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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ. ʀʩʪʦʨʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʧʘʜʠʥ ʦʟ. ɹʘʡʢʘʣ ʠ ʩʫʭʦʜʦʣʴʥʳʭ ʚʧʘʜʠʥ 

ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ ʩʣʘʙʦ ʦʙʦʩʥʦʚʘʥʘ ʠʟ-ʟʘ ʬʨʘʛʤʝʥʪʘʨʥʦʩʪʠ ʠʤʝʶʱʝʡʩʷ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʅ.ɸ. ʃʦʛʘʯʝʚʘ [ʃʦʛʘʯʝʚ, 1974, 2003; Logachev, 

2001], ɹʘʡʢʘʣʴʩʢʘʷ ʨʠʬʪʦʚʘʷ ʟʦʥʘ ʨʘʟʚʠʚʘʣʘʩʴ ʦʪ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʚʧʘʜʠʥʳ ʢ ʝʝ ʶʛʦ-

ʟʘʧʘʜʥʦʤʫ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤʫ ʦʢʦʥʯʘʥʠʷʤ, ʥʘʯʠʥʘʷ ʩ ʧʘʣʝʦʮʝʥʘ. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ 

ʧʘʣʝʦʮʝʥʦʚʳʝ ʩʣʦʠ ʟʘʣʝʛʘʶʪ ʥʠʞʝ ʵʦʮʝʥ-ʦʣʠʛʦʮʝʥʦʚʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ, ʚʩʢʨʳʪʦʡ ʚ 1950-ʭ ʛʛ. 

ʩʢʚʘʞʠʥʦʡ ʉʪʝʧʥʦʡ ɼʚʦʨʝʮ ʚ ʜʝʣʴʪʝ ʨ. ʉʝʣʝʥʛʘ ʥʘ ʛʣʫʙʠʥʘʭ 2550ï3100 ʤ [ɿʘʤʘʨʘʝʚ, ʉʘʤʩʦʥʦʚ, 

1959]. ɺ ʙʝʨʝʛʦʚʳʭ ʦʙʥʘʞʝʥʠʷʭ ʠ ʩʢʚʘʞʠʥʘʭ ʖʞʥʦʛʦ ɹʘʡʢʘʣʘ ʧʘʣʝʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʜʦ ʩʠʭ 

ʧʦʨ ʥʝ ʠʟʚʝʩʪʥʦ, ʭʦʪʷ ʧʦʛʨʘʥʠʯʥʳʝ ʩʣʦʠ ʤʝʣʘ-ʧʘʣʝʦʛʝʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʦʙʦʠʭ ʬʣʘʥʛʘʭ 

ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ, ʚ ʉʝʣʝʥʛʠʥʦ-ɺʠʪʠʤʩʢʦʤ ʠ ʇʨʝʜʙʘʡʢʘʣʴʩʢʦʤ ʧʨʦʛʠʙʘʭ, ʚ ʢʦʪʦʨʳʭ 

ʩʝʜʠʤʝʥʪʘʮʠʷ ʥʘʯʘʣʘʩʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʦʜʥʦ ʚʨʝʤʷ ï ʚ ʢʘʤʧʘʥʝ-ʤʘʘʩʪʨʠʭʪʝ [ʃʦʛʘʯʝʚ, 1974; 

ʃʦʛʘʯʝʚ ʠ ʜʨ., 1964; ʇʘʚʣʦʚ ʠ ʜʨ., 1976; ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2007].  

ɺ ʤʝʣʫ ʠ ʧʘʣʝʦʛʝʥʝ ʤʝʞʜʫ ʧʨʦʛʠʙʘʤʠ, ʥʘ ʤʝʩʪʝ ʩʦʚʨʝʤʝʥʥʦʡ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ 

ʚʧʘʜʠʥʳ, ʤʦʛʣʦ ʥʘʭʦʜʠʪʴʩʷ ʧʦʜʥʷʪʠʝ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʛʦ ʧʨʦʛʠʙʳ ʠʟʥʘʯʘʣʴʥʦ ʦʬʦʨʤʠʣʠʩʴ 

ʢʘʢ ʬʣʘʥʛʦʚʳʝ ʧʨʝʜʛʦʨʥʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 0.1). ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʳʷʩʥʝʥʠʷ ʨʦʣʠ ʤʝʣ-ʧʘʣʝʦʛʝʥʦʚʦʛʦ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʛʦ 

ʧʦʜʥʷʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʨʘʟʚʠʪʠʷ ʥʝʦʛʝʥ-ʯʝʪʚʝʨʪʠʯʥʳʭ ʧʦʜʥʷʪʠʡ ʠ ʚʧʘʜʠʥ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʣʠʪʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʈʠʩ. 0.1. ʉʭʝʤʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʦʩʥʦʚʥʳʭ ʤʦʨʬʦʩʪʨʫʢʪʫʨ ʤʝʣ-

ʧʘʣʝʦʛʝʥʦʚʦʛʦ ʨʝʣʴʝʬʘ ʥʘ ʶʛʝ ɺʦʩʪʦʯʥʦʡ 

ʉʠʙʠʨʠ [ʈʘʩʩʢʘʟʦʚ, ʂʦʣʦʤʠʝʮ, ɹʫʜʘʝʚ, 

ʏʫʚʘʰʦʚʘ, ɸʣʴ ʍʘʤʫʜ ʠ ʜʨ., 2021]. ɼʣʷ 

ʦʨʠʝʥʪʠʨʦʚʢʠ ʯʝʨʥʦʡ ʰʪʨʠʭʦʚʦʡ ʣʠʥʠʝʡ 

ʧʦʢʘʟʘʥ ʢʦʥʪʫʨ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʟ. ɹʘʡʢʘʣ. 

ʈʘʡʦʥʳ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʉʝʣʝʥʛʠʥʦ-

ɺʠʪʠʤʩʢʠʡ ʧʨʦʛʠʙ ʠ ʬʣʘʥʛʠ ʖʞʥʦ-

ɹʘʡʢʘʣʴʩʢʦʡ ʚʧʘʜʠʥʳ (ʊʊʉ ï ʊʘʥʭʦʡʩʢʘʷ 

ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʩʪʫʧʝʥʴ, ʇɼʇʄ ï 

ʧʘʣʝʦʜʦʣʠʥʘ ʇʨʘ-ʄʘʥʟʫʨʢʠ). 
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ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʫʩʪʘʥʦʚʠʪʴ ʭʘʨʘʢʪʝʨ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʬʣʘʥʛʦʚ ʖʞʥʦ-

ɹʘʡʢʘʣʴʩʢʦʡ ʚʧʘʜʠʥʳ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʩ ʨʘʟʚʠʪʠʝʤ ʉʝʣʝʥʛʠʥʦ-ɺʠʪʠʤʩʢʦʛʦ ʧʨʦʛʠʙʘ. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

1. ʇʨʦʚʝʩʪʠ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʳʝ, ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʝ ʠ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʡʥʦʟʦʡʩʢʠʭ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʧʦʙʝʨʝʞʴʝ ʖʞʥʦʛʦ 

ɹʘʡʢʘʣʘ (ʥʘ ʊʘʥʭʦʡʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ ʶʞʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʠ ʚ ʧʘʣʝʦʜʦʣʠʥʝ ʇʨʘ-

ʄʘʥʟʫʨʢʠ ï ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ) ʠ ʚ ʉʝʣʝʥʛʠʥʦ-ɺʠʪʠʤʩʢʦʤ ʧʨʦʛʠʙʝ. 

2. ʆʧʨʝʜʝʣʠʪʴ ʚʦʟʨʘʩʪ ʩʪʨʘʪʦʥʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʩʘʜʦʯʥʳʭ 

ʦʪʣʦʞʝʥʠʡ. 

3. ʇʨʦʚʝʩʪʠ ʢʦʨʨʝʣʷʮʠʶ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦʙʝʨʝʞʴʷ ʦʟ. ɹʘʡʢʘʣ ʩ ʦʪʣʦʞʝʥʠʷʤʠ 

ʉʝʣʝʥʛʠʥʦ-ɺʠʪʠʤʩʢʦʛʦ ʧʨʦʛʠʙʘ. 

4. ʆʧʨʝʜʝʣʠʪʴ ʛʣʘʚʥʳʡ ʨʫʙʝʞ ʩʪʨʫʢʪʫʨʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʚʧʘʜʠʥʳ, 

ʢʦʪʦʨʘʷ ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʣʫʙʦʢʦʛʦ ɹʘʡʢʘʣʘ. 

5. ɺʳʧʦʣʥʠʪʴ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʩʘʜʦʯʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʧʦ ʣʘʪʝʨʘʣʠ ʖʞʥʦʛʦ ɹʘʡʢʘʣʘ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ʅʘ ʊʘʥʭʦʡʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ ʚʧʝʨʚʳʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 

ʵʦʮʝʥʦʚʳʝ ʠ ʦʣʠʛʦʮʝʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʤʠʰʠʭʠʥʩʢʦʡ ʪʦʣʱʠ ʥʘ ʶʞʥʦʤ ʧʦʙʝʨʝʞʴʷ ʦʟ. ɹʘʡʢʘʣ ʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʧʦʣʥʳʡ ʨʘʟʨʝʟ ʦʩʘʜʦʯʥʳʭ ʩʪʨʘʪʦʥʦʚ ʩ ʵʦʮʝʥʘ ʜʦ ʧʣʝʡʩʪʦʮʝʥʘ. ɺʦʟʨʘʩʪ 

ʠʟʫʯʝʥʥʳʭ ʩʪʨʘʪʦʥʦʚ ʦʧʦʨʥʦʛʦ ʄʠʰʠʭʠʥʩʢʦʛʦ ʨʘʟʨʝʟʘ ʦʙʦʩʥʦʚʘʥ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʤʠ 

ʩʧʝʢʪʨʘʤʠ, ʢʦʪʦʨʳʝ ʦʪʥʝʩʝʥʳ ʢ ʪʨʝʤ ʧʘʣʠʥʦʟʦʥʘʤ: I ï ʵʦʮʝʥʘïʦʣʠʛʦʮʝʥʘ, II ï ʨʘʥʥʝʛʦ-ʩʨʝʜʥʝʛʦ 

ʤʠʦʮʝʥʘ ʠ III ï ʧʦʟʜʥʝʛʦ ʤʠʦʮʝʥʘïʥʘʯʘʣʘ ʧʣʠʦʮʝʥʘ. ʆʪʣʦʞʝʥʠʷ ʤʠʰʠʭʠʥʩʢʦʡ ʪʦʣʱʠ 

ʩʢʦʨʨʝʣʠʨʦʚʘʥʳ ʩ ʦʪʣʦʞʝʥʠʷʤʠ ʠʨʝʥʛʠʥʩʢʦʡ ʠ ʢʫʣʘʨʠʢʪʠʥʩʢʦʡ ʩʚʠʪ ʉʝʣʝʥʛʠʥʦ-ɺʠʪʠʤʩʢʦʛʦ 

ʧʨʦʛʠʙʘ. ʆʙʦʩʥʦʚʘʥʘ ʥʦʚʘʷ ʛʠʧʦʪʝʟʘ ʨʘʟʚʠʪʠʷ ʥʦʚʝʡʰʝʡ ʩʪʨʫʢʪʫʨʳ ʶʛʘ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ, ʚ 

ʢʦʪʦʨʦʡ ʥʝʦʛʝʥ-ʯʝʪʚʝʨʪʠʯʥʦʤʫ ʵʪʘʧʫ ʨʘʟʚʠʪʠʷ ʚʧʘʜʠʥ ʠ ʧʦʜʥʷʪʠʡ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ 

ʧʨʝʜʰʝʩʪʚʦʚʘʣʦ ʤʝʣ-ʧʘʣʝʦʛʝʥʦʚʦʝ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʝ ʧʦʜʥʷʪʠʝ ʩ ʨʘʟʚʠʪʠʝʤ ʇʨʝʜʙʘʡʢʘʣʴʩʢʦʛʦ 

ʠ ʉʝʣʝʥʛʠʥʦ-ɺʠʪʠʤʩʢʦʛʦ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʧʨʦʛʠʙʦʚ. ʅʘ ʶʞʥʦʤ ʧʦʙʝʨʝʞʴʝ ɹʘʡʢʘʣʘ, ʚ ʦʧʦʨʥʦʤ 

ʄʠʰʠʭʠʥʩʢʦʤ ʨʘʟʨʝʟʝ, ʚʧʝʨʚʳʝ ʜʣʷ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ ʦʙʥʘʨʫʞʝʥʦ ʦʧʨʦʢʠʥʫʪʦʝ 

ʟʘʣʝʛʘʥʠʝ ʵʦʮʝʥ-ʥʠʞʥʝʧʣʠʦʮʝʥʦʚʦʡ ʪʦʣʱʠ ʠ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʧʨʦʷʚʣʝʥʠʠ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʚ ʥʘʯʘʣʝ ʧʣʠʦʮʝʥʘ. ʅʘ ʩʝʚʝʨʥʦʤ ʧʦʙʝʨʝʞʴʝ ɹʘʡʢʘʣʘ, ʚ ʧʘʣʝʦʜʦʣʠʥʝ 

ʇʨʘ-ʄʘʥʟʫʨʢʠ, ʚʧʝʨʚʳʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʥʠʞʥʝʧʣʠʦʮʝʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ, ʦʙʦʟʥʘʯʠʚʰʠʝ 

ʚʝʨʦʷʪʥʦʝ ʥʘʯʘʣʦ ʩʪʦʢʘ ʠʟ ʦʟ. ɹʘʡʢʘʣ ʯʝʨʝʟ ʧʘʣʝʦʜʦʣʠʥʫ ʇʨʘ-ʄʘʥʟʫʨʢʠ ʚ ʥʘʯʘʣʝ ʧʣʠʦʮʝʥʘ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʇʦʣʫʯʝʥʥʳʝ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʩʪʨʦʝʥʠʠ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʨʘʟʨʝʟʘ ʊʘʥʭʦʡʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ ʩʦʩʪʘʚʣʷʶʪ ʣʠʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʫʶ ʠ 

ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʥʦʚʦʛʦ (ʤʠʰʠʭʠʥʩʢʦʛʦ) ʩʪʨʘʪʦʥʘ ʢʦʥʮʘ ʵʦʮʝʥʘï
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ʦʣʠʛʦʮʝʥʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʚʚʝʜʝʥ ʚ ʩʝʨʠʡʥʫʶ ʣʝʛʝʥʜʫ ʢʘʨʪ ʚ ʢʘʯʝʩʪʚʝ ʤʝʩʪʥʦʛʦ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʷ. 

ʌʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠ ʧʦʣʝʚʳʭ ʨʘʙʦʪʘʭ ʦʪʦʙʨʘʥʦ ʙʦʣʝʝ 

500 ʦʙʨʘʟʮʦʚ. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʨʦʚʦʜʠʣʩʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʉʆ ʈɸʅ (ʛ. ʋʣʘʥ-ʋʜʵ). ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʣʠʥʠʩʪʳʭ 

ʦʪʣʦʞʝʥʠʡ ʦʧʨʝʜʝʣʷʣʩʷ ʤʝʪʦʜʦʤ ʧʠʧʝʪʢʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʛʝʦʣʦʛʠʠ ʤʝʟʦʟʦʷ ʠ ʢʘʡʥʦʟʦʷ ʀɿʂ ʉʆ 

ʈɸʅ. ʄʠʥʝʨʘʣʳ ʣʝʛʢʦʡ ʠ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʡ ʦʧʨʝʜʝʣʷʣʠʩʴ ʪʘʢʞʝ ʚ ʵʪʦʡ ʣʘʙʦʨʘʪʦʨʠʠ. ɼʣʷ 

ʠʟʫʯʝʥʠʷ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ ʛʣʠʥʠʩʪʳʭ ʬʨʘʢʮʠʡ ʠʩʧʦʣʴʟʦʚʘʥ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ 

(ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʚ ʀɿʂ ʉʆ ʈɸʅ ʠ ʵʣʝʢʪʨʦʥʥʦïʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʚ ʃʀʅ ʉʆ ʈɸʅ). 

ʆʧʨʝʜʝʣʝʥʠʷ ʧʝʪʨʦʛʝʥʥʳʭ ʦʢʩʠʜʦʚ ʚ ʧʦʨʦʜʘʭ ʚʳʧʦʣʥʝʥʳ ʚ ʀɿʂ ʉʆ ʈɸʅ ʤʝʪʦʜʦʤ çʤʦʢʨʦʡ 

ʭʠʤʠʠè. ʄʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʦʨʦʜ ʦʧʨʝʜʝʣʝʥ ʤʝʪʦʜʦʤ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ 

ʧʣʘʟʤʝʥʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ʀʉʇ ʄʉ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ Agilent 7500c 

ʚ ʎʂʇ ʄʠʢʨʦʘʥʘʣʠʟ (ʃʀʅ ʉʆ ʈɸʅ). ʉʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʝ ʩʧʝʢʪʨʳ ʦʪʣʦʞʝʥʠʡ ʨʘʟʨʝʟʘ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʚ ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ɺɻʋ ʠ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʛʝʦʣʦʛʠʠ ʤʝʟʦʟʦʷ ʠ 

ʢʘʡʥʦʟʦʷ ʀɿʂ ʉʆ ʈɸʅ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ ʠ ʵʚʦʣʶʮʠʠ ʛʝʦʩʠʩʪʝʤ ʀɻʍ ʉʆ ʈɸʅ. ʉʦʩʪʘʚ 

ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ʠʟʫʯʘʣʩʷ ʥʘ ʩʚʝʪʦʚʦʤ ʤʠʢʨʦʩʢʦʧʝ ʠ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ ʃʀʅ ʉʆ ʈɸʅ. ʌʦʪʦʛʨʘʬʠʠ ʰʣʠʬʦʚ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʩʢʦʧʘ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʠʟʦʪʦʧʠʠ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʠ ʀɿʂ ʉʆ ʈɸʅ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʧʨʠʤʝʥʝʥ ʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Statistica 12. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɸʚʪʦʨ ʫʯʘʩʪʚʦʚʘʣ ʚ ʧʦʣʝʚʳʭ ʨʘʙʦʪʘʭ 2016ï2019 ʛʛ. ʥʘ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʤ ʠ ʶʞʥʦʤ ʧʦʙʝʨʝʞʴʝ ɹʘʡʢʘʣʘ, ʩʦʩʪʘʚʠʣ ʦʧʦʨʥʳʝ ʨʘʟʨʝʟʳ: ʄʠʰʠʭʠʥʩʢʠʡ, 

ɼʫʣʠʭʠʥʩʢʠʡ, ɸʥʦʩʦʚʩʢʠʡ ʠ ʨʘʟʨʝʟ ʂʦʩʘʷ ʉʪʝʧʴ-3, ʦʩʫʱʝʩʪʚʣʷʣ ʧʦʜʛʦʪʦʚʢʫ ʦʙʨʘʟʮʦʚ ʜʣʷ 

ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʣ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʦʙʦʙʱʘʣ ʬʘʢʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ. ɿʘʥʠʤʘʣʩʷ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʦʡ ʠ 

ʦʙʨʘʙʦʪʢʦʡ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʦʩʘʜʦʯʥʳʤ ʦʪʣʦʞʝʥʠʷʤ ʉʝʣʝʥʛʠʥʦ-ɺʠʪʠʤʩʢʦʛʦ ʧʨʦʛʠʙʘ. ʂʨʦʤʝ 

ʪʦʛʦ, ʘʚʪʦʨ ʫʯʘʩʪʚʦʚʘʣ ʚ ʧʦʣʝʚʳʭ ʨʘʙʦʪʘʭ ʚ ʊʫʥʢʠʥʩʢʦʡ ʠ ɹʘʨʛʫʟʠʥʩʢʦʡ ʜʦʣʠʥʘʭ, ʧʨʦʚʦʜʠʣ 

ʦʙʱʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩʪʨʘʪʦʥʦʚ ʪʝʨʨʠʪʦʨʠʡ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʣʠʪʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʤ ʦʩʘʜʦʯʥʳʤ ʧʦʨʦʜʘʤ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ 

ʩʠʩʪʝʤʳ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. ʌʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʦʧʨʝʜʝʣʝʥʠʷʤʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʩʦʩʪʘʚʘ ʧʝʪʨʦʛʝʥʥʳʭ ʦʢʩʠʜʦʚ 

ʧʨʦʙ. ʊʘʢʞʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʣʝʛʢʦʡ ʠ ʪʷʞʝʣʦʡ 

ʬʨʘʢʮʠʡ. ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʠʢ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʠ 
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ʚʳʩʦʢʦʪʦʯʥʳʭ, ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʮʝʥʪʨʘʭ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 

ʃʀʅ ʉʆ ʈɸʅ (ʛ. ʀʨʢʫʪʩʢ) ʠ ʀɿʂ ʉʆ ʈɸʅ (ʛ. ʀʨʢʫʪʩʢ). ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʝʜʝʥ ʚ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ɻʀʅ ʉʆ ʈɸʅ (ʛ. ʋʣʘʥ-ʋʜʵ). ʇʘʣʠʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ ʚ ʌɻɹʆʋ ɺʦʨʦʥʝʞʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ɺʦʨʦʥʝʞ), ʀɿʂ ʉʆ ʈɸʅ (ʛ. ʀʨʢʫʪʩʢ) ʠ ʀɻʍ ʉʆ ʈɸʅ ʠʤ. ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʘ (ʛ. 

ʀʨʢʫʪʩʢ). 

ɿʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ. 

1. ɺʧʘʜʠʥʳ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ, ʟʘʧʦʣʥʝʥʥʳʝ ʦʩʘʜʦʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʣʠʩʴ ʦʪ ʦʩʝʚʦʡ ʯʘʩʪʠ ʉʝʣʝʥʛʠʥʦ-ɺʠʪʠʤʩʢʦʛʦ ʧʨʦʛʠʙʘ ʜʦ ʢʨʘʝʚʦʡ ʊʘʥʭʦʡʩʢʦʡ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ ʙʫʜʫʱʝʡ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʚʧʘʜʠʥʳ ʥʘʯʠʥʘʷ ʩ ʵʦʮʝʥʘ.  

2. ɻʣʫʙʦʢʘʷ ʦʟʝʨʥʘʷ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʘʷ ʚʧʘʜʠʥʘ ʦʙʨʘʟʦʚʘʣʘʩʴ ʧʦʩʣʝ ʨʘʥʥʝʧʣʠʦʮʝʥʦʚʦʡ 

ʩʪʨʫʢʪʫʨʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʥʘ ʝʝ ʶʞʥʦʤ ʬʣʘʥʛʝ ʙʳʣʠ ʦʧʨʦʢʠʥʫʪʳ ʵʦʮʝʥ-

ʥʠʞʥʝʧʣʠʦʮʝʥʦʚʳʝ ʩʣʦʠ ʠ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʬʣʘʥʛʝ ʥʘʯʘʣʩʷ ʃʝʥʩʢʠʡ ʩʪʦʢ ʠʟ ʦʟ. ɹʘʡʢʘʣ ʯʝʨʝʟ 

ʧʘʣʝʦʜʦʣʠʥʫ ʇʨʘ-ʄʘʥʟʫʨʢʠ. 

3. ʀʩʪʦʯʥʠʢʠ ʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ɿʘʧʘʜʥʦʤ ɿʘʙʘʡʢʘʣʴʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʤʝʥʷʣʠʩʴ ʚ 

ʪʝʯʝʥʠʝ ʦʣʠʛʦʮʝʥʘ ʠ ʤʠʦʮʝʥʘ, ʘ ʚ ʧʘʣʝʦʜʦʣʠʥʘʭ ʚʦʩʪʦʯʥʦʡ ʠ ʟʘʧʘʜʥʦʡ ʯʘʩʪʝʡ ʊʘʥʭʦʡʩʢʦʡ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ ʦʩʪʘʚʘʣʠʩʴ ʧʦʩʪʦʷʥʥʳʤʠ ʚ ʪʝʯʝʥʠʝ ʵʦʮʝʥʘ-ʤʠʦʮʝʥʘ. ʇʦʩʣʝ 

ʨʘʥʥʝʧʣʠʦʮʝʥʦʚʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʚ ʩʦʩʪʘʚʝ ʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ ʠ ʧʘʣʝʦʜʦʣʠʥʳ ʇʨʘ-ʄʘʥʟʫʨʢʠ ʧʨʝʦʙʣʘʜʘʣ ʤʘʪʝʨʠʘʣ 

ʜʝʟʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʶʨʩʢʦ-ʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ.  

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ ʠ ʧʫʙʣʠʢʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʦʞʝʥʥʳʝ ʚ ʦʩʥʦʚʫ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ: çɻʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʵʚʦʣʶʮʠʷ 

ʣʠʪʦʩʬʝʨʳ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʧʦʷʩʘ (ʦʪ ʦʢʝʘʥʘ ʢ ʢʦʥʪʠʥʝʥʪʫ)è (ʀɿʂ ʉʆ ʈɸʅ, 

ʀʨʢʫʪʩʢ, 2016), ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ ʥʘʫʢʘʤ ʦ ɿʝʤʣʝ (ʀɻʋ, 

ʀʨʢʫʪʩʢ, 2016), ɺʩʝʨʦʩʩʠʡʩʢʠʭ ʤʦʣʦʜʝʞʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ çʉʪʨʦʝʥʠʝ ʣʠʪʦʩʬʝʨʳ ʠ 

ʛʝʦʜʠʥʘʤʠʢʘè (ʀɿʂ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, 2017, 2019), ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çɻʝʦʥʘʫʢʠ 2018: ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʠʟʫʯʝʥʠʷ 

ʥʝʜʨè, ʧʦʩʚʷʱʝʥʥʦʡ ʧʘʤʷʪʠ ʧʨʦʬʝʩʩʦʨʘ ɺ.ɼ. ʄʘʮʘ (ʀʨʢʫʪʩʢ, ʀʈʅʀʊʋ, 2018), XII ʈʦʩcʠʡʩʢʦ-

ʤʦʥʛʦʣʴʩʢʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʀʨʢʫʪʩʢ, 2018), ɺʩʝʨʦʩʩʠʡʩʢʦʤ ʣʠʪʦʣʦʛʠʯʝʩʢʦʤ 

ʩʦʚʝʱʘʥʠʠ "ʃʠʪʦʣʦʛʠʷ ʦʩʘʜʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ɽʚʨʘʟʠʠ ʠ ʰʝʣʴʬʦʚʳʭ ʦʙʣʘʩʪʝʡ" (ʂʌʋ, ʂʘʟʘʥʴ, 

2019), ɺʩʝʨʦʩʩʠʡʩʢʦʤ ʩʠʤʧʦʟʠʫʤʝ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ, ʧʦʩʚʷʱʝʥʥʦʤ 90-ʣʝʪʠʶ ʩʦ ʜʥʷ 

ʨʦʞʜʝʥʠʷ ʘʢʘʜʝʤʠʢʘ ʅ.ɸ. ʃʦʛʘʯʝʚʘ çʈʠʬʪʦʛʝʥʝʟ, ʦʨʦʛʝʥʝʟ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʧʨʦʮʝʩʩʳè (ʀɿʂ 

ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, 2019), ʏʝʪʚʝʨʪʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʧʘʣʝʦʣʠʤʥʦʣʦʛʠʠ, 

ʉʝʜʴʤʦʡ ɺʝʨʝʱʘʛʠʥʩʢʦʡ ɹʘʡʢʘʣʴʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʃʀʅ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, 2020) ʠ 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʈʘʟʣʦʤʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʣʠʪʦʩʬʝʨʝ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʧʨʦʮʝʩʩʳè, 
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ʧʦʩʚʷʱʝʥʥʦʡ ʧʘʤʷʪʠ ʧʨʦʬʝʩʩʦʨʘ ʉ.ʀ. ʐʝʨʤʘʥʘ (ʀɿʂ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, 2021). ʇʦ ʪʝʤʝ 

ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 25 ʨʘʙʦʪ, ʠʟ ʥʠʭ 5 ʩʪʘʪʝʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ 

ʧʝʨʝʯʝʥʴ ɺɸʂ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 5 ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, 

ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ 121 ʥʘʠʤʝʥʦʚʘʥʠʡ ʠ 4 ʧʨʠʣʦʞʝʥʠʡ. ʈʘʙʦʪʘ ʩʦʜʝʨʞʠʪ 186 ʩʪʨʘʥʠʮ ʪʝʢʩʪʘ ʠ 

75 ʨʠʩʫʥʢʦʚ.  

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʢʘʬʝʜʨʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʛʝʦʣʦʛʠʠ ʀɻʋ ʚ 

ʉʦʚʤʝʩʪʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʠ ʠʥʞʝʥʝʨʥʦʡ 

ʛʝʦʣʦʛʠʠ ʀɻʋ ʠ ʀɿʂ ʉʆ ʈɸʅ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʠ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ 

ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʜ.ʛ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨʫ ʉ.ɺ. ʈʘʩʩʢʘʟʦʚʫ, ʘ ʪʘʢʞʝ ʀ.ʉ. ʏʫʚʘʰʦʚʦʡ (ʀɿʂ 

ʉʆ ʈɸʅ, ʀɻʋ) ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʦʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ; ɺ.ʃ. 

ʂʦʣʦʤʠʡʮʫ, ʈ.ʎ. ɹʫʜʘʝʚʫ (ɻʀʅ ʉʆ ʈɸʅ) ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ; ʊ.ɸ. ʗʩʥʳʛʠʥʦʡ ʠ ʄ.ɽ. ʄʘʨʢʦʚʦʡ (ʀɿʂ 

ʉʆ ʈɸʅ) ʟʘ ʚʳʧʦʣʥʝʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʦʜʘʭ ʤʝʪʦʜʦʤ 

ʀʉʇ-ʄʉ; ɻ.ɺ. ɹʦʥʜʘʨʝʚʦʡ ʠ ʄ.ʄ. ʉʘʤʦʡʣʝʥʢʦ (ʀɿʂ ʉʆ ʈɸʅ) ʟʘ ʚʳʧʦʣʥʝʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʪʨʦʛʝʥʥʳʭ ʦʢʩʠʜʦʚ ʚ ʧʦʨʦʜʘʭ; ʧʘʣʠʥʦʣʦʛʘʤ ʅ.ɺ. ʂʫʣʘʛʠʥʦʡ  (ʀɿʂ ʉʆ ʈɸʅ), 

ʉ.ɸ. ʈʝʰʝʪʦʚʦʡ (ʀɻʍ ʉʆ ʈɸʅ ʠʤ. ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʘ) ʠ ʊ.ʌ. ʊʨʝʛʫʙ (ʌɻɹʆʋ ɺʆ) ʟʘ 

ʚʳʧʦʣʥʝʥʥʳʝ ʘʥʘʣʠʟ rʩʧʦʨ ʠ ʧʳʣʴʮʳ; ɺ.ɺ. ɸʢʫʣʦʚʦʡ ʠ ʄ.ʅ. ʈʫʙʮʦʚʦʡ (ʀɿʂ ʉʆ ʈɸʅ) ʟʘ 

ʚʳʧʦʣʥʝʥʥʳʝ ʨʝʥʪʛʝʥʦʤʝʪʨʠʯʝʩʢʠʝ ʘʥʘʣʠʟʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ; ɽ.ɻ. ʇʦʣʷʢʦʚʦʡ (ʀɿʂ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ) ʟʘ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʦʚ 

ʣʝʛʢʦʡ ʠ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʡ, ʄ.ɺ. ʋʩʦʣʴʮʝʚʦʡ (ʃʀʅ ʉʆ ʈɸʅ) ʠ ɸ. ʍʘʩʩʘʥʫ (ʀɿʂ ʉʆ ʈɸʅ) ʟʘ 

ʨʝʟʫʣʴʪʘʪʳ ʜʠʘʪʦʤʦʚʦʛʦ ʘʥʘʣʠʟʘ. ʈʘʙʦʪʳ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʠ ʛʨʘʥʪʦʤ 

ʈʌʌʀ ˉ 18-35-00417 ʤʦʣ_ʘ. ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʜ.ʛ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨʘ ɸ.ʖ. ʂʘʟʘʥʩʢʦʛʦ ʠ ʢʛʤʥ. 

ɸ.ʉ. ʊʝʩʘʢʦʚʘ ʟʘ ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʨʘʙʦʪʳ ʠ ʢʨʠʪʠʯʝʩʢʠʝ ʟʘʤʝʯʘʥʠʷ, ʩʧʦʩʦʙʩʪʚʦʚʘʚʰʠʝ 

ʫʣʫʯʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ. 



  

ɻʃɸɺɸ 1. ʆɹɿʆʈ ʇʈɽɼʐɽʉʊɺʋʖʑʀʍ ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

1.1. ʖʞʥʦʝ ʧʦʙʝʨʝʞʴʝ ʦʟ. ɹʘʡʢʘʣ ï ʊʘʥʭʦʡʩʢʘʷ ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʩʪʫʧʝʥʴ 

 

ʀʟʫʯʝʥʠʝ ʛʝʦʣʦʛʠʠ ʠ ʩʪʨʘʪʠʛʨʘʬʠʠ ʶʞʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʦʟ. ɹʘʡʢʘʣ ʠʤʝʝʪ ʜʣʠʪʝʣʴʥʫʶ 

ʠʩʪʦʨʠʶ. ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 19-ʛʦ ʠ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ 20-ʛʦ ʩʪʦʣʝʪʠʷ   ʫʛʣʝʥʦʩʥʳʝ ʦʪʣʦʞʝʥʠʷ 

ʦʪʤʝʯʘʣʠʩʴ ʠ ʠʟʫʯʘʣʠʩʴ ʥʘ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʅ. ʄʝʛʣʠʮʢʠʤ, ɸ. ʏʝʢʘʥʦʚʩʢʠʤ, ʀ.ɼ. ʏʝʨʩʢʠʤ, ɺ.ʂ. 

ʗʢʦʚʣʝʚʳʤ, ʃ.ʉ. ʇʝʪʨʦʚʳʤ, ɻ.ɽ. ʈʷʙʫʭʠʥʳʤ ʠ ɽ.ʉ. ʈʘʤʝʣʴʤʝʡʝʨ. ɺ 1950-ʭ ʛʛ. ɻ.ɻ. 

ʄʘʨʪʠʥʩʦʥʦʤ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʤʘʣʘʢʦʬʘʫʥʘ ʠʟ ʥʠʞʥʠʭ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʭ ʩʣʦʝʚ ʚ ʜʦʣʠʥʝ ʨ. 

ʇʝʨʝʝʤʥʘʷ, ʜʘʪʠʨʦʚʘʥʥʘʷ ʠʤ ʩʨʝʜʥʠʤ ʤʠʦʮʝʥʦʤïʧʣʠʦʮʝʥʦʤ. ʊʘʢʦʡ ʞʝ ʚʦʟʨʘʩʪ ʦʩʘʜʦʯʥʳʭ 

ʩʪʨʘʪʦʥʦʚ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʄ.ɸ. ʉʝʜʦʚʘ ʜʣʷ ʨʘʟʥʦʬʘʮʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʊʘʥʭʦʡʩʢʦʡ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ ʧʦ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʤ ʢʦʤʧʣʝʢʩʘʤ. ɺʦ ʚʧʘʜʠʥʘʭ ʙʘʡʢʘʣʴʩʢʦʛʦ ʪʠʧʘ 

ʅ.ɸ. ʃʦʛʘʯʝʚʳʤ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʫʛʣʝʥʦʩʥʘʷ ʠ ʦʭʨʠʩʪʘʷ ʩʚʠʪʳ. ʇʦʟʞʝ ʜʣʷ ʵʪʠʭ ʩʚʠʪ ʙʳʣʠ 

ʫʪʚʝʨʞʜʝʥʳ ʩʪʨʘʪʦʪʠʧ rʚ ʨʘʡʦʥʝ ʩʪ. ʊʘʥʭʦʡ (ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʪʘʥʭʦʡʩʢʘʷ ʩʚʠʪʘè) ʠ ʚ ʜʦʣʠʥʝ ʨ. 

ɸʥʦʩʦʚʢʘ (ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʘʥʦʩʦʚʩʢʘʷ ʩʚʠʪʘè) [ʈʝʰʝʥʠʷé, 1981].. ʇʨʦʚʝʜʝʥʳ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʨʦʜ ʚʜʦʣʴ ʚʩʝʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ [ʄʘʟʠʣʦʚ ʠ ʜʨ.,1972]. 

ɺ.ʄ. ʂʣʠʤʘʥʦʚʦʡ ʧʦ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʤ ʩʧʝʢʪʨʘʤ ʨʘʟʣʠʯʘʣʠʩʴ ʩʣʦʠ ʥʠʞʥʝʛʦ-ʩʨʝʜʥʝʛʦ 

ʤʠʦʮʝʥʘ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ ʠ ʚʳʰʝʣʝʞʘʱʠʝ ʩʨʝʜʥʝ-ʚʝʨʭʥʝʧʣʠʦʮʝʥʦʚʳʝ ʩʣʦʠ ʘʥʦʩʦʚʩʢʦʡ ʩʚʠʪʳ. 

ʂ ʦʩʥʦʚʘʥʠʶ ʨʘʟʨʝʟʘ ʦʪʥʦʩʠʣʘʩʴ çʢʦʥʪʘʢʪʥʘʷ ʧʘʯʢʘ ʩʠʥʠʭ ʛʣʠʥè, ʚʧʝʨʚʳʝ ʦʪʤʝʯʝʥʥʘʷ ʚ 1931 ʛ. 

ʖ.ʄ. ʐʝʡʥʤʘʥʥʦʤ. ʊʘʥʭʦʡʩʢʘʷ ʩʚʠʪʘ ʙʳʣʘ ʧʦʜʨʘʟʜʝʣʝʥʘ ʥʘ ʥʠʞʥʶʶ (ʦʣʠʛʦʮʝʥ-

ʥʠʞʥʝʤʠʦʮʝʥʦʚʫʶ), ʩʨʝʜʥʶʶ ʠ ʚʝʨʭʥʶʶ (ʤʠʦʮʝʥʦʚʳʝ) ʧʦʜʩʚʠʪʳ [ʈʝʰʝʥʠʷé, 1981]. ʅʠʞʥʠʡ 

ʚʦʟʨʘʩʪʥʦʡ ʧʨʝʜʝʣ ʦʪʣʦʞʝʥʠʡ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ ʶʞʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʦʟ. ɹʘʡʢʘʣ ʥʝ ʦʧʫʩʢʘʣʩʷ 

ʥʠʞʝ ʩʝʨʝʜʠʥʳ ʦʣʠʛʦʮʝʥʘ, ʚʝʨʭʥʠʡ ï ʥʝ ʧʦʜʥʠʤʘʣʩʷ ʚʳʰʝ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʳ ʧʣʠʦʮʝʥʘ. ʈʘʟʨʝʟ 

ʘʥʦʩʦʚʩʢʦʡ ʩʚʠʪʳ ʚ ʜʦʣʠʥʝ ʨ. ɸʥʦʩʦʚʢʘ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʚ ʧʘʣʠʥʦʢʦʤʧʣʝʢʩʘʭ ʢʦʣʠʯʝʩʪʚʘ 

ʧʳʣʴʮʳ ʪʨʘʚʷʥʠʩʪʳʭ ʤʝʟʦʢʩʝʨʦʬʠʪʦʚ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʧʳʣʴʮʳ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʪʝʧʣʦʫʤʝʨʝʥʥʳʭ ʦʪʥʦʩʠʣʩʷ ʢ ʩʨʝʜʥʝʤʫïʚʝʨʭʥʝʤʫ ʧʣʠʦʮʝʥʫ. ɺʝʨʭʥʷʷ 

ʛʨʘʥʠʮʘ ʘʥʦʩʦʚʩʢʦʛʦ ʩʪʨʘʪʦʥʘ ʧʦʜʥʠʤʘʣʘʩʴ ʚ ʵʦʧʣʝʡʩʪʦʮʝʥ [ʃʦʛʘʯʝʚ, 1974]. 

ɺ ʨʘʙʦʪʝ [ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2014] ʚʩʣʝʜ ʟʘ ʨʘʙʦʪʘʤʠ ʅ.ɸ. ʃʦʛʘʯʝʚʘ [1958, 1974, 2003] 

ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʥʘʢʦʧʣʝʥʠʝ ʤʠʦʮʝʥ-ʥʠʞʥʝʧʣʠʦʮʝʥʦʚʳʭ ʪʦʣʱ ʊʘʥʭʦʡʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ 

ʩʪʫʧʝʥʠ ʚ ʩʚʷʟʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʚʧʘʜʠʥʳ. ʋʛʣʝʥʦʩʥʘʷ (ʪʘʥʭʦʡʩʢʘʷ) ʩʚʠʪʘ ʠ 

ʦʭʨʠʩʪʘʷ (ʘʥʦʩʦʚʩʢʘʷ) ʩʚʠʪʘ ʚ ʶʞʥʦʙʘʡʢʘʣʴʩʢʦʤ ʪʠʧʝ ʨʘʟʨʝʟʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʘʥʦʩʦʚʩʢʦʡ ʩʚʠʪʳ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʘʥʭʦʡʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ, ʦʜʥʘʢʦ, ʙʳʣʠ ʧʨʠʟʥʘʥʳ 

ɺ.ɼ. ʄʘʮʝʤ ʠ ʜʨ. [2001] ʢʘʢ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʠʥʷʪʳʤ ʜʣʷ ʥʝʝ ʚʦʟʨʘʩʪʥʳʤ ʛʨʘʥʠʮʘʤ. ɺ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʦʙʥʘʞʝʥʠʷ ʩʪʨʘʪʦʪʠʧʘ ʘʥʦʩʦʚʩʢʦʡ ʩʚʠʪʳ ʥʘ ʨ. ɸʥʦʩʦʚʢʘ ʙʳʣ ʦʪʤʝʯʝʥ ʩʣʦʡ, 

ʢʦʪʦʨʳʡ ʧʦ ʩʦʜʝʨʞʘʱʠʤʩʷ ʩʧʦʨʘʤ ʠ ʧʳʣʴʮʝ ʙʳʣ ʦʪʥʝʩʝʥ ʢ ʚʝʨʭʥʝʤʫ ʤʠʦʮʝʥʫ. ʂʘʢʘʷ-ʣʠʙʦ 
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ʜʦʢʫʤʝʥʪʘʮʠʷ ɸʥʦʩʦʚʩʢʦʛʦ ʨʘʟʨʝʟʘ, ʦʜʥʘʢʦ, ʥʝ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ. ʇʨʝʜʣʘʛʘʣʦʩʴ ʫʧʨʘʟʜʥʠʪʴ 

ʥʘʟʚʘʥʠʝ çʘʥʦʩʦʚʩʢʘʷ ʩʚʠʪʘè ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʦʝ ʥʘʟʚʘʥʠʝ çʰʘʥʭʘʠʭʠʥʩʢʘ ̫ ʩʚʠʪʘè, ʜʣʷ 

ʢʦʪʦʨʦʡ ʧʨʠʥʠʤʘʣʩʷ ʩʪʨʘʪʦʪʠʧ ʚ ʤʝʞʜʫʨʝʯʴʝ ʐʘʥʭʘʠʭʘ-ɸʥʦʩʦʚʢʘ ʚ ʚʦʟʨʘʩʪʥʦʤ ʠʥʪʝʨʚʘʣʝ, 

ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʣʩʷ ʧʨʝʞʜʝ ʜʣʷ ʘʥʦʩʦʚʩʢʦʡ ʩʚʠʪʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʟʘʢʣʶʯʝʥʠʝ ɺ.ɼ. ʄʘʮʘ, 

ʥʘʟʚʘʥʠʝ çʘʥʦʩʦʚʩʢʘʷ ʩʚʠʪʘè ʜʦ ʩʠʭ ʧʦʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʣʝʛʝʥʜʘʭ ʚʩʝʭ ʠʟʜʘʥʥʳʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ. 

ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʘʥʭʦʡʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ ʦʪʣʦʞʝʥʠʷ ʦʧʠʩʳʚʘʣʠʩʴ ʢʘʢ 

çʘʥʦʩʦʚʩʢʘʷè ʠʣʠ çʦʭʨʠʩʪʘʷè ʪʦʣʱʘ ʠ ʧʦʤʝʱʘʣʘʩʴ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠ ʚʳʰʝ ʪʘʥʭʦʡʩʢʦʡ 

[ʈʝʰʝʥʠʷé, 1981; ɹʘʟʘʨʦʚ, 1986]. ɿʜʝʩʴ ʙʳʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʜʝʣʝʥʘ ʦʩʠʥʦʚʩʢʘʷ ʩʚʠʪʘ ʩʦ 

ʩʪʨʘʪʦʪʠʧʦʤ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʤ ʧʦ ʨ. ʆʩʠʥʦʚʢʘ-ʂʝʜʨʦʚʘʷ. ɺʦʟʨʘʩʪ ʵʪʦʡ ʩʚʠʪʳ ʩʦʧʦʩʪʘʚʣʷʣʩʷ 

ʩ ʚʦʟʨʘʩʪʦʤ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʄʠʰʠʭʠʥʩʢʦ-ʂʣʶʝʚʩʢʘʷ ʨʝʯʥʘʷ 

ʧʘʣʝʦʜʦʣʠʥʘ ʟʘʣʦʞʠʣʘʩʴ ʥʘ ʨʫʙʝʞʝ ʦʣʠʛʦʮʝʥʘïʤʠʦʮʝʥʘ1 (ʠʣʠ ʚ ʨʘʥʥʝʤ ʤʠʦʮʝʥʝ), ʘ ʆʩʠʥʦʚʩʢʘʷ 

ï ʥʘ ʨʫʙʝʞʝ ʨʘʥʥʝʛʦ-ʩʨʝʜʥʝʛʦ ʤʠʦʮʝʥʘ [ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2014]. ɺ ʩʫʱʥʦʩʪʠ, ʠʟʚʝʩʪʥʳʝ ʪʠʧʳ 

ʨʘʟʨʝʟʦʚ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ, ʥʘʩʳʱʝʥʥʳʝ ʧʨʦʩʣʦʷʤʠ ʫʛʣʝʡ (ʪʘʥʭʦʡʩʢʠʡ ʪʠʧ, ʦʟʝʨʥʦ-ʙʦʣʦʪʥʘʷ 

ʬʘʮʠʷ ʠ ʤʠʰʠʭʠʥʩʢʦ-ʢʣʶʝʚʩʢʠʡ ʪʠʧ, ʘʣʣʶʚʠʘʣʴʥʘʷ ʬʘʮʠʷ), ʟʘʤʝʯʝʥʥʘʷ ɻ.ɹ. ʇʘʣʴʰʠʥʳʤ 

[1955], ʜʦʧʦʣʥʷʣʠʩʴ ʦʩʠʥʦʚʩʢʠʤ ʘʣʣʶʚʠʘʣʴʥʳʤ ʪʠʧʦʤ ʨʘʟʨʝʟʘ ʙʝʟ ʫʛʦʣʴʥʳʭ ʧʨʦʩʣʦʝʚ (ʠʣʠ ʩ 

ʨʝʜʢʠʤʠ ʪʦʥʢʠʤʠ ʧʨʦʩʣʦʷʤʠ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʟʚʘʥʠʝ çʦʩʠʥʦʚʩʢʘʷ ʩʚʠʪʘè ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʦʙʦʟʥʘʯʝʥʠʷ ʘʣʣʶʚʠʘʣʴʥʦʛʦ ʩʪʨʘʪʦʥʘ, ʚ ʮʝʣʦʤ ʦʜʥʦʚʦʟʨʘʩʪʥʦʛʦ ʪʘʥʭʦʡʩʢʦʡ (ʦʟʝʨʥʦ-ʙʦʣʦʪʥʦʡ, 

ʫʛʣʝʥʦʩʥʦʡ) ʩʚʠʪʝ, ʥʦ ʥʝ ʩʦʜʝʨʞʘʱʝʛʦ ʫʛʦʣʴʥʳʭ ʧʨʦʩʣʦʝʚ. ʕʪʦʪ ʩʪʨʘʪʦʥ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ, ʦʙʦʟʥʘʯʘʣ ʘʣʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʥʘʢʦʧʠʚʰʠʝʩʷ ʚ ʫʩʣʦʚʠʷʭ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʛʣʫʙʦʢʦʛʦ ʵʨʦʟʠʦʥʥʦʛʦ ʨʘʩʯʣʝʥʝʥʠ ̫ ʨʝʣʴʝʬʘ. ʀʩʭʦʜʷ ʠʟ ʚʩʝʭ 

ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʤʘʣʘʢʦʬʘʫʥʝ ʙʳʣʦ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥʦ 

ʦʪʥʦʩʠʪʴ ʪʘʥʭʦʡʩʢʫʶ ʩʚʠʪʫ ʢ ʚʝʨʭʥʝʤʫ ʦʣʠʛʦʮʝʥʫïʥʠʞʥʝʤʫ-ʩʨʝʜʥʝʤʫ ʧʣʠʦʮʝʥʫ [ʄʘʮ, 1985], ʘ 

ʧʦʟʞʝ ï ʢ ʚʝʨʭʥʝʤʫ ʦʣʠʛʦʮʝʥʫïʚʝʨʭʥʝʤʫ ʤʠʦʮʝʥʫ ʧʨʠ ʜʘʪʠʨʦʚʘʥʠʠ ʦʩʠʥʦʚʩʢʦʡ ʩʚʠʪʳ 

ʤʠʦʮʝʥʦʤïʥʠʞʥʠʤ ʧʣʠʦʮʝʥʦʤ [ʄʘʮ ʠ ʜʨ., 2001].  

 

1.2. ʉʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ ʧʦʙʝʨʝʞʴʝ ʦʟ. ɹʘʡʢʘʣ ï ʧʘʣʝʦʜʦʣʠʥʘ ʇʨʘ-ʄʘʥʟʫʨʢʠ 

 

ɼʨʝʚʥʠʝ ʧʘʣʝʦʜʦʣʠʥʳ ʇʨʝʜʙʘʡʢʘʣʴʷ ʠʟʫʯʘʣʠʩʴ ʩ 19-ʛʦ ʩʪʦʣʝʪʠʷ. ʀʩʪʦʨʠʯʝʩʢʠʡ ʦʙʟʦʨ 

ʨʘʙʦʪ ʧʦ ʜʨʝʚʥʠʤ ʧʘʣʝʦʜʦʣʠʥʘʤ ʪʝʨʨʠʪʦʨʠʠ ʚʳʩʪʨʘʠʚʘʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʧʦ ʧʨʠʥʮʠʧʫ 

ʥʘʯʘʣʴʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʥʦʚʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠ-ʟʥʘʯʠʤʳʭ ʚʳʚʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʞʜʘʣʠʩʴ ʚ 

ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪʘʭ.  

                                                            
1 ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʄʠʰʠʭʠʥʩʢʦ-ʂʣʶʝʚʩʢʘʷ ʧʘʣʝʦʜʦʣʠʥʘ ʟʘʣʦʞʠʣʘʩʴ ʨʘʥʴʰʝ (ʚ 

ʵʦʮʝʥʝ). 
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ʅʘʯʘʣʴʥʳʝ ʚʳʩʢʘʟʳʚʘʥʠʷ ʦ ʜʨʝʚʥʠʭ ʧʘʣʝʦʜʦʣʠʥʘʭ ɸ.ʃ. ʏʝʢʘʥʦʚʩʢʦʛʦ, ɸ.ʉ. 

ʂʫʣʴʯʠʮʢʦʛʦ, ʅ.ɺ. ɼʫʤʠʪʨʘʰʢʦ, ɽ.ɺ. ʇʘʚʣʦʚʩʢʦʛʦ, ʅ.ɺ. ʌʨʦʣʦʚʦʡ ʠ ʜʨʫʛʠʭ ʛʝʦʣʦʛʦʚ-

ʧʝʨʚʦʧʨʦʭʦʜʮʝʚ ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʘʢ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦʙʱʝʛʦ ʭʘʨʘʢʪʝʨʘ, 

ʠʤʝʚʰʠʝ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʧʦ ʠʟʫʯʝʥʠʶ 

ʘʣʣʶʚʠʷ. ɺ ʦʜʥʦʡ ʠʟ ʨʘʥʥʠʭ ʨʘʙʦʪ [ʇʘʚʣʦʚʩʢʠʡ, ʌʨʦʣʦʚʘ, 1941] ʘʣʣʶʚʠʡ ʩʚʷʟʳʚʘʣʩʷ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ çʤʦʱʥʦʡ ʨʝʯʥʦʡ ʩʝʪʠè ʧʦʩʣʝ ʶʨʩʢʠʭ ʫʛʣʝʥʦʩʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʥʘʢʦʧʠʚʰʠʭʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʤʝʟʦʟʦʡʩʢʦ-ʢʘʡʥʦʟʦʡʩʢʠʭ ʜʚʠʞʝʥʠʡ ʟʝʤʥʦʡ ʢʦʨʳ. ɹʳʣ ʦʧʠʩʘʥ ʜʨʝʚʥʠʡ ʘʣʣʶʚʠʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʫ ʜʝʨ. ʄʘʥʟʫʨʢʘ ʨʘʟʥʦʟʝʨʥʠʩʪʳʤʠ ʞʝʣʪʳʤʠ ʧʦʣʠʤʠʢʪʦʚʳʤʠ ʧʝʩʢʘʤʠ ʩ 

ʧʨʦʩʣʦʷʤʠ ʠ ʣʠʥʟʘʤʠ ʩʝʨʳʭ ʚʷʟʢʠʭ ʛʣʠʥ. ɺ ʩʦʩʪʘʚʝ ʛʘʣʴʢʠ ʦʪʤʝʯʝʥʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʠʟʚʝʨʞʝʥʥʳʝ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʜʦʢʝʤʙʨʠʷ ʤʝʩʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ.      

ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʘʣʣʶʚʠʷ ʧʘʣʝʦʜʦʣʠʥʳ ʇʨʘ-ʄʘʥʟʫʨʢʠ (ʧʦʣʫʯʠʚʰʝʛʦ ʥʘʟʚʘʥʠʝ 

çʤʘʥʟʫʨʩʢʠʡ ʘʣʣʶʚʠʡè) ʙʳʣʦ ʧʦʣʦʞʝʥʦ ʤʦʥʦʛʨʘʬʠʝʡ ʅ.ɸ. ʃʦʛʘʯʝʚʘ ʠ ʜʨ. [1964, c. 102], ʚ 

ʢʦʪʦʨʦʡ ʘʣʣʶʚʠʡ ʦʧʨʝʜʝʣʷʣʩʷ ʢʘʢ çʤʥʦʛʦʢʨʘʪʥʦʝ ʧʝʨʝʩʣʘʠʚʘʥʠʝ ʠʣʠ ʣʠʥʟʦʚʘʥʠʝ ʛʘʣʝʯʥʠʢʦʚ ʠ 

ʧʝʩʢʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʣʠʰʴ ʠʟʨʝʜʢʘ ʚʩʪʨʝʯʘʶʪʩʷ ʪʦʥʢʠʝ ʧʨʦʩʣʦʠ ʩʚʝʪʣʳʭ ʢʘʦʣʠʥʠʪ-

ʛʠʜʨʦʩʣʶʜʠʩʪʳʭ ʛʣʠʥè.  

ʆʙʨʘɦʘʣʦʩʴ ʚʥʠʤʘʥʠʝ ʥʘ ʧʨʝʦʙʣʘʜʘʥʠʝ ʚ ʛʘʣʝʯʥʠʢʘʭ ʛʘʣʴʢʠ ʩʨʝʜʥʝʛʦ ʠ ʤʝʣʢʦʛʦ ʨʘʟʤʝʨʘ 

ʠ ʭʦʨʦʰʫʶ ʦʢʘʪʘʥʦʩʪʴ ʛʘʣʝʯʥʠʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʧʝʨʝʥʦʩʘ ʦʙʣʦʤʢʦʚ ʵʬʬʫʟʠʚʥʳʭ ʠ ʚʫʣʢʘʥʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ɿʘʧʘʜʥʦʛʦ ʇʨʠʙʘʡʢʘʣʴʷ. 

ʋʢʘʟʳʚʘʣʩʷ ʠʭ ʚʝʨʦʷʪʥʳʡ ʠʩʪʦʯʥʠʢ ï ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʝ ʶʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʚʝʨʭʦʚʴʝʚ ʨʝʢ 

ɻʦʣʦʫʩʪʥʦʡ ʠ ʋʰʘʢʦʚʢʠ. ʆʪʤʝʯʘʣʠʩʴ ʦʙʣʦʤʢʠ ʶʨʩʢʦʛʦ ʧʝʩʯʘʥʠʢʘ ʩ ʫʛʣʝʬʠʮʠʨʦʚʘʥʥʳʤʠ 

ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʦʩʪʘʪʢʘʤʠ. 

ɺ ʩʪʨʦʝʥʠʠ ʨʘʟʨʝʟʘ ʦʪʤʝʯʘʣʦʩʴ ʜʚʘ ʪʠʧʘ ʤʘʢʨʦʩʣʦʠʩʪʦʩʪʠ ï ʧʘʨʘʣʣʝʣʴʥʳʡ ʠ 

ʣʠʥʟʦʚʠʜʥʳʡ (ʢʦʩʦʡ). ʇʦʜʯʝʨʢʠʚʘʣʘʩʴ ʭʦʨʦʰʘʷ ʦʪʤʳʪʦʩʪʴ ʨʘʟʥʦʟʝʨʥʠʩʪʳʭ ʧʝʩʢʦʚ ʦʪ 

ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ. ʅʘ ʧʨʠʤʝʨʝ ʨʘʟʨʝʟʘ ʩʢʚʘʞʠʥʳ ʫ ʩ. ʂʘʡʟʝʨʘʥ ʦʙʦʩʥʦʚʳʚʘʣʘʩʴ ʛʠʧʦʪʝʟʘ ʦʙ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʤ ʠʟʤʝʥʝʥʠʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʪʣʦʞʝʥʠʡ ʩʥʠʟʫ ʚʚʝʨʭ.  

ʂ ʜʦʤʘʥʟʫʨʩʢʦʤʫ ʦʪʥʦʩʠʣʩʷ ʘʣʣʶʚʠʡ ʥʠʟʢʠʭ ʪʝʨʨʘʩ, ʟʘʭʦʨʦʥʝʥʥʳʭ ʧʦʜ ʪʦʣʱʝʡ 

ʤʘʥʟʫʨʩʢʦʛʦ ʘʣʣʶʚʠʷ ʙʣʠʟ ʩ. ʇʦʜʪʦʢ. ʆʪʤʝʯʘʣʘʩʴ ʚʳʩʦʢʦʝ ʭʠʤʠʯʝʩʢʦʝ ʚʳʚʝʪʨʠʚʘʥʠʝ 

ʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʣʦʷ 3 ʜʨʝʚʥʝʛʦ ʘʣʣʶʚʠʷ, ʷʨʢʦ ʦʢʨʘʰʝʥʥʦʛʦ ʚ ʢʨʘʩʥʳʡ ʮʚʝʪ. ʇʦ ʦʙʠʣʠʶ 

ʧʳʣʴʮʳ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ (ʦʩʦʙʝʥʥʦ Artemisia sp.) ʜʨʝʚʥʠʡ ʘʣʣʶʚʠʡ ʦʪʥʦʩʠʣʩʷ 

ʧʘʣʠʥʦʣʦʛʦʤ ɺ.ʄ. ʂʣʠʤʘʥʦʚʦʡ ʢ ʢʨʘʩʥʦʮʚʝʪʥʦʡ ʬʦʨʤʘʮʠʠ ʚʝʨʭʥʝʛʦ ʥʝʦʛʝʥʘ.  ʇʦ ʩʧʦʨʦʚʦ-

ʧʳʣʴʮʝʚʳʤ ʩʧʝʢʪʨʘʤ ʤʘʥʟʫʨʩʢʦʛʦ ʘʣʣʶʚʠʷ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩʦ ʩʧʝʢʪʨʘʤʠ ʩʣʦʷ 3 ʨʘʟʨʝʟʘ ʫ ʩ. 

ʇʦʜʪʦʢ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʦʙʱʝʝ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʚ ʩʪʦʨʦʥʫ ʫʚʣʘʞʥʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʠʚʝʣʦ ʢ 

ʟʘʤʝʱʝʥʠʶ ʩʪʝʧʥʳʭ ʠ ʣʝʩʦʩʪʝʧʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʥʘ ʣʝʩʥʳʝ, ʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʫʤʝʨʝʥʥʦ-

ʪʝʧʣʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ɸʣʣʶʚʠʘʣʴʥʳʡ ʤʘʥʟʫʨʩʢʠʡ ʩʪʨʘʪʦʥ ʧʦʤʝʱʘʣʩʷ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠ ʚʳʰʝ ʢʨʘʩʥʦʮʚʝʪʥʦʡ ʬʦʨʤʘʮʠʠ ʠ ʥʠʞʝ ʬʘʫʥʠʩʪʠʯʝʩʢʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʦʛʦ 
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(ʢʦʨʙʠʢʫʣʘʤʠ ʠ ʦʩʪʘʪʢʘʤʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʠʨʘʩʧʦʣʴʩʢʦʤʫ ʢʦʤʧʣʝʢʩʫ 

ʬʘʫʥʳ) ʘʥʛʠʥʩʢʦʛʦ ʘʣʣʶʚʠʷ ʥʠʞʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ2. 

ɿʘ ʤʦʥʦʛʨʘʬʠʝʡ ʅ.ɸ. ʃʦʛʘʯʝʚʘ ʠ ʜʨ. [1964] ʧʦʩʣʝʜʦʚʘʣʘ ʝʱʝ ʩʝʨʠʷ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ 

ʦʩʘʜʦʯʥʦʛʦ ʥʘʧʦʣʥʝʥʠʷ ʜʨʝʚʥʠʭ ʧʘʣʝʦʜʦʣʠʥ ɸʥʛʘʨʦ-ʃʝʥʩʢʦʛʦ ʤʝʞʜʫʨʝʯʴʷ ʚ ʩʝʨʝʜʠʥʝ 1970-ʭ 

ʛʦʜʦʚ [ʇʦʧʦʚʘ, 1968; ʃʦʛʘʯʝʚ, 1974; ɸʜʘʤʝʥʢʦ ʠ ʜʨ., 1975; ʇʘʚʣʦʚ ʠ ʜʨ., 1976; ɻʥʠʙʠʜʝʥʢʦ, 

ɸʜʘʤʝʥʢʦ, 1976; ʃʦʧʘʪʠʥ, ʊʦʤʠʣʦʚ, 1977; ʠ ʜʨ.] ʠ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ [ɸʜʘʤʝʥʢʦ ʠ ʜʨ., 1980; 

ʇʦʧʦʚʘ, 1981; ɹʝʣʦʚʘ, 1985; ʂʦʥʦʥʦʚ, ʄʘʮ, 1986; ʊʨʦʬʠʤʦʚ ʠ ʜʨ., 1995; Tomilov, 1996; 

ʃʦʧʘʪʠʥ, ʊʦʤʠʣʦʚ, 2004; ʂʦʥʦʥʦʚ, 2005; ʃʦʧʘʪʠʥ, 2016; ʠ ʜʨ.]. 

ʄʘʥʟʫʨʩʢʘʷ ʩʚʠʪʘ ʇʨʝʜʙʘʡʢʘʣʴʩʢʦʛʦ ʧʨʦʛʠʙʘ ʩʦʧʦʩʪʘʚʣʷʣʘʩʴ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʩ 

ʦʭʨʠʩʪʦʡ ʤʦʣʘʩʩʦʡ ʤʝʞʛʦʨʥʳʭ ʚʧʘʜʠʥ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ ʠ ʤʦʱʥʳʤʠ 

ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʥʘʢʦʧʣʝʥʠʷʤʠ ʚ ʧʦʛʨʝʙʝʥʥʳʭ ʪʘʣʴʚʝʛʘʭ ʙʘʩʩʝʡʥʘ ʨ. ʉʝʣʝʥʛʠ [ʃʦʛʘʯʝʚ, 1974]. ɺ 

ʇʨʝʜʙʘʡʢʘʣʴʩʢʦʤ ʧʨʦʛʠʙʝ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʦʤ ʚ ʨʘʙʦʪʝ [ɿʘʤʘʨʘʝʚ ʠ ʜʨ., 1976], ʤʘʥʟʫʨʩʢʘʷ 

ʩʚʠʪʘ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʢʘʢ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʝʜʠʥʠʮʘ, ʚʝʥʯʘʶʱʘʷ ʨʘʟʨʝʟ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ 

ʢʦʥʮʘ ʤʝʟʦʟʦʷ ʠ ʚʩʝʛʦ ʢʘʡʥʦʟʦʷ, ʥʘʢʦʧʠʚʰʠʭʩʷ ʚ ʣʦʢʘʣʴʥʳʭ ʚʧʘʜʠʥʘʭ [ʇʘʚʣʦʚ ʠ ʜʨ., 1976].  

ɺ ʦʙʩʪʦʷʪʝʣʴʥʳʭ ʨʘʙʦʪʘʭ ʧʦ ʨʘʟʨʝʟʘʤ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ [ɸʜʘʤʝʥʢʦ, 1975; ɻʥʠʙʠʜʝʥʢʦ, 

ɸʜʘʤʝʥʢʦ, 1976; ɿʘʤʘʨʘʝʚ ʠ ʜʨ., 1976; ɸʜʘʤʝʥʢʦ ʠ ʜʨ., 1980] ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʟʫʯʝʥʠʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʙʦʛʘʪʳʭ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʡ ʨʫʢʦʚʦʜʷʱʠʭ ʬʦʨʤ ʠʩʢʦʧʘʝʤʦʡ ʬʘʫʥʳ 

ʤʝʣʢʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ɺ ʧʝʨʚʳʭ ʪʨʝʭ ʧʫʙʣʠʢʘʮʠʷʭ ʥʘʤʝʯʘʣʘʩʴ ʥʝʢʦʪʦʨʘʷ ʘʩʠʥʭʨʦʥʥʦʩʪʴ 

ʤʘʥʟʫʨʩʢʦʛʦ ʠ ʘʥʛʠʥʩʢʦʛʦ ʘʣʣʶʚʠʷ, ʚ ʯʝʪʚʝʨʪʦʡ ʛʦʚʦʨʠʣʦʩʴ ʦ ʩʠʥʭʨʦʥʥʦʩʪʠ ʩʚʠʪ: çéʘʥʛʠʥʩʢʘʷ 

ʩʚʠʪʘ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʜʘʪʠʨʫʝʪʩʷ ʚʝʨʭʥʠʤ ʧʣʠʦʮʝʥʦʤ ʠ ʷʚʣʷʝʪʩʷ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʘʥʘʣʦʛʦʤ 

ʤʘʥʟʫʨʩʢʦʡ ʩʚʠʪʳè (ʧʦ ʩʭʝʤʝ ʄʉʂ) [ɸʜʘʤʝʥʢʦ ʠ ʜʨ., 1980; ʩ. 89ï90]. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʮʝʥʢʝ 

ʚʦʟʨʘʩʪʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʦʪ 3.3 ʜʦ 0.7 ʤʣʥ ʣʝʪ. ʇʦ ʩʭʝʤʝ ɻʀʅ ɸʅ ʉʉʉʈ ʩʚʠʪʳ ʜʘʪʠʨʦʚʘʣʠʩʴ 

ʚʝʨʭʥʝʡ ʧʦʣʦʚʠʥʦʡ ʥʠʞʥʝʛʦ ʠ ʩʨʝʜʥʠʤ ʵʦʧʣʝʡʩʪʦʮʝʥʦʤ. ʅʘʠʙʦʣʝʝ ʜʨʝʚʥʠʡ ʚʦʟʨʘʩʪ ʦʪʣʦʞʝʥʠʡ 

ʦʩʥʦʚʘʥʠʷ ʤʘʥʟʫʨʩʢʦʛʦ ʘʣʣʶʚʠʷ ʦʧʨʝʜʝʣʝʥ ʢʘʢ ʚʝʨʭʥʝʧʣʠʦʮʝʥʦʚʳʡ (ʚʪʦʨʘʷ ʧʦʣʦʚʠʥʘ 

ʭʘʧʨʦʚʩʢʦʛʦ ʚʨʝʤʝʥʠ) ʧʦ ʥʘʭʦʜʢʝ ʚ ʣʠʥʟʘʭ ʛʣʠʥʠʩʪʦʛʦ ʛʨʘʚʠʷ ʨʘʟʨʝʟʘ ʉʘʤʦʜʫʨʦʚʦ ʬʘʫʥʳ ʤʝʣ-

                                                            
2 ɺ 1960-1970-ʭ ʛʛ. ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 2 ʩʭʝʤʳ ʩʪʨʘʪʠʛʨʘʬʠʠ: ʩʭʝʤʘ ʄʉʂ ʠ ʩʭʝʤʘ ɻʀʅ ɸʅ ʉʉʉʈ.  ʇʦ ʩʭʝʤʝ ʄʉʂ 

ʧʨʠʥʠʤʘʣʩʷ ʨʫʙʝʞ ʯʝʪʚʝʨʪʠʯʥʦʡ ʩʠʩʪʝʤʳ ʠ ʧʣʠʦʮʝʥʘ 0.7 ʤʣʥ ʣʝʪ (ʛʨʘʥʠʮʘ ʷʨʫʩʦʚ ɸʧʰʝʨʦʥ ʠ ɹʘʢʫ). ɺ ʩʭʝʤʝ ɻʀʅ 

ɸʅ ʉʉʉʈ ʵʪʦ ʚʨʝʤʷ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʨʫʙʝʞʫ ʩʨʝʜʥʝʛʦ-ʚʝʨʭʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ (ʪʘʤʘʥʩʢʦʛʦ ʠ ʪʠʨʘʩʧʦʣʴʩʢʦʛʦ 

ʬʘʫʥʠʩʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. ʊʠʨʘʩʧʦʣʴʩʢʠʡ ʢʦʤʧʣʝʢʩ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʥʘʯʘʣʴʥʳʤ ʧʣʝʡʩʪʦʮʝʥʦʚʳʤ 

ʧʦʭʦʣʦʜʘʥʠʝʤ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʦʛʦ ʚʳʤʝʨʣʦ ʙʦʣʴʰʠʥʩʪʚʦ ʞʠʚʦʪʥʳʭ ʪʘʤʘʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʇʦ ʩʭʝʤʝ ʄʉʂ 

ʧʨʠʥʠʤʘʣʩʷ ʨʫʙʝʞ ʩʨʝʜʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʧʣʠʦʮʝʥʘ 3.3 ʤʣʥ ʣʝʪ. ɺ ʩʭʝʤʝ ɻʀʅ ɸʅ ʉʉʉʈ ʵʪʦʪ ʨʫʙʝʞ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ 

ʨʫʙʝʞʫ ʘʥʪʨʦʧʦʛʝʥʘ ʠ ʧʣʠʦʮʝʥʘ. ɺʝʨʭʥʠʡ ʧʣʠʦʮʝʥ ʩʭʝʤʳ ʄʉʂ (ʧʣʝʡʩʪʦʮʝʥ ʩʭʝʤʳ ɻʀʅ ɸʅ ʉʉʉʈ) ʧʦʜʨʘʟʜʝʣʷʣʩʷ 

ʥʘ ʷʨʫʩʳ ɸʢʯʘʛʳʣ ʠ ɸʧʰʝʨʦʥ ʩ ʛʨʘʥʠʮʝʡ ʦʢʦʣʦ 2 ʤʣʥ ʣʝʪ. ɺ ʩʭʝʤʝ ɻʀʅ ɸʅ ʉʉʉʈ ʙʦʣʝʝ ʜʨʝʚʥʠʡ ʷʨʫʩ (ɸʢʯʘʛʳʣ) 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʬʘʫʥʠʩʪʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʭʘʧʨʦʚʩʢʠʤ ʠ ʤʦʣʜʘʚʩʢʠʤ (ʚʝʨʭʥʝʡ ʯʘʩʪʴʶ), ʙʦʣʝʝ ʤʦʣʦʜʦʡ ʷʨʫʩ 

ɸʧʰʝʨʦʥ ï ʪʘʤʘʥʩʢʠʤ ʬʘʫʥʠʩʪʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ. ɺ ʩʨʝʜʥʝʤ ʧʣʠʦʮʝʥʝ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠ ʥʠʞʝ ʤʦʣʜʘʚʩʢʦʛʦ 

ʬʘʫʥʠʩʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʙʦʟʥʘʯʘʣʩʷ ʛʠʧʧʘʨʠʦʥʦʚʳʡ ʬʘʫʥʠʩʪʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩ. ʂʦʨʨʝʣʷʮʠʷ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ 

ʩʣʦʝʚ ʘʣʣʶʚʠʷ ʜʨʝʚʥʠʭ ʧʘʣʝʦʜʦʣʠʥ ʇʨʝʜʙʘʡʢʘʣʴʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʙʝʠʭ ʩʭʝʤ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 5 ʚ ʩʪʘʪʴʝ 

[ɻʥʠʙʠʜʝʥʢʦ, ɸʜʘʤʝʥʢʦ, 1976]. ʇʦʟʞʝ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʟʥʳʭ ʩʭʝʤ ʩʪʨʘʪʠʛʨʘʬʠʠ ʦʙʩʫʞʜʘʣʦʩʴ ʥʘ ʧʨʠʤʝʨʝ 

ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʉʉʉʈ [ʅʠʢʠʬʦʨʦʚʘ, ɸʣʝʢʩʘʥʜʨʦʚʘ, 1987].  
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ʢʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ï ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʦʜʦʚ V illania ʠ Mimomys, ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ï ʚʠʜʳ ʨʦʜʘ Ochotona ʠ Cleitrionomys cf. Rutilis [ɸʜʘʤʝʥʢʦ ʠ ʜʨ. 1980]. 

ʇʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʦʪʣʦʞʝʥʠʡ ʘʥʦʩʦʚʩʢʦʡ ʩʚʠʪʳ ʊʘʥʭʦʡʩʢʦʡ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ ʥʘ ʶʞʥʦʤ ʙʝʨʝʛʫ ɹʘʡʢʘʣʘ ʠ ʜʘʥʥʳʭ ʧʦ ʤʘʥʟʫʨʩʢʦʤʫ ʘʣʣʶʚʠʶ 

[ɸʜʘʤʝʥʢʦ ʠ ʜʨ., 1975]  ʧʘʣʠʥʦʣʦʛʦʤ ɺ.ɸ. ɹʝʣʦʚʦʡ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʪʨʠ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʘ: 1) ʧʳʣʴʮʘ ʪʩʫʛʠ, ʧʠʭʪʳ, ʝʣʠ, ʦʨʝʭʘ, ʛʨʘʙʘ, ʣʝʱʠʥʳ, ʣʠʧʳ, 2) ʧʳʣʴʮʘ ʩʤʝʰʘʥʥʳʭ 

ʭʚʦʡʥʦ-ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʪʨʘʚʷʥʠʩʪʳʭ ʩʪʝʧʥʳʭ ʬʦʨʤ ʠ 3) 

ʧʳʣʴʮʘ ʭʚʦʡʥʳʭ ʩ ʫʯʘʩʪʠʝʤ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʝʨʚʳʡ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʦʡ 

ʢʦʤʧʣʝʢʩ ʙʳʣ ʦʪʥʝʩʝʥ ʢ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʩʨʝʜʥʝʛʦ ʧʣʠʦʮʝʥʘ ʠ ʩʚʷʟʳʚʘʣʩʷ ʩ ʧʦʜʥʷʪʠʝʤ 

ʪʝʨʨʠʪʦʨʠʠ ʩ ʩʝʨʝʜʠʥʳ ʩʨʝʜʥʝʛʦ ʧʣʠʦʮʝʥʘ ʜʦ ʢʫʣʴʤʠʥʘʮʠʠ ʚ ʩʝʨʝʜʠʥʝ ʚʝʨʭʥʝʛʦ ʧʣʠʦʮʝʥʘ. 

ɺʪʦʨʦʡ ʢʦʤʧʣʝʢʩ ʩʦʧʦʩʪʘʚʣʷʣʩʷ ʩ ʢʦʤʧʣʝʢʩʦʤ ʤʘʥʟʫʨʩʢʦʛʦ ʘʣʣʶʚʠʷ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ 

ʧʦʙʝʨʝʞʴʝ ɹʘʡʢʘʣʘ. ʊʨʝʪʠʡ ʦʙʦʟʥʘʯʘʣ ʧʝʨʝʭʦʜʥʳʡ ʵʪʘʧ ʦʪ ʤʘʥʟʫʨʩʢʦʛʦ ʢ ʘʥʛʠʥʩʢʦʤʫ ʘʣʣʶʚʠʶ. 

ʇʦʟʞʝ ʥʠʞʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʧʦ ʨ. ɸʥʦʩʦʚʢʝ, ʚʢʣʶʯʘʶʱʘʷ ʛʦʨʠʟʦʥʪ ʩʠʥʠʭ ʛʣʠʥ, ʙʳʣʘ ʦʪʥʝʩʝʥʘ ʢ 

ʚʝʨʭʥʝʤʫ ʤʠʦʮʝʥʫ [ʄʘʮ ʠ ʜʨ., 2001].  

ʊʘʢ ʞʝ ʢʘʢ ʚ ʤʦʥʦʛʨʘʬʠʠ [ʃʦʛʘʯʝʚ ʠ ʜʨ., 1964], ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʧʦʜʯʝʨʢʠʚʘʣʦʩʴ ʨʝʟʢʦʝ 

ʦʪʣʠʯʠʝ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʤʘʥʟʫʨʩʢʦʛʦ ʘʣʣʶʚʠʷ ʦʪ ʢʦʤʧʣʝʢʩʦʚ ʧʦʜʩʪʠʣʘʶʱʠʭ 

ʦʪʣʦʞʝʥʠʡ. ʆʜʥʘʢʦ, ʝʩʣʠ ʅ.ɸ. ʃʦʛʘʯʝʚ ʧʨʝʜʧʦʣʘʛʘʣ ʦʙʱʝʝ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʦʪ ʩʫʭʦʛʦ 

(ʜʦʤʘʥʟʫʨʩʢʦʛʦ ʚʨʝʤʝʥʠ) ʢ ʚʣʘʞʥʦʤʫ (ʤʘʥʟʫʨʩʢʦʛʦ ʚʨʝʤʝʥʠ) ʩ ʟʘʤʝʱʝʥʠʝʤ ʩʪʝʧʥʳʭ ʠ 

ʣʝʩʦʩʪʝʧʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʥʘ ʣʝʩʥʳʝ, ɺ.ɸ. ɹʝʣʦʚʘ ʩʚʷʟʳʚʘʣʘ ʦʙʨʘʟʦʚʘʥʠʝ ʤʘʥʟʫʨʩʢʦʛʦ ʘʣʣʶʚʠʷ ʩ 

ʫʩʣʦʚʠʷʤʠ ʧʦʭʦʣʦʜʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʩʪʘʥʦʚʢʠ ʙʦʣʝʝ ʪʝʧʣʦʛʦ ʧʘʣʝʦʢʣʠʤʘʪʘ, ʚ ʢʦʪʦʨʦʤ 

ʥʘʢʦʧʠʣʠʩʴ ʧʦʜʩʪʠʣʘʶʱʠʝ ʦʪʣʦʞʝʥʠʷ.  ɺ.ɸ. ɹʝʣʦʚʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘ ʢʦʤʧʣʝʢʩ ʩʧʦʨ ʠ ʧʳʣʴʮʳ 

ʜʦʤʘʥʟʫʨʩʢʠʭ (ʥʠʞʥʝʧʣʠʦʮʝʥʦʚʳʭ) ʦʪʣʦʞʝʥʠʡ ʙʘʡʰʠʥʩʢʦʡ ʩʚʠʪʳ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʄʘʥʟʫʨʢʠ ʙʣʠʟ 

ʜʝʨ. ɸʣʘʥʦ-ɹʦʣʪʘʡ ʠ ʚ ʜʨʫʛʠʭ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷʭ ʵʪʦʡ ʩʚʠʪʳ ɸʥʛʘʨʦ-ʃʝʥʩʢʦʡ ʧʨʦʚʠʥʮʠʠ. ʆʥʘ 

ʧʦʜʯʝʨʢʠʚʘʣʘ ʚʥʝʰʥʝʝ ʦʪʣʠʯʠʝ ʙʘʡʰʠʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʦʪ ʤʘʥʟʫʨʩʢʠʭ ʢʘʢ ʙʫʨʦʚʘʪʦ-

ʢʦʨʠʯʥʝʚʳʭ ʜʝʣʶʚʠʘʣʴʥʳʭ ʛʣʠʥ ʠ ʧʝʩʢʦʚ. ʇʨʠʚʝʜʝʥʥʳʡ ʝʝ ʩʧʠʩʦʢ ʩʧʦʨ ʠ ʧʳʣʴʮʳ ʥʝ ʩʦʜʝʨʞʠʪ 

ʜʦʤʠʥʘʥʪ; ʚ ʩʫʙʜʦʤʠʥʘʥʪʘʭ ʥʘʭʦʜʷʪʩʷ Alnus, Picea, Abies; ʚ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʬʦʨʤʘʭ ï Tsuga sp., 

Pinus silvestris, Corilus sp., Juglans sp., Tilia sp., Caria sp., Salix sp., Ephedra sp., Graminae, 

Chenopodiaceae.   

ʉʨʝʜʥʝʧʣʠʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ɸʥʛʘʨʦ-ʃʝʥʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ɺ.ɸ. ɹʝʣʦʚʦʡ ʥʝ 

ʚʳʜʝʣʷʣʦʩʴ. ɽʶ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʚʝʨʭʥʝʧʣʠʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ 

ʧʦʜʪʦʢʩʢʦʡ, ʤʘʥʟʫʨʩʢʦʡ ʠ ʘʥʛʠʥʩʢʦʡ ʩʚʠʪ. ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʣʠ 

ʨʘʟʥʦʚʦʟʨʘʩʪʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʤʘʥʟʫʨʩʢʦʛʦ ʘʣʣʶʚʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʧʦ ʠʩʢʦʧʘʝʤʦʡ ʬʘʫʥʝ 

ʤʝʣʢʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ [ɸʜʘʤʝʥʢʦ, 1975; ɿʘʤʘʨʘʝʚ ʠ ʜʨ., 1976; ɸʜʘʤʝʥʢʦ ʠ ʜʨ., 1980]. ɺ ʜʦʣʠʥʝ 

ʨ. ʄʘʥʟʫʨʢʠ ʫ ʩ. ʉʘʤʦʜʫʨʦʚʦ ʚ ʢʦʩʦʩʣʦʠʩʪʳʭ ʛʘʣʝʯʥʠʢʘʭ ʩ ʣʠʥʟʘʤʠ ʛʣʠʥʠʩʪʦʛʦ ʛʨʘʚʠʷ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʝ ʩʧʝʢʪʨʳ ʩ ʜʦʤʠʥʠʨʫʶʱʝʡ ʧʳʣʴʮʦʡ Artemisia, ʩʫʙʜʦʤʠʥʘʥʪʘʤʠ 
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ʧʳʣʴʮʳ Pinus silvestris ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ Chenopodiaceae, Leguminosae, Compositae, ʘ ʪʘʢʞʝ 

Belula sect. Albae, Ulmus, Ilex. ʆʥʘ ʧʠʩʘʣʘ ʦ ʪʦʤ, ʯʪʦ ʚ ʨʘʟʨʝʟʝ ʤʝʞʜʫ ʩʝʣʘʤʠ ɹʫʨʭʘʡ ʠ ʄʘʣ. 

ɻʦʣʦʫʩʪʥʦʝ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʦʡ ʢʦʤʧʣʝʢʩ ʠʟ ʛʦʣʫʙʦʚʘʪʦ-ʩʝʨʳʭ ʛʣʠʥ ʩ ʧʝʩʢʦʤ ʚ ʦʩʥʦʚʘʥʠʠ 

ʤʘʥʟʫʨʩʢʦʛʦ ʘʣʣʶʚʠʷ ʜʦʤʠʥʠʨʫʝʪ Artemisia, ʩʫʙʜʦʤʠʥʠʨʫʶʪ Pinus silvestris, Betula sect. Albae, 

ʩʦʧʫʪʩʪʚʫʶʪ Compositae, Chenopodiaceae, Leguminosae, Gramineae, Ilex, Ulmus, Quercus. 

ʉʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʝ ʩʧʝʢʪʨʳ ʠʟ ʚʳʰʝʣʝʞʘʱʠʭ ʛʨʘʚʝʣʠʩʪʳʭ ʧʝʩʢʦʚ ʠʤʝʶʪ ʙʦʣʝʝ ʤʝʟʦʬʠʪʥʳʡ 

ʩʦʩʪʘʚ ʜʦʤʠʥʘʥʪ r Pinus silvestris; ʩʫʙʜʦʤʠʥʘʥʪʦʚ Artemisia, Gramineae, Betula sect. Albae, 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ Pinus sibirica, Picea sp., Tsuga sp., Tilia sp., Ulmus sp., Ilex sp. ɹʣʠʟʢʠʝ ʧʦ ʩʦʩʪʘʚʫ 

ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʝ ʩʧʝʢʪʨʳ ʚʳʜʝʣʷʣʠʩʴ ɺ.ɸ. ɹʝʣʦʚʦʡ ʚ ʨʘʟʨʝʟʝ ʂʦʩʘʷ ʉʪʝʧʴ-1 ʠʟ ʥʠʞʥʠʭ ʛʣʠʥ 

ʩ ʧʝʩʢʦʤ ʩ ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ ʤʝʟʦʬʠʪʥʳʤʠ Tsuga sp., Juglans sp., Corylus sp., Picea sect. 

Omorica. ɺ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʳʭ ʧʝʩʢʘʭ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʦʧʨʝʜʝʣʝʥʳ ʦʙʝʜʥʝʥʥʳʝ 

ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʝ ʩʧʝʢʪʨʳ ʧʳʣʴʮʳ Pinus silvestris, Betula sect. Albae, Artemisia sp., 

Leguminosae, Rosaceae, Chenopodiaceae.  

ɺ.ɸ. ɹʝʣʦʚʘ [1985] ʧʨʠʰʣʘ ʢ ʚʳʚʦʜʫ ʦ ʪʦʤ, ʯʪʦ ʩʧʝʢʪʨʳ ʨʘʥʥʝʛʦ ʧʣʠʦʮʝʥʘ (ʙʘʡʰʠʥʩʢʘʷ 

ʩʚʠʪʘ) ʦʙʦʟʥʘʯʘʶʪ ʩʤʝʰʘʥʥʳʡ ʩʦʩʪʘʚ ʧʳʣʴʮʳ ʨʘʩʪʝʥʠʡ ʤʝʟʦʬʠʪʥʳʭ ʥ ʢʩʝʨʦʤʝʟʦʬʥʪʥʳʭ 

ʤʝʩʪʦʦʙʠʪʘʥʠʡ ʪʝʧʣʦʫʤʝʨʝʥʥʦʡ ʟʦʥʳ. ɼʣʷ ʩʧʝʢʪʨʦʚ ʧʦʟʜʥʝʛʦ ʧʣʠʦʮʝʥʘ ʭʘʨʘʢʪʝʨʥʳ ʩʧʦʨʦʚʦ-

ʧʳʣʴʮʝʚʳʝ ʩʧʝʢʪʨʳ ʩ ʧʳʣʴʮʦʡ ʨʘʩʪʝʥʠʡ ʢʩʝʨʦʤʝʟʦʬʠʪʥʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʡ 

ʧʦʣʫʩʘʚʘʥʥʦʩʪʝʧʥʦʛʦ ʦʙʣʠʢʘ (ʧʦʜʪʦʢʩʢʦʝ ʚʨʝʤʷ). ɹʦʣʝʝ ʧʦʟʜʥʠʡ ʘʣʣʶʚʠʡ ʤʘʥʟʫʨʩʢʦʡ ʩʚʠʪʳ 

(ʚʪʦʨʘʷ ʧʦʣʦʚʠʥʘ ʭʘʧʨʦʚʩʢʦʛʦ ʚʨʝʤʝʥʠ) ʩʦʜʝʨʞʠʪ ʧʳʣʴʮʫ ʠ ʩʧʦʨʳ ʨʘʩʪʝʥʠʡ ʢʩʝʨʦʤʝʟʦʬʠʪʥʳʭ 

ʤʝʩʪʦʦʙʠʪʘʥʠʡ ʙʦʨʝʘʣʴʥʦʛʦ ʪʠʧʘ.  

ɺ ʮʝʣʦʤ, ʚ 1970ï1980-ʭ ʛʛ. ʩʣʦʞʠʣʦʩʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʚʝʨʭʥʝʧʣʠʦʮʝʥʦʚʦʤ-

ʥʠʞʥʝʧʣʝʡʩʪʦʮʝʥʦʚʦʤ (ʧʦ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʭʨʦʥʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʰʢʘʣʝ) 

ʚʦʟʨʘʩʪʝ ʘʣʣʶʚʠʷ ʜʨʝʚʥʠʭ ʧʘʣʝʦʜʦʣʠʥ ɸʥʛʘʨʦ-ʃʝʥʩʢʦʛʦ ʤʝʞʜʫʨʝʯʴʷ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ 

ʠʩʢʦʧʘʝʤʦʡ ʬʘʫʥʝ ʤʝʣʢʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʭ ʢʦʤʧʣʝʢʩʘʭ. ʕʪʦ ʟʘʢʣʶʯʝʥʠʝ 

ʙʳʣʦ ʜʦʧʦʣʥʝʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʘʪʠʢʦʡ ʤʘʣʘʢʦʬʘʫʥʳ [ʇʦʧʦʚʘ, 1968, 1981] ʠ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʦʙʨʘʪʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʭʨʦʥʘ Matuyama ʜʣʷ ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʇʦʜʪʦʢʩʢʦʛʦ ʦʧʦʨʥʦʛʦ ʨʘʟʨʝʟʘ (ʧʦʜʪʦʢʩʢʦʡ ʩʚʠʪʳ), ʘ ʪʘʢʞʝ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʘʥʛʠʥʩʢʦʛʦ ʘʣʣʶʚʠʷ. ɼʦʧʫʩʢʘʣʘʩʴ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʨʷʤʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠ ʥʠʞʝ ʩʣʦʝʚ ʩ ʦʙʨʘʪʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʭʨʦʥʘ ɻʘʫʩʩ 

[ɻʥʠʙʠʜʝʥʢʦ, ɸʜʘʤʝʥʢʦ, 1976]. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʭʨʦʥʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʰʢʘʣʝ ʦʢʦʥʯʘʥʠʝ ʵʪʦʛʦ 

ʧʘʣʝʦʤʘʛʥʠʪʥʦʛʦ ʭʨʦʥʘ ʠʤʝʝʪ ʚʦʟʨʘʩʪ 2.595 ʤʣʥ ʣʝʪ [Globalé, 2016].  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʘʥʟʫʨʩʢʦʡ ʪʦʣʱʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʫʣ ʧʘʣʝʦʧʦʪʘʤʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʥʘʢʦʧʣʝʥʠʠ ʘʣʣʶʚʠʷ 

ʚ ʢʨʫʧʥʦʡ ʨʝʢʝ ʧʦʣʫʛʦʨʥʦʛʦ ʪʠʧʘ ʩ ʥʘʨʘʩʪʘʥʠʝʤ ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʠ ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ ʇʨʘ-

ʄʘʥʟʫʨʢʠ, ʦʪ ʜʝʨ. ɹ. ɻʦʣʦʫʩʪʥʦʝ ʥʘ ʙʝʨʝʛʫ ɹʘʡʢʘʣʘ ʢ ʧʦʩ. ʂʘʯʫʛ ʥʘ ʙʝʨʝʛʫ ʨ. ʃʝʥʳ [ʊʨʦʬʠʤʦʚ, 
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1990]. ʕʪʦʪ ʚʳʚʦʜ ʨʘʩʧʨʦʩʪʨʘʥʷʣʩʷ ʥʘ ʚʩʝ ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʠʷ ʢʦʥʩʪʨʘʪʠʚʥʦʛʦ ʘʣʣʶʚʠʷ ʇʨʘ-

ʄʘʥʟʫʨʢʠ. ʂʦʥʢʨʝʪʥʳʝ ʜʘʥʥʳʝ ʧʦ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʤ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʝʜʠʥʠʮʘʤ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʚ ʨʘʟʨʝʟʘʭ, ʚ ʢʦʨʦʪʢʦʡ ʟʘʤʝʪʢʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ.  

ɺ ʥʘʯʘʣʝ 1990-ʭ ʛʛ. ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʝʱʝ ʦʜʥʘ ʧʦʧʳʪʢʘ ʫʪʦʯʥʠʪʴ ʚʦʟʨʘʩʪ ʤʘʥʟʫʨʩʢʦʛʦ 

ʘʣʣʶʚʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʨʤʦʣʶʤʠʥʠʩʮʝʥʪʥʦʛʦ (TL) ʜʘʪʠʨʦʚʘʥʠʷ (ʘʥʘʣʠʪʠʢ ʆ.ɸ. ʂʫʣʠʢʦʚ), 

ʢʦʪʦʨʦʝ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʧʨʦʙ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʦʪʦʙʨʘʥʥʳʭ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʜʦʣʠʥʳ 

ʇʨʘ-ʄʘʥʟʫʨʢʠ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʦʧʨʝʜʝʣʝʥʠʷʤʠ ʩʧʦʨ ʠ ʧʳʣʴʮʳ (ʧʘʣʠʥʦʣʦʛʠ ɽ.ʄ. ʄʘʣʘʝʚʘ ʠ 

ʅ.ɺ. ʂʫʣʘʛʠʥʘ). ɺ ʘʥʛʠʥʩʢʦʤ ʘʣʣʶʚʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʫʯʘʣʘʩʴ ʤʘʣʘʢʦʬʘʫʥʘ (ʆ.ʄ. ʇʦʧʦʚʘ, 

ʀ.ɺ. ʐʠʙʘʥʦʚʘ). ɺ ʧʨʝʧʨʠʥʪʝ [ʊʨʦʬʠʤʦʚ ʠ ʜʨ., 1995] ʩʪʨʘʪʠʛʨʘʬʠʷ ʦʪʣʦʞʝʥʠʡ ʙʳʣʘ 

ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʟʜʝʣʘʭ çʇʣʠʦʮʝʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʤʘʥʟʫʨʩʢʦʛʦ ʘʣʣʶʚʠʷè, çʇʣʠʦʮʝʥʦʚʳʡ 

ʛʦʨʠʟʦʥʪ ʘʥʛʠʥʩʢʦʛʦ ʘʣʣʶʚʠʷè ʠ çʇʣʝʡʩʪʦʮʝʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʤʘʥʟʫʨʩʢʦʛʦ ʘʣʣʶʚʠʷè. 

ʇʨʠʚʝʜʝʥʥʳʝ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʜʘʥʥʳʝ ʦ ʤʘʣʘʢʦʬʘʫʥʝ ʚ ʮʝʣʦʤ ʧʦʜʪʚʝʨʜʠʣʠ ʚʳʚʦʜʳ 

ʦ ʧʦʣʠʭʨʦʥʥʦʩʪʠ ʤʘʥʟʫʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʩʜʝʣʘʥʥʳʝ ʚ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʨʘʙʦʪʘʭ [ʃʦʛʘʯʝʚ ʠ ʜʨ., 

1964; ʇʦʧʦʚʘ, 1968, 1981; ɸʜʘʤʝʥʢʦ, 1975; ɻʥʠʙʠʜʝʥʢʦ, ɸʜʘʤʝʥʢʦ, 1976; ɿʘʤʘʨʘʝʚ ʠ ʜʨ., 1976; 

ɸʜʘʤʝʥʢʦ ʠ ʜʨ., 1980; ɹʝʣʦʚʘ, 1985]. ʅʦʚʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʵʪʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʦʙʦʩʥʦʚʘʥʠʝ 

ʥʘʭʦʜʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʝʚʥʠʭ (ʥʠʞʥʝ-ʩʨʝʜʥʝʧʣʠʦʮʝʥʦʚʳʭ) ʦʪʣʦʞʝʥʠʡ ʚ ʜʚʫʭ ʨʘʟʨʝʟʘʭ 

ʩʨʝʜʥʝʛʦ ʪʝʯʝʥʠʷ ʨ. ɹʫʛʫʣʴʜʝʡʢʠ. ʆʜʠʥ ʨʘʟʨʝʟ ʥʘʭʦʜʠʣʩʷ ʥʠʞʝ, ʜʨʫʛʦʡ ï ʚʳʰʝ ʧʦ ʪʝʯʝʥʠʶ ʨʝʢʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʨ. ʂʦʩʘʷ ʉʪʝʧʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʢʘʨʴʝʨʘʭ ʥʘ ʩʝʚʝʨʥʦʡ ʦʢʨʘʠʥʝ ʜʝʨ. ʊʫʨʫʥʛʘ ʠ 

ʥʘ ʣʝʚʦʤ ʙʦʨʪʫ ʜʦʣʠʥʳ ʨ. ɹʫʛʫʣʴʜʝʡʢʠ, ʥʠʞʝ ʚʧʘʜʝʥʠʷ ʨʯ. ɹʠʣʴʯʝʪʫʡ.  

ɺ ʧʝʨʚʦʤ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʠ ʘʚʪʦʨʘʤʠ ʧʨʝʧʨʠʥʪʘ ʥʘʙʣʶʜʘʣʦʩʴ 10-ʤʝʪʨʦʚʦʝ ʦʙʥʘʞʝʥʠʝ 

ʧʝʩʯʘʥʦ-ʛʘʣʝʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʛʨʫʙʦʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʦʛʦ, ʩ ʧʨʦʩʣʦʷʤʠ ʦʪʤʳʪʦʛʦ ʙʝʣʝʩʦʛʦ 

ʧʝʩʢʘ ʠ ʛʨʘʚʠʷ, ʚʦ ʚʪʦʨʦʤ ï ʯʝʨʝʜʦʚʘʥʠʝ ʩʣʦʝʚ ʧʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʦʛʦ ʠ ʧʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʦ-

ʛʘʣʝʯʥʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʧʨʦʩʣʦʷʭ ʦʪʤʝʯʘʣʘʩʴ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʘʷ ʢʦʩʘʷ ʩʣʦʠʩʪʦʩʪʴ. ʅʘ ʛʣʫʙʠʥʘʭ 6.0ï

6.5 ʤ 12.0ï12.5 ʤ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚʘʣʫʥʳ. ɺ ʨʘʟʨʝʟʝ ʚʩʪʨʝʯʝʥʳ çʦʢʘʪʳʰʠè ʩʝʨʦʡ ʛʣʠʥʳ. 

ʅʘʙʣʶʜʘʣʘʩʴ ʥʝʨʦʚʥʘʷ ʛʨʘʥʠʮʘ ʧʝʩʢʦʚ, ʥʘʣʝʛʘʶʱʠʭ ʥʘ ʩʫʛʣʠʥʦʢ ʧʣʦʪʥʳʡ ʧʝʩʪʨʦʦʢʨʘʰʝʥʥʳʡ 

(ʩʝʨʳʡ, ʙʫʨʦʚʘʪʦ-ʩʝʨʳʡ, ʢʦʨʠʯʥʝʚʳʡ), ʧʦʣʦʩʘʪʦ-ʦʞʝʣʝʟʥʝʥʥʳʡ ʠ ʧʝʨʝʭʦʜʷʱʠʡ ʚ ʞʝʣʪʦʚʘʪʦ-ʙʫʨʳʡ 

ʧʝʩʦʢ ʩ ʧʷʪʥʘʤʠ ʦʞʝʣʝʟʥʝʥʠʷ. 

ɺ ʧʝʨʚʦʤ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʠ ʩʨʝʜʥʝʛʦ ʪʝʯʝʥʠʷ ʨ. ɹʫʛʫʣʴʜʝʡʢʠ ʠʟ ʦʜʥʦʨʦʜʥʦʡ ʛʨʫʙʦʦʙʣʦʤʦʯʥʦʡ 

ʧʘʯʢʠ (ʠʥʪʝʨʚʘʣ ʦʪ 3 ʜʦ 13 ʤ) ʙʳʣʦ ʦʪʦʙʨʘʥʦ 7 ʧʨʦʙ, ʠʟ ʢʦʪʦʨʳʭ ʠʟʚʣʝʢʘʣʦʩʴ ʦʪ 286 ʜʦ 459 ʟʝʨʝʥ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ 26 ʪʘʢʩʦʥʘʤ: Taxaceae (Juniperus?), Tsuga sp. (1,2), Cedrus, Abies, Picea sect. 

Omorica, P. sect. Eupicea, Larix, Pinus s/g Haploxylon, P. s/g Diploxylon (gen.1,2), Betula sp. (1,2,3), 

Alnus, Alnaster, Salix, Corylus sp. (1,2), Ulmus sp. (1,2), Tilia, Carpinus, Pterocarya sp. (1,2), Ostrya, 

Juglans (sp.1,2), Fraxinus, Euoaumys, Sambucus, Diervilla, Lonicera sp. (1,2), Ilex, Myrica, Rhododendron. 

ɺʦ ʚʪʦʨʦʤ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʠ ʠʟʫʯʘʣʩʷ ʤʘʪʝʨʠʘʣ 3-ʭ ʧʨʦʙ ʩ ʩʦʜʝʨʞʘʥʠʷʤʠ ʦʪ 438 ʜʦ 562 ʟʝʨʝʥ ʠʟ ʥʠʞʥʝʛʦ 

ʛʦʨʠʟʦʥʪʘ ʩʫʛʣʠʥʢʘ (ʛʣʫʙʠʥʘ 15.0ï15.1 ʤ), ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ 16 ʨʦʜʘʤ: Tsuga sp. (1,2), 
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Abies, Picea sect. Omorica, P. sect. Eupicea, Larix, Pinus s/g Haploxylon, P. s/g Diploxylon gen. (1,2), 

Betula sp. (1,2,3), Alnus, Salix, Corylus, Pterocarya, Juglans, Ulmus, Tilia, Fraxinus, Acer, Sambucus. 

ʇʳʣʴʮʘ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ʨʘʟʚʠʪʘ ʥʝ ʟʥʘʯʠʪʝʣʴʥʦ. ɺ ʪʦʤ ʯʠʩʣʝ, ʦʪʩʫʪʩʪʚʫʝʪ Artemisia sp. 

(ʧʦʣʳʥʴ), ʢʦʪʦʨʘʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʪʤʝʯʘʣʘʩʴ ʚ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʭ ʠʟ 

ʤʘʥʟʫʨʩʢʦʛʦ ʘʣʣʶʚʠʷ [ʃʦʛʘʯʝʚ ʠ ʜʨ., 1964; ɹʝʣʦʚʘ, 1985].  

ʋʚʝʣʠʯʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʳʣʴʮʳ ʟʘ ʩʯʝʪ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʘʢʩʦʥʦʚ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʠ 

ʵʢʟʦʪʠʯʝʩʢʠʭ ʚʠʜʦʚ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʧʝʨʚʦʤ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʠ ʦʙʲʷʩʥʷʣʦʩʴ ʜʨʫʛʦʡ 

ʬʘʮʠʘʣʴʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴʶ ʦʪʣʦʞʝʥʠʡ. ɺ ʵʪʠʭ ʦʧʨʝʜʝʣʝʥʠʷʭ ʧʦʜʯʝʨʢʠʚʘʣʘʩʴ ʦʩʥʦʚʥʘʷ ʨʦʣʴ ʚ 

ʧʳʣʴʮʝʚʦʤ ʢʦʤʧʣʝʢʩʝ ʧʳʣʴʮʳ Tsuga+Abies+Picea+Pinus s/g Haploxylon. ɺʦ ʚʪʦʨʦʤ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʠ 

ʦʙʥʘʨʫʞʝʥ Acer, ʦʪʩʫʪʩʪʚʫʶʱʠʡ ʚ ʧʝʨʚʦʤ. ɺ ʩʫʱʥʦʩʪʠ, ʪʘʢʠʝ ʞʝ ʪʘʢʩʦʥʳ ʚʳʜʝʣʷʣʠʩʴ ʧʨʝʞʜʝ ʠʟ 

ʥʠʞʥʠʭ ʛʣʠʥ ʩ ʧʝʩʢʦʤ ʚ ʨʘʟʨʝʟʝ ʂʦʩʘʷ ʉʪʝʧʴ-1 [ɹʝʣʦʚʘ, 1985]. 

ʀʟ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʦʡ ʨʘʥʥʝʤʘʥʟʫʨʩʢʦʡ ʬʣʦʨʳ ʩ ʤʠʦʮʝʥʦʚʦʡ ʧʳʣʴʮʝʚʦʡ ʬʣʦʨʦʡ 

ʙʘʷʥʜʘʡʩʢʦʡ ʩʚʠʪʳ ʇʨʝʜʙʘʡʢʘʣʴʩʢʦʛʦ ʧʨʦʛʠʙʘ ʠ ʧʣʠʦʮʝʥʦʚʦʡ ʬʣʦʨʦʡ ʛʦʨʥʳʭ ʨʘʡʦʥʦʚ ʉʝʚʝʨʥʦʡ 

ʄʦʥʛʦʣʠʠ ʠ ɺʦʩʪʦʯʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ ʧʘʣʠʥʦʣʦʛʘʤʠ ɽ.ʄ. ʄʘʣʘʝʚʦʡ ʠ ʅ.ɺ. ʂʫʣʘʛʠʥʦʡ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ 

ʝʝ ʨʘʥʥʝ-ʩʨʝʜʥʝʧʣʠʦʮʝʥʦʚʦʤ ʚʦʟʨʘʩʪʝ. ɼʨʝʚʥʝʤʘʥʟʫʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʩ ʪʘʢʦʡ ʬʣʦʨʦʡ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ 

ʙʫʛʫʣʴʜʝʡʩʢʠʡ ʛʦʨʠʟʦʥʪ. 

ʆʩʥʦʚʥʘʷ ʥʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʘʥʟʫʨʩʢʦʤ ʘʣʣʶʚʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʧʨʝʧʨʠʥʪʝ [ʊʨʦʬʠʤʦʚ 

ʠ ʜʨ., 1995], ʟʘʢʣʶʯʘʣʘʩʴ ʚ TL-ʜʘʪʠʨʦʚʢʘʭ. ʆʜʥʘʢʦ, ʵʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʣʠ ʚ ʦʩʥʦʚʥʦʤ ʮʠʬʨʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʘʯʘʣʫ ʧʦʟʜʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ, ʯʪʦ ʚ ʮʝʣʦʤ ʧʨʦʪʠʚʦʨʝʯʠʣʦ ʚʳʚʦʜʫ ʦ ʙʦʣʝʝ 

ʜʨʝʚʥʝʤ (ʧʣʠʦʮʝʥ-ʥʠʞʥʝʧʣʝʡʩʪʦʮʝʥʦʚʦʤ) ʚʦʟʨʘʩʪʝ ʦʪʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʡ ʩʣʝʜʦʚʘʣ ʠʟ 

ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʧʨʝʧʨʠʥʪʝ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʕʪʦ ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ ʢʦʥʢʨʝʪʥʳʤʠ 

ʧʨʠʤʝʨʘʤʠ ʫʞʝ ʦʪʤʝʯʘʣ ɽ.ɽ. ʂʦʥʦʥʦʚ [2005]. ʈʘʙʦʪʘ ʧʦ ʩʦʛʣʘʩʦʚʘʥʠʶ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʩ TL-ʜʘʪʠʨʦʚʢʘʤʠ ʦʩʪʘʣʘʩʴ ʥʝʟʘʚʝʨʰʝʥʥʦʡ ʠʟ-ʟʘ ʚʥʝʟʘʧʥʦʡ ʩʤʝʨʪʠ ʦʩʥʦʚʥʦʛʦ 

ʠʩʧʦʣʥʠʪʝʣʷ ʨʘʙʦʪ ɸ.ɻ. ʊʨʦʬʠʤʦʚʘ.   

ʉʚʝʜʝʥʠʷ ʦ ʤʝʪʦʜʠʢʝ TL-ʜʘʪʠʨʦʚʘʥʠʷ ʚ ʧʨʝʧʨʠʥʪʝ ʦʪʩʫʪʩʪʚʫʶʪ. ʄʝʞʜʫ ʪʝʤ, 

ʢʦʨʨʝʢʪʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʮʝʣʠʢʦʤ ʟʘʚʠʩʠʪ ʦʪ ʦʪʙʦʨʘ ʠ ʭʨʘʥʝʥʠʷ ʧʨʦʙʳ, ʘ 

ʪʘʢʞʝ ʫʩʣʦʚʠʡ ʦʪʙʦʨʘ ʢʚʘʨʮʝʚʳʭ ʟʝʨʝʥ ʚ ʣʘʙʦʨʘʪʦʨʠʠ [ʐʝʡʥʢʤʘʥ ʠ ʜʨ., 2009; Oliveira et al., 

2019]. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʝ TL-ʜʘʪʠʨʦʚʢʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ-ʟʘ 

ʦʪʙʦʨʘ ʧʨʦʙ ʩʦ ʩʪʝʥʦʢ, ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʵʢʩʧʦʥʠʨʦʚʘʥʥʳʭ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʧʦʵʪʦʤʫ 

ʨʝʟʫʣʴʪʘʪʳ TL-ʜʘʪʠʨʦʚʘʥʠʷ ʥʝ ʠʤʝʶʪ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ.  

ɺ ʜʠʩʢʫʩʩʠʠ ʦ ʚʦʟʨʘʩʪʝ ʛʣʫʙʦʢʦʛʦ ɹʘʡʢʘʣʘ ʧʨʠʚʣʝʢʘʣʠʩʴ ʜʘʥʥʳʝ ʧʦ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʚʦʟʨʘʩʪʘ ʜʨʝʚʥʠʭ ʧʘʣʝʦʜʦʣʠʥ ʇʨʘ-ʄʘʥʟʫʨʢʠ ʠ ʇʨʘ-ɸʥʛʠ ʠ ʚrʩʢʘʟʳʚʘʣʘʩʴ 

ʢʨʘʡʥʷʷ ʪʦʯʢʘ ʟʨʝʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʜʝʣʘʣʩʷ ʫʧʦʨ ʥʘ ʥʘʭʦʜʢʝ ʘʣʣʶʚʠʷ ʇʨʘ-ʄʘʟʫʨʢʠ ʫ ʤʳʩʘ 

ʈʦʛʦʚʠʢ, ʚʙʣʠʟʠ ʫʩʪʴʷ ʨ. ɻʦʣʦʫʩʪʦʡ, ʥʘ ʚʳʩʦʪʝ 350 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʦʟʝʨʘ, ʠ ʜʦʧʫʩʢʘʣʦʩʴ 

ʦʪʩʫʪʩʪʚʠʝ ʦʟ. ɹʘʡʢʘʣ ʚ ʤʘʥʟʫʨʩʢʦʝ ʚʨʝʤʷ. ɺ ʩʫʭʦʜʦʣʴʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ 
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ʚʧʘʜʠʥʳ ʚʝʨʭʦʚʴʷ ʇʨʘ-ʄʘʥʟʫʨʢʠ ʦʪʥʦʩʠʣʠʩʴ ʢ ʇʨʘ-ʉʝʣʝʥʛʝ [Tomilov, 1996; ʃʦʧʘʪʠʥ, ʊʦʤʠʣʦʚ, 

1977, 2004; ʃʦʧʘʪʠʥ, 2016]. ʆʜʠʥ ʠʟ ʚʘʞʥʳʭ ʘʩʧʝʢʪʦʚ ʠʟʫʯʝʥʠʷ ʤʘʥʟʫʨʩʢʦʛʦ ʘʣʣʶʚʠʷ ʢʘʩʘʣʩʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʩʪʦʢʘ ʠʟ ɹʘʡʢʘʣʘ ʯʝʨʝʟ ʇʨʘ-ʄʘʥʟʫʨʢʫ ʚ ʃʝʥʫ ʠ ʯʝʨʝʟ ʀʨʢʫʪ 

ʚ ɽʥʠʩʝʡ [ʃʦʛʘʯʝʚ ʠ ʜʨ., 1964]. 

ʇʦʜʨʦʙʥʦ ʵʪʦʪ ʚʦʧʨʦʩ ʦʙʩʫʞʜʘʣʩʷ ʚ ʩʪʘʪʴʝ 

ɽ.ɽ. ʂʦʥʦʥʦʚʘ ʠ ɺ.ɼ. ʄʘʮʘ [1986], ʘ ʟʘʪʝʤ ï ʚ 

ʤʦʥʦʛʨʘʬʠʠ ɽ.ɽ. ʂʦʥʦʥʦʚʘ [2005]. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ 

ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʧʦʟʜʥʝʡ 

ʠʩʪʦʨʠʠ ʤʘʥʟʫʨʩʢʦʛʦ ʘʣʣʶʚʠʷ. ɽʛʦ ʨʘʥʥʷʷ ʠʩʪʦʨʠʷ 

ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ. ɺ ʤʦʥʦʛʨʘʬʠʠ ɽ.ɽ. ʂʦʥʦʥʦʚʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʦʣʝʝ ʜʝʪʘʣʴʥʘʷ ʩʭʝʤʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʣʣʶʚʠʷ ʧʘʣʝʦʜʦʣʠʥʳ ʇʨʘ-

ʄʘʥʟʫʨʢʠ, ʯʝʤ ʚ ʤʦʥʦʛʨʘʬʠʠ ʅ.ɸ. ʃʦʛʘʯʝʚʘ ʠ ʜʨ. 

[1964]. ʇʨʠʚʝʜʝʥʳ ʜʝʪʘʣʴʥʳʝ ʟʘʨʠʩʦʚʢʠ ʨʘʟʨʝʟʦʚ 

ʘʣʣʶʚʠʷ, ʟʘʜʦʢʫʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ 

ʵʪʦʡ ʧʘʣʝʦʜʦʣʠʥʳ. ɼʣʷ ʘʣʣʶʚʠʷ ʩʨʝʜʥʝʛʦ ʪʝʯʝʥʠʷ ʨ. 

ɹʫʛʫʣʴʜʝʡʢʠ ʜʘʥʘ ʟʘʨʠʩʦʚʢʘ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʦʛʦ 

ʩʣʦʞʥʦ ʧʦʩʪʨʦʝʥʥʦʛʦ ʨʘʟʨʝʟʘ ʂʦʩʘʷ ʉʪʝʧʴ-1, 

ʚʩʢʨʳʪʦʛʦ ʢʘʨʴʝʨʦʤ ʥʘ ʣʝʚʦʤ ʙʦʨʪʫ ʨʝʢʠ. ʕʪʦʪ 

ʨʘʟʨʝʟ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʩʷ ʅ.ɸ. ʃʦʛʘʯʝʚʳʤ ʠ ʜʨ. 

ʫʯʘʩʪʥʠʢʘʤ XI ʂʦʥʛʨʝʩʩʘ ʀʅʂɺɸ, ʩʦʩʪʦʷʚʰʝʛʦʩʷ ʚ 

ʄʦʩʢʚʝ [ʇʫʪʝʚʦʜʠʪʝʣʴé, 1981]. 

ʂʨʦʤʝ ʟʘʨʠʩʦʚʢʠ ʨʘʟʨʝʟʘ ʂʦʩʘʷ ʉʪʝʧʴ-1, 

ʧʦʤʝʱʝʥʘ ʟʘʨʠʩʦʚʢʘ ʝʱʝ ʦʜʥʦʛʦ ʨʘʟʨʝʟʘ ʣʝʚʦʛʦ 

ʙʦʨʪʘ ʨ. ɹʫʛʫʣʴʜʝʡʢʘ ʚʳʰʝ ʧʦ ʪʝʯʝʥʠʶ ʵʪʦʡ ʨʝʢʠ 

(ʂʦʩʘʷ ʉʪʝʧʴ-2), ʘ ʪʘʢʞʝ ʟʘʨʠʩʦʚʢʘ ʙʦʣʝʝ ʩʣʦʞʥʦʛʦ 

ʨʘʟʨʝʟʘ ʜʝʨ. ɸʣʛʫʡ ʧʨʘʚʦʛʦ ʙʦʨʪʘ ʥʠʞʝ ʧʦ ʪʝʯʝʥʠʶ 

ʨʝʢʠ. ʊʨʠ ʧʨʠʚʝʜʝʥʥʳʭ ʨʘʟʨʝʟʘ ʤʘʥʟʫʨʩʢʦʛʦ 

ʘʣʣʶʚʠʷ ʩʨʝʜʥʝʛʦ ʪʝʯʝʥʠʷ ʨ. ɹʫʛʫʣʴʜʝʡʢʠ ʚ 

ʣʠʪʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. ʄʝʞʜʫ ʨʘʟʨʝʟʘʤʠ ʂʦʩʘʷ 

ʉʪʝʧʴ-1 ʠ 2, ʥʘʤʠ ʦʙʥʘʨʫʞʝʥ ʥʦʚʳʡ ʢʘʨʴʝʨ, ʚ 

ʢʦʪʦʨʦʤ ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʨʘʟʨʝʟ (ʂʦʩʘʷ ʉʪʝʧ-ɹ3) (ʨʠʩ. 

1.1). 

 

 
 

ʈʠʩ. 1.1. ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʣʣʶʚʠʷ 

ʧʘʣʝʦʜʦʣʠʥʳ ʇʨʘïʄʘʥʟʫʨʢʠ ([ʂʦʥʦʥʦʚʘ, 

2005] ʩ ʫʧʨʦʱʝʥʠʷʤʠ). ɹʦʨʜʦʚʳʤ 

ʪʨʝʫʛʦʣʴʥʠʢʦʤ ʧʦʢʘʟʘʥʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ 

ʥʦʚʦʛʦ ʢʘʨʴʝʨʘ, ʚ ʢʦʪʦʨʦʤ ʩʦʩʪʘʚʣʝʥ ʨʘʟʨʝʟ 

ʂʦʩʘʷ ʉʪʝʧʴï3 [ʈʘʩʩʢʘʟʦʚ, ɸʣʴ ʍʘʤʫʜ ʠ ʜʨ., 

2022]. 
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ɺ 2015 ʛ. ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʨʝʡʪʠʥʛʦʚʦʤ ʞʫʨʥʘʣʝ ñInternational Geology Reviewò ʙʳʣʘ 

ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʪʘʪʴʷ ʢʦʣʣʝʢʪʠʚʘ ʘʚʪʦʨʦʚ [Ivanov et al., 2015], ʚ ʢʦʪʦʨʦʡ ʚʩʝ ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ, ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʘʣʝʦʤʘʛʥʠʪʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʥʟʫʨʩʢʦʛʦ ʘʣʣʶʚʠʷ ʙʳʣʠ ʟʘʤʝʥʝʥʳ ʘʙʩʫʨʜʥʳʤ ʫʪʚʝʨʞʜʝʥʠʝʤ ʦʙ ʦʜʥʦʘʢʪʥʦʤ 

ʦʙʨʘʟʦʚʘʥʠʠ ʦʪʣʦʞʝʥʠʡ ʜʨʝʚʥʠʭ ʧʘʣʝʦʜʦʣʠʥ ʇʨʝʜʙʘʡʢʘʣʴʷ ʚʩʣʝʜʩʪʚʠʝ ʤʝʛʘʮʫʥʘʤʠ ɹʘʡʢʘʣʘ 

ʦʢʦʣʦ 100 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ. ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʨʝʤʝʥʠ ʵʪʦʛʦ ʩʦʙʳʪʠʷ ʦʩʥʦʚʳʚʘʣʦʩʴ ʥʘ 

ʥʝʢʦʨʨʝʢʪʥʳʭ TL-ʜʘʪʠʨʦʚʢʘʭ [ʊʨʦʬʠʤʦʚ ʠ ʜʨ., 1995]. ʇʫʙʣʠʢʘʮʠʷ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʟʘʨʫʙʝʞʥʦʛʦ ʯʠʪʘʪʝʣʷ, ʥʝ ʟʥʘʢʦʤʦʛʦ ʩ ʛʝʦʣʦʛʠʝʡ ʇʨʝʜʙʘʡʢʘʣʴʷ.  

ʏʝʩʪʴ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʛʝʦʣʦʛʦʚ, ʚ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ, ʦʪʩʪʦʷʣ ɺ.ɼ. ʄʘʮ, ʦʧʫʙʣʠʢʦʚʘʚʰʠʡ ʚ 

ʵʪʦʤ ʞʝ ʞʫʨʥʘʣʝ ʢʨʠʪʠʯʝʩʢʫʶ ʟʘʤʝʪʢʫ [Mats, 2016], ʚ ʢʦʪʦʨʦʡ ʦʥ ʢʘʪʝʛʦʨʠʯʝʩʢʠ ʦʪʚʝʨʛ 

ʧʦʧʳʪʢʫ ʘʚʪʦʨʦʚ ʦʙʲʷʚʠʪʴ ʤʘʥʟʫʨʩʢʫʶ ʩʚʠʪʫ ʧʨʦʠʟʚʦʜʥʦʡ ʢʘʪʘʩʪʨʦʬʳ ï ʮʫʥʘʤʠ, 

ʧʨʦʠʟʦʰʝʜʰʫʶ ʛʜʝ-ʪʦ ʚ ʧʦʟʜʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ ï ʦʢʦʣʦ 100 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ. ʇʦʟʞʝ ʩʦʜʝʨʞʘʥʠʝ 

ʩʪʘʪʴʠ ʦ ʤʝʛʘʮʫʥʘʤʠ ʧʦʣʫʯʠʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʝʱʝ ʙʦʣʝʝ ʢʦʥʢʨʝʪʥʦʝ ʦʧʨʦʚʝʨʞʝʥʠʝ ʚ ʨʘʙʦʪʘʭ 

[ʂʦʥʦʥʦʚ, 2016; ʂʦʥʦʥʦʚ, ʍʣʳʩʪʦʚ, 2017] ʠ ʚʨʷʜ ʣʠ ʥʫʞʜʘʝʪʩʷ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʢʦʤʤʝʥʪʘʨʠʷʭ. ɼʦʚʦʜʳ ɺ.ɼ. ʄʘʮʘ, ɽ.ɽ. ʂʦʥʦʥʦʚʘ ʠ ʆ.ʄ. ʍʣʳʩʪʦʚʘ ʙʳʣʠ, ʪʝʤ ʥʝ ʤʝʥʝʝ, 

ʧʨʦʠʛʥʦʨʠʨʦʚʘʥʳ ʘʚʪʦʨʘʤʠ ʩʪʘʪʴʠ ʧʦ ʤʝʛʘʮʫʥʘʤʠ. ɺ 2018 ʛ. ʦʥʠ ʦʧʫʙʣʠʢʦʚʘʣʠ ʝʱʝ ʦʜʥʫ 

ʩʪʘʪʴʶ ʧʦ ʵʪʦʡ ʞʝ ʪʝʤʝ ʚ ʜʨʫʛʦʤ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʨʝʡʪʠʥʛʦʚʦʤ ʞʫʨʥʘʣʝ [Arzhannikov et al., 

2018]. 

 

1.3. ɿʘʧʘʜʥʦʝ ɿʘʙʘʡʢʘʣʴʝ 

 

ʀʟʫʯʝʥʠʝ ʛʝʦʣʦʛʠʠ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ ʠʤʝʝʪ ʜʣʠʪʝʣʴʥʫʶ ʠʩʪʦʨʠʶ. ʇʝʨʚʳʝ ʩʚʝʜʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʨʫʙʝʞʝ 19-ʛʦ 20-ʛʦ ʩʪʦʣʝʪʠʡ, ʩʚʷʟʘʥ r ʩ ʠʤʝʥʘʤʠ ʀ.ɸ. ʃʦʧʘʪʠʥʘ, ʇ.ʀ. 

ʇʨʝʦʙʨʘʞʝʥʩʢʦʛʦ, ɺ.ʂ. ʂʦʪʫʣʴʩʢʦʛʦ, ɸ.ʂ. ʄʝʡʩʪʝʨʘ. ɺ ʩʝʨʝʜʠʥʝ 20-ʛʦ ʩʪʦʣʝʪʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʠ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ɺ.ɺ. ɼʦʤʙʨʦʚʩʢʠʤ ʠ ɸ.ʉ. ʂʫʣʴʯʠʮʢʠʤ, ʄ.ɺ. 

ʏʝʭʨʘʥʦʚʦʡ, ʂ.ɸ. ʐʘʭʚʘʨʩʪʦʚʦʡ, ʉ.ɸ. ʅʘʫʤʦʚʦʡ, ʖ.ʇ. ʂʦʟʣʦʚʳʤ, ɺ.ɻ. ɹʝʣʠʯʝʥʢʦ, ɸ.ʅ. 

ɹʫʣʛʘʪʦʚʳʤ, ɺ.ʅ. ɻʫʩʝʚʳʤ, ɺ.ʇ. ʆʩʦʢʠʥʳʤ, ʉ.ɻ. ʄʠʨʯʠʥʢ, ɸ.ʅ. ɻʨʠʛʦʨʴʝʚʦʡ, ʉ.ɼ. ʐʝʨʦʤ, 

ʇ.ʄ. ʍʨʝʥʦʚʳʤ, ɸ.ʉ. ɽʜʨʠʭʠʥʩʢʠʤ ʠ ɽ.ɸ. ʏʝʨʝʤʠʩʠʥʦʚʦʡ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʜʘʪʠʨʦʚʘʥʠʝ 

ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ ʤʝʣʘ ʠ ʧʘʣʝʦʛʝʥʘ ʚʥʝʩʣʠ ʧʘʣʠʥʦʣʦʛʠ ɻ.ʀ. ɹʝʣʦʚʘ, ʕ.ɸ. ʇʦʩʪʘʚʩʢʘ,̫ ɽ.ɺ. 

ʇʫʣʷʝʚʘ (ʇɻʆ "ɹʫʨʷʪʛʝʦʣʦʛʠʷ"), ʉ.ʅ. ʉʷʙʨʷʡ (ʂʠʝʚʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ), ɺ.ʄ. ʂʣʠʤʘʥʦʚʘ (ʀɿʂ 

ʉʆ ʈɸʅ). ɺ ʤʦʥʦʛʨʘʬʠʠ ʅ.ɸ. ʌʣʦʨʝʥʩʦʚʘ [1960] ʦʩʦʙʦ ʧʦʜʯʝʨʢʠʚʘʣʘʩʴ ʢʨʘʡʥʝ ʩʣʘʙʘʷ 

ʠʟʫʯʝʥʥʦʩʪʴ ʛʝʦʣʦʛʠʠ ʢʘʡʥʦʟʦʷ ɺʠʪʠʤʩʢʦʛʦ ʧʣʦʩʢʦʛʦʨʴʷ. 

ɺ 1980ï1990 ʛʛ. ʩʧʝʮʠʘʣʴʥʳʤʠ ʧʦʠʩʢʦʚʳʤʠ ʙʫʨʦʚʳʤʠ ʨʘʙʦʪʘʤʠ ʇɻʆ çʉʦʩʥʦʚʛʝʦʣʦʛʠʷè 

ʥʘ ɺʠʪʠʤʩʢʦʤ ʧʣʦʩʢʦʛʦʨʴʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʠ ʦʢʦʥʪʫʨʝʥʳ ʪʨʠ ʛʣʫʙʦʢʠʝ (ʜʦ 400 ʤ ʠ ʙʦʣʝʝ) 

ʧʘʣʝʦʜʦʣʠʥʳ, ʟʘʧʦʣʥʝʥʥʳʝ ʦʩʘʜʦʯʥʳʤʠ ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ: ɸʤʘʣʘʪʩʢʘ ̫
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(ʖʞʥʘ)̫, ʍʦʡʛʦʪʩʢʘ ̫ (ʉʝʚʝʨʥʘ)̫ ʠ ɸʪʘʣʥʛʠʥʩʢʘ ̫ (ʎʝʥʪʨʘʣʴʥʘ)̫. ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ 

ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʧʘʣʝʦʜʦʣʠʥ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʢʝʨʥʫ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʩʢʚʘʞʠʥ ɺ.ɸ. ʄʠʰʘʨʠʥʦʡ, ɺ.ɺ. ʉʘʚʠʥʦʚʦʡ  ʠ ʀ.ɺ. ʃʫʟʠʥʦʡ. ʉʦʩʪʘʚ ʠʩʢʦʧʘʝʤʳʭ ʜʠʘʪʦʤʦʚʳʭ 

ʚʦʜʦʨʦʩʣʝʡ ʠʟʫʯʘʣʩʷ ɻ.ʇ. ʏʝʨʥʷʝʚʦʡ. ʆʩʪʨʘʢʦʜʳ ʠ ʤʦʣʣʶʩʢʠ ʦʧʨʝʜʝʣʷʣʠʩʴ ɺ.ʄ. ʉʢʦʙʣʦ. 

ʇʘʨʘʣʣʝʣʴʥʦ ʧʨʦʚʦʜʠʣʦʩʴ KïAr ʜʘʪʠʨʦʚʘʥʠʝ ʙʘʟʘʣʴʪʦʚʳʭ ʩʣʦʝʚ, ʧʝʨʝʤʝʞʘʶʱʠʭʩʷ ʩ 

ʦʩʘʜʦʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ɸ.ʉ. ɹʘʪʳʨʤʫʨʟʘʝʚʳʤ, ʉ.ɹ. ʠ ʀ.ʉ. ɹʨʘʥʜʪʘʤʠ, ʘ ʪʘʢʞʝ ɸ.ɺ. 

ʊʨʘʚʠʥʳʤ. ʂʦʥʪʨʦʣʴʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʘ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʤʝʪʦʜʦʤ 40Ar/39Ar ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʅ. ʍʘʨʨʠʩ ʚ ʄʘʩʩʘʯʫʩʝʪʩʢʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʉʐɸ. ʈʝʟʫʣʴʪʘʪʳ 

ʩʦʛʣʘʩʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʜʘʪʠʨʦʚʘʥʠʷ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʘʭ [ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2000, 2001, 2007]. ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʠʭ ʨʘʙʦʪ ʷʚʠʣʦʩʴ 

ʦʙʦʩʥʦʚʘʥʠʝ ʩʭʝʤ r ʩʪʨʘʪʠʛʨʘʬʠʠ ʢʘʡʥʦʟʦʷ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ: 

ʤʦʭʝʡʩʢʫʶ ʩʚʠʪʫ ʢʘʤʧʘʥʘ-ʤʘʘʩʪʨʠʭʪʘ, ʠʨʝʥʛʠʥʩʢʫʶ ʩʚʠʪʫ ʧʘʣʝʦʮʝʥʘ-ʵʦʮʝʥʘ, ʢʫʣʘʨʠʢʪʠʥʩʢʫʶ 

ʩʚʠʪʫ ʦʣʠʛʦʮʝʥʘ ʠ ʩʦʩʥʦʚʦʦʟʝʨʩʢʫʶ ʪʦʣʱʫ ʦʣʠʛʦʮʝʥʘ-ʥʠʞʥʝʛʦ ʤʠʦʮʝʥʘ?, ʜʞʠʣʠʥʜʠʥʩʢʫʶ 

ʩʚʠʪʫ ʩʨʝʜʥʝʛʦ-ʚʝʨʭʥʝʛʦ ʤʠʦʮʝʥʘ, ʭʦʡʛʦʪʩʢʫʶ ʠ ʢʳʜʞʠʤʠʪʩʢʫʶ ʪʦʣʱʠ ʧʣʠʦʮʝʥʘ, ʯʠʥʠʥʩʢʫʶ 

ʩʚʠʪʫ ʩʨʝʜʥʝʛʦ ʧʣʠʦʮʝʥʘ-ʥʠʞʥʝʛʦ ʵʦʧʣʝʡʩʪʦʮʝʥʘ ʠ ʙʝʨʝʠʥʩʢʫʶ ʪʦʣʱʫ ʵʦʧʣʝʡʩʪʦʮʝʥʘ.  

ʐʠʨʦʢʠʡ ʢʨʫʛ ʚʦʧʨʦʩʦʚ, ʠʤʝʶʱʠʭ ʦʪʥʦʰʝʥʠʝ ʢ ʪʝʢʪʦʥʠʯʝʩʢʦʤʫ ʨʘʟʚʠʪʠʶ ʠ ʚʫʣʢʘʥʠʟʤʫ 

ʪʝʨʨʠʪʦʨʠʠ ʯʝʨʝʟ ʧʦʥʠʤʘʥʠʝ ʨʦʣʠ ʝʛʦ ʛʣʫʙʠʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʦʙʩʫʞʜʘʣʩʷ ʚ ʤʦʥʦʛʨʘʬʠʠ 

çɺʫʣʢʘʥʠʟʤ ʠ ʪʨʘʥʩʪʝʥʩʠʷ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʩʠʩʪʝʤʳè [ʈʘʩʩʢʘʟʦʚ, 

ʏʫʚʘʰʦʚʘ, 2018]. ʀʟ ʘʥʘʣʠʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʘʜʦʯʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʠ ʚʫʣʢʘʥʠʟʤʘ ʩʣʝʜʦʚʘʣʦ, ʯʪʦ ʚ ɿʘʧʘʜʥʦʤ ɿʘʙʘʡʢʘʣʴʝ ʚ ʢʦʥʮʝ ʤʝʣʘ ʠ ʚ ʧʘʣʝʦʛʝʥʝ 

ʨʘʟʚʠʚʘʣʩʷ ʉʝʣʝʥʛʠʥʦ-ɺʠʪʠʤʩʢʠʡ ʧʨʦʛʠʙ, ʠʛʨʘʚʰʠʡ ʨʦʣʴ ʢʨʘʝʚʦʡ ʩʪʨʫʢʪʫʨʳ ʖʞʥʦ-

ɹʘʡʢʘʣʴʩʢʦʛʦ ʧʦʜʥʷʪʠʷ. ɺ ʥʝʦʛʝʥ-ʯʝʪʚʝʨʪʠʯʥʦʝ ʚʨʝʤʷ ʧʨʦʛʠʙ ʨʘʟʜʝʣʠʣʩʷ ʥʘ ɺʠʪʠʤʩʢʠʡ ʠ 

ʉʝʣʝʥʛʠʥʩʢʠʡ ʙʘʩʩʝʡʥʳ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʚʠʪʠʝʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʡ ʠ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʝʡ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʩʠʩʪʝʤʳ [ʈʘʩʩʢʘʟʦʚ, ʏʫʚʘʰʦʚʘ, 2018].  

ʅʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʙr ʣ ʠʟʫʯʝʥ r ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʠ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ɺʠʪʠʤʩʢʦʛʦ 

ʧʣʦʩʢʦʛʦʨʴʷ ʚ ʚʦʟʨʘʩʪʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 16 ʜʦ 0.6 ʤʣʥ ʣʝʪ ʥʘʟʘʜ. ɺʳʷʚʣʝʥʘ ʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʘʷ ʤʠʛʨʘʮʠʷ. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʣʘʚʦʚʳʭ ʠʟʚʝʨʞʝʥʠʡ ʩʚʦʜʘ 

ɸʥʪʘʩʸ. ʆʧʨʝʜʝʣʝʥʘ ʥʘʠʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʘʷ ʚʫʣʢʘʥʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘ ɹʝʨʝʠʥʩʢʦʤ 

ʚʫʣʢʘʥʠʯʝʩʢʦʤ ʮʝʥʪʨʝ, ʥʘʯʠʥʘʷ ʩ 16 ʤʣʥ ʣʝʪ ʥʘʟʘʜ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʠʥʪʝʨʚʘʣʝ 12ï9 ʤʣʥ ʣʝʪ 

ʥʘʟʘʜ ʚʫʣʢʘʥʠʟʤ ʜʦʩʪʠʛ ʤʘʢʩʠʤʫʤʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʝʱʝ ʯʝʪʳʨʝʭ ʢʨʫʧʥʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ 

ʮʝʥʪʨʦʚ. ʉʥʠʞʝʥʠʝ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʠʥʪʝʨʚʘʣʝ 9ï5 ʤʣʥ ʣʝʪ ʥʘʟʘʜ ʩʤʝʥʠʣʦʩʴ ʥʦʚʦʡ 

ʦʙʰʠʨʥʦʡ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴ ʁ ʠʥʪʝʨʚʘʣʘ 5.2ï2.9 ʤʣʥ ʣʝʪ ʥʘʟʘʜ. ʆʪʜʝʣʴʥʳʡ 

ʚʫʣʢʘʥʠʯʝʩʢʠʡ ʵʧʠʟʦʜ ʧʨʦʷʚʠʣʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 1.1ï0.6 ʤʣʥ ʣʝʪ ʥʘʟʘʜ ʥʘ ʚʦʩʪʦʢʝ ɺʠʪʠʤʩʢʦʛʦ 

ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʦʣʷ.  
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*****  

ɼʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʡ ʨʘʟʚʠʪʠʷ ʥʦʚʝʡʰʝʡ ʩʪʨʫʢʪʫʨʳ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʚʧʘʜʠʥʳ 

ʚʘʞʥʝʡʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʦʪʣʦʞʝʥʠʷ, ʧʦʢʦʷʱʠʝʩʷ ʥʘ ʊʘʥʭʦʡʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ 

ʶʞʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ɹʘʡʢʘʣʘ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ 

ʨʘʩʯʣʝʥʝʥʠʝ ʠ ʢʦʨʨʝʣʷʮʠʷ ʦʪʣʦʞʝʥʠʡ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʜʦ ʩʠʭ ʧʦʨ ʚʳʟʳʚʘʝʪ ʤʥʦʞʝʩʪʚʦ 

ʚʦʧʨʦʩʦʚ. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ [ʃʦʛʘʯʝʚ, 1974], ʯʪʦ ʥʘʠʙʦʣʝʝ ʨʘʥʥʠʤʠ ʥʘ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ 

ʷʚʣʷʶʪʩʷ ʦʪʣʦʞʝʥʠʷ çʩʠʥʠʭ ʛʣʠʥè, ʚʦʟʨʘʩʪ ʢʦʪʦʨʳʭ ʦʮʝʥʠʚʘʣʩʷ ʥʝ ʜʨʝʚʥʝʝ ʩʨʝʜʥʝʛʦ ʦʣʠʛʦʮʝʥʘ. 

ɺʦʧʨʦʩ ʦ ʥʘʠʙʦʣʝʝ ʜʨʝʚʥʠʭ ʦʪʣʦʞʝʥʠʷʭ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ ʘʢʪʫʘʣʝʥ. ɼʨʫʛʦʡ ʘʢʪʫʘʣʴʥʳʡ 

ʚʦʧʨʦʩ ʢʘʩʘʝʪʩʷ ʨʦʣʠ ʦʪʣʦʞʝʥʠʡ ʘʥʦʩʦʚʩʢʦʡ ʩʚʠʪʳ ʚ ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʦʤ ʙʝʨʝʛʦʚʦʤ ʦʙʥʘʞʝʥʠʠ 

ʨ. ɸʥʦʩʦʚʢʠ [ʄʘʮ ʠ ʜʨ., 2001], ʜʦʢʫʤʝʥʪʘʮʠʷ ʢʦʪʦʨʦʛʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʝʪ.  

ʅʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʧʦʙʝʨʝʞʴʝ ɹʘʡʢʘʣʘ, ʯʝʨʝʟ ʧʘʣʝʦʜʦʣʠʥʫ ʇʨʘ-ʄʘʥʟʫʨʢʠ 

ʦʙʝʩʧʝʯʠʚʘʣʩʷ ʩʪʦʢ ʠʟ ʵʪʦʛʦ ʦʟʝʨʘ ʚ ʨ. ʃʝʥʫ, ʧʨʝʨʚʘʥʥʳʡ ʧʦʜʥʷʪʠʝʤ ʇʨʠʤʦʨʩʢʦʛʦ ʭʨʝʙʪʘ 

[ʃʦʛʘʯʝʚ ʠ ʜʨ., 1964]. ʇʨʝʜʰʝʩʪʚʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ, 

ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʘʣʝʦʤʘʛʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʧʦʣʠʭʨʦʥʥʦʩʪʠ ʤʘʥʟʫʨʩʢʦʛʦ ʘʣʣʶʚʠʷ. ɸʢʪʫʘʣʴʥʘʷ ʟʘʜʘʯʘ ʝʛʦ ʠʟʫʯʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʫʯʝʥʠʠ 

ʥʘʠʙʦʣʝʝ ʨʘʥʥʠʭ ʦʪʣʦʞʝʥʠʡ ʙʫʛʫʣʴʜʝʡʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʩ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʵʪʦʤʫ ʘʣʣʶʚʠʶ [ʊʨʦʬʠʤʦʚ ʠ ʜʨ., 1995]. 

ɺ ɿʘʧʘʜʥʦʤ ɿʘʙʘʡʢʘʣʴʝ ʚ ʢʦʥʮʝ ʤʝʣʘ ʠ ʚ ʧʘʣʝʦʛʝʥʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘʢʘʧʣʠʚʘʣʠʩʴ 

ʦʪʣʦʞʝʥʠʷ ʤʦʭʝʡʩʢʦʡ, ʠʨʝʥʛʠʥʩʢʦʡ ʠ ʢʫʣʘʨʠʢʪʠʥʩʢʦʡ ʩʚʠʪ ʦʩʝʚʦʡ ʯʘʩʪʠ ʉʝʣʝʥʛʠʥʦ-

ɺʠʪʠʤʩʢʦʛʦ ʧʨʦʛʠʙʘ, ʠʛʨʘʚʰʝʛʦ ʨʦʣʴ ʢʨʘʝʚʦʡ ʩʪʨʫʢʪʫʨʳ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʛʦ ʧʦʜʥʷʪʠʷ 

[ʈʘʩʩʢʘʟʦʚ, ʏʫʚʘʰʦʚʘ, 2018]. ɺ ʥʝʦʛʝʥ-ʯʝʪʚʝʨʪʠʯʥʦʝ ʚʨʝʤʷ ʧʨʦʛʠʙ ʨʘʟʜʝʣʠʣʩʷ ʥʘ ɺʠʪʠʤʩʢʠʡ ʠ 

ʉʝʣʝʥʛʠʥʩʢʠʡ ʙʘʩʩʝʡʥʳ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʚʠʪʠʝʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʡ ʠ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʝʡ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʩʠʩʪʝʤʳ. ʅʘ ɺʠʪʠʤʩʢʦʤ ʧʣʦʩʢʦʛʦʨʴʝ 

ʦʙʨʘʟʦʚʘʣʠʩʴ ʧʘʣʝʦʜʦʣʠʥʳ, ʧʦʛʨʝʙʝʥʥʳʝ ʦʩʘʜʦʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʠ ʚʫʣʢʘʥʠʯʝʩʢʠʤʠ 

ʧʦʨʦʜʘʤʠ ʜʞʠʣʠʥʜʠʥʩʢʦʡ ʩʚʠʪʳ, ʭʦʡʛʦʪʩʢʦʡ ʠ ʙʝʨʝʠʥʩʢʦʡ ʪʦʣʱ. ʈʘʩʩʤʦʪʨʝʥʠʝ ʭʘʨʘʢʪʝʨʘ 

ʩʦʦʪʥʦʰʝʥʠʡ ʚ ʨʘʟʚʠʪʠʠ ʩʪʨʫʢʪʫʨ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ ʠ ʖʞʥʦʛʦ ɹʘʡʢʘʣʘ ʚ ʤʝʣ-ʧʘʣʝʦʛʝʥʦʚʦʝ 

ʠ ʧʣʠʦʮʝʥ-ʯʝʪʚʝʨʪʠʯʥʦʝ ʚʨʝʤʷ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʠ 

ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʘʡʥʦʟʦʡʩʢʠʭ ʦʩʘʜʦʯʥʳʭ ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʪʝʨʨʠʪʦʨʠʡ. 
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ɻʃɸɺɸ 2. ʆɹʒɽʂʊʓ ʀ ʄɽʊʆɼʀʂʀ ɸʅɸʃʀʊʀʏɽʉʂʀʍ 

ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

ɺʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʩʘʜʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʝʣ-ʧʘʣʝʦʛʝʥʦʚʦʛʦ ʧʘʣʝʦʭʨʝʙʪʘ ï ʉʝʣʝʥʛʠʥʦ-ɺʠʪʠʤʩʢʦʛʦ ʧʨʦʛʠʙʘ ʠ ʥʝʦʛʝʥ-

ʯʝʪʚʝʨʪʠʯʥʦʡ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʚʧʘʜʠʥʳ ï ɺʠʪʠʤʩʢʦʛʦ ʧʣʦʩʢʦʛʦʨʴʷ. ʅʘ ʧʦʙʝʨʝʞʴʝ ɹʘʡʢʘʣʘ 

ʠʟʫʯʝʥʳ ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʊʘʥʭʦʡʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ ʠ ʧʘʣʝʦʜʦʣʠʥʳ ʇʨʘ-

ʄʘʥʟʫʨʢʠ (ʨʠʩ. 2.1). 

 

ʈʠʩ. 2.1. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʨʘʡʦʥʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʟ. ɹʘʡʢʘʣ (ʘ), ʩʭʝʤʘ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʠʭ ʠ ʦʧʦʨʥʳʭ ʨʘʟʨʝʟʦʚ ʚ ʙʝʨʝʛʦʚʳʭ ʦʙʥʘʞʝʥʠʷʭ ʶʞʥʦʛʦ 

ʧʦʙʝʨʝʞʴʷ ɹʘʡʢʘʣʘ (ʙ) [ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2014] ʠ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʘʣʝʦʜʦʣʠʥ, ʧʦʛʨʝʙʝʥʥʳʭ ʧʦʜ 

ʣʘʚʘʤʠ ɺʠʪʠʤʩʢʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʦʣʷ (ʚ), ʧʦ ʜʘʥʥʳʤ ʇ.ɸ. ʇʝʰʢʦʚʘ [ʃʫʯʠʥʠʥ ʠ ʜʨ., 1992]. 

ʅʘ ʨʠʩ. ʙ: 1 ï ʄʠʰʠʭʠʥʩʢʠʡ ʦʧʦʨʥʳʡ ʨʘʟʨʝʟ; 2 ï ʇʦʣʦʚʠʥʢʠʥʩʢʠʡ ʛʠʧʦʩʪʨʘʪʦʪʠʧ 

ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ; 3 ï ɼʫʣʠʭʠʥʩʢʠʡ ʦʧʦʨʥʳʡ ʨʘʟʨʝʟ; 4 ï ɸʥʦʩʦʚʩʢʠʡ ʦʧʦʨʥʳʡ ʨʘʟʨʝʟ. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʥʘ ʨʠʩ. ʚ: 1 ï ʙʘʟʘʣʴʪʳ; 2, 3 ï ʧʘʣʝʦʜʦʣʠʥʳ, ʧʦʛʨʝʙʝʥʥʳʝ ʧʦʜ ʙʘʟʘʣʴʪʘʤʠ 

(2) ʠ ʥʝʧʦʛʨʝʙʝʥʥʳʝ (3); ʥʘ ʨʠʩ. ʙ: 4 ï ʧʘʣʝʦʜʦʣʠʥʘ ʇʨʘ-ʄʘʥʟʫʨʢʠ.  

 

ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʦʧʦʨʥʳʝ ʨʘʟʨʝʟʳ: 1) ʄʠʰʠʭʠʥʩʢʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʧʨʠʫʩʪʴʝʚʦʡ 

ʧʨʘʚʦʙʝʨʝʞʥʦʡ ʯʘʩʪʠ ʨ. ʄʠʰʠʭʘ ʥʘ ʬʝʜʝʨʘʣʴʥʦʡ ʪʨʘʩʩʝ ʀʨʢʫʪʩʢïʋʣʘʥ-ʋʜʵ, 2) 

ʇʦʣʦʚʠʥʢʠʥʩʢʠʡ ï ʛʠʧʦʩʪʨʘʪʦʪʠʧ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ, ʚ ʙʝʨʝʛʦʚʳʭ ʦʙʥʘʞʝʥʠʷʭ ʨ. ʇʦʣʦʚʠʥʢʘ, ʚ 

14 ʢʤ ʚʦʩʪʦʯʥʝʝ ʩʪ. ʊʘʥʭʦʡ, 3) ɼʫʣʠʭʠʥʩʢʠʡ ï ʦʩʠʥʦʚʩʢʦʡ ʩʚʠʪʳ, ʚʩʢʨʳʪʦʡ ʢʘʨʴʝʨʦʤ ʥʘ 

ʧʨʘʚʦʙʝʨʝʞʴʝ ʨ. ɼʫʣʠʭʘ ʚ 300 ʤ. ʶʞʥʝʝ ʬʝʜʝʨʘʣʴʥʦʡ ʪʨʘʩʩʳ ʠ 4) ɸʥʦʩʦʚʩʢʠʡ, ʚ ʦʙʥʘʞʝʥʠʠ ʨ. 

ɸʥʦʩʦʚʢʘ, ʚ 800 ʤ ʦʪ ʤʦʩʪʘ ʬʝʜʝʨʘʣʴʥʦʡ ʪʨʘʩʩʳ.  

ʅʘ ʩʝʚʝʨʥʦʤ ʧʦʙʝʨʝʞʴʝ ɹʘʡʢʘʣʘ, ʚ ʧʘʣʝʦʜʦʣʠʥʝ ʇʨʘ-ʄʘʥʟʫʨʢʠ,  ʠʩʩʣʝʜʦʚʘʥ ʨʘʟʨʝʟ, 

ʚʩʢʨʳʪʳʡ ʥʦʚʳʤ ʢʘʨʴʝʨʦʤ ʂʦʩʘʷ ʉʪʝʧʴ-3. ɺ ʉʝʣʝʥʛʠʥʦ-ɺʠʪʠʤʩʢʦʤ ʧʨʦʛʠʙʝ ʠʟʫʯʝʳ ʨʘʟʨʝʟʳ 
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ʦʩʘʜʦʯʥʳʭ ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, ʚʩʢʨʳʪʳʭ ʩʢʚʘʞʠʥʘʤʠ 8238, 8245 ʠ 8182 ʚ 

ʚʝʨʭʦʚʴʷʭ ʍʦʡʛʦʪʩʢʦʡ ʩʪʚʦʣʦʚʦʡ ʧʘʣʝʦʜʦʣʠʥʳ. ɹʫʨʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 2013 ʛ. çɹʘʡʢʘʣʴʩʢʠʤ 

ʬʠʣʠʘʣʦʤ ʉʦʩʥʦʚʛʝʦʣʦʛʠʷè ʌɻʋɻʇ çʋʨʘʥʛʝʦʣʦʛʦʨʘʟʚʝʜʢʘè. 

ɺ ʧʦʣʝʚʳʭ ʨʘʙʦʪʘʭ ʧʨʦʚʦʜʠʣʦʩʴ ʚʠʟʫʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʦʩʘʜʦʯʥʳʭ 

ʧʘʯʝʢ ʠ ʪʦʣʱ, ʧʦʩʣʦʡʥʦʝ ʦʧʠʩʘʥʠʝ ʧʦʨʦʜ ʧʦ ʨʘʟʨʝʟʫ. ɺ ʦʧʠʩʘʥʠʝ ʚʢʣʶʯʘʣʠʩʴ ʩʚʝʜʝʥʠʷ ʦ ʧʦʨʦʜʝ 

(ʧʦʣʥʦʝ ʥʘʟʚʘʥʠʝ, ʮʚʝʪ, ʮʝʤʝʥʪʘʮʠʷ, ʩʦʩʪʘʚ ʮʝʤʝʥʪʘ), ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʩʪʨʫʢʪʫʨʘ (ʨʘʟʤʝʨʳ ʠ 

ʬʦʨʤʘ ʟʝʨʝʥ ʩ ʫʢʘʟʘʥʠʝʤ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠʣʠ ʨʘʟʥʦʟʝʨʥʠʩʪʦʩʪʠ), ʩʣʦʠʩʪʦʩʪ,ɹ ʤʠʥʝʨʘʣʴʥʳʝ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ, ʩʪʝʧʝʥʴ ʚʳʚʝʪʨʠʚʘʥʠʷ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʬʠʢʩʠʨʦʚʘʣʘʩʴ 

ʤʦʱʥʦʩʪʴ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʧʘʯʝʢ. ʇʦʩʣʝ ʠʟʫʯʝʥʠʷ ʦʙʥʘʞʝʥʠʷ ʠʟ ʚʩʝʭ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʧʘʯʝʢ 

ʦʪʙʠʨʘʣʠʩʴ ʧʨʦʙʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʘʥʘʣʠʟʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʥʠʟʫ ʚʚʝʨʭ. 

ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʝʨʨʠʛʝʥʥʳʭ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ, ʜʘʶʱʠʝ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʛʝʥʝʪʠʯʝʩʢʠʭ, ʬʘʮʠʘʣʴʥʳʭ ʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʨʝʢʦʥʩʪʨʫʢʮʠʡ (ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ, ʩʧʝʢʪʨʘʣʴʥʳʡ, 

ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ, ʭʠʤʠʯʝʩʢʠʡ ʠ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʡ). ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʧʨʠʤʝʥʷʣʩʷ ʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Statistica 12 ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʝʟ ʨʦʪʘʮʠʠ. 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʉʆ 

ʈɸʅ (ʛ. ʋʣʘʥ-ʋʜʵ). ɻʨʘʥʫʣʦʤʝʪʨʠʷ ʩʣʦʝʚ ʛʘʣʴʢʠ ʠ ʧʝʩʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʬʘʮʠʘʣʴʥʳʭ ʠ 

ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ. ʆʪʙʠʨʘʣʠʩʴ ʧʨʦʙʳ ʚʝʩʦʤ ʥʝ ʤʝʥʝʝ 500 ʛ (ʪʦʯʥʦʩʪʴ ʚʝʩʦʚ 

0.01 ʛ). ʇʨʦʙʳ ʨʘʩʩʝʠʚʘʣʠʩʴ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤ ʥʘʙʦʨʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʠʪ ʂʉʀ (40; 20; 10; 5; 2.5; 

1.25; 0.63; 0.315; 0.14). ʉʦʛʣʘʩʥʦ ʨʘʩʩʠʪʦʚʢʝ ʧʦʣʫʯʘʣʠʩʴ ʬʨʘʢʮʠʠ (>40; 40ï20; 20ï10; 10ï5; 5ï

2.5; 2.5ï1.25; 1.25ï0.63; 0.63ï0.315; 0.315ï0.14; <0.14), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʟʝʨʥʦʚʦʛʦ ʩʦʩʪʘʚʘ ʦʪʜʝʣʴʥʳʭ ʬʨʘʢʮʠʡ ʱʝʙʥʷ (ʛʘʣʴʢʠ) ʠ ʛʨʘʚʠʷ ʧʦ ɻʆʉʊ 8269.0ï97, ʧʝʩʢʘ ʠ 

ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ ʧʦ ɻʆʉʊ 8735ï88. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʢʘʞʜʦʡ ʬʨʘʢʮʠʠ (%) [ʂʦʣʦʤʠʝʮ, 1998]. ʈʘʟʤʝʨ ʯʘʩʪʠʮ ï ʚʘʞʥʳʡ 

ʩʪʨʫʢʪʫʨʥʳʡ ʧʨʠʟʥʘʢ, ʢʦʪʦʨʳʡ ʦʪʨʘʞʘʝʪ ʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʝʨʝʥʦʩʘ ʠ ʦʪʣʦʞʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ [ʂʦʣʦʤʠʝʮ, 1998; 2010; 2021], ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ ï ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 

ʟʝʨʝʥ, ʚʳʯʠʩʣʷʝʤʳʡ ʧʦ ʤʝʪʦʜʫ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʤʝʥʪʦʚ: m1=x*= 0.01Sfx, ʛʜʝ f ï ʯʘʩʪʦʪʘ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ (%) ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʘʨʛʫʤʝʥʪʘ ʩʦʚʦʢʫʧʥʦʩʪʠ x; x* ï ʩʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ x, m2 = 0.01Sf(x-x*) 2; m3 = 0.01Sf(x-x*) 3; m4 = 0.01Sf(x-x*) 4 [ʂʦʣʦʤʠʝʮ, 2010; 

ʈʘʩʩʢʘʟʦʚ, ɸʣʴ ʍʘʤʫʜ ʠ ʜʨ., 2022]. 

ʇʦ ʵʪʠʤ ʤʦʤʝʥʪʘʤ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʯʝʪʳʨʝ ʚʝʣʠʯʠʥʳ, ʧʦʣʫʯʠʚʰʠʝ ʥʘʟʚʘʥʠʝ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ n ï ʦʧʨʝʜʝʣʷʝʪ ʫʩʣʦʚʠʷ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ʊʘʢ, ʦʟʝʨʥʳʝ ʦʪʣʦʞʝʥʠʷ ʠʤʝʶʪ ʟʥʘʯʝʥʠʝ 0.8 < n > 0.2, ʨʝʯʥʳʝ 2.0 < n > 0.4 ʠ 
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n > 2.0 ʦʩʘʜʢʠ ʠʤʝʁʪ ʥʝʘʣʣʶʚʠʘʣʴʥʳʡ ʛʝʥʝʟʠʩ. ɺʳʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ 

ʧʦ ʬʦʨʤʫʣʝ: n=s/x*, ʛʜʝ s ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ s=m21/2. ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʨʘʩʩʯʝʪʘ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʚʝʜʝʥʘ ʚ ʨʘʙʦʪʘʭ [ʂʦʣʦʤʠʝʮ, 1998, 2010] ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʤʠ ʚ ʠʟʤʝʥʝʥʥʦʤ 

ʚʠʜʝ ʚ ʨʘʙʦʪʝ ʧʦ ʤʘʥʟʫʨʩʢʦʤʫ ʘʣʣʶʚʠʶ [ʈʘʩʩʢʘʟʦʚ, ɸʣʴ ʍʘʤʫʜ ʠ ʜʨ., 2022]. 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ ʦʧʨʝʜʝʣʷʣʩʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʵʢʦʣʦʛʠʠ ʀɿʂ ʉʆ ʈɸʅ ɺ.ɺ. ɸʢʫʣʦʚʦʡ ʤʝʪʦʜʦʤ ʧʠʧʝʪʢʠ (ʧʦ 

ʩʢʦʨʦʩʪʠ ʧʘʜʝʥʠʷ ʯʘʩʪʠʮ ʚ ʚʦʜʝ) ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʘ: ʧʦʣʫʜʠʩʧʝʨʩʥʳʤ 

(ʩʪʘʥʜʘʨʪʥʳʤ) ʠ ʜʠʩʧʝʨʩʥʳʤ [ʃʦʤʪʘʜʟʝ, 1990]. ʇʝʨʚʳʡ ʩʧʦʩʦʙ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ 

ʢʠʧʷʯʝʥʠʝ ʚʦʜʥʦʡ ʩʫʩʧʝʥʟʠʠ ʦʙʨʘʟʮʘ ʩ ʜʦʙʘʚʣʝʥʠʝ (1 ʩʤ3) ʨʘʩʪʚʦʨʘ ʘʤʤʠʘʢʘ (25 %), ʚʪʦʨʦʡ 

ʧʨʦʚʦʜʠʪʩʷ ʩ ʜʦʙʘʚʣʝʥʠʝʤ (5 ʩʤ3) ʚʦʜʥʦʛʦ ʧʠʨʦʬʦʩʬʘʪʘ ʥʘʪʨʠʷ (6.7 %). ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ (%) ʧʷʪʠ ʬʨʘʢʮʠʡ (ʤʤ): ʩʨʝʜʥʝʧʝʩʯʘʥʦʡ (0.5ï0.25); ʪʦʥʢʦ-

ʤʝʣʢʦʧʝʩʯʘʥʦʡ (0.25ï0.05); ʢʨʫʧʥʦʧʳʣʝʚʘʪʦʡ (0.05ï0.01); ʤʝʣʢʦʧʳʣʝʚʘʪʦʡ (0.01ï0.002); ʪʦʥʢʦ-

ʛʨʫʙʦʛʣʠʥʠʩʪʦʡ (<0.002). ʇʨʠʥʠʤʘʶʪʩʷ ʥʘʟʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʣʠʥʠʩʪʳʭ 

ʧʦʨʦʜ ɺ.ɺ. ʆʭʦʪʠʥʘ, ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʦʡ ʧʦʣʦʞʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʛʣʠʥʠʩʪʦʡ ʬʨʘʢʮʠʠ (<0.002 ʤʤ) ʠ 

ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʧʝʩʯʘʥʦʡ ʠ ʧʳʣʝʚʘʪʦʡ ʬʨʘʢʮʠʷʤʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʘ [ʀʚʘʥʦʚ, 1990].  

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʣʠʥʠʩʪʳʭ ʬʨʘʢʮʠʡ ʦʧʨʝʜʝʣʷʣʩʷ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʤ ʠ 

ʵʣʝʢʪʨʦʥʥʦïʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤʠ. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʷʣʩʷ ʤʝʪʦʜʦʤ 

ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅï3.0 ʚ ʎʂʇ çɻʝʦʜʠʥʘʤʠʢʘ 

ʛʝʦʭʨʦʥʦʣʦʛʠʷè ʀɿʂ ʉʆ ʈɸʅ (ʠʟʤʝʨʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʄ.ʅ. ʈʫʙʮʦʚʦʡ). ɼʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʧʦʜʛʦʪʘʚʣʠʚʘʣʩʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʦʙʳ 

ʦʩʘʞʜʝʥʠʝʤ ʛʣʠʥʠʩʪʦʡ ʬʨʘʢʮʠʠ ʥʘ ʩʪʝʢʣʷʥʥʦʡ ʧʦʜʣʦʞʢʝ ʧʨʦʛʨʝʚʘʥʠʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 550Á ʚ 

ʪʝʯʝʥʠʝ 3-ʭ ʯʘʩʦʚ ʠ ʥʘʩʳʱʝʥʠʝʤ ʵʪʠʣʝʥʛʣʠʢʦʣʝʤ [ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʤʝʪʦʜʳé, 1965]. ɺ ʨʘʩʯʸʪʘʭ 

ʧʦ ʢʦʨʫʥʜʦʚʳʤ ʯʠʩʣʘʤ ʤʝʪʦʜʦʤ RIR [Hubbard, Snyder, 1988] ʧʦʣʫʯʘʣʠʩʴ ʜʘʥʥʳʝ 

ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʬʘʟ ʧʦʨʦʰʢʦʚʳʭ ʧʨʦʙ. ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʚʳʧʦʣʥʷʣʩʷ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ (ʉʕʄ) Quanta-200 FEI Company ʩ ʕɼʉ-

ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʎʂʇ çʋʣʴʪʨʘʤʠʢʨʦʘʥʘʣʠʟè ʃʀʅ ʉʆ ʈɸʅ (ʛ. ʀʨʢʫʪʩʢ), ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʚʳʧʦʣʥʷʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʥʝʙʦʣʴʰʦʤ ʦʙʨʘʟʮʝ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʫʚʝʣʠʯʝʥʠʡ ʦʪ 

ʦʧʪʠʯʝʩʢʠʭ (ʫʚʝʣʠʯʝʥʠʝ 10Ĭ) ʜʦ ʵʣʝʢʪʨʦʥʥʦʦʧʪʠʯʝʩʢʠʭ (ʫʚʝʣʠʯʝʥʠʝ 50 000Ĭ ʠ ʙʦʣʝʝ). 

ʄʠʥʝʨʘʣʳ ʣʝʛʢʦʡ ʬʨʘʢʮʠʠ (ʩ ʫʜʝʣʴʥʳʤ ʚʝʩʦʤ ʤʝʥʝʝ 2.88 ʛ/ʩʤ3) ʠ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ (ʩ 

ʫʜʝʣʴʥʳʤ ʚʝʩʦʤ ʙʦʣʝʝ 2.88 ʛ/ʩʤ3) ʦʧʨʝʜʝʣʷʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʛʝʦʣʦʛʠʠ ʤʝʟʦʟʦʷ ʠ ʢʘʡʥʦʟʦʷ 

ʀɿʂ ʉʆ ʈɸʅ ɽ.ɻ. ʇʦʣʷʢʦʚʦʡ ʚ ʠʤʤʝʨʩʠʦʥʥʳʭ ʧʨʝʧʘʨʘʪʘʭ. ʇʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʦʪʤʫʯʠʚʘʥʠʷ 

(0.05ï0.01 ʠ <0.001 ʤʤ) ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʩʩʝʚʘ ʥʘ ʩʠʪʘʭ (>1.0; 1.0ï0.5; 0.5ï0.25; 0.25ï0.1 ʠ 

0.1ï0.05 ʤʤ) ʠʟ ʠʩʭʦʜʥʦʡ ʥʘʚʝʩʢʠ ʚ 30 ʛ (100 %) ʧʦ ʤʝʪʦʜʠʢʝ [ʉʪʨʘʭʦʚ, 1957]. 
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ɺ ʣʝʛʢʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʬʨʘʢʮʠʷʭ (0.25ï0.1 ʤʤ) ʠ ʪʷʞʝʣʳʭ (0.1ï0.05 ʤʤ) ʚʳʜʝʣʷʣʠʩʴ 

ʢʣʘʩʩʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 0.25ï0.1 ʠ 0.1ï0.05 ʤʤ. ʇʨʦʙʘ ʧʦʤʝʱʘʣʘʩʴ ʚ ʬʘʨʬʦʨʦʚʫʶ ʯʘʰʢʫ, 

ʟʘʣʠʚʘʣʘʩʴ ʙʨʦʤʦʬʦʨʤʦʤ ʠ ʥʘʢʨʳʚʘʣʘʩʴ ʩʪʝʢʣʦʤ ʥʘ 2 ʯʘʩʘ. ʊʷʞʝʣʘʷ ʬʨʘʢʮʠʷ ʦʩʘʜʢʘ ʦʧʫʩʢʘʣʘʩʴ 

ʥʘ ʜʥʦ ʯʘʰʢʠ, ʣʝʛʢʘʷ ʚʩʧʣʳʚʘʣʘ. ɺ ʢʦʣʙʫ ʧʦʤʝʱʘʣʘʩʴ ʚʦʨʦʥʢʠ ʩ ʜʚʫʤʷ ʬʠʣʴʪʨʘʤʠ ʜʣʷ ʩʣʠʚʘ 

ʙʨʦʤʦʬʦʨʤʘ. ʊʷʞʝʣʘʷ ʬʨʘʢʮʠʷ ʦʩʘʜʢʘ ʦʩʪʘʚʘʣʘʩʴ ʚ ʯʘʰʢʝ, ʣʝʛʢʘʷ ï ʥʘ ʬʠʣʴʪʨʝ. ʊʷʞʝʣʘʷ 

ʬʨʘʢʮʠʷ ʩʫʭʦʡ ʧʨʦʙʳ ʚʟʚʝʰʠʚʘʣʘʩʴ (ʚ ʤʛ) ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 4 ʟʥʘʢʘ. ɺʝʩ 

ʣʝʛʢʦʡ ʬʨʘʢʮʠʠ ʦʧʨʝʜʝʣʷʣʩʷ ʚʳʯʠʪʘʥʠʝʤ ʚʝʩʘ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʠʟ ʦʙʱʝʛʦ ʚʝʩʘ 4-ʛʦ ʠ 5-ʛʦ 

ʢʣʘʩʩʦʚ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 2 ʟʥʘʢʘ. ʉʪʝʢʣʳʰʢʦ ʜʣʷ ʧʨʦʙʳ ʚʟʚʝʰʠʚʘʣʦʩʴ ʠ ʦʯʠʱʘʣʦʩʴ ʢʠʩʪʦʯʢʦʡ 

ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʦʚ ʚ ʧʨʦʙʝ 

ʦʧʨʝʜʝʣʷʣʦʩʴ ʠʟ ʨʘʩʯʝʪʘ 500 ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʟʝʨʝʥ ï 100 %. 

ɼʣʷ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʢʦʣʣʝʢʮʠʠ ʦʙʨʘʟʮʦʚ ʦʧʦʨʥʳʭ ʩʢʚʘʞʠʥ ʠʟʛʦʪʦʚʣʝʥʳ ʰʣʠʬʳ. 

ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 

OLYMPUSïBX53 P ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʠʟʦʪʦʧʠʠ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʠ ʀɿʂ ʉʆ ʈɸʅ, ʚ ʮʝʣʷʭ ʫʪʦʯʥʝʥʠʷ 

ʥʘʟʚʘʥʠʷ ʧʦʨʦʜ; ʚʳʷʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʨʦʜ, ʠʟʫʯʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠʭ 

ʩʦʩʪʘʚʘ ʧʦʨʦʜ; ʚʳʷʚʣʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ. 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʀɿʂ ʉʆ ʈɸʅ. 

ʆʧʨʝʜʝʣʝʥʠʷ ʧʝʪʨʦʛʝʥʥʳʭ ʦʢʩʠʜʦʚ ʚ ʧʦʨʦʜʘʭ ʚʳʧʦʣʥʷʣʠʩʴ ʤʝʪʦʜʦʤ çʤʦʢʨʦʡ ʭʠʤʠʠè (ʭʠʤʠʢʠ-

ʘʥʘʣʠʪʠʢʠ ɻ.ɺ. ɹʦʥʜʘʨʝʚʘ, ʅ.ʅ. ʋʭʦʚʘ, ʄ.ʄ. ʉʘʤʦʡʣʝʥʢʦ). ʇʨʦʩʫʰʠʚʘʥʠʝʤ ʧʨʦʙʳ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 105 Áʉ ʫʜʘʣʷʣʘʩʴ ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʘʷ ʚʦʜʘ (H2Oï) ʠ ʧʨʦʢʘʣʠʚʘʥʠʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

950 Áʉ ï ʜʨʫʛʠʝ ʣʝʪʫʯʠʝ ʢʦʤʧʦʥʝʥʪʳ (ʇʇʇ). ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʧʨʦʛʨʝʚʦʤ ʠʟ ʦʩʘʜʦʯʥʳʭ 

ʧʦʨʦʜ ʠʟʚʣʝʢʘʣʘʩʴ ʢʦʥʩʪʠʪʫʮʠʦʥʥʘʷ ʚʦʜʘ ʤʠʥʝʨʘʣʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʛʣʠʥʠʩʪʳʭ) ʠ ʦʪʞʠʛʘʣʩʷ 

ʜʝʪʨʠʪʦʚʳʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ. 

ʄʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʦʨʦʜ ʦʧʨʝʜʝʣʷʣʩʷ ʤʝʪʦʜʦʤ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ 

ʧʣʘʟʤʝʥʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ʀʉʇïʄʉ) ʥʘ ʧʨʠʙʦʨʝ Agilent 7500ce ʚ ʎʂʇ 

çʋʣʴʪʨʘʤʠʢʨʦʘʥʘʣʠʟè (ʃʀʅ ʉʆ ʈɸʅ) (ʭʠʤʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʙ ʄ.ɽ. ʄʘʨʢʦʚʦʡ, ʠʟʤʝʨʝʥʠʷ 

ʠ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʊ.ɸ. ʗʩʥʳʛʠʥʦʡ). ʄʝʪʦʜʠʢʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʚ ʨʘʙʦʪʝ [ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 

2012]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʨʘʩʩʯʝʪʳ ʩ ʠʩʧʦʣʟʦʚʘʥʠʝʤ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʥʜʝʢʩʦʚ: CIA, PIA, ɻʄ, ʅʂʄ, ʑʄ, ICV, ʇʇʇ ʠ Fe2O3/FeO. ɺʳʚʝʪʨʠʚʘʥʠʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ. ʇʦʚʳʰʝʥʠʝ ʠʭ ʨʦʣʠ ʚ ʩʦʩʪʘʚʝ 

ʪʦʥʢʦʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʪʣʦʞʝʥʠʡ ʚʳʨʘʞʘʝʪʩʷ ʚ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʪʘʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʢ 

ʠʥʜʝʢʩ ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ CIA=100ĬAl 2O3/(Al2O3+CaO+Na2O+K2O) [Nesbitt, Young, 

1982], ʧʣʘʛʠʦʢʣʘʟʦʚʳʡ ʠʥʜʝʢʩ ʠʟʤʝʥʯʠʚʦʩʪʠ PIA={(Al2O3ïK2O)/((Al2O3ï

K2O)+CaO+Na2O)}*100 [Nesbitt, Young, 1982], ʛʠʜʨʦʣʠʟʘʪʳʡ ʤʦʜʫʣ ɹ

ɻʄ=(ɸl2O3+ʊiO2+Fe2O3+FeO+MnO)/SiO2, ʥʦʨʤʠʨʦʚʘʥʥʘ ̫ʱʝʣʦʯʥʦʩʪ ɹʅʂʄ= Na2O+K2O/ɸl2O3, 
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ʱʝʣʦʯʥʦʡ ʤʦʜʫʣ ɹʑʄ=Na2O/K2O, ʘ ʪʘʢʞʝ ʦʪʥʦʰʝʥʠʝ Na2O/K2O ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʧʦ ʢʦʪʦʨʦʡ 

ʛʣʠʥʠʩʪʳʝ ʧʦʨʦʜʳ (Na2O<K2O) ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʦʙʣʦʤʦʯʥʳʭ (Na2O>K2O) (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʥʝʢʦʪʦʨʳʭ ʢʘʣʠʝʚʳʭ ʘʨʢʦʟʦʚ ʠ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ) [ʖʜʦʚʠʯ, 

ʂʝʪʨʥʩ, 2000]. ʀʥʜʝʢʩ ʠʟʤʝʥʯʠʚʦʩʪʠ ʩʦʩʪʘʚʘ ICV ʨʘʩʩʯʠʪrʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ICV=(Fe2O3+Na2O+K2O+MgO+CaO+TiO2)/Al2O3 [Cox et al., 1995]. ɿʥʘʯʝʥʠʝ ICV>1, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʟʨʝʣʦʩʪʠ (ʚʳʚʝʪʨʠʚʘʥʠʷ) ʧʦʨʦʜ ʚ ʦʙʣʘʩʪʠ ʩʝʜʠʤʝʥʪʘʮʠʠ. ɺ 

ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ ʚʭʦʜʠʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʘʷ H2O (ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ 8ï10 ʤʘʩ. %), ʧʦʵʪʦʤʫ 

ʛʣʠʥʠʩʪʳʝ ʧʦʨʦʜʳ ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʧʦʪʝʨʠ ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ (ʇʇʇ) [ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2016; ɸʣʴ 

ʍʘʤʫʜ ʠ ʜʨ., 2019; ʍʘʩʩʘʥ ʠ ʜʨ., 2020]. ʇʦ ʚʳʩʦʢʦʤʫ ʦʪʥʦʰʝʥʠʶ Fe2O3/FeO ʦʪʣʦʞʝʥʠʷ 

ʘʥʦʩʦʚʩʢʦʡ ʩʚʠʪʳ ʦʪʯʝʪʣʠʚʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʦʪʣʦʞʝʥʠʡ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ, ʚ ʢʦʪʦʨʳʭ Fe2O3/FeO 

ʥʝ ʧʨʝʚʳʰʘʝʪ 3 [ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2016]. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʥʦʩʘ ʦʩʘʜʢʦʚ ʠʟ ʠʩʪʦʯʥʠʢʘ ʧʦʨʦʜ 

ʢʠʩʣʦʛʦ ʠʣʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʠʘʛʨʘʤʤʘ La/ScïTh/Co [Cullers, 2002]. 

ʉʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʝ ʩʧʝʢʪʨʳ ʦʪʣʦʞʝʥʠʡ ʨʘʟʨʝʟʘ ʦʧʨʝʜʝʣʷʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʌɻɹʆʋ 

ɺʆ (ʧʘʣʠʥʦʣʦʛ ʊ.ʌ. ʊʨʝʛʫʙ, ʛ. ɺʦʨʦʥʝʞ), ʀɿʂ ʉʆ ʈɸʅ (ʧʘʣʠʥʦʣʦʛ ʅ.ɺ. ʂʫʣʘʛʠʥʘ, ʛ. ʀʨʢʫʪʩʢ) ʠ 

ʀɻʍ ʉʆ ʈɸʅ (ʧʘʣʠʥʦʣʦʛ ʉ.ɸ. ʈʝʰʝʪʦʚʘ, ʛ. ʀʨʢʫʪʩʢ). ʇʘʣʠʥʦʣʦʛʠʯʝʩʢʠʡ ʤʘʮʝʨʘʪ 

ʧʨʦʩʤʘʪʨʠʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ ʩʚʝʪʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Zeiss Axiʦlab ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 400ʭ ʠ 630ʭ 

ʨʘʟ. ʆʙʲʝʤ ʧʳʣʴʮʳ ʛʨʫʧʧ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʢʘʞʜʦʛʦ ʪʘʢʩʦʥʘ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʚ 

ʩʧʝʢʪʨʝ. ʅʘʟʚʘʥʠʝ ʧʘʣʠʥʦʟʦʥʳ ʜʘʚʘʣʦʩʴ ʧʦ ʭʘʨʘʢʪʝʨʥʳʤ ʪʘʢʩʦʥʘʤ ʠ ʜʦʤʠʥʘʥʪʘʤ, ʢʦʪʦʨʳʝ 

ʫʢʘʟʳʚʘʣʠʩʴ ʚ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ ʩʣʝʚʘ ʥʘʧʨʘʚʦ.  

ɼʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʃʀʅ ʉʆ ʈɸʅ ʩ ʧʦʤʦʱʴʶ ʩʚʝʪʦʚʦʡ (ʉʄ) ʠ 

ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ Quanta-200 (ʜʠʘʪʦʤʠʩʪ ʄ.ɺ. ʋʩʦʣʴʮʝʚʘ, 

ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʘ ʠ ʧʝʨʚʠʯʥʳʡ ʧʨʦʩʤʦʪʨ ʧʨʦʙ ɸ. ʍʘʩʩʘʥʘ). ɼʣʷ ʉʄ ʛʦʪʦʚʠʣʠʩʴ ʧʦʩʪʦʷʥʥʳʝ 

ʧʨʝʧʘʨʘʪʳ ʩ ʧʦʤʦʱʴʶ ʩʤʦʣʳ Naphrax. ʀʟʫʯʝʥʠʝ ʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʩʪʚʦʨʦʢ ʚʳʧʦʣʥʷʣʦʩʴ ʩ 

ʧʦʤʦʱʴʶ ʩʚʝʪʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Axiovert 200 (Zeiss, ɻʝʨʤʘʥʠʷ) c ʬʦʪʦʢʘʤʝʨʦʡ Pixera Penguin 

600CL. ʄʝʪʦʜʠʢʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʚ ʨʘʙʦʪʝ [ʍʘʩʩʘʥ ʠ ʜʨ., 2020]. 



  

ɻʃɸɺɸ 3. ʉʍɽʄʓ ʉʊʈɸʊʀɻʈɸʌʀʀ ʂɸʁʅʆɿʆʁʉʂʀʍ ʆʊʃʆɾɽʅʀʁ ʅɸ 

ʇʆɹɽʈɽɾʔɽ ʆɿ. ɹɸʁʂɸʃ ʀ ɺ ʉɽʃɽʅɻʀʅʆ-ɺʀʊʀʄʉʂʆʄ ʇʈʆɻʀɹɽ 

 

ɺ ʵʪʦʡ ʛʣʘʚʝ ʢʨʘʪʢʦ ʨʝʟʶʤʠʨʫʝʪʩʷ ʢʣʶʯʝʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʠʟ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʦʙʟʦʨʘ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʣʦʢʘʣʴʥʳʝ ʩʭʝʤʳ ʩʪʨʘʪʠʛʨʘʬʠʠ, 

ʩʣʝʜʫʶʱʠʝ ʠʟ ʵʪʠʭ ʨʘʙʦʪ ʠ ʥʦʚʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʠʩʩʝʨʪʘʮʠʠ. 

 

3.1. ʖʞʥʦʝ ʧʦʙʝʨʝʞʴʝ ʦʟ. ɹʘʡʢʘʣ 

 

ɺ ʧʨʠʥʷʪʦʡ ʩʝʨʠʡʥʦʡ ʣʝʛʝʥʜʝ ʢʘʨʪ ʚ ʢʘʡʥʦʟʦʝ ʊʘʥʭʦʡʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ 

ʦʙʦʟʥʘʯʝʥʳ ʜʚʝ ʩʚʠʪʳ: ʪʘʥʭʦʡʩʢʘʷ ʠ ʘʥʦʩʦʚʩʢʘʷ [ʈʝʰʝʥʠʷé, 1981]. ʂʨʦʤʝ ʵʪʠʭ ʩʪʨʘʪʦʥʦʚ, ʚ 

ʨʘʟʨʝʟʘʭ ʦʩʝʚʳʭ ʨʠʬʪʦʚʳʭ ʚʧʘʜʠʥ ʥʘʭʦʜʷʪʩʷ ʬʨʘʛʤʝʥʪ r ʜʦʪʘʥʭʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʠ 

ʧʦʩʣʝʘʥʦʩʦʚʩʢʦʡ ʧʝʩʯʘʥʦʡ ʩʚʠʪʳ ʩ ʩʠʥʭʨʦʥʥʳʤʠ ʧʦʣʠʬʘʮʠʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ 

ʥʝʦʧʣʝʡʩʪʦʮʝʥʘïʛʦʣʦʮʝʥʘ. 

ʇʦ ʫʪʦʯʥʝʥʥʦʡ ʩʭʝʤʝ ʩʪʨʘʪʠʛʨʘʬʠʠ ʥʘ ʊʘʥʭʦʡʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ ʚʳʜʝʣʷʶʪʩʷ: 

- ʤʠʰʠʭʠʥʩʢʘʷ ʪʦʣʱʘ (ʵʦʮʝʥ-ʦʣʠʛʦʮʝʥ);  

- ʪʘʥʭʦʡʩʢʘʷ ʩʚʠʪʘ (ʤʠʦʮʝʥïʥʠʞʥʠʡ ʧʣʠʦʮʝʥ), ʜʚʘ ʪʠʧʘ ʨʘʟʨʝʟʘ: ʪʘʥʭʦʡʩʢʠʡ (N1ïN2
1tn) ʠ 

ʤʠʰʠʭʠʥʩʢʦ-ʢʣʶʝʚʩʢʠʡ (N1ïN2
1tn(ms-kl)); 

- ʦʩʠʥʦʚʩʢʘʷ ʩʚʠʪʘ N1
1-2?ïN2

1os (ʨʘʥʥʠʡ-ʩʨʝʜʥʠʡ? ʤʠʦʮʝʥïʥʠʞʥʠʡ ʧʣʠʦʮʝʥ);  

- ʧʝʨʝʨʳʚ, ʢʦʨʘ ʚʳʚʝʪʨʠʚʘʥʠʷ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ-ʢʘʦʣʠʥʠʪʦʚʘʷ ʧʦʜ ʦʙʦʠʤʠ ʩʪʨʘʪʦʥʘʤʠ; 

- ʘʥʦʩʦʚʩʢʘʷ (ʦʭʨʠʩʪʘʷ) ʩʚʠʪʘ N2ïQE1an (ʧʣʠʦʮʝʥïɻ ʦʧʣʝʡʩʪʦʮʝʥ?); 

- ʰʘʥʭʘʠʭʠʥʩʢʘʷ ʩʚʠʪʘ N2
2ï3ïQE1sh (ʩʨʝʜʥʠʡ-ʚʝʨʭʥʠʡ ʧʣʠʦʮʝʥïɻ ʦʧʣʝʡʩʪʦʮʝʥ?). 

ɼʦʪʘʥʭʦʡʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʊʘʥʭʦʡʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ ʚ ʚʠʜʝ 

ʬʨʘʛʤʝʥʪʘ ʛʦʨʠʟʦʥʪʘ çʩʠʥʠʭ ʛʣʠʥè ʚ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʝʟʘ ʨ. ʆʩʠʥʦʚʢʘ-ʂʝʜʨʦʚʘʷ. ʆʣʠʛʦʮʝʥʦʚʳʝ 

ʦʪʣʦʞʝʥʠʷ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦ ʚʧʘʜʠʥʘʭ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ ʠ 

ʩʦʧʨʝʜʝʣʴʥʳʭ ʨʘʡʦʥʦʚ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ, ʧʦʵʪʦʤʫ ʩʣʦʡ çʩʠʥʠʭ ʛʣʠʥè ʨʘʩʩʤʘʪʨʠʚʘʣʩ ̫ʚ 

ʢʘʯʝʩʪʚʝ ʜʦʪʘʥʭʦʡʩʢʦʛʦ ʩʪʨʘʪʦʥʘ [ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2014]. ʌʘʢʪʠʯʝʩʢʠ ʚʩʝ ʥʘʙʣʶʜʝʥʠʷ ʵʪʦʛʦ 

ʩʣʦʷ ʦʛʨʘʥʠʯʠʚʘʣʠʩʴ ʠʭ ʝʜʠʥʩʪʚʝʥʥʳʤ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝʤ ʥʘ ʣʝʚʦʙʝʨʝʞʴʝ ʨ. ʆʩʠʥʦʚʢʘ-

ʊʘʥʭʦʡʩʢʘʷ [ʄʘʟʠʣʦʚ ʠ ʜʨ.,1972]. ɺ ʨʘʙʦʪʝ [ʄʘʱʫʢ, ɸʢʫʣʦʚ, 2012] ʦʙʨʘʱʘʣʦʩʴ ʚʥʠʤʘʥʠʝ ʥʘ 

ʟʘʣʝʛʘʥʠʝ çʩʠʥʠʭ ʛʣʠʥè ʥʘ ʢʦʨʝ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʚʦʟʨʘʩʪ ʢʦʪʦʨʦʡ ʦʙʦʟʥʘʯʘʣʩʷ ʢʘʢ ʵʦʮʝʥʦʚʳʡ, ʧʦ 

ʘʥʘʣʦʛʠʠ ʩ ʦʜʥʦʡ ʠʟ KïAr ʜʘʪʠʨʦʚʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʄ.ʄ. ɸʨʘʢʝʣʷʥʮ ʜʣʷ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʥʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʙʝʨʝʛʫ ɹʘʡʢʘʣʘ. ʊʘʢʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʥʝ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʢʘʢʦʡ-ʣʠʙʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʘʨʛʫʤʝʥʪʘʮʠʝʡ ʚʦʟʨʘʩʪʘ. ʄʝʞʜʫ ʪʝʤ, ʚ ʇʨʠʙʘʡʢʘʣʴʝ ʧʨʦʷʚʣʝʥ ʥʝ ʦʜʠʥ, ʘ ʧʦ 

ʤʝʥʴʰʝʡ ʤʝʨʝ, ʪʨʠ ʵʧʠʟʦʜʘ ʚʳʨʘʚʥʠʚʘʥʠʷ ʨʝʣʴʝʬʘ, ʩʦʧʨʦʚʦʞʜʘʚʰʝʛʦʩʷ ʛʣʫʙʦʢʠʤ ʭʠʤʠʯʝʩʢʠʤ 

ʚʳʚʝʪʨʠʚʘʥʠʝʤ: 1) ʧʨʝʜʲʶʨʩʢʠʡ, 2) ʨʫʙʝʞʘ ʤʝʣʘïʧʘʣʝʦʮʝʥʘ ʠ 3) ʨʫʙʝʞʘ ʧʘʣʝʦʮʝʥʘïɻ ʦʮʝʥʘ 
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[ʃʦʛʘʯʝʚ, 1974]. ʆʮʝʥʢʘ ʚʦʟʨʘʩʪʘ ʚʪʦʨʦʛʦ (ʥʘʠʙʦʣʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʛʦ) ʵʧʠʟʦʜʘ ʚʳʚʝʪʨʠʚʘʥʠʷ 

59Ñ5 ʤʣʥ ʣʝʪ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʜʣʷ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʚ ʇʨʝʜʩʘʷʥʴʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʮʠʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ ï ʩʪʫʧʝʥʯʘʪʦʛʦ ʥʘʛʨʝʚʘ ʢʨʫʧʥʳʭ (0.5ï2.0 ʩʤ) ʢʨʠʩʪʘʣʣʦʚ ʚʝʨʤʠʢʫʣʠʪʘ ʩ 

ʨʘʩʯʝʪʦʤ ʬʨʘʢʮʠʠ ʨʘʜʠʦʛʝʥʥʦʛʦ 40Ar, ʥʘʢʦʧʠʚʰʝʛʦʩʷ ʚ ʟʘʢʨʳʪʦʡ KïAr-ʠʟʦʪʦʧʥʦʡ ʩʠʩʪʝʤʝ 

[ʃʦʛʘʯʝʚ ʠ ʜʨ., 2002].  

ɺ ʢʘʯʝʩʪʚʝ ʛʠʧʦʩʪʨʘʪʦʪʠʧʘ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ ʠʩʩʣʝʜʦʚʘʣʩʷ ʥʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʡ, 

ʧʦ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ, ʨʘʟʨʝʟ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ ʨ. ʇʦʣʦʚʠʥʢʘ, ʚ ʢʦʪʦʨʦʤ 

ʙʳʣʠ ʚʩʢʨʳʪʳ ʦʪʣʦʞʝʥʠʷ ʥʝ ʜʨʝʚʥʝʝ ʤʠʦʮʝʥʦʚʳʭ [ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2014].  

ʅʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʢʘʡʥʦʟʦʡʩʢʦʡ ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʠ ʧʦʷʚʠʣʘʩʴ 

ʙʣʘʛʦʜʘʨʷ ʚʩʢʨʳʰʥʳʤ ʨʘʙʦʪʘʤ ʥʘ ʬʝʜʝʨʘʣʴʥʦʡ ʪʨʘʩʩʝ ʀʨʢʫʪʩʢïʋʣʘʥ-ʋʜʵ, ʧʨʦʚʦʜʠʚʰʠʤʩʷ ʚ 

2014 ʛ. ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʊʘʥʭʦʡʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ. ʅʘ ʧʨʘʚʦʙʝʨʝʞʴʝ ʨ. ʄʠʰʠʭʘ ʧʦʜ 

ʩʣʦʝʤ ʚʝʨʭʥʝʦʣʠʛʦʮʝʥʦʚʳʭ çʩʠʥʠʭ ʛʣʠʥè ʙʳʣ ʚʩʢʨʳʪ ʩʣʦʡ ʧʦʣʠʬʘʮʠʘʣʴʥʳʭ ʦʭʨʠʩʪʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʦʡ ʩʧʝʢʪʨ ʧʦʟʜʥʝʛʦ ʵʦʮʝʥʘ [ɸʣʴ ʍʘʤʫʜ ʠ ʜʨ., 2019].  

 

3.2. ʉʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ ʧʦʙʝʨʝʞʴʝ ʦʟ. ɹʘʡʢʘʣ 

 

ʉʭʝʤʘ ʩʪʨʘʪʠʛʨʘʬʠʠ ʢʘʡʥʦʟʦʡʩʢʠʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʃʝʥʦ-ɸʥʛʘʨʩʢʦʛʦ ʤʝʞʜʫʨʝʯʴ ̫ʧʦ 

ʜʘʥʥʳʤ ʠʟ ʨʘʙʦʪ [ʃʦʛʘʯʝʚ ʠ ʜʨ., 1964; ʇʘʚʣʦʚ ʠ ʜʨ., 1976; ɿʘʤʘʨʘʝʚ ʠ ʜʨ., 1976; ɸʜʘʤʝʥʢʦ ʠ ʜʨ., 

1980; Mats, 1993; ʊʨʦʬʠʤʦʚ ʠ ʜʨ., 1995; ʄʘʮ, ɽʬʠʤʦʚʘ, 2010] ʚʢʣʶʯʘʝʪ:  

- ʢʦʣʩʘʭʘʡʩʢʫ  ʁʩʚʠʪʫ ʤʘʘʩʪʨʠʭʪʘ-ʧʘʣʝʦʮʝʥʘïʥʠʞʥʝʛʦ ʵʦʮʝʥʘ; 

- ʢʘʤʝʥʩʢʫ  ʁʩʚʠʪʫ ʵʦʮʝʥʘïʥʠʞʥʝʛʦ ʦʣʠʛʦʮʝʥʘ; 

- ʙʘʷʥʜʘʡʩʢʫ  ʁʩʚʠʪʫ ʚʝʨʭʥʝʛʦ ʦʣʠʛʦʮʝʥʘïʩʨʝʜʥʝʛʦ ʧʣʠʦʮʝʥʘ; 

- ʤʘʥʟʫʨʩʢʫʶ ʩʚʠʪʫ ʧʣʠʦʮʝʥʘïɻ ʦʧʣʝʡʩʪʦʮʝʥʘ (ʫʪʦʯʥʝʥʠʝ ʘʚʪʦʨʘ); 

- ʧʦʜʪʦʢʩʢʫ  ʁʩʚʠʪʫ ʚʝʨʭʥʝʛʦ ʧʣʠʦʮʝʥʘ; 

- ʘʥʛʠʥʩʢʫ  ʁʩʚʠʪʫ ʵʦʧʣʝʡʩʪʦʮʝʥʘ. 

ɺʝʨʭʥʝʤʝʣʦʚʳʝïʧʘʣʝʦʛʝʥʦʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʝʣʶʚʠʘʣʴʥʳʤʠ, 

ʘʣʣʶʚʠʘʣʴʥʳʤʠ, ʦʟʝʨʥʳʤʠ, ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ʂʦʣʩʘʭʘʡʩʢʘʷ ʩʚʠʪʘ ʩʣʦʞʝʥʘ 

ʧʝʩʯʘʥʠʢʘʤʠ ʠ ʛʣʠʥʘʤʠ ʤʦʱʥʦʩʪʴʶ ʜʦ 120 ʤ. ʂʘʤʝʥʩʢʘʷ ʠ ʙʘʷʥʜʘʡʩʢʘʷ ʩʚʠʪʳ ʚ ʦʩʥʦʚʥʦʤ 

ʩʦʩʪʦʷʪ ʠʟ ʛʣʠʥʳ. ʄʦʱʥʦʩʪʴ ʩʚʠʪ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 200 ʜʦ 415 ʤ. ʇʦʜʪʦʢʩʢʘʷ ʩʚʠʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʢʨʘʩʥʦ-ʙʫʨʳʤʠ ʛʣʠʥʘʤʠ ʩ ʦʢʘʪʘʥʥʳʤʠ ʛʘʣʴʢʘʤʠ. ʆʪʣʦʞʝʥʠʷ ʤʘʥʟʫʨʩʢʦʡ ʩʚʠʪʳ ʚʦ ʚʧʘʜʠʥʘʭ 

ʇʨʝʜʙʘʡʢʘʣʴʩʢʦʛʦ ʧʨʦʛʠʙʘ ʩʦʩʪʘʚʣʷʶʪ ʜʦ 200 ʤ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚʜʦʣʴ ɻʦʣʦʫʩʪʝʥʩʢʦ-

ʄʘʥʟʫʨʩʢʦʡ (ʇʨʘ-ʄʘʥʟʫʨʩʢʦʡ) ʧʘʣʝʦʜʦʣʠʥʳ ʦʪ ʵʪʦʛʦ ʧʨʦʛʠʙʘ ʯʝʨʝʟ ʇʨʠʤʦʨʩʢʠʡ ʭʨ. ʜʦ ʦʟ. 

ɹʘʡʢʘʣ. ɸʥʛʠʥʩʢʘʷ ʩʚʠʪʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʣʝʚʦʙʝʨʝʞʴʝ ʜʦʣʠʥʳ, ʟʘʥʷʪʦʡ ʥʳʥʝ ʨ. ɸʥʛʦʡ ʠ ʥʘ 

ʣʝʚʦʙʝʨʝʞʴʝ ʨ. ʃʝʥʳ ʚ ʨʘʡʦʥʝ ʫʩʪʴʷ ʨ. ʄʘʥʟʫʨʢʠ. ʆʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʝʜʠʥʠʮʘ. ʄʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʩʚʠʪʳ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 20 ʤ. 
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3.3. ɿʘʧʘʜʥʦʝ ɿʘʙʘʡʢʘʣʴʝ 

 

ʅʘ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʩʘʜʦʯʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʘʷ ʪʦʣʱʘ ʠʟʫʯʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʝʨʥʘ 

ʩʢʚʘʞʠʥ. ʈʘʟʨʘʙʦʪʘʥʥʘ̫ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʩʭʝʤʘ ʢʘʡʥʦʟʦʡʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʪʝʨʨʠʪʦʨʠʠ 

[ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2007] ʚʢʣʶʯʘʝʪ ʢʘʤʧʘʥ-ʤʘʘʩʪʨʠʭʪʩʢʠʝ ʩʣʦʠ ʤʦʭʝʡʩʢʦʡ ʩʚʠʪʳ, ʧʘʣʝʦʮʝʥ-

ʵʦʮʝʥʦʚʫ  ʁʠʨʝʥʛʠʥʩʢʫ  ʁʩʚʠʪʫ, ʦʣʠʛʦʮʝʥʦʚʫ  ʁʢʫʣʘʨʠʢʪʠʥʩʢʫ  ʁʩʚʠʪʫ (ʝʝ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ 

ʘʥʘʣʦʛ ï ʩʦʩʥʦʚʦʦʟʝʨʩʢʫʶ ʪʦʣʱʫ), ʩʨʝʜʥʝ-ʚʝʨʭʥʝʤʠʦʮʝʥʦʚʫ  ʁ ʜʞʠʣʠʥʜʠʥʩʢʫ  ʁ ʩʚʠʪʫ, 

ʧʣʠʦʮʝʥʦʚʫ  ʁʭʦʡʛʦʪʩʢʫ  ʁʠ ʧʣʝʡʩʪʦʮʝʥʦʚʫ  ʁʙʝʨʝʠʥʩʢʫ  ʁʪʦʣʱʠ.  

ʄʦʭʝʡʩʢʘʷ ʩʚʠʪʘ (ʢʘʤʧʘʥ-ʤʘʘʩʪʨʠʭʪïʧʘʣʝʦʮʝʥ) ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʚʝʨʭʥʝʤʝʟʦʟʦʡʩʢʠʭ 

ʚʧʘʜʠʥʘʭ ʠ ʧʨʦʛʠʙʘʭ. ɺ ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ ʅʠʞʥʝ- ʠ ɺʝʨʭʥʝʤʦʭʝʡʩʢʦʡ ʚʧʘʜʠʥ ʨʘʟʨʝʟ 

ʤʦʭʝʡʩʢʦʡ ʩʚʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʣʣʶʚʠʘʣʴʥʦ-ʧʨʦʣʶʚʠʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʚ ʦʩʥʦʚʘʥʠʠ 

(ʧʘʯʢʘ 1), ʧʨʦʣʶʚʠʘʣʴʥʦ-ʦʟʝʨʥʳʤʠ ʚ ʩʝʨʝʜʠʥʝ (ʧʘʯʢʘ 2) ʠ ʧʨʦʣʶʚʠʘʣʴʥʦ-ʘʣʣʶʚʠʘʣʴʥʦ-

ʦʟʝʨʥʳʤʠ ʚ ʢʨʦʚʣʝ (ʧʘʯʢʘ 3). ʉ ʵʪʠʤʠ ʪʨʝʤʷ ʧʘʯʢʘʤʠ ʭʦʨʦʰʦ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʪʨʠ 

ʣʠʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘ ʚ ɽʨʘʚʥʠʥʩʢʦʡ ʜʝʧʨʝʩʩʠʠ. ʄʦʱʥʦʩʪʴ ʤʦʭʝʡʩʢʦʡ ʩʚʠʪʳ ʜʦʩʪʠʛʘʝʪ 

250 ʤ [ʃʷʤʠʥʘ, ʊʠʪʦʚ, 1987; ʉʢʦʙʣʦ ʠ ʜʨ., 2001]. 

ʀʨʝʥʛʠʥʩʢʘʷ ʩʚʠʪʘ (ʧʘʣʝʦʮʝʥïɻ ʦʮʝʥ) ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʥʠʞʥʶʶ ʠ ʚʝʨʭʥʶʶ ʧʦʜʩʚʠʪʳ. 

ɺ ʥʠʞʥʝʠʨʝʥʛʠʥʩʢʦʡ ʧʦʜʩʚʠʪʝ (ʤʦʱʥʦʩʪʴ ʜʦ 70 ʤ) ʧʨʝʦʙʣʘʜʘʶʪ ʧʝʩʯʘʥʠʩʪʳʝ ʛʣʠʥʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʩʣʘʙʦʦʢʘʪʘʥʥʳʝ ʛʘʣʴʢʠ ʠ ʦʙʣʦʤʢʠ ʧʦʨʦʜ. ɺʝʨʭʥʝʠʨʝʥʛʠʥʩʢʘʷ ʧʦʜʩʚʠʪʘ (ʤʦʱʥʦʩʪʴ 

ʜʦ 65 ʤ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʫʨʳʤʠ, ʢʦʨʠʯʥʝʚʘʪʦ, ʟʝʣʝʥʦʚʘʪʦ-ʙʫʨʳʤʠ ʛʣʠʥʘʤʠ ʠ ʧʘʣʝʚʦ-ʩʝʨʳʤʠ, 

ʧʘʣʝʚʦ-ʙʫʨʳʤʠ, ʧʣʦʪʥʳʤʠ ʘʣʝʚʨʠʪʦ-ʧʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʳʤʠ ʭʣʠʜʦʣʠʪʘʤʠ. ʀʨʝʥʛʠʥʩʢʘʷ ʩʚʠʪʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʥʘ ʟʘʧʘʜʥʦʤ ʧʦʙʝʨʝʞʴʝ ʦʟʝʨ ɹʦʣʴʰʦʝ ɽʨʘʚʥʦʝ ʠ ʉʦʩʥʦʚʩʢʦʝ. ʇʘʣʝʦʮʝʥï

ʵʦʮʝʥʦʚʳʡ ʚʦʟʨʘʩʪ ʦʪʣʦʞʝʥʠʡ ʥʠʞʥʝʠʨʝʥʛʠʥʩʢʦʡ ʧʦʜʩʚʠʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʨʠʩʫʪʩʪʚʠʶ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʧʳʣʴʮʳ ʪʝʨʤʦʬʠʣʦʚ ʪʨʦʧʠʢʦʚ [ʈʝʟʘʥʦʚ, 1991].  

ʂʫʣʘʨʠʢʪʠʥʩʢʘʷ ʩʚʠʪʘ ʚʩʢʨʳʪʘ ʩʢʚ. 417 ʠ 418 ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɺʠʪʠʤʩʢʦʛʦ 

ʧʣʦʩʢʦʛʦʨʴʷ. ɺ ʝʝ ʩʦʩʪʘʚʝ ʧʨʝʦʙʣʘʜʘʶʪ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ ʧʝʩʢʠ. ʇʦ ʩʦʩʪʘʚʫ ʩʧʦʨ ʠ ʧʳʣʴʮʳ 

ʦʪʣʦʞʝʥʠʷ ʩʚʠʪʳ ʦʪʥʝʩʝʥʳ ʢ ʦʣʠʛʦʮʝʥʫ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʡʦʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʠʪʳ 

ʧʨʦʚʝʜʝʥʳ ʜʝʪʘʣʴʥʳʝ ʙʫʨʦʚʳʝ ʨʘʙʦʪʳ ʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʩʦʩʪʘʚʝ ʩʣʘʛʘʶʱʠʭ ʝʝ 

ʦʪʣʦʞʝʥʠʡ. ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʘʥʘʣʦʛʦʤ ʢʫʣʘʨʠʢʪʠʥʩʢʦʡ ʩʚʠʪʳ ʷʚʣʷʶʪʩʷ ʩʦʩʥʦʚʦ-ʦʟʝʨʩʢʠʝ 

ʩʣʦʠ.  

ʄʦʭʝʡʩʢʘʷ, ʠʨʝʥʛʠʥʩʢʘʷ ʩʚʠʪʳ ʠ ʩʦʩʥʦʚʦ-ʦʟʝʨʩʢʠʝ ʩʣʦʠ ʤʘʨʢʠʨʫʶʪ ʦʩʝʚʫʶ ʯʘʩʪʴ 

ʉʝʣʝʥʛʠʥʦ-ɺʠʪʠʤʩʢʦʛʦ ʧʨʦʛʠʙʘ. ʉʪʨʘʪʦʪʠʧ ʢʫʣʘʨʠʢʪʠʥʩʢʦʡ ʩʚʠʪʳ ʩʤʝʱʝʥ ʥʘ ʩʝʚʝʨʥʦʝ ʢʨʳʣʦ 

ʧʨʦʛʠʙʘ. ɹʦʣʝʝ ʤʦʣʦʜʘʷ ʜʞʠʣʠʥʜʠʥʩʢʘʷ ʩʚʠʪʘ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʧʦ ʚʩʝʤʫ ɺʠʪʠʤʩʢʦʤʫ 

ʧʣʦʩʢʦʛʦʨʴʶ. ʅʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʳʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʦʡ 

ʪʦʣʱʠ ʧʨʦʚʝʜʝʥʳ ʚ ʝʛʦ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ. ʉʚʠʪʘ ʨʘʩʯʣʝʥʷʝʪʩʷ ʥʘ ʥʠʞʥʶʶ (ʛʨʫʙʦʦʙʣʦʤʦʯʥʫʶ) 
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ʧʦʜʩʚʠʪʫ ʨʫʙʝʞʘ ʥʠʞʥʝʛʦ-ʩʨʝʜʥʝʛʦ ʤʠʦʮʝʥʘ ʠ ʦʟʝʨʥʫʶ ʧʦʜʩʚʠʪʫ ʩʨʝʜʥʝʛʦ-ʚʝʨʭʥʝʛʦ ʤʠʦʮʝʥʘ. 

KïAr ʠ 40Arï39Ar ʜʘʪʠʨʦʚʢʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʩʚʠʪʳ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 

ʚʦʟʨʘʩʪʥʳʤ ʠʥʪʝʨʚʘʣʦʤ 14.4ï9.2 ʤʣʥ ʣʝʪ. 

ʍʦʡʛʦʪʩʢʘʷ ʠ ʙʝʨʝʠʥʩʢʘʷ ʪʦʣʱʠ ʟʘʚʝʨʰʘʶʪ ʨʘʟʨʝʟ ʦʩʘʜʦʯʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʧʦʨʦʜ 

ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ. ɺ ʢʘʯʝʩʪʚʝ ʩʪʨʘʪʦʪʠʧʘ ʭʦʡʛʦʪʩʢʦʡ ʦʩʘʜʦʯʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʦʡ ʪʦʣʱʠ 

ʧʨʠʥʷʪ ʨʘʟʨʝʟ ʚ ʍʦʡʛʦʪʩʢʦʡ ʧʘʣʝʦʜʦʣʠʥʝ. ɺʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʵʪʦʡ ʪʦʣʱʠ ʜʘʪʠʨʦʚʘʥʳ KïAr 

ʤʝʪʦʜʦʤ ʚʦʟʨʘʩʪʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʧʣʠʦʮʝʥʘ (5.0ï2.9 ʤʣʥ ʣʝʪ). ɼʣʷ ʙʦʣʝʝ ʤʦʣʦʜʳʭ ʣʘʚ 

ʙʝʨʝʠʥʩʢʦʡ ʪʦʣʱʠ ʧʦʣʫʯʝʥ ʠʥʪʝʨʚʘʣ KïAr ʠ 40Arï39Ar ʜʘʪʠʨʦʚʦʢ ʦʪ 1.8 ʜʦ 0.6 ʤʣʥ ʣʝʪ 

[ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2000, 2007].  

 

*****  

ʉʪʨʘʪʦʥʳ ʶʞʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ɹʘʡʢʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʨʘʛʤʝʥʪʘʤʠ ʜʦʪʘʥʭʦʡʩʢʦʡ 

(ʤʠʰʠʭʠʥʩʢʦʡ) ʪʦʣʱʠ ʧʘʣʝʦʛʝʥʘ ʠ ʧʦʚʩʝʤʝʩʪʥʦ ʨʘʟʚʠʪʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʪʘʥʭʦʡʩʢʦʡ 

ʫʛʣʝʥʦʩʥʦʡ ʩʚʠʪʳ ʤʠʦʮʝʥʘïʥʠʞʥʝʛʦ ʧʣʠʦʮʝʥʘ, ʘʥʦʩʦʚʩʢʦʡ ʢʨʘʩʥʦʮʚʝʪʥʦʡ ʩʚʠʪʳ ʚʝʨʭʥʝʛʦ 

ʧʣʠʦʮʝʥʘïɻ ʦʧʣʝʡʩʪʦʮʝʥʘ ʠ ʧʝʩʯʘʥʦʡ ʩʚʠʪʳ ʩ ʩʠʥʭʨʦʥʥʳʤʠ ʧʦʣʠʬʘʮʠʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ 

ʧʣʝʡʩʪʦʮʝʥʘïʛʦʣʦʮʝʥʘ.  

ʄʘʥʟʫʨʩʢʠʡ ʘʣʣʶʚʠʡ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ɹʘʡʢʘʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦ ʚʦʟʨʘʩʪʫ 

ʦʭʨʠʩʪʦʡ ʬʦʨʤʘʮʠʠ ʧʣʠʦʮʝʥʘ-ʵʦʧʣʝʡʩʪʦʮʝʥʘ.  

ɺ ɿʘʧʘʜʥʦʤ ɿʘʙʘʡʢʘʣʴʝ ʨʘʟʨʝʟ ʥʘʯʠʥʘʝʪʩʷ ʧʝʨʝʭʦʜʥʳʤʠ ʦʪ ʤʝʟʦʟʦʷ ʢ ʢʘʡʥʦʟʦʶ (ʢʘʤʧʘʥ-

ʤʘʘʩʪʨʠʭʪʩʢʠʤʠ) ʩʣʦʷʤʠ ʤʦʭʝʡʩʢʦʡ ʩʚʠʪʳ, ʥʝ ʠʤʝʶʱʠʤʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ ʚ 

ʦʩʘʜʦʯʥʦʤ ʥʘʧʦʣʥʝʥʠʠ ʦʩʝʚʳʭ ʨʠʬʪʦʚʳʭ ʚʧʘʜʠʥ. ɺʳʰʝ ʩʣʝʜʫʶʪ ɻʦʮʝʥʦʚʘʷ ʠʨʝʥʛʠʥʩʢʘʷ ʩʚʠʪʘ, 

ʦʣʠʛʦʮʝʥʦʚʘʷ ʢʫʣʘʨʠʢʪʠʥʩʢʘʷ ʩʚʠʪʘ (ʝʝ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʦʛ ʩʦʩʥʦʚʦʦʟʝʨʩʢʘ ̫ ʪʦʣʘɦ), 

ʩʨʝʜʥʝ-ʚʝʨʭʥʝʤʠʦʮʝʥʦʚʘʷ ʜʞʠʣʠʥʜʠʥʩʢʘʷ ʩʚʠʪʘ, ʧʣʠʦʮʝʥʦʚʘʷ ʭʦʡʛʦʪʩʢʘʷ ʠ ʧʣʝʡʩʪʦʮʝʥʦʚʘʷ 

ʙʝʨʝʠʥʩʢʘʷ ʪʦʣʱʠ.  
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ɻʃɸɺɸ 4. ʃʀʊʆʃʆɻʆ-ʌɸʎʀɸʃʔʅɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʀ ʆɹʆʉʅʆɺɸʅʀɽ 

ɺʆɿʈɸʉʊɸ ʆʉɸɼʆʏʅʓʍ ʆʊʃʆɾɽʅʀʁ ʆʇʆʈʅʓʍ ʈɸɿʈɽɿʆɺ 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʳʭ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʳʭ ʠ 

ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʦʨʥʳʭ ʨʘʟʨʝʟʦʚ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʊʘʥʭʦʡʩʢʦʡ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ ʥʘ ʁʞʥʦʤ ʧʦʙʝʨʝʞʴʝ ɹʘʡʢʘʣʘ, ʤʘʥʟʫʨʩʢʦʛʦ ʘʣʣʶʚʠʷ ʚ ʧʘʣʝʦʜʦʣʠʥʝ 

ʇʨʘ-ʄʘʥʟʫʨʢʠ ʥʘ ʝʛʦ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʧʦʙʝʨʝʞʴʝ ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ. 

 

4.1. ʊʘʥʭʦʡʩʢʘʷ ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʩʪʫʧʝʥʴ 

 

ʅʘ ʊʘʥʭʦʡʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ ʠʟʫʯʝʥʳ ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʄʠʰʠʭʠʥʩʢʦʛʦ 

ʇʦʣʦʚʠʥʢʠʥʩʢʦʛʦ, ɼʫʣʠʭʠʥʩʢʦʛʦ ʠ ɸʥʦʩʦʚʩʢʦʛʦ ʦʧʦʨʥʳʭ ʨʘʟʨʝʟʦʚ (ʨʠʩ. 4.1).   

 

4.1.1. ʄʠʰʠʭʠʥʩʢʠʡ ʦʧʦʨʥʳʡ ʨʘʟʨʝʟ 

 

ɿʜʝʩʴ ʠʟʫʯʝʥʳ ʦʩʘʜʦʯʥʳʝ ʪʦʣʱʠ ʶʞʥʦʡ ʠ ʩʝʚʝʨʥʦʡ ʨʘʩʯʠʩʪʦʢ. ʖʞʥʘʷ ʨʘʩʯʠʩʪʢʘ 

ʧʨʦʡʜʝʥʘ ʚ 600 ʤ ʢ ʚʦʩʪʦʢʫ ʦʪ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʤʦʩʪʘ ʯʝʨʝʟ ʨ. ʄʠʰʠʭʫ. ʉʣʦʠ ʧʦʯʪʠ ʥʝ 

ʜʝʬʦʨʤʠʨʦʚʘʥʳ. ʉʝʚʝʨʥʘʷ ʨʘʩʯʠʩʪʢʘ ʨʘʟʨʝʟʘ ʥʘʯʠʥʘʝʪʩʷ ʚ 1100 ʤ ʠ ʚʩʢʨʳʚʘʝʪ ʥʘʢʣʦʥʝʥʥʳʝ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ ʩʣʦʠ (ʨʠʩ. 4.2).  

ʖʞʥʘʷ ʨʘʩʯʠʩʪʢʘ  

ɺ ʶʞʥʦʡ ʯʘʩʪʠ ʄʠʰʠʭʠʥʩʢʦʛʦ ʨʘʟʨʝʟʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʦʪʣʦʞʝʥʠʷ ʧʦʣʠʬʘʮʠʘʣʴʥʦʡ, 

ʦʭʨʠʩʪʦʡ ʧʘʯʢʠ, ʧʘʯʢʠ çʩʠʥʠʭ ʛʣʠʥè, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʣʝʚʨʠʪʦʚʦʡ ʧʘʯʢʠ ʩ ʧʨʦʩʣʦʷʤʠ ʙʫʨʦʛʦ 

ʫʛʣʷ, ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʦʡ ʧʘʯʢʠ ʩ ʬʨʘʛʤʝʥʪʘʤʠ çʩʠʥʠʭ ʛʣʠʥè, ʧʝʩʯʘʥʦʡ ʠ ʚʘʣʫʥʥʦ-

ʛʘʣʝʯʥʠʢʦʚʦʡ ʧʘʯʢʠ. ʇʦ ʩʦʩʪʘʚʫ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʭ ʩʧʝʢʪʨʦʚ 4 ʥʠʞʥʠʭ ʧʘʯʢʠ ʜʘʪʠʨʫʶʪʩʷ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʝʨʭʥʠʤ ʵʦʮʝʥʦʤ, ʚʝʨʭʥʠʤ ʦʣʠʛʦʮʝʥʦʤ, ʥʠʞʥʠʤ ʤʠʦʮʝʥʦʤ, ʩʨʝʜʥʠʤïʚʝʨʭʥʠʤ 

ʤʠʦʮʝʥʦʤ, ʘ 2 ʚʝʨʭʥʠʭ ï ʢʚʘʨʪʝʨʦʤ. ʇʝʨʚʳʝ ʜʚʝ ʧʘʯʢʠ ʦʪʥʦʩʷʪʩʷ ʢ ʤʠʰʠʭʠʥʩʢʦʡ ʪʦʣʱʝ, ʪʨʝʪʴʷ 

ï ʢ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʝ, ʯʝʪʚʝʨʪʘʷ ï ʢ ʦʩʠʥʦʚʩʢʦʡ ʩʚʠʪʝ, ʧʷʪʘʷ ʠ ʰʝʩʪʘʷ ï ʢ ʧʝʨʝʢʨʳʚʘʶʱʝʡ 

ʪʦʣʱʝ. ɺ ʨʘʟʨʝʟʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʩʦʛʣʘʩʥʦʝ ʟʘʣʝʛʘʥʠʝ: 1) ʦʪʣʦʞʝʥʠʡ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ ʥʘ 

ʜʦʪʘʥʭʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʤʠʰʠʭʠʥʩʢʦʡ ʪʦʣʱʠ, 2) ʦʩʠʥʦʚʩʢʦʡ ʩʚʠʪʳ ʥʘ ʦʪʣʦʞʝʥʠʷʭ 

ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ ʠ 3) ʧʝʨʝʢʨʳʚʘʶʱʝʡ ʪʦʣʱʠ ʥʘ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʩʪʨʘʪʦʥʘʭ ʩʨʝʜʥʝʛʦï

ʚʝʨʭʥʝʛʦ ʢʘʡʥʦʟʦʷ.  

ɺ ʨʘʟʨʝʟʝ ʨʘʟʣʠʯʘʶʪʩʷ ʰʝʩʪʴ ʧʘʯʝʢ (ʨʠʩ. 4.3) (ʩʥʠʟʫïʚʚʝʨʭ) [ɸʣʴ ʍʘʤʫʜ ʠ ʜʨ., 2019]: 
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ʈʠʩ. 4.1. ʉʭʝʤʘ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʦʧʦʨʥʳʭ ʨʘʟʨʝʟʦʚ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʶʞʥʦʤ ʧʦʙʝʨʝʞʴʝ ʦʟ. ɹʘʡʢʘʣ ([ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 

2014] ʩ ʜʦʧʦʣʥʝʥʠʷʤʠ). 1 ï ʦʪʣʦʞʝʥʠʷ ʦʩʠʥʦʚʩʢʦʡ ʠ ʘʥʦʩʦʚʩʢʦʡ ʩʚʠʪ (N1os ʠ N2ïQEan); 2 ï ʦʪʣʦʞʝʥʠʷ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ, ʜʚʘ ʪʠʧʘ 

ʨʘʟʨʝʟʦʚ: ʪʘʥʭʦʡʩʢʠʡ (N1ïN2tn) ʠ ʤʠʰʠʭʠʥʩʢʦ-ʢʣʶʝʚʩʢʠʡ (N1ïN2tn(ms-kl)); 3 ï ʘʨʛʠʣʣʠʪʳ, ʛʣʠʥʳ ʘʣʝʚʨʠʪʦʚʳʝ; 4 ï ʢʦʥʛʣʦʤʝʨʘʪʳ, 

ʛʘʣʝʯʥʠʢʠ; 5 ï ʛʥʝʡʩʳ ʠ ʩʣʘʥʮʳ ʍʘʥʛʘʨʫʣʴʩʢʦʡ ʩʝʨʠʠ PR1hu; 6 ï ʛʨʘʥʠʪʳ, ʛʨʘʥʦʩʠʝʥʠʪʳ, ʛʨʘʥʦʜʠʦʨʠʪʳ ʙʘʨʛʫʟʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ɔŮPZ1-2b; 7 ï ʛʨʘʥʠʪʳ, ʛʨʘʥʦʩʠʝʥʠʪʳ, ʛʨʘʥʦʜʠʦʨʠʪʳ ɔPR1h; 8 ï ʨʘʟʣʦʤʳ: ʘ ï ʜʦʩʪʦʚʝʨʥʳʝ, ʙ ï ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ; 9 ï ʛʨʘʥʠʮʳ: ʘ ï 

ʥʝʩʦʛʣʘʩʥʦʛʦ ʟʘʣʝʛʘʥʠʷ ʦʪʣʦʞʝʥʠʡ, ʙ ï ʩ ʥʦʨʤʘʣʴʥʳʤ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʢʦʥʪʘʢʪʦʤ, ʚ ï ʚʥʫʪʨʠ ʩʪʨʘʪʦʥʘ; 10 ï ʦʧʦʨʥʳʡ ʨʘʟʨʝʟ: ʄʐ ï 

ʄʠʰʠʭʠʥʩʢʠʡ, ʇʃ ï ʇʦʣʦʚʠʥʢʠʥʩʢʠʡ, ɼʃ ï ɼʫʣʠʭʠʥʩʢʠʡ, ɸʅ ï ɸʥʦʩʦʚʩʢʠʡ.   
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ʈʠʩ. 4.2. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʩʝʚʝʨʥʦʡ ʠ ʶʞʥʦʡ ʨʘʩʯʠʩʪʦʢ ʄʠʰʠʭʠʥʩʢʦʛʦ 

ʦʧʦʨʥʦʛʦ ʨʘʟʨʝʟʘ ʥʘ ʬʝʜʝʨʘʣʴʥʦʡ ʪʨʘʩʩʝ ʀʨʢʫʪʩʢïʋʣʘʥ-ʋʜʵ. ʂʨʘʩʥʘʷ ʟʚʝʟʜʦʯʢʘ ʥʘ 

ʚʨʝʟʢʝ ʦʙʦʟʥʘʯʘʝʪ ʧʦʣʦʞʝʥʠʝ ʫʩʪʴʷ ʨ. ʄʠʰʠʭʘ ʥʘ ʶʞʥʦʤ ʙʝʨʝʛʫ ʦʟ. ɹʘʡʢʘʣ [ɸʣʴ ʍʘʤʫʜ 

ʠ ʜʨ., 2019; 2021]. 

 

ʇʘʯʢʘ 1 (ʧʦʣʠʬʘʮʠʘʣʴʥʘʷ, ʦʭʨʠʩʪʘʷ): 

ï ʚ ʩʘʤʦʡ ʥʠʞʥʝʡ ʚʩʢʨʳʪʦʡ ʯʘʩʪʠ (ʠʥʪʝʨʚʘʣ 0.0ï0.55 ʤ) ʧʝʨʝʩʣʘʠʚʘʶʪʩʷ 

ʘʨʛʠʣʣʠʪʳ ʪʝʤʥʦ-ʩʝʨʳʝ ʠ ʧʝʩʯʘʥʠʢʠ ʪʦʥʢʦʟʝʨʥʠʩʪʳʝ, ʩʚʝʪʣʦ-ʩʝʨʳʝ, ʩʣʘʙʦ 

ʩʦʨʪʠʨʦʚʘʥʥʳʝ. ʄʦʱʥʦʩʪʴ ʧʨʦʩʣʦʝʚ ʘʨʛʠʣʣʠʪʦʚ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 3 ʜʦ 10 ʩʤ. ʆʪʣʦʞʝʥʠʷ 

ʩʣʘʙʦ ʦʙʦʭʨʝʥʳ; 

ï ʠʥʪʝʨʚʘʣ 0.55ï2.00 ʤ ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʩʯʘʥʠʢʘʤʠ ʩ ʣʠʥʟʘʤʠ ʛʨʘʚʠʡʥʦʛʦ, 

ʤʝʣʢʦʛʘʣʝʯʥʦ-ʛʨʘʚʠʡʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʣʘʙʦ ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʦʛʦ, ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ. 

ʄʦʱʥʦʩʪʴ ʣʠʥʟ ʜʦ 0.2 ʤ. ʉʣʦʠʩʪʦʩʪʴ ʥʘʢʣʦʥʥʘʷ, ʢʦʩʘʷ. ʇʝʩʯʘʥʠʢʠ ʦʙʦʭʨʝʥʳ; 

ï ʚ ʠʥʪʝʨʚʘʣʝ 2.0ï4.1 ʤ ʩʣʝʜʫʶʪ ʛʨʘʚʠʡʥʦ-ʧʝʩʯʘʥʳʝ ʦʪʣʦʞʝʥʠʷ ʩ ʤʝʣʢʦʛʘʣʝʯʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ (ʜʦ 7 % ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ). ʆʪʣʦʞʝʥʠʷ ʧʨʦʤʳʪʳ, ʩʣʘʙʦ ʦʙʦʭʨʝʥʳ, ʩ 

ʥʘʢʣʦʥʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ; 

ï ʠʥʪʝʨʚʘʣ 4.1ï4.6 ʤ ʩʣʦʞʝʥ ʧʝʩʯʘʥʠʢʦʤ, ʨʘʟʥʦʟʝʨʥʠʩʪʳʤ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤ), ʩʝʨʳʤ, ʩ ʣʠʥʟʘʤʠ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʘʨʛʠʣʣʠʪʘ ʤʦʱʥʦʩʪʴʶ ʜʦ 3 ʩʤ. ɺ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʥʘʭʦʜʠʪʩʷ ʧʨʦʩʣʦʡ (10 ʩʤ) ʘʨʛʠʣʣʠʪʦʚ, ʪʝʤʥʦ-ʩʝʨʳʭ. 
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ʈʠʩ. 4.3. ʉʭʝʤʘ ʩʪʨʦʝʥʠʷ ʠ ʦʧʨʦʙʦʚʘʥʠʷ ʶʞʥʦʡ ʨʘʩʯʠʩʪʢʠ ʄʠʰʠʭʠʥʩʢʦʛʦ ʨʘʟʨʝʟʘ [ɸʣʴ ʍʘʤʫʜ ʠ ʜʨ., 2019]. 

ʆʩʥʦʚʥʳʝ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʥʝʩʦʛʣʘʩʠʷ: I ï ʵʨʦʟʠʦʥʥʦʝ ʣʦʞʝ ʧʦʜʦʰʚʳ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ ʥʘ ʄʠʰʠʭʠʥʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ; II ï 

ʵʨʦʟʠʦʥʥʦʝ ʣʦʞʝ ʦʩʠʥʦʚʩʢʦʡ ʩʚʠʪʳ ʥʘ ʦʪʣʦʞʝʥʠʷʭ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ; III ï ʵʨʦʟʠʦʥʥʦʝ ʣʦʞʝ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʘʣʣʶʚʠʷ ʥʘ 

ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʩʨʝʜʥʝ-ʚʝʨʭʥʝʢʘʡʥʦʟʦʡʩʢʠʭ ʩʪʨʘʪʦʥʘʭ.  
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ʇʘʯʢʘ 2 (çʩʠʥʠʭ ʛʣʠʥè):  

ï ʚ ʠʥʪʝʨʚʘʣʝ 4.6ï6.5 ʤ ʟʘʣʝʛʘʶʪ ʦʜʥʦʨʦʜʥʳʝ ʛʣʠʥʳ, ʠʤʝʶʱʠʝ ʚʦ ʚʣʘʞʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʩʠʥʠʡ ʮʚʝʪ. ʇʨʠ ʚʳʩʳʭʘʥʠʠ ʤʘʪʝʨʠʘʣ ʪʚʝʨʜʝʝʪ ʩ ʧʨʝʚʨʘʱʝʥʠʝʤ ʚ ʘʨʛʠʣʣʠʪʳ, 

ʛʦʣʫʙʦʚʘʪʦ-ʩʝʨʳʝ, ʧʣʦʪʥʳʝ, ʢʦʤʢʦʚʘʪʳʝ. ʂʦʤʢʦʚʘʪʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʟʚʠʪʠʝʤ ʪʨʝʱʠʥ 

ʫʩʳʭʘʥʠʷ ʧʦʧʝʨʝʢ ʠ ʚʜʦʣʴ ʧʣʦʩʢʦʩʪʝʡ ʥʘʧʣʘʩʪʦʚʘʥʠʷ. ʉʫʙʚʝʨʪʠʢʘʣʴʥʳʝ ʪʨʝʱʠʥʳ, 

ʨʘʩʩʝʢʘʶʱʠʝ ʘʨʛʠʣʣʠʪʳ, ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 1 ʜʦ 10 ʩʤ. ʇʦ ʦʪʜʝʣʴʥʳʤ 

ʪʨʝʱʠʥʘʤ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʘʷ ʦʙʦʭʨʝʥʥʦʩʪʴ. ʅʠʞʥʠʡ ʢʦʥʪʘʢʪ ʧʘʯʢʠ ʯʝʪʢʦ 

ʚʳʨʘʞʝʥ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʚʥʳʡ, ʥʘʢʣʦʥʝʥʥʳʡ. 

ʇʘʯʢʘ 3 (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʣʝʚʨʠʪʦʚʘʷ ʩ ʧʨʦʩʣʦʷʤʠ ʙʫʨʦʛʦ ʫʛʣʷ):  

ï ʚ ʦʩʥʦʚʘʥʠʠ ʧʘʯʢʠ, ʚ ʠʥʪʝʨʚʘʣʝ 6.5ï6.75 ʤ, ʟʘʣʝʛʘʶʪ ʛʨʘʚʠʡʥʦ-ʧʝʩʯʘʥʳʝ 

ʦʪʣʦʞʝʥʠʷ, ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʝ; 

ï ʚ ʠʥʪʝʨʚʘʣʝ 6.75ï6.85 ʤ ʥʘʭʦʜʠʪʩʷ ʧʨʦʩʣʦʡ ʘʣʝʚʨʠʪʦʚ, ʪʝʤʥʦ-ʩʝʨʳʭ;  

ï ʚ ʠʥʪʝʨʚʘʣʝ 6.85ï7.00 ʤ ʚʩʪʨʝʯʝʥ ʧʨʦʩʣʦʡ (15 ʩʤ) ʙʫʨʦʛʦ ʫʛʣʷ;  

ï ʚ ʠʥʪʝʨʚʘʣʝ 7.00ï7.76 ʤ ʦʧʷʪʴ ʩʣʝʜʫʝʪ ʩʣʦʡ ʘʣʝʚʨʠʪʦʚ, ʦʨʘʥʞʝʚʦ-ʢʦʨʠʯʥʝʚʳʭ; 

ï ʚ ʠʥʪʝʨʚʘʣʝ 7.76ï8.66 ʤ, ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ (ʜʦ 8.01 ʤ) ʥʘʭʦʜʷʪʩʷ ʧʝʩʯʘʥʠʢʠ, 

ʨʘʟʥʦʟʝʨʥʠʩʪʳʝ, ʢʦʨʠʯʥʝʚʳʝ, ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʤʳʪʳʝ ʠ ʦʙʦʭʨʝʥʥʳʝ, ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ï 

ʧʝʩʯʘʥʠʢʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ, ʩʚʝʪʣʳʝ, ʩʝʨʦ-ʢʦʨʠʯʥʝʚʳʝ, ʦʜʥʦʨʦʜʥʳʝ, ʦʙʦʭʨʝʥʥʳʝ; 

ï ʚ ʠʥʪʝʨʚʘʣʝ 8.66ï8.86 ʤ ʚʥʦʚʴ ʟʘʣʝʛʘʶʪ ʘʣʝʚʨʠʪʳ, ʪʝʤʥʦ-ʩʝʨʳʝ. 

ʇʘʯʢʘ 4 (ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʘʷ ʩ ʬʨʘʛʤʝʥʪʘʤʠ çʩʠʥʠʭ ʛʣʠʥè): 

ï ʠʥʪʝʨʚʘʣ 8.86ï10.21 ʤ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ, ʩʝʨʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʳʭ, ʩ 

ʥʝʷʩʥʦ ʚʳʨʘʞʝʥʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ. ʅʘ ʨʝʟʢʦʤ ʥʠʞʥʝʤ ʢʦʥʪʘʢʪʝ ʧʘʯʢʠ ʧʝʩʯʘʥʠʢ ʦʢʨʘʰʝʥ 

ʚ ʞʝʣʪʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʳʝ ʪʦʥʘ; 

ï ʠʥʪʝʨʚʘʣ 10.21ï11.91 ʤ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ, ʩʝʨʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʳʭ, ʩ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʪʝʤʥʳʤʠ ʩʣʦʡʢʘʤʠ;  

ï ʠʥʪʝʨʚʘʣ 11.90ï13.36 ʤ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ ʩʝʨʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʦʛʦ 

ʮʚʝʪʘ, ʠʥʪʝʥʩʠʚʥʦ ʦʙʦʭʨʝʥʥʳʭ, ʨʞʘʚʦ-ʢʦʨʠʯʥʝʚʳʭ; 

ï ʠʥʪʝʨʚʘʣ 13.36ï15.81 ʤ ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʭ ʧʝʩʯʘʥʠʢʦʚ ʩʣʘʙʦʡ 

ʩʦʨʪʠʨʦʚʢʠ ʠ ʩʝʨʳʭ ʘʣʝʚʨʠʪʦʚ ʩ ʣʠʥʟʘʤʠ ʩʠʥʠʭ ʛʣʠʥ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʪʝʤʥʳʝ ʩʣʦʡʢʠ 

ʦʙʥʘʨʫʞʠʚʘʶʪ ʩʣʘʙʦʥʘʢʣʦʥʥʫʶ ʧʦʣʦʩʯʘʪʦʩʪʴ ʧʝʩʯʘʥʠʢʘ. ʆʪʤʝʯʘʝʪʩʷ ʦʙʦʭʨʠʚʘʥʠʝ 

ʥʠʞʥʠʭ ʠ ʚʝʨʭʥʠʭ ʛʨʘʥʠʮ ʘʣʝʚʨʠʪʦʚʳʭ ʧʨʦʩʣʦʝʚ. 

ʇʘʯʢʘ 5 (ʧʝʩʯʘʥʠʩʪʘʷ, ʧʝʨʝʢʨʳʚʘʶʱʘʷ):  

ï ʚ ʠʥʪʝʨʚʘʣʝ 15.81ï16.86 ʤ ʩʣʦʞʝʥʘ ʧʝʩʯʘʥʠʢʦʤ, ʩʝʨʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʳʤ, ʩ 

ʪʦʥʢʠʤʠ ʪʝʤʥʳʤʠ ʩʣʦʡʢʘʤʠ. ʆʪʤʝʯʘʝʪʩʷ ʩʣʘʙʦʝ ʦʙʦʭʨʠʚʘʥʠʝ ʠ ʦʢʨʘʰʠʚʘʥʠʝ 

ʦʪʜʝʣʴʥʳʭ ʧʨʦʩʣʦʝʚ ʚ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʮʚʝʪ. 
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ʇʘʯʢʘ 6 (ʚʘʣʫʥʥʦ-ʛʘʣʝʯʥʠʢʦʚʘʷ, ʧʝʨʝʢʨʳʚʘʶʱʘʷ): 

ï ʚ ʠʥʪʝʨʚʘʣʝ 16.86ï20.50 ʤ, ʚ ʚʘʣʫʥʥʦ-ʛʘʣʝʯʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʛʘʣʴʢʘ ʩʦʩʪʘʚʣʷʝʪ 

ʙʦʣʝʝ 40 % ʦʙʲʝʤʘ ʧʦʨʦʜʳ. ʎʝʤʝʥʪ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʡ, ʩʝʨʦʚʘʪʦ-ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʡ ʠ 

ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ, ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʝʣʢʦʛʦ ʛʨʘʚʠʷ. ʆʙʣʦʤʦʯʥʳʡ ʤʘʪʝʨʠʘʣ 

ʭʦʨʦʰʦ ʦʢʘʪʘʥ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚʘʣʫʥʘʤʠ ʜʠʘʤʝʪʨʦʤ ʜʦ 0.4 ʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ ʠ 

ʨʘʟʥʦʨʘʟʤʝʨʥʦʡ ʛʘʣʴʢʦʡ. ʆʪʣʦʞʝʥʠʷ ʥʝ ʩʦʨʪʠʨʦʚʘʥʳ. ʅʠʞʥʠʡ ʢʦʥʪʘʢʪ ʯʝʪʢʦ ʚʳʨʘʞʝʥ, 

ʩʣʘʙʦ ʥʘʢʣʦʥʝʥ.  

ʅʘ ʚʝʨʭʥʝʡ ʧʘʯʢʝ ʨʘʟʚʠʪ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ ʤʦʱʥʦʩʪʴʶ 0.4ï0.5 ʤ. 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʪʣʦʞʝʥʠʡ  

ʀʟʫʯʝʥ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʘʯʝʢ 1, 3, 4 ʠ 5. 

ʇʘʯʢʘ 2, ʩʣʦʞʝʥʥʘʷ ʩʠʥʠʤʠ ʛʣʠʥʘʤʠ, ʥʝ ʩʦʜʝʨʞʠʪ ʟʥʘʯʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʣʦʤʦʯʥʦʡ 

ʬʨʘʢʮʠʠ. ɺ ʧʘʯʢʝ 6 ʧʨʝʦʙʣʘʜʘʶʪ ʢʨʫʧʥʳʝ ʚʘʣʫʥʳ. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʵʪʠʭ 

ʜʚʫʭ ʧʘʯʝʢ ʥʝ ʦʧʨʝʜʝʣʷʣʩʷ (ʨʠʩ. 4.4). 

 

ʈʠʩ. 4.4. ʉʭʝʤʘ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ ʥʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʩʘʜʦʯʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʶʞʥʦʡ ʨʘʩʯʠʩʪʢʠ. ʈʠʩʫʥʦʢ ʘʚʪʦʨʘ.  ʋʩʣ. ʦʙʦʟʥ. ʩʤ. ʨʠʩ. 4.3. 
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ʇʘʯʢʘ 1 (ʠʥʪʝʨʚʘʣ 0ï4.6 ʤ) ʩʣʦʞʝʥʘ ʧʝʩʯʘʥʳʤʠ ʠ ʙʣʠʟʢʠʤʠ ʢ ʥʠʤ ʧʦ ʩʦʩʪʘʚʫ 

ʦʪʣʦʞʝʥʠʷʤʠ ʩ ʧʨʠʤʝʩʷʤʠ ʘʣʝʚʨʠʪʦʚʦ-ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ ʠ ʚʢʣʶʯʝʥʠʷʤʠ 

ʤʝʣʢʦʦʙʣʦʤʦʯʥʦʛʦ ʧʩʝʬʠʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ (x*=0.18ï1.23 ʤʤ), ʘ ʪʘʢʞʝ ʛʘʣʝʯʥʦ-

ʛʨʘʚʠʡʥʦ-ʧʝʩʯʘʥʳʝ ʩʤʝʩʠ (x*=2.34ï2.75 ʤʤ) (0ï5 ʤ ʧʘʯʢʠ 1) (ʨʠʩ. 4.5). ʆʪʣʦʞʝʥʠʷ 

ʠʤʝʶʪ ʨʝʯʥʦʡ ʛʝʥʝʟʠʩ, n=0.82ï1.78.  

 

ʈʠʩ. 4.5. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʩʘʜʢʦʚ ʦʙʨ. 4 ʠ 5 (ʩʨʝʜʥʷʷ ʯʘʩʪʴ ʧʘʯʢʠ 1, 

ʥʫʤʝʨʘʮʠʷ ʦʙʨʘʟʮʦʚ ʩʥʠʟʫ ʚʚʝʨʭ). 

 

ʇʘʯʢʘ 2 (ʠʥʪʝʨʚʘʣ 4.6ï6.5 ʤ) ï ʛʣʠʥʠʩʪʘʷ, ʦʜʥʦʨʦʜʥʘʷ. ɽʝ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʝʣʠʪʦʚʦʡ ʬʨʘʢʮʠʠ. 

ʇʘʯʢʘ 3 (ʠʥʪʝʨʚʘʣ 6.5ï8.86 ʤ) ʥʘʢʦʧʣʝʥʘ ʰʠʨʦʢʠʤ ʥʘʙʦʨʦʤ ʧʩʘʤʤʠʪʦʚʳʭ 

ʨʘʟʥʦʩʪʝʡ (x*=0.34ï0.99 ʤʤ) (ʨʠʩ. 4.6 ʘ). ʇʦʢʘʟʘʪʝʣʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ n ʧʦ ʚʩʝʡ 

ʧʘʯʢʝ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0.96 ʜʦ 1.70, ʯʪʦ ʥʘʜʝʞʥʦ ʘʨʛʫʤʝʥʪʠʨʫʝʪ ʚʦʜʥʦʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʧʝʩʯʘʥʳʭ ʦʩʘʜʢʦʚ (ʧʦʣʝ ʘʣʣʶʚʠʘʣʴʥʦʛʦ ʛʝʥʝʟʠʩʘ) (ʨʠʩ. 4.6 ʙ). 

 

ʈʠʩ. 4.6. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʟʥʘʯʝʥʠʡ: ʘ ï ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ x*, ʙ ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ɜ. ʈʠʩʫʥʦʢ ʘʚʪʦʨʘ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʨʠʩ. 4.3. 
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ʇʘʯʢʘ 4 (ʛʣʫʙʠʥʘ 8.86ï15.81 ʤ) ʩʣʦʞʝʥʘ ʘʣʝʚʨʠʪʦʚʦ-ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ ʧʝʩʢʘʤʠ 

(x*=0.11ï0.26 ʤʤ) ʩ ʨʝʜʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʧʝʩʢʘ (x*=0.71). ɿʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʥʘʭʦʜʷʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0.84 ʜʦ 2.24 ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʫʩʣʦʚʠʷʤ ʘʢʢʫʤʫʣʷʮʠʠ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʚʦʜʦʪʦʢʘʭ ʩ ʢʦʣʝʙʘʥʠʝʤ 

ʚʦʜʥʦʩʪʠ ʧʦ ʩʝʟʦʥʘʤ ʛʦʜʘ. 

ʇʩʘʤʤʠʪʦʚʳʡ ʤʘʪʝʨʠʘʣ ʧʘʯʢʠ 4 ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʬʨʘʢʮʠʠ (66ï78 %) ʩ ʧʨʠʤʝʩʴ  ʁ

ʘʣʝʚʨʠʪʦʚʦ-ʪʦʥʢʦʧʝʩʯʘʥʳʭ ʨʘʟʤʝʨʥʦʩʪʝʡ (22ï32 %, x*=0.18ï0.20 ʤʤ). ʂʦʵʬʬʠʮʠʝʥʪ 

ʚʘʨʠʘʮʠʠ ʧʦ ʚʩʝʡ ʪʦʣʱʝ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0.44 ʜʦ 0.52, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʢʦʤʧʣʝʢʩʥʦʝ 

ʣʠʤʥʦ-ʘʣʣʶʚʠʘʣʴʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʦʪʣʦʞʝʥʠʡ. 

ʇʘʯʢʘ 5 (ʠʥʪʝʨʚʘʣ 15.81ï16.86 ʤ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ ʧʝʩʢʘʤʠ 

(ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ x*=0.19ï0.21 ʤʤ) (ʨʠʩ. 4.7). ʂʦʵʬʬʠʮʠʝʥʪ 

ʚʘʨʠʘʮʠʠ n=1.41ï1.47 ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʧʦʩʪʦʷʥʥʳʭ ʚʦʜʦʪʦʢʦʚ ʩ ʩʝʟʦʥʥʳʤ ʢʦʣʝʙʘʥʠʝʤ 

ʚʦʜʥʦʩʪʠ. 

 

ʈʠʩ. 4.7. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʩʘʜʢʦʚ ʦʙʨ. 22 ʠ 23 (ʧʘʯʢʘ 5). 

 

ʇʘʯʢʘ 6 (ʠʥʪʝʨʚʘʣ 16.86ï20.50 ʤ) ʜʘʝʪ ʚʘʣʫʥʥʫʶ ʛʨʘʥʫʣʦʤʝʪʨʠʶ ʛʦʨʥʦʛʦ 

ʘʣʣʶʚʠʷ.   

ɺ ʮʝʣʦʤ ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʚʩʢʨʳʪʳʝ ʶʞʥʦʡ ʨʘʩʯʠʩʪʢʦʡ ʨʘʟʨʝʟʘ ʄʠʰʠʭʘ, 

ʠʤʝʶʪ ʦʙʱʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʣʣʶʚʠʘʣʴʥʦʛʦ ʠ ʣʠʤʥʦ-

ʘʣʣʶʚʠʘʣʴʥʦʛʦ ʛʝʥʝʟʠʩʘ. ʂʨʦʤʝ ʧʩʝʬʠʪʦ-ʧʩʘʤʤʠʪʦʚʳʭ ʧʦʨʦʜ ʚ ʩʪʨʦʝʥʠʠ ʦʩʘʜʦʯʥʦʡ 

ʪʦʣʱʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʛʦʨʠʟʦʥʪʳ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ, ʦʪ ʦʨʘʥʞʝʚʦ-, 

ʞʝʣʪʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʳʭ, ʪʝʤʥʦ-ʩʝʨʳʭ, ʩʝʨʳʭ ʠ ʛʦʣʫʙʦʚʘʪʦ-ʩʝʨʳʭ ʜʦ ʩʠʥʠʭ. 

ʅʘʢʦʧʠʚʰʘʷʩʷ ʪʦʣʱʘ ʙʳʣʘ ʨʘʟʤʳʪʘ ʠ ʧʝʨʝʢʨʳʪʘ ʧʝʩʯʘʥʳʤʠ ʠ ʚʘʣʫʥʥʦ-ʛʘʣʝʯʥʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ ʩ ʛʨʘʚʠʡʥʦ-ʧʝʩʯʘʥʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ ʩʝʨʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʠ ʢʦʨʠʯʥʝʚʦʛʦ 

ʮʚʝʪʘ.  
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ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʪʣʦʞʝʥʠʡ 

ʋʯʠʪʳʚʘʷ ʤʘʨʢʠʨʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʚʝʨʭʥʝʦʣʠʛʦʮʝʥʦʚʦʛʦ ʩʣʦʷ ʩʠʥʠʭ ʛʣʠʥ, 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥ ʜʣʷ ʪʨʝʭ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʧʨʦʙ ʠʟ 

ʵʪʦʛʦ ʩʣʦʷ ʶʞʥʦʡ ʨʘʩʯʠʩʪʢʠ (ʦʙʨ. ʖï15, ʖï16 ʠ ʖï17). ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʩʜʝʣʘʥʳ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ ʥʠʞʝʣʝʞʘʱʝʛʦ ʩʣʦʷ 

ʚʝʨʭʥʝʵʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ (ʦʙʨ. ʖï19) ʠ ʚʳʰʝʣʝʞʘʱʝʛʦ ʩʣʦʷ ʥʠʞʥʝʤʠʦʮʝʥʦʚʳʭ 

ʦʪʣʦʞʝʥʠʡ (ʦʙʨ. ʖï14) (ʪʘʙʣ. 4.1, ʨʠʩ. 4.8).  

ʊʘʙʣʠʮʘ 4.1 

ʉʦʦʪʥʦʰʝʥʠʝ ʦʩʥʦʚʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʚʝʨʭʥʝʦʣʠʛʦʮʝʥʦʚʳʭ ʩʠʥʠʭ ʛʣʠʥʘʭ ʚ 

ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʧʦʜʩʪʠʣʘʶʱʠʤʠ ʠ ʧʝʨʝʢʨʳʚʘʶʱʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʚ ʶʞʥʦʡ ʨʘʩʯʠʩʪʢʝ 

ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ 

 ʉʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʦʚ ʚ ʧʦʨʦʜʝ, % 

ɺʦʟʨʘʩʪ 

ʅʦʤʝʨ 

ʦʙʨʘʟʮʘ* 

ʂʚʘʨʮ ʇʦʣʝʚʦʡ 

ʰʧʘʪ 

ʂʘʦʣʠʥʠʪ ʀʣʣʠʪ-ʩʤʝʢʪʠʪ ɻʠʜʨʦʩʣʶʜʘ-

ʩʤʝʢʪʠʪ ʠ 

ʭʣʦʨʠʪ 

ʅʠʞʥʠʡ 

ʤʠʦʮʝʥ 

ʖï14 35 35 15 15 ï 

ɺʝʨʭʥʠʡ 

ʦʣʠʛʦʮʝʥ 

ʖï15 25 35 20 + 20 

ʖï16 25 50 10 + 15 

ʖï17 25 30 25  20 

ɺʝʨʭʥʠʡ 

ʦɻʮʝʥ 

ʖï19 25 45 10 20 ï 

*ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʦʙʨʘʟʮʦʚ ʩʤ. ʥʘ ʨʠʩ. 4.3. 

 

ɺʦ ʚʩʝʭ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʦʧʨʝʜʝʣʝʥʳ ʤʝʥʷʶʱʠʝʩʷ ʧʨʦʧʦʨʮʠʠ 

ʢʚʘʨʮʘ, ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʠ ʢʘʦʣʠʥʠʪʘ. ɺ ʪʨʝʭ ʧʨʦʙʘʭ ʩʠʥʠʭ ʛʣʠʥ ʚʳʷʚʣʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʛʠʜʨʦʩʣʶʜ-ʩʤʝʢʪʠʪʦʚ ʠ ʭʣʦʨʠʪʘ (15ï20 %) ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠʣʠ ʩʣʝʜʘʭ 

ʠʣʣʠʪ-ʩʤʝʢʪʠʪʘ. ɺ ʥʠʞʝʣʝʞʘʱʝʡ ʠ ʚʳʰʝʣʝʞʘʱʝʡ ʧʨʦʙʘʭ (ʖï19 ʠ ʖï14) ʛʠʜʨʦʩʣʶʜʘ-

ʩʤʝʢʪʠʪ ʠ ʭʣʦʨʠʪ ʥʝ ʦʙʥʘʨʫʞʝʥʳ, ʥʦ ʦʧʨʝʜʝʣʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʣʣʠʪ-

ʩʤʝʢʪʠʪʘ. ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʥʪʛʝʥʦʬʘʟʦʚʘʛʦ ʘʥʘʣʠʟʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʠʥʠʡ ʮʚʝʪ ʛʣʠʥ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ ʥʘʣʠʯʠʝʤ ʭʣʦʨʠʪʘ. 
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ʈʠʩ. 4.8. ʈʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʦʪʣʦʞʝʥʠʡ ʚʝʨʭʥʝʛʦ ʵʦʮʝʥʘ (ʘ ï ʦʙʨ. ʖï19), ʚʝʨʭʥʝʛʦ 

ʦʣʠʛʦʮʝʥʘ (ʙ ï ʦʙʨ. ʖï16) ʠ ʥʠʞʥʝʛʦ ʤʠʦʮʝʥʘ (ʚ ï ʦʙʨ. ʖï14). ɸʥʘʣʠʪʠʢ ʄ.ʅ. 

ʈʫʙʮʦʚʘ. 

 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʧʨʠʯʠʥʳ ʦʢʨʘʩʢʠ ʚʝʨʭʥʝʦʣʠʛʦʮʝʥʦʚʦʡ ʩʠʥʝʡ ʛʣʠʥʳ (ʦʙʨ. ʖï16) 

ʠʟ ʶʞʥʦʡ ʨʘʩʯʠʩʪʢʠ ʄʠʰʠʭʠʥʩʢʦʛʦ ʨʘʟʨʝʟʘ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʝʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʡ 

ʬʨʘʢʮʠʠ ʦʧʨʝʜʝʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʉʕʄ). 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4.9ï4.11. 
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ʅʘ ʨʠʩ. 4.9. ʚ ʛʣʠʥʠʩʪʦʡ ʯʘʩʪʠʮʝ ʦʧʨʝʜʝʣʝʥʳ ʛʣʘʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ: ʢʠʩʣʦʨʦʜ 

(33.71 %), ʘʣʶʤʠʥʠʡ (14.43 %) ʠ ʢʨʝʤʥʠʡ (29.34 %), ʚ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ï ʢʘʣʠʡ 

(1.39 %), ʥʘʪʨʠʡ (0.92 %), ʭʣʦʨ (2.28 %), ʞʝʣʝʟʦ (7.41 %), ʤʘʛʥʠʡ (1.08 %) ʠ ʪʠʪʘʥ (1.43 

%). ʉʠʥʠʡ ʢʨʘʩʷʱʠʡ ʵʬʬʝʢʪ ʤʠʢʨʦʯʘʩʪʠʮ r KïNa ʩʤʝʢʪʠʪʘ ʤʦʛ ʙʳʪʴ ʩʚʷʟʘʥ ʩ 

ʚʭʦʞʜʝʥʠʝʤ ʚ ʥʝʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʦʩʬʦʨʘ (6.94 %), ʩʚʷʟʘʥʥʦʛʦ ʩ ʩʫʣʴʬʘʪʦʤ 

ʚ ʩʠʥʝʤ ʚʠʚʠʘʥʠʪʝ. ʆʜʥʘʢʦ ʧʠʢ ʩʝʨʳ ʚ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʤ ʩʧʝʢʪʨʝ ʤʠʢʨʦʯʘʩʪʠʮʳ ʥʝ 

ʦʙʥʘʨʫʞʝʥ. 

 

ʈʠʩ. 4.9. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʣʠʥʠʩʪʦʡ ʯʘʩʪʠʮʳ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ʠʟ 

ʦʙʨ. ʖï16 ʩʠʥʝʡ ʛʣʠʥʳ ʤʝʪʦʜʦʤ ʉʕʄ. ʘ ï ʪʦʯʢʘ ʠʟʤʝʨʝʥʠʷ; ʙ ï ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ 

ʩʧʝʢʪʨ ʯʘʩʪʠʮʳ; ʚ ï ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʘ 100 %. ɸʥʘʣʠʟ 

ʚʳʧʦʣʥʠʣ ʂ. ɸʨʩʝʥʪʴʝʚ ʩ ʫʯʘʩʪʠʝʤ ʘʚʪʦʨʘ. 

 

ɹʣʠʟʢʠʡ ʩʦʩʪʘʚ, ʥʦ ʩ ʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʦʩʬʦʨʘ (3.33 %) ʦʧʨʝʜʝʣʝʥ ʚ 

ʜʨʫʛʦʡ ʛʣʠʥʠʩʪʦʡ ʯʘʩʪʠʮʝ ʵʪʦʛʦ ʞʝ ʦʙʨʘʟʮʘ (ʨʠʩ. 4.10). ʀʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʧʦʣʫʯʝʥʳ ʜʣʷ ʜʨʫʛʦʡ ʯʘʩʪʠʮʳ (ʨʠʩ. 4.11): ʢʠʩʣʦʨʦʜ (25.54 %), ʘʣʶʤʠʥʠʡ (34.80 %) ʠ 

ʢʨʝʤʥʠʡ (26.87 %), ʞʝʣʝʟʦ (4.67 %), ʤʘʛʥʠʡ (1.21 %). ʉʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʚ ʥʝʡ 

ʩʥʠʞʝʥʦ (0.76 %), ʚʦʟʨʦʩʣʦ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ (5.34 %) ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʘʪʨʠʷ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʪʚʫʝʪ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʵʪʦʡ ʯʘʩʪʠʮʳ ʢ ʠʣʣʠʪʫ.  

ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʪʨʝʭ ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʝ 

ʦ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʩʠʥʠʭ ʛʣʠʥ. ɽʛʦ ʦʩʦʙʝʥʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʭʦʜʝ ʦʪ Kï

Na ʩʤʝʢʪʠʪʦʚ ʢ ʠʣʣʠʪʘʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦ ʩʥʠʞʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʩʬʦʨʘ ʠ ʭʣʦʨʘ.  
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ʈʠʩ. 4.10. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʣʠʥʠʩʪʦʡ ʯʘʩʪʠʮʳ ʠʟ ʦʙʨ. ʖï16 ʩʠʥʝʡ 

ʛʣʠʥʳ ʤʝʪʦʜʦʤ ʉʕʄ. ʘ ï ʪʦʯʢʘ ʠʟʤʝʨʝʥʠʷ; ʙ ï ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʩʧʝʢʪʨ ʯʘʩʪʠʮʳ; ʚ 

ï ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʘ 100 %. ɸʥʘʣʠʟ ʚʳʧʦʣʥʠʣ ʂ. ɸʨʩʝʥʪʴʝʚ ʩ 

ʫʯʘʩʪʠʝʤ ʘʚʪʦʨʘ. 

 

 

ʈʠʩ. 4.11. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʣʠʥʠʩʪʦʡ ʯʘʩʪʠʮʳ ʤʝʪʦʜʦʤ ʉʕʄ ʠʟ ʦʙʨ. 

ʖï16. ʘ ï ʪʦʯʢʘ ʠʟʤʝʨʝʥʠʷ; ʙ ï ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʩʧʝʢʪʨ ʯʘʩʪʠʮʳ; ʚ ï 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʘ 100 %. ɸʥʘʣʠʟ ʚʳʧʦʣʥʠʣ ʂ. ɸʨʩʝʥʪʴʝʚ ʩ 

ʫʯʘʩʪʠʝʤ ʘʚʪʦʨʘ. 

 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʪʣʦʞʝʥʠʡ 

ɻʣʠʥʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʦʙʦʛʘʱʝʥʳ ʦʪʣʦʞʝʥʠ ̫ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʶʞʥʦʡ 

ʨʘʩʯʠʩʪʢʠ, ʪʦʛʜʘ ʢʘʢ ʦʪʣʦʞʝʥʠʷ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʦʪʤʳʪ rʦʪ ʛʣʠʥ. ʅʘ ʨʠʩʫʥʢʝ 4.12 

ʦʪʣʦʞʝʥʠʷ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ʧʘʯʢʠ 1ï3) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

CIA (77ï87) ʠ ʇʇʇ (5.9ï13.0 ʤʘʩ. %), ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʨʦʙ rʩʠʥʝʡ ʛʣʠʥʳ ʖï17, ʚ 

ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʝʥʦ ʧʦʥʠʞʝʥʥʦʝ ʟʥʘʯʝʥʠʝ CIA (69) ʧʨʠ ʥʠʟʢʦʤ ʟʥʘʯʝʥʠʠ ʇʇʇ (3.1 ʤʘʩ. 

%). ʕʪʘ ʧʨʦʙʘ ʦʪʣʠʯʘʝʪʩʷ ʪʘʢʞʝ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʡ ʦʢʠʩʣʝʥʥʦʩʪʴ ʁ ʞʝʣʝʟʘ 

(Fe2O3/FeO=14.4 %). ɺ ʦʪʣʦʞʝʥʠʷʭ ʧʘʯʝʢ 4ï6 ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʝʟʢʦ 

ʩʥʠʞʘʶʪʩʷ (CIA=60ï66, ʇʇʇ=0.7ï2.5 ʤʘʩ. %). ɺ ʦʙʣʦʤʦʯʥʦʤ ʤʘʪʝʨʠʘʣʝ ʧʨʝʦʙʣʘʜʘʝʪ 
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ʢʚʘʨʮ ʠ ʧʦʣʝʚʳʝ ʰʧʘʪʳ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʚʦʟʨʘʩʪʘʥʠʠ SiO2. 

ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʧʘʯʢʠ 4, ʩʦʜʝʨʞʘʱʘʷ ʬʨʘʛʤʝʥʪʳ ʩʠʥʠʭ ʛʣʠʥ. ʅʘ 

ʜʠʘʛʨʘʤʤʘʭ ʨʠʩ. 4.12 ʧʦʨʦʜʘ ʵʪʦʛʦ ʩʣʦʷ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʠʥʠʭ ʛʣʠʥ ʚʝʨʭʥʝʛʦ 

ʦʣʠʛʦʮʝʥʘ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʝʨʭʥʝʤʠʦʮʝʥʦʚʳʡïʥʠʞʥʝʧʣʠʦʮʝʥʦʚʳʡ ʩʣʦʡ ʩʦ 

ʩʚʦʝʦʙʨʘʟʥʦʡ ʩʠʥʝʡ ʦʢʨʘʩʢʦʡ ʦʙʨʘʟʦʚʘʣʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʤʳʚʘ ʚʝʨʭʥʝʦʣʠʛʦʮʝʥʦʚʦʛʦ 

ʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

 

ʈʠʩ. 4.12. ʉʦʦʪʥʦʰʝʥʠʷ ʠʥʜʝʢʩʘ ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ (ʘ) ʠ ʧʦʪʝʨʴ ʧʨʠ 

ʧʨʦʢʘʣʠʚʘʥʠʠ (ʙ) ʩ ʩʦʜʝʨʞʘʥʠʷʤʠ SiO2 ʚ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʪʦʥʢʦʟʝʨʥʠʩʪʳʭ ʦʩʘʜʦʯʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʶʞʥʦʡ ʨʘʩʯʠʩʪʢʠ ʄʠʰʠʭʠʥʩʢʦʛʦ ʨʘʟʨʝʟʘ. ɺʦʟʨʘʩʪ ʦʪʣʦʞʝʥʠʡ ʦʧʨʝʜʝʣʝʥ 

ʧʦ ʩʦʩʪʘʚʫ ʩʧʦʨ ʠ ʧʳʣʴʮʳ: 1ï2 ï ʩʪʨʘʪʦʥʳ ʤʠʰʠʭʠʥʩʢʦʡ ʪʦʣʱʠ: ʵʦʮʝʥʦʚʳʡ (1), 

ʚʝʨʭʥʝʦʣʠʛʦʮʝʥʦʚʳʡ (2); 3ï4 ï ʪʦ ʞʝ, ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ: ʥʠʞʥʝʤʠʦʮʝʥʦʚʳʡ (3), ʩʨʝʜʥʝ-

ʚʝʨʭʥʝʤʠʦʮʝʥʦʚʳʡ (4), ʚʝʨʭʥʝʤʠʦʮʝʥʦʚʳʡïʥʠʞʥʝʧʣʠʦʮʝʥʦʚʳʡ (5), ʧʝʩʯʘʥʠʢ ʠʟ 

ʯʝʪʚʝʨʪʠʯʥʦʡ ʧʝʨʝʢʨʳʚʘʶʱʝʡ ʧʘʯʢʠ (6). 

 

ʇʦʜʦʙʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʩʦʩʪʘʚʘ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʶʞʥʦʡ ʨʘʩʯʠʩʪʢʠ 

ʄʠʰʠʭʠʥʩʢʦʛʦ ʨʘʟʨʝʟʘ ʚʳʷʚʣʷʶʪʩʷ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. ʅʘ ʨʠʩ. 4.13 ʚ 

ʧʦʨʦʜʘʭ ʧʘʯʝʢ 1ï3 ʩ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ ʠʥʜʝʢʩʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ U (3.8ï7.7 ʤʢʛ/ʛ) ʠ Th (12.1ï21.9 ʤʢʛ/ʛ) ʧʨʠ ʥʠʟʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Sr (182ï275 ʤʢʛ/ʛ). ʆʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʧʘʯʝʢ 4ï6 ʩ ʧʦʥʠʞʝʥʥʳʤ 

ʠʥʜʝʢʩʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠʤʝʶʪ ʧʦʥʠʞʝʥʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠ ʁ U (1ï3.4 

ʤʢʛ/ʛ) ʧʨʠ ʰʠʨʦʢʠʭ ʚʘʨʠʘʮʠʷʭ ʢʦʥʮʝʥʪʨʘʮʠʠ Sr (310ï412 ʤʢʛ/ʛ).  

ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʩʠʥʠʡ ʢʨʘʩʷʱʠʡ ʵʬʬʝʢʪ ʦʣʠʛʦʮʝʥʦʚʳʭ ʛʣʠʥ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥ ʩ ʧʨʠʤʝʩʴʶ ʢʦʙʘʣʴʪʘ. ɺ ʦʙʳʯʥʳʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʮʚʝʪʦʚʦʡ 

ʛʘʤʤʳ ʠʥʪʝʨʚʘʣ ʢʦʥʮʝʥʪʨʘʮʠʡ Co ʩʦʩʪʘʚʣʷʝʪ ʦʪ 5 ʜʦ 14 ʤʢʛ/ʛ. ɺ ʦʙʨ. ʖï15 ʠ ʖï16 

ʩʠʥʠʭ ʛʣʠʥ ʦʧʨʝʜʝʣʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ Co 21ï27 ʤʢʛ/ʛ (ʨʠʩ. 4.13 ʙ).  
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ʈʠʩ. 4.13. ɼʠʘʛʨʘʤʤʳ UïSr (ʘ) ʠ ThïCo (ʙ) ʦʪʣʦʞʝʥʠʡ ʶʞʥʦʡ ʨʘʩʯʠʩʪʢʠ 

ʄʠʰʠʭʠʥʩʢʦʛʦ ʨʘʟʨʝʟʘ. ʋʩʣ. ʦʙʦʟʥ. ʩʤ. ʥʘ ʨʠʩ. 4.12. 

 

ʇʘʣʠʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʚʦʟʨʘʩʪʘ ʦʪʣʦʞʝʥʠʡ 

ɺ ʜʦʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʨʘʟʨʝʟʘ ʦʧʨʝʜʝʣʝʥʦ 5 ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʭ 

ʩʧʝʢʪʨʦʚ [ɸʣʴ ʍʘʤʫʜ ʠ ʜʨ., 2019]. ɺ ʧʨʠʥʷʪʦʡ ʟʦʥʘʣʴʥʦʡ ʧʘʣʠʥʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʙʨ. ʖï21, ʖï20 ʠ ʖï16 ʦʪʥʦʩʷʪʩʷ ʢ ʧʘʣʠʥʦʟʦʥʝ I, ʦʙʨ. ʖï12 ï ʢ 

ʧʘʣʠʥʦʟʦʥʝ II, ʦʙʨ. ʖï10 ï ʢ ʧʘʣʠʥʦʟʦʥʝ III (ʨʠʩ. 4.14). ʉʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʝ ʩʧʝʢʪʨʳ 

ʦʙʨ. ʖï1 ʠ ʖï2, ʦʪʦʙʨʘʥʥʳʭ ʠʟ ʬʠʥʘʣʴʥʦʡ ʛʨʫʙʦʦʙʣʦʤʦʯʥʦʡ ʧʘʯʢʠ, ʦʪʥʦʩʷʪʩʷ ʢ 

ʧʘʣʠʥʦʟʦʥʝ IV (ʥʝ ʧʦʢʘʟʘʥʳ ʧʦʣʠʥʦʩʧʝʢʪʨʳ ʥʘ ʨʠʩ. 4.14 ʠʟ-ʟʘ ʨʘʟʥʦʛʦ ʚʠʜʦʚʦʛʦ 

ʩʦʩʪʘʚʘ). 

ʇʘʣʠʥʦʟʦʥʘ I ʚʳʜʝʣʝʥʘ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʧʳʣʴʮʳ ʨʦʜʦʚ Fagus ʠ 

Myrica, ʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʠʶ ʨʝʣʠʢʪʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʦʜʘʤ Cryptomeria ʠ Sciadopites. 

ɺ ʩʧʝʢʪʨʘʭ ʛʦʩʧʦʜʩʪʚʫʝʪ ʧʳʣʴʮʘ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ (70.5ï78.9 %) ʩ ʧʦʜʯʠʥʝʥʥʦʡ ʨʦʣʴʶ 

ʛʦʣʦʩʝʤʝʥʥʳʭ (15.8ï20.8 %) ʠ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ (2.2ï3.1 %). ʉʧʦʨʳ ʟʘʥʠʤʘʶʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʦʙʲʝʤ ʦʪ 3.0 ʜʦ 5.6 %. ʇʦ ʩʦʩʪʘʚʫ ʧʘʣʠʥʦʩʧʝʢʪʨʦʚ 

ʦʙʦʟʥʘʯʝʥʳ ʜʚʝ ʧʦʜʟʦʥʳ: a ʠ b. 

ʇʦʜʟʦʥʘ a ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʣʦʞʝʥʠʷʤ ʧʘʯʢʠ ʦʭʨʠʩʪʳʭ ʧʦʣʠʬʘʮʠʘʣʴʥʳʭ 

ʦʪʣʦʞʝʥʠʡ (ʧʘʯʢʘ 1). ʇʘʣʠʥʦʟʦʥʘ ʚʳʜʝʣʝʥʘ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʧʳʣʴʮʳ 

ʨʦʜʦʚ Fagus ʠ Myrica, ʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʠʶ ʨʝʣʠʢʪʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʦʜʘʤ 

Cryptomeria ʠ Sciadopites. ɺ ʩʧʝʢʪʨʘʭ ʛʦʩʧʦʜʩʪʚʫʝʪ ʧʳʣʴʮʘ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ (70.5ï

78.9 %) ʩ ʧʦʜʯʠʥʝʥʥʦʡ ʨʦʣʴʶ ʛʦʣʦʩʝʤʝʥʥʳʭ (15.8ï20.8 %) ʠ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ 

(2.2ï3.1 %). ʉʧʦʨʳ ʟʘʥʠʤʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʦʙʲʝʤ ʦʪ 3.0 ʜʦ 5.6 %. 
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ʈʠʩ. 4.14. ʉʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʘʷ ʜʠʘʛʨʘʤʤʘ ʦʪʣʦʞʝʥʠʡ ʶʞʥʦʡ ʨʘʩʯʠʩʪʢʠ ʄʠʰʠʭʠʥʩʢʦʛʦ ʨʘʟʨʝʟʘ. 
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ʅʝʙʦʛʘʪʳʡ, ʥʦ ʭʘʨʘʢʪʝʨʥʳʡ ʩʦʩʪʘʚ ʛʦʣʦʩʝʤʝʥʥʳʭ ʧʦʨʦʜ ʩ ʫʯʘʩʪʠʝʤ Ginkgo sp. 

Sequoia semperviriformis, ʘ ʪʘʢʞʝ Podocarpus dacrydioides, Cycadopites follicularis 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʵʦʮʝʥʦʚʳʡ ʚʦʟʨʘʩʪ ʠʟʫʯʘʝʤʳʭ ʦʪʣʦʞʝʥʠʡ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʚʳʜʝʣʝʥʥʳʭ 

ʚʠʜʦʚ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʦʪʣʦʞʝʥʠʡ ʚʝʨʭʥʝʛʦ ʵʦʮʝʥʘ. ʕʪʦʪ ʚʳʚʦʜ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠ ʙʦʛʘʪʳʡ 

ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʧʦʨʦʜ, ʩ ʫʯʘʩʪʠʝʤ ʧʳʣʴʮʳ ʬʦʨʤʘʣʴʥʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ (Triporopollenites, Triatriopollenites), ʘ ʪʘʢʞʝ c ʟʘʤʝʪʥʳʤ ʫʯʘʩʪʠʝʤ ʚ 

ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ ʪʘʢʠʭ ʨʦʜʦʚ ʢʘʢ Comptonia, Momipites ʠ Juglans poliporata, Carpinus 

duinensiformis, Fagus parvifossilis.  

ʇʦʜʟʦʥʘ ʙ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʘʯʢʫ çʩʠʥʠʭ ʛʣʠʥè. ʇʦʜʟʦʥʘ ʚʳʜʝʣʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʳʣʴʮʳ ʨʦʜʘ Tsuga ʠ ʨʦʜʘ Picea, ʘ ʚ ʧʦʟʜʥʠʝ 

ʵʪʘʧʳ ï ʧʨʝʦʙʣʘʜʘʥʠʷ ʧʳʣʴʮʳ ʨʦʜʦʚ Quercus ʠ Carya (ʩ ʚʠʜʘʤʠ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ 

ʧʦʟʜʥʝʛʦ ʦʣʠʛʦʮʝʥʘ). ɺ ʩʦʩʪʘʚʝ ʩʧʝʢʪʨʘ ʦʙʨ. ʖï16 ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ 

ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ (65.1 %). ɻʦʣʦʩʝʤʝʥʥʳʝ ʩʦʩʪʘʚʣʷʶʪ 19.4 %, ʘ 

ʩʧʦʨʦʚʳʝ ï 15.5 %. ʉʦʜʝʨʞʘʥʠʝ ʝʜʠʥʠʯʥʳʭ ʟʝʨʝʥ ʨʦʜʦʚ Ginkgo sp. ʠ Sequoia, ʘ ʪʘʢʞʝ 

ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʢʘʢ Cyclocarya cyclophera, Ulmus inaequaliarculata, Carpinus 

granulatus, Comptonia aborigena, Magnolia delicate ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʪʣʦʞʝʥʠʷ ʚʝʨʭʥʝʛʦ 

ʦʣʠʛʦʮʝʥʘ. ʊʘʢʦʡ ʞʝ ʚʦʟʨʘʩʪ ʦʙʦʟʥʘʯʘʣʩʷ ʜʣʷ ʩʣʦʝʚ çʩʠʥʠʭ ʛʣʠʥè ʚ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ 

ʨʘʙʦʪʘʭ [ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2014]. 

ʇʘʣʠʥʦʟʦʥʘ II ʚʳʜʝʣʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʳʣʴʮʳ ʨʦʜʘ 

Tsuga, ʩ ʙʦʣʴʰʠʤ ʚʠʜʦʚʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ, ʠ ʨʦʜʘ Taxodiaceae. ʇʘʣʠʥʦʟʦʥʘ II 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʣʝʚʨʠʪʦʚʦʡ ʧʘʯʢʝ ʩ ʧʨʦʩʣʦʷʤʠ ʙʫʨʦʛʦ ʫʛʣʷ (ʧʘʯʢʘ 3). 

ʇʦʜʟʦʥʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʧʦ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʧʳʣʴʮʳ ʩʝʤʝʡʩʪʚʘ Taxodiaceae ʠ 

ʨʦʜʘ Tsuga ʩ ʚʠʜʦʚʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ. ʉʨʝʜʠ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʧʦʨʦʜ ʜʦʤʠʥʠʨʫʝʪ 

ʧʳʣʴʮʘ ʩʝʤʝʡʩʪʚʘ Juglandaceae (Juglans, Pterocarya, Carya). ʉʧʝʢʪʨ ʦʙʨ. ʖï12 ʚ ʩʚʦʝʤ 

ʩʦʩʪʘʚʝ ʩʦʜʝʨʞʠʪ ʧʳʣʴʮʫ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ 42.8 % ʠ ʛʦʣʦʩʝʤʝʥʥʳʭ 41.8 %, ʘ ʩʧʦʨʦʚʳʭ 

15.4 %. ɺ ʩʦʩʪʘʚʝ ʩʧʦʨ ʠ ʧʳʣʴʮʳ, ʢʦʪʦʨʦʛʦ ʧʨʝʦʙʣʘʜʘʶʪ ʬʦʨʤʳ ʥʠʞʥʝʛʦ ʤʠʦʮʝʥʘ, ʩ 

ʝʜʠʥʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚʝʨʭʥʝʛʦ ʦʣʠʛʦʮʝʥʘ: Carpinus granulatus, Pterocarya 

fraxinifolia, Milfordia incerta. ʅʠʞʥʝʤʠʦʮʝʥʦʚʳʡ ʚʦʟʨʘʩʪ ʦʙʦʟʥʘʯʘʣʩʷ ʜʣʷ ʪʘʥʭʦʡʩʢʦʡ 

ʬʘʮʠʠ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ, ʥʘʩʳʱʝʥʥʦʡ ʧʨʦʩʣʦʷʤʠ ʙʫʨʦʛʦ ʫʛʣʷ ʚ ʛʠʧʦʩʪʨʘʪʦʪʠʧʝ ʨʘʟʨʝʟʘ 

ʇʦʣʦʚʠʥʢʘ [ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2014]. 

ʇʘʣʠʥʦʟʦʥʘ III ʦʙʦʟʥʘʯʝʥʘ ʜʣʷ ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʦʡ ʧʘʯʢʠ ʩ ʬʨʘʛʤʝʥʪʘʤʠ 

çʩʠʥʠʭ ʛʣʠʥè (ʧʘʯʢʘ 4). ʕʪʘ ʧʘʣʠʥʦʟʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʝʜʥʝʥʥʳʤ ʩʦʩʪʘʚʦʤ ʩʧʦʨ ʠ 

ʧʳʣʴʮʳ, ʢʘʢ ʚ ʚʠʜʦʚʦʤ, ʪʘʢ ʠ ʚ ʨʦʜʦʚʦʤ ʩʦʩʪʘʚʝ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ 
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ʢʦʣʠʯʝʩʪʚʦʤ ʧʳʣʴʮʳ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ. ʉʧʦʨʳ, ʚ ʦʪʣʠʯʠʝ ʦʪ II ʧʘʣʠʥʦʟʦʥʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ.  

ɺ ʮʝʣʦʤ, ʧʘʣʠʥʦʟʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʝʟʢʠʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʳʣʴʮʳ ʪʨʝʭ 

ʨʦʜʦʚ: Ulmus, Juglans, Carya ʥʘ ʬʦʥʝ ʩʥʠʞʝʥʠʷ ʨʦʣʠ ʧʳʣʴʮʳ ʛʦʣʦʩʝʤʝʥʥʳʭ ʧʦʨʦʜ. 

ɼʘʥʥʳʡ ʵʪʘʧ, ʚʝʨʦʷʪʥʦ, ʦʪʨʘʟʠʣ ʦʜʥʫ ʠʟ ʬʘʟ ʤʠʦʮʝʥʦʚʦʛʦ ʦʧʪʠʤʫʤʘ. ɺ ʩʦʩʪʘʚʝ 

ʧʘʣʠʥʦʩʧʝʢʪʨʘ ʦʙʨ. ʖï10 ʛʦʩʧʦʜʩʪʚʫʝʪ ʧʳʣʴʮʘ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ 83.2 %, 

ʛʦʣʦʩʝʤʝʥʥʳʭ 5.4 % ʠ ʩʧʦʨʳ 11.4 %. ʇʨʠ ʜʦʤʠʥʠʨʦʚʘʥʠʠ ʧʳʣʴʮʳ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ 

ʧʦʨʦʜ ʚʩʪʨʝʯʝʥʳ ʚʠʜʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʧʦʟʜʥʠʭ ʵʪʘʧʦʚ ʩʨʝʜʥʝʛʦ ʠ ʨʘʥʥʠʭ ʬʘʟ 

ʧʦʟʜʥʝʛʦ ʤʠʦʮʝʥʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʪʣʦʞʝʥʠʡ ʚ ʩʨʝʜʥʝʤ-ʧʦʟʜʥʝʤ 

ʤʠʦʮʝʥʝ.  

ʇʘʣʠʥʦʟʦʥʘ IV ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʝʩʯʘʥʠʩʪʳʡ ʠ ʚʘʣʫʥʥʦ-ʛʘʣʝʯʥʳʝ ʩʣʦʠ (ʧʘʯʢʠ 5 ʠ 

6). ɺ ʜʚʫʭ ʦʙʨʘʟʮʘʭ (ʦʙʨ. ʖï1, ʖï2) ʦʧʨʝʜʝʣʝʥʘ ʧʳʣʴʮʘ ʜʨʝʚʝʩʥʦ-ʢʫʩʪʘʨʥʠʢʦʚʳʭ 

ʨʘʩʪʝʥʠʡ (55ï67 %), ʪʨʘʚ (2ï4 %) ʠ ʩʧʦʨ (31ï41 %). ʉʦʩʪʘʚ ʧʘʣʠʥʦʩʧʝʢʪʨʦʚ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʚʠʪʠʠ ʩʚʝʪʣʦʭʚʦʡʥʳʭ ʩʦʩʥʦʚʦ-ʣʠʩʪʚʝʥʥʠʯʥʳʭ ʠ ʪʝʤʥʦʭʚʦʡʥʳʭ 

ʣʝʩʦʚ (ʧʠʭʪʳ, ʝʣʠ, ʢʝʜʨʦʚʠʜʥʦʡ ʩʦʩʥʳ) ʩ ʭʦʨʦʰʦ ʨʘʟʚʠʪʳʤ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʢʦʚʳʤ 

ʧʦʜʣʝʩʢʦʤ. ʆʪʢʨʳʪʳʝ ʫʯʘʩʪʢʠ ʙʳʣʠ ʟʘʥʷʪʳ ʦʩʪʝʧʥʝʥʥʳʤʠ ʠ ʣʫʛʦʚʦ-ʩʪʝʧʥʳʤʠ 

ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ. ʏʝʪʚʝʨʪʠʯʥʳʡ ʚʦʟʨʘʩʪ ʦʪʣʦʞʝʥʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʠʩʭʦʜʷ ʠʟ ʩʭʦʜʩʪʚʘ ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʩ ʩʦʚʨʝʤʝʥʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʨʝʯʥʦʡ ʜʦʣʠʥʳ. 

ʉʝʚʝʨʥʘʷ ʨʘʩʯʠʩʪʢʘ 

ɺ ʩʝʚʝʨʥʦʡ ʨʘʩʯʠʩʪʢʝ ʨʘʟʣʠʯʘʶʪʩʷ ʥʘʢʣʦʥʝʥʥʳʝ ʪʦʣʱʠ ʟʘʧʘʜʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ 

ʯʘʩʪʝʡ ʠ ʧʝʨʝʢʨʳʚʘʶʱʘʷ ʧʘʯʢʘ ʛʘʣʝʯʥʠʢʦʚ ʩ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʟʘʣʝʛʘʥʠʝʤ (ʨʠʩ. 

4.15). ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʚʩʢʨʳʪʘ ʤʠʰʠʭʠʥʩʢʘʷ ʪʦʣʱʘ (ms), ʚ ʚʦʩʪʦʯʥʦʡ ï ʤʠʰʠʭʠʥʩʢʘʷ 

ʠ ʪʘʥʭʦʡʩʢʘʷ ʪʦʣʱʠ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ms ʠ tn). ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʨʘʩʯʠʩʪʢʠ ʚ 

ʥʦʨʤʘʣʴʥʦʡ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ) ʟʘʣʝʛʘʶʪ 

ʧʘʯʢʠ 1ʟ (ms)ï4ʟ (ms) (ʨʠʩ. 4.16 ʙ) [ɸʣʴ ʍʘʤʫʜ ʠ ʜʨ., 2021]:  

ʇʘʯʢʘ 1ʟ (ms) ʩʣʦʞʝʥʘ ʧʝʨʝʩʣʘʠʚʘʶʱʠʤʩʷ ʘʨʛʠʣʣʠʪʦʤ ʠ ʧʝʩʯʘʥʠʢʦʤ. ɸʨʛʠʣʣʠʪ 

ʪʝʤʥʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ, ʚʷʟʢʠʡ ʚʦ ʚʣʘʞʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʝʩʯʘʥʠʢ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʡ, 

ʠʥʪʝʥʩʠʚʥʦ ʦʙʦʭʨʝʥʥʳʡ, ʩ ʧʨʠʤʝʩʴʶ ʛʨʘʚʠʷ ʠ ʨʝʜʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʛʘʣʴʢʠ ʙʫʨʦʛʦ 

ʮʚʝʪʘ. ʄʦʱʥʦʩʪʴ ʧʘʯʢʠ ʜʦ 3.3 ʤ. 

ʇʘʯʢʘ 2ʟ (ms) ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʝʨʝʩʣʘʠʚʘʶʱʠʤʠʩʷ ʩʣʦʷʤʠ 

ʧʝʩʯʘʥʠʢʘ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʠ ʩʝʨʦʛʦ, ʩʨʝʜʥʝ-ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ, ʧʣʦʭʦ ʧʨʦʤʳʪʦʛʦ, 

ʩʣʘʙʦʦʙʦʭʨʝʥʥʦʛʦ ʠ ʩʣʘʙʦʩʮʝʤʝʥʪʠʨʦʚʘʥʥʦʛʦ. ʅʘʙʣʶʜʘʶʪʩʷ ʧʝʨʝʭʦʜʳ ʢ 
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ʨʘʟʥʦʟʝʨʥʠʩʪʳʤ ʩʣʦʷʤ ʜʦ ʛʨʘʚʝʣʠʩʪʳʭ, ʢʦʩʦʩʣʦʠʩʪʳʭ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʨʝʦʙʣʘʜʘʝʪ 

ʘʣʝʚʨʦʣʠʪ ʩ ʧʝʨʝʭʦʜʦʤ ʢ ʘʣʝʚʨʦ-ʧʝʩʯʘʥʠʢʫ. ʄʦʱʥʦʩʪʴ ʧʘʯʢʠ ʜʦ 4 ʤ. 

ʇʘʯʢʘ 3ʟ (ms) ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʩʯʘʥʠʢʦʤ ʪʦʥʢʦʟʝʨʥʠʩʪʳʤ, ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʤ, 

ʩʣʘʙʦʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʤ, ʩ ʤʘʣʦʤʦʱʥʳʤʠ (ʜʦ 0.7 ʩʤ) ʧʨʦʩʣʦʷʤʠ ʩʝʨʳʭ ʘʨʛʠʣʣʠʪʦʚ. 

ʅʠʞʥʠʡ ʢʦʥʪʘʢʪ ʯʝʪʢʦ ʚʳʨʘʞʝʥ. ɺ ʦʩʥʦʚʘʥʠʠ ʧʘʯʢʠ ʥʘʙʣʶʜʘʶʪʩʷ ʩʢʦʧʣʝʥʠʷ ʧʝʩʯʘʥʦʛʦ 

ʠ ʛʨʘʚʠʡʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʄʦʱʥʦʩʪʴ ʜʦ 2.5 ʤ.  

ʇʘʯʢʘ 4ʟ (ms) ʩʦʩʪʦʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʩʚʝʪʣʦ-ʩʝʨʦʛʦ ʘʣʝʚʨʦʣʠʪʘ ʠ 

ʧʝʩʯʘʥʠʢʘ ʪʦʥʢʦ-ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ, ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ, ʦʙʦʭʨʝʥʥʦʛʦ ʚ ʧʨʠʢʦʥʪʘʢʪʦʚʦʡ 

ʟʦʥʝ, ʧʝʨʝʩʣʘʠʚʘʶʱʝʛʦʩʷ ʩ ʘʣʝʚʨʦʣʠʪʦʤ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʤ. ʇʘʯʢʘ ʚʝʥʯʘʝʪʩʷ ʩʣʦʝʤ 

ʧʝʩʯʘʥʠʢʘ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ, ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʤʦʱʥʦʩʪʴʶ 0.8 ʤ. ʄʦʱʥʦʩʪʴ ʧʘʯʢʠ 

5.8 ʤ. 

ʆʙʱʘʷ ʚʠʜʠʤʘʷ ʤʦʱʥʦʩʪʴ ʤʠʰʠʭʠʥʩʢʦʡ ʪʦʣʱʠ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʨʘʩʯʠʩʪʢʠ 

ʩʦʩʪʘʚʣʷʝʪ 15.6 ʤ. 

ɺ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʨʘʩʯʠʩʪʢʠ ʚ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʚ 

ʦʧʨʦʢʠʥʫʪʦʤ ʟʘʣʝʛʘʥʠʠ ʩ ʚʦʩʪʦʢʘ ʥʘ ʟʘʧʘʜ) ʦʙʦʟʥʘʯʘʶʪʩʷ ʰʝʩʪʴ ʧʘʯʝʢ, ʜʚʝ ʠʟ ʢʦʪʦʨʳʭ 

ʦʪʥʦʩʷʪʩʷ ʢ ʤʠʰʠʭʠʥʩʢʦʡ ʪʦʣʱʝ (1ʚ (ms)ï2ʚ (ms)) ʠ ʯʝʪʳʨʝ ï ʢ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʝ (3ʚ 

(tn)ï6ʚ (tn)) (ʨʠʩ. 4.16 ʘ). 

ʇʘʯʢʘ 1ʚ (ms) ʩʣʦʞʝʥʘ ʘʨʛʠʣʣʠʪʦʤ ʪʝʤʥʦ-ʩʝʨʳʤ, ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ï ʧʝʩʯʘʥʠʢʦʤ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤ, ʢʦʨʠʯʥʝʚʳʤ ʠ ʩʝʨʳʤ, ʩ ʧʨʠʤʝʩʴʶ ʛʨʘʚʠʷ. ɺʠʜʠʤʘʷ ʤʦʱʥʦʩʪʴ ʧʘʯʢʠ 

ʜʦ 1.5 ʤ. 

ʇʘʯʢʘ 2ʚ (ms) ʦʙʨʘʟʦʚʘʥʘ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʘʣʝʚʨʦʣʠʪʘ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʠ ʧʝʩʯʘʥʠʢʘ 

ʩʨʝʜʥʝ-ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʜʦ ʛʨʘʚʠʡʥʦʛʦ, ʢʦʨʠʯʥʝʚʘʪʦ-ʩʝʨʦʛʦ. ʆʪʤʝʯʝʥ ʥʝʙʦʣʴʰʦʡ 

ʧʨʦʩʣʦʡ ʘʨʛʠʣʣʠʪʘ. ʄʦʱʥʦʩʪʴ ʧʘʯʢʠ ʜʦ 2 ʤ. 

ʇʘʯʢʘ 3ʚ (tn) ʥʘʯʠʥʘʝʪʩʷ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʘʨʛʠʣʣʠʪʘ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʠ ʧʝʩʯʘʥʠʢʘ 

ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ, ʤʝʣʢʦ-ʩʨʝʜʥʝʟʝʨʥʠʩʪʦʛʦ, ʩʣʘʙʦʩʮʝʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʠ ʟʘʚʝʨʰʘʝʪʩʷ 

ʩʣʦʝʤ ʘʣʝʚʨʦʣʠʪʘ ʪʝʤʥʦ-ʩʝʨʦʛʦ, ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʩ ʧʝʩʯʘʥʠʢʦʤ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ 

ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʤ. ʅʘʙʣʶʜʘʝʪʩʷ ʧʨʦʩʣʦʡ ʫʛʣʷ ʪʝʤʥʦ-ʙʫʨʦʛʦ, ʧʣʘʩʪʠʥʯʘʪʦʛʦ 

ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 15 ʩʤ. ʄʦʱʥʦʩʪʴ ʧʘʯʢʠ ʜʦ 3.3 ʤ. 

ʇʘʯʢʘ 4ʚ (tn) ʜʘʝʪ ʧʝʨʝʩʣʘʠʚʘʥʠʝ ʘʣʝʚʨʦʣʠʪʘ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʠ ʧʝʩʯʘʥʠʢʘ 

ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ, ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʜʦ ʙʫʨʦʛʦ, ʩʣʘʙʦʩʮʝʤʝʥʪʠʨʦʚʘʥʥʦʛʦ. ɺʩʪʨʝʯʝʥ 

ʧʨʦʩʣʦʡ ʘʨʛʠʣʣʠʪʘ, ʛʫʤʫʩʠʨʦʚʘʥʥʦʛʦ ʤʦʱʥʦʩʪʴʶ 5ï7 ʩʤ. ɺ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʯʘʩʪʷʭ 

ʧʘʯʢʠ ʥʘʭʦʜʷʪʩʷ ʧʨʦʩʣʦʠ ʙʫʨʦʛʦ ʫʛʣʷ ʤʦʱʥʦʩʪʴʶ ʜʦ 20 ʩʤ. ʄʦʱʥʦʩʪʴ ʧʘʯʢʠ ʜʦ 2.4 ʤ.  
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ʈʠʩ. 4.15. ʉʭʝʤʘ ʦʧʨʦʙʦʚʘʥʠʷ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ ʚ ʩʝʚʝʨʥʦʡ ʨʘʩʯʠʩʪʢʝ ʄʠʰʠʭʠʥʩʢʦʛʦ ʦʧʦʨʥʦʛʦ ʨʘʟʨʝʟʘ [ɸʣʴ ʍʘʤʫʜ ʠ ʜʨ., 2021].  

ʅʘ ʚʨʝʟʢʘʭ-ʬʦʪʦʛʨʘʬʠʷʭ (ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ): ʘ ï ʫʛʣʦʚʦʝ ʥʝʩʦʛʣʘʩʠʝ ʵʦʮʝʥʦʚʳʭ ʠ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʙ ï ʪʝʢʪʦʥʠʯʝʩʢʠʡ 

ʢʦʥʪʘʢʪ ʚʝʨʭʥʝʦʣʠʛʦʮʝʥʦʚʦʡ ʠ ʚʝʨʭʥʝʤʠʦʮʝʥʦʚʦʡïʥʠʞʥʝʧʣʠʦʮʝʥʦʚʦʡ ʧʘʯʝʢ, ʚ ï ʬʨʘʛʤʝʥʪ ʩʨʝʜʥʝʤʠʦʮʝʥʦʚʦʡ ʧʘʯʢʠ ʩ ʧʨʦʩʣʦʷʤʠ 

ʙʫʨʦʛʦ ʫʛʣʷ, ʛ ï ʬʨʘʛʤʝʥʪ ʚʝʨʭʥʝʦʣʠʛʦʮʝʥʦʚʦʡ ʧʘʯʢʠ ʙʝʟ ʫʛʣʠʩʪʳʭ ʧʨʦʩʣʦʝʚ. ɺʝʨʪʠʢʘʣʴʥʳʡ ʤʘʩʰʪʘʙ ʧʨʝʚʳʰʘʝʪ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʚ 18 

ʨʘʟ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʢʘʞʫʱʝʝʩʷ ʫʚʝʣʠʯʝʥʠʝ ʥʘʢʣʦʥʘ ʩʣʦʝʚ. 
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ʈʠʩ. 4.16. ʂʦʨʨʝʣʷʮʠʷ ʦʪʣʦʞʝʥʠʡ ʚʦʩʪʦʯʥʦʡ (ʘ) ʠ ʟʘʧʘʜʥʦʡ (ʙ) ʯʘʩʪʝʡ ʩʝʚʝʨʥʦʡ 

ʨʘʩʯʠʩʪʢʠ ʄʠʰʠʭʠʥʩʢʦʛʦ ʦʧʦʨʥʦʛʦ ʨʘʟʨʝʟʘ [ɸʣʴ ʍʘʤʫʜ ʠ ʜʨ., 2021]. ʋʩʣ. ʦʙʦʟʥ. ʩʤ. 

ʨʠʩ. 4.15. 

 

ʇʘʯʢʘ 5ʚ (tn) ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʘʨʛʠʣʣʠʪʘ, 

ʧʣʦʪʥʦʛʦ, ʪʝʤʥʦ-ʩʝʨʦʛʦ ʠ ʧʝʩʯʘʥʠʢʘ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ, ʩʣʘʙʦʩʮʝʤʝʥʪʠʨʦʚʘʥʥʦʛʦ, 

ʩʚʝʪʣʦ-ʩʝʨʦʛʦ ʩ ʧʨʠʤʝʩʴʶ ʛʨʘʚʠʷ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʩʣʘʠʚʘʥʠʝ 

ʘʣʝʚʨʦʣʠʪʘ ʧʣʦʪʥʦʛʦ, ʪʝʤʥʦ-ʩʝʨʦʛʦ, ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʦʛʦ ʠ ʧʝʩʯʘʥʠʢʘ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ, 
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ʢʦʨʠʯʥʝʚʦʛʦ. ʇʨʠʩʫʪʩʪʚʫʶʪ ʧʨʦʩʣʦʠ ʙʫʨʦʛʦ ʫʛʣʷ ʤʦʱʥʦʩʪʴʶ ʜʦ 30 ʩʤ. ʄʦʱʥʦʩʪʴ 

ʧʘʯʢʠ ʜʦ 5 ʤ.  

ʇʘʯʢʘ 6ʚ (tn) ʦʙʨʘʟʦʚʘʥʘ ʤʥʦʛʦʢʨʘʪʥʦʡ ʧʝʨʝʤʝʞʘʝʤʦʩʪʴʶ ʧʝʩʯʘʥʠʢʘ ʠ 

ʘʣʝʚʨʦʣʠʪʘ. ʇʝʩʯʘʥʠʢ ʪʦʥʢʦʟʝʨʥʠʩʪʳʡ, ʪʝʤʥʦ-ʩʝʨʳʡ. ɸʣʝʚʨʦʣʠʪ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʡ. ɺ 

ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʧʘʯʢʠ ʚʩʪʨʝʯʝʥʳ ʧʨʦʩʣʦʠ ʛʨʘʚʠʷ ʠ ʫʛʣʷ. ʋʛʦʣʴ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʜʦ 

ʯʝʨʥʦʛʦ, ʨʘʩʢʘʣʳʚʘʝʪʩʷ ʥʘ ʧʣʘʩʪʠʥʢʠ. ʄʦʱʥʦʩʪʴ ʧʘʯʢʠ ʜʦ 6.5 ʤ. 

ɺʩʢʨʳʪʘʷ ʤʦʱʥʦʩʪʴ ʤʠʰʠʭʠʥʩʢʦʡ ʪʦʣʱʠ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʨʘʩʯʠʩʪʢʠ 

ʩʦʩʪʘʚʣʷʝʪ 3.5 ʤ, ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ ï 17.2 ʤ. ʄʦʱʥʦʩʪʴ ʤʠʰʠʭʠʥʩʢʦʛʦ ʩʪʨʘʪʦʥʘ ʚ 

ʦʧʨʦʢʠʥʫʪʦʡ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʦʙʥʘʞʝʥʠʷ ʩʦʢʨʘʱʘʝʪʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʝʛʦ ʤʦʱʥʦʩʪʠ ʚ 

ʥʦʨʤʘʣʴʥʦ ʟʘʣʝʛʘʶʱʝʡ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 4 ʨʘʟʘ.  

ʊʝʢʪʦʥʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʪʦʣʱ ʩ ʥʦʨʤʘʣʴʥʳʤ ʠ ʦʧʨʦʢʠʥʫʪʳʤ ʟʘʣʝʛʘʥʠʝʤ.  

ʅʘ ʛʨʘʥʠʮʝ ʪʦʣʱ ʟʘʧʘʜʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʝʡ ʨʘʩʯʠʩʪʢʠ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ 

ʘʣʝʚʨʦʧʝʩʯʘʥʠʢ ʧʘʯʢʠ 4ʟ (ms) ʨʝʟʢʦ ʩʤʝʥʷʝʪʩʷ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʤ ʘʣʝʚʨʦʣʠʪʦʤ ʧʘʯʢʠ 

6ʚ (tn). ɺ ʧʣʦʪʥʦ ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʦʤ ʘʣʝʚʨʦʧʝʩʯʘʥʠʢʝ ʧʘʯʢʠ 4ʟ (ms) ʨʘʟʚʠʪʘ ʤʝʣʢʘʷ 

ʢʦʤʢʦʚʘʪʦʩʪʴ (ʢʘʪʘʢʣʘʟ). ɺ ʘʣʝʚʨʦʣʠʪʝ ʧʘʯʢʠ 8ʚ (tn) ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ ʦʪʩʫʪʩʪʚʫʝʪ. ɺ 

ʩʣʦʝ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʘʣʝʚʨʦʣʠʪʘ ʧʘʨʘʣʣʝʣʴʥʦ ʢʦʥʪʘʢʪʫ ʧʨʦʪʷʛʠʚʘʶʪʩʷ ʪʦʥʢʠʝ (ʜʦ 3 

ʩʤ) ʩʣʦʠ ʠ ʫʧʣʦʱʝʥʥʳʝ ʣʠʥʟʳ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʧʝʩʯʘʥʠʢʘ. ɹʣʠʞʝ ʢ ʢʦʥʪʘʢʪʫ ʩʣʦʠ 

ʩʪʘʥʦʚʷʪʩʷ ʥʝʯʝʪʢʠʤʠ ʠ ʩʤʝʥʷʶʪʩʷ ʦʜʥʦʨʦʜʥʳʤ ʘʣʝʚʨʦʣʠʪʦʤ.  

ʇʝʨʝʢʨʳʚʘʶʱʠʡ ʧʦʢʨʦʚ ʩʦʩʪʘʚʣʷʝʪ ʤʝʣʢʠʡ ʛʘʣʝʯʥʠʢ ʩ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤ 

ʧʝʩʯʘʥʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ ʦʪ ʢʦʨʠʯʥʝʚʦʛʦ ʜʦ ʯʝʨʥʦʛʦ ʮʚʝʪʘ. ʆʪʣʦʞʝʥʠʷ ʠʤʝʶʪ 

ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʩʣʦʠʩʪʦʩʪʴ, ʩʫʙʧʘʨʘʣʣʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʤʳʚʘ. ɺ ʥʠʞʥʝʡ 

ʯʘʩʪʠ ʪʦʣʱʠ ʥʘʙʣʶʜʘʶʪʩʷ ʟʘʧʘʜʠʥʳ ʠ ʚʩʪʨʝʯʘʶʪʩʷ ʚʘʣʫʥʳ ʨʘʟʤʝʨʦʤ ʜʦ 20 ʩʤ. 

ʄʦʱʥʦʩʪʴ ʛʘʣʝʯʥʠʢʦʚʦʛʦ ʧʦʢʨʦʚʘ ʚʦ ʚʩʢʨʳʪʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʜʦʩʪʠʛʘʝʪ 4 ʤ. 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʪʣʦʞʝʥʠʡ 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʚʣʝʯʝʥ ʤʘʪʝʨʠʘʣ ʚʩʝʭ 

ʥʘʢʣʦʥʝʥʥʳʭ ʩʣʦʝʚ ʩʝʚʝʨʥʦʡ ʨʘʩʯʠʩʪʢʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʘʣʝʚʨʦʣʠʪʦʚʦʛʦ ʩʣʦʷ ʧʘʯʢʠ 4ʟ 

(ms), ʚ ʢʦʪʦʨʦʤ ʚʠʜʠʤʘʷ ʦʙʣʦʤʦʯʥʘʷ ʬʨʘʢʮʠʷ ʥʝ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ (ʨʠʩ. 4.17). 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʠʤʝʣʠ ʘʣʣʶʚʠʘʣʴʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ɼʘʞʝ 

ʩʘʤʳʝ ʪʦʥʢʠʝ ʬʨʘʢʮʠʠ ʦʪʣʘʛʘʣʠʩʴ ʚ ʚʦʜʦʝʤʘʭ ʩ ʧʨʦʪʦʯʥʳʤ ʨʝʞʠʤʦʤ, ʧʦʵʪʦʤʫ ʚʦ ʚʩʝʭ 

ʩʣʦʷʭ, ʚʢʣʶʯʘʷ ʘʣʝʚʨʦʣʠʪʦʚʫʶ ʧʘʯʢʫ 4ʟ (ms), ʠʩʢʦʧʘʝʤʳʭ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ʥʝ 

ʦʙʥʘʨʫʞʝʥʦ. ʊʧʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʟʘʩʪʦʡʥʳʭ ʣʠʤʥʠʯʝʩʢʠʭ ʙʘʩʩʝʡʥʦʚ ʚ ʨʘʟʨʝʟʝ 

ʦʪʩʫʪʩʪʚʫʶʪ [ɸʣʴ ʍʘʤʫʜ ʠ ʜʨ., 2021].  

ʇʦ ʚʩʝʤʫ ʨʘʟʨʝʟʫ ʧʨʝʦʙʣʘʜʘʶʪ ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʝʩʯʘʥʠʢʠ (0.8<ɜ<2.0). 

ʆʙʣʦʤʦʯʥʳʝ ʯʘʩʪʠʮʳ ʧʝʩʯʘʥʠʢʦʚ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʨʘʟʤʝʨʳ ï ʦʪ ʘʣʝʚʨʠʪʦʚʦʛʦ ʠ 
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ʘʣʝʚʨʠʪʦʚʦ-ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ (x*=0.34ï0.38 ʤʤ) ʜʦ ʢʨʫʧʥʦ-ʩʨʝʜʥʝʟʝʨʥʠʩʪʦʛʦ (x*=0.57ï

0.60 ʤʤ), ʤʝʣʢʦ-ʩʨʝʜʥʝ-ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ (x*=0.72ï0.85 ʤʤ), ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ 

(x*=0.90ï1.06 ʤʤ), ʛʨʫʙʦ-ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ (x*=1.17ï1.34 ʤʤ) ʧʩʘʤʤʠʪʦʚʦʛʦ ʠ ʛʘʣʝʯʥʦ-

ʛʨʘʚʠʡʥʦ-ʧʝʩʯʘʥʦʛʦ (x*=1.65ï1.84 ʤʤ). 

 

ʈʠʩ. 4.17. ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʟʘʧʘʜʥʦʡ (ʘ) ʠ 

ʚʦʩʪʦʯʥʦʡ (ʙ) ʯʘʩʪʷʭ ʩʝʚʝʨʥʦʡ ʨʘʩʯʠʩʪʢʠ, ʦʪʦʙʨʘʥʥʳʭ ʥʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

[ɸʣʴ ʍʘʤʫʜ ʠ ʜʨ., 2021]. ʋʩʣ. ʦʙʦʟʥ. ʩʤ. ʨʠʩ. 4.15. 

 

ʀʤʝʶʪʩʷ ʦʙʱʠʝ ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʦʩʥʦʚʥʳʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʠʥʝʨʘʣʦʚ ʠ ʩʨʝʜʳ ʩʝʜʠʤʝʥʪʘʮʠʠ (ʪʘʙʣ. 4.2, ʨʠʩ. 4.18). ʈʦʣʴ 

ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʠ ʢʚʘʨʮʘ ʤʘʢʩʠʤʘʣʴʥʘ ʚ ʵʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʠ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʚ 

ʦʪʣʦʞʝʥʠʷʭ ʦʣʠʛʦʮʝʥʘ ʠ ʤʠʦʮʝʥʘ. ʅʘʠʙʦʣʝʝ ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʝ ʬʘʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʥʠʟ, ʩʝʨʝʜʠʥʫ ʠ ʚʝʨʭ ʵʦʮʝʥʦʚʦʡ ʧʘʯʢʠ. ʉʘʤʳʝ ʤʝʣʢʠʝ ʧʝʩʯʘʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʦʩʘʜʢʦʚ 

ʩʦʜʝʨʞʘʪ ʥʝʙʦʣʴʰʫ  ʁʧʨʠʤʝʩ ɹʙʦʣʝʝ ʢʨʫʧʥʳʭ ʦʙʣʦʤʦʯʥʳʭ ʯʘʩʪʠʮ (ʜʦ 3 %)  [ɸʣʴ ʍʘʤʫʜ 

ʠ ʜʨ., 2021]. 
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ʊʘʙʣʠʮʘ 4.2 

ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʦʪʣʦʞʝʥʠʡ 

ʄʠʰʠʭʠʥʩʢʦʛʦ ʨʘʟʨʝʟʘ  

ʇʨʠʤʝʯʘʥʠʝ: ʍʩʨ. ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ, %; s ï ʩʪʘʥʜʘʨʪʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ; Vʚʘʨ. ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ, %; n ï ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ. ɽʜʠʥʘʷ 

ʚʦʟʨʘʩʪʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ʧʦ 

ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ. 

 

ʈʠʩ. 4.18. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʟʥʘʯʝʥʠʡ: ʘ ï ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ x*, ʙ 

ï ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ɜ [ɸʣʴ ʍʘʤʫʜ ʠ ʜʨ., 2021]. ʉʣʦʠ ʟʘʧʘʜʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʝʡ 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ 

ʉʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʦʚ, % 

ʂʚʘʨʮ ʇʦʣʝʚʳʝ ʰʧʘʪʳ ɻʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ 

ʕʦʮʝʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ (n=4) 

ʍʩʨ. 31.25 51.25 18.75 

s 3.91 7.97 4.22 

Vʚʘʨ. 13 16 23 

ʆʣʠʛʦʮʝʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ (n=3) 

ʍʩʨ. 33.33 41.67 25 

s 12.95 17.51 5.77 

Vʚʘʨ. 39 42 23 

ʄʠʦʮʝʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ (n=4) 

ʍʩʨ. 25 48 28 

s 5 17.85 12.99 

Vʚʘʨ. 20 37.59 47.24 
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ʩʝʚʝʨʥʦʡ ʨʘʩʯʠʩʪʢʠ ʄʠʰʠʭʠʥʩʢʦʛʦ ʨʘʟʨʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʝʜʠʥʦʡ ʚʦʟʨʘʩʪʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʡ ʧʦ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ. ʋʩʣʦʚʥʳʝ 

ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʨʠʩ. 4.15. 

 

ɸʣʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʧʝʨʝʭʦʜʥʳʝ ʢ ʦʟʝʨʥʳʤ (0.4<ɜ<0.8), ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʝʩʯʘʥʳʤʠ ʘʣʝʚʨʠʪʘʤʠ (x*=0.07ï0.09 ʤʤ), ʘʣʝʚʨʦʧʝʩʯʘʥʠʢʘʤʠ (x*=0.13ï0.15 ʤʤ) ʠ 

ʘʣʝʚʨʠʪʦʚʦ-ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ ʨʘʟʥʦʩʪʷʤʠ ʦʪʣʦʞʝʥʠʡ (x*=0.17ï0.20 ʤʤ) (ʨʠʩ. 4.19). 

ɻʝʥʝʪʠʢʦ-ʬʘʮʠʘʣʴʥʘʷ ʧʨʠʨʦʜʘ ʵʪʠʭ ʦʩʘʜʢʦʚ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʘʣʣʶʚʠʘʣʴʥʳʤʠ 

ʨʫʩʣʦʚʳʤʠ ʛʨʷʜʦʚʳʤʠ ʧʝʩʢʘʤʠ ʨʝʯʥʦʡ ʤʘʢʨʦʬʘʮʠʠ. 

 

ʈʠʩ. 4.19. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʩʘʜʢʦʚ ʦʙʨ. 1 ʠ 8 (ʥʠʞʥʷʷ ʯʘʩʪʴ ʩʝʚʝʨʥʦʡ 

ʨʘʩʯʠʩʪʢʠ ʄʠʰʠʭʠʥʩʢʦʛʦ ʨʘʟʨʝʟʘ, ʩʤ. ʨʠʩ. 4.17). 

 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʪʣʦʞʝʥʠʡ 

ʉʦʦʪʥʦʰʝʥʠʷ ʤʠʥʝʨʘʣʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʤ ʘʥʘʣʠʟʦʤ ʚ 

ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʩʝʚʝʨʥʦʡ ʨʘʩʯʠʩʪʢʠ ʄʠʰʠʭʠʥʩʢʦʛʦ ʨʘʟʨʝʟʘ, ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 4.3 [ɸʣʴ ʍʘʤʫʜ ʠ ʜʨ., 2021]. 
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ʊʘʙʣʠʮʘ 4.3 

ʉʦʦʪʥʦʰʝʥʠʝ ʦʩʥʦʚʥʳʭ ʤʠʥʝʨʘʣʦʚ ʦʪʣʦʞʝʥʠʡ ʩʝʚʝʨʥʦʡ ʨʘʩʯʠʩʪʢʠ  

ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ  

ʉʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʦʚ ʚ ʧʦʨʦʜʝ, % 

ɺʦʟʨʘʩʪ 

ʅʦʤʝʨ 

ʦʙʨʘʟʮʘ* 

ʂʚʘʨʮ ʇʦʣʝʚʦʡ 

ʰʧʘʪ 

ʂʘʦʣʠʥʠʪ ɻʠʜʨʦʩʣʶʜʘ-

ʩʤʝʢʪʠʪ 

ɻʠʜʨʦʩʣʶʜʘ-

ʩʤʝʢʪʠʪ ʠ 

ʭʣʦʨʠʪ 

ɺʝʨʭʥʠʡ 

ʤʠʦʮʝʥï

ʥʠʞʥʠʡ 

ʧʣʠʦʮʝʥ 

13 25 30 5 40 ï 

ʄʠʦʮʝʥ 

16 20 65 5 + 10 

20 30 35 15 20 ï 

27 30 25 20 25 ï 

33 20 65 5 + 10 

ʆʣʠʛʦʮʝʥ 

48 45 40 7 8 ï 

45 40 25 20 + 15 

8 15 60 5 20 ï 

ʕʦʮʝʥ 

51 45 40 5 15 ï 

52 30 50 5 15  

5 20 70 5 5 ï 

3 30 45 5 20 ï 

*ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʦʙʨʘʟʮʦʚ ʩʤ. ʥʘ ʨʠʩ. 4.15. 

 

ɺ ʦʪʣʦʞʝʥʠʷʭ ʵʦʮʝʥʘ ʧʨʝʦʙʣʘʜʘʝʪ ʪʝʨʨʠʛʝʥʥʘʷ ʬʨʘʢʮʠʷ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ (51 % ï 

ʩʨʝʜʥʝʝ ʯʝʪʳʨʝʭ ʦʧʨʝʜʝʣʝʥʠʡ) ʧʨʠ ʤʘʣʦʤ ʩʦʜʝʨʞʘʥʠʠ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ (10ï20 %), 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʠʜʨʦʩʣʶʜʦʡ, ʩʤʝʢʪʠʪʦʤ ʠ ʢʘʦʣʠʥʠʪʦʤ (ʨʠʩ. 4.20 ʘ). ʆʪʣʦʞʝʥʠʷ 

ʦʣʠʛʦʮʝʥʘ ʦʪʣʠʯʘʶʪʩʷ ʨʘʟʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʤʠʥʝʨʘʣʦʚ ʪʝʨʨʠʛʝʥʥʦʡ ʬʨʘʢʮʠʠ 

(ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʘʨʠʘʮʠʠ 39ï42 %) ʠ ʧʦʣʠʤʠʥʝʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʛʣʠʥʠʩʪʦʡ ʬʨʘʢʮʠʠ: 

ʢʘʦʣʠʥʠʪ, ʛʠʜʨʦʩʣʶʜʘ, ʩʤʝʢʪʠʪ ʠ ʭʣʦʨʠʪ. ʆʪʣʦʞʝʥʠʷ ʤʠʦʮʝʥʘ ʩʦʜʝʨʞʘʪ ʧʦʚʳʰʝʥʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ (48 %) ʠ ʤʠʥʠʤʘʣʴʥʦʝ ï ʢʚʘʨʮʘ (25 %). ʇʦʣʠʤʠʥʝʨʘʣʴʥʳʡ 

ʩʦʩʪʘʚ ʛʣʠʥʠʩʪʦʡ ʬʨʘʢʮʠʠ ʬʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʝʥ ʦʣʠʛʦʮʝʥʦʚʳʤ ʦʪʣʦʞʝʥʠʷʤ 

(ʢʘʦʣʠʥʠʪ, ʛʠʜʨʦʩʣʶʜʘ, ʩʤʝʢʪʠʪ ʠ ʭʣʦʨʠʪ) (ʨʠʩ. 4.20 ʙ). 

ʆʪʣʦʞʝʥʠʷ ʚʝʨʭʥʝʛʦ ʤʠʦʮʝʥʘïʥʠʞʥʝʛʦ ʧʣʠʦʮʝʥʘ ʦʪʣʠʯʘʶʪʩʷ ʤʝʥʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʪʝʨʨʠʛʝʥʥʦʡ ʬʨʘʢʮʠʠ (55 %) ʠ ʩʫʱʝʩʪʚʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʠʥʠʩʪʳʭ 

ʤʠʥʝʨʘʣʦʚ (45 %), ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʠʜʨʦʩʣʶʜʦʡ, ʩʤʝʢʪʠʪʦʤ ʠ ʢʘʦʣʠʥʠʪʦʤ (ʨʠʩ. 4.20 ʚ). 

ɽʩʣʠ ʚ ʦʣʠʛʦʮʝʥʦʚʳʭ ʩʠʥʠʭ ʛʣʠʥʘʭ ʶʞʥʦʡ ʨʘʩʯʠʩʪʢʠ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʬʘʟʳ 

ʛʠʜʨʦʩʣʶʜʳ-ʩʤʝʢʪʠʪʘ ʠ ʭʣʦʨʠʪʘ, ʚ ʜʚʫʭ ʠʟ ʪʨʝʭ ʦʙʨʘʟʮʦʚ ʙʫʨʳʭ ʦʣʠʛʦʮʝʥʦʚʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʩʝʚʝʨʥʦʡ ʨʘʩʯʠʩʪʢʠ ʵʪʠ ʤʠʥʝʨʘʣʴʥʳʝ ʬʘʟʳ ʦʪʩʫʪʩʪʚʫʶʪ. 
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ʈʠʩ. 4.20. ʈʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʦʪʣʦʞʝʥʠʡ ʵʦʮʝʥʘ (ʘ ï ʦʙʨ. 3), ʤʠʦʮʝʥʘ (ʙ ï ʦʙʨ. 33) ʠ 

ʚʝʨʭʥʝʛʦ ʤʠʦʮʝʥʘïʥʠʞʥʝʛʦ ʧʣʠʦʮʝʥʘ (ʚ ï ʦʙʨ. 13) [ɸʣʴ ʍʘʤʫʜ ʠ ʜʨ., 2021].  

 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʪʣʦʞʝʥʠʡ 

ʅʘ ʜʠʘʛʨʘʤʤʝ CIAïSiO2 (ʨʠʩ. 4.21) ʨʘʟʣʠʯʘʶʪʩʷ ʦʙʣʦʤʦʯʥʳʝ ʧʦʨʦʜʳ 

ʤʠʰʠʭʠʥʩʢʦʡ ʪʦʣʱʠ ʠ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ (ʛʨʫʧʧʘ 1) ʠ ʧʦʨʦʜʳ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ, 
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ʩʦʜʝʨʞʘʱʠʝ ʙʫʨʳʡ ʫʛʦʣʴ, ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʛʣʠʥʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʠʟ ʩʝʚʝʨʥʦʡ 

ʨʘʩʯʠʩʪʢʠ ʄʠʰʠʭʠʥʩʢʦʛʦ ʠ ʇʦʣʦʚʠʥʢʠʥʩʢʦʛʦ ʨʘʟʨʝʟʦʚ (ʛʨʫʧʧʘ 2).  

ɻʨʫʧʧʘ 1: ʦʪʣʦʞʝʥʠʷ ʄʠʰʠʭʠʥʩʢʦʡ ʪʦʣʱʠ (ʵʦʮʝʥïʚʝʨʭʥʠʡ ʦʣʠʛʦʮʝʥ) 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ CIA (ʦʪ 67.6 ʜʦ 75.4), ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 

SiO2 ʦʪ 59.0 ʜʦ 69.7 ʤʘʩ. %. ɿʥʘʯʝʥʠʷ CIA ʚ ʦʪʣʦʞʝʥʠʷʭ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ (ʥʠʞʥʠʡ 

ʤʠʦʮʝʥïʥʠʞʥʠʡ ʧʣʠʦʮʝʥ) ʤʝʥʷʶʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 65.8 ʜʦ 81.5 ʩ ʩʦʜʝʨʞʘʥʠʷʤʠ SiO2 

55.7ï66.0 ʤʘʩ. %. ɻʨʫʧʧʘ 2 ʠʤʝʝʪ ʩʘʤʦʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʷ CIA (ʦʪ 77 ʜʦ 92), ʧʨʠ ʥʠʟʢʦʤ 

ʩʦʜʝʨʞʘʥʠʠ SiO2 (ʦʪ 35.0 ʜʦ 53.9 ʤʘʩ. %). ɺ ʵʪʦʡ ʛʨʫʧʧʝ ʦʧʨʝʜʝʣʝʥʦ ʥʘʠʙʦʣʝʝ ʥʠʟʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ SiO2 (ʦʙʨ. 28ï35.0 ʤʘʩ. %).  

 

ʈʠʩ. 4.21. ɼʠʘʛʨʘʤʤʘ CIAïSiO2 ʦʪʣʦʞʝʥʠʡ ʤʠʰʠʭʠʥʩʢʦʡ ʪʦʣʱʠ ʠ ʪʘʥʭʦʡʩʢʦʡ 

ʩʚʠʪʳ ʠʟ ʩʝʚʝʨʥʦʡ ʨʘʩʯʠʩʪʢʠ ʄʠʰʠʭʠʥʩʢʦʛʦ ʨʘʟʨʝʟʘ ʠ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ 

ʇʦʣʦʚʠʥʢʠʥʩʢʦʛʦ ʨʘʟʨʝʟʘ. ɺʦʟʨʘʩʪ ʦʪʣʦʞʝʥʠʡ ʦʧʨʝʜʝʣʝʥ ʧʦ ʩʦʩʪʘʚʫ ʩʧʦʨ ʠ ʧʳʣʴʮʳ: 1ï

2 ï ʩʪʨʘʪʦʥʳ ʤʠʰʠʭʠʥʩʢʦʡ ʪʦʣʱʠ: ʵʦʮʝʥʦʚʳʡ (1), ʚʝʨʭʥʝʵʦʮʝʥʦʚʳʡ-

ʥʠʞʥʝʦʣʠʛʦʮʝʥʦʚʳʡ (2), ʚʝʨʭʥʝʦʣʠʛʦʮʝʥʦʚʳʡ (3); 4ï9 ï ʪʦ ʞʝ, ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ: 

ʥʠʞʥʝʤʠʦʮʝʥʦʚʳʡ (4), ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ: ʥʠʞʥʝʤʠʦʮʝʥʦʚʳʡ (ʥʘ ʨ. ʇʦʣʦʚʠʥʢʘ) (5), 

ʩʨʝʜʥʝ-ʚʝʨʭʥʝʤʠʦʮʝʥʦʚʳʡ (6), ʚʝʨʭʥʝʤʠʦʮʝʥʦʚʳʡïʥʠʞʥʝʧʣʠʦʮʝʥʦʚʳʡ (7), ʛʣʠʥʘ 

ʥʠʞʥʝʛʦ-ʩʨʝʜʥʝʛʦ ʤʠʦʮʝʥʘ, ʥʘʩʳʱʝʥʥʘʷ ʜʝʪʨʠʪʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ (8), ʙʫʨʳʡ ʫʛʦʣʴ 

ʵʪʦʛʦ ʞʝ ʚʦʟʨʘʩʪʘ (9), ʧʝʩʯʘʥʠʢ ʠʟ ʯʝʪʚʝʨʪʠʯʥʦʡ ʧʝʨʝʢʨʳʚʘʶʱʝʡ ʧʘʯʢʠ (10). 

 

ɺ ʨʝʟʫʣʴʪʘʪʘʭ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ (F1 ï 46.5 % ʠ F2 ï 19.2 %) ʘʣʣʶʚʠʷ ʩ 

ʧʨʦʩʣʦʷʤʠ ʫʛʣʝʡ ʨʝʘʣʠʟʫʝʪʩʷ ʛʨʫʧʧʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʧʦ ʧʝʪʨʦʛʝʥʥʳʤ ʦʢʩʠʜʘʤ ʧʦ 

ʣʠʪʦʛʝʦʭʠʤʠʯʝʩʢʦʤʫ ʢʦʥʪʨʘʩʪʫ ʤʝʞʜʫ ʦʙʣʦʤʦʯʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʝʩʯʘʥʠʢʦʚ ʠ 

ʘʣʝʚʨʦ-ʧʝʩʯʘʥʠʢʦʚ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʛʣʠʥ-ʜʝʪʨʠʪʘ, ʩ ʜʨʫʛʦʡ (ʨʠʩ. 4.22 ʘ, ʙ) [ɸʣʴ 

ʍʘʤʫʜ ʠ ʜʨ., 2021]. ʇʦ ʧʝʨʚʦʤʫ ʬʘʢʪʦʨʫ ʨʘʟʜʝʣʷʶʪʩʷ ʦʢʩʠʜʳ ʛʣʠʥ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 
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ʜʝʪʨʠʪʘ (ʇʇʇ, Al2O3) ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʢʩʠʜʘʤʠ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ (Fe2O3, TiO2, FeO, 

MnO) ʚ ʧʨʦʪʠʚʦʚʝʩ ʦʢʩʠʜʘʤ ʧʝʩʯʘʥʠʢʦʚ ʠ ʘʣʝʚʨʦ-ʧʝʩʯʘʥʠʢʦʚ (SiO2, Na2O, K2O, CaO). 

ʇʦ ʚʪʦʨʦʤʫ ʬʘʢʪʦʨʫ ʨʘʟʜʝʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʛʣʠʥ-ʜʝʪʨʠʪʘ ʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ (ʦʙʨ. 26). 

 

ʈʠʩ. 4.22. ʌʘʢʪʦʨʥʳʝ ʜʠʘʛʨʘʤʤʳ ʧʝʪʨʦʛʝʥʥʳʭ ʦʢʩʠʜʦʚ ʦʪʣʦʞʝʥʠʡ ʤʠʰʠʭʠʥʩʢʦʡ 

ʪʦʣʱʠ ʠ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ ʠʟ ʩʝʚʝʨʥʦʡ ʨʘʩʯʠʩʪʢʠ ʄʠʰʠʭʠʥʩʢʦʛʦ ʨʘʟʨʝʟʘ [ɸʣʴ ʍʘʤʫʜ ʠ 

ʜʨ., 2021] ʠ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ ʇʦʣʦʚʠʥʢʠʥʩʢʦʛʦ ʨʘʟʨʝʟʘ. ʋʩʣ. ʦʙʦʟʥ. ʩʤ. ʨʠʩ. 4.21. 

ʇʘʥʝʣʴ ʘ ï ʜʠʘʛʨʘʤʤʘ ʚʝʢʪʦʨʦʚ ʦʙʨʘʟʮʦʚ; ʧʘʥʝʣʴ ʙ ï ʜʠʘʛʨʘʤʤʘ ʚʝʢʪʦʨʦʚ ʧʝʨʝʤʝʥʥʳʭ. 

ʌʘʢʪʦʨ 1: ʇʇʇ0.81; Al 2O3
0.77; TiO2

0.46; Fe2O3
0.38; SiO2

ï0.96; Na2Oï0.90; K2Oï0.88; CaOï0.83; 

MnOï0.089; MgOï0.08; P2O5
ï0.07; FeOï0.01. ʌʘʢʪʦʨ 2: ʇʇʇ0.25; K2O0.18; Al2O3

0.20;  SiO2
0.06; 

Fe2O3
ï0.74; MnOï0.70; P2O5

ï0.64; MgOï0.51; TiO2
ï0.32; CaOï0.25; FeOï0.07; Na2Oï0.02; ʧʘʥʝʣʴ ʚ ï 

ʜʠʘʛʨʘʤʤʘ ʚʝʢʪʦʨʦʚ ʦʙʨʘʟʮʦʚ ʛʨʫʧʧʳ 1, ʧʘʥʝʣʴ ʛ ï ʜʠʘʛʨʘʤʤʘ ʚʝʢʪʦʨʦʚ ʧʝʨʝʤʝʥʥʳʭ 

ʛʨʫʧʧʳ 1 (ʚʝʩʘ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʯʝʩʢʠ). 
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ɺ ʛʨʫʧʧʝ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ ʦʧʨʝʜʝʣʝʥʳ ʠʥʪʝʨʚʘʣʳ ʩʦʜʝʨʞʘʥʠʡ SiO2=57ï69.6 

ʤʘʩ. %, K2O=1.5ï4.1 ʤʘʩ. %, Na2O=1.5ï3.19 ʤʘʩ. % ʩ ʠʥʪʝʨʚʘʣʘʤʠ ʇʇʇ=2.2ï8.3 ʤʘʩ. % 

ʠ Al2O3=15.2ï19.0 ʤʘʩ. %. ɼʣʷ ʛʨʫʧʧʳ ʛʣʠʥ-ʜʝʪʨʠʪʘ ʧʦʢʘʟʘʪʝʣʴʥʳ ʠʥʪʝʨʚʘʣʳ 

ʇʇʇ=7.8ï35.9 ʤʘʩ. % ʠ Al2O3=19.1ï24.4 ʤʘʩ. %. ʂʦʨʘ ʚʳʚʝʪʨʠʚʘʥʠʷ (ʦʙʨ. 26) 

ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʦʢʠʩʣʝʥʥʦʩʪʴʶ ʞʝʣʝʟʘ (Fe2O3/FeO=16.9) ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 

ʇʇʇ=10.4 ʤʘʩ. %, Al2O3=17.9 ʤʘʩ. %, SiO2=42.2 ʤʘʩ. %, K2O=2.1 ʤʘʩ. % ʠ Na2O=0.8 

ʤʘʩ. %.  

ʅʘ ʨʠʩ. 4.22 (ʚ, ʛ) ʚ ʬʘʢʪʦʨʥʦʤ ʘʥʘʣʠʟʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ ʦʙʨʘʟʮʳ ʪʨʝʥʜʘ 

ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʛʨʫʧʧʳ 1 ʥʘ ʧʘʥʝʣʠ ʘ). ɺʦʟʨʘʩʪʥʦʝ ʛʨʫʧʧʠʨʦʚʘʥʠʝ ʦʪ ʵʦʮʝʥʘ 

ʜʦ ʢʚʘʨʪʝʨʘ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥʦ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʬʠʛʫʨʘʪʠʚʥʳʭ ʧʦʣʝʡ ʚ ʢʚʘʜʨʘʥʪʘʭ I ʠ 

III. ɺʝʢʪʦʨʘ ʦʙʨʘʟʮʦʚ ʵʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘʭʦʜʷʪʩʷ ʚ ʢʚʘʜʨʘʥʪʝ IV, ʘ ʦʣʠʛʦʮʝʥʦʚʳʭ 

ï ʩʤʝʱʝʥʳ ʤʝʞʜʫ ʢʚʘʜʨʘʥʪʘʤʠ II ʠ III. ɺʝʢʪʦʨʘ ʦʙʨʘʟʮʦʚ ʥʠʞʥʝʤʠʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ 

ʩʝʚʝʨʥʦʡ ʨʘʩʯʠʩʪʢʠ ʄʠʰʠʭʠʥʩʢʦʛʦ ʨʘʟʨʝʟʘ ʥʘʭʦʜʷʪʩʷ ʚ ʢʚʘʜʨʘʥʪʝ I, ʘ ʦʪʣʦʞʝʥʠʡ 

ʥʠʞʥʝʛʦ ʤʠʦʮʝʥʘ (ʨ. ʇʦʣʦʚʠʥʢʘ) ï ʚ ʢʚʘʜʨʘʥʪʝ II ʚ ʚʠʜʝ ʦʜʥʦʨʦʜʥʦʛʦ ʠʟʦʤʝʪʨʠʯʥʦʛʦ 

ʧʦʣʷ. ɺʝʢʪʦʨʘ ʦʙʨʘʟʮʦʚ ʩʨʝʜʥʝʤʠʦʮʝʥʦʚʳʭ ʠ ʚʝʨʭʥʝʤʠʦʮʝʥʦʚʳʭïʥʠʞʥʝʧʣʠʦʮʝʥʦʚʳʭ 

ʦʪʣʦʞʝʥʠʡ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʢʦʥʪʨʘʩʪʥʳʝ ʩʦʚʦʢʫʧʥʦʩʪʠ II, III ʠ IV ʢʚʘʜʨʘʥʪʦʚ. ʂ 

ʩʦʚʦʢʫʧʥʦʩʪʠ III ʢʚʘʜʨʘʥʪʘ ʦʪʥʦʩʠʪʩʷ ʧʝʩʯʘʥʳʡ ʥʘʧʦʣʥʠʪʝʣʴ ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ 

ʛʘʣʝʯʥʠʢʦʚ. ʅʘ ʢʚʘʜʨʘʥʪ III ʧʨʠʭʦʜʠʪʩʷ ʪʨʝʥʜ ʫʚʝʣʠʯʝʥʠʷ ʦʢʠʩʣʝʥʠʷ ʧʦʨʦʜʳ ʩ 

ʚʦʟʨʘʩʪʘʥʠʝʤ Fe2O3/FeO ʦʪ 5.0 ʜʦ 31.7. 

ʀʩʪʦʯʥʠʢ ʩʥʦʩʘ ʜʣʷ ʦʪʣʦʞʝʥʠʡ ʄʠʰʠʭʠʥʩʢʦʛʦ ʨʘʟʨʝʟʘ ʦʧʨʝʜʝʣʝʥ ʧʦ 

ʩʦʦʪʥʦʰʝʥʠʶ La/ScïTh/Co [Cullers, 2002]. ɺʩʝ ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʧʨʦʜʫʢʪʳ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ ʨʠʩ. 4.23. 

 

ʈʠʩ. 4.23. ʇʦʣʦʞʝʥʠʝ ʬʠʛʫʨʘʪʠʚʥʳʭ ʪʦʯʝʢ ʩʦʩʪʘʚʘ ʦʪʣʦʞʝʥʠʡ ʶʞʥʦʡ ʨʘʩʯʠʩʪʢʠ 

(ʘ) ʠ ʩʝʚʝʨʥʦʡ ʨʘʩʯʠʩʪʢʠ (ʙ) ʤʠʰʠʭʠʥʩʢʦʛʦ ʨʘʟʨʝʟʘ ʥʘ ʜʠʘʛʨʘʤʤʝ La/ScïTh/Co. ʋʩʣ. 
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ʦʙʦʟʥ. ʩʤ. ʥʘ ʨʠʩ 4.21. ʇʦʣʷ ʩʦʩʪʘʚʦʚ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʫʢʘʟʘʥʳ ʧʦ ʨʘʙʦʪʝ [Cullers, 

2002].  

 

ʇʘʣʠʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʚʦʟʨʘʩʪʘ ʦʪʣʦʞʝʥʠʡ 

ʅʘ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʦʡ ʜʠʘʛʨʘʤʤʝ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠʟ ʩʝʚʝʨʥʦʡ ʨʘʩʯʠʩʪʢʠ 

ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʧʘʣʠʥʦʟʦʥʳ (ʇɿ) (ʨʠʩ. 4.24) [ɸʣʴ ʍʘʤʫʜ ʠ ʜʨ., 2021].  

ʇɿ I ʦʙʦʟʥʘʯʘʝʪʩʷ ʧʦ ʧʘʣʠʥʦʩʧʝʢʪʨʘʤ ʧʷʪʠ ʦʙʨʘʟʮʦʚ: 3, 4, 52, 49, 10. 

ʇʘʣʠʥʦʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ 3 ʠ 4 ʠʟ ʧʘʯʢʠ 1ʟ (ms) ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʨʘʩʯʠʩʪʢʠ ʦʙʦʛʘʱʝʥʳ 

ʧʳʣʴʮʦʡ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ (68.7ï78.8 %), ʦʙʝʜʥʝʥʳ ʧʳʣʴʮʦʡ ʛʦʣʦʩʝʤʝʥʥʳʭ (13.8ï24.1 %) 

ʠ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ (1.3ï1.5 %). ʉʦʜʝʨʞʘʥʠʝ ʩʧʦʨ ï 5.9 %. ɺ ʩʦʩʪʘʚʝ ʧʳʣʴʮʳ 

ʛʦʣʦʩʝʤʝʥʥʳʭ ʧʦʨʦʜ ʧʨʝʦʙʣʘʜʘʶʪ Taxodiaceae ʠ Sequoia. ɹʦʛʘʪʳʡ ʨʦʜʦʚʦʡ ʠ ʚʠʜʦʚʦʡ 

ʩʦʩʪʘʚ ʧʳʣʴʮʳ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʪʘʢʠʭ ʬʦʨʤʘʣʴʥʳʭ 

ʨʦʜʦʚ ʢʘʢ Triatriopollenites, Triporopollenites ʠ ʚʠʜʘ Ulmoideipites planeraeformis ʧʦʟʚʦʣʷʝʪ 

ʢʦʨʨʝʣʠʨʦʚʘʪʴ ʜʘʥʥʫʶ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʩ ʢʦʤʧʣʝʢʩʘʤʠ ʠʟ ʦʪʣʦʞʝʥʠʡ ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʠʭ 

ʨʘʟʨʝʟʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʧʝʨʝʭʦʜʫ ʦʪ ʥʠʞʥʝʛʦ ʵʦʮʝʥʘ (ʦʙʨ. 3) ʢ ʩʨʝʜʥʝʤʫ ʵʦʮʝʥʫ (ʦʙʨ. 4).  

ʇʘʣʠʥʦʩʧʝʢʪʨ ʠʟ ʧʘʯʢʠ 1ʚ (ms) ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʨʘʩʯʠʩʪʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʛʦʩʧʦʜʩʪʚʦʤ ʧʳʣʴʮʳ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ (54.8 %) ʠ ʛʦʣʦʩʝʤʝʥʥʳʭ (34.1 %) ʨʘʩʪʝʥʠʡ. ʉʫʤʤʘ 

ʩʧʦʨ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 11.1 %. ʊʨʘʚʳ ʦʪʩʫʪʩʪʚʫʶʪ. ʊʘʢ ʞʝ, ʢʘʢ ʚ ʧʘʣʠʥʦʩʧʝʢʪʨʘʭ ʦʙʨʘʟʮʦʚ 

3 ʠ 4, ʚ ʧʘʣʠʥʦʩʧʝʢʪʨʝ ʦʙʨ. 52 ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ ʛʦʣʦʩʝʤʝʥʥʳʭ ʧʦʨʦʜ Taxodiaceae ʠ 

Sequoia. ɺ ʵʪʦʤ ʧʘʣʠʥʦʩʧʝʢʪʨʝ, ʢʨʦʤʝ ʨʘʟʥʦʦʙʨʘʟʠʷ ʭʚʦʡʥʳʭ ʧʦʨʦʜ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʦʪʤʝʯʝʥʦ ʟʘʤʝʪʥʦʝ ʫʯʘʩʪʠʝ ʧʳʣʴʮʳ ʪʘʢʠʭ ʨʦʜʦʚ ʢʘʢ: Keteleria ʠ Podocarpus, ʚʦʟʨʘʩʪʘʝʪ 

ʨʦʣʴ ʨʦʜʘ Tsuga, ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʚʠʜʘ Ulmoideipites planeraeformis ʠ ʥʘʯʠʥʘʝʪ 

ʧʨʝʦʙʣʘʜʘʪʴ ʧʳʣʴʮʘ ʨʦʜʘ Juglans, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʦʪʣʦʞʝʥʠʡ ʚʝʨʭʥʝʛʦ ʵʦʮʝʥʘïʥʠʞʥʝʛʦ 

ʦʣʠʛʦʮʝʥʘ. 

ʇʘʣʠʥʦʩʧʝʢʪʨ ʠʟ ʧʘʯʢʠ 4ʟ (ms) ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ 

ʧʘʣʠʥʦʩʧʝʢʪʨʦʤ 49 ʠʟ ʧʘʯʢʠ 2ʚ (ms) ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ. ɺ ʩʦʩʪʘʚʝ ʦʙʦʠʭ 

ʧʘʣʠʥʦʩʧʝʢʪʨʦʚ ʦʧʨʝʜʝʣʝʥʳ: ʧʳʣʴʮʘ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ (46.9ï47.1 %), ʛʦʣʦʩʝʤʝʥʥʳʭ (39.8ï

42.2 %), ʩʧʦʨʳ (7.2ï11.4 %), ʧʳʣʴʮʘ ʪʨʘʚ (1.9ï2.4 %). ʉʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ 10 ʠ 49 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʳʣʴʮʳ ʛʦʣʦʩʝʤʝʥʥʳʭ ʠ 

ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʧʦʨʦʜ. ɹʝʜʥʝʝ ʩʪʘʥʦʚʠʪʩʷ ʩʦʩʪʘʚ ʧʳʣʴʮʳ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ ʠ 

ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ ʩʝʤʝʡʩʪʚʘ Juglondaceae, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʛʦ ʟʘʤʝʪʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʨʦʜ 

Carya. ʅʝʙʦʣʴʰʦʝ ʨʘʟʣʠʯʠʝ ʚʥʦʩʠʪ ʥʘʣʠʯʠʝ ʚ ʦʙʨ. 10 ʟʘʤʝʪʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʳʣʴʮʳ ʨʦʜʘ 

Comptonia, ʯʪʦ ʧʨʠ ʦʙʱʝʤ ʧʦʟʜʥʝʦʣʠʛʦʮʝʥʦʚʦʤ ʥʘʢʦʧʣʝʥʠʠ ʦʙʝʠʭ ʧʘʯʝʢ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʙʦʣʝʝ ʨʘʥʥʝʤ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʘʯʢʠ 4ʟ (ms) ʠ ʙʦʣʝʝ ʧʦʟʜʥʝʤ ï ʧʘʯʢʠ 2ʚ 

(ms). 
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ʈʠʩ. 4.24. ʉʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʘʷ ʜʠʘʛʨʘʤʤʘ ʦʪʣʦʞʝʥʠʡ ʩʝʚʝʨʥʦʡ ʨʘʩʯʠʩʪʢʠ ʄʠʰʠʭʠʥʩʢʦʛʦ ʨʘʟʨʝʟʘ: ʘ ï ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ, ʙ ï 

ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ [ɸʣʴ ʍʘʤʫʜ ʠ ʜʨ., 2021]. 
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ʇɿ II ʚʢʣʶʯʘʝʪ ʧʘʣʠʥʦʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ 46 ʠ 41 ʠʟ ʧʘʯʢʠ 3ʚ (tn) ʠ ʦʙʨ. 24 ʠʟ ʧʘʯʢʠ 5ʚ 

(tn) ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʨʘʩʯʠʩʪʢʠ. ɺ ʫʢʘʟʘʥʥʳʭ ʦʙʨʘʟʮʘʭ, ʪʘʢ ʞʝ, ʢʘʢ ʚ ʦʙʨʘʟʮʘʭ I ʧʘʣʠʥʦʟʦʥʳ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝ ʥʘ ʨʦʜʦʚʦʤ ʠ ʚʠʜʦʚʦʤ ʫʨʦʚʥʝ ʩʦʩʪʘʚʘ ʧʳʣʴʮʳ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʠ 

ʛʦʣʦʩʝʤʝʥʥʳʭ ʧʦʨʦʜ. ʇʘʣʠʥʦʟʦʥʘ II ʚʳʜʝʣʝʥʘ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʩ ʙʦʣʴʰʠʤ 

ʚʠʜʦʚʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʧʳʣʴʮʳ ʨʦʜʦʚ: Tsuga, Taxodium sp. ʠ Sequoia. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨʚʦʡ 

ʧʘʣʠʥʦʟʦʥʳ, ʚʦ ʚʪʦʨʦʡ ʚʦʟʨʘʩʪʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʩʧʦʨ. 

ɺ ʵʪʦʡ ʟʦʥʝ ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʧʦʜʟʦʥʳ: a ʠ b. ɺ ʧʦʜʟʦʥʝ ʘ (ʦʙʨ. 46 ʠ 41) ʩʦʜʝʨʞʠʪʩʷ 

ʧʳʣʴʮʘ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ (49.5ï49.6 %) ʠ ʛʦʣʦʩʝʤʝʥʥʳʭ (32.1ï43.5 %). ʉʧʦʨʳ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 

6.9 ʜʦ 17.9 %. ˤ ʛʨʫʧʧʝ ʪʨʘʚʷʥʠʩʪʳʭ ʚʩʪʨʝʯʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʦ ʩʝʤʝʡʩʪʚʦ (Onograceae 0.5 %). ɺ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʦʜʟʦʥʳ ʩʨʝʜʠ ʛʦʣʦʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʜʦʤʠʥʠʨʫʝʪ ʧʳʣʴʮʘ Tsuga ʠ ʨʦʜʘ Picea, 

ʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʚ ʦʩʥʦʚʥʦʤ ʧʳʣʴʮʘ ʨʦʜʦʚ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ Quercus, Taxodium, Momipites ʠ 

Carya. ɺ ʧʦʜʟʦʥʝ ʦʪʤʝʯʘʝʪʩʷ ʚʦʟʨʘʩʪʘʥʠʝ ʨʦʣʠ ʧʳʣʴʮʳ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʧʦʨʦʜ, ʥʦ ʝʝ ʩʦʩʪʘʚ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ. ɿʘʤʝʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʳʣʴʮʳ ʨʦʜʘ Momipites ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʠʞʥʝʤʠʦʮʝʥʦʚʳʡ ʚʦʟʨʘʩʪ ʧʘʣʠʥʦʩʧʝʢʪʨʦʚ ʧʦʜʟʦʥʳ ʘ. ɺ ʧʦʜʟʦʥʝ b (ʦʙʨ. 24) ʚ ʩʦʩʪʘʚʝ 

ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʧʦʨʦʜ ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ ʨʦʜʦʚ Fagus ʠ Quercus, ʚ ʩʦʩʪʘʚʝ ʭʚʦʡʥʳʭ ʧʦʨʦʜ 

ï Tsuga (4 ʚʠʜʘ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʨʘʩʪ ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʝʤʫ ʤʠʦʮʝʥʫ.  

ʇɿ III ʦʙʦʟʥʘʯʘʝʪʩʷ ʧʦ ʧʘʣʠʥʦʩʧʝʢʪʨʘʤ ʦʙʨʘʟʮʦʚ 15 ʠ 11 ʠʟ ʧʘʯʢʠ 6ʚ (tn). ɺ ʵʪʠʭ 

ʧʘʣʠʥʦʩʧʝʢʪʨʘʭ ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ (53.1ï62.9 %). ʇʳʣʴʮʘ ʛʦʣʦʩʝʤʝʥʥʳʭ 

ʧʦʨʦʜ ʩʦʩʪʘʚʣʷʝʪ 23.5ï24.5 %. ʉʧʦʨʳ ʟʘʥʠʤʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 

8.3 ʜʦ 19.3 %, ʘ ʧʳʣʴʮʘ ʪʨʘʚʷʥʠʩʪʳʭ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 3.1 ʜʦ 5.3 %.  

ɺ ʮʝʣʦʤ ʇɿ III ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʝʜʥʝʥʥʳʤ ʩʦʩʪʘʚʦʤ ʩʧʦʨ ʠ ʧʳʣʴʮʳ, ʢʘʢ ʚ ʚʠʜʦʚʦʤ, 

ʪʘʢ ʠ ʚ ʨʦʜʦʚʦʤ ʩʦʩʪʘʚʝ. ɺ ʥʝʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʳʣʴʮʳ 

ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʇɿ II, ʩʧʦʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ. ʇʦ 

ʚʘʨʠʘʮʠʷʤ ʩʦʜʝʨʞʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ʧʘʣʠʥʦʩʧʝʢʪʨʦʚ ʇɿ III  ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ 

ʧʦʜʟʦʥʳ: v ʠ g [ɹʦʣʦʪʥʠʢʦʚʘ, 1979; ʊʦʤʩʢʘʷ, 1981]. ɺ ʧʦʜʟʦʥʝ v (ʦʙʨ. 15) ʥʘ ʬʦʥʝ ʩʥʠʞʝʥʠʷ 

ʨʦʣʠ ʧʳʣʴʮʳ ʛʦʣʦʩʝʤʝʥʥʳʭ ʧʦʨʦʜ ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʝʪ ʧʳʣʴʮʘ ʪʨʝʭ ʨʦʜʦʚ (Ulmus, Juglans, 

Carya). ʇʨʠʩʫʪʩʪʚʫʝʪ ʧʳʣʴʮʘ Quercus. ʕʪʠ ʬʦʨʤʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʦʪʣʦʞʝʥʠʡ ʚʝʨʭʥʝʛʦ 

ʤʠʦʮʝʥʘ. ɺ ʧʦʜʟʦʥʝ g (ʦʙʨ. 11) ʛʦʩʧʦʜʩʪʚʫʝʪ ʧʳʣʴʮʘ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʜʝʨʝʚʴʝʚ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʳʣʴʮʳ Carya, Quercus,Ulmus, c ʟʘʤʝʪʥʳʤ ʫʯʘʩʪʠʝʤ ʧʳʣʴʮʳ 

ʨʦʜʘ Fagus. ʉʨʝʜʠ ʛʦʣʦʩʝʤʝʥʥʳʭ ʧʦʨʦʜ ʜʦʤʠʥʠʨʫʝʪ ʧʳʣʴʮʘ Taxodiaceae, Pinus ʠ Tsuga. ʕʪʘ 

ʧʦʜʟʦʥʘ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʝʪʩʷ ʩ ʬʘʟʘʤʠ ʨʘʥʥʝʛʦ ʧʣʠʦʮʝʥʘ. ɺ ʮʝʣʦʤ ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ 

ʚʩʝʭ ʧʘʯʝʢ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʨʘʩʯʠʩʪʢʠ ʠ ʧʘʯʝʢ 1ʚï2ʚ (ms) ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʨʘʩʯʠʩʪʢʠ 

ʜʘʪʠʨʫʶʪʩʷ ʧʦ ʧʘʣʠʥʦʩʧʝʢʪʨʘʤ ʇɿ I ʵʦʮʝʥʦʤïʦʣʠʛʦʮʝʥʦʤ, ʦʪʣʦʞʝʥʠʷ ʧʘʯʝʢ 3ʚï5ʚ (tn) 

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʨʘʩʯʠʩʪʢʠ ʧʦ ʧʘʣʠʥʦʩʧʝʢʪʨʘʤ ʇɿ II ï ʥʠʞʥʠʤïʩʨʝʜʥʠʤ ʤʠʦʮʝʥʦʤ ʠ 
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ʦʪʣʦʞʝʥʠʷ ʧʘʯʢʠ 6ʚ (tn) ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʨʘʩʯʠʩʪʢʠ ʧʦ ʧʘʣʠʥʦʩʧʝʢʪʨʘʤ ʇɿ III  ï ʥʘʯʘʣʦʤ 

ʥʠʞʥʝʛʦ ʧʣʠʦʮʝʥʘ. 

ʉʦʩʪʘʚ ʧʘʣʠʥʦʩʧʝʢʪʨʦʚ ʩʝʚʝʨʥʦʡ ʠ ʶʞʥʦʡ ʯʘʩʪʝʡ ʨʘʟʨʝʟʘ ʄʠʰʠʭʘ, ʚʳʜʝʣʝʥʥʳʭ ʚ 

ʇɿ I, ʧʦʟʚʦʣʷʝʪ ʜʘʪʠʨʦʚʘʪʴ ʜʘʥʥʳʡ ʠʥʪʝʨʚʘʣ ʵʦʮʝʥïʦʣʠʛʦʮʝʥʦʚʳʤ ʚʦʟʨʘʩʪʦʤ. ʇɿ II ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʢ ʥʠʞʥʝʤʫ ʤʠʦʮʝʥʫ, ʘ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʧʦʜʟʦʥʳ d ʠ ʥʠʞʥʶʶ ʯʘʩʪʴ ʧʦʜʟʦʥʳ v ʇɿ 

III ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʝʨʝʭʦʜʦʤ ʦʪ ʥʠʞʥʝʛʦ ʢ ʚʝʨʭʥʝʤʫ ʤʠʦʮʝʥʫ. ɺʝʨʭʥʶʶ ʯʘʩʪʴ ʧʦʜʟʦʥʳ b 

ʠ ʥʠʞʥʶʶ ʯʘʩʪʴ ʧʦʜʟʦʥʳ g ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʚʝʨʭʥʝʤʫ ʤʠʦʮʝʥʫ, ʘ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʧʦʜʟʦʥʳ 

g ï ʢ ʥʘʯʘʣʫ ʥʠʞʥʝʛʦ ʧʣʠʦʮʝʥʘ.  

ʅʘ ʨʠʩ. 4.25 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʘʣʠʥʦʩʧʝʢʪʨʦʚ ʚ 

ʢʦʦʨʜʠʥʘʪʘʭ ʧʝʨʚʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 22.4 ʠ 13.8 % 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʙʨʘʟʮʦʚ. 

 

ʈʠʩ. 4.25. ʌʘʢʪʦʨʥʳʝ ʜʠʘʛʨʘʤʤʳ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʭ ʩʧʝʢʪʨʦʚ ʦʩʘʜʦʯʥʳʭ 

ʦʪʣʦʞʝʥʠʡ [ɸʣʴ ʍʘʤʫʜ ʠ ʜʨ., 2021]. ʇʘʥʝʣʴ ʘ ï ʜʠʘʛʨʘʤʤʘ ʚʝʢʪʦʨʦʚ ʦʙʨʘʟʮʦʚ: 1ï3 ï 

ʩʪʨʘʪʦʥʳ ʤʠʰʠʭʠʥʩʢʦʡ ʪʦʣʱʠ: ʵʦʮʝʥʦʚʳʡ (1), ʚʝʨʭʥʝʵʦʮʝʥʦʚʳʡ-ʥʠʞʥʝʦʣʠʛʦʮʝʥʦʚʳʡ (2), 

ʚʝʨʭʥʝʦʣʠʛʦʮʝʥʦʚʳʡ (3); 4ï5 ï ʪʦ ʞʝ, ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ: ʥʠʞʥʝ-ʩʨʝʜʥʝʤʠʦʮʝʥʦʚʳʡ (4), 
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ʚʝʨʭʥʝʤʠʦʮʝʥʦʚʳʡïʥʠʞʥʝʧʣʠʦʮʝʥʦʚʳʡ (5). ʇʘʥʝʣʴ ʙ ï ʜʠʘʛʨʘʤʤʘ ʚʝʢʪʦʨʦʚ ʧʝʨʝʤʝʥʥʳʭ: 

6ï9 ï ʛʦʣʦʩʝʤʝʥʥʳʝ (6), ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʝ (7), ʩʧʦʨʳ (8), ʪʨʘʚʳ (9). 

 

ʅʘ ʜʠʘʛʨʘʤʤʝ ʨʠʩ. 4.25 ʙ ʚʳʜʝʣʷʝʪʩʷ ʛʨʫʧʧʘ ʚʝʢʪʦʨʦʚ ʧʳʣʴʮʳ ʠʟ 14 ʧʦʨʦʜ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʬʘʢʪʦʨʘ 1 ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʬʘʢʪʦʨʘ 3 ʚ ʢʚʘʜʨʘʥʪʝ III. 

ʅʘ ʜʠʘʛʨʘʤʤʝ ʨʠʩ. 4.25 ʙ ʚ ʵʪʦʤ ʞʝ ʢʚʘʜʨʘʥʪʝ ʜʠʘʛʨʘʤʤʳ ʥʘʭʦʜʷʪʩʷ ʚʝʢʪʦʨʘ 

ʵʦʮʝʥʦʚʳʭ ʦʙʨʘʟʮʦʚ. ʈʘʩʪʠʪʝʣʴʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʦʙʦʟʥʘʯʘʝʪ ʨʘʟʚʠʪʠʝ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ 

ʣʝʩʦʚ ʙʦʛʘʪʦʛʦ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩ ʟʘʤʝʪʥʳʤ ʫʯʘʩʪʠʝʤ ʪʨʦʧʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ï 

Liquidambar, Platycarya, Pterocarya. ʆʪʤʝʯʝʥʳ ʜʫʙʳ ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʨʦʜʘ Ulmoidites, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʦʪʣʦʞʝʥʠʡ ʵʦʮʝʥʘ, ʘ ʪʘʢʞʝ ʵʣʝʤʝʥʪʳ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ï 

Triatriopollenites, ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʧʘʣʝʦʮʝʥʦʚʦʡ ʬʣʦʨʳ. ʇʨʝʦʙʣʘʜʘʥʠʝ ʚ ʩʦʩʪʘʚʝ ʭʚʦʡʥʳʭ 

ʙʦʣʦʪʥʦʛʦ ʢʠʧʘʨʠʩʘ ʠ ʩʝʢʚʦʡʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʦʟʝʨ ʠ ʟʘʙʦʣʦʯʝʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ. ʅʠʞʥʠʡ ʷʨʫʩ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʨʘʟʚʠʪ ʩʣʘʙʦ. ʂʣʠʤʘʪ ʙʳʣ ʙʣʠʟʦʢ ʢ 

ʪʨʦʧʠʯʝʩʢʦʤʫ, ʥʦ ʥʘʣʠʯʠʝ ʣʠʩʪʦʧʘʜʥʳʭ ʧʦʨʦʜ ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʘʤʝʪʥʳʝ ʧʝʨʝʧʘʜʳ ʣʝʪʥʠʭ ʠ 

ʟʠʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʇʦʜʦʙʥʳʡ ʩʦʩʪʘʚ ʣʝʩʦʚ ʦʧʠʩʘʥ ʜʣʷ ʦʪʣʦʞʝʥʠʡ ʧʦʟʜʥʝʛʦ ʧʘʣʝʦʮʝʥʘ 

ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʉʝʚʝʨʦ-ʂʠʪʘʡʩʢʦʡ ʬʣʦʨʠʩʪʠʯʝʩʢʦʡ ʧʨʦʚʠʥʮʠʠ [ɹʦʣʦʪʥʠʢʦʚʘ, 1979].  

ʉʧʦʨʦʚʦ-ʧr ʣʴʮʝʚʳʝ ʚʝʢʪʦʨʳ ʦʙʨ. 52, 10 ʠ 49 ʩʤʝʘɦʶʪʩʷ ʚ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ 

ʬʘʢʪʦʨʘ 3 (ʢʚʘʜʨʘʥʪ II). ʉʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʦʡ ʚʝʢʪʦʨ ʦʙʨ. 52 ʦʙʦʟʥʘʯʘʝʪ ʫʩʠʣʝʥʠʝ 

ʘʨʠʜʠʟʘʮʠʠ ʚ ʢʦʥʮʝ ʵʦʮʝʥʘ, ʢʦʪʦʨʦʝ ʧʨʠʚʝʣʦ ʢ ʨʝʟʢʦʤʫ ʨʘʩʰʠʨʝʥʠʶ ʘʨʝʘʣʘ ʜʫʙʦʚʦ-

ʙʫʢʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʣʝʩʘʭ ʩ ʜʦʤʠʥʠʨʦʚʘʚʰʠʤʠ ʛʠʢʦʨʠʝʚʦ-

ʦʨʝʭʦʚʳʤʠ ʟʘʨʦʩʣʷʤʠ ʠ ʥʝʙʦʣʴʰʠʤ ʫʯʘʩʪʠʝʤ ʪʨʦʧʠʯʝʩʢʠʭ ʚʝʯʥʦʟʝʣʝʥʳʭ ʧʦʨʦʜ. ʉʦʩʪʘʚ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʩʫʙʪʨʦʧʠʯʝʩʢʦʛʦ ʪʠʧʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʝʧʣʦʤ ʢʣʠʤʘʪʝ ʩ ʧʦʥʠʞʝʥʥʦʡ 

ʚʣʘʞʥʦʩʪʴʶ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʯʘʩʪʠʝ ʚ ʩʦʩʪʘʚʝ ʭʚʦʡʥʳʭ ʧʦʨʦʜ ʙʦʣʦʪʥʦʛʦ ʢʠʧʘʨʠʩʘ ʠ ʩʝʢʚʦʡʠ ʚ 

ʦʙʨ. 10 ʠ 49 ʛʦʚʦʨʠʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʚ ʧʦʟʜʥʝʤ ʦʣʠʛʦʮʝʥʝ ʦʙʰʠʨʥʳʭ ʟʘʙʦʣʦʯʝʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ. ɺ ʨʝʯʥʳʭ ʜʦʣʠʥʘʭ ʙʳʣʠ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʦʨʝʭʦʚʳʝ ʣʝʩʘ ʩ ʫʯʘʩʪʠʝʤ ʣʘʧʠʥʳ, 

ʙʫʢʘ, ʜʫʙʘ, ʛʨʘʙʘ, ʣʠʢʚʠʜʘʤʙʘʨʘ, ʚʦʩʢʦʚʥʠʢʘ ʩ ʧʦʜʣʝʩʢʦʤ ʠʟ ʢʦʤʧʪʦʥʠʠ. ɺ ʛʦʨʥʦʤ ʨʘʡʦʥʝ 

ʩ ʩʫʙʪʨʦʧʠʯʝʩʢʠʤ ʢʣʠʤʘʪʦʤ ʙʳʣʠ ʨʘʟʚʠʪʳ ʦʙʰʠʨʥʳʝ ʟʘʙʦʣʦʯʝʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʩ 

ʚʦʟʨʘʩʪʘʥʠʝʤ ʘʨʠʜʠʟʘʮʠʠ. ɻʦʨʦʦʙʨʘʟʫʶʱʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠʤʝʣʠ ʤʝʩʪʦ, ʩʢʦʨʝʝ 

ʚʩʝʛʦ, ʜʦ ʩʨʝʜʥʝʛʦ ʦʣʠʛʦʮʝʥʘ. 

ʇʘʣʠʥʦʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʇɿ II (41, 46, 24) ʩʤʝʱʘʶʪʩʷ ʚ ʢʚʘʜʨʘʥʪʳ IV ʠ I. 

ʇʘʣʠʥʦʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ 46 ʠ 41 ʧʦʜʟʦʥʳ ʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʧʳʣʴʮʳ ʛʦʣʦʩʝʤʝʥʥʳʭ ʠ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʧʦʨʦʜ. ɺ ʩʦʩʪʘʚʝ ʧʘʣʠʥʦʩʧʝʢʪʨʘ 

ʦʙʨ. 41 ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʳʣʴʮʘ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ. 
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ʇʨʝʦʙʣʘʜʘʶʪ Momipites, Carya, Juglondaceae, Quercus ʠ Ulmus. ʇʨʠʩʫʪʩʪʚʫʝʪ ʧʳʣʴʮʘ 

ʛʦʣʦʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʦʩʥʦʚʥʦʤ ʪʨʝʭ ʚʠʜʦʚ: Tsuga, Picea ʠ Taxodium. ʂʣʠʤʘʪ 

ʜʦʩʪʘʪʦʯʥʦ ʪʝʧʣʳʡ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʫʭʦʡ. ʆʙʨ. 24 ʧʦʜʟʦʥʳ b ʜʘʝʪ ʨʝʟʢʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʬʘʢʪʦʨʘ 3. ʅʝʩʤʦʪʨʷ ʥʘ ʚʘʨʠʘʮʠʠ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʦʩʥʦʚʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʜʣʷ 

ʵʪʦʡ ʧʦʜʟʦʥʳ ʭʘʨʘʢʪʝʨʥʳ ʦʙʱʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ï ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʩʦʩʪʘʚʝ ʪʝʤʥʦʭʚʦʡʥʳʭ 

ʣʝʩʦʚ ʪʩʫʛʠ. ɺ ʮʝʣʦʤ, ʵʪʘ ʧʦʜʟʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʤʝʨʝʥʥʦ ʪʝʧʣʳʤ ʢʣʠʤʘʪʦʤ, 

ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʷʱʠʤ ʢ ʫʤʝʨʝʥʥʦ ʧʨʦʭʣʘʜʥʦʤʫ, ʭʦʪʷ ʠ ʧʨʦʜʦʣʞʘʶʪ ʚʩʪʨʝʯʘʪʴʩʷ 

ʬʦʨʤʳ ʪʝʨʤʦʬʠʣʴʥʳʭ ʚʠʜʦʚ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ.  

ʇʘʣʠʥʦʩʧʝʢʪʨʳ ʇɿ III (ʦʙʨ. 15 ʠ 11), ʠʤʝʶʱʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʝʨʚʦʛʦ ʠ 

ʪʨʝʪʴʝʛʦ ʬʘʢʪʦʨʦʚ, ʩʦʜʝʨʞʘʪ ʧʳʣʴʮʫ ʣʠʩʪʚʝʥʥʳʭ, ʜʦʣʷ ʢʦʪʦʨʳʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 62.9 %. 

ʇʘʣʠʥʦʟʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʧʳʣʴʮʦʡ ʠ ʩʧʦʨʘʤʠ ʪʝʧʣʦʛʦ ʢʣʠʤʘʪʘ. 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʣʝʛʢʦʡ ʠ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʡ ʦʪʣʦʞʝʥʠʡ ʩʝʚʝʨʥʦʡ ʠ 

ʶʞʥʦʡ ʨʘʩʯʠʩʪʦʢ  

ɺ ʣʝʛʢʦʡ ʩʠʣʠʢʘʪʥʦʡ ʬʨʘʢʮʠʠ ʦʪʣʦʞʝʥʠʡ ʚʝʨʭʥʝʦʣʠʛʦʮʝʥʦʚʳʭ ʩʠʥʠʭ ʛʣʠʥ 

ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʐʘʭʪʝʨʩʢʦʡ ʛʦʨʢʠ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʢʚʘʨʮ (30 %), ʧʣʘʛʠʦʢʣʘʟ (13.6 %), 

ʢʘʣʠʰʧʘʪ (6.4 %), ʙʠʦʪʠʪ (6 %), ʤʫʩʢʦʚʠʪ (1.2 %), ʭʣʦʨʠʪ (14.8 %). ʆʩʪʘʣʴʥʦʝ (28 %) 

ʩʦʩʪʘʚʣʷʶʪ ʘʛʨʝʛʘʪʳ, ʛʨʘʬʠʪ, ʫʛʣʠʩʪʳʡ ʠ ʨʘʩʪʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ [ʄʘʮ, 2015].  

ʉʫʱʝʩʪʚʝʥʥʘʷ ʨʦʣʴ ʭʣʦʨʠʪʘ ʚ ʩʠʥʠʭ ʛʣʠʥʘʭ ʶʞʥʦʡ ʨʘʩʯʠʩʪʢʠ ʄʠʰʠʭʠʥʩʢʦʛʦ 

ʨʘʟʨʝʟʘ ʧʦʜʪʚʝʨʜʠʣʘʩʴ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʤ ʘʥʘʣʠʟʦʤ ʠ ʤʝʪʦʜʦʤ ʉʕʄ ʦʙʨ. ʖï15, ʖï16 ʠ 

ʖï17. ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʩʠʥʠʭ ʛʣʠʥ ʠ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʜʨʫʛʦʛʦ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʄʠʰʠʭʠʥʩʢʦʛʦ ʨʘʟʨʝʟʘ ʚʳʧʦʣʥʝʥʳ ʥʦʚʳʝ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʦʚ ʣʝʛʢʠʭ ʬʨʘʢʮʠʡ ʦʪʣʦʞʝʥʠʡ (ʪʘʙʣ. 4.4). ɺ ʣʝʛʢʦʡ ʬʨʘʢʮʠʠ ʩʠʥʝʡ ʛʣʠʥ r

ʦʙʨ. ʖï15 ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ (61.6 %) ʩʦʩʪʘʚʣʷʶʪ ʤʠʥʝʨʘʣʴʥʳʝ ʘʛʨʝʛʘʪʳ ʙʝʣʦʚʘʪʳʝ ʠ 

ʩʝʨʦʚʘʪʳʝ, ʨʝʞʝ ï ʨʳʞʝʚʘʪʳʝ ʠʟʦʤʝʪʨʠʯʥʳʝ ʠ ʥʝʧʨʘʚʠʣʴʥʳʝ ʟʝʨʥʘ ʩʣʶʜʠʩʪʦ-ʛʣʠʥʠʩʪʦʛʦ 

ʩʦʩʪʘʚʘ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʜʘʚʷʪʩʷ. ɺʩʪʨʝʯʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʯʝʨʥʳʝ ʠ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʝ 

ʫʛʣʦʚʘʪʳʝ ʟʝʨʥʘ ʫʛʣʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ (ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʣʝʛʢʦ ʜʘʚʷʪʩʷ), 

ʫʛʣʝʬʠʮʠʨʦʚʘʥʥʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ, ʙʫʨʦ-ʢʦʨʠʯʥʝʚʳʝ ʠ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʝ, 

ʫʧʣʦʱʝʥʥʳʝ ʤʝʣʢʠʝ ʦʙʣʦʤʢʠ ʩ ʚʦʣʦʢʥʠʩʪʳʤ ʩʪʨʦʝʥʠʝʤ ʠ ʟʝʣʝʥʳʝ ʦʢʘʪʘʥʥʳʝ ʪʦʥʢʠʝ 

ʯʝʰʫʡʯʘʪʳʝ ʟʝʨʥʘ ʭʣʦʨʠʪʘ (ʝʜʠʥʠʯʥʳʝ ʟʥʘʢʠ). ʉʚʦʝʦʙʨʘʟʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨ. 

ʖï15 ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤʠ ʜʣʷ ʚʩʝʡ ʠʟʫʯʝʥʥʦʡ ʢʦʣʣʝʢʮʠʠ ʩʦʜʝʨʞʘʥʠʷʤʠ 

ʢʚʘʨʮʘ (21.6 %), ʧʣʘʛʠʦʢʣʘʟʘ (8 %), ʢʘʣʠʰʧʘʪʘ (4.4 %) ʠ ʙʠʦʪʠʪʘ (4.4 %). ɺ ʜʨʫʛʦʤ ʦʙʨʘʟʮʝ 

ʩʠʥʝʡ ʛʣʠʥʳ (ʖï17), ʦʜʥʘʢʦ, ʤʠʥʝʨʘʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʕʪʦʪ ʦʙʨʘʟʝʮ ʠʤʝʝʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʢʚʘʨʮʘ, ʧʣʘʛʠʦʢʣʘʟʘ, ʢʘʣʠʰʧʘʪʘ ʠ ʙʠʦʪʠʪʘ, ʧʦʜʦʙʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷʤ ʵʪʠʭ 

ʤʠʥʝʨʘʣʦʚ ʚ ʜʨʫʛʠʭ ʧʦʨʦʜʘʭ ʄʠʰʠʭʠʥʩʢʦʛʦ ʨʘʟʨʝʟʘ (ʪʘʙʣ. 4.4) ʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʠʭ ʧʦ 

ʧʝʪʨʦʛʝʥʥʳʤ ʠ ʤʘʣʳʤ ʵʣʝʤʝʥʪʘʤ.   
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ʊʘʙʣʠʮʘ 4.4 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʣʝʛʢʦʡ ʬʨʘʢʮʠʠ ʦʪʣʦʞʝʥʠʡ ʶʞʥʦʡ ʠ ʩʝʚʝʨʥʦʡ ʨʘʩʯʠʩʪʦʢ 

ʄʠʰʠʭʠʥʩʢʦʛʦ ʨʘʟʨʝʟʘ, %. 

 ʖʞʥʘʷ ʨʘʩʯʠʩʪʢʘ ʉʝʚʝʨʥʘʷ ʨʘʩʯʠʩʪʢʘ 

ʉʚʠʪʳ ms (ʩʠʥʠʝ ʛʣʠʥʳ) tn ms tn 

ˉ ʦʙʨ. ʖï17 ʖï15 ʖï11 ʖï8 ʉï3 ʉï4 ʉï49 ʉï31 

ʂʚʘʨʮ 60.8 21.6 52.8 65.6 58.4 58.8 61.2 61.6 

ʇʣʘʛʠʦʢʣʘʟʳ 18.8 8 17.2 20.8 21.6 16.4 14.8 16.4 

ʂʘʣʠʰʧʘʪʳ 14 4.4 12.8 10.8 8.4 14.8 10.8 11.2 

ɹʠʦʪʠʪ 6.4 4.4 16.4 2.4 10.8 10 12.8 10 

ʄʫʩʢʦʚʠʪ ʝʜ.ʟʥ. ʝʜ.ʟʥ. 0.8 0.4 0.8 ʝʜ.ʟʥ. 0.4 0.8 

ʍʣʦʨʠʪ 0 ʝʜ.ʟʥ. 0 0 0 0 0 ʝʜ.ʟʥ. 

ɻʨʘʬʠʪ 0 0 0 0 ʝʜ.ʟʥ. ʝʜ.ʟʥ. ʟʥ. ʝʜ.ʟʥ. 

ɸʛʨʝʛʘʪʳ 0 61.6 0 0 0 0 0 0 

ʋʛʣʝʬ. ʨʘʩʪ. ʦʩʪʘʪʢʠ 0 ʝʜ.ʟʥ. 0 0 0 0 0 0 

ʋʛʣʠʩʪʦʝ ʚʝʱʝʩʪʚʦ 0 ʟʥ. 0 0 0 0 0 0 

ʉʫʤʤʘ 100 100 100 100 100 100 100 100 

 

ɺ ʣʝʛʢʦʡ ʬʨʘʢʮʠʠ ʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʡ ʶʞʥʦʡ ʠ ʩʝʚʝʨʥʦʡ ʨʘʩʯʠʩʪʦʢ ʧʨʝʦʙʣʘʜʘʝʪ 

ʢʚʘʨʮ ʙʝʩʮʚʝʪʥʦʛʦ, ʧʨʦʟʨʘʯʥʦʛʦ, ʨʝʞʝ ʞʝʣʪʦʚʘʪʦʛʦ ʠ ʙʝʣʦʛʦ, ʫʛʣʦʚʘʪʦïʦʢʘʪʘʥʥʦʛʦ ʠ 

ʫʛʣʦʚʘʪʦʛʦ ʦʙʣʠʢʘ. ʈʝʜʢʦ ʢʚʘʨʮ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʦʢʘʪʘʥʥʳʭ ʟʝʨʝʥ ʥʝʧʨʘʚʠʣʴʥʦʡ ʠ 

ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʠʥʦʛʜʘ ʩ ʤʝʣʢʠʤʠ ʯʝʨʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ. ʇʣʘʛʠʦʢʣʘʟ, ʢʘʣʠʰʧʘʪ 

ʠ ʙʠʦʪʠʪ ʠʤʝʶʪ ʧʦʜʯʠʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʇʣʘʛʠʦʢʣʘʟ ʠ ʢʘʣʠʰʧʘʪ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʚʠʜʝ 

ʙʝʩʮʚʝʪʥʳʭ, ʞʝʣʪʦʚʘʪʳʭ, ʙʝʣʳʭ, ʨʝʜʢʦ ʩʝʨʦʚʘʪʳʭ ʫʛʣʦʚʘʪʦ-ʦʢʘʪʘʥʥʳʭ, ʨʝʞʝ ʫʛʣʦʚʘʪʳʭ ʠ 

ʦʢʘʪʘʥʥʳʭ ʪʘʙʣʠʪʯʘʪʦ-ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʟʝʨʝʥ, ʚʠʜʥʳ ʧʦʣʠʩʠʥʪʝʪʠʯʝʩʢʠʝ ʜʚʦʡʥʠʢʠ, ʯʘʩʪʴ 

ʟʝʨʝʥ ʧʝʣʠʪʠʟʠʨʦʚʘʥʘ. ʇʣʘʩʪʠʥʢʠ ʙʠʦʪʠʪʘ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʝ, ʟʝʣʝʥʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʳʝ, 

ʨʝʜʢʦ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʝ, ʫʛʣʦʚʘʪʦ-ʦʢʘʪʘʥʥʳʝ, ʨʝʞʝ ʫʛʣʦʚʘʪʳʝ. ʊʦʥʢʠʝ ʧʣʘʩʪʠʥʢʠ ʙʠʦʪʠʪʘ 

ʠʤʝʶʪ ʥʝʧʨʘʚʠʣʴʥʫʶ ʬʦʨʤʫ, ʥʝʢʦʪʦʨʳʝ ʠʟʦʛʥʫʪʳ ʠ ʠʤʝʶʪ ʨʚʘʥʳʝ ʦʢʦʥʯʘʥʠʷ. ɽʜʠʥʠʯʥʳʝ 

ʟʝʨʥʘ ʤʫʩʢʦʚʠʪʘ ʙʝʩʮʚʝʪʥʳʝ, ʧʨʦʟʨʘʯʥʳʝ, ʫʛʣʦʚʘʪʦ-ʦʢʘʪʘʥʥʳʝ, ʠʤʝʶʪ ʚʠʜ ʪʦʥʢʠʭ 

ʧʣʘʩʪʠʥʦʢ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ. ɺʩʪʨʝʯʝʥʳ ʝʜʠʥʠʯʥʳʝ ʯʝʨʥʳʝ, ʙʣʝʩʪʷʱʠʝ ʟʝʨʥʘ ʛʨʘʬʠʪʘ 

ʚ ʚʠʜʝ ʫʛʣʦʚʘʪʦ-ʦʢʘʪʘʥʥʳʭ ʤʝʣʢʠʭ ʧʣʘʩʪʠʥʦʢ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ, ʯʘʩʪʦ ʠʟʦʛʥʫʪʳʭ.  

ɺ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʩʠʥʝʡ ʛʣʠʥʳ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʐʘʭʪʝʨʩʢʦʡ ʛʦʨʢʠ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʤʠʥʝʨʘʣʳ ʜʚʫʭ ʛʨʫʧʧ: 1) ʛʨʫʧʧʘ ʛʨʘʥʘʪʘ (11.2 %), ʪʠʪʘʥʠʪ (11.9 %), ʨʦʛʦʚʘʷ 

ʦʙʤʘʥʢʘ (3.8 %), ʵʧʠʜʦʪ (3.1 %), ʧʠʨʠʪ (2.5 %),  ʠ 2) ʛʝʪʠʪ (14.4 %), ʜʠʦʧʩʠʜ (3.1 %), 

ʤʘʛʥʝʪʠʪ (3.2 %), ʮʠʨʢʦʥ (0.62 %), ʩʠʜʝʨʠʪ (2.5 %) [ʄʘʮ, 2015].  

ɺ ʧʨʦʙʝ ʩʠʥʠʭ ʛʣʠʥ ʖï15 ʶʞʥʦʡ ʨʘʩʯʠʩʪʢʠ ʄʠʰʠʭʠʥʩʢʦʛʦ ʨʘʟʨʝʟʘ (ʪʘʙʣ. 4.5) 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʷʞʝʣʘʷ ʬʨʘʢʮʠʷ ʤʠʥʝʨʘʣʦʚ ʧʝʨʚʦʡ ʛʨʫʧʧʳ: ʛʨʫʧʧʘ ʛʨʘʥʘʪʘ (12.2 %), 

ʪʠʪʘʥʠʪ (6.8 %), ʨʦʛʦʚʘ ̫ʦʙʤʘʥʢʘ (12.2 %), ʵʧʠʜʦʪ (23.4 %) ʠ ʧʠʨʠʪ (19 %). ʄʠʥʝʨʘʣ r

ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʧʨʠʩʫʪʩʪʚʫʪʁ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʬʘʟ (<5 %): ʛʝʪʠʪ (1.2 %), 
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ʜʠʦʧʩʠʜ-ʘʚʛʠʪ (1 %), ʤʘʛʥʝʪʠʪ (2 %) ʠ ʮʠʨʢʦʥ (1 %). ʉʠʜʝʨʠʪ ʥʝ ʦʙʥʘʨʫʞʝʥ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʣʴʤʝʥʠʪʘ (16.2 %), ʘ ʪʘʢʞʝ 

ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʪʫʨʤʘʣʠʥʘ (1.6 %), ʙʨʫʢʠʪʘ (1.2 %), ʣʝʡʢʦʢʩʝʥʘ (0.62 %), 

ʪʨʝʤʦʣʠʪʘ (1 %), ʘʧʘʪʠʪʘ (0.4 %) ʠ ʛʝʤʘʪʠʪʘ (0.6 %). ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʙʳ ʖï15, ʚ ʧʨʦʙʝ 

ʩʠʥʠʭ ʛʣʠʥ ʖï17 ʧʠʨʠʪ ʦʪʩʫʪʩʪʚʫʝʪ, ʨʦʣʴ ʛʝʤʘʪʠʪʘ, ʛʝʪʠʪʘ, ʠʣʴʤʝʥʠʪʘ ʠ ʵʧʠʜʦʪʘ 

ʩʥʠʞʘʝʪʩʷ, ʘ ʨʦʣʴ ʛʨʫʧʧʳ ʛʨʘʥʘʪʘ, ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ ʠ ʪʫʨʤʘʣʠʥʘ ʚʦʟʨʘʩʪʘʝʪ.   

ʊʘʙʣʠʮʘ 4.5 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʦʪʣʦʞʝʥʠʡ ʄʠʰʠʭʠʥʩʢʦʛʦ ʨʘʟʨʝʟʘ, %. 

 ʖʞʥʘʷ ʨʘʩʯʠʩʪʢʘ  ʉʝʚʝʨʥʘʷ ʨʘʩʯʠʩʪʢʘ 

ʉʚʠʪʳ ms tn ms tn 

ˉ ʦʙʨʘʟʮʘ ʖï17 ʖï15 ʖï11 ʖï8 ʉï3 ʉï4 ʉï49 ʉï31 

ʄʘʛʥʝʪʠʪ ʟʥ. 2 2.2 2.2 ʝʜ.ʟʥ. 0.2 ʝʜ.ʟʥ. ʝʜ.ʟʥ. 

ʀʣʴʤʝʥʠʪ 6.2 16.2 10.2 13.8 7.2 5.4 11.6 7.6 

ɻʨ. ʛʨʘʥʘʪʦʚ 46 12.2 2.4 2.4 3.4 8.2 42.4 3.8 

ʎʠʨʢʦʥ 2.2 1 0.6 1 0.8 0.8 5.4 0.8 

ʊʠʪʘʥʠʪ 5.8 6.8 11.4 11 6.4 9.6 5.8 10.2 

ʃʝʡʢʦʢʩʝʥ 1.2 1.4 2.4 2 1.6 3.6 4 1.6 

ʈʦʛʦʚʘʷ ʦʙʤʘʥʢʘ 18.6 12.2 31.8 29.8 37.6 32 8.4 25.2 

ʊʨʝʤʦʣʠʪ ʝʜ.ʟʥ. 1 0.4 0.6 1.2 0.4 0.2 1.4 

ɼʠʦʧʩʠʜ-ʘʚʛʠʪ 1.6 1.0 2.2 4.8 7.4 1.6 ʟʥ. 0.6 

ɻʠʧʝʨʩʪʝʥ 0 0 1.8 0.4 0.2 0.6 0 1 

ɻʨ. ʧɻʠʜʦʪʘ 15.8 23.4 25.2 26 27.8 31.2 19.2 37.8 

ɸʧʘʪʠʪ ʝʜ.ʟʥ. 0.4 2.4 1 1.6 2.6 ʟʥ. 4.6 

ʇʠʨʠʪ  0 19 0 0 ʟʥ. 0 0 0 

ɻʝʤʘʪʠʪ ʟʥ. 0.6 1.2 0 0.2 ʟʥ. 0.2 0.2 

ɻʝʪʠʪ 0 1.2 ʝʜ.ʟʥ. 1 ʝʜ.ʟʥ. 0.2 0.2 0.6 

ʊʫʨʤʘʣʠʥ 2.6 1.6 5.6 4 14.2 3.6 1.6 4.6 

ʈʫʪʠʣ  ʝʜ.ʟʥ. 0 0.2 ʝʜ.ʟʥ. ʝʜ.ʟʥ. 0 1 ʝʜ.ʟʥ. 

ɹʨʫʢʠʪ ʝʜ.ʟʥ. 0 0 0 ʝʜ.ʟʥ. 0 0 0 

ʉʠʣʣʠʤʘʥʠʪ 0 0 ʟʥ. 0 0.4 ʝʜ.ʟʥ. ʝʜ.ʟʥ. ʟʥ. 

ʉʫʤʤʘ 100 100 100 100 100 100 100 100 

 

ʆʪʤʝʪʠʤ ʦʙʱʫʶ ʜʦʤʠʥʠʨʫʶʱʫʶ ʨʦʣʴ ʪʨʝʭ ʧʦʩʣʝʜʥʠʭ ʤʠʥʝʨʘʣʦʚ ʚ ʪʷʞʝʣʦʡ 

ʬʨʘʢʮʠʠ ʤʠʥʝʨʘʣʦʚ ʧʝʩʯʘʥʠʢʦʚ ʤʠʰʠʭʠʥʩʢʦʡ ʪʦʣʱʠ ʠ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ ʄʠʰʠʭʠʥʩʢʦʛʦ 

ʨʘʟʨʝʟʘ. ʉʦʜʝʨʞʘʥʠʷ ʛʨʫʧʧʳ ʛʨʘʥʘʪʘ ʜʦʩʪʠʛʘʶʪ 42.4 %, ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ ï 37.6 %, 

ʪʫʨʤʘʣʠʥʘ ï 14.2 %. ɺ ʦʪʣʦʞʝʥʠʷʭ ʥʘʠʙʦʣʝʝ ʜʨʝʚʥʝʡ ʯʘʩʪʠ ʤʠʰʠʭʠʥʩʢʦʡ ʪʦʣʱʠ 

(ʵʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ) ʠ ʙʦʣʝʝ ʤʦʣʦʜʦʡ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ (25.2ï37.6 %), 

ʩʚʝʪʣʦ ʠ ʪʝʤʥʦ-ʟʝʣʝʥʘʷ (ʧʦʯʪʠ ʥʝʧʨʦʟʨʘʯʥʘʷ), ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʛʣʦʚʘʪʦ-ʦʢʘʪʘʥʥʳʤʠ, ʨʝʞʝ 

ʫʛʣʦʚʘʪʳʤʠ ʠ ʦʢʘʪʘʥʥʳʤʠ ʟʝʨʥʘʤʠ ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʠʥʦʛʜʘ ʩ çʨʚʘʥʳʤʠè ʠʣʠ 

ʟʘʢʨʫʛʣʝʥʥʳʤʠ ʦʢʦʥʯʘʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʟʝʨʥʘʤʠ ʵʧʠʜʦʪʘ (25.2ï37.8 %) ʟʝʣʝʥʦʚʘʪʦʛʦ, 

ʬʠʩʪʘʰʢʦʚʦ-ʟʝʣʝʥʦʛʦ, ʙʝʩʮʚʝʪʥʦʛʦ, ʫʛʣʦʚʘʪʦ-ʦʢʘʪʘʥʥʳʤʠ ʠ ʦʢʘʪʘʥʥʳʤʠ, ʥʝʧʨʘʚʠʣʴʥʦʡ, 

ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʠ ʠʟʦʤʝʪʨʠʯʥʦʡ ʬʦʨʤʳ, ʠʥʦʛʜʘ ʩ ʚʢʣʶʯʝʥʠʷʤʠ. ɻʨʘʥʘʪ (ʜʦ 46 %) 
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ʙʝʩʮʚʝʪʥʳʡ, ʨʦʟʦʚʘʪʳʡ ʠ ʩʣʘʙʦ ʢʦʨʠʯʥʝʚʘʪʳʡ, ʫʛʣʦʚʘʪʦ-ʦʢʘʪʘʥʥʳʡ, ʫʛʣʦʚʘʪʳʡ, 

ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ, ʝʜʠʥʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ (ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʳ), ʠʥʦʛʜʘ ʩ ʤʝʣʢʠʤʠ 

ʯʝʨʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ. 

ɼʨʫʛʠʝ ʤʠʥʝʨʘʣʳ ʦʪʣʦʞʝʥʠʡ ʨʘʟʨʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ: ʛʨʫʧʧʦʡ ʵʧʠʜʦʪʘ (ʜʦ 37.8 %), 

ʮʠʨʢʦʥʦʤ (ʜʦ 5.4 %), ʜʠʦʧʩʠʜ-ʘʚʛʠʪʦʤ (ʜʦ 7.4 %), ʪʠʪʘʥʠʪʦʤ (ʜʦ 11.4 %) ʠ ʠʣʴʤʝʥʠʪʦʤ (ʜʦ 

13.8 %). ɺ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ (<5 %) ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʘʛʥʝʪʠʪ (ʜʦ 2.2 %), 

ʣʝʡʢʦʢʩʝʥ (ʜʦ 4 %), ʪʨʝʤʦʣʠʪ (ʜʦ 1.4 %), ʛʠʧʝʨʩʪʝʥ (ʜʦ 1.8 %), ʘʧʘʪʠʪ (ʜʦ 4.6 %). 

ʆʙʥʘʨʫʞʝʥʳ ʝʜʠʥʠʯʥʳʝ ʟʝʨʥʘ ʨʫʪʠʣʘ, ʛʝʤʘʪʠʪʘ, ʛʝʪʠʪʘ, ʙʨʫʢʠʪʘ ʠ ʩʠʣʣʠʤʘʥʠʪʘ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ (ʪʘʙʣ. 4.4 ʠ 4.5) ʧʦʜʯʝʨʢʠʚʘʶʪ ʦʪʣʠʯʠʝ ʩʠʥʠʭ ʛʣʠʥ ʦʪ 

ʜʨʫʛʠʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʧʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʣʝʛʢʦʡ ʠ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʡ. 

 

4.1.2. ʇʦʣʦʚʠʥʢʠʥʩʢʠʡ ʦʧʦʨʥʳʡ ʨʘʟʨʝʟ ï ʛʠʧʦʩʪʨʘʪʦʪʠʧ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ 

 

ɼʣʷ ʪʘʥʭʦʡʩʢʦʡ (ʫʛʣʝʥʦʩʥʦʡ) ʩʚʠʪʳ ʊʘʥʭʦʡʩʢʦʛʦ ʙʣʦʢʘ ʦʜʥʦʠʤʝʥʥʦʡ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ ʭʘʨʘʢʪʝʨʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʦʩʣʦʝʚ ʙʫʨʳʭ 

ʫʛʣʝʡ. ʉʚʦʝ ʥʘʟʚʘʥʠʝ ʩʚʠʪʘ ʧʦʣʫʯʠʣʘ ʧʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʩʪʘʥʮʠʠ ʊʘʥʭʦʡ. ɺ ʨʘʟʨʝʟʝ ʨ. 

ʇʦʣʦʚʠʥʢʘ (ʚ 14 ʢʤ ʚʦʩʪʦʯʥʝʝ ʩʪ. ʊʘʥʭʦʡ) ʥʘʭʦʜʠʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʝ ʢʨʫʧʥʦʝ 

ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʠʩʢʦʧʘʝʤʦʡ ʬʘʫʥʳ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʠ ʤʝʞʨʝʛʠʦʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʕʪʦʪ 

ʨʘʟʨʝʟ ʧʨʠʥʷʪ ʚ ʢʘʯʝʩʪʚʝ ʛʠʧʦʩʪʨʘʪʦʪʠʧʘ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ [ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2014]. 

ʆʙʥʘʞʝʥʠʷ ʠʟʫʯʝʥʳ ʧʦ ʦʙʦʠʤ ʙʝʨʝʛʘʤ ʨʝʢʠ. ʇʘʜʝʥʠʝ ʩʣʦʝʚ ʚ ʨʘʟʨʝʟʝ ʩʝʚʝʨʦïʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʝ, ʨʝʜʢʦ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʝ (ʧʨʦʩʪʠʨʘʥʠʝ 10ï20Á) ʧʦʜ ʫʛʣʘʤʠ 15ï20Á, ʥʘ ʦʪʜʝʣʴʥʳʭ 

ʫʯʘʩʪʢʘʭ ï ʜʦ 40 (ʨʠʩ. 4.26). 

ɼʘʣʝʝ ʧʨʠʚʦʜʠʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʟʨʝʟʘ ʧʦ ʨʘʙʦʪʝ [ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2014]. ʇʦ 

ʧʨʘʚʦʙʝʨʝʞʴʶ ʨ. ʇʦʣʦʚʠʥʢʘ ʦʪʣʦʞʝʥʠʷ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ ʩʣʘʛʘʶʪ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠ 

ʥʠʟʢʠʝ ʩʣʦʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʦʯʢʝ ʥʘʙʣʶʜʝʥʠʷ (ʪ.ʥ.) 185 (ʩʥʠʟʫ ʚʚʝʨʭ): 

1) ʧʝʩʯʘʥʠʢʠ ʩʚʝʪʣʦ- ʠ ʪʝʤʥʦ-ʩʝʨʳʝ, ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ, ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ. 

ʉʣʦʠʩʪʦʩʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ, ʩ ʧʨʦʧʣʘʩʪʢʘʤʠ ʫʛʣʠʩʪʳʭ ʘʣʝʚʨʦʣʠʪʦʚ. ʄʦʱʥʦʩʪʴ 4.0 ʤ; 

2) ʧʝʩʯʘʥʠʢ ʩʝʨʳʡ, ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʡ, ʭʦʨʦʰʦ ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʡ, ʩ ʦʙʣʦʤʢʘʤʠ 

ʦʙʫʛʣʝʥʥʦʡ ʜʨʝʚʝʩʠʥʳ. ʄʦʱʥʦʩʪʴ 0.6 ʤ; 

3) ʘʣʝʚʨʦʣʠʪʳ ʛʣʠʥʠʩʪʳʝ ʩ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʦʩʪʘʪʢʘʤʠ, ʩ ʤʘʪʦʚʳʤʠ ʫʛʣʷʤʠ ʠ 

ʫʛʣʠʩʪʳʤʠ ʘʨʛʠʣʣʠʪʘʤʠ. ʄʦʱʥʦʩʪʴ 1.0 ʤ; 

4) ʘʣʝʚʨʦʣʠʪʳ ʫʛʣʠʩʪʦ-ʩʣʶʜʠʩʪʦ-ʛʣʠʥʠʩʪʳʝ ʩ ʘʣʝʚʨʦʣʠʪʦʚʳʤʠ ʠ ʧʝʩʢʘʤʠ, 

ʪʦʥʢʦʟʝʨʥʠʩʪʳʤʠ. ʉʣʦʠʩʪʦʩʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ, ʨʝʞʝ ï ʢʦʩʘʷ. ʄʦʱʥʦʩʪʴ 2.5 ʤ. 
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ʈʠʩ. 4.26. ʈʘʟʨʝʟ ʛʠʧʦʩʪʨʘʪʦʪʠʧʘ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ ʧʦ ʧʨʘʚʦʙʝʨʝʞʴʶ ʨ. ʇʦʣʦʚʠʥʢʘ 

ʩ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʤ [ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ. 2014]. ʈʘʟʨʝʟ ʠ ʩʭʝʤʘ ʦʧʨʦʙʦʚʘʥʠʷ ʛʠʧʦʩʪʨʘʪʦʪʠʧʘ 

ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ ʥʘ ʨ. ʇʦʣʦʚʠʥʢʘ ʠ ʚ ʩʦʩʝʜʥʠʭ ʨʝʯʥʳʭ ʜʦʣʠʥʘʭ. ʊʦʯʢʠ ʥʘʙʣʶʜʝʥʠʡ: ʘ ï 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʨʘʟʨʝʟʘ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ); ʙ ï ʚ ʨʘʟʨʝʟʝ ʧʦ ʣʝʚʦʙʝʨʝʞʴʶ ʨ. ʇʦʣʦʚʠʥʢʘ; ʚ ï 

ʚ ʨʘʟʨʝʟʝ ʧʦ ʝʝ ʧʨʘʚʦʙʝʨʝʞʴʶ. ʋʩʣ. ʦʙʦʟʥ.: 1 ï ʫʛʣʠ ʙʫʨʳʝ; 2 ï ʘʨʛʠʣʣʠʪʳ; 3 ï ʛʣʠʥʠʩʪʦ-

ʩʣʶʜʠʩʪʳʝ ʘʣʝʚʨʦʣʠʪʳ ʠ ʘʣʝʚʨʠʪʳ; 4 ï ʧʝʩʯʘʥʠʩʪʳʝ ʘʣʝʚʨʠʪʳ ʠ ʘʣʝʚʨʦʣʠʪʳ, ʘʣʝʚʨʠʪʦʚʳʝ 

ʧʝʩʢʠ; 5 ï ʠʟʚʝʩʪʢʦʚʠʩʪʳʝ ʘʣʝʚʨʦʣʠʪʳ ʠ ʧʝʩʯʘʥʠʢʠ; 6 ï ʤʝʨʛʝʣʠ; 7 ï ʢʦʥʢʨʝʮʠʠ ʤʝʨʛʝʣʝʡ, 

ʠʟʚʝʩʪʢʦʚʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ; 8 ï ʧʝʩʯʘʥʠʢʠ ʠ ʧʝʩʢʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʩʣʶʜʠʩʪʳʝ; 9 ï 

ʧʝʩʯʘʥʠʢʠ ʨʘʟʥʦʟʝʨʥʠʩʪʳʝ, ʛʨʘʚʝʣʠʩʪʳʝ; 10 ï ʢʦʥʛʣʦʤʝʨʘʪʳ, ʛʘʣʝʯʥʠʢʠ; 11 ï ʤʦʣʣʶʩʢʠ: ʘ 

ï ʜʚʫʩʪʚʦʨʢʠ, ʙ ï ʛʘʩʪʨʦʧʦʜʳ. 

 

ʆʧʠʩʘʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 30 ʤ, ʜʦ ʪ.ʥ. 186. ɼʘʣʝʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʘʣʝʚʨʠʪʦ-ʩʣʶʜʠʩʪʳʝ ʛʣʠʥʳ, ʫ ʢʨʦʚʣʠ ï ʫʛʣʠ ʤʦʱʥʦʩʪʴʶ ʜʦ 1 ʤ. 

ɺ ʠʥʪʝʨʚʘʣʝ 80ï90 ʤ ʚʩʪʨʝʯʘʶʪʩʷ ʩʚʘʣʳ ʘʣʝʚʨʦʣʠʪʦʚʳʭ ʠ ʧʝʩʯʘʥʳʭ ʩʠʜʝʨʠʪʦʚ ʠ 

ʤʝʨʛʝʣʝʡ. 

ɺ ʪ.ʥ. 102 ʠ 103, ʚ ʦʙʨʳʚʝ ʢʦʨʝʥʥʦʛʦ ʙʝʨʝʛʘ ʚʳʩʦʪʦʡ 15 ʤ, ʚʩʢʨʳʪʳ (ʩʥʠʟʫ): 

1) ʘʣʝʚʨʦ-ʧʝʩʯʘʥʠʢʠ ʛʦʣʫʙʦʚʘʪʦ-ʩʝʨʳʝ. ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʣʦʠʩʪʦʩʪʴ 

ʧʦʜʯʝʨʢʥʫʪʘ ʠʜʝʘʣʴʥʦ ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʤʠ ʩʣʶʜʠʩʪʳʤʠ ʧʝʩʢʘʤʠ. ɺʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʨʝʟʢʘʷ. 

ʄʦʱʥʦʩʪʴ 3.0 ʤ; 

2) ʫʛʦʣʴʥʳʡ ʧʣʘʩʪ ʢʦʨʠʯʥʝʚʘʪʦ-ʙʫʨʳʡ. ʄʦʱʥʦʩʪʴ 1.8 ʤ; 
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3) ʘʣʝʚʨʦʣʠʪʳ ʛʦʣʫʙʦʚʘʪʦ-ʩʝʨʳʝ, ʧʝʩʯʘʥʠʢʠ ʠ ʘʣʝʚʨʦ-ʧʝʩʯʘʥʠʢʠ, 

ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʝ, ʩ ʫʛʣʠʩʪʳʤ ʚʝʱʝʩʪʚʦʤ. ʄʦʱʥʦʩʪʴ 3.5 ʤ; 

4) ʫʛʣʠ ʠ ʫʛʣʠʩʪʳʝ ʘʨʛʠʣʣʠʪʳ. ɺʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʥʝʯʝʪʢʘʷ. ʄʦʱʥʦʩʪʴ 1.5 ʤ; 

5) ʘʣʝʚʨʦʣʠʪʳ ʪʝʤʥʦ-ʩʝʨʳʝ, ʫʛʣʠʩʪʳʝ, ʤʝʩʪʘʤʠ ʘʣʝʚʨʦ-ʧʝʩʯʘʥʠʢʠ. ʄʦʱʥʦʩʪʴ 

4.0 ʤ. 

ɺ ʪ.ʥ. 104 ʟʘʜʦʢʫʤʝʥʪʠʨʦʚʘʥʳ (ʩʥʠʟʫ ʚʚʝʨʭ): 

1) ʘʣʝʚʨʦʣʠʪʳ ʠ ʘʣʝʚʨʦʣʠʪʦʚʳʝ ʧʝʩʯʘʥʠʢʠ ʩ ʧʨʦʩʣʦʷʤʠ ʫʛʣʠʩʪʦ-ʩʣʶʜʠʩʪʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʤʦʱʥʦʩʪʴʶ 0.5ï1.5 ʩʤ. ɺʩʪʨʝʯʘʶʪʩʷ ʪʦʥʢʠʝ ʧʨʦʧʣʘʩʪʢʠ ʧʝʩʯʘʥʠʢʦʚ, 

ʞʝʣʪʦʚʘʪʦ-ʩʝʨʳʭ, ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ. ʄʦʱʥʦʩʪʴ ʦʢʦʣʦ 6.0 ʤ; 

2) ʫʛʣʠ, ʤʦʱʥʦʩʪʴ 0.5 ʤ; 

3) ʧʝʩʯʘʥʠʢʠ ʪʦʥʢʦ-, ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ, ʭʦʨʦʰʦ ʩʦʨʪʠʨʦʚʘʥʥʳʝ, ʛʦʣʫʙʦʚʘʪʦ-

ʩʝʨʳʝ. ʄʦʱʥʦʩʪʴ 3.5 ʤ; 

4) ʘʣʝʚʨʦʣʠʪʳ ʪʝʤʥʦ-ʩʝʨʳʝ ʠ ʘʨʛʠʣʣʠʪʳ, ʩʝʨʳʝ, ʩʣʶʜʠʩʪʳʝ, ʩ ʚʦʣʥʠʩʪʦ-ʢʦʩʦʡ 

ʩʣʦʠʩʪʦʩʪʴʶ. ʄʦʱʥʦʩʪʴ 1.3 ʤ; 

5) ʫʛʣʠ ʤʦʥʦʪʦʥʥʳʝ, ʧʣʠʪʯʘʪʳʝ, ʩ ʰʪʨʠʭʦʚʘʪʦ-ʨʝʙʨʠʩʪʦʡ ʪʝʢʩʪʫʨʦʡ. 

ʄʦʱʥʦʩʪʴ 2.0 ʤ; 

6) ʘʣʝʚʨʦʣʠʪʳ ʠ ʘʣʝʚʨʦ-ʧʝʩʯʘʥʠʢʠ, ʚʦʣʥʠʩʪʦ-ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʳʝ, ʩ 

ʢʦʥʢʨʝʮʠʷʤʠ ʧʝʩʯʘʥʠʩʪʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʧʨʦʧʣʘʩʪʢʘʤʠ ʫʛʣʝʡ. ʄʦʱʥʦʩʪʴ 6.0 ʤ. 

ɺ ʪ.ʥ. 100 ʚ 0.4 ʢʤ ʠʟʫʯʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (ʩʥʠʟʫ ʚʚʝʨʭ): 

1) ʧʝʩʯʘʥʠʢʠ ʩʣʶʜʠʩʪʦ-ʛʣʠʥʠʩʪʳʝ, ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʝ, ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʠ 

ʘʣʝʚʨʦʣʠʪʦʚʳʝ. ʄʦʱʥʦʩʪʴ (ʚʠʜʠʤʘʷ) 1.6 ʤ; 

2) ʧʝʩʯʘʥʠʢʠ ʩʝʨʳʝ, ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ, ʩʦʨʪʠʨʦʚʘʥʥʳʝ, ʧʣʦʪʥʳʝ, 

ʠʟʚʝʩʪʢʦʚʠʩʪʳʝ, ʤʘʩʩʠʚʥʦʛʦ ʩʣʦʞʝʥʠʷ, ʩ ʨʘʩʪʠʪʝʣʴʥʳʤ ʜʝʪʨʠʪʦʤ. ʄʦʱʥʦʩʪʴ 1.5ï2.0 ʤ; 

3) ʘʣʝʚʨʦʣʠʪʳ ʠ ʘʣʝʚʨʦ-ʧʝʩʯʘʥʠʢʠ ʩʝʨʳʝ ʠ ʪʝʤʥʦ-ʩʝʨʳʝ, ʩʣʶʜʠʩʪʦ-ʛʣʠʥʠʩʪʳʝ. 

ʄʦʱʥʦʩʪʴ 3.0 ʤ. 

ʇʦ ʣʝʚʦʙʝʨʝʞʴʶ ʨ. ʇʦʣʦʚʠʥʢʘ ʬʨʘʛʤʝʥʪʘʨʥʦ ʦʙʥʘʞʝʥʳ ʦʪʣʦʞʝʥʠʷ ʥʘ ʪʝʭ ʞʝ 

ʫʨʦʚʥʷʭ, ʯʪʦ ʠ ʚ ʦʙʨʳʚʘʭ ʧʨʘʚʦʙʝʨʝʞʴʷ. ɺ ʪ.ʥ. 101 ʚʳʭʦʜʷʪ ʦʪʣʦʞʝʥʠʷ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʦʜʩʪʠʣʘʶʱʠʝ ʥʠʞʥʶʶ ʧʘʯʢʫ ʚ ʪ.ʥ. 102. ɿʜʝʩʴ ʫʩʪʘʥʦʚʣʝʥʳ (ʩʥʠʟʫ ʚʚʝʨʭ): 

1) ʘʣʝʚʨʦ-ʧʝʩʯʘʥʠʢʠ ʛʦʣʫʙʦʚʘʪʦ-ʩʝʨʳʝ, ʧʣʠʪʯʘʪʳʝ, ʩ ʫʛʣʠʩʪʳʤʠ ʧʨʦʧʣʘʩʪʢʘʤʠ. 

ʄʦʱʥʦʩʪʴ 1.2 ʤ; 

2) ʧʝʩʯʘʥʠʢʠ ʪʦʥʢʦʟʝʨʥʠʩʪʳʝ, ʩʝʨʳʝ, ʩʣʶʜʠʩʪʦ-ʛʣʠʥʠʩʪʳʝ, ʧʦʣʠʤʠʢʪʦʚʳʝ. 

ʄʦʱʥʦʩʪʴ 2.0 ʤ. 

ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʩʚʠʪʳ ʧʦ ʦʙʦʠʤ ʙʝʨʝʛʘʤ ʨʝʢʠ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 500 ʤ. 

ʆʙʦʩʥʦʚʘʥʠʝ ʚʦʟʨʘʩʪʘ ʦʪʣʦʞʝʥʠʡ 
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ɺʦʟʨʘʩʪ ʪʝʧʣʦʣʶʙʠʚʦʡ ʤʘʣʘʢʦʬʘʫʥ r ʠʟ ʨʘʟʨʝʟʘ ʇʦʣʦʚʠʥʢʘ ʦʧʨʝʜʝʣʝʥ ʢʘʢ 

ʧʦʟʜʥʝʧʘʣʝʦʛʝʥʦʚʳʡïʨʘʥʥʝʤʠʦʮʝʥʦʚʳʡ [ʃʦʛʘʯʝʚ, ʇʦʧʦʚʘ, 1963]. ʆʙʨʘʱʘʣʦʩʴ ʚʥʠʤʘʥʠʝ 

ʥʘ ʪʦ, ʯʪʦ ʜʣʷ ʪʘʥʭʦʡʩʢʦʛʦ ʚʨʝʤʝʥʠ ʦʙʱʠʤ ʚ ʇʨʠʙʘʡʢʘʣʴʝ ʙʳʣʦ ʭʨʘʢʪʝʨʥʦ ʥʝʙʦʣʴʰʦʝ 

ʯʠʩʣʦ ʪʘʢʩʦʥʦʚ: ʨʦʜʦʚ Baicalia, Baicaliidae. ʇʨʠ ʵʪʦʤ ʩʝʤ. Baicaliidae ʠ Benedictiidae 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʵʥʜʝʤʠʢʠ ɹʘʡʢʘʣʘ ï ʨʝʣʠʢʪʳ ʥʝʦʛʝʥʦʚʦʛʦ ʚʨʝʤʝʥʠ [ɿʫʙʘʢʦʚ, 1999]. 

ʆʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʪʘʥʭʦʡʩʢʦʡ ʙʦʣʦʪʥʦ-ʩʪʘʨʠʯʥʦʡ ʬʘʮʠʠ ʥʘʯʘʣʠ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʥʘ 

ʨʫʙʝʞʝ ʦʣʠʛʦʮʝʥʘïʤʠʦʮʝʥʘ (ʠʣʠ ʚ ʨʘʥʥʝʤ ʤʠʦʮʝʥʝ), ʘ ʦʪʣʦʞʝʥʠʷ ʆʩʠʥʦʚʩʢʦʡ 

ʧʘʣʝʦʜʦʣʠʥʳ ï ʥʘ ʨʫʙʝʞʝ ʨʘʥʥʝʛʦ-ʩʨʝʜʥʝʛʦ ʤʠʦʮʝʥʘ [ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2014].  

ʀʟ ʦʪʣʦʞʝʥʠʡ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ ʇʦʣʦʚʠʥʢʠʥʩʢʦʛʦ ʨʘʟʨʝʟʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʦʪʦʙʨʘʥʦ 5 ʧʨʦʙ ʥʘ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ: ʈlï1 ï ʈlï5 (ʪ.ʥ. 182, ʨʠʩ. 4.26). 

ʇʘʣʠʥʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥ ɺ.ɸ. ʄʠʰʘʨʠʥʦʡ (ʀɿʂ ʉʆ ʈɸʅ). 

ʆʙʨ. ʈlï1 ʩʦʜʝʨʞʠʪ: Picea sect. Eupicea 24 %, Picea seʩt. Omorica 2 %, Picea sp. 5 %, 

Pinus s/g Diploxylon 5  %, Pinus s/g Haploxylon 4 %, Pinus sp. 0.3 %, Tsuga sp. 4 %, 

Podocarpus sp. 2 %, Larix sp. 0.3 %, Taxodiaceae 1 %, Dacrydium sp. 1 %, Cedrus sp. 0.3 %, 

Glyptostrobus sp 0.3 %, Juglandaceae 3 %, Persycarya sp. 1 %, Corylus sp. 10.3 %, Ulmus sp. 

4.8  %, Platycarya sp. 1.4 %, Pterocarya sp. 0.7 %, Salix sp. 0.3 %, Ericales 3.8 %, Almus sp. 

1.0 %, Betula sp. 6.9 %, Fagus sp. 0.3 %, Carya sp. 1.4 %, Ilex sp. 0.3 %, Carpinus sp. 0.3 %, 

Myrica sp. 2.1 %, Diervilla sp. 0.7 %, Ephedra sp 0.3 % , Onagraceae 0.3 %, Compositae 1.7  

%, Chenopodiaceae 1.0 %, Sphagnum sp. 2.8 %, Polypodiaceae 5.1 %, Selaginella sp. 0.3 %, 

Osmunda sp. 0.3 %. ɺʩʝʛʦ ʤʠʦʩʧʦʨ ʚʳʷʚʣʝʥʦ ʥʘ ʜʚʘ ʧʨʝʧʘʨʘʪʘ 291 (100 %). 

ʆʙʨ. Plï2 ʩʦʜʝʨʞʠʪ: Picea sect. Eupicea 5.7 %, Pinus s/g Diploxylon 0.7 %, Pinus s/g 

Haploxylon 0.7 %, Pinus sp. 1.1 %, Tsuga sp. 1.4 %, Podocarpus sp 0.7 %, Dacrydium sp. 0.4 

%, Betula sp. 7.5 %, Corylus sp. 16.4 %, Ilex sp 0.7 % , Ericales 12.8 %, carya sp. 2.1 %, 

Pterocarya sp. 1.8 %, Platycarya 6.1 %, Juglandaceae 5.0 %, Alnus 1.1 % , Ulmus sp. 5.7 %, 

Myrica sp. 2.1 %, Picea sp. 5.0 %, Sphagnum sp.14.6 %, Polypodiaceae 7.1 %, Osmunda sp. 0.7 

%. ɺʩʝʛʦ ʚʳʷʚʣʝʥʦ ʤʠʦʩʧʦʨ ʥʘ ʪʨʠ ʧʨʝʧʘʨʘʪʘ 280 (100  %). 

ʆʙʨ. Plï2 ʩʦʜʝʨʞʠʪ: Picea sect. Eupicea 3.5 %, Picea sect. Omorica 0.6 %, Picea sp. 

6.9 %, Pinus s/g Diploxylon 4.1 %, Pinus s/g Haploxylon 2.3 %, Thya sp. 4.6 %, Abies sp. 1.2 

%, Taxodiaceae 1.2 %, Alnus sp. 2.3 %, Ilex sp 1.2 %, Juglandaceae 4.6 %, Ulmus sp.10.4 %, 

Magnolia sp.(?) 9.3 %, Carya sp. 3.5 %, Platycarya sp. 1.2 %, Corylus sp. 3.5 %, Fagus sp. 0.6 

%, Pterocarya sp. 1.2 %, Diervilla sp. 3.5 %, Engelhardtia sp. 3.5 %, Liriodendron sp. 3.5 %, 

Ericales 1.2 %, Aster (Compositae) 1.2 %, Polypodiaceae 2.9 %. ɺʩʝʛʦ ʤʠʦʩʧʦʨ ʚʳʷʚʣʝʥʦ 173 

ʵʢʟ. (100 %) ʥʘ 6 ʧʨʝʧʘʨʘʪʦʚ. 

ʆʙʨʘʟʝʮ (Plï3) ʩʦʜʝʨʞʠʪ: Picea sect. Eupicea 6 ɻ ʢʟ., Picea sp. 11 ɻ ʢʟ., Pinus sp. 

(ʧʣʦʭʦʡ ʩʦʭʨʘʥʥʦʩʪʠ) 10 ʵʢʟ., Tsuga sp. 3 ɻ ʢʟ., Juglandaceae 17 ʵʢʟ., Corylus sp. 15 ɻ ʢʟ., 
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Betula sp. 16 ɻ ʢʟ., Salix 1 ʵʢʟ., Pterocarya sp. 1 ɻ ʢʟ., Alnus sp. 21 ɻ ʢʟ., Ulmus sp. 16 ɻ ʢʟ,, Ilex 

sp. 4 ɻ ʢʟ, Carpinus sp. 1 ɻ ʢʟ., Diervilla sp. 1 ɻ ʢʟ., Platycarya sp. 8 ɻ ʢʟ., Quercus sp. 2 ɻ ʢʟ., 

Gramineae 1 ɻ ʢʟ., Compositae 3 ɻ ʢʟ., Polypodiaceae 3 ɻ ʢʟ. ɺʩʝʛʦ ʥʘʩʯʠʪʳʚʘʝʪʩʷ 140 ʵʢʟ. (100 

%) ʥʘ 4 ʧʨʝʧʦʨʘʪʘ. 

ʆʙʨ. Plï4 ʩʦʜʝʨʞʠʪ: Alnus sp. 6 ʵʢʟ., Coniferales (ʧʣʦʭʦʡ ʩʦʭʨʘʥʥʦʩʪʠ) 2 ʵʢʟ., Pinus 

sp. (ʧʣ. ʩʦʭʨ.) 4 ʵʢʟ., Corylus sp. 1 ʵʢʟ., Polypodiaceae 2 ʵʢʟ. ɺʩʝʛʦ ʚʳʷʚʣʝʥʦ 16 ʵʢʟ. ʤʠʦʩʧʦʨ 

ʥʘ 5 ʧʨʝʧʘʨʘʪʦʚ. 

ʆʙʨ. Plï5 ʩʦʜʝʨʞʠʪ: Picea sect. Eupicea 0.5 %, Picea sp. 1 %, Pinus s/g Diploxylon 3.4 

%, Pinus s/g Haploxylon 1.8 %, Pinus sp. 2.6 %, Larix sp. 2.6 %, Abies sp. 0.3 %, Taxodiaceae 

1.1 %, Podocarpus sp. 3.7 %, Cedrus sp. 0.8 %, Ginkgo sp. 0.5 %, Glyptostrobus sp. 0.5 %, 

Dacrydium sp. 1.6 %, Acer sp. 9.7 %, Rhus (ʩʫʤʘʢ) 3.4 %, Myrica sp. 8.7 %, Quercus sp. 13.2 

%, Salix sp. 3.2 %, Fagus sp. 2.4 %, Ilex sp. 3.2 %, Nyssa sp. 4.2 %, Almus sp. 3.2 %, Betula sp. 

5.8 %, Ulmus sp. 0.3 %, Magnolia sp. 2.4 %, Liquidambar sp. 0.3 %, Sterculia sp. 1.6 %, 

Nelumbo sp. 1.3 %, Phʫllocladidites bibulbus 4.1 %, Ephedripites sp. 2.6 %, Equisetosporites 

sp. 4.0 %, Triporopollenites 4.0 %. ʉʧʦʨʳ ï Leiotriletes sp. 1.1 %, Sphagnum sp. 1.3 %, 

Salvinia sp. 1.1 %. ɺʩʝʛʦ ʚʳʷʚʣʝʥʦ 350 ʵʢʟ. (100 %) ʥʘ ʜʚʫʭ ʧʨʝʧʘʨʘʪʘʭ. ʄʠʦʩʧʦʨʳ 

ʝʜʠʥʠʯʥʳ.  

ʀʟ ʧʨʠʚʝʜʸʥʥʦʛʦ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ: ʧʘʣʠʥʦʬʣʦʨʘ ʦʙʨ. ʈlï1, 

ʥʘʠʙʦʣʝʝ ʧʦʣʥʘ ̫ ʚ ʚʠʜʦʚʦʤ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʦʪʥʦʰʝʥʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʥʥʝʤʫ-

ʩʨʝʜʥʝʤʫ ʤʠʦʮʝʥʫ. ʇʘʣʠʥʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʦʙʨ. Plï2, Plï3, Plï4 ʠ Plï5, ʩ ʙʦʣʝʝ 

ʙʝʜʥʳʤ ʚʠʜʦʚʳʤ ʩʧʝʢʪʨʦʤ ʤʠʦʩʧʦʨ, ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʵʪʦʤʫ ʚʳʚʦʜʫ.  

 

4.1.3. ɼʫʣʠʭʠʥʩʢʠʡ ʦʧʦʨʥʳʡ ʨʘʟʨʝʟ 

 

ɺ ɸʥʦʩʦʚʩʢʦʡ ʧʘʣʝʦʜʦʣʠʥʝ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʥʦʩʦʚʩʢʦʡ ʩʚʠʪʳ ʚ 

ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʘʥʭʦʡʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ (ʩʤ. ʨʠʩ. 4.1), ʚʳʜʝʣʝʥʘ ʦʩʠʥʦʚʩʢʘʷ 

ʩʚʠʪʘ ʩʦ ʩʪʨʘʪʦʪʠʧʦʤ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʤ ʧʦ ʨ. ʆʩʠʥʦʚʢʘ-ʂʝʜʨʦʚʘʷ [ʄʘʮ ʠ ʜʨ., 2001]. 

ʂʨʫʧʥʳʝ ʬʨʘʛʤʝʥʪʳ ʨʘʟʨʝʟʘ, ʜʣʠʥʦʡ ʜʦ 400 ʤ, ʧʨʦʩʣʝʞʝʥʳ ʦʪ ʫʩʪʴʷ ʨʝʢʠ ʜʦ ʢʦʥʪʘʢʪʘ ʩ 

ʜʨʝʚʥʠʤʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ ʪʦʣʱʘʤʠ ʠ ʛʨʘʥʠʪʦʠʜʘʤʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 8 ʢʤ. ʆʪʣʦʞʝʥʠʷ 

ʩʚʠʪʳ ʟʘʣʝʛʘʶʪ ʥʘ ʢʘʦʣʠʥʠʪʦʚʦʡ ʢʦʨʝ ʚʳʚʝʪʨʠʚʘʥʠʷ. ʅʠʞʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ï ʚʘʣʫʥʥʦ-ʛʘʣʝʯʥʳʤʠ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ ʩ ʨʝʜʢʠʤʠ 

ʧʨʦʩʣʦʷʤʠ ʘʣʝʚʨʦʣʠʪʦʚ, ʧʝʩʯʘʥʠʢʦʚ ʠ ʪʦʥʢʠʤʠ ʣʠʥʟʘʤʠ ʫʛʣʷ. ɺ ʤʝʣʢʦʪʝʨʨʠʛʝʥʥʳʭ 

ʧʨʦʩʣʦʷʭ ɺ.ʄ. ʂʣʠʤʘʥʦʚʦʡ ʠ ɺ.ɸ. ʄʠʰʘʨʠʥʦʡ ʫʩʪʘʥʦʚʣʝʥʳ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʝ ʩʧʝʢʪʨʳ 

ʨʘʥʥʝʛʦïʩʨʝʜʥʝʛʦ ʤʠʦʮʝʥʘ. ɺʳʰʝ ʧʦ ʨʘʟʨʝʟʫ ʩʚʠʪʘ ʩʣʦʞʝʥʘ ʧʝʩʯʘʥʦ-ʛʘʣʝʯʥʳʤʠ ʠ 

ʛʘʣʝʯʥʦ-ʧʝʩʯʘʥʳʤʠ ʦʩʘʜʢʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʦʪʣʦʞʝʥʠʷ ʢʨʫʧʥʦʡ ʜʝʣʴʪʳ, ʘ ʪʘʢʞʝ 
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ʧʨʠʙʨʝʞʥʦ-ʦʟʝʨʥʳʝ ʣʠʪʦʬʘʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʛʘʣʝʯʥʠʢʦʚ ʚʦʣʥʦʧʨʠʙʦʡʥʳʭ ʚʘʣʦʚ. ɺ ʢʨʦʚʣʝ 

ʨʘʟʨʝʟʘ ʟʘʣʝʛʘʝʪ ʧʣʘʩʪ ʛʣʠʥʠʩʪʳʭ ʘʣʝʚʨʦʣʠʪʦʚ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʤʝʣʢʠʭ ʛʘʣʝʢ, ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ çʩʠʥʠʝ ʘʥʦʩʦʚʩʢʠʝ ʛʣʠʥʳè [ʇʘʣʴʰʠʥ, 1955]. ɻʣʠʥʳ ʦʙʦʛʘʱʝʥʳ ʨʘʩʪʠʪʝʣʴʥʳʤ 

ʜʝʪʨʠʪʦʤ, ʩʦʜʝʨʞʘʪ ʚʢʣʶʯʝʥʠʷ ʚʠʚʠʘʥʠʪʘ. ʀʟ ʘʣʝʚʨʦʣʠʪʦʚ ʵʪʦʛʦ ʧʣʘʩʪʘ ʚʳʜʝʣʝʥ ʙʦʛʘʪʳʡ 

ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʦʡ ʩʧʝʢʪʨ ʧʦʟʜʥʝʛʦ ʤʠʦʮʝʥʘïʨʘʥʥʝʛʦ ʧʣʠʦʮʝʥʘ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʳ 

ʜʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ, ʜʨʝʚʥʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʘ Stephanodiscus. ɹʘʡʢʘʣʴʩʢʠʝ 

ʵʥʜʝʤʠʢʠ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ. ʄʦʱʥʦʩʪʴ ʩʚʠʪʳ ʦʢʦʣʦ 1000 ʤ [ʄʘʮ ʠ ʜʨ., 2001]. 

ʂʦʤʧʣʝʢʩ ʦʙʥʘʞʝʥʠʡ ʦʩʠʥʦʚʩʢʦʡ ʩʚʠʪʳ (ʨ. ɼʫʣʠʭʘ) ʩʣʦʞʝʥ ʛʨʘʚʠʡʥʦ-ʧʝʩʯʘʥʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ ʩ ʤʝʣʢʦʛʘʣʝʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʆʪʣʦʞʝʥʠʷ ʧʨʦʤʳʪʳ, ʩʣʘʙʦ ʦʙʦʭʨʝʥʳ, ʩ 

ʥʘʢʣʦʥʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ (ʨʠʩ. 4.27). 

 

ʈʠʩ. 4.27. ʈʘʟʨʝʟ ʦʩʠʥʦʚʩʢʦʡ ʩʚʠʪʳ ʚ ʢʘʨʴʝʨʝ, ʧʨʦʡʜʝʥʥʦʤ ʚ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʨ. 

ɼʫʣʠʭʘ: ʘ ï ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʢʘʨʴʝʨʘ; ʙ ï ʦʙʱʠʡ ʚʠʜ ʨʘʟʨʝʟʘ ʦʩʠʥʦʚʩʢʦʡ ʩʚʠʪʳ; ʚ ï ʪʦʯʢʠ 

ʦʪʙʦʨʘ ʠ ʥʦʤʝʨʘ ʦʙʨʘʟʮʦʚ. ʈʠʩʫʥʦʢ ʘʚʪʦʨʘ. 

 

ʃʠʪʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʪʣʦʞʝʥʠʡ ʦʪ ʛʨʫʙʳʭ ʧʝʩʢʦʚ (x*=1.82 ʤʤ) ʜʦ ʩʨʝʜʥʝʡ 

ʛʘʣʴʢʠ (x*=26.81 ʤʤ) (ʨʠʩ. 4.28 ʘ). ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ (n=1.19ï1.91) 

ʩʦʚʧʘʜʘʶʪ ʩ ʩʝʢʪʦʨʦʤ ʘʣʣʶʚʠʘʣʴʥʦʛʦ ʛʝʥʝʟʠʩʘ (ʨʠʩ. 4.28 ʙ).  
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ʈʠʩ. 4.28. ɻʨʘʥʫʣʦʤʝʪʨʠʷ ʦʪʣʦʞʝʥʠʡ ɼʫʣʠʭʠʥʩʢʦʛʦ ʨʘʟʨʝʟʘ. ʘ ï ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ 

ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ x*, ʙ ï ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ɜ. ʈʠʩʫʥʦʢ ʘʚʪʦʨʘ. 

 

4.1.4. ɸʥʦʩʦʚʩʢʠʡ ʦʧʦʨʥʳʡ ʨʘʟʨʝʟ 

ɸʥʦʩʦʚʩʢʠʡ ʦʧʦʨʥʳʡ ʨʘʟʨʝʟ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʥʘʞʝʥʠʠ ʣʝʚʦʛʦ ʙʦʨʪʘ ʨ. ɸʥʦʩʦʚʢʘ (ʨʠʩ. 

4.29). 

 

ʈʠʩ. 4.29. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠʟʫʯʝʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʩʪʨʘʪʦʪʠʧʘ ʘʥʦʩʦʚʩʢʦʡ ʩʚʠʪʳ ʥʘ 

ʣʝʚʦʙʝʨʝʞʴʝ ʨ. ɸʥʦʩʦʚʢʘ. 

 

ɺ ʦʙʥʘʞʝʥʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʝ ʪʦʣʱʠ (ʨʠʩ. 4.30). 

ʅʠʞʥʷʷ ʪʦʣʱʘ, ʛʣʠʥʠʩʪʘʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʘʯʢʘʤʠ 1ï3 (ʩʥʠʟʫ ʚʚʝʨʭ): 

ʇʘʯʢʘ 1 (ʠʥʪʝʨʚʘʣ 0ï4 ʤ, ʦʙʨ. An-1ïAn-5) ï ʩʠʥʷʷ ʛʣʠʥʘ, ʦʜʥʦʨʦʜʥʘʷ, ʙʝʟ ʚʠʜʠʤʦʡ 

ʩʣʦʠʩʪʦʩʪʠ; 
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ʇʘʯʢʘ 2 (ʠʥʪʝʨʚʘʣ 4ï8 ʤ, ʦʙʨ. An-6ïAn-9) ï ʟʝʣʝʥʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʘʷ, ʩʚʝʪʣʦ-

ʢʦʨʠʯʥʝʚʘʷ ʛʣʠʥʘ; 

ʇʘʯʢʘ 3 (ʠʥʪʝʨʚʘʣ 8ï16 ʤ, ʦʙʨ. An-10ïAn-14) ï ʚ ʦʩʥʦʚʘʥʠʠ ʧʘʯʢʠ ʥʘʭʦʜʠʪʩʷ 

ʧʨʦʩʣʦʡ ʧʝʩʢʘ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ, ʦʭʨʠʩʪʦʛʦ ʩ ʭʦʨʦʰʦ ʦʢʘʪʘʥʥʦʡ ʤʝʣʢʦʡ ʛʘʣʴʢʦʡ. ʇʘʯʢʘ 

ʩʣʦʞʝʥʘ ʘʣʝʚʨʠʪʦʤ, ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʤ, ʧʝʨʝʭʦʜʷʱʠʤ ʚʳʰʝ ʧʦ ʨʘʟʨʝʟʫ ʚ ʨʠʪʤʠʯʥʦʝ 

ʧʝʨʝʩʣʘʠʚʘʥʠʝ ʘʣʝʚʨʠʪʘ ʩʚʝʪʣʦ- ʠ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʘʣʝʚʨʠʪ 

ʧʨʠʦʙʨʝʪʘʝʪ ʛʦʣʫʙʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʳʝ ʪʦʥʘ. ʇʘʯʢʘ ʚʝʥʯʘʝʪʩʷ 20-ʩʘʥʪʠʤʝʪʨʦʚʳʤ ʩʣʦʝʤ 

ʛʦʣʫʙʦʚʘʪʦʛʦ ʘʣʝʚʨʠʪʘ, ʥʘʩʳʱʝʥʥʦʛʦ ʛʨʘʚʝʣʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ. 

ɺʝʨʭʥʷʷ ʪʦʣʱʘ, ʧʝʩʯʘʥʦ-ʛʘʣʝʯʥʠʢʦʚʘʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʘʯʢʘʤʠ 5ï7: 

ʇʘʯʢʘ 4 (ʠʥʪʝʨʚʘʣ 16ï20 ʤ, ʦʙʨ. An-15ïAn-16) ï ʛʘʣʝʯʥʠʢ ʤʝʣʢʠʡ, ʧʝʩʦʢ, 

ʞʝʣʪʦʚʘʪʦ-ʩʝʨʳʡ, ʙʫʨʳʡ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʡ; 

ʇʘʯʢʘ 5 (ʠʥʪʝʨʚʘʣ 20ï22 ʤ, ʦʙʨ. An-17) ï ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʥʠʞʝʣʝʞʘʱʝʡ ʧʘʯʢʠ 2-

ʩʘʥʪʠʤʝʪʨʦʚʳʤ ʤʘʨʛʘʥʮʝʚʳʤ ʧʨʦʩʣʦʝʤ. ʇʘʯʢʘ ʩʣʦʞʝʥʘ ʧʝʩʢʦʤ, ʦʭʨʠʩʪʳʤ, ʩʨʝʜʥʝ-

ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤ; 

ʇʘʯʢʘ 6 (ʠʥʪʝʨʚʘʣ 22ï35 ʤ, ʦʙʨ. An-18ïAn-23) ï ʧʝʨʝʩʣʘʠʚʘʥʠʝ ʤʝʣʢʠʭ ʛʘʣʝʯʥʠʢʦʚ 

ʠ ʧʝʩʢʦʚ ʩʚʝʪʣʦ- ʠ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʭ, ʩʨʝʜʥʝ-ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʭ; 

ʇʘʯʢʘ 7 (ʠʥʪʝʨʚʘʣ 35ï40 ʤ) ʧʝʨʝʢʨʳʚʘʶʱʘʷ, ʩʣʦʞʝʥʘ ʛʘʣʝʯʥʠʢʦʤ ʩ ʥʘʧʦʣʥʠʪʝʣʝʤ 

ʧʝʩʢʘ ʪʝʤʥʦ-ʩʝʨʦʛʦ, ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʜʦ ʛʨʘʚʝʣʠʩʪʦʛʦ. 

 

ʈʠʩ. 4.30. ʈʘʟʨʝʟ ʩʪʨʘʪʦʪʠʧʘ ʘʥʦʩʦʚʩʢʦʡ ʩʚʠʪʳ ʥʘ ʣʝʚʦʙʝʨʝʞʴʝ ʨ. ɸʥʦʩʦʚʢʘ. 

ʈʠʩʫʥʦʢ ʘʚʪʦʨʘ. 
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ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʪʣʦʞʝʥʠʡ  

ʅʠʞʥʷʷ ʪʦʣʱʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʣʦʪʥʳʤʠ ʩʠʥʠʤʠ ʛʣʠʥʘʤʠ, ʘʣʝʚʨʦʣʠʪʘʤʠ ʠ 

ʘʣʝʚʨʦʧʝʩʢʘʤʠ. ʉʦʜʝʨʞʘʥʠʝ ʛʣʠʥʠʩʪʦʡ ʬʨʘʢʮʠʠ (ʪʘʙʣ. 4.6) ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʪʣʦʞʝʥʠʷʭ ʧʦ 

ʜʘʥʥʳʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ ʧʦʣʫʜʠʩʧʝʨʩʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʘ 

ʩʦʩʪʘʚʠʣʦ (%): 19.3 (An-2) ʠ 10.9 (An-7). ʂʦʣʠʯʝʩʪʚʦ ʧʳʣʝʚʘʪʦʡ ʬʨʘʢʮʠʠ ʜʦʩʪʠʛʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ: 72.5 % ï ʚ ʧʝʨʚʦʤ ʦʙʨʘʟʮʝ (An-2) ʠ 77.2 % ï ʚʦ ʚʪʦʨʦʤ (An-7). 

ʇʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɺ.ɺ. ʆʭʦʪʠʥʘ (ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ ʧʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ), ʧʦʨʦʜʳ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʥʘʠʤʝʥʦʚʘʥʠʷ: ʛʣʠʥʘ ʧʝʩʯʘʥʘʷ 

ʧʳʣʝʚʘʪʘʷ (An-2) ʠ ʛʣʠʥʘ ʩʠʣʴʥʦ ʧʝʩʯʘʥʘʷ ʧʳʣʝʚʘʪʘʷ (An-7). 

ʊʘʙʣʠʮʘ 4.6 

ʈʝʟʫʣʴʪʘʪʳ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ ʠʟ ɸʥʦʩʦʚʩʢʦʛʦ ʨʘʟʨʝʟʘ 

ˉ              

ʦʙʨʘʟʮʘ 

ʉʦʜʝʨʞʘʥʠʝ ʬʨʘʢʮʠʡ, % ʊʠʧ ʦʪʣʦʞʝʥʠʡ 

0.5ï 0.25 0.25ï

0.05 

0.05ï0.01 0.01ï

0.002 

< 0.002 

ʤʤ 

An-2 
4.2 

2.8 

4.0 

3.1 

54.2 

51.4 

18.3 

16.6 

19.3 

26.1 

ɻʣʠʥʘ ʧʝʩʯʘʥʘʷ ʧʳʣʝʚʘʪʘʷ                                   

(ʩʨʝʜʥʷ ̫ʧʳʣʝʚʘʪʘ)̫ 

An-7 
2.1 

1.8 

9.7 

4.3 

58.0 

48.1 

19.3 

24.5 

10.9 

21.3 

ɻʣʠʥʘ ʩʠʣʴʥʦ ʧʝʩʯʘʥʘʷ ʧʳʣʝʚʘʪʘʷ 

(ʣʝʛʢʘ ̫ʧʳʣʝʚʘʪʘ)̫ 

 

ʈʝʟʫʣʴʪʘʪʳ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ ʜʠʩʧʝʨʩʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʜʛʦʪʦʚʢʠ 

ʦʙʨʘʟʮʘ ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ ʦ ʨʝʘʣʴʥʦʡ ʛʣʠʥʠʩʪʦʩʪʠ ʦʪʣʦʞʝʥʠʡ. ʉʦʜʝʨʞʘʥʠʝ ʛʣʠʥʠʩʪʦʡ 

ʬʨʘʢʮʠʠ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʩʦʩʪʘʚʣʷʝʪ 26.1 ʠ 21.3 %, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ (An-2 ʠ An-7) ʛʣʠʥʝ ʧʝʩʯʘʥʠʩʪʦʡ ʧʳʣʝʚʘʪʦʡ.  

ɺʝʨʭʥʷʷ ʪʦʣʱʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʭʨʠʩʪʳʤ, ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʳʤ 

ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʠʤʝʝʪ ʧʝʩʪʨʳʡ ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʪ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʭ 

ʧʝʩʢʦʚ (x*=0.43 ʤʤ) ʜʦ ʤʝʣʢʦʡ ʛʘʣʴʢʠ (x*=17.82 ʤʤ) (ʨʠʩ. 4.31 ʘ). ʇʦ ʢʦʵʬʬʠʮʠʝʥʪʫ 

ʚʘʨʠʘʮʠʠ (ɜ=0.82ï1.87) (ʨʠʩ. 4.31 ʙ) ʦʧʨʝʜʝʣʷʝʪʩ ̫ʘʣʣʶʚʠʘʣʴʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʪʦʣʱʠ.  
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ʈʠʩ. 4.31. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʪʣʦʞʝʥʠʡ ʚʝʨʭʥʝʡ ʪʦʣʱʠ ɸʥʦʩʦʚʩʢʦʛʦ 

ʨʘʟʨʝʟʘ: ʘ ï ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ x*, ʙ ï ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ɜ. ʈʠʩʫʥʦʢ 

ʘʚʪʦʨʘ. 

 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʪʣʦʞʝʥʠʡ 

ɺ ʪʘʙʣ. 4.7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʦʙʨ. An-3, An-6 ʠ 

An-8 ʥʠʞʥʝʡ ʪʦʣʱʠɸʥʦʩʦʚʩʢʦʛʦ ʨʘʟʨʝʟʘ.  

ʊʘʙʣʠʮʘ 4.7 

ʉʦʦʪʥʦʰʝʥʠʝ ʦʩʥʦʚʥʳʭ ʤʠʥʝʨʘʣʦʚ ʦʪʣʦʞʝʥʠʡ ʥʠʞʥʝʡ ʪʦʣʱʠ ɸʥʦʩʦʚʩʢʦʛʦ ʨʘʟʨʝʟʘ ʧʦ 

ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ 

ʇʘʯʢʘ 

ʉʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʦʚ ʚ ʧʦʨʦʜʝ, % 

ʅʦʤʝʨ 

ʦʙʨʘʟʮʘ* 
ʂʚʘʨʮ ʇʣʘʛʠʦʢʣʘʟ ʂʘʦʣʠʥʠʪ ɻʠʜʨʦʩʣʶʜʘ ʍʣʦʨʠʪ ɺʝʨʤʠʢʫʣʠʪ 

2 ɸn-8 50 25 ï 7 15 3 

2 ɸn-6 60 23 5 5 5 2 

1 ɸn-3 50 25 5 15 5 + 

*ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʦʙʨʘʟʮʦʚ ʩʤ. ʥʘ ʨʠʩ. 4.30. 

 

ɺ ʦʪʣʦʞʝʥʠʷʭ ʧʨʝʦʙʣʘʜʘʝʪ ʪʝʨʨʠʛʝʥʥʘʷ ʬʨʘʢʮʠʷ, ʩʨʝʜʥʝʝ ʪʨʝʭ ʦʧʨʝʜʝʣʝʥʠʡ ï 77.6 

% (ʢʚʘʨʮ ï 53.3 %, ʧʣʘʛʠʦʢʣʘʟ ï 24.3 %) (ʪʘʙʣ. 4.8) ʧʨʠ ʥʠʟʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʛʣʠʥʠʩʪʳʭ 

ʤʠʥʝʨʘʣʦʚ (22.3 %). ɻʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʠʜʨʦʩʣʶʜʦʡ, ʭʣʦʨʠʪʦʤ, 

ʢʘʦʣʠʥʠʪʦʤ ʠ ʚʝʨʤʠʢʫʣʠʪʦʤ (ʢʨʦʤʝ ʦʙʨ. ɸn-8, ʚ ʢʦʪʦʨʦʤ ʢʘʦʣʠʥʠʪ ʦʪʩʫʪʩʪʚʫʝʪ). 

ʊʘʙʣʠʮʘ 4.8 

ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʦʪʣʦʞʝʥʠʡ ʥʠʞʥʝʡ 

ʪʦʣʱʠ ɸʥʦʩʦʚʩʢʦʛʦ ʦʧʦʨʥʦʛʦ ʨʘʟʨʝʟʘ 

ʇʨʠʤʝʯʘʥʠʝ: ʍʩʨ. ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ %; s ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ; 

Vʚʘʨ. ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ, %; n ï ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ. 

 

ʉʦʩʪʘʚ ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ ʦʙʨ. An-2 (ʩʠʥʷʷ ʛʣʠʥʘ ʧʘʯʢʠ 1) ʠ An-7 (ʟʝʣʝʥʦʚʘʪʦ-

ʢʦʨʠʯʥʝʚʘʷ ʛʣʠʥʘ ʥʠʞʥʝʛʦ ʩʣʦʷ ʧʘʯʢʠ 2) ʠʩʩʣʝʜʦʚʘʣʩʷ ʤʝʪʦʜʦʤ ʉʕʄ. ɺ ʜʚʫʭ ʯʘʩʪʠʮʘʭ 

ʦʙʨ. An-2 ʦʧʨʝʜʝʣʝʥʘ ʩʫʣʴʬʘʪʥʘʷ ʩʝʨʘ (7.59ï10.42 %), ʘ ʪʘʢʞʝ ʥʝʙʦʣʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʨʘʩʷʱʠʭ ʚ ʩʠʥʠʡ ʮʚʝʪ ʵʣʝʤʝʥʪʦʚ: Co (0.14ï0.34 %) ʠ Cd (0.48ï0.55 %) (ʨʠʩ. 4.32). 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʉʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʦʚ, % 

ʂʚʘʨʮ ʇʣʘʛʠʦʢʣʘʟ ɻʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ 

ɺʝʨʭʥʝʤʠʦʮʝʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ (n=3) 

ʍʩʨ. 53.3 24.3 22.3 

s 5.7 1.1 4.6 

Vʚʘʨ. 11 5.0 21.0 
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ɽʱʝ ʦʜʥʘ ʯʘʩʪʠʮʘ ʵʪʦʛʦ ʞʝ ʦʙʨʘʟʮʘ ʚ ʪʦʯʢʝ 3 ʧʦʢʘʟʘʣʘ ʥʠʟʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʝʨʳ 

(0.40 %) ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ Co ʠ Cd, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 0.22 ʠ 0.15 % (ʨʠʩ. 4.33). ʌʦʩʬʦʨ ʚ 

ʵʪʠʭ ʯʘʩʪʠʮʘʭ ʥʝ ʦʙʥʘʨʫʞʝʥ, ʧʦʵʪʦʤʫ ʧʨʠʩʫʪʩʪʚʠʝ ʬʘʟʳ ʚʠʚʠʘʥʠʪʘ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ. 

ʉʠʥʠʡ ʢʨʘʩʷʱʠʡ ʵʬʬʝʢʪ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʨʠʤʝʩʴʶ Co ʠ Cd. ɺ ʜʚʫʭ ʯʘʩʪʠʮʘʭ ʦʙʨ. An-7 ʩʝʨʘ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʥʠʯʪʦʞʥʦ-ʤʘʣʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (0.31ï0.35 %) ʧʨʠ ʠʟʤʝʨʷʝʤʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Co (ʜʦ 0.38 %) (ʨʠʩ. 4.34). 

 

ʈʠʩ. 4.32. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʯʘʩʪʠʮ ʦʙʨ. An-2 ʩʠʥʝʡ ʛʣʠʥʳ ʤʝʪʦʜʦʤ ʉʕʄ. ʘ, 

ʙ ï ʪʦʯʢʠ 1 ʠ 2 ʠʟʤʝʨʝʥʠʷ; ʚ, ʛ ï ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʘ 100 %. 

 

ʈʠʩ. 4.33. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʯʘʩʪʠʮʳ ʦʙʨ. An-2 ʩʠʥʝʡ ʛʣʠʥʳ ʤʝʪʦʜʦʤ ʉʕʄ. 

ʘ ï ʪʦʯʢʘ ʠʟʤʝʨʝʥʠʷ; ʙ ï ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʘ 100 %. ɺʠʜʥʳ 

ʬʨʘʛʤʝʥʪʳ ʠʩʢʦʧʘʝʤʳʭ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ. 
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ʈʠʩ. 4.34. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʯʘʩʪʠʮʳ ʦʙʨ. An-7 ʟʝʣʝʥʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʦʡ 

ʛʣʠʥʳ ʤʝʪʦʜʦʤ ʉʕʄ. ʅʘ ʨʠʩ. ʘ, ʙ ï ʪʦʯʢʘ ʠʟʤʝʨʝʥʠʷ; ʚ, ʛ ï ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʥʘ 100 %. 

 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʨʦʜ 

ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʦʪʣʦʞʝʥʠʡ ɸʥʦʩʦʚʩʢʠʡ ʨʘʟʨʝʟ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʥʠʞʥʶʶ 

ʪʦʣʱʫ (ʪʦʣʱʫ 1, ʚʢʣʶʯʘʶʱʫʶ ʧʘʯʢʠ 1, 2 ʠ 3) ʠ ʚʝʨʭʥʶʶ ʪʦʣʱʫ (ʪʦʣʱʫ 2, ʚʢʣʶʯʘʶʱʫʶ 

ʧʘʯʢʠ 4, 5 ʠ 6). ʆʪʣʦʞʝʥʠʷ ʥʠʞʥʝʡ ʪʦʣʱʠ ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ CIA (ʦʪ 65 ʜʦ 71), 

ʚʝʨʭʥʝʡ ʪʦʣʱʠ ï ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ (ʦʪ 61 ʜʦ 63) (ʨʠʩ. 4.35). 

ʅʠʞʥʷʷ ʪʦʣʱʘ ʠʤʝʝʪ ʧʦʚʳʰʝʥʥʳʝ ʇʇʇ (3.1ï5.2 ʤʘʩ.%), ʚʝʨʭʥʷʷ ï ʧʦʥʠʞʝʥʥʳʝ 

ʇʇʇ (1.3ï2.9 ʤʘʩ.%). ʆʪʥʦʰʝʥʠʝ Fe2O3/FeO ʚ ʩʠʥʠʭ ʛʣʠʥʘʭ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʝ (<2), 

ʚʦʟʨʘʩʪʘʝʪ ʢ ʢʨʦʚʣʝ ʥʠʞʥʝʡ ʪʦʣʱʠ ʜʦ 6 ʠ ʟʘʪʝʤ ʩʥʠʞʘʝʪʩʷ. ʇʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ K2O 

(2.1ï2.8 ʤʘʩ.%), Al2O3 (16.4ï19.2 ʤʘʩ.%) ʠ, ʚʦʟʤʦʞʥʦ, MgO (1.4ï2.1 ʤʘʩ.%) ʧʨʠ ʥʠʟʢʦʤ 

SiO2 (54.1ï67.1 ʤʘʩ.%) ʚ ʥʠʞʥʝʡ ʪʦʣʱʝ, ʩʦʯʝʪʘʶʱʠʝʩʷ ʩ ʧʦʚʳʰʝʥʳʤʠ ʇʇʇ, ʦʪʨʘʞʘʶʪ 

ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʛʣʠʥʠʩʪʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʦʪʣʦʞʝʥʠʷʭ ʵʪʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ. 

ʇʘʜʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ K2O (1.4ï1.9 ʤʘʩ.%), Al2O3 (12.2ï13.0 ʤʘʩ.%) ʠ MgO (0.7ï1.0 

ʤʘʩ.%) ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ SiO2 (72.4ï76.4 ʤʘʩ.%) ʩ ʧʦʥʠʞʝʥʠʝʤ ʇʇʇ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʨʝʟʢʦʤ ʩʥʠʞʝʥʠʠ ʨʦʣʠ ʛʣʠʥ ʚ ʚʝʨʭʥʝʡ ʪʦʣʱʝ.  ʉʦʜʝʨʞʘʥʠʝ P2O5 ʚʳʜʝʨʞʘʥʦ ʚ ʦʪʣʦʞʝʥʠʷʭ 

ʚʩʝʛʦ ʨʘʟʨʝʟʘ (0.11ï0.18 ʤʘʩ.%). ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʫʩʪʦʡʯʠʚʦʝ ʧʦʚʳʰʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ P2O5 (0.23ï0.35 ʤʘʩ.%) ʚ ʦʪʣʦʞʝʥʠʷʭ ʧʘʯʢʠ 5. 
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ʈʠʩ. 4.35. ɺʘʨʠʘʮʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʚʳʚʝʪʨʠʚʘʥʠʷ (CIA) (ʘ), ʦʪʥʦʰʝʥʠʷ 

Fe2O3/FeO (ʙ), ʩʦʜʝʨʞʘʥʠʡ P2O5 (ʚ), ʇʇʇ (ʛ), K2O (ʜ), Al2O3 (ʝ), MgO (y ), CaO (ʞ) ʠ SiO2 

(ʟ) ʚ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʩʥʠʟʫ ʚʚʝʨʭ ʧʦ ɸʥʦʩʦʚʩʢʦʤʫ ʨʘʟʨʝʟʫ. 

 

ʆʪʣʦʞʝʥʠʷ ʥʠʞʥʝʡ ʪʦʣʱʠ ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Cu (25.3ï76.1 ʤʢʛ/ʛ) 

ʠ Co (14.5ï21.3 ʤʢʛ/ʛ) (ʨʠʩ. 4.36ʘ,ʝ), ʯʪʦ, ʥʘʨʷʜʫ ʩ ʥʘʣʠʯʠʝʤ ʩʝʨʳ ʚ ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮʘʭ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʤʝʪʦʜʦʤ ʉʕʄ (ʨʠʩ. 4.32), ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʛʣʠʥʠʩʪʦ-


