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ɸʥʥʦʪaʮʠ̫. ʇʨʠʚʦʜʪ̫ʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʜʣʷ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʨʘʡʦʥʠʨʦʚʘʥʠ ̫

ʪʝʨʨʠʪʦʨʠʠ ʛ. ʂʘʨʰʠ. ʉʝʡʩʤʠʯʝʩʢʘ ̫ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʮʝʥʝʥʘ ʚ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʙʘʣʣʘʭ ʠ ʚ ʧʠʢʦʚʳʭ 

ʫʩʢʦʨʝʥʠʷʭ ʛʨʫʥʪʘ. ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʡ ʥʘ ʧʘʨʘʤʝʪʨʳ ʩʝʡʩʤʠʯʝʩʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘ 

ʦʩʥʦʚʝ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʭ, ʘ ʪʘʢʞʝ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʡʩʤʦʛʨʫʥʪʦʚʳʭ 

ʤʦʜʝʣʝʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʉʄʈ ʛ. ʂʘʨʰʠ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 100 ʪʦʯʢʘʭ ʧʦ ʚʩʝʡ 

ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ. ʅʘ ʦʩʥʦʚʝ ʦʙʦʙʱʝʥʠʷ ʠʥʞʝʥʝʨʥʦ-ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʩʪʘʚʣʝʥʳ ʢʘʨʪʳ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʨʘʡʦʥʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ʚ ʜʚʫʭ ʧʦʢʘʟʘʪʝʣʷʭ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʨʫʥʪʦʚʳʝ ʫʩʣʦʚʠʷ, ʠʩʭʦʜʥʘʷ ʩʝʡʩʤʠʯʥʦʩʪʴ, ʧʨʠʨʘʱʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʘʷ ʰʢʘʣʘ, ʧʠʢʦʚʦʝ ʫʩʢʦʨʝʥʠʝ, ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ. 

 

ɺʚʝʜʝʥʠʝ. ɿʝʤʣʝʪʨʷʩʝʥʠʷ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʚʝʣʠʯʘʡʰʠʤ ʢʘʪʘʩʪʨʦʬʘʤ, ʧʨʦʠʩʭʦʜʷʱʠʤ ʥʘ 

ɿʝʤʥʦʤ ʰʘʨʝ. ʕʪʦ ʩʪʠʭʠʡʥʦʝ ʙʝʜʩʪʚʠʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʣʦʞʥʳʝ, 

ʩʣʘʙʦʠʟʫʯʝʥʥʳʝ ʧʦ ʩʚʦʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʷʚʣʝʥʠʷ. ɻʣʘʚʥʘʷ ʦʧʘʩʥʦʩʪʴ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ï ʨʘʟʨʫʰʝʥʠʝ 

ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʚʣʝʢʫʱʝʝ ʟʘ ʩʦʙʦʡ ʯʝʣʦʚʝʯʝʩʢʠʝ ʞʝʨʪʚʳ. ɹʦʣʝʝ 75% ʪʝʨʨʠʪʦʨʠʠ 

ʋʟʙʝʢʠʩʪʘʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʦʧʘʩʥʳʭ ʟʦʥʘʭ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʇʨʝʟʠʜʝʥʪʦʤ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ ʠ ʂʘʙʠʥʝʪʦʤ ʄʠʥʠʩʪʨʦʚ ʥʘʰʝʡ ʨʝʩʧʫʙʣʠʢʠ ʨʘʟʨʘʙʦʪʘʥ 

ʢʦʤʧʣʝʢʩ ʤʝʨ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ 

ʦʙʝʩʧʝʯʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʨʝʩʧʫʙʣʠʢʠ ʠ ʦʙʲʝʢʪʦʚ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ 

ʛʨʘʞʜʘʥʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʈʘʟʨʘʙʦʪʢʘ ʢʘʨʪ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʨʘʡʦʥʠʨʦʚʘʥʠʷ (ʉʄʈ) ʛʦʨʦʜʦʚ 

ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʨʘʤʢʘʭ ʋʢʘʟʘ ʇʨʝʟʠʜʝʥʪʘ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ ʦʪ 30 ʤʘʷ 2022 ʛ. ʋʇ-144  

çʆ ʤʝʨʘʭ ʧʦ ʜʘʣʴʥʝʡh ʝʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥè ʠ ʧʦʩʪʘʥʦʚʣʝʥʠʷ ʇʨʝʟʠʜʝʥʪʘ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ ʦʪ 16 ʤʘʷ 2023 ʛ. 

ʇʇ-158 çʆ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʨʘʭ ʧʦ ʜʘʣʴʥʝʡʰʝʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʠ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥè (ʇʨʠʣʦʞʝʥʠʝ 1, 

ʧʫʥʢʪ 7).  

ʆʮʝʥʢʘ ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʦʙʳʯʥʦ ʩʚʦʜʠʪʩʷ ʢ ʚʳʯʠʩʣʝʥʠʶ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʨʘʡʦʥʘʭ. ʉʝʡʩʤʠʯʝʩʢʘʷ ʦʧʘʩʥʦʩʪʴ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʢʘʨʪʘʭ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʪʦʡ ʠʣʠ 

ʠʥʦʡ ʪʝʨʨʠʪʦʨʠʠ [1, 2]. ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʯ ʠ ʥʝʦʙʭʦʜʠʤʦʡ ʜʝʪʘʣʴʥʦʩʪʠ 

ʢʘʨʪʠʨʦʚʘʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʪʁʩʷ ʪʨʠ ʪʠʧʘ: 1) ʦʙʱʝʝ ʩʝʡʩʤʠʯʝʩʢʦʝ 

ʨʘʡʦʥʠʨʦʚʘʥʠʷ (ʆʉʈ) ï ʜʣʷ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ; 2) ʜʝʪʘʣʴʥʦʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ 

(ɼʉʈ) ï ʜʣʷ ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʣʦʱʘʜʝʡ ʠ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ; 3) ʩʝʡʩʤʠʯʝʩʢʦʝ ʤʠʢʨʦʨʘʡʦʥʠʨʦʚʘʥʠʝ 

(ʉʄʈ) ï ʜʣʷ ʛʦʨʦʜʦʚ, ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʦʚ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʣʦʱʘʜʦʢ. ɺ ʩʝʡʩʤʠʯʝʩʢʦʝ 

ʤʠʢʨʦʨʘʡʦʥʠʨʦʚʘʥʠʝ ʚʭʦʜʠʪ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʨʝʜʝʣʠʪʴ ʩʝʡʩʤʠʯʥʦʩʪʴ 

ʠʟʫʯʘʝʤʦʡ ʧʣʦʱʘʜʢʠ ʩ ʫʯʝʪʦʤ ʣʦʢʘʣʴʥʳʭ ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʡ, ʧʦ ʜʘʥʥʳʤ ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ [2]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʙʘʣʣʴʥʦʩʪʴ ʨʘʡʦʥʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ ʢʘʨʪʘʤ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ, ʫʩʣʦʚʥʦʡ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʨʘʡʦʥʘ, ʠ ʥʝ 

ʨʝʰʘʝʪ ʧʦʣʥʦʩʪʴʶ ʚʦʧʨʦʩʘ ʦ ʨʘʩʯʸʪʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʛʜʘ 
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ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʠ ʚʦʟʚʦʜʷʪʩʷ ʢʨʫʧʥʳʝ ʠ ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʩʦʦʨʫʞʝʥʠʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʦʩʨʝʜʥʝʥʥʦʩʪʴʶ ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʡ ʠ ʧʦʵʪʦʤʫ, ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʦʥʠ ʧʦʜʣʝʞʘʪ 

ʫʪʦʯʥʝʥʠʶ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʝʡʩʤʠʯʝʩʢʠʤ ʤʠʢʨʦʨʘʡʦʥʠʨʦʚʘʥʠʝʤ ʧʦʣʴʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 

ʥʘʟʥʘʯʝʥʠʷ ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʦʦʨʫʞʝʥʠʡ, ʥʦ ʠ ʧʨʠ ʚʳʙʦʨʝ 

ʤʝʩʪʘ ʧʦʩʪʨʦʡʢʠ, ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʥʝʨʝʜʢʦ ʥʝ ʦʧʨʘʚʜʘʥʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʘʩʭʦʜʦʚ [3].  

ʉʝʡʩʤʠʯʝʩʢʦʝ ʤʠʢʨʦʨʘʡʦʥʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʮʝʣʴʶ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ 

ʤʝʩʪʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ (ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʦʚ, ʧʦʣʦʞʝʥʠʝ ʛʨʫʥʪʦʚʳʭ 

ʚʦʜ, ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʣʴʝʬʘ, ʥʘʣʠʯʠʝ ʩʝʡʩʤʦʘʢʪʠʚʥʳʭ ʨʘʟʣʦʤʦʚ ʠ ʜʨ.) ʥʘ ʩʝʡʩʤʠʯʥʦʩʪʴ ʩ ʫʢʘʟʘʥʠʝʤ 

ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʙʘʣʣʘʭ ʧʦ ɻʆʉʊ 34511-2018, ʘ ʪʘʢʞʝ ʠʥʞʝʥʝʨʥʳʭ ʧʘʨʘʤʝʪʨʘʭ, ʪʘʢʠʭ 

ʢʘʢ ʧʠʢʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʢʦʣʝʙʘʥʠʷ, ʩʧʝʢʪʨ ʘʤʧʣʠʪʫʜ ʠ ʨʝʘʢʮʠʠ, ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʦʣʝʙʘʥʠʷ [4]. ɼʦ 

ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘʤʠ ʢʘʨʪʳ ʉʄʈ ʩʦʩʪʘʚʣʷʣʠʩʴ ʪʦʣʴʢʦ ʚ ʦʜʥʠʭ ʧʘʨʘʤʝʪʨʘʭ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʠʟʤʝʨʝʥʠ,̫ ʪ. ʝ. ʚ ʙʘʣʣʘʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʘʨʪʳ ʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʤʠʢʨʦʨʘʡʦʥʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʪ ʚ ʜʚʫʭ ʚʠʜʘʭ ï ʚ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʙʘʣʣʘʭ ʠ ʠʥʞʝʥʝʨʥʳʭ 

ʧʦʢʘʟʘʪʝʣʷʭ.  

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜʠʢʫ ʉʄʈ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘ 

ʥʦʚʦʡ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʦʩʥʦʚʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ 

ʛʨʫʥʪʦʚʦʡ ʪʦʣʱʠ, ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʋʪʦʯʥʝʥʠʝ ʠʩʭʦʜʥʦʡ 

ʩʝʡʩʤʠʯʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʡ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʨʘʙʦʪ ʧʦ ʩʝʡʩʤʠʯʝʩʢʦʤʫ 

ʤʠʢʨʦʨʘʡʦʥʠʨʦʚʘʥʠʶ. ʆʥʦ ʦʩʥʦʚʘʥʦ ʥʘ ʢʦʤʧʣʝʢʩʥʳʭ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ, ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʠ 

ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʝʡʩʤʠʯʝʩʢʦʝ 

ʤʠʢʨʦʨʘʡʦʥʠʨʦʚʘʥʠʝ. ɹʳʣʠ ʧʦʩʪʨʦʝʥʳ ʢʘʨʪʳ ʵʧʠʮʝʥʪʨʦʚ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʠʭ ʘʥʘʣʠʟ ʥʘ ʧʨʝʜʤʝʪ ʧʨʠʫʨʦʯʝʥʥʦʩʪʠ ʵʧʠʮʝʥʪʨʦʚ ʢ ʦʩʥʦʚʥʳʤ ʪʝʢʪʦʥʠʯʝʩʢʠʤ 

ʥʘʨʫʰʝʥʠ̫ʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʩʝʡʩʤʠʯʥʦʩʪʴ ʥʘ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʲʝʢʪʝ [5-7]. ʅʘ ʦʩʥʦʚʝ 

ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʠ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚr ʜʝʣʝʥ rʩʝʡʩʤʦʛʝʥʥʳʝ ʟʦʥr, ʦʢʘʟʳʚʘʶʱʠʝ 

ʟʥʘʯʠʤʳʡ ʩʝʡʩʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʥʘ ʩʪʨʦʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʢʫ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʫʯʝʪʦʤ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ɸ10, ɔ) ʠ ʚʝʣʠʯʠʥʳ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʄʤʘʭ, 

ʧʝʨʠʦʜʦʚ ʧʦʚʪʦʨʝʥʠʷ ʩʦʪʨʷʩʝʥʠʡ ʩ ʟʘʜʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʠʢʦʚʳʭ ʫʩʢʦʨʝʥʠʡ ʠ ʚʳʜʝʣʝʥʠʝʤ ʥʘ 

ʠʭ ʦʩʥʦʚʝ ʟʦʥ ʥʝ ʧʨʝʚʳʰʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 50-ʪʠ ʣʝʪ ʚʝʣʠʯʠʥ ʤʘʢʩʠʤʘʣʴʥʳʭ ʫʩʢʦʨʝʥʠʡ ʩ 

ʚʝʨʦʷʪʥʦʩʪʴ ʁʈ = 0,9; ʈ = 0,95; ʈ = 0,98 ʠ ʈ = 0,99 [6-8].  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʪʝʛʦʨʠʠ ʠ ʩʦʩʪʘʚʘ ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʳ ʧʦʣʝʚʳʝ ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʝ, ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʧʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ ʛʨʫʥʪʦʚ. ʀʩʧʦʣʟɹʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʡ ʮʠʬʨʦʚʦʡ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʡ 

ʩʝʡʩʤʦʤʝʪʨ ʉMG-6TD ʧʨʦʠʟʚʦʜʩʪʚʘ Guralp (ɺʝʣʠʢʦʙʨʠʪʘʥʠ)̫ ʩ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, 

ʨʘʚʥʦʤʝʨʥʦʡ ʚ ʜʠʘʧʘʟʦʥʝ 0,03-50 ɻʮ; ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʘʷ ʩʪʘʥʮʠʷ çMAE X610-Sè (ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʀʪʘʣʠʠ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʝʡʩʤʦʧʨʠʝʤʥʠʢʦʚ, ʯʘʩʪʦʪʦʡ 4,5 ɻʮ. 

ʆʙʨʘʙʦʪʢʘ ʠ ʨʘʩʯʝʪʳ ʜʘʥʥʳʭ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ çReflexwè, 

çRayfractè, çPcLabè (ʀʪʘʣʠʷ).  

ɼʣʷ ʦʮʝʥʢʠ ʧʨʠʨʘʱʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʣʦʱʘʜʢʠ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ 

ʅʘʢʘʤʫʨʳ (Y.Nakamura, 1989) [9], ʙʦʣʝʝ ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʤʝʪʦʜ ʦʪʥʦʰʝʥʠʡ ʩʧʝʢʪʨʦʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʟʘʧʠʩʠ ʢ ʚʝʨʪʠʢʘʣʴʥʦʡ (the Horizontal to Vertical Spectrum Ratio ï 

HVSR) ʠ ʤʝʪʦʜʳ ʩʝʡʩʤʠʯʝʩʢʠʭ ʞʝʩʪʢʦʩʪʝʡ ʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʘʥʘʣʦʛʠʡ.  

ɸʥʘʣʠʟʳ ʠ ʨʝʟʫʣʴʪʘʪʳ. ʆʙ̡ ʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʛ. ʂʘʨʰʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʶʞʥʦʡ ʯʘʩʪʠ 

ʋʟʙʝʢʠʩʪʘʥʘ. ʇʦ ʩʚʦʝʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʜʘʥʥʘʷ ʪʝʨʨʠʪʦʨʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʣʘʩʪʠ 

ʧʝʨʝʭʦʜʘ ʦʪ ʊʷʥʴ-ʐʘʥʴʩʢʦʛʦ ʵʧʠʧʣʘʪʬʦʨʤʝʥʥʦʛʦ ʦʨʦʛʝʥʘ ʢ ʊʫʨʘʥʩʢʦʡ ʧʣʘʪʬʦʨʤʝ. ʉʝʡʩʤʠʯʥʦʩʪʴ 

ʪʝʨʨʠʪʦʨʠʠ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ ʪʝʢʪʦʥʠʢʦʡ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʧʨʝʜʝʣʘʭ 

ʢʨʫʧʥʳʭ ʨʘʟʣʦʤʦʚ ʟʝʤʥʦʡ ʢʦʨʳ, ʘʢʪʠʚʠʟʠʨʦʚʘʥʥʳʭ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ. ʆʙʣʘʩʪʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʵʪʠʭ ʨʘʟʣʦʤʥʳʭ ʟʦʥ ʚʳʜʝʣʝʥʳ ʈ.ʅ.ʀʙʨʘʛʠʤʦʚʳʤ ʠ ʜʨ. 

(2002) [10] ʚ ʩʝʡʩʤʦʛʝʥʝʨʠʨʫʶʱʠʝ ʟʦʥʳ. 

ʀʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʛʨʫʥʪʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʧʨʦʷʚʣʷʝʤʦʛʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʨʘʡʦʥʝ. ʀʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʦʨʦʜ ʦʩʥʦʚʘʥʠʡ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩʣʫʞʘʪ 

ʦʪʣʦʞʝʥʠʷ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʧʝʨʠʦʜʘ: ʢʘʨʥʘʙʩʢʦʛʦ (QIIkr), ʦhʨʢʫʜʫʢʩʢʦʛʦ (QIIIsh), ʩʫʢʘʡʪʠʥʩʢʦʛʦ 

(QIIsk), ʘʤʫʜʘʨʴʠʥʩʢʦʛʦ (QIVad) ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʩʦʚʨʝʤʝʥʥʳʝ ʘʥʪʨʦʧʦʛʝʥʥʳʝ (antQIV). 

ʏʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ: ʢʘʨʥʘʙʩʢʠʡ ï ʧʨʦʣʶʚʠʘʣɹʥʳʤʠ, ʦhʨʢʫʜʫʢʩʢʠʡ ï 
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ʧʨʦʣʶʚʠʘʣʴʥʳʤʠ, ʩʫʢʘʡʪʠʥʩʢʠʡ ï ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʠ ʘʣʣʶʚʠʘʣʴʥʦ-ʧʨʦʣʶʚʠʘʣʴʥʳʤʠ, 

ʘʤʫʜʘʨʴʠʥʩʢʠʡ ï ʘʣʣʶʚʠʘʣʴʥʳʤʠ, ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ï ʥʘʩʳʧʥʳʤʠ ʛʨʫʥʪʘʤʠ, ʘ 

ʪʘʢʞʝ ʛʣʠʥʠʩʪʳʤʠ ʦʩʘʜʢʘʤʠ ʠʨʨʠʛaʮʠʦʥʥʳʭ ʢʘʥʘʣʦʚ.  

ʇʨʠʥʮʠʧʳ ʠ ʤʝʪʦʜʠʢʘ ʩʦʩʪʘʚʣʝʥʠʷ ʢʘʨʪʳ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ 

ʛʦʨʦʜʦʚ ʦʩʚʝʱʝʥʳ ʚ ʨʘʙʦʪʘʭ ɻ.ɸ. ʄʘʚʣʷʥʦʚʘ (1974), ʌ.ɺ.ʂʦʪʣʦʚʘ (1978), ɻ.ʉ.ɿʦʣʦʪʘʨʝʚʘ 

(1978), ɻ.ɸ.ɻʦʣʦʜʢʦʚʩʢʦʡ (1987), ɸ.ʄ.ʍʫʜʘʡʙʝʨʛʝʥʦʚʘ ʠ ʜʨ. [11-14]. ʈʘʡʦʥʳ ʧʦʜʨʘʟʜʝʣʝʥʳ ʥʘ 

ʛʝʦʣʦʛʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʧʦʨʦʜ ʠ ʦʙʦʟʥʘʯʝʥʳ ʟʘʛʣʘʚʥʳʤʠ ʙʫʢʚʘʤʠ. ɺ ʧʨʝʜʝʣʘʭ 

ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʦ ʵʪʦʤʫ ʧʨʠʟʥʘʢʫ ʚʳʜʝʣʝʥ r ʧʷʪʴ ʨʘʡʦʥʦʚ, ʢʦʪʦʨʳʝ ʥʘ ʢʘʨʪʝ 

ʦʙʦʟʥʘʯʝʥʳ ʟʘʛʣʘʚʥʳʤʠ ʙʫʢʚʘʤʠ ɸ, ɹ, ɺ, ɻ, ɼ. ʈʘʡʦʥ ɸ ʟʘʥʠʤʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʣʦʱʘʜʠ ʚ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʚʢʣʶʯʘʝʪ ʘʣʣʶʚʠʘʣʴʥʫʶ ʨʘʚʥʠʥʫ ʨ. 

ʂʘh ʢʘʜʘʨʴʠ. ʈʘʡʦʥ ɹ ʦʭʚʘʪʳʚʘʝʪ ʶʛʦ-ʟʘʧʘʜʥʫʶ ʯʘʩʪʴ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʥʝʙʦʣʴʰʦʡ 

ʫʯʘʩʪʦʢ. ʕʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʜʨʝʚʥʠʭ ʦʟʝʨ ʠ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʧʦʥʠʞʝʥʥʳʭ ʤʝʩʪʘʭ ʩʫʢʘʡʪʠʥʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ (aQsk) ʩ ʦʙʱʠʤ ʫʢʣʦʥʦʤ ʥʘ ʶʛʦ-ʟʘʧʘʜ. ʈʘʡʦʥ ɺ ʟʘʥʠʤʘʝʪ ʩʝʚʝʨʥʫʶ ʯʘʩʪʴ 

ʪʝʨʨʠʪʦʨʠʠ ʚ ʩʪʘʨʦʡ ʯʘʩʪʠ ʛʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʠ ʨʘʩʧʦʣʦʞʝʥ ʚ ʦʩʥʦʚʥʦʤ ʥʘ IV-ʡ 

ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʝ ʨ. ʂʘʰʢʘʜʘʨʴʠ. ʈʘʡʦʥ ɻ ʟʘʥʠʤʘʝʪ ʩʝʚʝʨʥʫʶ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʠ 

ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʪʨʝʪʴʝʡ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʝ ʨ. ʂʘʰʢʘʜʘʨʴʠ. 

ʈʘʡʦʥ ɼ ʦʭʚʘʪʳʚʘʝʪ ʮʝʥʪʨʘʣʴʥʫʶ ʠ ʶʛʦ-ʟʘʧʘʜʥʫʶ ʯʘʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ 

ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 65% ʚʩʝʡ ʧʣʦʱʘʜʠ. ʈʘʩʧʦʣʦʞʝʥ ʥʘ IV-ʡ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʝ ʨ. 

ʂʘʰʢʘʜʘʨʴʠ.  

ɺʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʨʘʡʦʥʠʨʦʚʘʥʠ̫  ʠʤʝʶʪ ʦʙʱʫʶ ʦʩʥʦʚʫ: 

ʠʟ ʘʥʘʣʠʟʘ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠʟʫʯʘʝʤʦʡ ʧʣʦʱʘʜʠ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çʵʪʘʣʦʥʥʳʡ ʛʨʫʥʪè. ʉʝʡʩʤʠʯʝʩʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ I ʠ 

III ʢʘʪʝʛʦʨʠʡ ʛʨʫʥʪʦʚ ʦʮʝʥʠʚʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʠʣʠ ʫʤʝʥʴʰʝʥʠʝʤ (III ʢʘʪʝʛʦʨʠʠ) 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦ II ʢʘʪʝʛʦʨʠʠ. ʇʨʠʨʘʱʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʜʥʦʛʦ ʛʨʫʥʪʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʛʦ ʩ ʧʦʤʦʱʴʶ ʬʠʟʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʫʥʪʘ ʦʩʫʱʝʩʪʚʣʝʥʦ 

ʉ.ɺ.ʄʝʜʚʝʜʝʚʳʤ [15].  

ɺ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʣʝʜʦʚʘʥʠʷʭ ʚ ʥʘʩʪʦ̫ ʱʝʝ ʚʨʝʤʷ 

ʨʘʟʚʠʪr ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠʟʳʩʢʘʥʠʷ ʤʝʪʦʜʦʤ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ 

(MASW). ʉʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 100 ʪʦʯʢʘʭ. 

ʇʦ ʚʩʝʤ ʪʦʯʢʘʤ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ Vs30. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, 

ʩʢʦʨʦʩʪʠ Vs30 ʜʣʷ ʚʩʝʡ ʧʣʦʱʘʜʢʠ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 248-378 ʤ/ʩ. ʊʝʨʨʠʪʦʨʠʶ 

ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʦʱʘʜʠ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʫʯʘʩʪʢʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʠʭ 

ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ (280-340 ʤ/ʩ) (ʨʠʩ. 1). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʨʘʢʪʠʢʝ ʉʄʈ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʢʦʨʦʩʪʠ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ, 

ʟʥʘʯʝʥʠ̫  ʢʦʪʦʨʳʭ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʦʙʚʦʜʥʝʥʥʦʩʪʠ. ʇʦ ʜʘʥʥʳʤ ʦ ʩʢʦʨʦʩʪʷʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʝʡʩʤʠʯʝʩʢʠʭ (ʧʦʧʝʨʝʯʥʳʭ) ʚʦʣʥ, ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʧʣʦʪʥʦʩʪʠ ʛʨʫʥʪʦʚ, ʨʘʩʩʯʠʪʘʥʳ ʧʨʠʨʘʱʝʥʠʷ ʙʘʣʣʴʥʦʩʪʠ I ʧʦ ʬʦʨʤʫʣʝ [16]: 

 

 

    (1) 

 

 

ʛʜʝ ʂ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ. ʇʨʠʯʝʤ ʠʥʩʪʨʫʢʮʠʷ ʨʝʢʦʤʝʥʜʫʝʪ ʧʨʠʥʠʤʘʪʴ ʂ 

ʨʘʚʥʳʤ 1,67.  

ʇʨʠ ʨʘʩʯʝʪʘʭ ʧʨʠʨʘʱʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʦ ʄʉɾ ʚ ʨʘʩʯʝʪ 

ʧʨʠʥʠʤʘʣʘʩʴ ʛʨʫʥʪʦʚʘʷ ʪʦʣʱʘ ʤʦʱʥʦʩʪʴʶ 30 ʤ. ʇʨʠʨʘʱʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦ 

ʄʉɾ ʦʧʨʝʜʝʣʷʣʠʩʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʝʡ Vs30, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʤʝʪʦʜʦʤ MASW ʩ ʫʯʝʪʦʤ ʧʘʨʘʤʝʪʨʦʚ ʚʳʙʨʘʥʥʦʛʦ ʵʪʘʣʦʥʦʛʦ ʛʨʫʥʪʘ (ʨʠʩ. 2).  
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ʈʠʩ. 1. ʂʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Vs30. 

Fig. 1. Vs30 Distribution Map. 
ʈʠʩ. 2. ʂʘʨʪʘ ʧʨʠʨʘʱʝʥʠʡ ʩʝʡʩʤʠʯʝʩʢʦʡ 
ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦ ʤʝʪʦʜʫ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʞʝʩʪʢʦʩʪʝʡ ʚ ʛ. ʂʘʨʰʠ. 
Fig. 2. A map of seismic intensity increments 
using the Karshi seismic stiffness method. 

 

ʇʨʦʚʝʜʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʞʝʩʪʢʦʩʪʝʡ ʛʨʫʥʪʦʚʳʭ ʪʦʣʱ ʚ 100 ʪʦʯʢʘʭ ʥʘ 

ʛʣʫʙʠʥʫ 30 ʤ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʧʫʥʢʪʘʭ ʠ ʙʦʣʝʝ 30. ʆʙʦʙʱʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ 

ʠʟʤʝʥʝʥʠʝ ʧʨʠʨʘʱʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʦʪ +0,39 ʜʦ +0,68 ʙʘʣʣʦʚ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʠʩʭʦʜʥʦʝ 

ʢʦʣʝʙʘʥʠʝ, ʩʦʚʤʝʩʪʠʤʦʝ ʩ ʮʝʣʝʚʳʤ ʩʧʝʢʪʨʦʤ ʨʝʘʢʮʠʠ ʥʘ ʩʢʘʣʴʥʦʝ ʦʩʥʦʚʘʥʠʝ. ʉʣʝʜʫʶʱʠʤ 

ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʩʝʡʩʤʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʛʨʫʥʪʦʚʦʡ ʪʦʣʱʠ ʧʣʦʱʘʜʢʠ. 

ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʫʩʢʦʨʝʥʠʡ ʢʦʣʝʙʘʥʠʡ ʛʨʫʥʪʘ (PGA, g) 

ʜʣʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʈ = 0,9, ʈ = 0,95, ʈ = 0,98 ʠ ʈ = 0,99 ʥʝ ʧʨʝʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʪʝʯʝʥʠʝ 50 ʣʝʪ ʥʘ ʛʨʫʥʪʘʭ I, II ʠ III ʢʘʪʝʛʦʨʠʡ ʧʦ ʩʝʡʩʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. 

 
ɿʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʫʩʢʦʨʝʥʠʡ ʢʦʣʝʙʘʥʠʡ ʛʨʫʥʪʘ (PGA, g)  

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʝ ʧʨʝʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ  

ʚ ʪʝʯʝʥʠʝ 50 ʣʝʪ ʥʘ ʛʨʫʥʪʘʭ I , II  ʠ III  ʢʘʪʝʛʦʨʠʡ ʧʦ ʩʝʡʩʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ  

 

ʂʘʪʝʛʦʨʠʷ ʛʨʫʥʪʘ 
ɿʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʫʩʢʦʨʝʥʠʡ amax, g 

ʈ = 0,9 ʈ = 0,95 ʈ = 0,98 ʈ = 0,99 

I 0,119 0,166 0,240 0,308 

II  0,146 0,201 0,280 0,354 

III  0,168 0,221 0,302 0,373 

 

ʊʘʢ, ʙrʣʠ ʧʦʩʪʨʦʝʥʳ 100 ʤʦʜʝʣʝʡ ʛʨʫʥʪʦʚʦʡ ʪʦʣʱʠ ʥʘ ʦʩʥʦʚʝ ʦʙʦʙʱʝʥʥʦʡ 

ʩʝʡʩʤʦʛʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʭ ʜʘʥʥʳʭ (ʧʨʦʬʠʣʠ MASW). ɼʣʷ ʫʯʝʪʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʛʨʫʥʪʦʚʳʭ 

ʤʦʜʝʣʝʡ ʠ ʚʭʦʜʥʳʭ ʘʢʩʝʣʝʨʦʛʨʘʤʤ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ 

ʧʨʦʛʨʘʤʤʝ Strata. ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʘʢʩʝʣʝʨʦʛʨʘʤʤ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘʙʦʨ ʠʟ 6 ʰʪʫʢ. ʂʘʞʜʘʷ 

ʘʢʩʝʣʝʨʦʛʨʘʤʤʘ ʧʨʦʧʫʩʢʘʣʘʩʴ ʯʝʨʝʟ ʛʨʫʥʪʦʚʫʶ ʪʦʣʱʫ. ʋʤʥʦʞʘʷ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ 

ʛʨʫʥʪʦʚʦʡ ʤʦʜʝʣʠ, ʧʦʣʫʯʘʝʤ ʦʙʱʝʝ ʯʠʩʣʦ 180 ʚʝʪʚʝʡ ʚ ʨʘʩʯʝʪʘʭ ʧʨʦʛʨʘʤʤʳ Strata. ʈʘʩʯʸʪʥʳʝ 

ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʦʠʩʪʦʡ ʛʨʫʥʪʦʚʦʡ 

ʪʦʣʱʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʟʤʝʥʸʥʥʳʝ ʩʣʦʠʩʪʦʡ ʩʨʝʜʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʣʝʙʘʥʠʡ ʥʘ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʦʱʘʜʢʠ ʠʣʠ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʪʦʯʢʘʭ ʩʨʝʜʳ. 
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ɼʣ̫  ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʧʦ ʵʪʦʤʫ ʤʝʪʦʜʫ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʠʩʭʦʜʥʦʝ 

ʩʝʡʩʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʟʘʜʘʥʥʦʝ ʘʢʩʝʣʝʨʦʛʨʘʤʤʦʡ ʠ ʩʧʝʢʪʨʦʤ ʨʝʘʢʮʠʠ, ʠ ʧʦʩʪʨʦʠʪʴ 

ʩʝʡʩʤʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʛʨʫʥʪʦʚʦʡ ʪʦʣʱʠ. ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʘʢʩʝʣʝʨʦʛʨʘʤʤ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʘʢʩʝʣʝʨʦʛʨʘʤʤʳ (ʨʠʩ. 3). 
 

 
ʈʠʩ. 3. ʉʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʘʢʩʝʣʝʨʦʛʨʘʤʤʘ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʛ. ʂʘʨʰʠ, PGA ï 0,166g. 

Fig. 3. Synthesized accelerogram for the territory of Karshi, PGA ï 0,166g. 
 

Aʢʩʝʣʝʨʦʛʨʘʤʤʘ ʥʦʨʤʘʣʠʟʦʚʘʥʘ ʠ ʧʨʠʚʝʜʝʥʘ ʢ ʟʥʘʯʝʥʠʶ ʫʩʢʦʨʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʫʩʢʦʨʝʥʠʶ ʛʨʫʥʪʦʚ ʧʝʨʚʦʡ ʢʘʪʝʛʦʨʠʠ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛ. ʂʘʨʰʠ ʥʘ ʛʣʫʙʠʥʝ  

100 ʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʧʣʦʪʥʳʤʠ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ ʥʝʦʛʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʜʦʙʥʦʛʦ 

ʧʦʜʭʦʜʘ ʨʘʟʨʘʙʦʪʘʥʳ 100 ʩʝʡʩʤʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚ ʧʣʘʥʝ ʧʨʠʚʝʜʝʥʦ ʥʘ 

ʢʘʨʪʝ ʪʦʯʝʢ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʝʡʩʤʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ɿʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʩʝʡʩʤʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ, ʪ. ʝ. 

ʠʟʤʝʥʝʥʠʷ Vs30 ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʂʘʨʪʘ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʨʘʡʦʥʠʨʦʚʘʥʠʷ ʧʦʩʪʨʦʝʥʘ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʤʝʜʠʘʥ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʧʦ ʧʨʦʛʨʘʤʤʝ Strata (ʨʠʩ. 4). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʨʘʟʨʘʙʦʪʘʥʘ ʢʘʨʪʘ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʨʘʡʦʥʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʛ. ʂʘʨʰʠ ʧʦ ʟʥʘʯʝʥʠʷʤ 

ʧʠʢʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ (PGA). ʅʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʦ ʟʥʘʯʝʥʠʷʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ 

ʢʦʣʝʙʘʥʠʷ ʛʨʫʥʪʦʚʳʭ ʪʦʣʱ ʚʳʜʝʣʝʥʳ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ï ʦʪ 0,2 ʜʦ 0,32 g. ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʦʪʨʷʩʝʥʠʡ ʥʘ ʧʣʦʱʘʜʠ ʩ ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʨʘʡʦʥʠʨʦʚʘʥʠ ̫ï ʥʘ ʫʨʦʚʥʝ 

7,22 ʙʘʣʣʦʚ. 

  
ʈʠʩ. 4. ʂʘʨʪʘ ʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʤʠʢʨʦʨʘʡʦʥʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʛ. ʂʘʨʰʠ ʧʦ 
ʟʥʘʯʝʥʠʷʤ ʧʠʢʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ (PGA). 

Fig. 4. A map of the seismic microdistricting of the 
territory of the city of Karshi by peak acceleration 

values (PGA). 

ʈʠʩ. 5. ʂʘʨʪʘ ʩʝʡʩʤʠʯʝʩʢʦʡ 
ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʚ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʠʭ 

ʙʘʣʣʘʭ). 
Fig. 5. Seismic intensity map (in 

macroseismic points). 
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ɺ ʩʦʩʪʘʚʣʝʥʥʦʡ ʢʘʨʪʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʨʘʡʦʥʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʛ. ʂʘʨʰʠ ʚ ʤʘʩʰʪʘʙʝ 

1:25 000 ʚʳʜʝʣʝʥʘ ʪʦʣʴʢʦ 8-ʙʘʣʣʴʥʘʷ ʟʦʥʘ (ʨʠʩ. 5). 

ɿʘʢʣʶʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛ. ʂʘʨʰʠ ʦʪʥʦʩʠʪʩʷ ʢ ʩʨʝʜʥʝʡ ʢʘʪʝʛʦʨʠʠ ʧʦ ʩʣʦʞʥʦʩʪʠ 

ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ɺ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʨʫʥʪʳ ʪʨʝʪʴʝʡ ʢʘʪʝʛʦʨʠʠ ʧʦ 

ʩʝʡʩʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ɺ ʨʘʤʢʘʭ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʨʘʡʦʥʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʛ. ʂʘʨhʠ 

ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ) ʥʘ 100 ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʪʦʯʢʘʭ. ʈʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ Vs30 

ʚ ʢʘʞʜʦʡ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ 

ʧʨʠʨʘʝɦʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ï ʟʥʘʯʝʥʠʷ I ʚ ʧʨʝʜʝʣʘʭ ʦʪ + 0,39 ʜʦ + 0,68. ʆʙʱʘʷ 

ʩʝʡʩʤʠʯʝʩʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 8 ʙʘʣʣʦʚ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʠʩʭʦʜʥʘʷ ʩʝʡʩʤʠʯʥʦʩʪʴ ʛ. ʂʘʨʰʠ ʩʦʩʪʘʚʠʣʘ 

7,22 ʙʘʣʣʘ.  
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Shahar hududlarida seysmik mikrorayonlashtirish zarurligi masalasiga (Qarshi shahri misolida) 

Yadigarov E.M., Khusomiddinov S.S., Khusomiddinov A.S., Islamov H.A., Bazarov J.Sh., Mamarozikov T.U. 

Annotasiya. Maqolada qarshi shahri hududini seysmik mikrorayonlashtirish bo'yicha olib borilgan ishlar 

natijalari keltirilgan. Seysmik intensivlik nafaqat makroseysmik ballarda va tuproqning eng yuqori tezlashuvida 

baholangan. Seysmik qidiruv asosida grunt sharoitlarining seysmik intensivlik parametrlariga ta'siri, shuningdek 

seysmogrunt modellaridan foydalangan holda muhandislik-geologik usullar bilan baholandi. Qarshi shahar SMH 

muammolarini hal qilish uchun shahar bo'ylab 100 ta nuqtada seysmik qidiruv ishlari olib borildi. Olingan 

muhandislik-seysmologik natijalarni umumlashtirish asosida shahar hududini seysmik mikrorayonlashtirish 

xaritalari ikki ko'rsatkichda tuzilgan.  

Kalit so'zlar:  grunt sharoitlari, dastlabki seysmiklik, seysmik jadallikning oshishi, makroseysmik shkala, 

choôqqi tezlanish, muhandislik-geologik rayonlashtirish. 
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On the issue of the need for seismic microdistricting in urban areas (using the example of Karshi) 

Yadigarov E.M., Khusomiddinov S.S., Khusomiddinov A.S., Islamov H.A., Bazarov Zh.Sh., Mamarozikov T.U. 

Abstarct. The article presents the results of the work carried out for seismic microdistricting of the 

territory of the city of Karshi. Seismic intensity is estimated not only in macroseismic scores and in peak ground 

accelerations. The influence of soil conditions on the parameters of seismic intensity is estimated on the basis of 

seismic surveys, as well as engineering and geological methods using seismic models. To solve the tasks of the 

SMR of the city of Karshi, seismic exploration was carried out at 100 points throughout the city. Based on the 

generalization of the obtained engineering and seismological results, maps of the seismic microdistricting of the city 

territory in two indicators have been compiled.  

Key words: Ground conditions, initial seismicity, increment of seismic intensity, macroseismic scale, peak 

acceleration, geotechnical zoning. 
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ɸʅɸʃʀɿ ʈɽɿʋʃʔʊɸʊʆɺ ʄʅʆɻʆʃɽʊʅʀʍ ʅɸʋʏʅʓʍ ʀʉʉʃɽɼʆɺɸʅʀʁ  

ʇʆ ʇʈʆɹʃɽʄɽ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ɿɽʄʃɽʊʈʗʉɽʅʀʁ ɺ ʋɿɹɽʂʀʉʊɸʅɽ  

ʀ ʀʍ ʇɽʈʉʇɽʂʊʀɺʓ 

 

ʂ.ʅ. ɸʙʜʫʣʣʘʙʝʢʦʚ, ʉ.ʍ. ʄʘʢʩʫʜʦʚ, ɺ.ʈ. ʖʩʫʧʦʚ 

ʀʥʩʪʠʪʫʪ ʩʝʡʩʤʦʣʦʛʠʠ ʠʤ. ɻ.ɸ.ʄʘʚʣʷʥʦʚʘ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ 

 
ɸʥʥʦʪaʮʠ̫. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʦʙʣʝʤʝ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʤʠ ʠ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʣʠʛʦʥʘʭ 

ʋʟʙʝʢʠʩʪʘʥʘ. ʄʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʤʝʪʦʜʘʤʠ ʩʪaʮʠʦʥʘʨʥʳʭ, ʧʦʚʪʦʨʥʳʭ 

ʤʘʨʰʨʫʪʥʳʭ ʠ ʧʣʦʱʘʜʥʳʭ ʩʲʝʤʦʢ. ʉʦʜʝʨʞʘʪʩʷ ʪʘʢʞʝ ʜʘʥʥʳʝ ʘʥʘʣʠʟʘ ʜʝʬʦʨʤʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʋʟʙʝʢʠʩʪʘʥʝ ʠ ʨʷʜʝ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ. ʆʧʠʩʘʥʦ ʩʦʩʪʦʷʥʠʝ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʦʙʣʝʤʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʋʟʙʝʢʠʩʪʘʥʝ ʠ ʜʘʣʴʥʝʡʰʠʝ ʧʫʪʠ ʠʭ ʨʘʟʚʠʪʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʝʜʚʝʩʪʥʠʢ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʤʘʛʥʠʪʫʜʘ, ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

 
ʇʨʦʙʣʝʤʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ï ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʪʨʫʜʥʘʷ, ʤʥʦʛʦʧʣʘʥʦʚʘʷ ʠ 

ʩʝʨʴʝʟʥʘʷ ʨʘʙʦʪʘ. ʅʘʜ ʨʝʰʝʥʠʝʤ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʟʘʥʠʤʘʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ 

ʨʘʟʥʳʭ ʩʪʨʘʥ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʪʦʣʝʪʠʡ. ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʦʯʝʨʝʜʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʞʝʨʪʚʘʤʠ ʤʳ ʚʥʦʚʴ ʠ ʚʥʦʚʴ ʚʦʟʚʨʘʱʘʝʤʩʷ ʢ ʘʥʘʣʠʟʫ 

ʩʦʩʪʦʷʥʠʷ ʧʨʦʙʣʝʤʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʝʡʩʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʨʝʛʠʦʥʘʭ ɿʝʤʥʦʛʦ ʰʘʨʘ 

ʧʨʦʚʦʜʷʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʳʷʚʣʝʥʠʶ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʇʦʣʫʯʝʥʳ ʥʘʜʝʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ï ʥʝʢʦʪʦʨʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠ ̫

ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʣʦʢʘʣʴʥʳʤʠ ʘʥʦʤʘʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʘʭ (ʨʝʞʠʤ ʩʣʘʙʦʡ ʩʝʡʩʤʠʯʥʦʩʪʠ, ʥʘʢʣʦʥʳ ʠ ʜʝʬʦʨʤaʮʠʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʤʘʛʥʠʪʥʳʭ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʭʠʤʠʯʝʩʢʦʛʦ 

ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ). 

ʋʩʧʝʰʥʳʝ ʧʨʦʛʥʦʟʳ ʚ ʂʠʪʘʝ [1] ʠ ʚ ʋʟʙʝʢʠʩʪʘʥʝ [2] ʧʦʜʧʠʪʳʚʘʣʠ ʦʧʪʠʤʠʟʤ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʣʦʛʠʠ ʧʨʦʛʥʦʟʘ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ. ʆʜʥʘʢʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ 

ʠʥʦʛʜʘ ʵʪʠ ʧʨʝʜʚʝʩʪʥʠʢʦʚʳʝ ʘʥʦʤʘʣʠʠ ʩ ʪʨʫʜʦʤ ʚʳʜʝʣʷʶʪʩʷ ʥʘ ʬʦʥʝ ʧʦʤʝʭ, ʤʦʟʘʠʯʥʦ 

ʧʨʦʷʚʣʷʶʪʩʷ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʠʤʝʶʪ ʨʘʟʥʳʝ ʤʦʨʬʦʣʦʛʠʶ ʠ ʜʠʥʘʤʠʢʫ ʨʘʟʚʠʪʠʷ 

ʧʝʨʝʜ ʢʦʥʢʨʝʪʥʳʤ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ. ʀʟʚʝʩʪʥʳ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʩʠʣʴʥʝʡʰʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʥʝ 

ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʘʥʦʤʘʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ (ʂʠʪʘʡ, ʛ. ʊʷʥ-ɹʐʘʥʴ, ʠʶʥʴ 1976 ʛ.; ʋʟʙʝʢʠʩʪʘʥ, 

ɻʘʟʣʠ, ʘʧʨʝʣʴ 1976 ʛ.; ʉʐɸ, ʂʘʣʠʬʦʨʥʠʷ, ʘʚʛʫʩʪ 1979 ʛ.; ɸʨʤʝʥʠʷ, ʉʧʠʪʘʢ, ʜʝʢʘʙʨʴ 1988 ʛ.; 

ʗʧʦʥʠʷ, ʤʘʨʪ 2011 ʛ.; ʊʫʨʮʠʷ, ʷʥʚʘʨʴ 2022 ʛ.; ʂʠʪʘʡ, ʬʝʚʨʘʣʴ 2023 ʛ. ʠ ʜʨ.) ʈʘʟʣʠʯʥʳʡ 

ʭʘʨʘʢʪʝʨ ʧʨʦʷʚʣʝʥʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʩʚʷʟʘʥʳ, ʚʠʜʠʤʦ, ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʛʝʦʣʦʛʦ-

ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ ʟʥʘʥʠʡ ʦ ʨʝʘʣʴʥʳʭ 

ʩʝʡʩʤʦʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʚ ʣʠʪʦʩʬʝʨʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʦʙʣʝʤʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʷʚʣʷʶʪʩʷ: ʠʟʫʯʝʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʝʡʩʤʦʘʢʪʠʚʥʳʭ ʨʝʛʠʦʥʘʭ; ʚʳʜʝʣʝʥʠʝ ʧʣʦʱʘʜʝʡ ʘʥʦʤʘʣʴʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʧʦʣʝʡ ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʪʨʝʭ ʧʘʨʘʤʝʪʨʦʚ ʦʞʠʜʘʝʤʳʭ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ï ʤʝʩʪʘ, ʩʠʣʳ ʠ ʚʨʝʤʝʥʠ.  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʦ ʩʝʡʩʤʦʘʢʪʠʚʥʳʤ ʨʝʛʠʦʥʘʤ ɿʝʤʥʦʛʦ ʰʘʨʘ ʥʘʢʦʧʣʝʥ ʦʯʝʥʴ 

ʙʦʣʴʰʦʡ ʤʘʪʝʨʠʘʣ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʚʳʷʚʣʝʥʠʶ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʋʟʙʝʢʠʩʪʘʥʝ ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʮʝʣʝʡ ʩʨʝʜʥʝ- ʠ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠ ʛʠʜʨʦʛʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ [3, 4]. ʄʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ 
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ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ 

ʠʟʙʳʪʦʯʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʘʩʩʠʚʘʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ 

ʠʟʤʝʥʝʥʠʶ ʣʦʢʘʣʴʥʦʛʦ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʆʩʥʦʚʥʳʤ ʫʩʣʦʚʠʝʤ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʩʦʩʪʘʚʝ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ. ɺʦʟʜʝʡʩʪʚʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʛʦʨʥʫʶ ʧʦʨʦʜʫ 

ʚʳʟʳʚʘʝʪ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʠʥʝʨʘʣʘʭ ʠʟʤʝʥʝʥʠʝ ʠʭ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ 

ʛʝʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

ʈʘʟʚʠʪʠʝ ʛʝʦʤʘʛʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʦʙʣʝʤʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʧʨʦʠʩʭʦʜʠʣʦ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʚʦʟʨʘʩʪʘʥʠʝʤ ʦʙʲʝʤʘ ʧʦʣʝʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʩʝʡʩʤʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʨʝʛʠʦʥʘʭ ɿʝʤʥʦʛʦ ʰʘʨʘ [5]. ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʦʚʳʰʘʣʠʩʴ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʠ 

ʚʥʝʜʨʷʣʠʩʴ ʥʦʚʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ. ɺʳʩʦʢʦʪʦʯʥʳʝ ʧʦʚʪʦʨʥʳʝ ʩʲʝʤʢʠ ʠ 

ʩʪaʮʠʦʥʘʨʥʳʝ ʥʝʧʨʝʨʳʚʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʤʝʪʦʜʘ ʩʠʥʭʨʦʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʥʦʩʪʴ ʤʦʜʫʣʷ ʧʦʣʥʦʛʦ 

ʚʝʢʪʦʨʘ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [3]. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʠʟʚʝʩʪʥʳ ʣʦʢʘʣʴʥʳʝ ʚʘʨʠaʮʠʠ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʚʷʟʘʥʥʳʝ: 

Å ʩ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʩʦʚʨʝʤʝʥʥʳʤʠ ʜʚʠʞʝʥʠʷʤʠ ʟʝʤʥʦʡ ʢʦʨʳ [6, 7]; 

Å ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʚʟʨʳʚʘʤʠ [8, 9]; 

Å ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʲʝʢʪʦʚ (ʧʦʜʟʝʤʥʳʝ ʝʩʪʝʩʪʚʝʥʥʳʝ ʛʘʟʦʭʨʘʥʠʣʠʱʘ, 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʝ ʥʝʬʪʷʥʳʝ ʠ ʛʘʟʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʢʨʫʧʥʳʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ) [10]; 

Å ʩʠʣʴʥʳʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ [2, 11]; 

Å ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʣʫʙʠʥʘʭ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʠ ʛʣʫʙʞʝ [12]; 

ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʦʠʟʦʰʝʜʰʠʝ ʩʠʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʥʝ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ 

ʣʦʢʘʣʴʥʳʤʠ ʘʥʦʤʘʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʠ ʥʝ ʪʦʣʴʢʦ ʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʧʦʣʷʭ) [12]. 

ʆʙʫʩʣʦʚʣʝʥʥʦʩʪʴ ʣʦʢʘʣʴʥʳʭ ʘʥʦʤʘʣʴʥʳʭ ʚʘʨʠaʮʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪʤʝʯʝʥʥʳʤʠ 

ʚʳʰʝ ʬʘʢʪʦʨʘʤʠ, ʦʪʩʫʪʩʪʚʠʝ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʚʦ ʚʨʝʤʷ ʥʝʢʦʪʦʨʳʭ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʦʩʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩ ʫʚʝʨʝʥʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʩʨʝʜʠ ʥʠʭ ʪʝʭ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ 

ʧʨʦʮʝʩʩʘʤʠ ʧʦʜʛʦʪʦʚʢʠ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʢʘʢ ʠ ʤʥʦʛʠʝ ʘʥʦʤʘʣʠʠ (ʢʨʦʤʝ ʘʥʦʤʘʣʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʲʝʢʪʦʚ), ʣʦʢʘʣʴʥʳʝ ʘʥʦʤʘʣʠʠ ʧʨʝʜʚʝʩʪʥʠʢʦʚʦʛʦ ʭʘʨʘʢʪʝʨʘ 

ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʬʦʨʤʫ, ʟʥʘʢ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ. 

ʂ ʦʪʤʝʯʝʥʥʳʤ ʬʘʢʪʘʤ ʜʦʙʘʚʣʷʝʪʩʷ ʬʘʢʪʦʨ ʚʣʠʷʥʠʷ ʪʘʢʦʛʦ ʩʚʦʡʩʪʚʘ ʟʝʤʥʦʡ ʢʦʨʳ, ʢʘʢ 

ʘʥʦʤʘʣʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. ɺ ʦʙʱʠʭ ʯʝʨʪʘʭ ʠʟʚʝʩʪʥʘ ʧʣʦʱʘʜʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʪʦʡ 

ʘʥʦʤʘʣʴʥʦʡ ʟʦʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʋʟʙʝʢʠʩʪʘʥʘ [13, 14]. ʆʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʡ ʟʦʥʳ ʷʚʣʷʝʪʩʷ 

ʠʩʢʘʞʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʧʨʦʭʦʞʜʝʥʠʷ ʙʫʭʪʦʦʙʨʘʟʥʳʭ ʚʘʨʠaʮʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ 

ʚʨʝʤʝʥʘʤʠ 0,5-2,5 ʯ. ʇʨʠ ʤʘʣʦʡ ʚʝʣʠʯʠʥʝ ʚʳʷʚʣʝʥʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (2-3 ʥʊʣ) 

ʦʪʤʝʯʝʥʥʳʡ ʬʘʢʪ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʪ ɹʥʘ ʚʳʷʚʣʝʥʠʝ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʛʝʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

ɺʳʜʝʣʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʦʣʛʦʩʨʦʯʥʳʝ, ʩʨʝʜʥʝʩʨʦʯʥʳʝ ʠ ʢʨʘʪʢʦʩʨʦʯʥʳʝ 

ʧʨʝʜʚʝʩʪʥʠʢʠ. ʅʘʡʜʝʥʳ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʩ ʤʘʛʥʠʪʫʜʦʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʉʦʟʜʘʥʳ ʜʝʩʷʪʢʠ ʤʦʜʝʣʝʡ 

ʧʨʦʮʝʩʩʦʚ ʧʦʜʛʦʪʦʚʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ [15, 16]. 

 ʇʦ ʧʨʦʙʣʝʤʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʀʥʩʪʠʪʫʪʦʤ ʩʝʡʩʤʦʣʦʛʠʠ ɸʢʘʜʝʤʠʠ 

ʥʘʫʢ ʋʟʙʝʢʠʩʪʘʥʘ ʧʨʦʚʦʜʷʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʯʠʥʘʷ ʩ 

1968 ʛ. ɹʳʣʠ ʥʘʜʝʞʥʦ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʳ ʥʝʩʢʦʣʴʢʦ ʟʝʤʣʝʪʨʷʩʝʥʠʡ [2, 17].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʥʘ ʧʨʘʢʪʠʢʝ ʨʝʘʣʴʥʳʡ 

ʧʨʦʛʥʦʟ ʤʝʩʪʘ, ʚʨʝʤʝʥʠ ʠ ʩʠʣʳ ʦʞʠʜʘʝʤʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʚʩʝ ʝʱʸ ʦʩʪʘʝʪʩʷ ʥʘ ʦʯʝʥʴ 

ʥʠʟʢʦʤ ʫʨʦʚʥʝ. 

ʇʨʠʯʠʥʦʡ ʪʘʢʦʛʦ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʷʚʣʷʝʪʩʷ ʨʷʜ ʦʨʛʘʥʠʟaʮʠʦʥʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʫʧʫʱʝʥʠʡ. ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ. ɻʣʘʚʥʘ ̫ ʧʨʠʯʠʥʘ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ï 

ʤʝʪʦʜʠʯʝʩʢʠʝ ʫʧʫʱʝʥʠʷ. ʇʨʠ ʦʨʛʘʥʠʟaʮʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ 

ʥʘʙʣʶʜʝʥʠʡ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʞʠʜʘʝʤʳʭ 
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ʟʝʤʣʝʪʨʷʩʝʥʠʡ.  

ʇʨʠ ʦʨʛʘʥʠʟaʮʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʜʦʣʞʥʳ 

ʫʯʠʪʳʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʞʠʜʘʝʤʳʭ ʘʥʦʤʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʣʝʡ. ʊʦʯʥʳʡ ʧʨʦʛʥʦʟ ʤʝʩʪʘ, ʚʨʝʤʝʥʠ ʠ ʩʠʣʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ 

ʧʨʠ ʨʝʛʠʩʪʨaʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʢʘʨʪʠʥʳ ʘʥʦʤʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠʩʩʣʝʜʫʝʤʳʭ 

ʧʦʣʝʡ. ɼʣʷ ʵʪʦʛʦ ʘʥʦʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʣʝʡ ï ʧʨʝʜʚʝʩʪʥʠʢʠ ï ʜʦʣʞʥʳ ʙʳʪʴ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʦʤ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʥʘ 

ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ.  

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ ʢʘʨʪʠʥʫ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ 

ʦʨʛʘʥʠʟaʮʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩʦʤ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʥʘ ʙʦʣʴʰʦʡ, 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʝʡʩʤʠʯʝʩʢʠ ʦʧʘʩʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʥʳ ʧʨʦʚʦʜʠʪʴʩʷ 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. ʊʦʛʜʘ ʙʫʜʫʪ ʦʭʚʘʯʝʥʳ ʧʝʨʠʦʜʳ ʧʨʦʷʚʣʝʥʠʷ ʜʦʣʛʦʩʨʦʯʥʳʭ, ʩʨʝʜʥʝʩʨʦʯʥʳʭ 

ʠ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ. ʂ ʩʦʞʘʣʝʥʠʶ, ʦʨʛʘʥʠʟaʮʠ̫ ʧʦʜʦʙʥʳʭ ʨʘʙʦʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʜʦʨʦʛʘ ̫ ʠ ʪʨʫʜʦʝʤʢʘ.̫ ʇʦʵʪʦʤʫ ʜʣʠʪʝʣʴʥʳʝ ʠ ʧʣʦʱʘʜʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʨʛʘʥʠʟʦʚʘʪʴ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʩ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ. ʊʘʢʠʝ ʨʝʛʠʦʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʋʟʙʝʢʠʩʪʘʥʘ 

ʚʳʜʝʣʝʥʳ ʧʦ ʜʘʥʥʳʤ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʠ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [18, 19].  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʤʥʦʛʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʪʦʣʴʢʦ ʢʨʘʪʢʦʩʨʦʯʥʳʭ 

ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʦʥʠ ʥʝ ʢʦʨʨʝʢʪʥʳ ʠ ʠʭ ʩʚʷʟʴ ʩ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ 

ʥʝ ʚʩʝʛʜʘ ʦʜʥʦʟʥʘʯʥʘ. ɿʝʤʣʝʪʨʷʩʝʥʠʷ ʤʦʛʫʪ ʛʦʪʦʚʠʪʴʩʷ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʤʦʛʫʪ 

ʦʪʨʘʞʘʪʴʩʷ ʚ ʚʠʜʝ ʜʦʣʛʦʩʨʦʯʥʳʭ, ʩʨʝʜʥʝʩʨʦʯʥʳʭ ʠ ʪʦʣʴʢʦ ʧʦʪʦʤ, ʚ ʢʨʘʪʢʦʩʨʦʯʥʳʭ 

ʧʨʝʜʚʝʩʪʥʠʢʘʭ. ʅʘʧʨʠʤʝʨ, ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʢʘʪʘʣʦʛʘʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʰʠ ʚʳʩʢʘʟʳʚʘʥʠʷ [21-23]. ʆʥʠ, ʢʦʥʝʯʥʦ, ʧʦʣʝʟʥʳ ï ʩʦʙʨʘʥʦ 

ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʦ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʨʦʚʳʭ ʜʘʥʥʳʭ. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʥʝ ʩʦʜʝʨʞʘʪ 

ʠʥʬʦʨʤaʮʠʁ ʦ ʧʦʣʥʦʤ ʮʠʢʣʝ ʧʨʦʮʝʩʩʘ ʧʦʜʛʦʪʦʚʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ.  

ʇʦ ʠʟʫʯʝʥʠʶ ʤʦʨʬʦʣʦʛʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʚʳʧʦʣʥʝʥʦ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺʳʜʝʣʝʥʳ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠ ʘʧʝʨʠʦʜʠʯʝʩʢʠʝ ʪʠʧʳ ʚʘʨʠaʮʠʡ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʮʝʩʩʘʤʠ, ʥʘʯʠʥʘʷ ʦʪ ʷʜʨʘ ʤʘʥʪʠʠ ʜʦ ʧʨʦʮʝʩʩʦʚ ʚ ʟʝʤʥʦʡ ʢʦʨʝ. ɺʳʜʝʣʝʥʳ 

ʩʫʪʦʯʥʳʝ, ʩʝʟʦʥʥʳʝ, ʛʦʜʦʚʳʝ ʠ ʪ. ʜ. ʚʘʨʠaʮʠʠ [23, 24]. ʆʧʨʝʜʝʣʝʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʚʘʨʠaʮʠʡ ʦʪ ʤʝʩʪʘ ʢ ʤʝʩʪʫ ʠ ʪ. ʜ. ʅʘʧʠʩʘʥʳ ʫʯʝʙʥʠʢʠ, 

ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʩʦʙʠʷ ʠ ʜʨʫʛʠʝ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ [25, 26].  

ʈʘʩʩʤʦʪʨʠʤ ʩʦʩʪʦʷʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʘʨʠaʮʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʠ ʜʨʫʛʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʵʥʜʦʛʝʥʥʦʛʦ ʠ ʵʢʟʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʘʥʦʤʘʣʴʥʳʝ ʚʘʨʠaʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ 

(ʩʝʡʩʤʦʤʘʛʥʠʪʥʳʡ ʵʬʬʝʢʪ), ʠʩʩʣʝʜʫʪʁʩʷ, ʥʘʯʠʥʘʷ ʩ 18-ʛʦ ʩʪʦʣʝʪʠʷ [1]. ʆʜʥʘʢʦ ʤʦʱʥʳʡ 

ʠʤʧʫʣʴʩ ʢ ʵʪʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʜʘʣʘ ʩʪʘʪʴʷ ɺ.ʇ.ʆʨʣʦʚʘ [27], ʧʦʩʚʷʱʝʥʥʘʷ ʦʙʥʘʨʫʞʝʥʠʶ 

ʣʦʢʘʣʴʥʦʛʦ ʘʥʦʤʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚʝʢʦʚʦʛʦ ʭʦʜʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʘʜʞʠʢʠʩʪʘʥʘ. ɺʩʢʦʨʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʥʦʤʘʣʴʥʳʭ ʚʘʨʠaʮʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʚʷʟʘʥʥʳʭ ʩ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʠ 

ʜʨʫʛʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʙʳʣʠ ʥʘʯʘʪʳ ʠ ʥʘ ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ ʠ ʂʘʟʘʭʩʪʘʥʝ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʀ.ʄ.ʇʫʜʦʚʢʠʥʘ. ɸʥʘʣʦʛʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʣʠ ʥʘ ʧʦʣʠʛʦʥʘʭ ʂʘʨʧʘʪ, 

ʂʘʚʢʘʟʘ, ʉʨʝʜʥʝʡ ɸʟʠʠ ʠ ʚ ʨʷʜʝ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʝʪʦʜ r ʚʳʷʚʣʝʥʠʷ ʧʨʝʜʚʝʩʪʥʠʢʦʚ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ï ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ. ɺ ʋʟʙʝʢʠʩʪʘʥʝ ʤʦʥʠʪʦʨʠʥʛ 

ʚʘʨʠaʮʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 1968 ʛ. ʉʦʟʜʘʥʳ ʊʘʰʢʝʥʪʩʢʠʡ, ʌʝʨʛʘʥʩʢʠʡ, 

ʂʳʟʳʣʢʫʤʩʢʠʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʣʠʛʦʥʳ. ʆʨʛʘʥʠʟʦʚʘʥʘ ʦʙʰʠʨʥʘʷ ʩʝʪʴ ʩʪaʮʠʦʥʘʨʥʳʭ 

ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ. ɺ ʦʪʜʝʣʴʥʳʝ ʛʦʜʳ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʜʦʭʦʜʠʣʦ ʜʦ 37. 

ʇʦʣʫʯʝʥʳ ʫʥʠʢʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʠʣʘʤʠ ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ ʮʝʥʪʨʘ 

ʩʝʡʩʤʦʧʨʦʛʥʦʩʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʄʏʉ ʠ ʀʥʩʪʠʪʫʪʘ ʩʝʡʩʤʦʣʦʛʠʠ ɸʅ ʈʋʟ ʩʝʪʴ 

ʧʦʚʪʦʨʥʳʭ ʤʘʨʰʨʫʪʥʳʭ ʠ ʩʪaʮʠʦʥʘʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. 

ɼʫʤʘʝʪʩʷ, ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʦʥʠ ʥʘʯʥʫʪ ʜʘʚʘʪʴ ʨʝʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 
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ʂ ʙʦʣʴʰʦʤʫ ʩʦʞʘʣʝʥʠʶ, ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʥʘʜʝʞʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ï ʛʝʦʜʝʟʠʯʝʩʢʠʡ ʤʝʪʦʜ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʠʞʝʥʠʡ 

ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʋʟʙʝʢʠʩʪʘʥʝ ʥʝ ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʛʦ ʨʘʟʚʠʪʠ ̫ (ʥʘʭʦʜʠʪʩʷ ʚ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʥʠʟʢʦʤ ʩʦʩʪʦʷʥʠʠ). 

ʀʩʭʦʜʷ ʠʟ ʦʧʳʪʘ ʷʧʦʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦ ʠʟʫʯʝʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʠʞʝʥʠʡ 

ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʥʘʰʠʭ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʦʤ ʧʦʚʪʦʨʥʳʭ ʤʘʨʰʨʫʪʥʳʭ 

ʩʲʝʤʦʢ, ʢʨʘʡʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʚ ʨʝʩʧʫʙʣʠʢʝ ʢʦʩʤʦʛʝʦʜʝʟʠʯʝʩʢʠʝ ʨʘʙʦʪʳ 

ʤʝʪʦʜʦʤ ʧʦʚʪʦʨʥʳʭ ʤʘʨʰʨʫʪʥʳʭ ʩʲʝʤʦʢ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦ ʧʨʦʚʝʜʝʥʠʝ ʧʦʚʪʦʨʥʳʭ 

ʩʲʝʤʦʢ ʚ ʨʘʡʦʥʘʭ ʦʩʥʦʚʥʳʭ ʩʝʡʩʤʦʛʝʥʥʳʭ ʟʦʥ, ʢʦʪʦʨʳʝ ʦʪʤʝʯʝʥʳ ʢʘʢ ʪʝʨʨʠʪʦʨʠʠ ʩ ʚʳʩʦʢʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, 

ʩʲʝʤʢʠ ʥʫʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʚ ʧʨʝʜʝʣʘʭ ʂʘʨʞʘʥʪʘʫʩʢʦʛʦ, ʉʝʚʝʨʦ-ʌʝʨʛʘʥʩʢʦʛʦ, ʖʞʥʦ-

ʌʝʨʛʘʥʩʢʦʛʦ ʠ ʚ ʧʨʦʜʦʣʞʝʥʠʠ ɻʠʩʩʘʨʦ-ʂʦʦʢʰʘʣʴʩʢʦʛʦ ʨʘʟʣʦʤʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ 

ʵʧʠʮʝʥʪʨʳ ʂʘʨʘʪʘʛʩʢʦʛʦ 1907 ʛ. ʠ ɻʘʟʣʠʡʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 1976 ʠ 1984 ʛʛ. ʩ ʤʘʛʥʠʪʫʜʦʡ ʄ= 

7,2 ʠ 7,3. ʇʨʠ ʵʪʦʤ ʞʝʣʘʪʝʣʴʥʦ ʩʦʚʤʝʱʘʪʴ ʧʫʥʢʪʳ ʤʘʛʥʠʪʥʳʭ ʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ 

ʤʝʪʦʜʦʤ ʧʦʚʪʦʨʥʳʭ ʤʘʨʰʨʫʪʥʳʭ ʩʲʝʤʦʢ. ʀʟʤʝʨʝʥʠʷ ʥʘ ʥʠʭ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʦʠʤʠ ʤʝʪʦʜʘʤʠ ʠ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ ʥʘʙʣʶʜʝʥʠʡ ʜʦʣʞʥʦ ʩʦʩʪʘʚʠʪʴ ʚ ʩʨʝʜʥʝʤ 5-10 ʢʤ. ʉ 

ʧʦʤʦʱʴʶ ʧʦʚʪʦʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʚ ʚʳʷʚʣʝʥʥʳʭ 

ʠʟʤʝʥʝʥʠʷʭ ʜʦʣʛʦʩʨʦʯʥʳʝ, ʩʨʝʜʥʝʩʨʦʯʥʳʝ ʠ ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʧʨʝʜʚʝʩʪʥʠʢʠ ʩʠʣʴʥʳʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

ɺʳʚʦʜʳ. ʉʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʠ ʦʙʦʙʱʝʥʳ ʤʥʦʛʦʣʝʪʥʠʝ ʜʘʥʥʳʝ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʣʠʛʦʥʘʭ ʋʟʙʝʢʠʩʪʘʥʘ ʤʝʪʦʜʘʤʠ ʩʪaʮʠʦʥʘʨʥʳʭ, 

ʧʦʚʪʦʨʥʳʭ ʤʘʨʰʨʫʪʥʳʭ ʠ ʧʣʦʱʘʜʥʳʭ ʩʲʝʤʦʢ. ɺʳʷʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʦ ʧʨʠʨʦʜʝ ʣʦʢʘʣʴʥʳʝ 

ʘʥʦʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ɸʥʘʣʠʟʠʨʦʚʘʥʦ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʛʝʦʤʘʛʥʠʪʥʳʭ ʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥʳ ʧʫʪʠ ʫʣʫʯʰʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʧʨʦʙʣʝʤʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ.  
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O'zbkistonda zilzilalarni oldindan aytish muammosi bo'yicha o'tkazilgan ko'p yillik ilmiy t adqiqotlarning 

tahlili va kelajakdagi istiqbollari  

K.N. Abdullabekov, S.X. Maqsudov, V.R. Yusupov 

 

Annotatsiya. Maqolada statsionar, takroriy marshrut va hududiy tadqiqotlar yordamida Oᾶzbekistondagi 

geodinamik maydonlarda oᾶtkazilgan magnitometrik tadqiqotlarning uzoq muddatli maᾷlumotlarini tahlil qilish va 

umumlashtirish natijalari keltirilgan. Unda Oózbekiston va bir qator xorijiy mamlakatlarda olingan deformometrik 

va boshqa tadqiqotlarning tahliliy maôlumotlari ham mavjud. Oózbekistonda zilzilalarni prognoz qilish muammosi 

boóyicha olib borilayotgan ilmiy tadqiqotlar holati va ularni rivojlantirishning keyingi yoóllari bayon etilgan. 

Kalit so'zlar:  zilzila darakchilari, magnituda, magnit maydon, zilzila prognozi. 

 

Analysis of the results of long-term scientific research on the problem of earthquake forecasting in 

Uzbekistan and their prospects 

K.N. Abdullabekov, S.Kh. Maksudov, V.R. Yusupov 

 

Annotation. The article presents the results of analysis and generalization of long-term data from 

magnetometric studies at geodynamic sites in Uzbekistan using stationary, repeated route and area surveys. It also 

contains analysis data from deformometric and other studies obtained in Uzbekistan and a number of foreign 

countries. The state of scientific research on the problem of predicting earthquakes in Uzbekistan and further ways 

of their development are described. 

Key words: earthquake precursor, magnitude, magnetic field, earthquake prediction. 
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ʆ ɺʓɼɽʃɽʅʀʀ ʇʆʃɽɿʅʆɻʆ (ʇʈʆɻʅʆɿʅʆɻʆ) ʉʀɻʅɸʃɸ ɺ ʈɽɿʋʃʔʊɸʊɸʍ 

ɻʀɼʈʆɻɽʆʍʀʄʀʏɽʉʂʀʍ ʅɸɹʃʖɼɽʅʀʁ  

ɼʃʗ ʇʆʀʉʂɸ ʇʈɽɼɺɽʉʊʅʀʂʆɺ ɿɽʄʃɽʊʈʗʉɽʅʀʁ  

 

ʊ.ʃ. ʀʙʨʘʛʠʤʦʚʘ 

ʀʥʩʪʠʪʫʪ ʩʝʡʩʤʦʣʦʛʠʠ ʠʤ. ɻ.ɸ.ʄʘʚʣʷʥʦʚʘ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ 
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ɸʥʥʦʪaʮʠ̫. ʅʘ ʧʨʠʤʝʨʝ ʤʥʦʛʦʣʝʪʥʠʭ ʨʷʜʦʚ ʠʟʤʝʥʝʥʠʷ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʟʝʤʥʳʭ 

ʚʦʜ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʚʳʜʝʣʝʥʠʶ ʘʥʦʤʘʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʩʝʡʩʤʠʯʥʦʩʪʴʶ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʚʦʩʧʦʣʥʝʥʠʝ 

ʧʨʦʧʫʩʢʦʚ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ; ʨʘʟʣʦʞʝʥʠʝ ʨʷʜʘ ʥʘ ʪʨʝʥʜʦʚʫʶ, ʩʝʟʦʥʥʫʶ ʠ ʦʩʪʘʪʦʯʥʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ; ʦʪʙʦʨ 

ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʘʥʦʤʘʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʩ 

ʤʦʤʝʥʪʘʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ; ʦʮʝʥʢʘ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʚʳʷʚʣʷʝʤʳʭ ʩʚʷʟʝʡ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʜʣʷ ʘʥʘʣʠʟʘ ʥʝʩʢʦʣʴʢʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʩʪʘʥʮʠʷʭ ʐʫʨʯʠ ʠ ʍʘʚʘʪʘʛ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʝʜʚʝʩʪʥʠʢʠ, ʧʨʦʛʥʦʟ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʧʨʦʛʥʦʟʥʳʡ ʩʠʛʥʘʣ, 

ʘʥʦʤʘʣʠʷ, ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ, ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ.  

 

ɺʚʝʜʝʥʠʝ. ʀʩʩʣʝʜʦʚʘʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʷʚʣʝʥʠʷ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʧʝʨʝʜ ʩʠʣʴʥʳʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ, ʧʨʦʠʟʦʰʝʜʰʠʤʠ ʚ ʟʦʥʘʭ ʘʢʪʠʚʥʭr ʩʪʨʫʢʪʫʨ 

ʟʝʤʥʦʡ ʢʦʨʳ, ʧʦʩʚʷʱʝʥ ʨʷʜ ʨʘʙʦʪ [ɻʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠé, 1977; ɸʟʠʟʦʚ ʠ ʜʨ., 

2004; ʉʘʣʦʤʦʚ, 2008; ʀʙʨʘʛʠʤʦʚʘ, 2013; ɻʦʨʜʝʝʚ, ʈʷʙʠʥʠʥ, 2016; ʉʝʤʝʥʦʚ ʠ ʜʨ., 2020; 

ʆʩʤʘʥʦʚʘ ʄ.ʄ., ɸʣʠʝʚʘ ɸ.ɺ., 2023; Pashayan et al., 2022 ʠ ʜʨ.]. ɺ ʥʠʭ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʜʘʥʥʳʝ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʙʣʶʜʝʥʥʳʝ ʢʘʢ 

ʥʘ ʦʜʥʦʡ ʩʢʚʘʞʠʥʝ, ʪʘʢ ʠ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺʠʟʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʤʥʦʛʦʤʝʨʥʳʭ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʚʩʪʨʝʯʘʝʪ ʥʘ ʩʚʦʝʤ ʧʫʪʠ ʨʷʜ ʪʨʫʜʥʦʩʪʝʡ. ʆʙʳʯʥʦ ʚʳʜʝʣʷʶʪʩʷ ʪʦʣʴʢʦ 

ʦʩʦʙʝʥʥʦʩʪʠ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʠ ʧʣʘʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʧʨʠʯʝʤ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʥʠ ʥʝ ʪʝʨʷʶʪʩʷ 

ʥʘ ʬʦʥʝ ʧʦʤʝʭ. ʌʦʨʤʘʣʠʟʦʚʘʪʴ ʚʠʟʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʛʨʘʬʠʢʦʚ ʪʘʢʞʝ ʦʯʝʥʴ ʩʣʦʞʥʦ, 

ʧʦʩʢʦʣʴʢʫ ʠʭ ʚʦʩʧʨʠʷʪʠʝ ʚʝʩʴʤʘ ʩʫʙʲʝʢʪʠʚʥʦ, ʠ ʪʦ, ʯʪʦ ʜʣʷ ʦʜʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʢʘʞʝʪʩʷ 

ʘʥʦʤʘʣʠʝʡ, ʜʨʫʛʠʤ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʬʦʥ [ʃʶʙʫʰʠʥ, 2007]. ʇʨʠʚʝʜʝʤ ʧʦʢʘʟʘʪʝʣʴʥʳʡ ʚ 

ʵʪʦʤ ʩʤʳʩʣʝ ʧʨʠʤʝʨ. ʆʥ ʢʘʩʘʝʪʩʷ ʧʦʚʝʜʝʥʠʷ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜ 

ʂʘʡʨʘʢʫʤʩʢʠʤ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ 1985 ʛ. ʩ ʤʘʛʥʠʪʫʜʦʡ ʄ = 5,9, ʚʦʟʥʠʢʰʝʤ ʚ ʧʨʝʜʝʣʘʭ ʉʝʚʝʨʦ-

ʌʝʨʛʘʥʩʢʦʡ ʩʝʡʩʤʦʘʢʪʠʚʥʦʡ ʟʦʥʳ. ɺ ʨʘʙʦʪʝ [ʉʫʣʪʘʥʭʦʜʞʘʝʚ ʠ ʜʨ., 1987] ʘʚʪʦʨʳ, ʘʥʘʣʠʟʠʨʫʷ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʧʝʨʝʜ ʦʪʜʝʣʴʥʳʤʠ 

ʩʠʣʴʥʳʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ (ʨʠʩ. 1), ʧʨʠʭʦʜʷʪ ʢ ʚʳʚʦʜʫ, ʯʪʦ çʧʦ ʩʢʚʘʞʠʥʘʤ ʍʘʚʘʪʘʛ, ʏʠʤʠʦʥ, 

ʍʦʜʞʘʘʙʘʜ ʠ ʏʘʨʪʘʢ ʟʘ 5-6 ʤʝʩʷʮʝʚ ʜʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʥʘʯʘʣʩʷ ʨʦʩʪ ʢʦʥʮʝʥʪʨaʮʠʠ ʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʘ, ʯʝʛʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʩʢʚ. ʃʫʥʘʯʘʨʩʢʦʝè, ʠ ʜʘʣʝʝ: çʦʯʘʛ ʂʘʡʨʘʢʫʤʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʨʘʩʧʦʣʦʞʝʥ ʚ ʙʣʦʢʝ, ʦʛʨʘʥʠʯʝʥʥʦʤ ʩ ʶʛʘ ʟʦʥʦʡ ʖʞʥʦ-ʌʝʨʛʘʥʩʢʠʭ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ. 

ʉʭʦʞʝʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʬʦʨʤʳ ʘʥʦʤʘʣʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʩʢʚʘʞʠʥʘʭ ʍʘʚʘʪʘʛ, ʏʠʤʠʦʥ, 

ʍʦʜʞʘʘʙʘʜ ʠ ʏʘʨʪʘʢ, ʚʠʜʠʤʦ, ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴʶ ʠʭ ʢ ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʟʦʥʘʤ. ʉʢʚ. 

ʃʫʥʘʯʘʨʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʘ ʚʥʝ ʵʪʠʭ ʟʦʥ, ʧʦʵʪʦʤʫ ʚʝʨʦʷʪʥʦ, ʧʨʝʜʚʝʩʪʥʠʢ ʢʦʥʪʨʘʩʪʥʦ ʥʝ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷè.  

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ ʉʆ2 ʥʘ ʩʢʚʘʞʠʥʝ ʃʫʥʘʯʘʨʩʢʦʝ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʂʘʡʨʘʢʫʤʩʢʠʤ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʚʳʰʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ ʉʆ2, ʢʘʯʝʩʪʚʝʥʥʦ ʘʥʘʣʦʛʠʯʥʦʝ ʪʦʤʫ, ʯʪʦ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʥʘ ʜʨʫʛʠʭ ʩʪʘʥʮʠʷʭ. 

ɸʥʦʤʘʣʠʷ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʦʙʥʘʨʫʞʝʥʘ, ʝʩʣʠ ʠʥʘʯʝ ʧʨʦʚʝʩʪʠ ʣʠʥʠʶ ʩʨʝʜʥʝʛʦ, ʦʧʠʨʘʷʩʴ ʥʝ 

ʥʘ ʣʦʢʘʣʴʥʳʡ ʬʨʘʛʤʝʥʪ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ, ʘ ʟʘ 

ʤʥʦʛʦʣʝʪʥʠʡ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ. 
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ʈʠʩ. 1. ɺʘʨʠaʮʠʠ ʟʥʘʯʝʥʠʡ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʧʝʨʝʜ ʂʘʡʨʘʢʫʤʩʢʠʤ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ  
[ʉʫʣʪʘʥʭʦʜʞʘʝʚ ʠ ʜʨ., 1987] ʩ ʜʦʧʦʣʥʝʥʠʝʤ ʘʚʪʦʨʘ. 

Fig. 1. Variations in carbon dioxide values before the Kairakum earthquake  
[Sultankhojaev et al., 1987] with the authorôs addition. 

 

ɽʱʝ ʦʜʠʥ ʧʨʠʤʝʨ ï ʛʘʟʦʭʠʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʅʘʟʘʨʙʝʢʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʥʘ ʩʢʚʘʞʠʥʝ 

ʃʫʥʘʯʘʨʩʢʦʝ (ʨʠʩ. 2) [ʇʨʦʛʥʦʟ ʩʝʡʩʤʠʯʝʩʢʦʡé, 1994]. ɺ ʪʦʞʝ ʚʨʝʤʷ ʚ [ɻʠʜʨʦʛʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʝʜʚʝʩʪʥʠʢʠé, 1983] ʜʣʷ ʵʪʦʡ ʩʢʚʘʞʠʥʳ ʧʨʠʚʝʜʝʥʳ ʩʦʚʝʨʰʝʥʥʦ ʜʨʫʛʠʝ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ, 

ʢʦʪʦʨʳʝ, ʝʩʪʝʩʪʚʝʥʥʦ, ʤʝʥʷʶʪ ʚʩʶ ʢʘʨʪʠʥʫ. ʊʘʢ, ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Eh ʩʦʩʪʘʚʣʷʝʪ 183 (mʚ); ʅ2 ï 

6 (n*10-4 ʦʙ.%); ʉʆ2 ï 13,9 (ʦʙ.%); ʅʝ ï 0,66 (ʦʙ.%) ʠ, ʝʩʣʠ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʵʪʠ ʤʥʦʛʦʣʝʪʥʠʝ 

ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ, ʪʦ ʥʠʢʘʢʠʭ ʘʥʦʤʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʝʪ.  
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ʈʠʩ. 2. ɻʘʟʦʭʠʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʅʘʟʘʨʙʝʢʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʥʘ ʩʢʚʘʞʠʥʝ 

ʃʫʥʘʯʘʨʩʢʦʝ  [ʇʨʦʛʥʦʟ ʩʝʡʩʤʠʯʝʩʢʦʡ..., 1994]. 
Fig.2. Gas-chemical effects of the Nazarbek earthquake at the Lunacharskoye well  

[Seismic forecast..., 1994]. 
 

ʆʯʝʥʴ ʠʥʪʝʨʝʩʥʘʷ ʧʦʧʳʪʢʘ ʬʦʨʤʘʣʠʟaʮʠʠ, ʘ ʠʤʝʥʥʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʪʠʧʠʟaʮʠʠ 

ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʚ [ʈʷʙʠʥʠʥ, ʍʘʪʢʝʚʠʯ, 2009] ʧʦ ʤʘʪʝʨʠʘʣʘʤ 

ʂʘʤʯʘʪʢʠ. ɺʩʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʚ ʨʝʞʠʤʝ ʧʦʜʟʝʤʥʳʭ 

ʚʦʜ ʧʝʨʝʜ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʂʘʤʯʘʪʢʠ, ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʩʚʝʩʪʠ ʢ 

ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʤʠ ʧʨʦʛʥʦʟʥʳʤʠ 

ʧʨʠʟʥʘʢʘʤʠ ʩʠʣʴʥʦʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ ʷʚʣʷʶʪʩʷ ʣʠʙʦ ʤʝʜʣʝʥʥʦʝ ʙʫʭʪʦʦʙʨʘʟʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ, ʣʠʙʦ ʙʳʩʪʨʦʝ ʠʤʧʫʣʴʩʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨaʮʠʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʚʦʜʝ ʚʝʱʝʩʪʚʘ 

ʠ ʛʘʟʘ. ʆʜʥʘʢʦ, ʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ ʧʨʦʷʚʣʷʶʪʩʷ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ 

ʨʘʟʥʦʛʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʢʘʢ ʚ ʦʜʥʦʡ ʪʦʯʢʝ ʥʘʙʣʶʜʝʥʠʷ, ʪʘʢ ʠ ʚ ʨʘʟʥʳʭ ʧʫʥʢʪʘʭ, ʥʝ 

ʦʙʥʘʨʫʞʠʚʘʝʪ ʥʠʢʘʢʠʭ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʷʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʂ ʧʨʠʤʝʨʫ, ʚ ʚʦʜʝ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʢʚʘʞʠʥʳ, ʚ 

ʦʜʥʠʭ ʩʣʫʯʘʷʭ, ʧʝʨʝʜ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʙʫʭʪʦʦʙʨʘʟʥʦʝ ʩʥʠʞʝʥʠʝ 

ʢʦʥʮʝʥʪʨaʮʠʠ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ï ʝʝ ʠʤʧʫʣʴʩʥʦʝ ʠʣʠ 

ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʫʚʝʣʠʯʝʥʠʝ. ɺ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʥʝʩʝʥʥʳʭ ʧʫʥʢʪʘʭ ʧʝʨʝʜ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ 

ʩʝʡʩʤʠʯʝʩʢʠʤ ʩʦʙʳʪʠʝʤ ʪʘʢʞʝ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʨʘʟʥʦʛʦ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʪʠʧʘ. ʊʘʢʦʝ çʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʥʝʧʦʩʪʦʷʥʩʪʚʦè ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʥʦ ʦʙʲʷʩʥʠʪʴ. 

ɽʩʣʠ ʧʨʠʥʠʤʘʪʴ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʫʶ ʢʦʥʮʝʧʮʠʶ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʥʘ ʩʪʘʜʠʠ ʧʦʜʛʦʪʦʚʢʠ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ, 

ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʫʩʣʦʚʠʡ ʩʤʝʰʠʚʘʥʠʷ ʢʦʥʪʨʘʩʪʥʳʭ ʧʦ 

ʭʠʤʠʯʝʩʢʦʤʫ ʠ ʛʘʟʦʚʦʤʫ ʩʦʩʪʘʚʫ ʧʦʜʟʝʤʥʳʭ ʚʦʜ [ɹʘʨʩʫʢʦʚ ʠ ʜʨ., 1985; ʂʠʩʩʠʥ, 1979; ʂʦʧʳʣʦʚʘ, 

2006], ʪʦ, ʚʝʨʦʷʪʥʦ, ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚ ʚʘʨʠaʮʠ̫ʭ 

ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʊʘʢʠʝ ʵʬʬʝʢʪʳ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʠʤʝʶʪ ʤʝʩʪʦ ʠ 

ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʷʚʣʝʥʠʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʥʝʩʝʥʥʳʭ ʧʫʥʢʪʘʭ ʥʘʙʣʶʜʝʥʠʷ [ʃʶʙʫʰʠʥ ʠ ʜʨ., 1996; ʃʶʙʫʰʠʥ ʠ ʜʨ., 1997; 

ʍʘʪʢʝʚʠʯ, ʈʷʙʠʥʠʥ, 2000]. ʆʜʥʘʢʦ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʷʚʣʝʥʠʷ ʦʪʤʝʯʘʶʪʩʷ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʠ ʥʝ ʥʘ 

ʚʩʝʭ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʧʫʥʢʪʘʭ, ʦ ʯʝʤ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʨʝʟʫʣʴʪʘʪʳ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʘʚʪʦʨʳ ʜʝʣʘʶʪ ʚʳʚʦʜ, ʩ ʢʦʪʦʨʳʤ ʥʝʣʴʟʷ ʥʝ ʩʦʛʣʘʩʠʪʴʩʷ, ʯʪʦ ʧʦʤʠʤʦ ʦʙʱʝʛʦ 
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ʤʝʭʘʥʠʟʤʘ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʛʦ ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ ʩʤʝʰʠʚʘʥʠʷ ʢʦʥʪʨʘʩʪʥʳʭ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʠ 
ʛʘʟʦʚʦʤʫ ʩʦʩʪʘʚʫ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʨʫʛʠʝ ʤʝʭʘʥʠʟʤʳ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ 

ʤʘʩʩʦʧʝʨʝʥʦʩ ʚ ʧʦʜʟʝʤʥʦʡ ʛʠʜʨʦʩʬʝʨʝ, ʠʤʝʶʱʠʝ ʙʦʣʝʝ ʣʦʢʘʣʴʥʳʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ 
ʭʘʨʘʢʪʝʨ. ʉʫʱʝʩʪʚʫʝʪ ʪʦʯʢʘ ʟʨʝʥʠʷ, ʯʪʦ ʥʦʚʘʷ çʩʪʨʫʢʪʫʨʘè ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 
ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʚʦʟʥʠʢʘʝʪ ʠʟ ʬʣʫʢʪʫaʮʠʡ [ʇʨʠʛʦʞʠʥ, 1960; ʅʠʢʦʣʠʩ, ʇʨʠʛʦʞʠʥ, 1979]. ɺ ʪʦʯʢʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʬʣʫʢʪʫaʮʠʠ ʨʘʩʪʫʪ, ʪʦʛʜʘ ʢʘʢ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʬʣʫʢʪʫaʮʠ̫ ʚʳʟʳʚʘʝʪ 
ʨʝʘʢʮʠʶ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʚʦʟʚʨʘʱʘʝʪ ʝʝ ʚ ʥʝʚʦʟʤʫʱʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʋʩʣʦʚʠʝ ʟʘʪʫʭʘʥʠʷ ʚʥʫʪʨʝʥʥʠʭ 

ʬʣʫʢʪʫaʮʠʡ ʩʪʘʥʦʚʠʪʩʷ ʫʩʣʦʚʠʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʋʚʝʣʠʯʝʥʠʝ ʨʘʜʠʫʩʘ ʢʦʨʨʝʣʷʮʠʠ 
ʬʣʫʢʪʫaʮʠʡ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ ʙʠʬʫʨʢaʮʠʠ (ʢʘʪʘʩʪʨʦʬʳ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʝʥʜʝʥʮʠʶ ʢ ʫʩʪʘʥʦʚʣʝʥʠʶ 
ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʪʝʤ ʩʘʤʳʤ ʛʦʪʦʚʠʪʩʷ ʢ ʢʦʣʣʝʢʪʠʚʥʦʤʫ ʧʝʨʝʭʦʜʫ ʚ 

ʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ [ʅʠʢʦʣʠʩ, ʇʨʠʛʦʞʠʥ, 1990]. ʅʘʧʨʠʤʝʨ, ʦʯʘʛ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʛʝʥʝʨʘʪʦʨ 
ʠʤʧʫʣʴʩʦʚ ʚʦʟʨʘʩʪʘʶʱʝʡ ʯʘʩʪʦʪʳ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ. ʅʘʙʣʶʜʘʪʝʣʴʥʘʷ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ 
ʨʝʟʦʥʘʪʦʨʦʤ ʩ ʫʩʪʦʡʯʠʚʳʤ ʩʦʙʩʪʚʝʥʥʳʤ ʩʧʝʢʪʨʦʤ ʢʦʣʝʙʘʥʠʡ. ʉʦʙʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʠʩʪʝʤʳ 

ʦʙʫʩʣʦʚʣʝʥʳ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ: ʚʩʢʠʧʘʥʠʝʤ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʚʦʜʝ 
ʛʘʟʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʤ ʚ ʩʪʚʦʣʝ ʩʢʚʘʞʠʥʳ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʨʘʩʪʚʦʨʦʤ ʣʠʥʠʠ ʚʩʢʠʧʘʥʠʷ; ʢʦʣʝʙʘʪʝʣʴʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʧʨʦʮʝʩʩʦʚ ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʛʘʟʦʚ ʥʘ ʩʪʝʥʢʘʭ ʩʢʚʘʞʠʥʳ ʠ ʚ ʙʣʠʞʘʡʰʝʤ ʦʢʦʣʦ 
ʩʢʚʘʞʠʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʄʝʭʘʥʠʟʤ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤ, ʥʦ ʚ ʝʛʦ 
ʦʩʥʦʚʝ ʣʝʞʘʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʣʠʥʝʡʥʳʭ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʦʪʢʨʳʪʳʭ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʩʠʩʪʝʤʘʭ [ɹʘʨʩʫʢʦʚ ʠ ʜʨ., 1992]. ɺʦʟʥʠʢʥʦʚʝʥʠʝ 
ʘʥʦʤʘʣʠʠ ï ʧʨʦʛʥʦʟʥʦʛʦ ʩʠʛʥʘʣʘ ʩʚʷʟʘʥʦ ʩ ʵʬʬʝʢʪʦʤ ʨʝʟʦʥʘʥʩʘ ʤʝʞʜʫ ʛʝʥʝʨʘʪʦʨʦʤ ʠ ʥʘʙʣʶʜʘʪʝʣʴʥʦʡ 
ʩʠʩʪʝʤʦʡ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʛʝʥʝʨʘʪʦʨʦʤ ʜʠʘʧʘʟʦʥʘ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʧʦʩʣʝʜʥʝʡ. ɺ ʧʨʠʥʮʠʧʝ, ʟʘʜʘʯʘ 

ʩʦʩʪʦʠʪ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʧʠʩʘʪʴ ʨʘʟʚʠʪʠʝ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 
ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʭʘʦʪʠʯʝʩʢʠʭ ʧʫʣʴʩaʮʠʡ, ʩ ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʘʙʠʣʠʟaʮʠʝʡ ʟʘ ʩʯʝʪ ʙʘʣʘʥʩʘ ʤʝʞʜʫ 
ʜʠʩʩʠʧʘʪʠʚʥʳʤʠ ʨʘʩʭʦʜʘʤʠ ʠ ʧʦʩʪʫʧʣʝʥʠʝʤ ʵʥʝʨʛʠʠ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʥʝʨʘʚʥʦʚʝʩʥʦʩʪʠ. ʆʙʲʝʢʪ ʘʥʘʣʠʟʘ ï 

ʵʪʦ ʤʥʦʛʦʤʝʨʥʳʝ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ, ʩʢʘʣʷʨʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ 
ʠʟʤʝʨʝʥʠʷ ʬʠʟʠʯʝʩʢʠ ʨʘʟʥʦʨʦʜʥʳʭ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʥʝʩʝʥʥʳʭ 

ʧʫʥʢʪʘʭ ʩʝʪʠ ʤʦʥʠʪʦʨʠʥʛʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʟʦʥʘʭ ʘʢʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ ʟʝʤʥʦʡ ʢʦʨʳ, ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ 
ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ.  
 

ʄɽʊʆɼ ʀʉʉʃɽɼʆɺɸʅʀʗ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʘ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ 

 

ʇʨʦʚʝʜʝʥʥʳʡ ʨʘʥʝʝ ʘʥʘʣʠʟ ʉɺɸʅ-ʜʠʘʛʨʘʤʤ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ 
ʊʘʰʢʝʥʪʩʢʦʛʦ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʣʠʛʦʥʘ [ɻʠʜʨʦʛʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʜʚʝʩʪʥʠʢʠé, 1983] ʧʦʢʘʟʘʣ 

ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʩʨʝʜʥʝʥʠʷ ʜʘʥʥʳʭ ʩ ʧʝʨʠʦʜʦʤ ʦʪ 30 ʜʥʝʡ ʠ ʙʦʣʝʝ. ʇʦʵʪʦʤʫ ʧʨʝʜʤʝʪʦʤ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʠ ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʟʥʘʯʝʥʠʷ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ 
ʤʥʦʛʦʣʝʪʥʠʝ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʩʦʜʝʨʞʘʣʠ ʧʨʦʧʫʩʢʠ. ʉʯʠʪʘʣʦʩʴ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʤʝʩʷʯʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʜʣʷ ʜʘʥʥʦʛʦ ʤʝʩʷʮʘ ʚʦʟʤʦʞʥʦ, ʝʩʣʠ ʚ ʵʪʦʤ ʤʝʩʷʮʝ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʥʝ ʤʝʥʝʝ 14 ʠʟʤʝʨʝʥʠʡ, 
ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʜʘʥʥʦʤʫ ʤʝʩʷʮʫ ʧʨʠʜʘʚʘʣʦʩʴ ʩʨʝʜʥʝʤʝʩʷʯʥʦʝ ʟʥʘʯʝʥʠʝ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʘ ʚʩʝ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʛʦʜʳ. ʅʘʨʷʜʫ ʩʦ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʠʭ 

ʜʠʩʧʝʨʩʠʡ. ʇʨʠʚʣʝʯʝʥʠʝ ʢ ʘʥʘʣʠʟʫ ʚʘʨʠaʮʠʡ ʜʠʩʧʝʨʩʠʡ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʦʩʣʝʜʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 
ʩʪʝʧʝʥʴ ʥʝʨʘʚʥʦʚʝʩʥʦʩʪʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʠ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ [ɹʘʨʩʫʢʦʚ ʠ ʜʨ., 1992; 

ʀʙʨʘʛʠʤʦʚ, ʀʙʨʘʛʠʤʦʚʘ, 2014; ʀʙʨʘʛʠʤʦʚʘ, 2015], ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ.  
ɺʨʝʤʝʥʥʦʡ ʨʷʜ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʟʥʘʯʝʥʠʡ ʢʘʞʜʦʛʦ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʨʘʩʢʣʘʜʳʚʘʣʩʷ ʥʘ ʪʨʠ ʢʦʤʧʦʥʝʥʪʳ: ʪʨʝʥʜ, ʩʝʟʦʥʥʫʶ ʚʦʣʥʫ ʠ ʩʣʫʯʘʡʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ, ʧʦʣʫʯʘʝʤʫʶ 

ʚʳʯʠʪʘʥʠʝʤ ʠʟ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʧʝʨʚʳʭ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪ.  
ʊʨʝʥʜʦʚʘʷ ʢʦʤʧʦʥʝʥʪʘ ʧʦʣʫʯʘʣʘʩʴ ʧʫʪʝʤ ʣʠʥʝʡʥʦʡ ʬʠʣʴʪʨaʮʠʠ ʨʷʜʦʚ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ 

ʟʥʘʯʝʥʠʡ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤ ʬʠʣʴʪʨʦʤ. ʉʝʟʦʥʥʘʷ ʚʦʣʥʘ ʥʘʭʦʜʠʣʘʩʴ 

ʤʝʪʦʜʦʤ ʥʘʣʦʞʝʥʠʷ ʵʧʦʭ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʤʝʜʠʘʥʥʳʤ ʦʩʨʝʜʥʝʥʠʝʤ ʦʨʜʠʥʘʪ ʢʘʞʜʦʛʦ ʤʝʩʷʮʘ ʛʦʜʘ. 
ʇʨʦʜʝʣʳʚʘʣʘʩʴ ʩʣʝʜʫʶʱʘʷ ʧʨʦʮʝʜʫʨʘ: ʩʦʙʠʨʘʣʠʩʴ ʚʩʝ ʥʘʙʣʶʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘ ʢʦʥʢʨʝʪʥʳʡ ʤʝʩʷʮ 
(ʥʘʧʨʠʤʝʨ, ʷʥʚʘʨʴ) ʚ ʨʘʟʥʳʝ ʛʦʜʳ, ʩʨʝʜʠ ʦʪʦʙʨʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʤʝʪʦʜʦʤ ʚʳʙʦʨʦʯʥʦʡ ʤʝʜʠʘʥʳ 

ʥʘʭʦʜʠʣʦʩʴ ʩʨʝʜʥʝʝ, ʢʦʪʦʨʦʝ ʠ ʧʦʣʘʛʘʣʠ ʨʘʚʥʳʤ ʩʨʝʜʥʝʤʫ ʜʦʣʛʦʚʨʝʤʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ. ɸʥʘʣʦʛʠʯʥʦ 
ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʩʨʝʜʥʝʝ ʜʦʣʛʦʚʨʝʤʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʠʩʧʝʨʩʠʠ.   

ɼʣʷ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 3 ʪʘʢʦʝ ʩʭʝʤʘʪʠʯʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʧʦʢʘʟʘʥʦ ʜʣʷ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ 
ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʟʥʘʯʝʥʠʡ ʜʠʩʧʝʨʩʠʠ ʧʘʨʘʤʝʪʨʘ Eh ʥʘ ʩʢʚʘʞʠʥʝ ʍʘʚʘʪʘʛ.  
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ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʘ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʟʥʘʯʝʥʠʡ ʜʠʩʧʝʨʩʠʠ ʧʘʨʘʤʝʪʨʘ Eh ʥʘ 
ʩʢʚʘʞʠʥʝ ʍʘʚʘʪʘʛ: 1 ï ʠʩʭʦʜʥʳʡ ʚʨʝʤʝʥʥʦʡ ʨʷʜ; 2 ï ʜʦʣʛʦʚʨʝʤʝʥʥʳʡ ʪʨʝʥʜ; 3 ï ʩʝʟʦʥʥʘʷ ʚʦʣʥʘ; 

4 ï ʦʩʪʘʪʦʯʥʘʷ ʢʨʠʚʘʷ, ʧʦʩʣʝ ʠʩʢʣʶʯʝʥʠʷ ʪʨʝʥʜʘ ʠ ʩʝʟʦʥʥʳʭ ʚʘʨʠaʮʠʡ. 
Fig. 3. Structure of the time series of average monthly values of the parameter Eh the dispersion 
at the Khavatag well: 1 ï initial time series; 2 ï long-term trend; 3 ï seasonal wave; 4 ï residual curve, 

after eliminating the trend and seasonal variations. 
 

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʘʤʧʣʠʪʫʜʘ ʩʝʟʦʥʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʥʝ ʧʨʝʚʦʩʭʦʜʠʣʘ 5-10% ʦʪ ʛʦʜʠʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʘʨʘʤʝʪʨʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʚʦʜʦʟʘʙʦʨ ʠʩʩʣʝʜʫʝʤʳʭ ʩʢʚʘʞʠʥ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʛʣʫʙʠʥʝ. ɼʣʷ ʤʝʥʝʝ ʛʣʫʙʦʢʠʭ 

ʩʢʚʘʞʠʥ ʩʝʟʦʥʥʳʝ ʚʘʨʠaʮʠʠ ʙʳʣʠ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʠʤʠ. 

 

ʆʪʙʦʨ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ɺʦʧʨʦʩ ʩʦʦʪʥʝʩʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʛʥʦʟʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ï ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʠ ʩʝʡʩʤʠʯʝʩʢʦʤ ʧʨʦʛʥʦʟʝ. ɺ ʝʛʦ ʦʩʥʦʚʝ ʜʦʣʞʝʥ 

ʣʝʞʘʪʴ ʧʨʠʥʮʠʧ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʊʘʢʘʷ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʤʦʞʝʪ 

ʦʪʥʦʩʠʪʴʩʷ ʢʘʢ ʢ ʚʝʣʠʯʠʥʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚ ʧʫʥʢʪʝ ʥʘʙʣʶʜʝʥʠʷ, ʢʦʪʦʨʳʡ ʤʦʛʫʪ ʜʘʚʘʪʴ 

ʜʘʣʝʢʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʙʦʣʴʰʠʭ ʤʘʛʥʠʪʫʜ ʠ ʙʣʠʟʢʠʝ ʢ ʥʘʙʣʶʜʘʪʝʣʴʥʦʤʫ ʧʫʥʢʪʫ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʫʤʝʨʝʥʥʦʡ ʚʝʣʠʯʠʥʳ [ʋʣʦʤʦʚ, 1977; ɹʘʨʩʫʢʦʚ ʠ ʜʨ., 1992], ʪʘʢ ʠ ʢ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʩ ʟʘʜʘʥʥʳʤ ʧʦʨʦʛʦʤ ʤʘʛʥʠʪʫʜʳ ʢ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ [ʀʙʨʘʛʠʤʦʚʘ, 2012]. ɺ 

ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʩ 

ʩʝʡʩʤʠʯʥʦʩʪʴʶ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʫʩʣʦʚʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʪʦʨʳʭ 

ʂl (ʧʨʠʚʝʜʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʣʘʩʩ) ʚ ʧʫʥʢʪʝ ʥʘʙʣʶʜʝʥʠʷ ʧʨʝʚʦʩʭʦʜʠʣʘ ʥʝʢʦʪʦʨʳʡ ʧʦʨʦʛ ʇ. 

ʕʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ. 

ʇʨʷʤʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʉʨʝʜʥʝʡ ɸʟʠʠ ʧʦ ʥʦʤʦʛʨʘʤʤʝ ʈʘʫʪʠʘʥ ʠ ʩʦʩʪʦʠʪ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʘʤʧʣʠʪʫʜʳ ʩʝʡʩʤʦʛʨʘʬʘ ʚ ʵʧʠʮʝʥʪʨʝ ʧʦ ʠʟʚʝʩʪʥʦʡ ʘʤʧʣʠʪʫʜʝ ʚ ʧʫʥʢʪʝ ʥʘʙʣʶʜʝʥʠʷ ʠ 

ʵʧʠʮʝʥʪʨʘʣʴʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ. ʇʦ ʥʘʡʜʝʥʥʦʡ ʘʤʧʣʠʪʫʜʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʣʘʩʩ. 

ʆʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ʩʦʙʩʪʚʝʥʥʦ ʩʦʩʪʦʠʪ ʚ ʦʮʝʥʢʝ ʘʤʧʣʠʪʫʜʳ ʚ ʧʫʥʢʪʝ ʥʘʙʣʶʜʝʥʠʷ ʧʦ ʠʟʚʝʩʪʥʦʤʫ 

ʢʣʘʩʩʫ ʠ ʵʧʠʮʝʥʪʨʘʣʴʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ. ʉʦʛʣʘʩʥʦ ʦʙʨʘʪʥʦʤʫ ʨʝʰʝʥʠʶ ʥʦʤʦʛʨʘʤʤʳ ʈʘʫʪʠʘʥ, 

ʧʨʠʚʝʜʝʥʥʳʡ ʢʣʘʩʩ ʂI = ʂ-2,5*lgR, ʛʜʝ ʂ ï ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʣʘʩʩ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʘ R ï ʝʛʦ 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʫʥʢʪʘ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ [ɹʘʨʩʫʢʦʚ ʠ ʜʨ., 1992]. ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʢʣʘʩʩ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩʚʷʟʘʥ ʩ ʝʛʦ ʤʘʛʥʠʪʫʜʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʂ = 1,8ʄ+4 [Rautian et al., 2007].   
 

ɸʥʘʣʠʟ ʦʩʪʘʪʦʯʥʦʡ ʢʨʠʚʦʡ 
 

ɸʥʘʣʠʟ ʦʩʪʘʪʦʯʥʦʡ ʢʨʠʚʦʡ (ʩʤ. ʨʠʩ. 3 (4)) ʩʦʩʪʦʷʣ ʚ ʚʳʜʝʣʝʥʠʠ ʘʥʦʤʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʠ 

ʧʦʩʪʨʦʝʥʠʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʬʫʥʢʮʠʠ ʪʨʝʚʦʛ. ɸʥʦʤʘʣʴʥʳʤ ʩʯʠʪʘʣʩʷ ʚʳʭʦʜ ʦʩʪʘʪʦʯʥʦʡ ʢʨʠʚʦʡ ʟʘ 

ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ, ʰʠʨʠʥʘ ʢʦʪʦʨʦʛʦ ʚ ʝʜʠʥʠʮʘʭ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ ů ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʘ ʨʘʟʣʠʯʥʦʡ ʠ ʦʧʨʝʜʝʣʷʣʘʩʴ, ʠʩʭʦʜʷ ʠʟ ʥʘʠʣʫʯʰʝʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʦʩʪʘʪʦʯʥʦʡ ʢʨʠʚʦʡ ʩ ʩʦʧʦʩʪʘʚʣʷʝʤʦʡ ʩʝʡʩʤʠʯʥʦʩʪʴʶ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʩ ʤʝʩʷʮʘ, ʩʣʝʜʫʶʱʝʛʦ ʟʘ ʪʝʤ, 

ʚ ʢʦʪʦʨʦʤ ʦʙʥʘʨʫʞʝʥ ʘʥʦʤʘʣʴʥʳʡ ʚʳʙʨʦʩ, ʦʙʲʷʚʣʷʣʘʩʴ ʪʨʝʚʦʛʘ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʡ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʠʟʫʯʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʘ ʪʘʢʞʝ ʨʘʟʥʦʡ [Ibragimov et al., 2001]. 

ʇʦʣʫʯʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʘʥʦʤʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʬʫʥʢʮʠʷ ʪʨʝʚʦʛ ʩʦʧʦʩʪʘʚʣʷʣʘʩʴ ʩ ʤʦʤʝʥʪʘʤʠ 

ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʛʠʦʥʘ [ʀʙʨʘʛʠʤʦʚ, ʀʙʨʘʛʠʤʦʚʘ, 2016]. ɺʳʙʦʨ ʪʘʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 
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ʦʩʫʱʝʩʪʚʣʷʣʩʷ, ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʚ ʧʫʥʢʪʝ ʥʘʙʣʶʜʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʂI ʦʪ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʣʘʩʩʦʤ ʂ, ʫʜʘʣʝʥʥʦʛʦ ʦʪ ʧʫʥʢʪʘ 

ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʨʘʩʩʪʦʷʥʠʝ R, ʧʨʝʚʦʩʭʦʜʠʣʘ ʟʘʜʘʥʥʳʡ ʧʦʨʦʛ ʇ (ʂI Ó ʇ) 

[ɹʘʨʩʫʢʦʚ ʠ ʜʨ., 1992]. ɺʝʣʠʯʠʥʘ ʧʦʨʦʛʘ ʜʣʷ ʨʘʟʥʳʭ ʢʦʤʧʦʥʝʥʪ ʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ 

ʧʫʥʢʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ. ɿʥʘʯʝʥʠʝ ʧʦʨʦʛʘ ʂI Ó 7,5 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ, 

ʦʪʜʘʣʝʥʥʳʤ ʦʪ ʧʫʥʢʪʘ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʷ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʝ 20-ʪʠ ʢʨʘʪʥʳʭ ʨʘʟʤʝʨʦʚ ʜʣʠʥ 

ʠʭ ʦʯʘʛʦʚ [ʋʣʦʤʦʚ, 1977]. ʂʘʨʪʘ ʵʧʠʮʝʥʪʨʦʚ ʵʪʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʜʣʷ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʫʥʢʪʘ 

ʍʘʚʘʪʘʛ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.  
 

 
ʈʠʩ. 4. ʂʘʨʪʘ ʵʧʠʮʝʥʪʨʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʂI Ó 7,5 ʜʣʷ ʩʢʚʘʞʠʥʳ ʍʘʚʘʪʘʛ. 

Fig. 4. Map of earthquake epicenters with ʂI Ó 7,5 for the Khavatag well. 
 

ʅʘ ʨʠʩ. 5, ʘ ʧʦʢʘʟʘʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʦʩʪʘʪʦʯʥʦʡ ʢʨʠʚʦʡ ʜʠʩʧʝʨʩʠʠ ʧʘʨʘʤʝʪʨʘ Eh ʩ 

ʤʦʤʝʥʪʘʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʂI Ó 9,0 ʚʩʝʛʦ ʨʝʛʠʦʥʘ. ʂʘʢ ʵʪʦ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʚ ʧʝʨʠʦʜ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟaʮʠʠ 1981-1993 ʛʛ. ʚʘʨʠaʮʠʠ ʧʘʨʘʤʝʪʨʘ Eh ʚʝʩʴʤʘ ʙʦʣʴʰʠʝ, ʘ ʚ ʩʧʦʢʦʡʥʳʡ 

ʧʝʨʠʦʜ ï ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ. ʌʫʥʢʮʠʷ ʪʨʝʚʦʛ ʦʩʪʘʪʦʯʥʦʡ ʢʨʠʚʦʡ ʜʠʩʧʝʨʩʠʠ ʧʘʨʘʤʝʪʨʘ Eh ʧʨʠʚʝʜʝʥʘ 

ʥʘ ʨʠʩ. 5, ʙ. 

ʘ 

 
ʙ 

 
ʈʠʩ. 5. ʆʩʪʘʪʦʯʥʘʷ ʢʨʠʚʘʷ ʜʠʩʧʝʨʩʠʠ ʧʘʨʘʤʝʪʨʘ Eh (ʘ) ʠ ʬʫʥʢʮʠʷ ʪʨʝʚʦʛ (ʙ)  

ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʤʦʤʝʥʪʘʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʂI Ó 9. 
Fig. 5. Residual dispersion curve of the parameter Eh (a) and alarm function (b)  

in comparison with the moments of earthquakes with ʂI Ó 9. 
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ɺʘʞʥʳʤ ʚʦʧʨʦʩʦʤ ʚ ʩʪʨʘʪʝʛʠʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʷʚʣʷʝʪʩʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʚʷʟʠ ʤʝʞʜʫ ʦʙʲʷʚʣʷʝʤʳʤʠ ʪʨʝʚʦʛʘʤʠ ʠ ʤʦʤʝʥʪʘʤʠ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʪʨʝʚʦʛʠ ʥʝ ʩʚʷʟʘʥʳ ʩ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʠ ʦʙʲʷʚʣʷʶʪʩʷ 

ʩʣʫʯʘʡʥʦ, ʘ ʩʘʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʦʙʨʘʟʫʶʪ ʇʫʘʩʩʦʥʦʚʩʢʠʡ ʧʦʪʦʢ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ, 

ʢʘʢʦʚʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʝʜʩʢʘʟʘʥʠʷ m ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʨʠ ʜʦʣʝ ʚʨʝʤʝʥʠ ʪʨʝʚʦʛ Ű. ɺʦʩʧʦʣʴʟʫʝʤʩʷ 

ʠʟʚʝʩʪʥʳʤ ʩʚʦʡʩʪʚʦʤ ʇʫʘʩʩʦʥʦʚʩʢʦʛʦ ʧʦʪʦʢʘ: ʝʩʣʠ ʥʘ ʦʪʨʝʟʢʝ ʜʣʠʥʦʡ ʊ ʧʨʦʠʟʦʰʣʦ n 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʪʦ ʤʦʤʝʥʪʳ ʵʪʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳ.   

 ɼʣʷ ʦʮʝʥʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʌ(ɝ) ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʦʙʲʷʚʣʷʝʤʳʤʠ ʪʨʝʚʦʛʘʤʠ 

ʠ ʤʦʤʝʥʪʘʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʦʮʝʥʢʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ q ʠʩʩʣʝʜʫʝʤʦʛʦ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʝʪʦʜʠʢʘ ɺ.ʌ.ʇʠʩʘʨʝʥʢʦ [ʇʨʦʛʥʦʟ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, 1983-1984]. ʄʳ 

ʩʦʧʦʩʪʘʚʣʷʣʠ ʜʚʘ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʘ: m/n ï ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʧʦʧʘʜʘʶʱʠʭ ʚ 

ʠʥʪʝʨʚʘʣʳ ʪʨʝʚʦʛ (m), ʢ ʦʙʱʝʤʫ ʯʠʩʣʫ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (n) ʠ Ű/T ï ʦʪʥʦʰʝʥʠʝ ʚʨʝʤʝʥʠ ʪʨʝʚʦʛ (Ű) ʢ 

ʦʙʱʝʤʫ ʧʝʨʠʦʜʫ ʥʘʙʣʶʜʝʥʠʡ (T). ʇʘʨʘʤʝʪʨ m/n ʧʦʢʘʟʳʚʘʝʪ ʜʦʣʶ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʨʝʘʣʴʥʦ 

ʧʦʧʘʚʰʠʭ ʚ ʠʥʪʝʨʚʘʣʳ ʪʨʝʚʦʛ, ʘ ʧʘʨʘʤʝʪʨ Ű/T ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʜʦʣʶ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʨʠ ʩʣʫʯʘʡʥʦʤ 

ʧʦʧʘʜʘʥʠʠ ʚ ʚʳʜʝʣʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʜʦʣʷ ʚʨʝʤʝʥʠ ʪʨʝʚʦʛ ʧʨʝʚʳʰʘʣʘ ʜʦʣʶ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʧʦʧʘʚʰʠʭ ʠʥʪʝʨʚʘʣʳ ʪʨʝʚʦʛ (Ű/T > m/n), ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʩʚʷʟʠ ʥʝʪ, ʚ ʩʣʫʯʘʝ ʞʝ, ʝʩʣʠ  

ʜʦʣʷ ʯʠʩʣʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʧʦʧʘʚʰʠʭ ʚ ʠʥʪʝʨʚʘʣʳ ʪʨʝʚʦʛ, ʧʨʝʚʦʩʭʦʜʠʣʘ ʜʦʣʶ ʚʨʝʤʝʥʠ ʪʨʝʚʦʛ  

(m/n > Ű/T), ʦʮʝʥʠʚʘʣʘʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʌ(ɝ) ʨʘʟʣʠʯʠʷ ʵʪʠʭ ʯʠʩʝʣ ʠ ʩʪʝʧʝʥʴ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ q ʚʳʷʚʣʝʥʥʳʭ ʩʚʷʟʝʡ ʧʦ ʬʦʨʤʫʣʘʤ: 
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ʄʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʪʨʠ ʛʨʘʜaʮʠʠ: 

Å  ʌ(ɝ) < 0,7 ï ʩʚʷʟʴ ʦʪʩʫʪʩʪʚʫʝʪ; 

Å  0,7 < ʌ(ɝ) < 0,9 ï ʩʚʷʟʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʟʥʘʯʠʤʘʷ; 

Å  ʌ(ɝ) > 0,9 ï ʩʚʷʟʴ ʟʥʘʯʠʤʘʷ. 

ʆʮʝʥʢʘ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʚʳʷʚʣʝʥʥʦʡ ʩʚʷʟʠ ʧʨʦʠʟʚʦʜʠʣʘʩʴ, ʠʩʭʦʜʷ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ [ʇʨʦʛʥʦʟ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, 1983-1984]: ʧʨʠ q > 0,5 ï ʩʚʟ̫ʴ ʩʯʠʪʘʝʪʩʷ 

ʠʥʬʦʨʤʘʪʠʚʥʦʡ; ʧʨʠ 0,3 < q < 0,5 ï ʚʝʩʴʤʘ ʧʦʣʝʟʥʦʡ; ʧʨʠ 0,1 < q < 0,3 ï ʧʦʣʝʟʥʦʡ; ʧʨʠ q < 0,1 ï 

ʥʝʠʥʬʦʨʤʘʪʠʚʥʦʡ.  

ʇʦʩʢʦʣʴʢʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʰʠʨʠʥʳ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ (ʚ ʝʜʠʥʠʮʘʭ ů), 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʝʜʠʥʠʯʥʦʡ ʪʨʝʚʦʛʠ (Ű) ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʫʨʦʚʥʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ʂI), ʩ 

ʢʦʪʦʨʳʤʠ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʘʥʦʤʘʣʠʠ, ʦʮʝʥʢʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʶʪ, ʨʝʰʘʣʘʩʴ 

ʦʧʪʠʤʠʟaʮʠʦʥʥʘʷ ʟʘʜʘʯʘ. ɼʣʷ ʢʘʞʜʦʛʦ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦʜʙʦʨ ʪʘʢʠʭ 

ʧʦʨʦʛʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ q, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʢʘʯʝʩʪʚʦ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤaʮʠʠ, ʙʳʣʦ ʙʳ ʥʘʠʙʦʣʴʰʠʤ.  

ʅʘ ʨʠʩ. 6 ʧʦʢʘʟʘʥʦ, ʢʘʢ ʜʣʷ ʜʠʩʧʝʨʩʠʠ ʧʘʨʘʤʝʪʨʘ Eh ʥʘ ʩʪʘʥʮʠʠ ʍʘʚʘʪʘʛ ʤʝʥʷʝʪʩʷ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦʨʦʛʦʚ ʚʳʜʝʣʝʥʠʷ ʘʥʦʤʘʣʠʡ: ʰʠʨʠʥʳ 

ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ (ʦʪ 1ů ʜʦ 3ů), ʜʣʠʪʝʣʴʥʦʩʪʠ ʝʜʠʥʠʯʥʦʡ ʪʨʝʚʦʛʠ Ű (ʦʪ 1-ʛʦ ʜʦ 7-ʤʠ 

ʤʝʩʷʮʝʚ), ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʫʨʦʚʥʷ ʫʩʣʦʚʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ʦʪ ʂI = 7 ʜʦ ʂI = 9). ʅʘ ʥʝʤ ʯʝʪʢʦ ʚʠʜʥʦ, ʯʪʦ ʜʠʩʧʝʨʩʠʷ ʧʘʨʘʤʝʪʨʘ 

ɽh ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʨʝʘʛʠʨʫʝʪ ʥʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʂI = 9, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ, 

ʦʪʩʪʦʷʱʠʤ ʦʪ ʥʘʙʣʶʜʘʪʝʣʴʥʦʛʦ ʧʫʥʢʪʘ ʥʘ ʨʘʩʩʪʦʷʥʠʷ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʝ 10-ʪʠ ʢʨʘʪʥʳʭ ʨʘʟʤʝʨʦʚ 

ʜʣʠʥ ʠʭ ʦʯʘʛʦʚ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʥʘʠʙʦʣʴʰʘʷ, 

ʩʦʩʪʘʚʣʷʝʪ 6-7 ʤʝʩʷʮʝʚ, ʘ ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ ʜʦʣʞʝʥ ʚʳʜʝʣʷʪʴʩʷ ʥʘ ʫʨʦʚʥʝ 1,7-2ů. ɺʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʝʜʚʝʩʪʥʠʢʦʚʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ q ʧʨʠ ʪʘʢʦʡ ʩʪʨʘʪʝʛʠʠ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʫʯʘʝʤʳʡ 

ʧʘʨʘʤʝʪʨ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʨʦʛʥʦʟʝ.  
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ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʧʨʝʜʚʝʩʪʥʠʢʦʚʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ q ʦʪ ʧʦʨʦʛʘ ʚʳʜʝʣʝʥʠʷ 
ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ů ʠ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʝʜʠʥʠʯʥʦʡ ʪʨʝʚʦʛʠ Ű ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʛʦʚʳʭ 

ʟʥʘʯʝʥʠʷʭ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʂI. 
Fig. 6. Dependence of the precursor functional q value on the threshold for isolating the useful signal ů 

and on the duration of a single alarm Ű for various threshold values of predicted earthquakes ʂI. 
  

ʉʦʧʦʩʪʘʚʣʷʷ ʜʦʣʛʦʚʨʝʤʝʥʥʳʡ ʪʨʝʥʜ ʧʘʨʘʤʝʪʨʘ Eh ʥʘ ʩʪʘʥʮʠʠ ʍʘʚʘʪʘʛ (ʢʨʠʚʘʷ 2 ʥʘ ʨʠʩ. 3) 

ʩ ʚʳʜʝʣʝʥʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʚ ʧʨʝʜʝʣʘʭ ʣʦʢʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʉʝʚʝʨʦ-ʌʝʨʛʘʥʩʢʦʡ 

ʩʝʡʩʤʦʘʢʪʠʚʥʦʡ ʟʦʥʳ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥʘ ʩʢʚʘʞʠʥʘ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʠʥʬʘʟʥʦʩʪʴ ʠʭ 

ʚʨʝʤʝʥʥʳʭ ʚʘʨʠaʮʠʡ. ʕʪʦ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʪʘʢʞʝ ʩʣʫʞʠʪ ʚʝʩʦʤʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʩʚʷʟʠ ʚʘʨʠaʮʠʡ 

ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ (ʨʠʩ. 7). 

 
ʛʦʜʳ 

ʈʠʩ. 7. ɼʠʩʧʝʨʩʠʷ ʧʘʨʘʤʝʪʨʘ Eh (ʥʠʞʥʠʡ ʛʨʘʬʠʢ) ʥʘ ʩʢʚʘʞʠʥʝ ʍʘʚʘʪʘʛ ʠ  
ʣʦʛʘʨʠʬʤ ʚʳʜʝʣʝʥʥʦʡ ʵʥʝʨʛʠʠ lgE (ʚʝʨʭʥʠʡ ʛʨʘʬʠʢ) ʜʣʷ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʉʝʚʝʨʦ-ʌʝʨʛʘʥʩʢʦʡ 

ʟʦʥʳ. 
Fig. 7. Dispersion of the parameter Eh (lower graph) at the Khavatag well and  

the logarithm of the released energy lgE (upper graph) for the western part of the North Fergana zone. 
 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʤ ʦʧʳʪ ʠʟʫʯʝʥʠʷ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʛʠʜʨʦʛʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʐʫʨʯʠʥʩʢʦʡ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ (ʂʇʉ) (ʖʛʦ-ɿʘʧʘʜʥʳʡ ʋʟʙʝʢʠʩʪʘʥ) [ʀʙʨʘʛʠʤʦʚʘ ʠ ʜʨ., 2010]. ɼʣʷ ʵʪʦʡ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ, ʥʘʨʷʜʫ ʩʦ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʠʭ ʜʠʩʧʝʨʩʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʫʯʝʥʠʝ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʫʯʝʪʦʤ ʛʣʫʙʠʥ ʧʨʦʠʟʦʰʝʜʰʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ʪʘʙʣʠʮʘ).   
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ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʛʠʜʨʦʛʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ 

ʐʫʨʯʠʥʩʢʦʡ ʂʇʉ 

Maximum information content values for a complex of hydrogeoseismological parameters for the Shurchi IFS 

 

ʇʘʨʘʤʝʪʨ 

ɿʥʘʯʝʥʠʝ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʚʳʙʦʨʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʧʘʨʘʤʝʪʨʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʚʩʝ ʢʦʨʦʚʳʝ 
ʧʨʦʤʝʞʫ-

ʪʦʯʥʳʝ 
ʚʩʝ ʢʦʨʦʚʳʝ 

ʧʨʦʤʝʞʫ-

ʪʦʯʥʳʝ 

B2ʆ3 (ʩʨʝʜ.) 0,070 0,030 0,250 
ʅʝʠʥʬʦʨʤʘ-

ʪʠʚʥʳʡ 

ʅʝʠʥʬʦʨʤʘ-

ʪʠʚʥʳʡ 
ʇʦʣʝʟʥʳʡ 

B2ʆ3 (ʜʠʩʧ.) 0,107 0,015 0,417 ʇʦʣʝʟʥʳʡ 
ʅʝʠʥʬʦʨʤʘ-

ʪʠʚʥʳʡ 

ɺʝʩʴʤʘ 

ʧʦʣʝʟʥʡr 

Eh (ʩʨʝʜ.) 0,184 0,166 0,010 ʇʦʣʝʟʥʳʡ ʇʦʣʝʟʥʳʡ 
ʅʝʠʥʬʦʨʤʘ-

ʪʠʚʥʳʡ 

Eh (ʜʠʩʧ.) 0,130 0,328 0,187 ʇʦʣʝʟʥʳʡ 
ɺʝʩʴʤʘ 

ʧʦʣʝʟʥʳʡ 
ʇʦʣʝʟʥʳʡ 

ʅʝ (ʩʨʝʜ.) 0,347 0,105 0,569 
ɺʝʩʴʤʘ 

ʧʦʣʝʟʥʳʡ 
ʇʦʣʝʟʥʳʡ 

ʀʥʬʦʨʤʘ-

ʪʠʚʥʳʡ 

ʅʝ (ʜʠʩʧ.) 0,352 0,593 0,280 
ɺʝʩʴʤʘ 

ʧʦʣʝʟʥʳʡ 

ʀʥʬʦʨʤʘ-

ʪʠʚʥʳʡ 
ʇʦʣʝʟʥʳʡ 

Cl (ʩʨʝʜ.) 0,281 0,310 0,326 ʇʦʣʝʟʥʳʡ 
ɺʝʩʴʤʘ 

ʧʦʣʝʟʥʳʡ 

ɺʝʩʴʤʘ 

ʧʦʣʝʟʥʳʡ 

Cl (ʜʠʩʧ.) 0,301 0,230 0,112 
ɺʝʩʴʤʘ 

ʧʦʣʝʟʥʳʡ 
ʇʦʣʝʟʥʳʡ ʇʦʣʝʟʥʳʡ 

pH (ʩʨʝʜ.) 0,021 0,284 0,134 
ʅʝʠʥʬʦʨʤʘ-

ʪʠʚʥʳʡ 
ʇʦʣʝʟʥʳʡ ʇʦʣʝʟʥʳʡ 

pH (ʜʠʩʧ.) 0,424 0,278 0,333 
ɺʝʩʴʤʘ 

ʧʦʣʝʟʥʳʡ 
ʇʦʣʝʟʥʳʡ 

ɺʝʩʴʤʘ 

ʧʦʣʝʟʥʳʡ 

ʉʆ2 (ʩʨʝʜ.) 0,367 0,010 0,365 
ɺʝʩʴʤʘ 

ʧʦʣʝʟʥʳʡ 

ʅʝʠʥʬʦʨʤʘ-

ʪʠʚʥʳʡ 

ɺʝʩʴʤʘ 

ʧʦʣʝʟʥʳʡ 

ʉʆ2 (ʜʠʩʧ.) 0,466 0,028 0,386 
ɺʝʩʴʤʘ 

ʧʦʣʝʟʥʳʡ 

ʅʝʠʥʬʦʨʤʘ-

ʪʠʚʥʳʡ 

ɺʝʩʴʤʘ 

ʧʦʣʝʟʥʳʡ 

ʉʆ2 ʚʦʜʦʨ. 

(ʩʨʝʜ.) 
0,274 0,103 0,369 ʇʦʣʝʟʥʳʡ ʇʦʣʝʟʥʳʡ 

ɺʝʩʴʤʘ 

ʧʦʣʝʟʥʳʡ 

ʉʆ2 ʚʦʜʦʨ. 

(ʜʠʩʧ.) 
0,223 0,371 0,209 ʇʦʣʝʟʥʳʡ 

ɺʝʩʴʤʘ 

ʧʦʣʝʟʥʳʡ 
ʇʦʣʝʟʥʳʡ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʩʨʝʜʠ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʥʘ ʩʪʘʥʮʠʠ ʐʫʨʯʠ ʫʜʘʣʦʩʴ ʚʳʷʚʠʪʴ ʨʷʜ ʠʥʬʦʨʤʘʪʠʚʥʳʭ, ʚʝʩʴʤʘ ʧʦʣʝʟʥʳʭ ʠ ʧʦʣʝʟʥʳʭ 

ʧʨʝʜʚʝʩʪʥʠʢʦʚ.  

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʚʩʝʡ ʚʳʙʦʨʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ ʠʭ ʧʦ ʛʣʫʙʠʥʘʤ 

ʚʝʩʴʤʘ ʧʦʣʝʟʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʅʝ ʠ ʝʛʦ ʜʠʩʧʝʨʩʠʠ, ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

CO2 ʠ ʝʛʦ ʜʠʩʧʝʨʩʠʠ, ʘ ʪʘʢʞʝ ʜʠʩʧʝʨʩʠʠ pH ʠ Cl. ʅʘ ʨʠʩ. 8 ʠ 9 ʧʨʠʚʝʜʝʥʳ ʚʘʨʠaʮʠʠ ʜʠʩʧʝʨʩʠʠ 

ʧʘʨʘʤʝʪʨʘ CO2 ʠ ʬʫʥʢʮʠʷ ʪʨʝʚʦʛ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʩ ʂI Ó 9,0. 

ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʚ ʢʘʯʝʩʪʚʝ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ 

ʩʝʟʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ. 

 
ʈʠʩ. 8. ɺʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʜʠʩʧʝʨʩʠʠ ʧʘʨʘʤʝʪʨʘ CO2 ʥʘ ʩʢʚʘʞʠʥʝ ˉ 5 ʩʪʘʥʮʠʠ ʐʫʨʯʠ ʚ 
ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʤʦʤʝʥʪʘʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʂI Ó 9,0: 1 ï ʤʦʤʝʥʪʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʂI Ó 9,0; 2 
ï ʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʜʠʩʧʝʨʩʠʠ ʧʘʨʘʤʝʪʨʘ CO2; 3 ï ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʩʝʟʦʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʜʠʩʧʝʨʩʠʠ ʧʘʨʘʤʝʪʨʘ CO2. 
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Fig. 8. Temporal changes in the dispersion of the CO2 parameter at well No. 5 of the Shurchi 
station in comparison with the moments of earthquakes with ʂI Ó 9,0: 1 ï moments of earthquakes 
with ʂI Ó 9,0; 2 ï temporary changes in the dispersion of the CO2 parameter; 3 ï confidence interval of 

seasonal changes CO2 parameter dispersion. 
 

 
ʈʠʩ. 9. ʌʫʥʢʮʠʷ ʪʨʝʚʦʛ ʜʣʷ ʜʠʩʧʝʨʩʠʠ ʧʘʨʘʤʝʪʨʘ Cʆ2 ʥʘ ʩʢʚʘʞʠʥʝ ˉ 5 ʩʪʘʥʮʠʠ ʐʫʨʯʠ (2)  

ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʤʦʤʝʥʪʘʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʂI Ó 9,0 (1). 
Fig. 9. Alarm function for the dispersion of the Cʆ2 parameter at well No. 5 of the Shurchi station (2)  

in comparison with the moments of earthquakes with ʂI Ó 9,0 (1). 

 

 ʊʦʣʴʢʦ ʜʣʷ ʢʦʨʦʚʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʧʨʠʟʥʘʢʦʤ ʷʚʣʷʶʪʩʷ ʘʥʦʤʘʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʥʦʤ ʭʦʜʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʜʠʩʧʝʨʩʠʠ ʅʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚʝʩʴʤʘ ʧʦʣʝʟʥʳ 

ʠʟʤʝʥʝʥʠʷ ʜʠʩʧʝʨʩʠʠ Eh ʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ CO2, ʘ ʪʘʢʞʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ Cl (ʨʠʩ. 10, 11).  

 
ʈʠʩ. 10. ɺʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ Cl ʥʘ ʩʢʚʘʞʠʥʝ ˉ 8 ʩʪʘʥʮʠʠ ʐʫʨʯʠ ʚ 

ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʤʦʤʝʥʪʘʤʠ ʢʦʨʦʚʳʭ ʟʝʤʣʝʪʨ̫ʩʝʥʠʡ: 1 ï ʤʦʤʝʥʪʳ ʢʦʨʦʚʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ; 2 
ï ʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ Cl; 3 ï ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʩʝʟʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʧʘʨʘʤʝʪʨʘ Cl. 
Fig.10. Temporal changes in the Cl parameter at well No. 8 of the Shurchi station in comparison 
with the moments of crustal earthquakes: 1 ï moments of crustal earthquakes; 2 ï time changes in 

the Cl parameter; 3 ï confidence interval of seasonal changes in Cl parameter. 
 

  
ʈʠʩ. 11. ʌʫʥʢʮʠʷ ʪʨʝʚʦʛ ʜʣʷ ʧʘʨʘʤʝʪʨʘ Cl ʥʘ ʩʢʚʘʞʠʥʝ ˉ 8 ʩʪʘʥʮʠʠ ʐʫʨʯʠ (2)  

ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʤʦʤʝʥʪʘʤʠ ʢʦʨʦʚʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (1). 
Fig. 11. Alarm function for the Cl parameter at well No. 8 of the station Shurchi (2)  

in comparison with the moments of crustal earthquakes (1).  
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ɼʣʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʘʥʦʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʥʦʤ ʭʦʜʝ ʩʨʝʜʥʝʛʦ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʠʩʧʝʨʩʠʠ B2ʆ3, pH, CO2 ï ʚʝʩʴʤʘ ʧʦʣʝʟʥʳʡ ʧʨʠʟʥʘʢ, ʪʘʢʞʝ ʚʝʩʴʤʘ 

ʧʦʣʝʟʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʅʝ, Cl, CO2 ʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ CO2. ɼʣʷ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 12, 13 

ʧʦʢʘʟʘʥʳ ʚʘʨʠaʮʠʠ ʜʠʩʧʝʨʩʠʠ B2ʆ3 ʠ ʬʫʥʢʮʠʠ ʪʨʝʚʦʛ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʤʦʤʝʥʪʘʤʠ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʨʷʜʘ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʢʘʟʘʣʠʩʴ ʙʦʣʝʝ 

ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʥʝ ʩʘʤʠ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ, ʘ ʠʭ ʜʠʩʧʝʨʩʠʷ, ʯʪʦ ʚʝʩʴʤʘ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʩʠʩʪʝʤ, ʢʘʢʦʚʦʡ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʫʝʤʘʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʩʨʝʜʘ.  

 

 
 ʈʠʩ. 12. ɺʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʜʠʩʧʝʨʩʠʠ ʧʘʨʘʤʝʪʨʘ B2ʆ3 ʥʘ ʩʢʚʘʞʠʥʝ ˉ 8 ʩʪʘʥʮʠʠ 

ʐʫʨʯʠ  
ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʤʦʤʝʥʪʘʤʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ: 1 ï ʤʦʤʝʥʪʳ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ;  
2 ï ʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʜʠʩʧʝʨʩʠʠ ʧʘʨʘʤʝʪʨʘ B2ʆ3; 3 ï ʜʦʚʝʨʠʪʝʣɹʥʳʡ ʠʥʪʝʨʚʘʣ ʩʝʟʦʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʜʠʩʧʝʨʩʠʠ ʧʘʨʘʤʝʪʨʘ B2ʆ3. 
  

Fig. 12. Temporal changes in the dispersion of the B2ʆ3 parameter at well No. 8 of the Shurchi 
station in comparison with the moments of intermediate earthquakes: 1 ï moments of intermediate 

earthquakes; 2 ï time changes in the dispersion of the B2ʆ3 parameter; 3 ï confidence interval of 
seasonal changes in the dispersion of the B2ʆ3 parameter. 

 

 
ʈʠʩ. 13. ʌʫʥʢʮʠʷ ʪʨʝʚʦʛ ʜʣʷ ʜʠʩʧʝʨʩʠʠ ʧʘʨʘʤʝʪʨʘ B2ʆ3 ʥʘ ʩʢʚʘʞʠʥʝ ˉ 8 ʩʪʘʥʮʠʠ ʐʫʨʯʠ (2) 

ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʤʦʤʝʥʪʘʤʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (1). 
Fig. 13. Alarm function for the dispersion of the B2ʆ3 parameter at well No. 8 of the Shurchi station 

(2) in comparison with the moments of intermediate earthquakes (1). 
  

 ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʧʨʦʧʫʩʢʦʚ ʮʝʣʝʡ ʠ ʣʦʞʥʳʭ ʪʨʝʚʦʛ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ Cl ʠ B2O3 

ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʜʦʣʝʡ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʠʭ ʦʙʱʠʤ ʯʠʩʣʦʤ ʟʥʘʯʠʤʦ ʧʨʝʚʳʰʘʝʪ 

ʦʙʱʫʶ ʜʦʣʶ ʚʨʝʤʝʥʠ ʪʨʝʚʦʛ. 
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ɺʳʚʦʜʳ 

ʂʦʨʨʝʢʪʥʳʡ ʘʥʘʣʠʟ ʤʥʦʛʦʣʝʪʥʠʭ ʨʷʜʦʚ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ 

ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʜʦʣʞʝʥ ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʠ 
ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʪʨʠ ʩʣʝʜʫʶʱʠʭ ʤʦʤʝʥʪʘ: ʚʳʜʝʣʝʥʠʝ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʬʦʥʝ 
ʧʦʤʝʭ ʵʢʟʦʛʝʥʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʦʪʙʦʨ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩ ʢʦʪʦʨʳʤ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʘʥʦʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʦʙʦʩʥʦʚʘʥʠʝ ʥʝ 
ʩʣʫʯʘʡʥʦʩʪʠ ʩʚʷʟʠ ʤʝʞʜʫ ʧʝʨʠʦʜʘʤʠ ʘʥʦʤʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠʟʫʯʘʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠ ʤʦʤʝʥʪʘʤʠ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɺ ʩʪʘʪʴʝ ʠʟʣʦʞʝʥ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʚʳʜʝʣʝʥʠʶ ʧʦʣʝʟʥʦʛʦ (ʧʨʦʛʥʦʟʥʦʛʦ) 
ʩʠʛʥʘʣʘ ʚ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʨʷʜʘʭ ʥʘʙʣʶʜʝʥʠʡ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʩʨʝʜʥʝʩʨʦʯʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ 
ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʇʨʝʜʣʦʞʝʥʦ ʨʝʰʝʥʠʝ ʦʧʪʠʤʠʟaʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʧʦ ʧʦʠʩʢʫ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠ̫  ʥʘʙʣʶʜʘʪʝʣʴʥʦʡ 
ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɼʣʷ ʩʪʘʥʮʠʠ ʐʫʨʯʠ ʠʟʫʯʝʥʠʝ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 
ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʫʯʝʪʦʤ ʛʣʫʙʠʥ ʧʨʦʠʟʦʰʝʜʰʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʚʩʝʡ 

ʚʳʙʦʨʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ ʠʭ ʧʦ ʛʣʫʙʠʥʘʤ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʠʭ 
ʟʥʘʯʝʥʠʡ Eh, ʧʘʨʘʤʝʪʨʘ CO2 ʠ ʝʛʦ ʜʠʩʧʝʨʩʠʠ, ʘ ʪʘʢʞʝ ʜʠʩʧʝʨʩʠʠ ʧʘʨʘʤʝʪʨʦʚ pH ʠ Cl. ʊʦʣʴʢʦ ʜʣʷ 

ʢʦʨʦʚʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʧʨʠʟʥʘʢʦʤ ʷʚʣʷʶʪʩʷ ʘʥʦʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʜʠʩʧʝʨʩʠʡ 
ʧʘʨʘʤʝʪʨʦʚ Eh, ʅʝ ʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ CO2. ɼʣʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʛʣʫʙʠʥʦʡ ʦʯʘʛʘ 
ʚʝʩʴʤʘ ʧʦʣʝʟʥʳʡ ʧʨʠʟʥʘʢ ï ʘʥʦʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʠ ʜʠʩʧʝʨʩʠʠ ʧʘʨʘʤʝʪʨʦʚ B2ʆ3, ʘ 

ʪʘʢʞʝ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʅʝ ʠ Cl. 

 

ʃʀʊɽʈɸʊʋʈɸ 

 
1. ɸʟʠʟʦʚ ɻ.ʖ., ɿʠʛʘʥ ʌ.ɻ., ɿʘʢʠʨʦʚ ʊ.ɿ., 

ʉʫʣʪʘʥʭʦʜʞʘʝʚ ɸ.ʅ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ 
ʛʠʜʨʦʛʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʚ ʨʘʟʣʠʯʥʳʭ 
ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 
// ʄʘʪ-ʣʳ ʤʝʞʜʫʥʘʨ. ʥʘʫʯ. ʢʦʥʬ. çʇʨʦʙʣʝʤʳ ʦʮʝʥʢʠ 
ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ, ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʠʩʢʘ ʠ ʧʨʦʛʥʦʟʘ 
ʟʝʤʣʝʪʨʷʩʝʥʠʡè. - ʊ.: ʌʘʥ, 2004. - ʉ. 318-325. 

2. ɹʘʨʩʫʢʦʚ ɺ.ʃ., ɹʝʣʷʝʚ ɸ.ɸ., ɹʘʢʘʣʜʠʥ ʖ.ɸ., 
ʀʛʫʤʥʦʚ ɺ.ɸ., ʀʙʨʘʛʠʤʦʚʘ ʊ.ʃ. ʠ ʜʨ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ 
ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. - ʄ.: ʅʘʫʢʘ,1992. -  
213 ʩ. 

3. ɹʘʨʩʫʢʦʚ ɺ.ʃ., ɺʘʨʰʘʣ ɸ.ɺ., ɻʘʨʘʥʠʥ ʅ.ʉ. ʠ 
ʜʨ. ɿʥʘʯʝʥʠʝ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ 
ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ // 
ɻʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʝʜʚʝʩʪʥʠʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. - ʄ.: 
ʅʘʫʢʘ, 1985. - ʉ. 3-16. 

4. ɻʠʜʨʦʛʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʜʚʝʩʪʥʠʢʠ 
ʟʝʤʣʝʪʨʷʩʝʥʠʡ. - ʊ.: ʌʘʥ, 1983. - 136 ʩ. 

5. ɻʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ 
ʩʝʡʩʤʦʘʢʪʠʚʥʳʭ ʟʦʥ ʉʨʝʜʥʝʡ ɸʟʠʠ. - ʊ.: ʌʘʥ, 1977. - 168 ʩ. 

6. ɻʦʨʜʝʝʚ ɽ.ʀ., ʈʷʙʠʥʠʥ ɻ.ɺ. ʆ ʚʦʟʤʦʞʥʦʩʪʠ 
ʧʨʦʛʥʦʟʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʦʧʳʪʝ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ 
ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʂʘʤʯʘʪʢʝ // ɺʝʩʪʥʠʢ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʛʦ 
ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ɼɺʆ ʈɸʅ. - 2016. - ̄  1. - ʉ. 48-58. 

7. ʀʙʨʘʛʠʤʦʚ ʈ.ʉ., ʀʙʨʘʛʠʤʦʚʘ ʊ.ʃ. 
ʄʝʪʦʜʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʚʘʨʠaʮʠʡ 
ʛʘʟʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩ ʩʝʡʩʤʠʯʥʦʩʪʴʶ 
// ʇʨʦʙʣʝʤʳ ʩʝʡʩʤʦʣʦʛʠʠ ʚ ʋʟʙʝʢʠʩʪʘʥʝ. - ʊ.: ʀʉ ɸʅ ʋʟ, 
2014. - ̄  11. - ʉ. 36-45. 
 8. ʀʙʨʘʛʠʤʦʚ ʈ.ʉ., ʀʙʨʘʛʠʤʦʚʘ ʊ.ʃ. 
ʇʨʦʛʨʘʤʤʘ ʦʮʝʥʢʠ ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ 
ʋʟʙʝʢʠʩʪʘʥʘ // ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʧʘʪʝʥʪʥʦʝ ʚʝʜʦʤʩʪʚʦ ʈʋʟ. 
ʉʚʠʜʝʪʝʣʴʩʪʚʦ ˉ DGU 04041. 28.10.2016. 

9. ʀʙʨʘʛʠʤʦʚʘ ʊ.ʃ. ʂʦʤʧʣʝʢʩʥʘʷ ʦʙʨʘʙʦʪʢʘ 
ʛʠʜʨʦʛʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤaʮʠʠ (ʥʘ ʧʨʠʤʝʨʝ 
ʌʝʨʛʘʥʩʢʦʛʦ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʣʠʛʦʥʘ) // ɻʝʦʣʦʛʠʷ ʠ 
ʤʠʥʝʨʘʣʴʥʳʝ ʨʝʩʫʨʩʳ. - 2012. - ̄  1. - ʉ. 39-44.  

10. ʀʙʨʘʛʠʤʦʚʘ ʊ.ʃ. ʀʟʫʯʝʥʥʦʩʪʴ ʚʣʠʷʥʠʷ 
ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ 
ʛʠʜʨʦʛʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ // ʇʨʦʙʣʝʤʳ 
ʩʝʡʩʤʦʣʦʛʠʠ ʚ ʋʟʙʝʢʠʩʪʘʥʝ. - 2013. -  
ˉ 10. - ʉ. 54-60.  

11. ʀʙʨʘʛʠʤʦʚʘ ʊ.ʃ. ɺʘʨʠaʮʠʠ 
ʛʠʜʨʦʛʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʟʝʤʥrʭ ʚʦʜ, 
ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʚʨʝʤʝʥʥʦʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 
ʉʝʚʝʨʦ-ʌʝʨʛʘʥʩʢʦʡ ʩʝʡʩʤʦʘʢʪʠʚʥʦʡ ʟʦʥʳ // ɻʝʦʣʦʛʠʷ ʠ 
ʤʠʥʝʨʘʣʴʥʳʝ ʨʝʩʫʨʩʳ. - 2015. -  ̄ 5. -  
ʉ. 52-59.   

12. ʀʙʨʘʛʠʤʦʚʘ ʊ.ʃ., ɸʨʪʠʢʦʚ ʄ.ʊ., ɸʟʠʟʦʚ ɻ.ʖ. 
ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʦʥ ʩʝʡʩʤʠʯʝʩʢʦʡ 
ʘʢʪʠʚʠʟaʮʠʠ // ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʧʘʪʝʥʪʥʦʝ ʚʝʜʦʤʩʪʚʦ ʈʋʟ. 
ʉʚʠʜʝʪʝʣʴʩʪʚʦ ˉ DGU 01972. 21.06.2010. 

13. ʂʠʩʩʠʥ ʀ.ɻ. ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ 
ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ 
ʧʨʦʛʥʦʟʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ // ɻʝʦʭʠʤʠʷ. - 1979. -  ̄ 3. -  
ʉ. 338-344. 

14. ʂʦʧʳʣʦʚʘ ɻ.ʅ. ʉʝʡʩʤʠʯʥʦʩʪʴ ʢʘʢ ʬʘʢʪʦʨ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʞʠʤʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ // ɺʝʩʪʥʠʢ ʂʈɸʋʅʎ. 
ʅʘʫʢʠ ʦ ɿʝʤʣʝ. - 2006. - ɺʳʧ. 7. -  ̄ 1. -  
ʉ. 50-66. 

15. ʃʶʙʫʰʠʥ ɸ.ɸ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʩʠʩʪʝʤ 
ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. - ʄ.: ʅʘʫʢʘ, 
2007. - 228 ʩ. 

16. ʃʶʙʫhʠʥ ɸ.ɸ. (ʤʣ.), ʂʦʧʳʣʦʚʘ ɻ.ʅ., 
ʍʘʪʢʝʚʠʯ ʖ.ʄ. ʇʨʠʤʝʥʝʥʠʝ ʤʥʦʛʦʤʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ 
ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ 
ʇʝʪʨʦʧʘʚʣʦʚʩʢʦʤ ʧʦʣʠʛʦʥʝ (ʂʘʤʯʘʪʢʘ) ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ 
ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ // ɺʫʣʢʘʥʦʣʦʛʠʷ ʠ 
ʩʝʡʩʤʦʣʦʛʠʷ. - 1996. - ̄  1. - ʉ. 79-97. 

17. ʃʶʙʫʰʠʥ ɸ.ɸ. (ʤʣ.), ʂʦʧʳʣʦʚʘ ɻ.ʅ., 
ʍʘʪʢʝʚʠʯ ʖ.ʄ. ɸʥʘʣʠʟ ʩʧʝʢʪʨʘʣʴʥʳʭ ʤʘʪʨʠʮ ʜʘʥʥʳʭ 
ʛʠʜʨʦʛʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ 
ʇʝʪʨʦʧʘʚʣʦʚʩʢʦʤ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʤ ʧʦʣʠʛʦʥʝ, ʂʘʤʯʘʪʢʘ, ʚ 
ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʩʝʡʩʤʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ // ʌʠʟʠʢʘ ʟʝʤʣʠ. - 
1997. - ̄  6. - ʉ. 79-90. 

https://www.elibrary.ru/contents.asp?id=34229479
https://www.elibrary.ru/contents.asp?id=34229479
https://www.elibrary.ru/contents.asp?id=34229479&selid=25797875


Seysmologiya muammolari *  ʇʨʦʙʣʝʤʳ ʩʝʡʩʤʦʣʦʛʠʠ * Seismology problems *   ̄ 1, ʪ.6, 2024 

 

 29 

18. ʅʠʢʦʣʠʩ ɻ., ʇʨʠʛʦʞʠʥ ʀ. ʉʘʤʦʦʨʛʘʥʠʟaʮʠ̫ ʚ 
ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʩʠʩʪʝʤʘʭ. - ʄ.: ʄʠʨ, 1979. - 512 ʩ. 

19. ʅʠʢʦʣʠʩ ɻ., ʇʨʠʛʦʞʠʥ ʀ. ʇʦʟʥʘʥʠʝ ʩʣʦʞʥʦʛʦ. 
- ʄ.: ʄʠʨ, 1990. - 342 ʩ. 

20. ʆʩʤʘʥʦʚʘ ʄ.ʄ., ɸʣʠʝʚʘ ɸ.ɺ. ʀʩʩʣʝʜʦʚʘʥʠʝ 
ʚʘʨʠaʮʠʡ ʢʦʥʮʝʥʪʨaʮʠʠ ʛʝʣʠ̫ ʚ ʧʦʧʫʪʥʦʤ ʛʘʟʝ 
ʩʘʤʦʠʟʣʠʚʘʶʱʝʡʩʷ ʩʢʚʘʞʠʥʳ ʚ ʧʫʥʢʪʝ ʥʘʙʣʶʜʝʥʠʷ 
ʂʘʨʘʤʘʥ // ʊʨ. ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ɼʘʛʝʩʪʘʥʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 
ʮʝʥʪʨʘ ʈɸʅ. - 2023. - ˉ 4 (95). - ʉ. 96-101. DOI: 
10.33580/2541-9684-2023-95-4-96-101 

21. ʇʨʠʛʦʞʠʥ ʀ. ɺʚʝʜʝʥʠʝ ʚ ʪʝʨʤʦʜʠʥʘʤʠʢʫ 
ʥʝʦʙʨʘʪʠʤr ʭ ʧʨʦʮʝʩʩʦʚ. - ʄ.: ʀʃ, 1960. - 127 ʩ. 

22. ʇʨʦʛʥʦʟ ʟʝʤʣʝʪʨʷʩʝʥʠʡ / ʇʦʜ ʨʝʜ. 
ʄ.ɸ.ʉʘʜʦʚʩʢʦʛʦ. ï ɼʫʰʘʥʙʝ-ʄʦʩʢʚʘ: ɼʦʥʠʰ, 1983- 
1984. - ̄  3. - 216 ʩ.  

23. ʇʨʦʛʥʦʟ ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ 
ʋʟʙʝʢʠʩʪʘʥʘ. ʊ. 2. // ʇʨʦʙʣʝʤʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 
ʟʝʤʣʝʪʨʷʩʝʥʠʡ. - ʊ.: ʌʘʥ, 1994. - 308 ʩ. 

24. ʈʷʙʠʥʠʥ ɻ.ɺ., ʍʘʪʢʝʚʠʯ ʖ.ʄ. 
ɻʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʩʠʣʴʥʳʤ 
ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ ʂʘʤʯʘʪʢʠ. ɸʣʛʦʨʠʪʤ ʠʜʝʥʪʠʬʠʢaʮʠʠ ʠ 
ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ // ɺʝʩʪʥʠʢ ʂʈɸʋʅʎ. ʅʘʫʢʠ ʦ 
ɿʝʤʣʝ. - 2009. - ɺʳʧ. 13. - ˉ 1. -  
ʉ. 107-122. 

25. ʉʘʣʦʤʦʚ ʅ.ɻ. ʆ ʥʝʢʦʪʦʨʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ 
ʜʦʣʛʦʩʨʦʯʥʳʭ ʠ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʧʨʦʷʚʣʝʥʠʡ 
ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ 
ʪʝʨʨʠʪʦʨʠʠ ʊʘʜʞʠʢʠʩʪʘʥʘ // ʇʨʦʙʣʝʤʳ ʩʝʡʩʤʦʣʦʛʠʠ ʚ 
ʋʟʙʝʢʠʩʪʘʥʝ. - 2008. - ̄  5. - ʉ. 28-32. 

26. ʉʝʤʝʥʦʚ ʈ.ʄ., ʃʦʧʘʪʠʥ ʄ.ʅ., ʏʝʯʝʣʴʥʠʮʢʠʡ 
ɺ.ɺ. ʀʟʫʯʝʥʠʝ ʢʦʥʮʝʥʪʨaʮʠʡ ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʝʣʠʷ ʠ ʨʘʜʦʥʘ 
ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʖʞʥʦʛʦ ʇʨʠʙʘʡʢʘʣʴʷ ʚ ʩʚʷʟʠ ʩ 

ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ // ɻʝʦʜʠʥʘʤʠʢʘ ʠ 
ʪʝʢʪʦʥʦʬʠʟʠʢʘ. - 2020. - ̄  11(1). - ʉ. 63-74.mi (ʜʘʪʘ 

27. ʉʫʣʪʘʥʭʦʜʞʘʝʚ ɸ.ʅ., ɸʟʠʟʦʚ ɻ.ʖ., ɸʨʠʬʙʘʝʚ 
ɸ.ʍ., ɸʟʠʤʦʚ ʋ.ɸ. ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ 
ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʧʝʨʝʜ ʦʪʜʝʣʴʥʳʤʠ 
ʩʠʣʴʥʳʤʠ (ʄ Ó 6) ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ // ʋʟʙ. ʛʝʦʣ. ʞʫʨʥ. - 
1987. - ̄  2. - ʉ.14-18.   

28. ʋʣʦʤʦʚ ɺ.ʀ. ʄʝʪʦʜʠʢʘ ʧʦʠʩʢʘ 
ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 
ʀʥʬʦʨʤaʮʠʦʥʥʦʝ ʩʦʦʙʱʝʥʠʝ  ̄186. - ʊ.: ʌʘʥ, 1977. - 11 
ʩ.    

29. ʍʘʪʢʝʚʠʯ ʖ.ʄ., ʈʷʙʠʥʠʥ ɻ.ɺ. ʆʩʦʙʝʥʥʦʩʪʠ 
ʧʦʚʝʜʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 
ʚʦʜʳ ʚ ʨʝʞʠʤʝ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ, ʢʘʢ ʠʥʜʠʢʘʪʦʨ 
ʠʟʤʝʥʝʥʠʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ // ʄʘʪ-ʣʳ ʢʦʥʬ. 
çʇʨʦʙʣʝʤr  ʩʝʡʩʤʠʯʥʦʩʪʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘè. - 
ʇʝʪʨʦʧʘʚʣʦʚʩʢ-ʂʘʤʯʘʪʩʢʠʡ,  
2000. - ʉ. 136-145. 

30. Ibragimov R.S., Sultankhodjaev A.N., Artikov 
T.U., Bakiev M.Kh., Azizov G.U, Zigan F.G. Searching of 
optimal correlation of anomalies in prognostic fields // Inland 
Earthquake. - 2001. - Vol.15. - ̄  2. - P. 175-187. 

31. Pashayan R.A., Karapetyan D.K., Arutyunyan 
L.V., Tovmasyan K.G., Karamyan R.A. Geophysical 
monitoring of the geodynamic regime of Central Armenia // 
Russian Journal of Seismology. - 2022. - 4(1). - ʈ. 41-52. (In 
Russ.). DOI: https://doi.org/10.35540/2686- 7907.2022.1.03  

32. Rautian T.G., Khalturin V.I., Fujita K., Mackey 
K.G., Kendall A.D. Origins and methodology of the Russian 
energy K-class system and its relationship to magnitude 
scales // Seismological Research Letters. - 2007. - 78 (6). - ʈ. 
579-590. 
 

 

On the identification of a useful (prediction) signal as a result of hydrogeochemical observations for the 

search of earthquake predictors 

T.L.  Ibragim ova 

Abstract. Using the example of long-term series of changes in hydrogeochemical parameters of 

groundwater, a formalized approach to identifying anomalous fragments of a time series and studying their 

relationship with seismicity is demonstrated. Statistical processing includes: filling in gaps in the time series; 

decomposition of the series into trend, seasonal and residual components; selection of seismological material for 

subsequent comparison of anomalous fragments of the time series with the moments of earthquakes; assessment of 

the information content of the identified connections. The use of the proposed methodology for the analysis of 

several time series of hydrogeochemical observations at the Shurchi and Khavatag stations is demonstrated. 

Key words: hydrogeochemical precursors, earthquake forecast, forecast signal, anomaly, confidence 

interval, information content. 

 

Zilzilani bashorat qiluvchilarni izlash uchun gidrogeoximyoviy kuzatuvlar natijasida foydali (bashorlash) 

signalni anqlash haqida 

T.L. Ibragimova 

Annotasiya. Er osti suvlarining gidrogeokimyoviy ko'rsatkichlarining uzoq muddatli o'zgarishlar qatori 

misolida, vaqt seriyasining anomal bo'laklarini aniqlash va ularning seysmiklik bilan aloqasini o'rganishning 

rasmiylashtirilgan yondashuvi ko'rsatilgan. Statistik ishlov berish quyidagilarni o'z ichiga oladi: vaqt qatoridagi 

bo'shliqlarni to'ldirish; qatorlarni trend, mavsumiy va qoldiq komponentlarga ajratish; zilzilalar momentlari bilan 

vaqtli qatorning anomal qismlarini keyingi taqqoslash uchun seysmologik material tanlash; aniqlangan 

ulanishlarning axborot mazmunini baholash. Shoórchi va Xavatogó stansiyalarida gidrogeokimyoviy kuzatishlarning 

bir necha vaqt qatorlarini tahlil qilish uchun taklif etilayotgan metodikadan foydalanish koórsatilgan. 

Kalit so'zlar:  gidrogeokimyoviy prekursorlar, zilzila prognozi, prognoz signali, anomaliya, ishonch 

oralig'i, axborot mazmuni. 
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ʈɽɻʀʆʅɸʃʔʅʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ʇʈʆʗɺʃɽʅʀʗ ʉʀʃʔʅʓʍ ʀ ʋʄɽʈɽʅʅʓʍ 

ɿɽʄʃɽʊʈʗʉɽʅʀʁ ɺ ʈɸɿʅʆʈɸʅɻʆɺʓʍ ʊɽʂʊʆʅʀʏɽʉʂʀʍ ʉʊʈʋʂʊʋʈɸʍ 

ʋɿɹɽʂʀʉʊɸʅɸ ʀ ʇʈʀʃɽɻɸʖʑʀʍ ʊɽʈʈʀʊʆʈʀʗʍ 

 

ʋ.ɸ. ʅʫʨʤʘʪʦʚ, ʖ.ʄ. ʉʘʜʠʢʦʚ, C.C. ʍʫʩʦʤʠʜʜʠʥʦʚ, ʋ.ɸ. ʖʩʫʧʜʞʘʥʦʚʘ 

ʀʥʩʪʠʪʫʪ ʩʝʡʩʤʦʣʦʛʠʠ ʠʤ. ɻ.ɸ.ʄʘʚʣʷʥʦʚʘ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ 

 

 
ɸʥʥʦʪaʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʥʞʠʨʦʚʘʥʠʷ ʛʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ɺʦʩʪʦʯʥʦʛʦ, 

ʎʝʥʪʨʘʣʴʥʦʛʦ ʠ ʖʞʥʦʛʦ ʋʟʙʝʢʠʩʪʘʥʘ. ʀʟʫʯʝʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ 

ʧʨʝʜʝʣʘʭ ʨʘʟʥʦʨʘʥʛʦʚʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ʆʮʝʥʝʥʘ ʨʦʣʴ ʨʘʟʣʦʤʥʦ-ʙʣʦʯʥʦʛʦ 

ʩʪʨʦʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʦʯʘʛʦʚ ʩʠʣʴʥʭr ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

ʂʣʶʯʝʚʝr ʩʣʦʚʘ: ʩʝʡʩʤʠʯʥʦʩʪʴ, ʛʝʦʜʠʥʘʤʠʢʘ, ʙʣʦʢ ʟʝʤʥʦʡ ʢʦʨʳ, ʨʘʟʣʦʤʳ ʟʝʤʥʦʡ ʢʦʨʳ, 

ʩʝʡʩʤʦʛʝʥʥʘʷ ʟʦʥʘ, ʵʧʠʮʝʥʪʨ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ. 

 

 

ɺʚʝʜʝʥʠʝ. ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʩʝʡʩʤʦʪʝʢʪʦʥʠʢʠ ʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘ ʝʝ ʦʩʥʦʚʝ ʢʦʥʮʝʧʮʠʠ 

ʩʝʡʩʤʦʛʝʥʥʳʭ ʟʦʥ, ʩʠʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʥʝ ʚʝʟʜʝ ʠ ʙʝʩʧʦʨʷʜʦʯʥʦ, ʘ ʚ ʩʪʨʦʛʦʤ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʠ ʧʦʣʝʡ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʦʥʘʭ 

ʘʢʪʠʚʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʘʟʣʦʤʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦ ʥʠʤ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

ʠʣʠ ʙʣʦʢʦʚ ʟʝʤʥʦʡ ʢʦʨʳ [ɻʫʙʠʥ, 1986; ʀʙʨʘʛʠʤʦʚ, 1970, 1978]. ʈʘʟʣʦʤʳ ʠ ʟʦʥʳ ʠʭ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʚʣʠʷʥʠʷ ï ʵʪʦ ʤʝʩʪʘ ʨʘʟʨʷʜʢʠ ʥʘʢʦʧʣʝʥʥʳʭ ʚ ʙʣʦʢʘʭ ʟʝʤʥʦʡ ʢʦʨʳ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʚʝʨʦʷʪʥʳʝ ʤʝʩʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʷ ʦʯʘʛʦʚ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ 

ʚʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʩʝʡʩʤʦʛʝʥʥʳʝ ʟʦʥʳ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʣʠ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʢʘʨʪʳ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʋʟʙʝʢʠʩʪʘʥʘ [ɸʙʜʫʣʣʘʙʝʢʦʚ ʠ ʜʨ., 2002]. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʧʨʠʨʦʜʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʩʫʱʝʩʪʚʫʶʪ ʪʝʥʜʝʥʮʠʷ ʣʠʥʝʡʥʦʩʪʠ ʠ ʜʠʩʢʨʝʪʥʦʩʪʠ [ɻʦʣʦʚʢʦʚ ʠ ʜʨ., 1990]. ɽʩʣʠ ʪʝʥʜʝʥʮʠʷ 

ʣʠʥʝʡʥʦʩʪʠ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʠʫʨʦʯʝʥʥʦʩʪʠ ʦʯʘʛʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʢ ʟʦʥʘʤ ʨʘʟʣʦʤʦʚ, ʪʦ ʜʠʩʢʨʝʪʥʦʩʪʴ 

ʩʚʷʟʘʥʘ ʩ ʙʣʦʯʥʳʤ ʩʪʨʦʝʥʠʝʤ ʟʝʤʥʦʡ ʢʦʨʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʝʤ ʩʠʣʴʥʝʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʪʝʤ 

ʙʦʣʴʰʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʠʭ ʦʯʘʛʘʤʠ [ɸʥʘʥʴʠʥ, 1977]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʠʣʘ ʚʦʟʤʦʞʥʦʛʦ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʩhʪʘʙʥʦʩʪʴʶ ʢʘʢ ʨʘʟʣʦʤʥʳʭ ʟʦʥ, ʪʘʢ ʠ ʛʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʦʚ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʯʝʤ ʢʨʫʧʥʝʝ ʙʣʦʢ, ʪʝʤ ʢʨʫʧʥʝʝ ʦʛʨʘʥʠʯʠʚʘʶʱʠʡ ʝʛʦ ʨʘʟʣʦʤ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʰʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʨʘʟʣʦʤʥʦʡ ʟʦʥʳ (ʩʝʡʩʤʦʛʝʥʥʦʡ ʟʦʥʳ). ʉʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʥʞʠʨʦʚʘʥʠʝ ʩʝʡʩʤʦʛʝʥʥʳʭ ʟʦʥ ʧʦ (ʄmʘʭ). ʇʦʩʢʦʣʴʢʫ ʢʘʞʜʳʡ ʙʣʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʤʘʩʰʪʘʙʥʦʛʦ ʫʨʦʚʥʷ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʪʦʚʢʠ ʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʢʦʥʢʨʝʪʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʥʳʭ ʦʪʨʝʟʢʦʚ 

ʨʘʟʣʦʤʥʳʭ ʟʦʥ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʳʤʠ.  

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ï ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ 

ʩʚʷʟʠ ʩ ʨʘʟʣʦʤʥʦ-ʙʣʦʢʦʚʤr ʩʪʨʦʝʥʠʝʤ ʟʝʤʥʦʡ ʢʦʨʳ ʪʝʨʨʠʪʦʨʠʠ ʋʟʙʝʢʠʩʪʘʥʘ.   

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʜʣʷ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʥʳʭ 

ʨʘʟʤʝʨʦʚ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠ ʠʭ ʨʘʥʞʠʨʦʚʘʥʠʷ [ʉʘʜʦʚʩʢʠʡ, 1979; ɸʙʜʫʣʣʘʙʝʢʦʚ, 1989]. ɼʣʷ 

ʦʮʝʥʢʠ ʨʦʣʠ ʨʘʟʣʦʤʥʦ-ʙʣʦʢʦʚʦʛʦ ʩʪʨʦʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʧʨʦʷʚʣʝʥʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʩʝʡʩʤʠʯʥʦʩʪʠ 

ʧʨʦʠʟʚʝʜʝʥʦ ʨʘʥʞʠʨʦʚʘʥʠʝ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʩ ʫʯʝʪʦʤ ʦʯʘʛʦʚ ʩʠʣʴʥrʭ ʠ ʩʠʣʴʥʝʡʰʠʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ [ʅʦʚʳʡ ʢʘʪʘʣʦʛé, 1978; ɸʙʜʨʘʭʤʘʪʦʚ ʠ ʜʨ., 2008]. ʅʘ ʦʩʥʦʚʝ ʥʘʠʙʦʣʝʝ 

ʮʠʪʠʨʫʝʤʳʭ ʤʦʜʝʣʝʡ ʛʝʦʜʠʥʘʤʠʢʠ ʉʨʝʜʥʝʡ ɸʟʠʠ ʚ ʝʝ ʧʨʝʜʝʣʘʭ ʚʳʜʝʣʷʶʪʩʷ ʤʠʢʨʦʧʣʠʪʳ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ. ʊʘʢʦʚʳʤʠ ʦʢʘʟʘʣʠʩɹ  ɿʘʧʘʜʥʦ-

ʊʷʥʴ-ʐʘʥʴʩʢʘʷ (ɿʊʐʄʇ), ɺʦʩʪʦʯʥʦ-ʊʷʥʴ-ʐʘʥɹʩʢʘʷ (ɺʊʐʄʇ), ʂʳʟʳʣʢʫʤʩʢʘʷ (ʂʂʄʇ), 

ʂʘʟʘʭʩʢʘʷ (ʂʄʇ), ʂʘʨʘʢʫʤʦ-ʊʘʜʞʠʢʩʢʘʷ (ʂʊʄʇ), ʇʘʤʠʨʩʢʘʷ (ʇʄʇ), ʊʘʨʠʤʩʢʘʷ (ʊʄʇ) 

ʤʠʢʨʦʧʣʠʪʳ (ʨʠʩ. 1). ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʡ ʩʭʝʤʝ, ɿʊʐʄʇ, ʛʜʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ɺʦʩʪʦʯʥʳʡ ʋʟʙʝʢʠʩʪʘʥ, 
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ʛʨʘʥʠʯʠʪ ʩ ɺʊʐʄʇ, ʂʂʄʇ, ʇʄʇ ʠ ʂʊʄʇ. ʉʦʚʤʝʩʪʥʳʡ ʘʥʘʣʠʟ ʢʘʨʪʳ ʥʦʚʝʡʰʠʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʜʚʠʞʝʥʠʡ ʠ ʩʭʝʤʳ ʘʢʪʠʚʥʳʭ ʨʘʟʣʦʤʦʚ ɺʦʩʪʦʯʥʦʛʦ ʋʟʙʝʢʠʩʪʘʥʘ ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʚ ʧʨʝʜʝʣʘʭ 

ɿʊʐʄʇ, ʝʩʣʠ ʧʨʠʥʷʪʴ ʜʘʥʥʫʶ ʤʠʢʨʦʧʣʠʪʫ ʟʘ ʩʪʨʫʢʪʫʨʫ ʧʝʨʚʦʛʦ ʨʘʥʛʘ, ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʙʣʦʢʠ 2-ʛʦ 

ʨʘʥʛʘ: ʏʘʪʢʘʣʦ-ʂʫʨʘʤʠʥʩʢʠʡ (ɸ), ʇʨʠʪʘʰʢʝʥʪʩʢʠʡ (ɹ), ʌʝʨʛʘʥʩʢʠʡ (ɺ), ʊʘʣʘʩʦ-ʌʝʨʛʘʥʩʢʠʡ (ɻ) ʠ 

ʖʞʥʦ-ʊʷʥʴ-ʐʘʥʴʩʢʠʡ (ɼ).  

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʠʢʨʦʧʣʠʪ, ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʚʪʦʨʦʛʦ ʨʘʥʛʘ ʠ 
ʵʧʠʮʝʥʪʨʳ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. 1 ï ʛʨʘʥʠʮʳ ʣʠʪʦʩʬʝʨʥʳʭ ʤʠʢʨʦʧʣʠʪ 
(ɿʊʐʄʇ ï ɿʘʧʘʜʥʦ-ʊʷʥʴ-ʐʘʥʴʩʢʘʷ; ɺʊʐʄʇ ï ɺʦʩʪʦʯʥʦ-ʊʷʥʴ-ʐʘʥʴʩʢʘʷ; ʂʂʄʇ ï ʂr ʟʳʣʢʫʤʩʢʘʷ; 
ʂʄʇ ï ʂʘʟʘʭʩʢʘʷ; ʂʊʄʇ ï ʂʘʨʘʢʫʤʦ-ʊʘʜʞʠʢʩʢʘʷ; ʇʄʇ ï ʇʘʤʠʨʩʢʘʷ; ʊʄʇ ïʊʘʨʠʤʩʢʘʷ); 2 ï ʛʨʘʥʠʮʳ 
ʙʣʦʢʦʚ ʚʪʦʨʦʛʦ ʨʘʥʛʘ: ɸ ï ʏʘʪʢʘʣʦ-ʂʫʨʘʤʠʥʩʢʠʡ; ɹ ï ʇʨʠʪʘʰʢʝʥʪʩʢʠʡ; ɺ ï ʌʝʨʛʘʥʩʢʠʡ; ɻ ï ʊʘʣʘʩʦ-
ʌʝʨʛʘʥʩʢʠʡ; ɼ ï ʖʞʥʦ-ʊʷʥʴ-ʐʘʥʴʩʢʠʡ). ʕʧʠʮʝʥʪʨʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʤʘʛʥʠʪʫʜʦʡ: 3 ï ʄ Ó 8,0; 4 ï ʄ 

Ó 7,0; 5 ï ʄ Ó 6,0; 6 ï ʵʧʠʮʝʥʪʨʳ ʛʣʫʙʦʢʦʬʦʢʫʩʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ.  
 

Fig. 1. Layout of microplates, geodynamic blocks of the second rank and epicenters of strong 
earthquakes in Central Asia. 1 ï boundaries of lithospheric microplates (ZT-SHMP ï Western Tien 

Shan; VT-SHMP ï East Tien Shan; KKMP ï Kizylkum; KMP ï Kazakh; K-TMP ï Karakum-Tajik; PMP ï 
Pamir; TMP ï Tarim); 2 ï boundaries of blocks of the second rank: A ï Chatkal-Kuraminsky; B ï 

Pritashkent; V ï Fergana; G ï Thalaso-Fergana; D ï South Tien Shan). ɽarthquake epicenters with:  
3 ï M Ó 8,0; 4 ï M Ó 7,0; 5 ï M Ó 6,0; 6 ï epicenters of deep-focus earthquakes. 

 

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʚʷʱʝʥ ʘʥʘʣʠʟʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʷʚʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʚ ʤʘʩʰʪʘʙʝ ʚʳʜʝʣʝʥʥʳʭ ʨʘʟʥʦʨʘʥʛʦʚʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʦʚ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ 

ɿʊʐʄʇ ʠ ɺʊʐʄʇ ʵʧʠʮʝʥʪʨʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʄ Ó 7,0 ʨʘʩʧʦʣʦʞʝʥʳ ʚʜʦʣʴ ʘʢʪʠʚʥʳʭ ʨʘʟʣʦʤʦʚ ï 

ʛʨʘʥʠʮ ʤʠʢʨʦʧʣʠʪ. ɺ ɿʊʐʄʇ ʟʝʤʣʝʪʨʷʩʝʥʠ ̫ʩ ʄ Ó 6,0, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʧʨʠʫʨʦʯʝʥʳ ʢ 

ʛʨʘʥʠʮʘʤ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʦʚ 2-ʛʦ ʨʘʥʛʘ. ʕʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʦʚʳʰʝʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚʥʫʪʨʝʥʥʠʭ ʨʘʟʣʦʤʦʚ ɿʊʐʄʇ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʶʱʠʭ ʬʫʥʢʮʠʠ ʛʨʘʥʠʮ ʙʣʦʢʦʚ.  

ɸʥʘʣʠʟ ʤʝʞʵʧʠʮʝʥʪʨʘʣʴʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʟ 20 ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ 

ʄ Ó 7,0 ʚ ʯʝʪʳʨʝʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʣʘʩʴ ʧʦʚʪʦʨʥʘʷ ʘʢʪʠʚʠʟaʮʠ̫  ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʦʯʘʛʘ. ʕʪʦ 

ʨʘʡʦʥʳ ɻʘʟʣʠʡʩʢʠʭ 1976 ʠ 1984 ʛʛ, ʂʘʨʘʪʘʛʩʢʠʭ 1907 ʛ., ʋʣʫʛʯʘʪʩʢʦʛʦ 1955 ʠ 1985 ʛʛ. ʠ ʉʘʨʝʟʩʢʦʛʦ 

1911, 2016 ʠ 2023 ʛʛ. ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʯʝʪʳʨʝʭ ʩʣʫʯʘʷʭ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʵʧʠʮʝʥʪʨʘʤʠ ʠʟʤʝʥʷʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ 120-150 ʢʤ, ʚ ʩʨʝʜʥʝʤ 135Ñ5 ʢʤ, ʚ ʧʷʪʠ ʩʣʫʯʘʷʭ ï ʚ ʧʨʝʜʝʣʘʭ 

220-280 ʢʤ, ʚ ʩʨʝʜʥʝʤ 260Ñ5 ʢʤ. ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʤʝʞʵʧʠʮʝʥʪʨʘʣʴʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʜʣʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʩ ʄ Ó 7,0 ʨʘʚʥʷʝʪʩʷ 260Ñ5. ʈʘʩʩʪʦʷʥʠʝ 135Ñ5 ʢʤ 

ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ ʫʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [ʋʣʦʤʦʚ, 2007]. ɺ ʧʨʠʥʮʠʧʝ, ʵʪʦ ʨʘʩʩʪʦʷʥʠʝ ʩʦʠʟʤʝʨʠʤʦ ʩ 
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ʧʦʣʦʚʠʥʦʡ ʤʝʞʵʧʠʮʝʥʪʨʘʣʥɹʦʛʦ ʨʘʩʩʪʦʷʥʠʷ, ʦʮʝʥʝʥʥʦʛʦ ɺ.ʀ.ʋʣʦʤʦʚʳʤ [2007]. ʇʦ ʚʩʝʡ 

ʚʠʜʠʤʦʩʪʠ, ʤʝʞʵʧʠʮʝʥʪʨʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 260Ñ5 ʢʤ ʦʪʨʘʞʘʝʪ ʨʝʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʙʣʦʢʦʚ ʟʝʤʥʦʡ 

ʢʦʨʳ 2-ʛʦ ʨʘʥʛʘ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ ʩ ʄ Ó 7,0. ɸ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʤʝʞʵʧʠʮʝʥʪʨʘʣʴʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ 135Ñ5 ʢʤ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʶʪ 

ʙʣʦʢʠ ʟʝʤʥʦʡ ʢʦʨʳ ʩʣʝʜʫʶʱʝʛʦ ï ʪʨʝʪʴʝʛʦ ʨʘʥʛʘ, ʭʘʨʘʢʪʝʨʥʳʝ ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʩʦʠʟʤʝʨʠʤʳ ʩ 

ʵʪʠʤ ʨʘʩʩʪʦʷʥʠʝʤ. 

ɺ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʄ Ó 6,0 ʚ ɺʊʐʄʇ ʠʟ 28 ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʚʦʟʥʠʢʰʠʭ ʥʘ 

ʛʨʘʥʠʮʝ ʧʣʠʪʳ, 11 ʧʨʦʠʟʦʰʣʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʤʝʥʝʝ 20 ʢʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɺ ʧʨʝʜʝʣʘʭ 7 ʦʯʘʛʦʚʦʡ 

ʟʦʥʳ 12 ʩʦʙʳʪʠʡ ʠʤʝʣʠ ʤʝʞʵʧʠʮʝʥʪʨʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 60Ñ10 ʢʤ ʠ 4 ï 90Ñ10 ʢʤ. ʊʦʣʴʢʦ ʣʠʰʴ ʚ 

ʦʜʥʦʤ ʩʣʫʯʘʝ ʤʝʞʵʧʠʮʝʥʪʨʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʨʘʚʥʷʣʦʩʴ 140 ʢʤ, ʪ. ʝ. ʫʜʚʦʝʥʥʦʝ 60Ñ10 ʢʤ. 

ɹʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦʣʫʯʝʥʳ ʠ ʜʣʷ ɿʘʧʘʜʥʦ-ʊʷʥʴ-ʐʘʥɹʩʢʦʡ ʤʠʢʨʦʧʣʠʪʳ. ɺ ʟʦʥʝ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʖʞʥʦ-ʌʝʨʛʘʥʩʢʦʛʦ ʠ ʖʞʥʦ-ʊʷʥʴ-ʐʘʥɹʩʢʦʛʦ ʨʘʟʣʦʤʦʚ, ʷʚʣʷʶʱʠʭʩʷ 

ʛʨʘʥʠʮʘʤʠ ʤʝʞʜʫ ʙʣʦʢʘʤʠ ʚʪʦʨʦʛʦ ʨʘʥʛʘ (ɼ) ʠ (ɹ, ɺ), ʟʘ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ ʚʦʟʥʠʢʣʠ  

32 ʟʝʤʣʝʪʨʷʩʝʥʠ ̫ʩ ʄ Ó 6,0. ʀʟ ʥʠʭ 13 ï ʚ ʧʨʝʜʝʣʘʭ ʪʨʝʭ ʦʯʘʛʦʚʳʭ ʟʦʥ. ʆʩʪʘʣʴʥʳʝ ʵʧʠʮʝʥʪʨʳ 

ʧʨʦʠʟʦʰʣʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 40-70 ʢʤ (18 ʟʝʤʣʝʪʨʷʩʝʥʠʡ), 80-130 ʢʤ (8 ʟʝʤʣʝʪʨʷʩʝʥʠʡ) ʠ Ó140 ʢʤ  

(4 ʟʝʤʣʝʪʨʷʩʝʥʠʷ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʥʠʝ ʤʝʞʵʧʠʮʝʥʪʨʘʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʄ Ó 6,0 ʥʘ ʛʨʘʥʠʮʘʭ ʤʠʢʨʦʧʣʠʪ ʠ ʙʣʦʢʦʚ ʟʝʤʥʦʡ ʢʦʨʳ ʚʪʦʨʦʛʦ ʨʘʥʛʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ 

ʪʦʤ, ʯʪʦ ʚ ʧʨʦʷʚʣʝʥʠʠ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ʩ ʄ Ó 6,0) ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʠʛʨʘʶʪ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʙʣʦʢʠ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʨʘʥʛʦʚ. ɹʣʦʢʠ ʪʘʢʠʭ ʨʘʟʤʝʨʦʚ ʥʘʢʘʧʣʠʚʘʶʪ ʵʥʝʨʛʠʶ, 

ʩʧʦʩʦʙʥʫʶ ʛʝʥʝʨʠʨʦʚʘʪʴ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʥʝ ʙʦʣʝʝ ʄ = 6,9. ʕʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʩʝʡʩʤʠʯʥʦʩʪʴ  ʁʪʝʨʨʠʪʦʨʠʠ ʩ ʠʩʪʦʨʠʯʝʩʢʠʭ ʚʨʝʤʝʥ 

ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ.  

ʅʝʩʢʦʣʴʢʦ ʠʥʘʷ ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʩʢʣʘʜʳʚʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ɿʘʧʘʜʥʦʛʦ 

ʋʟʙʝʢʠʩʪʘʥʘ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʟʝʤʥʘʷ ʢʦʨʘ ʎʝʥʪʨʘʣʴʥʦʛʦ ʠ ʖʞʥʦʛʦ ʋʟʙʝʢʠʩʪʘʥʘ ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʩʣʦʠʩʪʦ-ʙʣʦʢʦʚʫʶ ʩʪʨʫʢʪʫʨʫ 

[ɹʘʙʘʝʚ ʠ ʜʨ.; 1976, ɿʫʥʥʫʥʦʚ, 1985; ʀʙʨʘʛʠʤʦʚ ʠ ʜʨ., 2002]. ʅʘ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʚʳʜʝʣʷʶʪʩʷ ʯʝʪʳʨʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʚʪʦʨʦʛʦ ʨʘʥʛʘ ï ɸʤʫʜʘʨʴʠʥʩʢʘʷ (ɸ) ʠ ʅʫʨʘʪʠʥʩʢʘʷ 

(ɹ) ʚ ʧʨʝʜʝʣʘʭ ʂʳʟʳʣʢʫʤʩʢʦʡ ʤʠʢʨʦʧʣʠʪʳ, ʖʞʥʦ-ʊʷʥʴ-ʐʘʥʴʩʢʘʷ ʚ ʧʨʝʜʝʣʘʭ ɿʘʧʘʜʥʦ-ʊʷʥʴ-

ʐʘʥʴʩʢʦʡ ʤʠʢʨʦʧʣʠʪʳ (ɺ) ʠ ʙʣʦʢ ʖʛʦ-ɿʘʧʘʜʥʦʛʦ ʦʪʨʦʛʘ ɻʠʩʩʘʨʘ (ɻ) ʚ ʧʨʝʜʝʣʘʭ ʂʘʨʘʢʫʤʦ-

ʊʘʜʞʠʢʩʢʦʡ ʤʠʢʨʦʧʣʠʪʳ (ʨʠʩ. 2).  

 ɺ ʧʨʝʜʝʣʘʭ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʣʠʰʴ ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ 

ɸʤʫʜʘʨʴʠʥʩʢʦʛʦ ʙʣʦʢʘ (ɸ) (ʩʤ. ʨʠʩ. 2), ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ɹʫʭʘʨʩʢʦʡ ʠ ʏʘʨʜʞʦʫʩʢʦʡ 

ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʩʪʫʧʝʥʷʤʠ, ʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʳ ɸʤʫʜʘʨʴʠʥʩʢʦʡ, ʋʯʙʘʰ-ʂʘʨʰʠʥʩʢʦʡ, ʂʘʨʘʠʣʴ-

ʃʷʥʛʘʨʩʢʦʡ ʬʣʝʢʩʫʨʥʦ-ʨʘʟʨʳʚʥʳʤʠ ʟʦʥʘʤʠ (ʌʈɿ) ʠ ʖʞʥʦ-ʊʷʥʴ-ʐʘʥʴʩʢʠʤ ʨʘʟʣʦʤʦʤ. ʉ ʖʞʥʦ-

ʊʷʥʴ-ʐʘʥʴʩʢʠʤ ʨʘʟʣʦʤʦʤ ʩʚʷʟʘʥʳ ɻʘʟʣʠʡʩʢʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 1976 ʠ 1984 ʛʛ. ʩ ʤʘʛʥʠʪʫʜʦʡ ʄ Ó 

7,0. ʆʪʤʝʯʝʥʥʳʝ ʌʈɿ ʧʨʝʜʩʪʘʚʣʷʶʪ ʫʩʪʫʧʳ ʚ ʨʝʣʴʝʬʝ ʬʫʥʜʘʤʝʥʪʘ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʪʫʧʝʥʯʘʪʦ-

ʥʘʩʪʫʧʘʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʚʦʩʪʦʯʥʦʛʦ ʙʣʦʢʘ ʥʘ ʚʦʩʪʦʢ. ʉ ʋʯʙʘʰ-ʂʘʨʰʠʥʩʢʦʡ ʌʈɿ ʩʚʷʟʳʚʘʶʪ 

ʠʩʪʦʨʠʯʝʩʢʠʝ ɹʫʭʘʨʩʢʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 1390 ʠ 1821 ʛʛ. ʩ ʤʘʛʥʠʪʫʜʦʡ ʄ Ó 6,0. 

ɺ ʧʨʝʜʝʣʘʭ ʅʫʨʘʪʠʥʩʢʦʛʦ ʙʣʦʢʘ (ɹ) ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ ʚʳʜʝʣʷʶʪʩʷ ʉʝʚʝʨʦ-ʅʫʨʘʪʠʥʩʢʦʝ, 

ʖʞʥʦ-ʅʫʨʘʪʠʥʩʢʦʝ, ɿʠʨʘʙʫʣʘʢʩʢʦʝ, ʂʘʨʘʪʝʧʠʥʩʢʦʝ ʧʦʜʥʷʪʠʷ ʠ ʨʘʟʜʝʣʷʶʱʠʝ ʠʭ ʘʢʪʠʚʥʳʝ 

ʨʘʟʣʦʤ rʟʝʤʥʦʡ ʢʦʨʳ, ʤʝʞʛʦʨʥʳʝ ʚʧʘʜʠʥʳ ʠ ʧʨʦʛʠʙʳ: ʈʘʚʘʪ-ɻʘʣʣʷʘʨʘʣʴʩʢʠʡ ʧʨʦʛʠʙ, ʉʘʥʟʘʨʩʢʠʡ 

ʧʨʦʛʠʙ, ʂʘʪʪʘʢʫʨʛʘʥʩʢʘʷ ʚʧʘʜʠʥʘ, ʉʘʤʘʨʢʘʥʜʩʢʘʷ ʚʧʘʜʠʥʘ ʠ ʇʷʥʜʞʠʢʝʥʪʩʢʠʡ ʧʨʦʛʠʙ.  

ʖʞʥʦ-ʊʷʥʴ-ʐʘʥʴʩʢʠʡ ʙʣʦʢ (ɺ) ɿʘʧʘʜʥʦ-ʊʷʥʴ-ʐʘʥɹʩʢʦʡ ʤʠʢʨʦʧʣʠʪʳ ʦʙʨʘʟʫʶʪ 

ʊʫʨʢʝʩʪʘʥʩʢʦʝ, ɿʘʨʘʬʰʘʥʩʢʦʝ ʠ ɻʠʩʩʘʨʩʢʦʝ ʧʦʜʥʷʪʠʷ ʩʫʙʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. ʕʪʦ ʦʨʦʛʝʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ, ʩʦʚʨʝʤʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʧʨʦʠʟʦʰʝʜʰʠʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 8-9 ʙʘʣʣʦʚ.  

ʂʘʨʘʢʫʤʦ-ʊʘʜʞʠʢʩʢʘʷ ʤʠʢʨʦʧʣʠʪʘ ʥʘ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʖʛʦ-ɿʘʧʘʜʥʳʭ ʦʪʨʦʛʦʚ ɻʠʩʩʘʨʘ (ɻ), ʂʘʰʢʘʜʘʨʴʠʥʩʢʦʡ ʠ 

ʉʫʨʭʘʥʜʘʨʴʠʥʩʢʦʡ ʚʧʘʜʠʥʘʤʠ. ʂʘʰʢʘʜʘʨʴʠʥʩʢʘʷ ʚʧʘʜʠʥʘ ʚʳʪʷʥʫʪʘ ʩ ʶʛʦ-ʟʘʧʘʜʘ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ 

ʠ ʦʛʨʘʥʠʯʝʥʘ ʦʪ ʖʛʦ-ɿʘʧʘʜʥʳʭ ʦʪʨʦʛʦʚ ɻʠʩʩʘʨʘ ʂʘʨʘʠʣʴ-ʃʷʥʛʘʨʩʢʦʡ ʌʈɿ [ɿʫʥʥʫʥʦʚ, 1985]. ʖʛʦ-

ɿʘʧʘʜʥʳʝ ʦʪʨʦʛʠ ɻʠʩʩʘʨʘ ʦʙʨʘʟʦʚʘʥʳ ʚʠʨʛaʮʠʝʡ ʠ ʧʦʛʨʫʞʝʥʠʝʤ ʧʘʣʝʦʟʦʡʩʢʠʭ ʩʪʨʫʢʪʫʨ ɻʠʩʩʘʨʘ 

ʧʦʜ ʤʦʱʥʳʝ ʦʪʣʦʞʝʥʠʷ ʤʝʟʦ-ʢʘʡʥʦʟʦʷ. ʉʝʪʴʶ ʨʘʟʣʦʤʦʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ 

ʬʫʥʜʘʤʝʥʪ ʨʘʟʙʠʪ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʫʟʢʠʝ ʟʦʥʳ. ʉʫʨʭʘʥʜʘʨʴʠʥʩʢʘʷ ʚʧʘʜʠʥʘ ʦʙʨʘʟʦʚʘʥʘ ʩʠʩʪʝʤʦʡ 

ʫʟʢʠʭ ʣʠʥʝʡʥʳʭ ʘʥʪʠʢʣʠʥʘʣʴʥʳʭ ʟʦʥ ʩ ʰʠʨʦʢʠʤʠ ʠ ʧʣʦʩʢʠʤʠ ʧʨʦʛʠʙʘʤʠ [ɹʫʪʦʚʩʢʘʷ ʠ ʜʨ., 1974]. 

ɺʧʘʜʠʥʘ ʥʘ ʚʦʩʪʦʢʝ ʛʨʘʥʠʯʠʪ ʩ ɹʘʙʘʪʘʛʩʢʠʤ ʧʦʜʥʷʪʠʝʤ ʯʝʨʝʟ ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ, ʥʘ ʟʘʧʘʜʝ ï ʩ 
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ʂʫʛʠʪʘʥʛ-ʂʘʨʘʪʘʛʩʢʦʡ ʌʈɿ. ʉʪʨʫʢʪʫʨʳ ʤʝʟʦʟʦʡ-ʢʘʡʥʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʠ ʬʫʥʜʘʤʝʥʪʘ ʠʤʝʶʪ 

ʦʪʯʝʪʣʠʚʦʝ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ ʠ ʙʦʣʴʰʠʝ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ  

(8-12 ʢʤ). 

 
 

ʈʠʩ. 2. ɸʢʪʠʚʥʳʝ ʨʘʟʣʦʤʳ ʎʝʥʪʨʘʣʴʥʦʛʦ ʠ ʖʞʥʦʛʦ ʋʟʙʝʢʠʩʪʘʥʘ ʠ ʵʧʠʮʝʥʪʨʳ 
ʩʠʣʴʥʳʭ (ʩ ʄ Ó 5,0) ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʕʧʠʮʝʥʪʨʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ: 1 ï ʩ ʄ Ó 7,0; 2 ï ʩ M Ó 6,0; 3 ï ʩ 
M Ó 5,0; 4 ï ʥʦʤʝʨ ʨʘʟʣʦʤʘ; 5 ï ʨʘʟʣʦʤʳ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ (I ï ʇʠʩʪʘʣʠʪʘʫʩʢʠʡ, II ï 
ʉʝʚʝʨʦ-ʄʝʭʥʘʪʢʘʰʩʢʠʡ; IV ï ʉʝʚʝʨʦ-ʅʫʨʘʪʠʥʩʢʠʡ; V ï ʖʞʥʦ-ʌʝʨʛʘʥʩʢʠʡ; VI ï ʅʫʨʘʪʘʫ-ʂʘʪʨʘʥʩʢʠʡ; 

VII ï ʉʝʚʝʨʦ-ɸʢʪʘʫ-ʖʞʥʦ-ʂʘʨʘʯʘʪʘʫ-ʉʝʚʝʨʦ-ɻʦʙʜʫʥʪʘʫ-ʖʞʥʦ-ʄʦʣʛʫʟʘʨʩʢʠʡ; VIII ï ʖʞʥʦ-ɸʢʪʘʫ-
ʖʞʥʦ-ɻʦʙʜʫʥʪʘʫ-ʉʝʚʝʨʦ-ʊʫʨʢʝʩʪʘʥʩʢʠʡ; IX ï ʖʞʥʦ-ʂʘʨʘʪʘʫ-ʖʞʥʦ-ʊʫʨʢʝʩʪʘʥʩʢʠʡ; X ï ʉʝʚʝʨʦ-
ɿʝʨʘʙʫʣʘʢ-ʉʝʚʝʨʦ-ɿʘʨʘʬʰʘʥʩʢʠʡ; XI ï ʖʞʥʦ-ʊʷʥʴ-ʐʘʥɹʩʢʠʡ; XII ï ɻʣʘʚʥrʡ ɻʠʩʩʘʨʩʢʠʡ); 6 ï 

ʨʘʟʣʦʤʳ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ (III ï ʉʝʚʝʨʦ-ʌʝʨʛʘʥʩʢʠʡ; XIII ï ʋʯʙʘʰ-ʂʘʨʰʠʥʩʢʠʡ; XIV ï 
ʃʷʥʛʘʨ-ʂʘʨʘʠʣʴʩʢʘʷ ʌʈɿ; XV ï ɻʠʩʩʘʨʦ-ʂʦʢʰʘʘʣʴʩʢʠʡ; XVI ï ɸʤʫʜʘʨʴʠʥʩʢʠʡ; XVII ï ɹʘʡʩʫʥ-

ʂʫʛʠʪʘʥʛʩʢʘʷ ʩʠʩʪʝʤʘ ʨʘʟʣʦʤʦʚ; XVIII ï ʉʫʨʭʘʥʪʘʫ-ʐʝʨʘʙʘʜ-ʂʝʣʠʬʩʢʠʡ; XIX ï ɹʘʙʘʪʘʛʩʢʠʡ; XX ï 
ʉʘʥʛʘʥʘʢ-ʍʘʥʙʘʥʜʳʪʘʫʩʢʠʡ; XXI ï ɿʘʧʘʜʥʦ-ʂʘʨʘʪʝʧʝ-ʂʦʡʪʘʰ-ʇʠʩʪʘʣʠʪʘʫʩʢʠʡ; XXII-XXIII ï ʩʠʩʪʝʤʘ 

ʇʦʧʝʨʝʯʥʦ-ɿʘʧʘʜʥʦ-ʊʷʥʴ-ʐʘʥɹʩʢʠʭ ʨʘʟʣʦʤʦʚ); 7 ï ʛʨʘʥʠʮʳ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʙʣʦʢʦʚ; 8 ï 
ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʙʣʦʢʠ: ɸ ï ɸʤʫʜʘʨʴʠʥʩʢʠʡ; ɹ ï ʅʫʨʘʪʠʥʩʢʠʡ; ɺ ï ʖʞʥʦ-ʊʷʥʴ-ʐʘʥɹʩʢʠʡ; ɻ ï 3ʖʛʦ-

ɿʘʧʘʜʥʳʝ ʦʪʨʦʛʠ ɻʠʩʩʘʨʘ. 
 

Fig. 2. Active faults of Central and Southern Uzbekistan and epicenters of strong (with M Ó 
5,0) earthquakes. ɽarthquake epicenters: 1 ï with ʄ Ó 7,0; 2 ï with M Ó 6,0; 3 ï with M Ó 5,0; 4 ï fault 

number; 5 ï faults of northwestern strike (I ï Pistalitausky; II ï North-Mekhnatkashsky; IV ï North-Nurata; 
V ï South-Fergana; VI ï Nuratau-Katransky; VII ï North-Aktau-South-Karachatau-North-Gobduntau-
South-Molguzar; VIII ï South-Aktau-South-Gobduntau-North-Turkestan; IX ï South-Karatau-South-

Turkestanth; XI ï South Tien Shan; XII ï Chief Gissarsky); 6 ï faults of north-eastern strike (III ï North 
Fergana; XIII ï Uchbash-Karshi; XIV ï Lyangar-Karayil FRF; XV ï Gissar-Kokshaalsky; XVI ï Amu 

Darya; XVII ï Baisun-Kugitang fault system; XVIII ï Surkhantau-Sherabad-Kelifsky; XIX ï Babatagsky; 
XX ï Sanganak-Khanbandytausky; XXI ï West-Koratepe-Koitash-Pistalitausky; XXII-XXIII ï system of the 
Transverse-Western Tien Shan faults); 7 ï boundaries of geodynamic blocks; 8 ï geodynamic blocks: A ï 

Amu Darya; B ï Nurata; V ï South Tien Shan; G ï Southwestern spurs of Gissar; 
 

ʇʦʤʠʤʦ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʙʣʦʢʦʚ, ʥʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʘʢʪʠʚʥʳʭ ʨʘʟʣʦʤʦʚ ʟʝʤʥʦʡ 

ʢʦʨʳ ʪʝʨʨʠʪʦʨʠʠ ʎʝʥʪʨʘʣʴʥʦʛʦ ʠ ʖʞʥʦʛʦ ʋʟʙʝʢʠʩʪʘʥʘ. ʕʪʠ ʨʘʟʣʦʤʳ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʦʩʥʦʚʝ 
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ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʥʝʝ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʲʝʤʢʠ, ʢʦʤʧʣʝʢʩʦʤ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪ 

[ɹʘʙʘʝʚ ʠ ʜʨ., 1972; ɿʫʥʥʫʥʦʚ, 1985; ʈʝʟʚʦʡ, 1973; ʊʘʣʴ-ɺʠʨʩʢʠʡ, 1982; ʗʢʫʙʦʚ ʠ ʜʨ., 1976]. ʂʘʢ 

ʚʠʜʥʦ ʠʟ ʨʠʩ. 2, ʚ ʧʨʝʜʝʣʘʭ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚʳʜʝʣʷʶʪʩʷ ʨʘʟʣʦʤʳ ʪʨʝʭ ʥʘʧʨʘʚʣʝʥʠʡ: ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʛʦ, ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʠ ʩʫʙʰʠʨʦʪʥʦʛʦ.  

ʉʝʚʝʨʦ-ʟʘʧʘʜʥʘʷ ʩʠʩʪʝʤʘ ʨʘʟʣʦʤʦʚ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʚʳʨʘʞʝʥʘ ʠ ʫʚʝʨʝʥʥʦ ʪʨʘʩʩʠʨʫʝʪʩʷ 

ʥʘ ʤʘʪʝʨʠʘʣʘʭ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʦʢ. ʉʦʯʣʝʥʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʧʨʦʠʩʭʦʜʠʪ ʚ ʟʦʥʝ ʨʘʟʣʦʤʦʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ 

ʦʨʠʝʥʪaʮʠʠ. ʉʤʝʱʝʥʠʷ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ, ʨʝʟʢʦʝ ʧʦʛʨʫʞʝʥʠʝ 

ʰʘʨʥʠʨʦʚ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʠʭ ʧʝʨʠʢʣʠʥʘʣʴʥʳʭ ʯʘʩʪʷʭ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʟʦʥʝ ʵʪʠʭ 

ʨʘʟʣʦʤʦʚ. ʉʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʵʪʠ ʬʘʢʪʳ, ʭʦʪʷ ʠ ʢʦʩʚʝʥʥʦ, ʤʦʛʫʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʟʥʘʯʝʥʠʠ ʠʭ ʧʨʠ ʧʨʦʷʚʣʝʥʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʩʝʡʩʤʠʯʥʦʩʪʠ ʘʥʘʣʠʟʠʨʫʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ. ʉʦʚʨʝʤʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʨʘʟʣʦʤʦʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʦʨʠʝʥʪaʮʠʠ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʚʳʨʘʞʝʥʥʦʩʪʴʶ ʠ ʫʚʝʨʝʥʥʳʤ ʪʨʘʩʩʠʨʦʚʘʥʠʝʤ ʥʘ ʤʘʪʝʨʠʘʣʘʭ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʦʢ, ʘ ʪʘʢʞʝ ʵʧʠʮʝʥʪʨʘʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʪʷʛʦʪʝʶʱʠʭ ʢ 

ʨʘʟʣʦʤʥʳʤ ʟʦʥʘʤ. ɿʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʜʝʣʝʥʥʳʝ ʚ ʅʫʨʘʪʘʫ-ɿʠʨʘʙʫʣʘʢʩʢʦʡ ʟʦʥʝ 

ʧʦʜʥʷʪʠʡ ʠ ʧʨʦʛʠʙʦʚ ʨʘʟʣʦʤʳ ʩʣʫʞʘʪ ʧʨʠʨʦʜʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʨʘʟʣʦʤʳ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ 

ʧʨʦʩʪʠʨʘʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʷʚʣʷʶʪʩʷ ʧʨʷʤʳʤ ʧʨʦʜʦʣʞʝʥʠʝʤ 

ʢʨʘʝʚʳʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʨʘʟʣʦʤʦʚ ʖʞʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʊʫʨʢʝʩʪʘʥʩʢʦʝ, 

ɿʘʨʘʬh ʘʥʩʢʦʝ ʠ ɻʠʩʩʘʨʩʢʦʝ ʧʦʜʥʷʪʠʷ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʨʘʥʛʘ. ʕʪʦʪ ʨʝʛʠʦʥ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʳʭ ʥʦʚʝʡʰʠʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʥʷʪʠʡ, ʩʝʡʩʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʢʦʪʦʨʳʭ 

ʧʦʜʪʚʝʨʞʜʝʥ ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʠʣʴʥʳʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʠ ʜʝʬʦʨʤaʮʠ̫ʤʠ ʛʦʨʥʦʛʦ ʨʝʣʴʝʬʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʠʣʴʥʝʡʰʠʭ ʜʦʠʩʪʦʨʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ʩʤ. ʨʠʩ. 2).  

ʉʫʙʰʠʨʦʪʥʘʷ ʩʠʩʪʝʤʘ ʨʘʟʣʦʤʦʚ ʨʘʟʚʠʪʘ ʥʘ ʖʞʥʦ-ʊʷʥʴ-ʐʘʥʴʩʢʦʤ ʙʣʦʢʝ ɿʘʧʘʜʥʦ-ʊʷʥʴ-

ʐʘʥʴʩʢʦʡ ʤʠʢʨʦʧʣʠʪʳ. ʕʪʦ ʥʘʠʙʦʣʝʝ ʧʨʦʪʷʞʝʥʥʳʝ ʠ ʩʝʡʩʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʨʘʟʣʦʤʳ. ɺ ʠʭ 

ʧʨʝʜʝʣʘʭ ʦʪʤʝʯʝʥ ʨʷʜ ʩʠʣʴʥʳʭ (ʩ ʄ Ó 6,0) ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʣʘ ʚ 

ʟʦʥʝ ʖʞʥʦ-ʌʝʨʛʘʥʩʢʦʛʦ ʨʘʟʣʦʤʘ.  

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʨʘʟʣʦʤʦʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʄ.ɸ.ɸʭʤʝʜʞʘʥʦʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ [1967]. ʅʘʣʠʯʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʟʘʧʘʜʥʝʝ ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ. 3 ʧʦʧʝʨʝʯʥʳʭ ʨʘʟʣʦʤʦʚ, ʧʨʠʚʦʜʠʪʩʷ ʠ ʚ 

ʨʘʙʦʪʘʭ ʊ.ʃ.ɹʘʙʘʜʞʘʥʦʚʘ ʠ ʆ.ʇ.ʄʦʨʜʚʠʥʮʝʚʘ [2013]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʦʚ, ʵʪʠ 

ʨʘʟʣʦʤʳ ʠʤʝʶʪ ʜʨʝʚʥʝʝ ʟʘʣʦʞʝʥʠʝ. ʆʩʝʚʳʝ ʣʠʥʠʠ ʵʪʠʭ ʩʪʨʫʢʪʫʨ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3. 

ʉʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʩʝʚʳʭ ʣʠʥʠʡ ʧʦʧʝʨʝʯʥʳʭ ʨʘʟʣʦʤʦʚ ʩ 

ʧʣʦʪʥʦʩʪʴʶ ʤʝʛʘʪʨʝʱʠʥ (ʤʝʣʢʠʭ ʦʧʝʨʷʶʰʠʭ ʨʘʟʣʦʤʦʚ) ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʟʦʥʘ ʧʦʚʳʰʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʝʛʘʪʨʝʱʠʥ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʭʦʨʦʰʦ ʪʨʘʩʩʠʨʫʝʪʩʷ ʩ 

ʊʝʜʞʝʥ-ɻʘʟʣʠ-ɹʝʪʧʘʢʜʘʣʠʥʩʢʦʡ ʌʈɿ [ɹʘʙʘʜʞʘʥʦʚ ʠ ʜʨ., 2013]. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʵʪʠ 

ʧʦʧʝʨʝʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʨʘʟʣʦʤʘʤʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʬʦʨʤʠʨʫʶʪ 

ʙʣʦʢʦʚʦʝ ʩʪʨʦʝʥʠʝ ʟʝʤʥʦʡ ʢʦʨʳ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʊʝʢʪʦʥʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʟʦʥʳ ʢʨʫʧʥʳʭ 

ʩʪʨʫʢʪʫʨ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʥʘʛʣʷʜʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʝʡʩʤʠʯʥʦʩʪʠ. 

ʅʘ ʨʠʩ. 3, ʢʨʦʤʝ ʧʣʦʪʥʦʩʪʠ ʨʘʟʨʳʚʦʚ ʠ ʘʢʪʠʚʥʳʭ ʨʘʟʣʦʤʦʚ, ʧʨʠʚʝʜʝʥʳ ʪʘʢʞʝ ʵʧʠʮʝʥʪʨʳ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʄ Ó 5,0, ʚʦʟʥʠʢʰʠʝ ʩ ʠʩʪʦʨʠʯʝʩʢʠʭ ʚʨʝʤʝʥ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʵʧʠʮʝʥʪʨʳ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʄ Ó 2,0, ʚʦʟʥʠʢʰʠʝ ʟʘ ʧʝʨʠʦʜ 2016-2019 ʛʛ., ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚʩʝʭ 

ʚʳʜʝʣʝʥʥʳʭ ʩʝʡʩʤʦʛʝʥʥʳʭ ʟʦʥ ʪʝʨʨʠʪʦʨʠʠ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 3, ʚʩʝ ʩʠʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

(ɹʫʭʘʨʩʢʠʝ 942 ʠ 1392 ʛʛ. ʩ ʄ Ó 7,0, ʊʘʤʜʳʥʩʢʦʝ 1932 ʛ. ʩ ʄ = 6,2, ʂʳʟʳʣʢʫʤʩʢʠʝ 1968 ʛ. ʩ ʄ = 

5,1, ɻʘʟʣʠʡʩʢʠʝ 1976 ʠ 1984 ʛʛ.) ʚʦʟʥʠʢʣʠ ʚ ʧʨʝʜʝʣʘʭ ʚʳʜʝʣʝʥʥʳʭ ʦʙʣʘʩʪʝʡ ʘʢʪʠʚʥʳʭ ʨʘʟʣʦʤʦʚ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. ʅʘ ʨʠʩ. 3 ʷʚʥʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʦ ʧʨʠʫʨʦʯʝʥʥʦʩʪʠ 

ʦʯʘʛʦʚʳʭ ʟʦʥ ʵʪʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʢ ʤʝʩʪʘʤ ʧʝʨʝʩʝʯʝʥʠʷ ʨʘʟʣʦʤʦʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʦʨʠʝʥʪaʮʠʠ ʩ 

ʟʦʥʘʤʠ ʨʘʟʣʦʤʦʚ ɻʘʟʣʠ-ʊʝʜʞʝʥ-ʊʘʤʜʠʥʩʢʦʛʦ, ʅʘʚʦʠ-ʊʫʨʢʝʩʪʘʥʩʢʦʛʦ ʠ ʇʦʧʝʨʝʯʥʦ-ʊʷʥʴ-

ʐʘʥʴʩʢʦʛʦ ʨʘʟʣʦʤʦʚ. ʍʘʨʘʢʪʝʨʥʦ ʪʦ, ʯʪʦ ʢ ʟʦʥʘʤ ʵʪʠʭ ʨʘʟʣʦʤʦʚ ʧʨʠʫʨʦʯʝʥʘ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʚʦʟʥʠʢʰʠʭ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. ʉʫʜʷ ʧʦ ʧʨʠʚʝʜʝʥʥʦʡ 

ʢʘʨʪʠʥʢʝ, ʟʦʥʳ ɻʘʟʣʠ-ʊʝʜʞʝʥ-ʊʘʤʜʠʥʩʢʦʛʦ ʠ ʇʦʧʝʨʝʯʥʦ-ʊʷʥʴ-ʐʘʥɹʩʢʦʛʦ ʨʘʟʣʦʤʦʚ ʷʚʣʷʶʪʩʷ 

ʛʨʘʥʠʮʘʤʠ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ɿʘʧʘʜʥʦʛʦ ʋʟʙʝʢʠʩʪʘʥʘ. ʅʘʚʦʠ-ʊʫʨʢʝʩʪʘʥʩʢʠʡ 

ʠ ʄʘʨʳ ï ɹʫʭʘʨʘ-ɹʝʪʧʘʢʜʘʣʠʥʩʢʠʝ ʨʘʟʣʦʤʳ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠ ʁʢ ʥʠʤ 

ʦʪʥʦʩʪ̫ʩʷ ʢ ʙʣʦʢʘʤ ʟʝʤʥʦʡ ʢʦʨʳ ʤʝʥʴʰʝʛʦ ʤʘʩʰʪʘʙʥʦʛʦ ʫʨʦʚʥʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʨʦʚʝʥʴ 

ʩʝʡʩʤʠʯʥʦʩʪʠ ʝʝ ʪʘʢʞʝ ʥʘʤʥʦʛʦ ʥʠʞʝ, ʯʝʤ ʫ ʜʨʫʛʠʭ. ʉʨʝʜʠ ʨʘʟʣʦʤʦʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ 

ʧʨʦʩʪʠʨʘʥʠʷ ʩʘʤʡr ʘʢʪʠʚʥʡr ʇʦʧʝʨʝʯʥʦ-ʊʷʥʴ-ʐʘʥɹʩʢʠʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʇʦʧʝʨʝʯʥʦ-
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ʊʷʥʴ-ʐʘʥɹʩʢʠʡ ʨʘʟʣʦʤ, ʠʣʠ ʉʝʚʝʨʥʳʡ ʢʨʘʝʚʦʡ ʨʘʟʣʦʤ ʊʷʥʴ-ʐʘʥʷ, ʧʦ ɹ.ɹ.ʊʘʣʴ-ɺʠʨʩʢʦʤʫ [1982], 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʝʜʫʱʠʭ ʛʝʦʣʦʛʦʚ ʩʪʨʘʥʳ ʷʚʣʷʝʪʩʷ ʛʨʘʥʠʮʝʡ ʤʝʞʜʫ ʦʨʦʛʝʥʦʤ ʠ 

ʧʣʘʪʬʦʨʤʦʡ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʠ ʠʛʨʘʝʪ ʦʧʨʝʜʝʣʷʶʱʫʁ  ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʝ ʙʣʦʢʦʚ 

ʟʝʤʥʦʡ ʢʦʨʳ. ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʝ ʫʯʘʩʪʢʠ ʩʝʡʩʤʦʛʝʥʥʳʭ ʟʦʥ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ 

ʧʨʠʫʨʦʯʝʥʳ ʠʤʝʥʥʦ ʢ ʤʝʩʪʘʤ ʧʝʨʝʩʝʯʝʥʠʷ ʠʭ ʩ ʟʦʥʦʡ ʇʦʧʝʨʝʯʥʦ-ʊʷʥʴ-ʐʘʥɹʩʢʦʛʦ ʨʘʟʣʦʤʘ. ʕʪʘ 

ʟʦʥʘ ʦʪʣʠʯʘʝʪʩʷ ʟʥʘʯʠʤʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟaʮʠʝʡ ʠ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ. ʆʙ ʵʪʦʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚʦʟʥʠʢʰʠʝ ʚ 2016 ʛ. ʂʠʪʘʙʩʢʦʝ ʩ ʄ = 5,0 ʠ ʚ 2017 ʛ. ɹʘʭʤʘʣʴʩʢʦʝ ʩ ʄ = 5,1 

ʟʝʤʣʝʪʨʷʩʝʥʠ.̫ 

 

ʈʠʩ. 3. ʉʭʝʤʘ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʢʘʨʪʳ ʧʣʦʪʥʦʩʪʠ ʨʘʟʨʳʚʦʚ (ʤʝʛʘʪʨʝʱʠʥ), ʦʩʝʚʳʭ ʣʠʥʠʡ 
ʬʣʝʢʩʫʨʥʦ-ʨʘʟʨʳʚʥʳʭ ʟʦʥ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʚʳʜʝʣʝʥʥʳʝ (ʧʦ ɹʘʙʘʜʞʘʥʦʚʫ, 

ʄʦʨʜʚʠʥʮʝʚʫ, 2013) ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʩ ʵʧʠʮʝʥʪʨʘʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ 
ʩʝʡʩʤʦʛʝʥʥʳʤʠ ʟʦʥʘʤʠ. 1 ï ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʤʝʛʘʪʨʝʱʠʥ; 2 ï ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʣʦʤʳ ʟʝʤʥʦʡ 
ʢʦʨʳ. ʕʧʠʮʝʥʪʨʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ [ʅʦʚʳʡ ʢʘʪʘʣʦʛ.., 1976, ʉʚʦʜʥʳʝ ʢʘʪʘʣʦʛʠé, 2010-2018]. 

 
Fig.3. Scheme of comparison of the density map of ruptures (megafractures), axial lines of 

flexure-fracture zones of northeastern strike, identified (according to Babajanov, Mordvintsev, 
2013) by geophysical methods with earthquake epicenters and seismogenic zones. 1 ï megacrack 

density values; 2 ï transverse faults of the earth's crust. Earthquake epicenters according to [New 
catalog..., 1976, Consolidated catalogues..., 2010-2018]. 

 

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʧʠʮʝʥʪʨʦʚ ʧʨʦʠʩʰʝʜʰʠʭ ʩ 

ʠʩʪʦʨʠʯʝʩʢʠʭ ʚʨʝʤʝʥ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚʠʜʥʦ, ʯʪʦ ʦʩʥʦʚʥʘʷ 

ʤʘʩʩʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʨʦʠʩʭʦʜʠʣʠ ʚ ʧʨʝʜʝʣʘʭ ʩʝʡʩʤʦʛʝʥʥʳʭ ʟʦʥ, ʭʦʪʷ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʵʧʠʮʝʥʪʨʦʚ ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʦʪ ʥʠʭ. ɺʩʝ ʩʠʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ (ʩ ʄ Ó 5,0) 

ʧʨʦʠʩʭʦʜʠʣʠ ʚ ʩʝʡʩʤʦʛʝʥʥʳʭ ʟʦʥʘʭ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʛʨʫʧʧʠʨʦʚʘʥʠʷ 

ʵʧʠʮʝʥʪʨʦʚ ʚ ʧʨʝʜʝʣʘʭ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʩʝʡʩʤʦʛʝʥʥʳʭ ʟʦʥ. ʕʪʘ ʪʝʥʜʝʥʮʠʷ ʦʩʦʙʝʥʥʦ ʷʨʢʦ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʨʘʡʦʥʝ ʛ. ʋʨʛʫʪ ʚ ʧʨʝʜʝʣʘʭ ɿʘʨʘʬʰʘʥʩʢʦʡ ʩʝʡʩʤʦʛʝʥʥʦʡ ʟʦʥʳ, ʚʙʣʠʟʠ ʛ. ʂʠʪʘʙ ʠ  

ʛ. ʐʘʭʨʠʩʘʙʟ ʚ ʖʞʥʦ-ʊʷʥʴ-ʐʘʥɹʩʢʦʡ ʩʝʡʩʤʦʛʝʥʥʦʡ ʟʦʥʳ ʠ ʚ ʨʘʡʦʥʝ ʛ. ʂʘʤʘʰʠ ʚ ɻʠʩʩʘʨʦ-

ʂʦʢʰʘʘʣʴʩʢʦʡ ʩʝʡʩʤʦʛʝʥʥʦʡ ʟʦʥʳ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 4, ʵʪʠ ʫʯʘʩʪʢʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨaʮʠʠ 

ʵʧʠʮʝʥʪʨʦʚ ʢʘʢ ʩʠʣʴʥʳʭ, ʪʘʢ ʠ ʩʣʘʙʳʭ ʠ ʫʤʝʨʝʥʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʣʘʩʪʠ 

ʧʝʨʝʩʝʯʝʥʠʷ ʩʝʡʩʤʦʛʝʥʥʳʭ ʟʦʥ ʩ ʧʦʧʝʨʝʯʥʳʤ ɿʘʧʘʜʥʦ-ʊʷʥʴ-ʐʘʥʴʩʢʠʤ ʨʘʟʣʦʤʦʤ. ʕʪʘ ʩʠʪʫaʮʠ̫ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ, ʭʦʪʷ ʧʦʧʝʨʝʯʥʳʡ ɿʘʧʘʜʥʦ-ʊʷʥʴ-ʐʘʥʴʩʢʠʡ ʨʘʟʣʦʤ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʷʤʳʤ 

ʛʝʥʝʨʘʪʦʨʦʤ ʠʩʪʦʯʥʠʢʦʚ ʩʝʡʩʤʠʯʥʦʩʪʠ, ʥʦ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʫʜʫʱʠʭ 

ʦʯʘʛʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʩʝʡʩʤʠʯʝʩʢʘʷ ʘʢʪʠʚʠʟaʮʠ̫ ʪʘʢʠʭ ʫʯʘʩʪʢʦʚ ʚ 

ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʩʣʫʯʘʡʥʳʤ ʩʦʚʧʘʜʝʥʠʝʤ. ʅʘʧʨʠʤʝʨ, ʧʝʨʚʦʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʚ ʨʘʡʦʥʝ ʛ. ʋʨʛʫʪ ɿʘʨʘʬʰʘʥʩʢʦʡ ʩʝʡʩʤʦʛʝʥʥʦʡ ʟʦʥʳ ʧʨʦʠʟʦʰʣʦ ʚ 1490 ʛ. ʩ ʄ = 5,8. 

ʉʣʝʜʫʶʱʝʝ ʩʠʣʴʥʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʧʨʦʠʟʦʰʣʦ ʚ 1799 ʛ. ʩ ʄ = 6,0. ʇʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘ ʵʪʦʤ 

ʫʯʘʩʪʢʝ ʩʠʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʣʠ. ɿʦʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ 
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ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʦʢʦʷ. ʂʦʣʠʯʝʩʪʚʦ ʩʣʘʙʳʭ ʠ ʫʤʝʨʝʥʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʝ ʚʝʣʠʢʦ. ʆʙʨʘʱʘʝʪ ʥʘ 

ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʫʯʘʩʪʦʢ ʧʝʨʝʩʝʯʝʥʠʷ ʖʞʥʦ-ʊʷʥʴ-ʐʘʥʴʩʢʦʡ ʩʝʡʩʤʦʛʝʥʥʦʡ ʟʦʥʳ ʩ ʇʦʧʝʨʝʯʥʳʤ 

ɿʘʧʘʜʥʦ-ʊʷʥʴ-ʐʘʥʴʩʢʠʤ ʨʘʟʣʦʤʦʤ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥ ʛ. ʐʘʭʨʠʩʘʙʟ. ɿʜʝʩʴ ʚ 1928 ʛ. 

ʧʨʦʠʟʦʰʣʦ ʩʠʣʴʥʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʩ ʄ = 5,3. ʉʣʝʜʫʶʱʝʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʩ ʄ = 5,1 ʧʨʦʠʟʦʰʣʦ ʚ 

2016 ʛ. ʚ ʨʘʡʦʥʝ ʛ. ʂʠʪʘʙ. ɿʝʤʣʝʪʨʷʩʝʥʠʝ ʚʳʟʚʘʣʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʨʫ ʝhʥʠʷ ʚ ʛ. ʂʠʪʘʙ. ɺ 

ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ 20-ʣʝʪʥʝʛʦ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʤʘʷ ʘʢʪʠʚʠʟaʮʠ̫ ʵʪʦʛʦ ʫʯʘʩʪʢʘ 

ʩʝʡʩʤʦʛʝʥʥʦʡ ʟʦʥʳ ʚ ʚʠʜʝ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʵʧʠʮʝʥʪʨʦʚ ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʍʦʪʷ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʘʬʪʝʨʰʦʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʂʠʪʘʙʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠ ̫ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʧʨʦʠʟʦʰʣʘ ʚ 

1815 ʛ. ʩ ʄ = 5,3.  

 

 
ʈʠʩ. 4. ʉʝʡʩʤʦʛʝʥʥʳʝ ʟʦʥʳ ʖʞʥʦʛʦ ʋʟʙʝʢʠʩʪʘʥʘ ʠ ʵʧʠʮʝʥʪʨʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʚʦʟʥʠʢʰʠʝ ʩ 

ʜʨʝʚʥʝʡʰʠʭ ʚʨʝʤʝʥ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ.  
1 ï ʨʘʟʣʦʤʳ ʟʝʤʥʦʡ ʢʦʨʳ (1 ï ʖʞʥʦ-ʂʫʣɹʜʞʫʢʪʘʫ-ɿʘʨʘʬʰʘʥʩʢʘʷ; 2 ï ʖʞʥʦ-ʊʷʥʴ-ʐʘʥɹʩʢʘʷ; 3 ï 
ɻʠʩʩʘʨʦ-ʂʦʢʰʘʘʣʴʩʢʘ;̫ 4 ï ʂʘʨʘʠʣ-ɹʃʷʥʛʘʨʩʢʘʷ ʌʈɿ; 5 ï ɻʣʘʚʥʳʡ ɻʠʩʩʘʨʩʢʠʡ; 6 ï ʩʠʩʪʝʤʘ 
ʇʦʧʝʨʝʯʥʦʛʦ ɿʘʧʘʜʥʦ-ʊʷʥʴ-ʐʘʥʴʩʢʦʛʦ ʨʘʟʣʦʤʘ); 2 ï ʨʘʟʣʦʤʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʝʜʦʩʪʦʚʝʨʥʦ. 

ʕʧʠʮʝʥʪʨʳ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ: 3 ï ʄ Ó 6,0; 4 ï ʄ Ó 5,5; 5 ï ʄ Ò 5,4 [ʅʦʚʳʡ ʢʘʪʘʣʦʛé, 1976], 
ʵʧʠʮʝʥʪʨʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʟʘ 2000-2021 ʛʛ. ʩ 4,0 Ò ʄ Ò 4,5; ʄ Ó 2,8; ʄ Ò 2,8 (ʧʦ ʬʦʥʜʦʚʳʤ ʜʘʥʥʳʤ 
ʤʘʪʝʨʠʘʣʦʚ ʀʉ ɸʅ ʈʋʟ ʠ ʈʎʉʄ ʄʏʉ). ʉʝʡʩʤʦʛʝʥʥʳʝ ʟʦʥʳ: XXII ï ɿʘʨʘʬʰʘʥʩʢʘʷ; XXIY ï ʖʞʥʦ-

ʊʷʥʴ-ʐʘʥʴʩʢʘʷ; XXYII ï ɻʠʩʩʘʨʦ-ʂʦʢʰʘʘʣʴʩʢʘʷ. 
 

Fig. 4. Seismogenic zones of Southern Uzbekistan and earthquake epicenters that have arisen 
from ancient times to the present.  

1 ï faults of the earthôs crust (1 ï South Kuljuktau-Zarafshan; 2 ï South Tien Shan; 3 ï Gissar-Kokshaal; 
4 ï Karail-Lyangar FZ; 5 ï Glany Gissar;6 ï system of Transverse Western Tien Shan faults); 2 ï faults 
identified unreliably. Epicenters of strong earthquakes with: 3 ï M Ó 6,0; 4 ï M Ó 5,5; 5 ï M Ò 5,4 [New 

catalog..., 1976], earthquake epicenters for 2000-2021 from 4,0 Ò M Ò 4,5; M Ó 2,8; M Ò 2,8 (according to 
stock data from the materials of the IS Academy of Sciences of the Republic of Uzbekistan and the 
Republican Center for Emergency Situations of the Ministry of Emergency Situations); Seismogenic 

zones:  
XXII ï Zarafshan; XXIY ï South Tien Shan; XXYII ï Gissaro-Kokshaalskaya. 

 

ɿʝʤʣʝʪʨʷʩʝʥʠʷ 2016 ʛ. ʜʘʚʥʦ ʟʘʚʝʨʰʠʣʠʩ,ɹ ʪʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʧʨʝʜʝʣʘʭ ʦʯʘʛʦʚʦʡ ʦʙʣʘʩʪʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʚʳʰʝʥʥʦʡ 
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ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʩʝʡʩʤʦʛʝʥʥʦʡ ʟʦʥʳ ʢ ʠʟʤʝʥʝʥʠʶ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʪʝʨʨʠʪʦʨʠʠ, ʯʪʦ ʝʱʝ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ ʟʥʘʯʠʤʦʩʪʴ ʚʣʠʷʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚ 

ʧʨʦʷʚʣʝʥʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʩʝʡʩʤʠʯʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ.  

ʅʘ ʧʨʦʜʦʣʞʝʥʠʠ ʇʦʧʝʨʝʯʥʦʛʦ ɿʘʧʘʜʥʦ-ʊʷʥʴ-ʐʘʥʴʩʢʦʛʦ ʨʘʟʣʦʤʘ ʢ ʶʛʦ-ʟʘʧʘʜʫ, ʚ ʧʨʝʜʝʣʘʭ 

ɻʠʩʩʘʨʦ-ʂʦʢʰʘʣʴʩʢʦʡ ʩʝʡʩʤʦʛʝʥʥʦʡ ʟʦʥʳ ʚ 1999 ʠ 2000 ʛʛ. ʚʦʟʥʠʢʣʠ ʂʘʤʘʰʠʥʩʢʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʩ ʄ Ó 5,0.  

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʟʘʢʣʶʯʝʥʠʝ. ʇʦʚʳʰʝʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʧʠʮʝʥʪʨʦʚ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʄ Ó 7,0 ʠ ʩ ʄ Ó 6,0 ʚ ʧʨʝʜʝʣʘʭ ɿʘʧʘʜʥʦ-ʊʷʥʴ-ʐʘʥʴʩʢʦʡ ʤʠʢʨʦʧʣʠʪʳ ʠ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʠʭ ʚʦʢʨʫʛ ɺʦʩʪʦʯʥʦ-ʊʷʥʴ-ʐʘʥɹʩʢʦʡ ʤʠʢʨʦʧʣʠʪʳ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʦʙʲʷʩʥʷʝʪʩʷ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤ ʧʦʣʦʞʝʥʠʝʤ ʤʠʢʨʦʧʣʠʪ. ɺ ʧʨʦʮʝʩʩʝ ʢʦʣʣʠʟʠʠ ɽʚʨʘʟʠʡʩʢʦʡ ʠ ʀʥʜʦʩʪʘʥʩʢʦʡ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʣʠʪ ʠ ʜʚʠʞʝʥʠʷ ʤʠʢʨʦʧʣʠʪ ʧʦ ʊʘʣʘʩʦ-ʌʝʨʛʘʥʩʢʦʤʫ ʨʘʟʣʦʤʫ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʠ ʧʨʠʚʝʣʠ ʢ ʧʦʚʳʰʝʥʥʦʤʫ ʥʘʧʨʷʞʝʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ɿʘʧʘʜʥʦ-ʊʷʥʴ-

ʐʘʥʴʩʢʦʡ ʤʠʢʨʦʧʣʠʪʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʦʙʨʘʟʦʚʘʥʠʶ ʚʥʫʪʨʝʥʥʠʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

ʙʦʣʝʝ ʤʝʣʢʦʛʦ ʤʘʩʰʪʘʙʥʦʛʦ ʫʨʦʚʥʷ, ʩʧʦʩʦʙʥʳʭ ʩʦʟʜʘʚʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʄ Ò 6,9 [ʉʘʜʳʢʦʚ ʠ ʜʨ., 2021]. ʏʪʦ ʢʘʩʘʝʪʩʷ ɺʦʩʪʦʯʥʦ-ʊʷʥʴ-ʐʘʥʴʩʢʦʡ 

ʤʠʢʨʦʧʣʠʪʳ ʪʦ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʥʘ ʧʨʦʮʝʩʩ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʥʘ ʨʝʘʛʠʨʫʝʪ ʢʘʢ ʝʜʠʥʦʝ 

ʮʝʣʦʝ ʠ ʧʦʵʪʦʤʫ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚʦʟʥʠʢʘʝʪ ʥʘ ʛʨʘʥʠʯʘʱʠʭ ʩ ʥʝʡ 

ʨʘʟʣʦʤʥʳʭ ʟʦʥʘʭ.  

ɺ ʧʨʝʜʝʣʘʭ ɿʘʧʘʜʥʦ-ʊʷʥʴ-ʐʘʥɹʩʢʦʡ ʤʠʢʨʦʧʣʠʪʳ ʦʩʥʦʚʥʳʝ ʨʘʟʣʦʤʳ ʠʤʝʶʪ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ [ʉʘʜʢrʦʚ ʠ ʜʨ., 2015]. ʈʦʣʴ ʧʦʧʝʨʝʯʥʳʭ ʨʘʟʣʦʤʦʚ ʷʨʢʦ ʥʝ ʧʨʦʷʚʣʷʝʪʩʷ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʘʟʣʦʤʳ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʦʧʨʝʜʝʣʷʶʱʫ  ʁʨʦʣʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʣʦʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ, ʚʥʦʩʷʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʢʣʘʜ ʚ ʧʨʦʮʝʩʩ 

ʢʦʥʮʝʥʪʨaʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʫʟʣʦʚʭr ʫʯʘʩʪʢʘʭ ʩʝʡʩʤʦʛʝʥʥʳʭ ʟʦʥ.  

ʊʝʨʨʠʪʦʨʠʷ ɿʘʧʘʜʥʦʛʦ ʋʟʙʝʢʠʩʪʘʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʩʴʤʘ ʩʣʦʞʥʳʤ ʪʝʢʪʦʥʠʯʝʩʢʠʤ 

ʩʪʨʦʝʥʠʝʤ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳ ʚ 

ɿʘʧʘʜʥʦʤ ʋʟʙʝʢʠʩʪʘʥʝ ʨʘʟʣʦʤʳ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʪʁʩʷ 

ʫʥʘʩʣʝʜʦʚʘʥʥʦʩʪʴʶ ʜʚʠʞʝʥʠʡ ʦʪ ʙʦʣʝʝ ʨʘʥʥʠʭ ʵʧʦʭ, ʩʣʦʞʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ ʠ 

ʜʣʠʪʝʣʴʥʦʡ ʠʩʪʦʨʠʝʡ ʨʘʟʚʠʪʠʷ. ʂ ʥʠʤ ʯʘʩʪʦ ʧʨʠʫʨʦʯʝʥʳ ʧʨʠʨʘʟʣʦʤʥʳʝ ʧʨʦʛʠʙʳ ʠ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, 

ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ, ʝʜʠʥʦʦʙʨʘʟʥʦ ʩʧʣʶʱʝʥʳ, ʜʣʠʥʥʘʷ ʦʩʴ ʢʦʪʦʨʳʭ ʠʤʝʝʪ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʫʶ ʦʨʠʝʥʪaʮʠʁ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʩʪʨʝʩʩʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʚ̫ʣʷʝʪʩʷ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʝ. ɼʣʷ ʩʫʙʰʠʨʦʪʥʳʭ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʖʞʥʦ-ʊʷʥʴ-ʐʘʥʴʩʢʦʛʦ 

ʧʦʩʪʧʣʘʪʬʦʨʤʝʥʥʦʛʦ ʦʨʦʛʝʥʘ ʩʪʨʝʩʩʦʚʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠʤʝʶʪ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. 

ɺʥʦʚʴ ʚʦʟʥʠʢʰʠʝ ʨʘʟʣʦʤʳ ʦʢʘʟʘʣʠʩʴ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ 

ʫʩʣʦʞʥʷʣʠ ʩʪʨʦʝʥʠʝ ʢʨʫʧʥʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ. ɺ ʧʨʝʜʝʣʘʭ ʎʝʥʪʨʘʣʴʥʦʛʦ ʋʟʙʝʢʠʩʪʘʥʘ ʵʪʠ 

ʨʘʟʣʦʤʳ ʠʤʝʣʠ ʚʪʦʨʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʜʝʬʦʨʤaʮʠʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʟʝʤʥʦʡ ʢʦʨʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʝʛʠʦʥʘ. ɺ ʧʨʝʜʝʣʘʭ ʞʝ ʖʞʥʦʛʦ ʋʟʙʝʢʠʩʪʘʥʘ ʨʘʟʣʦʤʳ 

ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʩʪʨʫʢʪʫʨʦʢʦʥʪʨʦʣʠʨʫʶʱʠʤʠ ʠ ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʟʘ 

ʩʦʚʨʝʤʝʥʥʫʶ ʩʝʡʩʤʠʯʥʦʩʪʴ. 
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Oózbekiston va unga yondosh xududlardagi turli rangdagi tektoni k strukturalarda  kuchli va oórta kuchdagi 

zilzilalarni nomoyon boólishining regional xususiyatlari 

U.A. Nurmatov, Yu.M. Sadikov, S.S. Khusomiddinov, U.A., Yusupdjanova 

Annotatsiya. Sharqiy, Markaziy va Janubiy Oózbekiston xududi geotektonik strukturalarni turli ranglarga 

tabaqalash natijalari keltirilgan. Turli rangdagi geodinamik bloklar doirasida kuchli zilzilalarning tarqalish 

xususiyatlari oórganilgan. Yer qobigóining yoriqli va blokli tuzilishining zilzilalarni nomoyon boólishidagi oórni 

baxolangan.   

Kalit soózlar: seysmiklik, geodinamika, yer qobigói bloklari, yer yoriqlari, seysmogen zona, zilzila 

epitsentri, tektonik struktura. 

Regional features of strong and moderate earthquakes in different rank tectonic structures of Uzbekistan and 

adjacent territories 

 

U.A. Nurmatov, Yu.M. Sadikov, S.S. Khusomiddinov, U.A. Yusupjanova 

 Abstract. The results of ranking the geotectonic structures of Eastern, Central and Southern Uzbekistan 

are presented. The spatial distribution of strong earthquakes within the microplates of Central Asia has been studied. 

The role of the fault-block structure of the earth's crust in the distribution of sources of strong earthquakes is 

assessed. 

 Key words: seismicity, geodynamics, block of the earth's crust, faults of the earth's crust, seismogenic 

zone, earthquake epicenter, tectonic structure. 
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ɸʥʥʦʪaʮʠ̫. ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʪʨʫʜʥʦʩʪʷʤʠ ʢʘʢ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ, ʪʘʢ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʇʨʠʯʠʥʘ ʚ ʪʦʤ, ʯʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʟʘʚʠʩʠʪ 

ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʧʦʨʦʞʜʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʘʥʦʤʘʣʠʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɺ ʩʚʷʟʠ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʥʝʜʦʩʪʫʧʥʦʩʪʠ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤaʮʠʠ ʦ ʜʝʪʘʣʴʥʦʤ ʩʪʨʦʝʥʠʠ ʟʝʤʥʦʡ ʢʦʨʳ, ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʚʳʷʚʣʝʥʠʝ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʪʦʯʥʦ ʫʢʘʟʳʚʘʪʴ ʥʘ ʙʫʜʫɦʠʝ 

ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʘʶʪ ʥʘʜʝʞʜʫ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʠʥʬʦʨʤaʮʠʠ ʦ ʙʫʜʫʱʠʭ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ, ʝʩʣʠ ʦʙʲʝʜʠʥʠʪʴ ʨʘʟʨʦʟʥʝʥʥʳʝ 

ʬʘʢʪʦʨʳ ʚʦʝʜʠʥʦ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʨʠʟʥʘʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʢʦʥʢʨʝʪʥʦʡ ʩʝʡʩʤʦʘʢʪʠʚʥʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʋʟʙʝʢʠʩʪʘʥʘ, ʘ ʠʤʝʥʥʦ ʚ ʌʝʨʛʘʥʩʢʦʡ ʚʧʘʜʠʥʝ, ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʦʙʲʝʜʠʥʷʶʱʠʡ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʦʚ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ çʂʦʨʘ-3è ʠ çʂʦʨʘ-4è. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʌʝʨʛʘʥʩʢʘʷ ʚʧʘʜʠʥʘ, ʟʝʤʣʝʪʨʷʩʝʥʠʝ, ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʥʘʧʨʷʞʝʥʠʝ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʦʚ, ʘʣʛʦʨʠʪʤ çʂʦʨʘè.  
 

ɺʚʝʜʝʥʠʝ  

ʄʝʩʪʘ ʚʦʟʤʦʞʥʳʭ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʉʨʝʜʥʝʡ ɸʟʠʠ ʚʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʳ ʫʯʝʥʳʤʠ 

ʠʥʩʪʠʪʫʪʘ ʌʠʟʠʢʠ ɿʝʤʣʠ [1] ʥʘ ʦʩʥʦʚʝ ʧʨʦʩʪʝʡʰʝʛʦ ʘʣʛʦʨʠʪʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʦʚ [2]. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʫʯʝʥʳʝ ʀʥʩʪʠʪʫʪʘ ʌʠʟʠʢʠ ɿʝʤʣʠ ʈɸʅ ʠ ʀʥʩʪʠʪʫʪʘ ʪʝʦʨʠʠ ʧʨʦʛʥʦʟʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʛʝʦʬʠʟʠʢʠ ʈɸʅ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʠ ʘʣʛʦʨʠʪʤʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʠʣʠ ʜʣʷ ʤʥʦʛʠʭ ʪʝʨʨʠʪʦʨʠʡ ʤʠʨʘ. ʆʙʩʪʦʷʪʝʣʴʥʳʡ ʦʙʟʦʨ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʘʭ [3-5]. 

ʆʩʥʦʚʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ, ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʱʠʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ, ʧʨʠʥʷʪʳ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʦʩʦʙʝʥʥʦ ʫʟʣʳ ʧʝʨʝʩʝʯʝʥʠʷ ʨʘʟʣʦʤʦʚ. ɺ ʠʭ ʨʘʙʦʪʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʌʝʨʛʘʥʩʢʦʡ ʚʧʘʜʠʥʳ ʚʳʙʨʘʥʳ ʚʩʝʛʦ 7 (ˉ 18-24) ʜʠʟʲʶʥʢʪʠʚʥʳʭ ʫʟʣʦʚ ʠ 4 ʵʧʠʮʝʥʪʨʘ ʩʠʣʴʥʳʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʤʘʛʥʠʪʫʜʦʡ ʄ Ó 6,5 (ʨʠʩ. 1). 

 
 

ʈʠʩ. 1. ʈʝʧʨʦʜʫʢʮʠʷ ʠʟ [1].  
Fig. 1. Reproduction from [1]. 

ʄʦʨʬʦʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʚʦʩʪʦʢʘ ʉʨʝʜʥʝʡ ɸʟʠʠ. 1-6 ï ʟʦʥʳ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ ʩ ʘʢʪʠʚʥʳʤʠ 
ʥʦʚʝʡʰʠʤʠ ʜʚʠʞʝʥʠʷʤʠ;  
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1-3 ï ʟʦʥʳ, ʧʨʦʜʦʣʴʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ ʛʣʘʚʥʳʭ ʭʨʝʙʪʦʚ ʠ ʢʦʪʣʦʚʠʥ ʠ ʥʝʧʨʝʨʳʚʥʦ ʚʳʨʘʞʝʥʥʳʝ 
ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʨʘʟʣʦʤʘʤʠ: 1 ï ʛʨʘʥʠʮʳ ʛʦʨʥʳʭ ʩʪʨʘʥ ʠ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʳʭ ʦʙʣʘʩʪʝʡ; 2 ï ʛʨʘʥʠʮʳ 
çʤʝʛʘʙʣʦʢʦʚè; 3 ï ʛʨʘʥʠʮʳ çʙʣʦʢʦʚè. ɿʦʥʳ, ʧʦʧʝʨʝʯʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ ʛʣʘʚʥʳʭ ʭʨʝʙʪʦʚ ʠ 
ʢʦʪʣʦʚʠʥ; ʨʘʟʛʨʘʥʠʯʠʚʘʶʪ çʙʣʦʢʠè: 4 ï ʟʦʥʳ, ʯʘʩʪʠʯʥʦ ʚʳʨʘʞʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʨʘʟʨʳʚʘʤʠ 
(ʧʝʨʝʨʳʚ ʟʥʘʢʦʚ 1-4 ʦʟʥʘʯʘʝʪ, ʯʪʦ ʛʨʘʥʠʮʳ ʦʧʨʝʜʝʣʝʥʳ ʥʝʪʦʯʥʦ).5, 6 ï ʟʦʥʳ, ʧʨʦʩʣʝʞʠʚʘʝʤʳʝ 
ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʦ ʢʦʣʝʙʘʥʠʷʤ ʘʙʩʦʣʶʪʥʳʭ ʚʳʩʦʪ: 5 ï ʧʦ ʠʭ ʧʦʚʳʰʝʥʠʶ, 6 ï ʧʦ ʠʭ ʩʥʠʞʝʥʠʶ;  
7 ï ʛʨʘʥʠʮʳ ʜʠʟʲʶʥʢʪʠʚʥʳʭ ʫʟʣʦʚ; 8 ï ʥʦʤʝʨʘ ʜʠʟʲʶʥʢʪʠʚʥʳʭ ʫʟʣʦʚ; 9-11 ï ʧɻʠʮʝʥʪʨʳ ʩʠʣʴʥʳʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʤʘʛʥʠʪʫʜʦʡ ʄ Ó 6,5.  
 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʥʘʡʜʝʥʦ, ʯʪʦ ʚ ʫʟʣʝ ˉ 23 ʌʝʨʛʘʥʩʢʦʡ ʚʧʘʜʠʥʳ ʚʦʟʤʦʞʥʦ ʩʠʣʴʥʦʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʝ. ʇʦ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʝ ʜʘʥʥʳʭ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʌʝʨʛʘʥʩʢʦʡ ʚʧʘʜʠʥʳ ʧʨʦʠʟʦʰʣʠ 

7 ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ʥʘ ʨʠʩ. 2 ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚʳʜʝʣʝʥʳ ʢʘʢ ʟʦʥʳ): 1) 1896 ʛ. (ʄ = 6,9 ʚ  

5 ʟʦʥʝ), 2) 1902 ʛ. (ʄ = 6,6 ʚ 10 ʟʦʥʝ), 3) 1923 ʛ. (ʄ = 6,6 ʚ 9 ʟʦʥʝ), 4) 1924 ʛ. (ʄ = 6,6 ʚ 9 ʟʦʥʝ),  

5) 1937 ʛ. (ʄ = 6,7 ʚ 6 ʟʦʥʝ), 6) 1946 ʛ. (ʄ = 7,9 ʚ 7 ʟʦʥʝ), 7) 1977 ʛ. (ʄ = 6,6 ʚ 11 ʟʦʥʝ). 

 

 
ʈʠʩ. 2. ʈʘʟʜʝʣʝʥʠʝ ʌʝʨʛʘʥʩʢʦʡ ʚʧʘʜʠʥ rʥʘ ʟʦʥʳ. 

 
Fig. 2. The division of the Ferghana basin into zones. 

 

ʆʜʥʘʢʦ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘ ʫʢʘʟʘʥʥʦʤ ʫʟʣʝ ˉ 23, ʚʭʦʜʷʱʠʤ ʚ ʟʦʥʫ 14, ʥʝ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʄ Ó 6,5. ʅʘʤ ʢʘʞʝʪʩʷ, ʯʪʦ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʦʜʥʠʭ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʷʚʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʨʠʟʥʘʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʪʦʣʴʢʦ ʜʝʬʦʨʤaʮʠʁ ʟʝʤʥʦʡ ʢʦʨʳ. ʅʦ, ʢʘʢ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ, ʥʘʧʨʠʤʝʨ, ʚ 

ʩʣʫʯʘʝ ʨʨʘʟʥʠʮʳ, ʙʦʣʴʰʠʝ ʜʝʬʦʨʤaʮʠʠ ʝʱʝ ʥʝ ʦʟʥʘʯʘʶʪ ʨʘʟʣʦʤ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʟʝʤʣʝʪʨʷʩʝʥʠʶ. 

ʂʘʢ ʦʪʤʝʯʘʣ ʝʱʝ ʄ.ɺ.ɻʟʦʚʩʢʠʡ, ʩʝʡʩʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʘʩʘʪʝʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʛʨʘʜʠʝʥʪʘʤʠ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ [6]. 

ʇʨʠ ʵʪʦʤ ʦʥ ʦʪʤʝʪʠʣ, ʯʪʦ ʚʩʝʩʪʦʨʦʥʥʝʝ ʩʞʘʪʠʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ɺ 

ʵʪʦʤ ʧʣʘʥʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʦʪʨʘʞʘʶʪ ʩʪʝʧʝʥʠ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ ʚ 

ʜʝʬʦʨʤaʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ. ʆʮʝʥʢʘ ʵʥʝʨʛʠʠ ʛʦʪʦʚʷʱʝʛʦʩʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʠʣʠ ʞʝ ʧʨʠʟʥʘʢ ʙʣʠʟʦʩʪʠ 

ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʢ ʧʨʝʜʝʣʴʥʦʡ ʣʦʢʘʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʧʨʠʟʥʘʢʦʤ ʙʫʜʫʱʝʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʆʜʥʘʢʦ, ʚ ʨʷʜʝ ʧʨʠʤʝʨʦʚ ʦʥ ʧʦʢʘʟʘʣ ʯʘʩʪʠʯʥʫʶ 

ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʧʝʨʠʦʜʘ, ʧʦʣʦʞʝʥʥʳʭ ʚ ʦʩʥʦʚʫ 
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ʨʘʙʦʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʘʩʧʦʟʥʘʚʘʥʠʝʤ ʦʙʨʘʟʦʚ. ʆʥ ʦʙʲʷʩʥʷʣ, ʯʪʦ 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʦʧʠʨʘʶʪʩʷ ʥʘ ʩʨʝʜʥʠʝ ʛʨʘʜʠʝʥʪʳ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʟʘ ʙʦʣʴʰʠʝ 

ʚʨʝʤʝʥʘ ʠ ʥʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʷʚʣʷʪʴ ʜʠʥʘʤʠʢʫ ʵʪʠʭ ʜʚʠʞʝʥʠʡ. ʇʦʩʢʦʣʴʢʫ ʥʘʧʨʷʞʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʟʘ ʩʝʡʩʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʧʨʦʠʩʭʦʜʷʱʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʠ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʚ ʢʦʪʦʨʦʝ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʨʘʟʣʦʤʳ ʟʝʤʥʦʡ ʢʦʨʳ, ʤʦʛʫʪ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʪʴʩʷ, ʦʥ ʧʨʝʜʣʘʛʘʣ ʚ 

ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʧʨʠʥʷʪ ɹʘʢʪʠʚʥʦʩʪʴ ʨʘʟʣʦʤʦʚ. ʉʚʝʜʝʥʠ ̫ʦ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʤʝʪʦʜʘʤʠ ʩʝʡʩʤʦʪʝʢʪʦʥʠʢʠ, ʛʝʦʜʝʟʠʠ ʠ ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʖ.ʈʠʟʥʠʯʝʥʢʦ 

ʥʘʩʪʘʠʚʘʣ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʘʥʘʣʠʟʠʨʫʷ ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ ʛʦʨʥʳʭ 

ʤʘʩʩ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʦʩʧʦʣʥʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [7]. 

ʄʳ ʨʝʰʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʌʝʨʛʘʥʩʢʦʡ ʚʧʘʜʠʥʳ ʥʘ ʛʣʫʙʠʥʘʭ 15-20 ʢʤ [8-10] ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ ʘʣʛʦʨʠʪʤʫ çʂʦʨʘ-3è. ʇʦ 

ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʤ ʙʘʟʘʤ ʜʘʥʥʳʭ, 8 ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʄ Ó 6,5 ʧʨʦʠʟʦʰʣʠ ʚ ʪʦʯʥʦʩʪʠ ʥʘ ʛʣʫʙʠʥʘʭ  

20 ʢʤ (ʪʘʙʣ. 1).  

 
ʊʘʙʣʠʮʘ 1  

ɿʝʤʣʝʪʨʷʩʝʥʠ ̫ʩ ʄ Ó 6,5 ʩ ʠʩʪʦʨʠʯʝʩʢʠʭ ʚʨʝʤʝʥ ʚ ʌʝʨʛʘʥʩʢʦʡ ʜʝʧʨʝʩʩʠʠ 

 

ɻʦʜ ʄʝʩʷʮ ɼʝʥʴ ʉ. ʰ. ɺ. ʜ. ɻʣʫʙʠʥʘ ʄʘʛʥʠʪʫʜʘ ɿʦʥʘ 

1896 0 0 41,5 70,9 20 6,9 5 

1902 0 0 40,8 72,3 20 6,6 10 

1923 0 0 39,59 69,19 20 6,6 2 

1924 0 0 40,5 73,1 20 6,6 9 

1924 0 0 40,59 73,19 20 6,7 9 

1937 0 0 42,1 70,9 20 6,7 6 

1946 0 0 41,9 72 20 7,9 7 

1977 1 31 40,11 70,79 20 6,6 11 

 

ʄʝʪʦʜʳ ʨʝʰʝʥʠʷ  

 

ʎʝʥʪʨʘʣʴʥʦʡ ʠʜʝʝʡ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʣʝʥʠʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʩ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʤʠ 

ʧʨʠʟʥʘʢʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠ.̫ ɼʣʷ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ ʥʘʙʦʨʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ 

ʨʝʛʠʦʥ ʨʘʟʜʝʣʠʣʠ ʥʘ 17 ʟʦʥ (ʩʤ. ʨʠʩ. 2). ɺ ʢʘʞʜʦʡ ʟʦʥʝ ʦʧʨʝʜʝʣʠʣʠ ʩʣʝʜʫʶʱʠʝ ʧʨʠʟʥʘʢʠ: ʝʩʣʠ ʜʘ, 

ʪʦ ʧʨʠʟʥʘʢ 1, ʠʥʘʯʝ 0 (ʪʘʙʣ. 2): 1) ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʙʣʠʞʘʡʰʝʡ ʛʦʨʥʦʡ ʩʪʨʘʥ rR Ò 30 ʢʤ; 2) 30 <R Ò 

70; 3) R > 70; 4) ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʩʦʯʝʪʘʥʠʷ: ʛʦʨʳ ʩ ʛʦʨʥʳʤʠ ʠ ʧʨʝʜʛʦʨʥʳʤʠ ʚʦʟʚʳʰʝʥʥʦʩʪʷʤʠ; 

5) ʛʦʨʳ ʩ ʧʦʜʛʦʨʥʳʤʠ ʨʘʚʥʠʥʘʤʠ; 6) ʛʦʨʳ ʩ ʛʦʨʘʤʠ; 7) ʧʨʝʜʛʦʨʥʳʝ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʩ ʧʦʜʛʦʨʥʳʤʠ 

ʨʘʚʥʠʥʘʤʠ; 8) ʚr ʩʦʪʘ ʨʝʣʴʝʬʘ h Ò 1 ʢʤ; 9) 1 < h Ò 2 ʢʤ; 10) h > 2 ʢʤ; 11) ʧʝʨʝʧʘʜ ʚʳʩʦʪ dh Ò 1,5 ʢʤ; 

12) 1,5 < dh Ò 2,5; 13) dh > 2,5 ʢʤ; 14) ʯʠʩʣʦ ʨʘʟʣʦʤʦʚ 1 Ò n Ò 2; 15) n > 2; 16) ʧʝʨʝʩʝʯʝʥʠʝ 

ʨʘʟʣʦʤʦʚ; 17) ʜʣʠʥʘ ʦʩʥʦʚʥʦʛʦ ʨʘʟʣʦʤʘ L Ò 300 ʢʤ; 18) 300 < L Ò 700 ʢʤ; 19) L > 700 ʢʤ; 20) 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʛʥʦʚʝʥʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʥʘ ʩʜʚʠʛ Ű > 

0,9; 21) ʩʦʚʨʝʤʝʥʥʳʝ ʜʚʠʞʝʥʠʷ: ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʚʚʝʨʭ; 22) ʩʦʚʨʝʤʝʥʥʳʝ ʜʚʠʞʝʥʠʷ: 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʚʥʠʟ; 23) ʭʘʨʘʢʪʝʨ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ: ʨʝʛʠʦʥʘʣʴʥʦʝ ʩʞʘʪʠʝ; 24) 

ʨʝʛʠʦʥʘʣʴʥʦʝ ʨʘʩʪʷʞʝʥʠʝ; 25) ʭʘʨʘʢʪʝʨ ʟʝʤʣʝʪʨʷʩʝʥʠʷ: ʩʙʨʦʩ; 26) ʚʟʙʨʦʩ; 27) ʩʜʚʠʛ; 28) ʨʘʟʥʦʩʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʈʠʭʪʝʨʘïɻʫʪʪʝʥʙʝʨʛʘ ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʌʝʨʛʘʥʩʢʦʡ ʚʧʘʜʠʥʳ 

ȹb Ó 0; 29) ʨʘʟʥʠʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʚʩʝʡ 

ʪʝʨʨʠʪʦʨʠʠ ȹ A10  Ó 0; 30) ʥʘʣʠʯʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʤʘʛʥʠʪʫʜʦʡ ʄ Ó 6,5. 

 

ʊʘʙʣʠʮʘ 2  

30 ʧʨʠʟʥʘʢʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʣʴʥʳʤ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ (ʦʙʲʷʩʥʝʥʠʝ ʚ ʪʝʢʩʪʝ) 

 

  1 2 3 4 5 6 7 8 9 10 11 12 13 
 

14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

1 1 0 0 0 0 0 0 1 0 0 1 0 0 
 

1 1 0 1 0 0 0 1 0 1 0 1 1 1 0 0 0 

2 0 1 0 0 0 0 1 1 0 0 0 1 0 
 

1 0 1 0 0 1 1 0 1 0 1 1 0 1 0 0 1 

3 1 0 0 1 0 0 1 1 0 0 1 0 0 
 

0 1 1 0 0 1 0 1 0 0 1 1 0 0 0 0 0 
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4 1 0 0 1 0 0 1 1 0 0 1 0 0 
 

0 1 0 0 1 0 0 1 0 1 0 1 0 0 1 0 0 

5 1 0 0 1 0 1 0 1 0 0 0 0 1 
 

0 1 1 0 0 1 1 1 0 1 0 0 1 0 0 0 1 

6 1 0 0 0 0 0 0 1 0 0 1 0 0 
 

0 1 1 0 1 1 1 1 0 1 0 1 1 0 0 0 1 

7 1 0 0 1 0 0 0 0 0 1 0 1 0 
 

1 0 1 0 0 1 1 1 0 1 0 0 0 1 0 1 1 

8 1 0 0 0 1 0 0 1 0 0 1 1 0 
 

0 1 0 0 0 1 0 1 0 1 0 1 0 0 0 0 0 

9 1 0 0 0 1 0 0 1 0 0 0 1 0 
 

0 1 0 0 0 1 1 0 1 1 0 1 1 0 1 0 1 

10 0 0 1 0 0 0 1 1 0 0 1 0 0 
 

0 1 0 0 0 1 1 0 1 1 0 1 0 0 1 0 1 

11 0 0 1 0 0 0 1 1 0 0 1 0 0 
 

0 1 1 0 1 0 1 0 1 1 0 1 0 0 0 0 1 

12 0 0 1 0 0 0 1 1 0 0 1 0 0 
 

1 0 0 1 0 0 0 0 1 0 1 1 0 0 0 0 0 

13 1 0 0 0 1 1 0 0 0 0 1 0 0 
 

0 1 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 

14 1 0 0 0 1 1 0 0 0 0 1 0 0 
 

0 1 0 1 0 0 1 1 0 1 0 0 1 0 1 1 0 

15 1 0 0 0 1 1 0 0 0 0 1 0 0 
 

0 1 0 0 0 1 0 1 0 1 0 0 1 0 1 0 0 

16 1 0 0 0 1 1 0 0 0 0 1 0 0 
 

0 1 0 0 0 1 0 1 0 1 0 1 1 0 1 0 0 

17 1 0 0 0 0 1 1 0 0 1 1 0 0 
 

0 1 0 0 0 1 0 1 0 1 0 1 0 0 1 1 0 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ 1-13 ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʥʣʘʡʥ ʪʦʧʦʛʨʘʬʠʯʝʩʢʫʶ ʢʘʨʪʫ (ʨʠʩ. 3) 

(https://ru-ru.topographic-map.com/map-pkkfmt/%D0%A3%D0%B7%D0%B1%D0%B5%D0%BA% 

D0%B8%D1%81%D1%82%D0%B0%D0%BD). 

 

 
 

ʈʠʩ. 3. ʏʘʩʪʴ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʳ ʋʟʙʝʢʠʩʪʘʥʘ.  
 

Fig. 3. Part of the topographic map of Uzbekistan. 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʚʨʝʤʝʥʥʳʭ ʢʘʨʪ ʨʘʟʣʦʤʦʚ ʌʝʨʛʘʥʩʢʦʡ ʤʝʞʛʦʨʥʦʡ ʚʧʘʜʠʥʳ, ʢʦʪʦʨrʝ 

ʙʳ ʫʜʦʚʣʝʪʚʦʨʷʣʠ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʅʘʧʨʷʤʫʶ ʩ ʧʦʤʦʱʴʶ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʦʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʳʜʝʣʷʶʪʩʷ ʠ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʪ̫ ʦʪ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʘʚʪʦʨʘ. ʅʘ ʨʠʩ. 4, ʘ - 4, ʚ ʧʨʠʚʝʜʝʥʳ ʨʘʟʥʳʝ ʚʝʨʩʠʠ, ʢʦʪʦʨʳʝ, ʢʨʦʤʝ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ, 

ʦʪʨʘʞʘʶʪ ʨʘʟʣʦʤ rʚʳʩʦʢʦʛʦ ʨʘʥʛʘ ʠ ʣʠʥʝʘʤʝʥʪ.r 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʠ ʯʠʩʣʦ ʨʘʟʣʦʤʦʚ (ʧʨʠʟʥʘʢʠ 14-19) ʤʳ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ 

ʆ.ʄ.ɹʦʨʠʩʦʚʘ, ʜʦʧʦʣʥʝʥʥʳʝ ʆ.ɼ. ʄʦʨʜʚʠʥʮʝʚʳʤ (ʨʠʩ. 4, ʘ), ʭʦʪʷ ʜʨʫʛʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʢʘʨʪʠʥʳ 

(ʩʤ. ʨʠʩ. 4, ʙ, 4, ʚ) ʪʘʢʞʝ ʠʤʝʶʪ ʤʝʩʪʦ.  

 

 

https://ru-ru.topographic-map.com/map-pkkfmt/%D0%A3%D0%B7%D0%B1%25
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ʈʠʩ. 4, ʘ. ʈʘʟʣʦʤʳ ʌʝʨʛʘʥʩʢʦʡ ʚʧʘʜʠʥʳ, ʧʦ ɼ.ʍ. ʗʢʫʙʦʚʫ, ʄ.ɸ. ɸʭʤʝʜʞʘʥʦʚʫ, ʆ.ʄ. ɹʦʨʠʩʦʚʫ, 
ʜʦʧʦʣʥʝʥʥʳʝ  

ʖ.ʄ. ʉʘʜʳʢʦʚʳʤ ʠ ʋ.ɸ. ʅʫʨʤʘʪʦʚʳʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʝʦ- ʠ ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 
 

Fig. 4, a. Faults of the Ferghana trench according to D.H. Yakubov, M.A. Akhmedzhanov, O.M. 
Borisov, supplemented by Yu.M. Sadykov and U.A. Nurmatov, based on the results of neo- and 

seismotectonic analysis. 

 

 
 

ʈʠʩ. 4, ʙ. ʈʘʟʣʦʤʳ ʌʝʨʛʘʥʩʢʦʡ ʚʧʘʜʠʥʳ, ʧʦ https://iv-g.livejournal.com/459335.html 
 

Fig. 4, b. Faults of the Ferghana trench by https://iv-g.livejournal.com/459335.html 
 

https://iv-g.livejournal.com/459335.html
https://iv-g.livejournal.com/459335.html
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ʈʠʩ. 4, ʚ. ɻʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʢʘʨʪʘ ʌʝʨʛʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ (ʩʦʩʪʘʚʠʪʝʣʠ: ɸʙʠʜʦʚ ɸ.ɸ., 
ɼʦʣʛʦʧʦʣʦʚ ʌ.ɻ., ʂʘʤʘʣʭʦʜʞʘʝʚ ʋ.ɸ., 2002 ʛ.). 

 
Fig. 4, v. Geodynamic map of the Ferghana region (ʩompiled by: Abidov A.A., Dolgopolov F.G.,  

Kamalkhodzhaev U.A., 2002). 

 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʜʚʠʞʝʥʠʷ (ʧʨʠʟʥʘʢʠ 21-22), ʥʘʧʨʷʞʝʥʠʷ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

(ʧʨʠʟʥʘʢʠ 23-27) ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [8-10] (ʨʠʩ. 5-7).  
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ʈʠʩ. 5. ɺʝʨʪʠʢʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ ʌʝʨʛʘʥʩʢʦʡ ʚʧʘʜʠʥʳ.  
 

Fig. 5. Vertical velocities of the Earth's crust of the Ferghana trench. 
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ʈʠʩ. 6. ʊʘʥʛʝʥʮʠʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʌʝʨʛʘʥʩʢʦʡ ʚʧʘʜʠʥʳ. 
 

Fig. 6. Tangential stresses of the Earth's crust of the Ferghana trench. 
 

 

 
 

ʈʠʩ. 7. ʅʘʠʙʦʣʴʰʝʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ (ʩʞʘʪʠʝ) ů1 (ʚ 1:102 ʄʇʘ) ʜʣʷ ʛʣʫʙʠʥ 15-20 
ʢʤ. ʇʦ ʛʦʨʠʟʦʥʪʘʣʠ ï ʚʦʩʪʦʯʥʘʷ ʜʦʣʛʦʪʘ, ʧʦ ʚʝʨʪʠʢʘʣʠ ï ʩʝʚʝʨʥʘʷ ʰʠʨʦʪʘ. ʆʨʠʝʥʪaʮʠ̫ ʩʪʨʝʣʦʢ 
ʫʢʘʟʳʚʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ů1. ʇʦ ʢʣʘʩʩʠʬʠʢaʮʠʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʦ ɸʥʜʝʨʩʦʥʫ, ʚ 

ʩʣʫʯʘʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʫʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʟʙʨʦʩʘ (ʢʨʘʩʥʳʝ), ʩʙʨʦʩʘ (ʩʠʥʠʝ), ʠ 
ʩʜʚʠʛʘ (ʟʝʣʝʥʳʝ). 

 
Fig. 7. The highest horizontal stress (compression) ů1 (in 1:102 MPa) for depths of 15-20 km. 

Horizontally, the eastern longitude, vertically, the northern latitude. The orientation of the arrows indicates 
the direction ů1. According to the classification of the geodynamic state according to Anderson in the 

event of an earthquake, it indicates the possibility of a rise (red), a reset (blue), and a shift (green). 
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ʆʜʠʥ ʠʟ ʚʘʞʥʳʭ ʧʨʠʟʥʘʢʦʚ ʚ ʨʝʘʣʠʟʦʚʘʥʥʦʤ ʘʣʛʦʨʠʪʤʝ çʂʦʨʘ-3è [1] ï ʧʝʨʝʩʝʯʝʥʠʝ 

ʨʘʟʣʦʤʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʪʨʫʜʥʦ ʦʧʨʝʜʝʣʠʪʴ ʜʦʩʪʦʚʝʨʥʫʶ ʩʭʝʤʫ ʨʘʟʣʦʤʦʚ, ʧʦʩʢʦʣʴʢʫ ʫ ʨʘʟʥʳʭ 

ʘʚʪʦʨʦʚ ʢʘʨʪʠʥʳ ʟʥʘʯʠʤʦ ʦʪʣʠʯʘʶʪʩʷ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ ʧʦʧʝʨʝʯʥʳʭ ʨʘʟʣʦʤʦʚ  

(ʩʤ., ʥʘʧʨʠʤʝʨ, ʨʠʩ. 4, ʘ ʠ 4, ʙ).    

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʣʛʦʨʠʪʤʦʤ çʂʦʨʘ 3è 

ʬʦʨʤʠʨʫʝʪʩʷ ʪʘʙʣʠʮʘ ʦʙʫʯʝʥʠʷ, ʩʪʨʦʢʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʦʧʠʩʘʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʟʦʥ ɸ =  

{aij   (i = 1...n, j = 1...m)}. ɺʩʝ ʟʦʥʳ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʘ ʢʣʘʩʩʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʥʘʣʠʯʠʝʤ ʠʣʠ 

ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ï ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʤʘʛʥʠʪʫʜʦʡ ʄ Ó M0. ɼʣʷ 

ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ ʥʘʭʦʜʪ̫ʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʤʥʦʞʝʩʪʚʘ ʥʘʙʦʨʦʚ ʧʨʠʟʥʘʢʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ 

ʥʘʙʦʨʦʚ ʧʨʠʟʥʘʢʦʚ ʚ ʘʣʛʦʨʠʪʤʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʩʝʚʦʟʤʦʞʥʳʝ ʥʘʙʦʨʳ ʠʟ 3 ʧʨʠʟʥʘʢʦʚ ʠʟ ʯʠʩʣʘ 

ʟʘʜʘʥʥʳʭ n ʧʨʠʟʥʘʢʦʚ. ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʤʥʦʞʝʩʪʚʦ ʢʣʘʩʩʘ ʩʦʩʪʦʠʪ ʠʟ ʚʩʝʭ ʥʘʙʦʨʦʚ ʟʥʘʯʝʥʠʡ 

ʧʨʠʟʥʘʢʦʚ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʪʦʣʴʢʦ ʚ ʜʘʥʥʦʤ ʢʣʘʩʩʝ ʠ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʜʨʫʛʦʤ ʢʣʘʩʩʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʥʦʞʝʩʪʚʘ ʥʘʙʦʨʦʚ ʟʥʘʯʝʥʠʡ ʧʨʠʟʥʘʢʦʚ {ar, au, av} ʥʘʟʳʚʘʶʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʣʘʩʩʘ ʂ1. ɸʥʘʣʦʛʠʯʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ { ar, au, av} ʢʣʘʩʩʘ ʂ2.  ʅʘ 

ʵʪʘʧʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʟʘʜʘʥʥʦʛʦ ʦʙʲʝʢʪʘ S = (a1, a2, é, an). ʝʛʦ ʥʘʙʦʨʳ ʟʥʘʯʝʥʠʡ ʧʨʠʟʥʘʢʦʚ 

ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʨʦʝʢ ʜʣʷ ʢʣʘʩʩʦʚ ʂ1 ʠ ʂ2. ʆʙʦʟʥʘʯʠʤ ɻ (S, ʂi) 

ï ʤʝʨʫ ʙʣʠʟʦʩʪʠ ʦʙʲʝʢʪʘ S ʢ ʢʣʘʩʩʫ ʂi ï ʢʦʣʠʯʝʩʪʚʦ ʥʘʙʦʨʦʚ ʟʥʘʯʝʥʠʡ ʧʨʠʟʥʘʢʦʚ S, ʢʦʪʦʨʳʝ 

ʩʦʚʧʘʜʘʶʪ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʣʘʩʩʘ ʂi, i = 1,2. ɽʩʣʠ ɻ (S, ʂ1) > ɻ (S, ʂ2) + ȹ, ʛʜʝ ȹ ι 0, ʪʦ ʦʙʲʝʢʪ 

S ʦʪʥʦʩʷʪ ʢ ʢʣʘʩʩʫ ʂ1, ʠʥʘʯʝ ï ʢ ʢʣʘʩʩʫ ʂ2. ʂʘʯʝʩʪʚʦ ʘʣʛʦʨʠʪʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦʣʝʡ 

ʧʨʘʚʠʣʴʥʦ ʨʘʩʧʦʟʥʘʥʥʳʭ ʦʙʲʝʢʪʦʚ.  
 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  
 

ɺ ʪʘʙʣ. 3 ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ɿʝʤʣʝʪʨʷʩʝʥʠʝ 0 ʠ 1 ʫʢʘʟʳʚʘʶʪ ʟʥʘʯʝʥʠʝ 

30 ʩʪʦʣʙʮʘ ʪʘʙʣ. 1. ʇʨʦʛʥʦʟ 0 ʠʣʠ 1 ʦʟʥʘʯʘʝʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ʏʠʩʣʠʪʝʣʴ ʠ 

ʟʥʘʤʝʥʘʪʝʣʴ ʦʮʝʥʢʠ ʫʢʘʟʳʚʘʝʪ ʜʦʣʶ ɻ (S, ʂ1) / ɻ (S, ʂ2) ʚ ʢʣʘʩʩʝ ʂ1 ʠ ʂ2. .ʂʦʨʨʝʢʪʥʳʡ ʠʣʠ 

ʦʰʠʙʦʯʥʳʡ ʧʨʦʛʥʦʟ ʩʝʡʩʤʠʯʥʦʩʪʠ ʦʪʤʝʯʘʝʪʩʷ ʤʝʪʢʘʤʠ TRUE ʠʣʠ FALSE. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʟ 17 

ʩʦʙʳʪʠʡ ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʝʥʳ 16, ʪ. ʝ. ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 94,1%. ʇʨʠ ʵʪʦʤ ʘʣʛʦʨʠʪʤ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʟʦʥʝ 12 ʚʦʟʤʦʞʥʦ ʩʠʣʴʥʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʩ ʄ Ó 6,5 ʩ ʜʦʣʝʡ 169,7 ʧʨʦʪʠʚ 66,78.   
 

ʊʘʙʣʠʮʘ 3  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʄ Ó 6,5  

ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ çʂʦʨʘ-3è 

 

ɿʦʥʳ ʈʝʟʫʣʴʪʘʪʳ ʢʣʘʩʩʠʬʠʢaʮʠʠ 

1 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 0, ʧʨʦʛʥʦʟ 0, ʦʮʝʥʢʠ: 98,00/45,14 

3 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 0, ʧʨʦʛʥʦʟ 0, ʦʮʝʥʢʠ: 69,44/68,71 

4 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 0, ʧʨʦʛʥʦʟ 0, ʦʮʝʥʢʠ: 82,00/53,43 

8 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 0, ʧʨʦʛʥʦʟ 0, ʦʮʝʥʢʠ: 60,11/53,43 

12 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 0, ʧʨʦʛʥʦʟ 1, ʦʮʝʥʢʠ: 66,78/169,7 

13 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 0, ʧʨʦʛʥʦʟ 0, ʦʮʝʥʢʠ: 132.56/8.14 

14 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 0, ʧʨʦʛʥʦʟ 0, ʦʮʝʥʢʠ: 126,56/45,29 

15 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 0, ʧʨʦʛʥʦʟ 0, ʦʮʝʥʢʠ: 119,44/3,00 

16 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 0, ʧʨʦʛʥʦʟ 0, ʦʮʝʥʢʠ: 110,89/1,14 

17 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 0, ʧʨʦʛʥʦʟ 0, ʦʮʝʥʢʠ: 102,56/33,86 

2 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 1, ʧʨʦʛʥʦʟ 1, ʦʮʝʥʢʠ: 73,70/133,67 

5 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 1, ʧʨʦʛʥʦʟ 1, ʦʮʝʥʢʠ: 50,80/94,83 

6 ʟʝʤʣʝʪʨʷʩʝʥʠʝ 1, ʧʨʦʛʥʦʟ 1, ʦʮʝʥʢʠ: 37,20/65,17 

7 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 1, ʧʨʦʛʥʦʟ 1, ʦʮʝʥʢʠ: 71,90/117,33 

9 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 1, ʧʨʦʛʥʦʟ 1, ʦʮʝʥʢʠ: 55,00/118,00 

10 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 1, ʧʨʦʛʥʦʟ 1, ʦʮʝʥʢʠ: 32,10/125,17 

11 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 1, ʧʨʦʛʥʦʟ 1, ʦʮʝʥʢʠ: 39,80/133,50 

 ʊʦʯʥʦʩʪʴ = 94,1 
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ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʧʨʠʟʥʘʢʠ ʥʝ ʨʘʚʥʦʟʥʘʯʥʳ. ɿʥʘʥʠ ̫ʟʥʘʯʠʤʦʩʪʠ ʧʨʠʟʥʘʢʦʚ ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʣʝʟʥʳ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʷʚʣʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʦʜʝʣʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. ʊʘʢʘʷ ʦʮʝʥʢʘ ʧʦʤʦʞʝʪ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠ 

ʦʪʙʨʦʩʠʪʴ ʥʘʠʤʝʥʝʝ ʚʘʞʥʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʚʝʩʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟaʮʠʠ ʘʣʛʦʨʠʪʤʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 8. ʂʘʢ ʠʥʪʫʠʪʠʚʥʦ 

ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʙʣʠʟʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʢ ʧʨʝʜʝʣʫ ʤʛʥʦʚʝʥʥʦʡ 

ʧʨʦʯʥʦʩʪʠ ʚʦʟʛʣʘʚʣʷʝʪ ʵʪʦʪ ʨʷʜ. ɿʘʪʝʤ ʠʜʫʪ ʧʨʠʟʥʘʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʘʢʪʠʚʥʳʭ ʨʘʟʣʦʤʦʚ ʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʠʞʝʥʠʡ (ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ), ʧʝʨʝʧʘʜ ʚʳʩʦʪ, ʝʩʣʠ ʦʥʠ ʥʝʙʦʣʴʰʠʝ, ʠ ʛʦʨʳ ʩ 

ʧʨʝʜʛʦʨʥʳʤʠ ʚʦʟʚʳʰʝʥʥʦʩʪʷʤʠ. ʈʝʛʠʦʥʘʣʴʥʦʝ ʩʞʘʪʠʝ ʠ ʨʘʩʪʷʞʝʥʠʝ ʠʤʝʶʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʝ 

ʚʝʩʘ, ʨʘʚʥʳʝ ʜʨʫʛʠʤ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ. ʋʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʬʣʫʢʪʫaʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʈʠʭʪʝʨʘ-ɻʫʪʪʝʥʙʝʨʛʘ ʠ ʘʢʪʠʚʥʦʩʪʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠʤʝʶʪ ʥʝʙʦʣʴʰʠʝ ʚʝʩʘ. ɸ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ 

ʭʘʨʘʢʪʝʨʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʪʦʞʝ ʦʩʦʙʦ ʥʝ ʨʘʟʣʠʯʘʶʪʩʷ. 
ʀʟ 17 ʟʦʥ ʘʣʛʦʨʠʪʤ çʂʦʨʘ-3è ʩʤʦʛ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʩʚʦʝʤʫ ʢʣʘʩʩʫ ʚ 16 

ʟʦʥʘʭ, ʪ. ʝ. ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 94,1%. ʈʝʟʫʣʴʪʘʪ ʘʣʛʦʨʠʪʤʘ ʧʦʢʘʟʳʚʘʝʪ (ʩʤ. ʪʘʙʣ. 3), ʯʪʦ ʚ ʟʦʥʝ 

12 ʚʦʟʤʦʞʥʦ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʩ ʄ Ó 6,5 (ʟʝʤʣʝʪʨʷʩʝʥʠʝ 0, ʧʨʦʛʥʦʟ 1 ʩ ʛʦʣʦʩʦʤ 169 ʧʨʦʪʠʚ 66). 

 

 
 

ʈʠʩ. 8. ɺʝʩʳ ʧʨʠʟʥʘʢʦʚ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣ. 2, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟaʮʪʠ ʘʣʛʦʨʠʪʤʘ.  
 

Fig. 8. The weights of the features shown in Table 2 as a result of the implementation of the algorithm. 

 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʤʝʪʦʜʘ ʨʝʰʠʣʠ ʜʘʥʥʫʶ ʟʘʜʘʯʫ ʩ ʧʦʤʦʱʴʶ ʯʝʪʳʨʝʭ 

ʢʦʤʙʠʥaʮʠʡ (ʘʣʛʦʨʠʪʤ çʂʦʨʘ-4è), ʚʤʝʩʪʦ ʪʨʝʭ (ʪʘʙʣ. 4). ʈʝʟʫʣʴʪʘʪ ʘʣʛʦʨʠʪʤʘ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʟʦʥʝ 12 ʩ ʄ Ó 6,5 (ʟʝʤʣʝʪʨʷʩʝʥʠʝ 0, ʧʨʦʛʥʦʟ 1 ʩ ʛʦʣʦʩʦʤ 884 ʧʨʦʪʠʚ 

406). ʊʝʢʪʦʥʠʯʝʩʢʠ ʵʪʘ ʟʦʥʘ ʥʘʭʦʜʠʪʩʷ ʢʘʢ ʙʳ ʚ ʪʠʩʢʘʭ ʉʝʚʝʨʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ, ʢʦʪʦʨʳʡ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʶʛʦ-ʟʘʧʘʜʘ ʠ ʖʞʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ ʩ ʧʨʦʜʚʠʞʝʥʠʝʤ ʥʘ ʟʘʧʘʜ. ʀ ʚʧʦʣʥʝ 

ʧʨʘʚʜʦʧʦʜʦʙʥʦ, ʯʪʦ ʟʜʝʩʴ ʚ ʙʫʜʫʱʝʤ ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʜʣʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

 
ʊʘʙʣʠʮʘ 4 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʄÓ6,5  
ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ çʂʦʨʘ-4è 

 ɿʦʥʳ ʈʝʟʫʣʴʪʘʪʳ ʢʣʘʩʩʠʬʠʢaʮʠʠ 

1 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 0, ʧʨʦʛʥʦʟ 0, ʦʮʝʥʢʠ:  734,78    122,00     

3 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 0, ʧʨʦʛʥʦʟ 0, ʦʮʝʥʢʠ:  584,89    347,86     

4 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 0, ʧʨʦʛʥʦʟ 0, ʦʮʝʥʢʠ:  738,22    229,43     
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8 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 0, ʧʨʦʛʥʦʟ 0, ʦʮʝʥʢʠ:  567,33    343,43     

12 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 0, ʧʨʦʛʥʦʟ 1, ʦʮʝʥʢʠ:  406,22    884,71    

13 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 0, ʧʨʦʛʥʦʟ 0, ʦʮʝʥʢʠ:  1217,00    6,29     

14 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 0, ʧʨʦʛʥʦʟ 0, ʦʮʝʥʢʠ:  1039,11    189 

15 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 0, ʧʨʦʛʥʦʟ 0, ʦʮʝʥʢʠ:  1164,22    7,29     

16 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 0, ʧʨʦʛʥʦʟ 0, ʦʮʝʥʢʠ:  1071,44    2,43     

17 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 0, ʧʨʦʛʥʦʟ 0, ʦʮʝʥʢʠ:  860,67    124,14   

2 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 1, ʧʨʦʛʥʦʟ 1, ʦʮʝʥʢʠ: 433,10    541,17   

5 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 1, ʧʨʦʛʥʦʟ 1, ʦʮʝʥʢʠ:  388,10    474,83   

6 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 1, ʧʨʦʛʥʦʟ 0, ʦʮʝʥʢʠ:  432,70    322,33   

7 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 1, ʧʨʦʛʥʦʟ 1, ʦʮʝʥʢʠ:  376,50    496,17   

9 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 1, ʧʨʦʛʥʦʟ 1, ʦʮʝʥʢʠ:  451,50    545,33   

10 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 1, ʧʨʦʛʥʦʟ 1, ʦʮʝʥʢʠ:  319,30    671,17   

11 ɿʝʤʣʝʪʨʷʩʝʥʠʝ 1, ʧʨʦʛʥʦʟ 1, ʦʮʝʥʢʠ:  303,10    701,67   

  ʊʦʯʥʦʩʪʴ = 88,2 

 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ çʂʦʨʘè ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʚʘʞʥʝr 

ʧʨʠʟʥʘʢʠ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʤʝʩʪʘ ʚʦʟʤʦʞʥʳʭ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ 

ʙʫʜʫʱʝʝ. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʩʰʠʨʝʥʠʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʧʨʦʛʥʦʟʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʦʮʝʥʢʝ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ.   

 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʝʘʣʠʟʦʚʘʥʳ ʘʣʛʦʨʠʪʤʳ çʂʦʨʘ-3è ʠ çʂʦʨʘ-4è ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʤʝʩʪ ʚʦʟʤʦʞʥʳʭ ʩʠʣʴʥʳʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

ʆʧʨʝʜʝʣʝʥʳ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ, ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʩʠʣʴʥʳʤ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ.  

ʇʦ ʘʣʛʦʨʠʪʤʘʤ çʂʦʨʘè ʚ ʟʦʥʝ 12 (ʨʠʩ. 2) ʚ ʌʝʨʛʘʥʩʢʦʡ ʚʧʘʜʠʥʝ ʚʦʟʤʦʞʥʦ ʩʠʣʴʥʦʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʝ.  
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Kuchli zilzilalar joyini aniqlash uchun çKora-3è va çKora-4è algoritmlarini qo'llash tajribasi  (Farg'ona 

tushgani misabi asosida) 

I.U. Atabekov, R.A. Lutfullaev, J.K. Mamarahimov 

Annotatsiya. Zilzilalarni bashorat qilish muammosini hal qilish nazariy va amaliy xarakterdagi 

qiyinchiliklarga duch keladi. Sababi, zilzilaning paydo bo'lishi ko'plab omillarga bog'liq bo'lib, ular prekursor 

sifatida ishlatiladigan turli xil anomaliyalarni keltirib chiqaradi. Ammo zilzila jarayonining murakkabligi va Yer 

qobig'ining batafsil tuzilishi haqida ko'p ma'lumotlarning mavjud emasligi sababli, ularning oz qismi kelajakdagi 

seysmik hodisalarni aniq ko'rsatishi mumkin. Kompyuterni o'rgatishni qo'llash natijalari, agar turli omillar 

birgalikda birlashtirilgan bo'lsa, kelajakda kuchli zilzilalar haqida aniqroq ma'lumot olish imkoniyatiga imkon 

beradi. Zilzilaning eng muhim belgilarini aniqlash va Oᾶzbekistonning muayyan seysmik faol hududida, yaᾷni 

Fargᾶona chuqurligida kuchli zilzilalarning fazoviy joylashuvini aniqlash uchun çQora-3è algoritmi amalga 

oshirildi. 

Kalit so'zlar:  Farg'ona depressiyasi, zilzila, geodynamic model, stress, obrazlarni aniqlash, çQora-3è. 

 

Experience of application of çCora-3è and çCora-4è algorithms for identification of strong earthquakes (on 

the example of the Fergana depression) 

I.U. Atabekov, R.A. Lutfullaev, J.K. Mamarahimov 

Abstract. Solving the problem of predicting earthquakes faces difficulties of both theoretical and practical 

nature. The reason is that the occurrence of earthquakes depends on many factors, which give rise to various 

anomalies that are used as precursors. But because of the complexity of the earthquake process, and the 

unavailability of much information about the detailed structure of the Earth's crust, a small number of them can 

accurately indicate future seismic events. The results of the application of machine learning give hope for the 

possibility of obtaining more accurate information about future strong earthquakes if disparate factors are combined 

together. To determine the most important signs of an earthquake and determine the spatial location of strong 

earthquakes in a specific seismically active territory of Uzbekistan, namely in the Fergana depression, the çʉora-3è 

algorithm was implemented. 

Key words: Fergana depression, earthquake, geodynamical modeling, stress, pattern recognition, çCora-3è. 
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ʈɸɿʈɸɹʆʊʂɸ ʉʊɸʅʎʀʀ ɼʃʗ ʀɿʄɽʈɽʅʀʗ ʄʀʂʈʆʊʈɽʄʆʈɸ ʅɸ ɹɸɿɽ 

ʆɼʅʆʇʃɸʊʅʆɻʆ ʄʀʂʈʆʂʆʄʇʔʖʊɽʈɸ RASPBERRY PI 

 

ʀ.ʈ. ʗʥʙʫʭʪʠʥ1, ʊ.ʋ. ʄʘʤʘʨʦʟʠʢʦʚ2, ɸ.ʐ. ɿʘʢʠʨʦʚ1, ɸ.ɺ. ʃʠ1, ʋ.ʊ. ʄʫʩʘʝʚ1,  

ʅ.ʂ. ʆʨʠʧʦʚ1, ʀ.ʄ. ɸʣʠʤʫʭʘʤʝʜʦʚ1, ɻ.ʖ. ɸʙʜʫʨʘʭʤʘʥʦʚ1 
 

1 ʎʝʥʪʨ ʇʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʄʠʥʠʩʪʝʨʩʪʚʝ ʚr ʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ,  

ʥʘʫʢʠ ʠ ʠʥʥʦʚaʮʠʡ, ʛ. ʊʘʰʢʝʥʪ 
2 ʀʥʩʪʠʪʫʪ ʩʝʡʩʤʦʣʦʛʠʠ ʠʤ. ɻ.ɸ.ʄʘʚʣʷʥʦʚʘ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ 

 
ɸʥʥʦʪaʮʠ̫. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʡ ʚʦʧʨʦʩ ʩʝʡʩʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ, ʨʘʟʨʘʙʦʪʢʘ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 

ʎʝʣɹ  ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ IL-5221091401, ï ʩʦʟʜʘʥʠʝ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʦʮʝʥʢʠ ʜʝʬʠʮʠʪʘ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʙʫʜʝʪ ʩʦʟʜʘʥ ʠ 

ʚʧʝʨʚʳʝ ʧʨʠʤʝʥʝʥ ʚ ʋʟʙʝʢʠʩʪʘʥʝ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ RASPBERRY PI ʜʣʷ 

ʦʮʝʥʢʠ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʪʘʥʮʠʠ ʩ ʜʘʪʯʠʢʘʤʠ ʜʚʠʞʝʥʠʷ ʠ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʜʣʷ ʠʭ ʨʘʙʦʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʴ, ʦʮʝʥʢʘ, ʪʝʩʪʠʨʦʚʘʥʠʝ, 

ʜʝʬʠʮʠʪ, ʟʜʘʥʠʝ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, Raspberry Pi. 

 

ɺʚʝʜʝʥʠʝ. 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ï ʵʪʦ ʦʜʠʥ ʠʟ ʜʨʘʡʚʝʨʦʚ ʨʦʩʪʘ ʥaʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ. ɺ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʦʪʤʝʯʘʝʪʩʷ ʩʪʨʦʠʪʝʣʴʥʳʡ ʙʫʤ. ʈʘʩʰʠʨʝʥʠʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʚʷʟʘʥʦ ʩ 

ʪʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʢʘʢ ʨʦʩʪ ʥʘʩʝʣʝʥʠʷ, ʫʚʝʣʠʯʝʥʠʝ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ ʠ ʧʦʢʫʧʘʪʝʣʴʩʢʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʛʨʘʞʜʘʥ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʦʩʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ ʠ ʫʣʫʯʰʝʥʠʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ɺ ʥʘʰʝʡ ʨʝʩʧʫʙʣʠʢʝ ʩʫʱʝʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʙʝʣ ʚ ʩʠʩʪʝʤʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʢʨʫʧʥʳʭ ʥʘʨʦʜʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʪʘʢʠʭ 

ʧʨʦʙʝʣʦʚ ʛʦʩʫʜʘʨʩʪʚʦ ʩʪʘʣʦ ʫʜʝʣʷʪʴ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʠ ʬʠʥʘʥʩʦʚʫʶ ʧʦʜʜʝʨʞʢʫ ʧʦ 

ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʘʩʝʣʝʥʠʷ. ɺ ʮʝʣ̫ ʭ 

ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ 

ʚʦʜʦʝʤʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʩʝʡʩʤʦʘʢʪʠʚʥʦʡ ʟʦʥʝ ʩʪʨʘʥʳ, ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʋʢʘʟʘ 

ʇʨʝʟʠʜʝʥʪʘ ʦʪ 30 ʠʶʣʷ 2020 ʛ. ˉ ʇʇ-4794 çʆ ʤʝʨʘʭ ʧʦ ʢʦʨʝʥʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʩʠʩʪʝʤʳ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʠ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥè 

ʂʘʙʠʥʝʪ ʄʠʥʠʩʪʨʦʚ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ ʧʦʜʧʠʩʘʣ ʧʦʩʪʘʥʦʚʣʝʥʠʝ çʆ ʚʥʝʜʨʝʥʠʠ ʩʠʩʪʝʤʳ 

ʥʝʧʨʝʨʳʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʚʦʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʩʝʡʩʤʦʘʢʪʠʚʥʳʭ ʟʦʥʘʭ ʨʝʩʧʫʙʣʠʢʠè 17 ʜʝʢʘʙʨʷ 2020 ʛ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʥʘʰʝʡ ʩʪʨʘʥʳ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʚʦʧʨʦʩ ʩʝʡʩʤʠʯʝʩʢʦʡ 

ʟʘʱʠʪʳ, ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʟʜʘʥʠʡ, ʘ ʪʘʢʞʝ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ IL-5221091401, ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʦʮʝʥʢʠ ʜʝʬʠʮʠʪʘ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ. ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʚʧʝʨʚʳʝ ʙʫʜʝʪ ʩʦʟʜʘʥ ʠ ʧʨʠʤʝʥʝʥ ʚ ʋʟʙʝʢʠʩʪʘʥʝ ʘʧʧʘʨʘʪʥʦ-

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʩ ʠʩʧʦʣɹ ʟʦʚʘʥʠʝʤ RASBERRY PI ʜʣʷ ʦʮʝʥʢʠ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʟʜʘʥʠʡ 

ʠ ʩʦʦʨʫʞʝʥʠʡ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʪʘʥʮʠʠ ʩ ʜʘʪʯʠʢʘʤʠ ʜʚʠʞʝʥʠʷ ʠ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʜʣʷ ʠʭ ʨʘʙʦʪʳ.   
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ʄʝʪʦʜʳ. ʋʩʧʝʭʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʥʝʜʨ ʠʣʠ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ, ʯʘʩʪʦ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʯʨʝʟʤʝʨʥʦʡ ʩʪʦʠʤʦʩʪʴʶ ʥʝʦʙʭʦʜʠʤʦʡ 

ʘʧʧʘʨʘʪʫʨʳ. ʕʪʦʪ ʬʘʢʪ, ʥʘʨʷʜʫ ʩ ʨʘʩʪʫʱʠʤ ʨʘʟʚʠʪʠʝʤ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʧʣʘʪʬʦʨʤ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʧʨʠʚʝʣ ʢ ʨʘʟʨʘʙʦʪʢʝ ʥʝʢʦʪʦʨʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʦʜʥʦ-, ʪʨʝʭ- ʠ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʨʝʛʠʩʪʨʘʪʦʨʦʚ [Soler-Llorens, 2019]. 

ʊʘʢ, ʚ ʨʘʙʦʪʝ Sarao ʠ ʜʨ. ʜʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʣʝʡ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʝʜʦʨʦʛʦʡ 

ʩʝʡʩʤʦʤʝʪʨ ʥʘ ʙʘʟʝ Arduino. ʆʜʥʘʢʦ ʚʘʨʠaʮʠʠ ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟaʮʠʠ ʠ ʘʤʧʣʠʪʫʜʳ ʜʝʣʘʶʪ 

ʝʛʦ ʥʝʥʘʜʝʞʥʳʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʣʝʡ. ɺ ʨʘʙʦʪʘʭ Picozzi ʠ ʜʨ. ʠ Fischer ʠ ʜʨ. ʜʣʷ 

ʩʠʩʪʝʤ ʨʘʥʥʝʛʦ ʦʧʦʚʝʱʝʥʠʷ ʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʙʝʩʧʨʦʚʦʜʥʳʝ 

ʩʝʡʩʤʠʯʝʩʢʠʝ ʨʝʛʠʩʪʨʘʪʦʨʳ. ʆʜʥʘʢʦ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʥʝ ʨʘʩʢʨʳʚʘʝʪʩʷ ʩʠʥʭʨʦʥʠʟaʮʠ̫ ʤʝʞʜʫ 

ʩʪʘʥʮʠʷʤʠ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʤʘʩʩʠʚʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [Soler-Llorens, 2019a]. 

ʉʨʝʜʠ ʠʤʝʶʱʝʛʦʩʷ ʥʘʙʦʨʘ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʝʡʩʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʩʪʘʣ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʪʴʩʷ ʤʝʪʦʜ ʅʘʢʘʤʫʨʳ 

(EuroCode8), ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʛʠʩʪʨaʮʠʠ 

ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʬʦʥʘ ʠʩʩʣʝʜʦʚʘʪʴ ʩʦʦʨʫʞʝʥʠʷ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ɸʏʍ 

ʧʦʩʪʨʦʡʢʠ ʠ ʦʮʝʥʠʚʘʪʴ ʝʛʦ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʵʢʩʧʨʝʩʩ-ʦʮʝʥʢʠ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʜʘʥʠʡ ʠ ʧʨʦʛʥʦʟʘ ʠʭ ʧʦʚʝʜʝʥʠʷ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʭ̫.  ʇʨʠʤʝʥʷʷ 

ʨʝʩʫʨʩʳ ʧʨʦʛʨʘʤʤʳ ARTEMIS MODAL, ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʟʘʜʘʥʥʫʶ ʩʪʨʦʠʪʝʣʴʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʧʨʦʚʝʜʝʥʠʝ ʦʮʝʥʦʢ ʝʸ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ [Ventura et al., 2001; Andersen et al., 2008; Benedettini et al., 2011]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ɸʏʍ ʧʦʩʪʨʦʡʢʠ ʟʘʯʘʩʪʫʶ ʧʨʠʤʝʥʷʶʪʩʷ ʘʢʩʝʣʝʨʦʤʝʪʨʳ ʠʣʠ 

ʚʝʣʦʩʠʤʝʪʨʳ ʠʤʝʶʱʠʝ ʚ ʩʚʦʝʤ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ʪʨʝʭʦʩʝʚʦʡ ʚʝʣʦʩʠʤʝʪʨ ʠʣʠ 

ʘʢʩʝʣʝʨʦʤʝʪʨ, GPS, ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʢʘʨʪʘ ʧʘʤʷʪʠ ʠ ʤʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ. ɺ 

ʨʘʤʢʘʭ ʨʝʝhʥʠʷ ʟʘʜʘʯʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʦʮʝʥʢʠ 

ʜʝʬʠʮʠʪʘ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʧʨʠʙʦʨʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 

ʦʜʥʦʧʣʘʪʥʦʤ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʝ Raspberry PI (ʨʠʩ. 1) ʩ ʤʦʜʫʣʷʤʠ ɸʎʇ ADS1256, 

ʘʢʩʝʣʝʨʦʤʝʪʨʘ ADXL355, GPS NEO6MV2, ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʳʤʠ ʯʘʩʘʤʠ ʚʥʫʪʨʝʥʥʝʛʦ ʚʨʝʤʝʥʠ 

RTC 3132, ʚʝʣʦʩʠʤʝʪʨʘʤʠ GD-2, GD-2H, ʘʢʢʫʤʫʣʷʪʦʨ. 

ɼʣʷ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʢʦʤʧʣʝʢʩʘ ʪʨʝʙʫʝʪʩʷ ʤʠʥʠʤʫʤ 2 ɻʙ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠ 2-

ʷʜʝʨʥʳʡ ʧʨʦʮʝʩʩʦʨ ʩ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ 1,5 ɻɻʮ. ʊʘʢʞʝ ʪʨʝʙʫʶʪʩʷ ʠʥʪʝʨʬʝʡʩʳ ʜʣʷ 

ʧʦʜʢʣʶʯʝʥʠʷ ʜʘʪʯʠʢʘ, LED-ʠʥʜʠʢʘʪʦʨʦʚ ʠ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ.  

ʆʜʥʦʧʣʘʪʥʳʡ ʢʦʤʧʴʶʪʝʨ Raspberry PI 4B ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʘ ʪʘʢʞʝ 

ʠʤʝʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʙʦʣʴʰʦʝ ʩʦʦʙʱʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʯʪʦ ʧʦʟʚʦʣʝ̫ʪ ʚʳʙʠʨʘʪʴ ʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ, ʙʠʙʣʠʦʪʝʢʠ 

ʠ ʨʝʰʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʷʟʳʢʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʨʝʜʳ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʯʘʩʪʠ ʙʳʣ ʚʳʙʨʘʥ 

Python ʚʝʨʩʠʠ 3, ʪʘʢ ʢʘʢ ʜʣʷ ʜʘʥʥʦʛʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʦʙʰʠʨʥʘʷ ʙʘʟʘ 

ʨʝʰʝʥʠʡ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ, ʯʪʦ ʥʝ ʤʝʥʝʝ ʚʘʞʥʦ, ʜʣʷ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

ʂʨʘʪʢʠʡ ʧʝʨʝʯʝʥʴ ʧʦʜʦʙʥʳʭ ʨʝʰʝʥʠʡ: 

¶ NumPy ï ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʠ ʧʨʦʮʝʜʫʨʳ; 

¶ SciPy ï ʙʠʙʣʠʦʪʝʢʘ ʜʣʷ ʥʘʫʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ; 

¶ ObSPi ï ʙʠʙʣʠʦʪʝʢʘ ʜʣʷ ʨʝʰʝʥʠʷ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

ʇʨʦʛʨʘʤʤʥʘʷ ʯʘʩʪʴ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʦʮʝʥʢʠ ʜʝʬʠʮʠʪʘ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʚʘʞʥʳʭ ʯʘʩʪʝʡ: 

¶ ʦʩʥʦʚʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ï ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʯʠʪʳʚʘʥʠʷ ʜʘʥʥʳʭ ʦʙ ʫʩʢʦʨʝʥʠʷʭ ʩ 

ʜʘʪʯʠʢʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʩʦʭʨʘʥʝʥʠʷ ʚ ʚʠʜʝ ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ; 

¶ ʩʧʝʮʠʘʣʴʥʳʝ ʥʘʩʪʨʦʡʢʠ Raspberry Pi OS (ʦʩʥʦʚʘʥʥʘʷ ʥʘ Debian ʦʧʝʨaʮʠʦʥʥʘʷ 

ʩʠʩʪʝʤʘ ʜʣʷ Raspberry Pi) ï ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʩʥʦʚʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʢʥʦʧʦʯʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʜʣʷ ʘʢʪʠʚaʮʠʠ ʨʘʙʦʪʳ GPS ʧʨʠʝʤʥʠʢʘ. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʤʦʜʫʣʝʡ.  

Fig. 1. Module connection diagram. 

 
ʈʝʟʫʣʴʪʘʪʳ 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʨʠʛʦʜʥʦʩʪʠ ʢ ʨʘʙʦʪʝ ʫʩʪʨʦʡʩʪʚʘ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: 

1) ʠʩʧʪrʘʥʠʝ ʢʦʤʤʫʪaʮʠʠ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʠʭ 

ʧʦʜʢʣʶʯʝʥʠʷ; 

2) ʠʩʧʳʪʘʥʠʝ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʥʘ 

ʤʘʢʝʪʥʦʡ ʧʣʘʪʝ; 

3) ʠʩʧʳʪʘʥʠʝ ʩʦʙʨʘʥʥʦʛʦ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʢʦʨʧʫʩʝ 

(ʨʠʩ. 2). 

ʂʘʞʜrʡ ʵʪʘʧ ʚʢʣʶʯʘʣ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʤʠʪʠʨʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ: ʥʝʩʪʘʙʠʣʴʥʦʝ ʧʠʪʘʥʠʝ, ʥʝʧʨʘʚʠʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʟʘʤʝʨʦʚ, ʦʰʠʙʢʠ 

ʵʢʩʧʣʫʘʪaʮʠʠ ʢʦʤʧʣʝʢʩʘ. 

ʌʠʥʘʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʚʢʣʶʯʘʣʦ ʜʣʠʪʝʣʴʥʳʡ ʩʙʦʨ ʜʘʥʥʳʭ ʠ ʧʦʩʣʝʜʫʶʱʫ  ʁʦʙʨʘʙʦʪʢʫ 

ʜʣʷ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʨʠ ʬʠʥʘʣʴʥʦʤ ʪʝʩʪʠʨʦʚʘʥʠʠ ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʧʳʪʘʥʠʝ ʩ ʩʠʥʭʨʦʥʥʦʡ 

ʟʘʧʠʩʴʶ ʜʚʫʭ ʧʨʠʙʦʨʦʚ ʥʘ ʙʘʟʝ Raspberry Pi 4 + ADXL355 ʠ ʩʦʧʦʩʪʘʚʣʷʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʩ ʟʘʧʠʩʴʶ 

ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ Tromino (ʀʪʘʣʠʷ) (ʨʠʩ. 3). 

 

 
ʈʠʩ. 2. ʇʨʦʚʝʨʢʘ ʨʘʙʦʪʳ ʤʦʜʫʣʝʡ ʠ ʥʘʣʠʯʠʷ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ɸDXL355. 

Fig. 2. Checking the operation of the modules and the presence of an input signal from ADXL355. 
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ʈʠʩ. 3. ɿʘʧʠʩʠ ʢʦʣʝʙʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʘ) ʠ Tromino (c)  
ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ʩʧʝʢʪʦʚ ʟʘʧʠʩʝʡ (b, d). 

 
Fig. 3. Recordings of vibrations using the device under development (a) and Tromino (c)  

with images of recording spectra (b, d). 
 

ʆʙʩʫʞʜʝʥʠʝ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ (ʩʤ. ʨʠʩ. 3) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʠʤʝʝʪ ʘʥʘʣʦʛʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʟʘʧʠʩʠ. ʈʘʟʣʠʯʠʝ ʚ ʜʘʥʥʳʭ ʧʦ ʘʤʧʣʠʪʫʜʝ ʚʳʟʚʘʥʦ ʥʘʣʠʯʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦ-ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʫʩʠʣʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ Tromino. 

ɺ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʟʘʧʠʩʠ ʧʨʠʙʦʨʦʚ ʠʤʝʶʪ ʪʘʢʞʝ ʘʥʘʣʦʛʠʯʥʳʡ ʭʘʨʘʢʪʝʨ, ʨʘʟʣʠʯʠʝ 

ʧʨʦ̫ʚʣʷʝʪʩʷ ʣʠʰʴ ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʥʠʞʝ 2,5 ɻʮ. ʕʪʦ ʚʳʟʚʘʥʦ ʥʘʣʠʯʠʝʤ ʧʨʦʛʨʘʤʤʥʦ-

ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʫʩʠʣʝʥʠʷ ʥʘ Tromino, ʢʦʪʦʨʳʡ ʧʨʦʠʟʚʦʜʠʪ ʫʩʠʣʝʥʠʷ ʠ ʥʦʨʤʠʨʦʚʢʫ ʧʦ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʤʫ ʩʧʝʢʪʨʫ.  



Seysmologiya muammolari *  ʇʨʦʙʣʝʤʳ ʩʝʡʩʤʦʣʦʛʠʠ * Seismology problems *  ̄ 1, ʪ.6, 2024 

 

 

 

54 

ʀʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ ʯʪʦ ʩʦʙʨʘʥʥʳʡ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʜʝʥʪʠʯʥʳʝ ʟʘʧʠʩʠ ʢʦʣʝʙʘʥʠʡ. ɼʘʣɹ ʥʝʡʰʠʝ ʨʘʙʦʪʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʜʦʨʘʙʦʪʢʫ 

ʧʨʦʛʨʘʤʤʥʦʡ ʯʘʩʪʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʙʦʨʘ, ʧʝʨʝʜʘʯʠ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

 

ɺʳʚʦʜʳ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʘʧʧʘʨʘʪʥʦ-

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʦʮʝʥʢʠ ʜʝʬʠʮʠʪʘ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʧʣʘʪʥʦʛʦ 

ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʘ Raspberry PI. ʊʝʩʪʠʨʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʩ ʠʤʝʶʱʠʤʩʷ ʘʥʘʣʦʛʦʤ 

Tromino ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʙʦʪ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʧʨʠʢʣʘʜʥʦʛʦ ʛʨʘʥʪʘ IL-5221091401, ʬʠʥʘʥʩʠʨʫʝʤʦʛʦ 

ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʫʢʠ ʠ ʠʥʥʦʚaʮʠʡ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ. 
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Raspberry pi bitta platatali mikrokompyuter asosida mikrotremorni o'lchash stantsiyasini ishlab chiqish 

I .R. Yanbukhtin, T.U. Mamarozikov, A.Sh. Zakirov , A.V. Li , U.T. Musayev, N.K. Oripov, I.M. 

Alimuhamedov, G'.Yo'. Abdurahmonov 

Annotasiya. Ushbu maqolada seysmik himoyaning juda dolzarb muammosi, shuningdek, bino va 

inshootlarning seysmik chidamliligini baholash va seysmik monitoringning samarali usullarini ishlab chiqish 

muhokama qilinadi.IL-5221091401 loyihasi doirasida olib borilayotgan tadqiqotning maqsadi bino va 

inshootlarning seysmik chidamliligi tanqisligini baholash uchun apparat-dasturiy kompleks yaratishdan 

iborat.Loyiha doirasida O'zbekistonda birinchi marta bino va inshootlarning seysmik chidamliligini baholash uchun 

RASPBERRY PI dan foydalangan holda sensorlar ulanadigan stantsiyadan va ularning ishlashi uchun yaratilgan 

dasturiy ta'minotdan iborat apparat-dasturiy kompleks yaratiladi va qo'llaniladi. 

Kalit so'zlar:  apparat va dasturiy ta'minot to'plami, zilzilaga chidamlilik, baholash, sinov, tanqislik, bino, 

mikrokontroller, Raspberry Pi. 

 

Development of a station for measuring microtremor based on a single-board raspberry pi microcomputer 

I .R. Yanbukhtin , T.U. Mamarozikov, A.Sh. Zakirov , A.V. Lee, U.T. Musaev, N.K. Oripov, I.M. 

Alimukhamedov, G.Yu. Abdurakhmanov 

Annotation. This article discusses the very pressing issue of seismic protection, as well as the development 

of effective methods for assessing the seismic resistance of buildings and structures and seismic monitoring. The 

goal of the research carried out within the framework of the project IL-5221091401 is to create a hardware and 

software complex for assessing the deficiency of seismic resistance of buildings and structures. Within the project, a 

hardware-software complex using RASPBERRY PI will be created and applied for the first time in Uzbekistan to 

assess the seismic resistance of buildings and structures, which will consist of a station to which sensors will be 

connected, as well as software for their operation. 

Key words: hardware and software complex, seismic resistance, assessment, testing, shortage, building, 

microcontroller, Raspberry Pi. 
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ʇʈʀʄɽʅɽʅʀɽ FK ɸʅɸʃʀɿɸ ɼʃʗ ʆɹʈɸɹʆʊʂʀ ʉɽʁʉʄʀʏɽʉʂʀʍ ʉʆɹʓʊʀʁ 

 

ɹ.ɻ. ɸʣʠʤʦʚ, ʊ.ʉ. ʂʫʨʙʘʥʦʚ 

ʀʥʩʪʠʪʫʪ ʩʝʡʩʤʦʣʦʛʠʠ ʠʤ. ɻ.ɸ.ʄʘʚʣʷʥʦʚʘ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ 
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ɸʥʥʦʪaʮʠ̫. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʤʳ ʨʫʢʦʚʦʜʩʪʚʦʚʘʣʠʩʴ ʦʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʫʯʘ ï FK-

ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʫ ʩʫʤʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʠ ʘʥʘʣʠʟʘ ʯʘʩʪʦʪʥʦ-ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: FK ʘʥʘʣʠʟ, ʟʝʤʣʝʪʨʷʩʝʥʠʝ, ʘʟʠʤʫʪ, ʩʝʡʩʤʦʛʨʘʤʤʘ, ʩʝʡʩʤʠʯʝʩʢʠʝ ʛʨʫʧʧʳ. 

 
ɺʚʝʜʝʥʠʝ. ʉ ʤʦʤʝʥʪʘ ʧʦʷʚʣʝʥʠʷ ʚ 1960-ʭ ʛʦʜʘʭ ʩʝʡʩʤʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʜʘʣʠ ʥʦʚʳʡ ʪʦʣʯʝʢ ʚ 

ʨʘʟʚʠʪʠʠ ʩʝʡʩʤʦʣʦʛʠʠ. ɹʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʩʝʡʩʤʦʤʝʪʨʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ 

ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʡ ʩʪʨʫʢʪʫʨʳ ɿʝʤʣʠ, ʘ ʪʘʢʞʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʤʦʛʫʪ 

ʜʘʚʘʪʴ ʩ ʪʦʯʥʦʩʪʴʶ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʘʟʠʤʫʪ ʧʨʠʭʦʜʷʱʠʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʤʝʪʦʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʡʩʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʚʝʢʪʦʨʥʫʶ ʩʢʦʨʦʩʪʴ ʬʨʦʥʪʘ 

ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ. ʕʪʫ ʠʥʬʦʨʤaʮʠʁ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠ̫  ʨʘʟʣʠʯʥʳʭ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʬʘʟ, ʘ ʪʘʢʞʝ ʜʣʷ ʜʠʩʢʨʠʤʠʥaʮʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ.  

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʝʡʩʤʠʯʝʩʢʘʷ ʛʨʫʧʧʘ ï ʵʪʦ ʩʠʩʪʝʤʘ ʩʚʷʟʘʥʥʳʭ ʩʝʡʩʤʦʤʝʪʨʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʧʨʘʚʠʣʴʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʭʝʤʝ (ʢʨʝʩʪ, ʢʨʫʛ, ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʠ ʪ. ʜ.) ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʦʙʥʘʨʫʞʝʥʠʶ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʉʝʡʩʤʠʯʝʩʢʘʷ ʛʨʫʧʧʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ [1]. ɼʘʥʥʳʝ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʛʨʫʧʧʳ ʧʦʣʫʯʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʜʘʚʣʷʶʪ ʰʫʤʳ ʠ ʪʝʤ 

ʩʘʤʳʤ ʫʣʫʯʰʘʶʪ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ-(SNR). 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ-(SNR) ʩʝʡʩʤʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʤʦʞʥʦ ʫʣʫʯʰʠʪʴ 

ʧʫʪʝʤ ʩʫʤʤʠʨʦʚʘʥʠʷ ʢʦʛʝʨʝʥʪʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʛʨʫʧʧʳ. ʉʘʤʳʤ ʚʘʞʥʳʤ 

ʤʦʤʝʥʪʦʤ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʫʯʘ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʥʘʠʣʫʯʰʝʛʦ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʦʪʜʝʣʴʥʳʝ ʪʨʘʩʩʳ ʜʦʣʞʥʳ ʙʳʪʴ ʩʜʚʠʥʫʪʳ ʧʝʨʝʜ ʩʫʤʤʠʨʦʚʘʥʠʝʤ (ʨʠʩ. 1), ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ 

ʥʘʠʙʦʣʴʰʠʝ ʘʤʧʣʠʪʫʜʳ ʟʘ ʩʯʝʪ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʩʠʛʥʘʣʦʚ [1]. 

 

 

 
 

ʈʠʩ. 1. ɺʝʨʪʠʢʘʣʴʥʘʷ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ. 
 

Fig. 1. Vertical and horizontal components of the wave front. 
 

ʅʘʧʨʘʚʣʝʥʠʝ ʧʨʠʭʦʜʘ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ, ʧʨʦʝʮʠʨʫʝʤʦʛʦ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʛʣʘʤʠ ū ʠ q. 

ū ï ʫʛʦʣ ʧʨʠʭʦʜʘ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ, ʠʟʤʝʨʷʝʤʳʡ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ ʦʪ ʩʝʚʝʨʘ ʢ 

ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʵʧʠʮʝʥʪʨʫ ʚ ʛʨʘʜʫʩʘʭ. 
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q ï ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ, ʠʟʤʝʨʷʝʤʦʝ ʚ ʛʨʘʜʫʩʘʭ ʦʪ ʩʝʚʝʨʘ, ʩ q = 

ū Ñ180Á. 

Dj ï ʛʦʨʠʟʦʥʪʘʣʴʥr ʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʝʡʩʤʠʯʝʩʢʦʡ ʛʨʫʧʧʦʡ j ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʴʶ, ʢʤ. 

S ï ʚʝʢʪʦʨ ʤʝʜʣʝʥʥʦʩʪʠ ʩ ʘʙʩʦʣʶʪʥʳʤ ʟʥʘʯʝʥʠʝʤ s = 1/vapp. 

vapp ï ʚʝʢʪʦʨ ʢʘʞʫʱʝʡʩʷ ʩʢʦʨʦʩʪʠ ʩ ʘʙʩʦʣʶʪʥʳʤ ʟʥʘʯʝʥʠʝʤ vapp = 1/s. 

vapp = (vapp, x, vapp, y, vapp, z). 

vapp, h ï ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʘʞʫʱʝʡʩʷ ʩʢʦʨʦʩʪʠ. 

 [1]. 

ʋʛʦʣ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʠʟʤʝʨʝʥʥʳʡ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʳʭʦʜʘ ʠ ʚʝʨʪʠʢʘʣʴʶ, 

ʥʘʟʳʚʘʝʪʩʷ ʫʛʣʦʤ ʥʘʢʣʦʥʘ i, ʛʜʝ i Ò 90Á. ʉʝʡʩʤʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜ ʛʨʫʧʧʦʡ ʚ ʩʘʤʦʡ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʫʛʦʣ ʥʘʢʣʦʥʘ ʦʧʨʝʜʝʣʷʶʪ ʢʘʞʫʱʫʶʩʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʦʚʦʛʦ 

ʬʨʦʥʪʘ, ʧʝʨʝʩʝʢʘʶʱʝʛʦ ʛʨʫʧʧʫ. 

 [1], 

 

 [1]. 

ʇʨʷʤʘʷ ʚʦʣʥʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʘʷʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʟʝʣʝʥʦʡ ʩʪʨʝʣʢʠ ʩʦ ʩʢʦʨʦʩʪʴʶ vc, 

ʜʦʩʪʠʛʘʝʪ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ʈʘʟʣʦʞʝʥʠʝ ʵʪʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫʶ (vapp, z) ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ (vapp, h) ʢʘʞʫʱʝʡʩʷ ʩʢʦʨʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ i. 

ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ ʨʘʚʥʘ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠ ̫ vc ʪʦʣʴʢʦ ʜʣʷ ʚʦʣʥ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ; ʚʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ vapp ʚʳʰʝ, ʯʝʤ vc  

(ʨʠʩ. 2). 

 

 
 

ʈʠʩ. 2. ʅʘʧʨʘʚʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʨʷʤʳʭ ʚʦʣʥ. 
 

Fig. 2. The direction of propagation of the speed of direct waves. 
 

ʆʮʝʥʢʘ ʤʝʜʣʝʥʥʦʩʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʫʯʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʝʢʪʦʨʘʤʠ 

ʤʝʜʣʝʥʥʦʩʪʠ ʠ ʩʨʘʚʥʝʥʠʠ ʘʤʧʣʠʪʫʜ ʠʣʠ ʤʦʱʥʦʩʪʠ ʣʫʯʝʡ, ʘ ʪʘʢʞʝ ʧʦʠʩʢʝ ʣʫʯʰʝʛʦ ʣʫʯʘ ʧʫʪʝʤ 

ʧʦʠʩʢʘ ʢʦʤʙʠʥaʮʠʠ vapp ʠ ʦʙʨʘʪʥʦʛʦ ʘʟʠʤʫʪʘ ʩ ʥʘʠʙʦʣʴʰʝʡ ʵʥʝʨʛʠʝʡ ʚ ʣʫʯʝ. 

FK-ʘʥʘʣʠʟ. ʏʘʩʪʦʪʥʦ-ʚʦʣʥʦʚʦʡ ʘʥʘʣʠʟ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʧʨʘʚʦʯʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʜʣʷ ʦʮʝʥʢʠ ʤʝʜʣʝʥʥʦʩʪʠ. ʕʪʦʪ ʤʝʪʦʜ ʙʳʣ ʧʨʝʜʣʦʞʝʥ 

ʂʝʡʧʦʥʦʤ ʚ 1969 ʛ. [2] ʠ ʧʦʣʫʯʠʣ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ, ʚʢʣʶʯʠʚ ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʘʥʘʣʠʟ, ʘ ʪʘʢʞʝ 

ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʚ 1980-ʭ ʛʦʜʘʭ [3]. 
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ɺ ʤʝʪʦʜʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ, ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʜʣʷ ʨʘʩʯʝʪʘ ʯʘʩʪʦʪʥʦ-ʚʦʣʥʦʚʦʛʦ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʦʚ ʧʫʪʝʤ 

ʧʨʠʤʝʥʝʥʠʷ ʤʥʦʛʦʤʝʨʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ. ʄʦʥʦʭʨʦʤʘʪʠʯʝʩʢʘʷ ʧʣʦʩʢʘʷ ʚʦʣʥʘ w(x, t) 

ʙʫʜʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ x, ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ: 

 

, 

 

ʝʛʦ ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʢʘʢ: 

 

, 

 

ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʦʙʨʘʞʝʥʠʷ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʡ ʧʣʦʩʢʦʡ ʚʦʣʥʳ ʚ ʦʙʣʘʩʪʠ 

ʯʘʩʪʦʪʥʦ-ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ ʚ ʪʦʯʢʫ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (f, kx) = (f0, k0). 

ɺ ʨʝʟʫʣʴʪʘʪʝ FK ʘʥʘʣʠʟʘ ʧʦʣʫʯʘʝʪʩʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʠʛʥʘʣʘ ʢʘʢ ʬʫʥʢʮʠʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʜʣʝʥʥʦʩʪʠ ʠ ʘʟʠʤʫʪʘ ʥʘ ʵʧʠʮʝʥʪʨ. ʉʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʠʛʥʘʣʘ, 

ʠʟʦʙʨʘʞʝʥʥʘʷ ʥʘ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʝʪʢʝ, ʥʘʟʳʚʘʝʪʩʷ ʜʠʘʛʨʘʤʤʦʡ (ʨʠʩ. 3). ʅʘ ʜʠʘʛʨʘʤʤʝ ʘʥʘʣʠʟʘ 

ʧʦʢʘʟʘʥʦ, ʢʘʢ ʘʟʠʤʫʪ ʦʪʢʣʘʜʳʚʘʝʪʩʷ ʧʦ ʘʟʠʤʫʪʘʣʴʥʦʡ ʦʩʠ, ʘ ʤʝʜʣʝʥʥʦʩʪʴ ï ʧʦ ʨʘʜʠʘʣʴʥʦʡ [4].  

 

 

 
 

ʈʠʩ. 3. ʉʭʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʜʣʝʥʥʦʩʪʠ ʠ ʘʟʠʤʫʪʘ ʥʘ ʵʧʠʮʝʥʪʨ. 
 

Fig. 3. The figure shows a diagram for determining the slowness and azimuth to the epicenter. 

 

ʋʛʦʣ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʠʟʤʝʨʝʥʥʳʡ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʳʭʦʜʘ ʠ ʚʝʨʪʠʢʘʣʴʶ, 

ʥʘʟʳʚʘʝʪʩʷ ʫʛʣʦʤ ʥʘʢʣʦʥʘ i, ʛʜʝ i Ò 90o. ʉʝʡʩʤʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʚ ʩʘʤʦʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʟʝʤʥʦʡ 

ʢʦʨʳ ʠ ʫʛʦʣ ʥʘʢʣʦʥʘ ʦʧʨʝʜʝʣʷʶʪ ʢʘʞʫʱʫʶʩʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ, 

ʧʝʨʝʩʝʢʘʶʱʫʶ ʛʨʫʧʧʫ. ʆʙʨʘʪʥʘʷ ʚʝʣʠʯʠʥʘ ʢʘʞʫʱʝʡʩʷ ʩʢʦʨʦʩʪʠ ʥʘʟʳʚʘʝʪʩʷ ʤʝʜʣʝʥʥʦʩʪʴʶ S 

(slowness), ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʣʫʯʘ. ɼʣʷ ʣʦʢʘʣʴʥʳʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʧʨʠʤʝʥʝʥʠʡ ʝʜʠʥʠʮʘ ʤʝʜʣʝʥʥʦʩʪʠ ʠʟʤʝʨʷʝʪʩʷ ʚ -ʩ/ʢʤ. ɼʣʷ ʛʣʦʙʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʙʦʣʴʰʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ - ʩ/ʛʨʘʜ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʤʝʜʣʝʥʥʦʩʪʴ ʥʘʟʳʚʘʝʤʳʤ ʣʫʯʝʚʳʤ ʧʘʨʘʤʝʪʨʦʤ. ʃʫʯʝʚʦʡ 

ʧʘʨʘʤʝʪʨ ʛʣʘʚʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʬʘʟ ʦʙʳʯʥʦ ʚʥʦʩʠʪʩʷ ʚ ʪʘʙʣʠʮʫ ʩʪʘʥʜʘʨʪʥʳʭ ʤʦʜʝʣʝʡ ɿʝʤʣʠ 

ʚʤʝʩʪʝ ʩ ʚʨʝʤʝʥʘʤʠ ʧʨʦʙʝʛʘ ʢʘʢ ʬʫʥʢʮʠʠ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʘ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ. ʇʨʠʤʝʨʳ ʩʝʡʩʤʠʯʝʩʢʠʭ ʛʨʫʧʧ. ʅʘ ʧʨʘʢʪʠʢʝ ʘʥʘʣʠʟ FK ʚʳʧʦʣʥʷʝʪʩʷ ʚ 

ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʚ ʧʨʠʥʮʠʧʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ 

ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʨʷʜʘ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʤʝʜʣʝʥʥʦʩʪʠ. ɺ NORSAR (ʨʠʩ. 4) ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʟʥʘʯʝʥʠʷ ʤʝʜʣʝʥʥʦʩʪʠ ʦʪ -0,4 ʜʦ 0,4 ʩ/ʢʤ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʥʘ 51 ʪʦʯʢʝ [5]. 
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ʈʠʩ. 4. ʂʦʥʬʠʛʫʨaʮʠ̫ ʤʘʩʩʠʚʘ NORSAR ʠ ʧʨʠʤʝʨ ʚʳʙʦʨʘ ʥʘʠʣʫʯʰʝʛʦ ʣʫʯʘ NORES [5]. 
 

Fig. 4. NORSAR array configuration and example of selecting the best NORES beam [5]. 
 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨʳ ʩʭʝʤʘʪʠʯʥʦʡ ʨʘʩʩʪʘʥʦʚʢʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʛʨʫʧʧ çʂʫʨʯʘʪʦʚ-ʢʨʝʩʪè 

(KURK) ʠ çʄʘʢʘʥʯʠè (MKAR) (ʨʠʩ. 5). 

 

  
 

ʈʠʩ. 5. ɺʩʧʦʤʦʛʘʪʝʣʴʥʘʷ ʩʝʡʩʤʠʯʝʩʢʘʷ ʛʨʫʧʧʘ çʂʫʨʯʘʪʦʚ-ʂʨʝʩʪè (KURK) ʩʣʝʚʘ [6], 
ʧʝʨʚʠʯʥʘʷ ʩʝʡʩʤʠʯʝʩʢʘʷ ʛʨʫʧʧʘ çʄʘʢʘʥʯʠè (MKAR) ʩʧʨʘʚʘ [7]. ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ. 

 
Fig. 5. Auxiliary seismic group çKurchatov-Crestè (KURK) on the left [6], primary seismic group 

çMakanchiè (MKAR) on the right [7]. The Republic of Kazakhstan. 

 

ɺ ʨʘʡʦʥʘʭ ʩ ʦʯʝʥʴ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʰʫʤʘ, ʚ ʧʨʝʜʝʣʘʭ ʤʘʩʩʠʚʦʚ, 

ʩʣʦʞʝʥʥʳʭ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ ʩ ʧʨʝʢʨʘʩʥʳʤʠ ʧʝʨʝʜʘʪʦʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ 

ʪʝʣʝʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ.  

ʉʝʡʩʤʠʯʝʩʢʘʷ ʛʨʫʧʧʘ çʂʫʨʯʘʪʦʚ-ʂʨʝʩʪè[6] ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʚʘ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ 

ʣʠʥʝʡʥʳʭ ʧʨʦʬʠʣʷ ʧʨʠʙʦʨʥʳʭ ʩʢʚʘʞʠʥ ʩ ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʜʘʪʯʠʢʘʤʠ (ʩʩʳʣʢʘ ʥʘ ʩʭʝʤʫ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʛʨʫʧʧʳ). ɸʟʠʤʫʪʳ ʧʨʦʩʪʠʨʘʥʠʷ ʧʨʦʬʠʣʝʡ: 10Á (ʤʝʨʠʜʠʦʥʘʣʴʥʳʡ ʧʨʦʬʠʣʴ, 

KUR1-KUR10) ʠ 320Á (ʰʠʨʦʪʥr ʡ ʧʨʦʬʠʣʴ, KUR11-KUR20). ɼʣʠʥʘ ʢʘʞʜʦʛʦ ʧʨʦʬʠʣʷ  

https://kndc.kz/kndc/images/network/kurk5.jpg
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~22,5 ʢʤ. ʅʘ ʢʘʞʜʦʤ ʧʨʦʬʠʣʝ ʠʤʝʝʪʩʷ ʧʦ 10 ʧʨʠʙʦʨʥʳʭ ʩʢʚʘʞʠʥ (ʧʫʥʢʪʦʚ) ʩ ʦʙʱʠʤ 

ʮʝʥʪʨʘʣʴʥʳʤ ʧʫʥʢʪʦʤ ʚ ʤʝʩʪʝ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʦʬʠʣʝʡ. ʉʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ 

ʧʨʦʬʠʣʷ ~ 2,25 ʢʤ. ɺ ʩʢʚʘʞʠʥʘʭ ʫʩʪʘʥʦʚʣʝʥʳ ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʝʡʩʤʦʤʝʪʨʳ CMG-3V (ʧʫʥʢʪʳ 

KUR1-KUR20). ɺ ʮʝʥʪʨʝ (KUR21, KUR BB) ʫʩʪʘʥʦʚʣʝʥ ʩʝʡʩʤʦʤʝʪʨ CMG-3TB. ɺʩʝ 

ʩʝʡʩʤʦʤʝʪʨʳ ʬʠʨʤʳ Guralp. ʈʝʛʠʩʪʨʠʨʫʶʱʘʷ ʘʧʧʘʨʘʪʫʨʘ: 24-ʙʠʪʥʳʝ ɸʎʇ Europa-T 

(Nanometrics). ʏʘʩʪʦʪʘ ʦʮʠʬʨʦʚʢʠ: 40 ʦʧʨʦʩʦʚ/ʩʝʢ/ʢʘʥʘʣ. ʇʨʠʚʷʟʢʘ ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʳ: ʩʠʩʪʝʤʘ 

GPS. ɺ ʜʝʢʘʙʨʝ 2006 ʛ. ʩʪʘʥʮʠʷ ʙʳʣʘ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʘ ʢʦʤʠʩʩʠʝʡ ʄʉʄ (ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ), ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʩʪʘʥʮʠʠ ʄʉʄ.  

ʉʝʡʩʤʠʯʝʩʢʘʷ ʛʨʫʧʧʘ çʄʘʢʘʥʯʠè [7] ʩʦʩʪʦʠʪ ʠʟ 10 ʪʦʯʝʢ ʥʘʙʣʶʜʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʧʦ ʜʚʫʤ ʦʢʨʫʞʥʦʩʪʷʤ ʩ ʦʜʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʦʡ. ʈʘʜʠʫʩ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʣʴʮʘ ~500 ʤ, 

ʥʘʨʫʞʥʦʛʦ ~2000 ʤ. ʅʘ 9 ʧʫʥʢʪʘʭ ʚ ʩʢʚʘʞʠʥʘʭ ʫʩʪʘʥʦʚʣʝʥʳ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ 

ʩʝʡʩʤʦʤʝʪʨʳ GS21 (Geotech Instruments). ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʝʪʩʷ ʦʜʥʘ ʰʠʨʦʢʦʧʦʣʦʩʥʘʷ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʩʪʘʥʮʠʷ ʩ ʩʝʡʩʤʦʤʝʪʨʦʤ CMG-3TB (Guralp). ʈʝʛʠʩʪʨʠʨʫʶʱʘʷ ʘʧʧʘʨʘʪʫʨʘ; 

24-ʙʠʪʥʳʝ ɸʎʇ AIM24S (Science Horizons). ʏʘʩʪʦʪʘ ʦʮʠʬʨʦʚʢʠ: 40 ʦʧʨʦʩʦʚ/ʩʝʢ/ʢʘʥʘʣ. 

ʇʨʠʚʷʟʢʘ ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʳ: ʩʠʩʪʝʤʘ GPS.  

ɺʩʧʦʤʦʛʘʪʝʣʴʥʘʷ ʩʝʡʩʤʠʯʝʩʢʘʷ ʛʨʫʧʧʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ (ʄʉʄ) 

çʂʫʨʯʘʪʦʚ-ʂʨʝʩʪè (KURK) ʨʘʩʧʦʣʦʞʝʥʘ ʚʙʣʠʟʠ ʛ. ʂʫʨʯʘʪʦʚ ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʡ ʦʙʣʘʩʪʠ. 

80% ʪʝʨʨʠʪʦʨʠʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʛʨʫʧʧʳ ʩʦʩʪʘʚʣʷʶʪ ʵʬʬʫʟʠʚʥʦ-ʦʩʘʜʦʯʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʧʝʨʠʦʜʘ, ʟʘʯʘʩʪʫʶ ʧʝʨʝʢʨʳʪʳʝ ʯʝʭʣʦʤ ʨʳʭʣʳʭ ʢʘʡʥʦʟʦʡʩʢʠʭ 

ʦʪʣʦʞʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʠ. 

ɺʩʧʦʤʦʛʘʪʝʣʴʥʘʷ ʩʝʡʩʤʠʯʝʩʢʘʷ ʛʨʫʧʧʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ (ʄʉʄ) 

çɹʦʨʦʚʦʝè (BVAR) [8] ʨʘʩʧʦʣʦʞʝʥʘ ʚ ɹʫʨʘʙʘʡʩʢʦʤ ʨʘʡʦʥʝ ɸʢʤʦʣʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ, ʚʙʣʠʟʠ ʧʦʩ. ɺʦʨʦʙʴʝʚʢʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʥaʮʠʦʥʘʣʴʥʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʧʘʨʢʘ çɹʫʨʘʙʘʡè. ʋʯʘʩʪʦʢ ʨʘʩʧʦʣʦʞʝʥ ʚ ʧʨʝʜʝʣʘʭ ɹʦʨʦʚʩʢʦʛʦ ʛʨʘʥʠʪʥʦʛʦ 

ʤʘʩʩʠʚʘ, ʧʨʠʫʨʦʯʝʥ ʢ ʚʦʩʪʦʯʥʦʡ ʧʝʨʠʬʝʨʠʡʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ. ʂʦʥʬʠʛʫʨaʮʠ̫ ʩʝʡʩʤʠʯʝʩʢʦʡ 

ʛʨʫʧʧʳ ʩʣʝʜʫʶʱʘʷ: ʚʦʢʨʫʛ ʮʝʥʪʨʘ BVA0, BVA1 ʥʘ ʦʢʨʫʞʥʦʩʪʷʭ ʩ ʨʘʜʠʫʩʘʤʠ ~700 ʤ ʠ  

~1500 ʤ ʨʘʩʧʦʣʦʞʝʥʳ ʜʚʘ ʢʦʥʪʫʨʘ ʩʢʚʘʞʠʥ ʩ ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʜʘʪʯʠʢʘʤʠ. ʎʝʥʪʨʘʣʴʥʳʡ ʜʘʪʯʠʢ 

(BVA0) ï ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ, ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʡ CMG-3TB (Guralp), ʦʩʪʘʣʴʥʳʝ  

9 ʩʝʡʩʤʦʤʝʪʨʦʚ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʝ, ʚʝʨʪʠʢʘʣʴʥʳʝ GS21 (Geotech Instruments). 

ʈʝʛʠʩʪʨʠʨʫʶʱʘʷ ʘʧʧʘʨʘʪʫʨʘ: 24-ʙʠʪʥʳʝ ɸʎʇ Europa ʬʠʨʤ r Nanometrics. ʏʘʩʪʦʪʘ 

ʦʮʠʬʨʦʚʢʠ: 40 ʦʧʨʦʩʦʚ/ʩʝʢ/ʢʘʥʘʣ. ʇʨʠʚʷʟʢʘ ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʳ: ʩʠʩʪʝʤʘ GPS. ʉʝʡʩʤʠʯʝʩʢʘʷ 

ʛʨʫʧʧʘ ʙʳʣʘ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʘ ʢʦʤʠʩʩʠʝʡ ʄʉʄ ʚ ʜʝʢʘʙʨʝ 2002 ʛ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ. ɼʣʷ ʥʘʯʘʣʘ ʧʨʦʠʟʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ. 

ʉʦʙʳʪʠʝ ʧʝʨʚʦʝ. ʊʫʷʙʫʛʫʟʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʩ ʤʘʛʥʠʪʫʜʦʡ Ms = 5,2, ʧʨʦʠʟʦʰʝʜʰʝʝ 

25 ʤʘʷ 2013 ʛ. ʚ 03 ʯ 18 ʤʠʥ ʧʦ ʊʘʰʢʝʥʪʩʢʦʤʫ ʚʨʝʤʝʥʠ (24 ʤʘʷ ʚ 22 ʯ 18 ʤʠʥ ʧʦ ɻʨʠʥʚʠʯʫ) [9] 

(ʪʘʙʣ. 1). 
 

ʊʘʙʣʠʮʘ 1 
 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 24 ʤʘʷ 2013 ʛ., ʧʦ ʜʘʥʥʳʤ ʨʘʟʣʠʯʥʳʭ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ [9] 

 

Table 1 
Main parameters of the earthquake of May 24, 2013 according to data from various seismological centers [9] 

 

ʉʝʡʩʤʦʣʦʛʠʯʝʩʢʠʝ 

ʩʝʪʠ 
ɺʨʝʤʷ ʚ ʦʯʘʛʝ ʐʠʨʦʪʘ ɼʦʣʛʦʪʘ h ʄʘʛʥʠʪʫʜʘ 

UZB 22:18:33.0 40.630 69.670 15 ʂʈ = 14.1, ʄʨ = 5.5 

ISC 22:18:32.5 40.912 69.286 12,7 Ms = 5.2/74; mb = 5.2 

NNC 22:18:29.7 40.804 69.040 0 ʂP = 13.5, mb = 6.0, mpv = 5.7 

NEIC 22:18:33.9 40.912 69.171 19.2 Mb = 5.3/80, Mw = 5.3 

IDC 22:18:30.5 40.855 69.227 0 Ms = 4.8/35; mb = 4.9/46 

BJI 22:18:30.7 40.930 69.340 7 Ms = 5.4/81, mb = 5.1/64 

http://maps.google.com/maps/api/staticmap?zoom=5&size=640x640&maptype=roadmap&markers=color:green%7Clabel:K%7C50.62,78.53&sensor=false
https://kndc.kz/kndc/images/network/bvar3.jpg
https://kndc.kz/kndc/images/network/bvar3.jpg
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SOME 22:18:33.2 40.733 69.483 15 MSʨʝʛ. = 5.5 

MOS 22:18:31.9 40.905 69.161 19 Ms = 5.2/28, MPSP = 5.5/51 

CA 22:18:31.9 40.850 69.110 - ʂP = 13.7, MPVA = 5.9 

ɻʉ ɸʅ ʈʊ 22:18:30.0 40.920 69.200 10 ʂʈ = 14.1 

ARRAY (ʛʨʫʧʧʘ) 22:18:32.0 40.820 69.460 10 Ml = 6.1 

 

ʇʨʦʚʝʜʝʥ ʪʘʢʞʝ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩ ʘʨʭʠʚʥʳʤʠ ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʀʥʩʪʠʪʫʪʘ 

ʩʝʡʩʤʦʣʦʛʠʠ ɸʅ ʈʋʟ (ʨʠʩ. 6). ʃʦʢʘʣʠʟaʮʠ̫ ʵʧʠʮʝʥʪʨʘ ʊʫʷʙʫʛʫʟʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚʳʧʦʣʥʝʥʘ ʧʦ 

ʜʘʥʥʳʤ ʰʝʩʪʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʂʦʤʧʣʝʢʩʥʦʡ ʵʢʩʧʝʜʠʮʠʠ ʀʥʩʪʠʪʫʪʘ ʩʝʡʩʤʦʣʦʛʠʠ ɸʅ ʈʋʟ 

(çʉʘʤʘʨʢʘʥʜè, çʏʘʨʚʘʢè, çɻʘʟʣʠè, çʅʫʨʘʪʘè, çɼʞʠʟʘʢè, çʊʘʰʢʝʥʪè). 

 

 
 

ʈʠʩ. 6. ʀʥʪʝʨʧʨʝʪaʮʠ̫ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʊʫʷʙʫʛʫʟʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ 
Winquake (ʩʢʦʨʦʩʪʥʘʷ ʤʦʜʝʣʴ IASP-91). 

 
Fig. 6. Interpretation of data processing of the Tuyabuguz earthquake in the Winquake program 

(velocity model IASP-91). 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʵʧʠʮʝʥʪʨʘ ʊʫʷʙʫʛʫʟʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʦʨʜʠʥʘʪʳ ʵʧʠʮʝʥʪʨʦʚ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʥʘʭʦʜʷʪʩʷ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʊʘʰʢʝʥʪʩʢʦʡ 

ʦʙʣʘʩʪʠ (ʨʠʩ. 7). ʈʘʟʙʨʦʩ ʨʝʰʝʥʠʡ ʧʦ ʛʣʫʙʠʥʝ ʨʘʚʝʥ h = 9,2 ʢʤ (10-19,2 ʢʤ), ʧʦ ʤʘʛʥʠʪʫʜʘʤ ï ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳ ʤʘʛʥʠʪʫʜʳ Ms, ʧʦ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʚʦʣʥʘʤ ï ʧʦ ʜʘʥʥʳʤ ʦʩʥʦʚʥʳʭ ʘʛʝʥʪʩʪʚ MOS ʠ ISC, 

Ms = 5,2. ʄʦʤʝʥʪʥʘʷ ʤʘʛʥʠʪʫʜʘ ʧʦ ʩʝʪʠ NEIC ʩʦʩʪʘʚʠʣʘ Mw = 5,3. ʉʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ 

ʦʯʘʛʘ ʩʦʩʪʘʚʣʷʝʪ h = 13 ʢʤ. ʉ ʧʨʠʤʝʥʝʥʠʝʤ ARRAY FK-ʘʥʘʣʠʟʘ ʦʙʨʘʙʦʪʢʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʛʨʫʧʧ 

ʨʝʟʫʣʴʪʘʪ ʵʧʠʮʝʥʪʨʘ ʩʦʙʳʪʠʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʶʞʥʝʝ, ʪʘʢ ʢʘʢ ʦʩʥʦʚʥʳʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʛʨʫʧʧʳ 

ʥʘʭʦʜʷʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. ɸʟʠʤʫʪ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʚʳʜʘʝʪ ʚʧʦʣʥʝ 

ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ.  

ɺʝʣʠʯʠʥʘ ʨʘʩʭʦʞʜʝʥʠʷ ʠʥʪʝʨʧʨʝʪaʮʠʠ ʧʦ Winquake (ʣʦʢʘʣʴʥʳʝ ʩʪʘʥʮʠʠ) ʠ GEOTOOL FK-

ʘʥʘʣʠʟ (ʧʦ ʩʝʡʩʤʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ) ʩʦʩʪʘʚʣʷʝʪ-14 ʢʤ.  
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ʈʠʩ. 7. ʃʦʢʘʣʠʟaʮʠ̫ ʧɻʠʮʝʥʪʨʘ ʊʫʷʙʫʛʫʟʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʦ ʨʝʰʝʥʠʷʤ ʨʘʟʥʳʭ 

ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ. (ARRAY ï ʵʧʠʮʝʥʪʨ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ FK-
ʘʥʘʣʠʟʘ).  

Fig. 7. Localization of the epicenter of the Tuyabuguz earthquake based on solutions from 
different seismological centers. (ARRAY is the epicenter obtained as a result of applying FK 

analysis). 

 

ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʤʘʣʦʘʧʝʨʪʫʨʥʦʡ ʛʨʫʧʧʳ ʧʝʨʚʠʯʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ɸʣʠʙʝʢ 

(GEYT) ʈʝʩʧʫʙʣʠʢʠ ʊʫʨʢʤʝʥʠʩʪʘʥ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʜʣʷ ʩʨʝʜʥʝʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʘ, ʜʠʘʧʘʟʦʥ ʢʦʪʦʨʦʡ 

ʩʦʩʪʘʚʣʷʝʪ 1 ɻʮ. ʃʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʢʘʟʘʥʘ ʛʨʘʜaʮʠ̫ʤʠ ʮʚʝʪʘ, 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʢʦʪʦʨʦʡ 10 ɻʮ (ʢʨʘʩʥʳʡ ʮʚʝʪ). FK ʜʠʘʛʨʘʤʤʘ ʜʣʷ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʩʠʛʥʘʣʘ ʧʦʢʘʟʘʣʘ ʟʥʘʯʝʥʠʝ ʩ ʤʝʜʣʝʥʥʦʩʪʴʶ (slowness) 23,3 ʩʝʢ/ʛʨʘʜʫʩ ʠ (Az) ʘʟʠʤʫʪ ʥʘ ʵʧʠʮʝʥʪʨ 

66Á (ʨʠʩ. 8). 

 

  
 

 

ʈʠʩ. 8. ʇʨʠʤʝʨ ʚʳʙʦʨʘ ʥʘʠʣʫʯʰʝʛʦ ʣʫʯʘ ʧʦ ʩʝʡʩʤʠʯʝʩʢʦʤʫ ʩʦʙʳʪʠʶ ʩʠʛʥʘʣʘ ʩʝʡʩʤʠʯʝʩʢʦʡ 
ʛʨʫʧʧʳ çɸʣʠʙʝʢè, (GEYT). ʈʝʩʧʫʙʣʠʢʘ ʊʫʨʢʤʝʥʠʩʪʘʥ. 

 
Fig. 8. An example of choosing the best beam based on a seismic event from the signal of the 

Alibek seismic group, (GEYT). Republic of Turkmenistan. 
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ʅʘ ʨʠʩ. 9 ʦʪʨʘʞʝʥ FK ʤʫʣʴʪʠʘʥʘʣʠʟ ʜʣʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʛʨʫʧʧʳ çʄʘʢʢʘʥʯʠè (MKAR). 

ɼʠʘʛʨʘʤʤʘ ʜʣʷ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʠʛʥʘʣʘ ʧʦʢʘʟʘʣʘ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩ ʤʝʜʣʝʥʥʦʩʪʴʶ (Sl)-

13,2 ʩʝʢ/ʛʨʘʜʫʩ ʠ (Az) ʘʟʠʤʫʪʦʤ 244Á. 
 

 

 
 

ʈʠʩ. 9. ʀʩʧʦʣʴʟʦʚʘʥʠʝ FK ʤʫʣʴʪʠʘʥʘʣʠʟʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʜʣʝʥʥʦʩʪʠ ʠ ʘʟʠʤʫʪʘ ʥʘ 
ʵʧʠʮʝʥʪʨ ʧʦ ʩʝʡʩʤʠʯʝʩʢʦʤʫ ʩʦʙʳʪʠʶ ʩʠʛʥʘʣʘ ʩʝʡʩʤʠʯʝʩʢʦʡ ʛʨʫʧʧʳ çʄʘʢʘʥʯʠè (MKAR). 

ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ. 
Fig. 9. Using FK multi-analysis to determine the slowness and azimuth to the epicenter of a 

seismic event signal from the Makanchi seismic group (MKAR). Republic of Kazakhstan. 
 

ʅʘ ʨʠʩ. 10 ï FK ʤʫʣʴʪʠʘʥʘʣʠʟ ʜʣʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʛʨʫʧʧʳ çʂʫʨʯʘʪʦʚ ʂʨʝʩʪè (KURK). 

ɼʠʘʛʨʘʤʤʘ ʜʣʷ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʠʛʥʘʣʘ ʧʦʢʘʟʘʣʘ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩ ʤʝʜʣʝʥʥʦʩʪʴʶ (Sl)-

12,9 ʩʝʢ/ʛʨʘʜʫʩ ʠ (Az) ʘʟʠʤʫʪʦʤ 218Á. 
 

 
  

ʈʠʩ. 10. ʇʨʠʤʝʥʝʥʠʝ 3D FK ʘʥʘʣʠʟʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʜʣʝʥʥʦʩʪʠ ʠ ʘʟʠʤʫʪʘ ʥʘ ʵʧʠʮʝʥʪʨ ʧʦ 
ʩʝʡʩʤʠʯʝʩʢʦʤʫ ʩʦʙʳʪʠʶ ʩʠʛʥʘʣʘ ʩʝʡʩʤʠʯʝʩʢʦʡ ʛʨʫʧʧʳ çʂʫʨʯʘʪʦʚ ʂʨʝʩʪè (KURK). 

ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ. 
Fig. 10. Application of 3D FK analysis to determine the slowness and azimuth to the epicenter of a 

seismic event signal from the Kurchatov Cross seismic group (KURK). Republic of Kazakhstan. 
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ʅʘ ʨʠʩ. 11 ʦʪʨʘʞʝʥ FK ʤʫʣʴʪʠʘʥʘʣʠʟ ʜʣʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʛʨʫʧʧʳ çɹʦʨʦʚʦʝè (BVAR). ɻʜʝ 

ʜʠʘʛʨʘʤʤʘ ʜʣʷ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʠʛʥʘʣʘ ʧʦʢʘʟʘʣʘ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩ ʤʝʜʣʝʥʥʦʩʪʴʶ (Sl)-

13,7 ʩʝʢ/ʛʨʘʜʫʩ ʠ (Az) ʘʟʠʤʫʪʦʤ 185Á. 
 

 
  

 

ʈʠʩ. 11. ʀʩʧʦʣʴʟʦʚʘʥʠʷ FK ʤʫʣʴʪʠʘʥʘʣʠʟʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʜʣʝʥʥʦʩʪʠ ʠ ʘʟʠʤʫʪʘ ʥʘ 
ʵʧʠʮʝʥʪʨ ʧʦ ʩʝʡʩʤʠʯʝʩʢʦʤʫ ʩʦʙʳʪʠʶ ʩʠʛʥʘʣʘ ʩʝʡʩʤʠʯʝʩʢʦʡ ʛʨʫʧʧʳ çɹʦʨʦʚʦʝè (BVAR). 

ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ. 
Fig. 11. Using FK multi-analysis to determine the slowness and azimuth to the epicenter of a 

seismic event signal from the Borovoye seismic group (BVAR). Republic of Kazakhstan. 
 

ʂʦʥʝʯʥʳʡ ʠʪʦʛ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ï ʣʦʢaʮʠ̫ ʧʦ ʩʝʡʩʤʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ ʠ ʙʶʣʣʝʪʝʥʴ 

ʩʦʙʳʪʠʷ ï ʥʘ ʨʠʩ. 12. 

 

 
ʈʠʩ. 12. ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʡʩʤʠʯʝʩʢʠʭ ʛʨʫʧʧ. ʉʚʝʨʭʫ ï ʙʶʣʣʝʪʝʥʴ 

ʩʦʙʳʪʠʡ, ʩʥʠʟʫ ï ʘʟʠʤʫʪ ʥʘ ʵʧʠʮʝʥʪʨ. 
Fig. 12. Results of processing using seismic groups. Above is the event bulletin, below is the 

azimuth to the epicenter. 
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ʉʦʙrʪʠʝ ʚʪʦʨʦʝ. ʈʘʩʩʤʦʪʨʠʤ ʨʝʰʝʥʠʝ ʚʦʧʨʦʩʘ ʥʘ ʧʨʠʤʝʨʝ ʄʘʨʞʘʥʙʫʣʘʢʩʢʦʛʦ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʦʠʟʦʰʣʦ 26 ʤʘʷ 2013 ʛ. ʚ 11 ʯ 08 ʤʠʥ ʧʦ ʊʘʰʢʝʥʪʩʢʦʤʫ ʚʨʝʤʝʥʠ  

(06 ʯ 08 ʤʠʥ ʧʦ ɻʨʠʥʚʠʯʫ), ʚ ɼʞʠʟʘʢʩʢʦʡ ʦʙʣʘʩʪʠ ʖʛʦ-ɿʘʧʘʜʥʦʛʦ ʋʟʙʝʢʠʩʪʘʥʘ, ʤʘʛʥʠʪʫʜʘ 

ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʠʣʘ M = 6,2 [10] (ʪʘʙʣ. 2). 
ʊʘʙʣʠʮʘ 2 

 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 26 ʤʘʷ 2013 ʛ., ʧʦ ʜʘʥʥʳʤ ʨʘʟʣʠʯʥʳʭ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ [10] 

 

Table 2 
Main parameters of the earthquake of May 26, 2013 according to data from various seismological centers [10] 

 

ʉʝʡʩʤʦʣʦʛʠʯʝʩʢʠʝ 

ʩʝʪʠ 
ɺʨʝʤʷ ʚ ʦʯʘʛʝ ʐʠʨʦʪʘ ɼʦʣʛʦʪʘ h ʄʘʛʥʠʪʫʜʘ 

UZB 06:08:16.1 39.96 67.34 16.5 ʂʈ = 15.0, M p = 6.0 

Tadj 06:08:16.0 39.90 67.60 10 ʂʈ = 15.0 

Asia 06:08:16.1 39.20 67.40 - ʂʈ = 14.0, MPVA = 6.2 

NNC 06:08:14.7 40.154 67.103 0 ʂʈ = 13.0, mb = 6.3, mpv = 6.2 

MOS 06:08:15.0 39.95 67.40 24 Ms = 5.9, Mw = 6.2 

ISC 06:08:15.3 39.950 67.436 15 Ms = 5.9, mb = 6.2 

NEIC 06:08:16.0 39.956 67.314 18 Mb = 6.2, Ms = 5.9 

IDC 06:08:13.1 39.850 67.380 0 Ms = 5.7, mb = 5.6 

BJI 06:08:13.3 39.970 67.39 20 Ms = 6.2, mb = 5.8 

GCMT 06:08:14.0 39.940 67.260 27 Mw = 5.8 

ARRAY (ʛʨʫʧʧʘ) 06:08:19.5 39.904 67.400 18 Ml = 6.1 

 

ʇʨʦʚʝʜʝʥ ʪʘʢʞʝ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩ ʘʨʭʠʚʥʳʤʠ ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʀʥʩʪʠʪʫʪʘ 

ʩʝʡʩʤʦʣʦʛʠʠ ɸʅ ʈʋʟ (ʨʠʩ. 13). ʃʦʢʘʣʠʟaʮʠ̫ ʵʧʠʮʝʥʪʨʘ ʄʘʨʞʘʥʙʫʣʘʢʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʚʳʧʦʣʥʝʥʘ ʧʦ ʜʘʥʥʳʤ ʯʝʪʳʨʝʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʂʦʤʧʣʝʢʩʥʦʡ ʵʢʩʧʝʜʠʮʠʠ ʀʥʩʪʠʪʫʪʘ 

ʩʝʡʩʤʦʣʦʛʠʠ ɸʅ ʈʋʟ (çʉʘʤʘʨʢʘʥʜè, çɻʘʟʣʠè, çʅʫʨʘʪʘè, çɼʞʠʟʘʢè, çʊʘʰʢʝʥʪè). 

 

 
 

ʈʠʩ. 13. ʀʥʪʝʨʧʨʝʪaʮʠ̫ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʄʘʨʞʘʥʙʫʣʘʢʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ 
Winquake (ʩʢʦʨʦʩʪʥʘʷ ʤʦʜʝʣʴ IASP-91). 

Fig. 13. Interpretation of Marzhanbulak earthquake data processing in the Winquake program 
(velocity model IASP-91). 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʵʧʠʮʝʥʪʨʘ ʄʘʨʞʘʥʙʫʣʘʢʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʥʘʭʦʜʷʪʩʷ ʚ ʟʘʧʘʜʥʦʡ ʠ 

ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɼʞʠʟʘʢʩʢʦʡ ʦʙʣʘʩʪʠ (ʨʠʩ. 14). ʈʘʟʙʨʦʩ ʨʝʰʝʥʠʡ ʧʦ ʛʣʫʙʠʥʝ ʚ ʩʨʝʜʥʝʤ 

ʩʦʩʪʘʚʠʣ h = 13 ʢʤ (0-27 ʢʤ), ʧʦ ʤʘʛʥʠʪʫʜʘʤ ï ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʤʘʛʥʠʪʫʜʳ MS, ʧʦ ʧʦʚʝʨʭʥʦʩʪʥʳʤ 

ʚʦʣʥʘʤ ï ʧʦ ʜʘʥʥʳʤ ʦʩʥʦʚʥʳʭ ʘʛʝʥʪʩʪʚ MOS ʠ ISC, Ms = 5,9. ʄʦʤʝʥʪʥʘʷ ʤʘʛʥʠʪʫʜʘ ʧʦ ʩʝʪʠ NEIC 


