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                                                                   ɸʥʘʪʦʣʠʡ ɹʠʨʰʝʨʪ 

 

                              ɻʠʜʨʦʜʠʥʘʤʠʢʘ ʜʣʷ ʧʝʩʢʘ ʠ ʛʣʠʥʳ 

 ʅʘʫʢʦʡ ʦ ʩʪʨʦʝʥʠʠ ɿʝʤʣʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʥʝʰʥʷʷ ʦʙʦʣʦʯʢʘ ʥʘʰʝʡ ʧʣʘʥʝʪʳ, 

ʟʘʢʨʳʚʘʶʱʘʷ ʨʘʩʢʘʣʝʥʥʫʶ ʤʘʛʤʫ, ʩʣʦʞʝʥʘ ʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ 

(ʙʘʟʘʣʴʪʳ ʠ ʛʨʘʥʠʪʳ) ʤʦʱʥʦʩʪʴʶ, ʪ.ʝ. ʪʦʣʱʠʥʦʡ, ʜʦ 50 ʢʤ ʧʦʜ ʢʦʥʪʠʥʝʥʪʘʤʠ ʠ ʜʦ 10 

ʢʤ ʧʦʜ ʦʢʝʘʥʘʤʠ. ʉʚʝʨʭʫ ʵʪʘ ʛʨʘʥʠʪʥʦ-ʙʘʟʘʣʴʪʦʚʘʷ ʦʙʦʣʦʯʢʘ ʟʘʢʨʳʪʘ ʪ.ʥ. ʯʝʭʣʦʤ, 

ʩʣʦʞʝʥʥʳʤ ʠʟ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ. ʄʦʱʥʦʩʪʴ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʥʘʜ ʢʦʥʪʠʥʝʥʪʘʤʠ 

ʜʦʩʪʠʛʘʝʪ 5 ʢʤ, ʘ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦ ʚʩʝʤʫ ʟʝʤʥʦʤʫ ʰʘʨʫ ʩʦʩʪʘʚʣʷʝʪ 2,2 ʢʤ ʩ 

ʩʫʤʤʘʨʥʳʤ ʦʙʲʝʤʦʤ ʦʢʦʣʦ 1120 ʤʣʥ. ʢʫʙʦʢʠʣʦʤʝʪʨʦʚ. ʊ.ʥ. ʦʩʘʜʦʯʥʳʡ ʯʝʭʦʣ ʩʦʩʪʦʠʪ 

ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ ʩʣʦʝʚ ʧʝʩʢʘ ʠ ʛʣʠʥʳ, ʘ ʪʘʢʞʝ ʩʫʛʣʠʥʢʦʚ, ʩʫʧʝʩʝʡ ʠ ʠʟʚʝʩʪʥʷʢʦʚ. 

ʄʦʱʥʦʩʪʴ ʢʘʞʜʦʛʦ ʩʣʦʷ ï ʦʪ ʜʦʣʝʡ ʤʝʪʨʘ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ, 

ʧʨʦʩʪʠʨʘʝʤʦʩʪʴ ï ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʢʠʣʦʤʝʪʨʦʚ. ʂʨʦʤʝ ʵʪʠʭ 

ʥʝʨʫʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʥʫʪʨʠ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʚʩʪʨʝʯʘʶʪʩʷ ʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 

ʘ ʪʘʢʞʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʛʦʨʶʯʠʭ ʠʩʢʦʧʘʝʤʳʭ (ʛʘʟ, ʥʝʬʪʴ, ʠʩʢʦʧʘʝʤʳʡ ʫʛʦʣʴ, ʛʦʨʶʯʠʝ 

ʩʣʘʥʮʳ). ʊʘʤ ʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʧʦʜʟʝʤʥʳʝ ʚʦʜʥʳʝ ʛʦʨʠʟʦʥʪʳ (ʢʘʢ ʧʠʪʴʝʚʦʡ, ʪʘʢ ʠ 

ʤʠʥʝʨʘʣʴʥʦʡ ʚʦʜʳ). 

 ʇʦʷʩʥʠʤ ʚʢʨʘʪʮʝ ʩʦʩʪʘʚ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ. ʇʝʩʦʢ ʥʘ 90% ʠ ʙʦʣʝʝ ʩʦʩʪʦʠʪ ʠʟ 

ʯʘʩʪʠʮ ʢʚʘʨʮʘ (SiO2) ʨʘʟʤʝʨʦʤ ʦʪ 1 ʜʦ 0,1ʤʤ. ɻʣʠʥʘ ï ʵʪʦ ʩʤʝʩʴ ʤʝʣʴʯʘʡʰʠʭ ʯʘʩʪʠʮ 

ʢʚʘʨʮʘ (30 ï 70%) ʩ ʯʘʩʪʠʮʘʤʠ ʢʦʨʫʥʜʘ  Al2O3 (10 ï 40%) ʠ ʚʦʜʦʡ, ʧʨʠʜʘʶʱʝʡ ʛʣʠʥʝ 

ʧʣʘʩʪʠʯʥʦʩʪʴ. ʈʘʟʤʝʨ ʯʘʩʪʠʮ ʢʚʘʨʮʘ ʠ ʢʦʨʫʥʜʘ, ʦʙʨʘʟʫʶʱʠʭ ʛʣʠʥʫ ï 0,01ʤʤ ʠ ʤʝʥʝʝ. 

ʉʫʛʣʠʥʦʢ ï ʵʪʦ ʩʤʝʩʴ ʧʨʠʤʝʨʥʦ 70% ʛʣʠʥʳ ʠ 30% ʧʝʩʢʘ. ʉʫʧʝʩʴ  ï ʩʤʝʩʴ ʧʨʠʤʝʨʥʦ 

70% ʧʝʩʢʘ ʠ 30% ʛʣʠʥʳ. ʀʟʚʝʩʪʥʷʢ ï ʵʪʦ ʦʩʘʜʦʯʥʘʷ ʧʦʨʦʜʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʯʘʩʪʠʮ 

ʢʘʣʴʮʠʪʘ  (CaCʆ3). ʨʘʟʤʝʨʦʤ ʦʪ 0,005ʤʤ ʠ ʙʦʣʝʝ. 

 ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʧʳʪʘʝʤʩʷ ʦʙʲʷʩʥʠʪʴ, ʧʦʯʝʤʫ ʦʩʘʜʦʯʥʳʡ ʯʝʭʦʣ ʩʣʦʞʝʥ ʚ 

ʦʩʥʦʚʥʦʤ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ ʩʣʦʝʚ ʧʝʩʢʘ ʠ ʛʣʠʥ ,r ʧʨʠʯʝʤ ʩʣʦʠ ʧʝʩʢʘ ʠ ʛʣʠʥʳ 

ʧʝʨʝʤʝʞʘʶʪʩʷ ʩ ʨʝʜʢʠʤʠ ʩʣʦʷʤʠ ʠʟʚʝʩʪʥʷʢʘ. 

 ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʥʘʫʢʘ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʧʝʩʦʢ ʠ ʛʣʠʥʘ, ʦʙʨʘʟʫʶʱʠʝ ʦʩʘʜʦʯʥʳʡ 

ʯʝʭʦʣ ɿʝʤʣʠ, ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ 

ʢʦʨʝʥʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʦʙʦʣʦʯʢʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʛʨʘʥʠʪʘ. ɻʨʘʥʠʪ ï ʵʪʦ ʢʠʩʣʘʷ 

ʧʦʣʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʛʦʨʥʘʷ ʧʦʨʦʜʘ, ʩʦʩʪʦʷʱʘʷ ʚ ʦʩʥʦʚʥʦʤ ʠʟ 

ʢʚʘʨʮʘ ʠ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ (ʘʣʶʤʦʩʠʣʠʢʘʪʘ ʢʘʣʠʷ). 

 ɺ ʧʨʠʨʦʜʝ ʨʘʟʨʫʰʝʥʠʝ ʛʨʘʥʠʪʘ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʠʜʝʪ ʪʘʤ, ʛʜʝ ʣʝʪʦʤ 

ʩʪʦʠʪ ʞʘʨʢʘʷ ʧʦʛʦʜʘ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʜʦʞʜʷʤʠ, ʘ ʟʠʤʦʡ ʠʣʠ ʚ ʤʝʞʩʝʟʦʥʴʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʥʦʯʥʳʝ ʟʘʤʦʨʦʟʢʠ. ʅʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ï 

ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʘʥʠʪʘ ʜʦʣʞʥʘ ʭʦʨʦʰʦ ʥʘʛʨʝʚʘʪʴʩʷ ʉʦʣʥʮʝʤ ʣʝʪʦʤ, ʘ ʟʠʤʦʡ ʠʣʠ ʚ 
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ʤʝʞʩʝʟʦʥʴʝ ʵʪʘ ʧʦʚʝʨʭʥʦʩʪʴ ʜʦʣʞʥʘ ʧʦʜʚʝʨʛʘʪʴʩʷ ʟʘʤʦʨʦʟʢʘʤ. ɽʩʣʠ ʥʘ ʧʨʦʛʨʝʪʫʶ 

ʉʦʣʥʮʝʤ ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʘʥʠʪʘ ʧʘʜʘʶʪ ʧʝʨʚʳʝ ʢʘʧʣʠ ʣʝʪʥʝʛʦ ʜʦʞʜʷ, ʧʦʚʝʨʭʥʦʩʪʴ 

ʢʘʤʥʷ ʚ ʧʝʨʚʫʶ ʞʝ ʩʝʢʫʥʜʫ ʧʦʢʨʳʚʘʝʪʩʷ ʦʪ ʪʝʨʤʦʫʜʘʨʘ ʩʝʪʢʦʡ ʤʠʢʨʦʪʨʝʱʠʥ. ɺ 

ʩʣʝʜʫʶʱʠʝ ʣʝʪʥʠʝ ʩʝʟʦʥʳ ʛʣʫʙʠʥʘ ʠ ʧʣʦʪʥʦʩʪʴ ʵʪʠʭ ʤʠʢʨʦʪʨʝʱʠʥ ʫʚʝʣʠʯʠʪʩʷ. 

ʇʦʧʘʚʰʘʷ ʚ ʤʝʞʩʝʟʦʥʴʝ ʚ ʤʠʢʨʦʪʨʝʱʠʥʳ ʜʦʞʜʝʚʘʷ ʚʦʜʘ ʟʘʤʝʨʟʘʝʪ ʚʦ ʚʨʝʤʷ ʥʦʯʥʳʭ 

ʟʘʤʦʨʦʟʢʦʚ, ʦʪʯʝʛʦ ʤʠʢʨʦʪʨʝʱʠʥʳ ʨʘʩʰʠʨʷʶʪʩʷ. ʊʘʢ ʧʦʩʪʝʧʝʥʥʦ, ʛʦʜ ʟʘ ʛʦʜʦʤ, ʚ 

ʧʨʠʨʦʜʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʛʨʘʥʠʪʘ, ʧʨʠʯʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʘʢʪʠʚʥʦʝ 

ʨʘʟʨʫʰʝʥʠʝ ʛʨʘʥʠʪʘ ʠʜʝʪ ʥʝ ʙʦʣʝʝ 365 ʩʝʢʫʥʜ ʚ ʛʦʜ, ʪ.ʝ. ʜʦʩʪʘʪʦʯʥʦ ʤʝʜʣʝʥʥʦ, 

ʧʦʩʢʦʣʴʢʫ ʚ ʛʦʜʫ 3,15 Ĭ107 ʩʝʢʫʥʜ. 

 ɼʣʷ ʨʘʟʨʫʰʝʥʠʷ ʛʨʘʥʠʪʘ ʧʨʠʨʦʜʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʥʝʙʦʣʴʰʫʶ 

ʯʘʩʪʴ ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ɿʝʤʣʶ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ, ʩʦʩʪʘʚʣʷʶʱʫʶ 

2Ĭ1014ʢɼʞ/ʩ. ʕʪʘ ʵʥʝʨʛʠʷ ʥʫʞʥʘ ʧʨʝʞʜʝ ʚʩʝʛʦ ʜʣʷ ʧʦʜʝʨʞʘʥʠʷ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʥʘ ʫʨʦʚʥʝ +12Üʉ. ʋʤʝʥʴʰʝʥʠʝ ʧʦʪʦʢʘ ʧʦʣʫʯʘʝʤʦʡ ʵʥʝʨʛʠʠ ʥʘ 

10% ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʨʝʜʥʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʥʘ 6,5ʉ, ʠ ʵʪʦ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʙʣʦʢʠʨʫʝʪ 

ʧʨʦʮʝʩʩʳ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʛʨʘʥʠʪʘ. ʇʦʵʪʦʤʫ ʥʘ ʨʘʟʨʫʰʝʥʠʝ 1120 ʤʣʥ. 

ʢʫʙʦʢʠʣʦʤʝʪʨʦʚ (ʠʣʠ 1,12Ĭ1024ʩʤ3) ʛʨʘʥʠʪʘ ʧʨʠʨʦʜʘ ʤʦʞʝʪ ʧʦʪʨʘʪʠʪʴ ʥʝ ʙʦʣʝʝ 1% 

ʧʦʣʫʯʘʝʤʦʡ ɿʝʤʣʝʡ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʠʣʠ 2Ĭ1012 ʢɼʞ/ʩ. 

 ɽʩʣʠ ʤʳ ʧʨʠʤʝʤ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʧʨʠ 

ʨʘʟʨʫʰʝʥʠʠ ʛʨʘʥʠʪʘ ʚ ʧʨʠʨʦʜʝ ʥʝ ʭʫʞʝ, ʯʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʚʝʨʣʝʥʠʷ ʛʨʘʥʠʪʘ ʧʨʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʠʨʘʤʠʜ ʚ ɼʨʝʚʥʝʤ ɽʛʠʧʪʝ, ʪʦ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ 1120 ʤʣʥ. 

ʢʫʙʦʢʠʣʦʤʝʪʨʦʚ ʛʨʘʥʠʪʘ ʚ ʧʝʩʦʢ ʠ ʛʣʠʥʫ ʧʨʠʨʦʜʝ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʙʳ 2,78Ĭ1026ʢɼʞ, 

ʧʦʩʢʦʣʴʢʫ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʫ ʜʨʝʚʥʠʭ ʝʛʠʧʪʷʥ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ 1ʩʤ3 ʛʨʘʥʠʪʘ ʧʨʠ ʝʛʦ 

ʩʚʝʨʣʝʥʠʠ ʩʦʩʪʘʚʣʷʣ 224ʢɼʞ. ɿʘʤʝʪʠʤ, ʯʪʦ ʯʝʤ ʧʨʠʤʠʪʠʚʥʝʝ ʪʝʭʥʦʣʦʛʠʷ, ʪʝʤ ʦʥʘ 

ʙʦʣʝʝ ʵʥʝʨʛʦʟʘʪʨʘʪʥʘʷ. ʇʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʧʨʦʮʝʩʩʝ ʨʘʟʨʫʰʝʥʠʷ 1120 ʤʣʥ. 

ʢʫʙʦʢʠʣʦʤʝʪʨʦʚ ʛʨʘʥʠʪʘ ʧʨʠʨʦʜʝ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʙʳ ʚʨʝʤʷ, ʨʘʚʥʦʝ 2,78Ĭ1026ʢɼʞ : 

2Ĭ1012ʢɼʞ/ʩ=1,4Ĭ1014 ʩʝʢʫʥʜ. ʇʦʩʢʦʣʴʢʫ ʚʳʰʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ 

ʨʘʟʨʫʰʝʥʠʷ ʛʨʘʥʠʪʘ ʚ ʧʨʠʨʦʜʝ ʩʦʩʪʘʚʣ̫ ʝʪ ʥʝ ʙʦʣʝʝ 365 ʩʝʢʫʥʜ ʚ ʛʦʜ, ʪʦ ʥʘ 

ʨʘʟʨʫʰʝʥʠʝ 1120 ʤʣʥ. ʢʫʙʦʢʠʣʦʤʝʪʨʦʚ ʵʪʦʡ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʙʳ 

3,8Ĭ1011 ʣʝʪ. ʅʦ ʪʘʢʠʤ ʟʘʧʘʩʦʤ ʚʨʝʤʝʥʠ ʧʨʠʨʦʜʘ ʥʝ ʨʘʩʧʦʣʘʛʘʣʘ, ʧʦʩʢʦʣʴʢʫ ʚʦʟʨʘʩʪ 

ɿʝʤʣʠ ʩʦʩʪʘʚʣʷʝʪ 4,5Ĭ109 ʣʝʪ, ʘ ʧʠʢ ʛʨʘʥʠʪʦʦʙʨʘʟʦʚʘʥʠʷ ʠʤʝʣ ʤʝʩʪʦ ʚ ʧʨʦʪʝʨʦʟʦʝ, 

ʪ.ʝ. ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 2,5Ĭ109 ʣʝʪ ʪʦʤʫ ʥʘʟʘʜ. ɿʘʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʟʘ ʩʯʝʪ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʫʰʝʥʠʷ ʛʨʘʥʠʪʥʳʭ ʧʦʨʦʜ, ʥʠʢʘʢʦʡ 

ʩʣʦʠʩʪʦʩʪʠ ʥʝ ʙʳʣʦ ʙʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʩʘʜʦʯʥʳʡ ʯʝʭʦʣ ʙʳʣ ʙʳ ʩʣʦʞʝʥ ʠʟ 

ʦʜʥʦʨʦʜʥʦʡ ʤʘʩʩʳ, ʩʦʩʪʦʷʱʝʡ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʨʘʚʥʦʤʝʨʥʦ ʧʝʨʝʤʝʰʘʥʥʦʡ ʩʤʝʩʠ 

ʯʘʩʪʠʮ ʢʚʘʨʮʘ ʠ ʢʦʨʫʥʜʘ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʬʠʮʠʘʣʴʥʘʷ ʚʝʨʩʠʷ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʧʝʩʢʘ ʠ ʛʣʠʥʳ ʦʩʘʜʦʯʥʦʛʦ 

ʯʝʭʣʘ ɿʝʤʣʠ ʟʘ ʩʯʝʪ ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ ʛʨʘʥʠʪʥʦʛʦ ʬʫʥʜʘʤʝʥʪʘ, 
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ʚʝʨʥʘ ʪʦʣʴʢʦ ʦʪʯʘʩʪʠ. ʉʜʝʣʘʚ ʵʪʦʪ ʚʳʚʦʜ, ʧʦʧʳʪʘʝʤʩʷ ʦʙʲʷʩʥʠʪʴ, ʢʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ 

ʚ ʦʩʘʜʦʯʥʦʤ ʯʝʭʣʝ ʥʘʰʝʡ ʧʣʘʥʝʪʳ ʦʙʨʘʟʦʚʘʣʠʩʴ ʜʦʩʪʘʪʦʯʥʦ ʯʝʪʢʦ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʩʣʦʠ ʧʝʩʢʘ ʠ ʛʣʠʥʳ.  ɼʣʷ ʦʪʚʝʪʘ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʥʘʤ ʧʨʠʜʝʪʩʷ 

ʦʙʨʘʪʠʪʴʩʷ ʢ ʪʝʦʨʠʠ ʢʘʪʘʩʪʨʦʬʠʟʤʘ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ 1812ʛ. ʬʨʘʥʮʫʟʩʢʠʤ 

ʝʩʪʝʩʪʚʦʠʩʧʳʪʘʪʝʣʝʤ ɾʦʨʞʝʤ ʂʶʚʴʝ. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʪʝʦʨʠʠ ʨʘʟʚʠʪʠʝ ʧʨʠʨʦʜʳ 

ʥʘʰʝʡ ɿʝʤʣʠ ʩʦʩʪʦʠʪ ʠʟ ʥʝʧʨʝʨʳʚʥʦ ʯʝʨʝʜʫʶʱʠʭʩʷ ʮʠʢʣʦʚ ʩʧʦʢʦʡʥʦʡ ʵʚʦʣʶʮʠʠ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʢʘʪʘʩʪʨʦʬ, ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʠʟʤʝʥʷʶʱʠʭ ʣʠʢ ɿʝʤʣʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʵʪʠʭ ʩʢʘʯʢʦʦʙʨʘʟʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʦʚʨʝʤʝʥʥʘʷ 

ʪʝʦʨʠʷ ʢʘʪʘʩʪʨʦʬ ʩʯʠʪʘʝʪ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʙʦʤʙʘʨʜʠʨʦʚʢʠ ɿʝʤʣʠ ʢʦʤʝʪʘʤʠ. 

 ʂʦʤʝʪʳ ʷʚʣʷʶʪʩʷ ʤʘʣʳʤʠ ʢʦʩʤʠʯʝʩʢʠʤʠ ʪʝʣʘʤʠ (ʨʘʟʤʝʨʦʤ ʦʪ 0,5 ʜʦ 100ʢʤ), 

ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʩʤʝʩʠ ʟʘʤʝʨʟʰʠʭ ʜʦ ʪʚʝʨʜʦʛʦ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʘʟʦʚ ʠ ʧʘʨʦʚ, 

ʧʝʨʝʤʝʰʘʥʥʳʭ ʩ ʪ.ʥ. ʢʦʩʤʠʯʝʩʢʦʡ ʧʳʣʴʶ ï ʪʚʝʨʜʳʤʠ ʯʘʩʪʠʮʘʤʠ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 

1ʤʤ ʨʘʟʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ: ʩʠʣʠʢʘʪʳ, ʦʢʠʩʣʳ ʠ ʩʦʣʠ ʤʝʪʘʣʣʦʚ, ʭʣʦʨʠʜʳ ʠ ʪ.ʧ. 

ʉʦʩʪʘʚ ʣʴʜʦʚ ʢʦʤʝʪ (H2O, CH4, NH3, Cʆ2 ʠ ʜʨ.) ʧʦʢʘʟʳʚʘʝʪ,  ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʵʪʠʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʣ ʥʝ ʚʳʰʝ ʤʠʥʫʩ 200Üʉ. 

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʝʨʚʦʦʩʥʦʚʦʡ ʢʦʤʝʪ ʩʣʫʞʘʪ ʦʩʢʦʣʢʠ 

ʚʟʦʨʚʘʚʰʠʭʩʷ ʟʚʝʟʜ, ʚʳʙʨʘʩʳʚʘʝʤʳʭ ʯʝʨʝʟ ʪ.ʥ. ʩʪʨʫʡʥʳʝ ʨʫʢʘʚʘ ɻʘʣʘʢʪʠʢʠ. ʕʪʠ 

ʨʫʢʘʚʘ ʢʘʞʜʳʝ 30Ñ5 ʤʣʥ. ʣʝʪ ʧʝʨʝʩʝʢʘʝʪ ʥʘʰʝ ʉʦʣʥʮʝ, ʜʚʠʞʫʱʝʝʩʷ ʩʦ ʚʩʝʤʠ ʩʚʦʠʤʠ 

ʧʣʘʥʝʪʘʤʠ ʧʦ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ ʚʦʢʨʫʛ ɻʘʣʘʢʪʠʢʠ. ʇʦʢʠʥʫʚ ɻʘʣʘʢʪʠʢʫ, ʦʩʢʦʣʢʠ 

ʚʟʦʨʚʘʚʰʠʭʩʷ ʟʚʝʟʜ ʚ ʧʨʦʮʝʩʩʝ ʩʚʦʝʛʦ ʧʦʣʝʪʘ ʦʩʪʳʚʘʶʪ ʜʦ ʢʨʠʦʛʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʠ ʟʘʪʝʤ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʛʘʟʦ-ʧʳʣʝʚʳʝ ʪʫʤʘʥʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʥʘʤʦʨʘʞʠʚʘʶʪ ʥʘ ʩʚʦʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʤʝʩʴ ʨʘʟʣʠʯʥʳʭ ʣʴʜʦʚ, ʧʝʨʝʤʝʰʘʥʥʳʭ  ʩ 

ʢʦʩʤʠʯʝʩʢʦʡ ʧʳʣʴʶ. ʏʘʩʪʴ ʟʚʝʟʜʥʳʭ ʦʩʢʦʣʢʦʚ, ʧʦʩʪʝʧʝʥʥʦ ʧʨʝʚʨʘʪʠʚʰʠʭʩʷ ʚ ʢʦʤʝʪʳ, 

ʜʦʩʪʠʛʘʶʪ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. ʇʦʵʪʦʤʫ ʉʦʣʥʮʝ, ɿʝʤʣʷ ʠ ʜʨʫʛʠʝ ʧʣʘʥʝʪʳ ʠ ʠʭ 

ʩʧʫʪʥʠʢʠ  ʯʝʨʝʟ ʢʘʞʜʳʝ 30Ñ5 ʤʣʥ. ʣʝʪ ʧʦʜʚʝʨʛʘʣʠʩʴ ʨʘʥʝʝ ʠ ʙʫʜʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʚ 

ʙʫʜʫʱʝʤ ʙʦʤʙʘʨʜʠʨʦʚʢʘʤ ʛʘʣʘʢʪʠʯʝʩʢʠʤʠ ʢʦʤʝʪʘʤʠ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʛʦ 

ʙʦʤʙʘʨʜʠʨʦʚʦʯʥʦʛʦ ʮʠʢʣʘ ï ʜʦ 500 ʪʳʩ. ʣʝʪ. 

 ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʙʦʤʙʘʨʜʠʨʦʚʦʢ ʚ ʢʘʞʜʦʤ ʮʠʢʣʝ ʨʘʟʣʠʯʥʘʷ, ʪ.ʢ. ʧʦʪʦʢ ʚʳʙʨʦʩʘ 

ʤʘʪʝʨʠʠ ʠʟ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʡʥʳʭ ʨʫʢʘʚʦʚ ɻʘʣʘʢʪʠʢʠ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʡ, ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦ 

ʥʝʧʦʩʪʦʷʥʩʪʚʝ ʵʪʠʭ ʧʦʪʦʢʦʚ ʚʦ ʚʨʝʤʝʥʠ. ʂʨʦʤʝ ʪʦʛʦ, ʉʦʣʥʮʝ ʜʚʠʞʝʪʩʷ ʚʦʢʨʫʛ 

ɻʘʣʘʢʪʠʢʠ ʥʝ ʧʦ ʧʣʦʩʢʦʡ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ, ʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʢʨʫʛʦʚʳʤ ʜʚʠʞʝʥʠʝʤ 

ʩʦʚʝʨʰʘʝʪ ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

 ʂʘʢ ʞʝ ʧʨʦʠʩʭʦʜʠʪ ʙʦʤʙʘʨʜʠʨʦʚʢʘ ɿʝʤʣʠ ʢʦʤʝʪʘʤʠ? ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʟʤʝʨʦʚ ʠ ʩʪʝʧʝʥʠ ʩʮʝʧʣʝʥʠʷ ʣʴʜʘ ʚ ʦʜʥʦʨʦʜʥʳʡ ʢʦʥʛʣʦʤʝʨʘʪ ʢʦʤʝʪʘ ʤʦʞʝʪ ʣʠʙʦ 

ʨʘʟʨʫʰʠʪʴʩʷ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʘʪʤʦʩʬʝʨʳ, ʣʠʙʦ, ʧʦʪʝʨʷʚ ʥʝʢʦʪʦʨʫʶ ʯʘʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ, ʜʦʩʪʠʛʥʫʪʴ ʚʦʜʥʦʡ ʠʣʠ ʪʚʝʨʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. 
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 ɺ ʩʣʫʯʘʝ ʨʘʟʨʫʰʝʥʠʷ ʢʦʤʝʪʳ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʘʪʤʦʩʬʝʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ɿʝʤʣʠ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʧʦʜ ʵʧʠʮʝʥʪʨʦʤ ʨʘʟʨʫʰʝʥʠʷ, ʚʳʧʘʜʘʝʪ ʣʠʚʝʥʴ ʣʝʜʷʥʳʭ 

ʦʩʢʦʣʢʦʚ, ʥʘʰʧʠʛʦʚʘʥʥʳʭ ʯʘʩʪʠʮʘʤʠ ʢʦʩʤʠʯʝʩʢʦʡ ʧʳʣʠ. ʕʪʦʪ ʣʠʚʝʥʴ ʚʳʧʘʜʘʝʪ ʣʠʙʦ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ʣʠʙʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʜʥʦʛʦ ʠʟ ʤʘʪʝʨʠʢʦʚ. ɿʘʤʝʪʠʤ 

ʩʨʘʟʫ, ʯʪʦ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʰʝʡ ʧʣʘʥʝʪʳ, ʟʘʥʠʤʘʝʤʘʷ ʦʢʝʘʥʦʤ, ʚ ʧʨʦʮʝʩʩʝ 

ʵʚʦʣʶʮʠʠ ɿʝʤʣʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʤʝʥʷʣʘʩʴ ʦʪ ʩʦʚʨʝʤʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʘʢ ʚ 

ʙʦʣʴʰʫʶ, ʪʘʢ ʠ ʚ ʤʝʥʴʰʫʶ ʩʪʦʨʦʥʫ. 

 ʇʦʷʩʥʠʤ ʧʨʠʯʠʥʫ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʫʨʦʚʥʷ ʦʢʝʘʥʘ. ʉ ʧʦʟʠʮʠʡ ʪʝʦʨʠʠ 

ʢʘʪʘʩʪʨʦʬʠʟʤʘ ʚʩʝ ʧʨʦʩʪʦ. ɽʩʣʠ ʚʦʜʘ ʜʦʣʠʚʘʝʪʩʷ ʚ ʦʢʝʘʥ, ʝʛʦ ʫʨʦʚʝʥʴ ʧʦʚʳʰʘʝʪʩʷ. 

ɽʩʣʠ ʚʦʜʘ ʚʳʣʠʚʘʝʪʩʷ ʠʟ ʦʢʝʘʥʘ, ʝʛʦ ʫʨʦʚʝʥʴ ʧʦʥʠʞʘʝʪʩʷ. çɼʦʣʠʚʘʥʠʝè ʚʦʜʳ ʚ 

ʦʢʝʘʥ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʦʤʝʪʳ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 1ʢʤ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ 

ʪʘʢʠʭ ʢʦʤʝʪ ʚ ʦʢʝʘʥ ʚʦʟʥʠʢʘʝʪ ʦʛʨʦʤʥʘʷ ʚʦʣʥʘ ʠ ʚʳʩʦʢʠʡ ʚʳʙʨʦʩ ʚʦʜʳ ʚʚʝʨʭ. ʅʦ 

ʩʫʤʤʘʨʥʳʡ ʙʘʣʘʥʩ ʦʪ ʪʘʢʠʭ ʢʦʤʝʪ ï ʧʦʣʦʞʠʪʝʣʴʥʳʡ. çɺʳʣʠʚʘʥʠʝè ʚʦʜʳ ʠʟ ʦʢʝʘʥʘ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʢʦʤʝʪʳ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʙʦʣʝʝ 1ʢʤ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ 

ʪʘʢʠʭ ʢʦʤʝʪ ʚ ʦʢʝʘʥ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʭ ʦʛʨʦʤʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ  (ʵʪʘ ʵʥʝʨʛʠʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʫʙʫ ʜʠʘʤʝʪʨʘ ʢʦʤʝʪʳ) ʠʜʝʪ ʥʘ ʪʦ, ʯʪʦʙʳ ʚʳʧʣʝʩʥʫʪʴ ʢʘʢ ʤʦʞʥʦ 

ʙʦʣʴʰʝ ʠʤʝʶʱʝʡʩʷ ʚ ʦʢʝʘʥʝ ʚʦʜʳ ʚ ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʉʫʤʤʘʨʥʳʡ ʙʘʣʘʥʩ 

ʦʪ ʜʝʡʩʪʚʠʷ ʢʨʫʧʥʳʭ ʢʦʤʝʪ ï ʦʪʨʠʮʘʪʝʣʴʥʳʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʨʦʚʝʥʴ ʦʢʝʘʥʘ ʟʘʚʠʩʠʪ 

ʦʪ ʪʦʛʦ, ʢʦʤʝʪʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʢʦʛʦ ʨʘʟʤʝʨʘ ʧʘʜʘʶʪ ʥʘ ɿʝʤʣʶ ʚ ʪʦʪ ʠʣʠ ʜʨʫʛʦʡ 

ʙʦʤʙʘʨʜʠʨʦʚʦʯʥʳʡ ʮʠʢʣ. 

 ʈʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʪʝ ʦʩʢʦʣʢʠ ʢʦʤʝʪʳ, ʢʦʪʦʨʳʝ ʚʳʧʘʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʢʝʘʥʘ. ʕʪʠ ʦʩʢʦʣʢʠ ʠʟ ʜʦʩʪʘʪʦʯʥʦ ʧʦʨʠʩʪʦʛʦ ʢʦʤʝʪʥʦʛʦ ʣʴʜʘ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ 

ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʧʦʛʨʫʞʘʣʠʩʴ ʛʣʫʙʦʢʦ ʚ ʚʦʜʫ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʦʥʠ ʛʘʩʠʣʠ ʩʚʦʶ 

ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʟʘ ʩʯʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʜʳ, ʦʥʠ ʚʩʧʣʳʚʘʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʢʝʘʥʘ, ʛʜʝ ʧʦʩʪʝʧʝʥʥʦ ʪʘʷʣʠ. ɺʦʜʘ ʦʪ ʨʘʩʪʘʷʚʰʝʛʦ ʚʦʜʥʦʛʦ ʣʴʜʘ ʢʦʤʝʪ ʝʩʪʝʩʪʚʝʥʥʦ 

ʧʨʠʩʦʝʜʠʥʷʣʘʩʴ ʢ ʦʢʝʘʥʩʢʦʡ ʚʦʜʝ. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʧʨʠ ʪʘʷʥʠʠ ʤʝʪʘʥʦʚʦʛʦ ʣʴʜʘ 

ʤʦʣʝʢʫʣʳ ʛʘʟʦʦʙʨʘʟʥʳʡ ʤʝʪʘʥ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʚʦʜʦʡ ʦʙʨʘʟʦʚʳʚʘʣʠ ʪ.ʥ. 

ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʳ ʤʝʪʘʥʘ, ʢʦʪʦʨʳʝ, ʙʫʜʫʯʠ ʪʷʞʝʣʝʝ ʚʦʜʳ, ʦʧʫʩʢʘʣʠʩʴ ʥʘ ʜʥʦ ʦʢʝʘʥʘ.  

ʆʩʪʘʣʴʥʳʝ ʛʘʟʳ (CO2, NH3) ʣʠʙʦ ʨʘʩʪʚʦʨʷʣʠʩʴ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷ ʦʢʝʘʥʘ, ʛʜʝ ʚʩʪʫʧʘʣʠ ʚ 

ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʩ ʭʣʦʨʠʜʘʤʠ, ʨʘʩʪʚʦʨʝʥʥʳʤʠ ʚ ʦʢʝʘʥʩʢʦʡ ʚʦʜʝ, ʣʠʙʦ 

ʧʝʨʝʭʦʜʠʣʠ ʚ ʘʪʤʦʩʬʝʨʫ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʳʣʠ, ʪʦ ʫ ʥʝʝ ʙʳʣʦ ʜʚʘ ʧʫʪʠ. 

ʇʳʣʠʥʢʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʭʣʦʨʠʜʘʤʠ, ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʨʘʩʪʚʦʨʷʣʠʩʴ ʚ ʦʢʝʘʥʩʢʦʡ 

ʚʦʜʝ. ʊʝ ʞʝ ʧʳʣʠʥʢʠ, ʤʘʪʝʨʠʘʣ ʢʦʪʦʨʳʭ ʥʝ ʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ, ʦʧʫʩʢʘʣʠʩʴ ʥʘ ʜʥʦ 

ʦʢʝʘʥʘ. ʕʪʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʯʘʩʪʠʮʳ ʢʚʘʨʮʘ ʠ ʢʦʨʫʥʜʘ ʨʘʟʤʝʨʦʤ ʦʪ 1 ʜʦ 0,01ʤʤ ʠ 

ʤʝʥʝʝ. 

 ʉʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʚ ʚʦʜʝ ʯʘʩʪʠʮ ʠʟ ʢʚʘʨʮʘ ʠ ʢʦʨʫʥʜʘ ʤʦʞʥʦ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ 

ʠʟ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ ʉʪʦʢʩʘ, ʦʧʨʝʜʝʣʠʚʰʝʛʦ, ʯʪʦ ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʜʣʷ ʰʘʨʠʢʘ, ʨʘʚʥʦʤʝʨʥʦ ʜʚʠʞʫʱʝʛʦʩʷ ʚ ʵʪʦʡ ʞʠʜʢʦʩʪʠ, 
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ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʚʷʟʢʦʩʪʠ ɛ ʞʠʜʢʦʩʪʠ, ʨʘʜʠʫʩʫ r ʰʘʨʠʢʘ ʠ  ʝʛʦ 

ʩʢʦʨʦʩʪʠ v. 

 ʇʘʜʝʥʠʝ ʰʘʨʠʢʘ ʚ ʞʠʜʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʚʩʝʤʠʨʥʦʛʦ 

ʪʷʛʦʪʝʥʠʷ ʟʘ ʚʳʯʝʪʦʤ ʚʳʪʘʣʢʠʚʘʶʱʝʡ ʩʠʣʳ ɸʨʭʠʤʝʜʘ 

 ɺ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʩʠʣʘ ʪʷʛʦʪʝʥʠʷ, ʫʤʝʥʴʰʝʥʥʘʷ ʥʘ ʩʠʣʫ ɸʨʭʠʤʝʜʘ, 

ʫʨʘʚʥʦʚʝʰʠʚʘʝʪʩʷ ʩʠʣʦʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʦʪʩʶʜʘ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʢʦʨʦʩʪʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʦʧʫʩʢʘʥʠʷ ʰʘʨʠʢʘ ʚ ʞʠʜʢʦʩʪʠ: 

              v = 2g(ɟ ï ɟo)r
2/9ɛ                                                    (1) 

     ʛʜʝ:  g ï ʫʩʢʦʨʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ, 

              ɟ ï ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʰʘʨʠʢʘ,  

             ɟo- ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ.                                                                                 

 ʀʟ ʫʨʘʚʥʝʥʠʷ (1) ʩʣʝʜʫʝʪ, ʯʪʦ ʫʩʪʘʥʦʚʠʚʰʘʷʩʷ ʨʘʚʥʦʤʝʨʥʘʷ ʩʢʦʨʦʩʪʴ 

ʦʧʫʩʢʘʥʠʷ ʰʘʨʠʢʘ ʚ ʞʠʜʢʦʩʪʠ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ ʨʘʜʠʫʩʘ ʵʪʦʛʦ 

ʰʘʨʠʢʘ. ɼʣʷ ʯʘʩʪʠʮ ʢʚʘʨʮʘ (ɟ = 2,65 ʛ/ʩʤ3) ʨʘʟʤʝʨʦʤ 1ʤʤ ʧʦʣʫʯʘʝʤ ʩʢʦʨʦʩʪʴ 

ʦʧʫʩʢʘʥʠʷ ʚ ʚʦʜʝ (ɛ = 1,308Ĭ10-4 ʇʘĬʩ ʧʨʠ + 10Üʉ)  v1ʤʤ = 6,9 ʤ/ʩ. ʈʘʩʯʝʪʳ ʩʜʝʣʘʥʳ ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʯʘʩʪʠʮʳ ʢʚʘʨʮʘ ʠ ʢʦʨʫʥʜʘ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʢʦʩʤʠʯʝʩʢʦʡ 

ʧʳʣʠ, ʠʤʝʶʪ ʬʦʨʤʫ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʬʦʨʤʝ ʰʘʨʠʢʘ. ɼʣʷ ʯʘʩʪʠʮ 

ʢʚʘʨʮʘ ʨʘʟʤʝʨʦʤ 0,01ʤʤ ʧʦʣʫʯʘʝʤ v0,01ʤʤ = 0,00069 ʤ/ʩ, ʪ.ʝ. ʚ ʜʝʩʷʪʴ ʪʳʩʷʯ ʨʘʟ 

ʤʝʥʴʰʝ. 

 ʇʨʠ ʪʘʢʠʭ ʩʢʦʨʦʩʪʷʭ ʯʘʩʪʠʮʘ ʢʚʘʨʮʘ ʨʘʟʤʝʨʦʤ 1ʤʤ, ʩʣʝʜʫʷ ʟʘʢʦʥʫ ʉʪʦʢʩʘ, 

ʦʧʫʩʪʠʪʩʷ ʚ ʦʢʝʘʥʝ ʥʘ ʛʣʫʙʠʥʫ 1ʢʤ ʟʘ 145ʩ, ʘ ʯʘʩʪʠʮʳ ʪʦʛʦ ʞʝ ʢʚʘʨʮʘ ʨʘʟʤʝʨʦʤ 

0,01ʤʤ ʙʫʜʫʪ ʦʧʫʩʢʘʪʴʩʷ ʥʘ ʪʫ ʞʝ ʛʣʫʙʠʥʫ 1,45 ʤʣʥ. ʩʝʢʫʥʜ, ʠʣʠ 16,8 ʩʫʪʦʢ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʠ ʧʘʜʝʥʠʠ ʥʘ ʜʥʦ ʦʢʝʘʥʘ ʯʘʩʪʠʮ ʢʚʘʨʮʘ ʠ ʢʦʨʫʥʜʘ ʠʟ ʦʩʢʦʣʢʦʚ ʢʦʤʝʪʳ 

ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʩʚʦʝʦʙʨʘʟʥʘʷ ʩʝʧʘʨʘʮʠʷ ʧʦ ʨʘʟʤʝʨʫ ʯʘʩʪʠʮ. ɹʳʩʪʨʝʝ ʚʩʝʛʦ 

ʦʧʫʩʢʘʶʪʩʷ ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ ʢʚʘʨʮʘ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʥʘ ʜʥʝ ʦʢʝʘʥʘ ʩʣʦʡ ʧʝʩʢʘ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʩ ʟʘʜʝʨʞʢʦʡ ʧʦ ʚʨʝʤʝʥʠ ʚ ʥʝʩʢʦʣʴʢʦ ʩʫʪʦʢ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʛʣʫʙʠʥʳ 

ʦʢʝʘʥʘ, ʩʚʝʨʭʫ ʩʣʦʷ ʧʝʩʢʘ ʥʘʯʠʥʘʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩʣʦʡ ʛʣʠʥʳ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ, 

ʢʘʢ ʤʳ ʧʦʤʥʠʤ, ʢʨʦʤʝ ʚʦʜʳ, ʚʭʦʜʷʪ ʯʘʩʪʠʮʳ ʢʚʘʨʮʘ ʠ ʢʦʨʫʥʜʘ ʨʘʟʤʝʨʦʤ 0,01ʤʤ ʠ 

ʤʝʥʝʝ. ɿʘʤʝʪʠʤ, ʯʪʦ ʧʣʦʱʘʜʴ ʵʪʦʛʦ ʜʚʫʭʩʣʦʡʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʧʝʩʢʘ ʠ ʛʣʠʥʳ ʥʝ 

ʙʝʩʢʦʥʝʯʥʘ, ʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ, ʩ ʧʦʧʨʘʚʢʦʡ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʜʘʥʥʦʤ ʤʝʩʪʝ ʪʝʯʝʥʠʷ, 

ʨʘʟʤʝʨʘʤ ʘʨʝʘʣʘ ʚʳʧʘʜʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʢʝʘʥʘ ʦʩʢʦʣʢʦʚ ʣʴʜʘ ʠʟ ʢʘʞʜʦʡ 

ʢʦʥʢʨʝʪʥʦʡ ʢʦʤʝʪʳ. ʊʦ ʞʝ, ʯʪʦ ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʩʣʦʷʤʠ ʧʝʩʢʘ ʠ ʛʣʠʥʳ ʧʦʢʨʳʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʟʝʤʥʦʡ ʰʘʨ, ʣʠʰʥʠʡ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʩʫʤʤʘʨʥʦʝ ʯʠʩʣʦ 

ʢʦʤʝʪ, ʜʦʩʪʠʛʰʠʭ ɿʝʤʣʠ, ʠʩʯʠʩʣʷʝʪʩʷ ʤʠʣʣʠʦʥʘʤʠ. 
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 ɺ ʩʣʫʯʘʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʘʜʝʥʠʷ ʢʦʤʝʪʳ ʚ ʦʢʝʘʥ ʢʦʤʝʪʘ ʦʩʪʘʝʪʩʷ ʥʘ 

ʧʣʘʚʫ, ʧʨʠ ʵʪʦʤ ʝʝ ʣʝʜʷʥʘʷ ʩʫʙʩʪʘʥʮʠʷ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʪʘʝʪ, ʘ 

ʚʳʩʚʦʙʦʞʜʘʶʱʠʝʩʷ ʠʟ ʣʝʜʷʥʦʛʦ ʧʣʝʥʘ ʯʘʩʪʠʮʳ ʢʦʩʤʠʯʝʩʢʦʡ ʧʳʣʠ ʥʘʯʠʥʘʶʪ 

ʦʧʫʩʢʘʪʴʩʷ ʥʘ ʜʥʦ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩʝʧʘʨʘʮʠʷ ʵʪʠʭ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʫ, ʠ ʥʘ ʜʥʝ 

ʦʢʝʘʥʘ ʦʙʨʘʟʫʶʪʩʷ ʜʚʘ ʩʣʦʷ ï ʧʝʩʢʘ ʠ ʛʣʠʥʳ. 

 ɺ ʩʣʫʯʘʝ ʞʝ ʧʦʧʘʜʘʥʠʷ ʢʦʤʝʪʳ ʠʣʠ ʝʝ ʦʩʢʦʣʢʦʚ ʥʘ ʪʚʝʨʜʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʤʘʪʝʨʠʢʘ, ʩʝʧʘʨʘʮʠʠ ʢʦʩʤʠʯʝʩʢʦʡ ʧʳʣʠ ʧʦ ʨʘʟʤʝʨʫ ʯʘʩʪʠʮ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

ʂʦʛʜʘ ʚ ʧʘʣʝʦʟʦʝ (ʦʪ 570 ʜʦ 235 ʤʣʥ. ʣʝʪ ʥʘʟʘʜ) ʫʨʦʚʝʥʴ ʦʢʝʘʥʘ ʧʦʥʠʟʠʣʩʷ 

ʧʨʠʤʝʨʥʦ ʥʘ 1ʢʤ, ʜʦʩʪʠʛʥʫʚ ʩʚʦʝʛʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʚʦʜʘ ʦʪʩʪʫʧʠʣʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʡ ʩʫʰʠ, ʠ ʯʝʨʝʜʫʶʱʠʝʩʷ ʧʣʘʩʪʳ ʧʝʩʢʘ ʠ ʛʣʠʥʳ ʧʝʨʝʰʣʠ ʚ 

ʥʘʩʣʝʜʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʤ ʢʦʥʪʠʥʝʥʪʘʤ, ʘ ʟʥʘʯʠʪ ʠ ʥʘʤ, ʩʦʚʨʝʤʝʥʥʳʤ ʦʙʠʪʘʪʝʣʷʤ 

ɿʝʤʣʠ. 

                           ʃʠʪʝʨʘʪʫʨʘ 

1. ɹʠʨʰʝʨʪ ɸ.ɸ. ʂʦʤʝʪʳ ʬʦʨʤʠʨʫʶʪ ʧʣʘʥʝʪʫ // ʇʨʠʨʦʜʘ ʠ ʯʝʣʦʚʝʢ XXI ʚʝʢ 2012, 

ˉ6 ʉ. 44-47. 

2. ɹʠʨʰʝʨʪɸ.ɸ. ʏʪʦ ʫ ʥʘʩ ʪʫʪ ʧʦʜ ʥʦʛʘʤʠ // ʊʝʭʥʠʢʘ ï ʤʦʣʦʜʝʞʠ 2012, ˉ 10 ʉ.16-

20.         

                          ʂʨʘʪʢʠʝ ʩʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʝ 

ɹʠʨʰʝʨʪ ɸʥʘʪʦʣʠʡ ɸʥʜʨʝʝʚʠʯ, 1937ʛʨ, ʚ 1960ʛ ʦʢʦʥʯʠʣ ʄʌʊʀ, ʧʦʩʣʝ ʯʝʛʦ 40 

ʣʝʪ ʧʨʦʨʘʙʦʪʘʣ ʚ ʅʀʀ ɺʘʢʫʫʤʥʦʡ ʪʝʭʥʠʢʠ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʥʠʤʘʷ ʜʦʣʞʥʦʩʪʠ ʦʪ 

ʠʥʞʝʥʝʨʘ ʜʦ ʥʘʯʘʣʴʥʠʢʘ ʣʘʙʦʨʘʪʦʨʠʠ. ʉ 1969ʛ ï ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ï ʥʘ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʣʞʥʦʩʪʠ ʚ ʀʍʌ ʠʤ ʅ.ʅ. ʉʝʤʝʥʦʚʘ ʈɸʅ. ʉ 2005ʛ 

ʥʘʯʘʣ ʧʠʩʘʪʴ ʩʪʘʪʴʠ ʧʦ ʥʘʫʯʥʦ-ʧʦʧʫʣʷʨʥʦʡ ʪʝʤʘʪʠʢʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʜʦʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʠʩʪʦʨʠʠ ɿʝʤʣʠ. ɹʦʣʝʝ 15 ʩʪʘʪʝʡ ʦʧʫʙʣʠʢʦʚʘʥʳ (ʞʫʨʥʘʣʳ çʍʠʤʠʷ ʠ ʞʠʟʥʴè, 

çʊʝʭʥʠʢʘïʤʦʣʦʜʝʞʠè, çʇʨʠʨʦʜʘ ʠ ʯʝʣʦʚʝʢè, çɿʥʘʥʠʝïʩʠʣʘè).         
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ʊʝʣʝʬʦʥ: 8-963-651-46-56 (ʤʦʙ) 
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