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ɺɺɽɼɽʅʀɽ 

 

ʇʦʣʠʘʥʠʣʠʥ (ʇɸʅʀ) ï ʦʜʠʥ ʠʟ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʣʘʩʩʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʧʦʣʠʤʝʨʦʚ 

(ʕʇʇ), ʜʘʪʦʡ ʦʪʢʨʳʪʠʷ ʢʦʪʦʨʳʭ ʩʯʠʪʘʝʪʩʷ 1977 ʛ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʇɸʅʀ ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʧʦʣʠʘʮʝʪʠʣʝʥ, ʧʦʣʠʪʠʦʬʝʥ, ʧʦʣʠʧʠʨʨʦʣ, 

ʧʦʣʠʧʘʨʘʬʝʥʠʣʝʥʚʠʥʠʣʝʥ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʥʠ ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʘʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. 

ʇʦʣʠʤʝʨʳ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʨʘʟʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʦʢʠʩʣʝʥʠʷ ʠ, ʪʘʢʞʝ ʢʘʢ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ, ʜʘʶʪ ʟʘʢʦʥʦʤʝʨʥʳʡ ʦʪʢʣʠʢ ʥʘ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʆʥʠ ʤʝʥʷʶʪ ʩʚʦʶ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʮʚʝʪ, ʧʣʦʪʥʦʩʪʴ, ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ-ʛʠʜʨʦʬʦʙʥʦʩʪʴ, 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʣʷ ʛʘʟʦʚ ʠ ʞʠʜʢʦʩʪʝʡ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʝ ʧʦʣʠʤʝʨʳ 

ʥʘʟʳʚʘʶʪ çʠʥʪʝʣʣʠʛʝʥʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠè [1]. ɺ 2000 ʛʦʜʫ ʟʘ ʠʭ ʦʪʢʨʳʪʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʙʳʣʘ ʧʨʠʩʫʞʜʝʥʘ ʅʦʙʝʣʝʚʩʢʘʷ ʧʨʝʤʠʷ ʧʦ ʭʠʤʠʠ [2].   

ʇʦʣʠʘʥʠʣʠʥ ʦʙʣʘʜʘʝʪ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʚ ʜʠʘʧʘʟʦʥʝ 10-10 - 

101 ʉʠʤʝʥʩ ʩʤ-1 ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ, ʵʣʝʢʪʨʦ- ʠ ʩʦʣʴʚʘʪʦʭʨʦʤʠʟʤʦʤ, ʥʝʣʠʥʝʡʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʧʘʨʘʤʘʛʥʝʪʠʟʤʦʤ. ɺ ʜʦʧʦʣʥʝʥʠʠ ʢ ʵʪʦʤʫ ʧʦʣʠʤʝʨ ʥʝ ʪʦʢʩʠʯʝʥ, ʫʩʪʦʡʯʠʚ ʚ ʘʛʨʝʩʩʠʚʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʩʨʝʜʘʭ, ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʥʠʟʢʫʶ ʩʝʙʝʩʪʦʠʤʦʩʪʴ. 

ɹʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʦʤʫ ʢʦʤʧʣʝʢʩʫ ʩʚʦʡʩʪʚ ʠ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʇɸʅʀ ʧʝʨʚʳʤ ʩʨʝʜʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʧʦʣʠʤʝʨʦʚ ʩʪʘʣ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ ʧʨʘʢʪʠʢʝ [3 - 5]. ʅʠʞʝ ʧʝʨʝʯʠʩʣʝʥʳ 

ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʇɸʅʀ, ʘ ʪʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʨʘʟʨʘʙʦʪʢʠ, ʠʤʝʶʱʠʝ 

ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

  ɺ ʢʦʥʮʝ 80-ʭ ʛʦʜʦʚ ʢʦʤʧʘʥʠʷʤʠ Varta-BASF ʠ Bridgestone-Seiko ʙʳʣʠ ʚʳʧʫʱʝʥʳ ʧʝʨʚʳʝ 

ʧʦʣʠʤʝʨʥʳʝ ʣʠʪʠʝʚʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʇɸʅʀ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʣʠʪʠʝʚʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ ʩ ʇɸʅʀ ʠ ʧʦʣʠʧʠʨʨʦʣʦʤ ʥʘ ʢʘʪʦʜʝ ʟʘʥʠʤʘʶʪ 

ʙʦʣʴʰʫʶ ʜʦʣʶ ʨʳʥʢʘ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ ʠ ʥʦʫʪʙʫʢʦʚ [6]. ɼʨʫʛʠʤ 

ʪʠʧʦʤ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʛʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʇɸʅʀ, ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ 

ʢʦʥʜʝʥʩʘʪʦʨʳ ʠʣʠ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʳ. ʋʩʪʨʦʡʩʪʚʘ ʩ ʚʦʜʥʳʤ ʵʣʝʢʪʨʦʣʠʪʦʤ ʧʨʠ ʥʠʟʢʦʤ ʨʘʙʦʯʝʤ 

ʥʘʧʨʷʞʝʥʠʠ ʠʤʝʶʪ ʝʤʢʦʩʪʠ ʚ ʨʘʟʳ, ʧʨʝʚʦʩʭʦʜʷʱʠʝ ʝʤʢʦʩʪʴ ʦʙʳʯʥʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʩʨʘʚʥʠʤʦʛʦ ʨʘʟʤʝʨʘ. ʂʦʤʧʘʥʠʷ Matsushita Corporation ʚʳʧʫʩʢʘʝʪ ʵʪʠ 

ʢʦʥʜʝʥʩʘʪʦʨʳ ʧʦʜ ʤʘʨʢʦʡ Panasonic SP-Cap. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʢʦʥʜʝʥʩʘʪʦʨʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩ ʚʳʩʦʢʠʤ ʨʘʙʦʯʠʤ ʥʘʧʨʷʞʝʥʠʝʤ, ʛʜʝ 

ʧʦʣʠʤʝʨʥʘʷ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩʦʯʝʪʘʝʪʩʷ ʩ ʵʣʝʢʪʨʦʣʠʪʘʤʠ ʥʘ ʦʩʥʦʚʝ ʠʦʥʥʳʭ 

ʞʠʜʢʦʩʪʝʡ. ʇʨʠʥʷʪʠʝ ʥʦʚʳʭ ʟʘʢʦʥʦʚ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, 

ʩʪʠʤʫʣʠʨʫʝʪ ʧʝʨʝʢʣʶʯʝʥʠʝ ʠʥʪʝʨʝʩʘ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩ Ni-Cd ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʥʘ ʧʦʣʠʤʝʨʥʳʝ 

[7- 9]. 

 ʅʘʯʠʥʘʷ ʩ 2005 ʛ. ʙʦʣɹh ʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʇɸʅʀ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʩʪʨʦʡʩʪʚ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ï ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʵʣʝʢʪʨʦʥʥʦʡ ʠ 

ʧʨʦʪʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦʣʠʤʝʨ ʪʝʩʪʠʨʫʝʪʩʷ ʢʘʢ 

ʢʦʤʧʦʥʝʥʪʘ ʵʣʝʢʪʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ ʩ 

ʚʦʜʦʨʦʜʥʳʤ ʪʦʧʣʠʚʦʤ, ʘ ʪʘʢʞʝ ʚ ʵʣʝʤʝʥʪʘʭ ʩ ʧʨʷʤʳʤ ʦʢʠʩʣʝʥʠʝʤ ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ. 



6 

 

 

 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʦʣʠʤʝʨ ʠ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʦʪʦʥ-ʧʨʦʚʦʜʷʱʠʭ ʤʝʤʙʨʘʥ, ʧʨʠʤʝʥʷʝʤʳʭ ʥʝ 

ʪʦʣʴʢʦ ʚ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ, ʥʦ ʠ ʜʣʷ ʵʣʝʢʪʨʦʜʠʘʣʠʟʘ ʠ ʦʙʝʩʩʦʣʠʚʘʥʠʷ ʚʦʜʳ. ʆʜʥʘʢʦ ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʚʝʜʫʱʠʝ ʵʣʝʢʪʨʦʥʥʳʝ ʢʦʤʧʘʥʠʠ, ʪʘʢʠʝ ʢʘʢ Casio, Fujitsu, Hitachi, NEC, 

Sanyo, Toshiba, Motorola ʠ ʜʨʫʛʠʝ, ʘʥʦʥʩʠʨʫʶʪ ʣʠʰʴ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʝ ʦʙʨʘʟʮʳ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʷ ʫʩʪʨʦʡʩʪʚ ʟʘʪʷʛʠʚʘʝʪʩʷ [10, 

11].    

 ʅʘ ʦʩʥʦʚʝ ʇɸʅʀ ʨʘʟʨʘʙʦʪʘʥʦ ʥʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʛʘʟʦʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʤʝʤʙʨʘʥ ʩ ʚʳʩʦʢʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʜʝʣʝʥʠʷ ʛʘʟʦʚ ʅ2, N2, O2, CO2, CH4; ʧʝʨʚʦʧʘʨʘʮʠʦʥʥʳʭ ʤʝʤʙʨʘʥ, ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʜʣʷ ʦʩʫʰʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ. ʇʦʣʫʯʝʥʳ ʠʦʥʩʝʣʝʢʪʠʚʥʳʝ ʤʝʤʙʨʘʥʳ, 

ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʪʨʘʥʩʧʦʨʪ ʠʦʥʦʚ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. ʇʦʪʦʢ ʠʦʥʦʚ, ʜʚʠʞʫʱʠʭʩʷ ʯʝʨʝʟ 

ʧʦʣʠʤʝʨʥʫʶ ʧʣʝʥʢʫ, ʤʦʞʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ ʧʦʪʝʥʮʠʘʣʦʤ, ʧʨʠʣʦʞʝʥʥʳʤ ʢ ʧʣʝʥʢʝ, ʢʦʪʦʨʘʷ 

ʠʛʨʘʝʪ ʨʦʣʴ ʠʦʥʥʦʛʦ ʟʘʪʚʦʨʘ. ʕʬʬʝʢʪ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʚʳʜʝʣʝʥʠʷ ʣʝʢʘʨʩʪʚ. ɸʥʠʦʥʩʦʜʝʨʞʘʱʠʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʩʨʝʜʩʪʚʘ: ʛʣʶʪʘʤʘʪ, 

ʜʦʧʘʤʠʥ, ʩʘʣʠʮʠʘʣʘʪ, ʥʠʢʦʟʠʜ, ʥʘʧʨʦʢʩʝʥ ʠ ʪ.ʜ., ʚʚʝʜʝʥʥʳʝ ʚ ʧʦʣʠʤʝʨ ʧʨʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, 

ʤʦʛʫʪ ʧʦʩʪʝʧʝʥʥʦ ʚʳʜʝʣʷʪʴʩʷ ʚ ʦʛʨʘʥʠʟʤʝ ʟʘ ʩʯʝʪ ʦʙʤʝʥʘ ʥʘ ʘʥʠʦʥʳ ʭʣʦʨʘ [12].  

ʇɸʅʀ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʌʠʨʤʘ Milliken 

& Company ʧʦʜ ʪʦʨʛʦʚʦʡ ʤʘʨʢʦʡ Contex ʚʳʧʫʩʢʘʝʪ ʪʢʘʥʠ ʠ ʙʫʤʘʛʫ ʜʣʷ ʧʦʛʣʦʱʝʥʠʷ ʉɺʏ-

ʠʟʣʫʯʝʥʠʷ, ʯʪʦ ʚʳʟʚʘʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʠʟʣʫʯʝʥʠʷ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ ʠ 

ʜʨʫʛʠʭ ʙʳʪʦʚʳʭ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʫʩʪʨʦʡʩʪʚ. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʦʛʣʦʱʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 10-100 

ɻɻʮ ʠʤʝʶʪ ʠ ʧʣʝʥʢʠ ʇɸʅʀ ʥʘ ʧʦʨʠʩʪʳʭ ʥʦʩʠʪʝʣʷʭ. ʇʨʠ ʤʝʥʴʰʠʭ ʯʘʩʪʦʪʘʭ ʵʬʬʝʢʪʠʚʥʳ 

ʢʦʤʧʦʟʠʪʳ ʇɸʅʀ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʠʣʠ ʤʘʛʥʠʪʥʳʤʠ ʥʘʧʦʣʥʠʪʝʣʷʤʠ. [13]. 

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩʝʥʩʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʪʘʢʞʝ ʩʚʷʟʘʥʘ, ʚ ʦʩʥʦʚʥʦʤ, ʩ ʜʚʫʤʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʤʠ ʧʦʣʠʤʝʨʘʤʠ ī ʧʦʣʠʘʥʠʣʠʥʦʤ ʠ ʧʦʣʠʧʠʨʨʦʣʦʤ. ʇʦʣʠʤʝʨʳ ʚʳʧʦʣʥʷʶʪ 

ʬʫʥʢʮʠʶ ʜʝʪʝʢʪʠʨʫʶʱʝʡ ʢʦʤʧʦʥʝʥʪʳ ʩʝʥʩʦʨʦʚ, ʧʦʩʢʦʣʴʢʫ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʜʝʡʩʪʚʠʶ 

ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʠ ʜʘʶʪ ʥʘ ʥʠʭ ʟʘʢʦʥʦʤʝʨʥʳʡ ʦʪʢʣʠʢ. ʉʝʥʩʦʨʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʦʢʩʠʯʥʳʭ ʠ ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʛʘʟʦʚ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ʠ ʢʠʩʣʦʪ, ʥʘʨʢʦʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʪ.ʜ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʫʞʝ ʠʤʝʶʱʠʭʩʷ 

ʤʝʪʘʣʣʦʢʩʠʜʥʳʭ ʩʝʥʩʦʨʦʚ, ʩʝʥʩʦʨʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʨʘʙʦʪʘʶʪ ʧʨʠ ʦʙʳʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ 

ʥʝ ʪʨʝʙʫʶʪ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ, ʦʥʠ ʧʨʦʩʪʳ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʜʝʰʝʚʳ. ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ 

ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʩʤʝʩʝʡ ʛʘʟʦʚ ʠ ʞʠʜʢʦʩʪʝʡ ʧʦʜ ʥʘʟʚʘʥʠʝʤ 

çʵʣʝʢʪʨʦʥʥʳʡ ʥʦʩè ʠ çʵʣʝʢʪʨʦʥʥʳʡ ʷʟʳʢè [14-17]. 

  ʌʠʨʤʳ DuPont ʠ Zipperling Kessler ʧʦʜ ʪʦʨʛʦʚʳʤʠ ʤʘʨʢʘʤʠ Corrpassive Cor Aremco ʠ ʪ.ʜ. 

ʧʨʦʠʟʚʦʜʷʪ ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʝ ʧʦʢʨʳʪʠʷ ʜʣʷ ʟʘʱʠʪʳ ʯʝʨʥʳʭ ʠ ʮʚʝʪʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʛʜʝ ʇɸʅʀ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʥʝʪʦʢʩʠʯʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʥʦʜʥʦ ʧʘʩʩʠʚʠʨʦʚʘʪʴ ʤʝʪʘʣʣ, ʠ 

ʩʜʝʨʞʠʚʘʪʴ ʢʦʨʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʥʝ ʪʦʣʴʢʦ ʧʦʜ ʧʣʝʥʦʯʥʳʤ ʧʦʢʨʳʪʠʝʤ, ʥʦ ʠ ʚ ʦʙʣʘʩʪʠ ʝʛʦ 

ʜʝʬʝʢʪʦʚ [18]. 

ʇɸʅʀ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʥʪʠʩʪʘʪʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ. ɸʥʪʠʩʪʘʪʠʯʝʩʢʠʝ ʩʣʦʠ ʥʘ 

ʬʦʪʦʧʣʝʥʢʘʭ ʧʦʜ ʤʘʨʢʦʡ Orgacʦn ʚʳʧʫʩʢʘʶʪʩʷ ʬʠʨʤʦʡ Agfa-Gevaert. ʂʦʣʣʦʠʜʳ ʇɸʅʀ 
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ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʠʨʤʦʡ FINAL ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ, ʧʨʠʤʝʥʷʶʱʠʭʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʜʠʘʬʨʘʛʤ ʚ ʘʢʫʩʪʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ.  

ʂ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇɸʅʀ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʛʝʪʝʨʦʛʝʥʥʳʡ 

ʢʘʪʘʣʠʟ. ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʧʦʣʠʤʝʨ çʨʘʙʦʪʘʝʪè ʢʘʢ 

ʩʦʢʘʪʘʣʠʟʘʪʦʨ, ʧʨʝʜʦʪʚʨʘʱʘʷ çʦʪʨʘʚʣʝʥʠʝè ʤʝʪʘʣʣʘ ʧʨʠʤʝʩʷʤʠ ʦʢʠʩʠ ʫʛʣʝʨʦʜʘ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʇɸʅʀ ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʥʠʪʴ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʠ ʫʜʝʰʝʚʣʷʝʪ ʩʠʥʪʝʟ. ʊʘʢʠʝ ʚʘʞʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʘʢ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʠ ʠʦʥʦʚ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʦʢʠʩʣʝʥʠʝ ʘʤʠʥʦʚ ʠ ʢʝʪʦʥʦʚ, 

ʘʩʢʦʨʙʠʥʦʚʦʡ ʠ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪ, ʧʨʝʚʨʘʱʝʥʠʝ ʭʠʥʦʥ-ʛʠʜʨʦʭʠʥʦʥ, ʨʝʘʢʮʠʠ ʉʫʜʟʫʢʠ ï 

ʩʠʥʪʝʟʘ ʠ ʪ.ʜ. ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʡ ʧʦʣʠʤʝʨ ʢʘʪʘʣʠʟʠʨʫʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ [19, 20]. 

ʉʧʦʩʦʙʥʦʩʪʴ ʇɸʅʀ ʤʝʥʷʪʴ ʜʠʘʧʘʟʦʥ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠ,̫ ʪ.ʝ. ʮʚʝʪʥʦʩʪʴ, ʧʨʠ 

ʦʢʠʩʣʝʥʠʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʝʛʦ ʨʘʙʦʪʳ ʚ ʵʣʝʢʪʨʦʭʨʦʤʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. ʌʠʨʤʳ 

Gentex, Schortt & Flabeg ʚʳʧʫʩʢʘʶʪ ʢʘʢ ʞʝʩʪʢʠʝ, ʪʘʢ ʠ ʛʠʙʢʠʝ ʵʣʝʢʪʨʦʭʨʦʤʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʩʧʦʩʦʙʥʳʝ ʫʧʨʘʚʣʷʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʨʦʧʫʩʢʘʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʚ ʧʦʤʝʱʝʥʠʷʭ, ʣʠʙʦ 

ʩʚʝʪʘ, ʦʪʨʘʞʝʥʥʦʛʦ ʟʝʨʢʘʣʘʤʠ ʟʘʜʥʝʛʦ ʚʠʜʘ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʷʨʢʦʩʪʴʶ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʳʭ 

ʪʨʫʙʦʢ. ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʵʣʝʢʪʨʦʭʨʦʤʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʵʬʬʝʢʪʠʚʥʳʝ ʚ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ 

ʩʧʝʢʪʨʘ. 

ʏʨʝʟʚʳʯʘʡʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳ ʙʠʦʤʝʜʠʮʠʥʩʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʇɸʅʀ. 

ʇʦʣʠʤʝʨ ʥʝ ʪʦʢʩʠʯʝʥ, ʘ ʥʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʝʛʦ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ. ʌʝʨʤʝʥʪʳ, 

ʘʥʪʠʪʝʣʘ ʠ ʞʠʚʳʝ ʢʣʝʪʢʠ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʧʦʣʠʤʝʨʦʤ, ʩʦʭʨʘʥʷʷ ʩʚʦʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʫʩʢʦʨʝʥʥʳʡ ʥʝʠʥʚʘʟʠʚʥʳʡ ʨʦʩʪ ʢʣʝʪʦʢ ʠ ʥʝʚʨʠʪʦʚ ʥʘ ʧʦʣʠʤʝʨʥʦʤ ʥʦʩʠʪʝʣʝ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʀʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦ ʧʨʠʤʝʥʝʥʠʠ ʇɸʅʀ ʚ ʢʘʯʝʩʪʚʝ ʚʨʝʤʝʥʥʦʡ 

ʤʘʪʨʠʮʳ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʢʣʝʪʦʢ ʥʘ ʠʤʧʣʘʥʪʘʪʘʭ, ʘ ʪʘʢʞʝ ʢʘʢ ʙʠʦʩʦʚʤʝʩʪʠʤʦʛʦ ʵʣʝʢʪʨʦʜʘ: 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ, ʧʦʜʘʚʘʝʤʳʝ ʥʘ ʥʘʥʝʩʝʥʥʳʡ in vivo ʧʦʣʠʤʝʨʥʳʡ ʩʣʦʡ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ 

ʫʩʢʦʨʝʥʠʶ ʨʝʛʝʥʝʨʘʮʠʠ ʪʢʘʥʝʡ [21, 22].  

ʉʨʝʜʠ ʜʨʫʛʠʭ ʚʘʨʠʘʥʪʦʚ ʧʨʠʤʝʥʝʥʠʷ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʫʶ ʠ 

ʵʬʬʝʢʪʠʚʥʫʶ ʤʠʢʨʦʚʦʣʥʦʚʫʶ ʩʚʘʨʢʫ ʪʨʫʙ ʠ ʠʟʜʝʣʠʡ ʠʟ ʪʝʨʤʦʧʣʘʩʪʦʚ, ʧʦʢʨʳʪʳʭ ʧʦʨʦʰʢʦʤ 

ʇɸʅʀ; ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʘ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʵʢʨʘʥʘ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ 

ʢʦʘʢʩʠʘʣʴʥʳʭ ʢʘʙʝʣʝʡ (ʜʣʷ ʩʥʠʞʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʥʘ ʛʨʘʥʠʮʝ ʧʨʦʚʦʜʥʠʢʘ ʠ ʠʟʦʣʷʮʠʠ); 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʘ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʪʦʢʩʠʯʥʳʭ ʩʦʣʝʡ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ (Cr+6, Hg+2, Pb+2) ʠ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ (Au, Ag, Pd). ʅʘ ʦʩʥʦʚʝ 

ʇɸʅʀ ʩʦʟʜʘʶʪ ʤʠʥʠʘʪʶʨʥʳʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ï ʘʢʪʴʶʘʪʦʨʳ, ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ 

ʚ ʨʦʙʦʪʦʪʝʭʥʠʢʝ [23], ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʙʫʨʥʦ ʨʘʟʚʠʚʠʘʶʱʠʭʩʷ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʣʠʤʝʨʥʦʡ 

ʣʠʪʦʛʨʘʬʠʠ ʠ çʧʣʘʩʪʠʢʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠè [6, 24]. ɺʳʧʫʩʢ ʧʨʦʜʫʢʪʦʚ ʠ ʧʦʣʫʧʨʦʜʫʢʪʦʚ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʦʩʥʦʚʝ ʇɸʅʀ ʦʩʫʱʝʩʪʚʣʷʶʪ ʬʠʨʤʳ Ormecon, PaniPol, PANIPLAST. ʅʘ 

ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ 25 ʣʝʪ ʠʥʪʝʨʝʩ ʢ ʇɸʅʀ ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʝʪ, ʘ ʜʠʘʧʘʟʦʥ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʨʘʩʰʠʨʷʝʪʩʷ. ʕʪʦ ʚʠʜʥʦ ʧʦ ʦʙʲʝʤʫ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʧʘʪʝʥʪʦʚ ʠ ʨʘʩʪʫʱʝʤʫ 

ʢʦʣʠʯʝʩʪʚʫ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ (ʉʭʝʤʘ 1) ʩ ʢʣʶʯʝʚʳʤ ʩʣʦʚʦʤ çpolyanilineè.  

ʉʧʝʢʪʨ ʫʞʝ ʠʤʝʶʱʠʭʩʷ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʇɸʅʀ ʦʯʝʥʴ ʰʠʨʦʢ, 

ʪʝʤ ʥʝ ʤʝʥʝʝ, ʩʫʱʝʩʪʚʫʶʪ ʩʝʨʴʝʟʥʳʝ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʩʜʝʨʞʠʚʘʶʪ ʧʨʘʢʪʠʯʝʩʢʦʝ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʘ. ʇʝʨʚʘʷ ʧʨʦʙʣʝʤʘ - ʵʪʦ ʧʦʣʫʯʝʥʠʝ ʇɸʅʀ ʩ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ɺ ʥʘʫʯʥʦʡ ʠ ʧʘʪʝʥʪʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʩʣʦʚʦʤ çʧʦʣʠʘʥʠʣʠʥè ʥʘʟʳʚʘʶʪ ʩʘʤʳʝ ʨʘʟʥʳʝ 

ʧʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ. ʆʜʥʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʜʝʩʷʪʢʠ ʠ ʜʘʞʝ ʩʦʪʥʠ 

ʉʠʤʝʥʩ ʩʤï1, ʪʦʛʜʘ ʢʘʢ ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʜʨʫʛʠʭ ʚ ʧʨʠʥʮʠʧʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 10ï10 

ʉʠʤʝʥʩ ʩʤï1. ʊʘʢʠʝ ʦʙʨʘʟʮʳ ʨʘʟʣʠʯʘʶʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʠ ʤʘʛʥʠʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʤʦʛʫʪ ʠʤʝʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʫʶ 

ʤʦʨʬʦʣʦʛʠʶ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʪʘʣʘ ʧʦʧʫʣʷʨʥʘ ʬʨʘʟʘ ʅʦʙʝʣʝʚʩʢʦʛʦ ʣʘʫʨʝʘʪʘ ʧʨʦʬʝʩʩʦʨʘ 

ʄʘʢɼʠʘʨʤʠʜʘ: çʉʫʱʝʩʪʚʫʝʪ ʩʪʦʣʴʢʦ ʚʠʜʦʚ ʧʦʣʠʘʥʠʣʠʥʘ, ʩʢʦʣʴʢʦ ʥʘʫʯʥʳʭ ʢʦʣʣʝʢʪʠʚʦʚ, 

ʢʦʪʦʨʳʝ ʝʛʦ ʠʟʫʯʘʶʪè [25]. ɼʘʥʥʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʧʨʠʚʦʜʠʪ ʢ ʤʥʦʞʝʩʪʚʫ ʥʝʦʜʥʦʟʥʘʯʥʳʭ, ʘ 

ʯʘʩʪʦ ʠ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʪʨʝʙʫʝʪ ʨʘʟʚʠʪʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʤʝʪʦʜʝ ʩʠʥʪʝʟʘ ʇɸʅʀ 

- ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʣʠʥʘ.  

 

 

 

 

 

 

 

 

 

 

ʉʭʝʤʘ 1.- ɼʠʥʘʤʠʢʘ ʨʦʩʪʘ ʢʦʣʠʯʝʩʪʚʘ ʝʞʝʛʦʜʥʦ ʧʫʙʣʠʢʫʝʤʳʭ ʥʘʫʯʥʳʭ ʨʘʙʦʪ a) ʠ ʧʘʪʝʥʪʦʚ ʙ) ʩ 

ʢʣʶʯʝʚʳʤ ʩʣʦʚʦʤ çpolyanilineè ʧʦ ʩʚʝʜʝʥʠʷʤ ʠʥʪʝʨʥʝʪ ʙʘʟʳ ʜʘʥʥʳʭ SCOPUS. 

  

ɺʪʦʨʘʷ ʧʨʦʙʣʝʤʘ ʩʚʷʟʘʥʘ ʩ ʩʦʟʜʘʥʠʝʤ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʅʘ 

ʧʨʘʢʪʠʢʝ ʇɸʅʀ ʧʨʠʤʝʥʷʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠʯʠʥʘ ʚ 

ʪʦʤ, ʯʪʦ ʇɸʅʀ ʠʤʝʝʪ ʧʣʦʭʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ: ʧʦʣʠʤʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʨʦʰʦʢ, ʥʝ 

ʦʙʣʘʜʘʶʱʠʡ ʘʜʛʝʟʠʝʡ ʢ ʜʨʫʛʠʤ ʤʘʪʝʨʠʘʣʘʤ. ʇʦʵʪʦʤʫ ʚʪʦʨʦʡ ʢʦʤʧʦʥʝʥʪ, ʣʠʙʦ ʢʦʤʧʦʥʝʥʪʳ 

ʢʦʤʧʦʟʠʪʘ, ʥʝ ʪʦʣʴʢʦ ʜʦʧʦʣʥʷʶʪ ʩʚʦʡʩʪʚʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʛʦ ʧʦʣʠʤʝʨʘ, ʥʦ ʠ ʚʳʧʦʣʥʷʶʪ 

ʬʫʥʢʮʠʠ ʥʦʩʠʪʝʣʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʦʟʠʪʦʚ ʇɸʅʀ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʧʨʦʙʣʝʤʘʪʠʯʥʦ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʤʝʩʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʭʦʨʦʰʠʤ ʢʘʯʝʩʪʚʦʤ, ʘ ʤʝʪʦʜʳ ʩʦʚʤʝʱʝʥʠʷ 

ʠʟ ʨʘʩʧʣʘʚʘ ʠ ʠʟ ʨʘʩʪʚʦʨʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝ ʧʨʠʤʝʥʠʤʳ, ʧʦʩʢʦʣʴʢʫ ʇɸʅʀ ʦʪʥʦʩʠʪʩʷ ʢ 

ʢʘʪʝʛʦʨʠʠ ʥʝʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʧʦʣʠʤʝʨ ʥʝ ʧʣʘʚʠʪʩʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʘʩʪʚʦʨʠʤ).  

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ ʧʦʜʛʦʪʦʚʢʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʷʚʣʷʝʪʩʷ ʦʩʦʙʳʡ ʚʠʜ ʩʠʥʪʝʟʘ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʤʝʪʦʜ çin-situ ʧʦʣʠʤʝʨʠʟʘʮʠʠè. ʄʝʪʦʜ ʩʦʚʤʝʱʘʝʪ 

ʚ ʦʜʥʫ ʩʪʘʜʠʶ ʠ ʩʠʥʪʝʟ ʇɸʅʀ, ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʦʣʠʤʝʨʠʟʘʮʠʷ 

ʘʥʠʣʠʥʘ ʧʨʦʚʦʜʠʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʨʫʛʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʣʠʙʦ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʨʦʜʫʢʪʦʤ ʪʘʢʦʛʦ 

ʩʠʥʪʝʟʘ ʷʚʣʷʶʪʩʷ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʝ ʢʦʤʧʦʟʠʪʳ, ʛʜʝ ʇɸʅʀ ʚ ʚʠʜʝ ʪʦʥʢʦʡ ʧʣʝʥʢʠ ʧʦʢʨʳʚʘʝʪ 

ʥʦʩʠʪʝʣʴ, ʣʠʙʦ ʦʜʥʦʨʦʜʥʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥ ʚ ʦʙʲʝʤʝ ʜʨʫʛʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʄʝʪʦʜ in-situ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʣʠʥʘ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʇɸʅʀ, 
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ʧʦʩʢʦʣʴʢʫ ʦʥ ʪʝʭʥʠʯʝʩʢʠ ʧʨʦʩʪ ʠ ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʤʘʪʝʨʠʘʣʳ ʩ ʥʘʥʦʩʪʨʫʢʪʫʨʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʝʡ ʢʦʤʧʦʥʝʥʪʦʚ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʣʫʯʰʝ, ʥʝʞʝʣʠ ʫ ʩʤʝʩʝʚʳʭ 

ʢʦʤʧʦʟʠʪʦʚ. ʆʜʥʘʢʦ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʢʦʤʧʦʟʠʪʦʚ ʮʝʣʠʢʦʤ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ çin-situ ʧʦʣʠʤʝʨʠʟʘʮʠʠè ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʪʨʝʙʫʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʣʠʥʘ, ʧʦʩʢʦʣʴʢʫ ʚʝʩʴ 

ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʩʠʥʪʝʟʘ ʠ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʫʩʣʦʚʠʷʤʠ ʝʛʦ ʧʨʦʚʝʜʝʥʠʷ. 

ʀʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʷʩʥʦ, ʯʪʦ ʩʠʥʪʝʟ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʟʚʝʥʦʤ ʥʝ ʪʦʣʴʢʦ ʧʦʣʫʯʝʥʠʷ 

ʇɸʅʀ, ʥʦ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʥʝʰʥʶʶ ʧʨʦʩʪʦʪʫ, ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʘʥʠʣʠʥʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʤʥʦʛʦʩʪʘʜʠʡʥʫʶ ʨʝʘʢʮʠʶ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʨʦʮʝʩʩʘ: ʩʙʦʨʢʫ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ, ʚʝʜʫʱʫʶ ʢ ʨʦʩʪʫ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʠ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʶ ʨʘʩʪʫʱʠʭ ʮʝʧʝʡ ʚ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʇʨʠʥʮʠʧʠʘʣʴʥʦ, 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʮʝʧʠ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʪʠʧʦʤ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ ʘʥʠʣʠʥʘ, ʤʦʞʝʪ ʙʳʪʴ 

ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʦʩʥʦʚʝ ʘʥʠʣʠʥʘ ʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʩʝʤʴ ʪʠʧʦʚ ʤʦʥʦʤʝʨʥʳʭ 

ʝʜʠʥʠʮ. ʆʜʥʘʢʦ ʚ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʤ ʇɸʅʀ ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʠ ʥʘ 95-98% ʩʦʩʪʦʷʪ ʠʟ ʧʘʨʘ-

ʟʘʤʝʱʝʥʥʳʭ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ, ʩʚʷʟʘʥʥʳʭ ʧʦ ʪʠʧʫ çʛʦʣʦʚʘ-ʭʚʦʩʪè, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʨʘʟʚʠʪʫʶ ʩʠʩʪʝʤʫ ʧʦʣʠʩʦʧʨʷʞʝʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʇɸʅʀ ʩʧʦʩʦʙʝʥ 

ʬʦʨʤʠʨʦʚʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ. ʕʪʦ ʦʜʥʦ-, ʜʚʫʭ- ʠ ʪʨʝʭʤʝʨʥʳʝ 

ʯʘʩʪʠʮʳ, ʘ ʪʘʢʞʝ ʩʣʦʞʥʳʝ ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 

ʫʧʘʢʦʚʢʠ ʤʘʢʨʦʤʦʣʝʢʫʣ. ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʩʠʥʪʝʟʘ ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʘʛʣʦʤʝʨʘʪʳ ʤʘʢʨʦʤʦʣʝʢʫʣ 

ʫʞʝ ʥʝʚʦʟʤʦʞʥʦ ʥʠ ʨʘʩʧʣʘʚʠʪʴ, ʥʠ ʨʘʩʪʚʦʨʠʪʴ. ʊʘ ʞʝ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʇɸʅʀ ʚ 

ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜ in-situ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʆʙʨʘʟʦʚʘʚʰʠʩʴ, ʩʪʨʫʢʪʫʨʘ 

ʧʦʣʠʤʝʨʘ ʠ ʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʩʨʝʜʝ ʜʨʫʛʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʠʥʪʝʟ ʥʝʦʙʨʘʪʠʤʦ ʬʠʢʩʠʨʫʝʪ ʥʝ ʪʦʣʴʢʦ ʤʦʣʝʢʫʣʷʨʥʫʶ ʩʙʦʨʢʫ ʮʝʧʝʡ, ʥʦ ʪʘʢʞʝ ʠʭ 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʫʶ ʫʧʘʢʦʚʢʫ ʠ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʇɸʅʀ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʩʠʥʪʝʟʘ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʤʝʭʘʥʠʟʤʝ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʣʠʥʘ ʥʝ ʨʘʟʚʠʪʳ. ʅʝʪ ʦʪʚʝʪʘ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ 

ʚʦʧʨʦʩ ʦ ʧʨʠʯʠʥʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʛʫʣʷʨʥʦʡ ʧʦʣʠʩʦʧʨʷʞʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ, 

ʷʚʣʷʶʱʝʡʩʷ ʦʩʥʦʚʦʡ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʘ. ʅʝʪ ʯʝʪʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʚʣʠʷʥʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʩʠʥʪʝʟʘ ʥʘ ʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʅʝ ʷʩʥʳ ʜʚʠʞʫʱʠʝ ʩʠʣʳ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ 

ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʩʦʨʙʮʠʠ ʇɸʅʀ ʥʘ ʥʦʩʠʪʝʣʴ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʦʥʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʩʣʦʝʚ. ɺʩʝ ʪʠʧʳ ʤʦʨʬʦʣʦʛʠʠ ʧʦʣʠʤʝʨʘ ʦʙʥʘʨʫʞʝʥʳ 

ʩʣʫʯʘʡʥʦ ʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʦʛʨʝʩʩ ʚ ʧʦʣʫʯʝʥʠʠ ʥʦʚʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ ʬʦʨʤ, ʤʝʭʘʥʠʟʤ ʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʷʩʝʥ. ɹʦʣʝʝ ʪʦʛʦ, ʥʝ ʷʩʥʦ, ʢʘʢʠʝ ʠʤʝʥʥʦ ʧʘʨʘʤʝʪʨʳ 

ʩʠʥʪʝʟʘ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʦʡ ʠʣʠ ʠʥʦʡ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʈʘʟʚʠʪʠʝ 

ʤʝʪʦʜʘ in situ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʜʝʪ 

ʧʦʢʘ ʵʢʩʪʝʥʩʠʚʥʳʤ ʧʫʪʝʤ ʥʘʢʦʧʣʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʠʭ ʩʚʝʜʝʥʠʡ ʦ ʩʠʥʪʝʟʝ.  

  ɺ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʤʝʪʦʜʦʚ 

ʩʠʥʪʝʟʘ ʧʦʣʠʘʥʠʣʠʥʘ, ʚʝʜʫʱʠʭ ʢ ʧʦʣʫʯʝʥʠʶ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ 

ʠ ʩʚʦʡʩʪʚʘʤʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʪʦʨʘʤ ʥʝʦʙʭʦʜʠʤ ʦʩʦʟʥʘʥʥʳʡ ʚʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 
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ʘʥʠʣʠʥʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʦʥʠʤʘʥʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩʙʦʨʢʠ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ, ʘ 

ʪʘʢʞʝ ʤʝʭʘʥʠʟʤʘ ʠʭ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ. 

 

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʨʘʟʚʠʪʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʤʝʭʘʥʠʟʤʘʭ ʨʦʩʪʘ 

ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʠ ʠʭ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʇɸʅʀ, ʠʟʫʯʝʥʠʝ ʧʫʪʝʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʇɸʅʀ ʠ ʨʘʟʨʘʙʦʪʢʘ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ in-situ 

ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʇɸʅʀ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʥʪʝʟʘ: ʩʠʣʳ ʦʢʠʩʣʠʪʝʣʷ, ʧʨʠʨʦʜʳ 

ʜʦʧʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ, ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʝʘʛʝʥʪʦʚ ʠ ʠʭ ʩʦʦʪʥʦʰʝʥʠʷ, ʢʠʩʣʦʪʥʦʩʪʠ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʨʝʜʳ, ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ ʚʚʝʜʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠ ʠʥʝʨʪʥʳʭ ʜʦʙʘʚʦʢ ʥʘ ʢʠʥʝʪʠʢʫ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʣʠʥʘ, ʥʘ ʩʚʦʡʩʪʚʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʠ ʠ ʠʭ ʤʦʨʬʦʣʦʛʠʶ; 

¶ ʠʟʫʯʝʥ rʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠ ̫ʢʦʣʣʦʠʜʥʳʭ ʬʦʨʤ ʇɸʅʀ ʚ ʚʦʜʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʨʝʜʘʭ, 

ʘ ʪʘʢʞʝ ʨʦʩʪʘ ʝʛʦ ʧʣʝʥʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʥʦʩʠʪʝʣʝʡ; 

¶ ʧʨʝʜʣʦʞʝʥʳ ʠ ʦʙʦʩʥʦʚʘʥʳ ʤʝʭʘʥʠʟʤʳ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʚ ʨʘʟʣʠʯʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʚʢʣʶʯʘʷ ʠ ʤʝʭʘʥʠʟʤ ʨʦʩʪʘ ʧʦʣʠʩʦʧʨʷʞʝʥʥʳʭ ʮʝʧʝʡ ʩ ʨʝʛʫʣʷʨʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʟʚʝʥʴʝʚ; 

¶ ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʠʯʠʥʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʦʜʥʦʤʝʨʥʦʡ (1D), ʜʚʫʤʝʨʥʦʡ (2D) ʠ 

ʪʨʝʭʤʝʨʥʦʡ (3D) ʤʦʨʬʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʇɸʅʀ, ʢʘʢ ʚ ʦʙʲʝʤʝ 

ʨʝʘʢʮʠʦʥʥʦʡ ʬʘʟʳ, ʪʘʢ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ;  

¶ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʇɸʅʀ ʩ ʫʛʣʝʨʦʜʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ, ʤʝʪʘʣʣʘʤʠ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ, ʬʝʨʨʠʪʘʤʠ, ʧʦʣʠʤʝʨʘʤʠ-ʜʠʵʣʝʢʪʨʠʢʘʤʠ ʠ 

ʧʨʠʨʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. 

 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʦʜʫʢʪʳ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʵʪʘʧʦʚ ʠ ʢʦʥʝʯʥʳʝ 

ʧʨʦʜʫʢʪʳ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʣʠʥʘ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ, ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ, ʘʙʩʦʨʙʮʠʦʥʥʦʡ, ʵʣʝʢʪʨʦʥʥʦʡ, ʂʈ-, ʀʂ- ʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ; ʩʢʘʥʠʨʫʶʱʝʡ (ʉʕʄ), ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ (ʇʕʄ) ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ (ɸʉʄ) 

ʤʠʢʨʦʩʢʦʧʠʠ; ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʥʜʫʢʪʦʤʝʪʨʠʠ ʠ ʠʤʧʝʜʘʥʩʘ, ʚʦʣʴʪ-

ʘʤʧʝʨʦʤʝʪʨʠʠ, ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ, ʧʦʨʦʤʝʪʨʠʠ, ʞʠʜʢʦʩʪʥʦʡ ʠ ʵʢʩʢʣʶʟʠʦʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, 

ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ʉʠʥʪʝʟ ʚʩʝʭ ʢʦʤʧʦʟʠʪʦʚ ʧʨʦʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ in-situ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʨʦʩʪ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʚ 

ʧʦʨʘʭ ʜʨʫʛʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʉʦʩʪʘʚ, ʪʠʧ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʩʚʦʡʩʪʚʘ 

ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ Ƅ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʇɸʅʀ Ƅ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠʩʴ ʩʪʨʦʛʦ 

ʟʘʜʘʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʩʠʥʪʝʟʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʨʘʟʚʠʪʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʤʝʭʘʥʠʟʤʝ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʣʠʥʘ. 

  



11 

 

 

 

  ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʫʯʝʪʦʤ ʠʤʝʶʱʠʭʩʷ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʝ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʣʠʥʘ ʠ ʦʧʨʝʜʝʣʝʥʳ ʥʘʧʨʘʚʣʝʥʠʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʧʦʣʠʤʝʨʘ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ. 

ɺʧʝʨʚʳʝ ʚ ʨʘʤʢʘʭ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩ ʝʜʠʥʳʭ ʧʦʟʠʮʠʡ ʧʦʣʫʯʠʣʦ ʦʙʲʷʩʥʝʥʠʝ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʅ, ʧʫʪʠ ʨʦʩʪʘ ʨʝʛʫʣʷʨʥʳʭ 

ʧʦʣʠʩʦʧʨʷʞʝʥʥʳʭ ʮʝʧʝʡ, ʧʨʦʮʝʩʩʳ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʚ ʚʠʜʝ ʧʣʝʥʦʢ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ, ʣʠʙʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʯʘʩʪʠʮ ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʠ. ʋʩʪʘʥʦʚʣʝʥ ʢʨʫʛ 

ʧʘʨʘʤʝʪʨʦʚ ʩʠʥʪʝʟʘ, ʦʢʘʟʳʚʘʶʱʠʭ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ɺʳʷʚʣʝʥʳ ʫʩʣʦʚʠʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʇɸʅʀ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʥʘʙʦʨʦʤ ʩʚʦʡʩʪʚ (ʦʪ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʥʝʧʨʦʚʦʜʷʱʠʭ ʦʣʠʛʦʤʝʨʦʚ ʜʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʛʦ 

ʧʦʣʠʤʝʨʘ) ʩ ʢʦʥʢʨʝʪʥʦʡ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʯʘʩʪʠʮ (1D, 2D, 3D). ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʧʦʩʦʙʘʭ ʫʧʘʢʦʚʢʠ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʠ ʩʪʨʦʝʥʠʠ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ 

ʧʦʣʠʤʝʨʥʳʭ ʯʘʩʪʠʮ ʠ ʧʣʝʥʦʢ ʇɸʅʀ. ʇʦʣʫʯʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʜʝʣʴʶ ʩʪʨʦʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʧʦʣʠʤʝʨʦʚ ʠ ʤʝʭʘʥʠʟʤʦʤ ʪʨʘʥʩʧʦʨʪʘ 

ʟʘʨʷʜʘ ʚ ʥʠʭ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʥʘ ʦʩʥʦʚʝ ʨʘʟʚʠʪʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʤʝʭʘʥʠʟʤʝ ʨʘʟʨʘʙʦʪʘʥʳ ʩʧʦʩʦʙʳ in-situ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʇɸʅʀ ʩ ʤʝʪʘʣʣʘʤʠ, ʫʛʣʝʨʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʬʝʨʨʠʪʘʤʠ, 

ʧʦʣʠʤʝʨʘʤʠ-ʜʠʵʣʝʢʪʨʠʢʘʤʠ, ʧʨʠʨʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʦʢʩʠʜʘʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʳ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʦʙʣʘʩʪʠ ʢʘʪʘʣʠʟʘ, ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʦʨʨʦʟʠʠ 

ʤʝʪʘʣʣʦʚ, ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʩʦʟʜʘʥʠʷ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ ʠ ʵʣʝʢʪʨʦʥʠʢʠ. ʈʷʜ ʢʦʤʧʦʟʠʪʦʚ ʧʨʦʰʣʠ ʠʩʧʳʪʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʙʣʠʟʢʠʭ ʢ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʥʘ ʩʪʝʥʜʘʭ ʠʣʠ ʚ ʤʘʢʝʪʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʠʭ ʩʚʦʡʩʪʚʘ 

ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʟʚʝʩʪʥʳʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʙʨʝʥʜʦʚ. 

 

ʆʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ:  

1. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʣʠʥʘ, ʢʦʥʪʨʦʣʴ 

ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʛʦ ʩʠʥʪʝʟʘ ʇɸʅʀ, ʷʚʣʷʶʪʩʷ ʨʅ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ, ʠ 

ʧʦʪʝʥʮʠʘʣ ʦʢʠʩʣʷʶʱʝʛʦ ʘʛʝʥʪʘ. ʆʩʥʦʚʥʳʝ ʨʝʘʛʝʥʪʳ: ʤʦʥʦʤʝʨ ʠ ʨʘʩʪʫʱʘʷ ʧʦʣʠʤʝʨʥʘʷ ʮʝʧʴ, 

ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʩʫʱʝʩʪʚʫʶʪ 

ʢʘʢ ʚ ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʤ, ʪʘʢ ʠ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʷʭ, ʠʤʝʶʱʠʭ ʨʘʟʥʳʝ ʦʢʠʩʣʠʪʝʣʴʥʳʝ 

ʧʦʪʝʥʮʠʘʣʳ ʠ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʩʪʴ, ʧʦʵʪʦʤʫ ʚ ʜʠʘʧʘʟʦʥʘʭ ʨʅ > 3.6; pH 2.5·3.6; pH < 2.5, 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʢʦʥʩʪʘʥʪʘʤʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʤʦʥʦʤʝʨʘ (pKɸʥ=3.6) ʠ ʮʝʧʠ (pKʇɸʅʀ=2.5), 

ʨʝʘʣʠʟʫʶʪʩʷ ʨʘʟʥʳʝ ʤʝʭʘʥʠʟʤʳ ʩʠʥʪʝʟʘ ʠ ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʜʫʢʪʳ ʨʘʟʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʩʪʨʦʝʥʠʷ, ʤʦʨʬʦʣʦʛʠʠ ʠ ʩʚʦʡʩʪʚ. 

2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠʜʝʪ ʧʦ ʧʫʪʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ 

ʟʘʤʝʱʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʧʨʦʚʦʜʷʱʠʭ ʦʣʠʛʦʤʝʨʦʚ ʩ ʨʘʟʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʟʚʝʥʴʝʚ. ʉ 

ʫʯʘʩʪʠʝʤ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʨʝʘʛʝʥʪʦʚ ʨʝʘʣʠʟʫʝʪʩʷ ʨʝʢʦʤʙʠʥʘʮʠʷ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʭ ʮʝʥʪʨʦʚ 
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ʢʦʥʮʝʚʦʛʦ ʟʚʝʥʘ ʮʝʧʠ ʠ ʤʦʥʦʤʝʨʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ˊ-ʢʦʤʧʣʝʢʩʘ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʩʝʤʠʜʠʥʦʚʦʡ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʦʡ ˊ-ʢʦʤʧʣʝʢʩʘ ʚ ʧʘʨʘ-ʟʘʤʝʱʝʥʥʦʝ ʟʚʝʥʦ, ʩʚʷʟʘʥʥʦʝ ʧʦ ʪʠʧʫ çʛʦʣʦʚʘ-ʭʚʦʩʪè. 

ɺʳʩʦʢʘʷ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ -́ʢʦʤʧʣʝʢʩʘ, ʚʝʜʫʱʝʡ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʨʝʛʫʣʷʨʥʦʡ ʧʘʨʘ-ʟʘʤʝʱʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʛʦ ʇɸʅʀ, 

ʦʙʫʩʣʦʚʣʝʥʘ ʚʳʠʛʨʳʰʝʤ ʵʥʝʨʛʠʠ ʧʦʣʠʩʦʧʨʷʞʝʥʠʷ. 

3. ʅʘʯʘʣʴʥʳʡ ʵʪʘʧ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʧʨʠ ʨʅ < 2.5 ʩʚʷʟʘʥ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʠʢʣʠʯʝʩʢʠʭ 

ʜʠʤʝʨʦʚ ʘʥʠʣʠʥʘ (ʬʝʥʘʟʠʥʦʚ), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʠʥʪʝʨʤʝʜʠʘʪʘʤʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʧʨʠ ʨʅ < 

2.5 ʠ ʧʦʪʝʥʮʠʘʣʝ ʚʳʰʝ 1.05 ɺ (v.s. RHE) ʠʥʠʮʠʠʨʫʶʪ ʨʦʩʪ ʣʠʥʝʡʥʳʭ ʧʦʣʠʩʦʧʨʷʞʝʥʥʳʭ ʮʝʧʝʡ. 

4. ɻʝʪʝʨʦʬʘʟʥʳʡ ʩʠʥʪʝʟ ʇɸʅʀ ʩʚʷʟʘʥ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʬʝʥʘʟʠʥʘ, 

ʩʢʣʦʥʥʦʛʦ ʢ ʩʦʨʙʮʠʠ ʠ ʘʛʨʝʛʘʮʠʠ. ʉʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʇɸʅʀ ʦʙʫʩʣʦʚʣʝʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʨʘʟʥʳʭ ʪʠʧʦʚ ʘʛʨʝʛʘʪʦʚ ʬʝʥʘʟʠʥʘ ï ʥʫʢʣʝʘʪʦʚ ʨʦʩʪʘ ʯʘʩʪʠʮ ʇɸʅʀ. ʍʘʦʪʠʯʝʩʢʘʷ ʘʛʨʝʛʘʮʠʷ 

ʬʝʥʘʟʠʥʦʚ ʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 3D ʥʫʢʣʝʘʪʦʚ ʠ ʨʦʩʪʫ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʇɸʅʀ, ʘ ʨʝʛʫʣʷʨʥʘʷ 

ʩʙʦʨʢʘ ʮʠʢʣʦʚ ʟʘ ʩʯʝʪ ˊ,ˊ-ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʣʦʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ 

ʬʝʥʘʟʠʥʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 1D ʠ 2D ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʯʘʩʪʠʮ. ʀʝʨʘʨʭʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʙʨʘʟʫʶʪʩʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ ʘʛʨʝʛʘʮʠʠ 

ʜʠʤʝʨʦʚ.  

5. ʈʦʩʪ ʧʦʣʠʩʦʧʨʷʞʝʥʥʳʭ ʮʝʧʝʡ ʠʜʝʪ ʛʝʪʝʨʦʬʘʟʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʫʢʣʝʘʪʦʚ. ʇʦʣʠʤʝʨʥʳʝ 

ʮʝʧʠ, ʨʘʩʪʫʱʠʝ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʦʙʲʝʜʠʥʷʶʪʩʷ 

ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʠ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ, ʬʦʨʤʠʨʫʷ ʥʝʨʘʩʪʚʦʨʠʤʫʶ ʠ ʥʝʧʣʘʚʢʫʶ ʯʘʩʪʠʮʫ, 

ʦʙʣʘʜʘʶʱʫ  ʁ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. ʎʝʥʪʨʳ ʦʢʠʩʣʝʥʠʷ, ʷʚʣʷʶʱʠʝʩʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʦʩʠʪʝʣʷʤʠ ʟʘʨʷʜʘ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʦʙʲʝʤʫ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʯʘʩʪʠʮ, 

ʤʠʥʠʤʠʟʠʨʫʷ ʠʭ ʵʥʝʨʛʠʶ, ʯʪʦ ʨʝʛʫʣʠʨʫʝʪ ʧʦʩʣʝʜʫʶʱʝʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ ʠ 

ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʬʦʨʤʫ ʯʘʩʪʠʮ.  

6. ʅʘʥʦʩʪʨʫʢʪʫʨʥʳʝ ʢʦʤʧʦʟʠʪʳ ʇɸʅʀ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʭʦʜʝ ʦʜʥʦʩʪʘʜʠʡʥʦʡ in-situ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʩʦʨʙʮʠʠ ʬʝʥʘʟʠʥʘ ʥʘ ʥʦʩʠʪʝʣʴ ʠ ʨʦʩʪʘ ʧʦʣʠʤʝʨʥʦʛʦ ʩʣʦʷ 

ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. ʋʧʨʘʚʣʝʥʠʝ ʤʦʨʬʦʣʦʛʠʝʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ 

ʚr ʙʦʨʘ ʫʩʣʦʚʠʡ ʨʦʩʪʘ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʧʨʠ ʫʯʝʪʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʨʙʮʠʠ ʬʝʥʘʟʠʥʘ ʥʘ 

ʥʦʩʠʪʝʣʴ, ʧʦʩʣʝʜʥʝʝ ʟʘʚʠʩʠʪ ʦʪ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʦʩʠʪʝʣʷ, ʥʘʣʠʯʠʷ ʥʘ ʥʝʤ ʠʦʥʥʳʭ ʛʨʫʧʧ 

ʠ ʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ. 

7. ʉʚʦʡʩʪʚʘ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ in-situ ʢʦʤʧʦʟʠʪʦʚ ʇɸʅʀ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʷʪ ʩʚʦʡʩʪʚʘ 

ʩʤʝʩʝʚʳʭ ʘʥʘʣʦʛʦʚ ʪʦʛʦ ʞʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ: 

¶ ʫʩʠʣʠʚʘʪʴ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ ʩʦʚʤʝʱʝʥʠʠ ʠʥʛʠʙʠʪʦʨʘ 

ʢʦʨʨʦʟʠʠ ʇɸʅʀ ʩ ʥʘʧʦʣʥʠʪʝʣʝʤ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʝʡ ʢʦʤʧʦʟʠʮʠʠ; 

¶ ʧʦʚʳʰʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʜʠʦʧʦʛʣʦʱʘʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘ ʩʯʝʪ ʚʣʠʷʥʠʷ ʧʦʣʠʤʝʨʥʦʛʦ ʩʣʦʷ 

ʥʘ ʤʘʛʥʠʪʦʤʷʛʢʠʡ ʬʝʨʨʠʪ; 

¶ ʫʣʫʯʰʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʪʦʥʧʨʦʚʦʜʷʱʝʡ ʤʝʤʙʨʘʥʳ ʠ ʵʣʝʢʪʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ;  

¶ ʧʦʣʫʯʘʪʴ ʜʠʩʧʝʨʩʠʠ ʇɸʅʀ, ʠʤʝʶʱʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʵʣʝʢʪʨʦʥʠʢʝ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪʘ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀɺʉ ʈɸʅ) ʧʦ ʪʝʤʘʤ: 
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¶ ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʬʫʣʣʝʨʝʥʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʩʠʩʪʝʤʳ 

ʩ ʢʦʚʘʣʝʥʪʥʦ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʩʚʷʟʘʥʥʳʤ ʬʫʣʣʝʨʝʥʦʤ (1999-2001); 

¶ ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʷʟʳʚʘʥʠʷ ʬʫʣʣʝʨʝʥʘ ʩ ʧʦʣʠʤʝʨʘʤʠ ʚ ʧʨʦʮʝʩʩʘʭ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, 

ʜʝʩʪʨʫʢʮʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ (2002-2004); 

¶ ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʠʤʝʨʦʚ ʠ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʦʙʣʘʜʘʶʱʠʭ 

ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (2005-2007); 

¶ ʉʠʥʪʝʟ ʚʳʩʦʢʦʪʝʨʤʦʩʪʦʡʢʠʭ, ʙʝʥʟʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʠ ʦʨʛʘʥʦ-ʥʝʦʨʛʘ-

ʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʠʭ ʦʩʥʦʚʝ ʜʣʷ ʤʘʢʨʦ- ʠ ʥʘʥʦʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (2008-2010); 

¶ ʇʦʣʠʤʝʨʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʛʝʥʝʨʘʮʠʠ, ʧʝʨʝʜʘʯʠ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʦʧʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚ (ʦʧʪʦ)ʵʣʝʢʪʨʦʥʠʢʝ, ʬʦʪʦʥʠʢʝ ʠ ʭʝʤʦʩʝʥʩʦʨʠʢʝ (2011-2013);  

¶ ʄʝʭʘʥʠʟʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʦʡ 

ʪʦʧʦʣʦʛʠʠ (2014-2016);  

ʘ ʪʘʢʞʝ ʚ ʪʝʩʥʦʡ ʢʦʦʧʝʨʘʮʠʠ ʩ ʀʥʩʪʠʪʫʪʦʤ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʏʝʰʩʢʦʡ 

ʨʝʩʧʫʙʣʠʢʠ (ʇʨʘʛʘ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʦʛʦʚʦʨʘʤʠ ʦ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʤʝʞʜʫ 

ʠʥʩʪʠʪʫʪʘʤʠ ʩ 2000 ʧʦ 2015ʛʛ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ:  

- ʌʝʜʝʨʘʣʴʥʳʭ ʮʝʣʝʚʳʭ ʧʨʦʛʨʘʤʤ:  

¶ çʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠè (2007-2012) çʇʨʦʚʝʜʝʥʠʝ ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʧʦʠʩʢʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʥʘʢʦʧʠʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʜʣʷ ʥʫʞʜ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʠ ʘʚʪʦʥʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠè ʧʦ ʪʝʤʝ: çʉʦʟʜʘʥʠʝ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʳʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʵʥʝʨʛʦʥʘʢʦʧʠʪʝʣʴʥʳʭ ʩʨʝʜè, ɻʦʩʢʦʥʪʨʘʢʪ ˉ16.516.11.6034 (2011-

2012); 

¶ çʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʈʦʩʩʠʠè (2009-2013) ʧʦ ʪʝʤʝ 

çʈʘʟʚʠʪʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʜʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚè, ɻʦʩʢʦʥʪʨʘʢʪ 

ˉ16.740.11.0211 (2010-2011); 

¶ çʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʈʦʩʩʠʠè (2009-2013) ʧʦ ʪʝʤʝ 

çʈʘʟʨʘʙʦʪʢʘ ʨʘʜʠʦʧʦʛʣʘʘɦʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʤʘʛʥʠʪʥʦʛʦ ʪʠʧʘ ʩ ʨʘʙʦʯʠʤ ʜʠʘʧʘʟʦʥʦʤ ʯʘʩʪʦʪ 

0.8-10 ɻɻʮè, ɻʦʩʢʦʥʪʨʘʢʪ ˉ 02.740.11.5077 (2009-2010); 

¶ çʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠè 

(2002-2006) ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʈʘʟʚʠʪʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳè ʧʦ ʪʝʤʝ ʈʀ-12.0/004/028 

çʇʦʚʝʨʭʥʦʩʪʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʤʘʪʝʨʠʘʣʦʚ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʤʠ ʧʦʣʠʤʝʨʘʤʠè, ɻʦʩʢʦʥʪʨʘʢʪ 

ˉ 02.434.11.7054 (2005-2006);  

¶ ɺ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ çʅʦʨʠʣʴʩʢʠʡ ʅʠʢʝʣʴ ï ʈɸʅ ʧʦ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʝè çʉʦʟʜʘʥʠʝ 

ʢʦʤʧʘʢʪʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʨʠʩʪʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʧʨʦʚʦʜʠʤʳʭ ʧʦʣʠʤʝʨʦʚ ï ʨʝʰʝʥʠʝ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚè ɼʦʛʦʚʦʨ ʩ ʌʊʀ 

ʈɸʅ (2004-2005;. 
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¶ ɺ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʅʘʮʠʦʥʘʣʴʥʘʷ ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʢʦʤʧʘʥʠʷ çʅʦʚʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʧʨʦʝʢʪʳè ï ʈɸʅ çʈʘʟʨʘʙʦʪʢʘ ʢʨʝʤʥʠʝʚʳʭ ʧʦʨʪʘʪʠʚʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʤʠʢʨʦ- ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡè ʧʦ ʪʝʤʝ: çʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʦʚ ʠ 

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʩʦ ʩʤʝʰʘʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʵʣʝʢʪʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘè, ɼʦʛʦʚʦʨ ʩ ʌʊʀ ʈɸʅ 

ˉ 436 (2005-2007). 

 

 - ʇʨʦʛʨʘʤʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʆʪʜʝʣʝʥʠʷ ʭʠʤʠʠ ʠ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʈɸʅ ʠ 

ʇʨʦʛʨʘʤʤ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ  

¶ çʅʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʧʦʚʳʰʝʥʠʶ ʢʦʨʨʦʟʠʦʥʥʦʡ ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʧʦ 

ʪʝʤʝ: çɸʥʪʠʢʦʨʨʦʟʠʦʥʥʳʝ ʧʦʢʨʳʪʠʷ ʜʣʷ ʯʝʨʥʳʭ ʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʘʥʠʣʠʥʘè (2003-2007); 

¶ çʆʩʥʦʚʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚè ʧʦ ʪʝʤʝ: 

çʋʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʥʘʥʦʩʣʦʷʤʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷè (2009-2011); 

¶ çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʘʢʪʠʚʥʦ-ʘʜʘʧʪʠʚʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡè ʧʦ ʪʝʤʝ çʇʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʦ ʩʤʝʰʘʥʥʳʤ 

ʪʠʧʦʤ ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚè (2011-2014). 

 

- ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʦʝʢʪʦʚ  

¶ ʇʨʦʝʢʪ IUPAC project 1999-024-1-400 (1999-2002), çPolyaniline: Preparation of a Conducting 

Polymerè, IUPAC Technical Report. ʆʧʫʙʣʠʢʦʚʘʥ: Pure. Appl. Chem. 74, 857-867 (2002). 

(Stejskal J., Gilbert R.G.); 

¶ ʇʨʦʝʢʪ IUPAC project 2002-019-1-400 (2002-2005), çPolyaniline: Thin Films and Colloidal 

Dispersionsè, IUPAC Technical Report. ʆʧʫʙʣʠʢʦʚʘʥ: Pure. Appl. Chem. 77, 815-826 (2005). 

(Stejskal J., Sapurina I.); 

¶ ʇʨʦʝʢʪ IUPAC project 2006-018-2-400 (2007-2009), Infrared Spectroscopy of Conducing Polymer 

Nanotubes, IUPAC Technical Report.ʆʧʫʙʣʠʢʦʚʘʥ: Pure. Appl. Chem. 83 5038-50-45 (2011) 

(Stejskal J., Trchova M.); 

¶ ʇʨʦʛʨʘʤʤʘ KONTAKT ʧʨʦʝʢʪ ˉ ME 539 (2002-2004) çConducting Polymer Filmsè, ʏʝʰʩʢʦ-

ʈʫʩʩʢʠʡ ʧʨʦʝʢʪ, ʄʠʥʠʩʪʝʨʩʪʚʘ ʆʙʨʘʟʦʚʘʥʠʷ, ʄʦʣʦʜʝʞʠ ʠ ʉʧʦʨʪʘ ʏʝʰʩʢʦʡ ʨʝʩʧʫʙʣʠʢʠ;  

¶ ʇʨʦʛʨʘʤʤʘ KONTAKT ˉ ME 847(2005-2010), çSurface Modification of Materials with 

Conducting Polymersè, ʏʝʰʩʢʦ-ʈʫʩʩʢʠʡ ʧʨʦʝʢʪ, ʄʠʥʠʩʪʝʨʩʪʚʘ ʆʙʨʘʟʦʚʘʥʠʷ, ʄʦʣʦʜʝʞʠ ʠ 

ʉʧʦʨʪʘ ʏʝʰʩʢʦʡ ʨʝʩʧʫʙʣʠʢʠ;  

¶ ʇʨʦʛʨʘʤʤʘ ECO-NET, ˉ 16256 SA (2007-2008) çNouveaux composites electroactive (Novel 

Conducting Composites), ʩʦʚʤʝʩʪʥʳʡ ʌʨʘʥʢʦïʈʦʩʩʠʡʩʢʦïʏʝʰʩʢʠʡ ʧʨʦʝʢʪ EGIDE;  

¶ ʇʨʦʛʨʘʤʤʘ KONTAKT ˉ LH 14199 (2014-2016), çHybrid composites based on conducting 

polymers and noble metalsè ʏʝʰʩʢʦ-ʈʫʩʩʢʠʡ ʧʨʦʝʢʪ, ʄʠʥʠʩʪʝʨʩʪʚʘ ʆʙʨʘʟʦʚʘʥʠʷ, ʄʦʣʦʜʝʞʠ ʠ 

ʉʧʦʨʪʘ ʏʝʰʩʢʦʡ ʨʝʩʧʫʙʣʠʢʠ.  
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ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ 92 ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʠ 

ɺʩʝʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ: International Symposium on Macromolecules & 

World Polymer Congress ñMACROò 2004, 2006, 2008, 2010, 2014; Europolymer Conference, 

Italy 2008; International Hydrogen Energy Congress & Exibition, NANOMEC 2006, 2007; 

International Conference on Science and Technology of Synthetic Metals ñICSMò 2000, 2002, 

2004, 2006; International Polymer Materials Engineering Conference 2005; PPM Conducting 

Polymers, Formations, Structure, Properties and Applications (Prague) 2006, 2011; Materials 

Science and Materials Mechanics at the Nanoscale, NANOMEC, (Italy) 2006, 2010; International 

Symposium Technologies for Polymer Electronics TPE (Germany) 2004, 2010; Journees Polymeres 

Conducteurs JPC 01 (France) 2001, 2003; International Conference "Nanotechnology and 

Applications" ñNANAò 2008; International Society of Optical Engineering ñSPIEò 2007; 

Molecular Mobility and Order in Polymer Systems (St. Petersburg) 1999, 2002, 2005, 2008, 2011, 

2014; Fullerenes and Atomic Clusters ñIWFAC '(St. Petersburg)  2001, 2005, 2009, 2011; 

International Meeting ñFundamental problems of solid state ionicsò(Czernogolovka) 2006, 20010, 

2014. 

 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 93 ʧʝʯʘʪʥʳʝ ʨʘʙʦʪʳ, ʠʟ ʥʠʭ 85 ʩʪʘʪʝʡ 

ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, 3 ʛʣʘʚʳ ʚ ʤʦʥʦʛʨʘʬʠʷʭ, 5 ʧʘʪʝʥʪʦʚ. 

     

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

ʠ ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ. ʆʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 292 ʩʪʨʘʥʠʮʳ, ʚʢʣʶʯʘʝʪ 212 

ʨʠʩʫʥʢʦʚ, 24 ʪʘʙʣʠʮʳ, 15 ʩʭʝʤ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʩʦʜʝʨʞʠʪ 398 ʥʘʠʤʝʥʦʚʘʥʠʡ. 
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ɻʃɸɺɸ 1. ʇʆʃʀɸʅʀʃʀʅ  (ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ) 

1.1. ʀʩʪʦʨʠʯʝʩʢʘʷ ʩʧʨʘʚʢʘ 

 

 ʇʦʣʠʘʥʠʣʠʥ ʢʘʢ ʭʠʤʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʙʳʣ ʧʦʣʫʯʝʥ ʟʘʜʦʣʛʦ ʜʦ ʦʪʢʨʳʪʠʷ ʢʣʘʩʩʘ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʧʦʣʠʤʝʨʦʚ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʇɸʅʀ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʧʦʣʠʤʝʨʦʤ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤ ʯʝʣʦʚʝʯʝʩʪʚʦʤ. ʉʦʦʙʱʝʥʠʝ ʦ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʤ ʪʝʤʥʦ-ʟʝʣʝʥʦʤ ʧʨʦʜʫʢʪʝ 

ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ, ʥʘʟʚʘʥʦʤ çʘʥʠʣʠʥʦʚʳʡ ʯʝʨʥʳʡè, ʦʪʥʦʩʠʪʩʷ ʢ 1840 ʛʦʜʫ. ʇʫʙʣʠʢʘʮʠʶ 

ʥʘʧʠʩʘʣ ʥʝʤʝʮʢʠʡ ʭʠʤʠʢ ʌʨʠʪʰʝ, ʨʘʙʦʪʘʚʰʠʡ ʪʦʛʜʘ ʚ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʚ 

ʇʝʪʝʨʙʫʨʛʝ. ʀʥʪʝʨʝʩ ʢ ʘʥʠʣʠʥʫ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʤ ʚ ʪʦ ʚʨʝʤʷ ʙʳʣ ʦʯʝʥʴ ʚʝʣʠʢ. ʉ 60-ʭ ʛʦʜʦʚ 

XIX  ʩʪʦʣʝʪʠʷ ʚ ɽʚʨʦʧʝ ʙʫʨʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʭʠʤʠʷ ʘʥʠʣʠʥʦʚʳʭ ʢʨʘʩʠʪʝʣʝʡ. ʇʦʣʠʘʥʠʣʠʥ, ʚ ʚʠʜʝ 

ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʧʦʨʦʰʢʘ, ʩʪʘʥʦʚʠʪʩʷ ʧʦʙʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʦʣʫʯʝʥʠʷ çʤʦʚʝʡʥʘè - ʦʯʝʥʴ 

ʧʦʧʫʣʷʨʥʦʛʦ ʚ ʪʦ ʚʨʝʤʷ ʧʫʨʧʫʨʥʦ-ʢʨʘʩʥʦʛʦ ʢʨʘʩʠʪʝʣʷ.  

ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʥʘʫʯʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʇɸʅʀ ʠ ʧʨʦʮʝʩʩʦʚ ʝʛʦ ʧʦʣʫʯʝʥʠʷ ʥʘʯʠʥʘʝʪʩʷ ʩ 

ʩʝʨʝʜʠʥʳ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ. ɺ 1935 ʛ. ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʧʝʨʚʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ [26]. ɺ 1950 ʛ. ʍʦʤʫʪʦʚ ʠ ɻʦʨʙʘʯʝʚ [27] ʦʙʥʘʨʫʞʠʣʠ ʘʚʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʡ 

ʭʘʨʘʢʪʝʨ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ, ʘ ʚ 1962 ʛ. ʄʦʛʠʣʴʥʝʨ [28] ʧʨʝʜʣʦʞʠʣ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʡ 

ʤʝʭʘʥʠʟʤ ʵʪʦʡ ʨʝʘʢʮʠʠ, ʘʥʘʣʦʛʠʯʥʳʡ ʪʦʤʫ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʄʦʛʠʣʴʥʝʨ ʞʝ ʫʢʘʟʘʣ ʥʘ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʡ, ʮʝʧʥʦʡ, ʭʘʨʘʢʪʝʨ ʧʨʦʜʫʢʪʘ ʦʢʠʩʣʝʥʠʷ, ʨʝʰʠʚ, ʯʪʦ ʠʤ ʷʚʣʷʝʪʩʷ çʦʢʪʘʤʝʨ 

ʵʤʝʨʘʣʜʠʥ ʠʣʠ ʧʦʜʦʙʥʦʝ ʝʤʫ ʩʦʝʜʠʥʝʥʠʝè. ɺ 1968 ʛ. [29] ʇɸʅʀ ʥʘʟʚʘʥ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʤ 

ʧʦʣʠʩʦʧʨʷʞʝʥʥʳʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʚʦʜʠʤʦʩʪʠ. ɺ ʢʥʠʛʝ 

ɹʝʨʣʠʥʘ [30] ʦʧʠʩʘʥʳ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇɸʅʀ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦ 

ʧʦʣʠʤʝʨʥʦʤ ʩʪʨʦʝʥʠʠ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʩʚʦʡʩʪʚʘʭ ʇɸʅʀ ʩʪʘʣʦ ʠʟʚʝʩʪʥʦ ʚ 60-ʝ ʛʦʜʳ 

ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ, ʙʦʣʝʝ ʯʝʤ ʯʝʨʝʟ ʩʪʦ ʣʝʪ ʧʦʩʣʝ ʝʛʦ ʧʦʣʫʯʝʥʠʷ. ɹʦʣʴʰʦʡ ʚʢʣʘʜ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʇɸʅʀ ʚ 60-80-ʝ ʛʦʜʳ ʚʥʝʩʣʠ ʩʦʚʝʪʩʢʠʝ ʫʯʝʥʳʝ ɹʝʨʣʠʥ, ʂʨʠʥʠʯʥʳʡ, 

ɺʦʨʦʪʳʥʮʝʚ, ʂʦʙʨʷʥʩʢʠʡ, ʄʘʣʝʚ [31]. ʇʦʩʣʝ ʩʠʥʪʝʟʘ ʚ 1977 ʛ. ʚʳʩʦʢʦʧʨʦʚʦʜʷʱʝʛʦ 

ʧʦʣʠʘʮʝʪʠʣʝʥʘ, ʇɸʅʀ ʩʪʘʣ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʧʦʣʠʩʦʧʨʷʞʝʥʥʳʭ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʧʦʣʠʤʝʨʦʚ, ʢʦʪʦʨʳʝ ʥʘʟʚʘʣʠ ʪʘʢʞʝ çʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʤʝʪʘʣʣʘʤʠè. ɺ 2000 

ʛʦʜʫ ʟʘ ʦʪʢʨʳʪʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʧʦʣʠʤʝʨʦʚ ʜʚʫʤ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʠʟ ʉʐɸ 

ʄʘʢɼʠʘʨʤʠʜʫ ʠ ʍʠʛʝʨʫ, ʘ ʪʘʢʞʝ ʗʧʦʥʩʢʦʤʫ ʭʠʤʠʢʫ ʐʠʨʘʢʘʚʝ, ʙʳʣʘ ʧʨʠʩʫʞʜʝʥʘ ʅʦʙʝʣʝʚʩʢʘʷ 

ʧʨʝʤʠʷ ʧʦ ʭʠʤʠʠ [2]. 

1.2. ʉʪʨʦʝʥʠʝ ʠ ʦʙʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʠʘʥʠʣʠʥʘ 

 

ʎʝʧʴ ʇɸʅʀ ʩʦʩʪʦʠʪ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ ʬʝʥʠʣʴʥʳʭ ʢʦʣʝʮ ʠ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ, 

ʧʨʠʯʝʤ, ʚʳʩʦʢʦʧʨʦʚʦʜʷʱʠʝ ʦʙʨʘʟʮʳ ʠʤʝʶʪ ʩʪʨʦʛʦ ʨʝʛʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʆʥʠ ʙʦʣʝʝ ʯʝʤ ʥʘ 

95% ʩʦʩʪʦʷʪ ʠʟ ʧʘʨʘ-ʟʘʤʝʱʝʥʥʳʭ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʥʳ ʧʦ ʪʠʧʫ çʛʦʣʦʚʘ-

ʭʚʦʩʪè. ʄʦʣʝʢʫʣʷʨʥʳʝ ʤʘʩʩʳ ʮʝʧʝʡ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʩʦʪʝʥ ʪʳʩʷʯ ʘʪʦʤʥʳʭ ʝʜʠʥʠʮ. ʉʦʦʙʱʘʝʪʩʷ 

ʦ ʇɸʅʀ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 500ʭ103 [1]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʠʤʝʨʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ 

ʇɸʅʀ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʛʝʪʝʨʦʧʦʣʠʘʨʠʣʝʥʦʚ, ʪ.ʝ. ʧʦʣʠʤʝʨʦʚ, ʦʩʥʦʚʥʘʷ ʮʝʧʴ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ 
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ʠʟ ʙʝʥʟʦʣʴʥʳʭ ʷʜʝʨ (ʘʨʠʣʴʥʳʭ ʛʨʫʧʧ) ʠ ʛʝʪʝʨʦʘʪʦʤʦʚ (ʘʪʦʤʳ ʦʪʣʠʯʥʳʝ ʦʪ ʉ ʠ ʅ). ʂʘʢ ʠ 

ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʛʝʪʝʨʦʧʦʣʠʘʨʠʣʝʥʦʚ ʇɸʅʀ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ, 

ʭʠʤʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʠ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ. ʇʦʣʠʤʝʨʥʳʝ ʮʝʧʠ ʩʪʘʙʠʣʴʥʳ ʜʦ 300ʦʉ ʧʨʠ ʥʘʛʨʝʚʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ. ʊʦʣʴʢʦ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʜʝʪ ʥʝʦʙʨʘʪʠʤʘʷ 

ʜʝʩʪʨʫʢʮʠʷ, ʧʦʣʠʤʝʨ ʪʝʨʷʝʪ ʯʘʩʪʴ ʤʘʩʩʳ (ʚ ʦʩʥʦʚʥʦʤ ʵʪʦ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ) ʠ ʩʰʠʚʘʝʪʩʷ, 

ʬʦʨʤʠʨʫʷ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ï ʬʝʥʘʟʠʥʦʚʳʝ ʮʠʢʣʳ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚʳʰʝ 600ʦʉ ʚ 

ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʇɸʅʀ ʧʦʜʚʝʨʛʘʝʪʩʷ ʢʘʨʙʦʥʠʟʘʮʠʠ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʫʛʣʝʨʦʜʥʦʛʦ 

ʧʨʦʜʫʢʪʘ, ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪ 15 % ʤʘʩʩʳ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʧʦʣʠʤʝʨʘ 

ʥʝ ʠʟʚʝʩʪʥʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʚʳʰʝ, ʯʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʜʝʩʪʨʫʢʮʠʠ [5]. 

ʇʦʣʠʘʥʠʣʠʥ ʫʩʪʦʡʯʠʚ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʨʘʜʠʘʮʠʠ ʠ ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʦʣʠʤʝʨ 

ʦʙʣʘʜʘʝʪ ʥʝʣʠʥʝʡʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʥ ʠʥʪʝʥʩʠʚʥʦ ʧʦʛʣʦʱʘʝʪ ʠʟʣʫʯʝʥʠʝ ʚ 

ʙʣʠʞʥʝʡ ʋʌ-, ʚʠʜʠʤʦʡ ʠ ʙʣʠʞʥʝʡ ʀʂ- ʦʙʣʘʩʪʠ. ʇʦʛʣʦʱʝʥʥʘʷ ʵʥʝʨʛʠʷ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʪʝʧʣʦ, 

ʧʦʣʠʤʝʨ ʥʘʛʨʝʚʘʝʪʩʷ. ʇʦʣʠʘʥʠʣʠʥ ʭʠʤʠʯʝʩʢʠ ʩʪʦʝʢ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʩʠʣʴʥʳʭ ʢʠʩʣʦʪ ʠ ʱʝʣʦʯʝʡ. 

ʇʦʣʠʤʝʨʥʳʝ ʮʝʧʠ ʥʝ ʨʘʟʨʫʰʘʶʪʩʷ ʜʘʞʝ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʧʨʝʙʳʚʘʥʠʠ ʚ ʨʘʩʪʚʦʨʘʭ 5 ʄ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ ʠʣʠ 9 ʄ ʱʝʣʦʯʠ. ʆʜʥʘʢʦ ʇɸʅʀ ʜʝʛʨʘʜʠʨʫʝʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʣʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʝʨʩʫʣʴʬʘʪʘ, ʙʠʭʨʦʤʘʪʘ ʢʘʣʠʷ, 

ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʠ ʜʝʩʪʨʫʢʪʠʨʫʶʪ ʜʦ ʭʠʥʦʥʦʚ.  

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʇɸʅʀ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʝʜʥʳ. ʇʦʣʠʤʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʯʝʨʥʳʡ ʧʦʨʦʰʦʢ, ʥʝ ʠʤʝʶʱʠʡ ʘʜʛʝʟʠʠ ʢ ʜʨʫʛʠʤ ʤʘʪʝʨʠʘʣʘʤ. ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ, ʚʪʦʨʠʯʥʘʷ 

ʧʝʨʝʨʘʙʦʪʢʘ ʧʦʣʠʤʝʨʘ ʧʨʦʙʣʝʤʘʪʠʯʥʘ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʥʝ ʧʣʘʚʠʪʩʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʘʩʪʚʦʨʠʤ, 

ʦʜʥʘʢʦ ʇɸʅʀ ʫʩʧʝʰʥʦ ʧʨʝʩʩʫʝʪʩʷ. ʇʨʦʯʥʦʩʪʴ ʠʟʜʝʣʠʡ, ʩʧʨʝʩʩʦʚʘʥʥʳʭ ʠʟ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ 

ʇɸʅʀ, ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ, ʝʩʣʠ ʠʩʧʦʣʴʟʫʝʤʳʡ ʧʦʣʠʤʝʨ ʠʤʝʝʪ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ ʜʝʩʷʪʢʠ ʠ 

ʩʦʪʥʠ ʪʳʩʷʯ. ʉʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʇɸʅʀ ʟʘʚʠʩʠʪ ʦʪ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʠ ʬʦʨʤʳ, ʚ ʢʦʪʦʨʦʡ ʦʥ 

ʥʘʭʦʜʠʪʩʷ. ʅʝʧʨʦʚʦʜʷʱʘʷ ʵʤʝʨʘʣʜʠʥʦʚʘʷ ʬʦʨʤʘ ʠ ʣʝʡʢʦʵʤʝʨʘʣʜʠʥ, ʚ ʦʩʥʦʚʥʦʤ, ʘʤʦʨʬʥʳ. 

ʉʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʡ ʵʤʝʨʘʣʜʠʥʦʚʦʡ ʬʦʨʤʳ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 60%.  

1.3. ʌʦʨʤʳ ʧʦʣʠʘʥʠʣʠʥʘ ʠ ʠʭ ʩʚʦʡʩʪʚʘ 

 

 ʇʨʠʚʝʜʝʥʥʘʷ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʠʥʬʦʨʤʘʮʠʷ ʦ ʬʦʨʤʘʭ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ 

ʇɸʅʀ, ʠ ʦ ʩʚʦʡʩʪʚʘʭ ʵʪʠʭ ʬʦʨʤ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʦʙʩʫʞʜʝʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʦʚ 

ʜʠʩʩʝʨʪʘʮʠʠ: ʚʦʧʨʦʩʦʚ ʦ ʤʝʭʘʥʠʟʤʝ ʨʦʩʪʘ ʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ.  

 

1.3.1. ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

 

 ʇɸʅʀ ʷʚʣʷʝʪʩʷ ʨʝʜʦʢʩ ʘʢʪʠʚʥʳʤ ʧʦʣʠʤʝʨʦʤ ʠ ʤʦʞʝʪ ʦʙʨʘʪʠʤʦ ʦʢʠʩʣʷʪʴʩʷ, ʠ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʚʥʫʪʨʠ ʦʢʥʘ ʧʦʪʝʥʮʠʘʣʦʚ ï0.2 ʜʦ +0,9 ɺ (ʚʦʜʦʨʦʜʥʘʷ ʰʢʘʣʘ) [1]. ʈʝʜʦʢʩ 

ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʭʠʤʠʯʝʩʢʠʭ ʦʢʠʩʣʠʪʝʣʝʡ (ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ) ʠʣʠ ʧʨʠ 

ʥʘʣʦʞʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʵʣʝʢʪʨʦʜ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ ʧʣʝʥʢʦʡ ʧʦʣʠʤʝʨʘ. ʎʠʢʣʠʯʝʩʢʘʷ 

ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘ ʧʦʣʠʤʝʨʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʫ ʇɸʅʀ, ʢʘʢ ʤʠʥʠʤʫʤ, ʪʨʝʭ 

ʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʦʢʠʩʣʝʥʠʷ (ʈʠʩʫʥʦʢ 1.1.). ɺʦʣʥʳ ʥʘ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 
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ʧʝʨʝʭʦʜʘʤ ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʝ ʦʢʠʩʣʝʥʠʷ ʧʦʣʠʤʝʨʘ ʚ ʜʨʫʛʦʝ. ɺ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ +0.2 · 

+0.8 ɺ ʩʫʱʝʩʪʚʫʝʪ ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʘʷ ʦʢʠʩʣʝʥʥʘʷ ʬʦʨʤʘ ʇɸʅʀ ï ʵʤʝʨʘʣʜʠʥ. ʇʨʠ 

ʧʦʪʝʥʮʠʘʣʘʭ ʥʠʞʝ +0.2 ɺ ʧʦʣʠʤʝʨ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠ ʧʝʨʝʭʦʜʠʪ ʚ ʣʝʡʢʦʵʤʝʨʘʣʜʠʥʦʚʫʶ 

ʬʦʨʤʫ. ɺʳʩʰʘʷ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʇɸʅʀ ï ʧʝʨʥʠʛʨʘʥʠʣʠʥ, ʩʫʱʝʩʪʚʫʝʪ ʧʨʠ ʧʦʪʝʥʮʠʘʣʘʭ ʚʳʰʝ 

+0.8 ɺ (ʉʭʝʤʘ 1. 1, ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʝʨʝʭʦʜʳ.). ɺʥʫʪʨʠ ʦʢʥʘ +0.2· +0.8 ɺ, ʘ ʪʘʢʞʝ ʚ ʦʙʣʘʩʪʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʇɸʅʀ ʩʪʘʙʠʣʝʥ, ʦʜʥʘʢʦ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ 

ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʚʳʰʝ +1.0 ɺ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʨʦʪʦʥʦʜʦʥʦʨʥʳʭ ʘʛʝʥʪʦʚ, ʚ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʷʭ 

ʠʜʫʪ ʥʝʦʙʨʘʪʠʤʳʝ ʠʟʤʝʥʝʥʠʷ [1]. 

 

 

ʈʠʩʫʥʦʢ 1.1 - ʎʠʢʣʠʯʝʩʢʘʷ 

ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘ ʇɸʅʀ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʭʣʦʨʩʝʨʝʙʨʷʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʚ 

ʧʦʜʢʠʩʣʝʥʥʦʤ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ.  

 

 

 

 

 

 

ʉʭʝʤʘ. 1.1 - ʌʦʨʤʳ ʇɸʅʀ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ ʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ [32]. 

 

 ʎʝʥʪʨʘʤʠ ʦʢʠʩʣʝʥʠʷ ʇɸʅʀ ʩʣʫʞʘʪ ʘʪʦʤʳ ʘʟʦʪʘ. ʇʨʠ ʦʢʠʩʣʝʥʠʠ, ʪ.ʝ. ʠʟʲʷʪʠʠ ʵʣʝʢʪʨʦʥʘ, 

ʥʘ ʘʟʦʪʝ ʦʙʨʘʟʫʝʪʩʷ çʜʳʨʢʘè. ʍʠʤʠʢʠ ʥʘʟʳʚʘʶʪ ʝʝ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣ, ʘ ʬʠʟʠʢʠ ï ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʧʦʣʷʨʦʥ. ʉʦʜʝʨʞʘʥʠʝ ʦʢʠʩʣʝʥʥʳʭ ʘʪʦʤʦʚ ʘʟʦʪʘ ʚ ʧʦʣʠʤʝʨʝ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʦʪ ʥʫʣʷ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʬʦʨʤʝ ʣʝʡʢʦʵʤʝʨʘʣʜʠʥʘ, ʠ ʧʨʠʙʣʠʞʘʪʴʩʷ ʢ ʝʜʠʥʠʮʝ ï ʚʳʩʰʘʷ 

ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʧʝʨʥʠʛʨʘʥʠʣʠʥ. ʂʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʡ ʬʦʨʤʦʡ 
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ʇɸʅʀ ʷʚʣʷʝʪʩʷ ʵʤʝʨʘʣʜʠʥ, ʛʜʝ ʦʢʠʩʣʝʥ ʢʘʞʜʳʡ ʚʪʦʨʦʡ ʘʪʦʤ ʘʟʦʪʘ ʠ ʧʦʣʠʤʝʨʥʘʷ ʮʝʧʴ ʩʦʜʝʨʞʠʪ 

ʨʘʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʢʠʩʣʝʥʥʳʭ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʟʚʝʥʴʝʚ. ɺ ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʝʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʥʠʟʰʘʷ ʠ ʚʳʩʰʘʷ ʬʦʨʤʳ ʦʢʠʩʣʝʥʠʷ ʧʦʣʠʤʝʨʘ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʧʝʨʝʭʦʜʷʪ ʚ ʵʪʦ ʩʦʩʪʦʷʥʠʝ. ɺ 

ʩʣʫʯʘʝ ʣʝʡʢʦʵʤʝʨʘʣʜʠʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚ ʵʤʝʨʘʣʜʠʥ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʤʝʜʣʝʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ 

ʘʤʠʥʦʛʨʫʧʧ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ. ʕʪʘ ʨʝʘʢʮʠʷ ʦʙʨʘʪʠʤʘ. ʇʝʨʥʠʛʨʘʥʠʣʠʥ ʪʘʢʞʝ ʩʪʨʝʤʠʪʩʷ 

ʧʦʥʠʟʠʪʴ ʩʦʩʪʦʷʥʠʝ ʦʢʠʩʣʝʥʠʷ ʠ ʧʝʨʝʡʪʠ ʚ ʵʤʝʨʘʣʜʠʥ. ʂʦʛʜʘ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʇɸʅʀ ʚʳʰʝ 

0.7, ʦʥ ʜʝʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ, ʠʜʫʪ ʥʝʦʙʨʘʪʠʤʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣ. 

ʏʘʱʝ ʚʩʝʛʦ ʵʪʦ ʧʨʦʮʝʩʩʳ ʩʰʠʚʢʠ ʠ ʚʥʫʪʨʠʮʝʧʥʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʮʠʢʣʠʟʘʮʠʠ [1]. ɺʦʟʤʦʞʥʘ 

ʪʘʢʞʝ ʜʝʩʪʨʫʢʮʠʷ ʮʝʧʝʡ ʜʦ ʭʠʥʦʥʦʚ, ʢʦʪʦʨʘʷ ʫʩʠʣʠʚʘʝʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʭ 

ʘʛʝʥʪʦʚ. 

   

1.3.2. ʕʣʝʢʪʨʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʦʢʠʩʣʝʥʠʷ 

 

 ʎʝʧʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʛʦ ʇɸʅʀ ʦʨʛʘʥʠʟʦʚʘʥʳ ʨʝʛʫʣʷʨʥʦ, ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʯʝʪʢʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʜʥʦʪʠʧʥʳʭ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ (ʉʭʝʤʘ 1.1) [33]. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʮʝʧʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʠʩʦʧʨʷʞʝʥʠʝ: ʧʦʣʠʤʝʨʥʘʷ ʮʝʧʴ ʦʙʨʘʟʫʝʪ ʟʠʛʟʘʛ, ʣʝʞʘʱʠʡ ʚ ʦʜʥʦʡ 

ʧʣʦʩʢʦʩʪʠ, ʦʙʣʘʢʘ ˊïɻ ʣʝʢʪʨʦʥʦʚ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʥʘʜ ʠ ʧʦʜ ʧʣʦʩʢʦʩʪʴʶ ʮʝʧʠ. ʅʝʧʦʜʝʣʝʥʥʘʷ ʧʘʨʘ 

ʵʣʝʢʪʨʦʥʦʚ ʘʟʦʪʘ ʚʳʧʦʣʥʷʝʪ ʪʫ ʞʝ ʬʫʥʢʮʠʶ ʯʪʦ ʠ ˊïɻ ʣʝʢʪʨʦʥʳ, ʧʦʜʜʝʨʞʠʚʘʷ ʧʦʣʠʩʦʧʨʷʞʝʥʠʝ. 

ʉʠʩʪʝʤʘ ʧʦʣʠʩʦʧʨʷʞʝʥʠʷ ʜʝʣʦʢʘʣʠʟʫʝʪ ʟʘʨʷʜ, ʥʘʭʦʜʷʱʠʡʩʷ ʥʘ ʤʘʢʨʦʤʦʣʝʢʫʣʝ ʠ ʦʧʨʝʜʝʣʷʝʪ 

ʫʨʦʚʝʥʴ ʧʦʜʚʠʞʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʧʦ ʮʝʧʠ [34]. ʅʘʨʫʰʝʥʠʝ ʨʝʛʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʮʝʧʠ, 

ʧʨʦʠʩʭʦʜʷʱʝʝ, ʥʘʧʨʠʤʝʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʣʠʥʘ ʩ ʜʨʫʛʠʤʠ ʤʦʥʦʤʝʨʘʤʠ ʠʣʠ 

ʚʚʝʜʝʥʠʝ ʘʥʠʣʠʥʦʚʳʭ ʟʚʝʥʴʝʚ ʜʨʫʛʦʡ, ʥʘʧʨʠʤʝʨ, ʦʨʪʦ- ʠʣʠ ʤʝʪʘ-ʢʦʥʬʠʛʫʨʘʮʠʠ, ʧʨʠʚʦʜʠʪ ʢ 

ʨʝʟʢʦʤʫ ʩʥʠʞʝʥʠʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ.  

 ʅʦʩʠʪʝʣʷʤʠ ʟʘʨʷʜʘ ʇɸʅʀ ʩʣʫʞʘʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʧʦʣʷʨʦʥʳ ï ʵʪʦ ʪʝ ʩʘʤʳʝ çʜʳʨʢʠè ʥʘ 

ʘʪʦʤʘʭ ʘʟʦʪʘ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʧʨʠ ʦʢʠʩʣʝʥʠʠ. ʕʣʝʢʪʨʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʦʣʠʤʝʨʘ 

ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʝʤ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠ ʠʭ ʧʦʜʚʠʞʥʦʩʪʠ. ɺʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʧʦʣʠʤʝʨ, 

ʥʝ ʩʦʜʝʨʞʘʱʠʡ ʜʳʨʦʢ, ʠʤʝʝʪ ʧʨʦʚʦʜʠʤʦʩʪʴ 10-8·10-10 ʉʠʤʝʥʩ ʩʤ-1 . ʇʦ ʤʝʨʝ ʦʢʠʩʣʝʥʠʷ ʠ ʨʦʩʪʘ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʧʨʦʚʦʜʠʤʦʩʪʴ ʨʘʩʪʝʪ. ʉʘʤʦʡ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʘʷ ʵʤʝʨʘʣʜʠʥʦʚʘʷ ʬʦʨʤʘ ʧʦʣʠʤʝʨʘ. ʇʨʠ 

ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʪʠʧʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʵʤʝʨʘʣʜʠʥʘ ʚ ʪʚʝʨʜʦʤ 

ʪʝʣʝ 100·101 ʉʠʤʝʥʩ ʩʤ-1 [34]. ʆʜʥʘʢʦ ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʩ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ 

ʧʦʨʷʜʢʘ 103 ʉʠʤʝʥʩ ʩʤ-1. ʇʦʜʚʠʞʥʦʩʪʴ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚʳʩʦʢʦʧʨʦʚʦʜʷʱʝʛʦ ʵʤʝʨʘʣʜʠʥʘ 

ʩʦʩʪʘʚʣʷʝʪ 10-3·10-1 ʩʤ2 ɺ-1 ʩʝʢ-1 [35]. ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʚʳʰʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʇɸʅʀ ʩʥʠʞʘʝʪʩʷ. ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʝʨʥʠʛʨʘʥʠʣʠʥʘ ʤʝʥʝʝ 10-2 

ʉʠʤʝʥʩ ʩʤ-1.  

 

1.3.3. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʇɸʅʀ ʩ ʢʠʩʣʦʪʘʤʠ 

 

 ɺʩʝ ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʧʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʧʦʜʚʠʞʥʦʩʪʠ ʟʘʨʷʜʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ çʧʨʦʪʦʥʠʨʦʚʘʥʥʳʤè ʬʦʨʤʘʤ ʧʦʣʠʤʝʨʘ. ʏʪʦ ʪʘʢʦʝ çʧʨʦʪʦʥʠʨʦʚʘʥʠʝè? ʋ ʚʩʝʭ 
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ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʧʦʣʠʤʝʨʦʚ ʧʦʣʷʨʦʥʳ ʩʦʟʜʘʶʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʢʠʩʣʠʪʝʣʷ ʣʠʙʦ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. ʇʦʣʷʨʦʥ r ʥʘʭʦʜʷʪʩʷ ʥʘ ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʠ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ ʧʨʦʪʠʚʦʠʥʘʤʠ. 

ʋʜʘʣʝʥʠʝ ʧʨʦʪʠʚʦʠʦʥʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ ʦʢʠʩʣʝʥʠʷ ʧʦʣʠʤʝʨʘ ʠ ʧʨʠʚʦʜʠʪ 

ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ ʧʦʣʷʨʦʥʘ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʇɸʅʀ, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʫʜʘʣʝʥʠʝ ʧʨʦʪʠʚʦʠʦʥʘ ʥʝ 

ʦʙʷʟʘʪʝʣʴʥʦ ʤʝʥʷʝʪ ʩʦʩʪʦʷʥʠʝ ʦʢʠʩʣʝʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ. ʇʨʠ ʠʟʲʷʪʠʠ ʧʨʦʪʠʚʦʠʦʥʘ ʩʦʩʝʜʥʷʷ 

ʩ ʘʟʦʪʦʤ ʬʝʥʠʣʴʥʘʷ ʛʨʫʧʧʘ çʧʨʠʥʠʤʘʝʪè ʥʘ ʩʝʙʷ ʯʘʩʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ. ʇʨʠ ʵʪʦʤ 

ʙʝʥʟʦʣʴʥʦʝ ʢʦʣʴʮʦ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ, ʚʳʭʦʜʠʪ ʠʟ ʧʣʦʩʢʦʩʪʠ ʧʦʣʠʩʦʧʨʷʞʝʥʠʷ, ʠ ʵʪʠʤ ʥʘʨʫʰʘʝʪ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʮʝʧʠ [36]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʦʢʠʩʣʝʥʠʷ ʧʦʣʠʤʝʨʘ ʥʝ ʠʟʤʝʥʠʣʦʩʴ, 

ʇɸʅʀ ʪʝʨʷʝʪ ʧʨʦʚʦʜʠʤʦʩʪʴ ʚʩʣʝʜʩʪʚʠʝ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʧʦʣʠʩʦʧʨʷʞʝʥʠʷ. ʃʫʯʰʠʤʠ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘʤʠ ʟʘʨʷʜʘ ʇɸʅʀ ʷʚʣʷʶʪʩʷ ʩʠʣʴʥʳʝ ʢʠʩʣʦʪʳ. ʂʠʩʣʦʪʳ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ 

çʜʦʧʠʨʫʶʱʠʤʠè ʘʛʝʥʪʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʢʘʢ ʙʳ çʚʚʦʜʷʪè ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʘ ʚ ʧʦʣʠʤʝʨʥʫʶ 

ʮʝʧʴ, ʜʝʣʘʷ ʇɸʅʀ ʧʨʦʚʦʜʷʱʠʤ. ʆʜʥʘʢʦ ʵʪʦ ʥʘʟʚʘʥʠʝ ʥʝ ʩʦʚʩʝʤ ʥʝʢʦʨʨʝʢʪʥʦ, ʧʦʩʢʦʣʴʢʫ 

ʤʦʣʝʢʫʣʘ ʢʠʩʣʦʪʳ ʥʝ ʩʦʟʜʘʝʪ, ʘ ʪʦʣʴʢʦ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʦʣʷʨʦʥ, ʫʞʝ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʧʨʠ ʦʢʠʩʣʝʥʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʪʝʨʤʠʥ, çʧʨʦʪʦʥʠʨʦʚʘʥʠʝè ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʥʘʨʷʜʫ ʩ ʪʝʨʤʠʥʦʤ çʜʦʧʠʨʦʚʘʥʠʝè ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʇɸʅʀ ʩ ʢʠʩʣʦʪʦʡ (ʉʭʝʤʘ 1.2). 

 ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʠʩʣʦʪ ʩ ʥʝʦʢʠʩʣʝʥʥʳʤʠ ʠ ʦʢʠʩʣʝʥʥʳʤʠ ʘʪʦʤʘʤʠ ʘʟʦʪʘ, 

ʪ.ʝ. ʘʤʠʥʦ ʠ ʠʤʠʥʦʛʨʫʧʧʘʤʠ, ʨʘʟʥʘʷ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʥʩʪʘʥʪʦʡ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ (ʨʂ) 

ʘʟʦʪʩʦʜʝʨʞʘʱʝʡ ʛʨʫʧʧʳ. ɼʠʟʘʤʝʱʝʥʥʳʝ ʘʤʠʥʦʛʨʫʧʧʳ ʩ ʨʂ ~ 1, ʧʨʦʪʦʥʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʚ ʦʯʝʥʴ 

ʢʠʩʣʳʭ ʩʨʝʜʘʭ, ʧʦʵʪʦʤʫ ʣʝʡʢʦʵʤʝʨʘʣʜʠʥ, ʤʦʞʝʪ ʙʳʪʴ ʯʘʩʪʠʯʥʦ ʧʨʦʪʦʥʠʨʦʚʘʥ [37]. 

ʀʤʠʥʦʛʨʫʧʧʳ ʵʤʝʨʘʣʜʠʥʘ ʤʦʛʫʪ ʧʨʦʪʦʥʠʨʦʚʘʪʴʩʷ ʫʞʝ ʢʠʩʣʦʪʘʤʠ ʩʨʝʜʥʝʡ ʩʠʣʳ (ʨʂ ~ 4). 

ʆʜʥʘʢʦ ʢʦʥʩʪʘʥʪʘ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʠʤʠʥʦʛʨʫʧʧ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʦʣʠʤʝʨʝ. ʇʦ ʤʝʨʝ 

ʦʢʠʩʣʝʥʠʷ ʧʦʣʠʤʝʨʘ ʠ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʠʤʠʥʦʛʨʫʧʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʟʘʨʷʜʦʚ ʚ ʮʝʧʠ ʨʘʩʪʝʪ, ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʩʥʠʞʘʝʪʩʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʤʝʨʘʣʜʠʥʘ, 

ʧʝʨʥʠʛʨʘʥʠʣʠʥ ʧʨʦʪʦʥʠʨʫʝʪʩʷ ʧʨʠ ʨʂ 2.5 [38]. 
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ʉʭʝʤʘ 1.2 - ʈʝʘʢʮʠʷ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ - ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ. 

 

 ʄʦʣʝʢʫʣʳ ʢʠʩʣʦʪʳ ʩʚʷʟʘʥʳ ʩ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʤ ʦʩʪʦʚʦʤ ʇɸʅʀ ʟʘ ʩʯʝʪ ʠʦʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʵʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʙʨʘʪʠʤʦ. ɺ ʭʦʜʝ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ-ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ-ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʢʠʩʣʦʪ rʪʦ ʧʦʛʣʦʱʘʶʪʩʷ, ʪʦ ʚʳʪʘʣʢʠʚʘʶʪʩʷ ʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʝʡ, ʧʦʢʘ ʥʝ ʫʩʪʘʥʦʚʠʪʩʷ ʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʤʝʞʜʫ ʠʟʤʝʥʝʥʥʦʡ ʩʨʝʜʦʡ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʤ ʧʦʣʠʤʝʨʦʤ. ɼʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʧʫʪʝʤ ʩʚʷʟʳʚʘʥʠʷ ʢʠʩʣʦʪʳ ʱʝʣʦʯʴʶ, ʤʦʞʝʪ 

ů =10 ʉʠʤʝʥʩ ʩʤī1 

ů =10ī10 ʉʠʤʝʥʩ ʩʤī1 
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ʩʥʠʞʘʪʴ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʇɸʅʀ ʥʘ 10 ʧʦʨʷʜʢʦʚ, ʠ ʧʦʣʠʤʝʨ ʩʪʘʥʦʚʠʪʩʷ ʜʠʵʣʝʢʪʨʠʢʦʤ. 

ʇʦʩʢʦʣʴʢʫ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʦʙʨʘʪʠʤʳ, ʪʦ ʨʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ, ʪ.ʝ. ʩʣʝʜʫʶʱʝʝ ʟʘ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʇɸʅʀ ʩ ʢʠʩʣʦʪʦʡ, ʧʨʠʚʦʜʠʪ ʢ ʨʝʛʝʥʝʨʘʮʠʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʇɸʅʀ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʧʦʣʠʤʝʨʦʤ, ʫ ʢʦʪʦʨʦʛʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʝ 

ʵʤʝʨʘʣʜʠʥʦʚʘʷ ʠ ʧʝʨʥʠʛʨʘʥʠʣʠʥʦʚʘʷ ʬʦʨʤʳ ʧʦʣʠʤʝʨʘ ʤʦʛʫʪ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ 

ʥʝʧʨʦʚʦʜʷʱʝʝ ʩʦʩʪʦʷʥʠʝ ʜʚʫʤʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ [39]. ʇʝʨʚʳʡ ʩʧʦʩʦʙ ï ʚʚʝʜʝʥʠʝ ʚ 

ʧʦʣʠʘʥʠʣʠʥ ʵʣʝʢʪʨʦʥʦʚ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʘʪʦʤʦʚ ʘʟʦʪʘ, ʚʪʦʨʦʡ ï ʫʜʘʣʝʥʠʝ ʢʠʩʣʦʪʳ, 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʧʦʣʷʨʦʥ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ ʠ 

ʧʦʪʝʨʝ ʧʦʣʠʩʦʧʨʷʞʝʥʠʷ. ʆʙʨʘʟʥʦ ʛʦʚʦʨʷ, ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʫʥʠʯʪʦʞʘʶʪʩ ̫ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʘ, ʚʦ 

ʚʪʦʨʦʤ, ʧʦʨʪʷʪʩʷ çʪʨʘʥʩʧʦʨʪʥʳʝ ʧʫʪʠè. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʦʣʠʤʝʨʘ 

ʩʥʠʞʘʝʪʩʷ ʥʘ ʚʦʩʝʤʴ-ʜʝʩʷʪʴ ʧʦʨʷʜʢʦʚ. ʉʨʝʜʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʧʦʣʠʤʝʨʦʚ ʇɸʅʀ 

ʨʝʢʦʨʜʩʤʝʥ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʚʳʷʚʣʝʥʥʳʭ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʬʦʨʤ, ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʳʝ 

ʩʚʦʡʩʪʚʘ. ɹʣʘʛʦʜʘʨʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʢʠʩʣʦʪʘʤʠ ʢʘʞʜʦʝ ʠʟ ʪʨʝʭ ʦʢʠʩʣʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʇɸʅʀ 

ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʢʘʢ ʚ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʤ, ʪʘʢ ʠ ʚ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪ.ʝ. ʧʦʣʠʤʝʨ 

ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ, ʢʘʢ ʤʠʥʠʤʫʤ, ʚ ʰʝʩʪʠ ʨʘʟʥʳʭ ʬʦʨʤʘʭ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʢʘʢ ʩʪʝʧʝʥʴʶ 

ʦʢʠʩʣʝʥʠʷ, ʪʘʢ ʠ ʩʦʩʪʦʷʥʠʝʤ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ. (ʉʭʝʤʘ 1.1). ʂʘʢ ʨʝʜʦʢʩ ʧʨʦʮʝʩʩ,r ʪʘʢ ʠ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʨʝʘʢʮʠʠ, ʪ.ʝ. ʧʝʨʝʭʦʜʳ ʦʪ ʬʦʨʤʳ ʢ ʬʦʨʤʝ, ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦʩʪʝʧʝʥʥʦ. 

ʇʦʵʪʦʤʫ ʨʝʘʣʴʥʦ ʜʣʷ ʇɸʅʀ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʦʢʠʩʣʝʥʠʷ ʠ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ, ʘ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʥʘ ʬʦʨʤʳ ʜʦʩʪʘʪʦʯʥʦ ʫʩʣʦʚʥʦ. 

 

1.3.4. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʪʨʘʥʩʧʦʨʪʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʠʤʝʝʪ ʮʝʣʴʶ ʦʪʥʝʩʝʥʠʝ 

ʤʘʪʝʨʠʘʣʘ ʢ ʦʜʥʦʤʫ ʠʟ ʜʚʫʭ ʢʣʘʩʩʦʚ: ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʧʨʦʚʦʜʥʠʢʘʤ ʠʣʠ ʜʠʵʣʝʢʪʨʠʢʘʤ, ʠʤʝʶʱʠʤ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ ʧʨʦʚʦʜʠʤʦʩʪʠ. ɺ ʤʝʪʘʣʣʘʭ, ʙʣʘʛʦʜʘʨʷ ʢʚʘʥʪʦʚʦʡ ʚʦʣʥʦʚʦʡ 

ʧʨʠʨʦʜʝ, ʵʣʝʢʪʨʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʧʦʩʦʙʥʳ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʩʦʚʝʨʰʝʥʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʨʝʰʝʪʢʫ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʦʩʪʦʚʘ ʙʝʟ ʟʘʪʫʭʘʥʠʷ. ʋʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʪʘʣʣʘ ʷʚʣʷʝʪʩʷ 

ʤʝʨʦʡ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʠ ʝʝ ʪʝʧʣʦʚʦʡ ʧʦʜʚʠʞʥʦʩʪʠ. ɺ ʜʠʵʣʝʢʪʨʠʢʘʭ ʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʝʪ. ʅʦʩʠʪʝʣʠ ʟʘʨʷʜʘ ʚʦʟʥʠʢʘʶʪ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ï ʚʦʟʙʫʞʜʝʥʠʷ ʩʣʘʙʦ ʩʚʷʟʘʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ɺʥʝʰʥʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʯʝʨʝʟ ʚʦʟʙʫʞʜʝʥʠʝ ʨʝʰʝʪʢʠ ʧʨʦʚʦʮʠʨʫʝʪ ʩʢʘʯʢʠ ʵʣʝʢʪʨʦʥʘ ʠʟ ʦʜʥʦʡ ʣʦʢʘʣʴʥʦʡ 

ʧʦʟʠʮʠʠ ʚ ʜʨʫʛʫʶ. ʇʝʨʝʜʚʠʛʘʷʩʴ ʤʝʞʜʫ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʧʦʟʠʮʠʷʤʠ, ʵʣʝʢʪʨʦʥʳ ʧʦʛʣʦʱʘʶʪ ʠ 

ʠʩʧʫʩʢʘʶʪ ʬʦʥʦʥʳ.  

ʋʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʤʝʪʘʣʣʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 103·106 ʉʠʤʝʥʩ ʩʤ-1, ʘ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ - 10-2 · 103 ʉʠʤʝʥʩ ʩʤ-1 [40]. ʋʨʦʚʝʥʴ ʧʨʦʚʦʜʠʤʦʩʪʠ ʇɸʅʀ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʥʠʞʝ 103 ʉʠʤʝʥʩ ʩʤ-1 ʠ ʭʘʨʘʢʪʝʨʝʥ ʩʢʦʨʝʝ ʜʣʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, ʯʝʤ ʜʣʷ ʤʝʪʘʣʣʘ. ʆʜʥʘʢʦ 

ʚʝʣʠʯʠʥʘ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʝʱʝ ʥʝ ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʳʤ ʢʨʠʪʝʨʠʝʤ ʦʪʥʝʩʝʥʠʷ ʢ 

ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʪʠʧʫ ʧʨʦʚʦʜʠʤʦʩʪʠ. ɼʣʷ ʜʝʟʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʨʷʜʘ 

ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʝʨʝʢʨʳʚʘʶʪʩʷ. 
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ʉʫʱʝʩʪʚʫʶʪ ʜʨʫʛʠʝ ʢʨʠʪʝʨʠʠ ʜʣʷ ʦʪʥʝʩʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʢ ʪʦʡ ʠʣʠ ʠʥʦʡ ʢʘʪʝʛʦʨʠʠ. ʅʘ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʢ ʤʝʪʘʣʣʘʤ ʠʣʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤ ʫʢʘʟʳʚʘʶʪ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠ 

ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. 

ʀʟʫʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʕʇʇ ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʪʦʤ, ʷʚʣʷʝʪʩʷ ʣʠ ʪʨʘʥʩʧʦʨʪ ʟʘʨʷʜʘ ʘʢʪʠʚʘʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʣʠʙʦ ʚ ʧʦʣʠʤʝʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʩʚʦʙʦʜʥʳʝ ʥʦʩʠʪʝʣʠ, ʠ ʦʨʛʘʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʦʣʠʩʦʘʧʨʷʞʝʥʠʷ ʩʧʦʩʦʙʥʘ ʨʝʘʣʠʟʦʚʘʪʴ 

ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʇɸʅʀ 

ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 350 ʂ, ʠ ʚʧʣʦʪʴ ʜʦ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ. ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʯʝʥʴ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ, ʜʦʧʠʨʦʚʘʥʠʷ ʠ 

ʧʦʩʪʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʘ. ɼʣʷ ʜʝʜʦʧʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ů ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʘʢʪʠʚʘʮʠʦʥʥʦʤ ʩʢʘʯʢʦʚʦʤ ʤʝʭʘʥʠʟʤʝ ʪʨʘʥʩʧʦʨʪʘ ʵʣʝʢʪʨʦʥʦʚ [41, 42]. ʏʝʤ ʚʳʰʝ ʩʪʝʧʝʥʴ 

ʜʦʧʠʨʦʚʘʥʠʷ, ʪʝʤ ʩʣʘʙʝʝ ʚʳʨʘʞʝʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (ʈʠʩʫʥʦʢ 2). ʆʜʥʘʢʦ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʚʳʩʦʢʦʜʦʧʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʵʤʝʨʘʣʜʠʥʦʚʦʡ ʬʦʨʤʝ ʨʝʘʣʠʟʫʝʪʩʷ 

ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʭʘʨʘʢʪʝʨ ʧʨʦʚʦʜʠʤʦʩʪʠ. ɼʣʷ ʇɸʅʀ ʚʳʷʚʣʝʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ů(ʊ) ʩʣʝʜʫʶʱʠʝ ʟʘʢʦʥʫ ʦʪ ʊ1/2 ʜʦ ʊ1/4
. ʉʪʝʧʝʥʴ 1/2, ʩʦʦʪʚʝʪʩʪʚʫʝʪ, ʪʨʘʥʩʧʦʨʪʫ 

ʥʦʩʠʪʝʣʝʡ ʚ ʦʜʥʦʤʝʨʥʦʡ ʩʠʩʪʝʤʝ, ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʝʨʝʭʦʜ ʦʪ 

ʦʜʥʦʤʝʨʥʦʛʦ ʢ ʪʨʝʭʤʝʨʥʦʤʫ ʪʨʘʥʩʧʦʨʪʫ. 

 

ʈʠʩʫʥʦʢ 1.2 - ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʣʷ ʧʦʣʠʤʝʨʦʚ (ʧʫʥʢʪʠʨ), 

ʬʫʣʣʝʨʝʥʦʚ, ʘ ʪʘʢʞʝ ʘʤʦʨʬʥʳʭ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʝʪʘʣʣʦʚ ʠ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ [40]. 
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 ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ 

ʧʦʣʠʤʝʨʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʤʦʜʝʣʴ ʧʨʳʞʢʦʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩ ʧʝʨʝʤʝʥʥʦʡ ʜʣʠʥʦʡ ʧʨʳʞʢʘ [43], 

[6]. ʆʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʦʣʠʤʝʨ ʢʘʢ ʜʝʬʝʢʪʥʫʶ ʩʠʩʪʝʤʫ ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʭʠʤʠʯʝʩʢʠʭ 

ʠ ʩʪʨʫʢʪʫʨʥʳʭ çʣʦʚʫʰʝʢè. ʏʘʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʚʠʜʝ ʥʝʧʨʝʨʳʚʥʦʛʦ çʭʚʦʩʪʘè 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ. ʆʜʥʘʢʦ ʯʘʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʣʝʞʠʪ 

ʚʳʰʝ ʢʨʘʷ ʧʦʜʚʠʞʥʦʩʪʠ ʠ ʠʭ ʚʦʣʥʦʚʳʝ ʬʫʥʢʮʠʠ ʜʝʣʦʢʘʣʠʟʦʚʘʥʳ. ɺʢʣʘʜ ʜʚʫʭ ʩʦʩʪʦʷʥʠʡ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʭʘʨʘʢʪʝʨ ʧʦʚʝʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʠ 

ʧʦʩʪʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʠʤʝʨʦʚ. ʆʙʨʘʟʮʳ, ʧʨʦʰʝʜʰʠʝ ʩʧʝʮʠʘʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʠ ʠʤʝʶʱʠʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʥʝ ʥʠʞʝ 102 ʉʠʤʝʥʩ ʩʤ-1, ʜʘʶʪ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʥʝʟʘʚʠʩʠʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ů(ʊ), ʣʠʙʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʝʨʝʭʦʜ ʦʪ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʢ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ [41, 44]. ʊʘʢ ʜʣʷ ʇɸʅʀ, ʧʨʦʪʦʥʠʨʦʚʘʥʦʛʦ 

ʢʘʤʬʦʨʩʫʣʴʬʦʢʠʩʣʦʪʦʡ ʚ ʤ-ʢʨʝʟʦʣʝ, ʣʠʙʦ ʘʢʨʠʣʘʤʠʜʦʧʨʦʧʘʥʩʫʣʴʬʦʢʠʩʣʦʪʦʡ ʧʝʨʝʭʦʜ çʤʝʪʘʣʣ-

ʜʠʵʣʝʢʪʨʠʢè ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ~ 200ʂ. ɺ ʜʠʘʧʘʟʦʥʝ 200·350K [45] ʠʤʝʝʪ 

ʤʝʩʪʦ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ů (ʊ), ʯʪʦ ʩʚʷʟʳʚʘʶʪ ʩ ʥʘʣʠʯʠʝʤ ʚ 

ʧʦʣʠʤʝʨʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʠʥʪʝʟʘ ʠ ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ, ʇɸʅʀ ʤʦʞʝʪ 

ʥʘʭʦʜʠʪʴʩʷ ʣʠʙʦ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ, ʣʠʙʦ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʤ ʩʦʩʪʦʷʥʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ 

ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʝ, ʢʘʢʦʚʦʡ ʷʚʣʷʝʪʩʷ ʕʇʇ, ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʝʱʝ ʥʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʟʥʘʯʥʳʤ ʫʢʘʟʘʥʠʝʤ ʥʘ ʪʠʧ ʤʝʭʘʥʠʟʤʘ ʪʨʘʥʩʧʦʨʪʘ ʟʘʨʷʜʘ. 

ʌʫʥʢʮʠʷ ů (T) ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʨʫʛʠʭ ʧʨʠʯʠʥ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʬʘʟʦʚʳʝ 

ʧʝʨʝʭʦʜʳ, ʥʝʦʙʨʘʪʠʤʘʷ ʜʝʛʨʘʜʘʮʠʷ ʧʦʣʠʤʝʨʘ ʠ ʪ.ʜ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʜʣʷ ʦʪʥʝʩʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʢ 

ʢʣʘʩʩʫ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʚʦʜʥʠʢʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ 

ʢʨʠʪʝʨʠʝʚ, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʥʘʣʠʯʠʝ ʩʚʦʙʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ [46]. ʂ ʪʘʢʠʤ ʢʨʠʪʝʨʠʷʤ 

ʦʪʥʦʩʠʪʩʷ, ʥʘʧʨʠʤʝʨ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʨʷʜʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢʦʥʝʯʥʳʝ ʟʥʘʯʝʥʠʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʇɸʅʀ ʚʙʣʠʟʠ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 2 ʂ ʜʦ 10 mK. 

ɺʦʧʨʦʩʫ ʤʝʭʘʥʠʟʤʘ ʪʨʘʥʩʧʦʨʪʘ ʇɸʅʀ ʙʫʜʝʪ ʫʜʝʣʝʥʦ ʚʥʠʤʘʥʠʝ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʦʧʪʠʯʝʩʢʠʭ 

ʤʘʛʥʠʪʥʳʭ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʇɸʅʀ. 

  

1.3.5. ʇʨʦʪʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ 

 

 ʅʘʣʠʯʠʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʷʟʘʥʥʦʡ ʢʠʩʣʦʪʳ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʧʦʣʠʤʝʨʘ (ʜʣʷ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʵʤʝʨʘʣʜʠʥʦʚʦʡ ʬʦʨʤʳ 1 ʤʦʣʝʢʫʣʘ ʢʠʩʣʦʪʳ ʥʘ 2 ʤʦʥʦʤʝʨʥʳʝ ʟʚʝʥʘ) ʚʝʜʝʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʫ ʇɸʅʀ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ [47]. ʄʘʩʩʦʚʘʷ ʠ ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʢʠʩʣʦʪʳ ʚ 

ʜʦʧʠʨʦʚʘʥʥʦʤ ʧʦʣʠʤʝʨʝ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʜʦʣʝʡ ʩʘʤʦʛʦ ʧʦʣʠʤʝʨʘ. ʂʘʢ ʷʩʥʦ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, 

ʢʠʩʣʦʪʳ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʡ ʬʦʨʤʳ ʇɸʅʀ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ 

ʚʟʘʤʠʜʝʡʩʪʚʫʶʪ ʩ ʠʤʠʥʦʛʨʫʧʧʦʡ ʠ ʧʦʜʜʝʨʞʠʚʘʶʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʦʣʠʩʦʧʨʷʞʝʥʠʷ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʷʨʦʥʘ ʩ ʘʥʠʦʥʦʤ ʢʠʩʣʦʪʳ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʧʨʦʪʦʥ ʢʠʩʣʦʪʳ ʩʪʘʥʦʚʠʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʙʦʜʥʳʤ. ʅʘʣʠʯʠʝ çʩʚʦʙʦʜʥʳʭè ʧʨʦʪʦʥʦʚ ʠ 

ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʧʨʦʪʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ (ʉʭʝʤʘ 1.3.) [48].  
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 ʉʭʝʤʘ 1.3 - ʇʨʦʪʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʇɸʅʀ [49]. 

 

ʄʝʭʘʥʠʟʤ ʪʨʘʥʩʧʦʨʪʘ ʧʨʦʪʦʥʦʚ, ʚ ʧʦʣʠʤʝʨʘʭ, ʩʢʘʯʢʦʚʳʡ. ʇʨʦʪʦʥ, ʧʫʪʝʤ ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ 

ʩʢʘʯʢʘ, ʧʝʨʝʤʝʱʘʝʪʩʷ ʩ ʦʜʥʦʛʦ ʧʦʣʷʨʦʥʘ ʥʘ ʜʨʫʛʦʡ (ʤʝʭʘʥʠʟʤ ɻʨʝʪʭʝʣʷ). ʕʪʦʪ ʤʝʭʘʥʠʟʤ 

ʪʨʘʥʩʧʦʨʪʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʙʳʯʥʦʡ ʜʠʬʬʫʟʠʠ ʧʨʦʪʦʥʘ, ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʦʛʦ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ 

(ʤʝʭʘʥʠʟʤ ɺʝʭʠʣʝ), ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʠ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʧʨʦʪʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ [50].  

ʇʦ ʤʝʨʝ ʥʘʩʳʱʝʥʠʷ ʧʦʣʠʤʝʨʘ ʢʠʩʣʦʪʘʤʠ ʠ ʧʦʚʳʰʝʥʠʷ ʩʪʝʧʝʥʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ, ʨʘʩʪʝʪ 

ʢʘʢ ʵʣʝʢʪʨʦʥʥʘʷ, ʪʘʢ ʠ ʧʨʦʪʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʧʨʦʪʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠʤʝʝʪ ʧʨʦʪʦʥʠʨʦʚʘʥʥʘʷ ʵʤʝʨʘʣʜʠʥʦʚʘʷ ʬʦʨʤʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʇɸʅʀ 

ʚ ʦʢʠʩʣʝʥʥʦʡ ʬʦʨʤʝ ʠ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʷʚʣʷʝʪʩʷ ʧʨʦʚʦʜʥʠʢʦʤ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ ʠʦʥʥʦʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

 

1.3.6. ɻʠʜʨʦʬʠʣʴʥʦʩʪʴ-ʛʠʜʨʦʬʦʙʥʦʩʪʴ 

 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʡ ʇɸʅʀ ʩʦʜʝʨʞʠʪ ʚʦʜʫ. ʇʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʘʷ ʵʤʝʨʘʣʜʠʥʦʚʘʷ ʬʦʨʤʘ ʧʦʣʠʤʝʨʘ ʠʤʝʝʪ 8-10 ʤʘʩʩ. % ʚʦʜʳ. ʉʚʷʟʘʥʥʘʷ ʚʦʜʘ 

ʚʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʠʤʝʨʫʶ ʤʘʪʨʠʮʫ ʝʱʝ ʥʘ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ, ʠʜʫʱʝʛʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʚʦʜʥʦʡ 

ʩʨʝʜʝ. ɺ ʭʦʜʝ ʨʦʩʪʘ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʵʪʦ ʚʠʜʥʦ 

ʧʦ ʠʥʪʝʥʩʠʚʥʦʤʫ ʧʦʛʣʦʱʝʥʠʶ ʚ ʦʙʣʘʩʪʠ ʦʪ 1000 ʜʦ 3000 ʩʤ-1 [51]. ʇʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʇɸʅʀ 

ʣʝʛʢʦ ʛʠʜʨʘʪʠʨʫʝʪʩʷ ʠ ʥʘʩʳʱʘʝʪʩʷ ʚʦʜʦʡ. ɺʦʜʘ ʥʝ ʪʦʣʴʢʦ ʦʙʨʘʟʫʝʪ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʩ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʥʦ ʠ ʩʦʣʴʚʘʪʠʨʫʝʪ ʘʥʠʦʥʳ ʢʠʩʣʦʪ. ʇʨʦʪʦʥʠʨʦʚʘʥʥʳʝ ʬʦʨʤʳ 

ʇɸʅʀ, ʢʘʢ ʧʨʘʚʠʣʦ, ʛʠʜʨʦʬʠʣʴʥʳ, ʩʪʝʧʝʥʴ ʠʭ ʛʠʜʨʦʬʠʣʴʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʡ ʩ ʧʦʣʠʤʝʨʦʤ ʢʠʩʣʦʪʳ [52]. ʉ ʧʦʪʝʨʝʡ ʢʠʩʣʦʪʳ ʇɸʅʀ ʠʟ ʛʠʜʨʦʬʠʣʴʥʦʛʦ 
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ʧʨʝʚʨʘʱʘʝʪʩʷ ʛʠʜʨʦʬʦʙʥʳʡ ʤʘʪʝʨʠʘʣ. ʋʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʵʤʝʨʘʣʜʠʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 90·100ʦ, ʪʦʛʜʘ ʢʘʢ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʇɸʅʀ, ʜʦʧʠʨʦʚʘʥʥʦʛʦ ʩʠʣʴʥʳʤʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʠʩʣʦʪʘʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʠʞʝ 40ʦ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʧʦʣʠʤʝʨʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʠʩʣʦʪʘʤʠ ʩ ʛʠʜʨʦʬʦʙʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ, 

ʥʘʧʨʠʤʝʨ, ʩʝʙʘʩʪʠʘʥʦʚʘʷ ʠʣʠ ʜʦʜʝʮʠʣʙʝʟʦʣʩʫʣʴʬʦʥʦʚʘʷ ʢʠʩʣʦʪʳ. ɺʚʝʜʝʥʠʝ ʚ ʇɸʅʀ ʪʘʢʠʭ 

ʢʠʩʣʦʪ ʧʨʠʚʦʜʠʪ ʢ ʛʠʜʨʦʬʦʙʠʟʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʠʦʙʨʝʪʝʥʠʶ ʠʤ ʩʫʧʝʨʛʠʜʨʦʬʦʙʥʳʭ ʩʚʦʡʩʪʚ 

[53]. 

ʇʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʠ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʠ, ʩʠʥʭʨʦʥʥʦ ʩ ʠʩʯʝʟʥʦʚʝʥʠʝʤ ʟʘʨʷʜʦʚ ʥʘ 

ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ, ʢʠʩʣʦʪʘ çʚʳʪʘʣʢʠʚʘʝʪʩʷè ʠʟ ʦʙʲʝʤʘ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ. ʇʨʠ ʵʪʦʤ ʩʚʦʡʩʪʚʘ 

ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʤʝʥʷʶʪʩʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʩʥʠʞʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴ ʇɸʅʀ, ʪ.ʝ. ʧʦʣʠʤʝʨ 

ʧʨʠʦʙʨʝʪʘʝʪ ʙʦʣʴʰʠʡ ʚʥʫʪʨʝʥʥʠʡ, ʩʚʦʙʦʜʥʳʡ ʦʙʲʝʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʧʣʦʪʥʦʩʪʴ ʫʧʘʢʦʚʢʠ 

ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʘʜʝʥʠʶ ʫʨʦʚʥʷ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʦʙʲʝʤ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ, ʧʦʩʢʦʣʴʢʫ ʤʘʩʩʘ ʧʦʪʝʨʷʥʥʦʡ ʢʠʩʣʦʪʳ ʠ 

ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʝʡ ʚʦʜʳ ʥʝ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʝʛʦ ʧʣʦʪʥʦʩʪʠ. ɺ ʧʨʦʮʝʩʩʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʇɸʅʀ ʧʨʝʪʝʨʧʝʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ. ʀʭ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʧʨʦʪʦʥʠʨʫʶʱʝʡ ʢʠʩʣʦʪʳ ʠ ʝʝ ʤʘʩʩʦʚʦʡ (ʦʙʲʝʤʥʦʡ) ʜʦʣʠ. ʕʪʦ 

ʩʚʦʡʩʪʚʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʘʢʪʶʘʪʦʨʦʚ ï ʤʠʥʠʘʪʶʨʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʨʝʦʙʨʘʟʫʶʱʠʭ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ.  

 ʅʘʣʠʯʠʝ ʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʠʜʘʝʪ ʇɸʅʀ ʩʚʦʡʩʪʚʘ ʵʣʝʢʪʨʦʣʠʪʘ ï ʤʘʪʝʨʠʘʣʘ ʩʧʦʩʦʙʥʦʛʦ 

ʜʠʩʩʦʮʠʠʨʦʚʘʪʴ ʥʘ ʠʦʥʳ ʠ ʩʣʫʞʠʪʴ ʧʝʨʝʥʦʩʯʠʢʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʟʘ ʩʯʝʪ ʪʨʘʥʩʧʦʨʪʘ 

ʠʦʥʦʚ [48]. ʇʦʣʠʤʝʨ ʷʚʣʷʝʪʩʷ ʧʦʣʠʢʘʪʠʦʥʠʪʦʤ, ʪ.ʝ. ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʛʜʝ ʮʝʧʴ 

ʥʝʩʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʠ ʧʦʜʚʠʞʥʳʤʠ ʘʥʠʦʥʘʤʠ. 

 

1.3.7. ʆʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʠʘʥʠʣʠʥʘ 

 

ɺ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʘʭ ʩʦʧʨʷʞʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʜʦʤʠʥʠʨʫʝʪ ʠʥʪʝʥʩʠʚʥʦʝ ʧʦʛʣʦʱʝʥʠʝ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʨʘʟʨʝʰʝʥʥʳʤ ʜʠʧʦʣʴʥʳʤ ʧʝʨʝʭʦʜʦʤ ʤʝʞʜʫ ʚʝʨʭʥʠʤ ʟʘʥʷʪʳʤ ʠ ʥʠʞʥʠʤ 

ʩʚʦʙʦʜʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ. ʕʣʝʢʪʨʦʧʨʦʚʦʜʷʱʘʷ ʵʤʝʨʘʣʜʠʥʦʚʘʷ ʬʦʨʤʘ ʇɸʅʀ 

ʠʥʪʝʥʩʠʚʥʦ ʧʦʛʣʦʱʘʝʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʫʣʴʪʨʘʬʠʦʣʝʪʘ, ʜʦ ʙʣʠʞʥʝʡ ʀʂ-ʦʙʣʘʩʪʠ. ɽʝ ʩʧʝʢʪʨ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʰʠʨʦʢʠʤʠ ʙʝʩʩʪʨʫʢʪʫʨʥʳʤʠ ʧʦʣʦʩʘʤʠ. ʕʪʦ ʧʦʛʣʦʱʝʥʠʝ ʚ ʦʙʣʘʩʪʠ 300-380 ʥʤ 

(3.8-3.5 ʵɺ), ʢʦʪʦʨʦʝ ʦʪʥʦʩʷʪ ʢ ʵʣʝʢʪʨʦʥʥʳʤ ˊ,ˊ*-ʧʝʨʝʭʦʜʘʤ ʬʝʥʠʣʴʥʳʭ ʢʦʣʝʮ ʩʚʷʟʘʥʥʳʭ ʩ 

ʘʤʠʥʦ ʠ ʠʤʠʥʦ-ʩʪʨʫʢʪʫʨʘʤʠ [54]. ʇʦʣʦʩʳ, ʦʪʚʝʯʘʶʱʠʝ ˊ,ˊ*-ʧʝʨʝʭʦʜʘʤ ʩʦʜʝʨʞʘʪ ʚʩʝ ʬʦʨʤʳ 

ʇɸʅʀ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʦʢʠʩʣʝʥʠʷ ʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʤʝʥʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʦʛʣʦʱʝʥʠʷ ʠ ʧʨʦʠʩʭʦʜʠʪ ʥʝʙʦʣʴʰʘʷ ʧʦʜʚʠʞʢʘ ʵʪʠʭ ʧʦʣʦʩ. ʆʢʠʩʣʝʥʥʳʝ ʬʦʨʤʳ ʇɸʅʀ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʘʢʞʝ ʠʥʪʝʥʩʠʚʥʦʡ ʧʦʣʦʩʦʡ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʧʦʣʷʨʦʥʘ. ɼʣʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʛʦ ʵʤʝʨʘʣʜʠʥʘ ʦʥʘ ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ ʚ ʜʠʘʧʘʟʦʥʝ 800-850 ʥʤ (1.8 ʵɺ). ʕʪʘ 

ʧʦʣʦʩʘ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʢʘʢ ʧʝʨʝʭʦʜ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤ ʩʠʥʛʣʝʪʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʠ 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʤ ʚʦʟʙʫʞʜʝʥʥʳʤ ʩʠʥʛʣʝʪʥʳʤ ʩʦʩʪʦʷʥʠʝʤ. ʇʦʛʣʦʱʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʧʪʠʯʝʩʢʦʤʫ ʧʝʨʝʭʦʜʫ ʚ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣʘʭ ʩ ʨʘʟʚʠʪʦʡ ʩʠʩʪʝʤʦʡ 
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ʩʦʧʨʦʷʞʝʥʠʷ, ʥʦ ʥʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ [6]. ʆʙʨʘʙʦʪʢʘ 

ʚʳʩʦʢʦʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʇɸʅʀ ʩʦʣʴʚʘʪʠʨʫʶʱʠʤʠ ʜʦʙʘʚʢʘʤʠ ʠ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʠʤʠ 

ʘʛʝʥʪʘʤʠ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʷʨʦʥʘ. ʇʦʣʦʩʘ ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ ʟʦʥʳ 

ʧʦʛʣʦʱʝʥʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʜʦ 3000 ʥʤ (< 0.4 ʵɺ), ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʝʝ ʨʘʩʪʝʪ [55]. 

ʉʠʤʙʘʪʥʦ ʩ ʵʪʠʤ ʨʘʩʪʝʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʇʘʫʣʠ ʚ 

ʦʙʨʘʟʮʝ (ʈʘʟʜʝʣ 1.3.8.). ʅʠʟʢʦʯʘʩʪʦʪʥʳʡ ʩʜʚʠʛ ʠ ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʩʚʷʟʳʚʘʶʪ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʦʙʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʥʘʟʳʚʘʝʤʳʭ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ 

ʧʦʣʷʨʦʥʘʤʠ. ʇʨʦʠʩʭʦʜʠʪ ʩʤʝʰʝʥʠʝ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʠ çʟʦʥʥʳʭè ʩʦʩʪʦʷʥʠʡ ʧʦʣʷʨʦʥʦʚ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʚ ʟʦʥʫ. ʅʘʨʘʩʪʘʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʛʣʦʰʝʥʠʷ ʚ ʙʣʠʞʥʝʡ ʀʂ-

ʦʙʣʘʩʪʠ ʩʦʧʫʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ ʧʦʣʠʤʝʨʘ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ. 

 ɼʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʵʤʝʨʘʣʜʠʥʦʚʦʡ ʬʦʨʤʳ ʇɸʅʀ ʚʳʟʳʚʘʝʪ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʩʜʚʠʛ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʷʨʦʥʘ. ʇʦʣʦʩʘ ʩʤʝʱʘʝʪʩʷ ʠʟ ʜʠʘʧʘʟʦʥʘ > 800 ʥʤ ʚ ʦʙʣʘʩʪʴ 600·630 ʥʤ 

(1.9-2.0 ʵɺ), ʧʝʨʝʭʦʜ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʠʤʦ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ çʧʝʨʝʢʘʯʢʘè ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʧʦʣʦʩ ʯʝʨʝʟ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʝ ʠʟʦʙʝʩʪʠʯʝʩʢʠʝ ʪʦʯʢʠ [56] (ʈʠʩʫʥʦʢ 1.3). ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʡ 

ʩʜʚʠʛ ʧʦʣʦʩʳ ʦʪʨʘʞʘʝʪ ʥʘʨʫʰʝʥʠʝ ʩʠʩʪʝʤʳ ʧʦʣʠʩʦʧʨʷʞʝʥʠʷ ʇɸʅʀ. ɺ ʦʪʩʫʪʩʪʚʠʠ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʢʠʩʣʦʪ ʧʨʦʠʩʭʦʜʠʪ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʠ 

ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʧʦʣʠʩʦʧʨʷʞʝʥʠʷ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʣʦʢʘʣʠʟʘʮʠʶ ʧʦʣʷʨʦʥʦʚ.  

 

 

ʈʠʩʫʥʦʢ 1.3 - ʆʙʨʘʪʠʤʳʝ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʟʝʤʝʥʝʥʠʷ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ 

ʵʤʝʨʘʣʜʠʥʦʚʦʡ ʬʦʨʤʳ ʇɸʅʀ ʚ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʫʶ [56].   

 

 

 

 

 

ʆʢʠʩʣʝʥʠʝ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʵʤʝʨʘʣʜʠʥʘ ʠ ʧʝʨʝʭʦʜ ʚ ʧʨʦʪʦʥʠʨʦʚʘʥʥʫʶ 

ʧʝʨʥʠʛʨʘʥʠʣʠʥʦʚʫʶ ʬʦʨʤʫ ʪʘʢʞʝ ʩʚʷʟʘʥ ʩ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤ ʩʜʚʠʛʦʤ ʧʦʣʦʩʳ ʧʦʣʷʨʦʥʘ ʥʘ 690 

ʥʤ ʠ ʨʦʩʪʦʤ ʧʦʛʣʦʱʝʥʠʷ ʥʘ 420 ʥʤ. [57] (ʈʠʩʫʥʦʢ 1.4). ʇʘʨʘʣʣʝʣʴʥʦ ʵʪʦʤʫ ʩʥʠʞʘʝʪʩʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ: ʫʜʝʣʴʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʧʝʨʥʠʛʨʘʥʠʣʠʥʘ ʦʮʝʥʠʚʘʶʪ 

ʫʨʦʚʥʝʤ ʥʠʞʝ 10-2 · 10-3 ʉʠʤʝʥʩ ʩʤ-1. ɺ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʦʤ ʧʝʨʥʠʛʨʘʥʠʣʠʥʝ ʧʦʣʦʩʘ ʧʦʣʷʨʦʥʘ 

ʠʤʝʝʪ ʝʱʝ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʥʝʨʛʠʶ (2.3 ʵɺ) ʠ ʤʘʢʩʠʤʫʤ ʥʘ 570 ʥʤ. [58] ʇʝʨʝʭʦʜ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ï ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʫ ʧʝʨʥʠʛʨʘʥʠʣʠʥʘ ʧʨʠ ʨʅ 0.3. ʅʝʧʨʦʚʦʜʷʱʘʷ 

ʣʝʡʢʦʵʤʝʨʘʣʜʠʥʦʚʘʷ ʬʦʨʤʘ, ʧʦʛʣʦʱʘʝʪ ʚ ʜʠʘʧʘʟʦʥʝ < 500 ʥʤ (3.7·3.8 ʵɺ). ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʪʦʤ, ʯʪʦ ʢʘʢ ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʘ ʧʦʣʷʨʦʥʳ, ʪʘʢ ʠ ʩʠʩʪʝʤʘ ʧʦʣʠʩʦʧʨʷʞʝʥʠʷ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ 

ʬʦʨʤʝ ʇɸʅʀ, ʦʪʩʫʪʩʪʚʫʶʪ.  
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ʈʠʩʫʥʦʢ 1.4 - ʀʟʤʝʥʝʥʠʝ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ʇɸʅʀ ʚ 

ʭʦʜʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ ʘ) 

[59]. 

 

 

   ɼʝʛʨʘʜʘʮʠʷ ʇɸʅʀ, ʧʨʠ   

ʧʝʨʝʦʢʠʩʣʝʥʠʠ ʚ ʩʨʝʜʘʭ ʩ 

ʧʨʦʪʦʥʦʜʦʥʦʨʥʳʤʠ ʘʛʝʥʪʘʤʠ ʙ) 

(ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʷʨʦʥʘ 

ʩʜʚʠʛʘʝʪʩʷ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ 

ʦʙʣʘʩʪʴ ʠ ʝʝ ʧʦʛʣʦʱʝʥʠʝ 

ʩʥʠʞʘʝʪʩʷ). 

 

 

 

 

 

 

 

1.3.7. ʄʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇɸʅʀ 

 

ʇʦʣʠʘʥʠʣʠʥ ʚ ʚʳʩʰʠʭ ʩʦʩʪʦʷʥʠʷʭ ʦʢʠʩʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʘʛʥʠʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩ 

ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʝʩʧʘʨʝʥʥʳʭ ʩʧʠʥʦʚ [60]. ʆʩʪʘʪʦʯʥʳʡ ʧʘʨʘʤʘʛʥʝʪʠʟʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʣʝʡʢʦʵʤʝʨʘʣʜʠʥʦʚʦʡ ʠ ʚ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʬʦʨʤʘʭ ʧʦʣʠʤʝʨʘ. ʄʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʇɸʅʀ ʠʟʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʕʇʈ). ʄʝʪʦʜ ʕʇʈ-ʘʥʘʣʠʟʘ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʥʘʣʠʯʠʝ ʥʝʩʧʘʨʝʥʥʳʭ ʩʧʠʥʦʚ ʠ ʦʧʨʝʜʝʣʠʪʴ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʶ, ʥʦ ʠ ʫʩʪʘʥʦʚʠʪʴ ʘʪʦʤʘʨʥʦʝ ʦʢʨʫʞʝʥʠʝ ʥʝʩʧʘʨʝʥʥʦʛʦ ʩʧʠʥʘ, ʘ ʪʘʢʞʝ ʥʝʩʝʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʧʠʥ-ʩʧʠʥʦʚʦʤ ʠ ʩʧʠʥ-ʨʝʰʝʪʦʯʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠ ʩʪʝʧʝʥʠ ʣʦʢʘʣʠʟʘʮʠʠ 

ʟʘʨʷʜʘ. ʀʥʬʦʨʤʘʮʠʶ ʦʙ ʵʪʦʤ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʠʟʫʯʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʰʠʨʠʥʫ ʠ ʬʦʨʤʫ ʕʇʈ-

ʩʠʛʥʘʣʘ, ʝʛʦ ʪʦʥʢʫʶ ʠ ʩʚʝʨʭʪʦʥʢʫʶ ʩʪʨʫʢʪʫʨʳ, g-ʬʘʢʪʦʨ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ.  

ʕʇʈ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʩʪʨʫʢʪʫʨʫ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ ʇɸʅʀ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʇɸʅʀ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʧʝʢʪʨʘ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʮʝʥʪʨ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʦʢʠʩʣʝʥʥʦʤ ʘʪʦʤʝ ʘʟʦʪʘ, ʥʘ 

ʘ 

ʙ 
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ʢʦʪʦʨʳʡ ʧʨʠʭʦʜʠʪʩʷ 36% ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ (ʈʠʩʫʥʦʢ 1.5). ʕʪʦ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʘʨʘʤʘʛʥʠʪʥʳʡ 

ʮʝʥʪʨ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥ ʩ ʥʦʩʠʪʝʣʝʤ ʟʘʨʷʜʘ ð ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʧʦʣʷʨʦʥʦʤ [61]. ʉʦʩʝʜʥʠʝ ʩ 

ʘʟʦʪʦʤ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʪʘʢʞʝ ʠʩʧʳʪʳʚʘʶʪ ʜʝʬʠʮʠʪ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʥʘ ʥʠʭ 

ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʜʦ 12% ʟʘʨʷʜʘ. ʅʘ ʙʦʣʝʝ ʫʜʘʣʝʥʥʳʭ ʘʪʦʤʘʭ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʨʝʟʢʦ ʧʘʜʘʝʪ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʧʦʣʷʨʦʥʘ ʚ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ.  

  g ï ʌʘʢʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʵʣʝʢʪʨʦʥʘ ʢ ʝʛʦ 

ʤʘʛʥʠʪʥʦʤʫ ʤʦʤʝʥʪʫ ʠ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʚʝʱʝʩʪʚʘ. ɽʛʦ ʚʝʣʠʯʠʥʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʢʨʫʞʝʥʠʝʤ ʥʝʩʧʘʨʝʥʥʳʭ ʩʧʠʥʦʚ. ɺ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʩʦʜʝʨʞʘʱʠʭ 

ʪʦʣʴʢʦ ʣʝʛʢʠʝ ʘʪʦʤʳ (C, H, N), g ï ʬʘʢʪʦʨ ʩʧʠʥʘ ʦʯʝʥʴ ʤʘʣʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʝʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ 

ʩʚʦʙʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʘ (g = 2.00232). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ, ʫʨʦʚʥʷ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ g ï ʬʘʢʪʦʨ ʇɸʅʀ ʥʘʭʦʜʠʪʩʷ 

ʚ ʠʥʪʝʨʚʘʣʝ 2.00236 ï 2.00535. [62, 63]. 

 

  

ʈʠʩʫʥʦʢ 1.5 - ʈʘʩʯʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ˊïɻ ʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʢʦʥʩʪʘʥʪ ʩʚʝʨʭʪʦʥʢʦʛʦ 

ʨʘʩʱʝʧʣʝʥʠʷ ʜʣʷ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʧʝʨʥʠʛʨʘʥʠʣʠʥʘ [61]. 

 

ɺʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʮʝʥʪʨʘ ʠ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʦʢʨʫʞʝʥʠʝʤ ʥʝʩʝʪ ʬʦʨʤʘ ʣʠʥʠʡ ʕʇʈ. ʅʝʩʧʘʨʝʥʥʳʡ ʩʧʠʥ, ʩʣʘʙʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʡ ʩ 

ʦʢʨʫʞʝʥʠʝʤ, ʠʤʝʝʪ ʃʦʨʝʥʮʝʚʫ ʬʦʨʤʫ ʣʠʥʠʠ, ʢʨʳʣʴʷ ʢʦʪʦʨʦʡ ʨʝʟʢʦ ʩʧʘʜʘʶʪ ʧʨʠ ʫʜʘʣʝʥʠʠ ʦʪ 

ʮʝʥʪʨʘ ʩʠʛʥʘʣʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʥʝʩʧʘʨʝʥʥʳʤʠ ʩʧʠʥʘʤʠ ʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʧʠʥʘ ʩ 
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ʙʣʠʞʘʡʰʠʤ ʦʢʨʫʞʝʥʠʝʤ (ʨʝʰʝʪʢʦʡ), ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʣʠʥʠʠ ʚ ɻʘʫʩʩʦʚʫ ʬʦʨʤʫ, ʛʜʝ 

ʢʨʳʣʴʷ ʣʠʥʠʠ ʨʘʩʰʠʨʝʥʳ. ʅʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ ʩʨʘʟʫ ʜʚʫʭ ʪʠʧʦʚ ʣʠʥʠʡ.  

[64, 65]. ʀʟʤʝʥʝʥʠʷ g ï ʬʘʢʪʦʨʘ ʠ ʬʦʨʤʳ ʣʠʥʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʨʘʞʘʶʪ ʚʣʠʷʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʦ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʨʝʟʫʣʴʪʘʪʘ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ ʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʇɸʅʀ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʧʦʣʠʤʝʨʘ ʠʟ ʦʜʥʦʡ ʬʦʨʤʳ 

ʚ ʜʨʫʛʫʶ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʩʧʘʨʝʥʥʳʭ ʩʧʠʥʦʚ, ʰʠʨʠʥʳ ʠ ʬʦʨʤʳ ʣʠʥʠʠ 

ʕʇʈ-ʩʠʛʥʘʣʘ, ʯʪʦ ʥʝʩʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʝʚʨʘʱʝʥʠʷʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʧʦʣʠʤʝʨʝ. ɺ ʨʘʙʦʪʘʭ 

[66, 67] ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʕʇʈ-ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇɸʅʀ, ʥʘʥʝʩʝʥʥʦʛʦ ʚ ʚʠʜʝ ʧʣʝʥʢʠ ʥʘ 

ʧʣʘʪʠʥʦʚʳʡ ʵʣʝʢʪʨʦʜ, ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʠ ʨʘʟʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʦʢʠʩʣʝʥʠʷ ʧʦʣʠʤʝʨʘ ʚ ʩʧʝʮʠʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʝ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʨʝʟʦʥʘʪʦʨʝ ʕʇʈ-ʩʧʝʢʪʨʦʤʝʪʨʘ. 

ʅʘ ʈʠʩʫʥʢʘʭ 1.6 ʠ 1.7 ʰʠʨʠʥʘ ʕʇʈ-ʣʠʥʠʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʛʥʘʣʘ ʕʇʈ, ʘ ʪʘʢʞʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ) ʇɸʅʀ ʧʨʠʚʝʜʝʥʳ ʢʘʢ ʬʫʥʢʮʠʷ ʥʘʣʦʞʝʥʥʦʛʦ ʥʘ ʦʙʨʘʟʝʮ 

ʧʦʪʝʥʮʠʘʣʘ. ʇʦʪʝʥʮʠʘʣ ʤʝʥʷʝʪʩʷ ʦʪ ï0,2 ɺ, ʜʦ +1 ɺ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʪʝʥʮʠʘʣʘ ʭʣʦʨʩʝʨʝʙʨʷʥʦʛʦ 

ʵʣʝʢʪʨʦʜʘ), ʚ ʜʠʘʧʘʟʦʥʝ, ʛʜʝ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʇɸʅʀ ʧʝʨʝʭʦʜʠʪ ʠʟ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ 

ʣʝʡʢʦʵʤʝʨʘʣʜʠʥʦʚʦʡ ʬʦʨʤʳ ʚ ʚʳʩʰʝʝ ʩʦʩʪʦʷʥʠʝ ʦʢʠʩʣʝʥʠʷ ʧʝʨʥʠʛʨʘʥʠʣʠʥ.  

ʈʠʩʫʥʦʢ 1.6 - (ʣʝʚʘʷ ʯʘʩʪʴ) ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʝʩʧʘʨʝʥʥʳʭ ʩʧʠʥʦʚ (a), ʰʠʨʠʥʘ 

ʣʠʥʠʠ ʕʇʈ ʩʠʛʥʘʣʘ (ʙ) ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʚ) ʢʘʢ 

ʬʫʥʢʮʠʷ ʩʦʩʪʦʷʥʠʷ ʦʢʠʩʣʝʥʠʷ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ 

ʇɸʅʀ [66]. 

 

ʈʠʩʫʥʦʢ 1.7 -  (ʧʨʘʚʘʷ ʯʘʩʪʴ) ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʕʇʈ-ʩʠʛʥʘʣʘ, ʰʠʨʠʥʘ ʣʠʥʠʠ ʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʇɸʅʀ 

ʢʘʢ ʬʫʥʢʮʠʷ ʝʛʦ ʩʦʩʪʦʷʥʠʷ ʦʢʠʩʣʝʥʠʷ, ʢʫʨʩʠʚʦʤ 

ʧʦʢʘʟʘʥʳ ʚʦʣʥʳ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ 

ʇɸʅʀ [67]. 
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ʇʨʠ ʧʦʪʝʥʮʠʘʣʝ ï0,2 ɺ ʇɸʅʀ ʚʦʩʩʪʘʥʦʚʣʝʥ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʧʨʦʚʦʜʷʱʝʡ 

ʣʝʡʢʦʵʤʝʨʘʣʜʠʥʦʚʦʡ ʬʦʨʤʝ. ʕʇʈ-ʩʠʛʥʘʣ, ʥʘʙʣʶʜʘʝʤʳʡ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʩʣʘʙ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʩʪʘʪʦʯʥʳʤ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤ ʧʦʣʷʨʦʥʘʤ. ɺ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ ï0.2 · +0.1 ɺ ʇɸʅʀ 

ʧʦʩʪʝʧʝʥʥʦ ʦʢʠʩʣʷʝʪʩʷ ʠ ʕʇʈ ʩʠʛʥʘʣ ʨʘʩʪʝʪ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʷʨʦʥʦʚ. 

ʀʟʥʘʯʘʣʴʥʦ ʣʠʥʠʷ ʕʇʈ-ʩʠʛʥʘʣʘ ʠʤʝʝʪ ʃʦʨʝʥʮʝʚʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʕʪʦ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʥʝʩʧʘʨʝʥʥʳʝ ʩʧʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʦʙʲʝʤʝ ʧʦʣʠʤʝʨʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʠ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʧʦʪʝʥʮʠʘʣʘ ʕʇʈ-ʣʠʥʠʷ ʩʣʘʙʦ ʫʰʠʨʷʝʪʩʷ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʨʘʩʪʫʱʠʤ ʩʧʠʥ-ʩʧʠʥʦʚʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʷʨʦʥʦʚ. ʆʜʥʘʢʦ 

ʧʦʣʷʨʦʥʳ ʝʱʝ ʦʩʪʘʶʪʩʷ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ, ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʤʘʣʦ.  

ɺ ʜʠʘʧʘʟʦʥʝ +0.1 · +0.2 ɺ, ʛʜʝ ʣʝʡʢʦʵʤʝʨʘʣʜʠʥ ʧʝʨʝʭʦʜʠʪ ʚ ʵʤʝʨʘʣʜʠʥʦʚʫʶ ʬʦʨʤʫ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʕʇʈ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʠ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʘʣʦʥʦʚ 

ʩʧʠʥʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʧʨʠ +0.2 ɺ ʜʣʷ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ 

ʵʤʝʨʘʣʜʠʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʧʠʥʦʚ ʜʦʩʪʠʛʘʶʪ 1ï5Ŀ1020 ʉʧʠʥ/ʛ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 0.02 ʩʧʠʥʘ ʥʘ 

ʘʪʦʤ ʘʟʦʪʘ [66-68] .  ɺ ʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ ʇɸʅʀ ʭʘʨʘʢʪʝʨʥʳ ɻʘʫʩʩʦʚʳ ʬʦʨʤʳ 

ʣʠʥʠʠ, ʯʪʦ ʩʚʷʟʘʥʥʦ ʩ ʫʩʠʣʠʚʘʶʱʠʤʩʷ ʩʧʠʥ-ʩʧʠʥʦʚʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʩʧʠʥʘ ʩ ʙʣʠʟʣʝʞʘʱʠʤʠ ʷʜʨʘʤʠ ʧʨʦʪʦʥʦʚ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʰʠʨʠʥʘ ʣʠʥʠʠ ʕʇʈ-ʩʠʛʥʘʣʘ ʨʝʟʢʦ 

ʩʫʞʘʝʪʩʷ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʣʦʢʘʣʠʟʘʮʠʠ ʠ ʚʦʟʨʘʩʪʘʥʠʶ ʧʦʜʚʠʞʥʦʩʪʠ ʧʦʣʷʨʦʥʦʚ. ʉ 

ʧʦʚʳʰʝʥʠʝʤ ʧʦʪʝʥʮʠʘʣʘ ʜʦ +0.2 ɺ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʦʙʨʘʟʮʘ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 4 ʧʦʨʷʜʢʘ. 

ʅʘʩʪʫʧʘʝʪ ʧʝʨʢʦʣʷʮʠʦʥʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʥʝʧʨʦʚʦʜʷʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʢ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʤʫ, ʠ 

ʥʘʯʠʥʘʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ çʧʦʣʷʨʦʥʥʘʷ ʩʝʪʢʘè ð ʨʝʛʫʣʷʨʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʧʦʣʷʨʦʥʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ [37, 69].  

ʉʪʨʫʢʪʫʨʘ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʵʤʝʨʘʣʜʠʥʦʚʦʡ ʮʝʧʠ ʦʪʚʝʯʘʝʪ ʚʳʩʦʢʦʩʧʠʥʦʚʦʤʫ ʦʩʥʦʚʥʦʤʫ 

ʩʦʩʪʦʷʥʠʶ. ʄʝʭʘʥʠʟʤ ʄʘʢʂʦʥʝʣʘ [12], ʧʨʝʜʣʦʞʝʥʥʳʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʜʠʢʘʣʦʚ ʧʨʝʜʩʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʧʦʣʠʩʦʧʨʷʞʝʥʥʳʭ ʮʝʧʝʡ ʩ 

ʧʘʨʘ-ʟʘʤʝʱʝʥʥʳʤʠ ʤʦʥʦʤʝʨʥʳʤʠ ʟʚʝʥʴʷʤʠ ʜʦʣʞʥʦ ʥʘʙʣʶʜʘʪʴʩʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʧʠʥʦʚ [12]. ʇʦ-ʚʠʜʠʤʦʤʫ, ʧʨʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʧʦʣʷʨʦʥʦʚ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʧʠʥʦʚ, ʥʘʟʚʘʥʥʦʝ çʧʦʣʷʨʦʥʥʦʡ ʩʝʪʢʦʡè, 

ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʇɸʅʀ [70]. ɺ ʦʙʣʘʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ +0.2 · +0.55 ɺ, ʛʜʝ ʇɸʅʀ ʩʫʱʝʩʪʚʫʝʪ ʚ 

ʚʳʩʦʢʦʩʧʠʥʦʚʦʡ ʵʤʝʨʘʣʜʠʥʦʚʦʡ ʬʦʨʤʝ, ʣʠʥʠʷ ʕʇʈ ʫʰʠʨʷʝʪʩʷ ʠ ʜʝʬʦʨʤʠʨʫʝʪʩʷ (ʩʪʘʥʦʚʠʪʩʷ 

ʘʩʩʠʤʝʪʨʠʯʥʳʤ ʩʠʛʥʘʣʦʤ ɼʘʡʩʦʥʦʚʩʢʦʛʦ ʪʠʧʘ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʤʝʪʘʣʣʦʚ), ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʠʛʥʘʣʘ ʧʘʜʘʝʪ, ʬʦʨʤʠʨʫʷ ʣʦʢʘʣʴʥʳʡ ʤʠʥʠʤʫʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʇɸʅʀ 

ʧʦʚʳʰʘʝʪʩʷ ʠ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 101 ʉʠʤʝʥʩ ʩʤ-1.  

ʂʘʞʫʱʠʡʩʷ ʜʠʩʙʘʣʘʥʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʜʫʢʪʦʤʝʪʨʠʠ ʠ ʕʇʈ-ʘʥʘʣʠʟʘ: ʨʦʩʪ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʪ.ʝ. ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠ ʠʭ ʧʦʜʚʠʞʥʦʩʪʠ, ʠ 

ʥʘʙʣʶʜʘʝʤʦʝ çʩʥʠʞʝʥʠʝè ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʩʧʘʨʝʥʥʳʭ ʩʧʠʥʦʚ, ʩʚʷʟʘʥ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʤʝʪʦʜʘ ʕʇʈ. ʄʝʪʦʜ ʥʝ ʩʧʦʩʦʙʝʥ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʚʳʩʦʢʦʧʦʜʚʠʞʥʳʝ ʩʧʠʥʳ, 

ʥʘʧʨʠʤʝʨ, ʩʧʠʥʳ ʤʝʪʘʣʣʦʚ, ʚʩʣʝʜʩʪʚʠʝ ʩʢʠʥ-ʵʬʬʝʢʪʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʪʦʥʢʠʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ 

ʩʣʦʝʤ ʦʙʨʘʟʮʘ ʚ ʧʨʦʚʦʜʷʱʝʤ ʩʦʩʪʦʷʥʠʠ. ʆʙʲʝʤ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʡ ʬʘʟʳ ʦʩʪʘʝʪʩʷ çʥʝʚʠʜʠʤè 

ʜʣʷ ʕʇʈ, ʚʩʣʝʜʩʪʚʠʝ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʦʥʠʢʥʫʪʴ ʚʥʫʪʨʴ 
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ʤʘʪʝʨʠʘʣʘ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚʩʝ ʙʦʣʴʰʘʷ ʜʦʣʷ ʩʧʠʥʦʚ ʥʝ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ, 

ʚʳʧʘʜʘʝʪ ʠʟ çʟʦʥʳ ʚʠʜʠʤʦʩʪʠè ʕʇʈ. ɼʘʥʥʳʝ ʕʇʈ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʵʤʝʨʘʣʜʠʥʦʚʦʡ ʬʦʨʤʝ ʇɸʅʀ [71]. 

ʉ ʨʦʩʪʦʤ ʧʦʪʝʥʮʠʘʣʘ ʦʪ +0.55 ʜʦ +0.77 ɺ,  ʢʦʛʜʘ ʵʤʝʨʘʣʜʠʥʦʚʘʷ ʬʦʨʤʘ ʇɸʅʀ ʥʘʯʠʥʘʝʪ 

ʦʢʠʩʣʷʝʪʩʷ ʜʦ ʧʝʨʥʠʛʨʘʥʠʣʠʥʘ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʦʙʨʘʟʮʘ ʧʘʜʘʝʪ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ 

çʨʝʘʥʠʤʘʮʠʷè ʕʇʈ ʩʠʛʥʘʣʘ. ʅʘ ʩʪʘʜʠʠ ʧʝʨʝʦʢʠʩʣʝʥʠʷ ʧʦʣʠʘʥʠʣʠʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʛʥʘʣʘ 

ʥʘʨʘʩʪʘʝʪ, ʣʠʥʠʷ ʕʇʈ ʩʥʘʯʘʣʘ ʩʫʞʘʝʪʩʷ, ʘ ʟʘʪʝʤ ʚʥʦʚʴ ʨʘʩʰʠʨʷʝʪʩʷ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʥʠʞʝʥʠʶ ʩʪʝʧʝʥʠ ʧʦʣʠʩʦʧʨʷʞʝʥʠʷ ʇɸʅʀ ʠ ʫʤʝʥʴʰʝʥʠʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʤʝʨʝ ʦʢʠʩʣʝʥʠʷ ʇɸʅʀ ʦʪ ʣʝʡʢʦʵʤʝʨʘʣʜʠʥʘ ʯʝʨʝʟ ʵʤʝʨʘʣʜʠʥ ʜʦ 

ʧʝʨʥʠʛʨʘʥʠʣʠʥʦʚʦʡ ʬʦʨʤʳ ʤʝʪʦʜ ʕʇʈ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʝʨʝʭʦʜʳ çʜʠʵʣʝʢʪʨʠʢ-ʤʝʪʘʣʣ - 

ʜʠʵʣʝʢʪʨʠʢè. ʇʨʠ ʧʨʝʚʨʘʱʝʥʠʠ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʦʪ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ 

ʵʤʝʨʘʣʜʠʥʦʚʦʡ ʬʦʨʤʳ, ʩʦʜʝʨʞʘʱʝʡ 7Ŀ1016 ʉʧʠʥ/ʛ [68], ʜʦ ʚʳʩʦʢʦʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ 

ʵʤʝʨʘʣʜʠʥʦʚʦʡ ʬʦʨʤʳ ʇɸʅʀ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʧʠʥʦʚ 1020 ʉʧʠʥ/ʛ, ʢʘʨʪʠʥʘ ʠʟʤʝʥʝʥʠʷ ʕʇʈ-

ʩʧʝʢʪʨʘ ʘʥʘʣʦʛʠʯʥʘ ʠʟʤʝʥʝʥʠʷʤ, ʧʨʦʠʩʭʦʜʷʱʠʤ ʧʨʠ ʦʢʠʩʣʝʥʠʠ. ɺ ʜʠʘʧʘʟʦʥʝ ʜʦ 20% 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʧʠʥʦʚ ʨʘʩʪʫʪ ʩʠʥʭʨʦʥʥʦ, ʦʜʥʘʢʦ ʧʨʠ 

ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʷʭ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʜʝʬʦʨʤʘʮʠʷ ʠ ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʕʇʈ-ʩʠʛʥʘʣʘ, ʩʚʷʟʘʥʥʘʷ ʩʦ ʩʢʠʥ-ʵʬʬʝʢʪʦʤ, ʪ.ʝ. ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʧʦʣʠʤʝʨʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʪʘʢʞʝ 

ʧʦʟʚʦʣʷʝʪ ʜʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ ʥʘʣʠʯʠʠ ʚ ʧʦʣʠʤʝʨʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺʳʜʝʣʷʶʪ ʜʚʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ɢ: ʪʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʠʤʫʶ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ 

ʂʶʨʠ ɢʩ, ʠʣʠ ʧʘʨʘʤʘʛʥʝʪʠʟʤ ʂʶʨʠ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʥʝʟʘʚʠʩʠʤʫʶ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʇʘʫʣʠ ɢp, 

ʠʣʠ ʧʘʨʘʤʘʛʥʝʪʠʟʤ ʇʘʫʣʠ. 

ɢ = ɢʩ + ɢp = ʉ/ʊ + No ɛB
2 N(EF), ʛʜʝ ʉ ð ʧʦʩʪʦʷʥʥʘʷ ʂʶʨʠ, ʊ ð ʪʝʤʧʝʨʘʪʫʨʘ, No ð ʯʠʩʣʦ 

ɸʚʦʛʘʜʨʦ, ɛB ð ʤʘʛʥʝʪʦʥ ɹʦʨʘ, N(EF) ð ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʷ ʫʨʦʚʥʷ ʌʝʨʤʠ.  

 

ʉʦʩʪʘʚʣʷʶʱʘʷ ɢʩ ʦʪʥʦʩʠʪʩʷ ʢ ʘʢʪʠʚʘʮʠʦʥʥʦ ʚʦʟʙʫʞʜʘʝʤʳʤ ʩʧʠʥʘʤ, ʠʤʝʶʱʠʤ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʣʦʢʘʣʠʟʘʮʠʠ. ʀʭ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʦʣʫʯʘʶʪ ʠʟ ʠʟʚʝʩʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ɢ(ʊ) ʦʪ 1/ʊ, 

ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ ʟʘʢʦʥʦʤ ʂʶʨʠ ɢʩ=NcɛB
2/kBT, ʛʜʝ Nc ð ʯʠʩʣʦ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʩʧʠʥʦʚ [66]. 

ʅʘʣʠʯʠʝ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʩʧʠʥʦʚ ʂʶʨʠ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʭʘʨʘʢʪʝʨʦʤ 

ʤʘʪʝʨʠʘʣʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ ɢp=ɛB
2N(EF), ɢp ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʣʦʪʥʦʩʪʠ 

ʩʦʩʪʦʷʥʠʷ ʫʨʦʚʥʷ ʌʝʨʤʠ N(EF). ʅʘʣʠʯʠʝ ʩʦʩʪʘʚʣʷʶʱʝʡ ɢp ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʚ 

ʤʘʪʝʨʠʘʣʝ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʥʦʩʠʪʝʣʝʡ ʩʧʠʥʘ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʪʠʧʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ.  

ʉʣʘʙʦ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʇɸʅʀ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʫʶ ʠ ʫʭʦʜʷʱʫʶ ʚ ç0è 

ʟʘʚʠʩʠʤʦʩʪʴ ɢ(ʊ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʣʠʯʠʶ ʚ ʥʝʤ ʪʦʣʴʢʦ ɢʩ ʠ ʣʦʢʘʣʠʟʦʚʘʥʳʭ ʧʦʣʷʨʦʥʦʚ. 

ʇʨʦʪʦʥʠʨʦʚʘʥʥʳʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʝ ʦʙʨʘʟʮʳ ʇɸʅʀ [60] ʠʤʝʶʪ ʦʙʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ɢʩ ʠ ɢp. ʇʨʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ɢp 

(ʈʠʩʫʥʦʢ 1.8) ʠ ʢʦʥʝʯʥʦʝ ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʷ ʥʘ ʫʨʦʚʥʝ ʌʝʨʤʠ N(EF) ʚʙʣʠʟʠ 

ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ. ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʦʚ ʇɸʅʀ ʟʥʘʯʝʥʠʷ N(EF) ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0.04 ï 

0.2, ʯʪʦ ʟʘʚʠʩʠʪ ʦʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʘ ʠ ʝʛʦ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʪ.ʝ. 
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ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʚ ʤʘʪʝʨʠʘʣʝ. ʇʦʚʳʰʝʥʠʝ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʮʝʧʝʡ ʠ ʩʪʝʧʝʥʠ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʥʘʯʝʥʠʷ N(EF). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʣʠʯʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʥʝʟʘʚʠʩʠʤʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʇʘʫʣʠ ɢp ʷʚʣʷʶʱʝʡʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʭ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʫ ʚʳʩʦʢʦʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʵʤʝʨʘʣʜʠʥʦʚʦʡ ʬʦʨʤʳ ʇɸʅʀ [60].  

 

 

 

 

ʈʠʩʫʥʦʢ 1.8 - ɿʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

(1) ʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʇʘʫʣʠ (2) ʦʪ 

ʩʪʝʧʝʥʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʵʤʝʨʘʣʜʠʥʘ ʧʨʠ 300ʂ 

[62]. 

 

1.3.8. ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʇɸʅʀ 

 

ʉʪʘʪʠʯʝʩʢʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ (Ů) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ 

ʧʦʣʷʨʠʟʦʚʘʪʴʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʆʙʳʯʥʦ Ů = Ů0Ůʤ, ʛʜʝ Ů0 ï 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʘʢʫʫʤʘ, ʘ Ůʤ ï ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʜʝʣʴʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʚʝʱʝʩʪʚʘ. ʉʪʘʪʠʯʝʩʢʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʵʤʝʨʘʣʜʠʥʘ ʠʤʝʝʪ 

ʟʥʘʯʝʥʠʝ 4ï5 [72]. ʆʜʥʘʢʦ Ů ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʦ ʤʝʨʝ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ. ʋʞʝ ʧʨʠ ʥʠʟʢʦʤ 

ʫʨʦʚʥʝ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ (0,13) Ů ʜʦʩʪʠʛʘʝʪ 10. ɽʱʝ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ Ů (ʙʦʣʝʝ 100) ʫ 

ʧʦʣʥʦʩʪʴʶ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʈʠʩʫʥʦʢ 1.9).  

 

 

 

 

ʈʠʩʫʥʦʢ 1.9 - ʀʟʤʝʥʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʇɸʅʀ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʪʝʧʝʥʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʧʦʣʠʤʝʨʘ ʧʨʠ 25ʉ̄ 

[72]. 
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ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʜʣʷ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʠ ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʨʘʟʣʠʯʝʥ. ɼʣʷ ʵʤʝʨʘʣʜʠʥʦʚʦʛʦ ʦʩʥʦʚʘʥʠʷ Ů 

ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʈʠʩʫʥʦʢ 1.10). ʇʦ ʤʝʨʝ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʘ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ Ů ʚʦʟʨʘʩʪʘʝʪ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʩʪʝʧʝʥʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ çʢʨʫʪʦʡè. ʆʥʘ ʤʘʢʩʠʤʘʣʴʥʦ çʢʨʫʪʘʷè ʫ ʧʦʣʥʦʩʪʴʶ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ 

ʵʤʝʨʘʣʜʠʥʦʚʦʡ ʬʦʨʤʳ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ Ů ʦʙʨʘʟʮʦʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ. ʇʝʨʚʘʷ ʛʨʫʧʧʘ ï ʩʣʘʙʦ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʧʦʣʠʤʝʨ, ʩʦ ʩʪʝʧʝʥʴʶ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʥʠʞʝ 20%. ɺʪʦʨʘʷ - ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʇɸʅʀ, ʩʦ ʩʪʝʧʝʥʴʶ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ 

ʚʳʰʝ 20%. ɼʣʷ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʥʝʟʘʚʠʩʠʤʦʝ ʩʦʩʪʦʷʥʠʠ Ů. ʉʣʘʙʦ 

ʚʳʨʘʞʝʥʘ ʪʘʢʞʝ ʠ ʯʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ Ů. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʧʦʣʠʤʝʨʝ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʦʩʥʦʚʥʦʤ ʵʣʝʢʪʨʦʥʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ, ʘ ʧʨʦʮʝʩʩʳ ʧʨʳʞʢʦʚʦʛʦ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʤʝʞʜʫ 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʧʦʣʷʨʦʥʘʤʠ ʚʥʦʩʷʪ ʤʘʣʳʡ ʚʢʣʘʜ [72, 73]. 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.10 - ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʇɸʅʀ 

ʧʨʠ ʨʘʟʥʳʭ ʩʪʝʧʝʥʷʭ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ 

ʧʦʣʠʤʝʨʘ. ʉʪʝʧʝʥʴ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʫʢʘʟʘʥʘ 

ʥʘ ʈʠʩʫʥʢʝ [72]. 

 

 

 

 

 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʘʙʦ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʇɸʅʀ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʩʪʘʪʠʯʝʩʢʠʶ 

ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ ʠ çʧʨʳʞʢʦʚʳʡè ʭʘʨʘʢʪʝʨ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩ ʚʳʩʦʢʠʤ ʘʢʪʠʚʘʮʠʦʥʥʳʤ 

ʙʘʨʴʝʨʦʤ [74]. ʉ ʨʦʩʪʦʤ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʙʘʨʴʝʨ ʩʥʠʞʘʝʪʩʷ. ʇʨʠ ʩʪʝʧʝʥʷʭ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʚʳʰʝ 20% ʧʦʚʳʰʝʥʠʝ Ů ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʥʠʞʝʥʠʝ 

ʘʢʪʠʚʘʮʠʦʥʥʳʭ ʙʘʨʴʝʨʦʚ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ. ʈʦʩʪ Ů ʠ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʦʙʨʘʟʮʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʴʰʝʡ 

ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʧʦʣʠʤʝʨʥʳʭ ʯʘʩʪʠʮ. ʆʜʥʘʢʦ ʧʦʤʠʤʦ ʧʦʣʷʨʠʟʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚʥʦʩʠʪ 

ʠ ʪʨʘʥʩʧʦʨʪ ʟʘʨʷʜʘ (ʈʠʩʫʥʦʢ 1.11). 
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ʈʠʩʫʥʦʢ 1.11 - ʊʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ Ů ʧʨʠ ʨʘʟʨʘʟʥʳʭ 

ʯʘʩʪʦʪʘʭ ʜʣʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʛʦ 

ʇɸʅʀ [74]. 

 

 

ʇʨʠ ʥʘʣʦʞʝʥʠʠ ʧʝʨʝʤʝʥʥʦʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʧʦʣʠʤʝʨʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ ʠ ʜʠʩʧʝʨʩʠʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʢʘʢ 

Ůʤ = Ůʤô - iŮʤǌ , ʛʜʝ Ůʤô ʠ iŮʤǌ ʨʝʘʣʴʥʘʷ 

ʠ ʤʥʠʤʘʷ ʯʘʩʪʠ. ɺʝʣʠʯʠʥʘ Ůʤǌ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ ʚ ʧʦʣʠʤʝʨʝ. 

ʈʠʩʫʥʦʢ 1.12 ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʝʘʣʴʥʫʶ ʠ ʤʥʠʤʫʶ ʯʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʇɸʅʀ ʚ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 2-18 ɻɻʮ.  

 

 

ʈʠʩʫʥʦʢ 1.12 - ɿʘʚʠʩʠʤʦʩʪʴ ʨʝʘʣʴʥʦʡ ʠ ʤʥʠʤʦʡ ʯʘʩʪʝʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʵʤʝʨʘʣʜʠʥʘ (ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʘ) ʠ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʙ) ʬʦʨʤr) ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 2-18 ɻɻʮ 

[75]. 

 

ɺʝʣʠʯʠʥʳ Ů'ʤ ʠ Ů"ʤ ʜʣʷ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʵʤʝʨʘʣʜʠʥʦʚʦʡ ʬʦʨʤʳ ʇɸʅʀ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʳʰʝ, ʯʝʤ ʜʣʷ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʵʤʝʨʘʣʜʠʥʘ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. ʇʝʨʝʤʝʥʥʦʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʨʦʚʦʮʠʨʫʝʪ ʚ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʡ ʬʦʨʤʝ ʜʚʘ ʪʠʧʘ ʧʨʦʮʝʩʩʦʚ. ʇʝʨʚʳʡ 

ʩʚʷʟʘʥ ʩ ʜʚʠʞʝʥʠʝʤ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ (ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ) ʠ ʦʧʨʝʜʝʣʷʝʪ ʧʦʪʝʨʠ 

ʘ ʙ 
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ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ. ɺʪʦʨʦʡ ʧʨʦʮʝʩʩ ʦʙʫʩʣʦʚʣʝʥ ʵʬʬʝʢʪʦʤ ʧʦʣʷʨʠʟʘʮʠʠ ʤʦʣʝʢʫʣ ʠ 

ʦʪʥʦʩʠʪʩʷ ʢ ʨʝʘʣʴʥʦʡ ʯʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʂʘʢ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ, ʪʘʢ ʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʤ. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʪʦʥʠʨʦʚʘʥʥʫʶ ʵʤʝʨʘʣʜʠʥʦʚʫʶ ʬʦʨʤʫ ʇɸʅʀ ʚ 

ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʛʣʦʪʠʪʝʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ.  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʯʘʩʪʦʪʥʦʡ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʇɸʅʀ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʭʦʜ çʤʝʪʘʣʣ-ʜʠʵʣʝʢʪʨʠʢè. ʆʙʨʘʟʮʳ ʚʳʩʦʢʦ 

ʜʦʧʠʨʦʚʘʥʥʦʛʦ ʇɸʅʀ ʩ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ 200 ʉʠʤʝʥʩ ʩʤ-1 ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 50õ300 

ʩʤ-1 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ Ůɤ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘ ʦʪʨʠʮʘʪʝʣʴʥʳʝ. 

ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ Ůɤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʨʘʞʝʥʠʶ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʮʘ. ʊʘʢʦʝ ʦʪʨʘʞʝʥʠʝ ʥʘʟʳʚʘʝʤʦʝ çʩʢʠʥ ʵʬʬʝʢʪʦʤè ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʤʝʪʘʣʣʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʜʦ 10 ɻʮ. ɺ ʧʨʝʜʜʚʝʨʠʠ ʧʝʨʝʭʦʜʘ ʇɸʅʀ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ (ʧʨʠ ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʯʘʩʪʦʪʝ 6,5 109 ɻʮ) Ůɤ ʜʨʘʤʘʪʠʯʝʩʢʠ ʥʘʨʘʩʪʘʝʪ, 

ʜʦʩʪʠʛʘʷ ʟʥʘʯʝʥʠʡ 50 000, ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ çʢʘʪʘʩʪʨʦʬʫ ʜʠʵʣʝʢʪʨʠʢʘè. ɿʘʪʝʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ Ůɤ ʠ ʧʝʨʝʭʦʜ ʚ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ [76, 77]. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ 

ʦʪʥʦʩʷʪ ʢ ʦʪʢʣʠʢʫ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ [76], ʦʥʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʤʝʪʘʣʣʦʚ ʧʨʠ 

ʯʘʩʪʦʪʘʭ ʥʠʞʝ ʯʘʩʪʦʪʳ ʨʝʟʦʥʘʥʩʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʘʟʤʳ ɤʨ. 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ůɤ (T) ʦʙʨʘʟʮʦʚ ʇɸʅʀ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʝ ʧʦʣʷ 6.5 109
 ɻʮ ʪʘʢʞʝ ʠʤʝʝʪ ʩʣʦʞʥʦʝ ʧʦʚʝʜʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʧʝʨʝʭʦʜʘ 

ʦʪ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ ʪʨʘʥʩʧʦʨʪʘ ʢ ʤʝʪʘʣʣʠʯʝʩʢʦʤʫ. ɺ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ dŮɤ/dT > 0, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʦʨʦʥʝ. ʇʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʥʷʝʪ ʟʥʘʢ 

dŮɤ/dT < 0 ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʝʪʘʣʣʠʯʝʩʢʦʤʫ ʪʠʧʫ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʧʦʜʚʠʞʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠ ʧʝʨʝʭʦʜʦʤ ʦʙʨʘʟʮʘ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʩʪʦʨʦʥʫ [43] (ʈʠʩʫʥʦʢ 

1.11). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ, ʤʘʛʥʠʪʥʳʭ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʇɸʅʀ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʚʳʩʦʢʦʜʦʧʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʵʤʝʨʘʣʜʠʥʘ ʩʚʦʙʦʜʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʥʘʣʠʯʠʠ ʧʝʨʝʭʦʜʦʚ çʤʝʪʘʣʣ-ʜʠʵʣʝʢʪʨʠʢè ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʯʘʩʪʦʪʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʷʭ. 

 

1.4. ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʠ ʭʘʨʘʢʪʝʨʝ ʪʨʘʥʩʧʦʨʪʘ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʇɸʅʀ. 

ʄʦʜʝʣʴ ʥʝʛʦʤʦʛʝʥʥʦʛʦ ʤʝʪʘʣʣʘ 

 

ʉ ʢʦʥʮʘ 80-ʭ ʛʦʜʦʚ ʤʝʭʘʥʠʟʤ ʪʨʘʥʩʧʦʨʪʘ ʟʘʨʷʜʘ ʚ ʕʇʇ ʠʩʩʣʝʜʫʝʪʩʷ ʥʘ ʧʨʠʤʝʨʝ ʯʝʪʳʨʝʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʵʪʦʛʦ ʢʣʘʩʩʘ: ʧʦʣʠʘʮʝʪʠʣʝʥʘ, ʧʦʣʠʘʥʠʣʠʥʘ, ʧʦʣʠʧʠʨʨʦʣʘ ʠ ʧʦʣʠʪʠʦʬʝʥʘ. ɺʩʷ 

ʛʨʫʧʧʘ ʕʇʇ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʜʠʥʘʢʦʚʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ [42, 78-80]. ɺ ʜʦʧʠʨʦʚʘʥʥʦʡ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʡ ʬʦʨʤʝ ʧʦʣʠʤʝʨʳ ʠʤʝʶʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʥʠʞʝ 102 ʉʠʤʝʥʩ ʩʤ-1(104 ʉʠʤʝʥʩ ʩʤ-1 ʜʣʷ ʧʦʣʠʘʮʝʪʠʣʝʥʘ), ʭʘʨʘʢʪʝʨʥʳʡ ʩʢʦʨʝʝ ʜʣʷ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʯʝʤ ʜʣʷ ʤʝʪʘʣʣʦʚ. ʊʠʧʠʯʥʳʤ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʦʙʨʘʟʮʦʚ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ 

ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʡ ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʚʦʜʠʤʦʩʪʠ. ɺ ʪʦ ʞʝ 
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ʚʨʝʤʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ, ʦʧʪʠʯʝʩʢʠʭ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʪʝʨʤʦʵʜʩ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʫ ʚʳʩʦʢʦ ʜʦʧʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʕʇʇ ʦʙʥʘʨʫʞʠʚʘʶʪ ʜʚʦʡʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʢʘʢ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ, ʪʘʢ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʆʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʕʇʇ 

ʦʪʣʠʯʘʶʪʩʷ ʥʘ 3-4 ʧʦʨʷʜʢʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ (ʜʣʷ ʇɸʅʀ 1019-

3Ĭ1020ʉʧʠʥ/ʛ), ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʦʩʠʪʝʣʝʡ ʚ ʤʝʪʘʣʣʘʭ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʜʣʷ ʧʦʣʠʤʝʨʦʚ ʭʘʨʘʢʪʝʨʥʘ ʥʠʟʢʘʷ ʧʦʜʚʠʞʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ (ʜʣʷ ʇɸʅʀ 10-1õ10-4 ʩʤ2 ɺ-1 

ʩʝʢ-1 [35, 81]), ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʤʝʭʘʥʠʟʤʦʚ ʣʦʢʘʣʠʟʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʕʇʇ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʦʚʳʡ ʢʣʘʩʩ 

ʤʘʪʝʨʠʘʣʦʚ, ʜʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʤʦʜʝʣʝʡ 

ʩʪʨʦʝʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʤʝʭʘʥʠʟʤʝ ʪʨʘʥʩʧʦʨʪʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʚʦʡʩʪʚ ʕʇʇ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ 

ʩʪʨʫʢʪʫʨʥʦ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʕʇʇ, ʢʦʪʦʨʘʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʦʣʠʤʝʨ ʢʘʢ ʥʝʛʦʤʦʛʝʥʥʳʡ ʤʝʪʘʣʣ. 

ʄʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʣʠʤʝʨ ʚ ʚʠʜʝ çʧʨʦʚʦʜʷʱʠʭ ʦʩʪʨʦʚʢʦʚ ʚ ʥʝʧʨʦʚʦʜʷʱʝʡ ʤʘʪʨʠʮʝè: 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ çʦʩʪʨʦʚʢʠè, ʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʠʟ ʨʝʛʫʣʷʨʥʦ ʫʣʦʞʝʥʥʳʭ ʧʦʣʠʩʦʧʨʷʞʝʥʥʳʭ 

ʮʝʧʝʡ ʠ ʦʙʣʘʜʘʶʱʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʩʣʘʙʦ 

ʧʨʦʚʦʜʷʱʝʡ ʩʨʝʜʝ, ʢʦʪʦʨʘʷ ʩʣʫʞʠʪ ʙʘʨʴʝʨʦʤ ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ ʟʘʨʷʜʘ. ʅʠʟʢʦʧʨʦʚʦʜʷʱʘʷ ʩʨʝʜʘ - 

ʵʪʦ ʘʤʦʨʬʥʳʡ ʧʦʣʠʤʝʨ ʠ ʦʪʜʝʣʴʥʳʝ ʧʨʦʭʦʜʥʳʝ ʮʝʧʠ, ʩʦʝʜʠʥʷʶʱʠʝ ʧʨʦʚʦʜʷʱʠʝ ʦʩʪʨʦʚʢʠ ʚ 

ʝʜʠʥʫʶ ʩʝʪʴ [72, 77, 82, 83]. ʅʘʣʠʯʠʝ ʧʨʦʭʦʜʥʳʭ ʮʝʧʝʡ ʦʙʲʷʩʥʷʝʪ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʤʳʡ ʜʣʷ ʕʇʇ 

ʦʜʥʦʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ ʪʨʘʥʩʧʦʨʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʟʘʚʠʩʠʤʩʪʠ ů = f(ʊİ).  

ʂʘʢ ʧʦʜʚʠʞʥʦʩʪʴ ʟʘʨʷʜʘ, ʪʘʢ ʠ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ ʚʥʫʪʨʠ ʦʩʪʨʦʚʢʘ ʚʝʣʠʢʠ. 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʦʩʪʨʦʚʢʘ ʦʮʝʥʠʚʘʝʪʩʷ ʫʨʦʚʥʝʤ 106 ʉʠʤʝʥc ʩʤ-1, ʪ.ʝ. ʥʘ 4õ6 ʧʦʨʷʜʢʦʚ 

ʚʳʰʝ, ʥʝʞʝʣʠ ʫ ʪʠʧʠʯʥʦʛʦ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʪʨʦʚʦʢ ʠʤʝʝʪ 

ʪʨʝʭʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ, 

ʜʦʧʠʨʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ, ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ 

ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 5 ʜʦ 100 ʥʤ [74, 76]. ʋʨʦʚʝʥʴ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴʶ ʧʝʨʝʢʨʳʚʘʥʠʷ ʛʨʘʥʠʮ ʧʨʦʚʦʜʷʱʠʭ çʦʩʪʨʦʚʢʦʚè, ʠ ʤʦʞʝʪ ʢʦʣʝʙʘʪʴʩʷ ʚ 

ʦʯʝʥʴ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ɺ ʜʝʜʦʧʠʨʦʚʘʥʥʦʤ ʧʦʣʠʤʝʨʝ ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʦʩʪʨʦʚʢʦʚ ʥʠʟʢʘ, ʥʦ 

ʧʦʚʳʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʜʦʧʠʨʦʚʘʥʠʷ. ʇʝʨʝʭʦʜ ʦʪ ʜʝʜʦʧʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʢ ʜʦʧʠʨʦʚʘʥʥʦʤʫ 

ʥʦʩʠʪ ʧʝʨʢʦʣʣʷʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʨʠ ʩʪʝʧʝʥʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʇɸʅʀ 20% ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʢʦʣʷʮʠʦʥʥʳʡ ʧʝʨʝʭʦʜ, ʠ ʥʘʯʠʥʘʶʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʨʦʚʦʜʷʱʠʝ ʧʫʪʠ ʤʝʞʜʫ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʦʩʪʨʦʚʢʘʤʠ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʨʝʟʢʠʡ ʧʦʜʲʝʤ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʊʨʘʥʩʧʦʨʪ ʤʝʞʜʫ 

ʦʩʪʨʦʚʢʘʤʠ ʠʤʝʝʪ ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʉ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʘʢʪʠʚʘʮʠʦʥʥʳʝ ʙʘʨʴʝʨʳ 

ʤʝʞʜʫ ʧʨʦʚʦʜʷʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʨʝʦʜʦʣʝʚʘʶʪʩʷ ʣʝʛʯʝ, ʠ ʧʨʦʚʦʜʠʤʦʩʪʴ ʨʘʩʪʝʪ. ʀʟʤʝʥʝʥʠʝ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʩʪʝʧʝʥʠ ʜʦʧʠʨʦʚʘʥʠʷ ʠʤʝʝʪ ʚʝʝʨʦʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʈʠʩʫʥʢʝ 1.10.  

ʄʦʜʝʣʴ ʩʪʨʫʢʪʫʨʥʦ-ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʇɸʅʀ ʧʦʣʫʯʠʣʘ ʧʨʷʤʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝ. ʅʝʦʜʥʦʨʦʜʥʦʝ ʩʪʨʦʝʥʠʝ ʧʦʣʠʤʝʨʘ, ʘ ʪʘʢʞʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʚʦʡʩʪʚ ʇɸʅʀ ʧʦ 

ʦʙʲʝʤʫ ʦʙʨʘʟʮʘ ʧʦʢʘʟʘʥʳ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʣʶʤʠʥʝʩʮʝʥʮʠʠ, 



37 

 

 

 

ʵʣʠʧʩʦʤʝʪʨʠʠ, ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ [84]. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ 

ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʚʠʜʝ ʧʣʦʪʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʤʦʨʬʥʫʶ ʤʘʪʨʠʮʫ ʤʝʪʦʜʘʤʠ ʪʨʘʥʩʤʠʩʩʠʦʥʥʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. (ʈʠʩʫʥʦʢ 

1.13). ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʩʝʷʥʳ ʚ ʘʤʦʨʬʥʦʡ ʤʘʪʨʠʮʝ [85]. ʀʟʫʯʝʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʩʪʨʦʚʢʦʚ [86]. 

 

ʈʠʩʫʥʦʢ 1.13 ï ʕʣʝʢʪʨʦʧʨʦʚʦʜʷʱʘʷ a) ʠ ʥʝʧʨʦʚʦʜʷʱʘʷ ʙ) ʵʤʝʨʘʣʜʠʥʦʚʘʷ ʬʦʨʤʘ ʇɸʅʀ. 

ʄʠʢʨʦʩʢʦʧʠʷ ʂʝʣʴʚʠʥʘ [85]. 

 

ʄʦʜʝʣʴ ʥʝʛʦʤʦʛʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ ʩʚʦʡʩʪʚʘ ʇɸʅʀ, ʦʜʥʘʢʦ ʩʣʘʙʳʤ 

ʟʚʝʥʦʤ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʧʦʥʠʤʘʥʠʷ ʧʨʠʯʠʥ ʧʦʷʚʣʝʥʠʷ ʦʩʪʨʦʚʢʦʚʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʦʣʠʤʝʨʘ. ʅʝ ʷʩʥʳ ʤʝʭʘʥʠʟʤʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʪʦʣʴ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ ʚ ʦʙʲʝʤʝ ʦʙʨʘʟʮʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʧʦʣʠʩʦʧʨʷʞʝʥʥʳʭ ʮʝʧʝʡ ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʦʥʦʤʝʨʥrʭ ʟʚʝʥʴʝʚ, ʦʪʣʠʯʘʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ 

ʚʳʩʦʢʦʡ ʦʜʥʦʨʦʜʥʦʩʪʴʶ. ʊʘʢ, ʇɸʅʀ ʙʦʣʝʝ ʯʝʤ ʥʘ 95% ʩʦʩʪʦʠʪ ʠʟ ʧʘʨʘ-ʟʘʤʝʱʝʥʥʳʭ 

ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ, ʩʚʷʟʘʥʥʳʭ ʧʦ ʪʠʧʫ çʛʦʣʦʚʘ-ʭʚʦʩʪè. ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʦʩʪʨʦʚʢʦʚ ʧʳʪʘʣʠʩʴ ʦʙʲʷʩʥʠʪʴ ʤʝʭʘʥʠʟʤʦʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʚ ʧʨʦʮʝʩʩʝ 

ʜʦʧʠʨʦʚʘʥʠʷ [87, 88]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʤʝʭʘʥʠʟʤʦʤ ʧʦʷʚʣʝʥʠʝ ʧʦʣʷʨʦʥʦʚ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ 

ʧʦʣʠʤʝʨʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʨʦʮʝʩʩʘʤʠ ʣʦʢʘʣʴʥʦʛʦ ʩʘʤʦʦʫʧʦʨʷʜʦʯʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʠ 

ʩʘʤʦʩʙʦʨʢʠ ʠʭ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʩʪʨʦʚʢʦʚʳʝ ʩʪʨʫʢʪʫʨʳ. ʊʦʛʜʘ ʢʘʢ ʠʩʯʝʟʥʦʚʝʥʠʝ ʧʦʣʷʨʦʥʦʚ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʛʨʫʧʧʠʨʦʚʢʝ ʧʦʣʠʤʝʨʥʳʭ ʦʩʪʨʦʚʢʦʚ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ 

ʚ ʧʨʦʮʝʩʩʝ ʜʦʧʠʨʦʚʘʥʠʷ ʥʝ ʚʳʜʝʨʞʠʚʘʝʪ ʢʨʠʪʠʢʠ. ʅʝ ʷʩʥʳ ʜʚʠʞʫʱʠʝ ʩʠʣʳ ʪʘʢʦʡ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ. ʇʦ ʥʝʧʦʥʷʪʥʳʤ ʧʨʠʯʠʥʘʤ çʩʪʷʛʠʚʘʥʠʝè ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʢʦʥʛʣʦʤʝʨʘʪ ʧʨʦʠʩʭʦʜʠʪ ʯʨʝʟʚʳʯʘʡʥʦ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʪʘʢ ʯʪʦ ʧʣʦʪʥʦʩʪʴ 

ʩʦʩʝʜʥʠʭ ʦʙʲʝʤʦʚ ʦʙʨʘʟʮʘ ʨʘʟʣʠʯʘʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʭʘʥʠʟʤʦʤ 

ʙ ʘ 
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ʧʨʠʭʦʜʠʪʩʷ ʪʘʢʞʝ ʜʦʧʫʩʢʘʪʴ, ʯʪʦ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʚ ʦʩʪʨʦʚʢʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʜʚʠʞʝʥʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʧʦʣʠʤʝʨʘ. ʇʦʵʪʦʤʫ ʥʝʚʦʟʤʦʞʥʦ ʧʦʥʷʪʴ, ʢʘʢ 

ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʫʧʦʨʷʜʦʯʝʥʠʷ ʮʝʧʝʡ ʚʥʫʪʨʠ ʦʩʪʨʦʚʢʘ, ʜʦʧʫʩʢʘʶʱʘʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʪʨʘʥʩʧʦʨʪʘ. ʅʝʣʴʟʷ ʪʘʢʞʝ ʦʙʲʷʩʥʠʪʴ ʯʨʝʟʚʳʯʘʡʥʦ 

ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ. ʀʟʤʝʥʝʥʠʷ ʚ ʧʦʣʠʤʝʨʘʭ ʠʜʫʪ ʩʦ ʩʢʦʨʦʩʪʷʤʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʦʜʚʠʞʥʦʩʪʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʞʠʜʢʦʡ ʬʘʟʝ (ʜʦʧʠʨʦʚʘʥʠʝ 

ï ʜʝʜʦʧʠʨʦʚʘʥʠʝ ʇɸʅʀ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩ ʯʘʩʪʦʪʦʡ ʜʦ 30 ɻʮ). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʭʘʥʠʟʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʇɸʅʀ ʚ ʦʩʪʨʦʚʢʦʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʦʪʦʨʳʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʧʦʣʠʤʝʨʘ ʚ ʦʩʪʨʦʚʢʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʫʞʝ ʥʘ ʩʪʘʜʠʠ 

ʩʠʥʪʝʟʘ. 

 

1.5. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʠʥʪʝʟʝ ʧʦʣʠʘʥʠʣʠʥʘ 

 

 ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʇɸʅʀ ʩʠʥʪʝʟʠʨʫʶʪ ʤʝʪʦʜʦʤ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʣʠʥʘ. ɼʨʫʛʠʝ ʤʝʪʦʜʳ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʥʠʣʠʥʘ ʬʫʥʢʮʠʘʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʨʝʘʢʮʠʦʥʥʳʤʠ ʛʨʫʧʧʘʤʠ (ʋ-ɸn-ʍ = (-ɸn-)n + ʍʋ) 

ʚʩʪʨʝʯʘʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʨʝʜʢʦ. ʆʢʠʩʣʠʪʝʣʴʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʦʣʠʤʝʨʥʳʭ (ʦʣʠʛʦʤʝʨʥʳʭ) ʧʨʦʜʫʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʤʦʥʦʤʝʨʦʚ: ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʘʤʠʥʦʚ, ʬʝʥʦʣʦʚ, ʪʠʦʬʝʥʦʣʦʚ, ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʛʝʪʝʨʦʮʠʢʣʦʚ [89]. ʍʘʨʘʢʪʝʨʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʦʥʦʤʝʨʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʷʚʣʷʶʪʩʷ 

ʚʳʨʘʞʝʥʥʳʝ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʚʳʩʦʢʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʢʠʩʣʝʥʠʶ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ 

ʚʳʰʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʪʘʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ 

ʚ ʙʝʥʟʦʣʴʥʦʤ ʢʦʣʴʮʝ ʠʣʠ ʚ ʮʠʢʣʝ.  

 

1.5.1. ʎʝʧʥʦʡ ʭʘʨʘʢʪʝʨ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

 

 ʇʦʣʠʤʝʨʠʟʘʮʠʷ ʘʥʠʣʠʥʘ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʮʝʧʥʳʭ ʨʝʘʢʮʠʡ [90]. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʤʦʥʦʤʝʨʥʳʝ ʟʚʝʥʴʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ çʥʘʥʠʟʳʚʘʶʪʩʷè ʥʘ ʧʦʣʠʤʝʨʥʫʶ ʮʝʧʴ, ʥʝʩʫʱʫʶ ʘʢʪʠʚʥʫʶ 

ʢʦʥʮʝʚʫʶ ʛʨʫʧʧʫ. ɺʳʙʦʨ ʚ ʧʦʣʴʟʫ ʮʝʧʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʨʦʮʝʩʩʘ ʩʜʝʣʘʥ ʥʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʩʠʥʪʝʟʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʧʣʦʪʴ ʜʦ 

ʚʳʩʦʢʠʭ ʢʦʥʚʝʨʩʠʡ ʤʦʥʦʤʝʨ ʩʦʩʫʱʝʩʪʚʫʝʪ ʩ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʡ ʬʨʘʢʮʠʝʡ ʧʦʣʠʤʝʨʘ, ʘ 

ʩʦʜʝʨʞʘʥʠʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʤʠʥʠʤʘʣʴʥʦ. 

Wei Y. [90] ʚʳʜʝʣʷʝʪ ʧʦʣʠʤʝʨʠʟʘʮʠʶ ʘʥʠʣʠʥʘ ʚ ʦʩʦʙʳʡ ʚʠʜ ʨʝʘʢʪʠʚʠʨʫʝʤʳʭ ʮʝʧʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ʈʦʩʪ ʮʝʧʠ ʩʦʧʨʷʞʝʥ ʩ ʧʦʚʪʦʨʷʶʱʠʤʠʩʷ ʘʢʪʘʤʠ ʘʢʪʠʚʘʮʠʠ-ʜʝʟʘʢʪʠʚʘʮʠʠ 

ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ: 

 

Mn Mn
* Mn+1

+Ox +An

ɸʢʪʠʚʘʮʠɼ̫ʝʟʘʢʪʠʚʘʮʠʷ 

 



39 

 

 

 

ʇʦʣʠʤʝʨʥʘʷ ʮʝʧʴ (Mn), ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʥʝʘʢʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʘʢʪʠʚʠʨʫʝʪʩʷ ʦʢʠʩʣʠʪʝʣʝʤ (Mn*), 

ʥʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʤʦʥʦʤʝʨʦʤ (An) ʧʨʠʩʦʝʜʠʥʷʝʪ ʤʦʥʦʤʝʨʥʦʝ ʟʚʝʥʦ ʠ ʚʥʦʚʴ ʦʙʨʘʪʠʤʦ 

ʜʝʟʘʢʪʠʚʠʨʫʝʪʩʷ (Mn+1). ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʪʠʧʦʚ ʮʝʧʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʥʘʧʨʠʤʝʨ, 

ʨʘʜʠʢʘʣʴʥʦʡ, ʛʜʝ ʦʢʠʩʣʠʪʝʣʴ ʫʯʘʩʪʚʫʝʪ ʪʦʣʴʢʦ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ, 

ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʦʢʠʩʣʠʪʝʣʷ. ɿʜʝʩʴ ʦʢʠʩʣʷʶʱʠʡ ʘʛʝʥʪ 

ʨʘʩʭʦʜʫʝʪʩʷ ʧʨʠ ʢʘʞʜʦʤ ʘʢʪʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʦʥʦʤʝʨʥʦʛʦ ʟʚʝʥʘ ʠ ʤʦʣʷʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʦʢʠʩʣʠʪʝʣʷ ʜʦʣʞʥʘ ʙʳʪʴ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʦʥʦʤʝʨʘ. ʆʢʠʩʣʠʪʝʣʴ çʨʘʙʦʪʘʝʪè ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ, ʦʥ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʜʦʢʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʧʣʦʪʴ ʜʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ 

ʮʝʧʠ ʧʦʩʣʝʜʥʝʡ ʧʦʨʮʠʠ ʤʦʥʦʤʝʨʘ.  

 

1.5.2. ɸʢʪʠʚʥʳʡ ʮʝʥʪʨ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

 

ɺʦʧʨʦʩ ʦ ʧʨʠʨʦʜʝ ʢʦʥʮʝʚʦʡ ʘʢʪʠʚʥʦʡ ʛʨʫʧʧʳ, ʚʝʜʫʱʝʡ ʧʦʣʠʤʝʨʠʟʘʮʠʶ ʘʥʠʣʠʥʘ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʷʚʣʷʣʩʷ ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʩʠʠ [91]. ʈʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦʣʘʛʘʣʠ, ʯʪʦ 

ʵʪʦ ʥʠʪʨʝʥʠʝʚʳʡ ʢʘʪʠʦʥ, [31] ʜʨʫʛʠʝ ʘʚʪʦʨʳ ʩʯʠʪʘʣʠ, ʯʪʦ ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ ʠʤʝʝʪ ʢʘʪʠʦʥ-

ʨʘʜʠʢʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ [92]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ çʣʦʚʫʰʝʢè ʦʙʦʠʭ 

ʪʠʧʦʚ ʩʪʨʫʢʪʫʨ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʠʥʛʠʙʠʨʫʝʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʣʢʠʣʟʘʤʝʱʝʥʥʳʭ 

ʬʝʥʦʣʦʚ (2,6-ʜʠ-ʪʝʪʨʘ-ʙʫʪʠʣ-4-ʤʝʪʠʣʬʝʥʦʣ) ʠ ʦʙʦʛʘʱʝʥʥʳʭ ʵʣʝʢʪʨʦʥʘʤʠ ʘʣʢʝʥʦʚ (2,3-

ʜʠʤʝʪʦʢʩʠ-1,3-ʙʫʪʘʜʠʝʥ), ʷʚʣʷʶʱʠʭʩʷ ʣʦʚʫʰʢʘʤʠ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʦʚ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʇɸʅʀ 

ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦ ʦʙʨʘʟʫʝʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʙʦʛʘʱʝʥʥʳʭ ʵʣʝʢʪʨʦʥʘʤʠ ʘʨʝʥʦʚ (1,3- ʠ 1,4-

ʜʠʤʝʪʦʢʩʠʙʝʥʟʦʣ), ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʭ ʚ ʢʘʯʝʩʪʚʝ çʣʦʚʫʰʝʢè ʥʠʪʨʝʥʠʝʚʳʭ ʢʘʪʠʦʥʦʚ. ʕʪʦ 

ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʥʪʝʨʤʝʜʠʘʪʦʤ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʷʚʣʷʝʪʩʷ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʡ ʮʝʥʪʨ [93].       

ɸʢʪʠʚʥʘʷ ʢʦʥʮʝʚʘʷ ʛʨʫʧʧʘ ʮʝʧʠ ʛʝʥʝʨʠʨʫʝʪʩʷ ʦʢʠʩʣʠʪʝʣʝʤ. ʅʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ 

ʦʢʠʩʣʷʝʪʩʷ ʤʦʥʦʤʝʨ, ʦʜʥʘʢʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʦʣʠʛʦʤʝʨʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʢʠʩʣʷʶʪʩʷ ʢʦʥʮʝʚʳʝ 

ʘʤʠʥʦʛʨʫʧʧʳ ʦʣʠʛʦʤʝʨʘ (ʧʦʣʠʤʝʨʘ), ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʠʡ ʦʢʠʩʣʠʪʝʣʴʥʳʡ 

ʧʦʪʝʥʮʠʘʣ [93]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʭʦʜʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʨʘʩʪʫʱʘʷ ʧʦʣʠʤʝʨʥʘʷ ʮʝʧʴ ʦʩʮʠʣʣʠʨʫʝʪ 

ʤʝʞʜʫ ʚʳʩʰʠʤ ʠ ʩʨʝʜʥʠʤ ʩʦʩʪʦʷʥʠʷʤʠ ʦʢʠʩʣʝʥʠʷ ï ʧʝʨʥʠʛʨʘʥʠʣʠʥʦʚʦʡ ʠ ʵʤʝʨʘʣʜʠʥʦʚʦʡ 

ʬʦʨʤʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʠʤʝʨʥʘʷ ʮʝʧʴ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʤʝʜʠʘʪʦʨʘ ï ʧʦʩʨʝʜʥʠʢʘ 

ʦʢʠʩʣʝʥʠʷ ʤʦʥʦʤʝʨʘ [94]. ɸʢʪʠʚʥʳʡ ʮʝʥʪʨ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʥʘ ʢʦʥʮʝ ʮʝʧʠ, ʘʪʘʢʫʝʪ ʤʦʣʝʢʫʣʫ 

ʤʦʥʦʤʝʨʘ. ʎʝʧʦʯʢʘ ʫʜʣʠʥʷʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʦʚʳʭ ʠ ʥʦʚʳʭ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ [92, 

93].  

 

1.5.3. ʆʢʠʩʣʠʪʝʣʠ ʘʥʠʣʠʥʘ 

 

ʇʦʣʠʤʝʨʠʟʘʮʠʷ ʘʥʠʣʠʥʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʛʦ ʧʦʣʠʤʝʨʘ ʤʦʞʝʪ 

ʧʨʦʚʦʜʠʪʴʩʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʠʣʠ ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʇʨʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ 

ʩʠʥʪʝʟʝ ʇɸʅʀ ʧʦʪʝʥʮʠʘʣ ʵʣʝʢʪʨʦʜʘ, ʭʦʪʷ ʙʳ ʝʜʠʥʦʚʨʝʤʝʥʥʦ, ʧʦʜʥʠʤʘʶʪ ʚʳʰʝ +1.05 ɺ ʧʦ 

ʩʪʘʥʜʘʨʪʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʰʢʘʣʝ. ɼʣʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʰʠʨʦʢʠʡ ʢʨʫʛ 

ʦʢʠʩʣʠʪʝʣʝʡ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʦʢʠʩʠʜʘʥʪʳ ʩ ʚʳʩʦʢʠʤ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ, 

ʧʨʝʚʳʰʘʶʱʠʤ +1.0 ɺ: ʧʝʨʩʫʣʴʬʘʪʳ, ʙʠʭʨʦʤʘʪʳ, ʩʦʣʠ ʯʝʪʳʨʝʭʚʘʣʝʥʪʥʦʛʦ ʮʝʨʠʷ, ʘʫʨʘʪʳ ʠ ʪ.ʜ. 



40 

 

 

 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʜʣʷ ʥʘʯʘʣʘ ʨʦʩʪʘ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʝʦʜʦʣʝʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʧʦʪʝʥʮʠʘʣʫ +1.05 ɺ [95], 

ʟʘʪʝʤ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʨʝʘʢʮʠʠ ʩʥʠʞʘʝʪʩʷ.  

ʏʘʱʝ ʚʩʝʛʦ ʧʨʠ ʭʠʤʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʘʥʠʣʠʥʘ ʠʩʧʦʣʴʟʫʶʪ ʧʝʨʩʫʣʴʬʘʪʳ, ʦʢʠʩʣʠʪʝʣʴʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ +2.01 ɺ. ʆʜʥʘʢʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʢʠʩʣʝʥʠʝ 

ʘʥʠʣʠʥʘ ʠʜʝʪ ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʣʘʙʳʭ ʦʢʠʩʣʠʪʝʣʝʡ, ʧʦʪʝʥʮʠʘʣ ʢʦʪʦʨʳʭ ʙʣʠʟʦʢ ʠʣʠ ʜʘʞʝ ʥʠʞʝ 1 

ɺ [96].  

 

1.5.4. ʂʠʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʫʨʩʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʣʠʥʘ ʚ ʢʠʩʣʳʭ ʚʦʜʥʳʭ ʩʨʝʜʘʭ, ʛʜʝ ʦʙʨʘʟʫʝʪʩʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʡ ʇɸʅʀ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʢʠʩʣʝʥʠʝ ʤʦʥʦʤʝʨʘ ʠʜʝʪ ʥʝ ʤʦʥʦʪʦʥʥʦ. ʆʥʦ 

ʥʘʯʠʥʘʝʪʩʷ ʤʝʜʣʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʧʦʣʫʯʠʚʰʠʤ ʥʘʟʚʘʥʠʝ çʠʥʜʫʢʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘè, ʚ ʭʦʜʝ 

ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫʶʪʩʷ ʦʣʠʛʦʤʝʨʳ ʘʥʠʣʠʥʘ. ɺʩʣʝʜ ʟʘ çʠʥʜʫʢʮʠʦʥʥʳʤ ʧʝʨʠʦʜʦʤè ʠʜʝʪ ʙʫʨʥʘʷ 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʜʠʷ ʨʦʩʪʘ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʜʚʫʩʪʘʜʠʡʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʨʝʜʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ [97]:  

 

-d[An]/dt = k1[An], [Ox] + k2 ů[An] P; ʛʜʝ [An] ï ʤʦʣʷʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʥʠʣʠʥʘ; [Ox] ï 

ʤʦʣʷʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʢʠʩʣʠʪʝʣʷ; P ï ʧʣʦʱʘʜʴ ʠʥʪʝʨʬʝʡʩʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ; ů ï ʬʘʢʪʦʨ 

ʚʣʠʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ; k1 - ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ çʠʥʜʫʢʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘè 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ; k2 - ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ. 

 

ʂʘʢ ʧʝʨʚʘʷ, ʪʘʢ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʠ ʚʪʦʨʘʷ ʩʪʘʜʠʷ ʠʤʝʶʪ ʧʝʨʚʳʡ ʧʨʷʜʦʢ ʩʢʦʨʦʩʪʠ ʧʦ 

ʤʦʥʦʤʝʨʫ [98]. ʇʦʨʷʜʦʢ ʩʢʦʨʦʩʪʠ ʧʦ ʦʢʠʩʣʠʪʝʣʶ ʜʣʷ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʪʘʢʞʝ ʧʝʨʚʳʡ. ʅʘ 

ʩʪʘʜʠʠ ʨʦʩʪʘ ʤʦʥʦʤʝʨ ʦʢʠʩʣʷʝʪʩʷ ʫʞʝ ʥʝ ʠʩʭʦʜʥʳʤ ʦʢʩʠʜʘʥʪʦʤ, ʘ ʦʢʠʩʣʝʥʥʦʡ 

ʧʝʨʥʠʛʨʘʥʠʣʠʥʦʚʦʡ ʬʦʨʤʦʡ ʇɸʅʀ. ʇɸʅʀ ʥʝ ʨʘʩʪʚʦʨʠʤ, ʨʝʘʢʮʠʷ ʥʦʩʠʪ ʛʝʪʝʨʦʬʘʟʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʧʦʵʪʦʤʫ ʚ ʫʨʘʚʥʝʥʠʝ ʚʚʦʜʠʪʩʷ ʧʘʨʘʤʝʪʨ P ʠ ʬʘʢʪʦʨ ů, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʠʥʪʝʨʬʝʡʩ 

ʧʦʣʠʘʥʠʣʠʥʘ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʭʦʜʠʪ ʨʝʘʢʮʠʷ. ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʮʝʧʝʡ k2 ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ 

ʙʦʣʴʰʝ ʢʦʥʩʪʘʥʪʳ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ k1. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʧʨʠʚʦʜʠʪ ʢ ʛʨʘʥʜʠʦʟʥʦʤʫ ʫʩʢʦʨʝʥʠʶ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ [97]. 

ʊʘʢʦʝ ʫʩʢʦʨʝʥʠʝ ʠʤʝʝʪ ʤʝʩʪʦ ʠ ʧʨʠ ʚʚʝʜʝʥʠʠ çʟʘʪʨʘʚʢʠè ʇɸʅʀ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʨʝʜʫ. ʆʥʦ 

ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ çʘʚʪʦʢʘʪʘʣʠʟʘè. ʅʘʙʣʶʜʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʪ 

ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ ʨʘʟʣʠʯʥʳʭ ʠʥʝʨʪʥʳʭ ʠ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʚ ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʦʡ 

ʩʨʝʜʝ ʤʘʪʝʨʠʘʣʦʚ: ʦʢʠʩʠ ʘʣʶʤʠʥʠʷ, ʩʠʣʠʢʘʛʝʣʷ, ʫʛʣʝʨʦʜʘ, ʮʝʣʣʶʣʦʟʳ, ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʦʣʠʤʝʨʦʚ ʠ ʪ.ʜ. ʕʬʬʝʢʪ ʪʝʤ ʩʠʣʴʥʝʝ, ʯʝʤ ʙʦʣʴʰʝ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ P. ʇʦʢʘʟʘʥʦ 

ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʥʘ ʩʢʦʨʦʩʪʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. [99-101]. ɿʘʚʠʩʠʤʦʩʪʴ ʠʤʝʝʪ 

ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ, ʨʘʟʣʠʯʥʳʡ ʚ ʨʘʟʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʨʅ. ɺ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʧʨʠ 

ʨʅ<1 ʥʘʙʣʶʜʘʝʪʩʷ ʢʚʘʜʨʘʪʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʤʦʣʷʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʠʣʴʥʦʡ ʢʠʩʣʦʪʳ 

ʠ k2. ɺ ʪʦʞʝ ʚʨʝʤʷ ʧʦʚʳʰʝʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ʤʘʣʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʦʥʩʪʘʥʪʝ ʩʢʦʨʦʩʪʠ ʥʘʯʘʣʴʥʦʡ 

ʩʪʘʜʠʠ, ʥʦ ʧʨʠ ʩʥʠʞʝʥʠʠ ʨʅ ʠʥʜʫʢʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʝʪʩʷ.  
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1.6. ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʝ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʘʥʠʣʠʥʘ 

 

ɺ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ [28, 102, 103], ʩʠʥʪʝʟ ʇɸʅʀ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʢʘʢ ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʦʚ: ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ ʢʦʥʮʝʚʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʟʚʝʥʘ ʠ ʢʘʪʠʦʥ-

ʨʘʜʠʢʘʣʘ ʤʦʥʦʤʝʨʘ. ʆʜʥʘʢʦ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʨʝʛʠʦʨʝʛʫʣʷʨʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʩʠʥʪʝʟʘ ʥʝʦʙʭʦʜʠʤʦ 

ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʮʝʧʴ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩ ʧʘʨʘ-ʨʝʟʦʥʘʥʩʥʦʡ ʢʘʪʠʦʥ-

ʨʘʜʠʢʘʣʴʥʦʡ ʬʦʨʤʦʡ ʤʦʥʦʤʝʨʘ, ʛʜʝ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʡ ʮʝʥʪʨ ʨʘʩʧʦʣʦʞʝʥ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ 

ʬʝʥʠʣʴʥʦʛʦ ʢʦʣʴʮʘ (ʉʭʝʤʘ 1.4). ɺ ʪʦʞʝ ʚʨʝʤʷ, ʵʪʦ ʧʨʦʪʠʚʦʨʝʯʠʣʦ ʜʘʥʥʳʤ ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʢʦʪʨʳʝ ʩʚʠʜʝʪʝʣʴʩʚʦʚʘʣʠ, ʯʪʦ ʥʝʩʧʘʨʝʥʥʳʡ ʵʣʝʢʪʨʦʥ ʣʦʢʘʣʠʟʦʚʘʥ ʥʘ ʘʪʦʤʝ ʘʟʦʪʘ [61], ʠ 

ʨʝʢʦʤʙʠʥʘʮʠʷ ʜʦʣʞʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʪʝʢʘʪʴ ʧʦ ʪʠʧʫ çʛʦʣʦʚʘ-ʛʦʣʦʚʘè. 

 

 

ʉʭʝʤʘ 1.4 - ʆʢʠʩʣʠʪʝʣʴʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ 

ʘʥʠʣʠʥʘ ʧʦ ʤʝʭʘʥʠʟʤʫ ʨʝʢʦʤʙʠʥʘʮʠʠ ʢʘʪʠʦʥ-

ʨʘʜʠʢʘʣʘ ʤʦʥʦʤʝʨʘ ʚ ʧʘʨʘ-ʨʝʟʦʥʘʥʩʥʦʡ ʬʦʨʤʝ 

ʠ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ ʢʦʥʮʝʚʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ 

ʟʚʝʥʘ. 

 

 

 

 

 

ʊʠʧʠʯʥʦ, ʥʠʟʢʦʘʢʪʠʚʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʨʝʢʦʤʙʠʥʘʮʠʠ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʦʚ ʠʤʝʝʪ ʥʠʟʢʫʶ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʤʝʩʠ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨ, ʯʪʦ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʤʦʥʦʤʝʨʦʚ [89]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʛʦ ʇɸʅʀ ʤʝʪʦʜʦʤ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʉʭʝʤʘ 1.5 [90, 92, 104]. ʉʭʝʤʘ ʧʨʝʜʧʦʣʘʛʘʝʪ: 1) ʦʢʠʩʣʝʥʠʝ ʘʪʦʤʘ ʘʟʦʪʘ ʤʦʥʦʤʝʨʘ, ʘ ʟʘʪʝʤ 

ʢʦʥʮʝʚʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ ʦʣʠʛʦʤʝʨʘ ʠ ʧʦʣʠʤʝʨʘ; 2) ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʤʦʥʦʤʝʨʘ ʧʦ ʪʠʧʫ çʘʟʦʪ-

ʫʛʣʝʨʦʜè ʧʫʪʝʤ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʦʢʠʩʣʝʥʥʳʤ ʧʦʣʠʤʝʨʥʳʤ 

ʬʨʘʛʤʝʥʪʦʤ ʧʨʦʪʦʥʘ ʬʝʥʠʣʴʥʦʛʦ ʢʦʣʴʮʘ ʤʦʥʦʤʝʨʘ.  

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʠʜʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʪʠʦʥ-

ʨʘʜʠʢʘʣʦʚ ʘʥʠʣʠʥʘ ʩ ʜʘʣʴʥʝʡʰʠʤ ʠʭ ʩʚʷʟʳʚʘʥʠʝʤ ʧʦ ʪʠʧʫ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʜʦ 

ʜʠʤʝʨʘ ï N-ʬʝʥʠʣ-1,4-ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ (ʧʘʨʘ-ʩʝʤʠʜʠʥʘ) [90]. ʇʦʩʣʝʜʫʶʱʘʷ ʩʪʘʜʠʷ ʨʦʩʪʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʘʥʘʣʦʛʠʯʥʳʡ ʧʨʦʮʝʩʩ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ, ʠʜʫʱʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʘʪʘʢʠ ʦʢʠʩʣʝʥʥʦʡ ʢʦʥʮʝʚʦʡ ʘʤʠʥʦʛʨʫʧʧʳ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʝ ʤʦʥʦʤʝʨʥʦʡ ʝʜʠʥʠʮʳ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʨʝʘʢʮʠʠ ʚ ʦʢʠʩʣʝʥʠʠ ʫʯʘʩʪʚʫʝʪ ʥʘʠʙʦʣʝʝ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʘʷ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ ʤʦʥʦʤʝʨʘ [92]. ʉʪʘʜʠʝʡ, ʣʠʤʠʪʠʨʫʶʱʝʡ 

ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ, ʩʯʠʪʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʦʚ ʘʥʠʣʠʥʘ [90], ʣʠʙʦ ʧʨʦʮʝʩʩ 
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ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʤʝʨʦʚ [94]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʤʝʭʘʥʠʟʤʘ ʩʯʠʪʘʝʪʩʷ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʜʠʤʝʨʘ ʘʥʠʣʠʥʘ ʧʘʨʘ-ʩʝʤʠʜʠʥʘ ʨʝʟʢʦ ʫʩʢʦʨʷʝʪ 

ʧʦʣʠʤʝʨʠʟʘʮʠʶ. ʇʦʣʘʛʘʶʪ, ʯʪʦ ʧʘʨʘ-ʩʝʤʠʜʠʥ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʤʝʜʠʘʪʦʤ, ʦʙʨʘʟʫʶʱʠʤʩʷ ʚ ʭʦʜʝ 

ʥʘʯʘʣʴʥʦʡ ʣʠʤʠʪʠʨʫʶʱʝʡ ʨʝʘʢʮʠʠ. ɽʛʦ ʚʚʝʜʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ ʣʠʤʠʪʠʨʫʶʱʫʶ ʩʪʘʜʠʶ 

ʠ ʥʘʯʘʪʴ ʧʦʣʠʤʝʨʠʟʘʮʠʶ ʩ ʙʳʩʪʨʦʡ ʩʪʘʜʠʠ ʨʦʩʪʘ ʮʝʧʝʡ.  
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 ʉʪʘʜʠ  ̫  ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ
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ʉʪʘʜʠ  ̫  ʨʦʩʪʘ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ
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ʉʭʝʤʘ 1.5 - ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʦʣʝʢʫʣʷʨʥʳʭ ʨʝʘʢʮʠʡ ʧʨʠ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʘʥʠʣʠʥʘ ʧʫʪʝʤ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ. 

 

1.6.1. ʈʦʩʪ ʮʝʧʠ ʧʦ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ 

 

ʈʝʘʢʮʠʶ, ʩ ʫʯʘʩʪʠʝʤ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʩʙʦʨʢʘ ʧʦʣʠʩʦʧʨʷʞʝʥʥʳʭ ʮʝʧʝʡ ʇɸʅʀ, 

ʦʪʥʦʩʷʪ ʢ ʪʠʧʫ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʘʪʘʢʫʶʱʘʷ ʯʘʩʪʠʮʘ (ʢʘʪʠʦʥ-

ʨʘʜʠʢʘʣʴʥʳʡ ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ) ʦʢʠʩʣʝʥʘ ʠ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤ ʘʛʝʥʪʦʤ. ʌʦʨʤʘʣʴʥʦ 

ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʧʦʣʠʤʝʨʠʟʘʮʠʶ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ ʢʦʚʘʣʝʥʪʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʤʦʣʝʢʫʣ 

ʤʦʥʦʤʝʨʘ ʟʘ ʩʯʝʪ ʦʪʱʝʧʣʝʥʠʷ ʜʚʫʭ ʧʨʦʪʦʥʦʚ. 

 

 

  

  

 

 

 

 

ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʩʦʝʜʠʥʝʥʠʷ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ ʤʝʞʜʫ ʩʦʙʦʡ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʘʥʠʣʠʥʘ ʚʦʟʤʦʞʥʦ ʩʚʷʟʳʚʘʥʠʝ ʧʦ ʪʠʧʫ çʛʦʣʦʚʘ-ʛʦʣʦʚʘè, çʭʚʦʩʪ-ʭʚʦʩʪè ʠ 

çʛʦʣʦʚʘ-ʭʚʦʩʪè. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʩʣʫʯʘʷʭ ʩʙʦʨʢʘ ʮʝʧʠ ʚʦʟʤʦʞʥʘ ʟʘ ʩʯʝʪ 

ʟʘʤʝʱʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦʟʠʮʠʡ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʨʪʦ-, ʧʘʨʘ- ʠ ʤʝʪʘ- 
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ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʦʞʥʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʠʝ ʮʝʧʝʡ ʩ ʦʯʝʥʴ ʨʘʟʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ. 

  ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢʦʚʘ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ ʧʨʠ ʨʦʩʪʝ ʮʝʧʝʡ 

ʧʫʪʝʤ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ. ʇʨʠ ʥʘʣʠʯʠʠ ʫ ʤʦʥʦʤʝʨʘ ʛʝʪʝʨʦʘʪʦʤʘ ʩ 

ʵʣʝʪʨʦʥʦʜʦʥʦʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʢʠʩʣʷʝʤʳʤ ʬʨʘʛʤʝʥʪʦʤ, ʩ ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ, ʩʣʫʞʠʪ 

ʛʝʪʝʨʦʘʪʦʤ ʠ ʙʦʣʝʝ ʚʝʨʦʷʪʥʦ ʩʦʝʜʠʥʝʥʠʝ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ ʧʦ ʪʠʧʫ çʛʦʣʦʚʘ-ʭʚʦʩʪè. ʆʜʥʘʢʦ 

ʜʘʞʝ ʧʨʠ ʯʝʪʢʦʤ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʠ ʪʘʢʦʛʦ ʪʠʧʘ ʩʚʷʟʳʚʘʥʠʷ, ʩʪʨʫʢʪʫʨʘ ʮʝʧʠ ʇɸʅʀ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʥʦʨʦʜʥʦʡ. ʄʦʥʦʤʝʨʥʳʝ ʟʚʝʥʴʷ ʦʨʪʦ-, ʧʘʨʘ- ʠ ʤʝʪʘ-ʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʟʘ ʩʯʝʪ 

ʘʪʘʢʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʚ ʨʘʟʥʳʝ ʧʦʟʠʮʠʠ ʬʝʥʠʣʴʥʦʛʦ ʢʦʣʴʮʘ. ʉʦʜʝʨʞʘʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʟʚʝʥʴʝʚ ʚ ʧʦʣʠʤʝʨʝ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʟʥʦʝ. ɺʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘ-ʩʪʨʫʢʪʫʨ ʥʠʟʢʘ, 

ʧʦʩʢʦʣʴʢʫ, ʘʥʠʣʠʥ ʠʤʝʝʪ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʬʝʥʠʣʴʥʦʛʦ ʷʜʨʘ. ɼʦʥʦʨʥʳʡ 

ʟʘʤʝʩʪʠʪʝʣʴ ʩʦʟʜʘʝʪ ʠʟʙʳʪʦʯʥʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʥʘ ʦʨʪʦ- ʠ ʧʘʨʘ-ʘʪʦʤʘʭ ʫʛʣʝʨʦʜʘ 

ʬʝʥʠʣʴʥʦʛʦ ʷʜʨʘ ʠ ʥʘʧʨʘʚʣʷʝʪ ʘʪʘʢʫ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʚ ʦʨʪʦ- ʠʣʠ ʧʘʨʘ-ʧʦʟʠʮʠʠ. 

ʇʦʵʪʦʤʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤʠ ʚ ʩʣʫʯʘʝ 

ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʜʦʣʞʥʳ ʙʳʪʴ ʤʦʥʦʤʝʨʥʳʝ ʟʚʝʥʴʷ ʦʨʪʦ- ʠ ʧʘʨʘ-ʩʪʨʫʢʪʫʨʳ, ʩʚʷʟʘʥʥʳʝ ʧʦ 

ʪʠʧʫ çʛʦʣʦʚʘ-ʭʚʦʩʪè. ɿʚʝʥʴʷ ʦʨʪʦ-ʩʪʨʫʢʪʫʨʳ ʜʦʣʞʥʳ ʧʨʝʚʘʣʠʨʦʚʘʪʴ, ʧʦʩʢʦʣʴʢʫ ʚ ʬʝʥʠʣʴʥʦʤ 

ʷʜʨʝ ʜʚʝ ʚʘʢʘʥʪʥʳʝ ʦʨʪʦ-ʧʦʟʠʮʠʠ [105]. ɺʝʨʦʷʪʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʨʫʛʠʭ ʪʠʧʦʚ ʩʪʨʫʢʪʫʨ 

ʪʘʢʞʝ ʥʝ ʥʫʣʝʚʘʷ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʞʠʜʘʪʴ ʧʦʣʫʯʝʥʠʝ ʧʦʣʠʤʝʨʘ ʩ ʥʝʦʜʥʦʨʦʜʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʟʚʝʥʴʝʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʦʙʱʠʭ ʧʦʟʠʮʠʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʥʝʚʦʟʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʨʝʛʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʇɸʅʀ, ʩʦʩʪʦʷʱʝʡ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʠʟ ʧʘʨʘ-ʟʘʤʝʱʝʥʥʳʭ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ, ʩʚʷʟʘʥʥʳʭ ʧʦ ʪʠʧʫ çʛʦʣʦʚʘ-ʭʚʦʩʪè. 

 

1.6.2 ʂʨʠʪʠʢʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʤʝʭʘʥʠʟʤʝ ʩʠʥʪʝʟʘ ʇɸʅʀ 

 

ʈʦʩʪ ʨʝʛʫʣʷʨʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʧʦ ʤʝʭʘʥʠʟʤʫ ʨʝʢʦʤʙʠʥʘʮʠʠ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʭ 

ʮʝʥʪʨʦʚ ʩ ʫʯʘʩʪʠʝʤ ʠʩʢʣʶʯʠʝʣʴʥʦ ʧʘʨʘ-ʨʝʟʦʥʘʥʩʥʦʡ ʬʦʨʤʳ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ ʘʥʠʣʠʥʘ (ʉʭʝʤʘ 

1.4) ʤʘʣʦʚʝʨʦʷʪʝʥ ʠ ʧʨʦʪʠʚʦʨʝʯʠʪ ʜʘʥʥʳʤ ʕʇʈ ʦ ʣʦʢʘʣʠʟʘʮʠʠ ʥʝʩʧʘʨʝʥʥʦʛʦ ʩʧʠʥʘ ʥʘ ʘʪʦʤʝ 

ʘʟʦʪʘ. ɹʦʣʝʝ ʪʦʛʦ, ʩ ʧʦʟʠʮʠʠ ʚʝʨʦʷʪʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʥʝʩʧʘʨʝʥʥʦʛʦ ʩʧʠʥʘ ʥʘ ʙʝʥʟʦʣʴʥʦʤ ʷʜʨʝ 

ʪʨʫʜʥʦ ʦʙʲʷʩʥʠʪʴ ʚʳʩʦʢʫʶ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʮʠʠ ʚ ʧʘʨʘ-ʧʦʟʠʮʠʶ ʠ ʦʪʩʫʪʩʪʚʠʝ ʦʨʪʦ-

ʩʚʷʟʳʚʘʥʠʷ.  

ʉʭʝʤʘ 1.5 ʩʠʥʪʝʟʘ ʇɸʅʀ ʩ ʫʯʘʩʪʠʝʤ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʯʝʤ ʥʝ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʭʝʤʳ ʦʙʱʝʛʦ ʤʝʭʘʥʠʟʤʘ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚ 

ʩʝʨʝʜʠʥʝ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʬʝʥʦʣʘ, ʘ, ʟʘʪʝʤ, ʠ ʧʦʜʘʚʣʷʶʱʝʛʦ 

ʙʦʣʴʰʠʥʩʪʚʘ ʤʦʥʦʤʝʨʦʚ [89]. ʆʜʥʘʢʦ ʩʠʥʪʝʟ ʇɸʅʀ ʚʳʛʣʷʜʠʪ ʘʥʦʤʘʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ ʥʘ ʬʦʥʝ 

ʩʠʥʪʝʟʘ ʧʦʣʠʤʝʨʦʚïʜʠʵʣʝʢʪʨʠʢʦʚ. ɹʣʠʞʘʡʰʠʝ ʘʥʘʣʦʛʠ ʇɸʅʀ - ʧʦʣʠʬʝʥʠʣʝʥʦʢʩʠʜʳ, ʧʦʣʫʯʘʶʪ 

ʦʢʠʩʣʝʥʠʝʤ ʬʝʥʦʣʦʚ ʚ ʚʦʜʥʳʭ ʱʝʣʦʯʥʳʭ, ʣʠʙʦ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʨʝʜʘʭ. ɺ ʢʠʩʣʳʭ ʩʨʝʜʘʭ ʨʝʘʢʮʠʷ 

ʥʝ ʠʜʝʪ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ ʤʝʭʘʥʠʟʤʝ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʩʪʨʫʢʪʫʨʘ 

ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ ʧʦʣʠʬʝʥʠʣʝʥʦʢʩʠʜʘ ʨʘʟʥʦʨʦʜʥʘ. ʇʦʣʠʤʝʨ ʩʦʜʝʨʞʠʪ ʟʚʝʥʴʷ, ʩʚʷʟʘʥʥʳʝ ʧʦ 

ʪʠʧʫ çʛʦʣʦʚʘ-ʭʚʦʩʪè, çʭʚʦʩʪ-ʭʚʦʩʪè, çʛʦʣʦʚʘ-ʛʦʣʦʚʘè, ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʘʢʞʝ ʩʤʝʩʴ ʦʨʪʦ- ʠ ʧʘʨʘ- 

ʟʘʤʝʱʝʥʥʳʭ ʙʝʥʟʦʣʴʥʳʭ ʮʠʢʣʦʚ. ʇʦʣʠʬʝʥʠʣʝʥʦʢʩʠʜʳ ʩ ʤʦʥʦʤʝʨʥʳʤʠ ʟʚʝʥʴʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ 
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ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʪʠʧʫ çʛʦʣʦʚʘ-ʭʚʦʩʪè ʠ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʘʨʘ-ʤʦʥʦʤʝʨʥʳʭ 

ʟʚʝʥʴʝʚ, ʦʪʣʠʯʘʶʪʩʷ ʣʫʯʰʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʙʦʣʴʰʝʡ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴʶ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳ ʜʣʷ ʧʨʘʢʪʠʢʠ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʘ ʧʨʠʭʦʜʠʪʩʷ ʧʨʦʚʦʜʠʪʴ ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʧʦʣʠʤʝʨʠʟʘʮʠʶ 

ʬʝʥʦʣʘ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ: 1) ʧʨʠʤʝʥʷʪʴ çʤʷʛʢʠʝè ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʢʠʩʣʠʪʝʣʠ - ʵʥʟʠʤʳ 

ʧʝʨʦʢʩʠʜʘʟ ʠʣʠ ʣʘʢʢʘʟ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʝʨʝʢʠʩʷʤʠ ʠʣʠ ʢʠʩʣʦʨʦʜʦʤ, 2) ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʥʦʤʝʨʳ ʩ 

ʙʣʦʢʠʨʦʚʘʥʥʦʡ ʦʨʪʦ-ʧʦʟʠʮʠʝʡ ʟʘʤʝʱʝʥʠʷ - 2,6- ʜʠʘʣʢʠʣʟʘʤʝʱʝʥʥʳʝ ʬʝʥʦʣʳ, 3) ʧʨʦʚʦʜʠʪʴ 

ʧʦʣʠʤʝʨʠʟʘʮʠʶ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʥʝʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʨʝʘʛʝʥʪʦʚ. ʊʦʣʴʢʦ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦʣʠʬʝʥʠʣʝʥʦʢʩʠʜ, ʦʙʦʛʘʱʝʥʥʳʡ ʧʘʨʘ-ʟʘʤʝʱʝʥʥʳʤʠ ʟʚʝʥʴʷʤʠ. 

ʇʦʣʠʬʝʥʠʣʝʥʦʢʩʠʜʳ - ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʧʨʦʜʫʢʪʳ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 

(20-30)ʭ103, ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʧʦʣʠʤʝʨʳ ʩ ʚʳʩʦʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʥʝ ʫʜʘʝʪʩʷ [89].  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʘʥʠʣʠʥʘ ʠʜʝʪ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʨʅ, ʘ ʚ ʢʠʩʣʳʭ ʩʨʝʜʘʭ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʠʤʝʨʘʤ ʩʪʨʦʛʦ ʨʝʛʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʮʝʧʝʡ ʇɸʅʀ ʤʝʪʦʜʘʤʠ ʀʂ-, ʈʘʤʘʥʦʚʩʢʦʡ, ʕʇʈ-, ʵʣʝʢʪʨʦʥʥʦʡ ʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʘ ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʣʠʤʝʨ ʥʘ 95-98% ʩʦʩʪʦʠʪ ʠʟ ʧʘʨʘ-ʟʘʤʝʱʝʥʥʳʭ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʚ, ʩʚʷʟʘʥʥʳʭ 

ʧʦ ʪʠʧʫ çʛʦʣʦʚʘ-ʭʚʦʩʪè [106, 107]. ɺ ʢʘʯʝʩʪʚʝ çʠʥʦʨʦʜʥʳʭè ʟʚʝʥʴʝʚ ʚ ʇɸʅʀ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ 

ʪʦʣʴʢʦ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʝʥʘʟʠʥʦʚʳʭ ʮʠʢʣʦʚ. ʀʭ ʧʦʷʚʣʝʥʠʝ ʦʙʲʷʩʥʷʶʪ ʧʨʦʮʝʩʩʘʤʠ 

ʚʝʪʚʣʝʥʠʷ ʮʝʧʠ ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʡ ʩʰʠʚʢʠ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ, ʣʠʙʦ ʚ ʧʦʩʪʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʳʡ 

ʧʝʨʠʦʜ [108]. ɺ ʢʘʯʝʩʪʚʝ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʦʢʠʩʣʝʥʠʷ ʚʳʜʝʣʝʥʳ ʘʟʦʙʝʥʟʦʣ 

(ʱʝʣʦʯʥʳʝ ʩʨʝʜʳ) [33, 58, 109, 110]. ʋʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʩʠʥʪʝʟ ʧʦʣʠʤʝʨʘ ʩʦ ʩʪʦʣʴ ʨʝʛʫʣʷʨʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠʜʝʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ, ʦʪ ʧʝʨʩʫʣʴʬʘʪʦʚ ʩ ʚʳʩʦʢʠʤ 

ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ +2.01 ɺ, ʜʦ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ ʩ ʧʦʪʝʥʮʠʘʣʦʤ + 0.7 ɺ. ʅʝ 

ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʥʠʣʠʥ, ʙʣʦʢʠʨʦʚʘʥʥʳʡ ʧʦ ʦʨʪʦ-ʧʦʟʠʮʠʷʤ. ɹʦʣʝʝ ʪʦʛʦ, ʧʦʣʠʤʝʨʠʟʘʮʠʷ 

ʧʨʦʭʦʜʠʪ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ, ʠ ʜʘʞʝ ʧʨʦʚʝʜʝʥʠʝ ʝʝ ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʨʝʘʛʝʥʪʦʚ ʠ 

ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʩʥʠʞʘʝʪ ʫʨʦʚʝʥʴ ʨʝʛʫʣʷʨʥʦʩʪʠ ʮʝʧʝʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʳʩʦʢʫʶ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʜʚʫʭ ʜʨʫʛʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʤʦʥʦʤʝʨʦʚ. ʕʪʦ 

ʪʠʦʬʝʥ ʠ ʧʠʨʨʦʣ, ʧʨʦʜʫʢʪʘʤʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʝ 

ʧʦʣʠʪʠʦʬʝʥ ʠ ʧʦʣʠʧʠʨʨʦʣ. ʆʩʦʙʝʥʥʦʩʪʠ ʩʠʥʪʝʟʘ ʵʪʠʭ ʧʦʣʠʤʝʨʦʚ ʚʦ ʤʥʦʛʦʤ ʩʭʦʞʠ ʩ ʩʠʥʪʝʟʦʤ 

ʇɸʅʀ.  

ɺ ʨʘʤʢʘʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʤʝʭʘʥʠʟʤʝ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʘʥʠʣʠʥʘ (ʉʭʝʤ r 1.4 ʠ 1.5) ʥʝʚʦʟʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʨʷʜ ʚʘʞʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʠʥʪʝʟʘ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʛʦ ʇɸʅʀ:  

1. ʅʝʷʩʥʦ, ʧʦʯʝʤʫ ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʘʥʠʣʠʥʘ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʘ, ʠ ʚ ʭʦʜʝ 

ʨʦʩʪʘ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʘʨʘ-ʩʪʨʫʢʪʫʨʘ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ. 

2. ʅʝ ʧʦʣʫʯʘʝʪ ʦʙʲʷʩʥʝʥʠʷ ʥʝʤʦʥʦʪʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʦʢʠʩʣʝʥʠʷ ʚ ʢʠʩʣʳʭ ʩʨʝʜʘʭ ʠ ʙʦʣʴʰʦʝ 

ʨʘʟʣʠʯʠʝ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʩʪʘʜʠʡ, ʧʦʩʢʦʣʴʢʫ Cʭʝʤʘ 1.5 ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʦʙʝ ʩʪʘʜʠʠ ʢʘʢ ʦʜʥʦʪʠʧʥʳʝ ʨʝʘʢʮʠʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ. 
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3. ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʭʘʥʠʟʤʳ ʥʝ ʦʙʲʷʩʥʷʪʁ ʠʟʤʝʥʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ 

ʧʨʦʮʝʩʩʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ: ʝʛʦ ʧʦʚʳʰʝʥʠʝ ʜʦ +1.05 ɺ ʚʭʦʜʝ ʥʘʯʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ, ʘ ʟʘʪʝʤ ʨʝʟʢʦʝ 

ʩʥʠʞʝʥʠʝ ʜʦ +0.7 · +0.8 ɺ ʥʘ ʩʪʘʜʠʠ ʨʦʩʪʘ.  

4. ʅʝ ʫʯʠʪʳʚʘʝʪʩʷ ʷʚʣʝʥʠʝ çʘʚʪʦʢʘʪʘʣʠʟʘè, ʘ ʪʘʢʞʝ ʛʝʪʝʨʦʬʘʟʥʳʡ ʭʘʨʘʢʪʝʨ ʨʦʩʪʘ 

ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʠ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘ ʢʠʥʝʪʠʢʫ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 

5. ʅʝʪ ʦʙʲʷʩʥʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠ ̫ ʢʠʩʣʦʪʥʦʩʪʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ, ʚʘʨʠʘʮʠʷ 

ʢʦʪʦʨʦʡ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʚʦʡʩʪʚ ʠ ʤʦʨʬʦʣʦʛʠʠ ʧʨʦʜʫʢʪʦʚ.  

 ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʦʙʩʫʞʜʝʥʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʣʠʥʘ ʢʦʥʩʪʘʪʠʨʫʶʪ, 

ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʪʠʚʦʨʝʯʠʚʳ, ʘ ʤʦʣʝʢʫʣʷʨʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʘ ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʷʩʝʥ [92]. 

 

1.7. ʅʘʜʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ 

 

ɽʱʝ ʦʜʥʦʡ ʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʠʥʪʝʟʘ ʇɸʅʀ ʷʚʣʷʝʪʩʷ ʛʝʪʝʨʦʬʘʟʥʳʡ ʭʘʨʘʢʪʝʨ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʩʠʥʪʝʟ ʥʘʯʠʥʘʝʪʩʷ ʚ ʛʦʤʦʛʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʦʩʢʦʣʴʢʫ ʠ ʘʥʠʣʠʥ ʠ 

ʦʢʠʩʣʠʪʝʣʴ ʨʘʩʪʚʦʨʠʤʳ ʚ ʢʠʩʣʳʭ ʚʦʜʥʳʭ ʩʨʝʜʘʭ. ʆʜʥʘʢʦ ʫʞʝ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʛʝʪʝʨʦʬʘʟʥʦʡ. ʇʦʩʢʦʣʴʢʫ ʧʦʣʠʤʝʨ ʥʝ ʨʘʩʪʚʦʨʷʝʪʩʷ ʥʠ ʚ ʚʦʜʥʳʭ, ʥʠ 

ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʨʝʜʘʭ, ʪʘʢʦʡ ʪʠʧ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʘʟʳʚʘʶʪ ʦʩʘʜʠʪʝʣʴʥʳʤ. ʆʜʥʘʢʦ ʦʩʘʞʜʝʥʠʝ 

ʇɸʅʀ ʥʝ ʷʚʣʷʝʪʩʷ ʙʝʩʧʦʨʷʜʦʯʥʦʡ ʘʛʣʦʤʝʨʘʮʠʠ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʧʦʣʠʤʝʨʘ. ʉʣʦʞʥʘʷ 

ʤʦʨʬʦʣʦʛʠʷ ʯʘʩʪʠʮ ʠ ʩʣʦʝʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʝʪ ʇɸʅʀ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʠʜʫʪ ʧʨʦʮʝʩʩʳ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʤʘʢʨʦʤʦʣʝʢʫʣ. 

ʅʘʜʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʇɸʅʀ ʧʦʨʘʞʘʶʪ ʩʚʦʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ. ʇʦʣʠʤʝʨʥʳʝ ʮʝʧʠ ʤʦʛʫʪ 

ʫʢʣʘʜʳʚʘʪʴʩʷ ʚ ʦʜʥʦʤʝʨʥʳʝ ʯʘʩʪʠʮʳ Ƅ ʧʘʣʦʯʢʠ, ʥʘʥʦʚʦʣʦʢʥʘ ʠ ʥʘʥʦʪʨʫʙʳ [108, 111-113, 

ʧʣʦʩʢʠʝ ʜʚʫʤʝʨʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʤʠʢʨʦʤʘʪʳè [114], ʣʝʥʪʳ, çʜʦʩʢʠè [115], 

116]; ʪʨʝʭʤʝʨʥʳʝ ʦʙʲʝʢʪʳ - ʪʠʧʠʯʥʫʶ ʜʣʷ ʧʦʣʠʤʝʨʘ ʛʣʦʙʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʤʠʢʨʦ-, 

ʥʘʥʦʰʘʨʳ ʠ ʧʦʣʳʝ ʤʠʢʨʦʩʬʝʨʳ [117, 118], ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʚʠʜʝ ʮʚʝʪʦʚ, ʝʞʝʡ, ʚʝʪʦʢ, ʢʦʨʘʣʣʦʚ [115, 119, 120].  

ɺʩʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʦʜʥʦʩʪʘʜʠʡʥʦʛʦ ʩʠʥʪʝʟʘ ʠ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ [118]. ʇʣʘʚʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʤʦʨʬʦʣʦʛʠʠ ʠʟ 

ʦʜʥʦʛʦ ʪʠʧʘ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʜʨʫʛʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ, ʦʧʠʩʘʥʘ ʚ [111]. 

ʆʜʥʘʢʦ ʧʨʠʨʦʜʘ ʵʪʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʬʘʢʪʦʨʳ ʥʘ ʥʝʝ ʚʣʠʷʶʱʠʝ ʥʝ ʧʦʥʷʪʳ. ɺ ʦʜʥʠʭ ʨʘʙʦʪʘʭ 

ʪʘʢʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ 

[ʤʦʥʦʤʝʨ]/[ʢʠʩʣʦʪʘ], ʣʠʙʦ ʠʭ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ [121], ʚ ʜʨʫʛʠʭ - ʚ ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʦʛʦ 

ʬʘʢʪʦʨʘ ʚʳʜʝʣʷʝʪʩʷ ʧʨʠʨʦʜʘ ʘʥʠʦʥʘ ʢʠʩʣʦʪʳ [122]. ʈʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʙʲʷʩʥʷʝʪ ʠʟʤʝʥʝʥʠʷ 

ʤʦʨʬʦʣʦʛʠʠ ʠ ʩʚʦʡʩʪʚ ʧʨʦʜʫʢʪʦʚ ʚʘʨʠʘʮʠʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʠʩʣʠʪʝʣʷ [123] ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʬʘʢʪʦʨʦʤ [119]. ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʘʚʪʦʨʠʪʝʪʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦʣʠʘʥʠʣʠʥʘ ʄ. Wan, ʚ ʛʨʫʧʧʝ 

ʢʦʪʦʨʦʡ ʙʳʣʠ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʥʘʥʦʪʨʫʙʳ ʇɸʅʀ, ʘʥʘʣʠʟʠʨʫʷ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʟʘʢʣʶʯʘʝʪ: çʉʠʪʫʘʮʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʨʦʜʦʡ 

ʜʦʧʘʥʪʘ ʠ ʫʩʣʦʚʠʷʤʠ ʨʝʘʢʮʠʠ, ʚʢʣʶʯʘʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦʧʘʥʪʘ, ʦʢʠʩʣʠʪʝʣʷ ʠ ʤʦʥʦʤʝʨʘ, ʪʘʢʞʝ 
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ʢʘʢ ʠ ʤʦʣʷʨʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʜʦʧʘʥʪʘ ʠ ʦʢʠʩʣʠʪʝʣʷ ʢ ʤʦʥʦʤʝʨʫ, ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʦʤ ʠ ʫʩʣʦʚʠʷʤʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷè [115]. ʊʘʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʩʠʥʪʝʟʘ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʚʦʡʩʪʚʘ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʩʪʘʚʠʪ ʚ ʪʫʧʠʢ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʦʚ. 

ɺʦʧʨʦʩʳ ʦ ʤʝʭʘʥʠʟʤʝ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʣʠʥʘ ʠ ʦ ʤʝʭʘʥʠʟʤʝ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ 

ʇɸʅʀ ʥʝ ʠʤʝʶʪ ʧʦʢʘ ʦʪʚʝʪʘ. ʆʜʥʘʢʦ ʵʪʠ ʚʦʧʨʦʩʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʢʘʢ ʩ ʥʘʫʯʥʦʡ, ʪʘʢ ʠ ʩ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʢʘʢ ʩʢʘʟʘʥʦ ʘʢʘʜʝʤʠʢʦʤ ɺ.ɸ. ʂʘʨʛʠʥʳʤ çʉʚʦʡʩʪʚʘ 

ʧʦʣʠʤʝʨʦʚ ʟʘʜʘʶʪʩʷ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ, ʘ ʨʝʘʣʠʟʫʶʪʩʷ ʥʘ ʫʨʦʚʥʝ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ 

ʩʪʨʫʢʪʫʨʳè, ʠʤʝʥʥʦ ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʠ ʭʘʨʘʢʪʝʨ ʩʙʦʨʢʠ ʮʝʧʝʡ ʚ 

ʦʙʲʝʤʝ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ʦʧʨʝʜʝʣʷʶʪ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ.  

 

***  

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʝʭʘʥʠʟʤʳ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʨʘʥʝʝ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʣʠʥʘ, ʥʝ ʜʘʶʪ ʘʜʝʢʚʘʪʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ 

ʩʠʥʪʝʟʝ. ʆʥʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʳʤ ʧʨʦʮʝʩʩʘʤ ʠ ʧʨʝʜʩʢʘʟʳʚʘʶʪ ʣʠʙʦ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʤʦʥʦʤʝʨʥʳʭ ʝʜʠʥʠʮ ʧʦ ʪʠʧʫ çʛʦʣʦʚʘ-ʛʦʣʦʚʘè, ʣʠʙʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʤʝʩʠ ʦʨʪʦ- ʠ ʧʘʨʘ-ʟʚʝʥʴʝʚ, ʩʚʷʟʘʥʥʳʭ ʧʦ ʪʠʧʫ çʛʦʣʦʚʘ-ʭʚʦʩʪè. ʇʨʠ ʵʪʦʤ ʥʝ 

ʫʯʠʪʳʚʘʝʪʩʷ ʩʣʦʞʥʳʡ ʛʝʪʝʨʦʛʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʦʢʠʩʣʝʥʠʷ ʠ ʝʛʦ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʫʩʣʦʚʠʡ. ʕʪʦ 

ʩʜʝʨʞʠʚʘʝʪ ʨʘʟʚʠʪʠʝ ʫʧʨʘʚʣʷʝʤʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʧʦʣʠʤʝʨʘ ʩ ʟʘʜʘʥʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ, ʯʪʦ ʥʝʦʭʦʜʠʤʦ ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʪʨʝʙʫʝʪʩʷ ʨʘʟʚʠʪʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʤʝʭʘʥʠʟʤʝ ʩʠʥʪʝʟʘ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʙʳ ʩʧʦʩʦʙʥʳ ʦʙʲʷʩʥʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʛʫʣʷʨʥʦʡ ʧʘʨʘ-ʩʪʨʫʢʪʫʨʳ ʮʝʧʝʡ, ʘ 

ʪʘʢʞʝ ʦʧʠʩʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʚʩʝʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ 

ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʩʠʥʪʝʟʘ.  
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ɻʃɸɺɸ 2. ɺʃʀʗʅʀɽ ʂʀʉʃʆʊʅʆʉʊʀ ʅɸ ʂʀʅɽʊʀʂʋ ʆʂʀʉʃɽʅʀʗ ɸʅʀʃʀʅɸ, 

ʉɺʆʁʉʊɺɸ ʇʈʆɼʋʂʊʆɺ ʀ ʀʍ ʅɸɼʄʆʃɽʂʋʃʗʈʅʋʖ ʉʊʈʋʂʊʋʈʋ 

(ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ) 

 

ʆʢʠʩʣʠʪʝʣʴʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʘʥʠʣʠʥʘ ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʥʳʭ 

ʦʢʠʩʣʠʪʝʣʝʡ ʩ ʫʯʘʩʪʠʝʤ ʨʘʟʣʠʯʥʳʭ ʜʦʧʠʨʫʶʱʠʭ ʢʠʩʣʦʪ, ʚ ʦʯʝʥʴ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʢʠʩʣʦʪʥʦʩʪʠ ʦʪ 1ʄ ʱʝʣʦʯʠ ʜʦ 2ʄ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʪʝʨʚʘʣʫ 14 > ʨʅ > -1. 

ʆʜʥʘʢʦ ʠʟ ʧʨʘʢʪʠʢʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʠʤʝʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʝ ʩʚʦʡʩʪʚʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 10-10õ102 

ʉʠʤʝʥʩ ʩʤ-1. ʎʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʦʛʨʘʤʤʳ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʦʪ ʦʜʥʦʡ ʜʦ ʯʝʪʳʨʝʭ ʧʘʨ ʚʦʣʥ, 

ʤʘʪʝʨʠʘʣ ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʇʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ ʣʠʙʦ 

ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʣʠʙʦ ʥʝ ʨʘʩʪʚʦʨʠʤʳ ʥʠ ʚ ʯʝʤ. ʀ 

ʧʨʦʚʦʜʷʱʠʡ, ʠ ʥʝʧʨʦʚʦʜʷʱʠʡ ʪʠʧʳ ʤʘʪʝʨʠʘʣʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʯʨʝʟʚʳʯʘʡʥʦ 

ʙʦʛʘʪʦʛʦ ʥʘʙʦʨʘ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ. ʉʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʥʝʧʨʦʚʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʥʠʟʢʦʡ ʢʠʩʣʦʪʥʦʩʪʠ, ʤʘʣʦ ʠʩʩʣʝʜʦʚʘʥʘ. ʆʜʥʘʢʦ, ʚʩʝ ʵʪʠ ʨʘʟʣʠʯʥʳʝ ʧʦ 

ʩʚʦʡʩʪʚʘʤ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʘʝʤʳʝ ʦʢʠʩʣʝʥʠʝʤ ʘʥʠʣʠʥʘ, ʥʘʟʳʚʘʶʪ çʧʦʣʠʘʥʠʣʠʥè. ɺ ɻʣʘʚʝ 2 

ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʘʥʠʣʠʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʨʘʟʥʳʭ ʧʦ ʩʠʣʝ ʦʢʠʩʣʠʪʝʣʝʡ: ʩʠʣʴʥʦʛʦ Ƅ ʧʝʨʦʢʩʠʜʠʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ (+2.01 ɺ) ʠ ʩʣʘʙʦʛʦ ï 

ʘʟʦʪʥʦʢʠʩʣʦʛʦ ʩʝʨʝʙʨʘ (+0.8 ɺ), ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʨʅ, ʩ ʫʯʘʩʪʠʝʤ ʨʘʟʥʳʭ ʜʦʧʘʥʪʦʚ. 

ʀʟʫʯʝʥ r ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʅ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʘ ʧʨʦʜʫʢʪʳ ʩʠʥʪʝʟʘ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʦʜʨʦʙʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ. ɼʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ 

ʚʣʠʷʥʠʷ ʨʅ ʥʘ ʭʦʜ ʩʠʥʪʝʟʘ ʚ ʈʘʟʜʝʣʝ 2.1 ʧʨʠʚʝʜʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚʘʭ 

ʘʥʠʣʠʥʘ ʠ ʝʛʦ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

 

2.1. ʂʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʘʥʠʣʠʥʘ ʠ ʧʦʣʠ(ʦʣʠʛʦ)ʘʥʠʣʠʥʘ 

 

ɸʥʠʣʠʥ, ʝʛʦ ʦʣʠʛʦʤʝʨʳ ʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʩʥʦʚʘʥʠʷ ʠ ʷʚʣʷʶʪʩʷ ʨʅ-ʘʢʪʠʚʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʢʠʩʣʦʪʥʦ-

ʦʩʥʦʚʥʳʭ ʨʘʚʥʦʚʝʩʠʷʭ. ʆʥʠ ʩʦʜʝʨʞʘʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ 

ʧʨʦʪʦʥʠʨʫʶʪʩʷ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʨʅ. ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʳʤ ʦʩʥʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʘʥʠʣʠʥ. ʇʨʠ 

ʥʠʟʢʦʡ ʠʦʥʥʦʡ ʩʠʣʝ, ʪ.ʝ. ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʥʠʣʠʥʘ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ, 

ʢʦʥʩʪʘʥʪʘ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʘʥʠʣʠʥʘ ʨʂ ~ 4.5. [124]. ʇʦʚʳʰʝʥʠʝ ʠʦʥʥʦʡ ʩʠʣʳ ʚ ʧʨʠʩʫʪʩʪʚʠʝ 

ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʨʂ. 

ʊʘʢ, ʚ ʨʘʩʪʚʦʨʘʭ ʩʦʣʝʡ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʜʝʩʷʪʳʝ ʤʦʣʷ ʚ ʣʠʪʨʝ ʘʥʠʣʠʥ ʠʤʝʝʪ ʨʂ 3.6. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʂ ʧʨʠ ʨʅ >3.6 ʘʥʠʣʠʥ ʩʫʱʝʩʪʚʫʝʪ, ʚ ʦʩʥʦʚʥʦʤ, ʢʘʢ ʥʝʡʪʨʘʣʴʥʘʷ ʤʦʣʝʢʫʣʘ, ʘ 

ʧʨʠ ʨʅ <3.6 ʦʥ ʧʨʦʪʦʥʠʨʦʚʘʥ ʠ ʧʨʠʦʙʨʝʪʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ.  

ʇʦʣʠʤʝʨʥʳʝ (ʦʣʠʛʦʤʝʨʥʳʝ) ʮʝʧʠ ʇɸʅʀ ʩʦʜʝʨʞʘʪ ʜʚʘ ʪʠʧʘ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʪʨʫʢʪʫʨ: 

ʜʠʟʘʤʝʱʝʥʥʳʝ ʘʤʠʥʦʛʨʫʧʧʳ, ʛʜʝ ʘʪʦʤ ʘʟʦʪʘ ʥʝ ʦʢʠʩʣʝʥ ʠ ʠʤʠʥʦʛʨʫʧʧʳ ʩ ʦʢʠʩʣʝʥʥʦʡ ʬʦʨʤʦʡ 
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ʘʟʦʪʘ. ɼʠʟʘʤʝʱʝʥʥʳʝ ʘʤʠʥʦʛʨʫʧʧʳ ʧʨʦʪʦʥʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʨʅ < 0.5. ʃʝʡʢʦʵʤʝʨʘʣʜʠʥ, 

ʩʦʜʝʨʞʘʱʠʡ ʘʤʠʥʦʛʨʫʧʧʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʨʦʪʦʥʠʨʦʚʘʥ [37]. ɺ ʩʦʩʪʦʷʥʠʠ ʦʢʠʩʣʝʥʠʷ ʚʳʰʝ, 

ʯʝʤ ʣʝʡʢʦʵʤʝʨʘʣʜʠʥ, ʇɸʅʀ ʩʦʜʝʨʞʠʪ ʠʤʠʥʦʛʨʫʧʧʳ. ʀʤʠʥʦʛʨʫʧʧʳ ʧʨʦʪʦʥʠʨʫʶʪʩʷ ʧʨʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʨʅ. ʆʜʥʘʢʦ ʢʦʥʩʪʘʥʪʘ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʠʤʠʥʦʛʨʫʧʧ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʚ 

ʧʦʣʠʤʝʨʝ. ʉ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʛʝʥʥʳʭ ʛʨʫʧʧ ʦʩʥʦʚʥʦʩʪʴ ʧʦʣʠʤʝʨʘ ʧʘʜʘʝʪ. ɽʩʣʠ 

ʠʤʠʥʦʛʨʫʧʧʳ ʵʤʝʨʘʣʜʠʥʘ ʤʦʛʫʪ ʧʨʦʪʦʥʠʨʦʚʘʪʴʩʷ ʢʠʩʣʦʪʘʤʠ ʩʨʝʜʥʝʡ ʩʠʣʳ, ʪʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʦʢʠʩʣʝʥʠʠ ʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʠʤʠʥʦʛʨʫʧʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʘʨʷʜʦʚ ʚ 

ʮʝʧʠ ʚʦʟʨʘʩʪʘʝʪ, ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʨʦʪʦʥʠʨʦʚʘʥʠʶ ʩʥʠʞʘʝʪʩʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʤʝʨʘʣʜʠʥʘ, ʨʂ 

ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 3-4, ʧʝʨʥʠʛʨʘʥʠʣʠʥ ʧʨʦʪʦʥʠʨʫʝʪʩʷ ʧʨʠ ʨʅ 2.5 ʠ ʥʠʞʝ [38, 106]. ɺ ʭʦʜʝ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʠʤʠʥʦʛʨʫʧʧ ʇɸʅʀ ʧʝʨʝʭʦʜʠʪ ʚ ʧʨʦʪʦʥʠʨʦʚʘʥʥʫʶ ʵʤʝʨʘʣʜʠʥʦʚʫʶ ʠʣʠ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʫʶ ʧʝʨʥʠʛʨʘʥʠʣʠʥʦʚʫʶ ʬʦʨʤʫ. ʇʨʠ ʵʪʦʤ ʚʩʷ ʧʦʣʠʤʝʨʥʘʷ ʮʝʧʴ ʧʦʢʨʳʚʘʝʪʩʷ 

ʩʝʪʴʶ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʘʨʷʜʦʚ ʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʧʦʣʠʢʘʪʠʦʥ (ʉʭʝʤʘ 2.1).  

 

 

 

 

 

 

 

ʉʭʝʤʘ 2.1 - ʇʨʦʪʦʥʠʨʦʚʘʥʠʝ ʘʥʠʣʠʥʘ ʠ ʠʤʠʥʦʛʨʫʧʧ ʇɸʅʀ. 

 

ʏʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʩʪʴ ʥʝʡʪʨʘʣʴʥʳʭ ʠ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʟʣʠʯʘʝʪʩʷ. ɼʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʝ ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʩʪʨʫʢʪʫʨʳ ʠʤʝʶʪ ʥʠʟʢʠʡ ʦʢʠʩʣʠʪʝʣʴʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʠ ʚʳʩʦʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʢʠʩʣʝʥʠʶ. ʅʝʡʪʨʘʣʴʥʘʷ, ʥʝʟʘʨʷʞʝʥʥʘʷ ʤʦʣʝʢʫʣʘ ʘʥʠʣʠʥʘ 

ʣʝʛʢʦ ʦʪʜʘʝʪ ʵʣʝʢʪʨʦʥ ʠ ʦʢʠʩʣʷʝʪʩʷ ʫʞʝ ʧʨʠ +0.3 ɺ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʥʘ ʘʪʦʤʝ 

ʘʟʦʪʘ ʧʦʷʚʣʷʝʪʩʷ ʠʟʙʳʪʦʯʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʦʢʠʩʣʝʥʠʝ. ʕʪʦ ʚʝʜʝʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʘʟʦʪʩʦʜʝʨʞʘʱʝʡ ʩʪʨʫʢʪʫʨʳ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ 

ʧʨʝʚʳʩʠʪʴ +1.0 ɺ [125].  

ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʧʦʤʥʠʪʴ, ʯʪʦ ʚ ʭʦʜʝ ʦʢʠʩʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚʳʜʝʣʝʥʠʝ ʧʨʦʪʦʥʦʚ, ʠ 

ʫʨʦʚʝʥʴ ʨʅ ʥʝʧʨʝʨʳʚʥʦ ʩʥʠʞʘʝʪʩʷ. ʉʢʦʨʦʩʪʴ ʜʨʝʡʬʘ ʨʅ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʧʨʠʯʠʥ: ʥʘʣʠʯʠʷ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ ʱʝʣʦʯʝʡ, ʢʠʩʣʦʪ ʠʣʠ ʙʫʬʝʨʥʳʭ ʘʛʝʥʪʦʚ, ʢʦʣʠʯʝʩʪʚʘ ʤʦʥʦʤʝʨʘ ʠ ʦʢʠʩʣʠʪʝʣʷ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʠ ʪ.ʜ. ʊʘʢ, ʚ ʚʦʜʝ ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʘʥʠʣʠʥʘ 0.4 ʄ, ʘ ʧʝʨʩʫʣʴʬʘʪʘ 0.8 ʄ ʚ ʭʦʜʝ ʢʦʥʚʝʨʩʠʠ ʤʦʥʦʤʝʨʘ ʚ ʧʦʣʠʤʝʨ, ʨʅ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʨʝʜʳ ʤʝʥʷʝʪʩʷ ʦʪ 9 ʜʦ 1, ʪ.ʝ. ʨʝʘʢʮʠʷ, ʥʘʯʘʚʰʘʷʩʷ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ, ʟʘʚʝʨʰʘʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ 

çʢʠʩʣʦʡè ʧʦʣʠʤʝʨʠʟʘʮʠʠ [126]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʘʥʠʣʠʥʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ 

ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ, ʛʜʝ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʥʝʧʨʝʨʳʚʥʦ ʤʝʥʷʶʪʩʷ. ɺʘʞʥʦ, ʧʨʠ ʢʘʢʠʭ 

ʟʥʘʯʝʥʠʷʭ ʨʅ ʦʥʘ ʥʘʯʘʣʘʩʴ, ʠ ʢʘʢʠʝ, ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʝ ʠʣʠ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʝ, 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʩʪʨʫʢʪʫʨʳ ʧʨʠʥʠʤʘʣʠ ʚ ʥʝʡ ʫʯʘʩʪʠʝ. ʆʜʥʘʢʦ ʥʝ ʤʝʥʝʝ ʚʘʞʥʦ, ʢʘʢ ʙʳʩʪʨʦ 
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ʧʨʦʠʩʭʦʜʠʪ ʜʨʝʡʬ ʨʅ, ʠ ʧʨʠ ʢʘʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʟʘʚʝʨʰʠʣʘʩʴ. ɼʦʩʪʘʪʦʯʥʦ 

ʯʘʩʪʦ ʚʨʝʤʝʥʥʘʷ ʨʅ-ʟʘʚʠʩʠʤʦʩʪʴ ʧʝʨʝʩʝʢʘʝʪ ʜʠʘʧʘʟʦʥʳ ʨʅ, ʧʨʠ ʢʦʪʦʨʳʭ ʜʦʤʠʥʠʨʫʶʪ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʩʪʨʫʢʪʫʨʳ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ. ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʧʝʨʝʭʦʜ 

ʠʟ ʦʜʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʨʅ ʚ ʜʨʫʛʦʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʚʦʡʩʪʚ ʧʨʦʜʫʢʪʦʚ, ʘ ʪʘʢʞʝ 

ʠʭ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʫʝʤ ʵʪʦ ʥʘ ʧʨʠʤʝʨʘʭ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʣʠʥʘ ʚ 

ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ [127, 128].  

 

2.2. ɺʣʠʷʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʘʥʠʣʠʥʘ ʩʠʣʴʥʳʤ ʦʢʠʩʣʠʪʝʣʝʤ 

 

ɺ ʨʘʟʜʝʣʝ ʧʨʠʚʝʜʝʥʳ ʜʚʝ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʢʠʥʝʪʠʢʫ ʦʢʠʩʣʝʥʠʷ 

ʘʥʠʣʠʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʨʅ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʩʠʥʪʝʟʘ ʧʨʦʚʦʜʠʣʩʷ ʤʦʥʠʪʦʨʠʥʛ ʨʅ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ, ʠ ʠʟʤʝʨʷʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʂʘʞʜʳʡ ʘʢʪ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʦʥʦʤʝʨʥʦʛʦ ʟʚʝʥʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʜʚʫʭ ʧʨʦʪʦʥʦʚ, ʠ ʠʟʤʝʥʝʥʠʝ ʨʅ 

ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʠʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʪʝʯʝʥʠʷ ʧʨʦʮʝʩʩʘ. ʆʢʠʩʣʝʥʠʝ ʘʥʠʣʠʥʘ ï 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠ ʢʫʨʩ ʨʝʘʢʮʠʠ ʣʝʛʢʦ ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʧʦ ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʢʠʩʣʠʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʢʦʥʢʨʝʪʥʦʛʦ ʵʪʘʧʘ ʩʠʥʪʝʟʘ ʠ ʜʦʧʦʣʥʷʝʪ ʨʝʟʫʣʴʪʘʪʳ ʨʅ-ʤʝʪʨʠʠ. ɼʣʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘʤʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʘ ʪʘʢʞʝ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʠʚʝʣʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʚʳʜʝʣʠʪʴ ʵʬʬʝʢʪ 

ʨʅ, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʩʠʣʴʥʳʡ ʦʢʠʩʣʠʪʝʣʴ Ƅ ʧʝʨʦʢʩʠʜʠʩʫʣʴʬʘʪ ʘʤʤʦʥʠʷ ʩ ʦʢʠʩʣʠʪʝʣʴʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ +2.01 ɺ, ʩʧʦʩʦʙʥʳʡ ʦʢʠʩʣʠʪʴ ʚʩʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ. ʈʝʘʢʮʠʷ 

ʧʨʦʭʦʜʠʣʘ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʦʥʘ ʥʘʯʠʥʘʣʘʩʴ ʦʜʥʦʤʦʤʝʥʪʥʳʤ ʩʤʝʰʝʥʠʝʤ ʨʘʩʪʚʦʨʦʚ 

ʨʝʘʛʝʥʪʦʚ ʠ ʜʘʣʝʝ ʰʣʘ ʙʝʟ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʢʠʥʝʪʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʘʤ 

ʩʫʤʤʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʦ ʩʚʦʡʩʪʚʘʭ ʠ ʤʦʨʬʦʣʦʛʠʠ ʧʨʦʜʫʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʇʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʚʳʜʝʣʷʣʠ ʬʠʣʴʪʨʦʚʘʥʠʝʤ, ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʘ 

ʟʘʪʝʤ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʘʤʠ ʢʦʥʜʫʢʪʦʤʝʪʨʠʠ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʛʝʣʴʧʨʦʥʠʢʘʶʱʝʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ [32, 118, 129-132]. 

 

2.2.1.  ʆʢʠʩʣʝʥʠʝ ʘʥʠʣʠʥʘ ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʨʅ 

 

 ɺ ʧʝʨʚʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʘʥʠʣʠʥʘ (0.2 ʄ) 

ʧʨʦʭʦʜʠʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ (0.25 ʄ), ʪ.ʝ. 

ʪʘʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʢʠʩʣʠʪʝʣʷ, ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʥʦʤʫ ʧʨʝʚʨʘʱʝʥʠʶ ʤʦʥʦʤʝʨʘ ʚ 

ʵʤʝʨʘʣʜʠʥʦʚʫʶ ʬʦʨʤʫ ʇɸʅʀ. ʇʦʣʠʤʝʨʠʟʘʮʠʷ ʥʘʯʠʥʘʣʘʩʴ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ: 1) ï 

ʚ 0.2 ʄ ʨʘʩʪʚʦʨʝ ʘʤʤʠʘʢʘ ʧʨʠ ʨʅ 10; 2) ï ʚ ʚʦʜʝ ʧʨʠ ʨʅ 6; 3) ï ʚ 0.4 ʄ ʨʘʩʪʚʦʨʝ ʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ ʧʨʠ ʨʅ 4.5 ʠ 4) ï ʚ 0.1 ʄ ʨʘʩʪʚʦʨʝ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʨʅ 2. ɼʘʥʥʳʝ ʤʦʥʠʪʦʨʠʥʛʘ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʅ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʘʭ 2.1 ʠ 2.2. 
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ʈʠʩʫʥʦʢ 2.1- ʨʅ ʘ) ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʙ) ʟʘʚʠʩʠʤʦʩʪʠ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ (0.2 ʄ) ʦʪ ʚʨʝʤʝʥʠ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʧʝʨʦʢʩʠʜʠʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ (0.25 ʄ) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʯʘʣʴʥʳʭ ʨʅ: 1 - 0.2 ʄ 

ʘʤʤʠʘʢ, 2 ï ʚʦʜʘ, 3 ï 0.4 ʄ ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ, 4 ï 0.1 ʄ ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ. 

 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʠ ʨʅ ʟʘʚʠʩʠʤʦʩʪʠ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʟʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ 

ʩʠʥʭʨʦʥʥʦ. ɺʨʝʤʝʥʥʳʝ ʜʠʘʧʘʟʦʥʳ ʩʥʠʞʝʥʠʷ ʨʅ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʪʘʜʠʷʤ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ. ɹʦʣʝʝ 

ʨʝʟʢʠʡ ʧʦʜʲʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤʫ ʩʥʠʞʝʥʠʶ ʨʅ. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ ʩʚʷʟʘʥʳ ʩ ʧʨʦʮʝʩʩʘʤʠ ʦʢʠʩʣʝʥʠʷ ʤʦʥʦʤʝʨʘ ʠ 

ʚʳʜʝʣʝʥʠʝʤ ʧʨʦʪʦʥʦʚ. 

ʆʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʣʝʜʫʶʱʠʝ: 

¶ ʉʢʦʨʦʩʪʴ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʪʝʤ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʨʅ 

ʥʘʯʘʣʘʩʴ ʨʝʘʢʮʠʷ. ʕʪʦ ʚʠʜʥʦ ʧʦ ʥʘʢʣʦʥʫ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʨʅ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ. 

ʉ ʧʦʚʳʰʝʥʠʝʤ ʢʠʩʣʦʪʥʦʩʪʠ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʵʪʘʧʘ ʟʘʤʝʜʣʷʝʪʩʷ. ɺ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʝ ʧʨʠ ʨʅ 2 ʦʥʘ ʙʣʠʟʢʘ ʢ ʥʫʣʶ, ʵʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çʠʥʜʫʢʮʠʦʥʥʳʡ ʧʝʨʠʦʜè 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ.  

¶ ʨʅ-ʟʘʚʠʩʠʤʦʩʪʠ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʝ ʧʝʨʝʩʝʢʘʶʱʠʝ ʨʅ 2.5, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʦʜʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʦʣʥʦʡ ʦʢʠʩʣʝʥʠʷ. ʕʪʦ ʦʢʠʩʣʝʥʠʝ ʚ ʘʤʤʠʘʢʝ, ʥʘʯʘʚʰʝʝʩʷ ʧʨʠ ʨʅ 10 ʠ 

ʟʘʚʝʨʰʠʚʰʝʝʩʷ ʧʨʠ ʨʅ >3.6, ʘ ʪʘʢʞʝ ʨʝʘʢʮʠʷ ʚ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ, ʠʜʫʱʘʷ ʚ ʜʠʘʧʘʟʦʥʝ ʨʅ < 2.5.  

¶ ʆʢʠʩʣʝʥʠʝ, ʨʅ-ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʪʦʨʦʛʦ ʧʝʨʝʩʝʢʘʝʪ ʨʅ 2.5, ʠʤʝʝʪ ʜʚʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʚʦʣʥʳ. ʕʪʦ ʨʝʘʢʮʠʠ ʚ ʚʦʜʝ ʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ, ʥʘʯʘʚʰʠʝʩʷ ʧʨʠ ʨʅ 6 ʠ 4.5, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ 

ʟʘʚʝʨʰʠʚʰʠʝʩʷ ʧʨʠ ʨʅ 1. 

¶ ʇʝʨʚʘʷ ʚʦʣʥʘ ʦʢʠʩʣʝʥʠʷ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ ʨʅ > 3.6 ʠ ʧʦ ʭʘʨʘʢʪʝʨʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʦʥʦʪʦʥʥʦʤʫ ʧʨʦʮʝʩʩʫ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʚ ʘʤʤʠʘʢʝ. ɼʠʘʧʘʟʦʥ 2.5 < ʨʅ < 3.6 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʘ 

0 10 20 30 40 50 60

20

25

30

35

40

4

3

2

1

 

 

ʊ
ʝ
ʤ
ʧ
ʝ
ʨ
ʘ
ʪ
ʫ
ʨ
ʘ
,
 

o C

ɺʨʝʤʷ, ʤʠʥ



51 

 

 

 

0 20 40 60 80 100

1

2

3

4

[Ox]/[An]

 pH

ɺʨʝʤʷ, ʤʠʥ

[Ox]/[An]

1.25
1.0

0,75

0,5

0,25

0,1

20

30

40
 

 

 

ʊ
ʝ
ʤ
ʧ
ʝ
ʨ
ʘ
ʪ
ʫ
ʨ
ʘ
,
 

0 ʉ

1,25

1,0 0,75

0,5

0,25

0,1

ʨʝʟʢʠʤ ʟʘʤʝʜʣʝʥʠʝʤ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʜʥʘʢʦ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʨʅ 2.5 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʨʘʟʚʠʚʘʝʪʩʷ ʩ ʥʦʚʦʡ ʩʠʣʦʡ, ʠ ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ 

ʟʘʚʝʨʰʘʝʪʩʷ ʚʪʦʨʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʦʣʥʦʡ. ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʨʅ ʥʘ ʚʪʦʨʦʡ ʚʦʣʥʝ ʦʢʠʩʣʝʥʠʷ 

ʠʜʝʥʪʠʯʝʥ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ.  

¶ ʉʢʦʨʦʩʪʴ ʩʥʠʞʝʥʠʷ ʨʅ ʚ ʚʦʜʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ, ʧʦʩʢʦʣʴʢʫ 

ʩʣʘʙʘʷ ʦʨʛʘʥʠʯʝʩʢʘʷ ʢʠʩʣʦʪʘ ʩʣʫʞʠʪ ʙʫʬʝʨʦʤ ʠ ʩʚʷʟʳʚʘʝʪ ʚʳʩʚʦʙʦʞʜʘʶʱʠʝʩʷ ʧʨʠ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʨʦʪʦʥʳ. 

 

2.2.2. ʆʢʠʩʣʝʥʠʝ ʘʥʠʣʠʥʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʤʦʥʦʤʝʨ/ʦʢʠʩʣʠʪʝʣʴ 

 

ɺʦ ʚʪʦʨʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʢʠʩʣʝʥʠʝ ʘʥʠʣʠʥʘ (0.2 ʄ) ʧʨʦʚʦʜʠʣʦʩʴ ʚ 0.4 ʄ 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ, ʦʜʥʘʢʦ ʤʦʣʷʨʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ [ʆʭ]/[An] ʙʳʣʠ ʨʘʟʥʳʤʠ. ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʧʝʨʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ ʤʝʥʷʣʘʩʴ ʦʪ 0.25 ʄ, ʪ.ʝ. ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʥʠʣʠʥʫ, 

ʜʦ 0.025 ʄ, ʪ.ʝ. 1/10 ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʠ. ʇʨʠ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʢʠʩʣʠʪʝʣʷ ʤʦʥʦʤʝʨ 

ʦʢʠʩʣʷʣʩʷ ʥʝ ʧʦʣʥʦʩʪʴʶ. ɺʦ ʚʩʝʭ ʦʧʳʪʘʭ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʥʘʯʠʥʘʣʘʩʴ ʧʨʠ ʨʅ 4.5 ʠ ʰʣʘ ʜʦ 

ʧʦʣʥʦʛʦ ʠʩʯʝʨʧʘʥʠʷ ʦʢʠʩʣʠʪʝʣʷ. ʅʘ ʈʠʩʫʥʢʝ 2.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʨʝʤʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠ ʨʅ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩʝʨʠʠ. ɺʠʜʥʦ, ʯʪʦ ʯʝʤ ʚʳʰʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʢʠʩʣʠʪʝʣʷ, ʪʝʤ ʜʦ ʙʦʣʝʝ ʥʠʟʢʠʭ 

ʟʥʘʯʝʥʠʡ ʦʧʫʩʢʘʝʪʩʷ ʨʅ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʥʚʝʨʩʠʝʡ ʤʦʥʦʤʝʨʘ ʚ ʧʦʣʠʤʝʨ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʳʩʚʦʙʦʞʜʘʝʤʳʭ ʧʨʦʪʦʥʦʚ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.2 - ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʠ ʨʅ ʟʘʚʠʩʠʤʦʩʪʠ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ (0.2 ʄ) ʦʪ ʚʨʝʤʝʥʠ ʚ 0.4 ʄ 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʢʦʣʠʯʝʩʪʚ ʧʝʨʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ. ʆʪʥʦʰʝʥʠʝ 

ʤʦʣʷʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʢʠʩʣʠʪʝʣʷ ʠ ʘʥʠʣʠʥʘ ʫʢʘʟʘʥʦ ʮʠʬʨʘʤʠ.  
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ɺʦ ʚʪʦʨʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʪʝ ʞʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʯʪʦ ʠ ʚ ʧʝʨʚʦʡ 

ʩʝʨʠʠ. ʆʢʠʩʣʝʥʠʝ ʧʨʠ ʥʠʟʢʠʭ ʩʦʦʪʥʦʰʝʥʠʷʭ [ʆʭ]/[An] = 0.1; 0.25; 0.5 ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʜʨʝʡʬʫ 

ʢʠʩʣʦʪʥʦʩʪʠ ʥʠʞʝ ʪʦʯʢʠ ʨʅ 2.5. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʨʅ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʚ 

ʘʤʤʠʘʢʝ, ʨʝʘʢʮʠʷ ʧʨʦʭʦʜʠʪ ʤʦʥʦʪʦʥʥʦ, ʠ ʠʤʝʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʚʦʣʥʘ. ɼʣʷ 

ʨʝʘʢʮʠʡ, ʠʜʫʱʠʭ ʧʨʠ ʚʳʩʦʢʠʭ ʩʦʦʪʥʦʰʝʥʠʷʭ [ʆʭ]/[An] = 1.25; 1.0; 0.75 ʢʠʩʣʦʪʥʦʩʪʴ ʦʧʫʩʢʘʝʪʩʷ 

ʥʠʞʝ ʟʥʘʯʝʥʠʷ ʨʅ 2.0. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʮʝʩʩ ʠʤʝʝʪ ʜʚʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʚʦʣʥʳ ʦʢʠʩʣʝʥʠʷ. ʂʘʢ ʠ 

ʚ ʧʝʨʚʦʡ ʩʝʨʠʠ, ʚ ʜʠʘʧʘʟʦʥʝ 2.5 < ʨʅ < 3.6 ʨʝʘʢʮʠʷ ʠʜʝʪ ʯʨʝʟʚʳʯʘʡʥʦ ʤʝʜʣʝʥʥʦ. ɺʪʦʨʘʷ 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʘʷ ʚʦʣʥʘ ʥʘʯʠʥʘʝʪʩʷ, ʢʦʛʜʘ ʨʅ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ 2.5.  

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʢʘʢʦʡ ʧʘʨʘʤʝʪʨ ʨʝʘʢʮʠʠ ʤʳ 

ʤʝʥʷʝʤ: ʧʨʠʨʦʜʫ ʨʅ-ʘʢʪʠʚʥʦʡ ʜʦʙʘʚʢʠ (ʘʤʤʠʘʢ, ʢʠʩʣʦʪʳ), ʠʣʠ ʩʦʦʪʥʦʰʝʥʠʝ [ʆʭ]/[An], ʧʨʦʮʝʩʩ 

ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʳʡ ʭʘʨʘʢʪʝʨ, ʝʩʣʠ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʦʙʣʘʩʪʠ ʨʅ. ʉʫʜʷ ʧʦ ʨʝʟʢʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʚʨʝʤʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʠ ʨʅ-ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʢʠʩʣʝʥʠʷ, ʚ ʪʦʯʢʝ ʨʅ 2.5, ʚ ʦʙʣʘʩʪʷʭ 

ʨʅ ʚʳʰʝ ʠ ʥʠʞʝ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ ʨʝʘʣʠʟʫʶʪʩʷ ʨʘʟʥʳʝ ʤʝʭʘʥʠʟʤʳ ʩʠʥʪʝʟʘ. 

 

2.3. ʉʚʦʡʩʪʚʘ ʠ ʤʦʨʬʦʣʦʛʠʷ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ 

 

ɺ ʧʝʨʚʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʠʥʪʝʟ ʥʘʯʠʥʘʣʩʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʨʅ ʠ ʰʝʣ ʜʦ 

100% ʢʦʥʚʝʨʩʠʠ ʤʦʥʦʤʝʨʘ ʚ ʧʦʣʠʤʝʨ (ʊʘʙʣʠʮʘ 2.1). ʇʨʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʘʤʤʠʘʢʝ, 

ʥʘʯʘʚʰʝʡʩʷ ʧʨʠ ʨʅ 10 ʠ ʟʘʚʝʨʰʠʚʰʝʡʩʷ ʧʨʠ ʨʅ ʚʳʰʝ 3, ʧʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʦʣʠʛʦʤʝʨʳ ʘʥʠʣʠʥʘ ʩʦ ʩʨʝʜʥʝʚʝʩʦʚʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ Mw=4ʭ103 ʠ 

ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʴʶ Mw/Mn=1.3. ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʚ ʧʦʣʥʦʩʪʴʶ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 10ï10 ʉʠʤʝʥʩ ʩʤï1. ɺ ʩʧʝʢʪʨʝ ʦʣʠʛʦʤʝʨʦʚ (ʈʠʩʫʥʦʢ 2.3) ʦʪʩʫʪʩʪʚʫʝʪ 

ʧʦʣʦʩʘ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʧʦʣʷʨʦʥʘ, ʪʠʧʠʯʥʘʷ ʜʣʷ ʵʤʝʨʘʣʜʠʥʦʚʦʡ ʬʦʨʤʳ ʧʦʣʠʤʝʨʘ, ʦʙʣʘʜʘʶʱʝʡ 

ʩʠʩʪʝʤʦʡ ʧʦʣʠʩʦʧʨʷʞʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʜʦʤʠʥʠʨʫʶʱʝʡ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʤʠʢʨʦʩʬʝʨ. ʆʣʠʛʦʤʝʨʳ ʦʙʨʘʟʫʶʪ ʩʬʝʨʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ 

ʜʠʘʤʝʪʨʦʤ ʦʪ 500 ʥʤ ʜʦ ʜʚʫʭ ʤʠʢʨʦʥ (ʈʠʩʫʥʦʢ 2.4 ʘ). 

ʇʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʚ ʜʠʘʧʘʟʦʥʝ 

2.2 > ʨʅ > 1, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʣʠʤʝʨ ʩ Mw ʦʢʦʣʦ 40ʭ103 ʠ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʴʶ Mw/Mn = 

13.1. ʄʘʪʝʨʠʘʣ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʪʘʥʜʘʨʪʥʦʡ ʜʣʷ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʵʤʝʨʘʣʜʠʥʘ ʧʦʣʦʩʦʡ 

ʧʦʛʣʦʱʝʥʠʷ 618 ʥʤ (Pʠʩʫʥʦʢ 2.3) ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʵʤʝʨʘʣʜʠʥʦʚʦʡ 

ʬʦʨʤʳ 3.7 ʉʠʤʝʥʩ ʩʤï1. ʇʦʣʠʤʝʨ ʠʤʝʝʪ ʪʠʧʠʯʥʫʶ ʜʣʷ ʇɸʅʀ ʛʨʘʥʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ 

ʨʘʟʤʝʨʦʤ ʛʨʘʥʫʣ ʦʪ 100 ʜʦ 200 ʥʤ (ʈʠʩʫʥʦʢ 2.4 ʙ). 

ʇʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʠ ʚʦʜʝ ʠʤʝʶʪ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʝʞʜʫ ʪʝʤʠ, ʯʪʦ ʧʨʠʩʫʱʠ ʦʣʠʛʦʤʝʨʘʤ ʘʥʠʣʠʥʘ ʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʤʫ ʇɸʅʀ. ʄʦʣʝʢʫʣʷʨʥʳʝ 

ʤʘʩʩʳ ʧʨʦʜʫʢʪʦʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʠʞʝ ʠ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ ʰʠʨʦʢʦʡ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʴʶ; 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʩʥʠʞʝʥʘ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ; ʘ ʧʦʣʦʩʘ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʧʦʣʷʨʦʥʘ ʤʝʥʝʝ 

ʠʥʪʝʥʩʠʚʥʘ ʠ ʩʜʚʠʥʫʪʘ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ. ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʦʙ 

ʫʰʠʨʝʥʠʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, 

ʯʪʦ ʇɸʅʀ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʜʠʘʧʘʟʦʥʝ 6 > ʨʅ > 1, ʷʚʣʷʝʪʩʷ ʩʤʝʩʴʶ ʦʣʠʛʦʤʝʨʦʚ ʠ 

ʧʦʣʠʤʝʨʘ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʦʙʨʘʟʮʳ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʬʨʘʢʮʠʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʠʩʣʳʤʠ 



53 

 

 

 

400 600 800

0,2

0,4

0,6

3 

2

1

324 nm

336 nm

618 nm

602 nm

 

 

ɸ
ʙ
ʩ
ʦ
ʨ
ʙ
ʮ
ʠ
ʷ

ɼʣʠʥʘ ʚʦʣʥʳ, ʥʤ

ʚʦʜʥʳʤʠ ʩʨʝʜʘʤʠ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ. ɺʳʜʝʣʷʝʪʩʷ ʥʝʨʘʩʪʚʦʨʠʤʘʷ ʬʨʘʢʮʠʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʛʦ ʵʤʝʨʘʣʜʠʥʘ ʠ ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʵʪʘʥʦʣʝ ʠ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʝ ʬʨʘʢʮʠʠ 

ʥʝʧʨʦʚʦʜʷʱʠʭ ʦʣʠʛʦʤʝʨʦʚ [130]. 

 

 

ʈʠcʫʥʦʢ 2.3 - ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ (0.2 ʄ) 

ʧʝʨʦʢʩʠʜʠʩʫʣʴʬʘʪʦʤ ʘʤʤʦʥʠʷ (0.25 ʄ) ʚ 

ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ: 1ï ʚ 0.2 

ʄ ʘʤʤʠʘʢʝ, 2 ï 0.4 ʄ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ, 3 

ï 0.1 ʄ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ. ʇʨʦʜʫʢʪʳ 

ʦʢʠʩʣʝʥʠʷ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʳ ʠ 

ʧʝʨʝʚʝʜʝʥʳ ʚ ʨʘʩʪʚʦʨ N-

ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥʘ.   

 

 

ʊʘʙʣʠʮʘ 2.1- ʉʚʦʡʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ (0.2 ʄ) ʧʝʨʩʫʣʴʬʘʪʦʤ ʘʤʤʦʥʠʷ (0.2 ʄ) ʚ 

ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ. 

 

ʉʚʦʡʩʪʚʘ 

0.2ʄ 

ʛʠʜʨʦʢʩʠʜ 

ʘʤʤʦʥʠʷ 

ɺʦʜʘ 

0.4ʄ 

ʫʢʩʫʩʥʘʷ 

ʢʠʩʣʦʪʘ 

0.1ʄ 

ʩʝʨʥʘʷ 

ʢʠʩʣʦʪʘ 

Hʘʯʘʣʴʥʦʝ ʨʅ  9.5 5.7 4.5 2.4 

ʂʦʥʝʯʥʦʝ ʨʅ  3.0 1.1 1.1 1.0 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ (ʉʠʤʝʥʩ ʩʤ-1) 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ <10-10 0.055 0.036 3.7 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ - 6.0Ĭ10-8 7.9 Ĭ10-9 1.1Ĭ10-9 

ʇʣʦʪʥʦʩʪʴ (ʛ ʩʤī3)     

ʧʨʦʪʦʥʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ - 1.35 1.388 1.402 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʄw (ɻʇʍ) 4.090 - 32200 39400 

ʇʦʣʠʜʠʩʧʝʨʩʥʦʩʪʴ Mw/Mn (ɻʇʍ) 1.3 - 19.0 13.1 

ʄʦʨʬʦʣʦʛʠʷ ʄʠʢʨʦʩʬʝʨʳ ɼʦʩʢʠ 

ʅʘʥʦʪʨʫʙʳ 

ʅʘʥʦʪʨʫʙʳ ʅʘʥʦʪʨʫʙʳ 

ɻʨʘʥʫʣʳ 

ʄw , Mw/Mn ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ʵʢʩʢʣʶʟʠʦʥʥʦʡ ʭʨʦʛʤʘʪʦʛʨʘʬʠʠ ʩ ʧʦʣʠʩʪʠʨʦʣʴʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ (ʨʘʩʪʚʦʨʠʪʝʣʴ ï N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥ) 

 

ɺʦ ʚʪʦʨʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ï ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʣʠʥʘ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʧʨʠ 

ʨʘʟʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ [ʆʭ]/[An] (ʊʘʙʣʠʮʘ 2.2) ï ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʧʝʨʚʦʡ ʩʝʨʠʠ 

ʧʦʚʪʦʨʷʶʪʩʷ. ɽʩʣʠ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʟʘʚʝʨʰʘʝʪʩʷ ʧʨʠ ʨʅ > 2.5 ([ʆʭ]/[An] = 0.1; 0.25; 0.5) 

ʦʙʨʘʟʫʶʪʩʷ ʥʝʧʨʦʚʦʜʷʱʠʝ ʦʣʠʛʦʤʝʨʳ ʘʥʠʣʠʥʘ, ʚ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʝʪ ʩʠʩʪʝʤʘ 

ʧʦʣʠʩʦʧʨʷʞʝʥʠʷ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʦ ʟʘʚʝʨʰʝʥʠʠ ʩʠʥʪʝʟʘ ʨʅ ʦʧʫʩʢʘʝʪʩʷ ʥʠʞʝ ʪʦʯʢʠ 2.5, ʥʘʨʷʜʫ 
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ʩ ʦʣʠʛʦʤʝʨʘʤʠ, ʧʨʦʜʫʪʳ ʧʦʧʦʣʥʷʶʪʩʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʤ ʇɸʅʀ, ʠ ʫʨʦʚʝʥʴ ʧʦʣʠʩʦʧʨʷʞʝʥʠʷ 

ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʥʠʭ ʨʘʩʪʝʪ.  

ʆʩʦʙʝʥʥʦʩʪʴʶ ʤʦʨʬʦʣʦʛʠʠ ʇɸʅʀ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʜʠʘʧʘʟʦʥʝ 4.5 > ʨʅ > 1, 

ʛʜʝ ʨʝʘʣʠʟʫʶʪʩʷ ʜʚʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʚʦʣʥʳ, ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʦʜʥʦʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ 

ʥʘʥʦʪʨʫʙ ʠ ʥʘʥʦʚʦʣʦʢʦʥ. ʆʜʥʦʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʥʘʯʠʥʘʶʪ ʧʦʷʚʣʷʪʴʩʷ ʚ ʧʨʦʜʫʢʪʘʭ ʩʠʥʪʝʟʘ, 

ʢʦʛʜʘ ʨʅ ʥʘʭʦʜʠʪʩʷ ʚʙʣʠʟʠ ʟʥʘʯʝʥʠʷ 2.5. ʇʦʷʚʣʝʥʠʝ ʥʘʥʦʚʦʣʦʢʦʥ ʠ ʥʘʥʦʪʨʫʙ ʩʦʧʫʪʩʪʚʫʝʪ 

ʧʝʨʝʭʦʜʫ ʦʪ ʦʣʠʛʦʤʝʨʥʳʭ ʧʨʦʜʫʢʪʦʚ ʢ ʧʦʣʠʤʝʨʫ. ʇʨʠ ʜʨʝʡʬʝ ʨʅ ʚ ʢʠʩʣʫʶ ʦʙʣʘʩʪʴ, 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʣʠʥʘ ʪʨʫʙʯʘʪʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʧʦʚʳʰʘʝʪʩʷ ʜʦʣʷ ʦʜʥʦʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ. ɼʣʷ 

ʇɸʅʀ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʚ ʜʠʘʧʘʟʦʥʝ 4.5 > ʨʅ > 1, ʤʦʨʬʦʣʦʛʠʷ ʦʜʥʦʤʝʨʥʳʭ 

ʩʪʨʫʢʪʫʨ ʧʨʝʦʙʣʘʜʘʝʪ (ʈʠʩʫʥʦʢ 2.5ʘ). ʆʜʥʘʢʦ ʜʘʣʴʥʝʡʰʝʝ ʩʥʠʞʝʥʠʝ ʨʅ ʚʝʜʝʪ ʢ ʥʘʨʘʩʪʘʥʠʶ 

ʜʦʣʠ ʛʨʘʥʫʣʷʨʥʦʛʦ ʦʩʘʜʢʘ. ʇɸʅʀ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʚ ʚʦʜʝ, ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʚʦʣʦʢʥʘ ʠ ʪʨʫʙʳ ʩ 

ʥʘʨʫʞʥʳʤ ʜʠʘʤʝʪʨʦʤ 150-200 ʥʤ. ʅʘʨʷʜʫ ʩ ʪʨʫʙʘʤʠ ʦʩʘʜʦʢ ʇɸʅʀ ʩʦʩʪʦʠʪ ʠʟ çʜʦʩʦʢè 

(ʈʠʩʫʥʦʢ 2.5ʙ) ʠ ʛʨʘʥʫʣ ʨʘʟʤʝʨʦʤ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʥʘʥʦʤʝʪʨʦʚ. 

 

ʊʘʙʣʠʮʘ 2.2 - ʉʚʦʡʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ (0.2 ʄ) ʨʘʟʣʠʯʥʳʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ 

ʧʝʨʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ ʚ 0.4 ʄ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ (ʨʅ 4.5), ʧʨʦʪʦʥʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ ʇɸʅʀ.  

[Ox]/[An] 0.25 0.5 0.75 1.0 1.25 

ʂʦʥʝʯʥʦʝ ʨʅ 4.0 3.3 2.5 1.2 1.1 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ 

(ʉʠʤʝʥʩ ʩʤī1)  
<10-10 2.4Ĭ10-10 - 0.036 0.095 

ʇʣʦʪʥʦʩʪʴ (ʛ ʩʤī3) - 1.307 - 1.338 1.465 

ʄʦʣʝʢʫʣʷʨʥʘʷʤʘʩʩʘ ʄw (ɻʇʍ) 3600 2100 23600 17600 44600 

ʇʦʣʠʜʠʩʧʝʨʩʥʦʩʪʴ Mw/Mn 3.8 16.4 11.1 9.4 10.6 

ʄʦʨʬʦʣʦʛʠʷ ɸʤʦʨʬʥʘʷ ɼʚʫʤʝʨʥʘʷ 
ɺʢʣʶʯʝʥʠʷ 

ʥʘʥʦʪʨʫʙ 
ʅʘʥʦʪʨʫʙʳ 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.4 - ʇʨʦʜʫʢʪ rʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ (0.2 ʄ) ʧʝʨʩʫʣʴʬʘʪʦʤ ʘʤʤʦʥʠʷ (0.25 ʄ) ʚ 0.2 ʄ 

ʘʤʤʠʘʢʝ ʘ) ʠ ʚ 0.2 ʄ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ ʙ). (ʉʕʄ). 

ʘ ʙ 
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ʈʠʩʫʥʦʢ 2.5 - ʇʨʦʜʫʢʪ r ʦʢʠʩʣʝʥʠʷ 0.2 ʄ ʘʥʠʣʠʥʘ 0.2 ʄ ʧʝʨʩʫʣʴʬʘʪʘ ʚ 0.4 ʄ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ 

ʘ), ʠ ʚ ʚʦʜʝ ʙ). (ʉʕʄ) 

  

ʈʠʩʫʥʦʢ 2.6 - ʇʨʦʜʫʢʪ rʧʦʣʫʯʝʥʳ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʘʥʠʣʠʥʘ (0.2 ʄ) ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʢʘ 

ʧʝʨʩʫʣʴʬʘʪʘ (0.05ʄ). ʇʦʣʥʘʷ ʢʦʥʚʝʨʩʠʷ ʧʨʠ ʨʅ ~3.5 ʘ) ʠ ʧʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ (0.2ʄ) 

ʧʝʨʩʫʣʴʬʘʪʦʤ (0.25ʄ), ʚʳʜʝʣʝʥʥʳʝ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʪʘʜʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʨʠ ʨʅ ~ 3.5 ʙ). 

(ʉʕʄ). 

 

ʈʝʟʫʣʴʪʘʪʳ ʜʚʫʭ ʩʝʨʠʡ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʢʠʥʝʪʠʢʠ 

ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʨʅ, ʩʦʚʧʘʜʘʶʱʠʭ ʩ ʢʦʥʩʪʘʥʪʘʤʠ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ  ʨʝʘʛʝʥʪʦʚ. ʇʝʨʚʘʷ ʚʦʣʥʘ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʥʘʙʣʶʜʘʝʩʷ ʧʨʠ ʨʅ > 3.6, ʛʜʝ ʠ 

ʤʦʥʦʤʝʨ, ʠ ʨʘʩʪʫʱʘʷ ʧʦʣʠʤʝʨʥʘʷ ʮʝʧʴ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʳ. ʇʝʨʠʦʜ ʤʝʜʣʝʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ 3.6 > 

ʨʅ > 2.5 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʘʧʘʟʦʥʫ, ʛʜʝ ʤʦʥʦʤʝʨ ʧʨʦʪʦʥʠʨʦʚʘʥ, ʘ ʧʦʣʠʤʝʨʥʘʷ ʮʝʧʴ ʝʱʝ 

ʥʘʭʦʜʠʪʩʷ ʚ ʜʝʧʨʦʪʥʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺʪʦʨʘʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʜʠʷ ʦʢʠʩʣʝʥʠʷ 

ʥʘʯʠʥʘʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʨʅ < 2.5, ʛʜʝ ʧʨʦʪʦʥʠʨʫʶʪʩʷ ʠʤʠʥʦʛʨʫʧʧʳ ʇɸʅʀ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠ 

ʤʦʥʦʤʝʨ, ʠ ʨʘʩʪʫʱʘʷ ʮʝʧʴ ʧʨʦʪʦʥʠʨʦʚʘʥʳ. ʇʝʨʝʭʦʜ ʠʟ ʦʜʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʨʅ ʚ ʜʨʫʛʦʡ ʧʨʠʚʦʜʠʪ 

ʢ ʠʟʤʝʥʝʥʠʶ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʮʝʧʝʡ ʠ ʩʚʦʡʩʪʚ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʢ 

ʘ ʙ 

ʘ ʙ 
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ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʇɸʅʀ. ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʨʅ < 2.5 

ʦʙʨʘʟʫʝʪʩʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʧʦʣʠʘʥʠʣʠʥ ʩ ʨʘʟʚʠʪʦʡ ʩʠʩʪʝʤʦʡ ʧʦʣʠʩʦʧʨʷʞʝʥʠʷ ʠ ʚʳʩʦʢʠʤ 

ʫʨʦʚʥʝʤ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, ʚ ʜʠʘʧʘʟʦʥʝ ʩ ʤʝʥʴʰʝʡ ʢʠʩʣʦʪʥʦʩʪʴʶ 

ʬʦʨʤʠʨʫʶʪʩʷ ʦʣʠʛʦʤʝʨʳ ʇɸʅʀ. ʆʣʠʛʦʤʝʨʳ ʠʤʝʶʪ ʥʠʟʢʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠ, ʩʫʜʷ ʧʦ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʚ ʥʠʭ ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʣʠʩʦʧʨʷʞʝʥʠʝ. ɽʩʣʠ  ʨʝʘʢʮʠ ̫ʟʘʭʚʘʪʳʚʘʝʪ 

ʦʙʘ ʜʠʘʧʘʟʦʥʘ ʨʅ, ʪʦ ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʩʴ ʦʣʠʛʦʤʝʨʥʳʭ ʠ ʧʦʣʠʤʝʨʥʳʭ ʧʨʦʜʫʢʪʦʚ. ɺ ʨʘʟʥʳʭ 

ʜʠʘʧʘʟʦʥʘʭ ʨʅ ʤʦʨʬʦʣʦʛʠʷ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ ʪʦʞʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʘʷ. ʆʜʥʘʢʦ ʧʨʷʤʘʷ 

ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʠ ʪʠʧʦʤ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʦʪʩʫʪʩʪʚʫʝʪ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʦʣʠʛʦʤʝʨʳ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ 

ʤʠʢʨʦʩʬʝʨʳ ʣʠʙʦ ʜʚʫʤʝʨʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʇɸʅʀ ʤʦʞʝʪ ʠʤʝʪʴ 

ʦʜʥʦʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʥʘʥʦʚʦʣʦʢʦʥ ʠ ʥʘʥʦʪʨʫʙ, ʣʠʙʦ ʪʨʝʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʛʨʘʥʫʣ. 

 

2.4. ʂʠʩʣʦʪʥʦʩʪʴ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʢʘʢ ʚʘʞʥʝʡʰʠʡ ʬʘʢʪʦʨ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ 

 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʥʘʢʦʧʣʝʥʦ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʣʠʷʥʠʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʠʥʪʝʟʘ ʥʘ ʩʚʦʡʩʪʚʘ ʠ ʤʦʨʬʦʣʦʛʠʶ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ. ʉʫʱʝʩʪʚʫʝʪ 

ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʦʥʦʤʝʨʘ, ʦʢʠʩʣʠʪʝʣʷ 

ʠ ʠʭ ʩʦʦʪʥʦʰʝʥʠʷ, ʧʨʠʨʦʜ r ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʪʦʥʠʨʫʶʱʠʭ ʇɸʅʀ ʢʠʩʣʦʪ, ʣʠʙʦ ʜʨʫʛʠʭ 

ʜʦʙʘʚʦʢ, ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʫʨʩ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʩʚʦʡʩʪʚʘ ʠ ʤʦʨʬʦʣʦʛʠʶ 

ʧʨʦʜʫʢʪʦʚ [133-135]. ʆʜʥʘʢʦ ʘʚʪʦʨʳ ʥʝ ʫʯʠʪʳʚʘʶʪ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʥʝ ʚʩʝʛʜʘ 

ʧʨʷʤʦʝ, ʯʘʩʪʦ ʦʥʦ ʦʧʦʩʨʝʜʦʚʘʥʦ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʠʟʤʝʥʝʥʠʝ ʨʅ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ. 

ʇʨʠʤʝʨʦʚ ʩʢʨʳʪʦʛʦ ʚʣʠʷʥʠʷ ʨʅ, ʟʘʤʘʩʢʠʨʦʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʝʤ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʤʥʦʞʝʩʪʚʦ. ʊʘʢ 

ʘʥʠʣʠʥ ʠ ʝʛʦ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʠ 

ʧʦʚʳʰʘʶʪ ʨʅ. ʈʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʥʦʤʝʨʘ ʵʢʚʠʚʘʣʝʥʪʝʥ ʧʦʜʱʝʣʘʯʠʚʘʥʠʶ ʨʘʩʪʚʦʨʘ. ɼʦʙʘʚʢʠ 

ʢʠʩʣʦʪ ʠ ʢʠʩʣʳʭ ʩʦʣʝʡ ʩʥʠʞʘʶʪ ʨʅ. ʆʯʝʥʴ ʚʘʞʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ [ʤʦʥʦʤʝʨ]/[ʢʠʩʣʦʪʘ], ʘ ʪʘʢʞʝ ʧʨʠʨʦʜʘ ʠʩʧʦʣʴʟʫʝʤʦʡ ʢʠʩʣʦʪʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʝ 

ʩʠʣʳ ʠ ʙʫʬʝʨʥʳʭ ʩʚʦʡʩʪʚ. ʉʣʘʙʳʝ ʢʠʩʣʦʪʳ ʩʦʟʜʘʶʪ ʙʫʬʝʨʥʳʡ ʵʬʬʝʢʪ ʠ ʪʦʨʤʦʟʷʪ ʠʟʤʝʥʝʥʠʝ 

ʨʅ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ. ʀʟʤʝʥʷʪʴ ʢʘʨʪʠʥʫ ʨʅ-ʢʫʨʩʘ ʨʝʘʢʮʠʠ ʤʦʛʫʪ ʠ ʩʦʚʩʝʤ, ʢʘʟʘʣʦʩʴ ʙʳ, ʨʅ-

ʥʝʟʘʚʠʩʠʤʳʝ ʜʝʡʩʪʚʠʷ. ʊʘʢ ʠʟʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ [ʦʢʠʩʣʠʪʝʣʴ]/[ʤʦʥʦʤʝʨ] 

ʚʣʠʷʝʪ ʥʘ ʬʘʢʪʦʨ ʨʅ, ʨʝʛʫʣʠʨʫʷ ʛʣʫʙʠʥʫ ʢʦʥʚʝʨʩʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʩʚʦʙʦʞʜʘʝʤʳʭ ʧʨʦʪʦʥʦʚ. ɺʣʠʷʥʠʝ ʨʘʟʙʘʚʣʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ, ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ 

ʠʥʪʝʨʚʘʣ ʠʟʤʝʥʝʥʠʷ ʨʅ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʛʦʨʘʟʜʦ ʰʠʨʝ, ʯʝʤ ʚ ʨʘʟʙʘʚʣʝʥʥʳʭ, ʯʪʦ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʠʯʠʥʦʡ ʧʦʧʘʜʘʥʠʷ ʨʝʘʢʮʠʠ ʚ ʜʨʫʛʦʡ ʨʅ-ʜʠʘʧʘʟʦʥ. ʇʦʢʘʟʘʪʝʣʴʥʳʤ ʧʨʠʤʝʨʦʤ 

ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʠʝ ʥʝʩʤʝʰʠʚʘʶʱʝʡʩʷ ʩ ʚʦʜʥʦʡ ʩʨʝʜʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ. ʕʪʦ ʪʘʢ 

ʥʘʟʳʚʘʝʤʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʘʥʠʣʠʥʘ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʜʚʫʭ ʥʝʩʤʝʰʠʚʘʝʤʳʭ ʩʨʝʜ, ʛʜʝ 

ʤʦʥʦʤʝʨ ʨʘʩʪʚʦʨʝʥ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ, ʘ ʦʢʠʩʣʠʪʝʣʴ ʚ ʚʦʜʝ. ʄʝʭʘʥʠʟʤ ʧʦʣʠʤʝʨʠʟʘʮʠʠ çʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘè ʠ ʧʨʠʯʠʥʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʦʜʥʦʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʠʥʪʝʥʩʠʚʥʦ 

ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ. ɺ ʨʘʙʦʪʝ [136] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʭʘʨʘʢʪʝʨ ʦʢʠʩʣʝʥʠʷ 

ʘʥʠʣʠʥʘ, ʘ ʪʘʢʞʝ ʩʚʦʡʩʪʚʘ ʠ ʤʦʨʬʦʣʦʛʠʷ ʧʨʦʜʫʢʪʦʚ ʟʘʚʠʩʷʪ ʦʪ ʨʅ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʚʨʝʤʝʥʥʳʤ ʧʨʦʬʠʣʝʤ ʠʟʤʝʥʝʥʠʷ ʨʅ ʚʦʜʥʦʡ ʬʘʟʳ.  
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ɼʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʘʢʪʦʨʦʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʣʠʥʘ ʩʢʨʳʚʘʝʪʩʷ ʦʜʠʥ, ʢʦʪʦʨʳʡ ʦʢʘʟʳʚʘʝʪ ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʤʝʭʘʥʠʟʤ 

ʩʠʥʪʝʟʘ. ɺ ʫʩʣʦʚʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʣʴʥʦʛʦ ʦʢʠʩʣʠʪʝʣʷ ʵʪʦ ʠʤʝʥʥʦ ʬʘʢʪʦʨ ʨʅ, 

ʟʘʤʘʩʢʠʨʦʚʘʥʥʳʡ ʜʝʡʩʪʚʠʝʤ ʤʥʦʞʝʩʪʚʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʥʪʝʟʘ [118,129,131]. 

ɿʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʠʥʝʪʠʢʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʩʚʦʡʩʪʚ ʠ ʤʦʨʬʦʣʦʛʠʠ ʧʨʦʜʫʢʪʦʚ 

ʧʨʦʠʩʭʦʜʷʪ, ʢʦʛʜʘ ʨʅ-ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʘʢʮʠʠ ʧʝʨʝʩʝʢʘʝʪ ʛʨʘʥʠʮʳ ʜʠʘʧʘʟʦʥʦʚ ʨʅ, ʩʦʚʧʘʜʘʶʱʠʭ ʩ 

ʢʦʥʩʪʘʥʪʘʤʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʨʝʘʛʝʥʪʦʚ: ʤʦʥʦʤʝʨʘ ʠ ʨʘʩʪʫʱʝʡ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ [96]. ʂʘʢ 

ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʚ ʈʘʟʜʝʣʝ 2.5, ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʢʠʩʣʦʪʥʦʩʪʠ ʠʟʤʝʥʝʥʠʝ ʪʝʭ ʞʝ 

ʧʘʨʘʤʝʪʨʦʚ ʩʠʥʪʝʟʘ: ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʝʘʛʝʥʪʦʚ, ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʜʦʙʘʚʦʢ, ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʠʤ 

ʠʟʤʝʥʝʥʠʷʤ ʩʚʦʡʩʪʚ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ. ʊʘʢ ʧʨʠ ʨʅ Ò 2.5 ʧʨʦʜʫʢʪʦʤ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚʩʝʛʜʘ 

ʷʚʣʷʝʪʩʷ ʵʤʝʨʘʣʜʠʥʦʚʘʷ ʬʦʨʤʘ ʧʦʣʠʤʝʨʘ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʥʝʝ ʵʣʝʢʪʨʦʥʥʳʤ ʩʧʝʢʪʨʦʤ ʠ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ (~ 100 ʉʠʤʝʥʩ ʩʤ-1). ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, ʧʨʦʜʫʢʪʳ 

ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʚ ʜʠʘʧʘʟʦʥʝ ʨʅ Ó 2.5 ʚ ʧʨʠʥʮʠʧʝ ʠʤʝʶʪ ʥʠʟʢʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, 

ʢʦʪʦʨʫʶ ʥʝʚʦʟʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʥʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝʤ, ʥʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ 

çʧʨʦʮʝʜʫʨʘʤʠè. ɺʩʝ ʵʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʜʠʘʧʘʟʦʥʘʭ ʨʅ Ò 2.5 ʠ ʨʅ Ó 2.5, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʘʝʪʩʷ. 

 

2.5. ʆʢʠʩʣʝʥʠʝ ʘʥʠʣʠʥʘ ʧʨʠ ʨʅ Ò 2.5: ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʠʥʪʝʟʘ ʥʘ ʢʠʥʝʪʠʢʫ 

ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʩʚʦʡʩʪʚʘ ʠ ʤʦʨʬʦʣʦʛʠʶ ʧʦʣʠʤʝʨʘ 

 

 ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʢʠʩʣʝʥʠʝ ʘʥʠʣʠʥʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʦʜʥʦʛʦ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʥʪʝʟʘ: ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʥʦʤʝʨʘ [ɸʥ], ʦʢʠʩʣʠʪʝʣʷ [ʆʭ], ʘ 

ʪʘʢʞʝ ʠʭ ʩʦʦʪʥʦʰʝʥʠʷ [ʆʭ]/[ɸʥ]; ʪʝʤʧʝʨʘʪʫʨʳ; ʬʘʢʪʦʨʘ ʨʘʟʙʘʚʣʝʥʠʷ; ʧʨʠʩʫʪʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ 

ʜʦʙʘʚʦʢ. ʀʩʩʣʝʜʦʚʘʣʦʩʴ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ, ʦʜʥʘʢʦ ʠʟʤʝʥʝʥʠʝ 

ʢʠʩʣʦʪʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʣʦ ʪʦʣʴʢʦ ʚ ʜʠʘʧʘʟʦʥʝ ʨʅ Ò 2, ʜʣʷ ʧʦʜʢʠʩʣʝʥʠʷ ʨʘʩʪʚʦʨʘ, ʢʨʦʤʝ 

ʩʧʝʮʠʘʣʴʥʦ ʦʛʦʚʦʨʝʥʥʳʭ ʩʣʫʯʘʝʚ, ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʦʣʷʥʘʷ ʢʠʩʣʦʪʘ. ʆʢʠʩʣʝʥʠʝ ʰʣʦ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʠʣʴʥʦʛʦ ʦʢʠʩʣʠʪʝʣʷ ï ʧʝʨʦʢʩʠʜʠʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʠʤʝʨʠʟʘʮʠʷ 

ʧʨʦʚʦʜʠʣʘʩʴ, ʚ ʜʠʘʧʘʟʦʥʝ ʨʅ, ʛʜʝ ʠ ʤʦʥʦʤʝʨ ʠ ʧʦʣʠʤʝʨʥʘʷ ʮʝʧʴ ʧʨʦʪʦʥʠʨʦʚʘʥʳ, ʧʨʠ ʵʪʦʤ 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʩʠʣʴʥʳʡ ʦʢʠʩʣʠʪʝʣʴ ʤʦʛ ʦʢʠʩʣʠʪʴ ʚʩʝ ʪʠʧʳ ʨʝʘʢʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ [131]. 

ʀʟʫʯʝʥ r ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʅ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʠʩʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʚʦʡʩʪʚʘ 

ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʭ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ 

ʩʫʜʠʪʴ ʦ ʧʨʠʨʦʜʝ ʦʙʨʘʟʮʘ ʠ ʥʘʣʠʯʠʠ ʚ ʥʝʤ ʧʦʣʠʩʦʧʨʷʞʝʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʇɸʅʀ 

ʬʦʨʤʠʨʫʝʪ ʪʨʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘ ʦʙʨʘʟʦʚʘʥʠʡ: ʧʣʝʥʢʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ ʠ ʦʩʘʜʦʢ; ʦʜʥʘʢʦ 

ʝʩʣʠ ʚ ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʫʶ ʩʨʝʜʫ ʚʚʝʜʝʥ ʥʘʥʦʨʘʟʤʝʨʥʳʡ ʥʦʩʠʪʝʣʴ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 

çʩʪʘʙʠʣʠʟʘʪʦʨè, ʪʦ ʦʩʘʜʦʢ ʇɸʅʀ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʢʦʣʣʦʠʜʥʫʶ ʜʠʩʧʝʨʩʠʶ. ʀʟʫʯʝʥʳ ʠ 

ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩʚʦʡʩʪʚʘ ʪʨʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʠʜʦʚ ʦʙʨʘʟʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʠʭ ʨʘʟʤʝʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʪʦʣʱʠʥʳ ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ, ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʦʩʘʜʢʘ ʠ ʢʦʣʣʦʠʜʦʚ, ʘ ʪʘʢʞʝ ʠʭ 

ʠʟʤʝʥʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʩʠʥʪʥʝʟʘ [51, 137 ï 139]. 

ʊʦʣʱʠʥʳ ʧʣʝʥʦʢ ʇɸʅʀ ʚ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʵʤʝʨʘʣʜʠʥʦʚʦʡ ʬʦʨʤʝ ʥʘ ʦʧʪʠʯʝʩʢʠ 

ʧʨʦʟʨʘʯʥʦʤ ʥʦʩʠʪʝʣʝ (ʩʪʝʢʣʝ) ʦʧʨʝʜʝʣʷʣʠʩʴ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
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ʩʧʝʮʠʘʣʴʥʦ ʧʦʣʫʯʝʥʥʦʡ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʧʣʝʥʦʢ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 400 

ʥʤ ʦʪ ʠʭ ʪʦʣʱʠʥʳ (ʈʠʩʫʥʦʢ 2.7).  ɼʣʷ ʢʘʣʠʙʨʦʚʢʠ ʪʦʣʱʠʥʳ ʧʣʝʥʦʢ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 30 

ʥʤ ʜʦ 500 ʥʤ ʠʟʤʝʨʝʥʳ ʥʝʟʘʚʠʩʠʤʳʤʠ ʤʝʪʦʜʘʤʠ ʩʫʣʴʬʦʤʝʪʨʠʠ, ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, 

ʵʣʠʧʩʦʤʝʪʨʠʠ, ʘ ʪʘʢʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ. ʊʦʣʱʠʥʘ ʩʣʦʷ (L) ʚ ʥʘʥʦʤʝʪʨʘʭ 

ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ: 

L = ɸ400/ɟŮ400 = ɸ400/4.2Ĭ10-3 (2.1) 

ʛʜʝ ɸ400 ï ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʩʣʦʷ ʇɸʅʀ ʥʘ ʧʨʦʟʨʘʯʥʦʤ ʥʦʩʠʪʝʣʝ ʥʘ 400 ʥʤ, ɟ = 

1.33 ʛ/ʩʤ3 ï ʧʣʦʪʥʦʩʪʴ ʇɸʅʀ, Ů400 = 31500 ʩʤ2/ʛ ï ʢʦʵʬʬʠʮʠʝʥʪ ʘʙʩʦʨʙʮʠʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 400 

ʥʤ. ʇʦʛʨʝʰʥʦʩʪʴ ʤʝʪʦʜʘ ʥʝ ʚʳʰʝ 20% [137]. 

 

 

ʈʠʩʫʥʦʢ 2.7 - ɿʘʚʠʩʠʤʦʩʪʴ 

ʧʦʛʣʦʱʝʥʠʷ ʧʣʝʥʦʢ ʇɸʅʀ 

(ɸ400), ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ 

in-situ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʘ 

ʩʪʝʢʣʝ, ʦʪ ʠʭ ʪʦʣʱʠʥʳ L 

(ʘʙʩʦʨʙʮʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 

400 ʥʤ). 

 

 

 

 

 

 

2.5.1. ʉʪʘʥʜʘʨʪʥʳʝ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ 

 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʙʨʘʥʘ ʨʝʧʝʨʥʘʷ ʪʦʯʢʘ ï 

ʩʠʥʪʝʟ ʧʨʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʩʪʘʥʜʘʨʪʥʳʭè ʫʩʣʦʚʠʷʭ: ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʥʠʣʠʥʛʠʜʨʦʭʣʦʨʠʜʘ (0.2 

ʄ) ʩ ʧʝʨʩʫʣʴʬʘʪʦʤ ʘʤʤʦʥʠʷ (0.25 ʄ) ʚ ʚʦʜʝ ʙʝʟ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20ʦʉ. ɺ ʭʦʜʝ 

çʩʪʘʥʜʘʨʪʥʦʡè ʨʝʘʢʮʠʠ ʙʝʟ ʚʚʝʜʝʥʠʷ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʇɸʅʀ ʦʙʨʘʟʫʝʪʩʷ ʚ ʚʠʜʝ 

ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʦʩʘʜʢʘ (ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʧʦʣʠʤʝʨʘ) ʠ ʧʣʝʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ. ʇʨʠ 

ʥʘʣʠʯʠʠ ʚ ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʦʡ ʩʨʝʜʝ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʧʦʣʠʤʝʨʘ ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ (ʇɺʇ) ʚ ʢʦʣʠʯʝʩʪʚʝ 4% ʤʘʩʩ. ʚʤʝʩʪʦ 

ʦʩʘʜʢʘ ʇɸʅʀ ʬʦʨʤʠʨʫʝʪ ʢʦʣʣʦʠʜʥʦ-ʩʪʘʙʠʣʴʥʫʶ ʜʠʩʧʝʨʩʠʶ [140, 141].  

ʉʚʦʡʩʪʚʘ ʦʩʘʜʢʘ, ʧʣʝʥʢʠ ʠ ʢʦʣʣʦʠʜʘ ʇɸʅʀ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ 

ʩʠʥʪʝʟʘ, ʩʫʤʤʠʨʦʚʘʥʳ ʚ ʊʘʙʣʠʮʝ 2.3, ʘ ʠʭ ʤʦʨʬʦʣʦʛʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 2. 8. ɺʠʜʥʦ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ʧʣʝʥʢʠ, ʦʩʘʜʢʘ ʠ ʜʠʩʧʝʨʩʠʠ ʧʦʜʦʙʥʳ. ʉʫʜʷ ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ (ɚ max ʧʦʣʦʩʳ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʧʦʣʷʨʦʥʘ > 800 ʥʤ) ʠ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʦʥʠ ʦʙʨʘʟʦʚʘʥʳ ʵʤʝʨʘʣʜʠʥʦʚʦʡ ʬʦʨʤʦʡ ʇɸʅʀ [137, 142]. ʄʦʨʬʦʣʦʛʠʷ 

ʧʨʦʜʫʢʪʦʚ ʠ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʪʦʣʱʠʥʳ ʧʣʝʥʦʢ ʩʦʧʦʩʪʘʚʠʤʳ. 
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ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʦʬʠʣʴ çʩʪʘʥʜʘʨʪʥʦʡè ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʨʠʚʝʜʝʥ ʥʘ ʈʠʩʫʥʢʝ 2.9. ʕʪʦ 

ʪʠʧʠʯʥʳʡ ʜʣʷ ʢʠʩʣʳʭ ʩʨʝʜ ʜʚʫʭʩʪʘʜʠʡʥʳʡ ʧʨʦʮʝʩʩ ʩ ʤʝʜʣʝʥʥʦʡ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʝʡ 

çʠʥʜʫʢʮʠʦʥʥʳʤ ʧʝʨʠʦʜʦʤè ʠ ʙʫʨʥʦʡ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʜʠʝʡ ʨʦʩʪʘ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ [140].  

 

ʊʘʙʣʠʮʘ 2.3 ï ʉʚʦʡʩʪʚʘ ʦʩʘʜʢʘ, ʧʣʝʥʢʠ ʠ ʢʦʣʣʦʠʜʘ ʇɸʅʀ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ 

ʫʩʣʦʚʠʷʭ ʩʠʥʪʝʟʘ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

ʈʠʩʫʥʦʢ 2.8  ï ʆʩʘʜʦʢ ʇɸʅʀ ʘ), ʧʨʦʬʠʣʴ ʧʣʝʥʢʠ ʇɸʅʀ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ ʙ) ʠ ʩʫʭʦʡ 

ʦʩʪʘʪʦʢ ʇɸʅʀ/ʇɺʇ ʢʦʣʣʦʠʜʘ ʚ). ʇʦʣʫʯʝʥʳ ʧʨʠ çʩʪʘʥʜʘʨʪʥʳʭè ʫʩʣʦʚʠʷʭ ʩʠʥʪʝʟʘ, ʉʕʄ. 

 

ɼʣʷ ɻʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʥʳʤʠ, ʯʝʤ çʩʪʘʥʜʘʨʪʥʳʝè, ʫʩʣʦʚʠʷʤʠ ʩʠʥʪʝʟʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʪ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʚʩʝ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʩ ʧʦʣʠʤʝʨʦʤ ʠ 

ʝʛʦ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʩʦʧʦʩʪʘʚʣʷʣʠʩʴ ʩʦ çʩʪʘʥʜʘʨʪʥʳʤʠè ʫʩʣʦʚʠʷʤʠ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʇɸʅʀ. 

 

ʉʚʦʡʩʪʚʦ ʆʩʘʜʦʢ ʇʣʝʥʢʘ ʂʦʣʣʦʠʜ 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ (ʉʤ/ʩʤ) 

ʇʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʇɸʅʀ 4.5 10 10ī2 

ɼʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʇɸʅʀ 10ī8-10ī10 10ī10 10ī10 

ʇʦʛʣʦʱʝʥʠʝ ʧʦʣʷʨʦʥʘ ɚmax (ʥʤ) 

ʇʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʇɸʅʀ 810 810 800 

ɼʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʇɸʅʀ 630 630 600 

ʄw (ɻʇʍ) 39000 39000 - 

ʊʠʧ ʤʦʨʬʦʣʦʛʠʠ ʠ ʨʘʟʤʝʨ (ʥʤ) 
ɻʨʘʥʫʣʷʨʥʘʷ

130Ñ30 ʥʤ 

ɻʨʘʥʫʣʷʨʥʘʷ 

ʪʦʣʱʠʥʘ 

130Ñ30 ʥʤ 

ʉʬʝʨʠʯʝʩʢʠʝ 

ʯʘʩʪʠʮʳ 

100Ñ20 ʥʤ 

ʘ ʙ ʚ 
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ʈʠʩʫʥʦʢ 2.9 ï  ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʦʪ ʚʨʝʤʝʥʠ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʧʝʨʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʨʝʘʛʝʥʪʦʚ ʚ ʚʦʜʝ. 

 

 

2.5.2. ʀʟʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʢʠʩʣʠʪʝʣʴ/ʤʦʥʦʤʝʨ 

 

ʅʘ ʈʠʩʫʥʢʝ 2.10 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʳʝ ʧʨʦʬʠʣʠ ʦʢʠʩʣʝʥʠʷ ɸʥ (0.2 ʄ) 

ʧʨʠ ʨʘʟʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ [ʆʭ]/[ɸʥ] ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0.2 ʜʦ 2. ʋʚʝʣʠʯʝʥʠʝ [ʆʭ] ʧʨʠʚʦʜʠʪ ʢ 

ʩʦʢʨʘʱʝʥʠʶ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʠ ʧʦʚʳʰʝʥʠʶ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʤʘʢʩʠʤʫʤʘ ʢʨʠʚʦʡ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪʩʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ 

ʇɸʅʀ ʦʪ 16% ʜʦ 100% ʧʨʠ [ʆʭ]/[ɸʥ] = 1.25. ʉʫʜʷ ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ 

ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʇɸʅʀ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ [ʆʭ]/[ɸʥ] Ò 1.25, 

ʥʘʭʦʜʠʪʩʷ ʚ ʵʤʝʨʘʣʜʠʥʦʚʦʡ ʬʦʨʤʝ [137, 142].  

 

 

 

ʈʠʩʫʥʦʢ 2.10  ï  ʪʝʤʧʝʨʘʪʫʨʥ-ɦ

ʚʨʝʤʝʥʥʳʝ ʧʨʦʬʠʣʠ ʦʢʠʩʣʝʥʠʷ 

ɸʥ (0.2 ʄ) ʧʝʨʩʫʣʴʬʘʪʦʤ ʧʨʠ 

ʨʘʟʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ [ʆʭ]/[ɸʥ] 

ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0.2 ʜʦ 2.  

 

 

 

 

 

ʀʥʜʢʫʮʠʦʥʥʳʡ 
ʧʝʨʠʦʜ 

ʈʦʩʪ 

ʧʦʣʠʤʝʨʥʳʭ 

ʮʝʧʝʡ 



61 

 

 

 

ʇʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʨʩʫʣʴʬʘʪʘ ʚʳʰʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʝʨʝʦʢʠʩʣʝʥʠʶ ʵʤʝʨʘʣʜʠʥʘ ʜʦ ʧʝʨʥʠʛʨʘʥʠʣʠʥʦʚʦʡ ʬʦʨʤʳ. ʇʨʠ [ʆʭ]/[ɸʥ] Ó 2, ʚʩʣʝʜ ʟʘ 

ʦʢʦʥʯʘʥʠʝʤ ʩʪʘʜʠʠ ʨʦʩʪʘ, ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʜʘʣʴʥʝʡʰʠʡ ʥʝʙʦʣʴʰʦʡ 

ʧʦʜʲʝʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʘʢʦʧʣʝʥʠʶ ʧʝʨʥʠʛʨʘʥʠʣʠʥʘ. ʇʝʨʝʭʦʜ ʚ ʧʝʨʥʠʨʛʨʘʥʠʣʠʥ ʚʝʜʝʪ ʢ 

ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ ʧʦʣʠʤʝʨʘ ʠ ʝʛʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ (ʊʘʙʣʠʮʝ. 2.4).  

 

ʊʘʙʣʠʮʘ 2.4 ï ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ (ů) ʠ ʨʘʟʤʝʨʳ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʇɸʅʀ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ [ʆʭ]/[ɸʥ]. ʉʠʥʪʝʟ ʧʨʠ ʨʅ < 2. 

 

[ʆʭ]/[ɸʥ] 

ʆʩʘʜʦʢ ʇʣʝʥʢʘ 
ʂʦʣʣʦʠʜ  

ʇɸʅʀ/ʇɺʇ 

ɻʨʘʥʫʣʘ 

(ʥʤ) 

ů 

(ʉʤ/ʩʤ) 

ʊʦʣʱʠʥʘ 

(ʥʤ) 

ů 

(ʉʤ/ʩʤ) 

ɼʠʘʤʝʪʨ 

(ʥʤ) 

0.5 80 14.7 71 11.4 100 

0.75  15.4 74 11.7  

1.0  14.0 90 7.2  

1.25 120 13.3 105 12.4 218 

1.5  10.3 90 12.3  

1.75  3.47 81 2.3  

2.0  2.04 62 0.23  

2.5 40 0.28 53 0.001  

3.0  0.36 48 <0.001  

 

ʇʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʷʨʦʥʘ ʩʜʚʠʛʘʝʪʩʷ ʩ 810 ʥʤ ʥʘ 600 ʥʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʣʦʢʘʣʠʟʘʮʠʝʡ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʧʝʨʥʠʛʨʘʥʠʣʠʥʝ. ʆʜʥʘʢʦ ʧʝʨʥʠʛʨʘʥʠʣʠʥ ʧʦ ʟʘʚʝʨʰʝʥʠʠ ʩʠʥʪʝʟʘ ʤʦʞʝʪ ʙʳʪʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥ ʜʦ ʵʤʝʨʘʣʜʠʥʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ, ʥʘʧʨʠʤʝʨ, FeCl2. ʈʘʟʤʝʨʳ ʚʩʝʭ 

ʪʠʧʦʚ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʨʘʟʤʝʨ ʛʨʘʥʫʣ ʠ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ, ʪʦʣʱʠʥʘ ʩʣʦʷ 

ʇɸʅʀ ʥʘ ʥʦʩʠʪʝʣʝ) ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ [ʆʭ]/[ɸʥ] ʜʦ 1.25, ʦʪʨʘʞʘʷ 

ʧʦʚʳʰʝʥʠʝ ʚʳʭʦʜʘ ʧʦʣʠʤʝʨʘ, ʘ ʟʘʪʝʤ ʩʠʤʙʘʪʥʦ ʩ ʥʘʨʘʩʪʘʥʠʝʤ ʫʨʦʚʥʷ ʧʝʨʝʦʢʠʩʣʝʥʠʷ ʠ 

ʧʦʥʠʞʝʥʠʝʤ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʫʤʝʥʴʰʘʶʪʩʷ (ʊʘʙʣʠʮʘ. 2.4). 

 

2.5.3. ɺʣʠʷʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ʠ ʧʨʠʨʦʜʳ ʘʥʠʦʥʘ ʢʠʩʣʦʪʳ 

 

ʋʚʝʣʠʯʝʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, (ʥʘʯʘʣʴʥʦʝ ʨʅ 2), 

ʚʳʟʳʚʘʝʪ ʫʩʢʦʨʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. (ʈʠʩʫʥʦʢ 2.11). ʋʩʢʦʨʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ 

ʟʘ ʩʯʝʪ ʩʦʨʢʘʱʝʥʠʷ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ, ʪʘʢ ʠ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʮʝʧʝʡ, ʯʪʦ 

ʚʠʜʥʦ ʧʦ ʟʘʢʦʥʦʤʝʨʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʫʛʣʘ ʥʘʢʣʦʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʤʪʝʡ. ʇʦʚʳʰʝʥʠʝ 

ʢʠʩʣʦʪʥʦʩʪʠ ʜʦ ʨʅ 0 ʚʳʟʳʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʦʙʨʘʟʮʦʚ. ʕʪʦ ʭʘʨʘʢʪʝʨʥʦ ʢʘʢ 

ʜʣʷ ʦʩʘʜʢʘ ʇɸʅʀ, ʪʘʢ ʜʣʷ ʧʣʝʥʦʢ ʠ ʢʦʣʣʦʠʜʦʚ (ʊʘʙʣʠʮʳ 2.4, 2.5). ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʠʣʴʥʳʭ ʢʠʩʣʦʪ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 3ʄƄ5ʄ ʠ ʚʳʰʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʪʥʳʤ ʵʬʬʝʢʪʘʤ: ʩʥʠʞʝʥʠʶ 
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ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʫʤʝʥʴʰʝʥʠʶ ʚʳʭʦʜʘ ʇɸʅʀ, ʘ ʪʘʢʞʝ ʥʝʙʦʣʴʰʦʤʫ ʩʥʠʞʝʥʠʶ ʨʘʟʤʝʨʦʚ 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʠʭ ʛʨʘʥʫʣʷʨʥʦʡ ʤʦʨʬʦʣʦʛʠʠ [142] (ʊʘʙʣʠʮʘ. 2.5).  

 

 

 

ʈʠʩʫʥʦʢ 2.11 ï  ʊʝʤʧʝʨʘʪʫʨʥʦ-

ʚʨʝʤʝʥʥʦʡ ʧʨʦʬʠʣʴ ʦʢʠʩʣʝʥʠʷ 

ʘʥʠʣʠʥʘ ʚ ʨʘʩʪʚʦʨʘʭ ʬʦʩʬʦʨʥʦʡ 

ʢʠʩʣʦʪʳ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠ 

ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʨʝʘʛʝʥʪʦʚ. 

[126]. 

  

 

 

 

 

ʊʘʙʣʠʮʘ 2.5 ï ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʨʘʟʤʝʨʳ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʇɸʅʀ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʠʩʣʦʪʥʦʩʪʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ (ʧʦʚʳʰʝʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ʟʘ ʩʯʝʪ ʜʦʙʘʚʦʢ HCl). 

[HCl] 

ʄʦʣʴ/ʣ 

ʆʩʘʜʦʢ ʇʣʝʥʢʘ 
ʂʦʣʣʦʠʜ 

ʇɸʅʀ/ʇɺʇ 

ɻʨʘʥʫʣʘ 

(ʥʤ) 

ů 

(ʉʤ/ʩʤ) 

ʊʦʣʱʠʥʘ 

(ʥʤ) 
ů (ʉʤ/ʩʤ) 

ɼʠʘʤʝʪʨ 

(ʥʤ) 

0. 90 3.6 105 15.5 200 

0.5  5.7 163 20.3  

1.0  7.3 170 19.5  

1.5 180 8.5 184 26.3  

2.0  8.8 180 21.9 320 

3.0  4.2 190 9.9  

4.0  1.3 173 1.6  

5.0 80 1.25 129 3.0  

 

ʅʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇɸʅʀ ʚʣʠʷʝʪ ʩʢʦʨʝʝ ʩʠʣʘ ʢʠʩʣʦʪʳ, ʥʝʞʝʣʠ ʧʨʠʨʦʜʘ ʘʥʠʦʥʘ. 

ɼʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʝ ʨʅ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʤʝʨʘʣʜʠʥʘ, ʤʦʛʫʪ ʩʦʟʜʘʪʴ ʪʦʣʴʢʦ 

ʢʠʩʣʦʪʳ ʩ ʨʂʘ Ò 2.5, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʩʠʣʴʥʳʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, ʘ ʪʘʢʞʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʫʣʴʬʦʢʠʩʣʦʪʳ. ʅʘ ʈʠʩʫʥʢʝ 2.12 ʧʨʠʚʝʜʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ 

ʧʣʝʥʦʢ ʇɸʅʀ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʨʘʩʪʚʦʨʘʤʠ ʩʦʣʷʥʦʡ, ʩʝʨʥʦʡ ʠ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪ ʢʘʢ ʬʫʥʢʮʠʷ ʨʅ 

ʨʘʩʪʚʦʨʘ. ɺʠʜʥʦ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʨʦʜʳ ʘʥʠʦʥʘ ʢʠʩʣʦʪʳ ʠ ʝʝ ʦʩʥʦʚʥʦʩʪʠ, 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʣʝʥʦʢ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʨʅ [143]. 
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ʈʠʩʫʥʦʢ 2.12  ï  ʆʪʥʦʰʝʥʠʝ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʣʝʥʢʠ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʢʠʩʣʳʤ ʨʘʩʪʚʦʨʦʤ 

ʢ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠʩʭʦʜʥʦʡ 

ʥʝʦʙʨʘʙʦʪʘʥʥʦʡ ʧʣʝʥʢʠ (Rʅ+/R) 

ʢʘʢ ʬʫʥʢʮʠʷ ʨʅ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʨʘʩʪʚʦʨʘ.    

RH+ - ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪɹ ʧʣʝʥʦʢ 

ʇɸʅʀ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʨʘʩʪʚʦʨʘʤʠ 

ʩʝʨʥʦʡ, ʩʦʣʷʥʦʡ ʠ ʬʦʩʬʦʨʥʦʡ 

ʢʠʩʣʦʪ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ.  

 

 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʟʘʤʝʥʘ ʢʠʩʣʦʪʳ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʠʪʴ ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 

(ʈʠʩʫʥʦʢ 2.14 ʘ) ʠ ʧʣʦʪʥʦʩʪʴ ʇɸʅʀ, ʘ ʪʘʢʞʝ ʝʛʦ ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʚʦʜʦʡ ʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʩʨʝʜʘʤʠ. ʇʨʠʨʦʜʘ ʘʥʠʦʥʘ ʚʣʠʷʝʪ ʥʘ çʨʘʩʪʚʦʨʠʤʦʩʪʴè ʇɸʅʀ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʜ 

çʨʘʩʪʚʦʨʠʤʦʩʪʴʶè ʧʦʥʠʤʘʝʪʩʷ ʩʢʣʦʥʥʦʩʪʴ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʣʣʦʠʜʥʳʭ ʜʠʩʧʝʨʩʠʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʣʴʬʦʢʠʩʣʦʪ ʩ ʦʙʲʝʤʥʳʤ ʘʥʠʦʥʦʤ ï ʧʫʪʴ ʧʦʣʫʯʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʣʣʦʠʜʦʚ ʧʦʣʠʤʝʨʘ [144].  

 

2.5.4. ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

 

 ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʠʥʝʪʠʢʫ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʣʠʥʘ (ʈʠʩʫʥʦʢ 2.13). ʉʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʝʜʝʪ ʢ ʫʜʣʠʥʝʥʠʶ ʥʘʯʘʣʴʥʦʡ 

ʩʪʘʜʠʠ Ƅ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʣʠʛʦʤʝʨʦʚ ʘʥʠʣʠʥʘ. ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 10 ʛʨʘʜʫʩʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʤʝʨʥʦ ʜʚʫʢʨʘʪʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ, 

ʩʥʠʞʘʝʪʩʷ ʠ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʦʙʦʠʭ ʵʪʘʧʘʭ ʩʠʥʪʝʟʘ [137]. 

 

 

ʈʠʩʫʥʦʢ 2.13 - ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʧʨʦʬʠʣʠ 

ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʨʝʘʛʝʥʪʦʚ ʠ ʨʘʟʣʠʯʥʳʭ 

ʥʘʯʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʨʝʜʳ [126]. 
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ʊʝʤʧʝʨʘʪʫʨʘ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʇɸʅʀ [145]. 

ʇʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚ (ʈʠʩʫʥʦʢ 

2.14). ʊʘʢʦʝ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʩʠʥʪʝʟʝ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ 

ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʜʦʧʠʨʫʶʱʠʭ ʢʠʩʣʦʪ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʨʦʩʪʦʤ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 

ʧʦʚʳʰʘʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʧʦʣʠʤʝʨʘ. ɽʩʣʠ ʩʨʝʜʥʝʚʝʩʦʚʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʇɸʅʀ (30-40)ʭ103, ʪʦ ʩʠʥʪʝʟ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʣʫʯʝʥʠʶ ʧʦʣʠʤʝʨʘ ʩʦ ʩʨʝʜʥʝʚʝʩʦʚʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʩʦʪʥʠ ʪʳʩʷʯ ʠ ʦʪʥʦʰʝʥʠʝʤ ʄw/ʄn 

= 2. 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.14 - ʀʟʤʝʥʝʥʠʝ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʘ) ʠ ʩʨʝʜʥʝʚʝʩʦʚʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ 

ʇɸʅʀ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʥʦ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. 

 

ɺʝʣʠʢʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʨʘʟʤʝʨʳ ʚʩʝʭ ʪʠʧʦʚ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. [26, 

141]. ʉ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʨʘʟʤʝʨʳ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ, ʨʘʩʪʝʪ ʜʠʘʤʝʪʨ 

ʛʨʘʥʫʣ ʦʩʘʜʢʘ ʇɸʅʀ, ʩʪʘʥʦʚʷʪʩʷ ʪʦʣʱʝ ʧʣʝʥʢʠ (ʊʘʙʣʠʮʘ. 2.6). ʅʘ ʈʠʩʫʥʢʝ 2.15 ʧʦʢʘʟʘʥʳ 

ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʣʝʥʦʢ ʇɸʅʀ ʥʘ ʩʪʝʢʣʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʉ 

ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʧʪʠʯʝʩʢʦʝ ʧʦʛʣʦʱʝʥʠʝ ʩʣʦʝʚ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʠʭ ʪʦʣʱʠʥʳ, 

ʟʘʢʦʥʦʤʝʨʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚʧʣʦʪʴ ʜʦ 500 ʥʤ. ʋʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʪʨʫʢʪʫʨ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ 2 > ʨʅ > -1 (ʊʘʙʣʠʮʘ. 2.6). ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ, ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʥʝ ʤʝʥʷʝʪ ʭʠʤʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʧʨʦʜʫʢʪʦʚ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʉʫʜʷ ʧʦ ʩʧʝʢʪʨʘʤ ʠ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ 

ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʤʧʝʨʘʪʫʨ ʦʙʨʘʟʫʝʪʩʷ ʵʤʝʨʘʣʜʠʥʦʚʘʷ ʬʦʨʤʘ ʇɸʅʀ (ʊʘʙʣʠʮʘ. 2.7). ʅʝ ʤʝʥʷʝʪʩʷ 

ʪʘʢʞʝ ʪʠʧ ʤʦʨʬʦʣʦʛʠʠ ʇɸʅʀ: ʦʩʘʜʦʢ, ʘ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʧʣʝʥʢʠ ʠ ʢʦʣʣʦʠʜʳ ʩʦʩʪʦʷʪ ʠʟ 

ʯʘʩʪʠʮ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʪ.ʝ. ʠʤʝʶʪ, ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ, ʛʨʘʥʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ [139, 146]. 
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ʈʠʩʫʥʦʢ 2. 15 ï ʆʧʪʠʯʝʩʢʦʝ 

ʧʦʛʣʦʱʝʥʠʝ ʧʣʝʥʦʢ ʇɸʅʀ, 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʩʪʝʢʣʝ ʧʨʠ ʩʠʥʪʝʟʝ ʚ 

ʫʩʣʦʚʠʷʭ ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʨʝʘʛʝʥʪʦʚ, ʥʦ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

[137]. 

 

 

 

 

 

ʊʘʙʣʠʮʘ 2.6 ï ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʨʘʟʤʝʨʳ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʇɸʅʀ, ʢʦʪʦʨʳʝ  

ʧʦʣʫʯʝʥ rʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʨʝʘʛʝʥʪʦʚ ʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 

ʊʦʉ 

ʆʩʘʜʦʢ ʇʣʝʥʢʘ 
ʂʦʣʣʦʠʜ 

ʇɸʅʀ/ʇɺʇ 

ɻʨʘʥʫʣʘ 

(ʥʤ) 

ů 

(ʉʤ/ʩʤ) 

ʊʦʣʱʠʥʘ 

(ʥʤ) 

ů 

(ʉʤ/ʩʤ) 

ɼʠʘʤʝʪʨ 

(ʥʤ) 

- 30 350 13.7 472 36.6  

- 20  18.7 476 25.2  

- 10  17.5 305 28.0  

0 280 20.6 201 29.4 380 

+10  18.5 198 39.7  

+20  13.3 160 35.5 230 

+30  10.7 105 38.7  

+40 50 7.4 71 30.7  

+50  4.2 61 32.3  

 

 

2.5.5. ʕʬʬʝʢʪ ʨʘʟʙʘʚʣʝʥʠʷ 

 

ʉʥʠʞʝʥʠʝ ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʝʥʪʦʚ ʧʨʠ ʧʦʜʜʝʨʞʘʥʠʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ [ʆʭ]/[ɸʥ] = 1.25 ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʠ ʫʜʣʠʥʝʥʠʶ ʦʙʝʠʭ ʝʝ 

ʵʪʘʧʦʚ. ʊʘʢ, ʧʨʠ ʨʘʟʙʘʚʣʝʥʠʠ ʩʪʘʥʜʘʨʪʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚʜʚʦʝ ʨʝʘʢʮʠʷ ʟʘʚʝʨʰʘʝʪʩʷ ʪʦʣʴʢʦ ʧʦ 

ʠʩʪʝʯʝʥʠʠ 30 ʤʠʥʫʪ, ʧʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʤʘʢʩʠʤʫʤ ʪʘʢʞʝ ʩʥʠʞʘʝʪʩʷ ʥʘʧʦʣʦʚʠʥʫ. ʇʦ ʤʝʨʝ 

ʨʘʟʙʘʚʣʝʥʠʷ, ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ ʠ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʢʦʣʣʦʠʜʘ ʫʤʝʥʴʰʘʶʪʩʷ (ʊʘʙʣʠʮʘ 2.8). ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʧʨʠ ʨʅ Ò 2.5 ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʵʤʝʨʘʣʜʠʥ ʩ ʚʳʩʦʢʦʡ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʚʳʭʦʜ ʇɸʅʀ ʪʘʢʞʝ ʙʣʠʟʦʢ ʢ 100% [131].  
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ʄʦʨʬʦʣʦʛʠʷ ʦʩʘʜʢʦʚ ʠ ʧʣʝʥʦʢ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 0.05 ʄ ʠ ʚʳʰʝ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʛʨʘʥʫʣʷʨʥʘʷ, ʦʜʥʘʢʦ, ʟʥʘʯʠʪʝʣʴʥʦʝ, ʙʦʣʝʝ ʯʝʤ 100 ʨʘʟ, ʨʘʟʙʘʚʣʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʬʦʨʤʳ ʯʘʩʪʠʮ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. ʇɸʅʀ ʦʙʨʘʟʫʝʪ ʚʦʣʦʢʥʘ, 

ʜʠʘʤʝʪʨʦʤ ʜʝʩʷʪʢʠ ʥʘʥʦʤʝʪʨʦʚ. ɺʦʣʦʢʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʠʤʝʶʪ ʢʘʢ ʧʣʝʥʢʠ ʇɸʅʀ, ʪʘʢ ʠ ʝʛʦ 

ʦʩʘʜʦʢ [137, 147] (ʈʠʩʫʥʦʢ 2.16). 

 

ʊʘʙʣʠʮʘ 2.7 ï ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʨʘʟʤʝʨʳ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʇɸʅʀ. ʉʠʥʪʝʟ 

ʧʨʦʚʝʜʝʥ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʨʝʘʛʝʥʪʦʚ ʚ 1 ʄ HCl ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʊʘʙʣʠʮʘ 2.8 ï ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʨʘʟʤʝʨʳ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʇɸʅʀ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʙʘʚʣʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʥʘʯʘʣʴʥʦʛʦ ʨʅ 2 

 

[ʈʝʘʛʝʥʪ] 

ʄʦʣʴ/ʣ 

ʆʩʘʜʦʢ ʇʣʝʥʢʘ 
ʂʦʣʣʦʠʜ 

ʇɸʅʀ/ʇɺʇ 

ɻʨʘʥʫʣʘ 

(ʥʤ) 

ů 

(ʉʤ/ʩʤ) 

ʊʦʣʱʠʥʘ 

(ʥʤ) 

ů 

(ʉʤ/ʩʤ) 

ɼʠʘʤʝʪʨ 

(ʥʤ) 

0.05. 40 9.0 40 5.5 90 

0.1  12.2 84 9.7  

0.2 100 12.6 89 20.0 180 

0.3  13.9 91 12.2  

0.4  11.8 119 12.5  

0.6 280 13.0 180 14.0 350 

0.8  8.3 173 11.2  

 

ʊʦʉ 

ʆʩʘʜʦʢ ʇʣʝʥʢʘ 
ʂʦʣʣʦʠʜ 

ʇɸʅʀ/ʇɺʇ 

ɻʨʘʥʫʣʘ 

(ʥʤ) 

ů 

(ʉʤ/ʩʤ) 

ʊʦʣʱʠʥʘ 

(ʥʤ) 

ů 

(ʉʤ/ʩʤ) 

ɼʠʘʤʝʪʨ 

(ʥʤ) 

- 30 300 10.4 362 8.71  

- 20  11.1 262 16.0  

- 10  14.5 285 19.4  

0 220 11.8 241 9.25 350 

+10  10.1 179 10.4  

+20  8.77 133 5.15 190 

+30  5.81 98 3.59  

+40 40 4.00 68 2.41  

+50  1.61 48 1.36  
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ʈʠʩʫʥʦʢ 2.16 ï ʄʦʨʬʦʣʦʛʠʷ ʧʣʝʥʦʢ ʇɸʅʀ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʟʙʘʚʣʝʥʠʠ 

ʨʝʘʢʮʠʦʣʥʥʦʡ ʩʨʝʜʳ ʚ ʜʠʘʧʘʟʦʥʝ ʨʅ < 2.5. ʕʣʝʢʪʨʦʥʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʘ) ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʙ) 

ʤʠʢʨʦʩʢʦʧʠʷ [147].  

 

2.5.5. ʕʬʬʝʢʪ ʚʚʝʜʝʥʠʷ ʠʥʝʨʪʥʳʭ ʜʦʙʘʚʦʢ 

 

 ʇʦʜ ʜʦʙʘʚʢʦʡ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʥʠʤʘʝʪʩʷ ʭʠʤʠʯʝʩʢʠ ʠʥʝʨʪʥʳʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʥʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʥʠ ʩ ʦʢʠʩʣʠʪʝʣʝʤ, ʥʠ ʩ ʤʦʥʦʤʝʨʦʤ, ʥʝ ʤʝʥʷʝʪ ʢʠʩʣʦʪʥʦʩʪʴ 

ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʦʡ ʩʨʝʜʳ, ʭʦʪʷ ʠ ʤʦʞʝʪ ʚ ʥʝʡ ʥʘʙʫʭʘʪʴ ʠʣʠ ʨʘʩʪʚʦʨʷʪʴʩʷ [148, 149]. ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʪʝʤʧʣʘʪʘ, ʤʘʪʝʨʠʘʣ ʜʦʙʘʚʢʠ ʚʳʩʦʢʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥ, ʣʠʙʦ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʦʨʠʩʪʫʶ ʤʘʪʨʠʮʫ (ʩʝʪʢʫ). ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʝʛʦ ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʚʝʣʠʢʘ. 

ʂʨʫʛ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʯʨʝʟʚʳʯʘʡʥʦ ʰʠʨʦʢ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʩʠʣʠʢʘʛʝʣʴ, 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʝ ʦʢʩʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʬʝʨʨʠʪʳ, ʫʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʮʝʣʣʶʣʦʟʫ, 

ʢʨʘʭʤʘʣ, ʨʘʩʪʚʦʨʠʤʳʝ ʠ ʥʘʙʫʭʘʶʱʠʝ ʚ ʚʦʜʝ ʧʦʣʠʤʝʨʳ ʠ ʪ.ʜ.. ɺʚʝʜʝʥʠʝ ʠʥʝʨʪʥʦʡ ʜʦʙʘʚʢʠ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʧʦʯʪʠ ʚʩʝʛʜʘ ʵʪʦ ʩʦʢʨʘʱʝʥʠʝ ʠʥʜʫʢʮʠʦʥʥʦʛʦ 

ʧʝʨʠʦʜʘ ʧʨʠ ʥʝʠʟʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ [150]. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʣʠʥʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʇɺʇ (ʈʠʩʫʥʦʢ 2.17 ʘ); ʩʠʣʠʢʘʛʝʣʷ ʩ 

ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 130 ʤʢʤ (ʈʠʩʫʥʦʢ 2.17 ʙ); ʘ ʪʘʢʞʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʜʠʥʘʢʦʚʳʭ ʢʦʣʠʯʝʩʪʚ 

ʩʠʣʴʢʘʛʝʣʷ ʩ ʯʘʩʪʠʮʘʤʠ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʘʢʦʥʦʤʝʨʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʥʘʯʘʣʴʥʦʡ 

ʩʪʘʜʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʜʦʙʘʚʢʠ, ʘ ʪʘʢʞʝ ʝʝ ʜʠʩʧʝʨʩʥʦʩʪʠ ʪ.ʝ. ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ [132]. 

ɺʚʝʜʝʥʠʝ ʜʦʙʘʚʢʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʇɸʅʀ, 

ʧʦʣʫʯʝʥʥʳʡ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʥʘʭʦʜʠʪʩʷ ʚ ʵʤʝʨʘʣʜʠʥʦʚʦʡ ʬʦʨʤʝ. ʆʜʥʘʢʦ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʦʙʘʚʢʠ, ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʵʤʝʨʘʣʜʠʥʘ [140]. ʕʪʦ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʘʤʦʡ ʜʦʙʘʚʢʠ, ʝʝ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʩʦʩʪʘʚʝ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʦʪ ʩʪʨʫʢʪʫʨʳ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʥʝʧʨʦʚʦʜʷʱʠʭ ʜʦʙʘʚʦʢ, ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ ʢʦʣʣʦʠʜʘ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʜʦʙʘʚʢʠ. ɺ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʜʦʙʘʚʦʢ (ʫʛʣʝʨʦʜ, ʯʘʩʪʠʮʳ 

ʘ 
ʙ 



68 

 

 

 

ʤʝʪʘʣʣʦʚ), ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʦʙʳʯʥʦ ʨʘʩʪʝʪ [151]. ʉʚʦʡʩʪʚʘ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʠʤʝʶʱʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʙʫʜʫʪ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ɻʣʘʚʝ 5. 

 

 

ʈʠʩʫʥʦʢ 2.17 ï ʊʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʦʡ ʧʨʦʬʠʣʴ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ 

ʫʩʣʦʚʠʷʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ  ʘ) ʠ ʩʠʣʠʢʘʛʝʣʷ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 130 ʤʢʤ ʙ) 

ʉʦʜʝʨʞʘʥʠʝ ʜʦʙʘʚʢʠ ʧʨʠʚʝʜʝʥʦ ʥʘ ʛʨʘʬʠʢʘʭ [101]. 

 

 

 

ʈʠʩʫʥʦʢ 2.18 ï ʏʘʩʪʠʮʳ ʜʠʩʧʝʨʩʠʠ 

ʇɸʅʀ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥ r

ʩʠʣʠʢʘʛʝʣʝʤ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 40 

ʥʤ [150]. ʉʕʄ . 

 

 

 

 

 

 

ɺ ʭʦʜʝ ʩʠʥʪʝʟʘ ʇɸʅʀ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʜʦʙʘʚʢʦʡ ʩʠʣʘʤʠ ʬʠʟʠʯʝʩʢʦʡ ʩʦʨʙʮʠʠ, ʧʨʠ ʵʪʦʤ 

ʜʦʙʘʚʢʘ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʇɸʅʀ ʠ ʟʘʯʘʩʪʫʶ ʩʣʫʞʠʪ ʩʪʨʫʢʪʫʨʠʨʫʶʱʠʤ 

ʘʛʝʥʪʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʦʨʤʫ ʯʘʩʪʠʮ (ʧʨʠʤʝʨʘʤʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʳ ʠ 

ʧʦʨʦʰʢʠ ʬʝʨʨʠʪʦʚ). ʉʠʥʪʝʟ ʇɸʅʀ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʦʙʘʚʢʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʪʦʣʱʠʥʳ 

ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ ʥʘ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʥʦʩʠʪʝʣʝ. ʇʣʝʥʢʠ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʳʤʠ, ʘ 

ʠʭ ʧʦʚʝʨʭʥʦʩʪʴ ʙʦʣʝʝ çʯʠʩʪʦʡè. ʕʪʦ ʚʳʟʚʘʥʦ ʩʚʷʟʳʚʘʥʠʝʤ ʧʦʜʘʚʣʷʶʱʝʡ ʜʦʣʠ ʇɸʅʀ ʩ 

ʯʘʩʪʠʮʘʤʠ ʜʦʙʘʚʢʠ, ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝʤ çʟʘʛʨʷʟʥʝʥʠʷè ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʝʥʢʠ ʦʩʘʜʢʦʤ ʧʦʣʠʤʝʨʘ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʈʘʟʜʝʣʫ 2.5, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʴʥʦʛʦ 

ʦʢʠʩʣʠʪʝʣʷ ʚ ʜʠʘʧʘʟʦʥʝ ʨʅ Ò 2, ʚʩʝʛʜʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʠʩʦʧʨʷʞʝʥʥʦʡ 

ʵʤʝʨʘʣʜʠʥʦʚʦʡ ʬʦʨʤʳ ʇɸʅʀ. ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʘ 

ʘ 

ʙ 
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ʢʠʩʣʦʪʥʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ 2 Ò ʨʅ Ò -1 ʥʝ ʚʣʠʷʝʪ ʥʘ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʠʤʝʨʘ ʠ 

ʩʣʘʙʦ (ʚ ʜʠʘʧʘʟʦʥʝ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ 100õ101 ʉʠʤʝʥʩ ʩʤï1) ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʨʦʚʦʜʠʤʦʩʪʠ. 

ʇʝʨʝʦʢʠʩʣʝʥʠʝ ʇɸʅʀ ʜʦ ʧʝʨʥʠʛʨʘʥʠʣʠʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʟʙʳʪʢʘ ʧʝʨʩʫʣʴʬʘʪʘ ʥʝ ʷʚʣʷʝʪʩʷ 

ʠʩʢʣʶʯʝʥʠʝʤ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʨʘʪʠʤʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʘ. ʆʩʥʦʚʥʳʤ 

ʪʠʧʦʤ ʤʦʨʬʦʣʦʛʠʠ ʇɸʅʀ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʴʥʦʛʦ ʦʢʠʩʣʠʪʝʣʷ ʚ ʫʩʣʦʚʠʷʭ ʢʠʩʣʳʭ 

ʩʨʝʜ ʷʚʣʷʝʪʩʷ 3D ʛʨʘʥʫʣʷʨʥʘʷ ʤʦʨʬʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ ʪʠʧʠʯʥʘ ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ ʦʙʨʘʟʦʚʘʥʠʡ 

ʇɸʅʀ. ʀʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ: ʜʠʘʤʝʪʨʘ ʛʨʘʥʫʣ ʠ ʯʘʩʪʠʮ 

ʢʦʣʣʦʠʜʦʚ, ʪʦʣʱʠʥ ʧʣʝʥʦʢ, ʧʨʦʠʩʭʦʜʠʪ ʩʠʤʙʘʪʥʦ ʧʨʠ ʚʘʨʠʘʮʠʠ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ. ɺ ʩʣʝʜʫʶʱʠʭ 

ʈʘʟʜʝʣʘʭ ʙʫʜʝʪ ʦʙʩʫʞʜʘʪʴʩʷ ʚʣʠʷʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʥʦʩʠʪʝʣʷ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʧʣʝʥʦʢ, ʘ 

ʪʘʢʞʝ ʵʬʬʝʢʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 3D ʯʘʩʪʠʮ ʚ 1D ʚʦʣʦʢʥʠʩʪʫʶ ʤʦʨʬʦʣʦʛʠʶ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ 

ʨʘʟʙʘʚʣʝʥʠʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʚʳʩʦʢʦʡ ʢʠʩʣʦʪʥʦʩʪʠ. 

 

2.6. ɺʣʠʷʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʦʢʠʩʣʝʥʠʝ ʘʥʠʣʠʥʘ, ʩʚʦʡʩʪʚʘ ʠ 

ʤʦʨʬʦʣʦʛʠʶ ʧʨʦʜʫʢʪʦʚ 

 

ʆʢʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʪʨʫʢʪʫʨ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʘʥʠʣʠʥʘ, ʨʘʩʪʝʪ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝʤ ʘʪʦʤʘ ʘʟʦʪʘ. ʇʦʪʝʥʮʠʘʣ ʨʘʩʪʝʪ 

ʥʝʤʦʥʦʪʥʥʦ. ɺ ʦʙʣʘʩʪʠ ʨʅ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʥʩʪʘʥʪʝ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ, ʦʢʠʩʣʠʪʝʣʴʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʠʟʤʝʥʷʝʪʩʷ ʩʢʘʯʢʦʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʭʘʨʘʢʪʝʨʫ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʠ ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʨʝʘʛʝʥʪʦʚ. ʅʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʝ ʬʦʨʤʳ ʘʥʠʣʠʥʘ 

ʠ ʝʛʦ ʦʣʠʛʦʤʝʨʦʚ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʱʝʣʦʯʥʳʭ ʠ ʥʝʡʪʨʘʣʴʥʳʭ ʩʨʝʜʘʭ, ʦʢʠʩʣʷʶʪʩʷ ʧʨʠ ʥʠʟʢʦʤ 

ʧʦʪʝʥʮʠʘʣʝ (+0.3 ɺ). ɺ ʢʠʩʣʳʭ ʩʨʝʜʘʭ, ʛʜʝ ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʝ ʬʦʨʤʳ, ʜʣʷ ʥʘʯʘʣʘ 

ʨʦʩʪʘ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʜʦʣʝʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʧʦʪʝʥʮʠʘʣʫ +1.05 ɺ [125]. ʇʦʵʪʦʤʫ ʦʢʠʩʣʠʪʝʣʠ ʩ ʧʦʪʝʥʮʠʘʣʦʤ ʥʠʞʝ 1 ɺ, 

ʩʧʦʩʦʙʥʳʝ ʦʢʠʩʣʷʪʴ ʘʥʠʣʠʥ ʚ ʱʝʣʦʯʥʳʭ ʠ ʥʝʡʪʨʘʣʴʥʳʭ ʩʨʝʜʘʭ, ʥʝ ʜʦʣʞʥʳ ʙʳʣʠ ʙʳ ʚʝʩʪʠ 

ʧʦʣʠʤʝʨʠʟʘʮʠʶ ʧʨʠ ʥʠʟʢʦʤ ʨʅ. ʆʜʥʘʢʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʢʠʩʣʝʥʠʝ ʘʥʠʣʠʥʘ 

ʚ ʢʠʩʣʳʭ ʩʨʝʜʘʭ ʠʜʝʪ ʠ ʟʘʚʝʨʰʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʠʩʦʧʨʷʞʝʥʥʦʛʦ ʇɸʅʀ. ʊʘʢʠʝ ʦʢʩʠʜʘʥʪʳ, 

ʢʘʢ FeCl3 (+0.77 ɺ), V2O5, (+0.98 ɺ), AgNO3 (+0.8 ɺ), MnO2 (+1.2 B), KIO3 (+1.1 B), Pd+2 

(+0.89 B), Au+3 (+1.0 B), [96] ʧʦʪʝʥʮʠʘʣ ʢʦʪʦʨʳʭ ʙʣʠʟʦʢ ʠʣʠ ʜʘʞʝ ʥʠʞʝ +1 ɺ, ʤʦʛʫʪ ʦʢʠʩʣʷʪʴ 

ʘʥʠʣʠʥ ʥʝ ʪʦʣʴʢʦ ʚ ʱʝʣʦʯʥʳʭ, ʥʝʡʪʨʘʣʴʥʳʭ ʩʨʝʜʘʭ, ʥʦ, ʢʘʢ ʥʠ ʩʪʨʘʥʥʦ, ʠ ʚ ʢʠʩʣʳʭ ʩʨʝʜʘʭ, ʛʜʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʦʢʠʩʣʝʥʠʷ ʚʳʩʦʢ.  

 

2.6.1. ʆʢʠʩʣʝʥʠʝ ʘʥʠʣʠʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʣʘʙʦʛʦ ʦʢʩʠʜʘʥʪʘ ï ʘʟʦʪʥʦʢʠʩʣʦʛʦ ʩʝʨʝʙʨʘ 

 

ɺ ʨʘʟʜʝʣʝ 2.6. ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʢʠʩʣʝʥʠʝ ʘʥʠʣʠʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʣʘʙʦʛʦ ʦʢʠʩʣʠʪʝʣʷ ï 

ʘʟʦʪʥʦʢʠʩʣʦʛʦ ʩʝʨʝʙʨʘ (AgNO3) ʩ ʧʦʪʝʥʮʠʘʣʦʤ +0.80 ɺ, ʯʪʦ ʟʘʚʝʜʦʤʦ ʥʠʞʝ, ʯʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʙʘʨʴʝʨ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʚ ʢʠʩʣʳʭ ʩʨʝʜʘʭ. ʆʢʠʩʣʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʥʦʡ 

ʢʠʩʣʦʪʥʦʩʪʠ, ʢʦʛʜʘ ʨʅ ʥʘʯʘʣʘ ʩʠʥʪʝʟʘ ʩʦʩʪʘʚʣʷʣ 11, 6 ʠ 2.5. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʠʩʣʝʥʠʝ 

ʧʨʦʭʦʜʠʣʦ ʚ ʪʨʝʭ ʜʠʘʧʘʟʦʥʘʭ ʨʅ, ʛʜʝ ʤʦʥʦʤʝʨ, ʠ ʨʘʩʪʫʱʠʝ ʮʝʧʠ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʳ ʠ ʠʤʝʶʪ 

ʥʠʟʢʠʡ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʣʠʙʦ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʝ ʩ ʚʳʩʦʢʠʤ 
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ʧʦʪʝʥʮʠʘʣʦʤ ʦʢʠʩʣʝʥʠʷ. ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʦʢʠʩʣʝʥʠʝ ʘʥʠʣʠʥʘ AgNO3 ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ 

ʦʢʠʩʣʝʥʠʝʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʝʨʩʫʣʴʬʘʪʘ ʚ ʦʜʠʥʘʢʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʭʦʜʝ 

ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʢʘʪʠʦʥ ʩʝʨʝʙʨʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ ʤʝʪʘʣʣʘ. ʄʝʪʘʣʣʠʯʝʩʢʦʝ ʩʝʨʝʙʨʦ 

ʬʦʨʤʠʨʫʝʪ ʩ ʧʨʦʜʫʢʪʘʤʠ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ [152]. ɸʥʘʣʠʟ 

ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʧʨʦʚʦʜʠʣʩʷ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʢʦʥʜʫʢʪʦʤʝʪʨʠʠ, ʛʝʣʴʧʨʦʥʠʢʘʶʱʝʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ 

ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʝʨʝʙʨʘ ʤʝʪʦʜʦʤ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʧʦʟʚʦʣʷʣ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʫʯʘʩʪʠʝ AgNO3 ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ.  

 

ʂʠʥʝʪʠʢʘ ʦʢʠʩʣʝʥʠʷ ʠ ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢʪʦʚ 

ɼʠʘʧʘʟʦʥ ʨʅ  >  3.5. 

ʇʨʠ ʨʅ > 3.5 ʤʦʥʦʤʝʨ ʠ ʧʦʣʠʤʝʨʥʘʷ ʮʝʧʴ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʳ. ɺ ʨʝʘʢʮʠʠ ʫʯʘʩʪʚʫʶʪ 

ʪʦʣʴʢʦ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʝ ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʩʪʨʫʢʪʫʨʳ ʩ ʥʠʟʢʠʤ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ. 

ʂʘʢ ʚ ʩʣʫʯʘʝ ʧʝʨʩʫʣʴʬʘʪʘ, ʪʘʢ ʠ AgNO3 ʦʢʠʩʣʝʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʩʨʘʟʫ (ʙʝʟ ʠʥʜʫʢʮʠʦʥʥʦʛʦ 

ʧʝʨʠʦʜʘ) ʠ ʠʜʝʪ ʤʦʥʦʪʦʥʥʦ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ. ʅʘ ʈʠʩʫʥʢʝ 2.19 ʘ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʬʠʣʠ 

ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʜʣʷ ʦʙʦʠʭ ʦʢʠʩʣʠʪʝʣʝʡ ʚ 0.5 ʄ ʨʘʩʪʚʦʨʝ ʘʤʤʠʘʢʘ. ʇʨʠ ʥʘʯʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʠʣʠʥʘ 0.2 ʄ ʠ ʩʦʦʪʥʦʰʝʥʠʠ [ʆʭ]e/[ɸʥ] = 2.5 ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ. ɿʝʨʢʘʣʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʝʨʝʙʨʘ ʚʳʜʝʣʷʝʪʩʷ ʥʘ ʩʪʝʥʢʘʭ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʫʜʘ 

ʚ ʭʦʜʝ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ AgNO3. ɺ ʩʣʫʯʘʝ ʧʝʨʩʫʣʴʬʘʪʘ ʥʘʯʘʣʴʥʦʝ ʨʅ 10.0 ʧʦ ʦʢʦʥʯʘʥʠʠ 

ʦʢʠʩʣʝʥʠʷ ʩʥʠʞʘʝʪʩʷ ʜʦ 8.9. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ AgNO3 ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʨʅ ʩʦʩʪʘʚʣʷʝʪ 10.8 

õ 9.3. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ, ʢʘʢ ʤʦʥʦʤʝʨ, ʪʘʢ ʠ ʮʝʧʴ ʦʩʪʘʶʪʩʷ ʚ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ.  

 

ʈʠʩʫʥʦʢ 2.19 ï (ʘ) ʀʟʤʝʥʝʥʠʝ ʨʅ ʚ ʭʦʜʝ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ (1) ʧʝʨʩʫʣʴʬʘʪʘ 

ʘʤʤʦʥʠʷ ʠ (2) ʘʟʦʪʥʦʢʠʩʣʦʛʦ ʩʝʨʝʙʨʘ ʚ 0.5 ʄ ʨʘʩʪʚʦʨʝ ʘʤʤʠʘʢʘ. (ʙ) ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ 

ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ (1) ʧʝʨʩʫʣʴʬʘʪʦʤ ʘʤʤʦʥʠʷ ʠ (2) ʘʟʦʪʥʦʢʠʩʣʳʤ ʩʝʨʝʙʨʦʤ; 

ʨʘʩʪʚʦʨʠʪʝʣʴ - N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥ. 

ɺʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʠ ʠʭ ʩʚʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʘʭ 2.1, 2.2 ʠ 2.9, 2.10. 

ɺ ʩʧʝʢʪʨʘʭ ʧʨʦʜʫʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʘʥʠʣʠʥʘ ʦʙʦʠʤʠ ʦʢʠʩʣʠʪʝʣʷʤʠ, ʧʦʛʣʦʱʝʥʠʝ 

ʦʛʨʘʥʠʯʝʥʦ ʦʙʣʘʩʪʴʶ < 600 ʥʤ (ʈʠʩʫʥʦʢ 2.19 ʙ), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʠʩʪʝʤʘ ʧʦʣʠʩʦʧʨʷʞʝʥʠʷ ʚ ʥʠʭ 
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ʦʪʩʫʪʩʪʚʫʝʪ. ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʨʦʜʫʢʪʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʩʫʣʴʬʘʪʘ, 

ʥʝ ʧʨʝʚʳʰʘʝʪ 10ī10 ʉʠʤʝʥʩ ʩʤī1. ʄʘʪʝʨʠʘʣ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ AgNO3, ʷʚʣʷʝʪʩʷ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʠ ʩʦʜʝʨʞʠʪ 75% ʚʝʩʘ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʝʨʝʙʨʘ. ɽʛʦ ʧʣʦʪʥʦʩʪʴ ʧʦʯʪʠ ʚ 4 ʨʘʟʘ 

ʧʨʝʚʳʰʘʝʪ ʧʣʦʪʥʦʩʪʴ ʇɸʅʀ. ʋʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʢʦʤʧʦʟʠʪʘ ʩʦʩʪʘʚʣʷʝʪ 3300Ƅ5030 

ʉʠʤʝʥʩ ʩʤī1. ʆʢʠʩʣʝʥʠʝ ʘʥʠʣʠʥʘ ʢʘʢ ʧʝʨʩʫʣʴʬʘʪʦʤ, ʪʘʢ ʠ AgNO3 ʜʘʝʪ ʚ ʦʩʥʦʚʥʦʤ ʘʤʦʨʬʥʳʝ 

ʧʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ (ʈʠʩʫʥʦʢ 2.6 ʘ) (ʈʠʩʫʥʦʢ 2.20 ʘ). ʅʦ ʧʨʠ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʨʝʘʛʝʥʪʦʚ 

ʦʣʠʛʦʤʝʨʳ ʬʦʨʤʠʨʫʶʪ ʜʝʥʜʨʦʠʜʥʳʝ ʯʘʩʪʠʮʳ (ʈʠʩʫʥʦʢ 2. 20 ʙ). ʉʝʨʝʙʨʦ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʪʘ ʩ 

ʦʨʛʘʥʠʢʦʡ ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ ʯʘʩʪʠʮ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʨʘʟʤʝʨʦʤ ʦʪ 50 ʥʤ, ʜʦ 200 ʥʤ (ʈʠʩʫʥʦʢ 

2.20 ʘ). 

 

 ɼʠʘʧʘʟʦʥ 3.5 > ʨʅ > 2.5 

ʆʢʠʩʣʝʥʠʝ ʘʥʠʣʠʥʘ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʠʟʫʯʝʥʦ ʚ ʨʘʩʪʚʦʨʘʭ ʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ. ʊʘʢ, ʚ 0.4 ʄ ʨʘʩʪʚʦʨʝ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʩʦʜʝʨʞʘʱʝʡ 0.2 ʄ ʘʥʠʣʠʥʘ ʠ 0.25 ʄ 

ʧʝʨʩʫʣʴʬʘʪʘ ʠʣʠ 0.5 ʄ ʘʟʦʪʥʦʢʠʩʣʦʛʦ ʩʝʨʝʙʨʘ, ʠʩʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ ʨʅ ʩʦʩʪʘʚʣʷʝʪ 4.5 ʠ 5.7 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʜʝʩʴ ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʘʥʠʣʠʥʘ ʧʨʦʪʦʥʠʨʫʝʪʩʷ, ʥʦ ʠʤʠʥʦʛʨʫʧʧʳ ʮʝʧʝʡ ʝʱʝ 

ʥʘʭʦʜʷʪʩʷ ʚ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʅʘ ʈʠʩʫʥʢʝ 2.21 ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʅ ʧʨʦʬʠʣʠ 

ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʦʙʦʠʤʠ ʦʢʠʩʣʠʪʝʣʷʤʠ. ɺʠʜʥʦ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ 3.5 > ʨʅ >2.5 ʦʢʠʩʣʝʥʠʝ 

ʨʝʟʢʦ ʟʘʪʦʨʤʘʞʠʚʘʝʪʩʷ. ʕʪʦʪ ʜʠʘʧʘʟʦʥ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ ʜʚʫʤʷ ʩʪʘʜʠʷʤʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʩ ʙʦʣʝʝ ʨʝʟʢʠʤ ʧʦʥʠʞʝʥʠʝʤ ʨʅ.  

 

 

 

ʈʠʩʫʥʦʢ 2.20 ï ʇʨʦʜʫʢʪ rʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʘʟʦʪʥʦʢʠʩʣʳʤ ʩʝʨʝʙʨʦʤ ʚ 0.5 ʄ ʨʘʩʪʚʦʨʝ ʘʤʤʠʘʢʘ 

ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ɸʥ 0.2 ʄ ʘ), ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ɸʥ 0.01 ʄ ʙ). ʇʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷ (ʇʕʄ) 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʩʫʣʴʬʘʪʘ ʵʪʘʧ ʤʝʜʣʝʥʥʦʛʦ ʜʨʝʡʬʘ ʦʢʠʩʣʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 3.5 > 

ʨʅ > 2.5 ʟʘʚʝʨʰʘʝʪʩʷ ʯʝʨʝʟ 30 ʤʠʥʫʪ ʙʫʨʥʦʡ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʜʠʝʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʡʩʷ 

ʠʥʪʝʥʩʠʚʥʳʤ ʚʳʜʝʣʝʥʠʝʤ ʧʨʦʪʦʥʦʚ ʠ ʩʥʠʞʝʥʠʝʤ ʨʅ. ʅʘʯʘʣʦ ʥʦʚʦʡ ʩʪʘʜʠʠ ʩʚʷʟʘʥʦ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʢʠʩʣʦʪʥʦʩʪʠ ʜʦ ʫʨʦʚʥʷ ʨʅ 2.5, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʪʦʥʠʨʫʶʪʩʷ ʠʤʠʥʦʛʨʫʧʧʳ 

ʘ 
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ʧʦʣʠʤʝʨʥʳʭ (ʦʣʠʛʦʤʝʨʥʳʭ) ʮʝʧʝʡ. ɺ ʩʣʫʯʘʝ AgNO3 ʧʨʠ ʪʝʭ ʞʝ ʥʘʯʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʨʝʘʛʝʥʪʦʚ ʦʢʠʩʣʝʥʠʝ ʨʘʩʪʷʛʠʚʘʝʪʩʷ ʥʘ ʩʦʪʥʠ ʯʘʩʦʚ. ʏʝʨʝʟ 14 ʜʥʝʡ ʢʦʥʚʝʨʩʠʷ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ 

ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʜʦʩʪʠʛʘʝʪ 30 %, ʘ ʨʅ, ʟʘ ʩʯʝʪ ʦʪʱʝʧʣʝʥʠʷ ʧʨʦʪʦʥʦʚ, ʦʧʫʩʢʘʝʪʩʷ ʜʦ ʟʥʘʯʝʥʠʷ 

2.5. ɿʘʪʝʤ ʦʢʠʩʣʝʥʠʝ ʧʨʦʜʦʣʞʘʝʪʩʷ ʠ ʥʝʩʢʦʣʴʢʦ ʫʩʢʦʨʷʝʪʩʷ.  

ɺʳʭʦʜ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 3.5 > ʨʅ > 2.5 ʦʯʝʥʴ ʥʝʚʝʣʠʢ. ʂʘʢ ʧʦʢʘʟʘʥʦ 

ʨʘʥʝʝ, ʚ ʩʣʫʯʘʝ ʧʝʨʩʫʣʴʬʘʪʘ ʧʨʦʜʫʢʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʧʨʦʚʦʜʷʱʠʝ ʦʣʠʛʦʤʝʨʳ ʘʥʠʣʠʥʘ. 

ɺ ʩʣʫʯʘʝ AgNO3 ʚʳʜʝʣʝʥ ʛʦʤʦʛʝʥʥʳʡ ʧʦʨʦʰʦʢ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ, ʝʛʦ ʧʣʦʪʥʦʩʪʴ 

ʩʦʩʪʘʚʣʷʝʪ 3.28 ʛ/ʩʤ3, ʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ 4350õ7160 ʉʠʤʝʥʩ ʩʤ ï1 (ʊʘʙʣʠʮʘ. 2.9, 2.10). ʂʘʢ ʠ 

ʚ ʩʣʫʯʘʝ ʦʢʠʩʣʝʥʠʷ ʚ 0.5 ʄ ʘʤʤʠʘʢʝ, ʧʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʩʦʜʝʨʞʠʪ ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʩʝʨʝʙʨʦ. 

ʕʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʦʨʛʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ, ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ AgNO3, ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʦʡ N-

ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥʦʤ, ʩʭʦʜʝʥ ʩʦ ʩʧʝʢʪʨʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʈʠʩʫʥʢʝ 2.19 ʙ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ 

ʪʦʤ, ʯʪʦ ʦʢʠʩʣʝʥʠʝ ʘʥʠʣʠʥʘ AgNO3 ʜʦ ʢʦʥʚʝʨʩʠʠ 30% ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʜʫʢʪʘʤ ʩ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ 

ʧʦʣʠʩʦʧʨʷʞʝʥʠʷ.  

 

ʊʘʙʣʠʮʘ 2.9 ï ʄʦʨʬʦʣʦʛʠʷ ʠ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

ʦʢʠʩʣʝʥʠʠ 0.2 ʄ ʘʥʠʣʠʥʘ 0.5 ʄ ʘʟʦʪʥʦʢʠʩʣʦʛʦ ʩʝʨʝʙʨʘ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ. 

 

ʅʘʜʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʚ ʜʠʘʧʘʟʦʥʝ 3.5 > ʨʅ > 2.5 

ʦʪʣʠʯʥʘ ʦʪ ʩʪʨʫʢʪʫʨʳ ʧʨʦʜʫʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ. ɼʣʷ ʧʝʨʩʫʣʴʬʘʪʘ Ƅ ʵʪʦ 

ʧʣʦʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʤʝʨʘʤʠ ʧʦʨʷʜʢʘ ʤʠʢʨʦʥʘ ʠ ʪʦʣʱʠʥʦʡ ʜʦ 100 ʥʤ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʧʘʣʦʯʢʘʤʠ ʜʠʘʤʝʪʨʦʤ ʜʦ 200 ʥʤ (ʈʠʩʫʥʦʢ 2.6 ʙ). ɺ ʩʣʫʯʘʝ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʘʟʦʪʥʦʢʠʩʣʳʤ 

ʩʝʨʝʙʨʦʤ ʪʘʢʞʝ ʧʨʝʦʙʣʘʜʘʝʪ ʜʚʫʤʝʨʥʘʷ ʤʦʨʬʦʣʦʛʠʷ. ɿʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʤʘʪʝʨʠʘʣʘ 

ʩʦʩʪʘʚʣʷʶʪ ʧʣʦʩʢʠʝ ʜʠʩʢʦʦʙʨʘʟʥʳʝ ʯʘʩʪʠʮʳ ʤʠʢʨʦʥʥʳʭ ʨʘʟʤʝʨʦʚ, ʚʩʪʨʝʯʘʶʪʩʷ ʪʘʢʞʝ ʧʘʣʦʯʢʠ 

 

 

ʇʘʨʘʤʝʪʨ 

0.5 ʄ 

NH4OH, 

ʢʦʥʚʝʨʩʠʷ 

100% 

0.4 M 

CH3COOH, 

ʢʦʥʚʝʨʩʠʷ 

30% 

0.4 M 

CH3COOH, 

ʢʦʥʚʝʨʩʠʷ 

70% 

0.1 M HNO3, 

ʢʦʥʚʝʨʩʠʷ 

30% 

ʅʘʯʘʣʴʥʦʝ ʨʅ 10.8 5,7 5,7 2.5 

ʂʦʥʝʯʥʦʝ ʨʅ 9.3 3.5 2.5 1.8 

ɺʨʝʤʷ ʦʢʠʩʣʝʥʠʷ, ʯ  0.24 168 540 540 

ʇʦʛʣʦʱʝʥʠʝ 

ʧʦʣʷʨʦʥʘ, ʥʤ 
ʥʝʪ ʥʝʪ 618 626 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 

ʄw (ɻʇʍ) 
- - - 41400 

ʄʦʨʬʦʣʦʛʠʷ 

ʦʨʛʘʥʠʢʠ 
ɸʤʦʨʬʥʘʷ 

ɼʚʫʤʝʨʥʘʷ 

ʆʜʥʦʤʝʨʥʘʷ 
ʊʨʫʙʳ 

ɺʦʣʦʢʥʘ ʠ 

ʪʨʫʙʳ 

ʄʦʨʬʦʣʦʛʠʷ ʩʝʨʝʙʨʘ ʉʬʝʨʳ 
ʉʣʦʡ ʥʘ 

ʦʣʠʛʦʤʝʨʝ 

ʉʬʝʨʳ + 

ʧʘʣʦʯʢʠ 
ʉʬʝʨʳ 
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ɼʣʠʥʘ ʚʦʣʥʳ, ʥʤ

ʠ ʥʠʪʝʚʠʜʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ (ʈʠʩʫʥʦʢ 2.22 ʘ, ʙ). ʇʨʦʩʚʝʯʠʚʘʶʱʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʧʦʟʚʦʣʷʝʪ 

ʚʳʷʚʠʪʴ ʣʦʢʘʣʠʟʘʮʠʶ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʝʨʝʙʨʘ. ʉʝʨʝʙʨʦ ʚ ʚʠʜʝ ʧʦʣʦʩ ʪʝʤʥʦʛʦ ʮʚʝʪʘ ʜʝʢʦʨʠʨʫʝʪ 

ʧʣʦʩʢʠʝ ʠ ʦʜʥʦʤʝʨʥʳʝ ʦʙʲʝʢʪʳ, ʣʠʙʦ ʦʙʨʘʟʫʝʪ ʩʬʝʨʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ ʜʠʘʤʝʪʨʦʤ ʧʦʨʷʜʢʘ 

10 ʥʤ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʘʛʣʦʤʝʨʠʨʫʶʪ ʚ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ.  

 

ʈʠʩʫʥʦʢ 2.21 ï (ʘ) ʀʟʤʝʥʝʥʠʝ ʨʅ ʚʦ ʚʨʝʤʝʥʠ  ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʘʥʠʣʠʥʘ (1) ʧʝʨʩʫʣʴʬʘʪʦʤ 

ʘʤʤʦʥʠʷ ʠ (2) ʘʟʦʪʥʦʢʠʩʣʳʤ ʩʝʨʝʙʨʦʤ ʚ 0.4 ʄ ʨʘʩʪʚʦʨʝ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. (ʙ) ʕʣʝʢʪʨʦʥʥʳʝ 

ʩʧʝʢʪʨʳ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ, (1) ʧʝʨʩʫʣʴʬʘʪʦʤ ʘʤʤʦʥʠʷ, ʢʦʥʚʝʨʩʠʷ 100% ʠ (2) 

ʘʟʦʪʥʦʢʠʩʣʳʤ ʩʝʨʝʙʨʦʤ, ʢʦʥʚʝʨʩʠʷ 70% (pH < 2.5); ʨʘʩʪʚʦʨʠʪʝʣʴ N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥ. 

 

 

   

 

ʈʠʩʫʥʦʢ 2.22 ʘ), ʙ)  ï  ɼʚʘ ʪʠʧʘ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ 0.2 ʄ 

ʘʥʠʣʠʥʘ 0.5 ʄ AgNO3 ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʚ ʜʠʘʧʘʟʦʥʝ 3.5 > ʨʅ > 2.5, ʇʕʄ. 
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ʊʘʙʣʠʮʘ 2.10  ï ʉʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ 0.2 ʄ ʘʥʠʣʠʥʘ 0.5 ʄ AgNO3 ʚ ʫʩʣʦʚʠʷʭ 

ʨʘʟʣʠʯʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ. 

 

 

ɼʠʘʧʘʟʦʥ ʨʅ < 2.5 

ʆʢʠʩʣʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ ʨʅ < 2.5 ʨʘʩʩʤʦʪʨʝʥʦ ʥʘ ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʠ 0.2 ʄ ʘʥʠʣʠʥʘ ʩ 0.5 ʄ 

AgNO3 ʚ 1.0 ʄ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ (ʈʠʩʫʥʦʢ 2.23 ʘ, ʙ), ʘ ʪʘʢʞʝ ʚ ʫʢʩʫʩʥʦʡ ʠ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʘʭ 

(0.4ʄ) ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʥʚʝʨʩʠʷʭ ʘʥʠʣʠʥʘ, ʢʦʛʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʜʝʣʝʥʠʷ ʧʨʦʪʦʥʦʚ ʫʨʦʚʝʥʴ ʨʅ 

ʦʧʫʩʢʘʣʩʷ ʜʦ 2.5 ʠ ʥʠʞʝ (ʈʠʩʫʥʦʢ 2.23 ʘ). ʂʦʥʪʨʦʣʴʥʦʡ ʨʝʘʢʮʠʝʡ ʩʣʫʞʠʣʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 0.2 

ʄ ʘʥʠʣʠʥʘ ʩ 0.25 ʄ ʧʝʨʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ ʚ 0.1 ʄ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ. 

ɼʚʫʭʩʪʘʜʠʡʥʘʷ ʨʝʘʢʮʠʷ ʘʥʠʣʠʥʘ ʩ ʧʝʨʩʫʣʴʬʘʪʦʤ ʘʤʤʦʥʠʷ ʟʘʢʘʥʯʠʚʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ 10 

ʤʠʥʫʪ. ʇʨʠ ʵʪʦʤ ʚʳʭʦʜ ʵʤʝʨʘʣʜʠʥʦʚʦʡ ʬʦʨʤʳ ʇɸʅʀ ʩ ʄʄ 40ʭ103 ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ 

ʝʜʠʥʠʮʳ ʉʠʤʝʥʩ ʩʤī1 ʙʣʠʟʦʢ ʢ 100%. ʇʦʣʠʤʝʨ ʠʤʝʝʪ ʛʨʘʥʫʣʷʨʥʫʶ ʤʦʨʬʦʣʦʛʠʶ, ʭʘʨʘʢʪʝʨʥʫʶ 

ʜʣʷ ʇɸʅʀ, ʧʦʣʫʯʘʝʤʦʛʦ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʴʥʦʛʦ ʦʢʠʩʣʠʪʝʣʷ (ʈʠʩʫʥʦʢ 2.24 ʘ). 

ʆʢʠʩʣʝʥʠʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ AgNO3 ʚ 1 ʄ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ ʠʜʝʪ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ. ɺ ʪʝʯʝʥʠʝ 

ʧʝʨʚʳʭ ʩʪʘ ʯʘʩʦʚ ʚʠʜʠʤʳʝ ʧʨʠʟʥʘʢʠ ʦʢʠʩʣʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ. ʏʝʨʝʟ ʜʚʝ ʥʝʜʝʣʠ ʜʦʩʪʠʛʘʝʪʩʷ 

ʚʳʭʦʜ 16%. ʇʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʣʷʝʪ 3.6 ʛ/ʩʤ3, ʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ 2200 ʉʠʤʝʥʩ ʩʤī1, 

ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʝʨʝʙʨʘ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʪʘ. 

ʏʝʨʝʟ ʪʨʠ ʩ ʧʦʣʦʚʠʥʦʡ ʥʝʜʝʣʠ ʚʳʭʦʜ ʩʦʩʪʘʚʣʷʝʪ 30%, ʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʨʦʜʫʢʪʦʚ 

ʩʥʠʞʘʝʪʩʷ ʜʦ 1000 ʉʠʤʝʥʩ ʩʤī1. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʢʦʤʧʦʟʠʪʘ ʩʦʜʝʨʞʘʪ 

ʠʥʪʝʥʩʠʚʥʫʶ ʧʦʣʦʩʫ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʷʨʦʥʦʚ ʩ ʤʘʢʩʠʤʫʤʦʤ 626 ʥʤ (ʈʠʩʫʥʦʢ 2.23 ʙ). ʀʂ-

ʩʧʝʢʪʨʳ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʪʘʢʞʝ ʠʜʝʥʪʠʯʥʳ ʩʧʝʢʪʨʫ ʵʤʝʨʘʣʜʠʥʦʚʦʡ ʬʦʨʤʳ ʇɸʅʀ 

[152]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʨʛʘʥʠʯʝʩʢʘʷ ʯʘʩʪʴ ʢʦʤʧʦʟʠʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʠʤʝʨ ʩ ʚʳʩʦʢʠʤ 

ʫʨʦʚʥʝʤ ʧʦʣʠʩʦʧʨʷʞʝʥʠʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʚʳʩʦʢʠʭ ʢʦʥʚʝʨʩʠʷʭ, ʢʦʛʜʘ ʨʅ ʦʧʫʩʢʘʝʪʩʷ ʜʦ ʫʨʦʚʥʷ 2.5, ʪʘʢʞʝ ʛʦʚʦʨʠʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ 

ʧʦʣʠʤʝʨʘ ʩ ʩʠʩʪʝʤʦʡ ʩʦʧʨʷʞʝʥʥʳʭ ʩʚʷʟʝʡ. ʊʘʢ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʧʨʠ ʢʦʥʚʝʨʩʠʠ 75% 

(ʈʠʩʫʥʦʢ 2.21ʙ) ʠ ʚ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʝ ʧʨʠ ʢʦʥʚʝʨʩʠʠ 80% [153], ʦʨʛʘʥʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ʈʝʘʢʮʠʦʥʥʘʷ 

ʩʨʝʜʘ 

ʨʅ ɺʳʭʦʜ 

ʢʦʤʧʦ-

ʟʠʪʘ, % 

ʉʦʜʝʨʞʘʥʠʝ 

Ag, ʚʝʩ.% 

ʕʣʝʢʪʨʦʧʨʦ-

ʚʦʜʥʦʩʪʴ, 

ʉʤ/ʩʤ 

ʇʣʦʪʥʦʩʪʴ 

ʛ/ʩʤ3 ʥʘʯʘʣʦ ʢʦʥʝʮ 

0.5 M NH4OH 10.8 9.3 60.5 75.0 3300-5030 4.22 

0.4 M 

CH3COOH 
5.7 3.5 32.7 70.8 4350-7160 3.26-3.28 

0.4 M 

CH3COOH 
5.7 2.5 75.7 69.0 326 3.42 

0.4 M HCOOH - - 79.8 72.6 0.85 3.66 

1.0 M HNO3 2,5 1.8 30.0 70.7 709-1080 3.54 
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ʢʦʤʧʦʟʠʪʦʚ ʠʤʝʝʪ ʰʠʨʦʢʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 618 ʥʤ ʠ 600 ʥʤ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʵʤʝʨʘʣʜʠʥʦʚʦʡ ʬʦʨʤʳ ʇɸʅʀ. ʆʜʥʘʢʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʷʨʦʥʦʚ ʟʜʝʩʴ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʙʦʣʝʝ ʩʠʣʴʥʦʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ (ʈʠʩʫʥʦʢ 2.23 ʙ), ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʠʟʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʧʦʣʠʤʝʨʥʦʡ ʬʨʘʢʮʠʠ. ʇʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʫʢʩʫʩʥʦʡ ʠ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʝ, ʩʦʩʪʘʚʣʷʝʪ 3.42 ʛ/ʩʤ3 ʠ 3.66 ʛ/ʩʤ3, ʘ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ 326 ʉʠʤʝʥʩ ʩʤī1 ʠ 0.85 ʉʠʤʝʥʩ ʩʤī1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʊʘʙʣʠʮʘ. 2.10). 
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ɼʣʠʥʘ ʚʦʣʥʳ, ʥʤ

 

 

ʈʠʩʫʥʦʢ 2.23  ï  (ʘ) ʀʟʤʝʥʝʥʠʝ ʨʅ ʚ ʭʦʜʝ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ (1) ʧʝʨʩʫʣʴʬʘʪʘ 

ʘʤʤʦʥʠʷ ʚ 0.1 ʄ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ ʠ (2) ʘʟʦʪʥʦʢʠʩʣʦʛʦ ʩʝʨʝʙʨʘ ʚ 1 ʄ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ. (ʙ) 

ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ (1) ʧʝʨʩʫʣʴʬʘʪʦʤ ʘʤʤʦʥʠʷ ʠ (2) 

ʘʟʦʪʥʦʢʠʩʣʳʤ ʩʝʨʝʙʨʦʤ; ʨʘʩʪʚʦʨʠʪʝʣʴ - N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥ. 

 

 

   

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.24  ï  (ʘ) ʄʦʨʬʦʣʦʛʠʷ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ 0.2 ʄ ʘʥʠʣʠʥʘ 0.25 ʄ ʧʝʨʩʫʣʴʬʘʪʦʤ 

ʘʤʤʦʥʠʷ ʚ 0.1 ʄ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ. ʉʕʄ. (ʙ) ʇʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ 0.2 ʄ ʘʥʠʣʠʥʘ 0.5 ʄ AgNO3 ʚ 1 

ʄ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ (pH < 2.5). ʇʕʄ.  
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ʈʠʩʫʥʦʢ 2.25  ï  ʄʦʨʬʦʣʦʛʠʷ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ AgNO3, (ʘ) ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ, ʠ 

(ʙ) ʚ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʝ ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʨʅ 2.5. ʇʕʄ. 

 

ʈʠʩʫʥʦʢ 2.26  ï  ʄʦʨʬʦʣʦʛʠʷ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ 0.2 ʄ ʘʥʠʣʠʥʘ 0.5 ʄ AgNO3 ʚ 1 ʄ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʝ (pH < 2.5).ʀʝʨʘʨʭʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ. ʉʕʄ ʘ), ʠ ʇʕʄ ʙ).  

 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ ʨʅ < 2.5 ʠ ʩʠʣʴʥʳʡ, ʠ ʩʣʘʙʳʡ ʦʢʠʩʣʠʪʝʣʠ ʦʢʠʩʣʷʶʪ 

ʘʥʠʣʠʥ ʜʦ ʵʤʝʨʘʣʜʠʥʘ, ʥʘʜʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʢʘʨʜʠʥʘʣʴʥʦ 

ʨʘʟʣʠʯʘʝʪʩʷ. ɺ ʩʣʫʯʘʝ AgNO3, ʚʤʝʩʪʦ ʯʘʩʪʠʮ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʪʠʧʠʯʥʳʭ ʜʣʷ ʧʝʨʩʫʣʴʬʘʪʘ 

(ʈʠʩʫʥʦʢ 2.24 ʘ), ʧʨʝʚʘʣʠʨʫʶʪ ʯʘʩʪʠʮʳ ʦʜʥʦʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʇɸʅʀ ʚ ʚʠʜʝ ʥʘʥʦʪʨʫʙ 

(ʈʠʩʫʥʦʢ 2.24 ʙ) ʠ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʚʦʣʦʢʦʥ ʜʠʘʤʝʪʨʦʤ 10 ʥʤ, 

ʩʦʧʫʪʩʪʚʫʝʪ ʩʬʝʨʠʯʝʩʢʠʤ ʯʘʩʪʠʮʘʤ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʝʨʝʙʨʘ ʨʘʟʤʝʨʦʤ 50 ʥʤ (ʈʠʩʫʥʦʢ 2.25 ʘ). 

ʇʨʠ ʚʳʩʦʢʠʭ ʢʦʥʚʝʨʩʠʷʭ ʚ ʫʢʩʫʩʥʦʡ ʠ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʘʭ ʧʦʷʚʣʷʶʪʩʷ ʧʘʣʦʯʢʠ ʩʝʨʝʙʨʘ 

ʜʠʘʤʝʪʨʦʤ ʜʦ 300 ʥʤ ʠ ʜʣʠʥʦʡ ʥʝʩʢʦʣʴʢʦ ʤʠʢʨʦʥ. ʇʘʣʦʯʢʠ ʧʦʢʨʳʪʳ ʨʳʭʣʳʤ ʩʣʦʝʤ ʧʦʣʠʤʝʨʘ, 

ʨʘʩʪʫʱʝʛʦ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʨʝʙʨʘ ʚ ʚʠʜʝ ʚʦʣʦʢʦʥ (ʈʠʩʫʥʦʢ 2.25 ʙ). ɺ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʝ 

ʪʘʢʘʷ ʤʦʨʬʦʣʦʛʠʷ ʧʨʝʦʙʣʘʜʘʝʪ. 

 

2.6.2. ʉʦʩʪʘʚ ʢʦʤʧʦʟʠʪʦʚ ʇɸʅʀ-Ag 

 

ʆʢʠʩʣʝʥʠʝ ʦʜʥʦʛʦ ʛʨʘʤʤʘ ʘʥʠʣʠʥʘ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʢʦʣʠʯʝʩʪʚʦʤ AgNO3, 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʚʳʭʦʜʫ ʇɸʅʀ 1.31 ʛ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʝʨʝʙʨʘ 2.9 ʛ. ʊʘʢʠʤ 

ʘ ʙ 

ʘ ʙ 
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ʦʙʨʘʟʦʤ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʝʭʠʦʤʝʪʨʠʝʡ ʨʝʘʢʮʠʠ (2) ʩʦʜʝʨʞʘʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʝʨʝʙʨʘ ʚ 

ʤʝʪʘʣʣ-ʧʦʣʠʤʝʨʥʦʤ ʢʦʤʧʦʟʠʪʝ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ 68.9 ʤʘʩʩ. %.  

 

 

(2) 

 

 

 

 

 

 

ɺʘʨʠʘʥʪ ʦʢʠʩʣʝʥʠʷ ʜʦ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʘʥʠʣʠʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 74 

ʤʘʩʩʦʚʳʭ % ʩʝʨʝʙʨʘ. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʩʦʩʪʘʚ ʤʝʪʘʣʣ-

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʤʝʪʘʣʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʥʝʩʛʦʨʘʝʤʳʡ ʦʩʪʘʪʦʢ ʧʦʩʣʝ 

ʥʘʛʨʝʚʘ ʤʘʪʝʨʠʘʣʘ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʩʚʳʰʝ 600ʆʉ. ʇʦ ʜʘʥʥʳʤ ʊɻɸ ʚʦ ʚʩʝʭ 

ʢʦʤʧʦʟʠʪʘʭ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʝʙʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʝʭʠʦʤʝʪʨʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ: ʚ ʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ 75%, ʘ ʚ ʢʠʩʣʳʭ ʦʢʦʣʦ 70% (ʊʘʙʣʠʮʘ 2.10). ʕʪʦ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ, ʠʤʝʥʥʦ AgNO3 ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʦʢʠʩʣʷʶʱʠʤ ʘʛʝʥʪʦʤ ʘʥʠʣʠʥʘ. 

 

2.6.3. ʆʢʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʢʘʢ ʚʘʞʥʳʡ ʬʘʢʪʦʨ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ. 

 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʩʠʣʴʥʳʤ ʠ ʩʣʘʙʳʤ ʦʢʠʩʣʠʪʝʣʝʤ ʧʦʢʘʟʳʚʘʝʪ: ʢʘʢ 

ʩʠʣʴʥʳʡ ʦʢʠʩʣʠʪʝʣʴ ï ʧʝʨʩʫʣʴʬʘʪ, ʪʘʢ ʠ ʩʣʘʙʳʡ Ƅ AgNO3 ʚ ʜʠʘʧʘʟʦʥʝ ʨʅ < 2.5 ʦʢʠʩʣʷʶʪ 

ʘʥʠʣʠʥ ʜʦ ʵʤʝʨʘʣʜʠʥʦʬʦʡ ʬʦʨʤʳ ʇɸʅʀ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʨʅ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ 

ʦʙʨʘʟʫʶʪʩʷ ʦʣʠʛʦʤʝʨʳ ʘʥʠʣʠʥʘ, ʥʝ ʠʤʝʶʱʠʝ ʨʘʟʚʠʪʦʡ ʩʠʩʪʝʤʳ ʧʦʣʠʩʦʧʨʷʞʝʥʠʷ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʜʚʫʭ ʨʝʘʢʮʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʥʳʡ ʢʫʨʩ ʦʢʠʩʣʝʥʠʷ ʚ ʢʠʩʣʦʤ ʜʠʘʧʘʟʦʥʝ. ɽʩʣʠ 

ʚ ʱʝʣʦʯʥʦʡ ʦʙʣʘʩʪʠ ʠ ʧʝʨʩʫʣʴʬʘʪ, ʠ AgNO3 ʟʘʚʝʨʰʘʶʪ ʦʢʠʩʣʝʥʠʝ ʟʘ ʤʠʥʫʪʳ, ʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ 

ʢʠʩʣʳʝ ʩʨʝʜʳ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ AgNO3 ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʤʝʜʣʷʝʪʩʷ. ʈʝʘʢʮʠʷ 

ʨʘʩʪʷʛʠʚʘʝʪʩʷ ʥʘ ʩʦʪʥʠ ʯʘʩʦʚ, ʠ ʯʝʤ ʥʠʞʝ ʥʘʯʘʣʴʥʦʝ ʨʅ, ʪʝʤ ʥʠʞʝ ʢʦʥʚʝʨʩʠʷ ʧʨʦʜʫʢʪʦʚ ʥʘ 

ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʦʙʱʠʡ ʚʠʜ ʚʨʝʤʝʥʥʦʛʦ çʧʨʦʬʠʣʷè ʨʅ ʜʣʷ 

ʨʝʘʢʮʠʡ ʩ ʧʝʨʩʫʣʴʬʘʪʦʤ ʠ AgNO3 ʩʭʦʜʝʥ. ɺ ʦʙʣʘʩʪʠ ʨʅ > 3.5 ʠ ʨʅ < 2.5 ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ 

ʙʳʩʪʨʦʝ ʠʟʤʝʥʝʥʠʝ ʨʅ, ʪʦʛʜʘ ʢʘʢ ʜʠʘʧʘʟʦʥ 3.5 > ʨʅ > 2.5 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʩʢʦʨʦʩʪʠ 

ʦʢʠʩʣʝʥʠʷ. 

ɼʨʫʛʠʤ ʠʥʪʝʨʝʩʥʳʤ ʘʩʧʝʢʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʢʠʩʣʠʪʝʣʷ ʩ ʥʠʟʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʷʚʣʷʝʪʩʷ 

ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʇɸʅʀ. ʇʨʠ ʨʅ Ò 2.5 ʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʨʝʘʛʝʥʪʦʚ 

ʦʢʠʩʣʝʥʠʝ ʧʝʨʩʫʣʴʬʘʪʦʤ ʧʨʠʚʦʜʠʪ ʢ ʛʨʘʥʫʣʷʨʦʥʦʡ ʩʪʨʫʢʪʫʨʝ ʧʦʣʠʤʝʨʘ. ɿʘʤʝʥʘ ʩʠʣʴʥʦʛʦ 

ʦʢʩʠʜʘʥʪʘ ʩʣʘʙʳʤ ʚʝʜʝʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʜʥʦʤʝʨʥʫʶ. ɺʤʝʩʪʦ ʯʘʩʪʠʮ ʩʬʝʨʠʯʝʩʢʦʡ 

ʬʦʨʤʳ ʦʙʨʘʟʫʶʪʩʷ ʚʦʣʦʢʥʘ, ʪʨʫʙʳ ʠ ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʩʦʙʨʘʥʥʳʝ ʠʟ ʚʦʣʦʢʦʥ. ʊʘʢʠʝ 

ʧʨʝʚʨʘʱʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ AgNO3 [152], ʥʦ ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʨʫʛʠʭ 

ʦʢʠʩʣʠʪʝʣʝʡ ʩ ʥʠʟʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ: FeCl3, V2O5, MnO2 , KIO3, Pd+2, Au+3 [154-158]. ɺ ʨʘʙʦʪʝ 
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[112] ʚʳʷʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʚʝʣʠʯʠʥʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʢʩʠʜʘʥʪʘ ʠ 

ʨʘʟʤʝʨʘʤʠ ʦʜʥʦʤʝʨʥʳʭ ʯʘʩʪʠʮ ʇɸʅʀ: ʩʥʠʞʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʜʠʘʤʝʪʨʘ 

ʚʦʣʦʢʦʥ. ʊʝ ʞʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʧʨʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ ʦʢʠʩʣʝʥʠʠ ʘʥʠʣʠʥʘ 

[159]. ʆʜʥʦʤʝʨʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ʪʘʢʞʝ ʩʦʧʫʪʩʪʚʫʶʪ ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʚ ʚʠʜʝ çʝʞʝʡè, 

çʮʚʝʪʦʚè, çʢʦʨʘʣʣʦʚè. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʇɸʅʀ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʣʘʙʦʛʦ ʦʢʠʩʣʠʪʝʣʷ ʥʦʩʠʪ ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ.  

  ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ AgNO3 ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʩʝʨʝʙʨʘ. ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʨʠ ʚʩʝʭ ʥʘʯʘʣʴʥʳʭ ʨʅ ʩʝʨʝʙʨʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʢʠʩʣʝʥʥʦʤʫ ʘʥʠʣʠʥʫ. ʕʪʦ ʷʚʣʷʝʪʩʷ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʪʦʛʦ, ʯʪʦ ʦʢʠʩʣʷʶʱʠʤ ʘʛʝʥʪʦʤ ʩʣʫʞʠʪ ʢʘʪʠʦʥ ʩʝʨʝʙʨʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʩʝʨʝʙʨʦ ʚʳʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ 

ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ: ʦʪ ʩʬʝʨ, ʜʦ ʧʘʣʦʯʝʢ ʠ ʧʦʣʦʩ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʣʠʛʦʤʝʨʦʚ. ʇʨʠʩʫʪʩʪʚʠʝ 

ʩʝʨʝʙʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʵʪʦʤʫ ʪʘʢʠʝ 

ʢʦʤʧʦʟʠʪʳ ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʦʣʠʤʝʨʥʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʜʠʥʘʢʦʚʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʝʙʨʘ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʇɸʅʀ-Ag ʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 10-2 ʜʦ 

7 000 ʉʠʤʝʥʩ ʩʤ-1. ʄʦʨʬʦʣʦʛʠʷ ʠ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʇɸʅʀ-Ag, ʘ ʪʘʢʞʝ 

ʧʨʠʯʠʥʳ ʨʘʟʣʠʯʠʷ ʠʭ ʫʨʦʚʥʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʩʪʘʪʴʝ [96].  

 

***   

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ɻʣʘʚʝ 2 ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʘʥʠʣʠʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʢʘʟʳʚʘʶʪ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʥʘ ʢʠʥʝʪʠʢʫ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʚʦʡʩʪʚʘ ʠ ʤʦʨʬʦʣʦʛʠʶ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ. 

ʇʨʠʯʠʥʦʡ ʨʅ-ʟʘʚʠʩʠʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʤʦʥʦʤʝʨ ʠ ʨʘʩʪʫʱʠʡ ʬʨʘʛʤʝʥʪ ʮʝʧʠ, ʩ ʫʯʘʩʪʠʝʤ 

ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʝʪʩʷ ʤʘʢʨʦʤʦʣʝʢʫʣʘ, ʷʚʣʷʶʪʩʷ ʨʅ - ʘʢʪʠʚʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ ʤʦʛʫʪ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʤ ʠ ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʅʘ ʈʠʩʫʥʢʝ 3.1 ʧʨʠʚʝʜʝʥʘ 

ʪʠʧʠʯʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ, ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ 

ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ 6 > ʨʅ > 1. ɺʨʝʤʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʠ ʨʅ-ʢʨʠʚʳʝ ʠʟʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ 

ʩʠʥʭʨʦʥʥʦ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʘʣʠʯʠʝ ʪʨʝʭ ʜʠʘʧʘʟʦʥʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʩʢʦʨʦʩʪʴʶ ʦʢʠʩʣʝʥʠʷ. 

ʇʝʨʝʭʦʜʳ ʠʟ ʦʜʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚ ʜʨʫʛʦʡ, ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʨʅ 3.6 ʠ ʨʅ 2.5. ʕʪʠ ʟʥʘʯʝʥʠʷ ʨʅ 

ʩʦʚʧʘʜʘʶʪ, ʩ ʢʦʥʩʪʘʥʪʘʤʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʘʥʠʣʠʥʘ (ʨʂɸʥ=3.6) ʠ ʠʤʠʥʦʛʨʫʧʧ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ 

(ʨʂʇɸʅʀ=2.5). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʥʩʪʘʥʪʘʤʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʤʦʥʦʤʝʨʘ ʠ ʮʝʧʠ, ʧʨʠʥʠʤʘʶʱʠʭ 

ʫʯʘʩʪʠʝ ʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʧʨʦʮʝʩʩ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʜʠʘʧʘʟʦʥʳ, ʛʜʝ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʦʜʫʢʪʳ 

ʨʘʟʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʤʦʨʬʦʣʦʛʠʠ ʠ ʩʚʦʡʩʪʚ (ʉʭʝʤʘ 2.1) [126, 130, 131]. ʇʨʠ ʨʅ > 

2.5 ʩ ʫʯʘʩʪʠʝʤ ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʨʝʘʢʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʥʝʧʦʨʦʚʦʜʷʱʠʭ ʦʣʠʛʦʤʝʨʦʚ ʘʥʠʣʠʥʘ. ɺ ʱʝʣʦʯʳʭ ʩʨʝʜʘʭ ʵʪʦ ʨʘʟʥʦʨʦʜʥʳʝ ʧʦ ʩʪʨʫʢʪʫʨʝ 

ʤʦʣʝʢʫʣʳ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʜʦ (3-4) ʭ103. ɺ ʜʠʘʧʘʟʦʥʝ ʨʅ 3.6 ï 2.5 ʨʝʘʢʮʠʷ ʧʦʜʘʚʣʝʥʘ 

ʚʩʚʷʟʠ ʩ ʜʝʬʠʮʠʪʦʤ ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ʘʥʠʣʠʥʘ. ʇʨʠ ʨʅ < 2.5 ʩ ʫʯʘʩʪʠʝʤ 

ʧʨʦʪʦʥʠʨʦʚʘʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠʜʝʪ ʨʦʩʪ ʨʝʛʫʣʷʨʥʳʭ ʧʦʣʠʩʦʧʨʷʞʝʥʥʳʭ ʮʝʧʝʡ ʠ ʬʦʨʤʠʨʦʫʝʪʩʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʡ ʇɸʅʀ. 
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 ʈʠʩʫʥʦʢ 2.27 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʠ 

ʨʅ-ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ.  

ʆʢʠʩʣʝʥʠʝ ʘʥʠʣʠʥʘ (0.2 ʄ) 

ʧʝʨʩʫʣʴʬʘʪʦʤ  ʘʤʤʦʥʠʷ (0.25 ʄ) ʚ 

ʚʦʜʝ [126]. 

 

 

 

 

 

 

ʈʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʢʠʥʝʪʠʢʠ ʨʝʘʢʮʠʠ ʠ ʩʚʦʡʩʪʚ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʪʦʯʢʝ 

ʨʅ 2.5, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʩʪʘʥʪʝ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʨʘʩʪʫʱʝʡ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʨʅ 2.5 ʤʝʥʷʝʪʩʷ ʤʝʭʘʥʠʟʤ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ. ɼʘʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʠʤʝʶʪ ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ ʠ ʚʳʧʦʣʥʷʶʪʩʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ, ʧʨʦʪʦʥʠʨʫʶʱʠʭ ʢʠʩʣʦʪ, ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʝʘʛʝʥʪʦʚ.  

 

 

ʉʭʝʤʘ 2.1 ï ʆʢʠʩʣʝʥʠʝ ʘʥʠʣʠʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʪʘʥʪ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʤʦʥʦʤʝʨʘ ʨʂAn ʠ 

ʠʤʠʥʦʛʨʫʧʧ ʮʝʧʠ ʨʂʇɸʅʀ. 
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ɻʃɸɺɸ 3. ʄɽʍɸʅʀɿʄ ʆʂʀʉʃɽʅʀʗ ɸʅʀʃʀʅɸ ɺ ɿɸɺʀʉʀʄʆʉʊʀ ʆʊ ʨʅ 

ʈɽɸʂʎʀʆʅʅʆʁ ʉʈɽɼʓ. 

 

ʅʘ ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʭʘʥʠʟʤ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʣʠʥʘ, ʛʜʝ 

ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʟʘ ʠʟʤʝʥʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʩʙʦʨʢʠ ʮʝʧʝʡ, ʷʚʣʷʝʪʩʷ ʨʅ 

ʨʝʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʠ ʩʚʷʟʘʥʥʳʡ ʩ ʨʅ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʨʝʘʛʝʥʪʦʚ [96, 118, 126, 130 

-132]. ɺ ʢʦʥʮʝ ʛʣʘʚʳ ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʩʪʨʫʢʪʫʨʝ ʧʨʦʜʫʢʪʦʚ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʠʥʪʝʨʤʝʜʠʘʪʦʚ.  

ɸʥʠʣʠʥ ʤʦʞʝʪ ʦʢʠʩʣʷʪʴʩʷ ʩ ʫʯʘʩʪʠʝʤ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ: 

1. ʎʝʧʥʦʡ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ, ʢʦʛʜʘ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʡ ʮʝʥʪʨ ʮʝʧʠ 

(ʵʣʝʢʪʨʦʬʠʣ) ʩʚʷʟʳʚʘʝʪ ʤʦʥʦʤʝʨʥʦʝ ʟʚʝʥʦ ʧʫʪʝʤ ʟʘʤʝʱʝʥʠʷ ʧʨʦʪʦʥʘ ʬʝʥʠʣʴʥʦʛʦ ʢʦʣʴʮʘ 

ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʤʦʥʦʤʝʨʘ (ʥʫʢʣʝʦʬʠʣʘ).  

2. ʄʝʭʘʥʠʟʤʘ ʨʝʢʦʤʙʠʥʘʮʠʠ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʭ ʮʝʥʪʨʦʚ ʢʦʥʮʝʚʦʛʦ ʟʚʝʥʘ ʮʝʧʠ ʠ 

ʤʦʥʦʤʝʨʘ ʧʦ ʪʠʧʫ çʛʦʣʦʚʘ-ʛʦʣʦʚʘè ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʟʦʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʚ ʫʩʣʦʚʠʷʭ ʢʠʩʣʳʭ 

ʩʨʝʜ ʧʨʝʪʝʨʧʝʚʘʶʪ ʙʝʥʟʠʜʠʥʦʚʫʶ ʠʣʠ ʩʝʤʠʜʠʥʦʚʫʶ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʫ  

ɺʢʣʘʜ ʦʙʝʠʭ ʨʝʘʢʮʠʡ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʤʦʥʦʤʝʨʘ ʠ ʧʦʣʠʤʝʨʥʦʡ 

ʮʝʧʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʪ ʨʅ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ. ʇʦʵʪʦʤʫ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʙʠʪʴ ʥʘ 

ʜʠʘʧʘʟʦʥʳ, ʛʨʘʥʠʮʳ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʥʩʪʘʥʪʘʤʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʤʦʥʦʤʝʨʘ ʠ ʨʘʩʪʫʱʝʡ 

ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ. 

 

3.1. ɼʠʘʧʘʟʦʥ ʨʅ > 3.6 

 

ɺ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʡ ʢʠʩʣʦʪʥʦʩʪʠ (ʨʅ > 3.6), ʛʜʝ ʠ ʤʦʥʦʤʝʨ, ʠ ʨʘʩʪʫʱʠʝ ʮʝʧʠ ʥʝ 

ʧʨʦʪʦʥʠʨʦʚʘʥʳ, ʨʝʢʦʤʙʠʥʘʮʠʷ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʭ ʮʝʥʪʨʦʚ ʚʥʦʩʠʪ ʣʠʰʴ ʥʝʙʦʣʴʰʦʡ ʚʢʣʘʜ. 

ʈʝʢʦʤʙʠʥʘʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ ʪʠʧʫ çʛʦʣʦʚʘ-ʛʦʣʦʚʘè, ʥʝʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʘ ʘʟʦʙʝʥʟʦʣʘ ʠ 

ʛʠʜʨʘʟʦʙʝʥʟʦʣʘ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʧʨʦʜʫʢʪʘʭ ʦʢʠʩʣʝʥʠʷ [33]. ɺ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʡ ʢʠʩʣʦʪʥʦʩʪʠ 

ʙʝʥʟʠʜʠʥʦʚʘʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʥʝ ʠʜʝʪ, ʧʦʵʪʦʤʫ ʘʟʦʩʦʝʜʠʥʝʥʠʷ ʩʪʘʙʠʣʴʥʳ ʠ ʫʩʧʝʰʥʦ 

ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ [33, 135, 160, 161]. 

ʆʩʥʦʚʥʦʡ ʧʫʪʴ ʦʢʠʩʣʝʥʠ ̫ ʘʥʠʣʠʥʘ Ƅ ʮʝʧʥʘ ̫ ʨʝʘʢʮʠ ̫ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʩ 

ʫʯʘʩʪʠʝʤ ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʠʤʝʶʱʠʭ ʥʠʟʢʠʡ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ. ʈʝʘʢʮʠʷ 

ʠʜʝʪ ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʅʘʠʙʦʣʝʝ 

ʚʝʨʦʷʪʥʦ ʦʢʠʩʣʝʥʠʝ ʘʟʦʪʩʦʜʝʨʞʘʱʝʡ ʩʪʨʫʢʪʫʨʳ ʤʦʥʦʤʝʨʘ, ʘ ʟʘʪʝʤ ʦʣʠʛʦʤʝʨʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʨʦʩʪʘ ʠ ʩʚʷʟʳʚʘʥʠʝ ʠʤʠ ʤʦʥʦʤʝʨʘ ʧʦ ʪʠʧʫ çʛʦʣʦʚʘ-ʭʚʦʩʪè. ʇʨʠ ʵʪʦʤ 

ʘʤʠʥʦʛʨʫʧʧʘ ʘʥʠʣʠʥʘ, ʢʘʢ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ, ʥʘʧʨʘʚʣʷʝʪ ʘʪʘʢʫ ʦʢʠʩʣʝʥʥʦʛʦ 

ʧʦʣʠʤʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʦʨʪʦ- ʠ ʧʘʨʘ- ʧʦʟʠʮʠʠ ʬʝʥʠʣʴʥʦʛʦ ʷʜʨʘ. ʇʦʩʢʦʣʴʢʫ ʚ ʬʝʥʠʣʴʥʦʤ 

ʷʜʨʝ ʜʚʝ ʚʘʢʘʥʪʥʳʝ ʦʨʪʦ-ʧʦʟʠʮʠʠ ʤʦʥʦʤʝʨʥʳʝ ʟʚʝʥʴʷ ʦʨʪʦ-ʩʪʨʫʢʪʫʨʳ ʜʦʣʞʥʳ ʧʨʝʚʘʣʠʨʦʚʘʪʴ 

[92]. ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʟʚʝʥʴʝʚ ʦʨʪʦ-ʩʪʨʫʢʪʫʨʳ ʧʦʢʘʟʘʥʦ ʩʧʝʢʪʨʘʣʴʥʳʤʠ [126] ʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ [162] ʤʝʪʦʜʘʤʠ. 

 ʇʘʨʘʣʣʝʣʴʥʦ ʫʜʣʠʥʝʥʠʶ ʚ ʮʝʧʦʯʢʝ ʠʜʫʪ ʚʪʦʨʠʯʥʳʝ ʨʝʘʢʮʠʠ [94]. ʄʦʥʦʤʝʨʥʳʝ ʟʚʝʥʴʷ 

ʦʨʪʦ-ʩʪʨʫʢʪʫʨʳ ʠʤʝʶʪ ʥʠʟʢʠʡ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʠ ʦʢʠʩʣʷʶʪʩʷ ʜʘʣʝʝ, ʟʘʤʳʢʘʷʩʴ ʚ 
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ʬʝʥʘʟʠʥʦʚʳʝ ʮʠʢʣʳ. [125] (ʉʭʝʤʘ 3.1). ʕʪʠ ʨʝʘʢʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʤʠ, ʪʘʢ 

ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʩ ʫʯʘʩʪʠʝʤ ʤʦʥʦʤʝʨʘ (ʦʣʠʛʦʤʝʨʘ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʨʷʜʫ ʩ ʣʠʥʝʡʥʳʤʠ 

ʦʨʪʦ- ʠ ʧʘʨʘ-ʤʦʥʦʤʝʨʥʳʤʠ ʟʚʝʥʴʷʤʠ ʮʝʧʦʯʢʠ ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴ ʬʝʥʘʟʠʥʦʚʳʝ ʮʠʢʣʳ [163]. 

ʉʭʝʤʘ 3.1 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʝ ʚʘʨʠʘʥʪʳ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʨʪʦ- ʠ ʧʘʨʘ-ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ, ʘ ʪʘʢʞʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʮʠʢʣʠʟʘʮʠʝʡ ʦʨʪʦ-ʟʚʝʥʴʝʚ ʠ ʧʨʝʚʨʘʱʝʥʠʝʤ ʠʭ ʚ ʬʝʥʘʟʠʥʦʚʳʝ ʮʠʢʣʳ [164]. ɺ ʚʦʜʥʦʡ ʩʨʝʜʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʦʢʠʩʣʠʪʝʣʷ ʚ ʧʨʦʜʫʢʪʘʭ ʠʜʝʪ ʛʠʜʨʦʣʠʟ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʤʠʥʦʬʝʥʦʣʦʚ ʠ 

ʙʝʥʟʦʭʠʥʦʥʦʚ [165]. (ʉʭʝʤʘ 3.2) ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʦʢʠʩʣʝʥʠʝ 

ʘʥʠʣʠʥʘ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʝ ʮʝʧʠ, ʛʜʝ ʩʦʯʝʪʘʶʪʩʷ ʣʠʥʝʡʥʳʝ ʠ ʮʠʢʣʠʯʝʩʢʠʝ 

ʬʨʘʛʤʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʘʤʠʥʦ-, ʠʤʠʥʦ- ʠ ʭʠʥʦʥʠʤʠʥʥʳʝ ʛʨʫʧʧʳ [166].  
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ʬʝʥʘʟʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ 

ʉʭʝʤʘ 3.1 - ʆʙʨʘʟʦʚʘʥʠʝ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ ʧʘʨʘ- ʠ ʦʨʪʦ-ʩʪʨʫʢʪʫʨʳ ʟʘ ʩʯʝʪ ʘʪʘʢʠ ʢʘʪʠʦʥ-

ʨʘʜʠʢʘʣʘ ʘʥʠʣʠʥʘ ʚ ʧʘʨʘ- ʠ ʦʨʪʦ-ʧʦʟʠʮʠʠ ʬʝʥʠʣʴʥʦʛʦ ʷʜʨʘ ʘʥʠʣʠʥʘ. ɺʪʦʨʠʯʥʳʝ ʨʝʘʢʮʠʠ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʮʠʢʣʠʟʘʮʠʝʡ ʦʨʪʦ-ʟʚʝʥʴʝʚ ʩ ʧʨʝʚʨʘʱʝʥʠʝʤ ʠʭ ʚ 

ʬʝʥʘʟʠʥʦʚʳʝ ʮʠʢʣʳ. 

 

ʉʭʝʤʘ 3.2 - ɺʪʦʨʠʯʥʳʝ ʨʝʘʢʮʠʠ: ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʮʠʢʣʠʟʘʮʠʷ ʤʦʥʦʤʝʨʥʦʛʦ 

ʟʚʝʥʘ ʦʨʪʦ-ʩʪʨʫʢʪʫʨʳ ʘ); ʧʨʦʜʫʢʪʳ ʛʠʜʨʦʣʠʟʘ ʦʣʠʛʦʤʝʨʦʚ ʙ). 
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 ʆʢʠʩʣʝʥʠʝ ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʨʝʘʛʝʥʪʦʚ ʠʜʝʪ ʧʨʠ ʥʠʟʢʠʭ ʧʦʪʝʥʮʠʘʣʘʭ (+0.3 ð 

+0.5 ɺ) ʠ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʣʘʙʳʭ ʦʢʠʩʣʠʪʝʣʝʡ, ʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʡ, ʚ ʩʣʫʯʘʝ 

ʩʠʣʴʥʦʛʦ, ʠ ʩʣʘʙʦʛʦ ʦʢʠʩʣʠʪʝʣʷ ʩʦʧʦʩʪʘʚʠʤʳ. ʅʘʙʣʶʜʘʝʤʦʝ ʚ ʨʘʙʦʪʝ [99] ʤʦʥʦʪʦʥʥʦʝ ʩʥʠʞʝʥʠʝ 

ʧʦʪʝʥʮʠʘʣʘ ʨʘʟʦʤʢʥʫʪʦʡ ʮʝʧʠ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ ʩʚʷʟʘʥʦ ʪʝʤ, ʯʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʦʢʠʩʣʝʥʠʝ 

ʤʦʥʦʤʝʨʘ ʩʤʝʥʷʝʪʩʷ ʦʢʠʩʣʝʥʠʝʤ ʢʦʥʮʝʚʦʡ ʘʤʠʥʦʛʨʫʧʧʳ ʜʠ- ʠ ʪʨʠʤʝʨʘ, ʠʤʝʶʱʠʭ ʙʦʣʝʝ ʥʠʟʢʠʡ 

ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ. ʆʜʥʘʢʦ ʜʣʷ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʵʪʘ ʨʘʟʥʠʮʘ ʥʠʚʝʣʠʨʫʝʪʩʷ, 

ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʥʝʚʳʩʦʢʠʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʘʩʩʳ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ. ɺ ʦʣʠʛʦʤʝʨʘʭ ʩ 

ʨʘʟʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʮʝʧʝʡ ʩʠʩʪʝʤʘ ʧʦʣʠʩʦʧʨʷʞʝʥʠʷ ʦʪʩʫʪʩʪʚʫʝʪ, ʠ ʫʨʦʚʝʥʴ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʜʦʣʞʝʥ ʙʳʪʴ ʥʠʟʢʠʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ ʊʘʙʣʠʮ 2.1 ʠ 2.2. ʊʠʧ 

ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ, ʛʜʝ ʚ ʨʝʘʢʮʠʠ ʫʯʘʩʪʚʫʶʪ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʝ ʨʝʘʛʝʥʪʳ: ʤʦʥʦʤʝʨ ʠ 

ʨʘʩʪʫʱʘʷ ʦʣʠʛʦʤʝʨʥʘʷ ʮʝʧʦʯʢʘ, ʘ ʧʨʦʜʫʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʦʣʠʛʦʤʝʨʳ ʘʥʠʣʠʥʘ ʩ ʨʘʟʥʦʨʦʜʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʟʚʝʥʴʝʚ, ʫ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʣʠʩʦʧʨʷʞʝʥʠʝ, ʤʳ ʥʘʟʳʚʘʝʤ çʦʣʠʛʦʤʝʨʠʟʘʮʠʝʡè.  

 

3.2. ɼʠʘʧʘʟʦʥ 3.6 > ʨʅ >2.5 

 

ɺ ʜʠʘʧʘʟʦʥʝ 3.5 > ʨʅ > 2.5 ʧʦʜʘʚʣʷʶʱʘʷ ʤʘʩʩʘ ʘʥʠʣʠʥʘ ʧʨʦʪʦʥʠʨʫʝʪʩʷ ʠ ʝʛʦ 

ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʦʚʳʰʘʝʪʩʷ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʠʤʠʥʦʛʨʫʧʧʳ ʮʝʧʝʡ ʝʱʝ 

ʥʝ ʧʨʦʪʦʥʠʨʦʚʘʥʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʠʩʙʘʣʘʥʩʫ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʝʘʛʝʥʪʦʚ: ʤʦʥʦʤʝʨʘ ʠ ʨʘʩʪʫʱʝʡ ʮʝʧʠ. ʎʝʧʴ ʩ ʥʠʟʢʠʤ ʦʢʠʩʣʠʪʝʣʴʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʦʡ ʤʦʥʦʤʝʨʘ, 

ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʢʦʪʦʨʦʡ ʚʦʟʨʦʩ. ɺ ʜʠʘʧʘʟʦʥʝ 3.5 > ʨH >2.5 ʥʘʩʪʫʧʘʝʪ ʨʝʟʢʦʝ 

ʪʦʨʤʦʞʝʥʠʝ ʦʢʠʩʣʝʥʠʷ (ʈʠʩʫʥʢʠ 2.1, 2.2, 2.27). ʇʨʦʮʝʩʩ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ ʥʝʡʪʨʘʣʴʥʦʡ ʬʦʨʤʳ ʤʦʥʦʤʝʨʘ, ʠʤʝʶʱʝʡ 

ʥʠʟʢʠʡ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ. ʇʦʜʧʠʪʢʘ ʥʝʡʪʨʘʣʴʥʳʤ ʤʦʥʦʤʝʨʦʤ ʠʜʝʪ ʯʝʨʝʟ ʩʤʝʱʝʥʠʝ 

ʨʘʚʥʦʚʝʩʠʷ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ɸʥʅ+ɸ- = ɸʥ + ʅ+ɸ- [167]. 

ʂʘʢ ʚʣʠʷʝʪ ʠʟʤʝʥʝʥʠʝ ʨʅ ʥʘ ʧʨʦʜʫʢʪʳ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ? ʆʣʠʛʦʤʝʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ, ʠʤʝʶʪ ʩʪʝʧʝʥʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʜʝʩʷʪʢʠ ʤʦʥʦʤʝʨʥʳʭ ʝʜʠʥʠʮ (ʊʘʙʣʠʮʳ 2.1, 

2.2), ʠ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʝ ʣʠʥʝʡʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʫʜʣʠʥʝʥʠʝ ʮʝʧʠ ʠʜʝʪ ʙʳʩʪʨʝʝ 

ʧʨʦʮʝʩʩʦʚ ʮʠʢʣʠʟʘʮʠʠ [168]. ʇʦ ʤʝʨʝ ʟʘʤʝʜʣʝʥʠʷ ʦʢʠʩʣʝʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩʦ ʩʥʠʞʝʥʠʝʤ ʨʅ ʠ 

ʥʘʨʘʩʪʘʥʠʝʤ ʜʝʬʠʮʠʪʘ ʥʝʡʪʨʘʣʴʥʦʛʦ ʘʥʠʣʠʥʘ, ʨʘʟʤʝʨʳ ʠ ʩʦʩʪʘʚ ʦʣʠʛʦʤʝʨʦʚ ʤʝʥʷʶʪʩʷ. 

ʉʢʦʨʦʩʪʴ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʦʥʦʤʝʨʘ, ʪ.ʝ. ʫʜʣʠʥʝʥʠʷ ʮʝʧʦʯʢʠ, ʟʘʤʝʜʣʷʝʪʩʷ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ ʨʘʩʪʝʪ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʨʦʪʢʠʭ 

ʮʠʢʣʠʟʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ. ʇʨʠ ʨʅ < 3.6 ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʦʢʠʩʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʜʠʤʝʨʳ 

ʘʥʠʣʠʥʘ ʦʨʪʦ-ʩʪʨʫʢʪʫʨʳ [126, 169]. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʦʥʠ ʮʠʢʣʠʟʫʶʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʬʝʥʘʟʠʥʘ, ʧʦʩʢʦʣʴʢʫ ʚ ʢʠʩʣʳʭ ʩʨʝʜʘʭ ʧʨʦʮʝʩʩʳ ʮʠʢʣʠʟʘʮʠʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳ, ʥʝʞʝʣʠ ʚ 

ʱʝʣʦʯʥʳʭ [168].  
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ʉʭʝʤʘ 3.3 - ʆʢʠʩʣʝʥʠʝ ʘʥʠʣʠʥʘ ʚ ʜʠʘʧʘʟʦʥʝ 3.6 > ʨʅ > 2.5. ʅʘʢʦʧʣʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʬʝʥʘʟʠʥʦʚʳʭ ʮʠʢʣʦʚ. 

 

  ɼʠʤʝʨʠʟʘʮʠʷ ʘʥʠʣʠʥʘ ʠ ʮʠʢʣʠʟʘʮʠʷ ʜʠʤʝʨʦʚ ʠʜʫʪ ʧʨʠ ʥʠʟʢʠʭ ʧʦʪʝʥʮʠʘʣʘʭ ʠ ʤʦʛʫʪ 

ʧʨʦʪʝʢʘʪʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʣʘʙʳʭ ʦʢʠʩʣʠʪʝʣʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʶʪʩʷ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʬʝʥʘʟʠʥʦʚʳʝ ʮʠʢʣʳ, ʠʤʝʶʱʠʝ ʙʦʣʝʝ ʚʳʩʦʢʠʡ, ʯʝʤ ʣʠʥʝʡʥʳʝ ʦʣʠʛʦʤʝʨʳ ʦʢʠʩʣʠʪʝʣʴʥʳʡ 

ʧʦʪʝʥʮʠʘʣ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʦʩʪʦʤ ʧʦʪʝʥʮʠʘʣʘ ʨʘʟʦʤʢʥʫʪʦʡ ʮʝʧʠ ʚ ʭʦʜʝ ʦʢʠʩʣʝʥʠʷ ʚ 

ʦʙʣʘʩʪʠ 3.6 > ʨʅ > 2.5 [154, 170]. ʀʟ ʭʠʤʠʠ ʬʝʥʘʟʠʥʦʚ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʥʠ ʩʧʦʩʦʙʥʳ 

ʩʦʧʦʣʠʤʝʨʠʟʦʚʘʪʴʩʷ ʠ ʜʘʞʝ ʛʦʤʦʧʦʣʠʤʝʨʠʟʨʦʚʘʪʴʩʷ, ʦʜʥʘʢʦ ʠʥʠʮʠʠʨʦʚʘʥʠʝ ʬʝʥʘʟʠʥʘ 

(çʧʨʦʨʘʩʪʘʥʠʝè ʬʝʥʘʟʠʥʘ ʤʦʥʦʤʝʨʥʳʤ ʟʚʝʥʦʤ) ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʧʦʪʝʥʮʠʘʣʫ +1.05 ɺ [47, 171]. ɿʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ 

ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʬʝʥʘʟʠʥʘ ʚ ʪʦʯʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʪʝʥʮʠʘʣʫ ʥʘʯʘʣʘ ʨʦʩʪʘ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʇɸʅʀ +1.05 ɺ [95]. ʉʚʦʡʩʪʚʘ ʬʝʥʘʟʠʥʘ ʪʘʢʞʝ ʩʦʚʧʘʜʘʶʪ ʩʦ ʩʚʦʡʩʪʚʘʤʠ 

ʠʥʪʝʨʤʝʜʠʘʪʘ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʣʠʥʘ. ʆʢʠʩʣʝʥʥʘʷ ʬʦʨʤʘ ʬʝʥʘʟʠʥʘ ʠʤʝʝʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʜʝʥʪʠʯʥʳʝ ʥʘʯʘʣʴʥʳʤ ʧʨʦʜʫʢʪʘʤ ʦʢʠʩʣʝʥʠʷ: ʧʦʣʦʩʫ ʧʦʛʣʦʱʝʥʠʷ 420 ʥʤ ʠ 

ʨʝʜʦʢʩ ʧʠʢ, ʥʘʙʣʶʜʘʝʤʳʡ ʧʨʠ ʨʦʪʝʥʮʠʘʣʘʭ 0.6·0.7 ɺ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʜʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ) 

[172]. ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʬʝʥʘʟʠʥʦʚʳʡ ʮʠʢʣ ʷʚʣʷʝʪʩʷ ʥʫʢʣʝʘʪʦʤ ʙʫʜʫʱʝʡ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʠʘʧʘʟʦʥʝ 3.5 > ʨʅ > 2.5, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʉʭʝʤʦʡ 3.3, ʧʨʦʠʩʭʦʜʠʪ 

ʤʝʜʣʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʜʠʤʝʨʦʚ ʘʥʠʣʠʥʘ - ʬʝʥʘʟʠʥʦʚʳʭ ʮʠʢʣʦʚ ï ʠʥʪʝʨʤʝʜʠʘʪʦʚ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʥʫʢʣʝʘʪʦʚ ʙʫʜʫʱʠʭ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ.  

ɼʦʤʠʥʘʥʪʥʘʷ ʨʦʣʴ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʘʥʠʣʠʥʘ ʚ ʜʠʘʧʘʟʦʥʝ pH 

> 2.5 ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʟʘʢʦʥʦʤʝʨʥʦ ʩʥʠʞʘʝʪʩʷ ʩ ʧʦʥʠʞʝʥʠʝʤ ʨʅ 

(ʈʠʩʫʥʦʢ 3.1). ʕʪʦ ʨʝʟʫʣʴʪʘʪ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʫʢʣʝʦʬʠʣʘ ï ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ 

ʘʥʠʣʠʥʘ.  
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ʈʠʩʫʥʦʢ 3.1 - ʉʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ 

(ʥʘʯʘʣʴʥʘʷ ʩʪʘʜʠʷ ʨʝʘʢʮʠʠ) ʧʨʠ ʨʘʟʥʳʭ ʨʅ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʠʩʣʝʥʠʝ ʘʥʠʣʠʥʘ ʧʦ ʤʝʭʘʥʠʟʤʫ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʠʜʝʪ ʩ 

ʫʯʘʩʪʠʝʥʤ ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʨʝʘʛʝʥʪʦʚ ʧʨʠ ʚʳʩʦʢʠʭ ʨʅ. ʇʨʠ ʨʅ ʥʠʞʝ 3.6 ʨʝʘʢʮʠʷ ʧʦʜʘʚʣʝʥʘ 

ʠ ʧʨʦʪʝʢʘʝʪ ʩ ʥʠʟʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʯʝʨʝʟ ʨʘʚʥʦʚʝʩʠʝ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʤʦʥʦʤʝʨʘ. ʆʢʠʩʣʝʥʠʝ 

ʧʦ ʤʝʭʘʥʠʟʤʫ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʠʤʝʝʪ ʥʠʟʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʝʧʨʦʚʦʜʷʱʠʭ ʦʣʠʛʦʤʝʨʦʚ ʩ  ʨʘʟʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʮʝʧʝʡ ʚ ʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ 

ʠ ʬʝʥʘʟʠʥʦʚʳʭ ʦʣʠʛʦʤʝʨʦʚ ʚ ʩʣʘʙʦ-ʢʠʩʣʳʭ ʩʨʝʜʘʭ. ʕʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʡ ʧʦʣʠʩʦʧʨʷʞʝʥʥʳʡ 

ʧʦʣʠʤʝʨ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʥʝ ʦʙʨʘʟʫʝʪʩʷ. 

 

3.3 ɼʠʘʧʘʟʦʥ pH < 2.5 

 

ʆʢʠʩʣʠʪʝʣʴʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ, ʥʘʯʘʚʰʘʷʩʷ ʧʨʠ ʨʅ < 2.5, ʠʜʝʪ ʚ ʜʚʝ ʩʪʘʜʠʠ. ʅʘʯʘʣʴʥʘʷ 

ʩʪʘʜʠʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʠʥʜʫʢʮʠʦʥʥʳʡ ʧʝʨʠʦʜ, ʧʨʦʪʝʢʘʝʪ ʚ ʦʩʥʦʚʥʦʤ ʧʦ ʧʫʪʠ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʠ ʜʫʙʣʠʨʫʝʪ ʦʢʠʩʣʝʥʠʝ ɸʥ ʚ ʜʠʘʧʘʟʦʥʝ 3.6 > ʨʅ > 2.5 (ʉʭʝʤʘ 3.3). 

ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʴʶ ʦʢʠʩʣʝʥʠʷ ʠ ʝʛʦ çʟʘʪʫʭʘʥʠʝʤè ʩʦ ʩʥʠʞʝʥʠʝʤ ʨʅ, ʘ ʪʘʢʞʝ 

ʧʦʚʳʰʝʥʠʝʤ ʧʦʪʝʥʮʠʘʣʘ ʨʘʟʦʤʢʥʫʪʦʡ ʮʝʧʠ ʚ ʭʦʜʝ ʢʦʥʚʝʨʩʠʠ [170]. ʆʜʠʥʘʢʦʚ ʠ ʭʘʨʘʢʪʝʨ 

ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ ʦʢʠʩʣʝʥʠʷ ï ʜʠʤʝʨʘ ʬʝʥʘʟʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʭʦʜʝ 

ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ [100, 126, 144, 169, 170]. ʂʦʥʮʝʥʪʨʘʮʠʷ ʬʝʥʘʟʠʥʘ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʛʦ ʫʯʘʩʪʠʝ ʚ 

ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ.  

ʇʨʠ ʨʅ < 2.5 ʨʝʢʦʤʙʠʥʘʮʠ ̫ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʦʚ ʪʘʢʞʝ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ ʥʘʯʘʣʴʥʫʶ ʩʪʘʜʠʶ 

ʦʢʠʩʣʝʥʠʷ, ʚʢʣʘʜ ʨʝʢʦʤʙʠʥʘʮʠʠ ʨʘʩʪʝʪ ʧʦ ʤʝʨʝ ʟʘʪʫʭʘʥʠʷ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ. 

ʅʘʯʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ ʩʦʜʝʨʞʘʪ ʜʠʤʝʨ ʩʪʨʫʢʪʫʨʳ çʭʚʦʩʪ-ʭʚʦʩʪè ï ʙʝʥʟʠʜʠʥ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʙʝʥʟʠʜʠʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦ ʩʥʠʞʝʥʠʝʤ ʨʅ: ʦʪ 5% ʧʨʠ ʨʅ 2 ʜʦ 60% ʧʨʠ ʨʅ -1 

[173]. ʇʦ ʥʘʰʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʙʝʥʟʠʜʠʥ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʧʨʦʮʝʩʩʘ: 
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1. ī ʨʝʢʦʤʙʠʥʘʮʠʠ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʦʚ ʘʥʠʣʠʥʘ ʧʦ ʪʠʧʫ çʛʦʣʦʚʘ-ʛʦʣʦʚʘè ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʛʠʜʨʘʟʦʙʝʥʟʦʣʘ ʠ 2 ï ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʨʦʮʝʩʩʘ ʙʝʥʟʠʜʠʥʦʚʦʡ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʛʠʜʨʘʟʦʙʝʥʟʦʣʘ ʚ ʙʝʥʟʠʜʠʥ. ɹʝʥʟʠʜʠʥʦʚʘʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʢʘʪʘʣʠʟʠʨʫʝʪʩʷ 

ʨʅ ʠ ʥʘʯʠʥʘʝʪʩʷ ʪʦʣʴʢʦ ʧʦ ʜʦʩʪʠʞʝʥʠʶ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʨʦʚʥʷ ʢʠʩʣʦʪʥʦʩʪʠ [174]. ɺ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ ʘʟʦ-ʜʠʤʝʨʳ ʧʝʨʝʛʨʫʧʧʠʨʦʚʳʚʘʶʪʩʷ ʚ ʙʝʥʟʠʜʠʥ [175]. ɹʝʥʟʠʜʠʥ ʷʚʣʷʝʪʩʷ ʧʦʙʦʯʥʳʤ 

ʧʨʦʜʫʢʪʦʤ ʩʠʥʪʝʟʘ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʠʩʣʦʪʥʦʩʪʠ ʧʦʚʳʰʝʥʠʝ ʚʢʣʘʜʘ ʨʝʢʦʤʙʠʥʘʮʠʠ ʢʘʪʠʦʥ-

ʨʘʜʠʢʘʣʦʚ ʠ ʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ ʙʝʥʟʠʜʠʥʘ ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʢʨʘʱʝʥʠʶ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʇʨʠ 

ʦʢʠʩʣʝʥʠʠ ʘʥʠʣʠʥʘ ʚ ʩʠʣʴʥʦ ʢʠʩʣʳʭ ʩʨʝʜʘʭ (ʚ 5-7 ʄ ʩʠʣʴʥʳʭ ʢʠʩʣʦʪʘʭ) ʨʦʩʪ ʧʦʣʠʤʝʨʥʳʭ 

ʮʝʧʝʡ ʦʪʩʫʪʩʪʚʫʝʪ ʠ ʬʦʨʤʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʥʝʧʨʦʚʦʜʷʱʠʝ ʨʘʩʪʚʦʨʠʤʳʝ ʦʣʠʛʦʤʝʨʳ [176, 177]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʘʯʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʧʦ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ 

ʠʜʝʪ ʥʘʢʦʧʣʝʥʠʝ ʬʝʥʘʟʠʥʘ ï ʠʥʪʝʨʤʝʜʠʘʪʘ ʨʦʩʪʘ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ, ʯʝʤʫ ʩʦʧʫʪʩʪʚʫʝʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʢʫʪʘ ʙʝʥʟʠʜʠʥʘ ʧʫʪʝʤ ʨʝʢʦʤʙʠʥʘʮʠʠ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʦʚ ʘʥʠʣʠʥʘ. 

ʅʫʢʣʝʘʪʦʤ ʨʦʩʪʘ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ ʷʚʣʷʝʪʩʷ ʬʝʥʘʟʠʥʦʚʳʡ ʮʠʢʣ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʬʝʥʘʟʠʥ 

ʩʧʦʩʦʙʝʥ ʩʦʧʦʣʠʤʝʨʠʟʦʚʘʪʴʩʷ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʘʥʠʣʠʥʦʤ [47], ʘ ʟʥʘʯʠʪ ʠ ʠʥʠʮʠʠʨʦʚʘʪʴ ʨʦʩʪ 

ʮʝʧʠ. ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ, ʩʚʦʡʩʪʚʘ ʬʝʥʘʟʠʥʘ ʩʦʚʧʘʜʘʶʪ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʠʥʪʝʨʤʝʜʠʘʪʘ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʣʠʥʘ. ʆʢʠʩʣʝʥʥʘʷ ʬʦʨʤʘ ʬʝʥʘʟʠʥʘ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʜʝʥʪʠʯʥʳʝ ʥʘʯʘʣʴʥʳʤ ʧʨʦʜʫʢʪʘʤ ʦʢʠʩʣʝʥʠʷ: ʧʦʣʦʩʫ ʧʦʛʣʦʱʝʥʠʷ 420 ʥʤ ʠ ʧʠʢ ʦʢʠʩʣʝʥʠʷ 

0.6-0.7 ɺ [172], ʧʦʪʝʥʮʠʘʣ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʬʝʥʘʟʠʥʘ (+1.05 ɺ) ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʪʝʥʮʠʘʣʦʤ ʥʘʯʘʣʘ 

ʨʦʩʪʘ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ (+1.05 ɺ) [47]. ʌʝʥʘʟʠʥ ʠ ʝʛʦ ʦʢʠʩʣʝʥʥʘʷ ʬʦʨʤʘ ʥʝʨʘʩʪʚʦʨʠʤʳ ʚ 

ʚʦʜʥʳʭ ʠ ʨʷʜʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʨʝʜ, ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʮʠʢʣʳ ʘʛʣʦʤʝʨʠʨʫʶʪ ʟʘ ʩʯʝʪ ˊ,ˊ-

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʦʵʪʦʤʫ ʜʘʞʝ ʚ ʭʦʨʦʰʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʤʝʪʦʜʘʤʠ ɻʇʍ ʠ ʄALDI  ʦʥ 

ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʢʘʢ ʯʘʩʪʠʮʘ ʩ ʄʄ 364-366, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʤʝʨʫ ʬʝʥʘʟʠʥʘ ʠʣʠ 

ʪʝʪʨʘʤʝʨʫ ʘʥʠʣʠʥʘ. ɼʠʤʝʨʠʟʘʮʠʷ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʦʚ ʘʥʠʣʠʥʘ ʦʙʲʷʩʥʷʝʪ ʦʪʩʫʪʩʪʚʠʝ ʕʇʈ-ʩʠʛʥʘʣʘ 

ʥʘ ʩʪʘʜʠʠ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ (ʈʠʩʫʥʦʢ 3.2). 

 

 

ʈʠʩʫʥʦʢ 3.2 - ʉʪʨʫʢʪʫʨʘ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ ʬʝʥʘʟʠʥʘ ʠ ʝʛʦ ʜʠʤʝʨʘ. 

 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʬʝʥʘʟʠʥʦʚʳʭ ʥʫʢʣʝʘʪʦʚ ʧʝʨʝʚʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʠʟ ʛʦʤʦʛʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ 

ʛʝʪʝʨʦʬʘʟʥʳʡ. ʌʝʥʘʟʠʥ ʘʛʨʝʛʠʨʫʝʪ ʚ ʦʙʲʝʤʝ ʨʝʘʢʮʠʦʥʥʦʡ ʬʘʟʳ ʠ ʤʦʞʝʪ ʧʨʦʯʥʦ ʩʦʨʙʠʨʦʚʘʪʴʩʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʝ ʩ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʦʡ, ʦʙʨʘʟʫʷ ʥʝʧʨʦʚʦʜʷʱʠʝ ʩʣʦʠ, ʢʦʪʦʨʳʝ 

ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʩʠʥʪʝʟʘ. [178].  

ɺʩʣʝʜ ʟʘ ʤʝʜʣʝʥʥʦʡ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʝʡ ʚʪʦʨʘʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʜʠʷ ʦʢʠʩʣʝʥʠʷ ɸʥ 

ʧʨʦʪʝʢʘʝʪ ʦʯʝʥʴ ʙʫʨʥʦ. ʇʨʠ ʨʅ  2.5 ʧʨʦʪʦʥʠʨʫʶʪʩʷ ʠʤʠʥʦʛʨʫʧʧʳ ʦʣʠʛʦʤʝʨʦʚ ʘʥʠʣʠʥʘ [179] ʠ 

ʥʘʯʠʥʘʝʪʩʷ ʨʦʩʪ ʧʦʣʠʩʦʧʨʷʞʝʥʥʳʭ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʮʝʧʝʡ. ʈʘʩʪʫʱʠʝ ʮʝʧʠ ʥʘʭʦʜʷʪʩʷ ʚ 
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ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʤʝʞʜʫ ʵʤʝʨʘʣʜʠʥʦʤ ʠ ʧʝʨʥʠʛʨʘʥʠʣʠʥʦʤ, ʯʝʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ 670 ʥʤ [180]. ʇʨʠ ʵʪʦʤ ʧʦʷʚʣʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʡ ʕʇʈ-ʩʠʛʥʘʣ 

ʥʝʩʧʘʨʝʥʥʳʭ ʩʧʠʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʩʪʫʱʝʡ ʮʝʧʠ [181]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʙʦʯʥʳʝ ʨʝʘʢʮʠʠ ʥʘ ʩʪʘʜʠʠ ʨʦʩʪʘ ʦʪʩʫʪʩʪʚʫʶʪ [182]. ʄʳ 

ʧʦʣʘʛʘʝʤ, (ʉʭʝʤʘ 3.4) ʯʪʦ ʨʦʩʪ ʮʝʧʠ ʠʜʝʪ ʧʫʪʝʤ ʨʝʢʦʤʙʠʥʘʮʠʠ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʭ ʮʝʥʪʨʦʚ 

ʮʝʧʠ (1) ʠ ʤʦʥʦʤʝʨʘ (2) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʘʟʦʙʝʥʟʦʣʴʥʦʡ ʛʨʫʧʧʳ ʥʘ ʢʦʥʮʝ ʮʝʧʠ (3) 

(ʩʚʷʟʳʚʘʥʠʝ çʛʦʣʦʚʘ-ʛʦʣʦʚʘè). ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʢʠʩʣʦʪʥʦʩʪʠ 

ʦʙʨʘʟʫʝʪʩʷ ʪʦʣʴʢʦ ʩʪʘʙʠʣʴʥʳʡ Dewarôs ˊ-ʢʦʤʧʣʝʢʩ ʢʦʥʮʝʚʦʡ ʧʦʣʠʤʝʨʥʦʡ ʛʨʫʧʧʳ ʠ ʤʦʥʦʤʝʨʘ 

(4) [174, 183] ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʚʘʣʝʥʪʥʦʡ çʛʦʣʦʚʘ-ʛʦʣʦʚʘè ʩʚʷʟʠ.  

 

 

 

ʉʭʝʤʘ 3.4 - ʈʝʘʢʮʠʷ ʨʦʩʪʘ ʨʝʛʫʣʷʨʥʳʭ ʧʦʣʠʩʦʧʨʷʞʝʥʥʳʭ ʮʝʧʝʡ ʇɸʅʀ ʚ ʢʠʩʣʳʭ ʩʨʝʜʘʭ ʠ 

ʚʦʟʤʦʞʥʳʝ ʧʨʦʜʫʢʪʳ (5) [1,3] ʠ (6) [1,5] ʩʠʛʤʘʪʨʦʧʥʦʡ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ, 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʨʪʦ- ʠ ʧʘʨʘ-ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ. 

 

ʇʨʦʜʦʣʞʝʥʠʝʤ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʘʷ ʩʝʤʠʜʠʥʦʚʘʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ 

ʛʠʜʨʘʟʦʙʝʥʟʦʣʘ ʚ ʧʘʨʘ-ʩʝʤʠʜʠʥ (5). ʉʝʤʠʜʠʥʦʚʘʷ (ʧʦʣʫʙʝʥʟʠʜʠʥʦʚʘʷ) ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ï ʵʪʦ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ 1,2ïʜʠʬʝʥʠʣʛʠʜʨʘʟʠʥʦʚ ʚ ʧʨʦʠʟʚʦʜʥʳʝ ʜʠʬʝʥʠʣʘʤʠʥʘ - 

ʩʝʤʠʜʠʥʦʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʦʝ ʢʘʪʘʣʠʟʠʨʫʝʪʩʷ ʥʠʟʢʠʤ ʨʅ ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ 

ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ. ʊʘʢʠʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʩʣʫʞʠʪ ʧʦʣʠʤʝʨʥʳʡ (ʦʣʠʛʦʤʝʨʥʳʡ) 

ʬʨʘʛʤʝʥʪ R-NH- ʛʠʜʨʘʟʦʩʪʨʫʢʪʫʨʳ. ʌʨʘʛʤʝʥʪ ʪʘʢʦʛʦ ʪʠʧʘ ʥʝ ʦʪʱʝʧʣʷʝʪʩʷ ʧʨʠ 
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ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʜʣʠʥʝʥʠʶ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ [173]. ʇʝʨʝʛʨʫʧʧʠʨʦʚʢʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ˊ-ʢʦʤʧʣʝʢʩ (Dewarôs complex) (4), ʢʦʪʦʨʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʠʟʢʦ 

ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʛʦ [1,5]-ʩʠʛʤʘʪʨʦʧʥʦʛʦ ʩʜʚʠʛʘ ʧʝʨʝʩʪʨʘʠʚʘʝʪʩʷ ʚ ʢʦʥʝʯʥʳʡ 

ʧʨʦʜʫʢʪ (6). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʘʩʪʠʝ ʠʥʪʝʨʤʝʜʠʘʪʘ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ. ɺʤʝʩʪʦ çʧʝʨʝʨʘʙʦʪʢʠè ʘʥʠʣʠʥʘ ʚ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʡ 

ʙʝʥʟʠʜʠʥ ʠʜʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʧʦʩʢʦʣʴʢʫ ʥʝʦʪʱʝʧʣʷʝʪʳʡ ʬʨʘʛʤʝʥʪ ʮʝʧʠ 

ʟʘʤʝʥʷʝʪ ʙʝʥʟʠʜʠʥʦʚʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʩʝʤʠʜʠʥʦʚʳʤ.  

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʦʩʥʦʚʥʦʡ ʧʨʦʜʫʢʪ  ʩʠʛʤʘʪʨʦʧʥʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ [1,5] - (ʧʘʨʘ-(6)) 

ʧʨʦʜʫʢʪ ʤʦʛ ʙʳ ʩʦʜʝʨʞʘʪʴ ʧʨʠʤʝʩʴ [1.3] ï (ʦʨʪʦ-(5)) ʩʪʨʫʢʪʫʨʳ. ʆʜʥʘʢʦ ʚʳʙʦʨ ʢʦʥʝʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʢʦʡ ʢʦʥʝʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ [184]. ʇʦʵʪʦʤʫ ʚ ʫʩʣʦʚʠʷʭ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʪʦʣʴʢʦ (6). ʎʝʧʴ ʇɸʅʀ ʨʘʩʪʝʪ ʚ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ, ʥʝʩʫʱʝʡ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʘʨʷʜʳ, ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʣʦʢʘʣʠʟʦʚʘʪʴ ʟʘʨʷʜʳ 

ʧʦ ʮʝʧʠ ʠ ʩʥʠʟʠʪʴ ʵʥʝʨʛʠʶ ʠʭ ʦʪʪʘʣʢʠʚʘʥʠʷ ʜʦʣʞʥʘ ʧʨʠʚʦʜʠʪʴ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʚʳʠʛʨʳʰʫ 

ʵʥʝʨʛʠʠ. ʊʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʧʘʨʘ-ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚ ʮʝʧʠ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʣʠʩʦʧʨʷʞʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʧʦʟʚʦʣʷʝʪ ʜʝʣʦʢʘʣʠʟʦʚʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʘʨʷʜʳ, ʧʦʵʪʦʤʫ ʧʘʨʘ-ʩʪʨʫʢʪʫʨʘ ʩʪʘʥʦʚʠʪʩʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʙʦʣʝʝ ʚʳʛʦʜʥʳʤ ʠ ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʤ ʪʠʧʦʤ ʩʚʷʟʳʚʘʥʠʷ. ʅʘ ʩʪʘʜʠʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ˊ-ʢʦʤʧʣʝʢʩʘ ʢʦʥʮʝʚʦʝ ʟʚʝʥʦ ʨʘʩʪʫʱʝʡ ʮʝʧʠ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ çʚʳʙʨʘʪʴè 

ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɺʳʩʦʢʫʶ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʩʦʧʨʷʞʝʥʥʦʡ ʩʠʩʪʝʤʳ ʜʦʢʘʟʳʚʘʝʪ ʥʘʙʣʶʜʘʝʤʦʝ ʚ ʨʘʙʦʪʘʭ [104, 185] ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʘ 

ʠʜʝʥʪʠʯʥʦʛʦ ʇɸʅʀ ʚ ʭʦʜʝ ʮʠʢʣʦʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ-ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʟʦʙʝʥʟʦʣʘ ʠ 

ʙʝʥʟʠʜʠʥʘ ʚ ʢʠʩʣʳʭ ʩʨʝʜʘʭ. ɺʩʣʝʜ ʟʘ ʧʝʨʝʭʦʜʦʤ ʜʠʤʝʨʦʚ ʚ ʩʦʩʪʦʷʥʠʝ ˊ-ʢʦʤʧʣʝʢʩʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʢʠʩʣʝʥʠʷ, ʚ ʭʦʜʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʣʝʜʫʝʪ ʧʨʦʮʝʩʩ çʧʨʝʚʨʘʝɦʥʠʷè ʠʭ ʚ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ 

ʚʳʛʦʜʥʦʝ ʧʦʣʠʩʦʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʦʙʦʩʥʦʚʘʥʠʝʤ Cʭʝʤʳ 3.4 ʷʚʣʷʝʪʩʷ: 

1.ʉʦʚʧʘʜʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʝʤʠʜʠʥʦʚʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʠ ʩʪʘʜʠʠ ʨʦʩʪʘ 

ʇɸʅʀ, ʠ ʪʘ ʠ ʜʨʫʛʘʷ ʨʝʘʢʮʠʷ ʠʤʝʶʪ ʧʝʨʚʳʡ ʧʦʨʷʜʦʢ ʩʢʦʨʦʩʪʠ ʧʦ ʘʢʪʠʚʥʦʤʫ ʮʝʥʪʨʫ [186] 

(ʮʝʥʪʨʫ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʮʝʥʪʨʫ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ), ʠ ʙʦʣʝe ʯʝʤ ʧʝʨʚʳʡ ï ʧʦ ʠʦʥʘʤ ʚʦʜʦʨʦʜʘ 

[38, 81].  

2.ʅʘʙʣʶʜʝʥʠʝʤ ʚ ATR ʀʂ-ʩʧʝʢʪʨʘʭ ʨʘʩʪʫʱʠʭ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʪʠʧʠʯʥʳʭ ʜʣʷ 

ʛʠʜʨʘʟʦʙʝʥʟʦʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʧʦʣʦʩ 1600 ʩʤī1, 1500ʩʤī1, 1300ʩʤī1 [187]. 

ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʚʢʣʘʜ ʚ ʩʪʘʙʠʣʠʟʘʮʠʶ ʧʘʨʘ-ʩʪʨʫʢʪʫʨʳ ʚʥʦʩʠʪ ʪʘʢʞʝ ʛʝʪʝʨʦʬʘʟʥʳʡ 

ʭʘʨʘʢʪʝʨ ʨʦʩʪʘ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ. ʇʦʣʠʤʝʨʥʳʝ ʮʝʧʠ ʨʘʩʪʫʪ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʜʨʫʛ 

ʦʪ ʜʨʫʛʘ ʚ ʚʠʜʝ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  ï  ʯʘʩʪʠʮʳ ʠʣʠ ʧʣʝʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʦʩʠʪʝʣʷ [32]. ɺ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʮʝʧʠ ʩʚʷʟʳʚʘʶʪʩʷ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʠ ʬʦʨʤʠʨʫʶʪ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ. ʉʦʧʨʷʞʝʥʥʳʝ ʧʘʨʘ-ʩʪʨʫʢʪʫʨʳ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 

ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ ʢʨʠʩʪʘʣʣʠʪʳ ʠ ʠʤʝʶʪ ʚʳʡʛʨʳʰ ʚ ʵʥʝʨʛʠʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʠʯʠʥʦʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʛʫʣʷʨʥʳʭ ʧʦʣʠʩʦʧʨʷʞʝʥʥʳʭ ʮʝʧʝʡ ʇɸʅʀ ʧʨʠ ʨʅ < 2.5 ʷʚʣʷʝʪʩʷ 

çʟʘʧʫʩʢè ʩʠʥʪʝʟʘ ʧʦ ʧʫʪʠ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʡ ʩʝʤʠʜʠʥʦʚʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʮʝʧʝʡ, ʘ ʪʘʢʞʝ ʩʚʷʟʳʚʘʥʠʝ ʮʝʧʝʡ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ. 
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3.4. ʃʠʤʠʪʠʨʫʶʱʘʷ ʩʪʘʜʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

 

ʅʘʯʘʣʴʥʘʷ ʩʪʘʜʠʷ ʦʢʠʩʣʝʥʠʷ ɸʥ ʠ ʩʪʘʜʠʷ ʨʦʩʪʘ ʨʘʟʜʝʣʝʥʳ ʚʳʩʦʢʠʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʙʘʨʴʝʨʦʤ. ɺ ʭʦʜʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʨʠ ʨʅ<2.5 ʧʦʪʝʥʮʠʘʣ ʨʘʟʦʤʢʥʫʪʦʡ ʮʝʧʠ ʠʤʝʝʪ ʚʠʜ ʢʨʠʚʦʡ ʩ 

ʤʘʢʩʠʤʫʤʦʤ: ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʨʦʜʫʢʪʦʚ ʧʦʚʳʰʘʝʪʩʷ ʜʦ +1.05 ɺ, 

ʥʦ ʩ ʥʘʯʘʣʦʤ ʩʪʘʜʠʠ ʨʦʩʪʘ ʩʥʠʞʘʝʪʩʷ ʜʦ +0.7 · +0.8 ɺ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʪʝʥʮʠʘʣʫ ʮʝʧʝʡ, 

ʨʘʩʪʫʱʠʭ ʚ ʧʝʨʥʠʛʨʘʥʠʣʠʥʦʚʦʡ ʬʦʨʤʝ. ʅʘʠʙʦʣʝʝ ʵʥʝʨʛʦʝʤʢʦʡ ʩʪʘʜʠʝʡ ʣʠʤʠʪʠʨʫʶʱʝʡ 

ʩʢʦʨʦʩʪʴ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ, ʷʚʣʷʝʪʩʷ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ ʬʝʥʘʟʠʥʫ ʧʝʨʚʦʛʦ ʤʦʥʦʤʝʨʥʦʛʦ ʟʚʝʥʘ. 

ʇʦʩʣʝ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʬʝʥʘʟʠʥʘ ʧʨʠʨʦʜʘ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʤʝʥʷʝʪʩʷ. ɺʤʝʩʪʦ ʪʨʝʪʠʯʥʦʛʦ ʘʪʦʤʘ 

ʘʟʦʪʘ, ʚʩʪʨʦʝʥʥʦʛʦ ʚ ʘʨʦʤʘʪʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʬʦʨʤʠʨʫʝʪʩʷ ʥʦʚʳʡ ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ ï ʢʦʥʮʝʚʘʷ 

ʘʤʠʥʦʛʨʫʧʧʘ, ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʢʦʪʦʨʦʡ ʥʠʞʝ (ʉʭʝʤʘ 3.5) [175]. ʕʪʦ ʦʙʲʷʩʥʷʝʪ 

ʩʥʠʞʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʩʪʘʜʠʠ ʨʦʩʪʘ, 

ʥʘʟʳʚʘʝʤʦʝ çʘʚʪʦʢʘʪʘʣʠʟʦʤè.  

 

ʉʭʝʤʘ 3.5 - ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʧʝʨʚʦʛʦ ʤʦʥʦʤʝʨʥʦʛʦ ʟʚʝʥʘ ʦʢʠʩʣʝʥʥʦʡ ʤʦʣʝʢʫʣʦʡ ʬʝʥʘʟʠʥʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ (ʣʠʤʠʪʠʨʫʶʱʘʷ ʩʪʘʜʠʷ) ʘ); ʨʦʩʪ ʧʦʣʠʤʝʨʥʦʡ 

ʮʝʧʠ ʩ ʨʝʛʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ ʙ).  

 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʤʦʞʝʪ ʙʳʪʴ ʫʢʦʨʦʯʝʥ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ 

ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʫʢʣʝʘʪʘ ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʜʠʘʤʠʥʦʚ ʧʘʨʘ-ʩʪʨʫʢʪʫʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʘʨʘ-ʩʝʤʠʜʠʥ, ʨʝʟʢʦ ʩʦʢʨʘʱʘʶʪ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʦʙʱʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ [153, 188 -190]. 

ʘ 

ʙ 
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ʄʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʘ ʩʣʝʜʫʶʱʠʡ. ɸʨʦʤʘʪʠʯʝʩʢʠʡ ʜʠʘʤʠʥ ʠʤʝʝʪ ʙʦʣʝʝ ʥʠʟʢʠʡ, ʯʝʤ 

ʘʥʠʣʠʥ, ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʠ ʦʢʠʩʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ. ʆʥ ʫʯʘʩʪʚʫʝʪ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʬʝʥʘʟʠʥʦʚʦʛʦ ʥʫʢʣʝʘʪʘ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʠʘʤʠʥʘ ʩ ʤʦʣʝʢʫʣʦʡ ʘʥʠʣʠʥʘ ʫʞʝ 

ʥʘ ʩʪʘʜʠʠ ʜʠʤʝʨʠʟʘʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʘʤʠʥʦʬʝʥʘʟʠʥ (ʉʭʝʤʘ 3.6). ʊʘʢʦʡ ʠʥʪʝʨʤʝʜʠʘʪ ʤʦʞʝʪ 

çʧʨʦʨʘʩʪʘʪʴè ʨʝʛʫʣʷʨʥʦʡ ʧʦʣʠʩʦʧʨʷʞʝʥʥʦʡ ʮʝʧʴʶ ʧʦ ʙʦʢʦʚʦʡ ʘʤʠʥʦʛʨʫʧʧʝ, ʩʥʠʤʘʷ ʚʳʩʦʢʠʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʩʪʘʜʠʠ ʣʠʤʠʪʠʨʫʶʱʝʡ ʧʦʣʠʤʝʨʠʟʘʮʠʶ. [125].  

 

 

ʉʭʝʤʘ 3.6 - ʆʢʠʩʣʠʪʝʣʴʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʘʥʠʣʠʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʘʨʘ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʤʠʥʦʬʝʥʘʟʠʥʘ (ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʦʢʨʘʱʝʥʠʝʤ ʠʥʜʫʢʮʠʦʥʥʦʛʦ 

ʧʝʨʠʦʜʘ). 

 

ʇʦʢʘʟʘʪʝʣʴʥʦ, ʯʪʦ ʜʦʙʘʚʢʘ ʦʨʪʦ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ ʥʝ ʜʘʝʪ ʵʬʬʝʢʪʘ ʫʩʢʦʨʝʥʠʷ. ɼʦʙʘʚʢʘ 

ʤʝʪʘ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ, ʥʘʦʙʦʨʦʪ, ʚʳʟʳʚʘʝʪ ʨʝʟʢʦʝ ʟʘʤʝʜʣʝʥʠʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʟʘ ʩʯʝʪ 

ʫʜʣʠʥʝʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ. ʇʦʩʣʝʜʥʝʝ ʩʚʷʟʘʥʦ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ çʜʝʬʝʢʪʥʦʛʦè 

ʠʥʪʝʨʤʝʜʠʘʪʘ, ʥʝʩʧʦʩʦʙʥʦʛʦ ʧʨʦʜʦʣʞʠʪʴ ʨʦʩʪ ʧʦʣʠʩʦʧʨʷʞʝʥʥʦʡ ʮʝʧʠ [130]. ʇʦʩʣʝ ʠʩʯʝʨʧʘʥʠʷ 

ʤʝʪʘ-ʜʠʘʤʠʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʨʘʙʦʪʢʠ ʝʛʦ ʥʘ çʜʝʬʝʢʪʥʳʝè ʦʣʠʛʦʤʝʨʳ ʧʦʣʠʤʝʨʠʟʘʮʠʷ 

ʘʥʠʣʠʥʘ ʚʦʟʦʙʥʦʚʣʷʝʪʩʷ. 

 

3.5. ʈʦʩʪ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʩ ʫʯʘʩʪʠʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ ʠʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

 

 ʅʝʣʴʟʷ ʥʝ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʨʦʩʪ ʇɸʅʀ ʧʨʦʠʩʭʦʜʠʪ ʚ ʛʝʪʝʨʦʬʘʟʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ 

ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʬʝʥʘʟʠʥʦʚʳʝ ʥʫʢʣʝʘʪʳ ʩʚʷʟʘʥʳ ʩ ʥʦʩʠʪʝʣʝʤ ʠʣʠ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʚ ʦʙʲʝʤʝ 

ʨʘʩʪʚʦʨʘ, ʠ ʚ ʭʦʜʝ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʫʩʢʦʨʝʥʥʳʤʠ ʪʝʤʧʘʤʠ ʥʘʨʘʱʠʚʘʶʪ ʤʦʣʝʢʫʣʷʨʥʫʶ 

ʤʘʩʩʫ. ʈʦʩʪ ʇɸʅʀ, ʢʘʢ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʠ ʜʨʫʛʠʭ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʧʦʣʠʤʝʨʦʚ, ʢʘʨʜʠʥʘʣʴʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʦʩʪʘ ʧʦʣʠʤʝʨʦʚ ʜʠʵʣʝʢʪʨʠʢʦʚ. ʕʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʡ ʧʦʣʠʤʝʨ ʨʘʩʪʝʪ ʥʝ ʚ ʚʠʜʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʮʝʧʝʡ, ʘ ʢʘʢ ʢʦʥʛʣʦʤʝʨʘʪ ʮʝʧʝʡ, ʦʙʣʘʜʘʶʱʠʭ ʵʣʝʢʪʨʦʥʥʦʡ [12] ʠ ʠʦʥʥʦʡ [49, 

191, 192], ʧʨʦʚʦʜʠʤʦʩʪʴʶ. ɺ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʠ ʤʦʥʦʤʝʨ, ʠ ʦʢʩʠʜʘʥʪ ʨʘʩʪʚʦʨʠʤʳ, ʪ.ʝ. 
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ʜʠʩʧʝʨʛʠʨʦʚʘʥʳ ʜʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʫʨʦʚʥʷ, ʪʦʛʜʘ ʢʘʢ ʨʘʩʪʫʱʠʝ ʮʝʧʠ ʘʛʣʦʤʝʨʠʨʦʚʘʥʳ. ɺʥʫʪʨʠ 

ʘʛʣʦʤʝʨʘʪʘ ʧʨʦʠʩʭʦʜʠʪ ʤʠʛʨʘʮʠʷ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʫʞʝ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʩʪʘʜʠʠ ʨʦʩʪʘ [193]. ɺ ʪʦʞʝ ʚʨʝʤʷ ʥʦʩʠʪʝʣʠ 

ʟʘʨʷʜʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʘʤʠ ʦʢʠʩʣʝʥʠʷ, ʪ.ʝ. ʮʝʥʪʨʘʤʠ ʨʦʩʪʘ ʮʝʧʠ. 

 ʋʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʧʦʣʠʤʝʨʘ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʉʭʝʤʘ 3.7). ʆʢʩʠʜʘʥʪ 

ʦʢʠʩʣʷʝʪ ʦʜʥʫ ʠʟ ʢʦʥʮʝʚʳʭ ʘʤʠʥʦʛʨʫʧʧ ʘʛʣʦʤʝʨʘʪʘ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ. ʇʦʣʦʞʠʪʝʣʴʥʳʡ 

ʧʦʣʷʨʦʥ, ʚʦʟʥʠʢʘʶʱʠʡ ʧʨʠ ʦʢʠʩʣʝʥʠʠ, ʣʝʛʢʦ ʜʝʣʦʢʘʣʠʟʫʝʪʩʷ ʧʦ ʦʙʲʝʤʫ ʘʛʣʦʤʝʨʘʪʘ ʠ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʧʦʜʚʠʞʥʳʤ ʘʥʠʦʥʦʤ ʢʠʩʣʦʪʳ. ʎʝʥʪʨʳ ʦʢʠʩʣʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʳʝ ʦʢʠʩʣʠʪʝʣʝʤ, 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚ ʦʙʲʝʤʝ ʚʩʝʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʡ ʯʘʩʪʠʮʳ, ʤʠʥʠʤʠʟʠʨʫʷ ʝʝ ʵʥʝʨʛʠʶ. 

ɼʘʥʥʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʛʫʣʠʨʫʝʪ ʧʦʩʣʝʜʫʶʱʝʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ. 

ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʤʦʥʦʤʝʨʥʦʛʦ ʟʚʝʥʘ 

ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʝ ʚ ʪʦʡ ʪʦʯʢʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʛʜʝ ʠʤʝʣʦ ʤʝʩʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʢʠʩʣʠʪʝʣʝʤ.  

 

ʉʭʝʤʘ 3.7 - ʄʝʭʘʥʠʟʤ 

ʛʝʪʝʨʦʬʘʟʥʦʛʦ ʨʦʩʪʘ ʇɸʅʀ ʩ 

ʫʯʘʩʪʠʝʤ ʧʨʦʮʝʩʩʦʚ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ 

ʠʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ (ʥʘ ʧʨʠʤʝʨʝ 

ʩʬʝʨʠʯʝʩʢʦʡ ʯʘʩʪʠʮʳ). ʎʝʧʠ 

ʇɸʅʀ ʨʘʩʪʫʪ ʠʟ ʘʛʨʝʛʘʪʘ 

ʬʝʥʘʟʠʥʦʚ, ʦʥʠ ʦʨʛʘʥʠʟʦʚʘʥʳ 

ʨʘʜʠʘʣʴʥʦ, ʩ ʣʦʢʘʣʠʟʘʮʠʝʡ 

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʨʦʩʪʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ  ʯʘʩʪʠʮʳ. 

  

ʏʘʩʪʠʮʘ ʇɸʅʀ ʥʘʨʘʱʠʚʘʝʪ ʤʦʥʦʤʝʨʥʳʝ ʟʚʝʥʴʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʛʜʝ ʣʦʢʘʣʠʟʦʚʘʥʳ 

ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ ʨʦʩʪʘ, ʦʥʘ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʜʦʢʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ [32, 126, 130]. 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʡ ʧʦʣʠʤʝʨ ʨʘʩʪʝʪ ʢʘʢ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʡʩʷ ʘʛʣʦʤʝʨʘʪ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ, 

ʢʦʪʦʨʳʡ, ʢʘʢ ʝʜʠʥʳʡ ʦʨʛʘʥʠʟʤ, ʦʪʢʣʠʢʘʝʪʩʷ ʥʘ ʘʢʪʳ ʦʢʠʩʣʝʥʠʷ-ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ, ʢʘʢ ʙʫʜʝʪ 

ʦʙʩʫʞʜʘʪʴʩʷ ʜʘʣʝʝ, ʢʦʥʪʨʦʣʠʨʫʝʪ ʬʦʨʤʫ ʧʦʣʠʤʝʨʥʦʡ ʯʘʩʪʠʮʳ. ʂʦʦʧʝʨʘʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʦʢʠʩʣʠʪʝʣʷ, ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ ʠ ʤʦʥʦʤʝʨʘ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʫʩʢʦʨʝʥʠʶ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʤʫ 

çʘʚʪʦʢʘʪʘʣʠʟʫè. 

 

3.6. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʤʝʭʘʥʠʟʤʘ 

 

ɺ ʨʘʟʜʝʣʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʠʟʣʦʞʝʥʥʳʡ ʚʳʰʝ ʤʦʣʝʢʫʣʷʨʥʳʡ 

ʤʝʭʘʥʠʟʤ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʣʠʥʘ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʝʥʳ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥ rʚ ʣʠʪʝʨʘʪʫʨʝ. 
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3.6.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʚ ʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ 

 

  ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʚ ʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ ʤʝʪʦʜʘʤʠ 1H, 13C, 15N 

ʗʄʈ-ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʣʦʞʠʪʴ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʩʪʨʫʢʪʫʨ: ʣʠʥʝʡʥʳʝ ʠ ʮʠʢʣʠʯʝʩʢʠʝ 

ʬʨʘʛʤʝʥʪʳ ʩ ʘʤʠʥʦ- ʠ ʠʤʠʥʦ-ʛʨʫʧʧʘʤʠ, ʘ ʪʘʢʞʝ ʙʝʥʟʦʭʠʥʦʥ- ʠ ʬʝʥʦʣʴʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ 

(ʈʠʩʫʥʦʢ 3.8). ʉʫʜʷ ʧʦ ʜʘʥʥʳʤ ɻʇʍ-ʘʥʘʣʠʟʘ ʧʨʦʜʫʢʪʳ ʷʚʣʷʶʪʩʷ ʦʣʠʛʦʤʝʨʘʤʠ ʩ ʄw ~ 3-4 ʭ103 

Mw/Mn 1.3 ï 1.8 (ʊʘʙʣʠʮʳ 2.1, 2.2).  

 

ʈʠʩʫʥʦʢ 3.8 - ʉʪʨʫʢʪʫʨʘ ʦʣʠʛʦʤʝʨʦʚ ʘʥʠʣʠʥʘ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ ʧʦ ʜʘʥʥʳʤ 

ʗʄʈ-ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʥʘʷ ʚ ʨʘʙʦʪʘʭ: [99] -1, [166] - 2, [194] - 3. 

 

ʈʝʟʫʣʴʪʘʪʳ ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʭʝʤʦʡ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ (ʉʭʝʤʘ 3.1): 

ʦʙʨʘʟʦʚʘʥʠʝ ʦʨʪʦ- ʠ ʧʘʨʘ-ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ, ʢʦʪʦʨʦʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʪʦʨʠʯʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʦʢʠʩʣʝʥʠʷ ʠ ʛʠʜʨʦʣʠʟʘ ʦʣʠʛʦʤʝʨʦʚ. 

 

3.6.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʯʘʣʴʥʳʭ ʦʣʠʛʦʤʝʨʦʚ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʯʘʣʴʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʤʝʪʦʜʦʤ ʈʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʈʠʩʫʥʦʢ  

3.9) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʝʨʚʦʛʦ ʰʘʛʘ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʷʚʣʷʝʪʩʷ ʜʠʤʝʨ 

ʘʥʠʣʠʥʘ ï N-ʬʝʥʠʣ-1,2-ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ ʠʣʠ ʦʨʪʦ-ʩʝʤʠʜʠʥ (ʉʭʝʤʘ 3.1).  

 

 

ʈʠʩʫʥʦʢ 3.9 - ʈʘʤʘʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ 

(ʚʦʟʙʫʞʜʝʥʠʝ 633 ʥʤ) ʦʙʨʘʟʮʦʚ (ʥʘ 

ʢʨʝʤʥʠʝʚʦʤ ʥʦʩʠʪʝʣʝ), ʧʦʣʫʯʝʥʥʳʭ ʥʘ 

ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ 0.1ʄ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ, 0.4ʄ ʷʥʪʘʨʥʦʡ ʠ 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʘʭ, ʚ ʚʦʜʝ ʠ 0.2ʄ 

ʘʤʤʠʘʢʝ, ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʧʝʢʪʨʘʤʠ 

ʦʨʪʦ- ʠ ʧʘʨʘ- ʩʝʤʠʜʠʥʘ ʠ ʬʝʥʘʟʠʥʘ. 
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ʆʨʪʦ-ʩʝʤʠʜʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʤʠʥʠʨʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ 14 < ʨʅ < 1, ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʝʜʣʦʞʝʥʥʦʡ ʉʭʝʤʦʡ 3.1. ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʠ 

ʧʨʦʪʠʚʦʨʝʯʠʪ ʉʭʝʤʝ 1.3. ɺ ʩʧʝʢʪʨʘʭ ʥʘʯʘʣʴʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʘʢʞʝ ʧʦʣʦʩʘ 1412 

ʩʤī1 ʧʨʠʥʘʜʣʝʞʘʱʘʷ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʮʠʢʣʠʯʝʩʢʦʡ ʬʝʥʘʟʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ [126]. 

ʄʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʌʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ, cʦʧʦʩʪʘʚʣʝʥʳ ʧʨʦʜʫʢʪʳ 

ʥʘʯʘʣʴʥʦʡ ʠ ʢʦʥʝʯʥʦʡ ʩʪʘʜʠʠ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʦʡ 

ʢʠʩʣʦʪʥʦʩʪʠ: ʚ 0.2 ʄ ʘʤʤʠʘʢʝ, ʚ 0.4 ʄ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʠ ʚ 0.1 ʄ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ (ʈʠʩʫʥʦʢ 

3.10 ʘ, ʙ) (ʪʘʙʣʝʪʢʠ ʚ KBr) [144]. ʀʩʩʣʝʜʦʚʘʥʳ ʩʧʝʢʪʨʳ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʧʨʦʜʫʢʪʦʚ, 

ʯʪʦ ʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʦ, ʧʦʩʢʦʣʴʢʫ ʠʩʢʣʶʯʘʝʪ ʧʦʛʣʦʱʝʥʠʷ ʘʥʠʦʥʦʚ ʢʠʩʣʦʪ, ʦʩʣʦʞʥʷʶʱʠʭ 

ʩʧʝʢʪʨ. ʆʣʠʛʦʤʝʨʥʘʷ ʧʨʠʨʦʜʘ ʥʘʯʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʢʦʥʮʝʚʳʭ ʘʤʠʥʦʛʨʫʧʧ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʧʦʣʦʩʦʡ ʚʘʣʝʥʪʥʳʭ CïN ʢʦʣʝʙʘʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ 

1265-1272 ʩʤī1. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʨʅ ʥʘʯʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʩʠʥʪʝʟʘ ʦʜʥʦʪʠʧʥʳ, ʠ ʠʤʝʶʪ ʥʘʙʦʨ 

ʧʦʣʦʩ, ʢʦʪʦʨʳʡ ʦʪʥʦʩʠʪʩʷ ʢ ʦʨʪʦ-ʟʘʤʝʱʝʥʥʳʤ ʤʦʥʦʤʝʨʥʳʤ ʟʚʝʥʴʷʤ, ʘ ʪʘʢʞʝ ʬʝʥʘʟʠʥʫ. 

ʇʦʣʦʩʳ 1446 ʩʤī1 (ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʉ=ʉ ʩʚʷʟʝʡ ʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʴʮʘʭ) ʠ 1414 ʩʤī1 

(ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʬʝʥʘʟʠʥʦʚʳʭ ʮʠʢʣʦʚ), ʘ ʪʘʢʞʝ ʧʦʣʦʩʘ ʚ ʦʙʣʘʩʪʠ 860-870 ʩʤī1 (ʉ-ʅ 

ʢʦʣʝʙʘʥʠʷ ʚ 1,2,4-ʪʨʠʟʘʤʝʱʝʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʴʮʘʭ) ʧʨʠʩʫʪʩʚʫʶʪ ʚ ʩʧʝʢʪʨʘʭ ʚʩʝʭ ʪʠʧʦʚ 

ʦʣʠʛʦʤʝʨʦʚ. ʇʨʠʚʝʜʝʥʥʳʝ ʧʦʣʦʩʳ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳ ʚ ʧʨʦʜʫʢʪʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʩʨʝʜʥʝʡ 

ʠ ʩʠʣʴʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʩʜʝʩʴ ʬʦʨʤʠʨʫʶʪʩʷ ʢʦʨʦʪʢʠʝ ʦʜʥʦʪʠʧʥʳʝ 

ʦʣʠʛʦʤʝʨʳ.  

ʉʧʝʢʪʨʳ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ, ʨʘʟʣʠʯʘʶʪʩʷ. ɺ 

ʦʙʨʘʟʮʘʭ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ, ʩʧʝʢʪʨ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʧʝʢʪʨʦʤ ʥʘʯʘʣʴʥʳʭ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʝʜʠʥʦʤ ʤʝʭʘʥʠʟʤʝ ʩʠʥʪʝʟʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʢʠʩʣʳʭ ʫʩʣʦʚʠʷʭ ʩʧʝʢʪʨ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʦʡ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʩʠʥʪʝʟʘ ʥʘ ʵʪʘʧʝ 

ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʠ ʥʘ ʩʪʘʜʠʠ ʨʦʩʪʘ ʠ ʦʪʚʝʯʘʶʱʠʭ ʠʤ ʜʚʫʤ ʪʠʧʘʤ ʧʨʦʜʫʢʪʦʚ. ɺ ʩʧʝʢʪʨʝ 

ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʠʧʠʯʥʳʡ ʥʘʙʦʨ ʧʦʣʦʩ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʩʧʝʢʪʨʘ ʵʤʝʨʘʣʜʠʥʦʚʦʛʦ ʦʩʥʦʚʘʥʠʷ [195]: ʧʦʣʦʩʳ 1590 ʩʤī1 ʠ 1500 ʩʤī1 ʦʪʚʝʯʘʶʪ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʧʣʦʩʢʦʩʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʭʠʥʦʠʜʥʳʭ ʠ ʙʝʥʟʦʣʴʥʳʭ ʢʦʣʝʮ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 

ʉʣʘʙʳʡ ʧʠʢ 1374 ʩʤī1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ CïN ʩʚʷʟʠ, ʩʦʩʝʜʩʪʚʫʶʱʝʡ 

ʩ ʭʠʥʦʠʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʇʦʣʦʩʘ 1308 ʩʤī1 ʧʨʠʥʘʜʣʝʞʠʪ C-N ʧʣʦʩʢʦʩʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʚ 

ʜʠʟʘʤʝʱʝʥʥʳʭ ʘʤʠʥʦʩʪʨʫʢʪʫʨʘʭ. ɺ ʦʙʣʘʩʪʠ 1010ī1170 ʩʤī1 ʣʝʞʘʪ ʢʦʣʝʙʘʥʠʷ ʉ-ʅ ʩʚʷʟʝʡ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ, ʘ ʚ ʦʙʣʘʩʪʠ 800ī880 ʩʤī1 ʥʘʭʦʜʷʪʩʷ ʚʥʝʧʣʦʩʢʦʩʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʉ-ʅ 

ʩʚʷʟʝʡ 1.4-ʟʘʤʝʱʝʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ. ɺ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʢʠʩʣʳʭ 

ʫʩʣʦʚʠʷʭ, ʧʦʣʦʩʳ ʬʝʥʘʟʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ 1446 ʩʤī1 ʠ 1414 ʩʤī1867 ʩʤī1 ʩʣʘʙʦ ʚʳʨʘʞʝʥʳ, ʠ ʠʭ 

ʩʦʜʝʨʞʘʥʠʝ ʩʥʠʞʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʢʠʩʣʦʪʥʦʩʪʠ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʩʦʢʨʘʱʝʥʠʝʤ ʩʪʘʜʠʠ 

ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʜʦʣʠ ʥʘʯʘʣʴʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʚ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʠʠ 

ʅʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʩʠʥʪʝʟʘ ʤʥʦʞʝʩʪʚʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʟʘʨʝʛʠʩʯʪʨʠʨʦʚʘʥʦ ʧʦʷʚʣʝʥʠʝ 

ʧʨʦʜʫʢʪʘ ʩ ʧʦʣʦʩʦʡ 420-430 ʥʤ, ʢʦʪʦʨʫʶ ʦʪʥʦʩʷʪ ʢ ʧʦʛʣʦʱʝʥʠʶ ʠʥʪʝʨʤʝʜʠʘʪʘ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʣʠʥʘ. ʇʨʠʨʦʜʘ ʠʥʪʝʨʤʝʜʠʘʪʘ ʘʚʪʦʨʘʤʠ ʥʝ ʫʪʦʯʥʷʝʪʩʷ [175, 196, 197]. 



93 

 

 

 

ʀʥʪʝʨʤʝʜʠʘʪ ʥʝʨʘʩʪʚʦʨʠʤ, ʚʳʜʝʣʷʝʪʩʷ ʠ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʥʘ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʦʤ ʥʦʩʠʪʝʣʝ. 

ɽʛʦ ʧʦʷʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʩʨʝʜ, ʦʪ ʱʝʣʦʯʥʳʭ, ʜʦ ʢʠʩʣʳʭ. ʆʜʥʘʢʦ ʧʨʠ ʚʳʩʦʢʦʡ 

ʢʠʩʣʦʪʥʦʩʪʠ ʩʦʜʝʨʞʘʥʠʝ ʠʥʪʝʨʤʝʜʠʘʪʘ ʤʘʣʦ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʴʶ ʦʢʠʩʣʝʥʠʷ ʠ 

ʤʘʣʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ. ɸʥʘʣʦʛʠʯʥʫʶ ʰʠʨʦʢʫʶ ʧʦʣʦʩʫ ʧʦʛʣʦʱʝʥʠʷ 420 

ʥʤ, ʠʤʝʝʪ ʦʢʠʩʣʝʥʥʘʷ ʬʦʨʤʘ ʬʝʥʘʟʠʥʘ, ʝʝ ʦʪʥʦʩʷʪ ʢ ʧʦʣʦʩʝ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ 

ʬʝʥʘʟʠʥʘ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʦʢʠʩʣʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 3.10 - ʀʂ-ʩʧʝʢʪʨʳ ʩ ʌʫʨʴʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ 

ʚʳʜʝʣʝʥʥʳʭ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ ʘ) ʠ ʧʦ ʦʢʦʥʯʘʥʠʠ ʩʠʥʪʝʟʘ ʙ) ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʦʡ 

ʢʠʩʣʦʪʥʦʩʪʠ: ʚ 0.2 ʄ ʘʤʤʠʘʢʝ, ʚ 0.4 ʄ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʠ ʚ 0.1 ʄ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ.  

ɼʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʝ ʬʦʨʤr ʧʨʦʜʫʢʪʦʚ ʚ KBr [144]. 

 

ʌʝʥʘʟʠʥ ʠʤʝʝʪ ʥʠʟʢʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʥʘʯʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. [193]. ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ, ʠʥʠʮʠʠʨʦʚʘʥʠʝ ʬʝʥʘʟʠʥʘ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ +1.05 ɺ, ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʪʝʥʮʠʘʣʦʤ ʥʘʯʘʣʘ ʨʦʩʪʘ ʧʦʣʠʤʝʨʥʳʭ 

ʮʝʧʝʡ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʝʥʘʟʠʥʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʤʘʢʩʠʤʫʤ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʝʛʦ ʫʯʘʩʪʠʠ ʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʠʥʪʝʨʤʝʜʠʘʪʘ. 

ʇʨʷʤʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʬʝʥʘʟʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʥʫʢʣʝʘʪʘ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʥʘʙʣʶʜʘʝʤʘʷ ʚ ʢʠʩʣʳʭ ʩʨʝʜʘʭ ʧʨʠ ʧʦʪʝʥʮʠʘʣʘʭ +0.5 · +0.8 ɺ ʩʦʨʙʮʠʷ ʥʘ ʵʣʝʢʪʨʦʜʝ 

çʜʠʤʝʨʥʳʭ ʬʦʨʤ ʘʥʠʣʠʥʘè ʩ ʨʘʟʤʝʨʘʤʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʷʯʝʡʢʠ 0.90 Ĭ 1.03 ʥʤ, ʢʦʪʦʨʘʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʝʦʤʝʪʨʠʠ ʬʝʥʘʟʠʥʘ (ʈʠʩʫʥʦʢ 3.11) [95, 98]. ʂʘʞʜʳʡ ʚʪʦʨʦʡ ʘʪʦʤ ʘʟʦʪʘ ʜʠʤʝʨʘ 

ʦʢʠʩʣʝʥ ʠ ʧʨʦʪʦʥʠʨʦʚʘʥ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ, ʧʨʠ ʵʪʦʤ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʥʫʢʣʝʘʪʘ ʩ 

ʘ ʙ 
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ʩʦʦʪʥʦʰʝʥʠʝʤ (C:N:S:O 12:2:1:4) ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʩʦʩʪʘʚʦʤ ʢʘʪʠʦʥ-

ʨʘʜʠʢʘʣʘ ʬʝʥʘʟʠʣʠʷ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʩʫʣʴʬʘʪ ʘʥʠʦʥʦʤ (ʈʠʩʫʥʦʢ 3.2). ɼʠʤʝʨ ʧʨʦʯʥʦ 

ʩʦʨʙʠʨʦʚʘʥ ʥʘ ʵʣʝʢʪʨʦʜ, ʜʝʩʦʨʙʮʠʷ ʥʝ ʥʘʙʣʶʜʘʣʘʩʴ ʜʘʞʝ ʚ ʚʳʩʦʢʦʤ ʚʘʢʫʫʤʝ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʚ 

ʩʣʫʯʘʝ ʤʦʥʦʤʝʨʥʳʭ ʬʦʨʤ ʘʥʠʣʠʥʘ, ʩʚʷʟʘʥʥʳʭ ʪʦʣʴʢʦ ʬʠʟʠʯʝʩʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. ʇʨʠ 

ʧʦʚʳʰʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʦʜʘ ʜʦ +1.05 ɺ ʩʦʨʙʠʨʦʚʘʥʥʳʝ ʜʠʤʝʨʳ ʘʥʠʣʠʥʘ çʧʨʦʨʘʩʪʘʶʪè 

ʨʝʛʫʣʷʨʥʳʤʠ ʧʦʣʠʤʝʨʥʳʤʠ ʮʝʧʷʤʠ ʣʠʥʝʡʥʦʡ ʩʪʨʫʢʪʫʨʳ [95], ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʘʷ 

ʯʘʩʪʠʮʘ ï ʠʥʪʝʨʤʝʜʠʘʪ ʧʦʣʠʤʝʨʠʟʘʮʠʠ.  

 

  

ʈʠʩʫʥʦʢ 3.11 - I) ʇʦʚʝʨʭʥʦʩʪʴ Au (111) ʵʣʝʢʪʨʦʜʘ ʘ);  

ɼʦʤʝʥʳ ʥʫʢʣʝʘʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ Au ʧʨʠ  

ʧʦʚʳʰʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʦʜʘ ʜʦ + 0.85 ɺ b). 

II) ʆʨʛʘʥʠʟʘʮʠʷ ʥʫʢʣʝʘʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ Au ʘ-ʩ) 

 ʠ ʩʪʨʫʢʪʫʨʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʥʫʢʣʝʘʪʘ d).   

III ) ʀʥʠʮʠʠʨʦʚʘʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ  

ʵʣʝʢʪʨʦʜʘ ʧʦʩʣʝ ʧʦʚʳʰʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʦʜʘ 

 ʜʦ 1.0 ɺ ʘ,b).  

ʄʝʪʦʜʳ in-situ ʩʢʘʥʠʨʫʶʱʝʡ ʪʫʥʥʝʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (STM), ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʘʥʘʣʠʟʘ (NEXAFS). ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ 

ʘʥʠʣʠʥʘ (0.03ʄ) ʚ 0.1 ʄ H2SO4 [95, 198]. 

 

 

ɼʘʥʥʳʝ ʗʄʈ-ʘʥʘʣʠʟʘ ʚʳʜʝʣʝʥʥʦʛʦ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, 

ʯʪʦ ʦʥ ʩʠʤʤʝʪʨʠʯʝʥ, ʠ ʩʦʜʝʨʞʠʪ ʯʝʪʥʦʝ ʢʦʣʠʯʝʩʪʚʫ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ [197]. ʇʦ ʜʘʥʥʳʤ ɻʇʍ 

ʠ ʄɸʃɼʀ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʨʘʙʦʪʘʭ [170, 197, 199] ʦʩʥʦʚʥʘʷ ʜʦʣʷ ʥʘʯʘʣʴʥʳʭ ʦʣʠʛʦʤʝʨʦʚ 

ʘʥʠʣʠʥʘ ʠʤʝʝʪ ʄʄ 364, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʤʝʨʫ ʬʝʥʘʟʠʥʘ ʠʣʠ ʪʝʪʨʘʤʝʨʫ ʘʥʠʣʠʥʘ. ʕʪʠ 

ʜʘʥʥʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʛʣʘʩʠʠ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʜʠʤʝʨʦʚ ʬʝʥʘʟʠʥʘ. ʂʘʪʠʦʥ-

ʨʘʜʠʢʘʣ ʬʝʥʘʟʠʥʘ ʥʝ ʨʘʩʪʚʦʨʠʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʨʝʜ, ʘ ʪʘʢʞʝ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ 

ʚʧʣʦʪʴ ʜʦ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʢʠʩʣʦʪʥʦʩʪʠ. ɼʘʞʝ ʚ çʭʦʨʦʰʠʭè ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʪʘʢʠʭ ʢʘʢ NMP, ʧʨʠ 

ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʥ ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ʜʠʤʝʨʘ, ʛʜʝ ʧʣʦʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ 

ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ˊ,ḯʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. ʇʨʠ ʘʥʘʣʠʟʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ ʯʘʩʪʠʮʘ ʤʦʞʝʪ 

I  II  
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ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴʩʷ ʢʘʢ ʪʝʪʨʘʤʝʨ ʘʥʠʣʠʥʘ. ɼʠʤʝʨʠʟʘʮʠʷ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʦʚ ʬʝʥʘʟʠʥʘ ʜʦʣʞʥʘ 

ʧʨʠʚʦʜʠʪʴ ʢ ʢʦʤʧʝʥʩʘʮʠʠ ʥʝʩʧʘʨʝʥʥʳʭ ʩʧʠʥʦʚ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʝʱʝ ʦʜʠʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʥʘʙʣʶʜʘʝʤʳʡ ʬʘʢʪ ï ʦʪʩʫʪʩʪʚʠʝ ʕʇʈ-ʩʠʛʥʘʣʘ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʩʠʥʪʝʟʘ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʥʘʢʦʧʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʴʥʦʡ ʧʨʠʨʦʜʳ. 

 

3.6.3. ʋʯʘʩʪʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ ʠʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʧʨʦʮʝʩʩʝ ʛʝʪʝʨʦʬʘʟʥʦʛʦ ʨʦʩʪʘ 

ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ 

 

ʋʯʘʩʪʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ ʠʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʧʨʦʮʝʩʩʝ ʛʝʪʝʨʦʬʘʟʥʦʛʦ ʨʦʩʪʘ 

ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʣʠʥʘ ʚ 

ʢʠʩʣʳʭ ʩʨʝʜʘʭ ʚ ʦʪʩʫʪʩʪʚʠʠ ʧʨʷʤʦʛʦ ʢʦʥʪʘʢʪʘ ʤʦʥʦʤʝʨʘ ʩ ʦʢʠʩʣʠʪʝʣʝʤ, ʢʦʛʜʘ ʨʝʘʛʝʥʪʳ 

ʨʘʟʜʝʣʝʥʳ ʥʝʧʨʦʥʠʮʘʝʤʦʡ ʜʣʷ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʘʛʝʥʪʦʚ ʧʝʨʝʛʦʨʦʜʢʦʡ [191], ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ 

ʩʣʝʜʫʶʱʠʡ ʵʢʩʧʝʨʠʤʝʥʪ. ʇʦʣʠʤʝʨʠʟʘʮʠʷ ʘʥʠʣʠʥʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʜʚʫʭʢʘʤʝʨʥʦʤ ʩʦʩʫʜʝ ʩ 

ʧʝʨʝʛʦʨʦʜʢʦʡ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʥʘʥʦʧʦʨʠʩʪʫʶ ʤʝʤʙʨʘʥʫ, ʧʦʢʨʳʪʫʶ ʇɸʅʀ 

(ʈʠʩʫʥʦʢ 3.13). ʇʝʨʝʛʦʨʦʜʢʘ, ʨʘʟʜʝʣʷʶʱʘʷ ʨʝʘʛʝʥʪʳ, ʙʳʣʘ ʙʝʟʜʝʬʝʢʪʥʦʡ ʠ ʷʚʣʷʣʘʩʴ ʩʧʣʦʰʥʳʤ 

ʩʣʦʝʤ ʇɸʅʀ, ʥʘʥʝʩʝʥʥʳʤ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠ ʧʨʦʯʥʳʡ ʦʩʪʦʚ. ʋʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ ʚ ʢʘʤʝʨʝ ʩ 

ʤʦʥʦʤʝʨʦʤ ʙʳʣ ʚʳʰʝ, ʯʝʤ ʚ ʢʘʤʝʨʝ ʩ ʦʢʠʩʣʠʪʝʣʝʤ ʠ ʧʦʜʜʝʨʞʠʚʘʣʩʷ ʧʝʨʝʛʦʨʦʜʢʦʡ.  

    

 

ʈʠʩʫʥʦʢ 3.13 -  ʆʢʠʩʣʝʥʠʝ ʘʥʠʣʠʥʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʨʷʤʦʛʦ ʢʦʥʪʘʢʪʘ ʤʦʥʦʤʝʨʘ ʩ ʦʢʠʩʣʠʪʝʣʝʤ 

ʯʝʨʝʟ ʧʦʩʨʝʜʩʪʚʦ ʤʝʤʙʨʘʥʳ ʇɸʅʀ, ʦʙʣʘʜʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. 

 

ʂʦʥʪʨʦʣʴ ʫʨʦʚʥʷ ʠ ʩʦʩʪʘʚʘ ʞʠʜʢʦʩʪʝʡ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʧʝʨʝʛʦʨʦʜʢʠ ʧʦʢʘʟʳʚʘʣ, ʯʪʦ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʧʝʨʝʪʝʢʘʥʠʷ ʞʠʜʢʦʩʪʠ ʠʟ ʦʜʥʦʛʦ ʦʙʲʝʤʘ ʚ ʜʨʫʛʦʡ, ʥʦ ʥʝʪ ʠ ʜʠʬʬʫʟʠʠ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʘʛʝʥʪʦʚ: ʤʦʥʦʤʝʨʘ ʠ ʦʢʩʠʜʘʥʪʘ ʯʝʨʝʟ ʧʝʨʝʛʦʨʦʜʢʫ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʨʦʩʪ 

ʩʣʦʷ ʇɸʅʀ ʥʘ ʧʝʨʝʛʦʨʦʜʢʝ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʥʘ ʩʪʦʨʦʥʝ ʤʦʥʦʤʝʨʘ (ʈʠʩʫʥʦʢ 3.14, 3.15) ʠ ʠʜʝʪ 

ʧʦ ʚʩʝʡ ʚʳʩʦʪʝ ʧʝʨʝʛʦʨʦʜʢʠ, ʘ ʥʝ ʪʦʣʴʢʦ ʚ ʪʦʤ ʜʠʘʧʘʟʦʥʝ, ʛʜʝ ʫʨʦʚʝʥʴ ʨʘʩʪʚʦʨʘ ʦʢʩʠʜʘʥʪʘ 

ʛʨʘʥʠʯʠʪ (ʧʦ ʤʝʤʙʨʘʥʝ) ʩ ʨʘʩʪʚʦʨʦʤ ʤʦʥʦʤʝʨʘ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʤʘʪʝʨʠʘʣ 

ʧʝʨʝʛʦʨʦʜʢʠ (ʇɸʅʀ) ʷʚʣʷʝʪʩʷ ʤʝʜʠʘʪʦʨʦʤ ʦʢʠʩʣʝʥʠʷ, ʠ ʯʪʦ ʩʣʦʡ ʇɸʅʀ ʤʦʞʝʪ ʪʨʘʥʩʣʠʨʦʚʘʪʴ 

ʨʝʜʦʢʩ ʧʨʦʮʝʩʩʳ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ. 
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ʈʠʩʫʥʦʢ 3.14 - ʇʦʚʝʨʭʥʦʩʪʴ ʤʝʤʙʨʘʥʳ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʣʠʥʘ. ʉʕʄ. 

ʄʝʤʙʨʘʥʘ ʩʦ ʩʪʦʨʦʥʳ ʦʢʠʩʣʠʪʝʣʷ ʘ) ʠ ʩʦ ʩʪʦʨʦʥʳ ʘʥʠʣʠʥʘ ʙ). 

 

 

 

ʈʠʩʫʥʦʢ 3.15 - ʀʂ-ʩʧʝʢʪʨ 

ʧʨʦʜʫʢʪʨʦʚ ʥʘ ʩʪʦʨʦʥʝ 

ʦʢʠʩʣʠʪʝʣʷ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ 

ʧʝʨʩʫʣʴʬʘʪʘ ʠ ʧʨʦʜʫʢʪʘ ʝʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ï ʢʠʩʣʦʛʦ 

ʩʫʣʴʬʘʪʘ. 

 

 

 

 

 

3.7. ɿʘʚʝʨʰʝʥʠʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

 

ʇʦʣʠʤʝʨʠʟʘʮʠʷ ʧʨʝʢʨʘʱʘʝʪʩʷ ʧʦ ʠʩʯʝʨʧʘʥʠʠ ʦʜʥʦʛʦ ʠʟ ʨʝʘʛʝʥʪʦʚ: ʤʦʥʦʤʝʨʘ ʠʣʠ 

ʦʢʩʠʜʘʥʪʘ. ʉʦʩʪʦʷʥʠʝ ʇɸʅʀ ʧʦ ʟʘʚʝʨʰʝʥʠʠ ʩʠʥʪʝʟʘ ʟʘʚʠʩʠʪ ʦʪ ʩʠʣʳ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʢʩʠʜʘʥʪʘ, 

ʘ ʪʘʢʞʝ ʦʪ ʤʦʣʷʨʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʦʢʠʩʣʠʪʝʣʴ/ʤʦʥʦʤʝʨ. ɽʩʣʠ ʚ ʠʟʙʳʪʢʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʩʪʝʭʠʦʤʝʪʨʠʠ ʫʨʘʚʥʝʥʠʷ (1) ʙʳʣ ʩʠʣʴʥʳʡ ʦʢʩʠʜʘʥʪ, ʪʦ ʧʦʣʠʤʝʨ ʦʩʪʘʥʝʪʩʷ ʚ ʦʢʠʩʣʝʥʥʦʡ 

ʧʝʨʥʠʛʨʘʥʠʣʠʥʦʚʦʡ ʬʦʨʤʝ [200]. ɽʩʣʠ ʨʝʘʢʮʠʷ ʧʨʦʚʝʜʝʥʘ ʧʨʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ ʨʝʘʛʝʥʪʦʚ ʠʣʠ ʤʦʥʦʤʝʨ ʚʟʷʪ ʚ ʠʟʙʳʪʢʝ, ʧʝʨʥʠʛʨʘʥʠʣʠʥ ʚʦʩʩʪʘʥʦʚʠʪʩʷ ʜʦ 

ʵʤʝʨʘʣʜʠʥʦʚʦʡ ʬʦʨʤʳ [201]. 

ʇʝʨʥʠʛʨʘʥʠʣʠʥʦʚʘʷ ʬʦʨʤʘ ʇɸʅʀ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʘ, ʯʝʤ ʵʤʝʨʘʣʜʠʥʦʚʘʷ ʠ 

ʥʝʦʙʨʘʪʠʤʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ ʘʛʝʥʪʘʤʠ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ 

ʙ
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ʇɸʅʀ ʠ ʧʦ ʝʛʦ ʦʢʦʥʯʘʥʠʠ ʢʦʥʮʝʚʳʝ ʠʤʠʥʦʛʨʫʧʧʳ ʧʦʣʠʤʝʨʘ ʧʦʜʚʝʨʛʘʶʪʩʷ ʛʠʜʨʦʣʠʟʫ [202]. 

ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʢʠʩʣʦʨʦʜʘ ʚ ʦʙʨʘʟʮʘʭ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʇɸʅʀ, ʘ ʪʘʢʞʝ 

ʥʘʣʠʯʠʝʤ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʀʂ- ʠ ʗʄʈ-ʩʧʝʢʪʨʘʭ ʧʦʣʠʤʝʨʘ [135]. 

ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ [196] ʛʠʜʨʦʣʠʟ ʨʝʘʢʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ ʠʜʝʪ ʧʦ ʦʢʦʥʯʘʥʠʠ ʨʦʩʪʘ ʧʦʣʠʤʝʨʥʳʭ 

ʮʝʧʝʡ. ɻʠʜʨʦʣʠʟʦʚʘʥʥʘʷ ʢʦʥʮʝʚʘʷ ʛʨʫʧʧʘ ʙʣʦʢʠʨʫʝʪ ʨʦʩʪ, ʪʘʢ ʢʘʢ ʥʝ ʤʦʞʝʪ ʧʨʦʜʦʣʞʘʪʴ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʤʦʥʦʤʝʨʘ, ʧʦʵʪʦʤʫ ʦʢʠʩʣʝʥʠʝ ʘʥʠʣʠʥʘ ʥʝʣʴʟʷ ʧʨʠʯʠʩʣʷʪʴ ʢ ʢʘʪʝʛʦʨʠʠ 

ʙʝʟʦʙʨʳʚʥʦʡ ʪ.ʝ. çʞʠʚʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠè.  

 

***  

ʇʨʠʯʠʥʘ ʨʘʟʥʦʦʙʨʘʟʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʤʦʨʬʦʣʦʛʠʠ ʠ ʩʚʦʡʩʪʚ ʧʨʦʜʫʢʪʦʚ 

ʦʢʠʩʣʝʥʠʷ ɸʥ ʩʚʷʟʘʥʘ ʩ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʦʩʥʦʚʥʳʭ ʨʝʘʛʝʥʪʦʚ: ʤʦʥʦʤʝʨʘ ʠ ʨʘʩʪʫʱʝʡ ʮʝʧʠ ʚ 

ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʠ ʧʨʦʪʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʘʭ, ʠ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʤʝʭʘʥʠʟʤʦʚ ʦʢʠʩʣʝʥʠʷ: 

ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʠ ʤʝʭʘʥʠʟʤʘ ʨʝʢʦʤʙʠʥʘʮʠʠ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʭ 

ʮʝʥʪʨʦʚ. ɺʢʣʘʜ ʦʙʝʠʭ ʨʝʘʢʮʠʡ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʨʝʘʛʝʥʪʦʚ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʪ ʨʅ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ.  

ʇʨʠ ʨʅ > 2.5 ʩ ʫʯʘʩʪʠʝʤ ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʨʝʘʛʝʥʪʦʚ ʨʝʘʣʠʟʫʝʪʩʷ ʤʝʭʘʥʠʟʤ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ. ʈʝʘʢʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʧʨʦʚʦʜʷʱʠʭ ʦʣʠʛʦʤʝʨʦʚ ɸʥ ʩ 

ʨʘʟʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʮʝʧʠ. ʇʨʠ ʨʅ < 4 ʨʝʘʢʮʠʷ çʟʘʪʫʭʘʝʪè ʧʦ ʧʨʠʯʠʥʝ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ɸʥ ʠ 

ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʦʢʠʩʣʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʮʠʢʣʠʯʝʩʢʠʡ ʜʠʤʝʨ ï ʬʝʥʘʟʠʥ.  

ʇʨʠ ʨʅ < 2.5, ʛʜʝ ʨʝʘʛʝʥʪʳ ʧʨʦʪʦʥʠʨʦʚʘʥʳ ʦʢʠʩʣʝʥʠʝ ʧʨʦʪʝʢʘʝʪ ʚ ʜʚʝ ʩʪʘʜʠʠ. ʅʘ 

ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ, ʚ ʭʦʜʝ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʠʥʪʝʨʤʝʜʠʘʪ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ï ʬʝʥʘʟʠʥ. ʇʦʩʣʝ ʧʨʝʦʜʦʣʝʥʠʷ ʣʠʤʠʪʠʨʫʶʱʝʡ ʩʪʘʜʠʠ ʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʬʝʥʘʟʠʥʫ ʧʝʨʚʦʛʦ 

ʤʦʥʦʤʝʨʥʦʛʦ ʟʚʝʥʘ ʥʘʯʠʥʘʝʪʩʷ ʨʦʩʪ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ. ʈʦʩʪ ʮʝʧʠ ʠʜʝʪ ʯʝʨʝʟ ʨʝʢʦʤʙʠʥʘʮʠʶ 

ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʭ ʮʝʥʪʨʦʚ ʮʝʧʠ ʠ ʤʦʥʦʤʝʨʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʝʤʠʜʠʥʦʚʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʦʡ. 

ʇʨʦʮʝʩʩʳ ʨʦʩʪʘ ʧʨʦʪʝʢʘʶʪ ʚ ʛʝʪʝʨʦʬʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʫʯʘʩʪʠʝʤ ʤʝʭʘʥʠʟʤʦʚ ʵʣʝʢʪʨʦʥʥʦʡ ʠ 

ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʈʝʛʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʩʪʫʱʠʭ ʮʝʧʝʡ, ʩʚʷʟʘʥʘ ʩ ʚʳʩʦʢʦʡ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʡ ʩʠʛʤʘʪʨʦʧʥʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʢʠ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʚʳʠʛʨʳʰʝʤ ʵʥʝʨʛʠʠ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʮʝʧʝʡ ʚ ʧʦʣʠʩʦʧʨʷʞʝʥʥʦʡ ʬʦʨʤʝ ʠ ʘʛʣʦʤʝʨʠʨʦʚʘʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ. 
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ɻʃɸɺɸ 4. ʌʆʈʄʀʈʆɺɸʅʀɽ ʅɸɼʄʆʃɽʂʋʃʗʈʅʓʍ ʉʊʈʋʂʊʋʈ ʇʆʃʀɸʅʀʃʀʅɸ.  
4.1. ʊʠʧʳ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ 

 

ɿʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʣʫʯʝʥʦ ʤʥʦʞʝʩʪʚʦ ʪʠʧʦʚ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʇɸʅʀ ʠ 

ʦʣʠʛʦʤʝʨʦʚ ʘʥʠʣʠʥʘ. ʀʭ ʩʠʥʪʝʟʫ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʧʨʠʤʝʥʝʥʠʷ ʧʦʩʚʷʱʝʥʘ ʩʝʨʠʷ 

ʦʙʟʦʨʦʚ [4, 204, 206]. ɹʘʟʦʚʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʷʚʣʷʶʪʩʷ ʦʜʥʦʤʝʨʥʘʷ, ʦʩʥʦʚʥʳʤʠ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʢʦʪʦʨʦʡ ʩʣʫʞʘʪ ʥʘʥʦʚʦʣʦʢʥʘ, ʥʘʥʦʧʘʣʦʯʢʠ ʠ ʥʘʥʦʪʨʫʙʳʪʨʫʙʳ; ʜʚʫʤʝʨʥʘʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʣʠʩʪʦʯʢʘʤʠ, ʣʝʥʪʘʤʠ, ʜʦʩʢʘʤʠ; ʘ ʪʘʢʞʝ ʪʨʝʭʤʝʨʥʘʷ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ 

ʩʬʝʨʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ: ʛʨʘʥʫʣʳ, ʤʠʢʨʦʩʬʝʨʳ ʠ ʥʘʥʦʩʬʝʨʳ. ʉʦʯʝʪʘʥʠʝ ʵʪʠʭ ʩʪʨʫʢʪʫʨ 

ʧʨʠʚʦʜʠʪ ʢ ʦʛʨʦʤʥʦʤʫ ʩʧʝʢʪʨʫ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʈʠʩʫʥʦʢ 4.1).  

 

  

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4.1 ʘ, ʙ, ʚ, ʛ, ʜ, ʝ - ʇʨʠʤʝʨʳ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʦʣʠʛʦʤʝʨʦʚ 

ʘʥʠʣʠʥʘ ʠ ʇɸʅʀ. ʉʕʄ ʠ ʇʕʄ 

 

ʈʘʟʣʠʯʥʳʝ ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʩʪʦʷʪ ʠʟ ʚʦʣʦʢʦʥ: ʚʦʣʦʢʥʘ ʤʦʛʫʪ ʙʳʪʴ ʫʣʦʞʝʥʳ 

ʚ ʧʘʯʢʠ [207], ʤʦʛʫʪ ʠʩʭʦʜʠʪʴ ʠʟ ʝʜʠʥʦʛʦ ʮʝʥʪʨʘ ʠʣʠ ʦʩʠ, ʩʦʟʜʘʚʘʪʴ ʩʝʪʢʠ ʠ ʜʝʥʜʨʠʪʳ. ɺʦʣʦʢʥʘ 

ʇɸʅʀ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʪʘʢʞʝ ʜʚʫʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʥʘʟʳʚʘʝʤʳʝ çʤʠʢʨʦʤʘʪʘʤʠè [114]. ʕʪʦ 

ʯʘʩʪʠʮʳ ʨʦʤʙʦʚʠʜʥʦʡ ʬʦʨʤʳ, çʩʧʣʝʪʝʥʥʳʝè ʚ ʚʠʜʝ ʮʠʥʦʚʢʠ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʣʦʝʚ ʚʦʣʦʢʦʥ, 

ʠʩʭʦʜʷʱʠʭ ʠʟ ʚʝʨʰʠʥ ʨʦʤʙʘ ʠ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʧʦʜ ʧʨʷʤʳʤ ʫʛʣʦʤ (ʈʠʩʫʥʦʢ 4.1ʚ). ʉʨʝʜʠ 

ʪʨʝʭʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʤʠʢʨʦʰʘʨʳ ʠ ʧʦʣʳʝ ʤʠʢʨʦʩʬʝʨʳ [208 - 210], [211]. ʀʭ 

ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʧʦʣʦʚʠʥʳ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʥ, ʘ ʪʦʣʱʠʥʘ ʩʪʝʥʦʢ 

ʩʬʝʨ ʩʦʩʪʘʚʣʷʝʪ ʦʪ ʥʘʥʦ ʜʦ ʩʫʙʤʠʢʨʦʥʥʳʭ ʨʘʟʤʝʨʦʚ. ʉʬʝʨʳ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʮʝʥʪʨʘʤʠ ʨʦʩʪʘ 
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ʚʦʣʦʢʦʥ, ʣʠʙʦ, ʥʘʦʙʦʨʦʪ, ʚʦʣʦʢʥʘ ʤʦʛʫʪ ʧʨʦʨʘʩʪʘʪʴ ʚʥʫʪʨʴ ʩʬʝʨ. ɺ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʩʠʥʪʝʟʘ ʪʦʪ ʠʣʠ ʠʥʦʡ ʪʠʧ ʩʪʨʫʢʪʫʨ, ʤʦʞʝʪ ʙʳʪʴ ʜʦʤʠʥʠʨʫʶʱʠʤ, ʠ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ 

ʤʦʨʬʦʣʦʛʠʶ, ʚ ʚʠʜʝ ʢʦʪʦʨʦʡ ʩʫʱʝʩʪʚʫʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʧʦʣʠʤʝʨ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʪʠʧʳ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʇɸʅʀ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʥʝ 

ʪʦʣʴʢʦ ʚ ʦʙʲʝʤʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ, ʥʦ ʪʘʢʞʝ ʠ ʥʘ ʠʥʪʝʨʬʝʡʩʘʭ ʩ ʜʨʫʛʠʤʠ ʬʘʟʘʤʠ. ʅʘ 

ʧʨʦʪʷʞʝʥʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʣʠʥʘ ʠʜʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʧʦʣʠʤʝʨʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ, ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʩ ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʦʡ ʩʨʝʜʦʡ. [139, 146, 212]. ʇʦʚʝʨʭʥʦʩʪʷʤʠ 

ʩʣʫʞʘʪ ʩʪʝʥʢʠ ʨʝʘʢʪʦʨʘ, ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʥʦʩʠʪʝʣʴ, ʧʦʛʨʫʞʝʥʥʳʡ ʚ ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʫʶ 

ʩʨʝʜʫ, ʣʠʙʦ ʥʘʥʦʨʘʟʤʝʨʥʳʡ ʥʦʩʠʪʝʣʴ ʨʘʩʪʚʦʨʝʥʥʳʡ ʠʣʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʡ ʚ ʥʝʡ. ʇʦ 

ʦʢʦʥʯʘʥʠʠ ʩʠʥʪʝʟʘ ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʚʘʶʪʩʷ ʩʣʦʝʤ ʇɸʅʀ ʪʦʣʱʠʥʦʡ ʦʪ 

ʥʘʥʦʤʝʪʨʦʚ ʜʦ ʩʦʪʝʥ ʥʘʥʦʤʝʪʨʦʚ. ʉʣʦʠ ʇɸʅʀ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʜʥʦʨʦʜʥʳ ʧʦ ʪʦʣʱʠʥʝ ʠ ʧʨʦʯʥʦ 

ʩʦʨʙʠʨʦʚʘʥʳ ʥʘ ʥʦʩʠʪʝʣʴ. ʉʦʨʙʮʠʷ ʥʘ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʥʦʩʠʪʝʣʴ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʧʣʝʥʦʢ, ʘ ʧʨʠ ʩʦʚʤʝʱʝʥʠʠ ʩ ʥʘʥʦʨʘʟʤʝʨʥʳʤ ʥʦʩʠʪʝʣʝʤ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʢʦʣʣʦʠʜʥʳʝ 

ʜʠʩʧʝʨʩʠʠ ʧʦʣʠʤʝʨʘ.  

ɺʩʝ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʇɸʅʀ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʩʠʥʪʝʟʘ, ʠ 

ʧʘʨʘʤʝʪʨʳ ʩʠʥʪʝʟʘ ʦʢʘʟʳʚʘʶʪ ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʵʪʦʪ ʧʨʦʮʝʩʩ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʤʦʨʬʦʣʦʛʠʷ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʫʩʣʦʚʠʷʤ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʦʥʘ ʚʦʩʧʨʦʠʟʚʦʜʠʤʘ ʧʨʠ 

ʧʦʚʪʦʨʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. ʄʥʦʞʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʣʘʚʥʳʡ 

ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʛʦ ʪʠʧʘ ʩʪʨʫʢʪʫʨʳ ʢ ʜʨʫʛʦʤʫ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʠʥʪʝʟʘ [32, 100, 144, 

199]. ɺ ʨʷʜʝ ʨʘʙʦʪ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʵʪʘʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʭʦʜʝ 

ʩʠʥʪʝʟʘ: ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʜʠʘʤʝʪʨʘ ʛʣʦʙʫʣ, ʫʜʣʠʥʝʥʠʠ ʪʨʫʙ ʠ ʚʦʣʦʢʦʥ. ɺʩʝ 

ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʮʝʩʩʘʭ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʣʠʥʘ ʠ ʧʨʝʢʨʘʱʘʶʱʠʭʩʷ ʩ ʝʝ ʟʘʚʝʨʰʝʥʠʝʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʫʙʝʜʠʪʝʣʴʥʦ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ 

ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʥʝ ʩʚʷʟʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʜʦʧʘʥʪʘ ʠʣʠ ʜʦʙʘʚʢʠ, ʘ 

ʚʥʫʪʨʝʥʥʝ ʧʨʠʩʫʱʘ ʇɸʅʀ. [204, 213, 214]. ɺ ɻʣʘʚʝ 4 ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʭʘʥʠʟʤ ʩʘʤʦʤʙʦʨʢʠ 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʇɸʅʀ, ʢʦʪʦʨʳʡ ʩ ʝʜʠʥʦʡ ʧʦʟʠʮʠʠ ʦʙʲʷʩʥʷʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʩʝʭ 

ʪʠʧʦʚ ʩʪʨʫʢʪʫʨ: ʧʣʝʥʦʢ, ʢʦʣʣʦʠʜʦʚ ʠʣʠ ʯʘʩʪʠʮʳ ʦʩʘʜʢʘ, ʦʜʥʦ-, ʜʚʫʭ- ʠʣʠ ʪʨʝʭʤʝʨʥʦʡ 

ʤʦʨʬʦʣʦʛʠʠ. ʄʝʭʘʥʠʟʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʤʘʢʨʦʤʦʣʝʢʫʣ ʷʚʣʷʶʪʩʷ ʣʦʛʠʯʝʩʢʠʤ ʧʨʦʜʦʣʞʝʥʠʝʤ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩʠʥʪʝʟʘ, ʠ ʦʙʲʷʩʥʷʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʪʠʧʘ ʤʦʨʬʦʣʦʛʠʠ 

ʚ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ [32, 96, 118, 130, 131].  

 

4.2. ʄʝʭʘʥʠʟʤ ʩʘʤʦʨʦʛʘʥʠʟʘʮʠʠ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ 

 

 ɺ ʦʩʥʦʚʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩʘʤʦʨʦʛʘʥʠʟʘʮʠʠ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʇɸʅʀ ʣʝʞʘʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʦʨʙʮʠʠ ʠ ʘʛʣʦʤʝʨʘʮʠʠ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ï ʬʝʥʘʟʠʥʦʚʳʭ 

ʮʠʢʣʦʚ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʩʠʥʪʝʟʘ ʦʢʠʩʣʝʥʠʝ ʘʥʠʣʠʥʘ ʚ ʱʝʣʦʯʥʳʭ, 

ʥʝʡʪʨʘʣʴʥʳʭ ʠ ʩʣʘʙʦʢʠʩʣʳʭ ʩʨʝʜʘʭ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʣʠʛʦʤʝʨʦʚ ʥʝʨʝʛʫʣʷʨʥʦʡ 

ʩʪʨʫʢʪʫʨʳ. ɸ ʦʢʠʩʣʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ 3.5 < ʨʅ < 2.5, ʠ ʥʘʯʘʣʴʥʳʡ ʵʪʘʧ ʦʢʠʩʣʝʥʠʷ ʧʨʠ ʨʅ < 2.5 
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ʩʚʷʟʘʥʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʙʩʪʚʝʥʥʦ ʬʝʥʘʟʠʥʘ, ʢʘʢ ʧʨʦʜʫʢʪʘ ʦʢʠʩʣʝʥʠʷ ʜʠʤʝʨʦʚ ʦʨʪʦ-

ʩʪʨʫʢʪʫʨʳ. 

ʌʝʥʘʟʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʦʩʢʠʡ ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʮʠʢʣ ʩ ʚʳʩʦʢʦʡ ˊ-ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ. ʌʝʥʘʟʠʥʳ ʥʝʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʦʡ ʩʨʝʜʝ ʠ ʩʢʣʦʥʥʳ ʢ ʩʦʨʙʮʠʠ 

ʠ ʘʛʣʦʤʝʨʘʮʠʠ. ʉʦʨʙʮʠʷ ʬʝʥʘʟʠʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ˊ-ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ï 

ʦʜʥʦʛʦ ʠʟ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʦʝʤʢʠʭ ʪʠʧʦʚ ʬʠʟʠʯʝʩʢʦʛʦ ʩʚʷʟʳʚʘʥʠʷ. ɽʛʦ ʵʥʝʨʛʠʷ ʤʥʦʛʦ ʚʳʰʝ 

ʵʥʝʨʛʠʠ ʦʙʳʯʥʳʭ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʩʠʣ, ʦʥʘ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʵʥʝʨʛʠʝʡ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠ 

ʦʮʝʥʠʚʘʝʪʩʷ ʜʝʩʷʪʢʘʤʠ ʢʢʘʣ/ʤʦʣʴ [215]. ʌʝʥʘʟʠʥʳ ï ʧʣʦʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʦʥʠ 

ʩʢʣʦʥʥʳ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʫʪʝʤ ʫʢʣʘʜʢʠ ʧʣʦʩʢʦʩʪʴʶ ʥʘ ʧʣʦʩʢʦʩʪʴ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʦʜʥʦʤʝʨʥʳʭ ʢʦʣʦʥʥ, ʣʠʙʦ ʜʚʫʤʝʨʥʳʭ, ʧʣʦʩʢʠʭ ʟʘʛʦʪʦʚʦʢ.  

 ʄʝʞʤʦʣʝʢʫʣʷʨʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʚ ʢʦʣʦʥʥʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ˊḯ  ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʮʠʢʣʦʚ [216]. ʈʝʛʫʣʷʨʥʳʝ ʪʠʧʳ ʩʙʦʨʢʠ ʬʝʥʘʟʠʥʦʚʳʭ ʮʠʢʣʦʚ 

ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʫʩʣʦʚʠʷʭ ʩʠʥʪʝʟʘ ʦʥʠ ʥʝ ʚʩʝʛʜʘ 

ʨʝʘʣʠʟʫʶʪʩʷ ʠ ʤʦʛʫʪ ʫʩʪʫʧʘʪʴ ʤʝʩʪʦ ʭʘʦʪʠʯʝʩʢʠʤ ʘʛʣʦʤʝʨʘʪʘʤ, ʠʤʝʶʱʠʤ ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ. 

ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʨʝʛʫʣʷʨʥʳʝ (ʦʜʥʦʤʝʨʥʳʝ, ʧʣʦʩʢʠʝ) ʠ ʭʘʦʪʠʯʝʩʢʠʡ ʪʠʧʳ ʘʛʣʦʤʝʨʘʮʠʠ 

ʬʝʥʘʟʠʥʦʚʳʭ ʮʠʢʣʦʚ ʩʦʟʜʘʶʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʟʘʛʦʪʦʚʦʢ, ʥʘ ʢʦʪʦʨʳʭ ʟʘʪʝʤ ʨʘʩʪʫʪ ʧʦʣʠʤʝʨʥʳʝ 

ʮʝʧʠ (ʉʭʝʤʘ 4.1). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʚʩʝʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʪʨʫʢʪʫʨ ʇɸʅʀ, ʧʨʝʜʩʪʘʚʠʪʴ ʩʪʨʦʝʥʠʝ (ʦʨʛʘʥʠʟʘʮʠʶ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ) ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ 

ʯʘʩʪʠʮʳ, ʘ ʪʘʢʞʝ ʧʦʥʷʪʴ ʨʷʜ ʚʘʞʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʘ. 

 

 

 

 

 

 

 

 

 

 

 

ʉʭʝʤʘ 4.1 - ʈʘʟʣʠʯʥʳʝ ʪʠʧʳ ʩʙʦʨʢʠ ʬʝʥʘʟʠʥʦʚʳʭ ʥʫʢʣʝʘʪʦʚ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 1D, 

2D ʠ 3D ʟʘʛʦʪʦʚʦʢ ʨʦʩʪʘ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʇɸʅʀ. 

 

 

4.3. ɺʟʘʠʤʦʩʚʷʟʴ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʩ 

ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʨʝʘʢʮʠʷʤʠ ʩʠʥʪʝʟʘ ʇɸʅʀ 

 

ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʧʦʣʠʘʥʠʣʠʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʨʦʪʝʢʘʥʠʶ ʤʦʣʝʢʫʣʷʨʥʳʭ ʨʝʘʢʮʠʡ. ʊʦʯʥʦ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʨʝʘʢʮʠʠ, ʦʥ ʟʘʚʠʩʠʪ ʦʪ 

ʨʅ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʢʩʠʜʘʥʪʘ. ʈʘʩʩʤʦʪʨʠʤ ʦʙʱʠʝ 
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ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ.  

 

4.3.1. ʈʦʣʴ ʢʠʩʣʦʪʥʦʩʪʠ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

 

ɼʠʘʧʘʟʦʥ ʨʅ > 2.5 

ɺ ʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ ʦʢʠʩʣʝʥʠʝ ʘʥʠʣʠʥʘ ʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʣʠʛʦʤʝʨʦʚ ʨʘʟʥʦʨʦʜʥʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʜʦ 4 ʪʳʩʷʯ, ʠʤʝʶʱʠʭ ʥʠʟʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ. ʎʝʧʦʯʢʠ ʦʣʠʛʦʤʝʨʦʚ ʩʣʘʙʦ ʨʘʩʪʚʦʨʠʤʳ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ, ʧʦʵʪʦʤʫ ʚ ʭʦʜʝ 

ʦʢʠʩʣʝʥʠʷ ʠʜʝʪ ʪʨʠʚʠʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʠʭ ʘʛʨʝʛʘʮʠʠ ʠ ʚʳʧʘʜʝʥʠʷ ʚ ʚʠʜʝ ʘʤʦʨʬʥʳʭ ʩʪʨʫʢʪʫʨ. ʅʘ 

ʦʩʥʦʚʝ ʨʘʟʥʦʨʦʜʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʬʦʨʤʠʨʫʶʪʩʷ ʘʤʦʨʬʥʳʡ ʦʩʘʜʦʢ (ʈʠʩʫʥʦʢ 2.6 ʘ), ʥʝʦʜʥʦʨʦʜʥʳʝ 

ʧʣʝʥʢʠ ʩ ʥʠʟʢʦʡ ʘʜʛʝʟʠʝʡ ʢ ʥʦʩʠʪʝʣʶ, ʘ ʪʘʢʞʝ ʤʠʢʨʦ-, ʠ ʥʘʥʦ-ʩʬʝʨʳ (ʈʠʩʫʥʦʢ 2.4 ʘ, 4.2) 

ʇʨʠʯʠʥʘ ʦʙʨʘʟʦʚʘʥʠʷ ʩʬʝʨ ï ʧʣʦʭʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʘʥʠʣʠʥʘ ʧʨʠ ʚʳʩʦʢʠʭ ʨʅ, ʠ ʵʤʫʣʴʩʠʦʥʥʳʡ 

ʭʘʨʘʢʪʝʨ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ɺ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʘʥʠʣʠʥ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥ, ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʦʥ ʧʣʦʭʦ 

ʨʘʩʪʚʦʨʷʝʪʩʷ ʠ ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ʢʘʧʝʣʴ ʵʤʫʣʴʩʠʠ. ʂʘʧʣʠ ʤʦʛʫʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴʩʷ 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʤʠ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ ʘʥʠʦʥʘʤʠ ʠʣʠ ʩʫʨʬʘʢʪʘʥʪʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʤʠʢʨʦʵʤʫʣʴʩʠʠ ʠ ʥʘʥʦʵʤʫʣʴʩʠʡ ʩ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʯʘʩʪʠʮ ʧʦ 

ʨʘʟʤʝʨʘʤ. ʆʢʠʩʣʝʥʠʝ ʘʥʠʣʠʥʘ ʠʜʝʪ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʠʥʪʝʨʬʝʡʩʝ ʢʘʧʝʣʴ, ʦʥʠ ʧʦʢʨʳʚʘʶʪʩʷ ʩʣʦʝʤ 

ʦʣʠʛʦʤʝʨʦʚ, ʦʜʥʘʢʦ ʚʥʫʪʨʠ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʡ ʤʦʥʦʤʝʨ. ʇʨʠ ʧʦʜʢʠʩʣʝʥʠʠ 

ʨʘʩʪʚʦʨʦʚ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʤʦʥʦʤʝʨʘ, ʘ ʪʘʢʞʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʪʨʫʢʪʫʨ. ʆʩʪʘʝʪʩʷ 

ʪʦʣʴʢʦ ʦʙʦʣʦʯʢʘ ʠʟ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʠ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʦʣʠʛʦʤʝʨʦʚ, ʪʘʢ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʣʘʷ ʩʬʝʨʘ 

(ʈʠʩʫʥʦʢ 4.8). 

 

ʈʠʩʫʥʦʢ 4.2 - ʄʠʢʨʦ- ʠ ʥʘʥʦ ʰʘʨʳ 

ʇɸʅʀ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʦʢʠʩʣʝʥʠʠ 

ʘʥʠʣʠʥʘ ʚ ʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ. 

ʇʦʜʢʠʩʣʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʜʦ ʨʅ 

~ 4-5, ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʪʦʥʠʨʦʚʘʥʠ ʁʠ 

ʛʠʜʨʦʬʠʣʠʟʘʮʠʠ ʘʥʠʣʠʥʘ ʠ ʟʘ ʩʯʝʪ 

ʨʦʩʪʘ ʦʩʤʦʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ 

ʩʬʝʨʳ ʧʨʦʠʩʭʦʜʠʪ ʚʳʙʨʦʩ ʘʥʠʣʠʥʘ, 

ʢʦʪʦʨʳʡ ʪʫʪ ʞʝ ʧʦʣʠʤʝʨʠʟʫʝʪʩʷ 

ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʨʘʩʪʚʦʨʝ ʧʝʨʩʫʣʴʬʘʪʦʤ. 

ʐʘʨ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʧʦʣʫʶ ʩʬʝʨʫ ʩʦ 

çʰʣʝʡʬʦʤè. ʉʕʄ. 

 

 

ʉʦʩʪʘʚ ʦʣʠʛʦʤʝʨʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʘʟʥʦʨʦʜʝʥ, ʦʥʠ ʯʘʩʪʠʯʥʦ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʪʘʢʠʭ ʢʘʢ ʭʣʦʨʦʬʦʨʤ, ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ, ʩʧʠʨʪʳ. ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ 
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ʤʝʥʝʝ 10ī8 ʉʠʤʝʥʩ ʩʤī1, ʘ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ ʥʠʞʝ, ʯʝʤ ʫ ʇɸʅʀ. ʇʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʚ 

ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʘʤʦʨʬʥʳʝ ʦʣʠʛʦʤʝʨʳ, ʧʣʘʚʷʪʩʷ, ʥʝ ʩʦʭʨʘʥʷʷ ʬʦʨʤʫ ʠʩʭʦʜʥʳʭ ʯʘʩʪʠʮ, ʠ 

ʦʙʨʘʟʫʶʪ ʤʦʥʦʣʠʪ [217]. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʥʝʡʪʨʘʣʴʥʳʤ ʠ ʩʣʘʙʦʢʠʩʣʳʤ ʩʨʝʜʘʤ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʦʣʠʛʦʤʝʨʦʚ 

ʩʥʠʞʘʝʪʩʷ, ʘ ʩʦʜʝʨʞʘʥʠʝ ʬʝʥʘʟʠʥʦʚʳʭ ʮʠʢʣʦʚ ʨʘʩʪʝʪ. ʆʣʠʛʦʤʝʨʳ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ 

ʦʜʥʦʨʦʜʥʳʤʠ ʧʦ ʩʦʩʪʘʚʫ ʠ ʩʢʣʦʥʥʳ ʢ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʇʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ 

ʚ ʩʣʘʙʦʢʠʩʣʳʭ ʩʨʝʜʘʭ ʠʤʝʶʪ ʣʠʙʦ ʧʣʦʩʢʫʶ ʜʚʫʤʝʨʥʫʶ, ʣʠʙʦ ʦʜʥʦʤʝʨʥʫʶ ʤʦʨʬʦʣʦʛʠʶ 

(ʈʠʩʫʥʦʢ 4.1 ʛ, 4.3). ʕʪʦ ʯʘʩʪʠʮʳ ʪʠʧʘ çʜʦʩʦʢè ʠ çʣʝʥʪè, ʣʠʙʦ ʚʦʣʦʢʥʘ ʠ ʧʘʣʦʯʢʠ. ʆʙʨʘʟʫʶʪʩʷ 

ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ: çʤʠʢʨʦʤʘʪʳè ʠ çʝʞʠè ʠʟ ʚʦʣʦʢʦʥ, çʮʚʝʪʳè ʠʟ ʧʣʦʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʩʪʨʫʢʪʫʨʳ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʙʦʨʢʠ ʢʦʣʦʥʥ ʬʝʥʘʟʠʥʦʚ, ʘ 

ʪʘʢʞʝ ʪʨʠ- ʠ ʪʝʪʨʘʤʝʨʦʚ ʩʦʜʝʨʞʘʱʠʭ ʬʝʥʘʟʠʥʦʚʳʝ ʮʠʢʣʳ.  

ɼʚʫʤʝʨʥʳʡ ʠ ʦʜʥʦʤʝʨʥʳʡ ʪʠʧʳ ʩʪʨʫʢʪʫʨ ʨʘʟʣʠʯʘʶʪʩʷ ʧʨʦʯʥʦʩʪʴʶ. ʇʨʠ ʨʅ < 4, ʚ 

ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʘʤʠʥʦʩʪʨʫʢʪʫʨʳ ʧʨʦʪʦʥʠʨʫʶʪʩʷ, çʣʝʥʪʳè ʠ çʜʦʩʢʠè, ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ 

ʨʘʩʧʘʜʘʪʴʩʷ ʠ ʧʝʨʝʩʪʨʘʠʚʘʪʴʩʷ ʚ ʚʦʣʦʢʥʘ [218], ʧʦʩʢʦʣʴʢʫ ʩʚʷʟʠ ʤʝʞʜʫ ʬʝʥʘʟʠʥʘʤʠ, ʣʝʞʘʱʠʤʠ 

ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʜʦʩʪʘʪʦʯʥʦ ʩʣʘʙʳʝ. ʇʨʠ ʥʠʟʢʠʭ ʨʅ ʜʚʫʤʝʨʥʘʷ ʤʦʨʬʦʣʦʛʠʷ ʫʞʝ ʥʝ 

ʦʙʨʘʟʫʝʪʩʷ, ʧʨʝʦʙʣʘʜʘʝʪ ʦʜʥʦʤʝʨʥʘʷ, ʛʜʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʙʦʣʝʝ 

ʧʨʦʯʥʦʛʦ ˊ,ˊ-ʩʚʷʟʳʚʘʥʠʷ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ (ʈʠʩʫʥʦʢ 4.4). 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4.3 - ɼʚʫʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʇɸʅʀ: çʜʦʩʢʠè ʘ), ʘ ʪʘʢʞʝ çʣʝʥʪʳè ʠ ʠʝʨʘʨʭʠʯʝʩʢʠʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʚʦʣʦʢʦʥ ï çʤʠʢʨʦʤʘʪʳè ʙ). ʇʦʣʫʯʝʥʳ ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʠ ʩʣʘʙʦʢʠʩʣʦʡ ʩʨʝʜʝ. 

ʉʕʄ. 

 

ɺ ʜʠʘʧʘʟʦʥʝ 3.5 > ʨʅ > 2.5 ʧʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʦʣʠʛʦʤʝʨʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ ʬʝʥʘʟʠʥʳ. ʆʜʥʦʪʠʧʥʳʝ ʠ ʢʦʤʧʘʢʪʥʳʝ ʤʦʣʝʢʫʣʳ ʬʝʥʘʟʠʥʦʚ 

ʦʨʛʘʥʠʟʫʶʪʩʷ ʚ ʯʘʩʪʠʮʳ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. ʉʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʨʅ, ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʘ ʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 90% [217].  

ʘ ʙ 
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ʈʠʩʫʥʦʢ 4.4 - ʇʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ 

ʚ ʜʠʘʧʘʟʦʥʝ ʨʅ 4·2. ʉʕʄ. 

 

ɿʜʝʩʴ ʧʨʝʦʙʣʘʜʘʶʪ ʦʜʥʦʤʝʨʥʳʝ 

ʩʪʨʫʢʪʫʨʳ: ʠʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʠʪʳ ʩ 

ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʣʠ ʪʦʥʢʠʝ ʚʦʣʦʢʥʘ, 

ʩʦʙʨʘʥʥʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʙʦʣʝʝ ʩʣʦʞʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ. ʕʪʠ ʩʪʨʫʢʪʫʨʳ ʩʦʩʪʦʷʪ ʠʟ 

ʢʦʣʦʥʥ ʬʝʥʘʟʠʥʦʚʳʭ ʥʫʢʣʝʘʪʦʚ, ʝʱʝ ʥʝ 

ʧʨʦʨʦʩʰʠʭ ʧʦʣʠʤʝʨʥʳʤʠ ʮʝʧʷʤʠ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʚʩʝʭ ʪʠʧʦʚ ʦʣʠʛʦʤʝʨʦʚ ʠʜʝʪ ʧʨʠ ʥʠʟʢʠʭ ʦʢʠʩʣʠʪʝʣʥʳʭ ʧʦʪʝʥʮʠʘʣʘʭ (ʦʪ +0.5 ɺ) ʧʦ 

ʧʫʪʠ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʪ.ʝ. ʦʢʠʩʣʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʡ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ 

ʘʥʠʣʠʥʘ. ʇʦʵʪʦʤʫ ʨʝʘʢʮʠʷ ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʣʘʙʳʭ ʦʢʠʩʣʠʪʝʣʝʡ. ʇʦ ʧʨʠʯʠʥʝ 

ʦʪʩʫʪʩʪʚʠʷ ʧʦʣʠʩʦʧʨʷʞʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʥʠʟʢʘʷ (<10ī8 ʉʠʤʝʥʩ ʩʤī1). 

 

ɼʠʘʧʘʟʦʥ ʨʅ < 2.5 

ʇʨʠ ʨʅ < 2.5 ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʩʠʥʪʝʟʘ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʚ ʜʠʘʧʘʟʦʥʝ 3.5 > ʨʅ > 2.5, 

ʬʦʨʤʠʨʫʶʪʩʷ ʦʜʥʦʪʠʧʥʳʝ ʬʝʥʘʟʠʥʦʚʳʝ ʥʫʢʣʝʘʪʳ. ʂʨʫʧʥʳʝ ʦʣʠʛʦʤʝʨʳ ʨʘʟʥʦʨʦʜʥʦʡ ʩʨʫʢʪʫʨʳ 

ʟʜʝʩʴ ʥʝ ʦʙʨʘʟʫʶʪʩʷ. ɸʛʨʝʛʘʮʠʷ ʬʝʥʘʟʠʥʦʚ ʩʦʟʜʘʝʪ ʟʘʛʦʪʦʚʢʫ ʙʫʜʫʱʝʡ ʧʦʣʠʤʝʨʥʦʡ ʯʘʩʪʠʮʳ, 

ʬʦʨʤʘ ʢʦʪʦʨʦʡ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʘ ʫʞʝ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʩʠʥʪʝʟʘ. ʇʦ ʦʢʦʥʯʘʥʠʠ 

ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʥʫʢʣʝʘʪʳ ʧʨʦʨʘʩʪʘʶʪ ʧʦʣʠʤʝʨʥʳʤʠ ʮʝʧʷʤʠ, ʚʦʩʧʨʦʠʟʚʦʜʷ ʬʦʨʤʫ 

ʟʘʛʦʪʦʚʢʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʪʠʧʘ ʥʫʢʣʝʘʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ, ʙʫʜʫʱʘʷ 

ʩʪʨʫʢʪʫʨʘ ʇɸʅʀ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ. ɺ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʣʦʚʠʷʤʠ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʬʝʥʘʟʠʥʦʚʳʭ ʥʫʢʣʝʘʪʦʚ. ʇʨʠ ʨʅ < 2.5 ʪʠʧ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ï ʬʘʟʳ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʥʘʢʦʧʣʝʥʠʷ ʠ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʥʫʢʣʝʘʪʦʚ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʠʥʜʫʢʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ 

ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʩʙʦʨʢʝ ʬʝʥʘʟʠʥʦʚ ʚ ʢʦʣʦʥʥʳ ʠ ʜʘʝʪ ʥʘʯʘʣʦ ʨʦʩʪʘ ʦʜʥʦʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʢʦʨʦʪʢʠʡ ʠʥʜʫʢʮʠʦʥʥʳʡ ʧʝʨʠʦʜ, ʟʘʚʝʨʰʘʶʱʠʡʩʷ ʙʳʩʪʨʳʤ ʧʨʦʨʘʩʪʘʥʠʝʤ ʥʫʢʣʝʘʪʦʚ, 

ʧʨʠʚʦʜʠʪ ʢ ʭʘʦʪʠʯʝʩʢʦʤʫ ʪʠʧʫ ʘʛʣʦʤʝʨʘʮʠʠ ʥʫʢʣʝʘʪʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ 

ʇɸʅʀ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʣʴʥʦʛʦ ʦʢʠʩʣʠʪʝʣʷ ī ʧʝʨʩʫʣʴʬʘʪʘ, ʠʥʠʮʠʠʨʫʶʱʝʛʦ ʙʳʩʪʨʦʝ 

ʧʨʦʨʘʩʪʘʥʠʝ ʥʫʢʣʝʘʪʦʚ ʠ ʥʝ ʧʦʟʚʦʣʷʶʱʝʛʦ ʥʘʢʦʧʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦʩʪʘʪʦʯʥʳʝ ʜʣʷ 

ʨʝʛʫʣʷʨʥʦʡ ʩʙʦʨʢʠ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʠʤʝʨʫ ʩʦʙʨʘʥʥʦʤʫ ʠʟ ʯʘʩʪʠʮ ʛʨʘʥʫʣʷʨʥʦʡ ʤʦʨʬʦʣʦʛʠʠ 

(ʈʠʩʫʥʦʢ 4.5ʘ). ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʩʣʘʙʳʭ ʦʢʠʩʣʠʪʝʣʝʡ, ʛʜʝ ʠʥʜʫʢʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʨʘʩʪʷʥʫʪ, 

ʚʩʣʝʜʩʪʚʠʝ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʨʘʩʪʘʥʠʷ ʬʝʥʘʟʠʥʘ, ʦʙʨʘʟʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʦʜʥʦʤʝʨʥʳʝ 

ʩʪʨʫʢʪʫʨʳ (ʈʠʩʫʥʦʢ 4.5 ʙ, 2.2 6). ʆʩʪʦʚʳ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʠ ʦʜʥʦʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʦʜʠʥʦʯʥʳʝ ʢʦʣʦʥʥʳ ʬʝʥʘʟʠʥʦʚ, ʣʠʙʦ ʛʨʫʧʧʳ ʢʦʣʦʥʥ, ʩʦʙʨʘʥʥʳʭ ʚ ʙʦʣʝʝ ʩʣʦʞʥʳʝ 

ʘʛʣʦʤʝʨʘʪʳ. ʇʨʦʨʘʩʪʘʥʠʝ ʘʛʣʦʤʝʨʘʪʦʚ ʬʝʥʘʟʠʥʦʚ ʧʦʣʠʩʦʧʨʷʞʝʥʥʳʤʠ ʮʝʧʷʤʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ 
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ʜʝʡʩʪʚʠʝʤ ʩʠʣʴʥʦʛʦ ʦʢʩʠʜʘʥʪʘ ʩ ʧʦʪʝʥʮʠʘʣʦʤ ʚʳʰʝ +1.05 ɺ. ɺ ʦʪʩʫʪʩʪʚʠʠ ʪʘʢʦʚʦʛʦ ʵʪʦʪ 

ʧʝʨʝʭʦʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʨʦʜʘ (+1.23 ɺ). 

ʈʦʩʪ ʧʦʣʠʩʦʧʨʷʞʝʥʥʳʭ ʮʝʧʝʡ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʩ 

ʢʦʤʧʣʝʢʩʦʤ ʩʚʦʡʩʪʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ. ʅʘʜʤʦʣʝʢʫʣʷʨʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʛʦ ʇɸʅʀ ʦʯʝʥʴ ʩʪʘʙʠʣʴʥʳ, [219] ʦʥʠ ʥʝ ʨʘʩʪʚʦʨʷʶʪʩʷ ʠ ʥʝ ʨʘʟʨʫʰʘʶʪʩʷ ʧʨʠ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ [220]. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʥʝʢʦʪʦʨʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ (N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥ, ɼʄʉʆ,) 

ʩʣʘʙʦʩʚʷʟʘʥʥʳʝ ʢʨʫʧʥʳʝ ʘʛʨʝʛʘʪʳ ʨʘʩʧʘʜʘʶʪʩʷ ʜʦ ʤʝʣʢʠʭ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʠʥʪʝʥʩʠʚʥʦ 

ʦʢʨʘʰʝʥʥʫʶ ʢʦʣʣʦʠʜʥʫʶ ʜʠʩʧʝʨʩʠʶ. ʊʘʢʠʝ ʢʦʣʣʦʠʜʳ ʦʰʠʙʦʯʥʦ ʥʘʟʳʚʘʶʪ ʨʘʩʪʚʦʨʘʤʠ ʇɸʅʀ, 

ʦʜʥʘʢʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʠʩʪʠʥʳʭ ʨʘʩʪʚʦʨʦʚ ʇɸʅʀ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʊʝʨʤʦʣʠʟ ʇɸʅʀ ʚ ʠʥʝʨʪʥʦʡ 

ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 400 ʜʦ 1000ʦʉ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʧʣʘʚʣʝʥʠʶ, ʢʘʢ ʵʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʣʫʯʘʝ ʦʣʠʛʦʤʝʨʦʚ ʘʥʠʣʠʥʘ. ʇɸʅʀ ʢʘʨʙʦʥʠʟʫʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʙʦʛʘʱʝʥʥʦʛʦ 

ʘʟʦʪʦʤ ʫʛʣʝʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʠ ʵʪʦʤ ʯʘʩʪʠʮʳ ʇɸʅʀ ʥʝ ʨʘʟʨʫʰʘʶʪʩʷ, ʘ ʩʦʭʨʘʥʷʶʪ ʩʚʦʶ 

ʦʜʥʦʤʝʨʥʫʶ ʠʣʠ ʪʨʝʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʩʦʢʨʘʱʝʥʠʠ ʦʙʲʝʤʘ. ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ 

ʚʳʩʦʢʘʷ ʵʥʝʨʛʠʷ ʩʚʷʟʳʚʘʥʠʷ ʥʘʯʘʣʴʥʳʭ ʬʝʥʘʟʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠ ʩʠʣʴʥʦʝ ʤʝʞʮʝʧʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʘʭ, ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʘʤʠ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʧʦʣʠʤʝʨʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʧʣʦʭʦʡ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʩʪʠ.  

 

 

ʈʠʩʫʥʦʢ 4.5 - ɻʨʘʥʫʣʷʨʥʘʷ 3D ʩʪʨʫʢʪʫʨʘ ʇɸʅʀ ʘ) ʠ ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ,  ʠʟ 1D ʚʦʣʦʢʦʥ 

ʙ), ʢʦʪʦʨʳʝ ʧʦʣʫʯʝʥʳ ʧʨʠ ʨʅ < 2 ʩ ʫʯʘʩʪʠʝʤ ʩʠʣʴʥʦʛʦ ʘ) ʠ ʩʣʘʙʦʛʦ ʙ) ʦʢʠʩʣʠʪʝʣʷ.  ʉʕʄ. 

 

4.3.2. ʋʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ 

 

ɺʩʝ ʪʠʧʳ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʙʳʣʠ ʦʪʢʨʳʪʳ ʩʣʫʯʘʡʥʦ ʧʨʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ 

ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʇɸʅʀ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʩʠʥʪʝʟʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʜʦʤʠʥʠʨʫʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʪʠʧ ʯʘʩʪʠʮ, ʜʝʢʣʘʨʠʨʫʝʪʩʷ ʢʘʢ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʫʜʝʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʶ ʦʜʥʦʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʫʩʣʦʚʠʷʭ 

ʦʪʩʫʪʩʪʚʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʩʪʨʫʢʪʫʨʠʨʫʶʱʝʛʦ ʪʝʤʧʣʘʪʘ. ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʚʦʣʦʢʦʥ ʠ ʪʨʫʙ ʇɸʅʀ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʪʝʤʧʣʘʪʘ ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʘʟʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ 

ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ʘ ʙ 








































































































































































































































































































































