʘסʳ 

ʙʘʡʣʘʥʳʩʪʳ ʟʝʨʪʪʝʫ ʤײʥʘʡ ײץʤʜʘʨʳʥ ᴇשʜʝʫ ʞᴅʥʝ ᴇʥʜʽʨʫ ʢʝʟʽʥʜʝ ᴇʟ ʧʘʡʜʘʩʳʥ ʙʝʨʝʜʽ. 

ʆʩʳʣʘʡʰʘ, ʙʽʟ ʤײʥʘʡ ײץʤʜʘʨʳʥʳײץ שʨʳʣʳʤʳ ʪʫʨʘʣʳ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʡ ʘʣʘʤʳʟ (ʉʫʨʝʪ 3). 

 

ʉʫʨʝʪ 3 ï ʄײʥʘʡ ײץʤʳʥʳײץ שʨʳʣʳʩʳ 

ɾʘʩʘʥʜʳ (ʪʝʭʥʠʢʘʣʳץ) ʙʠʪʫʤ ï ʭʠʤʠʷʣʳײץ ץʨʘʤʳ ʞʘסʳʥʘʥ ʪʘʙʠסʠ ʙʠʪʫʤסʘ ץײʩʘʩ, 

ʤײʥʘʡ, ʪʘʩ ʢᴇʤʽʨ ʞᴅʥʝ ʪʘץʪʘʪʘʩʪʳש ᴇʥʽʤʽ. ᴆשʜʝʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥʘ ץʘʨʘʡ ï ʪʦʪʳץץʘʥ, ץʘʣʜʳץ, 

ʢʨʝʢʠʥʛʪʽʢ ʞᴅʥʝ ʢʦʤʧʘʫʥʜʠʨʣʝʥʛʝʥ ʙʠʪʫʤ ʙʦʣʳʧ ʪᴇʨʪʢʝ ʙᴇʣʽʥʝʜʽ. 

 ʘʨʤʘʡסʘʨʳ ʰʘʡʳʨʣʳ ʤʘʡʜʘʥ ʞʘʥʘʨ-ʞʘסʳʣʘʨʜʘ ʞʦסʦʥʜʳʨץ ʙʠʪʫʤ ï ʚʘʢʫʫʤʜʳ ץʘʣʜʳפ

ʟʘʪʪʘʨʳʥ װʟʜʽʢʩʽʟ ʪʘʟʘʣʘסʘʥʥʘʥ ʢʝʡʽʥ (ʪʝʨʝש ʚʘʢʫʫʤʜʳ ʪʘʟʘʨʪʫ ʘʨץʳʣʳ) ʘʣʳʥʘʪʳʥ, ץʘʪʪʳ, 

ʦʨʪʘʰʘ ʪײʪץʳʨʣʳץץʘ ʠʝ ץʘʣʜʳץ. 

ʊʦʪʳץץʘʥ ʙʠʪʫʤ ï ʛʫʜʨʦʥ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʤײʥʘʡ ץʘʣʜʳץʪʘʨʳʥ ʦʪʪʝʛʽʤʝʥ ʪʦʪʳץʪʳʨʫ 

ʞʦʣʳʤʝʥ ʘʣʳʥʘʪʳʥ ᴇʥʽʤ. ʆʪʪʝʛʽʤʝʥ ʪʦʪʳץʪʳʨʫ ʙʠʪʫʤסʘ ʪײʪץʳʨʣʳץ ʙʝʨʽʧ, ʦʥʳ ץʘʪʘʡʪʘʜʳ. 

ɹʠʪʫʤʥʳש ʙײʣ ʪװʨʽ ץʘʣʜʳץ ʙʠʪʫʤסʘ ץʘʨʘסʘʥʜʘ ʩʝʨʧʽʤʜʽʣʽʢ ץʘʩʠʝʪʢʝ ʠʝ ʞᴅʥʝ ʪʝʤʧʝʨʘʪʫʨʘסʘ 

ʪײʨʘץʪʳ. 
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ʂʨʝʢʠʥʛʪʽʢ ʙʠʪʫʤʜʳ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʙʝʥʟʠʥ ʘʣʫ װʰʽʥ ʰʠʢʽ ʤײʥʘʡ ʤʝʥ ʤʘʡʣʘʨʜʳ 

ʳʜʳʨʘʪʫ ʘʨץʳʣʳ ʰʳסʘʨʘʜʳ. ᴄʨʽ ץʘʨʘʡ, ʙײʣ ץʘʣʜʳץʪʘʨ ʪʦʪʳסʫסʘ ײʰʳʨʘʡʜʳ, ʦʩʳʣʘʡʰʘ 

ʩʳʥסʳʰʪʳסʳ ʞʦסʘʨʳ ʙʠʪʫʤ ʘʣʳʥʘʜʳ. 

ʂʦʤʧʘʫʥʜʠʨʣʝʥʛʝʥ ʙʠʪʫʤʜʳ ʰʠʢʽ ʤײʥʘʡʜʳ ᴇשʜʝʫʜʝʥ ʘʣʳʥסʘʥ ץʘʣʜʳץʪʘʨʜʳ ʘʨʘʣʘʩʪʳʨʫ 

ʘʨץʳʣʳ ʘʣʘʜʳ. ʄײʥʜʘ ʧʦʣʠʤʝʨʣʝʨ, ʢᴇʤʽʨ ʤʘʡʣʘʨʳ, ʛʫʜʨʦʥ, ʞʝשʽʣ ʤײʥʘʡ ʬʨʘʢʮʠʷʣʘʨʳ 

ʩʠʷץʪʳ ᴅʨʪװʨʣʽ ʙʽʨʽʢʪʽʨʫʰʽ ץʦʩʧʘʣʘʨ ʞʠʽ ץʦʣʜʘʥʳʣʘʜʳ. ʆʩʳʥʳש ʘʨץʘʩʳʥʜʘ ʦʣʘʨʜʘʥ ץʘʞʝʪʪʽ 

 ʫסʜʠʩʪʠʣʣʷʮʠʷ ʥʝʤʝʩʝ ʪʦʪʳ ץʥʳ ʚʘʢʫʫʤʜʳײʤʢʽʥʜʽʢ ʪʫʘʜʳ. ɸʣ ʤװʘ ʤסʘʩʠʝʪʢʝ ʠʝ ʙʠʪʫʤ ʘʣʫץ

ʘʨץʳʣʳ ʞʘʩʘʫ ʤװʤʢʽʥ ʝʤʝʩ. 

 ʨʳʣʳʩʪʘ, ʰʘʪʳʨײץ ʞᴅʥʝ ʢʨʝʢʠʥʛʪʽʢ ʙʠʪʫʤʜʘʨ (ʘʥסʳʣʜʘʥץʳʰץ) ʘʥץץʪʦʪʳ ,ץʘʣʜʳפ

ʙʠʪʫʤʳ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ. ʂʨʝʢʠʥʛʪʽʢ ʙʠʪʫʤ ʞʦʣ ʩʘʣʫʜʘ ץʦʣʜʘʥʳʣʘʜʳ. ʄײʥʘʡʜʘʥ 

ʘʣʳʥסʘʥ ʢʦʤʧʘʫʥʜʠʨʣʝʥʛʝʥ ʙʠʪʫʤ ʪʝʢ ʞʦʣ ʙʠʪʫʤʜʘʨʳʥ ᴇʥʜʽʨʫʜʝ סʘʥʘ ץʦʣʜʘʥʳʣʘʜʳ. 

ʄʝʤʣʝʢʝʪʪʽʢ ʩʪʘʥʜʘʨʪʪʘʨ ʙʦʡʳʥʰʘ (ʄʝʤʉʊ 222457-76) ʞʦʣ ײץʨʳʣʳʩʳʥʘ ʘʨʥʘʣסʘʥ 

ʞʘץʩʘʨʪʳʣסʘʥ, ʪײʪץʳʨʣʳסʳ ʞʦסʘʨʳ ʤײʥʘʡ ʙʠʪʫʤʜʘʨʳʥʳש ʙʝʩ ʤʘʨʢʘʩʳ ᴇʥʜʽʨʽʣʝʜʽ: ɹʅɼ-

200/300, ɹʅɼ-130/200, ɹʅɼ-90/130, ɹʅɼ-60/90 ʞᴅʥʝ ɹʅɼ-40/60. 

 ʘʥ ʙʠʪʫʤסʘ ʘʨʥʘʣסʳ 1 ʤʣʥ ʪʦʥʥʘʜʘʥ ʘʩʘʪʳʥ ʞʦʣסʫʘʪʪʳʣʳץ שʩʪʘʥʜʘ ᴇʥʜʽʨʽʩʽʥʽץʘʟʘפ

ʰʳסʘʨʘʪʳʥ 4 ʽʨʽ ʟʘʫʳʪ ʞײʤʳʩ ʽʩʪʝʡʜʽ. ʆʣʘʨ ʤײʥʘʡ ᴇשʜʝʫ ʟʘʫʳʪʪʘʨʳ ʙʘʨ ʘʡʤʘץʪʘʨʜʘ 

ʦʨʥʘʣʘʩץʘʥ. ʄʘסשʳʩʪʘʫ ʦʙʣʳʩʳʥʜʘ 2013 ʞʳʣʜʘʥ ʙʝʨʽ ʪײʨʘץʪʳ ʪװʨʜʝ ʞײʤʳʩʳʥ ʞʘʣסʘʩʪʳʨʳʧ 

ʢʝʣʝ ʞʘʪץʘʥ ï çʉʇ çCASPI BITUMè ɾʐʉ, ʐʳʤʢʝʥʪʪʝ ʙʠʪʫʤʠʥʦʟʜʳ ʤʘʪʝʨʠʘʣʜʘʨʜʳ 

ʩʘʪʘʪʳʥ çɻʘʟʧʨʦʤʥʝʬʪʴè ʢᴅʩʽʧʦʨʥʳʥʘ ʝʥʰʽʣʝʩ çɻʘʟʧʨʦʤʥʝʬʪʴ-ɹʠʪʫʤ פʘʟʘץʩʪʘʥè 

ʢᴅʩʽʧʦʨʳʥʳ, ʇʘʚʣʦʜʘʨ ʤײʥʘʡ ᴇשʜʝʫ ʟʘʫʳʪʳ ʞᴅʥʝ ɸʣʤʘʪʳ ʦʙʣʳʩʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ çɸʩʬʘʣʴʪ 

ʞᴅʥʝ ʙʠʪʫʤè ʟʘʫʳʪʪʘʨʳ. ɹʠʪʫʤʠʥʦʟʜʳ ײץʤʜʘʨ ʥʝʛʽʟʽʥʝʥ פʘʟʘץʩʪʘʥʥʳש ʙʘʪʳʩ ᴇשʽʨʣʝʨʽʥʜʝ ï 

ɸץʪᴇʙʝ, ɸʪʳʨʘʫ ʞᴅʥʝ ʄʘסשʳʩʪʘʫ ʦʙʣʳʩʪʘʨʳʥʜʘ ʰʦסʳʨʣʘʥסʘʥ (ʉʫʨʝʪ 4). 

 

 

ʉʫʨʝʪ 4 ï פʘʟʘץʩʪʘʥʥʳש ʤײʥʘʡʣʳ ײץʤ ʢᴇʧ ʦʨʥʘʣʘʩץʘʥ ᴇשʽʨʣʝʨʽ 

 ʞʳʣʜʘʨʳʥʜʘ-40 שʘʩʳʨʜʳס ʥʘʡ-ʙʠʪʫʤʠʥʦʟʜʳ ʞʳʥʳʩʪʘʨʳʥ ʟʝʨʪʪʝʫ ʍʍײʩʪʘʥʜʘ ʤץʘʟʘפ

ʙʘʩʪʘʫ ʘʣסʘʥ. ʆʩʳ ʩʘʣʘʜʘ ʄ.ʌ.ʀʝʨʫʩʘʣʠʤʩʢʠʡ, ɺ.ɺ.ʂʦʣʧʘʢʦʚ, ʉ.ɺ.ʄʝʰʝʨʷʢʦʚʪʘʨʜʳש 

ʝשʙʝʢʪʝʨʽ ʦʨʘʩʘʥ ʟʦʨ. 70-ʞʳʣʜʘʨʜʘʥ ʙʝʨʽ ץʘʨʘʡ ʄɹɾ-ʥʳ ʙʘʨʣʘʫ, ʟʝʨʪʪʝʫ ʞᴅʥʝ ʦʣʘʨʜʳ ᴇשʜʝʫ 
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ʤʝʥ ʙᴇʣʽʧ ʘʣʫʜʘ ʅ.ʂ.ʅʘʜʠʨʦʚ, ʐ.ɸ.ɸʣʪʘʝʚ, ɺ.ʂ.ɹʠʰʠʤʙʘʝʚ, ɽ.ʂ.פʘʣʜʳʛʦʟʦʚ, ʄ.ʅ.ʂʠʩʝʣʝʚʘ, 

ʐ.ʍ.ɹʝʢʙʫʣʘʪʦʚ ʞᴅʥʝ ʪ.ʙ. סʘʣʳʤʜʘʨ ʽʟʜʝʥʽʩ ʞײʤʳʩʪʘʨʳʥ ʞʘʣסʘʩʪʳʨʜʳ. 

 שʘʩʳʨʜʳס ʘʥ ʢʝʰʝʥʜʽ ʽʩ-ʰʘʨʘʣʘʨ ᴇʪʢʝʥסʳʪʪʘʣסʜʝʫʛʝ ʙʘשʤʜʘʨʳʥ ᴇײץ ʥʘʡײʩʪʘʥʜʘ ʤץʘʟʘפ

80-90 ʞʳʣʜʘʨʳʥʜʘ ʞװʨʛʽʟʽʣʛʝʥ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ, פʘʟʘץʩʪʘʥʥʳש ʙʘʪʳʩ ʙᴇʣʽʛʽʥʜʝ 

120 ʤʝʪʨʛʝ ʜʝʡʽʥʛʽ ʪʝʨʝשʜʽʢʪʝ ʪʘʙʠסʠ ʙʠʪʫʤʥʳ1 ש ʤʠʣʣʠʘʨʜ ʪʦʥʥʘʜʘʥ ʘʩʪʘʤ ץʦʨʳ, 15-20 

ʤʠʣʣʠʘʨʜ ʪʦʥʥʘʜʘʥ ʘʩʘʪʳʥ ʤײʥʘʡ ײץʤʜʘʨʳʥʳץ שʦʨʳ ʙʘʨ. ɽʣʽʤʽʟʜʝ ʤײʥʘʡ-ʙʠʪʫʤʠʥʦʟʜʳ 

ʞʳʥʳʩʪʘʨʜʳ60 ש-ʪʘʥ ʘʩʪʘʤ ʢʝʥ ʦʨʳʥʜʘʨʳ ʘʥʳץʪʘʣʜʳ, ʦʥʳש ʙʽʨʰʘʤʘ ʞʘץʩʳ ʙʘʨʣʘʥסʘʥʜʘʨʳ ï 

ʄʘסשʳʩʪʘʫ ʦʙʣʳʩʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ ï ɹʝʢʝ, ɸץʪᴇʙʝ ʦʙʣʳʩʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ ï ʄʦʨʪʳץ) ץʦʨʳ 

40-45 ʤʣʥ. ʪʦʥʥʘ), ɸʪʳʨʘʫ ʦʙʣʳʩʳʥʜʘ ï ʀʤʘʥ-פʘʨʘ, ɽʩʝʢʞʘʣ, ʂᴇʣʞʘʥ, ɸץʰʠ ʞᴅʥʝ ʄײʥʘʡʣʳ 

ʄʦʣʘ ʢʝʥ ʦʨʳʥʜʘʨʳ [3, 7]. 

ʂʘʩʧʠ ʙʠʪʫʤ ʟʘʫʳʪʳ ʘʚʪʦʞʦʣʜʘʨסʘ ʘʨʥʘʣסʘʥ ʙʠʪʫʤʜʳ (ɹʅɼ 70/100 ʞᴅʥʝ ɹʅɼ 100/130 

ʤʘʨʢʘʣʳ ʞʦʣ ʙʠʪʫʤʜʘʨʳʥ) פʘʨʘʞʘʥʙʘʩ ʢʝʥ ʦʨʥʳʥʳש ʞʦסʘʨʳ ʰʘʡʳʨʣʳ ʙʠʪʫʤʠʥʦʟʜʳ 

ʤʘʡʳʥʘʥ ʘʣʘʜʳ. ʐʠʢʽʟʘʪ ᴇʟʽʥʝ ʪᴅʥ ʘʫʳʨʣʳסʳʤʝʥ, ʰʘʡʳʨʣʳʣʳסʳʤʝʥ, ץʘʣʜʳץ ʬʨʘʢʮʠʷʥʳש 

ʞʦסʘʨʳ ʰʳסʳʤʜʳʣʳסʳʤʝʥ, ײץʨʘʤʳ ʢװʢʽʨʪʪʽ ʞᴅʥʝ ʪᴇʤʝʥ ʧʘʨʘʬʠʥʜʽʣʽʛʽʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ. 

ᴆʥʜʽʨʽʩ ʦʨʥʳʥʜʘסʳ ʟʝʨʪʭʘʥʘʣʘʨ ɻʆʉʊ ʀʉʆ/ʄʕʂ 1702-2019 ʪʘʣʘʧʪʘʨʳʥʘ ʩʘʡ ʞᴅʥʝ ᴇʥʽʤʜʝʨ 

 ʨʣʝʥʜʽʨʽʣʛʝʥװʳ ʙʽʨ ᴇʥʽʤʽ ï ʧʦʣʠʤʝʨʣʽ ʪסʪʘ שʈ ʉʊ 1373-2013 ʙʦʡʳʥʰʘ ʪʘʣʜʘʥʘʜʳ. ᴆʥʜʽʨʽʩʪʽפ

(ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ) ʙʠʪʫʤ. ʆʥʳש ʞײʤʳʩ ʪʝʤʧʝʨʘʪʫʨʘʩʳ 100 Áʉ-ץʘ ʜʝʡʽʥ ʞʝʪʝʜʽ ʞᴅʥʝ ʙײʣ 

 ʦʣʜʘʥʳʣʫʳץ ʞʦʣ ʪᴇʩʝʤʽʥʝ שʘʨʳ. ᴆʥʽʤʥʽסʘ ʞʦץ-ʘʥʜʘ 40-50 Áʉסʘʨʘץ ʘסʘʨʘʧʘʡʳʤ ʙʠʪʫʤץ

ʞʦʣʜʳש ʞʘʨʘʤʜʳʣʳץ ʤʝʨʟʽʤʽʥ 1,5-ʥʘʥ 2 ʝʩʝʛʝ ʜʝʡʽʥ ʘʨʪʪʳʨʘʜʳ. ɿʘʫʳʪ ʰʳסʘʨʘʪʳʥ ʙʠʪʫʤ 

ʞʘʣʧʳ פʘʟʘץʩʪʘʥʜʘ ᴇʥʜʽʨʽʣʝʪʽʥ ʙʠʪʫʤʥʳ42 ש %-ʳʥ ײץʨʘʡʜʳ. 

 ᴇʥʜʽʨʽʩ שʩʪʘʥè ʢᴅʩʽʧʦʨʥʳʥʳץʘʟʘפ ʘ 2011 ʞʳʣʳ ʝʥʛʝʥ çɻʘʟʧʨʦʤʥʝʬʪʴ-ɹʠʪʫʤץʦʣʜʘʥʳʩפ

 ץʩʪʘʥʜʳץʘʟʘץ ʜʘ ʩʘʧʘʩʳ ʨʝʩʝʡʣʽʢ ʞᴅʥʝשʘ ʞʝʪʝʜʽ. ᴆʥʜʽʨʽʩʪʽʢ ʘʣʘסʫʘʪʳ ʪᴅʫʣʽʛʽʥʝ 1000 ʪʦʥʥʘץ

ʩʪʘʥʜʘʨʪʪʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ɹʅɼ 60/90 ʞᴅʥʝ 70/100 ʩʪʘʥʜʘʨʪʪʳ ʙʠʪʫʤʜʘʨ ʰʳסʘʨʳʣʘʜʳ. 

ʂᴅʩʽʧʦʨʳʥʥʳש ʥʝʛʽʟʛʽ ʙʘסʳʪʳ ʙʠʪʫʤʜʳץ ʤʘʪʝʨʠʘʣʜʘʨ ʰʳסʘʨʫ ʞᴅʥʝ ʪʘʩʳʤʘʣʜʘʫ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 

ʇʘʚʣʦʜʘʨ ʤײʥʘʡ-ʭʠʤʠʷ ʟʘʫʳʪʳ ץʘʟʽʨʛʽ ʢʝʟʜʝʛʽ פʘʟʘץʩʪʘʥ ʘʫʤʘסʳʥʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ 

ʙʠʪʫʤʥʳ50 ש %-ʳʥ ʰʳסʘʨʘʜʳ. ᴆʥʽʤʜʝʨʽ ï ɹʅɼ 70/100 ʞᴅʥʝ 100/130 ʤʘʨʢʘʣʳ ʙʠʪʫʤʜʘʨ. 

 שʘʥ ɹʝʢʝ ʢʝʥ ʦʨʥʳʥʳץʳʩʪʘʫ ʦʙʣʳʩʳʥʜʘ ʦʨʥʘʣʘʩסשʘʣʳʤʜʘʨ [3-5] ʄʘס ץʩʪʘʥʜʳץʘʟʘפ

ʪʘʙʠסʠ ʙʠʪʫʤʳʥ ʟʝʨʪʪʝʛʝʥ. ʊʘʙʠסʠ ʙʠʪʫʤʥʳײץ שʨʘʤʳʥʘ ʝʥʝʪʽʥ ʰʘʡʳʨʣʳ-ʘʩʬʘʣʴʪʝʥʜʽ 

ʢʦʤʧʦʥʝʥʪʪʝʨ ʀפ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʤʦʣʝʢʫʣʘʣʳײץ ץʨʳʣʳʤʳ ʇʄʈ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ, 

 ʨʳʣʳʤʳ ʄʦʥʪʝ-ʂʘʨʣʦ ᴅʜʽʩʽʤʝʥײץ ץʤʦʣʝʢʫʣʘʣʳ ץʪʘʣʜʘʫ, ʛʠʧʦʪʝʪʠʢʘʣʳ ץʪʦʧʪʳ-ץʨʳʣʳʤʜʳײץ

 ʘʨʘʩʪʳʨʳʣʳʧ, ʥᴅʪʠʞʝʩʽʥʜʝ ʟʝʨʪʪʝʣʛʝʥ ʢʝʥ ʦʨʥʳʥʜʘ ʘʨʦʤʘʪʪʳ ʞᴅʥʝ ʥʘʬʪʝʥʜʽץ

 .ʘʥסʪʘʣץʘʨʳ ʝʢʝʥʜʽʛʽ ʘʥʳסʞʦ שʘʣʢʠʣ ʪʦʧʪʘʨʳʥʳ ץʪʳץʪᴇʤʝʥ ʞᴅʥʝ ʪʘʨʤʘ שʨʳʣʳʤʜʘʨʜʳײץ

ʂʝʣʝʩʽ ʙʽʨ ʟʝʨʪʪʝʫʣʝʨʜʝ [4, 10-12] ɹʝʢʝ ʞᴅʥʝ ʄײʥʘʡʣʳ ʄʦʣʘ ʢʝʥ ʦʨʳʥʜʘʨʳʥʳש ʤײʥʘʡ-

ʙʠʪʫʤʠʥʦʟʜʳ ʞʳʥʳʩʪʘʨʳʥʘʥ ʪʘʙʠסʠ ʙʠʪʫʤʜʳ ʙᴇʣʫʛʝ ʘʨʥʘʣסʘʥ ʵʢʩʪʨʘʢʮʠʷ (ʛʝʢʩʘʥʜʘ, 
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ʭʣʦʨʦʬʦʨʤʜʘ, ʙʝʥʟʦʣʜʘ), ʘʤʤʦʥʠʡ ʞᴅʥʝ ʥʘʪʨʠʡ ʢʘʨʙʦʥʘʪʪʘʨʳ ʝʨʽʪʽʣʝʨʽʥʜʝʪʝʨʤʦʣʠʟʜʝʫ, 

ʥʘʪʨʠʡ ʩʠʣʠʢʘʪʳ ʝʨʽʪʽʥʜʽʩʽʥʜʝ ʫʣʴʪʨʘʜʳʙʳʩʪʳץ ᴅʩʝʨ ʝʪʫ ʞᴅʥʝ ʩʫʧʝʨʢʨʠʪʠʢʘʣʳץ 

ʩײʡʳץʪʳץʪʘʨʜʘ (ʛʝʢʩʘʥʜʘ ʞᴅʥʝ ʠʟʦʧʨʦʧʘʥʦʣʜʘ) ʝʨʽʪʫ ᴅʜʽʩʪʝʨʽ ץʘʨʘʩʪʳʨʳʣסʘʥ. ʅᴅʪʠʞʝʩʽʥʜʝ, 

ʵʢʩʪʨʘʢʮʠʷʣʘʥʳʧ ʘʣʳʥסʘʥ ʪʘʟʘ ʪʘʙʠסʠ ʙʠʪʫʤ ʰʳסʳʤʳ: ɹʝʢʝ ʢʝʥ ʦʨʥʳ-12,1%, ʄײʥʘʡʣʳ ʄʦʣʘ 

ʢʝʥ ʦʨʥʳ-20%-ʜʳ ײץʨʘʜʳ. ɻʝʢʩʘʥ ʤʝʥ ʠʟʦʧʨʦʧʘʥʦʣʜʳש ʘʩʘ ʢʨʠʪʠʢʘʣʳץ ʩײʡʳץʪʳץ 

ʦʨʪʘʩʳʥʜʘסʳ ɹʝʢʝ ʢʝʥ ʦʨʥʳʥʳש ʪʘʙʠסʠ ʙʠʪʫʤʥʳש ʰʳסʳʤʳ 65-70%-ʜʳ ײץʨʘʩʘ, ʝʢʽ ʢʝʥ 

ʦʨʥʳʥʜʘ ʜʘ ʙʠʪʫʤʥʳש ʝש ʞʦסʘʨʳ ʰʳסʳʤʳ (95 %-סʘ ʜʝʡʽʥ) 90ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 1%-ʜʳץ 

Na2OĿnSiO2 ʝʨʽʪʽʥʜʽʩʽʥʜʝ 40 ʤʠʥʫʪ ʫʣʴʪʨʘʜʳʙʳʩʪʳץ ᴅʩʝʨ ʝʪʢʝʥʜʝ ʙʘʡץʘʣʜʳ. 

ʊײʪץʳʨʣʳסʳ ʞʦסʘʨʳ ʘʫʳʨ ʤײʥʘʡ ʤʝʥ ʪʘʙʠסʠ ʙʠʪʫʤʜʘʨ ʤײʥʘʡ ʥʝʤʝʩʝ ʛʘʟ ʩʠʷץʪʳ 

ʪʘʫʘʨʣʳץ ᴇʥʽʤ ʙʦʣʳʧ ʪʘʙʳʣʤʘʡʪʳʥʜʳץʪʘʥ, ʦʣʘʨʜʳ ʧʘʡʜʘסʘ ʞʘʨʘʪʫ װʰʽʥ, ʷסʥʠ ʢʦʥʜʠʮʠʦʥʜʳ 

ʤײʥʘʡסʘ ʥʝʤʝʩʝ ʙʘסʘʣʳ ʤײʥʘʡ ᴇʥʽʤʜʝʨʽʥʝ ʙʘʣʘʤʘ ʙʦʣʘʪʳʥ ʤײʥʘʡ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ 

 ʠ ʞᴅʥʝ ʞʘʩʘʥʜʳסʜʘ ʪʘʙʠשʘʟʽʨʛʽ ʪʘפ .ʦʣʜʘʥʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽץ ʘʨʪʫ ʧʨʦʮʝʩʪʝʨʽʥשʦʩʳʤʰʘ ʞʘץ

ʙʠʪʫʤ פʘʟʘץʩʪʘʥʜʘ ʞʦʣ ײץʨʳʣʳʩʳʥʜʘ ʞᴅʥʝ ײץʨʳʣʳʩʪʘ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʩץʘ ʠʝ. ɸʣ ʜʘʤʳסʘʥ 

ʤʝʤʣʝʢʝʪʪʝʨʜʝ ʙʠʪʫʤʠʥʦʟʜʳ ʟʘʪʪʘʨʜʳש ʞʘשʘʰʘ ץʘʩʠʝʪʪʝʨʛʝ ʠʝ ʪװʨʣʝʨʽʥ ʰʳסʘʨʳʧ ץʘʥʘ 

 ʳסʦʣʜʘʥʳʩʪʘץ ʘ, ʥʝʤʝʩʝסʥʘʡײʠ ʙʠʪʫʤʜʳ ʢᴅʜʽʤʛʽ ʤסʥʘʡʜʳ ʞᴅʥʝ ʪʘʙʠײʦʡʤʘʡ, ʘʫʳʨ ʤץ

ʪʝʨʤʠʥʤʝʥ ʘʡʪץʘʥʜʘ, çʩʠʥʪʝʪʠʢʘʣʳץè ʤײʥʘʡסʘ ʘʡʥʘʣʜʳʨʫ ʞײʤʳʩʪʘʨʳ ʞװʨʛʽʟʽʣʫʜʝ. ʆʥʳש ʙʽʨ 

ʜᴅʣʝʣʽ ï ʂʘʥʘʜʘʥʳש çSuncrudeè ʢᴅʩʽʧʢʝʨʣʽʛʽ. ɹײʣ ᴇʥʜʽʨʽʩʪʽש ʥʝʛʽʟʽʥʝ ʘʫʳʨ ʤײʥʘʡʜʳ ʞᴅʥʝ 

ʪʘʙʠסʠ ʙʠʪʫʤʜʳ ʙʘʷʫ ʢʦʢʩʪʝʫ ʞᴅʥʝ ʬʣʝʢʩʠʢʦʢʠʥʛ ʪʝʭʥʦʣʦʛʠʷʣʳװ ץʜʝʨʽʩʪʝʨʽ ʞʘʪʘʜʳ. 

ɼʝʛʝʥʤʝʥ, ʘʪʘʣסʘʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʪʠʽʤʩʽʟ ʞᴅʥʝ ʵʢʦʣʦʛʠʷסʘ ʢʝʣʪʽʨʝʨ ᴅʩʝʨʽ ʙʘʨ. ʉʦסשʳ ʢʝʟʜʝ 

ʪʘʙʠסʠ ʙʠʪʫʤʜʳ ʛʠʜʨʦʢʨʝʢʠʥʛ ᴅʜʽʩʽʤʝʥ ᴇשʜʝʫ ʘʨץʳʣʳ ʩʠʥʪʝʪʠʢʘʣʳץ ʤײʥʘʡ ʘʣʫ ʞʦʣʜʘʨʳ 

 ʪʠʽʤʜʽʣʽʛʽʤʝʥ ץʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳ ץʵʢʦʥʦʤʠʢʘʣʳ שʣ ʪʝʭʥʦʣʦʛʠʷ ᴇʟʽʥʽײʘ ʘʣʳʥʫʜʘ. ɹסʦʣץ

ʝʨʝʢʰʝʣʝʥʝʜʽ. ʉʦʥʜʘʡ-ʘץ, ᴅʣʝʤʜʝ DRB (çDonor Refined Bitumenè) ʛʠʜʨʦʛʝʥʠʟʘʮʠʷʣʘʫ ʘʨץʳʣʳ 

ʩʫʪʝʛʽ ʧʨʦʪʦʥ ʜʦʥʦʨʣʘʨʳ ץʳʟʤʝʪʽʥ ʘʪץʘʨʘʪʳʥ ץʦʩʳʤʰʘ ʨʝʘʛʝʥʪʪʝʨ ץʦʩʫ ʞʦʣʳʤʝʥ ʞװʨʝʪʽʥ 

ʪʝʭʥʦʣʦʛʠʷ ʪʘʥʳʤʘʣ. 

ɸʤʝʨʠʢʘʥʜʳץ Headwaters Technology Innovations Group (HTIG) ʢʦʤʧʘʥʠʷʩʳ ʘʣʶʤʠʥʠʡ 

ʦʢʩʠʜʽʥʝ ʦʪʳʨסʳʟʳʣסʘʥ ʝʢʽ ʞᴅʥʝ ʦʜʘʥ ʜʘ ʢᴇʧ ʘʫʳʩʧʘʣʳ ʤʝʪʘʣʜʘʨ ʥʝʛʽʟʽʥʜʝ ʞʘʩʘʣסʘʥ 

çʤʦʣʝʢʫʣʘʣʳץ ʤᴇʣʰʝʨʜʝè ʙʦʣʳʧ ʢʝʣʝʪʽʥ, ʜʝʘʢʪʠʚʘʮʠʷסʘ ʪײʨʘץʪʳ, HCAT (Hydrocatalysis) 

ʛʠʜʨʦʢʨʝʢʠʥʛʢʝ ʘʨʥʘʣסʘʥ ʤײʥʘʡʜʘ ʝʨʠʪʽʥ ʢʘʪʘʣʠʟʘʪʦʨʳʥ ײʩʳʥʜʳ. ʆʩʳ ʪʝʭʥʦʣʦʛʠʷʥʳש 

ʧʠʣʦʪʪʳץ ץʦʥʜʳʨסʳʩʳ ʂʘʥʘʜʘʥʳש Gold Lake ʢʝʥ ʦʨʥʳʥʜʘ ץʦʣʜʘʥʳʣʳʧ, ʥᴅʪʠʞʝʩʽʥʜʝ ʪʘʙʠסʠ 

ʙʠʪʫʤʥʳ60-98 ש % ʘʨʘʣʳסʳʥʜʘ ʢʦʥʚʝʨʩʠʷʣʘʥʫʳʥ ʢᴇʨʩʝʪʪʽ. 

 ʘʚʪʦʪʝʨʤʦʣʠʟ ʪʝʭʥʦʣʦʛʠʷʩʳ ʘʫʳʨ ץʘʥ ʢʘʪʘʣʠʪʠʢʘʣʳסʩʳʥײ ʘʣʳʤʜʘʨס ץʳʪʘʡʣʳפ

ʤײʥʘʡʜʳש ʞᴅʥʝ ʙʠʪʫʤʥʳש ʪײʪץʳʨʣʳסʳʥ 95,5 %-סʘ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʪʝʜʽ. פʘʣסʘʥ ʘʫʳʨ ץʘʣʜʳץʪʳ 

 .ʪʠʽʤʜʽʣʽʢʧʝʥ ʘʡʥʘʣʜʳʨʘʜʳ ץʘ 13,72 %-ʜʳסʨʘʫʰʳײץ ʽʣשʜʝʨʽʩʽʤʝʥ ʞʝװ ʟʽʣʫװʘʡʪʘ ʪץ

 ʳʣʜʘʨʳ ʢʘʪʘʣʠʟʘʪʦʨ ʨʝʪʽʥʜʝץʳʰץʘʨʦʤʘʪʪʳ ʩʫʣʴʬʦ שʘʥ ʪʝʭʥʦʣʦʛʠʷʜʘ 0,2 % ʤʳʩʪʳסʩʳʥʳʣױ

 ʜʝʡʜʽ. ʅᴅʪʠʞʝʩʽʥʜʝשʘʪ ᴇסʦʣʜʘʥʳʣʘʜʳ, 25 % ʩʫʜʳ ʝʥʛʽʟʝ ʦʪʳʨʳʧ 280Áʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ 24 ʩʘץ
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ʘʫʳʨ ʤײʥʘʡʜʳש ʪײʪץʳʨʣʳסʳʥ ʪᴇʤʝʥʜʝʧ, ʞʦסʘʨʳʜʘ ʘʪʘʣסʘʥ ʞʦסʘʨʳ ʰʳסʳʤʜʳʣʳץץʘ ץʦʣ 

ʞʝʪʢʽʟʽʣʝʜʽ. פʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʨʝʟʠʥʘ-ʢʦʨʜ ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʳש ʙʝʨʽʢʪʽʛʽʥ ʘʨʪʪʳʨʫ װʰʽʥ 

ʨʝʟʠʥʘ ץʦʩʧʘʣʘʨʳʥʜʘ ʙʠʪʫʤʜʳ ץʦʣʜʘʥʫ ץʦʣʜʘʥʫ ʤװʤʢʽʥʜʽʛʽʥ ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳ ʞװʨʛʽʟʽʣʫʜʝ. 

ɹʠʪʫʤʥʳץ שʘʩʠʝʪʪʝʨʽ ʟʝʨʪʪʝʣʽʧ, ʨʝʟʠʥʘ ץʦʩʧʘʩʳʥʳש ʨʝʮʝʧʪʽ ʞʘʩʘʣʫʜʘ [8-9]. 

 ʘ ʙʘʡ ʜʝʫʛʝסʥʘʡʜʘʥ ʘʣʳʥʘʪʳʥ ʙʠʪʫʤײʠ ʞᴅʥʝ ʤסʩʪʘʥ ʪʘʙʠץʘʟʘפ ,ʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝפ

ʙʦʣʘʜʳ. ʄײʥʘʡʜʘʥ ʘʣʳʥסʘʥ ʙʠʪʫʤ ײץʨʳʣʳʩʪʘ ʞᴅʥʝ ʞʦʣ ʩʘʣʫʜʘ ץʦʣʜʘʥʳʣʘʜʳ. ɼʝʛʝʥʤʝʥ, 

 ʳʰ ʤʘʪʝʨʠʘʣʜʘʨʜʳסʰʘʫʣʘץʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ï ʛʠʜʨʦʦװʙʽʨ ʪ שʩʪʘʥʜʘ ʙʠʪʫʤ ᴇʥʽʤʽʥʽץʘʟʘפ

ᴇʥʜʽʨʝʪʽʥ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳש ʙʦʣʤʘʫʳ ʩʘʣʜʘʨʳʥʘʥ ץʘʟʽʨʛʽ ʢʝʟʜʝ ʦʥʳ ʙʽʟ ʪʝʢ ʰʝʪ 

ʤʝʤʣʝʢʝʪʪʝʨʜʝʥ ʠʤʧʦʨʪʪʘʫסʘ ʤᴅʞʙװʨʤʽʟ. ᴆʥʽʤʥʽש ʙײʣ ʪװʨʽ ʭʠʤʠʷʣʳץ ʞᴅʥʝ ʙʠʦʣʦʛʠʷʣʳץ 

ʢᴇʧʪʝʛʝʥ ʟʘʪʪʘʨʜʳש ᴅʩʝʨʽʥʝ ʪᴇʟʽʤʜʽʣʽʛʽ, ʩʫ ʞᴅʥʝ ʛʘʟ ᴇʪʢʽʟʙʝʡʪʽʥʜʽʛʽ, ʢʦʨʨʦʟʠʷסʘ ʪײʨʘץʪʳʣʳסʳ, 

ʨʘʜʠʘʮʠʷʥʳש ʢᴇʧʪʝʛʝʥ ʪװʨʣʝʨʽ ᴅʩʝʨ ʝʪʧʝʡʪʽʥʜʽʛʽʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ. ɿʘʤʘʥʘʫʠ ᴇʥʜʽʨʽʩʪʽʢ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʥʫ ʙʠʪʫʤʥʘʥ ʘʣʳʥʘʪʳʥ ʟʘʪʪʘʨʜʳץ שʘʪʘʨʳʥ ʪʦʣʪʳʨʳʧ, ץʘʟʽʨʛʽ 

 .ʘʨʳʣʘʫʳʥʘ ʘʣʳʧ ʢʝʣʝʜʽסʞʦ שʘʩʠʝʪʪʝʨʽʥʽʥʽץ ץʩʘʧʘʣʳ שʳ ʤʘʪʝʨʠʘʣʜʘʨʜʳסʦʣʜʘʥʳʩʪʘץ

ɼʘʤʳסʘʥ ʝʣʜʝʨ ʩʠʷץʪʳ פʘʟʘץʩʪʘʥʜʘ ʜʘ ʙʠʪʫʤʥʘʥ ʩʠʥʪʝʪʠʢʘʣʳץ ʤײʥʘʡ ʘʣʫ ʞʦʣʜʘʨʳʥ 

 ʥʘʡʜʘʥײʳʣʫʳʥ ʪʝʞʝʡʜʽ ᴅʨʽ ʤץʙʽʨʰʘʤʘ ʩʘʨ שʦʨʳʥʳץ ʥʘʡײʘʨʘʩʪʳʨʫ ʞᴅʥʝ ᴇʥʜʽʨʽʩʢʝ ʝʥʛʽʟʫ ʤץ

ʘʣʳʥʘʪʳʥ ᴇʥʽʤʜʝʨʜʽש ʙʘʣʘʤʘ ʰʠʢʽʟʘʪ ʢᴇʟʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 

ʇʘʡʜʘʣʘʥʳʣסʘʥ ᴅʜʝʙʠʝʪʪʝʨ: 

 

1. https://neftegaz.ru/tech-library/neftekhimiya/142272-bitum-ot-lat-bitumen-gornaya-

smola-neft/ 

2. https://stevin.su/faq/bitum.html 

3. ʅʘʜʠʨʦʚ ʅ.ʂ. ɺʳʩʦʢʦʚʷʟʢʠʝ ʥʝʬʪʠ ʠ ʧʨʠʨʦʜʥʳʝ ʙʠʪʫʤʳ. ɺ 5 ʪ. ï ɸʣʤʘʪʳ: 

 .ʳʣʤr, 2001נ

4. ʆʥʛʘʨʙʘʝʚ ɽ.ʂ., ʄʘʥʩʫʨʦʚ ɿ.ɸ., ʄʝʡʠʨʦʚʘ ɻ.ʀ., ʄʘʣʜʳʙʘʝʚ ʂ.ʄ. ʀʟʚʣʝʯʝʥʠʝ 

ʧʨʠʨʦʜʥʳʭ ʙʠʪʫʤʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɹʝʢʝ ʠ ʄʫʥʘʡʣʳ ʄʦʣʘ // ʅʝʬʪʴ ʠ ʛʘʟ. ï 2015. - ˉ 5. ï C. 

133-138. 

5. Ongarbaev Ye., Tileuberdi Ye., Tuleutaev B., Mansurov Z., Sultanov F., Behrendt F. 

Extraction and Thermal Processing of Beke Oil Sands // Advanced Materials Research. ï 2014. ï 

Vols. 1025-1026. ï P. 60-63. 

6. Banerjee, Dwijen K. Oil sands, heavy oil and bitumen. ï Tulsa, USA: RenWell, 

2012. ï P. 185. 

7. ɽʩʠʨʢʝʧʦʚʘ ʄ.ʄ. ʄײʥʘʡʙʠʪʫʤʜʳ ʞʳʥʳʩʪʘʨʜʘʥ ʞᴅʥʝ ʣʘʩʪʘʥסʘʥ ʪʦʧʳʨʘץʪʘʥ 

ʤײʥʘʡ ʤʝʥ ʙʠʪʫʤʜʳ ʘʣʫʜʳײץ שʨʘʩʪʳʨʳʣסʘʥ ʫʣʴʪʨʘʜʳʙʳʩʪʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ. ʌʠʣʦʩʦʬʠʷ 

ʜʦʢʪʦʨʳ (PhD) סʳʣʳʤʠ ʞᴅʨʝʞʝʩʽʥ ʘʣʫ װʰʽʥ ʜʘʡʳʥʜʘʣסʘʥ ʜʠʩʩʝʨʪʘʮʠʷ, פʘʟʘץʩʪʘʥ 

https://neftegaz.ru/tech-library/neftekhimiya/142272-bitum-ot-lat-bitumen-gornaya-smola-neft/
https://neftegaz.ru/tech-library/neftekhimiya/142272-bitum-ot-lat-bitumen-gornaya-smola-neft/
https://stevin.su/faq/bitum.html


ñʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ ɸʂɸɼɽʄʀʂò                                                          ̄ 1  (104), 2021 ʛ. 

_______________________________________________________________________________________ 

165 
 

ʈʝʩʧʫʙʣʠʢʘʩʳ, ʐʳʤʢʝʥʪ, ʄ.ᴄʫʝʟʦʚ ʘʪʳʥʜʘסʳ ʆשʪװʩʪʽʢ פʘʟʘץʩʪʘʥ ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, 
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8. ɻʘʣʠʫʣʣʠʥ ʕ.ɸ., ʌʘʭʨʫʪʜʠʥʦʚ ʈ.ɿ. ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʪʷʞʝʣʳʭ 

ʥʝʬʪʝʡ ʠ ʧʨʠʨʦʜʥʳʭ ʙʠʪʫʤʦʚ // ɺʝʩʪʥʠʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 2016. ʊ.19, ˉ4. 
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ʂʅʀʊʋ. ï 2013. ̄ 3. ï ʉ. 217-221. 

10. Tileuberdi Ye., Ongarbaev Ye., Tuleutaev B., Mansurov Z., Behrendt F. Study of 

Natural Bitumen Extracted from Oil Sands // Applied Mechanics and Materials. ï2014. ïVol. 467. 

ï P. 8-11. 

11. Sultanov F., Tileuberdi Ye., Imanbayev Ye.,Ongarbayev Ye., Tuleutaev B., 

Mansurov Z., Khasseinov K. Aqueous extraction of organic part of oil sands under influence of 

ultrasound // Journal of Petroleum and Environmental Biotechnology. ï 2015. ï Vol. 6. ï Issue 5. ï 

P. 61. 

12. ʆסשʘʨʙʘʝʚ ɽ.ʂ., ʀʤʘʥʙʘʝʚ ɽ.ʀ.,ʀʊʽʣʝʫʙʝʨʜʽ ɽ., ɻʦʣʦʚʢʦ ɸ.ʂ. ɹʝʢʝ ʞᴅʥʝ 

ʄײʥʘʡʣʳ ʄʦʣʘ ʢʝʥ ʦʨʳʥʜʘʨʳʥʳש ʤײʥʘʡʙʠʪʫʤʜʳ ʞʳʥʳʩʪʘʨʳʥʘʥ ʪʘʙʠסʠ ʙʠʪʫʤʜʘʨʜʳ ʙᴇʣʽʧ 
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ʇɸʁɼɸʃɸʅʓʃנɸʅ ᴄɼɽɹʀɽʊʊɽʈ ʊɯɿɯʄɯ 

 

1. ʇʦʚʘʨʦʚʘ ʃ.ɺ. ɸʥʘʣʠʟ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʩʪʦʯʥʳʭ ʚʦʜ // 

ʅʘʫʢʘ. ʊʝʭʥʠʢʘ. ʊʝʭʥʦʣʦʛʠʠ (ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʚʝʩʪʥʠʢ). ï 2018. - No 1. ï ʉ. 

189ï205. 

2. ɾʫʩʫʧʦʚʘ ʃ.ɸ., ʊʠʤʫʨʣʘʥ ɸ. ʄʝʪʦʜʳ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ // ɸʢʪʫʘʣʴʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, 

2017. - No 5ï9 (25). ï ʉ. 123ï129. 

3. ɿʘʡʮʝʚʘ ʀ.ʉ., ɿʘʡʮʝʚʘ ʅ.ɸ., ɺʦʨʦʥʠʥʘ ɸ.ʉ. ʄʝʪʦʜʳ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʘʵʨʦʪʝʥʢʘʭ // ɺʝʩʪʥʠʢ ʂʫʟʙʘʩʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 2010. ï ʊ. 78., No 2. ï ʉ. 90ï91. 

4. ɸʥʘʣʠʟ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʜʥʳʭ ʩʠʩʪʝʤ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʠ 

ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / ʖ.ʈ. ɸʙʜʨʘʭʠʤʦʚ, ɻ.ʄ. 

ʐʘʨʘʬʫʪʜʠʥʦʚʘ, ʈ.ʀ. ʍʘʥʛʠʣʴʜʠʥ, ɸ.ʈ. ʍʘʥʛʠʣʴʜʠʥʘ // ʅʝʬʪʝʛʘʟʦʚʦʝ ʜʝʣʦ. ï 

2011. ï No 6. ï URL: http://ogbus.ru/article/analiz-ximiko-texnologicheskix-vodnyx- 

sistem-neftepererabatyvayushhix-i-nefteximicheskix 
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 ɸʅ ʄʆʅʀʊʆʈʀʅɻנɿɼɯʂʉɯɿ ɸɺʊʆʄɸʊʊɸʅɼʓʈʓʃת

 

ʊʦʣʝʫʪʘʝʚ ɸʥʩʘʨ ʅʫʨʣʘʥʦʚʠʯ 

ʄʘʛʠʩʪʨʘʥʪ 2 ʢʫʨʩʘ, 

ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʂʘʟʘʭʩʪʘʥ, ʛ.ʂʘʨʘʛʘʥʜʘ 

 

IDS Georadar-ʜʳש ʢᴇʣʙʝʫ ʙʘץʳʣʘʫ ʨʘʜʘʨʣʘʨʳʥ ʞʘʩʘʫʜʘסʳ ʙʽʨʝʛʝʡ ʪᴅʞʽʨʠʙʝʩʽ ArcSAR 

ʪʝʭʥʦʣʦʛʠʷʩʳ ʥʝʛʽʟʽʥʜʝ ʞʘשʘ ʙʫʳʥ ʨʘʜʠʦʣʦʢʘʮʠʷʣʳץ ʞװʡʝʣʝʨʽʥ ײץʨʫסʘ ʪװʙʝʛʝʡʣʽ ʪᴇשʢʝʨʽʩ 

ʞʘʩʘʜʳ. IBIS-ArcSAR ʞʳʣʜʘʤ ʦʨʥʘʣʘʩʪʳʨʫסʘ, ʝש ʞʦסʘʨʳ ʩʪʘʥʜʘʨʪʪʘʨ ʙʦʡʳʥʰʘ ʩʝʥʽʤʜʽ 

 ʥʝʤʝʩʝ ץʘʥ. ʊʘʢʪʠʢʘʣʳסʘ ʘʨʥʘʣסʘʨʫץʘʫʽʧʩʽʟʜʽʢʢʝ ʞᴅʥʝ ʪᴅʫʝʢʝʣʜʝʨʜʽ ʩʝʥʽʤʜʽ ʙʘʩץ

ʩʪʨʘʪʝʛʠʷʣʳץ ʤʦʥʠʪʦʨʠʥʛ ʙʦʣʩʳʥ, IBISArcSAR ʤʘשʳʟʜʳ ʰʝʰʽʤʜʝʨ ץʘʙʳʣʜʘʫ װʰʽʥ ʪʝשʜʝʩʽ 

ʞʦץ ʠʢʝʤʜʽʣʽʢ ʧʝʥ ᴇʥʽʤʜʽʣʽʢʪʽ ʢᴇʨʩʝʪʝʜʽ. ɻʝʦʨʘʜʘʨʜʳש ʝש ʙʘʩʪʳ ʘʨʪʳץʰʳʣʳץʪʘʨʳʥʳש ʙʽʨʽ ʦʣ 

- ʪʘʫ-ʢʝʥ, ײץʨʳʣʳʩ, ʤʦʥʠʪʦʨʠʥʛ ʞװʨʛʽʟʫ  ᴇʥʜʽʨʽʩʽʥʜʝʛʽ ʘʣסʘʰץʳ ʞᴅʥʝ ʞʘʣסʳʟ 360 Á 

ʨʘʜʠʦʣʦʢʘʮʠʷʣʳץ ʨʘʜʘʨ. ɾװʡʝ ʝײ שʟʘץ ʜʠʘʧʘʟʦʥʜʳ (5000 ʤ) ʞᴅʥʝ ʝש ʞʳʣʜʘʤ ʩʢʘʥʝʨʣʝʫ 

ʫʘץʳʪʳʥ (40 ʩʝʢʫʥʜʪʘ 360 Á, 20 ʩʝʢʫʥʜʪʘ 180 Á), ʩʦʥʳʤʝʥ ץʘʪʘʨ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʛʝʦ-ʩʽʣʪʝʤʝ 

ʞʘʩʘʫ װʰʽʥ ʢʽʨʽʢʪʽʨʽʣʛʝʥ GNSS ץʘʙʳʣʜʘסʳʰʪʳ ײʩʳʥʘʜʳ. 10 ʤʠʣʣʠʦʥ ʧʠʢʩʝʣʴʜʽ ʢʝשʽʩʪʽʢʪʽʢ 

ʘʞʳʨʘʪʳʤʜʳʣʳץ ץʘʫʽʧʪʽ ʘʡʤʘץʪʘʨʜʳ ʙʘץʳʣʘʫʜʳש ʞʘשʘ ʩʪʘʥʜʘʨʪʪʘʨʳʥ ʙʝʣʛʽʣʝʡʜʽ, ʙʘʨʣʳץ 

ʩʧʝʢʪʨʜʽ ײʰʳʧ ʢʝʪʫʜʝʥ ʙʘʩʪʘʧ ʪʦʣʳץ ץʘʰʳץʪʳץץʘ ʘʫʳʩʪʳʨʫסʘ ʜʝʡʽʥ, ʪʽʧʪʽ ʘʣʳʩ ץʘʰʳץʪʳץʪʘ 

ʜʘ ץʘʤʪʠʜʳ. ʅʘץʪʳ ʫʘץʳʪʪʘסʳ ʞʦסʘʨʳ ʩʘʧʘʣʳ ʜʝʨʝʢʪʝʨ. IBIS-ArcSAR - ʙײʣ ʢᴇʧ ʘʨʥʘʣʳ 

ʘʥʪʝʥʥʘʩʳ ʙʘʨ ʞᴅʥʝ ʞʝʨʜʽ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʮʠʬʨʣʳץ ʙʝʡʥʝʣʝʡʪʽʥ ʰʳʥʳʤʝʥ 3D ʬʦʨʤʘʪʪʘ 

ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ʘʣסʘʰץʳ ʨʘʜʠʦʣʦʢʘʪʦʨʳ. ɾװʡʝ ʪʘʨʘʧʪʘʨʜʳש ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝʛʽ 

ʢʝʩʢʽʥʜʝʨʽʥ ʞᴅʥʝ ץʘʫʽʧʪʽ ʘʡʤʘץʪʘʨʜʳ ʜʝʨʝʫ ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ 

ʠʥʪʝʛʨʘʮʠʷʣʘʥסʘʥ ʞʦסʘʨʳ ʘʞʳʨʘʪʳʤʜʳʣʳץʪʳ ʧʘʥʦʨʘʤʘʣʳץ ʢʘʤʝʨʘʥʳ ʧʘʡʜʘʣʘʥʘʜʳ. 

ɼʝʨʝʢʪʝʨ ʩʘʧʘʩʳʥʘ ʘʫʘ-ʨʘʡʳʥ ʪװʟʝʪʫʜʽש ʞʝʪʽʣʜʽʨʽʣʛʝʥ ʘʚʪʦʤʘʪʪʳ ʘʣʛʦʨʠʪʤʽ ʢʝʧʽʣʜʽʢ ʙʝʨʝʜʽ 

[1]. 

ɹʘץʳʣʘʫסʘ ʘʨʥʘʣסʘʥ ʠʥʪʝʛʨʘʮʠʷʣʳץ ʰʝʰʽʤ. Guardian FPM360 ʦʨʪʘʩʳʥʘ ʙʽʨʪײʪʘʩ 

ʠʥʪʝʛʨʘʮʠʷʣʘʥסʘʥ IBIS-ArcSAR ᴇʟʽʥʽש ʙʘʡ ʛʝʦʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʳʤʝʥ TrueVector 

ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘʩʳʥʳש ʝʨʝʢʰʝ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʧʘʡʜʘʣʘʥʫ װʰʽʥ ʙʽʨʥʝʰʝ IBIS 

ʨʘʜʘʨʣʘʨʳʥʳץ שʘʤʪʫʳʥ ʝʜᴅʫʽʨ ʢʝשʝʡʪʝ ʘʣʘʜʳ. ʀʥʪʝʛʨʘʮʠʷʣʘʥסʘʥ ʨʘʜʠʦʣʦʢʘʮʠʷʣʳץ ʞᴅʥʝ 

ʞʘʣʧʳ ʩʪʘʥʮʠʷ ʜʝʨʝʢʪʝʨʽ ʞᴅʥʝ ʙʘʷʫ ʦʨʳʥ ʘʫʳʩʪʳʨʫʜʳ ʪʘʣʜʘʫ ײץʨʘʣʜʘʨʳ ʙʽʨ ʠʢʝʤʜʽ 

ʧʣʘʪʬʦʨʤʘʜʘ ץʦʩʳʤʰʘ ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘסʘ ץʘʨʘʞʘʪ ʩʘʣʫʜʳ ץʘʞʝʪ ʝʪʧʝʩʪʝʥ 

IDS ñIBIS-ArcSarò ʛʝʦʨʘʜʘʨʳʥʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳ: 

-ʄʘשʳʟʜʳ ʙʘסʳʪʪʘʨʜʳש ʤʦʥʠʪʦʨʠʥʛʽ. ʋʘץʳʪ ʧʝʥ ʢʝשʽʩʪʽʢʪʽש ʢʝʟ-ʢʝʣʛʝʥ ʤʘʩʰʪʘʙʳʥʜʘ 

ʪʘʢʪʠʢʘʣʳץ ʞᴅʥʝ ʩʪʨʘʪʝʛʠʷʣʳץ ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ʙʘץʳʣʘʫʜʳש ʙʽʨʳסשʘʡ ʞװʡʝʩʽ. ɹʽʨ 

ʙʘʩʫ ʘʨץʳʣʳ ʞʦʙʘ ײץʨʫ.  

-ɸʫʤʘץʪʳ ʪʦʣʳץ ץʘʤʪʫ. ɹʘʨʣʳץ ץʦʣʜʘʥʫ ʩʮʝʥʘʨʠʡʣʝʨʽʥʜʝ ʤʘʢʩʠʤʘʣʜʳ ʠʢʝʤʜʽʣʽʢ ʧʝʥ 

ᴇʥʽʤʜʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʝש ʢʝץ שʘʤʪʫ ʘʡʤʘסʳ ʞᴅʥʝ ʢʝשʽʩʪʽʢʪʽש ʘʞʳʨʘʪʳʤʜʳʣʳסʳ: 

ʩʢʘʥʝʨʣʝʫ ʫʘץʳʪʳ ʩʝʢʫʥʜʪʘʨʤʝʥ ʢʘʨʴʝʨʣʝʨʜʝʥ (װʡʽʥʜʽʣʝʨʜʝʥ) ʘʣʳʩ ʞᴅʥʝ ץʳʩץʘ ץʘʰʳץʪʳץ, 

  .ʳʣʘʫץʞᴅʥʝ ʙʘ ץʪʳץʘʰʳץ

-ʕʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʵʥʝʨʛʠʷʤʝʥ ʞʘʙʜʳץʪʘʫ. ɹʦʨʪʪʳץ ʜʠʟʝʣʴʜʽ ʛʝʥʝʨʘʪʦʨʜʘʥ, ʢװʥ 

ʙʘʪʘʨʝʷʣʘʨʳʥʘʥ ʞᴅʥʝ ץʦʩʳʤʰʘ ʞʝʣ ʪʫʨʙʠʥʘʩʳʥʘʥ ʛʠʙʨʠʜʪʽ ץʫʘʪ ʙʝʨʫ ʦʪʳʥ ʰʳסʳʥʳ ʤʝʥ 
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ʜʠʟʝʣʴʜʽ ʛʝʥʝʨʘʪʦʨʜʳץ שʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʰʳסʳʥʜʘʨʳʥʳש ʘʡʪʘʨʣʳץʪʘʡ ʪᴇʤʝʥʜʝʫʽʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ.  

-ʊᴇʤʝʥ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʰʳסʳʥʜʘʨʳ. ʄʠʥʠʤʘʣʜʳ ץʦʟסʘʣʤʘʣʳ ʙᴇʣʰʝʢʪʝʨ ʤʝʥ 

ʪᴇʤʝʥʛʽ ʙʦʩ ʦʨʳʥ ʙʘʨʣʳץ ץʘʪʘʣ ʞʘסʜʘʡʣʘʨʜʘ ʞᴅʥʝ ʢʣʠʤʘʪʪʘ ʩʝʥʽʤʜʽ ᴇʥʽʤʜʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ.  

 ʪʘʫ, ʞʘʣʧʳ ʩʪʘʥʮʠʷʣʘʨ ʤʝʥץʳʩʫʜʳ ʝʨʪʝ ʘʥʳסʳʣʘʫ ʞᴅʥʝ ʞʦʩʧʘʨʣʘʫ. ɹʘʷʫ ʳץʤʝʨʟʽʤʜʽ ʙʘ ץʟʘױ-

GNSS ץʘʙʳʣʜʘסʳʰʪʘʨʳʥʘʥ ʘʣʳʥסʘʥ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʠʥʪʝʛʨʘʮʠʷʣʘʫ ʞᴅʥʝ 

ʜʘʤʳסʘʥ ʛʝʦʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨ. 

- ɸץʧʘʨʘʪʪʳץ ʞᴅʥʝ ʪװʩʽʥʽʢʪʽ ʠʥʪʝʨʬʝʡʩ. HD ʩʫʨʝʪʪʝʨʽʤʝʥ ʜʝʨʝʢʪʝʨʜʽ ʞʘץʩʘʨʪʫ. ɼʝʨʝʢʪʝʨʜʽ 

ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʛʝʦ ʩʽʣʪʝʤʝ ʞʘʩʘʫ װʰʽʥ ʢʽʨʽʢʪʽʨʽʣʛʝʥ GNSS ץʘʙʳʣʜʘסʳʰʳ. ʅʘץʪʳ ʫʘץʳʪ 

ʨʝʞʠʤʽʥʜʝ ʮʠʬʨʣʳץ ʙʠʽʢʪʽʢ ʤʦʜʝʣʽʥ ײץʨʫ. 

- ɸʫʘ-ʨʘʡʳ ץʘʥʜʘʡ ʙʦʣʤʘʩʳʥ, ʩʝʥʽʤʜʽ ʜʝʨʝʢʪʝʨ. ʅʘʨʳץʪʘסʳ ʘʫʘ-ʨʘʡʳʥ ʪװʟʝʪʫʜʽש ʝש 

ʞʝʪʽʣʜʽʨʽʣʛʝʥ ʘʣʛʦʨʠʪʤʽ ʧʘʡʜʘʣʘʥʫʰʳʥʳש ʘʨʘʣʘʩʫʳʥʩʳʟ ʫʘץʳʪʳʣʳ, ʥʘץʪʳ ʫʘץʳʪʪʘסʳ 

ʝʩʢʝʨʪʫʣʝʨ װʰʽʥ ʝש ʪʘʟʘ ʞᴅʥʝ ʜᴅʣ ʜʝʨʝʢʪʝʨʜʽ ײʩʳʥʘʜʳ. ʅʘץʪʳ ʫʘץʳʪʪʘסʳ ʜʝʨʝʢʪʝʨ ʝʢʽʥʰʽ 

ʩʢʘʥʝʨʣʝʛʝʥʥʝʥ ʢʝʡʽʥ ץʦʣ ʞʝʪʽʤʜʽ. 

IBIS-ArcSAR  ʛʝʦʨʘʜʘʨʜʳש ʪʝʭʥʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʩʳ: 

- ɾײʤʳʩ ʽʩʪʝʫ ץʘʰʳץʪʳסʳ: 5000 ʤ-ʛʝ ʜʝʡʽʥ. 

- ʉʢʘʥʝʨʣʝʫ ʙײʨʳʰʳ: ʛʦʨʠʟ. 360Á, ʚʝʨʪ. 120Á (ʚʝʨʪ. 70Á ʙʽʨ ʨʝʪ ʩʢʘʥʝʨʣʝʫ ʙʘʨʳʩʳʥʜʘ) 

- ʉʢʘʥʝʨʣʝʫ ʫʘץʳʪʳ: 360Á - 40 ʩʝʢ., 180Á - 20 ʩʝʢ. 

- ɼʝʨʝʢʪʝʨ ʘʞʳʨʘʪʳʤʜʳʣʳסʳ: 10 ʤʣʥ. ʧʠʢʩʝʣʴ 

  ʦʩʳʤʰʘ ʞʝʣ ʪʫʨʙʠʥʘʩʳץ ʥ ʧʘʥʝʣʴʜʝʨʽ, ʜʠʟʝʣʴʜʽ ʛʝʥʝʨʘʪʦʨ ʞᴅʥʝװʫʘʪ ʢᴇʟʽ: ʂʝʰʝʥʜʽ ʢפ -

- ɸʚʪʦʤʘʪʪʳ ʮʠʬʨʣʳץ ʙʠʽʢʪʽʢ ʤʦʜʝʣʽʥ 3D SAR1 ʘʨץʳʣʳ ײץʨʫ 

- ʆʨʥʘʪʳʣסʘʥ HD-ʢʘʤʝʨʘ ʞᴅʥʝ ɻʅʉʉ ʞװʡʝʩʽ. 

- ʂʝʟ ʢʝʣʛʝʥ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘ ʞᴅʥʝ ʘʫʘ ʨʘʡʳ ʞʘסʜʘʡʳʥʜʘ ʞײʤʳʩ ʽʩʪʝʫ ( -50Áʉ - +55Áʉ) 

- ʊʦʣʳץ ץʘʰʳץʪʳץʪʘʥ ʙʘʩץʘʨʫ ( ʨʘʜʠʦʢʘʥʘʣ ʘʨץʳʣʳ) ʞᴅʥʝ ʦשʪʘʡʣʘʥʜʳʨʳʣסʘʥ ʬʘʡʣ ᴇʣʰʝʤʽ 

(ʝʛʝʨ ʪᴇʤʝʥ ʜʝʨʝʢʪʝʨ ʞʳʣʜʘʤʜʳסʳ ʙʦʣʩʘ) 

- ɹʽʨʥʝʰʝ ʢʨʠʪʝʨʠʡʣʝʨʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʭʘʙʘʨʣʘʤʘʣʘʨʜʳ ʠʢʝʤʜʽ ʪװʨʜʝ ʪʝשʰʝʫ. 

- ʄᴅʣʽʤʝʪʪʝʨʜʽ ʢʝʰʽʢʪʽʨʫʩʽʟ ᴇשʜʝʫ. 

- ʂʦʦʨʜʠʥʘʪʘʣʘʨ ʜʝʨʝʢʪʝʨʪʽʥ ʛʝʦʜʝʟʠʷʣʳץ ʞʦʩʧʘʨʣʘʫ ʙʘסʜʘʨʣʘʤʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʽʥʝ 

ʵʢʩʧʦʨʪʪʘʫ ʤװʤʢʽʥʜʽʛʽ. 

- FPM360 TrueVector ʙʘסʜʘʨʣʘʤʘʩʳʥʘ ʜʝʨʝʢʪʝʨʜʽ ʠʥʪʝʛʨʘʮʠʷʣʘʫ ʤװʤʢʽʥʜʽʛʽ [1] 

 
1 - ʩʫʨʝʪ. IBIS ArcSAR ʛʝʦʨʘʜʘʨʳʥʳײץ שʨʳʣʳʤʳ 
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ʄʦʥʠʪʦʨʠʥʛ ʞװʨʛʽʟʫ ʢʝʟʽʥʜʝ IBIS ʨʘʜʘʨʳʥʳץ שʦʣʜʘʥʳʣʫʳ ʙװʢʽʣ ʢᴇʣʙʝʫ ʙʦʡʳʤʝʥ 

 ʘ ʞᴅʥʝסʪʘʫץʪʘʨʳʥ, ʙʽʨʥʝʰʝ ʢᴇʣʙʝʫ ᴇʪʧʝʣʝʨ ʩʝʛʤʝʥʪʪʝʨʽʥ ʘʥʳץʘʡʤʘ ץʩʳʟʜʳץʨʘײʣʢʝʥ ʪװ

ʙʘץʳʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʙʽʨ ʫʘץʳʪʪʘ ʞʝʨʛʽʣʽʢʪʽ ʤʦʥʠʪʦʨʠʥʛ ʞװʨʛʽʟʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.IBIS-ʪʽ ץʦʣʜʘʥʫʜʳש ʥʝʛʽʟʛʽ ʩʝʙʝʙʽ ץʘʫʽʧʩʽʟʜʽʢʪʽ ʙʘץʳʣʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, 

ʘʪʘʧ ʘʡʪץʘʥʜʘ ʞʳʣʜʘʤʜʳץʪʳ ᴇʣʰʝʫ / ʞʳʣʞʳʪʫ ʥʝʛʽʟʽʥʜʝ ʧʨʦʛʨʝʩʩʠʚʪʽ ʦʨʳʥ ʘʫʳʩʪʳʨʫʣʘʨ 

ʪʫʨʘʣʳ ʝʩʢʝʨʪʫ ʩʠʛʥʘʣʜʘʨʳ. ʈʘʜʘʨ ʙʘʩץʘ ʘץʧʘʨʘʪ ʢᴇʟʜʝʨʽʤʝʥ ʙʽʨʛʝ ץʘʫʽʧʪʽ ʞʘסʜʘʡʣʘʨʜʳ 

ʘʥʳץʪʘʧ, ʰʝʰʽʤ ץʘʙʳʣʜʘʫסʘ ʢᴇʤʝʢʪʝʩʫ ʘʨץʳʣʳ ʪᴅʫʝʢʝʣʜʝʨʜʽ ʘʟʘʡʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ 

 .ʘ ʘʡʥʘʣʘʜʳסʨʘʣײץ

IBIS ʪʝʭʥʦʣʦʛʠʷʩʳ ץʘʫʽʧʩʽʟʜʽʢʪʽ ʙʘץʳʣʘʫ ʢʝʟʽʥʜʝ ʰʪʘʤʤ ʞʳʣʜʘʤʜʳסʳʥʘ ʪᴅʫʣʽʛʽʥʝ ʤʤ-

ʜʝʥ ʙʽʨʥʝʰʝ ʦʥʜʘסʘʥ ʩʤ-ʛʝ ʜʝʡʽʥ ʞʳʣʜʘʤ ʘʫʳʪץʫʜʳ ᴇʣʰʝʫ ץʘʙʽʣʝʪʽʥʝ ʠʝ. ɾװʡʝ ʩʦʥʳʤʝʥ 

 .ʪʘʡ ʘʣʘʜʳ    (ʤʤ/ ʘʡ)ץʘʪʘʨ ᴇʪʝ ʙʘʷʫ ʳʩʳʨʘʧʪʘʨʜʳ ʘʥʳץ

ɹʘʷʫ ʳסʳʩʫʜʳ ʘʥʳץʪʘʫ - ʙײʣ ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ʪᴇʨʪ ʞʳʣʞʫ ʜʠʘʧʘʟʦʥʳʥʘ ʜʝʡʽʥ 

(ʦʥʜʘסʘʥ ʤʤ / ʩʘסʘʪʪʘʥ ʙʽʨʥʝʰʝ ʤʤ / ʘʡסʘ ʜʝʡʽʥ) ʞʘʙʫסʘ ץʘʙʽʣʝʪʪʽ IBIS ᴇשʜʝʫ ʤʦʜʫʣʽʥʽש 

ʝʨʝʢʰʝ ʝʨʝʢʰʝʣʽʛʽ. ʆʩʳ ᴇשʜʝʫ ʤʦʜʫʣʽʥʽש ʢᴇʤʝʛʽʤʝʥ ʨʘʜʠʦʣʦʢʘʮʠʷʣʳץ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʪʘʣʜʘʫ 

ʥʘץʪʳ ʫʘץʳʪ ʨʝʞʠʤʽʥʜʝ ʧʘʡʜʘʣʘʥʫʰʳʥʳש ʞʳʣʜʘʤ ʞᴅʥʝ ʙʘʷʫ ʳʩʳʨʘʧ ʘʡʤʘסʳʥ ʙʽʨ ʫʘץʳʪʪʘ 

ʘʥʳץʪʘʫסʘ, ʩʦʥʜʘʡ-ʘץ ʘʡʤʘץʪʘʨʜʳש ᴇʟʘʨʘ ʞʳʣʜʘʤʜʳסʳʥ ʩʘʣʳʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ 

ʢʝשʝʡʪʽʣʛʝʥ ʢʝשʽʩʪʽʢʪʽ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

 
2 ï ʩʫʨʝʪ. ɼʘʤʙʘʥʳש ʜʝʬʦʨʤʘʮʠʷʣʘʨʳ Excel-ʜʝ ʜʘʡʳʥ ʪʘʙʣʠʮʘ ʪװʨʽʥʜʝ ʙʝʨʽʣʝʜʽ 

 
3 ï ʩʫʨʝʪ. פʦʟסʘʣʳʩʪʘʨ ʜʝʨʝʢʪʝʨʽʥʽש ʢʘʨʪʘʩʳ 
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ɻʝʦʨʘʜʘʨʜʘʥ ʘʣʳʥסʘʥ ʤᴅʣʽʤʝʪʪʝʨʛʝ ʪʘʣʜʘʫ ʞʘʩʘʫ 

 

ɻʝʦʨʘʜʘʨʜʘʥ ʘʣʳʥסʘʥ ʤᴅʣʽʤʝʪʪʝʨʛʝ ʪʘʣʜʘʫ ʞʘʩʘʫ װʰʽʥ IBIS Guardian ʙʘסʜʘʨʣʘʤʘʩʳ 

 ʳʪ ʨʝʞʠʤʽʥʜʝ ʧʘʡʜʘʣʘʥʫʰʳץʪʳ ʫʘץʳ ʨʘʜʘʨ ᴅʜʝʪʪʝ ʥʘץʙʘʩʪʘʧ ץʦʣʜʘʥʳʣʘʜʳ. ɸʰʳץ

ʘʥʳץʪʘʡʪʳʥ ʳסʳʩʫ ʞʳʣʜʘʤʜʳסʳʥʳש ʰʝʢʪʝʫʣʝʨʽ ʥʝʛʽʟʽʥʜʝ ץʘʫʽʧʪʽ ʞʳʣʞʫʣʘʨʜʳ ʙʘץʳʣʘʫ 

 ץʟʘײ ʣײʤʢʽʥʜʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ (ʙװʳ ʤסʦʥʜʳʨץ ץʦʣʜʘʥʳʣʘʜʳ. ʉʪʘʮʠʦʥʘʨʣʳץ ʰʽʥװ

 שʪʘʣʜʘʫʜʳ ץʽʩʪʽʢʢʝ ʙʘʡʣʘʥʳʩʪʳ), SAR ʪʝʭʥʦʣʦʛʠʷʩʳ ʛʝʦʪʝʭʥʠʢʘʣʳשʢʝ שʘ ʞᴅʥʝ ʢʝץץʪʳץʘʰʳץ

ʞʘʣʧʳ ʞʘסʜʘʡʳʥ ʙʘץʳʣʘʡ ʦʪʳʨʳʧ, ץʘʫʽʧʪʽ ʩᴅʪʪʝʨʜʽ ʙʘץʳʣʘʫ ʤװʤʢʽʥʜʽʛʽʥ ץʘʤʪʠʜʳ. ʉʦʥʳʤʝʥ 

 ʘסʰʽʥ ʧʘʡʜʘʣʘʥʫװ ʝʩʝʧʢʝ ʘʣʫ ץʳʪʪʳץʫʘ ץʟʘײ ʪʘʫʜʳץʜʝʨʝʢʪʝʨʜʽ ʩʘ ץʳʪʪʳץʫʘ ץʟʘײ ,ʘʪʘʨץ

ʙʦʣʘʜʳ, ʙײʣ ץʘʫʽʧʪʽ ʢᴇʣʙʝʫ ʘʡʤʘץʪʘʨʜʳ ʨʝʪʪʝʫ ʞᴅʥʝ ʨʝʪʨʦʩʧʝʢʪʠʚʪʽ ʪʘʣʜʘʫ װʰʽʥ, ʩʦʥʳʤʝʥ 

 ʰʽʥװ ʪʘʣʜʘʫ ʞʘʩʘʫ ץʛʝʦʣʦʛʠʷʣʳ / ץʪʳ ʛʝʦʪʝʭʥʠʢʘʣʳץʞᴅʥʝ ʞʘʥ-ʞʘ ץʨʣʳʤ ʪʦʣʳײסʘʪʘʨ ʥʝץ

ʧʘʡʜʘʣʳ ʙʦʣʫʳ ʤװʤʢʽʥ [2]. 

IBIS-Guardian - ʙᴇʛʝʪʪʝʨʜʽ ʙʘץʳʣʘʫסʘ ʘʨʥʘʣסʘʥ ʙʘסʜʘʨʣʘʤʘʣʳץ ץʘʤʪʘʤʘʩʳʟʜʘʥʜʳʨʫ 

ʧʘʢʝʪʽ. Guardian ץʦʣʜʘʥʫʰʳסʘ IBIS ʨʘʜʘʨʳʥʜʘסʳ ʜʝʨʝʢʪʝʨʜʽ ʞʳʣʜʘʤ ʪװʩʽʥʜʽʨʫʛʝ ʞᴅʥʝ 

ʦץʠסʘʣʘʨסʘ ʞʳʣʜʘʤ ʞʘʫʘʧ ʙʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʅʘץʪʳ ʫʘץʳʪʪʘסʳ ʜᴅʣ ʜʝʨʝʢʪʝʨ. IBIS Guardian ʛʝʦʪʝʭʥʠʢʘʣʳץ ʜʝʨʝʢʪʝʨʜʽ ʞʘʥ-ʞʘץʪʳ 

ʪʘʣʜʘʫסʘ ʘʨʥʘʣסʘʥ ʝʩʢʝʨʪʫʜʽש ᴅʨʪװʨʣʽ ʥײʩץʘʣʘʨʳ ʤʝʥ ײץʨʘʣʜʘʨʳʥ ײʩʳʥʘʜʳ. ɾʘʫʘʧʪʳ ʘʜʘʤʜʘʨ 

ʙʝʪʢʝʡʣʝʨʜʝʛʽ ʦʨʳʥ ʘʫʳʩʪʳʨʫ ʦץʠסʘʣʘʨʳ ʪʫʨʘʣʳ ʞʝʜʝʣ ʭʘʙʘʨʣʘʤʘʣʘʨʜʳ ᴅʨʪװʨʣʽ 

ʭʘʙʘʨʣʘʥʜʳʨʫ ʢʘʥʘʣʜʘʨʳ (ʵʣʝʢʪʨʦʥʜʳץ ʧʦʰʪʘ, SMS, ץʘʣץʳʤʘʣʳ ʭʘʙʘʨʣʘʤʘʣʘʨ) ʘʨץʳʣʳ 

ʘʣʘʜʳ. ʆʥʳש ʙʽʨʝʛʝʡ ʢᴇʧ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ᴇשʜʝʫ ʤװʤʢʽʥʜʽʛʽ ʧʘʡʜʘʣʘʥʫʰʳסʘ 4 ʦʥʜʳץ ʙᴇʣʰʝʢʢʝ 

ʜʝʡʽʥʛʽ ʞʳʣʞʫʣʘʨʜʳ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʞᴅʥʝ ʟʘʫʳʪ ʜʠʟʘʡʥʳ, ʰʘʭʪʘʣʘʨʜʳ 

ʞʦʩʧʘʨʣʘʫ ʞᴅʥʝ ʪᴅʫʝʢʝʣʜʝʨʜʽ ʙʘʩץʘʨʫ ʩʪʨʘʪʝʛʠʷʣʘʨʳ װʰʽʥ ʪʘʧʪʳʨʤʘʩ ײץʨʘʣ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. IBIS Guardian-ʜʽש ʢᴇʧ ʢᴇʣʝʤʜʽ ʜʝʨʝʢʪʝʨʜʽ ײʟʘץ ʫʘץʳʪ ʙʦʡʳʥʘ ʙʽʨ ʞʦʙʘʜʘ ʩʘץʪʘʫ 

ʤװʤʢʽʥʜʽʛʽ ײʟʘץ ʤʝʨʟʽʤʜʽ ʪʝʥʜʝʥʮʠʷʣʘʨʜʳ ʪʘʣʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʅʘץʪʳ ʫʘץʳʪʪʘסʳ 

ʦʬʩʝʪʪʽʢ ʜʝʨʝʢʪʝʨʜʽש ʩʝʥʽʤʜʽʣʽʛʽ ʤʝʥ ʜᴅʣʜʽʛʽ ʘʫʘ-ʨʘʡʳʥ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʪװʟʝʪʫʜʽש ʦʟʳץ 

ʪʝʭʥʦʣʦʛʠʷʩʳʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʛʝʥ. ʈʘʜʠʦʣʦʢʘʮʠʷʣʳץ ʜʝʨʝʢʪʝʨʜʽ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʫ 

ʛʝʦʨʝʬʝʨʘʣʳץ ʜʝʨʝʢʪʝʨʜʽ 3D ʚʠʟʫʘʣʠʟʘʮʠʷʩʳʥʳש ʘʨץʘʩʳʥʜʘ ʞʝשʽʣʜʝʡʜʽ. 

TrueVector ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʘʨץʘʩʳʥʜʘ IBIS Guartian ʝʢʽ ʥʝʤʝʩʝ ʦʜʘʥ ʜʘ ʢᴇʧ ʨʘʜʘʨʜʘʥ 

ʙʽʨ ʫʘץʳʪʪʘ ʘʣʳʥסʘʥ ʞװʟʜʝʛʝʥ ʤʳץ שʘʙʘʪʪʘʩץʘʥ ʩʢʘʥʝʨʣʝʫ ʧʠʢʩʝʣʴʜʝʨʽ װʰʽʥ ʦʨʳʥ ʘʫʳʩʪʳʨʫ 

ʚʝʢʪʦʨʣʘʨʳʥʳש ʢʝשʽʩʪʽʢʪʽʢ ʙʘסʳʪʳʥ ʘʥʳץʪʘʡ ʘʣʘʜʳ. ɼᴅʣʜʽʢ ᴇʣʰʝʤʽ - ʤʠʣʣʠʤʝʪʨ. ʄʘʨʢʝʨʣʝʨ, 

ʧʨʠʟʤʘʣʘʨ ʥʝʤʝʩʝ ʨʝʬʣʝʢʪʦʨʣʘʨ ץʘʞʝʪ ʝʤʝʩ. IBIS ʞװʡʝʩʽ ʢʝשʽʩʪʽʢʪʝʛʽ ʪʳסʳʟ, װʟʽʣʽʩʪʽ ʳסʳʩʫ 

ʚʝʢʪʦʨʣʘʨʳ ʙʘʨ ʜʝʨʝʢʪʝʨʜʽ ʪʝʟ ʘʣʫ װʰʽʥ ʪʘʩ ʤʘʩʩʘʩʳʥʳש ʰʘסʳʣʳʩʪʘʨʳʥ ᴇשʜʝʡʜʽ [3]. 
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ԑ + ף Ҋᴑҙ ⇔  
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̔ ᴪ ̆ ╠̆ ԑ ⌠ԅ ̆ ᴑҙҬ

ᵬ Ӟ Ȃ ᴑҙ ҳ ⱬ̆ҹԅḠ ᴑҙ

̆ Ҍ ⇔ Ȃ ⇔ Ḡ ᴑҙ

Ȃ ԍ ̆ ᾢ׃ ԅԑ + ף Ҋᴑҙ ⇔ ӈ̆ῒ № ԅԑ

+ ף Ҋ ᴑҙ Ҭ Ȃ ԓҩ׆ ԅԑ + ף Ҋᴑҙ

⇔ ΐᵣ Ȃץ ᶫ ῏ֲ ҍṢ Ȃ 

῏ ̔ԑ +̕ ᴑҙ ̕⇔  

̔ ᴪ Ҍ ̆ ԑ ҍḤ ҉ ԅ ̆Ҍֽҹᴑҙ

ԅ ̆ ԅ ‖₯Ȃ ԑ + ף Ҋ̆ᴑҙ └

ȁᴑҙ ׅ ᴑҙ ҉ ̆

Ҍ≠ԍᴑҙ ̆Ӟ└ ԅᴑҙ └ ⇔ Ȃ ̆ ԍᴑҙӊ

̆Ҍ ᴑҙ ᵣ└ӞҌ ̆ ̆ ⇔ ᴑҙ ᵣ└̆ ᴑҙ

ֲ ᴑҙ ’ҍ ׆̆ ₮ ̆ ԑ + ל ҹ

Ȃ 

ѿȁԑ + ף Ҋᴑҙ ⇔ ӈ 

ׂ Ҍ ԅ Ԉ̆ ̆ ѿ ’Ҋ̆ ׅ

ᴰ ̆ ᴪ ᴑҙ ԍ ף ̆Ҍ≠ԍᴑҙ ӄ Ȃ ̆

Ҋל ᴑҙ ⇔ ̆ ᴑҙ ׆̆ ԑ + 

ף ̆ ҉ ѿ ӊ Ȃῒ ̆ Ṣ ԑ + ᴨ̆ל

̆ ꜛᴑҙ ҍ ᴪ ̆ ף Ȃ 

ԋȁԑ + ף Ҋ ᴑҙ Ҭ  

̂ѿ̃ᴑҙ └  

ԑ + ף ⌠ ̆ №ᴑҙӞ ԅ └ ҍ⇔ ̆ᵖ

№ᴑҙׅ ⌠ᴑҙ └ ̆ ᴑҙ ⅞ Ҍ ׆ ₮

̆ Ӎ ╠ ≠ ̆ ᴪ └ ҍ┴ ̆Ҍ≠ԍ ᴑҙ Ԉ
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ⱬҍ ⱬ̆Ӟ ץ ԈҬ ᵝȂ 

̂ԋ̃ᴑҙ  

ᴑҙ ѿ ץ ᴑҙ ῏ ҹ ̆ᵖ ԍ ╠ ᴑҙ

ᴨ ᴑҙ ̆ ӎ ⇔ ⱬ̆ғҌѿ ҍῒ ᴑ

ҙ ’ ̆ ԍᴑҙ ̆ ⱬ Ҭ̆ Ҍ≠ԍ⇔ ᴑҙ

Ȃ ̆ᴑҙ Ҍ Ӟ ᴑҙ ץ ⌠ ѿ ⇔ ̆ ԍ

№ᴑҙҌ ᴑҙ ̆ ֲ ӎ ⇔ ̆ ᴑҙ ⱴ

≠ ̆ ᵣ ̆Ҍ≠ԍᴑҙ ⇔ Ȃ 

̂҈̃  

№ᴑҙ ̆ᴑҙ ֲ Ӟ ⌠ ׅ̆ ᴰ

̆ ӎ ⇔ Ȃғѿ ̆ ֲ ԍ Ԋ ̆ҹԅ⁞

̆ ᴪ ᴰ ̆ ѿ ’Ҋ̆ └ҍ

[1]Ȃ 

̂ ̃ ֲ ⇔ ӎ 

ᴑҙ ᵬֲ ⱴ ῒҙⱵ ⱬ̆ ⇔ ⱬᵬҹ ᴇ ѿ

‰̆ № ֲ ᵬ ҹ ̆ Ὲ ̆Ҍ ԑ +

ᴑҙ ̆ ᴪ ᴑҙ ӎ ҍ ⱬ̆Ҍ ף

Ȃ 

҈ȁԑ + ף Ҋᴑҙ ⇔ ΐᵣ  

̂ѿ̃ᴑҙ ᴇ └⇔  

ᴑҙ ⇔ Ҍ ֽֽ ԍ ѿ ̆ ῃ׆ ᵝ

ᵣ└Ȃᴑҙ ᴇ └ ᴑҙ ᵣ└ ȁ ᴇҍ№ ̆ ῒ

Ҭ ҍҌ ׆̆ Ȃ ̆ᴑҙ ⇔ ᴇ └̆ ᴑ

ҙ ’ ῀ ᴇҬ̆ԅ ᴑҙ ȁ ȁֲ ҉ ᴨ ׆̆

ѿ ᴨ ̆ ̆ ғү ᴇ ‰̆ ̆ ꜛᴑҙ

ҍ Ȃ 

̂ԋ̃⇔ ᴑҙֲ ҍ  

ҍֲ ԍᴑҙ ⇔ Ӟ ӈ̆ ⇔ ̆

ᾢ № ̆ ᵝ ȁ֜ ’̆ ѿ ̆ ֜

ᵬ ᵞҊȂῒ ̆ ⅞ ̆ ≠ ֲⱬ ̆⁞

Ҍ ⅞ Ȃ ̆ Ḥ ̆ᴑҙ ≠ץ Ḥ
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ꜛ ᵬ̆ᴨ Ȃ ̆ᴑҙ ֲ ҍ Ῑ ⱴ ֲ

Ғҙ Ữ ̆ Ғҙֲ Ῑҍ ̆ ᴑ ̆ ҹᴑҙ ֲ

׆̆ Ḡ ᴑҙ ⱬҍ ̆ᶭ ֲ ҍ ᴨ ᴑҙ [2]Ȃ

̆ ԑ + Ҋᴑҙ ₮ ӟ̆ԅ ῒזᴑҙ ף Ҋ

ѿ֓ᴨ ̆ ᴑҙ ҍ ’ ḱ ̆ ѿ ≠ ֲ ҹ

ᴑҙ Ȃ ӊ ̆ᴑҙ Ḥ ҍ ̆≠ ñ

ò ᴑҙ№ҹ ҩ №̆№≢ ‗ ѿ № ׆̆ ҍ ̆

Ḥ ̆ ҍ Ȃ 

̂҈̃⇔ ᴑҙ ҍ  

ᴑҙ ҍ ⇔ ᴑҙ ᵣ└ Һ ̆Һ Ҋ҈ץ׆ץ

̔ ѿ̆ ҍ ̆ ԍ ’ ԅ ҍ№ ̆Ῥ

׆ ₮ ̆ ҹ Ȃ ԋ̆ҹԅ ѿ ᴨ ᴑҙ ̆ᴑҙ

̆Ҍ ̆ ȁ ץ̆ ҹ

ҺȂ ҈̆ ԍ ᴰ ᵣ└ ̆ ל ѿҩῃ ̆

ԑ + ₮ԑ +ᴑҙ ׆ ҉ ᴑҙ ҍ [3]Ȃ 

̂ ̃ ᴑҙ  

ԑ Ḥ̆ף ̆ᴑҙ Ҭ ⌠ Ḥ Ӟ

̆ᴰ Ḥ ץ ѿ ’̆ ᴑҙ ̆

׆ ֟ȁֲ ȁ ȁ ̆ ⁞ ̆ғ

ꜛᴑҙ Ḥ ̆ ғ Ḥ ҍ῍֣̆׆ ꜚᴑҙ

ҍ⇔ [4]Ȃ 

̂ԓ̃ ᴨ ᴑҙ  

ᴑҙ ֲⱬ ᵬ ᵬ ̆ ѿ ֲ ȁ₀ ꞉ ȁ

ᵬȁ ҹֲץ ̆ ῃ ֟ȁ Ῑֲ ҍ ῏ֲ ̆ ֲⱬ

ᵬ Ȃ ̆ Ҍ ᴨ ᴑҙ ̆ ᴑҙ ᵬ

̆ ԑ + ᴑҙ̆ף ү ῤ ̆ ᴨ ᴑҙ ̆≠

׆̆ ѿ ⇔ Ȃ 

ȁ  

҉ ̆ Ҋל ᴑҙ ⇔ ӈ̆ғ ╠ №ᴑҙҬׅ

̆ ᴑҙ ᴇ └⇔ ȁ⇔ ᴑҙֲ ҍ ȁ⇔

ᴑҙ ҍ ȁ ᴑҙ ҍ⇔ ᴑҙ └ ΐᵣ
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̆ Ḇ Ҋל ᴑҙ ̆ ף ̆

ᵟ ף ̆ ꜛᴑҙ ԈҬ ₮̆Ḡ ᴑҙ ẫ ȁ Ȃ 

ᴑҙ ⇔ ῤ  

╠ᴑҙ ⇔ ΐ ῃ ̆ ̆ ΐ ף ̆

╠ ҩ ᴪ Ȃ ╠ ѿᾢ ȇ ֲȈ Ғ

40╠̆ ᴑҙ ᴏ ‗ ץ̆ ֟ ̆ҹ Ὲ

ẠOEMODM̆ Ҍ ᶏ֟ ֟ ᴇ Ȃ ᴑҙ ⌠̆ ̆

ῃ Ȃ Ҭ ̆Ӟᴪ ҳ ’Ȃ ѿ ‗Ⱳ ⇔ ̆

Ꞌꜚ ֟ ̆Ӟ Ꞌⱬ ῀Ҋ̆ ֟₮ қ ̆ ט ᴇ

̆ ↕ᴑҙ ≠ ᴪ ⌠ Ȃ ҩ ̆ ᴑҙ ԅ20 ̆ ȁ ̆

ᴇף Ȃ Ὲ ԅ20%҉ץ ≠ ̆ ғ ῀ 10%ԍ

̆ Ӟ ѿ ð ᵰ ≢ֲ ֟ ̆ ⇔

῀ 1%₩2%Ȃ ғ̆Ҍ ᴑҙ ҙ Ȃ ̆ ѿ֓Ὲ ⱳ̆

⌠ԅ ̆ ῀ԅ Ȃ 

╠ ѿᾢ ֟ ҹҬ ̆ ҹ Ҭ

ȂҬ ⇔ ᵣ ֟ ⱴṿ Ꞌꜚ ֟ ̆ Ҍ ⇔ ֟ҙ

ץ̆ ֲ ṿ ⱬ ֟ Ȃ 

⇔ ᾢ ֟ ̆ Ҍ ᴑҙ Ȃᵖױז ׆ ?

╠ ѿᾢ Ӟ ₮ԅז Ȃ Å ѿ ̔ ȁ

⇔ ӊ Ȃ ѿ ֟ ⇔ ̆ ᾢ ⌠ ָӇ;ῒ ̆ ̔ ₃

ץ ᶫױז қ ? 

̆ ҍ ñԑ +ò ӈ̆ ╠ ң :

ѿ ΐ ̆ ҹԑ ױֲ ȁ ᵬҍ ֟Ҭѿ ΐ;ԋ

Ȃᶛ ̆ ץ ´ ֲ ҹԑ ף Ҋ ѿ ῃ

̆ Ȃל ҍ ñԑ +ò

ӈ̆ᵖ ᴑҙ ֟ Ҍ ̆ ᴑҙ Ȃ 

₮̆ᴑҙ ⇔ ӈ ԑ Ҭ̆ף Ҭ ᴑҙ ₮

̆ ҍԑ ̆ ԅ ᴑҙ ȂῒҬ

Ⱶ Ҭ №≢ ȁ ȁ ԑ ᴑҙȂ ֓ᴑҙ
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ԅԑ ᴪ ᴑҙҬ Ȃ ֓ᴑҙ ԑ ᴑҙ Ҭ ⇔

Ҭ ᴑҙ ̆ ԅԑ Ҋ ᴑҙ ⇔ Ȃ Ԉ ף

Ҭ̆ᴰ ᴑҙ Ҍ Ḥ ֜ ̆ ף ᴑҙ ⇔ ԅ

שּׂ ̆ΐ ̕ ñԑ +òףᴑҙ ԑ ῒḤץף ᴰ

̆ Ҍ ץ ᴪҬ ̆ ᴰ ᴑҙ

Ȃ ̆ Ҍ ̆ñԑ +ò Ȃ ₮⇔ ԅᴑҙ

̆ ԑ ף ₮ Ȃñԑ +ò ꜚԅᴰ ֤

̆ ԅᴑҙ ⱬ ⱬ̆ ᵀ ̆⌠2025̆ԑ GDP Ҭ

ᴍ 7%~22%Ȃñԑ +ò Ҋᴑҙ Һ ҹץҊ₃ Ȃ :

Ҍ Ҍ Ҍ⌠ ῒ̆ל ҉ ѿ ̆ᶛ ̆ԑ Ҭ

ȁ ȁ ȁ ӏץ ט ֟ ̆ ױ ҉ ᵞ̆ᵖ

̆ ᵣ֟ҙ Ȃᵣף :ԑ ԍ֟ ᵣ ᴨל Ȃ

Ḥ ̆ ꞉ ҍ֟ ̆ ֟ ҉ ℗

ᵣ Ȃ :ԑ Ҭ ₮ԅ ̆ᶛ ȁ ץ

Ⱶ ̆ ֓ ҉ ̆ ғῒ Ҍ ⌠ᴋᵥ ץ

└ Ȃѿ ᵞ ̆ ѿ Ȃ 

╠ ᴑҙ ⇔ ⌠ᴧ ׆̆ ҉ ҹ҈№ץ :ѿ

⇔ ,Һ ‗ ҍ ȁ ҍ ᴑҙ ȁ ᴨ ȁ

ȁᴑҙ ȁ ᵬȁ ȁ ȁ ᴪ ᴋ ҍ Ȃԋ

,Һ ȁֲⱬ ȁ ⇔ ȁ Ⱶ ȁḤ ȁ

└ҍῤ ȁᴑҙ ȁ ҍ Ῥ ȁ Ȃ҈

,Һ ֟ ᵬҍ ȁ ȁ ῃ ȁ ҍ ( ԍ ֟

ᵬ № ᵬҙ , ῀ Ȃ Ҍֽ ₮ ᴑҙ

⇔ № ̆ ῒ ̆Ӟ ԅ ᴑҙ

ᵬҌ , ᴑҙ ⇔ ꜚ , Ȃ 

 ԑ ף +  Ҋ ᴑҙ ⇔ ῤ  

ᴪ ᴠ Ҍ ⱴ ̆ᴑҙ ⌠ԅ ֲ

̆ ᴑҙ ⇔ ₮ԅ ӈ̆ᴑҙ ҉ ⇔ ̆⇔
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ῤ ╠ ᴪ ֟῏ ̆ ₮ ֟₱ ̆

⅞ ̆ ᴑҙ Һ ֟ ̆ҍ ᴆ ̆ ῃ ᴑҙ

῀⌠ ֟ᵣ Ҭ̆ᴑҙ ⇔ ҍᴑҙҙⱵ ֲ ⇔ ѿ ̆

ᴑҙ ╠ ֟ ל ᴪ ᾟ№ ԅ ̆

̆Ṣꜛ ñԑ +ò ̆ ᴑҙ └ ñԑ +ò ̆

Ạ⌠ҍ Ḵ ̆ Ḇ ᴑҙ Ȃ 

ᴑҙ׆ ӈ̆ԑ  + Ḥ ӊ҉̆ ᴑҙ≠ Ḥ

Ḥ ̆ ᶭ ᴑҙῤ Ḥ ꜚ Ⱶ

ꜚ ꜚ ֟ Ȃ ԍḤ ̆῀׃ ᴑҙף Ҍ

ᴰ ᴑҙ ῤ ᶭ Ḥ ᶏᴑҙῤ ץ ׆̆

ᴑҙ Ḡץ̆ ᴑҙ Ҍ Ȃ ῏ ̆ Ҋ₃ץ Ȃ 

̂1̃ ԑ + ᴑҙ  

   ᴑҙ ̆ ҙ Ҥף ᴑҙ └ ⌠‖₯̆

Ḥ . Ҋ̆ └ ӊ̆לΐᵣ ҹ ȁ

ȁ № Ȃל Ḥ ȁ ᴑҙ

̆ᶏ⁞ ҹᴑҙ ҍ Ȃ ԑ

+ ᶏᴑҙץ ⇔ץ ̆ ҉ΐ Ȃ 

̂2̃ ԑ + ᴑҙ ֟  

  ֟ ҌῬ ⅞ȁ ȁ └ , ץ ҉̆

ᴑҙ ֟Ҭ ᴑҙ Ḥ ⱴ ᴑҙῤ ̆ ;

ȁ ֟ȁ ֟ҙⱵ Ȃ ԑ + Ҋ̆ᴰ ᴑҙ ֟

ԅ , ñ ѿᵣ ò ֟ Ȃ

֟ ץ ҹ ̆ └ (OEM) ֟ № Ҋ

̆ῒ ῃ ֟ ҹ ֟̆ Ὲ Ȃ ̆ ᵞ

ԅ֜ ̆⁞ ᴑҙ ̆ ᴑҙ ֟ ̆ ⱴᴑҙ֜ ᴪ̆ ≠ԍ

, Ȃ ᾧԅᴰ Ҭ ̆ᶏ ҍ ⱴ

֜ ̆ ᴰ ᵬ ֟ ‖₯Ȃԑ + ᶏᴑҙץ ᶫ

(ScM) ▲ ᵞ ̆ ῏ (CRM)⌠ Ӎ ̆ ῀ᴑҙ
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ҹ ᴆ ̆⇔ ῀ ̆ ױ ҙⱵ

Ȃ ғᶏᴑҙ ԅ ֜ ̆ᶏ ҉ ̆ ᶏ

Ḡ ȁᶫ ֜ Ҭ Ὶ Ȃ 

(3)ԑ + ᴑҙῤ └  

 Ḥ ҍḤ ᴪᶏᴑҙῤ └ ѿ ȁḤ ̆Ḇ ᴑҙ

Ȃ ԍḤ ѿ ↓ᴑҙῤ Ҍ ₮

̆ᶏᴑҙ ῤ └ ҹ ȁ Ȃ(4)ԑ + ᴑҙ Ⱶ

 

ץ  Ⱶ Ⱶ̆ ԑ + ≠̆ף ̆ᴑҙ

Ḥ ץ ⌠ ҩ ᵝ ԊᴆҬȂᴑҙ≠ Ⱶ№ ᴆ ῃץ № ᴑ

ҙῤ ’ ̆ל ᶏ ᾟ№ ᴑҙ ῏ ╠ ȁ ≠

ȁ ׂ Ḥ ץ Ὲ ≠ ῏ ֲ ῏ Ȃ[5] Ⱶ

ΐ ҍҙⱵ ⱳ ̆ᶏ ⱵḤ ῒזҙⱵḤ ԑ ̆ №

֣;ғ ѿҩ№ ѿҩ ᵝ̆ ₡ ȁ ᵬ

Ҭ ׆̆ ԅ Ҭ ̆ ᵞԅᴪ ;ғ

Ⱶ ᶭ ⱳ ̆ ꜚ ̆ Ḃ ֟

ᴑҙ ’ ꜚ Ⱶ ȁ Ⱶ Ȃ 

̂5̃ ԑ + ᴑҙ  

ԑ + ̆Һ ᵣ ԑ + ף ץ ̆ѿ ̆

⌠ԑ + ץ , ⌠ԅ ꜛ ᵬ ̆

Ҭ ⱴ ԅ ;ѿ ̆ ҹ ᶫԅ ⱬ

ñ òȂ  

 

̔ 

[1] ."ԑ ף"+ Ҋᴑҙ ⇔ [J].Ҭ ,2019,000(028):174,179. 

[2]ӂ ."ԑ +" Ҋ ⇔ ⇔ҙֲ Ῑ [J].

,2020,No.463(08):50-51+80. 

[3] ."ԑ ף"+ ᴑҙ ⇔ [J].Ḥҕ ,2020,No.185(05):123-123. 

[4] ."ԑ +" Ҋᴑҙ ⇔ [J].֟ҙ⇔ ,2020,No.48(19):99-100. 
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Abstract 

In recent years, the automotive industry has become a pillar industry of the world, the role played 

by the automobile in the daily life and work has become increasingly prominent. In the car 

navigation retrieval system, whether from the perspective of retrieval speed, screen display, or 

memory management, it cannot meet the needs of users. In the design, the retrieval algorithm along 

the road of facilities retrieval can not only improve the retrieval system's modular structure, but 

also introduce the idea of thread pool. The whole system is divided into three modules: phenotype 

data structures; merging algorithm; B-Tree+. B-Tree+ and phenotype data structures being used 

can improve the search speed; a new road merging algorithm being proposed can improve the 

retrieval performance. 

 

Keywords 

Retrieval algorithm along the road; thread pool; GPS; B-Tree+; Car Navigation Screen. 

 

I. Introduction  

With the increase in the number of cars, people are coming to the concept of an ITC 

(Independent Transport Commission). In the transport department, the services of the information 

system, the control system, as well as electronics, are highly used. Thanks to modern technology, 

the relationship between the driver, the car and the track is getting better and better (p. 1; p. 2). The 

unified navigation can be navigated by the car's motion screen system at that moment on the road 

and this is the basis for a general navigation system.  The 24-hour 3D GPS positioning of the 

vehicle offers vehicles the best way to get to the location. It has precise scheduling of road, path 

calculation speed, it can also be displayed on an electronic card and ensure a way launch. That gives 

customers a transport or nearby locations or hospitals and further data, about a given location, as 

well as show its position on the display.  (p. 3). 

The difficulty GPS on the marketplace is prominent representation is the information search 

system. The E-map and the facility search jointly called the information and search engine in the 

area of scientific studies and designs of GPS.  It is executed via information folder retrieving, which 

is the purpose of retrieving the information folder. You need to use the services of public services, 

petrol services, inns and further services, as well as make a list, which is presented on the screen, so 

that you can get data regarding of the customers' locations. On the electronic chart, a file search and 

data analysis are requested, information about which is displayed on the screen at the end. 

Navigation data retrieval malfunction mostly has several aspects, such as: object information search 

velocity is too low; the information folder design inflexible, thatôs makes it takes searching quite a 

lot; retrieval objects in real time may be achieved solely in the vehicle or at the direction of request 

features, features more subtle; electronic card display is very big, because of this, text distortion 

more deforms. (p. 4).  
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II.  Materials and Methods 

Object search we can search by classifications, such as, keyword search, Pinyin search, residence 

search, and others. The contrast between all types of search process exists in the implementation 

process and they are all almost the same. First, you need to receive the necessary data from the 

extraction device and then create a list of data indexing results based on the Index list; Secondly, 

you need to continue searching for the information list with the Index of the list that was filled in by 

the production and is important for getting search results; And the last one is when the user wants to 

know more detailed information, the program will update the search and show the information on 

the screen (p. 5). 

Data retrieval system is the heart of car navigation system. Most noteworthy feature related 

on the data is retrieval system. The structure of the data retrieval presents on Fig1. These two 

modules of the facility retrieval and the E-map carried to the data retrieval system. To get a data file 

extraction, the search engines first finish parsing the data information, then make a list that will be 

displayed on the screen. Parsing data according to the classification of patterns of a multi-layer 

color screen, extracting data file is an electronic map. 

 

 

Figure1. Structure of data retrieval system 

A. Advanced Architecture Note 

  Layer01 are provided externally by all the functions of the NOTE. Layer02 interface works 

with the Layer01 functions and directs or opens the subordinate layer interface Layer02 includes 

functions like managing and scheduling notes and it's the only external interface. The process and 

operation of the note is the responsibility of Layer03. Layer03 shows the search-related functions 

and is responsible for all the processes that relate to the search.  In NOTE Layer01 is located in the 

" top " Layer99 is a generic NOTE functional library that provides NOTE to another Layers and 

provides a operating process, a access of data process, an analytical function, a jump process and a 

ranking process. 

The search engine is mainly called Note. NOTE applies a hierarchical module to make the 

code simple (p. 6). The NOTE consists of two parts, which includes different types of search and 

works with search, this is the first part. The next part deals with monitoring activities with the 

media. The first part is the user interface and it includes responsibilities for returning search 

responses and the API function. It is necessary to divide the NOTE into several parts so that each 

function is clear (Fig.2).  
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Figure2. NOTE structure before improvement                 

B. Improving the format of Data Search on the Road 

Chinese plate consists of a fraction with the size of the square is 10 km. The grid ID is the 

center coordinates of the grid file and the unique identification of the grid files and grid base for 

extraction. The main drawbacks of the data warehouse are when traversing to position the grid and 

when searching for the corresponding grid, the filtering speed is very slow and the extraction speed 

is too slow. We use the B-tree and the phenotypic data structure to eliminate the warehouse 

disadvantage. B-Tree+ is the information warehouse tree of the index structure management. The 

phenotype works with information storage. In this case, the information can be obtained 

immediately and displayed on the screen with the search terms, as well as the search speed there is 

much faster.  

Primarily, by applying blocks and sending, the information is stored as blocks. The grid file 

consists of 16*16 sets, then the set is divided into 8*8 blocks, each block consists of 32*32 

sections. 

Next, some information is stored with an index, the rest of all the parts are stored with each 

other. Services, such as, catering, shopping store, car, housing, sports, vehicles, education, culture, 

etc. are included in the category of road objects. The systematization includes a little group. The 

control piece of the data stores the size of the record from a file named PSHAREE.  

Lastly, the received information file consists of 3 sections. The name of the text should 

separate all existing names in the file, because the name of the text is not exact and not fixed. Phone 

number, zip code, and details are also highlighted after the Area Code. For example, Taiyuan, the 

required information saved in PSHAREE 101, the name in NAMEE101. In a set of blocks, the 

name of the information blocks comes with numbers, such as, 16th block, blockset36 with the name 

block16. The information block of displacement is record in PSHAREE to storing extra data. 

In general, to find the necessary information in the share folder, we must use the block 

folder; the share folder examines the name folder. The data store in Kiwi code is a designation for 

an object that can be used to filter the classification of the object; the coordinates of the place 

through which the car route is calculated are the distance. The data can be read in the information 

stored in the shared location folder. To find the phrase folders or the name folder, we use the Area 

Code. 

C. Search Algorithm  

Combining roads with a set of points is a set of points or a data module that extracts a note 

and a path that is responsible for the basis along the road. A road link joining along a road with 

criteria such as separately with another road with information about road intersections, an angle 

between 90 and 180 has requested permission from AutoNavi. The merger of the road through the 

angle is not perfect, because different attributes of the road can also be combined. In this scientific 

paper, we want to propose a new algorithm that is responsible for road attributes, this allows road 

attributes to combine and merge roads due to two intersecting road triangles. Express roads do not 
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include roads such as, general, urban, or small streets, but include large highways such as, Highway 

26, or expressways (p. 7; p. 8). 

III.  Results and Discussion  

The judge for evaluating road attributes is used to determine the Pre-Express road and the 

Srh express road. If the path of the first segment is a highway or track, the first attribute of the judge 

of Pre-Espresso and Srh Express is equal to 1. If the path of the first segment is not a highway or 

track, the second attribute of the judge of Pre-Espress and Srh Express is equal to 0. If the forward 

is a vehicle segment, the Next Express is equal to 1. It is important to know the node of the current 

link - the first point, the next node - the last point. To connect roads, as in Figure 3, we get segment 

connections according to the new algorithm.  

 

Figure3. Road merger diagram 

 

Let's take point A as the lower-left corner, point B as the upper-right corner, and the center 

is the Radius. X ,Y direction is the file coordinate, which is the vertex of the lower corner of the 

blockleftX, blockleftY (Figure 4). SearchLeftALon, SearchLeftALat, SearchRightBLon, 

SearchRightBLat are vertex and the code for the XY coordinates of the direction of the block file. 

MeshLongitude =2588049000, MeshLatitude =122889000. MeshWidth=9217000, 

MeshHeight=6145000 (p. 9). 

 

 

Figure4.  Determine the search range 

BlockLeftax = (SearchLeftaLon ī MeshLongitude) / MeshWidth ; 

BlockLeftay = (SearchLeftaLat ī MeshLatitude ) / MeshHeight;                (1) 

BlockRightbx = (SearchRightbLon ī MeshLongitude) / MeshWidth ; 

BlockRightby = (SearchRightbLat ī MeshLatitude ) / MeshHeight ; 

Then: 

BlockSetNo = Block _ x / BlkDivLon 

Block _ y / BlkDivLat * BlkSetDivLon;  (2) 

BlockNo = (Block _ x%BlkDivLon) 

(Block _ y%usBlkDivLat ) * BlkDivLon; 
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Defining the search range (Figure 4) 

The algorithm for determining the distance of Parcel is shown below. 

ParcelRangeax = (Locationa x ī BlockRangeax) / ParcelW ; 

ParcelRangeay = (Locationa y ī BlockRangeay) / ParcelH ;       (3) 

ParcelRangeB ax = (Locationbx ī BlockRangea x) / ParcelW ; 

ParcelRangeBa y = (Locationby ī BlockRangeay) / ParcelH ; 

ParcelRangeax, ParcelRangeay is the number of upper-left blocks in the XY and the block 

was in the Mesh system of coordinates. ParcelRangebx, ParcelRangeby is the number of the upper-

right block in the XY, respectively, when the block is in the grid system of coordinates. Locationax, 

Locationay, Locationbx, Locationby - this is the longitude and latitude of the allowed range of the 

plot separately. BlockRangeax, BlockRangeay is the longitude and latitude of the current block. 

ParcelWidth=289000, ParcelHeight=193000. 

The search and result range is limited to certain quantities, such as five hundred meters, one 

thousand meters, five thousand meters, ten thousand meters, twenty thousand meters, and thirty 

thousand meters. For example, if we search for "hospitals", the search range first searches in the 

nearest five hundred meters, if it does not find it, the radius range is increased to a thousand meters, 

and so on. And if we need only 10 hospitals, and the search returns more, for example, 50, in this 

case, the algorithm is ranked by distance from the entire result and selects the nearest 10. In this 

way, the radius search reduces the range of the radius. 

The radius = (20 (last radius)2)/(number of retrieval last time) 

In this algorithm, there are two storage blocks; the first one stores the results temporarily in 

a storage called working memory. The second block is called the result memory and it can store two 

hundred records. This is good for GPS operation; meanwhile Layer01 can send grant requests on 

the screen. The main task of the search algorithm is to extract the results from the memory and 

deliver it to the user interface. How the algorithm works to search for results is shown in Figure 5. 

In this process, compiling an index is an important part. The result memory stores the contents of 

the index and outputs the list, and the working memory will be free.  

 

Figure5. Retrieval time diagram 

The search algorithm along the road searches for the entry and calculates the rectangle (we use the 

link path for the paragraph). For example, if the city is Taiyuan, let's take for example the size of 

3.0 * 0.8 (km). Table1. 
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Table1. THE STATISTICS OF PARCEL RANGE IS DISPLAYED AS FOLLOWING 

 

The algorithm for searching along the road in time takes 130 - 420 milliseconds. On average, ten 

links, takes a maximum search time of five seconds. Table2. 

 

Table2. LINK NUMBER OF THE STATISTICS 

Note: Car near the airport in Taiyuan. Optimizing the data format and radius leads to improved 

system performance. 

IV.  Conclusion 

In this scientific research paper, we investigated the search algorithm in the navigation 

system. To begin with, we had the whole system divided into several modules, such as, Layer 01, 

Layer 02, Layer 03, and Layer 99. The first layer works with the note and UI and is called as the 

front interface. The second layer is responsible for management and planning and is called the main 

interface. The next, third layer works with the search and label functions. Our last interface, the 

most important one, is responsible for noting the other interfaces, working with files, accessing 

data, navigation and ranking functions. And also with the help of the algorithm for searching along 

the road, we have significantly improved the speed of searching for results, which was the most 

important problem in our time.  

In our new algorithm, we used a data structure using a B- tree and a tabular data structure. 

The B-tree is responsible for storing and managing the information index, and the tab is responsible 

for storing information and data, as well as increasing the search speed. Our merge algorithm puts 

forward a new idea, increases the search radius as well as the search speed. Generally speaking, the 

article presents the results of the performance analysis and the results of testing the algorithm, as a 

result, the new algorithm for searching along the road can achieve high efficiency and functions. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʈɸɿʈɸɹʆʊʂʀ ɼɽʊʉʂʀʍ ʄʆɹʀʃʔʅʓʍ ʇʈʀʃʆɾɽʅʀʁ 

 

ɾʦʣʜʘʩʦʚʘ Ϸʩʝʣ ɽʨʙʦʣʘʪϨʳʟʳ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɼʫʡʩʝʙʝʢʦʚʘ ʂʫʣʷʥʜʘ ʉʝʡʪʙʝʢʦʚʥʘ 

 

21 ʚʝʢ ï ʵʪʦ ʚʝʢ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʥʦʚʳʭ ʪʝʥʜʝʥʮʠʡ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʮʠʬʨʦʚʢʠ, 

ʢʦʪʦʨʳʝ ʢʘʨʜʠʥʘʣʴʥʦ ʤʝʥʷʶʪ ʩʬʝʨʫ ʦʙʨʘʟʦʚʘʥʠʷ. ɹʝʟʛʨʘʥʠʯʥʳʡ ʜʦʩʪʫʧ ʢ ʀʥʪʝʨʥʝʪʫ 

ʧʦʣʦʞʠʣ ʥʘʯʘʣʦ ʥʦʚʦʡ ʵʨʝ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ɹʳʩʪʨʦʪʘ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʀʥʪʝʨʥʝʪʘ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʠʟ 

ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʳʭ ʚ ʩʘʤʳʝ ʦʪʜʘʣʝʥʥʳʝ ʨʝʛʠʦʥʳ ʤʠʨʘ. 

ɺ ʧʦʩʣʘʥʠʠ ʦʪ 01.09.2020 ʛʦʜʘ ʧʨʝʟʠʜʝʥʪ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʂʘʩʳʤ-ɾʦʤʘʨʪ ʊʦʢʘʝʚ 

ʦʪʤʝʪʠʣ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʚʠʪʠʷ IT-ʦʪʨʘʩʣʠ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʠ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ: 

çʂʨʫʧʥʳʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠ ʯʘʩʪʥʳʝ ʢʦʤʧʘʥʠʠ ʪʨʘʪʷʪ ʜʝʩʷʪʢʠ ʤʠʣʣʠʘʨʜʦʚ ʪʝʥʛʝ ʥʘ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʠʣʦʞʝʥʠʷ ʠʥʦʩʪʨʘʥʥʳʭ ʠʛʨʦʢʦʚ. ʇʨʘʚʠʪʝʣʴʩʪʚʫ ʩʣʝʜʫʝʪ ʥʘʣʘʜʠʪʴ 

ʚʟʘʠʤʦʚʳʛʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʤʝʞʜʫ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʠ IT-ʦʪʨʘʩʣʴʶ. ʕʪʦ ʧʦʟʚʦʣʠʪ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʣʘʪʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʪʘʪʴ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ 

ʮʠʬʨʦʚʦʡ ʵʢʦʩʠʩʪʝʤʳ ʢʘʞʜʦʡ ʦʪʨʘʩʣʠè.  

 ʀʥʜʫʩʪʨʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʜʦʙʠʣʘʩʴ ʦʯʝʥʴ 

ʙʦʣʴʰʠʭ ʚʳʩʦʪ ʠ ʝʝ ʫʩʧʝʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ ʙʣʘʛʦʜʘʨʷ ʙʦʣʴʰʝʡ 

ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʧʨʠʣʦʞʝʥʠʷʤ, ʢʦʪʦʨʳʝ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʧʦʪʨʝʙʥʦʩʪʠ ʫʯʘʱʠʭʩʷ ʚʩʝʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ.  

ʅʘʛʣʷʜʥʳʤ ʧʨʠʤʝʨʦʤ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʧʦʧʫʣʷʨʥʦʝ ʤʦʙʠʣʴʥʦ ʧʨʠʣʦʞʝʥʠʝ Apple App 

Store, ʢʦʪʦʨʦʝ ʥʘʩʯʠʪʳʚʘʝʪ 65200 ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ iPhone ʠ 

iPad, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 8,47% ʚʩʝʭ ʧʨʠʣʦʞʝʥʠʡ. ʕʪʦ ʦʜʥʦʟʥʘʯʥʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠʣʦʞʝʥʠʷ 

ʫʞʝ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʦʙʨʘʟʦʚʘʥʠʷ. ʊʘʢʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʠʥʪʝʨʝʩ ʫʯʘʱʠʭʩʷ ʚʩʝʭ ʚʦʟʨʘʩʪʦʚ ʢ ʦʙʫʯʝʥʠʶ ʠ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ, ʩʜʝʣʘʪʴ ʧʨʦʮʝʩʩ ʚʝʩʝʣʳʤ ʠ 

ʫʚʣʝʢʘʪʝʣʴʥʳʤ. ɹʣʘʛʦʜʘʨʷ ʤʦʙʠʣʴʥʳʤ ʪʝʣʝʬʦʥʘʤ ʠ ʨʘʟʣʠʯʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʧʨʠʣʦʞʝʥʠʷʤ ʜʝʪʠ ʧʦʣʫʯʘʶʪ ʟʥʘʥʠʷ ʚ ʫʜʦʙʥʦʤ ʜʣʷ ʥʠʭ ʪʝʤʧʝ ʠ ʬʦʨʤʘʪʝ, 

ʧʦʩʢʦʣʴʢʫ ʚʩʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʜʥʦʛʦ ʢʣʠʢʘ. 

ʄʦʙʠʣʴʥʳʝ ʦʙʫʯʘʶʱʠʝ ʧʨʠʣʦʞʝʥʠʷ ʩʦʟʜʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʫʯʝʙʥʫʶ ʘʪʤʦʩʬʝʨʫ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʜʝʪʷʤ ʧʦʣʫʯʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʦʮʝʥʢʠ, ʫʢʨʝʧʣʷʪʴ ʥʘʚʳʢʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʪʦʯʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʡ ʠ ʜʨʫʛʠʭ ʧʦʜʦʙʥʳʭ ʜʝʡʩʪʚʠʡ. ɺ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʟʘʪʨʫʜʥʝʥʠʡ ʩ ʢʘʢʠʤʠ-ʣʠʙʦ ʫʯʝʙʥʳʤʠ ʧʨʝʜʤʝʪʘʤʠ, ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʪʦ ʟʘʧʫʩʪʠʪʴ 

ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʚʩʶ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʩ 

ʧʦʜʨʦʙʥʳʤ ʦʙʲʷʩʥʝʥʠʝʤ ʠ ʧʨʠʤʝʨʘʤʠ. ɺʩʷ ʠʥʬʦʨʤʘʮʠʷ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʨʫʢʦʡ, ʠ ʤʦʞʝʪ 

ʧʦʤʦʯʴ ʚ ʣʶʙʦʡ ʩʠʪʫʘʮʠʠ, ʙʫʜʴ ʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʢ ʫʨʦʢʫ ʠʣʠ ʚʨʝʤʷ ʜʣʷ ʩʜʘʯʠ 

ʪʝʩʪʠʨʦʚʘʥʠʷ. ɺʩʝ ʵʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʦʚʳʰʘʶʪ ʫʚʝʨʝʥʥʦʩʪʴ 

ʫʯʘʱʠʭʩʷ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʤʦʙʠʣʴʥʳʝ ʨʝʩʫʨʩʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʚʨʝʤʷ 

ʧʨʦʜʫʢʪʠʚʥʦ ʥʝ ʪʦʣʴʢʦ ʚʟʨʦʩʣʳʤ, ʥʦ ʠ ʜʝʪʷʤ. ʊʦ ʝʩʪʴ, ʨͨʠʣʦʞʝʥʠʷ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʰʢʦʣʴʥʠʢʘʤ ʠ ʩʪʫʜʝʥʪʘʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʘʩʳ ʜʦʩʫʛʘ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʦʙʫʞʜʘʶʪ ʣʶʙʦʧʳʪʩʪʚʦ ʠ ʤʦʪʠʚʠʨʫʶʪ ʢ ʧʦʟʥʘʥʠʶ ʦʢʨʫʞʘʶʱʝʛʦ 

ʤʠʨʘ. ʂ ʧʨʠʤʝʨʫ, ʪʘʢʠʝ ʠʛʨʳ ʢʘʢ ʛʦʣʦʚʦʣʦʤʢʠ ʩʫʜʦʢʫ, ʠʛʨʳ ʚ ʢʦʪʦʨʳʭ ʥʫʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ 

ʦʧʝʨʘʮʠʠ ʥʘʜ ʯʠʩʣʘʤʠ ʠ ʪ.ʜ., ʨʘʟʚʠʚʘʶʪ ʫ ʜʝʪʝʡ ʣʦʛʠʯʝʩʢʦʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʤʳʰʣʝʥʠʝ. ʉ 

ʧʦʤʦʱʴʶ ʧʦʣʝʟʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʤʦʞʥʦ ʦʛʨʘʜʠʪʴ ʜʝʪʝʡ ʦʪ ʧʫʩʪʦʡ ʪʨʘʪʳ 

ʚʨʝʤʝʥʠ ʥʘ ʪʝʣʝʚʠʜʝʥʠʝ ʠ ʧʝʨʝʜʘʯʠ, ʢʦʪʦʨʳʝ ʥʝ ʧʨʠʥʦʩʷʪ ʥʠʢʘʢʦʡ ʧʦʣʴʟʳ, ʙʦʣʝʝ ʪʦʛʦ, 
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ʧʨʠʣʦʞʝʥʠʷ M-Learning (ʤʦʙʠʣʴʥʦʝ ʦʙʫʯʝʥʠʝ) ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʝʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ 

ʙʝʩʩʤʳʩʣʝʥʥʦʤʫ ʧʨʦʩʤʦʪʨʫ ʚʝʙ-ʩʪʨʘʥʠʮ. 

ɺʝʩʴ ʧʨʦʮʝʩʩ ʮʠʬʨʦʚʠʟʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʤʘʩʪhʘʙʥʳʤ ʚʤʝʩʪʝ ʩ ʨʘʩʪʫʱʠʤʠ 

ʪʝʥʜʝʥʮʠʷʤʠ ʤʦʙʠʣʴʥʦʩʪʠ. ʀ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʧʦʜʜʝʨʞʠʚʘʶʪ ʵʪʠ ʪʝʥʜʝʥʮʠʠ, 

ʧʨʝʜʣʘʛʘʷ ʩʘʤʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʠ ʩʤʝʣʳʝ ʠʜʝʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʙʝʩʢʦʥʝʯʥʦʛʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʠʟʦʙʨʝʪʘʪʝʣʴʥʳʝ ʩʧʦʩʦʙʳ ʧʦʩʝʱʘʪʴ 

ʟʘʥʷʪʠʷ ʠ ʟʘʥʠʤʘʪʴʩʷ ʦʙʫʯʝʥʠʝʤ ʜʝʪʝʡ. ʇʦ ʜʘʥʥʳʤ Statista, ʨʘʟʤʝʨ ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ 

ʤʦʙʠʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚʳʨʦʩʣʘ ʜʦ 37,8 ʤʣʨʜ ʜʦʣʣʘʨʦʚ ʚ 2020 ʛʦʜʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 3,4 ʤʣʨʜ 

ʜʦʣʣʘʨʦʚ ʚ 2011 ʛʦʜʫ.  

 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ, 

ʜʝʣʘʷ ʝʛʦ ʠʥʪʝʨʝʩʥʳʤ, ʠʥʪʝʨʘʢʪʠʚʥʳʤ ʠ ʫʚʣʝʢʘʪʝʣʴʥʳʤ.  ʀʛʨʦʚʳʝ ʵʣʝʤʝʥʪʳ ʧʨʠʚʣʝʢʘʶʪ 

ʚʥʠʤʘʥʠʝ ʫʯʝʥʠʢʦʚ ʢ ʟʘʥʷʪʠʷʤ. ʅʘʧʨʠʤʝʨ, ʚʚʝʜʝʥʠʝ ʛʝʡʤʠʬʠʢʘʮʠʠ ʚ ʤʦʙʠʣʴʥʳʝ 

ʧʨʠʣʦʞʝʥʠʷ ʫʧʨʦʩʪʠʣʦ ʚʦʚʣʝʯʝʥʠʝ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ. ʆʮʝʥʢʠ, ʟʥʘʯʢʠ ʠ ʮʝʣʠ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʦ ʚʨʝʤʷ ʟʘʥʷʪʠʷ, ʤʦʪʠʚʠʨʫʶʪ ʫʯʘʱʠʭʩʷ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʚʘ 

ʠʟʚʝʩʪʥʳʭ ʧʨʦʬʝʩʩʦʨʘ ComTim ʠ Gregg-Harrisn ʠʟ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ɺʘʡʥʦʥ ʠ ʅʠʢʦʣʴ ɸʥʜʝʨʩʦʥ, ʩ ʬʘʢʫʣʴʪʝʪʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʥʘʫʢ, ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʛʝʡʤʠʬʠʢʘʮʠʶ ʧʨʠ ʦʙʫʯʝʥʠʠ ʤʘʪʝʤʘʪʠʢʝ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʚʥʠʤʘʥʠʷ ʫʯʝʥʠʢʦʚ. ʕʪʦ ʧʨʠʚʝʣʦ 

ʢ ʪʦʤʫ, ʯʪʦ ʫʯʘʱʠʝʩʷ ʩʦʯʣʠ ʜʘʥʥʳʡ ʚʠʜ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʠ ʙʳʣʠ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʦʙʫʯʝʥʠʠ. 

ʊʘʢʞʝ, ʝʱʝ ʦʜʥʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʦʙʫʯʝʥʠʷ ʜʝʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʙʠʣʴʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ï ʠʥʜʠʚʠʜʫʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ. ʏʘʩʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ 

ʩʢʣʘʜʳʚʘʶʪʩʷ ʪʘʢ, ʯʪʦ ʫʯʠʪʝʣʷʤ ʩʣʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʢʘʞʜʦʛʦ ʫʯʝʥʠʢʘ ʚʦ 

ʚʨʝʤʷ ʫʨʦʢʘ. ʕʪʦ ʤʦʞʝʪ ʩʧʨʦʚʦʮʠʨʦʚʘʪʴ ʩʥʠʞʝʥʠʝ ʠʥʪʝʨʝʩʘ ʨʝʙʝʥʢʘ ʢ ʦʙʫʯʝʥʠʶ. ʆʜʥʘʢʦ, 

ʢʦʛʜʘ ʫʯʘʱʠʡʩʷ ʠʩʧʦʣʴʟʫʝʪ ʧʨʠʣʦʞʝʥʠʝ, ʦʥ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʩʪʘʥʦʚʠʪʩʷ ʫʯʘʩʪʥʠʢʦʤ 

ʜʝʡʩʪʚʠʡ. ʆʥʠ ʤʦʛʫʪ ʟʘʥʠʤʘʪʴʩʷ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʪʝʤʧʝ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʮʠʦʥʘʣʴʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʨʝʤʷ.  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʶʪ ʦʙʫʯʘʶʱʠʤ 

ʚʠʜʝʦ ʤʘʪʝʨʠʘʣʘʤ. ʇʦʩʢʦʣʴʢʫ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʧʣʘʪʬʦʨʤʘ ʦʪʥʦʩʠʪʩʷ ʢ ʠʥʪʝʨʘʢʪʠʚʥʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ, ʫʯʠʪʝʣʷ ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ ʫʯʘʱʠʤʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ 

ʤʦʙʠʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʠʥʪʝʨʝʩʥʳʝ ʧʨʦʝʢʪʳ. ʊʝʧʝʨʴ ʠʥʪʝʨʥʝʪ-ʩʝʨʬʠʥʛ 

ʧʦʙʫʞʜʘʝʪ ʫʯʝʥʠʢʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ʜʦʙʠʚʘʪʴʩʷ ʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʉʝʛʦʜʥʷ ʩ ʧʦʤʦʱʴʶ 

ʧʨʠʣʦʞʝʥʠʡ ʫʯʝʥʠʢ ʤʦʞʝʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʣʶʙʫʶ ʪʝʤʫ ʠʣʠ ʧʨʦʝʢʪ, ʩʦʟʜʘʚ ʫʥʠʢʘʣʴʥʳʡ 

ʚʠʜʝʦʨʦʣʠʢ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʵʢʦʥʦʤʷʪ ʚʨʝʤʷ ʦʙʫʯʘʶʱʝʛʦʩʷ, ʜʝʤʦʥʩʪʨʠʨʫʷ 

ʢʦʨʦʪʢʠʝ ʚʠʜʝʦʨʦʣʠʢʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʵʪʦ ʧʦʤʦʛʘʝʪ ʧʨʦʷʚʠʪʴ ʙʦʣʝʝ ʪʚʦʨʯʝʩʢʠʡ ʧʦʜʭʦʜ. 
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ɼʦʩʪʫʧʥʳ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʥʘʚʳʢʦʚ ʠ ʧʦʦʱʨʝʥʠʷ ʜʦʩʪʠʞʝʥʠʡ ʩ ʧʦʤʦʱʴʶ 

ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʚʦʧʨʦʩʳ ʠ ʦʪʚʝʪʳ, ʚʠʜʝʦʫʨʦʢʠ ʠ ʜʘʞʝ 

ʦʙʫʯʘʶʱʠʝ ʠʛʨʳ. ʀʥʪʝʨʘʢʪʠʚʥʳʝ ʦʙʫʯʘʶʱʠʝ ʧʨʠʣʦʞʝʥʠʷ ʦʪʣʠʯʥʦ ʧʦʜʭʦʜʷʪ ʜʣʷ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʫʤʩʪʚʝʥʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʨʝʙʝʥʢʘ. ʅʝʪ ʥʠʯʝʛʦ ʧʣʦʭʦʛʦ ʚ ʪʦʤ, ʯʪʦʙʳ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʠʣʦʞʝʥʠʷ ʢʘʢ ʩʦʚʨʝʤʝʥʥʳʡ ʠ ʥʦʚʘʪʦʨʩʢʠʡ ʩʧʦʩʦʙ ʦʙʫʯʝʥʠʷ. ʉʦʟʜʘʥʠʝ 

ʫʥʠʢʘʣʴʥʦʡ ʠ ʠʥʪʝʨʝʩʥʦʡ ʤʝʪʦʜʠʢʠ ʧʨʝʧʦʜʘʚʘʥʠʷ - ʚʘʞʥʝʡʰʠʡ ʘʩʧʝʢʪ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ 

ʠʥʪʝʨʝʩʘ ʫʯʘʱʠʭʩʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʫʯʝʙʥʳʭ ʮʝʣʝʡ ʠ ʟʘʜʘʯ. 

ʊʘʢ ʢʘʢ ʜʘʥʥʘʷ ʪʝʤʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ ï ʨʘʟʨʘʙʦʪʢʘ 

ʧʦʣʥʦʮʝʥʥʦʛʦ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʜʝʪʝʡ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ. ʉʦʟʜʘʚʘʪʴ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʜʝʪʝʡ ʩʣʦʞʥʝʝ, ʯʝʤ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠʭ ʜʣʷ 

ʚʟʨʦʩʣʳʭ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʪʨʝʙʫʝʪ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʟʫʯʝʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʝʨʴʝʟʥʳʭ 

ʩʦʦʙʨʘʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʝʜʘʛʦʛʠʢʠ ʠ ʧʩʠʭʦʣʦʛʠʠ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ 

ʜʝʪʝʡ ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʚʘʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʢʨʠʪʝʨʠʝʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʳ ʥʝ ʤʦʞʝʤ ʧʨʦʩʪʦ ʧʨʠʩʪʫʧʠʪʴ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʨʘʟʨʘʙʦʪʢʝ 

ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʫʯʝʥʠʢʦʚ, ʥʝ ʩʦʙʨʘʚ ʜʦʩʪʘʪʦʯʥʦ ʜʘʥʥʳʭ.  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʫʞʥʦ ʦʙʷʟʘʪʝʣʴʥʦ ʫʯʠʪʳʚʘʪʴ ʮʝʣʝʚʦʡ ʚʦʟʨʘʩʪʥʦʡ ʜʠʘʧʘʟʦʥ. ʇʨʝʞʜʝ 

ʯʝʤ ʧʦʛʨʫʟʠʪʴʩʷ ʚ ʨʘʟʨʘʙʦʪʢʫ ʤʘʢʝʪʘ, ʚʘʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʮʝʣʝʚʫʶ ʚʦʟʨʘʩʪʥʫʶ ʢʘʪʝʛʦʨʠʶ ʜʣʷ 

ʩʦʟʜʘʚʘʝʤʦʛʦ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. ɼʝʪʠ ʨʘʩʪʫʪ ʠ ʘʜʘʧʪʠʨʫʶʪʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ ʚʟʨʦʩʣʳʝ, 

ʧʦʵʪʦʤʫ ʚ ʮʝʣʦʤ ʜʚʫʭʣʝʪʥʠʡ ʧʝʨʠʦʜ - ʠʜʝʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ. ɺʘʤ ʦʙʷʟʘʪʝʣʴʥʦ ʥʫʞʥʦ 

ʫʯʠʪʳʚʘʪʴ ʦʛʨʦʤʥʫʶ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʪʨʝʭʣʝʪʥʠʤ ʠ ʧʷʪʠʣʝʪʥʠʤ ʨʝʙʝʥʢʦʤ ʠʣʠ ʯʝʪʳʨʝʭʣʝʪʥʠʤ 

ʠ ʩʝʤʠʣʝʪʥʠʤ. ʅʘʧʨʠʤʝʨ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʥʘ ʩʪʦʣʴʢʦ ʘʢʪʠʚʥʳ, ʯʪʦ ʤʦʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʟʘʥʠʤʘʪʴʩʷ ʘʢʪʠʚʥʳʤʠ ʚʠʜʘʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʠʟʫʯʘʪʴ ʧʨʠʣʦʞʝʥʠʷ, ʘ ʥʝʢʦʪʦʨʳʤ ʥʫʞʥʳ 

ʧʦʜʨʦʙʥʳʝ ʠʥʩʪʨʫʢʮʠʠ ʫʯʠʪʝʣʷ, ʯʪʦʙʳ ʯʫʚʩʪʚʦʚʘʪʴ ʩʝʙʷ ʙʦʣʝʝ ʫʚʝʨʝʥʥʦ. 

¶ ɺʦʟʨʘʩʪʥʘʷ ʛʨʫʧʧʘ - 3-5 ʣʝʪ: ʵʪʦ ʚʦʟʨʘʩʪʥʘʷ ʛʨʫʧʧʘ, ʚ ʢʦʪʦʨʦʡ ʤʘʣʳʰʠ ʣʶʙʷʪ 

ʠʟʫʯʘʪʴ ʮʚʝʪʘ, ʤʫʟʳʢʫ, ʨʠʬʤʳ, ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʦʡ ʠ ʪ.ʜ. ʕʪʘ ʚʦʟʨʘʩʪʥʘʷ ʛʨʫʧʧʘ ʩʦʩʪʦʠʪ ʠʟ ʜʝʪʝʡ ʜʦʰʢʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʜʣʷ ʥʠʭ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʧʨʠʣʦʞʝʥʠʷ ʚ ʢʦʪʦʨʳʭ ʠʤʝʶʪʩʷ ʷʨʢʠʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʝ ʮʚʝʪʘ. 

ʋʜʘʯʥʳʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʧʨʠʣʦʞʝʥʠʝ ï iColourIt. ʕʪʦ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ iOS, 

ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʤʘʣʳʰʘʤ ʨʘʩʢʨʘʰʠʚʘʪʴ ʩʚʦʠ ʣʶʙʠʤʳʝ ʬʨʫʢʪʳ, ʞʠʚʦʪʥʳʭ, ʮʚʝʪʳ, 

ʬʦʨʤʳ ʠ ʪ.ʜ.  

 
¶ ɺʦʟʨʘʩʪʥʘʷ ʛʨʫʧʧʘ - 5-10 ʣʝʪ: ʵʪʘ ʚʦʟʨʘʩʪʥʘʷ ʛʨʫʧʧʘ ʦʪʣʠʯʘʝʪʩʷ 

ʣʶʙʦʟʥʘʪʝʣʴʥʦʩʪʴʶ ʠ ʪʨʝʙʫʝʪ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʘʢʠʭ ʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ, ʢʘʢ 

ʧʦʩʘʜʢʘ ʨʘʩʪʝʥʠʡ, ʧʦʢʫʧʢʘ ʧʨʦʜʫʢʪʦʚ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʪʘʙʣʠʮʳ ʠ ʪ. ʜ. 

¶ ɺʦʟʨʘʩʪʥʘʷ ʛʨʫʧʧʘ - 10-15 ʣʝʪ: ʵʪʘ ʚʦʟʨʘʩʪʥʘʷ ʛʨʫʧʧʘ ʩʥʘʯʘʣʘ ʦʙʨʘʱʘʝʪ 

ʚʥʠʤʘʥʠʝ ʥʘ ʚʠʟʫʘʣʴʥʫʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʧʨʠʣʦʞʝʥʠʷ, ʘ ʟʘʪʝʤ ʥʘ ʢʘʯʝʩʪʚʦ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʫʪ ʠʤ ʦʙʣʝʛʯʠʪʴ ʚʦʩʧʨʠʷʪʠʝ ʠ ʧʦʥʠʤʘʥʠʝ 
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ʤʘʪʝʨʠʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʙʦʪʦʡ ʚ ʢʣʘʩʩʝ. ʌʘʢʪʠʯʝʩʢʠ, ʫʯʘʱʠʭʩʷ ʧʨʠʚʣʝʢʘʝʪ 

ʠʛʨʦʚʦʡ ʬʦʨʤʘʪ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʠʤ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ 

ʧʨʘʚʠʣʘ, ʠʛʨʘʪʴ ʩ ʦʧʧʦʥʝʥʪʘʤʠ ʠ ʜʘʞʝ ʩ ʜʨʫʟʴʷʤʠ ʚ ʩʝʪʠ. 

ʅʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ, ʤʦʞʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʨʘʟʨʘʙʦʪʘʪʴ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ. ʅʦ ʪʝʤ ʥʝ ʤʝʥʝʝ ʥʫʞʥʦ ʧʦʜʨʦʙʥʝʝ ʨʘʟʦʙʨʘʪʴʩʷ ʢʘʢʠʤ ʞʝ 

ʦʙʨʘʟʦʤ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʠʤʝʥʥʦ ʜʣʷ ʜʝʪʝʡ? ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʫʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ 

ʨʳʥʦʢ ʧʦʧʫʣʷʨʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʝ ʪʦʣʴʢʦ ʧʨʠʚʣʝʢʘʶʪ ʜʝʪʝʡ, ʥʦ ʪʘʢʞʝ ʧʦʤʦʛʘʶʪ ʠʤ 

ʨʘʟʚʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ, ʫʤʩʪʚʝʥʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʠ ʫʚʝʣʠʯʠʪʴ ʙʳʩʪʨʦʪʫ ʦʙʫʯʝʥʠʷ. 

ɺʦ-ʧʝʨʚʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʩʦʩʨʝʜʦʪʦʯʴʪʝʩʴ ʥʘ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʤ 

UX / UI ʜʠʟʘʡʥʝ. ʇʝʨʚʳʡ ʰʘʛ ʚ ʧʨʠʚʣʝʯʝʥʠʠ ʚʥʠʤʘʥʠʷ ʨʝʙʝʥʢʘ ʥʘʯʠʥʘʝʪʩʷ ʩ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ. ʄʘʣʳʰʠ ʪʷʥʫʪʩʷ ʢ ʷʨʢʠʤ ʮʚʝʪʘʤ ʠ ʦʯʝʥʴ ʣʶʙʷʪ ʠʭ. ʊʦʯʥʦ ʪʘʢ ʞʝ 

ʧʦʜʨʦʩʪʢʦʚ ʧʨʠʚʣʝʢʘʝʪ ʥʝʦʙʳʯʥʳʡ, ʫʥʠʢʘʣʴʥʳʡ ʪʚʦʨʯʝʩʢʠʡ ʧʦʜʭʦʜ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʜʦʣʞʝʥ ʙʳʪʴ ʧʝʨʚʳʤ ʠ ʛʣʘʚʥʳʤ 

ʧʨʝʜʧʦʯʪʝʥʠʝʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʜʝʪʝʡ. 

 
ʇʦʣʴʟʦʚʘʪʝʣʠ ʜʦʣʞʥʳ ʧʦʣʶʙʠʪʴ ʧʨʠʣʦʞʝʥʠʝ, ʠʤʝʪʴ ʞʝʣʘʥʠʝ ʟʘʥʠʤʘʪʴʩʷ ʚ ʥʝʤ ʠ 

ʜʝʣʠʪʴʩʷ ʠʤ ʩʦ ʩʚʦʠʤʠ ʜʨʫʟʴʷʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʦʧʳʪ ʠ ʧʦʧʫʣʷʨʥʦʩʪʴ ʥʝ 

ʤʝʥʝʝ ʚʘʞʝʥ ʜʣʷ ʜʝʪʩʢʠʭ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ.  

 

ɺʥʝʜʨʝʥʠʝ ʧʨʠʚʣʝʢʘʶʱʝʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ ʜʨʫʛʠʭ 

ʧʨʠʣʦʞʝʥʠʡ -  ̫ ʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ. 

ʄʦʤʝʥʪʳ ʥʘ ʢʦʪʦʨʳʝ ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ:   
¶ ʇʨʠʣʦʞʝʥʠʝ ʥʝ ʜʦʣʞʥʦ ʜʦʧʫʩʢʘʪʴ ʩʙʦʠ ʚ ʨʘʙʦʪʝ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʵʪʦ 

ʨʘʟʦʯʘʨʫʝʪ ʨʝʙʝʥʢʘ. 

¶ ʇʨʠʣʦʞʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʦ ʢ ʚʦʟʨʘʩʪʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʜʝʪʝʡ. 

¶ ɺ ʧʨʠʣʦʞʝʥʠʠ ʜʦʣʞʥʘ ʙʳʪʴ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʘʷ ʥʘʚʠʛʘʮʠʷ 

¶ ʇʨʠʣʦʞʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʘʜʘʧʪʠʚʥʳʤ, ʯʪʦʙʳ ʠʤ ʤʦʞʥʦ ʙʳʣʦ 

ʜʝʣʠʪʴʩʷ ʚ ʧʨʦʬʠʣʷʭ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ. 

¶ ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʷʚʣʷʝʪʩʷ ʣʠ ʧʨʠʣʦʞʝʥʠʝ ʠʛʨʦʚʳʤ ʠʣʠ ʞʝ ʥʘʧʨʘʚʣʝʥʦ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʦʥʦ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʦʩʪʳʤ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 

¶ ʇʨʠʣʦʞʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʪʦ ʯʪʦʙʳ ʚʳʟʳʚʘʪʴ ʫ ʨʝʙʝʥʢʘ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʵʤʦʮʠʠ. ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʞʝʩʪʳ, ʩʤʘʡʣʳ ʠ 

ʪ.ʜ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʩʥʦʚʥʳʤ ʧʨʠʥʮʠʧʦʤ ʷʚʣʷʝʪʩʷ ʩʦʩʨʝʜʦʪʦʯʝʥʠʝ ʚʥʠʤʘʥʠʷ ʥʘ UI / UX 

ʜʠʟʘʡʥʝ, ʪʦ ʝʩʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʜʝʪʩʢʠʭ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʜʨʫʞʝʩʪʚʝʥʥʳʡ ʠʥʪʝʨʬʝʡʩ, 

ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʟʘʛʨʫʟʦʢ ʠ ʦʪʟʳʚʦʚ 

ʩʦ ʩʪʦʨʦʥʳ ʨʦʜʠʪʝʣʝʡ ʠ ʜʘʞʝ ʜʝʪʝʡ.  
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ʉʣʝʜʫʶʱʠʤ ʘʩʧʝʢʪʦʤ, ʥʘ ʢʦʪʦʨʳʡ ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʜʦʰʢʦʣʴʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʞʠʚʦʪʥʳʭ, ʮʚʝʪʦʚ ʠ 

ʙʦʣʴʰʝ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʙʫʞʜʘʣʠ ʙʳ ʤʘʣʳʰʝʡ ʜʝʣʘʪʴ 

ʵʪʦ ʯʘʱʝ. ʊʦ ʝʩʪʴ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʣʦʞʝʥʠʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʟʘʜʘʥʠʡ ʩ ʠʛʨʦʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʣʝʛʯʘʶʪ ʚʦʩʧʨʠʷʪʠʝ ʠ 

ʜʝʣʘʶʪ ʵʪʦʪ ʧʨʦʮʝʩʩ ʠʥʪʝʨʝʩʥʳʤ. ʅʝʦʙʭʦʜʠʤʦ ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʩʦʟʜʘʥʠʝ 

ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʨʝʜʳ, ʚʝʜʴ ʠʤʝʥʥʦ ʟʜʦʨʦʚʘʷ ʢʦʥʢʫʨʝʥʮʠʷ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʚʘʪʴʩʷ ʙʦʣʴʰʠʭ 

ʫʩʧʝʭʦʚ. ʏʘʱʝ ʚʩʝʛʦ ʜʝʪʷʤ ʠʥʪʝʨʝʩʥʦ ʧʦʩʦʨʝʚʥʦʚʘʪʴʩʷ ʩ ʜʨʫʟʴʷʤʠ ʠ ʦʜʥʦʢʣʘʩʩʥʠʢʘʤʠ ʠ 

ʫʟʥʘʪʴ ʧʨʝʜʝʣʳ ʩʚʦʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʀʪʘʢ, ʩʦʟʜʘʥʠʝ ʩʦʨʝʚʥʦʚʘʥʠʡ, ʫʢʘʟʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ 

ʪʘʙʣʦ, ʝʞʝʜʥʝʚʥʳʝ, ʝʞʝʥʝʜʝʣʴʥʳʝ ʠʣʠ ʝʞʝʤʝʩʷʯʥʳʝ ʪʫʨʥʠʨʳ ʩʨʝʜʠ ʜʨʫʟʝʡ, ʦʙʲʷʚʣʝʥʠʝ 

ʧʦʙʝʜʠʪʝʣʝʡ, ʧʦʣʫʯʝʥʠʝ ʥʘʛʨʘʜ ʠʣʠ ʦʯʢʦʚ ʠ ʪ.ʜ. ʚʩʝ ʵʪʦ ʙʦʣʴʰʝ ʫʚʝʣʠʯʠʚʘʝʪ ʠʥʪʝʨʝʩ ʜʝʪʝʡ ʢ 

ʧʨʠʣʦʞʝʥʠʶ. 

ɽʱʝ ʦʜʥʠʤ ʠʟ ʢʨʠʪʝʨʠʝʚ ʢʦʪʦʨʳʡ ʧʨʠʚʣʝʢʘʝʪ ʜʝʪʝʡ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʟʜʘʚʘʪʴ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʧʨʦʬʠʣʠ. ʇʝʨʩʦʥʘʣʠʟʘʮʠʷ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʷʚʠʪʴ ʩʚʦʠ ʪʚʦʨʯʝʩʢʠʝ ʩʧʦʩʦʙʥʦʩʪʠ. ʂʘʢ ʠ ʣʶʙʘʷ ʣʠʯʥʦʩʪʴ ʜʝʪʠ ʣʶʙʷʪ, ʢʦʛʜʘ ʠʤ ʫʜʝʣʷʶʪ 

ʜʦʩʪʘʪʦʯʥʦʝ ʚʥʠʤʘʥʠʝ. ʇʝʨʩʦʥʘʣʴʥʘʷ ʩʪʨʘʥʠʮʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʯʫʚʩʪʚʦʚʘʪʴ ʩʝʙʷ 

ʚʟʨʦʩʣʳʤʠ ʥʘ ʨʦʚʥʝ ʩ ʨʦʜʠʪʝʣʷʤʠ. ɽʩʣʠ ʜʝʪʠ ʜʦʰʢʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʪʦ ʧʨʦʬʠʣʴ ʤʦʞʝʪ ʙʳʪʴ 

ʩʦʟʜʘʥ ʟʘʢʦʥʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʨʝʙʝʥʢʘ, ʘ ʝʩʣʠ ʧʦʜʨʦʩʪʢʠ, ʪʦ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʟʜʘʚʘʪʴ ʩʚʦʡ ʧʨʦʬʠʣʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʥʝ ʤʝʥʝʝ ʚʘʞʥʳʝ ʢʨʠʪʝʨʠʠ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʧʨʠʣʦʞʝʥʠʝ ʞʝʣʘʥʥʳʤ ʠ 

ʧʦʣʝʟʥʳʤ ʜʣʷ ʧʦʣʴʟʦʚʘʥʠʷ ʜʝʪʴʤʠ: 

¶ ɼʦʙʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘ ʛʦʣʦʩʦʚʦʛʦ ʧʨʠʚʝʪʩʪʚʠʷ  

¶ ɺʩʧʣʳʚʘʶʱʠʝ ʧʦʜʩʢʘʟʢʠ ʧʦ ʢʘʞʜʦʤʫ ʵʣʝʤʝʥʪʫ ʠ ʠʥʬʦʨʤʘʮʠʷ ʦʙ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

¶ ʀʥʪʝʨʘʢʪʠʚʥʦʩʪʴ (3D-ʵʬʬʝʢʪʳ, ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʝ ʢʘʨʪʠʥʢʠ, ʟʚʫʢ, ʧʦʟʜʨʘʚʣʝʥʠʷ 

ʠ ʪ. ʜ.)  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʦʯʝʥʴ ʙʳʩʪʨʦʤ ʪʝʤʧʝ, ʧʦʵʪʦʤʫ ʜʝʪʠ 

ʜʦʣʞʥʳ ʧʨʦʷʚʣʷʪʴ ʠʥʪʝʨʝʩ ʢ ʪʝʭʥʦʣʦʛʠʷʤ. ʀʩʩʣʝʜʦʚʘʥʠʝ Edison, ʧʨʦʚʝʜʝʥʥʦʝ ʚ ʧʝʨʠʦʜ ʩ 

2015 ʧʦ 2019 ʛʦʜ, ʯʝʪʢʦ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʤʘʨʪʬʦʥʦʚ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 18 

ʣʝʪ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 600%. ʕʪʦ ʯʠʩʣʦ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʛʦʜʘʤʠ. ʀ ʜʘʥʥʫʶ 

ʪʝʥʜʝʥʮʠʶ ʤʳ ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʥʫʞʥʦʝ ʨʫʩʣʦ, ʪʘʢ ʢʘʢ ʜʝʪʠ ʚʦʩʧʨʠʥʠʤʘʶʪ ʣʶʙʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʚʠʟʫʘʣʴʥʦ, ʯʝʨʝʟ ʵʤʦʮʠʠ. ʀ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ, ʚ ʪʝʢʫʱʝʝ ʚʨʝʤʷ ʦʜʥʦʡ ʠʟ 

ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʙʝʟʦʧʘʩʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʜʝʪʝʡ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 

ʨʘʟʚʣʝʯʝʥʠʷ, ʥʦ ʠ ʢʦʪʦʨʦʝ ʦʭʚʘʪʠʪ ʪʘʢʠʝ ʘʩʧʝʢʪʳ ʢʘʢ ʧʦʚʳʰʝʥʠʷ IT-ʛʨʘʤʦʪʥʦʩʪʠ ʜʝʪʝʡ ʠ 

ʨʘʟʚʠʪʠʷ ʤʳʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. 
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ABSTRACT 

 

This article predicts the economic crisis using mathematical models. It is based on a 

multivariate linear regression algorithm with polynomial properties. Machine learning methods are 

used to implement the model. The model under consideration gives an idea of the evolution of the 

crisis and makes it possible to assess the likely results of possible interventions that may affect the 

development of the crisis. The Herfindahl index, Cash Conversion Cycle and tradeshare readings 

were taken as inputs. And as an output parameter, the value of the export growth rate was chosen. 

The presented model also helps to identify factors and actions that can improve global economic 

security. The Python programming language was used as a runtime for machine learning. 

 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʕʂʆʅʆʄʀʏɽʉʂʆɻʆ ʂʈʀɿʀʉɸ 

ʄɽʊʆɼʆʄ ʇʆʃʀʅʆʄʀɸʃʔʅʆʁ ʈɽɻʈɽʉʉʀʀ 

ʄʝʠʨʙʝʢ ɾʘʩʜϸʫʨʝʥ ɼʘʥʠʷʨϰʣʳ 

ʉʪʫʜʝʥʪ ʤʘʛʠʩʪʨʘʪʫʨʳ 2 ʢʫʨʩʘ, 

ʂʘʟʘʭʩʪʘʥʩʢʦ-ɹʨʠʪʘʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʂʘʟʘʭʩʪʘʥ, ʛ. ɸʣʤʘʪʳ 

 

ɸʅʅʆʊɸʎʀʗ 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ɿʘ ʦʩʥʦʚʫ ʙʝʨʝʪʩʷ ʘʣʛʦʨʠʪʤ ʤʥʦʛʦʤʝʨʥʦʡ 

ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʩ ʧʦʣʠʥʦʤʠʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ ʧʨʠʤʝʥʷʶʪʩʷ 

ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʦʜʝʣʴ ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʵʚʦʣʶʮʠʠ 

ʢʨʠʟʠʩʘ ʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʝʨʦʷʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʦʟʤʦʞʥʳʭ ʚʤʝʰʘʪʝʣʴʩʪʚ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʨʘʟʚʠʪʠʝ ʢʨʠʟʠʩʘ. ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʠ ʚʟʷʪʳ ʠʥʜʝʢʩ 

ʍʝʨʬʠʥʜʘʣʷ, ʮʠʢʣ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʠ ʧʦʢʘʟʘʥʠʷ ʪʦʨʛʦʚʣʠ. ɸ ʚ ʢʘʯʝʩʪʚʝ 

ʚʳʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʙʳʣʦ ʚʳʙʨʘʥʦ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʦʩʪʘ ʵʢʩʧʦʨʪʘ. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ 

ʤʦʜʝʣʴ ʪʘʢʞʝ ʧʦʤʦʛʘʝʪ ʦʧʨʝʜʝʣʠʪʴ ʬʘʢʪʦʨʳ ʠ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʳʩʠʪʴ 

ʛʣʦʙʘʣʴʥʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ. ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʠʩʧʦʣʥʝʥʠʷ ʜʣʷ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʙʳʣ ʧʨʠʤʝʥʝʥ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python. 
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ɺʚʝʜʝʥʠʝ 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʥʠʤʘʝʪ ʚʝʜʫʱʝʝ ʤʝʩʪʦ ʩʨʝʜʠ 

ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʚʦʜʠʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʢʘʢ ʧʨʦʩʪʳʭ, ʪʘʢ ʠ ʩʣʦʞʥʳʭ ʤʦʜʝʣʝʡ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʪʦʙʨʘʞʘʪʴ ʮʠʬʨʦʚʳʝ ʜʘʥʥʳʝ, ʘ ʪʘʢʞʝ 

ʪʝʦʨʠʠ ʠ ʤʦʜʝʣʠ. ɼʣʷ ʚʪʦʨʦʛʦ ʩʣʫʯʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʠʟʤʝʥʷʷ 

ʫʩʣʦʚʠʷ ʟʘʜʘʯʠ [1,2]. ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʘʪʴ ʩʚʷʟʴ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʷʚʣʝʥʠʷʤʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʪʜʝʣʴʥʳʝ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʧʦʜʛʦʪʦʚʠʪʴ ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʘʢʦʡ ʩʣʦʞʥʝʡʰʠʡ ʧʨʦʮʝʩʩ, ʢʘʢ 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʢʨʠʟʠʩ. ɺʝʩʴʤʘ ʧʦʧʫʣʷʨʥʳ ʵʢʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 

ʩʦʙʦʡ ʩʠʩʪʝʤʳ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʦʪʨʘʞʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʩʢʦʤʳʭ 

ʚʝʣʠʯʠʥ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʫʩʣʦʚʠʷʭ, ʦʧʠʩʳʚʘʝʤʳʭ ʦʮʝʥʠʚʘʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʤʦʜʝʣʠ. ɺʦ ʚʨʝʤʷ ʧʦʩʪʨʦʝʥʠʷ ʵʢʦʥʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʦʪʦʙʨʘʪʴ ʬʘʢʪʦʨʳ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʱʠʝ ʥʘ ʟʘʚʠʩʠʤʫʶ ʧʝʨʝʤʝʥʥʫʶ, ʚʳʙʨʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ, 

ʦʧʠʩʳʚʘʶʱʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʤʦʜʝʣʴ 

ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ. 

ʄʦʜʝʣʴ ʨʝʛʨʝʩʩʠʠ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʝ ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʳʭ 

ʜʘʥʥʳʭ, ʚ ʨʦʣʠ ʢʦʪʦʨʳʭ ʚʳʩʪʫʧʘʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʳ ʯʠʩʝʣ. ʇʨʝʜʩʪʘʚʠʤ, ʯʪʦ 

ʧʝʨʚʦʝ ʯʠʩʣʦ ʚ ʧʘʨʝ ï ʵʪʦ ʟʥʘʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ x, ʘ ʚʪʦʨʦʝ - y, ʪʦʛʜʘ ʤʥʦʞʝʩʪʚʦ ʪʘʢʠʭ ʧʘʨ 

ʯʠʩʝʣ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʥʘ ʧʣʦʩʢʦʩʪʠ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʚ ʚʠʜʝ ʤʥʦʞʝʩʪʚʘ 

ʪʦʯʝʢ. ʇʦʩʪʨʦʠʪʴ ʨʝʛʨʝʩʩʠʶ - ʵʪʦ ʟʥʘʯʠʪ ʧʦʜʦʙʨʘʪʴ ʪʘʢʫʶ ʣʠʥʠʶ (ʬʫʥʢʮʠʶ), ʢʦʪʦʨʘʷ ʢʘʢ 

ʤʦʞʥʦ ʪʦʯʥʝʝ ʧʨʠʙʣʠʞʘʝʪ ʢ ʩʝʙʝ (ʘʧʧʨʦʢʩʠʤʠʨʫʝʪ) ʤʥʦʞʝʩʪʚʦ ʚʳʰʝʩʢʘʟʘʥʥʳʭ ʪʦʯʝʢ. ʅʘ 

ʧʨʘʢʪʠʢʝ ʚ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʝʡ ʨʝʛʨʝʩʩʠʠ ʠʩʧʦʣʴʟʫʶʪ ʣʠʥʝʡʥʳʝ, ʧʦʣʠʥʦʤʠʘʣʴʥʳʝ  ʠ ʜʨʫʛʠʝ 

ʪʠʧʳ ʬʫʥʢʮʠʡ. ʂʣʘʩʩʠʯʝʩʢʘʷ ʜʚʫʭʬʘʢʪʦʨʥʘʷ ʤʦʜʝʣʴ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ 

ʦʧʠʩʳʚʘʝʪʩʷ ʚ [3,4]. ʇʦʣʠʥʦʤ ʣʶʙʦʛʦ ʧʦʨʷʜʢʘ ʩʚʦʜʠʪʩʷ ʢ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʩ ʝʝ ʤʝʪʦʜʘʤʠ 

ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ ʙʦʣʴʰʠʥʩʪʚʘ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʩʨʝʜʠ ʥʝʣʠʥʝʡʥʦʡ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʦʣʠʥʦʤ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ. ʆʛʨʘʥʠʯʝʥʠʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʠʥʦʤʦʚ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʝʡ 

ʩʚʷʟʘʥʳ ʩ ʪʨʝʙʦʚʘʥʠʝʤ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ: ʯʝʤ ʚʳʰʝ ʧʦʨʷʜʦʢ 

ʧʦʣʠʥʦʤʘ, ʪʝʤ ʙʦʣʴʰʝ ʠʟʛʠʙʦʚ ʠʤʝʝʪ ʢʨʠʚʘʷ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʝʥʝʝ ʦʜʥʦʨʦʜʥʘ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦ ʨʝʟʫʣʴʪʘʪʠʚʥʦʤʫ ʧʨʠʟʥʘʢʫ [5]. 

ʃʶʙʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʩʥʦʚʘʥʘ ʥʘ ʫʧʨʦʱʝʥʠʠ, ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʝʘʣʴʥʦʡ 

ʩʠʪʫʘʮʠʠ ʠ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʧʨʠʙʣʠʞʝʥʥʳʤ ʦʧʠʩʘʥʠʝʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʤʦʞʥʳ ʥʝʢʦʪʦʨʳʝ 

ʧʦʛʨʝʰʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʟʘ ʩʯʝʪ ʟʘʤʝʥʳ ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʴʶ 

ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

 

 

 



ñʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ ɸʂɸɼɽʄʀʂò                                                          ̄ 1  (104), 2021 ʛ. 

_______________________________________________________________________________________ 

191 
 

 

 

ʄʝʪʦʜ ʠ ʪʝʦʨʠʷ 

 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʘʣʛʦʨʠʪʤʘ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ 

ʨʝʛʨʝʩʩʠʠ ʩ ʤʝʪʦʜʘʤʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ (ML) ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʢʨʠʟʠʩʘ. ʅʘ ʨʠʩʫʥʢʝ 1 ʩʭʝʤʘʪʠʯʝʩʢʠ ʦʧʠʩʘʥ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʳʣʠ 

ʨʘʟʜʝʣʝʥʳ ʥʘ ʦʙʫʯʘʶʱʫʶ ʠ ʪʝʩʪʦʚʫʶ ʚʳʙʦʨʢʫ. ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ 4 ʧʘʨʘʤʝʪʨʘ: 

¶ Herfindahl Index - ʠʥʜʝʢʩ ʍʝʨʬʠʥʜʘʣʷ, ʦʙʱʝʧʨʠʥʷʪʳʡ ʧʦʢʘʟʘʪʝʣʴ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʨʳʥʢʘ. ʀʥʜʝʢʩ ʍʝʨʬʠʥʜʘʣʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʫʪʝʤ ʚʦʟʚʝʜʝʥʠʷ ʚ ʢʚʘʜʨʘʪ ʨʳʥʦʯʥʦʡ ʜʦʣʠ 

ʢʘʞʜʦʡ ʬʠʨʤʳ, ʢʦʥʢʫʨʠʨʫʶʱʝʡ ʥʘ ʨʳʥʢʝ, ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʫʤʤʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʯʠʩʝʣ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʨʳʥʢʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʯʝʪʳʨʝʭ ʬʠʨʤ ʩ ʜʦʣʝʡ 30, 30, 20 ʠ 20 

ʧʨʦʮʝʥʪʦʚ, HI ʩʦʩʪʘʚʣʷʝʪ 2600 (30
2
 + 30

2
 + 20

2
 + 20

2
 = 2600). 

¶ Cash Conversion Cycle - ʮʠʢʣ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ - ʵʪʦ ʧʦʢʘʟʘʪʝʣʴ, 

ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ, ʩʢʦʣʴʢʦ ʚʨʝʤʝʥʠ ʪʨʝʙʫʝʪʩʷ ʢʦʤʧʘʥʠʠ, ʯʪʦʙʳ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʢʘʧʠʪʘʣ, 

ʚʣʦʞʝʥʥʳʡ ʚ ʟʘʧʘʩʳ, ʦʙʨʘʪʥʦ ʚ ʥʘʣʠʯʥʳʝ. 

¶ Intout - ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

¶ Tradeshare - ʪʦʨʛʦʚʣʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʙʳʣ ʚʳʙʨʘʥ ʩʣʝʜʫʶʱʠʡ ʧʘʨʘʤʝʪʨ: 

¶ Export Growth - ʨʦʩʪ ʵʢʩʧʦʨʪʘ. 

 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʠʥ ʠʟ ʢʣʘʩʩʦʚ ʟʘʜʘʯ ʚ ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ - ʦʙʫʯʝʥʠʝ 

ʩ ʫʯʠʪʝʣʝʤ. ɻʣʘʚʥʘʷ ʮʝʣʴ ʦʙʫʯʝʥʠʷ ʩ ʫʯʠʪʝʣʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʜʩʢʘʟʘʥʠʠ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʦʙʫʯʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʛʜʝ  y - ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ, ʘ x - ʝʸ ʧʨʠʟʥʘʢʠ. ʕʪʘ ʟʘʜʘʯʘ ʦʪʥʦʩʠʪʩʷ ʢ 

ʢʣʘʩʩʫ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʟʘʜʘʯ ʚ ʪʝʦʨʠʠ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʟʘʜʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʠʭ ʧʝʨʝʤʝʥʥʳʭ: Herfindahl Index - h, Cash Conversion Cycle ï c, 
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Intout ï k, Tradeshare - s. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʦʧʨʝʜʝʣʠʣʠ  ʨʦʩʪ ʵʢʩʧʦʨʪʘ ʢʘʢ ʮʝʣʝʚʫʶ 

ʬʫʥʢʮʠʶ y, ʘ ʦʩʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʢʘʢ ʧʨʠʟʥʘʢʠ x. 

 

ὼ

ụ
Ụ
Ụ
Ụ
ợ
Ὤ
ὧ
Ὧ
ί
ὸ Ứ
ủ
ủ
ủ
Ủ

ȟὭ  ρȟȣȟά       (1) 

ʛʜʝ ὼ(Ὥ) ʷʚʣʷʝʪʩʷ ʧʨʠʟʥʘʢʦʤ ʥʘ Ὥὸ ʪʨʝʥʠʨʦʚʦʯʥʦʤ ʧʨʠʤʝʨʝ. 

ώ  – ȟὭ  ρȟȣ ȟά        (2) 

ʛʜʝ h
(Ὥ),  c

(Ὥ), k
(Ὥ), s

(Ὥ) ʠ t
(Ὥ) - Herfindahl Index, Cash Conversion Cycle, Intout, Tradeshare ʠ 

ʚʨʝʤʝʥʥʘʷ ʠʪʝʨʘʮʠʷ ʥʘ Ὥὸ ʜʘʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʪʘʢʞʝ m ʵʪʦ ʯʠʩʣʦ ʪʨʝʥʠʨʦʚʦʯʥʳʭ 

ʧʨʠʤʝʨʦʚ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, x ʟʘʜʘʝʪʩʷ ʢʘʢ (ὲὼ + 1) Ĭ ά ʤʘʪʨʠʮʦʡ, ʘ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ y 

ʟʘʜʘʝʪʩʷ ά Ĭ 1 ʚʝʢʪʦʨʦʤ. ʈʝʛʨʝʩʩʠʦʥʥʫʶ ʤʦʜʝʣʴ ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ώ  Ὤὼ  ‐ ȟὭ  ρȟȣ ȟά      (3) 

ʛʜʝ ʤʦʜʝʣʴ  ʦʧʠʩʳʚʘʝʪ ʰʘʙʣʦʥ ʤʝʞʜʫ x ʠ y, ʠ ‐Ὥ ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʦʡ ʦʰʠʙʢʦʡ ʤʦʜʝʣʠ, 

ʢʦʪʦʨʘʷ ʠʟʤʝʨʷʝʪ ʥʝʢʦʪʦʨʳʝ ʨʘʩʭʦʞʜʝʥʠʷ. ɼʣʷ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʦʜʝʣʴ 

ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ (LR) ʠ ʤʦʜʝʣʴ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʩ ʧʦʣʠʥʦʤʠʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʇʨʠʤʝʥʷʷ ʤʝʪʦʜ, ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ ʘʥʩʘʤʙʣʝ ʩʮʝʥʘʨʠʝʚ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ, ʛʜʝ ʚ 

ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʠ ʚʟʷʪʳ ʨʘʟʣʠʯʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʠʩʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʂʦʣʠʯʝʩʪʚʦ ʧʘʨ ʚʳʙʦʨʢʠ ʜʣʷ ʠʩʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʦ ʚʟʷʪʦ ʨʘʚʥʳʤ 409. ɼʣʷ ʢʘʞʜʦʛʦ 

ʟʘʧʫʩʢʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʦʩʪʘ ʵʢʩʧʦʨʪʘ. ʏʪʦʙʳ ʠʩʩʣʝʜʦʚʘʪʴ 

ʜʠʥʘʤʠʢʫ ʵʪʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʙʝʨʝʪʩʷ 17 ʟʥʘʯʝʥʠʡ ʧʨʠ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʚʨʝʤʝʥʥʦʡ ʠʪʝʨʘʮʠʠ 

ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʚʳʙʦʨʢʠ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨ ʚʳʙʦʨʢʠ ʩʦʩʪʘʚʣʷʝʪ 409*17=6953 ʤʦʜʝʣʝʡ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʡ ʧʘʨʳ ʪʝʩʪʦʚʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʠ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʠ ʜʣʷ 

ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʙʳʣʘ ʚʟʷʪʘ ʢʚʘʜʨʘʪʠʯʥʘʷ 

ʩʪʝʧʝʥʴ ʧʦʣʠʥʦʤʘ. ʉʨʘʚʥʠʚʘʷ ʵʪʠ ʨʠʩʫʥʢʠ, ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʧʦʣʠʥʦʤʠʘʣʴʥʘʷ ʤʦʜʝʣʴ 

ʦʙʫʯʘʝʪ ʣʫʯʰʝ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʯʝʤ ʣʠʥʝʡʥʘʷ ʤʦʜʝʣʴ. ɺ ʢʘʯʝʩʪʚʝ ʦʮʝʥʢʠ 

ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʙʳʣʦ ʚʳʙʨʘʥʦ ʟʥʘʯʝʥʠʝ MSE (Mean Squared Error). MSE ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʝʡ 

ʢʚʘʜʨʘʪʠʯʥʦʡ ʦʰʠʙʢʦʡ ʠ ʨʘʚʥʘ 0.061 ʜʣʷ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʢʚʘʜʨʘʪʠʯʥʘʷ ʧʦʣʠʥʦʤʠʘʣʴʥʘʷ ʨʝʛʨʝʩʩʠʷ ʦʙʫʯʘʝʪʩʷ ʧʨʠ ʪʨʝʥʠʨʦʚʦʯʥʦʤ ʥʘʙʦʨʝ ʜʦʚʦʣʴʥʦ 

ʭʦʨʦʰʦ. 
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ʈʠʩʫʥʦʢ 2. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʜʣʷ ʦʜʥʦʡ ʧʘʨʳ ʪʝʩʪʦʚʦʛʦ ʥʘʙʦʨʘ 

ʜʘʥʥʳʭ 

 

 
ʈʠʩʫʥʦʢ 3. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʜʣʷ ʦʜʥʦʡ ʧʘʨʳ ʪʝʩʪʦʚʦʛʦ 

ʥʘʙʦʨʘ ʜʘʥʥʳʭ 
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ɿʘʢʣʶʯʝʥʠʝ 

 

ʇʨʠʤʝʥʷʝʤʘʷ ʤʦʜʝʣʴ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʙʳʣʘ ʦʙʫʯʝʥʘ ʯʝʪʳʨʴʤʷ ʚʭʦʜʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʦʩʪʘ ʵʢʩʧʦʨʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʫʯʝʥʥʘʷ ʤʦʜʝʣʴ 

ʧʨʦʛʥʦʟʠʨʫʝʪ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʦʩʪʘ ʵʢʩʧʦʨʪʘ ʥʘ ʦʩʥʦʚʝ ʪʝʩʪʦʚʳʭ ʜʘʥʥʳʭ. ʄʦʜʝʣʴ 

ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʭʦʨʦʰʠʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʭʦʪʷ ʠ ʷʚʣʷʝʪʩʷ 

ʦʯʝʥʴ ʧʨʦʩʪʦʡ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʭʦʨʦʰʦ ʦʙʫʯʘʝʪʩʷ ʠ ʚʳʩʦʢʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʚʩʝ 

ʥʝʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʨʝʛʨʝʩʩʠʠ ʦʢʘʟʳʚʘʶʪ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʮʝʣʝʚʫʶ 

ʬʫʥʢʮʠʶ. ʉʣʝʜʩʪʚʝʥʥʦ, ʚʣʠʷʥʠʝ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʣʝʛʢʦ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʠ 

ʚʠʟʫʘʣʠʟʠʨʫʝʪʩʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʣʠʥʦʤʠʘʣʴʥʘʷ ʨʝʛʨʝʩʩʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʯʘʩʪʥʳʡ 

ʩʣʫʯʘʡ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ. ʊʘʢ ʢʘʢ, ʫʚʝʣʠʯʝʥʠʝ n ʩʪʝʧʝʥʠ ʧʦʣʠʥʦʤʘ 

ʜʦʙʘʚʣʷʝʪ ʢ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʥʝʣʠʥʝʡʥʦʩʪʴ ʜʘʥʥʳʭ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʀʚʘʥʠʣʦʚ ʖ. ʇ., ʃʦʛʦʚ ɸ. ɺ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚ ʵʢʦʥʦʤʠʢʝ. ʄ., çʅʘʫʢʘè, ɻʣʘʚʥʘʷ 

ʨʝʜʘʢʮʠʷ ʬʠʟʠʢʦ - ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ, 1970. 

2. ɼʦʣʛʦʧʦʣʦʚʘ ɸ.ʌ., ɻʫʣʘʡ ʊ.ɸ., ʃʠʪʚʠʥ ɼ.ɹ. ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʕʢʦʥʦʤʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ, 

2013. ˉ 1. ʉ. 62-66. 

3. Harrell Jr., Frank E. Regression modeling strategies: with applications to linear models, logistic 

and ordinal regression, and survival analysis. Springer Series in Statistics, 2015. 582 p. 

4. Kuhn M., Johnson K. Applied predictive modeling. Springer, 2018. 600 p. 

5. ɽʣʠʩʝʝʚʘ ʀ. ʀ.  ʠ ʜʨ. ʕʢʦʥʦʤʝʪʨʠʢʘ : ʫʯʝʙʥʠʢ ʜʣʷ ʙʘʢʘʣʘʚʨʠʘʪʘ ʠ ʤʘʛʠʩʪʨʘʪʫʨʳ. ʄ., 

ʀʟʜʘʪʝʣʴʩʪʚʦ ʖʨʘʡʪ, 2019. 

 
 

 

 

 

 

 

 

 

 

 

 



ñʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ ɸʂɸɼɽʄʀʂò                                                          ̄ 1  (104), 2021 ʛ. 

_______________________________________________________________________________________ 

195 
 

 

ʕʃɽʂʊʈ ʕʅɽʈɻʀʗʉʓʅ ʂʆʄʄɽʈʎʀʗʃʓפ ɽʉɽʇʂɽ ɸʃʋɼʓר 

ɸɺʊʆʄɸʊʊɸʅɼʓʈʓʃנɸʅ ɾתʁɽʉɯʅɯױפ רʈɸʄʓ 

ʆʨʜʘʙʘʝʚ ɽʨʘʩʳʣ ϷʩʝʪϨϰʣʳ 

ʄʘʛʩʠʪʘʨʥʪ 2 ʢʫʨʩ 

ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ.ʂʘʨʘʛʘʥʜʘ 

 

ɸʥʥʦʪʘʮʠʷ 

ʄʘץʘʣʘʜʘ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ʢʦʤʤʝʨʮʠʷʣʳץ ʝʩʝʧʢʝ ʘʣʫʜʳץ שʘʟʽʨʛʽ ʟʘʤʘʥסʳ 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞװʡʝʣʝʨʽʥʽײץ שʨʘʤʳ, ʦʥʳש ʥʝʛʽʟʛʽ ʢʦʤʧʦʥʝʥʪʪʝʨʽ ץʘʨʘʩʪʳʨʳʣʘʜʳ, 

 ʘʨʘʩʪʳʨʳʣʘʜʳ, ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥץ ʛʝʡʣʽ ʘʨʭʠʪʝʢʪʫʨʘʩʳשʰ ʜʝװ ʳ ʕʂɽɸɾסʘʟʽʨʛʽ ʟʘʤʘʥץ

ʝʩʝʧʢʝ ʘʣʫʜʳ ʙʘץʳʣʘʫʜʳש ʟʘʤʘʥʘʫʠ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞװʡʝʣʝʨʽ ʞᴅʥʝ ʕʂɽɸɾ ʞװʡʝʣʝʨʽ 

ʥʘʨʳסʳʥʜʘ ʦʨʳʥ ʘʣסʘʥ ᴇʟʛʝʨʽʩʪʝʨ ץʘʨʘʩʪʳʨʳʣʘʜʳ, 0,4 ʢɺ ʵʣʝʢʪʨ ʞʝʣʽʣʝʨʽ (PLC 

ʪʝʭʥʦʣʦʛʠʷʩʳ) ʙʦʡʳʥʰʘ ʘץʧʘʨʘʪʪʳ ʙʝʨʫʜʽש ʞʘʨʪʳʣʘʡ ʜʫʧʣʝʢʩʪʽ ʘʨʥʘʣʘʨʳʥʳש ʤʳʩʘʣʳ 

ʢʝʣʪʽʨʽʣʛʝʥ, ʩʦʥʜʘʡ-ʘץ ʕʂɽɸɾ ʞװʡʝʣʝʨʽʥʜʝ ʘץʧʘʨʘʪʪʳ ʙʝʨʫ ʧʨʦʙʣʝʤʘʩʳ ʪʫʨʘʣʳ ʤᴅʩʝʣʝ 

 .ʘʨʘʣʜʳץ

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʝʩʝʧʢʝ ʘʣʫ ʞװʡʝʩʽ, ʵʥʝʨʛʠʷ ʨʝʩʫʨʩʪʘʨʳʥ 

ʙʘץʳʣʘʫ, PLC-ʪʝʭʥʦʣʦʛʠʷʩʳ. 

ʂʝʟ-ʢʝʣʛʝʥ ʤʝʤʣʝʢʝʪʪʽש ʵʢʦʥʦʤʠʢʘʩʳʥ ʜʘʤʳʪʫʜʘסʳ ʥʝʛʽʟʛʽ ʵʣʝʤʝʥʪʽ ʞᴅʥʝ ץʘʟʽʨʛʽ 

ᴅʣʝʤʜʝ ʘʜʘʤʟʘʪʪʳש ᴇʤʽʨ ʩװʨʫʽʥʽש ʤʘשʳʟʜʳ ʬʘʢʪʦʨʳ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɹʘʨʣʳץ ʠʥʬʨʘײץʨʳʣʳʤʜʘʨ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ʪײʪʳʥʫʰʳʣʘʨ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ, ʩʦʥʜʳץʪʘʥ 

ʦʥʳ ʙʘʨʣʳץ ʩʘʣʘʣʘʨסʘ ʫʘץʪʳʣʳ ʞᴅʥʝ ʩʘʧʘʣʳ ʞʝʪʢʽʟʫ ץʘʞʝʪ. ᴆʥʝʨʢᴅʩʽʧʪʽʢ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʘ 

ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ʙʘץʳʣʘʫ ʤʝʥ ʝʩʝʧʢʝ ʘʣʫʜʳש ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞװʡʝʩʽʥ ʝʥʛʽʟʫ ʵʥʝʨʛʠʷ 

ʪײʪʳʥʫ ʞᴅʥʝ ʵʥʝʨʛʠʷ װʥʝʤʜʝʫ ʨʝʞʠʤʜʝʨʽʥ ʨʝʪʪʝʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ [1-2]. 

ʕʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ʙʘץʳʣʘʫ ʤʝʥ ʝʩʝʧʢʝ ʘʣʫʜʳש ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞװʡʝʩʽ 

(ʕʂɽɸɾ) ï ʙײʣ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ʘʚʪʦʤʘʪʪʳ ʝʩʝʧʢʝ ʘʣʫ ʞᴅʥʝ ʵʣʝʢʪʨ ץʦʨʝʢʪʝʥʜʽʨʫ ʧʨʦʮʝʩʽʥ 

ʘʚʪʦʤʘʪʪʳ ʙʘʩץʘʨʫ װʰʽʥ ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ʙʘסʜʘʨʣʘʤʘʣʳץ ʞᴅʥʝ ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʜʳש 

ʞʠʳʥʪʳסʳ. ʆʩʳ ʞװʡʝʥʽ ʝʥʛʽʟʫ ʪײʪʳʥʳʣʘʪʳʥ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳ ʤʝʥ ץʫʘʪʳʥʳש ʰʳסʳʩʪʘʨʳ 

ʪʫʨʘʣʳ ʜײʨʳʩ ʘץʧʘʨʘʪ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʕʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ʝʩʝʧʢʝ ʘʣʫʜʳ ʙʘץʳʣʘʫ ʞװʡʝʩʽʥʽש ʥʝʛʽʟʛʽ ʞײʤʳʩ ʧʨʠʥʮʠʧʽ ʤʝʥ 

ʤʘץʩʘʪʳ ʘʣʳʥסʘʥ ʘץʧʘʨʘʪʪʳ ᴇשʜʝʫ ʞᴅʥʝ ʝʩʝʧ ʞʘʩʘʫ װʰʽʥ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ 

ʪײʪʳʥʫʰʳʣʘʨʜʳש ʢʝʨʥʝʫ ʤʝʥ ץʫʘʪ ʙʦʡʳʥʰʘ ʘץʧʘʨʘʪʳʥ ʞʠʥʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 .ʦʣʜʘʥʳʣʘʜʳ [1-2]ץ ʰ ʩʘʪʳʣʳ ʘʨʭʠʪʝʢʪʫʨʘʩʳװ ʘʟʽʨʛʽ ʢʝʟʜʝ ʕʂɽɸɾ -ʜʝפ

ɾʦסʘʨסʳ ʩʘʪʳ: ʦʩʳ ʜᴅʨʝʞʝʜʝʛʽ ʘʩʧʘʧʪʘʨ ʪײʪʳʥʫʰʳʜʘ ʙʦʣʘʪʳʥ ʩʘʥʘʫʳʰʪʘʨ (ʵʣʝʢʪʨʦʥʜʳ 

ʥʝʤʝʩʝ ʠʥʜʫʢʮʠʷʣʳץ) ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [2]. 

ɸʨʘʣʳץ ʢʝʟʝש: ʙײʣ ץʘʜʘʤ-ʙײʣ ʙʘʡʣʘʥʳʩ ʞװʡʝʩʽ, ʦʥʳש ʩʳʟʳסʳʥʜʘ ʘץʧʘʨʘʪ ʙʝʨʫʜʽ 

 .ʘʥ [2]סʨʣʽ ʢʦʥʪʨʦʣʣʝʨʣʝʨ ʦʨʥʘʣʘʩʪʳʨʳʣװʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ᴅʨʪץ

ʊᴇʤʝʥʛʽ ʩʘʪʳ: ʦʩʳ ʩʘʪʳʜʘ ʝʩʝʧʢʝ ʘʣʫʜʳ ʙʘץʳʣʘʫ ʞװʡʝʩʽʥʽש ʙʘʨʣʳץ ʘץʧʘʨʘʪʳ 

ʞʠʥʘʣʘʜʳ, ᴇשʜʝʣʝʜʽ, ʪʘʣʜʘʥʘʜʳ ʞᴅʥʝ ʩʘץʪʘʣʘʜʳ [2]. 

 :ʨʘʤʳʥʘ [3]ײץ שʡʝʣʝʨʽʥʽװʳ ʝʩʝʧʢʝ ʘʣʫ ʞסʘʟʽʨʛʽ ʟʘʤʘʥפ

- ʘץʧʘʨʘʪ ʞʠʥʘʫ ײץʨʳʣסʳʣʘʨʳ; 

- ʘץʧʘʨʘʪ ʙʝʨʫ ײץʨʳʣסʳʣʘʨʳ; 

- ʞװʢʪʝʤʝʣʝʨʜʽ ʙʘʩץʘʨʫ ʙʣʦʢʪʘʨʳ; 

- ʪײʪʳʥʫ ץʫʘʪʳʥ ʰʝʢʪʝʛʽʰʪʝʨ. 
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ʕʣʝʢʪʨ ʝʩʝʧʪʝʛʽʰʽ-ʪײʪʳʥʳʣסʘʥ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥʳש ʤᴇʣʰʝʨʽ ʪʫʨʘʣʳ ʜʝʨʝʢʪʝʨʜʽ 

ʩʘץʪʘʫ ʞᴅʥʝ ʝʩʝʧʪʝʫ װʰʽʥ ʪײʪʳʥʳʣʘʪʳʥ ʪʦʢ ʧʝʥ ʞʝʣʽʥʽש ʢʝʨʥʝʫʽʥ ᴇʣʰʝʡʪʽʥ ʵʣʝʢʪʨ 

ʵʥʝʨʛʠʷʩʳʥ ʝʩʝʧʢʝ ʘʣʫʜʳש ʤʘשʳʟʜʳ ʵʣʝʤʝʥʪʽ. 

1. ɹװʛʽʥʛʽ ʪʘשʜʘ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʕʂɽɸɾ ʞװʡʝʣʝʨʽʥʽש ʥʘʨʳסʳ ʨʝʩʫʨʩʪʘʨʜʳ 

ʢʦʤʤʝʨʮʠʷʣʳץ ʝʩʝʧʢʝ ʘʣʫʜʳש ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞװʡʝʣʝʨʽʥʽש, ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨ ʤʝʥ 

ʜʝʨʝʢʪʝʨʜʽ ʞʠʥʘʫ ײץʨʳʣסʳʣʘʨʳʥʳש ʢᴇʧʪʝʛʝʥ ʪװʨʣʝʨʽʥ ײʩʳʥʘ ʘʣʘʜʳ. ɽש ʢᴇʧ ʪʘʨʘʣסʘʥ 

ʢʝʰʝʥʜʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [5]: 

2. "ʊʉʋ ʇʯʝʣʘ" ʕʂɽɸɾ ï ʦʩʳ ʞװʡʝʥʽש ʥʝʛʽʟʛʽ ʘʨʪʳץʰʳʣʳץʪʘʨʳ ï ʞʦסʘʨʳ ʩʝʥʽʤʜʽʣʽʢ 

ʞᴅʥʝ ʪᴇʤʝʥ ײץʥ; ʞײʤʳʩ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳװ שʣʢʝʥ ʩʧʝʢʪʨʽ (-40Áʉ-ʪʘʥ +70Áʉ-ץʘ ʜʝʡʽʥ); ʢʝʨʥʝʫʽ 

(130 ... 260) ʚ ʥʝʤʝʩʝ (80... 120) ɺ ʞᴅʥʝ ʞʠʽʣʽʛʽ (50Ñ1) ɻʮ ʞʝʣʽʣʝʨʜʝʥ ʵʣʝʢʪʨʤʝʥ 

 .ʘʡʣʳ ʪʝʢʩʝʨʫסשʝʡʪʽʣʛʝʥ ʜʠʘʧʘʟʦʥʳ; ʳשʢʝ שʦʨʝʢʪʝʥʜʽʨʫʜʽץ

3. "ʄʉʈ-ʕʥʝʨʛʦ" ʕʂɽɸɾ ï ʙʘʩʪʳ ʙʘʩʪʳ ץʘʩʠʝʪʪʝʨ ʤʳʥʘʣʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ: 

ʢʦʤʤʝʨʮʠʷʣʳץ ʝʩʝʧʢʝ ʘʣʫ װʰʽʥ ʜʝʨʝʢʪʝʨʜʽ ײʩʳʥʫ ʞװʡʝʥʽש ʙʽʨʽʥʰʽ ʜʝשʛʝʡʽʥʝʥ ʜᴅʣ 

ʦʨʳʥʜʘʣʘʜʳ; ʘץʧʘʨʘʪʪʳ ץʦʨסʘʫ ʝʩʝʙʽʥʝʥ ʞʦסʘʨʳ ʩʝʥʽʤʜʽʣʽʢ; ʬʫʥʢʮʠʷʣʘʨʜʳ ᴇʨʽʩʪʝʪʫ ᴅʣʝʫʝʪʽ 

ʙʘʨ ʞװʡʝʥʽש ʘʰʳץ ʘʨʭʠʪʝʢʪʫʨʘʩʳ; ʙʘʡʣʘʥʳʩ ʘʨʥʘʣʘʨʳʥʳש ʙʘʨʣʳץ ʪװʨʣʝʨʽʥʜʝ ʞײʤʳʩ ʽʩʪʝʫ; 

ʙʘʩץʘʨʫʜʳש ʙᴇʣʽʥʛʝʥ ײץʨʳʣʳʤʳʥʘ ʢᴇʤʝʢʪʝʩʫ; ʠʢʝʤʜʽʣʽʢ ʞᴅʥʝ ʙʝʡʽʤʜʽʣʽʢ. 

4. "ʀʉʊʆʂ" ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʕʂɽɸɾ-ʢᴅʩʽʧʦʨʳʥʥʳײ שʡʳʤʜʳץ - ʪʝʭʥʠʢʘʣʳץ ʞᴅʥʝ 

 ʪʳץʥʘ שʪʘʨʘʣʫʳʥʳ שʫʘʪʪʳץ ץʡʣʝʩʪʽʨʫʜʝ ʵʥʝʨʛʝʪʠʢʘʣʳװ ʨʳʣʳʤʳʤʝʥײץ ᴇʥʜʽʨʽʩʪʽʢ-ץʡʳʤʜʳײ

ʢᴇʨʽʥʽʩʽʥ ʢᴇʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ; ʞײʤʳʩʪʳש ʙʘʨʣʳץ ʪװʨʣʝʨʽ ʤʝʥ ᴇʣʰʝʤʜʝʨʽ ʢʝʟʽʥʜʝ 

ʢᴅʩʽʧʦʨʳʥʥʳש ʵʥʝʨʛʠʷ ʪײʪʳʥʫʳʥʳש ʦʙʲʝʢʪʠʚʪʽ ʞᴅʥʝ ʩʘʧʘʣʳ ʪʘʣʜʘʫʳʥ ʢᴇʨʫʛʝ; ᴅʨʙʽʨ ʥʘץʪʳ 

ʪײʪʳʥʫʰʳסʘ ʜʝʡʽʥ ʪʠʽʩʪʽ ʙʘץʳʣʘʫ ʤʝʥ ʝʩʝʧʢʝ ʘʣʫʜʳ ײʩʳʥʘʜʳ; ᴇʥʽʤ ʙʽʨʣʽʛʽʥʝ ʵʥʝʨʛʠʷ 

ʨʝʩʫʨʩʪʘʨʳʥ ʪײʪʳʥʫʜʳװ שʣʝʩʪʽʢ ʥʦʨʤʘʣʘʨʳʥ ʦʙʲʝʢʪʠʚʪʽ ʝʩʝʧʪʝʫʛʝ ʢʝʧʽʣʜʽʢ ʙʝʨʝʜʽ. 

ʉʦʥʜʘʡ-ʘץ ʵʥʝʨʛʠʷ ʨʝʩʫʨʩʪʘʨʳʥ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʝʩʝʧʢʝ ʘʣʫʜʳש ʢᴇʧʪʝʛʝʥ ʙʘʩץʘ ʞװʡʝʣʝʨʽ 

ʙʘʨ, ʤʳʩʘʣʳ: "ʉʧʨʫʪ" ʂʊʂ, "ʕʥʝʨʛʦʤʝʨʘ" ʂʊʉ, "פɸɾ" ʂʊʂ, "ʄʠʨ" ʂʊʂ ʞᴅʥʝ ʙʘʩץʘʣʘʨ. 

ʆʩʳʥʳש ʙᴅʨʽʤʝʥ ʥʘʨʳץʪʘ ʞʦסʘʨʳ ʩʘʧʘʣʳ ᴇʟʛʝʨʽʩʪʝʨ ʙʦʣʜʳ. פʘʟʽʨ ץʳʨʳץʪʘʥ ʢʝʤ ʝʤʝʩ 

ɸʆ-ʵʥʝʨʛʦ ʈʌ-ʜʘ ʕʂɽɸɾ ʞװʡʝʣʝʨʽ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʧʘʡʜʘʣʘʥʫʜʘ ʞᴅʥʝ ʢʦʤʤʝʨʮʠʷʣʳץ ʞװʡʝʣʝʨ 

ʤᴅʨʪʝʙʝʩʽʥʝ ʠʝ. ᴆʪʢʝʥ ʞʳʣʜʘʨ ʞʘסʜʘʡʳʥʜʘ ʕʂɽɸɾ ʞʠʥʘʡʪʳʥ ʙʘʨʣʳץ ʘץʧʘʨʘʪ ʘʥʳץʪʘʤʘʣʳץ 

ʞᴅʥʝ ʪʝʭʥʠʢʘʣʳץ ʝʩʝʧʢʝ ʘʣʫ װʰʽʥ ʜʝʨʝʢʪʝʨ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʳʣʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ 

ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ʢʦʤʤʝʨʮʠʷʣʳץ ʞװʡʝʣʝʨʜʝ ʦʣ ʌʆʈʕʄ װʰʽʥ ץʘʨʞʳʣʳץ ʝʩʝʧʪʝʫʣʝʨ ʤʝʥ 

ʪײʪʳʥʫʰʳʣʘʨʤʝʥ ʝʩʝʧʪʝʫʣʝʨ װʰʽʥ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ɸɸʕɾ, ʘץ-ʵʥʝʨʛʦ, ʕʥʝʨʛʦʩʙʳʪ, ʵʣʝʢʪʨ 

ʩʪʘʥʮʠʷʣʘʨʳ ʤʝʥ ʕʂɽɸɾ ʙʘסʜʘʨʣʘʤʘʣʳץ-ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨ ʢʝʰʝʥʜʝʨʽʤʝʥ ץʳʟʤʝʪ 

ʢᴇʨʩʝʪʽʣʝʪʽʥ ʵʣʝʢʪʨ ʞʝʣʽʣʝʨʽ ץʳʟʤʝʪʢʝʨʣʝʨʽʥʽש ʪʝʭʥʠʢʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʫʽ ʤʝʥ ʙʽʣʽʢʪʽʣʽʛʽ 

ʝʜᴅʫʽʨ ʘʨʪʪʳ. פʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʙʘʨʣʳץ ʞʝʨʜʝ ʪʠʽʩʪʽ ʤʘʤʘʥʜʘʨ ʪʦʙʳ ײץʨʳʣסʘʥ [5]. 

ɼʠʩʧʝʪʯʝʨʣʝʫ ʧʫʥʢʪʪʝʨʽʤʝʥ ʘץʧʘʨʘʪ ʘʣʤʘʩʫ װʰʽʥ ʕʂɽɸɾ װʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʵʣʝʢʪʨ 

ʵʥʝʨʛʠʷʩʳʥ ʝʩʝʧʪʝʫʽʰʪʝʨʜʝ ʠʥʪʝʨʬʝʡʩʪʽ ʙʘʡʣʘʥʳʩ ʞʝʣʽʣʝʨʽ ʙʦʣʘʜʳ. ʀʥʪʝʨʬʝʡʩʪʝʨ ʤʝʥ 

ʙʘʡʣʘʥʳʩ ʧʨʦʪʦʢʦʣʜʘʨʳʥʳש ᴅʨʪװʨʣʽ ʪװʨʣʝʨʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʤᴅʣʽʤʝʪʪʝʨ ʞʠʥʘʫ ʞװʡʝʣʝʨʽ 

ʞʘʩʘʣʜʳ [1]: 

1. ʉʳʤʜʳ RS485 / RS422, RS232 CAN, ETHERNET, BLUETOOTH; 

2. ʉʳʤʩʳʟ GSM, GPRS, CDMA ʨʘʜʠʦʩʳ 433 ʄɻʮ ʞᴅʥʝ 2,4 ɻʛʮ-ʪʝʥ ʞʦסʘʨʳ ʞʠʽʣʽʢʪʝʨʜʝ 

ʞײʤʳʩ ʽʩʪʝʡʜʽ. 

ʕʂɽɸɾ ʞװʡʝʣʝʨʽʥʽץ שʘʟʽʨʛʽ ʙʫʳʥʳʥʳש ʞײʤʳʩʳʥʜʘסʳ ʧʨʦʙʣʝʤʘʥʳש ʥʝʛʽʟʛʽ ײץʨʘʤʜʘʩ 

ʙᴇʣʽʛʽʥʽש ʙʽʨʽ 0,4 ʢɺ ʵʣʝʢʪʨ ʞʝʣʽʣʝʨʽʥʽש ʪʦʟʫʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʣʘʨ ʢᴇʧ ʤᴇʣʰʝʨʜʝ 

"ʙײʨʘʣʫʣʘʨʤʝʥ", ʝʩʢʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʘʨʤʝʥ ʞᴅʥʝ ʪ.ʙ. ʢᴇʧ. פʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʨʝʩʝʡʣʽʢ ᴇʥʜʽʨʫʰʽ 

ʢʦʤʧʘʥʠʷʣʘʨ ʙײʣ ʤᴅʩʝʣʝʥʽ ʰʝʰʝ ʘʣʜʳ. פʘʨʘʧʘʡʳʤ 0,4 ʢɺ ʞʝʣʽʩʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʨʘʜʠʦ 

ʞᴅʥʝ GSM ʘʨʥʘʣʘʨʳ ʤʝʥ ʪʘʣʰʳץʪʳ - ʦʧʪʠʢʘʣʳץ ץʦʣʜʘʫʜʳ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʦʩʳ 

ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʦʨʳʥʜʘʡʪʳʥ ʙʽʨץʘʪʘʨ ʤʘשʳʟʜʳ ʙʘסʜʘʨʣʘʤʘʣʳץ ʢʝʰʝʥʜʝʨ ʞʘʩʘʣʜʳ. 

ʄײʥʜʘʡ ʞװʡʝʥʽש ʘʨʪʳץʰʳʣʳסʳ-ʫʣʴʪʨʘ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʙʘʡʣʘʥʳʩ ʘʨʥʘʣʘʨʳ. ʄײʥʜʘʡ 

ʕʂɽɸɾ 0,4 ʢɺ ʵʣʝʢʪʨ ʞʝʣʽʣʝʨʽ (PLC ʪʝʭʥʦʣʦʛʠʷʩʳ) ʙʦʡʳʥʰʘ ʜʝʨʝʢʪʝʨʜʽ ʙʝʨʫʜʽש ʞʘʨʪʳʣʘʡ 

ʜʫʧʣʝʢʩʪʽ ʘʨʥʘʣʘʨʳʥ ʝʥʛʽʟʝ ʦʪʳʨʳʧ, ʪʽʢʝʣʝʡ ʵʣʝʢʪʨ ʞʝʣʽʩʽ ʙʦʡʳʥʰʘ ʩʠʛʥʘʣ ʞװʨʛʽʟʝʜʽ. ɹײʣ 

ʪʝʭʥʦʣʦʛʠʷ "ʙײʨʘʣʫʜʘʥ" ʥʝʤʝʩʝ ʞʝʣʽʣʝʨʜʝ ʙʘʨʣʳץ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʝʥʛʽʟʫʜʝʥ פʦʨʳץʧʘʡʜʳ, 

ʩʦʥʳש ʽʰʽʥʜʝ ʙײʣ ʞʘסʜʘʡʣʘʨʜʘ ʩʠʛʥʘʣ ʙײʨʤʘʣʘʥʙʘʡ ᴇʪʝʜʽ. פʘʟʽʨʛʽ ʫʘץʳʪʪʘ ײʩʳʥʳʣסʘʥ ʞװʡʝʜʝ 

ʘʥʘʣʦʛʪʘʨ ʞʦץ, ʙײʣ ʝʣʜʽש ʢᴇʧʪʝʛʝʥ ʘʡʤʘץʪʘʨʳʥʜʘסʳ ʟʝʨʪʪʝʫʣʝʨʤʝʥ ʜᴅʣʝʣʜʝʥʜʽ. 
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ɾװʡʝʜʝ ʜʝʨʝʢʪʝʨʜʽ ʙʝʨʫʜʽש ʝʢʽ ʞʘץʪʳ PLC-ʤʦʜʝʤʜʽʢ ʘʨʥʘʩʳ ʝʩʢʝʨʽʣʛʝʥ. ɹײʣ ʘʨʥʘ 

ʝʩʝʧʪʝʫ ײץʨʳʣסʳʣʘʨʳʥʘ ʞᴅʥʝ ʢʦʥʪʨʦʣʣʝʨʣʝʨʛʝ ʪʽʢʝʣʝʡ ץʘʰʳץʪʘʥ ץʦʣ ʞʝʪʢʽʟʫ ʤװʤʢʽʥʜʽʛʽʥ 

ʘʥʳץʪʘʡʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʪʘʨʠʬʪʝʫʜʽ ʪʝʟ ᴇʟʛʝʨʪʫʛʝ ʞᴅʥʝ ʪײʪʳʥʫʰʳʥʳ ʪᴇʣʝʤʝʛʝʥʽ װʰʽʥ 

 ʪʘʫץʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɼʝʨʝʢʪʝʨʜʽ ʝʩʝʧʢʝ ʘʣʫ ʘʩʧʘʧʪʘʨʳʥʜʘ ʩʘװʪʘʥ ᴇʰʽʨʫʛʝ ʤץʘʰʳץ

ʳץʪʠʤʘʣʜʳסʳ, ʙײʣ ʙʘʩ ʩʝʨʚʝʨʜʽש ʽʩʪʝʥ ʰʳסʫʳ ʢʝʟʽʥʜʝ ʘץʧʘʨʘʪʪʳש ʞʦסʘʣʫʳʥ ʙʦʣʜʳʨʤʘʡʜʳ, 

ʕʂɽɸɾ-ʥʳש ʦʩʳ ʥײʩץʘʩʳʥʘ ʝʣʝʫʣʽ ʘʨʪʳץʰʳʣʳץ ʙʝʨʝʜʽ. ʄײʥʜʘʡ ʞװʡʝʥʽ ʝʥʛʽʟʫ ᴅʨ 

ʪײʪʳʥʫʰʳʥʳש ʝʩʝʧʪʝʛʽʰʽʥ ʢᴇʨʫʛʝ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʵʥʝʨʛʠʷ ʪײʪʳʥʫʜʳ ʪʦʣʳץ 

ʪʝʢʩʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʕʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ʪײʪʳʥʫʜʳ ʙʘץʳʣʘʫ 0,4 ʢɺ ʵʣʝʢʪʨ ʪʘʨʘʪʫ ʞʝʣʽʩʽʥʽש ᴇʟʽ ʘʨץʳʣʳ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ, ᴇʡʪʢʝʥʽ PLC ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʧʘʡʜʘʣʘʥʫ ʞʝʢʝ ʵʣʝʢʪʨ ʝʩʝʧʪʝʛʽʰʽʤʝʥ 

ʘʨʥʘʡʳ ʙʘʡʣʘʥʳʩ ʘʨʥʘʣʘʨʳ ץʘʞʝʪ ʙʦʣסʘʥ ʢʝʟʜʝ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʝʩʝʧʢʝ ʘʣʫ ʥװʢʪʝʩʽʥʽש 

ᴇʟʽʥʜʽʢ ײץʥʳʥ ʪᴇʤʝʥʜʝʪʫʛʝ ʞʘʫʘʧ ʙʝʨʝʜʽ. 

PLC ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʕʂɽɸɾ ʧʨʦʙʣʝʤʘʣʘʨʜʳ ʰʝʰʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [1]: 

- ᴅʨʙʽʨ ʝʩʝʧʢʝ ʘʣʫ ʪʦʨʘʙʳʥʘʥ ʙʦʩʘʪʳʣסʘʥ ʥʝʤʝʩʝ ʪײʪʳʥʳʣסʘʥ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳ ʪʫʨʘʣʳ 

ʘʚʪʦʤʘʪʪʳ ʥʝʤʝʩʝ ץʦʣ ʨʝʞʠʤʜʝʨʽʥʜʝ ץʘʰʳץʪʳץʪʘʥ ʘʣʫ; 

- ʞʝʣʽʣʽʢ ʢʝʨʥʝʫʜʽש ʘʫʳʪץʫʣʘʨʳʥ ʞᴅʥʝ ʵʣʝʢʪʨ ʞʝʣʽʩʽʥʽש ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʙʝʨʽʣʛʝʥ 

ʥʦʨʤʘʣʘʨʜʘʥ ʘʥʳץʪʘʡ ʞᴅʥʝ ʪʽʨʢʝʡ ʦʪʳʨʳʧ, ʵʣʝʢʪʨ ʞʝʣʽʩʽʥʽש ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʙʘץʳʣʘʫ; 

- ʞװʡʝ ײץʨʳʣסʳʣʘʨʳʥʳש ʪʝʭʥʠʢʘʣʳץ ʞʘʡ-ʢװʡʽʥ ʥʝʤʝʩʝ ʽʩʪʝʥ ʰʳסʫʳʥ ʪʝʢʩʝʨʫ; 

- ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ʪײʪʳʥʫ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ ʜʘʡʳʥʜʘʫ; 

ï ʝʩʝʧʪʝʨʜʽ ʙʠʣʣʠʥʛʪʽʢ ʞװʡʝʛʽ ʰʳסʘʨʫ.  

ʄײʥʜʘʡ ʘץʧʘʨʘʪʪʳץ ʞʝʣʽʣʝʨʜʽש ʪʽʢʝʣʝʡ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʳ ñɽʕʉ ʈʦʩʩʠʠò ʈɸפ, 

"ʕʥʝʨʛʦʙʘʣʘʥʩ" ɸɸפ, "ʄʈʉʂ ʉʠʙʠʨʠ" ɸɸפ, "ʄʆʕʉʂ" ɸɸפ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʢᴇʧʪʝʛʝʥ 

ʞʝʪʢʽʟʫʰʽ ʢʦʤʧʘʥʠʷʣʘʨ ʙʦʣʘ ʘʣʘʜʳ. ɹײʣ ʞװʡʝ ᴅʢʽʤʜʽʢ, ʙʘʩץʘʨʤʘ ʞᴅʥʝ ʧʨʝʬʝʢʪʫʨʘʥʳש 

ʞʘʫʘʧʪʳ ʤʘʤʘʥʜʘʨʳʥʘ ʘץʧʘʨʘʪ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʕʂɽɸɾ ײʩʳʥסʘʥ, ʪʝʭʥʦʣʦʛʠʷʣʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʜʽ, ʢʦʤʤʫʥʠʢʘʮʠʷʣʘʨʜʳ ʪʽʢʝʣʝʡ 

ᴇʟʛʝʨʪʧʝʡ, ʵʥʝʨʛʠʷ ʪײʪʳʥʫ ʤᴇʣʰʝʨʽʥ ʪᴇʤʝʥʜʝʪʧʝʡ, ʵʥʝʨʛʠʷ ʪײʪʳʥʫ ʪʫʨʘʣʳ ʘץʧʘʨʘʪʪʳ ʜʝʨʝʫ 

ʞʠʥʘʡʜʳ, ץʫʘʪʪʳ ʵʥʝʨʛʠʷ ʪײʪʳʥʫʜʳ ʙʘץʳʣʘʫ ʞᴅʥʝ ʵʥʝʨʛʠʷʤʝʥ ʞʘʙʜʳץʪʘʫʜʳ ʙʘʩץʘʨʫ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ ʘʨʫʜʳץʨʘʣʳʥ ʙʘʩײץ

 ʘʡ ʞᴅʥʝשʳʟʤʝʪ ʢᴇʨʩʝʪʫʛʝ ʦץ ץʳʪʪʘ ʘʨʟʘʥ, ʬʫʥʢʮʠʦʥʘʣʜʳ, ʪʝʭʥʠʢʘʣʳץʘʟʽʨʛʽ ʫʘפ

ʩʝʥʽʤʜʽ ʕʂɽɸɾ ʞװʡʝʩʽʥʝ ʰסײʳʣ ץʘʞʝʪʪʽʣʽʢ ʙʘʨ. ʆʩʳ ʕʂɽɸɾ ʞװʡʝʣʝʨʽʥ ʜʘʤʳʪʫʜʘסʳ ʤʽʥʜʝʪ 

2 ʩʝʙʝʧʧʝʥ ʢװʨʜʝʣʝʥʝ ʪװʩʝʜʽ-ʙʘʨʣʳץ ץʦʩʳʣסʘʥ ʪײʪʳʥʫʰʳʣʘʨʜʳ ʝʩʝʧʢʝ ʘʣʫ ʪװʡʽʥʜʝʨʽʥʽש 

ʢᴇʧʪʽʛʽ ʞᴅʥʝ ʦʣʘʨʜʳ ʝʜᴅʫʽʨ ʘʫʤʘץץʘ ʪʘʨʘʪʫ, ʙײʣ ʦʣʘʨסʘ ʙײʨʘʣסʘʥ ʞײʧ ʞᴅʥʝ RS485 ʠʥʪʝʨʬʝʡʩʽ 

ʩʠʷץʪʳ ʘץʧʘʨʘʪʪʘʨʜʳ ʙʝʨʫʜʽש ʢʣʘʩʩʠʢʘʣʳץ ʘʨʥʘʣʘʨʳ ʘʨץʳʣʳ ץʦʣ ʞʝʪʢʽʟʫʜʽ ץʠʳʥʜʘʪʘʜʳ [4]. 

ʆʩʳʣʘʡʰʘ, ʕʂɽɸɾ ʞװʡʝʣʝʨʽʥʽש ʙʘʨʣʳץ ʪװʨʣʝʨʽ ʙʦʣʞʘʫ ʞᴅʥʝ ʰʝʰʽʤ ץʘʙʳʣʜʘʫʜʳ 

 ʨʣʽװᴅʨʪ שʪʳʥʫʜʳײʘʤʪʠʜʳ, ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ᴇʥʜʽʨʫ ʤʝʥ ʪץ ʡʝʣʝʨʽʥװʽʰʢʽ ʞ שʦʣʜʘʫʜʳץ

ʨʝʞʠʤʜʝʨʽ ʤʝʥ ʢʝʩʪʝʣʝʨʽʥʝ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʙʝʡʽʤʜʝʣʫʜʽש ʘʨץʘʩʳʥʜʘ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ 

ʪײʪʳʥʫʜʳ ʪʘʣʜʘʫ ʞᴅʥʝ ʙʦʣʞʘʫ ʘʨץʳʣʳ ᴇʥʜʽʨʽʩʪʽ ʪʠʽʤʜʽ ʙʘʩץʘʨʫʜʳ, ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ 

ʪʘʩʳʤʘʣʜʘʫʜʳ ʞᴅʥʝ ʪײʪʳʥʫʜʳ ʘʨʪʪʳʨʫסʘ ʤʽʥʜʝʪʪʽ. 

ʇʘʡʜʘʣʘʥסʘʥ ᴅʜʝʙʠʝʪʪʝʨ ʪʽʟʽʤʽ 
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ʆʉʅʆɺʅʓɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʀ ʊɽʍʅʀʏɽʉʂʀɽ ɺʆɿʄʆɾʅʆʉʊʀ 

ʕʃɽʂʊʈʆʍʀʄʀʏɽʉʂʀʍ ʅɸʂʆʇʀʊɽʃɽʁ ʕʅɽʈɻʀʀ 

 

ʊʫʨʜʘʭʫʥʦʚ ɸʟʠʤʞʘʥ 

ʂʘʨʣʳʙʘʝʚʘ ʄʦʣʜʠʨ 

ɸʣʤʘʪʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʵʥʝʨʛʝʪʠʢʠ ʠ ʩʚʷʟʠ ʠʤ. ɻ.ɼʘʫʢʝʝʚʘ,  

ʂʘʬʝʜʨʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ 

ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

ɸʅʅʆʊɸʎʀʗ 

 

 ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʥʘʢʦʧʠʪʝʣʠ ʵʥʝʨʛʠʠ ʠʩʧʦʣʴʟʫʶʪ ʵʥʝʨʛʠʶ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ 

ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʠ ʚʦʟʚʨʘʪʘ ʵʥʝʨʛʠʠ. ʆʥʠ ʥʘʟʳʚʘʶʪʩʷ ʛʘʣʴʚʘʥʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠʣʠ 

ʙʘʪʘʨʝʷʤʠ. 

ɺ ʩʪʘʪʴʝ ʚ ʮʝʣʦʤ ʠʟʣʘʛʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʦʪʥʦʩʷʱʠʝʩʷ ʢʦ ʚʩʝʤ ʩʠʩʪʝʤʘʤ 

ʙʘʪʘʨʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʩʚʠʥʮʦʚʳʝ ʠʣʠ ʥʠʢʝʣʴ-

ʢʘʜʤʠʝʚʳʝ ʥʘʢʦʧʠʪʝʣʠ ʵʥʝʨʛʠʠ. ʆʥʠ ʟʘʤʝʱʘʶʪ ʚʨʘʱʘʶʱʠʡʩʷ ʨʝʟʝʨʚ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʘʭ ʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʥʘʢʦʧʠʪʝʣʷ ʵʥʝʨʛʠʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ. ʉʨʦʢ ʩʣʫʞʙʳ 

ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʪ ʮʠʢʣʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʠ ʨʘʟʨʷʜʘ, ʛʣʫʙʠʥʳ 

ʨʘʟʨʷʜʘ ʠ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʊʘʢʞʝ ʦʧʠʩʳʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ 

ʤʦʛʫʪ ʠʛʨʘʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʚʥʝʜʨʝʥʠʝ ʫʩʪʦʡʯʠʚʦʡ ʵʥʝʨʛʝʪʠʢʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʅʘʢʦʧʠʪʝʣʠ ʵʥʝʨʛʠʠ, ʃʠʪʠʡ-ʠʦʥʥʳʝ, ʅʘʪʨʠʡ-ʩʝʨʥʳʝ, ʅʠʢʝʣʴ-

ʢʘʜʤʠʝʚʳʝ, ʘʢʢʫʤʫʣʷʪʦʨʳ. 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʥʘʢʦʧʣʝʥʠʝ ʵʥʝʨʛʠʠ ð ʵʪʦ ʤʝʪʦʜ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʚ ʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʝ. ʕʪʦʪ ʤʝʪʦʜ ʭʨʘʥʝʥʠʷ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʪ ʪʦʛʦ ʬʘʢʪʘ, 

ʯʪʦ ʠ ʵʣʝʢʪʨʠʯʝʩʢʘʷ, ʠ ʭʠʤʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʠʩʧʦʣʴʟʫʶʪ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʥʦʩʠʪʝʣʴ - ʵʣʝʢʪʨʦʥ. 

ʕʪʘ ʦʙʱʘʷ ʩʭʦʞʝʩʪʴ ʧʦʟʚʦʣʷʝʪ ʦʛʨʘʥʠʯʠʪʴ ʧʦʪʝʨʠ ʠʟ-ʟʘ ʧʝʨʝʭʦʜʘ ʠʟ ʦʜʥʦʡ ʬʦʨʤʳ ʚ ʜʨʫʛʫʶ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʥʘʢʦʧʠʪʝʣʝʡ ʵʥʝʨʛʠʠ: ʙʘʪʘʨʝʠ 

ʧʝʨʚʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʨʘʟʨʷʞʘʶʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ ʠ ʥʝ ʤʦʛʫʪ ʟʘʨʷʞʘʪʴʩʷ 

ʧʦʚʪʦʨʥʦ; ʙʘʪʘʨʝʠ ʚʪʦʨʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʥʦʚʴ ʟʘʨʷʞʘʪʴʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʦʜʘʯʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 
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ʀʟʚʝʩʪʥʦ ʦʛʨʦʤʥʦʝ  ʢʦʣʠʯʝʩʪʚʦ ʪʠʧʦʚ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʢʦʪʦʨʦʝ ʧʦʩʪʦʷʥʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳ ʩʚʠʥʮʦʚʦ-ʢʠʩʣʦʪʥʳʝ, ʥʠʢʝʣʴ-ʢʘʜʤʠʝʚʳʝ (NiCad), 

ʣʠʪʠʡ- ʠʦʥʥʳʝ (Li-ion), ʥʘʪʨʠʡ-ʩʝʨʥʳʝ (Na/S), ʙʨʦʤ-ʮʠʥʢʦʚʳʝ (Zn/Br), ʚʘʥʘʜʠʝʚʳʝ, ʥʠʢʝʣʴ-

ʤʝʪʘʣʣʛʠʜʨʠʜʥʳʝ. ʅʘʢʦʧʠʪʝʣʠ ʥʘ ʙʘʟʝ ʣʠʪʠʡ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʧʦʣʫʯʘʶʪ ʥʘʠʙʦʣʝʝ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʵʥʝʨʛʝʪʠʢʝ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʥʘʢʦʧʠʪʝʣʴ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ 

ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʦʛʦ 100 ʄɺʪ ʠ ʝʤʢʦʩʪʴ 129 ʄɺʪĿʯ, ʢʦʪʦʨʳʡ ʚʩʪʫʧʠʣ ʚ ʩʪʨʦʡ 1 ʜʝʢʘʙʨʷ 2017 

ʛʦʜʘ ʚ ɸʚʩʪʨʘʣʠʠ. ʆʥ ʘʢʢʫʤʫʣʠʨʫʝʪ ʵʥʝʨʛʠʶ ʩ ʙʣʠʞʘʡʰʝʡ ʚʝʪʨʷʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. ʉ ʪʘʢʦʡ 

ʸʤʢʦʩʪʴʶ ʣʠʪʠʡ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ HornsdalePowerReserve ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ 

ʢʨʫʧʥʝʡʰʠʤ ʚ ʤʠʨʝ ʥʘʢʦʧʠʪʝʣʝʤ [4]. 

 

ʈʠʩʫʥʦʢ 1 ï ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʥʘʢʦʧʠʪʝʣʝʡ (2020ʛ.) 

ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʥʘʢʦʧʠʪʝʣʝʡ ʵʥʝʨʛʠʠ ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ ʚʦ ʚʩʝʤ ʤʠʨʝ ʚ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ. ɺ ʧʝʨʠʦʜ ʩ 2017 ʧʦ 2018 ʛʦʜ ʛʣʦʙʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʫʚʝʣʠʯʠʣʘʩʴ 

ʚʜʚʦʝ ʜʦ 8 ɻɺʪʯ (IEA, 2018) [5]. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʪʘʙʣʠʮʘ ʩ ʧʨʠʙʣʠʞʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʥʘʢʦʧʠʪʝʣʷʤ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʠ ʧʨʠʤʝʥʝʥʠʷ. 

ʊʘʙʣʠʮʘ 1 - ʎʝʣʠ ʧʨʠʤʝʥʝʥʠʷ ʥʘʢʦʧʠʪʝʣʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ [1]. 

ʇʨʠʤʝʥʝʥʠʝ ʅʝʦʙʭʦʜʠʤʘʷ 

ʤʦʱʥʦʩʪʴ (ʄɺʪ) 

ɼʣʠʪʝʣʴʥʦʩʪʴ 

ʨʘʟʨʷʜʘ 

ʎʠʢʣʳ 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʳ ʆʪ 1 ʜʦ 2000 ʦʪ 1 ʜʦ 15 ʤʠʥʫʪ ʦʪ 20 ʜʦ 40 (ʚ ʜʝʥʴ) 

ʇʦʢʨʳʪʠʝ ʤʘʢʩʠʤʫʤʦʚ 

ʥʘʛʨʫʟʦʢ 

ʆʪ 1 ʜʦ 2000 ʦʪ 15 ʤʠʥʫʪ ʜʦ 1 

ʜʥʷ 

ʦʪ 1 ʜʦ 29 (ʚ ʜʝʥʴ) 

ʇʦʜʜʝʨʞʘʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ 

ʆʪ 1 ʜʦ 40 ʦʪ 1 ʩʝʢʫʥʜʳ ʜʦ 1 

ʤʠʥʫʪʳ 

ʦʪ 10 ʜʦ 100 (ʚ ʜʝʥʴ) 

ʇʦʩʣʝ ʘʚʘʨʠʡʥʳʡ 

ʨʝʞʠʤ 

ʆʪ 0,1 ʜʦ 400 ʦʪ 1 ʜʦ 4 ʯʘʩʦʚ 1 ʨʘʟ ʚ ʛʦʜ 

ʀʥʪʝʛʨʘʮʠʷ ɺʀʕ ʆʪ 1 ʜʦ 400 ʦʪ 1 ʤʠʥʫʪʳ ʜʦ 1 ʦʪ 0.5 ʜʦ 2 (ʚ ʜʝʥʴ) 
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ʯʘʩʘ 

ɺʨʘʱʘʶʱʠʡʩʷ ʨʝʟʝʨʚ ʆʪ 10 ʜʦ 2000 ʦʪ 15 ʤʠʥʫʪ ʜʦ 2 

ʯʘʩʦʚ 

ʦʪ 0.5 ʜʦ 2 (ʚ ʜʝʥʴ) 

 

ʉʚʠʥʮʦʚʦ-ʢʠʩʣʦʪʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ. ʕʪʦʪ ʪʠʧ ʚʪʦʨʠʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘʭ ʠ ʜʨʫʛʠʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʠʭ 

ʟʥʘʯʝʥʠʡ ʪʦʢʘ ʥʘʛʨʫʟʢʠ. ɽʛʦ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ - ʥʠʟʢʠʝ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ, ʟʨʝʣʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʵʬʬʝʢʪʠʚʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ. ɺʚʠʜʫ ʩʚʦʝʡ ʜʝʰʝʚʠʟʥʳ, ʦʪʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʙʦʣʴʰʦʤʫ ʦʧʳʪʫ ʵʢʧʣʫʘʪʘʮʠʠ ʜʘʥʥʘʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ. ɺ ʩʚʠʥʮʦʚʦ-ʢʠʩʣʦʪʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʷʭ 

ʵʣʝʢʪʨʦʣʠʪʦʤ ʷʚʣʷʝʪʩʷ ʨʘʩʪʚʦʨ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, ʘʢʪʠʚʥʳʤ ʚʝʱʝʩʪʚʦʤ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʧʣʘʩʪʠʥ ð ʜʚʫʦʢʠʩʴ ʩʚʠʥʮʘ ʈʔʆ2, ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʣʘʩʪʠʥ ð ʩʚʠʥʝʮ ʈʔ. ɺ ʧʨʦʮʝʩʩʝ ʟʘʨʷʜʘ 

ʠ ʨʘʟʨʷʜʘ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʧʨʦʠʩʭʦʜʷʪ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʦʩʪʘʥʦʚʠʪʝʣʴʥʳʝ 

ʨʝʘʢʮʠʠ, ʘ ʵʣʝʢʪʨʦʣʠʪ ʷʚʣʷʝʪʩʷ ʩʨʝʜʦʡ ʪʨʘʥʩʧʦʨʪʘ ʠʦʥʦʚ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ. 

ʊʘʙʣʠʮʘ-2. ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʩʚʠʥʮʦʚʦ-ʢʠʩʣʦʪʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ [2] 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ʅʝʜʦʨʦʛʦʝ ʠ ʧʨʦʩʪʦʝ ʠʟʛʦʪʦʚʣʝʥʠʝ 

 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʥʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʅʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʚʘʪʪ-ʯʘʩʘ 

 

ʕʬʬʝʢʪ ʧʘʤʷʪʠ; ʪʨʝʙʫʝʪ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʧʦʣʥʦʡ ʨʘʟʨʷʜʢʠ 

ɺʳʩʦʢʘʷ ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ, ʩʧʦʩʦʙʥʘʷ 

ʚʳʜʝʨʞʠʚʘʪʴ ʙʦʣʴʰʠʝ ʪʦʢʠ ʨʘʟʨʷʜʘ 

ʂʘʜʤʠʡ - ʪʦʢʩʠʯʥʳʡ ʤʝʪʘʣʣ; ʥʝʣʴʟʷ 

ʫʪʠʣʠʟʠʨʦʚʘʪʴ 

 

 

ɺʳʩʦʢʠʡ ʩʘʤʦʨʘʟʨʷʜ; ʥʫʞʜʘʝʪʩʷ ʚ ʧʦʜʟʘʨʷʜʢʝ 

ʧʦʩʣʝ ʭʨʘʥʝʥʠʷ 

 

ʅʠʢʝʣʴ-ʢʘʜʤʠʝʚʳʝ ʠ ʥʠʢʝʣʴ-ʤʝʪʘʣʣʦʛʠʜʨʠʜʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ. ɺ ʥʠʢʝʣʴ-ʢʘʜʤʠʝʚʦʤ 

ʘʢʢʫʤʫʣʷʪʦʨʝ ʘʥʦʜʥʳʤ ʵʣʝʢʪʨʦʜʦʤ ʷʚʣʷʝʪʩʷ ʛʠʜʨʘʪ ʜʠʛʠʜʨʦʢʩʠʜʘ ʥʠʢʝʣʷ Ni(OH)2, 

ʩʤʝʰʘʥʥʳʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩ ʛʨʘʬʠʪʦʤ (5- 8 % ʤʘʩʩ.%) , ʢʘʪʦʜʥʳʤ 

ʵʣʝʢʪʨʦʜʦʤ ð ʛʠʜʨʘʪ ʟʘʢʠʩʠ ʢʘʜʤʠʷ Cd(OH)2 ʠʣʠ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʘʜʤʠʡ Cd (ʚ ʚʠʜʝ 

ʧʦʨʦʰʢʘ).ʕʣʝʢʪʨʦʣʠʪ ð ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʢʘʣʠʝʚʦʡ ʱʝʣʦʯʠ KOH ʧʣʦʪʥʦʩʪʴʶ 1,2 ʛ/ʩʤ3 . 

ʅʘʧʨʷʞʝʥʠʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʥʠʢʝʣʴ-ʢʘʜʤʠʝʚʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ ʦʢʦʣʦ 1,37 ɺ, ʫʜʝʣʴʥʘʷ 

ʵʥʝʨʛʠʷ ʦʢʦʣʦ 50 ɺʪĿʯ/ʢʛ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ, ʨʝʞʠʤʘ ʨʘʙʦʪʳ (ʜʣʠʪʝʣʴʥʳʝ ʠʣʠ ʢʦʨʦʪʢʠʝ ʨʘʟʨʷʜʳ) ʠ 

ʯʠʩʪʦʪʳ ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʨʦʢ ʩʣʫʞʙʳ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 100 ʜʦ 9000 ʮʠʢʣʦʚ ʟʘʨʷʜʘ-



ñʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ ɸʂɸɼɽʄʀʂò                                                          ̄ 1  (104), 2021 ʛ. 

_______________________________________________________________________________________ 

202 
 

ʨʘʟʨʷʜʘ. ʉʦʚʨʝʤʝʥʥʳʝ (ʣʘʤʝʣʴʥʳʝ) ʧʨʦʤʳʰʣʝʥʥʳʝ ʥʠʢʝʣʴ-ʢʘʜʤʠʝʚʳʝ ʙʘʪʘʨʝʠ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʜʦ 20-25 ʣʝʪ. ʅʠʢʝʣʴ-ʢʘʜʤʠʝʚʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ (Ni-Cd) - ʝʜʠʥʩʪʚʝʥʥʳʡ ʚʠʜ 

ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʭʨʘʥʠʪʴʩʷ ʨʘʟʨʷʞʝʥʥʳʤʠ. ɼʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʘʢʢʫʤʫʣʷʪʦʨʦʚ 

ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʘ ʫʩʪʦʡʯʠʚʘʷ ʨʘʙʦʪʘ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ (-20Áʉ) ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʤʘʣʳʡ ʥʘʛʨʝʚ 

ʧʨʠ ʟʘʨʷʜʝ ʠ ʨʘʟʨʷʜʝ ʚʳʩʦʢʠʤʠ ʪʦʢʘʤʠ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʱʝʣʦʯʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ. 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʪʠʧʘ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çʵʬʬʝʢʪ 

ʧʘʤʷʪʠè - ʢʦʛʜʘ ʟʘʨʷʜʢʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʥʝ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʷʞʝʥʥʳʡ ʘʢʢʫʤʫʣʷʪʦʨ, ʝʛʦ ʨʘʙʦʯʝʝ 

ʥʘʧʨʷʞʝʥʠʝ ʩʥʠʞʘʝʪʩʷ ʠʟ-ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʜʚʦʡʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ 

ʥʘ ʵʣʝʢʪʨʦʜʘʭ, ʢʘʢ ʙʳ çʟʘʧʠʨʘʶʱʝʛʦè ʦʩʪʘʪʦʯʥʫʶ ʝʤʢʦʩʪʴ. ʄʥʦʛʦʢʨʘʪʥʦʝ ʧʦʚʪʦʨʝʥʠʝ ʵʪʦʛʦ 

ʷʚʣʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʚʳʭʦʜʫ ʘʢʢʫʤʫʣʷʪʦʨʘ ʠʟ ʩʪʨʦʷ, ʧʦʵʪʦʤʫ ʘʢʢʫʤʫʣʷʪʦʨʳ ʜʘʥʥʦʛʦ ʪʠʧʘ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʩʠʩʪʝʤʘʭ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʝʥ ʛʣʫʙʦʢʠʡ ʨʘʟʨʷʜ. ɼʨʫʛʠʤ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʚ ʵʣʝʤʝʥʪʘʭ ʪʦʢʩʠʯʥʦʛʦ ʢʘʜʤʠʷ, ʢʦʪʦʨʳʡ 

ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʪʠʣʠʟʘʮʠʠ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʠ ʦʪʭʦʜʦʚ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

Ni ï MH ʙʘʪʘʨʝʠ ʧʨʝʚʦʩʭʦʜʷʪ ʜʨʫʛʠʝ ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ ʠ ʠʤʝʶʪ ʙʦʣʴʰʫʶ 

ʝʤʢʦʩʪʴ ʠ ʤʝʥʴʰʝʝ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ (ʊʘʙʣʠʮʘ 2). 

ʊʘʙʣʠʮʘ-3. ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʥʠʢʝʣʴ-ʢʘʜʤʠʝʚʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ʋʩʪʨʘʥʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʡ, 

ʥʘʢʣʘʜʳʚʘʝʤʳʭ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʫʪʠʣʠʟʘʮʠʶ 

ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʠʟ-ʟʘ ʦʧʘʩʝʥʠʡ ʧʦ ʧʦʚʦʜʫ 

ʪʦʢʩʠʯʥʦʩʪʠ ʢʘʜʤʠʷ. 

ʆʛʨʘʥʠʯʝʥʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ: ʧʨʠ 

ʤʥʦʛʦʢʨʘʪʥʳʭ ʮʠʢʣʘʭ ʛʣʫʙʦʢʦʛʦ ʮʠʢʣʘ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʙʦʣʴʰʠʭ ʪʦʢʘʭ ʥʘʛʨʫʟʢʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘʯʠʥʘʝʪ ʫʭʫʜʰʘʪʴʩʷ 

ʧʦʩʣʝ 200ï300 ʮʠʢʣʦʚ. 

 

ʋʧʨʦʱʝʥʥʦʝ ʚʢʣʶʯʝʥʠʝ ʚ 

ʧʨʦʜʫʢʪʳ, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʙʦʣʝʝ ʩʣʦʞʥʦʤ 

ʘʣʛʦʨʠʪʤʝ ʟʘʨʷʜʘ: Ni-MH ʚʳʜʝʣʷʝʪ ʙʦʣʴʰʝ 

ʪʝʧʣʘ ʚʦ ʚʨʝʤʷ ʟʘʨʷʜʢʠ ʠ ʪʨʝʙʫʝʪ ʙʦʣʝʝ 

ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʷ ʟʘʨʷʜʘ, ʯʝʤ ʫ Ni ï Cd.  

ɹʦʣʴʰʝʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ 

ʦʙʩʣʫʞʠʚʘʥʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʧʝʨʚʠʯʥʳʤʠ ʙʘʪʘʨʝʷʤʠ 

ɺʳʩʦʢʠʡ ʩʘʤʦʨʘʟʨʷʜ: ʫ Ni ï MH 

ʧʨʠʤʝʨʥʦ ʥʘ 50% ʙʦʣʴʰʝ ʩʘʤʦʨʘʟʨʷʜ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ Ni ï Cd.  

 

ʃʠʪʠʡ-ʠʦʥʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ. ʃʠʪʠʡ-ʠʦʥʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ ʨʘʟʚʠʚʘʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʥʘʭʦʜʷ ʚʩʝ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʝ, 

ʧʦʨʪʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʧʠʪʘʥʠʷ, ʢʦʩʤʠʯʝʩʢʦʡ ʠ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʝ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʮʝʣʳʡ ʨʷʜ ʢʦʤʧʘʥʠʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʃʀɸ ʜʣʷ 

ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ, ʥʘʯʠʥʘʝʪ ʚʳʧʫʩʢ ʩʠʩʪʝʤ ʃʀɸ ʜʣʷ ʙʝʩʧʝʨʝʙʦʡʥʳʭ, ʨʝʟʝʨʚʥʳʭ ʠ ʘʚʘʨʠʡʥʳʭ 

ʥʫʞʜ, ʘ ʪʘʢʞʝ ʙʫʬʝʨʥʦʛʦ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɺʳʩʦʢʠʝ ʫʜʝʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʃʀɸ ʧʦʟʚʦʣʷʶʪ ʨʘʟʤʝʩʪʠʪʴ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʤʦʨʩʢʠʭ ʠʣʠ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʢʦʥʪʝʡʥʝʨʘʭ. 

ɺ ʂʘʣʠʬʦʨʥʠʠ ʚ 2017 ʛʦʜʫ ʙʳʣ ʦʪʢʨʳʪ ʢʨʫʧʥʝʡʰʠʡ ʩʝʪʝʚʦʡ ʥʘʢʦʧʠʪʝʣʴ ʵʥʝʨʛʠʠ ʥʘ 

ʦʩʥʦʚʝ ʃʀɸ. ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ 30 ʤʝʛʘʚʘʪʪ, ʘ ʝʤʢʦʩʪʴ 120ʄɺʪ*ʯ 

ʃʠʪʠʡ-ʠʦʥʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ ʦʙʣʘʜʘʶʪ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʵʥʝʨʛʠʠ ʠ 

ʩʯʠʪʘʶʪʩʷ ʙʝʟʦʧʘʩʥʳʤʠ. ʀʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ-4. ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʣʠʪʠʡ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ [3] 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ɺʳʩʦʢʘʷ ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʠ 

ʚʳʩʦʢʘʷ ʥʘʛʨʫʟʦʯʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ  

ʅʝʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʡ ʟʘʨʷʜʢʠ ʧʨʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (<0 Á C, <32 Á F) 

 

ɼʣʠʪʝʣʴʥʳʡ ʮʠʢʣ ʠ ʫʚʝʣʠʯʝʥʥʳʡ 

ʩʨʦʢ ʭʨʘʥʝʥʠʷ 

 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʙʣʶʜʝʥʠʷ ʧʨʘʚʠʣ 

ʧʝʨʝʚʦʟʢʠ ʧʨʠ ʦʪʛʨʫʟʢʝ ʚ ʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ  

ʇʨʦʩʪʦʡ ʘʣʛʦʨʠʪʤ ʟʘʨʷʜʢʠ ʠ 

ʜʦʩʪʘʪʦʯʥʦ ʢʦʨʦʪʢʘʷ ʟʘʨʷʜʢʘ 

 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ:  

1. Electronic resource https://www.popmech.ru/technologies/422072-nakopiteli-

energii-ochevidnye-i-neveroyatnye/ 

2. ʀʩʪʦʯʥʠʢ çTechnology Roadmap Energy storageè, 2014 International Energy 

Agency 

3. ʀʩʪʦʯʥʠʢ: M. P. systems, çNiMH Technologyè, 2018 ʛ. [Online]. ɼʦʩʪʫʧʥʦ: 

https://www.tayloredge.com/.../Batteries/Ni-MH_Generic.pdf 

4. ʀʩʪʦʯʥʠʢ: ʂʦʨʝʡʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, 2017 ʛ. 

çʊʝʭʥʦʣʦʛʠʷ ʠ ʙʠʟʥʝʩ-ʤʦʜʝʣʴ ʩʠʩʪʝʤ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠè. 

5. Handbook on Battery Energy Storage System, ASIAN DEVELOPMENT BANK 

2018. 

 

 

 

https://www.popmech.ru/technologies/422072-nakopiteli-energii-ochevidnye-i-neveroyatnye/
https://www.popmech.ru/technologies/422072-nakopiteli-energii-ochevidnye-i-neveroyatnye/
https://www.tayloredge.com/.../Batteries/Ni-MH_Generic.pdf


ñʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ ɸʂɸɼɽʄʀʂò                                                          ̄ 1  (104), 2021 ʛ. 

_______________________________________________________________________________________ 

204 
 

 

 

THE EFFECT OF WTO ACCESSION ON GROSS CAPITAL FLOWS TO KAZAKHSTAN  

Abduali Dinara  

Kazakh-British Technical University 

Almaty, Kazakhstan  

 

Abstract 

 

The aim of the work is to determine the effects of WTO on FDI as a result of membership for 

Kazakhstan. The research will be based on FDI flows, GDP and distance factors between host and 

source countries. More specifically to determine the real change the considered countries will 

comprise both new members and long run partners as Post-Soviet and OECD, respectively.  

In research, we will be applying gravity model, the one being able to capture the varying factors 

affecting the trade. The contribution of WTO accession on FDI will be investigated using five 

variations, at three-dimensional level, of Gravity model, under 15-year time lapse.  

The results found would suggest the significant positive relationship existence after entry in WTO 

on both old and new ascending countriesô absolute FDI values.  

Introduction  

World Trade Organization, hereafter WTO, the largest trade agreement organization, that 

maintains smooth relationship for bargaining between states and nations at fairly distinct levels. As 

of purpose, it aims to ensure the increasing welfare, output, income, provide new potential sources 

for growth given the beneficial opportunities for trade conditions. The initial establishment took 

place in Geneva, Switzerland as of 1
st
 January 1995. The initiatives were due to Uruguay Round 

and GATT negotiation between 1986 and 1994. Currently WTO composes form 162 member 

countries.   

The actions Kazakhstan made toward WTO accession took place for two decades. Great 

efforts were made due to WTOôs substantial contribution for higher net trade trough establishing 

better negotiating agreements between countries. In other words, it allows for negotiation between 

trade partners through elimination of the barriers to international bargaining, widening the market 

opportunities and further increasing the interactions providing possibilities for outstanding areas to 

counteract. 

  Another distinguishing specification WTO is responsible for is the set of rules. It builds the 

ground for main basis of trade since globalization nowadays is the huge determinant of future 

growth of the country. In order to be up-to-date and maintain competitiveness in outside world 



ñʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ ɸʂɸɼɽʄʀʂò                                                          ̄ 1  (104), 2021 ʛ. 

_______________________________________________________________________________________ 

205 
 

countries should seek new opportunities through growing relationships with the rest of the world. 

WTO in turn one of the keys to achieve such high standards, playing role of intermediary. 

The working tools employed were the implementation of quotas, lowering tariffs, increasing 

subsidies, support for developing countries, maintain the shipping orders and overall standards. The 

possible trade includes goods durable and non-durable. Before final acceptation, the negotiation 

takes place between trading partners at a ministry level. The agreed four main responsibilities WTO 

carries and control at an international level agreed to be are, first is the trade negotiations, that 

smooth out the requirements between parties, connect the matching ones etc.; seconds is monitoring 

on agreed conditions and rules for trade; third related to dispute settlement, usually arising due to 

misunderstandings or uncertainty of the right of each trade party; forth is the widening the trade 

barriers, allowing for poorer countries to be part of the organization, trough educational and support 

schemes.  

Thereby, the purpose of our work will be to determine whether the accession into WTO 

alters any of the economic outcomes over some certain time period, as it is fairly impossible to 

account for longer run outcomes. In the following work, the implementation of macroeconomic 

indicators will be used to identify the relationship two parties may hold, although one should note 

that relationship would not imply causation. For this purpose, we would look at the gross capital 

flows before and after accession. In our case the gross capital flows can be viewed as the bilateral 

foreign direct investments outflow and inflow. We chose such measure since in era of globalization 

capital flows are main incentives for stronger internationalization of production, higher temps of 

economic growth and further aspects as employment level. If it really the case, then it should be 

anticipated that the level of integration would bring significant benefits by this membership.  

Empirical part of our paper will be based on the experience of post-Soviet Union countries 

alongside with the OECD country members of WTO. Reason choosing this set of countries 

underlines former holding similar features reflecting our country of interest and latter possessing 

long run experience membership in WTO. As for OECD members we want to seek for any 

differences or discrepancies and to investigate on whether some proliferation could be associated 

with one of those features. So the use of OECD countries in our sample will allow us to compare its 

outcomes with ones of Post-Soviet union countries and show the bilateral trade flows and capital 

flows between them. 

Literature Review  

 

The executive power WTO possesses is believed to have a huge impact on the overall stateôs 

welfare. However, the studies done were primary based on countries with specific and common 

characteristics. The base feature of major investigations was focused on the distinct area/working 
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sector and often state-owned industry countries.  Therefore, the great interest and further researches 

were devoted to find the real effect of WTO accession under proliferated circumstances.  

As of result, some new findings toward the current issue was presented by Roseôs 2002 

work ñDo we really know that WTO increases the Trade?ò being based on gravity model, which we 

will employ as well, suggested results to be in favor of the WTOôs positive effect, given he holds 

constant the country-varying characteristic. Not much change in his later works of 2006 and 2007.  

Going further the partially similar view was hold by Goldstein (2007) who distinguished the 

benefits and discouragement of WTO accession based on country features, such that no distinct 

conclusion could have been drawn. However, further works supported the idea of country specific 

characteristics being main factors, which should be taken into account when agreeing on inclusion. 

One of those were presented by A. Subramanianand, S.J.Wei (2007), implying that unless country 

is developed enough in industrial manner or both trading partners are similar in their bargaining 

volumes, power, they will suffer rather than benefit. Such none fully reliable data gave the rise for 

further investigation. 

Another interesting finding were presented by Goldstein, River and Tomz (2007) stating that 

under gravity model with more dispersed time frame and larger country samples, the results support 

the accession on WTO, but with distinguishable fact that informal trading partners of those formal 

ones are indirectly benefit from such trade, furthermore in higher magnitude than former 

counterpart. 

Apart from all the misunderstandings and due to the failure of some works toward 

understanding the real values and matters, the alternative approach was suggested by Lukancic 

(2016) who presented more in-depth alternative view to look at WTO/GATT, from the perspectives 

of capital flows and foreign indirect investments indexes. 

Similar ñupgradeò was offered by Buch, Kokta, Piazolo (2003). Using gravity model, taking 

OECD countries specific characteristics adjusted for match with emerging countries, as GDP per 

capita and for degree of integration thought as bilateral trade, suggested no clear approach on 

whether to think of FDI and trade as worth substitute measures.  

Since then new approaches were considered with major emphasize now in FDI and capital 

flow changes. The idea behind was that if after WTO accession country experiences positive growth 

tendencies, then it circumstantially lets the GDP grow respectively and marginally provide bigger 

trade circulation due to greater cross-openness (Lucancic 2016).  

Huge contribution toward FDI identification was drawn from the work of Frenkel, Funke, 

Stadtmann (2004), who adjusted the developed countryôs characteristics for their developing 

counterparts. One thing they proposed to take into consideration as well, apart from distance and 

economic size, were the medium rum growth opportunities alongside with the risk market holds.  
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The same thinking was seen in the work of John Bluedorn, Rupa Duttagupta, Jaime 

Guajardo, and Petia Topalova, who identified the importance of inclusion of specific indicators for 

emerging countries as a requirement to distinguish between developed and developing countries. 

However, stating that all major flows of loans, banks and debts should be a matter of a time lapses 

and business cycles of no less extent. Such that the only possible solution was a personal policy 

application towards gaps rising afterwards.   

For more precise knowledge, we would like to mention the work of David Tarr and Jesper 

Jensen (2007) who studied the Kazakhstaniôs economy sectors, presenting some evidence toward 

WTO's positive effect on tax valorem (FDI reciprocal) for Kazakhstan. According to their work, 

such results would be due outstanding gains of foreign actions over the losses made within country. 

Despite net varieties, overall country will benefit in its main sectors of exports (metal and fuel). For 

more econometric and statistical investigation, we would rely on the same approach as Arastou 

Khatibi (2008) who already provided some proves on capital flows to Kazakhstan based on standard 

gravity model of bilateral trade, being subject to real exports from one country to another as 

dependent variable of interest and indexes of trade policy, foreign investments, financial services, 

corruption alongside with GDP levels all being represented by Index of economic freedom. 

The impact of WTO on the Republic of Kazakhstan  

For almost 2 decades the negotiations between two parties, Kazakhstan and WTO, taking 

place led to a mutual agreement only by the end of 2015. The biggest contribution the membership 

brought to the home country was associated with the expansion of trade barriers and having wider 

access to new trade partners. As otherwise the landlocked position in the center of Eurasia had 

rather detriment consequence.  

The biggest impact/ change the membership altered was the FDI of service sector, which 

rose by 2.7% of its initial figures, whereas rest policies as tax and tariffs reduction and market 

openness overall accounted for 1% change on GDP. Thereby, the suggested medium run impact 

was up to 4%, and two times higher in the long run. (Jensen and Tarr (2007)) 

Alongside with that, the accession had visually decreased the discrepancy between home and 

OECD countries in the FDI sector, trough reduction of restrictiveness in service sectors and 

improvement in stock market, most experienced in media, agriculture and forest, oil and gas.  

Further actions allowed for labor market improvements, in a sense of greater openness and 

opportunities for hiring the international employees, within the transfer of benchmark of the firm.  

Similarly, the reduction in tariff, as provided by specific tariff ceiling of 6%, not only make the 

goods and service more attractive, rather more importantly allowed for higher future confidence and 

predictions. Additional arising advantage for home consumers were stimulated trough higher 
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competitiveness with both domestic and foreign parties, indirectly reducing price levels and instead 

rising the average quality of production.  

Kazakhstani FDI overview 

The following paragraph will contrast the FDI figures for Kazakhstan before and after its 

accession in WTO, distribute those according to the most demanded sectors of interest and even the 

areas of allocation, with the last table representing the WTO members with most investment 

financing amounts.  

FDI by Sector 

As it was stated above the mining, oil and gas dominated in both periods of observations due to 

their high value. Respective pie charts (Figure 1,2: Gross inflow of direct investment in Kazakhstan: 

breakdown by regions 2014, 2017(%)) simply demonstrate the allocation of those sectors according 

to the regions of the country.  

Thereby, both times the share of capital flows are at their highest in East Kazakhstan region, both 

times at 40%, respectively accounting for $10000M. Similarly, the former capital Almaty received 

two times less of the formerôs investment amount, though presumably also remained the same 

importance at 20% of overall flows or $5000M. The latter regions comprised 40% with similar 

ranking as well, from Aktobe at 12% ($2300M) to West Kazakhstan region at 5%   ($900M). 

Figure 1. Gross inflow of direct investment in Kazakhstan: breakdown by economic activities for 

2014 in percentage terms. 

 

Source: National Bank of Kazakhstan 

Figure 2. Gross inflow of direct investment in Kazakhstan: breakdown by economic activities for 

2017 in percentage terms. 
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Source: National Bank of Kazakhstan 

 

FDI by region 

Kazakhstan is very rich in its natural resources, especially in the oil and gas industry. 

Despite the time period specification, it was the most dominated and covered area for extraction 

from foreigners. The detailed description on investments distribution could be viewed below, as of 

before (2014) and after membership (2017).  

(Figures 3, 4: Gross inflow of direct investment in Kazakhstan: breakdown by economic 

activities 2014, 2017 (%)). The data for 2014, year before accession, states that the biggest share of 

capital flows were infused in mining and quarrying activities at one third of the overall investments 

amount, with absolute value of $8417M. Further substantial sector represented modern and 

developing area of professional and technical activities at 25% or $5835M. Rest two responsible for 

production of everyday human needs, as wholesale, retail and manufacturing were about 14% on 

average, accounting for $3200M; the other 12% ($2800M) comprises the combination of all other 

small industries of personally interested specified companies and investors. Final amount of 

investments infused accounted for $23809M.  
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Figure 3.Gross inflow of direct investment in Kazakhstan: breakdown by regions for 2014 in  

percentage terms. 

 

Source: National Bank of Kazakhstan 

 

Figure 4.Gross inflow of direct investment in Kazakhstan: breakdown by regions for 2017 in  

percentage terms. 

 

Source: National Bank of Kazakhstan 

 

For no surprise, nowadays, mining and quarrying activities compose and dominate nearly 

more than a half of overall investment figures in 2018, with current share corresponding for 56% of 
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overall $24706M ($13562M) of all inward FDI flows to Kazakhstan, the majority of which is 

directed at extraction of crude petroleum and natural gas. The biggest oil and gas global parties 

have their entities in Kazakhstan, like Exxon, Royal Dutch Shell, Chevron and etc. Overall, 

concentration of FDI in the gas and oil sector influenced the trade composition, so Kazakhstanôs 

export above all is fuel, which goes to EU in the amount of 40 billion dollars each year. Therefore, 

historically foreign direct investments are attracted to those sectors in large amounts. Manufacturing 

accounts for 14% ($3300M), which is the second largest proportion of FDI, where about 86% goes 

to manufacture of basic metals and fabricated metal products, except machinery and equipment. 

FDI flows by country  

Following two tables summarizes the shares of total FDI injections to Kazakhstaniôs 

economy by individual countries as before and after accession to WTO, as 2014 and 2017 

respectively. Based on that information one can be clearly seen that despite Kazakhstan being or not 

the member of WTO the biggest share of injections were made by Netherlands, accounting for 

almost a third of the whole FDI injections accounting for 28.4% and 28.3%, though their absolute 

values differ with the former dominating the latter, as $6763M and $5935M, in 2014 and 2017 year 

respectively. Moreover, it is worth to mention that those investments are majorly driven by special 

purpose entities. That result in some uncertainty of invested origins, one however cannot distinguish 

yet. 

Another distinct proportion of FDI held by USA at 17% was almost twice higher than those 

of Switzerland, at 14% of the overall proportion before accession constituting to $4153M and 

$2366M, accordingly. More preferred that after membership right received Kazakhstan smoothed 

its FDI inflow from two previously mentioned countries, maintaining distinctively smaller 

discrepancy of only 3% or otherwise $700M.  

Rest of the group of countries, as Russia, China, Belgium and France, UK and latter 10 

represents have decreasing representative shares from 6% to 1%, overall covering 35% of inward 

investments for both before and after accession periods observed.  

Table 1. Inward FDI flows in Kazakhstan by countries, 2014 

Country  Share in mln USD Share of 

total %  

Rank 

Netherlands 6 763,3 28.4% 1 

United States Of 

America 

4 153,4 17.4% 2 

Switzerland 2 366,4 9% 3 

China 1 807,5 7.5% 4 

Russia 1 583,8 6% 5 
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Belgium 859,8 3.6% 6 

France 836,4 3.5% 7 

United Kingdom 776,3 3.2% 8 

South Korea 578,0 2.4% 9 

Germany 487,2 2% 10 

Italy 471,7 1.9% 11 

Japan 299,6 1.25% 12 

Turkey 240,9 1% 13 

Cyprus 221,6 0.9% 14 

Belarus 202,0 0.8% 15 

 

Source: National bank of Kazakhstan. 

Table 2. Inward FDI flows in Kazakhstan by countries, 2017 

Country  Share in mln USD Share of 

total %  

Rank 

Netherlands 5 935,2 28,30% 1 

United States Of 

America 

3 693,2 17,60% 2 

Switzerland 2 964,5 14,10% 3 

Russia 1 226,6 5,90% 4 

China 1 082,5 5,20% 5 

Belgium 1 068,9 5,10% 6 

France 802,8 3,80% 7 

United Kingdom 533,8 2,50% 8 

South Korea 495,5 2,40% 9 

Bermuda 448,3 2,10% 10 

Germany 391,3 1,90% 11 

Japan 357,3 1,70% 12 

Romania 343,7 1,60% 13 

Turkey 294,0 1,40% 14 

Luxembourg 272,4 1,30% 15 

Source: National bank of Kazakhstan. 

 

Following tables (Table 3 and 4) contain the information of the FDI outflow percentage rate 

given the ranking for the subsequent countries of invested amounts.  

As given by the data of 2014 the dominating share for outward FDI was due to UK covering 

almost half of all figures, as 45% accounting for $1514M. The further two positions were 

distributed between Singapore and Netherlands, former being of higher interest to us rather than 
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later, at 18.8% and 12.9% or $632M and $433M. Rest countries have similar proportions of home 

FDI injected at 4% and less for UAE, British Virgin Islands, China, US, Germany and others.  

Surprisingly that after WTO accession that the first place was occupied by Bahamas, 

accounting for one-third (34%), next followed by Russia being twice less (18%) as of 2017.  Third 

position of outward FDI index was given by partner with highest inward investment locally, 

Netherlands, at approximately 8%. Moderate rate of outflows were seen to be projected into 

Luxembourg and Caiman islands at almost 7%. Latter 10 countries divided their shares between 4% 

to 2%, overall accounting for about 20%. Among them, we can see China, US, UK, Italy, Ukraine 

and others.  

The major distinct one should draw from this entry is the total rearrangement of priorities of 

capital investment from UK and Singapore to Bahamas and Russia. No exact causation can be 

depicted as rather more preferable conditions for investments.  

 

Table 3. Outward FDI flows in Kazakhstan by countries, 2014 

Country  Share in mln USD Share of 

total %  

Rank 

United Kingdom 1 514,6 45,15% 1 

Singapore 632,4 18,85% 2 

Netherlands 433,4 12,92% 3 

United Arab Emirates 162,0 4,83% 4 

Russia 118,2 3,52% 5 

British Virgin Islands 115,7 3,45% 6 

China 76,4 2,28% 7 

United States Of 

America 

57,5 1,71% 8 

Isle Of Man 46,8 1,40% 9 

Germany 37,6 1,12% 10 

Ireland 21,8 0,65% 11 

Caiman Islands 20,1 0,60% 12 

Georgia 17,5 0,52% 13 

Kyrgyzstan 15,7 0,47% 14 

Tadjikistan 13,2 0,39% 15 

Source: National bank of Kazakhstan. 

Table 4. Outward FDI flows in Kazakhstan by countries, 2017 

Country  Share in mln USD Share of 

total %  

Rank 

Bahamas 690,46 34,70% 1 
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Russia 373,91371 18,80% 2 

Netherlands 149,73956 7,50% 3 

Caiman Islands 133,39139 6,70% 4 

Luxembourg 127,761 6,40% 5 

Ukraine 80,80738 4,10% 6 

Georgia 61,78192 3,10% 7 

Kyrgyzstan 49,764445 2,50% 8 

China 38,59913 1,90% 9 

United Kingdom 38,48888 1,90% 10 

Singapore 27,61119 1,40% 11 

United States Of 

America 

24,7723 1,30% 12 

Cyprus 23,973 1,20% 13 

Turkey 23,56256 1,20% 14 

Italy 21,454 1,10% 15 

Source: National bank of Kazakhstan. 

 

Russiaôs experience in WTO  

The accession to WTO Russia began in 1993, though final acceptation took place in 2012. 

Russiaôs initial intention could be explained as of opportunity of huge contribution trough 

expanding the trading partners and areas of exporting. In turn the interest in Russia was due to its 

emerging yet one of the largest markets with increasing opportunities for growth maintenance.  

More specifically, entry allowed Russia to have trade agreements on particular goods previously 

unattainable with areas as European Union, countries of Netherland and China. Thereby it not 

allowed the host country to broaden its trade activities on wider areas but also the variety of goods 

traded.  

Not less important the fact that the rules and restrictions alongside with the opportunities the 

entry provides  the country with beneficially affected the sanctions; in a way than otherwise, the 

country would be subject to them at higher extent.  
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Figure 4.Gross capital flows in Russia for 25 years.  

 

Source: Central Bank of the Russian Federation. 

Moving onto the FDI investigation, (Figure 5) one should note up to 21
st
 century the flows 

trend remained plateau at 5000. The expansion was experienced from 2002 to 2007, with the 

highest rate of injection made in 2007, almost on the verge of 80000, followed by severe collapse of 

financial market in housing sector down to 29000, which is two and a half times less. Further seven 

years were described trough fluctuations with the lowest figure for inflows accounting for 10000 in 

2014, where one way to think of that is the ruble depreciation, and respective substantial rise in 

outflows at 70000. Afterwards at year of 2017 the gap accounted for 10000, with preponderance of 

outflows over inflows.  

Data 

Our analysis is based upon data drawn and available for 4 years: 2000, 2005, 2010 and 2015. 

We have used bilateral data on FDI flows between countries. Data on the movement of capital in all 

countries were found on the website of each countryôs National Bank and UNCTAD. 

The data set includes 15 Post-Soviet Union countries, among which are Russia, Kazakhstan, 

Moldova, Belarus, Uzbekistan, Azerbaijan, Turkmenistan, Ukraine, Georgia, Kyrgyzstan, Latvia, 

Lithuania, Armenia, Tajikistan, and Estonia.  In addition, our data set includes all 36 OECD 

countries, to which we will compare our results. Estonia, Latvia, and Lithuania are included in both 

groups, so overall there are 48 countries. Comprehensive approach done in order to depict any 

inconsistencies given fixed effects.  

For dependent variable we chose bilateral FDI inflows into Former Soviet Union and OECD 

countries. All data for FDI we got from the UNCTAD database in the section ñBilateral FDI 

Statisticsò. In contrary the independent variables are: GDP as a proxy for market size, membership 

-
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in WTO organization, similar language, culture and border, access to sea,  being in colony(now or 

before), involvement in the same free trade area or currency union, distance between countries, 

OECD membership and Post-Soviet Union country dummies. Those dummies were used as we 

want to distinguish countries and their attachment to various groups like Post-Soviet Union 

countries and OECD members in order to find out the certain effect of WTO membership.  

We took information about GDP from IMF (section: ñeconomic outlookò). Whereas 

information for dummy variables as similar language, common border, same culture, access to sea, 

membership in the same free trade area, common currency, involvement of countries to colonies, 

taken from CEPII.COM, section ïgravity. WTO members list was downloaded from official cite of 

WTO, OECD counties list we took from official cite of OECD.  

In the following step, we will introduce dummy variable for WTO membership, so value of 

1will be attributed to the year of membership establishment and consequently 0 for none 

membership. Second dummy will be presented by factor as common language in the same free trade 

area, as value of 1will be attributed to the areas speaking in one language and 0 for differing areas, 

final dummy will be applied for determination of the membership, 1 for the being in the FTA and 0 

to not being in FTA.    

 Firstly, we prepared our data by transforming it to the logarithmic model. As original form 

of the gravity equation in multiplicative, we toke logarithm from both sides and transform it to the 

linear one. 

    Concerning the panel data analysis, one is chosen due to its favorable features and abilities 

such as the control of unobserved heterogeneity, decipher dynamics and asymptotic properties  

However, despite its pros, we should also mention its weaknesses of which the analysis can still 

suffer and be subject to disturbances. Those are heterogeneity issue (failure to gather some vitally 

important factor which is outside the model), then because of usage of a large set of information, we 

cannot determine with accuracy which of the varieties is more influential, some uncertainty 

presence issue. Another bias we can face is selective bias, since we analyzed only several post-

soviet union countries, meaning that we cannot conclude that WTO membership is actually affect or 

not affect the flows to the countries.    

Regression analysis 

The following section will address the more empirical part of our research. For that we 

employed the regression analysis to test the underlying hypothesis, as of that WTO has a positive 

contribution on capital and trade flows. 

For this purpose, we start with basic methodology introduction which is used to test the 

hypothesis. Once after, we name our variables and present our foreheads toward their upcoming 
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possible impact. Finally, the econometrical part using the regression analysis will be employed for 

capital and trade flows with their resultsô interpretation and their significance. 

 

Y ijt=Ŭ+ɓ*F it+ɓ*F jt+ ɓ*X ijt+Ůij t , 

where Fit is a country i specific  fixed variables.  

 

As reference variables we have source and host dummies for being in WTO and being a 

post-soviet and OECD.  

The first model is a benchmark model with no fixed effects. We employed ordinary least 

squares estimation techniques allowing standard errors to be robust. OLS estimators are unbiased 

and consistent if all assumptions are satisfied, such as no autocorrelation, error term is distributed 

independently of each observations.  

As we have bilateral data on capital flows between countries we are suffer from multilateral 

resistance.  According to work of Anderson and van Wincoop (2003)  traditional gravity equations 

take into account only bilateral trade costs on trade flows (barriers to trade between a pair of 

countries) and ignore the fact that we operate in a multilateral world, so there are barriers to trade 

that each country faces with all its trading partners. Thus, without right modeling of multilateral 

resistance our estimates will be inconsistent.  The solution to this can be the direct inclusion of 

(importer-time and exporter-time) fixed effects, because it will control for some potentially 

observable and unobservable characteristics that vary over time for each exporter and each 

importer. The second model use host-country and source-country time fixed effects directly. 

However, this model offer just a part of solution of correctly modelling multilateral 

resistance. The third model takes into account not only country specific time-variant characterestics 

but also country-pair time-invariant specific characteristics, such as distance, border, colony, 

language as firstly mentioned by Baier and Bergstrang (2007) . They found that country-pair fixed 

effects can be used to account for endogeneity of regional trade agreements, providing a flexible 

and comprehensive account of the effects of all time-invariant bilateral trade costs.  

After that, we employed poison pseudo-maximum likelihood estimation technique, as the 

original gravity equation is in multiplicative form, the PPML allow us to fir gravity model in the 

original state without transforming it into logarithmic model. There are several advantages over 

OLS estimator. Firstly, OLS drops observations with zero FDI, while PML is not. Moreover, OLS 

estimator is inconsistent in the presence of heteroscedasticity problem; in contrast, poison PML 

estimator will be still consistent in such situation. Lastly, PPML coefficients are easy to interpret as 

they are straightforward.  Another nonlinear estimation method, which is similar to PPML, is a 

gamma pseudo maximum likelihood, but where the conditional variance of the dependent variable  
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is proportional to its conditional mean. According to Mart²nez Zarzoso et al. (2007) GPML 

estimator coefficients are adequate even in the presence of heteroscedasticity too.  

 Methodology 

The following empirical part of the work will provide evidence toward the presence of 

positive relationship between the foreign direct investment (as a proxy for capital flows) and trade 

flows in accordance with the growth of GDP. The practical approach will be based upon Gravity 

model which depicts the bilateral trade flows between the two economically desirable points of 

observation or simply saying the trade partners.  

The basic concept of Gravity model underlies two factors upon which are based; these are 

the size of the proposed units and the proportionately negatively related distance between 

destinations.  In the current paper the size of the countries will be viewed through GDP values and 

the distance as costs associated with the going trade activities. The standard form of this model can 

be represented by transforming (1) equation into (2):  

ln(FDI_i)ijt=ɓ0 +ɓ1*ln(gdp1)it+ɓ2ln(gdp2)jt-+ɓ3*ln(dist)ij+ɓ4langij+ ɓ5fta+ ɓ6cu+ɓ7h_wtoijt+ 

ɓ8s_wtoijt + ɓ9colonyjt+ ɓ10jtcomcol+ ɓ11ijtcurcol+ɓ12one_in+ɓ13both_in+  ɓ14ijt border+ ɓ15ijt 

s_wto_ps_noecd + ɓ16ijth_wto_nps_oecd+ ɓ17ijts_nwto_ps_noecd + ɓ18ijth_wto_ps_noecd  + 

ɓ19ijts_nwto_nps_oecd  + ɓ20ijts_wto_nps_oecd+ ɓ21ijth_nwto_nps_oecd+ ɓ22ijth_nwto_ps_noecd+ 

ɓ23both_in + ɓ24landl+ ɓ25lngdppc1+ ɓ26lngdppc2 uijt 

  

Where: ɓ0 ï intercept of the model, ɓi-coefficients of independent variables  

Variable Meaning 

lnFDI_i log of FDI inflows 

lngdp1 log of real GDP of host country at time t; 

lngdp2 log of real GDP of source country at time t; 

lngdppc1 log of real GDP per capita of  host country at time t; 

lngdppc2 log of real GDP per capita of source country at time t; 

lndist log of distance between host and source; 

border a dummy variable, which takes 1 if countries are neighbors and 

share a common border, 0 otherwise; 

landl a dummy variable, which is equal to 2 if both countries are 
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landlocked 1 if only one country is landlocked and 0 if no one is 

landlocked; 

curcol a dummy variable, which is equal to 1 if one country in a pair is 

currently colonized by the other, 0 otherwise; 

lang a dummy variable, which is equal to 1 if a trading pair share a 

similar language, 0 otherwise; 

comcol a dummy variable, which takes 1 if countries were colonized by 

one colonizer after1945; 

colony a dummy variable, which takes 1 if a country ever colonized by 

the other country; 

onein a dummy variable, which is equal to 1 if only one of the trading 

parties in a pair is a member of WTO, 0 otherwise; 

bothin a dummy variable, which is equal to 1 if both countries are in 

WTO, 0 otherwise; 

cu a dummy variable, which is equal to 1 if both parties are 

members of common currency union; 

fta a dummy variable, which is equal to 1 if both parties are 

members of free trade area; 

s_wto a dummy variable, which is equal to 1 if a source country is a 

WTO member at time t; 

h_wto a dummy variable, which is equal to 1 if a host country is a 

WTO member at time t; 

s_wto_ps_noecd a dummy for source, who is a WTO member and a Post-Soviet 

country; 

h_wto_nps_oecd a dummy for host, who is a WTO member and an OECD 

member; 

s_nwto_ps_noecd a dummy for source, who is a Post-Soviet country, but not a 

WTO and OECD member; 

s_nwto_nps_oecd a dummy for source who is an OECD member, but not a WTO 

member; 

h_wto_ps_noecd a dummy for host, who is a WTO member and a Post-Soviet 

country; 

s_wto_nps_oecd a dummy for source who is an OECD member, and a WTO 

member; 
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h_nwto_nps_oecd a dummy for host, who is an OECD member, but not a WTO 

member; 

s_wto_nps_noecd a dummy for source who is a WTO member, but not an OECD 

member.  

h_wto_nps_noecd a dummy for host who is a WTO member, but not an OECD 

member. 

h_nwto_ps_noecd a dummy for host who is a Post-Soviet country, but not an 

OECD or WTO member. 

 

However, before any further investigation, it should be stated the following: the firstly 

presented by Newton the law could have been interpreted in our case as ñthe bigger sizes points 

attract the similar subsequent points in proportional manner, though proliferate with the rate of 

further distance between themò. In other words, we can conclude that countries valued more in 

terms of GDP tend to choose and trade with the ones which possess the similar features, and with 

lower probability as they are separated further away. Interestingly that despite the ñmassò of the 

observed units are some sort of can weight more if the presented implicitly the cultural  

Furthermore, despite the efficiency of the above model it still allows for some weaknesses, 

among which can be seen: first, nowadays the cross-borders start being matter of less importance 

because of easier access due to transportation, internet and communication etc.; second, the 

dispersion of intangible assets/services market become more dominant; third, current trade partners 

becomes too much fulfilled and the new interventions and fast growing economies of China and 

India are of higher preferences for almost all grown suppliers rather than previous ones. 

  Hypothesis 

H0: Capital flows did not increase due to WTO 

Ha: Capital flow increase due to WTO 

 

Expectations of gravity model main variables and reason why we used these indicators: 

¶ GDP (lnGDP)ïvery important indicator for trade and capital flows, because for high values 

it does encourage rise in FDI and capital inflow.  

¶ Language (CLANGUAGE) ï dummy variable, which takes 1 for the common language, 0 

otherwise. Partners with common language are Russia, Kyrgyz Republic, Tajikistan, and 

Moldova. Majority of citizens from countries such as Estonia, Ukraine, Lithuania, and 

Latvia speak Russian. This can affect the transaction and communication costs.  As Head 

(2003) noted, countries which  
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have common language trade two or three times more than other countries. However, for doing 

business nowadays it should be not so significant for creating trade or for capital flows.  

¶ Distance (lnD) ï measured by the bilateral distance between the main economic centers in 

the two countries. Also can be viewed in different ways, for example: transaction costs, 

transportation cost, communication cost etc.  Data are obtained from the Centre dËEtudes 

Prospectives et dôInformations Internationals (CEPII). CEPII supply different measures of 

bilateral distances for most countries across the world. We expect high significance of this 

coefficient. Meaning that, neighbor countries more often have similar habits in investment 

decisions. 

Results 

Model 1 (Benchmark) 

 

The following result comprises the findings of the benchmark model against the main 

gravity model. Therefore, the regression result suggested by our first model depicts the coefficient 

of the main explanatory variables to predict or fairly prove those predicted based on theoretical 

approach. 

Those variables of interest are GDPs of each observed country, which have the positive sign 

consistent with gravity expectations, complying the existence of strong positive relationship 

between FDI inflows injections in host country if one maintains high GDP level. Moreover, GDP 

remains significant at 1% critical level. 

Second is the distance or otherwise seen as transaction costs. The following factor have 

consistent negative coefficient as suggested by gravity model, associating the bigger distance with 

higher transportation costs creating disincentives and lower probabilities for trading and thereby any 

capital investments. Furthermore, the distance showed to be significant at 1% critical level. 

Other variables of importance are common neighborhoods and common language factors. 

Both are consistent with the predictions of gravity model, stating if two have common border and if 

two share the same common language they are highly likely to invest and cooperate with each 

other. Two suggest the existence of strong positive relationship toward FDI flows.   

Going further, we should account to FTA factor, which is consistent with gravity 

assumptions and yields positive yet weakly significant results.  

Last but not least, we found out that there exists controversial effect of WTO toward FDI of 

the source country. One being negative for Post-Soviet, yet reversely positive for OECD members.  
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Model 2 (OLS with Fixed Effects) 

 

The following model takes into account country time specific characteristics (host and 

source time fixed effects) using ordinary least squares estimation method of linear restrictions.  

The coefficients for post-soviet countriesô dummy and for OECD ones for the source 

country being in WTO are both positive though former being significant and latter insignificant, 

respectively. However one thing worth to mention is that the coefficient of all WTO source 

members, that also includes countries apart from OECD and Post-Soviet, is negative and 

significant. One logical conclusion to draw from here is that we cannot deny or be in favor of WTO 

effect on FDI for source counties.  

The overall effect of WTO for host countriesô FDI inflows is positive and highly significant. 

These comprise both country types, being OECD member and Post-Sovietôs.  

Lastly, as in the previous benchmark model the basic factorsô coefficients as distance, common 

language and border all go in line and even further significant in the current model due to 

controlling country-specific time variant variables as GDP of both types of countries.  

 

Model 3 (OLS with country-pair Fixed Effects) 

 

For pure distinction of WTO influence on FDI flows, not being subject to other external 

factors the third equation requires to be  adjusted to county-specific factors at time varying level and 

more specific ones arising as of the relationship between varying match -partners not being subject 

to time changes. This suggests for third model to take advantage of the previous due to the 

consideration of country-pair specific time-invariant fixed effect. Those are distance, language, 

border etc.   

Moreover, the current model supports the coefficients of FTA and currency union as of 

being positive and highly significant.  

 

Model 4 (PPML) 

 

The permanent presence of multiplicative error term in the original model of gravity makes 

the mean logarithm of error term subject to its positive varying values, meanings it will take into 

consideration the variance of it. That is as in the usual performance our results will be biased and 

inconsistent. 

To overcome this problem, we applied PPML technique using fixed effects as coefficients to 

run the same regression in second model. The interpretation of the coefficients follows the same 
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pattern as one in the OLS regression approach. The results thereby driven are consistent with the 

predictions of the gravity model, as distanceôs coefficient being negative and highly significant and 

the landlocked dummy variable reflecting significant and nehative results. 

As in the model 2, results source countries being either Post-Soviet or OECD members and 

also being in WTO show up to have positive and  significant relationship with FDI. 

As for host countries being Post-Soviet and being in WTO yields negative result on FDI.  

 

Model 5(GPML) 

 

Last model has common features with the former but with the one crucial distinction in 

gamma and poisson PML estimations, such that PPML does not discriminate, that is views all 

observations as equally important thereby with  same weight in each case; whereas gamma assigns 

larger conditional mean with respective lower weights.  

The advantage both possess is the opportunity to deal with zero trade/capital flows, 

moreover being able to be consistent in the presence of Variance of Distance term being 

differentiated across observations. 

Finally as of findings on coefficients on WTO for all groups of countries being insignificant 

makes us uncertain about real effect WTO possesses and provides on FDI flows.  

 

Conclusion 

The initial interest in investigation of WTO real effect was driven by discrepancy and 

varying opinions on either of contribution or detriment on certain economic outcomes. As stated in 

literature review the trade effect was not of certain confidence on deciding on intervention, 

therefore our work being adjusted to capital flow level determine the accession to WTO on FDI 

flows in Post-Soviet union countries, using OECD as initial base for relative comparison.   

The empirical research was based upon gravity model which best employed for trade 

determination. Further three-dimensional data was employed to adjust to time varying and country 

relationship, as host and source. Afterwards the five different estimation techniques being applied 

allowed us to improve and control for any time variant and invariant factors, relative and specific 

characteristics. 

That is starting with the simplest prove of gravity approach usage in practice we accounted 

for multilateral resistance alongside with relative trade frictions arising as a consequence of the 

relationship establishment with further consideration of time invariant effects on relative 

relationship and heteroscedasticity presence, allowed us to draw significant results of effect of 

WTO on FDI flows to Post-Soviet union countries. 
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Appendices 

Table 5. Main Source countries for Post-Soviet countries. 

Host country Year 
Source countries 

1 2 3 

Armenia 2017 Russia Georgia China 

Estonia 2017 Sweden Norway 

United 

Kingdom 

Georgia 2017  Azerbaijan Cyrpus Luxembourg 

Kazakhstan 2017 Netherlands US Switzerland 

Kyrgyz republic 2017 Canada China 

United 

Kingdom 

Latvia 2017 Sweden Russia Estonia 

Lithunia 2017 Sweden Netherlands Cyrpus 

Moldova 2017 EU partners 

Russia 2017 Cyrpus Luxembourg Netherlands 

Tajikistan 2017 China Russia Kazakhstan 

Ukarine 2017 Cyrpus Netherlands 

United 

Kingdom 

Source: Unctad 

Table 6. Descriptive Statistics 

Variable Obs Mean Std. Dev. Min  Max 

      

https://www.wto.org/
https://www.heritage.org/
https://www.oecd.org/
https://nationalbank.kz/
https://unctad.org/
https://unctadstat.unctad.org/
http://www.cepii.fr/
http://www.cbr.ru/
https://sk.kz/
https://databank.worldbank.org/
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FDI_i  5,36 781.4028 4988.965 -34055 101126 

FDI_o 5,579 642.0149 4081.873 -31236.15 93103.77 

landl 26,139 .4487547 .5842484 0 2 

lndist 26,121 8.065776 1.109068 3.087945 9.884789 

onein 26,466 .257878 .4374748 0 1 

bothin 26,466 .7206605 .4486831 0 1 

nonein 26,466 .0214615 .1449196 0 1 

lang 26,139 .0675619 .2509974 0 1 

border 26,139 .0165653 .1276382 0 1 

comcol 26,139 .0105972 .1023977 0 1 

colony 26,139 .0208883 .1430132 0 1 

cu 26,139 .0348139 .1833116 0 1 

fta 26,466 .0713368 .2573915 0 1 

s_wto 26,466 .8545681 .3525424 0 1 

h_wto 26,466 .8441019 .3627656 0 1 

lngdp1 26,384 26.02358 3.833959 15.75709 31.96777 

lngdppc1 26,268 10.98229 1.281278 7.185798 13.09594 

lnrgdp2 25,465 17.24882 8.616069 0 32.16129 

lrgdppc2 25,434 14.92026 8.605951 0 31.9677 

s_wto_ps_n~d 26,466 .0426585 .2020898 0 1 

s_wto_~_oecd 26,466 .2046021 .4034182 0 1 

h_wto_ps_n~d 26,458 .0968327 .2957354 0 1 

h_wto_~_oecd 26,466 .7347162 .4414925 0 1 

s_ps_noecd 26,466 .0862994 .280811 0 1 

s_nps_oecd 26,466 .2046021 .4034182 0 1 

h_ps_noecd 26,459 .2363279 .4248339 0 1 

h_nps_oecd 26,466 .7347162 .4414925 0 1 

s_~nps_noecd 26,466 .0092572 .0957696 0 1 

h_~nps_noecd 26,466 .0272803 .162902 0 1 
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Figure 6.  Kazakhstani's flows for 25 years period. 

 
Source: National bank of Kazakhstan. 

 

 

Figure 7. Real GDP growth (annual %) 

 
Source: World Bank. 

Table 7.  Regression output 
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Table 8. General Information for Post-Soviets countries. 

 

Country name Date of 

application 

Date of 

accession 

Economic 

Freedom Index 

one year before 

accession to 

WTO 

Economic 

Freedom Index 

in 2019 

Armenia  29/11/1993 05/01/2003 68.0 67.7 

Estonia 10/03/1994 13/11/1999 72.5 76.6 

Georgia 03/07/1996 14/06/2000 52.5 75.9 

Kazakhstan 29/01/1996 30/11/2015 63.7 65.4 

Kyrgyz 

Republic  

13/02/1996 20/12/1998 N/A 62.3 

Latvia  08/11/1993 10/01/1999 63.4 70.4 

Lithuania 18/01/1994 31/05/2001 61.9 74.2 

Republic of 

Moldova 

25/11/1993 26/07/2001 59.6 59.1 

Russian 

Federation 

04/06/1993 22/08/ 2012  58.9 

Tajikistan  29/05/2001 02/03/2013 53.4 55.6 

Ukraine  30/11/1993 16/05/2008 51.5 52.3 

 

Source: Unctad, Heritage 

 

Figure 8. Foreign direct investment, net inflows (mln US$) 



ñʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ ɸʂɸɼɽʄʀʂò                                                          ̄ 1  (104), 2021 ʛ. 

_______________________________________________________________________________________ 

230 
 

 
Source: World bank 
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ʇʈʆʎɽʅʊʅɸʗ ʇʆʃʀʊʀʂɸ ɹɸʅʂɸ ɺ ʋʉʃʆɺʀʗʍ ɺʓʉʆʂʆʁ ʂʆʅʂʋʈɽʅʎʀʀ 

 

ʂʫʣʠʢʦʚ ʈʫʩʣʘʥ ʉʝʨʛʝʝʚʠʯ 

ʂʦʰʢʠʥʘ ʆʣʴʛʘ ɺʘʣʝʥʪʠʥʦʚʥʘ 

. 

ɸʙʩʪʨʘʢʪ: ɺʚʝʜʝʥʠʝ. ɺ ʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʱʠʡ ʦʙʟʦʨ ʟʘʚʠʩʠʤʦʩʪʠ ɹɺʋ ʦʪ 

ʧʨʦʮʝʥʪʥʦʡ ʧʦʣʠʪʠʢʠ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʩʪʨʦ ʚʣʠʷʝʪ ʥʘ ʵʢʦʥʦʤʠʢʫ ʚʩʝʡ ʩʪʨʘʥʳ.  

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʮʝʥʪʥʦʡ ʧʦʣʠʪʠʢʠ ʙʘʥʢʦʚ ʠ ʢʘʢʠʝ ʧʦʜʭʦʜʳ ʠʩʧʦʣʴʟʫʶʪ ʙʘʥʢʠ ʚ 

ʢʦʥʢʫʨʝʥʪʥʦʡ ʙʦʨʴʙʝ. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʧʝʨʚʦʠʩʪʦʯʥʠʢʠ, ʧʦ ʢʦʪʦʨʳʤ ʙʳʣʘ ʥʘʧʠʩʘʥʘ ʜʘʥʥʘʷ ʩʪʘʪʴʷ. ʄʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʠ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʘʙʦʪʳ ʚʩʝʡ ʙʘʥʢʦʚʩʢʦʡ ʩʠʩʪʝʤʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʦʩʪʨʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʤʤʝʨʯʝʩʢʠʭ ʙʘʥʢʦʚ ʦʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʩʪʨʘʥʳ. ɺʢʣʘʜ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʥʘʫʢʫ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ 

ʙʝʩʧʝʨʝʙʦʡʥʘʷ ʩʠʩʪʝʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʘʥʢʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ 

ʧʨʦʮʝʩʩ ʵʢʦʥʦʤʠʢʠ. ɹʠʟʥʝʩ ʠ ʦʙʱʝʩʪʚʦ. ʆʙʘ ʟʚʝʥʘ ʪʝʩʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʘ 

ʪʘʢʞʝ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʦʠʭ.  ɺʳʚʦʜʳ. ɺʳʚʦʜʳ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʦʩʥʦʚʝ ʙʘʥʢʦʚʩʢʦʛʦ ʧʦʜʭʦʜʘ ɸʆ çʅʘʨʦʜʥʳʡ ɹʘʥʢ ʂʘʟʘʭʩʪʘʥʘè.  

ɹʝʩʧʝʨʝʙʦʡʥʘʷ ʩʠʩʪʝʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʘʥʢʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ 

ʧʨʦʮʝʩʩ ʵʢʦʥʦʤʠʢʠ. ɹʘʥʢʠ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪ ʩʙʝʨʝʞʝʥʠʷ ʥʘʩʝʣʝʥʠʷ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ 

ʠʥʚʝʩʪʠʮʠʠ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʨʦʮʝʥʪʥʘʷ ʧʦʣʠʪʠʢʘ, ʥʘʮʠʦʥʘʣʴʥʳʡ ʙʘʥʢ, ʩʪʘʚʢʘ, ʠʥʬʣʷʮʠʷ, 

ʢʦʥʢʫʨʝʥʮʠʷ, ʢʦʤʤʝʨʯʝʩʢʠʡ ʙʘʥʢ. 

 

ɼʣʷ ʣʶʙʦʛʦ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʙʘʥʢʘ, ʧʨʘʚʠʣʴʥʦ ʚʳʩʪʨʦʝʥʥʘʷ ʧʦʣʠʪʠʢʘ ʢʨʝʜʠʪʥʦ-ʜʝʥʝʞʥʳʭ 

ʦʪʥʦʰʝʥʠʡ ï ʟʘʣʦʛ ʫʩʧʝʰʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʨʳʥʢʝ. ɻʣʘʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʜʘʥʥʦʡ ʧʦʣʠʪʠʢʠ 

ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʨʘʪʝʛʠʠ ʚʝʜʝʥʠʷ ʧʨʦʮʝʥʪʥʦʡ ʧʦʣʠʪʠʢʠ ʙʘʥʢʘ. ɺʩʸ-ʪʘʢʠ 

ʢʦʤʤʝʨʯʝʩʢʠʡ ʙʘʥʢ ï ʵʪʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʙʠʟʥʝʩ-ʩʪʨʫʢʪʫʨʘ, ʮʝʣʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʧʨʠʙʳʣʠ ʧʫʪʸʤ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʙʘʥʢʦʚʩʢʠʭ ʦʧʝʨʘʮʠʡ 

ʶʨʠʜʠʯʝʩʢʠʤ ʠ ʬʠʟʠʯʝʩʢʠʤ ʣʠʮʘʤ. ʀ ʧʨʦʮʝʥʪʥʘʷ ʧʦʣʠʪʠʢʘ ʠʤʝʥʥʦ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʦʣʫʯʝʥʠʝ 

ʧʨʦʮʝʥʪʥʦʛʦ ʜʦʭʦʜʘ, ʤʘʢʩʠʤʘʣʴʥʦ ʯʠʩʪʦʛʦ ʦʪ ʚʩʝʭ ʙʘʥʢʦʚʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʥʘ ʩʪʨʘʭʦʚʘʥʠʝ 

ʢʨʝʜʠʪʥʳʭ ʨʠʩʢʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʣʠʢʚʠʜʥʦʩʪʴʶ ʙʘʥʢʘ.  
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ʇʨʦʮʝʥʪʥʘʷ ʧʦʣʠʪʠʢʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ ʚʣʠʷʥʠʷ ʥʘ ʜʝʥʝʞʥʦ-

ʢʨʝʜʠʪʥʫʶ ʧʦʣʠʪʠʢʫ ʚ ʙʘʥʢʘʭ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ (ɹɺʋ), ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʙʘʥʢʘ, ʘ ʚ 

ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ ʚʩʝʛʦ ʛʦʩʫʜʘʨʩʪʚʘ. ʇʦ ʩʫʪʠ, ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʷʜ 

ʚʚʦʜʠʤʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʝ ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʧʨʦʮʝʥʪʥʳʭ ʩʪʘʚʦʢ, 

ʪʝʤ ʩʘʤʳʤ ʦʢʘʟʳʚʘʷ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʜʝʥʝʞʥʦ-ʢʨʝʜʠʪʥʦʡ ʩʠʩʪʝʤʳ. 

ɹʝʟʫʩʣʦʚʥʦ, ʧʨʦʮʝʥʪʥʘʷ ʩʪʘʚʢʘ ï ʢʣʶʯʝʚʘʷ ʧʝʨʝʤʝʥʥʘʷ ʚ ʵʢʦʥʦʤʠʢʝ. ʆʥʘ ʚʣʠʷʝʪ ʥʘ ʨʝʰʝʥʠʝ 

ʠ ʧʦʚʝʜʝʥʠʝ ʢʘʢ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʘʥʠʡ, ʪʘʢ ʠ ʮʝʣʳʭ ʢʣʘʩʪʝʨʦʚ ʩʝʢʪʦʨʦʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʨʠ 

ʧʨʠʥʷʪʠʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʠʣʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʨʝʰʝʥʠʡ, ʯʪʦ ʚ ʠʪʦʛʝ ʦʩʪʨʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ 

ʙʫʜʫʱʠʝ ʪʝʤʧʳ ʠʟʤʝʥʝʥʠʡ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ, ʠʥʬʣʷʮʠʠ ʠ ʜʝʬʣʷʮʠʠ. ɺ ʮʝʣʦʤ, ʩʘʤʠ ʧʦ 

ʩʝʙʝ ʧʨʦʮʝʥʪʥʳʝ ʜʦʭʦʜʳ ï ʵʪʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʦʙʱʝʛʦ ʜʦʭʦʜʘ ʬʠʥʘʥʩʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. ʅʦ, ʚ 

ʩʠʩʪʝʤʝ ʜʝʥʝʞʥʦ-ʢʨʝʜʠʪʥʦʡ ʧʦʣʠʪʠʢʠ ʣʶʙʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʮʝʥʪʥʳʭ ʩʪʘʚʦʢ ʚʣʝʢʫʪ ʟʘ ʩʦʙʦʡ 

ʧʨʷʤʦʝ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ, ʜʠʩʢʦʥʪʠʨʫʷ ʙʫʜʫʱʠʝ ʧʦʪʦʢʠ ʩʨʝʜʩʪʚ ʢʘʢ ʧʦ 

ʘʢʮʠʷʤ, ʪʘʢ ʠ ʧʦ ʮʝʥʥʳʤ ʙʫʤʘʛʘʤ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʦʭʦʜʥʦʩʪʴʶ. ʀʟʤʝʥʝʥʠʝ ʧʨʦʮʝʥʪʥʦʡ 

ʩʪʘʚʢʠ ʧʦ ʢʨʝʜʠʪʫ, ʨʝʟʢʦ ʤʝʥʷʶʪ ʩʫʤʤʫ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʨʝʜʠʪʘ ʜʣʷ ʟʘʸʤʱʠʢʘ, ʯʪʦ ʚ 

ʩʣʝʜʩʪʚʠʠ ʚʣʠʷʝʪ ʥʘ ʜʦʣʛʦʚʫʶ ʥʘʛʨʫʟʢʫ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʣʘʪʸʞʝʩʧʦʩʦʙʥʦʩʪʴ 

ʟʘʸʤʱʠʢʘ. 

ʅʘ ʩʠʩʪʝʤʫ ʧʨʦʮʝʥʪʥʦʡ ʧʦʣʠʪʠʢʠ ɹɺʋ ʚʣʠʷʝʪ ʨʷʜ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʚʠʟʫʘʣʴʥʦ ʤʦʞʥʦ 

ʧʦʜʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʦʩʥʦʚʥʳʭ: ʚʥʫʪʨʝʥʥʠʝ ʠ ʚʥʝʰʥʠʝ. ɺʥʫʪʨʝʥʥʠʡ ʬʘʢʪʦʨ ï ʵʪʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʣʠʪʠʢʘ ʩʘʤʦʛʦ ʙʘʥʢʘ, ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʚʝʜʝʥʠʷ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɿʜʝʩʴ ʚʣʠʷʥʠʝ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ, ʥʘʧʨʠʤʝʨ, ʦʪ 

ʥʦʤʝʥʢʣʘʪʫʨʳ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʙʘʥʢʦʤ ʫʩʣʫʛ ʠʣʠ ʦʪ ʩʦʩʪʘʚʘ ʢʣʠʝʥʪʩʢʦʡ ʙʘʟʳ ʙʘʥʢʘ.  

ɺʥʝʰʥʠʡ ʬʘʢʪʦʨ ï ʵʪʦ ʫʞʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʩʷ ʜʝʥʝʞʥʦ-ʢʨʝʜʠʪʥʘʷ ʧʦʣʠʪʠʢʘ ʛʦʩʫʜʘʨʩʪʚʘ, 

ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠ ʢʦʥʪʨʦʣʝʤ ʠʩʧʦʣʥʝʥʠʷ ʢʦʪʦʨʦʡ ʦʪʚʝʯʘʝʪ ʅʘʮʠʦʥʘʣʴʥʳʡ ɹʘʥʢ 

ʂʘʟʘʭʩʪʘʥʘ. ʂ ʜʘʥʥʦʤʫ ʬʘʢʪʦʨʫ ʦʪʥʦʩʠʪʩʷ ʬʠʥʘʥʩʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʨʳʥʢʘ (ʥʘʧʨʠʤʝʨ, ʫʨʦʚʝʥʴ 

ʠʥʬʣʷʮʠʠ), ʠʟʤʝʥʝʥʠʝ ʩʧʨʦʩʘ ʥʘ ʫʩʣʫʛʠ, ʫʨʦʚʝʥʴ ʢʦʥʢʫʨʝʥʮʠʠ.  

ʉ ʫʯʸʪʦʤ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤʠ ʠʩʧʦʣʥʠʪʝʣʷʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʥʪʥʦʡ ʧʦʣʠʪʠʢʠ ʦʧʨʝʜʝʣʸʥʥʦ ʷʚʣʷʶʪʩʷ ʅʘʮʠʦʥʘʣʴʥʳʡ ɹʘʥʢ ʂʘʟʘʭʩʪʘʥʘ ʠ ʙʘʥʢʠ 

ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ, ʛʜʝ ʫ ʢʘʞʜʦʛʦ ʦʪʚʝʜʝʥʘ ʩʚʦʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʨʦʣʴ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ɹʘʥʢ ʂʘʟʘʭʩʪʘʥʘ ʦʪʚʝʯʘʝʪ ʟʘ ʤʘʢʨʦ ʫʨʦʚʥʝʚʳʝ ʟʘʜʘʯʠ, ʵʪʦ ʨʦʩʪ ʵʢʦʥʦʤʠʢʠ 

ʩʪʨʘʥʳ, ʦʙʝʩʧʝʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʫʢʨʝʧʣʝʥʠʝ ʥʘʮʠʦʥʘʣʴʥʦʡ ʚʘʣʶʪʳ, ʩʜʝʨʞʠʚʘʥʠʝ 

ʠʥʬʣʷʮʠʠ, ʨʘʟʚʠʪʠʝ ʬʠʥʘʥʩʦʚʦʛʦ ʩʝʢʪʦʨʘ, ʘ ʪʘʢʞʝ ʯʘʩʪʠʯʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʥʪʥʳʭ 

ʩʪʘʚʦʢ ʚ ʧʦʣʴʟʫ ʧʨʠʦʨʠʪʝʪʥʳʭ ʩʝʢʪʦʨʦʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʎʝʥʦʚʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʚʦʪ ʪʦ 

ʦʙʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ, ʢ ʢʦʪʦʨʦʤʫ ʩʪʨʝʤʠʪʩʷ ʅɹʂ. ʆʥʘ ʦʟʥʘʯʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʙʱʝʛʦ ʫʨʦʚʥʷ 

ʮʝʥ ʥʘ ʪʦʚʘʨʳ, ʨʘʙʦʪʳ ʠ ʫʩʣʫʛʠ, ʘ ʪʘʢʞʝ ʥʝʜʦʧʫʱʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʠʥʬʣʷʮʠʠ. 

ɻʣʘʚʥʘʷ ʚʳʛʦʜʘ ʮʝʥʦʚʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʜʘʸʪ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 
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ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʙʫʜʫʱʫʶ ʜʠʥʘʤʠʢʫ ʮʝʥ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʥʦʤʠʥʘʣʴʥʫʶ ʧʨʦʮʝʥʪʥʫʶ ʩʪʘʚʢʫ. ɺʩʸ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʨʝʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ 

ʜʝʥʝʛ, ʯʪʦ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʪʠʤʫʣʠʨʫʝʪ ʥʘ ʧʨʠʚʣʝʯʝʥʠʝ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷʤʠ 

ʚ ʢʦʥʢʨʝʪʥʳʝ ʩʝʢʪʦʨʘ ʠ ʪʝʤ ʩʘʤʳʤ ʩʪʠʤʫʣʠʨʫʝʪ ʫʩʪʦʡʯʠʚʳʡ ʨʦʩʪ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ.  

ɻʣʘʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ɹɺʋ ʷʚʣʷʶʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʙʘʥʢʘ. ɹʘʥʢ ʬʦʨʤʠʨʫʝʪ 

ʧʨʦʮʝʥʪʥʳʝ ʩʪʘʚʢʠ ʧʦ ʢʨʝʜʠʪʘʤ/ʜʝʧʦʟʠʪʘʤ, ʧʨʠʤʝʥʷʷ ʪʨʘʥʩʬʝʨʪʥʦʝ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʝ ʥʘ 

ʬʦʥʜʳ (ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʩʪʦʠʤʦʩʪʠ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʚʝʜʝʥʠʷ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩ ʫʯʝʪʦʤ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʨʠʩʢʦʚ, ʥʘʧʨʠʤʝʨ, ʧʨʦʮʝʥʪʥʦʛʦ ʠʣʠ ʚʘʣʶʪʥʦʛʦ ʨʠʩʢʘ, ʨʠʩʢʘ 

ʣʠʢʚʠʜʥʦʩʪʠ ʠ ʜʨʫʛʦʝ). ʂʦʥʪʨʦʣʠʨʫʝʪ ʪʨʘʥʩʬʝʨʪʥʦʝ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʬʦʥʜʳ ï 

ʢʘʟʥʘʯʝʡʩʪʚʦ ʙʘʥʢʘ. ʆʙʳʯʥʦ ʦʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʪʨʘʥʩʬʝʨʪʥʫʶ ʮʝʥʫ ʥʘ ʢʦʥʢʨʝʪʥʳʡ 

ʬʠʥʘʥʩʦʚʳʡ ʧʨʦʜʫʢʪ, ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʪʦʠʤʦʩʪʠ ʬʦʥʜʠʨʦʚʘʥʠʷ ʜʣʷ ʙʘʥʢʘ, ʨʠʩʢʘ 

ʣʠʢʚʠʜʥʦʩʪʠ ʥʘ ʨʳʥʢʝ, ʘ ʪʘʢʞʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʧʨʠʦʨʠʪʝʪʦʚ ʙʘʥʢʘ ʧʦ ʢʘʞʜʦʤʫ ʚʠʜʫ 

ʢʨʝʜʠʪʘ/ʜʝʧʦʟʠʪʘ. ʀʤʝʥʥʦ ʦʪʜʝʣ ʢʘʟʥʘʯʝʡʩʪʚʘ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ, ʧʦ ʢʘʢʦʡ ʧʨʦʮʝʥʪʥʦʡ 

ʩʪʘʚʢʝ ʙʫʜʝʪ ʚʳʜʘʥ ʪʦʪ ʠʣʠ ʠʥʦʡ ʢʨʝʜʠʪ/ʜʝʧʦʟʠʪ, ʫʯʠʪʳʚʘʷ ʧʨʠ ʵʪʦʤ ʪʨʘʥʩʬʝʨʪʥʫʶ ʮʝʥʫ.  

ɼʝʥʝʞʥʳʡ ʨʳʥʦʢ ï ʛʣʘʚʥʳʡ ʤʝʭʘʥʠʟʤ ʧʝʨʝʜʘʯʠ ʜʝʥʝʞʥʦ-ʢʨʝʜʠʪʥʦʡ ʧʦʣʠʪʠʢʠ, ʠʤʝʥʥʦ 

ʦʥ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʥʪʥʫʶ ʧʦʣʠʪʠʢʫ ʙʘʥʢʦʚʩʢʦʡ ʩʠʩʪʝʤʳ. ʇʨʠ ʫʩʣʦʚʠʠ, 

ʢʦʛʜʘ ʜʝʥʝʞʥʳʡ ʨʳʥʦʢ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʩʪʘʙʠʣʴʥʦʤ ʨʝʞʠʤʝ, ʅɹʂ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ 

ʜʦʣʛʦʩʨʦʯʥʳʝ ʩʪʘʚʢʠ ʧʨʠ ʧʦʤʦʱʠ ʢʦʥʪʨʦʣʷ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʩʪʘʚʦʢ ʜʝʥʝʞʥʦʛʦ ʨʳʥʢʘ, ʪʝʤ 

ʩʘʤʳʤ ʫʜʝʨʞʠʚʘʷ ʠʭ ʚ ʩʪʘʙʠʣʴʥʦʤ ʫʨʦʚʥʝ. 

 ʊʘʢ, ʚ ʤʘʨʪʝ 2021 ʛʦʜʘ ʅɹʂ ʦʩʪʘʚʠʣ ʙʘʟʦʚʫʶ ʩʪʘʚʢʫ ʥʘ ʫʨʦʚʥʝ 9%, ʩ ʧʨʦʮʝʥʪʥʳʤ 

ʢʦʨʠʜʦʨʦʤ +/-1,0%. ɼʦ ʠʶʣʷ 2020 ʛʦʜʘ ʙʘʟʦʚʘʷ ʩʪʘʚʢʘ ʩʦʩʪʘʚʣʷʣʘ 9,5%. ʈʝʰʝʥʠʝ ʦʩʪʘʚʠʪʴ 

ʙʘʟʦʚʫʶ ʩʪʘʚʢʫ ʥʘ ʧʨʝʞʥʝʤ ʫʨʦʚʥʝ, ʢʘʢ ʧʦʷʩʥʷʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʅɹʂ, ʦʙʫʩʣʦʚʣʝʥʦ 

çʧʨʝʦʙʣʘʜʘʶʱʠʤ ʧʨʦʠʥʬʣʷʮʠʦʥʥʳʤ ʜʘʚʣʝʥʠʝʤ ʚ ʵʢʦʥʦʤʠʢʝ, ʩʚʷʟʘʥʥʳʤ ʩ ʩʦʭʨʘʥʷʶʱʠʤʠʩʷ 

ʜʠʩʙʘʣʘʥʩʘʤʠ ʥʘ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ ʨʳʥʢʘʭ, ʚʳʩʦʢʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴʶ ʚʦ ʚʥʝʰʥʝʤ 

ʩʝʢʪʦʨʝ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʨʠʩʢʦʚ ʫʩʢʦʨʝʥʠʷ ʠʥʬʣʷʮʠʠè 

[https://kapital.kz/finance/94000/natsbank-v-ocherednoy-raz-ostavil-bazovuyu-stavku-na-urovne-

9.html]. ʂʨʦʤʝ ʵʪʦʛʦ ʬʘʢʪʦʨʘ, ʚ ʮʝʣʦʤ, ʜʦ ʩʠʭ ʧʦʨ ʩʦʭʨʘʥʷʝʪʩʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʩʮʝʥʘʨʠʷ ʵʢʦʥʦʤʠʢʠ, ʩʚʷʟʘʥʥʘʷ ʩ ʢʦʨʦʥʦʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʝʡ, ʢʘʢ ʚ 

ʩʪʨʘʥʝ, ʪʘʢ ʠ ʚ ʤʠʨʝ. 

ɹʘʟʦʚʘʷ ʩʪʘʚʢʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚʣʠʷʝʪ ʥʘ ʫʨʦʚʝʥʴ ʠʥʬʣʷʮʠʠ ʚ ʩʪʨʘʥʝ. ʂʘʢ ʪʦʣʴʢʦ ʅɹʂ 

ʧʦʚʳʰʘʝʪ ʙʘʟʦʚʫʶ ʩʪʘʚʢʫ, ʜʝʥʴʛʠ ʚ ʵʢʦʥʦʤʠʢʝ ʩʪʘʥʦʚʷʪʩʷ ʜʦʨʦʞʝ. ɹʘʥʢʠ ʩʨʘʟʫ 

ʧʝʨʝʩʤʘʪʨʠʚʘʶʪ ʚʩʝ ʧʨʦʮʝʥʪʥʳʝ ʩʪʘʚʢʠ ʧʦ ʢʨʝʜʠʪʘʤ ʠ ʜʝʧʦʟʠʪʘʤ. ɺ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ, 

ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʘʥʥʳʭ ʢʨʝʜʠʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ, ʢʘʢ, ʚʧʨʦʯʝʤ, ʩʥʠʞʘʝʪʩʷ ʠ 

ʠʥʚʝʩʪʠʨʦʚʘʥʠʝ ʚ ʧʨʦʝʢʪʳ. ʅʦ ʧʨʠ ʵʪʦʤ, ʚ ʩʠʩʪʝʤʝ ʜʝʧʦʟʠʪʦʚ ʩʪʘʚʢʠ ʩʪʘʥʦʚʷʪʩʷ ʚʳʰʝ, ʯʪʦ 

ʜʘʸʪ ʤʦʪʠʚʘʮʠʶ ʦʪʢʨʳʚʘʪʴ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʙʝʨʝʞʝʥʠʡ. ʂʘʢ ʨʝʟʫʣʴʪʘʪ, ʩʧʨʦʩ ʥʘ ʪʦʚʘʨʳ, 
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ʨʘʙʦʪʳ ʠ ʫʩʣʫʛʠ ʩʥʠʞʘʝʪʩʷ, ʮʝʥʳ ʥʝ ʨʘʩʪʫʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʥʬʣʷʮʠʷ ʟʘʤʝʜʣʷʝʪʩʷ. ʅʦ ʝʩʪʴ ʠ 

ʦʙʨʘʪʥʳʡ, ʧʦʣʥʳʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʧʨʦʮʝʩʩ, ʢʦʛʜʘ ʜʝʥʴʛʠ ʩʪʘʥʦʚʷʪʩʷ ʜʝʰʝʚʣʝ, ʪ.ʝ. 

ʙʘʟʦʚʘʷ ʩʪʘʚʢʘ ʩʥʠʞʝʥʘ. ʉʪʘʚʢʠ ʧʦ ʢʨʝʜʠʪʘʤ ʠ ʜʝʧʦʟʠʪʘʤ ʩʥʠʞʘʶʪʩʷ, ʧʦʪʨʝʙʠʪʝʣʠ ʙʝʨʫʪ 

ʙʦʣʴʰʝ ʢʨʝʜʠʪʦʚ, ʙʦʣʴʰʝ ʪʨʘʪʷʪ, ʠʥʚʝʩʪʠʨʫʶʪ, ʥʦ ʚʩʸ ʤʝʥʴʰʝ ʦʙʨʘʱʘʶʪʩʷ ʟʘ ʜʝʧʦʟʠʪʘʤʠ. ɺ 

ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ, ʩʧʨʦʩ ʥʘ ʜʝʥʴʛʠ ʨʘʩʪʸʪ, ʮʝʥʳ ʧʦʚʳʰʘʶʪʩʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʥʬʣʷʮʠʷ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ, ʟʘʜʘʯʘ ʅɹʂ, ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʙʘʟʦʚʦʡ ʩʪʘʚʢʠ. ʆʥʘ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ 

ʧʨʦʮʝʥʪʳ ʧʦ ʢʨʝʜʠʪʘʤ ʠ ʚʢʣʘʜʘʤ, ʘ ʪʘʢʞʝ ʥʘ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʮʝʥʳ ʚ ʤʘʛʘʟʠʥʘʭ. ʅɹʂ 

ʧʦʩʪʦʷʥʥʦ ʦʮʝʥʠʚʘʝʪ ʩʠʪʫʘʮʠʶ ʚ ʵʢʦʥʦʤʠʢʝ ʩʪʨʘʥʳ, ʩʣʝʜʠʪ ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʮʝʥ. 

ʉʪʨʫʢʪʫʨʘ ʧʨʦʚʦʜʠʪ ʘʥʘʣʠʪʠʢʫ ʧʦʩʪʫʧʘʶʱʠʭ ʜʘʥʥʳʭ, ʧʨʠʤʝʥʷʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʥʦʟʦʚ ʪʦʛʦ, ʢʘʢʘʷ ʙʫʜʝʪ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʠ ʠʥʬʣʷʮʠʷ ʚ 

ʧʝʨʠʦʜʝ. ʂʦʛʜʘ ʧʨʦʛʥʦʟʳ ʧʦʢʘʟʳʚʘʶʪ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ/ʦʪʢʣʦʥʝʥʠʷ ʠʥʬʣʷʮʠʠ ʦʪ ʮʝʣʠ, 

ʅɹʂ ʤʦʞʝʪ ʧʨʠʥʷʪʴ ʨʝʰʝʥʠʝ ʧʦ ʠʟʤʝʥʝʥʠʶ ʙʘʟʦʚʦʡ ʩʪʘʚʢʠ. 

ʅʝʤʘʣʦʚʘʞʥʳʡ ʬʘʢʪʦʨ, ʤʦʞʝʪ ʙʳʪʴ, ʜʘʞʝ ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʩʪʦʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘʨʘʚʥʝ 

ʩʦ ʩʜʝʨʞʠʚʘʶʱʝʡ ʩʠʩʪʝʤʦʡ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ɹʘʥʢʘ ï ʵʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʢʦʥʢʫʨʝʥʮʠʷ 

ʤʝʞʜʫ ʙʘʥʢʘʤʠ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ. ʉʪʨʝʤʣʝʥʠʝ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʥʘ ʜʝʥʝʞʥʦʤ 

ʨʳʥʢʝ, ʙʘʥʢʠ ʩʦʟʜʘʶʪ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩʦʧʝʨʥʠʯʝʩʪʚʘ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ɺ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ, ʟʜʦʨʦʚʘʷ ʢʦʥʢʫʨʝʥʮʠʷ ʩʪʘʥʦʚʠʪʩʷ ʜʣʷ ʨʳʥʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʥʝʧʣʦʭʠʤ 

ʩʪʠʤʫʣʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ, ʛʜʝ ʢʦʥʢʫʨʠʨʫʶʱʠʝ ʙʘʥʢʠ, ʞʝʣʘʷ ʧʨʝʚʟʦʡʪʠ ʢʦʥʢʫʨʝʥʪʘ ʠ ʟʘʥʷʪʴ 

ʤʝʩʪʦ ʣʠʜʝʨʘ, ʨʘʩʰʠʨʷʶʪ ʩʬʝʨʫ ʙʘʥʢʦʚʩʢʠʭ ʫʩʣʫʛ, ʫʣʫʯʰʘʶʪ ʫʩʣʦʚʠʷ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ, 

ʩʦʚʝʨʰʝʥʩʪʚʫʶʪ ʢʘʯʝʩʪʚʦ ʩʚʦʠʭ ʫʩʣʫʛ ʠ ʢʘʯʝʩʪʚʦ ʙʘʥʢʦʚʩʢʦʡ ʧʨʦʜʫʢʮʠʠ, ʦʧʝʨʘʪʠʚʥʦ 

ʨʝʛʫʣʠʨʫʶʪ ʮʝʥʦʚʫʶ ʧʦʣʠʪʠʢʫ.  

ʂʦʥʢʫʨʝʥʮʠʷ, ʚ ʦʩʥʦʚʥʦʤ ï ʵʪʦ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʜʣʷ ʨʳʥʢʘ ʙʘʥʢʦʚʩʢʠʭ ʫʩʣʫʛ. 

ʆʥʘ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʢ ʫʤʝʥʴʰʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʣʠ ʠʟʣʠʰʥʠʭ 

ʠʟʜʝʨʞʝʢ ʢʣʠʝʥʪʦʚ, ʙʣʘʛʦʜʘʨʷ ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʡ ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʪʘʚʢʝ ʧʦ ʧʦʣʫʯʘʝʤʦʤʫ 

ʧʨʦʜʫʢʪʫ. ʆʜʥʘʢʦ ʜʨʫʛʘʷ ʩʪʦʨʦʥʘ ʩʦʧʝʨʥʠʯʝʩʪʚʘ ʙʘʥʢʦʚ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʜʘʚʣʷʪʴ 

ʪʦʨʛʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʜʚʘ ʠʣʠ ʙʦʣʝʝ ʙʘʥʢʦʚ, ʧʨʠ ʞʝʣʘʥʠʠ ʚʳʪʝʩʥʠʪʴ 

ʢʦʥʢʫʨʝʥʪʦʚ ʩ ʨʳʥʢʘ, ʚʩʪʫʧʘʶʪ ʚ ʥʝʬʦʨʤʘʣʴʥʳʝ ʦʪʥʦʰʝʥʠʷ. ʊʘʢʠʝ ʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʣʠʰʠʪʴ 

ʢʦʥʢʫʨʝʥʪʦʚ ʢ ʜʦʩʪʫʧʫ ʣʠʢʚʠʜʥʦʩʪʠ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʥʘʰʝʡ ʩʪʨʘʥʳ, ʙʘʥʢʠ ʦʙʳʯʥʦ ʥʝ 

ʧʨʠʤʝʥʷʶʪ ʪʘʢʪʠʢʫ ʦʙʲʝʜʠʥʝʥʠʷ ʧʨʦʪʠʚ ʢʦʥʢʫʨʝʥʪʦʚ. ʅʘʧʨʦʪʠʚ, ʙʘʥʢʠ ʧʨʝʜʧʦʯʠʪʘʶʪ 

çʠʛʨʘʪʴ ʚ ʟʜʦʨʦʚʴʝ ʠʛʨʳè.  

ʅʘ ʢʦʥʢʫʨʝʥʮʠʶ ʪʘʢʞʝ ʤʦʞʝʪ ʚʣʠʷʪʴ ʩʪʨʫʢʪʫʨʘ ʩʦʙʩʪʚʝʥʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʚ 

ʙʘʥʢʦʚʩʢʦʤ ʩʝʢʪʦʨʝ, ʜʦʤʠʥʠʨʫʶʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʙʘʥʢʠ. ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʙʘʥʢʠ ʤʦʛʫʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʩʣʘʙʠʪʴ ʢʦʤʤʝʨʯʝʩʢʫʶ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʴ ʙʘʥʢʦʚ. ʅʘʧʨʠʤʝʨ, ʙʘʥʢʠ ʩ 
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ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʫʯʘʩʪʠʝʤ, ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʙʫʜʫʪ ʠʤʝʪʴ ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʳʡ ʜʦʩʪʫʧ ʢ 

ʤʝʭʘʥʠʟʤʘʤ ʦʢʘʟʳʚʘʝʤʳʭ ʫʩʣʫʛ ʅɹʂ. ɺ ʂʘʟʘʭʩʪʘʥʝ ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʥʝ ʨʘʙʦʪʘʝʪ, ʙʘʥʢʠ ʚʪʦʨʦʛʦ 

ʫʨʦʚʥʷ ʥʝ ʠʤʝʶʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʯʘʩʪʠʷ ʚ ʫʩʪʘʚʥʳʭ ʢʘʧʠʪʘʣʘʭ. ɿʘʪʨʘʛʠʚʘʷ ʪʝʤʫ 

ʤʝʭʘʥʠʟʤʦʚ ʦʢʘʟʳʚʘʝʤʳʭ ʫʩʣʫʛ ʅɹʂ, ʥʝʣʴʟʷ ʥʝ ʦʪʤʝʪʠʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʙʘʥʢʠ ʂʘʟʘʭʩʪʘʥʘ, 

ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʧʦ ʩʫʙʩʠʜʠʨʦʚʘʥʠʷʤ 

ʧʨʦʮʝʥʪʥʳʭ ʩʪʘʚʦʢ, ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʩʨʝʜʠ ʧʦʢʫʧʘʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ ʥʘ 

ʚʠʜʳ ʙʘʥʢʦʚʩʢʠʭ ʫʩʣʫʛ. ʅʦ ʦʧʷʪʴ ʞʝ, ʪʫʪ ʚʦʟʥʠʢʘʝʪ ʚʩʪʨʝʯʥʘʷ ʧʨʦʙʣʝʤʘ. ɹɺʋ ʧʨʘʢʪʠʯʝʩʢʠ 

ʣʠʰʠʣʠʩʴ ʠʥʩʪʨʫʤʝʥʪʘ ʠʧʦʪʝʯʥʦʛʦ ʢʨʝʜʠʪʦʚʘʥʠʷ. ɻʦʩʫʜʘʨʩʪʚʦ ʚʥʝʜʨʷʝʪ ʧʨʦʛʨʘʤʤʳ ʧʦ 

ʞʠʣʠʱʥʦʤʫ ʢʨʝʜʠʪʦʚʘʥʠʶ ʞʠʣʴʷ, ʧʦ ʩʠʩʪʝʤʝ ʣʴʛʦʪʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, ʛʜʝ ʦʧʨʝʜʝʣʠʣʦ 

ʦʜʥʦʛʦ ʦʧʝʨʘʪʦʨʘ, ʢʫʨʠʨʫʶʱʝʛʦ ʜʘʥʥʳʝ ʧʨʦʛʨʘʤʤʳ. ʊʝʧʝʨʴ ɹɺʋ ʥʝ ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʠʪʴ 

ʢʦʥʢʫʨʝʥʪʥʳʝ ʫʩʣʦʚʠʷ ʠʧʦʪʝʯʥʳʭ ʟʘʡʤʦʚ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʨʦʠʛʨʳʚʘʷ ʧʦ 

ʧʨʦʮʝʥʪʥʳʤ ʩʪʘʚʢʘʤ. ʆʥʠ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʪʦʣʴʢʦ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤʘʭ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʟʘʩʪʨʦʡʱʠʢʦʚ ʞʠʣʴʷ. 

ʀʥʦʩʪʨʘʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʢʘʧʠʪʘʣʝ ʢʦʤʤʝʨʯʝʩʢʠʭ ʙʘʥʢʦʚ, ʪʦʞʝ ʤʦʪʠʚʠʨʫʶʱʠʡ ʬʘʢʪʦʨ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʥʘ ʜʝʥʝʞʥʳʭ ʨʳʥʢʘʭ. ɿʘʨʫʙʝʞʥʳʝ ʙʘʥʢʠ ʧʨʠʥʦʩʷʪ ʥʘ 

ʨʳʥʦʢ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʶ, ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʢʦʨʧʦʨʘʪʠʚʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ, ʥʦʚʳʝ 

ʢʦʤʧʝʪʝʥʮʠʠ, ʯʪʦ ʟʘʩʪʘʚʣʷʝʪ ʢʦʥʢʫʨʝʥʪʦʚ ʨʳʥʢʘ ʘʢʪʠʚʥʝʝ ʨʘʟʚʠʚʘʪʴ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ 

ʩʚʦʠ ʩʠʩʪʝʤʳ ʨʘʙʦʪʳ ʠ ʫʧʨʘʚʣʝʥʠʷ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʙʘʥʢʦʚʩʢʘʷ ʢʦʥʢʫʨʝʥʮʠʷ ʠʤʝʝʪ ʨʷʜ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʯʝʨʪ, ʢʦʪʦʨʳʝ 

ʦʩʦʙʝʥʥʦ ʦʪʣʠʯʘʶʪ ʝʸ ʦʪ ʢʦʥʢʫʨʝʥʮʠʠ ʚ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ, 

ʥʘʧʨʠʤʝʨ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺʥʝʰʥʠʭ ʘʥʘʣʦʛʦʚ ʙʘʥʢʦʚʩʢʠʝ ʫʩʣʫʛʠ ʥʝ ʠʤʝʶʪ, ʧʦʵʪʦʤʫ 

ʤʝʞʦʪʨʘʩʣʝʚʘʷ ʢʦʥʢʫʨʝʥʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʧʨʠ ʧʦʤʦʱʠ ʧʝʨʝʣʠʚʘ ʢʘʧʠʪʘʣʘ. ʂʨʦʤʝ 

ʵʪʦʛʦ, ʦʩʦʙʝʥʥʦʩʪʴ ʙʘʥʢʦʚʩʢʠʭ ʫʩʣʫʛ ʝʱʸ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʢʦʥʢʫʨʝʥʮʠʠ ʟʜʝʩʴ ʚʳʰʝ, ʪʘʢ ʢʘʢ ʚ ʙʘʥʢʦʚʩʢʦʤ ʩʝʢʪʦʨʝ ʦʪʩʫʪʩʪʚʫʝʪ ʨʷʜ ʚʭʦʜʥʳʭ ʙʘʨʴʝʨʦʚ, 

ʢʘʢ ʚ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ.  

ʌʘʢʪʦʨʳ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʬʠʛʫʨʘʣʴʥʦ ʤʦʞʥʦ ʛʨʫʧʧʠʨʦʚʘʪʴ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

ʬʠʥʘʥʩʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ï ʦʪʨʘʞʘʝʪ ʙʣʘʛʦʧʦʣʫʯʠʝ ʙʘʥʢʘ, ʢʚʘʣʠʬʠʢʘʮʠʷ ʠ ʦʧʳʪ ʧʝʨʩʦʥʘʣʘ, 

ʫʩʣʫʛʠ ʙʘʥʢʘ ï ʠʭ ʫʜʦʙʩʪʚʦ, ʛʠʙʢʦʩʪʴ ʚ ʫʜʦʚʣʝʪʚʦʨʝʥʠʠ ʧʦʪʨʝʙʥʦʩʪʝʡ ʢʣʠʝʥʪʦʚ. ʃʶʙʦʡ ʠʟ 

ʜʘʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʤʦʞʝʪ ʩʪʘʪʴ ʛʣʘʚʥʳʤ ʢʦʥʢʫʨʝʥʪʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʝʨʝʜ ʢʦʥʢʫʨʝʥʪʘʤʠ. 

ɺʩʝ ʜʘʥʥʳʝ ʬʘʢʪʦʨʳ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʠ ʦʜʥʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʙʝʟ ʜʨʫʛʦʛʦ, ʚʦ ʚʩʷʢʦʤ ʩʣʫʯʘʝ, 

ʣʶʙʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʨʳʥʢʫ ʧʦ ʜʘʥʥʳʤ ʬʘʢʪʦʨʘʤ, ʤʦʞʝʪ ʣʠʰʠʪʴ ʙʘʥʢ ʣʠʜʝʨʩʢʠʭ ʧʦʟʠʮʠʡ. 

ʂ ʧʨʠʤʝʨʫ, ʙʝʟ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʠ ʟʘʤʦʪʠʚʠʨʦʚʘʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʥʝʣʴʟʷ ʟʘʥʷʪʴ ʢʨʝʧʢʫʶ 

ʧʦʟʠʮʠʶ ʥʘ ʨʳʥʢʝ, ʦʙʝʩʧʝʯʠʪʴ ʬʠʥʘʥʩʦʚʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ, 

ʟʘʧʣʘʥʠʨʦʚʘʥʥʫʶ ʙʘʥʢʦʚʩʢʫʶ ʧʨʠʙʳʣʴ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦ ʧʨʠʚʣʝʯʴ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʝʨʩʦʥʘʣ, ʥʝ ʠʤʝʷ ʬʠʥʘʥʩʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ.  
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ɺ ʫʩʣʦʚʠʷʭ ʥʘʨʘʩʪʘʶʱʝʡ ʢʦʥʢʫʨʝʥʮʠʠ, ʙʘʥʢʠ ʥʝʫʩʪʘʥʥʦ ʨʘʙʦʪʘʶʪ ʥʘʜ ʩʚʦʠʤʠ ʫʩʣʫʛʘʤʠ, 

ʦʙʨʘʩʪʘʷ ʠʭ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʢʦʥʢʫʨʝʥʪʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ. ʂʘʞʜʳʡ ʜʝʥʴ ʧʦʷʚʣʷʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʥʥʦʚʘʮʠʠ, ʩʦʚʝʨʰʝʥʩʪʚʫʶʱʠʝ ʠ ʫʩʢʦʨʷʶʱʠʝ ʧʨʦʮʝʩʩ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʙʘʥʢʦʚʩʢʠʭ ʫʩʣʫʛ ʠ/ʠʣʠ ʧʨʦʜʫʢʪʦʚ, ʯʪʦ ʯʘʩʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʠʚʣʝʯʝʥʠʶ 

ʥʦʚʳʭ ʢʣʠʝʥʪʦʚ ʠ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʟʘʥʠʤʘʝʤʫʶ ʜʦʣʶ ʨʳʥʢʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʫʩʣʦʚʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʨʳʥʢʘ, ʪʨʝʙʫʶʪ ʚʥʝʜʨʝʥʠʷ ʬʠʥʘʥʩʦʚʳʭ 

ʠʥʥʦʚʘʮʠʡ, ʙʘʥʢʦʚʩʢʘʷ ʩʠʩʪʝʤʘ ʩʪʨʘʥʳ ʤʝʥʷʝʪʩʷ, ʥʘ ʨʳʥʦʢ ʟʘʭʦʜʠʪ ʚʩʝ ʙʦʣʴʰʝ ʠʥʦʩʪʨʘʥʥʳʭ 

ʬʠʣʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʥʦʩʷʪ ʩ ʩʦʙʦʡ ʥʦʚʳʝ ʵʢʩʢʣʶʟʠʚʥʳʝ ʫʩʣʫʛʠ, ʪʝʤ ʩʘʤʳʤ ʫʩʠʣʠʚʘʶʪ 

ʤʝʞʙʘʥʢʦʚʩʢʫʶ ʢʦʥʢʫʨʝʥʮʠʶ.  

ʆʯʝʥʴ ʯʘʩʪʦ, ʚ ʜʠʩʢʫʩʩʠʷʭ ʠ ʧʨʝʥʠʷʭ ʩʪʦʨʦʥ, ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʩʚʦʝʦʙʨʘʟʥʦʝ ʩʨʘʚʥʝʥʠʝ 

ʙʘʥʢʦʚʩʢʦʡ ʩʠʩʪʝʤʳ ʩ çʢʨʦʚʝʥʦʩʥʦʡ ʩʠʩʪʝʤʦʡè, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ 

ʵʢʦʥʦʤʠʢʠ. ɼʦ ʪʝʭ ʧʦʢʘ, ʧʦʢʘ ʧʨʦʠʩʭʦʜʠʪ ʜʚʠʞʝʥʠʝ ʢʨʦʚʠ, ʦʨʛʘʥʠʟʤ ʞʠʚ, ʝʩʣʠ ʦʩʪʘʥʦʚʠʪʴ 

ʜʚʠʞʝʥʠʝ ï ʦʨʛʘʥʠʟʤ ʫʤʠʨʘʝʪ. ʊʘʢ ʠ ʩ ʙʘʥʢʦʚʩʢʠʤ ʩʝʢʪʦʨʦʤ ʥʘ ʧʦʣʝ ʵʢʦʥʦʤʠʢʝ ʩʪʨʘʥʳ. 

ɹʝʩʧʝʨʝʙʦʡʥʘʷ ʩʠʩʪʝʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʘʥʢʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ 

ʧʨʦʮʝʩʩ ʵʢʦʥʦʤʠʢʠ. ɹʘʥʢʠ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪ ʩʙʝʨʝʞʝʥʠʷ ʥʘʩʝʣʝʥʠʷ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ 

ʠʥʚʝʩʪʠʮʠʠ.   

ʉʘʤʦʝ ʛʣʘʚʥʦʝ ʦʨʫʜʠʝ ʚ ʢʦʥʢʫʨʝʥʪʥʦʡ ʙʦʨʴʙʝ ʙʘʥʢʦʚ ï ʢʨʝʜʠʪʳ ʩ ʧʨʦʮʝʥʪʥʳʤʠ ʩʪʘʚʢʘʤʠ 

ʥʠʞʝ ʢʦʥʢʫʨʝʥʪʦʚ. ʅʘʧʨʠʤʝʨ, ʢʨʫʧʥʘʷ, ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʢʦʤʧʘʥʠʷ, ʧʦʩʪʦʷʥʥʦ 

ʠʩʧʦʣʴʟʫʝʪ ʚ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʬʠʥʘʥʩʦʚʳʡ ʠʥʩʪʨʫʤʝʥʪ ï ʢʨʝʜʠʪ, ʜʦʧʫʩʪʠʤ ʥʘ ʧʦʧʦʣʥʝʥʠʝ 

ʦʙʦʨʦʪʥʳʭ ʩʨʝʜʩʪʚ. ʆʜʥʦʟʥʘʯʥʦ, ʢʨʫʧʥʘʷ ʢʦʤʧʘʥʠʷ ï ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʝʥʝʞʥʳʝ ʦʙʦʨʦʪʳ. 

ʊʘʢʘʷ ʢʦʤʧʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʦʛʦ ʬʘʢʪʦʨʘ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ ʦ ʧʝʨʝʚʦʜʝ ʩʯʝʪʦʚ 

(ʨʝʬʠʥʘʥʩʠʨʦʚʘʥʠʝ - ʥʘʧʨʠʤʝʨ) ʠʣʠ ʯʘʩʪʠ ʬʠʥʘʥʩʦʚʳʭ ʧʦʪʦʢʦʚ ʚ ʪʦʪ ʠʣʠ ʠʥʦʡ ʙʘʥʢ, ʚʳʙʝʨʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʥʠʞʝʥʠʷ ʙʘʥʢʦʤ ʩʪʘʚʢʠ ʢʨʝʜʠʪʦʚʘʥʠʷ ʭʦʪʷ ʙʳ ʥʘ 2-3%. ʇʨʦʩʪʦ 

ʚʟʷʪʴ ʠ çʧʦʜʚʠʥʫʪʴʩʷè ʚ ʩʥʠʞʝʥʠʠ ʧʨʦʮʝʥʪʥʦʡ ʩʪʘʚʢʠ ʙʘʥʢ ʥʝ ʚʩʝʛʜʘ ʤʦʞʝʪ. ɹʳʚʘʶʪ ʩʣʫʯʘʠ, 

ʢʦʛʜʘ ʙʘʥʢ ʠʤʝʷ ʦʧʨʝʜʝʣʸʥʥʫʶ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʫʜʝʨʞʘʪʴ ʟʥʘʯʠʤʦʛʦ ʢʣʠʝʥʪʘ, ʩʥʠʞʘʝʪ 

ʧʨʦʮʝʥʪʥʫʶ ʩʪʘʚʢʫ ʜʦ ʧʨʝʜʝʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ, ʯʪʦ ʙʘʥʢ 

ʦʜʥʦʟʥʘʯʥʦ ʫʡʜʸʪ ʚ ʤʠʥʫʩ ʠʣʠ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʚ ʥʦʣʴ. ʅʦ, ʪʘʢʠʤ ʨʝʰʝʥʠʝʤ, ʙʘʥʢ ʧʦʣʫʯʘʝʪ 

ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʨʠʩʢ ʣʠʢʚʠʜʥʦʩʪʠ ʧʨʦʝʢʪʘ. ʇʦʵʪʦʤʫ ʙʘʥʢʠ ʦʩʦʙʝʥʥʦ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ 

ʧʦʣʫʯʝʥʠʠ ʦʪ ʅɹʂ ʜʝʰʸʚʳʭ ʜʝʥʝʛ, ʧʫʪʸʤ ʫʯʘʩʪʠʷ ʚ ʦʩʚʘʠʚʘʥʠʠ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʚ ʨʘʤʢʘʭ 

ʨʝʘʣʠʟʫʝʤʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ.  

ʆʩʦʙʝʥʥʦʩʪʠ ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʪʨʘʪʝʛʠʠ ʢʘʟʘʭʩʪʘʥʩʢʦʛʦ ʙʘʥʢʘ (ʥʘ ʧʨʠʤʝʨʝ ɸʆ 

çʅʘʨʦʜʥʳʡ ɹʘʥʢ ʂʘʟʘʭʩʪʘʥʘè). 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʘʣʠʷʭ, ʧʦʣʠʪʠʢʘ ʙʘʥʢʦʚʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʝʸ ʨʘʙʦʪʘ ʥʘ ʨʳʥʢʝ ʚʦ ʤʥʦʛʦʤ 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʨʝʜʳ. ʏʪʦʙʳ ʧʣʦʪʥʦ ʩʪʦʷʪʴ ʥʘ ʥʦʛʘʭ ʠ ʙʳʪʴ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ, 

ʙʘʥʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʨʝʞʠʤʝ çʦʥʣʘʡʥè ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʠ ʧʨʝʜʣʘʛʘʶʪ ʨʳʥʢʫ ʚʩʸ ʙʦʣʴʰʝ 
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ʢʨʝʜʠʪʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʫʩʣʫʛ. ʂʦʤʤʝʨʯʝʩʢʠʝ ʙʘʥʢʠ ʩʘʤʠ ʦʧʨʝʜʝʣʷʶʪ ʩʚʦʠ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʝ 

ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: ʢʘʯʝʩʪʚʦ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʙʘʥʢʦʚʩʢʠʭ ʫʩʣʫʛ, ʫʩʪʦʡʯʠʚʘʷ 

ʢʣʠʝʥʪʩʢʘʷ ʙʘʟʘ, ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʝʨʩʦʥʘʣ, ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʦʮʝʥʪʥʳʝ ʩʪʘʚʢʠ 

ʜʣʷ ʦʧʨʝʜʝʣʸʥʥʳʭ ʩʝʢʪʦʨʦʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʜʨʫʛʦʝ. ʂʘʞʜʳʡ ʙʘʥʢ ʙʦʨʝʪʩʷ ʟʘ ʩʚʦʝʛʦ 

ʢʣʠʝʥʪʘ ʥʘ ʨʳʥʢʝ ʜʝʥʝʞʥʦ-ʢʨʝʜʠʪʥʳʭ ʦʪʥʦʰʝʥʠʡ. 

ʉʝʛʦʜʥʷ ʙʘʥʢʦʚʩʢʠʡ ʩʝʢʪʦʨ ʩʪʨʘʥʳ ʩʦʩʪʘʚʣʷʝʪ 26 ʙʘʥʢʦʚ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ, ʠʟ ʢʦʪʦʨʳʭ 14 

ï ʙʘʥʢʠ ʩ ʠʥʦʩʪʨʘʥʥʳʤ ʫʯʘʩʪʠʝʤ. ʅʘ ʧʝʨʠʦʜ ʥʘʯʘʣʘ 2021 ʛʦʜʘ ʘʢʪʠʚʳ ʙʘʥʢʦʚʩʢʦʛʦ ʩʝʢʪʦʨʘ 

ʩʦʩʪʘʚʠʣʠ 43,6% ʦʪ ʦʙʱʝʛʦ ʧʦʢʘʟʘʪʝʣʷ ɺɺʇ. 

ʆʧʨʝʜʝʣʸʥʥʦ ʩʘʤʳʤ ʷʨʢʠʤ ʠ ʣʠʜʠʨʫʶʱʠʤ ʙʘʥʢʦʤ ʚ ʂʘʟʘʭʩʪʘʥʝ ʷʚʣʷʝʪʩʷ ɸʆ çʅʘʨʦʜʥʳʡ 

ɹʘʥʢ ʂʘʟʘʭʩʪʘʥʘè. ʂʦʤʤʝʨʯʝʩʢʠʡ ʙʘʥʢ, ʢʦʪʦʨʳʡ ʥʝʩʸʪ ʩʚʦʠ ʠʩʪʦʨʠʶ ʠ ʨʘʟʚʠʪʠʝ ʙʦʣʝʝ 97 ʣʝʪ. 

ɿʘ ʩʚʦʸ ʩʫʱʝʩʪʚʦʚʘʥʠʝ, ʙʘʥʢ ʦʙʨʘʟʦʚʘʣ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʢʦʤʤʝʨʯʝʩʢʠʡ ʙʘʥʢ. ɹʘʥʢ ʚʭʦʜʠʪ ʚ 

ʛʨʫʧʧʫ ʢʦʤʧʘʥʠʡ çʍʘʣʳʢè, ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʙʘʥʢʦʚʩʢʫʶ, ʩʪʨʘʭʦʚʫʶ, ʙʨʦʢʝʨʩʢʫʶ ʠ 

ʣʠʟʠʥʛʦʚʫʶ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʥʝ ʪʦʣʴʢʦ ʂʘʟʘʭʩʪʘʥʘ, ʥʦ ʪʘʢʞʝ ʈʦʩʩʠʠ, ʂʠʨʛʠʟʠʠ, 

ɻʨʫʟʠʠ ʠ ʊʘʜʞʠʢʠʩʪʘʥʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʬʠʥʘʥʩʦʚʦ-ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʟʘ 2020 ʛʦʜ ɸʆ çʅʘʨʦʜʜʥʳʡ ɹʘʥʢ 

ʂʘʟʘʭʩʪʘʥʘè ʚʦ ʤʥʦʛʦʤ ʛʦʚʦʨʷʪ ʩʘʤʠ ʟʘ ʩʝʙʷ: 

- ʇʦ ʠʪʦʛʘʤ ʛʦʜʘ, ʙʘʥʢ ʚʦʰʸʣ ʚ ʧʷʪʸʨʢʫ ʢʨʫʧʥʝʡʰʠʭ ʙʘʥʢʦʚ ʩʪʨʘʥʳ, ʛʜʝ ʨʘʟʤʝʩʪʠʣʠʩʴ 

ɸʆ çʅʘʨʦʜʥʳʡ ʙʘʥʢ ʂʘʟʘʭʩʪʘʥʘè, ɼɹ ɸʆ çʉʙʝʨʙʘʥʢè, ɸʆ çKaspi Bankè, ɸʆ çForteBankè, 

ɸʆ çɹʘʥʢ ʎʝʥʪʨ ʂʨʝʜʠʪè. 

- ɿʘʥʠʤʘʝʪ ʧʝʨʚʫʶ ʩʪʨʦʯʢʫ ʨʝʡʪʠʥʛʘ ʧʦ ʧʨʠʪʦʢʫ ʩʨʝʜʩʪʚ ʥʘ ʩʯʝʪʘ ʢʦʨʧʦʨʘʪʠʚʥʳʭ 

ʢʣʠʝʥʪʦʚ ï ʥʘ 469,9 ʤʣʨʜ. ʪʝʥʛʝ ʠ ʚʪʦʨʫʶ ʩʪʨʦʯʢʫ ʧʦ ʥʘʨʘʱʠʚʘʥʠʶ ʜʝʧʦʟʠʪʥʦʡ ʙʘʟʳ 

ʬʠʟʠʯʝʩʢʠʭ ʣʠʮ ʥʘ 447,4 ʤʣʨʜ. ʪʝʥʛʝ, ʧʦʩʣʝ Kaspi Bank ï 491,8 ʤʣʨʜ.ʪʝʥʛʝ. 

ʂʨʝʜʠʪʳ ʵʢʦʥʦʤʠʢʠ, ʤʣʨʜ. ʪʝʥʛʝ (ʩʦʛʣʘʩʥʦ ʨʝʛʫʣʷʪʦʨʥʦʡ ʦʪʯʸʪʥʦʩʪʠ ɹɺʋ) 

 

- ʇʝʨʚʘʷ ʩʪʨʦʯʢʘ ʧʦ ʧʦʣʫʯʝʥʠʶ ʧʨʠʙʳʣʠ ʟʘ ʧʨʦʰʣʳʡ ʛʦʜ ï 318,4 ʤʣʨʜ ʪʝʥʛʝ. 

ʄʘʩʰʪʘʙ ʨʘʟʚʸʨʥʫʪʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʘʥʢʘ, ʩʝʛʦʜʥʷ ʜʘʸʪ ʦʛʨʦʤʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ 

ʢʨʝʜʠʪʦʚʘʥʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʢʨʝʜʠʪʦʚʘʥʠʠ ʢʨʫʧʥʳʭ ʢʦʤʧʘʥʠʡ. ʋ ʙʘʥʢʘ ʥʘʢʦʧʣʝʥʥʳʡ ʙʦʣʴʰʦʡ 

ʢʘʧʠʪʘʣ, ʨʘʟʤʝʨ ʢʦʪʦʨʦʛʦ ʧʨʝʚʳʰʘʝʪ 1,150 ʪʨʠʣʣʠʦʥʘ ʪʝʥʛʝ, ʘ ʣʠʤʠʪ ʥʘ ʦʜʥʦʛʦ ʟʘʸʤʱʠʢʘ, ʥʦ 

ʥʦʨʤʘʪʠʚʘʤ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ɹʘʥʢʘ ʂʘʟʘʭʩʪʘʥʘ, ʩʦʩʪʘʚʣʷʝʪ 25% ʦʪ ʢʘʧʠʪʘʣʘ, ʯʪʦ ʪʘʢʞʝ 
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ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʙʦʣʴʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʩʨʝʜʠ ɹɺʋ. ʊʘʢʦʡ ʧʦʪʝʥʮʠʘʣ ʧʦʟʚʦʣʷʝʪ ʙʘʥʢʫ 

ʢʨʝʜʠʪʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʤʝʩʪʥʳʡ ʙʠʟʥʝʩ, ʥʦ ʪʘʢʞʝ ʥʘʮʠʦʥʘʣʴʥʳʝ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʢʦʤʧʘʥʠʠ. 

ɹʘʥʢ ʠʤʝʝʪ ʚʩʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʠʚʣʝʯʝʥʠʝ ʜʝʥʝʛ ʧʦʜ ʙʦʣʝʝ ʥʠʟʢʠʝ ʩʪʘʚʢʠ 

ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ.   

ɸʆ çʅʘʨʦʜʥʳʡ ɹʘʥʢ ʂʘʟʘʭʩʪʘʥʘè ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʟʘʜʘʯʘʤʠ ʢʦʥʢʫʨʝʥʪʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ 

ʩʪʘʚʠʪ ʩʣʝʜʫʶʱʝʝ: ʨʘʟʚʠʪʠʝ ʢʨʫʧʥʝʡʰʝʡ ʬʠʣʠʘʣʴʥʦʡ ʩʝʪʠ, ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʫʟʥʘʚʘʝʤʦʩʪʴ 

ʠʤʝʥʠ ʠ ʠʤʠʜʞʘ, ʧʦ-ʧʨʝʞʥʝʤʫ ʧʦʚʳʰʝʥʠʝ ʨʘʙʦʪʳ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʣʠʮʘʤʠ. ɹʘʥʢ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʝʪ ʧʦʟʠʮʠʠ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʤ ʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʤ ʙʘʥʢʠʥʛʝ, ʧʨʦʜʚʠʛʘʝʪ ʯʘʩʪʥʳʤ 

ʠʥʚʝʩʪʦʨʘʤ ʫʩʣʫʛʠ ʚ ʦʙʣʘʩʪʠ ʬʠʥʘʥʩʦʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʢʦʥʩʫʣʴʪʠʨʦʚʘʥʠʷ, 

ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʚ ʬʠʥʘʥʩʦʚʳʝ ʠ ʥʝʬʠʥʘʥʩʦʚʳʝ ʤʝʭʘʥʠʟʤʳ, ʦʢʘʟʳʚʘʝʪ ʫʩʣʫʛʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ 

ʘʢʪʠʚʘʤʠ.  

ɹʘʥʢ ʧʨʠʥʠʤʘʝʪ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʥʝʩʢʦʣʴʢʠʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤʘʭ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠʧʦʪʝʯʥʳʭ. ʂʨʦʤʝ ʵʪʦʛʦ, ʫ ʙʘʥʢʘ ʝʩʪʴ ʩʦʙʩʪʚʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʠʧʦʪʝʯʥʦʛʦ 

ʢʨʝʜʠʪʦʚʘʥʠʷ. ɹʘʥʢ, ʠʤʝʷ ʚ ʘʢʪʠʚʝ ʙʦʣʝʝ ʯʝʤ ʜʦʩʪʘʪʦʯʥʳʡ ʢʘʧʠʪʘʣ ʠ ʧʨʠʥʠʤʘʷ ʘʢʪʠʚʥʦʝ 

ʫʯʘʩʪʠʝ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤʘʭ, ʠʤʝʝʪ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʝ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʝ 

ʧʨʦʮʝʥʪʥʳʝ ʩʪʘʚʢʠ ʧʦ ʢʨʝʜʠʪʘʤ ʠ ʜʝʧʦʟʠʪʘʤ. 

 ʅʘ ʧʦʩʪʦʷʥʥʦʤ ʧʨʠʥʮʠʧʝ, ʙʘʥʢ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʠ ʚʥʝʜʨʷʝʪ ʧʨʦʝʢʪʳ ʧʦ ʦʥʣʘʡʥ-

ʦʙʩʣʫʞʠʚʘʥʠʶ ʠ ʢʨʝʜʠʪʦʚʘʥʠʶ ʥʘʩʝʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʘʥʘʣʦʛʠʯʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʦʮʝʜʫʨ ʯʪʦ ʠ ʧʨʠ ʦʙʳʯʥʦʤ ʢʨʝʜʠʪʦʚʘʥʠʠ.  

ɺ ʛʨʫʧʧʝ ʢʦʤʧʘʥʠʡ çʍʘʣʳʢè ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʙʦʣʝʝ 17 ʪʳʩʷʯ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʩʦʪʨʫʜʥʠʢʦʚ ʚ ʰʝʩʪʠ ʩʪʨʘʥʘʭ ʧʨʠʩʫʪʩʪʚʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʩʥʦʚʥʦʝ ʢʦʥʢʫʨʝʥʪʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ.   

13 ʘʧʨʝʣʷ ʪʝʢʫʱʝʛʦ ʛʦʜʘ ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʘʛʝʥʪʩʪʚʦ Fitch Ratings ʧʦʚʳʩʠʣʦ 

ʜʦʣʛʦʩʨʦʯʥʳʡ ʨʝʡʪʠʥʛ ʜʝʬʦʣʪʘ ʅʘʨʦʜʥʦʛʦ ʙʘʥʢʘ ʜʦ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʫʨʦʚʥʷ: ʩ çɺɺ+è ʜʦ 

çɺɺɺ-è. ɺ ʂʘʟʘʭʩʪʘʥʝ, ʅʘʨʦʜʥʳʡ ɹʘʥʢ ʩʪʘʣ ʧʝʨʚʳʤ ʯʘʩʪʥʳʤ ʙʘʥʢʦʤ ʙʝʟ ʠʥʦʩʪʨʘʥʥʦʛʦ 

ʫʯʘʩʪʠʷ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʠʣ ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʨʝʡʪʠʥʛ. ʇʦ ʦʮʝʥʢʘʤ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʜʘʥʥʳʡ 

ʨʝʡʪʠʥʛ ʜʘʸʪ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʠʪʴ ʜʦʩʪʫʧ ʢ ʙʦʣʝʝ ʜʝʰʸʚʦʤʫ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʶ. ʏʘʩʪʦ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʝ ʠʥʚʝʩʪʦʨʳ, ʩʦʛʣʘʩʥʦ ʩʚʦʝʡ ʧʦʣʠʪʠʢʠ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ, ʥʝ ʠʥʚʝʩʪʠʨʫʶʪ ʚ ʚʳʩʦʢʦ ʨʠʩʢʦʚʳʝ ʙʫʤʘʛʠ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ 

ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʨʝʡʪʠʥʛʘ, ʙʘʥʢ ʢʘʢ ʙʳ ʜʦʢʘʟʳʚʘʝʪ ʩʚʦʶ ʫʩʪʦʡʯʠʚʫʶ ʨʝʧʫʪʘʮʠʶ. ɹʫʜʝʪ ʣʠ 

ʅʘʨʦʜʥʳʡ ʙʘʥʢ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʠʟʚʝʩʪʥʦ, ʥʦ ʦʯʝʨʝʜʥʦʝ 

ʢʦʥʢʫʨʝʥʪʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦʣʫʯʝʥʦ. ʂʨʦʤʝ ʧʦʚʳʰʝʥʠʷ ʚ ʨʝʡʪʠʥʛʝ ʅʘʨʦʜʥʳʡ ɹʘʥʢ 

ʂʘʟʘʭʩʪʘʥʘ, ʘʛʝʥʪʩʪʚʦ ʪʘʢʞʝ ʧʝʨʝʩʤʦʪʨʝʣʦ ʧʨʦʛʥʦʟ ʙʘʥʢʦʚʩʢʦʡ ʩʠʩʪʝʤʳ ʂʘʟʘʭʩʪʘʥʘ ʠ ʩ 

çʥʝʛʘʪʠʚʥʦʛʦè ʧʦʚʳʩʠʣʦ ʜʦ çʩʪʘʙʠʣʴʥʦʛʦè. 
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ʇʨʠʤʝʨ ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʩʪʨʝʤʣʝʥʠʝ ʢ ʨʘʟʚʠʪʠʶ ɸʆ çʅʘʨʦʜʥʳʡ ɹʘʥʢ 

ʂʘʟʘʭʩʪʘʥʘè ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʘʥʢʦʚʩʢʘʷ ʩʠʩʪʝʤʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʩʪʨʝʤʠʪʴʩʷ ʥʝ 

ʧʨʦʩʪʦ çʚʳʞʠʪʴè ʥʘ ʧʝʨʝʤʝʥʯʠʚʦʤ ʨʳʥʢʝ ʩ ʜʝʥʝʞʥʦ-ʢʨʝʜʠʪʥʦʡ ʧʦʣʠʪʠʢʦʡ, ʥʦ ʠ ʧʦʣʫʯʠʪʴ 

ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ. ʆʜʥʘʢʦ, ʚ ʪʝʢʫʱʝʝ ʚʨʝʤʷ ʙʘʥʢʠ ʚʩʸ ʞʝ ʥʫʞʜʘʶʪʩʷ ʚ ʧʦʜʜʝʨʞʢʝ ʛʦʩʫʜʘʨʩʪʚʘ. 

ɺ ʫʩʣʦʚʠʷʭ ʦʩʪʨʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʤʥʦʛʠʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʙʘʥʢʠ ʩʪʨʝʤʷʪʩʷ ʢ ʧʦʩʪʨʦʝʥʠʶ 

ʧʨʦʮʝʩʩʦʚ ʜʦʣʛʦʩʨʦʯʥʳʭ ʚʟʘʠʤʦʚʳʛʦʜʥʳʭ ʦʪʥʦʰʝʥʠʡ ʩ ʢʣʠʝʥʪʘʤʠ. ɹʘʥʢʠ ʥʘ ʧʦʩʪʦʷʥʥʦʡ 

ʦʩʥʦʚʝ ʠʟʫʯʘʶʪ, ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʠ ʧʨʠʤʝʥʷʶʪ ʧʨʦʛʨʘʤʤʳ ʣʦʷʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʷʶʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠʟʜʝʨʞʢʠ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʠʡ 

ʜʦʭʦʜ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ. 
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çɹʋʈɸɹɸʁè ʄɽʄʃɽʂɽʊʊɯʂ ױʃʊʊʓפ ʊɸɹʀנʀ ʇɸʈʂɯ ɸʋʄɸנʓʅɼɸ 

ʂɽɿɼɽʉɽʊɯʅ ɼᴄʈɯʃɯʂ ᴆʉɯʄɼɯʂʊɽʈɼɯר ᴄʈʊתʈʃɯʃɯɻɯ 

 

ʍʘʤʠʪʦʚʘ ʄʘʜʠʥʘ ʂʝʤʝʣʙʝʢʦʚʥʘ  

2  ʢʫʨʩ ʤʘʛʠʩʪʨʘʥʪʳ, 

ɸʡʜʦʩʦʚʘ ʉ.ʉ.,  ʙ.Ϥ.ʜ., ʧʨʦʬʝʩʩʦʨ, ɼʫʨʤʝʢʙʘʝʚʘ ʐ.ʅ., ʙ.Ϥ.ʢ., ʜʦʮʝʥʪ 

ʐ.ʋϸʣʠʭʘʥʦʚ ʘʪʳʥʜʘϤʳ ʂϺʢʰʝʪʘʫ ʫʥʠʚʝʨʩʠʪʝʪʽ,  

ʂϺʢʰʝʪʘʫ Ϩ. 

 

ɸʅʅʆʊɸʎʀʗ 

 

 ɹײʣ ʤʘץʘʣʘʜʘ çɹʫʨʘʙʘʡè ʄʝʤʣʝʢʝʪʪʽʢ ײʣʪʪʳץ ʪʘʙʠסʠ ʧʘʨʢʽ ʤʝʤʣʝʢʝʪʪʽʢ ʤʝʢʝʤʝʩʽ 

ʘʫʤʘסʳʥʜʘסʳ ʜᴅʨʽʣʽʢ ᴇʩʽʤʜʽʢʪʝʨʜʽש ʪװʨʣʽʢ ײץʨʘʤʳ ʟʝʨʪʪʝʣʜʽ. ʅᴅʪʠʞʝʩʽʥʜʝ ʟʝʨʪʪʝʣʛʝʥ 

ʘʫʤʘץʪʳש ʬʣʦʨʘʩʳʥʜʘ ʜᴅʨʽʣʽʢ ᴇʩʽʤʜʽʢʪʝʨʜʽ41 ש ʪץײʳʤʜʘʩʳ, 154 ʪʫʳʩץʘ ʞʘʪʘʪʳʥ 232 ʪװʨʽ 

ʘʥʳץʪʘʣʜʳ. çɹʫʨʘʙʘʡè  ʄױʊʇ ʘʫʤʘסʳʥʜʘ ʢʝʟʜʝʩʝʪʽʥ ʜᴅʨʽʣʽʢ ᴇʩʽʤʜʽʢʪʝʨʛʝ ʵʢʦʣʦʛʠʷʣʳץ 

ʩʘʨʘʧʪʘʤʘ ʞʘʩʘʣʳʧ, ʢʩʝʨʦʬʠʪʪʝʨʜʽ31 ש ʪװʨʽ, ʤʝʟʦʬʠʪʪʝʨʜʽ175  ש ʪװʨʽ, ʛʠʛʨʦʬʠʪʪʝʨʜʽ17 ש ʪװʨʽ 

ʞᴅʥʝ ʛʠʜʨʦʬʠʪʪʝʨʜʽ9 ש ʪװʨʽ ʢʝʟʜʝʩʪʽ.  ɼᴅʨʽʣʽʢ ᴇʩʽʤʜʽʢʪʝʨʜʽש ʪʽʨʰʽʣʽʢ ʬʦʨʤʘʣʘʨʳ ʞʝʨʛʽʣʽʢʪʽ 

ʞʘסʜʘʡʣʘʨסʘ ײʟʘץ ʙʝʡʽʤʜʝʣʫ ʥᴅʪʠʞʝʩʽʥ ʢᴇʨʩʝʪʝʪʽʥʜʽʛʽ ʘʡץʳʥʜʘʣʜʳ. çɹʫʨʘʙʘʡè ʄʝʤʣʝʢʝʪʪʽʢ 

 שʨʣʝʨʽʥʽװʪ שʳ ʜᴅʨʽʣʽʢ ᴇʩʽʤʜʽʢʪʝʨʜʽסʳʥʜʘסʠ ʧʘʨʢʽ ʤʝʤʣʝʢʝʪʪʽʢ ʤʝʢʝʤʝʩʽ ʘʫʤʘסʪʘʙʠ ץʣʪʪʳײ

ʪʽʨʰʽʣʽʢ ʬʦʨʤʘʣʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʢᴇʧʞʳʣʜʳץ ᴇʩʽʤʜʽʢʪʝʨʜʽ144 ש ʪװʨʽ, ʙʽʨʞʳʣʜʳץ 

ᴇʩʽʤʜʽʢʪʝʨʜʽ29 ש ʪװʨʽ, ʝʢʽʞʳʣʜʳץ ᴇʩʽʤʜʽʢʪʝʨʜʽ20  ש ʪװʨʽ , ɾʘʨʪʳʣʘʡ ʙײʪʘʣʘʨʜʳ8 ש ʪװʨʽ, 

ʘסʘʰʪʳ11 ש ʪװʨʽ,  ʙײʪʘʰʳץʪʳ2 ש ʪװʨʽ ʞᴅʥʝ  ʞʘʨʪʳʣʘʡ ʙײʪʘʰʳץʪʳ1 ש ʪװʨʽ ʘʥʳץʪʘʣʜʳ. 

ʄʳʥʜʘסʘʥ ʞʳʣʜʘʨ ʙoʡʳ ʘʜʘʤʟʘʪ ʘʜʘʤʥʳש ᴅʨʪװʨʣʽ ʘʨʫʣʘʨʳʤʝʥ ʢװʨʝʩʫʛʝ ʜᴅʨʽʣʽʢ 

ᴇʩʽʤʜʽʢʪʝʨʜʽ ʧʘʡʜʘʣʘʥʜʳ. ᴄʨʠʥʝ ʦʣ ᴅʨʪװʨʣʽ eʣʜʝʨʜʝ ᴅʨץʘʣʘʡ ʞᴅʥʝ ᴅʨʪװʨʣʽ ʜᴅʨʝʞʝʜʝ 

ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ɼʘʤʳסʘʥ ʝʣʜʝʨʜʝ ʜᴅʨʽʣʽʢ ᴇʩʽʤʜʽʢʪʝʨʜʽ ʧʘʡʜʘʣʘʥʫʜʳש ᴇʪʝ ʙʘʡ ʪᴅʞʽʨʠʙʝʩʽ 

ʞʠʥʘץʪʘʣʜʳ. ʍʍ סʘʩʳʨʜʘ סʳʣʳʤ ʤʝʥ ʪʝʭʥʠʢʘʥʳש ʜʘʤʫʳ ʥᴅʪʠʞʝʩʽʥʜʝ ʬaʨʤʘʢʦʣʦʛʠʷʜʘ 

ʩʠʥʪeʪʠʢʘʣʳץ ʭʠʤʠʷʥʳש ʜʘʤʫʳ ʢᴇʧʪʝʛʝʥ ʜʝʤʝʫʣʝʨʜʽ ʝʤʜʝʫʛʝ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʪʳʥ ʞʘʩʘʥʜʳ 

ʧʨʝʧʘʨʘʪʪʘʨʜʳ ᴇʤʽʨʛʝ ᴅʢeʣʜʽ. ʆʩʳʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ ʢᴇʧʪʝʛʝʥ ʝʣʜʝʨʜʝ ʩʦʣ ʩʠʥʪʝʪʠʢʘʣʳץ 

ʧʨʝʧʘʨʘʪʪʘʨʜʳ ʧʘʡʜʘʣʘʥʫʜʳש ʥᴅʪʠʞʝʩʽʥʜʝ ʜᴅʨʽʣʽʢ ᴇʩʽʤʜʽʢʪʝʨʛʝ ʜʝʛʝʥ ʢᴇʟץʘʨʘʩ ᴇʟʛʝʨʝ 

ʙaʩʪʘʜʳ, ʷסʥʠ ץʳʟʳסʫʰʳʣʳץ ʪᴇʤʝʥʜʝʜʽ.  

ʍʘʣʳץ ʤʝʜʠʮʠʥʘʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʜᴅʨʽʣʽʢ ᴇʩʽʤʜʽʢʪʝʨʜʽ ʟʝʨʪʪʝʫ ʞᴅʥʝ ʝʤʜʽʢ ץʘʩʠʝʪʪʝʨʽʥ 

ʘʥʳץʪʘʫʜʘ סʳʣʳʤʠ ʤʝʜʠʮʠʥʘʜʘ ᴅʣʽ ʢװʥʛʝ ʜʝʡʽʥ ʙʝʣʛʽʩʽʟ ʙʦʣʫʜʘ. ᴆʥʝʨʢᴅʩʽʧʪʝ ʜᴅʨʽʣʽʢ 

ʰʠʢʽʟʘʪʪʳש ʢװʥʥʝʥ- ʢװʥʛʝ ʢʝʨʝʢ ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ, ʦʣʘʨʜʳש ʨʝʩʧʫʙʣʠʢʘ ʢᴇʣʝʤʽʥʜʝ ᴇʩʝʪʽʥ 

ʞʝʨʣʝʨʽʥ ʟʝʨʪʪʝʫ ʞᴅʥʝ ץʦʨʣʘʨʳʥ ʘʥʳץʪʘʫ ʤʘשʳʟʜʳ ʤʽʥʜʝʪ ʙʦʣʳʧ ʦʪʳʨ.  

 ɼᴅʨʽʣʽʢ ᴇʩʽʤʜʽʪeʨʜʽש aʜʘʤ ʦʨʛʘʥʠʟʤʽʥʝ ʢʝʣʽʧ ʪװʩʢʝʥʥeʥ ʩʦש, ʦסʘʥ ᴅʩʝʨ ʝʪʝʪʽʥ ʭʠʤʠʷʣʳץ 

 ,ʘ: ʘʣʢʘʣʦʠʜʪʘʨסʦʩʳʣʳʩʪʘʨץ ץʦʩʳʣʳʩʪʘʨ ʙʦʣʘʜʳ. ʅʝʛʽʟʛʽ ᴅʨʝʢʝʪ ʝʪʫʰʽ ʭʠʤʠʷʣʳץ

ʛʣʠʢoʟʠʜʪʝʨ, ʢʫʤʘʨʠʥʜʝʨ, ʵʬʠʨ ʤʘʡʣʘʨʳ, ʚʠʪʘʤʠʥʜʝʨ ʞʘʪʘʜʳ.  פʘʟʽʨʛʽ ʢʝʟʜʝ 

ᴇʩʽʤʜʽʢʪʝʨʜʝʥʘʣʳʥסʘʥ ʜᴅʨʽʣʽʢ ʧʨʝʧʘʨʘʪʪʘʨ 40% ײץʨʘʡʜʳ [1].  

ɸʣʢʘʣʦʠʜʪʘʨ ʙʠʦʣʦʛʠʷʣʳץ ʘʢʪʠʚʪʽ ʟʘʪʪʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʢװʨʜʝʣʽ ʦʨʛʘʥʠʢʘʣʳץ 

 ʪʳ ʧʨʝʧʘʨʘʪʪʘʨ, ʘʣʢʘʣʦʠʜʪʳץʦʩʳʣʳʩʪʘʨ [2]. ʄʝʜʠʮʠʥʘʜʘ ʤʦʨʬʠʥ, ʵʬʝʜʨʠʥ, ʘʪʨʦʧʠʥ ʩʠʷץ

ʰʠʢʽʟʘʪʪʳײ שʥʪʘץʪʘʨʳ ʞװʡʢʝ ʞװʡʝʩʽ ʞᴅʥʝ ʽʰʢʽ ʤװʰʝʣʝʨʜʽש ʘʫʨʫʣʘʨʳ ʢʝʟʽʥʜʝ ʢʝשʽʥʝʥ 

 ʣʜʽװʦʣʜʘʥʳʣʘʜʳ. ʂ.ɺ.ɼʦʙʨʦʭʦʪʦʚʘ, ɸ.ɸ.ʇʠʩʘʨʝʚ [3] ʙʦʣʞʘʤʜʘʨʳ ʙʦʡʳʥʰʘ ʘʣʢʘʣʦʠʜʪʘʨ ʛץ

ᴇʩʽʤʜʽʢʪʝʨʜʽײץ שʨʘʤʳʥʜʘ ʢᴇʧ ʤᴇʣʰʝʨʜʝ ʢʝʟʜʝʩʝʜʽ. ʆʥʳש ʽʰʽʥʜʝ Ranunculaceae Juss. 

ʪץײʳʤʜʘʩʳʥʘ ʞʘʪʘʪʳʥ ᴇʩʽʤʜʽʢʪʝʨ ʘʣʢʘʣʦʠʜʪʳ ץʦʩʳʣʳʩʪʘʨסʘ ʙʘʡ.  

ɺʠʪʘʤʠʥʜʝʨ- ʘʜʘʤ ʦʨʛʘʥʠʟʤʽʥʝ ʝץ שʘʞʝʪʪʽ ʭʠʤʠʷʣʳץ ʟʘʪʪʘʨ. ɺʠʪʘʤʠʥʜʽ ʧʨʝʧʘʨʘʪʪʘʨʜʘ 

ʛʠʧʦʚʠʪʘʤʠʥʦʟ ʞᴅʥʝ ʘʚʠʪʘʤʠʥʦʟ ʢʝʟʽʥʜʝ ץʦʣʜʘʥʣʘʜʳ. ʊʘʙʠסʠ ʚʠʪʘʤʠʥʜʽ ʨʝʩʫʨʩʪʘʨ ʽʰʽʥʜʝ 

ʞᴅʥʝ ʧʦʣʠʚʠʪʘʤʠʥʜʽ ʧʨʝʧʘʨʘʪʪʘʨ ʜʘʷʨʣʘʫ ʢʝʟʽʥʜʝ ᴇʪʝ ʞʦסʘʨʳ ʙʠʦʣʦʛʠʷʣʳץ ʘʢʪʠʚʪʽ ʙʦʣʳʧ 

ʠʪʤϰʨʳʥ ʞʝʤʽʩʽ ʩʘʥʘʣʘʜʳ [4].  

ʕʬʠʨ ʤʘʡʣʳ ᴇʩʽʤʜʽʢʪʝʨʜʽ ɸ.ʌ. ɼʝʤʠʜʦʚʩʢʘʷ 5 ʞʳʣ ʙʦʡʳ ʟʝʪʪʝʛʝʥ. ʂװʨʜʝʣʽ ʛװʣʜʽʣʝʨ 

(Asteraceae), ʝʨʽʥʛװʣʜʽʣʝʨ (Lamiaceae) ʞᴅʥʝ ʪʘסʳ ʙʘʩץʘ ʪץײʳʤʜʘʩʪʘʨ ʵʬʠʨ ʤʘʡʳʥʳש 
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ᴇʩʽʤʜʽʢʪʝʨʽʥʽש ʽʰʽʥʜʝ ʝש ʙʘסʘʣʳʩʳ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ. ʕʬʠʨ ʤʘʡʳʥʳײץ שʨʘʤʳʥʜʳ ʙᴇʣʽʛʽ- 

ʪʝʨʧʝʥ, ʦʜʘʥ ʪʘʟʘ ʪװʨʜʝ ʤʝʜʠʮʠʥʘʜʘ ʢʘʤʬʦʨʘ, ʤʝʥʪʦʣ, ʵʚʛʝʥʦʣ, ʪʠʤʦʣ ʘʣʳʥʘʜʳ [5].  

ɼᴅʨʽʣʽʢ ᴇʩʽʤʜʽʢʪʝʨʜʽש ʙʠʦʣʦʛʠʷʣʳץ ʙʝʣʩʝʥʜʽʣʽʛʽʥʽש ʩʧʝʢʪʨʽ ʦʣʘʨʜʘ ᴅʨʪװʨʣʽ ʭʠʤʠʷʣʳץ 

ʢʣʘʩʪʘʨסʘ, ʪʦʧʪʘʨסʘ ʞʘʪʘʪʳʥ ʵʬʠʨ ʤʘʡʣʘʨʳʥʳש, ʬʣʘʚʦʥʦʠʜʪʘʨʜʳש, ʧʦʣʠʬʝʥʦʣʜʘʨʜʳש, 

ʧʦʣʠʩʘʭʘʨʠʜʪʝʨʜʽש ʞᴅʥʝ ʪ.ʙ. ʟʘʪʪʘʨʜʳש ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. ɼᴅʨʽʣʽʢ ᴇʩʽʤʜʽʢʪʝʨʜʝʛʽ ᴅʨʪװʨʣʽ 

ʟʘʪʪʘʨʜʳש ʩʘʥʳ ʦʥʥʘʥ ʙʽʨʥʝʰʝ ʞװʟʛʝ ʜʝʡʽʥ ʙʦʣʫʳ ʤװʤʢʽʥ. ᴆʩʽʤʜʽʢʪʽש ʬʘʨʤʘʢʦʣʦʛʠʷʣʳץ 

ᴅʨʝʢʝʪʪʽʣʽʛʽ ʩʦʣ ʥʘץʪʳ ᴇʩʽʤʜʽʢʪʽש ʥʘץʪʳ ʭʠʤʠʷʣʳײץ ץʨʘʤʳʥʜʘ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ [6]. 

ʉʦʥʳʤʝʥ ʟʘʪʪʘʨ ʜᴅʨʽʣʽʢ ᴇʩʽʤʜʽʢʪʽש ʰʠʧʘʣʳץ ץʘʩʠʝʪʽ ʞʦסʘʨʳʜʘ ʢʝʣʪʽʨʽʣʛʝʥ ʟʘʪʪʘʨʜʘʥ, ʙʘʩץʘ 

ʢʝʡʙʽʨ ᴅʣʽ ʪʦʣʳץ ʘʥʳץʪʘʣʤʘסʘʥ ʬʘʨʤʘʢʦʣʦʛʠʷʣʳץ ᴅʩʝʨʽ ʙʘʨ ʟʘʪʪʘʨʜʳש ʙʦʣʫʳʥʘ 

(ʘʥʪʨʦʛʣʠʢʦʟʠʜʪʝʨ, ʘʣʢʘʣʦʠʜʪʘʨ, ʩʪʝʨʦʠʜʳ ץʦʩʳʣʳʩʪʘʨ ʞᴅʥʝ ʪ.ʙ.) ʙʘʡʣʘʥʳʩʪʳ. ʄײʥʜʘʡ 

ʟʘʪʪʘʨʜʳש ʙʝʣʩʝʥʜʽʣʽʢ ʜᴅʨʝʞʝʩʽ ʤʝʥ ʩʠʧʘʪʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʢʝʡʙʽʨ ʜᴅʨʽʣʽʢ ᴇʩʽʤʜʽʢʪʝʨʜʽ ʫʣʳ 

ᴇʩʽʤʜʽʢʪʝʨ ץʘʪʘʨʳʥʘ ʞʘʪץʳʟʘʜʳ [7]. 

ɿʝʨʪʪʝʫ ʞײʤʳʩʳʤʳʟʜʳש ʤʘץʩʘʪʳ- çɹʫʨʘʙʘʡè ʄʝʤʣʝʢʝʪʪʽʢ ײʣʪʪʳץ ʪʘʙʠסʠ ʧʘʨʢʽ 

(ʄױʊʇ) ʘʫʤʘסʳʥʳש ʬʣʦʨʘʩʳʥʜʘ ʢʝʟʜʝʩʝʪʽʥ ʜᴅʨʽʣʽʢ ᴇʩʽʤʜʽʢʪʝʨʜʽש ʪװʨʣʝʨʽʥ ʟʝʨʪʪʝʫ. 

çɹʫʨʘʙʘʡè ʄױʊʇ ʬʣʦʨʘʩʳʥ ʢᴇʧʪʝʛʝʥ ʟʝʨʪʪʝʫʰʽʣʝʨʜʽש ʥʘʟʘʨʳʥ ʘʫʜʘʨʜʳ. ɹײʣ ʤᴅʩʝʣʝʛʝ 

ɻ.ɾ. ʉײʣʪʘʥסʘʟʠʥʘʥʳש, ɸ.ʅ. ʂʫʧʨʠʷʥʦʚ, ʀ.ɸ. ʍʨʫʩʪʘʣʝʚʘ (2012-2014) [8], ʍʫʩʘʠʥʦʚ ɸ.ʊ., 

ʄʝʤʝʰʦʚ ʉ.ʂ., ɼʫʨʤʝʢʙʘʝʚʘ ʐ. ʅ. ʞᴅʥʝ ʪ.ʙ. [9], סʘʣʳʤʜʘʨʜʳש ʝשʙʝʢʪʝʨʽ ʘʨʥʘʣסʘʥ.  

ɾʠʥʘʣסʘʥ ʛʝʨʙʘʨʠʡʜʝʛʽ ʪװʨʣʝʨʜʽ ʘʥʳץʪʘʫ ʞᴅʥʝ ʦʣʘʨʜʳש ʢʦʥʩʧʝʢʪʽʩʽʥ ʪװʟʫ װʰʽʥ 

ʙʝʣʛʽʣʽ çʌʣʦʨʘ ʂʘʟʘʭʩʪʘʥʘè (1956-1966) [10], ʅ.ɺ. ʇʘʚʣʦʚʪʳש çʈʘʩʪʠʪʝʣʴʥʦʝ ʩʳʨʴʝ 

ʂʘʟʘʭʩʪʘʥʘè (1947) [11] ʝשʙʝʢʪʝʨʽ ʧʘʡʜʘʣʘʥʳʣʜʳ.  

ɿʝʨʪʪʝʣʛʝʥ ʘʡʤʘץʪʘʥ ʞʠʥʘʣסʘʥ ᴇʩʽʤʜʽʢʪʝʨʜʽש ʪװʨʣʝʨʽ ʤʝʥ ʪʫʳʩʪʘʨʳʥʳש ʣʘʪʳʥʰʘ 

ʘʪʘʫʣʘʨʳʥ ʞʘʟʫʜʘ ʉ.ʂ. ʏʝʨʝʧʘʥʦʚʪʳש (1995ʞ.) ʝשʙʝʛʽʥʝ ʩᴅʡʢʝʩ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ [12].ɸʣ 

ᴇʩʽʤʜʽʢʪʝʨʜʽש ʦʨʳʩʰʘ ʞᴅʥʝ ץʘʟʘץʰʘ ʘʪʘʫʣʘʨʳʥ ʞʘʟʫʜʘ ʉ.ɸ. ɸʨʳʩʪʘʥסʘʣʠʝʚʪʽ(2002) ש ʝשʙʝʛʽ 

ʧʘʡʜʘʣʘʥʳʣʜʳ [13]. 

ɿʝʨʪʪʝʫ ʞײʤʳʩʪʳש ʥᴅʪʠʞʝʩʽʥʜʝ ɸץʤʦʣʘ ʦʙʣʳʩʳʥʜʘסʳ çɹʫʨʘʙʘʡè ʄױʊʇ ʘʫʤʘסʳʥʜʘסʳ 

ʜᴅʨʽʣʽʢ ᴇʩʽʤʜʽʢʪʝʨʜʽש ʪװʨʣʽʢ ײץʨʘʤʳ ʘʥʳץʪʘʣʜʳ. ɿʝʨʪʪʝʣʛʝʥ ʘʡʤʘץʪʳש ʬʣʦʨʘʩʳʥʜʘ ʜᴅʨʽʣʽʢ 

ᴇʩʽʤʜʽʢʪʝʨʜʽ41 ש ʪץײʳʤʜʘʩʳ, 154 ʪʫʳʩץʘ ʞʘʪʘʪʳʥ  232 ʪװʨʽ ʘʥʳץʪʘʣʜʳ (1-ʢʝʩʪʝ). 

 

 

ʂʝʩʪʝ 1 

çɹʫʨʘʙʘʡè ʄʝʤʣʝʢʝʪʪʽʢ ײʣʪʪʳץ ʪʘʙʠסʠ ʧʘʨʢʽ ʘʫʤʘסʳʥʜʘ ʢʝʟʜʝʩʝʪʽʥ ʜᴅʨʽʣʽʢ 

ᴇʩʽʤʜʽʢʪʝʨʜʽש ʪװʨʣʽʢ  ײץʨʘʤʳ 

 

ˉ ʊץײʳʤʜʘʩ ʘʪʘʫʳ ʊʫʳʩ 

ʩʘʥʳ 

ʊװʨ ʩʘʥʳ 

1 2 3 4 

 ï Poaceae Barnhart.ïʄʷʪʣʠʢʦʚʳʝ  (ץɸʩʪʳ) ʳʨʙʘʩʪʘʨשʦפ  .1

(ɿʣʘʢʠ) 

9 14 

2.  ɸʣʠʩʤʘʣʳʣʘʨ - Alismataceae Vent. ïʏʘʩʪʫʭʦʚʦʝ 1 2 

3.  ɸʡʣʘʫʣʳץʪʘʨ ï Boraginaceae Juss. ïɹʫʨʘʯʥʠʢʦʚʳʝ 3 3 

4.  ɸʣץʘʣʳʣʘʨ ï Solanaceae Juss. ïʇʘʩʣʝʥʦʚʳʝ  2 2 

5.  ɸʣʘʙײʪʘʣʘʨ  - Chenoposidaceae Vent. ïʄʘʨʝʚʳʝ 3 4 

6.  ɹʘץʘʞʘʧʳʨʘץʪʘʨ ï Plantaginaceae  Juss. ïʇʦʜʦʨʦʞʥʠʢʦʚʳʝ 3 7 
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7.  ɹײʨʰʘץʪʘʨ  ï FabaceaeLindl.ïɹʦʙʦʚʳʝ  10 20 

8.  ɺʘʣʝʨʠʘʥʘʣʘʨ ïValerianaceaeBatsch. ïɺʘʣʝʨʠʘʥʦʚʳʝ 1 1 

9.  ɽʣʝʢʰᴇʧʪʝʨ ï Junacaceae Juss. ïʉʠʪʥʠʢʦʚʳʝ 1 1 

10.  ɾʫʘʣʘʨ (ʇʠʷʟ) ï Alliaceae J. Agardh ïʃʫʢʦʚʳʝ 1 2 

11.  ɾʠʜʝʢʪʝʨ ï Elaeagnaceae Juss. ïʃʦʭʦʚʳʝ  1 1 

12.  ʂʝʨʤʝʢʪʝʨ ï Limoniaceae ïʂʝʨʤʝʢʦʚʳʝ  1 1 

13.  ʂʨʝʩʪʛװʣʜʽʣʝʨ ï Brassicʘceae ïʂʨʝʩʪʦʮʚʝʪʥʳʝ 17 19 

14.  ʂᴇʢʛװʣʜʽʣʝʨ  ï Gentinaceae Juss. ïɻʦʨʝʯʘʚʢʦʚʳʝ  1 1 

15.  ʂᴇʢʙײʪʘʣʘʨ ï Ericaceae Juss. ïɺʝʨʝʩʢʦʚʳʝ 4 4 

16.  ʂװʨʜʝʣʽʛװʣʜʽʣʝʨ ï AsteraceaeDumort.ïɸʩʪʨʦʚʳʝ  25 45 

 ʘʣʘʤʧʳʨʣʘʨ ï Caryophyllaceae ïɻʚʦʟʜʠʯʥʳʝ  4 6פ  .17

 ʘʥʜʘʨï Grossulariaceae DC. ïʂʨʳʞʦʚʥʠʢʦʚʳʝ 1 3סʘʨʣʳפ  .18

 ʜʘʨ ï Betulaceae S. F. Grey ïɹʝʨʝʟʦʚʳʝ 2 3שʘʡʳפ  .19

 ʘʡʣʘʨï Urticaceae Juss. ïʂʨʘʧʠʚʥʳʝ 1 2ץʘʣʘפ  .20

 ʪʘʨ ï Gerani§ceae Juss. ïɻʝʨʘʥʠʝʚʳʝ 2 4ץʘʟʪʘʤʘפ  .21

 ʘʡʳʨʣʘʨ ï Malvaceae ïʄʘʣʴʚʦʚʳʝ 3 3ץʣײפ  .22

 ʘʰʘʰʪʘʨ ï Iridaceae Juss. ïʂʘʩʘʪʠʢʦʚʳʝ 1 1ץʨʪײפ  .23

 ʜʝʨï Cyperaceae Juss. ïʆʩʦʢʦʚʳʝ  2 2שᴇʣʝץʠʷפ  .24

 ʳʨʰᴇʧʪʝʨ ï Asparagaceae ïʉʧʘʨʞʝʚʳʝ 1 1ץʘʩפ  .25

   ʘʰʘʰʪʘʨ ï Iridaceae Juss. ïʂʘʩʘʪʠʢʦʚʳʭץʨʪײפ  .26

 ʣʜʽʜʝʨ ï Campanulaceae Juss ïʂʦʣʦʢʦʣʴʯʘʪʳʝ  1 2װʳʨʘʫʛשʦפ  .27

28.  ʃʘʣʘʛװʣʜʝʨ ï LiliaceaeJuss.ïʃʠʣʝʡʥʳʝ  1 1 

29.  ʆʨʭʠʜʝʷʣʘʨ ï Orchidaceae ïʆʨʭʠʜʥʳʝ  2 2 

30.  ʇʨʠʤʫʣʘʣʘʨ ï Primulaceae Vent. ïʇʝʨʚʦʮʚʝʪʢʦʚʳʝ 3 4 

31.  ʈʘʫʰʘʥʛװʣʜʽʣʝʨ ï Rosaceae Juss. ïʈʦʟʦʮʚʝʪʥʳʝ  20 29 

32.  ʈʠʷʥʜʘʨ ï Rubiaceae Juss. ïʄʘʨʝʥʦʚʳʝ 1 2 

33.  ʉʘʙʳʥʢᴇʢʪʝʨ ï Scrophulariaceaeïʅʦʨʠʯʥʠʢʦʚʳʝ  4 4 



ñʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ ɸʂɸɼɽʄʀʂò                                                          ̄ 1  (104), 2021 ʛ. 

_______________________________________________________________________________________ 

244 
 

34.  ʉʘʨסʘʣʜʘץʪʘʨï Ranunculaceae Juss.ï ʃʶʪʠʢʦʚʳʝ 9 14 

35.  ʊʘʫץʘʣʘץʘʡʣʳʣʘʨ ï Lamiaceae Lindl. ïʗʩʥʦʪʢʦʚʳʝ 4 5 

36.  ʊʝʨʛװʣʜʽʣʝʨ  ï Lytrhaceae Jaumt. ïɼʝʨʙʝʥʥʠʢʦʚʳʝ  1 1 

37.  ʊʘʨʘʥʜʘʨ ï Polygonaceae Juss. ïɻʨʝʯʠʰʥʠʢʦʚʳʝ  2 5 

38.  ʊʘʣʜʘʨ ï Salicaceae Mirb. ʀʚʦʚʳʝ  3 5 

39.  ʊʝשʛʝʙʘʩʪʘʨ ï Butomaceae Pich. ïʉʫʩʘʢʦʚʳʝ  1 1 

40.  ʐʘʪʳʨʰʘʛװʣʜʽʣʝʨï Apiaceae Lindl. ïʉʝʣʴʜʝʨʝʡʥʳʝ  2 2 

41.  ʐʳץʰʳʣʜʳץʪʘʨ ï Droseraceae ïʈʦʩʷʥʢʦʚʳʝ 1 1 

 ɹʘʨʣʳסʳ:  154 232 

 

ɾʘʣʧʳ ʪװʨ ʩʘʥʳ ʙʦʡʳʥʰʘ ʝש ʢᴇʧ ʢʝʟʜʝʩʝʪʽʥAsteraceae ʪץײʳʤʜʘʩʳ (25 ʪʫʳʩ ʧʝʥ 45 

ʪװʨ),  ʝʢʽʥʰʽ ʦʨʳʥʜʳ  Rosaceae Juss. ʪץײʳʤʜʘʩʳ (20 ʪʫʳʩ ʞᴅʥʝ 29  ʪװʨ), װʰʽʥʰʽ ʦʨʳʥʜʳ 

Fabaceae Lindl. ʪץײʳʤʜʘʩʳ (10 ʪʫʳʩ ʞᴅʥʝ 20 ʪװʨ) ʪץײʳʤʜʘʩʳ ʘʣʜʳ. Cruciferae Juss. 

ʪץײʳʤʜʘʩʳʥʘʥ 17 ʪʫʳʩʪʳ19 ש ʪװʨʽ,  Poaceae Barnhart. ʞᴅʥʝ Ranunculaceae Juss.  

ʪץײʳʤʜʘʩʪʘʨʳʥʘʥ 9 ʪʫʳʩʪʳ14 ש ʪװʨʽ, CaryophyllaceaeJuss. ʪץײʳʤʜʘʩʳʥʘʥ  4 ʪʫʳʩʪʳ6 ש ʪװʨʽ 

ʢʝʟʜʝʩʪʽ, ʘʣ ץʘʣסʘʥ ʪץײʳʤʜʘʩʪʘʨʜʘʥ 1-5 ʪװʨʣʝʨʜʝʥ ʢʝʟʽʢʪʽ.  

AsteraceaeDumort.ʪץײʳʤʜʘʩʳʥʘ ʞʘʪʘʪʳʥ 19 ʪװʨʽ ʜᴅʨʽʣʽʢ ᴇʩʽʤʜʽʢʪʝʨʛʝ ʞʘʪʘʪʳʥʳ 

ʘʥʳץʪʘʣʜʳ. ʂʝʡʙʽʨ ʪװʨʣʝʨʽ ʬʘʨʤʘʢʦʧʝʷסʘ ʝʥʛʽʟʽʣʛʝʥ. ʆʣʘʨסʘ: Taraxacum officinale Wigg., 

Tephroseris integrifolia, Artemisia absinthium L., A. vulgarisL. Sp.pl.,  Achillea millefolium L., 

Tussilago farfara L., Chamomilla reculta ʞʘʪʘʜʳ.  

Artemisia vulgaris L. Sp.pl.ï ʰʘʣסʳʥʜʘʨ ʤʝʥ ʦʨʤʘʥ ʘʣץʘʧʪʘʨʳʥʜʘ ᴇʩʝʪʽʥ ʢʝש ʪʘʨʘʣסʘʥ 

ʰᴇʧʪʽ ᴇʩʽʤʜʽʢ. ɾʝʤʽʩʽ, ʞʘʧʳʨʘץʪʘʨʳ ʞᴅʥʝ ʛװʣʜʝʨʽʥʽײץ שʨʘʤʳ ʵʬʠʨ ʤʘʡʳʥʘ ᴇʪʝ ʙʘʡ. ʕʬʠʨ 

ʤʘʡʣʘʨʳʥʜʘ ʢʝʡʙʽʨ ʪʝʨʧʝʥʦʠʜʪʘʨ (ʩʦʥʳש ʽʰʽʥʜʝ ʢʘʤʬʦʨʘ) ʞᴅʥʝ ʢᴇʧʪʝʛʝʥ ʩʝʩʢʚʠʪʝʨʧʝʥʜʝʨ, 

ʩʦʥʳש ʽʰʽʥʜʝ ʪʫʡʦʥ, ʘʟʫʣʝʥʜʝʨ ʞᴅʥʝ ʙʠʦʣʦʛʠʷʣʳץ ʙʝʣʩʝʥʜʽʣʽʛʽ ʜᴅʣʝʣʜʝʥʛʝʥ ʙʘʩץʘ 

 .ʦʩʳʣʳʩʪʘʨ ʪʘʙʳʣʜʳ. ʈʝʩʤʠ ʤʝʜʠʮʠʥʘ Achillea millefolium L.ʜᴅʨʽʣʽʢ ᴇʩʽʤʜʽʢ ʨʝʪʽʥʜʝ ʪʘʥʠʜʳץ

ʆʣ ʛʝʤʦʩʪʘʪʠʢʘʣʳץ, ʪײʪץʳʨ ץʘʙʳʥʫסʘ ץʘʨʩʳ ʞᴅʥʝ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʘʛʝʥʪ ʨʝʪʽʥʜʝ 

 ʰʽʥװ ʘʟʘʥ ʤʝʥ ʽʰʝʢ ʘʫʨʫʣʘʨʳץʘʙʳʥʫ ʘʩץ שʘʨʫ ʞʦʣʜʘʨʳʥʳסʟᴅʨ ʰʳ ץʦʣʜʘʥʳʣʘʜʳ. ʉʦʥʜʘʡ-ʘץ

ʪʘסʘʡʳʥʜʘʣʘʜʳ [14]. 

Rosaceae Juss. ʪץײʳʤʜʘʩʳʥʘ ʞʘʪʘʪʳʥRosa spinosissima L., ï Rosa a.s Lindl.ײץʨʘʤʳʥʜʘ 

ʉ ʜᴅʨʫʤʝʥʽ ʞᴅʥʝ ʦʜʘʥ  ʙʘʩץʘ A, B, B2, K, P ʜᴅʨʫʤʝʥʜʝʨʽ, ʤʠʥʝʨʘʣʜʘʨ, ʦʨʛʘʥʠʢʘʣʳץ 

 .ʳʤʜʘʨʳʥʜʘ ʚʘʥʠʣʠʥ ʢʝʟʜʝʩʝʜʽץײʳʣʜʘʨ, ʬʣʘʚʦʥʦʠʜʪʘʨ, ʪʘʥʠʥʜʝʨ ʤʝʥ ʛʣʶʢʦʟʘ ʙʘʨ; ʪץʳʰץ

ɹײʣ ʟʘʪʪʘʨʜʳש ʙʦʣʫʳ Rosaceae Juss. ʪץײʳʤʜʘʩʳʥʘ ʞʘʪʘʪʳʥᴇʩʽʤʜʽʢʪʝʨʜʽײץ שʥʜʳʣʳסʳʥ 

ʘʨʪʪʳʨʘʜʳ.ɹײʣʪץײʳʤʜʘʩץʘ ʞʘʪʘʪʳʥ Rosa spinosissima L., Rubus idaeus L.,R. saxatilis L., 

Fragaria versa L. , Padus avium Mill. (P. racemosa Lam.) Gilib.), ᴇʩʽʤʜʽʢʪʝʨʽʥʝʥ  ʰʘʡ, ʪײʥʙʘʣʘʨ 

ʜʘʡʳʥʜʘʣʘʜʳ, ʦʣ ʜᴅʤʽ ʞʘסʳʤʜʳ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʩʫʳץץʘ ץʘʨʩʳ ʧʨʦʬʠʣʘʢʪʠʢʘ 

ʨʝʪʽʥʜʝ ʪʘʥʳʤʘʣ, ʩʝʨʛʽʪʝʪʽʥ ᴅʩʝʨ ʙʝʨʝʜʽ ʞᴅʥʝ ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʜʝʥʝʥʽץ שʦʨסʘʥʳʩʳʥ aʨʪʪʳʨʘʜʳ. 

ʉ ʜᴅʨʫʤʝʥʽ ʘʥʪʠʜʝʥʝʣʝʨʜʽש ʧʘʡʜʘ ʙʦʣʫʳʥ ʳʥʪʘʣʘʥʜʳʨʘʜʳ ʞᴅʥʝ ʠʥʬʝʢʮʠʷʣʘʨסʘ ץʘʨʩʳ 

 ,ʪʘʥץʪʳʥʳʣʘʪʳʥʜʳײʘ ʪʝʟ ʪסʟʘסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʉ ʜᴅʨʫʤʝʥʽ ʘסʘʥʳʩʪʳ ʙʝʣʩʝʥʜʽʨʝʜʽ. ɾʦסʦʨץ

ʙײʣ ʘʜʘʤʥʳש ʉ ʜᴅʨʫʤʝʥʽʥʝʥ ץʦʨסʘʥʫ װʰʽʥ ץʘʞʝʪ ʝʢʝʥʜʽʛʽʥʽש ʞᴅʥʝ ʦʥʳ ʘסʟʘסʘ ʝʥʛʽʟʫ 

 .ʳ ʙʽʨ ʢᴇʨʩʝʪʢʽʰʽסʪʘ שʳʟʜʳ ʝʢʝʥʜʽʛʽʥʽשʪʳ ʤʘץʘʥʰʘʣʳץ

Fabaceae Lindl. ʪץײʳʤʜʘʩʳʥʘ ʞʘʪʘʪʳʥ ᴇʩʽʤʜʽʢʪʝʨ ʜʝ ʜᴅʨʽʣʽʢ ץʘʩʠʝʪʢʝ ʠʝ, ʦʣʘʨ: 

Glycyrrhiza uralensis., Trifolium pratense L., Medicago falcata L., Astragalus lasiophyllus., 

Lathyrus pratensis L., L.tuberosus L., Melilotus albus Medik., Caragana arborescens ʞᴅʥʝ ʪ.ʙ.  
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ʞʘʨʘʣʘʨʜʳ ʝʤʜʝʫ, ץʘʙʳʥʫסʘ ץʘʨʩʳ, ʘʫʳʨʩʳʥʫʜʳ ʙʘʩʘʪʳʥ ʞᴅʥʝ ʽʩʽʢʢʝ ץʘʨʩʳ ᴅʨʝʢʝʪʪʝʨʤʝʥ 

ʩʠʧʘʪʪʘʣʘʜʳ, ʦʜʘʥ ʙʘʩץʘ ʘʥʪʠʩʝʧʪʠʢʘʣʳץ, ʫʣʘʥʫסʘ ץʘʨʩʳ, ʛʝʤʦʩʪʘʪʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʛʝ ʠʝ. 

Trifolium pratense L.ʧʨʝʧʘʨʘʪʪʘʨʳ ʘʫʳʨ ʝʪʝʢʢʽʨ, aʥʝʤʠʷ, ץʫʳץʪʳץ שʘʙʳʥʫʳ, ʞʘʪʳʨʜʳץ שʘʥ 

ʢʝʪʫʽ, ʙʨʦʥʭ ʜʝʤʽʢʧʝʩʽ, ʙʨʦʥʭʠʪ, ʩʦʟʳʣʤʘʣʳ ʞᴇʪʝʣ, ʝʥʪʽʛʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. 

ɸʪʝʨʦʩʢʣʝʨʦʟʜʳש ʘʣʜʳʥ ʘʣʫ װʰʽʥ, ʨʘʭʠʪ ʘʫʨʫʳ ʢʝʟʽʥʜʝ ʙʘʣʘʣʘʨסʘ ʘʨʥʘʣסʘʥ ʚʘʥʥʘ ʞʘʩʘסʘʥʜʘ; 

ʢᴇʟ ʙʝʥ ײץʣʘץʪʳץ שʘʙʳʥʫ ʘʫʨʫʣʘʨʳʥʘ, ʪʫʙʝʨʢʫʣʝʟʛʝ ץʘʨʩʳ ʪʠʽʤʜʽ ץʦʣʜʘʥʳʣʘʜʳ [15]. 
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 ï פʃʊʊʓױ רʓʃʐʓʅ ʊɯʃɼɽʈɯʅɼɽɻɯ ɹɸʃɸʃɸʈ ʇʆʕɿʀʗʉʓʅʓנɾᴄʅɽ ɸ פɸɿɸפ

ɸɼɸʄɻɽʈʐɯʃɯʂ ױפʅɼʓʃʓפʊɸʈʓ ʄᴄʉɽʃɽʉɯ 

 

ʈʦʟʠʝʚʘ ɼʠʣʴʬʫʟʘ ʉʝʣʴʤʘʭʫʥϨʳʟʳ PhD, 

ɸʙʳʣʘʡ ʭʘʥ ʘʪʳʥʜʘϤʳ ϧʘʟʍϧʞϷʊʋ 

ɸʣʤʘʪʳ, ϧʘʟʘϨʩʪʘʥ, 

ʉʝʨϤʘʣʠʝʚʘ  ɸʡʜʘʥʘ ɸʩϨʘʨϨʳʟʳ 

ʐʝʪʝʣ ʬʠʣʦʣʦʛʠʷʩʳ ʬʘʢʫʣʴʪʝʪʽ 

ɸʙʳʣʘʡ ʭʘʥ ʘʪʳʥʜʘϤʳ ϧʘʟʍϧʞϷʊʋ 

ɸʣʤʘʪʳ, ϧʘʟʘϨʩʪʘʥ,  

 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘʮʠʦʥʘʣʴʥʦ-ʥʨʘʚʩʪʝʥʥʳʝ ʮʝʥʥʦʩʪʠ ʜʝʪʩʢʦʡ 

ʧʦʵʟʠʠ ʥʘ ʦʩʥʦʚʝ ʢʘʟʘʭʩʢʦʡ ʠ ʘʥʛʣʠʡʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʪʩʢʘʷ ʧʦʵʟʠʷ, ʪʨʘʜʠʮʠʠ, ʧʦʢʦʣʝʥʠʝ, ʥʨʘʚʩʪʝʥʥʦʩʪʴ, ʩʪʠʭʠ, ʮʝʥʥʦʩʪʠ. 

Annotation. This article examines the national and moral values of children's poetry based on 

Kazakh and English literature. 

Keywords: children's poetry, traditions, generation, morality, poems, values. 

 

     ᴄʨʙʽʨ ʭʘʣʳץʪʳש ʪʘʨʠʭʠ ᴇʤʽʨʽʥʜʝ ץʦʣ ʞʝʪʢʽʟʛʝʥ ʝײץ שʥʜʳ ʜװʥʠʝʣʝʨʽ ï ʨʫʭʘʥʠ ʞᴅʥʝ ʘʜʘʤʠ 

 ʪʘʨ ïץʥʜʳʣʳײץ ץʣʪʪʳױ .ʪʘʨʳ ʙʘʨץʥʜʳʣʳײץ ץʣʪʪʳײ ,ʥʦʨʤʘʣʘʨʳ ץʘʩʠʝʪʪʝʨʽ, ʤʦʨʘʣʴʜʳץ

 שʨʘʪʪʘʨʳʥʳײᴇʟʽʥʜʽʢ ʪʘʨʠʭʠ ʢᴇʨʽʥʽʩʽ ʙʘʨ ʨʫʭʘʥʠ ʤ שʘʫʳʤ ᴇʢʽʣʜʝʨʽʥʽץ ץʘʥʜʘʡ ʜʘ ʙʽʨ ʵʪʥʠʢʘʣʳץ

ʞʠʳʥʪʳסʳ. ױʣʪʪʳײץ ץʥʜʳʣʳץʪʘʨʜʳש ᴅʨʙʽʨ ʭʘʣʳץʪʳש ᴇʤʽʨʽʥʜʝ ʘʣʘʪʳʥ ʦʨʥʳ ᴇʟʛʝʰʝ ʝʢʝʥʽ 

ʙʝʣʛʽʣʽ. ʉʦʥʜʳץʪʘʥ ʜʘ ᴅʨʙʽʨ ʞʘשʘ ײʨʧʘװ ץʰʽʥ ʤᴅʥʜʽ ʪᴅʨʙʠʝ ï ײʣʪʪʳץ ʪײʨסʳʜʘסʳ ʪᴅʨʙʠʝ װʣʛʽʩʽ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ᴆʡʪʢʝʥʽ, ʤײʥʜʘ ʪᴅʨʙʠʝʥʽש ʥʝʛʽʟʽ סʘʩʳʨʣʘʨ ʙʦʡʳ ץʘʣʳʧʪʘʩʳʧ ʢʝʣʛʝʥ ʘʩʳʣ 

ʨʫʭʘʥʠ ײץʥʜʳʣʳץʪʘʨ ʞᴅʥʝ ʙʠʽʢ ʽʟʝʪʪʽʣʽʢ ʧʝʥ ʤʦʨʘʣʜʳץ ʪײʨסʳʩʳʥʜʘס r  ʘץץʨʧʘײ-ʪʘʥץʨʧʘײ

ʞʘʣסʘʩʳʧ ʞʘʪʘʪʳʥ, ʘʜʘʤʥʳש ʘʜʘʤʜʳץ ץʘʩʠʝʪʽʥ ʥʳסʘʡʪʳʧ ᴅʨʽ ʘʩʳʣʜʘʥʜʳʨʘ ʪװʩʝʪʽʥ, ʭʘʣʳץʪʳש 

ʜʘʥʘʣʳץ ᴇʤʽʨïʩʘʣʪʳʥʘʥ ʪʫʳʥʜʘʧ ʦʪʳʨʘʪʳʥ ʙײʣʞʳʤʘʩ ʝʨʝʞʝʣʝʨ ʤʝʥ ץʘסʠʜʘʣʘʨ ײץʨʘʡʜʳ. 

[1,120] 

       ɹײʣ ʤʘץʘʣʘʜʘ ʙʽʟ ץʘʟʘץ ʞᴅʥʝ ʘסʳʣʰʳʥ ʪʽʣʜʝʨʽʥʜʝʛʽ ʙʘʣʘʣʘʨ ʧʦʵʟʠʷʩʳʥʳײ שʣʪʪʳץ ï 

ʘʜʘʤʛʝʨʰʽʣʽʢ ײץʥʜʳʣʳץʪʘʨʳ ʤᴅʩʝʣʝʩʽʥ ץʘʨʘʩʪʳʨʳʧ, ʝʢʽ ʤᴅʜʝʥʠʝʪʪʽש ʝʨʝʢʰʝʣʽʛʽʥ 

ʘʡץʳʥʜʘʡʪʳʥ ʙʦʣʘʤʳʟ. 

       ɹʘʣʘ ʙʦʡʳʥʜʘ ʵʩʪʝʪʠʢʘʣʳץ ʪʘʣסʘʤʜʳ ץʘʣʳʧʪʘʩʪʳʨʫ ʜʝʛʝʥʽʤʽʟʜʽש ᴇʟʽ - ʪװʨʣʽ ʞʘסʜʘʡʣʘʨʜʘ 

ʰʳסʘʨʤʘʰʳʣʳץ ᴅʨʝʢʝʪ ʞʘʩʘʫסʘ ץʘʙʽʣʝʪʪʽ, ʞʘʥ - ʞʘץʪʳ ʞʝʪʽʣʛʝʥ ʞʝʢʝ ʪײʣסʘʥʳש 

 ʤʢʽʥʜʽʛʽװʢᴇʨʢʝʤʜʽʢ ʤ שʣ ʦʨʘʡʜʘ ʙʘʣʘʣʘʨ ʧʦʵʟʠʷʩʳʥʳײʳʟʤʝʪ ʝʪʫ ʜʝʛʝʥ ʩᴇʟ. ɹץ ʘʣʳʧʪʘʩʫʳʥʘץ

ʘʩʘ ʤʦʣ. ʉʦʣʘʨʜʳש ʙʽʨʽ - ʙʘʣʘʥʳ ʘʩץʘץ ʘʨʤʘʥʜʘʨסʘ ʞʝʪʝʣʝʡʪʽʥ, ץʘᴃʘʨʤʘʥʜʳץ ʽʩʪʝʨ ʞʘʩʘʫסʘ 

 ʩʽʟשʢʝʣʝ ,ץʤʪʳʣʜʳʨʘʪʳʥ, ʩʦʥʜʘʡ - ʘײ ʘץץʧʝʥ ʞʘʨʘʩʳʤʜʳʣʳ ץʣʫʣʳײʣʰʳʥʜʳʨʘʪʳʥ, ʩײץ

 ʘ ʙʘʫʣʠʪʳʥ ʢᴇʨʢʝʤ ʙʝʡʥʝʣʝʨ ʞʘʩʘʫ. ɹʘʣʘʣʘʨסʥʘʤʩʳʟ ʤʽʥʝʟʜʝʨʜʝʥ ʙʦʡ ʪʘʨʪʫײ ʙʳʣʳʩʪʘʨ ʤʝʥײץ

ʧʦʵʟʠʷʩʳʥʜʘסʳ ᴅʨʙʽʨ ʢᴇʨʢʝʤ ʙʝʡʥʝ ʞʘʩ ʦץʳʨʤʘʥʜʳ ʙʝʡ-ʞʘʡ ץʘʣʜʳʨʤʘʫסʘ ʪʠʽʩ. ɾʘʥ-ʞʘץʪʳ 

ʪײʣסʘʣʘʥסʘʥ ᴅʜʝʙʠ ץʘᴃʘʨʤʘʥʥʘʥ ʙʘʩʪʘʧ, ʪʽʣʜʽʢ ץʦʣʜʘʥʳʩʪʳש ʝש ʢʽʰʽ ʙᴇʣʰʝʛʽʥʝ ʜʝʡʽʥ ʙʘʣʘʥʳש 

ʵʩʪʝʪʠʢʘʣʳץ ʩʝʟʽʤʜʝʨʽʥʝ ᴅʩʝʨ ʝʪʫʽ ץʘʞʝʪ.ʗסʥʠ, ʙʘʣʘʣʘʨ ʧʦʵʟʠʷʩʳʥʜʘסʳ ᴅʨʙʽʨ ᴅʜʝʙʠ ץʘᴃʘʨʤʘʥ 

ʞʘʥ ʜװʥʠʝʩʽ ʪʘʟʘ, ʩʝʟʽʤʽ ʰʳʥʘʡʳ ʞʘʩ ʦץʳʨʤʘʥʜʳ ᴇʟʽʥʽש ʰʳʥʰʳʣʜʳסʳʤʝʥ ʠʣʘʥʜʳʨʫʳ ʰʘʨʪ 

ʙʦʣʩʘ, ʪʽʣʜʽʢ ץʦʣʜʘʥʳʩʪʘסʳ ᴅʨʙʽʨ ʙᴇʣʰʝʢ ʤʝʡʣʽʥʰʝ ʙʝʡʥʝʣʽʣʽʛʽʤʝʥ, ʩʫʨʝʪʪʽʣʽʛʽʤʝʥ ʜʘʨʘʣʘʥʫʳ 

ʰʘʨʪ. ɹײʣ, ᴅʨʠʥʝ, ʘʩʘ ץʠʳʥ ʜʘ ʢװʨʜʝʣʽ ʰʳסʘʨʤʘʰʳʣʳץ ʤʽʥʜʝʪ, ʢᴇʨʢʝʤʜʽʢ ʧʨʦʙʣʝʤʘʩʳ. 

ɹʝʣʛʽʣʽ ʘץʳʥ ʉ. ɾʠʝʥʙʘʝʚʪʳש: çɹʝʩʽʢ ʞʳʨʳʥʘʥè ʙʘʩʪʘʣʘʪʳʥ ʙʘʣסʳʥʜʘʨ ᴇʣʝשʽʥʽש, ᴅʡʪʝʫʽʨ, ʙʽʨ 

 .ʪʽʤʝʥ ʙʽʨʛʝ ʪʘʨʘʣʘʪʳʥ ʙʦʣʫ ʢʝʨʝʢװʙʘʣʘ ʙʦʡʳʥʘ ʘʥʘ ʩ שʘʥʜʘ, ᴅʥ - ᴇʣʝסʘʨʘץ ʘʥסʜʽʨʝʪʽ ʙʘʨ. ʉʦײץ
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ᴄʡʪʧʝʩʝ, ʙᴇʙʝʢʪʽ ᴇʣʝשʤʝʥ ץʘʣʘʡ ײʡʳץʪʘʪʳʧ, ᴇʣʝשʤʝʥ ץʘʣʘʡ ʦʷʪʘ ʘʣʘʜʳ? ɼװʥʠʝʜʝʥ ʭʘʙʘʨʳ 

ʞʦץ, ʙʝʩʽʢʪʝ ʞʘʪץʘʥ ʩᴅʙʠʜʽ ᴇʟ ʳʨץʳʥʘ ʢᴇʥʜʽʨʽʧ, ᴇʟ ʜʝʛʝʥʽʥ ʽʩʪʝʪʝʪʽʥ - ᴇʣʝשʥʝʥ ʘʨʪʳץ ʢʝʨʝʤʝʪ 

ʙʦʣʘ ʤʘ?! ɸʣ ʦʥʜʘʡ ᴇʣʝש ʦʧ-ʦשʘʡ ʰʳסʘ ץʦʷ ʤʘ?è [2,31] - ʜʝʧ ʪʘשʳʨץʘʫʳʥʳש ʩʳʨʳ ʜʘ ʦʩʳʥʜʘ 

ʙʦʣʩʘ ʢʝʨʝʢ. ɹʘʣʘʥʳש ʵʩʪʝʪʠʢʘʣʳץ ʪʘʣסʘʤʳʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʙʘסʜʘʨ ײʩʪʘʥʘʪʳʥ ʙʘʣʘʣʘʨ 

ʧʦʵʟʠʷʩʳʥʜʘסʳ ʢᴇʨʢʝʤʜʽʢ ʤᴅʩʝʣʝʩʽ ᴅʨ ʢʝʟʜʝ ʙʽʨʜʝʡ װʣʢʝʥʜʝʨ ᴅʜʝʙʠʝʪʽʥʜʝʛʽ ʢᴇʨʢʝʤʜʽʢ 

ʧʨʦʙʣʝʤʘʩʳʤʝʥ ʪʝשʝʩ ʪʽʨʝ ץʘʨʘʫסʘ ʢʝʣʝ ʙʝʨʤʝʡʜʽ, ʩʦʣ ʩʝʙʝʧʪʽ ʙײʣ ʤᴅʩʝʣʝʥʽ ץʘʡʩʳʙʽʨ ʪײʩʪʘʨʜʘ 

ʙʘʣʘʣʘʨ ʧʦʵʟʠʷʩʳʥʳש ᴇʟʽʥʜʽʢ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝʥ ᴇʨʽʩ ʪʝʪʝ ʪʘʥʳʧ - ʙʽʣʛʝʥ ʦʨʳʥʜʳ ʙʦʣʤʘץ. 

ɸʣʘʡʜʘ, ʙʘʣʘʣʘʨ ʧʦʵʟʠʷʩʳʥ ʜʘ ᴇʟʽʥʝ סʘʥʘ ʪᴅʥ ʝʨʝʢʰʝʣʽʢʪʝʨ ʙʦʣʘʜʳ ʜʝʛʝʥʜʝ, ʦʣ ʝʨʝʢʰʝʣʽʢ ʪʝʨ 

ʙʘʣʘʣʘʨסʘ ʘʨʥʘʣסʘʥ ʪʫʳʥʜʳʣʘʨʜʘסʳ ʢᴇʨʢʝʤʜʽʢ ʤᴅʩʝʣʝʩʽʥ ᴅʜʝʙʠʝʪʪʽש ᴇʟʛʝ ʩʘʣʘʣʘʨʳʥʘ 

 ʣʜʝʤ ʙᴇʣʝʢ, ʩʝʟʽʤʝʥ - ᴇʟʽ ʰʝʢʪʝʣʛʝʥ ʤᴅʩʝʣʝ ʨʝʪʽʥʜʝװʦʡʳʣʘʪʳʥ ʢᴇʨʢʝʤʜʽʢ ʪʘʣʘʧʪʘʨʳ ʥʘʥ ʤץ

 ,ʨʣʝʨʛʝװʘ ʞʦʣ ʘʰʧʘʡʜʳ. ʂʝʨʽʩʽʥʰʝ, ʤᴅʩʝʣʝʥʽ ʩᴇʟ ᴇʥʝʨʽʥʜʝʛʽ ʙʘʨʰʘ ʪʝʢʪʝʨ ʤʝʥ ʪסʘʨʘʩ ʪʳʨʫץ

ʞʘʥʨʣʘʨסʘ ʦʨʪʘץ ʢᴇʨʢʝʤʜʽʢ ʪʘʣʘʧʪʘʨʳʥʘʥ ᴇʨʙʽʪʝ ʦʪʳʨʳʧ, ʙʘʣʘʣʘʨ ʧʦʵʟʠʷʩʳʥʘ ʪᴅʥ 

ʢᴇʨʢʝʤʜʽʢʪʽש ᴇʟʽʥʜʽʢ ʙʝʣʛʽʣʝʨʽ ʤʝʥ ʩʝʙʝʧʪʝʨʽʥ ʪʘʨץʘʪʘ ʪʘʥʳʧ - ʙʽʣʫ ץʘʞʝʪʪʽʛʽʥ ʘסשʘʨʪʘʜʳ. 

ʗסʥʠ, ᴇʥʝʨ ʪװʨʣʝʨʽʥʽש ʙʘʨʰʘʩʳʥʘ ʦʨʪʘץ ʢᴇʨʢʝʤʜʽʢ ʪʘʣʘʧʪʘʨʳʥʘ ʙʘʣʘʣʘʨ ʧʦʵʟʠʷʩʳʥʜʘ ʜʘ 

ʞʘʫʘʧ ʙʝʨʽʣʫʛʝ ʪʠʽʩʪʽ. ʉʝʙʝʙʽ ʙʘʣʘʣʘʨ ʧʦʵʟʠʷʩʳ - ʢᴇʨʢʝʤ ᴇʥʝʨʜʽש, ʦʥʳש ʽʰʽʥʜʝ ʢᴇʨʢʝʤ 

ᴅʜʝʙʠʝʪʪʽײץ שʨʘʤʜʘʩ ʙʽʨ ʙᴇʣʽʛʽ. ʂᴇʨʢʝʤʜʽʢʪʽש ᴇʤʽʨ ʩװʨʫ ʦʨʪʘʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ᴇʥʝʨ 

ʞʘʡʳʥʜʘ ʘʡʪץʘʥ ɺ.ɻ.ɹʝʣʠʥʩʢʠʡ ʧʽʢʽʨʽʥʝ ʢᴇשʽʣ ץʦʡʩʘץ, ʦʣ ᴇʥʝʨ ʤʝʥ ʦʥʳש ʪװʨʣʝʨʽ, ʤʽʥʜʝʪʽ 

ʪʫʨʘʣʳ ʦʡʳʥ: ç...ʠʩʢʫʩʩʪʚʦ ʝʩʪʴ ʚʳʨʘʞʝʥʠʝ ʚʝʣʠʢʦʡ ʠʜʝʠ ʚʩʝʣʝʥʥʦʡ ʚ ʝʝ ʙʝʩʢʦʥʝʯʥʦ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʷʚʣʝʥʠʷʭ! ʇʨʝʢʨʘʩʥʦ ʙʳʣʦ ʛʜʝ - ʪʦ ʩʢʘʟʘʥʦ, ʯʪʦ ʧʦʚʝʩʪʴ ʝʩʪʴ ʢʨʘʪʢʠʡ ʵʧʠʟʦʜ 

ʠʟ ʙʝʩʢʦʥʝʯʥʦʡ ʧʦʵʤʳ ʩʫʜʝʙ ʯʝʣʦʚʝʯʝʩʢʠʭ! ʇʦʜ ʵʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʚʝʩʪʠ ʧʦʜʭʦʜʷʪ ʚʩʝ ʨʦʜʳ 

ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʩʦʟʜʘʥʠʡ. ɺʩʝ ʠʩʢʫʩʩʪʚʦ ʧʦʵʪʘ ʜʦʣʞʥʦ ʩʦʩʪʦʷʪʴ ʚ ʪʦʤ, ʯʪʦʙʳ ʥʘʧʨʘʚʠʪʴ 

ʯʠʪʘʪʝʣʷ ʥʘ ʪʘʢʫʶ ʪʦʯʢʫ ʟʨʝʥʠʷ, ʩ ʢʦʪʦʨʦʡ ʝʤʫ ʚʠʜʥʘ ʙʳʣʘ ʚʩʷ ʧʨʠʨʦʜʘ ʚ ʩʦʢʨʘʱʝʥʠʠ, ʚ 

ʤʠʥʠʘʪʶʨʝ, ʢʘʢ ʟʝʤʥʦʡ ʰʘʨ ʥʘ ʣʘʥʜʢʘʨʪʝ, ʯʪʦʙʳ ʜʘʪʴ ʝʤʫ ʧʦʯʫʚʩʪʚʦʚʘʪʴ ʚʝʷʥʠʝ, ʜʳʭʘʥʠʝ 

ʵʪʦʡ ʞʠʟʥʠ, ʢʦʪʦʨʘʷ ʦʜʫʰʝʚʣʷʝʪ ʚʩʝʣʝʥʥʫʶ, ʩʦʦʙʱʠʪʴ ʝʛʦ ʜʫʰʝ ʵʪʦʪ ʦʛʦʥʴ, ʢʦʪʦʨʳʡ 

ʩʦʛʨʝʚʘʝʪ ʝʝè [3,32] - ʜʝʧ ʞʝʪʢʽʟʝʜʽ. ʆʨʳʩ ʩʳʥʰʳʩʳʥʳש çʘʜʘʤ ʪʘסʜʳʨʳʥʘʥ ʘʣʳʥסʘʥ 

ʩʘʨץʳʣʤʘʩ ʜʘʩʪʘʥʥʳש ʰʘסʳʥ ʵʧʠʟʦʜʳ - ʧʦʚʝʩʪʴè ʭʘץʳʥʜʘ ʘʡʪץʘʥ ʧʽʢʽʨʽʥ ᴇʟʽʤʽʟ ץʘʨʘʩʪʳʨʳʧ 

ʦʪʳʨסʘʥ ʤᴅʩʝʣʝʛʝ ץʘʪʳʩʪʳ ʘʣʘʨ ʙʦʣʩʘץ, ʙʘʣʘʣʘʨסʘ ʘʨʥʘʣסʘʥ ᴅʨʙʽʨ ʪʫʳʥʜʳʜʘ  

çʞʘʨʘʪʳʣʳʩץʘ ʞʘʥ ʙʽʪʫè ץʘʞʝʪʪʽʛʽʥ, çʦץʳʨʤʘʥ ᴇʤʽʨʜʽש ʣʝʙʽʥ, ʪʳʥʳʩ - ʜʝʤʽʥ ʩʝʟʽʥʫʽè 

 ʘ ᴅʣʝʤ - ʢᴇʨʢʝʤʜʽʢ ᴅʣʝʤʽשʘʩʳ, ᴅʨʙʽʨ ʪʫʳʥʜʳʜʘ ᴇʟʽʥʰʝ ʙʽʨ ʞʘץʳʩץ ,ʘʞʝʪʪʽʛʽʥ ʢᴇʨʝʤʽʟץ

ʞʘʩʘʣʫʳ ץʘʞʝʪʪʽʛʽʥ ʪʘʥʠʤʳʟ. ɹʘʣʘʣʘʨ ʧʦʵʟʠʷʩʳʥʜʘסʳ ʢᴇʨʢʝʤʜʽʢ ᴅʣʝʤ ï ʢᴇʨʢʝʤʜʽʢ - 

ʵʩʪʝʪʠʢʘʣʳץ ʪʘʣʘʧʪʘʨ ʪײʨסʳʩʳʥʘʥ ʠʛʝʨʽʣʛʝʥ ʞᴅʥʝ ʙʘʣʘʥʳש ʪʘʥʳʤ ʘʷʩʳ ʤʝʥ ʙʽʣʽʤ ʜʝשʛʝʡʽʥʝ 

ʩᴅʡʢʝʩʪʝʥʜʽʨʽʣʝ ʰʳסʘʨʤʘʰʳʣʳץʧʝʥ ᴇשʜʝʣʽʧ, ʞʘשʘʰʘ ʙʝʡʥʝ ʠʝʣʝʥʛʝʥ ʙʘʣʘʥʳש ᴇʟʽ, ʦʥʳש ʞʘʥ-

ʜװʥʠʝʩʽʥʜʝʛʽ ʩʘʥ ץʠʣʳ ײץʙʳʣʳʩʪʘʨ, ʩʘʥʘʩʳ ʤʝʥ ʩʝʟʽʤʽʥʜʝʛʽ ʪװʨʣʽ ᴇʟʛʝʨʽʩʪʝʨ, ʦʥʳש ʠʜʝʘʣʳ, 

ʘʨʤʘʥ - ʤײʨʘʪʳ, ʙʘʣʘ ʞʘʥʘʨʳʥʘ ʽʣʽʢʢʝʥ ᴅʣʝʫʤʝʪʪʽʢ ᴇʤʽʨ ʤʝʥ ץʦʨʰʘסʘʥ ʪʘʙʠסʘʪʪʳש ʘʣʫʘʥ 

 ʪʘʩ ʙʘʣʘʣʘʨ ʧʦʵʟʠʷʩʳʥײʪʽʨʰʽʣʽʢ ʦʨʪʘʩʳ - ᴇʟʘʨʘ ʙʽʨʽʛʝ ʢʝʣʽʧ, ʙʽʨʪ שʳʨʣʘʨʳ. ʆʣ ᴅʣʝʤʥʽץ

ʢײʨʘʡʪʳʥ ʞʝʢʝ - ʞʝʢʝ ʰʳסʘʨʤʘʣʘʨ.  

         ɹʘʣʘʣʘʨ ʧʦʵʟʠʷʩʳʥʳש ʢᴇʨʢʝʤʜʽʢ - ʵʩʪʝʪʠʢʘʣʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽ ᴆʪʢʝʥ סʘʩʳʨ ʙʘʩʳʥʜʘ 

ʞʘʟסʘʥ ʤʘץʘʣʘʣʘʨʳʥʳש ʙʽʨʽʥʜʝ ᴄ.ɹᴇʢʝʡʭʘʥʦʚ ײʣʪʪʳץ ʧʦʵʟʠʷʥʳש ʝʨʝʢʰʝʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 

ʦʡʳʥ: çɾʘץʩʳ, ʢᴇʨʢʝʤ ʞʳʨʜʘ ʩʦʣ ʫʘץʳʪʪʘסʳ ץʘʟʘץʪʳש ʙʦʣʤʳʩ - ʩʘʣʪʳ ʢᴇʨʽʥʽʧ ʪײʨʫסʘ ʣʘʡʳץè 

[4,302] - ʜʝʧ ʙʽʣʜʽʨʛʝʥ ʙʦʣʘʪʳʥ. ʇʽʢʽʨ ʤᴅʥʽ ץʘʥʜʘʡ ʜʘ ʙʽʨ ʭʘʣʳץʪʳש ʢᴇʨʢʝʤ ᴅʜʝʙʠʝʪʽ װʰʽʥ 

ʙʽʨʽʥʰʽ ʢʝʟʝʢʪʝʛʽ ʤᴅʩʝʣʝ ײʣʪʪʳץ ʩʠʧʘʪ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥʜʳסʳʥ ʘסשʘʨʪʘʜʳ. ɹײʣ ʪʘʣʘʧ ʙװʛʽʥʛʽ 

ʙʘʣʘʣʘʨ ᴅʜʝʙʠʝʪʽʥʜʝ ᴇʟ ʘʨʥʘʩʳʥ ʪʘʫʳʧ, ᴇʨʽʩʪʝʡ ʜʘʤʳʧ ʢʝʣʝ ʞʘʪץʘʥ ʙʘʣʘʣʘʨ ʧʦʵʟʠʷʩʳʥʘ ʜʘ 

 ʨʫʭʘʥʠ ʤᴅʜʝʥʠʝʪʽʥʝʥ ʪʘʤʳʨ ʪʘʨʪʳʧ שʪʳץʙʘʣʘʣʘʨ ʧʦʵʟʠʷʩʳ ʜʘ ï ʭʘʣʳ ץʘʟʘץ ʘʪʳʩʪʳ. ᴆʡʪʢʝʥʽץ

ʞʘʪץʘʥ ʢᴇʨʢʝʤʜʽʢ ײץʙʳʣʳʩ. ɹײʣ ʦʨʘʡʜʘ ʄ. פʘʨʘʪʘʝʚ ʧʽʢʽʨʽʥʜʝʛʽ ʦʡ ʤʘʟʤײʥʳʥʘ ʞװʛʽʥʩʝʢ, ʦʣ: 

çᴄʜʝʙʠʝʪ ʜʝʧ ʘʪʘʣʘʪʳʥ ʩᴇʟ ᴇʥʝʨʽʥ ʰʘʨʪʪʳ ʪװʨʜʝ ʙʝʡʥʝ ʙʽʨ ʜʘʨʠʷסʘ ʙʘʣʘʩʘץ, ʦסʘʥ ʩʳʣʜʳʨʘʧ 

ʘסʳʥ ʙײʣʘץ ʩʫʳ ʜʘ ײץʷʜʳ, ʩʝʣ ʙʦʧ ʘסʳʧ ץʘʨ ʩʫʳ ʤʝʥ ʞʘשʙʳʨ ʩʫʳ ʜʘ ײץʷʜʳ. ɸץʳʨʳ, ʜʘʨʠʷʥʳש 

 ʘʥ ʩʫ ʜʘ, ʙʫץץʨʘʜʳ. ɾʝʨʜʝʥ ʰʳײץ ʳʥ, ʞʝʨ ʩʘʣʪʘʥʘʪʳʥסʡʳʧ, ʞʝʨ ʙʘʡʣʳײץ ʽʟʛʝשʣʳ ʘʨʥʘʩʳ ʪʝײ

ʜʘ, ᴅʣʝʤ ʜװʥʠʝʩʽʥʜʝ ץʘʥʰʘʤʘ ʪװʨʽʥ, ʪװʩʽʥ ᴇʟʛʝʨʪʢʝʥʤʝʥ, ץʘʡʪʘ ʘʡʥʘʣʳʧ ʞʝʨ - ʘʥʘʩʳʥ ʪʘʙʘʜʳ. 

ʍʘʣʳץʪʳש, ʪʽʣʽ ʤʝʥ ᴅʜʝʙʠʝʪʽ ʜʝ ʩʦʣ ʽʩʧʝʪʪʽ. ײפʥʘʨʣʳ ʥᴅʨʽʥ ʭʘʣʳץʪʘʥ ʘʣʘʜʳ ʜʘ, ץʘʥʰʘʤʘ 

ʪװʨʽʥ, ʪװʩʽʥ ᴇʟʛʝʨʪʢʝʥʤʝʥ, ץʘʡʪʘ ᴇʟʽʥʽש ʪʝʛʽʥ ʪʘʙʘʜʳ, ʭʘʣʳץ ץʘʟʳʥʘʩʳʥ ʞʘʩʘʡʜʳè  

[5,139] - ʜʝʡʜʽ. ɼʝʤʝʢ, ײʣʪʪʳץ ʙʘʣʘʣʘʨ ʧʦʵʟʠʷʩʳ ʜʘ ʢᴇʨʢʝʤʜʽʢ ʥᴅʨʽʥ ʭʘʣʳץ ʤᴅʜʝʥʠʝʪʽʥʝʥ ʘʣʘ 

ʦʪʳʨʳʧ ʜʘʤʠʜʳ, ʞʝʪʽʣʝʜʽ, ʪʦʣʳʩʘʜʳ, ʢʝʤʝʣ ʜʽʢʢʝ ʙʝʪ ʪװʟʝʡʜʽ.ʉʳʨʪץʳ ʜװʥʠʝʩʽʥʜʝ ʫʘץʳʪ 
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ʜʘʤʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ᴇʟʛʝʨʽʩʪʝʨ ʙʦʣסʘʥʳʤʝʥ, ʪװʧʪʝʧ ʢʝʣʛʝʥʜʝ, ʪʫסʘʥ ʦʨʪʘʩʳʥʘʥ, ʙʘʩʪʘʫ 

ʢᴇʟʽʥʝʥ ץʦʣ װʟʽʧ ʢʝʪʧʝʡʜʽ.ᴆʡʪʢʝʥʽ ʙʘʣʘʣʘʨ ʧʦʵʟʠʷʩʳ ʜʘ, ʝש ʘʣʜʳʤʝʥ, ײʣʪʪʳץ ʤᴅʜʝʥʠʝʪ 

ʧʝʨʟʝʥʪʽ. 

ɹʘʣʘʣʘʨסʘ ʘʨʥʘʣסʘʥ ᴅʨʙʽʨ ʪʫʳʥʜʳʜʘ ʞʘʩʘʣסʘʥ װʣʢʝʥʜʽ - ʢʽʰʽʣʽ ʢᴇʨʢʝʤʜʽʢ ᴅʣʝʤ ʙʘʣʘʥʳש 

ʞʘʥʳʥʘ ʞʘץʳʥ, סײʳʤ - ʪװʩʽʥʽʛʽʥʝ ʣʘʡʳץ, ᴅʩʝʨʣʝʥʜʽʨʫ ץʫʘʪʳ ʤʦʣ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ סʘʥʘ, ʙʘʣʘ 

ʢᴇשʽʣʽʥʜʝ ʞʘʪʪʘʣʳʧ ץʘʣʘʜʳ, ʙʘʣʘʣʳץ ץʠʷʣʳʥ ץʘʥʘʪʪʘʥʜʳʨʘ ʘʣʘʜʳ. ɹʘʩץʘʰʘ ʘʡʪץʘʥʜʘ, 

ʙʘʣʘʣʘʨסʘ ʘʨʥʘʣסʘʥ ʧʦʵʟʠʷʣʳץ ʪʫʳʥʜʳ ᴇʟ ʦץʳʨʤʘʥʳʥʳש ʢᴇשʽʣʽʥʜʝʛʽʩʽʥ ץʘʧʳʩʳʟ ʪʘʫʳʧ, ʜᴅʣ 

ʞʝʪʢʽʟʫʽ ʰʘʨʪ.  

ʆʣ װʰʽʥ ʙʘʣʘʣʘʨ ʧʦʵʟʠʷʩʳʥʜʘ ʞʘʩʘʣʘʪʳʥ ʢᴇʨʢʝʤʜʽʢ ᴅʣʝʤ ʙʘʣʘʥʳש ᴇʟ ʙʦʣʤʳʩʳʥʘʥ ʙʘʩʪʘʫ 

ʘʣʫʳ, ʙʘʣʘ ʪװʩʽʥʽʛʽʥʝ ʣʘʡʳץ ʙʦʣʫʳ ץʘʞʝʪ. ʆʡʳʤʳʟ ʪװʩʽʥʽʢʪʽ ʙʦʣʩʳʥ, ᴄ.ɼװʡʩʝʥʙʠʝʚʪʽש 

ʪʘʥʳʤʘʣ ᴇʣʝשʜʝʨʽʥʽש ʙʽʨʽʥʝ ʥʘʟʘʨ ʘʫʜʘʨʳʧ ʙʘʡץʘʣʳץ :  

ɽʣ ʞʘʪץʘʥʜʘ ʞʘʪʧʘסʘʥ, 

ʄʝʥ ʜʝʧ ʪʳʥʳʤ ʪʘʧʧʘסʘʥ, 

ɹʘץʳʪʳ ʫʠʣʽʥ ʙʘʣʘʥʳש, 

ɸʤʘʥ - ʩʘʫ ʙʦʣ , ʘץ ʤʘʤʘʤ. 

ʂʫʣʽʤʜʝʛʝʥ ʢᴇʟʽשʥʝʥ 

ʂװʥ ʤʝʡʽʨʽʤʽ ʩʝʟʽʣʛʝʥ. 

ɹײʣ ʞʘʣסʘʥʜʘ ʙʘʣʘסʘ 

ɾʘץʳʥ ʞʘʥ ʞʦץ ᴇʟʽשʥʝʥ.[6,24] 

      ɹײʣ ᴇʣʝש - ʞʘʨʳץ ʢᴇʨʛʝʥ ʩᴅʪʽʥʝʥ ʙʘʩʪʘʧ, ʙʽʨʥʝʰʝ ʙʫʳʥ ᴇʢʽʣʜʝʨʽʥʽש ʞʘʪʪʘʧ ᴇʩʢʝʥ ᴇʣʝשʽ, 

ʰʳʥʜʳסʳʥʜʘ, ʙʘʣʘ ʞʘʜʳʥʜʘ ᴇʟʽʥʝʥ ᴇʟʽ ʞʘʪʪʘʣʳʧ ץʘʣʘʪʳʥ ᴇʣʝש. ʉʝʙʝʧ ʥʝʜʝ? ʉʝʙʝʧ - ᴇʣʝשʜʝ 

ʙʝʡʥʝʣʝʥʛʝʥ ʢᴇʨʢʝʤʜʽʢ ʰʳʥʜʳץʪʳש ʙʘʣʘʥʳש ᴇʟ ʙʦʣʤʳʩʳʥʘʥ ʙʘʩʪʘʫ ʘʣʳʧ ʞʘʪץʘʥʜʳסʳʥʜʘ. 

ɹʘʡץʘʣʳʧ ʪײʨסʘʥʜʘʡ, ᴇʣʝש ʪʘץʳʨʳʙʳʥʜʘ ʜʘ, ʧʦʵʟʠʷʣʳץ ʤʘʟ ʤײʥʜʳ ײץʨʘʧ ʪײʨסʘʥ ʢᴇʨʢʝʤʜʽʢ 

ʰʳʥʜʳץʪʘʥ ʜʘ, ʘץʳʥʥʳש ʪʽʣʜʽʢ ץʦʣʜʘʥʳʩʳʥʜʘ ʜʘ ʪʦʩʳʥ ʞʘשʘʣʳץ ʞʦץ. ʊʘץʳʨʳʧ - ʘʥʘסʘ ʜʝʛʝʥ 

ʙʘʣʘ ʤʘʭʘʙʙʘʪʳ. ʂᴇʨʢʝʤʜʽʢ ʰʳʥʜʳץ ï ʙʘʣʘʥʳש ᴇʟ ʘʥʘʩʳʥʘ ʜʝʛʝʥ ʘʣסʘʫʩʳʟ ʩʝʟʽʤʽʥʽש ʩʫʨʝʪʽ. 

       ɹʘʣʘʣʘʨסʘ ʘʨʥʘʣסʘʥ ʢʝʟ ʢʝʣʛʝʥ ʪʫʳʥʜʳʜʘ ʝʩʢʝʨʽʣʫʛʝ ʪʠʽʩʪʽ ʝש ʤʘשʳʟʜʳ ʜʘ ʘʨʜʘץʪʳ ʤʽʥʜʝʪ 

ʞʘʩ ʦץʳʨʤʘʥʜʳ ᴇʟ ʘʥʘ ʪʽʣʽʥʽץ שʘʜʽʨ - ץʘʩʠʝʪʽʥʝ ʞʝʪʝ ʙʽʣʫʛʝ ʪᴅʨʙʠʝʣʝʫ ʙʦʣʳʧ ʪʘʙʳʣʘʨʳ 

ʜʘʫʩʳʟ ʰʳʥʜʳץ. ɹײʣ ʪʘʣʘʧ, ᴅʩʽʨʝʩʝ, ץʘʟʘץ ʪʽʣʽʥʝ ץʘʪʳʩʪʳ ʧʨʦʙʣʝʤʘʣʘʨ ʘʩʘ ʘʫץʳʤʜʳ ʙʦʣʳʧ 

ʪײʨסʘʥ ץʘʟʽʨʛʽ ʪʘשʜʘ ʘʡʨʳץʰʘ ʤʘשʳʟʜʳ. ɸʪʘʣʤʳʰ ᴇʣʝשʛʝ ʙʽʨʽʥʰʽ ʢʝʟʝʢʪʝ ʦʩʳ ʪײʨסʳʜʘʥ ʥʘʟʘʨ 

ʩʘʣʘʨ ʙʦʣ ʩʘץ, ʙײʣ ʦʨʘʡʜʘ çʉʳʣʜʳʨʤʘץʪʳשè ᴇʪʝʧ ʪײʨסʘʥ ʧʘʨʳʟʳ ʟʦʨ. ɹʘʣʘ ʙʦʡʳʥʜʘ ᴇʟʽʥʽש ʘʥʘ 

ʪʽʣʽʥʝ ʩװʡʽʩʧʝʥʰʽʣʽʢ, ײץʨʤʝʪ ʩʝʟʽʤʜʝʨʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʘʥʘ ʪʽʣʽ ʪʫʨʘʣʳ, ʘʥʘ ʪʽʣʽʥ ʩװʶ 

 ʳʣʳ ʽʩʢʝ ʘʩʘʜʳ ʜʝʧץʜʝʨʜʽ ʢᴇʧʪʝʧ ʞʘʟʳʧ, ʩʦʣʘʨʜʳ ʪʘʣʤʘʡ ʞʘʪʪʘʪʫ ʘʨשʘʞʝʪʪʽʛʽ ʪʫʨʘʣʳ ᴇʣʝץ

 ʘʥ ᴅʩʝʨʣʽסʣ ʤᴅʩʝʣʝʜʝ ʘʥʘ ʪʽʣʽʥʝ ʘʨʥʘʣײᴄʨʠʥʝ, ʙ .ץʨʳʥʜʳʨʤʘײ ʘץץʪʳץʩʘשʩʽʥʫ ʞʘװʘʥʘ ʪץ

ʪʫʳʥʜʳʣʘʨʜʳש ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʪʳʥʳ ʜʘʫʩʳʟ. ɸʣʘʡʜʘ ʙʘʣʘʣʘʨסʘ ʘʨʥʘʣסʘʥ ʧʦʵʟʠʷʥʳש ʙײʣ 

ʦʨʘʡʜʘסʳ ʤװʤʢʽʥʜʽʛʽ ʜʝ, ʤʽʥʜʝʪʽ ʜʝ ʘʩʘ ʤʦʣ ʝʢʝʥʜʽʛʽʥ ʝʩʪʝ ʪײʪץʘʥ ʘʙʟʘʣ. ʉʦʥʜʘʡ 

ʤװʤʢʽʥʜʽʢʪʝʨʜʽש ʙʽʨʽ ʪʽʣʜʽʢ ץʦʣʜʘʥʳʩʪʘ ᴅʫʝʟʜʽʣʽʢ (ɸ.ɹʘʡʪײʨʩʳʥʦʚ) ʧʝʥ ʙʘʣʘʥʳש ʞʘʩ 

ʝʨʝʢʰʝʣʽʛʽʥʝ ʣʘʡʳץʪʳ ʩᴇʟ ʤʘסʳʥʘʣʳʣʳסʳʥ ײץʥʪʪʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  

        ɹʘʣʘʣʘʨ ʧʦʵʟʠʷʩʳʥʜʘ ʩᴇʟ ץʦʣʜʘʥʫ ʙʘʨʳʩʳʥʜʘ ʢᴇʟʜʝʣʝʪʽʥ ʙʘʩʪʳ ʤʘץʩʘʪ ʰʳסʘʨʤʘʜʘסʳ 

ᴅʩʝʨʣʽ ʢᴇʨʢʝʤʜʽʢʢʝ ץʦʣ ʞʝʪʢʽʟʫ, ʰʳʥʘʡʳ ʙʝʡʥʝ ʞʘʩʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥʳ ʜʘʫʩʳʟ. ɸʪʘʣסʘʥ 

ʤʘץʩʘʪץʘ ʞʝʪʫ װʰʽʥ ʙʘʣʘʣʘʨסʘ ʘʨʥʘʣסʘʥ ʧʦʵʟʠʷʣʳץ ʰʳסʘʨʤʘʣʘʨʜʘ ʪʫʨʘ ʤʘסʳʥʘʣʳ ʩᴇʟʜʝʨʤʝʥ 

 ʳʥʘʣʳסʳʥʘʣʳ ʩᴇʟʜʝʨ ʜʝ, ʙʝʡʥʝʣʽ ʤʘסʣʛʽʜʝʛʽ ʘʫʳʩʧʘʣʳ ʤʘװ ʨʣʽװʘʪʘʨ, ʦʨʘʡʣʳ ʩᴅʪʪʝʨʜʝ ʪץ

ʩᴇʟʜʝʨ ʜʝ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ʊװʨʣʽ ʤʘסʳʥʘʜʘ ʦʨʳʥʜʳ ץʦʣʜʘʥʳʣסʘʥ ʩᴇʟʜʝʨ ʙʘʣʘסʘ ʘʥʘ ʪʽʣʽʥʽש 

 .ʡʽʩʧʝʥʰʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳװʨʤʝʪʽʥ, ʩײץ ʤʢʽʥʜʽʛʽʥ ʩʝʟʽʥʫʛʝ ᴅʩʝʨ ʝʪʽʧ, ʘʥʘ ʪʽʣʽʥʝ ʜʝʛʝʥװʫʘʪʪʳ ʤץ

ᴆʟ ʦʡʳʥ, ʩʝʟʽʤʽ ʤʝʥ ᴅʩʝʨʽʥ, ʪʘʥʳסʘʥʳ ʤʝʥ ʙʽʣʛʝʥʽʥ ʝʨʢʽʥ ʜʝ, ʤʘסʳʥʘʣʳ ᴅʨʽ ᴅʩʝʨʣʽ ʞʝʪʢʽʟʫʛʝ 

ʙʝʡʽʤʜʝʣʝʜʽ. ɹײʣ ï ʙʘʣʘ ʙʦʡʳʥʜʘ ʘʜʘʤסʘ סʘʥʘ ʪᴅʥ ץʘʩʠʝʪʪʝʨʜʽ ʜʘʤʳʪʫסʘ ʩʝʧʪʝʩʫ ʜʝʛʝʥ ʩᴇʟ. 

ʆʩʳ ʦʨʘʡʜʘ ᴆ.ʊײʨʤʘʥʞʘʥʦʚʪʳש çʇʝʰ ʽʰʽʥʜʝ ʢװʥ ʞʘʪʳʨè ʜʝʛʝʥ ᴇʣʝשʽʥʝ ʟʝʨ ʩʘʣʳʧ ʙʘʡץʘʨ 

ʙʦʣʩʘץ, ʪʽʣʜʽ ʙʝʡʥʝʣʽ ץʦʣʜʘʥʫʜʳש ʩᴅʪʪʽ װʣʛʽʣʝʨʽʥ ʢᴇʨʝʨ ʝʜʽʢ:  

ɼʘʣʘʜʘ - ץʳʩ, ʫʡʜʝ - ʞʘʟ,  

ʇʝʰ ʽʰʽʥʜʝ ʢװʥ ʞʘʪʳʨ. 
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ʆʪʧʝʥ ʦʡʥʘʧ ʙʘʣʘ ʤᴅʟ.  

ʊʳʩʪʘ ʪʝʥʪʝʢ ץʳʩ ʙʘʪʳʨ.  

 

ʊʽʩʽʥ ץʘʡʨʘʧ, ʪʽʩʪʝʥʽʧ,  

ɼʦʣʜʘʥʘʜʳ ʳʩץʳʨʳʧ,  

ʂʝʪʧʝʩʽʥ ʜʝʧ ʽʰʢʝ ʝʥʽʧ  

ɸץ ʥʘʡʟʘʣʳ װʩʢʽʨʽʢ.  

 

ɸʥʘ ʝʩʽʛʽʥ ץʳʤʪʘʡʜʳ,  

ʊʠʝʛʽʥ ʪʘʨʪʳʧ ʙʝʢʽʪʽʧ.  

ʐʦסʳʥ ʰʘסʳʧ ײʥʪʘʡʜʳ  

ʉʝʢʩʝʫʽʣʜʽש ʝʢʽ ʪײʧ... [6.28] 

        ʐʳʥʜʳץץʘ ʞװʛʽʥʝʨ ʙʦʣʩʘץ ,ץʘʟʽʨʛʽ ʪʘשʜʘ ʜᴅʣ ʦʩʳ ᴇʣʝשʜʽ ʘʫʳʣʜʘ ᴇʩʽʧ ʢʝʣʝ ʞʘʪץʘʥ ʙʘʣʘ 

ʙʦʣʤʘʩʘ, ʙװʛʽʥʛʽ ץʘʣʘ ʙʘʣʘʩʳʥʳש ʙʽʨʜʝʥ ʪװʩʽʥʽʧ, ץʘʙʳʣʜʘʡ ץʦʶʳ ץʠʳʥ ʙʦʣʘʨ. ʆʥʳש ʩʝʙʝʙʽ 

ᴇʣʝשʥʽש ᴅʣʩʽʟʜʽʛʽʥʜʝ ʝʤʝʩ, ʙװʛʽʥʛʽ ץʘʣʘ ʙʘʣʘʩʳʥʘ ᴇʣʝשʜʝ ʙʝʡʥʝʣʝʥʛʝʥ ʩʫʨʝʪʪʽש ʢᴇʟʪʘʥʳʩ 

ʙʦʣʤʘʫʳʥʜʘ ʞʘʪʳʨ. 

ʐʳʥʜʳסʳʥʜʘ ʜʘ, ײʣʪʪʳץ ʙʘʣʘʣʘʨ ʧʦʵʟʠʷʩʳ - ᴅʜʝʙʠ - ʢᴇʨʢʝʤʜʽʢ ʜᴅʩʪװʨʽ ʝʞʝʣʛʽ ʞᴅʜʽʛʝʨʣʝʨ ʤʝʥ 

ʭʘʣʳץʪʳץ ᴅʜʝʙʠ ʤײʨʘʣʘʨʜʘʥ ʝʥʰʽ ʘʣʳʧ, ʙʘʣʘʣʘʨ ʜװʥʠʝʩʽʥʝ ʘʨʥʘʡʳ ʙʝʪ ʪװʟʝʛʝʥ ʢʝʟʝשʽʥʝʥ 

ʙʝʨʛʽ ʘʨʘʣʳץʪʘ ʪʘץʳʨʳʧʪʳץ - ʠʜʝʷʣʳץ ʞʘסʳʥʘʥ ʜʘ, ʞʘʨʘʪʳʣʳʩ ʩʳʨʳʥ ʢᴇʨʢʝʤʜʽʢ-

ʰʳסʘʨʤʘʰʳʣʳץ ʪײʨסʳʜʘʥ ʠʛʝʨʫ ʞᴅʥʝ ʪʘʥʳʧ-ʙʽʣʛʝʥʽʥ ʙʘʣʘ ʙʦʣʤʳʩʳʥʘ ʣʘʡʳץʪʘʡ ײʩʳʥʫ 

ʞʘסʳʥʘʥ ʜʘ, ʪᴅʨʙʠʝʣʽʢ ʪʘסʳʣʳʤʜʳץ ץʫʘʪʳ ʞʘסʳʥʘʥ ʜʘ ʢʝʤʝʣʜʝʥʽʧ ʢʝʣʝ ʞʘʪץʘʥ, ʪʦʣʘʩʩʳʟ 

ʽʟʜʝʥʽʩ װʩʪʽʥʜʝʛʽ ᴅʜʝʙʠʝʪ ʩʘʣʘʩʳ.  

          ɸʣ, ʘסʳʣʰʳʥʜʳץʪʘʨ װʰʽʥ ʧʦʵʟʠʷ - ʪʽʣʜʽ ʛʨʘʤʤʘʪʠʢʘʣʳץ ʞᴅʥʝ ʪʘʥʳʤʜʳץ ʞʘסʳʥʘʥ 

ʜʘʤʳʪʫʜʳש ʞʘץʩʳ ʪᴅʩʽʣʽ. ʇʦʵʟʠʷ ʩʝʟʽʤ ʙʽʣʜʽʨʫ, ʤʦʨʘʣʴʜʳץ ʞᴅʥʝ ᴅʣʝʫʤʝʪʪʽʢ ʤᴅʩʝʣʝʣʝʨ ʪʫʨʘʣʳ 

ʦʡ ץʦʟסʘʫסʘ ʢᴇʤʝʢʪʝʩʝʪʽʥ ʩᴇʟʜʝʨ ʞʠʳʥʪʳסʳ. ʇʦʵʟʠʷ ʧʨʦʟʘʜʘʥ ʞᴅʥʝ ʙʘʩץʘ ᴅʜʝʙʠ ʞʘʥʨʣʘʨʜʘʥ 

ʝʨʝʢʰʝʣʝʥʝʜʽ ʩʝʙʝʙʽ, ʦʣ ʩʝʟʽʤ ʤʝʥ ʞʘסʜʘʡʜʳ ʥʘץʪʳ ʪװʩʽʥʜʽʨʤʝʩʪʝʥ ʙʽʣʜʽʨʝ ʘʣʘʜʳ. ʇʦʵʟʠʷ 

ᴇʤʽʨ, ץʦסʘʤ ʞᴅʥʝ ײץʥʜʳʣʳץʪʘʨ ʪʫʨʘʣʳ ʘʡʪʫʜʳש ʞʘץʩʳ ײץʨʘʣʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʊʘʨʠʭ 

ʧʨʦʬʝʩʩʦʨʳ ɹʫ ɸʥʜʝʨʩʩʦʥ ʧʦʵʟʠʷʥʳש ᴇʟʽ ײץʥʜʳʣʳץʪʘʨʳ ʪʫʨʘʣʳ: ñʇʦʵʟʠʷ ᴅʨʜʘʡʳʤ ʘץʳʥ ʤʝʥ 

ʦץʳʨʤʘʥ ʘʨʘʩʳʥʜʘסʳ ʜʠʘʣʦʛ ʨʝʪʽʥʜʝ ʦץʳʣʫʳ ʢʝʨʝʢ, ᴇʣʝשʜʝ ײץʥʜʳʣʳץʪʘʨ ʤʝʥ ʘʣסʳʰʘʨʪʪʘʨ 

ʪʘʣץʳʣʘʥʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʧʦʵʟʠʷ ײץʥʜʳʣʳץʪʘʨʜʳ װʡʨʝʪʫʜʽש ʪʘʤʘʰʘ ʪᴅʩʽʣʽò- ʜʝʧ ʦʡ 

ʪװʡʽʥʜʝʡʜʽ. ʆʩʳסʘʥ ʦʨʘʡ, ɸʥʜʝʨʩʦʥ ʙʽʨʥʝʰʝ ʩʝʙʝʧʪʝʨ ʢʝʣʪʽʨʝʜʽ. ɹʽʨʽʥʰʽʜʝʥ, ʧʦʵʟʠʷ 

ʦץʳʨʤʘʥʳʥʘ ʙʘʩץʘ ʢʦʥʪʝʢʩʪʝʨʜʽ ʞᴅʥʝ ʙʘʩץʘ ʘʜʘʤʜʘʨʜʳש ᴇʤʽʨʽʥ ʪװʩʽʥʫʛʝ 

ʢᴇʤʝʢʪʝʩʝʜʽ.ɽʢʽʥʰʽʜʝʥ, ʧʦʵʟʠʷ ʵʤʦʮʠʦʥʘʣʜʳ ᴇʤʽʨʛʝ ʝʩʽʢ ʘʰʘʜʳ, ʩʦʥʜʳץʪʘʥ ʦץʳʨʤʘʥʳʥʘ 

 ʜʘʡʣʘʨʜʳסʠʳʥ ʞʘץ ʳʨʤʘʥʳʥʘץʰʽʥʰʽʜʝʥ, ʧʦʵʟʠʷ ʦת .ʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽשʳʥʳʰʳʥ ʞʝץʦʨץ

ʞʝשʫʛʝ ʞᴅʥʝ ᴇʟ ᴇʤʽʨʣʝʨʽ ʤʝʥ ᴇʤʽʨ ʪʘʨʠʭʳʥ ʩᴇʟʙʝʥ ʞʝʪʢʽʟʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽ. 

         ʂʝʡʙʽʨ ʙʘʣʘʣʘʨ ᴅʜʝʙʠʝʪʪʽ  ʪʝʨʘʧʠʷʣʳײץ ץʥʜʳʣʳסʳ װʰʽʥ ʩװʡʩʽʥʝ ʦץʠʜʳ. ñThe Lonerò 

ʕʩʪʝʨ ʋʘʡʝʨʜʽש ʦץʠסʘʩʳʥ ʦץʳסʘʥ ʙʘʣʘ ʤʠʛʨʘʥʪʪʘʨʜʳש ʣʘʛʝʨʣʝʨʽʥ ʞʘʣסʳʟ ʘʨʘʣʘʧ ʞװʨʛʝʥ ʘʪʳ-

ʞᴇʥʽ ʞʦץ ʙʘʣʘסʘ ʞʘʥʘʰʳʨʣʳץ ʪʘʥʳʪʘʜʳ, ʩʦʣ ʩʠʷץʪʳ ñDrop-Deadò ʜʘʫʣʳ ʢʽʪʘʙʳʥʜʘ 

ʞʘʣסʳʟʙʘʩʪʳ ʙʘʣʘ ʞᴅʥʝ ʦʥʳץ שʘʫʽʧʩʽʟʜʽʢ ʧʝʥ ʢʦʥʬʦʨʤʠʟʤʥʽש ʤʘסʳʥʘʩʳ ʪʫʨʘʣʳ ʽʰʢʽ ʰʘʪʘʩʫʳ 

ʙʝʡʥʝʣʝʥʛʝʥ. 

        ɸʜʘʤʥʳש ʩײʣʫʣʳץץʘ ʜʝʛʝʥ ʞʘץʳʥʜʳסʳʥʳש ʪװʨʽ ʞʘʧʦʥ ʭʘʡʢʫ ʩʠʷץʪʳ ʰʳסʳʩ ᴇʣʝשʜʝʨʽʥʜʝ 

ʢᴇʨʽʥʝʜʽ. ʈʠʯʘʨʜ ʃʴʶʠʩ ɹײʣ ʩײʣʫʣʳץ ʬʠʣʦʩʦʬʠʷʩʳʥʘ ʢʝʨʝʤʝʪ װʣʝʩ ץʦʩʪʳ,ʦʥʳש ñThe Moment 

of Wonderò פʳʪʘʡ ʞᴅʥʝ ɾʘʧʦʥ ʰʝʙʝʨʣʝʨʽʥʽש ʩʫʨʝʪʪʝʨʽʤʝʥ ʙʝʡʥʝʣʝʥʽʧ, ʩʦʣ ʝʣʜʝʨʜʽש ʧʦʵʟʠʷ 

ʞʠʥʘסʳʤʝʥ ײץʨʘʩʪʳʨʳʣסʘʥ. ʃʴʶʠʩ ʩʦʥʳʤʝʥ ץʘʪʘʨ ʍʝʣʝʥ ɹʘʪʬʠʣʜʪʽש ʢʝʨʝʤʝʪ ʬʦʪʦʩʫʨʝʪʪʝʨʽ 

ʙʘʨ װʰ ʢʽʪʘʧ ʰʳסʘʨʜʳ. ʉʦʣʘʨʜʳש ʙʽʨʽ - ñOf This Worldò ʞʘʧʦʥ ʘץʳʥʳ ʀʩʩʘʥʳש ᴇʤʽʨʽ ʤʝʥ 

ʧʦʵʟʠʷʩʳʥ ʙʝʡʥʝʣʝʡʪʽʥ ʘץʳʥʥʳש ᴇʤʽʨʽ ʞʘʡʳʥʜʘ. פʘʣסʘʥ ʝʢʽ ʢʽʪʘʧ ï ñTheWind and the Rainò 

and óThe Park . ʆʩʳ ʞʠʥʘץʪʘʨʜʳש ᴅʨץʘʡʩʳʩʳʥʜʘסʳ ᴇʣʝשʜʝʨ ʪʘʙʠסʘʪʪʳש ʪʳʥʳʰ ʩײʣʫʣʳסʳʥʘ 

ʙʘסʳʪʪʘʣסʘʥ. 
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The Wind and The Rain : 

Like the wind, I run. 

Like the rain, I sing. 

Like the leaves, I dance. 

Like the earth, I am still.[7,28] 

        ɸסʳʣʰʳʥ ʙʘʣʘʣʘʨ ᴅʜʝʙʠʝʪʽʥʽש ʢʝʣʝʩʽ ײץʥʜʳʣʳסʳ-ʙײʣ ʩᴇʟʜʝʨʜʽס שʘʞʘʡʳʧ ʢװʰʽ. ñAlice in 

Wonderlandò ñThrough the Looking Glassò ʰʳסʘʨʤʘʣʘʨʳ ʞᴅʥʝ "Jabberwocky" ᴇʣʝשʽ ᴇʟʽʥʽש 

ʝʨʝʢʰʝ  "brillig", "slithytoves" and "frumius Bandersnatch"  ʩʝʢʽʣʜʽ ʘʚʪʦʨʜʳש ʞʘשʘ ʩᴇʟʜʝʨʽʥʝ 

ʪװʩʽʥʽʢ ʙʝʨʝʜʽ. ɼʞʝʡʤʩ ʊʝʨʙʝʨ ñThe Wonderfulò- ʜʝ ᴅʣʝʤʥʽש ʩʘʪʠʨʘʣʳץ ץʠʷʣʳʥ ײʩʳʥʘʜʳ. ɹײʣ 

ʢʽʪʘʧʪʘ ɺʠʢʪʦʨʠʷ ʪʘץשʘʣʘʨʣʳץ ʞʝʨʣʝʨʜʝ ʞʦסʘʣסʘʥ ʞʠʳʨʤʘ ʘʣʪʳ ᴅʨʽʧʪʽ ʽʟʜʝʫʜʝ ʢᴇʧʪʝʛʝʥ 

ʦץʠסʘʣʘʨʜʳ ʙʘʩʪʘʥ ʢʝʰʽʨʝʜʽ.  

Jabberwocky: 

éBeware the Jabberwock, my son! 

The jaws that bite, the claws that catch! 

Beware the Jubjub bird, and shun 

The frumious Bandersnatch!òé[7,36] 

       ᴄʜʝʙʠʝʪʪʽש ᴇʥʝʨʜʽ ʙʘסʘʣʘʫסʘ ץʦʩץʘʥ װʣʝʩʽ ʜʝ ʘסʳʣʳʰʥʜʳץʪʘʨ װʰʽʥ ײץʥʜʳʣʳץץʘ 

ʘʡʥʘʣסʘʥ. ʉʦסשʳ ʞʳʣʜʘʨʳ ᴇʥʝʨ, ʦʧʝʨʘ, ᴅʡʛʽʣʽ ʩʫʨʝʪʰʽʣʝʨ, ʙʘʣʝʪ ᴅʨʪʽʩʪʝʨʽʥ ʙʘסʘʣʘʧ ʪװʨʣʽ-

ʪװʨʣʽ ʢʽʪʘʧʪʘʨ ʞʘʟʳʣסʘʥ. ʆץʫʰʳʣʘʨ ʙײʣ ʢʽʪʘʧʪʘʨʜʳ ʦץʳʧ, ʦʣʘʨʜʳש ʤᴅʜʝʥʠ ʜʘʤʫʳʥʘ ʳץʧʘʣ 

ʝʪʝʪʽʥ ᴅʜʝʤʽ ʠʣʣʶʩʪʨʘʮʠʷʣʘʨʜʳ ʢᴇʨʝ ʘʣʘʜʳ. ʃʘʤʦʥʪ ʄʫʨʜʳש ñThe First Book of Paintingsò 

ʪʫʳʥʜʳʩʳ ʩʳʟʳץ, ʧʽʰʽʥ, ʢʝשʽʩʪʽʢ, ʞʘʨʳץ, ᴇʨʥʝʢ, ʪʝʧʝ-ʪʝשʜʽʢ, ʳʨסʘץ, ʢʦʥʪʨʘʩʪ ʞᴅʥʝ ʙʽʨʣʽʢ 

ʩʠʷץʪʳ ʘʩʧʝʢʪʽʣʝʨ ʘʨץʳʣʳ ᴇʥʝʨʜʽ ʙʘסʘʣʘʫʜʳ ײʩʳʥʘʜʳ. ɹײʣ ʙʝʪʪʝʨʜʝ ʦʪʳʟ ʙʽʨ ʩʫʨʝʪʰʽʥʽש 

ʢᴇʨʢʝʤʜʽʢ ʩʪʠʣʽ ʙʝʡʥʝʣʝʥʛʝʥ. ʂʝʥʥʝʪ ʂʣʘʨʢʪʳש ñLooking at picturesò ʰʳסʘʨʤʘʩʳ ʜʘ ʊʠʪʠʘʥ, 

ʈʝʤʙʨʘʥʜʪ, ɹʦʪʪʠʯʝʣʣʠ ʞᴅʥʝ ɻʦʡʷ ʩʠʷץʪʳ ʩʫʨʝʪʰʽʣʝʨʜʽ ʙʽʨʽʢʪʽʨʛʝʥ.[8,14] 

     ʊʘסʳ ʙʽʨ ʘסʳʣʰʳʥ ᴅʜʝʙʠʝʪʽʥʽש ʝʨʝʢʰʝ ײץʥʜʳʣʳסʳ-ʙײʣ ʙʘʣʘʣʳץ ʰʘץץʘ ʙʝʨʝʪʽʥ ʙʘʪʳʨʣʳץ 

ʦʙʨʘʟ. ɹʘʣʘʣʘʨ ʦʨʪʘסʘʩʳʨʣʳץ ʘשʳʟʜʘʨʜʳ ʦץʠ ʦʪʳʨʳʧ, ʽʰʢʽ ʝʨʣʽʢ ץʠʷʣʜʘʨʳʥ ʘʨʪʪʳʨʘʜʳ. 

ɼʞʝʥʥʠʬʝʨ ɺʝʩʪʚʫʜ ñMedieval Talesò ʘʪʪʳ ʦʨʪʘסʘʩʳʨʣʳץ ʝʨʪʝʛʽʣʝʨʜʽ ʘʫʜʘʨʳʧ, ʙʝʡʽʤʜʝʛʝʥ 

ʘʚʪʦʨʣʘʨʜʳש ʙʽʨʽ. ɹײʣ ʢʽʪʘʧʪʘ ʩʪʫʜʝʥʪʪʝʨ ñChanticleerò ʞᴅʥʝ ñSir Gawain and the Green 

Knightò ʩʠʷץʪʳ ʩװʡʽʢʪʽ ʢʝʡʽʧʢʝʨʣʝʨʽʥ ʢʝʟʣʝʩʪʽʨʝ ʘʣʘʜʳ. ʉʦʥʜʘʡ-ʘץ ñAucessin and Nicolette" 

ʞᴅʥʝ "The Story of Roland" ʩʠʷץʪʳ ʝʨʪʝʛʽʣʝʨʜʽ ʦץʠ ʘʣʘʜʳ. [9,85] 

Sir Gawain and the Green Knight: 

éTherefore with fearless face 

he stands straight and tall; 

full lively at that New Year 

much mirth he makes with allé 

      ɹװʛʽʥʛʽ ʙʘʣʘʣʘʨ ʧʦʵʟʠʷʩʳ ʛʝʥʝʘʣʦʛʠʷʣʳץ ʞʘסʳʥʘʥ ײץʥʘʨʣʳ ʪʦʧʳʨʘץʪʘʥ ʪʘʤʳʨ ʪʘʨʪץʘʥ, 

ʪʠʧʦʣʦʛʠʷʣʳץ ᴇʨʽʩʽ ᴅʣʝʤʜʽʢ ʢʝשʽʩʪʽʢʢʝ ײץʣʘʰ ײʨסʘʥ, ʢᴇʨʢʝʤʜʽʢ-ʰʳסʘʨʤʘʰʳʣʳץ ʪᴅʞʽʨʠʙʝʩʽ 

ʪʦʣʳʩץʘʥ, ʧʝʜʘʛʦʛʠʢʘʣʳץ ʪᴅʨʙʠʝʣʝʫʰʽʣʽʢ ʤװʤʢʽʥʜʽʛʽ ʞʘʥ-ʞʘץʪʳ ʘʰʳʣʳʧ װʣʛʝʨʛʝʥ, 

ʢʝʤʝʣʜʽʢʢʝ ʙʝʪ ʪװʟʝʛʝʥ ᴅʜʝʙʠʝʪ ʩʘʣʘʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʨʳ ʭʘץ. ʉʝʙʝʙʽ ʪʘץʳʨʳʧʪʳץ ʞʘסʳʥʘʥ 

ʝʨʢʽʥ ʢʝשʽʩʪʽʢʢʝ ʰʳסʳʧ װʣʛʝʨʛʝʥ ץʘʟʽʨʛʽ ץʘʟʘץ ʙʘʣʘʣʘʨ ʧʦʵʟʠʷʩʳ - ᴇʟ ʦץʳʨʤʘʥʳʥ ײʣʪʪʳץ ʞᴅʥʝ 

ʞʘʣʧʳ ʘʜʘʤʟʘʪʪʳײץ ץʥʜʳʣʳץʪʘʨ ʥʝʛʽʟʽʥʜʝ ʛʫʤʘʥʠʩʪʽʢ ʘʨʥʘʜʘ ʞʘʥ-ʞʘץʪʳ ʞʝʪʽʣʛʝʥ ʪײʣסʘ ʝʪʽʧ 

ʪᴅʨʙʠʝʣʝʫʛʝ ʙʘסʜʘʨ ײʩʪʘʥסʘʥ, ʙײʣ ʤʘץʩʘʪʪʘסʳ ʰʳסʘʨʤʘʰʳʣʳץ ᴅʣʝʫʝʪʽ ʜʝ, ʽʟʜʝʥʽʩ ʘʨʥʘʩʳ ʜʘ 

ʤʦʣʘʡסʘʥ ʧʦʵʟʠʷ. 

      ʉʘʣʪ-ʜᴅʩʪװʨʛʝ ʙʝʨʽʢ ץʘʟʘץ ʪᴅʨʙʠʝʩʽʥʜʝ ʘʜʘʤʜʳ ʞʘץʩʳʣʳץץʘ ʠʪʝʨʤʝʣʝʡʪʽʥ ʨʫʭʘʥʠ 

ʢװʰʪʝʨʜʽש ʘʨʘʩʳʥʜʘ ʥʘʤʳʩ ʤʘשʳʟʜʳ ʨᴇʣ ʞʘʩʘʡʜʳ. ʅʘʤʳʩ ʘʜʘʤʜʳץ ʤʝʥʜʽ ץʘʡʨʘʡ ʪװʩʝʜʽ. 

ɸʪʘʧ ʘʡʪʩʘץ, ʞʽʛʽʪʪʽʢ ʥʘʤʳʩ ʙʦʣʘʜʳ, ʪʫסʘʥ ʞʝʨʛʝ, ʜʽʥʛʝ, ʨʫסʘ, ʦʪʙʘʩʳʥʘ, ʽʩʪʝʛʝʥ ץʳʟʤʝʪʽʥʝ, 
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 ,ʳʥץʘʙʳʟ, ʘ שʣʛʽʣʝʨʽʥʽװ ʣ ᴅʜʝʧײʣʳʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʥʘʤʳʩʰʳʣ ʙʦʣʘ ʘʣʘʤʳʟ. ɹײ ʣʪ ʧʝʥײ

ʞʳʨʘʫʣʘʨʜʳש ʰʳסʘʨʤʘʣʘʨʳʥʘ ʘʨץʘʫ ʙʦʣʫʳʥʳש ʙʽʨʜʝʥ-ʙʽʨ ʩʝʙʝʙʽ. פʳʨʪʧʘ ᴇʣʝשʽʥʜʝ 

ʞʘʤʘʥʜʳץʪʳ ʪʳʡʳʣʫ ʙʘʩʪʳ ʪʘץʳʨʳʧ ʨʝʪʽʥʜʝ ץʘʨʘʣʘʜʳ. ɸʣ,ʘסʳʣʰʳʥ ʙʘʣʘʣʘʨ ᴅʜʝʙʠʝʪʽʥʽש 

 שʥʠ, ʦʣʘʨʜʳסʜʘʫʳʥʜʘ.ʗשʘ ʙʝʨʝʪʽʥ ʪʘסᴅʜʝʙʠʝʪʽʥʝʥ ʝʨʝʢʰʝʣʽʛʽ ʝʨʢʽʥʜʽʛʽʥʜʝ, ʙʘʣʘʣʘʨ ץʘʟʘץ

ʦʡʳʥʰʘ ʙʘʣʘ ᴇʟʽʥʝ ʢʝʨʝʢʪʽʥʽש ʙᴅʨʽʥ ʞʳʡʳʧ ᴇʟ ʤʽʥʝʟʽ ʤʝʥ ʦʡʳʥ ץʘʣʳʧʪʘʩʪʳʨʫʳ ץʘʞʝʪ. 

 ʡʝʣʽ, ʨʝʪʪʽ ʙʘʡʣʘʥʳʩʪʘʨʳ ʙʘʨ. ʆʣװʳʣʰʳʥ ʙʘʣʘʣʘʨ ᴅʜʝʙʠʝʪʽʤʝʥ ʞסʘ  שᴅʜʝʙʠʝʪʽʥʽ ץʘʟʘפ

ʙʘʡʣʘʥʳʩʪʘʨʜʳש ʝש ᴇʥʽʤʜʽ ʬʦʨʤʘʩʳ ï ʪʠʧʦʣʦʛʠʷʣʳץ ʙʘʡʣʘʥʳʩʪʘʨ. ʉʝʙʝʙʽ ʙʽʟ ץʘʨʘʩʪʳʨסʘʥ 

ʙʘʣʘʣʘʨ ᴅʜʝʙʠʝʪʽʥʜʝ ʪʘץʳʨʳʧʪʳץ, ʠʜʝʷʣʳץ, ʧʨʦʙʣʝʤʘʪʠʢʘʣʳץ, ʞʘʥʨʣʳץײ ץʩʘʩʪʳץʪʘʨ ʢᴇʧ. 

[10, 135] 

      ʆʩʳסʘʥ ʦʨʘʡ, ײʣʪʪʳײץ ץʥʜʳʣʳץʪʘʨʳʤʳʟ ץʘʟʘץ ʤᴅʜʝʥʠʝʪʽʥʽש ʥʝʛʽʟʛʽ ץʘʡʥʘʨ ʢᴇʟʜʝʨʽ ʝʢʝʥʽ 

ʤᴅʣʽʤ ʙʦʣʜʳ. נʘʩʳʨʣʘʨ ʙʦʡʳ ʞʘʣסʘʩʳʥ ʪʘʫʳʧ ʢʝʣʝ ʞʘʪʳʨסʘʥ ʪʘʨʠʭʳʤʳʟʜʘʥ ʢᴇʰʧʝʥʜʽ ץʘʟʘץ 

ʪᴅʨʙʠʝʩʽʥʜʝʛʽ ᴇʨʢʝʥʠʝʪ, ʤᴅʜʝʥʠʝʪʪʽש ʙʦʣסʘʥʳʥ ʙʘʙʘʣʘʨ ץʘʣʜʳʨסʘʥ ʤײʨʘʣʘʨʜʘʥ, ʭʘʣʳץ 

ʘʫʟʳʥʜʘ ʞװʨʛʝʥ ʤʘץʘʣ-ʤᴅʪʝʣʜʝʨʜʝʥ-ʘץ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. פʘʟʘץʪʳש ᴅʨʙʽʨ ʘʡʪץʘʥ ʩᴇʟʽ ʜʘʥʘʣʳץץʘ 

ʩװʡʝʥʽʧ, ʜᴅʩʪװʨ ʤʝʥ ʜʽʥ ʙʽʪʝ ץʘʡʥʘʩץʘʥ װʣʛʽʩʽʥʜʝ ʢᴇʨʢʝʤ ʙʽʨ ʙʝʡʥʝʜʝ װʡʣʝʩʽʤʜʽʣʽʢ ʪʘʙʘ ʙʽʣʛʝʥʽ 

ʘʥʳץ. ʉʦʥʜʳץʪʘʥ ʜʘ ײʣʪʪʳײץ ץʥʜʳʣʳסʳʤʳʟʜʳ ʞʘסשʳʨʪץʘʥ ʢʝʟʜʝ סʘʥʘ ʙʽʟ ʤᴅʜʝʥʠʝʪʽʤʽʟʜʽ 

ʞʘסשʳʨʪʘ ʪʽʨʽʣʪʝ ʘʣʘʤʳʟ. 
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  ʊɽʍʅʆʃʆɻʀʗ פʓʊʋ -  ʀʅʅʆɺɸʎʀʗʃʓפʊɸʅ ʆפʊʓפɸʐʓפ

 

ʊʘʩʙʦʣʘʪʦʚʘ ʈʳʩʢʫʣʴ 

ʧ.Ϥ.ʢ., ʜʦʮʝʥʪ ɯ. ɾʘʥʩϮʛʽʨʦʚ ʘʪʳʥʜʘϤʳ  

ɾʝʪʽʩʫ ʫʥʠʚʝʨʩʠʪʝʪʽ,  

ʊʘʣʜʳϨʦʨϤʘʥ Ϩ., ϧʘʟʘϨʩʪʘʥ.  

ɽʩʢʝʥʜʠʨʦʚ ʂʫʘʥʳʰ 

ɯ. ɾʘʥʩϮʛʽʨʦʚ ʘʪʳʥʜʘϤʳ ɾʋ  

ʤʘʪʝʤʘʪʠʢʘ ʤʘʤʘʥʜʳϤʳʥʳϬ ʜʦʢʪʦʨʘʥʪʳ,  

ʊʘʣʜʳϨʦʨϤʘʥ Ϩ., ϧʘʟʘϨʩʪʘʥ. 

ʄʝʡʽʨʭʘʥ ʄʘʜʠʥʘ, ϧʘʙʜʦʣʜʘ ɾϸʥʽʙʝʢ 

ɯ. ɾʘʥʩϮʮʛʽʨʦʚ ʘʪʳʥʜʘϤʳ ɾʋ  

ʤʘʪʝʤʘʪʠʢʘ ʤʘʤʘʥʜʳϤʳʥʳϬ  

4 ʢʫʨʩ ʙʽʣʽʤʛʝʨʣʝʨʽ,  

ʊʘʣʜʳϨʦʨϤʘʥ Ϩ., ϧʘʟʘϨʩʪʘʥ. 

 

 

ɸʥʥʦʪʘʮʠʷ 

 

ɹײʣ ʤʘץʘʣʘʜʘ ץʘʰʳץʪʳץʪʘʥ ʦץʳʪʫ ʪʝʭʥʦʣʦʛʠʷʩʳ, ʠʥʥʦʚʘʮʠʷʣʳץ ᴅʜʽʩʪʝʨʜʽש ʥʝʛʽʟʜʝʨʽ 

 .ʘʥסʘʨʘʩʪʳʨʳʣץ

ʊʽʨʝʢ ʩᴇʟʜʝʨ: ץʘʰʳץʪʳץʪʘʥ ʦץʳʪʫ, ʠʥʥʦʚʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ, ʤʦʜʝʣʴʜʝʫ, 

ʠʥʥʦʚʘʪʠʢʘ. 

ᴄʣʝʫʤʝʪʪʽʢ ʩʘʣʘʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʘץʧʘʨʘʪʪʳץ ʞᴅʥʝ ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ 

ʢʦʤʧʴʶʪʝʨʣʽʢ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש, ʩʧʫʪʥʠʢʪʽʢ ʪʝʣʝʜʠʜʘʨʜʳש, ʧʦʰʪʘʥʳש ʜʘʤʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ʪʫʘʜʳ ʞᴅʥʝ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʢᴅʩʽʙʠ ʞʦסʘʨʳ ʙʽʣʽʤ ʞװʡʝʩʽʥʽש ʤʘשʳʟʜʳ ײץʨʘʤʜʘʩ ʙᴇʣʽʛʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 

ʄײʥʜʘʡ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʥʫ ʙʽʣʽʤ ʙʝʨʫ ץʳʟʤʝʪʽʥ ʪײʪʳʥʫʰʳ ʤʝʥ ʞʦסʘʨʳ ʦץʫ 

ʦʨʥʳ ʘʨʘʩʳʥʜʘסʳ ץʘʰʳץʪʳץʪʳ ʝʜᴅʫʽʨ ץʳʩץʘʨʪʘʜʳ. ɹʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳ ʪײʪʳʥʫʰʳʥʳש 

ʛʝʦʛʨʘʬʠʷʣʳץ ʦʨʥʘʣʘʩʫʳʥʘ ץʘʨʘʤʘʩʪʘʥ ʙʘʨʣʳסʳʥʘ ʙʽʨʜʝʡ ץʦʣ ʞʝʪʽʤʜʽ ʙʦʣʘʜʳ. פʘʟʽʨʜʝ 

 ʧʨʦʛʨʝʩʩʠʚʪʽ שʣʢʝʥ ʩʘʥʳ ᴅʟʽʨʣʝʥʫʜʝ. ɽװ שʡʝʣʝʨʽʥʽװʳʪʫ ʞץʪʘʥ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ ʦץʘʰʳץ

ʞʝʪʽʩʪʽʢʪʝʨʜʽש ʙʽʨʽ-ʧᴅʥʜʽʢ ʘʡʤʘץץʘ ʚʠʨʪʫʘʣʜʳ ʦʨʥʘʪʫ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ 

ʩʪʫʜʝʥʪ ᴇʟʽʥʽש ʦץʫ ʦʨʥʳʤʝʥ ץʘʰʳץʪʳץʪʘʥ ʙʘʡʣʘʥʳʩ ʦʨʥʘʪʫסʘ ʤװʤʢʽʥʜʽʛʽ ʙʘʨ. ʄײʥʳש ʙᴅʨʽ 

ʦץʫʰʳסʘ װʣʢʝʥ ʪʘשʜʘʫ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʅᴅʪʠʞʝʩʽʥʜʝ, ץʘʟʽʨʛʽ ץʦסʘʤʜʘסʳ ᴇʤʽʨ ʩװʨʫ ʥʦʨʤʘʩʳ ʙʽʨʥʝʰʝ ʞʦסʘʨʳ ײץʨʳʣʳʤʜʘʨ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʣʘʨ ʢᴇʙʽʥʝʩʝ ʢᴇʨʰʽ ʘʡʤʘץʪʘ ʜʘ ʘʣʳʥʙʘʡʜʳ. ɯʨʛʝʣʽ ʜʘʡʳʥʜʳץ, ʟʠʷʪʢʝʨʣʽʢ 

ᴅʣʝʫʝʪʪʽ ʜʘʤʳʪʫ - ץʘʟʽʨʛʽ ץʦסʘʤʜʘסʳ ʘʜʘʤסʘ ץʦʡʳʣʘʪʳʥ ʥʝʛʽʟʛʽ ʪʘʣʘʧʪʘʨ. ʊʘʨ ʧᴅʥʜʽʢ 

ʤʘʤʘʥʜʘʥʜʳʨʫ ץʘʟʽʨ ʞʝʪʢʽʣʽʢʩʽʟ. ɹסײʘʥ ʦץʳʪʫʜʳש ʞʘשʘ ʪײʞʳʨʳʤʜʘʤʘʣʳץ ץʘסʠʜʘʪʪʘʨʳʥ 

ʝʥʛʽʟʫ ʘʨץʳʣʳ סʘʥʘ ץʦʣ ʞʝʪʢʽʟʫʛʝ ʙʦʣʘʜʳ. 

ʄײʥʜʘʡ ʦʨʪʘʜʘסʳ ʘʜʘʤʜʘ ʘץʧʘʨʘʪʪʳץ ʤᴅʜʝʥʠʝʪʪʽש ʙʝʣʛʽʣʽ ʙʽʨ ʜʝשʛʝʡʽ ץʘʣʳʧʪʘʩʘʜʳ. 

ɾʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʜʘ ʦץʫ ʧʨʦʮʝʩʽʥʽש ʥʝʛʽʟʛʽ ʤʽʥʜʝʪʽ-ʘץʧʘʨʘʪ ʙʝʨʤʝʫ, ʦʥʳ ʘʣʫ ʞᴅʥʝ 

ʧʘʡʜʘʣʘʥʫ ʪᴅʩʽʣʜʝʨʽʥ װʡʨʝʪʫ. ɾʆʆ ᴇʟ ץʳʟʤʝʪʪʝʨʽʥ ʙʽʣʽʤ ʘʣʫ ʞᴅʥʝ ץʦʣʜʘʥʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ 

ʙʝʨʫ ʪװʨʽʥʜʝ ײʩʳʥʘʜʳ. 
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ʆץʳʪʫʜʳש ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʞʦʙʘʣʘʫ ʤʝʥ ץʦʣʜʘʥʫʜʳש ᴅʜʽʩʥʘʤʘʣʳץ, 

ʜʠʜʘʢʪʠʢʘʣʳץ, ᴅʜʽʩʪʝʤʝʣʽʢ ʘʩʧʝʢʪʽʣʝʨʽ ץʘʨʘʩʪʳʨʳʣסʘʥ ʢᴇʧʪʝʛʝʥ ʟʝʨʪʪʝʫʣʝʨ ʙʽʣʽʤ ʙʝʨʫʜʽ 

ʘץʧʘʨʘʪʪʘʥʜʳʨʫ ʤᴅʩʝʣʝʣʝʨʽʥʝ ʘʨʥʘʣסʘʥ. ʉʦʥʜʘʡ-ʘץ, ʙװʛʽʥʛʽ ʪʘשʜʘ ʞʘשʘ ʘץʧʘʨʘʪʪʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʪײʞʳʨʳʤʜʘʤʘʩʳʥʳש ʤʘʟʤײʥʳ ʤʝʥ ʢᴇʣʝʤʽ ʥʘץʪʳ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʢᴇʧ 

ʞʘסʜʘʡʜʘ ʧʽʢʽʨʪʘʣʘʩ ʪʫʜʳʨʘʪʳʥʳ ʘʪʘʧ ᴇʪʽʣʜʽ. (ɽ. ʀ. ɸʣʝʥʠʯʝʚʘ, 1998; ʖ. ɺ. ɹʘʰʢʘʪʦʚʘ, 2000; 

ɸ. ɸ. ɹʝʩʧʘʣʴʢʦ, 1998; ɸ. ʀ. ɻʘʣʘʛʘʥ, 1992; ʖ. ʉ. ɼʘʚʳʜʦʚ, 1997; ɽ. ɺ. ʂʣʠʤʝʥʢʦ, 1999; C. B. 

ʃʷʰʢʦ, 1998; ʆ. ɻ. ʆʢʦʣʝʣʦʚ, 1994; ɽ. ʉ. ʇʦʣʘʪ, 1999;ʇ. ɸ. ʈʘʜʯʝʥʢʦ, 2000; ʀ. ʈʦʙʝʨʪ, 1994; 

ɸ .ʗ. ʉʘʚʝʣʴʝʚ, 1994; ʃ. ʉʣʘʩʪʝʥʠʥʜʝ, 2000 ʞᴅʥʝ ʪ. ʙ.) 

 ʪʘʨʜʘץʳ ʦʥʞʳʣʜʳסשʘʟʽʨʛʽ ʙʽʣʽʤ ʙʝʨʫ ʧʨʦʮʝʩʽʥ ʩʠʧʘʪʪʘʡ ʦʪʳʨʳʧ, ʟʝʨʪʪʝʫʰʽʣʝʨ ʩʦפ

ʙʘʡץʘʣסʘʥ ʜʘסʜʘʨʳʩ ײץʙʳʣʳʩʪʘʨʳ ʦʥʳס שʳʣʳʤʥʳש, ᴇʥʜʽʨʽʩʪʽש ʞᴅʥʝ ץʦסʘʤʥʳש ʜʘʤʫ 

ʜʠʥʘʤʠʢʘʩʳʥʘʥ ʘʨʪʪʘ ץʘʣʫʳʥʳש ʩʘʣʜʘʨʳ ʝʢʝʥʽʥ ʘʡʪʘʜʳ. ɹʽʣʽʤ ʙʝʨʫ ʝʢʽʜʝשʛʝʡʣʽʢ ʞʘסʜʘʡʳʥʜʘ 

ʙʦʣʜʳ: ʙʽʨ ʞʘסʳʥʘʥ, ʦʣ סʳʣʳʤʠ-ʪʝʭʥʠʢʘʣʳץ ʧʨʦʛʨʝʩʪʽ ʘʥʳץʪʘʡʜʳ, ʝʢʽʥʰʽ ʞʘסʳʥʘʥ, ʙʽʣʽʤ 

ʙʝʨʫ ʧʨʦʮʝʩʽʥʽש ᴇʟʽʥʜʝ ʪײʨʘץʪʳʣʳץ ʪʝʥʜʝʥʮʠʷʩʳ, ץʦʣʜʘʥʳʩʪʘסʳ "status quo" ᴇʟʛʝʨʤʝʡʪʽʥʜʽʛʽ, 

ᴇʟ ʩʘʣʘʩʳʥʜʘסʳ ʠʥʥʦʚʘʮʠʷʣʳײץ ץʙʳʣʳʩʪʘʨסʘ ʽʰʢʽ ץʘʨʩʳʣʳץ ʘʡץʳʥ ʢᴇʨʽʥʝʜʽ [1, 408 ʙ.]. 

ɾʦסʘʨʳ ʤʝʢʪʝʧʪʽש ʢʣʘʩʩʠʢʘʣʳץ ʜʠʜʘʢʪʠʢʘʩʳ, ʦʥʳץ שʘʣʳʧʪʘʩץʘʥ ʟʘשʜʳʣʳץʪʘʨʳ, 

ʧʨʠʥʮʠʧʪʝʨʽ, ʬʦʨʤʘʣʘʨʳ ʤʝʥ ᴅʜʽʩʪʝʨʽ ᴅʨʜʘʡʳʤ ʫʥʠʚʝʨʩʠʪʝʪʪʝʛʽ ʙʽʣʽʤ ʙʝʨʫ ʧʨʦʮʝʩʪʝʨʽʥʽש 

ʥʝʛʽʟʜʝʤʝʩʽʥʝ ʞʝʜʝʣ ʞʘʫʘʧ ʙʝʨʤʝʡʜʽ, ʢʝʡʜʝ ʦץʳʪʫʜʳש ʞʘשʘ ʪᴅʩʽʣʜʝʨʽʥʽש ʤʝʥ ᴅʜʽʩʪʝʨʽʥʽש 

ʝʥʛʽʟʽʣʫʽʥʝ ʢʝʜʝʨʛʽ ʢʝʣʪʽʨʝʜʽ. ɾʘʣʧʳ ʜʠʜʘʢʪʠʢʘ ʊʝʦʨʠʷʣʳץ, ʦץʳʪʫ ᴅʜʽʩʪʝʤʝʩʽ ʧʨʘʢʪʠʢʘʣʳץ 

ʙʦʣʳʧ ץʘʣʘ ʙʝʨʝʜʽ. ʊʝʦʨʠʷ ʤʝʥ ʧʨʘʢʪʠʢʘʥʳ ʽʩ ʞװʟʽʥʜʝ ʙʘʡʣʘʥʳʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ 

ʘʨʘʣʳץ ʙʘʡʣʘʥʳʩ ץʘʞʝʪ.ʉʦסʘʥ ʩᴅʡʢʝʩ  ץʦʣʜʘʥʙʘʣʳ ʜʠʜʘʢʪʠʢʘʥʳש ʬʫʥʢʮʠʷʣʘʨʳʥ ʦץʳʪʫ 

ʪʝʭʥʦʣʦʛʠʷʩʳ ʘʣʳʧ ʦʪʳʨ 

ʇʨʦʮʝʩʩʫʘʣʜʳץ ʢʘʪʝʛʦʨʠʷ ʙʦʣʘ ʦʪʳʨʳʧ, ʧʝʜʘʛʦʛʠʢʘʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʙʝʣʛʽʣʽ ʙʽʨ 

-ʧʘʡʜʘ ʙʦʣʫʳ ʤʝʥ ʪʘʨʘʣʫʳ ʽʩ שʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʡʝʩʽʥ ʙʽʣʜʽʨʝʜʽ. ʀʥʥʦʚʘʮʠʷʣʳװʟrʤʝʪ ʞץ

ᴅʨʝʢʝʪʪʽש ᴇʟʽʥ ʞᴅʥʝ ʦʥʳ ʞװʟʝʛʝ ʘʩʳʨʫʜʳש ᴇʟʽʥʝ ʪᴅʥ ײץʨʘʣʜʘʨʳ ʤʝʥ ʪʝʪʽʢʪʝʨʽʥ ᴇʟʛʝʨʪʫʜʽ סʘʥʘ 

ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʤʘץʩʘʪʪʘʨʜʳ, ײץʥʜʳʣʳץ ʙʘסʜʘʨʣʘʨʳʥ, ʥʘץʪʳ ʙʽʣʽʤ ʤʝʥ ʜʘסʜʳʣʘʨʜʳ 

ʪװʙʝʛʝʡʣʽ ץʘʡʪʘ ײץʨʫʜʳ ʙʽʣʜʽʨʝʜʽ. 

ʉʦʥʜʳץʪʘʥ ᴇʨʢʝʥʠʝʪʪʽש ʜʘʤʫʳʥʳץ שʘʟʽʨʛʽ ʢʝʟʝשʽ, סʳʣʳʤʠ-ʪʝʭʥʠʢʘʣʳץ ʧʨʦʛʨʝʩʩ ʢʝש 

ʛʫʤʘʥʠʪʘʨʣʳץ ʦʡʣʘʫ ץʘʙʽʣʝʪʽ ʙʘʨ, ʞʘץʩʳ ʧʩʠʭʦʣʦʛʠʷʣʳץ ʜʘʡʳʥʜʳסʳ ʙʘʨ, ʵʢʦʥʦʤʠʢʘʣʳץ 

ᴇʥʽʤʜʽʣʽʢ ʧʝʥ ʰʳסʘʨʤʘʰʳʣʳץ ʙʘʩʪʘʤʘ ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʳ ʝʩʢʝʨʝʪʽʥ ʟʘשʜʘʨסʘ ʩᴅʡʢʝʩ 

ʢᴅʩʽʙʠ ץʳʟʤʝʪʪʽ ײץʨʘ ʘʣʘʪʳʥ ʤʘʤʘʥʜʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳʥ ʪʘʣʘʧ ʝʪʝʜʽ , ʩʦʥʜʘʡ-ʘץ ʘʜʘʤʥʳש 

 ʘʞʝʪ ʝʪʝʜʽ. ʊʝʢ ʦʩʳʥʜʘʡץ ʤʪʳʣʳʩʳʥײ ʘ ʜʝʛʝʥסʟʝʛʝ ʘʩʳʨʫװʘ, ᴇʟʽʥ-ᴇʟʽ ʞסʘʨʫשʥʝʤʽ ʞʘװ

 ʩʳ ʠʛʝʨʫʛʝץʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʞʘ שʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʘ ʠʥʥʦʚʘʮʠʷʣʳסʘʩʠʝʪʪʝʨ ʦʣʘʨץ

ʢᴇʤʝʢʪʝʩʝʜʽ. 

"ʀʥʥʦʚʘʮʠʷ" ʪʝʨʤʠʥʽʥʽש ʤʘסʳʥʘʩʳ ʙײʣ ʪײʞʳʨʳʤʜʳ ʘץʪʘʡʜʳ. ʃʘʪʳʥ ʪʽʣʽʥʝʥ 

ʘʫʜʘʨסʘʥʜʘ ʠʥʥʦʚʘʮʠʷ ʜʝʛʝʥʽʤʽʟ - ʞʘשʘ ʥᴅʨʩʝʥʽ ʞʘשʘʨʪʫ, ᴇʟʛʝʨʪʫ, ʝʥʛʽʟʫ. ɹʘʩʪʘʧץʳʜʘ 

ʠʥʥʦʚʘʪʠʢʘ ʧʨʦʙʣʝʤʘʣʘʨʳʥʘ - ʠʥʥʦʚʘʮʠʷ סʳʣʳʤʳʥʘ װʥʜʝʫ ץʦסʘʤʜʘסʳ ʠʥʥʦʚʘʮʠʷʣʳץ 

ʧʨʦʮʝʩʪʝʨʜʽש ʜʘʤʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʜʳ. ʀʥʥʦʚʘʮʠʷ סײʳʤʳ ʘʣסʘʰ ʨʝʪ 19 סʘʩʳʨʜʳש 

ʤᴅʜʝʥʠʝʪʪʘʥʫʰʳʣʘʨʳʥʳש ʟʝʨʪʪʝʫʣʝʨʽʥʜʝ ʧʘʡʜʘ ʙʦʣʜʳ. ʉʦʜʘʥ ʢʝʡʽʥ ʦʣ ʙʽʨ ʤᴅʜʝʥʠʝʪʪʽש 

ʢʝʡʙʽʨ ʵʣʝʤʝʥʪʪʝʨʽʥ ʝʢʽʥʰʽʩʽʥʝ ʝʥʛʽʟʫ ʨʝʪʽʥʜʝ ʪװʩʽʥʜʽʨʽʣʜʽ. 20 סʘʩʳʨʜʳש ʙʘʩʳʥʜʘ ʦʣʘʨ ʘʣסʘʰ 

ʨʝʪ ʤʘʪʝʨʠʘʣʜʳץ ᴇʥʜʽʨʽʩ ʰʝשʙʝʨʽʥʜʝʛʽ ʪʝʭʥʠʢʘʣʳץ ʠʥʥʦʚʘʮʠʷʣʘʨʜʳש ʟʘשʜʳʣʳץʪʘʨʳʥ 

ʟʝʨʪʪʝʡ ʙʘʩʪʘʜʳ. 

ʀʥʥʦʚʘʮʠʷ ʪʫʨʘʣʳ סʳʣʳʤ ʥʝʤʝʩʝ ʠʥʥʦʚʘʮʠʷ , ʬʠʨʤʘʣʘʨʜʳש ʞʘשʘ ץʳʟʤʝʪʪʝʨ ʤʝʥ 

ʠʜʝʷʣʘʨʜʳ ʜʘʤʳʪʫ ץʳʟʤʝʪʽʥʝ ʜʝʛʝʥ ץʘʞʝʪʪʽʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʧʘʡʜʘ ʙʦʣʜʳ. 30-ʰʳ ʞʳʣʜʘʨʳ 

ɸפʐ-ʪʘ ʵʢʦʥʦʤʠʢʘʣʳץ ʩʘʣʘʩʳ ʜʘʤʳסʘʥ ʝʣʜʝ "ʢʦʤʧʘʥʠʷʥʳש ʠʥʥʦʚʘʮʠʷʣʳץ 

ʩʘʷʩʘʪʳ"ʞᴅʥʝ"ʠʥʥʦʚʘʮʠʷʣʳץ ʧʨʦʮʝʩʩ" ʪʝʨʤʠʥʜʝʨʽ ʙʝʢʽʪʽʣʜʽ. ʉʦʥʳʤʝʥ, ʠʥʥʦʚʘʮʠʷʥʳ 
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ʟʝʨʪʪʝʫʜʽש ʙʘʩʪʘʧץʳ ʧᴅʥʽ סʳʣʳʤʠ-ʪʝʭʥʠʢʘʣʳץ ʞʘשʘʣʳץʪʘʨʜʳש ᴅʣʝʫʤʝʪʪʽʢ ʟʘשʜʳʣʳץʪʘʨʳ 

ʙʦʣסʘʥʳʥ ײʤʳʪʧʘסʘʥ ʞᴇʥ. 

ɾʝʪʽʣʛʝʥ ʢʝשʝʩʪʽʢ ʢʝʟʝשʜʝ ʤʝʢʪʝʧʪʝʨʜʽ ʜʘʤʳʪʫ ʞᴅʥʝ ʪʝʟ ʙʽʣʽʤ ʘʣʫ ץʘʞʝʪʪʽʣʽʛʽ 

ʪʫʳʥʜʘʜʳ. ɹʽʨʘץ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʩʘʣʘʜʘ ʢʘʜʨʣʘʨʜʳש ʞʝʪʽʩʧʝʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʙײʣ ʧʨʦʮʝʩʪʝʨ 

ᴇʪʝ ʙʘʷʫ ʞװʨʜʽ. ɸʣʘʡʜʘ, ʩʦʣ ʢʝʟʜʝ ʞʘשʘ ʥᴅʨʩʝʥʽ ץʦʣʜʘʥʫʜʳש ʞʘʧʧʘʡ ʩʠʧʘʪʳ ᴇʩʪʽ. ʉʦʣ ʢʝʟʜʝ 

ʠʥʥʦʚʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʘʣסʘʰץʳ ʘʣסʳʰʘʨʪʪʘʨʳ ʧʘʡʜʘ ʙʦʣʘ ʙʘʩʪʘʜʳ. ʆʩʳסʘʥ 

ʙʘʡʣʘʥʳʩʪʳ "ʠʥʥʦʚʘʮʠʷ", "ʞʘשʘ ʠʥʥʦʚʘʮʠʷ" סײʳʤʜʘʨʳ ʵʢʦʥʦʤʠʢʘʣʳץ ʩʘʣʘסʘ סʘʥʘ ʝʤʝʩ, 

ʩʦʥʳʤʝʥ ʙʽʨʛʝ ᴅʣʝʫʤʝʪʪʽʢ, ʘʪʘʧ ʘʡʪץʘʥʜʘ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʩʘʣʘסʘ ʜʘ ץʘʪʳʩʪʳ ץʦʣʜʘʥʳʣʘ 

ʙʘʩʪʘʜʳ. 

ʆʩʳʣʘʡʰʘ, ʠʥʥʦʚʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʘʣסʘʰ ʨʝʪ ʵʢʦʥʦʤʠʢʘʣʳץ ʩʘʣʘʜʘ ʧʘʡʜʘ 

ʙʦʣʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ ʧʝʜʘʛʦʛʠʢʘʜʘ ץʦʣʜʘʥʳʣʘ ʙʘʩʪʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʥʝʛʽʟʽʥʝʥ ʥʘʨʳץʪʳץ 

ʞᴅʥʝ ᴇʥʜʽʨʽʩʪʽʢ ץʘʪʳʥʘʩʪʘʨ, ʙʽʣʽʤ ʙʝʨʫʜʝʛʽ ʠʥʥʦʚʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʜʘʤʳʪʫʜʳש 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʙʦʣʜʳ. 

ɸʪʘʧ ʘʡʪץʘʥʜʘ, ʥʘʨʳץʪʘסʳ ʞᴅʥʝ ᴇʥʜʽʨʽʩʪʝʛʽ ʞʘשʘ ץʘʪʳʥʘʩʪʘʨסʘ ʢᴇʰʫ ʢʝʟʝשʽ ʘʜʘʤסʘ 

ᴅʨʪװʨʣʽ ץʳʟʤʝʪ ʪװʨʣʝʨʽʥʽש ʢװʪʧʝʛʝʥ ײץʙʳʣʳʩʪʘʨʳʥʘ ʩᴅʪʪʽ ʞʘʫʘʧ ʙʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ 

ʞʘשʘ ʥײʩץʘʫʣʳץʪʘʨʜʳץ שʘʞʝʪʪʽʣʽʛʽ ʪʫʨʘʣʳ ʙʽʨץʘʪʘʨ ʩײʨʘץʪʘʨ ץʦʡʜʳ. ʄײʥʜʘʡ ʞʘסʜʘʡʣʘʨʜʘ 

ʘʜʘʤ, ᴅʜʝʪʪʝ, ץʘʫʽʧ-ץʘʪʝʨʜʝʥ ץʦʨץʘʜʳ, ʦʣ ʙʽʨ ʥᴅʨʩʝʥʽ ʙʦʣʞʘʡ ʘʣʤʘʡʜʳ, ʙʽʨʘץ ʩʦʥʳʤʝʥ ʙʽʨʛʝ 

ʩʪʝʨʝʦʪʠʧʪʝʨʜʝʥ ʙʘʩ ʪʘʨʪʫסʘ, ʰʳסʘʨʤʘʰʳʣʳץ ʞʦʣʳʥʘ ʪװʩʫʛʝ ʜʘʡʳʥ ʙʦʣʘʜʳ. ʉʦʥʜʘ ʘʜʘʤ 

ᴇʤʽʨʛʝ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨʜʳ ץʘʡʪʘ ʙʘסʘʣʘʫ, ʟʘʪʪʘʨסʘ ʞᴅʥʝ ᴇʟʽʥʝ ʜʝʛʝʥ ʢᴇʟץʘʨʘʩʳʥ ᴇʟʛʝʨʪʫ 

 ʟʝʛʝ ʘʩʳʨʫװʳʟʤʝʪʽʥ ʞץ ץʘʤʜʳסʦץ שʘʥʳ ʞᴅʥʝ ʦʥʳסʣײʘʞʝʪʪʽʣʽʛʽʥʝ ʪʘʧ ʙʦʣʘʜʳ. ɹʝʣʩʝʥʜʽ ʪץ

 שʙʳʣʳʩʪʘʨʜʳײץ ʳץʤʢʽʥʜʽʢʪʝʨ ʙʝʨʝʜʽ. ʆʣʘʨ ʩʳʨʪװʣʢʝʥ ʤװ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ץʰʽʥ ʠʥʥʦʚʘʮʠʷʣʳװ

ʢʝש ʘʫץʳʤʳʥ ץʘʙʳʣʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.    ʃ. ʩ. ʇʦʜʳʤʦʚʘ ʘʪʘʧ ᴇʪʢʝʥʜʝʡ,"ʧʝʜʘʛʦʛʠʢʘʣʳץ 

ʠʥʥʦʚʘʮʠʷʣʘʨ ʙʘʩץʘ ʩʘʣʘʣʘʨʜʘסʳ ץײʩʘʩ ʧʨʦʮʝʩʪʝʨʜʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ, ʝש ʘʣʜʳʤʝʥ ᴅʩʝʨ ʝʪʫ 

ʦʙʲʝʢʪʽʩʽ ʦץʫʰʳʥʳש ʞʝʢʝ ʙʘʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʩʦʥʜʳץʪʘʥ ʢʝʟ-ʢʝʣʛʝʥ ʧʝʜʘʛʦʛʠʢʘʣʳץ 

ʠʥʥʦʚʘʮʠʷʣʘʨ ʦʩʳ ʪײʣסʘʥʳש ʜʘʤʫ ʧʨʦʮʝʩʽʥ ʞʝʪʽʣʜʽʨʫʛʝ ʙʘסʳʪʪʘʣʫʳ ʢʝʨʝʢ". 

ɹײʣ ʪײʨסʳʜʘ ʠʥʥʦʚʘʮʠʷʣʳץ ץʳʟʤʝʪ ᴅʜʝʪʪʝʛʽ ᴅʣʝʫʤʝʪʪʽʢ ʦʨʪʘʥʳ ᴇʟʛʝʨʪʝʜʽ. ɾʘשʘ 

ᴅʣʝʫʤʝʪʪʽʢ ץʘʪʳʥʘʩʪʘʨʜʳש ʦʨʥʘʪʳʣʫʳ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳש ʘʛʨʝʩʩʠʚʪʽʣʽʛʽʥ ʞʝשʫʤʝʥ, ʞʘשʘʩʳʥ 

ʝʥʛʽʟʫʜʽץ שʠʳʥʜʳץʪʘʨʳʤʝʥ, ʧʝʜʘʛʦʛʠʢʘʣʳץ ץʦסʘʤʜʘʩʪʳץʪʘ ʤᴅʨʪʝʙʝʛʝ ʠʝ ʙʦʣʫʳʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳ. ɹײʣ ʘʜʘʤסʘ "ʪᴅʞʽʨʠʙʝ" ʢᴇʤʝʢʪʝʩʝʜʽ. ɹײʣ ʪʝʨʤʠʥʜʽ ʘʣסʘʰ ʨʝʪ ʬ. ʝ. ɺʘʩʠʣʶʢ 

ʧʝʜʘʛʦʛʠʢʘסʘ ʝʥʛʽʟʜʽ. ʊװʩʽʥʜʽʨʽʧ ʢᴇʨʝʡʽʢ , ʙײʣ ʞʝʨʜʝ ʥʝʥʽ ʝʩʢʝʨʫ ʢʝʨʝʢ. ɽʛʝʨ ʦסʘʥ ײʩʳʥʳʣסʘʥ 

ʘץʧʘʨʘʪ ʦʥʳש ʜװʥʠʝʪʘʥʳʤʳʥʳש ʪײʪʘʩʪʳסʳʥ ʰʘʡץʘʡ ʘʣʘʪʳʥ ʙʦʣʩʘ, ʘʜʘʤ ᴇʟʽʥʽץ שʘʙʽʣʝʪʪʝʨʽʥ 

ʪʦʣʳץ ʪװʩʽʥʝʜʽ. ɹʘʩץʘʰʘ ʘʡʪץʘʥʜʘ, ʠʥʥʦʚʘʮʠʷʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʧʨʦʮʝʩʽʥʜʝ ʘʜʘʤʥʳש ʦץʫ 

ʧʨʦʮʝʩʽʥʜʝʛʽ ʨᴇʣʽ ʘʨʪʘʜʳ, ʩʦʥʜʳץʪʘʥ ʩʪʫʜʝʥʪ ʤסײʘʣʽʤ ʰʝʰʝ ʘʣʘʪʳʥ  ʧʨʦʙʣʝʤʘʣʳץ-ʞʘʥʞʘʣʜʳ 

ʢʝʡʙʽʨ ʞʘסʜʘʡʣʘʨʜʳ ᴇʟ ʙʝʪʽʥʰʝ ʰʝʰʫʛʝ ʤᴅʞʙװʨ ʙʦʣʘʜʳ. ɹײʣ ʤײʥʜʘʡ ʙʽʣʽʤʥʽש ʵʤʦʮʠʦʥʘʣʜʳ 

ʪʦʣʳץʪʳסʳʥ ʘʨʪʪʳʨʘʜʳ. ʆץʫ ʙʘʨʳʩʳʥʜʘ ʩʪʫʜʝʥʪ ץʦʙʘʣʞʠʜʳ , ʩʝʙʝʙʽ ʙʝʣʛʽʣʽ ʙʽʨ ʢʝʜʝʨʛʽʣʝʨʜʽ 

ʞʝשʫʛʝ ʤᴅʞʙװʨ ʙʦʣʘʜʳ [3] . 

ʉʘʨʘʧʰʳʣʘʨʜʳש ʤᴅʣʽʤʝʪʽʥʰʝ, ʘʣʜʘסʳ ʞʳʣʜʘʨʳ ʞʘשʘ ʠʥʥʦʚʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ 

ʜʘʤʳʪʫ ᴅʨʙʽʨ ʞײʤʳʩʰʳʥʳש ʞʦסʘʨʳ ʙʽʣʽʤʛʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʙʽʣʽʤʛʝ ʤץײʪʘʞ ʙʦʣʫʳʥʘ ʘʣʳʧ 

ʢʝʣʝʜʽ. ʉʦʥʜʳץʪʘʥ ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ ʘץʧʘʨʘʪʪʳץ ץʦסʘʤ ʞʦסʘʨʳ ʤʝʢʪʝʧʪʽש ʘʣʜʳʥʘ ʤʘʤʘʥʜʘʨʜʳ 

ʜʘʷʨʣʘʫ ʤʽʥʜʝʪʽʥ ץʦʷʜʳ: 

-    ᴇʟʛʝʨʤʝʣʽ ᴇʤʽʨʣʽʢ ʞʘסʜʘʡʣʘʨסʘ ʠʢʝʤʜʽ ʙʝʡʽʤʜʝʣʫ, ץʘʞʝʪʪʽ ʙʽʣʽʤʜʽ ᴇʟ ʙʝʪʽʥʰʝ ʘʣʫ, 

ʪʫʳʥʜʘסʘʥ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫ װʰʽʥ ʦʣʘʨʜʳ ʪᴅʞʽʨʠʙʝʜʝ ʰʝʙʝʨ ץʦʣʜʘʥʫ; 

-     ᴇʟ ʙʝʪʽʥʰʝ, ʩʳʥʠ ʪײʨסʳʜʘʥ ʦʡʣʘʫ, ʰʳʥʜʳץʪʘ ʪʫʳʥʜʘʡʪʳʥ ʧʨʦʙʣʝʤʘʣʘʨʜʳ ʢᴇʨʝ ʙʽʣʫ ʞᴅʥʝ 

ʟʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʦʣʘʨʜʳ ײʪʳʤʜʳ ʰʝʰʫ ʞʦʣʜʘʨʳʥ ʽʟʜʝʫ; 
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-      ʘץʧʘʨʘʪʧʝʥ ʩʘʫʘʪʪʳ ʞײʤʳʩ ʽʩʪʝʫ (ʙʝʣʛʽʣʽ ʙʽʨ ʤᴅʩʝʣʝʥʽ ʰʝʰʫ װʰʽʥ ץʘʞʝʪʪʽ ʬʘʢʪʽʣʝʨʜʽ 

ʞʠʥʘʡ ʙʽʣʫ, ʦʣʘʨʜʳ ʪʘʣʜʘʫ, ʧʨʦʙʣʝʤʘʣʘʨʜʳ ʰʝʰʫ ʛʠʧʦʪʝʟʘʣʘʨʳʥ ײʩʳʥʫ, ץʘʞʝʪʪʽ ʞʘʣʧʳʣʘʫ 

ʞʘʩʘʫ, ʩʪʘʪʠʩʪʠʢʘʣʳץ ʟʘשʜʳʣʳץʪʘʨʜʳ ײץʨʫ, ʜᴅʣʝʣʜʽ ʪײʞʳʨʳʤʜʘʨ ʞʘʩʘʫ, ʘʣʳʥסʘʥ 

 ;(ʦʣʜʘʥʘ ʙʽʣʫץ ʰʽʥװ ʪʘʫ ʞᴅʥʝ ʰʝʰʫץʘ ʧʨʦʙʣʝʤʘʣʘʨʜʳ ʘʥʳשʦʨʳʪʳʥʜʳʣʘʨʜʳ ʞʘץ

-       ᴅʨ ʪװʨʣʽ ᴅʣʝʫʤʝʪʪʽʢ ʪʦʧʪʘʨʜʘ ץʘʨʳʤ-ץʘʪʳʥʘʩʪʘ ʙʦʣʫ; 

-   ᴇʟ ʘʜʘʤʛʝʨʰʽʣʽʛʽʥ, ʠʥʪʝʣʣʝʢʪʽʩʽʥ, ʤᴅʜʝʥʠ ʜʝשʛʝʡʽʥ ʜʘʤʳʪʫ װʰʽʥ ᴇʟ ʙʝʪʽʥʰʝ ʞײʤʳʩ ʽʩʪʝʫ [4, 

9-ɹ.]. 

ʆʩʳʣʘʡʰʘ, ץʘʟʽʨʛʽ ץʦסʘʤʜʘסʳ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʣʝʨʽʥ ʜʘʤʳʪʫʜʳש ʩʪʨʘʪʝʛʠʷʣʳץ ʙʘסʳʪʳ - 

ʦʣ ʦʥʳ ʙʽʣʽʤʥʽש ᴅʨʪװʨʣʽ ʩʘʣʘʣʘʨʳʥʜʘ ᴅʨ ʪװʨʣʽ ʪᴅʫʝʣʩʽʟ ʤʘץʩʘʪʪʳ ʽʩ-ᴅʨʝʢʝʪʢʝ ʪʘʨʪʫ ʥʝʛʽʟʽʥʜʝ 

ʘʜʘʤʥʳש ʟʠʷʪʢʝʨʣʽʢ ʞᴅʥʝ ʤʦʨʘʣʴʜʳץ ʜʘʤʫʳ. פʘʟʽʨʛʽ ʟʘʤʘʥסʳ ʘʜʘʤʥʳש ʦץʫ ʧʨʦʮʝʩʽ ʤʝʢʪʝʧʪʝ, 

ʢᴅʩʽʧʪʽʢ ʤʝʢʪʝʧʪʝ, ʫʥʠʚʝʨʩʠʪʝʪʪʝ ʘʷץʪʘʣʤʘʡʜʳ. ʆʣ װʟʜʽʢʩʽʟ ʙʦʣʘʜʳ. ɹײʣ ʫʘץʳʪ ʪʘʣʘʙʳ. 

ʉʦʥʜʳץʪʘʥ, ץʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʟʘʤʘʥʘʫʠ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʥʝʛʽʟʽʥʜʝ ʢװʥʜʽʟʛʽ ʙᴇʣʽʤʜʝ 

 ʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨײʘʞʝʪʪʽʣʽʛʽ ʪʫʳʥʜʘʜʳ. ɹץ ʳʪʫץʪʘʥ ʦץʪʳץʘʰʳץ ʘʪʘʨץ ʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥס

ʞʝʢʝ ץʘʨʳʤ-ץʘʪʳʥʘʩʪʳש ʞʘשʘ ʬʦʨʤʘʣʘʨʳʥ ʞʘʩʘʡʜʳ: ʙװʛʽʥʜʝ ʠʥʪʝʨʥʝʪʢʝ ץʦʩʳʣסʘʥ ʢʝʟ-

ʢʝʣʛʝʥ ʘʜʘʤ ᴅʣʝʤʥʽש ʢʝʟ-ʢʝʣʛʝʥ ʥװʢʪʝʩʽʥʜʝ ᴅʨʽʧʪʝʩʪʝʨʽʤʝʥ ʞᴅʥʝ ʜʦʩʪʘʨʳʤʝʥ ʦשʘʡ ʙʘʡʣʘʥʳʩʘ 

ʘʣʘʜʳ ʞᴅʥʝ ʙײʣ ʙʘʡʣʘʥʳʩ ʜᴅʩʪװʨʣʽ ʭʘʣʳץʘʨʘʣʳץ ʪʝʣʝʬʦʥ ʙʘʡʣʘʥʳʩʳʥʘʥ ᴅʣʜʝץʘʡʜʘ ʘʨʟʘʥ. 

ɾʘשʘ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ᴅʨ ʘʜʘʤסʘ ᴅʣʝʤʜʽʢ סʳʣʳʤ ʤʝʥ ʤᴅʜʝʥʠʝʪʪʽץ שʘʟʳʥʘʣʘʨʳʥʘ - 

ᴅʣʝʤʜʝʛʽ ʝש ʽʨʽ ʤײʨʘʞʘʡʣʘʨ ʤʝʥ ʢʽʪʘʧʭʘʥʘʣʘʨסʘ, ʘץʧʘʨʘʪʪʳץ ʘʛʝʥʪʪʽʢʪʝʨ ʤʝʥ ʙʘʩʧʘʣʘʨסʘ, ʢʝʟ-

ʢʝʣʛʝʥ ʢʽʪʘʧʪʘʨסʘ, ʛʘʟʝʪʪʝʨʛʝ, ʘʥʳץʪʘʤʘʣʳץʪʘʨסʘ ʞᴅʥʝ ʪ. ʙ. ץʦʣ ʞʝʪʢʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʕʣʝʢʪʨʦʥʜʳץ ʢʦʤʤʫʥʠʢʘʮʠʷʣʘʨʜʳ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ ʦץʳʪʫ ʩʪʫʜʝʥʪʪʝʨʜʽש ʢᴇʢʞʠʝʛʽ ʤʝʥ 

ʙʘʡʣʘʥʳʩʳʥ ʝʜᴅʫʽʨ ʢʝשʝʡʪʝʜʽ, ʦʣʘʨʜʳש ʞʝʢʝ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʞʘץʩʳʨʘץ ʝʩʢʝʨʝʜʽ ʞᴅʥʝ 

ʦʣʘʨʜʳש ʟʘʤʘʥʘʫʠ ʙʽʣʽʤ ʤʝʥ ʜʘסʜʳʣʘʨʜʳ ʠʛʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʆʩʳסʘʥ ʦʨʘʡ , ʢᴇʧʪʝʛʝʥ ʤסײʘʣʽʤʜʝʨ ʤʝʥ ʧʩʠʭʦʣʦʛʪʘʨʜʳש ʝשʙʝʢʪʝʨʽ ʞʦסʘʨʳ ʤʝʢʪʝʧ 

ʤᴅʩʝʣʝʣʝʨʽʥ ʟʝʨʪʪʝʫʛʝ ʘʨʥʘʣסʘʥ (ɺ.ɸ. ɹʘʩʦʚʘ, 1997; ʪ. ʠ. ɺʝʙʝʨʛ, 1999; ɸ. ʠ. ɻʘʣʘʛʘʥ, 1992; ʖ. 

ʩ. ɼʘʚʳʜʦʚ, 1997; ʛ. ɽ. ʂʝʜʨʦʚ ʩʦ - ʘʚʪ., 1994; ʚ. ʪ. ʇʝʪʨʦʚʘ, 1998; ɽ.ʉ. ʇʦʣʘʪ, 2000; ʠ. ʚ. 

ʈʦʙʝʨʪ, 1994; ɸ. ʗ. ʉʘʚʝʣʴʝʚ, 1994; ʆ. ɹ. ʊʦʤʠʣʠʥ, 1999; B. C. ʐʝʚʝʣʫʭʘ, 1998; ʃ. ʚ. 

ʐʝʥʰʝʚ, 1992; ʠ. ɸ. ʎʠʢʠʥ ʙʽʨʛʝ., 2000 ʞᴅʥʝ ʪ.ʙ.). ʆʣʘʨʜʘ ʜʠʜʘʢʪʠʢʘʣʳײץ ץʨʘʣʜʘʨ ʤʝʥ 

ʧʨʦʙʣʝʤʘʣʳץ ,ץʘʨץʳʥʜʳ, ʢʦʤʧʴʶʪʝʨʣʽʢ ʦץʳʪʫ ʪײʨסʳʩʳʥʘʥ ʦץʫ ʧʨʦʮʝʩʽʥ ʞʘʥʜʘʥʜʳʨʫʜʳש 

ʰʘʨʪʪʘʨʳ, ʩʪʫʜʝʥʪʪʝʨʜʽש ᴇʟʽʥʜʽʢ ʞײʤʳʩʳʥʳװ שʣʝʩʽʥ ʘʨʪʪʳʨʫ ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ סʳʣʳʤʠ - 

ᴅʜʽʩʪʝʤʝʣʽʢ ʥʝʛʽʟʜʝʣʛʝʥ. 

 שʟʝʛʝ ʘʩʳʨʫʜʳװʧʨʠʥʮʠʧʪʝʨʽʥ ʞ שᴅʜʽʩʪʝʨʽʥʽ ץʠʥʥʦʚʘʮʠʷʣʳ שʳʪʫʜʳץʳʪʪʘ ʦץʘʟʽʨʛʽ ʫʘפ

ʢᴇʧʪʝʛʝʥ ʪʝʭʥʠʢʘʣʳץ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʙʘʨ. ʆʣʘʨʜʳש ʢʝʡʙʽʨʝʫʣʝʨʽ, ʤʳʩʘʣʳ, ʪʝʣʝʢᴇʧʽʨ, 

ʵʣʝʢʪʨʦʥʜʳץ ʧʦʰʪʘʥʳ ʧʘʡʜʘʣʘʥʫ ʦʜʘʥ ᴅʨʽ ʤʘʤʘʥʜʘʥʜʳʨʫʜʳ ץʘʞʝʪ ʝʪʝʜʽ. ɹʘʩץʘʣʘʨʳ, ʤʳʩʘʣʳ, 

ʜʠʘʣʦʛ ʞᴅʥʝ ʦʡʳʥ ʤʦʜʝʣʴʜʝʫ, ʦץʫ ʧʨʦʮʝʩʽʥʜʝ ʞʝʪʢʽʣʽʢʪʽ ʙʝʡʽʤʜʝʣʛʝʥ. 

ɼʠʘʣʦʛ ʞᴅʥʝ ʦʡʳʥ ʤʦʜʝʣʴʜʝʫ ʙװʛʽʥʜʝ ʠʥʥʦʚʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʘʣʫʘʥ ʪװʨʽʥʝ 

ʥʝʛʽʟʜʝʣʛʝʥ. ɼʠʘʣʦʛ ʦץʫ ʧʨʦʮʝʩʽʥʜʝ ʩʶʞʝʪʪʽʢ ʞʝʣʽʣʝʨʜʽ ʜʘʤʳʪʫʜʳש ᴅʨʪװʨʣʽ ʥײʩץʘʣʘʨʳʥ, ʷסʥʠ 

 ʜʘʡʣʘʨʜʳ ʦʡʣʘʩʪʳʨʫʜʳסʠʳʥ ʞʘץ ʳʥ ʘʣʜʳʥ-ʘʣʘ ʙʦʣʞʘʫץʣײץ-ʤʽʥʝʟ שʘʪʳʩʫʰʳʣʘʨʜʳץ

 .ʘʤʪʠʜʳץ

ʆʡʳʥ ʤʦʜʝʣʴʜʝʫ, ᴇʟ ʢʝʟʝʛʽʥʜʝ, ʙʝʣʛʽʣʽ ʙʽʨ ʢᴅʩʽʙʠ ʤʽʥʜʝʪ ʧʝʥ ᴇʟʛʝʨʽʩʪʽש ʪᴅʫʝʣʩʽʟ 

ʰʝʰʽʤʽʥ ʪʘʙʫסʘ, ʦʥʳ ʰʝʰʫʜʽ ʪװʟʝʪʫʛʝ ʙʘסʳʪʪʘʣסʘʥ. ʆʡʳʥ ʤʦʜʝʣʴʜʝʫʜʽש ʟʘʤʘʥʘʫʠ ʥʝʛʽʟʛʽ 

ᴅʜʽʩʪʝʨʽ-ʙײʣ ʤʠʢʨʦ ʞʘʪʪʳסʫʣʘʨ, ʤᴅʩʝʣʝʣʝʨʜʽ ʞʝʢʝ ʰʝʰʫ, ʽʩʢʝʨʣʽʢ ʦʡʳʥʜʘʨ, ᴅʣʝʫʤʝʪʪʽʢ-

ʧʩʠʭʦʣʦʛʠʷʣʳץ ʞʘʪʪʳסʫʣʘʨ. ʆʡʳʥ ʤʦʜʝʣʴʜʝʫ ʙʘʨʳʩʳʥʜʘ ʧʨʦʙʣʝʤʘʣʳץ-ʞʘʥʞʘʣʜʳ ʞʘסʜʘʡ 

ʩʪʫʜʝʥʪ ᴇʟʽʥʽש ʤװʤʢʽʥ ʝʤʝʩʪʽʛʽʥʝ ץʘʨʘʤʘʩʪʘʥ ʰʝʰʽʤ ʽʟʜʝʫʛʝ ʤᴅʞʙװʨ ʙʦʣʘʪʳʥʜʘʡ ʝʪʽʧ 

ʪװʩʽʥʽʣʝʜʽ. 
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ɹײʣ ʝʢʽ ʪᴅʩʽʣʜʽ ʩʠʥʝʨʛʝʪʠʢʘʣʳץ ʜʝʧ ʘʪʘʣʘʪʳʥ ʪᴅʩʽʣʛʝ ʙʽʨʽʢʪʽʨʫʛʝ ʙʦʣʘʜʳ, ʦʣ 

ʧʝʜʘʛʦʛʠʢʘʣʳץ ᴅʩʝʨʜʽש ʘʥʳץ ʝʤʝʩʪʽʛʽʥ ʞᴅʥʝ ʙʽʣʽʤ ʙʝʨʫ ʧʨʦʮʝʩʽʥʜʝ ʞʝʢʝ ʜʘʤʫʜʳש 

ʙʘסʜʘʨʣʘʤʘʣʘʥʙʘʡʪʳʥʜʳסʳʥ ʢᴇʨʩʝʪʝʜʽ. ɹײʣ ʪᴅʩʽʣ ץʘʰʳץʪʳץʪʘʥ ʙʽʣʽʤ ʙʝʨʫʜʽש ʥʝʛʽʟʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 

 ʝʣʽʤʽʟ שʥʝʛʽʟʜʝʨʽ ʙʽʟʜʽ שᴅʜʽʩʪʝʨʜʽ ץʳʪʫ ʪʝʭʥʦʣʦʛʠʷʩʳ, ʠʥʥʦʚʘʮʠʷʣʳץʪʘʥ ʦץʪʳץʘʰʳפ

 ʳʥ ʝʣʜʽסʳ, ʢᴇʧʪʝʛʝʥ ʰʘסʪʘץʳʟʜʳסʨʣʽ ʪʳװʳ ᴅʨ ʪץʩʪʘʥʜʘ ʭʘʣץʘʟʘפ .ʰʽʥ ʝʨʝʢʰʝ ᴇʟʝʢʪʽװ

ʤʝʢʝʥʜʝʨ, ʰʘסʳʥ ʞʠʥʘץʪʘʣסʘʥ ʦץʫ ʦʨʳʥʜʘʨʳ ʙʘʨ װʣʢʝʥ ʘʫʤʘץʪʘ ʙᴇʣʽʥʛʝʥ, ץʘʰʳץʪʳץʪʘʥ 

ʦץʳʪʫ ʘʟʘʤʘʪʪʘʨʜʳש ʪײʨסʳʣʳץʪʳ ʞʝʨʽʥʝ ץʘʨʘʤʘʩʪʘʥ ʩʘʧʘʣʳ ʙʽʣʽʤ ʘʣʫסʘ ʢʦʥʩʪʠʪʫʮʠʷʣʳץ 

 ʟʜʽʢʩʽʟ ʙʽʣʽʤװ ʢᴇʤʝʛʽʤʝʥ שʳʟ ʪᴅʩʽʣʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʥʳסʞʘʣ שʪʘʨʳʥ ʽʩʢʝ ʘʩʳʨʫʜʳץʳץײץ

ʙʝʨʫ, ʤװʛʝʜʝʢʪʝʨʛʝ ʙʽʣʽʤ ʙʝʨʫ, ʤʘʤʘʥʜʘʨʜʳש ʙʽʣʽʢʪʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʞᴅʥʝ ʪʘסʳ ʙʘʩץʘʣʘʨ ʩʠʷץʪʳ 

ᴇʟʝʢʪʽ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫ ʞʝשʽʣʜʝʪʽʣʝʜʽ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ץʘʰʳץʪʳץʪʘʥ ʦץʳʪʫ ʢᴇʧʪʝʛʝʥ ʤסײʘʣʽʤʜʝʨʜʽ ʪʘʨʪʫʜʳ ץʘʞʝʪ ʝʪʧʝʡʜʽ 

ʞᴅʥʝ ʙʽʣʽʤ ʙʝʨʫ ʧʨʦʮʝʩʽʥʝ ʦץʳʪʫʜʳש ʪᴇʤʝʥ ʙʘסʘʩʳʤʝʥ ʝש ʞʘץʩʳ ʢᴅʩʽʙʠ ײץʨʘʤʜʳ ʧʘʡʜʘʣʘʥʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹʽʟʜʽש ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʜʝ ץʘʰʳץʪʳץʪʘʥ ʦץʳʪʫ ʢʝʟʽʥʜʝ ʙʽʣʽʤ ʙʝʨʫ 

 ʳʥʘʥ ᴇʪʝסʞʘ ץʣ, ᴅʨʠʥʝ, ʵʢʦʥʦʤʠʢʘʣʳײʪʳ ʥᴅʨʩʝ ʧʘʡʜʘ ʙʦʣʘʜʳ. ɹץʵʢʩʧʦʨʪʳ ʩʠʷ שʳʟʤʝʪʪʝʨʽʥʽץ

ʪʠʽʤʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ɾʆʆ-סʘ ץʘʙʳʣʜʘʥʘʪʳʥ ʩʪʫʜʝʥʪʪʝʨ ʩʘʥʳ ʰʝʢʪʝʫʣʽ ʙʦʣʤʘפ .ץʘʰʳץʪʘʥ 

ʦץʳʪʫ ʙײʣ ʤᴅʩʝʣʝʥʽ ʰʝʰʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 ץʪʝʭʥʦʣʦʛʠʷ ʨʝʪʽʥʜʝ ʧʝʜʘʛʦʛʠʢʘʣʳ ץʳʪʫ ʠʥʥʦʚʘʮʠʷʣʳץʪʘʥ ʦץʪʳץʘʰʳץ ,ץʦʨʳʪʘ ʘʡʪʩʘפ

ʧʨʦʮʝʩʪʽש ʙʘʨʣʳץ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʝ, ʞʘʣʧʳ ײץʨʳʣʳʤסʘ ʞᴅʥʝ ʞʘʣʧʳ ʧʝʜʘʛʦʛʠʢʘʣʳץ 

 ʡʝʣʽʢ ᴅʩʝʨ ʝʪʝʜʽװʣʢʝʥ ʞװ ʳʟʤʝʪʽʥʝץ שʪʳץʘʫʳʤʜʘʩʪʳץ

 

ʇʘʡʜʘʣʘʥʳʣסʘʥ ᴅʜʝʙʠʝʪʪʝʨ ʪʽʟʽʤʽ: 

1. ʉʣʘʩʪʝʥʠʥ. - ʄ.: ʄʘʛʠʩʪʨ-ʇʨʝʩʩ ɹʘʩʧʘ תʡʽ, 2000.000.- 488ʩ. 

2. ʇʦʜʳʤʦʚʘ JI.C. ʄסײʘʣʽʤʜʽ ʠʥʥʦʚʘʮʠʷʣʳץ ץʳʟʤʝʪʢʝ ʜʘʷʨʣʘʫʜʳש ʪʝʦʨʠʷʣʳץ 

ʥʝʛʽʟʜʝʨʽ. - ʄ., 1996. ï 382 

3. ɺʘʩʠʣʶʢ   ʬ. ʝ. ʪᴅʞʽʨʠʙʝ ʧʩʠʭʦʣʦʛʠʷʩʳ: ʩʳʥʠ ʞʘסʜʘʡʣʘʨʜʳ ʞʝשʫʜʽ ʪʘʣʜʘʫ / ʘʣסʳ 

ʩᴇʟ. ɺ. ʇ. ɿʠʥʯʝʥʢʦ. -ʄ.: ʄʄʋ ʙʘʩʧʘʩʳ, 1984. - 200 ʙ. 

4. ʈʦʙʝʨʪ ʠ. ʚ. ʙʽʣʽʤ ʙʝʨʫʜʝ ʘץʧʘʨʘʪʪʳץ ʞᴅʥʝ ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ 

 ,ʳʪʪʘʨʳ / /ʦʨʪʘ ʢᴅʩʽʧʪʽʢ ʙʽʣʽʤ.-1998סʙʘ ץʧʝʨʩʧʝʢʪʠʚʘʣʳ שʳ ʟʝʨʪʪʝʫʣʝʨʜʽסʦʣʜʘʥʫ ʩʘʣʘʩʳʥʜʘץ
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ʈɽɿɽרʂɽ 

 

ɹʘʟʘʨ ɸʟʘʤʘʪ ʐʦʬʸʨϰʣʳ 

ϣʳʣʳʤʠ ʞʝʪʝʢʰʽʩʽ: ɸʧʝʥʜʠʥʘ ɸʡʥʘʛϮʣ ʂʝʥʝʩʦʚʥʘ 

 

         ʂʽʨʽʩʧʝ 

 

ɿʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʨʝʟʝשʢʝʩʽʟ ʞʘʩʘʡ ʘʣʤʘʡʜʳ. ʈʝʟʝשʢʝʜʝʥ ʘʚʪʦʤʦʙʠʣʴʜʝʨʛʝ, 

 ,ʛʫʽʨ ʢʦʩʪʶʤʜʝʨ, ʰʘʨʣʘʨשװʰʘʫʣʘʫ, ʩץʘ ʞᴅʥʝ ʚʝʣʦʩʠʧʝʜʪʝʨʛʝ ʰʠʥʘʣʘʨ, ʩʳʤ ʦסʪʘʨץʰʘײ

ʛʘʣʦʰʘʣʘʨ, ʰʣʘʥʛʪʘʨ, װʨʣʝʤʝʣʽ ץʘʡʳץʪʘʨ, ʧʨʦʪʠʚʦʛʘʟʜʘʨ ʞᴅʥʝ ʪʘסʳ ʙʘʩץʘʣʘʨ ʞʘʩʘʣʘʜʳ. 

ʈʝʟʝשʢʝ - ʨʝʟʝשʢʝʜʝʥ ʞʘʩʘʣסʘʥ ᴇʥʽʤ. ʊʘʙʠסʠ ʧʦʣʠʤʝʨ - ʨʝʟʝשʢʝ ᴇʟ ʘʪʳʥ װʥʜʽʣʽʢʪʽש çʢʘʦʯʫè 

ʩᴇʟʽʥʝʥ ʘʣʜʳ, ʤʘסʳʥʘʩʳ - ʨʝʟʝשʢʝ ʙʘʨ ʘסʘʰʪʘ ʢʝʩʽʣʛʝʥ ʢʝʟʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ çʘסʘʰʪʳש 

ʞʘʩʪʘʨʳè. ʂᴇʧʪʝʛʝʥ ʞװʟʜʝʛʝʥ ʞʳʣʜʘʨ ʙײʨʳʥ װʥʜʽʣʝʨ ʘץ ʰʘʡʳʨ - ʨʝʟʝשʢʝ ץʦʣʜʘʥʫʜʳ װʡʨʝʥʜʽ. 

ʊʘʙʠסʠ ʢʘʫʯʫʢ (NR) ᴇʩʽʤʜʽʢʪʝʨʜʝʥ ʘʣʳʥʘʜʳ - ʨʝʟʝשʢʝ ᴇʩʽʤʜʽʢʪʝʨ ʜʝʧ ʘʪʘʣʘʜʳ. ʊʘʙʠסʠ ʨʝʟʝשʢʝ 

ʩʫʜʘ ʦשʘʡ ʝʨʠʜʽ. 90 Á C ʪʝʤʧʝʨʘʪʫʨʘסʘ ʜʝʡʽʥ ץʳʟʜʳʨסʘʥʜʘ ʨʝʟʝשʢʝ ʞײʤʩʘʨʘʜʳ, ʞʘʙʳʩץʘץ 

ʙʦʣʘʜʳ, ʥᴇʣʜʝʥ ʪᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʦʣ ץʘʪʪʳ ʞᴅʥʝ ʩʳʥסʳʰ ʙʦʣʘʜʳ. 

ʊʝʭʥʦʣʦʛʠʷʥʳץ שʘʨץʳʥʜʳ ʜʘʤʫʳ ʪʝʢ ʪʘʙʠסʠ ʢʘʫʯʫʢʪʳ ץʦʣʜʘʥʫʤʝʥ ʰʝʢʪʝʣʽʧ ץʘʣʤʘʜʳ 

ʞᴅʥʝ ʩʠʥʪʝʪʠʢʘʣʳץ (ʞʘʩʘʥʜʳ) ʢʘʫʯʫʢʪʘʨʜʳ (ʉʂ) ʞʘʩʘʫסʘ ᴅʢʝʣʜʽ. ᴄʨ ʪװʨʣʽ ʝʣʜʝʨʜʝʛʽ 

ᴇʥʝʨʢᴅʩʽʧ ʩʠʥʪʝʪʠʢʘʣʳץ ʢʘʫʯʫʢ ʪᴅʨʽʟʜʽ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʘʣʫʘʥ ʪװʨʽʥ ʰʳסʘʨʘʜʳ. ʈʝʟʝשʢʝ 

ᴇʥʜʽʨʽʩʽʥʝ ʘʨʥʘʣסʘʥ ʙʘʩʪʘʧץʳ ʰʠʢʽʟʘʪ: ʵʪʠʣ ʩʧʠʨʪʽ, ʘʮʝʪʠʣʝʥ, ʙʫʪʘʥ, ʵʪʠʣʝʥ, ʙʝʥʟʦʣ, 

ʠʟʦʙʫʪʠʣʝʥ, ʢʝʡʙʽʨ ʛʘʣʦʛʝʥʜʝʥʛʝʥ ʢᴇʤʽʨʪʝʢʪʽ ʪʫʳʥʜʳʣʘʨʳ ʞᴅʥʝ ʪ.ʩ.ʩ. ʄʦʥʦʤʝʨʣʝʨʜʽש 

ʧʦʣʠʤʝʨʣʝʥʫʽ ʢʝʟʽʥʜʝ (ʜʠʚʠʥʠʣ, ʩʪʠʨʦʣ, ʭʣʦʨʦʧʨʝʥ, ʚʠʥʠʣʭʣʦʨʠʜ ʞᴅʥʝ ʪ.ʙ.), ʩʠʥʪʝʪʠʢʘʣʳץ 

ʢʘʫʯʫʢʪʝʨ. ʘʣʳʥסʘʥ. 

ʊʘʙʠסʠ ʢʘʫʯʫʢ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʞʦסʘʨʳ ʙʝʨʽʢʪʽʛʽ ʙʘʨ, ʩʠʥʪʝʪʠʢʘʣʳץ ʢʘʫʯʫʢʪʘʥ 

ʘʷʟסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʞᴅʥʝ ʝʨʽʪʢʽʰʪʝʨʛʝ ʪᴇʟʽʤʜʽʣʽʛʽ ʞʘסʳʥʘʥ ʘʡʪʘʨʣʳץʪʘʡ ʪᴇʤʝʥ. ʈʝʟʝשʢʝʥʽש 

 שʢʘʫʯʫʢʪʳ ץʢʝʣʝʨʛʝ ʙʘʡʣʘʥʳʩʪʳ. ʉʠʥʪʝʪʠʢʘʣʳשʨʘʡʪʳʥ ʨʝʟʝײץ ʘʩʠʝʪʪʝʨʽ ʥʝʛʽʟʽʥʝʥ ʦʥʳץ

ʩʘʧʘʩʳ ʢʘʫʯʫʢʪʳש ʝʨʽʪʢʽʰʪʝʨʛʝ ʪᴇʟʽʤʜʽʣʽʛʽʥ, ʘʫʘ ʨʘʡʳʥʳש ʙײʟʳʣʫʳʥʘ, ʦʪʪʝʛʽʥʝ, ʘʛʨʝʩʩʠʚʪʽ 

ʦʨʪʘסʘ, ʳʩʪʳץץʘ ʪᴇʟʽʤʜʽʣʽʢʢʝ, ʘʷʟסʘ ʪᴇʟʽʤʜʽʣʽʢʢʝ, ʩʝʨʧʽʤʜʽʣʽʢ ʧʝʥ ʩʝʨʧʽʤʜʽʣʽʢʢʝ, ʨʝʟʝשʢʝ 

 .ʘʩʠʝʪʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳץ ʘץʙʘʩ שʳʥʘ ʞᴅʥʝ ʤʝʪʘʣʜʳסʪʳץʘץʞʘʙʳʩ שʦʩʧʘʣʘʨ ʝʨʽʪʽʥʜʽʣʝʨʽʥʽץ

I ʪʘʨʘʫ: ʈʝʟʝשʢʝ ᴇʥʜʽʨʽʩʽʥʽש ʞʘʣʧʳ ʘץʧʘʨʘʪʳ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʩʳ 

 

1.1 ʈʝʟʝשʢʝ ץʦʩʧʘʩʳʥʳש ʢʦʤʧʦʥʝʥʪʪʝʨʽ 

 

ʈʝʟʝשʢʝ ʘʣʫ װʰʽʥ ʥʝʛʽʟʛʽ ʢʦʤʧʦʥʝʥʪ ʢʘʫʯʫʢ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʣ ʚʫʣʢʘʥʠʟʘʮʠʷ 

ʧʨʦʮʝʩʽʥʜʝ ʚʫʣʢʘʥʠʟʘʮʠʷʣʘʫ ʘʛʝʥʪʽʤʝʥ ץʦʩʳʣʳʧ ʨʝʟʝשʢʝ ʪװʟʝʜʽ. ʂװʢʽʨʪ ᴅʜʝʪʪʝ ʚʫʣʢʘʥʠʟʘʪʦʨ 

ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ; ʪʠʦʢʦʣʴʜʳ ʢʘʫʯʫʢʪʝʨ ʤʝʪʘʣʣ ʧʝʨʦʢʩʠʜʪʝʨʽʤʝʥ (ʤʘʨʛʘʥʝʮ ʧʝʨʦʢʩʠʜʽ, 

 ʳʤʝʥסʳʥ ʪʦʪʳץʘʩ ץʘʩʳʥ ʧʝʨʦʢʩʠʜʽ) ʚʫʣʢʘʥʠʟʘʮʠʷʣʘʥʘʜʳ; ʧʦʣʠʮʠʣʦʢʩʘʡʜʳ ʦʨʛʘʥʠʢʘʣʳסʦʨץ

(ʙʝʥʟʦʣ ʧʝʨʦʢʩʠʜʽ) ʚʫʣʢʘʥʠʟʘʮʠʷʣʘʡʜʳ; ʬʪʦʨ ʢʘʫʯʫʢʪʘʨʳ ʦʨʛʘʥʠʢʘʣʳץ ʧʝʨʦʢʩʠʜʪʝʨʤʝʥ 

ʥʝʤʝʩʝ ʜʠʘʤʠʥʜʝʨʤʝʥ ʚʫʣʢʘʥʠʟʘʮʠʷʣʘʥʘʜʳ. 

ʄʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʛʽʥ ʞᴅʥʝ ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ װʰʽʥ, ᴅʜʝʪʪʝ, ʨʝʟʝשʢʝ ײץʨʘʤʳʥʘ 

ʢװʰʝʡʪʝʪʽʥ ʪʦʣʪʳʨסʳʰ ץʦʩʳʣʘʜʳ. ɹײʣ ʪʦʣʪʳʨסʳʰʪʘʨסʘ ʙᴇʣʰʝʢʪʝʨʜʽש ʤᴇʣʰʝʨʽ ᴇʪʝ ʘʟ ʞᴅʥʝ 
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ʙʝʪʽ ᴇʪʝ ʞʘץʩʳ ʜʘʤʳסʘʥ ʟʘʪʪʘʨ ʞʘʪʘʜʳ. ɽש ʢᴇʧ ʪʘʨʘʣסʘʥ ʘʨʤʘʪʫʨʘʣʳץ ʪʦʣʪʳʨסʳʰʪʘʨ - 

ʢᴇʤ̔ʨʪʝʢʪʽ ץʘʨʘ. 

ɾʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞײʤʳʩ ʽʩʪʝʫʛʝ ʘʨʥʘʣסʘʥ ʘʰʳץ ʪװʩʪʽ ʢʘʫʯʫʢʪʝʨ ʤʝʥ ʨʝʟʝשʢʝʣʝʨ 

ᴇʥʜʽʨʽʩʽʥʜʝ ʘʨʤʘʪʫʨʘʣʳץ ʪʦʣʪʳʨסʳʰ ʨʝʪʽʥʜʝ ʙʽʨʜʝʡ ʞץײʘ ʜʠʩʧʝʨʩʪʽ ʢװʡʜʝ ʙʦʣʘʪʳʥ ʢʨʝʤʥʠʡ 

ʦʢʩʠʜʽ, ʪʠʪʘʥ ʦʢʩʠʜʽ ץʦʣʜʘʥʳʣʘʜʳ. 

ɺʫʣʢʘʥʠʟʘʮʠʷ װʜʝʪʢʽʰʪʝʨʽ ʨʝʟʝשʢʝ ץʦʩʧʘסʘ ʜʠʬʝʥʠʣʛʫʘʥʠʜʠʫʤ ʞᴅʥʝ ʙʘʩץʘʣʘʨʳʥ 

 ʘסʘʷʟ שʧʣʘʩʪʠʢʘʩʳʥ ʞᴅʥʝ ʜʘʡʳʥ ᴇʥʽʤʥʽ שʦʩʧʘʥʳץ ʢʝשʦʣʜʘʥʘ ʦʪʳʨʳʧ ʝʥʛʽʟʽʣʝʜʽ.ʂʝʡʜʝ ʨʝʟʝץ

ʪᴇʟʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ װʰʽʥ ʧʣʘʩʪʠʬʠʢʘʪʦʨʣʘʨ (ʩʪʝʘʨʠʥ ʞᴅʥʝ ʦʣʝʠʥ ץʳʰץʳʣʜʘʨʳ, ʧʘʨʘʬʠʥʜʝʨ 

ʞᴅʥʝ ʪ.ʙ.) ץʦʩʳʣʘʜʳ. ʨʝʟʝשʢʝ ץʦʩʧʘʩʳ. 

ʈʝʟʝשʢʝ ץʦʩʧʘʩʳʥʘ ʘʥʪʠʦʢʩʠʜʘʥʪʪʘʨʤʝʥ (ץʘʨʪʘʶסʘ ץʘʨʩʳ ʘʛʝʥʪʪʝʨʤʝʥ) ץʘʨʪʘʶסʘ 

 ʰʽʥװ ʩ ʙʝʨʫװʦʩʳʣʘʜʳ, ʘʣ ʪץ ʘʨʩʳ ʘʛʝʥʪʪʝʨ (ʢʘʫʯʫʢʪʽ ʘʫʘʤʝʥ ʦʪʪʝʛʽʤʝʥ ʙʽʨʽʢʪʽʨʫ ʧʨʦʮʝʩʽ)ץ

ʙʦʷסʳʰʪʘʨ (ʦʭʨʘ, ʫʣʴʪʨʘʤʘʨʠʥ) ץʦʩʳʣʘʜʳ. 

 

1.2 ʈʝʟʝשʢʝ ᴇʥʜʽʨʫ ʪʝʭʥʦʣʦʛʠʷʩʳ. ɽʤʜʝʫ 

 

ʈʝʟʝשʢʝ ʤʝʥ ʨʝʟʝשʢʝ ʙᴇʣʰʝʢʪʝʨʜʽ ʞʘʩʘʫ ʧʨʦʮʝʩʽ ʰʠʢʽ ʨʝʟʝשʢʝ ץʦʩʧʘʩʳʥ ʜʘʡʳʥʜʘʫʜʘʥ, 

ʦʜʘʥ ʞʘʨʪʳʣʘʡ ʬʘʙʨʠʢʘʪʪʘʨ ʥʝʤʝʩʝ ʙᴇʣʰʝʢʪʝʨ ʘʣʫʜʘʥ ʞᴅʥʝ ʦʣʘʨʜʳ ʚʫʣʢʘʥʠʟʘʮʠʷʣʘʫʜʘʥ 

ʪײʨʘʜʳ. 

ʊʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʢʝ ʢʝʣʝʩʽ ʦʧʝʨʘʮʠʷʣʘʨ ʢʽʨʝʜʽ: ʠʣʝʤʜʝʫ, ʢʘʣʘʥʜʨʣʝʫ, ʜʘʡʳʥʜʘʤʘʣʘʨʜʳ 

ʘʣʫ, ץʘʣʳʧʪʘʫ ʞᴅʥʝ ʚʫʣʢʘʥʠʟʘʮʠʷ, ʜʘʡʳʥ ʙᴇʣʰʝʢʪʝʨʜʽ ᴇשʜʝʫ. 

ʐʠʢʽ ʢʘʫʯʫʢʪʳ ʜʘʡʳʥʜʘʫ װʰʽʥ ʨʝʟʝשʢʝ ʙᴇʣʽʢʪʝʨʛʝ ʙᴇʣʽʥʽʧ, ʙʽʣʽʢʢʝ ʘʡʥʘʣʜʳʨʳʣʘʜʳ 

(ʩʫʨ. 180). ʉʦʜʘʥ ʢʝʡʽʥ, ʘʨʥʘʡʳ ʘʨʘʣʘʩʪʳʨסʳʰʪʘʨʜʘ ʢʘʫʯʫʢʪʽ re3ina ײץʨʘʡʪʳʥ ײʥʪʘץ 

ʢʦʤʧʦʥʝʥʪʪʝʨʽʤʝʥ ʘʨʘʣʘʩʪʳʨʘʜʳ (ʚʫʣʢʘʥʠʟʘʪʦʨʣʘʨ, ʪʦʣʪʳʨסʳʰʪʘʨ, ʚʫʣʢʘʥʠʟʘʮʠʷ 

 .ʘ ʝʥʛʽʟʝʜʽסʦʩʧʘץ ʢʝשʤᴇʣʰʝʨʣʝʤʝʩʽʥʝ ʩᴅʡʢʝʩ ʨʝʟʝ ץʜʝʪʢʽʰʪʝʨʽ ʞᴅʥʝ ʪ.ʙ.), ʦʣʘʨʜʳ ʩʘʣʤʘװ

ɸʨʘʣʘʩʪʳʨʫʜʳ ʙʽʣʽʢʪʝʨʜʝ ʜʝ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ. ʆʩʳʣʘʡʰʘ, ʙʽʨʪʝʢʪʽ, ʧʣʘʩʪʠʢʘʣʳץ ʞᴅʥʝ ʪᴇʤʝʥ 

ʩʝʨʧʽʤʜʽ ʤʘʩʩʘ - ʰʠʢʽ ʨʝʟʝשʢʝ ʘʣʳʥʘʜʳ. ʆʣ ʦשʘʡ ץʘʣʳʧʪʘʡʜʳ, ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʝ 

ʝʨʠʜʽ ʞᴅʥʝ ץʳʟʜʳʨסʘʥʜʘ ʞʘʙʳʩץʘץ ʙʦʣʘʜʳ. 

ʆʨʘʣסʘʥ ʨʝʟʝשʢʝ ץʦʩʧʘʩʳ ʢʘʣʘʥʜʨסʘ ʙʝʨʽʣʛʝʥ ץʘʣʳשʜʳץʪʘסʳ ʧʘʨʘץʪʘʨʜʳ ʘʣʫ װʰʽʥ 

ʙʝʨʽʣʝʜʽ - ʨʝʟʝשʢʝ ʧʘʨʘץʪʳ ʞʘʩʘʫ ʧʨʦʮʝʩʽ. ʂʘʣʝʥʜʨʣʝʥʛʝʥ ʧʘʨʘץʪʘʨʜʘʥ ʙᴇʣʰʝʢʪʝʨʜʽש 

ʜʘʡʳʥʜʘʤʘʣʘʨʳ ʰʘʙʣʦʥʜʘʨסʘ ʩᴅʡʢʝʩ ʢʝʩʫ, ʢʝʩʝʪʽʥ ʧʳʰʘץʪʘʨʤʝʥ ʢʝʩʫ, ʰʧʨʠʮ ʤʘʰʠʥʘʩʳʥʜʘ 

 .ʳʣʳ ʘʣʳʥʘʜʳץʘʣʳʧʪʘʫ ʘʨץ

ʕʣʝʢʪʨʤʝʥ ץʳʟʜʳʨʳʣסʘʥ ʛʠʜʨʘʚʣʠʢʘʣʳץ ʚʫʣʢʘʥʠʟʘʮʠʷʣʘʫ ʧʨʝʩʪʝʨʽ ʬʦʨʤʘʣʘʫ ʘʨץʳʣʳ 

ʨʝʟʝשʢʝ ʙᴇʣʰʝʢʪʝʨ ʞʘʩʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. ʇʨʝʩʪʝʫ ʬʦʨʤʘʣʘʨʜʘ ʪʽʢʝʣʝʡ ʞᴅʥʝ 

ʠʥʞʝʢʮʠʷʣʳץ ץʘʣʳʧʪʘʫ ᴅʜʽʩʽʤʝʥ ʦʨʳʥʜʘʣʘʜʳ. ʀʥʲʝʢʮʠʷʣʳץ ץʘʣʳʧʪʘʫ ʢװʨʜʝʣʽ ʢʦʥʬʠʛʫʨʘʮʠʷ 

ʙᴇʣʽʢʪʝʨʽʥ ʜʘʡʳʥʜʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. ײפʶ ᴅʜʽʩʽʤʝʥ ʞʘʩʘʣסʘʥ ʙᴇʣʰʝʢʪʝʨ ʜʽʨʽʣʛʝ 

ʪᴇʟʽʤʜʽʣʽʢʪʽ ʞʦסʘʨʳʣʘʪʘʜʳ ʞᴅʥʝ ʘʫʳʩʧʘʣʳ ʞװʢʪʝʤʝʣʝʨʛʝ ʞʘץʩʳ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

ʈʝʟʝשʢʝʣʝʨʜʽ ץʘʣʳʧʪʘʫסʘ ʘʨʥʘʣסʘʥ ʧʣʘʩʪʤʘʩʩʘʜʘʥ ʞʘʩʘʣסʘʥ ץʘʣʳʧʪʘʨסʘ ʢᴇʧ ץײʩʘʩʪʳץʪʘʨ ʙʘʨ, 

ʙʽʨʘץ ʦʣʘʨʜʳש ʘʡʳʨʤʘʰʳʣʳץʪʘʨʳ ʙʘʨ. פʘʣʳʧʪʘʨʜʳ ײץʶסʘ ʘʨʥʘʣסʘʥ ʨʝʟʝשʢʝ ץʦʩʳʣʳʩʪʘʨʜʳש 

ʞʦסʘʨʳ ʧʣʘʩʪʠʢʘʣʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ, ʪʽʧʪʽ ʢװʨʜʝʣʽ ʢʦʥʬʠʛʫʨʘʮʠʷʣʘʨʜʘ ʜʘ 5 ʄʇʘ (50 ʢʛʩ / 

ʩʤ2) ʞʦסʘʨʳ ץʳʩʳʤ ץʘʞʝʪ ʝʤʝʩ. ʂᴇʧ ʞʘסʜʘʡʜʘ ᴇʥʽʤʜʝʨ 1-2 ʄʇʘ (10-20 ʢʛʩ / ʩʤ2) ץʳʩʳʤʤʝʥ 

 .ʘʣʳʧʪʘʣʘʜʳץ

ɾʦסʘʨʳ ʩʝʨʧʽʤʜʽ ʙʝʨʽʢ ᴇʥʽʤʜʝʨʜʽ (ʰʠʥʘʣʘʨ, ʪʨʘʥʩʤʠʩʩʠʷʣʳץ ʙʝʣʙʝʫʣʝʨ, ʙʝʣʙʝʫʣʝʨ, 

ʞʝשʜʝʨ) ʘʣʫ װʰʽʥ ʨʝʟʝשʢʝ ץʦʩʧʘʩʳ ʤʘץʪʘ ʪʘʣʰʳסʳʥʘʥ, ʧʦʣʠʘʤʠʜʪʝʥ ʥʝʤʝʩʝ ʧʦʣʠʵʬʠʨ 

ʪʘʣʰʳץʪʘʨʳʥʘʥ ʞʘʩʘʣסʘʥ ʙʝʨʽʢʪʽʛʽ ʞʦסʘʨʳ ʤʘʪʘʣʘʨסʘ (ʰʥʫʨ, ʙʝʣʙʝʫʣʝʨ) ʞʘסʳʣʘʜʳ. ʈʝʟʝשʢʝʥʽ 

ʤʘʪʘסʘ ʞʘʙʳʩʪʳʨʫ װʰʽʥ ʙʘʩʫ ʥʝʤʝʩʝ ʩʽשʜʽʨʫ ᴅʜʽʩʪʝʨʽ ץʦʣʜʘʥʳʣʘʜʳ. ɹʽʨʽʥʰʽ ʞʘסʜʘʡʜʘ, ʤʘʪʘסʘ 
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ʤʘʪʘʥʳװ שʩʪʽʥʝ ʘʨʥʘʡʳ ץʦʩʳʤʰʘ ץʘʡʪʘʣʘʥʘʪʳʥ ʢʘʣʘʥʜʨʣʘʨʜʘסʳ ʢʘʣʘʥʜʨʣʝʥʛʝʥ ʰʠʢʽ ʨʝʟʝשʢʝ 

ʞץײʘ ʧʘʨʘץʪʘʨʳ ʙʘʩʳʣʘʜʳ. ɽʢʽʥʰʽ ʞʘסʜʘʡʜʘ ʤʘʪʘʥʳ ʨʝʟʝשʢʝ ץʦʩʧʘʣʳ ʝʨʽʪʽʥʜʽʤʝʥ (ʨʝʟʝשʢʝ 

ʞʝʣʽʤ) ʩʽשʜʽʨʽʧ, ʝʨʽʪʢʽʰʪʽ ʘʣʫ װʰʽʥ ʢʝʧʪʽʨʝʜʽ. ʈʝʟʝשʢʝʣʝʥʛʝʥ ʤʘʪʘʥʳ ʢʝʩʽʧ ʘʣʳʧ, ʧʘʢʝʪʪʝʨʛʝ 

ʞʠʥʘʧ, ʙײʡʳʤʜʘʨסʘ ʩʳסʳʤʜʘʡʜʳ. 

ʂᴇʧʪʝʛʝʥ ʨʝʟʝשʢʝ ʙײʡʳʤʜʘʨ ʤʝʪʘʣʣ ʙᴇʣʰʝʢʪʝʨʤʝʥ ʥʳסʘʡʪʳʣסʘʥ. ʄʝʪʘʣʜʘʨ ʥʝʤʝʩʝ 

 ʡʳʤʥʘʥײʪʘʥ ʦʣʘʨ ʙץʢʝʛʝ ʞʘʙʳʩʧʘʡʜʳ (ʞʘʙʳʩʧʘʡʜʳ), ʩʦʥʜʳשʨʝʟʝ (ʘץʞʝʟʜʝʥ ʙʘʩ) ʦʨʳʪʧʘʣʘʨץ

ʦשʘʡ ʰʳסʘʨʳʣʘʜʳ. ʄʝʪʘʣʣ ʘʨʤʘʪʫʨʘʥʳ ʨʝʟʝשʢʝʛʝ ʞʘʙʳʩʪʳʨʫ װʰʽʥ ʤʝʪʘʣסʘ ʥʝʤʝʩʝ ʞʝʟʙʝʥ 

 ʘʨʳסʞʦ שʝ שʢʘʫʯʫʢʢʝ ʘʜʛʝʟʠʷʩʳʥʳ שʦʣʜʘʥʳʣʘʜʳ. ʄʝʪʘʣʣʜʳץ ʧʣʝʥʢʘ ץʘץʘʥ ʞʘʙʳʩסʘʧʪʘʣץ

ʙʝʨʽʢʪʽʛʽ ʠʟʦʮʠʘʥʘʪʪʳ ʞʝʣʽʤʥʽש çʣʝʡʢʦʥʘʪè ʧʣʝʥʢʘʩʳʥ ʥʝʤʝʩʝ ʦʥʳש ʤʝʪʘʣ ʙʝʪʽʥʝ ʞʝʟʜʝʥ 

ʞʘʣʘʪʳʣʫʳ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 

ʂʝʟ-ʢʝʣʛʝʥ ץʘʣʳʧʪʘʫ ʧʨʦʮʝʩʽ ʚʫʣʢʘʥʠʟʘʮʠʷ ʧʨʦʮʝʩʽʤʝʥ ʘʷץʪʘʣʘʜʳ. ʈʝʟʝשʢʝ ʩʳʟʳץʪʳץ 

ʤʦʣʝʢʫʣʘʣʘʨʜʘʥ ʪײʨʘʜʳ. ʂװʢʽʨʪʧʝʥ ץʳʟʜʳʨסʘʥʜʘ (ʚʫʣʢʘʥʠʟʘʮʠʷ) ʤʦʣʝʢʫʣʘʣʘʨ װʣʢʝʡʽʧ, 

ʤʦʣʝʢʫʣʘʣʘʨ ʪʦʨʳ ʧʘʡʜʘ ʙʦʣʘʜʳ, ʘʣ ʨʝʟʝשʢʝ ʨʝʟʠʥʘסʘ ʘʡʥʘʣʘʜʳ. ʉʳʟʳץʪʳץ ʨʝʟʝשʢʝʜʝʥ ʙʘʩץʘ 

 .ʰ ᴇʣʰʝʤʜʽ ʤʦʣʝʢʫʣʘʣʘʨ ʜʘ ʙʘʨװ

ʄʦʣʝʢʫʣʘʣʘʨʜʳש ʘʩץʳʥʫʳ ʤʝʥ ײʣסʘʶʳ ʟʘʪʪʳש ʠʢʝʤʜʽʣʽʢʢʝ ʠʝ ʙʦʣʫʳʥʘ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʭʠʤʠʷʣʳץ ᴅʩʝʨʛʝ ʪᴇʟʽʤʜʽʣʽʢʪʽ ʪᴇʤʝʥʜʝʪʧʝʡʜʽ. ʈʝʟʝשʢʝ ʰʘʤʘʤʝʥ װʰʪʝʥ ʙʽʨ 

ʙᴇʣʽʛʽʥ ʢװʡʝʜʝʥ ʪײʨʘʜʳ, ʦʣ ʟʘʪ ײץʨʳʣʳʤʳʥʜʘ ʢʨʠʩʪʘʣʣʜʳץʪʳ ʪʫʜʳʨʘʜʳ ʞᴅʥʝ ʦʥʳש ʙʝʨʽʢʪʽʛʽʥ 

ʘʨʪʪʳʨʘʜʳ. 

ɺʫʣʢʘʥʠʟʘʮʠʷ ץʳʟʜʳʨʫʤʝʥ ʞᴅʥʝ ץʳʟʜʳʨʫʩʳʟ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ɺʫʣʢʘʥʠʟʘʮʠʷʥʳש 

 ʨʽ ʞᴅʥʝװʪʘʣʘʜʳ (ʢʘʫʯʫʢ ʪץʨʘʤʳʤʝʥ ʘʥʳײץ שʦʩʳʣʳʩʪʳץ ʢʝשʳ ʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʨʝʟʝסʪʳץʟʘײ

ʝʥʛʽʟʽʣʛʝʥ װʜʝʪʢʽʰʪʽש ʪʠʽʤʜʽʣʽʛʽ); ʙʽʨʘץ ᴅʜʝʪʪʝ ʚʫʣʢʘʥʠʟʘʮʠʷ 120-150 ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʘʜʳ 

ɹᴇʣʰʝʢʪʝʨʜʽ ץʘʣʳʧʪʘʩʪʳʨʫ ʢʝʟʽʥʜʝ ʦʣʘʨʜʳ ʛʠʜʨʘʚʣʠʢʘʣʳץ ʚʫʣʢʘʥʠʟʘʮʠʷʣʘʫ 

ʧʨʝʩʪʝʨʽʥʜʝʛʽ ץʘʣʳʧʪʘʨʜʘ ʚʫʣʢʘʥʠʟʘʮʠʷʣʘʡʜʳ, ʦʣʘʨʜʳ ʙʫʤʝʥ ʥʝʤʝʩʝ ʵʣʝʢʪʨʤʝʥ ץʳʟʜʳʨʘʜʳ. 

 ʢʝשʨʳʣʳʤʜʳ, ʜᴅʣʽʨʝʢ ᴇʣʰʝʤʜʝʨʜʽ ʞᴅʥʝ ʨʝʟʝײץ ʳʟ, ʙʽʨʢʝʣʢʽסʘʥ ʚʫʣʢʘʥʠʟʘʮʠʷ ᴅʜʽʩʽ ʪʳסʡʳʣײפ

ʙײʡʳʤסʘ ʘʨʥʘʣסʘʥ ʙʝʪʪʽ ʪʘʟʘʨʪʘʜʳ. ɽʛʝʨ ץʘʣʳʧʪʘ ʚʫʣʢʘʥʠʟʘʮʠʷʣʘʫ ʤװʤʢʽʥ ʙʦʣʤʘʩʘ, ᴅʩʽʨʝʩʝ 

ʰʧʨʠʮ ʤʘʰʠʥʘʩʳʥʜʘ ʠʣʝʢʪʝʫ ʞᴅʥʝ ʢᴇʙʝʡʪʫ ʘʨץʳʣʳ ʘʣʳʥסʘʥ ᴇʥʽʤʜʝʨʜʽ ʚʫʣʢʘʥʠʟʘʮʠʷʣʘʫ 

 .ʟʝʛʝ ʘʩʳʨʳʣʘʜʳװʳʥʜʘ ʞסʘʟʘʥʜʳץ

ɹʘʨʣʳץ ʜʝʨʣʽʢ ʩʠʥʪʝʪʠʢʘʣʳץ ʢʘʫʯʫʢʪʝʨ ʩʫʣʳ ʦʨʪʘʜʘ ʵʤʫʣʴʩʠʷʣʳץ ʧʦʣʠʤʝʨʣʝʥʫ 

ʘʨץʳʣʳ ᴇʥʜʽʨʽʣʝʜʽ. ʆʩʳ ʞʘסʜʘʡʣʘʨʜʘ ʪװʟʽʣʛʝʥ ʧʦʣʠʤʝʨʜʽ ʢʦʣʣʦʠʜʪʳ ʙᴇʣʰʝʢʪʝʨʜʽש 

ʤᴇʣʰʝʨʽʥʝ ʞʘץʳʥ ʙᴇʣʰʝʢʪʝʨʤʝʥ ʘʣʘʜʳ. ɸʨʥʘʡʳ ʝʥʛʽʟʽʣʛʝʥ ʟʘʪʪʘʨ (ʵʤʫʣʴʛʘʪʦʨʣʘʨ) ʙʦʣסʘʥ 

ʢʝʟʜʝ ʧʦʣʠʤʝʨ ʙᴇʣʰʝʢʪʝʨʽ ʧʦʣʠʤʝʨʜʽש ʩʫʜʘ ʵʤʫʣʴʩʠʷʩʳʥ ʪװʟʝʜʽ, ʦʥʳ ʣʘʪʝʢʩ ʜʝʧ ʘʪʘʡʜʳ. 

 ʡʳʤʜʘʨ ʪʽʢʝʣʝʡײʢʝ ʙשʘʨʳʣʘʜʳ, ʦʣʘʨʜʘʥ ʨʝʟʝסʳʪʪʘ ʢᴇʧʪʝʛʝʥ ʣʘʪʝʢʩʪʝʨ ʰʳץʘʟʽʨʛʽ ʫʘפ

ʞʘʩʘʣʫʳ ʤװʤʢʽʥ. ʆʣʘʨ װʡʢʝʣʽʩ ᴇʥʽʤʜʝʨʽʥ ʘʣʫ װʰʽʥ, ʰʥʫʨʜʳ ʩʽשʜʽʨʫ װʰʽʥ, ʘʙʨʘʟʠʚʪʽ ʪʝʛʽʩʪʝʫ 

ʪʘʩʪʘʨʳʥ, ʨʝʟʝשʢʝ ʞʽʧʪʝʨʜʽ, ʰʘʰץʘ ʩʝʨʧʽʤʜʽ ʞʘʩʪʳץʰʘʣʘʨʜʳ, ʙʘʪʳʨʳʣסʘʥ ᴇʥʽʤʜʝʨʜʽ 

 ʡʳʤʜʘʨʜʳ, ʞʝʣʽʤʜʝʨʜʽ ʣʘʪʝʢʩײʘʣʳ ʙסʘʙʳʨץ שʘʣʳץ ,(ʳʰ ʰʘʨʣʘʨץʰײ ,ʘʧʪʘʨסʦʣץ)

ʧʘʩʪʘʣʘʨʳʤʝʥ ʘʣʤʘʩʪʳʨʫ װʰʽʥ, ᴇʥʜʽʨʽʩ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ ʨʝʟʝשʢʝ ʢᴇʙʽʢʪʝʨ. 

 ʘʣʳʧ ʙʽʨʥʝʰʝ ʨʝʪץ ʰʽʥ ʣʘʪʝʢʩʢʝװ ʡʳʤʜʘʨʜʳ ʘʣʫײʢʝ ʙשʳ 0,2 ʤʤ-ʜʝʥ ʘʩʧʘʡʪʳʥ ʨʝʟʝסʜʳשʘʣʳפ

ʙʘʪʳʨʳʣʘʜʳ (ᴅʜʝʪʪʝ ᴅʡʥʝʢ). ᴄʨ ʙʘʪʳʨסʘʥʥʘʥ ʢʝʡʽʥ ʬʦʨʤʘʜʘ ʣʘʪʝʢʩʪʽץ שʘʙʘʪʳ ץʘʣʘʜʳ, ʦʜʘʥ 

ʩʫʜʳ ʢʝʧʪʽʨʫ ʘʨץʳʣʳ ʰʳסʘʨʘʜʳ. 

ʃʘʪʝʢʩʪʝʥ ʙײʡʳʤʜʘʨ ʞʘʩʘʫ ʧʨʦʮʝʩʽ ʢʝʣʝʩʽ ʦʧʝʨʘʮʠʷʣʘʨʜʘʥ ʪײʨʘʜʳ: ʣʘʪʝʢʩʪʽ 

ʚʫʣʢʘʥʠʟʠʨʣʝʫʰʽ ʟʘʪʪʘʨʤʝʥ ʞᴅʥʝ ʨʝʟʝשʢʝ ץʦʩʧʘʥʳש ʙʘʩץʘ ʢʦʤʧʦʥʝʥʪʪʝʨʽʤʝʥ ʘʨʘʣʘʩʪʳʨʫ: 

ʨʝʟʝשʢʝʥʽ ʩʫ ʙʫʣʘʥסʘʥ ʢʝʟʜʝ ʧʣʝʥʢʘ ʪװʨʽʥʜʝ ץʘʣʳʧץʘ ʦʪʳʨסʳʟʫ; ʚʫʣʢʘʥʠʟʘʮʠʷ. 

ɺʫʣʢʘʥʠʟʘʮʠʷʣʘʥסʘʥ ʨʝʟʝשʢʝ ʙᴇʣʰʝʢʪʝʨ, ʦʣʘʨסʘ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨסʘ ʙʘʡʣʘʥʳʩʪʳ, 

 ʘʣʳʧ (ʪʘʨʜʳץʳʣʰʳץ) ʪʘʨʜʳץʳʣʰʳץ ʜʘʡʣʘʨʜʘסʰʳʨʘʡʜʳ. ʂᴇʧʪʝʛʝʥ ʞʘײ ʜʝʫʛʝשʦʩʳʤʰʘ ᴇץ
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ʪʘʩʪʘʫ ʞʝʪʢʽʣʽʢʪʽ, ʦʥʳ ײʰʳ ץʘʡʳʨʳʣסʘʥ ײʩʘץ ץʘʡʰʳʤʝʥ ʜʝ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ. ɽʛʝʨ ʙᴇʣʽʢʪʝʨʜʝ 

ʪʝʩʽʢʪʝʨ ʙʦʣʩʘ, ʩʦץץʳ ʧʳʰʘץʪʘʨʳ ץʦʣʜʘʥʳʣʘʜʳ. ɾʘʨץʳʣʜʳש ʽʟʜʝʨʽʥ ʪװʧʢʽʣʽʢʪʽ ʞʦʶ װʰʽʥ 

 ʢʽʣװʙ שʰʽʥ ʙᴇʣʰʝʢʪʽװ ʜʘʡʣʘʨʜʘ ʜᴅʣ ᴇʣʰʝʤʜʝʨʜʽ ʘʣʫסʨʛʽʟʽʣʝʜʽ. ʂʝʡʙʽʨ ʞʘװʦʩʳʤʰʘ ʪʝʛʽʩʪʝʫ ʞץ

ʙʝʪʽʥ ʙײʨʘʧ, ʪʝʛʽʩʪʝʫ ץʘʞʝʪ. ɹײʣ ʦʧʝʨʘʮʠʷʣʘʨ ʪʦʢʘʨʣʳץ ʧʘʪʨʦʥʜʘ ʘʙʨʘʟʠʚʪʽ ʥʝʤʝʩʝ ʢʠʽʟ 

ʜᴇשʛʝʣʝʢʪʝʨʜʽ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 

 

1.3 ʈʝʟʝשʢʝʥʽץ שʘʩʠʝʪʪʝʨʽ ʞᴅʥʝ ʥʝʛʽʟʛʽ ʪװʨʣʝʨʽ 

 

ʄʘʰʠʥʘ ʞʘʩʘʫʜʘ ʨʝʟʝשʢʝʥʽ ץʦʣʜʘʥʫ ʦʥʳײץ שʥʜʳ ץʘʩʠʝʪʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. ʈʝʟʝשʢʝ 

ʞʦסʘʨʳ ʩʝʨʧʽʤʜʽʣʽʢʢʝ ʠʝ ʞᴅʥʝ ʪʝʨʙʝʣʽʩʪʝʨʜʽ ʩʽשʽʨʝʜʽ, ʪʦʟʫסʘ ʞᴅʥʝ ʙʽʨʥʝʰʝ ʨʝʪ ʠʽʣʫʛʝ ʞʘץʩʳ 

 ʘץʘ ʞᴅʥʝ ʙʘʩסʦʪʳʥʜʘʨ ץʡʳײʘ, ʩסʢʝ ʛʘʟ ʞᴅʥʝ ʩʫ ᴇʪʢʽʟʙʝʡʜʽ, ʤʘʡʣʘʨשʢᴇʨʩʝʪʝʜʽ. ʈʝʟʝ ץʘʨʩʳʣʳץ

ʜʘ ʙʽʨץʘʪʘʨ ʦʨʪʘסʘ ʪᴇʟʽʤʜʽ. ʈʝʟʝשʢʝ - ʜʠʵʣʝʢʪʨʠʢ. ɼʘʡʳʥ ᴇʥʽʤʜʝʛʽ ʨʝʟʝשʢʝ ʪʝʨʤʦʩʪʘʙʠʣʴʜʽ 

ʢװʡʜʝ, ʦʣ ʝʨʽʪʢʽʰʪʝʨʜʝ ʝʨʽʤʝʡʜʽ (ʙʽʨʘץ ʽʩʽʥʫ ץʘʙʽʣʝʪʽʥʝ ʠʝ) ʞᴅʥʝ ʧʣʘʩʪʠʢʘʣʳץ ʝʤʝʩ. 

ɺʫʣʢʘʥʠʟʘʮʠʷʣʘʥʙʘסʘʥ ʪװʧʥײʩץʘ ʨʝʟʝשʢʝ ץʦʩʧʘʩʳ ʞʘץʩʳ ʠʢʝʤʜʽʣʽʢʢʝ ʠʝ, ʙײʣ ᴅʨ ʪװʨʣʽ ᴇʥʽʤ 

ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ; 

SCR (ʩʠʥʪʝʪʠʢʘʣʳץ ʙʫʪʘʜʠʝʥʜʽ ʨʝʟʝשʢʝ) ʨʝʟʝשʢʝʣʝʨʽ ץʘʥʘסʘʪʪʘʥʘʨʣʳץ ʤʝʭʘʥʠʢʘʣʳץ 

ʙʝʨʽʢʪʽʛʽ ʤʝʥ ʘʷʟסʘ ʪᴇʟʽʤʜʽʣʽʛʽ, ʳʩʪʳץץʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʰʝʢʪʝʫʣʽ, ʠʢʝʤʜʽʣʽʛʽ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ 

ʪᴇʤʝʥ, ʪʦʪʳסʫʳ ʞʝשʽʣ, ʭʠʤʠʷʣʳץ ʪᴇʟʽʤʜʽʣʽʛʽ ʞᴅʥʝ ʛʘʟ ᴇʪʢʽʟʙʝʡʪʽʥʜʽʛʽ ʰʝʢʪʝʫʣʽ. ʈʝʟʝשʢʝ 

ʨʝʟʝשʢʝ ʙᴇʣʰʝʢʪʝʨʜʽש ʙʘʨʣʳץ ʪװʨʣʝʨʽʥ, ᴅʩʽʨʝʩʝ ʘʚʪʦʤʦʙʠʣʴ ʰʠʥʘʣʘʨʳʥ ʞʘʩʘʫ װʰʽʥ 

 .ʦʣʜʘʥʳʣʘʜʳץ

ʅʝʡʨʠʪ ʨʝʟʝשʢʝʣʝʨʽʥʽש ʙʝʨʽʢʪʽʛʽ ʞʦסʘʨʳ, ʞʳʣʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽ 110-120 Á ʉ ʜʝʡʽʥ, ʙʝʥʟʠʥ 

ʤʝʥ ʤʘʡʣʘʨʜʘסʳ ʽʩʽʥʫ ץʘʙʽʣʝʪʽ ʪᴇʤʝʥ, ʘʫʘ ʨʘʡʳʥʘ ʪᴇʟʽʤʜʽʣʽʢ ʧʝʥ ʭʠʤʠʷʣʳץ ʪᴇʟʽʤʜʽʣʽʢ 

ʞʝʪʢʽʣʽʢʪʽ. ʆʣʘʨ ʥʝʛʽʟʽʥʝʥ ʤʘʡסʘ ʪᴇʟʽʤʜʽ ʞᴅʥʝ ʛʘʟסʘ ʪᴇʟʽʤʜʽ, ʩʦʥʜʘʡ-ʘץ ʳʩʪʳץץʘ ʪᴇʟʽʤʜʽ 

ᴇʥʽʤʜʝʨ: ʞײʤʳʩ ʢʠʽʤʜʝʨʽ, ʭʠʤʠʷʣʳץ ʞʘʙʜʳץ ʧʝʥ ʰʘʭʪʘʣʘʨסʘ ʘʨʥʘʣסʘʥ ץʘץʧʘץʪʘʨ, ʢᴇʣʽʢ 

ʙʝʣʜʽʢʪʝʨʽ, ʰʘʨ ץʘʙʳץʰʘʣʘʨʳ, ʧʨʦʪʠʚʦʛʘʟ ʰʣʝʤʜʝʨʽ, ʵʣʝʢʪʨ ʢʘʙʝʣʴ ץʘʙʳץʰʘʣʘʨʳ, ᴅʨʪװʨʣʽ 

ʞʝʣʽʤʜʝʨ ʞᴅʥʝ ʙʳʣסʘʨʳ ʘʣʤʘʩʪʳʨסʳʰʪʘʨ. 

ʇʦʣʠʩʫʣʴʬʠʜʪʽ ʢʘʫʯʫʢʪʝʨ ʙʝʨʽʢʪʽʛʽ, ʘʷʟסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʞᴅʥʝ ʳʩʪʳץץʘ ʪᴇʟʽʤʜʽʣʽʛʽ, ʙʝʥʟʠʥ 

ʤʝʥ ʤʘʡסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʞʦסʘʨʳʣʘסʘʥ, ʞʦסʘʨʳ ʛʘʟ ᴇʪʢʽʟʙʝʡʪʽʥʜʽʛʽ ʙʘʨ ʞᴅʥʝ ʰʣʘʥʛʪʘʨʜʳ, 

 ʰʽʥװ ʘʥ ʪᴇʩʝʤʜʝʨ ʞʘʩʘʫסʘ ʞᴅʥʝ ʙʝʥʟʠʥʛʝ ʘʨʥʘʣסʜʝʨʜʽ, ʙʝʥʟʠʥʛʝ, ʤʘʡשʙʳʨʣʘʨʜʳ, ʞʝײץ

 .ʦʣʜʘʥʳʣʘʜʳץ

ʀʟʦʧʨʝʥʜʽ ʢʘʫʯʫʢʪʝʨ ʩʦʟʳʣʫסʘ ʞᴅʥʝ ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʞʦסʘʨʳ, ʩʝʨʧʽʤʜʽʣʽʛʽ ʤʝʥ ʘʷʟסʘ 

ʪᴇʟʽʤʜʽʣʽʛʽ, ʳʩʪʳץץʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʰʝʢʪʝʫʣʽ (80-100 Á C), ʪʦʪʳסʫ ץʘʙʽʣʝʪʪʽʣʽʛʽ ʞʦסʘʨʳʣʘʡʜʳ, 

ʙʝʥʟʠʥ ʤʝʥ ʤʘʡʣʘʨʜʳש ʽʩʽʥʫʽ, ʭʠʤʠʷʣʳץ ʪᴇʟʽʤʜʽʣʽʛʽ ʞᴅʥʝ ʛʘʟ ᴇʪʢʽʟʙʝʡʪʽʥʜʽʛʽ ʰʝʢʪʝʫʣʽ ʞᴅʥʝ 

ʞʘʣʧʳ ᴇʥʜʽʨʫʛʝ ʞʘʨʘʤʜʳ. ʤʘץʩʘʪʪʳ ᴇʥʽʤʜʝʨ. 

ʈʝʟʝשʢʝʜʝ ʙʘʨʣʳץ ʩʳʟʳץʪʳץ ʤʦʣʝʢʫʣʘʣʘʨ װ  hᴇʣʰʝʤʜʝ ʙʽʨʽʢʪʽʨʽʣʤʝʡʜʽ, ʩʦʥʜʳץʪʘʥ ʦʣ 

ʨʝʟʝשʢʝ ʩʝʨʧʽʤʜʽʣʽʛʽʥ ʞʦסʘʣʪʧʘʡʜʳ. ɽʛʝʨ ʢʘʫʯʫʢ ײץʨʘʤʳʥʜʘסʳ ʢװʢʽʨʪʪʽש ʤᴇʣʰʝʨʽ 30-35% 

ʜʝʡʽʥ ʞʝʪʢʽʟʽʣʩʝ, ʦʥʜʘ ʢװʢʽʨʪ ʘʪʦʤʜʘʨʳ ʙʘʨʣʳץ ʞʽʧ ʪᴅʨʽʟʜʽ ʨʝʟʝשʢʝ ʤʦʣʝʢʫʣʘʣʘʨʳʥ װʰ 

ᴇʣʰʝʤʜʽ ʝʪʽʧ ײʩʪʘʡʜʳ. ɹײʣ ʞʘסʜʘʡʜʘ ʨʝʟʝשʢʝ ʤʦʣʝʢʫʣʘʣʘʨ װʣʢʝʡʽʧ, ʠʢʝʤʜʽʣʽʛʽ ʪᴇʤʝʥʜʝʡʜʽ, 

 .ʟʽʣʝʜʽ - ʵʙʦʥʠʪװʘʨʳʣʘʡʜʳ, ʘʣ ʤʘʪʝʨʠʘʣ ʪסʳ ʞʦסʘʪʪʳʣʳץ

ʕʙʦʥʠʪ ʪʦʢʘʨʣʳץ, ʙײʨסʳʣʘʫ ʞᴅʥʝ ʙʘʩץʘ ʤʘʰʠʥʘʣʘʨʜʘ ʞʘץʩʳ ᴇשʜʝʣʝʜʽ. ʆʣ ʠʥʝʨʪʪʽ, 

ʩʫסʘ ʪᴇʟʽʤʜʽ ʞᴅʥʝ ʜʠʵʣʝʢʪʨʠʢ ʨʝʪʽʥʜʝ ʘʚʪʦʤʦʙʠʣʴ, ʭʠʤʠʷ, ʵʣʝʢʪʨʦʪʝʭʥʠʢʘ ʞᴅʥʝ ʨʘʜʠʦʪʝʭʥʠʢʘ 

ᴇʥʜʽʨʽʩʽʥʜʝ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. 

ɽʛʝʨ ʢʘʫʯʫʢ ʤʦʣʝʢʫʣʘʣʘʨʳʥʳץ שʦʩʳʣʳʩʪʘʨʳ ʢװʢʽʨʪ ʘʪʦʤʜʘʨʳ ʘʨץʳʣʳ ʝʤʝʩ, ʪʽʢʝʣʝʡ - 

ʢᴇʤʽʨʪʝʛʽ ʙʘʨ ʢᴇʤʽʨʪʝʢ ʘʨץʳʣʳ ʞʘʩʘʣʩʘ (ʨʝʟʝשʢʝ ʤʦʣʝʢʫʣʘʣʘʨʜʳץ שʦʩʳʥʜʳʩʳʥʳש ʤײʥʜʘʡ 

ʨʝʘʢʮʠʷʩʳ 300 Á C-ʪʘʥ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞװʨʩʝ), ץʘʪʪʳ ʟʘʪ ʘʣʳʥʘʜʳ - ʵʢʩʢʘʧʦʥ, ʦʣ 
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ʝʨʝʢʰʝ ʵʣʝʢʪʨ ʦץʰʘʫʣʘʫ ץʘʩʠʝʪʪʝʨʽ. ʕʩʢʘʧʦʥ - ʤᴇʣʜʽʨ, ᴅʡʥʝʢ ʪᴅʨʽʟʜʽ ʤʘʩʩʘ, ʞʘץʩʳ ᴇשʜʝʣʛʝʥ 

ʞᴅʥʝ ʞʳʣʪʳʨʘʪʳʣסʘʥ. ʆʣ ʞʦסʘʨʳ ʭʠʤʠʷʣʳץ ʪᴇʟʽʤʜʽʣʽʢʢʝ ʠʝ, 400-500 Á C ʜʝʡʽʥ ץʳʟʜʳʨʫסʘ 

ʪᴇʟʽʤʜʽ ʞᴅʥʝ ʨʘʜʠʦʣʦʢʘʮʠʷ ʤʝʥ ʨʘʜʠʦʪʝʭʥʠʢʘʜʘ ʞᴅʥʝ ʣʘʢʪʘʨ ᴇʥʜʽʨʽʩʽʥʜʝ ʞʦסʘʨʳ ʞʠʽʣʽʢʪʽ 

ʜʠʵʣʝʢʪʨʠʢ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫʜʳ ʪʘʧʪʳ. 

ʂʝʫʝʢʪʽ ʨʝʟʝשʢʝʣʝʨ ᴇʥʜʽʨʽʩʽ ʨʝʟʝשʢʝʥʽש ʛʘʟʜʘʨʜʳ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽʥʝ ʞᴅʥʝ ʦʥʳש ʛʘʟ 

ᴇʪʢʽʟʛʽʰʪʽʛʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ. תʨʣʝʫ ʘʛʝʥʪʽ ʨʝʪʽʥʜʝ ʨʝʟʝשʢʝ ץʦʩʧʘʣʘʨסʘ 10-15% ʤᴇʣʰʝʨʽʥʜʝ 

ʝʥʛʽʟʽʣʝʪʽʥ ʥʘʪʨʠʡ ʛʠʜʨʦʢʘʨʙʦʥʘʪʳ ץʦʣʜʘʥʳʣʘʜʳ. ʉʦץץʳʣʘʨʜʳ ʞʘץʩʳ ʩʽשʽʨʝʪʽʥ ʩʝʨʧʽʤʜʽ 

ʤʘʪʝʨʠʘʣ ʨʝʪʽʥʜʝ ʢʝʫʝʢʪʽ ʨʝʟʝשʢʝ ʘʤʦʨʪʠʟʘʮʠʷ װʰʽʥ ʞʳʣʫ ʦץʰʘʫʣʘʫ, ʜʳʙʳʩ ʦץʰʘʫʣʘʫ ʞᴅʥʝ 

ʩװʟʛʽʣʝʨʛʝ ʘʨʥʘʣסʘʥ ʤʘʪʝʨʠʘʣ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ. ʆʣ ʘʚʪʦʤʦʙʠʣʴ ʞᴅʥʝ ʭʠʤʠʷ 

ᴇʥʝʨʢᴅʩʽʙʽʥʜʝ, ʪʦשʘʟʳʪץʳʰ ץʦʥʜʳʨסʳʣʘʨʳʥʜʘ, ʩʘʥʠʪʘʨʣʳץ-ʛʠʛʠʝʥʘʣʳײץ ץʨʘʣʜʘʨʜʘ, 

ʤʝʜʠʮʠʥʘʣʳץ ʤʘץʩʘʪʪʘסʳ ʙײʡʳʤʜʘʨʜʘ, ʩʧʦʨʪʪʳץ ʪʘʫʘʨʣʘʨʜʘ ץʦʣʜʘʥʳʣʘʜʳ. 

 

1.4 ʉʠʣʠʢʦʥʥʘʥ ʞʘʩʘʣסʘʥ ʨʝʟʝשʢʝ 

 

ʉʠʣʠʢʦʥʜʳ ʨʝʟʝשʢʝ - ʙײʣ ʞʦסʘʨʳ ʤʦʣʝʢʫʣʘʣʳץ ʢʨʝʤʥʠʡʦʨʛʘʥʠʢʘʣʳץ ץʦʩʳʣʳʩʪʘʨ 

ʥʝʛʽʟʽʥʜʝ ʘʣʳʥסʘʥ ʞᴅʥʝ ʩʳʨʪץʳ ʪװʨʽ ʙʦʡʳʥʰʘ ʩʠʥʪʝʪʠʢʘʣʳץ ʥʝʤʝʩʝ ʢᴅʜʽʤʛʽ ʪʘʙʠסʠ ʨʝʟʝשʢʝʛʝ 

 ʢʝשʪʘʥ, ʨʝʟʝץʘʥʜʳסʨʘʤʳ ʝʨʝʢʰʝ ʙʦʣײץ ץʭʠʤʠʷʣʳ שʩʘʩ ʩʝʨʧʽʤʜʽ ʤʘʪʝʨʠʘʣ. ɸʣʘʡʜʘ, ʦʥʳץײ

ʩʝʨʧʽʤʜʽ ʤʘʪʝʨʠʘʣʜʘʨ ʘʨʘʩʳʥʜʘ ʝʨʝʢʰʝ ʦʨʳʥ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʙʽʨץʘʪʘʨ ץʘʩʠʝʪʪʝʨʽʤʝʥ 

ʝʨʝʢʰʝʣʝʥʝʜʽ. 

ʉʠʣʠʢʦʥʜʳ ʢʘʫʯʫʢʪʳש ʥʝʛʽʟʛʽ ײץʨʳʣʳʤʳ, ʢᴅʜʽʤʛʽ ʢʘʫʯʫʢʪʘʨʜʘʥ ʘʡʳʨʤʘʰʳʣʳסʳ, 

ʩʠʨʝʢ ʙʘʡʣʘʥʳʩץʘʥ ʢʨʝʤʥʠʡ ʤʝʥ ʦʪʪʝʛʽ ʘʪʦʤʜʘʨʳʥʳש ʪʽʟʙʝʛʽ. ɹײʣ ʞʘסʜʘʡ ʦʥʳש 

ʙʝʡʦʨʛʘʥʠʢʘʣʳץ ʩʠʧʘʪʳʥ ʘʥʳץʪʘʡʜʳ. 

 ʘʣʜʳʤʝʥ שʨʘʜʠʢʘʣʜʘʨ (R) ʘʣʘʜʳ, ʝ ץʘʥ ʢʨʝʤʥʠʡ ʙʘʡʣʘʥʳʩʪʘʨʳʥ ʦʨʛʘʥʠʢʘʣʳסʘʣפ

ʤʝʪʠʣ, ʙײʣ ʢʘʫʯʫʢʪʳץ שʘʨʘʧʘʡʳʤ ʤʘʨʢʘʣʘʨʳʤʝʥ ץײʩʘʩʪʳסʳʥ ʪװʩʽʥʜʽʨʝʜʽ. 

ʄʝʪʠʣ ʪʦʧʪʘʨʳʤʝʥ ץʘʪʘʨ ʧʦʣʠʤʝʨ ʪʽʟʙʝʛʽʥʜʝ ʞʝʣʽʣʽʢ ײץʨʳʣʳʤʜʘʨʜʳש ʘʩץʳʥ ʪʦʪʳסʳ ʪװʟʽʣʫ 

ʢʝʟʽʥʜʝ ʨʝʘʢʪʠʚʪʽʣʽʢʪʽ ʞʦסʘʨʳʣʘʪʘʪʳʥ ʘʣʢʠʣʝʥ ʪʦʧʪʘʨʳʥʳש, ʝש ʘʣʜʳʤʝʥ, ʚʠʥʠʣ ʪʦʧʪʘʨʳʥʳש 

ʘʟ ʧʘʡʳʟʳ ʙʘʨ. 

ʐʝʢʪʝʥ ʪʳʩ ʪʝʤʧʝʨʘʪʫʨʘסʘ ʪᴇʟʽʤʜʽ 

ʉʠʣʠʢʦʥ ʢʘʫʯʫʢ -50 Á C-ʪʘʥ + 180 Á C ʜʝʡʽʥʛʽ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ᴇʟʽʥʽץ שʘʩʠʝʪʪʝʨʽʥ ʰʝʢʩʽʟ 

ʩʘץʪʘʡʜʳ. 

 

ʆʥʳ + 250 Á C-ץʘ ʞʘץʳʥ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʙʽʨʥʝʰʝ ʞװʟ ʩʘסʘʪ ʙʦʡʳ ʩʳʥסʳʰʪʳץʩʳʟ ץʦʣʜʘʥʫסʘ 

ʙʦʣʘʜʳ. 

 

ʉʠʣʠʢʦʥʥʘʥ ʞʘʩʘʣסʘʥ ʨʝʟʝשʢʝ ʳʩʪʳץץʘ ʪᴇʟʽʤʜʽ ʪװʨʣʝʨʽ + 200 Á C ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ 

ʞʝʪʢʽʣʽʢʪʽ ײʟʘץ ץʳʟʤʝʪ ʝʪʝʜʽ. 

 

ʉʦʣ ʩʠʷץʪʳ -100 Á C-ץʘ ʜʝʡʽʥʛʽ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʘʨʥʘʡʳ ʙʘסʘʣʘʨ ץʦʣʜʘʥʳʣʘʜʳ. 

 

 ʘ ʪᴅʫʝʣʜʽʣʽʛʽסʪʝʤʧʝʨʘʪʫʨʘ שʘʩʠʝʪʪʝʨʜʽפ

ɹʘʨʣʳץ ʩʠʣʠʢʦʥʜʘʨ ʩʠʷץʪʳ, ʨʝʟʝשʢʝ ʩʠʣʠʢʦʥʥʳש ʢᴇʧ ץʘʩʠʝʪʪʝʨʽ ʦʨʛʘʥʠʢʘʣʳץ 

ʤʘʪʝʨʠʘʣʜʘʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʪʝʤʧʝʨʘʪʫʨʘסʘ ʪᴅʫʝʣʜʽ ʝʤʝʩ. ʅᴅʪʠʞʝʩʽʥʜʝ ʩʠʣʠʢʦʥ ʨʝʟʝשʢʝʩʽ 

ʞʦסʘʨʳ ʞᴅʥʝ ʪᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʩᴅʪʪʽ ץʦʣʜʘʥʳʣʘ ʘʣʘʜʳ. ɹײʣ ץʘʩʠʝʪʪʝʨʛʝ, ʤʳʩʘʣʳ, ʧʽʰʽʥʜʽ 

 .ʳ ʩʦʟʳʣʫ ʞʘʪʘʜʳסʳʨץʞᴅʥʝ ʘ ץʘʪʪʳʣʳץ ,ʘʣʫ, ʩʝʨʧʽʤʜʽʣʽʢ, ʩʝʨʧʽʤʜʽʣʽʢ, ʙʝʨʽʢʪʽʢץ ʩʪʘʧײ
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ʊʝʤʧʝʨʘʪʫʨʘסʘ ʘʟ ʪᴅʫʝʣʜʽ ʙʦʣʘʪʳʥ ʵʣʝʢʪʨʣʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʜʳש ʽʰʽʥʜʝ ʙײʟʳʣʫ ʢװʰʽʥ, 

ʜʠʵʣʝʢʪʨʣʽʢ ʠʥʜʠʢʘʪʦʨʣʘʨʜʳ ʞᴅʥʝ ʢᴇʣʝʤʜʽʢ ʢʝʜʝʨʛʽʩʽʥ ʘʪʘסʘʥ ʞᴇʥ. 

ʕʣʝʢʪʨʣʽʢ ץʘʩʠʝʪʪʝʨʽ 

ʉʠʣʠʢʦʥʜʳ ʨʝʟʝשʢʝ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ ʪʘʤʘʰʘ ʦץʰʘʫʣʘʫ ץʘʩʠʝʪʪʝʨʽʥʝ ʠʝ. 

ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥʜʘʡ, ʙײʣ ץʘʩʠʝʪʪʝʨ ʪʝʤʧʝʨʘʪʫʨʘסʘ ʘʟ ʤᴇʣʰʝʨʜʝ סʘʥʘ ʪᴅʫʝʣʜʽ. ʉʦʥʜʳץʪʘʥ, 

+ 100 Á C ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʩʠʣʠʢʦʥ ʢʘʫʯʫʢ ᴇʟʽʥʽש ʦץʰʘʫʣʘʫ ץʘʙʽʣʝʪʽ ʙʦʡʳʥʰʘ ʙʘʨʣʳץ 

ᴅʜʝʪʪʝʛʽ ʵʣʘʩʪʦʤʝʨʣʝʨʜʝʥ ʘʩʳʧ ʪװʩʝʜʽ. 

ʉʦʥʜʘʡ-ʘץ, ʩʫʜʘ ʩʘץʪʘʣסʘʥ ʢʝʟʜʝ ʵʣʝʢʪʨʣʽʢ ץʘʩʠʝʪʪʝʨʜʽש ʝʣʝʫʩʽʟ ᴇʟʛʝʨʽʩʪʝʨʽ סʘʥʘ 

ʙʘʡץʘʣʘʪʳʥʳʥ ʝʩʢʝʨʫ ץʘʞʝʪ. 

ʉʠʣʠʢʦʥʥʘʥ ʞʘʩʘʣסʘʥ ʨʝʟʝשʢʝ ʦץʰʘʫʣʘסʳʰʳ ʢװʡʽʧ ʢʝʪʢʝʥ ʢʝʟʜʝ ʵʣʝʢʪʨ ᴇʪʢʽʟʙʝʡʪʽʥ 

SiO2 ץʘʙʘʪʳ ץʘʣʘʜʳ, ʙײʣ ʵʣʝʢʪʨ ץʦʥʜʳʨסʳʣʘʨʳ ʤʝʥ ץʦʥʜʳʨסʳʣʘʨʳʥ ץʘʞʝʪʩʽʟ ʰʘʤʘʜʘʥ ʪʳʩ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ ʘʫʜʳסʦʨץ

         ʍʠʤʠʷʣʳץ ʪᴇʟʽʤʜʽʣʽʢ 

ʉʠʣʠʢʦʥʜʳ ʨʝʟʝשʢʝ ʪײʟʜʳ ʝʨʽʪʽʥʜʽʣʝʨʛʝ, ץʘʡʥʘסʘʥ ʩʫסʘ, ʩʧʠʨʪʪʝʨʛʝ, ʬʝʥʦʣʜʘʨסʘ, ᴅʨʪװʨʣʽ 

ʤʠʥʝʨʘʣʜʳ ʤʘʡʣʘʨסʘ, ᴅʣʩʽʟ ץʳʰץʳʣʜʘʨ ʤʝʥ ʩʽʣʪʽʣʝʨʛʝ, ʩʦʥʜʘʡ-ʘץ ʩʫʪʝʛʽ ʘʩץʳʥ ʪʦʪʳסʳʥʘ 

ʪᴇʟʽʤʜʽ. ɹʝʣʛʽʣʽ ʙʽʨ ʞʘסʜʘʡʣʘʨʜʘ ʘʣʠʬʘʪʪʳץ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʤʝʥ ʙʘʡʣʘʥʳʩʪʘ ʩʠʣʠʢʦʥ 

ʢʘʫʯʫʢʪʳץ שʘʪʪʳ ʽʩʽʥʫʽ ʙʘʡץʘʣʘʜʳ, ʙʽʨʘץ ʙʫʣʘʥסʘʥʥʘʥ ʢʝʡʽʥ ʙʘʩʪʘʧץʳ ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨ 

ʦסʘʥ ץʘʡʪʘ ʦʨʘʣʘʜʳ, ᴇʡʪʢʝʥʽ ʦʥʳײץ שʨʘʤʳʥʜʘ ʘʣʳʥʘʪʳʥ ʢʦʤʧʦʥʝʥʪʪʝʨ ʞʦץ. 

         ʌʠʟʠʦʣʦʛʠʷʣʳץ ᴅʩʝʨʣʝʨ 

ʉʠʣʠʢʦʥʜʳ ʨʝʟʝשʢʝ ʜײʨʳʩ ᴇשʜʝʣʛʝʥ ʞʘסʜʘʡʜʘ ʫʣʳ ʝʤʝʩ. ʉʦʥʜʳץʪʘʥ ʙײʣ ʤʝʜʠʮʠʥʘʣʳץ 

ʪʝʭʥʦʣʦʛʠʷ ʤʝʥ ʪʘʤʘץ ᴇʥʝʨʢᴅʩʽʙʽ װʰʽʥ ᴇʪʝ ץʦʣʘʡʣʳ ʤʘʪʝʨʠʘʣ. ɸʣʘʡʜʘ, ʢʝʡʙʽʨ 

ʚʫʣʢʘʥʠʟʘʪʦʨʣʘʨ ʦסʘʥ ʢʝʨʽ ᴅʩʝʨ ʝʪʫʽ ʤװʤʢʽʥ. ɹײʣ ʚʫʣʢʘʥʠʟʘʮʠʷ ײץʨʘʣʜʘʨʳ ʞᴅʥʝ ʦʣʘʨʜʳש 

ʳʜʳʨʘʫ ᴇʥʽʤʜʝʨʽ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʥʳש ᴅʩʝʨʽʥʝʥ ʞʝʪʢʽʣʽʢʪʽ ײʟʘץ ʫʘץʳʪץʘ ʞʦʡʳʣʘʜʳ. 

ʉʠʣʠʢʦʥ ʢʘʫʯʫʢʪʳץ שʘʩʠʝʪʪʝʨʽ, ʪʘʙʠסʠ ʢʘʫʯʫʢʪʘʥ ʘʡʳʨʤʘʰʳʣʳסʳ, ץʘʣʳʧʪʳ ʪʝʤʧʝʨʘʪʫʨʘ 

ʘʨʘʣʳסʳʥʜʘ ʞʘʨʳץ ʧʝʥ ʘʫʘʥʳש ᴅʩʝʨʽʥʝʥ ᴇʟʛʝʨʤʝʡʜʽ. ɾʘשʙʳʨ, ץʘʨ, ʪʝשʽʟ ʩʫʳ ʜʘ ʩʠʣʠʢʦʥʜʳ 

ʨʝʟʝשʢʝ ץʘʩʠʝʪʪʝʨʽʥʝ ʽʩ ʞװʟʽʥʜʝ ᴅʩʝʨ ʝʪʧʝʡʜʽ. ʉʦʥʜʳץʪʘʥ ʦʥʳ ʘʪʤʦʩʬʝʨʘʣʳץ ᴅʩʝʨʛʝ ʪᴇʟʽʤʜʽ 

ʜʝʧ ʩʘʥʘʫסʘ ʙʦʣʘʜʳ. 

ʆʣ ʪʽʧʪʽ ʦʟʦʥסʘ ʪᴇʟʽʤʜʽ, ʙײʣ ʦʥʳ ʵʣʝʢʪʨ ᴇʥʝʨʢᴅʩʽʙʽ װʰʽʥ ʝʨʝʢʰʝ ʤʘשʳʟʜʳ ʝʪʝʜʽ. ʉʦʥʳʤʝʥ 

 .ʘ ʪᴇʟʽʤʜʽסʙʳʣʳʩʪʘʨײץ ʘ ʪᴅʨʽʟʜʽסʢʝ ʵʣʝʢʪʨ ʪᴅʞʽ ʞᴅʥʝ ʜʦשʘʪʘʨ, ʩʠʣʠʢʦʥʜʳ ʨʝʟʝץ
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ɿɸʄɸʅɸʋʀ ɸʉʇɸʇʊɸʈɼʓ ʂɽʐɽʅɼɯ פʆʃɼɸʅʋʄɽʅ ɹᴆʃʋ 

ɾױʄʓʉʊɸʈʓʅʓר ʂʆʆʈɼʀʅɸʊʊʓפ ᴄɼɯʉɯ 

 

ɸʭʘʪʦʚ ɸʟʠʟʙʝʢ ɻʘʬʫʨʦʚʠʯ (ϧʘʨʘϤʘʥʜʳ, ϧʘʨʊʋ) 

ϣʳʣʳʤʠ ʞʝʪʝʢʰʽʩʽ: ɹʠʩʝʤʙʘʝʚʘ ʆʣʴʛʘ ɻʘʟʠʟʦʚʥʘ ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

 

 

ʂᴇʧʬʫʥʢʮʠʦʥʘʣʜʳ ʙʠʽʢ סʠʤʘʨʘʪʪʘʨ ʤʝʥ ײץʨʳʣʳʩʪʘʨ ײץʨʳʣʳʩʳʥʳש ʙʽʨʝʛʝʡʣʽʛʽ ʤʝʥ 

ʢװʨʜʝʣʽʣʽʛʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʩʳʨʪץʳ ʞᴅʥʝ ʽʰʢʽ ʙᴇʣʫ ʞʝʣʽʩʽʥ ײץʨʫ, ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʙᴇʣʫ 

ʞײʤʳʩʪʘʨʳʥ ʞװʨʛʽʟʫ װʰʽʥ ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ ᴇʣʰʝʫ ײץʨʘʣʜʘʨʳʥ: ʰʘסʳʣʳʩʧʘʡʪʳʥ ʵʣʝʢʪʨʦʥʜʳץ 

ʪʘʭʝʦʤʝʪʨʣʝʨʜʽ, ʩʧʫʪʥʠʢʪʽʢ ץʘʙʳʣʜʘסʳʰʪʘʨʜʳ ʞᴅʥʝ ʪʠʽʩʪʽ ʙʘסʜʘʨʣʘʤʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽ 

ʢʝʰʝʥʜʽ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʙᴇʣʫ ʞײʤʳʩʪʘʨʳʥʳש ʢʦʦʨʜʠʥʘʪʘʣʳץ ᴅʜʽʩʽʥ ץʦʣʜʘʥסʘʥ ʞᴇʥ [1]. 

ɾʘץʳʥʜʘ, ʵʣʝʢʪʨʦʥʜʳ ʩʪʘʥʮʠʷʣʘʨʜʘʥ ʙʘʩץʘ, ײץʨʳʣʳʩ ʢʝʟʽʥʜʝ ʩʧʫʪʥʠʢʪʽʢ 

 ʽʥʜʝ ʥʝʛʽʟʛʽשʳ ʢʝʟʝץʙʘʩʪʘʧ שʨʳʣʳʩʪʳײץ ᴅʟʽʨʛʝ ʪʝʢ ץʦʣʜʘʥʳʣʘ ʙʘʩʪʘʜʳ, ʙʽʨʘץ ʳʰʪʘʨסʘʙʳʣʜʘץ

ʦʩʴʪʝʨʜʽ ʘʣʳʧ, ʩʳʨʪץʳ ʙᴇʣʫ ʞʝʣʽʩʽʥ ײץʨʫ ʢʝʟʽʥʜʝ. ײפʨʳʣʳʩʪʳש ʥʝʛʽʟʛʽ ʢʝʟʝשʽʥʜʝ ʙᴇʣʫ 

ʞײʤʳʩʪʘʨʳ װʰʽʥ, סʠʤʘʨʘʪʪʘʨʜʳש ʞʝʨ ʘʩʪʳ ʞᴅʥʝ ʞʝʨ װʩʪʽ ʙᴇʣʽʢʪʝʨʽʥ ʩʘʣʫ ʢʝʟʽʥʜʝ ʩʧʫʪʥʠʢʪʽʢ 

 .ʦʣʜʘʥʳʣʤʘʡʜʳץ ʽʥʝʥשʳʰʪʘʨ ʢʝסʘʙʳʣʜʘץ

 ʘʥץʤʳʩ ʩʳʟʙʘʣʘʨʳʥʘ ʩᴅʡʢʝʩ ʩʘʣʳʥʳʧ ʞʘʪײʞ שʤʳʩʪʘʨʳ ʞʦʙʘʥʳײʳ ʙᴇʣʫ ʞסʨʳʣʳʩʪʘײפ

 ʰʽʥװ ʪʘʫץʜʘʡʳʥ ʘʥʳסʞʦʩʧʘʨʣʳ ʞᴅʥʝ ʙʠʽʢʪʽʢ ʞʘ שʢʪʝʣʝʨʽʥʽװʪᴅʥ ʥ שʨʳʣʳʩʪʳײץ ,שʠʤʘʨʘʪʪʳס

ʦʨʳʥʜʘʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙʘʨʣʳץ ʩʠʧʘʪʪʘʤʘʣʳץ ʥװʢʪʝʣʝʨ ײץʨʳʣʳʤʥʳש ʥʝʛʽʟʛʽ ʞᴅʥʝ 

ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʦʩʴʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. ʅʝʛʽʟʛʽ ʦʩʴʪʝʨ ײץʨʳʣʳʤʥʳש ʧʽʰʽʥʽ ʤʝʥ ʞʘʣʧʳ 

ᴇʣʰʝʤʜʝʨʽʥ, ʝʛʞʝʡ ï ʪʝʛʞʝʡʣʽ-סʠʤʘʨʘʪʪʳש ʞʝʢʝ ײץʨʳʣʳʤʜʳץ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʦʩʴʪʝʨʽʥ 

ʘʥʳץʪʘʡʜʳ. ᴆʟ ʢʝʟʝʛʽʥʜʝ ʦʩʴʪʝʨ ʩʳʨʪץʳ (סʠʤʘʨʘʪʪʳש ʞʝʨ ʘʩʪʳ ʙᴇʣʽʛʽʥ ʩʘʣʫ ʢʝʟʝשʽʥʜʝ) ʞᴅʥʝ 

ʽʰʢʽ ʞʝʣʽ ʧʫʥʢʪʪʝʨʽʥʝʥ (סʠʤʘʨʘʪʪʳײץ ,שʨʳʣʳʩʪʳש ʞʝʨ װʩʪʽ ʙᴇʣʽʛʽʥ ʩʘʣʫ ʢʝʟʝשʽʥʜʝ) ʙᴇʣʽʥʝʜʽ. 

 שʩʪʽ ʙᴇʣʽʛʽʥ ʩʘʣʫʜʳװ ʞʝʨ שʠʤʘʨʘʪʪʳס ʞʝʨ ʘʩʪʳ ʙᴇʣʽʛʽʥ ʩʘʣʫ ʢʝʟʽʥʜʝ ʞᴅʥʝ שʠʤʘʨʘʪʪʳנ

ʙʘʩʪʘʧץʳ ʢʝʟʝשʽʥʜʝ ʩʳʨʪץʳ ʙᴇʣʫ ʞʝʣʽʩʽʥʽש ʧʫʥʢʪʪʝʨʽʥ ʙʝʢʽʪʫ ץʘʞʝʪ. ɹײʣ ʧʫʥʢʪʪʝʨ ײץʨʳʣʳʩ 

ʦʙʲʝʢʪʽʩʽʥʽש ʞʘʥʳʥʜʘ, ʙʽʨʘײץ ץʨʳʣʳʩ ʞײʤʳʩʪʘʨʳʥʳש ʘʫʤʘסʳʥʘʥ ʪʳʩ ʞʝʨʜʝ ʙʝʢʽʪʽʣʫʽ ʪʠʽʩ. 

ʉ ʨrʪץʳ ʙᴇʣʫ ʞʝʣʽʩʽʥʽש ʥװʢʪʝʣʝʨʽ ʙʝʢʽʪʽʣʛʝʥʥʝʥ ʢʝʡʽʥ ʩʳʨʪץʳ ʙᴇʣʫ ʞʝʣʽʩʽʥʽש ʙʘʨʣʳץ 

ʢᴇʨʽʥʝʪʽʥ ʥװʢʪʝʣʝʨʽ ʘʨʘʩʳʥʜʘסʳ ʙײʨʳʰʪʘʨ ʤʝʥ ʩʳʟʳץʪʘʨ ʜᴅʩʪװʨʣʽ ʪװʨʜʝ ᴇʣʰʝʥʝʜʽ ʞᴅʥʝ 

ʪʝשʝʩʪʽʨʽʣʝʜʽ. ʊʝשʝʩʪʽʨʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥסʘʥ ʢʦʦʨʜʠʥʘʪʪʘʨ ʪʘʭʝʦʤʝʪʨʜʽש ʞʘʜʳʥʘ ʝʥʛʽʟʽʣʝʜʽ 

ʞᴅʥʝ ʙᴇʣʫ ʞײʤʳʩʪʘʨʳ ʢʝʟʽʥʜʝ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 

ᴄʨʽ ץʘʨʘʡ, ʩʳʨʪץʳ ʙᴇʣʫ ʞʝʣʽʩʽʥʽש ʢʦʦʨʜʠʥʘʪʪʘʨʳʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ײץʨʳʣʳʩʪʳש 

ʙʘʨʣʳץ ʛʦʨʠʟʦʥʪʪʘʨʳʥʘʥ ʢᴇʨʽʥʝʪʽʥʜʝʡ ʝʪʽʧ ʘʣʜʳʥ-ʘʣʘ ʪʘשʜʘʧ, ײץʨʳʣʳʩ ʢʦʦʨʜʠʥʘʪʪʘʨ 

ʞװʡʝʩʽʥʜʝʛʽ ʢᴇʨʰʽ סʠʤʘʨʘʪʪʘʨʜʘסʳ ʩʠʧʘʪʪʘʤʘʣʳץ ʥװʢʪʝʣʝʨʜʽש ʢʦʦʨʜʠʥʘʪʪʘʨʳ ʘʥʳץʪʘʣʘʜʳ. 

ɹײʣ ʥװʢʪʝʣʝʨ ʢʝʡʽʥʥʝʥ ʢʝʨʽ ʙײʨʳʰʪʳץ (ʤװʤʢʽʥ ʙʦʣʩʘ, ʩʳʟʳץʪʳץ-ʙײʨʳʰʪʳץ) ʩʝʨʠʬ ᴅʜʽʩʽʤʝʥ 

ʤʦʥʪʘʞʜʳץ ʛʦʨʠʟʦʥʪʪʘסʳ ʥװʢʪʝʣʝʨʜʽ ʙᴇʣʫ װʰʽʥ ʧʘʡʜʘʣʘʥʳʣʫʳ ʤװʤʢʽʥ. 

 ץʘ ʩʘʣʫ ʢʝʟʽʥʜʝ ʤʦʥʪʘʞʜʳץʳ ʛʦʨʠʟʦʥʪץʩʪʽ ʙᴇʣʽʛʽʥ ʙʘʩʪʘʧװ ʞʝʨ שʠʤʘʨʘʪʪʳנ

ʛʦʨʠʟʦʥʪʪʘʨסʘ ʪʽʢ ʞʦʙʘʣʘʫ ʞᴅʥʝ ʦʜʘʥ ᴅʨʽ ʙᴇʣʫ ʞײʤʳʩʪʘʨʳ װʰʽʥ ʳסשʘʡʣʳ ʞʝʨʣʝʨʜʝ 

ʦʨʥʘʣʘʩץʘʥ ʧʫʥʢʪʪʝʨʽ ʙʘʨ ʽʰʢʽ ʙᴇʣʫ ʞʝʣʽʩʽ ײץʨʳʣʘʜʳ. ɯʰʢʽ ʙᴇʣʫ ʞʝʣʽʩʽ ʧʫʥʢʪʪʝʨʽʥʽש 

ʢʦʦʨʜʠʥʘʪʪʘʨʳ ʦʩʳ ײץʨʳʣʳʩ װʰʽʥ ץʘʙʳʣʜʘʥסʘʥ ʩʳʨʪץʳ ʙᴇʣʫ ʞʝʣʽʩʽ ʧʫʥʢʪʪʝʨʽʥʝʥ 

ʢʦʦʨʜʠʥʘʪʪʘʨ ʞװʡʝʩʽʥʜʝ ʘʡץʳʥʜʘʣʘʜʳ. 

 ʳ ʙᴇʣʫ ʞʝʣʽʩʽʥץʳʰʪʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ʢʝʟʽʥʜʝ ʩʳʨʪסʘʙʳʣʜʘץ ʨʳʣʳʩ ʢʝʟʽʥʜʝ ʩʧʫʪʥʠʢʪʽʢײפ

  .ʘʨʘʫ ʢʝʨʝʢץ ʠʷʪץײʨʫ ʤᴅʩʝʣʝʩʽʥʝ ʤײץ

ʉʳʨʪץʳ ʙᴇʣʫ ʞʝʣʽʩʽ ʢʝʣʝʩʽʣʝʨʜʽ ʝʩʢʝʨʝ ʦʪʳʨʳʧ ײץʨʳʣʫʳ ʢʝʨʝʢ:  

- ʘʣʘשʜʘסʳ סʠʤʘʨʘʪʪʘʨʜʳ, ײץʨʳʣʳʩʪʘʨʜʳ, ʠʥʞʝʥʝʨʣʽʢ ʞʝʣʽʣʝʨʜʽ ʞᴅʥʝ ײץʨʳʣʳʩ 

ʞʘʙʜʳץʪʘʨʳʥ ʞʦʙʘʣʳץ ʞᴅʥʝ ץʦʣʜʘʥʳʩʪʘסʳ ʦʨʥʘʣʘʩʪʳʨʫ;  

- ʢʝʡʽʥʛʽ ʞײʤʳʩʪʘʨʜʳ ʞװʨʛʽʟʫ װʰʽʥ ץʘʞʝʪʪʽ ʳסשʘʡʣʳʣʳץ ʧʝʥ ʜᴅʣʜʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ;  

- ʙᴇʣʫ ʞʝʣʽʩʽʥʽש ʧʫʥʢʪʪʝʨʽʥ ʙʝʢʽʪʝʪʽʥ ʙʝʣʛʽʣʝʨʜʽש ʩʘץʪʘʣʫʳʥ ʞᴅʥʝ ʪײʨʘץʪʳʣʳסʳʥ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʫץ
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ɾʦʩʧʘʨʣʳ ʙᴇʣʫ ʞʝʣʽʩʽ ʢʝʟ-ʢʝʣʛʝʥ ʙʝʣʛʽʣʽ ײץʨʳʣʳʩ ᴅʜʽʩʪʝʨʽʤʝʥ, ʩʦʥʳש ʽʰʽʥʜʝ 

ʩʧʫʪʥʠʢʪʽʢ ᴇʣʰʝʫʣʝʨʤʝʥ ײץʨʳʣʫʳ ʤװʤʢʽʥ [1]. ɹʠʽʢʪʽʢʪʽ ʙᴇʣʫ ʞʝʣʽʩʽʥ ץʘʣʘʣʳץ ʛʝʦʜʝʟʠʷʣʳץ 

ʞʝʣʽʥʽש ʢʝʤʽʥʜʝ ʝʢʽ ʨʝʧʝʨʽʥʝ ʩװʡʝʥʝʪʽʥ ʥʠʚʝʣʠʨʣʽʢ ץʦʟסʘʣʳʩʪʘʨ ʪװʨʽʥʜʝ ʞʘʩʘסʘʥ ʞᴇʥ. 

ɾʦʩʧʘʨʣʳ ʞᴅʥʝ ʙʠʽʢ ʛʝʦʜʝʟʠʷʣʳץ ʞʝʣʽʥʽש ʧʫʥʢʪʪʝʨʽ ʙʽʨʽʢʪʽʨʽʣʫʽ ʤװʤʢʽʥ. 

ʉʧʫʪʥʠʢʪʽʢ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʧʘʡʜʘʣʘʥסʘʥ ʞʘסʜʘʡʜʘ ʝʢʽ ʞװʡʝʜʝ: ײץʨʳʣʳʩ ʢʦʦʨʜʠʥʘʪʪʘʨ 

ʞװʡʝʩʽʥʜʝ ʞᴅʥʝ ɻʃʆʅɸʉʉ GPS ʩʧʫʪʥʠʢʪʽʢ ʞװʡʝʩʽʥʽש ʢʦʦʨʜʠʥʘʪʪʘʨ ʞװʡʝʩʽʥʜʝ ʙʽʨץʘʪʘʨ 

ʧʫʥʢʪʪʝʨʜʽש ʢʦʦʨʜʠʥʘʪʪʘʨʳ ʙʦʣʫʳ ץʘʞʝʪ [2]. ɹײʣ ʪʘʨʤʘץʪʘʨ ʢʝʟ ʢʝʣʛʝʥ ᴅʜʽʩʧʝʥ (ʜᴅʩʪװʨʣʽ 

ʥʝʤʝʩʝ ʩʧʫʪʥʠʢʪʽʢ) ʧʫʥʢʪʪʝʨʜʽש ʢʦʦʨʜʠʥʘʪʘʣʘʨʳʥ ʘʥʳץʪʘʫ ʢʝʟʽʥʜʝ ʦʩʳ ʢʦʦʨʜʠʥʘʪʪʘʨ 

ʞװʡʝʣʝʨʽ ʤʝʥ ʢʝʡʽʥʛʽ ʙᴇʣʫ ʞײʤʳʩʪʘʨʳ ʘʨʘʩʳʥʜʘ ʙʘʡʣʘʥʳʩ ʙʦʣʫʳ װʰʽʥ ץʘʞʝʪ. ʂʦʦʨʜʠʥʘʪʘʣʘʨ 

ʞװʡʝʣʝʨʽ ʘʨʘʩʳʥʜʘ ʙʘʡʣʘʥʳʩ ʧʘʨʘʤʝʪʨʣʝʨʽ ʪʘʙʳʣסʘʥ ʢʝʟʜʝ ʢʦʦʨʜʠʥʘʪʘʣʘʨʜʳש ʝʢʽ ʞװʡʝʩʽʥʜʝ 

ʜʝ ʪʽʨʝʢ ʧʫʥʢʪʪʝʨʽʥʽש ʪʝש ʢʦʦʨʜʠʥʘʪʪʘʨʳ ʙʦʣʫʳ ץʘʞʝʪ, ʩʦʥʜʳץʪʘʥ ʪʽʨʝʢ (ʙʘʡʣʘʥʳʩʪʳʨʫʰʳ) 

ʧʫʥʢʪʪʝʨʽʥ ʞʦʩʧʘʨʜʘ ʜʘ, ʙʠʽʢʪʽʛʽ ʙʦʡʳʥʰʘ ʜʘ ʢʦʦʨʜʠʥʘʪʪʘʨʳ ʙʘʨ ʩʳʨʪץʳ ʙᴇʣʫ ʞʝʣʽʩʽʥʽש 

ʧʫʥʢʪʪʝʨʽʤʝʥ ʙʽʨʽʢʪʽʨʛʝʥ ʞᴇʥ. 

 ʨʳʣʳʩײץ ʢʦʦʨʜʠʥʘʪʘʣʘʨʳʥ שʢʪʝʣʝʨʽʥʽװʡʝʩʽʥʜʝʛʽ ʪʽʨʝʢ ʥװʨʳʣʳʩ ʢʦʦʨʜʠʥʘʪʪʘʨʳ ʞײפ

ʦʙʲʝʢʪʽʩʽʥʽש ʦʩʴʪʝʨʽʥʽש ʞʦʩʧʘʨʳ ʙʘʨ ʞᴅʥʝ ʢʦʦʨʜʠʥʘʪʪʘʨ ʞװʡʝʩʽʥ ʦʨʥʘʪʫ ʘʨץʳʣʳ ʘʣʫסʘ 

ʙʦʣʘʜʳ. ɹᴇʣʫ ʞײʤʳʩʪʘʨʳ ʤʝʥ ʙʘץʳʣʘʫ ᴇʣʰʝʤʜʝʨʽʥʽש ʳסשʘʡʣʳʣʳסʳ װʰʽʥ ʞװʡʝʥʽש X ʞᴅʥʝ Y 

ʦʩʴʪʝʨʽ ʝʢʽ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ײץʨʳʣʳʩ ʦʩʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʞᴅʥʝ ʦʙʲʝʢʪʽʥʽש ʙʘʨʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʳץ ʥװʢʪʝʣʝʨʽ ʦש ʢʦʦʨʜʠʥʘʪʪʘʨסʘ ʠʝ ʙʦʣʘʪʳʥʜʘʡ ʝʪʽʧ ʢʦʦʨʜʠʥʘʪʪʘʨʜʳײץ שʨʳʣʳʩ 

ʞװʡʝʩʽʥ ʙʘסʳʪʪʘʫ ײʩʳʥʳʣʘʜʳ. 

ɾʝʨʩʝʨʽʢʪʽʢ ʢʦʦʨʜʠʥʘʪʪʘʨ ʞװʡʝʩʽʥʜʝʛʽ ʩʳʨʪץʳ ʙᴇʣʫ ʞʝʣʽʩʽ ʧʫʥʢʪʪʝʨʽʥʽש 

ʢʦʦʨʜʠʥʘʪʘʣʘʨʳʥ ʘʥʳץʪʘʫ װʰʽʥ ʪʽʨʝʢ ʧʫʥʢʪʪʝʨʽʥʜʝ ץʘʙʳʣʜʘסʳʰʪʘʨʜʳ ʦʨʥʘʪʫ ʞᴅʥʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʨʝʞʠʤʜʝ ʙʽʨʘʟ ʫʘץʳʪ ʙʦʡʳ ʩʪʘʪʠʢʘ ᴅʜʽʩʽʤʝʥ ʢʦʦʨʜʠʥʘʪʪʘʨʜʳ ʘʥʳץʪʘʫ 

 שʘʣʜʳʤʝʥ, ʩʘʡʪʪʳ שʘ ʙʘʡʣʘʥʳʩʪʳ. ɽסʳ ʢᴇʧʪʝʛʝʥ ʬʘʢʪʦʨʣʘʨסʪʳץʟʘײ ʳʣʘʫץʘʞʝʪ. ɹʘץ

ʞװʢʪʝʣʫʽʥ ʝʩʢʝʨʫ ץʘʞʝʪ. ײפʨʳʣʳʩ ʘʣʘשʳʥʳש ʢᴇʧ ʞװʢʪʝʤʝʩʽ ʤʝʥ ʪʳסʳʟʜʳסʳ ʙʦʣסʘʥ 

ʞʘסʜʘʡʜʘ, ʝʛʝʨ ʤװʤʢʽʥ ʙʦʣʩʘ, ʩʧʫʪʥʠʢʪʽʢ ץʘʙʳʣʜʘסʳʰʪʘʨʜʳ ʢᴇʨʰʽ סʠʤʘʨʘʪʪʘʨʜʳש ʪᴇʙʝʣʝʨʽʥʝ 

ʦʨʥʘʪʫ ײʩʳʥʳʣʘʜʳ, ʙײʨʳʥ ʩʧʫʪʥʠʢʪʽʢ ץʘʙʳʣʜʘסʳʰʪʘʨʜʳײץ שʨʳʣʳʩ ʢʦʦʨʜʠʥʘʪʪʘʨ ʞװʡʝʩʽʥʜʝ 

ʦʨʥʘʣʘʩʫ ʥװʢʪʝʣʝʨʽʥʽש ʢʦʦʨʜʠʥʘʪʪʘʨʳʥ ʢʝʨʽ ʙײʨʳʰʪʳץ ʩʝʨʠʬʪʠʥʛ ᴅʜʽʩʽʤʝʥ ʥʝʤʝʩʝ 

 .ʘʥ ʞᴇʥסʪʘץʘ ᴅʜʽʩʧʝʥ ʘʥʳץʘʡʣʳ ʙʘʩסשʜʘʡʣʘʨʳʥʜʘ ʳסʦʩʳ ʞʘ שʨʳʣʳʩʪʳײץ

ᴄʨʽ ץʘʨʘʡ, ʦʩʳ ʥװʢʪʝʣʝʨʜʝʥ ײץʨʳʣʳʩ ʘʣʘשʳʥʜʘסʳ ʢʝʟ-ʢʝʣʛʝʥ ʩʠʧʘʪʪʘʤʘʣʳץ ʥװʢʪʝʣʝʨʜʽש 

ʢʦʦʨʜʠʥʘʪʪʘʨʳʥ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ. ɾײʤʳʩʪʳש ʞʘʫʘʧʢʝʨʰʽʣʽʛʽʥʝ ʞᴅʥʝ ʙʽʨ ʥʝʤʝʩʝ ʝʢʽ 

ʞʠʽʣʽʢʪʽ ץʘʙʳʣʜʘסʳʰʪʘʨʜʳש ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʢʦʦʨʜʠʥʘʪʘʣʘʨʜʳ ʘʥʳץʪʘʫʜʳש ʙʽʨ ʥʝʤʝʩʝ 

ʙʘʩץʘ ᴅʜʽʩʽʥ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ: ʩʪʘʪʠʢʘ, ʢʠʥʝʤʘʪʠʢʘ ʥʝʤʝʩʝ ʦʣʘʨʜʳש ʪװʨʣʝʨʽ. ʄʳʩʘʣʳ, ʘʰʳץ 

ʘʣʘש ʞʘסʜʘʡʳʥʜʘ ץʘʟʘʥʰץשײʳʨʜʳש ʢʦʥʪʫʨʳʥ ʙᴇʣʫ װʰʽʥ ʩʧʫʪʥʠʢʪʽʢ ᴇʣʰʝʫʜʽש 

ʢʠʥʝʤʘʪʠʢʘʣʳץ ᴅʜʽʩʽʥ ʥʝʤʝʩʝ ʥʘץʪʳ ʫʘץʳʪʪʘסʳ ʢʠʥʝʤʘʪʠʢʘ ʨʝʞʠʤʽʥ (RTK) ʧʘʡʜʘʣʘʥʫסʘ 

ʙʦʣʘʜʳ: ʙײʣ ʨʝʪʪʝ ʙʽʨ ץʘʙʳʣʜʘסʳʰ ʩʳʨʪץʳ ʙᴇʣʫ ʞʝʣʽʩʽʥʽש ʧʫʥʢʪʽʥʝ ʦʨʥʘʪʳʣʘʜʳ, ʝʢʽʥʰʽʩʽ 

 .ʨʛʽʟʝʜʽװʘʣʳʩʪʘ ᴇʣʰʝʫʣʝʨ ʞסʦʟץ ʙʦʣʞʘʤʜʳ ʢʦʥʪʫʨʳ ʙʦʡʳʥʰʘ שʳʨʜʳץשײʘʟʘʥʰץ

ʉʪʘʪʠʢʘ ʥʝʤʝʩʝ ʞʳʣʜʘʤ ʩʪʘʪʠʢʘ ʨʝʞʠʤʽʥʜʝ (ץʦʣʘʡʣʳ ʞʘסʜʘʡʣʘʨʜʘ) ʞʦסʘʨסʳ 

ʤʦʥʪʘʞʜʳץ ʛʦʨʠʟʦʥʪʪʘסʳ ʥװʢʪʝʣʝʨʜʽ ʦʨʥʳʥʘ ʥʝʤʝʩʝ ʪʽʢ ʞʦʙʘʣʘʫʤʝʥ ʧʘʨʘʣʣʝʣʴ ʰʳסʘʨʫסʘ 

ʙʦʣʘʜʳ [2]. ײפʨʳʣʳʩ ʘʣʘשʳʥʳש ʞʘסʜʘʡʳʥʘ ʞᴅʥʝ ײץʨʘʣʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʙʘʡʣʘʥʳʩʪʳ 

ʽʰʢʽ ʙᴇʣʫ ʞʝʣʽʩʽʥʽש ʧʫʥʢʪʪʝʨʽʥ ʦʨʥʘʪʫ ʢᴇʢʞʠʝʛʽʥʝ ʘʫʳʩʪʳʨʫʜʳש ᴅʨʪװʨʣʽ ʩʭʝʤʘʩʳ ʤװʤʢʽʥ. 

ɸʫʳʩʪʳʨʫ ʩʳʨʪץʳ ʙᴇʣʫ ʞʝʣʽʩʽʥʽש ʧʫʥʢʪʪʝʨʽʥʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ɹײʣ ʨʝʪʪʝ ʝʢʽ 

 ʰʽʥʰʽʩʽ ʤʦʥʪʘʞʜʘʫװ ,ʧʫʥʢʪʪʝʨʽʥʜʝ ʦʨʥʘʪʳʣʘʜʳ שʳ ʙᴇʣʫ ʞʝʣʽʩʽʥʽץʳʰ ʩʳʨʪסʘʙʳʣʜʘץ

ʢᴇʢʞʠʝʛʽʥʜʝʛʽ ʧʫʥʢʪʪʝ ʦʨʥʘʪʳʣʘʜʳ, ʦʜʘʥ ᴅʨʽ ʵʣʝʢʪʨʦʥʜʳץ ʪʘʭʝʦʤʝʪʨʜʽש ʢᴇʤʝʛʽʤʝʥ ʙᴇʣʫ 

ʞײʤʳʩʪʘʨʳʥ ʞװʨʛʽʟʫ ʳסשʘʡʣʳ. ʉʪʘʪʠʢʘ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨ ʞʠʥʘʣʘʜʳ (1-ʩʫʨʝʪ). 
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1-ʩʫʨʝʪ-ʤʦʥʪʘʞʜʘʫ ʢᴇʢʞʠʝʛʽʥʜʝʛʽ ʧʫʥʢʪʪʽ ʩʧʫʪʥʠʢʪʽʢ ץʘʙʳʣʜʘסʳʰʪʘʨʜʳש ʢᴇʤʝʛʽʤʝʥ 

ʰʳסʘʨʫ 

ʅʝʛʽʟʽʥʜʝ, ʢʦʦʨʜʠʥʘʪʪʘʨʜʳ ʙʘʩʪʘʧץʳ ʛʦʨʠʟʦʥʪʪʘʥ ʩʧʫʪʥʠʢʪʽʢ ʦʨʥʘʪʫ ᴅʜʽʩʽʥʝ ʘʫʳʩʪʳʨʫ 

ʢʝʟʽʥʜʝ ʝʢʽ ʩʧʫʪʥʠʢʪʽʢ ץʘʙʳʣʜʘסʳʰ ʙʦʣʫʳ ʞʝʪʢʽʣʽʢʪʽ, ʙʽʨʘװ ץʰʽʥʰʽʩʽʥʽש ʙʦʣʫʳ ʜʝʨʝʢʪʝʨʜʽ 

ʢʦʦʨʜʠʥʘʪʘʣʳץ ᴇʩʫ ʘʨץʳʣʳ ᴇשʜʝʫ ʢʝʟʽʥʜʝ ץʦʩʳʤʰʘ ʙʘץʳʣʘʫ ʙʝʨʝʜʽ. ɹײʣ ʞʘסʜʘʡʜʘ GPS 

ʙʘץʳʣʘʫʣʘʨʳ װʰʽʥ ʥװʢʪʝʣʝʨʜʽ ʪʝש ʞʘץʪʳ װʰʙײʨʳʰʪʳש ʰʳשʜʘʨʳʥʜʘ ʦʨʥʘʣʘʩʪʳʨסʘʥ ʞᴇʥ, 

ᴇʡʪʢʝʥʽ ʞʘʙʳץ ʪʽʟʙʝʢʪʝʛʽ ʢʦʦʨʜʠʥʘʪʘʣʘʨʜʳש ᴇʩʫʽ ʙʦʡʳʥʰʘ ʩʝʥʽʤʜʽ ʙʘץʳʣʘʫ ʘʣʳʥʘʜʳ (1-

ʩʫʨʝʪ) 

ʆʨʥʘʪʫ ʛʦʨʠʟʦʥʪʳʥʜʘסʳ ʥװʢʪʝʥʽש ʢʦʦʨʜʠʥʘʪʪʘʨʳ ʘʥʳץʪʘʣסʘʥʥʘʥ ʞᴅʥʝ ʪʝשʝʩʪʽʨʽʣʛʝʥʥʝʥ 

ʢʝʡʽʥ, ʙײʣ ʪʘʨʤʘץʪʳ ʥʝʛʽʟʛʽ ײץʨʳʣʳʤ ʨʝʪʽʥʜʝ ײץʨʳʣʳʩ ײץʨʳʣʳʤʜʘʨʳʥ ʙᴇʣʫ װʰʽʥ 

ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜʳ. ʆʩʳ ʧʫʥʢʪʢʝ ʙʘʟʘʣʳץ ץʘʙʳʣʜʘסʳʰ ʦʨʥʘʪʳʣʘʜʳ ʞᴅʥʝ ʨʦʚʝʨʣʽʢ 

 שʢʪʝʣʝʨʜʽװʘ ʥץʘʡʣʳ ʙʘʩסשʰʽʥ ʳװ ʤʳʩʪʘʨʳײʢᴇʤʝʛʽʤʝʥ ʦʜʘʥ ᴅʨʽ ʙᴇʣʫ ʞ שʳʰʪʳסʘʙʳʣʜʘץ

ʢʦʦʨʜʠʥʘʪʪʘʨʳ ʘʥʳץʪʘʣʘʜʳ [2]. 

ɹʘʨʣʳץ ʞײʤʳʩ ʪװʨʣʝʨʽʥ ʦʨʳʥʜʘʫ ʢʝʟʽʥʜʝ ʝʢʽ ʞʠʽʣʽʢʪʽ ץʘʙʳʣʜʘסʳʰʪʘʨʜʳ ʧʘʡʜʘʣʘʥʫ 

 ʜʘʡʳʥʜʘ ʦʣʘʨʜʳ ᴇʣʰʝʫ ʥᴅʪʠʞʝʣʝʨʽסʨʳʣʳʩʳ ʞʘײץ ʘʣʘץ ʳʟסʩʳʥʳʣʘʜʳ, ᴇʡʪʢʝʥʽ ʪʳײ

ᴇʣʰʝʫʣʝʨʜʽש ʙײʟʳʣʫʳʥʘ ʘʟ ʙʝʡʽʤ. ᴆʣʰʝʫʜʽש ʩʧʫʪʥʠʢʪʽʢ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ װʰʽʥ ʩʳʨʪץʳ ʙᴇʣʫ 

ʞʝʣʽʩʽʥʽש ʧʫʥʢʪʪʝʨʽʥ ʤװʤʢʽʥʜʽʛʽʥʰʝ ʘʰʳץ ʫʯʘʩʢʝʣʝʨʜʝ ʦʨʥʘʣʘʩʪʳʨʫ ʢʝʨʝʢ. ʂʦʦʨʜʠʥʘʪʘʣʘʨʜʳ 

ʙʝʣʛʽʣʽ ʙʽʨ ʞװʡʝʜʝ ʪʽʢʝʣʝʡ ᴇʣʰʝʫ ʥʝʤʝʩʝ ʢʦʦʨʜʠʥʘʪʘʣʘʨʜʳ ץʘʡʪʘ ʝʩʝʧʪʝʫ ʘʨץʳʣʳ ʝʩʝʧʪʝʫ 

ʘʨץʳʣʳ ʘʣʫסʘ ʙʦʣʘʜʳ. 

ʉʧʫʪʥʠʢʪʽʢ ᴇʣʰʝʫ ᴅʜʽʩʪʝʨʽʤʝʥ ʜʝʨʝʢʪʝʨʜʽ ʞʠʥʘʫ ʢʝʟʽʥʜʝ ʝʢʽ ʩᴅʪ ʤʘשʳʟʜʳ: ʜʝʨʝʢʪʝʨʜʽ 

ʞʘʟʫ ʘʨʘʣʳסʳ ʞᴅʥʝ ʜʝʨʝʢʪʝʨʜʽ ʞʠʥʘʫ ʫʘץʳʪʳ. ɾʘʟʫ ʘʨʘʣʳסʳ ʥʝײסʨʣʳʤ ʘʟ ʙʦʣʩʘ, ᴇʣʰʝʤ 

ʜʝʨʝʢʪʝʨʽ ʩʦײסʨʣʳʤ װʣʢʝʥ ʙʦʣʘʜʳ ʞᴅʥʝ ʬʘʡʣ װʣʢʝʥʽʨʝʢ ʙʦʣʘʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʘʨʪʳץ 

ʜʝʨʝʢʪʝʨ ʜʝ ʢᴇʧ ʙʦʣʘʜʳ. פʘʟʽʨʛʽ ʟʘʤʘʥסʳ ײץʨʳʣסʳʣʘʨ ʽʩ ʞװʟʽʥʜʝ ʞʘʜ ʢᴇʣʝʤʽʤʝʥ ʰʝʢʪʝʣʤʝʡʜʽ, 

ʩʦʥʜʳץʪʘʥ ʝש ʘʟ ʞʘʟʫ ʘʨʘʣʳסʳʥ ʦʨʥʘʪץʘʥ ʜײʨʳʩ, ʘʣ ʘʨʪʳץ ʜʝʨʝʢʪʝʨ ʢᴇʧ ʙʦʣʘʜʳ. ɹʽʨʘץ ʞʘʟʫ 

ʘʨʘʣʳסʳ ʙʘʨʣʳץ ץʘʙʳʣʜʘסʳʰʪʘʨʜʘ ʙʽʨʜʝʡ ʙʦʣʫʳ ᴇʪʝ ʤʘשʳʟʜʳ. 

ɼʝʨʝʢʪʝʨʜʽ ʞʠʥʘʫ ʫʘץʳʪʳʥʳש ʘʨʘʣʳסʳ ʙʽʨץʘʪʘʨ ʬʘʢʪʦʨʣʘʨסʘ ʙʘʡʣʘʥʳʩʪʳ: 

 ʢᴇʢʞʠʝʢʪʝʥ שʦʶ ʦʨʳʥʜʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ (ʩʧʫʪʥʠʢʪʽץ ʘʥʪʝʥʥʘʣʘʨʳʥ שʳʰʪʘʨʜʳסʘʙʳʣʜʘץ

ʞʦסʘʨʳ ʢᴇʪʝʨʽʣʫ ʙײʨʳʰʳʥ ʝʩʢʝʨʽʧ, ɸʥʪʝʥʥʘʣʘʨʜʳ ʘʰʳץ ʦשʪװʩʪʽʢ ʞʘסʳʤʝʥ ץʦʶסʘ ʪʳʨʳʩʫ 

ʢʝʨʝʢ); ʩʧʫʪʥʠʢʪʝʨ ʰʦץʞײʣʜʳʟʳʥʳש ʦʨʥʘʣʘʩʫʳ (ʩʧʫʪʥʠʢʪʝʨʜʽץ שʘʙʳʣʜʘʫ ʥװʢʪʝʩʽʥʝ ץʘʪʳʩʪʳ 


