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Abstract 

In article the characteristic of a condition of reservoirs of South Ural is provided to the Permian Period and 

distribution of brachiopods on tiers of that time. 
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ʇʝʨʤʩʢʘʷ ʩʠʩʪʝʤʘ ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʚ 1841 ʛ. ʠʟ-

ʚʝʩʪʥʳʤ ʰʦʪʣʘʥʜʩʢʠʤ ʛʝʦʣʦʛʦʤ ʈ. ʄʫʨʯʠʩʦʥʦʤ ʚ 

ɿʘʧʘʜʥʦʤ ʇʨʠʫʨʘʣʴʝ ʠ ʩʚʦʝ ʥʘʟʚʘʥʠʝ ʧʦʣʫʯʠʣʘ ʦʪ 

ʇʝʨʤʩʢʦʡ ʛʫʙʝʨʥʠʠ. ʈʘʥʝʝ ʦʪʣʦʞʝʥʠʷ ʵʪʦʡ ʩʠʩʪʝ-

ʤʳ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʠ ʩʦʜʝʨʞʘʚʰʠʝ 

ʟʘʣʝʞʠ ʩʦʣʝʡ ʠ ʤʝʜʥʳʭ ʨʫʜ ʚ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ 

ʈʦʩʩʠʠ, ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʧʦʜ ʨʘʟʥʳʤʠ ʥʘʟʚʘʥʠʷʤʠ. 

ɽʱʝ ʚ 1831 ʛ. ɼ. ʀ. ʉʦʢʦʣʦʚ ʜʦʢʘʟʘʣ ʩʠʥʭʨʦʥʥʦʩʪʴ 

ʵʪʠʭ ʦʪʣʦʞʝʥʠʡ ʪʦʣʱʘʤ ʢʨʘʩʥʦʛʦ ʧʝʩʯʘʥʠʢʘ ɻʝʨ-

ʤʘʥʠʠ, ʘ ʚ 1839 ʛ. ʜʘʞʝ ʚʳʜʝʣʠʣ ʠʭ ʚ ʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ. ɺ 1841 ʛ. ʨʫʩʩʢʠʡ ʛʝʦʣʦʛ ɻ. ʇ. 

ɻʝʣʴʤʝʨʩʝʥ ʦʪʨʘʟʠʣ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʝʨʤʩʢʠʭ 

ʦʪʣʦʞʝʥʠʡ ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ ʝʚʨʦʧʝʡʩʢʦʡ 

ʯʘʩʪʠ ʈʦʩʩʠʠ. ɺ ʈʦʩʩʠʠ ʧʝʨʤʩʢʘʷ ʩʠʩʪʝʤʘ ʧʦʜʨʘʟ-

ʜʝʣʷʝʪʩʷ ʥʘ ʜʚʘ ʦʪʜʝʣʘ. ɺʳʜʝʣʝʥʥʳʝ ʚ ɺʦʣʛʦ-

ʋʨʘʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʷʨʫʩʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʤʦʨ-

ʩʢʠʭ (ʥʠʞʥʠʡ ʦʪʜʝʣ) ʠʣʠ ʩʦʣʦʥʦʚʘʪʦʚʦʜʥʳʭ 

(ʚʝʨʭʥʠʡ ʦʪʜʝʣ) ʬʘʮʠʷʭ, ʧʨʠʟʥʘʶʪʩʷ ʤʥʦʛʠʤʠ ʠʩ-

ʩʣʝʜʦʚʘʪʝʣʷʤʠ ʠ ʟʘ ʨʫʙʝʞʦʤ. ʆʜʥʘʢʦ ʚ ʩʚʷʟʠ ʩ 

ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʴʶ ʧʝʨʤʩʢʠʭ ʙʘʩʩʝʡʥʦʚ, ʙʣʘʛʦʜʘʨʷ 

ʯʝʤʫ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʣʴʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ ʦʨ-

ʛʘʥʠʯʝʩʢʦʛʦ ʤʠʨʘ, ʚ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʝ ʠ ʜʦʣʛʦʝ 

ʚʨʝʤʷ ʚ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʝ ʙʳʣʠ ʧʨʠʥʷʪʳ ʠʥʳʝ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʧʝʨʤʩʢʦʡ ʩʠ-

ʩʪʝʤʳ, ʦʩʦʙʝʥʥʦ ʝʝ ʚʝʨʭʥʝʛʦ ʦʪʜʝʣʘ. ʇʦ ʵʪʦʡ ʞʝ 

ʧʨʠʯʠʥʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʰʢʘʣʘ 

ʜʣʷ ʦʪʢʨʳʪʦ-ʤʦʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʶʛʘ ʙʳʚʰʝʛʦ 

ʉʉʉʈ (ʇʘʤʠʨ, ʂʘʚʢʘʟ), ʚ ʢʦʪʦʨʦʡ ʧʝʨʤʩʢʘʷ ʩʠʩʪʝ-

ʤʘ ʜʝʣʠʪʩʷ ʥʘ ʪʨʠ ʦʪʜʝʣʘ: 1) ʷʠʢʩʢʠʡ (ʥʠʞʥʠʡ), 

ʦʪʚʝʯʘʶʱʠʡ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʘʩʩʝʣʴʩʢʦʤʫ ʠ ʘʨ-

ʪʠʥʩʢʦʤʫ ʷʨʫʩʘʤ ʇʨʠʫʨʘʣʴʷ; 2) ʢʫʰʘʥʩʢʠʡ (ʩʨʝʜ-

ʥʠʡ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʢʫʥʛʫʨ-

ʩʢʦʤʫ ʠ ʫʬʠʤʩʢʦʤʫ ʷʨʫʩʘʤ, ʠ 3) ʘʨʠʘʥʩʢʠʡ (ʚʝʨʭ-

ʥʠʡ), ʦʪʚʝʯʘʶʱʠʡ ʢʘʟʘʥʩʢʦʤʫ ʠ ʪʘʪʘʨʩʢʦʤʫ ʷʨʫ-

ʩʘʤ. 

ʇʝʨʤʩʢʠʡ ʧʝʨʠʦʜ ʥʘʯʘʣʩʷ 286 ʤʣʥ. ʣʝʪ (ʧʦ 

ʬʨʘʥʮʫʟʩʢʦʡ ʰʢʘʣʝ ð 295) ʠ ʟʘʢʦʥʯʠʣʩʷ 248 (ʧʦ 

ʬʨʘʥʮʫʟʩʢʦʡ ʰʢʘʣʝ ð 245) ʤʣʥ. ʣʝʪ ʥʘʟʘʜ ʠ, ʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦ, ʝʛʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʦʩʪʘʚʣʷʣʘ 38 

ʠʣʠ 50 ʤʣʥ. ʣʝʪ. 

ɸʩʩʝʣʴʩʢʠʡ ʷʨʫʩ ʙʳʣ ʚʳʜʝʣʝʥ ʨʫʩʩʢʠʡ ʧʘ-

ʣʝʦʤʘʣʘʢʦʣʦʛʦʤ ʠ ʛʝʦʣʦʛʦʤ, ʜʦʢʪʦʨʦʤ ʙʠʦʣʦʛʠʯʝ-

ʩʢʠʭ ʥʘʫʢ, ʃʘʫʨʝʘʪʦʤ ʃʝʥʠʥʩʢʦʡ ʧʨʝʤʠʠ (1967) ɺ. 

ɽ. ʈʫʞʝʥʮʝʚʳʤ ʚ 1954 ʛ. ʈʘʥʝʝ ʵʪʠ ʦʪʣʦʞʝʥʠʷ 

ʠʤʝʥʦʚʘʣʠʩʴ ʰʚʘʛʝʨʠʥʦʚʳʤ ʛʦʨʠʟʦʥʪʦʤ. ʉʪʨʘʪʦ-

ʪʠʧ ʨʘʩʧʦʣʦʞʝʥ ʧʦ ʨ. ɸʩʩʝʣʴ ʥʘ ʖʞʥʦʤ ʋʨʘʣʝ. 

ʈʘʟʚʠʪʳʝ ʟʜʝʩʴ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝ-

ʥʠʷ ʩʦʜʝʨʞʘʪ ʙʦʛʘʪʳʡ ʢʦʤʧʣʝʢʩ ʬʫʟʫʣʠʥʠʜ. ʉʘʢ-

ʤʘʨʩʢʠʡ ʷʨʫʩ ʚʳʜʝʣʝʥ ɺ. ɽ. ʈʫʞʝʥʮʝʚʳʤ ʚ 1936 ʛ. 

ʠ ʥʘʟʚʘʥ ʧʦ ʨ. ʉʘʢʤʘʨʝ, ʧʨʠʪʦʢʫ ʨ. ʋʨʘʣ, ʛʜʝ ʨʘʩ-

ʧʦʣʘʛʘʝʪʩʷ ʩʪʨʘʪʦʪʠʧ. ɿʜʝʩʴ ʨʘʟʚʠʪʳ ʠʟʚʝʩʪʥʷʢʠ, ʚ 

ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʦʛʘʪʳʡ ʢʦʤʧʣʝʢʩ ʬʫʟʫʣʠ-

ʥʠʜ ʠ ʘʤʤʦʥʦʠʜʝʡ. 

ɸʨʪʠʥʩʢʠʡ ʷʨʫʩ ʚʳʜʝʣʝʥ ʨʫʩʩʢʠʤ ʛʝʦʣʦʛʦʤ, 

ʘʢʘʜʝʤʠʢʦʤ, ʩ ʤʘʷ 1917 ʛʦʜʘ ʠ ʜʦ ʢʦʥʮʘ ʞʠʟʥʠ 

ʧʝʨʚʳʡ ʚʳʙʦʨʥʳʡ ʧʨʝʟʠʜʝʥʪ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʥʘʫʢ ɸ. ʇ. ʂʘʨʧʠʥʩʢʠʤ ʚ 1874 ʛ. ʅʘʟʚʘʥ ʧʦ ɸʨʪʠʥ-

ʩʢʦʤʫ ʟʘʚʦʜʫ ʥʘ ʋʨʘʣʝ. ɺ ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʦʤ ʨʘʟʨʝ-

ʟʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʩʢʠ ʩʦ ʩʚʦʝʦʙʨʘʟʥʳʤ ʢʦʤʧʣʝʢ-

ʩʦʤ ʘʤʤʦʥʦʠʜʝʡ. 
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ʅʘʟʚʘʥʠʝ çʢʫʥʛʫʨʩʢʠʡ ʷʨʫʩè ʙʳʣʦ ʧʨʝʜʣʦʞʝ-

ʥʦ ʚ 1890 ʛ. ʨʫʩʩʢʠʤ ʛʝʦʣʦʛʦʤ ʠ ʧʘʣʝʦʥʪʦʣʦʛʦʤ, 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʩʪʘʪʩʢʠʤ ʩʦʚʝʪʥʠʢʦʤ ɸ. ɸ. ʐʪʫ-

ʢʝʥʙʝʨʛʦʤ (ʧʦ ʠʤʝʥʠ ʂʫʥʛʫʨʩʢʦʛʦ ʫʝʟʜʘ, ʛʜʝ ʨʘʩ-

ʧʦʣʦʞʝʥ ʝʛʦ ʩʪʨʘʪʦʪʠʧ). ɿʜʝʩʴ ʨʘʟʚʠʪʳ ʠʟʚʝʩʪʥʷʢʠ, 

ʜʦʣʦʤʠʪʳ, ʜʦʣʦʤʠʪʠʟʠʨʦʚʘʥʥʳʝ ʠʟʚʝʩʪʥʷʢʠ ʠ ʩʦ-

ʣʠ. ɺ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ ʦʯʝʥʴ ʤʥʦʛʦ ʙʨʘʭʠʦ-

ʧʦʜ (ʧʨʦʜʫʢʪʠʜʳ), ʥʦ ʤʘʣʦ ʜʚʫʩʪʚʦʨʯʘʪʳʭ ʤʦʣ-

ʣʶʩʢʦʚ ʠ ʬʫʟʫʣʠʥʠʜ.  

ʅʘʟʚʘʥʠʝ çʫʬʠʤʩʢʠʡ ʷʨʫʩè ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 

ʚ 1915 ʛ. ɸ. ɺ. ʅʝʯʘʝʚʳʤ ʜʣʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʪʣʦ-

ʞʝʥʠʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʨʘʩʧʦ-

ʣʘʛʘʶʱʠʭʩʷ ʤʝʞʜʫ ʬʘʫʥʠʩʪʠʯʝʩʢʠ ʦʭʘʨʘʢʪʝʨʠʟʦ-

ʚʘʥʥʳʤʠ ʢʫʥʛʫʨʩʞʠʤʠ ʠ ʢʘʟʘʥʩʢʠʤʠ ʦʪʣʦʞʝʥʠʷ-

ʤʠ. 

ʂʘʟʘʥʩʢʠʡ ʷʨʫʩ ʪʘʢ ʞʝ ʙʳʣ ʚʳʜʝʣʝʥ ʨʫʩʩʢʠʤ 

ʛʝʦʣʦʛʦʤ ʠ ʧʘʣʝʦʥʪʦʣʦʛʦʤ ɸ. ɺ. ʅʝʯʘʝʚʳʤ ʚ 1915 

ʛ. ɺ ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ ʚʙʣʠʟʠ ʛ. ʂʘʟʘʥʠ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʝʩʢʠ ʠ ʛʣʠʥʳ, ʚ ʢʦʪʦʨʳʭ ʦʙʥʘʨʫ-

ʞʝʥʳ ʤʝʣʢʠʝ ʬʦʨʤʳ ʬʦʨʘʤʠʥʠʬʝʨ, ʩʢʫʜʥʳʝ 

ʦʩʪʘʪʢʠ ʢʦʨʘʣʣʦʚ ʠ ʙʨʘʭʠʦʧʦʜʳ. ʊʘʪʘʨʩʢʠʡ ʷʨʫʩ 

ʙʳʣ ʥʘʟʚʘʥ ʚ 1887 ʛ. ɺr ʜʘʶʱʠʤʩʷ ʨʫʩʩʢʠʤ ʛʝʦʣʦ-

ʛʦʤ ʠ ʛʝʦʛʨʘʬʦʤ, ʩʪʘʨʰʠʤ ʛʝʦʣʦʛʦʤ ɻʝʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʢʦʤʠʪʝʪʘ ʩʦ ʜʥʷ ʝʛʦ ʦʩʥʦʚʘʥʠʷ, ʧʨʝʜʩʝʜʘʪʝ-

ʣʝʤ ɻʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʠʪʝʪʘ, ʯʣʝʥʦʤ-

ʢʦʨʨʝʩʧʦʥʜʝʥʪʦʤ ɸʢʘʜʝʤʠʠ ʥʘʫʢ, ʯʣʝʥʦʤ ʇʝʪʝʨ-

ʙʫʨʛʩʢʦʛʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʉ. ʅ. ʅʠ-

ʢʠʪʠʥʳʤ. ʆʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʨʛʝʣʷʤʠ ʠ 

ʜʨʫʛʠʤʠ ʧʨʝʩʥʦʚʦʜʥʳʤʠ ʦʩʘʜʢʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʩʦ-

ʭʨʘʥʠʣʠʩʴ ʬʣʦʨʘ ʠ ʦʩʪʘʪʢʠ ʧʦʟʚʦʥʦʯʥʳʭ. 

ɺ ʧʝʨʤʩʢʦʤ ʧʝʨʠʦʜʝ ʦʨʛʘʥʠʯʝʩʢʠʡ ʤʠʨ ʧʨʠ-

ʦʙʨʝʣ ʩʚʦʝʦʙʨʘʟʥʳʝ ʯʝʨʪʳ, ʭʦʪʷ ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ 

ʧʝʨʠʦʜʘ ʦʥ ʙʳʣ ʚʦ ʤʥʦʛʦʤ ʩʭʦʜʝʥ ʩ ʢʘʤʝʥʥʦ-

ʫʛʦʣʴʥʳʤ. ɺ ʪʝʯʝʥʠʝ ʧʝʨʤʩʢʦʛʦ ʧʝʨʠʦʜʘ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʠʟʤʝʥʷʣʩʷ ʭʘʨʘʢʪʝʨ ʥʘʟʝʤʥʦʡ ʨʘʩʪʠʪʝʣʴ-

ʥʦʩʪʠ. ʍʦʪʷ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʧʝʨʠʦʜʘ ʦʥʘ ʝʱʝ 

ʠʤʝʣʘ ʤʥʦʛʦ ʦʙʱʝʛʦ ʩ ʢʘʨʙʦʥʦʚʦʡ, ʥʦ ʫʞʝ ʚ ʥʘʯʘʣʝ 

ʧʦʟʜʥʝʡ ʧʝʨʤʠ ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʣʘʥʜʰʘʬʪʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʦʥʘ ʩʪʘʣʘ ʧʨʠʦʙʨʝʪʘʪʴ 

ʩʦʚʝʨʰʝʥʥʦ ʠʥʳʝ ʯʝʨʪʳ. ɺ ʧʝʨʤʩʢʠʭ ʤʦʨʷʭ ʧʨʦ-

ʜʦʣʞʘʣʠ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʝ ʞʝ ʛʨʫʧʧʳ ʙʝʩʧʦʟʚʦʥʦʯ-

ʥʳʭ, ʯʪʦ ʠ ʚ ʢʘʨʙʦʥʝ. 

ʉʪʝʨʣʠʪʘʤʘʢʩʢʠʝ ʰʠʭʘʥʳ ˈ ʠʟʦʣʠʨʦʚʘʥʥʳʝ 

ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʘʰʢʠʨʩʢʦʛʦ ʇʨʝ-

ʜʫʨʘʣʴʷ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʯʝʪʳʨʸʭ ʦʜʠʥʦʯʥʳʭ ʛʦʨ 

(ʖʨʘʢʪʘʫ, ʂʫʰʪʘʫ, ʐʘʭʪʘʫ, ʊʨʘʪʘʫ). ʆʙʨʘʟʫʶʪ 

ʫʟʢʫʶ ʮʝʧʦʯʢʫ, ʚʳʪʷʥʫʪʫʶ ʚʜʦʣʴ ʨ. ɹʝʣʦʡ ʥʘ 20 

ʢʤ ʚ ʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʇʦ ʪʝʢʪʦʥʠʢʝ 

ʰʠʭʘʥʳ ʧʨʠʫʨʦʯʝʥʳ ʢ ʟʘʧʘʜʥʦʡ ʟʦʥʝ ʧʦʣʦʞʠʪʝʣʴ-

ʥʦʡ ʩʪʨʫʢʪʫʨʳ ʘʨʪʠʥʩʢʠʭ ʩʣʦʸʚ. ʆʥʠ ʷʚʣʷʶʪʩʷ 

ʚʳʚʝʜʝʥʥʳʤʠ ʥʘ ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʥʠʞʥʝʧʝʨʤ-

ʩʢʠʤʠ (ʧʦʟʜʥʠʡ ʧʘʣʝʦʟʦʡ) ʨʠʬʦʚʳʤʠ ʤʘʩʩʠʚʘʤʠ, 

ʩʣʦʞʝʥʥʳʤʠ ʚ ʦʩʥʦʚʥʦʤ ʨʠʬʦʛʝʥʥʳʤʠ ʠʟʚʝʩʪʥʷ-

ʢʘʤʠ ʠ ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʢʦʥʛʣʦʤʝʨʘʪʘ ʦʢʘʤʝʥʝʣʦ-

ʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʤʠʨʘ ʪʦʛʦ ʧʝʨʠʦʜʘ - ʢʦʨʘʣʣ, ʛʫʙʦʢ, ʤʰʘʥʦʢ, ʙʨʘʭʠ-

ʦʧʦʜ, ʬʦʨʘʤʠʥʠʬʝʨ, ʠʛʣʦʢʦʞʠʭ, ʚʦʜʦʨʦʩʣʝʡ ʠ ʪ. ʜ. 

ʐʠʭʘʥʳ ð ʫʥʠʢʘʣʴʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʤʦʨ-

ʬʦʣʦʛʠʯʝʩʢʠʝ ʧʘʤʷʪʥʠʢʠ ʧʨʠʨʦʜʳ [1, c. 407-409]. 

ɺʦ ʚʩʝ ʚʨʝʤʝʥʘ ʰʠʭʘʥʳ ʦʪʣʠʯʘʣʠʩʴ ʦʩʦʙʳʤ 

ʚʝʣʠʢʦʣʝʧʠʝʤ ʧʘʥʦʨʘʤʳ. ʇʦʜʦʙʥʘʷ ʵʩʪʝʪʠʢʘ ʥʝ 

ʦʩʪʘʚʣʷʣʘ ʨʘʚʥʦʜʫʰʥʳʤʠ ʥʠ ʤʝʩʪʥʳʭ ʞʠʪʝʣʝʡ, ʥʠ 

ʧʫʪʝʰʝʩʪʚʝʥʥʠʢʦʚ. ɻʝʦʣʦʛʠ ʠ ʧʘʣʝʦʥʪʦʣʦʛʠ ʙʳʣʠ 

ʧʝʨʚʳʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ, ʦʮʝʥʠʚʰʠʤʠ ʩʚʦʝʦʙʨʘʟʠʝ 

ʰʠʭʘʥʦʚ.  

ʇʝʨʚʳʝ ʩʚʝʜʝʥʠʷ ʦʙ ʫʥʠʢʘʣʴʥʳʭ ʛʦʨʘʭ ʦʪʥʦ-

ʩʷʪʩʷ ʢ XVIII  ʚ. ɺ 1769 ʛ. ʀ. ʀ. ʃʝʧʸʭʠʥ ʧʝʨʚʳʤ 

ʫʚʠʜʝʣ ʠ ʦʧʠʩʘʣ ʰʠʭʘʥʳ. ɼʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʛʦʨ ʥʘʯʘʣʦʩʴ ʪʦʣʴʢʦ ʚ XIX  ʚ. ɺ 1841 ʛ. ʰʠʭʘʥ 

ʐʘʭ-ʊʘʫ ʠʟʫʯʠʣʠ ʈ. ʄʫʨʯʠʩʦʥ ʠ ɽ. ɺʝʦʥʝʡʣʴ, ʢʦ-

ʪʦʨʳʝ ʩʦʩʪʘʚʠʣʠ ʧʨʦʬʠʣʴ ʛʦʨʳ. ʇʦ ʠʭ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʷʤ ʰʠʭʘʥ ʷʚʣʷʣʩʷ ʙʨʘʭʠʘʥʪʠʢʣʠʥʘʣʴʥʦʡ ʩʢʣʘʜ-

ʢʦʡ, ʦʩʣʦʞʥʸʥʥʦʡ ʨʘʟʣʦʤʘʤʠ. ʇʝʨʚʳʤ ʠʟʜʘʥʠʝʤ, 

ʩʦʜʝʨʞʘʱʠʤ ʢʦʥʢʨʝʪʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʰʠʭʘʥʘʭ, 

ʷʚʠʣʩʷ ʪʨʫʜ ʌ. ɺʘʥʛʝʡʤʘ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʡ ʚ 

1842 ʛ. ʇʝʨʚʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʰʠʭʘʥʦʚ ʦʪʥʦ-

ʩʠʪʩʷ ʢ 1853 ʛ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʰʠʭʘʥʘʭ ʧʨʦʚʦʜʠʣʠ ɺ. ʄʠʣʣʝʨ, 

ʉ. ʂʫʪʦʨʛʘ, ʍ. ɻ. ʇʘʥʜʝʨ ʠ ʪ. ʜ., ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʨʘʭʠʦʧʦʜ ʐʘʭ-ʊʘʫ ʜʘʥʘ 

ʚ ʨʘʙʦʪʘʭ ʅ. ʇ. ɻʝʨʘʩʠʤʦʚʘ ʠ ʌ. ʅ. ʏʝʨʥʳʰʝʚʘ [2, 

c. 67ï69].  

ʉʝʛʦʜʥʷ ʠʟʫʯʝʥʠʝ ʰʠʭʘʥʦʚ ʥʝ ʤʝʥʝʝ ʘʢʪʫʘʣʴ-

ʥʦ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʩʘʤʠʤʠ 

ʧʨʝʜʧʨʠʷʪʠʷʤʠ-ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʛʦʨ, ʘ ʪʘʢʞʝ ʨʝʛʠ-

ʦʥʘʣʴʥʳʤʠ ʥʘʫʯʥʳʤʠ ʮʝʥʪʨʘʤʠ ʠ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʦʪʜʝʣʘʤʠ ɺʋɿʦʚ ʨʝʩʧʫʙʣʠʢʠ. 

ʇʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʨʠʨʦ-

ʜʦʧʦʣʴʟʦʚʘʥʠʷ ʰʠʭʘʥʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʚ ʩʚʦʠʭ 

ʪʨʫʜʘʭ ɽ. ɸ. ʉʘʬʘʨʛʘʣʝʝʚʘ, ɸ. ɸ. ʐʘʪʦʚ (ʆɸʆ 

çʉʦʜʘè, ʛ. ʉʪʝʨʣʠʪʘʤʘʢ) [3, ʩ 216 ï 221]. 

ʄʘʩʩʠʚ ʐʘʭ-ʊʘʫ ʦʙʨʘʟʦʚʘʥ ʧʦʨʦʜʘʤʠ ʘʩʩʝʣʴ-

ʩʢʦʛʦ ʠ ʩʘʢʤʘʨʩʢʦʛʦ ʷʨʫʩʦʚ ʠ ʣʠʰʴ ʧʦ ʦʢʨʘʠʥʘʤ 

ʝʛʦ ʠʤʝʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʧʦʨʦʜ ʘʨ-

ʪʠʥʩʢʦʛʦ ʷʨʫʩʘ. ɺʳʜʝʣʝʥʠʝ ʛʦʨʠʟʦʥʪʦʚ ʚ ʧʨʝʜʝʣʘʭ 

ʷʨʫʩʘ ʧʨʦʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʧʦ ʬʫʟʫʣʠʥʠʜʘʤ [4, c. 46-

59]. 

ʀ.ʂ. ʂʦʨʦʣʶʢ (1985)[5, 110 ʩ.] ʚʳʜʝʣʷʝʪ ʚ ʘʩ-

ʩʝʣʴʩʢʦʤ ʷʨʫʩʝ: 

- ʬʘʮʠʶ ʰʘʤʦʚʝʣʣʦʚʳʭ ʟʘʨʦʩʣʝʡ, ʩʣʘʛʘʶʰʠʭ 

ʰʘʤʦʚʝʣʣʦʚʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʧʨʠ ʢʨʘʡʥʝ ʦʛʨʘʥʠ-

ʯʝʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʨʝʜʠ ʥʠʭ ʜʝʪʨʠʪʦʚʳʭ ʠ 

ʪʘʬʦʛʝʨʤʥʳʭ ʧʦʨʦʜ. ɺ ʧʝʨʠʦʜ ʥʘʢʦʧʣʝʥʠʷ ʦʩʘʜʢʦʚ 

ʦʩʥʦʚʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʙʘʥʢʠ ʙʳʣʘ ʧʦʢʨʳʪʘ ʩʪʝ-

ʣʠʚʰʠʤʩʷ ʠ ʩʣʝʛʢʘ ʧʨʠʧʦʜʥʠʤʘʚʰʠʤʩʷ ʪʨʫʙʦʯʢʘ-

ʤʠ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʦʩʘʞʜʘʣʩʷ ʰʣʘʤʦʚʳʡ, ʤʝʣ-

ʢʦʜʝʪʨʠʪʦʚʳʡ ʠ ʪʦʥʢʦʟʝʨʥʠʩʪʳʡ ʠʣ. ʐʘʤʦʚʝʣʣʦ-

ʚʳʝ ʟʘʨʦʩʣʠ ʙʳʣʠ ʙʝʜʥʳ ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ 

ʨʘʩʪʝʥʠʷʤʠ ʠ ʞʠʚʦʪʥʳʤʠ. ʊʘʢʞʝ ʙʝʜʥʳ ʰʘʤʦʚʝʣ-

ʣʦʚʳʝ ʟʘʨʦʩʣʠ ʙʳʣʠ ʙʨʘʭʠʦʧʦʜʘʤʠ. ʄʝʣʢʠʝ ʠ 

ʩʨʝʜʥʠʝ ʧʦ ʨʘʟʤʝʨʫ ʨʘʢʦʚʠʥʳ ʧʦʩʣʝʜʥʠʭ ʨʘʩʩʝʷʥʳ 

ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʦ ʪʦʣʱʝ; 

- ʬʘʮʠʶ ʰʘʤʦʚʝʣʣʦʚʦ-ʤʰʘʥʢʦʚʳʭ ʧʦʩʝʣʝʥʠʡ. 

ʀ.ʂ. ʂʦʨʦʣʶʢ ʩʯʠʪʘʝʪ, ʯʪʦ ʥʝʨʝʜʢʦ ʰʘʤʦʚʝʣʣʳ ʠ 

ʤʰʘʥʢʠ ʦʙʨʘʟʦʚʳʚʘʣʠ ʢʘʢ ʦʙʦʩʦʙʣʝʥʥʳʝ, ʪʘʢ ʠ 

ʩʦʚʤʝʩʪʥʳʝ ʧʦʩʝʣʝʥʠʷ. ʇʣʦʱʘʜʴ ʧʦʩʝʣʝʥʠʷ ʢʘʞ-

ʜʳʭ ʠʟʤʝʨʷʣʘʩʴ ʥʝʩʢʦʣʴʢʠʤʠ ʢʚʘʜʨʘʪʥʳʤʠ ʤʝʪʨʘ-

ʤʠ, ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʩʝʣʝʥʠʷ 

ʥʝʙʦʣʴʰʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʧʷʪʥʠʩʪʦ-

ʫʟʦʨʯʘʪʳʝ ʤʰʘʥʢʦʚʦ-ʰʘʤʦʚʝʣʣʦʚʳʝ ʠʟʚʝʩʪʥʷʢʠ. 

ʉʦʧʫʪʩʪʚʫʶʱʘʷ ʬʘʫʥʘ ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʦ, ʯʝʤ ʚ 

ʬʘʮʠʠ ʰʘʤʦʚʝʣʣʦʚʳʭ ʟʘʨʦʩʣʷʭ. ʂʦʨʘʣʣʳ ʪʦʞʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʩʠʩʪʝ-

ʤʘʪʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʤʝʩʪʘʤʠ ʠʭ ʤʥʦʛʦ; 

- ʬʘʮʠʶ ʰʘʤʦʚʝʣʣʦʚʦ-ʢʦʨʘʣʣʦʚʦ-

ʬʫʟʫʣʠʥʦʚʫʶ. ʅʘʯʘʚʰʠʡʩʷ ʚ ʩʨʝʜʥʝʘʩʩʝʣʴʩʢʦʝ 
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ʚʨʝʤʷ ʦʙʤʝʣʝʥʠʝ ʐʘʭʪʘʫʩʢʦʡ ʦʪʤʝʣʠ ʜʦʩʪʠʛʣʦ 

ʤʘʢʩʠʤʫʤʘ ʚ ʧʦʟʜʥʝʘʩʩʝʣʴʩʢʦʝ ʚʨʝʤʷ. ʈʦʩʪ ʙʠʦ-

ʛʝʨʤʦʚ ʧʨʝʢʨʘʪʠʣʩʷ, ʠ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʠʭ ʧʨʝ-

ʚʨʘʪʠʣʘʩʴ ʚ ʤʝʣʢʦʚʦʜʥʫʶ ʦʪʤʝʣʴ, ʥʘ ʢʦʪʦʨʦʡ 

ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʦʩʘʜʢʠ. ʆʪʤʝʣʴ ʙʳ-

ʣʘ ʟʘʩʝʣʝʥʘ ʤʘʩʩʦʡ ʬʫʟʫʣʠʥʠʜ, ʢʘʨʥʦʠʜʝʡ. ʂʦʣʦ-

ʥʠʘʣʴʥʳʤʠ ʠ ʦʜʠʥʦʯʥʳʤʠ ʨʫʛʦʟʘʤʠ, ʧʦ ʜʥʫ ʧʦʣʟʘ-

ʣʠ ʢʨʫʧʥʳʝ ʛʘʩʪʨʦʧʦʜʳ ʙʝʣʝʨʦʬʦʥʳ, ʚ ʦʩʘʜʢʘʭ 

ʟʘʭʦʨʦʥʠʣʠʩʴ ʥʘʫʪʠʣʦʠʜʝʠ ʠ ʦʨʪʦʮʝʨʘʪʠʜʳ. ʂʦ-

ʨʘʣʣʳ ʚ ʧʨʝʜʝʣʘʭ ʰʘʤʦʚʝʣʣʦ-ʢʦʨʘʣʣʦʚʦ-

ʬʫʟʫʣʠʥʦʚʦʡ ʬʘʮʠʠ ʦʙʳʯʥʦ ʨʘʩʩʝʷʥʳ ʥʝʨʘʚʥʦ-

ʤʝʨʥʦ ʧʦ ʨʘʟʥʳʤ ʪʠʧʘʤ ʧʦʨʦʜ; 

- ʬʘʮʠʶ ʧʦʣʠʬʠʪʥʳʭ ʙʠʦʛʝʨʤʦʚ. ʆʧʠʩʘʥʥʘʷ 

ʚʳʰʝ ʦʪʤʝʣʴ ʩ ʧʝʩʪʨʳʤ ʥʘʙʦʨʦʤ ʦʩʘʜʢʦʚ ʠ ʨʘʟʥʦ-

ʦʙʨʘʟʥʳʤ ʙʠʦʩʦʤ ʦʛʨʘʥʠʯʠʚʘʣʘʩʴ ʚ ʢʦʥʮʝ ʘʩʩʝʣʴ-

ʩʢʦʛʦ ʚʨʝʤʝʥʠ ʧʦ ʶʛʦ-ʚʦʩʪʦʯʥʦʤʫ ʢʨʘʶ ʫʟʢʦʡ 

ʩʚʦʝʦʙʨʘʟʥʦʡ ʧʦʣʦʩʦʡ, ʩʣʦʞʝʥʥʦʡ ʚ ʦʩʥʦʚʥʦʤ ʧʦ-

ʣʠʬʠʪʥʳʤʠ ʙʠʦʛʝʨʤʥʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ. ɺʝʩʴ ʦʙ-

ʣʠʢ ʧʦʨʦʜ ʵʪʦʡ ʬʘʮʠʠ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʦʥʠ 

ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʩʚʦʝʦʙʨʘʟʥʳʡ ʨʠʬʦʚʳʡ ʛʨʝ-

ʙʝʥʴ, ʩʧʦʩʦʙʥʳʡ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ ʥʘʧʦʨʫ ʚʦʣʥ. 

- ʬʘʮʠʶ ʧʦʣʠʙʠʦʛʝʨʤʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʩ ʤʘʩ-

ʩʦʚʳʤʠ ʙʨʘʭʠʦʧʦʜʘʤʠ. ʇʦʜ ʟʘʱʠʪʦʡ ʬʘʮʠʠ ʧʦʣʠ-

ʬʠʪʥʳʭ ʙʠʦʛʝʨʤʦʚ ʨʘʟʚʠʚʘʣʘʩʴ ʬʘʮʠʷ ʫʟʦʨʯʘʪʳʭ 

ʧʦʣʠʙʠʦʛʝʨʤʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʩ ʤʘʩʩʦʚʳʤʠ ʙʨʘʭʠ-

ʦʧʦʜʘʤʠ, ʢʦʪʦʨʘʷ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʨʝʨʳʚʠʩʪʦʡ 

ʫʟʢʦʡ ʧʦʣʦʩʦʡ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ, ʪʘʢʞʝ ʧʦ 

ʝʛʦ ʚʦʩʪʦʯʥʦʤʫ ʢʨʘʶ. ʉʣʘʛʘʝʪʩʷ ʦʥʘ ʧʣʦʪʥʳʤʠ 

ʤʘʩʩʠʚʥʳʤʠ ʫʟʦʨʯʘʪʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʩ ʧʨʦʩʣʦʷ-

ʤʠ ʠ ʣʠʥʟʘʤʠ ʨʘʢʦʚʠʥ ʙʨʘʭʠʦʧʦʜ. ʋʟʦʨʯʘʪʦʩʪʴ 

ʧʦʨʦʜ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʘʩʪʳʤ ʯʝʨʝʜʦʚʘʥʠʝʤ ʙʠʦ-

ʛʝʨʤʥʳʭ (ʤʰʘʥʢʦʚʳʭ, ʧʦʣʠʢʦʤʧʦʥʝʥʪʥʳʭ, ʰʘʤʦ-

ʚʝʣʣʦʚʳʭ) ʠ ʜʝʪʨʠʪʦʚʳʭ (ʧʦʣʠʜʝʪʨʠʪʦʚʳʭ ʤʰʘʥ-

ʢʦʚʳʭ, ʰʘʤʦʚʝʣʣʦ-ʤʰʘʥʢʦʚʳʭ) ʠʟʚʝʩʪʥʷʢʦʚ, ʥʝ-

ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʨʫʧʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ, ʯʘʩʪʦ ʠʥʢʨʫʩʪʠʨʦʚʘʥʥʳʭ, 

ʥʘʣʠʯʠʝʤ ʧʦʣʦʩ ʠʟʚʝʩʪʥʷʢʦʚ ʩ ʨʝʟʢʦ ʚʳʨʘʞʝʥʥʦʡ 

ʠʥʢʨʫʩʪʘʮʠʦʥʥʦʡ ʪʝʢʩʪʫʨʦʡ ʠ ʥʝʧʨʘʚʠʣʴʥʳʭ ʧʦ 

ʬʦʨʤʝ, ʨʘʟʤʝʨʦʤ ʦʪ 2-3 ʜʦ 0,2 ʤ.  

ʄʰʘʥʢʠ, ʰʘʤʦʚʝʣʣʳ ʦʙʨʘʟʫʶʪ ʛʥʝʟʜʘ ʙʠʦ-

ʛʝʨʤʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ, ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʝ ʙʣʠʟʢʠ-

ʤʠ ʧʦ ʩʦʩʪʘʚʫ ʜʝʪʨʠʪʦʚʳʤʠ ʧʦʨʦʜʘʤʠ, ʚ ʢʦʪʦʨʳʭ 

ʨʘʩʩʝʷʥʳ ʨʝʜʢʠʝ ʙʨʘʭʠʦʧʦʜʳ, ʚʝʪʚʠʩʪʳʝ ʠ ʩʝʪʯʘ-

ʪʳʝ ʤʰʘʥʢʠ, ʝʜʠʥʠʯʥʳʝ ʥʘʫʪʠʣʫʩʳ, ʤʝʣʢʠʝ ʠ ʨʝʜ-

ʢʠʝ ʢʦʣʦʥʠʠ ʨʫʛʦʟ ʠ ʦʜʠʥʦʯʥʳʝ ʨʫʛʦʟʳ. ɻʠʜʨʘʢʪʠ-

ʥʦʠʜʥʳʝ ʧʣʘʩʪʠʥʳ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚ ʧʦʣʦʩʘʭ 

ʰʠʨʠʥʦʡ ʜʦ 0,2-0,3 ʤ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʧʨʝʦʙ-

ʣʘʜʘʶʪ ʢʨʫʧʥʳʝ (ʜʦ 0,1- 0,2 ʤ.) ʧʣʘʩʪʠʥʳ. ʉʨʝʜʠ 

ʥʠʭ ʟʘʭʦʨʦʥʝʥʳ ʙʨʘʭʠʦʧʦʜʳ, ʬʫʟʫʣʠʥʠʜʳ [5, 110 

ʩ.]. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʡ ʬʘʮʠʠ ʙʳʣʘ ʤʥʦʛʦʢʨʘʪʥʘʷ 

ʯʘʩʪʘʷ ʩʤʝʥʘ ʫʩʣʦʚʠʡ, ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ ʞʠʟʥʠ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʢʘʨʢʘʩʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʧʝʨʠʦʜʘʤʠ 

ʤʘʩʩʦʚʦʛʦ ʟʘʩʝʣʝʥʠʷ ʜʥʘ ʙʨʘʭʠʦʧʦʜʘʤʠ ʩʘʤʳʭ 

ʨʘʟʥʳʭ ʨʦʜʦʚ, ʥʦ ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʥʳʤʠ ʙʳʣʠ ʧʨʦʜʫʢʪʠʜʳ. ʇʨʦʩʣʦʠ ʩ ʤʘʩʩʦ-

ʚʳʤʠ ʙʨʘʭʠʦʧʦʜʘʤʠ ʧʦʯʪʠ ʣʠʰʝʥʳ ʜʝʪʨʠʪʘ, 

ʩʪʚʦʨʢʠ ʙʨʘʭʠʦʧʦʨʜ ʥʝ ʟʘʧʦʣʥʝʥʳ ʦʩʘʜʢʦʤ, ʨʘʢʦ-

ʚʠʥʳ ʩʢʨʝʧʣʝʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠʥʢʨʫʩʪʘʮʠʦʥʥʳʤʠ 

ʢʦʨʢʘʤʠ. ʍʘʨʘʢʪʝʨ ʟʘʭʦʨʦʥʝʥʠʷ ʙʨʘʭʠʦʧʦʜ ʛʦʚʦ-

ʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚʨʝʤʝʥʘʤʠ ʚ ʟʦʥʝ ʥʘʢʘʧʣʠʚʘʣʩʷ 

ʪʦʥʢʠʡ ʦʩʘʜʦʢ, ʥʘ ʢʦʪʦʨʦʤ ʪʦʣʴʢʦ ʠ ʤʦʛʣʠ ʚʦʟʥʠ-

ʢʘʪʴ ʤʘʩʩʦʚʳʝ ʧʦʩʝʣʝʥʠʷ ʧʨʦʜʫʢʪʠʜ, ʥʦ ʟʘʪʝʤ ʠʣ 

ʧʦʣʥʦʩʪʴʶ ʚʳʤʳʚʘʣʩʷ ʠʟ ʨʘʢʦʚʠʥ ʠ ʚʳʥʦʩʠʣʩʷ ʠʟ 

ʟʦʥʳ. 

ʄʝʞʜʫ ʦʪʣʦʞʝʥʠʷʤʠ ʘʩʩʝʣʴʩʢʦʛʦ ʠ ʩʘʢʤʘʨ-

ʩʢʦʛʦ ʷʨʫʩʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʝʜʳ ʨʘʟʤʳʚʘ. ʆʙʨʘ-

ʟʦʚʘʥʠʝ ʢʘʨʙʦʥʘʪʥʳʭ ʧʝʩʯʘʥʠʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʨʘʟʤʳʚʦʚ ʧʨʦʠʩʭʦʜʠʣʦ ʨʝʜʢʦ [5, 110 ʩ.]. 

ʆʪʣʦʞʝʥʠʷ ʩʘʢʤʘʨʩʢʦʛʦ ʷʨʫʩʘ ʚ ʨʠʬʦʚʦʡ ʬʘ-

ʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʫʤʷ ʛʦʨʠʟʦʥʪʘʤʠ ï ʩʪʝʨʣʠʪʘ-

ʤʘʢʩʢʠʤ ʠ ʪʘʩʪʫʙʩʢʠʤ. 

ʉʪʝʨʣʠʪʘʤʘʢʩʢʠʡ ʛʦʨʠʟʦʥʪ ʩʘʢʤʘʨʩʢʦʛʦ ʷʨʫ-

ʩʘ ʚʳʜʝʣʷʝʪʩʷ ʧʦ ʦʯʝʥʴ ʯʘʩʪʳʤ Ps. urdalensis, Ps. 

plicatissima ʠ Ps. callosa. ʆʥ ʩʣʘʛʘʝʪʩʷ ʯʘʱʝ ʙʠʦ-

ʛʝʨʤʥʳʤʠ ʛʠʜʨʘʢʪʠʥʦʠʜʥʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ, ʩʦʯʝ-

ʪʘʶʱʠʤʠʩʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʝʪʨʠʪʫʩʦʚʳʤʠ ʨʘʟʥʦ-

ʩʪʷʤʠ ʦʙʱʝʡ ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 150 ʤ.  

ʕʪʦʪ ʷʨʫʩ ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʟʜʝʩʴ ʦʪʩʫʪ-

ʩʪʚʫʶʪ ʢʦʨʘʣʣʳ, ʠʤʝʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʨʫʧ-

ʥʳʝ ʙʨʘʭʠʦʧʦʜʳ, ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʜʚʫʩʪʚʦʨʯʘʪʳʭ 

ʤʦʣʣʶʩʢʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʛʘʩʪʨʦʧʦʜʳ.  

ʊʘʩʪʫʙʩʢʠʡ ʛʦʨʠʟʦʥʪ ʩʘʢʤʘʨʩʢʦʛʦ ʷʨʫʩʘ ʩʣʘ-

ʛʘʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ, ʯʘʱʝ ʜʝʪʨʠʪʫʩʦʚʳʤʠ ʠʟ-

ʚʝʩʪʥʷʢʘʤʠ ʩ ʣʠʥʟʘʤʠ ʙʠʦʛʝʨʤʥʳʭ ʧʦʨʦʜ. ʆʙʱʘʷ 

ʤʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ 100-150 ʤ. ɿʜʝʩʴ ʚʳʜʝʣʷʶʪ 

ʪʨʠ ʟʦʥʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʠʰʠʤʙʘʝʚʩʢʠʭ ʧʦʛʨʝʙ-

ʥʳʭ ʤʘʩʩʠʚʘʭ [6, C.17-22]. 

ʇʨʦʜʦʣʞʘʣ ʣʠ ʤʘʩʩʠʚ ʛʦʨʳ ʐʘʭ-ʊʘʫ ʙʳʪʴ 

ʨʠʬʦʤ ʚ ʢʦʥʮʝ ʩʘʢʤʘʨʩʢʦʛʦ ʚʝʢʘ, ʥʝʷʩʥʦ. ʇʦ ʣʠʪʦ-

ʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʙʠʦʛʝʨʤʥʳʭ ʠʟʚʝʩʪʥʷ-

ʢʦʚ ʩʪʝʨʣʠʪʘʤʘʢʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʷʩʥʦ ʚʠʜʥʦ, ʯʪʦ 

ʦʥʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʤʝʣʢʦʚʦʜʴʷ, ʧʦʵʪʦʤʫ 

ʦʙʳʯʥʦ ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʦʨʦʜʳ ʨʠʬʦʚʦʡ 

ʬʘʮʠʠ [7, 109 ʩ.]. 

ʉʨʝʜʠ ʤʦʨʩʢʠʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʦʩʦʙʝʥʥʦ 

ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʧʦʣʴʟʦʚʘʣʠʩʴ ʬʫʟʫʣʠ-

ʥʠʜʳ, ʘʤʤʦʥʦʠʜʝʠ ʠ ʟʘʤʢʦʚʳʝ ʙʨʘʭʠʦʧʦʜʳ. 

ʋʤʝʥʴʰʠʣʘʩʴ ʨʦʣʴ ʯʝʪʳʨʝʭʣʫʯʝʚʳʭ ʢʦʨʘʣʣʦʚ, ʪʘ-

ʙʫʣʷʪ, ʤʰʘʥʦʢ, ʠʛʣʦʢʦʞʠʭ. 

ʌʫʟʫʣʠʥʠʜʳ ʜʦʩʪʠʛʣʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʘʟʥʦ-

ʦʙʨʘʟʠʷ. ɺ ʨʘʥʥʝʧʝʨʤʩʢʫʶ ʵʧʦʭʫ ʧʨʦʠʟʦʰʝʣ ʨʘʩ-

ʮʚʝʪ ʰʚʘʛʝʨʠʥʠʜ (Pseudofusulina, Schwagerina, 

Pseudoschwagerina). ɺ ʧʦʟʜʥʝʡ ʧʝʨʤʠ ʚ ʨʷʜʝ ʨʘʡʦ-

ʥʦʚ ʠʤ ʥʘ ʩʤʝʥʫ ʧʨʠʰʣʠ ʬʫʟʫʣʠʥʠʜʳ, ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʱʠʝʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʩʪʨʦʝʥʠʝʤ 

(Polydiexodina, Neoschwagerina). 

ʆʩʦʙʝʥʥʦ ʦʙʠʣʴʥʳ ʘʤʤʦʥʦʠʜʝʠ ʠ ʩʨʝʜʠ ʥʠʭ 

ʛʦʥʠʘʪʠʪʳ. ɺ ʥʘʯʘʣʝ ʧʝʨʤʩʢʦʛʦ ʧʝʨʠʦʜʘ ʧʨʦʜʦʣ-

ʞʘʣʠ ʩʫʱʝʩʪʚʦʚʘʪʴ ʧʦʟʜʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʝ ʨʦʜʳ, 

ʥʦ ʚʩʢʦʨʝ ʠʤ ʥʘ ʩʤʝʥʫ ʧʨʠʰʣʠ ʥʦʚʳʝ ʛʨʫʧʧʳ, ʜʦ-

ʩʪʠʛʰʠʝ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʧʝʨʤʠ 

(Paragastrioceras, Medlicottia). ɺ ʢʦʥʮʝ ʧʝʨʤʩʢʦʛʦ 

ʧʝʨʠʦʜʘ ʧʘʣʝʦʟʦʡʩʢʠʝ ʛʦʥʠʘʪʠʪʳ ʫʩʪʫʧʠʣʠ ʤʝʩʪʦ 

ʮʝʨʘʪʠʪʘʤ, ʢʦʪʦʨʳʝ ʜʦʩʪʠʛʣʠ ʨʘʩʮʚʝʪʘ ʚ ʥʘʯʘʣʝ 

ʤʝʟʦʟʦʡʩʢʦʡ ʵʨʳ. 

ʊʘʢ, ʚ ʘʩʩʝʣʴʩʢʦʤ ʷʨʫʩʝ ʚʩʪʨʝʯʘʶʪʩʷ Au-

losteges fragilis, Cancrinella cancrini Tschern., Clei-

othyridina pectinifera, Echinaria ex gr. Semipurctata 

Schep., Jilinmartinia sokolovi Tschern., 

Linoproductus cora Tschern. non. Orb., Marginifera 

involute, Rostranteris nucleolus Kutorga, Septa-

camera kutorgae Tschern., ʘ ʤʘʩʩʦʚʳʤ ʚʠʜʦʤ ʷʚʣʷ-

ʝʪʩʷ Marginifera involute Tschern.  

ɺ ʩʘʢʤʘʨʩʢʦʤ ʨ̫ʫʩʝ ʥʘʭʦʜʷʪʩʷ Aulosteges hor-

rescens, Bajtugania netschaevi, Echinaria ex gr. Sem-
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ipurctata, Kochiproductus porrectus, Linoproductus 

cora, Marginifera involute, Orthotichia morganiana, 

Pinegathyris shegmasensis, ʘ ʤʘʩʩʦʚʳʤʠ ʚʠʜʘʤʠ 

ʷʚʣʷʶʪʩʷ Echinaria ex gr. Semipurctata, 

Linoproductus cora, Marginifera involuta, Or-

thotichia morganiana. 

ʄʘʩʩʦʚʳʝ ʩʢʦʧʣʝʥʠʷ ʨʘʢʦʚʠʥ Orthotichia 

morganiana ʦʙʨʘʟʦʚʳʚʘʣʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ, çʦʨʪʦ-

ʪʠʭʠʝʚʳʝ ʙʘʥʢʠè. ʆʥʠ ʙʳʣʠ ʩʣʦʞʝʥʳ ʤʘʩʩʦʚʳʤʠ 

ʩʢʦʧʣʝʥʠʷʤʠ ʧʣʦʪʥʦ ʧʨʠʞʘʪʳʭ ʨʘʢʦʚʠʥ ʩ ʩʦʤʢʥʫ-

ʪʳʤʠ ʩʪʚʦʨʢʘʤʠ, ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʦʜʠʥʘʢʦʚʦ ʦʨʠ-

ʝʥʪʠʨʦʚʘʥʥʳʭ. Orthotichia morganiana ʨʘʟʤʝʨʦʤ 3-

5 ʩʤ, ʩʢʦʨʝʝ ʚʩʝʛʦ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʝ (ʬʦʪʦ 1) (ʢʦʣ-

ʣʝʢʮʠʷ ʤʫʟʝʷ ʧʨʠʨʦʜʳ ʉʌ ɹʘʰɻʋ ʛ. ʉʪʝʨʣʠʪʘʤʘʢ, 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ - ʢ.ʙ.ʥ., ʜʦʮʝʥʪ ɹ.ʖ. ʏʘʫʩ).  

ʆʨʪʦʪʠʭʠʠ ʧʨʠʢʨʝʧʣʷʣʠʩʴ ʢ ʛʨʫʥʪʫ ʥʦʞʢʦʡ ʚ 

ʪʝʯʝʥʠʝ ʚʩʝʡ ʩʚʦʝʡ ʞʠʟʥʠ, ʪ.ʝ. ʤʦʛʣʠ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʙʘʥʢʠ. ʆʥʠ ʠʤʝʣʠ ʢʨʘʡʥʝ ʤʘʩʩʠʚʥʳʝ ʟʫʙʥʳʝ ʧʣʘ-

ʩʪʠʥʳ, ʚʳʩʦʢʫʶ ʩʨʝʜʠʥʥʫʶ ʩʝʧʪʫ ʠ ʪʘʢʞʝ ʝʩʪʴ 

ʧʨʠʩʫʪʩʪʚʠʝ ʤʘʣʝʥʴʢʦʛʦ ʙʫʣʘʚʦʚʠʜʥʦʛʦ ʟʘʤʦʯʥʦʛʦ 

ʦʪʨʦʩʪʢʘ.  

Echinaria ex gr. Semipurctata Schep. ʠʤʝʝʪ 

ʢʨʫʧʥʫʶ ʨʘʢʦʚʠʥʫ, ʢʦʪʦʨʘʷ ʜʦʩʪʠʛʘʝʪ 10 ï 12 ʩʤ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʢʦʚʠʥ ʩ ʜʚʫʤʷ ʩʦʤʢʥʫʪʳʤʠ ʩʪʚʦʨ-

ʢʘʤʠ, ʦʜʥʘʢʦ ʟʘʧʦʣʥʝʥʥʳʝ ʧʦʨʦʜʦʡ (ʬʦʪʦ 6). ʅʘ 

çʤʘʢʫʰʢʘʭè ʤʥʦʛʠʭ ʨʘʢʦʚʠʥ ʩʦʭʨʘʥʠʣʩʷ ʧʝʨʣʘ-

ʤʫʪʨʦʚʳʡ ʩʣʦʡ. ʈʘʢʦʚʠʥʳ ʪʝʩʥʦ ʧʨʠʣʝʛʘʶʪ ʜʨʫʛ ʢ 

ʜʨʫʛʫ. 

Linoproductus cora ʠʤʝʝʪ ʢʨʫʧʥʫʶ ʨʘʢʦʚʠʥʫ 

ʦʢʦʣʦ 10 ʩʤ (ʬʦʪʦ 9). ʅʘ ʜʘʥʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ʣʠʥʦʧʨʦʜʫʢʪʫʩʳ ʜʦʩʪʠʛʘʶʪ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʦʙʠʪʘʥʠʷ. 

ʊʦʥʢʦʩʪʚʦʨʯʘʪʳʝ ʩ ʦʪʯʝʪʣʠʚʦʡ ʨʘʜʠʘʣʴʥʦʡ 

ʨʝʙʨʠʩʪʦʩʪʴʶ. ʅʘ ʫʰʢʘʭ ʛʣʫʙʦʢʠʝ ʢʦʥʮʝʥʪʨʠʯʝ-

ʩʢʠʝ ʤʦʨʱʠʥʳ, ʩʛʣʘʞʠʚʘʶʱʠʝʩʷ ʥʘ ʙʦʢʘʭ; ʚʜʦʣʴ 

ʟʘʤʦʯʥʦʛʦ ʢʨʘʷ ʦʜʠʥ ï ʜʚʘ ʨʷʜʘ ʠʛʣ; ʝʜʠʥʠʯʥʳʝ 

ʢʨʫʧʥʳʝ ʠʛʣʳ ʥʘ ʚʩʝʡ ʩʪʚʦʨʢʝ; ʫ ʠʭ ʦʩʥʦʚʘʥʠʷ 

ʥʘʭʦʜʠʪʩʷ ʥʝʩʢʦʣʴʢʦ ʨʝʙʝʨ (ʥʘ ʥʘʡʜʝʥʥʦʤ ʥʘʤʠ 

ʵʢʟʝʤʧʣʷʨʝ, ʢ ʩʦʞʘʣʝʥʠʶ, ʦʙʨʘʟʮʳ ʠʛʣ ʥʝ ʩʦʭʨʘ-

ʥʠʣʠʩʴ, ʪ.ʢ. ʦʢʘʤʝʥʝʣʦʩʪʴ ʥʝ ʮʝʣʘʷ). ɿʘʤʦʯʥʳʡ 

ʦʪʨʦʩʪʦʢ ʤʘʩʩʠʚʥʳʡ, ʪʨʝʭʣʦʧʘʩʪʥʦʡ, ʧʦʛʨʫʞʝʥʥʳʡ 

ʚ ʤʘʟʦʣʠʩʪʦʝ ʫʪʦʣʱʝʥʠʝ; ʤʫʩʢʫʣʴʥʳʡ ʠ ʙʨʘʭʠʘʣʴ-

ʥʳʝ ʦʪʧʝʯʘʪʢʠ ʩʣʘʙʳʝ. 

 

 

   

ʌʦʪʦ 1: 1 - Orthotichia mor-

ganiana; 

2  ֕ Aulosteges fragilis 

ʌʦʪʦ 2. Aulosteges horrescens ʌʦʪʦ 3. Bajtugania netschaevi 

   

ʌʦʪʦ 4. Cancrinella cancrini 
ʌʦʪʦ 5. Cleiothyridina pectinif-

era 

ʌʦʪʦ 6. Echinaria ex gr. 

Semipurctata 

   

ʌʦʪʦ 7. Jilinmartinia sokolovi 
ʌʦʪʦ 8. Kochiproductus porrec-

tus 
ʌʦʪʦ 9. Linoproductus cora 
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ʌʦʪʦ 10. Marginifera Involutʘ 
ʌʦʪʦ 11. Pinegathyris shegma-

sensis 
ʌʦʪʦ 12. Rostranteris nucleolus 

 

Marginifera involuta ʜʦʚʦʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥ-

ʥʳʡ ʚʠʜ ʚ ʘʩʩʝʣʴʩʢʦʤ ʷʨʫʩʝ ʠ ʥʠʟʦʚ ʪʘʩʪʫʙʩʢʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʥʠʞʥʝʡ ʧʝʨʤʠ (ʬʦʪʦ 10). ʈʘʟʤʝʨʳ ʠʤʝʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʳʝ, ʜʦ 4 ʩʤ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʧʝʨʤʠ ʧʦʷʚʠʣʠʩʴ ʥʝʢʦʪʦʨʳʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʨʦʜʳ, ʚ ʦʩʥʦʚʥʦʤ ʦʙʠʪʘʚʰʠʝ 

ʚ ʪʝʧʣʳʭ ʤʦʨʷʭ (Richthofenia, Sicelia, Enteletella). 

ʇʨʦʜʦʣʞʘʣʠ ʨʘʟʚʠʚʘʪʴʩʷ ʤʰʘʥʢʠ, ʢʦʨʘʣʣʳ ʠ ʠʟ-

ʚʝʩʪʢʦʚʳʝ ʚʦʜʦʨʦʩʣʠ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʧʦ-

ʩʪʨʦʝʥʠʠ ʨʠʬʦʚ. ʆʥʠ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʤʥʦʛʠʝ ʙʨʘʭʠʦ-

ʧʦʜʳ, ʚ ʢʦʥʮʝ ʧʝʨʤʠ ʚʳʤʝʨʣʠ. 

ʋʚʝʣʠʯʠʣʘʩʴ ʨʦʣʴ ʜʚʫʩʪʚʦʨʯʘʪʳʭ ʠ ʙʨʶʭʦʥʦ-

ʛʠʭ ʤʦʣʣʶʩʢʦʚ, ʢʦʪʦʨʳʝ ʦʙʠʪʘʣʠ ʥʝ ʪʦʣʴʢʦ ʚ ʥʦʨ-

ʤʘʣʴʥʦ-ʩʦʣʝʥʳʭ, ʥʦ ʠ ʚ ʩʦʣʦʥʦʚʘʪʦʚʦʜʥʳʭ ʠ ʧʨʝʩ-

ʥʳʭ ʚʦʜʦʝʤʘʭ. ʇʨʦʜʦʣʞʠʣʠ ʩʚʦʝ ʨʘʟʚʠʪʠʝ ʛʫʙʢʠ, 

ʦʩʪʨʘʢʦʜʳ ʠ ʢʦʥʦʜʦʥʪʳ. 
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ɸʥʥʦʪʘʮʠʷ 

ʀʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʂʫʟʙʘʩʩʝ ʚʳʟʚʘʣʦ ʥʝʦʙʨʘʪʠʤʳʝ ʦʪʨʠʮʘ-

ʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʠʨʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ. ʅʘʨʫʰʝʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʜʝʩʷʪʠʣʝʪʠʡ 

ʩʦʭʨʘʥʷʶʪ ʦʙʣʠʢ ʪʝʭʥʦʛʝʥʥʦʡ ʧʫʩʪʳʥʠ. ʇʦʜ ʚʣʠʷʥʠʝʤ ʝʩʪʝʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ ʥʘ ʪʝʭʥʦʛʝʥʥʳʭ 

ʣʘʥʜʰʘʬʪʘʭ ʧʦʩʪʝʧʝʥʥʦ ʬʦʨʤʠʨʫʶʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʥʠʰʠ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʧʦʯʚʝʥʥʳʤʠ ʩʪʨʫʢʪʫʨʘ-

ʤʠ ʠ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʧʝʨʚʠʯʥʦʡ ʩʫʢʮʝʩ-

ʩʠʠ. ʇʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʠ ʬʠʪʦʮʝʥʦʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʠ ʨʘʟʚʠʚʘʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ.  
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Abstract 

Intensive development of mining production in Kuzbass caused irreversible negative changes in natural 

ecosystems. Disturbed areas over many decades retain the appearance of man-made desert. Under the influence 

of natural factors on the environment of technogenic landscapes gradually formed niches with specific soil struc-

ture and plant communities located at a certain stage of development of primary succession. Soil formation and 

Phytotsenotichesky processes are interrelated and develop simultaneously. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʝ, ʵʤʙʨʠʦʟʝʤ, ʨʘʩʪʠʪʝʣʴʥʘʷ ʛʨʫʧʧʠʨʦʚʢʘ, ʩʫʢʮʝʩʩʠʷ.  

Keywords: soil formation, embriozem, plant communities, succession. 

 

ʀʟ ʫʛʣʝʜʦʙʳʚʘʶʱʠʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ ʦʩʥʦʚ-

ʥʳʤ ʧʦʩʪʘʚʱʠʢʦʤ ʫʛʣʷ ʷʚʣʷʝʪʩʷ ʂʫʟʥʝʮʢʠʡ ʙʘʩ-

ʩʝʡʥ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ 

ʚʩʝʛʦ ʜʦʙʳʚʘʝʤʦʛʦ ʫʛʣʷ ʚ ʩʪʨʘʥʝ. ʋʛʦʣʴʥʘʷ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʴ ʂʫʟʙʘʩʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞ-

ʥʳʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ, 

ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʷʪ ʙʦʣʝʝ 20 ʨʘʟʣʠʯʥʳʭ ʘʢ-

ʮʠʦʥʝʨʥʳʭ ʦʙʱʝʩʪʚ (ʢʦʤʧʘʥʠʡ) ʠ ʦʪʜʝʣʴʥʳʭ ʩʘ-

ʤʦʩʪʦʷʪʝʣʴʥʳʭ ʰʘʭʪ ʠ ʨʘʟʨʝʟʦʚ. ɼʝʡʩʪʚʫʶʱʠʡ 

ʬʦʥʜ ʫʛʣʝʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʂʫʟʙʘʩʩʘ 

ʧʨʝʜʩʪʘʚʣʝʥ 60 ʰʘʭʪʘʤʠ ʠ 36 ʨʘʟʨʝʟʘʤʠ. ɹʦʣʴʰʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʫʛʣʝʜʦʙʳʯʠ ʠ ʫʛʣʝʧʝ-

ʨʝʨʘʙʦʪʢʠ, ʩʦʚʤʝʩʪʥʦ ʩ ʨʘʟʚʠʚʘʶʱʠʤʠʩʷ ʚ ʦʙʣʘʩʪʠ 

ʦʪʨʘʩʣʷʤʠ ʯʝʨʥʦʡ ʠ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʭʠʤʠʠ ʠ 

ʫʛʣʝʭʠʤʠʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʠʡ 

ʪʝʭʥʦʛʝʥʥʳʡ ʧʨʝʩʩʠʥʛ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ. ʀʥ-

ʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠʚʝʣʦ ʢ 

ʥʘʨʫʰʝʥʠʶ ʝʩʪʝʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʚ ʟʦʥʝ ʜʝʡ-

ʩʪʚʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʫʥʠʯʪʦʞʝʥʠʶ 

ʥʘʟʝʤʥʳʭ ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [1, ʩ.238].  

ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʥʘʨʫʰʝʥʠʝ ʝʩʪʝʩʪʚʝʥ-

ʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʩʚʷʟʘʥʦ ʩ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʤ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ. ɺ ʭʦʜʝ ʦʪʢʨʳʪʦʛʦ ʩʧʦʩʦʙʘ ʨʘʟʨʘ-

ʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʥʘʨʫʰʘʝʪʩʷ ʠ ʜʝ-

ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʯʚʝʥʥʳʡ ʠ ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ, ʘ 

ʧʦʣʥʦʩʪʴʶ ʠʟʤʝʥʷʝʪʩʷ ʚʩʷ ʧʨʠʨʦʜʥʘʷ ʵʢʦʩʠʩʪʝʤʘ 

[2, ʩ.286]. ʆʪʢʨʳʪʳʡ ʩʧʦʩʦʙ ʜʦʙʳʯʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʠʟʤʝʥʷʝʪ ʨʝʣʴʝʬ ʥʘ ʢʘʨʴʝʨʥʦ-ʦʪʚʘʣʴʥʳʝ ʬʦʨʤʳ, ʥʘ 

ʜʥʝʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚʳʥʦʩʷʪʩʷ ʠ ʩʢʣʘʜʠʨʫʶʪʩʷ 

ʚʩʢʨʳʰʥʳʝ ʠ ʚʤʝʱʘʶʱʠʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʢʦʪʦ-

ʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʦʩʥʦʚʦʡ ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʠʭ ʚ ʤʘʪʝʨʠʥʩʢʠʝ ʧʦʯʚʦʦʙʨʘʟʫ-

ʶʱʠʝ ʧʦʨʦʜʳ. ʇʦʩʪʝʧʝʥʥʦ ʥʘ ʧʦʩʪʪʝʭʥʦʛʝʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʷʭ ʬʦʨʤʠʨʫʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʩʦ ʩʧʝʮʠ-

ʬʠʯʝʩʢʠʤʠ ʧʦʯʚʘʤʠ ʠ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʩʦʦʙʱʝ-

ʩʪʚʘʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʘʤʦʚʦʩʩʪʘʥʘʚʣʠʚʘʶ-

ʱʠʭʩʷ ʵʢʦʩʠʩʪʝʤʘʭ ʧʨʦʮʝʩʩ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʦʯʚ 

ʩʠʥʛʝʥʝʪʠʯʝʥ ʩʫʢʮʝʩʩʠʦʥʥʳʤ ʧʨʦʮʝʩʩʘʤ ʨʘʩʪʠ-

ʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ [3, ʩ.205; 4, ʩ.15; 5, ʩ.5]. ʇʨʝ-

ʦʙʣʘʜʘʶʱʠʝ ʚ ʪʝʭʥʦʛʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʩʢʣʦʥʦ-

ʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʥʘʨʫʰʝʥʠʝ ʢʦʥ-

ʪʠʥʫʫʤʘ ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʧʦʯʚʝʥʥʦʛʦ ʠ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʦʚ. ʅʘ ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʙʣʠʟ-

ʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʘʟʚʠʪʠʝ ʧʦʯʚ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

ʧʨʦʠʩʭʦʜʠʪ ʩ ʨʘʟʣʠʯʥʦʡ ʩʢʦʨʦʩʪʴʶ [5, ʩ.8; 6, 

ʩ.169].  

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʧʦʯʚʝʥʥʳʭ ʠ ʩʫʢʮʝʩʩʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʨʘʩʪʠʪʝʣʴ-

ʥʦʛʦ ʧʦʢʨʦʚʘ ʧʨʦʚʦʜʠʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʩʘʤʦʟʘʨʘʩ-

ʪʘʶʱʠʭ ʦʪʚʘʣʦʚ ʫʛʦʣʴʥʳʭ ʨʘʟʨʝʟʦʚ, ʨʘʩʧʦʣʦʞʝʥ-

ʥʳʭ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʣʝʩʦʩʪʝʧʥʦʡ ʟʦʥʳ ʂʫʟʙʘʩʩʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʬʠʪʦʮʝʥʦʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʥʘ 

ʦʪʚʘʣʘʭ ʠ ʩʠʥʛʝʥʝʪʠʯʥʳʝ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʪʠʧʫ ʵʤ-

ʙʨʠʦʟʝʤʘ, ʘ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʯʚʦʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʷʚʣʷʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʘʢʢʫʤʫ-

ʣʠʨʫʶʱʝʛʦʩʷ ʥʘ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʧʨʦʬʠʣʷ.  

 ɽʩʪʝʩʪʚʝʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʠ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬ-

ʪʘʭ ʦʙʫʩʣʦʚʣʝʥʦ ʨʝʛʫʣʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʢʦʤ-

ʧʣʝʢʩʘ ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʭ ʘʙʠʦʪʠʯʝʩʢʠʭ ʠ ʙʠʦʪʠʯʝ-

ʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʩʪʝʧʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʪʦʨʳʭ 

ʦʧʨʝʜʝʣʝʥʘ ʩʣʦʞʥʳʤ ʪʝʭʥʦʛʝʥʥʳʤ ʨʝʣʴʝʬʦʤ ʠ 

ʣʠʪʦʛʝʥʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʘʷ 

ʜʠʘʛʥʦʩʪʠʢʘ ʵʤʙʨʠʦʟʝʤʦʚ ʠʣʠ ʬʘʟʳ ʧʦʯʚʦʦʙʨʘʟʦ-

ʚʘʥʠʷ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʘʤʠ ʨʘʟʨʘʙʦʪʘʥ-

ʥʦʡ ʧʨʦʬʠʣʴʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʀʇɸ 

ʉʆ ʈɸʅ [3, ʩ.206; 4, ʩ.18; 5, ʩ. 3], ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ, ʦʩʥʦʚʥʦʛʦ ʪʠʧʦ-

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʨʠʟʥʘʢʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʨʘʟʚʠʪʠ-

ʝʤ ʦʨʛʘʥʦʛʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. ʉʢʣʦʥʦʚʳʝ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʨʘʟʥʦʢʘʯʝʩʪʚʝʥʥʫʶ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʛʠʧʝʨʛʝʥʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʙʠʦʭʠ-

ʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʭʦʜ ʩʫʢʮʝʩʩʠʦʥʥʳʭ ʧʨʦ-

ʮʝʩʩʦʚ. ʌʦʨʤʠʨʫʝʪʩʷ ʨʘʟʥʦʢʘʯʝʩʪʚʝʥʥʦʩʪʴ ʚ ʧʨʦ-

ʜʫʢʪʠʚʥʦʩʪʠ ʥʠʟʰʝʡ ʠ ʚʳʩʰʝʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝ-

ʩʪʚʘ ʠ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʵʤʙʨʠʦʟʝʤʦʚ ʥʘ ʩʢʣʦʥʘʭ 

ʨʘʟʥʦʡ ʢʨʫʪʠʟʥʳ ʠ ʵʢʩʧʦʟʠʮʠʠ [5, ʩ. 12], 

ʅʘ ʩʘʤʦʟʘʨʘʩʪʘʶʱʠʭ ʦʪʚʘʣʘʭ ʫʛʦʣʴʥʳʭ ʨʘʟʨʝ-

ʟʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʵʤʙʨʠʦʟʝʤʳ ʯʝʪʳʨʝʭ ʪʠʧʦʚ 

ʩʠʥʛʝʥʝʪʠʯʥʳʝ ʨʘʩʪʠʪʝʣʴʥʳʤ ʛʨʫʧʧʠʨʦʚʢʘʤ: ʠʥʠ-

ʮʠʘʣʴʥʘʷ ʬʘʟʘ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ - ʧʠʦʥʝʨʥʘʷ 

ʛʨʫʧʧʠʨʦʚʢʘ ʥʘ ʠʥʠʮʠʘʣʴʥʦʤ ʵʤʙʨʠʦʟʝʤʝ; ʜʠʥʘ-

ʤʠʯʝʩʢʘʷ ʬʘʟʘ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ - ʧʨʦʩʪʘʷ ʨʘʩʪʠ-

ʪʝʣʴʥʘʷ ʛʨʫʧʧʠʨʦʚʢʘ ʥʘ ʦʨʛʘʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʦʤ 

ʵʤʙʨʠʦʟʝʤʝ ʠ ʩʣʦʞʥʘʷ ʨʘʩʪʠʪʝʣʴʥʘʷ ʛʨʫʧʧʠʨʦʚʢʘ 

ʥʘ ʜʝʨʥʦʚʦʤ ʵʤʙʨʠʦʟʝʤʝ; ʤʝʪʘʩʪʘʙʠʣʴʥʘʷ ʬʘʟʘ 

ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ - ʩʣʦʞʠʚʰʝʝʩʷ ʟʘʤʢʥʫʪʦʝ ʩʦʦʙ-

ʱʝʩʪʚʦ ʥʘ ʛʫʤʫʩʦʚʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʦʤ ʵʤʙʨʠʦʟʝʤʝ 

[4, ʩ.15; 5. ʩ. 3]. 

ʈʘʟʚʠʪʠʝ ʧʝʨʚʠʯʥʦʡ ʩʫʢʮʝʩʩʠʠ ʚ ʪʝʭʥʦʛʝʥʥʳʭ 

ʵʢʦʩʠʩʪʝʤʘʭ ʥʘʯʠʥʘʝʪʩʷ ʩ çʥʦʣʴè ʤʦʤʝʥʪʘ. ʀʥʠʮʠ-

ʘʣʴʥʳʝ ʵʤʙʨʠʦʟʝʤʳ ʜʠʘʛʥʦʩʪʠʨʫʶʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ 

ʦʨʛʘʥʦʛʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʠ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʭʘʦ-

ʪʠʯʥʦ ʨʘʩʩʝʷʥʥʳʭ ʩʦʨʥʦ-ʨʫʜʝʨʘʣʴʥʳʭ ʚʠʜʦʚ. ɼʣʷ 

ʚʩʝʭ ʧʠʦʥʝʨʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʠʩʩʣʝʜʫʝʤʦʛʦ ʣʘʥʜ-

ʰʘʬʪʘ ʭʘʨʘʢʪʝʨʥʦ ʷʚʥʦʝ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʩʦʨʥʳʭ 

ʚʠʜʦʚ (75%). ɼʦʣʷ ʫʯʘʩʪʠʷ ʩʪʝʧʥʳʭ, ʣʫʛʦʚʳʭ, ʣʝ-

ʩʦʣʫʛʦʚʳʭ ʠ ʣʝʩʥʳʭ ʚʠʜʦʚ ʦʜʠʥʘʢʦʚʘʷ [6, ʩ.169]. 

ʌʠʪʦʮʝʥʦʪʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʬʠʪʦʤʘʩʩʳ ʬʦʨʤʠ-

ʨʫʝʪʩʷ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʬʠʪʦʮʝʥʦʪʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫ-

ʨʘ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ [7, ʩ.105; 8. ʩ. 58]. ɺ ʧʨʠʨʦʜ-
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ʥʳʭ ʣʫʛʦʚʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʜʦʣʷ ʩʦʨʥʳʭ ʚʠʜʦʚ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 1%, ʚ ʧʝʨʚʠʯʥʳʭ ʞʝ ʩʫʢʮʝʩʩʠʷʭ, ʦʩʦ-

ʙʝʥʥʦ ʥʘ ʧʠʦʥʝʨʥʦʡ ʩʪʘʜʠʠ, ʠʭ ʜʦʣʷ ʚʳʩʦʢʘ ï ʥʝ 

ʤʝʥʝʝ 70%. ʅʘʙʣʶʜʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʚ ʬʠʪʦʮʝʥʦ-

ʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʩʣʦʞʝʥʠʷ ʬʠʪʦʤʘʩʩʳ. ʋʤʝʥʴ-

ʰʝʥʠʝ ʫʯʘʩʪʠʷ ʚʠʜʦʚ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʦ ʨʷʜʫ: 

ʩʪʝʧʥʳʝ (9,8%) ï ʧʨʠʙʨʝʞʥʦ-ʚʦʜʥʳʝ (5,4%) ï ʣʫ-

ʛʦʚʳʝ (4,1%) ï ʣʝʩʥʳʝ (ʣʝʩʦʣʫʛʦʚʳʝ) (2,9%).  

ʍʘʦʪʠʯʝʩʢʘʷ ʩʤʝʩʴ ʧʦʨʦʜ ʦʪʚʘʣʦʚ, ʩʦʟʜʘʥʥʘʷ 

ʥʘ ʪʝʭʥʦʛʝʥʥʦʤ ʵʪʘʧʝ, ʠʟʤʝʥʷʝʪʩʷ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ. 

ɺʝʨʭʥʠʡ ʩʣʦʡ ʵʪʠʭ ʧʦʨʦʜ ʚʥʘʯʘʣʝ ʙʝʟʛʫʤʫʩʦʚʳʡ, 

ʧʦʵʪʦʤʫ ʧʝʨʚʘʷ ʩʪʘʜʠʷ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʤʦʨʬʦ-

ʣʦʛʠʯʝʩʢʠ ʥʝ ʚʳʨʘʞʝʥʘ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʜʠʘʛʥʦʩʪʠ-

ʢʘ ʧʦʯʚʝʥʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʯʚʳ 

ʩʣʦʞʥʘ ʚ ʩʠʣʫ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʧʨʦʬʠʣʷ ʠ ʩʣʘʙʦʡ 

ʩʪʝʧʝʥʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʤʠʥʝ-

ʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʥʘ ʛʝʥʝʪʠʯʝʩʢʠʝ ʛʦʨʠʟʦʥ-

ʪʳ.  

ʇʝʨʚʦʥʘʯʘʣʴʥʳʤ ʰʘʛʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʦ-

ʩʣʝʜʫʶʱʠʝ ʩʫʢʮʝʩʩʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʷʚʣʷʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʜʩʪʠʣʢʠ. ʕʪʦ ʧʝʨʚʳʡ ʦʨʛʘʥʦʛʝʥ-

ʥʳʡ ʛʦʨʠʟʦʥʪ ʠ ʪʠʧʦʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʧʨʠʟʥʘʢ 

ʥʘʩʪʫʧʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʜʠʠ ʧʦʯʚʦʦʙʨʘʟʦʚʘ-

ʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʨʛʘʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʦʛʦ ʵʤ-

ʙʨʠʦʟʝʤʘ. ɼʠʬʬʝʨʝʥʮʠʘʮʠʠ ʥʘ ʜʨʫʛʠʝ ʛʝʥʝʪʠʯʝ-

ʩʢʠʝ ʛʦʨʠʟʦʥʪʳ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʌʠʪʦʮʝʥʦʪʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʩʦʩʪʘʚʘ ʧʨʦʩʪʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʦʨʛʘʥʦ-

ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʵʤʙʨʠʦʟʝʤʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʩʦʨʥʳʭ ʚʠʜʦʚ, ʥʦ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʧʠʦʥʝʨʥʦʡ ʩʪʘʜʠʝʡ ʩʫʢʮʝʩʩʠʠ ʠʭ ʜʦʣʷ ʫʤʝʥʴʰʘʝʪ-

ʩʷ ʜʦ 43,5%. ɺ ʨʘʚʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʫʯʘʩʪʚʫʶʪ ʣʫʛʦ-

ʚʳʝ ʠ ʩʪʝʧʥʳʝ ʚʠʜʳ, ʠʭ ʩʫʤʤʘʨʥʘʷ ʜʦʣʷ ʩʦʩʪʘʚʣʷ-

ʝʪ 44,6%. ʌʠʪʦʤʘʩʩʘ ʩʪʝʧʥʳʭ ʠ ʣʫʛʦʚʳʭ ʚʠʜʦʚ 

ʚʘʨʴʠʨʫʝʪ, ʥʦ ʠʭ ʫʯʘʩʪʠʝ ʧʦʩʪʦʷʥʥʦ. ɼʦʣʷ ʣʝʩʥʳʭ 

(ʣʝʩʦʣʫʛʦʚʳʭ) ʚʠʜʦʚ, ʭʦʪʴ ʠ ʩʦʩʪʘʚʣʷʝʪ ʚʦ ʬʣʦʨʠ-

ʩʪʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʚʩʝʛʦ 3,1%, ʥʦ ʚ ʩʣʦʞʝʥʠʠ ʬʠ-

ʪʦʤʘʩʩʳ ʩʫʱʝʩʪʚʝʥʥʘ - 17,8%, ʩ ʭʦʜʦʤ ʩʫʢʮʝʩʩʠʠ 

ʦʪʤʝʯʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ [5, ʩ.16]. 

 ʅʘ ʠʥʠʮʠʘʣʴʥʦʡ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʬʘʟʘʭ ʧʦʩʪ-

ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʜʠʘʛʥʦʩʪʠʢʘ ʧʦʯ-

ʚʝʥʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ ʦʨʛʘʥʦʛʝʥʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ 

ʵʤʙʨʠʦʟʝʤʦʚ, ʦʙʦʩʦʙʣʷʶʱʝʡʩʷ ʦʪ ʭʘʦʪʠʯʥʦʡ ʩʤʝ-

ʩʠ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ. ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ 

ʥʘ ʧʦʨʦʜʘʭ ʚ ʣʝʩʦʩʪʝʧʥʦʡ ʟʦʥʝ ʦʙʨʘʟʫʝʪʩʷ ʩʪʝʧʥʦʡ 

ʚʦʡʣʦʢ, ʘ ʚ ʣʝʩʥʦʡ ʟʦʥʝ ï ʣʝʩʥʘʷ ʧʦʜʩʪʠʣʢʘ. ʆʥʠ 

ʩʯʠʪʘʶʪʩʷ ʧʝʨʚʳʤʠ ʧʦʯʚʝʥʥʳʤʠ ʛʝʥʝʪʠʯʝʩʢʠʤʠ 

ʛʦʨʠʟʦʥʪʘʤʠ, ʠʤʝʶʱʠʤʠ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʚ ʞʠʟʥʠ 

ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʙʠʦʮʝʥʦʟʦʚ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʜʝʨʞʘʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʪʘʙʣ.1)  

ʊʘʙʣʠʮʘ 1. 

ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʛʫʤʫʩʘ ʚ ʵʤʙʨʠʦʟʝʤʘʭ ʨʘʟʥʳʭ ʪʠʧʦʚ 

ʇʦʢʘʟʘʪʝʣʠ* 

ʊʠʧ ʵʤʙʨʠʦʟʝʤʘ 

ʀʥʠʮʠʘʣʴʥʳʡ 
ʆʨʛʘʥʦ-

ʘʢʢʫʤʫʣʷʪʠʚʥʳʡ 
ɼʝʨʥʦʚʳʡ 

ɻʫʤʫʩʦʚʦ-

ʘʢʢʫʤʫʣʷʪʠʚʥʳʡ 

ɻʣʫʙʠʥʘ  0 ï 5 5 ï 10 0 ï 5 5 ï 10 0 ï 5 5 ï 10 0 ï 5 5 ï 10 

M ʉ ʦʨʛ 1,10 0,86 2,99 1,40 4,24 2,23 6,61 4,52 

D 1,62 0,76 4,28 1,96 3,44 3,65 1,88 1,47 

V 0,83 0,77 0,17 0,23 0,84 0,77 0,82 0,23 

F 45,7 59,7 45,7 59,7 45,7 59,7 45,7 59,7 

M ʛʫʤʫʩʘ 1,55 1,49 3,01 3,58 4,68 3,34 7,72 8,53 

D 1,55 1,45 2,66 1,47 4,18 1,42 3,51 1,87 

V 0,28 0,35 0,76 0,34 0,63 0,34 0,64 0,77 

F 47,69 24,03 47,69 24,03 47,69 24,03 47,69 24,03 

O 0,36 0,64 0,36 0,64 0,36 0,64 0,36 0,64 

G 0,26 0, 25 0,73 0, 91 0,65 1,23 1,64 1,57 

* M ï ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʡ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʩʦʜʝʨʞʘʥʠʷ ʉʦʨʛ, D ï ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ, V ï ʜʦʣʷ ʚʘʨʠʘʮʠʠ, F 

ï ʢʨʠʪʝʨʠʡ ʌʠʰʝʨʘ-ʉʥʝʜʝʢʦʨʘ, ʆ ï ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ, G ïʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ. 

 

ʈʘʟʙʨʦʩ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʥʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʥʘʣʠʯʠʠ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʝ ʫʛʣʠʩʪʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʦʛʦ ʚ ʤʝʣʢʦʟʝʤʝ ʤʦ-

ʞʝʪ ʜʦʩʪʠʛʘʪʴ 1,5 ï 2% [4, ʩ. 28; 5, ʩ. 13]. ʇʨʠ ʟʥʘ-

ʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʝʜʦʛʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ ʥʘʣʠʯʠʝ ʫʛʣʠʩʪʳʭ ʯʘʩʪʠʮ ʩʪʘʥʦʚʠʪʩʷ ʤʝ-

ʥʝʝ ʟʥʘʯʠʤʳʤ. 

ʆʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʚ ʠʥʠʮʠʘʣʴʥʳʭ ʠ ʦʨ-

ʛʘʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʵʤʙʨʠʦʟʝʤʘʭ ʥʘʢʘʧʣʠʚʘʝʪʩʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ (ʚ ʧʦʜʩʪʠʣʢʝ), ʩ ʧʦʩʣʝʜʫʶ-

ʱʝʡ ʜʠʥʘʤʠʢʦʡ ʧʝʨʝʭʦʜʘ ʝʛʦ ʚ ʧʦʜʟʝʤʥʫʶ ʯʘʩʪʴ 

ʜʝʨʥʦʚʳʭ ʠ ʛʫʤʫʩʦʚʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʵʤʙʨʠʦʟʝ-

ʤʦʚ [9, ʩ. 69]. ʈʘʟʚʠʪʠʝ ʧʦʜʟʝʤʥʳʭ ʧʦʙʝʛʦʚ ʚʝʛʝʪʘ-

ʪʠʚʥʦ ʧʦʜʚʠʞʥʳʭ ʚʠʜʦʚ ʟʣʘʢʦʚʦ-ʙʦʙʦʚʳʭ ʠ ʟʣʘʢʦ-

ʚʦ-ʨʘʟʥʦʪʨʘʚʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʠʥ-

ʪʝʥʩʠʚʥʦʤʫ ʨʘʟʨʘʩʪʘʥʠʶ. ɺ ʧʨʦʬʠʣʝ ʧʦʯʚ, ʟʘ ʩʯʝʪ 

ʦʙʠʣʴʥʦʡ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʜʦʤʠʥʠʨʫʶʱʠʭ ʨʳʭ-

ʣʦʢʫʩʪʦʚʳʭ ʟʣʘʢʦʚ Dactylis glomerata, Agrostis 

gigantea, Phleum pratense, Poa pratensis, ʧʣʦʪʥʦʢʫ-

ʩʪʦʚʦʛʦ ʟʣʘʢʘ Festuca pratensis ʠ ʢʦʨʥʝʚʠʱʥʳʭ 

ʤʥʦʛʦʣʝʪʥʠʢʦʚ, ʬʦʨʤʠʨʫʝʪʩʷ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʘʷ ʚ 

ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ ʜʝʨʥʠʥʘ. ʄʦʱʥʦʩʪʴ ʢʦʪʦʨʦʡ 

ʨʘʟʣʠʯʥʘ, ʦʪ 2-3 ʩʤ ʜʦ 10-12 ʩʤ, ʧʨʠʯʠʥʳ ʵʪʦʤʫ 

ʢʘʢ ʵʜʘʬʠʯʝʩʢʠʝ (ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʨʦʜ ʠ 

ʠʭ ʩʣʦʞʝʥʠʝ, ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʜʨ), ʪʘʢ 

ʠ ʬʠʪʦʮʝʥʦʪʠʯʝʩʢʠʝ (ʪʠʧ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʜʦʤʠ-

ʥʠʨʫʶʱʠʭ ʚʠʜʦʚ). ʋʩʣʦʞʥʝʥʠʝ ʦʨʛʘʥʦʛʝʥʥʦʡ ʯʘ-

ʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʳʯʣʝʥʝ-

ʥʠʠ ʥʦʚʦʛʦ ʧʦʯʚʝʥʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ï 

ʜʝʨʥʦʚʦʛʦ, ʧʦ ʥʘʣʠʯʠʶ ʢʦʪʦʨʦʛʦ ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ 

ʜʝʨʥʦʚʘʷ ʬʘʟʘ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ.  

ʇʝʨʝʭʦʜ ʵʢʦʩʠʩʪʝʤʳ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʫʶ ʩʪʘ-

ʜʠʶ ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʚ ʦʨʛʘʥʦʛʝʥʥʦʡ 
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ʯʘʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʧʦʜ ʧʦʜʩʪʠʣʢʦʡ ʠ ʜʝʨ-

ʥʠʥʦʡ ʛʫʤʫʩʦʚʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʜʝʩʪʨʫʢʪʦʨʦʚ ʠ ʘʢʪʠʚʠʟʘʮʠʝʡ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ [4, ʩ. 13; 5, ʩ. 16; 6, ʩ. 170]. ʇʨʦʯʥʦ 

ʟʘʢʨʝʧʣʷʶʪʩʷ ʚ ʩʣʦʞʠʚʰʠʭʩʷ ʨʘʟʥʦʪʨʘʚʥʦ-

ʟʣʘʢʦʚʦ-ʙʦʙʦʚʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʠ ʟʘʥʠʤʘʶʪ ʜʦʤʠ-

ʥʠʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʣʝʩʥʳʝ ʚʠʜʳ (46,9% ʠ 71%). 

ʉʦʨʥʳʝ ʚʠʜʳ ʚ ʚʠʜʦʚʦʡ ʩʪʨʫʢʪʫʨʝ ʩʦʩʪʘʚʣʷʶʪ 

8,6%, ʘ ʚ ʩʣʦʞʝʥʠʠ ʬʠʪʦʤʘʩʩʳ ʤʝʥʝʝ 1%. ʄʠʥʠ-

ʤʘʣʴʥʦ ʯʠʩʣʦ ʩʪʝʧʥʳʭ ʚʠʜʦʚ, ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʠʤ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʷʚʣʷʶʱʠʝʩʷ ʚ ʦʩʥʦʚʥʦʤ ʢʩʝʨʦʬʠʪʘ-

ʤʠ, ʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʫʤʫʩʦʚʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ 

ʵʤʙʨʠʦʟʝʤʦʚ ʦʪʤʝʯʝʥʦ ʣʠʰʴ ʧʨʠ ʙʣʘʛʦʧʨʠʷʪʥʦʤ 

ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʠ ʚʳʩʦʢʦʡ ʚʣʘʛʦʝʤʦʩʪʠ 

ʩʫʙʩʪʨʘʪʘ.  

ɺ ʩʫʢʮʝʩʩʠʦʥʥʳʭ ʪʨʘʚʷʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ 

ʩʪʨʫʢʪʫʨʘ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʣʦʞʝʥʠʝ ʬʠʪʦʤʘʩʩʳ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʩʢʣʘʜʳʚʘʝʪʩʷ ʙʳʩʪʨʦ ʠ 

ʠʟʤʝʥʷʝʪʩʷ ʩ ʢʘʞʜʦʡ ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʝʡ.  

ɺʩʝ ʪʠʧʳ ʵʤʙʨʠʦʟʝʤʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʘ-

ʣʦʡ ʧʨʦʬʠʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʜʠʬʬʝ-

ʨʝʥʮʠʘʮʠʝʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʭ ʬʨʘʢʮʠʡ (ʪʘʙʣ. 

2). 

ʊʘʙʣʠʮʘ 2. 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʝʣʢʦʟʝʤʘ ʵʤʙʨʠʦʟʝʤʦʚ ʨʘʟʥʳʭ ʪʠʧʦʚ 

ʊʠʧ  

ʵʤʙʨʠʦʟʝʤʘ 

ʉʦʜʝʨʞʘʥʠʝ ʬʨʘʢʮʠʡ ʨʘʟʤʝʨʦʤ (ʤʤ), % ʦʪ ʤʘʩʩʳ ʤʝʣʢʦʟʝʤʘ (ʛʣʫʙʠʥʘ 0-

10 ʩʤ /ʛʣʫʙʠʥʘ 20-30 ʩʤ) 

1ï0,25 0,25-0,05 0,05ï 0,01 
0,01ï 

0,005 

0,005ï 

0,0001 
<0,0001 

ʀʥʠʮʠʘʣʴʥʳʡ 
35,58 

29,58 

14,48 

6,89 

30,65 

36,46 

5,22 

7,52 

9,13 

11,09 

4,94 

8,46 

ʆʨʛʘʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʡ 
45,47 

29,93 

17,05 

10,24 

23,34 

34,66 

3,64 

8,28 

6,49 

10,77 

4,01 

6,12 

ɼʝʨʥʦʚʳʡ 
26,72 

26,93 

7,32 

11,38 

36,26 

33,54 

5,73 

6,82 

13,72 

13,73 

10,25 

7,6 

ɻʫʤʫʩʦʚʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʡ 
5,22 

2,01 

4,12 

11,3 

55,28 

53,46 

9,05 

6,86 

12,09 

17,67 

14,24 

8,7 

 

ɺ ʭʦʜʝ ʧʦʩʪʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ 

ʠʟʤʝʥʝʥʠʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʝʣʢʦʟʝ-

ʤʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʷʜʦʤ ʧʨʦʮʝʩʩʦʚ: ʬʠʟʠʯʝʩʢʦʡ 

ʜʝʟʠʥʪʝʛʨʘʮʠʝʡ; ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʜʝʟʠʥʪʝʛʨʘʮʠʝʡ; 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ ʪʦʥʢʦʜʠʩʧʝʨʩ-

ʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; ʥʘʢʦʧʣʝʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝ-

ʱʝʩʪʚʘ ʚ ʙʠʦʛʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ [10, ʩ. 46].  

ʊʝʭʥʦʛʝʥʥʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʜʠʬʬʝʨʝʥʮʠ-

ʘʮʠʠ ʩʠʣʴʥʦ ʦʩʣʦʞʥʷʝʪʩʷ ʚʟʘʠʤʦʥʘʣʦʞʝʥʠʝʤ ʧʨʦ-

ʮʝʩʩʦʚ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʦʙʣʦʤʦʯʥʳʭ 

ʧʦʨʦʜ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠ ʥʘʢʦʧʣʝʥʠʝʤ ʪʦʥʢʦʜʠʩ-

ʧʝʨʩʥʳʭ ʬʨʘʢʮʠʡ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʠ ʧʘʨʣʶ-

ʚʘʮʠʠ ʢʨʫʧʥʦʜʠʩʧʝʨʩʥʳʭ ʬʨʘʢʮʠʡ ʚ ʩʨʝʜʥʠʝ ʠ 

ʥʠʞʥʠʝ ʛʦʨʠʟʦʥʪʳ ʧʨʦʬʠʣʷ.  

ʅʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʛʨʘ-

ʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʝʣʢʦʟʝʤʘ ʭʘʨʘʢʪʝʨʠʟʫ-

ʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʝʩʯʘʥʦʡ ʬʨʘʢʮʠʠ, ʢʦʪʦʨʘʷ 

ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʧʨʦ-

ʪʝʢʘʶʱʠʭ ʥʘ ʜʘʥʥʦʡ ʬʘʟʝ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦ-

ʮʝʩʩʦʚ ʬʠʟʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ. ʇʦ ʧʝʪʨʦʛʨʘ-

ʬʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʦʪʚʘʣʳ ʫʛʦʣʴʥʦʛʦ ʨʘʟʨʝʟʘ ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʘʣʝʚʨʦʣʠʪʦʚ, ʢʦʪʦ-

ʨʳʝ ʧʨʠ ʚʳʚʝʪʨʠʚʘʥʠʠ ʮʝʤʝʥʪʠʨʫʶʱʝʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʦʛʘʱʝʥʠʶ ʩʫʙʩʪʨʘʪʘ 

ʬʨʘʢʮʠʷʤʠ ʧʳʣʠ ʠ ʠʣʘ. ʇʨʝʦʙʨʘʟʫʝʤʘʷ ʭʘʦʪʠʯʥʘʷ 

ʩʤʝʩʴ ʛʦʨʥʳʭ ʧʦʨʦʜ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʧʝʩʪʨʦʪʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʤʝʥʠʩʪʳʭ ʬʨʘʢʮʠʡ ʠ 

ʤʝʣʢʦʟʝʤʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʘʟʣʠʯʥʫʶ ʩʢʦʨʦʩʪʴ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʠʦʮʝʥʦʟʦʚ ʠ ʧʦʯʚ 

[11, ʩ. 12]. ɺʘʨʴʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʬʨʘʢʮʠʦʥʥʦ-

ʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʥʘʙʣʶʜʘʣʦʩʴ ʫ ʚʩʝʭ ʪʠʧʦʚ ʵʤʙʨʠ-

ʦʟʝʤʦʚ. ʇʦ ʦʙʦʙʱʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʥʝʢʦʪʦʨʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʬʨʘʢʮʠʡ ʧʦ ʪʠ-

ʧʘʤ ʵʤʙʨʠʦʟʝʤʦʚ ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʷʩʥʦ (ʪʘʙʣ. 3). 

ʊʘʙʣʠʮʘ 3. 

ʀʥʪʝʨʚʘʣʳ ʢʦʣʝʙʘʥʠʡ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʵʤʙʨʠʦʟʝʤʘʭ ʨʘʟʥʳʭ ʪʠʧʦʚ 

ɻʣʫʙʠʥʘ ʚʟʷ-

ʪʠʷ ʦʙʨʘʟʮʘ 

ʊʠʧ ʵʤʙʨʠʦʟʝʤʘ 

ʀʥʠʮʠʘʣʴʥʳʡ 
ʆʨʛʘʥʦ-

ʘʢʢʫʤʫʣʷʪʠʚʥʳʡ 
ɼʝʨʥʦʚʳʡ 

ɻʫʤʫʩʦʚʦ-

ʘʢʢʫʤʫʣʷʪʠʚʥʳʡ 

ʀʥʪʝʨʚʘʣʳ ʢʦʣʝʙʘʥʠʡ, ʚ % 

0 ï 10 
51,3 ï 96,7 

1,0 ï 9,4 

55,7 ï 89,0 

1,3 ï 14,8 

24,6 ï 71,4 

11,2 ï 37,0 

17,5 ï 67,5 

15,6 ï 42,9 

10 ï 20 
51,2 ï 89,7 

2,1 ï 8,4 

50,8 ï 89,7 

2,3 ï 11,6 

50,8 ï 80,1 

2,3 ï 26,0 

46,3 ï 80,2 

3,5 ï 28,1 

20 ï 30 
54,8 ï 95,5 

1,8 ï 12,6 

41,5 ï 97,4 

2,0 ï 12,5 

33,8 ï 97,0 

2,9 ï 12,8 

41,6 ï 87,3 

4,2 ï 22,5 

ʇʨʠʤʝʯʘʥʠʝ: ʚ ʯʠʩʣʠʪʝʣʝ ï ʚʘʨʴʠʨʦʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʘʤʝʥʠʩʪʦʡ ʬʨʘʢʮʠʠ, ʚ ʟʥʘʤʝʥʘʪʝʣʝ ï ʤʝʣʢʦʟʝʤʘ. 

 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 

ʤʝʣʢʦʟʝʤʘ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʢʘʤʥʝʡ ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʚʦʟʨʘʩʪʘʝʪ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ [5, ʩ.12; 11, ʩ. 13]. ʇʦ-
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ʩʢʦʣʴʢʫ ʜʣʷ ʛʫʤʫʩʦʚʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʠ ʜʝʨʥʦʚʳʭ 

ʵʤʙʨʠʦʟʝʤʦʚ ʬʠʢʩʠʨʫʶʪʩʷ ʩʭʦʜʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʠʭ ʵʚʦʣʶʮʠʷ ʚʦ ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʦʤ ʤʝʣʢʦʟʝʤʠʩʪʦʡ ʬʨʘʢʮʠʠ, ʥʦ ʠ, 

ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʨʫʛʠʭ ʣʠʤʠʪʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ, 

ʩʧʝʮʠʬʠʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʵʚʦʣʶʮʠ-

ʦʥʠʨʫʶʱʝʤ ʬʠʪʦʮʝʥʦʟʝ.  

ʉʫʢʮʝʩʩʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʩʘʤʦʟʘʨʘʩʪʘʶ-

ʱʠʭ ʦʪʚʘʣʘʭ ʫʛʦʣʴʥʳʭ ʨʘʟʨʝʟʦʚ ʂʫʟʙʘʩʩʘ (ʶʞʥʘʷ 

ʣʝʩʦʩʪʝʧʴ) ʠʜʝʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʠʟʤʝʥʝʥʠʷ ʚʠʜʦʚʦ-

ʛʦ ʩʦʩʪʘʚʘ ʠ ʬʠʪʦʮʝʥʦʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʜʦʣʝʚʦ-

ʛʦ ʫʯʘʩʪʠʝ ʨʘʟʣʠʯʥʳʭ ʬʠʪʦʮʝʥʦʪʠʯʝʩʢʠʭ ʛʨʫʧʧ ʚ 

ʩʣʦʞʝʥʠʠ ʬʠʪʦʤʘʩʩʳ ʨʘʩʪʠʪʝʣʴʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ 

ʩʦ ʩʪʘʜʠʷʤʠ ʧʦʩʪʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʇʝʨʝʭʦʜ ʩʫʢʮʝʩʩʠʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪ 

ʧʝʨʝʭʦʜ ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʵʤʙʨʠʦʟʝʤʘ ʚ ʩʣʝʜʫʶ-

ʱʫʶ ʩʪʘʜʠʶ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ. ʉ ʧʦʟʠʮʠʠ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʷ ʬʫʥʢʮʠʡ ʥʘʨʫʰʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʣʘʥʜ-

ʰʘʬʪʦʚ ʧʝʨʝʭʦʜ ʣʠʰʴ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʫʶ ʩʪʘʜʠʶ 

ʜʠʘʛʥʦʩʪʠʨʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʝʝ ʢ ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝ-

ʥʠʶ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʝʩʪʝʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʉ ʧʦ-

ʷʚʣʝʥʠʝʤ ʙʠʦʛʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʧʨʦʮʝʩʩ ʛʨʘʚʠʪʘ-

ʮʠʦʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʜʠʩʧʝʨʩʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʪʝʭʥʦʛʝʥʥʦʡ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʜʦʧʦʣʥʷʝʪʩʷ ʙʠʦʛʝʥ-

ʥʦʡ ʜʝʟʠʥʪʝʛʨʘʮʠʝʡ ʠ ʘʢʢʫʤʫʣʷʮʠʝʡ ʪʦʥʢʦʜʠʩ-

ʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʟʘʢʨʝʧʣʝʥʠʷ 

ʤʝʣʢʦʟʝʤʘ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʦʡ ʨʘʩʪʝʥʠʡ, ʥʦ ʠ ʦʨ-

ʛʘʥʠʯʝʩʢʦʛʦ ʘʛʨʝʛʠʨʦʚʘʥʠʷ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʠʩ-

ʭʦʜʠʪ ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ ʙʠʦʛʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. 
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Abstract 

Different cultivars of spring barley have been studied under laboratory and field conditions. After seed ex-

position in aluminum chloride solution the phytotoxicity of metal was determined from a germination readiness 

index and genotoxicity from a chromosome aberration index and a mitotic index. The crop capacity of different 

spring barley cultivars and the extent of injury by Helminthosporium sativum were estimated during field exper-

iments. The dependence was found between the resistance of some spring barley cultivars to aluminum ions and 
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those injured that gives evidence of a complex mechanism of protective reactions in a plant organism affected by 

environmental factors of different etiology. 

Keywords: Barley, ʅelminthosporium sativum, Al, genotoxicity, yield. 

 

1. Introduction 

Under present-day conditions agroecosystems are 

exposed to adverse anthropogenic effects. Heavy-

metal (HM) soil contamination holds a special posi-

tion among a series of adverse factors which enhance 

agroecological problems [8]. One of the reasons for 

reducing the agricultural plant yield is high aluminum 

content in a root layer [10]. Aluminum toxicity is as-

sociated with a variety of chemical forms and its mi-

gration ability in soil and aquatic media [22]. The ag-

gressiveness of metal ions changes with environmen-

tal pH variations [20] and in case of the so-called acid 

rains the phytotoxicity of aluminum increases. Culti-

var differences to aluminum effects are observed [9, 

11]. 

In estimating the biological HM impact on prima-

ry agrocenosis components and in predicting the yield 

losses, of great importance may be not only metal sen-

sitivity of plant cultivars but also their resistance to 

phytopathogenic infection [25, 23]. Our studies are 

aimed at establishing the dependence between differ-

ent barley cultivar resistance to high aluminum ion 

concentration and their response to Helminthosporium 

sativum effects. 

2. Research Methods 

2.1. Objects. Twelve spring barley cultivars 

(Hordeum vulgare L.) have been chosen as test ob-

jects: Thuringia, Auriga, Margret (German selection), 

Nur (created by the Agricultural Research Institute of 

the Central Areas Chernozem Zone (CAChZ), Bios-1 

(created by CAChZ jointly with Ryazan Institute of 

Agricultural Biotechnology), Ataman (created by In-

stitute of Farming and Selection of Belorussia), Get-

man (created by the Selection-Genetic Institute, Na-

tional Centre of Seed Breeding and Variety Control, 

Odessa, Russia), Binom (the Ural RIA), Ratnik (culti-

var authors Sokol et al., Russia), Gonar (created by 

Ljgov testing-breeding station, Russia), Perun (Czeck 

selection), Sellar (CAChZ). Barley is high on the list 

in crop areas and harvest. Spring barley occupies 

about 25% of the cereal acreage in the nonchernozem 

zone of Russia. 

2.2. Laboratory experiment. Phytotoxic effects 

of aluminum ions on barley sprouts are assessed from 

the Energy Growth (EG) [4] and the cytogenetic indi-

ces (the Mitotic Index (MI), i.e. a fraction of cells in 

mitosis to the total number of cells in a root meristem, 

and the Frequency of Aberrant Cells (FAC), i.e. a 

fraction of cells with aberrations among dividing 

cells) [14]. Sprouts germinated in distilled water have 

been used as test ones. 

2.3. Assessed energy growth impact of alumi-

num ions. One hundred barley seeds had been repeat-

edly placed into Petri dishes and sprouted in alumi-

num chloride solution (AlCl3 * 6ʅ2ʆ) in a germinator 

at 25 Ñ 0.50ʉ during 3 days at dark. The test was re-

peated five times. The concentration of Al3+ ions in the 

solution for seed germination was 0.5 mg/l, at ʨʅ 5 

close to the metal ion content in soil at practically sim-

ilar values of ʨʅ (Ò5) [10]. 

2.4. Assessed cytogenetic indices effects of 

aluminum ions. Variations in cytogenetic indices 

have been assessed in the root meristem of barley 

sprout roots of 5-10 mm in length. After two days of 

seed germination in aluminum chloride solution the 

roots were preserved in acetic alcohol (3:1). Studies 

have been carried out with astatic squash preparations 

stained by aceto-orceine. Preparations were examined 

through a microscope with a 4OOX magnification. Up 

to 800 ana-telophase cells had been looked through in 

every variant. 

2.5. Field experiment. Field microplot trials 

were carried out in Kaluga region, Russia (the first 

soil climatic zone, i.e. that with podzolic and derno-

podzolic soil of a taiga-forest region, the Central crop-

ping region) on the basis of Maloyaroslavets state 

strain-trial station using standard techniques [6, 26]. 

Derno-podzolic moderately loamy soil had ʨʅKCl of 

6.2, low humusness 1.79 and low cation exchange 

capacity (CEC of 20.4 smol/kg). In the amount of ex-

change potassium this soil was characterized by high 

concentration (ʂ2ʆ 15.1 mg/100 g soil), in phosphorus 

content by extremely high supply (ʈ2ʆ5 67 mg/100 g 

soil) (15). In the level of phosphorus and potassium 

supply of grain crops this soil falls into class IV (op-

timal) [15]. 

The plants were cultivated to full ripeness. The 

trials were repeated three times at the spot area of 25 

m2. The crop was taken from 1 m2 in every replica-

tion. 

Barley damage by Helminthosporium sativum 

Pammel, C.M. King et Bakke (synonym Bipolaris so-

rokiniana (Sʘcc) Shoemaker) had been assessed by 

root analysis at the dead-ripe stage (ɺɺʉʅ Zadok 92) 

[7, 13].  

2.5. Statistical processing of data. Standard 

techniques of variational statistics with the software 

MathCAD 2001iprofessional and Microsoft Office 

Excel 2003 have been used to process experimental 

data and field trial results. Reliability of differences 

was estimated by Studentôs t-test. The degree of dif-

ference p<0.05 was accepted as statistically signifi-

cant in estimating results. 

3. Results 

3.1. Energy growth. The energy growth (the 

percentage of grains germinated in 3 days after steep-

ing in the solution) in a blank sample (grain exposure 

in distilled water) ranged within 78-91 % (Tab. 1).  
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Table 1.  

Energy Growth and some Cytogenetic parameters of spring barley 

Barley 

cultivars 

(%) Energy Growth (%) Mitotic Index (%) Frecuency of aberrant 

cells 

Blank AlCl 3 Blank AlCl 3 Blank AlCl 3 

Bios-1 78.2°3.6 16.8°3.5* 8.4°0.6 3.0°0.3* 1.7Ñ0.3 6.8Ñ0.4 

Ratnik 78.8°7.2 17.0°5.8* 8.1°0.6 3.2°0.8* 1.8°0.3 7.3°0.5 

Binom 90.6°12.7 41.8°16.1* 9.7°1.1 4.6°0.8* 1.4°0.4 4.7Ñ0.6 

Ataman 86.6°4.1 45.2°8.0* 9.5°0.6 5.7°0.8* 1.5°0.5 4.8°0.6 

Auriga 87.2°7.5 49.0°4.7* 9.6°0.5 5.8°0.2* 1.6°0.6 4.6°0.8* 

Thuringia 76.8°3.2 50.8°2.5* 9.3°0.7 6.5°0.4* 2.6°0.2 5.2°0.2* 

Perun 91.4°6.9 41.6°8.3* 9.3°0.7 4.6°0.8* 1.2Ñ0.8 4.6°0.6 

Nur 85.2°6.4 49.4°5.0* 9.8°1.1 5.5°0.5* 1.6°0.3 3.8°0.5 

Sellar 86.4°8.3 45.0°6.3* 9.3°1.1 4.6°0.8* 1.3Ñ0.6 4.8°0.8 

Margret 89.2°7.7 77.2°4.2* 8.4°1.1 8.2°0.7* 1.0Ñ0.3 2.3Ñ0.6 

Gonar 89.2°6.7 72.4°3.3* 9.1°0.2 6.2°0.3* 1.2°0.2 2.9Ñ0.1 

Getman 84.6°4.7 68.8°3.5* 10.0°0.3 6.1°0.2* 0.7Ñ0.4 3.4Ñ0.3 

*- differences are significant at p <0.05 as compared with blank variant 

 

When put in aluminum chloride solution, for 

three seed cultivars (Margaret, Gonor and Getman) the 

reduction of index as compared to the test value did 

not exceed 20 %. For seven cultivars (Thuringia, Nur, 

Ataman, Auriga, Binom, Perun and Sellar) the devia-

tions in energy growth were essential and this reduc-

tion almost halved (the value changed within 42-50 

%). For other cultivars (Bios-1 and Ratnik) the energy 

growth reduction was even more pronounced: the re-

duction factor as compared to the test value was four-

fold. 

3.2. Cytogenetic indices 

The mitotic index values in apical meristem cells 

of barley sprout roots in a blank sample ranged within 

8-10 % (Tab. 1). Different variations in the MI values 

and the frequency of chromosome aberrations had 

been specified for two-day barley sprouts germinated 

in the medium containing aluminum ions. For the bar-

ley cultivars Bios-1 and Ratnik the mitotic index was 

3.0-3.2 %, i.e. by a 2.5 factor lower than in the blank 

sample. The cultivars Getman, Margret and Gonar 

were characterized by much lower index variations, 

the mitotic index reduction being 1.3 on the average. 

For most cultivars (Thuringia, Nur, Ataman, Auriga, 

Binom, Perun, Sellar) in case of seed sprouting in 

aluminum chloride solution the deviations of MI val-

ues from blank values were not so crucial as for the 

cultivars Bios-1 and Ratnik but higher than for 

Gejman, Margret and Gonar (with the reduction factor 

of 1.8-1.9). 

Frequency of chromosome aberrations in apical 

meristem cells of barley sprout roots in a blank sample 

ranged from 0.7 to 1.8 %. For the cultivars Bios-1 and 

Ratnik this index was 1.7-1.8 % and in case of seed 

sprouting in aluminum chloride solution it was 6.8 and 

7.3%, respectively, being 4 times higher as compared 

to the test. For the cultivars Getman, Margret and 

Gonar the FAC values varied from 0.7 to 1.2 % and 

the increase in values by contrast to the test was about 

2.7-2.9 fold. For the cultivars Thuringia, Nur, Ataman, 

Auriga, Binom, Perun, Sellar the values of FAC 

ranged within 1.2-1.6 % and there was more than a 3-

fold deviation from the corresponding test values.  

3.3. Yield. The spring barley crop yield varied 

depending on a cultivar and amounted to 1.64 t/ha 

(Bios-1) and to 3.27 t/ha (Margret) (Tab. 2). 

3.4. Helminthosporium sativum. The develop-

ment of Helminthosporium sativum in spring barley 

varied from 4 to 39% at 85-90% spread of the disease 

(Tab. 2). 

3.5. Barley cultivar distribution according to 

aluminum ion resistance. High variability of the seed 

germination energy growth and cytogenetic parame-

ters of different cultivars after their exposition in alu-

minum chloride solution makes it possible to divide 

these cultivars into 3 conventional groups: aluminum-

sensitive, moderately low sensitive and resistant. 
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Table 2. 

Barley yield (t/ha) and Helminthosporium sativum 

Barley cultivars  Yield. t/ha (%) H. sativum Resistance to H. sativum 

Bios-1 1.64Ñ0.8 22Ñ7.6 low sensitive 

Ratnik 1.67Ñ0.6 38Ñ8.6 highly sensitive 

Binom 2.39Ñ0.9 39Ñ8.4 highly sensitive 

Ataman 1.95Ñ0.7 22Ñ5.2 moderately sensitive 

Auriga 2.06Ñ0.8 23Ñ5.6 moderately sensitive 

Thuringia 2.41Ñ0.6 4Ñ0.9 resistant 

Perun 2.35Ñ1.1 37Ñ8.5 - 

Nur 1.90Ñ0.8 8Ñ2.1 low sensitive 

Sellar 1.68Ñ0.7 9Ñ2.3 - 

Margret 3.27Ñ3.7 11Ñ5.4 sensitive 

Gonar 1.90Ñ3.5 7Ñ2.9 resistant 

Getman 2.38Ñ3.2 26Ñ8.1 sensitive 

-) ï no information available 

 

In energy growth, Bios-1 and Ratnik were in-

cluded in the group of sensitive cultivars characterized 

by maximum parameter deviations from blank values. 

Cultivars (Getman, Margret and Gonar) with low in-

dex deviations from blank values were assigned to the 

group of resistant cultivars. The group of moderately 

low sensitive cultivars included the cultivars Thurin-

gia, Nur, Ataman, Auriga, Binom, Perun and Sellar 

with intermediate deviation values. The mean energy 

growth values calculated for each group of cultivars 

allowed one to plot the index dependence on its as-

signment to a particular group (Fig. 1) and to calculate 

the ratio of index reduction as compared to the blank 

which was 4.6, 1.9 and 1.2 for sensitive, moderately 

low sensitive and resistant cultivars, respectively. 

Variations in the seed energy growth from re-

sistant to sensitive cultivars followed a linear depend-

ence with a high approximation confidence (R>0.9) 

both in the blank and the experiment. 

The average MI and FAC values were calculated 

proceeding from the groups of spring barley cultivar 

sensitivity formed in terms of the EG index (Fig. 2). 

For MI and FAC indices in the experiment (at 48-hour 

seed exposition in aluminum chloride) the linear de-

pendence was characterized by a high approximation 

confidence (R>0.98); a spontaneous MI level did not 

follow a linear dependence. 

 

	 
Fig. 1. EG of some groups barley cultivars 

 

The spring barley crop yield in the group of re-

sistant cultivars was 2.54Ñ0.34 t/ha, in the group of 

sensitive ones 1.66Ñ0.01 t/ha and for moderately sen-

sitive cultivars it was 2.11Ñ 0.11 t/ha. 

The development of Helminthosporium sativum 

in spring barley cultivars with different aluminum ion 

response was 30.0 % for sensitive, 20.3 % for moder-

ately low sensitive and 17.5 % for resistant cultivars. 

In addition, practically in all cases the experimentally 

observed development of disease corresponded to the 

cultivar resistant given by creators. 
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	a) 

	b) 

Fig. 2. MI (ʘ) ʠ FAC (ʚ) of some groups barley cultivars 

 

4. Discussion 

The established cultivar differences in spring bar-

ley sprouts to aluminum ion effects seem to be associ-

ated with genetically deterministic mechanisms of 

plant resistance to toxic ions [9, 12, 21]. It is noted 

that cytogenetic indices characterizing the phytotoxic 

effect changed differently. The energy growth speci-

fies initial processes of plant growth. Under adverse 

environmental conditions [24] the index values drop. 

On the contrary, an apparent increase in the number of 

chromosome aberrations in case of corn growing on 

soils contaminated by Cd and Pb in the intercalary 

growth apex meristem [23, 19] and the apical sprout 

root meristem [21, 3] is a typical manifestation of 

metal toxicity. However, a distinct dependence be-

tween index values and metal content in soil is not 

always found that gives evidence of the plurality of 

metal target effects including aluminum [5].  

Aluminum ions diffusing through plasmalemma 

[18] have an impact on the genetic apparatus of a plant 

cell. It is known that having penetrated into a cell, 

aluminum ions are concentrated mainly in a nucleus, it 

being 2-3 times more in the cell nuclei of sensitive 

cultivars than in the cells of tolerant ones [2]. It is ex-

pected that in aluminum resistant barley cultivars the 

metal content in root protoplasts may be low and re-

main high in root tissues on the whole [1]. Aluminum 

fixation by nucleic acids, mainly DNA, causes strong 

violations in the activity of growing root cells. It is 

shown [16] that barley resistant to aluminum ions is 

controlled by one dominant gene, i.e. Alt-gene toler-

ance to Al [17]. It also gives evidence of the available 

adaptive mechanisms which allow the effect of biotic 

and abiotic environmental effects on plant bodies to be 

reduced or even neutralized. 

Most plant species are highly resistant to the ex-

cess metal salts in soil due to detoxication mecha-

nisms. The cultivated plant resistance to mycosis is a 

specially created grading factor which in many ways 

governs a producer appeal. As the final culture in crop 

rotation, spring barley suffers from root rot, primarily 

of helmintosporium etiology. The compared indices of 

Helminthosporium sativum in barley roots the phase 

of full ripeness indicate high variability of infection 

development. At the same time, according to our data 

the response of cultivars different in their tolerance to 

aluminum usually coincided with the barley response 

to infection development. The indirect Cd impact on 
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phytopathogenes in barley plants was determined ear-

lier: the increased Cd content caused practically a two-

fold Helminthosporium sativum development [23]. 

The analyzed results allowed one to conclude that 

there is a correlation between the sensitivity of various 

spring barley cultivars to aluminum ions and plant 

response to Helminthosporium sativum that is con-

firmed by disease development and the harvested 

spring barley crop. 

The obtained data might contribute to the devel-

opment of test-systems meant for using in the selec-

tion process to screen the promising infection-resistant 

grain crops. On the other hand, even now the cultivars 

highly sensitive to Helminthosporium sativum should 

not be recommended for growing on soils contaminat-

ed by heavy metals as they may potentially possess a 

high response to toxic metal ions.  

Acknowledgements The authors thank the re-

searchers of Department of Ecology and Biology of 

Obninsk Institute of Nuclear Power Engineering of the 

National Research Nuclear University MEPhI, which 

had assist in carried out of the experiments. 

 

REFERENCES: 

1. N.V. Amosova & B.I. Synzynys, On the 

combined action of aluminum and iron on barley and 

wheat, Agricultural Biology. 1 (2005) 46-49. (In Rus) 

(in Russian with English abstract) 

2. V.S. Barsukova Physiological and genetic as-

pects of plant resistance to heavy metals, Analytical 

Review, Novosibirsk, 1997. 

3. N.V. Bulanova, B.I.Synzynys, G.V. Kozmin 

Aluminum induces chromosome aberrations in root 

meristem cells of wheat. Genetics 37 (12) (2001) 

1725-1728.  

4. Crop seeds. Methods for determination of 

quality. Part 2. State standards of the Soviet Union. 

GOST 12038-84, Moscow (1991) 44-101. (in Rus-

sian) 

5. E. Delhaize, P.R. Ryan, P.J. Randall, Alumi-

num tolerance in wheat (Triticum aestivum L.) II. 

Aluminum stimulated excretion of malic acid from 

root apices. Plant Physiology 103 (1993) 695-702. 

6. B.A. Dospekhov Methods of field experi-

ence. Moscow. Agropromizdat, 1985. (in Russian) 

7. E.E. Geshele Guidance on phytopathological 

estimate of crops. Odessa, 1971. (in Russian) 

8. C.D. Foy, R.L. Chaney, M.C. White, The 

physiology of metal toxicity in plants, Annual Review 

Plant Physiology 29 (1978) 511. 

9. E.E. Klimashevsky, Genetic aspect of miner-

al nutrition of plants, Moscow: Agropromizdat (1991) 

138-150. (In Rus) 

10. L.V. Kochian, Cellular mechanism of alumi-

num toxicity and resistance in plants, An. Rev. Plant 

Physiol. Plant. Mol. Biol. 46 (1995) 237-260. 

11. E.M. Lisitsyn, The chemistry of solutions and 

capacity assessment aluminiumresistance plants (ques-

tions of methodology) Agrochemistry 1 (2007) 81-91. 

(in Russian with English abstract) 

12. J.F. Ma, S.Hiradate, K.Nomoto, et al., Inter-

nal detixification mechanizm of Al in hydrangea. 

Identification of Al form in the leaves. Plant Physiol-

ogy 113 (1997) 315-317. 

13. Methodical guidelines for the registration tri-

als of fungicides in agriculture. St. Petersburg, 2009. 

(in Russian) 

14. Z.P. Pausheva Workshop on cytology plants, 

Moscow, Kolos, 1970. (in Russian) 

15. Practical course in agrochemistry. 2nd ed., 

Rev. and add. / Ed. V.G.Mineev. Moscow, Moscow 

State University Press. 2001 (in Russian) 

16. D.A. Reid Barley genetics. Processing of 

second International Genetic Symposium Washington 

State University. Washington State University, 1971.  

17. P.R. Ryan, M. Skerrett, G.P. Findlay, et al., 

Aluminum activates an anion channel in the apical 

cells of wheat roots. Processing National Academy 

Science USA 94 (1997) 6547-6552. 

18. M.D. Sampson, D.T.Clarkson, D.D. Davies, 

DNA synthesis in Al-treated roots of barley. Science 

148(3676) (1965) 1476. 

19. N.S. Stepanchikova, L.N. Ulyanenko, ɸ.S. 

Filipas, S.V. Kruglov, Genotoxic Cd and Pb effects 

and modifying potassium humate influence on wheat 

growing on soil polluted by heavy metals. Agricultural 

Biology 5 (2008) 28-32. (in Russian with English ab-

stract) 

20. B.I. Synzynys, O.G. Nikolskaya, N.V. Bula-

nova, About the effect of aluminum on wheat seed-

lings under different pH of the culture exposition. Ag-

ricultural Biology 3 (2004) 80-84. (in Russian with 

English abstract) 

21. A.F. Titov, V.V. Talanov, N.M. Kaznina, 

G.F. Laidinen, Plant resistance to heavy metals. Petro-

zavodsk, 2007. (in Russian) 

22. E.M. Tyantova, S.B. Burukhin, B.I. 

Synzynys, G.V. Kozmin, Chemistry of aluminum in 

the environment. Agrochemistry 2 (2005) 87-93. (in 

Russian with English abstract) 

23. L.N. Ulyanenko, A. S. Filipas, N.N. Loi, et 

al., Effect of the preplant treatment of wheat seeds 

with the microbiological preparation bisolbisan under 

conditions of soil contamination with cadmium. Agro-

chemistry 3 (2009) 76-81. (in Russian with English 

abstract) 

24. L.N. Ulyanenko, ɸ.S. Filipas, I.V. Dy-

achenko, N.S. Stepanchikova, Radiosensitivity of 

wheat seeds from chronically irradiated of agricultural 

lands. Radiation Biology. Radioecology 35 (3) (1995) 

428-434. (in Russian with English abstract) 

25. A.S. Filipas, L.N. Ulyanenko, E.P. Pimenov, 

et al., Influence of soil contamination by radionuclides 

and heavy metals on development of cereal crop dis-

eases. Reports of Russian Academy of Agriculture 

Science 2 (2006) 17-19. (in Russian with English ab-

stract)  

26. Z.I Zhurbitsky. Methods and techniques of 

greenhouse experiments. Moscow. Science, 1968. (in 

Russian) 

  



18 Norwegian Journal of development of the International Science No 4/2017 

CHEMICAL SCIENCES 
 

ɺʃʀʗʅʀɽ ɺʓʉʆʂʆɺʆʃʔʊʅʓʍ ʀʄʇʋʃʔʉʅʓʍ ʈɸɿʈʗɼʆɺ ʅɸ ʇʈʆɺʆɼʀʄʆʉʊʔ ʀ 

ʇʈʆʎɽʉʉ ʕʃɽʂʊʈʆʃʀɿɸ ʂʈʀʆʃʀʊ-ɻʃʀʅʆɿɽʄʅʆɻʆ ʈɸʉʇʃɸɺɸ 

 

ɻʘʜʞʠʝʚ ʉ.ʄ. 

ɼʘʛʝʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ 

 

INFLUENCE OF HIGH-VOLTAGE PULSED DISCHARGES ON CONDUCTIVITY AND THE 
PROCESS OF ELECTROLYSIS OF CRYOLITE -ALUMINUM MELT  

 

Gadzhiev S. 

Dagestan State University, Russia 

 

ɸʥʥʦʪʘʮʠʷ 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʨʘʟʨʷʜʦʚ ʥʘ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʧʨʦʮʝʩʩ ʵʣʝʢʪʨʦʣʠʟʘ ʢʨʠʦʣʠʪ-

ʛʣʠʥʦʟʝʤʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʧʨʠ 1293 ʠ 1233 ʂ. ʆʙʥʘʨʫʞʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘ 70 %. ʉ ʫʚʝʣʠ-

ʯʝʥʠʝʤ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʨʘʟʨʷʜʘ ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʪʦʢʝ ʵʣʝʢʪʨʦʣʠʟʘ ʥʘʧʨʷʞʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʜʦʩʪʠ-

ʛʘʝʪ 45 % ʧʨʠ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʨʘʟʨʷʜʘ 9,24Ö107 ɺʪ/ʢʛ. 

Abstract 

The effect of the high-voltage discharges in the conductivity and the process of electrolysis of cryolite-

alumina electrolyte at 1293 and 1233 K. An increase in conductivity by 70%. With an increase in discharge 

power density neiz mennom-voltage electrolysis current decreases and reaches 45% at a discharge power density 

19,24Ö107 Vt / kg. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʨʘʟʨʷʜ, ʧʨʦʚʦʜʠʤʦʩʪʴ, ʵʣʝʢʪʨʦʣʠʟ, ʢʨʠʦʣʠʪ-ʛʣʠʥʦʟʝʤ. 

Keywords: high-voltage discharge, conductivity, electrolysis of cryolite-alumina. 

 

ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʟʜʘʥʠʷ ʧʨʠʥʮʠʧʠ-

ʘʣʴʥʦ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴ-

ʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝ-

ʥʠʡ (ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʤʘʛʥʠʪʥʳʭ, ʘʢʫʩʪʠʯʝʩʢʠʭ ʠ 

ʜʨʫʛʠʭ ʧʦʣʝʡ) ʥʘ ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤ, 

ʩʣʫʞʘʱʠʭ ʨʝʘʢʮʠʦʥʥʳʤʠ ʩʨʝʜʘʤʠ [1]. ʇʦʣʫʯʝʥʠʝ 

ʤʝʪʘʣʣʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ ʘʣʶʤʠʥʠʷ, ʤʘʛʥʠʷ ʠ ʪ.ʜ.) ʚ 

ʦʩʥʦʚʥʦʤ ʦʩʥʦʚʘʥʦ ʥʘ ʵʣʝʢʪʨʦʣʠʟʝ ʠʟ ʨʘʩʧʣʘʚʦʚ 

ʩʦʣʝʡ [2,3]. ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʟʘ-

ʜʘʯ ʧʨʠ ʵʪʦʤ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʚʭʦʜʘ ʧʦ ʪʦʢʫ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ɺ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʵʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʜʙʦʨʦʤ 

ʩʦʩʪʘʚʘ ʵʣʝʢʪʨʦʣʠʪʘ ʩ ʙʦʣʴʰʝʡ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦ-

ʧʨʦʚʦʜʥʦʩʪʴʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʧʣʘʚʣʝʥʠʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʤ ʚʳʭʦʜʝ ʧʦ 

ʪʦʢʫ [4].  

ʇʝʨʚʳʤ ʩʦʦʙʱʝʥʠʝʤ ʦ ʧʨʠʤʝʥʝʥʠʠ ʚʳʩʦʢʦ-

ʚʦʣʴʪʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʨʘʟʨʷʜʦʚ (ɺʀʈ) ʚ ʩʨʝʜʝ 

ʨʘʩʧʣʘʚʣʝʥʥʳʭ ʩʦʣʝʡ ʷʚʣʷʝʪʩʷ ʧʘʪʝʥʪ ɻʨʠʥʬʘʡʣʜʘ 

ʥʘ ʩʧʦʩʦʙ ʛʘʰʝʥʠʷ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʘʥʦʜʥʦʛʦ 

ʵʬʬʝʢʪʘ ʧʨʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʘʣʶʤʠʥʠʷ ʠʟ ʢʨʠʦʣʠʪ-ʛʣʠʥʦʟʝʤʥʦʛʦ ʨʘʩʧʣʘʚʘ [5]. 

ʕʪʦʪ ʩʧʦʩʦʙ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʚ ʮʝʧʴ ʧʦʩʪʦʷʥʥʦ-

ʛʦ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʵʣʝʢʪʨʦʣʠʟʘ ʧʦʜʘʶʪʩʷ 

ʧʫʣʴʩʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʩ ʘʤʧʣʠʪʫʜʦʡ 103 ï 104 ɺ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ. 

ʇʦ ʜʘʥʥʳʤ ʘʚʪʦʨʘ ʧʨʦʭʦʞʜʝʥʠʝ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ 

ʠʤʧʫʣʴʩʦʚ ʯʝʨʝʟ ʫʩʪʘʥʦʚʠʚʰʫʶʩʷ ʧʨʠ ʘʥʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʘʟʦʚʫʶ ʬʘʟʫ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʛʥʦʚʝʥ-

ʥʦʝ ʝʝ ʨʘʩʩʝʠʚʘʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʪʦʢʫ ʧʨʦʭʦʜʠʪʴ 

ʦʪ ʘʥʦʜʘ ʢ ʵʣʝʢʪʨʦʣʠʪʫ, ʘ ʥʝ ʯʝʨʝʟ ʠʦʥʠʟʦʚʘʥʥʳʡ 

ʛʘʟʦʚʳʡ ʩʣʦʡ. 

ɺʪʦʨʦʝ ʩʦʦʙʱʝʥʠʝ ʜʦ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʧʫʙʣʠʢʦʚʘʥʦ ɼʠʣʣʝʨʦʤ [6], ʢʦʪʦʨʳʡ ʟʘʧʘʪʝʥʪʦʚʘʣ 

ʩʧʦʩʦʙ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʵʣʝʢʪʨʦʣʠʟʘ ʢʨʠʦʣʠʪ-

ʛʣʠʥʦʟʝʤʥʦʛʦ ʨʘʩʧʣʘʚʘ. ʇʨʦʮʝʩʩ ɼʠʣʣʝʨʘ ʩʦʩʪʦʠʪ 

ʚ ʪʦʤ, ʯʪʦ, ʝʩʣʠ ʚ ʢʨʠʦʣʠʪ-ʛʣʠʥʦʟʝʤʥʦʡ ʚʘʥʥʝ 

ʵʣʝʢʪʨʦʣʠʟʘ ʘʣʶʤʠʥʠʷ ʧʨʦʠʟʚʝʩʪʠ ʦʜʠʥʦʯʥʳʝ ʤʦ-

ʜʫʣʠʨʦʚʘʥʥʳʝ ʚʳʩʦʢʦʚʦʣʴʪʥʳʝ ʠʤʧʫʣʴʩʥʳʝ ʨʘʟ-

ʨʷʜʳ (ɺʀʈ) ʠʣʠ ʠʭ ʩʝʨʠʠ, ʪʦ ʧʦʩʣʝ ʠʭ ʟʘʚʝʨʰʝʥʠʷ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚʦʣʴʪʘʤʧʝʨʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʧʦʟʚʦ-

ʣʷʶʱʠʝ ʧʨʦʚʦʜʠʪʴ ʵʣʝʢʪʨʦʣʠʟ ʚ ʪʝʯʝʥʠʝ ʧʨʦʜʦʣ-

ʞʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ ʵʢʦʥʦʤʠʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʥʘ ʜʝʩʷʪʢʠ ʧʨʦʮʝʥʪʦʚ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʜʦ ʩʠʭ ʧʦʨ ʥʝ 

ʧʦʣʫʯʠʣ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʇʦʚʪʦʨʝʥ-

ʥʳʝ ʧʦʜʦʙʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘ-

ʪʝʣʷʤʠ ʥʝ ʜʘʣʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦ-

ʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʜʘʣʴʥʝʡʰʠʭ 

ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʮʝʣʷʭ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʵʣʝʢʪʨʦʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɺʀʈ, ʠʟʫ-

ʯʠʪʴ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʥʘ ʪʘʢʠʝ ʩʪʨʫʢʪʫʨ-

ʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʢʘʢ ʵʣʝʢʪʨʦʧʨʦʚʦʜ-

ʥʦʩʪʴ, ʚʷʟʢʦʩʪʴ, ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʠ ʜʨ. 

ʇʝʨʚʳʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʩʦʣʝʚʳʭ ʨʘʩʧʣʘʚʦʚ ʚ ʩʠʣʴʥʳʭ ʠʤʧʫʣʴ-

ʩʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʷʭ (ʉʀʕʇ) ʷʚʣʷʝʪʩʷ ʫʩʪʘ-

ʥʦʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʭ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʪ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (ʅʕʇ), ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʴʥʳʭ ʧʦ-

ʜʚʠʞʥʦʩʪʝʡ ʠʦʥʦʚ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʨʘʩʧʣʘʚʣʝʥ-

ʥʳʭ ʩʦʣʷʭ [7,8]. ɼʨʫʛʦʡ ʚʘʞʥʳʡ ʨʝʟʫʣʴʪʘʪ ʟʘʢʣʶ-

ʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘʚʝʜʝʥʥʘʷ ʉʀʕʇ ʠʟʙʳʪʦʯʥʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ (ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦ-

ʩʪʴʶ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʨʘʩʧʣʘʚʘ ʠ ʠʩʭʦʜʥʦʡ ʥʠʟʢʦ-

ʚʦʣʴʪʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ) ʩʦʭʨʘʥʷʝʪʩʷ ʜʣʠ-

ʪʝʣʴʥʦʝ ʚʨʝʤʷ (ɺʀʈ ï ʘʢʪʠʚʘʮʠʷ). ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʨʘʩʧʣʘʚ ñʟʘʧʦʤʠʥʘʝʪò ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ 

(ʵʬʬʝʢʪ ñʧʘʤʷʪʠò). ʇʨʠ ʘʢʪʠʚʘʮʠʠ ʩ ʧʦʤʦʱʴʶ 
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ɺʀʈ ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪ-

ʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʨʘʩʧʣʘʚʦʚ [9]. ʕʪʠ ʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʩʦʣʝʚʳʭ ʨʘʩʧʣʘʚʦʚ ʤʦʛʫʪ ʩʣʫ-

ʞʠʪʴ ʦʩʥʦʚʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʠʥʪʝʥʩʠʬʠʢʘ-

ʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʘʧʨʠʤʝʨ ʵʣʝʢ-

ʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣʦʚ ʠʟ ʨʘʩʧʣʘʚ-

ʣʝʥʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ.  

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʚʣʠʷʥʠʷ ɺʀʈ ʥʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʧʨʦʮʝʩʩ 

ʵʣʝʢʪʨʦʣʠʟʘ ʢʨʠʦʣʠʪ ï ʛʣʠʥʦʟʝʤʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ 

(Na3AlF6 ï Al2O3 ʧʨʠ 6 ï 7 % Al2O3 ʧʦ ʤʘʩʩʝ). 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʚʳʩʦʢʦʚʦʣʴʪʥʘʷ ʫʩʪʘ-

ʥʦʚʢʘ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʘʭ [10,11]. ʕʢʩʧʝ-

ʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʣʘʪʠʥʦʚʦʤ ʪʠʛʣʝ, ʵʣʝʢ-

ʪʨʦʜʳ ʧʨʦʧʫʩʢʘʣʠʩʴ ʯʝʨʝʟ ʘʣʫʥʜʦʚʳʝ ʪʨʫʙʢʠ. ʅʠʟ-

ʢʦʚʦʣʴʪʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʨʘʩʧʣʘʚʘ ʠʟʤʝʨʷ-

ʣʘʩʴ ʤʦʩʪʦʤ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ɽ7-23 ʥʘ ʯʘʩʪʦʪʝ 10 

ʢɻʮ. ɿʘʪʝʤ ʥʘ ʨʘʩʧʣʘʚ ʧʦʜʘʚʘʣʠʩʴ ʧʨʷʤʦʫʛʦʣʴʥʳʝ 

ʚʳʩʦʢʦʚʦʣʴʪʥʳʝ ʠʤʧʫʣʴʩʳ ʨʘʟʣʠʯʥʳʭ ʘʤʧʣʠʪʫʜ ʩ 

ʢʨʫʪʠʟʥʦʡ ʬʨʦʥʪʘ ʥʘʧʨʷʞʝʥʠʷ 109 ɺ/ʩ. ʍʘʨʘʢʪʝʨ-

ʥʘʷ ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʠʤʧʫʣʴʩʘ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʚʝ-

ʜʝʥʘ ʥʘ ʨʠʩ.1. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʨʘʟʨʷʜ ʯʝʨʝʟ ʨʘʩʧʣʘʚ 

ʧʨʦʠʩʭʦʜʠʣ ʙʝʟ ʧʨʦʙʦʡʥʳʭ ʷʚʣʝʥʠʡ. 

 
ʈʠʩ.1. ʍʘʨʘʢʪʝʨʥʘʷ ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʠʤʧʫʣʴʩʘ ʥʘʧʨʷʞʝʥʠʷ ʘʤʧʣʠʪʫʜʦʡ 3,4 ʢɺ. 

 

ʇʨʠ ʧʦʜʘʯʝ ʥʘ ʨʘʩʧʣʘʚ ʧʷʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘʧʨʷʞʝʥʠʷ ʘʤʧʣʠʪʫʜʦʡ 1,5 ʢɺ, 

ʢʦʛʜʘ ʝʤʢʦʩʪʴ ʨʘʟʨʷʜʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʙʳʣʘ ʨʘʚ-

ʥʘ 0,025 ʤʢʌ, ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝ-

ʥʠʣʘʩʴ ʦʪ ʠʩʭʦʜʥʦʡ ï ʥʠʟʢʦʚʦʣʴʪʥʦʡ. ʕʪʦ ʫʢʘʟʳ-

ʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʜʣʷ ʢʨʠʦʣʠʪ-ʛʣʠʥʦʟʝʤʥʦʛʦ ʨʘʩʧʣʘʚʘ 

ʩʫʱʝʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʢʦʥ-

ʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʨʘʟʨʷʜʘ, ʚʳʰʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦ-

ʜʠʪ ʘʢʪʠʚʘʮʠʷ ʵʣʝʢʪʨʦʣʠʪʘ. ʅʘ ʨʠʩ.2 ʧʨʠʚʝʜʝʥʦ 

ʠʟʤʝʥʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʵʣʝʢʪʨʦʣʠʪʘ ʚʦ ʚʨʝʤʝʥʠ 

ʧʦʩʣʝ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʨʘʟʨʷʜʦʚ ʩ ʧʠʢʦʤ ʫʜʝʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ ʨʘʟʨʷʜʘ 2,8Ț107 ɺʪ/ʢʛ.  

 
ʈʠʩ.2. ʀʟʤʝʥʝʥʠʝ ʠʟʙʳʪʦʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʘʣʶʤʠʥʠʝʚʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʚʦ ʚʨʝʤʝʥʠ ʧʨʠ 1293 ʂ ʧʦʩʣʝ 

ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʨʘʟʨʷʜʦʚ ʩ ʧʠʢʦʤ 2,8Ț107 ɺʪ/ʢʛ: 1 ï 3 ʠʤʧʫʣʴʩʘ ʧʦ 4,0 ʢɺ; 2 ï 5 ʠʤʧʫʣʴʩʦʚ ʧʦ 4,0 ʢɺ. 

 

ʋʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʨʘʟʨʷʜʘ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ 
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ʛʜʝ <P> - ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʨʘʟʨʷʜʘ ʦʜʥʦʛʦ 

ʠʤʧʫʣʴʩʘ, n ï ʯʠʩʣʦ ʠʤʧʫʣʴʩʦʚ, m ï ʤʘʩʩʘ ʵʣʝʢ-

ʪʨʦʣʠʪʘ, ʉ ï ʝʤʢʦʩʪʴ ʨʘʟʨʷʜʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ, t - 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ, U(t) ï ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝ-

ʥʠʷ ʥʘ ʵʣʝʢʪʨʦʣʠʪʝ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t, ʦʧʨʝʜʝʣʷ-

ʝʤʦʝ ʧʦ ʦʩʮʠʣʣʦʛʨʘʤʤʘʤ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʣʝʡ [7,10] ʚ 

ʢʨʠʦʣʠʪ-ʛʣʠʥʦʟʝʤʥʦʤ ʨʘʩʧʣʘʚʝ ʠʟʙʳʪʦʯʥʘʷ ʧʨʦ-

ʚʦʜʠʤʦʩʪʴ (ʘʢʪʠʚʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ) ʤʦʞʝʪ ʩʦ-

ʭʨʘʥʷʪʴʩʷ ʜʦʚʦʣʴʥʦ ʜʦʣʛʦ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʫʜʝʣʴ-

ʥʦʡ ʤʦʱʥʦʩʪʠ ʨʘʟʨʷʜʘ ʠʣʠ ʯʠʩʣʘ ʠʤʧʫʣʴʩʦʚ ʧʨʠ 

ʜʘʥʥʦʡ ʤʦʱʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʦ-

ʚʦʜʠʤʦʩʪʠ ʠ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʩʭʦʜʥʦʡ ʧʨʦ-

ʚʦʜʠʤʦʩʪʠ, ʢʘʢ ʠ ʚ ʛʘʣʦʛʝʥʠʜʘʭ ʱʝʣʦʯʥʳʭ ʠ ʱʝ-

ʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ [7,10,11] ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ɺʀʈ ʥʘ ʧʨʦʮʝʩʩ 

ʵʣʝʢʪʨʦʣʠʟʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʧʨʠʩʪʘʚʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʜʘʚʘʪʴ ʥʘ ʨʘʩʧʣʘʚ ʨʝ-
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ʛʫʣʠʨʫʝʤʦʝ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ. ʆʜʥʦʚʨʝʤʝʥ-

ʥʦ ʠʟʤʝʨʷʣʩʷ ʠ ʪʦʢ ʚ ʮʝʧʠ. ɺʥʘʯʘʣʝ ʥʘ ʨʘʩʧʣʘʚ 

ʧʦʜʘʚʘʣʦʩʴ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʦʪ ʚʳʧʨʷʤʠʪʝ-

ʣʷ ɺʉ-24ʄ. ʇʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʥʘ ʨʘʩʧʣʘʚ ʧʦʜʘʚʘʣʘʩʴ ʩʝʨʠʷ (5 ï 10) 

ʠʤʧʫʣʴʩʦʚ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʘʤʧʣʠʪʫʜʘʤʠ (4 ï 10 ʢɺ). ɿʘʪʝʤ ʩʥʦʚʘ ʧʨʦʚʦʜʠʣʩʷ 

ʵʣʝʢʪʨʦʣʠʟ. ʇʦʢʘʟʘʥʠʷ ʘʤʧʝʨʤʝʪʨʘ ʠ ʚʦʣʴʪʤʝʪʨʘ 

ʟʘʧʠʩʳʚʘʣʠʩʴ ʚʦ ʚʨʝʤʝʥʠ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʷʪʴ 

ʩʝʨʠʡ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʦʚ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʛʨʘʬʠʪ ʤʘʨʢʠ ʄʇɻ ï 9. ɽʤʢʦʩʪʴ ʨʘʟ-

ʨʷʜʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʙʳʣʘ ʨʘʚʥʘ 0,1Ö10-6 ʌ. ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʪʦʢ ʵʣʝʢʪʨʦʣʠʟʘ ʧʦʜʜʝʨʞʠʚʘʣʩʷ 

ʧʦʩʪʦʷʥʥʳʤ, ʨʘʚʥʳʤ 2,4 ɸ. ʆʙʱʘʷ ʤʘʩʩʘ ʵʣʝʢʪʨʦ-

ʣʠʪʘ ʢʦʣʝʙʘʣʘʩʴ ʦʪ 50 ʜʦ 90 ʛ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴ-

ʪʘʪʳ ʦʜʥʦʡ ʠʟ ʩʝʨʠʡ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩ.3.  

 
ʈʠʩ.3. ʀʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʣʠʟʝʨʝ ʚʦ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ɺʀʈ ʩ ʫʜʝʣʴʥʳʤʠ ʤʦʱʥʦʩʪʷʤʠ: 1 ï 

3,39; 2 ï 4,89; 3 ï 7,17; 4 ï 7,64; 5 ï 9,24Ö107 ɺʪ/ʢʛ. (ʇʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʧʨʷʞʝʥʠʶ ʥʘ 
ʵʣʝʢʪʨʦʣʠʟʝʨʝ ʜʦ ʧʦʜʘʯʠ ɺʀʈ). 

  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʝ 

ʥʘ ʵʣʝʢʪʨʦʣʠʟʝʨʝ ʧʦʩʣʝ ʧʦʜʘʯʠ ɺʀʈ ʜʣʠʪʝʣʴʥʦ-

ʩʪʴʶ ~ 10-6 ʩ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʟʥʘʯʝʥʠʠ ʪʦʢʘ (2,4 

ɸ) ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ, ʯʝʤ ʙʦʣʴʰʝ ʫʜʝʣʴʥʘʷ 

ʤʦʱʥʦʩʪʴ ʨʘʟʨʷʜʘ (ʦʪʥʦʰʝʥʠʝ ʤʦʱʥʦʩʪʠ ʨʘʟʨʷʜʘ ʢ 

ʤʘʩʩʝ ʨʘʩʧʣʘʚʘ), ʪʝʤ ʤʝʥʴʰʝʝ ʥʘʧʨʷʞʝʥʠʝ ʫʩʪʘ-

ʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʵʣʝʢʪʨʦʣʠʟʝʨʝ. ʅʘʧʨʷʞʝʥʠʝ ʩʪʘʙʠ-

ʣʠʟʠʨʫʝʪʩʷ ʯʝʨʝʟ 4 ï 8 ʤʠʥʫʪ ʧʦʩʣʝ ɺʀʈ.  

ʅʘ ʨʠʩ 4 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʣʠʟʝʨʝ ʦʪ 

ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʨʘʟʨʷʜʘ. ɺʠʜʥʦ, ʯʪʦ ʯʝʤ 

ʙʦʣʴʰʝ ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʨʘʟʨʷʜʘ, ʪʝʤ ʙʦʣʴʰʝ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢ-

ʪʨʦʣʠʟʝʨʝ. ʇʨʠ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʨʘʟʨʷʜʘ 

9,24Ö107 ɺʪ/ʢʛ ʦʥʦ ʜʦʩʪʠʛʘʝʪ 45 %. ʄʠʥʠʤʘʣʴʥʘʷ 

ʤʦʱʥʦʩʪʴ ʨʘʟʨʷʜʘ, ʥʘʯʠʥʘʷ ʩ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʣʠʟʝʨʝ, ʦʢʘʟʘ-

ʣʦʩʴ ʨʘʚʥʦʡ 1,5Ö107 ɺʪ/ʢʛ. 
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ʈʠʩ.4. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʚ ʘʣʶʤʠʥʠʝʚʦʤ ʵʣʝʢʪʨʦʣʠʪʝ ʦʪ ʣʦʛʘʨʠʬ-

ʤʘ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʨʘʟʨʷʜʘ ʧʨʠ 1233 ʂ. 

 

ɺ ʢʨʠʦʣʠʪ ï ʛʣʠʥʦʟʝʤʥʦʤ ʵʣʝʢʪʨʦʣʠʪʝ ʥʘʠʙʦ-

ʣʝʝ ʚʝʨʦʷʪʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʬʪʦʨʠʜʥʳʭ ʠʦʥʦʚ 

ʪʠʧʘ 

--)1(n
nAlOF

 [12]. ɺʦ ʚʪʦʨʦʡ ʢʦʦʨʜʠʥʘʮʠ-

ʦʥʥʦʡ ʩʬʝʨʝ ʥʘʭʦʜʷʪʩʷ ʩʚʦʙʦʜʥʳʝ ʠʦʥʳ Al3+, 

Na+, F-. ʆʥʠ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʧʝʨʝʥʦʩ ʪʦʢʘ ʧʨʠ 

ʥʠʟʢʠʭ ʥʘʧʨʷʞʝʥʠʷʭ. ʇʨʠ ɺʀʈ ʠʦʥʳ ʧʦʣʫʯʘʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʵʥʝʨʛʠʶ, ʠ ʯʘʩʪʴ ʢʦʤʧʣʝʢʩʥʳʭ 

ʠʦʥʦʚ ʨʘʟʨʫʰʘʝʪʩʷ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʫʜʘʨʥʳʤ ʤʝʭʘ-

ʥʠʟʤʦʤ. ɺ ʵʣʝʢʪʨʦʣʠʪʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʙʦʣʝʝ ʚʳ-

ʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʘʚʥʦʚʝʩʠʷ. ʋʨʦʚʝʥʴ ʘʢʪʠʚʘʮʠʠ 

ʤʦʞʥʦ ʧʦʜʥʷʪʴ, ʫʚʝʣʠʯʠʚʘʷ ʫʜʝʣʴʥʫʶ ʵʥʝʨʛʠʶ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʨʘʟʨʷʜʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʙʦʣʴʰʫʶ ʨʦʣʴ ʧʨʠ ʵʪʦʤ ʠʛʨʘʝʪ ʢʨʫʪʠʟʥʘ ʥʘʨʘʩʪʘ-

ʥʠʷ ʧʦʜʘʚʘʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʨʠʩ.1). ʇʨʠ ʤʝʥʴ-

ʰʠʭ ʩʢʦʨʦʩʪʷʭ ʬʨʦʥʪʘ ʥʘʧʨʷʞʝʥʠʷ ʧʦʜʦʙʥʳʡ ʵʬ-

ʬʝʢʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ.  

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦʩʣʝ ʧʝʨʚʦʡ ʩʝʨʠʠ ʠʤʧʫʣʴ-

ʩʦʚ ʥʘ ʢʨʠʚʳʭ U = f(t) (U ï ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʵʣʝʢ-

ʪʨʦʣʠʟʝʨʝ) ʧʦʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʫʤ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 

ʪʨʝʭ ʤʠʥʫʪ, ʘ ʯʝʨʝʟ 5 ï 6 ʤʠʥʫʪ ʥʘʧʨʷʞʝʥʠʝ ʩʪʘʙʠ-

ʣʠʟʠʨʫʝʪʩʷ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʠʞʝ, ʯʝʤ ʚʥʘʯʘʣʝ 

ʧʦʩʣʝ ɺʀʈ. ʆʯʝʚʠʜʥʦ, ʧʨʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʘʢʪʠ-

ʚʘʮʠʠ ʵʣʝʢʪʨʦʣʠʪʘ ʨʘʟʨʫʰʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʦʢ-

ʩʠʬʪʦʨʠʜʥʳʭ ʠʦʥʦʚ ʯʘʩʪʠʯʥʦ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ 

ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ. ʕʪʦ ʜʦʣʞʥʦ ʧʨʠʚʝ-

ʩʪʠ ʢ ʫʤʝʥʴʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ (ʫʚʝʣʠʯʝʥʠʶ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ) ʨʘʩʧʣʘʚʘ. ʇʦʜʦʙʥʦʝ ʷʚʣʝʥʠʝ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʠ ɼʠʣʣʝʨʦʤ [6], ʢʦʪʦʨʳʡ ʟʘʤʝʪʠʣ ʜʘ-

ʞʝ ʟʘʪʚʝʨʜʝʚʘʥʠʝ ʨʘʩʧʣʘʚʘ. ʏʝʨʝʟ 2 ï 3 ʤʠʥʫʪʳ 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʧʣʘʚʘ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʠʩʭʦʜʥʦʤʫ 

ʟʥʘʯʝʥʠʶ ʠ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʵʣʝʢʪʨʦʣʠʟʝʨʝ ʩʪʘʙʠʣʠ-

ʟʠʨʫʝʪʩʷ. ɼʘʣʴʥʝʡʰʘʷ ʜʦʘʢʪʠʚʘʮʠʷ ʵʣʝʢʪʨʦʣʠʪʘ 

ʙʦʣʝ ʤʦʱʥʳʤʠ ʨʘʟʨʷʜʘʤʠ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦ-

ʤʫ ʧʦʜʦʙʥʦʤʫ ʵʬʬʝʢʪʫ, ʪʘʢ ʢʘʢ ʢʦʤʧʣʝʢʩʥʳʝ ʠʦʥ-

ʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ ʫʞʝ ʯʘʩʪʠʯʥʦ ʨʘʟʨʫʰʝʥʳ ʘ ʠ ʠʭ 

ʨʝʣʘʢʩʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ. ʋʨʦʚʝʥʴ 

ʞʝ ʘʢʪʠʚʘʮʠʠ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɽʩʣʠ ʥʘ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʵʣʝʢʪʨʦʣʠʪ ʧʦʜʘʚʘʪʴ ʠʤʧʫʣʴʩʳ 

ʥʘʧʨʷʞʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʚʝʣʠʯʠʥʳ, ʯʝʤ 

ʪʝ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʘʢʪʠʚʘʮʠʷ, ʠʟʤʝ-

ʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʣʠʟʝʨʝ ʥʝ ʥʘʙʣʶʜʘʝʪ-

ʩʷ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚʳʭʦʜ ʧʦ ʪʦʢʫ ʥʘʤʠ ʥʝ ʠʩʩʣʝ-

ʜʦʚʘʣʩʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʘʛʘʪʴ, 

ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʨʘʟʨʷʜʦʚ ʚ ʤʝ-

ʪʘʣʣʫʨʛʠʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʣʶʤʠʥʠʷ (ʠ ʥʝ ʪʦʣʴ-

ʢʦ) ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʵʣʝʢ-

ʪʨʦʵʥʝʨʛʠʠ ʧʨʠʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʵʢʦʥʦʤʠʯʝ-

ʩʢʦʤʫ ʵʬʬʝʢʪʫ (ʫʤʝʥʴʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ 

ʵʣʝʢʪʨʦʣʠʟʘ ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʪʦʢʝ). ɽʩʪʝʩʪʚʝʥ-

ʥʦ, ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ ʠ ʪʘʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦ-

ʤʳʰʣʝʥʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʥʘʪʷʞʝʥʠʝ, ʧʣʦʪʥʦʩʪʴ, ʚʷʟʢʦʩʪʴ, ʤʘʩʩ ï ʧʝʨʝʥʦʩ ʠ 

ʜʨ., ʢʦʛʜʘ ʦʥʠ ʧʦʜʚʝʨʛʥʫʪʳ ɺʀʈ- ʘʢʪʠʚʘʮʠʠ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʫʤʝʥʴʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ 

ʵʣʝʢʪʨʦʣʠʪʘ ʧʦʩʣʝ ɺʀʈ ʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʞʝʪʩʷ 

ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʤʝʪʘʣʣʦʚ, ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʳʭ 

ʤʝʥʴʰʝ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʣʠʪʘ, ʪʘʢ ʢʘʢ ʦʥ ʚʩʧʣʳ-

ʚʘʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʩʧʣʘʚʘ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʵʣʝʢʪʨʦʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ 

ʨʘʩʧʣʘʚʦʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʪʨʫʜʥʦ ʧʦʣʫʯʘʪʴ ʪʦʣʩʪʳʝ 

ʦʩʘʜʢʠ ʤʝʪʘʣʣʦʚ ʚ ʢʦʤʧʘʢʪʥʦʤ ʚʠʜʝ. ʈʦʩʪ ʪʦʣʱʠ-

ʥʳ ʦʩʘʜʢʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʝʥʜʨʠ-

ʪʦʚ ʠʣʠ ʛʫʙʢʦʦʙʨʘʟʥʦʛʦ ʩʣʦʷ, ʩʚʷʟʘʥʥʦʛʦ, ʚ ʦʩʥʦʚ-

ʥʦʤ, ʜʠʬʬʫʟʥʳʤʠ ʟʘʪʨʫʜʥʝʥʠʷʤʠ ʠ ʚʣʠʷʥʠʝʤ 

ʧʨʠʤʝʩʝʡ. ʇʨʠ ʘʢʪʠʚʘʮʠʠ ʩʦʣʝʚʳʭ ʨʘʩʧʣʘʚʦʚ ʚʳ-

ʩʦʢʦʚʦʣʴʪʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ ʜʠʬʬʫʟʠʦʥʥʳʝ ʟʘ-

ʪʨʫʜʥʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʫʩʪʨʘʥʝʥʳ. ʕʪʦ ʧʨʠʚʝʜʝʪ 

ʢ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʦʩʘʞʜʘʝʤʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʤʘʩʩ ï ʧʝʨʝʥʦʩʘ. ʅʝ ʠʩʢʣʶ-

ʯʝʥʦ, ʯʪʦ ʚ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʨʘʩʧʣʘʚʘʭ ʨʝʘʢʮʠʦʥ-

ʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʪʘʢʞʝ ʙʫʜʝʪ ʫʚʝʣʠʯʝʥʘ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʠʟʚʣʝʯʝʥʠʷ ʚʦʩʢʦʧʦʜʦʙʥʳʭ ʚʝʱʝʩʪʚ ʠʟ 

ʦʪʭʦʜʦʚ ʚʠʥʪʝʨʠʟʘʮʠʠ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ ʘʣʢʦʛʦʣʠʟʘ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʣʠʧʠʜʥʦʡ 

ʯʘʩʪʠ ʠʟ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʬʠʣʴʪʨʦʚʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ. ʋʩʪʘʥʦʚʣʝʥʳ ʨʘʮʠʦʥʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʮʝʩʩʘ ʘʣʢʦ-

ʛʦʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʘʣʢʠʣʩʫʣʴʬʦʢʠʩʣʦʪʳ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ. ʇʨʦʘʥʘʣʠʟʘʨʦʚʘʥ ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʤʝ-

ʪʦʜʦʤ ʛʘʟʦʚʦʡ ʭʨʘʤʦʪʘʛʨʘʬʠʠ. 

Abstract 

The article presents the results of a study of the process of extraction of waxen substances from wastes of 

winterization of sunflower oil using the alcoholysis reaction. The possibility of obtaining low-molecular fatty 

acid esters without preliminary extraction of the lipid part from the waste filter powder is shown. The rational 
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conditions of the alcoholysis process using alkylsulfonic acid and concentrated sulfuric acid as catalysts were 

established. The qualitative and quantitative composition of the products of the reaction was analyzed by the 

method of gas chromatography. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʪʨʘʙʦʪʘʥʥʳʡ ʬʠʣʴʪʨʫʶʱʠʡ ʧʦʨʦʰʦʢ, ʚʦʩʢʦʧʦʜʦʙʥʳʝ ʚʝʱʝʩʪʚʘ, ʘʣʢʦʛʦʣʠʟ, ʘʣ-

ʢʠʣʩʫʣʴʬʦʢʠʩʣʦʪʘ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ.  

Keywords: waste filter powder, waxen substances, alcoholysis, alkylsulfonic acid, concentrated sulfuric ac-

id. 

 

ɺʚʝʜʝʥʠʝ.  
ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʤʘʩʣʦʞʠ-

ʨʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘʧʨʘʚʣʝʥʥʳ ʥʘ ʨʘʮʠʦ-

ʥʘʣʴʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʩʪʠ-

ʪʝʣʴʥʦʛʦ ʩʳʨʴʷ, ʯʪʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ 

ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠʟʛʦʪʦʚʣʷʝʤʦʛʦ ʧʨʦʜʫʢʪʘ, ʥʦ 

ʠ ʩʦʢʨʘʱʝʥʠʝ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɼʘʥʥʳʡ ʧʦʜ-

ʭʦʜ ʧʦʟʚʦʣʠʪ ʧʨʝʜʧʨʠʷʪʠʷʤ ʧʝʨʝʡʪʠ ʥʘ ʤʘʣʦʦʪ-

ʭʦʜʥʫʶ ʠʣʠ ʙʝʟʦʪʭʦʜʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʩʥʠʞʝʥʠʝ 

ʟʘʪʨʘʪ ʥʘ ʫʪʠʣʠʟʘʮʠʶ ʠ ʧʝʨʝʨʘʙʦʪʢʫ ʦʪʭʦʜʦʚ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ, ʪʝʤ ʩʘʤʳʤ ʫʤʝʥʴʰʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠ-

ʷʥʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺʦ-ʚʪʦʨʳʭ, ʫʚʝʣʠʯʝ-

ʥʠʝ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʟʘ ʩʯʝʪ ʧʦʣʥʦʪʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʳʨʴʷ ʠ ʩʦʢʨʘʱʝʥʠʷ ʵʥʝʨʛʦʟʘʪʨʘʪ 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ [1, 2]. 

ɺ ʤʘʩʣʦʞʠʨʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʳʜʝʣʝʥʠʝ 

ʚʦʩʢʦʧʦʜʦʙʥʳʭ ʚʝʱʝʩʪʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʦʯʠʩʪʢʠ ʧʦʜʩʦʣʥʝʯʥʦʛʦ 

ʤʘʩʣʘ ʦʪ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʚʝʱʝʩʪʚ , ʢʦʪʦʨʳʡ ʥʝ 

ʪʦʣʴʢʦ ʫʣʫʯʰʘʝʪ ʪʦʚʘʨʥʳʡ ʚʠʜ ʧʨʦʜʫʢʪʘ, ʥʦ ʠ ʜʘ-

ʜʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʚʦʩʢʦʧʦʜʦʙʥʳʭ ʚʝ-

ʱʝʩʪʚ ʠʟ ʚʪʦʨʠʯʥʦʛʦ ʧʨʦʜʫʢʪʘ (ʟʘʞʠʨʝʥʥʦʛʦ ʬʠʣʴ-

ʪʨʦʚʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ) ʩ ʮʝʣʴʶ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥ-

ʥʦʩʪʠ. 

ɼʘʥʥʳʡ ʚʪʦʨʠʯʥʳʡ ʧʨʦʜʫʢʪ ʯʘʱʝ ʚʩʝʛʦ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʫʜʦʙʨʝʥʠʷ ʜʣʷ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʠʷ ʧʦʯʚʳ ʜʦʙʘʚʦʢ ʢ ʢʦʤʙʠʢʦʨʤʘʤ ʞʠʚʦʪʥʳʭ, 

ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝʤʝʥʪʘ ʠ ʢʠʨʧʠʯʘ, ʠʣʠ 

ʚʳʚʦʟʠʪʩʷ ʚ ʤʝʩʪʘ ʟʘʭʦʨʦʥʝʥʠʷ. ʆʜʥʘʢʦ ʧʨʝʜʣʘʛʘ-

ʝʤʳʝ ʩʧʦʩʦʙʳ ʫʪʠʣʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ ʥʝʨʘʮʠʦʥʘʣʴ-

ʥʳʤʠ, ʪʘʢ ʢʘʢ ʦʪʨʘʙʦʪʘʥʥʳʡ ʬʠʣʴʪʨʦʚʘʣʴʥʳʡ ʧʦ-

ʨʦʰʦʢ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʮʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʘ 

ʠʤʝʥʥʦ ʚʦʩʢʦʧʦʜʦʙʥʳʝ ʚʝʱʝʩʪʚʘ, ʨʘʩʪʠʪʝʣʴʥʦʝ 

ʤʘʩʣʦ ʠ ʬʠʣʴʪʨʦʚʘʣʴʥʳʡ ʧʦʨʦʰʦʢ. 

ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʦʪʨʘʙʦʪʘʥʥʦʛʦ 

ʬʠʣʴʪʨʦʚʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʥʘ ʚʦʩʢʦʧʦʜʦʙʥʳʝ ʚʝ-

ʱʝʩʪʚʘ, ʨʘʩʪʠʪʝʣʴʥʦʝ ʤʘʩʣʦ ʠ ʨʝʛʝʥʠʨʠʨʦʚʘʥʥʳʡ 

ʬʠʣʴʪʨʦʚʘʣʴʥʳʡ ʧʦʨʦʰʦʢ ʦʙʲʷʩʥʷʝʪʩʷ ʩʧʨʦʩʦʤ ʥʘ 

ʜʘʥʥʳʝ ʢʦʤʧʘʥʝʥʪʳ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ.  

ʅʘʠʙʦʣʴʰʠʤʠ ʩʝʛʤʝʥʪʘʤʠ ʨʳʥʢʘ ʚʦʩʢʦʧʦʜʦʙ-

ʥʳʭ ʚʝʱʝʩʪʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʷʚʣʷʶʪʩʷ ʦʪʨʘʩʣʠ ʧʠʱʝʚʦʡ ʠ ʭʠʤʠʯʝ-

ʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʀʟʚʣʝʯʝʥʥʦʝ ʨʘʩʪʠʪʝʣʴʥʦʝ 

ʤʘʩʣʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʥʦʩʪʠ, 

ʤʦʞʝʪ ʙʳʪʴ ʚʦʟʚʨʘʱʝʥʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʣʠʙʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʪʝʭʥʠʯʝʩʢʠʭ ʮʝʣʝʡ (ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʛʦʨʶʯʝʛʦ, ʦʣʠʬʳ, ʢʦʥʩʠʩʪʝʥʪʥʳʭ 

ʩʤʘʟʦʢ, ʠ ʪ.ʜ). ɸ ʨʝʛʝʥʠʨʠʨʦʚʘʥʥʳʡ ʬʠʣʴʪʨʦʚʘʣʴ-

ʥʳʡ ʧʦʨʦʰʦʢ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣʷ ʧʦ-

ʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʩʪʘʜʠʠ ʚʳʤʦʨʘʞʠʚʘ-

ʥʠʷ. 

ʇʨʝʜʣʘʛʘʝʤʳʝ ʩʧʦʩʦʙʳ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʘʟʜʝ-

ʣʝʥʠʷ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʬʠʣʴʪʨʦʚʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ 

ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʧʦʩʦʙʫ ʨʘʟʜʝʣʝʥʠʷ (ʩ ʧʦʤʦʱʴʶ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠʣʠ ʙʝʟ ʠʭ ʧʨʠʤʝʥʝ-

ʥʠʷ) ʠ ʧʦ ʮʝʣʝʚʳʤ ʧʨʦʜʫʢʪʘʤ [35].  

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʨʘʟʜʝʣʝ-

ʥʠʷ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʬʠʣʴʪʨʦʚʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʷʚ-

ʣʷʝʪʩʷ ʵʢʩʪʨʘʢʮʠʷ ʥʠʟʢʦʤʦʣʝʢʝʣʷʨʥʳʤʠ ʩʧʠʨʪʘʤʠ 

[6]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ, ʢʨʦʤʝ ʚʦʩʢʦʧʦʜʦʙʥʳʭ 

ʚʝʱʝʩʪʚ ʠ ʨʝʛʝʥʠʨʠʨʦʚʘʥʥʦʛʦ ʬʠʣʴʪʨʦʚʘʣʴʥʦʛʦ 

ʧʦʨʦʰʢʘ, ʩʧʠʨʪʦʚʦʡ ʩʤʝʩʴ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ, ʠʟ 

ʢʦʪʦʨʦʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʠʟʢʦʤʦ-

ʣʝʢʫʣʷʨʥʳʝ ʵʬʠʨʳ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʨʝʘʢʮʠʠ ʘʣʢʦʛʦʣʠʟʘ. 

ʆʜʥʘʢʦ, ʜʘʥʥʳʝ ʩʧʦʩʦʙʳ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪ-

ʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʦʟʜʘʪʴ ʪʨʫʜʥʦʩʪʠ ʜʣʷ ʨʝʘʣʠ-

ʟʘʮʠʠ ʧʨʝʜʣʦʛʘʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʦʩʦʙʝʥʥʦ ʤʘʣʳʭ. ɸ ʠʤʝʥʥʦ, ʩʣʦʞʥʦʩʪʴ ʘʧʧʘʨʘʪʫʨ-

ʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʫʟʢʦʥʘ-

ʧʨʘʚʣʝʥʦʩʪʴ ʠʣʠ ʤʥʦʛʦʩʪʘʜʠʡʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʨʝ-

ʛʝʥʝʨʘʮʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʧʦʚʳʰʝʥʥʳʡ ʢʦʥʪʨʦʣʴ 

ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ɸʥʘʣʠʟʠʨʫʷ ʚʳʰʝ ʩʢʘʟʘʥʥʦʝ, ʦʜʥʠʤ ʠʟ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʜʝʣʝʥʠʷ ʦʪʨʘʙʦʪʘʥʥʦ-

ʛʦ ʬʠʣʴʪʨʦʚʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ 

ʨʝʘʢʮʠʠ ʘʣʢʦʛʦʣʠʟʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʦʪʨʘʙʦ-

ʪʘʥʥʦʤ ʬʠʣʴʪʨʦʚʘʣʴʥʦʤ ʧʦʨʦʰʢʝ, ʙʝʟ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʣʠʧʠʜʥʦʡ ʯʘʩʪʠ, ʠ ʚʳʜʝʣʝʥʠ-

ʝʤ ʚʦʩʢʦʧʦʜʦʙʥʳʭ ʚʝʱʝʩʪʚ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʤʝʥʴʰʠʪʴ ʨʘʩʭʦʜ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʩʦʢʨʘʪʠʪʴ ʩʪʘʜʠʠ 

ʧʨʦʮʝʩʩʘ ʠ ʫʧʨʦʩʪʠʪʴ ʘʧʧʘʨʘʪʫʨʥʦʝ ʦʬʦʨʤʣʝʥʠʝ, ʘ 

ʪʘʢ ʞʝ ʧʦʣʫʯʠʪʴ ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʧʨʦʜʫʢʪʳ. 

ʎʝʣʴ ʠ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟ-

ʚʣʝʯʝʥʠʝ ʚʦʩʢʦʧʦʜʦʙʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʦʪʨʘʙʦʪʘʥʥʦ-

ʛʦ ʬʠʣʴʪʨʦʚʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʨʝʘʢʮʠʝʡ ʘʣʢʦʛʦʣʠʟʘ 

ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʛʣʫʙʠʥʫ ʠʟʚʣʝʯʝʥʠʷ ʣʠʧʠʜʦʚ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʴʶ ʩʬʦʨʤʫ-

ʣʠʨʦʚʘʥʳ ʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʮʠʦʥʘʣʴ-

ʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢ-

ʮʠʠ ʘʣʢʦʛʦʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʢʘʪʘ-

ʣʠʟʘʪʦʨʦʚ; 

 ʠʩʩʣʝʜʦʚʘʪʴ ʢʠʥʝʪʠʢʫ ʨʝʘʢʮʠʠ ʘʣʢʦʛʦʣʠʟʘ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʢʦʥʮʝʥ-

ʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʘʣʢʠʣʙʝʥʟʦʣʩʫʣʴ-

ʬʦʢʠʩʣʦʪʳ; 

 ʦʧʨʝʜʝʣʠʪʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʛʘʟʦʚʦʡ ʭʨʦ-

ʤʘʪʦʛʨʘʬʠʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦ-

ʩʪʘʚ ʠʟʚʣʝʯʝʥʥʳʭ ʚʦʩʢʦʧʦʜʦʙʥʳʭ ʚʝʱʝʩʪʚ; 

 ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʙ-

ʨʘʟʦʚʘʚʰʠʭʩʷ ʵʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 
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ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʠʩʩʣʝʜʦ-

ʚʘʣʩʷ ʦʙʟʘʮʝʮ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʬʠʣʴʪʨʦʚʘʣʴʥʦʛʦ 

ʧʦʨʦʰʢʘ, ʧʦʣʫʯʝʥʥʳʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʨʘʬʠʥʠʨʦʚʘʥʥʦʛʦ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ, ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʧʠʜʥʦʡ ʯʘʩʪʠ ʦʢʦʣʦ 54 %, ʩʦʜʝʨ-

ʞʘʥʠʝ ʚʦʩʢʦʧʦʜʦʙʥʳʭ ʚʝʱʝʩʪʚ  ʦʢʦʣʦ 8 % ʦʪ 

ʣʠʧʠʜʥʦʡ ʯʘʩʪʠ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʬʠʣʴʪʨʦʚʘʣʴʥʦʛʦ 

ʧʦʨʦʰʢʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʩʧʠʨʪʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʨʝʘʢʮʠʠ 

ʘʣʢʦʛʦʣʠʟʘ ʚʳʙʨʘʥ ʘʙʩʦʣʶʪʥʳʡ ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʦʩʥʦʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʦʢʦʣʦ 99,5 %. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʩʧʠʨʪʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʷʚʣʷʝʪʩʷ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʝʛʦ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩ-

ʪʦʯʥʠʢʦʚ ʩʳʨʴʷ, ʥʠʟʢʦʝ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʠ ʜʦʩʪʫʧʥʦʩʪʴ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʦʧʳʪʘʭ ʠ ʛʝʪʝʨʦʛʝʥʥʦʡ ʧʨʠʨʦʜʝ 

ʢʦʤʧʘʥʝʥʪʦʚ ʩʠʩʪʝʤʳ, ʤʘʩʩʦʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʦʪ-

ʨʘʙʦʪʘʥʥʳʡ ʬʠʣʴʪʨʦʚʘʣʴʥʳʡ ʧʦʨʦʰʦʢ : ʵʪʘʥʦʣ 

ʧʨʠʥʷʪʦ ʢʘʢ 1:15. 

ɺ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ ʘʣʢʦʛʦʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠʩʴ ʢʠʩʣʦʪʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʘ ʠʤʝʥʥʦ ʢʦʥʮʝʥ-

ʪʨʠʨʦʚʘʥʥʘʷ ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ ʠ ʘʣʢʠʣʙʝʥʟʦʣʩʫʣʴʬʦ-

ʢʠʩʣʦʪʘ (ɸɹʉʂ). ʇʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷʤ ʫʩʪʘʥʦʚʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʳʙʨʘʥʥʳʭ ʢʘʪʘ-

ʣʠʟʘʪʦʨʦʚ , ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 3 % ʦʪ ʣʠʧʠʜʥʦʡ 

ʯʘʩʪʠ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʬʠʣʴʪʨʦʚʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ. 

ɸʣʢʦʛʦʣʠʟ ʧʨʦʚʦʜʠʣʠ ʚ ʨʝʘʢʪʦʨʝ ʦʙʦʨʫʜʦʚʘʥ-

ʥʦʤ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʠ ʥʘʛʨʝʚʘʪʝʣʝʤ, ʧʨʠ 

ʤʝʭʘʥʠʯʝʩʢʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ 

ʨʝʞʠʤ ʧʨʦʮʝʩʩʘ ʚʳʙʨʘʥ ʦʢʦʣʦ 80Üʉ, ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ ʩʧʠʨʪʦʚʦʛʦ ʢʦʤʧʦ-

ʥʝʥʪʘ. ʇʦ ʦʢʦʥʯʘʥʠʶ ʨʝʘʢʮʠʠ ʩʤʝʩʴ ʦʪʬʠʣʴʪʨʦʚʳ-

ʚʘʣʠ ʦʪ ʬʠʣʴʪʨʦʚʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ, ʧʨʦʤʳʚʘʣʠ ʠ 

ʚʳʩʫʰʠʚʘʣʠ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ. 

ʉʧʠʨʪʦʚʘʷ ʤʠʩʮʝʣʣʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʵʪʠʣʦʚʳʭ 

ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʪʨʠʘʮʠʣʛʣʠʮʝʨʦʣʦʚ, ʜʠʘ-

ʮʠʣʛʣʠʮʝʨʦʣʦʚ, ʤʦʥʦʘʮʠʣʛʣʠʮʝʨʦʣʦʚ, ʚʦʩʢʦʧʦ-

ʜʦʙʥʳʭ ʚʝʱʝʩʪʚ, ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʵʪʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ ʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʙʳʣʘ ʨʘʟʜʝʣʝʥʘ. 

ɺʦʩʢʦʧʦʜʦʙʥʳʝ ʚʝʱʝʩʪʚʘ ʠʟʚʣʝʢʘʣʠ ʤʝʪʦʜʦʤ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ 

ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ. ʇʦʩʣʝ ʯʝʛʦ, ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ 

ʧʨʦʤʳʚʘʣʠ ʦʪ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ.  
ʂʠʥʝʪʠʢʘ ʨʝʘʢʮʠʠ ʘʣʢʦʛʦʣʠʟʘ ʥʘ ʦʪʨʘʙʦʪʘʥ-

ʥʦʤ ʬʠʣʴʪʨʫʶʱʝʤ ʧʦʨʦʰʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ 

ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨ-

ʥʦʡ ʢʠʩʣʦʪʳ ʠ ʘʣʢʠʣʙʝʥʟʦʣʩʫʣʴʬʦʢʠʩʣʦʪʳ, ʚ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ 3 % ʦʪ ʣʠʧʠʜʥʦʡ ʯʘʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1  ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʨʝʘʢʮʠʠ ʘʣʢʦʛʦʣʠʟʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨ 

 

ʀʟ ʜʘʥʥʳʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ 

ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʘʣʢʦʛʦʣʠʟʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʢʘ-

ʯʝʩʪʚʝ ʢʘʪʘʣʪʟʘʪʦʨʦʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ ʠ ʘʣʢʠʣʙʝʥʟʦʣʩʫʣʴʬʦʢʠʩʣʦʪʳ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʦʜʠʥʘʢʦʚʳ ʠ ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ 

ʛʣʫʙʠʥʫ ʨʝʘʢʮʠʠ ʘʣʢʦʛʦʣʠʟʘ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʨʠʩ. 1) ʙʳʣʦ 

ʦʧʨʝʜʝʣʝʥʳ ʨʘʮʠʦʥʘʣʴʥʳʝ ʫʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʦʮʝʩʩʘ, ʘ ʠʤʝʥʥʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 8 ʯ., 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 3 % ʦʪ ʣʠʧʠʜʥʦʡ ʯʘ-

ʩʪʠ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʬʠʣʴʪʨʦʚʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʮʠʠ ʦʢʦʣʦ 80Üʉ.  

ʂʨʦʤʝ ʵʪʦʛʦ, ʫʩʪʘʥʦʚʠʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦ-

ʜʝʨʞʘʥʠʝ ʵʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʧʨʦ-

ʜʫʢʪʘʭ ʨʝʘʢʮʠʠ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʢʦʥʮʝʥʪʨʠʨʦ-

ʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʠ ʘʣʢʠʣʙʝʥʟʦʣʩʫʣʴʬʦʢʠʩ-

ʣʦʪʦʡ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳ ʥʘ ʨʠʩ. 2. 
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ʘ  ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ 

 
ʙ  ʘʣʢʠʣʙʝʥʟʦʣʩʫʣʴʬʦʢʠʩʣʦʪʘ 

ʈʠʩ. 2  ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʵʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʧʦʣʫʯʝʥʥʳʭ ʨʝʘʢʮʠʝʡ 

ʘʣʢʦʛʦʣʠʟʘ: ʘ  ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ, ʙ  ʘʣʢʠʣʙʝʥʟʦʣʩʫʣʴʬʦʢʠʩʣʦʪʘ 

 

ʇʦ ʜʘʥʥʳʤ ʭʨʦʤʘʪʦʛʨʘʤʤ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ 

ʨʠʩ. 2 ʚʠʜʥʦ, ʯʪʦ ʵʪʠʣʦʚʳʝ ʵʬʠʨʳ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʠ ʘʣʢʦʛʦʣʠʟʘ ʩ ʠʩ-

ʧʦʣʴʟʦʚʥʠʝʤ ʢʠʩʣʦʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʢʘʯʝʩʪʚʝʥ-

ʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʭʨʘʤʦʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʦʧʨʝʜʝʣʠʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʪʠʣʦʚʳʭ 

ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʜʣʷ ʦʙʦʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʠʣʦ 83 % ʠ 87 % ʜʣʷ ʢʦʥʮʝʥʪʨʠʨʦ-

ʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʘʣʢʠʣʙʝʥʟʦʣʩʫʣʴʬʦʢʠʩ-

ʣʦʪʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʇʨʠ ʘʥʘʣʠʟʝ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʪʘʢʞʝ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʦʥʦʘ-

ʮʠʣʛʣʠʮʝʨʦʣʳ, ʜʠʘʮʠʣʛʣʠʮʝʨʦʣʳ ʠ ʪʨʠʘʮʠʣʛʣʠʮʝ-

ʨʦʣʳ ʚ ʢʦʣʠʯʝʩʪʚʝ. ʆʥʦ ʩʦʩʪʘʚʠʣʦ 7 %, 16 % ʠ 0 % 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʪʦʨʳʝ ʜʣʷ ʦʙʦʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʩʦʚʧʘʜʘʶʪ ʚ ʧʨʝʜʝʣʘʭ ʦʰʠʙʢʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝ-

ʩʢʦʛʦ ʘʥʘʣʠʟʘ. ɼʘʥʥʳʝ ʚʝʱʝʩʪʚʘ ʷʚʣʷʶʪʩʷ ʧʠʱʝ-

ʚʳʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ.  

ʊʘʢʞʝ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʡ ʭʨʘʤʦʪʘʛʨʘʬʠʠ ʦʧʨʝ-

ʜʝʣʠʣʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚʳ 

ʠʟʚʣʝʯʝʥʥʳʭ ʚʦʩʢʦʧʦʜʦʙʥʳʭ ʚʝʱʝʩʪʚ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳ ʥʘ ʨʠʩ. 3.  
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ʈʠʩ. 3  ʂʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʚʦʩʢʦʧʦʜʦʙʥʳʭ ʚʝʱʝʩʪʚ ʠʟʚʣʝʯʝʥʥʳʭ ʧʦʩʣʝ ʨʝʘʢʮʠʠʠ ʘʣʢʦʛʦʣʠʟʘ 

 

ɸʥʘʣʠʟ ʭʨʦʤʘʪʦʛʨʘʤʤ ʚʦʩʢʦʧʦʜʦʙʥʳʭ ʚʝ-

ʱʝʩʪʚ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ ʵʢʩʪʨʘʢʮʠʝʡ ʚ ʨʘʙʦʪʝ [7], 

ʧʦʢʘʟʘʣ ʯʪʦ, ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʚʦʩʢʦʧʦʜʦʙʥʳʭ 

ʚʝʱʝʩʪʚ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚ ʩ ʚʦʩʢʦʧʦʜʦʙʥʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʘʢʮʠʝʡ ʘʣʢʦʛʦʣʠʟʘ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʚʦʩʢʦʚ ʩ ʯʸʪʥʳʤ 

ʯʠʩʣʦʤ ʘʪʦʤʦʚ ʉ ʦʪ ʉ42 ʜʦ ʉ56 ʛʦʨʘʟʜʦ ʚʳʰʝ, ʯʝʤ 

ʩ ʥʝʯʸʪʥʳʤ ʯʠʩʣʦʤ ʘʪʦʤʦʚ ʉ ʦʪ ʉ43 ʜʦ ʉ53. 

ʇʦ ʜʘʥʥʳʤ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʦʧʨʝʜʝʣʠʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʚʦʩʢʦʧʦʜʦʙʥʳʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 

79,7 % ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʣʠʧʠʜʥʦʡ ʯʘʩʪʠ 

ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʬʠʣʴʪʨʦʚʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ. 

ɺʳʚʦʜʳ.  

ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʵʪʠʣʦʚʳʭ 

ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʙʝʟ ʧʨʝʜʚʦʨʠʪʝʣʴʥʦʛʦ ʠʟ-

ʚʣʝʯʝʥʠʷ ʠʟ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʬʠʣʴʪʨʦʚʘʣʴʥʦʛʦ ʧʦ-

ʨʦʰʢʘ ʣʠʧʠʜʥʦʡ ʯʘʩʪʠ. 

ʋʩʪʘʥʦʚʣʝʥʥʳ ʨʘʮʠʦʥʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝ-

ʜʝʥʠʷ ʨʝʘʢʮʠʠ ʘʣʢʦʛʦʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥ-

ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʘʣʢʠʣʙʝʥʟʦʣ-

ʩʫʣʴʬʦʢʠʩʣʦʪʳ, ʘ ʠʤʝʥʥʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʠ 

ʩʦʩʪʘʚʠʣʘ 8 ʯ., ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 3 % ʦʪ 

ʣʠʧʠʜʥʦʡ ʯʘʩʪʠ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʬʠʣʴʪʨʦʚʘʣʴʥʦʛʦ 

ʧʦʨʦʰʢʘ. ʉʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʩ ʠʩʩʣʝʜʫʝʤʳʤʠ ʢʘʪʘ-

ʣʠʟʘʪʦʨʘʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ, ʘ ʢʘʪʘʣʠʟʘʪʦ-

ʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʘʪʦʯʥʫʶ ʛʣʫʙʠʥʫ ʨʝʘʢʮʠʠ. 

ʉ ʧʦʤʦʱʴʶ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʦʧʨʝʜʝ-

ʣʠʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʪʠʣʦʚʳʭ ʵʬʠ-

ʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ ʚʦʩʢʦʧʦʜʦʙʥʳʭ ʚʝʱʝʩʪʚ. 

ɺʳʭʦʜ ʵʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ  ʢʦʤʧʦ-

ʥʝʥʪʘ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 

87 %, ʘ ʚʳʭʦʜ ʠʟʚʣʝʯʝʥʥʳʭ ʚʦʩʢʦʧʦʜʦʙʥʳʭ ʚʝ-

ʱʝʩʪʚ ʦʢʦʣʦ 79,7 % ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʦʩʢʦ-

ʧʦʜʦʙʥʳʭ ʚʝʱʝʩʪʚ. 
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ɸʥʥʦʪʘʮʠʷ 

ʆʩʥʦʚʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʦʩʪʘʚʣʷʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʠʩʩʣʝʜʫʝʪʩʷ ʚʦʧʨʦʩ ʨʘʟʚʠʪʠʷ ʠ ʜʠʥʘʤʠ-

ʢʠ ʚʥʫʪʨʠʛʦʨʦʜʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʚʫʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ ʚʥʫʪʨʠ ʝʜʠʥʦʡ ʛʦʨʦʜʩʢʦʡ ʘʛʣʦ-

ʤʝʨʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʠʟ ʜʚʫʭ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʥʝ-

ʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʪʠʧʘ. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʜʙʦʨʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦ-

ʜʝʣʠ ʚʦʟʤʦʞʥʳ ʨʘʟʣʠʯʥʳʝ ʩʮʝʥʘʨʠʠ ʨʘʟʚʠʪʠʷ ʩʠʪʫʘʮʠʠ: ʦʪ ʧʦʣʥʦʛʦ ʚʳʪʝʩʥʝʥʠʷ ʦʜʥʦʡ ʛʨʫʧʧʳ ʥʘʩʝʣʝʥʠʷ 

ʜʨʫʛʦʡ (ʠʟʥʘʯʘʣʴʥʦ ʙʦʣʝʝ çʘʛʨʝʩʩʠʚʥʦʡè) ʜʦ çʤʠʨʥʦʛʦè ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠʭ ʤʝʞʜʫ ʩʦʙʦʡ. 

Abstract 

In this paper using a mathematical model of the so-called space-dynamic approach we investigate the prob-

lem of development and dynamics of urban population. Interaction of two population groups inside a single ur-

ban area can be described qualitatively by a system of two non-stationary nonlinear differential equations of the 

diffusion type. The results of numerical simulation show that with a suitable choice of the coefficients of the 

proposed mathematical model may be different scenarios of situation development: from complete displacement 

of one population group by another (originally more ñaggressiveò) to the ñpeacefulò co-existence of them to-

gether. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʛʦʨʦʜʩʢʦʝ ʥʘʩʝʣʝʥʠʝ, ʥʝʣʠʥʝʡʥʳʝ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʪʠʧʘ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʜʠʥʘʤʠʢʘ ʛʦʨʦʜʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ, 

ʫʩʪʦʡʯʠʚʳʝ ʠ ʥʝʫʩʪʦʡʯʠʚʳʝ ʨʝʞʠʤʳ 

Keywords: mathematical modeling, the urban population, the non-linear differential equations of the diffu-

sion type, spatiotemporal dynamics of urban population, stable and unstable regimes 

 

ɺɺɽɼɽʅʀɽ 

ɺʩʷʢʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʦʦʪʥʦ-

ʩʠʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʚʨʝʤʝʥʝʤ ʠ ʤʝʩʪʦʤ, ʘ ʧʦʪʦ-

ʤʫ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʵʚʦʣʶʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷ-

ʝʪʩʷ ʫʯʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʉ ʧʨʦ-

ʛʨʝʩʩʦʤ ʚ ʫʩʣʦʚʠʷʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʩʚʷʟʠ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ 

ʧʝʨʝʤʝʥʥʳʤʠ ʩʪʘʥʦʚʠʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘ-
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ʚʠʩʠʤʳʤ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺʘʞʥʦ 

ʙʳʣʦ ʙʳ ʧʦʥʷʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʭ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠʣʠ, ʚ ʠʟʚʝʩʪʥʦʤ ʩʤʳʩ-

ʣʝ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʶ ʚ ʵʢʦʥʦ-

ʤʠʢʝ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʵʢʦ-

ʥʦʤʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʦʪʨʘʞʘʶʪ ʩʚʦʡʩʪʚʦ ʠʟʤʝʥʝ-

ʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʩʣʦʞʥʦʝ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝ-

ʥʠʝ. ɺ ʫʨʙʘʥʠʩʪʠʢʝ ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʤʝʜʣʝʥʥʦ 

ʧʨʦʠʩʪʝʢʘʶʱʠʝ ʛʨʘʜʦʬʦʨʤʠʨʫʶʱʠʝ ʧʨʦʮʝʩʩʳ 

ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʨʝʛʫʣʷʨʥʳʤʠ ʠ ʥʝʨʝʛʫʣʷʨ-

ʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʦʩʮʠʣʣʷʮʠʷʤʠ. 

ɺ ʛʝʦʛʨʘʬʠʠ ʠ ʥʘʫʢʝ ʦʙ ʵʢʦʥʦʤʠʢʝ ʛʦʨʦʜʦʚ ʠ 

ʨʝʛʠʦʥʦʚ ʧʦʩʪʨʦʝʥʦ ʤʥʦʞʝʩʪʚʦ ʤʦʜʝʣʝʡ ʜʣʷ ʦʙʲ-

ʷʩʥʝʥʠʷ ʥʘʩʪʦʷʱʠʭ ʠ ʧʨʦʛʥʦʟʘ ʙʫʜʫʱʠʭ ʧʨʦʮʝʩʩʦʚ 

ʛʨʘʜʦʬʦʨʤʠʨʦʚʘʥʠʷ. ɺ ʧʨʠʤʝʨ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ 

ʪʨʠ ʧʦʜʭʦʜʘ ʧʨʝʜʣʦʞʝʥʥʳʭ ʝʱʝ ʚ ʧʨʦʰʣʦʤ ʚʝʢʝ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

ʇʝʨʚʳʡ, ʥʘʟʳʚʘʝʤʳʡ çʥʝʦʢʣʘʩʩʠʯʝʩʢʦʡ ʵʢʦ-

ʥʦʤʠʢʦʡ ʛʦʨʦʜʦʚè, ʨʘʟʚʠʚʘʣʩʷ ʫʩʠʣʠʷʤʠ ʮʝʣʦʛʦ 

ʨʷʜʘ ʵʢʦʥʦʤʠʩʪʦʚ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʭʩʷ ʚ ʫʨʙʘʥʠ-

ʩʪʠʢʝ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʘʢʠʤʠ, ʢʘʢ ʋʠʣʴʷʤ 

ɸʣʦʥʩʦ. ʇʦʩʣʝʜʥʠʡ ʨʘʟʨʘʙʦʪʘʣ ʤʦʜʝʣʴ ʟʝʤʝʣʴʥʦʛʦ 

ʨʳʥʢʘ ʚ ʛʦʨʦʜʝ ʠ ʝʛʦ ʦʢʨʝʩʪʥʦʩʪʷʭ (ʤʦʜʝʣʴ ɸʣʦʥ-

ʩʦ) ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʊʶʥʝʥʘ, ʘʜʘʧʪʠʨʦʚʘʚ ʝʝ ʢ 

ʨʳʥʢʫ ʛʦʨʦʜʩʢʦʡ ʟʝʤʣʠ [1, 100]. ɸʣʦʥʩʦ ʧʨʝʜʧʦ-

ʣʦʞʠʣ, ʯʪʦ ʚʳʝʟʜ ʥʘʩʝʣʝʥʠʷ ʟʘ ʛʦʨʦʜ ʙʳʣ ʩʚʷʟʘʥ ʩ 

ʜʚʫʤʷ ʬʘʢʪʦʨʘʤʠ ʨʦʩʪʦʤ ʜʦʭʦʜʦʚ ʠ ʫʣʫʯʰʝʥʠʝʤ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʈʦʩʪ ʜʦʭʦʜʦʚ ʚ ʤʦʜʝʣʠ ɸʣʦʥʩʦ ʚʳʟʳʚʘʝʪ ʨʦʩʪ 

ʩʧʨʦʩʘ ʫ ʥʘʩʝʣʝʥʠʷ ʥʘ ʨʘʟʤʝʨ ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ, 

ʘ ʩʥʠʞʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʠʟʜʝʨʞʝʢ ʩʥʠʞʘʝʪ 

ʩʪʨʝʤʣʝʥʠʝ ʥʘʩʝʣʝʥʠʷ ʞʠʪʴ ʙʣʠʞʝ ʢ ʮʝʥʪʨʫ. ʏʪʦ-

ʙʳ ʵʪʠ ʧʨʦʮʝʩʩʳ ʙʳʣʠ ʫʯʪʝʥʳ ʚ ʤʦʜʝʣʠ, ɸʣʦʥʩʦ, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ, ʚʚʝʣ ʚ ʬʫʥʢʮʠʠ 

ʧʨʠʙʳʣʠ ʜʣʷ ʢʦʤʧʘʥʠʡ ʠ ʚ ʬʫʥʢʮʠʠ ʧʦʣʝʟʥʦʩʪʠ 

ʜʣʷ ʜʦʤʦʭʦʟʷʡʩʪʚʘ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʨʘʟʤʝʨ 

ʫʯʘʩʪʢʘ ʠ ʫʜʘʣʝʥʥʦʩʪʴ ʫʯʘʩʪʢʘ ʦʪ ʮʝʥʪʨʘ. ʅʦ ʧʦʜ-

ʭʦʜ ʥʝʦʢʣʘʩʩʠʯʝʩʢʦʡ ʵʢʦʥʦʤʠʢʠ ʦʛʨʘʥʠʯʝʥ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʘʥʘʣʠʟʦʤ ʨʘʚʥʦʚʝʩʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠ ʟʘʚʝ-

ʜʦʤʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ. 

ɺʪʦʨʦʡ ʧʦʜʭʦʜ ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ, ʚ ʦʩʥʦʚʥʦʤ, 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʚ ʦʙʣʘʩʪʠ ʥʘʫʢʠ ʦ ʨʝʛʠʦʥʘʭ ʠ 

ʛʝʦʛʨʘʬʠʠ. ɺʨʝʤʷ ʠ ʤʝʩʪʦ ʚ ʵʪʦʤ ʧʦʜʭʦʜʝ ʠʛʨʘʣʦ 

ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ. ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʵʪʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʜʠʩʢʨʝʪʥʳʝ ʟʦʥʳ, 

ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ ʦʙʲʷʩʥʠʪʴ ʚʥʫʪʨʝʥʥʶʶ 

ʩʪʨʫʢʪʫʨʫ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʛʦʨʦʜʦʚ. 

ʊʨʝʪʠʡ ʧʦʜʭʦʜ, ʥʘʟʳʚʘʝʤʳʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʨʠʙʣʠʞʝʥʠʝʤ, ʜʣʷ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʧʨʦʙʣʝʤ ʜʠʥʘʤʠʢʠ ʛʦʨʦʜʦʚ ʠʩʧʦʣʴʟʫʝʪ ʥʝ-

ʧʨʝʨʳʚʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ [2, 3]. ɿʘʥʛʦʤ ʙʳʣʘ ʧʨʝʜ-

ʣʦʞʝʥʘ ʪʘʢʘʷ ʤʦʜʝʣʴ, ʛʜʝ ʚ ʬʦʢʫʩʝ ʚʥʠʤʘʥʠʷ 

ʥʘʭʦʜʠʪʩʷ ʠʤʝʥʥʦ ʧʨʦʙʣʝʤʘ ʵʚʦʣʶʮʠʠ ʚʥʫʪʨʝʥʥʝʡ 

ʩʪʨʫʢʪʫʨʳ ʛʦʨʦʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʦ ʨʘʟ-

ʚʠʪʠʠ ʛʦʨʦʜʘ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ ʚ 

ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʛʨʘ-

ʥʠʯʥʳʤʠ ʠ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. 

ʉ ʪʝʭ ʧʦʨ ʧʨʦʙʣʝʤʳ ʛʦʨʦʜʦʚ ʚʝʩʴʤʘ ʫʩʣʦʞʥʠ-

ʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʠ 

ʠʟʤʝʥʝʥʠʷ ʧʦʚʝʜʝʥʠʷ ʣʶʜʝʡ. ɻʦʨʦʜʩʢʠʝ ʩʠʩʪʝʤʳ 

ʥʘʰʝʛʦ ʚʨʝʤʝʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʦʟʨʘʩʪʘʥʠʝʤ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʥʠʭ ʧʨʦʮʝʩʩʦʚ. ʎʝʥ-

ʪʨʘʣʠʟʘʮʠʷ ʛʦʨʦʜʦʚ ʥʘʙʣʶʜʘʣʘʩʴ ʢʘʢ ʚ ʨʘʟʚʠʪʳʭ 

ʩʪʨʘʥʘʭ, ʪʘʢ ʠ ʚ ʩʪʨʘʥʘʭ ʨʘʟʚʠʚʘʶʱʠʭʩʷ; ʥʦ ʚ ʛʦ-

ʨʦʜʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʩʦʚʨʝʤʝʥʥʦʩʪʠ ʚʩʝ ʙʦʣʴʰʝ 

ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʧʨʦʮʝʩʩʳ ʜʝʮʝʥʪʨʘʣʠʟʘʮʠʠ, ʠ ʩʝʛʦ-

ʜʥʷ ʯʘʱʝ ʤʳ ʥʘʙʣʶʜʘʝʤ ʛʝʪʝʨʦʛʝʥʥʳʝ ʛʦʨʦʜʩʢʠʝ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʥʝʞʝʣʠ ʛʦʤʦʛʝʥʥʳʝ. ʆʙʨʘʟʮʘʤʠ 

ʩʣʦʞʥʦʩʪʠ ʛʦʨʦʜʩʢʠʭ ʬʦʨʤ ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʤʝʛʘ-

ʧʦʣʠʩʳ, ʢʘʢ ʊʦʢʠʦ, ʇʘʨʠʞ, ʅʴʶ-ʁʦʨʢ ʠ ʪ.ʧ. 

ʕʪʦ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʘʩʝʣʝʥʠʷ ʠ ʩʦʮʠʦʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʪʷʛʦʪʝʶʪ ʢ ʘʛʨʝʛʘʮʠʠ ʠ ʨʝʛʠʦʥʘʣʠʟʘʮʠʠ. ʇʨʠʯʠʥʦʡ 

ʪʦʤʫ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʥʘʣʠʯʠʝ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ. 

ʉʢʘʞʝʤ ʨʘʩʩʫʞʜʘʪʴ ʦ ʪʦʤ, ʢʘʢ ʯʝʣʦʚʝʢ ʧʨʠʙʳʚʘʝʪ 

ʚ ʛʦʨʦʜ ʠ ʞʝʣʘʝʪ ʢʫʧʠʪʴ ʟʝʤʣʶ ʜʣʷ ʧʨʦʞʠʚʘʥʠʷ, 

ʤʦʞʥʦ ʩ ʨʘʟʣʠʯʥʳʭ ʪʦʯʝʢ ʟʨʝʥʠʷ. ɺ ʧʨʠʤʝʨ ʤʦʞʥʦ 

ʧʨʠʚʝʩʪʠ ʞʘʨʢʠʝ ʩʧʦʨʳ ʤʝʞʜʫ ʵʢʦʥʦʤʠʩʪʘʤʠ ʠ 

ʵʢʦʣʦʛʘʤʠ: ʵʢʦʥʦʤʠʩʪʳ ʩʢʣʦʥʥʳ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʯʴ ʥʝ ʠʜʝʪ ʥʠ ʦ ʢʘʢʠʭ ʯʫʚʩʪʚʘʭ, ʧʦ-

ʩʢʦʣʴʢʫ ʦʙʩʫʞʜʘʝʤʳʡ ʠʥʜʠʚʠʜʫʫʤ ï ʵʢʦʥʦʤʠʯʥʳʡ 

ʯʝʣʦʚʝʢ, ʩʪʦʣʢʥʫʚʰʠʡʩʷ ʩ ʜʚʫʤʷ ʥʝʦʙʭʦʜʠʤʦʩʪʷʤʠ 

ʚʳʙʦʨʘ: ʥʘʩʢʦʣʴʢʦ ʙʦʣʴʰʦʡ ʫʯʘʩʪʦʢ ʧʦʢʫʧʘʪʴ ʠ 

ʥʘʩʢʦʣʴʢʦ ʙʣʠʟʢʦ ʨʘʟʤʝʩʪʠʪʴʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʮʝʥʪʨʫ ʛʦʨʦʜʘ. ʕʢʦʣʦʛʠ ʦʪʚʝʯʘʶʪ, ʯʪʦ ʠʥʜʠʚʠʜʫʫʤ 

ʙʫʜʝʪ ʦʮʝʥʠʚʘʪʴ ʦʯʝʚʠʜʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʨʘʩʦʚʳʡ 

ʩʦʩʪʘʚ ʧʨʦʞʠʚʘʶʱʠʭ ʨʷʜʦʤ ʣʶʜʝʡ, ʢʘʯʝʩʪʚʦ ʰʢʦʣ 

ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ, ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʨʦʜʩʪʚʝʥʥʠʢʦʚ, ʞʠ-

ʚʫʱʠʭ ʚ ʛʦʨʦʜʝ ʠ ʪʳʩʷʯʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʪʨʫʜʘʭ, ʨʘʩʩʤʘʪ-

ʨʠʚʘʚʰʠʭ ʵʚʦʣʶʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʨʦʮʝʩʩʘʤ 

ʤʦʜʝʣʠ ʛʨʘʜʦʬʦʨʤʠʨʦʚʘʥʠʷ, ʠʩʩʣʝʜʫʝʪʩʷ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʧʝʨʝʤʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʛʨʘʜʦʬʦʨʤʠʨʦ-

ʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʥʝʣʠʥʝʡʥʘʷ ʜʠʬ-

ʬʫʟʠʷ, ʫʯʘʩʪʚʫʶʱʘʷ ʢʘʢ çʩʪʘʙʠʣʠʟʘʪʦʨè ʠʣʠ, 

ʥʘʦʙʦʨʦʪ, çʜʝʩʪʘʙʠʣʠʟʘʪʦʨè ʤʦʜʝʣʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʅʘʩʝʣʝʥʠʝ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʛʨʫʧʧʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʠʣʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʅʘʩʝʣʝʥʠʝ 

ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʨʘʩʦʚʦʤʫ ʧʨʦʠʩʭʦʞ-

ʜʝʥʠʶ (ʝʚʨʦʧʝʡʩʢʦʝ ï ʥʝʝʚʨʦʧʝʡʩʢʦʝ), ʧʦ ʫʨʦʚʥʶ 

ʬʠʥʘʥʩʦʚʦʛʦ ʜʦʭʦʜʘ (ʙʦʛʘʪʳʭ ï ʙʝʜʥʳʝ), ʧʦ ʫʨʦʚ-

ʥʶ ʦʙʨʘʟʦʚʘʥʠʷ (ʦʙʨʘʟʦʚʘʥʥʳʝ ï ʥʝʦʙʨʘʟʦʚʘʥʥʳʝ) 

ʠ ʪ.ʧ. 

ɺ ʮʝʣʦʤ ʨʷʜʝ ʚʳʩʦʢʦʨʘʟʚʠʪʳʭ ʚ ʵʢʦʥʦʤʠʯʝ-

ʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʩʪʨʘʥ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʛʨʫʧʧ 

ʥʘʩʝʣʝʥʠʷ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʨʘʟʣʠʯʥʳʤ ʩʦʮʠʘʣʴ-

ʥʳʤ ʩʣʦʷʤ, ʧʦʨʦʞʜʘʣʦ ʠ ʧʦʨʦʞʜʘʝʪ ʩʝʨʴʝʟʥʳʝ 

ʩʦʮʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʩʪʘʣʦ ʘʢ-

ʪʠʚʥʦ ʠʟʫʯʘʪʴʩʷ ʩ ʨʘʟʣʠʯʥʳʭ ʪʦʯʝʢ ʟʨʝʥʠʷ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʜʦʙʥʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ 

ʚʥʫʪʨʠ ʝʜʠʥʦʡ ʛʦʨʦʜʩʢʦʡ ʘʛʣʦʤʝʨʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʠʩʘʥʦ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʩ ʧʦʤʦʱʴʶ ʩʠ-

ʩʪʝʤʳ ʠʟ ʥʝʩʢʦʣʴʢʠʭ, ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ, ʥʝʣʠʥʝʡ-

ʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʠʬʬʫʟʠʦʥʥʦ-

ʛʦ ʪʠʧʘ. ɼʣʷ ʧʨʦʩʪʦʪʳ ʨʘʩʩʤʦʪʨʝʥʦ ʪʦʣʴʢʦ ʜʚʝ 

ʛʨʫʧʧʳ, ʦʙʦʟʥʘʯʘʝʤʳʝ ʢʘʢ çʛʨʫʧʧʘ 1è ʠ çʛʨʫʧ-

ʧʘ 2è: 

https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%B4%D0%B5%D0%BB%D1%8C_%D0%90%D0%BB%D0%BE%D0%BD%D1%81%D0%BE
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%B4%D0%B5%D0%BB%D1%8C_%D0%90%D0%BB%D0%BE%D0%BD%D1%81%D0%BE
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%B4%D0%B5%D0%BB%D1%8C_%D0%A2%D1%8E%D0%BD%D0%B5%D0%BD%D0%B0
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ʛʜʝ ʠʩʢʦʤʳʝ ʬʫʥʢʮʠʠ 
1 2( )u u x x t= , , ʠ 

1 2( )v v x x t= , , ʧʦ ʩʤʳʩʣʫ ʦʧʨʝʜʝʣʷʶʪ ʩʦʦʪʚʝʪ-
ʩʪʚʝʥʥʦ ʧʣʦʪʥʦʩʪʠ 1-ʦʡ ʠ 2-ʦʡ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ ʚ 

ʪʦʯʢʝ 
1 2( )x x,  ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t . 

ʌʫʥʢʮʠʠ çʚʟʘʠʤʦʜʝʡʩʪʚʠʷè 

( , ), 1,2sF u v s= , (ʠʭ ʤʦʞʥʦ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ 

ʠʩʪʦʯʥʠʢʠ), ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ (1) ʠʛʨʘ-

ʶʪ ʚʘʞʥʫʶ ʨʦʣʴ, ʪ.ʢ. ʦʢʘʟʳʚʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʚʩʶ ʤʦʜʝʣʴ ʚ ʮʝʣʦʤ. ɼʝʪʘʣʠ ʟʘʜʘʥʠʷ 

ʵʪʠʭ ʬʫʥʢʮʠʡ ʙʫʜʫʪ ʦʙʩʫʞʜʘʪʴʩʷ ʜʘʣʝʝ. 

ɺ ʩʠʩʪʝʤʝ (1) ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ (ʦʧʝʨʘʪʦʨ ʜʠʬʬʫʟʠʠ) (.)sL  ʧʨʠ-

ʩʫʪʩʪʚʫʝʪ ʚ ʧʨʘʚʳʭ ʯʘʩʪʷʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʷ 

ʵʬʬʝʢʪ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ) ʜʠʬ-

ʬʫʟʠʠ ʥʘʩʝʣʝʥʠʷ, ʧʨʠʯʝʤ ʩʪʨʫʢʪʫʨʘ ʵʪʦʛʦ ʦʧʝʨʘ-

ʪʦʨʘ ʩʣʝʜʫʶʱʘʷ: 

(.) ( (.)), 1,2s sL div K grad s= = , 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʝʤʫ ʚʠʜʫ: 

1 1 2 2

. .
(.) ( (.)) ( (.))s s s s sL div K grad K K K

x x x x

å õ å õµ µ µ µ
= =ÐÖ Ð = +æ ö æ ö

µ µ µ µç ÷ ç ÷
. 

ɼʘʣʝʝ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʵʪʦ-

ʛʦ ʦʧʝʨʘʪʦʨʘ ( , )s sK K u v=  ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠ-

ʷʤʠ ʥʝʠʟʚʝʩʪʥʦʛʦ ʨʝʰʝʥʠʷ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʥʝʣʠʥʝʡ-

ʥʦʩʪʴ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1). ɿʘʚʠʩʠʤʦʩʪʴ ʵʪʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪ ʥʝʠʟʚʝʩʪʥʳʭ ʬʫʥʢʮʠʡ ʦʧʨʝʜʝ-

ʣʷʝʪ ʥʝʣʠʥʝʡʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʠ ʚʩʝ 

ʧʨʦʙʣʝʤʳ ʝʝ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʩ ʵʪʠʤ 

ʩʚʷʟʘʥʳ. 

ʉʠʩʪʝʤʘ (1) ʨʝʰʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ W (ʨʠʩ. 1). 

 

ʈʠʩ. 1. ʆʙʣʘʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ: 1 2,x x  - ʜʝʢʘʨʪʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ; 

1l  - ʰʠʨʠʥʘ ʦʙʣʘʩʪʠ ʧʦ ʢʦʦʨʜʠʥʘʪʝ 1x , 2l  - ʰʠʨʠʥʘ ʦʙʣʘʩʪʠ ʧʦ ʢʦʦʨʜʠʥʘʪʝ 2x , 

 

, , ,A B C D - ʛʨʘʥʠʯʥʳʝ (ʫʛʣʦʚʳʝ) ʪʦʯʢʠ. 

ɼʣʷ ʟʘʚʝʨʰʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʠ 

ʟʘʜʘʯʠ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ (1) ʥʝʦʙ-

ʭʦʜʠʤʦ ʟʘʜʘʪʴ ʥʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ɿʘʜʘʥʠʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ (ʫʩʣʦʚʠʡ ʂʦʰʠ) 

ʜʣʷ ʩʠʩʪʝʤʳ (1), ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʢʘʢʠʭ-ʣʠʙʦ ʪʝʭʥʠʯʝʩʢʠʭ ʩʣʦʞʥʦʩʪʝʡ. 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝ-

ʤʝʥʠ 0t=  ʠʩʭʦʜʥʘʷ ʩʪʨʫʢʪʫʨʘ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ 

(ʠʭ ʧʣʦʪʥʦʩʪʠ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ) ʦʧʠ-

ʩʳʚʘʝʪʩʷ ʜʚʫʤʷ ʟʘʜʘʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ: 

1 2 0 1 20

1 2 0 1 20

( , , ) ( , )

( , , ) ( , ),

t

t

u x x t u x x

v x x t v x x

=

=

ë =î
ì

=îí

    (2) 

ʛʜʝ 1 2( )x x, ÍW. 
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ɿʘʜʘʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 

ɼʣʷ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

(1) ʤʦʛʫʪ ʙʳʪʴ ʧʦʩʪʘʚʣʝʥʳ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ʧʝʨʚʦʛʦ, ʚʪʦʨʦʛʦ ʠʣʠ ʪʨʝʪʴʝʛʦ ʨʦʜʦʚ. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʝʨʚʦʛʦ ʨʦʜʘ: 

1 2 1 1 2

1 2 2 1 2

( , , ) ( , , )

( , , ) ( , , ),

u x x t x x t

v x x t x x t

j

j

G

G

ë =î
ì

=îí

 (3) 

ʛʜʝ 
1 2( )x x, ÍG, G=µW - ʛʨʘʥʠʮʘ ʦʙʣʘ-

ʩʪʠ W, ʘ ʛʨʘʥʠʯʥʳʝ ʬʫʥʢʮʠʠ (.,.,.)sj , 1,2s=
, ʩʯʠʪʘʶʪʩʷ ʠʟʚʝʩʪʥʳʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʜʝʩʴ 

ʟʘʜʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʩʝʣʝʥʠʷ ʥʘ ʛʨʘʥʠʮʘʭ 

ʦʙʣʘʩʪʠ ʨʝʰʝʥʠʷ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚʪʦʨʦʛʦ ʨʦʜʘ: 

1 1 1 2

2 2 1 2

( , , )

( , , ),

u
x x t

n

v
x x t

n

l j

l j

G

G

ë µ
=î µî

ì
µî =

î µí

 (4) 

ʛʜʝ ʪʦʯʢʘ 1 2( )x x, ÍG. ɿʜʝʩʴ ʜʦʧʫʩʢʘʝʪʩʷ 

ʧʦʪʦʢ (ʧʝʨʝʪʦʢ) ʥʘʩʝʣʝʥʠʷ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʛʦʨʦʜ-

ʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʦʙʣʘʩʪʠ ʨʝʰʝʥʠʷ), n  - ʚʥʝʰ-

ʥʷʷ ʝʜʠʥʠʯʥʘʷ ʥʦʨʤʘʣʴ ʢ ʛʨʘʥʠʮʝ G=µW. ɽʩʣʠ 
ʵʪʠ ʧʦʪʦʢʠ ʨʘʚʥʳ ʥʫʣʶ, ʪʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʘʢʠʭ-

ʣʠʙʦ ʧʝʨʝʤʝʱʝʥʠʡ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʦʙʣʘʩʪʠ ʥʝʪ. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʪʨʝʪʴʝʛʦ ʨʦʜʘ: 

1 1 1 1 2

2 2 2 1 2

( , , )

( , , ),

u
Au x x t

n

v
A v x x t

n

l j

l j

G

G

ë µå õ
+ =îæ ö
µç ÷î

ì
µå õî + =æ öî µç ÷í

 (5) 

ʛʜʝ ʪʦʯʢʘ 
1 2( )x x, ÍG ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ 

sA const= , 1,2s= . 

ʂʘʢ ʠ ʚ ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʪʝʧʣʦʧʝʨʝʥʦʩʘ, 

ʟʜʝʩʴ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʙʤʝʥ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ. ʊʨʘʢʪʦʚʘʪʴ ʵʪʦ ʤʦʞʥʦ ʩʣʝʜʫ-

ʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʝʚʦʟʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴ ʧʦʪʦʢ 

ʥʘʩʝʣʝʥʠʝ ʚ ʢʘʢʫʶ-ʣʠʙʦ ʩʪʦʨʦʥʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʦʧʨʝʜʝ-

ʣʷʶʪ ʪʦ, ʢʘʢ ʛʦʨʦʜʩʢʘʷ ʩʠʩʪʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

çʚʥʝʰʥʠʤ ʤʠʨʦʤè. 

ɺ ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʷʭ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʨʦʜʦʚ 

(4)-(5) ʧʨʦʠʟʚʦʜʥʘʷ ʦʙʦʟʥʘʯʘʝʪ ʥʦʨʤʘʣʴʥʫʶ ʧʨʦ-

ʠʟʚʦʜʥʫʶ ʦʪ ʠʩʢʦʤʦʡ ʬʫʥʢʮʠʠ ʧʦ ʚʝʢʪʦʨʫ ʚʥʝʰ-

ʥʝʡ ʝʜʠʥʠʯʥʦʡ ʥʦʨʤʘʣʠ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ 

ʫʯʘʩʪʢʫ ʛʨʘʥʠʮʳ 

{ }AB BC CD DAG= Ç Ç Ç , ʪ.ʝ.: 

Á ʥʘ ʫʯʘʩʪʢʝ ʛʨʘʥʠʮʳ AB ʵʪʦ: 

Á 1 2 1 2 2

1

. .
, ( , ) { 0,0 }

AB

x x AB x x l
n xG

µ µ
=- Í = = < <

µ µ
; 

Á ʥʘ ʫʯʘʩʪʢʝ ʛʨʘʥʠʮʳ BC ʵʪʦ: 1 2 1 1 2 2

2

. .
, ( , ) {0 , }

BC

x x BC x l x l
n xG

µ µ
= Í = < < =

µ µ
; 

Á ʥʘ ʫʯʘʩʪʢʝ ʛʨʘʥʠʮʳ CD ʵʪʦ: 1 2 1 1 2 2

1

. .
, ( , ) { ,0 }

CD

x x CD x l x l
n xG

µ µ
= Í = = < <

µ µ
; 

Á ʥʘ ʫʯʘʩʪʢʝ ʛʨʘʥʠʮʳ DA ʵʪʦ: 1 2 1 1 2

2

. .
, ( , ) {0 , 0}

DA

x x DA x l x
n xG

µ µ
=- Í = < < =

µ µ
. 

 

ɺ ʠʪʦʛʝ ʠʤʝʝʤ ʩʠʩʪʝʤʫ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (1) ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠ-

ʷʤʠ (2) ʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʦʜʥʦʛʦ ʠʟ ʪʨʝʭ 

ʚʠʜʦʚ (3)-(5). 

ʇʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʜʙʦʨʝ ʧʘʨʘʤʝʪʨʦʚ 

ʵʪʦʡ ʤʦʜʝʣʠ (ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʠʬʬʫʟʠʠ, ʚʠʜʘ 

ʬʫʥʢʮʠʡ ʠʩʪʦʯʥʠʢʘ sF  ʠ ʪ.ʜ.) ʤʦʞʥʦ ʥʘʜʝʷʪʴʩʷ ʥʘ 

ʧʦʣʫʯʝʥʠʝ ʪʘʢʠʭ ʨʝʞʠʤʦʚ ʨʝʰʝʥʠʷ (ʨʝʞʠʤʳ ʩ 

ʦʙʦʩʪʨʝʥʠʝʤ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʘʪʪʨʘʢʪʦʨʦʚ ʠ ʪ.ʜ.), 

ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʥʝ 

ʪʦʣʴʢʦ ʩ ʯʠʩʪʦ ʥʘʫʯʥʦʡ, ʥʦ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʝʢ 

ʟʨʝʥʠʷ. 

ʏʠʩʣʝʥʥʘʷ ʩʭʝʤʘ ʨʝʰʝʥʠʷ 

ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ (1), ʪ.ʢ. ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʦ-

ʩʪʘʪʦʯʥʦ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʪʠʧʘ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ, ʚ ʥʘʩʪʦʷ-

ʱʝʡ ʨʘʙʦʪʝ ʨʝʰʘʝʪʩʷ ʯʠʩʣʝʥʥʦ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ 

ʨʘʟʥʦʩʪʝʡ (ʄʂʈ). 

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʷʚ-

ʥʳʡ ʤʝʪʦʜ ʧʝʨʝʤʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. ʇʨʦʛʨʘʤʤ-

ʥʳʡ ʢʦʜ ʨʝʘʣʠʟʦʚʘʥ ʚ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ MatLab. 

ʉʝʪʦʯʥʘʷ ʬʫʥʢʮʠʷ 

ɼʣʷ ʯʠʩʣʝʥʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʠʩʪʝʤʳ ʜʠʬ-

ʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (1) ʚʦʜʠʪʩʷ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʘʷ ʩʝʪʢʘ, ʧʦʢʨʳʚʘʶʱʘʷ ʦʙʣʘʩʪʴ W: 



Norwegian Journal of development of the International Science No 4/  2017 31 

( )

1 1

ix i h= Ö, 
( )

2 2

jx j h= Ö, ʛʜʝ 
1 2,h h  - ʰʘ-

ʛʠ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ (, 1,2s
s

s

l
h s

N
= = ), ʘ 

( )kt k t= Ö - k -ʳʡ ʚʨʝʤʝʥʥʦʡ ʩʣʦʡ                      

( max0,k K= ), t - ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʷ ʨʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ W ʧʦ-

ʢʨʳʚʘʝʪʩʷ ʩʝʪʢʦʡ (ʨʠʩ. 2). 

 
ʈʠʩ. 2. ʈʘʟʥʦʩʪʥʘʷ ʩʝʪʢʘ ʚ ʦʙʣʘʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. 

 

ʋʟʣʳ, ʢʦʪʦʨʳʝ ʧʦʧʘʣʠ ʚʥʫʪʨʴ W, ʥʘʟʦʚʝʤ 

ʚʥʫʪʨʝʥʥʠʤʠ, ʘ ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʙʦʟʥʘʯʠʤ hw . 

ʊʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʷʤʳʭ 
( )

1 1

ix x=  ʠ 

( )

2 2

jx x=  ʛʨʘʥʠʮʝʡ ʦʙʣʘʩʪʠ G ʥʘʟʦʚʝʤ ʛʨʘʥʠʯ-

ʥʳʤʠ, ʘ ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʛʨʘʥʠʯʥʳʭ ʫʟʣʦʚ ʦʙʦʟʥʘ-

ʯʠʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʘʢ hg. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, çʥʝʧʨʝʨʳʚʥʘʷè ʦʙʣʘʩʪʴ W 

ʟʘʤʝʥʷʝʪʩʷ ʩʝʪʢʦʡ h h hw gW = Ç, ʘ ʚʤʝʩʪʦ ʥʝ-

ʧʨʝʨʳʚʥʦʡ ʬʫʥʢʮʠʠ 1 2( , , )u u x x t=  ʚ ʨʘʩʩʤʦʪ-

ʨʝʥʠʝ ʚʚʦʜʠʪʩʷ ʝʝ ʩʝʪʦʯʥʳʡ ʘʥʘʣʦʛ ï ʩʝʪʦʯʥʘʷ 

ʬʫʥʢʮʠʷ 
( ) ( ) ( ) ( )

1 2( , , )k i j k

ijy y x x t=  [4, 67]. 

ʈʘʟʥʦʩʪʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʉʠʩʪʝʤʘ (1) ʩʦʩʪʦʠʪ ʠʟ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʦʜʥʦʛʦ ʪʠʧʘ, ʧʦʵʪʦʤʫ ʜʣʷ ʫʜʦʙʩʪʚʘ 

ʦʧʠʩʘʥʠʷ ʯʠʩʣʝʥʥʦʡ ʩʭʝʤʳ ʨʝʰʝʥʠʷ ʚʦʩʧʦʣʴʟʫʝʤ-

ʩʷ ʜʘʣʝʝ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʣʠʰʴ ʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠʟ 

ʵʪʦʡ ʩʠʩʪʝʤʳ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʨʘʝʚʳʤʠ 

ʫʩʣʦʚʠʷʤʠ: 

1 2

00

( ) ( ), ( , ) , 0,

( ) ( , ), ,

( , ) ( ), .
t

u
L u F u x x x t

t

u
Au x t x

n

u x t u x x

l j
G

=

µë
= + = ÍW >îµ

î
µî

+ = ÍG=µWì
µî

î = ÍW
î
í

 (6) 

ʇʨʠ ʨʘʟʥʦʩʪʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ 

1 1 2 2

( ) ( ) ( )
u u

L u K u K u
x x x x

å õ å õµ µ µ µ
= +æ ö æ ö
µ µ µ µç ÷ ç ÷

 ʟʘʤʝʥʷʝʪʩʷ ʩʚʦʠʤ ʨʘʟʥʦʩʪʥʳʤ ʘʥʘʣʦʛʦʤ ʥʘ ʧʷʪʠ-

ʪʦʯʝʯʥʦʤ ʰʘʙʣʦʥʝ: 

1 2

1 11 1
2 2

1 1

1

1 11 1
2 2

2 2

2

( ) ( ) ( ) ( )

( , ) ( , )

( , ) ( , )

.

h h h ij h ij

i j ij ij i j

ij ij ij ij

L u u u u

u u u u
K i j K i j

h h

h

u u u u
K i j K i j

h h

h

+ -

+ -

L =L +L =

- -
+ - -

= +

- -
+ - -

+

 

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (6) ʚʳʛʦʜʥʦ 

ʧʨʠʤʝʥʠʪʴ ʥʝʷʚʥʫʶ ʩʭʝʤʫ ʧʝʨʝʤʝʥʥʳʭ ʥʘʧʨʘʚʣʝ-

ʥʠʡ (ʚ ʣʠʪʝʨʘʪʫʨʝ ʵʪʫ ʩʭʝʤʫ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʩʭʝ-

ʤʦʡ ʇʠʩʤʝʥʘïʈʝʢʬʦʨʜʘ [5, 28]). 

ʄʝʪʦʜ ʧʝʨʝʤʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʈʘʟʥʦʩʪʥʘʷ ʜʠʩʢʨʝʪʠʟʘʮʠʷ ʫʨʘʚʥʝʥʠʷ (6) ʧʨʦ-

ʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʣʦʢʘʣʴʥʦ-ʦʜʥʦʤʝʨʥʦʡ ʩʭʝʤʳ 

ʜʣʷ ʫʨʘʚʥʝʥʠʡ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

[4, 529], ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʘʙʩʦʣʶʪʥʦ ʫʩʪʦʡʯʠʚʦʡ 

(ʧʨʠ ʣʶʙʳʭ ʟʥʘʯʝʥʠʷʭ t ʠ h) ʠ ʦʙʣʘʜʘʝʪ ʩʚʦʡ-
ʩʪʚʦʤ ʩʫʤʤʘʨʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʠʤʝʷ ʧʦʨʷʜʦʢ 

ʪʦʯʥʦʩʪʠ 
2( )O ht+ . 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʩʚʝʜʝ-

ʥʠʠ ʧʝʨʝʭʦʜʘ ʩ ʦʜʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʩʣʦʷ ʥʘ ʜʨʫʛʦʡ 
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(ʩʣʝʜʫʶʱʠʡ) ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʨʝʰʝʥʠʶ ʫʞʝ 

ʦʜʥʦʤʝʨʥʦʡ ʟʘʜʘʯʠ ʚʜʦʣʴ ʩʪʨʦʢ ʠ ʚʜʦʣʴ ʩʪʦʣʙʮʦʚ. 

ɺʚʝʜʝʤ ʩʣʝʜʫʶʱʝʝ ʦʙʦʟʥʘʯʝʥʠʝ 

( ) ( ) ( ) ( )

1 2( , , )k i j k

ijy y x x t= . ʀʪʘʢ ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ 

ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʜʚʘ ʵʪʘʧʘ: ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʚʨʝ-

ʤʝʥʥʦʤ ʰʘʛʝ (ʧʦʣʫʰʘʛʝ) 
1
2

( )k
t t

+
=  ʧʨʦʚʦʜʠʤ 

ʜʠʩʢʨʝʪʠʟʘʮʠʶ ʜʚʫʤʝʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (6) ʪʦʣʴʢʦ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ 
1Ox, ʠʤʝʷ ʚ ʠʪʦʛʝ ʦʜʥʦʤʝʨʥʦʝ 

ʫʨʘʚʥʝʥʠʝ, ʧʦʩʣʝ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʛʦ ʚʥʦʚʴ ʧʨʦʚʦ-

ʜʠʤ ʜʠʩʢʨʝʪʠʟʘʮʠʶ ʫʨʘʚʥʝʥʠʷ (6), ʥʦ ʫʞʝ ʚ ʚʜʦʣʴ 

ʦʩʠ 
2Ox , ʨʝʰʘʷ ʜʘʣʝʝ ʧʦʣʫʯʝʥʥʦʝ ʦʜʥʦʤʝʨʥʦʝ 

ʫʨʘʚʥʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʤ ʟʥʘʯʝʥʠʝ ʨʝʰʝʥʠʷ ʥʘ ʮʝ-

ʣʦʤ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ 
( 1)kt t += . 

1
2

1
2

1
2

1
2

( ) ( )

1

1
( )( 1)

2

( ) ,
0,5

( ) .
0,5

k k
kij ij k

h ij ij

kk
kij ij k

h ij ij

y y
y F

y y
y F

t

t

+

+

++
++

-
=L +

-
=L +

    (7) 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ( , )K K u v=  ʟʘ-

ʚʠʩʠʪ ʦʪ ʥʝʠʟʚʝʩʪʥʦʛʦ ʨʝʰʝʥʠʷ, ʧʦʵʪʦʤʫ ʧʨʠ ʘʧ-

ʧʨʦʢʩʠʤʘʮʠʠ ʣʦʢʘʣʴʥʦ ʦʜʥʦʤʝʨʥʳʭ ʟʘʜʘʯ (7) ʚʦʩ-

ʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʦʤ ʙʘʣʘʥʩʘ [6, 571]. 

ʄʝʪʦʜ ʙʘʣʘʥʩʘ 

ɺʚʠʜʫ ʪʦʛʦ ʯʪʦ ʜʣʷ ʧʨʦʩʪʦʪʳ ʧʦʢʘ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʪʩʷ ʦʜʥʦʤʝʨʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʦʧʫʩʪʠʤ ʠʥʜʝʢʩʠ-

ʨʦʚʘʥʠʝ ʧʦ ʦʜʥʦʤʫ ʠʟ ʘʨʛʫʤʝʥʪʦʚ, ʘ ʧʨʦʤʝʞʫʪʦʯ-

ʥʦʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʧʨʠ 
1
2

( )k
t t

+
=  ʜʣʷ ʫʧʨʦ-

ʱʝʥʠʷ ʟʘʧʠʩʠ ʦʙʦʟʥʘʯʠʤ ʢʘʢ 
1
2

( )k

ijy
+

. 

ʅʘ ʦʪʨʝʟʢʝ 1 1
2 2

i i
x x x
- +
¢ ¢  ʧʨʦʠʥʪʝʛʨʠʨʫʝʤ 

ʧʦ ʚʨʝʤʝʥʠ ʥʘ ʠʥʪʝʨʚʘʣʝ ʦʪ 
1
2

( )( ) kkt t t
+

¢ ¢  ʣʦ-

ʢʘʣʴʥʦ ʦʜʥʦʤʝʨʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ 

ʠʩʭʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (6): 
1 1( ) ( )1 1
2 2

2 2

1 1
2 2

( ) ( )
1 1
2 2

( )( ) ( )

k k
i i

k k

i i

x x
t t

k

i ii i

x xt t

y y dx W W dt F dx dt

+ +
+ +

- -

+ -
- = - +ñ ñ ñ ñ,   (8) 

ʛʜʝ 
1 1

1 1 1 1
2 2 2 2

,i i i i

i i i i

y y y y
W K W K

h h
+ -

+ + - -

- -
= = . 

ɸʥʘʣʦʛʠʯʥʦ ʠʤʝʝʤ ʠ ʜʣʷ ʜʨʫʛʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʥʘ ʦʪʨʝʟʢʝ 1 1
2 2

j j
x x x
- +
¢ ¢  ʠ ʚʪʦʨʦʤ ʧʦʣʫʠʥ-

ʪʝʨʚʘʣʝ ʧʦ ʚʨʝʤʝʥʠ 
1
2

( ) ( 1)k kt t t
+ +¢ ¢ : 

1 1( 1) ( 1)
2 2

1 1
2 2

1 1( ) ( )1 12 2
2 2

( 1)( ) ( )

k kj j

k k
j j

x x
t t

k

j jj j j

x x
t t

y y dx W W dt F dx dt

+ ++ +

+ +
- -

+

+ -
- = - +ñ ñ ñ ñ,  (9) 

ʛʜʝ 1 1 1 1
2 2 2 2

( 1) ( 1) ( 1) ( 1)

1 1
,

k k k k

j j j j

j j j j

y y y y
W K W K

h h

+ + + +

+ -

+ + - -

- -
= = . 

 

ɺ ʠʪʦʛʝ ʧʦʣʫʯʠʤ ʣʦʢʘʣʴʥʦ ʦʜʥʦʤʝʨʥʫʶ ʩʭʝʤʫ 

ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (6) ʥʘ hw : 

( )

( )

1 1
2 2

1 1
2 2

( )

1 12

( 1) ( 1) ( 1) ( 1) ( 1)

1 12

( ) ( ) , 1, 1,
2 2

( ) ( ) , 1, 1.
2 2

k

i ii i i i ii i

k k k k k

j j j j j jj j j

y y K y y K y y F i N
h

y y K y y K y F j M
h

t t

t t

+ -+ -

+ + + + +

+ -+ -

- = - - - + = -

- = - - - + = -

(10) 

 

ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 

ɼʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (6) 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʪʝʤ ʞʝ ʤʝʪʦʜʦʤ ʙʘʣʘʥʩʘ. 

ɼʣʷ ʵʪʦʛʦ ʧʨʝʜʩʪʘʚʠʤ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʠʟ 

(6) ʚ ʚʠʜʝ: 
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ëå õµ
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ì
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î + = =æ ö
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    (11) 

ʀʪʘʢ, ʜʣʷ ʣʦʢʘʣʴʥʦ-ʦʜʥʦʤʝʨʥʦʡ ʩʭʝʤʳ (10) 

ʧʨʦʠʥʪʝʛʨʠʨʫʝʤ ʫʨʘʚʥʝʥʠʷ: 

ï ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 1Ox  ʥʘ ʦʪʨʝʟʢʝ 0 1/2[ , ]x x : 

1 1( ) ( )
2 2

1/2 1/2

( ) ( )
0 0

( )

0 1/2 0 00( ) ( )

k k

k k

x xt t

k

x xt t

y y dx W W dt F dx dt

+ +

- = - +ñ ñ ñ ñ,  (12) 

ï ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 1Ox  ʥʘ ʦʪʨʝʟʢʝ 1/2[ , ]N Nx x- : 

1 1( ) ( )
2 2

( ) ( )
1/2 1/2

( )

1/2( ) ( )

k k

N N

k k
N N

x xt t

k

N N N NN

x xt t

y y dx W W dt F dx dt

+ +

- -

-- = - +ñ ñ ñ ñ, (13) 

ï ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 2Ox  ʥʘ ʦʪʨʝʟʢʝ 0 1/2[ , ]x x : 

( 1) ( 1)
1/2 1/2

( 1/2) ( 1/2)
0 0

( 1)

0 1/2 0 00( ) ( )

k k

k k

x xt t

k

x xt t

y y dx W W dt F dx dt

+ +

+ +

+ - = - +ñ ñ ñ ñ,  (14) 

ï ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 2Ox  ʥʘ ʦʪʨʝʟʢʝ 1/2[ , ]M Mx x- : 

( 1) ( 1)

( 1/2) ( 1/2)
1/2 1/2

( 1)

1/2( ) ( )

k k
M M

k k
M M

x xt t

k

M M M MM

x xt t

y y dx W W dt F dx dt

+ +

+ +
- -

+

-- = - +ñ ñ ñ ñ. (15) 

ɼʘʣʝʝ, ʧʦʜʩʪʘʚʠʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ 

ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ (11) ʚ ʧʦʣʫʯʝʥʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ 

ʩʦʦʪʥʦʰʝʥʠʷ (12)-(14), ʧʦʣʫʯʠʤ ʠʩʢʦʤʫʶ ʘʧʧʨʦʢ-

ʩʠʤʘʮʠʶ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ: 

ï ʧʨʠ 1 0x =  (ʥʘ ʦʪʨʝʟʢʝ AB): 

( ) 1 0
0 1/2 1 1 00 0( ) ( ) ( 0, )

2 2 4

k y yh h
y y K A y F j M

h

t t
j

å õ-
- = - - + =æ ö

ç ÷
,   (16) 

ï ʧʨʠ 1 1x l=  (ʥʘ ʦʪʨʝʟʢʝ CD ): 

( ) 1
2 2 1/2( ) ( ) ( 0, )

2 2 4
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N N NN N

y yh h
y y A y K F j M

h

t t
j -

-
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- = - - + =æ ö
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,  (17) 

ï ʧʨʠ 2 0x =  (ʥʘ ʦʪʨʝʟʢʝ AD ): 

( 1) ( 1)
( 1) ( 1)1 0
0 1/2 3 0 3 00( ) ( ) ( 0, )

2 2 4

k k
k kh y y h

y y K A y F i N
h

t t
j

+ +
+ +å õ-
- = - - + =æ ö

ç ÷
, (18) 

ï ʧʨʠ 2 2x l=  (ʥʘ ʦʪʨʝʟʢʝ BC ): 
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( 1) ( 1)
( 1) ( 1) 1

4 4 1/2( ) ( ) ( 0, )
2 2 4

k k
k k M M

M M M MM

h y y h
y y A y K F i N

h

t t
j

+ +
+ + -

-

å õ-
- = - - + =æ ö

ç ÷
.(19) 

ʈʘʟʥʦʩʪʥʳʝ ʫʨʘʚʥʝʥʠʷ (10) ʠ ʧʦʣʫʯʝʥʥʳʝ ʛʨʘ-

ʥʠʯʥʳʝ ʫʨʘʚʥʝʥʠʷ (ʨʘʟʥʦʩʪʥʳʝ ʘʥʘʣʦʛʠ çʛʨʘʥʠʯ-

ʥʳʭè ʫʩʣʦʚʠʡ) (16)-(19) ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʚʦʜʷʪʩʷ ʢ 

ʩʪʘʥʜʘʨʪʥʦʤʫ ʪʨʝʭʜʠʘʛʦʥʘʣʴʥʦʤʫ ʚʠʜʫ ʠ ʨʝʰʘʶʪ-

ʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʦʤ 

ʧʨʦʛʦʥʢʠ [7, 35]. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʜʣʷ ʚʩʝʡ ʦʙʣʘʩʪʠ ʨʝʰʘʝʪʩʷ 

ʧʝʨʚʦʝ ʠʟ ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ (10), ʘ ʧʦʩʣʝ ʪʦʛʦ, 

ʢʘʢ ʝʛʦ ʨʝʰʝʥʠʝ ʥʘʡʜʝʥʦ, ʨʝʰʘʝʪʩʷ ʫʞʝ ʚʪʦʨʦʝ ʠʟ 

ʫʨʘʚʥʝʥʠʡ (10). 

ʉʠʩʪʝʤʘ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚ-

ʥʝʥʠʡ 

ɼʣʷ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʨʝʰʝʥʠʝ ʧʝʨʚʦʛʦ ʠʟ 

ʫʨʘʚʥʝʥʠʡ (10) ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʝʤʫ ʛʨʘʥʠʯ-

ʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ (16)-(17). 

ʇʨʠʚʝʜʝʤ ʵʪʠ ʨʘʟʥʦʩʪʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʢ 

ʪʨʝʭʜʠʘʛʦʥʘʣʴʥʦʤʫ ʚʠʜʫ: 

1 1i i i i i i ia y b y c y d- ++ + =. 

ɼʣʷ ʵʪʦʛʦ ʧʝʨʚʦʝ ʠʟ ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ 

(10) ʧʨʝʦʙʨʘʟʫʝʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1 1 1 1
2 2 2 2

( )

1 12 2 2
( ) ( ) 1 ( )
2 2 2 2

k

i ii i ii i i i
K y K K y K y y F

h h h

t t t t
- +- - + +

å õ
- + + + - = +æ ö

ç ÷
, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʵʬʬʠʮʠʝʥʪʳ , ,i i ia b c  ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

1
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22
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h

t
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h
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= + +, 1
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h
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+
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i i id y F
t
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ʠʥʜʝʢʩ 1, 1i N= -. 

ʇʨʝʦʙʨʘʟʫʝʤ ʪʘʢʞʝ çʛʨʘʥʠʯʥʳʝè ʫʨʘʚʥʝʥʠʷ (16)-(17) ʢ ʩʣʝʜʫʶʱʝʤʫ ʚʠʜʫ: 

( )

1/2 1 1/2 0 0 10 12 2

( )

1/2 2 1/2 212 2

( 1) ( ) ,
2

( 1) ( ) .
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k

k

N N N NN N
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h h h h

K A y K y y F
h h h h

t t t t t
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+ + - = + +

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ 0i =  ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʚʥʳ: 

( )

0 0 1/2 1 0 1/2 0 0 0 12 2
0, 1, ,

2

ka b K A c K d y F
h h h h

t t t t t
j= = + + =- = + +, 

ʘ ʧʨʠ i N=  ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʦʨʤʫʣʘʤʠ: 

( )

1/2 1/2 2 22 2
, 1, 0,

2

k

N N N N N N N Na K b K A c d y F
h h h h

t t t t t
j- -=- = + + = = + +. 

ɺ ʠʪʦʛʝ, ʠʤʝʷ ʚʩʝ ʢʦʵʬʬʠʮʠʝʥʪʳ , ,i i ia b c  ʠ 

id , ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʨʝʰʝʥʠʶ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ 
ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʩ ʪʨʝʭʜʠʘʛʦʥʘʣʴʥʦʡ 

ʤʘʪʨʠʮʝʡ, ʦʩʥʦʚʳʚʘʩʴ ʥʘ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʤ ʨʝʢʫ-

ʨʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ: 

1 1 1, 1,1i i i iy y i Na b+ + += + = -, (20) 

ʥʘʟʳʚʘʝʤʦʤ ʤʝʪʦʜʦʤ ʧʨʦʛʦʥʢʠ (ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ia ʠ ib ʥʘʟʳʚʘʶʪʩʷ ʧʨʦ-

ʛʦʥʦʯʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ). 

ʏʠʩʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʚʪʦʨʦʛʦ ʫʨʘʚ-

ʥʝʥʠʷ (10) ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʝʤʫ ʛʨʘʥʠʯʥʳʤʠ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ (18)-(19) ʧʦʣʥʦʩʪʴʶ ʘʥʘʣʦʛʠʯʝʥ. 

ʆʪʣʠʯʘʝʪʩʷ ʦʥ ʣʠʰʴ ʪʝʤ, ʯʪʦ ʧʨʦʛʦʥʢʘ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʧʦ ʠʥʜʝʢʩʫ j , ʛʜʝ 0,j M= . 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩ ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʤʠ ʤʦ-

ʜʝʣʴʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʥʘ ʚʭʦʜ ʢʦʪʦʨʦʡ ʥʫʞʥʦ ʧʦ-

ʜʘʚʘʪʴ ʟʘʜʘʥʥʳʝ ʟʥʘʯʝʥʠʷ çʠʩʪʦʯʥʠʢʘè 

( 1,2)sF s= , ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ 

( 1,2)sK s= , ʘ ʪʘʢʞʝ ʨʷʜ ʧʘʨʘʤʝʪʨʦʚ, ʚʭʦʜʷ-

ʱʠʭ ʚ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʧʨʠʯʝʤ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ 

ʯʝʪʳʨʝʭ ʫʯʘʩʪʢʦʚ ʛʨʘʥʠʮʳ ʚʦʟʤʦʞʥʦ ʟʘʜʘʥʠʝ ʨʘʟ-

ʣʠʯʥʳʭ ʪʠʧʦʚ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. 

ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʩʦʟʜʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʜʘ ʙʳʣ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʥʘ ʠʟʚʝʩʪʥʳʭ ʧʨʠʤʝʨʘʭ, 

ʧʨʠʚʝʜʝʥʥʳʭ ʚ [8; 9; 10]. 

ʇʨʠʤʝʨʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʈʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʴʥʫʶ ʩʠʪʫʘʮʠʶ, ʩʚʷʟʘʥʥʫʶ 

ʩʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʜʚʫʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ, ʧʨʦʞʠ-

ʚʘʶʱʠʭ ʚʥʫʪʨʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. 

ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʤʝʞʜʫ ʦʙʝʠʤʠ ʛʨʫʧʧʘʤʠ 

ʩʫʱʝʩʪʚʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʠʭ 

ʦʪʥʦʰʝʥʠʷ ʚʣʠʷʶʪ ʥʘ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʘʩʝʣʝʥʠʷ. ʆʪʥʦʰʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ çʜʨʫʞʝʣʶʙʥʳ-

ʤʠè, çʥʝʜʨʫʞʝʣʶʙʥʳʤʠè ʠ çʥʝʡʪʨʘʣʴʥʳʤʠè. ʇʦ-

ʢʘʞʝʤ, ʯʪʦ ʨʘʟʜʝʣʝʥʠʝ ʠ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʙʝʠʭ 

ʛʨʫʧʧ ʟʘʚʠʩʠʪ ʦʪ ʵʪʠʭ ʦʪʥʦʰʝʥʠʡ. 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1) ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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2 2
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 (21) 

 

ʕʪʦʪ ʧʨʠʤʝʨ ʙʳʣ ʦʧʠʩʘʥ Zhang ʚ 1991 ʛʦʜʫ [2, 

244]. ʉʣʘʛʘʝʤʦʝ ( )u a bu cv- -  ʩʣʫʞʠʪ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʨʝʘʢʮʠʠ ʥʘʩʝʣʝʥʠʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ʀʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʦʵʬ-

ʬʠʮʠʝʥʪ a  ʤʦʞʥʦ ʢʘʢ ʬʠʟʠʯʝʩʢʫʶ ʚʤʝʩʪʠʤʦʩʪʴ 

ʛʦʨʦʜʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʪʦʯʢʝ 
1 2( , )x x . ʂʦʛʜʘ 

ʧʘʨʘʤʝʪʨ a  ʧʦʩʪʦʷʥʝʥ, ʬʠʟʠʯʝʩʢʘʷ ʚʤʝʩʪʠʤʦʩʪʴ 

ʦʜʥʦʨʦʜʥʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʚʝʣʠʯʠʥʘ ( )bu cv+  - ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʤʝʨʘ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʟʘʥʠʤʘʝʤʦʛʦ ʦʙʝʠʤʠ ʛʨʫʧʧʘʤʠ, ʪʦ 

ʚʝʣʠʯʠʥʫ ( )a bu cv- -  ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʢ ʠʟʙʳʪʦʢ ʧʨʝʜʣʦʞʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʚʤʝʩʪʠʤʦ-

ʩʪʠ. 

ʂʦʛʜʘ ʵʪʘ ʚʝʣʠʯʠʥʘ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ ʩʪʘʥʦ-

ʚʠʪʩʷ ʙʦʣʴʰʝ ʥʫʣʷ, ʪʦ ʜʘʥʥʦʝ ʤʝʩʪʦ ʧʨʦʞʠʚʘʥʠʷ 

ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʥʘʩʝʣʝ-

ʥʠʷ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʢʦʛʜʘ ʦʥʘ ʨʘʚʥʘ ʥʫʣʶ, ʘ ʯʣʝʥ 

1( )d uv-  ʠ ʜʠʬʬʫʟʠʦʥʥʳʝ ʵʬʬʝʢʪʳ ʧʨʝʥʝʙʨʝ-

ʞʠʤʦ ʤʘʣʳ, ʤʠʛʨʘʮʠʷ ʥʘʩʝʣʝʥʠʷ ʧʨʝʢʨʘʱʘʝʪʩʷ. 

ʏʣʝʥ 1( )d uv-  ʩʣʫʞʠʪ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠ ̫ ʛʨʫʧʧ. ʂʦʵʬʬʠʮʠʝʥʪ 1d  ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʠ ʥʫʣʝʚʳʤ. 

ɽʩʣʠ ʦʥ ʧʦʣʦʞʠʪʝʣʝʥ, ʪʦ çʛʨʫʧʧʝ ʥʘʩʝʣʝʥʠʷ 1è çʥʝ 

ʥʨʘʚʠʪʩʷè ʞʠʪʴ ʩ çʛʨʫʧʧʦʡ ʥʘʩʝʣʝʥʠʷ 2è. ɽʩʣʠ ʞʝ 

1 0d = , ʪʦ çʨʘʩʦʚʳʝè ʧʨʝʜʫʙʝʞʜʝʥʠʷ ʦʪʩʫʪʩʪʚʫ-

ʶʪ. ɽʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ 1d  ʦʪʨʠʮʘʪʝʣʝʥ, ʪʦ ʚʳʩʦ-

ʢʘʷ ʧʣʦʪʥʦʩʪʴ çʛʨʫʧʧʳ 2è çʧʨʠʪʷʛʠʚʘʝʪè ʥʘʩʝʣʝ-

ʥʠʝ ʠʟ çʛʨʫʧʧʳ 1è. 

ɿʘʜʘʜʠʤ ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ. ʇʫʩʪʴ ʩʠʩʪʝʤʘ ʠʩ-

ʧʳʪʳʚʘʝʪ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʪʨʝʪʴʝʛʦ ʨʦʜʘ, ʩʣʝ-

ʜʫʶʱʝʛʦ ʚʠʜʘ: 
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  (22) 

ʛʜʝ 1 2( , )x x ÍG, ( 1,2)s const sl= = . 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʳʭ ʧʣʦʪʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʜʣʷ ʦʙʝʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ 

ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ ʚʦʟʴʤʝʤ çʩʠʤʤʝʪʨʠʯʥʳʝè ʬʫʥʢ-

ʮʠʠ, ʪʘʢʠʝ, ʯʪʦʙʳ ʚʩʷ ʛʦʨʦʜʩʢʘʷ ʧʣʦʱʘʜʴ ʯʘʩʪʠʯʥʦ 

ʙʳʣʘ ʟʘʥʷʪʘ ʪʦʡ ʠʣʠ ʠʥʦʡ ʛʨʫʧʧʦʡ (ʨʠʩ. 3). 

ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ ʢʘʢ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʛʦʨʦʜ-

ʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʜʣʷ ʨʘʟʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠʨʫʝ-

ʤʦʡ ʩʠʩʪʝʤʳ. ʅʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʦʪʥʦʰʝʥʠʷ ʜʚʫʭ 

ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ ʥʦʩʷʪ çʘʛʨʝʩʩʠʚʥʳʡè ʚ ʦʪʥʦʰʝ-

ʥʠʠ ʜʨʫʛ ʜʨʫʛʘ ʭʘʨʘʢʪʝʨ ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ 

ʩʜʝʣʘʪʴ ʟʘʚʠʩʷʱʠʤ ʦʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʬʫʥʢʮʠʡ 

1( , )K u v v=  ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 2( , )K u v u=
, ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʚʳʯʠʩʣʝʥʠʡ (ʨʠʩ. 4, ʘï

ʛ) ʤʦʞʥʦ ʚʠʜʝʪʴ ʯʪʦ ʩʥʘʯʘʣʘ ʦʙʝ ʛʨʫʧʧʳ ʥʘʩʝʣʝʥʠʷ 

ʨʘʚʥʦʤʝʨʥʦ ʟʘʧʦʣʥʷʶʪ ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʝ ʠʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʦ, ʥʦ ʠʟ-ʟʘ ʯʠʩʪʦ ʚʨʘʞʜʝʙʥʳʭ ʥʘʩʪʨʦʝʥʠʡ 

ʦʜʥʘ ʛʨʫʧʧʘ (ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʙʦʣʝʝ çʘʛʨʝʩʩʠʚ-

ʥʘʷè) ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʥʦʩʪʴʶ ʚʳʪʝʩʥʷʝʪ ʜʨʫʛʫʶ, ʠ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʦʨʦʜʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʥʘʩʝʣʝʥʠʷ ʩʪʘʥʦ-

ʚʠʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʨʦʜʥʦʡ. 

 
ʈʠʩ. 3. ʅʘʯʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʬʫʥʢʮʠʡ u  ʠ v . 

 




