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ɹʣʘʛʦʜʘʨʷ ʦʪʢʨʳʪʠʶ ʨʘʩʩʝʷʥʥʦʡ ʬʦʨʤʳ ʦʩʘʜʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʧʨʷʤʦʝ ʠʟʫʯʝʥʠʝ 

ʦʩʘʜʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝ ʪʦʣʴʢʦ ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ, ʥʦ ʠ ʚʦ ʚʩʝʭ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ ʛʝʦʩʬʝʨʘʭ. ʆʢʝʘʥʳ ʠ ʤʦʨʷ ï 

ʛʣʦʙʘʣʴʥʳʝ ʣʦʚʫʰʢʠ-ʩʘʤʦʧʠʩʮʳ ʦʩʘʜʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʛʝʦʩʬʝʨʘʭ. ʆʩʘʜʦʯʥʳʡ ʧʨʦʮʝʩʩ ʧʦʜʯʠʥʝʥ ʯʝʪʳʨʝʤ 

ʟʘʢʦʥʘʤ ʟʦʥʘʣʴʥʦʩʪʠ ɹʝʟʨʫʢʦʚʘ ï ʃʠʩʠʮʳʥʘ ʠ ʛʣʦʙʘʣʴʥʦʛʦ ʦʢʝʘʥʩʢʦʛʦ ʢʦʥʚʝʡʝʨʘ (ɻʆʂ). ɽʛʦ ʨʘʙʦʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʝʞʝʛʦʜʥʳʤ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʪʷʞʝʣʳʭ ʭʦʣʦʜʥʳʭ ʚʦʜ ʚ ɸʨʢʪʠʢʝ ʠ ɸʥʪʘʨʢʪʠʢʝ, ʚʦʟʥʠʢʘʶʪ ʧʨʠʜʦʥʥʳʝ ʦʙʣʘʩʪʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʠ ʩʝʜʠʤʝʥʪʘʮʠʠ ʩʭʦʜʥʳʝ ʩ ʨʝʢʘʤʠ. 

 

ʄʠʨʦʚʦʡ ʦʢʝʘʥ ï ʵʪʦ ʧʨʠʨʦʜʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʜʨʝʚʥʠʭ (ʛʝʦʬʠʟʠʢʘ ʠ 

ʙʫʨʝʥʠʝ) ʦʩʘʜʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʣʦʱʘʜʴʶ ʦʢʦʣʦ 71% ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ɿʜʝʩʴ ʠʟʫʯʝʥʳ 

ʧʨʦʮʝʩʩʳ, ʧʨʦʭʦʜʷʱʠʝ ʚ ʥʝʦʙʳʯʥʳʭ ʈʊ ʫʩʣʦʚʠʷʭ ʜʘʚʣʝʥʠʝ ʜʦ 1 ʪʳʩ. ʘʪʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ -1,5 

ʜʦ +400Áʉ. ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʜʥʦ ʦʢʝʘʥʘ ï ʫʜʘʣʝʥ ʦʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʧʦʜʚʠʞʥʦʡ ʪʦʣʱʝʡ 

ʚʦʜ ʤʦʱʥʦʩʪʴʶ ʜʦ 11 ʢʤ. 

ʕʧʦʭʘ ʚʝʣʠʢʠʭ ʦʢʝʘʥʩʢʠʭ ʦʪʢʨʳʪʠʡ ʚ ʉʉʉʈ ʥʘʯʘʣʘʩʴ ʩ ʨʝʡʩʘ çɺʠʪʷʟʷè (1949 ʛ.) ʠ 

ʨʘʟʚʠʚʘʣʘʩʴ ʜʘʣʝʝ ʚ ʨʝʡʩʘʭ ʰʝʩʪʠ ʢʨʫʧʥʳʭ ʧʣʘʚʫʯʠʭ ʠʥʩʪʠʪʫʪʦʚ ʙʦʣʝʝ ʯʝʤ ʚ 300 ʨʝʡʩʘʭ. ʕʪʦ 

ʜʣʠʪʝʣʴʥʳʝ ʨʝʡʩʳ ʚ ʩʘʤʳʝ ʫʜʘʣʝʥʥʳʝ ʯʘʩʪʠ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ʚ ʦʙʣʘʩʪʠ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥ (ʜʦ 

11 ʪʳʩ. ʤ), ʯʝʨʝʟ ʚʩʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʟʦʥʳ ʩ ʜʦʥʥʳʤʠ ʦʩʘʜʢʘʤʠ ʨʘʟʥʳʭ ʪʠʧʦʚ. 

ʕʪʦ ʪʘʢʞʝ ʦʢʦʣʦ ʪʳʩʷʯʠ ʧʦʛʨʫʞʝʥʠʡ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ çʄʠʨè (ʘ ʨʘʥʝʝ çʇʘʡʩʠʩè) 

ʥʘ ʛʣʫʙʠʥʳ 2-6 ʪʳʩ. ʤ ʩ ʢʦʤʧʣʝʢʩʦʤ ʨʘʙʦʪ, ʧʨʠʙʣʠʞʘʶʱʠʤʩʷ ʢ ʥʘʜʚʦʜʥʳʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ 

ʩʫʜʘʤ, ʢʘʨʪʠʨʦʚʘʥʠʝʤ ʜʥʘ ʠ ʦʪʙʦʨʦʤ ʧʨʦʙ. ʅʘʯʘʪʦ ʚ 1955 ʛ. ʠʟʫʯʝʥʠʝ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ 

ʖʞʥʦʤ ʦʢʝʘʥʝ, ʘ ʪʘʢʞʝ ʥʘ ʩʝʨʠʠ ʪʨʘʥʩʦʢʝʘʥʩʢʠʭ ʨʘʟʨʝʟʦʚ ʯʝʨʝʟ ʚʩʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʟʦʥʳ. 

ɹʦʣʝʝ ʯʝʤ ʧʦʣʫʚʝʢʦʚʘʷ ʨʘʙʦʪʘ ʚ ʦʢʝʘʥʝ ʧʦ ʝʜʠʥʦʤʫ ʧʣʘʥʫ ʧʨʠʚʝʣʘ ʢ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ 

ʦʪʢʨʳʪʠʷʤ. ʕʪʠ ʦʪʢʨʳʪʠʷ ʚʤʝʩʪʝ ʩ ʨʘʙʦʪʘʤʠ ʠʥʦʩʪʨʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʚʝʣʠ ʥʝ ʪʦʣʴʢʦ 

ʢ ʦʪʢʨʳʪʠʶ ʥʦʚʳʭ ʷʚʣʝʥʠʡ ʠ ʧʨʦʮʝʩʩʦʚ, ʥʦ ʠ ʢ ʩʤʝʥʝ ʛʣʘʚʥʦʡ ʧʘʨʘʜʠʛʤʳ ʥʘʫʢ ʦ ɿʝʤʣʝ: ʥʘ 

ʩʤʝʥʫ ʬʠʢʩʠʩʪʩʢʦʡ ʧʨʠʰʣʘ ʤʦʙʠʣʠʩʪʩʢʘʷ ï ʛʣʦʙʘʣʴʥʘʷ ʪʝʢʪʦʥʠʢʘ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ. 

ʄʠʨʦʚʦʡ ʦʢʝʘʥ (361 ʤʣʥ. ʢʤ2) ʧʦʯʪʠ ʚ 3 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʧʣʦʱʘʜʴ ʢʦʥʪʠʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ 

ʩʪʦʣʝʪʠʷʤʠ ʠʟʫʯʘʣʘʩʴ ʫʯʝʥʳʤʠ ʨʘʟʥʳʭ ʩʪʨʘʥ, ʥʦ ʪʦʣʴʢʦ ʩʝʡʯʘʩ ʦʪʢʨʳʣʘʩʴ ʵʪʘ ʛʣʘʚʥʘʷ ʯʘʩʪʴ 

ʧʣʘʥʝʪʳ, ʛʝʦʣʦʛʠʷ ʢʦʪʦʨʦʡ ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʛʝʦʣʦʛʠʠ ʢʦʥʪʠʥʝʥʪʦʚ. ʕʪʦ 

ʦʙʣʘʩʪʴ ʢʦʨʳ ʦʩʦʙʦʛʦ ʦʢʝʘʥʩʢʦʛʦ ʪʠʧʘ. ʅʘ ʜʥʝ ʦʢʝʘʥʦʚ ʠʜʝʪ ʧʨʦʮʝʩʩ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʩʦ ʩʢʦʨʦʩʪʴʶ ʦʪ <1 ʜʦ 16-18 ʩʤ/ʛʦʜ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʭʦʜʦʤ ʧʣʠʪ ʥʘ 

ʛʣʫʙʠʥʳ ʚ ʦʙʣʘʩʪʷʭ ʩʫʙʜʫʢʮʠʠ. ʕʢʩʧʦʟʠʮʠʷ ʜʣʷ ʧʨʷʤʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ  ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ ʥʘ 

ʧʣʠʪʘʭ ʦʢʝʘʥʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 160 ʤʣʥ. ʣʝʪ. ɻʣʫʙʦʢʦʚʦʜʥʦʝ ʙʫʨʝʥʠʝ (ʩ 1968 ʛ.) ʚ ʩʦʯʝʪʘʥʠʠ 
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ʩ ʜʘʥʥʳʤʠ ʛʝʦʬʠʟʠʢʠ ʧʨʠʚʝʣʠ ʢ ʨʘʟʚʠʪʠʶ ʥʦʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʫʢ ʦ ɿʝʤʣʝ ï 

ʧʘʣʝʦʦʢʝʘʥʦʣʦʛʠʠ ʩ ʠʟʫʯʝʥʠʝʤ ʜʨʝʚʥʝʡ ʯʘʩʪʠ ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʠ. 

ʀʥʪʝʥʩʠʚʥʦʝ ʠʟʫʯʝʥʠʝ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʦʢʝʘʥʦʚ ʥʘʯʘʪʦʝ ʚ ʧʦʩʣʝʚʦʝʥʥʳʝ ʛʦʜʳ (1950-

1955 ʛʛ., ʜʦʧʦʣʥʷʝʪʩʷ ʠʟʫʯʝʥʠʝʤ ʨʘʩʩʝʷʥʥʦʡ ʠ ʨʘʩʪʚʦʨʝʥʥʦʡ ʬʦʨʤ ʦʩʘʜʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ 

(ʤʠʢʨʦ- ʠ ʥʘʥʦʯʘʩʪʠʮʳ ʠ ʨʘʩʪʚʦʨʳ). ʅʘʯʘʪʦʝ ʚ ʉʉʉʈ ʠʟʫʯʝʥʠʝ ʵʪʠʭ ʬʦʨʤ ʚʝʱʝʩʪʚʘ ʙʳʣʦ 

ʧʦʜʭʚʘʯʝʥʦ ʠʥʦʩʪʨʘʥʥʳʤʠ ʫʯʝʥʳʤʠ ʠ ʪʝʧʝʨʴ ʩʪʘʣʦ, ʥʘʨʷʜʫ ʩ ʦʩʘʜʢʘʤʠ, ï ʚʘʞʥʦʡ ʯʘʩʪʴʶ 

ʤʦʨʩʢʦʡ ʛʝʦʣʦʛʠʠ. 

ʉ ʥʘʯʘʣʘʤ ʠʟʫʯʝʥʠʷ ʦʢʝʘʥʦʚ ʠ ʤʦʨʝʡ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʥʝ ʪʦʣʴʢʦ ʠʟʫʯʝʥʠʶ 

ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ, ʥʦ ʠ ʨʘʩʩʝʷʥʥʳʭ ʬʦʨʤ ʦʩʘʜʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ ï ʤʠʢʨʦ- ʠ ʥʘʥʦʯʘʩʪʠʮ [4ï11]. 

ʕʪʠ ʨʘʙʦʪʳ ʧʦ ʩʝʜʠʤʝʥʪʦʣʦʛʠʠ ʧʨʦʪʝʢʘʣʠ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʫʩʣʦʚʠʡ ʩʨʝʜʳ, 

ʧʦʣʫʯʝʥʠʝʤ ʜʘʥʥʳʭ ʧʦ ʬʠʟʠʯʝʩʢʦʡ ʦʢʝʘʥʦʣʦʛʠʠ, ʛʠʜʨʦʭʠʤʠʠ ʠ ʙʠʦʣʦʛʠʠ (ʬʠʪʦ- ʠ 

ʟʦʦʧʣʘʥʢʪʦʥ, ʙʝʥʪʦʩ), ʘ ʪʘʢʞʝ ʧʦ ʜʦʥʥʳʤ ʦʩʘʜʢʘʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʜʥʘ ʠ ʚ ʢʦʣʦʥʢʘʭ 

(ʜʣʠʥʦʡ ʜʦ 27-34 ʤ) (ʩʠʩʪʝʤʥʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ). ɿʘ ʙʦʣʝ ʯʝʤ 30 ʣʝʪ ʨʘʙʦʪ ʫʜʘʣʦʩʴ 

ʦʭʚʘʪʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʦʩʥʦʚʥʳʝ ʨʝʛʠʦʥʳ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ï ʩʘʤʦʛʦ ʢʨʫʧʥʦʛʦ ʥʘ ɿʝʤʣʝ, ʘ 

ʟʘʪʝʤ ʠ ʜʨʫʛʠʭ ʦʢʝʘʥʦʚ ʚʢʣʶʯʘʷ ʖʞʥʳʡ. 

ɿʜʝʩʴ ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʵʢʩʧʝʜʠʮʠʷʭ ʧʦʣʫʯʝʥʦ ʙʦʣʝʝ 10 ʪʳʩ. ʧʨʦʙ ʤʠʢʨʦ- ʠ ʥʘʥʦʯʘʩʪʠʮ, 

ʠ ʪʳʩʷʯʠ ʧʨʦʙ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ. ʇʦ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʠʟʫʯʝʥʠʠ ʚʟʚʝʩʴ-ʜʦʥʥʳʡ ʦʩʘʜʦʢ ʫʜʘʣʦʩʴ 

ʫʩʪʘʥʦʚʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʘʚʪʦʭʪʦʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ, ʘ 

ʪʘʢʞʝ ʣʝʜʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʚ ʆʭʦʪʩʢʦʤ ʠ ɹʝʨʠʥʛʦʚʦʤ ʤʦʨʷʭ, ʠ ʚ ɸʥʪʘʨʢʪʠʢʝ), ʘʵʨʦʟʦʣʴʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʘʨʠʜʥʳʭ ʟʦʥʘʭ ʦʢʝʘʥʦʚ. 

ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʨʘʩʰʠʨʝʥʳ ʠ ʜʦʧʦʣʥʝʥʳ ʪʘʢʞʝ ʚ ʭʦʜʝ ʧʝʨʚʳʭ ʰʝʩʪʠ 

ʘʥʪʘʨʢʪʠʯʝʩʢʠʭ ʵʢʩʧʝʜʠʮʠʡ ʩ ʨʘʙʦʪʘʤʠ ʥʝ ʪʦʣʴʢʦ ʚ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʠ, ʥʦ ʠ ʜʝʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ ʰʝʣʴʬʘʭ ʠ ʩʢʣʦʥʘʭ ɸʥʪʘʨʢʪʠʜʳ, ʘ ʪʘʢʞʝ ʥʘ ʤʝʨʠʜʠʦʥʘʣʴʥʳʭ ʨʘʟʨʝʟʘʭ ʯʝʨʝʟ 

ʀʥʜʠʡʩʢʠʡ ʠ ɸʪʣʘʥʪʠʯʝʩʢʠʡ ʦʢʝʘʥ. 

ɺ ʵʪʠʭ ʨʝʡʩʘʭ ʫʜʘʣʦʩʴ ʧʦʩʪʘʚʠʪʴ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʨʘʩʩʝʷʥʥʦʛʦ ʦʩʘʜʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ʘʪʤʦʩʬʝʨʳ ʠ ʦʩʘʜʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ ʢʨʠʦʩʬʝʨʳ ʶʞʥʦʛʦ ʧʦʣʫʰʘʨʠʷ (ʤʦʨʩʢʠʝ ʣʴʜʳ ʚʩʝʭ ʚʠʜʦʚ, 

ʘʡʩʙʨʝʛʠ, ʚʳʚʦʜʥʳʝ ʣʝʜʥʠʢʠ ʠ ʦʣʝʜʝʥʝʥʠʝ ʥʘ ʰʝʣʴʬʝ). ɼʘʣʴʰʝ ʨʘʩʩʝʷʥʥʦʝ ʚʝʱʝʩʪʚʦ, ʢʘʢ ʠ 

ʜʦʥʥʳʝ ʦʩʘʜʢʠ, ʠʟʫʯʘʣʦʩʴ ʚʦ ʚʩʝʭ ʛʝʦʩʬʝʨʘʭ. 

ʅʝʩʢʦʣʴʢʦ ʣʝʪ ʧʨʦʜʦʣʞʘʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʟʚʝʩʴ-ʦʩʘʜʢʠ ʚ ɸʪʣʘʥʪʠʢʝ (ʩʦʚʤʝʩʪʥʦ ʩ 

ʛʨʫʧʧʦʡ ʧʨʦʬ. ɽ.ʄ. ɽʤʝʣʴʷʥʦʚʘ).  

ɺ ʚʦʩʴʤʠʜʝʩʷʪʳʝ ʛʦʜʳ ʥʘʯʘʣʘʩʴ ʪʨʠʜʮʘʪʠʣʝʪʥʷʷ ʵʧʦʧʝʷ ʧʦ ʠʟʫʯʝʥʠʶ ʧʦʜʚʦʜʥʦʡ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʧʨʠʜʦʥʥʦʛʦ ʩʣʦʷ ʦʢʝʘʥʦʚ ʥʘ ʛʣʫʙʠʥʘʭ 3-6 ʢʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ çʄʠʨè (ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʤʝʪʦʜʦʚ ʩʝʜʠʤʝʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ 

ʢʘʨʪʠʨʦʚʘʥʠʷ ʩ ʦʪʙʦʨʦʤ ʧʨʦʙ ʚʟʚʝʩʠ, ʚ ʪ.ʯ. ʠʟ ʬʘʢʝʣʦʚ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ +300-400Áʉ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʜʘʣʦʩʴ ʦʭʚʘʪʠʪʴ ʧʦ ʝʜʠʥʦʡ ʧʨʦʛʨʘʤʤʝ ʚ ʛʣʦʙʘʣʴʥʳʭ ʤʘʩʰʪʘʙʘʭ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʳʭ ʧʨʠʙʦʨʦʚ ʨʘʩʩʝʷʥʥʦʝ ʦʩʘʜʦʯʥʦʝ ʚʝʱʝʩʪʚʦ ʚʦ ʚʩʝʭ ʩʝʤʠ ʚʥʝʰʥʠʭ ʠ ʦʜʥʦʡ 

ʚʥʫʪʨʝʥʥʝʡ (ʵʥʜʦʩʬʝʨʘ) ʦʙʦʣʦʯʢʘʭ ɿʝʤʣʠ [11]. ʅʘʯʘʪʳ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʥʝʟʝʤʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʫʰʠ ʠ ʦʢʝʘʥʘ. ʆʙʨʘʙʦʪʢʘ ʵʪʦʛʦ ʦʛʨʦʤʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʢʘʟʘʣʘ 

ʨʝʘʣʴʥʳʡ ʭʦʜ ʦʩʘʜʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʤʦʨʷʭ ʠ ʦʢʝʘʥʘʭ, ʠʩʪʦʯʥʠʢʠ ʨʘʩʩʝʷʥʥʦʛʦ ʦʩʘʜʦʯʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʠ ʠʭ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʚʷʟʠ ʩ ʫʩʣʦʚʠʷʤʠ ʩʨʝʜʳ, ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʧʦʪʦʢʘʭ ʚʝʱʝʩʪʚʘ 

ʥʘ ʨʘʟʥʳʭ ʛʣʫʙʠʥʘʭ ʠ ʚʦ ʚʨʝʤʝʥʠ [1]. 

ʅʘʨʷʜʫ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʛʣʫʙʠʥʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʥʘʤʠ ʥʘʯʘʪʦ ʠʟʫʯʝʥʠʝ 

ʦʩʘʜʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚʟʚʝʩʠ, ʧʦʪʦʢʦʚ ʚʟʚʝʩʠ (ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʚ ʛʝʦʩʬʝʨʘʭ) ʠ 

ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʚ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʘʭ. ʊʘʢ ʘʵʨʦʟʦʣʠ ʠʟʫʯʘʶʪʩʷ ʚ ʩʥʝʛʝ, ʣʴʜʘʭ ʨʘʟʥʦʡ ʧʨʠʨʦʜʳ 

(ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ, ʤʦʨʩʢʠʝ, ʛʦʨʥʳʝ). ʇʨʠʤʝʨʳ ï ʢʝʨʥʳ ʙʫʨʝʥʠʷ ʣʴʜʦʚ ɻʨʝʥʣʘʥʜʠʠ (ʜʦ 400 

ʪʳʩ. ʣʝʪ) ʠ ɸʥʪʘʨʢʪʠʜʳ (ʦʢʦʣʦ 800 ʪʳʩ. ʣʝʪ). ʕʪʦ ʪʘʢʞʝ ʧʦʯʚʳ ʦʩʪʨʦʚʦʚ ʚ ʤʦʨʷʭ, ʦʟʝʨʘʭ ʠ ʚ 

ʦʢʝʘʥʘʭ, ʨʘʩʪʝʥʠʷ ʘʵʨʦʟʦʣʴʥʦʛʦ ʧʠʪʘʥʠʷ (ʣʠʰʘʡʥʠʢʠ, ʤʭʠ ʠ ʜʨ.), ʚʝʨʭʦʚʳʝ ʙʦʣʦʪʘ ʠ 

ʪʦʨʬʷʥʠʢʠ. 

ʃʦʚʫʰʢʘʤʠ ʪʝʨʨʠʛʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʷʚʣʷʶʪʩʷ ʦʟʝʨʘ (ʠʭ ʚʦʜʥʘʷ ʪʦʣʱʘ ʠ ʜʦʥʥʳʝ ʦʩʘʜʢʠ) 

ʠ ʙʦʣʦʪʘ, ʘ ʪʘʢʞʝ ʦʙʣʘʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʝʢʘ-ʤʦʨʝ (ʤʘʨʛʠʥʘʣʴʥʳʝ ʬʠʣʴʪʨʳ). 

ʇʦʩʪʫʧʣʝʥʠʝ ʵʥʜʦʛʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʟʘʧʠʩʘʥʦ ʚ ʢʦʣʦʥʢʘʭ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʧʦʣʫʯʝʥʥʳʭ 

ʥʘ ʨʘʟʥʳʭ ʫʜʘʣʝʥʠʷʭ ʦʪ ʠʩʪʦʯʥʠʢʦʚ. 

ɼʦʥʥʳʝ ʦʩʘʜʢʠ ʦʟʝʨ, ʙʦʣʦʪ ʠ ʪʦʨʬʷʥʠʢʦʚ ï ʯʘʩʪʦ ʩʘʤʦʧʠʩʮʳ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʟʘʛʨʷʟʥʝʥʠʡ. 

ʆʯʝʥʴ ʚʘʞʥʦ ʠʟʫʯʝʥʠʝ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʚ ʬʠʦʨʜʘʭ ʦʪʜʝʣʝʥʥʳʭ ʧʦʨʦʛʦʤ ʦʪ ʦʪʢʨʳʪ ʦʛʦ 

ʤʦʨʷ. 

ʕʪʠ ʠ ʜʨʫʛʠʝ ʧʨʠʨʦʜʥʳʝ ʣʦʚʫʰʢʠ ʦʩʘʜʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ ʨʘʟʥʳʭ ʛʝʦʩʬʝʨ ʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʜʠʪʴ ʦ ʧʦʪʦʢʘʭ, ʩʦʩʪʘʚʝ ʠ ʩʚʦʡʩʪʚʘʭ ʨʘʩʩʝʷʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʛʝʦʩʬʝʨ ʚ 

ʦʪʜʝʣʴʥʦʩʪʠ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʠ ʥʝʩʢʦʣʴʢʠʭ ʛʝʦʩʬʝʨ. 

ʉʘʤʦʡ ʢʨʫʧʥʦʡ ʧʨʠʨʦʜʥʦʡ ʣʦʚʫʰʢʦʡ ʠ ʩʘʤʦʧʠʩʮʝʤ ʚʩʝʭ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ 

ʛʝʦʩʬʝʨ ʷʚʣʷʶʪʩʷ ʚʦʜʥʘʷ ʪʦʣʱʘ ʠ ʜʦʥʥʳʝ ʦʩʘʜʢʠ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ï ʛʣʦʙʘʣʴʥʳʡ ʩʘʤʦʧʠʩʝʮ. 

ɽʛʦ ʟʘʧʠʩʠ ʜʦʧʦʣʥʷʶʪʩʷ ʩʠʥʭʨʦʥʥʳʤʠ ʟʘʧʠʩʷʤʠ ʚ ʦʟʝʨʘʭ ʠ ʙʦʣʦʪʘʭ (çʣʫʧʳ ʚʨʝʤʝʥʠè). 

ʂʣʠʤʘʪʠʯʝʩʢʘʷ ʟʦʥʘʣʴʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʥʝʦʜʠʥʘʢʦʚʳʤ ʥʘʛʨʝʚʦʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ 

(ʦʪ ʣʝʜʦʚʳʭ ʟʦʥ ʜʦ ʵʢʚʘʪʦʨʘ) ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʩʝʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʦʢʝʘʥʦʣʦʛʠʠ (ʬʠʟʠʢʘ, 

ʭʠʤʠʷ, ʙʠʦʣʦʛʠʷ, ʛʝʦʣʦʛʠʷ), ʦʥʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʜʦ ʤʘʢʩʠʤʘʣʴʥʳʭ ʛʣʫʙʠʥ ʠ ʬʠʢʩʠʨʫʝʪʩʷ 

ʩʦʩʪʘʚʦʤ ʠ ʩʚʦʡʩʪʚʘʤʠ ʚʟʚʝʩʠ ʠ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ (ʚʦʧʨʝʢʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʝʜʠʤʝʥʪʦʣʦʛʠʠ). 

ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʥʘʛʨʝʚʘ ʚʦʜʳ ʚ ʨʘʟʥʳʭ ʟʦʥʘʭ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʷʤ ʠʭ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʠʭ ʧʣʦʪʥʦʩʪʠ. ɼʨʫʛʠʝ ʬʘʢʪʦʨʳ ï ʠʩʧʘʨʝʥʠʝ (ʚ ʨʷʜʝ ʤʝʩʪ ʦʥʦ ʜʦʩʪʠʛʘʝʪ ʤʝʪʨʳ 
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ʚ ʛʦʜ) ʠ ʣʝʜʦʦʙʨʘʟʦʚʘʥʠʝ (ʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ), ʢʦʛʜʘ ʧʨʠ ʟʘʤʝʨʟʘʥʠʠ ʦʪʞʠʤʘʶʪʩʷ ʪʷʞʝʣʳʝ 

ʨʘʩʩʦʣʳ, ʢʦʪʦʨʳʝ ʦʧʫʩʢʘʶʪʩʷ ʥʘ ʛʣʫʙʠʥʳ, ʘ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʣʝʜ ʩʪʘʥʦʚʠʪʩʷ ʧʨʝʩʥʳʤ. 

ʆʩʪʘʚʣʷʷ ʜʝʪʘʣʠ, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʢʝʘʥʝ ʠʜʝʪ ʥʝʨʘʚʥʦʤʝʨʥʳʡ ʥʘʛʨʝʚ, ʠʟʤʝʥʝʥʠʝ 

ʧʣʦʪʥʦʩʪʝʡ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢʘʢ ʢ ʚʝʨʪʠʢʘʣʴʥʦʤʫ, ʪʘʢ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʜʚʠʞʝʥʠʶ ʚʦʜ ʠ 

ʚʟʚʝʩʠ. ɺʦʟʥʠʢʘʝʪ ʛʣʦʙʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ (ʜʨʝʡʬʦʚʳʭ) ʠ ʛʣʫʙʠʥʥʳʭ 

(ʛʝʦʩʪʨʦʬʠʯʝʩʢʠʭ) ʪʝʯʝʥʠʡ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʦʪʚʝʪʚʣʝʥʠʷʤʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʵʪʦʤ  ʧʨʠʦʙʨʝʪʘʝʪ ʨʝʣʴʝʬ ʜʥʘ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʨʝʘʣʴʥʳʝ ʧʦʪʦʢʠ 

ʧʨʠʜʦʥʥʳʭ ʚʦʜ ʩʦ ʚʟʚʝʩʴʶ. ɺʦʟʥʠʢʘʶʪ ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʦʪʦʢʠ, ʠʟ ʢʦʪʦʨʳʭ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳ 

ʧʦʜʲʝʤʳ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʛʣʫʙʠʥʥʳʭ ʚʦʜ ʙʦʛʘʪʳʭ ʙʠʦʛʝʥʘʤʠ, ʪ.ʝ. ʚ ʟʦʥʫ ʬʦʪʦʩʠʥʪʝʟʘ (ʷʚʣʝʥʠʝ 

ʛʠʜʨʦʧʦʥʠʢʠ). ʕʪʦ ʘʧʚʝʣʣʠʥʛʠ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʙʠʦʛʝʥʥʦʡ ʩʝʜʠʤʝʥʪʘʮʠʠ. 

ʂʘʨʪʠʥʘ ʟʦʥʘʣʴʥʦʩʪʠ çʞʠʚʦʛʦè ʦʢʝʘʥʘ ʦʯʝʥʴ ʯʝʪʢʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʚʳʨʘʞʝʥʘ ʚ 

ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʬʦʪʦʩʠʥʪʝʟʘ, ʪ.ʝ. ʚ ʩʦʟʜʘʥʠʠ ʙʠʦʛʝʥʥʦʛʦ (ʘʚʪʦʭʪʦʥʥʦʛʦ) ʚʝʱʝʩʪʚʘ 

ʙʠʦʛʝʥʥʦʡ ʪʨʠʘʜʳ (CaCO3+SiO2ʘʤ+ʆɺ. ʕʪʦ ʚʤʝʩʪʝ ʩ ʪʝʤ ʛʣʘʚʥʳʡ ʠʩʪʦʯʥʠʢ ʢʠʩʣʦʨʦʜʘ ʠ 

ʛʣʘʚʥʳʡ ʧʦʛʣʦʪʠʪʝʣʴ ʉʆ2 ʥʘ ʧʣʘʥʝʪʝ [2]. 

ʄʦʱʥʦʩʪʴ ʦʩʚʝʱʝʥʥʦʛʦ ʩʣʦʷ ʥʝ ʧʨʝʚʳʰʘʝʪ ʚ ʧʝʣʘʛʠʘʣʠ 100-500 ʤ ʠʤʝʥʥʦ ʟʜʝʩʴ, 

ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʢʣʠʤʘʪʘ ʦʙʨʘʟʫʝʪʩʷ ʛʣʘʚʥʘʷ ʯʘʩʪʴ ʙʠʦʛʝʥʥʦʛʦ ʦʩʘʜʦʯʥʦʛʦ 

ʚʝʱʝʩʪʚʘ. ɺʦʧʨʝʢʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʝ ï ʵʪʦ ʥʝ 6-9%, ʘ ʦʢʦʣʦ 50% ʚʝʱʝʩʪʚʘ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ 

ʠ ʙʦʣʝʝ 70-90 ʚʦ % ʚʟʚʝʩʠ. 

ɼʚʠʞʝʥʠʝ ʛʣʫʙʠʥʥʳʭ ʚʦʜ ï ʧʣʘʥʝʪʘʨʥʘʷ ʩʠʩʪʝʤʘ ʛʣʦʙʘʣʴʥʦʛʦ ʦʢʝʘʥʩʢʦʛʦ ʢʦʥʚʝʡʝʨʘ 

(ɻʆʂ) ï ʦʩʣʦʞʥʷʝʪʩʷ ʩʨʝʜʠʥʥʳʤʠ ʭʨʝʙʪʘʤʠ, ʧʦʜʥʷʪʠʷʤʠ ʠ ʧʦʜʚʦʜʥʳʤʠ ʛʦʨʘʤʠ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪ ʞʠʚʦʝ ʩʝʯʝʥʠʝ ʧʦʪʦʢʘ, ʝʛʦ ʩʢʦʨʦʩʪʴ [3]. ʕʪʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʠ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʨʘʩʩʝʷʥʥʦʛʦ ʦʩʘʜʦʯʥʦʛʦ ʚʝʝʱʩʪʚʘ ʚ ʧʨʠʜʦʥʥʦʤ ʩʣʦʝ. 

ɻʣʘʚʥʳʡ ʙʘʨʴʝʨ ï ʤʘʪʝʨʠʢʦʚʳʡ ʩʢʣʦʥ, ʚʜʦʣʴ ʢʦʪʦʨʦʛʦ ʚʦʟʥʠʢʘʶʪ ʢʦʥʪʫʨʥʳʝ ʪʝʯʝʥʠʷ ʠ 

ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʦʩʘʜʢʠ-ʢʦʥʪʫʨʠʪʳ. ʂʨʫʪʠʟʥʘ ʩʢʣʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʨʫʛʦʛʦ 

ʦʩʦʙʦʛʦ ʪʠʧʘ ʦʩʘʜʦʯʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ï ʛʨʘʚʠʪʠʪʦʚ. ʀʭ ʧʦʪʦʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʧʣʦʪʥʦʩʪʴʶ ʩʫʩʧʝʥʟʠʠ, ʥʦ ʠ ʥʘʢʣʦʥʦʤ ʜʥʘ. 

ʋ ʦʩʥʦʚʘʥʠʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʩʢʣʦʥʦʚ ï ʚ ʦʙʣʘʩʪʠ ʢʦʥʪʫʨʠʪʦʚ ʠ ʛʨʘʚʠʪʠʪʦʚ ï 

ʦʙʨʘʟʫʶʪʩʷ ʫʩʣʦʚʠʷ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʬʪʠ ʠ ʛʘʟʘ. ʃʘʚʠʥʥʘʷ ʩʝʜʠʤʝʥʪʘʮʠʷ 

ʟʜʝʩʴ ʩʦʯʝʪʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʉʦʨʛ. ʠ ʩ ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʳʤʠ ʧʨʦʩʣʦʷʤʠ ʚ 

ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʷʭ. ʕʪʦ ʧʦʜʪʚʝʨʜʠʣʦʩʴ ʧʦʣʫʯʝʥʠʝʤ ʧʨʦʤʳʰʣʝʥʥʦʡ ʥʝʬʪʠ ʩ ʛʣʫʙʠʥʳ ʜʦ 

3700 ʤ. 

ɻʣʫʙʠʥʥʳʝ ʪʝʯʝʥʠʷ ʚʜʘʣʠ ʦʪ ʩʢʣʦʥʘ ʦʙʨʘʟʫʶʪ ʧʦʜʦʙʠʝ ʨʝʢ ʚ ʧʨʠʜʦʥʥʦʤ ʩʣʦʝ, ʢʦʪʦʨʳʝ 

ʤʝʜʣʝʥʥʦ ʧʝʨʝʤʝʱʘʶʪ ʦʩʘʜʦʯʥʳʡ ʤʘʪʝʨʠʘʣ. ʆʙʨʘʟʫʶʪʩʷ ʫʯʘʩʪʢʠ ʨʘʟʛʨʫʟʢʠ ʵʪʠʭ ʧʦʪʦʢʦʚ, 

ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪ ʜʨʠʬʪʘʤʠ. ʉʘʤʳʝ ʢʨʫʧʥʳʝ ʠʟ ʥʠʭ ʜʦʩʪʠʛʘʶʪ ʧʦ ʧʣʦʱʘʜʠ ʪʳʩʷʯʠ ʠ ʜʘʞʝ ʜʦ 
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1 ʤʣʥ. ʢʤ2. ɹʦʣʴʰʝ ʚʩʝʛʦ ʠʭ ʚ ʟʦʥʘʭ ʪʝʧʣʳʭ ʠ ʭʦʣʦʜʥʳʭ ʚʝʪʚʝʡ ʢʦʥʚʝʡʝʨʘ. ʋʞʝ ʠʟʫʯʝʥʦ ʙʦʣʴʰʝ 

ʜʚʫʭ ʜʝʩʷʪʢʦʚ ʜʨʠʬʪʦʚ, ʠʤ ʧʨʠʩʚʦʝʥʳ ʥʘʟʚʘʥʠʷ. 

ʊʝʧʝʨʴ ʚʩʝ ʦʩʘʜʦʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʛʣʫʙʠʥʥʳʤʠ ʛʝʦʩʪʨʦʬʠʯʝʩʢʠʤʠ 

ʪʝʯʝʥʠʷʤʠ ʥʘʟʳʚʘʶʪ ʢʦʥʪʫʨʠʪʘʤʠ, ʦʥʠ ʚʩʪʨʝʯʘʶʪʩʷ ʪʘʢʞʝ ʚ ʤʦʨʷʭ (ʂʘʩʧʠʡʩʢʦʝ ʠ ʜʨ.) ʠ ʜʘʞʝ 

ʚ ʦʟʝʨʘʭ. ʀʟʫʯʝʥʦ ʥʝ ʪʦʣʴʢʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʪʫʨʠʪʦʚ (ʠ ʧʦʨʦʞʜʘʶʱʠʭ ʠʭ ʛʣʫʙʠʥʥʳʭ 

ʪʝʯʝʥʠʡ), ʥʦ ʠ ʠʭ ʛʝʦʤʝʪʨʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʩʘʜʦʯʥʳʝ ʚʦʣʥʳ ʥʘ ʜʥʝ ʚʳʩʦʪʦʡ ʜʦ 100-150 ʤ, 

ʜʣʠʥʦʡ ʜʦ 100 ʢʤ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʤʝʣʢʠʝ ʚʧʣʦʪʴ ʜʦ ʨʷʙʠ, ʢʦʪʦʨʳʝ ʠʟʫʯʘʣʠʩʴ ʥʘʤʠ ʩ ʧʦʜʚʦʜʥʳʭ 

ʘʧʧʘʨʘʪʦʚ. ʋʜʘʝʪʩʷ ʚʳʜʝʣʷʪʴ ʬʘʮʠʠ ʢʦʥʪʫʨʠʪʦʚ ʠ ʪʫʨʙʠʜʠʪʦʚ, ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʩʦʩʪʘʚʘ ʠ 

ʪʝʢʩʪʫʨʳ (ʣʘʠʩʪʦʚʘʪʦʩʪʴ ʠ ʩʣʦʠʩʪʦʩʪʴ), ʠʩʪʦʨʠʶ ʦʙʨʘʟʦʚʘʥʠʷ. ɺʳʷʚʣʝʥʳ ʠ ʜʨʝʚʥʠʝ ʢʦʥʪʫʨʠʪʳ 

ʚ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱʘʭ ʢʦʥʪʠʥʝʥʪʦʚ, ʥʝʨʝʜʢʦ ʪʦʞʝ ʥʝʬʪʝ-ʛʘʟʦʥʦʩʥʳʝ. 

ɻʣʫʙʦʢʦʚʦʜʥʳʝ ʪʝʯʝʥʠʷ ʚ ʨʷʜʝ ʤʝʩʪ ʚʳʟʳʚʘʶʪ ʠ ʵʨʦʟʠʶ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ: 

ʬʦʨʘʤʠʥʠʬʝʨʦʚʳʭ ï ʧʨʠ ʪʝʯʝʥʠʷʭ 15-35 ʩʤ/ʩʝʢ, ʛʣʠʥʠʩʪʳʭ ï 100-150 ʩʤ/ʩʝʢ, ʪ.ʝ. ʤʦʞʝʪ ʠʜʪʠ 

ʠʟʙʠʨʘʪʝʣʴʥʳʡ ʧʝʨʝʥʦʩ ʬʦʨʘʤʠʥʠʬʝʨ ʩ ʠʭ ʙʳʩʪʨʳʤ ʦʪʣʦʞʝʥʠʝʤ ʚ ʜʨʠʬʪʘʭ ʉʝʚʝʨʥʦʡ 

ɸʪʣʘʥʪʠʢʝ, ʥʝʨʝʜʢʦ ʦʙʨʘʟʫʶʪʩʷ ʦʩʘʜʦʯʥʳʝ ʭʨʝʙʪʳ. 

ʂʦʥʪʫʨʠʪʳ ʠ ʜʨʠʬʪʳ ʥʝ ʪʦʣʴʢʦ ʦʜʠʥ ʠʟ ʤʘʨʢʝʨʦʚ ʛʣʫʙʠʥʥʳʭ (>1500 ʤ) ʪʝʯʝʥʠʡ 

ʛʣʦʙʘʣʴʥʦʛʦ ʢʦʥʚʝʡʝʨʘ, ʥʦ ʠ ʠʥʜʠʢʘʪʦʨ ʢʣʠʤʘʪʘ ʠ ʚʝʥʪʠʣʷʮʠʠ ʦʢʝʘʥʘ (ʧʨʠ ʩʥʠʞʝʥʠʠ 

ʢʦʥʪʨʘʩʪʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʤʝʟʦʟʦʝ ʚʦʟʥʠʢʘʣʦ ʩʝʨʦʚʦʜʦʨʦʜʥʦʝ ʟʘʨʘʞʝʥʠʝ). 

ʈʘʙʦʪʘ ʧʦ ʜʨʠʬʪʘʤ, ʦʩʘʜʦʯʥʳʤ ʚʦʣʥʘʤ, ʢʦʥʪʫʨʠʪʘʤ ʠ ʛʣʫʙʠʥʥʳʤ ʪʝʯʝʥʠʷʤ ʨʘʟʚʝʨʥʫʪʳ 

ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʀʆ ʈɸʅ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʝʜʠʤʝʥʪʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ɸɻʆʉ. 
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ʇʦʨʦʜʳ ʚʫʣʢʘʥʦʛʝʥʥʦʛʦ ʠ ʦʩʘʜʦʯʥʦʛʦ ʛʝʥʝʟʠʩʘ ʚ ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʘʭ ʧʦ ʨʘʟʥʦʤʫ 

ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ ʠʭ ʛʣʫʙʦʢʠʭ ʩʣʦʷʭ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ  ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨ, 

ʚʦʟʨʘʩʪʘʶʱʠʭ ʧʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʦʩʘʜʢʦʚ. ʋʧʣʦʪʥʝʥʠʝ ʠ ʜʝʛʠʜʨʘʪʘʮʠʷ ʧʣʘʩʪʠʯʝʩʢʠʭ ʧʦʨʦʜ 

ʥʘ ʧʨʠʤʝʨʝ ʛʣʠʥʠʩʪʳʭ ʪʦʣʱ ʧʦʟʚʦʣʷʝʪ ʚ ʚʝʨʭʥʠʭ ʯʘʩʪʷʭ ʨʘʟʨʝʟʘ ʚʳʜʝʣʷʪʴ ʘʥʦʤʘʣʴʥʦ-ʚʳʩʦʢʠʝ 

ʠ ʥʠʟʢʠʝ ʧʣʘʩʪʦʚʳʝ ʜʘʚʣʝʥʠʷ (ɸɺʇɼ ʠ ɸʅʇɼ), ʘ ʚ ʥʠʞʥʠʭ ʯʘʩʪʷʭ ï ʩʚʝʨʭʚʳʩʦʢʠʝ ʠ 

ʩʚʝʨʭʥʠʟʢʠʝ ʜʘʚʣʝʥʠʷ (ʉɺʇɼ ʠ ʉʅʇɼ) ʤʝʭʘʥʠʟʤʳ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳ. ʉʦ 

ʩʚʝʨʭʚʳʩʦʢʠʤʠ ʜʘʚʣʝʥʠʷʤʠ ʩʚʷʟʘʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʘʝʢ, çʛʦʨʠʟʦʥʪʦʚ ʩ 

ʚʢʣʶʯʝʥʠʷʤʠè, ʤʝʣʢʦʬʦʢʫʩʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʛʨʷʟʝʚʳʭ ʚʫʣʢʘʥʦʚ ʠ ʩʦʣʷʥʳʭ ʜʠʘʧʠʨʦʚ, ʦʥʠ 

ʚʳʟʳʚʘʶʪ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ. 

ʆʩʘʜʦʯʥʳʝ ʧʦʨʦʜʥʳʝ, ʥʝʨʝʜʢʦ ʛʘʟʦ-ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʝ ʙʘʩʩʝʡʥʳ ʩʣʘʛʘʶʪʩʷ 

ʦʩʘʜʦʯʥʳʤʠ ʠʣʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 7-8 

ʢʤ ʜʦ 27-30 ʢʤ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʠʞʥʠʝ ʩʣʦʠ ʵʪʠʭ ʥʘʢʦʧʣʝʥʠʡ ʩʫʱʝʩʪʚʫʶʪ ʧʨʠ 

ʛʝʦʩʪʘʪʠʯʝʩʢʠʭ ʜʘʚʣʝʥʠʷʭ, ʢʦʣʝʙʣʶʱʠʭʩʷ ʦʪ 2000 ʜʦ 8000 ʘʪʤ. (7-29 ʙʘʨʦʚ) ʠ ʧʨʠ ʩʨʝʜʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 210 ʜʦ 900Áʉ. 

ʇʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʦʩʘʜʢʦʚ ʚ ʙʘʩʩʝʡʥʝ ʢʘʞʜʳʡ ʧʣʘʩʪ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʧʦʩʣʝʜʫʶʱʠʤ ʠ 

ʚ ʪʝʯʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʧʦʛʨʫʞʘʝʪʩʷ ʚ ʦʙʣʘʩʪʴ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨ. 

ʉʨʝʜʠ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʨʝʟʢʦ ʚʳʜʝʣʷʶʪʩʷ ʞʝʩʪʢʠʝ ʧʦʨʦʜʳ-ʢʦʣʣʝʢʪʦʨʳ 

(ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ, ʥʝʢʦʪʦʨʳʝ ʠʟʚʝʩʪʥʷʢʠ, ʢʦʥʛʣʦʤʝʨʘʪʳ) ʠ ʧʣʘʩʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ-

ʧʦʢʨʳʰʢʠ (ʛʣʠʥʳ, ʫʛʣʠ, ʩʦʣʠ ʠ ʜʨ.). 

ʀʭ ʧʦʚʝʜʝʥʠʝ ʧʨʠ ʧʦʛʨʫʞʝʥʠʠ ʚ ʦʙʣʘʩʪʴ ʚʳʩʦʢʠʭ ʊ ʠ ʈ ʚʝʩʴʤʘ ʨʘʟʣʠʯʥʦ: ʧʣʘʩʪʠʯʝʩʢʠʝ 

ʧʦʨʦʜʳ ʙʳʩʪʨʦ ʫʧʣʦʪʥʷʶʪ ʩʚʦʝ ʧʦʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʦʪʢʨʳʪʘʷ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʜʠʘʛʝʥʝʟʘ ʟʜʝʩʴ ʧʝʨʝʭʦʜʠʪ ʚ ʟʘʤʢʥʫʪʫʶ ʩʠʩʪʝʤʫ ʢʘʪʘʛʝʥʝʟʘ, ʪʦʛʜʘ ʢʘʢ 

mailto:rostislavn@yandex.ru
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ʞʝʩʪʢʠʝ ʧʦʨʦʜʳ-ʢʦʣʣʝʢʪʦʨʳ ʜʦʣʛʦ ʦʩʪʘʶʪʩʷ ʧʨʦʥʠʮʘʝʤʳʤʠ ʜʣʷ ʬʣʶʠʜʦʚ, ʥʦ ʩ ʛʣʫʙʠʥʦʡ, 

ʙʣʘʛʦʜʘʨʷ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤ ʤʠʥʝʨʘʣʦʚ ʧʦʜʚʝʨʞʝʥʳ ʢʦʣʴʤʘʪʘʮʠʠ ʠ ʟʘʢʫʧʦʨʠʚʘʥʠʶ ʧʦʨ. 

ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʚ ʢʨʘʝʚʳʭ ʯʘʩʪʷʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʥʳʭ ʙʘʩʩʝʡʥʦʚ ʞʝʩʪʢʠʝ ʧʦʨʦʜʳ-

ʢʦʣʣʝʢʪʦʨʳ ʬʘʮʠʘʣʴʥʦ ʩʚʷʟʘʥʳ ʩ ʧʣʘʩʪʠʯʝʩʢʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ. ʅʘʦʙʦʨʦʪ, ʚ ʛʣʫʙʦʢʠʭ ʯʘʩʪʷʭ 

ʚʧʘʜʠʥ ʢʘʢ ʧʨʘʚʠʣʦ ʬʘʮʠʘʣʴʥʦ ʧʨʝʦʙʣʘʜʘʶʪ ʧʣʘʩʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ï ʛʣʠʥʳ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʜʝʛʠʜʨʘʪʘʮʠʠ ʛʣʠʥ ʧʨʠ ʧʦʛʨʫʞʝʥʠʠ, ʩʦʩʪʘʚʣʝʥʥʘʷ ʧʦ ʜʘʥʥʳʤ 

ɼʞ.ɹʝʨʩʪʘ (1969), ʄ. ʇʘʫʵʨʩʘ (1969), ɽ. ʇʝʨʨʠ ʠ ʀ. ʍʘʫʵʨʘ (1972) ʠ ʜʨ. ʘʚʪʦʨʦʚ ʪʠʧʠʯʥʘ ʜʣʷ 

ʚʩʝʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʧʦʨʦʜ [1]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʝʡ ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʩʪʠʯʝʩʢʠʭ 

ʧʦʨʦʜ ʧʨʠ ʧʦʛʨʫʞʝʥʠʠ  ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʜʚʝ ʩʪʘʜʠʠ ʜʝʛʠʜʨʘʪʘʮʠʠ ʠ ʜʝʬʣʶʠʜʠʟʘʮʠʠ. 

ʇʝʨʚʘʷ ʩʪʘʜʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʝʥʠʝʤ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʝʤ ʪʚʝʨʜʦʛʦ ʠ ʞʠʜʢʦʛʦ ʚʝʱʝʩʪʚʘ; ʥʘ ʥʝʡ ʧʨʝʦʙʣʘʜʘʶʪ ʧ ʦ ʨ ʦ ʚ 

ʳ ʝ ʧʨʦʮʝʩʩʳ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʘʭ [7], [8], [11], [2], [4], [10] ʠ ʜʨ. ʠ ʬʦʨʤʠʨʫʶʪʩʷ 

ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʠʣʠ ʥʠʟʢʠʝ ʧʣʘʩʪʦʚʳʝ ʜʘʚʣʝʥʠʷ (ɸɺʇɼ ʠ ɸʅʇɼ) ʚ 1,5-2,0 ʨʘʟʘ 

ʧʨʝʚʳʰʘʶʱʠʝ ʠʣʠ ʫʩʪʫʧʘʶʱʠʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʷʤ. ɺ ʩʤʝʞʥʳʭ ʬʘʮʠʷʭ ʧʦʨʦʜ-

ʢʦʣʣʝʢʪʦʨʦʚ ʵʪʠ ʷʚʣʝʥʠʷ  ʚʳʟʳʚʘʶʪ ʵʣʠʟʠʦʥʥʳʝ ʦʪʪʦʢʠ ʬʣʶʠʜʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʚʝʩʴ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʣʘʥ ʨʝʛʠʦʥʘ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʯʘʩʪʠʯʥʦʤʫ ʟʘʧʝʯʘʪʳʚʘʥʠʶ ʦʪʜʝʣʴʥʳʭ 

ʫʯʘʩʪʢʦʚ ʧʣʘʩʪʦʚ ʠ ʧʨʦʷʚʣʝʥʠʶ ʦʩʤʦʪʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ; ʵʪʠ ʧʦʙʦʯʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʧʦʛʨʫʞʝʥʠʝʤ ʧʣʘʩʪʘ ʩʦʟʜʘʶʪ ʥʠʟʢʠʝ ʧʣʘʩʪʦʚʳʝ ʜʘʚʣʝʥʠʷ (ɸʅʇɼ), ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʧʨʦʥʠʮʘʝʤʳʭ ʪʦʣʱ [5, 6]. 

ɺʪʦʨʘʷ ʩʪʘʜʠʷ ʜʝʬʣʶʠʜʠʟʘʮʠʠ ʚ ʧʣʘʩʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʧʨʦʪʝʢʘʝʪ ʚ ʫʩʣʦʚʠʷʭ 

ʟʘʤʢʥʫʪʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ: ʦʥʘ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʳʰʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʬʘʟʦʚʦʛʦ  ʨʘʟʜʝʣʝʥʠʷ ʚʝʱʝʩʪʚʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʃʝ-ʐʘʪʝʣʴʝ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚ ʥʠʭ ʚʦʟʥʠʢʘʶʪ ʩʚʝʨʭʚʳʩʦʢʠʝ ʜʘʚʣʝʥʠʷ ʚʦ ʤʥʦʛʦ ʨʘʟ ʧʨʝʚʦʩʭʦʜʷʱʠʝ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ ʠ çʥʘʣʦʞʝʥʥʳʝè ʥʘ ʦʩʘʜʦʯʥʳʝ ʪʦʣʱʠ (ʉɺʇɼ). 

ɺ ʦʪʣʠʯʠʝ ʦʪ ɸɺʇɼ ʠ ɸʅɺɼ ʩʚʝʨʭʚʳʩʦʢʠʝ ʧʣʘʩʪʦʚʦ-ʰʪʦʢʚʝʨʢʦʚʳʝ ʜʘʚʣʝʥʠʷ 

ʩʪʠʤʫʣʠʨʫʶʪ ʥʝ ʪʦʣʴʢʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ (ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʝ), ʥʦ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʷʚʣʝʥʠʷ. ɺ ʩʘʤʠʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʦʥʠ ʬʦʨʤʠʨʫʶʪ ʚʪʦʨʠʯʥʫʶ ʧʦʨʠʩʪʦʩʪʴ, 

ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ, ʙʨʝʢʯʠʨʦʚʘʥʠʝ ʠ ʧʨʝʚʨʘʱʘʶʪ ʠʭ ʚ ʢʦʣʣʝʢʪʦʨʘ ʙʘʞʝʥʦʚʩʢʦʛʦ ʪʠʧʘ. 

ʅʘ ʩʦʧʨʷʞʝʥʠʠ ʩ ʧʦʨʦʜʘʤʠ-ʢʦʣʣʝʢʪʦʨʘʤʠ ʦʥʠ ʩʦʟʜʘʶʪ ʛʠʜʨʦʧʣʳʚʫʥʳ ʠ ʛʠʜʨʦʨʘʟʨʳʚʳ 

ʠ ʬʦʨʤʠʨʫʶʪ  ʢʣʘʩʪʠʯʝʩʢʠʝ ʜʘʡʢʠ ʠ çʛʦʨʠʟʦʥʪʳ ʩ ʚʢʣʶʯʝʥʠʷʤʠè. ʇʨʠ ʪʝʢʪʦʥʠʯʝʩʢʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʫʯʘʩʪʢʦʚ ʩ ʘʥʦʤʘʣʴʥʦ-ʚʳʩʦʢʠʤʠ ʠ ʘʥʦʤʘʣʴʥʦ-ʥʠʟʢʠʤʠ ʩʚʝʨʭʚʳʩʦʢʠʤʠ 

ʜʘʚʣʝʥʠʷʤʠ   ʚʦʟʥʠʢʘʶʪ ʦʯʘʛʠ ʤʝʣʢʦʬʦʢʫʩʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʘ ʩʘʤʠ ʟʦʥʳ ʉɺʇɼ ʚ ʥʝʢʦʪʦʨʳʭ 

ʨʘʡʦʥʘʭ ʷʚʣʷʶʪʩʷ çʢʦʨʥʷʤʠè ʛʨʷʟʝʚʳʭ ʚʫʣʢʘʥʦʚ ʠ ʩʦʣʷʥʳʭ ʜʠʘʧʠʨʦʚ. 
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ɺʦʟʤʦʞʥʦ ʠʤʝʥʥʦ ʩʦ ʩʚʝʨʭʚʳʩʦʢʠʤʠ ʧʣʘʩʪʦʚʳʤʠ ʜʘʚʣʝʥʠʷʤʠ ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʳ 

ʧʦʣʦʛʠʝ ʥʘʜʚʠʛʠ [9] (ɿʘʧʘʜʥʳʡ ɺʘʡʦʤʠʥʛ ʉʐɸ) ʠ ʘʚʪʦʥʦʤʥʘʷ ʩʢʣʘʜʯʘʪʦʩʪʴ [3] ʠ ʜʨ. ( 

ʖʞʥʦʢʘʩʧʠʡʩʢʘʷ ʚʧʘʜʠʥʘ). 
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ɺʦ ʚʩʝ ʚʨʝʤʝʥʘ ʣʠʪʦʣʦʛʠʷ ʬʦʨʤʠʨʦʚʘʣʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʥʘʥʠʷ, ʩʣʫʞʠʚʰʠʝ ʦʩʥʦʚʦʡ ʜʣʷ ʤʥʦʛʠʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ. ɸʥʘʣʠʟ ʥʘʠʙʦʣʝʝ ʦʩʪʨʳʭ ʥʘʫʯʥʳʭ ʩʧʦʨʦʚ ʧʦ ʧʨʦʙʣʝʤʘʤ ʛʝʦʣʦʛʠʠ ʥʝʬʪʠ ʠ ʛʘʟʘ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʯʝʥʴ ʯʘʩʪʦ ʜʠʩʢʫʩʩʠʠ ʨʘʟʛʦʨʘʣʠʩʴ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʳʭ ʰʢʦʣ ʜʣʷ 

ʩʚʦʠʭ ʧʦʩʪʨʦʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʟʥʳʝ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ. ɺ ʥʝʬʪʝʛʘʟʦʚʦʡ ʣʠʪʦʣʦʛʠʠ ʥʦʚʳʝ ʚʳʟʦʚʳ, 

ʩʚʷʟʘʥʳ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʦʩʥʦʚʘʪʴ ʚʳʩʦʢʦʶ ʧʨʦʤʳʰʣʝʥʥʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ 

ʦʪʥʦʩʠʣʠʩʴ ʢ ʥʝʧʨʦʥʠʮʘʝʤʳʤ ʬʣʶʠʜʦʫʧʦʨʘʤ ʠʣʠ ʥʝʬʪʝʛʘʟʦʤʘʪʝʨʠʥʩʢʠʤ ʪʦʣʱʘʤ. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʣʠʪʦʣʦʛʠʷ ʠ ʝʸ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʦʣʦʜʘʷ ʚʝʪʚʴ ʥʝʬʪʝʛʘʟʦʚʘʷ 

ʣʠʪʦʣʦʛʠʷ ʚʩʪʨʝʯʘʶʪʩʷ ʩ ʚʳʟʦʚʘʤʠ, ʟʘʪʨʘʛʠʚʘʶʱʠʤʠ ʤʥʦʛʠʝ ʩʪʦʨʦʥʳ ʫʩʪʦʷʚʰʠʭʩʷ, ʢʘʟʘʣʦʩʴ 

ʙʳ, ʥʝʟʳʙʣʝʤʳʭ ʦʩʥʦʚ. ʗʚʣʷʷʩʴ ʜʨʝʚʥʝʡʰʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʥʘʫʢʦʡ, ʣʠʪʦʣʦʛʠʷ ʟʘ ʤʥʦʛʠʝ 
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ʜʝʩʷʪʠʣʝʪʠʷ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ ʥʘʢʦʧʠʣʘ ʚʘʞʥʝʡʰʠʡ ʬʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ. ʂʦʨʠʬʝʠ 

ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ ʥʘʫʢʠ ʦʙʝʩʧʝʯʠʣʠ ʝʸ ʫʩʪʦʡʯʠʚʦʝ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ.  

ɺ ʥʘʰʝʡ ʥʘʫʢʝ ʫʩʪʘʥʦʚʠʣʠʩʴ ʜʝʤʦʢʨʘʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʥʘʥʠʡ, ʘ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʠʩʢʫʩʩʠʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʥʘʭʦʞʜʝʥʠʶ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʠ ʨʝʰʝʥʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɸʥʘʣʠʟ ʥʘʠʙʦʣʝʝ ʦʩʪʨʳʭ ʥʘʫʯʥʳʭ ʩʧʦʨʦʚ ʧʦ ʧʨʦʙʣʝʤʘʤ ʛʝʦʣʦʛʠʠ ʥʝʬʪʠ ʠ ʛʘʟʘ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʯʝʥʴ ʯʘʩʪʦ ʜʠʩʢʫʩʩʠʠ ʨʘʟʛʦʨʘʣʠʩʴ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʘʟʣʠʯʥʳʭ 

ʥʘʫʯʥʳʭ ʰʢʦʣ ʜʣʷ ʩʚʦʠʭ ʧʦʩʪʨʦʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʟʥʳʝ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʟʥʦʛʣʘʩʠʡ ʚʦʟʥʠʢʘʣʦ ʥʝ ʠʟ-ʟʘ ʦʰʠʙʦʯʥʦʩʪʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʧʦʩʪʨʦʝʥʠʡ ʠʣʠ ʥʝʜʦʩʪʦʚʝʨʥʦʩʪʠ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɼʠʩʢʫʩʩʠʠ ʨʘʟʚʦʨʘʯʠʚʘʣʠʩʴ ʚ 

ʩʚʷʟʠ ʩ ʨʘʟʥʳʤʠ ʧʦʜʭʦʜʘʤʠ ʢ ʚʠʜʝʥʠʶ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʧʦʩʦʙʦʚ ʠʭ ʠʟʫʯʝʥʠʷ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʟʫʯʝʥʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚʩʝʛʜʘ ʩʪʨʝʤʠʣʠʩʴ ʠʭ 

ʩʛʨʫʧʧʠʨʦʚʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʪʦʪ ʠʣʠ ʠʥʦʡ ʥʘʙʦʨ ʧʨʠʟʥʘʢʦʚ. ʇʨʦʙʣʝʤʘ ʚʳʜʝʣʝʥʠʷ ʬʦʨʤʘʮʠʡ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʅ.ʄ. ʉʪʨʘʭʦʚʳʤ, ʅ.ʉ. ʐʘʪʩʢʠʤ, H.EL ʍʝʨʘʩʢʦʚʳʤ, ʅ.ɹ. ɺʘʩʩʦʝʚʠʯʝʤ ʠ 

ʜʨʫʛʠʤʠ ʚʳʜʘʶʱʠʤʠʩʷ ʫʯʝʥʳʤʠ. ʇʨʠ ʵʪʦʤ ʦʜʥʠ ʫʯʝʥʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʝʥʝʪʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ 

ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʬʦʨʤʘʮʠʡ, ʜʨʫʛʠʝ ʦʩʧʘʨʠʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠ 

ʛʨʫʧʧʠʨʦʚʘʥʠʠ ʧʦʨʦʜ ʚ ʝʜʠʥʠʮʳ ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʨʦʚʥʷ. 

ʉ ʧʦʟʠʮʠʡ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ, ʙʘʟʠʨʫʷʩʴ ʥʘ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʤʦʞʥʦ ʫʚʝʨʝʥʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʨʘʟʥʳʡ ʧʦʜʭʦʜ ʢ ʚʳʜʝʣʝʥʠʶ ʬʦʨʤʘʮʠʡ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ 

ʨʘʟʥʳʤ ʤʠʨʦʚʦʟʟʨʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʉʪʦʨʦʥʥʠʢʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʩʯʠʪʘʶʪ ʩʚʦʝʡ 

ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʠʟʫʯʝʥʠʝ ʦʙʲʝʢʪʦʚ ʚ ʪʦʤ ʚʠʜʝ, ʚ ʢʘʢʦʤ ʦʥʠ ʩʦʟʜʘʥʳ ʧʨʠʨʦʜʦʡ. ɼʘʥʥʳʡ 

ʧʦʜʭʦʜ ʠʤʝʝʪ ʧʨʘʚʦ ʥʘ ʞʠʟʥʴ, ʪʘʢ ʢʘʢ ʦʥ ʦʪʨʘʞʘʝʪ ʠʟʚʝʯʥʦʝ ʞʝʣʘʥʠʝ ʫʯʝʥʳʭ ʧʦʟʥʘʪʴ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʦʢʨʫʞʘʶʱʝʛʦ ʥʘʩ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʤʠʨʘ. ʕʪʦ - ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ 

ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʪʦʨʦʥʥʠʢʠ ʘʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʩʯʠʪʘʶʪ ʩʚʦʝʡ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ 

ʧʦʣʫʯʝʥʠʝ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ʀʟ ʤʥʦʞʝʩʪʚʘ ʧʨʠʟʥʘʢʦʚ ʦʙʲʝʢʪʘ ʦʥʠ ʚʳʙʠʨʘʶʪ ʪʝ, 

ʢʦʪʦʨʳʝ ʚʳʪʝʢʘʶʪ ʠʟ ʧʦʩʪʘʚʣʝʥʥʦʡ ʧʝʨʝʜ ʥʠʤʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ 

ʮʝʣʠ. ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʎʝʣʝʚʳʝ ʫʩʪʘʥʦʚʢʠ ʧʦʜʯʠʥʝʥʳ ʩʢʦʨʝʡʰʝʤʫ ʜʦʩʪʠʞʝʥʠʶ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʠ ʥʝ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʨʝʰʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʙʣʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʠʩʢʫʩʩʠʠ ʚʝʣʠʩʴ ʧʦ ʨʘʟʥʳʤ ʦʙʲʝʢʪʘʤ ʠ ʧʦ ʨʘʟʥʳʤ ʙʘʟʘʤ ʜʘʥʥʳʭ. ɼʣʷ 

ʩʪʦʨʦʥʥʠʢʦʚ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʛʝʦʣʦʛʠʠ ʦʙʲʝʢʪ - ʩʚʷʪʘʷ ʩʚʷʪʳʭ, ʩʦ ʚʩʝʤʠ ʧʨʠʟʥʘʢʘʤʠ, 

ʩʦʟʜʘʥʥʳʤʠ ʧʨʠʨʦʜʦʡ. ʉʪʦʨʦʥʥʠʢʠ ʮʝʣʝʚʦʛʦ ʧʦʜʭʦʜʘ ʚ ʛʝʦʣʦʛʠʠ ʢʦʥʩʪʨʫʠʨʫʶʪ ʦʙʲʝʢʪ ʩʘʤʠ: 

ʠʟ ʤʥʦʞʝʩʪʚʘ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʘ ʧʨʠ ʝʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʠʟʫʯʝʥʠʠ ʠʤʠ 

ʚʳʙʠʨʘʶʪʩʷ ʪʦʣʴʢʦ ʪʝ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ. 
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ɺ ʥʝʬʪʝʛʘʟʦʚʦʡ ʣʠʪʦʣʦʛʠʠ ʵʪʠ ʚʳʟʦʚʳ ʩʚʷʟʘʥʳ ʩ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʩʣʘʥʮʝʚʦʡ 

ʨʝʚʦʣʶʮʠʝʡ, ʢʦʛʜʘ ʧʦʷʚʠʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʦʩʥʦʚʘʪʴ ʚʳʩʦʢʫʶ ʧʨʦʤʳʰʣʝʥʥʫʶ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʦʪʥʦʩʠʣʠʩʴ ʢ ʥʝʧʨʦʥʠʮʘʝʤʳʤ ʬʣʶʠʜʦʫʧʦʨʘʤ ʠʣʠ 

ʥʝʬʪʝʛʘʟʦʤʘʪʝʨʠʥʩʢʠʤ ʪʦʣʱʘʤ, ʜʘʶʱʠʤ ʨʦʞʜʝʥʠʝ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʥʦ ʥʝ ʦʙʣʘʜʘʶʱʠʤ 

ʵʬʬʝʢʪʠʚʥʦʡ ʧʦʨʠʩʪʦʩʪʴʶ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʣʘʥʮʝʚʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʜʘ ʠ ʤʥʦʛʠʝ ʥʝʪʨʘʜʠʮʠʦʥʥʳʝ 

ʨʝʩʫʨʩʳ ʥʝʬʪʠ ʠ ʛʘʟʘ ʷʚʣʷʶʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʥʝʪʨʘʜʠʮʠʦʥʥʳʤʠ ʨʝʟʝʨʚʫʘʨʘʤʠ. ʕʪʦ ï ʠ 

ʩʣʘʥʮʝʚʳʝ ʬʦʨʤʘʮʠʠ, ʠ ʧʣʦʪʥʳʝ ʢʦʣʣʝʢʪʦʨʳ (tight gaz, tight oil), ʠ ʢʘʨʙʦʥʘʪʥʳʝ ʘʥʘʣʦʛʠ 

ʩʣʘʥʮʝʚʦʡ ʥʝʬʪʠ, ʘ ʪʘʢʞʝ ʙʘʞʝʥʦʚʩʢʘʷ ʩʚʠʪʘ, ʜʦʤʘʥʠʢ, ʭʘʜʫʤʩʢʘʷ ʩʚʠʪʘ ʠ ʜʨ. ɺʳʧʦʣʥʝʥʥʳʝ ʢ 

ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʩʢʦʧʣʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʨʝʟʝʨʚʫʘʨʝ, ʩʚʦʡʩʪʚʘ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʷʪ ʦʪ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʨʦʜ ʠ ʩʪʝʧʝʥʠ 

ʠʭ ʫʯʘʩʪʠʷ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʊʨʫʜʥʦ ʧʝʨʝʦʮʝʥʠʪʴ ʨʦʣʴ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ 

ʫʩʪʘʥʦʚʠʪʴ ʚʣʠʷʥʠʝ ʥʘ ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʨʘʟʣʠʯʥʳʭ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʨʦʜ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʭ ʢʦʣʣʝʢʪʦʨʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɺ ʪʨʘʜʠʮʠʦʥʥʫʶ ʬʦʨʤʫʣʫ ʟʘʢʦʥʘ ɼʘʨʩʠ 

ʧʨʝʜʣʦʞʝʥʦ ʚʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʪʨʘʞʘʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʬʠʣʴʪʨʘʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʘʤ. 

ʉʦʟʜʘʥʘ ʩʭʝʤʘ ʩʦʧʨʷʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ çʦʙʣʦʤʦʯʥʳʡ ʢʦʣʣʝʢʪʦʨè, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʦʧʝʨʘʪʦʨʦʚ, ʫʜʦʙʥʳʭ ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

 

 

ɼʀʅɸʄʀʏɽʉʂɸʗ ʃʀʊʆʃʆɻʀʗ: ʇʈɽɾʅʀɽ ʂʆʈʅʀ ʀ ʅʆɺʓɽ ʈʆʉʊʂʀ 

ʌʋʅɼɸʄɽʅʊɸʃʔʅʆɻʆ ʅɸʋʏʅʆɻʆ ʅɸʇʈɸɺʃɽʅʀʗ 

ʆ.ɺ. ʗʧʘʩʢʫʨʪ 

 

ʄɻʋ  ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ; ɻʀʅ ʈɸʅ, ʄʦʩʢʚʘ, e-mail: yapaskurt@mail.ru 

 

ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʠʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʣʠʪʦʣʦʛʠʠ ʥʘ ʛʨʘʥʠ ʩ 

ʠʥʪʝʨʝʩʘʤʠ ʛʝʦʪʝʢʪʦʥʠʢʠ ʠ ʫʯʝʥʠʡ ʦ ʪʚʝʨʜʳʭ ʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʧʦ ʝʜʠʥʦʡ ʧʨʦʙʣʝʤʝ: 

çʣʠʪʦʛʝʥʝʟ ʠ ʛʝʦʜʠʥʘʤʠʢʘè. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʩʧʝʢʪʳ ʤʝʪʦʜʦʣʦʛʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʪʘʥʦʚʦʢ ʠ ʩʦʜʝʨʞʘʥʠʷ 

ʥʘʫʯʥʳʭ ʟʘʜʘʯ, ʧʫʪʝʡ ʠ ʩʧʦʩʦʙʦʚ ʠʭ ʨʝʰʝʥʠʷ ʥʘ ʧʨʠʤʝʨʘʭ ʨʘʙʦʪ ʧʦʣʫʚʝʢʦʚʦʛʦ ʧʝʨʠʦʜʘ ʟʘʨʫʙʝʞʥʳʭ ʠ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʣʠʪʦʣʦʛʦʚ, ʚʢʣʶʯʘʷ ʘʚʪʦʨʩʢʠʝ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʥʘʠʤʝʥʦʚʘʥʠʝ ʵʪʦʡ ʥʘʫʯʥʦʡ ʚʝʪʚʠ: çʜʠʥʘʤʠʯʝʩʢʘʷ 

ʣʠʪʦʣʦʛʠʷè. ʆʙʲʷʩʥʷʝʪʩʷ ʝʸ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʦʪ ʩʤʳʩʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʨʘʥʝʝ ʧʨʠʥʷʪʦʛʦ ʚ ʛʝʦʣʦʛʠʠ 

ʧʦʥʷʪʠʷ: çʣʠʪʦʛʝʦʜʠʥʘʤʠʢʘè 
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ɺ ʠʩʪʦʨʠʠ ʥʘʫʢʠ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʥʦʚʦʝ ʦʢʘʟʳʚʘʝʪʩʷ ʚʨʝʤʝʥʥʦ ʧʦʟʘʙʳʪʳʤ ʩʪʘʨʳʤ ï 

ʚʦʟʨʦʞʜʘʝʤʳʤ ʠ ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʝʤʳʤ. ʉʝʛʦʜʥʷ, ʛʦʪʦʚʷ ʦʙʟʦʨ ʩʦʩʪʦʷʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʦʙʣʝʤʝ çʣʠʪʦʛʝʥʝʟ (ʦʩʘʜʦʯʥʦʝ ʧʦʨʦʜʦʦʙʨʘʟʦʚʘʥʠʝ) ʠ ʛʝʦʪʝʢʪʦʥʠʢʘè, ʘʚʪʦʨ  

ʧʝʨʝʯʠʪʘʣ ʧʝʨʝʚʝʜʝʥʥʫʶ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ ʢʥʠʛʫ 60-ʣʝʪʥʝʡ ʜʘʚʥʦʩʪʠ  ʠʟʚʝʩʪʥʳʭ ʘʤʝʨʠʢʘʥʩʢʠʭ 

ʢʣʘʩʩʠʢʦʚ ɺ.ʂ. ʂʨʫʤʙʝʡʥʘ (ʧʝʪʨʦʛʨʘʬʘ-ʦʩʘʜʦʯʥʠʢʘ) ʠ ʃ.ɸ. ʉʣʦʩʩʘ (ʩʪʨʘʪʠʛʨʘʬʘ), ʚ ʧʝʨʝʚʦʜʝ 

ʠʟʚʝʩʪʥʦʛʦ ʩʦʚʝʪʩʢʦʛʦ ʣʠʪʦʣʦʛʘ ʉ.ɻ. ʉʘʨʢʠcʷʥʘ çʉʪʨʘʪʠʛʨʘʬʠʷ ʠ ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʝè [3], ʠ 

ʦʩʪʘʥʦʚʠʣʩʷ ʥʘ ʥʝʟʘʧʦʤʥʝʥʥʦʤ ʠ ʥʝʩʪʘʥʜʘʨʪʥʦʤ, ʥʠʢʝʤ ʥʝ ʧʦʚʪʦʨʝʥʥʦʤ  ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʪʝʨʤʠʥʝ ʚ ʥʘʠʤʝʥʦʚʘʥʠʠ ʛʣʘʚʳ ʍ: çʊʝʢʪʦʥʠʢʘ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜè.  ʀ ʪʫʪ ʞʝ ʫʚʠʜʝʣ 

ʨʘʟʲʷʩʥʝʥʠʝ ʵʪʦʛʦ çʩʪʨʘʥʥʦʛʦè ʩʣʦʚʦʩʦʯʝʪʘʥʠʷ: çʊʝʢʪʦʥʠʢʘ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ï ʵʪʦ ʥʘʫʢʘ ʦ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʭ ʤʝʞʜʫ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʜʚʠʞʝʥʠʷʤʠ ʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝʤè [3, c. 292]. ɸ 

ʝʱʸ ʯʝʨʝʟ ʜʚʝ ʩʪʨʦʢʠ ï ʢʦʥʢʨʝʪʠʟʘʮʠʶ: çɼʘʥʥʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʦʧʠʩʘʥʠʶ ʩʦʦʪʥʦʰʝʥʠʡ 

ʤʝʞʜʫ ʩʚʦʡʩʪʚʘʤʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʥʘʢʦʧʣʝʥʠʷ ʦʩʘʜʢʦʚè. ʀ ʪʫʪ ʞʝ ʩʣʝʜʦʚʘʣ ʧʝʨʝʯʝʥʴ ʩʚʝʜʝʥʠʡ ʦ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ, 

ʩʚʦʡʩʪʚʝʥʥʳʭ ʦʧʨʝʜʝʣʝʥʥʳʤ ʩʪʘʜʠʷʤ ʠ ʛʝʦʪʝʢʪʦʥʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʣʠʪʦʩʬʝʨʳ, ʧʦ ʜʘʥʥʳʤ ʜʨʫʛʠʭ ʢʣʘʩʩʠʢʦʚ ʪʦʛʦ ʚʨʝʤʝʥʠ ï ɽ.ʂ. ɼʵʧʧʣʟ, ɺ.ʂ. ʂʨʘʤʙʝʡʥʘ, ʃ.ʃ. 

ʉʣʦʩʩʘ, 1948 ʛ. ʠ ʜʨ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʩʷ ʣʦʛʠʢʘ ʨʘʟʚʠʪʠʷ ʣʠʪʦʣʦʛʠʠ ʩ ʫʢʦʨʝʥʠʚʰʠʤʠʩʷ ʚ ʥʝʡ ʛʝʥʝʪʠʯʝʩʢʠʤ, 

ʠʩʪʦʨʠʢʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʠ ʩʠʩʪʝʤʥʦʤ ʘʩʧʝʢʪʘʤʠ ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʤʝʩʪʝ ʩ ʣʦʛʠʢʦʡ 

ʟʘʨʦʜʠʚʰʝʛʦʩʷ ʢ ʥʘʯʘʣʫ XXI  ʚʝʢʘ ʤʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʙʘʩʩʝʡʥʦʚʦʛʦ ʘʥʘʣʠʟʘ ï ʩʦʟʜʘʣʠ 

ʪʘʢʫʶ ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ ʨʝʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʝʝ, ʘʢʪʫʘʣʴʥʦʝ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʫʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʥʝ ʧʨʠʦʙʨʝʣʦ ʝʱʸ ʦʙʱʝʧʨʠʟʥʘʥʥʦʛʦ 

ʥʘʠʤʝʥʦʚʘʥʠʷ, ʠ ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ ʤʦʞʝʪ ʙʳʪʴ ʥʘʟʚʘʥʦ ʢʘʢ  ʜʠʥʘʤʠʯʝʩʢʘʷ ʣʠʪʦʣʦʛʠʷ,   ʠʣʠ 

ʫʯʝʥʠʝ ʦ ʜʠʥʘʤʠʢʝ ʵʚʦʣʶʮʠʠ ʦʩʘʜʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʛʝʥʝʪʠʯʝʩʢʦʤ ʝʜʠʥʩʪʚʝ ʩ ʜʠʥʘʤʠʢʦʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʝʨʭʥʠʭ ʟʝʤʥʳʭ ʛʝʦʩʬʝʨ. 

ʆʩʘʜʦʯʥʳʡ ʧʨʦʮʝʩʩ sensu lato ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʜʝʩʴ ʚ ʦʙʲʝʤʝ ʚʩʝʭ ʧʷʪʠ ʩʪʘʜʠʡ 

ʛʝʥʝʟʠʩʘ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ: ʤʦʙʠʣʠʟʘʮʠʠ ʠ  ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʚʝʱʝʩʪʚ (ʤʠʥʝʨʘʣʴʥʳʭ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ) ʚ ʩʝʜʠʤʝʥʪʦʩʬʝʨʝ; ʠʭ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʚ ʦʩʘʜʢʝ ʠ ʜʘʣʴʥʝʡʰʠʭ ʬʘʟʦʚʳʭ ʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʳʭ ʤʥʦʛʦʵʪʘʧʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʚʥʫʪʨʠ ʩʪʨʘʪʠʩʬʝʨʳ ï ʧʨʠ ʜʠʘʛʝʥʝʟʝ ʠ  

ʢʘʪʘʛʝʥʝʟʝ. ʅʦʚʦʝ ʦʩʤʳʩʣʝʥʠʝ ʩʫʪʠ ʜʘʥʥʦʛʦ ʧʦʥʷʪʠʷ ʯʸʪʢʦ ʦʧʨʝʜʝʣʠʣ ʚ 2001 ʛ. ɸ.ʇ. ʃʠʩʠʮʳʥ: 

çʉʦʚʨʝʤʝʥʥʳʡ ʦʩʘʜʦʯʥʳʡ ʧʨʦʮʝʩʩé ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʙʤʝʥʘ 

ʦʩʘʜʦʯʥʳʤ ʚʝʱʝʩʪʚʦʤ ʠ ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ ʚʩʝʤʠ ʩʬʝʨʘʤʠ ʧʣʘʥʝʪʳè [5]. ʕʪʦʪ ʧʦʩʪʫʣʘʪ 

ʩʪʘʥʦʚʠʪʩʷ ʢʨʘʝʫʛʦʣʴʥʳʤ ʢʘʤʥʝʤ ʚ ʫʯʝʥʠʠ çʜʠʥʘʤʠʯʝʩʢʘʷ ʣʠʪʦʣʦʛʠʷè. 

ɿʘʜʘʯʠ ʫʯʝʥʠʷ:  ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚ ʦ ʧʨʠʟʥʘʢʘʭ, ʩʧʦʩʦʙʘʭ ʠ 

ʨʝʟʫʣʴʪʘʪʘʭ ʟʘʢʦʥʦʤʝʨʥʦʛʦ ʚʣʠʷʥʠʷ (ʷʚʥʦʛʦ ʠ ʩʢʨʳʪʦʛʦ) ʬʘʢʪʦʨʦʚ ʪʝʢʪʦʥʦʛʝʥʝʟʘ ʥʘ  

ʤʥʦʛʦʩʪʘʜʠʡʥʳʡ ʛʝʥʝʟʠʩ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʝʦʩʪʨʫʢʪʫʨʥʳʭ ʦʙʣʘʩʪʷʭ 
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ʣʠʪʦʩʬʝʨʳ; ʚʳʷʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʠ  ʧʨʠʯʠʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ 

ʣʠʪʦʛʝʥʝʪʠʯʝʩʢʠʤʠ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʧʨʝʜʝʣʘʭ ʜʦʩʪʫʧʥʦʛʦ ʥʘʰʝʤʫ 

ʧʦʟʥʘʥʠʶ  ʠʥʪʝʨʚʘʣʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʣʝʪʦʧʠʩʠ. 

ʄʝʪʦʜʠʢʘ:  ʩʪʘʜʠʘʣʴʥʳʡ ʘʥʘʣʠʟ ʠʩʪʦʨʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʘʚʘ ʚʝʱʝʩʪʚʘ 

ʦʩʘʜʦʯʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʠʭ ʘʩʩʦʮʠʘʮʠʡ; ʛʝʥʝʪʠʯʝʩʢʠʡ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʳʡ ʠ 

ʬʦʨʤʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟʳ ʧʨʠʨʦʜʥʳʭ ʩʠʩʪʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʠ ʜʨʝʚʥʠʭ ʩʝʜʠʤʝʥʪʦʩʬʝʨ ʠ 

ʩʪʨʘʪʠʩʬʝʨʳ; ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʧʦʩʪʨʦʝʥʠʷ; ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʠ ʠʭ ʜʠʥʘʤʠʢʠ. 

ʇʨʠ ʵʪʦʤ ʫʧʦʤʷʥʫʪʳʡ ʚʳʰʝ ʪʝʨʤʠʥ çʜʠʥʘʤʠʢʘè ʪʨʘʢʪʫʝʪʩʷ  ʢʘʢ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʥʳʭ ʩʠʩʪʝʤ (ʦʪʜʝʣʴʥʳʭ ʧʦʨʦʜʥʳʭ ʪʝʣ ʠ ʠʭ  ʘʩʩʦʮʠʘʮʠʡ ʚʤʝʩʪʝ ʩ ʧʨʠʩʫʱʝʡ 

ʠʤ ʚʦʜʥʦ-ʬʣʶʠʜʥʦʡ ʬʘʟʦʡ) ʚ ʠʭ ʨʘʟʚʠʪʠʠ. 

ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʥʞʠʨʫʶʪʩʷ ʩʦʛʣʘʩʥʦ ʠʭ ʛʝʦʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʚ 

ʥʠʞʝʩʣʝʜʫʶʱʝʤ ʠʝʨʘʨʭʠʯʝʩʢʦʤ ʧʦʨʷʜʢʝ: I ï ʢʦʥʪʠʥʝʥʪʳ ʠ ʦʢʝʘʥʳ; II ï ʠʭ ʪʝʢʪʦʥʠʯʝʩʢʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʳʝ ʦʙʣʘʩʪʠ (ʧʣʠʪʳ ʢʨʘʪʦʥʦʚ ʠ ʤʦʣʦʜʳʭ ʧʣʘʪʬʦʨʤ) ʠ ʧʦʜʚʠʞʥʳʝ 

ʦʙʣʘʩʪʠ (ʦʨʦʛʝʥʳ); III  ï ʙʘʩʩʝʡʥʳ ʩʝʜʠʤʝʥʪʘʮʠʠ ʚʤʝʩʪʝ ʩ ʠʭ ʧʠʪʘʶʱʠʤʠ ʧʨʦʚʠʥʮʠʷʤʠ ʚ 

ʩʝʜʠʤʝʥʪʦʩʬʝʨʘʭ (ʩʦʚʨʝʤʝʥʥʦʡ ʠ ʚ ʜʨʝʚʥʠʭ), ʘ ʪʘʢʞʝ ʦʩʘʜʦʯʥʦ-ʧʦʨʦʜʥʳʝ ʙʘʩʩʝʡʥʳ (ʆʇɹ) ʠ 

ʩʢʣʘʜʯʘʪʦ-ʥʘʜʚʠʛʦʚʳʝ ʩʠʩʪʝʤʳ (ʉʅʉ) ʚ ʩʪʨʘʪʠʩʬʝʨʝ. ɻʣʘʚʥʳʝ ʦʙʲʝʢʪʳ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʪʨʝʪʴʝʡ ʠʟ ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʢʘʪʝʛʦʨʠʡ. ʀʭ ʠʟʫʯʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʩʠʩʪʝʤʥʦʩʪʴ: ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʧʝʨʝʯʠʩʣʷʚʰʠʭʩʷ ʚʳʰʝ ʧʷʪʠ ʩʪʘʜʠʡ ʦʩʘʜʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʩʚʝʜʝʥʠʷ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʫʨʦʚʥʷʤ ʩʠʩʪʝʤʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʤʘʪʝʨʠʠ: ʥʘʯʠʥʘʷ ʦʪ 

ʤʠʥʝʨʘʣʴʥʦ-ʢʦʤʧʦʥʝʥʪʥʦʛʦ, ʪʦ ʝʩʪʴ ʚʥʫʪʨʠʩʣʦʝʚʦʛʦ ʫʨʦʚʥʷ, ʧʝʨʝʭʦʜʷ ʟʘʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʢ ʥʘʜʩʣʦʝʚʳʤ ï ʬʘʮʠʘʣʴʥʦʤʫ, ʬʦʨʤʘʮʠʦʥʥʦʤʫ ʠ ʥʘʜʬʦʨʤʘʮʠʦʥʥʳʤʠ ʫʨʦʚʥʷʤʠ. ʉʠʥʪʝʟ ʚʩʝʭ 

ʵʪʠʭ ʜʘʥʥʳʭ ʚ ʤʦʜʝʣʴ ʥʝ ʩʚʦʜʠʪʩʷ ʢ ʧʨʦʩʪʦʤʫ ʩʫʤʤʠʨʦʚʘʥʠʶ ʵʪʠʭ ʩʚʝʜʝʥʠʡ: ʫʯʠʪʳʚʘʶʪʩʷ 

ʛʣʘʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʩʠʩʪʝʤ ï ʮʝʣʴʥʦʩʪʴ ʠ ʵʤʝʨʜʞʝʥʪʥʦʩʪʴ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʬʘʢʪʦʨʘʤ ʚʣʠʷʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʩʨʝʜʳ ʠʭ ʧʨʝʙʳʚʘʥʠʷ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ï ʬʘʢʪʦʨʦʚ ʚʣʠʷʥʠʷ ʥʘ 

ʣʠʪʦʛʝʥʝʟ ʜʠʥʘʤʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʙʳʪʠʷ ʛʝʦʩʬʝʨ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʥʠʞʝ ʩʪʨʘʪʠʩʬʝʨʳ).  

ɺʩʸ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʦʪʥʦʩʠʪʩʷ ʢ ʘʚʪʦʨʩʢʦʤʫ ʚʠʜʝʥʠʶ ʧʫʪʝʡ ʨʘʟʚʠʪʠʷ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʚ ʪʨʫʜʘʭ ʦʪʜʝʣʴʥʳʭ ʣʠʪʦʣʦʛʦʚ ʚʳʰʝʫʧʦʤʷʥʫʪʦʛʦ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʫ 

ʢʦʪʦʨʦʛʦ ʢʦʨʥʠ ʫʭʦʜʷʪ ʛʣʫʙʦʢʦ ʚ ʧʨʦʰʣʦʝ ʩʪʦʣʝʪʠʝ. ʀʥʪʝʨʝʩ ʢ ʥʝʤʫ ʣʠʪʦʣʦʛʦʚ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʘʢʪʠʚʠʟʠʨʦʚʘʣʩʷ ʠ ʚʨʝʤʝʥʘʤʠ ʟʘʪʫʭʘʣ. ʅʘ ʛʨʘʥʠ XX ʠ XXI  ʚʝʢʦʚ  ʧʦʙʝʜʥʦʝ ʰʝʩʪʚʠʝ 

ʦʙʱʝʧʨʠʟʥʘʥʥʦʡ  ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ  ʧʨʦʮʝʩʩʦʚ ʣʠʪʦʛʝʥʝʟʘ ʥʝʚʦʣʴʥʦ ʧʨʠʛʣʫʰʠʣʦ 

ʟʥʘʯʠʤʦʩʪʴ ʥʘʨʘʙʦʪʦʢ ʙʫʜʫʱʝʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʣʠʪʦʣʦʛʠʠ. ɻʝʦʣʦʛʠ ʩʪʘʣʠ ʟʘʙʳʚʘʪʴ, ʘ ʪʦʯʥʝʝ ï 

ʥʝ ʫʧʦʤʠʥʘʶʪ ʦ ʪʦʤ, ʯʪʦ ʚʳʜʘʶʱʠʡʩʷ ʘʚʪʦʨ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʣʠʪʦʛʝʥʝʟʘ ʅ.ʄ. ʉʪʨʘʭʦʚ 

ʠʟʥʘʯʘʣʴʥʦ ʦʪʜʘʚʘʣ ʜʦʣʞʥʦʝ ʦʮʝʥʢʝ ʛʠʛʘʥʪʩʢʦʡ ʨʦʣʠ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʛʦʚʦʨʷ ʦ ʥʝʤ 

ʛʦʨʘʟʜʦ ʨʝʞʝ, ʯʝʤ ʦ ʢʣʠʤʘʪʘʭ, ʥʦ ʟʘʪʦ ʦʯʝʥʴ ʤʝʪʢʦ. ʅʘʧʨʠʤʝʨ, ʚʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʩʚʦʝʛʦ ʫʯʝʙʥʦʛʦ 
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ʧʦʩʦʙʠʷ 1948 ʛ. ʧʦ ʠʩʪʦʨʠʯʝʩʢʦʡ ʛʝʦʣʦʛʠʠ ʦʥ ʥʘʧʠʩʘʣ: çʊʝʢʪʦʥʠʯʝʩʢʠʡ ʨʝʞʠʤ ʩʨʝʜʠ ʜʨʫʛʠʭ 

ʬʘʢʪʦʨʦʚ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠʤʝʝʪ ʦʩʦʙʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʆʥ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ, ʚʝʜʫʱʠʤ 

ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʩʝʜʠʤʝʥʪʘʮʠʶ ʥʝ ʪʦʣʴʢʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ï ʯʝʨʝʟ ʨʝʣʴʝʬ, ʥʦ ʠ 

ʢʦʩʚʝʥʥʦ ï ʯʝʨʝʟ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʯʝʨʝʟ ʜʝʥʫʜʘʮʠʶ ʩʫʙʩʪʨʘʪʘ, ʧʠʪʘʶʱʝʛʦ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʢʦʥʢʨʝʪʥʳʭ ʨʘʡʦʥʦʚè [12, c. 362]. ɸ ʚ ʩʪʘʪʴʝ 1946 ʛ. ʦʥ ʦʧʫʙʣʠʢʦʚʘʣ ʩ 

ʧʦʷʩʥʝʥʠʷʤʠ ʨʠʩʫʥʦʢ-ʩʭʝʤʫ, ʦʟʘʛʣʘʚʣʝʥʥʫʶ: çʕʚʦʣʶʮʠʷ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʩʚʷʟʠ ʩ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʝʡ ʟʝʤʥʦʡ ʢʦʨʳè [11]. ʂʦʤʤʝʥʪʠʨʫʷ ʵʪʫ ʨʘʙʦʪʫ ʚʧʦʩʣʝʜʩʪʚʠʠ, ʅ.ɹ. 

ɺʘʩʩʦʝʚʠʯ ʜʘʣ ʩʚʦʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʤʥʝʥʠʷ ʅ.ʄ. ʉʪʨʘʭʦʚʘ, ʘ ʧʦ ʩʫʱʝʩʪʚʫ ï ʩʦʙʩʪʚʝʥʥʦʝ 

ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʢʨʝʜʦ: çɺʳʜʘʶʱʠʡʩʷ ʣʠʪʦʣʦʛ ʨʘʟʲʷʩʥʷʣ, ʯʪʦ ʪʝʢʪʦʛʝʥʝʟ ʠ ʣʠʪʦʛʝʥʝʟ ʚ ʠʩʪʦʨʠʠ 

ʟʝʤʥʦʡ ʢʦʨʳ ï ʵʪʦ ʜʚʝ ʩʪʦʨʦʥʳ ʝʜʠʥʦʛʦ ʧʨʦʮʝʩʩʘè [1, c. 21]. ɹʣʠʟʢʦʛʦ ʤʥʝʥʠʷ ʧʨʠʜʝʨʞʠʚʘʣʩʷ 

ʃ.ɹ. ʈʫʭʠʥ, ʧʫʙʣʠʢʫʷ ʙʦʣʴʰʦʡ ʨʘʟʜʝʣ: çʊʝʢʪʦʥʠʯʝʩʢʠʝ ʪʠʧʳ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜè ʚ ʧʝʨʚʦʤ 

ʚʳʧʫʩʢʝ ʩʙʦʨʥʠʢʘ ʜʦʢʣʘʜʦʚ ɺʩʝʩʦʶʟʥʦʛʦ ʩʦʚʝʱʘʥʠʷ ʧʦ ʦʩʘʜʦʯʥʳʤ ʧʦʨʦʜʘʤ (ʀʟʜ-ʚʦ ɸʅ 

ʉʉʉʈ, 1952). ʊʘʤ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʧʦʩʦʙʳ ʚʣʠʷʥʠʡ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʥʘ ʪʨʠ 

ʘʩʧʝʢʪʘ: 1 ï ʭʘʨʘʢʪʝʨ ʠʩʭʦʜʥʦʛʦ ʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 2 ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʝʛʦ ʧʝʨʝʥʦʩʘ ʠ 

ʧʝʨʝʦʪʣʦʞʝʥʠʷ ʧʝʨʝʜ ʟʘʭʦʨʦʥʝʥʠʝʤ, 3 ï ʭʘʨʘʢʪʝʨ ʦʢʘʤʝʥʝʥʠʷ. ʊʨʝʪʠʡ, ʥʝ ʟʘʪʨʘʛʠʚʘʚʰʠʡʩʷ 

ʅ.ʄ. ʉʪʨʘʭʦʚʳʤ ʚʥʘʯʘʣʝ, ʘʩʧʝʢʪ ʟʘʠʥʪʝʨʝʩʦʚʘʣ ʣʠʪʦʣʦʛʦʚ ʥʝʩʢʦʣʴʢʦ ʧʦʟʜʥʝʝ ï ʩʤ. ʚ [2, 4, 6, 

8, 9, 13, 14]. 

ɺʩʧʣʝʩʢ ʠʥʪʝʨʝʩʦʚ ʩʦʚʝʪʩʢʠʭ ʫʯʝʥʳʭ ʢ ʧʨʦʙʣʝʤʝ ʩʦʦʪʥʦʰʝʥʠʷ ʪʝʢʪʦʥʠʢʠ ʩ ʦʩʘʜʦʯʥʳʤ 

ʧʦʨʦʜʦʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘʰʸʣ ʦʪʨʘʞʝʥʠʝ ʚ ʪʦʤʝ I ʩʙʦʨʥʠʢʘ ʧʣʝʥʘʨʥʳʭ ʜʦʢʣʘʜʦʚ 8-ʛʦ 

ɺʩʝʩʦʶʟʥʦʛʦ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʚʝʱʘʥʠʷ 1968 ʛ.[10]. ʊʘʤ ʚ ʩʦʦʙʱʝʥʠʠ ɸ.ɹ. ʈʦʥʦʚʘ ʠ ɺ.ɽ. 

ʍʘʠʥʘ  ʚʧʝʨʚʳʝ ʧʨʠʚʦʜʠʣʠʩʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ ʤʘʩʩ ʠ 

ʦʙʲʝʤʦʚ ʚʝʱʝʩʪʚ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʤʳʭ ʧʨʠ  ʣʠʪʦʛʝʥʝʟʝ ʚ ʢʦʥʢʨʝʪʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ, ʠ ʢʦʥʩʪʘʪʠʨʦʚʘʥʦ ʥʠʞʝʩʣʝʜʫʶʱʝʝ: çɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ 

ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʣʠʪʦʛʝʥʝʟʘ, ʚʢʣʶʯʘʷ ʚʳʚʝʪʨʠʚʘʥʠʝ, ʧʝʨʝʥʦʩ, ʥʘʢʦʧʣʝʥʠʝ, ʜʠʘʛʝʥʝʟ, ʵʧʠʛʝʥʝʟ 

(ʢʘʪʘʛʝʥʝʟ) ʭʘʨʘʢʪʝʨ  ʪʝʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ  ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʫʙʩʪʨʘʪʘ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ (ʥʘ ʧʝʨʚʳʭ ʪʨʸʭ ʩʪʘʜʠʷʭ) ʠ  ʫʥʘʩʣʝʜʦʚʘʥʥʦʤ (ʥʘ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʩʪʘʜʠʷʭ) 

ʚʠʜʝ. ʊʝʢʪʦʥʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʦʧʨʝʜʝʣʷʝʪ: 1) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʦʙʣʘʩʪʝʡ 

ʜʝʥʫʜʘʮʠʠ ʠ ʘʢʢʫʤʫʣʷʮʠʠ; 2) ʦʙʲʝʤ ʤʘʪʝʨʠʘʣʘ, ʚʦʚʣʝʢʘʝʤʦʛʦ ʚ ʚʳʚʝʪʨʠʚʘʥʠʝ ʠ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ; 3) ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʦʙʣʦʤʦʯʥʳʭ ʠ ʭʝʤʦʛʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʚʳʚʝʪʨʠʚʘʥʠʷ; 4) ʩʢʦʨʦʩʪʴ ʩʥʦʩʘ ʠ ʜʘʣʴʥʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ,  

ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ ʥʘ ʤʘʪʝʨʠʥʩʢʦʝ ʚʝʱʝʩʪʚʦ 

ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ; 5) ʛʨʘʥʫʣʦʤʝʪʨʠʶ, ʦʩʦʙʝʥʥʦ ʩʦʨʪʠʨʦʚʢʫ ʦʩʘʜʢʘ; 6) ʩʦʦʪʥʦʰʝʥʠʝ 

ʦʙʣʦʤʦʯʥʳʭ ʠ ʙʠʦʭʝʤʦʛʝʥʥʳʭ ʦʩʘʜʢʦʚ; 7) ʩʢʦʨʦʩʪʴ ʟʘʭʦʨʦʥʝʥʠʷ ʠ ʛʣʫʙʠʥʫ ʧʦʛʨʫʞʝʥʠʷ ʠ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʝʧʝʥʴ ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʭ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʦʩʘʜʢʦʚè [10, c. 68]. 
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ɼʦ ʩʠʭ ʧʦʨ ʧʝʨʝʯʝʥʴ ʵʪʠʭ ʘʩʧʝʢʪʦʚ ʚʣʠʷʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʛʝʥʝʟʠʩ ʦʩʘʜʢʦʚ 

(ʧʨʝʦʙʨʘʟʫʝʤʳʭ ʚ ʢʦʥʝʯʥʦʤ ʩʯʸʪʝ ʚ ʛʦʨʥʳʝ ʧʦʨʦʜʳ) ʥʝ ʫʪʨʘʪʠʣ ʘʢʪʫʘʣʴʥʦʩʪʠ ʢʘʢ ʧʨʦʛʨʘʤʤʘ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʟʥʘʯʘʣʴʥʦ ʛʣʘʚʥʦʝ ʚʥʠʤʘʥʠʝ ʩʦʩʨʝʜʦʪʦʯʠʚʘʣʦʩʴ ʥʘ 

ʧʝʨʚʳʭ ʰʝʩʪʠ ʘʩʧʝʢʪʘʭ ʩʪʘʜʠʠ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ, ʥʘʧʨʠʤʝʨ, ʚ ʪʨʫʜʘʭ ɻ.ɸ. ʂʘʣʝʜʳ ʩ ʢʦʣʣʝʛʘʤʠ, 

ɻ.ʌ. ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ ʠ ʜʨ. ɺʣʠʷʥʠʝ ʵʢʟʦ- ʠ ʵʥʜʦʛʝʥʥʳʭ, ʫʧʨʘʚʣʷʝʤʳʭ ʪʝʢʪʦʛʝʥʝʟʦʤ, 

ʬʘʢʪʦʨʦʚ ʥʘ ʛʠʧʝʨʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʤʦʙʠʣʠʟʘʮʠʠ ʚʝʱʝʩʪʚ ʜʣʷ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ ʛʣʫʙʦʢʦ 

ʨʘʩʢʨʳʣʠ ʚ  ʤʥʦʛʨʘʬʠʠ 1963 ʛ. ʊ.ʅ. ʈʘʟʫʤʦʚʘ ʠ ʅ.ʇ. ʍʝʨʘʩʢʦʚ. ɸ ʠʥʦʩʪʨʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ ʚ ʧʦʜʨʦʙʥʦʩʪʷʭ ʬʘʮʠʠ, ʤʦʱʥʦʩʪʠ ʦʩʘʜʢʦʚ ʠ ʪʝʤʧʳ ʠʭ ʥʘʢʦʧʣʝʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʦʙʣʘʩʪʷʭ, ʤʝʥʷʷ ʛʝʦʩʠʥʢʣʠʥʘʣʴʥʫʶ ʧʘʨʘʜʠʛʤʫ ʥʘ 

ʧʣʠʪʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʫʶ; ʵʪʦ ʤʦʥʦʛʨʘʬʠʠ 70-80-ʭ ʛʦʜʦʚ ʍʍ ʚ. ʌ. ɼʞ. ʇʝʪʪʠʜʞʦʥʘ, ʍ. ʈʝʜʠʥʛʘ, 

ʈ.ʂ. ʉʝʣʣʠ, ʕ. ʍʝʣʣʝʤʘ ʠ ʧʝʨʝʚʝʜʝʥʥʘʷ ʚ 1986 ʛ. ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ ʢʥʠʛʘ çʉʝʜʠʤʝʥʪʦʣʦʛʠʷè 

ʧʦʣʴʩʢʠʭ ʘʚʪʦʨʦʚ ʈ. ɻʨʘʜʟʠʥʩʢʦʛʦ, ʈ. ʂʦʩʪʝʮʢʦʡ, ɸ. ʈʘʜʦʤʩʢʦʛʦ ʠ ʈ. ʋʛʨʫʛʘ ʠ ʜʨ. ɺ ʵʪʠʭ 

ʨʘʙʦʪʘʭ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʘʤ  ʩʨʘʚʥʠʪʝʣʴʥʦ ʩ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʤʠ ʫʜʝʣʷʣʦʩʴ 

ʤʘʣʦ ʤʝʩʪʘ, ʠʩʢʣʶʯʘʷ ʚʥʠʤʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʧʦʩʦʙʦʚ ʠ ʬʘʢʪʦʨʦʚ  ʣʠʪʠʬʠʢʘʮʠʠ ʚ ʫʯʝʙʥʠʢʘʭ 

ʈ.ʂ. ʉʝʣʣʠ. 

ʆʪʝʯʝʩʪʚʝʥʥʳʝ ʣʠʪʦʣʦʛʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʯʘʱʝ ʟʘʨʫʙʝʞʥʳʭ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʣʠʪʠʬʠʢʘʮʠʶ 

ʚ ʝʸ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʨʘʙʦʪʳ ï ɻ.ɸ. ʂʘʣʝʜʳ [2, 

10],  ɸ.ɻ. ʂʦʩʩʦʚʩʢʦʡ ʠ ɺ.ɼ. ʐʫʪʦʚʘ [4, 10], ɸ.ʉ. ʠ ɺ.ʊ. ʃʫʢʴʷʥʦʚʳʭ [6], ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʤʥʦʛʠʭ ʜʨ., ʘ ʥʘ ʨʫʙʝʞʝ ʧʨʦʰʣʦʛʦ ʠ ʥʳʥʝʰʥʝʛʦ ʩʪʦʣʝʪʠʷ ʢ ʵʪʦʡ ʧʨʦʙʣʝʤʝ ʦʙʨʘʪʠʣʠʩʴ ʀ.ʄ. 

ʉʠʤʘʥʦʚʠʯ, ʄ.ʀ. ʊʫʯʢʦʚʘ ʠ ʘʚʪʦʨ [8, 9, 13, 14]. 

ɹʣʠʟʢʦ ʢ ʫʧʦʤʷʥʫʪʦʤʫ ʚʨʝʤʝʥʠ, ʚ 90-ʭ ʛ.ʛ. ʧʦʷʚʠʣʠʩʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʧʦ 

ʧʨʦʙʣʝʤʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ ʚ ʢʦʣʣʝʢʪʠʚʝ ʣʝʥʠʥʛʨʘʜʩʢʦʡ (ʩʘʥʢʪ-

ʧʝʪʝʨʙʫʨʛʩʢʦʡ) ʰʢʦʣʳ ʣʠʪʦʣʦʛʦʚ ɺʉɽɻɽʀ ï ʉ.ʀ. ʈʦʤʘʥʦʚʩʢʦʛʦ [7], ɻ.ɸ. ɹʝʣʝʥʠʮʢʦʡ ʠ ʜʨ. 

ɻʣʘʚʥʳʡ ʘʢʮʝʥʪ ʚ ʠʭ ʨʘʙʦʪʘʭ ʙʳʣ ʧʦʩʚʷʱʝʥ ʘʥʘʣʠʟʫ ʩʪʨʦʝʥʠʷ ʬʦʨʤʘʮʠʦʥʥʳʭ ʨʷʜʦʚ ʚ 

ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʘʭ, ʟʘʥʠʤʘʶʱʠʭ ʠʣʠ ʟʘʥʠʤʘʚʰʠʭ  ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʰʣʦʤ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʧʦʟʠʮʠʠ ʚ ʛʣʦʙʘʣʴʥʦʡ ʩʭʝʤʝ ʧʣʠʪʦʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʣʠʪʦʩʬʝʨʳ. ɹʳʣʘ 

ʦʧʫʙʣʠʢʦʚʘʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʵʪʠʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʢʘʢ ʧʨʦʠʟʚʦʜʥʘʷ ʟʘʷʚʣʝʥʥʦʡ ʚʝʪʚʠ ʥʘʫʢʠ ï 

ʣʠʪʦʛʝʦʜʠʥʘʤʠʢʠ.  ɹʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʝʸ ʩʦʜʝʨʞʘʥʠʝ, ʤʝʪʦʜʦʣʦʛʠʷ ʠ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ 

ʧʦʜʳʪʦʞʝʥʳ ʪʘʢ: çʃʠʪʦʛʝʦʜʠʥʘʤʠʢʘ ï ʵʪʦ ʥʘʫʢʘ, ʠʟʫʯʘʶʱʘʷ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʠʥʜʠʢʘʪʦʨʳ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʧʨʦʰʣʦʛʦè [7, c. 6]. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʘʢʦʡ ʮʝʣʠ ʚ ʢʘʯʝʩʪʚʝ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʧʘʣʝʦʛʝʦʜʠʥʘʤʠʢʠ ʧʨʠʥʠʤʘʣʠʩʴ çé ʥʝ ʦʪʜʝʣʴʥʳʝ ʪʠʧʳ ʧʦʨʦʜ ʠ 

ʜʘʞʝ ʥʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʨʷʜʳ ʬʦʨʤʘʮʠʡ, ʘ ʪʦʣʴʢʦ ʛʝʥʝʪʠʯʝʩʢʠ ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʳʝ 

ʣʘʪʝʨʘʣʴʥʳʝ ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʨʷʜʳ ʦʩʘʜʦʯʥʳʭ ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʬʦʨʤʘʮʠʡ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʥʘʜʝʞʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʧʨʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʷʭ. ʕʪʠ ʨʷʜʳ, ʚʦʦʙʱʝ 

ʛʦʚʦʨʷ, ʜʦʣʞʥʳ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʥʝ ʵʤʧʠʨʠʯʝʩʢʠ [?? ï ʧʨʠʤʝʯʘʥʠʝ ʘʚʪʦʨʘ] é, ʘ ʚʳʚʦʜʠʪʴʩʷ 



19 

 

ʠʟ ʪʝʢʪʦʥʦ-ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʙʘʩʩʝʡʥʦʚ ʨʘʟʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʠʧʦʚè [7, c. 7]. 

ʊʦ ʝʩʪʴ, ʚ ʦʩʥʦʚʫ ʤʝʪʦʜʦʣʦʛʠʠ ʵʪʦʛʦ ʫʯʝʥʠʷ ʟʘʢʣʘʜʳʚʘʣʩʷ ʥʝ ʪʨʘʜʠʮʠʦʥʥʳʡ ʜʣʷ  ʥʘʫʢ ʦ ɿʝʤʣʝ 

ʠʥʜʫʢʪʠʚʥʳʡ ʧʨʠʥʮʠʧ, ʥʦ ʜʝʜʫʢʪʠʚʥʳʝ, ʘʙʩʪʨʘʢʪʥʳʝ ʧʦʩʪʨʦʝʥʠʷ, ʚʝʨʠʬʠʮʠʨʫʝʤʳʝ 

ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʘʢʪʠʢʦʡ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪ. 

ʅʝ ʠʩʢʣʶʯʘʷ ʧʨʘʚʦʤʦʯʥʦʩʪʠ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʥʝ  ʦʙʩʫʞʜʘʷ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʧʦʜʯʝʨʢʥʝʤ  ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʦʙʩʫʞʜʘʝʤʦʡ ʥʘʤʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʣʠʪʦʣʦʛʠʠ ʦʪ ʣʠʪʦʛʝʦʜʠʥʘʤʠʢʠ  ʉ.ʀ. ʈʦʤʘʥʦʚʩʢʦʛʦ ʠ ʜʨ. ɼʠʥʘʤʠʯʝʩʢʘʷ 

ʣʠʪʦʣʦʛʠʷ ʩʠʩʪʝʤʥʦ ʘʥʘʣʠʟʠʨʫʝʪ ʧʨʠʯʠʥʥʦʩʪʴ ʠ ʦʧʦʩʨʝʜʦʚʘʥʥʦʩʪʴ ʚʣʠʷʥʠʷ ʪʝʢʪʦʥʦʛʝʥʝʟʘ 

ʯʝʨʝʟ ʤʥʦʛʠʝ ʵʢʟʦʛʝʥʥʳʝ ʠ ʵʥʜʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ ʥʘ  ʠʩʪʦʨʠʢʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ 

ʦʩʘʜʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʣʷ ʚʩʝʭ ʧʷʪʠ ʝʛʦ ʩʪʘʜʠʡ ʚ ʨʘʟʥʦʪʠʧʥʳʭ ʆʇɹ ʠ ʉʅʉ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʠ 

ʦʢʝʘʥʩʢʠʭ ʩʝʢʪʦʨʦʚ ʣʠʪʦʩʬʝʨʳ. ʕʪʦ ʫʯʝʥʠʝ ʨʘʟʚʠʚʘʝʪʩʷ ʥʘ ʧʘʨʠʪʝʪʥʳʭ ʥʘʯʘʣʘʭ ʩ ʨʘʟʚʠʪʠʝʤ 

ʛʝʦʜʠʥʘʤʠʢʠ, ʠ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʜʣʷ ʥʝʸ ʚʝʩʴʤʘ ʧʦʣʝʟʥʳʤ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʥʦ ʥʝ ʧʨʠʟʚʘʥʦ ʠʛʨʘʪʴ 

ʪʫ ʨʦʣʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, ʢʘʢʘʷ ʧʨʝʜʥʘʟʥʘʯʘʝʪʩʷ ʜʣʷ 

ʣʠʪʦʛʝʦʜʠʥʘʤʠʢʠ. ɼʠʥʘʤʠʯʝʩʢʘʷ ʣʠʪʦʣʦʛʠʷ ʥʝ ʧʨʠʥʠʤʘʝʪ ʛʝʦʪʝʢʪʦʥʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʘʧʨʠʦʨʠ, 

ʥʦ ʧʦʚʝʨʷʝʪ ʝʸ ʩʚʦʠʤʠ  ʩʦʙʩʪʚʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʝʜʠʥʳʭ ʧʨʠʨʦʜʥʳʭ ʩʠʩʪʝʤ. 

ʉʫʪʴ ʠʥʪʝʨʝʩʦʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʣʠʪʦʣʦʛʠʠ ʜʣʷ ʢʘʞʜʦʛʦ  ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ 

ʪʨʦʠʯʥʘ: 1 ï ʜʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʦʚ ʤʦʙʠʣʠʟʘʮʠʠ ʚʝʱʝʩʪʚ ʠ ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʷ, 2 ï ʜʠʥʘʤʠʢʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʘʜʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʪʘʧʘʭ  ʛʝʦʪʝʢʪʦʥʠʯʝʩʢʦʡ  ʠʩʪʦʨʠʠ 

ʙʳʪʠʷ ʣʠʪʦʩʬʝʨʳ ʠ 3 ï ʜʠʥʘʤʠʢʘ ʣʠʪʠʬʠʢʘʮʠʠ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʦʩʘʜʦʯʥʦ-ʧʦʨʦʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. 

ʇʦʩʣʝʜʥʠʡ ʘʩʧʝʢʪ ʩʝʛʦʜʥʷ ʠʩʩʣʝʜʦʚʘʥ ʤʝʥʴʰʝ ʧʨʦʯʠʭ, ʧʦʪʦʤʫ ʯʪʦ 

ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚʥʫʪʨʠʩʪʨʘʪʠʩʬʝʨʥʦʛʦ ʛʝʥʝʟʠʩʘ (ʵʧʠʛʝʥʝʟʠʩʘ) ʦʩʘʜʦʯʥʳʭ 

ʧʦʨʦʜ ʥʝʜʦʩʪʫʧʥʳ ʧʨʷʤʳʤ ʥʘʙʣʶʜʝʥʠʷʤ ʚʩʣʝʜʩʪʚʠʝ ʩʚʦʝʡ ʛʣʫʙʠʥʥʦʩʪʠ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ, ʥʝ 

ʩʦʧʦʩʪʘʚʠʤʦʡ ʩʦ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ʣʶʜʩʢʦʛʦ ʧʦʢʦʣʝʥʠʷ. ʇʨʦʮʝʩʩʳ ʣʠʪʠʬʠʢʘʮʠʠ ʧʦʟʥʘʶʪʩʷ 

ʤʝʪʦʜʦʤ ʩʪʘʜʠʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʦʪ ʥʠʭ ʩʣʝʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʘʫʪʠʛʝʥʥʳʭ 

ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʭ ʚʥʫʪʨʠʧʦʨʦʜʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʚ 

ʧʦʜʨʦʙʥʦʩʪʷʭ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʘʚʪʦʨʦʤ ʚ [13]. 

ʊʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʚʦʜʷʪ ʥʘʩ ʥʘ ʵʪʘʧ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʝʨʝʦʩʤʳʩʣʝʥʠʷ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʠʥʮʠʧʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʘʪʠʩʬʝʨʳ. ʆʥʘ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʠ 

ʜʦ ʩʠʭ ʧʦʨ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʥʦʛʠʤʠ ʛʝʦʣʦʛʘʤʠ-ʪʝʢʪʦʥʠʩʪʘʤʠ ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʝʨʪʥʦʝ 

ʪʝʣʦ, ʜʝʬʦʨʤʠʨʫʝʤʦʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʩʠʣ, ʘ ʚ ʤʝʪʘʣʣʦʛʝʥʠʠ ʦʩʘʜʦʯʥʘʷ ʦʙʦʣʦʯʢʘ 

ʧʨʠʚʣʝʢʣʘ ʢ ʩʝʙʝ ʚʥʠʤʘʥʠʝ ʚ ʦʩʥʦʚʥʦʤ ʚ ʘʩʧʝʢʪʝ ʝʝ ʢʦʣʣʝʢʪʦʨʩʢʠʭ ʩʚʦʡʩʪʚ (ʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʠʣʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ ʤʠʛʨʘʮʠʠ ʨʫʜʦʥʦʩʥʳʭ ʬʣʶʠʜʦʚ) ʠʣʠ ʚ ʘʩʧʝʢʪʝ ʧʦʟʥʘʥʠʷ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʦʢʦʣʦʨʫʜʥʳʭ ʠʟʤʝʥʝʥʠʡ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʠ ʚʦʟʤʦʞʥʳʭ ʠʭ ʜʦʥʦʨʩʢʠʭ 
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ʢʘʯʝʩʪʚ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʫʜʥʦʤʫ ʪʝʣʫ. ʅʘʤʠ ʞʝ ʩʪʨʘʪʠʩʬʝʨʘ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʘʷʩʷ ʠ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʦʨʛʘʥʦʛʝʥʥʦ-ʤʠʥʝʨʘʣʴʥʦ-ʧʦʨʦʜʥʦ-

ʬʣʶʠʜʥʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʩʘʤʘ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ ʘʢʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ 

ʧʦʩʪʩʝʜʠʤʥʪʘʮʠʦʥʥʳʡ ʣʠʪʦʛʝʥʝʟ. ʕʪʦ ʦʪʢʨʳʪʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʧʦʩʪʦʷʥʥʦ ʩʪʨʝʤʠʪʩʷ 

ʜʦʩʪʠʯʴ ʩʦʩʪʦʷʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʨʘʚʥʦʚʝʩʥʦʩʪʠ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠ ʦʙʥʦʚʣʷʝʤʦʡ ʩʨʝʜʦʡ 

ʩʚʦʝʛʦ ʤʝʩʪʦʧʨʝʙʳʚʘʥʠʷ. ʆʥʘ ʧʦʩʪʦʷʥʥʦ ʧʦʜʧʠʪʳʚʘʝʪʩʷ ʵʥʝʨʛʠʝʡ ʠ ʚʝʱʝʩʪʚʦʤ ʢʘʢ ʩʚʝʨʭʫ, 

ʪʘʢ ʠ ʩʥʠʟʫ, ʠ ʦʥʘ ʞʝ ʦʪʜʘʝʪ ʩʚʦʶ ʵʥʝʨʛʠʶ ʧʨʦʮʝʩʩʘʤ ʬʘʟʦʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʩʚʦʠʭ 

ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ ʥʘ ʤʥʦʛʠʭ ʩʠʩʪʝʤʥʳʭ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʫʨʦʚʥʷʭ. 

ʀʤʝʥʥʦ ʚ ʧʨʦʪʠʚʦʨʝʯʠʠ çʩʠʩʪʝʤʘ-ʩʨʝʜʘè ʟʘʣʦʞʝʥʘ ʩʫʪʴ ʜʚʠʞʫʱʠʭ ʩʠʣ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʤʝʭʘʥʠʟʤʦʚ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʧʦʨʦʜʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʚʢʣʶʯʘʷ ʩʶʜʘ 

ʩʪʨʘʪʠʬʦʨʤʥʳʡ ʨʫʜʦʛʝʥʝʟ ʠ ʥʘʬʪʠʜʦʛʝʥʝʟ, ʠ ʠʤʝʥʥʦ ʚ ʪʘʢʦʤ ʘʩʧʝʢʪʝ ʚʝʜʫʪʩʷ ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʘʚʪʦʨʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʚʥʫʪʨʠʩʪʨʘʪʠʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʧʦʨʦʜʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʰʣʦʤ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʟʣʠʯʥʳʤ ʛʝʦʩʪʨʫʢʪʫʨʥʳʤ 

ʦʙʣʘʩʪʷʤ ʢʦʥʪʠʥʝʥʪʦʚ ʠ ʠʭ ʦʢʨʘʠʥ (ʩʤ. [13, 14]). 

ʕʪʦ ʪʦʣʴʢʦ ʯʘʩʪʴ ʠʥʪʝʨʝʩʦʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʣʠʪʦʣʦʛʠʠ. ɼʨʫʛʠʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ 

ʢʦʣʣʝʛʘʤʠ ʠʟ ɻʀʅ ʈɸʅ, ʀʆ ʈɸʅ, ɺʦʨʦʥʝʞʩʢʦʛʦ, ʂʘʟʘʥʩʢʦʛʦ (ʇʨʠʚʦʣʞʩʢʦʛʦ), ʋʨʘʣʴʩʢʦʛʦ 

ʛʦʩʫʥʠʚʝʨʩʠʪʝʪʦʚ ʠ ʜʨ., ʭʦʪʷ ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʥʝ ʧʦʜʦʟʨʝʚʘʶʪ ʦ ʪʦʤ, ʯʪʦ çʛʦʚʦʨʷʪ ʧʨʦʟʦʡè, 

ʨʘʟʚʠʚʘʷ ʜʠʥʘʤʠʯʝʩʢʫʶ ʣʠʪʦʣʦʛʠʶ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. 
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ɸʥʘʣʠʟ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʘ ʯʘʩʪʦ ʠ ʩʢʦʨʦʩʪʠ ʵʚʦʣʶʮʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʠʩʪʝʤʳ 

ʥʠʟʰʝʛʦ ʫʨʦʚʥʷ ï ʘʪʦʤʳ, ʯʘʩʪʠʯʥʦ ʤʠʥʝʨʘʣʳ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʶʪʩʷ ʚ ʪʝʯʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʩʠʩʪʝʤʳ ʩʣʦʞʥʳʝ ï ʦʩʘʜʦʯʥʳʝ ʬʦʨʤʘʮʠʠ, ʠʟʤʝʥʷʶʪʩʷ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʦ. ɺʳʜʝʣʝʥʦ ʠ ʦʧʠʩʘʥʦ 

ʯʝʪʳʨʝ ʛʨʫʧʧʳ ʬʦʨʤʘʮʠʡ ï ʩʢʚʦʟʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʠʩʯʝʟʘʶʱʠʝ, ʚʦʟʥʠʢʘʶʱʠʝ ʠ çʦʜʥʦʤʦʤʝʥʪʥʦʛʦè ʨʘʟʚʠʪʠʷ ʚ 

ʠʩʪʦʨʠʠ ɿʝʤʣʠ 

 

ɻʝʦʣʦʛʠʷ ʢʘʢ ʥʘʫʢʘ ʚ ʩʘʤʦʤ ʰʠʨʦʢʦʤ ʟʥʘʯʝʥʠʠ ʩʣʦʚʘ ʠʤʝʝʪ ʜʝʣʦ ʩ ʤʘʪʝʨʠʘʣʴʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ ʦʨʛʘʥʠʟʘʮʠʠ - ʦʪ ʘʪʦʤʦʚ ʜʦ ʟʝʤʥʳʭ ʦʙʦʣʦʯʝʢ. ʆʩʘʜʦʯʥʦʝ 

ʧʦʨʦʜʦʦʙʨʘʟʦʚʘʥʠʝ ʤʦʞʥʦ ʦʙʩʫʞʜʘʪʴ, ʥʘʯʠʥʘʷ ʩ ʘʪʦʤʦʚ, ʠʩʪʦʨʠʷ ʢʦʪʦʨʳʭ ʠʟʫʯʘʝʪʩʷ  

ʛʝʦʭʠʤʠʝʡ ʦʩʘʜʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʚʢʣʶʯʘʷ  ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʝ ʘʩʩʦʮʠʘʮʠʠ  ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ï 

ʬʦʨʤʘʮʠʠ. 

ʅʘʩʪʦʷʱʝʝ ʩʦʦʙʱʝʥʠʝ ʢʘʩʘʝʪʩʷ ʦʜʥʦʛʦ ʚʦʧʨʦʩʘ ï ʩʧʝʮʠʬʠʢʠ ʵʚʦʣʶʮʠʠ ʦʩʘʜʦʯʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʠ ʦʩʘʜʦʯʥʦʛʦ ʧʦʨʦʜʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʨʘʟʥʦʛʦ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ. ɸʥʘʣʠʟ 

ʵʚʦʣʶʮʠʠ ʩʠʩʪʝʤ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʠʥʪʝʨʚʘʣʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʧʦʨʷʜʢʘ 

3,5 - 4,0 ʤʣʨʜ. ʣʝʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʤʝʥʯʠʚʦʩʪʠ, ʵʚʦʣʶʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʚʝʣʠʢʠ ʚ ʦʙʲʝʢʪʘʭ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʩʣʦʞʥʦʩʪʠ ʠ ʚʦʟʨʘʩʪʘʝʪ ʚ ʩʠʩʪʝʤʘʭ ʙʦʣʝʝ ʩʣʦʞʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ.  

ɺ ʪʝʯʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʠʟʤʝʥʝʥʠʡ ʭʘʨʘʢʪʝʨʘ ʘʪʦʤʦʚ, ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʠ 

ʩʦʦʪʥʦʰʝʥʠʡ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʦʩʥʦʚʥʳʭ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ  ʠʟ ʧʝʨʚʳʭ ʜʝʢʘʜ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʚʦʧʨʦʩ ʩʪʦʠʪ ʥʝ ʦ ʬʦʨʤʘʭ ʥʘʭʦʞʜʝʥʠʷ ʵʣʝʤʝʥʪʘ 

ʚ ʩʦʩʪʘʚʝ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʝʟʢʦ ʤʝʥʷʪʴʩʷ, ʘ ʦ ʩʪʨʦʝʥʠʠ ʘʪʦʤʘ ʠ ʯʘʩʪʠʯʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʀʩʢʣʶʯʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠ 
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ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʠʟʦʪʦʧʳ. ʆʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ ʥʠʯʪʦʞʥʫʶ ʯʘʩʪʴ ʚʥʝʰʥʠʭ 

ʛʝʦʩʬʝʨ. 

ʇʨʠʤʝʨʥʦ ʘʥʘʣʦʛʠʯʥʘ ʩʠʪʫʘʮʠʷ ʩʦ ʩʣʝʜʫʶʱʠʤ ʫʨʦʚʥʝʤ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʩʪʥʦʛʦ 

ʚʝʱʝʩʪʚʘ - ʟʘʢʦʥʦʤʝʨʥʦʤ ʩʦʯʝʪʘʥʠʠ ʘʪʦʤʦʚ ï ʤʠʥʝʨʘʣʘʤʠ. ʆʧʷʪʴ-ʪʘʢʠ ʨʝʯʴ ʠʜʝʪ ʦ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʘʭ. ʂʚʘʨʮ, ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ 

ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʠ ʩʣʶʜ, ʧʠʨʦʢʩʝʥʳ ʠ ʘʤʬʠʙʦʣʳ, ʢʘʣʴʮʠʪ ʠ ʜʦʣʦʤʠʪ ʧʦ ʩʚʦʝʤʫ ʩʦʩʪʘʚʫ ʠ 

ʩʚʦʡʩʪʚʘʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ. ʇʨʘʚʜʘ, ʥʝʢʦʪʦʨʘʷ 

ʵʚʦʣʶʮʠʷ, ʚʠʜʠʤʦ, ʩʫʱʝʩʪʚʫʝʪ ʠ ʥʘ ʤʠʥʝʨʘʣʴʥʦʤ ʫʨʦʚʥʝ. ʊʘʢ, ʦʩʘʜʦʯʥʳʝ ʩʫʣʴʬʘʪʳ, ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʧʦʷʚʠʣʠʩʴ, ʚʠʜʠʤʦ, ʪʦʣʴʢʦ ʧʦʩʣʝ ʩʪʘʥʦʚʣʝʥʠʷ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʝʡ ʘʪʤʦʩʬʝʨʳ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʚ ʮʝʣʦʤ ʦʙʩʪʘʥʦʚʢʠ. 

ʆʧʨʝʜʝʣʝʥʥʘʷ ʵʚʦʣʶʮʠʷ ʦʪʤʝʯʘʝʪʩʷ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ. ʇʨʠ ʦʜʥʦʪʠʧʥʦʤ 

ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʷ  ʩʪʨʦʝʥʠʷ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ. ɺ ʧʨʦʪʝʨʦʟʦʝ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʢʘʢ ʜʦʣʦʤʠʪʦʚ, ʪʘʢ ʠ ʠʟʚʝʩʪʥʷʢʦʚ. ɺ 

ʬʘʥʝʨʦʟʦʝ ʚʝʜʫʱʠʤʠ ʩʪʘʥʦʚʷʪʩʷ ʙʠʦʛʝʥʥʳʝ - ʩʦʙʩʪʚʝʥʥʦ ʙʠʦʤʦʨʬʥʳʝ ʠ ʯʘʱʝ ʙʠʦʢʣʘʩʪʦʚʳʝ 

ʩʪʨʫʢʪʫʨʳ, ʧʨʠʯʝʤ, ʩʦʩʪʘʚ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʦʨʛʘʥʠʟʤʦʚ ʪʘʢʞʝ ʤʝʥʷʝʪʩʷ. ɺ ʤʝʟʦʟʦʝ ʠ 

ʢʘʡʥʦʟʦʝ ʢʨʦʤʝ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʙʝʥʪʦʩʥʳʭ, ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʥʝʢʪʦʥʥʳʝ ʠ 

ʧʣʘʥʢʪʦʥʥʳʝ ʦʨʛʘʥʠʟʤʳ. 

ɽʩʣʠ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ "ʧʨʦʩʪʳʭ" ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʭ ʧʦʨʦʜ, ʢʘʢʠʤʠ ʷʚʣʷʶʪʩʷ 

ʧʦʨʦʜʳ ʢʘʨʙʦʥʘʪʥʳʝ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʠ, ʪʦ  ʠʟʤʝʥʝʥʠʷ  ʙʦʣʝʝ ʩʣʦʞʥʳʭ 

ʧʦʣʠʤʠʥʝʨʘʣʴʥʳʭ ʧʦʨʦʜ, ʢʘʢʦʚʳʤʠ ʷʚʣʷʶʪʩʷ  ʧʦʨʦʜʳ ʦʙʣʦʤʦʯʥʳʝ, ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳ. ʊʘʢ, 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʩʤʝʥʘ  ʩʦʩʪʘʚʘ ʧʝʩʯʘʥʳʭ ʧʦʨʦʜ ʦʪ ʛʨʘʫʚʘʢʢ ʢ ʘʨʢʦʟʘʤ,  ʜʘʣʝʝ 

ʦʣʠʛʦʤʠʢʪʦʚʳʤ ʠ, ʥʘʢʦʥʝʮ, ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʤ ʢʚʘʨʮʝʚʳʤ. ʕʪʦ ʥʝ ʦʟʥʘʯʘʝʪ ʧʦʣʥʦʛʦ 

ʠʩʯʝʟʥʦʚʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ  ʧʦʨʦʜ ʥʘʯʘʣʘ ʩʧʠʩʢʘ. ʄʝʥʷʶʪʩʷ, ʧʨʠʯʝʤ ʩʫʱʝʩʪʚʝʥʥʦ, ʣʠʰʴ ʠʭ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ. 

ʉʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʘ ʵʚʦʣʶʮʠʷ ʥʘ ʫʨʦʚʥʝ ʢʨʫʧʥʳʭ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʭ 

ʘʩʩʦʮʠʘʮʠʡ ʧʦʨʦʜ ï ʬʦʨʤʘʮʠʡ. ɺ ʮʝʣʦʤ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʥʘʣʠʯʠʠ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ  ʯʝʪʳʨʝʭ 

ʪʠʧʦʚ ʵʚʦʣʶʮʠʠ ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʨʦʚʥʷ. 

ɺʦ-ʧʝʨʚʳʭ,   ʩʫʱʝʩʪʚʫʶʪ ʛʨʫʧʧʳ ʬʦʨʤʘʮʠʡ ʠʣʠ ʜʘʞʝ ʦʪʜʝʣʴʥʳʝ ʬʦʨʤʘʮʠʠ ʩʢʚʦʟʥʦʛʦ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ ʚʩʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ, ʩ ʪʝʤʠ ʠʣʠ ʠʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, ʢʘʢ ʚ 

ʦʪʜʝʣʴʥʳʭ ʬʦʨʤʘʮʠʷʭ, ʪʘʢ ʠ ʦʩʦʙʝʥʥʦ ʚ ʛʨʫʧʧʘʭ ʬʦʨʤʘʮʠʡ. ʊʘʢ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ɿʝʤʣʠ ʩʫʱʝʩʪʚʦʚʘʣʘ ʛʨʫʧʧʘ ʪʝʨʨʠʛʝʥʥʳʭ ʬʦʨʤʘʮʠʡ, ʦʜʥʘʢʦ ʨʘʟʚʠʪʠʝ 

ʦʪʜʝʣʴʥʳʭ ʝʝ  ʪʠʧʦʚ ʙʳʣʦ ʥʝʦʜʥʦʟʥʘʯʥʦ. ʂ ʧʨʠʤʝʨʫ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʚ ʧʨʝʜʝʣʘʭ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʙʣʦʢʘ, ʚ ʥʝʦʛʝʝ ʩʦʢʨʘʱʘʝʪʩʷ ʦʙʲʝʤ ʤʦʨʩʢʠʭ ʧʝʩʯʘʥʳʭ ʠ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʭ 

ʬʦʨʤʘʮʠʡ, ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ ʟʥʘʯʝʥʠʝ ʠ ʨʦʣʴ ʤʦʣʘʩʩ ʚʦʟʨʘʩʪʘʣʦ.  
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ɸʥʘʣʦʛʠʯʥʘ ʩʠʪʫʘʮʠʷ ʩ ʛʨʫʧʧʦʡ ʢʘʨʙʦʥʘʪʥʳʭ ʬʦʨʤʘʮʠʡ. ɼʦʣʦʤʠʪʦʚʳʝ ʠ ʯʘʩʪʠʯʥʦ 

ʤʘʛʥʝʟʠʪʦʚʳʝ ʬʦʨʤʘʮʠʠ ʵʧʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʙʘʩʩʝʡʥʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʤʝʥʷʣʠʩʴ 

ʠʟʚʝʩʪʥʷʢʦʚʳʤʠ, ʘ ʧʨʠʤʝʨʥʦ ʩ ʩʝʨʝʜʠʥʳ ʧʘʣʝʦʟʦʷ ʥʘʨʷʜʫ ʩ ʙʝʥʪʦʥʦʛʝʥʥʳʤʠ ʚ ʮʝʣʦʤ 

ʤʝʣʢʦʚʦʜʥʳʤʠ, ʧʦʷʚʠʣʠʩʴ ʛʣʫʙʦʢʦʚʦʜʥʳʝ ʥʝʢʪʦʥʦ-ʧʣʘʥʢʪʦʥʦʛʝʥʥʳʝ ʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʝ ʚ 

ʢʦʥʮʝ ʤʝʟʦʟʦʷ ʠ ʢʘʡʥʦʟʦʝ ʩʪʘʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʜʫʱʠʤʠ. ʇʦʜʦʙʥʘʷ ʩʤʝʥʘ ʬʦʨʤʘʮʠʡ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʙʫʩʣʦʚʣʝʥʘ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʵʚʦʣʶʮʠʝʡ ʢʘʨʙʦʥʘʪʦʩʘʞʜʘʶʱʠʭ 

ʦʨʛʘʥʠʟʤʦʚ, ʘ ʩ ʜʨʫʛʦʡ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʧʨʠʯʠʥʘʤʠ. ʊʘʢ, ʛʦʩʧʦʜʩʪʚʦ ʮʠʘʥʦʙʘʢʪʝʨʠʡ ʚ ʩʨʝʜʥʝʤ 

ʠ ʧʦʟʜʥʝʤ ʧʨʦʪʝʨʦʟʦʝ ʩʦʟʜʘʣʦ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʜʦʣʦʤʠʪʦʚʳʭ ʬʦʨʤʘʮʠʡ;  ʧʦʷʚʣʝʥʠʝ ʤʘʩʩʦʚʦʛʦ ʧʣʘʥʢʪʦʥʘ ʚ ʚʠʜʝ ʢʦʢʢʦʣʠʪʦʬʦʨʠʜ, 

ʧʣʘʥʢʪʦʥʥʳʭ ʬʦʨʘʤʠʥʠʬʝʨ ʠ ʜʨ., ʩʪʘʣʦ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʰʠʨʦʢʦʛʦ ʨʘʟʚʠʪʠʷ ʠ  

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʥʢʪʦʥʦʛʝʥʥʳʭ ʬʦʨʤʘʮʠʡ. ʇʦʩʣʝʜʥʝʝ ʷʚʠʣʦʩʴ ʪʘʢʞʝ ʩʣʝʜʩʪʚʠʝʤ 

ʛʣʦʙʘʣʴʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ï ʨʘʩʰʠʨʝʥʠʝʤ ʠ ʧʨʦʛʨʝʩʩʠʨʫʶʱʠʤ ʫʚʝʣʠʯʝʥʠʝʤ 

ʛʣʫʙʠʥ ʦʢʝʘʥʦʚ. 

ɺʦ-ʚʪʦʨʳʭ, ʠʤʝʶʪʩʷ ʬʦʨʤʘʮʠʠ, ʝʩʣʠ ʤʦʞʥʦ ʪʘʢ ʚʳʨʘʟʠʪʩʷ "ʦʜʥʦʤʦʤʝʥʪʥʦʛʦ" ʨʘʟʚʠʪʠʷ, 

ʪʦ ʝʩʪʴ ʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʣʠʰʴ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʝʨʠʦʜʳ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ, ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʢʠʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʠʥʪʝʨʚʘʣʘʭ, ʭʦʪʷ, ʚ ʘʙʩʦʣʶʪʥʦʤ  ʟʥʘʯʝʥʠʠ  ʚʨʝʤʷ ʠʭ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʦʛʣʦ ʙʳʪʴ ʠ ʚʝʩʴʤʘ ʜʣʠʪʝʣʴʥʳʤ. ʅʘʠʙʦʣʝʝ ʷʨʢʠʤ ʧʨʠʤʝʨʦʤ  ʷʚʣʷʝʪʩʷ 

ʞʝʣʝʟʠʩʪʦ-ʢʨʝʤʥʠʩʪʘʷ ʬʦʨʤʘʮʠʷ ʜʞʝʩʧʠʣʠʪʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʦʡ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʢʦʥʝʮ 

ʘʨʭʝ ï ʥʘʯʘʣʦ ʧʨʦʪʝʨʦʟʦʷ, ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʝʢʨʘʪʠʣʦʩʴ ʩ ʧʦʷʚʣʝʥʠʝʤ ʠ 

ʤʘʩʩʦʚʳʤ ʨʘʟʚʠʪʠʝʤ ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʠ ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʠʭ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴʶ ʱʝʣʦʯʥʦʡ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʨʝʜʦʡ. ɸʥʘʣʦʛʠʯʥʳ ʦʨʜʦʚʠʢʩʢʦ-ʩʠʣʫʨʠʡʩʢʘʷ 

ʬʦʨʤʘʮʠʷ ʨʘʢʫʰʝʯʥʳʭ ʬʦʩʬʦʨʠʪʦʚ, ʚʝʨʭʥʝʤʝʣʦʚʘʷ ʬʦʨʤʘʮʠʷ ʧʠʩʯʝʛʦ ʤʝʣʘ ʠ ʜʨ. 

ɺ-ʪʨʝʪʴʠʭ, ʩʫʱʝʩʪʚʫʶʪ ʬʦʨʤʘʮʠʠ, ʠʩʯʝʟʘʶʱʠʝ ʚ ʪʝʯʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ. 

ʊʘʢʦʚʳ ʢʨʘʩʥʦʮʚʝʪʥʳʝ ʘʣʣʦʭʪʦʥʥʳʝ ʬʦʨʤʘʮʠʠ ʛʫʤʠʜʥʦʡ ʟʦʥʳ, ʧʦʩʣʝʜʥʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 

ʢʦʪʦʨʳʭ ʦʪʤʝʯʝʥʳ ʚ ʥʠʞʥʝʤ ʜʝʚʦʥʝ. ɺ ʜʝʚʦʥʝ ʞʝ ʟʘʢʦʥʯʠʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʨʩʢʠʭ 

ʫʛʣʝʨʦʜʠʩʪʳʭ ʢʨʝʤʥʠʩʪʳʭ ʬʦʨʤʘʮʠʡ. ʇʦʩʣʝ ʧʝʨʤʠ ʥʝ ʦʪʤʝʯʝʥʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʩʪʦʚʳʭ 

ʤʠʢʨʦʟʝʨʥʠʩʪʳʭ ʬʦʩʬʦʨʠʪʦʚ. ʀʭ ʧʨʘʢʪʠʯʝʩʢʠ ʛʣʦʙʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʚʝʥʜ-

ʢʝʤʙʨʠʡ ʠ, ʢʘʢ ʦʪʛʦʣʦʩʦʢ - ʚ ʧʝʨʤʠ ʚ ʚʠʜʝ ʬʦʨʤʘʮʠʠ ʌʦʩʬʦʨʠʷ ʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʨʷʜʘ ʢʨʘʡʥʝ 

ʤʝʣʢʠʭ ʧʨʦʷʚʣʝʥʠʡ. ɸʥʘʣʦʛʠʯʥʦ, ʧʨʘʢʪʠʯʝʩʢʠ ʪʦʣʴʢʦ ʚ ʧʨʦʪʝʨʦʟʦʝ ʨʘʟʚʠʪʳ ʤʦʱʥʳʝ  

ʤʘʛʥʝʟʠʪʦʚʳʝ ʪʦʣʱʠ, ʘ ʚ ʢʦʥʮʝ ʧʘʣʝʦʟʦʷ ʦʪʤʝʯʘʝʪʩʷ ʣʠʰʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʭ 

ʧʦʚʪʦʨʝʥʠʝ.  

ʅʘʢʦʥʝʮ, ʚ-ʯʝʪʚʝʨʪʳʭ, ʥʘʨʷʜʫ ʩ ʠʩʯʝʟʘʶʱʠʤʠ ʠʤʝʶʪʩʷ ʠ ʥʘʨʦʞʜʘʶʱʠʝʩʷ, ʚʥʦʚʴ 

ʚʦʟʥʠʢʘʶʱʠʝ ʬʦʨʤʘʮʠʠ, ʧʨʠʯʝʤ ʠʭ ʩʧʝʢʪʨ ʜʘʞʝ ʙʦʣʝʝ ʰʠʨʦʢ. ʊʘʢʦʚʳ, ʥʘʧʨʠʤʝʨ, 

ʧʦʷʚʠʚʰʠʝʩʷ ʚ ʨʠʬʝʝ ʩʦʣʝʥʦʩʥʳʝ ʬʦʨʤʘʮʠʠ,, ʨʘʟʚʠʪʳʝ ʩ ʜʝʚʦʥʘ-ʢʘʨʙʦʥʘ ʫʛʣʝʥʦʩʥʳʝ, 
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ʞʝʣʚʘʢʦʚʳʭ ʬʦʩʬʦʨʠʪʦʚ ʶʨʳ, ʦʧʦʢʦʚʘʷ, ʣʘʪʝʨʠʪʥʳʭ ʙʦʢʩʠʪʦʚ, ʧʦʷʚʠʚʰʠʝʩʷ ʚ ʧʦʟʜʥʝʤ ʤʝʣʫ 

ʠ ʨʘʟʚʠʪʳʝ ʧʨʘʢʪʠʯʝʩʢʠ ʪʦʣʴʢʦ ʚ ʢʘʡʥʦʟʦʝ ʠ ʜʨ.  
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ʈʘʟʨʘʙʦʪʘʥʘ ʣʠʪʦʣʦʛʠʯʝʩʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʜʣʷ ʜʦʤʘʥʠʢʦʠʜʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚʝʨʭʥʝʛʦ ʜʝʚʦʥʘ ï ʪʫʨʥʝ 

ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ʢʫʦʥʘʤʩʢʦʡ ʬʦʨʤʘʮʠʠ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ 

ʚʦʟʤʦʞʥʳʭ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʋɺ. ɺ ʦʩʥʦʚʫ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʣʦʞʝʥ: 1) ʠʩʪʦʯʥʠʢ ʠʩʭʦʜʥʦʛʦ 

ʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; 2) ʧʨʝʦʙʣʘʜʘʶʱʠʝ ʚʪʦʨʠʯʥʳʝ ʧʨʦʮʝʩʩʳ. ʇʦ ʧʝʨʚʦʤʫ ʧʨʠʟʥʘʢʫ ʚʳʜʝʣʝʥʳ ʨʷʜʳ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʦʙʣʦʤʦʯʥʦʛʦ ʢʘʨʙʦʥʘʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʣʘʥʢʪʦʥʦʛʝʥʥʦʛʦ ʠ ʥʝʢʪʦʥʥʦʛʦ ʢʘʨʙʦʥʘʪʘ, ʙʠʦʛʝʥʥʦʛʦ 

ʢʨʝʤʥʝʟʝʤʘ ʠ ʩʘʧʨʦʧʝʣʝʚʦʛʦ ʆɺ. ɺʳʜʝʣʝʥʘ ʛʨʫʧʧʘ ʙʠʪʫʤʠʥʦʟʥʳʭ ʩʣʘʥʮʝʚ ï ʧʦʨʦʜ ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʤʝʰʝʥʠʷ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʷʜʦʚ. 

ʇʦʢʘʟʘʥʘ ʦʧʨʝʜʝʣʷʶʱʘʷ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʣʘʥʮʝʚ ʧʨʦʮʝʩʩʦʚ ʨʘʩʪʚʦʨʝʥʠʷ ʠ ʚʳʥʦʩʘ ʢʨʝʤʥʠʩʪʦʛʦ ʠ 

ʢʘʨʙʦʥʘʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʆɺ ʠ ʛʣʠʥʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ. ɺʳʷʚʣʝʥʘ ʩʚʷʟʴ 

ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʪʠʧʘ ʧʦʨʦʜ ʠ  ʪʠʧʘ ʢʦʣʣʝʢʪʦʨʘ. ʆʩʥʦʚʥʘʷ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ 

ʩʚʦʡʩʪʚ ʧʦʨʦʜ ʧʨʠʥʘʜʣʝʞʠʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ, ʧʨʠʩʫʱʝʡ ʩʣʘʥʮʘʤ. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʧʦʨʦʜʳ ʜʦʤʘʥʠʢʦʚʦʛʦ ʪʠʧʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʚʦʟʤʦʞʥʳʭ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʚʩʝʩʪʦʨʦʥʥʝʛʦ 

ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʩʪʨʦʝʥʠʷ ʜʦʤʘʥʠʢʦʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʠʭ ʧʝʨʩʧʝʢʪʠʚ 

ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʥʘʜʝʞʥʦʡ ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʨʦʜ, ʩʣʘʛʘʶʱʠʭ ʩʣʘʥʮʝʥʦʩʥʳʝ 

ʢʦʤʧʣʝʢʩʳ. ʊʨʫʜʥʦʩʪʠ ʝʝ ʩʦʟʜʘʥʠʷ ʩʚʷʟʘʥʳ ʩʦ ʩʣʦʞʥʳʤ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʤ ʚʝʱʝʩʪʚʝʥʥʳʤ 

ʠ ʛʝʥʝʪʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʤʘʪʝʨʠʘʣʘ, ʩʣʘʛʘʶʱʝʛʦ ʧʦʨʦʜʳ, ʩʠʣʴʥʦʡ ʦʙʦʛʘʱʝʥʥʦʩʪʴʶ ʧʦʨʦʜ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ, ʠʥʪʝʥʩʠʚʥʳʤ ʧʨʦʷʚʣʝʥʠʝʤ ʚ ʥʠʭ ʨʘʟʣʠʯʥʳʭ 

ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʚʰʠʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʦʜ.  

ʀʟʚʝʩʪʥʳ ʨʘʟʣʠʯʥʳʝ ʧʦ ʩʦʩʪʘʚʫ ʠ ʬʦʨʤʘʮʠʦʥʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʜʦʤʘʥʠʢʦʠʜʥʳʝ 

ʬʦʨʤʘʮʠʠ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʛʣʠʥʠʩʪʦ-

ʢʨʝʤʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʝʨʭʥʝʛʦ ʜʝʚʦʥʘ-ʪʫʨʥʝ ʊʠʤʘʥʦ-ʇʝʯʦʨʩʢʦʡ ʠ ɺʦʣʛʦ-

ʋʨʘʣʴʩʢʦʡ ʅɻʇ ʠ ʢʫʦʥʘʤʩʢʦʡ ʠ ʠʥʠʢʘʥʩʢʦʡ ʩʚʠʪʳ ʩʨʝʜʥʝʛʦ ʢʝʤʙʨʠʷ ʃʝʥʦ-ʊʫʥʛʫʩʩʢʦʡ ʅɻʇ, 

ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʦʜʥʦʚʦʟʨʘʩʪʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʬʦʨʤʘʮʠʡ ʠ ʷʚʣʷʶʱʠʭʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʛʣʫʙʦʢʦʚʦʜʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʤʝʣʢʦʚʦʜʥʳʭ ʰʝʣʴʬʦʚʳʭ (ʚ ʪ.ʯ. ʨʠʬʦʚʳʭ) ʢʘʨʙʦʥʘʪʦʚ.  

ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʦʤʘʥʠʢʦʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʥʠʭ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʭ ʙʠʪʫʤʠʥʦʟʥʳʭ ʩʣʘʥʮʝʚ ï ʧʦʨʦʜ, ʩʠʣʴʥʦ ʦʙʦʛʘʱʝʥʥʳʭ ʆɺ ʠ ʠʤʝʶʱʠʭ 
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ʩʤʝʰʘʥʥʳʡ ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʡ ʩʦʩʪʘʚ ʠ ʷʨʢʦ ʚʳʨʘʞʝʥʥʫʶ ʩʣʘʥʮʝʚʘʪʫʶ 

ʪʝʢʩʪʫʨʫ. ʆʥʠ ʩʣʘʛʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʨʘʟʨʝʟʘ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʦʚʝʜʝʥʘ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ, 

ʧʝʪʨʦʬʠʟʠʯʝʩʢʦʛʦ ʠ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʧʦʨʦʜ. ɺ ʦʩʥʦʚʫ ʙʳʣʠ ʧʦʣʦʞʝʥʳ 2 ʦʩʥʦʚʥʳʭ 

ʧʘʨʘʤʝʪʨʘ: 1) ʠʩʪʦʯʥʠʢ ʠʩʭʦʜʥʦʛʦ ʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 2) ʧʨʝʦʙʣʘʜʘʶʱʠʝ ʚʪʦʨʠʯʥʳʝ 

ʧʨʦʮʝʩʩʳ, ʩʦʯʝʪʘʥʠʝ ʢʦʪʦʨʳʭ ʜʘʝʪ ʩʣʦʞʥʳʝ ʪʠʧʳ ʧʦʨʦʜ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʜʦʤʘʥʠʢʦʠʜʦʚ. 

ʇʦ ʩʪʝʧʝʥʠ ʚʪʦʨʠʯʥʦʡ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʩʪʠ ʧʦʨʦʜʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 2 ʛʨʫʧʧʳ: 

1) ʜʦʤʘʥʠʢʦʠʜʳ, ʩʦʭʨʘʥʠʚʰʠʝ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ (ʩ ʥʘʣʦʞʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʜʠʘʛʝʥʝʟʘ); 2) ʜʦʤʘʥʠʢʦʠʜʳ ʩ ʥʘʣʦʞʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʢʘʪʘʛʝʥʝʪʠʯʝʩʢʠʭ ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ ʠ 

ʦʢʨʝʤʥʝʥʠʷ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʨʦʜ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʧʨʦʚʝʜʝʥʘ ʧʦ ʠʩʭʦʜʥʦʤʫ ʦʩʘʜʦʯʥʦʤʫ 

ʤʘʪʝʨʠʘʣʫ. ʇʨʦʩʣʝʞʝʥʳ ʯʝʪʳʨʝ ʨʷʜʘ, ʦʪʨʘʞʘʶʱʠʝ ʫʙʳʚʘʥʠʝ (ʨʘʩʩʝʷʥʠʝ ʠ ʨʘʩʪʚʦʨʝʥʠʝ) 

ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʩʤʝʰʝʥʠʝ ʝʛʦ ʩ ʦʩʘʜʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʨʫʛʦʛʦ ʛʝʥʝʟʠʩʘ. 

ʈʷʜ ʧʦʨʦʜ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʦʙʣʦʤʦʯʥʳʤ ʢʘʨʙʦʥʘʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʦʪʨʘʞʘʝʪ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʦʙʣʦʤʢʦʚ ʧʦ ʨʘʟʤʝʨʫ ï ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʦʙʣʦʤʦʯʥʳʭ ʯʘʩʪʠʮ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʝʣʠʪʦʤʦʨʬʥʦʛʦ ʢʘʨʙʦʥʘʪʥʦʛʦ ʠ ʛʣʠʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʦʩʪʘʚʝ 

ʧʦʨʦʜ, ʧʦʷʚʣʝʥʠʝ ʧʣʘʥʢʪʦʥʥʳʭ ʬʦʨʤ ʦʨʛʘʥʠʟʤʦʚ, ʫʩʠʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʨʘʩʪʚʦʨʝʥʠʷ 

ʦʙʣʦʤʦʯʥʦʛʦ ʢʘʨʙʦʥʘʪʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʛʣʠʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ ʢʨʝʤʥʠʩʪʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ʉʦʜʝʨʞʘʥʠʝ ʉʦʨʛ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 0,1% ʜʦ 

2%. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʙʠʪʫʤʠʥʦʟʥʦʛʦ ʆɺ ʚ ʧʦʨʦʜʘʭ ï ʥʝʨʘʚʥʦʤʝʨʥʦʝ, ʧʷʪʥʠʩʪʦʝ. ɺʳʜʝʣʝʥʠʝ 

ʣʠʪʦʪʠʧʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʧʨʝʦʙʣʘʜʘʶʱʝʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʢʦʤʧʦʥʝʪʫ ʧʦʨʦʜʳ. ʉʪʨʫʢʪʫʨʘ 

ʧʦʨʦʜ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʦʡ ʜʦ ʧʝʣʠʪʦʚʦʡ. ʊʝʢʩʪʫʨʘ ʧʦʨʦʜ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 

ʤʘʩʩʠʚʥʦʡ (ʠʟʚʝʩʪʥʷʢʦʚʳʝ ʢʦʥʛʣʦʤʝʨʘʪʦ-ʙʨʝʢʯʠʠ) ʜʦ ʤʠʢʨʦʩʣʦʠʩʪʦʡ (ʙʠʪʫʤʠʥʦʟʥʳʝ 

ʠʟʚʝʩʪʢʦʚʳʝ ʛʣʠʥʳ). ʇʦʨʦʜʳ ʦʙʣʦʤʦʯʥʦʛʦ ʨʷʜʘ ʯʘʩʪʦ ʦʙʨʘʟʫʶʪ ʧʘʯʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ 

ʛʨʘʜʘʮʠʦʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʣʠʪʦʪʠʧʦʚ. 

ʈʷʜ ʧʣʘʥʢʪʦʥʦʛʝʥʥʦʛʦ ʠ ʥʝʢʪʦʥʥʦʛʦ ʢʘʨʙʦʥʘʪʘ ʦʪʨʘʞʘʝʪ ʨʘʟʫʙʦʞʠʚʘʥʠʝ 

ʧʣʘʥʢʪʦʥʥʦʛʦ ʢʘʨʙʦʥʘʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʩʤʝʰʝʥʠʝ ʝʛʦ ʩ ʤʝʣʢʦʚʦʜʥʳʤ ʦʙʣʦʤʦʯʥʳʤ 

ʢʘʨʙʦʥʘʪʦʤ ʠ ʙʠʦʛʝʥʥʳʤ ʢʨʝʤʥʝʟʝʤʦʤ. ɺ ʵʪʦʡ ʛʨʫʧʧʝ ʃʊ ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʨʘʩʪʘʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʙʠʦʛʝʥʥʦʛʦ ʢʨʝʤʥʝʟʝʤʘ ʠ ʛʣʠʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʉʦʜʝʨʞʘʥʠʝ ʉʦʨʛ ʠʟʤʝʥʷʝʪʩʷ ʦʪ <1% ʜʦ 5%, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʆɺ ï ʧʷʪʥʠʩʪʦʝ ʠ ʨʘʚʥʦʤʝʨʥʦʝ. ʉʪʨʫʢʪʫʨʘ ʧʦʨʦʜ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʙʠʦʤʦʨʬʥʦʡ 

ʜʦ ʤʠʢʨʦ- ʪʦʥʢʦʟʝʨʥʠʩʪʦʡ, ʘ ʪʝʢʩʪʫʨʘ ï ʦʪ ʤʘʩʩʠʚʥʦʡ ʠ ʪʦʣʩʪʦʧʣʠʪʯʘʪʦʡ ʜʦ ʤʝʣʢʦ- 

ʪʦʥʢʦʧʣʠʪʯʘʪʦʡ. 

ʈʷʜ ʙʠʦʛʝʥʥʦʛʦ ʢʨʝʤʥʝʟʝʤʘ ʦʪʨʘʞʘʝʪ ʝʛʦ ʨʘʟʫʙʦʞʠʚʘʥʠʝ ï ʨʘʩʩʝʷʥʠʝ, ʨʘʩʪʚʦʨʝʥʠʝ ʠ 

ʨʘʟʙʘʚʣʝʥʠʝ ʦʩʘʜʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʨʫʛʦʛʦ ʛʝʥʝʟʠʩʘ. ɺ ʵʪʦʤ ʨʷʜʫ ʧʨʦʠʩʭʦʜʠʪ ʫʙʳʚʘʥʠʝ 

ʢʨʝʤʥʠʩʪʦʩʪʠ ʠ ʚʦʟʨʘʩʪʘʥʠʝ ʢʘʨʙʦʥʘʪʥʦʩʪʠ ʧʦʨʦʜ. ʌʦʨʤʘ ʚʳʜʝʣʝʥʠʷ ʆɺ ï ʨʘʩʩʝʷʥʥʘʷ, 
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ʩʛʫʩʪʢʦʚʘʷ. ʉʦʨʛ. ʠʟʤʝʥʷʝʪʩʷ ʦʪ 2% ʜʦ 10%. ɺ ʩʦʩʪʘʚ ʧʦʨʦʜ ʵʪʦʡ ʛʨʫʧʧʳ ʚʭʦʜʷʪ ʨʘʜʠʦʣʷʨʠʪʳ 

ʠ ʠʟʚʝʩʪʥʷʢʠ ʩ ʨʝʣʠʢʪʦʚʦʡ ʨʘʜʠʦʣʷʨʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʈʷʜ ʩʘʧʨʦʧʝʣʠʪʦʚ ʚʢʣʶʯʘʝʪ ʧʦʨʦʜʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʉʦʨʛ ʦʪ 25% ʜʦ 70%. ʆʥ ʦʪʨʘʞʘʝʪ 

ʥʘʢʦʧʣʝʥʠʝ ʩʘʧʨʦʧʝʣʝʚʦʛʦ ʆɺ ʠ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʢʘʨʙʦʥʘʪʥʦʛʦ ʠ ʢʨʝʤʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ɼʘʣʴʥʝʡʰʝʝ ʧʨʦʩʣʝʞʠʚʘʥʠʝ ʚʳʜʝʣʝʥʥʳʭ ʨʷʜʦʚ ʧʦʢʘʟʳʚʘʝʪ ʩʦʝʜʠʥʝʥʠʝ ʨʘʟʣʠʯʥʦʛʦ ʧʦ 

ʛʝʥʝʟʠʩʫ ʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʠʪʫʤʠʥʦʟʥʳʭ ʩʣʘʥʮʝʚ. ʀʭ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ ʦʧʨʝʜʝʣʷʶʱʝʤ ʚʣʠʷʥʠʠ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʝʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʠ ʚʳʥʦʩʘ ʢʨʝʤʥʠʩʪʦʛʦ ʠ ʢʘʨʙʦʥʘʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟ ʦʩʘʜʢʦʚ. 

ʉʣʘʥʮʝʚʘʪʳʝ ʪʝʢʩʪʫʨʳ ʙʠʪʫʤʠʥʦʟʥʳʭ ʩʣʘʥʮʝʚ ʦʙʫʩʣʦʚʣʝʥʳ ʯʝʨʝʜʦʚʘʥʠʝʤ ʚ ʥʠʭ 

ʤʠʢʨʦʩʣʦʡʢʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤ ʧʦ ʩʦʩʪʘʚʫ ʠ ʛʝʥʝʟʠʩʫ ʦʩʘʜʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ: 

ʢʘʨʙʦʥʘʪʥʳʤ ʤʝʣʢʦʦʙʣʦʤʦʯʥʳʤ, ʰʣʘʤʦʚʳʤ, ʙʠʦʤʦʨʬʥʦ-ʜʝʪʨʠʪʦʚʳʤ, ʢʨʝʤʥʠʩʪʳʤ, 

ʛʣʠʥʠʩʪʳʤ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ. ʃʠʪʦʪʠʧʳ ʚʳʜʝʣʝʥʳ ʧʦ ʩʦʩʪʘʚʫ ʤʠʥʝʨʘʣʴʥʦʡ 

ʯʘʩʪʠ. ʉʦʜʝʨʞʘʥʠʝ ʉʦʨʛ ʚ ʩʣʘʥʮʘʭ ï ʦʪ 4 ʜʦ 25%.  

ɼʣʷ ʧʦʨʦʜ, ʩʠʣʴʥʦ ʠʟʤʝʥʝʥʥʳʭ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʧʦʩʪʨʦʝʥʳ ʨʷʜʳ 

ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʭ ʠ ʢʘʪʘʛʝʥʝʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. ʈʷʜʳ ʜʠʘʛʝʥʝʪʠʯʝʩʢʦʡ ʜʦʣʦʤʠʪʠʟʘʮʠʠ 

ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʧʦʨʦʜ ʨʷʜʘ ʧʣʘʥʢʪʦʥʦʛʝʥʥʦʛʦ ʢʘʨʙʦʥʘʪʘ ʠ ʜʣʷ ʢʨʝʤʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʭ 

ʩʣʘʥʮʝʚ, ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʥʳʭ ʵʪʠʤ ʠʟʤʝʥʝʥʠʷʤ. ɼʠʘʛʝʥʝʪʠʯʝʩʢʘʷ ʢʘʣʴʮʠʪʠʟʘʮʠʷ ʥʘʠʙʦʣʝʝ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʨʘʜʠʦʣʷʨʠʪʦʚ. ʈʷʜʳ ʢʘʪʘʛʝʥʝʪʠʯʝʩʢʠʭ ʢʘʣʴʮʠʪʠʟʘʮʠʠ ʠ ʦʢʨʝʤʥʝʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʩʣʘʥʮʝʚ, ʧʦʜʚʝʨʛʰʠʭʩʷ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʤ ʠʟʤʝʥʝʥʠʷʤ. ɺʪʦʨʠʯʥʳʝ 

ʩʠʣʠʮʠʪʳ ʠ ʠʟʚʝʩʪʥʷʢʠ ʩʣʘʛʘʶʪ ʜʦ 20% ʨʘʟʨʝʟʘ ʩʣʘʥʮʝʚʳʭ ʠʥʪʝʨʚʘʣʦʚ.  

ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʉʦʨʛ. ʚʳʜʝʣʝʥʥʳʝ ʣʠʪʦʪʠʧʳ ʨʘʟʜʝʣʝʥʳ ʥʘ ʯʝʪʳʨʝ ʧʦʜʛʨʫʧʧʳ. 

1) ʅʝʙʠʪʫʤʠʥʦʟʥʳʝ ʧʦʨʦʜʳ ʠ ʩʫʙʜʦʤʘʥʠʢʦʠʜʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʉʦʨʛ 0-1%. ʂ ʥʠʤ ʧʨʠʫʨʦʯʝʥʳ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʢʦʣʣʝʢʪʦʨʳ ʪʨʝʱʠʥʥʦʛʦ ʠ ʪʨʝʱʠʥʥʦ-ʧʦʨʦʚʦʛʦ ʪʠʧʘ. ʍʘʨʘʢʪʝʨʥʦ ʨʘʟʚʠʪʠʝ 

ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ. 2) ʇʦʨʦʜʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʆɺ 1-4% ï ʜʦʤʘʥʠʢʦʠʜʳ 

ʩʣʘʛʘʶʪ ʢʘʢ ʩʣʘʥʮʝʚʘʪʳʝ ʠʥʪʝʨʚʘʣʳ ʨʘʟʨʝʟʘ, ʪʘʢ ʠ ʧʣʘʩʪʳ ʠʟʚʝʩʪʥʷʢʦʚ. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʳ 

ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʠ ʩʣʘʙʦʥʘʢʣʦʥʥʘʷ ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ. 3) ʇʦʨʦʜʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʉʦʨʛ 4-25% 

ï ʪʠʧʠʯʥʳʝ ʜʦʤʘʥʠʢʠʪʳ. ʕʪʦ ʨʘʜʠʦʣʷʨʠʪʦʚʳʝ ʧʦʨʦʜʳ ʠ ʩʣʘʥʮʳ. ʇʦ ʩʣʘʥʮʝʚʘʪʦʩʪʠ 

ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʪʳ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʪʨʝʱʠʥʳ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʧʦʨʦʜʳ ʠʤʝʶʪ ʯʝʪʢʦ 

ʚʳʨʘʞʝʥʥʫʶ ʘʥʠʟʦʪʨʦʧʠʶ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. 4) ʇʦʨʦʜʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʉʦʨʛ 25-70% ï 

ʩʘʧʨʦʧʝʣʠʪʳ ʠ ʩʘʧʨʦʧʝʣʝʚʳʝ ʫʛʣʠ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʠ 

ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʨʦʜ ʜʦʤʘʥʠʢʦʚʦʛʦ ʪʠʧʘ. ɺʘʞʥʝʡʰʘʷ 

ʨʦʣʴ ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʦʮʝʩʩʘʤ ʚʪʦʨʠʯʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ 

ʚʪʦʨʠʯʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʩʠʣʠʮʠʪʦʚ. ɺʳʷʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʣʠʪʦʪʠʧʦʤ ʠ ʪʠʧʦʤ 

ʢʦʣʣʝʢʪʦʨʘ. ɺ ʩʦʩʪʘʚʝ ʚʳʜʝʣʝʥʥʳʭ ʧʦʨʦʜ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʦʣʣʝʢʪʦʨʳ ʧʦʨʦʚʦʛʦ ʠ ʪʨʝʱʠʥʥʦʛʦ 
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ʪʠʧʘ. ʆʩʥʦʚʥʘʷ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠʥʘʜʣʝʞʠʪ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʨʠʩʫʱʘ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩʣʘʥʮʘʤ.  

 

 

ʆʊʆɹʈɸɾɽʅʀɽ ʇɸʃɽʆʉɽʁʉʄʀʏɽʉʂʀʍ ʉʆɹʓʊʀʁ ɺ ʆʉɸɼʆʏʅʓʍ  

ʊʆʃʑɸʍ ʂɸɺʂɸɿɸ ʈɸɿʅʆɻʆ ʃʀʊʆʃʆɻʀʏɽʉʂʆɻʆ ʉʆʉʊɸɺɸ 

ʖ.ʆ. ɻʘʚʨʠʣʦʚ 

 

ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈɸʅ, ʄʦʩʢʚʘ, e-mail: yugavrilov@gmail.com 

 
ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʣʝʜʳ ʧʘʣʝʦʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ (ʩʝʡʩʤʠʪʳ) ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʤʦʨʩʢʠʭ ʦʩʘʜʦʯʥʳʭ 

ʪʦʣʱʘʭ ɹʦʣʴʰʦʛʦ ʂʘʚʢʘʟʘ. ɺ ʦʪʣʦʞʝʥʠʷʭ ʨʘʟʣʠʯʥʦʛʦ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ï ʪʝʨʨʠʛʝʥʥʳʭ, ʢʘʨʙʦʥʘʪʥʳʭ, 

ʩʤʝʰʘʥʥʳʭ - ʩʝʡʩʤʠʪʳ ʚʳʨʘʞʝʥʳ ʧʦ-ʨʘʟʥʦʤʫ. ɺʦʟʜʝʡʩʪʚʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʫʜʘʨʦʚ ʥʘ ʩʣʘʙʦʣʠʪʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʦʪʣʦʞʝʥʠʷ ʦʩʣʦʞʥʷʣʦ ʥʦʨʤʘʣʴʥʳʡ ʭʦʜ ʧʨʦʮʝʩʩʦʚ ʜʠʘʛʝʥʝʟʘ, ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ 

ʩʣʦʞʥʳʭ ʢʦʥʢʨʝʮʠʦʥʥʳʭ ʪʝʣ. ʅʘʨʫʰʝʥʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʪʣʦʞʝʥʠʡ ʠ ʧʦʚʳʰʝʥʠʝ ʠʭ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʤʠʛʨʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʜʠʘʛʝʥʝʟʘ ʚ ʩʤʝʞʥʳʝ ʛʦʨʠʟʦʥʪʳ. ʉʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʛʦʨʠʟʦʥʪʦʚ 

ʩʝʡʩʤʠʪʦʚ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʩʫʱʝʩʪʚʝʥʥʫʶ ʜʦʣʶ ʦʪ ʦʙʱʝʡ ʤʦʱʥʦʩʪʠ ʪʦʣʱ.  

 

ɺ ʤʝʟʦʟʦʡʩʢʦ-ʢʘʡʥʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ɹʦʣʴʰʦʛʦ ʂʘʚʢʘʟʘ ʩʣʝʜʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

(ʩʝʡʩʤʠʪʳ, [3]) ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʤʥʦʛʠʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ. ʇʘʣʝʦʩʝʡʩʤʠʯʝʩʢʠʝ 

ʩʦʙʳʪʠʷ ʧʦ-ʨʘʟʥʦʤʫ ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʪʦʣʱʘʭ ʤʦʨʩʢʦʛʦ ʛʝʥʝʟʠʩʘ ʨʘʟʣʠʯʥʦʛʦ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ï ʛʣʠʥʠʩʪʳʭ, ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʭ, ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʢʘʨʙʦʥʘʪʥʳʭ. ʅʘʠʙʦʣʝʝ 

ʚʦʩʧʨʠʠʤʯʠʚʳ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʩʝʡʩʤʠʯʝʩʢʠʭ ʫʜʘʨʦʚ ʦʪʣʦʞʝʥʠʷ ʟʦʥʳ ʜʠʘʛʝʥʝʟʘ, ʪ.ʝ. ʚʝʨʭʥʝʛʦ, 

ʤʦʱʥʦʩʪʴʶ ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ ʛʦʨʠʟʦʥʪʘ ʥʘʢʘʧʣʠʚʘʚʰʝʡʩʷ ʚ ʦʩʘʜʦʯʥʦʤ ʙʘʩʩʝʡʥʝ 

ʪʦʣʱʠ. ʉʣʘʙʦʣʠʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʟʘʣʝʛʘʶʱʠʝ ʥʠʞʝ ʛʨʘʥʠʮʳ çʤʦʨʩʢʘʷ 

ʚʦʜʘ/ʦʩʘʜʦʢè, ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʝʡʩʤʠʯʝʩʢʠʭ ʫʜʘʨʦʚ ʪʝʨʷʣʠ ʧʝʨʚʠʯʥʳʝ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ 

ʧʨʠʟʥʘʢʠ, ʧʝʨʝʤʝʰʠʚʘʣʠʩʴ, ʦʙʨʘʟʫʷ ʛʦʨʠʟʦʥʪʳ ʭʘʦʪʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʛʝʦʤʦʬʦʣʦʛʠʠ ʜʥʘ ʧʘʣʝʦʙʘʩʩʝʡʥʘ ʵʪʘ ʤʘʩʩʘ ʦʩʘʜʢʦʚ ʤʦʛʣʘ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ ʩʢʣʦʥʫ ʠ ʣʠʙʦ 

çʠʩʯʝʟʘʪʴè ʠʟ ʨʘʟʨʝʟʘ, ʣʠʙʦ ʚ ʧʦʥʠʞʝʥʠʷʭ ʨʝʣʴʝʬʘ ʜʥʘ ʬʦʨʤʠʨʦʚʘʪʴ ʤʦʱʥʳʝ ʩʢʦʧʣʝʥʠʷ. ʅʠʞʝ 

ï ʚ ʙʦʣʝʝ ʣʠʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʯʘʩʪʷʭ ʪʦʣʱʠ ʩʣʝʜʳ ʩʝʡʩʤʠʯʝʩʢʠʭ ʫʜʘʨʦʚ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʚ ʚʠʜʝ 

ʪʨʝʱʠʥ ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ï ʟʘʢʨʳʪʳʭ ʠʣʠ ʟʘʧʦʣʥʝʥʥʳʭ ʠʥʳʤ ʯʝʤ ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ 

ʤʘʪʝʨʠʘʣʦʤ. ʇʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʠ ʭʘʨʘʢʪʝʨʫ ʩʝʡʩʤʠʪʦʚ ʚ ʨʘʟʨʝʟʘʭ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʚʨʝʤʝʥʠ 

ʠ ʩʠʣʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, ʦ ʨʘʟʣʠʯʠʷʭ ʚ ʠʭ ʧʨʦʷʚʣʝʥʠʠ ʥʘ ʧʣʦʱʘʜʠ ʧʘʣʝʦʙʘʩʩʝʡʥʘ. 

ʉʣʝʜʳ ʧʘʣʝʦʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʥʘʠʙʦʣʝʝ ʦʪʯʝʪʣʠʚʦ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʧʝʩʯʘʥʦ-

ʛʣʠʥʠʩʪʳʭ ʪʦʣʱʘʭ. ʉʚʷʟʘʥʦ ʵʪʦ ʩ ʷʚʣʝʥʠʝʤ ʨʘʟʞʠʞʝʥʠʷ ʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʫʜʘʨʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʜʥʦ-ʧʝʩʯʘʥʦʡ ʤʘʩʩʳ, ʢʦʪʦʨʘʷ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʝʪʩʷ ʚ 

ʚʦʟʥʠʢʰʠʝ ʧʨʠ ʵʪʦʤ ʪʨʝʱʠʥʳ, ʧʦʣʦʩʪʠ. ɺ ʩʨʝʜʥʝʤ ʤʠʦʮʝʥʝ ʙʝʟʫʩʣʦʚʥʳʤ ʮʝʥʪʨʦʤ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʙʳʣ ʙʘʩʩʝʡʥ ɺʦʩʪʦʯʥʦʛʦ ʂʘʚʢʘʟʘ (ɼʘʛʝʩʪʘʥ ʠ ʧʨʠʣʝʛʘʶʱʠʝ ʢ ʥʝʤʫ 

ʪʝʨʨʠʪʦʨʠʠ ʏʝʯʥʠ). ɿʜʝʩʴ ʚʝʩʴ ʨʘʟʨʝʟ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ ʩʦʜʝʨʞʠʪ ʩʣʝʜʳ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʝʡʩʤʦʜʠʩʣʦʢʘʮʠʡ: ʥʝʧʪʫʥʠʯʝʩʢʠʝ ʜʘʡʢʠ, ʧʝʩʯʘʥʳʝ ʩʠʣʣʳ (ʨʠʩ.1 ɸ, ɹ), 
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ʛʦʨʠʟʦʥʪʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʨʘʟʥʦʛʦ ʨʦʜʘ ʥʘʜʚʠʛʠ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ 

ʢʦʥʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʝ ʙʫʜʠʥʠʨʦʚʘʥʠʝ ʧʝʩʯʘʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʠ ʜʨ. ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʣʠʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʪʦʣʱʘʭ ʥʝʧʪʫʥʠʯʝʩʢʠʝ ʜʘʡʢʠ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚʜʦʣʴ ʩʫʙʚʝʨʪʠʢʘʣʴʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʪʨʝʱʠʥ, ʧʦ ʤʝʨʝ ʞʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʫʨʦʚʥʶ ʧʝʨʝʤʝʰʘʥʥʳʭ ʦʩʘʜʢʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʩʥʦʚʥʦʤʫ ʩʝʡʩʤʠʯʝʩʢʦʤʫ ʩʦʙʳʪʠʶ, ʜʘʡʢʠ ʚʦʟʥʠʢʘʣʠ ʪʘʢʞʝ ʚʜʦʣʴ 

ʥʘʢʣʦʥʥʳʭ ʪʨʝʱʠʥ. ʅʘ ʥʝʢʦʪʦʨʳʭ ʫʨʦʚʥʷʭ ʧʝʩʯʘʥʳʝ ʠʥʲʝʢʮʠʠ ʚ ʪʨʝʱʠʥʳ ʧʨʠʚʝʣʠ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʝʪʯʘʪʦʡ ʩʪʨʫʢʪʫʨʳ ʦʪʣʦʞʝʥʠʡ (ʨʠʩ. 1, ɻ). ɺ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʝʡʩʤʦʛʝʥʥʳʭ 

ʛʦʨʠʟʦʥʪʘʭ ʩʪʝʧʝʥʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʦʩʘʜʢʦʚ ʨʘʟʣʠʯʥʘ: ʚʩʪʨʝʯʘʶʪʩʷ ʢʘʢ ʢʨʫʧʥʳʝ ʬʨʘʛʤʝʥʪʳ 

ʨʘʟʦʨʚʘʥʥʳʭ ʧʣʘʩʪʦʚ, ʪʘʢ ʠ ʛʦʨʠʟʦʥʪʳ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʜʝʬʨʘʛʤʝʥʪʘʮʠʠ ʦʩʘʜʢʦʚ ʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʦʡ ʤʘʩʩʳ (ʨʠʩ. 1, ɺ, ɼ). ʉʣʝʜʩʪʚʠʝʤ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʨʘʡʦʥʘ ʷʚʠʣʦʩʴ ʧʦʷʚʣʝʥʠʝ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʨʝʜʥʝʤʠʦʮʝʥʦʚʦʡ ʪʦʣʱʠ ʧʣʘʩʪʠʥ (ʤʦʱʥʦʩʪʴʶ ʜʦ 

10-15 ʤ) ʚʝʨʭʥʝʤʘʡʢʦʧʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʯʣʝʥʝʥʥʦʛʦ ʧʘʣʝʦʨʝʣʴʝʬʘ 

ʦʪʨʳʚʘʣʠʩʴ ʠ ʩʦʩʢʘʣʴʟʳʚʘʣʠ ʩ ʧʦʜʥʷʪʠʡ. ʏʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʪʘʢʞʝ ʚʥʫʪʨʠʬʦʨʤʘʮʠʦʥʥʳʝ 

ʥʘʜʚʠʛʠ ʠ ʩʣʝʜʳ ʧʝʨʝʤʝʱʝʥʠʷ ʧʝʩʯʘʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦ ʩʢʣʦʥʫ ʙʘʩʩʝʡʥʘ. 

ʇʨʠ ʦʮʝʥʢʝ ʢʦʣʠʯʝʩʪʚʘ ʩʝʡʩʤʦʜʠʩʣʦʢʘʮʠʡ ʚ ʨʘʟʨʝʟʘʭ ʥʘ ʧʣʦʱʘʜʠ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʚ 

ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʣʝʜʦʚ ʧʘʣʝʦʩʝʡʩʤʠʯʥʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ ʠ ʦʥʠ ʧʨʠʦʙʨʝʪʘʶʪ 

ʠʥʦʡ ʚʠʜ. ʅʘʯʠʥʘʷ ʩ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʏʝʯʥʠ ʠ ʜʘʣʝʝ ʥʘ ʟʘʧʘʜ ʩʝʡʩʤʦʜʠʩʣʦʢʘʮʠʠ çʜʘʛʝʩʪʘʥʩʢʦʛʦ 

ʪʠʧʘè ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ, ʥʝʧʪʫʥʠʯʝʩʢʠʝ ʜʘʡʢʠ ʦʯʝʥʴ ʨʝʜʢʠ. ɿʘʪʦ ʟʜʝʩʴ ʧʦʷʚʣʷʶʪʩʷ ʥʝʦʙʳʯʥʳʝ 

ʧʦ ʤʦʨʬʦʣʦʛʠʠ ʢʘʨʙʦʥʘʪʥʳʝ ʪʝʣʘ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʦ ʩ ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʩʦʙʳʪʠʷʤʠ 

ï ʢʦʥʢʨʝʮʠʠ ʩ ʙʫʛʦʨʢʦʚʳʤʠ ʥʘʨʦʩʪʘʤʠ, ʩʨʦʩʰʠʝʩʷ ʢʦʥʢʨʝʮʠʠ, ʧʠʨʘʤʠʜʘʣʴʥʳʝ ʩʪʷʞʝʥʠʷ [1]. 

ɺʦ ʚʤʝʱʘʶʱʠʭ ʠʭ ʧʦʨʦʜʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʞʝ ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʝ ʩʝʡʩʤʦʛʝʥʥʳʝ ʪʨʝʱʠʥʢʠ. 

ʄʠʛʨʘʮʠʷ ʧʦ ʥʠʤ ʠʣʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʙʠʢʘʨʙʦʥʘʪʘʤʠ ʞʝʣʝʟʘ ʧʨʠʚʦʜʠʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʣʦʞʥʳʭ ʢʦʥʢʨʝʮʠʦʥʥʳʭ ʩʨʦʩʪʢʦʚ, ʧʠʨʘʤʠʜʘʣʴʥʳʭ ʩʠʜʝʨʠʪʦʚʳʭ ʩʪʷʞʝʥʠʡ, ʢʘʨʙʦʥʘʪʥʳʭ 

ʜʘʝʢ. ʀʥʦʛʜʘ ʚʦʢʨʫʛ ʩʝʡʩʤʦʛʝʥʥʳʭ ʪʨʝʱʠʥʦʢ ʥʘʙʣʶʜʘʝʪʩʷ ʦʩʚʝʪʣʝʥʠʝ ʧʦʨʦʜ, ʩʚʷʟʘʥʥʦʝ ʩ 

ʫʜʘʣʝʥʠʝʤ ʠʟ ʥʠʭ ʚʤʝʩʪʝ ʩ ʠʣʦʚʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʯʘʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ɺ ʙʦʣʝʝ 

ʟʘʧʘʜʥʳʭ (ʉʝʚʝʨʥʘʷ ʆʩʝʪʠʷ) ʨʘʟʨʝʟʘʭ N1
2 ʧʨʠʟʥʘʢʦʚ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʝ ʦʪʤʝʯʝʥʦ. 

ɻʦʨʘʟʜʦ ʩʣʦʞʥʝʝ ʚʳʷʚʣʷʪʴ ʧʨʠʟʥʘʢʠ ʩʝʡʩʤʦʜʠʩʣʦʢʘʮʠʡ ʚ ʣʠʪʦʣʦʛʠʯʝʩʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʦʥʦʪʦʥʥʳʭ ʛʣʠʥʠʩʪʳʭ ʪʦʣʱʘʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʷʜ ʧʨʠʟʥʘʢʦʚ ʧʦʨʦʜ ʧʦʟʚʦʣʷʝʪ ʥʝʢʦʪʦʨʳʝ 

ʛʦʨʠʟʦʥʪʳ ʦʪʥʦʩʠʪʴ ʢ ʩʝʡʩʤʠʪʘʤ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʤʘʡʢʦʧʩʢʠʭ ʛʣʠʥʠʩʪʳʭ ʪʦʣʱʘʭ ʚʳʜʝʣʷʶʪʩʷ 

ʛʦʨʠʟʦʥʪʳ ʩ ʷʯʝʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩ ʩʝʢʫʱʠʤʠ ʞʠʣʢʘʤʠ, ʟʘʧʦʣʥʝʥʥʳʤʠ ʛʠʧʩʦʤ, ʩ ʦʙʠʣʴʥʳʤʠ 

ʚʳʜʝʣʝʥʠʷʤʠ ʷʨʦʟʠʪʘ ï ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʣʠ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʚʩʣʝʜʩʪʚʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʩʧʣʦʰʥʦʩʪʠ ʦʩʘʜʢʦʚ ʩ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʪʠʧʦʤ ʜʠʘʛʝʥʝʟʘ ʠ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʥʠʭ ʥʘʜʜʦʥʥʳʭ 

ʚʦʜ, ʩʦʜʝʨʞʘʱʠʭ ʢʠʩʣʦʨʦʜ. ɺ ʘʩʩʦʮʠʘʮʠʠ ʩ ʥʠʤʠ ʥʘʭʦʜʷʪʩʷ ʧʝʩʯʘʥʳʝ ʧʨʦʩʣʦʠ ʩ ʪʝʢʩʪʫʨʘʤʠ 

ʪʫʨʙʠʜʠʪʥʦʛʦ ʛʝʥʝʟʠʩʘ. ɼʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʩʝʡʩʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʦ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 
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ʤʘʡʢʦʧʩʢʦʡ ʪʦʣʱʠ ʚʝʣʘ ʢ ʜʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʶ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ, ʧʦʚʳʰʝʥʠʶ ʧʦʨʠʩʪʦʩʪʠ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʣʣʝʢʪʦʨʩʢʠʭ ʩʚʦʡʩʪʚ ʦʪʣʦʞʝʥʠʡ. 

ɺ ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʪʦʣʱʘʭ ʧʘʣʝʦʩʝʡʩʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ ʧʨʠʚʦʜʠʣʠ ʢ 

ʜʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʶ ʢʘʨʙʦʥʘʪʥʳʭ ʧʣʘʩʪʦʚ, ʦʙʨʘʟʦʚʘʥʠʶ ʩʣʝʧʳʭ ʚʟʙʨʦʩʦ-ʥʘʜʚʠʛʦʚ (ʨʠʩ. 1, ɽ-

ɿ); ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʞʧʣʘʩʪʦʚʳʭ ʩʜʚʠʛʦʚ ʪʝʨʷʣʘʩʴ ʧʝʨʚʠʯʥʘʷ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʘʷ ʩʣʦʠʩʪʦʩʪʴ, 

ʧʨʦʠʩʭʦʜʠʣʦ çʩʛʣʘʞʠʚʘʥʠʝè ʦʩʪʨʳʭ ʫʛʣʦʚ ʫ ʦʙʣʦʤʢʦʚ ʠʟʚʝʩʪʥʷʢʦʚʳʭ ʧʣʘʩʪʦʚ. ʉʣʝʜʩʪʚʠʝʤ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʫʜʘʨʦʚ ʥʘ ʦʪʣʦʞʝʥʠʷ ʙʳʣʦ ʥʘʨʫʰʝʥʠʝ ʠʭ ʩʧʣʦʰʥʦʩʪʠ, ʧʦʚʳʰʘʣʘʩʴ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʯʪʦ ʩʦʟʜʘʚʘʣʦ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʵʚʘʢʫʘʮʠʠ ʠʟ ʦʪʣʦʞʝʥʠʡ ʞʠʜʢʠʭ ʠ 

ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʠʘʛʝʥʝʟʘ. ɽʩʣʠ ʚ ʵʪʠʭ ʧʨʦʜʫʢʪʘʭ ʩʦʜʝʨʞʘʣʩʷ ʤʝʪʘʥ, ʪʦ ʚ 

ʚʳʰʝʣʝʞʘʱʠʭ ʦʪʣʦʞʝʥʠʷʭ (ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʢʦʧʠʚʰʠʭʩʷ ʧʦʟʞʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ) ʤʦʛʣʠ 

ʚʦʟʥʠʢʘʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʠʟʦʪʦʧʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʘʥʦʤʘʣʠʠ. ʊʘʢʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʘʟʨʝʟʘʭ ʩʨʝʜʥʝʛʦ ʩʝʥʦʤʘʥʘ ɼʘʛʝʩʪʘʥʘ, ʚ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥ ʛʦʨʠʟʦʥʪ ʩʝʡʩʤʠʪʦʚ (ʜʦ 15 ʤ). ɺ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʛʦʨʠʟʦʥʪʘ ʟʘʣʝʛʘʝʪ ʥʝʩʢʦʣʴʢʦ ʧʣʘʩʪʦʚ ʙʝʥʪʦʥʠʪʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʩʦʚʧʘʜʝʥʠʠ ʧʝʨʠʦʜʘ ʫʩʠʣʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʵʢʩʧʣʦʟʠʚʥʦʡ ʚʫʣʢʘʥʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺʫʣʢʘʥʠʟʤ ʚ ʵʪʦ ʚʨʝʤʷ ʙʳʣ ʘʢʪʠʚʥʦ ʨʘʟʚʠʪ ʚ ɿʘʢʘʚʢʘʟʴʝ, ʦʪʢʫʜʘ ʠ ʧʨʠʥʦʩʠʣʩʷ 

ʧʝʧʣʦʚʳʡ ʤʘʪʝʨʠʘʣ.  ʇʦʣʘʛʘʝʤ, ʯʪʦ ʤʦʞʥʦ, ʚʠʜʠʤʦ, ʛʦʚʦʨʠʪʴ ʦ ʩʨʝʜʥʝʩʝʥʦʤʘʥʩʢʦʤ ʵʧʠʟʦʜʝ 

ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ, ʧʨʦʷʚʠʚʰʝʤʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʚʢʘʟʩʢʦʛʦ ʨʝʛʠʦʥʘ.  

ʋʩʠʣʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʙʳʣʦ ʭʘʨʘʢʪʝʨʥʦ ʪʘʢʞʝ ʜʣʷ ʩʨʝʜʥʝʢʝʣʣʦʚʝʡʩʢʦʛʦ 

ʵʪʘʧʘ ʚ ʨʘʟʚʠʪʠʠ ɺʦʩʪʦʯʥʦʛʦ ʂʘʚʢʘʟʘ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʣ ʧʝʨʝʭʦʜ ʦʪ ʩʫʱʝʩʪʚʦʚʘʚʰʝʛʦ ʚ 

ʙʘʡʦʩʝ-ʙʘʪʝ ʧʨʦʛʠʙʘ ʩ ʪʝʨʨʠʛʝʥʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ ʢ ʧʦʟʜʥʝʶʨʩʢʦʡ ʢʘʨʙʦʥʘʪʥʦʡ ʧʣʘʪʬʦʨʤʝ. 

ʃʠʪʦʣʦʛʠʯʝʩʢʠ ʢʝʣʣʦʚʝʡʩʢʠʝ ʩʝʡʩʤʠʪʳ ʩʭʦʜʥʳ ʩ ʩʝʥʦʤʘʥʩʢʠʤʠ (ʨʠʩ.1, ɿ).  

ɽʱʝ ʦʜʥʦʡ ʬʦʨʤʦʡ ʩʝʡʩʤʦʛʝʥʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʘʨʙʦʥʘʪʥʳʭ 

ʪʦʣʱ ʷʚʣʷʶʪʩʷ ʦʧʦʣʟʥʝʚʳʝ ʛʦʨʠʟʦʥʪʳ, ʚʝʩʴʤʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʚ ʤʘʘʩʪʨʠʭʪʩʢʠʭ-ʜʘʪʩʢʠʭ 

ʪʦʣʱʘʭ ɺʦʩʪʦʯʥʦʛʦ ʂʘʚʢʘʟʘ. ʀʭ ʤʦʱʥʦʩʪʴ ʚʘʨʴʠʨʫʝʪ ʦʪ ʧʝʨʚʳʭ ʜʦ 10-15 ʤ. ʆʙʨʘʟʦʚʘʥʠʝ 

ʦʧʦʣʟʥʝʚʳʭ ʛʦʨʠʟʦʥʪʦʚ ʩʚʷʟʘʥʦ ʩ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ, ʩʦʧʨʦʚʦʞʜʘʚʰʠʤʠ ʨʦʩʪ ʢʨʫʧʥʳʭ 

ʢʦʥʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʩʢʣʘʜʦʢ ʚ ʢʦʥʮʝ ʤʝʣʘ ï ʥʘʯʘʣʝ ʧʘʣʝʦʛʝʥʘ. 

ʇʨʠʟʥʘʢʠ ʘʢʪʠʚʠʟʘʮʠʠ ʩʝʡʩʤʠʯʥʦʩʪʠ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʝʨʝʭʦʜʥʳʭ ʩʣʦʷʭ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʧʦ ʣʠʪʦʣʦʛʠʯʝʩʢʦʤʫ ʥʘʧʦʣʥʝʥʠʶ ʩʚʠʪʘʤʠ, ʪ.ʝ. ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʩʦʧʨʦʚʦʞʜʘʣʠ ʩʤʝʥʫ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʠ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʛʦ ʨʝʞʠʤʘ ʧʘʣʝʦʙʘʩʩʝʡʥʘ [2]. 

ʉʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʛʦʨʠʟʦʥʪʦʚ ʩʝʡʩʤʠʪʦʚ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʩʫʱʝʩʪʚʝʥʥʫʶ ʜʦʣʶ ʦʪ 

ʦʙʱʝʡ ʤʦʱʥʦʩʪʠ ʪʦʣʱ, ʥʘʢʦʧʠʚʰʠʭʩʷ ʚ ʧʝʨʠʦʜʳ ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʚ ʧʨʝʜʝʣʘʭ ʧʦʜʚʠʞʥʳʭ ʧʦʷʩʦʚ. 
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ʅʝʬʪʝʛʘʟʦʚʘʷ ʣʠʪʦʣʦʛʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʦʙʲʝʢʪʳ ʨʘʟʣʠʯʥʦʛʦ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʦʪ ʦʪʜʝʣʴʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ ʠ ʧʦʨʦʜ-ʬʣʶʠʜʦʫʧʦʨʦʚ ʜʦ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʂʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʝʨʥʘ ʠ ɻʀʉ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ 

ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʝʜʠʥʠʮʳ ʨʘʟʨʝʟʘ ʨʘʟʣʠʯʥʦʛʦ ʨʘʥʛʘ ʠ ʧʨʦʩʣʝʜʠʪʴ ʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʪʘʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʠ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʨʦʩʣʝʞʠʚʘʥʠʝ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʝʜʠʥʠʮ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ɻʀʉ ʠ 3ɼ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʜʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʝʢʚʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɺʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʛʦʨʥʳʭ ʧʦʨʦʜ, 

ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

ʈʘʟʚʠʪʠʝ ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʥʝʬʪʴ ʠ ʛʘʟ ʠ ʦʩʚʦʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʦ 

ʤʥʦʛʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʝʰʝʥʠʝʤ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʟʘʜʘʯ ʥʝʬʪʝʛʘʟʦʚʦʡ ʣʠʪʦʣʦʛʠʠ. 

ʅʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʝ ʠʟ ʥʠʭ ʩʚʷʟʘʥʳ ʩ ʠʟʫʯʝʥʠʝʤ ʣʠʪʦʣʦʛʠʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ, ʘ ʪʘʢʞʝ 

ʣʠʪʦʣʦʛʠʯʝʩʢʠʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʛʝʦʬʠʟʠʯʝʩʢʠʭ, ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʤʘʩʰʪʘʙʘ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʥʝʬʪʝʛʘʟʦʚʦʡ ʣʠʪʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ 

ʪʦʯʝʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʢʚʘʞʠʥʳ. ɸʥʘʣʠʟ ʢʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʜʘʞʝ 

ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʦʪʙʦʨʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʪʷʞʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʜʘʝʪ ʤʘʣʦ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʛʦʨʥʦʡ ʧʦʨʦʜʳ, ʢʘʢ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʪʝʣʘ. ʆʛʨʘʥʠʯʠʚʘʷʩʴ 

ʪʦʣʴʢʦ ʠʟʫʯʝʥʠʝʤ ʦʙʨʘʟʮʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩ ʣʶʙʦʡ ʩʪʝʧʝʥʴʶ ʜʝʪʘʣʴʥʦʩʪʠ, ʤʥʦʛʠʝ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʪʝʣ ʧʨʠʭʦʜʠʪʩʷ ʣʠʰʴ ʜʦʤʳʩʣʠʚʘʪʴ. ɺʤʝʩʪʝ 

ʩ ʪʝʤ, ʠʩʧʦʣʴʟʫʷ ʢʦʤʧʣʝʢʩ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʥʝʬʪʝʛʘʟʦʚʘʷ ʣʠʪʦʣʦʛʠʷ, ʤʦʞʝʪ ʥʝ ʪʦʣʴʢʦ 

ʦʧʨʝʜʝʣʠʪʴ ʛʝʦʤʝʪʨʠʶ ʚʝʩʴʤʘ ʢʨʫʧʥʳʭ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʦʙʲʝʢʪʦʚ, ʥʦ ʠ ʦʮʝʥʠʪʴ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ ʠʭ ʩʣʘʛʘʶʱʠʭ. ɺʝʨʪʠʢʘʣʴʥʫʶ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʥʘ ʦʩʥʦʚʝ ʚʘʨʠʘʮʠʡ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦ ʚʩʝʤʫ ʠʟʫʯʘʝʤʦʤʫ ʨʘʟʨʝʟʫ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʤʝʪʨʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʝʪʦʜʳ ɻʀʉ, ʘ ʨʝʟʫʣʴʪʘʪʳ 3ɼ ʠ 2ɼ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ 

ʨʘʩʢʨʳʚʘʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʨʦʜ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʢʠʣʦʤʝʪʨʦʚ, ʢʘʢ ʧʦ 

ʚʝʨʪʠʢʘʣʠ, ʪʘʢ ʠ ʧʦ ʣʘʪʝʨʘʣʠ.  

ʂʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʝʨʥʘ ʠ ɻʀʉ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ 

ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʝʜʠʥʠʮʳ ʨʘʟʨʝʟʘ ʨʘʟʣʠʯʥʦʛʦ ʨʘʥʛʘ ʠ ʧʨʦʩʣʝʜʠʪʴ ʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʪʘʣʴʥʦʡ 
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ʢʦʨʨʝʣʷʮʠʠ. ʇʨʠ ʵʪʦʤ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʤʝʪʦʜʦʚ ɻʀʉ, ʢʦʪʦʨʘʷ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 30-40 ʩʘʥʪʠʤʝʪʨʦʚ. ʊʦ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʝʥʠʝ ʚ ʨʘʟʨʝʟʝ ʪʘʢʠʭ 

ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʝʜʠʥʠʮ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʧʦ ʜʘʥʥʳʤ ɻʀʉ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʩʪʦʧʨʦʮʝʥʪʥʳʡ ʦʪʙʦʨ ʢʝʨʥʘ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʫʯʘʩʪʢʘʭ ʨʘʟʨʝʟʘ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʥʝʧʨʝʨʳʚʥʳʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʩʢʘʥʠʨʫʶʱʠʭ ʤʝʪʦʜʦʚ. 

ʉʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʝʜʠʥʠʮʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ɻʀʉ ʨʝʜʢʦ ʤʦʛʫʪ 

ʙʳʪʴ ʤʦʥʦʧʦʨʦʜʥʳʤʠ, ʪʦ ʝʩʪʴ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʝʜʠʥʩʪʚʝʥʥʳʤ ʣʠʪʦʪʠʧʦʤ. ʏʘʱʝ ʵʪʠ ʝʜʠʥʠʮʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʨʦʜʥʳʝ ʘʩʩʦʮʠʘʮʠʠ, ʪʦ ʝʩʪʴ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ. 

ʇʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩ ʜʘʥʥʳʤʠ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʫʨʦʚʝʥʴ 

ʦʩʨʝʜʥʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 6-8 ʤʝʪʨʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʢʘʯʝʩʪʚʝ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ 

ʝʜʠʥʠʮʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʳʝ ʢʨʫʧʥʳʝ ʧʘʯʢʠ, ʮʠʢʣʠʪʳ, ʩʠʢʚʝʥʩʳ.  

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʨʦʩʣʝʞʠʚʘʥʠʝ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʝʜʠʥʠʮ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ɻʀʉ ʠ 3ɼ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʜʘʝʪ ʰʠʨʦʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʝʢʚʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ 

ʧʘʨʘʤʝʪʨʳ ʩʝʪʢʠ ʨʘʟʙʫʨʠʚʘʥʠʷ ʠ ʧʣʦʪʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʧʨʦʬʠʣʝʡ ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʩʣʝʜʠʪʴ ʤʝʣʢʠʝ ʩʠʢʚʝʥʩʳ, ʪʦʣʱʠʥʳ ʢʦʪʦʨʳʭ ʠʟʤʝʨʷʶʪʩʷ ʧʝʨʚʳʤʠ ʤʝʪʨʘʤʠ. 

ʎʠʢʣʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʠ ʩʝʢʚʝʥʪʥʳʡ ʘʥʘʣʠʟʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʩʣʝʜʠʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʬʘʮʠʘʣʴʥʳʭ ʟʦʥ, ʚʳʷʚʣʝʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʢʝʨʥʘ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʥʝʬʪʝʛʘʟʦʚʘʷ ʣʠʪʦʣʦʛʠʷ ʠʩʧʦʣʴʟʫʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʪʝʢʩʪʫʨʳ, ʩʪʨʫʢʪʫʨʳ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʚʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʣʠʪʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʠʭ ʧʫʩʪʦʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʇʨʠ ʵʪʦʤ 

ʠʩʩʣʝʜʫʶʪʩʷ ʪʘʢʠʝ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʢ: ʪʝʢʩʪʫʨʘ, ʩʪʨʫʢʪʫʨʘ, ʭʘʨʘʢʪʝʨ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʤʠʥʝʨʘʣʴʥʦʝ ʚʳʧʦʣʥʝʥʠʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʫʩʪʦʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʷʚʣʷʶʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʦʩʚʦʝʥʠʠ ʩʣʦʞʥʦ ʧʦʩʪʨʦʝʥʥʳʭ, ʯʘʩʪʦ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʠʨʦʜʥʳʭ 

ʨʝʟʝʨʚʫʘʨʦʚ ʥʝʬʪʠ ʠ ʛʘʟʘ. ʈʝʰʝʥʠʷ ʪʘʢʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳʤ 

ʪʦʣʴʢʦ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʜʦʣʞʥʦʡ ʩʪʝʧʝʥʠ ʜʝʪʘʣʴʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʧʦʣʥʦʮʝʥʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʨʠʨʦʜʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʥʘ ʨʘʟʥʳʭ 

ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ. 

ʇʦʣʥʦʮʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʨʦʜ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʣʠʪʦʣʦʛʠʠ ʥʝ ʤʦʞʝʪ ʦʙʦʡʪʠʩʴ ʙʝʟ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʪʨʘʞʘʶʱʠʭ ʩʪʨʦʝʥʠʝ, ʢʘʢ ʤʠʥʝʨʘʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ, ʪʘʢ ʠ ʧʫʩʪʦʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʅʝ ʤʝʥʝʝ ʟʥʘʯʠʤʳʤ ʷʚʣʷʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ 
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ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʳʷʚʣʝʥʠʶ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʣʠʪʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ ʣʠʪʦʣʦʛʦ-

ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʷʟʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʝ ʦʪʣʦʞʝʥʠʷ. ɺʝʩʴʤʘ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʛʦʨʥʳʭ 

ʧʦʨʦʜ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʘʟʚʠʪʠʝ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʟʚʦʣʠʪ ʚʳʨʘʙʦʪʘʪʴ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʧʦʜʩʯʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʠ ʦʮʝʥʢʝ ʟʘʧʘʩʦʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʧʨʦʱʝʥʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʤʠʢʨʦʪʝʢʩʪʫʨʝ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ ʠ ʧʦʨʦʜ-ʬʣʶʠʜʦʫʧʦʨʦʚ. 

ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʠ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʦʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʦʚ ʚʪʦʨʠʯʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʦʜʫʢʪʠʚʥʳʝ ʧʣʘʩʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʛʣʫʙʣʝʥʥʦʝ ʠʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʦʛʠʠ ʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ ʠ ʧʦʨʦʜ-ʬʣʶʠʜʦʫʧʦʨʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʨʘʟʚʠʪʠʷ ʥʝʬʪʝʛʘʟʦʚʦʡ ʣʠʪʦʣʦʛʠʠ. ʅʝ ʤʝʥʝʝ ʘʢʪʫʘʣʴʥʦ 

ʨʘʟʚʠʪʠʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʣʠʪʦ-ʬʘʮʠʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʝʜʠʤʝʥʪʦʣʦʛʠʠ ʠ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʠ ʠʭ ʩ 

ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʦʚʳʩʠʪʴ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʥʝʬʪʝʛʘʟʦʚʳʭ ʦʙʲʝʢʪʦʚ.  
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ʈʘʩʩʤʦʪʨʝʥʘ ʠʩʪʦʨʠʷ ʫʨʘʣʴʩʢʠʭ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʚʝʱʘʥʠʡ (1994ï2014 ʛʛ.) ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʫʨʘʣʴʩʢʦʡ ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ ʰʢʦʣʳ.  

 

ʃʠʪʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʋʨʘʣʝ ʚ ʧʦʩʣʝʜʥʠʝ 20ï25 ʣʝʪ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʚ 

ʀʥʩʪʠʪʫʪʝ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʋʨʆ ʈɸʅ ʠ ʋʨʘʣʴʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʛʦʨʥʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ. ɼʘʪʴ ʠʤ ʧʦʣʥʦʮʝʥʥʳʡ ʦʙʟʦʨ ʚ ʢʨʘʪʢʠʭ ʪʝʟʠʩʘʭ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʵʪʦʤʫ 

ʦʩʪʘʥʦʚʠʤʩʷ ʪʦʣʴʢʦ ʥʘ ʜʚʫʭ ʘʩʧʝʢʪʘʭ ï ʫʨʘʣʴʩʢʠʭ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʚʝʱʘʥʠʷʭ ʠ ʢʨʫʧʥʳʭ 

ʧʫʙʣʠʢʘʮʠʷʭ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠ ʧʦʟʚʦʣʠʪ ʯʠʪʘʪʝʣʶ ʧʦʣʫʯʠʪʴ ʥʝʢʫʶ ʦʙʱʫʶ ʢʘʨʪʠʥʫ. 

ɺ 1994 ʛ. ʚ ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛʝ ʩʦʩʪʦʷʣʦʩʴ 1-ʝ ʋʨʘʣʴʩʢʦʝ ʨʝʛʠʦʥʘʣʴʥʦʝ ʣʠʪʦʣʦʛʠʯʝʩʢʦʝ 

ʩʦʚʝʱʘʥʠʝ çʇʘʣʝʦʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠ ʣʠʪʦʛʝʥʝʟʘè, ʠʜʝʷ 
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ʧʨʦʚʝʜʝʥʠʷ ʢʦʪʦʨʦʛʦ ʧʨʠʥʘʜʣʝʞʘʣʘ ʠʟʚʝʩʪʥʦʤʫ ʫʨʘʣʴʩʢʦʤʫ ʣʠʪʦʣʦʛʫ ï ʃ.ɺ. ɸʥʬʠʤʦʚʫ (ʀɻɻ 

ʋʨʆ ʈɸʅ). ɼʝʷʪʝʣʴʥʫʶ ʧʦʜʜʝʨʞʢʫ ʝʤʫ ʦʢʘʟʘʣʠ ɺ.ʇ. ɸʣʝʢʩʝʝʚ (ʋɻɻɸ), ɺ.ʄ. ʅʝʯʝʫʭʠʥ (ʀɻɻ 

ʋʨʆ ʈɸʅ) ʠ ʄ.ʉ. ʈʘʧʦʧʦʨʪ (ʋʨʘʣʛʝʦʣʢʦʤ). ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʪʘʢʠʝ ʩʦʚʝʱʘʥʠʷ ʙʫʜʫʪ 

ʧʨʦʚʦʜʠʪʴʩʷ ʨʝʛʫʣʷʨʥʦ ʠ ʩʪʘʥʫʪ ʩʚʦʝʦʙʨʘʟʥʦʡ ʨʘʙʦʯʝʡ ʧʣʦʱʘʜʢʦʡ ʜʣʷ ʦʙʩʫʞʜʝʥʠʷ 

ʘʢʪʫʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ ʣʠʪʦʣʦʛʠʠ ʋʨʘʣʘ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ. ʇʝʨʚʦʝ ʩʦʚʝʱʘʥʠʝ ʙʳʣʦ 

ʧʦʯʪʠ ʢʘʤʝʨʥʳʤ; ʚ ʝʛʦ ʨʘʙʦʪʝ ʫʯʘʩʪʚʦʚʘʣʦ ʩ ʜʦʢʣʘʜʘʤʠ 10ï12 ʩʧʝʮʠʘʣʠʩʪʦʚ, ʥʦ ʜʘʣʝʝ ʧʨʦʮʝʩʩ, 

ʯʪʦ ʥʘʟʳʚʘʝʪʩʷ, çʧʦʰʝʣè. ɺ ʵʪʦʡ ʩʚʷʟʠ ʤʳ ʠ ʚʳʙʨʘʣʠ 1994 ʛ. ʢʘʢ ʥʝʢʫʶ ʪʦʯʢʫ ʦʪʩʯʝʪʘ, ʭʦʪʷ 

ʠʩʪʦʨʠʷ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʋʨʘʣʝ ʦʭʚʘʪʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʡ, 

ʯʝʤ ʚʳʥʝʩʝʥʦ ʚ ʟʘʛʦʣʦʚʦʢ, ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. 

ɺʪʦʨʦʝ ʩʦʚʝʱʘʥʠʝ ʩʦʩʪʦʷʣʦʩʴ ʦʩʝʥʴʶ 1996 ʛ. ʊʝʤʘ ʝʛʦ ʙʳʣʘ ʦʙʦʟʥʘʯʝʥʘ ʪʘʢ ï 

çʉʝʜʠʤʝʥʪʦʛʝʥʝʟ ʠ ʣʠʪʦʛʝʥʝʟ ʦʩʘʜʦʯʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡè. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ 

ʦʨʛʘʥʠʟʘʪʦʨʳ ʠʟʥʘʯʘʣʴʥʦ ʧʦʩʯʠʪʘʣʠ ʥʝʦʙʭʦʜʠʤʳʤ ʫʡʪʠ ʦʪ ʩʫʭʦʡ ʯʝʨʝʜʳ ʥʦʤʝʨʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ, ʘ ʬʦʨʤʫʣʠʨʦʚʘʣʠ ʪʝʤʳ ʦʙʩʫʞʜʝʥʠʷ, ʩʪʨʝʤʷʩʴ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʦʭʚʘʪʠʪʴ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʢʨʫʛ ʚʦʧʨʦʩʦʚ. ʉ ʵʪʦʛʦ ʛʦʜʘ ʦʙʦʟʥʘʯʠʣʠʩʴ ʠ 

ʙʦʣʝʝ ʤʝʥʝʝ ʧʦʩʪʦʷʥʥʳʝ ʩʨʦʢʠ ʧʨʦʚʝʜʝʥʠʷ ʩʦʚʝʱʘʥʠʷ ï ʪʨʝʪʴʷ ʜʝʢʘʜʘ ʦʢʪʷʙʨʷ.  

ɺ 1998 ʛ. ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʪʨʝʪʴʝ ʩʦʚʝʱʘʥʠʝ. ʊʝʤʦʡ ʝʛʦ ʩʪʘʣʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʪʨʦʝʥʠʷ 

ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ. ʊʘʢ ʢʘʢ ʢ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ʫʨʘʣʴʩʢʠʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʩʦʚʝʱʘʥʠʷ ʫʞʝ ʩʪʘʣʠ 

ʜʦʩʪʘʪʦʯʥʦ ʠʟʚʝʩʪʥʳ, ʪʦ ʛʝʦʛʨʘʬʠʷ ʫʯʘʩʪʥʠʢʦʚ ʜʘʥʥʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ ʙʳʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʰʠʨʝ, 

ʯʝʤ ʜʚʫʭ ʧʝʨʚʳʭ. ɺ ʵʪʦʤ ʞʝ ʛʦʜʫ ʚ ʀɻɻ ʋʨʆ ʈɸʅ ʧʦʩʣʝ ʥʝʢʦʪʦʨʦʛʦ ʧʝʨʝʨʳʚʘ ʙʳʣʘ ʚʦʩʩʦʟʜʘʥʘ 

çʣʠʪʦʣʦʛʠʯʝʩʢʘʷ ʷʯʝʡʢʘè ï ʣʘʙʦʨʘʪʦʨʠʷ ʣʠʪʦʣʦʛʠʠ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʦʚʝʱʘʥʠʷ ʩʪʘʣʠ 

ʧʨʦʚʦʜʠʪʴʩʷ ʩʠʣʘʤʠ ʝʸ ʩʦʪʨʫʜʥʠʢʦʚ ʧʨʠ ʚʩʝʤʝʨʥʦʡ ʧʦʜʜʝʨʞʢʝ ʢʦʣʣʝʛ ʠʟ ʋɻɻʋ. ɺ 2002 ʛ. ʚ 

ɻʦʨʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʧʦʷʚʠʣʘʩʴ ʢʘʬʝʜʨʘ ʣʠʪʦʣʦʛʠʠ ʠ ʛʝʦʣʦʛʠʠ ʛʦʨʶʯʠʭ ʠʩʢʦʧʘʝʤʳʭ, 

ʟʘʚʝʜʫʶʱʠʤ ʢʦʪʦʨʦʡ ʩʪʘʣ ɺ.ʇ. ɸʣʝʢʩʝʝʚ.  

ʈʫʙʝʞ ʚʝʢʦʚ ʦʟʥʘʤʝʥʦʚʘʣʩʷ ʧʨʦʚʝʜʝʥʠʝʤ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʟʘʤʝʪʥʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ, 

ʪʝʤʘ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʧʦʯʪʠ ʢʘʢ ʪʝʤʘ ʚʩʝʨʦʩʩʠʡʩʢʦʛʦ ʤʘʩʰʪʘʙʘ ï çʆʩʘʜʦʯʥʳʝ 

ʙʘʩʩʝʡʥʳ: ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʠ ʵʚʦʣʶʮʠʠ, ʤʠʥʝʨʘʛʝʥʠʷè. ʋʯʘʩʪʠʝ ʚ ʥʝʤ ʧʨʠʥʷʣʠ 

ʤʥʦʛʠʝ ʠʟʚʝʩʪʥʳʝ ʨʦʩʩʠʡʩʢʠʝ ʣʠʪʦʣʦʛʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʚʝʜʝʥʦ 2 ʩʦʚʝʱʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʦʩʘʜʦʯʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. ʊʘʢ, ʚ 2002 ʛ. ʦʩʥʦʚʥʦʝ 

ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʪʝʨʨʠʛʝʥʥʳʤ ʦʩʘʜʦʯʥʳʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ ʋʨʘʣʘ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ, ʘ ʪʝʤʦʡ ʩʦʚʝʱʘʥʠʷ 2004 ʛ. ʩʪʘʣʠ ʢʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ ʋʨʘʣʘ. ʈʘʩʩʤʦʪʨʝʥʥʳʝ 

ʥʘ ʥʠʭ ʚ ʨʘʤʢʘʭ ʟʘʢʘʟʥʳʭ ʠ ʩʪʝʥʜʦʚʳʭ ʜʦʢʣʘʜʦʚ ʚʦʧʨʦʩʳ ʦʙʥʠʤʘʣʠ ʚʝʩʴ ʩʧʝʢʪʨ ʧʨʦʮʝʩʩʦʚ 

ʩʝʜʠʤʝʥʪʦ- ʠ ʣʠʪʦʛʝʥʝʟʘ, ʘ ʪʘʢʞʝ ʤʠʥʝʨʘʛʝʥʠʠ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ ʨʠʬʝʷ, ʧʘʣʝʦʟʦʷ ʠ ʤʝʟʦʟʦʷ. ɺʦ 

ʤʥʦʛʦʤ ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʚ ʥʘʯʘʣʝ 2000-ʭ ʛʛ. ʩʣʦʞʠʣʦʩʴ ʥʝʢʦʝ ʷʜʨʦ ʫʯʘʩʪʥʠʢʦʚ ʫʨʘʣʴʩʢʠʭ 

ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʚʝʱʘʥʠʡ, ʩʯʠʪʘʚʰʠʭ, ʯʪʦ ʧʨʠʥʷʪʴ ʫʯʘʩʪʠʝ ʚ ʥʝʤ ʧʦʣʝʟʥʦ ʠ ʙʝʟ ʜʦʢʣʘʜʘ, 

ʧʨʝʜʧʦʯʠʪʘʷ ʧʦʩʣʝʜʥʝʤʫ ʰʠʨʦʢʦʝ ʦʙʱʝʥʠʝ ʩ ʢʦʣʣʝʛʘʤʠ. 
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ɺ 2006 ʛ. ʤʳ ʦʙʦʟʥʘʯʠʣʠ ʪʝʤʫ ʩʦʚʝʱʘʥʠʷ ʢʘʢ çʃʠʪʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʛʝʦʣʦʛʠʠ 

ʩʣʦʠʩʪʳʭ ʩʨʝʜè, ʧʨʝʜʧʦʣʘʛʘʷ ʪʝʤ ʩʘʤʳʤ ʧʨʠʚʣʝʯʴ ʢ ʫʯʘʩʪʠʶ ʚ ʝʛʦ ʨʘʙʦʪʝ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠʟ 

ʩʤʝʞʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘʫʢ ʦ ɿʝʤʣʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʝʦʬʠʟʠʢʦʚ, ʦʜʥʘʢʦ ʵʪʦʪ ʵʢʩʧʝʨʠʤʝʥʪ ʥʝʣʴʟʷ 

ʩʯʠʪʘʪʴ 100%-ʥʦ ʫʜʘʯʥʳʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʦʧʳʪ ʧʨʦʚʝʜʝʥʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ ʜʝʩʷʪʠʣʝʪʠʷ 

ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʚʝʱʘʥʠʡ ʚ ʩʪʝʥʘʭ ʢʘʢ ʋɻɻʋ, ʪʘʢ ʠ ʀɻɻ ʋʨʆ ʈɸʅ, ʧʦʟʚʦʣʷʣ ʟʘʜʫʤʳʚʘʪʴʩʷ 

ʦ ʯʝʤ-ʪʦ çʙʦʣʝʝ ʢʨʫʧʥʦʤè. ʀʤ ʩʪʘʣʦ V ɺʩʝʨʦʩʩʠʡʩʢʦʝ ʣʠʪʦʣʦʛʠʯʝʩʢʦʝ ʩʦʚʝʱʘʥʠʝ çʊʠʧʳ 

ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ ʠ ʣʠʪʦʛʝʥʝʟʘ ʠ ʠʭ ʵʚʦʣʶʮʠʷ ʚ ʠʩʪʦʨʠʠ ɿʝʤʣʠè (ʦʢʪʷʙʨʴ, 2008 ʛ.). ɺʧʝʨʚʳʝ ʟʘ 

ʤʥʦʛʦ ʣʝʪ ʩʦʚʝʱʘʥʠʝ ʪʘʢʦʛʦ ʨʘʥʛʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚʥʝ ʄʦʩʢʚʳ. ɹʦʣʝʝ ʪʦʛʦ, ʠ ʜʚʘ ʩʣʝʜʫʶʱʠʭ 

ʧʦʜʦʙʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷ ʧʨʦʰʣʠ ʚ ʂʘʟʘʥʠ ʠ ʅʦʚʦʩʠʙʠʨʩʢʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʚ ʢʘʢ 

ʛʝʦʛʨʘʬʠʶ ʫʯʘʩʪʥʠʢʦʚ, ʪʘʢ ʠ ʢʨʫʛ ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʭʣʦʧʦʪʳ ʠʥʩʪʠʪʫʪʦʚ.  

ɸ ʫʨʘʣʴʩʢʠʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʩʦʚʝʱʘʥʠʷ, ʢʘʢ-ʪʦ ʥʝʟʘʤʝʪʥʦ ʧʦʪʝʨʷʚ ʠʟ ʥʘʟʚʘʥʠʷ ʩʣʦʚʦ 

çʨʝʛʠʦʥʘʣʴʥʳʝè, ʧʨʦʜʦʣʞʘʣʠʩʴ ʠ ʜʘʣʝʝ. ɺ 2010 ʛ. ʪʝʤʘ ʩʦʚʝʱʘʥʠʷ ʟʚʫʯʘʣʘ ʢʘʢ çɸʢʪʫʘʣʴʥʳʝ 

ʚʦʧʨʦʩʳ ʣʠʪʦʣʦʛʠʠè, ʚ 2012 ʛ. ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʤʳ ʫʜʝʣʠʣʠ çʇʨʠʦʨʠʪʝʪʥʳʤ ʠ 

ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡè, ʘ ʚ 2014 ʛ. ï çɺʠʨʪʫʘʣʴʥʳʤ ʠ 

ʨʝʘʣʴʥʳʤ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤè. ʇʦʩʣʝʜʥʝʝ ʤʝʨʦʧʨʠʷʪʠʝ ʧʨʦʰʣʦ ʚʤʝʩʪʝ ʩ I 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʰʢʦʣʦʡ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʧʦ ʣʠʪʦʣʦʛʠʠ, 

ʚʳʟʚʘʚʰʝʡ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢʘʢ ʫ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ. ʇʨʠ ʵʪʦʤ ʩʨʝʜʠ ʚʳʩʪʫʧʠʚʰʠʭ ʩ ʣʝʢʮʠʷʤʠ 

ʙʳʣʠ ʥʝ ʪʦʣʴʢʦ ʦʧʳʪʥʳʝ ʣʠʪʦʣʦʛʠʠ (ɸ.ʀ. ɸʥʪʦʰʢʠʥʘ, ɼ.ɺ. ɻʨʘʞʜʘʥʢʠʥ, ʄ.ʀ. ʊʫʯʢʦʚʘ, ɺ.ɻ. 

ʂʫʟʥʝʮʦʚ, ɸ.ɺ. ʉʪʫʧʘʢʦʚʘ, ɺ.ɺ. ʄʘʩʣʝʥʥʠʢʦʚ, ʉ.ɹ. ʐʠʰʣʦʚ, ɻ.ɸ. ʄʠʟʝʥʩ, ɸ.ɺ. ʄʘʩʣʦʚ), ʥʦ ʠ 

ʘʩʧʠʨʘʥʪ ʀʅɻɻ ʉʆ ʈɸʅ ɺ.ɺ. ʄʘʨʫʩʠʥ. 

ɺʪʦʨʦʡ ʘʩʧʝʢʪ ʨʠʩʢʫʝʪ ʧʨʝʚʨʘʪʠʪʴʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʧʝʨʝʯʠʩʣʝʥʠʝ ʥʘʟʚʘʥʠʡ 

ʤʦʥʦʛʨʘʬʠʡ: 1) ɺʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʠʡ ʬʣʠʰ ɿʘʧʘʜʥʦʛʦ ʋʨʘʣʘ, 1997 (ʄʠʟʝʥʩ ɻ.ɸ.) 2) ʃʠʪʦʛʝʥʝʟ 

ʚ ʨʠʬʝʡʩʢʠʭ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱʘʭ ɹʘʰʢʠʨʩʢʦʛʦ ʤʝʛʘʥʪʠʢʣʠʥʦʨʠʷé, 1997 (ɸʥʬʠʤʦʚ ʃ.ɺ.); 3) 

ʆʩʘʜʦʯʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʨʠʬʝʷ ɺʦʣʛʦ-ʋʨʘʣʴʩʢʦʡ ʦʙʣʘʩʪʠé, 1998 (ʄ.ɸ.ɺ., ʀʰʝʨʩʢʘʷ ʄ.ɺ.); 4) 

ʆʩʘʜʦʯʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʠʬʝʷ ʪʠʧʦʚʦʡ ʤʝʩʪʥʦʩʪʠé, 1998 (ʄ.ɸ.ɺ., ɻʘʨʝʝʚ ʕ.ɿ., 

ʂʨʫʧʝʥʠʥ ʄ.ʊ.); 5) ɻʣʠʥʠʩʪʳʝ ʧʦʨʦʜʳ ʨʠʬʝʷ ɹʘʰʢʠʨʩʢʦʛʦ ʤʝʛʘʥʪʠʢʣʠʥʦʨʠʷ, 1998 

(ʂʘʛʘʨʤʘʥʦʚʘ ʅ.ʀ.); 6) ʊʦʥʢʘʷ ʘʣʶʤʦʩʠʣʠʢʦʢʣʘʩʪʠʢʘ ʚ ʚʝʨʭʥʝʜʦʢʝʤʙʨʠʡʩʢʦʤ ʨʘʟʨʝʟʝ 

ɹʘʰʢʠʨʩʢʦʛʦ ʤʝʛʘʥʪʠʢʣʠʥʦʨʠʷé, 1999 (ʄ.ɸ.ɺ., ɻʘʨʝʝʚ ʕ.ɿ., ʂʨʫʧʝʥʠʥ ʄ.ʊ. ɼʝʤʯʫʢ ʀ.ɻ.); 7) 

ʋʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʜʝʨʠʪʦʥʦʩʥʦʡ ʙʘʢʘʣʴʩʢʦʡ ʩʚʠʪʳ ʥʠʞʥʝʛʦ ʨʠʬʝʷé, 1999 (ʂʨʫʧʝʥʠʥ 

ʄ.ʊ.); 8) ɸʚʟʷʥʩʢʘʷ ʨʫʜʦʥʦʩʥʘʷ ʩʚʠʪʘ ʩʨʝʜʥʝʛʦ ʨʠʬʝʷ ʖʞʥʦʛʦ ʋʨʘʣʘé, 2000 (ʄ.ɸ.ɺ., 

ɸʥʬʠʤʦʚ ʃ.ɺ.). 9) ʈʠʬʝʡ ʟʘʧʘʜʥʦʛʦ ʩʢʣʦʥʘ ʖʞʥʦʛʦ ʋʨʘʣʘé, 2001. ʊ. IïIV (ʄ.ɸ.ɺ., ʂʨʫʧʝʥʠʥ 

ʄ.ʊ., ɻʘʨʝʝʚ ʕ.ɿ., ɸʥʬʠʤʦʚ ʃ.ɺ.); 10) ʉʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʙʘʩʩʝʡʥʳ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʦʙʩʪʘʥʦʚʢʠ ʚ ʧʦʟʜʥʝʤ ʜʝʚʦʥʝ-ʨʘʥʥʝʡ ʧʝʨʤʠ ʶʛʘ ʋʨʘʣʘ, 2002 (ʄʠʟʝʥʩ ɻ.ɸ.); 11) ɻʝʦʭʠʤʠʷ 

ʪʦʥʢʦʟʝʨʥʠʩʪʳʭ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ ʚʝʨʭʥʝʛʦ ʜʦʢʝʤʙʨʠʷ ʉʝʚʝʨʥʦʡ ɽʚʨʘʟʠʠ, 2008 (ʄ.ɸ.ɺ., 
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ʅʦʞʢʠʥ ɸ.ɼ., ʇʦʜʢʦʚʳʨʦʚ ɺ.ʅ. ʠ ʜʨ.); 12) ʆʩʘʜʦʯʥʳʝ ʩʠʩʪʝʤʳ ʩʳʣʚʠʮʢʦʡ ʩʝʨʠʠé, 2010 

(ɻʨʘʞʜʘʥʢʠʥ ɼ.ɺ., ʄ.ɸ.ɺ., ʂʨʫʧʝʥʠʥ ʄ.ʊ., ʈʦʥʢʠʥ ʖ.ʃ.) ʠ ʜʨ. 

ʅʝ ʤʝʥʝʝ ʦʙʰʠʨʝʥ ʩʧʠʩʦʢ ʤʦʥʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʙʦʪ ʣʠʪʦʣʦʛʦʚ ʋɻɻʋ ʩ ʢʦʣʣʝʛʘʤʠ: 1) 

ʃʠʪʦʣʦʛʠʯʝʩʢʠʝ ʵʪʶʜʳ, 2006 (ɸʣʝʢʩʝʝʚ ɺ.ʇ.); 2) ʋʛʣʝʥʘʩʳʱʝʥʥʦʩʪʴ, ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʠ ʤʝʪʘʤʦʨʬʠʟʤ ʫʛʣʝʡ ʪʶʤʝʥʩʢʦʡ ʩʚʠʪʳ ʐʘʠʤʩʢʦʛʦ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʛʦ  ʨʘʡʦʥʘé, 2006 

(ɸ.ɺ.ʇ., ʈʫʩʩʢʠʡ ɺ.ʀ., ʌʝʜʦʨʦʚ ʖ.ʅ. ʠ ʜʨ.); 3) ʉʦʩʪʘʚ ʠ ʛʝʥʝʟʠʩ ʦʪʣʦʞʝʥʠʡ ʪʶʤʝʥʩʢʦʡ ʩʚʠʪʳ 

ʐʘʠʤʩʢʦʛʦ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘé, 2007 (ɸ.ɺ.ʇ., ʌʝʜʦʨʦʚ ʖ.ʅ., ʄ.ɸ.ɺ. ʠ ʜʨ.); 4) ɸʪʣʘʩ 

ʬʘʮʠʡ ʶʨʩʢʠʭ ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡé, 2007 (ɸʣʝʢʩʝʝʚ ɺ.ʇ.); 5) ʉʪʨʦʝʥʠʝ ʠ ʢʦʨʨʝʣʷʮʠʷ 

ʦʪʣʦʞʝʥʠʡ ʪʶʤʝʥʩʢʦʡ ʩʚʠʪʳ ʐʘʠʤʩʢʦʛʦ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘé, 2009 (ɸ.ɺ.ʇ., ʌʝʜʦʨʦʚ 

ʖ.ʅ., ʉʘʚʝʥʢʦ ɺ.ɸ.); 6) ʉʪʨʘʪʠʛʨʘʬʠʷ ʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʷ ʤʝʟʦʟʦʡʩʢʦ-ʢʘʡʥʦʟʦʡʩʢʦʛʦ 

ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʐʘʠʤʩʢʦʛʦ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘé, 2010 (ɸʤʦʥ ʕ.ʆ., ɸ.ɺ.ʇ., ɻʣʝʙʦʚ 

ɸ.ʌ. ʠ ʜʨ.); 7) ʉʦʩʪʘʚ, ʩʪʨʦʝʥʠʝ ʠ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʣʣʝʢʪʦʨʦʚ ʛʨʫʧʧʳ ɺʂ ʚʦʩʪʦʯʥʦʡ 

ʯʘʩʪʠ ʂʨʘʩʥʦʣʝʥʠʥʩʢʦʛʦ ʥʝʬʪʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷé,  2011 (ɸ.ɺ.ʇ., ɸʤʦʥ ʕ.ʆ., ʌʝʜʦʨʦʚ 

ʖ.ʅ. ʠ ʜʨ.); 8) ʅʝʣʠʥʝʡʥʦ-ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʵʩʩʝ, 2013 (ɸʣʝʢʩʝʝʚ ɺ.ʇ.); 9) ɸʪʣʘʩ ʩʫʙʘʢʚʘʣʴʥʳʭ 

ʬʘʮʠʡ ʥʠʞʥʝʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠé, 2014 (ɸʣʝʢʩʝʝʚ ɺ.ʇ.) ʠ ʜʨ. ɸ ʝʩʣʠ 

ʜʦʙʘʚʠʪʴ ʩʶʜʘ ʝʱʝ ʠ ʤʝʞʚʫʟʦʚʩʢʠʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʩʙʦʨʥʠʢʠ, ʫʯʝʙʥʳʝ ʧʦʩʦʙʠʷ ʧʦ ʚʩʝʤ 

ʢʫʨʩʘʤ, ʯʠʪʘʝʤʳʤ ʩʦʪʨʫʜʥʠʢʘʤʠ ʢʘʬʝʜʨʳ ʠ ʜʨ., ʠ ʜʨ.  

ʂʦʥʝʯʥʦ, ʠ ʵʪʦ ʝʱʝ ʥʝ ʚʩʸ, ʯʪʦ ʚʤʝʱʘʝʪ ʧʦʥʷʪʠʝ çʫʨʘʣʴʩʢʘʷ ʣʠʪʦʣʦʛʠʯʝʩʢʘʷ ʰʢʦʣʘè, ʥʦ 

ʧʫʩʪʴ ʧʦʢʘ ʧʝʨʝʯʠʩʣʝʥʥʦʝ ʚʳʰʝ ʠ ʙʫʜʝʪ ʪʝʤ çʚʟʛʣʷʜʦʤ ʠʟʥʫʪʨʠè, ʯʪʦ ʦʙʦʟʥʘʯʝʥ ʚ ʥʘʟʚʘʥʠʠ 

ʜʘʥʥʦʛʦ ʜʦʢʣʘʜʘ. 

 

 

ʆʈɻɸʅʀʏɽʉʂʆɽ ɺɽʑɽʉʊɺʆ ɼʆʄɸʅʀʂʆɺʓʍ ʆʊʃʆɾɽʅʀʁ ʊʀʄɸʅʆ-

ʇɽʏʆʈʉʂʆɻʆ ʀ ɺʆʃɻʆ-ʋʈɸʃʔʉʂʆɻʆ ɹɸʉʉɽʁʅʆɺ ʀ ʋʉʃʆɺʀʗ ɽɻʆ 

ʅɸʂʆʇʃɽʅʀʗ 

ʅ.ɺ.ʇʨʦʥʠʥʘ1, ʅ.ʇ.ʌʘʜʝʝʚʘ1, ʊ.ɸ.ʂʠʨʶʭʠʥʘ1, ʄ.ɸ.ɹʦʣʴʰʘʢʦʚʘ1, ɸ.ɸ. ʉʫʩʣʦʚʘ1, 

ʅ.ʀ.ʂʦʨʦʙʦʚʘ1, ʄ.ʉ.ʃʫʞʙʠʥʘ1 

 

1ʄɻʋ, ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, e-mail: nvproncl@geol.msu.ru 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ (ʆɺ) ʩʨʝʜʥʝʬʨʘʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʠʟʚʝʩʪʥʳʭ ʢʘʢ 

ʜʦʤʘʥʠʢʦʚʳʝ. ʕʪʦ ʧʦʨʦʜʳ ʩʠʣʴʥʦ ʦʙʦʛʘʱʝʥʥʳʝ ʆɺ ʠ ʷʚʣʷʶʪʩʷ ʥʝʬʪʝʤʘʪʝʨʠʥʩʢʦʡ ʪʦʣʱʝʡ ʠʤʝʶʱʝʡ 

ʨʝʛʠʦʥʘʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʅʘ ʦʩʥʦʚʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʣʝʥʳ ʬʘʮʠʘʣʴʥʳʝ ʦʙʩʪʘʥʦʚʢʠ 

ʥʘʢʦʧʣʝʥʠʷ ʠʟʫʯʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʂʦʤʧʣʝʢʩʦʤ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʪʠʧ ʆɺ ʠ ʩʪʝʧʝʥʴ ʝʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʩʪʠ. ʋʛʣʝʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʠʜʝʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʮʝʨʘʣʦʚ ʚ ʧʦʨʦʜʝ ʠ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʢʘʪʘʛʝʥʝʟʘ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʦʪʨʘʞʝʥʠʷ ʚʠʪʨʠʥʠʪʘ ʠʣʠ ʜʨʫʛʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚʘ. 
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ɼʦʤʘʥʠʢʦʚʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʥʘʟʳʚʘʶʪʩʷ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʝ ʢʨʝʤʥʠʩʪʦ-

ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ  ʩʨʝʜʥʝʬʨʘʥʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʢ ʟʘʧʘʜʫ ʦʪ 

ʋʨʘʣʘ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ɺ ʊʠʤʘʥʦ-ʇʝʯʦʨʩʢʦʤ ʙʘʩʩʝʡʥʝ, 

ʛʜʝ ʚʧʝʨʚʳʝ ʙʳʣʠ ʦʧʠʩʘʥʳ ʵʪʠ ʦʪʣʦʞʝʥʠʷ, ʦʥʠ ʚʳʜʝʣʝʥʳ ʚ ʜʦʤʘʥʠʢʦʚʳʡ ʛʦʨʠʟʦʥʪ. ɺ ɺʦʣʛʦ-

ʋʨʘʣʴʩʢʦʤ ʙʘʩʩʝʡʥʝ ʜʦʤʘʥʠʢʦʚʦʤʫ ʛʦʨʠʟʦʥʪʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʝʤʠʣʫʢʩʢʠʡ.  

ʆʙʰʠʨʥʘʷ ʦʙʣʘʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ  ʜʦʤʘʥʠʢʦʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʦʭʚʘʪʳʚʘʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʶ ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʴ ɽʚʨʦʧʝʡʩʢʦʛʦ ʨʝʛʠʦʥʘ ʈʦʩʩʠʠ ʦʪ ʇʘʡ-ʍʦʷ - ʥʘ ʩʝʚʝʨʝ, ʜʦ 

ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ ï ʥʘ ʶʛʝ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʝʬʪʝʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʚ 

ʧʨʝʜʝʣʘʭ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚʳʜʝʣʷʝʪʩʷ ʜʚʘ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʙʘʩʩʝʡʥʘ (ʅɻɹ): ʊʠʤʘʥʦ-

ʇʝʯʦʨʩʢʠʡ ʠ ɺʦʣʛʦ-ʋʨʘʣʴʩʢʠʡ.   

ɼʦʤʘʥʠʢʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʜʚʫʭ ʙʘʩʩʝʡʥʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʷʩʴ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʭʦʜʩʪʚʦʤ ʧʦ 

ʤʥʦʛʠʤ ʧʘʨʘʤʝʪʨʘʤ, ʠʤʝʶʪ ʠ ʥʝʢʦʪʦʨʳʝ ʨʘʟʣʠʯʠʷ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ  ʩʨʝʜʥʝʬʨʘʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ (ʠʟʫʯʝʥʥʳʭ ʘʚʪʦʨʘʤʠ) ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʊʠʤʘʥʦ-ʇʝʯʦʨʩʢʦʛʦ ʅɻɹ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʫʩʣʦʚʠʷʭ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʩ ʨʘʟʚʠʪʳʤʠ ʨʠʬʦʚʳʤʠ 

ʧʦʩʪʨʦʡʢʘʤʠ  ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʜʝʧʨʝʩʩʠʦʥʥʦʡ ʚʧʘʜʠʥʝ ʠ ʥʘ ʝʝ ʩʢʣʦʥʘʭ. ʂ ʟʘʧʘʜʫ ʦʪʣʦʞʝʥʠʷ 

ʜʝʧʨʝʩʩʠʦʥʥʦʡ ʚʧʘʜʠʥʳ ʟʘʤʝʱʘʶʪʩʷ ʤʝʣʢʦʚʦʜʥʳʤʠ ʰʝʣʴʬʦʚʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ. 

ʌʘʮʠʘʣʴʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʧʦʟʜʥʝʬʨʘʥʩʢʠʭ  ʦʪʣʦʞʝʥʠʡ ʯʘʩʪʠʯʥʦ ʥʘʩʣʝʜʫʝʪ 

ʧʦʣʦʞʝʥʠʝ ʜʝʧʨʝʩʩʠʦʥʥʦʡ ʚʧʘʜʠʥʳ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ ʩʝʜʠʤʝʥʪʘʮʠʠ , ʧʣʦʱʘʜʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʭ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʢʨʘʱʘʝʪʩʷ. ʇʨʠʥʮʠʧʠʘʣʴʥʳʤ ʦʪʣʠʯʠʝʤ 

ʧʦʟʜʥʝʬʨʘʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ  ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚʳʜʝʨʞʘʥʥʦʡ ʟʦʥʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʦʣʱ 

ʟʘʧʦʣʥʝʥʠʷ (ʘʢʢʫʤʫʣʷʪʠʚʥʦʡ ʪʝʨʨʘʩʳ) ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʜʝʧʨʝʩʩʠʦʥʥʦʡ ʚʧʘʜʠʥʳ.  

ʇʦʜʦʙʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʙʳʣʘ ʦʯʝʥʴ ʙʣʘʛʦʧʨʠʷʪʥʘ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʆɺ, ʦʩʦʙʝʥʥʦ ʚ 

ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ. ʉʦʜʝʨʞʘʥʠʝ ʉʦʨʛ ʜʣʷ ʧʦʨʦʜ , ʦʪʥʦʩʠʤʳʭ ʢ ʜʝʧʨʝʩʩʠʦʥʥʦʡ 

ʚʧʘʜʠʥʝ, ʩʦʩʪʘʚʣʷʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʤʝʥʝʝ 1%, ʥʦ ʥʝ ʨʝʜʢʠ ʠ ʚʳʩʦʢʠʝ (ʦʢʦʣʦ 25%) ʩʦʜʝʨʞʘʥʠʷ 

ʉʦʨʛ. ɺ ʦʪʣʦʞʝʥʠʷ ʤʝʣʢʦʚʦʜʥʦʛʦ ʰʝʣʴʬʘ ʩʦʜʝʨʞʘʥʠʝ ʆɺ ʥʠʞʝ ï ʦʙʳʯʥʦ ʦʢʦʣʦ 0,1%. ʇʦ 

ʩʦʩʪʘʚʫ ʆɺ ʦʜʥʦʦʙʨʘʟʥʦ ʠ ʫʚʝʨʝʥʥʦ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥʦ ʢʦ II ʪʠʧʫ ʢʝʨʦʛʝʥʘ. 

ʆʩʥʦʚʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʤʘʮʝʨʘʣʘʤʠ, ʚʳʷʚʣʝʥʥʳʤʠ ʚ ʫʛʣʝʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʷʚʣʷʶʪʩʷ ʤʘʮʝʨʘʣʳ ʥʘʟʳʚʘʝʤʳʝ ʨʘʟʥʳʤʠ ʫʯʝʥʳʤʠ ʧʨʦʪʦʙʠʪʫʤʘʤʠ (Luo et al, 

2014.), ʪʚʝʨʜʳʤʠ ʙʠʪʫʤʘʤʠ (Landis, Castano,1995), ʘʤʦʨʬʥʳʤ ʆɺ ï ɸʆɺ ʠʣʠ ʥʘʬʪʠʜʘʤʠ. 

ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʵʪʦʛʦ ʪʠʧʘ ʆɺ ʩʚʷʟʘʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ  ʩ ʚʦʜʦʨʦʩʣʷʤʠ. ʇʦʩʢʦʣʴʢʫ 

ʚʦʜʦʨʦʩʣʠ ʤʦʛʫʪ ʙʳʪʴ ʦʜʠʥʦʯʥʳʤʠ ʠ ʢʦʣʦʥʠʘʣʴʥʳʤʠ, ʧʣʘʥʢʪʦʥʥʳʤʠ ʠ ʙʝʥʪʦʩʥʳʤʠ, 

ʦʪʥʦʩʠʪʴʩʷ ʢʘʢ ʢ ʧʨʦʢʘʨʠʦʪʘʤ, ʪʘʢ ʠ ʢ ʵʫʢʘʨʠʦʪʘʤ, ʠʤʝʪʴ ʯʝʨʪʳ ʩʭʦʜʩʪʚʘ ʩ ʥʘʟʝʤʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ (ʟʝʣʝʥʳʝ ʠ ʭʘʨʦʚʳʝ ʚʦʜʦʨʦʩʣʠ) ʠʣʠ ʜʘʞʝ ʩ ʬʦʨʘʤʠʥʠʬʝʨʘʤʠ ʠ ʨʘʜʠʦʣʷʨʠʷʤʠ 

ʧʦ ʩʦʩʪʘʚʫ ʚʳʧʦʣʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ, ʠʭ ʟʘʭʦʨʦʥʝʥʠʝ ʚ ʦʩʘʜʢʝ ʤʦʞʝʪ ʙʳʪʴ ʚ ʚʠʜʝ ʩʣʦʡʢʦʚ ʠ 

ʣʠʥʟ ʨʘʟʥʦʡ ʪʦʣʱʠʥʳ ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʠʣʠ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʢʦʤʦʯʢʦʚ ʩʨʝʜʠ ʤʠʥʝʨʘʣʴʥʳʭ 
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ʟʝʨʝʥ. ʕʪʦ ʤʥʦʛʦʦʙʨʘʟʠʝ ʚʦʜʦʨʦʩʣʝʡ ʚʳʨʘʞʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʠʭ ʬʦʨʤʘʭ ʠ ʨʘʟʤʝʨʘʭ, ʥʦ ʠ ʚ 

ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ.  

ʆʜʥʦʚʦʟʨʘʩʪʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ɺʦʣʛʦ-ʋʨʘʣʴʩʢʦʤ ʅɻɹ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʪʘʢʞʝ ʚ 

ʜʝʧʨʝʩʩʠʦʥʥʳʭ ʚʧʘʜʠʥʘʭ ʠ ʯʘʩʪʠʯʥʦ ʥʘ ʠʭ ʙʦʨʪʘʭ. ʆʜʥʘʢʦ ʧʝʨʠʦʜ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʧʘʜʠʥ ʙʳʣ 

ʪʘʤ ʢʦʨʦʯʝ ʠ ʜʦʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʦʪʣʦʞʝʥʠʡ ʚ ʨʘʟʨʝʟʝ ʥʝʟʥʘʯʠʪʝʣʴʥʘ. ɺʳʰʝʣʝʞʘʱʠʝ 

ʦʪʣʦʞʝʥʠʷ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʤʝʣʢʦʚʦʜʥʦʤ ʤʦʨʝ ʩ ʥʝʜʘʣʝʢʠʤʠ ʦʙʣʘʩʪʷʤʠ ʨʘʟʤʳʚʘ. ʕʪʦ ʙʳʣʘ 

ʢʘʨʙʦʥʘʪʥʘʷ ʧʣʘʪʬʦʨʤʘ ʩ ʦʪʜʝʣʴʥʳʤʠ ʧʨʠʧʦʜʥʷʪʳʤʠ ʫʯʘʩʪʢʘʤʠ ʠ ʣʦʢʘʣʴʥʳʤʠ 

ʜʝʧʨʝʩʩʠʦʥʥʳʤʠ ʚʧʘʜʠʥʘʤʠ. ʉʘʤʳʤʠ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʉʦʨʛ,% (ʜʦ25%) 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʯʘʩʪʢʠ ʜʝʧʨʝʩʩʠʦʥʥʳʭ ʚʧʘʜʠʥ, ʚ ʜʨʫʛʠʭ ʨʘʡʦʥʘʭ ʩʦʜʝʨʞʘʥʠʝ ʉʦʨʛ,% ʥʝ 

ʧʨʝʚʳʰʘʝʪ 0,2-0,3%. 

ɺ ʩʦʩʪʘʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʮʝʨʘʣʦʚ ʦʪʤʝʯʘʝʪʩʷ ʙʦʣʴʰʝʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʯʝʤ ʚ ʊʠʤʘʥʦ-

ʇʝʯʦʨʩʢʦʤ ʅɻɹ, ʝʩʣʠ ʢʨʦʤʝ ʩʝʤʠʣʫʢʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠ ʧʝʨʝʢʨʳʚʘʶʱʠʝ ʠʭ 

ʦʙʨʘʟʦʚʘʥʠʷ. ʂʨʦʤʝ ɸʆɺ ʚ ʦʪʣʦʞʝʥʠʷʭ ʩʨʝʜʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʬʨʘʥʘ ʚʳʰʝ ʜʦʣʷ ʪʘʢʠʭ ʤʘʮʝʨʘʣʦʚ 

ʢʘʢ ʧʝʨʝʦʪʣʦʞʝʥʥʳʡ ʚʠʪʨʠʥʠʪ ʚ ʚʠʜʝ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʟʝʨʝʥ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ, ʠʥʦʛʜʘ ʩ 

ʧʨʠʟʥʘʢʘʤʠ ʦʢʘʪʘʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʙʠʦʢʣʘʩʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʩʪʘʪʢʘʤʠ 

ʨʘʟʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʥʘʩʝʣʷʚʰʠʭ ʜʦʤʘʥʠʢʦʚʦʝ-ʩʝʤʠʣʫʢʩʢʦʝ ʤʦʨʝ. 

 

ʃʠʪʝʨʘʪʫʨʘ: 

1. Landis, C.R., Casta¶o, J.R., 1995.Maturation and bulk chemical properties of a suite of solid hydrocarbons. 

Org. Geochem. 22, 137ï149. 

2. Qingyong Luo , Ningning Zhong, Jing Qin,, Kewen Li, Yanqi Zhang, YannianWang, Ling Ma, 2014.Thucholite 

in Mesoproterozoic shales from northern north China:Occurrence and indication for thermal maturity. International 

Journal of Coal Geology. 125, pp. 1-9 

3. Jacob H., 1985, Disperse solid bitumens as an indicator for migration and maturity in prospecting for oil and 

gas. Erdol und Kuhle 38, 365-366 

  



39 

 

A NEW IMAGING PLATFORM FOR ROCK CHARACTERIZATION,  

PETROGRAPHY & LITHOLOGY:  COMBINING ALL DATA  

IN ONE CORRELATIVE WORKSPACE  

Andy Steinbach  

 

Carl Zeiss Microscopy, Pleasanton, CA USA 

 

The exploration of new Oil & Gas resources is becoming more challenging as reservoirs with 

much tighter rock are becoming the targets of new exploration.  Whether new unconventional rock 

types such as shale rock, or conventional tight sands or carbonates, pore-scale imaging tools are 

increasingly being utilized to understand the nature of the rock flow units (and hydrocarbon content 

in the case of shales).  Pore-scale microscopy can range from routinely used petrographic thin sections 

images via light microscope, to techniques such as 3D X-ray Microscopy and 3D FIB-SEM, which 

are able to image reservoir rock down to the micron and nanometer-scale.   

An additional challenge presented in understanding these rocks is the high level of 

heterogeneity they present, meaning that they need to be characterized across multiple length scales, 

in some cases spanning the imaging capabilities of several microscopes. To address this challenge 

ZEISS is creating a Correlative Microscopy Platform which allows data from all microscopes to be 

registered into a single Workspace, allowing both analysis and imaging on all length scales accessible 

by microscopy.  This platform thus facilitates the ability to perform ñupscalingò and ñdownscalingò 

with the ultimate goal of allowing calculations such as net pay, and the population of pore-scale 

information into reservoir models. 

This talk will provide a survey of the pore-scale imaging tool suite that is now available for 

imaging across 8 orders of length scale magnitude (from cm-scale to nm-scale).  These imaging tools 

include light microscopy, scanning-electron microscopy, and focused ion beam, as well as X-ray 

microscopy.  Further, we show how this imaging data can be integrated together into a single 

correlative imaging database to achieve the most insight into questions surrounding reservoir 

engineering, lithology, and petrography. 
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ʉʨʝʜʠ ʤʥʦʛʦʦʙʨʘʟʠʷ ʠʥʪʝʨʧʨʝʪʘʮʠʡ ʧʦʥʷʪʠʷ çʬʘʮʠʷè ʥʘ ʦʜʥʦʤ ʠʟ ʧʝʨʚʳʭ ʤʝʩʪ ʩʪʦʠʪ ʝʛʦ çʦʙʨʘʟʥʦʝè 

ʚʳʨʘʞʝʥʠʝ, ʯʘʩʪʦ ʨʝʘʣʠʟʫʝʤʦʝ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʣʘʥʜʰʘʬʪʘ. ʇʦʩʣʝʜʥʠʡ ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ  ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦ 

ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʟʥʘʥʠʷ, ʫʜʘʯʥʦ ʚʧʠʩʳʚʘʷʩʴ ʚ ʥʝʣʠʥʝʡʥʫʶ (ʩʠʥʝʨʛʝʪʠʯʝʩʢʫʶ) ʧʘʨʘʜʠʛʤʫ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʛʦʚʦʨʠʪʴ ʦ ʤʝʪʘʬʠʟʠʢʝ ʣʘʥʜʰʘʬʪʘ, ʚ ʛʝʦʣʦʛʠʠ ʪʨʘʥʩʣʠʨʫʝʤʦʛʦ ʚ ʧʘʣʝʦʣʘʥʜʰʘʬʪ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʚʳʚʦʜʠʪ ʥʘ ʥʦʚʳʝ 

ʚʟʛʣʷʜʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʘʢʪʫʘʣʴʥʳʝ ʜʣʷ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ. 

 

ʆʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʬʘʮʠʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʷʨʢʠʭ (ʘ 

ʚʦʟʤʦʞʥʦ ʠ ʩʘʤʳʡ ʷʨʢʠʡ) ʧʨʠʤʝʨ ʰʠʨʦʯʘʡʰʝʛʦ ʨʘʟʙʨʦʩʘ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʨʝʜʤʝʪʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʧʨʠʤʝʯʘʪʝʣʴʥʦ ʜʣʷ ʛʝʦʣʦʛʠʠ, ʢʦʪʦʨʘʷ ʚʦʦʙʱʝ ʥʝ ʠʩʧʳʪʳʚʘʝʪ 

ʥʝʜʦʩʪʘʪʢʘ ʚ ʥʝʯʝʪʢʠʭ ʠ ʤʥʦʛʦʘʩʧʝʢʪʥʳʭ ʦʧʨʝʜʝʣʝʥʠʷʭ. ʇʦʥʷʪʠʝ çʬʘʮʠʷè ʚʧʝʨʚʳʝ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʰʚʝʡʮʘʨʩʢʠʤ ʛʝʦʣʦʛʦʤ ɸ. ɻʨʝʩʩʣʠ ʚ 1838-1841 ʛʛ. ɿʘ 175 ʣʝʪ ʩʚʦʝʛʦ ʰʠʨʦʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ ʛʝʦʣʦʛʠʠ ʦʥʦ ʙʝʩʩʯʝʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ ʦʙʩʫʞʜʘʣʦʩʴ ʚ ʮʝʣʷʭ 

ʫʥʠʬʠʢʘʮʠʠ ʥʘ ʩʘʤʳʭ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ, ʧʦ ʩʫʪʠ ʣʠʰʴ ʧʨʠʦʙʨʝʪʘʷ ʚʩʝ ʥʦʚʳʝ ʘʩʧʝʢʪʳ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʢʘʢ ʤʠʥʠʤʫʤ, ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʚʝʢʪʦʨʦʚ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʥʷʪʠʷ 

çʬʘʮʠʷè ʥʝʦʩʧʦʨʠʤ. ʇʨʝʜʩʪʘʚʣʷʷ ʬʘʮʠʶ ʢʘʢ ʫʩʣʦʚʠʷ (çʦʙʨʘʟè) ʠʣʠ ʦʙʩʪʘʥʦʚʢʫ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ (ʣʘʪʝʨʘʣʴʥʘʷ, ʧʝʣʘʛʠʯʝʩʢʘʷ, ʢʦʨʘʣʣʦʚʘʷ ʠ ʜʨ.), ʩʘʤ ɸ. ɻʨʝʩʩʣʠ ʧʦ ʩʫʪʠ 

ʦʧʝʨʠʨʦʚʘʣ ʧʦʥʷʪʠʝʤ ʣʘʥʜʰʘʬʪ. ʉʝʛʦʜʥʷʰʥʝʝ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ) ʟʥʘʯʝʥʠʝ 

ʜʘʥʥʳʡ ʪʝʨʤʠʥ, ʙʫʢʚʘʣʴʥʦ ʦʟʥʘʯʘʶʱʠʡ çʦʙʨʘʟ ʢʨʘʷè, ʧʨʠʦʙʨʝʣ ʫʞʝ ʚʧʦʩʣʝʜʩʪʚʠʠ, ʥʘ ʨʫʙʝʞʝ 

XIX  ʠ XX ʚʝʢʦʚ. 

ʀʤʝʥʥʦ ʦʙʨʘʟʥʦʩʪʴ ʧʦʥʷʪʠʷ çʣʘʥʜʰʘʬʪè ʧʨʠʚʝʣʘ ʢ ʪʦʤʫ, ʯʪʦ ʢ ʥʝʢʦʪʦʨʦʤʫ ʚʨʝʤʝʥʠ 

ʦʥʦ ʩʪʘʣʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ ʟʥʘʥʠʷ, ʚʢʣʶʯʘʷ 

ʤʠʨʦʚʦʟʟʨʝʥʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʘʯʘʣʦ ʵʪʦʤʫ ʧʦʣʦʞʝʥʦ ʨʦʚʥʦ ʩʪʦ ʣʝʪ ʥʘʟʘʜ ʥʝʙʦʣʴʰʠʤ 

ʦʯʝʨʢʦʤ-ʵʩʩʝ ʌ. ɸ. ʉʪʝʧʫʥʘ, ʩ ʤʥʦʛʦʟʥʘʯʠʪʝʣʴʥʳʤ ʥʘʟʚʘʥʠʝʤ çʂ ʬʝʥʦʤʝʥʦʣʦʛʠʠ ʣʘʥʜʰʘʬʪʘè 

[6]. ʀʩʪʦʨʠʯʝʩʢʘʷ ʧʦʵʪʠʯʥʦʩʪʴ, ʭʫʜʦʞʝʩʪʚʝʥʥʦʩʪʴ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʩʘʤʦʤ ʧʨʷʤʦʤ ʩʤʳʩʣʝ) 

ʧʦʥʷʪʠʷ ʣʘʥʜʰʘʬʪʘ ʚʜʦʭʥʦʚʠʣʘ ʄ. ʍʘʡʜʝʛʛʝʨʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʪʝʨʤʠʥʘ ʚ 

çʛʝʨʤʝʥʝʚʪʠʯʝʩʢʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ ʤʳʩʣʠè [7]. ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʬʠʣʦʩʦʬʠʠ ɺ. ɸ. ʇʦʜʦʨʦʛʦʡ ʜʣʷ ʧʦʜʦʙʥʳʭ ʨʘʩʩʫʞʜʝʥʠʡ ʥʘʡʜʝʥʦ ʝʤʢʦʝ ʠ ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ï ʤʝʪʘʬʠʟʠʢʠ ʣʘʥʜʰʘʬʪʘ, ʚ ʨʘʤʢʘʭ ʛʝʦʣʦʛʠʠ ʤʳʩʣʠ [5, ʩ. 27]. ɺʦʦʙʱʝ, çʛʝʦʣʦʛʠʟʤʳè 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʠʩʫʱʠ ʮʠʪʠʨʫʝʤʦʡ ʨʘʙʦʪʝ. ʅʘʧʨʠʤʝʨ: çʏʪʦʙʳ ʦʩʫʱʝʩʪʚʠʪʴ ʜʚʠʞʝʥʠʝ-ʯʪʝʥʠʝ 

ʭʘʡʜʝʛʛʝʨʦʚʩʢʦʛʦ ʪʝʢʩʪʘ, ʥʘʜʦ ʨʠʩʢʥʫʪʴ ʩʪʘʪʴ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʩʫʱʝʩʪʚʘʤʠ, 

ʧʨʝʪʝʨʧʝʚʘʶʱʠʤʠ ʩʪʨʘʩʪʠ ʛʝʦʛʝʥʝʟʘé. ɹʳʪʠʝ, ʩʦʦʪʥʝʩʝʥʥʦʝ ʩ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʤʝʨʦʡ, ʜʦʣʞʥʦ, 

ʯʪʦʙʳ ʩʪʘʪʴ ʧʨʦʠʟʚʝʜʝʥʠʝʤ, ʚʟʜʳʤʘʪʴʩʷ. ɼʣʷ ʵʪʦʛʦ ʚʟʜʳʤʘʥʠʷ ʥʝʪ ʛʣʘʟ, ʦʥʦ ʥʝʚʠʜʠʤʦ, ï ʪʦʛʜʘ 
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ʝʛʦ ʩʣʳʰʘʪ. ʉʣʳʰʠʤʳʡ ʣʘʥʜʰʘʬʪ ʐʚʘʨʮʚʘʣʴʜʘ. ɺʦʪ ʧʦʯʝʤʫ, ʯʪʦʙʳ ʫʩʣʳʰʘʪʴ ʪʘʢ, 

ʥʝʦʙʭʦʜʠʤʦ ʩʣʝʜʦʚʘʪʴ ʧʨʦʮʝʜʫʨʘʤ çʧʨʘʚʠʣʴʥʦʛʦè ʚʩʣʫʰʠʚʘʥʠʷ ʚ ʩʣʦʚʦ, ʛʦʚʦʨʷʱʝʝ ʠʟ ʙʳʪʠʷ 

ʩʫʱʝʛʦ, ʢʘʢ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʪʨʝʱʠʥʘ ʠʟ ʙʘʟʘʣʴʪʦʚʦʡ ʪʦʣʱʠè [5, ʩ. 32]. 

ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʪʘʢʦʝ çʦʯʝʣʦʚʝʯʠʚʘʥʠʝè, ʧʦʜʣʠʥʥʦ ʤʝʪʘʬʠʟʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʦʚʦʣʴʥʦ ʢʦʥʢʨʝʪʥʦʛʦ ʪʝʨʤʠʥʘ ʪʦʣʴʢʦ ʧʨʠʙʘʚʣʷʝʪ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʚ ʝʛʦ ʠʩʪʦʣʢʦʚʘʥʠʝ. 

ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦ ʥʝ ʪʘʢ. ʈʝʯʴ ʠʜʝʪ ʦʙ ʠʥʦʤ ʠʟʤʝʨʝʥʠʠ ʚʦʧʨʦʩʘ; ʝʛʦ ʪʨʘʥʩʣʷʮʠʠ ʚ 

ʜʨʫʛʦʝ ʢʦʦʨʜʠʥʘʪʥʦʝ, ʘ ʪʦʯʥʝʝ ʙʝʩʢʦʦʨʜʠʥʘʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʧʦ ʩʫʪʠ ʥʝ ʦʙʣʘʜʘʶʱʝʝ 

ʣʠʥʝʡʥʳʤʠ ʤʝʨʢʘʤʠ ʧʦʩʪʨʦʝʥʠʡ ʠ (ʠʣʠ) ʠʭ ʦʮʝʥʦʢ. ɺ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʪʦ, ʯʪʦ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ 

(ʥʴʶʪʦʥʦʚʩʢʦʡ) ʧʘʨʘʜʠʛʤʝ ʚʳʛʣʷʜʝʣʦ ʷʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ (ʧʦʣʠʩʝʤʠʯʥʦʩʪʴ, ʤʥʦʛʦʟʥʘʯʥʦʩʪʴ 

ʪʝʨʤʠʥʘ), ʚ ʥʝʣʠʥʝʡʥʦʤ ʚʠʜʝ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʦʠʥʩʪʚʦʤ, ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʩʦʦʪʚʝʪʩʪʚʫʷ 

ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʤʠʨʦʚʠʜʝʥʠʶ. 

ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ çʣʘʥʜʰʘʬʪʥʳʭ ʧʫʪʝʡè ʨʝʰʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʯʥʳʭ ʧʨʦʙʣʝʤ 

ʧʦʢʘʞʝʤ ʧʦʜʭʦʜ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ɼ. ʍʦʧʬʠʣʜʦʤ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ 

ʩʦʟʜʘʥʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʅʘ ʈʠʩʫʥʢʝ 1 ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ, ʢʘʢ ʧʨʠ ʤʥʦʞʝʩʪʚʝ 

ʠʩʭʦʜʥʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʫʶʪʩʷ ʧʫʪʠ (ʚʝʢʪʦʨʳ), ʚʝʜʫʱʠʝ ʢ ʫʟʣʦʚʳʤ ʪʦʯʢʘʤ ï 

ʘʪʪʨʘʢʪʦʨʘʤ (ɸ, ɺ), ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʧʘʜʠʥʘʭ. ʇʨʠʚʝʜʝʥʥʳʡ ʯʝʨʪʝʞ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪʨʘʞʘʝʪ ʛʣʘʚʥʫʶ ʯʝʨʪʫ ʣʘʥʜʰʘʬʪʘ ï ʝʛʦ ʨʝʣʴʝʬ, ʚ ʛʝʦʛʨʘʬʠʠ ʩʦʦʪʥʦʩʠʤʳʡ 

ʩ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɺ ʛʝʦʣʦʛʠʠ ʵʪʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʘʣʝʦʨʝʣʴʝʬ, ʦʪʩʪʨʘʠʚʘʝʤʳʡ ʧʨʠ 

ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʷʭ. 

 

 
 

 

 

 

 

 

 

 
ʈʠʩʫʥʦʢ 1. - ʄʦʜʝʣʴ ʍʦʧʬʠʣʜʘ ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʘʪʪʨʘʢʪʦʨʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʫʩʪʦʡʯʠʚʳʝ 

ʦʩʦʙʳʝ ʪʦʯʢʠ: ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ ʍʦʧʬʠʣʜʘ ʢʘʢ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʣʘʥʜʰʘʬʪ (ʘ); ʣʦʢʘʣʴʥʳʝ 

ʤʠʥʠʤʫʤʳ ʢʘʢ ʘʪʪʨʘʢʪʦʨʳ (ʙ) [4, ʩ. 174] 

 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʣʘʥʜʰʘʬʪʘ ʚ ʤʝʪʘʬʠʟʠʯʝʩʢʦʤ, çʥʝʢʦʦʨʜʠʥʘʪʥʦʤè ʦʪʨʘʞʝʥʠʠ, ʥʘ ʥʘʰ 

ʚʟʛʣʷʜ, ʚʝʩʴʤʘ ʩʦʟʚʫʯʥʦ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ ʢʦʵʚʦʣʶʮʠʠ. ɺ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʧʦʜ 

ʵʪʠʤ ʪʝʨʤʠʥʦʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʥʠʤʘʪʴ çʥʝ ʧʨʦʩʪʦ ʧʨʦʮʝʩʩ ʧʦʜʛʦʥʢʠ ʯʘʩʪʝʡ ʜʨʫʛ ʢ ʜʨʫʛʫ ʧʨʠ 

ʦʙʨʘʟʦʚʘʥʠʠ ʩʣʦʞʥʦʛʦ ʮʝʣʦʛʦ, ʠʭ ʨʝʟʦʥʘʥʩʥʦʛʦ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠʭ 

ʪʝʤʧʦʚ ʨʘʟʚʠʪʠʷ, ʥʦ ʠ ʠʥʘʢʪʠʚʠʨʦʚʘʥʥʦʝ ʧʦʟʥʘʥʠʝ ʯʝʣʦʚʝʢʦʤ ʤʠʨʘ, ʩʠʥʝʨʛʠʟʤ ʧʦʟʥʘʶʱʝʛʦ ʠ 

ʘ 
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ʢʦʥʩʪʨʫʠʨʫʶʱʝʛʦ ʩʫʙʲʝʢʪʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʝʛʦ ʩʨʝʜʳè [3, ʩ.183]. ɽʱʝ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ 

ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ. çʂʦʵʚʦʣʶʮʠʷ ʤʥʦʞʝʩʪʚʘ (ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ. ï ɺ. ɸ.) 

ʚʠʜʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʚ ʪʝʨʤʠʥʘʭ ʣʘʥʜʰʘʬʪʦʚ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ, ʚʣʠʷʶʱʠʭ ʜʨʫʛ ʥʘ 

ʜʨʫʛʘè [3, ʩ.168]. ʇʦʩʣʝʜʥʝʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʟʚʘʥʦ çʪʘʥʮʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʣʘʥʜʰʘʬʪʦʚ 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠè [8]. ʉʦʟʜʘʝʪʩʷ ʩʠʪʫʘʮʠʷ çʥʘ ʢʨʘʶ ʭʘʦʩʘè, ʢʦʛʜʘ ʜʘʞʝ ʤʘʣʳʝ ʬʣʫʢʪʫʘʮʠʠ 

ʩʧʦʩʦʙʥʳ ʠʥʠʮʠʠʨʦʚʘʪʴ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ, ʩʙʨʦʩʠʪʴ ʩʠʩʪʝʤʫ ʚ ʠʥʦʝ ʩʦʩʪʦʷʥʠʝ [2, 8]. 

ʀʟʣʦʞʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʝʩʫʪ ʚ ʩʝʙʝ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʛʝʦʣʦʛʠʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʨʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʨʝʢʦʥʩʪʨʫʢʮʠʷʭ. ʇʨʠʤʝʨ ʵʪʦʤʫ ʧʦʢʘʟʘʥ ʥʘʤʠ ʚ ʩʪʘʪʴʝ [1], ʦʮʝʥʠʚʘʶʱʝʡ ʫʩʣʦʚʠʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʘʩʶʛʘʥʩʢʦʡ ʩʚʠʪʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʐʠʨʦʪʥʦʛʦ ʇʨʠʦʙʴʷ (ɿʘʧʘʜʥʘʷ ʉʠʙʠʨʴ). ʇʦ 

ʤʝʨʝ ʠʟʫʯʝʥʠʷ ʦʙʰʠʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ ʧʦ ʨʘʟʥʦʫʜʘʣʝʥʥʳʤ ʧʣʦʱʘʜʷʤ ʙʦʣʴʰʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʥʘʙʣʶʜʘʝʤʳʭ ʧʘʣʝʦʣʘʥʜʰʘʬʪʦʚ ʚʝʩʴʤʘ ʙʣʠʟʢʠ 

ʤʝʞʜʫ ʩʦʙʦʡ. ʕʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʧʦʩʣʫʞʠʣʦ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʟʘʢʣʶʯʝʥʠʷ, ʯʪʦ ʟʘʢʨʝʧʣʝʥʠʝ 

ʦʪʣʦʞʝʥʠʡ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ, ʢʦʪʦʨʳʡ ʥʘʙʣʶʜʘʝʪʩʷ ʩʝʛʦʜʥʷ, ʧʨʦʠʩʭʦʜʠʣʦ ʣʠʰʴ ʚ 

ʚʝʩʴʤʘ ʢʦʨʦʪʢʠʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ, ʧʦ ʩʫʪʠ, ʵʧʠʟʦʜʠʯʝʩʢʠʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

çʦʙʱʝʛʝʦʣʦʛʠʯʝʩʢʦʤʫè. ɺʦ-ʚʪʦʨʳʭ, ʪʘʢʦʤʫ ʟʘʢʨʝʧʣʝʥʠʶ ʧʦʜʚʝʨʛʘʣʩʷ ʥʘʠʙʦʣʝʝ çʚʳʛʦʜʥʳʡè 

ʧʘʣʝʦʣʘʥʜʰʘʬʪ ï ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚ ʪʘʢʦʚʦʤ ʢʘʯʝʩʪʚʝ ʚʳʩʪʫʧʠʣʠ ʦʙʩʪʘʥʦʚʢʠ 

ʧʦʜʚʦʜʥʦ-ʜʝʣʴʪʦʚʳʭ ʢʦʥʫʩʦʚ ʚʳʥʦʩʘ (ʟʜʝʩʴ ʥʘʧʨʘʰʠʚʘʝʪʩʷ ʘʥʘʣʦʛʠʷ ʩ ʣʦʢʘʣʴʥʳʤʠ 

ʤʠʥʠʤʫʤʘʤʠ ʥʘ ʨʠʩʫʥʢʝ). ʇʝʨʝʯʠʩʣʝʥʥʦʝ ʟʘʩʪʘʚʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʢʨʠʪʠʯʥʦ ʦʪʥʦʩʠʪʴʩʷ ʢ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʧʦʩʪʨʦʝʥʠʷʤ. ʀʟʥʘʯʘʣʴʥʘʷ ʥʝʣʠʥʝʡʥʦʩʪʴ ʚ ʨʘʟʤʝʱʝʥʠʠ 

çʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʣʘʥʜʰʘʬʪʦʚ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠè ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʰʠʙʢʘʤ ʧʨʠ 

ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʦʜʠʥʘʢʦʚʳʭ ʧʘʣʝʦʣʘʥʜʰʘʬʪʦʚ ʠʟ ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ. 
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ʊʝʨʤʠʥ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ (ʅɻʂ) ï ʚʝʩʴʤʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʧʫʙʣʠʢʘʮʠʷʭ ʧʦ ʛʝʦʣʦʛʠʠ ʥʝʬʪʠ, ʧʦʩʢʦʣʴʢʫ ʧʨʠʥʘʜʣʝʞʠʪ ʦʜʥʦʤʫ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʦʥʷʪʠʡ 

ʜʘʥʥʦʡ ʥʘʫʢʠ. ʆʜʥʘʢʦ ʥʝʪ ʦʧʨʝʜʝʣʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢʦʡ-ʣʠʙʦ ʤʝʪʦʜ, 

ʧʦʜʭʦʜ ʤʦʥʦʚʘʨʠʘʥʪʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʅɻʂ ʚ ʨʘʟʨʝʟʝ ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʛʦ ʙʘʩʩʝʡʥʘ 

(ʅɻɹ), ʘ ʪʝʤ ʙʦʣʝʝ, ʨʘʟʣʠʯʥʳʭ. ʅʝʪ ʠ ʦʙʱʝʧʨʠʥʷʪʦʡ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʦʪʨʘʞʘʶʱʝʡ ʠʭ 

ʚʘʞʥʝʡʰʠʝ ʩʚʦʡʩʪʚʘ (ʠʝʨʘʨʭʠʶ, ʥʦʤʝʥʢʣʘʪʫʨʫ ʩ ʪʝʨʤʠʥʦʣʦʛʠʝʡ ʠ ʜʨ.?). ʍʦʪʷ ʪʝʨʤʠʥʳ ʷʚʥʦ 

ʨʘʟʥʦʛʦ ʨʘʥʛʘ (ʥʘʧʨʠʤʝʨ, ʨʝʛʠʦʥʘʣʴʥʳʡ, ʩʫʙʨʝʛʠʦʥʘʣʴʥʳʡ, ʟʦʥʘʣʴʥʳʡ ʅɻʂ, ʵʪʘʞ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ) ʚʩʪʨʝʯʘʶʪʩʷ ʥʝʨʝʜʢʦ, ʥʦ ʙʝʟ ʫʢʘʟʘʥʠʷ ʧʨʦʮʝʜʫʨʳ (ʩʧʦʩʦʙʘ, ʤʝʪʦʜʘ) ʝʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ. ɸ ʵʪʦ ʚʝʩʴʤʘ ʚʘʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʩʨʘʚʥʠʚʘʪʴ, ʘʥʘʣʠʟʠʨʫʷ, ʥʝʦʙʭʦʜʠʤʦ 

ʦʜʥʦʨʘʥʛʦʚʳʝ ʦʙʲʝʢʪʳ. ʂʘʢ ʧʦʜʦʡʪʠ ʢ ʨʝʰʝʥʠʶ ʵʪʠʭ ʚʦʧʨʦʩʦʚ? ʇʨʝʞʜʝ ʚʩʝʛʦ, ʚʘʞʥʦ 

(ʥʝʦʙʭʦʜʠʤʦ) ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʙʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ ʅɻʂ. ɸ ʚʩʣʝʜ ʟʘ ʵʪʠʤ ï ʦʧʝʨʘʮʠʦʥʘʣʴʥʦʝ. 

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʵʪʦ ʦʩʫʱʝʩʪʚʠʤʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʨʝʜʝʣʸʥʥʳʭ ʧʨʠʥʮʠʧʦʚ ʩʠʩʪʝʤʥʦ-

ʣʠʪʤʦʣʦʛʠʯʝʩʢʦʡ ʧʘʨʘʜʠʛʤʳ (ʂʘʨʦʛʦʜʠʥ, 2010). ʀ ʩ ʦʧʨʝʜʝʣʸʥʥʦʡ ʦʧʦʨʦʡ, ʧʨʠ ʵʪʦʤ, ʥʘ 

ʩʫʱʝʩʪʚʫʶʱʠʝ (ʨʘʟʨʘʙʦʪʘʥʥʳʝ) ʩʠʢʚʝʥʩ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʫʶ, ʣʠʪʤʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʫʶ ʠ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʫʶ ʤʦʜʝʣʠ. ʉ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʷʤʠ, ʥʦʤʝʥʢʣʘʪʫʨʦʡ ʠ ʪʝʨʤʠʥʦʣʦʛʠʝʡ. 

ʀʤʝʥʥʦ ʚ ʵʪʦʤ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʦʩʥʦʚʥʦʡ ʩʤʳʩʣ ʠ ʥʦʚʠʟʥʘ ʜʦʢʣʘʜʘ ʠ ʜʘʥʥʳʭ ʪʝʟʠʩʦʚ. 

ɼʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʧʦʜʥʷʪʳʡ ʚʦʧʨʦʩ ʨʘʩʩʤʦʪʨʝʥ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʚ ʤʦʥʦʛʨʘʬʠʠ 

çʅʝʬʪʝʛʘʟʦʥʦʩʥʳʝ ʢʦʤʧʣʝʢʩʳ ʶʨʳ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠè (ʕʧʦʚ, ʂʘʨʦʛʦʜʠʥ ʠ ʜʨ., 2014).  ʀʩʭʦʜʷ 

ʠʟ ʪʦʛʦ, ʯʪʦ ʢʦʤʧʣʝʢʩ ï ʵʪʦ çʩʦʚʦʢʫʧʥʦʩʪʴ, ʩʦʯʝʪʘʥʠʝ ʯʝʛʦ-ʥʠʙʫʜʴè (ʆʞʝʛʦʚ, 1982, ʩ. 256), 

ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʩʣʝʜʫʶʱʝʝ ʦʙʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ ʅɻʂ.  

ʅʝʬʪʝʛʘʟʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʨʦʜʥʳʭ ʠʣʠ ʧʦʨʦʜʥʦ-ʩʣʦʝʚʳʭ ʪʝʣ- 

ʩʠʩʪʝʤ, ʩ ʦʜʥʠʤ (ʤʦʥʦ) ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʤʠ ʨʝʟʝʨʚʫʘʨʘʤʠ (ʅɻʅ  ʨʝʟʘʤʠ\), 

ʩʦʜʝʨʞʘʱʠʤʠ ʠ/ʠʣʠ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤʠ ʟʘʣʝʞʘʤʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ, ʚ 

ʦʜʥʦʤ ʅɻʂ ʤʦʞʝʪ ʙʳʪʴ ʦʪ ʦʜʥʦʛʦ, ʜʚʫʭ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʅɻʈ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʲʝʜʠʥʷʪʴʩʷ 
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(çʩʣʠʚʘʪʴʩʷè), ʧʨʝʜʩʪʘʚʣʷʷ ʜʚʘ ʚ ʦʜʥʦʤ (ʜʠʨʝʟ), ʪʨʠ ʠ ʙʦʣʝʝ ʚ ʦʜʥʦʤ (ʧʦʣʠʨʝʟ).  ʀ ʚʦ ʤʥʦʛʠʭ 

ʩʣʫʯʘʷʭ, ʚʘʞʥʦ ʟʥʘʪʴ ʠ ʫʯʠʪʳʚʘʪʴ, ʩʢʦʣʴʢʦ ʠʭ ʚ ʅɻʂ, ʚ ʢʘʢʦʡ ʝʛʦ ʯʘʩʪʠ ʢʘʞʜʳʡ ʠʟ ʥʠʭ 

(ʥʠʞʥʝʡ, ʦʩʥʦʚʘʥʠʠ, ʮʝʥʪʨʘʣʴʥʦʡ, ʚʝʨʭʥʝʡ) ʠ ʢʘʢʦʛʦ ʪʠʧʘ. ʏʝʛʦ, ʥʘ ʧʨʘʢʪʠʢʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ 

ʜʝʣʘʝʪʩʷ, ʧʨʠʚʦʜʷ ʥʝʨʝʜʢʦ ʢ ʩʝʨʴʸʟʥʳʤ ʥʝʧʨʠʷʪʥʦʩʪʷʤ. ɺ ʩʚʷʟʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦ ʤʥʦʛʠʭ 

ʧʫʙʣʠʢʘʮʠʷʭ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʧʦʥʷʪʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʡ ʪʝʨʤʠʥʘ ʅɻʈ ï ʦʜʥʦʛʦ ʠʟ ʚʘʞʥʝʡʰʠʭ ʚ 

ʛʝʦʣʦʛʠʠ ʥʝʬʪʠ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʨʠʚʝʩʪʠ ʩʣʝʜʫʶʱʝʝ, ʪʨʝʪʴʝ, ʦʙʲʝʜʠʥʷʶʱʝʝ 

ʠʭ. 

ʅʝʬʪʝʛʘʟʦʥʦʩʥʳʡ ʨʝʟʝʨʚʫʘʨ ï ʵʪʦ ʧʦʨʦʜʥʦʝ ʧʨʦʥʠʮʘʝʤʦʝ ʪʝʣʦ-ʢʦʣʣʝʢʪʦʨ, ʩʧʦʩʦʙʥʦʝ 

ʧʨʠʥʠʤʘʪʴ, ʫʜʝʨʞʠʚʘʪʴ (ʘ ʪʘʢʞʝ ʠ ʧʝʨʝʤʝʱʘʪʴ) ʋɺ ʚ ʣʦʚʫʰʢʘʭ, ʙʫʜʫʯʠ ʦʛʨʘʥʠʯʝʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝ ʧʨʦʥʠʮʘʝʤʳʤʠ ʧʦʨʦʜʘʤʠ ʩʚʝʨʭʫ (ʧʦʢʨʳʰʢʦʡ-ʵʢʨʘʥʦʤ), ʠʣʠ ʩʥʠʟʫ 

(ʬʣʶʠʜʦʫʧʦʨʦʤ), ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ, ʘ ʪʘʢʞʝ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ. ʅʦ, ʧʨʠʚʝʜʸʥʥʳʝ ʚʳʰʝ ʦʧʨʝʜʝʣʝʥʠʷ, 

ʥʝ ʦʨʠʝʥʪʠʨʫʶʪ ʥʘ ʦʜʥʦʚʘʨʠʘʥʪʥʦʝ ʚʳʜʝʣʝʥʠʝ ʅɻʈ ʚ ʨʘʟʨʝʟʝ ʅɻɹ, ʢʘʢ ʠ ʥʘ ʝʛʦ ʨʘʥʛ. ʈʝʘʣʴʥʦʝ 

ʨʝʰʝʥʠʝ ʵʪʠʭ ʠ ʨʷʜʘ ʜʨʫʛʠʭ (ʥʘʧʨʠʤʝʨ, ʥʦʤʝʥʢʣʘʪʫʨʥʦ-ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʨ.) ʚʦʧʨʦʩʦʚ 

ʚʠʜʠʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʢʦʪʦʨʳʭ ʧʨʠʥʮʠʧʦʚ ʩʠʩʪʝʤʥʦ-ʣʠʪʤʦʣʦʛʠʯʝʩʢʦʡ ʧʘʨʘʜʠʛʤʳ ʚ 

ʨʘʤʢʘʭ ʤʦʜʝʣʝʡ, ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚ ʟʘʛʦʣʦʚʢʝ ʪʝʟʠʩʦʚ. ʅʦ ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠ ʚʘʞʥʦ 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʧʝʨʘʮʠʦʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʅɻʂ ʢʘʢ ʝʜʠʥʠʮʳ ʥʝʬʪʝʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʩʯʣʝʥʝʥʠʷ ʨʘʟʨʝʟʘ ʅɻɹ. ʆʥʦ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʠʛʦʜʥʦ ʜʣʷ ʦʜʥʦʟʥʘʯʥʦʛʦ ʚʳʜʝʣʝʥʠʷ 

(ʚʳʯʣʝʥʝʥʠʷ) ʅɻʂ ʚ ʨʘʟʨʝʟʝ ʥʝ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʅɻɹ (ʯʪʦ ʘʙʩʦʣʶʪʥʦ ʦʙʷʟʘʪʝʣʴʥʦ), ʥʦ ʠ ʣʶʙʳʭ 

ʜʨʫʛʠʭ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʠ ʚʨʝʤʝʥʠ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʕʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʧʨʠ 

ʚʳʷʩʥʝʥʠʠ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʟʤʝʱʝʥʠʷ ʟʘʣʝʞʝʡ ʚ ʣʶʙʦʤ ʅɻɹ, 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʜʣʷ ʥʘʫʯʥʦʛʦ ʧʨʦʛʥʦʟʘ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʠʩʢʘ, ʫʩʧʝʰʥʦʛʦ ʦʪʢʨʳʪʠʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠ ʦʧʪʠʤʘʣʴʥʦʡ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʦʙʱʝʤ ʦʧʨʝʜʝʣʝʥʠʠ ʅɻʂ ʚʳʜʝʣʝʥʦ ʠ ʧʦʜʯʸʨʢʥʫʪʦ (ʥʝ ʩʣʫʯʘʡʥʦ) ʩʣʦʚʦ 

ʩʠʩʪʝʤʘ, ʪʦ ʚʧʦʣʥʝ ʧʨʘʚʦʤʝʨʥʦ ʦʙʨʘʪʠʪʩʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʝʸ ʧʨʠʥʮʠʧʦʚ. 

ʋ ʣʶʙʦʛʦ ʨʦʜʘ ʩʠʩʪʝʤ (ʞʠʚʦʡ ʠ ʥʝ ʞʠʚʦʡ ʧʨʠʨʦʜʳ, ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ) 

ʤʥʦʞʝʩʪʚʦ ʦʙʱʠʭ ʩʚʦʡʩʪʚ. ʆʜʥʠ ʤʝʪʦʜʦʣʦʛʠ ʥʘʟʳʚʘʶʪ ʠʭ ʧʨʠʥʮʠʧʘʤʠ, ʜʨʫʛʠʝ ʚʦʟʚʦʜʷʪ ʚ ʨʘʥʛ 

ʟʘʢʦʥʦʚ ʩʠʩʪʝʤʦʣʦʛʠʠ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʚ ʨʝʰʝʥʠʠ ʚʳʰʝ ʦʙʦʟʥʘʯʝʥʥʳʭ ʟʘʜʘʯ  

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ, ʥʘ ʧʝʨʚʳʭ ʧʦʨʘʭ, ʩʠʩʪʝʤʥʳʤʠ ʧʨʠʥʮʠʧʘʤʠ ʩʦʧʨʷʞʸʥʥʦʩʪʠ ʠ 

ʠʝʨʘʨʭʠʯʥʦʩʪʠ (ʂʘʨʦʛʦʜʠʥ, 2010). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʚʦʛʦ ʧʨʠʥʮʠʧʘ ʧʦʟʚʦʣʷʝʪ ʅɻʂ, ʢʘʢ 

ʧʦʨʦʜʥʦ-ʩʣʦʝʚʦʛʦ ʪʝʣʘ-ʩʠʩʪʝʤʳ, ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʦʧʨʷʞʝʥʥʳʤ ʩ ʧʦʨʦʜʥʦ-ʩʣʦʝʚʦʡ ʩʠʩʪʝʤʦʡ 

ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʛʦ ʮʠʢʣʘ ï ʮʠʢʣʠʪʦʤ, ʩʠʢʚʝʥʩʦʤ (ʚ ʩʠʢʚʝʥʩ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʤʦʜʝʣʠ). ʇʦ 

ʦʜʥʦʤʫ ʠʟ ʦʧʨʝʜʝʣʝʥʠʡ ʩʠʢʚʝʥʩ ʠ ʮʠʢʣʠʪ ï ʩʠʥʦʥʠʤʳ. ʇʦʩʢʦʣʴʢʫ ʵʪʦ ʧʦʨʦʜʥʦ-ʩʣʦʝʚʳʝ ʪʝʣʘ-

ʩʠʩʪʝʤʳ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʮʠʢʣʦʚ. ɸ ʣʶʙʦʡ ʮʠʢʣ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʝʜʠʤʝʥʪʘʮʪʦʥʥʳʡ, ʩʠʩʪʝʤʘ, 

ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ. ɺ ʟʘʨʫʙʝʞʥʦʤ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤ ʩʧʨʘʚʦʯʥʠʢʝ (2002) ʵʪʦ ʚʘʞʥʘʷ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʢʘʪʝʛʦʨʠʷ ʩʪʨʘʪʦʥʦʚ, ʩʠʥʪʝʤ (ʩ ʧʨʝʜʣʦʞʝʥʠʝʤ ʧʝʨʝʠʤʝʥʦʚʘʪʴ ʠʭ ʚ ʩʠʢʚʝʥʩʳ). 
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ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʢʦʜʝʢʩʝ ʪʘʢʦʡ ʢʘʪʝʛʦʨʠʠ ʥʝʪ ʠ ʥʝ ʧʨʝʜʚʠʜʠʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʩʪʨʘʪʠʛʨʘʬʘʤʠ 

ʢʘʪʝʛʦʨʠʯʝʩʢʠ ʦʪʚʝʨʛʘʝʪʩʷ ʨʦʣʴ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ ʮʠʢʣʠʯʥʦʩʪʠ ʚ ʩʪʨʘʪʠʛʨʘʬʠʠ. ɺ ʩʠʢʚʝʥʩ-

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʠ ʣʠʪʤʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʤʦʜʝʣʷʭ ʥʝʤʘʣʦ ʦʙʱʝʛʦ. ʍʦʪʷ ʝʩʪʴ ʠ 

ʦʧʨʝʜʝʣʸʥʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ, ʥʦ ʜʘʞʝ ʠʤʝʶʱʝʝʩʷ ʦʙʱʝʝ, ʥʝʤʘʣʦʚʘʞʥʦ ʚ ʨʝʰʝʥʠʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʦʧʨʦʩʦʚ. ʉʘʤʦʝ ʛʣʘʚʥʦʝ ʦʙʱʝʝ ʚ ʧʦʥʷʪʠʠ ʪʦ, ʯʪʦ ʩʪʦʠʪ ʟʘ ʵʪʠʤʠ ʪʝʨʤʠʥʘʤʠ 

ï ʵʪʦ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʧʦʨʦʜʥʦ-ʩʣʦʝʚʳʝ ʪʝʣʘ-ʩʠʩʪʝʤʳ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʮʠʢʣʦʚ. 

ɺʘʞʥʦ ʪʘʢʞʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʫ ʥʠʭ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʡ. ʅʦʤʝʥʢʣʘʪʫʨʥʳʝ ʪʝʨʤʠʥʳ, 

ʝʩʪʝʩʪʚʝʥʥʦ, ʨʘʟʥʳʝ, ʧʦʩʢʦʣʴʢʫ ʤʦʜʝʣʠ ʩʦʟʜʘʚʘʣʠʩʴ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʜʘ ʠ ʚ ʨʘʟʥʳʭ 

ʢʦʥʮʘʭ ʩʚʝʪʘ, ʭʦʪʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ï ʚ 70-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ.  

ʏʪʦ ʦʙʱʝʛʦ, ʚʘʞʥʦʛʦ ʠ ʧʨʠʚʣʝʢʘʶʱʝʛʦ ʚ ʨʝʰʝʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʦʧʨʦʩʦʚ? 

ʆʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʠʢʚʝʥʩʦʚ ʩʘʤʦʛʦ ʚʳʩʦʢʦʛʦ ʨʘʥʛʘ ï h ʝʩʪʴ ʤʝʛʘʩʠʢʚʝʥʩʦʚ ʠ ʩʪʦʣʴʢʦ ʞʝ 

ʛʠʛʘʮʠʢʣʠʪʦʚ. ʆʜʠʥʘʢʦʚʦ ʧʦʥʠʤʘʶʪʩʷ (ʠ ʚʳʜʝʣʷʶʪʩʷ) ʩʠʢʚʝʥʩʳ ʩʘʤʦʛʦ ʥʠʟʰʝʛʦ ʨʘʥʛʘ ï 

ʧʘʨʘʩʠʢʚʝʥʩʳ, ʢʘʢ ʵʣʝʤʝʥʪʘʨʥʳʝ ʮʠʢʣʠʪʳ (ʣʠʪʤʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʤʦʜʝʣʠ). ʄʝʞʜʫ ʥʠʤʠ 

ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ çʣʝʩʪʥʠʮʘè ʧʦʨʦʜʥʦ-ʩʣʦʝʚʳʭ ʪʝʣ-ʩʠʩʪʝʤ ʩ ʨʘʟʥʳʤʠ ʥʘʟʚʘʥʠʷʤʠ (ʠʤʝʥʘʤʠ) ʠ 

ʙʫʢʚʝʥʥʦ-ʮʠʬʨʦʚʳʤʠ ʦʙʦʟʥʘʯʝʥʠʷʤʠ (ʚ ʤʦʜʝʣʠ ʩʠʢʚʝʥʩ-ʩʪʨʘʪʠʛʨʘʬʠʠ). ʀʩʧʦʣʴʟʫʷ ʧʨʠʥʮʠʧʳ 

ʩʦʧʨʷʞʸʥʥʦʩʪʠ ʠ ʠʝʨʘʨʭʠʯʥʦʩʪʠ, ʝʩʪʴ ʩʤʳʩʣ ʩʫʱʝʩʪʚʫʶʱʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦ-

ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʤʦʜʝʣʠ (ʩʠʚʝʥʩʦʚ ʠ ʮʠʢʣʠʪʦʚ) ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʠʩʪʝʤʘʪʠʢʝ ʅɻʂ. ɺ ʜʘʥʥʦʡ 

ʢʦʥʮʝʧʮʠʠ ʨʘʥʛ ʅɻʂ ʙʫʜʝʪ ʧʨʘʚʦʤʝʨʥʦ ʧʨʠʥʷʪʴ ʩʦʧʨʷʞʸʥʥʳʤ ʩ ʨʘʥʛʦʤ ʮʠʢʣʠʪʘ (ʩʠʢʚʝʥʩʘ). 

ʇʨʠ ʵʪʦʤ, ʠʩʧʦʣʴʟʫʷ ʧʨʘʚʠʣʦ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʪʝʨʤʠʥʦʚ, ʧʨʝʜʣʘʛʘʝʪʩʷ, ʧʝʨʝʥʝʩʪʠ  ʥʘʟʚʘʥʠʷ 

ʨʘʥʛʘ ʮʠʢʣʠʪʦʚ (ʠ/ʠʣʠ ʩʠʢʚʝʥʩʦʚ)  ʥʘ  ʩʦʧʨʷʞʸʥʥʳʝ ʅɻʂ. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʤʦʞʝʪ ʙʳʪʴ 

ʩʣʝʜʫʶʱʠʤ. 

ʅʝʬʪʝʛʘʟʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ ï ʵʪʦ ʧʦʨʦʜʥʦ-ʩʣʦʝʚʦʝ ʪʝʣʦ-ʩʠʩʪʝʤʘ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʛʦ 

ʮʠʢʣʘ (ʮʠʢʣʠʪ, ʩʠʢʚʝʥʩ) ʨʘʟʨʝʟʘ ʅɻɹ. ʕʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʧʝʨʘʮʠʦʥʘʣʴʥʳʤ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʦʮʝʜʫʨʘ ʦʧʦʟʥʘʥʠʷ, ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʮʠʢʣʠʪʦʚ ʠ ʩʠʢʚʝʥʩʦʚ (ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʠʭ 

ʨʘʥʛʘ) ʚ ʨʘʟʨʝʟʝ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ. ʅʝʤʘʣʦʚʘʞʥʦ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʭʦʜʩʪʚʦ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ. ɺ ʠʭ ʠʝʨʘʨʭʠʯʝʩʢʦʡ çʣʝʩʪʥʠʮʝè 

ʮʠʢʣʠʪʦʚ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʚ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʤ ʦʪʥʦʰʝʥʠʠ, ʪ.ʝ. ʢʘʢ ʅɻʂ ʷʚʣʷʝʪʩʷ 

ʨʝʛʠʦʥʘʣʴʥʳʡ. ɽʩʣʠ ʵʣʝʤʝʥʪʘʨʥʳʝ ʮʠʢʣʠʪʳ (ʧʘʨʘʩʠʢʚʝʥʩʳ) ʷʚʣʷʶʪʩʷ çʢʠʨʧʠʯʠʢʘʤʠè 

ʩʪʨʫʢʪʫʨʳ ʨʘʟʨʝʟʘ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʪʦ ʨʝʛʠʦʥʘʣʴʥʳʝ ï ʵʪʦ çʙʣʦʢʠè. ʆʥʠ ʷʨʢʦ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʨʘʟʨʝʟʘʭ ʦʙʥʘʞʝʥʠʡ (ʧʦ ʤʦʨʬʦʣʦʛʠʠ ʨʝʣʴʝʬʘ, ʦʢʨʘʩʢʝ ʩʣʘʛʘʶʱʠʭ ʧʦʨʦʜ, 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʜʨʫʛʠʤ ʧʨʠʟʥʘʢʘʤ), ʚ ʢʝʨʥʝ ʩʢʚʘʞʠʥ, ʚ ʤʘʪʝʨʠʘʣʘʭ ɻʀʉ ʠ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ 

(ʦʧʦʨʥʳʝ ʦʪʨʘʞʘʶʱʠʝ ʛʦʨʠʟʦʥʪʳ). ɺʩʸ ʵʪʦ ʜʘʸʪ ʦʩʥʦʚʘʥʠʝ ʩʯʠʪʘʪʴ ʠʭ ʚʘʞʥʝʡʰʠʤʠ (ʝʩʣʠ ʥʝ 

ʛʣʘʚʥʳʤʠ) ʝʜʠʥʠʮʘʤʠ ʥʝʬʪʝʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʯʣʝʥʝʥʠʷ ʨʘʟʨʝʟʘ ʣʶʙʦʛʦ ʅɻɹ.  

ɺʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʦ, ʯʪʦ ʠ ʚ ʩʠʢʚʝʥʩ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʦʞʝ ʝʩʪʴ ʪʘʢʦʛʦ 

ʨʘʥʛʘ ʩʠʢʚʝʥʩʳ ʚ ʩʦʩʪʘʚʝ ʤʝʛʘʮʠʢʣʦʚ ʩ ʥʘʟʚʘʥʠʝʤ ʩʫʧʝʨʩʠʢʚʝʥʩʳ. ʀ ʚ ʠʭ ʩʦʩʪʘʚʝ (ʢʘʢ ʠ 
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ʨʝʛʦʮʠʢʣʠʪʦʚ) ʚʳʜʝʣʷʶʪʩʷ ʩʦʧʦʜʯʠʥʸʥʥʳʝ ʮʠʢʣʠʯʝʩʢʠʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ. ɺ 

ʣʠʪʤʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʥʠ ʥʘʟʚʘʥʳ ʟʦʥʘʣʴʥʳʤʠ ʠ ʩʫʙʟʦʥʘʣʴʥʳʤʠ ʮʠʢʣʠʪʘʤʠ. ɸ ʚ 

ʩʠʢʚʝʥʩ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʠʤ ʧʨʠʩʚʦʝʥʳ ʙʫʢʚʝʥʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ, ʦʟʥʘʯʘʶʱʠʝ ʧʦʣʦʞʝʥʠʝ ʚ 

ʩʫʧʝʨʩʠʢʚʝʥʩʝ (ʥʠʞʥʠʝ, ʩʨʝʜʥʠʝ, ʚʝʨʭʥʠʝ) ʠ ʧʦʨʷʜʢʦʚʳʝ ʥʦʤʝʨʘ. ɺʩʷ ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʮʠʢʣʠʪʦʚ ʠ ʩʠʢʚʝʥʩʦʚ ʚʧʦʣʥʝ ʧʦʜʜʘʸʪʩʷ ʦʪʨʘʞʝʥʠʶ ʚ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ. ʏʪʦ ʦʯʝʥʴ 

ʚʘʞʥʦ ʜʣʷ ʠʭ ʦʧʝʨʘʪʠʚʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚ ʨʘʟʨʝʟʘʭ ʩʢʚʘʞʠʥ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʚ 

ʩʝʡʩʤʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʅɻʂ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ. ɻʠʛʘʥʝʬʪʝʛʘʟʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ (ɻʀɻɸ ʅɻʂ) ʠʣʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʡ ʵʪʘʞ ï 

ʨʝʛʠʦʥʘʣʴʥʳʡ (ʈɻ ʅɻʂ) ï ʟʦʥʘʣʴʥʳʡ (ɿʆʅ ʅɻʂ) ï ʩʫʙʟʦʥʘʣʴʥʳʡ (ʉʋɹ ɿʆʅ ʅɻʂ) ï ʠ 

ʨʝʟʝʨʚʫʘʨʳ (ʈɽɿ ʅɻʂ). ɺʘʞʥʝʡʰʠʤʠ ʩʦʩʪʘʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʅɻʂ ʷʚʣʷʶʪʩʷ ʨʝʟʝʨʚʫʘʨʳ ʠ 

ʵʢʨʘʥʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʯʘʩʪʷʤʠ, ʬʨʘʛʤʝʥʪʘʤʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʮʠʢʣʠʪʦʚ (ʧʘʨʘʩʠʢʚʝʥʩʦʚ) 

ʠ\ʠʣʠ ʠʭ ʛʨʫʧʧ. ʈʘʩʩʤʘʪʨʠʚʘʪʴ, ʠʟʫʯʘʪʴ ʨʝʟʝʨʚʫʘʨʳ ʚʥʝ ʢʦʥʢʨʝʪʥʳʭ ʅɻʂ ʤʘʣʦʦʩʤʳʩʣʝʥʥʦ 

(ʝʩʣʠ ʥʝ ʙʝʩʩʤʳʩʣʝʥʥʦ), ʧʦʩʢʦʣʴʢʫ ʤʥʦʛʠʝ ʠʭ ʩʚʦʡʩʪʚʘ ʟʘʚʠʩʷʪ ʦʪ ʧʦʣʦʞʝʥʠʷ ʚ ʅɻʂ ï 

ʙʘʟʘʣʴʥʳʡ (çʧʦʢʨʦʚʥʳʡè, çʚʨʝʟʘè, ʜʠʨʝʟ, ʧʦʣʠʨʝʟ), ʚʥʫʪʨʝʥʥʠʡ, ʚʝʨʭʥʠʡ (ʜʠʨʝʟ, ʧʦʣʠʨʝʟ).  

ʎʝʥʥʦʩʪʴ ʠ ʚʘʞʥʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʩʠʩʪʝʤʥʦ-ʣʠʪʤʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʝʱʝ ʠ ʚ 

ʪʦʤ, ʯʪʦ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘ ʢʘʬʝʜʨʘʭ ʚ ʫʥʠʚʝʨʩʠʪʝʪʘʭ, ʠʥʩʪʠʪʫʪʘʭ ʩ 

ʥʝʬʪʷʥʦʡ ʪʝʤʘʪʠʢʦʡ ʚ ʢʘʯʝʩʪʚʝ ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʦʩʥʦʚʘʥʠʷ (ʩʪʝʨʞʥʷ). ɼʣʷ ʵʪʦʛʦ 

ʧʨʠʥʠʤʘʝʤʳʡ ʧʨʠʥʮʠʧ ʩʦʧʨʷʞʝʥʥʦʩʪʠ (ʠ ʜʨʫʛʠʝ ʩʠʩʪʝʤʥʳʝ ʧʨʠʥʮʠʧʳ) ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʦʟʜʘʥʠʠ ʰʠʨʦʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʜʝʣʝʡ, ʚʘʞʥʳʭ ʚ ʨʝʰʝʥʠʠ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠʭ, 

ʪʘʢ ʠ ʧʨʠʢʣʘʜʥʳʭ ʚʦʧʨʦʩʦʚ ʛʝʦʣʦʛʠʠ ʥʝʬʪʠ. ʕʪʦ ʤʦʜʝʣʠ ʩʝʡʩʤʦʣʠʪʤʦʣʦʛʠʯʝʩʢʠʝ, ʬʘʮʠʘʣʴʥʳʝ 

ʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ (ʯʘʩʪʝʡ ʠ ʵʣʝʤʝʥʪʦʚ ʅɻʂ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʝʛʠʦʥʘʣʴʥʳʭ), 

ʩʪʨʫʢʪʫʨʥʳʝ, ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʠ ʧʘʣʝʦʩʪʨʫʢʪʫʨʥʳʝ, ʧʘʣʝʦʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ, 

ʢʘʪʘʛʝʥʝʪʠʯʝʩʢʠʝ, ʪʝʨʤʠʯʝʩʢʠʝ (ʪʝʨʤʦʛʨʘʜʠʝʥʪʥʳʝ), ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ) ʠ ʜʨ. 
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ɸʥʘʣʠʟ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʝʥʦʩʥʳʭ ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʦʚ ʤʠʨʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʩʝʨʠʠ ʧʘʣʝʦʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ ʜʣʷ ʛʣʘʚʥʳʭ ʵʧʦʭ ʩʦʣʝʥʘʢʦʧʣʝʥʠʷ, ʧʦʢʘʟʘʣ, ʯʪʦ ʤʝʞʜʫ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʦʣʝʥʘʢʦʧʣʝʥʠʷ ʠ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʥʘʙʣʶʜʘʶʪʩʷ ʫʩʪʦʡʯʠʚʳʝ ʚʨʝʤʝʥʥʳʝ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ. ʈʘʩʢʨʳʪʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʠ ʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʦʣʝʥʦʩʥʳʭ ʙʘʩʩʝʡʥʦʚ ʠ ʪʝʥʜʝʥʮʠʠ ʠʭ ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ.  
 

ɺ ʠʩʪʦʨʠʠ ʛʣʦʙʘʣʴʥʦʛʦ ʩʦʣʝʥʘʢʦʧʣʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʬʘʥʝʨʦʟʦʷ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʨʷʜ 

ʢʨʫʧʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ï ɻ ʧʦʭ ʛʘʣʦʛʝʥʝʟʘ (ʌ. ʃʦʪʮʝ, ʄ.ɸ. ɾʘʨʢʦʚ, ɸ.ʃ. ʗʥʰʠʥ, ɻ.ɸ. ɹʝʣʝʥʠʮʢʘʷ 

ʠ ʜʨ.). ɻʣʘʚʥʳʝ ʠʟ ʥʠʭ: V2-C2, (ʤʝʥʝʝ ʟʥʘʯʠʪʝʣʴʥʘʷ S2-D1), D2-3, P1-2, T3-J1, J3, K1-2, N1. ɺʩʝ ʦʥʠ 

ʯʝʪʢʦ ʩʦʧʨʷʞʝʥʳ ʩ ʚʘʞʥʝʡʰʠʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʵʧʦʭʘʤʠ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʠʩʪʦʨʠʢʦ-

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʛʣʦʙʘʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʩʦʣʝʥʦʩʥʳʭ ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʦʚ, 

ʚʳʧʦʣʥʝʥʥʳʡ ʥʘ ʬʦʥʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ ʢʘʞʜʦʡ ʠʟ ʵʧʦʭ, ʧʦʟʚʦʣʠʣ ʫʪʦʯʥʠʪʴ 

ʥʘʤʝʯʝʥʥʳʝ ʨʘʥʝʝ [1, 2] ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʠ ʚʨʝʤʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʪʝʥʜʝʥʮʠʠ ʧʘʣʝʦʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ. ʆʪʤʝʪʠʤ ʦʩʥʦʚʥʳʝ. 

ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʩʦʣʝʥʘʢʦʧʣʝʥʠʷ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ɿʝʤʣʠ: ʥʝʨʘʚʥʦʤʝʨʥʦ-

ʜʠʩʢʨʝʪʥʳʡ ʭʘʨʘʢʪʝʨ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ 

ʰʢʘʣʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʷʜʘ ʧʠʢʦʚ-ʤʘʢʩʠʤʫʤʦʚ; ʧʠʢʠ ʨʘʟʥʳʭ ʨʘʥʛʦʚ (ʛʣʦʙʘʣʴʥʳʝ, 

ʨʝʛʠʦʥʘʣʴʥʳʝ) ʢʦʨʨʝʣʠʨʫʶʪʩʷ ʩ ʧʠʢʘʤʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʝʭ ʞʝ ʨʘʥʛʦʚ; 

ʜʠʩʢʨʝʪʥʦ-ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʣʝʥʦʩʥʳʭ ʦʙʲʝʢʪʦʚ ʬʠʢʩʠʨʫʝʪ 

ʩʪʘʜʠʘʣʴʥʦ-ʮʠʢʣʠʯʝʩʢʠʡ ʨʠʪʤ ʛʣʦʙʘʣʴʥʳʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʩʦʣʝʥʦʩʥʳʭ ʦʙʲʝʢʪʦʚ  ʥʘ ʢʘʞʜʦʤ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤ ʫʨʦʚʥʝ: ʩʠʩʪʝʤʳ ʩʦʣʝʥʦʩʥʳʭ ʦʙʲʝʢʪʦʚ  (ʩʫʧʝʨʧʦʷʩʘ, ʧʦʷʩʘ, ʙʘʩʩʝʡʥʳ) 

ʦʪʚʝʯʘʶʪ ʩʠʩʪʝʤʘʤ ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʠʭ ʧʘʣʝʦʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʪʝʭ ʞʝ ʨʘʥʛʦʚ; 

ʢʨʫʧʥʝʡʰʠʝ ʩʦʣʝʥʦʩʥʳʝ ʙʘʩʩʝʡʥʳ ʩʚʷʟʘʥʳ ʩ ʧʝʨʝʩʝʯʝʥʠʷʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʂʦʨʨʝʣʷʮʠʷ ʦʙʱʠʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʨʘʟʚʠʪʠʷ ʩʦʣʝʥʦʩʥʳʭ 

ʦʙʲʝʢʪʦʚ ʩ ʦʙʱʠʤʠ ʠʥʪʝʨʚʘʣʘʤʠ ʧʨʦʷʚʣʝʥʠʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʵʪʠʭ ʨʝʛʠʦʥʘʭ, ʘ 

ʦʪʜʝʣʴʥʳʭ ʧʠʢʦʚ ʩʦʣʝʥʘʢʦʧʣʝʥʠʷ ï ʩ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʜʣʷ ʜʘʥʥʳʭ ʧʘʣʝʦʩʪʨʫʢʪʫʨ ʬʘʟʘʤʠ 

ʠ ʠʤʧʫʣʴʩʘʤʠ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ; ʤʥʦʛʦʫʨʦʚʝʥʥʦʩʪʴ ʛʘʣʦʛʝʥʝʟʘ ʦʪʨʘʞʘʝʪ 

ʤʥʦʛʦʘʢʪʥʦʩʪʴ ʠ ʮʠʢʣʠʯʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

mailto:ankudinovo@mail.ru;
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ʉʠʥʭʨʦʥʥʦʩʪʴ (ʠʣʠ ʟʘʢʦʥʦʤʝʨʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ) ʛʘʣʦʛʝʥʥʳʭ ʩʦʙʳʪʠʡ ʦʪʨʘʞʘʝʪ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʩʦʤʘʩʰʪʘʙʥʳʭ 

ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ. 

ɻʝʦʜʠʥʘʤʠʯʝʩʢʘʷ çʩʧʝʮʠʘʣʠʟʘʮʠʷè ʵʧʦʭ ʩʦʣʝʥʘʢʦʧʣʝʥʠʷ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʠʧʦʚ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ; ʥʘʠʙʦʣʝʝ 

ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥʘ ʢʦʣʣʠʟʠʦʥʥʘʷ "ʩʧʝʮʠʘʣʠʟʘʮʠʠ" ʤʠʦʮʝʥʦʚʦʡ, ʧʝʨʤʩʢʦʡ ʠ ʧʦʟʜʥʝʚʝʥʜʩʢʦ-

ʩʨʝʜʥʝʢʝʤʙʨʠʡʩʢʦʡ ʵʧʦʭ, ʨʠʬʪʦʛʝʥʥʘʷ ï ʩʨʝʜʥʝ-ʧʦʟʜʥʝʜʝʚʦʥʩʢʦʡ ʠ ʩʨʝʜʥʝʤʝʣʦʚʦʡ. 

ɻʝʦʭʠʤʠʯʝʩʢʘʷ çʩʧʝʮʠʘʣʠʟʘʮʠʷè ʵʧʦʭ ʩʦʣʝʥʘʢʦʧʣʝʥʠʷ, ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʚ 

ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʩʚʷʟʠ ʥʝʢʦʪʦʨʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʦʚ ʩʦʣʝʥʦʩʥʦʩʪʠ ʩ ʪʝʤʠ ʠʣʠ ʠʥʳʤʠ 

ʵʧʦʭʘʤʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʦ ʤʥʦʛʦʤ ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʠʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ çʩʧʝʮʠʘʣʠʟʘʮʠʝʡè; 

ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʘ ʩʫʣʴʬʘʪʥʦ-ʢʘʣʠʝʚʘʷ çʩʧʝʮʠʘʣʠʟʘʮʠʷè ʢʦʣʣʠʟʠʦʥʥʳʭ ʤʠʦʮʝʥʦʚʦʡ, 

ʧʝʨʤʩʢʦʡ ʠ ʚʦʟʤʦʞʥʦ ʧʦʟʜʥʝʚʝʥʜʩʢʦ-ʩʨʝʜʥʝʢʝʤʙʨʠʡʩʢʦʡ ʵʧʦʭ ʠ ʭʣʦʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʘʷ ï 

ʨʠʬʪʦʛʝʥʥʦʡ ʩʨʝʜʥʝʤʝʣʦʚʦʡ. 

ʋʥʘʩʣʝʜʦʚʘʥʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʩʦʣʝʥʦʩʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʲʝʢʪʘʤ ʙʦʣʝʝ 

ʨʘʥʥʠʭ ʛʝʥʝʨʘʮʠʡ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʦʣʠʮʠʢʣʠʯʥʦʩʪʴʶ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʧʨʦʷʚʣʷʝʪʩʷ 

ʚ ʤʥʦʛʦʫʨʦʚʝʥʥʦʩʪʠ ʛʘʣʦʛʝʥʝʟʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʣʝʥʦʩʥʳʭ ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʦʚ ʚ ʙʦʣʴʰʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʦʪʨʘʞʘʶʪ ʠʭ. ʋʩʪʦʡʯʠʚʘʷ ʢʦʨʨʝʣʷʮʠʷ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʩʦʣʝʥʦʩʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠ ʧʨʦʷʚʣʝʥʠʷʤʠ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʢʘʢ ʚʟʘʠʤʥʳʝ ʠʥʜʠʢʘʪʦʨʳ. ʉ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʚʦʟʨʘʩʪʥʳʝ ʰʢʘʣʳ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ (ʛʣʦʙʘʣʴʥʳʭ, ʨʝʛʠʦʥʘʣʴʥʳʭ) ʠ ʧʦʵʪʘʧʥʳʝ 

ʢʘʨʪʠʥʳ ʨʘʟʤʝʱʝʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʟʦʥ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʨʠʝʥʪʠʨʘʤʠ ʧʨʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʫʨʦʚʥʝʡ ʠ ʟʦʥ ʚʝʨʦʷʪʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʩʦʣʝʥʦʩʥʳʭ ʪʝʣ ʠ ʩʦʧʨʷʞʝʥʥʳʭ ʩ 

ʥʠʤʠ ʦʙʨʘʟʦʚʘʥʠʡ. ʉ ʜʨʫʛʦʡ ï ʰʢʘʣʳ ʛʘʣʦʛʝʥʥʳʭ ʩʦʙʳʪʠʡ ʠ ʧʘʣʝʦʢʘʨʪʠʥʳ ʠʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʠʥʜʠʢʘʪʦʨʦʚ ʫʨʦʚʥʝʡ ʠ ʟʦʥ ʧʨʦʷʚʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʮʝʣʝʡ ʨʝʛʠʦʥʘʣʴʥʦʡ ʠ ʤʝʞʨʝʛʠʦʥʘʣʴʥʦʡ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʢʦʨʨʝʣʷʮʠʠ.  

ʂʘʞʜʳʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʡ ʪʠʧ ʩʦʣʝʥʦʩʥʦʛʦ ʙʘʩʩʝʡʥʘ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʠ ʜʦʚʦʣʴʥʦ 

ʫʩʪʦʡʯʠʚʳʝ ʩʦʯʝʪʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʚʝʱʝʩʪʚʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʘʢ ʩʦʙʩʪʚʝʥʥʦ ʩʦʣʝʥʦʩʥʳʭ, 

ʪʘʢ ʠ ʩʦʧʨʷʞʝʥʥʳʭ ʥʝʩʦʣʝʥʦʩʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʠʥʜʠʢʘʪʦʨʘʤʠ 

ʧʘʣʝʦʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʠ ʧʦʷʩʦʚ. ɺʤʝʩʪʝ ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 

ʦʩʥʦʚʫ, ʧʨʠʛʦʜʥʫʶ ʜʣʷ ʨʝʰʝʥʠʷ ʨʷʜʘ ʧʨʷʤʳʭ ʠ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ ʧʘʣʝʦʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʥʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦ ʠʟʫʯʝʥʥʳʤ ʧʨʠʟʥʘʢʘʤ 

ʩʦʣʝʥʦʩʥʳʭ ʙʘʩʩʝʡʥʦʚ ʦʧʦʟʥʘʚʘʪʴ ʠʣʠ ʭʦʪʷ ʙʳ ʥʘʤʝʯʘʪʴ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʪʠʧʳ 
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ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʠʭ ʦʙʩʪʘʥʦʚʦʢ, ʘ ʩ ʜʨʫʛʦʡ ï ʚ ʫʞʝ ʦʧʦʟʥʘʥʥʳʭ ʪʠʧʘʭ ʦʙʩʪʘʥʦʚʦʢ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʢʘʢ ʩʘʤʦ ʥʘʣʠʯʠʝ (ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ) ʩʦʣʝʥʦʩʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʪʘʢ ʠ ʠʭ 

ʚʝʨʦʷʪʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʦʩʦʙʝʥʥʦʩʪʠ.  

ʉʦʣʝʥʦʩʥʳʝ ʙʘʩʩʝʡʥʳ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʢʨʫʧʥʳʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʙʣʦʢʦʚ, ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʦʢʝʘʥʠʯʝʩʢʠʭ ʙʘʩʩʝʡʥʦʚ. ʅʘʧʨʠʤʝʨ, ʤʝʟʦʟʦʡʩʢʠʝ ʩʦʣʝʥʦʩʥʳʝ 

ʙʘʩʩʝʡʥʳ, ʦʙʨʘʟʫʶʱʠʝ ʛʨʘʥʜʠʦʟʥʦʝ ʎʠʨʢʫʤʘʪʣʘʥʪʠʯʝʩʢʦʝ ʧʨʝʨʳʚʠʩʪʦʝ ʩʦʣʷʥʦʝ ʢʦʣʴʮʦ, 

ʦʧʦʷʩʳʚʘʶʱʝʝ ʦʢʨʘʠʥʳ ʤʦʣʦʜʦʛʦ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ ʚʜʦʣʴ ɸʬʨʠʢʠ, ɽʚʨʦʧʳ, ʉʝʚʝʨʥʦʡ ʠ 

ʖʞʥʦʡ ɸʤʝʨʠʢ, ʯʝʪʢʦ ʬʠʢʩʠʨʫʶʪ ʬʘʟʳ ʨʘʩʢʨʳʪʠʷ ɸʪʣʘʥʪʠʢʠ. ɼʚʫʤ ʛʣʘʚʥʳʤ ʠʟ ʥʠʭ ï 

ʪʨʠʘʩʦʚʦ-ʶʨʩʢʦʡ ʠ ʩʨʝʜʥʝʤʝʣʦʚʦʡ ï ʧʦ ʦʙʝʠʤ ʩʪʦʨʦʥʘʤ ʦʢʝʘʥʘ ʦʪʚʝʯʘʶʪ ʜʚʘ ʩʦʣʝʥʦʩʥʳʭ 

ʧʦʣʫʢʦʣʴʮʘ: ʚ ʩʝʚʝʨʥʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʝʛʦ ʯʘʩʪʷʭ ʠʟ ʪʨʠʘʩʦʚʦ-ʶʨʩʢʠʭ ʩʦʣʝʡ, ʘ ʚ ʶʞʥʦʡ ï ʠʟ 

ʤʝʣʦʚʳʭ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʥʳʥʝ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʦʢʝʘʥʘ ʦʢʘʟʘʣʠʩʴ ʯʘʩʪʠ ʨʘʥʝʝ ʝʜʠʥʳʭ 

ʩʦʣʝʥʦʩʥʳʭ ʙʘʩʩʝʡʥʦʚ. ʆʩʦʙʝʥʥʦ ʧʦʢʘʟʘʪʝʣʴʥʳ ʜʚʝ ʩʠʩʪʝʤʳ ʶʞʥʳʭ ʩʦʣʝʥʦʩʥʳʭ ʙʘʩʩʝʡʥʦʚ ï 

ɺʦʩʪʦʯʥʦ-ɹʨʘʟʠʣʴʩʢʘʷ ʠ ɿʘʧʘʜʥʦ-ɸʬʨʠʢʘʥʩʢʘʷ, ʚʤʝʱʘʶʱʠʝ ʩʨʝʜʥʝʤʝʣʦʚʳʝ ʩʦʣʠ 

ʫʥʠʢʘʣʴʥʦʛʦ ʪʘʭʛʠʜʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʯʪʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʦʯʝʥʴ ʚʝʩʢʠʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʙʳʣʦʛʦ ʝʜʠʥʩʪʚʘ ʢʘʢ ʵʪʠʭ ʩʦʣʝʥʦʩʥʳʭ ʙʘʩʩʝʡʥʦʚ, ʪʘʢ ʠ ʩʘʤʠʭ ʤʘʪʝʨʠʢʦʚ, ʥʳʥʝ 

ʨʘʟʦʙʱʝʥʥʳʭ ʦʢʝʘʥʦʤ. 

ʇʨʦʩʣʝʞʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʩʦʣʝʥʦʩʥʳʭ ʙʘʩʩʝʡʥʦʚ 

ʷʚʣʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʠʪʦʛʦʤ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʦʙʦʙʱʝʥʠʷ ʠ ʘʥʘʣʠʟʘ. ɼʣʷ ʠʭ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʦʙʲʷʩʥʝʥʠʷ ʧʨʝʜʣʦʞʝʥʘ ʠ ʦʙʦʩʥʦʚʘʥʘ ʨʝʛʝʥʝʨʘʮʠʦʥʥʘʷ (ʠʣʠ çʨʝʛʝʥʝʨʘʮʠʦʥʥʦ-ʦʩʘʜʦʯʥʘʷè) 

ʤʦʜʝʣʴ [1, 2]. ɺ ʢʘʯʝʩʪʚʝ ʚʝʜʫʱʝʛʦ ʬʘʢʪʦʨʘ ʩʦʣʝʥʘʢʦʧʣʝʥʠʷ ʤʦʜʝʣʴ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʠʥʠʮʠʠʨʫʝʤʳʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʨʦʮʝʩʩʳ ʛʣʫʙʠʥʥʦʡ ʨʝʤʦʙʠʣʠʟʘʮʠʠ 

ʧʦʛʨʝʙʝʥʥʳʭ ʨʘʩʩʦʣʴʥʦ-ʩʦʣʷʥʳʭ ʤʘʩʩ, ʠʭ ʚʦʩʭʦʜʷʱʝʡ ʨʘʟʛʨʫʟʢʠ ʚ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ 

ʙʘʩʩʝʡʥʳ ʠ ʚʢʣʶʯʝʥʠʷ ʚ ʥʦʚʳʝ ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʮʠʢʣʳ. ʄʦʜʝʣʴ ʥʘʤʝʯʘʝʪ ʘʜʝʢʚʘʪʥʦʝ 

ʪʦʣʢʦʚʘʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ʤʝʞʜʫ ʧʨʦʷʚʣʝʥʠʷʤʠ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʦʣʝʥʘʢʦʧʣʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ 

ʩʝʨʴʝʟʥʦ ʫʩʠʣʠʣʠ ʬʘʢʪʦʣʦʛʠʯʝʩʢʫʶ ʙʘʟʫ ʨʝʛʝʥʝʨʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ [3]. 
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ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʫʢʘ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʧʫʪʠ ʪʨʘʥʩʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ 

ʨʘʟʥʦʧʣʘʥʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʕʪʦ ʥʘʭʦʜʠʪ ʨʝʘʣʠʟʘʮʠʶ ʚ ʨʘʤʢʘʭ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʠʨʦʚʠʜʝʥʠʷ ʠ NBICS-

ʢʦʥʚʝʨʛʝʥʮʠʠ, ʘ ʪʘʢʞʝ ʚ ʧʦʥʷʪʠʠ ʵʥʜʦʬʠʟʠʢʠ (ʬʠʟʠʢʠ çʠʟʥʫʪʨʠè). ɺʩʝ ʵʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ 

(ʘ ʦʪʯʘʩʪʠ ʫʞʝ ʠ ʚʥʝʜʨʷʶʪʩʷ) ʚ ʦʙʣʘʩʪʠ ʥʘʫʢ ʦ ɿʝʤʣʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ 

ʚʨʝʤʝʥʝʤ. ʅʘ ʧʝʨʚʳʡ ʧʣʘʥ ʟʜʝʩʴ ʤʦʞʝʪ ʚʳʡʪʠ ʵʥʜʦʣʠʪʦʣʦʛʠʷ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʘʷ ʚʟʛʣʷʜ ʥʘ ʦʢʨʫʞʘʶʱʠʡ ʤʠʨ 

ʚ ʝʛʦ ʵʚʦʣʶʮʠʠ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ ʤʝʞʜʫ ʧʨʦʰʣʳʤ ʠ ʙʫʜʫʱʠʤ, ʚ ʝʜʠʥʩʪʚʝ ʞʠʚʦʡ ʠ ʥʝʞʠʚʦʡ ʧʨʠʨʦʜʳ. 

 

ɺ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʩ ʥʝʜʘʚʥʠʭ ʧʦʨ ʫʢʨʝʧʠʣʦʩʴ ʧʦʥʷʪʠʝ ʵʥʜʦʬʠʟʠʢʘ 

(endophysics), ʚ ʙʫʢʚʘʣʴʥʦʤ ʩʤʳʩʣʝ ʦʟʥʘʯʘʶʱʝʝ çʬʠʟʠʢʘ ʠʟʥʫʪʨʠè. ʆʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʳʯʥʦʡ, ʪʨʘʜʠʮʠʦʥʥʦʡ çʵʢʟʦʬʠʟʠʢʠè, ʚ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ 

çʠʟʚʥʝè, ʩʦ ʩʪʦʨʦʥʳ ʥʘʙʣʶʜʘʪʝʣʷ. ʉʘʤ ʪʝʨʤʠʥ çʵʥʜʦʬʠʟʠʢʘè ʧʦʷʚʠʣʩʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʝ ʚ 

ʢʦʥʮʝ 1980-ʭ ʛʦʜʦʚ ʙʣʘʛʦʜʘʨʷ ʨʘʙʦʪʘʤ ʥʝʤʝʮʢʦʛʦ ʭʠʤʠʢʘ-ʪʝʦʨʝʪʠʢʘ ʆʪʪʦ ʈʸʩʩʣʝʨʘ [8]. 

ɼʦʣʞʥʘʷ ʦʮʝʥʢʘ ʝʛʦ ʪʨʫʜʦʚ ʧʦʣʫʯʝʥʘ ʧʦʟʜʥʝʝ ʠ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: çEndophysics is a gift to the world of the 21st century by one outstanding scientistè ï 

çʕʥʜʦʬʠʟʠʢʘ ʝʩʪʴ ʜʘʨ ʤʠʨʫ 21 ʩʪʦʣʝʪʠʷ ʦʪ ʚʳʜʘʶʱʝʛʦʩʷ ʫʯʝʥʦʛʦè [9]. ʇʦʥʷʪʠʷ ʵʥʜʦʬʠʟʠʢʠ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʦʤ ʜʦʩʪʘʪʦʯʥʦ ʧʨʠʩʪʘʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʠ ʩʦ ʩʪʦʨʦʥʳ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʢʦʛʥʠʪʠʚʥʦ-ʬʠʣʦʩʦʬʩʢʦʤ ʢʣʶʯʝ. ʆʩʦʙʦ 

ʚʳʜʝʣʠʤ ʟʜʝʩʴ ʨʘʙʦʪʫ ɸ.ʃ.ɸʣʶʰʠʥʘ ʠ ɽ.ʅ.ʂʥʷʟʝʚʦʡ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʩʤʦʪʨʝʥʘ ʢʘʢ ʠʩʪʦʨʠʷ 

ʚʦʧʨʦʩʘ, ʪʘʢ ʠ ʝʛʦ ʩʦʩʪʦʷʥʠʝ [2]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʜʚʫʭ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʠ ʩʫʱʥʦʩʪʥʳʭ 

ʧʦʟʠʮʠʷʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʵʥʜʦʬʠʟʠʢʫ [4]. 1. ɺ ʥʝʡ ʤʦʜʝʣʠʨʫʝʪʩʷ ʢʘʢ ʚʥʝʰʥʠʡ 

(ʦʢʨʫʞʘʶʱʠʡ) ʤʠʨ, ʪʘʢ ʠ ʝʛʦ ʥʘʙʣʶʜʘʪʝʣʴ, ʚ ʘʢʪʠʚʥʦ ʤʝʥʷʶʱʝʡʩʷ, ʚ ʪ. ʯ. 

ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʝʡʩʷ, ʚʟʘʠʤʦʩʚʷʟʠ. 2. ɽʜʠʥʩʪʚʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʴʶ, ʩ ʢʦʪʦʨʦʡ ʠʤʝʝʪ ʜʝʣʦ 

ʥʘʙʣʶʜʘʪʝʣʴ, ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʬʝʡʩ (interface) ʤʝʞʜʫ ʥʠʤ ʠ ʠʩʩʣʝʜʫʝʤʳʤ ʦʙʲʝʢʪʦʤ ʚ 

ʦʢʨʫʞʘʶʱʝʤ ʤʠʨʝ. 

ʇʝʨʚʘʷ ʧʦʟʠʮʠʷ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʧʦʥʷʪʠʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ (self-organization), 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʶʱʠʤʩʷ ʢʣʶʯʝʚʳʤ ʠ ʜʣʷ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʠʨʦʚʠʜʝʥʠʷ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ 

ʟʜʝʩʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʝʨʝʣʦʤʥʳʝ ʤʦʤʝʥʪʳ ʠʣʠ ʢʨʠʪʠʯʝʩʢʠʝ ʪʦʯʢʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʨʘʤʢʘʭ 

ʪʝʦʨʠʠ ʩʘʤʦʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʢʨʠʪʠʯʥʦʩʪʠ ʠʣʠ ʉʆʂ [5]. ʂʩʪʘʪʠ, ʦʩʥʦʚʳ ʪʝʦʨʠʠ ʉʆʂ ʠʟʣʦʞʝʥʳ 
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ʥʘ ʧʨʠʤʝʨʝ ʫʛʦʣʢʘ ʩ ʧʝʩʢʦʤ, ʚ ʢʦʪʦʨʳʡ ʧʦ ʧʝʩʯʠʥʢʝ ʧʦʩʪʫʧʘʝʪ ʥʦʚʳʡ ʤʘʪʝʨʠʘʣ (ʥʘʣʠʮʦ ʧʨʷʤʦʝ 

ʩʭʦʜʩʪʚʦ ʩ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʦʤ). ɺʪʦʨʘʷ ʞʝ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʥʥʦ 

ʜʣʷ ʛʝʦʣʦʛʠʠ, ʛʣʘʚʥʘʷ ʩʧʝʮʠʬʠʢʘ ʢʦʪʦʨʦʡ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʩʦʙʦʤ, ʛʝʦʣʦʛʠʯʝʩʢʦʤ 

ʚʨʝʤʝʥʠ. ʇʦʩʣʝʜʥʝʝ ʥʝ ʩʚʦʜʠʪʩʷ ʢ ʦʙʳʯʥʦʤʫ (ʢʘʣʝʥʜʘʨʥʦʤʫ) ʠʣʠ ʬʠʟʠʯʝʩʢʦʤʫ ʚʨʝʤʝʥʠ ʚ 

ʢʣʘʩʩʠʯʝʩʢʦʤ (ʥʴʶʪʦʥʦʚʩʢʦʤ) ʩʤʳʩʣʝ, ʠʤʝʷ ʩʦʙʩʪʚʝʥʥʫʶ ʰʢʘʣʫ. ʊʝʤ ʩʘʤʳʤ ʛʝʦʣʦʛʠʷ, ʠ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʣʠʪʦʣʦʛʠʷ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʯʝʥʴ ʩʧʝʮʠʘʣʴʥʦʛʦ ʠ ʪʝʤ ʩʘʤʳʤ ʦʩʦʙʝʥʥʦ 

ʚʘʞʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ çʪʝʧʝʨʴ ï Nowè, ʚʚʝʜʝʥʥʦʛʦ ʝʱʝ 

ɸʨʠʩʪʦʪʝʣʝʤ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ çʢʨʘʡʥʝʛʦ ʧʨʝʜʝʣʘ ʧʨʦʰʝʜʰʝʛʦ, ʟʘ ʢʦʪʦʨʳʤ ʥʝʪ ʝʱʝ ʙʫʜʫʱʝʛʦ, 

ʠ ʦʙʨʘʪʥʦ, ʧʨʝʜʝʣʘ ʙʫʜʫʱʝʛʦ, ʟʘ ʢʦʪʦʨʳʤ ʥʝʪ ʫʞʝ ʧʨʦʰʝʜʰʝʛʦè [3, ʩ. 120]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʫʪʨʝʥʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʥʷʪʠʷ çʪʝʧʝʨʴ ï Nowè ʧʨʠʦʙʨʝʪʘʝʪ 

ʚʨʝʤʝʥʥʳʝ ʢʦʥʪʫʨʳ ʠʤʝʥʥʦ ʚ ʨʘʤʢʘʭ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ. (ʅʘʧʦʤʥʠʤ ʠʟʚʝʩʪʥʦʝ ʚ ʩʨʝʜʝ 

ʛʝʦʣʦʛʦʚ ʧʨʠʩʣʦʚʴʝ ʦ ʪʦʤ, ʯʪʦ çʤʠʣʣʠʦʥ-ʜʨʫʛʦʡ ʣʝʪ ʪʫʜʘ ʠʣʠ ʩʶʜʘ ʥʠʯʝʛʦ ʥʝ ʟʥʘʯʘʪè.) ʉ ʵʪʠʭ 

ʧʦʟʠʮʠʡ çʥʫʣʝʚʦʡè ʠʥʪʝʨʬʝʡʩ ʵʢʟʦʬʠʟʠʢʠ, ʯʪʦ ʚ ʛʝʦʣʦʛʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʥʠʷʤ ʦ 

ʩʦʚʨʝʤʝʥʥʳʭ (ʵʢʟʦʛʝʥʥʳʭ) ʧʨʦʮʝʩʩʘʭ, ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʚʝʨʥʫʪ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʠ 

ʧʦʜʣʝʞʘʱʫʶ ʩʧʝʮʠʘʣʴʥʦʤʫ ʠʟʫʯʝʥʠʶ ʠʩʪʦʨʠʶ. ʉʦʙʩʪʚʝʥʥʦ ʵʪʠʤ ʠ ʟʘʥʠʤʘʶʪʩʷ ʛʝʦʣʦʛʠʷ ʚ 

ʮʝʣʦʤ ʠ ʣʠʪʦʣʦʛʠʷ ʚ ʯʘʩʪʥʦʩʪʠ. 

ɸʢʩʠʦʤʘʪʠʯʥʦ, ʯʪʦ ʠʤʝʥʥʦ ʣʠʪʦʣʦʛʠʷ ʠʟʫʯʘʝʪ ʦʪʣʦʞʝʥʠʷ, ʢ ʢʦʪʦʨʳʤ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʠʤʝʥʠʤʳ ʟʥʘʥʠʷ ʦ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʥʮʠʧʝ 

ʘʢʪʫʘʣʠʟʤʘ. ɹʦʣʝʝ ʪʦʛʦ, ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʥʝʩʫʪ ʩʣʝʜʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʤʦʚ, 

ʥʘʩʝʣʷʚʰʠʭ ʥʝʢʦʛʜʘ ɿʝʤʣʶ, ʧʨʠʯʝʤ ʥʝʨʝʜʢʦ ï ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʙʘʟʫ 

ʛʝʦʣʦʛʠʠ ʛʦʨʶʯʠʭ ʠʩʢʦʧʘʝʤʳʭ. ʉʫʤʤʠʨʫʷ ʵʪʠ ʧʦʣʦʞʝʥʠʷ, ʤʦʞʥʦ ʫʚʝʨʝʥʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ 

ʣʠʪʦʣʦʛʠʷ ʚʧʦʣʥʝ ʤʦʞʝʪ ʷʚʠʪʴʩʷ ʦʙʲʝʢʪʦʤ ʜʣʷ ʘʧʨʦʙʘʮʠʠ ʥʝʢʣʘʩʩʠʯʝʩʢʦʡ ʧʘʨʘʜʠʛʤʳ, 

ʠʟʥʘʯʘʣʴʥʦ ʩʚʦʡʩʪʚʝʥʥʦʡ ʧʨʠʨʦʜʝ, ʥʦ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʦʩʦʟʥʘʚʘʝʤʦʡ ʙʦʣʴʰʠʥʩʪʚʦʤ ʛʝʦʣʦʛʦʚ. 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʵʪʦ ʚʳʛʣʷʜʠʪ ʪʘʢ. çɺʠʨʪʫʘʣʴʥʳʡ ʥʘʙʣʶʜʘʪʝʣʴ ʚʳʩʪʫʧʘʝʪ ʢʘʢ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʡ ʵʣʝʤʝʥʪ ʤʳʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʥʠʷ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʩʪʨʦʷʪʩʷ 

ʚʠʨʪʫʘʣʴʥʳʝ ʨʝʘʣʴʥʦʩʪʠ ʠ ʮʝʣʦʩʪʥʳʝ ʤʠʨʳ ʧʦ ʧʨʠʥʮʠʧʫ, ʢʘʢ ʝʩʣʠ ʙʳ ʥʝʯʪʦ ʚʦʦʙʨʘʞʘʝʤʦʝ ʠʣʠ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʙʳʣʦ ʨʝʘʣʴʥʳʤ, ʘ ʥʝʜʦʩʪʫʧʥʦʝ ʥʦʨʤʘʣʴʥʦʤʫ ʯʝʣʦʚʝʯʝʩʢʦʤʫ ʚʦʩʧʨʠʷʪʠʶ ï 

ʟʨʠʤʳʤ ʠ ʦʩʷʟʘʝʤʳʤè [2, ʩ. 11]. ʇʨʦʮʝʩʩʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ, 

ʧʨʠʯʝʤ ʥʝʢʦʪʦʨʳʡ çʠʩʪʦʯʥʠʢè ʚʧʦʣʥʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʨʝʘʣʴʥʘʷ ʠʩʪʦʨʠʷ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ɿʝʤʣʠ. 

ʀʟʣʦʞʝʥʥʳʝ ʩʚʝʜʝʥʠʷ ʚʧʦʣʥʝ ʤʦʛʫʪ ʷʚʠʪʴʩʷ ʥʝʢʦʪʦʨʳʤ ʪʦʣʯʢʦʤ ʠʣʠ ʞʝ çʤʦʩʪʠʢʦʤè 

ʜʣʷ ʧʦʜʚʢʣʶʯʝʥʠʷ ʥʘʫʢ ʦ ɿʝʤʣʝ ʚ ʦʙʱʫʶ ʩʠʩʪʝʤʫ NBICS-ʢʦʥʚʝʨʛʝʥʮʠʠ, ʥʘʟʚʘʥʥʦʡ ʪʘʢ ʧʦ 

ʧʝʨʚʳʤ ʙʫʢʚʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʣʘʩʪʝʡ ʟʥʘʥʠʷ (N ï ʥʘʥʦ, B ï ʙʠʦ, I ï ʠʥʬʦ, C ï ʢʦʛʥʠʪʦ, S 

ï ʩʦʮʠʦ) [6] ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʨʘʥʩʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʩʪʨʘʪʝʛʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʂ ʩʦʞʘʣʝʥʠʶ, 

ʩʣʝʜʫʝʪ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʫʢʠ ʦ ɿʝʤʣʝ ʥʘʭʦʜʷʪʩʷ, ʦʙʨʘʟʥʦ ʨʘʩʩʫʞʜʘʷ, 

Ë 
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çʥʘ ʦʙʦʯʠʥʝè ʵʪʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʦʛʨʦʤʥʳʡ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ʅʝ 

ʦʩʪʘʥʘʚʣʠʚʘʷʩʴ ʥʘ ʜʝʪʘʣʴʥʦʤ ʦʙʩʫʞʜʝʥʠʠ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʦʡ ʚ ʥʘʰʝʡ 

ʨʘʙʦʪʝ [1], ʧʦʧʨʦʙʫʝʤ ʜʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʵʥʜʦʣʠʪʦʣʦʛʠʠ ʢʘʢ ʚʦʟʤʦʞʥʦʛʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʪʘʧʘ 

ʨʘʟʚʠʪʠʷ ʣʠʪʦʣʦʛʠʠ, ʩʧʦʩʦʙʥʦʛʦ ʜʘʪʴ ʦʪʚʝʪʳ ʥʘ ʨʷʜ ʚʳʟʦʚʦʚ ʩʦ ʩʪʦʨʦʥʳ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʥʘʫʢʠ ʚ ʮʝʣʦʤ. 

  
ʈʠʩʫʥʦʢ 1 - ʄʦʜʝʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʝʨʝʜʘʯʠ ʘʥʦʤʘʣʴʥʦʡ  

(Anomalous) ʠʥʬʦʨʤʘʮʠʠ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʶʱʝʡʩʷ ʦʪ ʦʙʳʯʥʦʛʦ, 

ʥʦʨʤʘʣʴʥʦʛʦ (Normal) ʩʧʦʩʦʙʘ [7]:  

ʉ (conscious mind) ï ʩʦʟʥʘʪʝʣʴʥʘʷ ʤʝʥʪʘʣʴʥʦʩʪʴ; T (tangible 

physical world) ï ʦʩʷʟʘʝʤʳʡ ʬʠʟʠʯʝʩʢʠʡ ʤʠʨ; U (unconscious) ï 

ʙʝʩʩʦʟʥʘʪʝʣʴʥʘʷ ʤʝʥʪʘʣʴʥʦʩʪʴ, ʧʦʜʩʦʟʥʘʥʠʝ; I (intangible substrate) ï 

ʥʝʤʘʪʝʨʠʘʣʴʥʘʷ ʦʩʥʦʚʘ; S (çSourceè) ï ʪʨʘʥʩʮʝʥʜʝʥʪʘʣʴʥʳʡ 

ʢʦʩʤʠʯʝʩʢʠʡ çʀʩʪʦʯʥʠʢè 

 

 

 

 

 

 

ʕʥʜʦʣʠʪʦʣʦʛʠʷ ï ʵʪʦ ʣʠʪʦʣʦʛʠʷ (ʥʘʫʢʘ ʦʙ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ) çʠʟʥʫʪʨʠè, ʛʣʘʟʘʤʠ 

ʥʘʙʣʶʜʘʪʝʣʷ, ʧʨʠʩʫʪʩʪʚʫʶʱʝʛʦ ʚ ʥʘʙʣʶʜʘʝʤʦʤ. ʆʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʤʫ 

ʤʠʨʦʚʠʜʝʥʠʶ, ʙʘʟʠʨʫʶʱʝʤʫʩʷ ʥʘ ʧʨʠʦʨʠʪʝʪʝ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ, ʠ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʟʛʣʷʜ ʥʘ ʦʢʨʫʞʘʶʱʠʡ ʤʠʨ ʚ ʝʛʦ ʵʚʦʣʶʮʠʠ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ ʤʝʞʜʫ 

ʩʦʩʪʦʷʚʰʠʤʩʷ ʧʨʦʰʣʳʤ ʠ ʧʨʝʜʩʢʘʟʫʝʤʳʤ ʙʫʜʫʱʠʤ, ʚ ʝʜʠʥʩʪʚʝ ʞʠʚʦʡ ʠ ʥʝʞʠʚʦʡ ʧʨʠʨʦʜʳ. 
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ʅʘ ʦʩʥʦʚʝ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠ ʠʟʦʪʦʧʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʥʦ ʨʘʟʣʠʯʠʝ  ʭʠʨʥʘʥʪʩʢʠʭ 

ʦʪʣʦʞʝʥʠʡ ʥʘ ʇʨʠʧʦʣʷʨʥʦʤ ʋʨʘʣʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʚʥʝʰʥʶʶ ʠ ʚʥʫʪʨʝʥʥʶʶ ʟʦʥʳ ʦʢʨʘʠʥʳ ʢʘʨʙʦʥʘʪʥʦʡ 

ʧʣʘʪʬʦʨʤʳ ʠ ʦʪʨʘʞʘʶʱʠʭ ʝʝ ʩʣʦʞʥʦʝ ʪʝʢʪʦʥʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ. 

 

ɿʘʢʣʶʯʠʪʝʣʴʥʘʷ ʬʘʟʘ ʧʦʟʜʥʝʦʨʜʦʚʠʢʩʢʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ʥʘ ɻʦʥʜʚʘʥʝ ʧʦʜ ʥʘʟʚʘʥʠʝʤ 

çʭʠʨʥʘʥʪʩʢʘʷè ʧʨʦʷʚʠʣʘʩʴ ʚ ʨʝʟʢʦʡ ʧʝʨʪʫʨʙʘʮʠʠ ʙʝʥʪʦʩʥʳʭ ʠ ʧʝʣʘʛʠʯʝʩʢʠʭ ʩʦʦʙʱʝʩʪʚ, 

ʠʟʤʝʥʝʥʠʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʠ ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʦʚ ʠ ʭʘʨʘʢʪʝʨʝ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʯʪʦ 

ʦʪʨʘʞʝʥʦ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʠʟ ʨʘʟʥʳʭ ʨʝʛʠʦʥʦʚ ʤʠʨʘ. ʕʪʠ ʬʘʢʪʳ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʪʦʤʫ, ʯʪʦ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʩʭʝʤʝ, ʘ ʧʦʟʜʥʝʝ ʠ ʚ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ (2008), ʥʘ ʛʨʘʥʠʮʝ ʩ ʩʠʣʫʨʦʤ ʚʳʜʝʣʝʥ ʭʠʨʥʘʥʪʩʢʠʡ ʷʨʫʩ. ʉʨʘʚʥʝʥʠʝ ʨʘʟʨʝʟʦʚ 

ʩʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ ʠ ʨʘʟʨʝʟʦʚ ʩ ʣʝʜʥʠʢʦʚʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʚ ʄʘʨʦʢʢʦ ʠ ɸʨʛʝʥʪʠʥʝ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʛʣʘʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʤʦʨʷ ʚ ʭʠʨʥʘʥʪʩʢʦʤ ʚʝʢʝ ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʛʣʷʮʠʦʵʚʩʪʘʪʠʯʝʩʢʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ  [6].  

ɺ ʉʝʚʝʨʦʫʨʘʣʴʩʢʦʤ ʨʝʛʠʦʥʝ ʜʦʩʪʦʚʝʨʥʦ ʭʠʨʥʘʥʪʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚ 

ʨʘʟʨʝʟʘʭ ʇʨʠʧʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʧʦ ʠʟʦʪʦʧʥʳʤ ʠ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ [2] ʠ ʣʠʪʦʣʦʛʦ-

ʧʘʣʝʦʵʢʦʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ [4]. ɺ ʙʘʩʩʝʡʥʝ ʨ. ʂʦʞʳʤ ʠʟʫʯʝʥʥʳʝ ʨʘʟʨʝʟʳ ʭʠʨʥʘʥʪʘ 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 30 ʢʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʚʳʜʝʣʠʪʴ ʚ ʨʘʡʦʥʝ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ʭʨʝʙʪʘ ɺʦʩʪʦʯʥʳʝ ʉʘʣʝʜʳ ʟʘʧʘʜʥʳʡ ʪʠʧ ʨʘʟʨʝʟʘ, ʘ ʚ ʨʘʡʦʥʝ  

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ʭʨʝʙʪʘ ʄʘʣʜʳʥʳʨʜ -  ʚʦʩʪʦʯʥʳʡ ʪʠʧ. ɺ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʦʤ 

ʧʣʘʥʝ ʧʝʨʚʳʡ ʪʠʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʪʣʦʞʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʟʦʥʳ, ʘ ʚʪʦʨʦʡ ð ʚʥʝʰʥʝʡ ʟʦʥʳ 

ʦʢʨʘʠʥʳ ʢʘʨʙʦʥʘʪʥʦʛʦ ʰʝʣʴʬʘ.  

ɺʦʩʪʦʯʥʳʡ ʪʠʧ ʨʘʟʨʝʟʘ ʭʠʨʥʘʥʪʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʙʘʜʴʷʰʦʨʩʢʦʡ ʠ 

ʢʘʤʝʥʥʦʙʘʙʩʢʦʡ ʩʚʠʪʘʤʠ [1]. ɹʘʜʲʷʰʦʨʩʢʘʷ ʩʚʠʪʘ (45-60 ʤ) ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʤʘʩʩʠʚʥʦʛʦ 

ʩʣʦʞʝʥʠʷ ʪʝʤʥʦ-ʩʝʨʳʤʠ ʜʦ ʪʝʤʥʳʭ ʜʦʣʦʤʠʪʦʚʳʤʠ  ʙʨʝʢʯʠʷʤʠ. ɼʘʥʥʳʝ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ [3] ʛʦʚʦʨʷʪ ʦʙ ʘʚʪʦʭʪʦʥʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʢʘʨʙʦʥʘʪʥʳʭ ʙʨʝʢʯʠʡ, ʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʝʦʤʦʨʬʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠ ʠʭ ʥʝʦʜʠʘʛʝʥʝʪʠʯʝʩʢʦʡ ʮʝʤʝʥʪʘʮʠʠ ʚ 
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ʫʩʣʦʚʠʷʭ ʥʘʠʤʝʥʝʝ ʤʦʨʠʩʪʳʭ, ʛʜʝ ʦʱʫʪʠʤʦ ʚʦʟʜʝʡʩʪʚʠʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʩʥʦʩʘ. ʉʦʛʣʘʩʥʦ 

ʧʦʣʫʯʝʥʥʳʤ ʠʟʦʪʦʧʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʢʘʨʙʦʥʘʪʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ (ă): ʚ ʦʙʣʦʤʢʘʭ 

ŭ13ʉPDB = ï2.6é1.8, ŭ18ʆSMOW = 21.4é25.7; ʚ ʟʘʧʦʣʥʠʪʝʣʝ ŭ13ʉPDB = 0.8é1.9, ŭ18ʆSMOW = 

22.3é25.1; ʚ ʮʝʤʝʥʪʘʭ ŭ13ʉPDB = ï0.2é1.8ă, ʘ ŭ18ʆSMOW = 18.4é26.1, ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʢʘʨʙʦʥʘʪʦʚ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʫʩʣʦʚʠʷʭ ʢʦʣʝʙʘʥʠʷ ʩʦʣʝʥʦʩʪʠ ʤʦʨʩʢʠʭ ʚʦʜ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

ʦʧʨʝʩʥʝʥʥʦ-ʩʦʣʦʥʦʚʘʪʦʚʦʜʥʳʭ ʜʦ ʥʦʨʤʘʣʴʥʦ ʩʦʣʝʥʳʭ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʦʙʣʝʛʯʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ 

ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ (ʦʪ 0.3 ʜʦ ï2.6ă) ʠ ʢʠʩʣʦʨʦʜʘ (ʦʪ 26.1 ʜʦ 23.5ă) ʥʘ ʛʨʘʥʠʮʝ ʩ ʧʦʜʩʪʠʣʘʶʱʝʡ 

ʷʧʪʠʢʰʦʨʩʢʦʡ ʩʚʠʪʦʡ ʚʝʨʭʥʝʛʦ ʢʘʪʠʷ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦʙ  ʫʩʠʣʝʥʠʠ ʤʠʢʨʦʙʠʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʥʘʯʘʣʝ ʭʠʨʥʘʥʪʩʢʦʡ ʨʝʛʨʝʩʩʠʠ. ʇʝʨʝʢʨʳʚʘʶʱʠʝ ʤʘʩʩʠʚʥʳʝ ʩʚʝʪʣʦ-ʩʝʨʳʝ 

ʨʠʬʦʛʝʥʥʳʝ ʜʦʣʦʤʠʪʳ ʢʘʤʝʥʥʦʙʘʙʩʢʦʡ ʩʚʠʪʳ (ʜʦ 60 ʤ) ʧʦʢʘʟʳʚʘʶʪ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥ.ʦ. 

(0.7-1.76%) ʠ ʥʝʙʦʣʴʰʠʝ ʚʘʨʠʘʮʠʠ ʠʟʦʪʦʧʥʳʭ ʢʦʵʬʠʮʠʝʥʪʦʚ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ (ă): 

ŭ13ʉPDB = 0.1é0.5, ŭ18ʆSMOW = 23.4..24.5. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʚʥʝʰʥʝʡ ʦʢʨʘʠʥʝ ʢʘʨʙʦʥʘʪʥʦʛʦ 

ʰʝʣʴʬʘ ʚ ʨʘʥʥʝʤ ʭʠʨʥʘʥʪʝ ʧʨʝʦʙʣʘʜʘʣʠ ʫʩʣʦʚʠʷ ʩʫʧʨʘʣʠʪʦʨʘʣʠ, ʩʤʝʥʠʚʰʠʝʩʷ ʚ ʧʦʟʜʥʝʤ 

ʭʠʨʥʘʥʪʝ ʤʝʣʢʦʚʦʜʥʦ-ʤʦʨʩʢʠʤʠ ʦʪʤʝʣʴʥʳʤʠ.  

ɿʘʧʘʜʥʳʡ ʪʠʧ ʨʘʟʨʝʟʘ ʚʳʜʝʣʝʥ ʢʘʢ ʶʥʢʦʰʦʨʩʢʠʝ ʩʣʦʠ [2]. ʆʥ ʪʘʢʞʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ 

ʚʪʦʨʠʯʥʳʤʠ ʜʦʣʦʤʠʪʘʤʠ, ʧʦʜʨʘʟʜʝʣʝʥ ʥʘ ʜʚʝ ʧʘʯʢʠ, ʥʦ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ ʚ ʩʦʩʪʘʚʝ 

ʠ ʤʦʱʥʦʩʪʠ ʦʪ ʚʦʩʪʦʯʥʦʛʦ ʪʠʧʘ. ʇʝʨʚʘʷ ʧʘʯʢʘ ʠʤʝʝʪ ʤʦʱʥʦʩʪʴ 28.1 ʤ, ʚ ʨʘʟʨʝʟʝ ʚʳʜʝʣʷʝʪʩʷ 

ʤʘʩʩʠʚʥʳʤ ʠ ʪʦʣʩʪʦʧʣʠʪʯʘʪʳʤ ʩʣʦʞʝʥʠʝʤ ʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʚʝʪʣʦ-ʩʝʨʳʤ ʠ ʩʝʨʳʤ ʮʚʝʪʦʤ 

ʜʦʣʦʤʠʪʦʚ ʩ ʪʝʥʝʚʳʤʠ ʤʠʢʨʦʢʦʤʢʦʚʘʪʳʤʠ, ʙʠʦʢʣʘʩʪʦʚʳʤʠ, ʙʠʦʤʦʨʬʥʳʤʠ ʚʦʜʦʨʦʩʣʝʚʳʤʠ (?) 

ʠ ʩʛʫʩʪʢʦʚʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ɺʪʦʨʘʷ ʧʘʯʢʘ  ʤʦʱʥʦʩʪʴʶ 13 ʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʣʠʪʯʘʪʳʤʠ ʩʝʨʳʤʠ 

ʜʦʣʦʤʠʪʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʠʜʝʪʴ ʤʠʢʨʦʙʠʘʣʴʥʳʝ (ʩʛʫʩʪʢʦʚʦ-ʢʦʤʢʦʚʘʪʳʝ), ʩʪʨʦʤʘʪʦʣʠʪʦ- 

ʠ ʦʥʢʦʠʜʦʧʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʘʨʙʦʥʘʪʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ  

ʧʦʢʘʟʳʚʘʝʪ ʙʦʣʝʝ ʩʠʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ŭ13ʉPDB = ï0.4é1.8 ă, ŭ18ʆSMOW = 22.6é25.8ă ʚ ʧʦʨʦʜʘʭ 

ʧʝʨʚʦʡ ʧʘʯʢʠ, ʯʝʤ ʚʦ ʚʪʦʨʦʡ: ŭ13ʉPDB = 0.6é2.0ă, ŭ18ʆSMOW = 24.9é26.0ă. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʢʘʨʙʦʥʘʪʳ ʥʠʞʥʝʡ ʧʘʯʢʠ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ 

ʢʦʣʝʙʘʥʠʷ ʩʦʣʝʥʦʩʪʠ ʤʦʨʩʢʠʭ ʚʦʜ ʦʪ ʩʣʘʙʦ ʦʧʨʝʩʥʝʥʥʳʭ ʜʦ ʥʦʨʤʘʣʴʥʦ ʩʦʣʝʥʳʭ, ʘ ʢʘʨʙʦʥʘʪʳ 

ʚʪʦʨʦʡ ʧʘʯʢʠ ï ʚ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʫʩʣʦʚʠʷʭ ʥʦʨʤʘʣʴʥʦ ʩʦʣʝʥʳʭ ʤʦʨʩʢʠʭ ʚʦʜ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʛʨʝʩʩʠʚʥʳʡ ʭʠʨʥʘʥʪʩʢʠʡ ʵʪʘʧ ʦʪʣʦʞʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʟʦʥʳ ʦʢʨʘʠʥʳ 

ʰʝʣʴʬʘ (ʟʘʧʘʜʥʳʡ ʪʠʧ) ʥʝ ʧʦʢʘʟʳʚʘʶʪ ʨʝʟʢʠʭ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʤʦʨʷ ʚ ʨʘʥʥʝʤ ʠ ʧʦʟʜʥʝʤ 

ʭʠʨʘʥʪʝ. ʂʘʨʙʦʥʘʪʳ ʧʝʨʚʦʡ ʧʘʯʢʠ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʦʙʩʪʘʥʦʚʢʘʭ ʙʦʣʝʝ ʧʦʜʚʠʞʥʦʡ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʙʣʠʟʢʦʡ ʢ ʣʠʪʦʨʘʣʴʥʳʤ. ʂʘʨʙʦʥʘʪʳ ʚʪʦʨʦʡ ʧʘʯʢʠ ʩ ʰʠʨʦʢʠʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʩʛʫʩʪʢʦʚʳʭ ʤʠʢʨʦʙʠʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʛʦʚʦʨʷʪ ʦ ʙʦʣʝʝ ʩʧʦʢʦʡʥʦ-ʚʦʜʥʳʭ 

ʦʙʩʪʘʥʦʚʢʘʭ ʥʠʞʥʝʡ ʣʠʪʦʨʘʣʠ. ɺʦʩʪʦʯʥʳʡ ʪʠʧ ʨʘʟʨʝʟʘ, ʥʘʧʨʦʪʠʚ, ʦʪʨʘʞʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʤʦʨʷ ï ʦʪ ʩʫʧʨʘʣʠʪʦʨʘʣʴʥʳʭ ʜʦ ʩʫʙʣʠʪʦʨʘʣʴʥʳʭ ʠ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 
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ʙʦʣʴʰʠʝ ʤʦʱʥʦʩʪʠ. ʈʘʟʣʠʯʠʝ ʦʙʩʪʘʥʦʚʦʢ ʤʦʛʣʦ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʧʘʣʝʦʧʦʜʥʷʪʠʷ 

ʥʘ ʦʢʨʘʠʥʝ ʰʝʣʴʬʘ. 

ɻʣʦʙʘʣʴʥʘʷ ʨʝʛʨʝʩʩʠʷ ʚ ʨʘʥʥʝʤ ʭʠʨʥʘʥʪʝ, ʚʳʟʚʘʚʰʘʷ ʧʦʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʤʦʨʷ ʦʪ 50 ʜʦ 

80 ʤ, ʚʳʚʝʣʘ ʚ ʦʙʣʘʩʪʴ ʵʨʦʟʠʠ ʤʥʦʛʠʝ ʢʘʨʙʦʥʘʪʥʳʝ ʧʣʘʪʬʦʨʤʳ ʩʝʚʝʨʥʦʡ ʛʝʤʠʩʬʝʨʳ [7] ʠ 

ʧʨʠʚʝʣʘ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʨʝʢʯʠʡ, ʢʘʨʩʪʘ, ʩʧʝʣʝʦʪʝʨʤ [8]. ʂʦʨʨʝʣʷʮʠʷ ŭ13C ʧʦ ʨʘʟʨʝʟʘʤ 

ʭʠʨʥʘʥʪʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʧʠʢʘ ʥʘʠʙʦʣʴʰʝʛʦ ʧʦʟʠʪʠʚʥʦʛʦ ʩʤʝʱʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʘʩʠʥʭʨʦʥʥʦ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʨʝʛʠʦʥʘʤʠ [6]. ʃʠʪʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʭʠʨʥʘʥʪʩʢʠʭ 

ʦʪʣʦʞʝʥʠʡ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ ʦʪʨʘʞʘʝʪ ʪʘʢʞʝ ʦʪʣʠʯʠʷ ʚ ʢʨʠʚʳʭ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʤʦʨʷ, 

ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʵʪʠʭ ʨʝʛʠʦʥʦʚ [2]. ʇʦʩʣʝ 

ʦʪʩʪʫʧʣʝʥʠʷ ʧʦʩʣʝʜʥʠʭ ʦʨʜʦʚʠʢʩʢʠʭ ʣʝʜʥʠʢʦʚ ʚ ʉʝʚʝʨʥʦʡ ɸʬʨʠʢʝ ʠ ʖʞʥʦʡ ɸʤʝʨʠʢʝ ʚʩʝ 

ʦʙʣʘʩʪʠ ʰʝʣʴʬʦʚ ʥʘ ʧʘʣʝʦʢʦʥʪʠʥʝʥʪʝ ɹʘʣʪʠʢʘ ʙʳʣʠ ʟʘʪʦʧʣʝʥʳ ʨʫʜʜʘʥʩʢʠʤ ʧʦʚʳʰʝʥʠʝʤ 

ʫʨʦʚʥʷ ʤʦʨʷ [5].   

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ ʋʨʆ ʈɸʅ ˉ15-18-5-47. 
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ʈʘʩʩʤʦʪʨʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦʙ ʠʭʥʦʬʦʩʩʠʣʠʷʭ ʚʝʨʭʥʝʛʦ ʤʝʣʘ-ʧʘʣʝʦʮʝʥʘ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ʂʘʚʢʘʟʘ. 

 

ʀʟʫʯʝʥʠʝ ʠʭʥʦʬʦʩʩʠʣʠʡ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʦʪʣʦʞʝʥʠʡ ʤʝʣʘ-ʧʘʣʝʦʛʝʥʘ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ 

ʂʘʚʢʘʟʘ ʥʘʯʘʣʦʩʴ ʚ 30-ʭ ï 50-ʭ ʛʛ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʨʘʙʦʪʘʤʠ ɺ.ɺ. ɹʦʛʘʯʝʚʘ, ʅ.ɹ. ɺʘʩʩʦʝʚʠʯʘ, ʆ.ʉ. 

ɺʷʣʦʚʘ. ɺ 2012-2014 ʛʛ ʥʘʤʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʩʦʩʪʘʚʝ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʩʤʝʥʳ 

ʠʭʥʦʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʡʦʥʝ ʛʛ. ɻʝʣʝʥʜʞʠʢ ʠ ʅʦʚʦʨʦʩʩʠʡʩʢ [1, 2]: ʜʣʷ ʪʫʨʦʥʘ-ʩʘʥʪʦʥʘ 

(ʥʘʪʫʭʘʡʩʢʘʷ, ʛʝʥʠʦʭʩʢʘʷ ʩʚʠʪʳ), ʩʘʥʪʦʥʘ-ʢʘʤʧʘʥʘ (ʘʭʝʷʥʩʢʘʷ, ʧʝʥʘʭʩʢʘʷ ʩʚʠʪʳ), ʤʘʘʩʪʨʠʭʪʘ 

(ʚʘʩʠʣʴʝʚʩʢʘʷ, ʩʥʝʛʫʨʝʚʩʢʘʷ ʩʚʠʪʳ) ʠ ʧʘʣʝʦʮʝʥʘ (ʩʚʠʪʳ ʩʫʢʢʦ, ʥʘʚʘʛʠʨʩʢʘʷ, ʘʥʘʧʩʢʘʷ).  

ʈʘʟʥʦʦʙʨʘʟʠʝ ʠʭʥʦʬʦʩʩʠʣʠʡ ʧʦʧʦʣʥʝʥʦ ʠʭʥʦʪʘʢʩʦʥʘʤʠ, ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʤʠ ʦʪʩʶʜʘ: 

ʜʣʷ ʪʫʨʦʥʘ-ʢʘʤʧʘʥʘ - Chondrites recurvus, Ch. filiformis, Cladichnus fischeri, Hydrancylus oosteri, 

Taenidium serpentinum, Phymatoderma granulatum (ʌʦʪʦʪʘʙʣʠʮʘ 1, ʬʠʛ.8), Paleodictyon (P.) 

gomezi, Paleodictyon (Glenodictyum) strozzi, ʘ ʪʘʢʞʝ Chondrites targionii, Ch. affinis, ʢʦʪʦʨʳʝ 

ʧʝʨʝʭʦʜʷʪ ʚ ʤʘʘʩʪʨʠʭʪ. ʐʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʦʨʳ ʨʘʢʦʦʙʨʘʟʥʳʭ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʩ 

ʩʘʥʪʦʥʘ, ʠ ʧʝʨʝʭʦʜʷʱʠʝ ʚ ʧʘʣʝʦʮʝʥ: Ophiomorpha annulata (ʌʦʪʦʪʘʙʣʠʮʘ 1, ʬʠʛ.4), O. rudis ʠ 

ʭʦʜʳ ʤʦʨʩʢʠʭ ʝʞʝʡ Scolicia strozzii (ʌʦʪʦʪʘʙʣʠʮʘ 1, ʬʠʛ.3, 6), S. plana (ʌʦʪʦʪʘʙʣʠʮʘ 1, ʬʠʛ.5), 

ʠ ʜʨ. ʊʦʣʴʢʦ ʚ ʦʪʣʦʞʝʥʠʷʭ ʤʘʘʩʪʨʠʭʪʘ ʥʘʡʜʝʥʳ Thalassinoides suevicus, Pilichnus dichotomus 

(ʌʦʪʦʪʘʙʣʠʮʘ 1, ʬʠʛ.1), Alcyonidiopsis longobardiae (ʌʦʪʦʪʘʙʣʠʮʘ 1, ʬʠʛ.2), Halopoa imbricata.  

ɺʧʝʨʚʳʝ ʚʩʪʨʝʯʝʥʳ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʠʝ Sinusichnus priesti (ʌʦʪʦʪʘʙʣʠʮʘ 1, ʬʠʛ.7), ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʠʟʚʝʩʪʥʳʝ ʪʦʣʴʢʦ ʠʟ ʚʝʨʭʥʝʤʝʣʦʚʳʭ ʨʘʟʨʝʟʦʚ ɻʝʨʤʘʥʠʠ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʣʦʞʥʳʝ ʙʠʦʪʫʨʙʘʮʠʠ ʧʦ ʥʦʨʘʤ ʨʘʢʦʦʙʨʘʟʥʳʭ ʚ ʧʦʜʦʰʚʝ ʪʫʨʙʠʜʠʪʥʦʛʦ ʧʨʦʩʣʦʷ (ʵʣʝʤʝʥʪ ʉ), 

ʚʳʧʦʣʥʝʥʥʳʝ ʧʝʩʯʘʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠ ʩʦʜʝʨʞʘʱʠʝ ʥʦʨʢʠ Chondrites. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠʭʥʦʬʦʩʩʠʣʠʡ (17) 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʢʘʤʧʘʥ-ʤʘʘʩʪʨʠʭʪʩʢʠʡ ʠʥʪʝʨʚʘʣ (ʊʘʙʣʠʮʘ 1.), ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝʝ (6) ï ʥʘ 

ʪʫʨʦʥ-ʩʘʥʪʦʥʩʢʠʡ, ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʡ. ʇʘʜʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʠʷ (ʜʦ 10 ʠʭʥʦʪʘʢʩʦʥʦʚ) 

ʠ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʙʠʦʪʫʨʙʘʮʠʡ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʨʫʙʝʞ ʤʝʣʘ ʠ ʧʘʣʝʦʛʝʥʘ, ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʦʪ ʢʘʨʙʦʥʘʪʥʦʛʦ ʢ ʪʝʨʨʠʛʝʥʥʦʤʫ ʪʠʧʫ ʩʝʜʠʤʝʥʪʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʧʨʦʠʩʭʦʜʠʪ ʩʦʢʨʘʱʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʛʨʫʥʪʦʷʜʦʚ. ɺʳʰʝ ʧʦ ʨʘʟʨʝʟʫ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠʭʥʦʬʦʩʩʠʣʠʡ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. 
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ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʧʝʣʘʛʠʯʝʩʢʦʛʦ ʢʘʨʙʦʥʘʪʘ, ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʣʦʚʦʛʦ 

ʠ ʧʘʣʝʦʛʝʥʦʚʦʛʦ ʬʣʠʰʘ ʙʣʠʟʢʠ, ʠ ʦʪʚʝʯʘʶʪ ʬʘʮʠʷʤ ʧʨʠʨʫʩʣʦʚʳʭ ʚʘʣʦʚ ʠ ʦʩʘʜʦʯʥʳʭ ʣʦʧʘʩʪʝʡ 

[3]. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠʭʥʦʢʦʤʧʣʝʢʩʦʚ ʩʚʷʟʘʥʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠ ʩʥʠʞʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʧʠʱʝʚʳʭ ʨʝʩʫʨʩʦʚ. ʇʦ ʚʩʝʡ 

ʚʠʜʠʤʦʩʪʠ, ʭʘʨʘʢʪʝʨ ʘʵʨʘʮʠʠ ʙʘʩʩʝʡʥʘ ʠ ʦʩʘʜʢʘ ʙʳʣ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚ. 

ʊʘʙʣʠʮʘ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʠʟʫʯʝʥʥʳʭ ʠʭʥʦʪʘʢʩʦʥʦʚ 

ʀʭʥʦʪʘʢʩʦʥ K2t-

st 

K2st-

cp 

K2m Pg1d 

U - ʦʙʨʘʟʥʳʝ ʥʦʨʳ    + 

Dictyodora liebeana (Geinitz, 

1867) 

   + 

Scolicia strozzii (Savi et 

Meneghini, 1850) 

+   + 

Planolites? h ʳʟʶ +   + 

Thalassinoides suevicus (Reith, 

1932) 

  +  

Pilichnus dichotomus Uchman, 

1999 

  +  

Alcyonidiopsis longobardiae 

Massalongo, 1856 

  +  

Halopoa imbricata Torell, 1870  + +  

?Hormosiroidea annulata 

(Vialov, 1971) 

  +  

Trichichnus appendicus Uchman, 

1999 

  + + 

Ophiomorpha annulata 

(KsiŃŨkiewicz, 1977) 

 + + + 

Ophiomorpha rudis 

(KsiŃŨkiewicz, 1977) 

 + + + 

Ophiomorpha isp.  + + + 

Chondrites intricatus 

(Brongniart, 1828) 

+ + + + 

Chondrites targionii (Brongniart, 

1828) 

 + +  

Cladichnus fischeri (Heer, 1877)  + +  

Cladichnus parallelum Wetzel et 

Uchman, 2013 

 + +  

Chondrites affinis (Brongniart, 

1849) 

 + +  
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Chondrites recurvus (Brongniart, 

1823) 

 +   

Phymatoderma granulatum 

(Schlotheim, 1822) 

 +   

Chondrites filiformis Fischer-

Ooster, 1858 

 +   

Hydrancylus oosteri Fischer-

Ooster, 1858 

 +   

Taenidium serpentinum Heer, 

1877 

+ +  + 

Paleodictyon (Glenodictyum) 

strozzi Menghini, 1850 

 +   

Paleodictyon (Paleodictyon) 

gomezi Azpeitia, 1933 

 +   

Scolicia plana KsiŃŨkiewicz, 

1970 

+ +   

Sinusichnus priesti Kappel, 2003 +    
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ʌʦʪʦʪʘʙʣʠʮʘ 1 - ʀʭʥʦʬʦʩʩʠʣʠʠ ʤʘʘʩʪʨʠʭʪʘ (ʬʠʛ. 1-2), ʩʘʥʪʦʥʘ-ʢʘʤʧʘʥʘ (ʬʠʛ. 5-8) ʠ ʧʘʣʝʦʮʝʥʘ (ʬʠʛ. 3-

4) ʉ-ɿ ʂʘʚʢʘʟʘ. ʌʠʛ. 1. Pilichnus dichotomus Uchm. ʌʠʛ. 2. Alcyonidiopsis longobardiae (Mass.). ʌʠʛ. 3. Scolicia 

strozzii (Savi et Menegh.) ʥʘ ʧʦʜʦʰʚʝ ʪʫʨʙʠʜʠʪʘ. ʌʠʛ. 4. Ophiomorpha annulata (KsiŃŨ.) ʥʘ ʧʦʜʦʰʚʝ ʪʫʨʙʠʜʠʪʘ. 

ʌʠʛ. 5. Scolicia plana KsiŃŨ.. ʌʠʛ. 6. Scolicia strozzii (Savi et Menegh.). ʌʠʛ. 7. Sinusichnus priesti Kapp. ʌʠʛ. 8. 

Phymatoderma granulatum (Schloth.). ʌʠʛ. 1-3 - ʨʘʡʦʥ ʧʦʩ. ʖ. ʆʟʝʨʝʡʢʘ; ʬʠʛ. 4-8 - ʨʘʡʦʥ ʧʦʩ. ɼʞʘʥʭʦʪ. 

 

ɸʚʪʦʨʳ ʧʨʠʟʥʘʪʝʣʴʥʳ ʈʌʌʀ (ʛʨʘʥʪʳ 13-05-00745ʘ; 10045\15) ʟʘ ʬʠʥʘʥʩʦʚʫʶ 

ʧʦʜʜʝʨʞʢʫ. 

 

ʃʠʪʝʨʘʪʫʨʘ: 
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çʂʫʙʘʥʩʢʠʡ ʛʦʩ. ʫʥ-ʪè, 2012. - C. 31-33.  
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ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦʙ ʠʭʥʦʬʦʩʩʠʣʠʷʭ ʙʘʞʝʥʦʚʩʢʦʡ, ʪʫʪʣʝʡʤʩʢʦʡ ʠ ʘʙʘʣʘʢʩʢʦʡ ʩʚʠʪ. 

 

ɼʦʣʛʦʝ ʚʨʝʤʷ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʩʣʝʜʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʪʣʦʞʝʥʠʷʭ ʙʘʞʝʥʦʚʩʢʦʡ 

ʩʚʠʪʳ ʦʪʩʫʪʩʪʚʫʶʪ. ʇʫʙʣʠʢʘʮʠʷ ʦʙ ʦʙʥʘʨʫʞʝʥʠʠ ʙʠʦʪʫʨʙʘʮʠʡ Zoophycos? [1] ʥʘʯʘʣʘ ʤʝʥʷʪʴ 

ʵʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ʕʪʠ ʩʣʘʙʦʤʝʘʥʜʨʠʨʫʶʱʠʝ ʭʦʜʳ ʜʣʠʥʦʡ ʥʝʩʢʦʣʴʢʦ ʩʘʥʪʠʤʝʪʨʦʚ, ʰʠʨʠʥʦʡ 

0,1-1 ʤʤ, ʠʜʫʱʠʝ ʚʜʦʣʴ ʩʣʦʠʩʪʦʩʪʠ, ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʠʩʴ ʢʘʢ ʩʣʝʜʳ ʥʝʤʘʪʦʜ (?), ʠ ʙʳʣʠ 

ʦʪʥʝʩʝʥʳ ʢ ʠʭʥʦʬʘʮʠʠ Zoophycos. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʘʥʥʳʝ ʠʭʥʦʬʦʩʩʠʣʠʠ ʥʝ ʦʪʥʦʩʷʪʩʷ ʢ 

Zoophycos. ʉʫʜʷ ʧʦ ʨʠʩ. 4 [3], ʦʥʠ ʧʨʠʥʘʜʣʝʞʘʪ ʠʭʥʦʨʦʜʫ Pilichnus Uchman, 1999 [5] - ʙʦʣʝʝ 

ʛʣʫʙʦʢʦʛʦ ʭʝʤʦʩʠʤʙʠʦʥʪʘ, ʯʝʤ Chondrites, ʪʘʢʞʝ ʚʩʪʨʝʯʝʥʥʦʛʦ ʚ ʧʦʨʦʜʘʭ ʩʚʠʪʳ [3]. 

ʅʝʦʙʳʯʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʝʥʠʩʢʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʧʠʨʠʪʠʟʠʨʦʚʘʥʥʦʡ ʪʨʫʙʢʝ "Zoophycos" [1, 3], 

ʥʦ, ʚʦʟʤʦʞʥʦ, ʵʪʦ ʩʣʝʜʩʪʚʠʝ ʩʣʘʙʦʡ ʠʟʫʯʝʥʥʦʩʪʠ ʠʭʥʦʨʦʜʘ. ɼʘʥʥʳʝ ʙʠʦʪʫʨʙʘʮʠʠ ʥʝ ʷʚʣʷʶʪʩʷ 

ʠʥʜʠʢʘʪʦʨʘʤʠ ʠʭʥʦʬʘʮʠʠ Zoophycos, ʘ ʣʠʰʴ ʫʢʘʟʳʚʘʶʪ ʥʘ ʜʠʟʦʢʩʠʶ ʚ ʦʩʘʜʢʝ. 

ʇʦʤʠʤʦ Pilichnus ʠ Chondrites ʚ ʢʝʨʥʝ ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʳ ʚʩʪʨʝʯʘʝʪʩʷ ʝʱʝ ʦʜʠʥ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʜʠʟʦʢʩʠʡʥʳʭ ʦʙʩʪʘʥʦʚʦʢ ï Trichichnus Frey, 1970. ɺʧʝʨʚʳʝ ʦʥ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʚ 

2004 ʛ ɽ.ʖ.ɹʘʨʘʙʦʰʢʠʥʳʤ, ʙʝʟ ʧʫʙʣʠʢʘʮʠʠ, ʚ ʩʢʚ. ɺʘʭʩʢʘʷ-108, ʭʨʘʥʷʱʝʡʩʷ ʚ ʎʇʇʉ ʅɼ ʊʇʋ. 

ʅʘ ʬʦʪʦʛʨʘʬʠʠ (ʌʦʪʦʪʘʙʣʠʮʘ 1, ʬʠʛ. 1) ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ, ʯʪʦ ʚʝʨʪʠʢʘʣʴʥʘʷ ʥʦʨʢʘ ʨʘʟʣʠʯʠʤʘ 

ʥʘ ʬʦʥʝ ʤʘʩʩʠʚʥʦʛʦ ʛʣʠʥʠʩʪʦʛʦ ʩʠʣʠʮʠʪʘ ʙʣʘʛʦʜʘʨʷ ʧʠʨʠʪʠʟʘʮʠʠ. ʄʘʩʩʠʚʥʦʩʪʴ ʧʦʨʦʜʳ 

ʩʚʷʟʘʥʘ ʩ ʢʨʠʧʪʦʙʠʦʪʫʨʙʘʮʠʝʡ, ʫʢʘʟʳʚʘʶʱʝʡ ʥʘ ʜʠʟʦʢʩʠʡʥʳʝ ʫʩʣʦʚʠʷ, ʠ ʨʝʟʢʦ ʢʦʥʪʨʘʩʪʠʨʫʝʪ 

ʩ ʘʥʦʢʩʠʡʥʳʤʠ ʪʦʥʢʦʩʣʦʠʩʪʳʤʠ ʧʝʨʝʢʨʳʚʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ. ɼʨʫʛʦʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ 

Trichichnus, ʦʪʣʠʯʘʶʱʠʡʩʷ ʦʪ ʠʟʚʝʩʪʥʳʭ ʚʠʜʦʚ ʙʦʢʘʣʦʦʙʨʘʟʥʳʤ ʨʘʩʰʠʨʝʥʠʝʤ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʥʦʨʢʠ, ʚʩʪʨʝʯʝʥ ʥʘʤʠ ʚ ʩʢʚ. ʄʦʣʦʜʝʞʥʘʷ-4 (ʌʦʪʦʪʘʙʣʠʮʘ 1, ʬʠʛ. 3). ɺʝʨʦʷʪʥʦ, ʢ Trichichnus 
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ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴ ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʡ "Zoophycos", ʠʟʦʙʨʘʞʝʥʥʳʝ ʥʘ ʨʠʩ.5 ʚ [3]. ʇʨʦʜʶʩʝʨʘʤʠ 

ʠʭʥʦʨʦʜʦʚ Pilichnus, Chondrites ʠ Trichichnus ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʷʚʣʷʣʠʩʴ ʯʝʨʚʠ-ʩʠʧʫʥʢʫʣʠʜʳ 

ʪʠʧʘ ʩʦʚʨʝʤʝʥʥʳʭ Golfingia [5]. ʅʦʨʢʠ ʚʩʝʭ ʪʨʝʭ ʠʭʥʦʨʦʜʦʚ ʧʠʨʠʪʠʟʠʨʦʚʘʥʳ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʩʣʘʙʫʶ ʘʵʨʘʮʠʶ ʧʨʠʜʦʥʥʦʡ ʚʦʜʳ [4]. 

ʋʧʦʤʷʥʫʪʘʷ ʚʳʰʝ ʢʨʠʧʪʦʙʠʦʪʫʨʙʘʮʠʷ ʚʳʷʚʣʝʥʘ ɺ.ɼ. ʅʝʤʦʚʦʡ [2], ʦʙʥʘʨʫʞʠʚʰʝʡ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʩʣʦʠʩʪʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚ ʨʘʟʨʝʟʝ ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʳ, ʭʦʪʷ ʤʘʢʨʦʙʠʦʪʫʨʙʘʮʠʠ 

ʚʩʪʨʝʯʝʥʳ ʥʝ ʙʳʣʠ. ʉʦʛʣʘʩʥʦ ʥʦʚʳʤ ʜʘʥʥʳʤ, ʪʘʢʠʭ ʫʨʦʚʥʝʡ ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ. 

ʆʪʩʫʪʩʪʚʠʝ ʚʠʜʠʤʳʭ ʙʠʦʪʫʨʙʘʮʠʡ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʦʣʫʞʠʜʢʦʛʦ ʩʫʙʩʪʨʘʪʘ ("ʩʫʧʛʨʘʫʥʜ", 

soupground), ʩʠʣʴʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʢʦʪʦʨʦʛʦ ʥʝ ʥʦʨʘʤ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʭʨʘʥʠʪʴʩʷ [4].  

ɺ 2012 ʛ ʧʨʠ ʠʟʫʯʝʥʠʠ ʨʘʟʨʝʟʦʚ ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʳ ɺʝʨʭʥʝʩʘʣʳʤʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ɽ.ʖ.ɹʘʨʘʙʦʰʢʠʥʳʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʢʨʦʙʠʦʪʫʨʙʘʮʠʠ ʚ ʢʨʦʚʣʝ ʘʙʘʣʘʢʩʢʦʡ ʩʚʠʪʳ 

ʠʩʯʝʟʘʶʪ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʥʠʞʝʥʠʠ ʠʥʜʝʢʩʘ 

ʙʠʦʪʫʨʙʘʮʠʠ (BI) ʦʪ 6 ʜʦ 0. ɺ ʘʙʘʣʘʢʩʢʦʡ ʩʚʠʪʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ Phycosiphon 

incertum, Chondrites isp., Planolites isp., ʩʣʦʞʥʳʝ ʙʠʦʪʫʨʙʘʮʠʠ Thalassinoides isp., ʚʥʫʪʨʠ 

ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ Chondrites isp. (ʌʦʪʦʪʘʙʣʠʮʘ 1, ʬʠʛ. 6). ɺʳʰʝ, ʥʘ ʛʨʘʥʠʮʝ ʩ ʙʘʞʝʥʦʚʩʢʦʡ 

ʩʚʠʪʦʡ, ʦʩʪʘʶʪʩʷ ʪʦʣʴʢʦ Chondrites isp. (ʌʦʪʦʪʘʙʣʠʮʘ 1, ʬʠʛ. 7), ʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʉʦʨʛ ʜʦ 2%, ʦʥʠ ʪʘʢʞʝ ʠʩʯʝʟʘʶʪ, ʠ ʥʝʥʘʨʫʰʝʥʥʘʷ ʪʝʢʩʪʫʨʘ ʧʦʨʦʜʳ ʦʙʨʘʟʫʝʪ 

ʪʦʥʯʘʡʰʫʶ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʩʣʦʠʩʪʦʩʪʴ (ʌʦʪʦʪʘʙʣʠʮʘ 1, ʬʠʛ. 2). ʕʪʠ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ 

ʥʦʚʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ ʠ ʜʦʧʦʣʥʷʶʪ ʫʞʝ ʠʟʚʝʩʪʥʳʝ ʥʘʭʦʜʢʠ [3]. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʢʝʨʥʝ ʩʢʚʘʞʠʥ ʠʟ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʦʚ ʌʨʦʣʦʚʩʢʦʡ ʤʝʛʘʚʧʘʜʠʥʳ 

ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʩʜʝʣʘʪʴ ʥʦʚʳʝ ʥʘʭʦʜʢʠ ʠʭʥʦʬʦʩʩʠʣʠʡ (ʌʦʪʦʪʘʙʣʠʮʘ 1, ʬʠʛ. 2-5, 8), 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ. ɸʙʘʣʘʢʩʢʘʷ ʩʚʠʪʘ: Chondrites intricatus 

(Brongniart, 1828), Ch. targionii (Brongniart, 1828), Ch. isp., Trichichnus isp., Planolites isp., 

Thalassinoides isp., Skolithos isp., ? Palaeophycus isp., Pilichnus dichotomus Uchman, 1999, P. isp., 

Phycosiphon incertum Fischer-Ooster, 1858, Ph. isp. ɹʘʞʝʥʦʚʩʢʘʷ ʩʚʠʪʘ: Chondrites isp., 

Pilichnus isp., Trichichnus isp., ? Planolites isp. ʅʠʞʥʝʪʫʪʣʝʡʤʩʢʘʷ ʧʦʜʩʚʠʪʘ: ?Trichichnus isp., 

? Chondrites isp., ?Pilichnus isp. ɺʩʝ ʥʘʭʦʜʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʠʭʥʦʬʘʮʠʠ 

Cruziana, ʧʦʜʚʝʨʛʘʚʰʝʡʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʙʝʩʢʠʩʣʦʨʦʜʥʳʭ ʦʙʩʪʘʥʦʚʦʢ ʨʘʟʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 
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ʊʘʙʣʠʮʘ. ʀʭʥʦʬʦʩʩʠʣʠʠ ʙʘʞʝʥʦʚʩʢʦʡ (ʬʠʛ. 1-2), ʥʠʞʥʝʪʫʪʣʝʡʤʩʢʦʡ (ʬʠʛ. 3) ʠ ʘʙʘʣʘʢʩʢʦʡ (ʬʠʛ. 4-8) 

ʩʚʠʪ. ʌʠʛ. 1. Trichichnus isp., ʟʘʤʝʱʝʥʥʳʡ ʧʠʨʠʪʦʤ. ʉʢʚ. ɺʘʭʩʢʘʷ-108. ʄʘʩʰʪʘʙ 1,5 ʩʤ. ʌʠʛ. 2. ? Pilichnus isp. 

(Pi), Chondrites isp. (Ch). ʉʢʚ. ɻʘʣʷʥʦʚʩʢʘʷ-42. ʌʠʛ. 3. Trichichnus isp., ʟʘʤʝʱʝʥʥʳʡ ʧʠʨʠʪʦʤ. ʉʢʚ. ʄʦʣʦʜʝʞʥʘʷ-

4. ʌʠʛ. 4. Pilichnus dichotomus Uchman, 1999 (Pi), Phycosiphon isp. (Ph). ʉʢʚ. ʉ-ɸʨʢʘʥʦʚʩʢʘʷ-30. ʌʠʛ. 5. 

Chondrites intricatus (Brongniart, 1828), ? Planolites isp. (Pl). ʉʢʚ. ɿ-ʋʥʣʦʨʩʢʘʷ-308. ʌʠʛ. 6. Chondrites isp. (Ch), 

Phycosiphon isp. (Ph), Planolites isp. (Pl), Thalassinoides isp. (Th). ʉʢʚ. ɺʝʨʭʥʝʩʘʣʳʤʩʢʘʷ-45. ʌʠʛ. 7. Chondrites 

isp. (Ch). ʉʢʚ. ɺʝʨʭʥʝʩʘʣʳʤʩʢʘʷ-45. ʌʠʛ. 8. Chondrites targionii (Brongniart, 1828). ʉʢʚ. ɽʤʘʥʛʘʣʴʩʢʘʷ-96. 

ɼʝʣʝʥʠʷ ʨʘʚʥ r1 ʤʤ. ʅʘ ʬʠʛ. 2, 3, 8 ʫʩʠʣʝʥʘ ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʚ ʧʨʦʛʨʘʤʤʝ Adobe Photoshop CS4. 

 

ʄʳ ʙʣʘʛʦʜʘʨʠʤ ʅɸʎ ʈʅ ʠʤ. ɺ.ʀ. ʐʧʠʣʴʤʘʥʘ, ʎʝʥʪʨ ʇʨʦʬ. ʇʝʨʝʧʦʜʛʦʪʦʚʢʠ 

ʉʧʝʮʠʘʣʠʩʪʦʚ ʅʝʬʪʝʛʘʟ. ɼʝʣʘ (ʎʇʇʉ ʅɼ ʊʇʋ) ʠ ʉʘʣʳʤ ʇʝʪʨʦʣʝʫʤ ɼʝʚʝʣʦʧʤʝʥʪ ʟʘ 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ 13-05-00745ʘ). 
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ʇʨʝʜʩʪʘʚʣʝʥʳ ʧʦ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʟʦʥʘʤ ʠ  ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤ ʨʘʟʥʦʩʪʷʤ ʬʦʨʤʳ ʱʝʙʥʷ. 

 

ɻʨʫʙʦʦʙʣʦʤʦʯʥʳʝ ʵʣʶʚʠʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ï ʬʨʘʢʪʦʣʠʪʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʨʘʟʥʳʭ 

ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʥʠ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʬʠʟʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ, 

ʢʦʪʦʨʦʝ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʭʠʤʠʯʝʩʢʠʤ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʦʚʨʝʤʝʥʥʳʭ ʱʝʙʥʠʩʪʳʭ ʵʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʨʝʥʥʳʝ ʩʢʘʣʴʥʳʝ ʧʦʨʦʜʳ 

ʧʦʜʛʦʪʘʚʣʠʚʘʶʪʩʷ ʢ ʚʳʚʝʪʨʠʚʘʥʠʶ ʥʘ ʛʣʫʙʠʥʝ ʠʟ-ʟʘ ʩʥʷʪʠʷ ʥʘʛʨʫʟʢʠ ʧʨʠ ʜʝʥʫʜʘʮʠʠ 

ʚʳʰʝʣʝʞʘʱʠʭ ʧʦʨʦʜ, ʨʘʟʫʧʣʦʪʥʝʥʠʷ ʠ ʨʘʩʢʨʳʪʠʷ ʪʨʝʱʠʥ. 

ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʦʙʣʦʤʦʯʥʳʭ ʯʘʩʪʠʮ ʠʟʫʯʘʣʘʩʴ ʚ ʥʝʩʢʦʣʴʢʠʭ ʬʨʘʢʮʠʷʭ, ʥʦ ʩʘʤʦʡ 

ʠʥʬʦʨʤʘʪʠʚʥʦʡ ʦʢʘʟʘʣʘʩʴ ʬʨʘʢʮʠʷ ʱʝʙʥʷ 25-50 ʤʤ ( ʧʦ ʩʨʝʜʥʝʡ ʦʩʠ ï ʚ). ʀʟʤʝʨʷʣʘʩʴ ʬʦʨʤʘ 

ʦʙʣʦʤʢʦʚ ʧʦ ʥʘʠʙʦʣʴʰʠʤ ʜʣʠʥʝ, ʰʠʨʠʥʝ, ʪʦʣʱʠʥʝ. [2] 

ʖ.ɻ. ʉʠʤʦʥʦʚ [1], ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚʰʠʡ ʜʣʷ ʨʘʡʦʥʦʚ ʩ ʨʝʟʢʦ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʢʣʠʤʘʪʦʤ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʣʶʚʠʷ, ʦʪʤʝʯʘʝʪ, ʯʪʦ ʛʦʜʦʚʳʝ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʯʘʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ ʥʝ ʤʦʛʫʪ ʩʦʟʜʘʪʴ ʥʝʦʙʭʦʜʠʤʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʨʘʟʨʫʰʝʥʠʡ ʤʦʥʦʣʠʪʦʚ ʛʨʘʥʠʪʘ ʠ ʧʨʦʷʚʣʷʶʪ ʩʝʙʷ ʣʠʰʴ ʚʜʦʣʴ ʟʦʥ ʧʦʨʦʜ 

ʦʩʣʘʙʣʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ. ʉ ʵʪʠʤ ʧʦʣʦʞʝʥʠʝʤ ʥʝʣʴʟʷ ʥʝ ʩʦʛʣʘʩʠʪʴʩʷ, ʥʦ ʭʦʪʝʣʦʩʴ ʙʳ ʦʙʨʘʪʠʪʴ 

ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʝʜʠʥʠʯʥʳʝ ʪʝʨʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ  ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ 
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ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʨʫʰʝʥʠʶ ʧʦʨʦʜʳ, ʥʦ ʤʥʦʛʦʢʨʘʪʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠʚʝʜʸʪ ʢ çʫʩʪʘʣʦʩʪʥʦʡ 

ʠʟʥʘʰʠʚʘʝʤʦʩʪʠè ʧʦʨʦʜʳ, ʪ.ʢ. ʚ ʥʝʡ ʙʫʜʫʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʦʩʪʘʪʦʯʥʳʝ ʜʝʬʦʨʤʘʮʠʠ. 

ʇʦʜʢʨʝʧʣʸʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʝʤ  ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʢʘʢ ʥʘʧʨʠʤʝʨ, 

ʨʘʩʢʣʠʥʠʚʘʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʣʝʥʦʯʥʦʡ ʚʦʜʳ, ʤʠʢʨʦʜʝʬʝʢʪʳ ʚ ʧʦʨʦʜʝ ʤʦʛʫʪ ʥʘʯʘʪʴ 

ʨʘʩʰʠʨʷʪʴʩʷ ʠ ʚ ʢʦʥʮʝ ʢʦʥʮʦʚ ʧʨʝʚʳʩʷʪ ʢʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ. ʇʦʵʪʦʤʫ ʟʦʥʘ ʘʢʪʠʚʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʫʶ ʯʘʩʪʴ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʦʯʝʥʴ 

ʚʘʞʥʘ. ʈʦʣʴ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʩʫʪʦʯʥʳʭ, ʚʝʩʴʤʘ ʚʝʣʠʢʘ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʵʣʶʚʠʷ. ɽʩʣʠ ʘʤʧʣʠʪʫʜʘ ʛʦʜʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨ ʟʘʭʚʘʪʳʚʘʝʪ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʫʶ ʯʘʩʪʴ ʛʦʨʥʳʭ ʤʘʩʩʠʚʦʚ ʤʦʱʥʦʩʪʴʶ ʚʩʝʛʦ  ʚ 10-20 ʤ, ʪʦ ʟʦʥʘ ʥʘʠʙʦʣʴʰʠʭ 

ʘʤʧʣʠʪʫʜ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʛʣʫʙʠʥʫ ʚ 30-40 ʤ. ʀʤʝʥʥʦ  ʚ ʵʪʦʤ ʩʣʦʝ ʠʜʸʪ ʥʘʠʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦʝ ʚʳʚʝʪʨʠʚʘʥʠʝ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʣʝʥʦʯʥʘʷ ʚʦʜʘ, ʫʯʘʩʪʚʫʷ ʚ ʨʘʟʨʫʰʝʥʠʠ ʧʦʨʦʜʳ, 

ʪʘʢ ʞʝ ʢʘʢ ʠ ʚʦʦʙʱʝ ʚʦʜʳ ʚ ʧʨʦʮʝʩʩʝ ʟʘʤʝʨʟʘʥʠʷ ï ʦʪʪʘʠʚʘʥʠʷ, ʦʢʘʟʳʚʘʝʪ ʚ ʧʦʨʦʜʝ 

ʨʘʩʢʣʠʥʠʚʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʧʦ ʛʦʪʦʚʳʤ ʧʫʩʪʦʪʘʤ ʠ ʪʨʝʱʠʥʘʤ, ʩʦʟʜʘʥʥʳʤ ʠʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ 

(ʩʪʘʪʠʯʝʩʢʦʡ ʨʘʟʛʨʫʟʢʠ, ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʧʦʜʚʠʞʢʘʤʠ ʠ. ʪ. ʜ.). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ 

ʧʝʨʝʭʦʜʦʚ ʯʝʨʝʟ 0, ʪʝʤ ʠʥʪʝʥʩʠʚʥʝʝ ʨʘʩʢʣʠʥʠʚʘʥʠʝ ʧʦʨʦʜʳ, ʪʝʤ ʦʙʣʦʤʢʠ ʫʧʣʦʱʸʥʥʝʝ ʠ 

ʫʜʣʠʥʸʥʥʝʝ. ʀʟ ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʤʠ, ʩʘʤʳʝ ʫʧʣʦʱʝʥʥʳʝ ʦʙʣʦʤʢʠ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʗʥʳ ʥʘ 

ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʚʝʨʭʦʷʥʩʢʠʭ ʘʣʝʚʨʦʣʠʪʘʭ. ʌʨʘʢʪʦʣʠʪʦʚʦʝ ʚʳʚʝʪʨʠʚʘʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʜʨʦʙʣʝʥʠʷ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʧʫʪʸʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʦʩʢʦʩʪʝʡ ʠ 

ʪʨʝʱʠʥ, ʩʦʯʝʪʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʧʨʘʚʠʣʴʥʳʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ ʦʙʣʦʤʦʯʥʳʭ ʯʘʩʪʠʮ. ʄʝʭʘʥʠʟʤ ʵʪʦʛʦ ʜʨʦʙʣʝʥʠʷ ʚʢʣʶʯʘʝʪ ʨʘʩʢʨʳʪʠʝ 

ʤʠʢʨʦʪʨʝʱʠʥ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ( ʥʘʛʨʝʚʘʥʠʷ ʠ 

ʦʭʣʘʞʜʝʥʠʷ) ʩ ʜʘʣʴʥʝʡʰʠʤ ʨʘʩʢʣʠʥʠʚʘʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʧʣʝʥʦʯʥʦʡ ʚʦʜʳ ʧʦ ʵʪʠʤ 

ʤʠʢʨʦʪʨʝʱʠʥʘʤ. ɺ ʦʙʚʦʜʥʸʥʥʳʭ ʪʨʝʱʠʥʘʭ ʚʦʜʘ ʟʘʤʝʨʟʘʝʪ ʚ ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ, ʩʧʦʩʦʙʩʪʚʫʷ 

ʨʘʩʢʣʠʥʠʚʘʥʠʶ ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʭ ʪʨʝʱʠʥ.  ʆʙʣʦʤʦʯʥʳʝ ʯʘʩʪʠʮʳ ʧʨʠ ʵʪʦʤ ʠʤʝʶʪ ʩʠʣʴʥʦ 

ʫʧʣʦʱʝʥʥʫʶ ʬʦʨʤʫ. 

ɼʣʷ ʦʙʣʦʤʦʯʥʳʭ ʯʘʩʪʠʮ ʬʨʘʢʮʠʠ ʱʝʙʥʷ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʤʦʜʝʣʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʝʨʟʣʦʪʥʳʭ ʧʦʣʠʛʦʥʦʚ ɹ.ʅ. ɼʦʩʪʦʚʘʣʦʚʘ, [4]. ɺ ʵʪʦʡ ʤʦʜʝʣʠ ʩʦʦʪʥʦʰʝʥʠʷ ʬʦʨʤʳ ʧʦʣʠʛʦʥʦʚ, 

ʚʢʣʶʯʘʷ ʠʭ ʦʙʲʸʤʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʪʚʝʯʘʝʪ ʩʦʦʪʥʦʰʝʥʠʶ ʩʪʦʨʦʥ ï ʜʣʠʥʳ, ʰʠʨʠʥʳ ʠ 

ʤʦʱʥʦʩʪʠ, ʢʘʢ 1: 0,71: 0,5. ʕʪʘ ʬʦʨʤʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʦʙʣʦʤʦʯʥʳʭ ʯʘʩʪʠʮ ʦʪʚʝʯʘʝʪ 

ʧʨʝʦʙʣʘʜʘʥʠʶ ʪʝʨʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʩʢʘʣʴʥʳʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ. 

ɺʩʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʤʝʯʘʣʠ ʚʣʠʷʥʠʝ ʩʦʩʪʘʚʘ ʧʦʨʦʜʳ ʥʘ ʬʦʨʤʫ ʦʙʣʦʤʢʦʚ. ʅʘʠʙʦʣʝʝ 

ʯʫʪʢʦ ʨʝʘʛʠʨʫʝʪ ʥʘ ʩʦʩʪʘʚ ʨʘʟʨʫʰʘʶʱʠʭʩʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʣʦʱʝʥʠʷ ʱʝʙʥʷ 

ʬʨʘʢʮʠʠ 25-50 ʤʤ, ʧʦʣʫʯʘʝʤʳʡ ʢʘʢ ʩʦʦʪʥʦʰʝʥʠʝ ʪʦʣʱʠʥʳ ʢ ʰʠʨʠʥʝ ʦʙʣʦʤʦʯʥʦʡ ʯʘʩʪʠʮʳ. 

ɹʦʣʴʰʝʝ ʫʧʣʦʱʝʥʠʝ ʦʙʣʦʤʦʯʥʳʭ ʯʘʩʪʠʮ ʧʨʠ ʬʨʘʢʪʦʣʠʪʠʟʘʮʠʠ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʨʞʝʥʥʳʤʠ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʧʝʨʚʠʯʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ. 
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ɿʝʨʥʠʩʪʦʩʪʴ ʧʦʨʦʜʳ, ʝʸ ʩʪʨʫʢʪʫʨʘ ʠ ʪʝʢʩʪʫʨʘ ʪʘʢʞʝ ʚʣʠʷʶʪ ʥʘ ʬʦʨʤʫ ʱʝʙʥʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʨʫʧʥʦʩʪʠ ʟʸʨʝʥ (ʢʨʠʩʪʘʣʣʦʚ) ʦʙʣʦʤʢʠ ʧʨʠʦʙʨʝʪʘʶʪ ʙʦʣʴʰʫʶ ʠʟʦʤʝʪʨʠʯʥʦʩʪʴ. ɺʣʠʷʥʠʝ 

ʵʢʩʧʦʟʠʮʠʠ ʩʢʣʦʥʦʚ, ʩʪʝʧʝʥʠ ʠʭ ʦʙʚʦʜʥʸʥʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʨʘʥʝʝ [2]. 

ɼʣʷ ʥʠʟʢʠʭ ʰʠʨʦʪ ʩʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ, ʚ ʘʨʠʜʥʦʤ ʠ ʩʝʤʠʘʨʠʜʥʦʤ, ʘ ʪʘʢʞʝ ʚ ʩʫʭʠʭ 

ʩʫʙʪʨʦʧʠʢʘʭ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʦʣʴ ʠʥʩʦʣʷʮʠʠ ʚ ʨʘʟʨʫʰʝʥʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʬʦʨʤʳ ʦʙʣʦʤʦʯʥʳʭ ʯʘʩʪʠʮ ʠʟ ʵʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʚʟʨʳʚʥʦʡ ʙʨʝʢʯʠʠ ʚ ʨʘʟʥʳʭ ʧʨʠʨʦʜʥʳʭ 

ʫʩʣʦʚʠʷʭ ( ʬʨʘʢʮʠʷ 25-50 ʤʤ) 

ˉ ʄʝʩʪʦ ʦʪʙʦʨʘ ʧʨʦʙʳ ʂʦʵʬʬʠʮ

ʠʝʥʪʳ 

ʚ/ʘ 

ʬʦʨʤʳ 

ʦʙʣʦʤʘ 

ʩ/ʚ 

1

1 

ɺʟʨʳʚʥʘʷ ʙʨʝʢʯʠʷ ʥʘ ʧʦʣʦʪʥʝ ʪʝʨʨʘʩʳ ʚ 300 ʤ ʦʪ ʫʩʪʴʷ 0,67 0,63 

2

2 

ʉʢʘʣʴʥʘʷ ʦʩʳʧʴ ʥʘ ʩʢʣʦʥʝ ʩ/ʟ ʵʢʩʧʦʟʠʮʠʠ ʚ ɸʭʫʨʜʘʥ-ʉʘʷ. ʉʨʝʜʥʷʷ 

ɸʟʠʷ 

0,70

  

0,65 

3

3 

ɺʟʨʳʚʥʘʷ ʙʨʝʢʯʠʷ ʥʘ ʧʦʣʦʪʥʝ ʪʝʨʨʘʩʳ ʚ 300 ʤ ʦʪ ʫʩʪʴʷ ɸʭʫʨʜʘʥ-

ʉʘʷ ( ʩ/ʟ ʵʢʩʧʦʟʠʮʠʷ). ʉʨʝʜʥʷʷ ɸʟʠʷ 

0,70

  

0,69 

4

4 

ʉʢʘʣʴʥʘʷ ʦʩʳʧʴ ʥʘ ʩʢʣʦʥʝ ʶ/ʚ ʵʢʩʧʦʟʠʮʠʠ ʚ ɸʭʫʨʜʘʥ-ʉʘʷ. ʉʨʝʜʥʷʷ 

ɸʟʠʷ 

0,70

  

0,67 

5

5 

ʕʣʶʚʠʡ ʛʨʘʥʠʪʦʚ ʚ ʚʘʜʠ ɹʨʦʪ-ɺʝʣʣʠ (ʦ. ʉʦʢʦʪʨʘ) 0,74

  

0,63 

6

6 

ʕʣʶʚʠʡ, ʩʣʘʙʦ ʩʤʝʱʸʥʥʳʡ ʚ ʚʘʜʠ ɹʨʦʪ-ɺʝʣʣʠ ʚ 2 ʢʤ ʦʪ ʫʩʪʴʷ, 

ʠʟʚʝʩʪʥʷʢʠ 

0,74

  

0,56 

7

7 

ɺʟʨʳʚʥʘʷ ʙʨʝʢʯʠʷ ʚ ʛʨʘʥʠʪʥʣʤ ʢʘʨʴʝʨʝ ʥʘ ʦ.ʄʘʵ  

( ʉʝʡʰʝʣʴʩʢʠʝ ʦʩʪʨʦʚʘ) 

0,55

  

0,38 

8

8 

ɼʝʩʢʚʘʤʘʮʠʦʥʥʳʝ ʦʙʣʦʤʢʠ ʥʘ ʚʳʭʦʜʝ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʚ ʙʝʨʝʛʦʚʦʡ 

ʟʦʥʝ ʦ. ʄʘʵ 

0,55

  

0,37 

ʇʨʠʤʝʯʘʥʠʝ: ɺʟʨʳʚʥʘʷ ʙʨʝʢʯʠʷ ʧʦʣʫʯʝʥʘ ʧʨʠ ʚʟʨʳʚʘʭ ʩ ʧʦʤʦʱʴʶ ʰʧʫʨʦʚ, ʟʘʙʫʨʝʥʥʳʭ ʥʘ ʛʣʫʙʠʥʫ ʦʪ 

1,5 ʜʦ 3 ʤ ʥʘ ʩʢʘʣʴʥʦʤ ʦʙʥʘʞʝʥʥʦʤ ʧʦʣʦʪʥʝ. 

ʌʦʨʤʘ ʦʙʣʦʤʦʯʥʳʭ ʯʘʩʪʠʮ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪʘʭ ʚ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜʘʭ ( ʚ 

ʉʨʝʜʥʝʡ ɸʟʠʠ ï ʘʥʜʝʟʠʪʦʚʳʭ ʧʦʨʬʠʨʦʚ), ʥʘ ʩʢʣʦʥʘʭ ʨʘʟʥʳʭ ʵʢʩʧʦʟʠʮʠʡ ʨʘʟʣʠʯʘʝʪʩʷ ʜʘʞʝ 

ʙʦʣʴʰʝ, ʯʝʤ ʝʩʪʝʩʪʚʝʥʥʳʭ ʦʩʳʧʝʡ ʥʘ ʪʝʭ ʞʝ ʩʢʣʦʥʘʭ, ʯʪʦ ʩʚʷʟʘʥʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩ ʜʨʦʙʣʝʥʠʝʤ 

ʦʙʣʦʤʢʦʚ ʧʨʠ ʦʩʳʧʘʥʠʠ ʠ ʜʚʠʞʝʥʠʠ ʚ ʪʝʣʝ ʦʩʳʧʠ. 

ʅʘ ʦ.ʉʦʢʦʪʨʘ, ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʩ ʤʦʨʷ ʚʝʪʨʘʤʠ ʚʳʥʦʩʠʪʩʷ ʩʦʣʴ. ʉʦʣʴ ʚʤʝʩʪʝ ʩ 

ʠʥʩʦʣʷʮʠʝʡ, ʚʝʩʴʤʘ ʠʥʪʝʥʩʠʚʥʦʡ ʚ ʩʫʭʠʭ ʪʨʦʧʠʢʘʭ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʨʫʰʝʥʠʶ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ. ʑʝʙʝʥʴ ʚ ʵʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ ʠʟʦʤʝʪʨʠʯʥʳʤ. 

ʇʨʠʚʝʜʸʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʦʩʪʨʦʚʘʤ ʉʦʢʦʪʨʘ ʠ ʄʘʵ ʚʟʷʪʳ ʠʟ ʨʘʙʦʪʳ [3]. ɺ ʫʩʣʦʚʠʷʭ ʚʣʘʞʥʦʛʦ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ  ʦ. ʄʘʵ ʜʝʩʢʚʘʤʘʮʠʦʥʥʳʝ ʦʙʣʦʤʢʠ ʥʘ ʛʨʘʥʠʪʘʭ ʠ ʚʟʨʳʚʥʘʷ ʙʨʝʢʯʠʷ 

ʜʘʶʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʬʦʨʤʫ. 
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ɺ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʠ ʥʘ ʦ. ʃʠʥʛʚʠʩʪʦʥ ʚ ʭʦʣʦʜʥʦʤ ʠ ʚʣʘʞʥʦʤ ʢʣʠʤʘʪʝ ʥʘ 

ʘʥʪʘʨʢʪʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ɹʦʣʛʘʨʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʝʜʥʝʛʦ ʱʝʙʥʷ, 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʥʘ ʪʝʨʨʠʛʝʥʥʳʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʚʙʣʠʟʠ ʣʝʜʥʠʢʦʚʦʛʦ ʧʦʢʨʦʚʘ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʜʣʠʥʝʥʠʷ ï 0,63, ʫʧʣʦʱʝʥʠʷ ï 0,63. ʂ ʨʘʙʦʪʝ ʈʦʟʠʪʳ ʂʝʥʜʝʨʦʚʦʡ ʠ ɸʡʰʠʥʦʨʳ 

ɹʫʣʛʘʢʦʚʦʡ ʜʣʷ ʫʙʝʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠʣʦʞʝʥʳ ʬʦʪʦʛʨʘʬʠʠ.  

ʀʥʩʦʣʷʮʠʦʥʥʦʝ ʚʳʚʝʪʨʠʚʘʥʠʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ  ʚ ʂʨʳʤʫ. ʏʝʤ ʙʣʠʞʝ ʢ ʜʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʦʙʣʦʤʢʠ, ʪʝʤ ʙʦʣʝʝ ʦʥʠ ʫʧʣʦʱʝʥʳ. ʕʢʩʧʦʟʠʮʠʦʥʥʳʝ ʨʘʟʣʠʯʠʷ 

ʪʘʢʞʝ ʥʘʭʦʜʷʪ ʦʪʨʘʞʝʥʠʝ ʚ ʩʨʝʜʥʝʡ ʧʦ ʨʘʟʤʝʨʫ ʱʝʙʸʥʢʝ. ʕʢʩʧʦʟʠʮʠʦʥʥʳʝ ʨʘʟʣʠʯʠʷ ʦʪʯʝʪʣʠʚʦ 

ʧʨʦʷʚʣʷʶʪʩʷ ʜʣʷ ʦʙʣʦʤʦʯʥʳʭ ʯʘʩʪʠʮ ʜʠʘʙʘʟʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ ʙʦʜʨʘʢʩʢʦʛʦ  ʠʥʪʨʫʟʠʚʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ( 325,9 ʤ ʥʘʜ ʫ.ʤ.). ʉʨʝʜʥʠʡ ʧʦ ʨʘʟʤʝʨʘʤ ʱʝʙʝʥʴ ( 25-50 ʤʤ) ʥʘ ʩʢʣʦʥʘʭ ʩʝʚʝʨʥʦʡ 

ʵʢʩʧʦʟʠʮʠʠ ʫʧʣʦʱʸʥ ʩʠʣʴʥʝʝ ï ʩ/ʚ ï 0, 54, ʯʝʤ ʥʘ ʶʞʥʳʭ -ʩ/ʚ ï 0,64. 

ʆʯʝʚʠʜʥʳʝ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʢʘʨʪʳ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʫʞʝ ʥʘ ʛʣʫʙʠʥʝ 2,5-3,0 ʤ ʧʦʨʦʜʘ 

ʧʦʜʛʦʪʦʚʣʝʥʘ ʩʦʚʤʝʩʪʥʳʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʵʥʜʦʛʝʥʥʳʭ ʠ ʵʢʟʦʛʝʥʥʳʭ ( ʚʳʚʝʪʨʠʚʘʥʠʝ) 

ʧʨʦʮʝʩʩʦʚ ʢ ʨʘʟʨʫʰʝʥʠʶ. ʖ.ɻ. ʉʠʤʦʥʦʚ , ʆ.ɸ. ɹʦʨʩʫʢ ʠ ʜʨ. [5]  ʦʪʤʝʯʘʣʠ, ʯʪʦ ʟʦʥʳ 

ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ, ʥʝ ʟʘʣʝʯʝʥʥʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ, ʜʘʶʪ ʧʨʠ ʚʳʚʝʪʨʠʚʘʥʠʠ 

ʦʙʣʦʤʢʠ ʙʦʣʝʝ ʫʜʣʠʥʸʥʥʦʡ ʥʦʞʝʚʠʜʥʦʡ ʬʦʨʤʳ, ʘ ʟʘʯʘʩʪʫʶ, ʠ ʙʦʣʝʝ ʫʧʣʦʱʸʥʥʳʝ, 

ʥʝʩʚʦʡʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʧʦʨʦʜʳ ʦʪʜʝʣʴʥʦʩʪʠ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ [5], 

ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜ ʩʣʝʜʫʝʪ ʚʳʜʝʣʷʪʴ ʵʥʜʦʛʝʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ, ʚʢʣʶʯʘʶʱʫʶ ʢʘʢ 

ʬʠʟʠʯʝʩʢʦʝ  ʜʨʦʙʣʝʥʠʝ, ʪʘʢ ʠ ʭʠʤʠʯʝʩʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ( ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʨʦʜ, ʦʙʷʟʘʥʥʘʷ ʬʠʟʠʯʝʩʢʠʤ ʠʣʠ ʭʠʤʠʯʝʩʢʠʤ ʠʭ 

ʦʩʦʙʝʥʥʦʩʪʷʤ, ʥʘʭʦʜʷʪ ʯʸʪʢʦʝ ʦʪʨʘʞʝʥʠʝ ʚ ʧʨʦʮʝʩʩʘʭ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʦʪʢʨʳʚʘʷ çʧʨʦʭʦʜʳè 

ʚʛʣʫʙʴ ʤʘʩʩʠʚʦʚ. 

ʇʦ ʬʦʨʤʝ ʦʙʣʦʤʦʯʥʳʭ ʯʘʩʪʠʮ ʠʟ ʵʣʶʚʠʷ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʩʤʝʱʸʥʥʦʛʦ, ʚʳʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʥʳʝ ʟʦʥʳ ʛʠʧʝʨʛʝʥʝʟʘ. ʇʦʢʘʟʘʥʘ ʨʦʣʴ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ 

ʠʥʩʦʣʷʮʠʦʥʥʦʛʦ, ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʨʫʙʦʦʙʣʦʤʦʯʥʦʛʦ ʯʝʭʣʘ ʵʣʶʚʠʷ, ʚʳʷʚʣʝʥʘ ʟʦʥʘ ʧʦʜʛʦʪʦʚʢʠ 

ʢ ʨʘʟʨʫʰʝʥʠʶ ʧʨʦʮʝʩʩʘʤʠ ʚʳʚʝʪʨʠʚʘʥʠʷ  ʩ ʤʦʱʥʦʩʪʴʶ ʚ 20 ï 40 ʤ (ʦʪ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ), 

ʪ.ʝ. ʩʣʦʷ, ʚ ʢʦʪʦʨʦʤ ʠʜʫʪ ʛʦʜʦʚʳʝ ʠ ʤʥʦʛʦʣʝʪʥʠʝ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨ. ʇʦʜʯʸʨʢʥʫʪʘ ʨʦʣʴ 

ʩʦʩʪʘʚʘ ʧʦʨʦʜ, ʥʘʭʦʜʷʱʘʷ ʦʪʨʘʞʝʥʠʝ ʚ ʧʝʨʚʠʯʥʳʭ ʬʦʨʤʘʭ ʦʪʜʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʦʙʣʦʤʦʯʥʳʭ ʯʘʩʪʠʮ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʟʦʥʘʭ -  

ʦʪ ʥʠʚʘʣʴʥʦʡ ʢ ʭʦʣʦʜʥʦʡ ʛʫʤʠʜʥʦʡ, ʘʨʠʜʥʦʡ (ʪʨʦʧʠʯʝʩʢʦʡ) ʠ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ (ʚʣʘʞʥʦʡ). 
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ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ 3000 ʢʤ ʥʘ ʨ. ʃʝʥʝ ʧʨʦʩʣʝʞʝʥʳ ʠʟʤʝʥʝʥʠʷ ʢʨʫʧʥʦʩʪʠ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʠ ʦʢʘʪʘʥʥʦʩʪʠ ʘʣʣʶʚʠʷ. ɺʳʷʚʣʝʥʘ ʨʦʣʴ ʧʨʠʪʦʢʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʣʣʶʚʠʷ, ʧʦʢʘʟʘʥʘ ʩʚʷʟʴ ʪʠʧʦʚ ʨʫʩʣʘ ʩ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʣʣʶʚʠʷ ʧʦ ʦʪʜʝʣʴʥʳʤ ʨʫʢʘʚʘʤ ʨ. ʃʝʥʘ. 

 

ɼʣʷ ʨʘʚʥʠʥʥʳʭ ʨʝʢ ʪʝʥʜʝʥʮʠʷ ʠʟʤʝʣʴʯʝʥʠʷ ʘʣʣʶʚʠʷ ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ ʨʝʢʠ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʩʣʘʙʝʝ, ʯʝʤ ʜʣʷ ʛʦʨʥʳʭ ʠ ʧʦʣʫʛʦʨʥʳʭ ʨʝʢ. ʂʦʣʝʙʘʥʠʷ ʢʨʫʧʥʦʩʪʠ ʘʣʣʶʚʠʷ, 

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʦʢʘʪʘʥʥʦʩʪʠ ʚ ʨʫʩʣʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʝʤʷ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ: 

1) ʠʟʤʝʥʝʥʠʝʤ ʦʪ ʠʩʪʦʢʘ ʢ ʫʩʪʴʶ ʫʢʣʦʥʦʚ ʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ, ʪ.ʝ. ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 

ʩʦʨʪʠʨʦʚʢʦʡ ʥʘʥʦʩʦʚ; 2) ʠʟʤʝʣʴʯʝʥʠʝʤ ʯʘʩʪʠʮ ʘʣʣʶʚʠʷ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ; 3) 

ʭʘʨʘʢʪʝʨʦʤ ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʨʫʩʣʦ ʤʘʪʝʨʠʘʣʘ. ɼʚʘ ʧʝʨʚʳʭ ʬʘʢʪʦʨʘ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʪʦʢʘ, ʪʨʝʪʠʡ ï ʧʨʠʚʥʦʩʦʤ ʦʙʣʦʤʢʦʚ ʠʟ ʧʨʠʪʦʢʦʚ ʠ ʩ ʙʦʨʪʦʚ ʜʦʣʠʥʳ. ʈʦʣʴ 

ʧʦʩʪʫʧʘʶʱʝʛʦ ʩʦ ʩʢʣʦʥʦʚ ʜʦʣʠʥʳ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝʚʝʣʠʢʘ, ʪ.ʢ. ʦʙʱʘʷ 

ʧʨʦʪʷʞʸʥʥʦʩʪʴ ʙʦʨʪʦʚ ʜʦʣʠʥʳ ʜʘʞʝ ʢʨʫʧʥʝʡʰʠʭ ʨʝʢ ʤʠʨʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 5000 ï 10000 ʢʤ. 

ʇʨʠʚʥʦʩ ʤʘʪʝʨʠʘʣʘ ʠʟ ʚʩʝʡ ʨʫʩʣʦʚʦʡ ʩʝʪʠ ʙʘʩʩʝʡʥʘ ʩʦʩʪʘʚʠʪ 99 ʠ ʙʦʣʝʝ ʧʨʦʮʝʥʪʦʚ, ʪ.ʢ. ʜʣʠʥʘ 

ʨʫʩʣʦʚʦʡ ʩʝʪʠ ʢʨʫʧʥʳʭ ʨʝʢ ʠʟʤʝʨʷʝʪʩʷ ʤʠʣʣʠʦʥʘʤʠ ʢʠʣʦʤʝʪʨʦʚ. 

ɹʦʨʪʘ ʜʦʣʠʥʳ ʨ. ʃʝʥʘ ʥʘ ʚʩʸʤ ʧʨʦʪʷʞʝʥʠʠ ʦʪ ʆʩʝʪʨʦʚʦ ʜʦ ʫʩʪʴʷ ʩʣʦʞʝʥʳ ʚ ʦʩʥʦʚʥʦʤ 

ʦʩʘʜʦʯʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʧʘʣʝʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʥʠʞʝ ï ʤʝʟʦʟʦʡʩʢʦʛʦ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʨʝʟʢʦ 

ʧʨʝʦʙʣʘʜʘʶʪ ʢʘʨʙʦʥʘʪʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ. ʄʝʩʪʘʤʠ ʚʩʢʨʳʚʘʶʪʩʷ ʠʟʚʝʨʞʝʥʥʳʝ ʧʦʨʦʜʳ, 

ʚʥʝʜʨʷʶʱʠʝʩʷ ʚ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʚ ʚʠʜʝ ʜʘʝʢ ʠʣʠ ʧʣʘʩʪʦʚʳʭ ʠʥʪʨʫʟʠʡ. ʇʝʩʯʘʥʳʝ ʧʦʨʦʜʳ 

ʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʚʝʨʭʥʝʡ , ʘ ʢʘʨʙʦʥʘʪʥʳʝ ï ʜʣʷ ʩʨʝʜʥʝʡ ʃʝʥʳ. ɺ ʅʠʞʥʝʘʣʜʘʥʩʢʦʡ 

ʚʧʘʜʠʥʝ ʠ ʇʨʝʜʚʝʨʭʦʷʥʩʢʦʤ ʢʨʘʝʚʦʤ ʧʨʦʛʠʙʝ ʦʛʨʦʤʥʳʝ ʧʣʦʱʘʜʠ ʟʘʥʷʪʳ ʩʣʘʙʦ 

ʣʠʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʚʝʨʭʥʝʤʝʟʦʟʦʡʩʢʠʤʠ ʧʝʩʯʘʥʠʢʘʤʠ, ʠ ʪʦʣʴʢʦ ʥʘ ʧʨʠʜʝʣʴʪʦʚʦʤ ʫʯʘʩʪʢʝ ʠ 
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ʧʦ ʧʨʘʚʦʤʫ ʚʦʜʦʨʘʟʜʝʣʴʥʦʤʫ ʙʦʨʪʫ ʨ. ʃʝʥʳ ʚʳʭʦʜʷʪ ʧʣʦʪʥʳʝ ʤʝʟʦʟʦʡʩʢʠʝ, ʘ ʫ ʂʶʩʶʨʘ ʠ ʥʠʞʝ 

ʧʘʣʝʦʟʦʡʩʢʠʝ ʠ ʙʦʣʝʝ ʜʨʝʚʥʠʝ ʧʦʨʦʜʳ. 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʫʩʣʦʚʦʛʦ ʘʣʣʶʚʠʷ ʥʘ ʪʘʢʦʡ ʢʨʫʧʥʦʡ 

ʨʝʢʝ, ʢʘʢ ʃʝʥʘ. ɺ ʝʸ ʚʝʨʭʥʝʤ ʪʝʯʝʥʠʠ ʚ ʨʘʡʦʥʝ ʂʘʯʫʛʠ, ʛʜʝ ʨʫʩʣʦ ʙʣʠʟʢʦ ʢ ʧʦʣʫʛʦʨʥʦʤʫ ʪʠʧʫ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥ ʚʘʣʫʥʥʦ-ʛʘʣʝʯʥʳʡ ʘʣʣʶʚʠʡ. ʅʠʞʝ ʧʦ ʪʝʯʝʥʠʶ ʦʥ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʤʝʥʷʝʪʩʷ ʛʨʘʚʠʡʥʦ-ʧʝʩʯʘʥʳʤ (ʃʝʥʩʢʠʝ ʉʪʦʣʙʳ) ʠ ʧʝʩʯʘʥʳʤ ʥʘ ʫʯʘʩʪʢʝ 

ʇʦʢʨʦʚʩʢ ï ɾʠʛʘʥʩʢ (ʥʠʞʥʝʝ ʪʝʯʝʥʠʝ). ɺ ʃʝʥʩʢʦʡ ʪʨʫʙʝ ʨʫʩʣʦ ʛʘʣʝʯʥʦʝ. ɿʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ 

ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʫʩʣʦʚʦʛʦ ʘʣʣʶʚʠʷ ʠʛʨʘʶʪ ʧʨʠʪʦʢʠ, ʚʳʥʦʩʷ ʙʦʣʝʝ ʢʨʫʧʥʳʡ ʤʘʪʝʨʠʘʣ ʚ 

ʩʪʚʦʣʦʚʫʶ ʨʝʢʫ. ʄʦʨʬʦʣʦʛʠʷ ʜʦʣʠʥʳ ï ʩʫʞʝʥʠʷ ʠ ʨʘʩʰʠʨʝʥʠʷ ʪʘʢʞʝ ʩʦʟʜʘʶʪ ʢʦʣʝʙʘʥʠʷ ʚ 

ʢʨʫʧʥʦʩʪʠ ʘʣʣʶʚʠʷ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ ʆ.ɸ. ɹʦʨʩʫʢʘ, ʈ.ɺ. ʃʦʜʠʥʦʡ, ʈ.ʉ. ʏʘʣʦʚʘ [2]. ɺ 

ʜʝʣʴʪʝ ʘʣʣʶʚʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʩʯʘʥʳʤ ʠ ʠʣʦʚʘʪʦ-ʧʝʩʯʘʥʳʤ ʤʘʪʝʨʠʘʣʦʤ.  

ʂʨʫʧʥʦʩʪʴ ʘʣʣʶʚʠʷ ʠʩʧʳʪʳʚʘʝʪ ʧʦʩʪʦʷʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʫʞʝʥʠʡ ʠ 

ʨʘʩʰʠʨʝʥʠʡ ï ʢʘʢ ʙʳ ʧʫʣʴʩʠʨʫʝʪ ʙʣʘʛʦʜʘʨʷ ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʜʚʠʞʝʥʠʶ 

ʧʦʪʦʢʘ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʤʫ ʷʚʣʝʥʠʷʤʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʦʜʧʦʨʘ ʠ ʩʧʘʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʟʤʝʥʝʥʠʝ ʢʨʫʧʥʦʩʪʠ ʘʣʣʶʚʠʷ ʧʦ ʜʣʠʥʝ ʨʝʢʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʷʚʣʝʥʦ ʣʠʰʴ ʥʘ ʫʯʘʩʪʢʘʭ ʦʯʝʥʴ 

ʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ (ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʠ ʜʘʞʝ ʪʳʩʷʯ ʢʠʣʦʤʝʪʨʦʚ). ʂʨʦʤʝ ʪʦʛʦ, 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʩʤʝʥʘ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʨʦʜ ʧʦ ʜʣʠʥʝ ʨʝʢʠ, ʚʧʘʜʝʥʠʝ 

ʧʨʠʪʦʢʦʚ, ʧʨʠʥʦʩʷʱʠʭ ʙʦʣʝʝ ʢʨʫʧʥʳʡ ʤʘʪʝʨʠʘʣ  ʠʣʠ ʫʚʝʣʠʯʠʚʘʶʱʠʭ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʪʦʢʘ. ʇʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤʫ ʨʝʞʠʤʫ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤ ʧʝʨʝʥʦʩʘ ʘʣʣʶʚʠʷ ʩʫʞʝʥʠʷ 

ʠ ʨʘʩʰʠʨʝʥʠʷ ʜʦʣʠʥʳ ʤʦʛʫʪ ʙʳʪʴ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʧʣʝʩʘʤʠ ʠ ʧʝʨʝʢʘʪʘʤʠ ʨʘʚʥʠʥʥʳʭ ʨʝʢ. 

ʈʘʟʣʠʯʥʳ ʠ ʩʚʷʟʠ ʤʝʜʠʘʥʥʦʛʦ ʨʘʟʤʝʨʘ ʘʣʣʶʚʠʷ ʠ ʫʢʣʦʥʦʚ. ʂʨʫʧʥʳʝ ʧʦʡʤʝʥʥʳʝ ʨʘʩʰʠʨʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʛʦ ʜʠʘʤʝʪʨʘ ʚ 2-2.5 ʨʘʟʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩʦ 

ʩʥʠʞʝʥʠʝʤ ʫʜʝʣʴʥʳʭ ʨʫʩʣʦʬʦʨʤʠʨʫʶʱʠʭ ʨʘʩʭʦʜʦʚ ʚʦʜʳ. ɺ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʛʦ ʢʨʫʧʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʜʥʘ ʜʦʣʠʥʳ ʭʦʨʦʰʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʢʨʫʧʥʦʩʪʠ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʦʪ 

ʥʘʯʘʣʘ ʨʘʩʰʠʨʝʥʠʷ ʢ ʝʛʦ ʢʦʥʮʫ, ʪ.ʝ. ʦʪ  ʟʦʥʳ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʧʘʜʘ  ʢ ʟʦʥʝ ʧʦʜʧʦʨʘ. ɺ ʢʦʥʮʝ 

ʨʘʩʰʠʨʝʥʠʷ  ʢʨʫʧʥʦʩʪʴ ʘʣʣʶʚʠʷ ʚ ʨʫʩʣʝ ʤʠʥʠʤʘʣʴʥʘʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʦʟʥʠʢʘʶʱʠʤ ʟʜʝʩʴ 

ʧʦʜʧʦʨʦʤ ʦʪ ʩʣʝʜʫʶʱʝʛʦ ʩʫʞʝʥʠʷ. 

ɼʣʷ ʫʯʘʩʪʢʦʚ ʩʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ ʜʦʣʠʥʳ ʠ ʨʫʩʣʘ 

ʫʩʪʘʥʦʚʣʝʥʘ ʯʝʪʢʘʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʛʦ ʜʠʘʤʝʪʨʘ ʥʘʥʦʩʦʚ ʩʦ ʩʨʝʜʥʝʡ ʰʠʨʠʥʦʡ 

ʨʫʩʣʘ ʚ ʧʨʝʜʝʣʘʭ ʧʦʡʤʝʥʥʳʭ ʙʨʦʚʦʢ [2].  

 ʅʘ ʩʨʝʜʥʝʡ ʠ ʚʝʨʭʥʝʡ ʃʝʥʝ ʥʘ ʩʦʪʥʠ ʢʠʣʦʤʝʪʨʦʚ ʪʷʥʫʪʩʷ ʙʝʨʝʛʘ, ʩʣʦʞʝʥʥʳʝ 

ʠʟʚʝʩʪʥʷʢʘʤʠ, ʤʝʨʛʝʣʷʤʠ ʠ ʜʨʫʛʠʤʠ ʢʘʨʙʦʥʘʪʥʳʤʠ ʦʩʘʜʢʘʤʠ [1]. ʅʦ ʚ ʨʫʩʣʝ ʩʨʝʜʠ ʛʘʣʝʢ, 

ʩʣʘʛʘʶʱʠʭ ʧʨʠʨʫʩʣʦʚʳʝ ʦʪʤʝʣʠ, ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʪʦʣʴʢʦ ʝʜʠʥʠʯʥʳʝ ʦʙʣʦʤʢʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʠʟʚʝʩʪʥʷʢʘʤʠ. ɽʩʣʠ ʞʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʝʩʴ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʝʢʪʨ, ʪʦ 

ʣʝʛʢʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʟʠʪʘ ʛʘʣʝʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʨʫʩʣʝ ʚ ʥʝʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 
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ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʩʪʦʡʯʠʚʳʭ ʢ ʘʙʨʘʟʠʚʥʦʤʫ ʠʩʪʠʨʘʥʠʶ ʥʝʭʨʫʧʢʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ï 

ʢʚʘʨʮ, ʢʨʝʤʥʠʡ, ʭʘʣʮʝʜʦʥ, ʨʷʜ ʵʬʬʫʟʠʚʥʳʭ ʨʘʟʥʦʩʪʝʡ. ɻʨʘʥʠʪʳ ʠ ʛʥʝʡʩʳ ʨʘʟʨʫʰʘʶʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʠ ʫʞʝ ʯʝʨʝʟ 300 ï 700 ʢʠʣʦʤʝʪʨʦʚ ʠʩʯʝʟʘʶʪ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʠʟ 

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ. ʅʘ ʚʝʨʭʥʝʡ ʃʝʥʝ (ʥʘ ʫʯʘʩʪʢʝ ʧʦʨʪʘ ʆʩʝʪʨʦʚʦ-ʂʠʨʝʥʩʢ) 

ʥʝʫʩʪʦʡʯʠʚʳʝ ʚ ʪʨʘʥʟʠʪʝ ʤʝʩʪʥʳʝ ʧʦʨʦʜʳ ʠʩʪʠʨʘʶʪʩʷ ʩʪʦʣʴ ʙʳʩʪʨʦ, ʯʪʦ ʚ ʩʧʝʢʪʨʝ ʦʩʪʘʶʪʩʷ 

ʪʦʣʴʢʦ ʦʢʨʝʤʥʝʣʳʝ ʨʘʟʥʦʩʪʠ ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʢʚʘʨʮʳ. ʈʝʢʘ ʂʠʨʝʥʛʘ ʧʨʠʚʥʦʩʠʪ ʚ ʨʫʩʣʦ ʃʝʥʳ 

ʤʦʱʥʳʡ ʧʦʪʦʢ ʛʘʣʝʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʨʝʜʠ ʢʦʪʦʨʦʛʦ ʧʨʝʦʙʣʘʜʘʶʪ ʧʦʨʬʠʨʳ ʠ ʧʦʨʬʠʨʠʪʳ. 

ʇʦʩʣʝ ʩʫʞʝʥʠʷ ʚ ʨʘʡʦʥʝ ʃʝʥʩʢʠʭ ʱʝʢ ʚ ʘʣʣʶʚʠʠ ʧʦʷʚʣʷʶʪʩʷ ʤʝʩʪʥʳʝ ʧʦʨʦʜʳ, 

ʩʣʘʛʘʶʱʠʝ ʙʝʨʝʛʘ ʜʦʣʠʥʳ, ʭʦʪʷ ʠʭ ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʦ. ʈʝʢʘ ɺʠʪʠʤ ʧʨʠʥʦʩʠʪ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ (ʛʥʝʡʩʳ, ʢʚʘʨʮʠʪʳ) ʠ ʠʟʚʝʨʞʝʥʥʳʭ (ʛʨʘʥʠʪʳ, ʜʠʦʨʠʪʳ) 

ʧʦʨʦʜ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʫʤʝʥʴʰʝʥʠʝ ʜʦʣʠ ʜʠʦʨʠʪ-ʧʦʨʬʠʨʠʪʦʚ ʠ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʮʝʥʪʘ 

ʛʘʣʝʢ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʨʘʥʠʪʘʤʠ ʠ ʜʠʦʨʠʪʘʤʠ. ɺ ʨʘʡʦʥʝ ʚʧʘʜʝʥʠʷ ʨʝʢ ʅʶʠ ʠ ɼʞʝʨʙʳ 

ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʠʟʚʝʩʪʥʷʢʦʚ ʟʘ ʩʯʝʪ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʨʫʩʣʦ ʤʘʪʝʨʠʘʣʘ ʠʟ ʜʚʫʭ ʙʦʣʴʰʠʭ 

ʧʨʠʪʦʢʦʚ. ʈʝʢʘ ʆʣʝʢʤʘ ʧʦʩʪʘʚʣʷʝʪ ʚ ʃʝʥʫ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʠ ʠʟʚʝʨʞʝʥʥʳʝ ʧʦʨʦʜʳ, 

ʩʣʘʛʘʶʱʠʝ ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʝʝ ʙʘʩʩʝʡʥʘ. ʅʘ ʫʯʘʩʪʢʝ ʥʠʞʝ ʚʧʘʜʝʥʠʷ ʨ. ʄʘʨʭʠ ʥʘʯʠʥʘʝʪ 

ʚʦʟʨʘʩʪʘʪʴ ʜʦʣʷ ʤʝʩʪʥʳʭ ʧʦʨʦʜ ï ʠʟʚʝʩʪʥʷʢʦʚ, ʩʣʘʛʘʶʱʠʭ ʣʝʚʳʡ ʙʦʨʪ ʜʦʣʠʥʳ; ʢʨʦʤʝ ʪʦʛʦ, 

ʥʘʢʦʧʣʝʥʠʝ ʠʟʚʝʩʪʥʷʢʦʚ ʩʚʷʟʘʥʦ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʜʦʣʠ ʤʘʪʝʨʠʘʣʘ, ʧʨʠʥʦʩʠʤʦʛʦ ʥʘ ʦʪʤʝʣʠ 

ʣʴʜʦʤ.  

ɺʧʘʜʝʥʠʝ ɸʣʜʘʥʘ ï ʦʜʥʦʛʦ ʠʟ ʩʘʤʳʭ ʢʨʫʧʥʳʭ ʧʨʠʪʦʢʦʚ ʥʠʞʥʝʡ ʃʝʥʳ ʦʱʫʱʘʝʪʩʷ ʚ 

ʠʟʤʝʥʝʥʠʠ ʤʥʦʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʣʣʶʚʠʷ. ʇʨʘʚʦʙʝʨʝʞʥʳʝ ʨʫʢʘʚʘ ʚ ʫʟʣʝ ʩʣʠʷʥʠʷ ʨ. ʃʝʥʳ ʩ 

ɸʣʜʘʥʦʤ ï ʧʨʝʞʜʝ ʚʩʝʛʦ ʉʠʥʮʦʚʘʷ ʧʨʦʪʦʢʘ ï ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʘʣʝʯʥʦ-ʛʨʘʚʠʡʥʦ-ʧʝʩʯʘʥʳʤ 

ʘʣʣʶʚʠʝʤ, ʘ ʣʝʚʦʙʝʨʝʞʥʳʝ ï ʊʫʨʠʡ ɺʟʚʦʜ ʠ ʜʨʫʛʠʝ ï ʧʝʩʯʘʥʳʤ. ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʚ 

ʧʨʘʚʦʙʝʨʝʞʥʳʭ ʧʨʦʪʦʢʘʭ ʥʘ 90-95% ʩʦʩʪʦʠʪ ʠʟ ʧʦʨʦʜ ʚʝʨʭʦʷʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ï ʧʝʩʯʘʥʠʢʦʚ, 

ʘʣʝʚʨʦ-ʧʝʣʠʪʦʚ, ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʪʦʣʴʢʦ  10% ʠ ʤʝʥʝʝ ʚ ʥʝʤ ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʦʜʳ, ʧʨʠʥʝʩʝʥʥʳʝ 

ʠʟ ʚʝʨʭʦʚʴʝʚ ʨ. ɸʣʜʘʥ, ʪ.ʝ. ʩ ɸʣʜʘʥʩʢʦʛʦ ʱʠʪʘ. ɺ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʃʝʥʳ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʧʣʦʪʴ 

ʜʦ ʧʨʠʫʩʪʴʝʚʦʛʦ ʫʯʘʩʪʢʘ  - ʃʝʥʩʢʦʡ ʪʨʫʙʳ, ʚʜʦʣʴ ʧʨʘʚʦʛʦ ʙʦʨʪʘ ʯʘʩʪʳ ʧʦʷʚʣʝʥʠʷ ʛʘʣʝʯʥʠʢʦʚ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʫʯʘʩʪʢʘʤ ʚʧʘʜʝʥʠʷ ʨʷʜʘ ʧʨʠʪʦʢʦʚ, ʧʦ ʢʦʪʦʨʳʤ ʚ ʧʨʦʰʣʦʤ 

ʧʦʜʭʦʜʠʣ ʬʨʦʥʪ ʦʣʝʜʝʥʝʥʠʷ. ʊʘʢʠʝ ʨʝʯʢʠ ʢʘʢ ʏʦʯʫʤʘ, ʃʷʤʧʫʰʢʘ, ʅʘʪʘʨʘ, ɼʞʦʨʜʞʘʥ ʠ ʜʨʫʛʠʝ 

ʚʥʦʩʷʪ ʚ ʃʝʥʫ ʛʘʣʝʯʥʦ-ʛʨʘʚʠʡʥʳʡ ʤʘʪʝʨʠʘʣ, ʟʘʯʘʩʪʫʶ ʦʙʨʘʟʫʶʱʠʡ ʤʦʱʥʳʝ ʢʦʥʫʩʳ ʚʳʥʦʩʘ. 

ʇʦʣʦʩʘ ʛʘʣʝʯʥʦʛʦ ʘʣʣʶʚʠʷ ʚʜʦʣʴ ʧʨʘʚʦʛʦ ï ʚʝʨʭʦʷʥʩʢʦʛʦ  - ʙʝʨʝʛʘ ʠʤʝʝʪ ʰʠʨʠʥʫ ʚ ʧʝʨʚʳʝ 

ʩʦʪʥʠ ʤʝʪʨʦʚ ʜʦ 1.5-2.0 ʢʤ ʧʨʠ ʰʠʨʠʥʝ ʨʫʩʣʘ ʚ 10-15 ʢʤ. ʇʦ ʩʦʩʪʘʚʫ ʵʪʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʛʘʣʝʯʥʠʢʠ, ʩʣʘʛʘʝʤʳʝ ʧʦʨʦʜʘʤʠ ʚʝʨʭʦʷʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ï ʧʝʩʯʘʥʠʢʘʤʠ, ʘʣʝʚʨʦʣʠʪʘʤʠ, 

ʩʣʘʥʮʘʤʠ. ʅʦ ʪʦʣʴʢʦ ʥʘʯʠʥʘʶʱʝʝʩʷ ʚʳʰʝ ʩ. ʂʶʩʶʨʘ ʩʫʞʝʥʠʝ ʜʦʣʠʥʳ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʨʘʩʪʘʥʠʶ ʨʦʣʠ ʛʘʣʝʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʦʩʪʘʚʝ ʨʫʩʣʦʚʦʛʦ ʘʣʣʶʚʠʷ. ʕʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠ 

ʥʝʢʦʪʦʨʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʚ ʥʝʤ ʜʦʣʠ ʤʝʩʪʥʳʭ ʜʨʝʚʥʠʭ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ (ʚ ʧʝʨʚʫʶ 
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ʦʯʝʨʝʜʴ ʧʘʣʝʦʟʦʡʩʢʠʭ). ʅʘ ʢʨʫʧʥʳʭ ʨʝʢʘʭ, ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʥʘ ʨʫʢʘʚʘ, ʚʣʠʷʥʠʝ ʧʨʦʪʦʢʦʚ 

ʟʘʭʚʘʪʳʚʘʝʪ ʦʙʳʯʥʦ ʥʝ ʚʩ yʨʫʩʣʦ, ʘ ʣʠʰʴ ʪʝ ʨʫʢʘʚʘ ʠ ʧʨʦʪʦʢʠ, ʢʦʪʦʨʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʨʠʣʝʛʘʶʪ ʢ ʫʩʪʴʶ ʧʨʠʪʦʢʘ. ʆʪʩʶʜʘ ʨʘʟʣʠʯʠʷ ʚ ʢʨʫʧʥʦʩʪʠ ʠ ʤʠʥʝʨʘʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʤ 

ʩʦʩʪʘʚʝ ʘʣʣʶʚʠʷ ʫ ʧʨʘʚʦʛʦ ʠ ʣʝʚʦʛʦ ʙʦʨʪʦʚ ʨʝʢʠ [3]. ʊʘʢʦʝ ʞʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʢʘʟʳʚʘʶʪ ʢʨʫʪʳʝ 

ʠ ʚʳʩʦʢʠʝ ʙʦʨʪʘ ʜʦʣʠʥ ʠʣʠ ʫʩʪʫʧʳ ʭʨʝʙʪʦʚ, ʧʦʜʭʦʜʷʱʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʨʝʢʝ.  ɺʜʦʣʴ ʠʭ 

ʧʦʜʦʰʚʳ ʬʦʨʤʠʨʫʝʪʩʷ ʰʣʝʡʬ ʠʟ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʰʠʨʠʥʦʡ ʚ ʜʝʩʷʪʢʠ, ʨʝʜʢʦ ʧʝʨʚʳʝ 

ʩʦʪʥʠ ʤʝʪʨʦʚ. ʊʘʢʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʧʦʜʦʰʚʳ ʆʨʫʣʛʠʥʩʢʦʛʦ ʭʨʝʙʪʘ ʚ ʨʘʡʦʥʝ ʫʩʪʴʷ ʨ. 

ɺʠʣʶʡ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʩʝʭ ʘʥʪʠʮʝʜʝʥʪʥʳʭ ʫʯʘʩʪʢʦʚ ʜʦʣʠʥ (ʃʝʥʩʢʠʝ ʱʝʢʠ, ʃʝʥʩʢʘʷ 

ʪʨʫʙʘ). 

ʅʘ ʢʨʫʧʥʳʭ  ʨʘʚʥʠʥʥʳʭ ʨʝʢʘʭ, ʠʤʝʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʝ ʪʝʯʝʥʠʷ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ, ʯʘʩʪʦ 

ʥʘʙʣʶʜʘʶʪʩʷ ʷʚʣʝʥʠʷ ʣʝʜʷʥʳʭ ʟʘʪʦʨʦʚ. ʆʥʠ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʥʘ ʉʝʚʝʨʥʦʡ ɼʚʠʥʝ, ʆʙʠ, ʃʝʥʝ. 

ʂʨʫʧʥʳʝ ʣʝʜʷʥʳʝ ʟʘʪʦʨʳ ʩʨʘʙʘʪʳʚʘʶʪ ʢʘʢ ʚʨʝʤʝʥʥʳʝ ʧʣʦʪʠʥʳ. ɺ ʨʫʩʣʝ ʨʝʢʠ ʃʝʥʘ ʭʦʨʦʰʠʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʟʘʪʦʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠ ʦʛʨʫʜʢʠ ʛʘʣʝʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʦʙʦʯʥʳʭ ʠ ʦʩʝʨʝʜʢʘʭ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʘʷʥʠʷ ʩʝʚʰʠʭ ʥʘ ʤʝʣʴ ʣʴʜʠʥ.  ʍʘʨʘʢʪʝʨʥʦ ʜʣʷ ʤʝʩʪ ʣʝʜʷʥʳʭ 

ʟʘʪʦʨʦʚ  ʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʣʘʙʦʫʩʪʦʡʯʠʚʳʭ  ʚ ʪʨʘʥʟʠʪʝ ʧʦʨʦʜ ï ʠʟʚʝʩʪʥʷʢʦʚ, ʤʝʣʦʚʳʭ 

ʧʝʩʯʘʥʠʢʦʚ ʥʘ ʥʠʞʥʝʡ ʃʝʥʝ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʠ ʦʙʣʦʤʦʯʥʳʝ ʯʘʩʪʠʮʳ ʙʳʚʘʶʪ ʧʣʦʭʦ ʦʢʘʪʘʥʳ. 

ɹʦʣʴʰʠʝ ʩʢʦʧʣʝʥʠʷ ʩʣʘʙʦʫʩʪʦʡʯʠʚʳʭ ʧʦʨʦʜ ʚ ʨʫʩʣʝ ʨʝʢ ʠ ʫʢʨʫʧʥʝʥʠʝ ʘʣʣʶʚʠʷ ï ʧʦʢʘʟʘʪʝʣʴ 

ʣʝʜʷʥʳʭ ʟʘʪʦʨʦʚ. 

ʆʩʨʝʜʥʝʥʥʳʡ ʧʦ ʢʨʫʧʥʳʤ ʫʯʘʩʪʢʘʤ ʨʫʩʣʘ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʢʨʫʧʥʦʩʪʠ ʘʣʣʶʚʠʷ 

ʤʝʥʷʝʪʩʷ ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ ʦʪ 0.30 ʜʦ 0.10-0.12. 

ɺ ʮʝʣʦʤ ʦʢʘʪʘʥʥʦʩʪʴ ʧʦ ʜʣʠʥʝ ʨ. ʃʝʥʳ ʚʦʟʨʘʩʪʘʝʪ ʦʪ 2 ʙʘʣʣʦʚ ʜʦ 2.5 - 2.7 ʙʘʣʣʘ ʚ 

ʃʝʥʩʢʦʡ ʪʨʫʙʝ, ʯʪʦ ʚʧʦʣʥʝ ʦʙʲʷʩʥʠʤʦ ʫʚʝʣʠʯʝʥʠʝʤ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʝʡ ʩʠʣʳ ʧʦʪʦʢʘ. 

ɼʣʷ ʨʝʢʠ ʃʝʥʳ ʥʘ ʦʧʠʩʘʥʥʦʤ ʫʯʘʩʪʢʝ ʛʣʘʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ 

ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʣʣʶʚʠʷ, ʷʚʣʷʶʪʩʷ: ʚʧʘʜʝʥʠʝ ʧʨʠʪʦʢʦʚ, ʤʦʨʬʦʣʦʛʠʷ ʜʦʣʠʥʳ ( ʝʝ 

ʩʫʞʝʥʠʷ ʠ ʨʘʩʰʠʨʝʥʠʷ), ʣʠʪʦʣʦʛʠʷ ʧʦʨʦʜ, ʩʣʘʛʘʶʱʠʭ ʙʘʩʩʝʡʥ ʨʝʠ, ʘ ʪʘʢʞʝ, ʚ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ, ʧʝʨʝʤʳʚ ʃʝʥʦʡ ʙʦʣʝʝ ʜʨʝʚʥʝʛʦ ʪʝʨʨʘʩʦʚʦʛʦ ʘʣʣʶʚʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʠ ʧʝʨʝʥʦʩ 

ʤʘʪʝʨʠʘʣʘ ʣʴʜʦʤ, ʚ ʧʝʨʠʦʜ ʣʝʜʦʭʦʜʦʚ ʜʦ 300 ʢʤ. 
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ʇʨʠʚʦʜʷʪʩʷ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʘ ʚ ʢʦʣʦʥʢʝ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ɹʝʣʦʛʦ ʤʦʨʷ 

ʩ ʚʳʩʦʢʦʡ ʜʠʩʢʨʝʪʥʦʩʪʴʶ 1 ʩʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ SiO2ʘʤʦʨʬ ʠ 

ʜʦʣʝʡ ʧʝʣʠʪʦʚʦʡ ʬʨʘʢʮʠʠ ʚ ʦʩʘʜʢʝ ʭʘʨʘʢʪʝʨʥʘ ʪʦʣʴʢʦ ʜʣʷ ʚʝʨʭʥʝʛʦ ʩʣʦʷ (0-8 ʩʤ). ʉ ʛʣʫʙʠʥʦʡ ʩʦʜʝʨʞʘʥʠʝ 

SiO2ʘʤʦʨʬ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ  ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʩʘʜʢʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʫʰʝʥʠʷ ʠ 

ʨʘʩʪʚʦʨʝʥʠʷ ʦʧʘʣʦʚʦʛʦ ʜʝʪʨʠʪʘ ʚ ʧʨʦʮʝʩʩʝ ʜʠʘʛʝʥʝʟʘ. 
 

ɹʠʦʛʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʨʦʜʫʢʪʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʦʨʛʘʥʠʟʤʦʚ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʘ ʠ ʢʘʨʙʦʥʘʪʘ 

ʢʘʣʴʮʠʷ. ʅʘʩʳʱʝʥʠʝ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʙʠʦʛʝʥʥʳʤ ʢʨʝʤʥʝʟʝʤʦʤ (ʦʧʘʣʦʤ) ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʪʤʠʨʘʥʠʷ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ, ʨʘʜʠʦʣʷʨʠʡ, ʛʫʙʦʢ. ʄʘʩʰʪʘʙʳ ʥʘʢʦʧʣʝʥʠʷ 

ʙʠʦʛʝʥʥʳʭ ʦʩʘʜʢʦʚ ʰʠʨʦʢʦ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. ʀʟʫʯʝʥʠʝ 

ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʘ ʠ ʜʨʫʛʠʭ ʙʠʦʛʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ 

ʠʩʪʦʯʥʠʢʘʭ ʠ ʧʫʪʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ. 

ɼʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ SiO2ʘʤʦʨʬ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ ɹʝʣʦʛʦ 

ʤʦʨʷ ʙʳʣʦ ʩʜʝʣʘʥʦ ʅʝʚʝʩʩʢʠʤ ʠ ʩʦʘʚ. [2]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʠʦʛʝʥʥʦʛʦ 

ʢʨʝʤʥʝʟʝʤʘ ʚ ʢʦʣʦʥʢʘʭ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ɹʝʣʦʛʦ ʤʦʨʷ ʠʟʫʯʝʥʦ ʩʣʘʙʦ. 

ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ, ʩʦʚʨʝʤʝʥʥʳʝ (ʧʦʚʝʨʭʥʦʩʪʥʳʝ) ʜʦʥʥʳʝ ʦʩʘʜʢʠ ɹʝʣʦʛʦ ʤʦʨʷ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʘ [1]. ʉʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ ʩʦʩʪʘʚʣʷʝʪ 2.85Ñ1.85% (n=65). ʄʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʧʨʦʙʝ ʢʨʫʧʥʦ-ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʭ ʧʝʩʢʦʚ ʆʥʝʞʩʢʦʛʦ ʟʘʣʠʚʘ - 0,16%, 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʚ ʛʣʠʥʠʩʪʳʭ ʠʣʘʭ ʶʞʥʦʡ ʯʘʩʪʠ ɹʘʩʩʝʡʥʘ - 6,89%. ɺ ʮʝʣʦʤ, ʙʦʣʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ SiO2ʘʤʦʨʬ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʛʣʫʙʦʢʦʚʦʜʥʘʷ ʯʘʩʪʴ ɹʘʩʩʝʡʥʘ ʠ ʂʘʥʜʘʣʘʢʰʩʢʦʛʦ 

ʟʘʣʠʚʘ (ʢʦʥʮʝʥʪʨʘʮʠʠ 4-6%). ɺ ʥʝʛʣʫʙʦʢʦʚʦʜʥʳʭ ʨʘʡʦʥʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʘʣʝʚʨʠʪʦ-

ʧʝʩʯʘʥʳʤʠ ʠ ʧʝʩʯʘʥʳʤʠ ʦʩʘʜʢʘʤʠ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʧʘʣʘ ʥʠʞʝ. ɼʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʚʷʟʘʥʦ 

ʩ ʘʢʢʫʤʫʣʷʮʠʝʡ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʦʩʘʜʢʦʚ, ʦʙʦʛʘʱʝʥʥʳʭ ʦʧʘʣʦʚʳʤʠ ʩʢʝʣʝʪʘʤʠ ʧʣʘʥʢʪʦʥʘ, ʚ 

ʢʦʪʣʦʚʠʥʝ ʤʦʨʷ. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ ʠ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [2]. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ SiO2ʘʤʦʨʬ ʚ ʢʦʣʦʥʢʝ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ɹʝʣʦʛʦ ʤʦʨʷ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚ 37 

ʧʨʦʙʘʭ ʩʪʘʥʮʠʠ 1404, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ɼʚʠʥʩʢʦʤ ʟʘʣʠʚʝ (65Á23,291' ʩ.ʰ.; 37Á14,773' ʚ.ʜ., 

ʛʣʫʙʠʥʘ 150 ʤ). ʆʪʙʦʨ ʧʨʦʙ ʧʨʦʭʦʜʠʣ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʫʙʢʠ ʅʝʡʤʠʩʪʦ ʩ ʜʠʩʢʨʝʪʥʦʩʪʴʶ 1 
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ʩʤ ʜʦ ʛʦʨʠʟʦʥʪʘ 30 ʩʤ, ʜʘʣʝʝ ʩ ʜʠʩʢʨʝʪʥʦʩʪʴʶ 2 ʩʤ. ɸʥʘʣʠʟʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʬʠʟʠʢʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʀʥʩʪʠʪʫʪʘ ʦʢʝʘʥʦʣʦʛʠʠ ʠʤ. ʇ.ʇ. ʐʠʨʰʦʚʘ ʈɸʅ 

ʤʝʪʦʜʦʤ 5% ʩʦʜʦʚʦʡ ʚʳʪʷʞʢʠ ʩ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʦʢʦʥʯʘʥʠʝʤ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ - ʠʟʫʯʠʪʴ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʘ ʚ ʢʦʣʦʥʢʝ 

ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʚ ɹʝʣʦʤ ʤʦʨʝ. 

ʇʝʨʚʳʝ 8 ʩʤ ʢʦʣʦʥʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤ (>5%) ʩʦʜʝʨʞʘʥʠʝʤ SiO2ʘʤʦʨʬ 

(ʈʠʩʫʥʦʢ 1, (ʘ). ʅʘʠʙʦʣʴʰʝʝ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʨʝʤʥʝʟʝʤʘ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʤʝʞʜʫ ʥʘʠʣʢʦʤ (0-1 ʩʤ) ʠ ʩʣʦʝʤ 1-2 ʩʤ, ʛʜʝ ʦʪʤʝʯʝʥʦ ʤʠʥʠʤʘʣʴʥʦʝ ʚ ʢʦʣʦʥʢʝ 

ʩʦʜʝʨʞʘʥʠʝ ʧʝʣʠʪʦʚʦʡ ʬʨʘʢʮʠʠ (85.1%) ʩ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʝʥʥʦʡ ʜʦʣʝʡ ʧʝʩʢʘ ʠ ʛʨʘʚʠʡʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʅʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʩʦʜʝʨʞʘʥʠʝ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʘ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʧʝʣʠʪʦʚʦʡ ʬʨʘʢʮʠʠ (R=0.75; n=8; p=0.05). ɺ ʩʣʦʝ 8-

9 ʩʤ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʦʧʘʣʘ (< 4%). ʂʘʢʠʭ-ʣʠʙʦ ʠʟʤʝʥʝʥʠʡ ʚ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʦʩʘʜʢʘ ʠʣʠ ʚ ʩʦʜʝʨʞʘʥʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʥʝ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ (ʈʠʩʫʥʦʢ 1, (ʙ), (ʚ), ʦʜʥʘʢʦ ʩʦʢʨʘʱʝʥʠʝ ʙʠʦʛʝʥʥʦʛʦ ʢʨʝʤʥʝʟʝʤʘ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʥʦ ʩ ʨʘʟʨʫʰʝʥʠʝʤ ʭʨʫʧʢʠʭ ʜʠʘʪʦʤʦʚʳʭ ʧʘʥʮʠʨʝʡ ʧʨʠ ʫʧʣʦʪʥʝʥʠʠ ʦʩʘʜʢʘ ʠ ʠʟʤʝʥʝʥʠʷʭ 

ʫʩʣʦʚʠʡ ʩʨʝʜʳ (ʥʘʧʨʠʤʝʨ, ʫʚʝʣʠʯʝʥʠʠ ʱʝʣʦʯʥʦʩʪʠ). ʅʘ ʫʯʘʩʪʢʝ ʦʪ 8 ʜʦ 32 ʩʤ SiO2ʘʤʦʨʬ 

ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 3-4% ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʪʝʥʜʝʥʮʠʝʡ ʢ ʩʦʢʨʘʱʝʥʠʶ (R2=0.25; n=23; 

p=0.05). ʄʠʥʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʨʝʤʥʝʟʝʤʘ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʩʣʦʝ 25-26 ʩʤ ï 1.71%. ʅʘ 

ʛʦʨʠʟʦʥʪʝ 32 ʩʤ ʠ ʜʦ ʢʦʥʮʘ ʠʩʩʣʝʜʫʝʤʦʡ ʢʦʣʦʥʢʠ (44 ʩʤ) ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

SiO2ʘʤʦʨʬ ʜʦ 5% ʠ ʚʳʰʝ. ʇʨʠ ʫʯʝʪʝ ʪʦʛʦ, ʯʪʦ ʦʩʘʜʦʢ ʩʪʘʥʦʚʠʪʴʩʷ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʳʡ, ʘʢʪʠʚʥʳʝ 

ʩʪʘʜʠʠ ʨʘʥʥʝʛʦ ʜʠʘʛʝʥʝʟʘ ʟʘʚʝʨʰʘʶʪʩʷ, ʫʚʝʣʠʯʝʥʠʝ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʘ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʥʳʤ ʧʦʩʪʫʧʣʝʥʠʝʤ ʜʠʘʪʦʤʦʚʦʛʦ ʜʝʪʨʠʪʘ ʚ ʜʘʥʥʳʡ ʠʩʪʦʨʠʯʝʩʢʠʡ ʧʝʨʠʦʜ. 

ʀʟʫʯʘʝʤʳʡ ʦʩʘʜʦʢ, ʩʣʦʞʝʥʥʳʡ ʛʣʠʥʠʩʪʳʤ ʠʣʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʦʜʥʦʨʦʜʥʳʤ. ɼʦʣʷ ʧʝʣʠʪʦʚʦʡ ʬʨʘʢʮʠʠ ʥʘ ʫʯʘʩʪʢʝ ʛʣʫʙʞʝ 5 ʩʤ ʠʟʤʝʥʷʝʪʩʷ ʚ ʥʝʙʦʣʴʰʠʭ 

ʧʨʝʜʝʣʘʭ (90-95%). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ 

ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʘ ʠ ʜʦʣʝʡ ʧʝʣʠʪʦʚʦʡ ʬʨʘʢʮʠʠ ʚ ʢʦʣʦʥʢʝ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʥʝ ʚʳʷʚʣʝʥʘ 

(R=-0.25; n=26; p=0.05), ʯʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʦʩʘʜʢʦʚ [1, 

2]. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ, ʥʝʟʘʚʠʩʷʱʠʤ ʦʪ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʩʦʢʨʘʱʝʥʠʝʤ SiO2ʘʤʦʨʬ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʫʰʝʥʠʷ ʠ ʨʘʩʪʚʦʨʝʥʠʷ ʦʧʘʣʦʚʳʭ ʧʘʥʮʠʨʝʡ ʜʠʘʪʦʤʝʡ ʚ ʧʨʦʮʝʩʩʝ ʜʠʘʛʝʥʝʟʘ. 
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ʈʠʩʫʥʦʢ 1 - ʉʦʜʝʨʞʘʥʠʝ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʘ (ʘ), ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (ʙ) ʠ ʜʦʣʠ ʧʝʣʠʪʦʚʦʡ 

ʬʨʘʢʮʠʠ (ʚ) ʚ ʢʦʣʦʥʢʝ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʩʪ. 1404, ɹʝʣʦʝ ʤʦʨʝ 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ Cʦʨʛ ʚ ʠʟʫʯʘʝʤʦʡ ʢʦʣʦʥʢʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝ 

(3.64%) ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ 1-2 ʩʤ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʩʪʝʧʝʥʥʳʤ ʩʦʢʨʘʱʝʥʠʝʤ ʜʦ 1.34% ʚ 

ʩʣʦʝ 17-18 ʩʤ ʧʦ ʤʝʨʝ ʦʢʠʩʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʛʣʫʙʞʝ ʜʘʥʥʳʝ ʧʦ Cʦʨʛ 

ʦʪʩʫʪʩʪʚʫʶʪ). ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʘʤʦʨʬʥʳʤ ʢʨʝʤʥʝʟʝʤʦʤ ʠ ʦʨʛʘʥʠʯʝʩʢʠʤ 

ʫʛʣʝʨʦʜʦʤ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʫʝʪ (R=0.37; p=0.05), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʣʠʯʥʦʡ ʨʝʘʢʮʠʝʡ ʜʘʥʥʳʭ 

ʙʠʦʛʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʥʘ ʧʨʦʮʝʩʩʳ ʜʠʘʛʝʥʝʟʘ. 
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ɺʧʝʨʚʳʝ ʢʦʤʧʣʝʢʩʦʤ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʫʩʣʦʚʠʡ ʩʝʜʠʤʝʥʪʘʮʠʠ ʮʠʢʣʠʯʥʦ ʧʦʩʪʨʦʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʤʘʘʩʪʨʠʭʪʩʢʦʛʦ ʷʨʫʩʘ ʚ ɻʦʨʥʦʤ ʂʨʳʤʫ. ʇʨʝʜʣʦʞʝʥʳ 

ʤʦʜʝʣʠ ʚʘʨʠʘʮʠʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʣʝʥʦʩʪʠ ʠ ʛʣʫʙʠʥʳ ʜʣʷ ʦʢʨʘʠʥʳ ʦʢʝʘʥʘ ʊʝʪʠʩ ʚ ʤʘʘʩʪʨʠʭʪʩʢʦʤ ʚʝʢʝ. 

ʉʦʩʪʘʚʣʝʥʳ ʩʚʦʜʥʳʝ ʢʨʠʚʳʝ ʚʘʨʠʘʮʠʡ ŭ18ʆ ʠ ŭ13ʉ ʜʣʷ ʤʘʘʩʪʨʠʭʪʘ ɻʦʨʥʦʛʦ ʂʨʳʤʘ. 

 

ʅʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ʤʘʘʩʪʨʠʭʪʘ ʚ ʯʝʪʳʨʝʭ ʨʘʟʨʝʟʘʭ 

ɹʘʭʯʠʩʘʨʘʡʩʢʦʛʦ ʨʘʡʦʥʘ (ʉʪʘʨʦʩʝʣʴʝ, ɹʝʰ-ʂʦʰ, ʏʘʭ-ʄʘʭʣʳ ʠ ʊʦʢʤʘ) ʠ ʜʚʫʭ ʨʘʟʨʝʟʦʚ 

ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʛʦ ʨʘʡʦʥʘ (ʄʘʣʦʝ ʉʘʜʦʚʦʝ, ʊʘʥʢʦʚʦʝ) ʜʝʪʘʣʠʟʠʨʦʚʘʥʳ ʫʩʣʦʚʠʷ ʩʝʜʠʤʝʥʪʘʮʠʠ 

ʥʘ ʶʞʥʦʡ ʦʢʨʘʠʥʝ ʦʢʝʘʥʘ ʊʝʪʠʩ. ʇʨʝʜʣʦʞʝʥʳ ʤʦʜʝʣʠ ʚʘʨʠʘʮʠʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʣʝʥʦʩʪʠ ʠ 

ʛʣʫʙʠʥʳ ʜʣʷ ʦʢʨʘʠʥʳ ʊʝʪʠʩʘ ʚ ʤʘʘʩʪʨʠʭʪʩʢʦʤ ʚʝʢʝ.  

ɺ ʮʝʣʦʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʘʘʩʪʨʠʭʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʝʘʥʠʯʝʩʢʠʭ ʚʦʜ ʧʦʚʳʰʘʣʘʩʴ ʦʪ 

14,6Áʉ ʚ ʥʘʯʘʣʝ ʚʝʢʘ, ʜʦ 37,5Áʉ ʢ ʝʛʦ ʢʦʥʮʫ. ʇʦʪʝʧʣʝʥʠʝ ʧʨʦʭʦʜʠʣʦ ʥʘ ʬʦʥʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ 

ʨʝʛʨʝʩʩʠʠ ʚ ʥʘʯʘʣʝ ʨʘʥʥʝʛʦ ʤʘʘʩʪʨʠʭʪʘ, ʧʦʟʜʥʝʝ ʩʤʝʥʠʚʰʝʡʩʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʪʨʘʥʩʛʨʝʩʩʠʝʡ, 

ʜʣʠʚʰʝʡʩʷ ʜʦ ʩʝʨʝʜʠʥʳ ʚʝʢʘ, ʟʘʪʝʤ, ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʤʘʘʩʪʨʠʭʪʘ ʥʘʯʘʣʘʩʴ ʨʝʛʨʝʩʩʠʷ ʩ 

ʢʦʨʦʪʢʠʤ ʪʨʘʥʩʛʨʝʩʩʠʚʥʳʤ ʠʤʧʫʣʴʩʦʤ ʚ ʩʘʤʦʤ ʢʦʥʮʝ ʚʝʢʘ. ɼʠʘʧʘʟʦʥ ʚʘʨʠʘʮʠʠ ʛʣʫʙʠʥ 

ʨʘʟʣʠʯʘʣʩʷ ʥʘ ʧʦʨʷʜʦʢ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʪ 40 ʜʦ 400 ʤʝʪʨʦʚ. ʊʨʘʥʩʛʨʝʩʩʠʷ ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʣʝʥʦʩʪʠ ʦʢʝʘʥʠʯʝʩʢʠʭ ʚʦʜ (ʜʦ 30 ʧʨʦʤʠʣʣʝ), ʘ ʨʝʛʨʝʩʩʠʷ ï ʧʦʥʠʞʝʥʠʝʤ 

ʩʦʣʝʥʦʩʪʠ ʚʦʜ (ʜʦ 12ï24 ʧʨʦʤʠʣʣʝ). 

ʉʠʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʠ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʩʘʤʦʤ ʢʦʥʮʝ ʤʘʘʩʪʨʠʭʪʘ ʤʦʛʫʪ 

ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʧʘʜʝʥʠʝʤ ʘʩʪʝʨʦʠʜʘ ʚ ɸʪʣʘʥʪʠʯʝʩʢʠʡ ʦʢʝʘʥ (ʢʨʘʪʝʨ ʏʠʢʩʫʣʫʙ) ʠ ʠʟʣʠʷʥʠʝʤ 

ʙʘʟʘʣʴʪʦʚʳʭ ʪʨʘʧʧʦʚ ʥʘ ʥʘʛʦʨʴʝ ɼʝʢʢʘʥ ʚ ʀʥʜʠʠ. ʊʘʢʞʝ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ŭ18ʆ ʤʦʛ 
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ʩʳʛʨʘʪʴ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʥʘʢʘʧʣʠʚʘʶʱʠʭʩʷ ʢʘʨʙʦʥʘʪʦʚ ʠ ʩʦʣʝʥʦʩʪʴ ʚʦʜʳ, ʯʪʦ ʚ ʠʪʦʛʝ 

ʧʨʠʚʝʣʦ ʢ ʧʦʚʳʰʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʧʦʣʫʯʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɼʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʨʦʜʳ ʮʠʢʣʠʯʥʦʩʪʠ ʦʪʣʦʞʝʥʠʡ ʧʘʯʢʠ XXI, ʩʦʜʝʨʞʘʱʝʡ 

ʛʫʙʢʦʚʳʝ ʠ ʙʝʟʛʫʙʢʦʚʳʝ ʧʨʦʩʣʦʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʯʘʣʦ (ʧʦʜʦʰʚʘ) ʛʫʙʢʦʚʳʭ 

ʛʦʨʠʟʦʥʪʦʚ ʦʪʚʝʯʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʧʦʪʝʧʣʝʥʠʶ, ʫʛʣʫʙʣʝʥʠʶ ʠ/ʠʣʠ ʚʦʟʤʦʞʥʦʤʫ 

ʦʩʣʘʙʣʝʥʠʶ ʪʝʨʨʠʛʝʥʥʦʛʦ ʩʥʦʩʘ ʠ ʫʚʝʣʠʯʝʥʠʶ ʩʦʣʝʥʦʩʪʠ ʊʝʪʠʯʝʩʢʠʭ ʚʦʜ, ʘ ʠʭ ʢʦʥʝʮ (ʢʨʦʚʣʷ) 

ï ʧʦʭʦʣʦʜʘʥʠʶ, ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʦʙʤʝʣʝʥʠʶ ʠ/ʠʣʠ ʚʦʟʤʦʞʥʦʤʫ ʫʩʠʣʝʥʠʶ ʪʝʨʨʠʛʝʥʥʦʛʦ ʩʥʦʩʘ 

ʠ ʧʦʥʠʞʝʥʠʶ ʩʦʣʝʥʦʩʪʠ ʚʦʜ ʊʝʪʠʩʘ. 

ʅʘ ʦʩʥʦʚʝ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ ʧʦ ʨʘʟʨʝʟʘʤ ʉʪʘʨʦʩʝʣʴʷ, ɹʝʰ-ʂʦʰʘ ʠ ʄʘʣʦʛʦ ʉʘʜʦʚʦʛʦ 

ʩʦʩʪʘʚʣʝʥʳ ʩʚʦʜʥʳʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʢʨʠʚʳʝ ʚʘʨʠʘʮʠʡ ŭ18ʆ ʠ ŭ13ʉ (ʈʠʩʫʥʦʢ 1) ʜʣʷ ʤʘʘʩʪʨʠʭʪʘ 

ɻʦʨʥʦʛʦ ʂʨʳʤʘ. ʉʦʧʦʩʪʘʚʠʚ ʵʪʠ ʢʨʠʚʳʝ ʩ ʢʨʠʚʳʤʠ ʬʣʫʢʪʫʘʮʠʡ ŭ18ʆ ʠ ŭ13ʉ ʚ ʨʘʟʨʝʟʝ ʩʢʚʘʞʠʥʳ 

ʄʫʣʠʥʝʢʩ-1 (ʊʝʭʘʩ, ʉʐɸ [1]), ʧʦʣʫʯʠʣʠ ʭʦʨʦʰʫʶ ʭʝʤʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʫʶ ʢʦʨʨʝʣʷʮʠʶ, 

ʧʦʟʚʦʣʷʶʱʫʶ ʦʧʨʝʜʝʣʠʪʴ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʫʨʦʚʥʷ ʠʤʧʘʢʪʥʦʛʦ ʩʦʙʳʪʠʷ ʚ ʢʦʥʮʝ 

ʤʘʘʩʪʨʠʭʪʘ ʚ ʨʘʟʨʝʟʘʭ ɻʦʨʥʦʛʦ ʂʨʳʤʘ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ ʭʝʤʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʟʨʝʟʦʚ ɻʦʨʥʦʛʦ ʂʨʳʤʘ ʩ ʨʘʟʨʝʟʘʤʠ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ (ʛʨʘʥʪʳ ʉɻʊʋ-141 ʠ ʉɻʊʋ-

146; ʇʨʦʛʨʘʤʤʦʡ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʉɻʊʋ ʠʤʝʥʠ ʖ.ɸ.ɻʘʛʘʨʠʥʘ  ʥʘ 2012ï2016 ʛʦʜʳ, 

ʪʝʤʘ 2.1.6. çʈʘʟʚʠʪʠʝ ʫʯʝʙʥʦ-ʥʘʫʯʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʵʢʦʣʦʛʠʠè), ʘ ʪʘʢʞʝ ʈʌʌʀ 

(ʧʨʦʝʢʪʳ 14-05-31171, 14-05-31538 ʤʦʣ_ʘ), ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʧʣʝʢʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ʣʝʛʢʠʭ ʵʣʝʤʝʥʪʦʚ Delta V 

Advantage, ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ ʧʦ ʇʨʦʛʨʘʤʤʝ ʈʘʟʚʠʪʠʷ ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʘʫʜ. 603, ɻɿ 

ʄɻʋ). 

 

ʃʠʪʝʨʘʪʫʨʘ: 
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sea level change in Texas // Palaeogeography, Palaeoclimatology, Palaeoecology. 2009. Vol. 271. P. 52ï68. 
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ʈʠʩʫʥʦʢ 1 - ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʠʩʪʦʨʠʷ ɹʘʭʯʠʩʘʨʘʡʩʢʦʛʦ ʨʘʡʦʥʘ ʚ ʤʘʘʩʪʨʠʭʪʩʢʦʤ ʚʝʢʝ 



ʋʉʃʆɺʀʗ ʆʉɸɼʂʆʅɸʂʆʇʃɽʅʀʗ ɺ ʂʈʓʄʉʂʆʄ ɹɸʉʉɽʁʅɽ ɺ 
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ɺʧʝʨʚʳʝ ʢʦʤʧʣʝʢʩʥʦ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʳ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʮʠʢʣʠʯʥʦ ʧʦʩʪʨʦʝʥʥʦʡ ʪʦʣʱʠ ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʛʣʠʥ ʠ ʤʝʨʛʝʣʝʡ, ʠʟʚʝʩʪʥʷʢʦʚ ʚ ʥʠʞʥʝʢʘʤʧʘʥʩʢʦʤ ʠʥʪʝʨʚʘʣʝ 

ʢʫʜʨʠʥʩʢʦʡ ʩʚʠʪʳ. ʇʨʝʜʣʦʞʝʥʳ ʤʦʜʝʣʠ ʚʘʨʠʘʮʠʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʣʝʥʦʩʪʠ ʠ ʛʣʫʙʠʥʳ ʚ ɻʦʨʥʦʢʨʳʤʩʢʦʡ ʯʘʩʪʠ 

ʊʝʪʠʩʘ ʜʣʷ ʨʘʥʥʝʢʘʤʧʘʥʩʢʦʛʦ ʚʨʝʤʝʥʠ. 

 

ɺʧʝʨʚʳʝ ʢʦʤʧʣʝʢʩʥʦ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʠʢʣʠʯʥʦ ʧʦʩʪʨʦʝʥʥʦʡ ʪʦʣʱʠ ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʛʣʠʥ ʠ ʤʝʨʛʝʣʝʡ, 

ʠʟʚʝʩʪʥʷʢʦʚ ʚ ʥʠʞʥʝʢʘʤʧʘʥʩʢʦʤ ʠʥʪʝʨʚʘʣʝ ʢʫʜʨʠʥʩʢʦʡ ʩʚʠʪʳ. ʇʨʝʜʣʦʞʝʥʳ ʤʦʜʝʣʠ ʚʘʨʠʘʮʠʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʣʝʥʦʩʪʠ ʠ ʛʣʫʙʠʥʳ ʚ ɻʦʨʥʦʢʨʳʤʩʢʦʡ ʯʘʩʪʠ ʊʝʪʠʩʘ ʜʣʷ ʨʘʥʥʝʢʘʤʧʘʥʩʢʦʛʦ 

ʚʨʝʤʝʥʠ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʮʠʢʣʠʯʥʦ ʧʦʩʪʨʦʝʥʥʦʡ ʪʦʣʱʠ ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʤʝʨʛʝʣʝʡ ʠ ʠʟʚʝʩʪʥʷʢʦʚ ʠ 

ʧʦʜʯʠʥʝʥʥʳʭ ʛʣʠʥ ʦʙʲʷʩʥʷʝʪʩʷ ʮʠʢʣʘʤʠ ʨʘʟʙʘʚʣʝʥʠʷ (ʎʈ) ʠ ʨʘʩʪʚʦʨʝʥʠʷ (ʎʈʉ) 

ʥʘʢʘʧʣʠʚʘʶʱʝʛʦʩʷ ʙʠʦʛʝʥʥʦʛʦ (ʧʣʘʥʢʪʦʥʦʛʝʥʥʦʛʦ) ʬʦʨʘʤʠʥʠʬʝʨʦʚʦ-ʚʦʜʦʨʦʩʣʝʚʦʛʦ ʠʣʘ 

(ʧʣʘʩʪʳ ʤʝʨʛʝʣʝʡ) ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚʳʤ ʛʣʠʥʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʘʥʝʝ ʚʳʩʢʘʟʘʥʥʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦʙ ʠʭ ʛʝʥʝʟʠʩʝ [1]. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʛʣʫʙʠʥʳ ʙʘʩʩʝʡʥʘ ʚ ʜʠʘʧʘʟʦʥʝ 200-450 ʤʝʪʨʦʚ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ 

ʦʪʥʦʰʝʥʠʷʤʠ Fe/Mn ʠ Ti/Mn. ɿʥʘʯʝʥʠʷ ʥʘʪʨʠʝʚʦʛʦ ʤʦʜʫʣʷ (ʅʄ) ʧʦʢʘʟʳʚʘʶʪ ʦʪʩʫʪʩʪʚʠʝ 

ʟʥʘʯʠʤʳʭ ʵʚʩʪʘʪʠʯʝʩʢʠʭ ʚʘʨʠʘʮʠʡ ʚ ʮʠʢʣʠʯʥʦ ʧʦʩʪʨʦʝʥʥʦʡ ʪʦʣʱʝ, ʯʪʦ ʦʜʥʦʟʥʘʯʥʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʮʠʢʣʘʭ ʨʘʟʙʘʚʣʝʥʠʷ ʠ ʨʘʩʪʚʦʨʝʥʠʷ ʢʘʨʙʦʥʘʪʥʦʛʦ ʠʣʘ ʚ ʛʣʫʙʦʢʦʚʦʜʥʳʭ 

ʫʩʣʦʚʠʷʭ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ V, Zn, Pb, Cu ʠ ʦʪʥʦʰʝʥʠʷ Sr/Ba ʧʦʢʘʟʳʚʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʩʦʣʝʥʦʩʪʠ ʚ ʧʣʘʩʪʘʭ ʤʝʨʛʝʣʝʡ ʠ ʛʣʠʥʠʩʪʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʝʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 
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ʫʤʝʥʴʰʝʥʠʝ ʚ ʩʣʦʷʭ ʧʦʜʯʠʥʝʥʥʳʭ ʛʣʠʥ, ʯʪʦ ʚʳʟʚʘʥʦ ʮʠʢʣʠʯʝʩʢʠʤ ʨʘʟʙʘʚʣʝʥʠʝʤ ʢʘʨʙʦʥʘʪʥʦʛʦ 

ʠʣʘ ʛʣʠʥʠʩʪʦʡ ʢʦʤʧʦʥʝʥʪʦʡ, ʩʥʦʩʠʤʦʡ ʩ ʩʫʰʠ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ S ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ ʠ ʯʝʪʢʦʡ ʩʚʷʟʠ 

ʚʘʨʠʘʮʠʠ ʝʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩ ʧʣʘʩʪʦʚʦʡ ʮʠʢʣʠʯʥʦʩʪʴʶ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ. ɺʤʝʩʪʝ ʩ ʪʝʤ 

ʮʠʢʣʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʭʥʦʬʦʩʩʠʣʠʡ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʮʠʢʣʠʯʝʩʢʠʭ ʬʣʫʢʪʫʘʮʠʡ 

ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʭʦʨʦʰʝʡ ʢʦʨʨʝʣʷʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʨʘʟʨʝʟʫ 

ʩʦʜʝʨʞʘʥʠʷ S ʠ ʧʣʦʱʘʜʠ ʙʠʦʪʫʨʙʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ. ʄʘʢʩʠʤʫʤʳ ʢʦʥʮʝʥʪʨʘʮʠʠ S ʦʪʚʝʯʘʶʪ 

ʤʠʥʠʤʫʤʘʤ ʙʠʦʪʫʨʙʘʮʠʠ ʚ ʛʣʠʥʠʩʪʳʭ ʧʨʦʩʣʦʷʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ ʙʝʥʪʦʩʥʳʭ ʩʫʱʝʩʪʚ ʫʩʣʦʚʠʡ (ʥʝʙʦʣʴʰʦʝ ʧʦʥʠʞʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʚʦʜʝ ʢʠʩʣʦʨʦʜʘ) ʚ ʤʦʤʝʥʪ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʫʶ 

ʩʠʩʪʝʤʫ ʚʳʚʝʪʨʝʣʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʝʧʣʘ. 

ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʦʪʥʦʰʝʥʠʡ ʚ ʠʟʫʯʝʥʥʦʤ ʨʘʟʨʝʟʝ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʣʠʥʠʩʪʳʭ ʧʨʦʩʣʦʝʚ ʧʨʦʪʝʢʘʣʦ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʝʝ ʚʣʘʞʥʦʛʦ ʠ 

ʙʦʣʝʝ ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ, ʚʳʟʳʚʘʚʰʝʛʦ ʨʦʩʪ ʦʙʲʝʤʦʚ ʩʥʦʩʘ ʩ ʩʫʰʠ ʛʣʠʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 

ʯʪʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʨʘʥʥʝʛʦ ʢʘʤʧʘʥʘ ʥʘʙʣʶʜʘʣʘʩʴ ʩʣʘʙʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʦʙʱʝʡ ʛʫʤʠʜʠʟʘʮʠʠ 

ʢʣʠʤʘʪʘ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʧʦʭʦʣʦʜʘʥʠʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʩʳʱʝʥʠʝʤ ʘʪʤʦʩʬʝʨʳ 

ʚʫʣʢʘʥʠʯʝʩʢʠʤ ʧʝʧʣʦʤ ʧʨʠ ʩʠʣʴʥʳʭ ʠʟʚʝʨʞʝʥʠʷʭ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ (ʛʨʘʥʪʳ ʉɻʊʋ-141 ʠ ʉɻʊʋ-

146; ʇʨʦʛʨʘʤʤʦʡ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʉɻʊʋ ʠʤʝʥʠ ʖ.ɸ.ɻʘʛʘʨʠʥʘ  ʥʘ 2012ï2016 ʛʦʜʳ, 

ʪʝʤʘ 2.1.6. çʈʘʟʚʠʪʠʝ ʫʯʝʙʥʦ-ʥʘʫʯʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʵʢʦʣʦʛʠʠè), ʘ ʪʘʢʞʝ ʈʌʌʀ 

(ʧʨʦʝʢʪʳ 14-05-31171, 14-05-31538 ʤʦʣ_ʘ). 
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ʀʟʫʯʝʥʥʳʝ ʩʝʜʠʤʝʥʪʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʪʣʦʞʝʥʠʡ ʚʥʝʰʥʝʡ ʯʘʩʪʠ ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ 

ʋʢʨʘʠʥʩʢʠʭ ʂʘʨʧʘʪ ʧʦʟʚʦʣʠʣʠ ʚʠʜʝʣʠʪʴ ʣʠʪʦʜʠʥʘʤʠʯʝʩʢʠʝ ʪʠʧʳ ʦʪʣʦʞʝʥʠʡ, ʦʪʨʘʞʘʶʱʠʝ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ ʚ ʂʘʨʧʘʪʩʢʦʤ ʧʘʣʝʦʙʘʩʩʝʡʥʝ, ʚ ʯʘʩʪʥʦʩʪʠ ïʪʫʨʙʠʜʠʪʳ ʩ ʪʝʢʩʪʫʨʘʤʠ ɹʦʫʤʘ, ʧʨʦʜʫʢʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʟʝʨʥʦʚʳʭ (ʛʨʝʡʥʠʪʳ) ʠ ʛʨʷʟʝʢʘʤʝʥʥʳʭ (ʜʝʙʨʠʪʳ) ʧʦʜʚʦʜʥʦʩʢʣʦʥʦʚʳʭ ʧʦʪʦʢʦʚ, ʧʨʠʜʦʥʥʳʭ ʪʝʯʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʤʝʜʣʝʥʥʦʡ (ʛʝʤʠ)ʧʝʣʘʛʠʯʝʩʢʦʡ ʩʝʜʠʤʝʥʪʘʮʠʠ ʪʠʧʘ ñʯʘʩʪʠʯʢʘ ʟʘ ʯʘʩʪʠʯʢʦʡò. ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʣʠʪʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʠʧʦʚ ʚ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ, ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʡʜʝʥʥʦʡ ʚ ʥʠʭ ʤʠʢʨʦʬʘʫʥʦʡ, ʧʦʢʘʟʘʣ, ʯʪʦ 

ʚɻʦʣʶʮʠʷ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ ʚʥʝʰʥʝʡ ʯʘʩʪʠ ʂʘʨʧʘʪʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʩʪʝʧʝʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ 

ʩʝʜʠʤʝʥʪʘʮʠʠ ʦʪ ʛʣʫʙʦʢʦʚʦʜʥʦʡ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʫʨʙʠʜʠʪʦʚʦʡ (ʤʝʣ-ʵʦʮʝʥ) ï ʢ ʤʝʣʢʦʜʥʦʡ (ʢʦʥʝʮ ʵʦʮʝʥʘ-

ʤʠʦʮʝʥ). 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʛʝʦʢʘʨʪʠʨʦʚʘʥʠʷ ʠ ʩʦʩʪʘʚʣʝʥʠ ̫ ʥʦʚʦʡ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ ʋʢʨʘʠʥʳ ʤʘʩʰʪʘʙʘ 1:200 000 ʂʘʨʧʘʪʩʢʦʡ ʩʝʨʠʠ 

ʣʠʩʪʦʚ, ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʣʠʪʦʣʦʛʦ-ʩʝʜʠʤʝʥʪʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʣʠʰʝʚʦ-ʤʦʣʘʩʦʚʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ, ʩʣʘʛʘʶʱʠʭ ʋʢʨʘʠʥʩʢʠʝ ʌʣʠʰʝʚʳʝ ʂʘʨʧʘʪʳ (ʜʨʝʚʥʶʶ ʘʢʢʨʝʮʠʦʥʥʫʶ ʧʨʠʟʤʫ). 

ʕʪʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʧʦʟʚʦʣʠʣʠ ʚʠʜʝʣʠʪʴ 

ʣʠʪʦʜʠʥʘʤʠʯʝʩʢʠʝ ʪʠʧʳ ʦʪʣʦʞʝʥʠʡ (ʪʝʨʤʠʥ ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʚ ʧʦʥʠʤʘʥʠʠ ʀ.ʆ. ʄʫʨʜʤʘʘ [1]), 

ʦʪʨʘʞʘʶʱʠʝ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʂʘʨʧʘʪʩʢʦʤ ʧʘʣʝʦʙʘʩʩʝʡʥʝ, ʚ ʯʘʩʪʥʦʩʪʠ ï

ʪʫʨʙʠʜʠʪʳ ʩ ʪʝʢʩʪʫʨʘʤʠ ɹʦʫʤʘ, ʧʨʦʜʫʢʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʟʝʨʥʦʚʳʭ (ʛʨʝʡʥʠʪʳ) ʠ ʛʨʷʟʝʢʘʤʝʥʥʳʭ 

(ʜʝʙʨʠʪʳ) ʧʦʜʚʦʜʥʦʩʢʣʦʥʦʚʳʭ ʧʦʪʦʢʦʚ, ʧʨʠʜʦʥʥʳʭ ʪʝʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʤʝʜʣʝʥʥʦʡ 

(ʛʝʤʠ)ʧʝʣʘʛʠʯʝʩʢʦʡ ʩʝʜʠʤʝʥʪʘʮʠʠ ʪʠʧʘ ñʯʘʩʪʠʯʢʘ ʟʘ ʯʘʩʪʠʯʢʦʡò. ʉʦʚʦʢʫʧʥʦʩʪʠ 

ʣʠʪʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʠʧʦʚ, ʩʦʚʤʝʩʪʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʠʢʨʦʬʘʫʥʳ, 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʙʩʪʘʥʦʚʢʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʨʘʙʦʪʝ ʢʨʘʪʢʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʣʠʪʦʜʠʥʘʤʠʯʝʩʢʠʝ ʪʠʧʳ ʦʙʨʘʟʦʚʘʥʠʡ ʥʘʠʙʦʣʝʝ ʚʥʝʰʥʝʡ ʯʘʩʪʠ ʌʣʠʰʝʚʳʭ 

ʂʘʨʧʘʪ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʟʜʝʩʴ ʉʢʠʙʦʚʦʛʦ ʧʦʢʨʦʚʘ, ʘ ʪʘʢʞʝ ɹʦʨʠʩʣʘʚʩʢʦ-

ʇʦʢʫʪʩʢʦʛʦ ʠ ʉʘʤʙʦʨʩʢʦʛʦ ʧʦʢʨʦʚʦʚ (ʬʨʦʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʢʘʨʧʘʪʩʢʦʡ ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ). 

ʇʨʦʩʣʝʞʝʥ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʣʠʪʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʠʧʦʚ, ʘ ʪʘʢʞʝ ʤʠʢʨʦʬʘʫʥʳ ʚ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ, ʦʪʨʘʞʘʶʱʠʡ ʵʚʦʣʶʮʠʶ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ. 

ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʉʢʠʙʦʚʦʛʦ ʧʦʢʨʦʚʘ ʦʭʚʘʪʳʚʘʝʪ ʚʦʟʨʘʩʪʥʦʡ ʜʠʘʧʘʟʦʥ ʦʪ 

ʨʘʥʥʝʛʦ ʤʝʣʘ ʧʦ ʤʠʦʮʝʥ ʠ ʩʣʦʞʝʥ ʩʣʝʜʫʶʱʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ʅʠʞʥʠʡ ʤʝʣ (ʩʧʘʩʩʢʘʷ ʩʚʠʪʘ, 

ʤʦʱʥʦʩʪʴ ʜʦ 200 ʤ) ʧʨʝʜʩʪʘʚʣʝʥ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʣʠʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʛʝʤʠʧʝʣʘʛʠʯʝʩʢʠʤʠ 
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ʦʙʨʘʟʦʚʘʥʠʷʤʠ (ʘʨʛʠʣʣʠʪʳ, ʤʝʨʛʝʣʠ ʩ ʧʘʨʘʣʣʝʣʴʥʦʩʣʦʠʩʪʳʤʠ ʠ ʛʦʤʦʛʝʥʥʳʤʠ ʪʝʢʩʪʫʨʘʤʠ) ʩ 

ʧʨʦʩʣʦʷʤʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʪʫʨʙʠʜʠʪʦʚ ʠ ʣʠʥʟʘʤʠ ʛʨʝʡʥʠʪʦʚ (ʘʣʝʚʨʦ-ʘʨʛʠʣʣʠʪʳ ʩ ʪʝʢʩʪʫʨʘʤʠ 

ɹʦʫʤʘ ʪʠʧʘ Tcde ʠ ñʪʝʨʰʠʚʩʢʠʝò ʤʘʩʩʠʚʥʳʝ ʧʝʩʯʘʥʠʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉʦʛʣʘʩʥʦ ʟʘʣʝʛʘʶʱʠʝ 

ʚʝʨʭʥʝʤʝʣʦʚʳʝ-ʧʘʣʝʦʮʝʥʦʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʣʦʤʦʱʥʳʤʠ (ʜʦ 150 ʤ) 

ʤʝʨʛʝʣʠʩʪʳʤʠ ʛʝʤʠʧʝʣʘʛʠʪʘʤʠ ʛʦʣʦʚʥʠʥʩʢʦʡ ʩʚʠʪʳ; ʪʠʧʠʯʥʳʤʠ ñʢʣʘʩʩʠʯʝʩʢʠʤʠò 

ʪʫʨʙʠʜʠʪʘʤʠ (ʪʝʢʩʪʫʨʳ Tabcde,, Tbcde, Tabc) ʩ ʧʨʦʩʣʦʷʤʠ ʛʣʠʥʠʩʪʦ-ʤʝʨʛʝʣʠʩʪʳʭ ʛʝʤʠʧʝʣʘʛʠʪʦʚ 

ʩʪʨʳʡʩʢʦʡ ʩʚʠʪʳ (~ 1000 ʤ); ʤʘʩʩʠʚʥʳʤʠ, ʤʝʩʪʘʤʠ ʢʦʩʦʩʣʦʠʩʪʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ ʷʤʥʝʥʩʢʦʡ 

ʩʚʠʪʳ (ʜʦ 350 ʤ) ï ʧʨʦʜʫʢʪʘʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʟʝʨʥʦʚʳʭ ʧʦʪʦʢʦʚ ʠ ʧʨʠʜʦʥʥʳʭ ʪʝʯʝʥʠʡ. ɺ 

ʧʦʜʦʰʚʝ ʷʤʥʝʥʩʢʦʡ ʩʚʠʪʳ ʨʘʟʚʠʪ ʧʝʩʪʨʦʮʚʝʪʥʳʡ ʷʨʝʤʯʘʥʩʢʠʡ ʛʦʨʠʟʦʥʪ (ʤʦʱʥʦʩʪʴʶ 10ï

40 ʤ), ʚʳʨʘʞʝʥ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʤʠ ʠ ʚʠʰʥʝʚʦ-ʢʨʘʩʥʳʤʠ ʘʨʛʠʣʣʠʪʘʤʠ ï ʣʠʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ 

(ʛʝʤʠ)ʧʝʣʘʛʠʯʝʩʢʠʤʠ ʛʣʠʥʘʤʠ, ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʩ ʟʝʣʝʥʳʤʠ ʘʣʝʚʨʦʣʠʪʘʤʠ ʠ ʧʝʩʯʘʥʠʢʘʤʠ ï 

ʪʫʨʙʠʜʠʪʘʤʠ ʩ ʵʣʝʤʝʥʪʘʤʠ ɹʦʫʤʘ ʊcd ʠ ʊcde. ɺʳʰʝ ʩʦʛʣʘʩʪʥʦ ʟʘʣʝʛʘʝʪ ʥʠʞʥʝʵʦʮʝʥʦʚʳʡ 

ñʛʠʝʨʦʛʣʠʬʦʚʳʡò ʬʣʠʰ ʤʘʥʷʚʩʢʦʡ ʩʚʠʪʳ (60-350 ʤ) ï ʧʝʨʝʩʣʘʠʚʘʥʠʝ ʪʫʨʙʠʜʠʪʦʚ, ʦʪʣʦʞʝʥʠʡ 

ʧʨʠʜʦʥʥʳʭ ʪʝʯʝʥʠʡ ʠ (ʛʝʤʠ)ʧʝʣʘʛʠʪʦʚ. ɺ ʙʘʩʩʝʡʥʝ ʨ. ʆʧʠʨ ʚ ʥʠʟʘʭ ʤʘʥʷʚʩʢʦʡ ʩʚʠʪʳ ʚ 

ʧʝʩʪʨʦʮʚʝʪʥʦʤ ʛʦʨʠʟʦʥʪʝ ʥʘʤʠ ʥʘʡʜʝʥʳ ʞʝʣʝʟʦ-ʤʘʨʛʘʥʮʝʚʳʝ ʢʦʥʢʨʝʮʠʠ ʛʝʥʦʪʠʧʘ ʉ (?). 

ʈʘʟʤʝʨ ʢʦʥʢʨʝʮʠʡ ʦʪ 3ï5 ʩʤ ʜʦ 15 ʩʤ. ʉʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʦʚ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʟʦʥʝ ʜʦʩʪʠʛʘʝʪ 51 %, ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʠ ʧʝʨʠʬʝʨʠʡʥʦʡ ʟʦʥʘʭ ï 28-35 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʥʘʨʘʱʠʚʘʝʪʩʷ ʤʘʩʩʠʚʥʦʩʣʦʠʩʪʳʤʠ ʥʠʞʥʝ-ʩʨʝʜʥʝʵʦʮʝʥʦʚʳʤʠ 

ʧʝʩʯʘʥʠʢʘʤʠ ʚʳʛʦʜʩʢʦʡ ʩʚʠʪʳ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʨʝʡʥʠʪʘʤʠ, ʠ ʩʨʝʜʥʝ-ʚʝʨʭʥʝʵʦʮʝʥʦʚʳʤ 

ʬʣʠʰʝʤ ʙʳʩʪʨʠʮʢʦʡ ʩʚʠʪʳ ï ʪʫʨʙʠʜʠʪʘʤʠ, ʦʪʣʦʞʝʥʠʷʤʠ ʪʝʯʝʥʠʡ ʠ ʛʝʤʠʧʝʣʘʛʠʪʘʤʠ. ʄʝʩʪʘʤʠ 

ʙʳʩʪʨʠʮʢʘʷ ʩʚʠʪʘ ʟʘʤʝʱʘʝʪʩʷ ʤʝʨʛʝʣʷʤʠ ʛʝʤʠʧʝʣʘʛʠʯʝʩʢʦʛʦ ʛʝʥʝʟʠʩʘ ʩ ʣʠʥʟʘʤʠ ʜʝʙʨʠʪʦʚ 

(ʦʣʠʩʪʦʩʪʨʦʤ). ʈʘʟʨʝʟ ʵʦʮʝʥʘ ʟʘʚʝʨʰʘʝʪʩʷ ʩʝʨʳʤʠ ʛʣʦʙʠʛʝʨʠʥʦʚʳʤʠ ʤʝʨʛʝʣʷʤʠ 

ʛʝʤʠʧʝʣʘʛʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʤʦʱʥʦʩʪʴʶ ʜʦ 10ï20 ʤ). ɺ ʥʝʢʦʪʦʨʳʭ ʨʘʟʨʝʟʘʭ 

ʦʪʣʦʞʝʥʠʡ ʉʢʠʙʦʚʦʛʦ ʧʦʢʨʦʚʘ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʘʣʝʦʮʝʥʘ-ʵʦʮʝʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʦʥʢʦ-

ʩʨʝʜʥʝʩʣʦʠʩʪʳʤʠ ʣʠʙʦ ʛʨʫʙʦʩʣʦʠʩʪʳʤʠ ʪʫʨʙʠʜʠʪʘʤʠ. 

ɺʳʰʝ ʟʘʣʝʛʘʶʪ ʦʣʠʛʦʮʝʥ-ʤʠʦʮʝʥʦʚʳʝ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʝʤʠʧʝʣʘʛʠʯʝʩʢʠʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʥʠʣʠʪʦʚʦʡ ʩʚʠʪʳ (ʜʦ >1000ʤ) ï ʯʝʨʥʳʝ ʦʙʦʛʘʱʝʥʥʳʝ ʦʨʛʘʥʠʢʦʡ ʘʨʛʠʣʣʠʪʳ ʩ 

ʧʨʦʩʣʦʷʤʠ ʢʨʝʤʥʝʡ, ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʠ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʬʘʮʠʘʣʴʥʦ ʟʘʤʝʱʘʶʱʠʝʩʷ ʩʝʨʳʤ 

ʬʣʠʰʝʤ ʢʨʦʩʥʝʥʩʢʦʡ ʩʚʠʪʳ (ʜʦ >1000ʤ), ʚ ʢʦʪʦʨʦʤ ʯʝʪʢʦ ʥʝ ʬʠʢʩʠʨʫʶʪʩʷ ʪʝʢʩʪʫʨʥʳʝ 

ʧʨʠʟʥʘʢʠ, ʩʚʦʡʩʪʚʝʥʥʳ ʪʫʨʙʠʜʠʪʘʤ. ɹʦʣʝʝ ʪʦʛʦ ï ʚ ʚʝʨʭʘʭ ʢʨʦʩʥʝʥʩʢʦʡ ʩʚʠʪʳ ʤʝʩʪʘʤʠ 

ʨʘʟʚʠʪʳ ʵʚʘʧʦʨʠʪʳ. ʕʪʠ ʦʪʣʦʞʝʥʠʷ ʟʘʚʝʨʰʘʶʪ ʩʪʨʘʪʠʨʘʬʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʉʢʠʙʦʚʦʛʦ ʧʦʢʨʦʚʘ.  

ʈʘʟʨʝʟ ʦʪʣʦʞʝʥʠʡ ɹʦʨʠʩʣʘʚʩʢʦ-ʇʦʢʫʪʩʢʦʛʦ ʧʦʢʨʦʚʘ ʩʭʦʞ ʩʦ ʉʢʠʙʦʚʳʤ, ʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʚʝʨʭʥʝʡ ʯʘʩʪʴʶ, ʛʜʝ ʨʘʟʚʠʪʳ ʤʠʦʮʝʥʦʚʳʝ, ʤʝʩʪʘʤʠ ʩʦʣʝʥʦʩʥʳʝ ʤʦʣʘʩʩʳ. 

ʆʙʨʘʟʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʚʥʝʰʥʝʛʦ ʧʦʢʨʦʚʘ ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ ʂʘʨʧʘʪ ï ʉʘʤʙʦʨʩʢʦʛʦ, 
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ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʤʠʦʮʝʥʦʚʳʤʠ ʤʦʣʘʩʩʘʤʠ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʣʠʥʠʩʪʦ-

ʧʝʩʯʘʥʠʩʪʳʤʠ, ʤʝʩʪʘʤʠ ʦʣʠʩʪʦʩʪʨʦʤʦʚʳʤʠ, ʠʥʦʛʜʘ ʵʚʘʧʦʨʠʪʦʚʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. 

ʄʝʣ-ʵʦʮʝʥʦʚʳʝ ʪʠʧʠʯʥʦ ʬʣʠʰʝʚʳʝ ʦʪʣʦʞʝʥʠʷ ʉʢʠʙʦʚʦʛʦ ʠ ɹʦʨʠʩʣʘʚʩʢʦ-ʇʦʢʫʪʩʢʦʛʦ 

ʧʦʢʨʦʚʦʚ ʚʤʝʱʘʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʘʛʛʣʶʪʠʥʠʨʫʶʱʠʝ ʙʝʥʪʦʩʥʳʝ ʬʦʨʘʤʠʥʠʬʝʨʳ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʜʦʤʠʥʠʨʫʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʦʚ Silicobathysiphon, Nothia, Rhabdammina, 

Ammodiscus, Hormosina, Haplophragmoides, Recurvoides, Trochamminoides, 

Paratrochamminoides, Reticulophragmium, Trochammina, Karrerulina. ʍʘʨʘʢʪʝʨʥʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʝʥʢʠ ʨʘʢʦʚʠʥʳ ʵʪʦʡ ʤʠʢʨʦʬʘʫʥʳ ʷʚʣʷʶʪʴʩʷ: ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʨʝʤʥʠʩʪʳʡ 

ʩʦʩʪʘʚ; ʧʣʦʪʥʘʷ ʮʝʤʝʥʪʘʮʠʷ; ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʝʤʝʥʪʘ ʠʣʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ ʚ ʠʩʢʦʧʘʝʤʦʤ 

ʩʦʩʪʦʷʥʠʠ. ʊʘʢʦʡ ʨʦʜʦʚʦʡ ʩʦʩʪʘʚ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʨʬʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʪʠʧʠʯʥʳʤʠ ʜʣʷ 

ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʘʛʛʣʶʪʠʥʠʨʫʶʱʠʭ ʬʦʨʘʤʠʥʠʬʝʨ (ʘʥʛʣ. DWAF ï deep-water agglutinated 

foraminifera), ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʥʠʞʥʝʙʘʪʠʘʣʴʥʦ-ʘʙʠʩʩʘʣʴʥʳʝ ʛʣʫʙʠʥʳ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ 

ʦʜʥʦʚʦʟʨʘʩʪʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʇʦʣʴʩʢʠʭ ʂʘʨʧʘʪ, ʉʨʝʜʠʟʝʤʥʦʤʦʨʴʷ, ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ, ʊʠʭʦʛʦ, 

ʀʥʜʠʡʩʢʦʛʦ ʦʢʝʘʥʦʚ [2, 3]. ʆʪʣʦʞʝʥʠʷ ʢʦʥʮʘ ʵʦʮʝʥʘ (ʛʣʦʙʠʛʝʨʠʥʦʚʳʝ ʤʝʨʛʝʣʠ) ï ʤʠʦʮʝʥʘ 

ʩʦʜʝʨʞʘʪ ʘcʩʦʮʠʘʮʠʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟʚʝʩʪʢʦʚʳʭ (ʧʣʘʥʢʪʦʥʥʳʭ ʠ ʙʝʥʪʦʩʥʳʭ) 

ʬʦʨʘʤʠʥʠʬʝʨ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦ ʚʝʨʭʥʝʙʘʪʠʘʣʴʥʦ-ʩʫʙʣʠʪʦʨʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʩʝʜʠʤʝʥʪʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʠʧʠʯʥʦ ʬʣʠʰʝʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʣʘ-ʵʦʮʝʥʘ ʩʣʦʞʝʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʫʨʙʠʜʠʪʘʤʠ ʩ ʪʝʢʩʪʫʨʘʤʠ ɹʦʫʤʘ, ʯʘʱʝ ʚʩʝʛʦ ʧʝʨʝʩʣʘʠʚʘʶʱʠʝʩʷ ʩ 

ʣʠʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʛʝʤʠʧʝʣʘʛʠʪʘʤʠ ï ʘʨʛʠʣʣʠʪʘʤʠ (ʠʥʦʛʣʘ ʧʝʩʪʨʦʮʚʝʪʥʳʤʠ) ʠ ʤʝʨʛʝʣʷʤʠ, 

ʩ ʥʘʥʦʩʘʤʠ ʧʨʠʜʦʥʥʳʭ ʪʝʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʩ ʣʠʥʟʘʤʠ ʛʨʝʡʥʠʪʦʚ ʠ ʜʝʙʨʠʪʦʚ (ʦʣʠʩʪʦʩʪʨʦʤ). ʆʥʠ 

ʚʤʝʱʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʣʫʙʦʢʦʚʦʜʥʫʶ ʬʘʫʥʫ ʤʝʣʢʠʭ ʬʦʨʘʤʠʥʠʬʝʨ. ʆʪʣʦʞʝʥʠʷʤ ʚʝʨʭʦʚ 

ʵʦʮʝʥʘ ï ʤʠʦʮʝʥʘ, ʢʘʢ ʧʨʘʚʠʣʦ ʥʝ ʧʨʠʩʫʱʠ ʯʝʨʪʳ ʪʠʧʠʯʥʳʭ ʪʫʨʙʠʜʠʪʦʚ, ʠʤ ʩʚʦʡʩʪʚʝʥʥʦ 

ʥʘʣʠʯʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʣʢʦʚʦʜʥʦʡ ʬʘʫʥʳ ʠ, ʚ ʥʘʠʚʳʩʰʝʡ ʯʘʩʪʠ ï ʵʚʘʧʦʨʠʪʦʚ. ʕʚʦʣʶʮʠʷ 

ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ ʚʥʝʰʥʝʡ ʯʘʩʪʠ ʂʘʨʧʘʪʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʩʪʝʧʝʥʥʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʩʝʜʠʤʝʥʪʘʮʠʠ ʦʪ ʛʣʫʙʦʢʦʚʦʜʥʦʡ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʫʨʙʠʜʠʪʦʚʦʡ ï ʢ ʤʝʣʢʦʜʥʦʡ 

ʤʦʣʘʩʩʦʚʦʡ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʦʪʦʙʨʘʞʘʝʪ ʧʨʦʮʝʩʩ ʧʨʦʛʨʘʜʘʮʠʠ ʠ ʧʦʜʥʷʪʠʷ ʧʝʨʝʜʦʚʦʡ ʯʘʩʪʠ 

ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ ʧʨʠ ʝʝ ʥʘʜʚʠʛʘʥʠʠ ʥʘ ʧʣʘʪʬʦʨʤʫ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʞʝʣʦʙʘ ʚ 

ʤʦʣʘʩʩʦʚʳʡ ʙʘʩʩʝʡʥ ʬʦʨʣʘʥʜʘ. 
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʝʱʝ ʦʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ ʠ, ʚʦʟʤʦʞʥʦ, ʫʥʠʢʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʂʘʩʧʠʡʩʢʦʛʦ 

ʦʩʘʜʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ï ʦʪʩʫʪʩʪʚʠʝ ʚʳʪʝʩʥʝʥʠʷ ʩʝʜʠʤʝʥʪʦʛʝʥʥʳʭ ʚʦʜ ʚ ʚʦʜʦʥʦʩʥʦʤ ʢʦʤʧʣʝʢʩʝ ʧʣʝʡʩʪʦʮʝʥʘ 

ʉʝʚʝʨʥʦʛʦ ʇʨʠʢʘʩʧʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʦʩʪ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʦʨʦʚʳʭ ʠ, ʜʘʣʝʝ, ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʜʠʘʛʝʥʝʟʘ. ɺ ʫʩʣʦʚʠʷʭ ʩʦʭʨʘʥʝʥʠʷ ʩʝʜʠʤʝʥʪʦʛʝʥʥʳʭ ʚʦʜ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ 

ʛʠʜʨʦʩʣʶʜʠʩʪʳʝ ʛʣʠʥʳ ʷʚʣʷʶʪʩʷ ʤʦʱʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʝʱʝʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʦʨʦʚʳʭ ʚʦʜ ʤʦʨʩʢʠʭ ʦʩʘʜʢʦʚ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʘʥʘʣʠʟʘ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ ʚ ʂʘʩʧʠʡʩʢʦʤ ʙʘʩʩʝʡʥʝ ʧʣʝʡʩʪʦʮʝʥʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ 

ʚʦʜʦʥʦʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʣʝʡʩʪʦʮʝʥʘ ʉʝʚʝʨʥʦʛʦ ʇʨʠʢʘʩʧʠʷ ʘʚʪʦʨʦʤ ʦʧʨʝʜʝʣʝʥ ʢʦʤʧʣʝʢʩ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʫʩʣʦʚʠʡ (ʤʥʦʛʠʭ ï ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ), ʧʦ ʢʦʪʦʨʦʤʫ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʫʚʝʨʝʥʥʦʩʪʠ ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ ʩʦʭʨʘʥʝʥʠʝ, ʣʠʙʦ ʚʳʪʝʩʥʝʥʠʝ ʩʝʜʠʤʝʥʪʦʛʝʥʥʳʭ ʚʦʜ ʚ ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʘʭ. 

ʕʪʦ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦ ʢʘʢ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʙʘʩʩʝʡʥʦʚ ʩʝʜʠʤʝʥʪʘʮʠʠ, ʪʘʢ ʠ ʜʣʷ ʧʘʣʝʦʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʢʦʥʩʪʨʫʢʮʠʡ. ʕʪʦ ʪʘʢʞʝ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʦʧʨʝʜʝʣʷʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʝ. 

 

ʈʘʩʩʤʦʪʨʝʥʦ ʦʪʩʫʪʩʪʚʠʝ ʚʳʪʝʩʥʝʥʠʷ ʩʝʜʠʤʝʥʪʦʛʝʥʥʳʭ ʚʦʜ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ 

ʦʩʘʜʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ï ʉʝʚʝʨʥʦʛʦ ʇʨʠʢʘʩʧʠʷ ʠ ʂʘʩʧʠʷ ʢʘʢ ʚʘʞʥʝʡʰʘʷ ʦʩʦʙʝʥʥʦʩʪʴ 

ʂʘʩʧʠʡʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ. ɼʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʜʦʥʦʩʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʧʣʝʡʩʪʦʮʝʥʘ ʉʝʚʝʨʥʦʛʦ ʇʨʠʢʘʩʧʠʷ [1] ʠ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ɿʘʧʘʜʥʦʤʫ ʠ ɺʦʩʪʦʯʥʦʤʫ ʧʦʙʝʨʝʞʴʷʤ (ʧʦʜʟʝʤʥʳʡ ʩʪʦʢ [3,4], ʧʦʨʦʚʳʝ ʚʦʜʳ, ʩʫʙʤʘʨʠʥʥʘʷ 

ʨʘʟʛʨʫʟʢʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ [2]) ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʢʦʤʧʣʝʢʩ ʬʘʢʪʦʨʦʚ ʠ ʫʩʣʦʚʠʡ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʦʭʨʘʥʥʦʩʪʴ ʣʠʙʦ ʚʳʪʝʩʥʝʥʠʝ ʩʝʜʠʤʝʥʪʦʛʝʥʥʳʭ ʚʦʜ ʦʩʘʜʦʯʥʦ-ʧʦʨʦʜʥʳʭ 

ʙʘʩʩʝʡʥʦʚ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʤʠ ʚʦʜʘʤʠ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʉʝʚʝʨʥʘʷ ʯʘʩʪʴ ʙʘʩʩʝʡʥʘ (ʉʝʚʝʨʥʳʡ ʂʘʩʧʠʡ ʠ ʇʨʠʢʘʩʧʠʡʩʢʘʷ 

ʥʠʟʤʝʥʥʦʩʪʴ) ʦʪʣʠʯʘʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʤʘʣʳʤ ʫʢʣʦʥʦʤ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʤʦʨʩʢʦʛʦ ʜʥʘ, 

ʤʝʣʢʦʚʦʜʥʦʩʪʴʶ ʤʦʨʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʟʘʣʝʛʘʥʠʝʤ ʩʣʦʝʚ. ʕʪʦ ʚʝʩʴʤʘ ʚʘʞʥʦʝ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʩʧʝʮʠʬʠʢʫ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ ʚ ʜʘʥʥʦʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ. 

ʅʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʤʦʨʷ, ʪʘʢ ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʚ ʙʘʩʩʝʡʥʝ ʧʨʠʚʦʜʷʪ ʢ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʠʛʨʘʮʠʠ 

ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ, ʯʪʦ ʠʤʝʝʪ ʤʘʩʩʫ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ. ʇʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʩʠʪʫʘʮʠʷ 
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ʩʢʣʘʜʳʚʘʝʪʩʷ ʚ ʙʘʩʩʝʡʥʘʭ, ʛʨʘʥʠʯʘʱʠʭ ʩ ʛʦʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ (ʟʘʧʘʜʥʳʡ ʙʝʨʝʛ ʂʘʩʧʠʷ), ʛʜʝ 

ʫʢʣʦʥʳ ʟʥʘʯʠʪʝʣʴʥʳ, ʰʝʣʴʬ ʫʟʢʠʡ, ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳ, ʘ ʩʣʦʠ ʯʘʱʝ ʚʩʝʛʦ 

ʜʠʩʣʦʮʠʨʦʚʘʥʳ. ʕʪʠ ʪʠʧʳ ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ 

ʢʣʠʤʘʪʠʯʝʩʢʦʤʫ ʬʘʢʪʦʨʫ, ʘ ʠʤʝʥʥʦ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʫʚʣʘʞʥʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʧʠʪʘʥʠʷ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʜʝʪʘʣʴʥʦ ʠʟʫʯʘʝʤʦʛʦ ʥʘʤʠ ʚʦʜʦʥʦʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʠʟʤʝʥʝʥ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʘʢʦʚʳʭ ʚ ʧʦʨʦʚʳʭ 

ʚʦʜʘʭ ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʙʘʩʩʝʡʥʦʚ ʂʘʩʧʠʷ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʮʝʩʩʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

(ʬʠʟʠʯʝʩʢʦʡ, ʭʠʤʠʯʝʩʢʦʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ) ʚ ʩʠʩʪʝʤʝ ʚʦʜʘ-ʧʦʨʦʜʘ-ʛʘʟ-ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ. ʉʦʭʨʘʥʝʥʠʝ ʩʝʜʠʤʝʥʪʦʛʝʥʥʳʭ ʚʦʜ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʥʘʤʠ ʯʘʩʪʠ ʦʩʘʜʦʯʥʦʛʦ 

ʙʘʩʩʝʡʥʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʶ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ, 

ʠʩʢʣʶʯʘʷ ʤʠʛʨʘʮʠʶ ʚʦʜʳ, ʛʘʟʦʚ ʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ ʠ (ʠʣʠ) ʠʟ 

ʠʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʳʪʝʩʥʝʥʠʷ 

ʩʝʜʠʤʝʥʪʦʛʝʥʥʳʭ ʚʦʜ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩʦʩʪʘʚʦʤ 

ʧʦʨʦʜ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʬʨʘʢʮʠʡ [1,5,6,7].  

ɺʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʩʫʙʤʘʨʠʥʦʡ ʨʘʟʛʨʫʟʢʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ 

ʬʣʶʠʜʦʚ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʩʧʝʮʠʘʣʠʩʪʦʚ (ʩʝʜʠʤʝʥʪʦʣʦʛʦʚ, ʛʝʦʭʠʤʠʢʦʚ, ʛʠʜʨʦʛʝʦʣʦʛʦʚ, 

ʙʠʦʣʦʛʦʚ ʠ ʜʨ.). ʄʦʞʝʪ ʣʠ ʨʘʟʛʨʫʟʢʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʤʦʨʷ ʠ ʦʢʝʘʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ 

ʩʦʩʪʘʚ ʤʦʨʩʢʦʡ ʚʦʜʳ (ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʠ ʢʘʯʝʩʪʚʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ)? ɽʩʣʠ ʧʨʦʠʟʦʡʜʝʪ 

ʨʘʟʛʨʫʟʢʘ ʜʨʝʚʥʠʭ ʩʝʜʠʤʝʥʪʦʛʝʥʥʳʭ ʚʦʜ, ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ, ʛʘʟʦʚʦʤʫ ʠ ʧʨʦʯʝʤʫ ʩʦʩʪʘʚʫ, 

ʧʨʦʠʟʦʡʜʫʪ ʣʠ ʠʟʤʝʥʝʥʠʷ ʚ ʥʘʜʜʦʥʥʦʡ ʚʦʜʝ? ɹʫʜʫʪ ʣʠ ʤʘʩʰʪʘʙʳ ʠʟʤʝʥʝʥʠʡ ʣʦʢʘʣʴʥʳʤʠ, ʠʣʠ 

ʟʘʪʨʦʥʫʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʣʘʩʪʠ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʘʪʤʦʩʬʝʨʫ? ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ [1] ʠ 

ʜʘʥʥʳʤ ʦʮʝʥʦʢ ʧʦʜʟʝʤʥʦʛʦ ʩʪʦʢʘ [3,4] ʨʘʟʛʨʫʟʢʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʧʣʝʡʩʪʦʮʝʥʘ ʚ ʉʝʚʝʨʥʦʤ 

ʂʘʩʧʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʝʥʘ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʜʦʩʪʦʚʝʨʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ 

ʩʫʙʤʘʨʠʥʦʡ ʨʘʟʛʨʫʟʢʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʤʦʨʷ [2]. 

ʂʦʥʪʨʘʩʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʦʜʟʝʤʥʦʛʦ ʩʪʦʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ, ɿʘʧʘʜʥʦʝ ʧʦʙʝʨʝʞʴʝ [3,4]. ʀʤʝʥʥʦ ʟʜʝʩʴ ʥʘʜʝʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʘʢʪʠʚʥʘʷ 

ʩʫʙʤʘʨʠʥʥʘʷ ʨʘʟʛʨʫʟʢʘ [2]. ʉʣʝʜʫʝʪ ʦʩʦʙʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʘʢʚʘʪʦʨʠʠ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʂʘʩʧʠʷ ʚʳʷʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝ ʟʥʘʯʠʤʦʛʦ ʚʢʣʘʜʘ ʩʦ ʩʪʦʨʦʥʳ ʧʦʜʟʝʤʥʳʭ ʚʦʜ 

(ʈʠʩʫʥʦʢ 1). 
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ʗ.ʄ. ɻʫʪʘʢ 

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʅʦʚʦʢʫʟʥʝʮʢ, ʈʦʩʩʠʷ,  
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ ʩʠʥʪʝʟʘ ʜʘʥʥʳʭ ʧʦ ʵʚʦʣʶʮʠʠ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ ʚ ɸʉʉʆ ʧʨʠʚʦʜʠʪʩʷ 

ʢʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʩʥʦʚʥʳʭ ʢʨʫʧʥʳʭ ʵʪʘʧʦʚ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʨʝʛʠʦʥʝ. ʕʪʠ ʵʪʘʧʳ ʩʚʷʟʳʚʘʶʪʩʷ ʩ 

ʠʩʪʦʨʠʝʡ ʨʘʟʚʠʪʠʷ ʜʨʝʚʥʝʛʦ ʇʘʣʝʦʘʟʠʘʪʩʢʦʛʦ ʦʢʝʘʥʘ. 

 

ʇʦʟʜʥʝʜʦʢʝʤʙʨʠʡʩʢʦ-ʧʘʣʝʦʟʦʡʩʢʠʡ ʠʥʪʝʨʚʘʣ ʨʘʟʚʠʪʠʷ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɸʉʉʆ ʦʪʚʝʯʘʝʪ 

ʧʦʣʥʦʤʫ ʮʠʢʣʫ ʨʘʟʚʠʪʠʷ ʜʨʝʚʥʝʛʦ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʠʟʚʝʩʪʥʦʛʦ ʧʦʜ ʥʘʟʚʘʥʠʝʤ 

ʇʘʣʝʦʘʟʠʘʪʩʢʠʡ ʦʢʝʘʥ. ʕʪʦʪ ʙʘʩʩʝʡʥ ʚʦʟʥʠʢ ʚ ʢʦʥʮʝ ʜʦʢʝʤʙʨʠʷ (ʚʝʥʜ) ʧʦʩʣʝ ʨʘʩʧʘʜʘ ʈʦʜʠʥʠʠ 

ʠ ʨʘʟʜʝʣʷʣ ʉʠʙʠʨʴ, ʂʠʪʘʡ, ʂʘʟʘʭʩʪʘʥ ʠ ɽʚʨʦʧʫ. ʕʪʦ ʧʨʝʜʦʧʨʝʜʝʣʠʣʦ ʵʚʦʣʶʮʠʶ ʧʨʦʮʝʩʩʦʚ 

ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ ʚ ʨʝʛʠʦʥʝ. 

ɺ ʦʩʥʦʚʘʥʠʠ ʬʘʥʝʨʦʟʦʡʩʢʦʛʦ ʨʘʟʨʝʟʘ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʦʧʦʩʪʘʚʠʤʳʝ ʩ ʙʘʟʘʣʴʪʘʤʠ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ [2].  

ɺʳʰʝʣʝʞʘʱʠʡ ʨʘʟʨʝʟ ʚʝʥʜʘ ʠ ʥʠʞʥʝʛʦ ʢʝʤʙʨʠʷ ʩʣʦʞʝʥ ʤʦʱʥʦʡ ʪʦʣʱʝʡ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʩ 

ʧʨʠʤʝʩʴʶ ʩʠʣʠʮʠʣʠʪʦʚ ʠ ʜʦʣʦʤʠʪʦʚ (ʥʝ ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʜʦʣʦʤʠʪʠʟʘʮʠʷ ʚʪʦʨʠʯʥʘ). ʕʪʠ 

ʦʪʣʦʞʝʥʠʷ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʘʨʙʦʥʘʪʥʦʡ ʧʣʘʪʬʦʨʤʦʡ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʚ 

ʨʝʞʠʤʝ ʧʘʩʩʠʚʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʝʝ ʨʘʟʨʝʟʘ ʦʪʤʝʯʝʥʳ 

ʠʩʢʦʧʘʝʤʳʝ ʨʠʬʳ. 

ʅʘʯʘʣʦ ʩʨʝʜʥʝʛʦ ʢʝʤʙʨʠʷ ʚ ʦʯʝʨʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʟʥʘʤʝʥʦʚʘʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ 

ʦʩʪʨʦʚʥʦʡ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʫʛʠ ʠ ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ ʝʡ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʞʝʣʦʙʘ. ʕʪʦ ʚʳʟʚʘʣʦ 

ʢʘʨʜʠʥʘʣʴʥʫʶ ʩʤʝʥʫ ʧʨʦʮʝʩʩʦʚ ʩʝʜʠʤʝʥʪʘʮʠʠ. ɺ ʞʝʣʦʙʘʭ ʬʦʨʤʠʨʫʶʪʩʷ ʪʫʨʙʠʜʠʪʥʳʝ 

ʦʪʣʦʞʝʥʠʷ, ʯʘʩʪʦ ʩ ʦʣʠʩʪʦʩʪʨʦʤʘʤʠ ʚ ʦʩʥʦʚʘʥʠʠ, ʥʘ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʦʩʪʨʦʚʘʭ ʬʦʨʤʠʨʫʝʪʩʷ 

ʢʦʤʧʣʝʢʩ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʙʘʟʠʪ-ʘʥʜʝʟʠʪ-ʜʘʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ɺ 

ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʦʩʪʦʚʘʤ ʘʢʚʘʪʦʨʠʷʭ ʤʦʨʝʡ ʬʦʨʤʠʨʫʶʪʩʷ ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʝ ʪʦʣʱʠ ʪʝʬʨʦʠʜʦʚ 

[1]. ɺ ʚʠʜʝ ʠʩʢʣʶʯʝʥʠʷ ʧʨʦʜʦʣʞʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʢʘʨʙʦʥʘʪʥʦʛʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʥʦ 

ʧʦʩʣʝʜʥʠʝ ʦʛʨʘʥʠʯʝʥʳ  ʧʦ ʧʣʦʱʘʜʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʥʝʙʦʣʴʰʠʝ ʙʠʦʛʝʨʤʳ ʥʘ ʚʝʨʰʠʥʘʭ 

ʧʦʜʚʦʜʥʳʭ ʚʫʣʢʘʥʦʚ (ʫʩʪʴ-ʢʫʣʴʙʠʯʩʢʠʡ ʛʦʨʠʟʦʥʪ) [6]. ʊʘʢʦʡ ʨʝʞʠʤ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʚ ʨʝʛʠʦʥʝ ʜʦ ʥʘʯʘʣʘ ʦʨʜʦʚʠʢʩʢʦʛʦ ʧʝʨʠʦʜʘ.  

ɺ ʦʨʜʦʚʠʢʩʢʠʡ ʠ ʩʠʣʫʨʠʡʩʢʠʡ ʧʝʨʠʦʜʳ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʨʝʛʠʦʥʘ ʚ ʦʙʩʪʘʥʦʚʢʝ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʰʝʣʴʬʘ ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʤʧʣʝʢʩ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩ 

ʟʘʤʝʪʥʳʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʢʘʨʙʦʥʘʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ɺʫʣʢʘʥʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ 

ʦʩʪʨʦʚʥʦʡ ʜʫʛʝ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʝʢʨʘʪʠʣʘʩʴ (ʠʣʠ ʝʝ ʧʨʦʷʚʣʝʥʠʷ ʝʱʝ ʥʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ) ʠ 
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ʜʦʢʫʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʪʦʣʴʢʦ ʚ ʂʫʟʥʝʮʢʦʤ ɸʣʘʪʘʫ (ʪʘʡʤʝʪʩʢʘʷ ʩʚʠʪʘ). ʆʩʘʜʦʯʥʳʡ 

ʢʦʤʧʣʝʢʩ ʵʪʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʦʪʣʦʞʝʥʠʷ ʤʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʪʨʘʢʪʫʶʪʩʷ ʢʘʢ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʥʦʡ ʧʣʘʪʬʦʨʤʳ, ʘ ʵʪʘʧ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʧʘʩʩʠʚʥʦʡ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʦʡ [1]. ʊʘʢʘʷ ʢʦʨʨʝʣʷʮʠʷ, ʥʝ ʣʠʰʝʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʣʦʛʠʢʠ, ʥʦ ʦʥʘ 

ʪʦʣʴʢʦ ʚʥʝʰʥʝʝ ʦʪʨʘʞʝʥʠʝ ʩʭʦʞʝʩʪʠ ʦʙʩʪʘʥʦʚʦʢ ʩʝʜʠʤʝʥʪʘʮʠʠ (ʰʝʣʴʬ). ʇʨʠ ʜʝʪʘʣʴʥʦʤ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʢʘʨʙʦʥʘʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʪʥʶʜʴ ʥʝ ʝʜʠʥʩʪʚʝʥʥʘʷ, ʟʘʤʝʪʥʘ 

ʨʦʣʴ ʦʙʣʦʤʦʯʥʳʭ  ʠ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ. ɹʨʦʩʘʝʪʩʷ ʚ ʛʣʘʟʘ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʬʘʮʠʡ ʦʪ 

ʨʠʬʦʛʝʥʥʳʭ ʜʦ ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʭ ʠ ʛʣʫʙʦʢʦʚʦʜʥʳʭ. ʉ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʘʨʘʣʣʝʣʴ 

ʩ ʧʘʩʩʠʚʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʦʡ ʥʝ ʚʳʜʝʨʞʠʚʘʝʪ ʢʨʠʪʠʢʠ, ʵʪʘ ʩʪʘʜʠʷ ʨʘʟʚʠʪʠʷ 

ʪʝʨʨʠʪʦʨʠʠ ʟʘʢʦʥʯʠʣʘʩʴ ʚ ʥʘʯʘʣʝ ʩʨʝʜʥʝʛʦ ʢʝʤʙʨʠʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ ʠ 

ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ ʝʡ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʞʝʣʦʙʘ. ɻʣʫʙʦʢʦʚʦʜʥʳʝ ʦʢʝʘʥʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ 

ʩʝʜʠʤʝʥʪʘʮʠʠ ʧʨʦʜʦʣʞʘʶʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʠ ʚ ʦʨʜʦʚʠʢʝ ʠ ʚ ʩʠʣʫʨʝ. ʇʨʠʤʝʨ ʪʦʤʫ ʦʙʥʘʨʫʞʝʥʠʝ 

ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚ ɿʘʩʫʨʴʠʥʩʢʦʤ ʨʘʡʦʥʝ ʩʝʚʝʨʘ ɻʦʨʥʦʛʦ ɸʣʪʘʷ [4, 

5]. ɺʫʣʢʘʥʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʧʨʝʜʝʣʘʭ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ ʚ ʵʪʦ ʚʨʝʤʷ ʨʝʟʢʦ ʦʩʣʘʙʣʝʥʘ. ʂʘʢ 

ʧʦʢʘʟʳʚʘʶʪ ʜʘʥʥʳʝ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʵʪʦ ʚʨʝʤʷ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʛʣʦʱʝʥʥʳʭ 

ʚ ʟʦʥʘʭ ʩʫʙʜʫʢʮʠʠ ʧʦʨʮʠʡ ʦʙʨʘʟʦʚʘʥʠʡ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʞʝʣʦʙʘ [3]. 

ʅʘ ʜʝʚʦʥʩʢʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦʡ ʯʘʩʪʠ ɸʉʉʆ ʧʨʦʠʩʭʦʜʠʪ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʨʝʟʢʦʡ ʘʢʪʠʚʠʟʘʮʠʝʡ 

ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʩʪʨʦʚʦʜʫʞʥʦʡ ʩʠʩʪʝʤʝ. ɺ ʭʨʦʥʦʣʦʛʠʠ ʵʪʦ ʩʦʙʳʪʠʝ ʧʨʠʫʨʦʯʝʥʦ 

ʢ ʥʘʯʘʣʫ ʵʤʩʩʢʦʛʦ ʚʝʢʘ ʨʘʥʥʝʛʦ ʜʝʚʦʥʘ.  ɺ ʵʪʦ ʚʨʝʤʷ ʩʬʦʨʤʠʨʦʚʘʥ ʨʷʜ ʢʨʫʧʥʳʭ ʚʫʣʢʘʥʦ-

ʧʣʫʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʧʦʷʩʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. ɺʫʣʢʘʥʠʟʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ (ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʈʫʜʥʦʛʦ ɸʣʪʘʷ) ʥʦʩʠʣ ʩʫʙʘʵʨʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʨʠ ʵʪʦʤ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ, ʵʪʦ ʩʪʨʘʪʦʚʫʣʢʘʥʳ ʩ ʣʘʚʦʡ ʘʥʜʝʟʠʪ-ʜʘʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 

ʙʦʣʴʰʠʥʩʪʚʦ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʧʨʝʪʝʨʧʝʣʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʵʨʦʟʠʶ ʠ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʩʨʝʟʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ  ʪʦʣʴʢʦ ʩʚʦʠʤʠ ʢʦʨʥʝʚʳʤʠ ʯʘʩʪʷʤʠ (ʂʘʣʛʫʪʠʥʩʢʠʡ ʠ ɸʢʩʘʡʩʢʠʡ ʘʨʝʘʣʳ ʚ ʶʛʦ-

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɻʦʨʥʦʛʦ ɸʣʪʘʷ, ʊʝʣʴʙʝʩʩʢʠʡ ʚ ɻʦʨʥʦʡ ʐʦʨʠʠ ʠ ʜʨ.). ʉ ʦʙʣʘʩʪʷʤʠ 

ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʩʝʜʩʪʚʫʶʪ ʥʝʛʣʫʙʦʢʠʝ ʰʝʣʴʬʦʚʳʝ ʙʘʩʩʝʡʥʳ ʩʝʜʠʤʝʥʪʘʮʠʠ ʩ 

ʥʘʢʦʧʣʝʥʠʝʤ ʧʝʩʪʨʳʭ ʧʦ ʩʦʩʪʘʚʫ ʬʘʮʠʡ ʦʪʣʦʞʝʥʠʡ (ʦʪ ʧʣʷʞʝʚʳʭ  ʜʦ ʨʠʬʦʚʳʭ ʠ ʛʣʠʥʠʩʪʳʭ). 

ʈʘʟʥʦʦʙʨʘʟʠʝ ʦʙʩʪʘʥʦʚʦʢ ʩʝʜʠʤʝʥʪʘʮʠʠ ʚ ʵʪʦ ʚʨʝʤʷ ʤʘʢʩʠʤʘʣʴʥʦ, ʯʪʦ ʥʘʰʣʦ ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ 

ʚ ʢʦʣʠʯʝʩʪʚʝ ʤʝʩʪʥʳʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ. ɺ ʈʫʜʥʦʤ ɸʣʪʘʝ ʚʫʣʢʘʥʠʯʝʩʢʘʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʧʨʝʜʝʣʘʭ ʤʦʨʩʢʦʡ ʘʢʚʘʪʦʨʠʠ ʠ ʩʢʣʦʥʳ ʜʝʡʩʪʚʫʶʱʠʭ ʚʫʣʢʘʥʦʚ 

ʩʪʘʣʠ ʠʜʝʘʣʴʥʳʤ ʤʝʩʪʦʤ ʜʣʷ ʧʨʦʷʚʣʝʥʠʷ ʧʦʜʚʦʜʥʦʡ ʬʫʤʘʨʦʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʦʩʘʞʜʝʥʠʶ 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ (ɿʤʝʠʥʦʛʦʨʩʢʦʝ, ʈʫʙʮʦʚʩʢʦʝ, ʂʦʨʙʘʣʠʭʠʥʩʢʦʝ ʠ ʜʨ. ʤʝʩʪʦʨʦʞʜʝʥʠʷ). 

ʇʦʠʩʢ ʪʘʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥ ʩ ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ ʚʝʨʰʠʥʥʳʭ ʯʘʩʪʝʡ 

ʧʘʣʝʦʚʫʣʢʘʥʦʚ. ʆʯʝʥʴ ʯʘʩʪʦ ʥʘ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʢʦʥʫʩʘʭ ʬʦʨʤʠʨʫʶʪʩʷ ʨʠʬʦʚʳʝ ʧʦʩʪʨʦʡʢʠ 
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(ɿʤʝʠʥʦʛʨʩʢʘʷ, ʅʠʢʦʣʘʝʚʩʢʘʷ, ʉʫʨʛʫʪʘʥʦʚʩʢʘʷ, ʅʝʚʝʨʦʚʩʢʘʷ). ʉ ʚʫʣʢʘʥʠʯʝʩʢʠʤʠ 

ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʘʩʩʦʮʠʠʨʫʶʪ ʛʣʫʙʦʢʦʚʦʜʥʳʝ ʨʘʜʠʦʣʷʨʠʝʚʳʝ ʠʣʳ, ʛʣʠʥʠʩʪʳʝ ʦʩʘʜʢʠ. 

ɻʨʫʙʦʦʙʣʦʤʦʯʥʳʝ ʧʦʨʦʜʳ ʨʝʜʢʠ ʠ ʤʘʣʦʤʦʱʥʳ.  ʕʪʦʪ ʵʪʘʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʟʨʝʣʫʶ ʩʪʘʜʠʶ 

ʨʘʟʚʠʪʠʷ ʜʨʝʚʥʝʛʦ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʝʛʦ ʧʝʨʝʭʦʜ ʢ ʩʪʘʜʠʠ ʦʨʦʛʝʥʘ,  ʚ ʢʦʪʦʨʫʶ ʨʝʛʠʦʥ 

ʧʝʨʝʰʝʣ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʢʘʨʙʦʥʘ.  

ʆʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʚ ʧʦʟʜʥʝʤ ʧʘʣʝʦʟʦʝ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʢʨʫʧʥʳʭ ʚʧʘʜʠʥʘʭ, ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʥʦʩʠʣʘ ʧʨʠʨʘʟʣʦʤʥʳʡ ʭʘʨʘʢʪʝʨ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʘʷ ʠʟ ʥʠʭ ʂʫʟʥʝʮʢʘʷ ʚʧʘʜʠʥʘ 

ʥʘʯʘʣʘ ʩʚʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʢ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʝʱʝ ʩʦ ʩʨʝʜʥʝʛʦ ʜʝʚʦʥʘ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʥʝʡ ʩʪʘʣʦ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʛʦʣʴʥʳʭ 

ʧʣʘʩʪʦʚ, ʩʘʤʳʡ ʜʨʝʚʥʠʡ ʠʟ ʢʦʪʦʨʳʭ (ɹʘʨʟʘʩʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ) ʜʘʪʠʨʫʝʪʩʷ ʥʘʯʘʣʦʤ ʩʨʝʜʥʝʛʦ 

ʜʝʚʦʥʘ. ɼʦ ʩʨʝʜʠʥʳ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʚʧʘʜʠʥʘ ʨʘʟʚʠʚʘʝʪʩʷ ʢʘʢ ʯʘʩʪʴ ʤʦʨʩʢʦʛʦ 

ʰʝʣʴʬʘ (ʂʫʟʥʝʮʢʠʡ ʟʘʣʠʚ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʤʦʨʷ), ʘ  ʜʘʣʴʰʝ ʨʘʟʚʠʚʘʝʪʩʷ ʢʘʢ ʟʘʙʦʣʦʯʝʥʥʘʷ 

ʘʢʢʫʤʫʣʷʪʠʚʥʘʷ ʨʘʚʥʠʥʘ.  ʆʩʦʙʝʥʥʦʩʪʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʧʦʟʜʥʝʤ ʧʘʣʝʦʟʦʝ ʚ ʨʝʛʠʦʥʝ 

ʚʳʨʘʞʝʥʳ ʚ ʥʘʢʦʧʣʝʥʠʠ ʤʦʱʥʦʡ ʫʛʣʝʥʦʩʥʦʡ ʬʦʨʤʘʮʠʠ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʠʟ ʦʙʣʦʤʦʯʥʳʭ 

(ʢʦʥʛʣʦʤʝʨʘʪ, ʧʝʩʯʘʥʠʢ, ʘʣʝʚʨʦʣʠʪ, ʘʨʛʠʣʣʠʪ), ʙʠʦʛʝʥʥʳʭ (ʢʘʤʝʥʥʳʡ ʫʛʦʣʴ) ʠ ʭʝʤʦʛʝʥʥʳʭ 

(ʩʠʜʝʨʠʪ) ʦʩʘʜʦʯʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʦʟʜʥʝʤ ʜʦʢʝʤʙʨʠʠ ʠ ʧʘʣʝʦʟʦʝ ʪʝʨʨʠʪʦʨʠʷ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɸʉʉʆ 

ʧʨʦʰʣʘ ʚʩʝ ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ ʜʨʝʚʥʝʛʦ ʇʘʣʝʦʘʟʠʘʪʩʢʦʛʦ ʦʢʝʘʥʘ ʦʪ ʝʛʦ ʟʘʨʦʞʜʝʥʠʷ ʜʦ ʟʘʢʨʳʪʠʷ. 

ʕʪʦ ʥʘʰʣʦ ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ ʚ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʦʚ ʩʝʜʠʤʝʥʪʘʮʠʠ.   
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ʇʨʠʚʦʜʷʪʩʷ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʠʟʫʯʝʥʠʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ ʛʨʫʧʧʳ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ (Mn, Fe, Cd, Co, Cr, Cu, Mo, Ni, Pb) ʚ ʧʨʦʮʝʩʩʘʭ ʨʘʥʥʝʛʦ ʜʠʘʛʝʥʝʟʘ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ɹʝʣʦʛʦ ʤʦʨʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʝʛʦ  ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʥʘʨʫʰʝʥʥʳʭ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ (ʩʣʦʠ ʜʠʩʢʨʝʪʥʦʩʪʴʶ 1 ʩʤ) 

ʧʦʟʚʦʣʷʝʪ  ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʚ ʩʘʤʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ (0-6 ʩʤ) ʦʪʤʝʯʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ  ʠʟʤʝʥʝʥʠʷ 

ʚ ʧʦʚʝʜʝʥʠʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ.  ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʪʘʢʠʭ ʨʝʜʦʢʩ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʤʝʪʘʣʣʦʚ ʢʘʢ Mn ʠ Fe, ʤʠʛʨʠʨʫʶʱʠʭ ʠʟ ʦʩʘʜʢʦʚ ʚ ʠʣʦʚʫʶ ʚʦʜʫ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ Mn/Fe,  ʠʩʧʦʣʴʟʫʝʤʦʝ 

ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ ʩʨʝʜʳ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ,  ʠʥʬʦʨʤʘʪʠʚʥʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʛʝʦʭʠʤʠʯʝʩʢʠ-ʣʘʙʠʣʴʥʳʭ ʬʨʘʢʮʠʡ 

ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʨʘʥʥʝʛʦ ʜʠʘʛʝʥʝʟʘ. 

 

ʀʟʫʯʝʥʠʝ ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʠʭ ʥʘʢʦʧʣʝʥʠʶ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʤʝʪʘʣʣʦʚ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʬʦʨʤ ʠʭ ʥʘʭʦʞʜʝʥʠʷ, ʥʘ ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʪʘʢʠʝ 

ʚʘʞʥʳʝ ʣʠʪʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʠ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ, 

ʚʣʘʞʥʦʩʪʴ, ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ.  

  ʇʦʚʝʜʝʥʠʝ  ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ (Mn, Fe, Pb, Cd, ʉʦ, Cu, Cr, ʄʦ, Ni) ʚ ʨʘʟʣʠʯʥʳʭ ʧʦ 

ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʬʦʨʤʘʭ, ʘ ʪʘʢʞʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʠ ʢʘʨʙʦʥʘʪʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʠʟʫʯʝʥʦ ʚ 18-ʪʠ ʧʨʦʙʘʭ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʩʪ.1404 ʚ 

ɼʚʠʥʩʢʦʤ ʟʘʣʠʚʝ ɹʝʣʦʛʦ ʤʦʨʷ (65Ü23,291' ʩ.ʰ.; 37Ü14,773' ʚ.ʜ., ʛʣʫʙʠʥʘ 150 ʤ), ʦʪʦʙʨʘʥʥʳʭ 

ʪʨʫʙʢʦʡ ʅʝʡʤʠʩʪʦ ʩ ʜʠʩʢʨʝʪʥʦʩʪʴʶ 1 ʩʤ.  ʂʦʣʦʥʢʘ 1404 ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʦʣʦʮʝʥʦʚʳʤʠ 

ʤʦʨʩʢʠʤʠ ʦʩʘʜʢʘʤʠ, ʩʣʦʞʝʥʥʳʤʠ ʛʣʠʥʠʩʪʳʤ  ʠʣʦʤ. ʉʦʜʝʨʞʘʥʠʝ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʧʝʣʠʪʦʚʦʡ 

ʬʨʘʢʮʠʠ < 0.01 ʤʤ  ʠʟʤʝʥʷʝʪʩʷ ʚ ʢʦʣʦʥʢʝ ʦʪ 85.05 ʜʦ 95.77%, ʤʝʜʠʘʥʥʳʡ ʜʠʘʤʝʪʨ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʩʪʦʷʥʝʥ (0.0042 ï 0.0045 ʤʤ). ɺ ʩʣʦʝ 0-6 ʩʤ ʦʪʤʝʯʝʥʘ ʧʦʚʳʰʝʥʥʘʷ ʚʣʘʞʥʦʩʪʴ ʩ ʤʘʢʩʠʤʫʤʦʤ 

(77.34%) ʚ ʥʘʠʣʢʝ (0-1 ʩʤ), ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʥʦʝ ʚ 2 ʨʘʟʘ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʠʞʝʣʝʞʘʱʠʤʠ 

ʦʩʘʜʢʘʤʠ) ʩʦʜʝʨʞʘʥʠʝ ʉʦʨʛ (1.85%). ɺ ʧʨʝʜʝʣʘʭ ʩʣʦʷ 0-18 ʩʤ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 

ʩʝʣʝʢʪʠʚʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʵʢʩʪʨʘʢʮʠʠ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ  ʩʣʝʜʫʶʱʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʬʦʨʤ 

ʥʘʭʦʞʜʝʥʠʷ: ʬʦʨʤʘ-1 ï ʦʙʤʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʠʣʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʘʷ ʥʘ ʛʣʠʥʠʩʪʳʭ ʠ 

ʢʘʨʙʦʥʘʪʥʳʭ ʯʘʩʪʠʮʘʭ  [1]; ʬʦʨʤʘ 2 ï Fe-Mn ʘʤʦʨʬʥʳʝ ʛʠʜʨʦʢʩʠʜʳ ʠ ʩʚʟʷʥʥʳʝ ʩ ʥʠʤʠ 

ʤʝʪʘʣʣʳ [2]. ʂʦʥʮʝʥʪʨʘʮʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ (Mn, Fe, Pb, Cd, ʉʦ, Cu, Cr, ʄʦ, Ni) ʦʧʨʝʜʝʣʝʥʘ 

ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ʀʉʇ-ʄʉ Agilent 7500).  

mailto:l_demina@mail.ru
mailto:dmitry.b-1990@yandex.ru
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  ʅʘʰʠ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʝʪʘʣʣʦʚ, ʚ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʩʘʜʢʘʭ ʧʨʝʦʙʣʘʜʘʝʪ ʣʠʪʦʛʝʥʥʘʷ ʬʦʨʤʘ,  ʪʦʛʜʘʢ ʢʘʢ Mn ʧʨʝʜʩʪʘʚʣʝʥ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʤʦʨʬʥʳʤʠ ʛʠʜʨʦʢʩʠʜʘʤʠ. ʇʦʚʝʜʝʥʠʝ Fe ʠ Mn ʚ ʭʦʜʝ ʨʘʥʥʝʛʦ ʜʠʘʛʝʥʝʟʘ 

ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʝʪʩʷ (ʈʠʩʫʥʦʢ 1). ʄʘʨʛʘʥʝʮ  ʜʦ ʛʦʨ. 6 ʩʤ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ (90-95%) 

ʧʨʝʜʩʪʘʚʣʝʥ ʘʤʦʨʬʥʳʤʠ ʛʠʜʨʦʢʩʠʜʘʤʠ, ʜʦʣʷ ʢʦʪʦʨʳʭ ʥʘ ʛʦʨ. 6 ʩʤ ï 55%, ʥʠʞʝ ʦʥʘ ʩʥʠʞʘʝʪʩʷ 

ʜʦ 30%, ʠ ʥʘ ʛʦʨ. 18 ʩʤ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ 12% ʦʪ ʚʘʣʦʚʦʛʦ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ., ʚʘʣʦʚʦʝ 

ʩʦʜʝʨʞʘʥʠʝ Mn ʧʦ ʜʣʠʥʝ ʢʦʣʦʥʢʠ ʧʘʜʘʝʪ, ʦʩʦʙʝʥʥʦ ʨʝʟʢʦ ï ʚ ʧʨʝʜʝʣʘʭ 0-6 ʩʤ, ʧʨʠ ʵʪʦʤ 

ʛʨʘʜʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ Mn ʩʦʩʪʘʚʣʷʝʪ 0.84% ʥʘ 1 ʩʤ (ʠʩʭʦʜʷ ʠʟ ʬʦʨʤʫʣʳ grad=æC/æL: (5.2-

0.27)% / 6 ʩʤ = 0.84% / 1 ʩʤ). ʆʯʝʚʠʜʥʦ, ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ Mn ʧʨʦʠʩʭʦʜʠʪ 

ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʘʤʦʨʬʥʳʭ ʛʠʜʨʦʢʩʠʜʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʪʝʤ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ 

ʢʠʩʣʦʨʦʜʘ, ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ ʥʘ ʦʢʠʩʣʝʥʠʝ ʆɺ, ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ Mn(IV) ʚ Mn(II) 

ʠ ʤʠʛʨʘʮʠʷ ʧʦʩʣʝʜʥʝʛʦ ʚ ʠʣʦʚʳʝ ʚʦʜʳ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʚʥʠʟ ʧʦ ʢʦʣʦʥʢʝ  

ʢʦʥʮʝʥʪʨʘʮʠʠ Mn ʚ ʠʣʦʚʳʭ ʚʦʜʘʭ. ʀʟʤʝʥʝʥʠʝ ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ Fe ʚ ʩʣʦʝ 0-18 ʩʤ ʥʝ ʩʪʦʣʴ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Mn;  ʘʤʦʨʬʥʳʝ ʛʠʜʨʦʢʩʠʜʳ Fe ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʶʪ ʝʛʦ ʦʙʱʝʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʥʦ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘʧʦʣʦʚʠʥʫ.  ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʙʳʚʘʥʠʝ ʦʙʤʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

Mn ʠ Fe ʩʚʷʟʘʥʦ ʩ ʠʭ ʜʝʩʦʨʙʮʠʝʡ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʨʅ (ʚ ʧʨʝʜʝʣʘʭ 7-5), ʢʦʪʦʨʦʝ ʢʘʢ ʧʨʘʚʠʣʦ 

ʩʦʧʨʦʚʦʞʜʘʝʪ ʦʢʠʩʣʝʥʠʝ ʆɺ [3].  

 

ʈʠʩʫʥʦʢ 1 -  ʀʟʤʝʥʝʥʠʝ  ʛʝʦʭʠʤʠʯʝʩʢʠ-ʣʘʙʠʣʴʥʳʭ ʬʦʨʤ ʠ ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ Fe ʠ Mn ʚ 

ʥʝʥʘʨʫʰʝʥʥʦʡ ʢʦʣʦʥʢʝ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʩʪ. 1404, ɹʝʣʦʝ ʤʦʨʝ. ʎʠʬʨʦʚʳʤʠ ʠʥʜʝʢʩʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʬʦʨʤʳ: 1ï 

ʦʙʤʝʥʥʳʡ ʢʦʤʧʣʝʢʩ, 2- ʘʤʦʨʬʥʳʝ Fe-Mn ʛʠʜʨʦʢʩʠʜʳ; ʚʘʣ.- ʚʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ 

 

ɼʠʥʘʤʠʢʘ ʦʪʥʦʰʝʥʠʷ Mn/Fe, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʠʥʘʤʠʢʠ 

ʢʠʩʣʦʨʦʜʘ [4] ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʟʣʠʯʠʷ ʚ ʢʠʥʝʪʠʢʝ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ-ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Mn 

ʠ Fe, ʪʘʢʞʝ ʥʘʠʙʦʣʝʝ ʨʝʟʢʦ ʚʳʨʘʞʝʥʘ ʚ ʩʣʦʝ 0-6 ʩʤ: Fe ʦʢʠʩʣʷʝʪʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ  Mn, ʘ Mn 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ  ʙʳʩʪʨʝʝ, ʯʝʤ  Fe ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʨʝʜʝ. ʆʪʥʦʰʝʥʠʝ Mn/Fe ʚ ʚʘʣʦʚʦʤ 

0

10000

20000

30000

40000

50000

60000

70000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

ɻʦʨʠʟʦʥʪ, ʩʤ

ʤ
ʢ
ʛ
/
ʛ
 
ʩ
ʫ
ʭ
.
ʚ
.

Mn-1

Mn-2

Mn ʚʘʣ

Fe-1

Fe-2

Fe ʚʘʣ



90 

 

ʦʩʘʜʢʝ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0.71 ʜʦ 0.51, ʩʦʩʪʘʚʣʷʷ ʚ ʩʨʝʜʥʝʤ 0.61, ʘ ʚ ʣʠʪʦʛʝʥʥʦʡ ʬʦʨʤʝ ʜʦʥʥʳʭ 

ʦʩʘʜʢʦʚ ɹʝʣʦʛʦ ʤʦʨʷ - 0.02 ʚ ʩʨʝʜʥʝʤ, ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʨʝʜʥʠʤ Mn/Fe ʜʣʷ ʛʣʠʥ [5]. 

ʀʟʤʝʥʝʥʠʝ ʧʦ ʛʣʫʙʠʥʝ ʬʦʨʤʳ-2 ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ Fe-Mn ʘʤʦʨʬʥʳʤʠ 

ʛʠʜʨʦʢʩʠʜʘʤʠ, ʠʤʝʝʪ ʩʭʦʜʥʳʡ ʭʘʨʘʢʪʝʨ: ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ (0-6 ʩʤ) ʩ 

ʧʦʩʣʝʜʫʶʱʠʤʠ ʥʝ ʩʪʦʣʴ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ.   ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ Cd, Co, Cr, Cu, Ni, Mo 

ʠ Pb ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʛʝʦʭʠʤʠʯʝʩʢʠ ʠʥʝʨʪʥʦʡ ʣʠʪʦʛʝʥʥʦʡ ʬʦʨʤʝ, ʨʦʣʴ ʢʦʪʦʨʦʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʩ ʛʣʫʙʠʥʦʡ ʦʩʘʜʦʯʥʦʛʦ ʩʣʦʷ, ʪ.ʝ. ʧʦ ʤʝʨʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʛʝʦʭʠʤʠʯʝʩʢʠ-ʣʘʙʠʣʴʥʳʭ ʬʦʨʤ. ɺ 

ʦʢʠʩʣʝʥʥʦʤ ʥʘʠʣʢʝ (0-1 ʩʤ) ʤʠʥʠʤʘʣʴʥʦ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʣʠʪʦʛʝʥʥʦʡ ʬʦʨʤʝ, ʧʠʢʠ ʵʪʦʡ 

ʬʦʨʤʳ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʤʝʪʘʣʣʦʚ ʦʙʥʘʨʫʞʝʥʳ ʥʘ ʛʦʨ. 8 ʠ  16 ʩʤ, ʛʜʝ ʫʚʝʣʠʯʝʥʘ ʜʦʣʷ ʧʝʩʯʘʥʦʡ 

ʬʨʘʢʮʠʠ.  

ʀʩʩʣʝʜʦʚʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ  ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʦʪʨʘʞʘʝʪ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʪʝʨʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʦʩʪʘʚʝ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ɹʝʣʦʛʦ ʤʦʨʷ  [6],  ʘ ʪʘʢʞʝ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʧʦ ʬʦʨʤʘʤ ʥʘʭʦʞʜʝʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ ʜʨʫʛʦʛʦ 

ʘʨʢʪʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ - ʂʘʨʩʢʦʛʦ ʤʦʨʷ [7]. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, 15-05008372. 
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ʧʦʣʫʞʠʜʢʠʡ ʩʣʦʡ (ʥʘʠʣʦʢ), ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʤʘʩʩ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. 

 

ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʙʝʩʩʪʦʯʥʳʭ ʚʦʜʦʝʤʦʚ ʟʝʤʥʦʛʦ ʰʘʨʘ ʠ 

ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʛʨʘʥʠʮʝ ʜʚʫʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ. ʅʘ ʟʘʧʘʜʝ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʝ 

ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʛʫʤʠʜʥʦʡ ʦʙʣʘʩʪʠ, ʛʜʝ ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʨʨʠʛʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʩ ʨʝʯʥʳʤ ʩʪʦʢʦʤ, ʘ ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʨʘʩʧʦʣʦʞʝʥʘ 

ʚ ʘʨʠʜʥʦʡ ʦʙʣʘʩʪʠ, ʧʠʪʘʥʠʝ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʵʦʣʦʚʳʭ ʧʦʪʦʢʦʚ ʠʟ ʧʫʩʪʳʥʴ 

ʂʘʟʘʭʩʪʘʥʘ ʠ ʊʫʨʢʤʝʥʠʩʪʘʥʘ. ʊʝʤ ʩʘʤʳʤ, ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʂʘʩʧʠʡʩʢʦʤ ʤʦʨʝ ʠʥʪʝʨʝʩʥʦ ʩʚʦʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ. 

ʆʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʧʨʦʮʝʩʩʝ ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʤʠʛʨʘʮʠʶ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʭʘʨʘʢʪʝʨ ʛʘʟʦʚʦʛʦ ʨʝʞʠʤʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʜʠʘʛʝʥʠʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ [12]. ʆʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʜʦʥʥʳʭ 

ʦʩʘʜʢʦʚ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʧʨʠʚʣʝʢʘʣʦ ʚʥʠʤʘʥʠʝ ʫʞʝ ʚ ʧʝʨʚʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, 

ʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʠʟʫʯʘʣʦʩʴ ʤʥʦʛʠʤʠ ʫʯʝʥʳʤʠ [2, 3, 4, 8, 9, 12].  

ɺ ʂʘʩʧʠʡʩʢʦʤ ʤʦʨʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʉʦʨʛ. ʧʦ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤ ʪʠʧʘʤ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ 

ʦʙʥʘʨʫʞʠʚʘʝʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʫʩʪʘʥʦʚʣʝʥʘ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʤʦʨʝʡ ʠ ʚʳʨʘʞʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ ʩʪʝʧʝʥʠ 

ʜʠʩʧʝʨʩʥʦʩʪʠ ʦʩʘʜʢʦʚ [2, 10, 11, 12]. ɺ ʦʩʥʦʚʥʦʤ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʉʦʨʛ. ʪʷʛʦʪʝʶʪ ʢ 

ʧʝʣʠʪʦʚʳʤ ʠʣʘʤ, ʘ ʤʠʥʠʤʘʣʴʥʳʝ ï ʢ ʧʝʩʢʘʤ ʠ ʢʨʫʧʥʳʤ ʘʣʝʚʨʠʪʘʤ. ɺ ʉʨʝʜʥʝʤ ʠ ʖʞʥʦʤ 

ʂʘʩʧʠʠ ʩʦʜʝʨʞʘʥʠʝ ʉʦʨʛ. ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʧʨʠʙʨʝʞʥʳʭ ʟʦʥ ʚ ʩʪʦʨʦʥʫ ʛʣʫʙʦʢʦʚʦʜʥʳʭ 

ʦʙʣʘʩʪʝʡ.  

ʄʘʪʝʨʠʘʣ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʵʢʩʧʝʜʠʮʠʷʭ ʅʀʉ çʈʠʬʪè ʠ çʅʠʢʠʬʦʨ 

ʐʫʨʝʢʦʚè ʚ 2010, 2012 ʠ 2013 ʛʦʜʘʭ (ʀʆ ʈɸʅ, ʨʫʢʦʚʦʜʠʪʝʣʴ ʵʢʩʧʝʜʠʮʠʡ ɸ.ʂ. ɸʤʙʨʦʩʠʤʦʚ). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʤ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ çʉʠʩʪʝʤʘ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷè, 

ʨʫʢʦʚʦʜʠʪʝʣʴ ʘʢʘʜʝʤʠʢ ɸ.ʇ. ʃʠʩʠʮʳʥ. 

ɺʧʝʨʚʳʝ ʜʣʷ ʜʘʥʥʦʛʦ ʙʘʩʩʝʡʥʘ ʧʨʠ ʦʪʙʦʨʝ ʧʨʦʙ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʥʦʚʝʡʰʠʡ ʧʨʦʙʦʦʪʙʦʨʥʠʢ (ʤʫʣʴʪʠʢʦʨʝʨ), ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʚʝʨʭʥʠʡ ʧʦʣʫʞʠʜʢʠʡ 
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ʩʣʦʡ (ʥʘʠʣʦʢ) ʥʝʥʘʨʫʰʝʥʥʳʤ. ʇʨʦʙʳ ʦʪʙʠʨʘʣʠʩʴ ʠʟ ʢʝʨʥʘ ʤʫʣʴʪʠʢʦʨʝʨʘ ʩ ʜʠʩʢʨʝʪʥʦʩʪʴʶ ʦʪ 

0.5 ʩʤ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʜʦ 5 ʩʤ ʚ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʘʭ. ʂʦʣʠʯʝʩʪʚʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʠʣʦ ʧʦʨʷʜʢʘ 300 ʧʨʦʙ. ʆʙʱʠʡ ʫʛʣʝʨʦʜ ʦʧʨʝʜʝʣʷʣʩʷ ʥʘ 

ʘʥʘʣʠʟʘʪʦʨʝ ʫʛʣʝʨʦʜʘ ɸʅï74 ʤʝʪʦʜʦʤ ʢʫʣʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, 

ʚʳʜʝʣʷʶʱʝʛʦ ʧʨʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʩʞʠʛʘʥʠʠ (ʧʨʠ t=800ÁC) ʚ ʧʦʪʦʢʝ ʢʠʩʣʦʨʦʜʘ ʧʨʦʙ. 

ʆʨʛʘʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ ʦʧʨʝʜʝʣʷʣʩʷ ʘʥʘʣʦʛʠʯʥʦ, ʧʫʪʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʠʪʨʘʚʣʠʚʘʥʠʷ 

ʦʙʨʘʟʮʘ   3M HCl.  

ɼʣʷ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʉʦʨʛ. ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ (ʈʠʩʫʥʦʢ 1). ʇʦʣʫʯʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʦʨʛ. ʚ 2-3 ʨʘʟʘ 

ʧʨʝʚʳʰʘʶʪ ʟʥʘʯʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʨʝʜʳʜʫʱʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ [2, 5, 8, 12]. ɹʳʣʦ 

ʠʩʩʣʝʜʦʚʘʥʦ 8 ʢʦʣʦʥʦʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʊʨʘʥʩʢʘʩʧʠʡʩʢʦʤ ʨʘʟʨʝʟʝ (ʈʠʩʫʥʦʢ 2).  

ɺʧʝʨʚʳʝ ʚ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʚʧʘʜʠʥʝ ʉʨʝʜʥʝʛʦ ʂʘʩʧʠʷ (ɼʝʨʙʝʥʪʩʢʘʷ ʢʦʪʣʦʚʠʥʘ) ʠ ʚ 

ʖʞʥʦʡ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʚʧʘʜʠʥʝ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʝʝ ʯʘʩʪʠ ʠ ʥʘ ʩʝʚʝʨʥʦʤ ʩʢʣʦʥʝ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ 

ʥʘʢʦʧʣʝʥʠʝ ʧʝʣʠʪʦʚʳʭ ʠ ʠʟʚʝʩʪʢʦʚʦ-ʧʝʣʠʪʦʚʳʭ ʠʣʦʚ [7, 8, 12], ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʙʦʣʴʰʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʦʨʛ. (ʈʠʩʫʥʦʢ 1). ɸʚʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʦʩʘʜʢʘ (ʚ ʠʥʪʝʨʚʘʣʝ 

0ï2 ʩʤ) ʩʦʜʝʨʞʘʥʠʝ ʉʦʨʛ. ʚ ʢʦʣʦʥʢʘʭ (ʩʪ. 3907, ʩʪ. 3917, ʩʪ. 3916) ʩʦʩʪʘʚʣʷʝʪ ʦʪ 6 ʜʦ 8%. ʊʘʢʠʝ 

ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʥʝ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʜʦ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʚ 

ʂʘʩʧʠʡʩʢʦʤ ʤʦʨʝ ʧʨʝʜʰʝʩʪʚʫʶʱʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ [2, 5, 8, 12]. ʇʦʩʣʝ ʚʝʨʭʥʠʭ 2ïʭ ʩʤ ʚʥʠʟ 

ʧʦ ʨʘʟʨʝʟʫ ʢʦʣʠʯʝʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 4% ʠ ʤʝʥʝʝ. 

ʄʠʥʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʦʨʛ. ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʉʨʝʜʥʝʛʦ ʂʘʩʧʠʷ (ʩʪ. 3904) 

ï ʤʝʥʝʝ 2 %, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʙʘʚʣʝʥʠʝ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʤʦʱʥʳʤ ʨʝʯʥʳʤ ʩʪʦʢʦʤ ʨ. ɺʦʣʛʠ. 

ɺ ʵʪʦʡ ʟʦʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʘʢʪʠʚʥʘʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ [1], ʧʦʵʪʦʤʫ ʦʩʘʜʦʯʥʳʡ 

ʤʘʪʝʨʠʘʣ ʚ ʵʪʦʡ ʯʘʩʪʠ ʤʦʨʷ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʥʠʟʢʠʝ 

ʩʢʦʨʦʩʪʠ ʩʝʜʠʤʝʥʪʘʮʠʠ [7].  

ʇʦʣʫʯʝʥʥʳʝ ʚ 2ï3 ʨʘʟʘ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʦʨʛ. ʩʚʷʟʘʥʳ ʩ ʥʘʣʠʯʠʝʤ 

ʩʝʨʦʚʦʜʦʨʦʜʘ ʚ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʚʧʘʜʠʥʘʭ ʉʨʝʜʥʝʛʦ ʠ ʖʞʥʦʛʦ ʂʘʩʧʠʷ ʠ ʦʪʩʫʪʩʪʚʠʝʤ 

ʢʠʩʣʦʨʦʜʘ ʚ ʵʪʠʭ ʟʦʥʘʭ, ʯʪʦ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʚ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 2012 ʛ [4].  ɺ 

ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʢʠʩʣʦʨʦʜʘ, ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʥʝ ʩʧʦʩʦʙʥʦ ʙʳʩʪʨʦ ʨʘʟʣʘʛʘʪʴʩʷ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ, ʧʨʦʠʩʭʦʜʠʪ çʢʦʥʩʝʨʚʠʨʦʚʘʥʠʝè ʉʦʨʛ. ʊʘʢ ʢʘʢ ʦʩʥʦʚʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʦʨʛ. 

ʧʨʠʩʫʱʠ ʚʝʨʭʥʠʤ ʩʣʦʷʤ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ, ʪʦ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʥʘʜʝʞʥʳʭ 

ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʣʷ ʦʪʙʦʨʘ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʤʳ ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʫʣʴʪʠʢʦʨʝʨ 

ʜʣʷ ʜʘʥʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʩʦʭʨʘʥʷʪʴ ʚʝʨʭʥʠʡ ʩʣʦʡ (ʥʘʠʣʦʢ) ʥʝʥʘʨʫʰʝʥʥʳʤ. 

ʕʪʦʪ ʤʝʪʦʜ ʧʨʦʙʦʦʪʙʦʨʘ ʜʦ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʂʘʩʧʠʡʩʢʦʤ ʤʦʨʝ, ʘ ʜʨʫʛʠʝ 

ʧʨʦʙʦʦʪʙʦʨʥʠʢʠ ʧʨʠ ʠʭ ʧʦʜʲʝʤʝ ʪʝʨʷʶʪ ʚʝʨʭʥʠʡ ʧʦʣʫʞʠʜʢʠʡ ʩʣʦʡ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ 14-05-00769; 14-05-00875. 
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ɸʚʪʦʨ ʧʨʠʟʥʘʪʝʣʴʥʘ ʘʢʘʜʝʤʠʢʫ ɸ.ʇ. ʃʠʩʠʮʳʥʫ ʟʘ ʧʦʜʜʝʨʞʢʫ, ʵʢʠʧʘʞʫ ʅʀʉ çʈʠʬʪè ʠ 

çʅʠʢʠʬʦʨ ʐʫʨʝʢʦʚè, ɸ.ʂ. ɸʤʙʨʦʩʠʤʦʚʫ, ɸ.ɸ. ʂʣʶʚʠʪʢʠʥʫ ʠ ʄ.ɼ. ʂʨʘʚʯʠʰʠʥʦʡ ʟʘ ʧʦʤʦʱʴ 

ʚ ʵʢʩʧʝʜʠʮʠʷʭ, ʃ.ɺ. ɼʝʤʠʥʦʡ ʟʘ ʦʧʨʝʜʝʣʝʥʠʝ ʉʦʨʛ.  

 

ʈʠʩʫʥʦʢ 1 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʉʦʨʛ. ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ, ʦʪʦʙʨʘʥʥʳʭ ʤʫʣʴʪʠʢʦʨʝʨʦʤ 

 

ʈʠʩʫʥʦʢ 2 - ʂʘʨʪʘ ʩʪʘʥʮʠʡ ʦʪʙʦʨʘ ʧʨʦʙ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ 
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ʂʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘ ñʘò ʠ ʭʣʦʨʠʥʘ (ʩʫʤʤʳ ʧʨʦʠʟʚʦʜʥʳʭ ʭʣʦʨʦʬʠʣʣʘ ñʘò) ʚ ʦʩʘʜʦʯʥʦʤ ʚʝʱʝʩʪʚʝ ʠ 

ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʚʦʜʘïʜʦʥʥʳʡ ʦʩʘʜʦʢ ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʳʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʫʩʣʦʚʠʡ ʠ ʧʨʦʮʝʩʩʦʚ 

ʙʠʦʛʝʥʥʦʡ ʩʝʜʠʤʝʥʪʘʮʠʠ ʚ ʂʘʩʧʠʡʩʢʦʤ ʤʦʨʝ. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʭʣʦʨʠʥʘ ʠ ʝʛʦ 

ʘʢʢʫʤʫʣʷʮʠʠ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʦʩʘʜʢʦʚ ʵʪʦʛʦ ʤʦʨʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʩʣʝʜʥʠʝ ~60 ʣʝʪ ʚ ʂʘʩʧʠʡʩʢʦʤ ʤʦʨʝ 

ʦʙʥʘʨʫʞʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʦʙʱʝʛʦ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʬʠʪʦʧʣʘʥʢʪʦʥʦʤ (ʘʫʪʠʛʝʥʥʦʛʦ) 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. 
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ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʧʦʜʲʝʤ ʫʨʦʚʥʷ, ʠʟʤʝʥʝʥʠʝ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, 

ʩʤʝʥʫ ʩʦʩʪʘʚʘ ʜʦʤʠʥʠʨʫʶʱʠʭ ʬʠʪʦʮʝʥʦʟʦʚ, ʩʥʠʞʝʥʠʝ ʪʨʦʬʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʠ ʥʘʭʦʜʠʪʩʷ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʨʘʩʪʫʱʝʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. ʍʣʦʨʦʬʠʣʣ ñʘò (ʭʣ ñʘò) ï ʤʘʨʢʝʨ 

ʬʠʪʦʧʣʘʥʢʪʦʥʦʛʝʥʥʦʛʦ (ʘʫʪʠʛʝʥʥʦʛʦ) ʆɺ. ʀʟʫʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣ ñʘò ʠ ʩʫʤʤʳ ʧʨʦʜʫʢʪʦʚ 

ʝʛʦ ʜʝʛʨʘʜʘʮʠʠ (ʭʣʦʨʠʥʘ) ʚ ʦʩʘʜʦʯʥʦʤ ʚʝʱʝʩʪʚʝ ʠ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʚʦʜʘïʜʦʥʥʳʡ ʦʩʘʜʦʢ 

ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʜʠʥʘʤʠʢʫ ʙʠʦʛʝʥʥʦʡ ʩʝʜʠʤʝʥʪʘʮʠʠ ʚ ʂʘʩʧʠʡʩʢʦʤ ʤʦʨʝ. ɺ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʚʳʝ ʜʘʥʥʳʝ ʧʦ ʠʟʫʯʝʥʠʶ ʵʪʠʭ ʧʠʛʤʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ ʨʘʩʩʝʷʥʥʦʝ ʦʩʘʜʦʯʥʦʝ 

ʚʝʱʝʩʪʚʦ ï ʥʘʠʣʦʢ ï ʜʦʥʥʳʡ ʦʩʘʜʦʢ. 

ʄʘʪʝʨʠʘʣ ʩʦʙʨʘʥ ʚ ʨʝʡʩʘʭ ʀʆ ʈɸʅ ʥʘ ʅʀʉ ñʈʠʬʪò ʚ ʤʘʝïʠʶʥʝ 2010 ʠ 2012 ʛʛ. ʉʙʦʨ 

ʨʘʩʩʝʷʥʥʦʛʦ ʦʩʘʜʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʠʪʦʧʣʝʥʥʳʭ ʢʨʫʛʣʦʛʦʜʠʯʥʳʭ 

ʦʙʩʝʨʚʘʪʦʨʠʡ ɸɻʆʉ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʪʨʘʥʩʢʘʩʧʠʡʩʢʦʤ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʨʘʟʨʝʟʝ ʥʘ 

ʨʘʟʥʳʭ ʛʣʫʙʠʥʘʭ ʠ ʦʩʥʘʱʝʥʥʳʭ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʤʠ ʣʦʚʫʰʢʘʤʠ [1]. ʕʢʩʧʦʟʠʮʠʷ ʣʦʚʫʰʝʢ 

ʜʣʠʣʘʩʴ ʩ ʩʝʥʪʷʙʨʷ ʧʦ ʠʶʥʴ 2009ï2010 ʛʛ. ʅʝʥʘʨʫʰʝʥʥʳʡ ʚʝʨʭʥʠʡ ʩʣʦʡ ʦʩʘʜʢʘ (ʜʣʠʥʘ ʢʝʨʥʘ 

ʜʦ 0,6 ʤ) ʠ ʧʨʦʙʳ ʥʘʜʜʦʥʥʦʛʦ ʩʣʦʷ ʚʦʜʳ (ʩʣʦʡ 0,01ï0,3 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʥʘ) ʦʪʦʙʨʘʥʳ 

ʤʫʣʴʪʠʢʦʨʝʨʦʤ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʭʣ ñaò, ʬʝʦʬʠʪʠʥʘ ñʘò (ʬʝʦ ñʘò) ʠ ʭʣʦʨʠʥʘ (~70 ʧʨʦʙ) 

ʦʧʨʝʜʝʣʷʣʠ ʬʣʫʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʦ ʤʝʪʦʜʠʢʝ [2]. ʇʘʨʘʣʣʝʣʴʥʦ ʚ ʧʨʦʙʘʭ ʦʩʘʜʢʦʚ 

ʦʧʨʝʜʝʣʷʣʠ ʚʣʘʞʥʦʩʪʴ, ʩʦʜʝʨʞʘʥʠʝ ʉʦʨʛ, ʠʟʪʦʧʥʳʡ ʩʦʩʪʘʚ ʉʦʨʛ (ŭ
13ʉ-ʉʦʨʛ) ʧʦ ʤʝʪʦʜʘʤ [3]. 

ʈʘʩʩʝʷʥʥʦʝ ʦʩʘʜʦʯʥʦʝ ʚʝʱʝʩʪʚʦ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʠʥʘ ʚ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʧʨʦʙʘʭ 

ʣʦʚʫʰʝʢ ʩʦʩʪʘʚʣʷʣʘ ʚ ʩʨʝʜʥʝʤ 0,55 ʤʛ/ʛ ʚ ʚʦʜʥʦʤ ʩʣʦʝ 100ï945 ʤ. ʅʘʠʙʦʣʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

(1,14 ʤʛ/ʛ) ʠ ʚʝʣʠʯʠʥʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʭʣʦʨʠʥʘ (ʜʦ 1213 ʤʢʛ/ʤ2/ʩʫʪ) ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ 

ʶʞʥʦʡ ʧʝʨʠʬʝʨʠʠ ɼʝʨʙʝʥʪʩʢʦʡ ʚʧʘʜʠʥʳ. ɿʜʝʩʴ ʚ ʜʝʷʪʝʣʴʥʦʤ ʩʣʦʝ (0ï60 ʤ) ʦʙʥʘʨʫʞʝʥʦ 

ʢʨʫʧʥʦʝ ʩʢʦʧʣʝʥʠʝ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣ ñʘò [4]. ɺ ʵʪʦʡ 

ʦʙʣʘʩʪʠ, ʛʜʝ ʠʟʦʙʘʪʳ ʤʘʪʝʨʠʢʦʚʦʛʦ ʩʢʣʦʥʘ ʤʝʥʷʶʪ ʥʘʧʨʘʚʣʝʥʠʝ, ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʚʳʩʦʢʠʝ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʦʪʦʢʠ ʚʝʱʝʩʪʚʘ (ʦʪ >500 ʜʦ >2000 ʤʛ/ʤ2/ʩʫʪ ʥʘ ʛʦʨʠʟʦʥʪʘʭ 100 ʠ 300ï400 ʤ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ ʩʢʦʨʦʩʪʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ (>200 ʩʤ ʟʘ ʪʳʩʷʯʫ ʣʝʪ) [1, 5]. ʅʘ ʵʪʦʡ 

ʘʢʚʘʪʦʨʠʠ (ʦʪ ʶʞʥʦʡ ʧʝʨʠʬʝʨʠʠ ɼʝʨʙʝʥʪʩʢʦʡ ʚʧʘʜʠʥʳ ʜʦ ʩʝʚʝʨʥʦʛʦ ʩʢʣʦʥʘ ɸʧʰʝʨʦʥʩʢʦʛʦ 

ʧʦʨʦʛʘ) ʥʦʨʤʘʣʴʥʳʡ ʦʩʘʜʦʯʥʳʡ ʧʨʦʮʝʩʩ ʩ ʟʘʢʦʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠ ʪʝʤʧʘʤʠ 

ʦʩʘʞʜʝʥʠʷ ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʤʦʨʝ ʪʝʨʨʠʛʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘʨʫʰʘʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʢʦʥʪʫʨʥʦʛʦ ʪʝʯʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʪʦʧʦʛʨʘʬʠʝʡ ʜʥʘ. 

ʉʝʟʦʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʠʥʘ ʦʮʝʥʠʚʘʣʘʩʴ ʧʫʪʝʤ ʝʝ 

ʠʟʫʯʝʥʠʷ ʚ ʧʨʦʙʘʭ ʣʦʚʫʰʝʢ, ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʤʥʦʛʦʩʪʘʢʘʥʥʳʤʠ ʧʨʦʙʦʩʙʦʨʥʠʢʘʤʠ. ɼʦʣʷ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʭʣʦʨʠʥʘ ʚ ʚʘʣʦʚʦʤ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʪʦʢʝ ʦʩʘʜʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ʚʦʟʨʘʩʪʘʣʘ ʚ ʩʝʟʦʥʳ, ʧʦʩʣʝʜʫʶʱʠʝ ʩʨʘʟʫ ʟʘ ñʮʚʝʪʝʥʠʝʤò ʬʠʪʦʧʣʘʥʢʪʦʥʘ (ʜʦ 0,1%): ʚ 

ɼʝʨʙʝʥʪʩʢʦʡ ʚʧʘʜʠʥʝ ʦʥʘ ʜʦʩʪʠʛʘʣʘ ʥʘʠʙʦʣʴʰʝʡ ʚʝʣʠʯʠʥʳ ʚ ʘʧʨʝʣʝïʤʘʝ, ʚ ʖʞʥʦ-ʂʘʩʧʠʡʩʢʦʡ 

ʚʧʘʜʠʥʝ ï ʚ ʬʝʚʨʘʣʝïʤʘʨʪʝ. 
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ʅʘʠʣʦʢ ï ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʚʦʜʘïʦʩʘʜʦʢ. ɺ ʥʘʜʜʦʥʥʦʤ ʩʣʦʝ ʚʦʜʳ ʤʥʦʛʦʢʨʘʪʥʦ 

ʚʦʟʨʘʩʪʘʣʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣ ñʘò ʜʦ 78 ʤʛ/ʤ3 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʦʡ ʚʦʜʥʦʡ ʪʦʣʱʝʡ (0,2ï5 

ʤʛ/ʤ3). ɿʜʝʩʴ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʪʘʢʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʟʚʝʰʝʥʥʦʛʦ ʉʦʨʛ (ʜʦ 1460 ʤʛ/ʤ
3) ʠ 

ʦʙʱʝʡ ʚʟʚʝʩʠ (ʜʦ 19 ʤʛ/ʣ). ʅʘʜʜʦʥʥʳʡ ʩʣʦʡ ʚʦʜʳ ʦʙʦʛʘʱʝʥ ʪʷʞʝʣʳʤ ʠʟʦʪʦʧʦʤ ʉʦʨʛ (ŭ
13ʉ-ʉʦʨʛ 

ʜʦ ï23.8éï18.6ă), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʢʢʫʤʫʣʷʮʠʶ ʠʤʝʥʥʦ ʘʚʪʦʭʪʦʥʥʦʛʦ ʙʠʦʛʝʥʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʵʪʦʤ ʩʣʦʝ. ʆ ʩʪʝʧʝʥʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʭʣ ñʘò ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʬʝʦ ñʘò 

ʦʪ ʩʫʤʤʳ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʣ ñʘò ʠ ʬʝʦ ñʘò. ɿʜʝʩʴ ʩʦʜʝʨʞʘʥʠʝ ʬʝʦ ñʘò ʩʦʩʪʘʚʣʷʣʦ Ò40%, ʚʢʣʶʯʘʷ 

ʩʝʨʦʚʦʜʦʨʦʜʥʳʝ ʦʙʣʘʩʪʠ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʚʧʘʜʠʥ.  

ɺ ʥʘʠʣʢʝ ʚʟʚʝʩʴ ʠʟ ʨʘʩʩʝʷʥʥʦʡ ʬʦʨʤʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘ ʧʝʨʝʭʦʜʠʪ ʚ ʩʚʷʟʘʥʥʫʶ 

ʬʦʨʤʫ ʠ ʦʙʨʘʟʫʝʪ ʥʦʚʳʡ ʚʝʱʝʩʪʚʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ï ʜʦʥʥʳʡ ʦʩʘʜʦʢ. ʕʪʦ ʚʝʨʭʥʠʡ 

ʬʣʦʢʢʫʣʠʨʦʚʘʥʥʳʡ ʩʣʦʡ ʥʘʜ ʦʩʘʜʢʦʤ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʯʘʩʪʠʮ ʧʝʣʠʪʦʚʦʡ ʠ ʘʣʝʚʨʠʪʦʧʝʣʠʪʦʚʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ ʠ ʠʤʝʶʱʠʡ ʚʣʘʞʥʦʩʪʴ Ó90%. ɺ ʥʘʠʣʢʝ ʭʣ ñʘò ʦʙʥʘʨʫʞʠʚʘʣʩʷ ʧʦʚʩʝʤʝʩʪʥʦ (ʦʪ 

0,18 ʜʦ 1,39 ʤʢʛ/ʩʤ3 ʩʫʭʦʛʦ ʦʩʘʜʢʘ). ɸʮʝʪʦʥʦʚʳʝ ʵʢʩʪʨʘʢʪʳ ʵʪʠʭ ʧʨʦʙ ʦʙʳʯʥʦ ʠʤʝʣʠ 

ʭʘʨʘʢʪʝʨʥʳʡ ʦʣʠʚʢʦʚʦ-ʟʝʣʝʥʳʡ ʮʚʝʪ. ɼʦʣʷ ʬʝʦ ñʘò ʢʦʣʝʙʘʣʘʩʴ ʦʪ ~40% (ʛʣʫʙʠʥʘ ~420 ʤ) ʜʦ 

70ï80% (ʛʣʫʙʠʥʘ >600 ʤ, ʪ.ʝ. ʚ ʫʩʣʦʚʠʷʭ ʩʝʨʦʚʦʜʦʨʦʜʥʦʛʦ ʟʘʨʘʞʝʥʠʷ). 

ʉʦʜʝʨʞʘʥʠʝ ʉʦʨʛ ʚ ʥʘʠʣʢʝ ʂʘʩʧʠʷ ʩʦʩʪʘʚʣʷʣʦ 2ï9%, ʯʪʦ ʙʣʠʟʢʦ ʢ ʝʛʦ ʩʦʜʝʨʞʘʥʠʶ ʚ 

ʚʝʨʭʥʝʤ ʩʣʦʝ ʠʣʦʚ ʏʝʨʥʦʛʦ ʤʦʨʷ (2ï5%). ʅʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʉʦʨʛ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʩʝʚʝʨʝ 

ʉʨʝʜʥʝʛʦ ʂʘʩʧʠʷ (ʜʦ 2,3%); ʚʳʩʦʢʠʝ ï ʚ ʩʝʨʦʚʦʜʦʨʦʜʥʳʭ ʦʙʣʘʩʪʷʭ ʚʧʘʜʠʥ (ʜʦ 8,7%) ʠ 

ʦʢʘʟʘʣʠʩʴ ʙʣʠʟʢʠ ʢ ʪʘʢʦʚʳʤ ʚ ʩʘʧʨʦʧʝʣʝʚʳʭ ʠʣʘʭ. 

ɼʦʥʥʳʡ ʦʩʘʜʦʢ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʠʥʘ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʦʩʘʜʢʘ (0ï5 ʩʤ) ʥʘ ʩʝʚʝʨʥʦʤ 

ʩʢʣʦʥʝ ɼʝʨʙʝʥʪʩʢʦʡ ʚʧʘʜʠʥʳ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʢ ʥʠʞʥʝʤʫ (ʦʪ 

0,03 ʜʦ 0,1 ʤʛ/ʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ). ʋʯʠʪʳʚʘʷ ʩʢʦʨʦʩʪʴ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʵʪʦʡ ʯʘʩʪʠ ʤʦʨʷ 

(~0,18 ʤʤ/ʛʦʜ), ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʦʩʣʝ ʟʘʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʪʦʢʘ ʨ. ɺʦʣʛʠ ʠ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʟʘʚʝʨʰʝʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʠʞʥʝʡ ʧʣʦʪʠʥʳ ʫ ʛ. ɺʦʣʛʦʛʨʘʜʘ (1959 ʛ.) ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʭʣʦʨʠʥʘ ʫʤʝʥʴʰʠʣʘʩʴ ʚ 2ï3 ʨʘʟʘ. ɺʝʨʦʷʪʥʦ ʚ 2ï3 ʨʘʟʘ ʫʤʝʥʴʰʠʣʘʩʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʚʦʜ 

ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʧʦʩʣʝ ʟʘʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʪʦʢʘ ɺʦʣʛʠ. ʅʘʰʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʤʥʦʛʦʣʝʪʥʠʤʠ ʜʘʥʥʳʤʠ ʂʘʩʧʅʀʈʍʘ (1941ï2005 ʛʛ.) ʧʦ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ 

ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ [6]. ʊʘʢ ʧʦʩʣʝ ʟʘʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʫʩʣʘ ɺʦʣʛʠ ʧʣʦʪʠʥʦʡ ɺʦʣʛʦʛʨʘʜʩʢʦʡ ɻʕʉ 

ʧʝʨʚʠʯʥʘʷ ʧʨʦʜʫʢʮʠʷ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ ʫʤʝʥʴʰʠʣʘʩʴ ʚ ~2 ʨʘʟʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʧʝʨʴ 

ʚʦʜʦʝʤʘʤ ʩʨʝʜʥʝʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ɼʦ ʟʘʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʪʦʢʘ ɺʦʣʛʠ ʂʘʩʧʠʡ ʙʳʣ ʦʜʥʠʤ ʠʟ 

ʩʘʤʳʭ ʧʨʦʜʫʢʪʠʚʥʳʭ ʤʦʨʝʡ ʈʦʩʩʠʠ. 

ɼʘʣʝʢʦ ʟʘ ʧʨʝʜʝʣʘʤʠ ʬʦʪʠʯʝʩʢʦʡ ʟʦʥʳ (ʥʘ ʛʣʫʙʠʥʘʭ ʜʦ ~900ï1000 ʤ) ʚ ʂʘʩʧʠʡʩʢʦʤ 

ʤʦʨʝ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʩʣʘʙʦ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʭʣ ñʘò ʚʦ ʚʟʚʝʩʠ ʠ ʚ ʥʘʠʣʢʝ, ʢʘʢ ʚ 

ʘʵʨʦʙʥʦʡ, ʪʘʢ ʠ ʚ ʘʥʘʵʨʦʙʥʦʡ ʩʝʨʦʚʦʜʦʨʦʜʥʦʡ ʟʦʥʘʭ. ɼʦʣʷ ñʯʠʩʪʦʛʦò ʭʣ ñʘò ʚ ʧʦʣʫʤʝʪʨʦʚʦʤ 

ʥʘʜʜʦʥʥʦʤ ʩʣʦʝ ʚʦʜʳ ʜʦʩʪʠʛʘʣʘ 60%, ʚ ʥʘʠʣʢʝ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 60 ʜʦ 20%, ʚ ʚʝʨʭʥʝʤ 
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ʩʘʥʪʠʤʝʪʨʦʚʦʤ ʩʣʦʝ ʦʩʘʜʢʘ ï ʦʪ 50 ʜʦ 10%.  

ɿʘ ʧʦʩʣʝʜʥʠʝ ~60 ʣʝʪ ʚ ʂʘʩʧʠʡʩʢʦʤ ʤʦʨʝ ʦʙʥʘʨʫʞʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʦʙʱʝʛʦ ʩʥʠʞʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʬʠʪʦʧʣʘʥʢʪʦʥʦʤ (ʘʚʪʦʭʪʦʥʥʦʛʦ) ʆɺ, ʤʘʨʢʝʨʦʤ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣ ñʘò. ʈʘʟʚʠʪʠʝ ʛʠʧʦʢʩʠʠ ʠ ʘʥʦʢʩʠʠ ʚ ʛʣʫʙʠʥʥʳʭ ʚʦʜʘʭ ʂʘʩʧʠʡʩʢʦʛʦ 

ʤʦʨʷ, ʥʘʣʠʯʠʝ ʩʚʦʙʦʜʥʦʛʦ ʩʝʨʦʚʦʜʦʨʦʜʘ ʠ ʤʝʪʘʥʘ ʚʦ ʚʧʘʜʠʥʘʭ, ʦʯʝʚʠʜʥʦ, ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʦʣʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʆɺ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ ʠ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʣʘʙʠʣʴʥʦʡ ʬʦʨʤʳ ʆɺ ʚ 

ʥʘʠʣʢʝ. ʅʝʧʦʣʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʆɺ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʢʢʫʤʫʣʷʮʠʠ ʣʘʙʠʣʴʥʦʡ 

ʬʦʨʤʳ ʘʚʪʦʭʪʦʥʥʦʛʦ ʆɺ ʫ ʜʥʘ, ʷʚʣʷʷʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ ʜʣʷ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʚʦʜʘïʜʦʥʥʳʡ ʦʩʘʜʦʢ. ʅʘʣʠʯʠʝ ʩʣʘʙʦ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʭʣ ñʘò ʚ ʥʘʠʣʢʝ ʥʘ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ (400ï1000 ʤ) ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʚʦʜ 

ɸ.ʖ. ʃʝʠʥ ʩ ʩʦʘʚʪʦʨʘʤʠ [3] ʦ ʪʦʤ, ʯʪʦ ʆɺ ʠʟʫʯʝʥʥʳʭ ʦʩʘʜʢʦʚ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ 

ʥʝʟʨʝʣʦʝ, ʘʚʪʦʭʪʦʥʥʦ-ʘʣʣʦʭʪʦʥʥʦʝ, ʜʠʘʛʝʥʝʪʠʯʝʩʢʠ ʩʣʘʙʦ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʝ. 

ʆʙʨʘʙʦʪʢʘ ʧʨʦʙ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ ʈʅʌ ˉ 14ï27ï00114. 
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ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʢʨʝʤʥʝʥʘʢʦʧʣʝʥʠʷ ʚ ʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ, ʩʚʷʟʘʥʥʦʛʦ ʩ 

ʧʦʷʚʣʝʥʠʝʤ ʠ ʨʘʩʮʚʝʪʦʤ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ʚ ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʤʦʨʩʢʠʭ ʙʘʩʩʝʡʥʘʭ, 

ʷʚʣʷʶʪʩʷ ʦʧʦʢʠ ʢʦʥʴʷʢ ï ʢʘʤʧʘʥʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʥʘ ʝʚʨʦʧʝʡʩʢʦʤ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ (ʇʨʠʧʦʣʷʨʥʦʝ 

ʇʨʝʜʫʨʘʣʴʝ). ɺʧʝʨʚʳʝ ʩʪʚʦʨʢʠ ʜʠʘʪʦʤʝʡ ʙʳʣʠ ʚʩʪʨʝʯʝʥʳ ʠ ʠʟʫʯʝʥʳ ʟʜʝʩʴ ʉʪʨʝʣʴʥʠʢʦʚʦʡ 

ʅ.ʅ. ʚ ʘʣʝʚʨʦʣʠʪʘʭ ʚʝʨʭʥʝʛʦ ʤʝʣʘ, ʟʘʣʝʛʘʶʱʠʭ ʥʘ ʧʝʩʯʘʥʠʢʘʭ ʧʝʨʤʩʢʦʛʦ ʚʦʟʨʘʩʪʘ [2]. ɺ 

ʦʪʣʦʞʝʥʠʷʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʞʝ ʦʩʪʘʪʢʠ ʤʘʢʨʦʬʘʫʥʳ. ʄʠʢʨʦʬʘʫʥʘ ʠ ʤʠʢʨʦʬʠʪʦʬʣʦʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʜʠʦʣʷʨʠʷʤʠ, ʬʦʨʘʤʠʥʠʬʝʨʘʤʠ, ʩʧʠʢʫʣʘʤʠ ʛʫʙʦʢ ʠ ʜʠʥʦʬʣʘʛʝʣʣʘʪʘʤʠ. 

ʉʨʘʚʥʝʥʠʝ ʤʦʨʩʢʠʭ ʬʘʫʥʠʩʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ ʜʠʥʦʮʠʩʪ ʚ ʧʝʨʠʦʜ 

ʧʦʟʜʥʝʤʝʣʦʚʦʡ ʪʨʘʥʩʛʨʝʩʩʠʠ ʦʜʥʦʟʥʘʯʥʦ ʧʨʠʚʝʣʦ ʘʚʪʦʨʦʚ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʩʭʝʤ ʢ 

ʚʳʚʦʜʫ ʦ ʩʚʷʟʠ ʟʘʧʘʜʥʳʭ ʠ ʚʦʩʪʦʯʥʳʭ ʤʦʨʝʡ ʯʝʨʝʟ ʧʨʦʣʠʚʳ, ʧʝʨʝʩʝʢʘʚʰʠʝ ʫʨʘʣʴʩʢʫʶ 

ʪʝʨʨʠʪʦʨʠʶ [1,4]. ʈʘʡʦʥ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʝʞʜʫʨʝʯʴʷ ʨʝʢ ʉʝʡʜʳ ʠ ʃʝʤʚʳ ï ʧʨʠʪʦʢʦʚ ʨ. ʋʩʘ 

ʚʭʦʜʠʪ ʚ ʯʘʩʪʴ ʧʦʟʜʥʝʤʝʣʦʚʦʛʦ ʧʘʣʝʦʧʨʦʣʠʚʘ. ʅʘʤʠ ʣʠʪʦʣʦʛʠʯʝʩʢʠ ʦʧʠʩʘʥʳ ʠ ʧʦʩʣʦʡʥʦ 

ʦʧʨʦʙʦʚʘʥʳ ʝʩʪʝʩʪʚʝʥʥʳʝ ʨʘʟʨʝʟʳ ʨ. ʉʝʡʜʳ ʠ ʢʝʨʥ ʧʨʦʙʫʨʝʥʥʳʭ ʟʜʝʩʴ ʩʢʚʘʞʠʥ [3].  

ɺ ʪʦʣʱʝ ʚʳʜʝʣʝʥʳ ʪʨʠ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʧʘʯʢʠ. ʇʦʜʦʰʚʘ ʥʠʞʥʝʡ ʧʘʯʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʣʘʙʦ ʣʠʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʘʣʝʚʨʦʣʠʪʘʤʠ ʠ ʧʝʩʯʘʥʠʢʘʤʠ, ʧʝʩʢʘʤʠ ʠ ʛʣʠʥʘʤʠ. ɺ ʥʠʭ 

ʚʩʪʨʝʯʘʶʪʩʷ  ʞʝʣʚʘʢʠ ʬʦʩʬʦʨʠʪʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʠʭ P2O5 ʜʦ 12.7 %. ʄʦʱʥʦʩʪʴ ʙʘʟʘʣʴʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ 8 ʤ. ɺʳʰʝ ʟʘʣʝʛʘʶʪ ʛʣʘʫʢʦʥʠʪʦʚʦ - ʢʚʘʨʮʝʚʳʝ 

ʧʝʩʯʘʥʠʢʠ ʩ ʦʧʦʢʦʚʳʤ ʙʘʟʘʣʴʥʳʤ ʮʝʤʝʥʪʦʤ. ʕʪʦ ʧʣʦʪʥʳʝ ʩʝʨʦ-ʟʝʣʝʥʳʝ ʜʦ ʪʝʤʥʦ-ʟʝʣʝʥʦʛʦ 

ʮʚʝʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʧʨʠʩʫʪʩʪʚʠʷ ʛʣʘʫʢʦʥʠʪʘ ʚʷʟʢʠʝ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ,  

ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ, ʨʝʞʝ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʧʩʘʤʤʠʪʳ. ɺ ʧʘʯʢʝ ʥʘʙʣʶʜʘʶʪʩʷ ʤʘʣʦʤʦʱʥʳʝ 

ʧʨʦʩʣʦʠ ʢʚʘʨʮʝʚʦ-ʛʣʘʫʢʦʥʠʪʦʚʳʭ ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʷʨʢʦ-ʟʝʣʝʥʳʭ ʠ ʬʠʩʪʘʰʢʦʚʦ-ʟʝʣʝʥʳʭ 

ʨʘʟʥʦʟʝʨʥʠʩʪʳʭ ʧʣʦʪʥʳʭ ʛʣʘʫʢʦʥʠʪʦʣʠʪʦʚ ʩ ʪʝʤʥʦ-ʩʝʨʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ  ʢʨʝʤʥʠʩʪʳʭ ʦʧʦʢ. 

ʉʨʝʜʠ ʧʦʨʦʜ ʧʨʠʩʫʪʩʪʚʫʝʪ ʮʝʣʘʷ ʛʘʤʤʘ ʧʦʨʦʜ ʧʝʨʝʭʦʜʥʦʛʦ ʪʠʧʘ. ʄʦʱʥʦʩʪʴ  ʧʘʯʢʠ 10-15 ʤ. 

ʉʨʝʜʥʷʷ ʧʘʯʢʘ ʩʣʦʞʝʥʘ ʣʝʛʢʠʤʠ ʧʦʨʠʩʪʳʤʠ ʩʝʨʳʤʠ ʠ ʩʚʝʪʣʦ-ʩʝʨʳʤʠ ʦʧʦʢʘʤʠ, 

ʦʧʦʢʦʚʠʜʥʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ. ʉʥʠʟʫ ʚʚʝʨʭ ʥʘʙʣʶʜʘʝʪʩʷ çʧʦʛʨʫʙʝʥʠʝè ʠʥʪʝʨʚʘʣʘ. ʇʘʯʢʘ 

ʥʘʩʳʱʝʥʘ ʦʩʪʘʪʢʘʤʠ ʨʘʢʦʚʠʥ ʧʝʣʝʮʠʧʦʜ ʠ ʤʝʣʢʠʤʠ ʨʦʩʪʨʘʤʠ ʷʥʪʘʨʥʦ-ʞʝʣʪʳʭ ʙʝʣʝʤʥʠʪʦʚ.  ɺ 

ʨʘʟʨʝʟʝ ʚʩʪʨʝʯʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʛʦʨʠʟʦʥʪʦʚ ʤʘʣʦʤʦʱʥʳʭ ʧʣʠʪʥʷʢʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʩʪʚʦʨʦʢ 

Oxytoma tenuicostata (Roem). ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʦʧʦʢʦʚʠʜʥʳʭ ʧʦʨʦʜ ʩʦʩʪʦʠʪ (ʚ ʧʦʨʷʜʢʝ 

ʫʙʳʚʘʥʠʷ) ʠʟ ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ, ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʘ ʠ  ʢʘʣʴʮʠʪʘ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʭ ʚ 

ʚʝʩʦʚʳʭ % ʩʣʝʜʫʶʱʠʡ: SiO2 59.65-75.90, TiO2 0.18-0.42, FeO 0.18-1.53, Fe203 1.80-5.40, AL2O3 

3.38-5.56, CaO 1.47-17.99, MgO 0.83-1.92, MnO 0.03-0.13, P2O5 0.17-0.70, CO2 1.00-15.5, SO3 

0.62-0.69, C ʦʨʛ 0.22-0.71, H2O 3.27-6.20, ʧʧʧ 3.48-16.72. ʆʙʲʝʤʥʳʡ ʚʝʩ ʦʧʦʢ ʠ ʦʧʦʢʦʚʠʜʥʳʭ 

ʧʦʨʦʜ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 1.19 ʛ/ʩʤ3 ʜʦ 2.60 ʛ/ʩʤ3, ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʷ 1.47ʛ/ʩʤ3. ɺʘʨʠʘʮʠʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʦʙʲʝʤʥʦʛʦ ʚʝʩʘ ʦʧʦʢʦʚʠʜʥʳʭ ʧʦʨʦʜ ʦʪʨʘʞʘʶʪ ʧʨʠʩʫʪʩʪʚʠʝ ʧʝʨʝʭʦʜʥʳʭ 

ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʥʦʩʪʝʡ ʩʨʝʜʠ ʩʠʣʠʮʠʪʦʚʳʭ ʧʦʨʦʜ. ɺ ʪʦʥʢʠʭ (< 0.005 ʤʤ)  ʬʨʘʢʮʠʷʭ ʧʦʨʦʜ 
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ʧʨʠʩʫʪʩʪʚʫʶʪ ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ ʠ ʮʝʦʣʠʪʳ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 2:1, ʨʝʜʢʦ 1:1. 

ʉʨʝʜʠ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʛʠʜʨʦʩʣʶʜʘ ʧʨʝʚʘʣʠʨʫʝʪ ʥʘʜ (Na)-Ca ʠ Na-(Ca) 

ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʤ. ɺ ʨʘʟʨʝʟʝ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʦʷʚʣʷʝʪʩʷ ʢʘʦʣʠʥʠʪ. 

ʎʝʦʣʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʣʠʥʦʧʪʠʣʦʣʠʪʦʤ. ɺ ʙʦʣʝʝ ʦʙʦʛʘʱʝʥʥʳʭ ʮʝʦʣʠʪʘʤʠ ʦʙʨʘʟʮʘʭ ʧʦʨʦʜ 

ʚʩʪʨʝʯʘʝʪʩʷ ʉʘ-ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ. ʉʫʱʝʩʪʚʫʝʪ ʦʙʰʠʨʥʘʷ ʣʠʪʝʨʘʪʫʨʘ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʮʝʦʣʠʪʦʚ ʠʟ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ. ʇʦʵʪʦʤʫ, ʚʦʟʤʦʞʥʦ, ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʬʦʥʦʚʦʡ 

ʮʝʦʣʠʪʠʟʘʮʠʠ ʚ ʧʝʣʠʪʦʚʦʡ ʯʘʩʪʠ ʦʧʦʢʦʚʠʜʥʳʭ ʧʦʨʦʜ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʩʳʛʨʘʣʠ ʧʨʦʮʝʩʩʳ 

ʟʘʤʝʱʝʥʠʷ ʧʝʧʣʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʮʝʦʣʠʪʳ. ʇʦʜ ʤʠʢʨʦʩʢʦʧʦʤ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʟʝʨʥʘ ʧʦʣʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʚʘʨʮʘ, ʛʣʘʫʢʦʥʠʪʘ, ʩʝʨʠʮʠʪʘ ʠ ʚʢʨʘʧʣʝʥʥʠʢʠ ʢʦʨʠʯʥʝʚʦʛʦ ʠ 

ʙʫʨʦʛʦ ʙʠʦʪʠʪʘ. ʀʟʨʝʜʢʘ ʦʪʤʝʯʘʶʪʩʷ ʙʫʨʳʝ ʦʢʠʩʣʳ ʞʝʣʝʟʘ ʠ ʟʝʨʥʘ ʧʣʘʛʠʦʢʣʘʟʘ.  ʂʣʘʩʪʠʯʝʩʢʠʡ 

ʤʘʪʝʨʠʘʣ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 20 % ʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʜʦ 45 %. ʆʙʣʦʤʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʨʘʟʥʳʭ ʧʨʦʧʦʨʮʠʷʭ ʢʚʘʨʮʝʤ ʠ ʛʣʘʫʢʦʥʠʪʦʤ. ɺʪʦʨʦʩʪʝʧʝʥʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʦʣʝʚʳʤʠ ʰʧʘʪʘʤʠ,  ʬʦʩʬʦʨʠʪʦʤ, ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʦʩʪʘʪʢʘʤʠ, ʩʣʶʜʘʤʠ; ʘʫʪʠʛʝʥʥʳʝ ʤʠʥʝʨʘʣʳ 

- ʢʘʣʴʮʠʪʦʤ, ʩʠʜʝʨʠʪʦʤ, ʧʠʨʠʪʦʤ; ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʦʣʴʰʦʡ ʩʧʝʢʪʨ ʘʢʮʝʩʩʦʨʠʝʚ: ʮʠʨʢʦʥ, ʨʫʪʠʣ, 

ʣʝʡʢʦʢʩʝʥ, ʩʬʝʥ, ʜʠʩʪʝʥ, ʘʧʘʪʠʪ, ʧʦʜʦʣʠʪ, ʠʣʴʤʝʥʠʪ, ʛʝʤʘʪʠʪ, ʭʨʦʤʠʪ, ʵʧʠʜʦʪ, ʛʨʘʥʘʪʳ, 

ʘʤʬʠʙʦʣʳ, ʪʫʨʤʘʣʠʥ, ʩʪʘʚʨʦʣʠʪ, ʭʣʦʨʠʪʦʠʜ, ʧʩʝʚʜʦʙʨʫʢʠʪ, ʨʝʞʝ ʘʥʘʪʘʟ, ʧʠʨʦʢʩʝʥʳ, ʦʨʪʠʪ, 

ʦʣʠʚʠʥ ʠ ʤʦʥʘʮʠʪ. ʂʚʘʨʮ ʥʝʦʢʘʪʘʥʥʳʡ, ʧʨʦʟʨʘʯʥʳʡ, ʨʘʟʤʝʨʳ ʝʛʦ ʦʙʣʦʤʢʦʚ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 0.03 

ʜʦ 0.1 ʤʤ. ɺ ʝʜʠʥʠʯʥʳʭ ʟʝʨʥʘʭ ʦʪʤʝʯʘʝʪʩʷ ʭʘʣʮʝʜʦʥ. ɻʣʘʫʢʦʥʠʪ ʷʨʢʦ-ʟʝʣʝʥʳʡ ʩ ʦʚʘʣʴʥʳʤʠ 

ʠʣʠ ʦʢʨʫʛʣʳʤʠ ʬʦʨʤʘʤʠ, ʯʘʩʪʦ ʦʙʨʘʟʫʝʪ ʧʦʯʢʦʚʠʜʥʳʝ ʘʛʨʝʛʘʪʳ. ʈʘʟʤʝʨ ʝʛʦ ʦʪʜʝʣʴʥʳʭ ʟʝʨʝʥ 

ʜʦʩʪʠʛʘʝʪ ʜʦ 0.04-0.15 ʤʤ. ʇʣʘʛʠʦʢʣʘʟʳ ʟʦʥʘʣʴʥʳʝ, ʨʝʜʢʦ ʩ ʧʦʣʠʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʜʚʦʡʥʠʢʘʤʠ. 

ʍʘʨʘʢʪʝʨʥʘ ʫʛʣʦʚʘʪʦʩʪʴ ʠ ʥʝʦʢʘʪʘʥʥʦʩʪʴ ʠʭ ʟʝʨʝʥ. ʆʥʠ ʯʘʩʪʦ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʳ ʠ 

ʵʧʠʜʦʪʠʟʠʨʦʚʘʥʳ, ʧʦ ʢʨʘʷʤ ʟʝʨʥʘ ʠʥʦʛʜʘ ʢʦʨʨʦʜʠʨʦʚʘʥʳ ʮʝʤʝʥʪʦʤ, ʥʦ ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʯʠʩʪʳʝ 

ʨʘʟʥʦʩʪʠ ʤʠʥʝʨʘʣʘ. ʋʛʣʦʚʘʪʳʡ ʢʘʣʠʰʧʘʪ ʨʝʰʝʪʯʘʪʳʡ, ʯʘʩʪʠʯʥʦ ʧʝʣʠʪʠʟʠʨʦʚʘʥʥʳʡ ʠ 

ʧʝʨʪʠʪʠʟʠʨʦʚʘʥʥʳʡ. ʈʘʟʤʝʨ ʝʛʦ ʦʙʣʦʤʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 0.05-0.15 ʤʤ. ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʩʨʝʜʥʝʡ 

ʠ ʚʝʨʭʥʝʡ ʧʘʯʝʢ ʚ ʢʦʨʝʥʥʦʤ ʚʳʭʦʜʝ ʨ. ʉʝʡʜʳ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 16 ʤ. ʄʦʱʥʦʩʪʴ ʩʨʝʜʥʝʡ ʧʘʯʢʠ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʚʝʨʭʥʝʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʜʦʩʪʠʛʘʝʪ ʜʦ 30 ʤ.   

ɺʝʨʭʥʷʷ ʧʘʯʢʘ ʩʣʦʞʝʥʘ ʢʚʘʨʮʝʚʦ-ʛʣʘʫʢʦʥʠʪʦʚʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ ʠ ʘʣʝʚʨʦʧʝʩʯʘʥʠʢʘʤʠ, 

ʧʝʨʝʩʣʘʠʚʘʶʱʠʤʠʩʷ ʩ ʦʧʦʢʘʤʠ, ʦʧʦʢʦʚʠʜʥʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ ʠ ʛʣʠʥʘʤʠ. ɺ ʩʝʨʳʭ 

ʦʧʦʢʦʚʠʜʥʳʭ ʧʦʨʦʜʘʭ ʠ ʦʧʦʢʘʭ  ʚ ʨʘʟʨʝʟʝ ʨ. ʉʝʡʜʳ ʥʘʙʣʶʜʘʶʪʩʷ  ʣʠʥʟʦʚʠʜʥʳʝ ʩʣʦʠ 

ʤʦʱʥʦʩʪʴʶ ʜʦ 10-20 ʩʤ ʚ ʨʘʟʜʫʚʘʭ ʩʣʘʙʦ ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʭ ʨʘʢʫʰʥʷʢʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ 

ʤʝʣʢʠʭ ʜʚʫʩʪʚʦʨʦʢ ʠ ʨʝʜʢʦ ʙʝʣʝʤʥʠʪʦʚ.  ʅʝʧʦʣʥʘʷ ʤʦʱʥʦʩʪʴ ʧʘʯʢʠ ʚ ʨʘʡʦʥʝ ï 90 ʤ.  

ʉʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʪʦʣʱʠ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʣʦʚʳʭ ʦʩʘʜʢʦʚ 

ʝʛʦ ʩʨʝʜʥʝʡ ʧʘʯʢʠ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʟʦʥʘʭ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʚʦʜʳ 

ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʨʝʤʥʠʝʚʦʡ 

ʦʨʛʘʥʠʢʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʜʠʘʪʦʤʝʡ, ʨʘʜʠʦʣʷʨʠʡ. ʆʩʥʦʚʥʳʤ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤ 
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ʢʦʤʧʦʥʝʥʪʦʤ ʷʚʣʷʝʪʩʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʙʠʦʛʝʥʥʳʡ ʢʨʝʤʥʝʟʝʤ, ʥʝʨʘʚʥʦʤʝʨʥʦ çʨʘʟʙʘʚʣʝʥʥʳʡè 

ʛʣʠʥʠʩʪʳʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʣʘʫʢʦʥʠʪʦʚʳʤ, ʧʩʘʤʤʠʪʦʚʳʤ ʠ ʦʯʝʥʴ ʨʝʜʢʦ ʠʟʚʝʩʪʢʦʚʠʩʪʳʤ 

ʤʘʪʝʨʠʘʣʦʤ. ɺ ʧʨʦʮʝʩʩʝ ʣʠʪʦʛʝʥʝʟʘ ʧʨʦʷʚʠʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ: 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʨʝʤʥʝʟʝʤʘ ʦʪ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʦʛʦ ʦʧʘʣʘ ʜʦ ʭʘʣʮʝʜʦʥʘ, ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʛʣʠʥʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʦʙʨʘʟʦʚʘʥʠʝ ʘʫʪʠʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʘ ʪʘʢʞʝ ʮʝʦʣʠʪʠʟʘʮʠʷ ʠ ʪ.ʜ.   

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʋʨʆ ʈɸʅ 

çɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʠ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʢʦʧʣʝʥʠʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ 

ʦʩʘʜʦʯʥʳʭ ʪʦʣʱʘʭ ʊʠʤʘʥʦ-ʇʝʯʦʨʩʢʦʡ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ (ʧʨʦʝʢʪ ˉ15-18-5-21). 
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ʨʝʛʠʦʥʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʦʙʲʝʤʥʦʛʦ ʤʝʪʦʜʘ ɸ.ɹ. ʈʦʥʦʚʘ ʜʣʷ ʦʙʩʯʝʪʘ ʩʦʩʪʘʚʣʝʥʥʳʭ ʣʠʪʦʣʦʛʦ-

ʬʘʮʠʘʣʴʥʳʭ ʠʣʠ ʣʠʪʦʣʦʛʦ-ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ (ʩ ʠʟʦʧʘʭʠʪʘʤʠ) ʠ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʦʪʜʝʣʦʚ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʧʦʤʦʱʴʶ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʛʣʦʙʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ɸ.ɹ. ʈʦʥʦʚʳʤ ʚ 1980 ʛ.  
 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʠʩʪʦʨʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʢʨʫʧʥʳʭ ʨʝʛʠʦʥʦʚ ʠʩʩʣʝʜʦʚʘʪʝʣʠ 

ʚʩʝʛʜʘ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʚʳʷʚʣʝʥʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʦʩʪʦ ʨʝʰʘʝʪʩʷ ʧʨʠ ʠʟʫʯʝʥʠʠ, ʥʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʡ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ ʠʣʠ 

ʫʛʣʝʨʦʜʘ; ʬʘʟ ʩʢʣʘʜʯʘʪʦʩʪʠ; ʩʦʙʳʪʠʡ ʤʘʩʩʦʚʦʛʦ ʚʳʤʠʨʘʥʠʷ. ɼʣʷ ʠʩʪʦʨʠʠ ʩʝʜʠʤʝʥʪʘʮʠʠ, 

ʦʜʥʘʢʦ, ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʩʣʦʞʥʦʡ. ɺ ʜʦʢʣʘʜʝ ʥʘ ʧʨʠʤʝʨʝ Mz-Kz ʠʩʪʦʨʠʠ 
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ʩʝʜʠʤʝʥʪʘʮʠʠ ʚ ʎʠʨʢʫʤ-ɸʨʢʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʤʝʪʦʜʠʢʫ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ 

ʟʘʜʘʯʠ. 

ʉʢʫʜʦʩʪʴ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʎʝʥʪʨʘʣʴʥʦʡ ɸʨʢʪʠʢʝ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʘ. ʉ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʩʪʦʨʠʠ ʩʝʜʠʤʝʥʪʘʮʠʠ ʠʤʝʶʪʩʷ ʪʦʣʴʢʦ ʜʘʥʥʳʝ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʙʫʨʝʥʠʷ ʥʘ 

ʧʦʜʚʦʜʥʦʤ ʭʨʝʙʪʝ ʃʦʤʦʥʦʩʦʚʘ ʠ ʥʝʩʢʦʣʴʢʦ ʢʦʣʦʥʦʢ ʦʩʘʜʢʦʚ ʠ ʜʨʘʛʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ 

ʜʦʯʝʪʚʝʨʪʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʦʢʨʘʠʥʳ ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ 

ʦʢʝʘʥʘ ʠ ʧʨʠʣʝʛʘʶʱʠʝ ʢʦʥʪʠʥʝʥʪʳ ʠʟʫʯʝʥʳ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʛʦʨʘʟʜʦ ʣʫʯʰʝ. ɼʣʷ ʙʦʣʝʝ 

ʧʦʣʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʨʢʪʠʢʠ ʤʳ ʨʝʰʠʣʠ ʠʩʩʣʝʜʦʚʘʪʴ 

ʠʩʪʦʨʠʶ Mz-Kz ʩʝʜʠʤʝʥʪʘʮʠʠ ʚ ʎʠʨʢʫʤ-ɸʨʢʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ ï ʦʙʣʘʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʩ ʶʛʘ 

60Á ʩ.ʰ., ʘ ʩ ʩʝʚʝʨʘ ï ʙʨʦʚʢʦʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʰʝʣʴʬʘ. ʇʝʨʝʜ ʥʘʤʠ ʩʪʦʷʣʠ ʜʚʝ ʛʣʘʚʥʳʝ ʟʘʜʘʯʠ: 

1) ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʪʨʠʘʩʦʚʦ-ʧʣʠʦʮʝʥʦʚʦʡ ʠʩʪʦʨʠʠ ʩʝʜʠʤʝʥʪʘʮʠʠ ʥʘ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʩʥʦʚʝ ʠ 2) ʦʮʝʥʠʪʴ ʨʦʣʴ ʛʣʦʙʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʘʚʪʦʨʳ ʩʦʟʜʘʣʠ ʢʦʤʧʣʝʢʪ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʳʭ ʢʘʨʪ ʜʣʷ 

ʦʪʜʝʣʦʚ ʤʝʟʦʟʦʷ-ʢʘʡʥʦʟʦʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʙʳʣʠ ʚʟʷʪʳ ʣʠʪʦʣʦʛʦ-ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ 

ʢʘʨʪʳ ʠʟ ʘʪʣʘʩʘ [3]. ʆʥʠ ʙʳʣʠ ʦʪʨʝʜʘʢʪʠʨʦʚʘʥʳ ʩ ʫʯʝʪʦʤ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʷʚʠʚʰʠʭʩʷ 

ʧʦʩʣʝ ʚʳʭʦʜʘ ʜʘʥʥʦʛʦ ʘʪʣʘʩʘ ʚ ʩʚʝʪ, ʦʩʦʙʝʥʥʦ ʦʙʦʙʱʝʥʠʡ, ʢʘʩʘʚʰʠʭʩʷ ʢʨʫʧʥʳʭ ʨʝʛʠʦʥʦʚ 

(ʥʘʧʨʠʤʝʨ, ʉʚʘʣʴʙʘʨʜʩʢʦ-ɹʘʨʝʥʮʝʚʩʢʦʛʦ ʨʝʛʠʦʥʘ, ɸʣʷʩʢʠ, ɻʨʝʥʣʘʥʜʠʠ, ʂʘʥʘʜʩʢʦʡ ɸʨʢʪʠʢʠ ʚ 

ʤʝʣʦʚʦʝ ʚʨʝʤʷ ʠ ʪ.ʜ.). ʃʝʛʝʥʜʘ ʫʧʦʤʷʥʫʪʳʭ ʢʘʨʪ ʙʳʣʘ ʦʩʚʦʙʦʞʜʝʥʘ ʦʪ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʠ 

ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ, ʣʠʪʦʣʦʛʠʯʝʩʢʘʷ ʯʘʩʪʴ ʣʝʛʝʥʜʳ ʙʳʣʘ ʫʧʨʦʱʝʥʘ ʠ ï ʥʘʢʦʥʝʮ ï 

ʙʳʣʠ ʚʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʬʘʮʠʘʣʴʥʳʝ ʟʦʥʳ: 1) ʦʙʣʘʩʪʠ ʵʨʦʟʠʠ; 2) ʦʙʣʘʩʪʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ 

ʩʝʜʠʤʝʥʪʘʮʠʠ; 3) ʦʙʣʘʩʪʠ ʤʝʣʢʦʚʦʜʥʦ-ʤʦʨʩʢʦʡ  (ʤʝʣʴʯʝ 200 ʤ) ʩʝʜʠʤʝʥʪʘʮʠʠ; 4) ʦʙʣʘʩʪʠ 

ʛʣʫʙʦʢʦʚʦʜʥʦ-ʤʦʨʩʢʦʡ (ʛʣʫʙʞʝ 200 ʤ) ʩʝʜʠʤʝʥʪʘʮʠʠ. ʊʘʢʞʝ ʚʳʜʝʣʝʥʳ ʦʙʣʘʩʪʠ ʧʝʨʝʩʣʘʠʚʘʥʠʷ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʠ ʤʦʨʩʢʠʭ ʬʘʮʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʢʘʟʘʥʳ ʨʘʡʦʥʳ ʨʘʟʚʠʪʠʷ ʵʬʬʫʟʠʚʥʦʛʦ 

ʤʘʛʤʘʪʠʟʤʘ. 

ʄʳ ʧʨʠʜʝʨʞʠʚʘʝʤʩʷ ʪʝʦʨʠʠ ʪʝʢʪʦʥʠʢʠ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ, ʦʜʥʘʢʦ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ 

ʩʨʘʚʥʝʥʠʷ ʥʘʰʠʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʛʣʦʙʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ɸ.ɹ.ʈʦʥʦʚʘ [2] ʧʨʠʰʣʦʩʴ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʭʦʜʥʳʝ ʤʝʪʦʜʳ ʢʘʨʪʠʨʦʚʘʥʠʷ: ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʢʦʥʪʠʥʝʥʪʘʤʠ, ʘ ʪʘʢʞʝ ʩ 

ʦʪʜʝʣʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʢʘʨʪʠʨʫʝʤʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʰʢʘʣʳ. ɺʩʝ ʢʘʨʪʳ ʧʦʩʪʨʦʝʥʳ 

ʚ ʘʟʠʤʫʪʘʣʴʥʦʡ ʨʘʚʥʦʧʣʦʱʘʜʥʦʡ ʧʨʦʝʢʮʠʠ, ʤʘʩʰʪʘʙ 1: 25000000. ɺʩʝʛʦ ʧʦʩʪʨʦʝʥʳ 26 ʢʘʨʪ 

ʜʣʷ 13 ʚʦʟʨʘʩʪʥʳʭ ʩʨʝʟʦʚ (ʢʘʨʪʳ ʩʪʨʦʠʣʠʩʴ ʨʘʟʜʝʣʴʥʦ ʜʣʷ ɺʦʩʪʦʯʥʦʛʦ ʠ ɿʘʧʘʜʥʦʛʦ 

ʧʦʣʫʰʘʨʠʡ) ʩ T1 ʧʦ N2.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʨʘʚʥʠʤʳʭ ʜʘʥʥʳʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʛʣʦʙʘʣʴʥʳʭ ʧʦʩʪʨʦʝʥʠʡ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʦʙʲʝʤʥʳʡ ʤʝʪʦʜ ɸ.ɹ. ʈʦʥʦʚʘ [1]. ɺʩʝ ʢʘʨʪʳ ʙʳʣʠ ʦʙʩʯʠʪʘʥʳ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʧʣʦʱʘʜʝʡ ʠ ʦʙʲʝʤʦʚ, ʟʘʥʠʤʘʝʤʳʭ ʨʘʟʣʠʯʥʳʤʠ ʬʘʮʠʷʤʠ. ɿʘʪʝʤ ʚʝʣʠʯʠʥʳ ʦʙʲʝʤʦʚ ʙʳʣʠ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʤʘʩʩʳ ʩʫʭʦʛʦ ʦʩʘʜʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʚ ʪʨʣʥ. ʪ), ʘ ʤʘʩʩʳ ï ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 
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ï ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʩʫʭʦʛʦ ʦʩʘʜʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʚ ʪʨʣʥ. ʪ/ʤʣʥ. ʣʝʪ). ɺ ʢʘʯʝʩʪʚʝ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʙʘʟʳ ʜʣʷ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʰʢʘʣʘ ʌ. 

ɻʨʘʜʰʪʘʡʥʘ ʩ ʩʦʘʚʪʦʨʘʤʠ [4], ʠ ʚʩʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʘʥʥʳʝ ɸ.ɹ.ʈʦʥʦʚʘ ʙʳʣʠ ʧʝʨʝʩʯʠʪʘʥʳ 

ʧʦ ʵʪʦʡ ʰʢʘʣʝ. ʅʘʢʦʥʝʮ, ʧʦ ʚʘʞʥʝʡʰʠʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʩʝʜʠʤʝʥʪʘʮʠʠ ʙʳʣ 

ʧʨʦʠʟʚʝʜʝʥ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʛʣʦʙʘʣʴʥʳʭ ʜʘʥʥʳʭ.  

ʈʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʨʘʞʝʥʳ ʚ ʪʨʝʭ ʩʪʘʪʴʷʭ ʚ ʞʫʨʥʘʣʝ çɻʝʦʭʠʤʠʷè.  

ʇʦʤʠʤʦ ʩʦʙʩʪʚʝʥʥʦ ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ ʯʘʩʪʠ, ʚʩʝ ʩʪʘʪʴʠ ʩʦʜʝʨʞʘʪ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ (ʩ ʧʣʠʪʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ) ʠ ʠʟʤʝʥʝʥʠʡ ʧʘʣʝʦʢʣʠʤʘʪʘ ʠ 

ʧʘʣʝʦʛʝʦʛʨʘʬʠʠ. 

ɼʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦ ʥʝ ʟʘʙʳʚʘʪʴ ʦ ʜʚʫʭ 

ʦʛʨʘʥʠʯʝʥʠʷʭ. ɺʦ-ʧʝʨʚʳʭ, ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʦʪʢʨʳʪʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʧʦʵʪʦʤʫ ʜʣʷ ʢʘʢʦʡ-ʣʠʙʦ 

ʵʧʦʭʠ ʥʝʚʦʟʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʙʘʣʘʥʩ ʤʘʩʩ, ʧʦʩʢʦʣʴʢʫ ʦʙʣʘʩʪʠ ʵʨʦʟʠʠ ʠ ʘʢʢʫʤʫʣʷʮʠʠ ʥʝ 

ʦʛʨʘʥʠʯʝʥʳ ʩʦʙʩʪʚʝʥʥʦ ʎʠʨʢʫʤ-ɸʨʢʪʠʯʝʩʢʠʤ ʨʝʛʠʦʥʦʤ. ɺʦ-ʚʪʦʨʳʭ, ʥʝʣʴʟʷ ʟʘʙʳʚʘʪʴ, ʯʪʦ 

ʠʟʫʯʘʶʪʩʷ çʦʩʪʘʚʰʠʝʩʷè ʧʦʩʣʝ ʵʨʦʟʠʠ ʵʢʩʛʫʤʠʨʦʚʘʥʥʳʝ ʦʩʘʜʦʯʥʳʝ ʪʦʣʱʠ. 

ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʦʪʣʦʞʝʥʠʷ ʪʝʨʨʠʛʝʥʥʦʡ ʛʨʫʧʧʳ ʘʙʩʦʣʶʪʥʦ ʜʦʤʠʥʠʨʫʶʪ ʚ Mz-Kz. ʅʝ ʤʝʥʝʝ ʚʘʞʥʦ, ʯʪʦ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʨʦʣʴ ʤʦʨʩʢʦʡ ʩʝʜʠʤʝʥʪʘʮʠʠ ʚ ʨʝʛʠʦʥʝ ʙʳʣʘ ʛʦʨʘʟʜʦ ʚʳʰʝ, ʯʝʤ ʚ ʛʣʦʙʘʣʴʥʦʤ 

ʤʘʩʰʪʘʙʝ, ʜʣʷ ʚʩʝʭ ʦʪʜʝʣʦʚ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʘʣʝʦʮʝʥʘ). ʆʙʘ ʨʝʟʫʣʴʪʘʪʘ ʦʙʲʷʩʥʷʶʪʩʷ 

ʧʝʨʠʬʝʨʠʯʝʩʢʠ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʎʠʨʢʫʤ-ɸʨʢʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ ʚ 

ʚʳʩʦʢʦʰʠʨʦʪʥʦʡ ʦʙʣʘʩʪʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ 250 ʤʣʥ. ʣʝʪ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʣʘʩʪʝʡ, ʟʘʥʷʪʳʭ ʤʦʨʷʤʠ (ʚ %), ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʜʚʘ ʵʪʘʧʘ: ʤʝʟʦʟʦʡʩʢʠʡ 

(ʪʘʣʘʩʩʦʢʨʘʪʠʯʝʩʢʠʡ) ʠ ʢʘʡʥʦʟʦʡʩʢʠʡ (ʛʝʦʢʨʘʪʠʯʝʩʢʠʡ). ʅʘʤʠ ʚʳʜʝʣʝʥʳ 5 ʵʪʘʧʦʚ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ (ʚ ʪʨʣʥ. ʪ/ʤʣʥ. ʣʝʪ): T1 (ʚʳʩʦʢʘʷ), T2-J2 (ʥʠʟʢʘʷ), J3-K2 

(ʫʚʝʣʠʯʝʥʥʘʷ), Pg (ʥʠʟʢʘʷ), N (ʦʯʝʥʴ ʚʳʩʦʢʘʷ). 

ʇʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʩʘʜʢʦʚ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ (ʚ 

%) ʚʳʜʝʣʷʶʪʩʷ: T1 (ʦʯʝʥʴ ʚʳʩʦʢʠʡ ʧʨʦʮʝʥʪ), T2-J3 (ʥʠʟʢʠʡ), K (ʦʯʝʥʴ ʚʳʩʦʢʠʡ); Pg 

(ʫʚʝʣʠʯʝʥʥʳʡ), N (ʦʯʝʥʴ ʚʳʩʦʢʠʡ, ʦʩʦʙʝʥʥʦ ʜʣʷ N2). ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʨʩʢʠʭ ʦʩʘʜʢʦʚ (ʚ % ʦʪ 

ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ) ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: T1 (ʥʠʟʢʠʡ 

ʧʨʦʮʝʥʪ), T2-J3 (ʦʯʝʥʴ ʚʳʩʦʢʠʡ), K-N1 (ʫʚʝʣʠʯʝʥʥʳʡ, ʩ ʷʚʥʳʤ ʤʠʥʠʤʫʤʦʤ ʚ ʧʘʣʝʦʮʝʥʝ), N2 

(ʦʯʝʥʴ ʥʠʟʢʠʡ). ɺ ʮʝʣʦʤ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʨʦʣʴ ʤʦʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʙʳʣʘ ʛʦʨʘʟʜʦ ʚʳʰʝ, ʯʝʤ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʣʠʦʮʝʥʘ). 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʚ ʠʩʪʦʨʠʠ 

ʩʝʜʠʤʝʥʪʘʮʠʠ ʎʠʨʢʫʤ-ɸʨʢʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ: T1, T2-K2, Pg, N. ʉ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, 

ʩʧʝʮʠʬʠʢʘ T1 ʦʙʫʩʣʦʚʣʝʥʘ ʉʠʙʠʨʩʢʠʤ ʩʫʧʝʨʧʣʶʤʦʤ; ʦʩʦʙʝʥʥʦʩʪʠ T2-K2 ʤʦʛʫʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʦʨʦʛʝʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ; Pg ɻ ʪʘʧ ʩʚʷʟʘʥ ʩ ʨʠʬʪʠʥʛʦʤ ʠ 
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ʩʧʨʝʜʠʥʛʦʤ ʃʘʙʨʘʜʦʨʩʢʦʛʦ ʤʦʨʷ, ʅʦʨʚʝʞʩʢʦ-ɻʨʝʥʣʘʥʜʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ɽʚʨʘʟʠʡʩʢʦʛʦ 

ʙʘʩʩʝʡʥʘ ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ; N ʠʩʪʦʨʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʪʝʢʪʦʥʠʢʦʡ (ʦʩʦʙʝʥʥʦ ʚ 

ʧʣʠʦʮʝʥʝ) ʠ ʦʙʱʠʤ ʦʣʝʜʝʥʝʥʠʝʤ ʉʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ (ʥʘʯʠʥʘʷ ʩ ʧʦʟʜʥʝʛʦ ʧʣʠʦʮʝʥʘ). 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʚʳʰʝʥʘʟʚʘʥʥʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʤʝʶʪ ʚʳʩʦʢʠʝ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʩ ʛʣʦʙʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʘʷ ʨʦʣʴ ʚ ʠʩʪʦʨʠʠ Mz-Kz ʩʝʜʠʤʝʥʪʘʮʠʠ ʎʠʨʢʫʤ-ɸʨʢʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ 

ʧʨʠʥʘʜʣʝʞʠʪ ʛʣʦʙʘʣʴʥʳʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ. ʅʘʧʨʠʤʝʨ, ʠʩʪʦʨʠʷ ʠʟʤʝʥʝʥʠʡ ʦʪʥʦʰʝʥʠʷ 

ʩʫʰʘ/ʤʦʨʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʵʚʩʪʘʪʠʯʝʩʢʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʫʨʦʚʥʷ ʤʦʨʷ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʜʣʷ ʢʦʥʮʘ ʢʘʡʥʦʟʦʷ ʠʩʪʦʨʠʝʡ ʦʣʝʜʝʥʝʥʠʷ ɿʝʤʣʠ. ɺʳʩʦʢʠʡ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʢʢʫʤʫʣʷʮʠʠ ʦʩʘʜʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ʚ ʨʝʛʠʦʥʝ ʠ ʥʘ ʚʩʝʭ ʢʦʥʪʠʥʝʥʪʘʭ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʪʝʢʪʦʥʠʯʝʩʢʘʷ çʞʠʟʥʴè ʨʝʛʠʦʥʘ ʟʘʚʠʩʝʣʘ ʦʪ 

ʛʣʦʙʘʣʴʥʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ çʞʠʟʥʠè. 
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ɼʝʪʘʣʴʥʦ ʠʟʫʯʝʥ 1,9-ʤʝʪʨʦʚʳʡ ʥʝʥʘʨʫʰʝʥʥʳʡ ʢʝʨʥ ʦʟ. ʀʪʢʫʣʴ. ʇʦ ʚʝʣʠʯʠʥʝ ʟʦʣʴʥʦʩʪʠ (85ï90 %), 

ʩʦʜʝʨʞʘʥʠʷʤ ʉʦʨʛ (3,6ï9,3 %), SiO2 (35ï55 %) ʠ CaO (10ï20 %) ʦʪʣʦʞʝʥʠʷ ʦʟ. ʀʪʢʫʣʴ ʦʪʥʝʩʝʥʳ ʢ ʠʟʚʝʩʪʢʦʚʠʩʪʳʤ 

ʤʠʥʝʨʘʣʴʥʳʤ ʦʩʘʜʢʘʤ. ɺ ʮʝʣʦʤ, ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʢʘʨʙʦʥʘʪʦʚ, ʚʩʶ ʢʦʣʦʥʢʫ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʜʚʝ ʧʘʯʢʠ: ʚʝʨʭʥʶʶ 

(0ï0,5 ʤ) ʩʦ ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʨʙʦʥʘʪʦʚ 20% ʠ ʥʠʞʥʶʶ (0,5ï1,6 ʤ) ï 40%. ʂʘʨʙʦʥʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ ʘʛʨʝʛʘʪʘʤʠ ʧʣʦʭʦ ʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʯʘʩʪʠʮ Mg-ʢʘʣʴʮʠʪʘ, ʘ ʪʘʢʞʝ ʘʨʘʛʦʥʠʪʦʤ ʚ ʩʦʩʪʘʚʝ 

ʨʘʢʦʚʠʥ ʤʦʣʣʶʩʢʦʚ ʠ ʦʩʪʨʘʢʦʜ. 
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ʆʟʝʨʦ ʀʪʢʫʣʴ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʏʫʣʳʤʩʢʦʛʦ ʨʘʡʦʥʘ 

ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ. ɼʣʠʥʘ ʦʟʝʨʘ 5,2 ʢʤ, ʥʘʠʙʦʣʴʰʘʷ ʰʠʨʠʥʘ 2,9 ʢʤ, ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ 

ʤʝʥʝʝ 1,8ï2 ʤ, ʧʣʦʱʘʜʴ ʦʟʝʨʘ 15,08 ʢʤ2. ʇʠʪʘʥʠʝ ʦʟʝʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʚʝʩʝʥʥʠʭ 

ʧʘʚʦʜʢʦʚ ʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ. ʊʠʧ ʟʘʨʘʩʪʘʥʠʷ ʚʦʜʦʝʤʘ ï ʙʦʨʜʶʨʥʳʡ. ɹʦʨʜʶʨ 

ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʧʦʷʩʘ ʪʨʦʩʪʥʠʢʘ, ʚʜʦʣʴ ʢʦʪʦʨʦʛʦ ʦʪʜʝʣʴʥʳʤʠ ʧʷʪʥʘʤʠ ʚʩʪʨʝʯʘʶʪʩʷ 

ʩʦʦʙʱʝʩʪʚʘ ʨʜʝʩʪʦʚ ʛʨʝʙʝʥʯʘʪʦʛʦ (Potamogeton pectinatus) ʠ ʧʨʦʥʟʝʥʥʦʣʠʩʪʥʦʛʦ (P. 

perfoliatus). ɿʘʨʦʩʣʠ ʚʳʩʰʝʡ ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʟʘʥʠʤʘʶʪ ʥʝ ʙʦʣʝʝ 10% ʦʙʱʝʡ ʘʢʚʘʪʦʨʠʠ 

ʚʦʜʦʝʤʘ [2]. ɺ ʘʚʛʫʩʪʝ 2013 ʛ. ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ ʧʨʦʙʫʨʝʥʘ ʩʢʚʘʞʠʥʘ (55ʦ 03' 54'' ʩ.ʰ., 

81ʦ 02' 47'' ʚ.ʜ.) ʛʣʫʙʠʥʦʡ 1,9 ʤ ʚʠʙʨʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʧʦʨʰʥʝʚʳʤ ʧʨʦʙʦʦʪʙʦʨʥʠʢʦʤ 

ʃʠʚʠʥʛʩʪʦʥʘ. ʂʝʨʥ ʜʠʘʤʝʪʨʦʤ 7,5 ʩʤ ʥʝʧʨʝʨʳʚʥʳʡ ʠ ʠʤʝʝʪ ʥʝʥʘʨʫʰʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʇʨʠʤʝʥʷʝʤʘʷ ʚʠʙʨʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʙʫʨʝʥʠʷ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʢʦʣʦʥʢʫ ʦʟʝʨʥʳʭ 

ʦʩʘʜʢʦʚ ʩ ʥʝʥʘʨʫʰʝʥʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʝʡ. 

ɺʦʜʳ ʦʟ. ʀʪʢʫʣʴ ʧʦ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʠʦʥʘʤ ʦʪʥʝʩʝʥʳ ʢ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʥʘʪʨʠʝʚʳʤ 

[1], ʚʦʜʳ ʩʣʘʙʦʱʝʣʦʯʥʳʝ (ʨʅ ï 9), ʚʳʩʦʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ï 2,1 ʛ/ʣ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʦʩʥʦʚʥʳʭ 

ʘʥʠʦʥʦʚ ʠ ʢʘʪʠʦʥʦʚ ʚʦʜʳ ʩʦʩʪʘʚʣʷʶʪ: HCO3
ï ï 1220, Clï ï 366, SO4

2ï ï 36, Ca2+ ï 24, Mg2+ ï 

100, Na+ ï 333, K+ ï 17 ʤʛ/ʣ, ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʆ2 ʚ ʚʦʜʝ ï 6,5 ʤʛ/ʣ. 

ɺʝʩʴ ʩʣʦʡ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ (1,6 ʤ) ʧʨʝʜʩʪʘʚʣʝʥ ʦʧʝʩʯʘʥʝʥʳʤʠ ʛʣʠʥʘʤʠ (ʨʠʩ. 1). 

ɺʦʟʨʘʩʪ ʢʝʨʥʘ ʦʧʨʝʜʝʣʝʥ ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʫʩʢʦʨʠʪʝʣʴʥʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ ʠ 

ʦʮʝʥʠʚʘʝʪʩʷ ʚ 7,8 ʪ.ʣ.ʥ. (ʩʨʝʜʥʠʡ ʛʦʣʦʮʝʥ). ʉʦʜʝʨʞʘʥʠʝ ʉʦʨʛ ʚ ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ ʥʝʚʝʣʠʢʦ ʠ 

ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 3,6ï9,3 %. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʨʙʦʥʘʪʦʚ ʧʦ ʢʦʣʦʥʢʝ ʢʝʨʥʘ ʥʝʦʜʥʦʨʦʜʥʦ: ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ (0ï50 ʩʤ) ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʦʥʘʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 20% (ʠʩʢʣʶʯʝʥʠʝ ï ʚʝʨʭʥʠʡ 

ʛʦʨʠʟʦʥʪ ʩ ʦʩʪʘʪʢʘʤʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʪʘʤ ʢʘʨʙʦʥʘʪʳ ʥʘ ʫʨʦʚʥʝ 29%). ʅʠʞʝ ʧʦ ʨʘʟʨʝʟʫ 

ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʦʥʘʪʦʚ ʚ ʦʩʘʜʢʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ 40%. ʀʥʪʝʨʝʩʝʥ ʩʚʝʪʣʳʡ 2 ʩʤ 

ʧʨʦʩʣʦʡ ʦʩʘʜʢʘ (136ï138 ʩʤ) ï ʚ ʥʝʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʨʙʦʥʘʪʦʚ (ʧʨʝʜʩʪʘʚʣʝʥ ʘʨʘʛʦʥʠʪʦʤ) 

ʩʦʩʪʘʚʣʷʝʪ 64%. ɺ ʠʥʪʝʨʚʘʣʝ ʢʝʨʥʘ 145ï156 ʩʤ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʢʘʨʙʦʥʘʪʦʚ ʜʦ 10%. 
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ʈʠʩʫʥʦʢ 1 - ʉʪʨʘʪʠʛʨʘʬʠʷ ʠ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. ʀʪʢʫʣʴ: 1) 0ï55 ʩʤ ð ʩʚʝʪʣʘʷ 

ʛʣʠʥʘ ʩ ʨʝʜʢʠʤʠ ʦʩʪʘʪʢʘʤʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ; 2) 55ï80 ʩʤ ð ʨʳʭʣʳʡ ʛʣʠʥʠʩʪʳʡ ʤʘʪʝʨʠʘʣ; 3) 80ï136 ʩʤ ð 

ʪʝʤʥʘʷ ʛʣʠʥʘ ʩ ʧʝʩʯʘʥʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʚ ʛʦʨʠʟʦʥʪʝ 100ï107 ʩʤ (4) ʙʦʣʝʝ ʪʝʤʥʳʡ ʛʫʤʫʩʦʚʳʡ ʧʨʦʩʣʦʡ; 5) 136ï

138 ʩʤ ð ʥʝʙʦʣʴʰʦʡ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʡ ʧʨʦʩʣʦʡ ʩ ʦʩʪʘʪʢʘʤʠ ʨʘʢʦʚʠʥ Planorbidae; 6) 138ï145 ʩʤ ð ʨʳʭʣʳʝ 

ʦʧʝʩʯʘʥʝʥʳʝ ʛʣʠʥʳ ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ; 7) 145ï156 ʩʤ ð ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʛʣʠʥʠʩʪʳʡ ʤʘʪʝʨʠʘʣ ʩ ʦʩʪʘʪʢʘʤʠ 

ʨʘʢʦʚʠʥ ʤʦʣʣʶʩʢʦʚ; 8) 156ï190 ʩʤ ð ʛʦʣʫʙʳʝ ʛʣʠʥʳ, ʚ ʚʝʨʭʥʠʭ 5 ʩʤ ʦʩʪʘʪʢʠ ʨʘʢʦʚʠʥ ʤʦʣʣʶʩʢʦʚ. ɺʦʟʨʘʩʪ 

ʧʨʠʚʝʜʝʥ ʚ ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʭ ʛʦʜʘʭ 
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ɺ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʩʘʧʨʦʧʝʣʝʡ ʧʨʝʦʙʣʘʜʘʝʪ SiO2, ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦ ʨʘʟʨʝʟʫ 

ʩʦʩʪʘʚʣʷʝʪ 39% (ʊʘʙʣʠʮʘ 1). ɺʳʩʦʢʦ ʩʦʜʝʨʞʘʥʠʝ CaO (15%) ʠ Al2O3 (9,5%). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ 

ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ CaO (18ï40%) ʚ ʠʥʪʝʨʚʘʣʝ 80ï140 ʩʤ. 

 

ʊʘʙʣʠʮʘ 1 - ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʜʦʥʥʦʛʦ ʦʩʘʜʢʘ ʦʟ. ʀʪʢʫʣʴ (ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʥʘ ʩʫʭʦʝ ʚʝʱʝʩʪʚʦ, 

ʇʇʇ ï ʧʦʪʝʨʠ ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 900 Áʉ) 

ɻʦʨʠʟʦʥ

ʪ, ʩʤ 

ʇʇʇ, 

% 

SiO2, 

% 

Al 2O3, 

% 

Fe2O3, 

% 

MgO, 

% 

CaO, 

% Na2O, % K2O, % P2O5, % 

SO3, 

% 

0ï2 23,21 36,30 8,83 4,25 3,23 16,63 0,82 1,61 0,13 2,99 

10ï12 22,02 44,27 10,45 4,57 3,76 9,11 0,93 1,82 0,16 1,50 

64ï66 19,26 45,10 11,00 4,81 3,56 9,51 0,91 1,97 0,14 2,07 

80ï82 23,86 35,35 8,28 3,99 3,51 17,66 0,79 1,48 0,13 3,24 

100ï102 25,42 31,07 7,80 4,34 2,63 20,34 0,71 1,40 0,12 4,79 

120ï122 24,96 34,48 8,30 3,43 2,66 19,94 0,78 1,59 0,10 2,36 

136ï138 43,91 5,21 1,35 1,48 1,86 39,97 0,32 0,23 0,11 4,18 

145ï147 13,03 53,09 12,76 4,92 2,41 6,12 1,04 2,68 0,12 1,91 

150ï152 8,61 59,50 14,44 5,63 2,54 2,15 1,16 3,02 0,10 1,18 

170ï172 11,52 53,12 12,07 4,64 2,26 9,58 1,10 2,34 0,10 0,95 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

 21,6Ñ9,

9 

39Ñ15 9,5Ñ3,6 4,2Ñ1,1 3Ñ0,6 15 Ñ10 0,9Ñ0,2 1,8Ñ0,7 0,12Ñ0 2,5Ñ1,2 

 

 
 

ʈʠʩʫʥʦʢ 2 - ʂʦʵʬʬʠʮʠʝʥʪʳ ʦʙʦʛʘʱʝʥʠʷ (EF) ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʦʟ. ʀʪʢʫʣʴ: 1 ð ʛʦʨʠʟʦʥʪ 0ï55 

ʩʤ (ʩʚʝʪʣʳʝ ʛʣʠʥʳ), 2 ð ʛʦʨʠʟʦʥʪ 75ï140 ʩʤ (ʪʝʤʥʳʝ ʦʧʝʩʯʘʥʝʥʳʝ ʛʣʠʥʳ), 3 ð ʛʦʨʠʟʦʥʪ 145ï155 ʩʤ (ʪʝʤʥʦ-

ʢʦʨʠʯʥʝʚʳʝ ʛʣʠʥʳ ʩ ʦʩʪʘʪʢʘʤʠ ʨʘʢʦʚʠʥ), 4 ð ʛʦʨʠʟʦʥʪ 175ï190 ʩʤ (ʛʦʣʫʙʳʝ ʛʣʠʥʳ). ʅʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ 

ʧʦ Al ʠ ʢʣʘʨʢʘʤ ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ [5] 
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ɺʩʝ ʩʣʦʠ ʦʩʘʜʢʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʦʛʘʱʝʥʳ Ca ʠ Sr, ʥʝʟʥʘʯʠʪʝʣʴʥʦ Na, Mg, Mn ʠ 

ʦʙʝʜʥʝʥʳ Cd (ʨʠʩ. 2). ʆʙʦʛʘʱʝʥʠʝ Fe ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʉʦʜʝʨʞʘʥʠʷ Na, Mg ʠ Fe ʚ ʦʩʘʜʢʝ ʦʟ. 

ʀʪʢʫʣʴ ʥʘ ʫʨʦʚʥʝ ʪʘʢʦʚʳʭ ʚ ʛʣʠʥʠʩʪʦʤ ʩʣʘʥʮʝ [5] ʠ ʩʚʷʟʘʥʳ ʩ ʚʝʱʝʩʪʚʝʥʥʳʤ ʩʦʩʪʘʚʦʤ ʦʩʘʜʢʘ 

ð ʦʧʝʩʯʘʥʝʥʥʳʝ ʛʣʠʥʳ. ʆʙʦʛʘʱʝʥʠʝ ʦʩʘʜʢʘ Sr ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʵʪʦʪ ʵʣʝʤʝʥʪ ʚʭʦʜʠʪ ʚ 

ʩʦʩʪʘʚ ʢʘʨʙʦʥʘʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʢʘʣʴʮʠʪʘ ʠ ʘʨʘʛʦʥʠʪʘ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʦʙʦʛʘʱʝʥʠʝ ʦʩʘʜʢʘ Mg ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʪʘʢʞʝ ʩ ʚʢʣʘʜʦʤ ʢʘʨʙʦʥʘʪʦʚ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ 

ʚʭʦʜʠʪ ʤʘʛʥʠʡ ð ʤʘʛʥʝʟʠʘʣʴʥʳʡ ʢʘʣʴʮʠʪ (Mg-CaCO3). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʚʝʣʠʯʠʥʝ ʟʦʣʴʥʦʩʪʠ (85ï90 %), ʩʦʜʝʨʞʘʥʠʷʤ ʉʦʨʛ (3,6ï9,3 %), SiO2 

(35ï55 %) ʠ CaO (10ï20 %) ʦʪʣʦʞʝʥʠʷ ʦʟ. ʀʪʢʫʣʴ ʦʪʥʝʩʝʥʳ ʢ ʠʟʚʝʩʪʢʦʚʠʩʪʳʤ ʤʠʥʝʨʘʣʴʥʳʤ 

ʦʩʘʜʢʘʤ [3, 4]. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʢʘʨʙʦʥʘʪʦʚ ʚʩʶ ʢʦʣʦʥʢʫ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʜʚʝ ʧʘʯʢʠ: ʚʝʨʭʥʶʶ 

(0ï0,5 ʤ) ʩʦ ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʨʙʦʥʘʪʦʚ 20% ʠ ʥʠʞʥʶʶ (0,5ï1,6 ʤ) ð 40%. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʀʥʪʝʛʨʘʮʠʦʥʥʦʛʦ 

ʧʨʦʝʢʪʘ ʉʆ ʈɸʅ ˉ 125. 
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ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʩʢʦʨʦʩʪʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚʝʨʭʥʝʵʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ɿʘʧʘʜʥʦʡ 

ɸʙʭʘʟʠʠ, ʛʜʝ ʚ ʥʝʦʜʥʦʨʦʜʥʳʭ ʬʘʮʠʘʣʴʥʳʭ,  ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʦʢʨʘʡʥʥʦʛʦ ʤʦʨʷ 

ʶʞʥʦʛʦ ʩʢʣʦʥʘ ɹʦʣʴʰʦʛʦ ʂʘʚʢʘʟʘ ʧʨʦʠʩʭʦʜʠʣʦ ʦʩʘʞʜʝʥʠʝ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʩʫʙʧʣʘʪʬʦʨʤʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ 

ʚʠʜʝ ʤʝʨʛʝʣʝʡ, ʘ ʩ ʜʨʫʛʦʡ - ʩʤʝʰʘʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʧʨʝʜʛʦʨʥʦʛʦ ʧʨʦʛʠʙʘ (ʧʝʩʯʘʥʠʢʠ, ʛʣʠʥʳ,  ʦʣʠʩʪʦʩʪʨʦʤʳ). 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦ ʩʢʦʨʦʩʪʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʦʙʝʠʭ ʬʘʮʠʘʣʴʥʳʭ ʟʦʥʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʤ ʜʘʥʥʳʤ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪʩʷ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʜʨʝʚʥʳʭ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʙʘʩʩʝʡʥʦʚ ʩʦʧʨʝʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ. 
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ʇʦʩʨʝʜʩʪʚʦʤ ʩʨʝʜʥʝʛʦ ʧʦʢʘʟʘʪʝʣʷ ʩʢʦʨʦʩʪʠ ʩʝʜʠʤʝʥʪʘʮʠʠ ʦʧʨʝʜʝʣʝʥʦ ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʚʠʪ, 

ʩʣʘʛʘʶʱʠʭ ʚʝʨʭʥʝʵʦʮʝʥʦʚʳʝ ʨʘʟʨʝʟʳ. 

 

ɼʘʥʥʳʝ ʦ ʩʢʦʨʦʩʪʠ ʩʝʜʠʤʝʥʪʘʮʠʡ ʦʪʨʘʞʘʶʪ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦ ʜʘʥʥʦʤʫ 

ʚʦʧʨʦʩʫ ʠ  ʷʚʣʷʶʪʩʷ, ʝʩʪʝʩʪʚʝʥʥʦ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʤʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ, ʚʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʥʝʧʦʣʥʦʪʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʣʝʪʦʧʠʩʠ ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʪʩʫʪʩʪʚʠʝʤ ʥʘʜʝʞʥʳʭ 

ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʧʘʣʝʦʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʟʘʩʣʫʞʠʚʘʶʪ ʪʝ ʨʝʛʠʦʥʳ, ʛʜʝ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʧʦʣʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʠʪʦʣʦʛʠʯʝʩʢʘʷ 

ʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʥʝʧʨʝʨʠʚʥʦʩʪʴ ʨʘʟʨʝʟʦʚ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʨʝʛʠʦʥʦʚ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, 

ʷʚʣʷʝʪʩʷ ɿʘʧʘʜʥʘʷ ɸʙʭʘʟʠʷ (ʙʘʩʩʝʡʥʳ ʨʝʢ ʇʩʦʫ, ɹʟʳʙʴ ʠ ʂʦʜʦʨʠ) ʦʭʚʘʪʳʚʘʶʱʘʷ ʜʚʝ ʪʝʢʪʦ-

ʥʠʯʝʩʢʠʝ ʝʜʠʥʠʮʳ: ʩʢʣʘʜʯʘʪʫʶ ʩʠʩʪʝʤʫ ɹʦʣʴʰʦʛʦ ʂʘʚʢʘʟʘ (ʥʘ ʩʝʚʝʨʝ) ʠ ɿʘʢʘʚʢʘʟʩʢʫʶ 

ʤʝʞʛʦʨʥʫʶ ʦʙʣʘʩʪʴ (ʥʘ ʶʛʝ).  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʥʘʤʠ ʚʳʙʨʘʥ ʧʦʟʜʥʝʵʦʮʝʥʦʚʳʡ ʦʪʨʝʟʦʢ 

ʚʨʝʤʝʥʠ, ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʢʦʪʦʨʦʛʦ  ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʠʨʝʥʝʡʩʢʦʡ ʩʢʣʘʜʯʘʪʦʩʪʠ ʥʘ ʂʘʚʢʘʟʝ, 

ʢʘʢ ʠ ʚʦ ʚʩʝʤ ɸʣʴʧʠʡʩʢʦʤ-ɻʠʤʘʣʘʡʩʢʦʤ ʩʢʣʘʜʯʘʪʦʤ ʧʦʷʩʝ ʧʨʦʠʟʦʰʣʠ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʬʘʮʠʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷʤʠ [4], ʢʦʪʦʨʳʝ ʝʩʪʝʩʪʚʝʥʥʦ ʦʪʨʘʟʠʣʠʩʴ ʠ ʥʘ 

ʩʢʦʨʦʩʪʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. 

ɺ ʧʦʟʜʥʝʤ ʵʦʮʝʥʝ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩʫʱʝʩʪʚʦʚʘʣʠ ʜʚʝ ʨʘʟʣʠʯʥʳʝ 

ʬʘʮʠʘʣʴʥʳʝ ʟʦʥʳ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ: ʩʤʝʰʘʥʥʘʷ (ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ) ʠ ʩʫʙʧʣʘʪʬʦʨʤʝʥʥʘʷ (ʚ 

ʚʦʩʪʦʯʥʦʡ ʠ ʶʞʥʦʡ ʯʘʩʪʷʭ). ɿʦʥʘ ʩʤʝʰʘʥʥʳʭ ʬʘʮʠʡ ʨʘʩʧʦʣʦʞʝʥʘ ʪʦʣʴʢʦ  ʚ ʧʨʝʜʝʣʘʭ ʶʞʥʦʛʦ 

ʩʢʣʦʥʘ ɹʦʣʴʰʦʛʦ ʂʘʚʢʘʟʘ, ʘ ʟʦʥʘ ʩʫʙʧʣʘʪʬʦʨʤʝʥʥʳʭ ʬʘʮʠʡ ʦʭʚʘʪʳʚʘʝʪ ʦʙʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ 

ʝʜʠʥʠʮʳ (ȶɎɗəɓɔɐ 1).  ɺ ʟʦʥʝ ʩʤʝʰʘʥʥʳʭ ʬʘʮʠʡ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʧʦʟʜʥʝʛʦ ʵʦʮʝʥʘ 

ʦʩʞʜʘʣʠʩʴ ʩʫʙʧʣʘʪʬʦʨʤʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ʚʠʜʝ ʤʝʨʛʝʣʝʡ, ʘ ʩʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ ï 

ʨʝʛʨʝʩʩʠʚʥʳʝ ʤʦʣʘʩʩʦʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʛʦʨʥʦʛʦ ʧʨʦʛʠʙʘ (ʛʣʠʥʳ, ʧʝʩʯʘʥʠʢʠ, 

ʦʣʠʩʪʦʩʪʨʦʤʳ). ɺ ʚʦʩʪʦʯʥʦʡ ʞʝ ʯʘʩʪʠ ʪʦʡ ʞʝ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʟʦʥʳ, ʢʘʢ ʠ ʚ ʩʦʩʝʜʥʝʡ 

ɿʘʢʘʚʢʘʟʩʢʦʡ ʤʝʞʛʦʨʥʦʡ ʦʙʣʘʩʪʠ, ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʦʟʜʥʝʛʦ ʵʦʮʝʥʘ ʦʩʘʞʜʘʣʠʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʩʫʙʧʣʘʪʬʦʨʤʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ʚʠʜʝ ʤʝʨʛʝʣʝʡ (ʈʠʩʫʥʦʢ 1).  
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ʈʠʩʫʥʦʢ 1 - ʇʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʩʭʝʤʘ ʜʣʷ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ ʧʦʟʜʥʝʛʦ ʵʦʮʝʥʘ 

1-ʩʫʰʘ;  2-ʟʦʥʘ ʩʤʝʰʘʥʥʳʭ ʬʘʮʠʡ;  3-ʟʦʥʘ ʩʫʙʧʣʘʪʬʦʨʤʝʥʥʳʭ ʬʘʮʠʡ; 

ʛʨʘʥʠʮʳ: 4-ʬʘʮʘʣʴʥʳʭ ʟʦʥ; 5-ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʝʜʠʥʠʮ; 6- ʤʦʨʷ ʠ ʩʫʰʠ; 

I-ʖʞʥʳʡ ʩʢʣʦʥ ɹʦʣʴʰʦʛʦ ʂʘʚʢʘʟʘ;  II -ɿʘʢʘʚʢʘʟʩʢʘʷ ʤʝʞʛʦʨʥʘʷ ʦʙʣʘʩʪʴ 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʝʜʠʤʝʥʪʘʮʠʠ ʧʨʦʚʦʜʠʣʦʩʴ  ʤʝʪʦʜʦʤ, ʢʦʪʦʨʳʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʜʝʣʝʥʠʝ ʦʙʱʝʡ ʤʦʱʥʦʩʪʠ (ʫʯʠʪʳʚʘʣʠʩʴ ʠʭ ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ) ʧʦʨʦʜ ʥʘ ʯʠʩʣʦ ʣʝʪ, ʟʘ 

ʢʦʪʦʨʦʝ ʦʥʠ ʦʙʨʘʟʦʚʘʣʠʩʴ. ʇʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʭʨʦʥʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʜʠʘʛʨʘʤʤʝ [7] 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʟʜʥʝʛʦ ʵʦʮʝʥʘ ʩʦʩʪʘʚʣʷʝʪ 4,1 ʤʣʥ. ʣʝʪ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʩʣʝʜʫʝʪ ʚʥʝʩʪʠ ʢʦʨʨʝʢʮʠʶ ʚ ʥʳʥʝʰʥʳʭ  

ʤʦʱʥʦʩʪʷʭ ʦʪʣʦʞʝʥʠʡ, ʪʘʢ ʢʘʢ, ʚ ʧʨʦʮʝʩʩʝ ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʭ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ 

(ʧʦʪʝʨʷ ʚʦʜʳ ʠ ʜʨʫʛʠʭ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʧʣʦʪʥʝʥʠʷ ʠ 

ʜʨ.) ʧʨʦʠʩʭʦʜʠʣʦ ʩʦʢʨʘʱʝʥʠʝ ʠʭ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ. ʇʦ ʜʘʥʥʳʤ ʋ.ʌʘʡʬʘ ʠ ʜʨ. [5] 

ʩʫʤʤʘʨʥʳʡ ʵʬʬʝʢʪ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʤʦʱʥʦʩʪʠ ʥʘ 25-50 %. ɽʩʣʠ 

ʫʯʝʩʪʴ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʥʘʤʠ ʦʪʣʦʞʝʥʠʷ ʧʦʜʚʝʨʛʣʠʩʴ ʩʣʘʙʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ 

ʧʝʨʝʨʘʙʦʪʢʝ, ʠ ʷʚʣʷʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʦʣʦʜʦʛʦ ʚʦʟʨʘʩʪʘ (ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʥʠʟʢʫʶ 

ʧʣʦʪʥʦʩʪʴ), ʫʤʝʥʴʰʝʥʠʝ ʠʭ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ  ʤʦʱʥʦʩʪʠ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 30-35 %. 

ʀʩʢʣʶʯʝʥʠʝ ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ ʦʣʠʩʪʦʩʪʨʦʤʳ ʤʘʮʝʩʪʠʥʩʢʦʡ ʩʚʠʪʳ, ʪʘʢ-ʢʘʢ, ʦʥʠ ʩʣʦʞʝʥʳ  

ʦʙʣʦʤʢʘʤʠ ʜʨʝʚʥʳʭ ʧʦʨʦʜ, ʘ ʤʘʪʨʠʢʩ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʯʪʦ 

ʦʙʫʩʣʦʚʠʣʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʠʭ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ. 

ʅʠʞʝ ʧʦ ʬʘʮʠʘʣʴʥʳʤ ʟʦʥʘʤ ʧʨʠʚʦʜʠʪʩʷ ʢʨʘʪʢʘʷ ʣʠʪʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʦʪʜʝʣʴʥʳʭ ʩʚʠʪ, ʩʣʘʛʘʶʱʠʭ ʚʝʨʭʥʝʵʦʮʝʥʦʚʳʝ ʨʘʟʨʝʟʳ ʠ ʫʢʘʟʳʚʘʶʪʩʷ ʢʘʢ ʠʭ ʥʘʩʪʦʷʱʠʝ, ʪʘʢ ʠ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ (ʚ ʩʢʦʙʢʘʭ)  ʤʦʱʥʦʩʪʠ. 
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ɺ ʟʦʥʝ ʩʤʝʰʘʥʥʳʭ ʬʘʮʠʡ ʨʘʟʨʝʟ ʚʝʨʭʥʝʵʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʷ ʩʥʠʟʫ  ʚʚʝʨʭ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 1) ʵʛʨʠʩʩʢʘʷ ʩʚʠʪʘ - ʢʦʨʠʯʥʝʚʘʪʦ-ʩʝʨʳʝ ʧʣʠʪʯʘʪʳʝ, 

ʙʠʪʫʤʠʥʦʟʥʳʝ ʤʝʨʛʝʣʠ ʩʦ ʤʥʦʞʝʩʪʚʦʤ ʦʩʪʘʪʢʦʚ ʯʝʰʫʡ ʨʳʙ - 20-35 (45-48) ʤ, 2) ʢʣʜʠʘʥʩʢʘʷ 

ʩʚʠʪʘ - ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ ʤʝʨʛʝʣʠ - 25-40 (52-54) ʤ, 3) ʤʘʮʝʩʪʠʥʩʢʘʷ ʩʚʠʪʘ - ʣʠʪʦʣʦʛʠʯʝʩʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʝʛʨʝʩʩʠʚʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʚ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʛʦʨʠʟʦʥʪʘ: ʥʠʞʥʡ-

ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʡ - 30 ï 80 (105-120) ʤ, ʩʨʝʜʥʠʡ - ñʛʦʨʠʟʦʥʪ ʩ ʚʢʣʶʯʝʥʠʷʤʠò (ʦʣʠʩʪʦʩʪʨʦʤʳ) 

- 200-245 (250-255) ʤ ʠ ʚʝʨʭʥʠʡ - ʛʣʠʥʠʩʪʦ-ʧʝʩʯʘʥʠʩʪʳʡ - 100 - 150 (195-200) ʤ. 

ɺ ʟʦʥʝ ʩʫʙʧʣʘʪʬʦʨʤʝʥʥʳʭ ʬʘʮʠʡ ʶʞʥʦʛʦ ʩʢʣʦʥʘ ɹʦʣʴʰʦʛʦ ʂʘʚʢʘʟʘ 

ʚʝʨʭʥʝʵʦʮʝʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʣʦʞʝʥʳ ʧʣʠʪʯʘʪʳʤʠ ʤʝʨʛʝʣʷʤʠ ʵʛʨʠʩʩʢʦʡ ʩʚʠ-

ʪ  r - 20-60 (78-80) ʤ, ʘ ʚ ʚʝʨʭʥʝʡ - ʣʠʪʦʣʦʛʠʠʯʝʩʢʠ ʦʜʥʦʦʙʨʘʟʥʳʤʠ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʤʠ 

ʤʝʨʛʝʣʷʤʠ ʘʨʛʚʝʪʩʢʦʡ ʩʚʠʪʳ - 50-70 (90-95) ʤ. 

ɺ ɿʘʢʘʚʢʘʟʩʢʦʡ ʤʝʞʛʦʨʥʦʡ ʦʙʣʘʩʪʠ ʩʠʥʭʨʦʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʩʣʘʛʘʶʪʩʷ ʧʣʠʪʯʘʪʳʤʠ ʤʝʨʛʝʣʷʤʠ ʵʛʨʠʩʩʢʦʡ ʩʚʠʪʳ - 25-70 (90-95) ʤ, ʘ ʚ ʚʝʨʭʥʝʡ ï

Ăʚʝʨʭʥʝʬʦʨʘʤʠʥʠʬʝʨʦʚʳʤʠ ʤʝʨʛʝʣʷʤʠĂ- 15-60 (78-80) ʤ, 

ʃʠʪʦʣʦʛʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʩʚʠʪ ʚ ʧʨʠʨʦʜʝ ʭʦʨʦʰʦ ʬʠʢʩʠʨʫʶʪʩʷ, ʘ 

ʠʭ ʚʦʟʨʘʩʪ ʜʦʩʪʦʚʝʨʥʦ ʫʩʪʘʥʦʚʣʝʥ ʢʘʢ ʬʘʫʥʠʩʪʠʯʝʩʢʠ, ʪʘʢ ʠ ʧʦ ʠʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤʫ 

ʧʦʣʦʞʝʥʠʶ ʚ ʨʘʟʨʝʟʘʭ [1, 3], ʯʪʦ ʚʦ ʤʥʦʛʦʤ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʥʘʜʝʞʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʦ ʩʢʦʨʦʩʪʠ ʩʝʜʠʤʝʥʪʘʮʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʟʦʥʝ ʩʫʙʧʣʘʪʬʦʨʤʝʥʥʳʭ ʬʘʮʠʡ ʢʘʢ ʶʞʥʦʛʦ ʩʢʣʦʥʘ ɹʦʣʴʰʦʛʦ 

ʂʘʚʢʘʟʘ,  ʪʘʢ ʠ ʚ ɿʘʢʘʚʢʘʟʩʢʦʡ ʤʝʞʛʦʨʥʦʡ ʦʙʣʘʩʪʠ, ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʦʟʜʥʝʛʦ ʵʦʮʝʥʘ 

ʦʩʘʞʜʘʣʠʩʴ ʣʠʪʦʣʦʛʠʯʝʩʢʠ ʦʜʥʦʨʦʜʥʳʝ ʦʪʣʦʞʝʥʠʷ (ʵʛʨʠʩʩʢʘʷ, ʢʣʜʠʘʥʩʢʘʷ ʠ ʘʨʛʚʝʪʩʢʘʷ ʩʚʠʪʳ, 

Ăʚʝʨʭʥʝʬʦʨʘʤʠʥʠʬʝʨʦʚʳʝ ʤʝʨʛʝʣʠĂ), ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʝʨʚʦʥʘʯʘʣʴʥʧʷ ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ, ʧʦ 

ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʩʦʩʪʘʚʣʷʣʘ  175 ʤ. ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʩʝʜʠʤʝʥʪʘʮʠʠ ʚʳʷʩʥʷʝʪʩʷ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʩʫʙʧʣʘʪʬʦʨʤʝʥʥʦʤ ʙʘʩʩʝʡʥʝ ʚ 

ʪʝʯʝʥʠʝ ʧʦʟʜʥʝʛʦ ʵʦʮʝʥʘ  ʩʦʩʪʘʚʣʷʣʘ 4.26 ʩʤ/1000 ʣʝʪ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʤʦʞʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʚʠʪ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʟʦʥʝ ʩʤʝʰʘʥʥʳʭ ʬʘʮʠʡ  

ʵʛʨʠʩʩʢʘʷ ʩʚʠʪʘ ʥʘʢʦʧʠʣʘʩʴ ʚ ʪʝʯʝʥʠʝ 1.1 ʤʣʥ. ʣʝʪ, ʘ ʢʣʜʠʘʥʩʢʘʷ ʩʚʠʪʘï1.3 ʤʣʥ. ʣʝʪ. 

ʉʫʤʤʠʨʫʷ ʵʪʠ ʜʚʘ ʧʦʢʘʟʘʪʝʣʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ  

ʤʘʮʝʩʪʠʥʩʢʦʡ ʩʚʠʪʳ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 1,7 ʤʣʥ. ʣʝʪ, ʧʨʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʩʝʜʠʤʝʥʪʘʮʠʠ 33.8 

ʩʤ/1000 ʣʝʪ. ʆʜʥʘʢʦ, ʟʜʝʩʴ ʥʘʜʦ ʫʯʝʩʪʴ ʢʘʢ ʥʝʦʜʥʦʨʦʜʥʳʡ ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʨʦʜ, 

ʩʣʘʛʘʶʱʠʭ ʜʘʥʥʫʶ ʩʚʠʪʫ, ʪʘʢ ʠ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʦʣʠʩʪʦʩʪʨʦʤʳ, ʷʚʣʷʷʩʴ ñʩʦʙʳʪʠʡʥʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠñ, ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʠ ʦʭʚʘʪʳʚʘʶʪ ʚʝʩʴʤʘ 

ʢʨʘʪʢʠʡ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ [8]. 
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ɼʣʷ ʩʫʙʧʣʘʪʬʦʨʤʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʶʞʥʦʛʦ ʩʢʣʦʥʘ ɹʦʣʴʰʦʛʦ ʂʘʚʢʘʟʘ ʘʥʘʣʦʛʠʯʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ ʵʛʨʠʩʩʢʦʡ ʩʚʠʪʳ ʩʦʩʪʘʚʣʷʝʪ 1.9 ʤʣʥ. ʣʝʪ, ʘ ʜʣʷ ʘʨʛʚʝʪʩʢʦʡ ʩʚʠʪʳï2.2 ʤʣʥ. ʣʝʪ. 

ɼʣʷ ʩʫʙʧʣʘʪʬʦʨʤʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ɿʘʢʘʚʢʘʟʩʢʦʡ ʤʝʞʛʦʨʥʦʡ ʦʙʣʘʩʪʠ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ 

ʩʦʩʪʘʚʣʷʶʪ: ʜʣʷ ʵʛʨʠʩʩʢʦʡ ʩʚʠʪʳï2.2 ʤʣʥ. ʣʝʪ, ʜʣʷ Ăʚʝʨʭʥʝʬʦʨʘʤʠʥʠʬʝʨʦʚʳʭ ʤʝʨʛʝʣʝʡĂï1.9 

ʤʣʥ. ʣʝʪ.  

ɺ ʟʘʢʣʶʯʝʥʠʠ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʮʠʬʨʳ - 4.26 ʩʤ/1000 ʣʝʪ ʜʜʷ ʩʫ-

ʙʧʣʘʪʬʦʨʤʝʥʥʳʭ ʦʩʘʜʢʦʚ ʠ 33.8 ʩʤ/1000 ʣʝʪ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʡ ʧʨʝʜʛʦʨʥʦʛʦ ʧʨʦʛʠʙʘ, ʧʦʣʥʦʩʪʴʶ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʤ ʜʘʥʥʳʤ ʦ ʩʢʦʨʦʩʪʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʤʝʶʪʩʷ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠ ʜʨʝʚʥʳʭ ʦʪʣʦʞʝʥʠʡ ʨʘʟʥʳʭ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʙʘʩʩʝʡʥʦʚ ʩʦʧʨʝʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ [2, 9, 10, 

6]. 
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ʉʚʝʜʝʥʠʷ ʦʙ ɸʨʢʪʠʯʝʩʢʦʤ ʙʘʩʩʝʡʥʝ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʰʝʣʴʬʦʚʳʭ ʤʦʨʷʭ, ʚ ʯʘʩʪʥʦʩʪʠ ɹʝʣʦʛʦ ʤʦʨʷ ʚʘʞʥʳ 

ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʢʘʢ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʡ, ʪʘʢ ʠ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʰʣʦʤ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʡ ʬʨʘʢʮʠʠ (< 0,001 ʤʤ) ʧʦ 

67 ʦʙʨʘʟʮʘʤ, ʦʪʦʙʨʘʥʥʳʤ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠ ʠʟ ʢʦʣʦʥʦʢ ʦʩʘʜʢʦʚ ɹʝʣʦʛʦ ʤʦʨʷ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʟʚʦʣʠʣʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʠʤʝʶʱʠʝ ʤʝʩʪʦ ʚ ʘʢʚʘʪʦʨʠʠ, ʚʳʷʚʠʪʴ 

ʧʠʪʘʶʱʠʝ ʧʨʦʚʠʥʮʠʠ ʠ ʧʫʪʠ ʧʝʨʝʥʦʩʘ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʙʘʩʩʝʡʥ. 
 

ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʪʠʧ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʷʚʣʷʝʪʩʷ 

ʛʣʫʙʠʥʘ, ʪʘʢ ʥʘ ʛʣʫʙʠʥʝ ʙʦʣʝʝ 100 ʤʝʪʨʦʚ ʦʩʘʜʢʠ ɹʝʣʦʛʦ ʤʦʨʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʝʣʠʪʦʚʳʤ 

ʩʦʩʪʘʚʦʤ (ʜʦ 90ï95%). 

ʊʨʘʜʠʮʠʦʥʥʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʝʣʠʪʦʚʦʡ ʬʨʘʢʮʠʠ (<0,001ʤʤ) 

ʷʚʣʷʶʪʩʷ ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʛʣʠʥ [2, 3]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʥʪʛʝʥʜʠʬʨʘʢʮʠʦʥʦʛʦ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʜʦʥʥʳʭ ʧʨʦʙ ʶʞʥʦʡ ʯʘʩʪʠ 

ɹʘʩʩʝʡʥʘ, ɼʚʠʥʩʢʦʛʦ ʠ ʆʥʝʞʩʢʦʛʦ ʟʘʣʠʚʦʚ, ʥʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʣʠʪʦʚʘʷ ʬʨʘʢʮʠʷ (<0,001 

ʤʤ) ʙʝʣʦʤʦʨʩʢʠʭ ʦʩʘʜʢʦʚ ʪʨʝʭʢʦʧʦʥʝʥʪʥʘ. ʇʨʝʦʙʣʘʜʘʶʱʝʡ ʷʚʣʷʝʪʩʷ ʛʨʫʧʧʘ ʣʠʪʦʛʝʥʥʳʭ 

ʦʙʣʦʤʦʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʚʝʪʨʠʚʘʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ 

ʧʝʨʝʥʝʩʝʥʥʳʭ ʚ ʤʦʨʝ ʚ ʭʦʜʝ ʨʝʯʥʦʛʦ, ʣʝʜʦʚʦʛʦ ʠ ʵʦʣʦʚʦʛʦ ʧʝʨʝʥʦʩʘ. ʉʶʜʘ ʚʭʦʜʷʪ ʤʠʥʝʨʘʣʴʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʣʝʛʢʦʡ ʠ ʪʷʞʝʣʦʡ ʧʦʜʬʨʘʢʮʠʠ ʪʘʢʠʝ ʢʘʢ ʢʚʘʨʮ, ʧʦʣʝʚʳʝ ʰʧʘʪʳ, ʢʘʨʙʦʥʘʪʳ, 

ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʵʧʠʜʦʪʘ, ʧʠʨʦʢʩʝʥʘ, ʘʤʬʠʙʦʣʘ, ʛʨʘʥʘʪʘ. ɻʨʫʧʧʘ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʚ 

ʩʦʩʪʘʚʝ ʠʩʩʣʝʜʫʝʤʦʡ ʬʨʘʢʮʠʠ ʨʝʜʢʦ ʧʨʝʚʳʰʘʝʪ 50%, ʘ ʯʘʱʝ ʠʤʝʝʪ ʧʦʜʯʠʥʝʥʥʦʝ ʚ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ʟʥʘʯʝʥʠʝ. ʊʨʝʪʴʝʡ ʛʨʫʧʧʦʡ ʷʚʣʷʶʪʩʷ ʧʣʘʥʪʦʥʦʛʝʥʥʳʝ ʠ 

ʙʝʥʪʦʛʝʥʥʳʝ ʠʟʚʝʩʪʢʦʚʳʝ ʤʠʥʝʨʘʣʳ, ʢʦʪʦʨʳʝ ʚʥʦʩʷʪ ʩʚʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ 

ʢʘʨʙʦʥʘʪʥʫʶ ʛʨʫʧʧʫ ʤʠʥʝʨʘʣʦʚ. 

ʉʦʜʝʨʞʘʥʠʝ ʦʙʣʦʤʦʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʡ ʬʨʘʢʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʦʩʘʜʢʦʚ ʢʦʣʝʙʣʝʪʩʷ ʧʦ ʥʘʰʠʤ ʦʧʨʝʜʝʣʝʥʠʷʤ ʦʪ 43,6 ʜʦ 89,5%. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʩʝʭ ʧʨʦʙ 

ʩʦʩʪʘʚʣʷʝʪ 63,3% (ʨʠʩ. 1). ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʝʣʠʪʦʚʦʡ ʬʨʘʢʮʠʠ ʦʩʘʜʢʘ ʷʚʣʷʶʪʩʷ 

ʧʦʣʝʚʳʝ ʰʧʘʪʳ (ʩʨʝʜʥʝʝ 23,1%), ʢʚʘʨʮ (13,5%), ʘʤʬʠʙʦʣʳ (7,7%) ʠ ʧʠʨʦʢʩʝʥʳ (3,3%). ʅʘ 

ʜʦʣʶ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʩʨʝʜʥʝʤ ʧʨʠʭʦʜʠʪʩʷ 39%, ʩʨʝʜʠ ʥʠʭ ʜʦʤʠʥʠʨʫʝʪ ʠʣʣʠʪ (13,2%) 

ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʭʣʦʨʠʪʘ, ʩʤʝʢʪʠʪʘ ʠ ʢʘʦʣʠʥʠʪʘ ʩʦʩʪʘʚʣʷʶʪ 9,6%, 8,4% ʠ 7,6% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩʫʥʦʢ 1 - ʂʦʥʮʝʥʪʨʘʮʠʠ ʦʙʣʦʤʦʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʡ ʬʨʘʢʮʠʠ (<0,001 ʤʤ) 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ (0-5 ʩʤ) ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ ɹʝʣʦʛʦ ʤʦʨʷ 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʘʣʝʚʨʠʪʦʚʦʡ ʬʨʘʢʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ɹʝʣʦʛʦ 

ʤʦʨʷ ʧʦʢʘʟʘʣʠ ʪʘʢʫʶ ʞʝ ʪʝʥʜʝʥʮʠʶ, ʯʪʦ ʠ ʚ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʡ ʬʨʘʢʮʠʠ ʢ ʜʦʤʠʥʠʨʦʚʘʥʠʶ 

ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʢʚʘʨʮʘ ʠ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʥʘʜ ʘʤʬʠʙʦʣʘʤʠ ʠ ʧʠʨʦʢʩʝʥʘʤʠ. ʉʣʝʜʫʝʪ 

ʧʦʜʯʝʨʢʥʫʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ʤʝʞʜʫ ʢʚʘʨʮʝʤ ʠ 

ʧʦʣʝʚʳʤʠ ʰʧʘʪʘʤʠ. ɽʩʣʠ ʜʣʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʡ ʬʨʘʢʮʠʠ ʢʚʘʨʮ/ʧʦʣʝʚʦʰʧʘʪʦʚʦʝ ʦʪʥʦʰʝʥʠʝ ʚ 

ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʦʙ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 0,57), ʪʦ ʚ 

ʢʨʫʧʥʦʘʣʝʚʨʠʪʦʚʦʡ ʬʨʘʢʮʠʠ ʦʥʦ ʟʘ ʨʝʜʢʠʤ ʠʩʢʣʶʯʝʥʠʝʤ ʚʩʝʛʜʘ ʚʳʰʝ ʜʚʫʭ [1]. ʇʨʠʯʠʥʦʡ 

ʪʦʛʦ, ʯʪʦ ʪʦʥʢʦʜʠʩʧʝʨʩʥʘʷ ʬʨʘʢʮʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʩʢʘʤʠ ʠ ʘʣʝʚʨʠʪʦʤ ʦʙʦʛʘʱʝʥʘ ʧʦʣʝʚʳʤʠ 

ʰʧʘʪʘʤʠ, ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʩʪʝʧʝʥʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʩʣʝʜʥʠʭ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʭ ʘʢʪʠʚʥʦʝ 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʳʚʝʪʨʠʚʘʥʠʝ ʜʦ ʤʝʣʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ [4, 5, 6]. 

ʀʩʭʦʜʷ ʠʟ ʥʘʣʠʯʠʷ ʚ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʡ ʬʨʘʢʮʠʠ ʢʘʨʙʦʥʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ (ʘʣʴʙʠʪ ʠ ʢʧʰ), ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ ʦ ʧʦʩʪʘʚʢʝ ʢʘʢ ʟʨʝʣʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩ ʩʝʚʝʨʘ ʈʫʩʩʢʦʡ ʧʣʠʪʳ, ʪʘʢ ʠ ʧʨʠʥʦʩʘ ʩʚʝʞʝʛʦ ʩ ʂʘʨʝʣʴʩʢʦʛʦ ʙʝʨʝʛʘ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʥʘʤʠ ʨʝʥʪʛʝʥʜʠʬʨʘʢʮʠʦʥʥʳʡ ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʝʣʠʪʦʚ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʣʦʷ ʧʦʢʘʟʘʣ ʧʨʝʦʙʣʘʜʘʥʠʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʦʙʣʦʤʦʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʥʘʜ ʛʨʫʧʧʦʡ ʛʣʠʥʠʩʪʳʭ 

ʤʠʥʝʨʘʣʦʚ. ɺ ʛʣʠʥʠʩʪʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʩʘʜʢʦʚ ɹʝʣʦʛʦ ʤʦʨʷ, ʢʘʢ ʚ ʩʨʝʜʥʝʤ ʚʦ ʚʩʝʤ 

ɸʨʢʪʠʯʝʩʢʦʤ ʙʘʩʩʝʡʥʝ ʛʦʩʧʦʜʩʪʚʫʶʪ ʠʣʣʠʪ ʠ ʭʣʦʨʠʪ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʶʪʩʷ ʦʩʘʜʢʠ 

ʂʘʨʩʢʦʛʦ ʠ ʤʦʨʝ ʃʘʧʪʝʚʳʭ, ʜʣʷ ʰʝʣʴʬʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳ ʚʳʩʦʢʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʩʤʝʢʪʠʪʘ [7, 8]. 
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ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʥʳ ɸ.ʇ. ʃʠʩʠʮʳʥʫ ʟʘ ʮʝʥʥʳʝ ʩʦʚʝʪʳ ʚ ʭʦʜʝ ʨʘʙʦʪʳ. ɺʩʝʤ ʩʦʪʨʫʜʥʠʢʘʤ 

ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʦïʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʜʠʮʠʡ ʠ 

ʧʦʣʫʯʝʥʠʠ ʤʘʪʝʨʠʘʣʘ. ʈʘʙʦʪʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ14-27-00114. 

 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ɻʫʩʘʢʦʚʘ ɸ.ʀ. (ʄʘʤʦʯʢʠʥʘ). ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʩʦʚʨʝʤʝʥʥʳʭ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ɹʝʣʦʛʦ ʤʦʨʷ // 

ʆʢʝʘʥʦʣʦʛʠʷ. 2013. ʊ.53. ˉ2. ʉ. 249ï258. 

2. ʅʝʚʝʩʩʢʠʡ ɽ.ʅ., ʄʝʜʚʝʜʝʚ ɺ.ʉ., ʂʘʣʠʥʝʥʢʦ ɺ.ɺ. ɹʝʣʦʝ ʤʦʨʝ. ʉʝʜʠʤʝʥʪʦʛʝʥʝʟ ʠ ʠʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʚ 

ʛʦʣʦʮʝʥʝ. ʄ.: ʅʘʫʢʘ, 1977. 236 ʩ. 

3. ʈʘʪʝʝʚ ʄ.ɸ., ʉʘʜʯʠʢʦʚʘ ʊ.ɸ., ʐʘʙʨʦʚʘ ɺ.ʇ. ɻʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʦʩʘʜʢʘʭ ʄʠʨʦʚʦʛʦ 

ʦʢʝʘʥʘ ʠ ʠʭ ʚʟʘʠʤʦʩʚʷʟʴ ʩ ʪʠʧʘʤʠ ʣʠʪʦʛʝʥʝʟʘ //ʃʠʪʦʣʦʛʠʷ ʠ ʧʦʣʝʟʥ. ʠʩʢʦʧʘʝʤʳʝ. 2008. ʊ. 43. ˉ 2. ʉ. 125ï135. 

4. ʈʫʭʠʥʘ ɽ.ɺ. ʃʠʪʦʣʦʛʠʷ ʤʦʨʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʃʝʥʠʥʛʨʘʜ: ʀʟʜ-ʚʦ ʃʝʥʠʥʛʨʘʜʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 1960. 

140 ʩ. 

5. ʈʫʭʠʥʘ ɽ.ɺ. ʃʠʪʦʣʦʛʠʷ ʣʝʜʥʠʢʦʚʳʭ ʦʪʣʦʞʝʥʠʡ. ʃʝʥʠʥʛʨʘʜ: ʅʝʜʨʘ, 1973. 176 ʩ. 

6. ʉʫʜʘʢʦʚʘ ʅ.ɻ. ʇʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʣʝʜʥʠʢʦʚʦʛʦ ʣʠʪʦʛʝʥʝʟʘ. ʄ.: ʀʟʜʘʪʝʣʴʩʪʚʦ 

ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 1990. 160 ʩ. 

7. Fagel Nathalie. Clay minerals, deep circulation and climate. Developments in Marine Geology. 2007. Volume 

1. P. 139-184. 

8. Saukel ʉ., Stein R., Vogt C., Shevchenko V.P. Clay mineral and grain size distributions in surface sediments 

of the White Sea (Arctic Ocean): indicators of sediment sources and transport processes // GeoMar Lett. 2010. ̄  30. P. 

605ï616. 

 

 

ʄʀʅɽʈɸʃʆɻʆ-ɻɽʆʍʀʄʀʏɽʉʂɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʂɸʈɹʆʅɸʊʅʓʍ 

ʄʀʅɽʈɸʃʔʅʓʍ ʆʉɸɼʂʆɺ ʆɿɽʈɸ ʀʊʂʋʃʔ 

(ɿɸʇɸɼʅɸʗ ʉʀɹʀʈʔ) 

ɸ.ɽ. ʄʘʣʴʮʝʚ, ɻ.ɸ. ʃʝʦʥʦʚʘ, ɺ.ɸ. ɹʦʙʨʦʚ, ʃ.ɺ. ʄʠʨʦʰʥʠʯʝʥʢʦ 

 

ʀɻʄ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ, e-mail: maltsev@igm.nsc.ru 

 
ʀʟʫʯʝʥ 1,9 ʤʝʪʨʦʚʳʡ ʢʝʨʥ ʦʟ. ʀʪʢʫʣʴ, ʧʦʣʫʯʝʥʥʳʡ ʤʝʪʦʜʦʤ ʫʜʘʨʥʦʛʦ ʙʫʨʝʥʠʷ. ɺʝʩʴ ʩʣʦʡ ʦʟʝʨʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʦʧʝʩʯʘʥʝʥʳʤʠ ʛʣʠʥʘʤʠ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʨʙʦʥʘʪʦʚ. ɺ ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ 

ʦʩʘʜʢʘ ʦʟ. ʀʪʢʫʣʴ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʚʘʨʮ, ʢʘʣʴʮʠʪ ʢʘʦʣʠʥʠʪ, ʘʨʘʛʦʥʠʪ, ʩʣʶʜʘ, ʂʇʐ ʠ ʭʣʦʨʠʪ, ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ 

ʦʙʥʘʨʫʞʝʥ ʠʣʴʤʝʥʠʪ, ʧʦ ʚʩʝʤʫ ʨʘʟʨʝʟʫ ʚʩʪʨʝʯʘʝʪʩʷ ʧʠʨʠʪ (ʬʨʘʤʙʦʠʜʳ, ʦʪʜʝʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ). 

 

ʆʟʝʨʦ ʀʪʢʫʣʴ ʥʘʭʦʜʠʪʩʷ ʚ ʏʫʣʳʤʩʢʦʤ ʨʘʡʦʥʝ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ. ɺʦʜʳ ʦʟʝʨʘ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ ʥʘʪʨʠʝʚʳʝ, ʩʣʘʙʦʱʝʣʦʯʥʳʝ (ʨʅ = 9), ʚʳʩʦʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (1,8 ʛ/ʣ). ɺ 

ʘʚʛʫʩʪʝ 2013 ʛ. ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ ʧʨʦʙʫʨʝʥʘ ʩʢʚʘʞʠʥʘ ʛʣʫʙʠʥʦʡ 1,9 ʤ ʚʠʙʨʘʮʠʦʥʥʳʤ 

ʤʝʪʦʜʦʤ ʧʦʨʰʥʝʚʳʤ ʧʨʦʙʦʦʪʙʦʨʥʠʢʦʤ ʃʠʚʠʥʛʩʪʦʥʘ. ɹʳʣ ʧʦʣʫʯʝʥ ʥʝʧʨʝʨʳʚʥʳʡ ʢʝʨʥ 

ʜʠʘʤʝʪʨʦʤ 7,5 ʩʤ ʩ ʥʝʥʘʨʫʰʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʆʟʝʨʥʳʡ ʦʩʘʜʦʢ ʧʨʝʜʩʪʘʚʣʝʥ ʦʧʝʩʯʘʥʝʥʳʤʠ 

ʛʣʠʥʘʤʠ (0ï1,6 ʤ) ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʨʙʦʥʘʪʦʚ (20ï40 %). ʅʠʞʥʠʡ ʠʥʪʝʨʚʘʣ ʢʝʨʥʘ 
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(1,6 ʤï1,9 ʤ) ð ʵʪʦ ʧʦʜʩʪʠʣʘʶʱʠʝ ʛʦʣʫʙʳʝ (ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ) ʛʣʠʥʳ. ɿʦʣʴʥʦʩʪʴ ʦʩʘʜʢʘ 85ï

90 %, ʩʦʜʝʨʞʘʥʠʝ ʉʦʨʛ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 3,6ï9,3 %. ʆʪʣʦʞʝʥʠʷ ʦʟʝʨʘ ʦʪʥʝʩʝʥʳ ʢ 

ʠʟʚʝʩʪʢʦʚʠʩʪʳʤ, ʤʠʥʝʨʘʣʴʥʳʤ ʦʩʘʜʢʘʤ [1]. 

ʆʩʥʦʚʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʚ ʜʦʥʥʦʤ ʦʩʘʜʢʝ ʦʟ. ʀʪʢʫʣʴ ʷʚʣʷʶʪʩʷ ʧʣʘʛʠʦʢʣʘʟ, ʢʘʣʴʮʠʪ ʠ 

ʢʚʘʨʮ (ʨʠʩ. 1). ɺ ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʦʩʘʜʢʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʠʨʠʪ ʠ ʘʨʘʛʦʥʠʪ; ʧʦ ʚʩʝʤʫ 

ʨʘʟʨʝʟʫ ʚʩʪʨʝʯʘʶʪʩʷ ʩʣʶʜʘ, ʂʇʐ, ʢʘʦʣʠʥʠʪ, ʘʤʬʠʙʦʣʳ, ʭʣʦʨʠʪ, ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ (0ï10 

ʩʤ) ʦʙʥʘʨʫʞʝʥ ʠʣʴʤʝʥʠʪ FeTiO3 (ʈʠʩʫʥʦʢ 1 (ʘ), ʈʠʩʫʥʦʢ 2 (ʘ). ʅʘ ʵʣʝʢʪʨʦʥʥʦ-

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʥʠʤʢʘʭ ʢʘʨʙʦʥʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ ʘʛʨʝʛʘʪʘʤʠ ʧʣʦʭʦ 

ʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʯʘʩʪʠʮ Mg-ʢʘʣʴʮʠʪʘ, ʘ ʪʘʢʞʝ ʘʨʘʛʦʥʠʪʦʤ ʚ ʩʦʩʪʘʚʝ ʨʘʢʦʚʠʥ Planorbidae 

ʠ Ostracoda (ʈʠʩʫʥʦʢ 2 (ʚ). ʇʠʨʠʪ ʚ ʦʩʘʜʢʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʘʢ ʚ ʚʠʜʝ ʬʨʘʤʙʦʠʜʦʚ, ʪʘʢ ʠ 

ʦʪʜʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ (ʈʠʩʫʥʦʢ 2 (ʘ),(ʙ). ʋʩʪʘʚʣʝʥ ʬʘʢʪ ʧʦʚʳʰʝʥʠʷ ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʠ 

ʢʘʣʴʮʠʪʘ ʩ ʛʣʫʙʠʥʦʡ, ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ Mg-CaCO3 ʦʪʤʝʯʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʢʝʨʥʘ 100ï130 

ʩʤ, ʥʘ ʵʪʦʤ ʞʝ ʫʯʘʩʪʢʝ ʧʦʚʳʰʘʝʪʩʷ ʚ ʜʚʘ ʨʘʟʘ ʩʦʜʝʨʞʘʥʠʝ ʚ ʦʩʘʜʢʝ Ca: ʩ 6ï7 % ʜʦ 12ï16 % 

(ʈʠʩʫʥʦʢ 3). ɺʘʣʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Mg ʧʦ ʢʦʣʦʥʢʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʝʛʦ ʪʝʨʨʠʛʝʥʥʳʤ 

ʧʦʩʪʫʧʣʝʥʠʝʤ ʩ ʚʦʜʦʩʙʦʨʥʦʡ ʧʣʦʱʘʜʠ ʦʟʝʨʘ (ʚ ʩʦʩʪʘʚʝ ʩʠʣʠʢʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ) ʠ ʧʨʦʮʝʩʩʘʤʠ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʝʜʠʤʝʥʪʘʮʠʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ (ʈʠʩʫʥʦʢ 3) ð 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ Mg ʧʦ ʢʦʣʦʥʢʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʨʝʤʥʠʷ ʠ ʘʣʶʤʠʥʠʷ. ʊʘʢʞʝ 

ʥʫʞʥʦ ʫʯʝʩʪʴ, ʯʪʦ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʤʘʛʥʠʷ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʢʘʨʙʦʥʘʪʦʚ. ʉʦʜʝʨʞʘʥʠʷ Sr ʧʦ 

ʨʘʟʨʝʟʫ ʚ ʮʝʣʦʤ ʚʳʰʝ ʢʣʘʨʢʦʚʳʭ (340 ʛ/ʪ); ʜʣʷ ʠʥʪʝʨʚʘʣʘ 55ï120 ʩʤ ʦʥʠ ʚʳʰʝ ʚ ʜʚʘ ʨʘʟʘ, ʘ ʜʣʷ 

ʫʯʘʩʪʢʘ 136 ʩʤ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ð 3800 ʛ/ʪ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤ (30%) ʢʦʣʠʯʝʩʪʚʦʤ 

ʘʨʘʛʦʥʠʪʘ ʚ ʵʪʦʤ ʧʨʦʩʣʦʝ (ʈʠʩʫʥʦʢ 1 (ʚ), ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʢʦʚʠʥʘʤʠ ʤʦʣʣʶʩʢʦʚ ʠ 

ʦʩʪʨʘʢʦʜ (ʈʠʩʫʥʦʢ 2 (ʚ). 
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ʈʠʩʫʥʦʢ 1 - ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʨʘʟʥʳʭ ʩʣʦʝʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. ʀʪʢʫʣʴ: (ʘ) ð ʛʣʠʥʠʩʪʳʡ ʤʘʪʝʨʠʘʣ ʩ 

ʦʩʪʘʪʢʘʤʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (10 ʩʤ); (ʙ) ð ʪʝʤʥʳʝ ʦʧʝʩʯʘʥʝʥʳʝ ʛʣʠʥʳ ʩ ʛʫʤʫʩʦʚʳʤʠ ʧʨʦʩʣʦʷʤʠ (120 ʩʤ); (ʚ) ð 

ʩʚʝʪʣʳʝ ʛʣʠʥʳ ʩ ʦʩʪʘʪʢʘʤʠ ʨʘʢʦʚʠʥ ʛʘʩʪʨʦʧʦʜ (136 ʩʤ); (ʛ) ð ʦʧʝʩʯʘʥʝʥʳʝ ʛʣʠʥʳ (150 ʩʤ) 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʘʨʘʛʦʥʠʪʳ ʚ ʩʨʝʜʥʝʤ ʚ 20ï30 ʨʘʟ ʙʦʛʘʯʝ ʩʪʨʦʥʮʠʝʤ, ʯʝʤ ʢʘʣʴʮʠʪʳ, ʪ.ʢ. 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʠʦʥʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ SrCO3 (ʩʪʨʦʥʮʠʘʥʠʪ) = 9 (ʪʘʢ ʞʝ, 

ʢʘʢ ʠ ʫ ʘʨʘʛʦʥʠʪʘ) ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʘʣʴʮʠʪʘ = 6, ʧʦʵʪʦʤʫ ʠʦʥʳ Sr çʣʝʛʯʝè ʟʘʤʝʱʘʶʪ ʠʦʥʳ Ca ʚ 

ʘʨʘʛʦʥʠʪʝ, ʯʝʤ ʚ ʢʘʣʴʮʠʪʝ ð ʩʪʨʦʥʮʠʘʥʠʪ ʠʟʦʩʪʨʫʢʪʫʨʝʥ ʩ ʘʨʘʛʦʥʠʪʦʤ [2]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʷʚʣʷʷʩʴ çʛʝʦʭʠʤʠʯʝʩʢʠʤ ʘʥʘʣʦʛʦʤè Ca ʩʪʨʦʥʮʠʡ ʚʭʦʜʠʪ ʠ ʚ ʩʦʩʪʘʚ ʢʘʨʙʦʥʘʪʦʚ ʦʩʘʜʢʘ ʦʟ. 

ʀʪʢʫʣʴ. ɺ ʮʝʣʦʤ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ Ca ʠ Sr ʚ ʠʥʪʝʨʚʘʣʝ 60ï140 ʩʤ, ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʫʩʣʦʚʠʡ ʚʥʫʪʨʠ ʚʦʜʦʝʤʘ (ʠʟʤʝʥʝʥʠʝ ʢʘʨʙʦʥʘʪʥʦʡ 

ʱʝʣʦʯʥʦʩʪʠ, ʚʝʣʠʯʠʥʳ pH, ʪʝʤʧʝʨʘʪʫʨʳ, ʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʪ.ʜ.). ɺʩʝ ʵʪʦ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʚʦʜʥʳʤ ʙʘʣʘʥʩʦʤ ʦʟʝʨʘ, ʟʘʚʠʩʷʱʠʤ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠ ʫʩʣʦʚʠʡ. ʋʚʝʣʠʯʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʷ Sr/Ca ʚ ʠʥʪʝʨʚʘʣʝ ʢʝʨʥʘ 50ï70 ʩʤ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʚʦʜʥʦ-ʩʦʣʝʚʦʛʦ ʨʝʞʠʤʘ 

ʦʟʝʨʘ, ʚ ʯʘʩʪʥʦʩʪʠ ð ʫʚʝʣʠʯʝʥʠʝ ʩʦʣʝʥʦʩʪʠ ʚʦʜʦʝʤʘ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʝʛʦ ʨʘʟʚʠʪʠʷ. 

 
 

ʈʠʩʫʥʦʢ 2 -ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ (TESCAN MIRA 3 LMU) ʦʩʘʜʢʘ ʦʟ. ʀʪʢʫʣʴ ʠʟ ʠʥʪʝʨʚʘʣʦʚ: 0ï2 ʩʤ (ʘ), 105ï

110 (ʙ) ʠ 136ï138 ʩʤ (ʚ) ʩ ʨʘʢʦʚʠʥʦʡ ʦʩʪʨʘʢʦʜʳ ʨʦʜʘ Cypris: 1 ð ʠʣʴʤʝʥʠʪ, 2 ð ʢʚʘʨʮ, 3 ð ʬʨʘʤʙʦʠʜʳ ʠ 

ʢʨʠʩʪʘʣʣʳ ʧʠʨʠʪʘ, 4 ð ʘʣʶʤʦʩʠʣʠʢʘʪʳ, 5 ð ʢʘʨʙʦʥʘʪʳ: ʢʘʣʴʮʠʪ (ʘ), Mg-CaCO3 (b), ʘʨʘʛʦʥʠʪ (ʩ); 6 ð ʂʇʐ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʘʜʦʢ ʦʟ. ʀʪʢʫʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʝʩʯʘʥʝʥʳʝ ʛʣʠʥʳ ʩ ʟʦʣʴʥʦʩʪʴʶ 

ʜʦ 90 % ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʨʙʦʥʘʪʦʚ ʜʦ 40 %. ɺ ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʧʨʝʦʙʣʘʜʘʶʪ 

ʘʣʶʤʦʩʠʣʠʢʘʪʳ (ʧʣʘʛʠʦʢʣʘʟ, ʩʣʶʜʘ, ʂʇʐ ʠ ʪ.ʜ.), ʢʚʘʨʮ ʠ ʢʘʣʴʮʠʪ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ 

ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʠ. ʅʘʣʠʯʠʝ ʧʠʨʠʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʝ. 
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ʈʠʩʫʥʦʢ 3 - ʇʨʦʬʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʡ SiO2 , Al, Mg, Ca, Sr ʠ ʦʪʥʦʰʝʥʠʝ Sr/Ca ʚ ʦʩʘʜʢʝ ʦʟ. ʀʪʢʫʣʴ 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʀʥʪʝʛʨʘʮʠʦʥʥʦʛʦ 

ʧʨʦʝʢʪʘ ʉʆ ʈɸʅ ˉ 125. 
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ʇ.ɺ. ʄʝʜʚʝʜʝʚ, ʅ.ʀ. ʂʦʥʜʨʘʰʦʚʘ 
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e-mail: kondr@krc.karelia.ru 

 

ʅʘ ʦʩʥʦʚʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʘʤʠ ʨʘʩʩʤʦʪʨʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʢʘʨʙʦʥʘʪʦʥʘʢʦʧʣʝʥʠʷ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʚ ʨʘʟʨʝʟʘʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʚʦʩʪʦʯʥʦʡ 

ʯʘʩʪʠ ʌʝʥʥʦʩʢʘʥʜʠʥʘʚʩʢʦʛʦ ʱʠʪʘ.  ʇʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʬʘʮʠʘʣʴʥʳʭ ʦʙʩʪʘʥʦʚʦʢ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʦʪ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʢ ʤʦʨʩʢʠʤ ʥʘ ʧʨʠʤʝʨʝ ʥʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʛʦ ʨʘʟʨʝʟʘ ʚʝʨʭʥʝʛʦ ʷʪʫʣʠʷ ʚ ʨʘʡʦʥʝ 

ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ. 
 

ʄʥʦʞʝʩʪʚʦ ʧʨʠʟʥʘʢʦʚ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʪʦʣʱʘʭ ʚʝʨʭʥʝʛʦ ʷʪʫʣʠʷ. ʀʟʫʯʝʥʠʝ ʨʘʟʨʝʟʦʚ 

ʦʪʣʦʞʝʥʠʡ ʦʥʝʞʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚʳʷʚʠʣʦ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʫʯʘʩʪʠʷ 
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ʵʚʘʧʦʨʠʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʷʪʫʣʠʡʩʢʦʤ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʝ. ʆʙʱʠʡ ʨʘʟʨʝʟ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʘʛʥʝʟʠʪ-ʩʪʨʦʤʘʪʦʣʠʪ-ʜʦʣʦʤʠʪ-ʢʨʘʩʥʦʮʚʝʪʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʨʦʜ. ʊʝʨʨʠʛʝʥʥʳʝ 

ʢʨʘʩʥʦʮʚʝʪʥʳʝ ʦʪʣʦʞʝʥʠʷ ʨʘʟʚʠʪʳ ʧʦ ʚʩʝʤʫ ʨʘʟʨʝʟʫ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʘʜʢʘʤʠ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʤʠʩʷ ʚ ʪʨʸʭ ʬʘʮʠʘʣʴʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ: 1 - ʨʘʟʚʝʪʚʣʸʥʥʘʷ ʧʨʠʙʨʝʞʥʘʷ ʨʝʯʥʘʷ 

ʩʠʩʪʝʤʘ; 2 - ʟʘʤʢʥʫʪʘʷ ʣʘʛʫʥʘ ʠʣʠ ʙʫʭʪʘ; 3 - ʧʣʘʡʝʚʦʝ ʦʟʝʨʦ [6]. ɺ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʫʩʪʘʥʦʚʣʝʥʦ ʤʘʩʩʦʚʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʩʝʚʜʦʤʦʨʬʦʟ ʢʘʨʙʦʥʘʪʦʚ, ʨʝʞʝ ʜʨʫʛʠʭ 

ʤʠʥʝʨʘʣʦʚ ʧʦ ʛʠʧʩʫ-ʘʥʛʠʜʨʠʪʫ, ʘ ʪʘʢʞʝ ʤʘʛʥʝʟʠʪ ʠ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʜʦʣʦʤʠʪʦʚ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʦ ʧʣʘʩʪʦʚʳʤ ʟʘʣʝʞʘʤ ʛʠʧʩʘ. ʀʤʝʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʛʣʠʧʪʦʤʦʨʬʦʟʳ ʧʦ 

ʩʢʝʣʝʪʥʳʤ ʢʨʠʩʪʘʣʣʘʤ ʛʘʣʠʪʘ. ɹʳʚʰʠʝ ʩʫʣʴʬʘʪʳ ʢʘʣʴʮʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʦʣʦʤʠʪʦʚʳʝ 

ʠʣʠ ʢʨʝʤʥʠʩʪʳʝ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʧʦ ʘʥʛʠʜʨʠʪʫ ʚ ʚʠʜʝ ʝʜʠʥʠʯʥʳʭ ʠʣʠ ʩʜʚʦʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʣʠʙʦ ʚ ʚʠʜʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʥʦʜʫʣʝʡ çʮʳʧʣʷʯʴʝʛʦ ʧʫʭʘè ʠʣʠ ʣʘʤʠʥʠʪʦʚ ʩ ʵʥʪʝʨʦʣʠʪʥʳʤʠ 

ʪʝʢʩʪʫʨʘʤʠ [7]. ʅʝʢʦʪʦʨʳʝ ʙʨʝʢʯʠʠ ʦʙʣʘʜʘʶʪ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʪʣʦʞʝʥʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ 

ʩʦʣʷʥʦʛʦ ʢʘʨʩʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʫʨʝʥʠʷ ʆʥʝʞʩʢʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʩʢʚʘʞʠʥʳ ʧʦʣʫʯʝʥʳ 

ʧʨʷʤʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʦʣʠ ʠ ʛʠʧʩʘ-ʘʥʛʠʜʨʠʪʘ ʚ ʨʘʟʨʝʟʝ ʚʝʨʭʥʝʛʦ ʷʪʫʣʠʷ. 

ʉʢʚʘʞʠʥʘ ʚʩʢʨʳʣʘ ʘʥʛʠʜʨʠʪ-ʤʘʛʥʝʟʠʪʦʚʫʶ ʪʦʣʱʫ ʧʦʨʦʜ ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 300 ʤ ʠ 

ʟʘʣʝʛʘʶʱʫʶ ʧʦʜ ʥʝʡ ʩʦʣʝʥʦʩʥʫʶ, ʩʫʱʝʩʪʚʝʥʥʦ ʛʘʣʠʪʦʚʫʶ, ʪʦʣʱʫ ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 200 ʤ [3]. 

ɹʳʣʳʝ ʩʦʣʝʥʦʩʥʦ-ʛʠʧʩʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʧʦ ʩʘʤʳʤ ʫʤʝʨʝʥʥʳʤ ʦʮʝʥʢʘʤ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʩʦʩʪʘʚʣʷʣʠ 20% ʠ ʙʦʣʝʝ ʦʪ ʦʙʱʝʡ ʤʦʱʥʦʩʪʠ (ʜʦ 800 ʤ) ʚʝʨʭʥʝʷʪʫʣʠʡʩʢʠʭ ʦʩʘʜʢʦʚ, 

ʯʪʦ ʩʦʚʤʝʩʪʥʦ ʩ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʦ ʠʭ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʩʦʣʝʥʦʩʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ 

ʥʘʣʠʯʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʫʣʴʬʘʪʥʳʭ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʵʚʘʧʦʨʠʪʦʚ. ʊʘʢʠʝ ʵʚʘʧʦʨʠʪʳ 

ʦʪʤʝʯʘʶʪ ʧʦʩʣʝʜʩʪʚʠʷ ʩʦʙʳʪʠʡ, ʚʳʟʚʘʚʰʠʭ ʥʘʩʳʱʝʥʠʝ ʢʠʩʣʦʨʦʜʦʤ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʢʦʪʦʨʦʝ ʥʘʯʘʣʦʩʴ ʦʢʦʣʦ 2320 ʤʣʥ. ʣʝʪ ʥʘʟʘʜ, ʦ ʯʸʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʢʨʘʩʥʦʮʚʝʪʥʳʝ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ. 

ʇʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʜʦʣʦʤʠʪʳ ʌʝʥʥʦʩʢʘʥʜʠʥʘʚʩʢʦʛʦ ʱʠʪʘ ʩʦʜʝʨʞʘʪ ʨʘʟʣʠʯʥʳʝ 

ʤʠʢʨʦʙʠʘʣʴʥʳʝ ʧʦʩʪʨʦʡʢʠ, ʥʘʧʨʠʤʝʨ, ʩʪʨʦʤʘʪʦʣʠʪʳ ʠ ʦʥʢʦʣʠʪʳ. ʅʝʨʝʜʢʦ ʵʪʠ ʧʦʩʪʨʦʡʢʠ 

ʠʤʝʶʪ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʡ ʭʘʨʘʢʪʝʨ, ʩʣʘʛʘʷ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʝ ʠ ʦʥʢʦʣʠʪʦʚʳʝ ʜʦʣʦʤʠʪʳ. ʏʘʱʝ 

ʚʩʝʛʦ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʝ ʧʦʩʪʨʦʡʢʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʦʨʦʜʝ ʧʦʩʣʦʡʥʦ, ʥʦ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴ ʠ 

ʣʠʥʟʦʦʙʨʘʟʥʳʝ ʙʠʦʩʪʨʦʤʳ ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ ʜʦ 3 ʤ ʠ ʪʦʣʱʠʥʦʡ ʜʦ 1 ʤ. ʄʦʨʬʦʣʦʛʠʷ 

ʩʪʨʦʤʘʪʦʣʠʪʦʚ ʚʘʨʴʠʨʫʝʪ ʦʪ ʧʣʘʩʪʦʚʦʡ ʠ ʞʝʣʚʘʢʦʚʦʡ ʜʦ ʩʪʦʣʙʯʘʪʦʡ ʩ ʚʳʩʦʪʦʡ ʦʪʜʝʣʴʥʳʭ 

ʩʪʦʣʙʦʚ ʜʦ 1 ʤ ʠ ʜʠʘʤʝʪʨʦʤ ʜʦ 30 ʩʤ. ɺʩʪʨʝʯʘʶʪʩʷ ʩʪʦʣʙʯʘʪʳʝ ʧʦʩʪʨʦʡʢʠ ʩ ʘʢʪʠʚʥʳʤ 

ʚʝʪʚʣʝʥʠʝʤ. ɺ ʆʥʝʞʩʢʦʤ ʧʘʣʝʦʙʘʩʩʝʡʥʝ ʦʧʠʩʘʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʙʨʫʩʢʦʚʠʜʥʳʝ ʩʪʨʦʤʘʪʦʣʠʪʳ, 

ʦʙʨʘʟʫʶʱʠʝ ʚʳʪʷʥʫʪʳʝ ʚ ʧʣʘʥʝ ʧʦʩʪʨʦʡʢʠ [1]. ɿʜʝʩʴ ʞʝ, ʘ ʪʘʢʞʝ ʥʘ ʂʦʣʴʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ 

(ʇʝʯʝʥʛʘ, ʀʤʘʥʜʨʘ-ɺʘʨʟʫʛʘ) ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʧʦʣʴʟʫʶʪʩʷ ʩʪʦʣʙʯʘʪʳʝ ʧʦʩʪʨʦʡʢʠ 

ʩʘʥʪʠʤʝʪʨʦʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ï ʤʠʥʠʩʪʨʦʤʘʪʦʣʠʪʳ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʚʳʰʝ ʧʨʠʣʠʚʥʦ-ʦʪʣʠʚʥʦʡ 

ʟʦʥʳ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʨʘʟʤʝʨʘʤ, ʤʠʥʠʩʪʨʦʤʘʪʦʣʠʪʳ ʙʝʟ ʪʨʫʜʘ ʨʘʩʧʦʟʥʘʶʪʩʷ ʜʘʞʝ ʚ ʢʝʨʥʝ 
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ʙʫʨʦʚʳʭ ʩʢʚʘʞʠʥ [2]. ɺ ʨʘʟʨʝʟʘʭ ʢʘʨʙʦʥʘʪʥʳʭ ʪʦʣʱ ʆʥʝʞʩʢʦʛʦ ʧʘʣʝʦʙʘʩʩʝʡʥʘ ʚ ʂʘʨʝʣʠʠ, 

ʩʣʘʥʮʝʚʦʛʦ ʧʦʷʩʘ ʇʝʨʝʧʦʭʴʷ ʚ ʌʠʥʣʷʥʜʠʠ ʠ ʧʦʷʩʘ ʂʘʣʠʢʩ ʚ ʐʚʝʮʠʠ ʥʝʨʝʜʢʦ ʥʘʙʣʶʜʘʶʪʩʷ 

ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʝ ʨʠʪʤʳ ʩ ʟʘʢʦʥʦʤʝʨʥʳʤ ʯʝʨʝʜʦʚʘʥʠʝʤ ʧʦʩʪʨʦʝʢ ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʠ [5]. 

ʕʪʠ ʨʠʪʤʳ ʦʙʫʩʣʦʚʣʝʥʳ ʠʟʤʝʥʝʥʠʷʤʠ ʫʩʣʦʚʠʡ ʢʘʨʙʦʥʘʪʦʥʘʢʦʧʣʝʥʠʷ (ʥʘʧʨʠʤʝʨ, 

ʪʨʘʥʩʛʨʝʩʩʠʚʥʦ-ʨʝʛʨʝʩʩʠʚʥʳʝ ʮʠʢʣʳ) ʠ ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʩʪʨʦʤʘʪʦʣʠʪʦʙʨʘʟʫʶʱʠʭ ʤʠʢʨʦʙʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ. ɺʩʸ ʵʪʦ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, 

ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʤʦʨʬʦʣʦʛʠʠ ʧʦʩʪʨʦʝʢ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘ ʘʢʪʫʘʣʠʩʪʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ ʭʝʤʦʛʝʥʥʦʛʦ ʢʘʨʙʦʥʘʪʥʦʛʦ ʦʩʘʜʢʘ ʜʦʣʦʤʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʮʠʘʥʦʙʘʢʪʝʨʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 

ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʠʢʨʦʙʠʘʣʴʥʳʭ ʤʘʪʦʚ [4, 10]. ʀʩʢʦʧʘʝʤʳʝ ʩʣʝʜʳ ʤʠʢʨʦʙʠʘʣʴʥʳʭ 

ʩʦʦʙʱʝʩʪʚ ʚ ʚʠʜʝ ʬʦʩʩʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʤʝʞʢʣʝʪʦʯʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ - ʛʣʠʢʦʢʘʣʠʢʩʘ 

ʥʘʤʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʩʪʨʦʤʘʪʦʣʠʪʘʭ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʠʡ ʚ ʩʦʩʪʘʚʝ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʭ ʧʦʩʪʨʦʝʢ ʠ ʚʤʝʱʘʶʱʝʡ ʧʦʨʦʜʳ, 

ʘ ʪʘʢʞʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚʥʫʪʨʠ ʩʪʨʦʤʘʪʦʣʠʪʦʚ ʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʪʣʠʯʠʡ ʙʠʦʛʝʥʥʳʭ ʠ ʭʝʤʦʛʝʥʥʳʭ ʥʘʩʣʦʝʥʠʡ ʧʨʦʚʝʜʝʥʦ ʧʨʝʮʠʟʠʦʥʥʦʝ 

ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʤʝʪʦʜʦʤ LA ICP- MS. ʋʩʪʘʥʦʚʣʝʥʳ ʰʠʨʦʢʠʝ ʚʘʨʠʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʥʫʪʨʝʥʥʝʡ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴʶ ʧʦʩʪʨʦʝʢ. ɼʣʷ 

ʤʥʦʛʠʭ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʝʥʘ ʨʘʟʥʦʧʦʨʷʜʢʦʚʘʷ ʮʠʢʣʠʯʥʦʩʪʴ, ʦʪʨʘʞʘʶʱʘʷʩʷ ʚ ʨʘʟʥʦʡ ʜʣʠʥʝ 

ʰʘʛʘ ʤʝʞʜʫ ʧʠʢʘʤʠ ʥʘ ʚʘʨʠʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ. ɺʳʷʚʣʝʥʳ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ HFSE - Zr, Ti, Y, Nb, La, Th ʠ U, ʘ ʪʘʢʞʝ ʫ ʮʠʨʢʦʥʠʷ c Ge, Cd, Sb, Bi, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʦʪʨʘʞʘʪʴ ʢʦʥʪʘʤʠʥʘʮʠʶ ʭʝʤʦʛʝʥʥʦʛʦ ʢʘʨʙʦʥʘʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʢʠʩʣʦʢʦʨʦʚʳʤ ʠ 

ʵʢʩʛʘʣʷʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʕʢʩʛʘʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʩʪʫʧʘʣ ʚ ʙʘʩʩʝʡʥ, ʥʘ ʯʪʦ 

ʫʢʘʟʳʚʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ ʝʚʨʦʧʠʷ, ʩʘʤʘʨʠʷ, ʘʥʦʤʘʣʠʠ ʠʪʪʝʨʙʠʷ. ʆʜʥʘʢʦ 

ʧʦʩʪʫʧʣʝʥʠʝ ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʪʝʨʤʘʣʴʥʳʤʠ ʚʦʜʘʤʠ ʙʳʣʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ. ʅʘ ʫʩʚʦʝʥʠʝ 

ʩʪʨʦʤʘʪʦʣʠʪʘʤʠ ʪʘʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʫʢʘʟʳʚʘʝʪ ʠ çʧʠʣʦʦʙʨʘʟʥʘʷè ʬʦʨʤʘ ʩʧʝʢʪʨʦʚ, ʯʝʨʝʜʦʚʘʥʠʝ 

ʨʘʟʥʦʟʥʘʢʦʚʳʭ ʘʥʦʤʘʣʠʡ ʦʪʜʝʣʴʥʳʭ ʣʘʥʪʘʥʦʠʜʦʚ. ʋʩʣʦʚʠʷ ʨʦʩʪʘ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʭ ʧʦʩʪʨʦʝʢ 

ʙʳʣʠ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ  ʧʝʨʝʭʦʜʘ ʦʪ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʢ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʦʙʩʪʘʥʦʚʢʘʤ ʥʘ ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʘʥʦʤʘʣʠʠ ʮʝʨʠʷ. ɺʦʟʤʦʞʥʦ, ʧʨʦʠʩʭʦʜʠʣʦ ʫʩʠʣʝʥʠʝ 

ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʙʘʩʩʝʡʥ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʫʰʝʥʠʷ ʩ ʙʦʨʪʦʚʳʭ ʦʙʣʘʩʪʝʡ ʙʘʩʩʝʡʥʘ, ʣʠʙʦ 

ʧʦʩʪʫʧʣʝʥʠʷ ʵʢʩʛʘʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʤʦʛ ʚʳʟʳʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ. ʇʨʝʮʠʟʠʦʥʥʳʡ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʦʪʜʝʣʴʥʳʭ 

ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʭ ʥʘʩʣʦʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʫʩʣʦʚʠʷ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠ 

ʧʘʣʝʦʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʨʝʜʫ ʙʘʩʩʝʡʥʘ, ʛʜʝ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʤʠʢʨʦʙʠʘʣʴʥʳʝ ʧʦʩʪʨʦʡʢʠ. 

ʇʨʠ ʬʘʮʠʘʣʴʥʦʤ ʘʥʘʣʠʟʝ ʥʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʛʦ ʨʘʟʨʝʟʘ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʭ 

ʢʘʨʙʦʥʘʪʥʳʭ ʪʦʣʱ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʌʝʥʥʦʩʢʘʥʜʠʥʘʚʩʢʦʛʦ ʱʠʪʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʨʘʡʦʥʝ 
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ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ, ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʦʙʱʘʷ ʪʝʥʜʝʥʮʠʷ ʚʦʟʨʘʩʪʘʥʠʷ ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ ʩʪʝʧʝʥʠ 

çʤʦʨʠʩʪʦʩʪʠè ʦʪʣʦʞʝʥʠʡ ʧʨʠ ʩʣʦʞʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʠ ʤʦʨʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ [8]. ʃʠʪʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ  

ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʘʥʘʣʠʟʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʠʭ ʠ ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʘʨʙʦʥʘʪʥʳʭ 

ʧʦʨʦʜʘʭ, ʘ ʪʘʢ ʞʝ ʜʘʥʥʳʤʠ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʠʟʦʪʦʧʦʚ ʩʪʨʦʥʮʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʩʧʝʢʪʨʳ REE 

ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʚʫʣʢʘʥʠʟʤʘ ʥʘ ʢʘʨʙʦʥʘʪʦʥʘʢʦʧʣʝʥʠʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʜʝʨʞʘʥʦ ʛʨʘʥʪʘʤʠ ʈʌʌʀ(15-05-08705) ʠ ʇʝʪʨʦʟʘʚʦʜʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʚʦʨʦʙʴʝʚʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʶʛʦ-ʚʦʩʪʦʢʘ ɺʦʨʦʥʝʞʩʢʦʡ ʘʥʪʝʢʣʠʟʳ, 

ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʨʘʟʨʝʟʘʭ ʠ ʧʦ ʧʣʦʱʘʜʠ ʤʝʪʦʜʦʤ ʬʘʮʠʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʩʪʨʦʝʥʘ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʘʷ ʢʘʨʪʘ 

ʚʦʨʦʙʴʝʚʩʢʦʛʦ ʚʨʝʤʝʥʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʨʦʙʴʝʚʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʧʨʠʙʨʝʞʥʦ-

ʤʦʨʩʢʠʭ ʠ ʤʝʣʢʦʚʦʜʥʦ-ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚʦʜʦʝʤʘ ʥʦʨʤʘʣʴʥʦʡ ʩʦʣʝʥʦʩʪʠ ʩʦ ʩʣʘʙʦʡ ʠ ʩʨʝʜʥʝʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ. 

 

ʀʩʩʣʝʜʫʝʤʘʷ ʪʝʨʨʠʪʦʨʠʷ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɺʦʨʦʥʝʞʩʢʦʡ ʘʥʪʝʢʣʠʟʳ, 

ʛʜʝ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʚʦʨʦʙʴʝʚʩʢʠʝ ʦʪʣʦʞʝʥʠʷ, ʩ ʨʘʟʤʳʚʦʤ ʟʘʣʝʛʘʶʱʠʝ ʥʘ ʧʦʨʦʜʘʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʠʣʠ ʧʝʩʯʘʥʠʢʘʭ, ʠʟʚʝʩʪʥʷʢʘʭ ʠ ʛʣʠʥʘʭ ʤʦʩʦʣʦʚʩʢʦʡ ʠ 

ʯʝʨʥʦʷʨʩʢʦʡ ʩʚʠʪ. ʇʨʦʚʝʜʝʥʠʝ ʞʝ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʧʦ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʩ 

ʘʨʜʘʪʦʚʩʢʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʢʨʘʡʥʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ ʧʦʩʣʝʜʥʠʝ ʩʦʛʣʘʩʥʦ ʟʘʣʝʛʘʶʪ 

ʥʘ ʚʦʨʦʙʴʝʚʩʢʠʭ. ʕʪʘ ʛʨʘʥʠʮʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʷʤ, ʚʟʷʪʳʤ ʠʟ 

ʛʝʦʣʦʛʦ-ʩʲʝʤʦʯʥʳʭ ʦʪʯʝʪʦʚ.  

ɺʦʨʦʙʴʸʚʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʬʦʨʤʠʨʦʚʘʣʠʩʴ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʟʘ ʩʯʝʪ ʨʘʟʤʳʚʘ ʢʦʨ 

ʚʳʚʝʪʨʠʚʘʥʠʷ [5] ʠ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʚʪʦʨʠʯʥʳʝ ʦʨʝʦʣʳ ʨʘʩʩʝʠʚʘʥʠʷ ʦʪ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʬʫʥʜʘʤʝʥʪʝ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʤʝʜʥʦ-ʥʠʢʝʣʝʚʳʭ. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʚʦʨʦʙʴʸʚʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ, ʧʦʩʢʦʣʴʢʫ ʧʦʚʳʰʝʥʥʳʝ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʠʭ ʤʝʪʘʣʣʦʚ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʧʦʠʩʢʦʚʳʤ ʧʨʠʟʥʘʢʦʤ ʜʣʷ ʢʦʨʝʥʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʆʪʣʦʞʝʥʠʷ ʚʦʨʦʙʴʝʚʩʢʦʡ ʩʚʠʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠʟʫʯʘʣʠʩʴ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʛʝʦʣʦʛʦ-ʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ ʤʘʩʰʪʘʙʘ 1 : 50 000 ʠ 1 : 200 000. ʀʤʝʶʪʩʷ ʪʘʢʞʝ 

ʬʘʮʠʘʣʴʥʳʝ ʢʘʨʪʳ ʤʘʩʰʪʘʙʘ 1: 500 000 [3], ʥʘ ʢʦʪʦʨʳʭ ʚʳʜʝʣʝʥʦ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʬʘʮʠʘʣʴʥʳʭ ʟʦʥ. ɸʚʪʦʨ ʧʝʨʝʰʝʣ ʢ ʩʦʩʪʘʚʣʝʥʠʶ ʙʦʣʝʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ 

ʬʘʮʠʘʣʴʥʳʭ ʢʘʨʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚʦʨʦʙʴʸʚʩʢʦʛʦ ʚʨʝʤʝʥʠ [2], ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʩʦʟʜʘʥʠʷ, ʚ ʧʦʩʣʝʜʫʶʱʝʤ, 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʜʣʷ ʧʦʠʩʢʦʚ ʦʩʘʜʦʯʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʠʷ 

ʚʪʦʨʠʯʥʳʭ ʦʨʝʦʣʦʚ ʨʘʩʩʝʷʥʠʷ ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʬʫʥʜʘʤʝʥʪʝ. 

ɺʦʨʦʙʴʝʚʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʨʘʟʚʠʪʳ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʘ ʝʛʦ 

ʶʛʦ-ʟʘʧʘʜʥʘʷ ʥʝʨʦʚʥʘʷ ʛʨʘʥʠʮʘ ʚʳʢʣʠʥʠʚʘʥʠʷ ʧʨʦʭʦʜʠʪ ʧʦ ʣʠʥʠʠ ʆʩʪʨʦʛʦʞʩʢ-ʈʦʩʩʦʰʴ-

ʇʘʚʣʦʚʩʢ-ɹʦʛʫʯʘʨ. ɻʦʨʠʟʦʥʪ ʩʣʦʞʝʥ ʧʝʩʯʘʥʦ- ʛʣʠʥʠʩʪʳʤʠ ʧʦʨʦʜʘʤʠ ʩ ʪʦʥʢʠʤʠ ʧʨʦʩʣʦʷʤʠ 

ʠʟʚʝʩʪʥʷʢʦʚ, ʝʛʦ ʤʦʱʥʦʩʪʴ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0 ʫ ʛʨʘʥʠʮʳ ʚʳʢʣʠʥʠʚʘʥʠʷ ʜʦ 35 ʤ ʥʘ ʩʝʚʝʨʦ-
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ʚʦʩʪʦʢʝ. [6]. ɻʣʠʥʳ ʥʝʨʝʜʢʦ ʩʠʜʝʨʠʪʠʟʠʨʦʚʘʥʳ, ʤʝʩʪʘʤʠ ʧʝʩʪʨʦʮʚʝʪʥʳʝ, ʩʦʜʝʨʞʘʪ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ. ʇʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʛʣʠʥʳ ʧʦʜʩʪʠʣʘʶʪʩʷ 

ʧʘʯʢʦʡ ʧʝʩʢʦʚ ʠ ʧʝʩʯʘʥʠʢʦʚ, ʤʦʱʥʦʩʪʴʶ ʜʦ 15 ʤ. ɼʘʥʥʘʷ ʧʘʯʢʘ ʙʳʣʘ ʚʳʜʝʣʝʥʘ ɸ.ʀ. ʃʷʰʝʥʢʦ 

ʚ ʨʘʥʛʝ ʦʣʴʭʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʩ ʦʧʦʨʥʳʤ ʨʘʟʨʝʟʦʤ ʫ ʩ. ʆʣʴʭʦʚʢʘ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [4] ʩʯʠʪʘʶʪ, ʯʪʦ ʦʣʴʭʦʚʩʢʠʝ ʩʣʦʠ ʷʚʣʷʶʪʩʷ ʙʘʟʘʣʴʥʦʡ ʯʘʩʪʴʶ ʚʦʨʦʙʴʝʚʩʢʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʠ ʦʙʨʘʟʫʶʪ ʩ ʥʠʤ ʝʜʠʥʳʡ ʨʠʪʤ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. 

ʅʘ ʬʘʮʠʘʣʴʥʦʡ ʢʘʨʪʝ ʚʦʨʦʙʴʝʚʩʢʦʛʦ ʚʨʝʤʝʥʠ (ʈʠʩʫʥʦʢ 1) ʚʳʜʝʣʷʝʪʩʷ ʨʷʜ ʟʦʥ 

ʧʨʠʙʨʝʞʥʦʡ ʠ ʤʝʣʢʦʚʦʜʥʦ-ʤʦʨʩʢʦʡ ʯʘʩʪʝʡ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. ʅʘ ʚʦʩʪʦʢʝ ʨʘʩʧʦʣʦʞʝʥʘ 

ʤʝʣʢʦʚʦʜʥʦ-ʤʦʨʩʢʘʷ, ʩʦ ʩʣʘʙʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʥʘʠʙʦʣʝʝ 

"ʤʦʨʠʩʪʘʷ" ʬʘʮʠʘʣʴʥʘʷ ʟʦʥʘ (IIɸ), ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʘʨʛʠʣʣʠʪʦʧʦʜʦʙʥʳʤʠ ʛʣʠʥʘʤʠ, 

ʬʦʨʤʠʨʦʚʘʚʰʠʤʠʩʷ ʚ ʫʩʣʦʚʠʷʭ ʩʧʦʢʦʡʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʠʞʝ ʠʣʦʚʦʡ 

ʣʠʥʠʠ.  

ɿʘʧʘʜʥʝʝ ʨʘʩʧʦʣʦʞʝʥʘ ʬʘʮʠʘʣʴʥʘʷ ʟʦʥʘ (III ɹ-II ɸ), ʚ ʨʘʟʨʝʟʝ ʢʦʪʦʨʦʡ ʟʘʤʝʪʥʫʶ ʨʦʣʴ 

ʥʘʯʠʥʘʶʪ ʠʛʨʘʪʴ ʧʝʩʯʘʥʠʩʪʳʝ ʧʦʨʦʜʳ. ʅʠʞʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʩʣʦʞʝʥʘ ʧʝʩʢʘʤʠ ʩ ʪʦʥʢʠʤʠ 

ʧʨʦʩʣʦʷʤʠ ʛʣʠʥ ʠ ʧʝʩʯʘʥʠʢʦʚ (ʦʣʴʭʦʚʩʢʠʝ ʩʣʦʠ). ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʘʨʛʠʣʣʠʪʦʧʦʜʦʙʥʳʤʠ ʛʣʠʥʘʤʠ, ʛʦʣʫʙʦʚʘʪʦ ʠ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʤʠ, ʩʣʘʙʦ ʠʟʚʝʩʪʢʦʚʠʩʪʳʤʠ, 

ʧʣʠʪʯʘʪʳʤʠ, ʩ ʨʘʢʦʚʠʩʪʳʤ ʠʟʣʦʤʦʤ, ʩ ʬʘʫʥʦʡ ʙʨʘʭʠʦʧʦʜ. ʆʙʠʣʠʝ ʬʘʫʥʳ ʧʨʠʫʨʦʯʝʥʦ ʢ ʩʠʣʴʥʦ 

ʢʘʨʙʦʥʘʪʥʳʤ ʨʘʟʥʦʩʪʷʤ.  

ɿʘʧʘʜʥʝʝ ʬʘʮʠʘʣʴʥʦʡ ʟʦʥʳ (III ɹ-II ɸ) ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʟʦʥʘ (III ɸ), ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʘʷ 

ʥʦʨʤʘʣʴʥʦʡ ʩʦʣʝʥʦʩʪʠ ʩʦ ʩʣʘʙʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ. ʕʪʘ ʟʦʥʘ 

ʚʳʪʷʥʫʪʘ ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ. ʈʘʟʨʝʟ ʚ ʥʝʡ ʩʣʦʞʝʥ ʘʨʛʠʣʣʠʪʦʧʦʜʦʙʥʳʤʠ ʛʣʠʥʘʤʠ 

ʛʦʣʫʙʦʚʘʪʦ- ʠ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʤʠ, ʠʥʦʛʜʘ ʪʝʤʥʦ-ʩʝʨʳʤʠ, ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʘʣʝʚʨʠʪʠʩʪʳʤʠ. 

ʅʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʩʧʦʣʦʞʝʥʘ ʬʘʮʠʘʣʴʥʘʷ ʟʦʥʘ (III ɹ-III ɸ). 

ʆʩʥʦʚʘʥʠʝ ʨʘʟʨʝʟʘ ʩʣʦʞʝʥʦ ʧʝʩʢʘʤʠ ʠ ʧʝʩʯʘʥʠʢʘʤʠ ʩʝʨʦʛʦ ʠ ʩʚʝʪʣʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ, ʢʚʘʨʮʝʚʦ-

ʩʣʶʜʠʩʪʳʝ, ʪʦʥʢʦ-ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ (ʜʦ ʨʘʟʥʦʟʝʨʥʠʩʪʳʭ) ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ. ɺʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ 

ʠʜʫʪ ʘʨʛʠʣʣʠʪʦʧʦʜʦʙʥʳʝ ʛʣʠʥʳ ʛʦʣʫʙʦʚʘʪʦ-ʩʝʨʦʡ, ʩʝʨʦ-ʟʝʣʝʥʦʡ ʠ ʟʝʣʝʥʦ-ʩʝʨʦʡ ʦʢʨʘʩʢʠ, 

ʪʦʥʢʦʧʣʠʪʯʘʪʳʝ, ʠʥʦʛʜʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʳʝ, ʩ ʧʦʣʫʨʘʢʦʚʠʩʪʳʤ ʠʟʣʦʤʦʤ, ʩʦ ʩʪʷʞʝʥʠʷʤʠ 

ʤʘʨʢʘʟʠʪʘ, ʩ ʬʘʫʥʦʡ ʙʨʘʭʠʦʧʦʜ ʠ ʤʝʣʢʠʤʠ ʫʛʣʝʬʠʮʠʨʦʚʘʥʥʳʤʠ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʦʩʪʘʪʢʘʤʠ. 

ʄʦʱʥʦʩʪʴ ʛʣʠʥ ʩʦʩʪʘʚʣʷʝʪ 4ī6 ʤ. 

ʋ ʛʨʘʥʠʮʳ ʨʘʟʤʳʚʘ, ʩʝʚʝʨʥʝʝ ʛ. ʇʘʚʣʦʚʩʢʘ, ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʬʘʮʠʘʣʴʥʘʷ ʟʦʥʘ (IIIA -III ɹ-

IIIA ). ɽʝ ʨʘʟʨʝʟ ʧʨʝʜʩʪʘʚʣʝʥ ʩʝʨʳʤʠ ʠ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʤʠ ʦʨʛʘʥʦʛʝʥʥʦ-ʜʝʪʨʠʪʫʩʦʚʳʤʠ, 

ʛʣʠʥʠʩʪʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ, ʨʘʟʜʝʣʝʥʥʳʤʠ ʥʘ 2 ʧʣʘʩʪʘ ʧʨʦʩʣʦʝʤ ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 0,5 ʤ 

ʩʚʝʪʣʦ-ʩʝʨʦʛʦ, ʥʝʨʘʚʥʦʤʝʨʥʦ-ʟʝʨʥʠʩʪʦʛʦ ʧʝʩʯʘʥʠʢʘ. ɺ ʧʝʩʯʘʥʠʢʘʭ ʠ ʠʟʚʝʩʪʥʷʢʘʭ ʚʩʪʨʝʯʘʶʪʩʷ 

ʪʦʥʢʠʝ ʧʨʦʩʣʦʠ ʛʣʠʥ, ʘ ʚ ʠʟʚʝʩʪʥʷʢʘʭ ï ʦʙʠʣʴʥʘʷ ʬʘʫʥʘ: ʙʨʘʭʠʦʧʦʜ, ʦʩʪʨʘʢʦʜ, ʢʦʨʘʣʣʦʚ ʠ 

ʯʣʝʥʠʢʠ ʢʨʠʥʦʠʜʝʡ. 
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ɺʜʦʣʴ ʛʨʘʥʠʮʳ ʨʘʟʤʳʚʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʨʷʜ ʟʦʥ (III ɹ), ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʧʨʠʙʨʝʞʥʦ-

ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩʦ ʩʨʝʜʥʝʡ ʛʠʜʨʦʜʠʥʘʤʠʢʦʡ ʩʨʝʜʳ. ʈʘʟʨʝʟ ʵʪʠʭ ʟʦʥ ʩʣʦʞʝʥ ʧʝʩʢʘʤʠ ʠ 

ʧʝʩʯʘʥʠʢʘʤʠ ʩ ʢʘʨʙʦʥʘʪʥʦ-ʛʣʠʥʠʩʪʳʤ ʮʝʤʝʥʪʦʤ, ʩ ʭʘʨʘʢʪʝʨʥʦʡ ʛʨʘʥʘʪ-ʩʪʘʚʨʦʣʠʪ-

ʪʫʨʤʘʣʠʥʦʚʦʡ ʘʩʩʦʮʠʘʮʠʝʡ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʨʝʜʢʠʤʠ ʢʦʥʢʨʝʮʠʷʤʠ ʤʘʨʢʘʟʠʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʨʦʙʴʝʚʩʢʦʝ ʚʨʝʤʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʣʢʦʚʦʜʥʦ-

ʤʦʨʩʢʠʤ ʠ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʤ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝʤ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʪʝʨʨʠʛʝʥʥʳʤ, ʚ ʨʘʟʥʦʡ 

ʩʪʝʧʝʥʠ ʨʘʟʙʘʚʣʝʥʥʳʤ ʢʘʨʙʦʥʘʪʥʳʤ. ʍʘʨʘʢʪʝʨ ʦʩʘʜʢʦʚ ʩʚʠʪʳ ʠ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʜʦʣʞʝʥʠʠ ʤʦʨʩʢʦʡ ʪʨʘʥʩʛʨʝʩʩʠʠ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ 

ʚʦʨʦʙʴʝʚʩʢʦʝ ʚʨʝʤʷ. ʅʘʣʠʯʠʝ ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʦʡ ʪʦʣʱʠ ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ 

ʛʠʜʨʦʩʣʶʜʠʩʪʦ-ʢʘʦʣʠʥʠʪʦʚʳʡ ʩʦʩʪʘʚ ʛʣʠʥ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʣʠʟʦʩʪʠ ʩʫʰʠ, ʩʫʱʝʩʪʚʦʚʘʚʰʝʡ 

ʜʦʚʦʣʴʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʠ ʧʦʩʪʘʚʣʷʶʱʝʡ ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ ʪʝʨʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

[1]. 

ʆʙʠʣʠʝ ʬʘʫʥʳ ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦ ʙʣʘʛʦʧʨʠʷʪʥʦʤ ʛʘʟʦʚʦʤ ʨʝʞʠʤʝ ʠ ʥʦʨʤʘʣʴʥʦʡ 

ʩʦʣʝʥʦʩʪʠ ʚʦʜ ʚʦʨʦʙʴʝʚʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. çʄʦʨʠʩʪʦʩʪʴè ʦʪʣʦʞʝʥʠʡ ʥʘʨʘʩʪʘʣʘ ʩ ʟʘʧʘʜʘ ʥʘ 

ʚʦʩʪʦʢ, ʘ ʠʩʪʦʯʥʠʢʠ ʩʥʦʩʘ, ʩʫʜʷ ʧʦ ʬʘʮʠʘʣʴʥʦʡ ʢʘʨʪʝ, ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘ ʶʛʝ ʠ ʶʛʦ-ʟʘʧʘʜʝ 

ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ.  
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ʀɿʄɽʅɽʅʀɽ ʀʅʊɽʅʉʀɺʅʆʉʊʀ ʕʂɿʆɻɽʅʅʓʍ ɻɽʆʃʆɻʀʏɽʉʂʀʍ 

ʇʈʆʎɽʉʉʆɺ ʅɸ ʄʋʈʄɸʅʉʂʆʄ ʇʆɹɽʈɽɾʔɽ 

ʄ.ɺ. ʄʠʪʷʝʚ, ʄ.ɺ. ɻʝʨʘʩʠʤʦʚʘ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʄʫʨʤʘʥʩʢʠʡ ʤʦʨʩʢʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʂʅʎ ʈɸʅ, ʄʫʨʤʘʥʩʢ, e-mail: mityaev@mmbi.info 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʷʪʥʘʜʮʘʪʠʣʝʪʥʠʭ (1997-2013 ʛʛ.) ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʚʨʝʤʝʥʥʳʭ 

ʵʢʟʦʛʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʥʘ ʄʫʨʤʘʥʩʢʦʤ 

ʧʦʙʝʨʝʞʴʝ. ʇʦʢʘʟʘʥʘ ʩʚʷʟʴ ʠʟʤʝʥʝʥʠʷ ʜʝʥʫʜʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʙʝʨʝʞʴʷ ʦʪ ʢʣʠʤʘʪʘ ʠ ʩʝʡʩʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʛʨʘʥʠʮʝ ʰʝʣʴʬʘ ʠ ʧʦʙʝʨʝʞʴʷ. 

 

ɺʩʝ ʵʢʟʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʄʫʨʤʘʥʩʢʦʤ ʧʦʙʝʨʝʞʴʝ, ʥʝ ʥʦʩʷʪ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʧʨʦʪʝʢʘʶʪ ʮʠʢʣʠʯʥʦ. ʇʝʨʠʦʜʳ ʫʚʝʣʠʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʜʝʥʫʜʘʮʠʠ ʩʤʝʥʷʶʪʩʷ ʵʪʘʧʘʤʠ ʩʪʘʙʠʣʠʟʘʮʠʠ (ʠʣʠ ʦʩʣʘʙʣʝʥʠʷ) ʜʝʥʫʜʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʦʙʲʝʤʝ ʠ ʤʘʩʩʝ ʦʩʘʜʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʙʘʩʩʝʡʥ 

ʩʝʜʠʤʝʥʪʘʮʠʠ. ʉ 1997 ʛ. ʧʦ 2013 ʛ. ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʮʠʢʣʘ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʵʢʟʦʛʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʈʠʩʫʥʦʢ 1). ʇʝʨʚʳʡ ʮʠʢʣ (1997-2004 ʛʛ.) ï ʤʘʣʘʷ 

(ʦʪʥʦʩʠʪʝʣʴʥʦ) ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʝʥʫʜʘʮʠʠ ʠ ʥʝʙʦʣʴʰʦʝ (ʦʪʥʦʩʠʪʝʣʴʥʦ) ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ, 

ʘʢʢʫʤʫʣʠʨʫʝʤʦʝ ʚ ʟʘʣʠʚʘʭ. ɺʪʦʨʦʡ ʮʠʢʣ (2005-2013 ʛʛ.) ï ʫʚʝʣʠʯʝʥʠʝ ʜʝʥʫʜʘʮʠʦʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʦʙʲʝʤʘ ʘʢʢʫʤʫʣʠʨʫʝʤʦʛʦ ʚ ʟʘʣʠʚʘʭ ʚʝʱʝʩʪʚʘ. ʏʝʤ ʞʝ ʙʳʣʠ ʚʳʟʚʘʥʳ ʠʟʤʝʥʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʢʟʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ? ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʟʤʝʥʝʥʠʷʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ (ʨʠʩ. 2). ʊʘʢ ʚ ʧʝʨʠʦʜ 1997-2004 ʛʛ. ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ 

ʩʦʩʪʘʚʣʷʣʘ 0.9Üʉ, ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ 7.0 ʤ/ʩ (ʚ ʪʝʯʝʥʠʝ ʧʷʪʠ ʣʝʪ (1998-2002 ʛʛ.) 

ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʥʝ ʧʨʝʚʳʰʘʣʘ 6.5 ʤ/ʩ), ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʣʠ ʚʝʪʨʘ ʟʘʧʘʜʥʦʛʦ, ʶʛʦ-

ʟʘʧʘʜʥʦʛʦ ʠ ʶʞʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʩʨʝʜʥʝʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ 609 ʤʤ, 

ʩʨʝʜʥʝʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʦʚ ʩʦʣʥʝʯʥʦʛʦ ʩʠʷʥʠʷ 910. 

ɺ ʧʝʨʠʦʜ 2005-2013 ʛʛ. ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ ʫʚʝʣʠʯʠʣʘʩʴ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ 

ʠ ʩʦʩʪʘʚʠʣʘ 1.4Üʉ, ʨʝʟʢʦ ʩʦʢʨʘʪʠʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ (ʚ ʩʨʝʜʥʝʤ ʜʦ 506 ʤʤ 

ʚ ʛʦʜ) ʠ ʯʘʩʦʚ ʩʦʣʥʝʯʥʦʛʦ ʩʠʷʥʠʷ (ʚ ʩʨʝʜʥʝʤ ʜʦ 610 ʯʘʩʦʚ ʚ ʛʦʜ), ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ 

ʠʟʤʝʥʠʣʘʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (6.8 ʤ/ʩ), ʥʦ ʧʦʤʝʥʷʣʠʩʴ ʜʦʤʠʥʠʨʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʦʚ (ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʙʦʣʴʰʦʡ ʜʦʣʠ ʶʞʥʳʭ ʠ ʶʛʦ-ʟʘʧʘʜʥʳʭ ʚʝʪʨʦʚ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʩʪʘʣʠ 

ʦʢʘʟʳʚʘʪʴ ʩʝʚʝʨʥʳʝ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʝ ʚʝʪʨʘ). ɺʝʨʦʷʪʥʦ, ʧʝʨʠʦʜ 2003-2005 ʛʛ. ʧʨʝʜʦʧʨʝʜʝʣʠʣ 

ʫʩʠʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʝʥʫʜʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʦʙʝʨʝʞʴʝ. ɺ ʵʪʦ ʚʨʝʤʷ ʙʳʣʦ 

ʟʘʬʠʢʩʠʨʦʚʘʥʘ: ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ (ʟʘ ʧʦʩʣʝʜʥʠʝ 35 ʣʝʪ, ʙʦʣʝʝ 8.0 

ʤ/ʩ); ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ (ʟʘ ʧʦʩʣʝʜʥʠʝ 25 ʣʝʪ, ʙʦʣʝʝ 730 ʤʤ ʚ 

ʛʦʜ). 
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ʅʝ ʧʦʩʣʝʜʥʶʶ ʨʦʣʴ ʚ ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʢʟʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʝʨʦʷʪʥʦ, 

ʠʛʨʘʶʪ ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ ʥʘ ʧʨʠʣʝʛʘʶʱʝʤ ʰʝʣʴʬʝ. ɺ 2003 ʛ. ʢʦʣʠʯʝʩʪʚʦ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʩʦʙʳʪʠʡ ʟʥʘʯʠʪʝʣʴʥʦ (ʙʦʣʝʝ ʯʝʤ ʥʘ 20%) ʧʨʝʚʳʩʠʣʦ ʛʦʜʦʚʫʶ ʥʦʨʤʫ, ʘ ʚ 2005 ʛ. ʢʦʣʠʯʝʩʪʚʦ 

ʪʘʢʠʭ ʩʦʙʳʪʠʡ ʙʳʣʦ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʤ (ʥʘ 46% ʚʳʰʝ ʥʦʨʤʳ). ɺ ʧʝʨʝʣʦʤʥʦʤ 2005 ʛ. ʚ ʨʘʡʦʥʝ 

ʘʨʭʠʧʝʣʘʛʘ ʐʧʠʮʙʝʨʛʝʥ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ ʙʦʣʴʰʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ (94 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʷ), ʯʝʤ ʚ 2004 ʠ 2006 ʛʛ. (ʧʦ 64 ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʷ) (ʂʦʤʧʣʝʢʩʥʳʝ é, 

2007). ʉʚʷʟʴ ʵʢʟʦʛʝʥʥʳʭ ʠ ʵʥʜʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʦʙʳʪʠʷ 2010, 2012 ʛʛ. ʊʘʢ 

ʫʚʝʣʠʯʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʥʘ ʰʝʣʴʬʝ ʚ 2010 ʛ. ʩʦʚʧʘʜʘʝʪ ʩ ʘʢʪʠʚʠʟʘʮʠʝʡ 

ʘʙʨʘʟʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʄʫʨʤʘʥʩʢʦʤ ʧʦʙʝʨʝʞʴʝ ʠ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʦʩʘʞʜʘʝʤʦʛʦ ʚ 

ʟʘʣʠʚʘʭ ʤʘʪʝʨʠʘʣʘ (ʄʠʪʷʝʚ, 2014). ɺ 2012 ʛ. ʧʨʦʠʩʭʦʜʠʪ ʦʙʱʝʝ ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʜʝʥʫʜʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʦʙʝʨʝʞʴʝ, ʥʦ ʚ ʣʠʪʦʨʘʣʴʥʦʡ ʟʦʥʝ (ʠ ʚʝʨʭʥʝʡ ʩʫʙʣʠʪʦʨʘʣʴʥʦʡ 

ʟʦʥʝ) ʘʢʪʠʚʠʟʠʨʫʝʪʩʷ ʘʙʨʘʟʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʠ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʦʙʲʝʤ ʘʢʢʫʤʫʣʠʨʫʝʤʦʛʦ ʚ 

ʟʘʣʠʚʘʭ ʚʝʱʝʩʪʚʘ. ɺʦʟʤʦʞʥʦ, ʘʢʪʠʚʠʟʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʧʦʩʣʫʞʠʣʦ ʩʠʣʴʥʦʝ (ʤʘʛʥʠʪʫʜʦʡ 

>6) ʟʝʤʣʝʪʨʷʩʝʥʠʝ, ʧʨʦʠʟʦʰʝʜʰʝʝ ʥʘ ɹʘʨʝʥʮʝʚʦʤʦʨʩʢʦʤ ʰʝʣʴʬʝ ʚ ʤʘʝ 2012 ʛ. 
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ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʋɺ) ï ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʨʦʜʥʦʛʦ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʘʪʤʦʩʬʝʨʳ ʚ ʪʦʣʱʫ ʚʦʜʳ ʠ ʚ ʜʦʥʥʳʡ 

ʦʩʘʜʦʢ ʜʦ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʣʠʪʦʛʝʥʝʟʘ.  
 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʋɺ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʦʩʪʘʚʘ ʠ ʪʠʧʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʆɺ) 

ʚ ʤʦʨʩʢʠʭ ʩʨʝʜʘʭ, ʘ ʪʘʢʞʝ ʚ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʤ, ʥʝʬʪʝʛʘʟʦʛʝʥʝʪʠʯʝʩʢʦʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʤ 

ʘʩʧʝʢʪʘʭ. ʆʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʋɺ ï ʬʠʪʦʧʣʘʥʢʪʦʥ [2, 3]. ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʜʫʮʠʨʦʚʘʥʠʝ ʋɺ ʚ 

ʦʢʝʘʥʝ ʥʦʩʠʪ ʛʣʦʙʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʠ ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ ʧʫʪʝʤ ʬʦʪʦʩʠʥʪʝʟʘ ʝʞʝʛʦʜʥʦ 

ʧʨʦʜʫʮʠʨʫʝʪʩʷ ʦʪ 3 ʜʦ 12 ʤʣʥ. ʪ ʋɺ (ʥʘʠʙʦʣʝʝ ʨʝʘʣʴʥʘʷ ʦʮʝʥʢʘ - 12 ʤʣʥ. ʪ ʋɺ ʚ ʛʦʜ). ɺ ʦʩʥʦʚʥʦʤ, 

ʵʪʦ ʋɺ ʘʣʠʬʘʪʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ (ɸʋɺ), ʜʦʣʷ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

(ʇɸʋ) ʩʦʩʪʘʚʣʷʝʪ 2.7 ʪʳʩ. ʪ/ʛʦʜ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʙʠʦʩʠʥʪʝʟʦʤ ʋɺ ʩ ʪʘʢʦʡ ʞʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʧʨʦʠʩʭʦʜʷʪ ʧʨʦʮʝʩʩʳ ʨʘʟʣʦʞʝʥʠʷ ʵʪʦʛʦ ʘʚʪʦʭʪʦʥʥʦʛʦ ʆɺ. ʇʦʵʪʦʤʫ ʙʠʦʛʝʥʥʳʝ ɸʋɺ ʠ ʇɸʋ, 
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ʧʦʩʪʦʷʥʥʦ ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʤʦʨʩʢʦʡ ʩʨʝʜʝ, ʥʝ ʪʦʣʴʢʦ ʥʝ ʦʢʘʟʳʚʘʶʪ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʤʦʨʩʢʠʝ ʩʦʦʙʱʝʩʪʚʘ ʠ ʵʢʦʩʠʩʪʝʤʳ, ʥʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʜʜʝʨʞʘʥʠʶ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʟʘ ʩʯʝʪ ʫʯʘʩʪʠʷ ʚ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʘʭ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʚ ʤʦʨʝ [3]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʋɺ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʫʩʪʦʡʯʠʚʦʤ ʧʨʠʨʦʜʥʦʤ ʫʛʣʝʚʦʜʦʨʦʜʥʦʤ ʬʦʥʝ. ʅʘʠʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʘʷ ʩʦʨʙʮʠʷ ʛʠʜʨʦʬʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʋɺ, ʠʟ ʨʘʩʪʚʦʨʝʥʥʦʡ ʬʘʟʳ ʧʨʦʠʩʭʦʜʠʪ 

ʥʝ ʚ ʪʦʣʱʝ ʤʦʨʩʢʦʡ ʚʦʜʳ, ʘ ʚ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʥʳʭ ʟʦʥʘʭ, ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʬʘʟ: ʚʦʜʘï

ʘʪʤʦʩʬʝʨʘ, ʘʪʤʦʩʬʝʨʘïʢʨʠʦʩʬʝʨʘ, ʚʦʜʘïʚʟʚʝʩʴ, ʨʝʢʘïʤʦʨʝ, ʚʦʜʘïʜʦʥʥʳʡ ʦʩʘʜʦʢ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʩʥʝʞʥʦ-ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʠʤʧʘʢʪʥʳʭ ʨʘʡʦʥʘʭ (ʫʩʪʴʝ 

ʉʝʚʝʨʥʦʡ ɼʚʠʥʳ) ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʋɺ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʥʝʛʝ ʠ ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʣʴʜʘ, ʪʘʢ ʢʘʢ 

ʦʩʥʦʚʥʦʡ ʠʭ ʠʩʪʦʯʥʠʢ ï ʘʪʤʦʩʬʝʨʘ; ʚ ʬʦʥʦʚʳʭ ʘʢʚʘʪʦʨʠʷʭ ï ʚ ʥʠʞʥʠʭ ʩʣʦʷʭ ʣʴʜʘ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʦʜʦʨʦʩʣʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʦʜʥʦʣʝʪʥʝʤ ʠ ʨʘʩʪʫʱʝʤ ʣʴʜʫ, ʦʩʦʙʝʥʥʦ ʥʘ 

ʛʨʘʥʠʮʝ ʣʝʜïʚʦʜʘ, ʛʜʝ ʠʭ ʙʠʦʤʘʩʩʘ (ʧʦ ʭʣʦʨʦʬʠʣʣʫ çʘè) ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʠ 

ʚ ʧʦʜʣʝʜʥʦʡ ʚʦʜʝ. ʇʦʵʪʦʤʫ ʚ ʥʠʞʥʠʭ ʩʣʦʷʭ ʣʴʜʘ ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʚʪʦʭʪʦʥʥʳʭ ʆɺ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʋɺ [2]. ɹʝʩʢʠʩʣʦʨʦʜʥʘʷ ʩʨʝʜʘ (ʣʝʜ ʧʦʜ ʪʦʣʩʪʳʤ ʩʣʦʝʤ ʬʠʨʥʘ) ʤʦʞʝʪ ʙʳʪʴ 

ʢʨʠʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʆɺ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʘʞʝ ʚʦʟʥʠʢʘʝʪ 

ʩʝʨʦʚʦʜʦʨʦʜʥʦʝ ʟʘʨʘʞʝʥʠʝ (ʙʫʭʪʘ ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʤʦʨʷ ʃʘʟʘʨʝʚʘ, ʧʨʠʙʨʝʞʥʳʡ ʨʘʡʦʥ ɸʥʪʘʨʢʪʠʜʳ). 

ʀʟʫʯʝʥʠʝ ʘʵʨʦʟʦʣʝʡ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ɸʪʣʘʥʪʠʢʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʋɺ ʦʙʫʩʣʦʚʣʝʥʦ ʚʣʠʷʥʠʝʤ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

ʪʝʨʨʠʛʝʥʥʳʭ ï ʠʟ ʘʨʠʜʥʳʭ ʨʘʡʦʥʦʚ (ʧʫʩʪʳʥʠ ʠ ʩʘʚʘʥʥʳ), ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʩ ʢʦʥʪʠʥʝʥʪʘ ʠ ʦʪ 

ʩʫʜʦʭʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʤʦʨʩʢʠʭ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʋɺ ʚ ʘʵʨʦʟʦʣʷʭ ʧʨʠʫʨʦʯʝʥʳ 

ʢ ʟʦʥʝ, ʥʘʭʦʜʷʱʝʡʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʝʨʝʥʦʩʘ ʧʳʣʠ ʠʟ ʘʬʨʠʢʘʥʩʢʠʭ ʧʫʩʪʳʥʴ, ʘ ʥʘʠʤʝʥʴʰʠʝ ï ʢ 

ɻʚʠʥʝʡʩʢʦʤʫ ʟʘʣʠʚʫ, ʥʘʭʦʜʷʱʝʤʫʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʛʫʤʠʜʥʦʡ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʳ. ʇʨʠ ʵʪʦʤ ʚ 

ʩʦʩʪʘʚʝ ʋɺ ʜʦʤʠʥʠʨʫʶʪ ʪʝʨʨʠʛʝʥʥʳʝ ʘʣʢʘʥʳ. ʆʜʥʘʢʦ ʫʞʝ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ɺʦʩʪʦʯʥʦʡ 

ɸʪʣʘʥʪʠʢʠ ʚ ʩʦʩʪʘʚʝ ʋɺ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʘʚʪʦʭʪʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʠ ʜʘʞʝ ʚ ʘʢʚʘʪʦʨʠʷʭ ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʣʠʷʥʠʶ ʘʥʪʨʦʧʦʛʝʥʝʟʘ ʩʦʩʪʘʚ ʘʣʢʘʥʦʚ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʥʝʬʪʷʥʦʤʫ. ʇʨʦʮʝʩʩʳ ʜʝʩʪʨʫʢʮʠʠ ʋɺ, ʥʘʯʠʥʘʶʱʠʝʩʷ ʚ ʬʦʪʠʯʝʩʢʦʤ ʩʣʦʝ, ʧʨʦʜʦʣʞʘʶʪʩʷ ʚ 

ʥʠʞʝʣʝʞʘʱʠʭ ʚʦʜʘʭ. ɺʝʨʪʠʢʘʣʴʥʳʡ ʧʝʨʝʥʦʩ ʙʠʦʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʆɺ, ʘ ʚʤʝʩʪʝ ʩ ʥʠʤ ʠ ʋɺ ʠʟ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʚ ʛʣʫʙʠʥʥʳʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʨʫʧʥʦʡ ʚʟʚʝʩʴʶ (~150 ʤʢʤ), ʢʦʪʦʨʘʷ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʘʛʨʝʛʘʪʳ ʜʝʪʨʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʤʝʟʦʧʣʘʥʢʪʦʥʘ. ʉʦʩʪʘʚ ʋɺ ʚ ʢʨʫʧʥʳʭ 

ʚʟʚʝʩʷʭ (ʩʝʧʘʨʘʮʠʦʥʥʦʡ ʠ ʩʝʩʪʦʥʝ) ʨʘʟʣʠʯʘʝʪʩʷ ʠ ʢʘʨʜʠʥʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʦʜʳ ʠ 

ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʚʟʚʝʩʠ. ɹʠʦʛʝʥʥʦʝ ʚʝʱʝʩʪʚʦ ʧʦ ʤʝʨʝ ʦʩʘʞʜʝʥʠʷ ʚ ʦʩʥʦʚʥʦʡ ʩʚʦʝʡ ʯʘʩʪʠ 

ʨʘʩʪʚʦʨʷʝʪʩʷ, ʧʨʠʯʝʤ ʩʢʦʨʦʩʪʴ ʚʳʭʦʜʘ ʨʘʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʟʣʠʯʘʝʪʩʷ, ʪ.ʝ. ʠʜʝʪ ʩʝʧʘʨʘʮʠʷ 

ʠʩʭʦʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦ ʛʣʫʙʠʥʝ. ʇʦ ʤʝʨʝ ʚʳʧʘʜʝʥʠʷ ʚʩʝʭ ʬʨʘʢʮʠʡ ʚʟʚʝʩʠ (ʚʢʣʶʯʘʷ 

ʤʝʣʢʦʘʣʝʚʨʠʪʦʚʫʶ) ʚ ʢʦʥʝʯʥʦʡ ʩʪʘʜʠʠ ʩʝʜʠʤʝʥʪʘʮʠʠ ʤʦʞʥʦ ʬʠʢʩʠʨʦʚʘʪʴ ʧʦʩʪʫʧʣʝʥʠʝ ʥʘ ʜʥʦ 

ʘʣʣʦʭʪʦʥʥʳʭ ʋɺ, ʘ ʪʘʢʞʝ ʠʭ ʩʦʩʪʘʚ ʜʦ ʨʘʥʥʝʜʠʘʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ɺ ʩʦʩʪʘʚʝ ʋɺ 
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ʚ ʧʨʦʮʝʩʩʝ ʩʝʜʠʤʝʥʪʘʮʠʠ ʠʩʯʝʟʘʶʪ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʘʣʢʘʥʳ, ʠ ʚʦʟʨʘʩʪʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʛʦʤʦʣʦʛʦʚ, ʘ ʪʘʢʞʝ ʥʘʬʪʝʥʦ-

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɻʠʜʨʦʬʦʙʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʘʣʢʘʥʦʚ, ʚʠʜʠʤʦ, 

ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʦʭʚʘʪʳʚʘʝʪ ʨʘʟʥʳʝ ʬʨʘʢʮʠʠ ʚʟʚʝʩʠ. ʇʦʵʪʦʤʫ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚʳʧʘʜʘʝʪ ʚ ʤʝʣʢʦʚʦʜʥʦʡ ʟʦʥʝ. ɺ ʠʤʧʘʢʪʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ʙʦʣʴʰʘʷ ʦʙʲʝʤʥʘʷ 

ʝʤʢʦʩʪʴ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʋɺ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʚʟʚʝʩʠ ʜʦʤʠʥʠʨʫʶʪ 

ʘʚʪʦʭʪʦʥʥʳʝ ʋɺ, ʯʘʱʝ ʚʩʝʛʦ - ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʘʷ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʛʨʫʧʧʘ ʩ ʧʨʠʤʝʩʷʤʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʨʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ʀʥʪʝʥʩʠʚʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʋɺ ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʘʨʛʠʥʘʣʴʥʳʭ ʬʠʣʴʪʨʘʭ ʨʝʢ 

(ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʨʝʢʘïʤʦʨʝ [1]). ʅʘ ʧʨʠʤʝʨʝ ʫʩʪʴʝʚʳʭ ʦʙʣʘʩʪʝʡ ʘʨʢʪʠʯʝʩʢʠʭ ʨʝʢ 

(ʉʝʚʝʨʥʘʷ ɼʚʠʥʘ, ʆʙʴ ʠ ɽʥʠʩʝʡ) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʥʝʬʪʷʥʳʭ ʋɺ ʦʩʝʜʘʝʪ ʚ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʡ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʟʦʥʘʭ ʤʘʨʛʠʥʘʣʴʥʦʛʦ ʬʠʣʴʪʨʘ. ʇʦʵʪʦʤʫ ʥʝʬʪʷʥʳʝ 

ʋɺ, ʧʦʩʪʫʧʘʶʱʠʝ ʩ ʨʝʯʥʳʤ ʩʪʦʢʦʤ, ʥʝ ʧʦʧʘʜʘʶʪ ʚ ʦʪʢʨʳʪʳʝ ʨʘʡʦʥʳ ʤʦʨʝʡ, ʠ ʤʥʝʥʠʝ ʦ ʪʦʤ, 

ʯʪʦ ʦʩʥʦʚʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʥʝʩʫʪ ʨʝʢʠ ʷʚʥʦ ʧʨʝʫʚʝʣʠʯʝʥʦ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠ ʧʣʘʥʢʪʦʥʦʛʝʥʥʳʭ ʋɺ ʥʘ ʤʝʣʢʦʚʦʜʴʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝʤ 

ʣʠʰʴ ʝʜʠʥʠʯʥʳʭ ʢʨʫʧʥʦʜʠʩʧʝʨʩʥʳʭ ʚʢʣʶʯʝʥʠʡ ʘʣʣʦʭʪʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʦʩʘʜʢʠ.  

ɺ ʨʘʡʦʥʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʐʪʦʢʤʘʥʩʢʦʝ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ, ʂʨʘʚʮʦʚʩʢʦʝ ʚ 

ɹʘʣʪʠʡʩʢʦʤ ʤʦʨʝ, ʉʝʚʝʨʥʦʝ ʚ ʂʘʩʧʠʡʩʢʦʤ ʤʦʨʝ) ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʋɺ ʚ ʦʩʘʜʢʘʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʭ ʧʨʦʩʘʯʠʚʘʥʠʝ ʠʟ ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʠ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʥʘ ʛʨʘʥʠʮʝ ʚʦʜʘ-ʜʥʦ 

[2]. ʇʦʜʪʚʝʨʞʜʘʝʪ ʵʪʦ ʟʘʢʣʶʯʝʥʠʝ ʙʦʣʴʰʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʡ ʋɺ ʚ ʦʩʘʜʢʘʭ ʦʜʥʦʛʦ 

ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʪʠʧʘ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʦʱʘʜʠ, ʦʪʩʫʪʩʪʚʠʝ ʷʚʥʦʡ 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʜʠʩʧʝʨʩʥʦʩʪʴʶ ʦʩʘʜʢʦʚ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʠʭ ʉʦʨʛ ʠ ʋɺ, ʘ ʪʘʢʞʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ ʚ ʩʦʩʪʘʚʝ ʋɺ. ʄʠʢʨʦʙʠʘʣʴʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʣʝʛʢʦ 

ʦʢʠʩʣʷʝʤʳʭ ʚʳʩʘʯʠʚʘʶʱʠʭʩʷ ʋɺ ʥʘ ʛʨʘʥʠʮʝ ʚʦʜʘ-ʜʥʦ ʧʨʠʚʦʜʷʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʘʣʢʘʥʦʚ.  

ʉ ʛʣʫʙʠʥʦʡ ʟʘʭʦʨʦʥʝʥʠʷ, ʠʟʤʝʥʝʥʠʝʤ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʦʩʘʜʢʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʋɺ, ʦʩʦʙʝʥʥʦ ʨʝʟʢʦʝ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʚʝʨʭʥʝʛʦ ʦʢʠʩʣʝʥʥʦʛʦ ʢ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʤʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʤʫ ʩʣʦʶ. ʆʙʳʯʥʦ ʚ ʵʪʠʭ ʩʣʦʷʭ ʩʦʜʝʨʞʘʥʠʝ ʋɺ ʫʤʝʥʴʰʘʝʪʩʷ ʜʘʞʝ ʙʳʩʪʨʝʝ, ʯʝʤ 

ʆɺ [2], ʠ ʦʙʫʩʣʦʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝʤ ʩʢʦʨʦʩʪʝʡ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠʭ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʣʠʯʠʷ ʚ ʩʦʜʝʨʞʘʥʠʠ ʠ ʩʦʩʪʘʚʝ ʋɺ ʚ ʚʦʜʝ, ʚʟʚʝʩʠ ʠ ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ 

ʯʘʱʝ ʚʩʝʛʦ ʧʨʦʠʩʭʦʜʷʪ ʠʟ-ʟʘ ʠʥʪʝʥʩʠʚʥʦʡ ʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʦʜʥʦʡ ʩʬʝʨʳ ʚ 

ʜʨʫʛʫʶ. ʆʜʥʘʢʦ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʠʩʭʦʜʥʳʡ ʩʦʩʪʘʚ ʋɺ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʣʠʰʴ ʩ ʦʮʝʥʢʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢ ʞʝ ʢʘʢ ʦʙʲʷʩʥʷʪʴ ʠʭ ʠʟʤʝʥʝʥʠʷ ʣʠʰʴ ʟʘ ʩʯʝʪ ʫʜʘʣʝʥʠʷ ʦʪ 
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ʙʝʨʝʛʘ ʚ ʧʝʣʘʛʠʘʣʴ ʥʝʚʦʟʤʦʞʥʦ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤʠ ʠ ʙʳʩʪʨʦ ʤʝʥʷʶʱʠʤʠʩʷ ʧʦ ʧʣʦʱʘʜʠ 

ʩʢʦʨʦʩʪʷʤʠ ʩʝʜʠʤʝʥʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʙʣʠʟʢʦʡ ʣʦʢʘʣʠʟʘʮʠʝʡ (ʯʘʩʪʦ ʩʦʚʧʘʜʘʶʱʝʡ) ʨʘʟʣʠʯʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʋɺ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ 14ï05ï00223), ʉʦʚʝʪʘ ʧʦ 

ʛʨʘʥʪʘʤ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʝ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʰʢʦʣ (ʅʐ-

618.2012.5), ʧʨʦʛʨʘʤʤʳ 44 ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ (ʧʨʦʝʢʪ 

ʩʝʜʠʤʝʥʪʘʣʦʛʠʯʝʩʢʠʝ ʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷé) ʠ ʛʦʩ. ʟʘʜʘʥʠʷ 0149-2014-0038 

çɻʝʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝéè. 
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ʀʟʫʯʝʥʘ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʛʨʘʥʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚʝʨʭʥʝʛʦ ʚʝʥʜʘ-ʥʠʞʥʝʛʦ ʢʝʤʙʨʠʷ 

ʩʝʚʝʨʘ ʃʫʞʩʢʦ-ʃʘʜʦʞʩʢʦʡ ʤʦʥʦʢʣʠʥʘʣʠ ʦʢʨʝʩʪʥʦʩʪʝʡ ʛ. ʉ-ʇʝʪʝʨʙʫʨʛʘ. ʇʨʠʚʝʜʝʥʳ ʧʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ U-Pb ʜʘʪʠʨʦʚʘʥʠʷ 

ʦʙʣʦʤʦʯʥʳʭ ʮʠʨʢʦʥʦʚ  ʧʝʩʯʘʥʠʢʦʚ ʢʦʪʣʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʠ ʦʮʝʥʢʠ Sm-Nd ʚʦʟʨʘʩʪʘ ʧʨʦʪʦʣʠʪʦʚ ʦʩʘʜʢʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʦʤ ʩʫʱʝʩʪʚʦʚʘʥʠʠ 

ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʦʩʘʜʢʦʚ ð ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʘ ɹʘʣʪʠʡʩʢʦʛʦ ʱʠʪʘ ʠ ʩʤʝʥʝ ʛʝʦʤʝʪʨʠʠ ʙʘʩʩʝʡʥʦʚ 

ʠ ʠʩʪʦʯʥʠʢʦʚ ʩʥʦʩʘ ɹʘʣʪʠʢʠ ʪʦʣʴʢʦ ʚ ʥʘʯʘʣʝ ʥʠʞʥʝʛʦ ʢʝʤʙʨʠʷ. 
 

ʀʟʫʯʝʥʳ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ  ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʨʘʟʨʝʟʦʚʦʚ  

ʦʪʣʦʞʝʥʠʡ ʚʝʨʭʥʝʛʦ ʚʝʥʜʘ-ʥʠʞʥʝʥʛʦ ʢʝʤʙʨʠʷ ʩʝʚʝʨʘ ʃʫʞʩʢʦ-ʃʘʜʦʞʩʢʦʡ ʤʦʥʦʢʣʠʥʘʣʠ ʟʘʧʘʜʘ 

ʄʦʩʢʦʚʩʢʦʡ ʩʠʥʝʢʣʠʟʳ (ʨ-ʦʥ ʛ. ʉ.-ʇʝʪʝʨʙʫʨʛʘ ʠ ʶʞʥʦʛʦ ʇʨʠʣʘʜʦʞʴʷ). ʆʪʣʦʞʝʥʠʷ ʨʝʜʢʠʥʩʢʦʛʦ 

ʠ ʢʦʪʣʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʦʚ ʚʝʨʭʥʝʛʦ ʚʝʥʜʘ ʥʘ  ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚʢʣʶʯʘʶʪ ʩʪʘʨʦʨʫʩʩʢʫʶ ʠ 

ʚʘʩʠʣʝʦʩʪʨʦʚʩʢʫʶ ʩʚʠʪʳ, ʨʘʟʜʝʣʝʥʥʳʝ ʨʝʛʠʦʥʘʣʴʥʦ ʚʳʨʘʞʝʥʥʳʤ ʥʝʩʦʛʣʘʩʠʝʤ, ʩʦʚʧʘʜʘʶʱʠʤ 

ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʚ ʦʩʥʦʚʘʥʠʠ ʚʘʩʠʣʝʦʩʪʨʦʚʩʢʦʡ ʩʚʠʪʳ [4].  ʇʝʨʝʭʦʜ 
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ʦʪ ʚʝʥʜʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʢ ʢʝʤʙʨʠʡʩʢʠʤ ʚ ʨ-ʥʝ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ ʀʣʴʤʝʥʩʢʦʡ 

ʩʝʨʠʠ ʣʠʩʪʦʚ [ʗʥʦʚʩʢʠʡ, 1994ʛ] ʠ ʟʘʧʘʜʥʝʝ, ʚ ʨʘʟʨʝʟʘʭ ʕʩʪʦʥʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ  

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʧʝʨʝʨʳʚʦʤ ʚ ʦʩʥʦʚʘʥʠʠ ʢʝʤʙʨʠʡʩʢʦʡ ʪʦʣʱʠ [2,6]. 

ʉʪʘʨʦʨʫʩʩʢʘʷ ʩʚʠʪʘ (ʜʦ 45-50 ʤ) ʩʣʦʞʝʥʘ ʧʝʩʪʨʦʮʚʝʪʥʳʤʠ  ʘʣʝʚʨʦʘʨʛʠʣʣʠʪʘʤʠ ʩ 

ʧʨʦʩʣʦʷʤʠ ʠ ʧʘʯʢʘʤʠ ʦʣʠʛʦʤʠʢʪʦʚʳʭ ʧʝʩʯʘʥʠʢʦʚ ʠ ʘʣʝʚʨʦʣʠʪʦʚ. ʉʚʠʪʘ ʚʢʣʶʯʘʝʪ ʦʪʣʦʞʝʥʠʷ 

ʪʨʘʥʩʛʨʝʩʩʠʚʥʦʛʦ ʪʨʘʢʪʘ ʥʠʞʥʝʡ ʧʦʜʩʚʠʪʳ ʠ ʨʝʛʨʝʩʩʠʚʥʦʛʦ ï ʚʝʨʭʥʝʡ, ʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ 

ʤʝʣʢʦʚʦʜʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ ʢʦʥʫʩʦʚ ʚʳʥʦʩʘ ʠ ʟʦʥ ʩʣʘʙʳʭ ʪʝʯʝʥʠʡ ʠ ʚʦʣʥʝʥʥʠʡ.  

ɺʘʩʠʣʝʦʩʪʨʦʚʩʢʘʷ  ʩʚʠʪʘ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ (ʜʦ 20 ʤ, ʛʜʦʚʩʢʠʝ ʩʣʦʠ) ʩʣʦʞʝʥʘ ʧʝʩʪʨʦʮʚʝʪʥʳʤʠ 

ʘʣʝʚʨʦʘʨʛʠʣʣʠʪʘʤʠ  ʩ ʧʨʦʩʣʦʷʤʠ ʩʝʨʳʭ ʩʣʶʜʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ. ɺʝʨʭʥʷʷ ʧʦʜʩʚʠʪʘ (ʜʦ 140 ʤ) 

ʚ ʨʘʟʨʝʟʘʭ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʥʦʪʦʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʟʝʣʝʥʦʚʘʪʦ-

ʩʝʨʳʭ ʣʘʤʠʥʘʨʠʪʦʚʳʭ ʘʨʛʠʣʣʠʪʦʚ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʦʣʥʠʩʪʦʡ ʩʣʦʠʩʪʦʩʪʴʶ, ʯʘʩʪʦ 

ʩʠʜʝʨʠʪʦʥʦʩʥʳʭ, ʚʢʣʶʯʘʶʱʝʡ ʧʨʦʩʣʦʠ ʩʝʨʳʭ  ʦʣʠʛʦʤʠʢʪʦʚʳʭ ʧʝʩʯʘʥʠʢʦʚ. ʊʦʣʱʘ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʪʨʘʥʩʛʨʝʩʩʠʚʥʳʡ ʪʨʘʢʪ ʤʝʣʢʦʚʦʜʥʦʛʦ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʩʦ ʩʤʝʥʦʡ  

ʩʫʧʨʘʣʠʪʦʨʘʣʴʥʳʭ ʣʘʛʫʥʥʳʭ ʬʘʮʠʡ  ʦʙʩʪʘʥʦʚʢʘʤʠ ʫʤʝʨʝʥʥʦ ʧʦʜʚʠʞʥʦʛʦ ʤʦʨʩʢʦʛʦ 

ʤʝʣʢʦʚʦʜʴʷ ʚʳʰʝ ʠ ʥʠʞʝ ʙʘʟʠʩʘ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ. ʈʝʛʨʝʩʩʠʚʥʳʡ ʪʨʘʢʪ ʢʦʪʣʠʥʩʢʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʚʳʜʝʣʷʝʤʳʡ ʥʘ ʶʞʥʦʤ ʙʝʨʝʛʫ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʚ ʚʝʨʭʥʶʶ, 

ʚʦʨʦʥʢʦʚʩʢʫʶ ʩʚʠʪʫ (ʧʨʠʫʩʪʴʝʚʘʷ ʯʘʩʪʴ ʨ. ɺʦʨʦʥʢʠ, ʨ. ɹʦʣ. ʀʞʦʨʘ ʠ ʜʨ.)  ʚʘʨʴʠʨʫʶʱʝʡ ʧʦ 

ʤʦʱʥʦʩʪʠ (10-20 ʤ) ʪʦʣʱʝʡ ʛʦʣʫʙʦʚʘʪʦ- ʠ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʭ ʘʣʝʚʨʠʪʠʩʪʳʭ ʛʣʠʥ ʩ  

ʭʘʨʘʢʪʝʨʥʳʤʠ ʧʨʦʩʣʦʷʤʠ  ʦʞʝʣʝʟʥʝʥʥʳʭ ʛʣʠʥʠʩʪʳʭ ʘʣʝʚʨʦʣʠʪʦʚ ʩ ʠʥʪʨʘʢʣʘʩʪʘʤʠ 

ʩʣʘʙʦʣʠʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʘʣʝʚʨʦʧʝʩʯʘʥʠʢʦʚ ð ʢʦʨʦʢ ʚʟʣʘʤʳʚʘʥʠʷ [1], ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ 

ʢʨʘʡʥʝ ʤʝʣʢʦʚʦʜʥʳʝ ʦʙʩʪʘʥʦʚʢʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠ ʵʧʠʟʦʜʠʯʝʩʢʫʶ ʩʫʙʘʵʨʘʣʴʥʫʶ 

ʵʢʩʧʦʟʠʮʠʶ ʧʦʨʦʜ. ʕʪʦʤʫ ʞʝ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤʫ ʫʨʦʚʥʶ, ʚʦʟʤʦʞʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʘʩʪʴ 

ʦʩʘʜʦʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʪʣʠʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʩʢʚʘʞʠʥʳ ʂʦʨʦʚʴʝ ˉ8 (ʨ. ʉʷʩʴ) ʚ 

ʠʥʪʝʨʚʘʣʝ ʛʣʫʙʠʥ 232-217 ʤ.  

ɻʨʘʥʠʮʘ ʤʝʞʜʫ ʦʪʣʦʞʝʥʠʷʤʠ ʚʝʥʜʘ ʠ ʢʝʤʙʨʠʷ ʚʳʨʘʞʝʥʘ ʨʘʟʣʠʯʥʦ. ʅʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʣʦʤʦʥʦʩʦʚʩʢʦʡ ʩʚʠʪʳ ʥʠʞʥʝʛʦ 

ʢʝʤʙʨʠʷ ʟʘʣʝʛʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʣʘʤʠʥʘʨʠʪʦʚʳʭ ʛʣʠʥʘʭ ʢʦʪʣʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ. ɺ 

ʨʘʟʨʝʟʘʭ ʶʞʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ (ʨʨ. ʉʷʩʴ, ʇʘʰʘ ʠ ʜʨ.) ʯʘʩʪʝʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʩʪʝʧʝʥʥʳʡ ʠ ʧʝʨʝʭʦʜ ʦʪ ʧʝʩʯʘʥʳʭ ʛʣʠʥ ʚ ʚʝʨʭʥʝʡ (ʚʦʨʦʥʢʦʚʩʢʦʡ) ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʢʦʪʣʠʥʩʢʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʢ ʧʝʩʯʘʥʠʢʘʤ ʣʦʤʦʥʦʩʦʚʩʢʦʡ ʩʚʠʪʳ ʠ ʛʨʘʥʠʮʘ ʩʚʠʪ ʧʨʠʥʠʤʘʝʪʩʷ ʫʩʣʦʚʥʦ. 

ʃʦʤʦʥʦʩʦʚʩʢʘʷ ʩʚʠʪʘ ʩʣʦʞʝʥʘ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʭ ʧʣʘʩʪʠʯʥʳʭ 

ʘʣʝʚʨʦʘʨʛʠʣʣʠʪʦʚ (ʛʣʠʥ) ʠ ʧʝʩʯʘʥʠʢʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʚʠʪʳ.  ʇʝʩʯʘʥʠʢʠ 

ʦʣʠʛʦʤʠʢʪʦʚʳʝ ʜʦ ʢʚʘʨʮʝʚʳʭ, ʩ ʧʨʠʤʝʩʴʶ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, ʦʙʣʦʤʦʯʥʳʭ ʩʣʶʜ,  

ʛʣʘʫʢʦʥʠʪʘ ʠ ʧʨʠʤʘʟʢʘʤʠ ʛʣʠʥʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ. ɻʣʠʥʳ ʢʘʦʣʠʥʠʪ-ʛʠʜʨʦʩʣʶʜʠʩʪʳʝ, ʧʝʩʯʘʥʦ-

ʘʣʝʚʨʠʪʠʩʪʳʝ, ʩ ʧʨʠʤʝʩʴʶ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʩʣʶʜ ʠ ʪʦʥʢʦʟʝʨʥʠʩʪʦʛʦ ʧʠʨʠʪʘ ʧʦ ʧʣʦʩʢʦʩʪʷʤ 
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ʥʘʧʣʘʩʪʦʚʘʥʠʷ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʟʫʯʝʥʠʝ ʣʠʪʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʣʝʚʨʦʘʨʛʠʣʣʠʪʦʚ ʠ 

ʧʝʩʯʘʥʠʢʦʚ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʘʨʘʢʪʝʨʝ ʚʳʚʝʪʨʠʚʘʥʠʷ ʥʘ 

ʧʘʣʝʦʚʦʜʦʩʙʦʨʘʭ ʠ ʦʮʝʥʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ. ʀʥʜʝʢʩ CIA ʧʦʨʦʜ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʩʪʝʧʝʥʥʳʤ  ʫʤʝʥʴʰʝʥʠʝʤ ʦʪ ʟʥʘʯʝʥʠʡ 83-84 ʚ ʛʣʠʥʘʭ ʩʪʘʨʦʨʫʩʩʢʦʡ ʩʚʠʪʳ 

ʠ ʥʠʞʥʝʡ ʧʦʜʩʚʠʪʳ ʚʘʩʠʣʝʦʩʪʨʦʚʩʢʦʡ ʩʚʠʪʳ ʜʦ  79-80 ʚ ʧʦʨʦʜʘʭ ʢʨʦʚʣʠ ʧʦʩʣʝʜʥʝʡ, ʯʪʦ 

ʪʠʧʠʯʥʦ ʜʣʷ ʛʣʠʥ ʢʘʦʣʠʥʠʪ-ʛʠʜʨʦʩʣʶʜʠʩʪʳʭ ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʢʦʨ ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ 

ʪʝʧʣʦʛʦ ʛʫʤʠʜʥʦʛʦ ʢʣʠʤʘʪʘ.  ɼʣʷ ʩʪʘʨʦʨʫʩʩʢʦʡ ʠ ʥʠʞʥʝʡ ʧʦʣʦʚʠʥʳ ʚʘʩʠʣʝʦʩʪʨʦʚʩʢʦʡ ʩʚʠʪʳ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʚʝʣʠʯʠʥʳ K2O/Al2O3 ʦʪ ~ 0.15 ʜʦ ~ 0.23 ʠ 

ʧʦʩʣʝʜʫʶʱʝʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝʤ ʜʦ ~ 0.21 ʚ ʛʣʠʥʘʭ ʢʨʦʚʣʠ ʩʚʠʪʳ. ɺ ʵʪʠʭ ʞʝ ʧʨʝʜʝʣʘʭ 

(0.16-0.21) ʚʘʨʴʠʨʫʶʪ ʚʝʣʠʯʠʥʳ K2O/Al2O3 ʜʣʷ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ ʣʦʤʦʥʦʩʦʚʩʢʦʡ ʩʚʠʪʳ. 

ɺʘʨʠʘʮʠʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʥʜʠʢʘʪʦʨʦʚ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʥʘ ʧʘʣʝʦʚʦʜʦʩʙʦʨʘʭ Th/Cr, Th/Sc, 

LaN/YbN) ʫʢʘʟʳʚʘʶʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʣʠʥʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ ʦʩʘʜʢʦʚ ʢʘʢ ʚʝʨʭʥʝʛʦ ʚʝʥʜʘ, ʪʘʢ 

ʠ  ʢʝʤʙʨʠʡʩʢʦʡ ʣʦʤʦʥʦʩʦʚʩʢʦʡ ʩʚʠʪʳ ʟʘ ʩʯʝʪ ʨʘʟʤʳʚʘ ʟʨʝʣʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʩʦʩʪʘʚʘ. ɼʣʷ ʙʘʩʩʝʡʥʦʚ ʩʝʜʠʤʝʥʪʘʮʠʠ ʠ ʚʝʨʭʥʝʛʦ ʚʝʥʜʘ ʠ 

ʨʘʥʥʝʛʦ ʚʝʥʜʘ, ʩʫʜʷ ʧʦ ʛʝʦʭʠʤʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ (V/Cr=1,4-2,2; Ni/Co=0,9-2,7) ʙʳʣʠ 

ʭʘʨʘʢʪʝʨʥʳ ʦʢʠʩʥʳʝ ʠ, ʨʝʞʝ (ʣʘʤʠʥʘʨʠʪʦʚʳʝ ʛʣʠʥʳ ʩ ʩʠʜʝʨʠʪʦʤ) - ʜʠʩʦʢʠʩʥʳʝ ʦʙʩʪʘʥʦʚʢʠ.  

ʇʦʣʫʯʝʥʥʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʠʟʦʪʦʧʥʦʛʦ (U-Pb, La- 

ʘʙʣʷʮʠʷ) ʠʟʫʯʝʥʠʷ ʦʙʣʦʤʦʯʥʳʭ ʮʠʨʢʦʥʦʚ ʢʦʪʣʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʩʥʦʚʥʳʤ  

ʠʩʪʦʯʥʠʢʦʤ ʦʩʘʜʢʦʚ ʷʚʣʷʶʪʩʷ  ʧʦʨʦʜʳ ʬʫʥʜʘʤʝʥʪʘ ɹʘʣʪʠʡʩʢʦʛʦ ʱʠʪʘ ʚ ʰʠʨʦʢʦʤ ʚʦʟʨʘʩʪʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 2.8 ʜʦ 1.5 ʤʣʨʜ. ʣʝʪ.  ʎʠʨʢʦʥʳ ʠʟ ʥʠʞʥʝʡ ʯʘʩʪʠ ʦʩʘʜʦʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʚʝʥʜʘ-ʢʝʤʙʨʠʷ, ʩʢʚ. ʂʦʨʦʚʠʥʦ (ʛʣʫʙʠʥʳ 260-232 ʤ. - ʩʝʨʳʝ ʘʣʝʚʨʦʘʨʛʠʣʠʪʳ ʩ ʧʨʦʩʣʦʷʤʠ 

ʘʣʝʚʨʦʣʠʪʦʚ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʣʢʠʤʠ ʟʝʨʥʘʤʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʠ ʧʦʣʫʦʢʨʫʛʣʦʡ,  ʬʦʨʤʳ.  

ʎʠʨʢʦʥʳ ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʧʨʦʩʣʦʷʭ ʨʳʭʣʳʭ ʢʘʦʣʠʥʠʟʠʨʦʚʘʥʥʳʭ ʧʝʩʯʘʥʠʢʦʚ (ʦʙʨ. 8-16 

ʠʥʪʝʨʚʘʣ 231,8-232,2 ʤ) ʨʝʟʢʦ ʢʦʥʪʨʘʩʪʠʨʫʶʪ ʩ ʧʦʧʫʣʷʮʠʷʤʠ ʮʠʨʢʦʥʦʚ ʧʦʜʩʪʠʣʘʶʱʠʭ ʧʦʨʦʜ. 

ʉʨʝʜʠ ʥʠʭ ʧʨʝʦʙʣʘʜʘʶʪ ʩʫʙʠʜʠʦʤʦʨʬʥʳʝ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʧʨʦʟʨʘʯʥʳʝ ʟʝʨʥʘ,  ʜʣʷ ʢʦʪʦʨʳʭ, ʥʘ 

ʬʦʥʝ ʧʨʝʦʙʣʘʜʘʥʠʷ ʟʥʘʯʝʥʠʡ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʧʦʨʦʜ ʬʫʥʜʘʤʝʥʪʘ ɹʘʣʪʠʡʩʢʦʛʦ ʱʠʪʘ,  ʚʳʷʚʣʝʥʘ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʧʦʧʫʣʷʮʠʠ ʟʝʨʝʥ ʩ ʚʦʟʨʘʩʪʦʤ ʦʢʦʣʦ 600 ʤʣʥ. ʣʝʪ ʠ 535 ʤʣʥ. ʣʝʪ. ʎʠʨʢʦʥʳ ʩ 

ʚʦʟʨʘʩʪʦʤ ʦʢʦʣʦ 600 ʤʣʥ. ʣʝʪ ʚʧʦʣʥʝ ʚʝʨʦʷʪʥʦ ʤʦʛʫʪ ʙʳʪʴ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʠʩʪʦʯʥʠʢʘʤʠ 

ʪʠʤʘʥʩʢʦʛʦ ʦʨʦʛʝʥʘ ʥʘ ʉɺ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ [5]. ʇʦʣʫʯʝʥʥʳʝ Sm-Nd ʠʟʦʪʦʧʥʳʝ ʜʘʥʥʳʝ ʜʣʷ 

ʘʣʝʚʨʦʘʨʛʠʣʣʠʪʦʚ ʢʦʪʣʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦʤ ʚʦʟʨʘʩʪʝ 

ʧʨʦʪʦʣʠʪʦʚ ʦʩʘʜʢʦʚ, ʥʝ ʤʦʣʦʞʝ 1,7 ʤʣʨʜ. ʣʝʪ.  ʇʦʷʚʣʝʥʠʝ ʮʠʨʢʦʥʦʚ ʩ ʚʦʟʨʘʩʪʦʤ ʦʢʦʣʦ 535 ʤʣʥ. 

ʣʝʪ, ʦʪʚʝʯʘʶʱʠʭ ʥʠʞʥʝʤʫ ʢʝʤʙʨʠʶ (ʬʫʨʦʥʛʠʶ), ʩʪʘʚʠʪ ʚʦʧʨʦʩ ʦʙ ʠʭ ʠʩʪʦʯʥʠʢʝ ʠ ʪʨʝʙʫʝʪ 

ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩ ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʧʦ ʨʘʟʨʝʟʘʤ. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʜʦʩʪʘʪʦʯʥʦ ʨʝʟʢʦʡ ʩʤʝʥʝ ʛʝʦʤʝʪʨʠʠ 
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ʙʘʩʩʝʡʥʦʚ ʠ ʠʩʪʦʯʥʠʢʦʚ ʩʥʦʩʘ ɹʘʣʪʠʢʠ ʚ ʥʘʯʘʣʝ ʥʠʞʥʝʛʦ ʢʝʤʙʨʠʷ [2,5,6], ʥʦ ʜʣʠʪʝʣʴʥʦʤ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʦʩʘʜʢʦʚ ð ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʘ ɹʘʣʪʠʡʩʢʦʛʦ 

ʱʠʪʘ, ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʝʨʦʷʪʥʦ ʪʦʣʴʢʦ ʫʞʝ ʚ ʥʠʞʥʝʤ ʢʝʤʙʨʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʜʜʝʨʞʘʥʦ ʛʨʘʥʪʦʤ ʈʌʌʀ 14-05-00415. 

 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ɻʘʛʝʥ-ʊʦʨʥ ʆ.ʗ. ʉʪʨʦʝʥʠʝ ʧʦʛʨʘʥʠʯʥʳʭ ʚʝʥʜʩʢʦ-ʢʝʤʙʨʠʡʩʢʠʭʦʪʣʦʞʝʥʠʡ ʛʣʠʥʪʦʚʦʡ ʦʙʣʘʩʪʠ ʶʞʥʦʛʦ 

ʙʝʨʝʛʘ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ. ʇʘʣʝʦʟʦʡ ʈʦʩʩʠʠ. ʄʘʪ-ʣʳ II ɺʩʝʨʦʩ. ʩʦʚʝʱʘʥʠʷ 24-28 ʩʝʥʪʷʙʨʷ 2012 ʛ. ʉʇʙ.: ɺʉɽɻɽʀ, 

2012. ʉ. 58-60. 

2. ʄʝʥʩ ʂ.ɸ., ʇʠʨʨʫʩ ʕ.ɸ. ʆ ʩʪʨʘʪʠʛʨʘʬʠʠ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ ʚʝʥʜʘ ʠ ʢʝʤʙʨʠʷ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʈʫʩʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ. ʀʟʚ. ɸʅ ʉʉʉʈ. ʉʝʨ. ʛʝʦʣ. ˉ 11. 1971. ʉ. 93ï103. 

3. ʇʠʨʨʫʩ ʕ.ɸ. ʆʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ ʘʫʪʠʛʝʥʥʦʛʦ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʚʝʥʜʘ 

ʠ ʢʝʤʙʨʠʷ ʉʝʚʝʨʥʦʡ ʇʨʠʙʘʣʪʠʢʠ. ɸʫʪʠʛʝʥʥʳʝ ʤʠʥʝʨʘʣʳ ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʇʨʠʙʘʣʪʠʢʠ.  ʊʘʣʣʠʥ: ʀʥ-ʪ 

ʛʝʦʣ. ɸʅ ʕʉʉʈ, 1981. ʉ. 5ï21. 

4.ʇʦʜʢʦʚʳʨʦʚ ɺ.ʅ.  ʃʠʪʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʪʨʝʥʜʳ ʚ ʚʝʨʭʥʝʚʝʥʜʩʢʠʭ ʦʩʘʜʦʯʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʟʘʧʘʜʘ ʄʦʩʢʦʚʩʢʦʡ ʩʠʥʝʢʣʠʟʳ. ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʣʠʪʦʣʦʛʠʠ. ʄʘʪ-ʣʳ   8-ʛʦ ʋʨʘʣʴʩʢʦʛʦ 

ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʚʝʱʘʥʠʷ. ɽʢʘʪʝʨʠʥʙʫʨʛ: ʀɻɻ ʋʨʆ ʈɸʅ, 2010. ʉ. 246-247. 

5. Kuznetsov N.B., Natapov L.M., Belousova E.A., OôReilly S.Y., Griffin W.L. Geochronological, geochemical and 

 isotopic study of detrital zircon suites from late Neoproterozoic clastic strata along the NE margin of the East European 

 Craton: implications for plate tectonic models. Gondwana Research. 2010. V. 17. P. 583ï601. 

6. Mens, K., Pirrus, E.  Cambrian. In: Geology and Mineral Resources of Estonia (Raukas A., Teedum A., eds). 

Tallinn: Estonian Academy Publishers. 1997. P. 39-51.  

 

 

ʇʀʊɸʖʑʀɽ ʇʈʆɺʀʅʎʀʀ ɼʃʗ ʅɽʆʇʈʆʊɽʈʆɿʆʁʉʂʀʍ ʀ 

ʅʀɾʅɽʂɽʄɹʈʀʁʉʂʀʍ ʊʆʃʑ ʉɽɺɽʈʆ-ɺʆʉʊʆʂɸ ɺʆʉʊʆʏʅʆ-ɽɺʈʆʇɽʁʉʂʆʁ 

ʇʃɸʊʌʆʈʄʓ (ɺɽʇ) 

ʊ.ɺ. ʈʦʤʘʥʶʢ1,2, ʅ.ɹ.ʂʫʟʥʝʮʦʚ1,2,3, ɽ.ɸ.ɹʝʣʦʫʩʦʚʘ4 

 

1ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ɿʝʤʣʠ ʠʤ. ʆ.ʖ.ʐʤʠʜʪʘ ʈɸʅ, ʄʦʩʢʚʘ, e-mail: t.romanyuk@mail.ru 
2ʈʦʩʩʠʡʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ ʅʝʬʪʠ ʠ ɻʘʟʘ ʠʤ. ʀ.ʄ. ɻʫʙʢʠʥʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ,  
3ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʀʥʩʪʠʪʫʪ ʈɸʅ, ʄʦʩʢʚʘ, e-mail: kouznikbor@mai.ru 
4ʎʝʥʪʨ GEMOC, ʋʥʠʚʝʨʩʠʪʝʪ ʄʘʢʚʦʨʠ, ʉʠʜʥʝʡ, e-mail: ebelouso@els.mq.edu.au 

 
ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʜʝʪʨʠʪʥʳʭ ʮʠʨʢʦʥʦʚ ʠʟ ʥʠʞʥʝʢʝʤʙʨʠʡʩʢʦʡ ʙʨʫʩʦʚʩʢʦʡ ʩʚʠʪʳ ʧʦ 

ʤʝʪʦʜʠʢʝ çTerraneChronÊè, ʢʦʪʦʨʳʝ ʧʦʜʨʘʟʫʤʝʚʘʶʪ, ʯʪʦ ʚ ʥʠʞʥʝʤ ʢʝʤʙʨʠʠ ʚ ʄʝʟʝʥʩʢʠʡ ʙʘʩʩʝʡʥ ʧʦʧʘʜʘʣ 

ʜʝʪʨʠʪ ʥʝ ʪʦʣʴʢʦ ʠʟ ʙʣʠʞʥʠʭ ʨʝʛʠʦʥʦʚ ɺɽʇ, ʥʦ ʪʘʢʞʝ ʙʳʣ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʨʠʚʥʦʩ ʤʘʪʝʨʠʘʣʘ ʠʟ ʢʘʢʦʛʦ-ʪʦ ʚ 

ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʦʯʝʥʴ ʫʜʘʣʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ(ʦʚ). 

 

ɼʝʪʨʠʪʥʳʝ ʮʠʨʢʦʥʳ (dZr) ʠʟ ʧʝʩʯʘʥʠʢʦʚ ʥʠʞʥʝʢʝʤʙʨʠʡʩʢʦʡ ʙʨʫʩʦʚʩʢʦʡ ʩʚʠʪʳ 

ʄʝʟʝʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ (ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ) ʠ ʥʠʞʥʝʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʦʡ ʜʞʝʞʠʤʩʢʦʡ ʩʚʠʪʳ 

ʖʞʥʦʛʦ ʊʠʤʘʥʘ [1] ʙʳʣʠ ʠʟʫʯʝʥʳ ʧʦ ʤʝʪʦʜʠʢʝ çTerraneChronÊè [2, 3], ʚʢʣʶʯʘʶʱʝʡ: 1) Uï
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Pb ʜʘʪʠʨʦʚʘʥʠʝ dZr; 2) ʠʟʫʯʝʥʠʝ ʠʟʦʪʦʧʥʦʡ Lu/Hf ʩʠʩʪʝʤʳ dZr, ʧʦʟʚʦʣʷʶʱʝʝ ʦʮʝʥʠʪʴ ʢʦʨʦʚʳʡ 

ʤʦʜʝʣʴʥʳʡ ʚʦʟʨʘʩʪ ʢʦʨʳ TDM
C (ʦʮʝʥʠʚʘʶʱʠʡ ʚʦʟʨʘʩʪ çʤʘʪʝʨʠʥʩʢʦʡè ʤʘʛʤʳ, ʠʟ ʢʦʪʦʨʦʡ 

ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʩʷ dZr, ʚʳʧʣʘʚʣʝʥʥʦʡ ʠʟ çʩʨʝʜʥʝʡè ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ ʩ 176Lu/177Hf=0.015, 

ʠʟʥʘʯʘʣʴʥʦ ʚʳʚʝʜʝʥʥʦʡ ʠʟ ʜʝʧʣʝʪʠʨʦʚʘʥʥʦʡ ʤʘʥʪʠʠ) ʠ ŮHf (ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ŮHf 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʤʘʪʝʨʠʥʩʢʠʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ dZr ʙʳʣʠ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ 

ʤʘʥʪʠʡʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ŮHf ʫʢʘʟʳʚʘʶʪ ʥʘ ʫʯʘʩʪʠʝ ʜʨʝʚʥʝʛʦ 

ʢʦʨʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʫʙʩʪʨʘʪʝ, ʧʨʠ ʧʣʘʚʣʝʥʠʠ ʢʦʪʦʨʦʛʦ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʤʘʪʝʨʠʥʩʢʠʝ 

ʤʘʛʤʳ); 3) ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʚ dZr, ʧʦʟʚʦʣʷʶʱʝʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʦʮʝʥʠʚʘʪʴ ʪʠʧ ʧʦʨʦʜ ʠʩʪʦʯʥʠʢʦʚ dZr (ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ CART2000 ʩʨʝʜʠ ʧʦʨʦʜ-

ʠʩʪʦʯʥʠʢʦʚ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ dZr ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʧʦʨʦʜ: çʜʠʦʨʠʪʳè, ʪ.ʝ. 

ʧʦʨʦʜʳ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤʠ (ʤʝʥʝʝ 65%) ʩʦʜʝʨʞʘʥʠʷʤʠ SiO2 (ʘʥʜʝʟʠʪʳ, ʘʥʜʝʟʠʜʘʮʠʪʳ, 

ʪʦʥʘʣʠʪʳ, ʛʨʘʥʦʜʠʦʨʠʪʳ, ʜʠʦʨʠʪʳ ʠ ʪ.ʧ.); çʛʨʘʥʠʪʳè, ʪ.ʝ. ʛʨʘʥʠʪʦʠʜʳ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ 

(ʙʦʣʝʝ 65%) ʩʦʜʝʨʞʘʥʠʝʤ SiO2; çʙʘʟʠʪʳè, ʪ.ʝ. ʧʦʨʦʜʳ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ; çʩʠʝʥʠʪʳè ï 

ʩʠʝʥʠʪʳ).  

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʚʩʝʭ ʪʨʝʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʫʯʝʥʥʳʭ dZr ʠʟ ʙʨʫʩʦʚʩʢʦʡ ʩʚʠʪʳ 

(ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʡ ʚʦʟʨʘʩʪ ʦʢʦʣʦ 540 ʤʣʥ ʣʝʪ) (ʈʠʩʫʥʦʢ 1 (ɸ) ʠ ʜʞʝʞʠʤʩʢʦʡ ʩʚʠʪʳ 

(ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʡ ʚʦʟʨʘʩʪ ʦʢʦʣʦ 1 ʤʣʨʜ ʣʝʪ) (ʈʠʩʫʥʦʢ 1 (ɹ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʝʪʨʠʪʥʳʡ 

ʤʘʪʝʨʠʘʣ ʘʢʢʫʤʫʣʠʨʦʚʘʚʰʠʡʩʷ ʚ ʵʪʠʭ ʜʚʫʭ ʪʦʣʱʘʭ, ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʝʥ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʤʝʶʱʠʤʠʩʷ ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷʤʠ ʚ ʧʦʟʜʥʝʤ 

ʤʝʟʦPR ʠ ʚʦ ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʠʷ ʜʞʝʞʠʤʩʢʦʡ ʩʚʠʪʳ, ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʘʷ ʧʝʨʠʬʝʨʠʷ ɹʘʣʪʠʢʠ 

(ʜʦʢʝʤʙʨʠʡʩʢʠʡ ʦʩʪʦʚ ɺɽʇ) ʙʳʣʘ ʣʠʙʦ ʧʘʩʩʠʚʥʦʡ ʦʢʨʘʠʥʦʡ ʩʫʧʝʨʢʦʥʪʠʥʝʥʪʘ ʈʦʜʠʥʠʠ, ʣʠʙʦ 

ʦʩʘʜʦʯʥʳʤ ʙʘʩʩʝʡʥʦʤ ʚʥʫʪʨʠ ʥʝʛʦ. ʇʝʩʯʘʥʠʢʠ ʜʞʝʞʠʤʩʢʦʡ ʩʚʠʪʳ ʩʦʜʝʨʞʘʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʧʘʣʝʦPR dZr (ʈʠʩʫʥʦʢ 1 (ɹ), ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʶʚʝʥʠʣʴʥʳʝ Hf-ʠʟʦʪʦʧʥʳʝ 

ʧʨʠʟʥʘʢʠ (ŮHf>0). ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʵʪʠ dZr ʚʳʚʝʜʝʥʳ ʠʟ ʧʘʣʝʦPR ʢʦʣʣʠʟʠʦʥʥʳʭ 

ʦʨʦʛʝʥʦʚ (ʂʦʣʘ-ʃʘʧʣʘʥʜʩʢʠʡ, ʉʨʝʜʥʝ-ʈʫʩʩʢʠʡ ʠ ʜʨ.), ʩʫʪʫʨʠʨʦʚʘʚʰʠʭ AR ʧʨʦʪʦʢʨʘʪʦʥʳ 

ʂʦʣʘ, ʂʘʨʝʣʠʷ, ʉʘʨʤʘʪʠʷ ʠ ɺʦʣʛʘ-ʋʨʘʣʠʷ. ʈʝʣʠʢʪʳ ʵʪʠʭ ʧʨʦʪʦʢʨʘʪʦʥʦʚ ʠ ʦʨʦʛʝʥʦʚ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʣʘʛʘʶʪ ʬʫʥʜʘʤʝʥʪ ɺɽʇ. ʉʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʚ dZr 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ dZr ʚʳʚʝʜʝʥʳ ʠʟ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦʨʦʜ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʜʦʤʠʥʠʨʫʶʪ çʛʨʘʥʠʪʳè (ʧʨʦʜʫʢʪʳ ʧʝʨʝʧʣʘʚʣʝʥʠʷ ʢʦʨʳ ʚ ʢʦʣʣʠʟʠʦʥʥʳʭ ʟʦʥʘʭ). 

çɼʠʦʨʠʪʦʚʳʝè ʮʠʨʢʦʥʳ ʩ ʶʚʝʥʠʣʴʥʳʤʠ Hf ʧʨʠʟʥʘʢʘʤʠ (ŮHf> 0) ʤʦʛʣʠ ʧʨʦʠʩʭʦʜʠʪʴ ʠʟ 

ʧʘʣʝʦPR ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʩʪʨʦʝʥʠʝ ʢʦʣʣʠʟʠʦʥʥʳʭ ʟʦʥ. ʆʮʝʥʢʠ 

TDM
C ʜʣʷ ʧʘʣʝʦPR dZr ʩ ŮHf <0 ʚʘʨʴʠʨʫʶʪ ʦʪ ~3.0 ʜʦ 2.5 ʤʣʨʜ ʣʝʪ, ʯʪʦ ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʠʧʠʯʥʳʤ ʚʦʟʨʘʩʪʘʤ ʢʦʤʧʣʝʢʩʦʚ AR ʧʨʦʪʦʢʨʘʪʦʥʦʚ ɺɽʇ. ɸʩʩʘʤʙʣʠʨʦʚʘʥʠʝ ʈʦʜʠʥʠʠ ʚ 

ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ~1.3ï0.9 ʤʣʨʜ. ʣʝʪ (ʛʨʝʥʚʠʣʴʩʢʘʷ/ʩʚʝʢʦ-ʥʦʨʚʝʞʩʢʘʷ ʦʨʦʛʝʥʠʷ) ʠ 

ʚʥʫʪʨʠʧʣʠʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ/ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ, ʠʤʝʚʰʠʝ ʤʝʩʪʦ ʚ ʧʨʝʜʝʣʘʭ ɺɽʇ, 
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ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʜʞʝʞʠʤʩʢʠʭ ʧʝʩʯʘʥʠʢʘʭ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʛʣʘʚʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʜʝʪʨʠʪʘ ʜʣʷ ʜʞʝʞʠʤʩʢʦʡ ʩʚʠʪʳ ʙʳʣʠ ʙʣʠʞʥʠʝ ʢ ʙʘʩʩʝʡʥʫ AR ʠ ʧʘʣʝʦPR 

ʢʦʤʧʣʝʢʩʳ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɹʘʣʪʠʡʩʢʦʛʦ ʱʠʪʘ ʠ ʮʝʥʪʨʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ɺɽʇ, ʠ ʪʦʣʴʢʦ 

ʤʠʥʠʤʘʣʴʥʘʷ ʯʘʩʪʴ ʜʝʪʨʠʪʘ ʙʳʣʘ ʚʳʚʝʜʝʥʘ ʠʟ ʤʝʟʦPR ʢʦʤʧʣʝʢʩʦʚ, ʨʘʩʧʦʣʘʛʘʚʰʠʭʩʷ ʚ 

ʫʜʘʣʝʥʥʳʭ ʯʘʩʪʷʭ ʈʦʜʠʥʠʠ.  

ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ, ʚ ʧʝʩʯʘʥʠʢʘʭ ʙʨʫʩʦʚʩʢʦʡ ʩʚʠʪʳ (ʈʠʩ.A), ʢʦʪʦʨʘʷ 

ʘʢʢʫʤʫʣʠʨʦʚʘʣʘʩʴ ʥʘ ʧʘʩʩʠʚʥʦʡ ʦʢʨʘʠʥʝ ɹʘʣʪʠʢʠ ʥʘ ~400 ʤʣʥ ʣʝʪ ʧʦʟʞʝ ʜʞʝʞʠʤʩʢʦʡ ʩʚʠʪʳ, 

ʧʘʣʝʦPR dZr ʦʯʝʥʴ ʨʝʜʢʠ ʠ ʩʨʝʜʠ ʥʠʭ ʩʦʚʩʝʤ ʥʝʪ ʶʚʝʥʠʣʴʥʳʭ ʟʝʨʝʥ (ŮHf>0). ɺ ʙʨʫʩʦʚʩʢʠʭ 

ʧʝʩʯʘʥʠʢʘʭ dZr ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʝʨʥʘʤʠ, ʢʦʪʦʨʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ 

ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʪʠʧʠʯʥʳ ʜʣʷ çʜʠʦʨʠʪʦʚè. ʀ ʪʦʣʴʢʦ ʜʚʘ ʟʝʨʥʘ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʢʘʢ 

çʩʠʝʥʠʪʦʚʳʝè ʠ ʜʚʘ ʢʘʢ çʛʨʘʥʠʪʥʳʝè. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʝʟʦPR dZr ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʝʨʥʘʤʠ ʩ çʤʘʥʪʠʡʥʳʤʠè (ŮHf >0) ʠ çʢʦʨʦʚʳʤʠè (ŮHf <0) Hf ʧʨʠʟʥʘʢʘʤʠ. ʄʝʟʦPR 

çʜʠʦʨʠʪʦʚʳʝè ʶʚʝʥʠʣʴʥʳʝ ʮʠʨʢʦʥʳ ʙʳʣʠ ʚʳʚʝʜʝʥʳ ʠʟ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʜʫʛʘʭ, ʘ ʥʝ ʚʦ ʚʥʫʪʨʠʧʣʠʪʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ. ʄʘʣʦʚʝʨʦʷʪʥʦ, 

ʯʪʦ ʤʝʟʦPR dZr ʩ ʠʟʦʪʦʧʥʦ-ʟʨʝʣʳʤʠ (ʢʦʨʦʚʳʤʠ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʳʚʝʜʝʥʳ ʠʟ ʢʦʤʧʣʝʢʩʦʚ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʭʦʜʝ ʚʥʫʪʨʠ-ɹʘʣʪʠʡʩʢʠʭ ʢʦʨʦʚʳʭ ʩʦʙʳʪʠʡ, ʪʘʢ ʢʘʢ ʠʭ ʪʠʧʠʯʥʳʝ TDM
C 2.5ï

2.0 ʤʣʨʜ ʣʝʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ AR ʧʨʦʪʦʢʨʘʪʦʥʦʚ ɹʘʣʪʠʢʠ ʭʘʨʘʢʪʝʨʥʳ ʚʦʟʨʘʩʪʳ 3.0ï2.5 ʤʣʨʜ 

ʣʝʪ. ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʜʣʷ ʤʝʟʦPR dZr ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ ʙʳʣʠ 

ʤʝʟʦPR ʦʨʦʛʝʥʳ, ʩʫʪʫʨʠʨʦʚʘʚʰʠʝ ʈʦʜʠʥʠʶ. ʕʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʚ ʙʨʫʩʦʚʩʢʫʶ ʩʚʠʪʫ 

ʧʦʧʘʜʘʣ ʜʝʪʨʠʪ ʥʝ ʪʦʣʴʢʦ ʠʟ ʙʣʠʞʥʠʭ ʨʝʛʠʦʥʦʚ ɺɽʇ, ʥʦ ʪʘʢʞʝ ʙʳʣ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʨʠʚʥʦʩ 

ʤʘʪʝʨʠʘʣʘ ʠʟ ʢʘʢʦʛʦ-ʪʦ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʦʯʝʥʴ ʫʜʘʣʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ(ʦʚ).  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ ï ʜʦʛʦʚʦʨ ˉ 

14.Z50.31.0017 (ʀʌɿ ʈɸʅ) ʠ ʛʨʘʥʪ 2330 (ʈɻʋ ʠʤ. ʀ.ʄ.ɻʫʙʢʠʥʘ). ʆʙʨʘʙʦʪʢʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʠ ʤʘʪʝʨʠʘʣʦʚ ʧʫʙʣʠʢʘʮʠʠ ʧʦʜʛʦʪʦʚʣʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ 14-27-00058, ɻʀʅ 

ʈɸʅ). 
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ʇʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦʙ ʠʟʦʪʦʧʥʦʤ ʩʦʩʪʘʚʝ ʢʠʩʣʦʨʦʜʘ ʚʝʨʭʥʝʶʨʩʢʠʭ ʠʟʚʝʩʪʥʷʢʦʚ ɻʦʨʥʦʛʦ ʂʨʳʤʘ. ɼʣʷ 

ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʦʙʨʘʥʳ ʦʙʨʘʟʮʳ ʩ ʥʘʠʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Fe  ʠ Mn. ɺ 49 ʠʟʙʨʘʥʥʳʭ 

ʦʙʨʘʟʮʘʭ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ Mn/Sr ʠ Fe/Sr ʥʝ ʧʨʦʷʚʣʷʶʪ ʢʦʨʨʝʣʷʮʠʠ ʩ ŭ18O, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʦʭʨʘʥʥʦʩʪʴ 

ʠʟʦʪʦʧʥʦʡ ʩʠʩʪʝʤʳ. ʉ ʮʝʣʴʶ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʘʣʝʦʙʘʪʠʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʝʨʭʥʝʶʨʩʢʦʡ ʢʘʨʙʦʥʘʪʥʦʡ 

ʧʣʘʪʬʦʨʤʳ ɻʦʨʥʦʛʦ ʂʨʳʤʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ŭ18O ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʦʙʩʪʘʥʦʚʢʘʤʠ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʧʫʪʝʤ 

ʩʝʜʠʤʝʥʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  ɺʳʜʝʣʝʥʦ ʜʚʝ ʛʨʫʧʧʳ ʤʠʢʨʦʬʘʮʠʘʣʴʥʳʭ ʪʠʧʦʚ ʠʟʚʝʩʪʥʷʢʦʚ, ʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʨʘʟʣʠʯʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ŭ18O: ʤʝʣʢʦʚʦʜʥʳʝ (ŭ18O -2.9 - 0.1) ʠ ʛʣʫʙʦʢʦʚʦʜʥʳʝ 

(ŭ18O -0.5 - 1.3). ɼʘʥʥʳʝ ʦ ʩʦʩʪʘʚʝ ŭ18O ʚ ʠʟʫʯʝʥʥʳʭ ʠʟʚʝʩʪʥʷʢʘʭ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʤʦʜʝʣʴʶ 

ʩʪʨʦʝʥʠʷ ʢʘʨʙʦʥʘʪʥʦʡ ʧʣʘʪʬʦʨʤʳ ʚ ʚʠʜʝ ʩʪʫʧʝʥʯʘʪʦʛʦ ʨʘʤʧʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʙʨʦʚʢʠ ʰʝʣʴʬʘ 

ʥʘ ʫʤʝʨʝʥʥʦʡ ʛʣʫʙʠʥʝ ʠ ʩʢʣʦʥʘ ʚʦ ʚʥʝʰʥʝʡ ʯʘʩʪʠ.   

 

ʕʢʦʩʠʩʪʝʤʘ ʨʠʬʦʚ ʠ ʬʘʮʠʘʣʴʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʧʦʟʜʥʝʶʨʩʢʠʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʣʘʪʬʦʨʤ 

ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʦʩʪʘʶʪʩʷ ʥʝ ʚʧʦʣʥʝ ʷʩʥʳʤʠ. ʀʤʝʶʱʘʷʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʩʥʦʚʘʥʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [1], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʟʫʯʝʥʠʝ 

ŭ13C ʠ ŭ18O ʧʦʟʚʦʣʷʝʪ ʦʙʩʫʞʜʘʪʴ ʥʝʢʦʪʦʨʳʝ ʘʩʧʝʢʪʳ ʩʨʝʜʳ ʩʝʜʠʤʝʥʪʘʮʠʠ, ʪʝʩʪʠʨʦʚʘʪʴ 

ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ. ʇʨʠ ʫʩʣʦʚʠʠ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩ ʚʦʜʦʡ ʦʩʘʞʜʝʥʠʷ 

ʢʘʨʙʦʥʘʪʦʚ ʠ ʩʦʭʨʘʥʥʦʩʪʠ ʠʟʦʪʦʧʥʦʛʦ ʩʠʛʥʘʣʘ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ŭ18O ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʅʘʣʠʯʠʝ ʭʦʨʦʰʦ ʧʨʦʷʚʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʚʦʜ 

ʚ ʪʝʧʣʦʚʦʜʥʳʭ ʦʢʨʘʠʥʥʳʭ ʤʦʨʷʭ ʦʢʝʘʥʘ ʊʝʪʠʩ ʚ ʚʝʨʭʥʝʶʨʩʢʦʝ ʚʨʝʤʷ ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʡ, 

ʠ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʜʘʥʥʳʝ ŭ18O ʢʘʢ ʠʩʪʦʯʥʠʢ ʧʘʣʝʦʙʘʪʠʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʉ 

ʮʝʣʴʶ ʪʝʩʪʠʨʦʚʘʥʠʷ ʙʘʪʠʤʝʪʨʠʠ ʧʨʦʬʠʣʷ  ʚʝʨʭʥʝʶʨʩʢʦʡ ʢʘʨʙʦʥʘʪʥʦʡ ʧʣʘʪʬʦʨʤʳ ɻʦʨʥʦʛʦ 

ʂʨʳʤʘ ʧʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩʝʜʠʤʝʥʪʦʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʦʙʩʪʘʥʦʚʦʢ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ŭ18O ʚ 49 ʦʙʨʘʟʮʘʭ ʠʟʚʝʩʪʥʷʢʦʚ ʖʞʥʦʛʦ ʙʦʨʪʘ ɹʘʡʜʘʨʩʢʦʡ 

ʜʦʣʠʥʳ (ʖɹɹʂ) ʠ ʇʣʘʪʦ ɼʝʤʝʨʜʞʠ (ʇɼ).   

ʆʙʨʘʟʮʳ ʠʟʫʯʝʥʥʳʝ ʥʘ ʧʨʝʜʤʝʪ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ  ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʦʙʩʪʘʥʦʚʦʢ ʩʝʜʠʤʝʥʪʘʮʠʠ. ɺʳʜʝʣʝʥʦ 12 ʤʠʢʨʦʬʘʮʠʘʣʴʥʳʭ 

ʪʠʧʦʚ (ʄʊ), ʢʦʪʦʨʳʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʬʘʮʠʘʣʴʥʳʝ ʟʦʥʳ ʢʘʨʙʦʥʘʪʥʦʡ 

ʧʣʘʪʬʦʨʤʳ.  ʆʪʣʦʞʝʥʠʷ ʬʘʮʠʘʣʴʥʦʡ ʟʦʥʳ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʢʘʨʙʦʥʘʪʥʦʡ ʧʣʘʪʬʦʨʤʳ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʦʥʢʦʠʜʥʳʤʠ ʬʣʦʘʪʩʪʦʫʥʘʤʠ (ʄʊ 12),  ʛʨʝʡʥʩʪʦʫʥʘʤʠ ʩ ʧʦʢʨʳʪʳʤʠ 

ʟʝʨʥʘʤʠ ʠ ʦʦʠʜʘʤʠ (ʄʊ 11), ʧʝʣʦʠʜʥʳʤʠ  ʚʘʢʩʪʦʫʥʘʤʠ (ʄʊ 10), ʙʠʦʢʣʘʩʪʠʯʝʩʢʠʤʠ ʧʘʢ-

ʬʣʦʘʪʩʪʦʫʥʘʤʠ (ʄʊ 9), ʤʠʢʨʦʙʠʘʣʴʥʦ-ʚʦʜʦʨʦʩʣʝʚʳʤʠ ʙʠʥʜʩʪʦʫʥʘʤʠ ʩ ʘʩʩʦʮʠʘʮʠʝʡ 

Lithocodium-Bacinella (ʄʊ 7).  ʌʘʮʠʘʣʴʥʘʷ ʟʦʥʘ ʨʠʬʦʚ ʙʨʦʚʢʠ ʧʣʘʪʬʦʨʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ 
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ʙʠʦʛʝʨʤʘʤʠ ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʩʤʝʰʘʥʥʦʡ ʘʩʩʦʮʠʘʮʠʝʡ ʨʠʬʦʩʪʨʦʠʪʝʣʝʡ ï ʛʫʙʢʦʚʦ-ʢʦʨʘʣʣʦʚʦ-

ʤʠʢʨʦʙʠʘʣʴʥʳʤʠ ʙʘʫʥʜʩʪʦʫʥʘʤʠ (ʄʊ 6), ʘ ʪʘʢʞʝ  ʤʠʢʨʦʙʦʣʠʪʘʤʠ. ʇʦʩʣʝʜʥʠʝ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ 

ʥʘ ʜʚʝ ʛʨʫʧʧʳ  - ʤʝʣʢʦʚʦʜʥʳʝ  ʤʠʢʨʦʙʦʣʠʪʳ ʩ ʘʩʩʦʮʠʘʮʠʝʡ ʠʥʢʨʫʩʪʘʪʦʨʦʚ (ʦʙʳʯʥʦ Bacinella 

ʠ Thomatoporella, Koskinobulina socialis) (ʄʊ 7) ʠ ʛʣʫʙʦʢʦʚʦʜʥʳʝ -  ʪʨʦʤʙʦʣʠʪʳ 

ʠʥʢʨʫʩʪʠʨʦʚʘʥʥʳʝ Crescentiella ʠ ʪʝʨʨʝʙʝʣʣʠʜʘʤʠ (ʄʊ 5). ɺ ʪʝʩʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʩ ʨʠʬʦʚʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ ʥʘʭʦʜʷʪʩʷ ʠʥʪʨʘʢʣʘʩʪʦʚʳʝ ʬʣʦʘʪʩʪʦʫʥʳ ʠ ʨʫʜʩʪʦʫʥʳ (ʄʊ 8), ʢʦʪʦʨʳʝ 

ʚʳʧʦʣʥʷʣʠ ʤʝʞʨʠʬʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʠ ʥʘ ʩʢʣʦʥʝ 

ʢʘʨʙʦʥʘʪʥʦʡ ʧʣʘʪʬʦʨʤʳ.    ʆʪʣʦʞʝʥʠʷ ʩʢʣʦʥʘ ʠ ʝʛʦ ʧʦʜʥʦʞʴʷ  ʚʢʣʶʯʘʶʪ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʠ 

ʛʨʫʙʦʟʝʨʥʠʩʪʳʝ ʧʨʝʜʨʠʬʦʚʳʝ  ʰʣʝʡʬʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʛʨʝʡʥʩʪʦʫʥʘʤʠ (ʄʊ 3), ʨʫʜʩʪʦʫʥʘʤʠ 

(ʄʊ 4) ʠ ʢʘʨʙʦʥʘʪʥʳʤʠ ʙʨʝʢʯʠʷʤʠ, ʢʦʪʦʨʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʪʦʷʪ ʠʟ ʦʙʣʦʤʢʦʚ 

ʠʟʚʝʩʪʥʷʢʦʚ ʌɿ ʨʠʬʦʚ.  

ʀʟʤʝʥʷʷʩʴ ʦʪ -2.9 ʜʦ 1.3 ă ʦʪʥʦʩʠʪʝʣʴʥʦ PDB, ʠʟʤʝʨʝʥʥʳʝ ʚ ʠʟʚʝʩʪʥʷʢʘʭ ʦʪʥʦʰʝʥʠʷ 

ŭ18O ʣʝʞʘʪ ʚ ʦʙʣʘʩʪʠ ʥʦʨʤʘʣʴʥʳʭ ʤʦʨʩʢʠʭ ʟʥʘʯʝʥʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʢʘʢ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ, ʪʘʢ 

ʠ ʜʨʝʚʥʠʭ ʤʦʨʩʢʠʭ ʢʘʨʙʦʥʘʪʥʳʭ ʦʩʘʜʢʦʚ [2]. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʮʝʥʢʠ  

ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʦʜ  Mn/Sr ʠ Fe/Sr ʥʝ ʧʨʦʷʚʣʷʶʪ ʢʦʨʨʝʣʷʮʠʠ ʩ 

ʠʟʤʝʨʝʥʥʳʤʠ ŭ18O, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʦʪʩʫʪʩʪʚʠʷ ʟʥʘʯʠʤʳʭ ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʭ 

ʥʘʨʫʰʝʥʠʡ ʠʟʦʪʦʧʥʦʡ ʩʠʩʪʝʤʳ ʚ ʠʟʚʝʩʪʥʷʢʘʭ.     

ʅʘʙʣʶʜʘʷ ʚʘʨʠʘʮʠʠ ʟʥʘʯʝʥʠʡ ŭ18O ʠʟʫʯʝʥʥʳʝ ʚʝʨʭʥʝʶʨʩʢʠʝ ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ 

ʖɹɹʂ ʠ ʇɼ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 2 ʛʨʫʧʧʳ: I (ŭ18O -2.9 - 0.1) -   ʤʝʣʢʦʚʦʜʥʳʝ ʦʪʣʦʞʝʥʠʷ 

ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʠ ʙʨʦʚʢʠ ʢʘʨʙʦʥʘʪʥʦʡ ʧʣʘʪʬʦʨʤʳ (ʄʊ 12, 11, 10, 9, 7, 6); II (ŭ18O -0.5 - 1.3) 

ï ʦʪʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʥʘ ʫʤʝʨʝʥʥʳʭ (ʄʊ 10, 9) ʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʛʣʫʙʠʥʘʭ 

ʚ ʧʨʝʜʝʣʘʭ ʩʢʣʦʥʘ ʠ ʧʦʜʥʦʞʴʷ ʢʘʨʙʦʥʘʪʥʦʡ ʧʣʘʪʬʦʨʤʳ (ʄʊ 8, 5, 4, 3).    ʆʜʥʘʢʦ ʚ ʩʦʩʪʘʚʝ 

ʠʟʚʝʩʪʥʷʢʦʚʳʭ ʙʨʝʢʯʠʡ ʚʩʪʨʝʯʘʶʪʩʷ ʦʙʣʦʤʢʠ ʤʝʣʢʦʚʦʜʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ, ʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ  ŭ18O (ʄʊ 12, 7 = 1.1 ă), ʯʪʦ  ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʯʘʩʪʠʯʥʦʡ ʮʝʤʝʥʪʘʮʠʝʡ ʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʵʪʠʭ ʦʙʣʦʤʢʦʚ ʥʘ ʛʣʫʙʠʥʝ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ  ʨʘʟʣʠʯʥʳʭ ʛʣʫʙʠʥʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʚʝʨʭʥʝʶʨʩʢʠʭ ʠʟʚʝʩʪʥʷʢʦʚ ɻʦʨʥʦʛʦ ʂʨʳʤʘ. ɺʘʞʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʧʦʜʪʚʝʨʞʜʝʥʠʝ 

ʛʣʫʙʦʢʦʚʦʜʥʦʩʪʠ ʪʨʦʤʙʦʣʠʪʦʚʳʭ ʨʠʬʦʚ (ʄʊ 5)  ʪʘʢ ʢʘʢ ʵʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝ ʠʤʝʶʪ 

ʩʦʚʨʝʤʝʥʥʳʭ ʘʥʘʣʦʛʦʚ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʪʷʞʝʣʳʡ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ʚ ʪʨʦʤʙʦʣʠʪʦʚʳʭ 

ʠʟʚʝʩʪʥʷʢʘʭ, ʠ ʙʠʦʢʣʘʩʪʠʯʝʩʢʠʭ ʦʩʘʜʢʘʭ ʟʘʨʠʬʦʚʦʡ ʠ ʤʝʞʨʠʬʦʚʦʡ ʯʘʩʪʠ ʰʝʣʴʬʘ (ʄʊ 10, 9, 8) 

ʩʣʫʞʠʪ ʢʦʩʚʝʥʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʘʨʙʦʥʘʪʥʦʡ ʧʣʘʪʬʦʨʤʳ ʚ ʚʠʜʝ 

ʩʪʫʧʝʥʯʘʪʦʛʦ ʨʘʤʧʘ, ʙʨʦʚʢʘ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʥʘ ʫʤʝʨʝʥʥʦʡ ʛʣʫʙʠʥʝ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ 15-05-08767). 
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ɺ ʧʨʠʬʘʩʦʚʦʡ ʯʘʩʪʠ ʇʨʝʜʘʣʪʘʡʩʢʦʡ ʨʘʚʥʠʥʳ ʚ ʨʘʟʨʝʟʘʭ ʥʝʦʛʝʥ-ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʚʩʢʨʳʪʳʭ 

ʩʢʚʘʞʠʥʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʳ ʚʝʨʭʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʳʝ, ʵʦʧʣʝʡʩʪʦʮʝʥʦʚʳʝ ʠ ʚʝʨʭʥʝʤʠʦʮʝʥʦʚʳʝ ʦʟʸʨʥʳʝ ʪʦʣʱʠ. 

ʇʝʨʚʳʝ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʥʦʛʦ ʚʣʘʞʥʦʛʦ ʢʣʠʤʘʪʘ ʧʦʩʣʝʜʥʝʛʦ ʦʣʝʜʝʥʝʥʠʷ. ɺʪʦʨʳʝ ï ʚ ʙʝʩʩʪʦʯʥʦʤ 

ʚʦʜʦʸʤʝ ʚ ʘʨʠʜʥʳʭ ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ ʩ ʝʛʦ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤʠ ʦʩʮʠʣʣʷʮʠʷʤʠ ʚ ʩʪʦʨʦʥʫ 

ʧʦʚʳʰʝʥʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ. ʊʨʝʪʴʠ ï ʚ ʙʝʩʩʪʦʯʥʦʤ ʩʦʣʦʥʦʚʘʪʦʤ ʦʟʝʨʝ ʩ ʥʝʫʩʪʦʡʯʠʚʳʤ ʨʝʞʠʤʦʤ ʚ ʫʩʣʦʚʠʷʭ 

ʪʸʧʣʦʛʦ ʩʝʤʠʘʨʠʜʥʦʛʦ ʢʣʠʤʘʪʘ, ʩʤʝʥʷʚʰʝʛʦʩʷ ʧʝʨʠʦʜʦʤ ʧʦʚʳʰʝʥʥʦʡ ʫʚʣʘʞʥʸʥʥʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʘ 

ʚʦʜʦʸʤʘ. 

 

ʅʘ ʤʝʞʜʫʨʝʯʴʝ ʏʘʨʳʰʘ ʠ ʃʦʢʪʝʚʢʠ ʧʦʩʣʝ ʚʳʭʦʜʘ ʠʭ ʥʘ ʇʨʝʜʘʣʪʘʡʩʢʫʶ ʨʘʚʥʠʥʫ ʚ 2012 

ʛ. ʧʨʦʙʫʨʝʥʦ ʧʷʪʴ ʢʘʨʪʠʨʦʚʦʯʥʳʭ ʩʢʚʘʞʠʥ ʥʘ ʫʜʘʣʝʥʠʠ ʦʪ 1,6 ʜʦ 7,5 ʢʤ ʦʪ ʬʘʩʘ ɸʣʪʘʷ, 

ʚʩʢʨʳʚʰʠʭ ʙʣʠʟʢʠʝ ʧʦ ʣʠʪʦʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʛʝʥʝʟʠʩʫ ʠ ʩʪʨʦʝʥʠʶ ʨʘʟʨʝʟʳ ʥʝʦʛʝʥ-

ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʤʦʱʥʦʩʪʴʶ ʦʪ 60 ʜʦ 98 ʤ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚ ʵʪʠʭ ʨʘʟʨʝʟʘʭ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʪʣʦʞʝʥʠʷ ʦʟʸʨʥʦʛʦ ʛʝʥʝʟʠʩʘ ʧʦʟʜʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ, ʵʦʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʠ 

ʧʦʟʜʥʝʤʠʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʪʦʨʳʭ 

ʧʦʟʚʦʣʷʶʪ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʫʩʣʦʚʠʷ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ.  

ɺʝʨʭʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʳʝ ʦʟʸʨʥʳʝ ʦʪʣʦʞʝʥʠʷ ʤʦʱʥʦʩʪʴʶ ʦʪ 6,3 ʤ ʜʦ 13,7 ʤ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʞʝʣʪʦʚʘʪʦ-ʩʝʨʳʭ, ʩʝʨʳʭ, ʟʝʣʝʥʦʚʘʪʦ- ʠ ʛʦʣʫʙʦʚʘʪʦ-ʩʝʨʳʭ 

ʪʦʥʢʦʩʣʦʠʩʪʳʭ ʛʣʠʥ ʠ ʘʣʝʚʨʠʪʦʚ ʩ ʧʨʦʩʣʦʷʤʠ ʧʝʩʢʦʚ, ʚʩʢʨʳʪʳ ʩʢʚʘʞʠʥʘʤʠ ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 8,8 

ʜʦ 9,9 ʤ ʧʦʜ ʘʣʣʶʚʠʝʤ ʧʝʨʚʦʡ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ. ɻʣʠʥʳ ʛʠʜʨʦʩʣʶʜʠʩʪʳʝ ʩ ʧʨʠʤʝʩʴʶ 

ʢʚʘʨʮʘ, ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʠ ʢʘʣʴʮʠʪʘ. ʇʦʩʪʦʷʥʥʦʝ ʥʘʣʠʯʠʝ ʚ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʦʟʸʨʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʘʫʪʠʛʝʥʥʳʭ ʤʘʨʢʘʟʠʪʘ ʠ ʧʠʨʠʪʘ, ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ FeO (2,53 %), ʠ 

ʧʦʥʠʞʝʥʥʳʝ Fe2O3 (3,5 %), MnO (0,05 %), CaO (3,2 %), ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʠ 

ʚ ʫʩʣʦʚʠʷʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʨʝʜʳ ʠ ʩʝʨʦʚʦʜʦʨʦʜʥʦʛʦ ʟʘʨʘʞʝʥʠʷ. ʇʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ 

SiO2 (66,22 %), K2O (2,09 %), Na2O (1,92 %) ʠ ʧʦʥʠʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ Al 2O3 (11,55 %) ʠ TiO2 

(0,70 %) ʦʪʨʘʞʘʶʪ ʭʦʣʦʜʥʳʡ ʢʣʠʤʘʪ ʚʨʝʤʝʥʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʥʠʭ ʧʦʪʝʨʠ 

ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ (6,26 %) ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ 15 %. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ 

ʠʭ ʢ ʤʠʥʝʨʘʣʴʥʳʤ ʦʩʘʜʢʘʤ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʘʢʘʧʣʠʚʘʚʰʠʤʩʷ ʚ 
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ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ, ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ ʠ ʧʝʨʠʛʣʷʮʠʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʦʚ [3]. 

ʊʦʯʥʦ ʪʘʢʠʝ ʞʝ ʦʪʣʦʞʝʥʠʷ ʠ ʥʘ ʪʝʭ ʞʝ ʛʣʫʙʠʥʘʭ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʚʩʢʨʳʪʳ ʚ ʙʝʨʝʛʦʚʳʭ 

ʦʙʥʘʞʝʥʠʷʭ ʃʦʢʪʝʚʢʠ ʠ ʏʘʨʳʰʘ, ʛʜʝ ʩʦʜʝʨʞʘʪ ʧʦʟʜʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʳʝ ʠʩʢʦʧʘʝʤʳʝ ʦʩʪʘʪʢʠ 

ʤʘʤʦʥʪʦʚʦʡ ʬʘʫʥʳ, ʠ ʜʘʪʠʨʦʚʘʥʳ ʧʦ ʨʘʜʠʦʫʛʣʝʨʦʜʫ ʚ 16420 Ñ 150 ʣʝʪ (ʉʆɸʅ-8882) ʠ 25715 

Ñ 205 ʣʝʪ (ʉʆɸʅ-8884) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [2], ʦʪʚʝʯʘʷ ʚʨʝʤʝʥʠ ʧʦʩʣʝʜʥʝʛʦ (ʩʘʨʪʘʥʩʢʦʛʦ) 

ʦʣʝʜʝʥʝʥʠʷ.  

ʕʦʧʣʝʡʩʪʦʮʝʥʦʚʳʝ ʦʟʸʨʥʳʝ ʦʪʣʦʞʝʥʠʷ ʢʦʯʢʦʚʩʢʦʡ ʩʚʠʪʳ ʤʦʱʥʦʩʪʴʶ ʦʪ 25,2 ʤ ʜʦ 

37,3 ʤ, ʢʨʦʚʣʷ ʢʦʪʦʨʳʭ ʚʩʢʨʳʪʘ ʩʢʚʘʞʠʥʘʤʠ ʥʘ ʛʣʫʙʠʥʘʭ 30,2ï34,5 ʤ, ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʝʨʳʤʠ, ʢʦʨʠʯʥʝʚʘʪʦ-ʩʝʨʳʤʠ, ʙʫʨʦʚʘʪʦ- ʠ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʤʠ ʛʣʠʥʘʤʠ ʩ 

ʪʦʥʢʠʤʠ (ʜʦ 0,5 ʤ) ʧʨʦʩʣʦʷʤʠ ʟʝʣʝʥʦʚʘʪʳʭ ʛʣʠʥ, ʞʝʣʪʦʚʘʪʦ- ʠ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʭ 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʧʝʩʢʦʚ, ʠ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʭ ʘʣʝʚʨʠʪʦʚ. ɻʣʠʥʠʩʪʳʝ ʧʨʦʩʣʦʠ ʢʦʯʢʦʚʩʢʦʡ 

ʩʚʠʪʳ ʛʠʜʨʦʩʣʶʜʠʩʪʳʝ ʩ ʢʚʘʨʮʝʤ, ʢʘʣʴʮʠʪʦʤ, ʧʦʣʝʚʳʤʠ ʰʧʘʪʘʤʠ, ʭʣʦʨʠʪʦʤ ʠ, ʠʥʦʛʜʘ, 

ʚʝʨʦʷʪʥʦ, ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʠʤʝʩʴʶ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ. ʉʚʝʪʣʦ- ʠ ʙʫʨʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʳʝ 

ʛʣʠʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʥʠʞʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ (%) SiO2 (51,87ï54,66), TiO2 (0,72ï0,74), 

Al 2O3 (14,16ï14,73), ʥʘʢʦʧʣʝʥʠʝʤ ʧʦʜʚʠʞʥʳʭ ʦʢʠʩʣʦʚ Fe2O3 (5,27ï6,25), MnO (0,11ï0,12), 

MgO (2,23ï2,45), CaO (6,88ï6,95), Na2O (0,72ï0,87), K2O (2,45ï2,55), ʚʳʩʦʢʠʤʠ ʧʦʪʝʨʷʤʠ ʧʨʠ 

ʧʨʦʢʘʣʠʚʘʥʠʠ (12,50ï13,01), ʠ ʥʘʣʠʯʠʝʤ ʘʫʪʠʛʝʥʥʦʛʦ ʣʠʤʦʥʠʪʘ. 

ɺʩʸ ʵʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʘʢʢʫʤʫʣʷʮʠʠ ʩʚʝʪʣʦ- ʠ ʙʫʨʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʳʭ ʛʣʠʥ 

ʢʦʯʢʦʚʩʢʦʡ ʩʚʠʪʳ ʚ ʙʝʩʩʪʦʯʥʦʤ ʚʦʜʦʸʤʝ ʩ ʥʝʫʩʪʦʡʯʠʚʳʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ, ʚʦʜʳ 

ʢʦʪʦʨʦʛʦ ʦʪʣʠʯʘʣʠʩʴ ʧʦʚʳʰʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʞʸʩʪʢʦʩʪʴʶ ʠ ʱʸʣʦʯʥʦʩʪʴʶ, ʘ ʠʭ 

ʛʠʜʨʦʩʣʶʜʠʩʪʳʡ ʩʦʩʪʘʚ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ 

ʵʦʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʢʣʠʤʘʪʘ ʚ ʩʪʦʨʦʥʫ ʧʦʭʦʣʦʜʘʥʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʦʮʝʥʦʤ. ʂʨʦʤʝ ʪʦʛʦ, 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ CaO ʧʦ ʨʘʟʨʝʟʫ ʩʚʠʪʳ, ʤʦʛʫʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʘʨʠʜʥʦʩʪʴ ʢʣʠʤʘʪʘ 

ʚʦ ʚʨʝʤʷ ʝʸ ʥʘʢʦʧʣʝʥʠʷ. ʉʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʝ ʩʧʝʢʪʨʳ ʠʟ ʵʪʠʭ ʛʣʠʥ, ʚʳʜʝʣʝʥʥʳʝ ʀ.ɺ. ʍʘʟʠʥʦʡ, 

ʠ ʦʪʥʝʩʸʥʥʳʝ ʢ ʧʣʠʦʮʝʥ-ʯʝʪʚʝʨʪʠʯʥʦʤʫ ʚʨʝʤʝʥʠ, ʦʪʨʘʞʘʶʪ ʩʫʭʦʩʪʝʧʥʫʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 

ʧʣʘʢʦʨʦʚ ʩ ʥʝʙʦʣʴʰʠʤʠ ʣʝʩʢʘʤʠ ʧʦ ʙʝʨʝʛʘʤ ʚʦʜʦʸʤʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʩʦʩʥʳ, ʙʝʨʸʟʳ ʠ ʠʚʳ. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʦʩʣʦʠ ʟʝʣʝʥʦʚʘʪʳʭ ʛʣʠʥ, ʩʦʜʝʨʞʘʱʠʝ ʘʫʪʠʛʝʥʥʳʡ ʧʠʨʠʪ, ʦʯʝʚʠʜʥʦ, 

ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʚ ʧʝʨʠʦʜʳ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʦʩʮʠʣʣʷʮʠʡ ʚ ʩʪʦʨʦʥʫ 

ʧʦʚʳʰʝʥʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʘ ʚʦʜʦʸʤʦʚ. 

ɺʝʨʭʥʝʤʠʦʮʝʥʦʚʳʝ ʦʟʸʨʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʘʚʣʦʜʘʨʩʢʦʡ ʩʚʠʪʳ ʤʦʱʥʦʩʪʴʶ ʦʪ 11,7 ʜʦ 

18,2 ʤ, ʢʨʦʚʣʷ ʢʦʪʦʨʳʭ ʚʩʢʨʳʪʘ ʩʢʚʘʞʠʥʘʤʠ ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 39 ʜʦ 64 ʤ, ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʩʚʝʪʣʦ-, ʪʸʤʥʦ- ʠ ʙʫʨʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʳʭ ʛʣʠʥ ʩ ʢʘʨʙʦʥʘʪʥʳʤʠ ʢʦʥʢʨʝʮʠʷʤʠ, ʠ 

ʧʨʦʩʣʦʝʤ (ʜʦ 5 ʤ) ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʪʸʤʥʦ-ʩʝʨʳʭ ʩ ʩʠʥʝʚʘʪʳʤ ʦʪʪʝʥʢʦʤ, ʤʝʩʪʘʤʠ ʧʦʯʪʠ ʯʸʨʥʳʭ 

ʛʣʠʥʠʩʪʳʭ ʘʣʝʚʨʠʪʦʚ. ʂʦʨʠʯʥʝʚʳʝ ʛʣʠʥʳ ʧʘʚʣʦʜʘʨʩʢʦʡ ʩʚʠʪʳ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚʳʝ ʩ 

ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʚʘʨʮʘ,  ʢʘʣʴʮʠʪʘ, ʭʣʦʨʠʪʘ ʠ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ. ɼʣʷ ʵʪʠʭ ʛʣʠʥ 
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ʭʘʨʘʢʪʝʨʥʳ ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ (%) Mn (0,1), Zn (0,01), V (0,01), B (0,006) ʠ 

ʧʦʥʠʞʝʥʥʳʝ ï Ga (0,001), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʥʘʢʦʧʣʝʥʠʠ ʚ ʩʦʣʦʥʦʚʘʪʦʚʦʜʥʳʭ 

ʫʩʣʦʚʠʷʭ. ʂʦʨʠʯʥʝʚʳʝ ʛʣʠʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ (%): SiO2 

(50,09ï53,53), TiO2 (0,74ï0,81), Al 2O3 (14,71ï16,13), Fe2O3 (6,70ï7,89), MnO (0,06ï0,08), MgO 

(2,00ï2,47), CaO (2,47ï6,79), Na2O (0,22ï0,30), K2O (1,33ï1,85), P2O5 (0,07ï0,09), SO3 (0,06ï

0,12), ʧʧʧ (13,75ï16,51). ɺʩʸ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʦ ʜʦʚʦʣʴʥʦ 

ʪʸʧʣʦʤ ʩʝʤʠʘʨʠʜʥʦʤ ʢʣʠʤʘʪʝ ʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʠ ʚ ʫʩʣʦʚʠʷʭ ʛʦʩʧʦʜʩʪʚʘ ʦʢʠʩʣʠʪʝʣʴʥʳʡ 

ʩʨʝʜʳ ʚ ʚʦʜʦʸʤʝ ʩ ʥʝʫʩʪʦʡʯʠʚʳʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ, ʚʦʟʤʦʞʥʦ, ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʧʝʨʝʩʳʭʘʚʰʝʤ. 

ʊʸʤʥʦ-ʩʝʨʳʝ ʛʣʠʥʠʩʪʳʝ ʘʣʝʚʨʠʪʳ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʚ ʥʝʩʢʦʣʴʢʦ ʠʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʥʠ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʛʣʠʥ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʦʢʠʩʣʦʚ (%): SiO2 (64,11), TiO2 (0,86), 

Al 2O3 (15,07), Fe2O3 (5,99), MnO (0,06), MgO (1,93), CaO (1,34), Na2ʆ (1,52), K2O (2,23), P2O5 

(0,09), SO3 (0,18), ʧʧʧ (7,28). ɻʣʠʥʠʩʪʘʷ ʬʨʘʢʮʠʷ ʚ ʥʠʭ, ʭʦʪʷ ʠ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚʘʷ, ʥʦ ʩʦ 

ʩʤʝʰʘʥʥʦ-ʩʣʦʡʥʳʤʠ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ-ʭʣʦʨʠʪʦʤ, ʢʚʘʨʮʝʤ, ʥʘʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʘʣʴʮʠʪʘ 

ʠ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ. ʅʘʣʠʯʠʝ ʩʤʝʰʘʥʥʦ-ʩʣʦʡʥʳʭ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ-ʭʣʦʨʠʪʘ, ʚʝʨʦʷʪʥʦ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʚ 

ʧʝʨʠʦʜ ʥʘʢʦʧʣʝʥʠʷ ʵʪʦʛʦ ʩʣʦʷ, ʢʦʪʦʨʦʝ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʨʝʜʝ ʧʦʩʪʦʷʥʥʦʛʦ 

ʥʝ ʧʝʨʝʩʳʭʘʚʰʝʛʦ ʚʦʜʦʸʤʘ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʠ ʮʚʝʪ ʵʪʠʭ ʦʪʣʦʞʝʥʠʡ. ʅʘ ʵʪʦ ʞʝ ʫʢʘʟʳʚʘʶʪ ʠ 

ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʝ ʩʧʝʢʪʨʳ ʠʟ ʪʸʤʥʦ-ʩʝʨʳʭ ʛʣʠʥʠʩʪʳʭ ʘʣʝʚʨʠʪʦʚ, ʦʪʥʝʩʸʥʥʳʝ ʀ.ɺ. ʍʘʟʠʥʦʡ 

ʢ ʩʨʝʜʥʝʤʫ ï ʧʦʟʜʥʝʤʫ ʤʠʦʮʝʥʫ. ʆʥʠ ʦʪʨʘʞʘʶʪ ʨʘʟʚʠʪʠʝ ʭʚʦʡʥʳʭ ʣʝʩʦʚ ʩ ʧʨʠʤʝʩʴʶ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ. ʇʦʩʪʦʷʥʥʦʝ ʠ ʜʦʚʦʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ (7,73ï13,8 %) ʥʘʣʠʯʠʝ ʚ ʥʠʭ 

ʧʳʣʴʮʳ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʫʤʝʨʝʥʥʦ ʪʝʧʣʦʣʶʙʠʚʳʭ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ, ʘ ʪʘʢʞʝ ʪʩʫʛʠ 

(1,09ï2,34 %), ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʩʨʝʜʥʝʷʥʚʘʨʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝ ʥʠʞʝ -12 Áʉ, 

ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝ ʥʠʞʝ +3 Áʉ ʠ ʛʦʜʦʚʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʩʘʜʢʦʚ ʥʝ ʤʝʥʝʝ 600 ʤʤ 

[1]. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʨʘʟʨʝʟ ʧʘʚʣʦʜʘʨʩʢʦʡ ʩʚʠʪʳ, ʚʩʢʨʳʪʳʡ ʩʢʚʘʞʠʥʘʤʠ ʥʘ ʤʝʞʜʫʨʝʯʴʝ 

ʏʘʨʳʰʘ ʠ ʃʦʢʪʝʚʢʠ, ʧʨʝʜʩʪʘʚʣʝʥ ʩʘʤʦʡ ʥʠʞʥʝʡ ʝʸ ʯʘʩʪʴʶ, ʩʦʭʨʘʥʠʚʰʝʡʩʷ ʦʪ ʨʘʟʤʳʚʘ.   

ʇʨʠ ʵʪʦʤ ʨʝʟʢʠʡ ʵʨʦʟʠʦʥʥʳʡ ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʵʦʧʣʝʡʩʪʦʮʝʥʦʚʦʡ ʢʦʯʢʦʚʩʢʦʡ ʠ 

ʚʝʨʭʥʝʤʠʦʮʝʥʦʚʦʡ ʧʘʚʣʦʜʘʨʩʢʦʡ ʩʚʠʪʘʤʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʛʣʫʙʦʢʦʤ ʨʘʟʤʳʚʝ ʧʦʩʣʝʜʥʝʡ, 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤ ʥʝʩʦʛʣʘʩʠʠ, ʠ ʜʣʠʪʝʣʴʥʦʤ ʧʝʨʝʨʳʚʝ ʚ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʠ. 
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ʀɽʅ ʌɹɻʆʋ ɺʆ ʉɻʋ ʠʤ. ʇʠʪʠʨʠʤʘ ʉʦʨʦʢʠʥʘ, ʉʳʢʪʳʚʢʘʨ 

 

ɺ ʠʩʪʦʨʠʠ ʩʨʝʜʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʥʘ ʛʨʷʜʳ ʏʝʨʥʳʰʸʚʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʯʝʪʳʨʝ 

ʵʪʘʧʘ: ʢʦʩʦʛʦʨʩʢʦ-ʘʩʢʳʥʙʘʰʩʢʠʡ, ʪʘʰʘʩʪʠʥʩʢʠʡ, ʘʩʘʪʘʫʩʩʢʦ-ʢʘʰʠʨʩʢʠʡ ʠ ʧʦʜʦʣʴʩʢʦ-ʤʷʯʢʦʚʩʢʠʡ. ʋʩʣʦʚʠʷ 

ʩʝʜʠʤʝʥʪʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʝʭ, ʯʪʦ ʛʦʩʧʦʜʩʪʚʦʚʘʣʠ ʚ ʙʘʩʩʝʡʥʝ ʚʝʨʭʥʝʡ ʇʝʯʦʨʳ, ʥʦ ʠʤʝʶʪ ʩʭʦʞʠʝ 

ʯʝʨʪʳ ʩ ʪʝʤʠ, ʯʪʦ ʙʳʣʠ ʨʘʟʚʠʪʳ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʑʫʛʝʨ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʭʦʨʦʰʦ ʟʘʤʝʪʥʦ ʥʘ ʥʠʞʥʝʙʘʰʢʠʨʩʢʦʤ ʠ 

ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ (ʚʝʨʭʥʝʤʦʩʢʦʚʩʢʦʤ) ʵʪʘʧʘʭ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʨʘʟʣʠʯʠʷ ʠ ʩʭʦʞʝʩʪʴ ʵʚʦʣʶʮʠʡ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʙʘʩʩʝʡʥʘ ʩʝʜʠʤʝʥʪʘʮʠʠ ʢ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ, ʥʦ ʠ ʝʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤʠ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʦʙʣʘʩʪʝʡ.  

 

ʅʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʦʛʨʘʥʠʯʝʥʠʠ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ (ʪʝʨʨʠʪʦʨʠʷ 

ʇʝʯʦʨʩʢʦʛʦ ʋʨʘʣʘ) ʚ ʚʠʜʫ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʬʫʥʜʘʤʝʥʪʘ ʵʚʦʣʶʮʠʷ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʙʳʣʘ 

ʤʥʦʛʦʦʙʨʘʟʥʦʡ. ʕʪʠ ʨʘʟʣʠʯʠʷ ʥʘʤʠ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʠʩʪʦʨʠʡ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʡ ʙʘʩʩʝʡʥʦʚ ʚʝʨʭʥʝʡ ʇʝʯʦʨʳ ʠ ʑʫʛʝʨʘ [1]. ɹʳʣʦ ʩʜʝʣʘʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʨʘʟʣʠʯʠʷ ʵʚʦʣʶʮʠʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʵʪʠʭ ʨʘʡʦʥʘʭ ʚ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ 

ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʧʨʠʫʨʦʯʝʥʥʦʩʪʠ ʢ ʵʣʝʤʝʥʪʘʤ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʣʘʥʘ [1]. ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʵʪʫ ʛʠʧʦʪʝʟʫ, ʥʘʤʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʦʪʣʦʞʝʥʠʷ 

ʩʨʝʜʥʝʛʦ ʢʘʨʙʦʥʘ ʥʘ ʛʨʷʜʝ ʏʝʨʥʳʰʸʚʘ, ʛʜʝ ʦʥʠ ʨʘʟʚʠʪʳ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʥʝ 

ʫʩʪʘʥʦʚʣʝʥʳ ʣʠʰʴ ʚ ʩʘʤʳʭ ʩʝʚʝʨʥʳʭ ʝʝ ʨʘʟʨʝʟʘʭ, ʢʦʪʦʨʳʝ ʚʝʥʯʘʶʪʩʷ ʦʢʩʢʠʤ ʥʘʜʛʦʨʠʟʦʥʪʦʤ. 

ɿʜʝʩʴ ʚ ʙʘʰʢʠʨʩʢʦʡ ʪʦʣʱʝ ʦʪʤʝʯʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʬʘʮʠʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʚʦʩʪʦʯʥʳʤ 

(ʚʘʥʛʳʨʩʢʠʤ) ʠ ʟʘʧʘʜʥʳʤ (ʩʳʥʠʥʩʢʠʤ) ʪʠʧʘʤʠ ʨʘʟʨʝʟʦʚ. ɻʨʘʥʠʮʘ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʧʨʦʭʦʜʠʪ 

ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦ ʧʦ ʤʝʞʜʫʨʝʯʴʶ ʨʝʢ ɺʘʥʛʳʨ ʠ ɹ. ʉʳʥʷ ʥʘ ʶʛʝ, ʯʝʨʝʟ ʚʝʨʭʦʚʴʝ ʄ. ʉʳʥʠ ʠ 

ʩʨʝʜʥʝʝ ʪʝʯʝʥʠʝ ʨ. ʂʳʤʙʘʞʲʶ ʢ ʙʘʩʩʝʡʥʫ ʨ. ɹ. ʉʘʨʴʶʛʘ ʥʘ ʩʝʚʝʨʝ [2].  

ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʨʝʜʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʦʜʥʦʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʨʘʟʨʝʟʦʚ ʩʳʥʠʥʩʢʦʛʦ ʪʠʧʘ ʥʘ ʨ. ʐʘʨʲʶ (ʚʳʭʦʜʳ ʉʨʝʜʥʠʭ ʠ 

ɺʝʨʭʥʠʭ ʚʦʨʦʪ, ʦʙʥʘʞʝʥʠʷ ʚ 1,5 ʢʤ ʚʳʰʝ ʫʩʪʴʷ ʨʫʯ. ʉʦʨʪʵʤʘʸʣʴ) ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʦʙʱʝʠʟʚʝʩʪʥʳʤʠ ʜʘʥʥʳʤʠ [2, 3, 4, 5 ʠ ʜʨ.] ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʠʩʪʦʨʠʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʛʨʷʜʳ 
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ʏʝʨʥʳʰʸʚʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʯʝʪʳʨʝ ʵʪʘʧʘ: ʢʦʩʦʛʦʨʩʢʦ-ʘʩʢʳʥʙʘʰʩʢʠʡ, ʪʘʰʘʩʪʠʥʩʢʠʡ, 

ʘʩʘʪʘʫʩʩʢʦ-ʢʘʰʠʨʩʢʠʡ ʠ ʧʦʜʦʣʴʩʢʦ-ʤʷʯʢʦʚʩʢʠʡ.  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʘ ʚʦʩʪʦʢʝ ʶʞʥʦʡ ʯʘʩʪʠ ʛʨʷʜʳ ʚʳʜʝʣʷʝʪʩʷ ʦʙʣʘʩʪʴ, ʛʜʝ ʚ ʵʪʦ ʚʨʝʤʷ 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʚʦʟʥʠʢʘʣʠ ʦʪʤʝʣʠ ʠ ʦʩʪʨʦʚʘ. ʂʦʣʝʙʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʙʘʰʢʠʨʩʢʦʛʦ ʚʨʝʤʝʥʠ ʤʥʦʛʠʭ ʨʘʡʦʥʦʚ, ʧʨʦʷʚʠʣʠʩʴ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʠ ʥʘ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʛʨʷʜʳ. ʉʚʠʜʝʪʝʣʴʩʪʚʦʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʨʠʪʤʠʯʥʦʩʪʴ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ʊʘʢ, 

ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʮʠʢʣʳ ʚ ʥʠʞʥʝʙʘʰʢʠʨʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʲʸʤʘʤ 

ʧʦʜʲʷʨʫʩʦʚ, ʦʩʥʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʦʙʨʘʟʦʚʘʥʳ ʦʩʘʜʢʘʤʠ ʩʠʣʴʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ (ʛʨʘʚʝʣʠʪʳ, 

ʦʦʣʠʪʦʚʳʝ ʠʟʚʝʩʪʥʷʢʠ), ʘ ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ð ʦʪʣʦʞʝʥʠʷʤʠ ʥʝʨʠʪʦʚʦʡ ʦʙʣʘʩʪʠ ʩʫʙʣʠʪʦʨʘʣʠ 

ʦʪʢʨʳʪʦʛʦ ʰʝʣʴʬʘ. ʆʙʳʯʥʦ ʚ ʠʭ ʩʪʨʦʝʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʯʝʨʝʜʦʚʘʥʠʝ ʧʘʯʝʢ ʤʦʱʥʦʩʪʴʶ ʜʦ 5ð

6 ʤ ʪʦʣʩʪʦʥʘʧʣʘʩʪʦʚʘʥʥʳʭ ʙʠʦʢʣʘʩʪʦʚʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʪʦʥʢʦʧʣʠʪʯʘʪʳʭ ʢʘʨʙʦʥʘʪʦʚ 

ʨʘʟʣʠʯʥʦʛʦ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʦʦʣʠʪʦʚʳʝ, ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʝ ʠ ʧʝʣʠʪʦʤʦʨʬʥʳʝ). ʏʪʦ 

ʤʦʛʣʦ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʛʣʫʙʠʥʳ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʠʦʜʠʯʥʦ ʧʦʚʪʦʨʷʚʰʠʤʠʩʷ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ ʥʘ ʚʦʩʪʦʢʝ ʛʨʷʜʳ. 

ʂʨʘʪʢʦʚʨʝʤʝʥʥʘʷ ʨʝʛʨʝʩʩʠʷ ʥʘ ʛʨʘʥʠʮʝ ʥʠʞʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʙʘʰʢʠʨʘ [4] ʚ ʦʪʣʦʞʝʥʠʷʭ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʛʨʷʜʳ ʏʝʨʥʳʰʸʚʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʥʘʣʠʯʠʝʤ ʚ ʦʩʥʦʚʘʥʠʠ ʘʨʭʘʥʛʝʣʴʩʢʦʛʦ 

ʧʦʜʲʷʨʫʩʘ ʤʝʣʢʦʦʙʣʦʤʦʯʥʳʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ, ʩʦʯʝʪʘʶʱʠʭʩʷ ʚ ʨʘʟʨʝʟʝ ʩ ʙʠʦʢʣʘʩʪʦʚʳʤʠ 

ʠʟʚʝʩʪʥʷʢʘʤʠ. ʋʩʪʘʥʦʚʠʚʰʠʝʩʷ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʫʩʣʦʚʠʷ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚʪʦʨʦʛʦ 

(ʪʘʰʘʩʪʠʥʩʢʦʛʦ) ʵʪʘʧʘ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʨʝʜʳʜʫʱʠʭ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʤʝʥʷʝʪʩʷ 

ʭʘʨʘʢʪʝʨ ʨʠʪʤʠʯʥʦʩʪʠ. ɺʳʜʝʣʝʥʥʳʝ ʚ ʜʘʥʥʦʤ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʮʠʢʣʳ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ, ʠ ʚ ʩʪʨʦʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʦʢʨʘʪʥʘʷ ʩʤʝʥʘ ʮʠʢʣʠʪʦʚ ʘʢʪʠʚʥʳʭ ʠ ʧʘʩʩʠʚʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʨʝʞʠʤʦʚ. ɺʦ-ʚʪʦʨʳʭ, ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʘʷ ʩʤʝʥʘ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʪʣʦʞʝʥʠʡ: 

ʦʩʥʦʚʥʳʤʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ ʧʦʨʦʜʘʭ ʥʘʨʷʜʫ ʩ ʙʠʦʢʣʘʩʪʦʚʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʩʪʘʥʦʚʷʪʩʷ ʦʩʪʘʪʢʠ ʚʦʜʦʨʦʩʣʝʡ. ɹʝʥʪʦʩʥʘʷ ʬʘʫʥʘ ʙʳʣʘ ʫʛʥʝʪʝʥʘ. ɺ ʦʩʘʜʢʘʭ ʵʪʦʛʦ 

ʚʨʝʤʝʥʠ ʦʪʤʝʯʝʥʳ ʣʠʰʴ ʨʝʜʢʠʝ ʩʪʚʦʨʢʠ ʙʨʘʭʠʦʧʦʜ, ʦʜʠʥʦʯʥʳʝ ʚʝʪʦʯʢʠ ʢʦʨʘʣʣʦʚ ʠ ʥʝʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʬʨʘʛʤʝʥʪʦʚ ʠʛʣʦʢʦʞʠʭ. 

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʩ ʥʘʩʪʫʧʣʝʥʠʝʤ ʘʩʘʪʘʫʩʢʦʡ ʵʧʦʭʠ ʫʩʪʘʥʦʚʠʣʩʷ ʩʪʘʙʠʣʴʥʳʡ 

ʪʝʢʪʦʥʠʯʝʩʢʠʡ ʨʝʞʠʤ, ʛʦʩʧʦʜʩʪʚʦʚʘʚʰʠʡ ʚʧʣʦʪʴ ʜʦ ʢʦʥʮʘ ʢʘʰʠʨʩʢʦʛʦ ʚʝʢʘ. ʅʘ ʶʛʦ-ʚʦʩʪʦʢʝ 

ʛʨʷʜʳ ʏʝʨʥʳʰʸʚʘ ʚ ʵʪʦ ʚʨʝʤʷ ʦʪʣʘʛʘʣʠʩʴ ʪʦʣʴʢʦ ʙʠʦʢʣʘʩʪʦʚʳʝ ʦʩʘʜʢʠ ʠ ʛʣʠʥʠʩʪʦ-ʰʣʘʤʦʚʳʝ 

ʠʣʳ, ʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ð ʦʩʪʘʪʢʠ ʚʦʜʦʨʦʩʣʝʡ ʠ ʤʠʢʨʦʙʠʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. 

ʋʩʪʘʥʦʚʠʚʰʠʝʩʷ ʫʩʣʦʚʠʷ ʙʳʣʠ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʜʣʷ ʨʦʩʪʘ ʙʨʘʭʠʦʧʦʜ ʠ ʦʩʦʙʝʥʥʦ ʢʦʨʘʣʣʦʚ, 

ʩʢʦʧʣʝʥʠʷ ʢʦʪʦʨʳʭ ʚʨʝʤʷ ʦʪ ʚʨʝʤʝʥʠ ʬʦʨʤʠʨʦʚʘʣʠ ʩʣʦʠ ʢʦʨʘʣʣʦʚʳʭ ʠʟʚʝʩʪʥʷʢʦʚ.  

ʇʦʟʜʥʝʤʦʩʢʦʚʩʢʦʝ ʚʨʝʤʷ (ʯʝʪʚʝʨʪʳʡ ʵʪʘʧ) ʦʟʥʘʤʝʥʦʚʘʣʦ ʩʦʙʦʡ ʦʙʰʠʨʥʫʶ ʨʝʛʨʝʩʩʠʶ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʛʨʷʜʳ ʏʝʨʥʳʰʸʚʘ ʦʪʤʝʯʘʝʪʩʷ ʧʝʨʝʨʳʚ 
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ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ʄʦʨʝ ʩʦʭʨʘʥʠʣʦʩʴ ʪʦʣʴʢʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʶʞʥʦʡ ʯʘʩʪʠ ʨʘʡʦʥʘ, ʛʜʝ 

ʦʪʣʘʛʘʣʠʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʠʦʢʣʘʩʪʦʚʦ-ʤʰʘʥʢʦʚʳʝ ʧʦʨʦʜʳ. ʀ ʪʦʣʴʢʦ ʚ ʨʘʡʦʥʝ ʙʘʩʩʝʥʦʚ 

ʨʝʢ ɺʦʡʧʝʤʜʘʥʴʶ ʠ ɹ. ʉʘʨʲʶʛʘ ʧʨʦʠʩʭʦʜʠʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

"ʛʠʜʨʘʢʪʠʥʦʠʜʥʳʭ" ʙʠʦʛʝʨʤʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ [2]. ʅʝʢʦʪʦʨʦʝ ʫʛʣʫʙʣʝʥʠʝ ʙʘʩʩʝʡʥʘ ʧʨʦʠʟʦʰʣʦ 

ʚ ʤʷʯʢʦʚʢʫʶ ʵʧʦʭʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʧʦʜʪʦʧʣʝʥʘ ʪʝʨʨʠʪʦʨʠʷ ʙʘʩʩʝʡʥʘ ʨ. ʐʘʨʲʶ, ʛʜʝ ʚʩʣʝʜ 

ʟʘ ʤʥʘʰʢʦʚʦ-ʙʠʦʢʣʘʪʦʚʳʤʠ ʧʦʨʦʜʘʤʠ ʙʳʣʘ ʦʙʨʘʟʦʚʘʥʘ ʠʟʚʝʩʪʥʷʢʦʚʦ-ʜʦʣʦʤʠʪʦʚʘʷ ʪʦʣʱʘ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʩʪʦʨʠʷ ʵʚʦʣʶʮʠʠ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʩʨʝʜʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʛʨʷʜʳ ʏʝʨʥʳʰʸʚʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʦʡ, ʯʪʦ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʥʘʤʠ ʚ ʙʘʩʩʝʡʥʝ ʚʝʨʭʥʝʡ ʇʝʯʦʨʳ, ʥʦ ʠʤʝʝʪ ʩʭʦʞʠʝ 

ʯʝʨʪʳ ʩ ʠʩʪʦʨʠʝʡ ʨʘʟʚʠʪʠʷ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʑʫʛʝʨ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʭʦʨʦʰʦ 

ʟʘʤʝʪʥʦ ʥʘ ʥʠʞʥʝʙʘʰʢʠʨʩʢʦʤ ʠ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ (ʚʝʨʭʥʝʤʦʩʢʦʚʩʢʦʤ) ʵʪʘʧʘʭ. ʇʦ ʚʩʝʡ 

ʚʠʜʠʤʦʩʪʠ, ʨʘʟʣʠʯʠʷ ʠ ʩʭʦʞʝʩʪʴ ʵʚʦʣʶʮʠʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʙʘʩʩʝʡʥʘ ʩʝʜʠʤʝʥʪʘʮʠʠ ʢ ʪʦʡ ʠʣʠ ʠʥʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ, 

ʥʦ ʠ ʝʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤʠ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʦʙʣʘʩʪʝʡ. ʊʘʢ, ɺʝʨʭʥʝʧʝʯʦʨʩʢʦʝ 

ʧʦʧʝʨʝʯʥʦʝ ʦʧʫʩʢʘʥʠʝ ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʧʣʘʥʝ ʧʨʠʥʘʜʣʝʞʠʪ ɿʘʧʘʜʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʟʦʥʝ ʋʨʘʣʘ 

(ɿʉɿʋ), ʘ ʛʨʷʜʘ ʏʝʨʥʳʰʝʚʘ, ʪʘʢʞʝ ʢʘʢ ʠ ʪʝʨʨʠʪʦʨʠʷ ʙʘʩʩʝʡʥʘ ʩʨʝʜʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʪʝʯʝʥʠʷ 

ʨ. ʑʫʛʝʨ, ð ʇʨʝʜʫʨʘʣʴʩʢʦʤʫ ʢʨʘʝʚʦʤʫ ʧʨʦʛʠʙʫ, ʠ ʩ ʚʦʩʪʦʢʘ ʦʛʨʘʥʠʯʝʥʘ ʩʪʨʫʢʪʫʨʘʤʠ ɿʉɿʋ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ "ʃʠʪʦʛʝʥʝʟ ʦʩʘʜʦʯʥʳʭ 

ʪʦʣʱ ʬʘʥʝʨʦʟʦʷ ʊʠʤʘʥʦ-ʋʨʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ" ˉ 15-18-5-50 ʋʨʆ ʈɸʅ. 
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ʃʀʊʆʃʆɻʆ-ʌɸʎʀɸʃʔʅɸʗ ɿʆʅɸʃʔʅʆʉʊʔ ʀ ʉʊʈʋʂʊʋʈʅɸʗ ʇʆɿʀʎʀʗ 

ʅʀɾʅɽɼɽɺʆʅʉʂʀʍ ʆʊʃʆɾɽʅʀʁ ʉɽɺɽʈʆ-ɺʆʉʊʆʂɸ ʍʆʈɽʁɺɽʈʉʂʆʁ 

ɺʇɸɼʀʅʓ 

ʆ.ɺ. ʉʠʚʘʣʴʥʝʚʘ1, ɸ.ʉ. ʈʘʭʤʘʪʫʣʣʠʥʘ2 

 

1ʈɻʋ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠʤʝʥʠ ʀ.ʄ.ɻʫʙʢʠʥʘ, ʄʦʩʢʚʘ, e-mail: sivalneva.o@gubkin.ru 

2ʈɻʋ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠʤʝʥʠ ʀ.ʄ.ɻʫʙʢʠʥʘ, ʄʦʩʢʚʘ, e-mail:  rakhmatullina.a@gubkin.ru 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʦʩʪʘʚʣʷʝʪ ʩʦʤʥʝʥʠʡ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʦʧʨʦʩʘ ʧʦʠʩʢʘ ʠ ʨʘʟʚʝʜʢʠ 

ʦʙʲʝʢʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʟʘʧʘʩʳ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ. ʇʦʧʦʣʥʝʥʠʝ ʨʝʩʫʨʩʥʦʡ ʙʘʟʳ ʩʚʷʟʘʥʦ 

ʥʝ ʪʦʣʴʢʦ ʩ ʥʦʚʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, ʥʦ ʠ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʠ ʫʛʣʫʙʣʝʥʠʝʤ ʨʘʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʫʞʝ ʧʦʜʪʚʝʨʞʜʝʥʥʳʭ ʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ 

ʩʨʝʜʥʝʦʨʜʦʚʠʢʩʢʦ-ʥʠʞʥʝʜʝʚʦʥʩʢʠʡ ʢʘʨʙʦʥʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʊʠʤʘʥʦ-ʇʝʯʦʨʩʢʦʡ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʥʠʞʥʝʜʝʚʦʥʩʢʠʤ ʦʪʣʦʞʝʥʠʷʤ 

ʫʢʘʟʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ ʵʪʠʭ ʦʪʣʦʞʝʥʠʷʭ ʚʩʢʨʳʪʳ ʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʨʦʜʫʢʪʠʚʥʳʝ 

ʠʥʪʝʨʚʘʣʳ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʍʦʨʝʡʚʝʨʩʢʦʡ ʚʧʘʜʠʥʝ 

ʠ ɺʘʨʘʥʜʝʡ-ɸʜʴʟʚʠʥʩʢʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʟʦʥʝ, ʘ ʠʤʝʥʥʦ ï ʂʦʣʚʠʥʩʢʦʝ, ʠʤ. ʈ. ʊʨʝʙʩʘ ʠ ɸ.ʊʠʪʦʚʘ, 

ʇʝʨʝʚʦʟʥʦʝ, ʊʦʙʦʡʩʢʦʝ, ʄʷʜʩʝʡʩʢʦʝ, ʅʷʜʝʡʶʩʢʦʝ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʣʦʚʫʰʝʢ ʚ ʥʠʞʥʝʜʝʚʦʥʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʷʚʣʷʶʪʩʷ 

ʣʠʪʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʦʞʥʳʤ ʩʪʨʦʝʥʠʝʤ. ʇʨʦʛʥʦʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ ʚ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʝʭ ʚʠʜʦʚ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʟʜʘʥʠʝ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʦʡ ʤʦʜʝʣʠ ʦʪʣʦʞʝʥʠʡ, 

ʫʯʠʪʳʚʘʶʱʝʡ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɼʣʷ ʥʠʞʥʝʜʝʚʦʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʍʦʨʝʡʚʝʨʩʢʦʡ ʚʧʘʜʠʥʳ ʫʩʪʘʥʦʚʣʝʥʘ 

ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʤʝʣʢʦʚʦʜʥʦʡ ʰʝʣʴʬʦʚʦʡ ʟʦʥʳ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʚ 

ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʣʦ ʨʘʟʚʠʪʠʝ ʦʙʦʩʦʙʣʝʥʥʳʭ ʙʠʦʛʝʨʤʥʳʭ ʧʦʩʪʨʦʝʢ. 

ʆʪʣʦʞʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ ʚʪʦʨʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ï 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʚʠʯʥʳʤʠ 

ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʦʨʦʜ.  

ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʥʠʞʥʝʜʝʚʦʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʩʣʘʛʘʶʪ 

ʚʪʦʨʠʯʥʳʝ ʜʦʣʦʤʠʪʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʨʦʜʳ-ʢʦʣʣʝʢʪʦʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʦʣʦʤʠʪʘʤʠ, 

ʟʘʤʝʩʪʠʚʰʠʤʠ ʧʝʨʚʠʯʥʳʝ ʙʠʦʛʝʨʤʥʳʝ ʚʦʜʦʨʦʩʣʝʚʳʝ ʠ ʚʦʜʦʨʦʩʣʝʚʦ-ʩʪʨʦʤʘʪʦʧʦʨʦʚʳʝ 
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ʠʟʚʝʩʪʥʷʢʠ. ʋʢʘʟʘʥʥʳʝ ʪʠʧʳ ʠʟʚʝʩʪʥʷʢʦʚ ʩʣʘʛʘʣʠ ʙʠʦʛʝʨʤʥʳʝ ʧʦʩʪʨʦʡʢʠ, ʢʦʪʦʨʳʝ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʧʨʦʤʳʚʢʝ ʠ ʚʳʱʝʣʘʯʠʚʘʥʠʶ ʚ ʧʝʨʠʦʜ ʩʥʠʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʤʦʨʷ. 

ʇʨʠ ʵʪʦʤ ʙʠʦʛʝʨʤʥʳʝ ʧʦʩʪʨʦʡʢʠ ʩ ʚʦʜʦʨʦʩʣʝʚʦ-ʩʪʨʦʤʘʪʦʧʦʨʦʚʳʤ ʢʘʨʢʘʩʦʤ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʨʘʟʚʠʚʘʣʠʩʴ ʚ ʥʘʠʙʦʣʝʝ ʤʝʣʢʦʚʦʜʥʳʭ ʟʦʥʘʭ ʠ ʦʙʣʘʜʘʣʠ ʢʨʫʧʥʳʤʠ ʧʝʨʚʠʯʥʳʤʠ ʤʝʞ- ʠ 

ʚʥʫʪʨʠʢʘʨʢʘʩʥʳʤʠ ʧʦʣʦʩʪʷʤʠ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʠʟʦʰʣʦ ʨʘʟʚʠʪʠʝ ʢʘʚʝʨʥ ʠ ʧʫʩʪʦʪ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ (ʈʠʩʫʥʦʢ 1-2). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʮʠʢʣʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʨʝʟʦʚ ʩʢʚʘʞʠʥ ʚʳʷʚʣʝʥʦ, ʯʪʦ 

ʥʠʞʥʝʜʝʚʦʥʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʷʚʥʦ ʚʳʨʘʞʝʥʥʦʡ ʮʠʢʣʠʯʥʦʩʪʴʶ ʠ 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʘ 4 ʦʩʥʦʚʥʳʭ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʮʠʢʣʠʪʘ. ʅʠʞʥʠʝ 

ʯʘʩʪʠ ʮʠʢʣʠʪʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʣʦʞʝʥʳ ʛʣʠʥʠʩʪʳʤʠ ʧʦʨʦʜʘʤʠ, ʚʝʨʭʥʠʝ ï ʜʦʣʦʤʠʪʘʤʠ ʧʦ 

ʙʠʦʛʝʨʤʥʳʤ ʚʦʜʦʨʦʩʣʝʚʳʤ ʠ ʚʦʜʦʨʦʩʣʝʚʦ-ʩʪʨʦʤʘʪʦʧʦʨʦʚʳʤ ʠʟʚʝʩʪʥʷʢʘʤ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʧʝʨʝʭʦʜ ʦʪ ʛʣʠʥʠʩʪʳʭ ʥʠʞʥʠʭ ʯʘʩʪʝʡ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʠʩʪʳʤ ʚʝʨʭʥʠʤ ʜʦʣʦʤʠʪʘʤ 

ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʧʦʷʚʣʝʥʠʝ ʧʦʨʦʜ ʩ ʪʦʥʢʦʩʣʦʠʩʪʳʤʠ (ʣʘʤʠʥʠʪʦʚʳʤʠ) ʪʝʢʩʪʫʨʘʤʠ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʣʘʛʫʥʥʳʭ ʦʙʩʪʘʥʦʚʦʢ. 

 

ʈʠʩʫʥʦʢ 1 - ʊʨʝʱʠʥʥʦ-ʢʘʚʝʨʥʦʟʥʳʡ ʜʦʣʦʤʠʪ ʧʦ ʙʠʦʛʝʨʤʥʦʤʫ ʠʟʚʝʩʪʥʷʢʫ. 

ɻʣʫʙʠʥʘ ʦʪʙʦʨʘ 3678,85 ʤ 
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ʈʠʩʫʥʦʢ 2 - ʂʘʚʝʨʥʳ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʚ ʚʦʜʦʨʦʩʣʝʚʦ-ʩʪʨʦʤʘʪʦʧʦʨʦʚʦʤ ʢʘʨʢʘʩʝ. ɻʣʫʙʠʥʘ ʦʪʙʦʨʘ 3678,85 

ʤ. ɹʝʟ ʘʥʘʣʠʟʘʪʦʨʘ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʨʨʝʣʷʮʠʠ ʨʘʟʨʝʟʦʚ ʩʢʚʘʞʠʥ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʨʝʟʳ ʦʪʣʠʯʘʶʪʩʷ ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʠ ʪʦʣʱʠʥʘʤ ʚʳʜʝʣʝʥʥʳʭ ʮʠʢʣʠʪʦʚ (ʈʠʩʫʥʦʢ 3). ʆʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʦʙʣʠʢʘ ʮʠʢʣʠʪʦʚ ʠʛʨʘʝʪ ʥʘʣʠʯʠʝ ʠ ʪʦʣʱʠʥʘ ʚʝʨʭʥʠʭ ʯʘʩʪʝʡ, ʩʣʦʞʝʥʥʳʭ ʙʠʦʛʝʨʤʥʳʤʠ 

ʧʦʨʦʜʘʤʠ. 

 

ʈʠʩʫʥʦʢ 3 - ʂʦʨʨʝʣʷʮʠʷ ʮʠʢʣʠʪʦʚ ʚ ʥʠʞʥʝʜʝʚʦʥʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ 
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ʂʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʜʘʥʥʳʭ ɻʀʉ ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʥʘ 

ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʪʨʠ ʦʩʥʦʚʥʳʝ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʳʝ ʟʦʥʳ: ʧʨʠʙʨʝʞʥʫʶ, ʟʦʥʫ ʨʘʟʚʠʪʠʷ 

ʙʠʦʛʝʨʤʥʳʭ ʧʦʩʪʨʦʝʢ ʠ ʟʦʥʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʛʨʫʞʝʥʥʦʡ ʯʘʩʪʠ ʤʝʣʢʦʚʦʜʥʦʛʦ ʰʝʣʴʬʘ. 

ɿʦʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʨʘʟʨʝʟʦʚ. ɺ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʪʦʣʱʠʥʘ ʦʪʣʦʞʝʥʠʡ ʩʦʢʨʘʱʘʝʪʩʷ, ʠʥʦʛʜʘ ʦʪʩʫʪʩʪʚʫʝʪ ʚʳʜʝʣʝʥʥʳʡ ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ 4-ʡ ʮʠʢʣʠʪ. ʋʤʝʥʴʰʝʥʠʝ ʚ ʦʙʲʝʤʝ ʦʪʣʦʞʝʥʠʡ ʢʦʣʠʯʝʩʪʚʘ ʙʠʦʛʝʨʤʥʳʭ 

ʧʦʨʦʜ (ʚʦʜʦʨʦʩʣʝʚʳʭ ʠ ʚʦʜʦʨʦʩʣʝʚʦ-ʩʪʨʦʤʘʪʦʧʦʨʦʚʳʭ), ʘ ʪʘʢʞʝ ʯʘʩʪʦʝ ʯʝʨʝʜʦʚʘʥʠʝ 

ʙʠʦʛʝʨʤʥʳʭ ʧʨʦʩʣʦʝʚ ʩ ʛʣʠʥʠʩʪʳʤʠ ʠ ʪʦʥʢʦʟʝʨʥʠʩʪʳʤʠ ʜʦʣʦʤʠʪʘʤʠ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʣʦʞʝʥʠʡ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʙʨʝʞʥʦʛʦ 

ʤʝʣʢʦʚʦʜʴʷ ʩ ʯʘʩʪʳʤʠ ʬʣʫʢʪʫʘʮʠʷʤʠ ʛʣʫʙʠʥʳ ʟʦʥʳ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. 

ɿʦʥʘ ʨʘʟʚʠʪʠʷ ʙʠʦʛʝʨʤʥʳʭ ʧʦʩʪʨʦʝʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʣʥʳʤ ʥʘʙʦʨʦʤ ʚʳʜʝʣʝʥʥʳʭ 

ʮʠʢʣʠʪʦʚ ʠ ʫʚʝʣʠʯʝʥʥʳʤʠ ʪʦʣʱʠʥʘʤʠ ʠʭ ʚʝʨʭʥʠʭ ʯʘʩʪʝʡ, ʩʣʦʞʝʥʥʳʭ ʜʦʣʦʤʠʪʘʤʠ ʧʦ 

ʙʠʦʛʝʨʤʥʳʤ ʚʦʜʦʨʦʩʣʝʚʳʤ ʠ ʩʪʨʦʤʘʪʦʧʦʨʦʚʦ-ʚʦʜʦʨʦʦʩʣʝʚʳʤ ʠʟʚʝʩʪʥʷʢʘʤ. 

ɺ ʟʦʥʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʛʨʫʞʝʥʥʦʡ ʯʘʩʪʠ ʤʝʣʢʦʚʦʜʥʦʛʦ ʰʝʣʴʬʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʝʙʦʣʴʰʦʝ ʩʦʢʨʘʱʝʥʠʝ ʤʦʱʥʦʩʪʝʡ ʮʠʢʣʠʪʦʚ, ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʚ ʦʙʲʝʤʝ ʦʪʣʦʞʝʥʠʡ 

ʠʥʪʝʨʚʘʣʦʚ ʙʠʦʛʝʨʤʥʳʭ ʧʦʨʦʜ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʙʠʦʛʝʨʤʥʳʝ ʧʦʨʦʜʳ ʥʝ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʤʳʤ 

ʧʫʩʪʦʪʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʥʘʷ ʮʝʤʝʥʪʘʮʠʷ, 

ʦʪʩʫʪʩʪʚʠʝ ʧʨʠʟʥʘʢʦʚ ʧʨʦʮʝʩʩʦʚ ʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʷʚʣʷʝʪʩʷ ʛʣʠʥʠʩʪʘʷ ʧʨʠʤʝʩʴ ʚ 

ʤʠʢʨʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʝ ʚʦʜʦʨʦʩʣʝʚʦʛʦ ʢʘʨʢʘʩʘ. 

ɼʠʬʬʝʨʝʥʮʠʘʮʠʷ ʬʘʮʠʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʮʠʢʣʠʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʣʦʤʥʦ-ʙʣʦʢʦʚʦʡ 

ʪʝʢʪʦʥʠʢʦʡ ʨʝʛʠʦʥʘ, ʪʘʢʞʝ ʛʨʘʥʠʮʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʮʠʢʣʠʪʦʚ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ 

ʬʣʝʢʩʫʨʥʦ-ʨʘʟʣʦʤʥʳʤʠ ʟʦʥʘʤʠ, ʨʘʟʛʨʘʥʠʯʠʚʘʶʱʠʤʠ ʙʣʦʢʠ ʬʫʥʜʘʤʝʥʪʘ ʠ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ. 

ʅʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʟʘʢʘʨʪʠʨʦʚʘʥʳ ʯʝʪʳʨʝ ʜʠʘʛʦʥʘʣʴʥʳʭ ʠ ʦʜʥʘ 

ʤʝʨʠʜʠʦʥʘʣʴʥʦ-ʰʠʨʦʪʥʘʷ ʚʟʘʠʤʥʦ-ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʣʠʥʝʘʤʝʥʪʦʚ (ʨʠʩ. 4). 

ʆʨʠʝʥʪʠʨʦʚʢʘ ʠ ʪʠʧ ʣʠʥʝʘʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʝʪ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʢʦʥʬʠʛʫʨʘʮʠʶ ʩʪʨʫʢʪʫʨ 

ʙʣʦʢʦʚ ʬʫʥʜʘʤʝʥʪʘ ʠ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ. ɺʝʨʦʷʪʥʦ, ʢʨʫʧʥʳʝ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʜʦʣʞʥʳ ʚ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ ʦʪʨʘʞʘʪʴʩʷ ʠ ʚ ʛʣʫʙʠʥʥʦʤ ʩʪʨʦʝʥʠʠ. ʅʘ ʵʪʦʤ 

ʦʩʥʦʚʘʥʠʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʩʚʷʟʠ ʥʘʙʣʶʜʘʝʤʳʭ ʩʪʨʫʢʪʫʨ ʩ ʛʣʫʙʦʢʠʤʠ 

ʫʨʦʚʥʷʤʠ, ʢʘʢ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ, ʪʘʢ ʠ ʬʫʥʜʘʤʝʥʪʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʣʠʥʝʘʤʝʥʪʦʚ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʙʣʦʢʠ, ʧʦʣʦʞʝʥʠʝ ʠ ʜʚʠʞʝʥʠʝ ʢʦʪʦʨʳʭ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʣʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ 

ʨʘʥʥʝʜʝʚʦʥʩʢʦʝ ʚʨʝʤʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʣʦʤʥʦ-ʙʣʦʢʦʚʳʭ ʩʭʝʤ ʠ ʩʭʝʤ ʣʠʪʦʣʦʛʦ-

ʬʘʮʠʘʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʳʭ ʟʦʥ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʝʪʢʦʡ ʨʘʟʣʦʤʦʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 4 ï ʇʷʪʴ ʚʟʘʠʤʦ-ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʣʠʥʝʘʤʝʥʪʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʥʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ 

 

ʀɿʄɽʅʏʀɺʆʉʊʔ ʂʆʅʊʋʈʅʓʍ ʊɽʏɽʅʀʁ ɺ ʉɽɺɽʈʅʆʁ ɸʊʃɸʅʊʀʂɽ  

ɺ ʇʆɿɼʅɽʏɽʊɺɽʈʊʀʏʅʆɽ ɺʈɽʄʗ 

ɺ.ɺ. ʉʠʚʢʦʚ, ɽ.ɺ. ɼʦʨʦʭʦʚʘ, ʃ.ɼ. ɹʘʰʠʨʦʚʘ 

 

ɸʆ ʀʆ ʈɸʅ, ʂʘʣʠʥʠʥʛʨʘʜ, e-mail: sivkov@kaliningrad.ru 

 
ɺ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʷ ʩʢʦʨʦʩʪʠ ʧʘʣʝʦʪʝʯʝʥʠʡ (ʜʨʠʬʪʳ ʍʘʪʪʦʥ, ʉʥʦʨʨʠ ʠ ɻʣʦʨʠʷ) ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʨʝʜʥʠʡ 

ʨʘʟʤʝʨ ʤʠʥʝʨʘʣʴʥʳʭ ʯʘʩʪʠʮ ʚʦ ʬʨʘʢʮʠʠ 10-63 ʤʢʤ, ʪ. ʥ. ñmean of sortable siltò (33); ʪʘʢʞʝ ʧʨʠʥʠʤʘʣʠʩʴ ʚʦ 
ʚʥʠʤʘʥʠʝ ʤʦʜʳ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ. ɺ ʦʩʘʜʢʘʭ ʜʨʠʬʪʦʚ ʍʘʪʪʦʥ ʠ ʉʥʦʨʨʠ ʦʩʘʜʢʠ ʩ 

ʙʠʤʦʜʘʣʴʥʳʤʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ (ʚʪʦʨʘʷ ʤʦʜʘ ï 10-28 ʤʢʤ) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʚʳʰʝʥʥʳʤ 

ʟʥʘʯʝʥʠʷʤ 33 (ʜʦ 18-23 ʤʢʤ) ʠ ʧʝʨʠʦʜʘʤ ʫʩʠʣʝʥʠʷ ʧʨʠʜʦʥʥʳʭ ʪʝʯʝʥʠʡ ʚʦ ʚʨʝʤʷ ʤʝʞʣʝʜʥʠʢʦʚʠʡ ʠ ʤʝʞʩʪʘʜʠʘʣʦʚ 

(ʥʝʯʝʪʥʳʝ ʄʀʉ). ɺ ʦʩʘʜʢʘʭ ʜʨʠʬʪʘ ɻʣʦʨʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʩʘʜʢʦʚ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʮʠʢʣʠʯʥʦʩʪʴʶ ʢʦʥʪʫʨʥʦʛʦ ʪʝʯʝʥʠʷ ʥʝ ʚʳʷʚʣʝʥʦ. 

 

ʇʦʩʪʫʧʣʝʥʠʝ ʛʣʫʙʠʥʥʳʭ ʚʦʜ ʅʦʨʚʝʞʩʢʦ-ɻʨʝʥʣʘʥʜʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʚ ʉʝʚʝʨʥʫʶ 

ɸʪʣʘʥʪʠʢʫ ʦʙʫʩʣʦʚʣʝʥʦ ʘʢʪʠʚʥʦʩʪʴʶ çʛʣʦʙʘʣʴʥʦʛʦ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʢʦʥʚʝʡʝʨʘè [1] ʠ ʪʝʩʥʦ 

ʩʚʷʟʘʥʦ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʢʣʠʤʘʪʘ. ʇʨʦʥʠʢʘʷ ʯʝʨʝʟ ʌʘʨʝʨʦ-ʀʩʣʘʥʜʩʢʦʝ ʠ ɻʨʝʥʣʘʥʜʩʢʦ-

ʀʩʣʘʥʜʩʢʦʝ ʧʦʜʥʷʪʠʷ (ʧʦʨʦʛʠ) ʩ ʩʝʚʝʨʘ, ʵʪʠ ʚʦʜʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʶʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ 

ʚʠʜʝ ʧʨʠʜʦʥʥʳʭ ʛʝʦʩʪʨʦʬʠʯʝʩʢʠʭ (ʢʦʥʪʫʨʥʳʭ) ʪʝʯʝʥʠʡ. ʀʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʛʣʫʙʠʥʥʳʭ ʠ 

ʧʨʠʜʦʥʥʳʭ ʚʦʜ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʣʝʜʥʠʢʦʚʳʤʠ ʮʠʢʣʘʤʠ, ʧʨʦʷʚʣʷʶʪʩʷ ʚ 

ʩʦʦʙʱʝʩʪʚʘʭ ʙʝʥʪʦʩʥʳʭ ʬʦʨʘʤʠʥʠʬʝʨ. ʇʦ ʜʘʥʥʳʤ ʅ.ʇ. ʃʫʢʘʰʠʥʦʡ [2] ʬʦʨʤʠʨʦʚʘʥʠʝ ʉʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʡ ʘʪʣʘʥʪʠʯʝʩʢʦʡ ʛʣʫʙʠʥʥʦʡ ʚʦʜʳ (ʉɺɸɻɺ), ʧʨʦʠʩʭʦʜʠʣʦ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʚ 

ʤʝʞʣʝʜʥʠʢʦʚʳʝ ʧʝʨʠʦʜʳ ʠ ʫʩʠʣʠʚʘʣʦʩʴ ʚʦ ʚʨʝʤʷ ʪʝʨʤʠʥʘʮʠʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʘʥʥʳʝ ʦ 
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