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Abstract 
ʅʘ ʂʘʤʯʘʪʢʝ ʚ ʫʩʣʦʚʠʷʭ ʚʣʘʞʥʦʛʦ ʠ ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ ʟʨʝʣʦʩʪʴ ʘʥʜʦʩʦʣʝʡ ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʥʳʝ 
ʫʩʣʦʚʠʷ ʚʫʣʢʘʥʠʟʤʘ. ʅʘ ʧʦʣʫʦʩʪʨʦʚʝ ʚʙʣʠʟʠ ʘʢʪʠʚʥʳʭ ʚʫʣʢʘʥʦʚ ʩʝʚʝʨʥʦʡ ʛʨʫʧʧʳ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʤʦʣʦʜʦʡ ʙʘʟʘʣʴʪʦʠʜʥʦʡ ʩʪʘʜʠʠ ʚʫʣʢʘʥʠʟʤʘ, ʨʘʟʚʠʚʘʶʪʩʷ ʩʣʘʙʦʨʘʟʚʠʪʳʝ ʘʥʜʦʩʦʣʠ ʩ ʚʠʪʨʠʢ 

ʩʚʦʡʩʪʚʘʤʠ. ɺ ʟʦʥʝ ʚʣʠʷʥʠʷ ʚʫʣʢʘʥʦʚ ʶʞʥʦʡ ʂʘʤʯʘʪʢʠ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʟʨʝʣʦʡ ʬʘʟʝ ʨʘʟʚʠʪʠʷ 

ʚʫʣʢʘʥʠʟʤʘ (ʩ ʨʝʜʢʦ ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʢʨʫʧʥʳʤʠ ʢʘʣʴʜʝʨʦʦʙʨʘʟʫʶʱʠʤʠ ʠʟʚʝʨʞʝʥʠʷʤʠ), ʚ ʩʝʨʝʜʠʥʝ 
ʛʦʣʦʮʝʥʘ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʟʘʪʫʭʘʥʠʷ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʦʚʧʘʚʰʠʡ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʤʘʢʩʠʤʫʤʦʤ, ʦʙʝʩʧʝʯʠʣ ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʥʠʭ ʠ ʥʠʞʥʠʭ ʯʘʩʪʷʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʯʚʝʥʥʳʭ ʧʨʦʬʠʣʝʡ ʛʝʥʝʪʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʩ ʚʳʨʘʞʝʥʥʳʤʠ ʘʥʜʠʢʦʚʳʤʠ 
ʩʚʦʡʩʪʚʘʤʠ. ʉʨʘʚʥʝʥʠʝ ʩʚʦʡʩʪʚ Andosols ʂʘʤʯʘʪʢʠ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʘʟʥʦʛʦ 

ʚʫʣʢʘʥʠʟʤʘ (ʤʦʣʦʜʦʛʦ ʠ ʟʨʝʣʦʛʦ), ʧʦʟʚʦʣʠʣʦ ʚʳʜʝʣʠʪʴ ʬʘʢʪʦʨʳ ʚʫʣʢʘʥʠʟʤʘ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʬʦʨʤʠʨʦʚʘʥʠʝ Andosols. 

Introduction 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʜʣʷ Andosol ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʣʠʙʦ ʘʥʜʠʢʦʚʳʭ ʣʠʙʦ 

ʚʠʪʨʠʢ ʛʦʨʠʟʦʥʪʦʚ. ɸʥʜʠʢʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʩʚʦʡʩʪʚʝʥʥʳ ʟʨʝʣʳʤ Andosols, ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʚ ʪʝʧʣʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʕʪʠ ʛʦʨʠʟʦʥʪʳ ʙʦʛʘʪʳ allophanes (ʠ ʧʦʜʦʙʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ) ʠʣʠ metal-

humus complexes. ɸʥʜʦʩʦʣʠ ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ ʩʦʜʝʨʞʘʪ ʤʝʥʴʰʝ ʘʣʣʦʬʘʥʦʚ ʠ ʜʣʷ ʥʠʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳ 

vitric' ʛʦʨʠʟʦʥʪʳ. Vitric ʛʦʨʠʟʦʥʪʳ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ ʠ ʧʝʨʚʠʯʥʳʭ 
ʤʠʥʝʨʘʣʦʚ ʧʝʧʣʦʚ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʄʠʨʦʚʦʡ ʢʦʨʨʝʣʷʪʠʚʥʦʡ ʙʘʟʦʡ ʧʦʯʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ (World Reference 

Base for Soil Resources (WRB, 2014) Vitric ʩʚʦʡʩʪʚʘ ʪʨʝʙʫʶʪ ʩʦʜʝʨʞʘʥʠʷ ʘʤʦʨʬʥʳʭ (ʦʢʩʘʣʘʪʦʨʘʩʪʚʦʨʠʤʳʭ) 

ʬʦʨʤ ʞʝʣʝʟʘ ʠ ʘʣʶʤʠʥʠʷ ʥʝ ʤʝʥʝʝ 0.4 ʧʨʦʮʝʥʪʘ, ʘ Andic ʩʚʦʡʩʪʚʘ ï ʥʝ ʤʝʥʝʝ 2 ʧʨʦʮʝʥʪʦʚ. ɸʤʦʨʬʥʳʝ ʬʦʨʤʳ 

ʞʝʣʝʟʘ ʠ ʘʣʶʤʠʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʦʜʝʨʞʘʥʠʠ ʚ ʧʦʯʚʘʭ allophanes ʠʣʠ metal-humus complexes. 

ʅʘ ʂʘʤʯʘʪʢʝ ʚ ʫʩʣʦʚʠʷʭ ʚʣʘʞʥʦʛʦ ʠ ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ ʟʨʝʣʦʩʪʴ ʘʥʜʦʩʦʣʝʡ ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʥʳʝ ʫʩʣʦʚʠʷ 

ʚʫʣʢʘʥʠʟʤʘ. ɺʳʷʚʣʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʩʚʦʡʩʪʚʘʭ ʧʦʯʚʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʘʟʥʦʛʦ ʚʫʣʢʘʥʠʟʤʘ, 

ʧʦʟʚʦʣʷʪ ʚʳʜʝʣʠʪʴ ʬʘʢʪʦʨʳ ʚʣʠʷʥʠʷ ʚʫʣʢʘʥʠʟʤʘ ʥʘ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʝ.  

Objects and methods  

ʈʘʙʦʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʟʘʧʘʜʝ, ʶʛʝ, ʶʛʦ-ʚʦʩʪʦʢʝ ʨʝʛʠʦʥʘ, ʚ ʧʨʝʜʝʣʘʭ ʪʝʨʨʠʪʦʨʠʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʧʦʣʫʦʩʪʨʦʚʘ, ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʥʘ ʶʛʦ-ʟʘʧʘʜ ʦʪ ʩʝʚʝʨʥʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʂʘʤʯʘʪʢʠ, 

ʩʝʚʝʨʥʝʝ ʝʛʦ (ʚʝʨʭʦʚʴʷ ʨ. ʃʝʚʘʷ ʆʟʝʨʥʘʷ) ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʝʝ  (ʤʳʩ ʋʪʭʦʣʦʢ, ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ ʧʦʙʝʨʝʞʴʝ 

ʂʘʤʯʘʪʢʠ) (ʨʠʩ. 1). ʆʩʥʦʚʦʡ ʨʘʙʦʪ ʙʳʣʠ ʤʘʨʰʨʫʪʥʳʝ ʧʦʯʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʷʚʰʠʝʩʷ ʚ ʪʝʯʝʥʠʝ 10 

ʧʦʣʝʚʳʭ ʩʝʟʦʥʦʚ. ɿʘ ʚʨʝʤʷ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʙʳʣʦ ʟʘʣʦʞʝʥʦ ʠ ʦʧʠʩʘʥʦ 142 ʨʘʟʨʝʟʘ, ʠʟ ʥʠʭ 40 ʦʧʦʨʥʳʭ ʩ ʦʪʙʦʨʦʤ 

ʧʦʯʚʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ.  

ɸʤʦʨʬʥʳʝ ʬʦʨʤʳ ʢʨʝʤʥʠʷ, ʞʝʣʝʟʘ ʠ ʘʣʶʤʠʥʠʷ ʠʟʚʣʝʢʘʣʠʩʴ ʦʢʩʘʣʘʪ-ʘʤʤʦʥʠʡʥʳʤ ʙʫʬʝʨʦʤ  ʧʨʠ ʨʅ 3 

(ʚʳʪʷʞʢʘ ʆ. ʊʘʤʤʘ), ʦʙʤʝʥʥʳʝ ʬʦʨʤʳ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʢʦʤʧʣʝʢʩʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

The results of studies  
ɸʥʘʣʠʟ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ ʦ ʛʦʣʦʮʝʥʦʚʦʤ ʚʫʣʢʘʥʠʟʤʝ ʥʘ ʂʘʤʯʘʪʢʝ ʠ ʠʟʫʯʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʠʤ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʦʣʫʦʩʪʨʦʚʘ ʖʞʥʫʶ ʠ 

ʉʝʚʝʨʥʫʶ ʧʨʦʚʠʥʮʠʠ ʧʦʯʚ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʦʭʦʜʠʣʦ ʧʦʜ ʚʣʠʷʥʠʝʤ ʠʟʚʝʨʞʝʥʠʡ ʚʫʣʢʘʥʦʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʩʦʩʪʘʚʦʤ, ʦʙʲʝʤʦʤ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʧʝʧʣʦʧʘʜʦʚ.  

1. ʖʞʥʘʷ, ʜʣʷ ʢʦʪʦʨʦʡ ʪʠʧʠʯʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʦʯʚʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʧʝʧʣʘʭ ʚʫʣʢʘʥʦʚ 
ʶʞʥʦʡ ʂʘʤʯʘʪʢʠ (ʆʧʘʣʘ, ʂʩʫʜʘʯ, ʂʫʨʠʣʴʩʢʦʝ ʦʟʝʨʦ). ʇʦʩʣʝʜʥʠʝ ʥʘʭʦʜʷʪʩʷ ʚ ʟʨʝʣʦʡ ʬʘʟʝ ʨʘʟʚʠʪʠʷ 

ʚʫʣʢʘʥʠʟʤʘ ï ʩ ʨʝʜʢʦ ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʢʨʫʧʥʳʤʠ ʢʘʣʴʜʝʨʦʦʙʨʘʟʫʶʱʠʤʠ ʠʟʚʝʨʞʝʥʠʷʤʠ, ʧʨʦʜʫʢʪʳ ʢʦʪʦʨʳʭ 

ʠʤʝʶʪ ʨʠʦʣʠʪʦʚʳʡ ʠ ʨʠʦʣʠʪʦ-ʜʘʮʠʪʦʚʳʡ ʩʦʩʪʘʚʳ.  

2. ʉʝʚʝʨʥʘʷ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʨʘʟʚʠʪʳ ʧʦʯʚʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʧʝʧʣʘʭ ʚʫʣʢʘʥʦʚ ʩʝʚʝʨʥʦʡ ʛʨʫʧʧʳ 
ʂʘʤʯʘʪʢʠ (ʐʠʚʝʣʫʯ, ʊʦʣʙʘʯʠʢ, ɹʝʟʳʤʷʥʥʳʡ, ʂʣʶʯʝʚʩʢʘʷ ʩʦʧʢʘ), ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʤʦʣʦʜʦʡ ʙʘʟʘʣʴʪʦʠʜʥʦʡ 

ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʩ ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʠʟʚʝʨʞʝʥʠʷʤʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʣʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʘʟʘʣʴʪʦʚʦʛʦ, ʘʥʜʝʟʠʪʦ-ʙʘʟʘʣʴʪʦʚʦʛʦ ʩʦʩʪʘʚʦʚ.  

ɺʥʫʪʨʠ ʚʳʜʝʣʝʥʥʳʭ ʢʨʫʧʥʳʭ ʧʨʦʚʠʥʮʠʡ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʭʘʨʘʢʪʝʨʥʳ ʧʦʯʚʝʥʥʳʝ ʧʨʦʬʠʣʠ, 

ʠʤʝʶʱʠʝ ʩʭʦʜʥʦʝ ʩʪʨʦʝʥʠʝ ʧʦ ʩʦʩʪʘʚʫ ʩʣʘʛʘʶʱʠʭ ʠʭ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠ ʜʘʪʠʨʦʚʘʥʥʳʭ ʧʝʧʣʦʚʳʭ 

ʛʦʨʠʟʦʥʪʦʚ.  ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʚʦʡʩʪʚ ʧʦʯʚ ʉʝʚʝʨʥʦʡ ʧʨʦʚʠʥʮʠʠ ʠ ʧʦʯʚ ʖʞʥʦʡ ʧʨʦʚʠʥʮʠʠ 

(ʪʘʙʣ. 1). 

ʋʯʠʪʳʚʘʷ ʨʘʟʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʨʝʛʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʥʘ 
ʂʘʤʯʘʪʢʝ ʚ ʛʦʣʦʮʝʥʝ, ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʵʪʠʭ ʧʦʯʚʝʥʥʳʭ ʩʚʦʡʩʪʚ ʤʳ ʚʳʜʝʣʷʝʤ ʜʚʝ ʦʩʥʦʚʥʳʭ ʩʦʚʦʢʫʧʥʦʩʪʠ  

ʧʦʯʚʝʥʥʳʭ  ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʦʬʠʣʝʡ ʢʘʢ ʦʪʜʝʣʴʥʳʭ ʝʜʠʥʠʮ ʦʙʱʝʛʦ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ï ʨʘʥʥʝ- ʠ 

ʧʦʟʜʥʝʛʦʣʦʮʝʥʦʚʫʶ.  

ʈʘʥʥʝʛʦʣʦʮʝʥʦʚʘʷ ʯʘʩʪʴ ʧʨʦʬʠʣʷ ʩʬʦʨʤʠʨʦʚʘʥʘ ʧʝʧʣʘʤʠ, ʦʪʣʦʞʠʚʰʠʤʠʩʷ ʚʦ ʚʨʝʤʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʫʩʠʣʝʥʠʷ 

ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʘʥʥʝʤ ʛʦʣʦʮʝʥʝ (8700ï6800 ʣ.ʥ.) ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʚ ʧʝʨʠʦʜ ʦʩʣʘʙʣʝʥʠʷ 




