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ɺɺɽɼɽʅʀɽ 

 

ʆʪʢʨʳʪʠʝ ʚ 1980 ʛʦʜʘʭ ʩʧʦʩʦʙʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʦʣʫʯʘʪʴ ʵʥʝʨʛʠʶ, 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʷ ʦʢʩʠʜʳ ʠ ʛʠʜʨʦʢʩʠʜʳ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ, ʧʦʜʪʦʣʢʥʫʣʦ ʫʯʝʥʳʭ ʢ 

ʘʢʪʠʚʥʦʤʫ ʠʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʞʝʣʝʟʦʨʝʜʫʢʮʠʠ [1-3]. ɹʠʦʛʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʤʠʥʝʨʘʣʦʚ 

ʞʝʣʝʟʘ ʧʨʠʚʣʝʢʘʝʪ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʤʠʢʨʦʙʠʦʣʦʛʦʚ, ʛʝʦʣʦʛʦʚ ʠ ʙʠʦʬʠʟʠʢʦʚ. ʆʜʥʠʤ 

ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʚ ʷʚʣʷʝʪʩʷ ʚʥʝʢʣʝʪʦʯʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʘʤʦʨʬʥʳʭ ʦʢʩʠʜʦʚ ʠ ʛʠʜʨʦʢʩʠʜʦʚ Fe(III), ʚʳʟʚʘʥʥʦʝ ʥʦʚʦʡ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʛʨʫʧʧʦʡ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʧʦʣʫʯʠʚʰʠʭ ʥʘʟʚʘʥʠʝ ʜʠʩʩʠʤʠʣʷʪʦʨʥʳʝ 

ʞʝʣʝʟʦʨʝʜʫʮʠʨʫʶʱʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠʣʠ ʞʝʣʝʟʦʨʝʜʫʢʪʦʨʳ, ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʥʳʝ ʚ [4]. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʩʨʝʜʠ ʜʠʩʩʠʤʠʣʷʪʦʨʥʳʭ ʞʝʣʝʟʦʨʝʜʫʢʪʦʨʦʚ ʚʳʟʳʚʘʶʪ ʪʝʨʤʦʬʠʣʴʥʳʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʪʢʨʳʪʳ ʚ 1995 ʛ. [5]. 

ɼʦʣʛʦʝ ʚʨʝʤʷ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʧʨʦʮʝʩʩ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʞʝʣʝʟʘ 

ʥʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʱʝʣʦʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʜʥʘʢʦ, ʠʟ ʱʝʣʦʯʥʦʛʦ ʧʨʫʜʘ, 

ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʥʘ ʤʝʩʪʝ ʨʘʟʨʘʙʦʪʢʠ ʙʫʨʳ (ʉʐɸ), ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʘʣʢʘʣʦʬʠʣʥʘʷ 

ʜʠʩʩʠʤʠʣʷʪʦʨʥʘʷ ʞʝʣʝʟʦʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʘʷ ʙʘʢʪʝʨʠʷ [6]. 

ʈʘʥʝʝ ʤʝʪʦʜʘʤʠ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʤʠ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʚ 

ʰʪʘʤʤʦʤ Z-0001 [7ï11]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʉʌ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʙʘʢʪʝʨʠʠ ʠ ʥʝʚʦʟʤʦʞʥʦ ʚ ʦʪʩʫʪʩʪʚʠʠ ʞʠʚʳʭ ʢʣʝʪʦʢ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ 

ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ (ʩʦʦʪʥʦʰʝʥʠʷ ʪʚʝʨʜʦʡ ʠ ʞʠʜʢʦʡ 

ʬʘʟ, ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ) ʥʘ ʧʨʦʮʝʩʩ ʞʝʣʝʟʦʨʝʜʫʢʮʠʠ [8, 9, 11]. ʅʘʤʠ 

ʙʳʣʦ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʦʙʨʘʟʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ 

ʬʘʟ ʟʘʚʠʩʠʪ ʦʪ ʠʥʝʨʪʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʜʦʙʘʚʣʝʥʥʦʛʦ ʚ ʠʩʭʦʜʥʫʶ 

ʤʠʥʝʨʘʣʴʥʫʶ ʩʨʝʜʫ [8, 10, 11].  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʠʥʝʨʘʣʦʚ ʞʝʣʝʟʘ ʪʝʨʤʦʬʠʣʴʥʦʡ ʥʝʡʪʨʦʬʠʣʴʥʦʡ Thermincola ferriacetica (ʰʪʘʤʤ Z-0001) 

ʠ ʤʝʟʦʬʠʣʴʥʦʡ ʘʣʢʘʣʦʬʠʣʴʥʦʡ Geoalkalibacter ferrihydriticus (ʰʪʘʤʤ Z-0531) 

ʘʥʘʵʨʦʙʥʳʤʠ ʞʝʣʝʟʦʨʝʜʫʮʠʨʫʶʱʠʤʠ ʙʘʢʪʝʨʠʷʤʠ ʤʝʪʦʜʘʤʠ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

  



4 
 

ɻʃɸɺɸ 1. ɼʀʉʉʀʄʀʃʗʊʆʈʅʓɽ ɾɽʃɽɿʆʈɽɼʋʎʀʈʋʖʑʀɽ 

ɹɸʂʊɽʈʀʀ (ʇʆ ɼɸʅʅʓʄ ʃʀʊɽʈɸʊʋʈʓ) 

 

ɾʝʣʝʟʦ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʵʣʝʤʝʥʪʦʤ ʥʘ ɿʝʤʣʝ ʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʙʠʦʩʬʝʨʝ, ʧʝʨʝʭʦʜʥʳʤ ʤʝʪʘʣʣʦʤ. ʆʥʦ 

ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʦʤ ʤʥʦʛʠʭ ʢʣʝʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʫʯʘʩʪʚʫʝʪ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ [2]. 

ɺ 80-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ɼʝʨʝʢ ʃʦʚʣʠ ʦʪʢʨʳʣ ʥʦʚʫʶ ʬʠʟʠʦʣʦʛʠʯʝʩʢʫʶ ʛʨʫʧʧʫ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʧʦʣʫʯʠʚʰʠʭ ʥʘʟʚʘʥʠʝ ʜʠʩʩʠʤʠʣʷʪʦʨʥʳʝ ʞʝʣʝʟʦʨʝʜʫʮʠʨʮʶʱʠʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠʣʠ ʞʝʣʝʟʦʨʝʜʫʢʪʦʨʳ. ɼʘʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʧʦʣʫʯʘʶʪ ʵʥʝʨʛʠʶ, 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʷ ʦʢʩʠʜʳ ʠ ʛʠʜʨʦʢʩʠʜʳ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ. ɺ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʘ 

ʵʣʝʢʪʨʦʥʦʚ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʠʝ (ʥʘʧʨʠʤʝʨ, ʘʮʝʪʘʪ), ʪʘʢ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ 

(ʥʘʧʨʠʤʝʨ, ʚʦʜʦʨʦʜ) ʩʫʙʩʪʨʘʪʳ [3]. ɺ ʨʘʙʦʪʝ [4] ʥʘ ʧʨʠʤʝʨʝ ʥʝʤʘʛʥʠʪʦʪʘʢʪʠʯʝʩʢʦʛʦ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘ GS-15 ʚʧʝʨʚʳʝ ʙʳʣʘ ʦʧʠʩʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʷ ʘʪʦʤʳ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ, ʚʥʝʢʣʝʪʦʯʥʦ ʬʦʨʤʠʨʦʚʘʪʴ 

ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʤʘʛʥʝʪʠʪ ʚ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɼʘʥʥʦʝ ʦʪʢʨʳʪʠʝ ʧʨʠʚʝʣʦ ʢ ʘʢʪʠʚʥʦʤʫ ʠʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʪʦʤʦʚ 

ʞʝʣʝʟʘ ʩ ʧʦʤʦʱʴʶ ʜʠʩʩʠʤʠʣʷʪʦʨʥʳʭ ʙʘʢʪʝʨʠʡ. ɼʠʩʩʠʤʠʣʷʪʦʨʥʳʝ ʞʝʣʝʟʦʨʝʜʫʢʪʦʨʳ 

ʠʤʝʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʟʨʫʰʘʪʴ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ ʚ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʟʘ ʩʯʝʪ 

ʦʢʠʩʣʝʥʠʷ ʠʭ ʚ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ. ʅʝʢʦʪʦʨʳʝ ʞʝʣʝʟʦʨʝʜʫʢʪʦʨʳ ʤʦʛʫʪ ʪʘʢʞʝ ʜʝʭʣʦʨʠʨʦʚʘʪʴ 

ʭʣʦʨʠʨʦʚʘʥʥʳʝ ʧʨʠʤʝʩʠ. ɸʚʪʦʨʘʤʠ ʩʪʘʪʴʠ [12], ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʣʠ ʩ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʠʟ 

ʨʦʜʘ Geobacter, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʟʘʛʨʷʟʥʝʥʥʳʭ ʥʝʬʪʴʶ ʚʦʜʘʭ, ʢʦʪʦʨʳʝ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʞʝʣʝʟʦʨʝʜʫʢʪʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʜʣʷ ʫʜʘʣʝʥʠʷ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʟ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ. ʀʭ 

ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ  ʚʳʷʚʠʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʞʝʣʝʟʦʨʝʜʫʢʪʦʨʦʚ ʢ ʫʜʘʣʝʥʠʶ ʫʨʘʥʘ ʠʟ 

ʟʘʛʨʷʟʥʸʥʥʳʭ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʛʦʚʦʨʠʪʩʷ, ʯʪʦ ʤʦʞʥʦ ʩʪʠʤʫʣʠʨʦʚʘʪʴ 

ʜʝʡʩʪʚʠʷ ʞʝʣʝʟʦʨʝʜʫʢʪʦʨʦʚ ʥʝʢʦʪʦʨʳʤʠ ʩʧʦʩʦʙʘʤʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʦʢʠʩʣʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʞʝʣʝʟʦʨʝʜʫʢʮʠʠ ʷʚʣʷʝʪʩʷ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʟʘʨʷʜʦʚʦʤ, 

ʩʧʠʥʦʚʦʤ, ʩʪʨʫʢʪʫʨʥʦʤ ʩʦʩʪʦʷʥʠʠ ʘʪʦʤʦʚ ʞʝʣʝʟʘ. ɺ ʨʘʙʦʪʝ [13] ʘʚʪʦʨʳ ʤʝʪʦʜʘʤʠ 

ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʩʩʣʝʜʦʚʘʣʠ ʢʠʥʝʪʠʢʫ ʦʙʨʘʟʦʚʘʥʠʷ ʙʠʦʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʞʝʣʝʟʘ ʪʝʨʤʦʬʠʣʴʥʳʤʠ ʞʝʣʝʟʦʨʝʜʫʮʠʨʫʶʱʠʤʠ ʙʘʢʪʝʨʠʷʤʠ, ʘ ʪʘʢʞʝ ʠʟʫʯʘʣʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʵʪʦʪ ʧʨʦʮʝʩʩ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ 
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ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʘʛʥʝʪʠʪ ʦʙʨʘʟʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʞʝʣʝʟʦʨʝʜʫʢʪʦʨʘ, ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʩʠʜʝʨʠʪʘ 

(FeCO3) ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʝʯʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ.  

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʘʪʦʤʦʚ ʞʝʣʝʟʘ ʩ ʧʦʤʦʱʴʶ ʞʝʣʝʟʦʨʝʜʫʢʪʦʨʦʚ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʫʩʣʦʚʠʡ ʠʭ ʨʦʩʪʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʘʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʛʨʫʧʧ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ. ʆʥʠ ʦʧʨʝʜʝʣʷʶʪ ʤʝʩʪʘ 

ʦʙʠʪʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʜʘʥʥʘʷ ʛʨʫʧʧʘ ʨʘʟʚʠʚʘʝʪʩʷ. ʇʦ ʪʝʤʧʝʨʘʪʫʨʝ ʨʦʩʪʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ 

ʜʝʣʷʪʩʷ ʥʘ ʧʩʠʭʨʦʬʠʣ r (ʨʦʩʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 20 Áʉ), ʤʝʟʦʬʠʣr  (20 ï 45 Áʉ) ʠ 

ʪʝʨʤʦʬʠʣ r(ʙʦʣʝʝ 45Áʉ). ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ pH ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ 

ʛʨʫʧʧʳ: ʥʝʡʪʨʦʬʠʣʳ (ʨʘʟʚʠʚʘʶʪʩʷ ʧʨʠ ʥʝʡʪʨʘʣʴʥʦʤ ʨʅ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 5 ʜʦ 9, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʚ ʦʙʣʘʩʪʠ ʨʅ 6  8), ʘʮʠʜʦʬʠʣʳ (pH ʦʪ 2 ʜʦ 6) ʠ ʘʣʢʘʣʦʬʠʣʳ (pH ʙʦʣʝʝ 8.5 ʩ 

ʧʨʝʜʝʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ, ʨʘʚʥʳʤ 11). ʊʘʢʞʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʠʩʣʦʨʦʜʫ: ʘʵʨʦʙʳ ʥʫʞʜʘʶʪʩʷ ʚ ʢʠʩʣʦʨʦʜʝ ʜʣʷ 

ʜʳʭʘʥʠʷ ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʥʘʵʨʦʙʦʚ [14]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʧʨʦʮʝʩʩʳ ʞʝʣʝʟʦʨʝʜʫʢʮʠʠ ʪʝʨʤʦʬʠʣʴʥʦʡ, 

ʥʝʡʪʨʦʬʠʣʴʥʦʡ, ʘʥʘʵʨʦʙʥʦʡ ʙʘʢʪʝʨʠʝʡ Thermincola ferriacetica (ʰʪʘʤʤ Z-0001) ʠ 

ʤʝʟʦʬʠʣʴʥʦʡ, ʘʣʢʘʣʦʬʠʣʴʥʦʡ ʘʥʘʵʨʦʙʥʦʡ ʙʘʢʪʝʨʠʝʡ Geoalkalibacter ferrihydriticus (ʰʪʘʤʤ 

Z-0531). 

ɹʘʢʪʝʨʠʷ Thermincola Ferriacetica ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʚ ʯʠʩʪʫʶ ʢʫʣʴʪʫʨʫ ʠʟ ʞʝʣʝʟʠʩʪʳʭ 

ʦʩʘʜʢʦʚ ʛʦʨʷʯʝʛʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʉʪʦʣʙʦʚʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʦʩʪʨʦʚʘ ʂʫʥʘʰʠʨ. 

ʆʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʦʩʪʘ ʵʪʦʡ ʙʘʢʪʝʨʠʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ 

57  60 ÁC ʠ ʜʠʘʧʘʟʦʥ pH 7,0  7,2 [15]. 

ɹʘʢʪʝʨʠʷ Geoalkalibacter ferrihydriticus ʚʳʜʝʣʝʥʘ ʠʟ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʩʣʘʙʦ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ ʩʦʜʦʚʦʛʦ ʦʟʝʨʘ ʍʘʜʳʥ, ʢʦʪʦʨʦʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʨʝʩʧʫʙʣʠʢʝ ʊʳʚʘ. 

ʋʩʣʦʚʠʷ ʨʦʩʪʘ ʙʘʢʪʝʨʠʠ ʩʦʩʪʘʚʣʷʶʪ pH ʚ ʜʠʘʧʘʟʦʥʝ 7,8  10,0 ʩ ʦʧʪʠʤʫʤʦʤ ʚ 8,6  ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʜʠʘʧʘʟʦʥʝ 18  39ÁC ʩ ʦʧʪʠʤʫʤʦʤ ʚ 35 ÁC [16]. 

ʍʦʨʦʰʦ ʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ ʦʢʩʠʜʳ ʠ ʛʠʜʨʦʢʩʠʜʳ Fe(III ) ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʦʭʦ 

ʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤʠ. ʇʦɻʪʦʤʫ ʧʨʦʮʝʩʩ ʞʝʣʝʟʦʨʝʜʫʢʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʘʤʦʨʬʥʳʭ ʠʣʠ ʧʣʦʭʦ ʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [17]. 

ʆʜʥʠʤ ʠʟ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʞʝʣʝʟʘ ʷʚʣʷʝʪʩʷ ʧʣʦʭʦ ʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʡ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ 

ʬʝʨʨʠʛʠʜʨʠʪ. 
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ʌʝʨʨʠʛʠʜʨʠʪ ʷʚʣʷʝʪʩʷ ʙʠʦʜʦʩʪʫʧʥʳʤ ʛʠʜʨʦʢʩʠʜʦʤ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ, 

ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʞʝʣʝʟʦʨʝʜʫʢʪʦʨʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʘʢʮʝʧʪʦʨʘ ʵʣʝʢʪʨʦʥʦʚ. 

ʌʝʨʨʠʛʠʜʨʠʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʣʠʥʠʡ ʚ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ: ñʜʚʫʭʣʠʥʝʡʯʘʪʳʡ ʬʝʨʨʠʛʠʜʨʠʪò (ñtwo-line ferrihydriteò) ʠ 

ñʰʝʩʪʠʣʠʥʝʡʯʘʪʳʡ ʬʝʨʨʠʛʠʜʨʠʪò (ñsix-line ferrihydriteò). ʄʘʣʳʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮʳ 

ʬʝʨʨʠʛʠʜʨʠʪʘ ʠ ʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʘʷ ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʝ ʜʘʶʪ ʦʜʥʦʟʥʘʯʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʟʥʘʯʘʝʪ ʥʝʚʦʟʤʦʞʥʦʩʪʴ 

ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʅʝʜʘʚʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʬʝʨʨʠʛʠʜʨʠʪʘ ʙʣʠʟʢʘ ʢ FeOOH ʪʠʧʘʤ ʤʠʥʝʨʘʣʦʚ. ʐʠʨʦʢʦ 

ʠʟʚʝʩʪʥʦʡ ʷʚʣʷʝʪʩʷ ʥʦʤʠʥʘʣʴʥʘʷ ʬʦʨʤʫʣʘ ʬʝʨʨʠʛʠʜʨʠʪʘ 5Fe2 9H2O. ʆʜʥʘʢʦ ʬʝʨʨʠʛʠʜʨʠʪ 

ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʙʦʣʴʰʝ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʢʦʪʦʨʳʝ ʥʝ ʚʦʰʣʠ ʚ ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʣʘ. 

ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʘʪʦʤʳ ʞʝʣʝʟʘ ʚ ʬʝʨʨʠʛʠʜʨʠʪʝ ʥʘʭʦʜʠʪʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ 

ʦʢʨʫʞʝʥʠʠ. ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ ʘʪʦʤʦʚ 

ʞʝʣʝʟʘ ʥʘʭʦʜʷʪʩʷ ʚʥʫʪʨʠ ʦʙʲʝʤʘ ʬʝʨʨʠʛʠʜʨʠʪʘ, ʘ ʧʦʟʠʮʠʠ ʘʪʦʤʦʚ ʞʝʣʝʟʘ ʚʙʣʠʟʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʥʝʨʘʣʘ ʠʤʝʶʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ [18].  

ʅʘʣʠʯʠʝ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ ʘʪʦʤʦʚ ʞʝʣʝʟʘ ʚ ʬʝʨʨʠʛʠʜʨʠʪʝ ʷʚʣʷʝʪʩʷ 

ʧʨʠʯʠʥʦʡ ʩʝʨʴʝʟʥʳʭ ʩʧʦʨʦʚ. ʉʦʛʣʘʩʥʦ [19] ʘʪʦʤʳ ʞʝʣʝʟʘ ʚ ʬʝʨʨʠʛʠʜʨʠʪʝ ʥʘʭʦʜʷʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ, ʦʜʥʘʢʦ ʚ [20] ʧʨʠʩʫʪʩʪʚʠʝ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ 

ʧʦʟʠʮʠʡ ʜʣʷ ʘʪʦʤʦʚ ʞʝʣʝʟʘ ʥʝ ʠʩʢʣʶʯʘʝʪʩʷ. ʉʦʛʣʘʩʥʦ [21], ʠʜʝʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʬʝʨʨʠʛʠʜʨʠʪʘ ʩʦʜʝʨʞʠʪ 20 % ʘʪʦʤʦʚ ʞʝʣʝʟʘ ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ ʠ 80 % ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ 

ʦʢʨʫʞʝʥʠʷʭ ʠ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʥʳʡ ʤʦʪʠʚ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʡ ʩ ʢʣʘʩʪʝʨʦʤ ɹʝʡʢʝʨ ŭ-ʌʠʛʛʠʩ 

ʂʝʛʛʠʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʩʪʨʫʢʪʫʨʘ ʬʝʨʨʠʛʠʜʨʠʪʘ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ [22]. 

ɺ ʨʘʙʦʪʝ [23] ʘʚʪʦʨʘʤʠ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʬʝʨʨʠʛʠʜʨʠʪʘ ʙʘʢʪʝʨʠʝʡ Shewanella putrefaciens. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʦʙʨʘʟʮʘʭ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ 

ʤʠʥʝʨʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʪʨʝʭʚʘʣʝʥʪʥʳʝ (ʛʝʪʠʪ, ʛʝʤʘʪʠʪ ʠ ʣʝʧʠʜʦʢʨʠʪ) ʠ ʜʚʫʭʚʘʣʝʥʪʥʳʝ 

(ʩʠʜʝʨʠʪ ʠ ʚʠʚʠʘʥʠʪ) ʠʦʥʳ ʞʝʣʝʟʘ, ʘ ʪʘʢ ʞʝ ʤʠʥʝʨʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʠʦʥʳ ʩʤʝʰʘʥʥʦʡ 

ʚʘʣʝʥʪʥʦʩʪʠ (ʤʘʛʥʝʪʠʪ ʠ ʟʝʣʝʥʘʷ ʨʞʘʚʯʠʥʘ). ʆʩʥʦʚʥʦʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʤʘʛʥʝʪʠʪ 

(Fe3O4), ʩʠʜʝʨʠʪ (FeCO3) ʠ ʚʠʚʠʘʥʠʪ [Fe3(PO4)2Ā8H2O]. 

ʄʘʛʥʝʪʠʪ Fe3O4 ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ ʦʙʨʘʱʝʥʥʦʡ ʰʧʠʥʝʣʠ. ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ 

ʨʝʰʝʪʢʠ ʩʦʜʝʨʞʠʪ 32 ʠʦʥʘ ʢʠʩʣʦʨʦʜʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʢʫʙʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʝ. ʂʘʞʜʘʷ ʷʯʝʡʢʘ ʠʤʝʝʪ 8 ʠʦʥʦʚ Fe
3+ 

 ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ (ɸ-ʧʦʟʠʮʠʷ) ʠ 

8 ʠʦʥʦʚ Fe
2+ 
ʠ 8 ʠʦʥʦʚ Fe

3+ 
ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ (B-ʧʦʟʠʮʠʷ) ʢʠʩʣʦʨʦʜʘ [24,25]. 

ʈʘʟʤʝʨʳ ʤʘʛʥʝʪʠʪʘ ʧʨʠ ʙʘʢʪʝʨʠʘʣʴʥʦʤ ʩʠʥʪʝʟʝ ʦʮʝʥʠʚʘʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʥʘʥʦʯʘʩʪʠʮ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʤʘʣʳʭ ʨʘʟʤʝʨʘʭ ʯʘʩʪʠʮ ʩʚʝʨʭʪʦʥʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʘʨʮʠʘʣʴʥʳʭ 
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ʩʧʝʢʪʨʦʚ ʘʪʦʤʦʚ ʞʝʣʝʟʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʪʨʫʢʪʫʨʝ ʤʘʛʥʝʪʠʪʘ, ʠʟʤʝʥʷʶʪʩʷ [24]. 

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [25] ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʥʦʤʘʛʥʝʪʠʪʘ (ʩʨʝʜʥʠʝ ʨʘʟʤʝʨʳ 

36 ʥʤ ʠ 9 ʥʤ) ʠ ʤʘʩʩʠʚʥʦʛʦ ʦʙʨʘʟʮʘ ʤʘʛʥʝʪʠʪʘ. ɼʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ 

ʩʧʝʢʪʨʦʚ ʘʚʪʦʨʘʤʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ ʦʙʨʘʙʦʪʢʠ. ʉʧʝʢʪʨʳ ʤʘʩʩʠʚʥʦʛʦ 

ʦʙʨʘʟʮʘ ʤʘʛʥʝʪʠʪʘ, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ɺʝʨʚʝʷ 

(115 K ʠ 4,2 K), ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʫʧʝʨʧʦʟʠʮʠʶ ʧʷʪʠ ʧʘʨʮʠʘʣʴʥʳʭ ʩʧʝʢʪʨʦʚ, ʦʜʠʥ ʠʟ 

ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʪʦʤʘʤ ʞʝʣʝʟʘ ʚ ɸ-ʧʦʜʨʝʰʝʪʢʝ ʠ ʯʝʪʳʨʝ ʜʨʫʛʠʭ ï ʘʪʦʤʘʤ ʞʝʣʝʟʘ ʚ 

ɺ-ʧʦʜʨʝʰʝʪʢʝ, ʠʟ ʥʠʭ ʪʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʪʦʤʘʤ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ. 

ʄ ʩyʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʥʘʥʦʤʘʛʥʝʪʠʪʘ, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 77 K ʠ 4,2 K, 

ʙʳʣʠ ʨʘʩʰʠʬʨʦʚʘʥʳ ʰʝʩʪʴʶ ʧʘʨʮʠʘʣʴʥʳʤʠ ʩʧʝʢʪʨʘʤʠ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʪʘʢʞʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʪʦʤʘʤ ʞʝʣʝʟʘ ʚ ɸ-ʧʦʜʨʝʰʝʪʢʝ ʠ ʧʷʪʴ ï ʘʪʦʤʘʤ ʚ ʞʝʣʝʟʘ ʚ B-ʧʦʜʨʝʰʝʪʢʝ, 

ʯʝʪʳʨʝ ʠʟ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʪʦʤʘʤ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʝ ʧʦʟʠʮʠʠ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʠʩʢʘʞʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. 

ɺ ʩʪʘʪʴʝ [26] ʘʚʪʦʨʳ ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʥʘʥʦʯʘʩʪʠʮ 

ʤʘʛʥʝʪʠʪʘ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ. ɸʚʪʦʨʘʤʠ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʰʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʢʘʪʠʦʥʦʚ ʚ A-ʧʦʟʠʮʠʠ ʢ ʢʘʪʠʦʥʘʤ Fe
2+

 ʠ Fe
3+

 ʚ ɺ-ʧʦʟʠʮʠʠ, ʘ ʪʘʢʞʝ ʦʪʥʦʰʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʢʘʪʠʦʥʦʚ Fe
3+

 ʢ ʢʘʪʠʦʥʘʤ Fe
2+

 ʚ ɺ-ʧʦʟʠʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ 

ʥʘʥʦʯʘʩʪʠʮ. ʇʦʜʦʙʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʝʭʠʦʤʝʪʨʠʠ 

ʩʠʩʪʝʤʳ. ɼʣʷ ʤʘʩʩʠʚʥʦʛʦ ʦʙʨʘʟʮʘ ʩʪʝʭʠʦʤʝʪʨʠʯʥʦʛʦ ʤʘʛʥʝʪʠʪʘ ʚʩʝ ʧʦʜʦʙʥʳʝ ʦʪʥʦʰʝʥʠ ̫

ʜʦʣʞʥ rʙʳʪʴ ʨʘʚʥʳ ʝʜʠʥʠʮʝ. ʆʪʣʠʯʠʝ ʦʪʥʦʰʝʥʠʡ ʢʘʪʠʦʥʦʚ ʦʪ ʝʜʠʥʠʮʳ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʦʪʢʣʦʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʛʥʝʪʠʪʘ ʦʪ ʩʪʨʫʢʪʫʨʳ ʠʜʝʘʣʴʥʦʛʦ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʘʛʥʝʪʠʪʘ ʠʟ-ʟʘ ʚʣʠʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʤʘʣʳʤʠ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ. 

ʊʘʢʞʝ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʜʣʷ ʥʘʥʦʯʘʩʪʠʮ ʤʘʛʥʝʪʠʪʘ, ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʜʠʘʤʝʪʨʳ. ɺʠʜʥʦ, ʯʪʦ 

ʢʨʠʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʣʷ ʥʘʥʦʯʘʩʪʠʮ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʤʘʩʩʠʚʥʦʛʦ ʦʙʨʘʟʮʘ. ʕʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʥʦ ʩ ʥʘʨʫʰʝʥʠʝʤ ʩʠʤʤʝʪʨʠʠ ʠ ʥʘʣʠʯʠʝʤ ʦʙʦʨʚʘʥʥʳʭ ʩʚʷʟʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɸʚʪʦʨʦʤ ʩʪʘʪʴʠ [27] ʠʟʫʯʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ Hc 

ʥʘ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʤʠʣʣʠʤʝʪʨʦʚʳʭ ʢʨʠʩʪʘʣʣʘʭ ʤʘʛʥʝʪʠʪʘ ʚ ʩʝʨʠʠ ʠʟ ʰʝʩʪʥʘʜʮʘʪʠ 

ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 300 ʜʦ 10 K ʩ ʧʦʤʦʱʴʶ ʉʂɺʀɼ-ʤʘʛʥʠʪʦʤʝʪʨʘ. 

ʂʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ Hc ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʣʘʩʴ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 130 K, 

ʛʜʝ ʧʝʨʚʘʷ ʢʦʥʩʪʘʥʪʘ ʘʥʠʟʦʪʨʦʧʠʠ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ ʥʫʣʶ. Hc ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʝʟʢʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ɺʝʨʚʝʝʚʩʢʦʛʦ ʧʝʨʝʭʦʜʘ (Tv = 120 K), ʛʜʝ ʩʪʨʫʢʪʫʨʘ ʤʝʥʷʝʪʩʷ 

ʦʪ ʢʫʙʠʯʝʩʢʦʡ ʜʦ ʤʦʥʦʢʣʠʥʥʦʡ. ʇʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ɺʝʨʚʝʝʚʩʢʦʛʦ ʧʝʨʝʭʦʜʘ ʢʦʵʨʮʠʪʠʚʥʘʷ 

ʩʠʣʘ ʫʚʝʣʠʯʠʣʘʩʴ ʙʦʣʝʝ ʯʝʤ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ, ʦʪ 0,2 ʕ ʜʦ 24 ʕ. 
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ʄʘʛʛʝʤʠʪ ɔ-Fe2O3 ʠʤʝʝʪ ʜʝʬʬʝʢʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʰʧʠʥʝʣʠ. ʂʘʞʜʘʷ ʷʯʝʡʢʘ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʨʝʰʝʪʢʠ ʠʤʝʝʪ 8 ʠʦʥʦʚ Fe
3+

 ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ (ɸ-ʧʦʟʠʮʠʷ) ʠ 16 

ʠʦʥʦʚ Fe
3+ 
ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ (B-ʧʦʟʠʮʠʷ) ʢʠʩʣʦʨʦʜʘ [28]. ɺ ʧʨʠʨʦʜʝ ʤʘʛʛʝʤʠʪ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʦʢʠʩʣʝʥʠʷ ʤʘʛʥʝʪʠʪʘ. 

ʇʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʦʜʘʤʠ ʩʪʘʥʜʘʨʪʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʤʘʛʥʝʪʠʪ ʠ ʤʘʛʛʝʤʠʪ ʦʯʝʥʴ ʩʣʦʞʥʦ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʦʙʘ 

ʚʝʱʝʩʪʚʘ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʢʫʙʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʠ ʧʘʨʘʤʝʪʨʳ ʠʭ ʨʝʰʝʪʢʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ. ɸʚʪʦʨʳ ʩʪʘʪʴʠ [29] ʧʨʝʜʣʘʛʘʶʪ ʩʧʦʩʦʙ ʦʮʝʥʢʠ ʥʘʣʠʯʠʷ ʩʤʝʩʠ 

ʤʘʛʥʝʪʠʪ-ʤʘʛʛʝʤʠʪ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʝʸ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʠʢʠ ʜʝʢʦʥʚʦʣʶʮʠʠ ʧʠʢʦʚ. ɸʥʘʣʠʟ ʜʠʬʨʘʢʪʦʛʨʘʤʤ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʚ ʦʙʣʘʩʪʠ ʭʘʨʘʢʪʝʨʥʳʭ ʧʠʢʦʚ, ʚʳʷʚʠʣʠ 

ʥʘʣʠʯʠʝ ʩʤʝʩʠ ʬʘʟ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʩʤʝʩʠ ʬʘʟ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʨʦʝʥʠʷ 

ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ, ʠʩʧʦʣʴʟʫʷ ʯʠʩʪʳʝ ʧʦʨʦʰʢʠ ʤʘʛʥʝʪʠʪʘ ʠ ʤʘʛʛʝʤʠʪʘ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʤʝʪʦʜʦʤ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʬʘʟ ʤʘʛʛʝʤʠʪʘ ʠ ʤʘʛʥʝʪʠʪʘ ʚ 

ʩʤʝʩʠ ï 5,6/4,4. ʀʟʤʝʨʝʥʥʳʝ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [30] ʩʧʝʢʪʨʳ ʤʘʛʛʝʤʠʪʘ (ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ 4,6 ʥʤ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 4,2 ʂ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʫʧʝʨʧʦʟʠʮʠʶ ʜʚʫʭ 

ʧʘʨʮʠʘʣʴʥʳʭ ʩʧʝʢʪʨʦʚ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʪʦʤʘʤ ʪʨʝʭʚʘʣʝʪʥʦʛʦ ʞʝʣʝʟʘ ʚ ɸ- ʠ ɺ-

ʧʦʜʨʝʰʝʪʢʘʭ. 
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ɻʃɸɺɸ 2. ʄɽʊʆɼʀʂɸ ʕʂʉʇɽʈʀʄɽʅʊɸ 

 

2.1. ʋʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʠ ʩʧʦʩʦʙʳ ʠʭ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʣʘʙʦʨʘʪʦʨʠʝʡ ʨʝʣʠʢʪʦʚʳʭ ʤʠʢʨʦʙʥʳʭ 

ʩʦʦʙʱʝʩʪʚ ʀʥʩʪʠʪʫʪʘ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʠʤ. ʉ.ʅ. ɺʠʥʦʛʨʘʜʩʢʦʛʦ ʈɸʅ (ʀʅʄʀ ʈɸʅ), ʠ ʚʩʝ 

ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʜʛʦʪʦʚʢʦʡ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙ, ʩʠʥʪʝʟʦʤ ʠ ʧʨʠʛʦʪʦʚʣʝʥʠʝʤ 

ʪʚʝʨʜʳʭ ʬʘʟ, ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʪʨʫʜʥʠʢʘʤʠ ʵʪʦʡ ʣʘʙʦʨʘʪʦʨʠʠ. 

ʉʨʝʜʘ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʙʘʢʪʝʨʠʠ Thermincola Ferriacetica ʩʦʜʝʨʞʠʪ (ʛ/ʣ): NH4Cl 

(0,33); KH2PO4 (0,33); MgCl6 6H2O (0,33); CaCl2 6H2O (0,33); KCl (0,33); ʜʨʦʞʞʝʚʦʡ 

ʵʢʩʪʨʘʢʪ (0,05); NaHCO3 (0,7); ʘʮʝʪʘʪ ʥʘʪʨʠʷ (20 ʤʄ); ʨʘʩʪʚʦʨ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʧʦ 

ʂʝʚʙʨʠʥʫ (1ʤʣ/ʣ). ʇʦʩʣʝ ʩʪʝʨʠʘʣʠʟʘʮʠʠ pH ʩʨʝʜʳ ʙʳʣ ʨʘʚʝʥ 7 [15]. 

ʉʨʝʜʘ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʙʘʢʪʝʨʠʠ Geoalkalibacter ferrihydriticus ʩʦʜʝʨʞʠʪ (ʛ/ʣ): 

KH2PO4 (0,2); MgCl2 (0,1); NH4Cl (0,5); KCl (0,2); NaCl (1,0); Na2CO3 (3,0); NaHCO3 (10,0); 

ʜʨʦʞʞʝʚʦʡ ʵʢʩʪʨʘʢʪ (0,1), ʘʮʝʪʘʪ (1,0); ʨʘʩʪʚʦʨ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʧʦ ʂʝʚʙʨʠʥʫ (1ʤʣ/ʣ). 

ʇʦʩʣʝ ʩʪʝʨʠʘʣʠʟʘʮʠʠ pH ʩʨʝʜʳ ʙʳʣ ʨʘʚʝʥ 9,5 [16]. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʬʝʨʨʠʛʠʜʨʠʪ Fe(OH)3 (ʉʌ) ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʠʪʨʦʚʘʥʠʷ 

FeCl3 10%-ʥʳʤ ʨʘʩʪʚʦʨʦʤ NaOH. ɺʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʨʘʩʪʚʦʨʳ ʤʠʥʝʨʘʣʴʥʳʭ ʩʨʝʜ, 

ʩʦʜʝʨʞʘʱʠʭ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ, ʨʘʟʣʠʚʘʣʠ ʚʦ ʬʣʘʢʦʥʳ (ʘʥʘʵʨʦʙʥʦ ʧʦʜ ʪʦʢʦʤ 

100% N2). ʇʦʩʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʙʳʣʦ ʠʥʢʫʙʠʨʦʚʘʥʠʝ ʠʥʦʢʫʣʠʨʦʚʘʥʥʳʭ ʬʣʘʢʦʥʦʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 35Áʉ.  

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʢ ʘʥʘʣʠʟʫ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʥʪʘʢʪʘ ʧʦʣʫʯʝʥʥʳʭ 

ʦʩʘʜʢʦʚ ʩ ʘʪʤʦʩʬʝʨʦʡ ʠ ʠʭ ʦʢʠʩʣʝʥʠʷ ʧʨʠ ʚʩʢʨʳʪʠʠ ʬʣʘʢʦʥʦʚ ʠʭ ʩʦʜʝʨʞʠʤʦʝ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 5000 ʦʙ/ʤʠʥ. ʇʦʩʣʝ ʵʪʦʛʦ ʩʣʠʚʘʣʠ ʥʘʜʦʩʘʜʦʯʥʫʶ ʞʠʜʢʦʩʪʴ, ʘ 

ʩʪʘʢʘʥʳ ʧʦʤʝʱʘʣʠ ʚ ʵʢʩʠʢʘʪʦʨ ʩ ʉʘʉl2, ʦʪʢʫʜʘ ʦʪʢʘʯʠʚʘʣʠ ʚʦʟʜʫʭ ʚʘʢʫʫʤʥʳʤ ʥʘʩʦʩʦʤ 

ʠ ʟʘʧʦʣʥʷʣʠ N2. ʆʙʨʘʟʮʳ ʩʫʰʠʣʠ ʚ ʚʘʢʫʫʤʝ ʚ ʪʝʨʤʦʩʪʘʪʝ ʧʨʠ 37 ÁC. ɺʳʩʫʰʝʥʥʳʝ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʩʘʜʢʠ ʥʝ ʪʝʨʷʣʠ ʩʚʦʠʭ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʠ ʥʝ ʧʦʜʚʝʨʛʘʣʠʩʴ 

ʦʢʠʩʣʝʥʠʶ.  

ʏʘʩʪʠʮʳ ʧʨʦʜʫʢʪʦʚ ʤʝʪʘʙʦʣʠʟʤʘ ʙʘʢʪʝʨʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʪʠʨʘʣʠʩʴ ʚ ʷʰʤʦʚʦʡ ʩʪʫʧʢʝ ʧʦʜ ʩʣʦʝʤ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ɿʘʪʝʤ ʧʦʩʣʝ 

ʪʦʛʦ, ʢʘʢ ʩʧʠʨʪ ʠʩʧʘʨʠʣʩʷ, ʦʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʦʜʥʦʨʦʜʥʳʡ ʧʦʨʦʰʦʢ. ɼʣʷ 

ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʦʙʨʘʟʮʳ 

ʩʧʨʝʩʩʦʚʳʚʘʣʠʩʴ ʚ ʧʘʨʘʬʠʥʦʚʳʝ ʪʘʙʣʝʪʢʠ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʚ 

ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʷ. ʆʜʥʘʢʦ ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʘʨʘʬʠʥʦʚʳʝ ʪʘʙʣʝʪʢʠ ʚ ʩʣʫʯʘʝ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʪʘʢ ʢʘʢ ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʘʨʘʬʠʥ ʥʘʯʠʥʘʝʪ 
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ʨʘʟʨʫʰʘʪʴʩʷ. ɼʣʷ ʪʘʢʠʭ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʣʝʢʩʠʛʣʘʩʦʚʳʝ ʙʶʢʩʳ. ɸ ʚ ʩʣʫʯʘʝ 

ʠʟʤʝʨʝʥʠʡ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʦʙʨʘʟʝʮ ʙʳʣ ʩʧʨʝʩʩʦʚʘʥ ʠ ʟʘʚʝʨʥʫʪ ʚ ʬʦʣʴʛʫ. 

ʊʦʣʱʠʥʘ ʦʙʨʘʟʮʦʚ ʚʳʙʠʨʘʣʘʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚʝʣʠʯʠʥʘ 

ʚʠʜʠʤʦʛʦ ʵʬʬʝʢʪʘ ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ, ʘ ʩ ʜʨʫʛʦʡ ï ʯʪʦʙʳ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʡ ʩʧʝʢʪʨ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʣ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ñʵʬʬʝʢʪ ʥʘʩʳʱʝʥʠʷò [31,32]. 

 

2.2. ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʛʦ 

ʩʧʝʢʪʨʦʤʝʪʨʘ 1104ʄ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ ʞʠʜʢʦʛʦ ʘʟʦʪʘ 

ʠ ʛʝʣʠʷ. ɼʣʷ ʠʟʤʝʨʝʥʠʡ ʧʨʠʤʝʥʷʣʠʩʴ ʘʟʦʪʥʳʡ ʠ ʛʝʣʠʝʚʳʡ ʢʨʠʦʩʪʘʪʳ. 

 

2.2.1. ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʡ ʩʧʝʢʪʨʦʤʝʪʨ 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʥʘʙʣʶʜʝʥʠʷ ʵʬʬʝʢʪʘ ʄʸʩʩʙʘʫʵʨʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.1. 

 

 

 

 

 

 

S ï ʠʩʪʦʯʥʠʢ ɔ-ʢʚʘʥʪʦʚ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʛʦ ʧʝʨʝʭʦʜʘ (ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʡ ʠʩʪʦʯʥʠʢ); 

A ï ʧʦʛʣʦʪʠʪʝʣʴ (ʚ ʛʝʦʤʝʪʨʠʠ ʨʘʩʩʝʠʚʘʥʠʷ ï ʨʘʩʩʝʠʚʘʪʝʣʴ), ʢʘʢ ʧʨʘʚʠʣʦ ʠʩʩʣʝʜʫʝʤʳʡ 

ʦʙʨʘʟʝʮ. 

ʀʩʪʦʯʥʠʢ ɔ-ʣʫʯʝʡ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʠʤʝʪʴ ʙʦʣʴʰʦʡ 

ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ ʤʘʪʝʨʠʥʩʢʦʛʦ ʷʜʨʘ (ʚ ʩʣʫʯʘʝ ʨʘʩʧʘʜʘ ʢʦʪʦʨʦʛʦ ʨʦʞʜʘʝʪʩʷ ʷʜʨʦ 

ʨʝʟʦʥʘʥʩʥʦʛʦ ʠʟʦʪʦʧʘ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ), ʵʥʝʨʛʠʷ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʛʦ ʧʝʨʝʭʦʜʘ 

ʜʦʣʞʥʘ ʙʳʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʡ (ʯʪʦʙʳ ʵʥʝʨʛʠʷ ʦʪʜʘʯʠ ʥʝ ʧʨʝʚʳʩʠʣʘ ʵʥʝʨʛʠʶ, 

ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʩʤʝʱʝʥʠʷ ʘʪʦʤʘ ʠ ʫʟʣʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ). ɼʣʷ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩʧʣʘʚʦʚ ʞʝʣʝʟʘ ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʤʘʪʝʨʠʥʩʢʠʡ ʜʣʷ 

ʠʟʦʪʦʧʘ 57Fe ʠʟʦʪʦʧ 57Co ʩ ʧʝʨʠʦʜʦʤ ʧʦʣʫʨʘʩʧʘʜʘ 270 ʜʥʝʡ. ʆʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪ 

ʠʩʪʦʯʥʠʢʠ ʘʢʪʠʚʥʦʩʪʴʶ 1 õ 100 ʤʂʠ. 

ʈʠʩ. 1. ɹʣʦʢïʩʭʝʤʘ  ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ 

S A 

ɺʠʙʨʘʪʦʨ ˑ̆̓̆̋̓̏̑ ˍ̎́̌̉̈́̓̏̑ ˪ˏ ̇

ɾ 
v 
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ɻʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʠʩʪʦʯʥʠʢʘ 2 ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʩʚʠʥʮʦʚʳʡ ʢʦʣʣʠʤʘʪʦʨ (ʥʘ ʨʠʩʫʥʢʝ 

ʥʝ ʧʦʢʘʟʘʥ), ʧʦʧʘʜʘʝʪ ʥʘ ʧʦʛʣʦʪʠʪʝʣʴ 3 ï ʠʩʩʣʝʜʫʝʤʦʝ ʚʝʱʝʩʪʚʦ. ɼʝʪʝʢʪʦʨ 4 (ʥʘʧʨʠʤʝʨ, 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʢʨʠʩʪʘʣʣ ʩ ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʤ ʠʣʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʩʯʸʪʯʠʢ) 

ʨʝʛʠʩʪʨʠʨʫʝʪ ʧʦʪʦʢ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʙʳʯʥʳʤ 

ʥʝʨʝʟʦʥʘʥʩʥʳʤ, ʪʘʢ ʠ ʨʝʟʦʥʘʥʩʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ. ʅʘʩʪʨʦʡʢʘ ʥʘ ʨʝʟʦʥʘʥʩ ʠ ʝʛʦ ʨʘʩʩʪʨʦʡʢʘ 

ʜʦʩʪʠʛʘʶʪʩʷ ʧʫʪʸʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦʜʙʦʨʘ ʚʝʣʠʯʠʥʳ ʠ ʟʥʘʢʘ ʜʦʧʣʝʨʦʚʩʢʦʡ ʩʢʦʨʦʩʪʠ 

V ʠʩʪʦʯʥʠʢʘ, ʢʦʪʦʨʘʷ ʟʘʜʘʝʪʩʷ ʤʦʜʫʣʷʪʦʨʦʤ. ʄʥʦʛʦʢʘʥʘʣʴʥʳʡ ʘʥʘʣʠʟʘʪʦʨ ʠʤʧʫʣʴʩʦʚ ʜʘʸʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʜʝʣʴʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʠʤʧʫʣʴʩʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʩʢʦʨʦʩʪʠ V. 

ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʡ ʩʧʝʢʪʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʚʠʩʠʤʦʩʪʴ ʯʠʩʣʘ ʠʤʧʫʣʴʩʦʚ N, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʪʝʯʝʥʠʝ ʩʪʨʦʛʦ ʟʘʜʘʚʘʝʤʦʛʦ ʚʨʝʤʝʥʠ, ʦʪ ʜʦʧʣʝʨʦʚʩʢʦʡ ʩʢʦʨʦʩʪʠ Vi 

(i ï ʥʦʤʝʨ ʪʦʯʢʠ). ʕʥʝʨʛʠʷ ɔ-ʢʚʘʥʪʘ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ ʠʟʤʝʥʷʝʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ 

  

ʛʜʝ V ï ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʛʣʦʪʠʪʝʣʷ; ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ; ɗ ï ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʚʠʞʝʥʠʷ 

ʠʩʪʦʯʥʠʢʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʧʫʩʢʘʥʠʷ ɔ-ʢʚʘʥʪʦʚ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʫʛʦʣ ɗ  ʧʨʠʥʠʤʘʝʪ ʪʦʣʴʢʦ 2 ʟʥʘʯʝʥʠʷ ɗ =0 ʠ ˊ/2, ʪʦ  

  

 (ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʥʘʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʙʣʠʞʝʥʠʶ, ʘ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ï ʫʜʘʣʝʥʠʶ 

ʠʩʪʦʯʥʠʢʘ ʦʪ ʧʦʛʣʦʪʠʪʝʣʷ) [33]. 

 

2.2.2. ɸʟʦʪʥʳʡ ʢʨʠʦʩʪʘʪ 

 

ʄʘʣʦʛʘʙʘʨʠʪʥʳʡ ʢʨʠʦʛʝʥʥʳʡ ʢʦʤʧʣʝʢʩ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʛʘʤʤʘ-

ʨʝʟʦʥʘʩʥʳʭ (ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ) ʠʟʤʝʨʝʥʠʡ ʚ  ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 53  360 K, ʪʦʯʥʦʩʪʴ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʥʴʰʝ Ñ 0,1 K. ʊʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʘʧʘʟʦʥʝ 78  293 K 

ʜʦʩʪʠʛʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ  ʪʝʨʤʦʢʣʶʯʘ,  ʚ ʜʠʘʧʘʟʦʥʝ 53  78 K ï ʦʪʢʘʯʢʦʡ ʘʟʦʪʘ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʢʨʠʦʩʪʘʪʘ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʜʫʨʫ ʩʤʝʥʳ ʦʙʨʘʟʮʦʚ. 

ʋʩʪʘʥʦʚʢʘ ʪʝʨʤʦʢʣʶʯʘ  ʧʨʦʠʟʚʦʜʠʪʩʷ ʙʝʟ ʨʘʟʚʘʢʫʫʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʙʦʨʢʠ ʢʨʠʦʩʪʘʪʘ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʪʦʯʥʳʭ, ʢʨʠʦʩʪʘʪ ʥʝ ʪʨʝʙʫʝʪ  ʚʥʝʰʥʠʭ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʭʦʪʷ, ʧʨʠ ʞʝʣʘʥʠʠ, 

ʤʦʞʝʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʚ ʧʨʦʪʦʯʥʦʤ ʨʝʞʠʤʝ. ʂʦʥʩʪʨʫʢʮʠʷ ʢʨʠʦʩʪʘʪʘ ʤʠʥʠʤʠʟʠʨʫʝʪ 

ʚʠʙʨʘʮʠʠ ʦʪ ʢʠʧʝʥʠʷ ʭʣʘʜʘʛʝʥʪʦʚ. 

 

 

 

 



12 
 

2.2.3. ɻʝʣʠʝʚʳʡ ʢʨʠʦʩʪʘʪ 

 

ʂʨʠʦʩʪʘʪ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ (ɿʎ) ʬʠʨʤʳ Janis ʩʝʨʠʠ SHI ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʜʦʙʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝ ʦʙʨʘʟʮʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʞʝ 4 K ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʦʙʣʘʩʪʠ ʦʧʪʠʢʠ ʠ ʵʣʝʢʪʨʠʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 3,5 ʜʦ 

300 K. ʉʠʩʪʝʤʳ ɿʎ ʥʝ ʪʨʝʙʫʶʪ ʥʠʢʘʢʦʛʦ ʞʠʜʢʦʛʦ ʛʝʣʠʷ ʠʣʠ ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʢʘʢ ʠʩʪʦʯʥʠʢʘ 

ʦʭʣʘʞʜʝʥʠʷ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʜʘʚʣʝʥʠʝ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʛʝʣʠʷ ʫʤʝʥʴʰʘʝʪʩʷ 

ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ɻʠʬʬʦʨʜʘ-ʄʘʢʄʘʭʦʥʘ. ɺʦ 

ʚʨʝʤʷ ʬʘʟʳ ʨʘʩʰʠʨʝʥʠʷ ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʭʣʘʞʜʘʶʱʝʛʦ ʧʘʣʴʮʘ, ʥʘ ʢʦʪʦʨʦʤ 

ʫʩʪʘʥʦʚʣʝʥ ʦʙʨʘʟʝʮ, ʧʦʥʠʞʘʝʪʩʷ. ʅʘʛʨʝʚʘʪʝʣʴ ʠ ʪʝʨʤʦʤʝʪʨ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʦʭʣʘʞʜʘʶʱʝʤ 

ʧʘʣʴʮʝ ʜʣʷ ʪʦʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘ ʦʙʨʘʟʮʝ. 

 

2.3. ʂʘʣʠʙʨʦʚʢʘ ʩʧʝʢʪʨʦʤʝʪʨʘ 

 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʦʚ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʩʪʨʦʝʥʠʠ 

ʦʙʨʘʟʮʘ, ʥʫʞʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʢʘʥʘʣʘʤ ʩʧʝʢʪʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʦʧʧʣʝʨʦʚʩʢʠʝ ʩʢʦʨʦʩʪʠ, 

ʯʪʦ ʧʦʟʚʦʣʠʪ ʥʘʡʪʠ ʚʝʣʠʯʠʥʫ ʩʜʚʠʛʘ ʠ/ʠʣʠ ʨʘʩʱʝʧʣʝʥʠʷ ʷʜʝʨʥʳʭ ʫʨʦʚʥʝʡ ʚ ʘʪʦʤʘʭ  
57

Fe. 

ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʢʪʨ ʵʪʘʣʦʥʥʦʛʦ ʦʙʨʘʟʮʘ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ Ŭ-Fe, ʜʣʷ ʢʦʪʦʨʦʛʦ ʵʪʠ 

ʚʝʣʠʯʠʥʳ ʫʞʝ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʩ ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ. 

 

  

ʈʠʩ. 2. ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʡ ʩʧʝʢʪʨ ʵʪʘʣʦʥʥʦʛʦ ʦʙʨʘʟʮʘ Ŭ ïFe 
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ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʟʚʣʝʯʴ ʠʟ ʩʧʝʢʪʨʘ ʧʦʣʝʟʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ 

ʝʛʦ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʘ ʠʤʝʥʥʦ ʩʜʚʠʛ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʣʠʥʠʠ ŭ, ʢʚʘʜʨʫʧʦʣʴʥʦʝ 

ʩʤʝʱʝʥʠʝ Ů  ʠ ʩʚʝʨʭʪʦʥʢʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ Hn. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʬʦʨʤʳ 

ʩʧʝʢʪʨʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ɔ-ʢʚʘʥʪʦʚ ʠ ʧʨʠʝʤʥʠʢʘ. 

 

2.4. ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʡ ʩʧʝʢʪʨ ʠ ʝʛʦ ʧʘʨʘʤʝʪʨʳ 

 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʥʷʪʠʡ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʚʦʡʩʪʚ ʘʪʦʤʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʘʪʦʤʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʥʷʪʠʝ ʣʦʢʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʧʦʜ ʢʦʪʦʨʳʤ 

ʧʦʥʠʤʘʶʪ ʠʟʤʝʥʝʥʠʝ ʦʪ ʧʦʟʠʮʠʠ ʢ ʧʦʟʠʮʠʠ ʩʚʦʡʩʪʚ ʠ ʩʦʩʪʦʷʥʠʷ ʘʪʦʤʦʚ ʦʜʥʦʛʦ ʩʦʨʪʘ. 

ʉʚʦʡʩʪʚʘ ʘʪʦʤʦʚ ʟʘʚʠʩʷʪ ʚ ʦʩʥʦʚʥʦʤ ʦʪ ʝʛʦ ʦʢʨʫʞʝʥʠʷ. ʃʦʢʘʣʴʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 

ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʧʨʠʯʠʥʝ ʝʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʪʦ ʝʩʪʴ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʘʪʦʤʥʦʛʦ ʦʢʨʫʞʝʥʠʷ: 

 ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʦʢʨʫʞʘʶʱʠʭ ʧʦʟʠʮʠʶ ʘʪʦʤʦʚ); 

 ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʨʫʞʝʥʠʷ ï ʯʠʩʣʦ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʘʪʦʤʦʚ 

ʨʘʟʥʦʛʦ ʩʦʨʪʘ ʧʦ ʧʦʟʠʮʠʷʤ; 

 ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʨʫʞʝʥʠʷ ï ʩʧʠʥ, ʦʨʙʠʪʘʣʴʥʳʡ ʠ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪʳ 

ʘʪʦʤʘ, ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ. 

 

ʉʚʝʨʭʪʦʥʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ ʷʜʝʨ 
57

Fe, ʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʣʦʢʘʣʴʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʚʝʨʭʪʦʥʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʷʚʣʷʶʪʩʷ 

ʢʚʘʜʨʫʧʦʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ Ů, ʩʜʚʠʛ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ 

ʣʠʥʠʠ ŭ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ Hn. 

ʂʚʘʜʨʫʧʦʣʴʥʦʝ ʩʤʝʱʝʥʠʝ Ů ʢʦʤʧʦʥʝʥʪ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʣʠʥʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʢʚʘʜʨʫʧʦʣʴʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. ʂʚʘʜʨʫʧʦʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʚʦʟʥʠʢʘʝʪ ʧʨʠ 

ʥʘʭʦʞʜʝʥʠʠ ʷʜʨʘ ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ, ʯʘʩʪʠʯʥʦ ʩʥʠʤʘʶʱʝʤ ʚʳʨʦʞʜʝʥʠʝ 

ʧʦ ʤʘʛʥʠʪʥʦʤʫ ʢʚʘʥʪʦʚʦʤʫ ʯʠʩʣʫ mJ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ ʛʨʘʜʠʝʥʪ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʷʜʨʘ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ 

ʟʘʨʷʜʦʚ ʠʦʥʥʳʭ ʦʩʪʦʚʦʚ ʦʢʨʫʞʘʶʱʠʭ ʘʪʦʤʦʚ; ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ; ʚʘʣʝʥʪʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʛʦ ʘʪʦʤʘ. ʂʚʘʜʨʫʧʦʣʴʥʦʝ ʩʤʝʱʝʥʠʝ Ů ʢʦʤʧʦʥʝʥʪ ʩʚʝʨʭʪʦʥʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʯʠʩʣʝ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʦʟʠʮʠʡ, ʦ ʩʠʤʤʝʪʨʠʠ ʙʣʠʞʘʡʰʝʛʦ 

ʦʢʨʫʞʝʥʠʷ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʷʜʝʨ, ʦʙ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʚʘʣʝʥʪʥʦʩʪʠ ʘʪʦʤʦʚ. 
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ʇʘʨʘʤʝʪʨ Ů ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʣʦʢʘʣʴʥʳʤ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤ. 

ʉʜʚʠʛ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʣʠʥʠʠ ŭ ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʤʦʥʦʧʦʣʴʥʦʛʦ ʩʚʝʨʭʪʦʥʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ ʠʟʦʤʝʨʥʦʛʦ ŭI ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ŭT ʩʜʚʠʛʦʚ: ŭ = ŭI + ŭT. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʩʜʚʠʛ ŭT ʦʙʫʩʣʦʚʣʝʥ ʵʬʬʝʢʪʦʤ 

ɼʦʧʣʝʨʘ, ʢʦʪʦʨʳʡ ʚʦʟʥʠʢʘʝʪ ʙʣʘʛʦʜʘʨʷ ʪʝʧʣʦʚʦʤʫ ʜʚʠʞʝʥʠʶ ʷʜʝʨ. ʀʟʦʤʝʨʥʳʡ ʩʜʚʠʛ ŭI 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʣʠʯʠʝʤ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʷʜʨʘ ʜʣʷ 

ʠʩʪʦʯʥʠʢʘ   ʠ ʧʦʛʣʦʪʠʪʝʣʷ 
2

0
a

e : 

 

Ŭ ï ʢʘʣʠʙʨʦʚʦʯʥʘʷ ʢʦʥʩʪʘʥʪʘ ʩʚʷʟʠ.  

ʕʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʥʘ ʷʜʨʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʘ ʩ ʵʣʝʢʪʨʦʥʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʘʪʦʤʘ. ʀʟʤʝʨʝʥʠʷ ʠʟʦʤʝʨʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʟʤʝʥʝʥʠʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʥʘ ʷʜʨʝ, ʦʪʨʘʞʘʶʱʝʤ ʠʟʤʝʥʝʥʠʷ ʚ ʭʘʨʘʢʪʝʨʝ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʠʣʠ ʚ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩʠʩʪʝʤʳ. ʉʜʚʠʛ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʣʠʥʠʠ ŭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʙʣʠʞʘʡʰʠʤ ʘʪʦʤʥʳʤ ʦʢʨʫʞʝʥʠʝʤ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤ. 

ʕʬʬʝʢʪʠʚʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʷʜʨʘ Hn ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʤʘʛʥʠʪʥʦʝ ʜʠʧʦʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ɽʛʦ ʧʦʷʚʣʝʥʠʝ ʥʘ ʷʜʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʘʤʠʤ 

ʘʪʦʤʦʤ, ʪʘʢ ʠ ʝʛʦ ʦʢʨʫʞʝʥʠʝʤ. ɽʛʦ ʧʦʷʚʣʝʥʠʝ ʥʘ ʷʜʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʘʤʠʤ ʘʪʦʤʦʤ, ʪʘʢ 

ʠ ʝʛʦ ʦʢʨʫʞʝʥʠʝʤ. ʇʦʣʝ Hn ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: Hn = HFermi + HL + HS + Hdip + Hc + 

HLor + Hdem. ʆʩʥʦʚʥʳʤʠ ʚʢʣʘʜʘʤʠ ʷʚʣʷʶʪʩʷ: HFermi ï ʧʦʣʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʢʦʥʪʘʢʪʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʌʝʨʤʠ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʥʘ ʘʪʦʤʝ s ʵʣʝʢʪʨʦʥʦʚ ʩ ʷʜʨʦʤ, HL, HS ï ʧʦʣʷ, 

ʩʦʟʜʘʚʘʝʤʳʝ ʦʨʙʠʪʘʣʴʥʳʤ ʤʦʤʝʥʪʦʤ L ʠ ʩʧʠʥʦʤ S ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʠ ʜʘʥʥʦʛʦ ʘʪʦʤʘ, 

Hdip ï ʚʢʣʘʜ ʦʪ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʜʨʘ ʩ ʦʢʨʫʞʘʶʱʠʤʠ ʘʪʦʤʘʤʠ, Hc ï 

ʚʢʣʘʜ ʦʪ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩ ʷʜʨʦʤ, HLor, Hdem ï 

ʣʦʨʝʥʮʝʚʩʢʦʝ ʠ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʝ ʧʦʣʷ. 

ɼʘʥʥʳʝ ʦ ʚʝʣʠʯʠʥʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʷʜʨʘ 

Hn ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʤʘʛʥʠʪʥʦʡ, ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ 

ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ [33]. 
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2.5. ʆʙʨʘʙʦʪʢʘ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʩʧʝʢʪʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʛʨʘʤʤʘ SpectrRelax, ʚʭʦʜʷʱʘʷ ʚ ʩʦʩʪʘʚ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ MsTools, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʥʝʩʢʦʣʴʢʦ 

ʥʝʟʘʚʠʩʠʤʳʭ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʝʨʭʪʦʥʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʘʨʮʠʘʣʴʥʳʭ ʩʧʝʢʪʨʦʚ, ʘ 

ʪʘʢ ʞʝ ʧʨʦʚʦʜʠʪʴ ʤʦʜʝʣʴʥʫʶ ʨʘʩʰʠʬʨʦʚʢʫ [33,34,35]. 

ʄʦʜʝʣʴʥʘʷ ʨʘʩʰʠʬʨʦʚʢʘ ʩʧʝʢʪʨʘ. ʆʛʠʙʘʶʱʘʷ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ ʚ 

ʧʨʦʛʨʘʤʤʝ ʟʘʜʘʝʪʩʷ ʚ ʚʠʜʝ ʩʫʧʝʨʧʦʟʠʮʠʠ ʣʶʙʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʮʠʘʣʴʥʳʭ ʩʧʝʢʪʨʦʚ ʠʟ 

ʜʦʩʪʫʧʥʦʛʦ ʥʘʙʦʨʘ ʤʦʜʝʣʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚʝʣʠʯʠʥʳ, ʠʤʝʶʱʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ: ʩʜʚʠʛ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʣʠʥʠʠ, 

ʢʚʘʜʨʫʧʦʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ʩʧʝʢʪʨʘ, ʩʚʝʨʭʪʦʥʢʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʧʣʦʱʘʜʴ 

ʩʧʝʢʪʨʘ, ʧʣʦʱʘʜʠ ʠ ʰʠʨʠʥʳ ʢʦʤʧʦʥʝʥʪʘ ʩʧʝʢʪʨʘ, ʩʢʦʨʦʩʪʠ ʨʝʣʘʢʩʘʮʠʠ. ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ 

ʣʝʞʠʪ ʤʠʥʠʤʠʟʘʮʠʷ ʬʫʥʢʮʠʦʥʘʣʘ 

 

 

ʛʜʝ   ï ʥʘʙʦʨ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ ; 
 
ï ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 

ʚʝʣʠʯʠʥʳ , ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ ʘʨʛʫʤʝʥʪʘ , ʠ ʩʦʛʣʘʩʥʦ ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ (2) ; - ʩʪʘʥʜʘʨʪʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʠ  (3) ï çʚʝʩè ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ . ʇʦʠʩʢ ʦʧʪʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʨʠʪʝʨʠʝʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʨʘʚʜʦʧʦʜʦʙʠʷ (ʢʨʠʪʝʨʠʡ ) ʤʝʪʦʜʦʤ ʃʝʚʝʥʙʝʨʛʘ ï ʄʘʨʢʚʘʨʜʪʘ [35]. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʧʝʢʪʨʘ.  

ɺ ʦʩʥʦʚʫ ʤʝʪʦʜʘ ʧʦʣʦʞʝʥ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʦʙʦʙʱʝʥʥʳʡ ʤʝʪʦʜ ʨʝʛʫʣʷʨʠʟʘʮʠʠ - 

ʤʠʥʠʤʠʟʘʮʠʷ ʬʫʥʢʮʠʦʥʘʣʘ  ʚʠʜʘ: 
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ɿʜʝʩʴ:  

  ï ʠʩʭʦʜʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʧʝʢʪʨ (j=1, é , n; n ï ʯʠʩʣʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʦʯʝʢ);  

  ï ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʚ ʩʧʝʢʪʨʝ;  

  ï ʠʩʢʦʤʘʷ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ s-ʛʦ ʷʜʨʘ (k=1, é, rs; rs ï 

ʨʘʟʤʝʨʥʦʩʪʴ s-ʦʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ; s=1,...S, S ï ʯʠʩʣʦ ʨʝʩʪʘʚʨʠʨʫʝʤʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ);  

  ï ʤʘʪʨʠʮʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʜʣʷ s-ʦʛʦ ʷʜʨʘ ʧʘʨʮʠʘʣʴʥʳʡ ʩʧʝʢʪʨ, ʢʦʪʦʨʳʡ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ k-ʦʤʫ ʥʘʙʦʨʫ ʧʘʨʘʤʝʪʨʦʚ , , Hn ʠ ɻ ;  

  ï ʤʘʪʨʠʮʘ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʩʪʝʧʝʥʴʶ ʧʨʦʠʟʚʦʜʥʦʡ, ʧʦ 

ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʨʝʛʫʣʷʨʠʟʘʮʠʠ;  

  ï ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʧʨʠʦʨʥʦ ʠʤʝʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʝʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ, ʚ ʦʙʣʘʩʪʠ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʠʩʢ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ;  

  ï ʧʘʨʘʤʝʪʨʳ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʜʣʷ s-ʦʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ;  

  ï "ʞʝʩʪʢʦʩʪʴ" ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʚ ʪʦʯʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, 

ʠʤʝʶʱʘʷ ʩʤʳʩʣ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ. 

ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʧʦʠʩʢ ʚʦʟʤʦʞʥʳʭ ʣʠʥʝʡʥʳʭ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʧʝʢʪʨʘ ʚ ʨʘʤʢʘʭ ʢʘʞʜʦʛʦ ʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʡ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʩʦʙʝʥʥʦ 

ʚʘʞʥʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ [33]. 

 

2.6. ʄʘʛʥʠʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʘʛʥʠʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʢʘʬʝʜʨʝ ʤʘʛʥʝʪʠʟʤʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ Lake Shore. 

 

2.6.1. ɺʠʙʨʘʮʠʦʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ Lake Shore 

 

ʄʘʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʦʙʨʘʟʮʦʚ ʙʘʢʪʝʨʠʠ Thermincola Ferriacetica ʙʳʣʠ 

ʧʨʦʠʟʚʝʜʝʥʳ ʥʘ ʚʠʙʨʘʮʠʦʥʥʦʤ ʤʘʛʥʠʪʦʤʝʪʨʝ ʬʠʨʤʳ Lake Shore. ɼʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʟʠʨʦʚʘʥʥʦʡ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʠʟʘʮʠʶ 
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ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. 

ʆʙʨʘʟʝʮ ʢʨʝʧʠʣʩʷ ʥʘ ʢʚʘʨʮʝʚʳʡ ʰʪʦʢ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʣʝʷ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʚ ʰʠʨʦʢʠʭ ʜʠʘʧʘʟʦʥʘʭ ʪʝʤʧʝʨʘʪʫʨ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʦʙʨʘʟʝʮ ʨʘʩʧʦʣʘʛʘʣʩʷ ʤʝʞʜʫ ʧʦʣʶʩʥʳʤʠ ʥʘʢʦʥʝʯʥʠʢʘʤʠ, 

ʨʘʚʥʦʫʜʘʣʝʥʦ ʦʪ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ.  

ɺ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʛʠʙʢʦʡ ʨʝʛʫʣʠʨʦʚʢʠ çʛʦʣʦʚʳè 

ʛʝʥʝʨʘʪʦʨʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʮʝʥʪʨʦʚʢʠ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʦʣʦʞʝʥʠʷ ʦʙʨʘʟʮʘ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʶʩʪʠʨʦʚʢʠ ʧʦʣʦʞʝʥʠʷ ʦʙʨʘʟʮʘ 

ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʚʭʦʜʷʱʘʷ ʚ ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʛʝʥʝʨʘʪʦʨʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʩ ʯʘʩʪʦʪʦʡ 60ɻʮ ʰʪʦʢ ʩ 

ʦʙʨʘʟʮʦʤ ʧʨʠʚʦʜʠʣʩʷ ʚ ʜʚʠʞʝʥʠʝ. ɺ ʩʠʣʫ ʢʦʣʝʙʘʥʠʡ ʦʙʨʘʟʮʘ ʠʟʤʝʥʷʝʪʩʷ ʤʘʛʥʠʪʥʳʡ 

ʧʦʪʦʢ, ʧʨʦʥʠʟʳʚʘʶʱʠʡ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʢʘʪʫʰʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʕɼʉ 

ʠʥʜʫʢʮʠʠ ʚ ʢʘʪʫʰʢʘʭ. ʏʝʪʳʨʝ ʢʘʪʫʰʢʠ ʩʦʝʜʠʥʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʨʘʩʧʦʣʦʞʝʥʳ 

ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʢ ʜʨʫʛʫ. ʉʠʛʥʘʣ ʕɼʉ ʫʩʠʣʠʚʘʝʪʩʷ, ʘ ʧʦʧʘʜʘʷ ʥʘ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ɸʎʇ), ʩʠʛʥʘʣ ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪʩʷ ʚ ʮʠʬʨʦʚʦʡ, ʠ ʟʘʧʠʩʳʚʘʝʪʩʷ  ʚ ʧʘʤʷʪʴ 

ʕɺʄ. ɼʘʥʥʳʡ ʩʠʛʥʘʣ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʤʘʛʥʠʪʥʦʤʫ ʤʦʤʝʥʪʫ ʦʙʨʘʟʮʘ. 

ʉʦʟʜʘʚʘʝʤʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʤ ʧʦʣʝ ʠʟʤʝʨʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʜʘʪʯʠʢʘ ʍʦʣʣʘ, 

ʢʦʪʦʨʳʡ ʧʦʤʝʱʝʥ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʦʙʨʘʟʮʘ. ʊʦʢ, ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ 

ʜʘʪʯʠʢ ʍʦʣʣʘ, ʨʘʚʝʥ 90 ʤɸ. ʉ ʧʦʤʦʱʴʶ ɸʎʇ ʩʯʠʪʳʚʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʜʘʪʯʠʢʝ ʠ 

ʧʝʨʝʜʘʝʪʩʷ ʚ ʢʦʤʧʴʶʪʝʨ. ɹʣʦʢ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʤʦʞʝʪ ʚʳʜʘʚʘʪʴ ʪʦʢ ʜʦ 50 ɸ. 

ʋʧʨʘʚʣʝʥʠʝ ʙʣʦʢʦʤ ʧʠʪʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (ʎɸʇ). 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʫʩʪʘʥʦʚʢʘ ʠʤʝʝʪ ʩʧʝʮʠʘʣʴʥʫʶ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʚʩʪʘʚʢʫ, ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʦʡ ʦʩʥʦʚʘʥ ʥʘ ʧʨʦʜʫʚʝ ʭʣʘʜʘʛʝʥʪʘ 

(ʛʝʣʠʷ ʠʣʠ ʘʟʦʪʘ) ʯʝʨʝʟ ʦʙʲʝʤ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʦʙʨʘʟʝʮ. 

ʐʘʭʪʘ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥ ʦʙʨʘʟʝʮ, ʠʟʦʣʠʨʦʚʘʥʘ ʦʪ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʚʘʢʫʫʤʥʦʡ ʨʫʙʘʰʢʦʡ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʘʥʥʦʡ ʰʘʭʪʝ ʧʨʝʜʫʩʤʦʪʨʝʥ 

ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ. ʄʦʱʥʦʩʪʴ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʨʝʛʫʣʠʨʫʝʪʩʷ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʠʟʤʝʨʝʥʠʡ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʛʦ ʛʝʣʠʷ ʜʦ 400 ʂ.  

ɼʘʪʯʠʢ ʍʦʣʣʘ, ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʢʘʪʫʰʢʠ, ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ, 

ʛʝʥʝʨʘʪʦʨ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʚʩʪʘʚʢʠ ʩʦʝʜʠʥʝʥʳ ʥʘʧʨʷʤʫʶ ʩ 

ʢʦʤʧʴʶʪʝʨʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ɸʎʇ, ʎɸʇ ʠ ʚʳʩʦʢʦʪʦʯʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ. ʊʘʢʠʤ 
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ʦʙʨʘʟʦʤ, ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʧʘʨʘʤʝʪʨʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʣʠ ʠʭ ʠʟʤʝʥʝʥʠʷ 

ʜʦʩʪʘʪʦʯʥʦ ʦʙʨʘʪʠʪʴʩʷ ʪʦʣʴʢʦ ʢ ʧʨʦʛʨʘʤʤʝ ʫʧʨʘʚʣʝʥʠʷ. 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʫʩʪʘʥʦʚʢʠ: 

1. ʄʘʢʩʠʤʘʣʴʥʦʝ ʧʦʣʝ, ʜʦʩʪʠʞʠʤʦʝ ʥʘ ʫʩʪʘʥʦʚʢʝ, ʨʘʚʥʦ 16000 ʕ. 

2. ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʦʣʷ ï 0.5 ʕ.  

3. ɼʠʩʢʨʝʪʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷ ï 10 ʕ.  

4. ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ - 10
-5
 ɻʩ*ʩʤ

3
 (emu) 

5. ʉʪʘʙʠʣʴʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʙʠʨʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦ ʦʪ 0,001 ʜʦ 1 K (ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ: ʥʝʦʙʭʦʜʠʤʘʷ ʪʦʯʥʦʩʪʴ / ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ).  

 

2.6.2. ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 10 ʢʕ ʙʳʣʘ 

ʠʟʤʝʨʝʥʘ ʚ ʨʝʞʠʤʘʭ ZFC (zero field cooled) ʠ FC (field cooled). ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʭʦʜʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʨʝʞʠʤʝ ZFC ʙʳʣʘ ʩʣʝʜʫʶʱʝʡ: ʩʥʘʯʘʣʘ ʦʙʨʘʟʝʮ 

ʦʭʣʘʞʜʘʣʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 80 K ʙʝʟ ʧʦʣʷ, ʘ ʜʘʣʝʝ ʫʞʝ ʚʢʣʶʯʘʣʦʩʴ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 10 ʢʕ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʤʝʨʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚʦ ʚʨʝʤʷ ʥʘʛʨʝʚʘʥʠʷ ʦʙʨʘʟʮʘ ʜʦ 

300 K. ʀʟʤʝʨʝʥʠʝ ʜʣʠʣʦʩʴ ʧʨʠʤʝʨʥʦ 2 ʯʘʩʘ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʦʙʨʘʟʝʮ ʥʘʛʨʝʣʩʷ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ 300 K, ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʤʝʨʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʨʝʞʠʤʝ FC ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 80 K, ʥʝ ʚʳʢʣʶʯʘʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. 

 

ʀʟʤʝʨʝʥʠʷ ʧʦʣʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 10 ʢʕ ʧʨʠ 80 K ʠʟʤʝʨʷʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ  

ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʦʪ ʧʦʣʷ ï ʄ(ʅ). ʇʦʩʣʝ ʵʪʦʛʦ ʦʙʨʘʟʝʮ ʥʘʛʨʝʚʘʣʩʷ ʜʦ 300 K, 

ʟʘʪʝʤ ʦʭʣʘʞʜʘʣʩʷ ʜʦ 80 K ʠ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʟʤʝʨʷʣʠʩʴ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 80 K, 190 K ʠ 300 K. 
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ɻʃɸɺɸ 3. ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀʗ 

 

3.1. ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
 

3.1.1. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʬʝʨʨʠʛʠʜʨʠʪ ʚ ʨʘʟʣʠʯʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʩʨʝʜʘʭ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʧʨʦʮʝʩʩʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ 

ʬʝʨʨʠʛʠʜʨʠʪʘ (ʉʌ) ʜʚʫʤʷ ʜʠʩʩʠʤʠʣʷʪʦʨʥʳʤʠ ʞʝʣʝʟʦʨʝʜʫʮʠʨʫʶʱʠʤʠ ʙʘʢʪʝʨʠʷʤʠ 

(Thermincola Ferriacetica ʠ Geocalibacter ferrihydriticus). ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ 

ʤʠʥʝʨʘʣʴʥʳʭ ʩʨʝʜ ʥʘ ʉʌ, ʦʥ ʙʳʣ ʜʦʙʘʚʣʝʥ ʚ ʩʨʝʜʳ ʢʫʣʴʪʠʚʘʮʠʠ ʦʙʦʠʭ ʙʘʢʪʝʨʠʡ. ʉʌ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʦʝ ʚʝʱʝʩʪʚʦ, ʢʘʢ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ. ʄʸʩʩʙʘʫʨʦʚʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ = 4,2 ʂ, ʘ ʪʘʢʞʝ 

ʧʨʠ ʊ = 4,2 ʂ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ Bext = 6 ʊʣ. 

ʄʸʩʩʙʘʫʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʉʌ 

ʩʦ ʩʨʝʜʦʡ ʢʫʣʴʪʠʚʘʮʠʠ ʙʘʢʪʝʨʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3. 

 

 

 

ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʉʌ ʚ ʦʙʝʠʭ ʩʨʝʜʘʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʚʘʜʨʫʧʦʣʴʥʳʝ ʜʫʙʣʝʪʳ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʠʟʦʤʝʨʥʦʛʦ ʩʜʚʠʛʘ 

ʈʠʩ. 3. ʄ ʩyʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʷʜʝʨ 
57
Fe ʚ ʩʪʨʫʢʪʫʨʝ ʉʌ ʧʦʩʣʝ ʝʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʨʝʜʘʤʠ ʢʫʣʴʪʠʚʘʮʠʠ T. ferriacetica ʠ G. 

ferrihydriticus, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ T = 300 K (a), T = 4,2 K 

(b) ʠ T = 4,2 K ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ Bext = 6 ʊʣ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʦʣʝʪʘ ɔ-ʢʚʘʥʪʦʚ (c) 
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ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʣʠʥʠʠ  = 0,37 Ñ 0.01 ʤʤ/ʩ ʠ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ 

 = 0,72 Ñ 0,01 ʤʤ/c. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T = 4,2 K ʦʙʘ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʘ ʉʌ ʠʤʝʶʪ 

ʚʠʜ ʘʩʩʠʤʝʪʨʠʯʥʳʭ ʩʝʢʩʪʝʪʦʚ ʩ ʰʠʨʦʢʠʤʠ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʨʘʚʥʦ  = 0,00 Ñ 0.01 ʤʤ/ʩ. ʉʚʝʨʭʪʦʥʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʙʦʠʭ 

ʩʧʝʢʪʨʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʉʌ ʚ ʦʙʝʠʭ 

ʩʨʝʜʘʭ, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T = 4,2 K ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ Bext = 6 ʊʣ, 

ʢʦʪʦʨʦʝ ʙʳʣʦ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʦʣʝʪʘ ɔ-ʢʚʘʥʪʦʚ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʫʰʠʨʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʩʦ ʩʣʘʙʳʤ ʨʘʩʱʝʧʣʝʥʠʝʤ ʚʥʝʰʥʠʭ ʣʠʥʠʡ 

ʩʝʢʩʪʝʪʘ. ʄʦʜʝʣʴ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʧʝʢʪʨʦʚ ʜʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʦʩʪʦʷʣʘ ʠʟ ʜʚʫʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʚʝʨʭʪʦʥʢʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʷʜʨʘ. ɸʥʘʣʠʟ 

ʧʘʨʘʤʝʪʨʦʚ ʵʪʠʭ ʩʧʝʢʪʨʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʚʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʝʨʭʪʦʥʢʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʫʤ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʤ ʧʦʟʠʮʠʷʤ ʘʪʦʤʦʚ Fe
3+
, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʪʦʨʳʭ ʜʣʷ 

ʦʙʦʠʭ ʩʧʝʢʪʨʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ ï ~ 65 % ʠ 35 %. ʕʪʠ ʧʦʟʠʮʠʠ ʤʦʛʫʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʦʣʦʞʝʥʠʶ ʘʪʦʤʦʚ Fe
3+

 ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ ʠ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʷʭ 

ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʘʨʘʤʝʪʨʳ ʩʧʝʢʪʨʦʚ ʷʜʝʨ 
57

Fe ʚ ʩʪʨʫʢʪʫʨʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʬʝʨʨʠʛʠʜʨʠʪʘ ʧʦʩʣʝ 

ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʨʝʜʘʤʠ ʢʫʣʴʪʠʚʘʮʠʠ ʦʙʝʠʭ ʙʘʢʪʝʨʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʤʠʥʝʨʘʣʴʥʳʝ ʩʨʝʜʳ ʦʢʘʟʳʚʘʶʪ ʦʜʠʥʘʢʦʚʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʉʌ. 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ Bext, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ -ʢʚʘʥʪʦʚ, ʚ ʩʣʫʯʘʝ ʩʪʨʦʛʦʡ 

ʢʦʣʣʠʥʝʘʨʥʦʩʪʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʧʦʣʶ Bext, ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʭʦʜʫ mI = 0 (ʚʪʦʨʘʷ ʠ ʧʷʪʘʷ ʣʠʥʠʠ ʩʝʢʩʪʝʪʘ) 

ʨʘʚʥʦ 4/3. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ  ʩʧʝʢʪʨʦʚ ʉʌ ʧʦʩʣʝ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ 

ʩʨʝʜʘʤʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ɸ2,5/ɸ1,6 = 0,70 Ñ 0,02, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʠʦʥʦʚ Fe
3+

 ʚ ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʝ  ʥʘʧʨʘʚʣʝʥʳ ʥʝ ʩʪʨʦʛʦ 

ʢʦʣʣʠʥʝʘʨʥʦ ʚʥʝʰʥʝʤʫ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ Bext, ʘ ʩʦʩʪʘʚʣʷʶʪ ʩ ʥʠʤ ʥʝʢʠʡ ʫʛʦʣ. ʀʩʧʦʣʴʟʫʷ 

ʦʪʥʦʰʝʥʠʝ ɸ2,5/ɸ1,6 , ʙʳʣʠ ʦʮʝʥʝʥʳ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳ 52 ī 53 ʜʣʷ 

A- ʠ B- ʧʦʟʠʮʠʡ ʚ ʦʙʝʠʭ ʩʨʝʜʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʉʌ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ 

ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʩʫʧʝʨʧʦʟʠʮʠʷ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʢʘʢ ʧʦ ʧʦʣʶ, ʪʘʢ ʠ ʧʨʦʪʠʚ ʥʝʛʦ ʚʥʫʪʨʠ ʜʚʫʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʥʫʩʦʚ. 

ɺ ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʭʘʦʪʠʯʥʦ. 
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3.1.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʧʨʦʮʝʩʩʘ ʞʝʣʝʟʦʨʝʜʫʢʮʠʠ ʙʘʢʪʝʨʠʝʡ Thermincola 

Ferracetica (ʰʪʘʤʤ Z-0001) 

 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʦʚ ʞʝʣʝʟʘ 

ʪʝʨʤʦʬʠʣʴʥʦʡ ʙʘʢʪʝʨʠʝʡ Thermincola ferriacetica (ʰʪʘʤʤ Z-0001) ʤʝʪʦʜʘʤʠ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʨʠʛʦʪʦʚʣʝʥʥʫʶ ʚ 

ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʤʠʥʝʨʘʣʴʥʫʶ ʩʨʝʜʫ ʜʦʙʘʚʣʷʣʠʩʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʘʤʦʨʬʥʳʡ 

ʛʠʜʨʦʢʩʠʜ ʞʝʣʝʟʘ Fe(III) ʚ ʢʘʯʝʩʪʚʝ ʘʢʮʝʧʪʦʨʘ ʠ ʘʮʝʪʘʪ CH3COO
-
 ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʘ 

ʵʣʝʢʪʨʦʥʦʚ. ʉʌ ʛʦʪʦʚʠʣʠ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ 10% ʨʘʩʪʚʦʨʘ NaOH ʚ FeCl3 ʪʘʢ, ʯʪʦʙʳ 

ʢʦʥʝʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʉʌ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ Fe(III) ʚ ʣʠʪʨʝ ʩʨʝʜʳ ʩʦʩʪʘʚʣʷʣʦ 90 ʤʤʦʣʴ. ɼʘʣʝʝ 

ʤʠʥʝʨʘʣʴʥʘʷ ʩʨʝʜʘ ʩ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤ ʘʤʦʨʬʥʳʤ ʛʠʜʨʦʦʢʩʠʜʦʤ ʞʝʣʝʟʘ Fe(III ) 

(ʬʝʨʨʠʛʠʜʨʠʪʦʤ) ʠ ʘʮʝʪʘʪʦʤ ʨʘʟʣʠʚʘʣʘʩʴ ʚʦ ʬʣʘʢʦʥʳ ʧʦʜ ʪʦʢʦʤ ʛʘʟʘ. ʇʨʦʮʝʥʪʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ CO2 ʠ N2 ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʩʦʩʪʘʚʣʷʣʦ ʜʣʷ ʵʪʦʡ ʩʝʨʠʠ ʦʙʨʘʟʮʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

20 % ʠ 80 %. ɺʨʝʤʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʙʘʢʪʝʨʠʠ ʠʟʤʝʥʠʣʦʩʴ ʚ ʧʨʦʤʝʞʫʪʢʝ ʦʪ 24 ʜʦ 236 

ʯʘʩʦʚ (ʩʤ. ʪʘʙʣʠʮʫ 1). 

 

N Fe
2+

, 

ʤʄ 

ɺʨʝʤʷ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ (ʯʘʩ) 

ʅʦʤʝʨ ʩʧʝʢʪʨʘ 

300K 

ʅʦʤʝʨ ʩʧʝʢʪʨʘ 

77K 

ʅʦʤʝʨ ʩʧʝʢʪʨʘ 

4,8K 

1 5,2 24 100291024 100311024 10115+10116_256 

2 4,8 48,20 100651024 100691024 - 

3 12,3 96 100701024 100711024 - 

4 7,9 115 100671024 100661024 - 

5 9,6 123 100371024 100461024 - 

6 15,7 138,30 100591024 100491024 - 

7 13 168,30 100641024 100631024 - 

8 20,5 192 100471024 100611024 - 

9 27,3 236,30 100271024 100281024 10111+10114_256 

ʊʘʙʣʠʮʘ 1. ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ 

ʢʫʣʴʪʠʚʘʮʠʠ ʙʘʢʪʝʨʠʠ Thermincola Ferriacetica 

 

ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʷʜʝʨ 
57

Fe ʚ ʪʚʝʨʜʳʭ ʬʘʟʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʦʩʪʝ 

ʙʘʢʪʝʨʠʠ Z-0001, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ 

ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4 (ʘ, ʙ, ʚ). 
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ʈʠʩ. 4.ʙ. ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʷʜʝʨ 
57

Fe ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ, 

ʦʙʨʘʟʫʶʱʝʡʩʷ ʚ ʧʨʦʮʝʩʩʝ ʞʝʣʝʟʦʨʝʜʫʢʮʠʠ ʙʘʢʪʝʨʠʝʡ Thermincola 

ferriacetica, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʨʠ ʊ = 78ʂ 

ʈʠʩ. 4.ʘ. ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʷʜʝʨ 
57

Fe ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ, 

ʦʙʨʘʟʫʶʱʝʡʩʷ ʚ ʧʨʦʮʝʩʩʝ ʞʝʣʝʟʦʨʝʜʫʢʮʠʠ ʙʘʢʪʝʨʠʝʡ Thermincola 

ferriacetica, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʨʠ ʊ = 78ʂ 
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ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʤʸʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʠʩʭʦʜʥʦʛʦ ʉʌ ʠ ʧʨʦʙ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ 

ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʨʦʩʪʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘ, ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ 

ʩʦʙʦʡ ʩʫʧʝʨʧʦʟʠʮʠʶ ʪʨʸʭ ʧʘʨʮʠʘʣʴʥʳʭ ʩʧʝʢʪʨʦʚ, ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʫʙʣʝʪʘʤ 

ʠ ʦʜʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʝʝʤʘʥʦʚʩʢʠʡ ʩʝʢʩʝʪ ʚ ʤʦʜʝʣʠ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʡ 

ʨʝʣʘʢʩʘʮʠʠ. 

ʄʦʜʝʣʴ ʦʙʨʘʙʦʪʢʠ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʛʦ ʩʧʝʢʪʨʦʚ ʦʙʨʘʟʮʘ ˉ 9, ʠʟʤʝʨʝʥʥʳʭ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ ʞʠʜʢʦʛʦ ʘʟʦʪʘ, ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʯʝʪʳʨʝ 

ʟʝʝʤʘʥʦʚʩʢʠʭ ʩʝʢʩʪʝʪʘ ʠ ʢʚʘʜʨʫʧʦʣʴʥʳʡ ʜʫʙʣʝʪ. ʉʝʢʩʪʝʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʤ ʧʦʟʠʮʠʷʤ ʘʪʦʤʦʚ ʞʝʣʝʟʘ ʚ ʩʪʨʫʢʪʫʨʝ ʤʘʛʛʝʤʠʪʘ ʠ ʤʘʛʥʝʪʠʪʘ. 

ʂʚʘʜʨʫʧʦʣʴʥʳʡ ʜʫʙʣʝʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʪʦʤʘʤ ʞʝʣʝʟʘ ʚ ʩʪʨʫʢʪʫʨʝ ʩʠʜʝʨʠʪʘ. 

ʅʘ ʩʪʘʜʠʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʦʩʪʘ ʰʪʘʤʤʘ ʧʨʦʠʩʭʦʜʠʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʳ ʟʘ ʩʯʝʪ ʧʦʩʪʝʧʝʥʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʬʝʨʨʠʛʠʜʨʠʪʘ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʘʨʮʠʘʣʴʥʦʛʦ ʩʧʝʢʪʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʝ. ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ 

ʦ ʨʘʚʝʥʩʪʚʝ ʚʝʨʦʷʪʥʦʩʪʠ ʵʬʬʝʢʪʘ ʄʸʩʩʙʘʫʵʨʘ ʜʣʷ ʷʜʝʨ 
57
Fe ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʟʠʮʠʷʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʬʘʟ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʘʨʮʠʘʣʴʥʳʭ ʩʧʝʢʪʨʦʚ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʨʘʚʥʳʤʠ 

ʈʠʩ. 4.ʚ. ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʷʜʝʨ 
57

Fe ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ, 

ʦʙʨʘʟʫʶʱʝʡʩʷ ʚ ʧʨʦʮʝʩʩʝ ʞʝʣʝʟʦʨʝʜʫʢʮʠʠ ʙʘʢʪʝʨʠʝʡ Thermincola 

ferriacetica, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʨʠ ʊ = 78 K 



24 
 

ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʟ. ɺʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʠʜʝʨʠʪʘ FeCO3, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 2 %. 

ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T = 78 K, ʚʳʷʚʠʣʠ 

ʟʘʤʝʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʘʨʮʠʘʣʴʥʦʛʦ ʩʧʝʢʪʨʘ 

ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʪʠʧʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ 

ʩʧʝʢʪʨʦʚ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʥʘʣʠʯʠʠ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʤʘʛʥʠʪʥʳʭ 

ʤʦʤʝʥʪʦʚ ʘʪʦʤʦʚ ʞʝʣʝʟʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʤʳʡ ʠʥʪʝʥʩʠʚʥʳʡ ʢʚʘʜʨʫʧʦʣʴʥʳʡ 

ʜʫʙʣʝʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʠʩʭʦʜʥʦʤʫ ʘʤʦʨʬʥʦʤʫ ʬʝʨʨʠʛʠʜʨʠʪʫ, ʥʦ ʠ ʤʝʣʢʠʤ 

ʯʘʩʪʠʮʘʤ ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʳʭ ʬʘʟ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʇʨʠ ʵʪʦʤ ʩ ʨʦʩʪʦʤ ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʠ ʧʨʦʠʩʭʦʜʷʪ ʜʚʘ ʧʨʦʮʝʩʩʘ: ʙʘʢʪʝʨʠʘʣʴʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʉʌ ʚ ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʫʶ ʬʘʟʫ ʠ ʫʢʨʫʧʥʝʥʠʝ ʤʝʣʢʠʭ ʯʘʩʪʠʮ. 

ɼʣʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʦʡ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʙʘʢʪʝʨʠʠ ʪʚʝʨʜʦʡ 

ʬʘʟʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʜʚʫʭ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʦʙʨʘʟʮʦʚ ˉ 1 ʠ ˉ 9 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ T = 4,8 K. ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʵʪʠʭ ʦʙʨʘʟʮʦʚ, ʩʥʷʪʳʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 5. 

 

ʈʠʩ. 5. ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʷʜʝʨ 
57

Fe ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʦʙʨʘʟʮʦʚ 

 ̄1 ʠ ˉ 9, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʨʦʩʪʘ ʙʘʢʪʝʨʠʠ Thermincola 

ferriacetica, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʨʠ T = 78 K 

ʠ ʧʨʠ T = 4,8 K 




































