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The results of investigations of secondary mineral formation of the lower Cretaceous sediments of the 

Bolshekhetskaya depression (the territory of activity of LLC LUKOIL-Western Siberia). On the basis of the stage 

analysis were studied secondary transformations with the use of optical and electron microscopy, x-ray diffraction 

analysis. 
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ʅʠʞʥʝʤʝʣʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ɹʦʣʴʰʝʭʝʪʩʢʦʡ ʚʧʘʜʠʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʚʳʩʦʢʦʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʝ ʟʘʣʝʞʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʥʘ ʇʷʢʷʭʠʥʩʢʦʤ, 

ʍʘʣʴʤʝʨʧʘʶʪʠʥʩʢʦʤ ʠ ʖʞʥʦ-ʄʝʩʩʦʷʭʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ (ʪʝʨʨʠʪʦʨʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʆʆʆ 

çʃʋʂʆʁʃ-ɿʘʧʘʜʥʘʷ ʉʠʙʠʨʴè), ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤʠ (ʢʘʪʘʛʝʥʝʪʠʯʝʩʢʠʤʠ) 

ʘʥʦʤʘʣʠʷʤʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʥʠ ʚʳʨʘʞʘʶʪʩʷ ʚ ʨʝʟʢʦʤ ʚʦʟʨʘʩʪʘʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʘʫʪʠʛʝʥʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʠ ʠʭ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ, ʥʝ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʘʜʠʠ ʠʟʤʝʥʝʥʠʷ 

ʧʦʨʦʜ. ʇʦʜʦʙʥʳʝ ʘʥʦʤʘʣʴʥʳʝ ʟʦʥʳ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʠ ʠʭ ʨʘʟʚʠʪʠʝ 

ʩʚʷʟʘʥʦ ʩ ʤʠʛʨʘʮʠʝʡ ʧʦʪʦʢʦʚ ʬʣʶʠʜʦʚ ʧʦ ʜʝʡʩʪʚʫʶʱʠʤ ʛʣʫʙʠʥʥʳʤ ʨʘʟʣʦʤʘʤ, ʧʨʦʥʠʢʘʶʱʠʤ ʠʟ 

ʬʫʥʜʘʤʝʥʪʘ ʚ ʨʘʟʣʠʯʥʳʝ ʫʨʦʚʥʠ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ.  

ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ ʚʳʜʝʣʝʥʳ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʢʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʢʫʨʩʢʦʡ, ʪʘʥʛʘʣʦʚʩʢʦʡ, ʩʦʨʪʳʤʩʢʦʡ (ʟʘʧʦʣʷʨʥʦʡ) ʠ 

ʤʝʛʠʦʥʩʢʦʡ ʩʚʠʪ ʚ ʧʨʝʜʝʣʘʭ ʇʷʢʷʭʠʥʩʢʦʛʦ, ʍʘʣʴʤʝʨʧʘʶʪʠʥʩʢʦʛʦ, ʉʝʚʝʨʦ-ʍʘʣʴʤʝʨʧʘʶʪʠʥʩʢʦʛʦ, 

ʖʞʥʦ-ʄʝʩʩʦʷʭʩʢʦʛʦ ʠ ʉʘʣʝʢʘʧʪʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ.  
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ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʦʙʲʝʢʪʳ ʥʘʭʦʜʷʪʩʷ ʚ ʥʘʠʙʦʣʝʝ ʧʦʛʨʫʞʝʥʥʦʡ ʯʘʩʪʠ ʅʘʜʳʤ-ʊʘʟʦʚʩʢʦʡ 

ʩʠʥʝʢʣʠʟʳ [2] ʚ ʟʦʥʝ ʩʦʯʣʝʥʝʥʠʷ ʊʘʟʦʚʩʢʦʛʦ ʠ ʋʨʝʥʛʦʡʩʢʦʛʦ ʬʘʮʠʘʣʴʥʳʭ ʨʘʡʦʥʦʚ [1]. ʅʘ ʙʦʣʴʰʝʡ 

ʯʘʩʪʠ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʚʠʪ ʪʘʟʦʚʩʢʠʡ ʪʠʧ ʨʘʟʨʝʟʘ, ʛʜʝ ʚʳʜʝʣʷʶʪʩʷ (ʩʥʠʟʫ-ʚʚʝʨʭ): ʤʝʛʠʦʥʩʢʘʷ, 

ʟʘʧʦʣʷʨʥʘʷ, ʤʘʣʦʭʝʪʩʢʘʷ ʠ ʧʦʢʫʨʩʢʘʷ ʩʚʠʪʳ, ʚ ʋʨʝʥʛʦʡʩʢʦʤ ʨʘʡʦʥʝ ʚʳʜʝʣʝʥʳ ʩʦʨʪʳʤʩʢʘʷ ʠ 

ʪʘʥʛʘʣʦʚʩʢʘʷ ʩʚʠʪʳ. ʇʨʠ ʵʪʦʤ ʇʷʢʷʭʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʝ, ʚ 

ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʵʣʝʤʝʥʪʳ ʨʘʟʥʳʭ ʪʠʧʦʚ. ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʚʪʦʨʠʯʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʠ ʩʪʨʫʢʪʫʨ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦ ʚʪʦʨʠʯʥʳʭ ʧʨʦʮʝʩʩʘʭ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʦʨʦʜ, ʤʦʛʫʪ ʙʳʪʴ ʥʘʟʚʘʥʳ ʪʘʢʠʝ, ʢʘʢ ʨʝʛʝʥʝʨʘʮʠʷ ʢʚʘʨʮʘ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʥʘʨʫʰʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʙʠʦʪʠʪʘ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʮʝʦʣʠʪʦʚ ʠ ʢʘʣʴʮʠʪʘ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨ ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ 

ʧʝʩʯʘʥʳʤʠ ʟʝʨʥʘʤʠ (ʨʠʩ. 1). 

 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʫʪʠʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ 

ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʥʠʞʥʝʤʝʣʦʚʳʭ ʧʝʩʯʘʥʠʢʦʚ ɹʦʣʴʰʝʭʝʪʩʢʦʡ ʚʧʘʜʠʥʳ 

(ʟʘʧʦʣʷʨʥʘʷ (zap), ʤʝʛʠʦʥʩʢʘʷ (mg), ʧʦʢʫʨʩʢʘʷ (pk), ʪʘʥʛʘʣʦʚʩʢʘʷ (tng) ʠ ʩʦʨʪʳʤʩʢʘʷ (srt) ʩʚʠʪʳ) 

ʈʝʛʝʥʝʨʘʮʠʷ ʢʚʘʨʮʘ ʨʘʟʚʠʪʘ ʧʦʚʩʝʤʝʩʪʥʦ, ʥʦ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ. ʏʘʱʝ ʚʩʝʛʦ ʦʥʘ 

ʫʤʝʨʝʥʥʘʷ (ʟʘʪʨʦʥʫʪʳ ʜʦ 10-25 % ʟʝʨʝʥ), ʨʝʞʝ ʩʣʘʙʘʷ (ʜʦ 10 %), ʚ ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʷʭ ʩʠʣʴʥʘʷ 

(ʩʚʳʰʝ 25 %).  

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ. ʀʥʪʝʥʩʠʚʥʦʡ ʧʝʣʠʪʠʟʘʮʠʠ (ʜʦ 40 % ʟʝʨʝʥ), 

ʩʝʨʠʮʠʪʠʟʘʮʠʠ (ʜʦ 15 %) ʠ ʨʘʩʪʚʦʨʝʥʠʶ (ʜʦ 5 %) ʧʦʜʚʝʨʛʣʠʩʴ ʧʣʘʛʠʦʢʣʘʟʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʫʤʝʥʴʰʠʣʘʩʴ ʧʨʦʟʨʘʯʥʦʩʪʴ ʟʝʨʝʥ ʜʦ ʧʦʣʥʦʛʦ ʠʭ ʟʘʪʝʤʥʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʣʢʠʭ ʯʝʰʫʝʢ ʢʘʣʠʝʚʳʭ ʛʠʜʨʦʩʣʶʜ.  

ɻʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ, ʥʘʨʷʜʫ ʩ ʮʝʦʣʠʪʘʤʠ ʠ ʢʘʣʴʮʠʪʦʤ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʮʝʤʝʥʪʠʨʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ. ʏʘʱʝ ʚʩʝʛʦ ʵʪʦ ï ʢʘʦʣʠʥʠʪ, ʚʳʧʦʣʥʷʶʱʠʡ ʧʦʨʳ. ɺ ʪʝʩʥʦʤ 

ʧʘʨʘʛʝʥʝʟʠʩʝ ʩ ʢʘʦʣʠʥʠʪʦʤ ʧʨʠʩʫʪʩʪʚʫʝʪ ʛʠʜʨʦʩʣʶʜʘ (ʠʣʣʠʪ), ʬʦʨʤʠʨʫʶʱʘʷ ʩʧʣʦʰʥʳʝ ʠ 

ʧʨʝʨʳʚʠʩʪʳʝ ʢʘʝʤʢʠ ʚʦʢʨʫʛ ʟʝʨʝʥ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʠ ʢʚʘʨʮʘ (ʧʣʝʥʦʯʥʳʡ ʮʝʤʝʥʪ). ɺ ʢʘʯʝʩʪʚʝ 

ʮʝʤʝʥʪʠʨʫʶʱʝʛʦ ʤʠʥʝʨʘʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʪʘʢʞʝ ʠ ʭʣʦʨʠʪ. ʆʙʨʘʟʦʚʘʥʠʝ ʘʫʪʠʛʝʥʥʦʛʦ ʭʣʦʨʠʪʘ 

ʩʚʷʟʘʥʦ, ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʩ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʛʠʜʨʦʩʣʶʜ ʠ ʩʤʝʰʘʥʦʩʣʦʡʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʩ 

ʚʳʜʝʣʝʥʠʝʤ Mg2+ ʠ Fe3+, ʘ ʪʘʢʞʝ Al 3+ ʠʟ ʢʘʦʣʠʥʠʪʘ [3, 4].  

ɻʠʜʨʘʪʘʮʠʷ ʙʠʦʪʠʪʘ. ɺ ʭʦʜʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘʨʫʰʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʤʠʥʝʨʘʣʘ. ʇʨʠ ʵʪʦʤ ʧʣʘʩʪʠʥʢʠ ʝʛʦ ʜʝʬʦʨʤʠʨʫʶʪʩʷ, ʨʘʩʱʝʧʣʷʶʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʚʦʣʦʢʥʘ 

ʠ ʧʨʠʦʙʨʝʪʘʶʪ ʟʝʣʝʥʦʚʘʪʦ-ʙʫʨʫʶ ʧʣʝʦʭʨʦʠʨʫʶʱʫʶ ʦʢʨʘʩʢʫ. ɺ ʧʝʩʯʘʥʠʢʘʭ ʩʦʨʪʳʤʩʢʦʡ 

(ʟʘʧʦʣʷʨʥʦʡ), ʦʩʦʙʝʥʥʦ ʤʝʛʠʦʥʩʢʦʡ ʩʚʠʪʳ ʉʝʚʝʨʦ-ʍʘʣʴʤʝʨʧʘʶʪʠʥʩʢʦʛʦ, ʍʘʣʴʤʝʨʧʘʶʪʠʥʩʢʦʛʦ ʠ 

ʉʘʣʝʢʘʧʪʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʧʣʘʩʪʠʥʢʘʭ ʙʠʦʪʠʪʘ ʦʪʤʝʯʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʨʘʩʩʝʷʥʥʦʡ 

ʚʢʨʘʧʣʝʥʥʦʩʪʠ ʩʠʜʝʨʠʪʘ, ʠʥʦʛʜʘ ʧʠʨʠʪʘ, ʯʪʦ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʚʷʟʘʥʦ ʩ ʚʳʥʦʩʦʤ ʯʘʩʪʠ K+ ʠʟ 

ʤʝʞʩʣʦʝʚʳʭ ʧʨʦʤʝʞʫʪʢʦʚ, ʘ ʪʘʢʞʝ Mg2+, Fe2+, Fe3+ [4]. ʈʘʩʧʨʦʩʪʨʘʥʝʥʦ ʨʘʟʚʠʪʠʝ ʭʣʦʨʠʪʘ ʧʦ 
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ʦʪʜʝʣʴʥʳʤ ʚʦʣʦʢʥʘʤ ʙʠʦʪʠʪʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʧʨʠʦʙʨʝʪʝʥʠʝʤ ʟʝʣʝʥʦʚʘʪʦʡ ʦʢʨʘʩʢʠ ʠ ʩʣʘʙʦʛʦ 

ʧʣʝʦʭʨʦʠʟʤʘ.  
ʂʘʣʴʮʠʪ ʪʦʞʝ ʟʘʥʠʤʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʚʪʦʨʠʯʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʝʩʯʘʥʠʢʦʚ. ʆʥ ʨʘʩʧʨʝʜʝʣʝʥ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʚʣʠʷʥʠʝʤ 

ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʣʠʙʦ ʵʢʩʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʧʨʠʪʦʢʦʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʤʠʛʨʘʮʠʶ ʢʦʪʦʨʳʭ 

ʚʳʟʚʘʣʠ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ.  

ʎʝʦʣʠʪʳ ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʩʨʝʜʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʀʭ ʥʘʣʠʯʠʝ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʫʞʝ ʧʨʠ ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥʢʝ ʢʝʨʥʘ, ʛʜʝ ʦʥʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʩʚʝʪʣʳʭ ʧʷʪʝʥ 

ʧʦʣʫʦʚʘʣʴʥʦʡ ʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʤʝʪʨʦʚ. 

ʀʥʦʛʜʘ ʢʦʣʠʯʝʩʪʚʦ ʠʭ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 40 % ʦʪ ʦʙʲʝʤʘ ʧʦʨʦʜʳ. ɺ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʮʝʦʣʠʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʦʤʦʥʪʠʪʦʤ, ʚ ʚʠʜʝ ʝʛʦ ʢʘʣʴʮʠʝʚʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ (CaAl2Si4O12Ā4H2O). 

ʅʦʚʦʦʙʨʘʟʦʚʘʥʥʳʝ ʮʝʦʣʠʪʳ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʠʤʝʶʪ ʥʘʣʦʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʨʠʯʝʤ ʧʨʦʷʚʣʷʝʪʩʷ 

ʦʥ ʠʟʙʠʨʘʪʝʣʴʥʦ.  

ʃʝʡʢʦʢʩʝʥ, ʵʧʠʜʦʪ, ʧʠʨʠʪ, ʤʘʨʢʘʟʠʪ, ʩʠʜʝʨʠʪ. ɺʳʜʝʣʝʥʠʷ ʣʝʡʢʦʢʩʝʥʘ ʠʥʦʛʜʘ ʦʙʨʘʟʫʶʪ 

ʠʟʚʠʣʠʩʪʳʝ ʠ ʧʨʝʨʳʚʠʩʪʳʝ ʧʣʝʥʢʠ ʚʦʢʨʫʛ ʦʙʣʦʤʦʯʥʳʭ ʟʝʨʝʥ. ʇʦ ʤʥʝʥʠʶ ʆ.ʉ. ʂʦʯʝʪʢʦʚʘ, 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʩʪʷʞʝʥʠʡ TiO2 ʠʟ ʚʤʝʱʘʶʱʝʛʦ 

ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʦ-ʩʣʶʜʠʩʪʦʛʦ ʤʘʪʨʠʢʩʘ ʚ ʭʦʜʝ ʢʘʪʘʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɸʫʪʠʛʝʥʥʳʡ ʵʧʠʜʦʪ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ ʤʝʣʢʠʭ ʟʝʨʝʥ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʠ ʪʦʥʢʦʘʛʨʝʛʘʪʥʳʭ ʩʢʦʧʣʝʥʠʡ. ʇʝʨʚʘʷ 

ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʧʨʦʟʨʘʯʥʘʷ, ʩʣʘʙʦ ʦʢʨʘʰʝʥʥʘʷ ʚ ʟʝʣʝʥʦʚʘʪʦ-ʞʝʣʪʳʡ ʮʚʝʪ, ʚʳʩʦʢʦʝ 

ʜʚʫʧʨʝʣʦʤʣʝʥʠʝ, ʷʨʢʠʝ ʮʚʝʪʘ ʠʥʪʝʨʬʝʨʝʥʮʠʠ. ɺʪʦʨʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ, ʢʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, 

ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʟʝʨʥʘʤ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʚ ʚʠʜʝ ʨʘʩʩʝʷʥʥʦʡ ʚʢʨʘʧʣʝʥʥʦʩʪʠ.  ʉʫʣʴʬʠʜʳ ʞʝʣʝʟʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʘʨʘʛʝʥʝʟʠʩʦʤ ʜʚʫʭ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ï ʧʠʨʠʪʦʤ ʠ ʤʘʨʢʘʟʠʪʦʤ. ʆʥʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʝʨʘʚʥʦʤʝʨʥʦ ʧʦ ʨʘʟʨʝʟʫ ʚʩʝʭ ʠʟʫʯʘʝʤʳʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ. ʇʦ 

ʤʝʨʝ ʥʘʨʘʩʪʘʥʠʷ ʩʪʝʧʝʥʠ ʢʘʪʘʛʝʥʝʟʘ ʧʨʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʣʶʜʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʩʙʨʦʰʝʥʥʦʛʦ ʞʝʣʝʟʘ ʠ ʤʘʛʥʠʷ, ʧʨʠ ʵʪʦʤ ʬʦʨʤʠʨʫʝʪʩʷ ʧʝʣʠʪʦʤʦʨʬʥʳʡ ʩʠʜʝʨʠʪ, ʦʙʨʘʟʫʷ 

ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʧʦ ʙʠʦʪʠʪʫ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʥʠʞʥʝʤʝʣʦʚʳʭ ʘʣʝʚʨʠʪʦ-

ʧʝʩʯʘʥʳʭ ʧʦʨʦʜ ʭʘʨʘʢʪʝʨʝʥ ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʢʦʤʧʣʝʢʩ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʩʪʨʫʢʪʫʨ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦ ʩʪʘʜʠʠ ʬʦʥʦʚʦʛʦ ʢʘʪʘʛʝʥʝʟʘ ʠ ʦ ʥʘʣʦʞʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ. ʇʨʠ ʵʪʦʤ ʚʝʨʭʥʷʷ 

ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʥʠʞʥʝʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ɹʦʣʴʰʝʭʝʪʩʢʦʡ ʚʧʘʜʠʥʳ ʦʪʚʝʯʘʝʪ ʟʦʥʝ ʩʨʝʜʥʝʛʦ ʢʘʪʘʛʝʥʝʟʘ 

(ʛʨʘʜʘʮʠʷ ʄʂ2), ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʠʥʪʝʥʩʠʚʥʦʡ ʨʝʛʝʥʝʨʘʮʠʝʡ ʢʚʘʨʮʘ, ʚʥʫʪʨʠʩʣʦʡʥʳʤ 

ʨʘʩʪʚʦʨʝʥʠʝʤ ʥʝʫʩʪʦʡʯʠʚʳʭ ʩʣʶʜ ʠ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʛʠʜʨʦʩʣʶʜʠʟʘʮʠʝʡ, ʭʣʦʨʠʪʠʟʘʮʠʝʡ ʠ 

ʢʘʣʴʮʠʪʠʟʘʮʠʝʡ. ɸʥʘʣʠʟ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ʩʦʨʪʳʤʩʢʘʷ, ʤʝʛʠʦʥʩʢʘʷ ʩʚʠʪʳ) ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʨʦʜʳ 

ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʜʦ ʩʪʘʜʠʠ ʛʣʫʙʦʢʦʛʦ ʢʘʪʘʛʘʥʝʟʘ (ʛʨʘʜʘʮʠʷ ʄʂ3). ʍʦʨʦʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʪʘʢʦʡ 

ʩʪʝʧʝʥʠ ʠʟʤʝʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʟʝʨʥʘʭ ʢʚʘʨʮʘ ʧʨʝʨʳʚʠʩʪʳʭ ʨʝʛʝʥʝʨʘʮʠʦʥʥʳʭ ʢʘʝʤʦʢ ʠ 

ʯʘʩʪʠʯʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʛʨʘʥʝʡ, ʟʘʤʝʱʝʥʠʝ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʥʘʣʠʯʠʝ 

ʘʩʩʦʮʠʘʮʠʠ ʭʣʦʨʠʪ-ʛʠʜʨʦʩʣʶʜʘ, ʣʦʤʦʥʪʠʪ ʚ ʧʘʨʘʛʝʥʝʟʠʩʝ ʩ ʵʧʠʜʦʪʦʤ ʠ ʢʘʣʴʮʠʪʦʤ, ʜʦʤʠʥʠʨʦʚʘʥʠʝ 

ʢʦʥʬʦʨʤʥʳʭ ʤʝʞʟʝʨʥʦʚʳʭ ʢʦʥʪʘʢʪʦʚ. ʇʨʠ ʵʪʦʤ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʣ ʥʝʨʘʚʥʦʤʝʨʥʦ, 

ʧʫʣʴʩʘʮʠʦʥʥʦ, ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ. 
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ʉʦʛʣʘʩʥʦ ʧʦʩʣʝʜʥʝʡ ʦʬʠʮʠʘʣʴʥʦʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ ʧʝʨʩʧʝʢʪʠʚ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ 

ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 01.01.2009 ʛ. ʠʟʚʣʝʢʘʝʤʳʡ ʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ ʥʝʬʪʠ, ʛʘʟʘ ʠ ʢʦʥʜʝʥʩʘʪʘ ʤʦʨʷ 

ʃʘʧʪʝʚʳʭ ʦʮʝʥʝʥ ʚ 4,1 ʤʣʨʜ ʪʦʥʥ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ (ʪʫʪ), ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 3,6 % ʥʘʯʘʣʴʥʳʭ 

ʩʫʤʤʘʨʥʳʭ ʨʝʩʫʨʩʦʚ (ʅʉʈ) ɸʨʢʪʠʯʝʩʢʦʛʦ ʰʝʣʴʬʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ɺ ʧʝʨʠʦʜ ʩ 2012-2019 ʛʛ. 

ʚ ʤʦʨʝ ʃʘʧʪʝʚʳʭ ʚʳʧʦʣʥʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʝʤʳ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʦʪʨʘʙʦʪʘʥʦ 23000 ʧʦʛʦʥʥʳʭ ʢʤ ʩʝʡʩʤʦʧʨʦʬʠʣʝʡ 2D.  ɺʩʝʛʦ ʥʘ ʘʢʚʘʪʦʨʠʠ ʤʦʨʷ ʃʘʧʪʝʚʳʭ ʦʪʨʘʙʦʪʘʥʦ 

ʙʦʣʝʝ 64000 ʧʦʛʦʥʥʳʭ ʢʤ ʩʝʡʩʤʦʧʨʦʬʠʣʝʡ 2D. ʇʣʦʪʥʦʩʪʴ ʧʨʦʚʝʜʝʥʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʨʘʙʦʪ 

ʩʦʩʪʘʚʣʷʝʪ 0,1 ʧ.ʢʤ/ʢʤ2, ʯʪʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʟʘʚʝʨʰʝʥʠʷ ʵʪʘʧʘ ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʘʙʦʪ. ʂʦʤʧʣʝʢʩʥʳʝ 

ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 2011-2014 ʛ.ʛ. ʧʨʦʚʦʜʠʣʠʩʴ ʪʘʢʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʢʘʢ ɸʆ çʈʦʩʛʝʦè 

(çʖʞʤʦʨʛʝʦʣʦʛʠʷè, ɸʆ çʉʄʅɻè) ʠ ʆɸʆ çʄɸɻʕè. ʉʣʘʙʦʠʟʫʯʝʥʥʦʡ ʦʩʪʘʝʪʩʷ ʟʦʥʘ ʩʦʯʣʝʥʝʥʠʷ 

ʃʘʧʪʝʚʦʤʦʨʩʢʦʛʦ ʰʝʣʴʬʘ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ (ʨʠʩ.1).  

ɹʦʣʴʰʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʨʳʪʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʤʦʨʝ ʃʘʧʪʝʚʳʭ ʩʚʷʟʘʥʘ ʩ ʥʘʣʠʯʠʝʤ ʧʨʷʤʳʭ 

ʧʨʠʟʥʘʢʦʚ ʥʝʬʪʝʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʊʘʢ ʚ ʍʘʪʘʥʛʩʢʦʤ ʟʘʣʠʚʝ ʤʦʨʷ ʃʘʧʪʝʚʳʭ ʚ 2017 ʛ. ʦʪʢʨʳʪʦ 

ʢʨʫʧʥʦʝ ʎʝʥʪʨʘʣʴʥʦ-ʆʣʴʛʠʥʩʢʦʝ ʥʝʬʪʷʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʩʦʛʣʘʩʥʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʙʘʣʘʥʩʫ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩʫʤʤʘʨʥʳʝ ʠʟʚʣʝʢʘʝʤʳʝ ʟʘʧʘʩʳ ʧʦ ʢʘʪʝʛʦʨʠʠ ʉ1+ʉ2 ʩʦʩʪʘʚʣʷʶʪ 80,4 ʤʣʥ 

ʪʫʪ ʥʝʬʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʠʟʚʝʩʪʝʥ ʨʷʜ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 
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(ʊʠʛʷʥʩʢʦʝ, ʀʣʴʠʥʩʢʦʝ, ʂʦʞʝʚʥʠʢʦʚʩʢʦʝ ʠ ʖʞʥʦ-ʊʠʛʷʥʩʢʦʝ), ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʧʝʨʤʩʢʠʤ 

ʦʪʣʦʞʝʥʠʷʤ, ʥʘ ʅʦʨʜʚʠʢʩʢʦʡ ʧʣʦʱʘʜʠ ʧʦʣʫʯʝʥʘ ʥʝʬʪʴ ʠʟ ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ, ʥʘ ʏʘʡʜʘʭʩʢʦʡ 

ʧʣʦʱʘʜʠ ʦʪʢʨʳʪʘ ʛʘʟʦʚʘʷ ʟʘʣʝʞʴ ʚ ʦʪʣʦʞʝʥʠʷʭ ʥʠʞʥʝʡ ʧʝʨʤʠ, ʠ ʠʟʚʝʩʪʝʥ ʨʷʜ ʩʢʦʧʣʝʥʠʡ ʧʨʠʨʦʜʥʳʭ 

ʙʠʪʫʤʦʚ ʚ ʦʪʣʦʞʝʥʠʷʭ ʦʪ ʚʝʥʜʘ ʜʦ ʢʘʨʙʦʥʘ-ʧʝʨʤʠ (ɸʥʘʙʘʨʩʢʦʝ ʠ ʆʣʝʥʝʢʩʢʦʝ ʙʠʪʫʤʥʳʝ ʧʦʣʷ). 

ʇʝʨʩʧʝʢʪʠʚʳ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʶʞʥʦʡ ʯʘʩʪʠ ʰʝʣʴʬʘ ʤʦʨʷ ʃʘʧʪʝʚʳʭ ʩʚʷʟʘʥʳ ʢʘʢ ʩ 

ʥʘʣʠʯʠʝʤ ʚ ʨʘʟʨʝʟʝ ʩʦʣʷʥʦʢʫʧʦʣʴʥʦʡ ʪʝʢʪʦʥʠʢʠ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʊʘʡʤʳʨʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʧʦ ʢʦʤʧʣʝʢʩʫ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [3], ʪʘʢ ʠ ʩ ʤʦʱʥʳʤʠ ʧʘʣʝʦʜʝʣʴʪʦʚʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ, ʨʘʟʚʠʪʠʝ ʢʦʪʦʨʳʭ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʧʦ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʦʙʩʪʘʥʦʚʢʘʤ 

ʦʢʨʫʞʘʶʱʠʭ ʨʘʡʦʥʦʚ [1,7]. 

ʃʘʧʪʝʚʦʤʦʨʩʢʠʡ ʨʝʛʠʦʥ ʠʤʝʝʪ ʫʥʠʢʘʣʴʥʦʝ ʪʝʢʪʦʥʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ. ɿʜʝʩʴ ʧʨʦʠʩʭʦʜʠʪ 

ʩʦʯʣʝʥʝʥʠʝ ʘʢʪʠʚʥʦʛʦ ʩʧʨʝʜʠʥʛʦʚʦʛʦ ʭʨʝʙʪʘ ɻʘʢʢʝʣʷ ʠ ʚʧʘʜʠʥʳ ɽʚʨʘʟʠʡʩʢʦʛʦ ʩʫʙʙʘʩʩʝʡʥʘ ʩ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʦʡ ɽʚʨʘʟʠʠ. ʉʦ ʩʪʦʨʦʥʳ ʤʘʪʝʨʠʢʦʚʦʡ ʯʘʩʪʠ ʨʝʛʠʦʥ ʦʢʨʫʞʝʥ 

ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʤʠ ʩʢʣʘʜʯʘʪʳʤʠ ʧʦʷʩʘʤʠ ʠ ʜʨʝʚʥʠʤʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ ʙʣʦʢʘʤʠ. ʉʦʛʣʘʩʥʦ ʩʭʝʤʘʤ 

ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ ʈʌ ʣʠʩʪʦʚ S-49,50,51,52, ʚ 

ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʨʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥ ʚ ʟʦʥʝ ʩʦʯʣʝʥʝʥʠʷ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ 

ʥʘʜʧʦʨʷʜʢʦʚʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ: ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʉʠʙʠʨʩʢʦʡ ʜʨʝʚʥʝʡ (ʵʧʠʢʘʨʝʣʴʩʢʦʡ) 

ʧʣʘʪʬʦʨʤʳ, ʊʘʡʤʳʨʦ-ʉʝʚʝʨʦʟʝʤʝʣʴʩʢʦʡ (ʨʘʥʥʝʢʠʤʤʝʨʠʡʩʢʦʡ) ʠ ɺʝʨʭʦʷʥʦ-ʂʦʣʳʤʩʢʦʡ 

(ʧʦʟʜʥʝʢʠʤʤʝʨʠʡʩʢʦʡ) ʩʢʣʘʜʯʘʪʳʭ ʦʙʣʘʩʪʝʡ ʠ (ʵʧʠʧʦʟʜʥʝʢʠʤʤʝʨʠʡʩʢʦʡ) ʍʘʪʘʥʛʩʢʦ-

ʃʘʧʪʝʚʦʤʦʨʩʢʦʡ ʧʣʠʪʳ [5]. 

 

                                     ʃ           ʊ            ɸʍ             ʃɸ            ʆ  

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʝʢʪʦʥʦ-ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʟʦʥ ʤʦʨʷ ʃʘʧʪʝʚʳʭ ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 

ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1-ʩʝʡʩʤʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ, 2 ï ʩʢʚʘʞʠʥʳ, 3 -  ʛʨʘʥʠʮʳ ʪʝʢʪʦʥʦ-ʩʝʜʝʤʝʥʪʘʮʠʦʥʥʳʭ 

ʟʦʥ, 4- ʃʘʧʪʝʚʩʢʘʷ, 5ï ʊʘʡʤʳʨʩʢʘʷ, 6 - ɸʥʘʙʘʨʦ-ʍʘʪʘʥʛʩʢʘʷ, 7 - ʃʝʥʦ-ɸʥʘʙʘʨʩʢʘʷ, 8 ï ʆʤʦʣʦʡʩʢʘʷ 

ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʣʦʞʥʦʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʦʙʣʘʩʪʠ ʩʦʯʣʝʥʝʥʠʷ ʶʞʥʦʡ ʯʘʩʪʠ ʤʦʨʷ 

ʃʘʧʪʝʚʳʭ ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ʆʪʩʫʪʩʪʚʫʝʪ ʝʜʠʥʦʝ ʤʥʝʥʠʝ ʦ ʚʦʟʨʘʩʪʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʦʩʘʜʦʯʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʠ ʧʨʠʨʦʜʳ ʬʫʥʜʘʤʝʥʪʘ ʶʞʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʃʘʧʪʝʚʳʭ. 

ʅʦʚʳʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠ ʢʦʤʧʣʝʢʩʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʭ ʜʘʥʥʳʭ 

ʨʘʟʥʳʭ ʣʝʪ ʩʦʚʤʝʩʪʥʦ ʧʦ ʚʩʝʤ ʚʳʜʝʣʝʥʥʳʤ ʨʘʡʦʥʘʤ ʧʦʟʚʦʣʷʝʪ ʫʪʦʯʥʠʪʴ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ 

ʩʪʨʫʢʪʫʨ ʶʞʥʦʡ ʯʘʩʪʠ ʰʝʣʴʬʘ ʤʦʨʷ ʃʘʧʪʝʚʳʭ ʠ ʟʦʥʳ ʠʭ ʩʦʯʣʝʥʝʥʠʷ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 
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ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʧʦʣʫʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘ ʠ 

ʩʜʝʣʘʪʴ ʦʮʝʥʢʫ ʧʝʨʩʧʝʢʪʠʚ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ, ʚʟʷʚ ʟʘ ʘʥʘʣʦʛ ʦʢʨʘʠʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʙʘʩʩʝʡʥʳ 

ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ  (ʜʝʣʴʪʫ ʄʘʢʢʝʥʟʠ), ʘ ʪʘʢʞʝ ʉʝʚʝʨʥʦʛʦ ʤʦʨʷ [5,7]. 

 ɼʣʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ ʧʦ ʨʝʛʠʦʥʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʧʨʠʥʮʠʧʳ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʥʳʝ ʖ.ɽ. ʇʦʛʨʝʙʠʮʢʠʤ, ʛʣʘʚʥʳʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʚ ʨʘʟʨʝʟʝ 

ʢʨʫʧʥʳʭ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʨʘʟʜʝʣʸʥʥʳʭ ʧʝʥʝʧʣʝʥʘʤʠ (ʧʦʚʝʨʭʥʦʩʪʷʤʠ 

ʢʨʫʧʥʳʭ ʥʝʩʦʛʣʘʩʠʡ, ʨʘʟʤʳʚʦʚ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʝʨʝʩʪʨʦʝʢ) [2,4]. ʕʪʠ ʥʝʩʦʛʣʘʩʠʷ ʷʚʠʣʠʩʴ ʙʘʟʦʡ 

ʜʣʷ ʩʪʨʫʢʪʫʨʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (ʚʳʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʦʪʨʘʞʘʶʱʠʭ 

ʛʦʨʠʟʦʥʪʦʚ) ʠ ʚʳʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʵʪʘʞʝʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʰʢʘʣʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʠ 

ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʩʦʙʳʪʠʡ (ʨʠʩ. 2). 
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ʅʘ ʰʢʘʣʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʠ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʩʦʙʳʪʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʣʘʚʥʳʝ ʪʝʢʪʦʥʦ-

ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʟʦʥʳ: ʊʘʡʤʳʨʩʢʘʷ, ɸʥʘʙʘʨʦ-ʍʘʪʘʥʛʩʢʘʷ, ʃʝʥʦ-ɸʥʘʙʘʨʩʢʘʷ, ʤʦʨʩʢʘʷ ʯʘʩʪʴ 

ʜʝʣʴʪʳ ʨʝʢʠ ʃʝʥʳ, ʰʝʣʴʬ ʤʦʨʷ ʃʘʧʪʝʚʳʭ. ɺ ʦʩʥʦʚʫ ʧʦʣʦʞʝʥʳ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʥʦʚʳʭ ʩʝʡʩʤʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ. ʕʪʘ ʰʢʘʣʘ ʷʚʣʷʝʪʩʷ ʙʘʟʦʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʩʪʦʨʠʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʚʳʜʝʣʝʥʠʷ ʛʣʘʚʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʝʨʝʩʪʨʦʝʢ ʠ ʧʝʨʝʨʳʚʦʚ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ʐʢʘʣʘ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʠ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʩʦʙʳʪʠʡ ʩʚʷʟʳʚʘʝʪ ʚʝʩʴ ʨʝʛʠʦʥ ʚ 

ʝʜʠʥʫʶ ʪʝʢʪʦʥʦ-ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ. ʊʝʢʪʦʥʦ-ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ 

ʪʘʢʞʝ ʦʩʥʦʚʦʡ ʜʘʣʴʥʝʡʰʝʛʦ ʫʪʦʯʥʝʥʠʷ ʥʝʬʪʝʛʘʟʦʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ 

ʧʝʨʩʧʝʢʪʠʚ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʎʝʥʪʨʘʣʴʥʦ-ɸʨʢʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ. 
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ɺʃʀʗʅʀɽ ʋʉʃʆɺʀʁ ʆʉɸɼʂʆʅɸʂʆʇʃɽʅʀʗ ʅɸ ʌʆʈʄʀʈʆɺɸʅʀɽ 

ʂʆʃʃɽʂʊʆʈʉʂʀʍ ʉɺʆʁʉʊɺ ʉʀʃʋʈʀʁʉʂʀʍ ʆʊʃʆɾɽʅʀʁ ʎɽʅʊʈɸʃʔʅʆʁ 

ʏɸʉʊʀ ɻʈʗɼʓ ʏɽʈʅʓʐɽɺɸ 

ɼʘʥʴʱʠʢʦʚʘ ʀʨʠʥʘ ʀʚʘʥʦʚʥʘ 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʅ.ʇ. ʖʰʢʠʥʘ ʂʦʤʠ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʋʨʘʣʴʩʢʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ - ʦʙʦʩʦʙʣʝʥʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʌʀʎ ʂʦʤʠ ʅʎ ʋʨʆ 

ʈɸʅ (ʀɻ ʂʦʤʠ ʅʎ ʋʨʆ ʈɸʅ), ʛ.ʉʳʢʪʳʚʢʘʨ, ʈʦʩʩʠʷ, ʤʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, 
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ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʠʣʫʨʠʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʜʣʷ ʤʘʣʦ ʠʟʫʯʝʥʥʦʡ ʙʫʨʝʥʠʝʤ 

ʦʙʣʘʩʪʠ ʠʥʪʝʥʩʠʚʥʳʭ ʜʠʩʣʦʢʘʮʠʡ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʛʨʷʜʳ ʏʝʨʥʳʰʝʚʘ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʪʣʦʞʝʥʠʡ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʨʦʝʥʠʷ ʝʤʢʦʩʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ. ɹʦʣʴʰʘʷ 

ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʠʤʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʣʣʝʢʪʦʨʦʚ ʷʚʣʷʶʪʩʷ ʦʪʤʝʣʴʥʳʝ ʟʦʥʳ, ʩ ʢʦʪʦʨʳʤʠ ʥʘʠʙʦʣʝʝ 

ʯʘʩʪʦ ʩʚʷʟʘʥʳ çʫʣʫʯʰʝʥʥʳʝè ʢʦʣʣʝʢʪʦʨʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʣʫʨʠʡʩʢʠʝ ʦʪʣʦʞʝʥʠʷ, ʛʨʷʜʘ ʏʝʨʥʳʰʝʚʘ, ʢʦʣʣʝʢʪʦʨ, ʧʦʨʠʩʪʦʩʪʴ, ʧʨʦʥʠʮʘʝʤʦʩʪʴ. 

INFLUENCE OF FORMATION CONDITIONS  OF RESERVOIR OF SILURIAN 

ROCKS OF THE CENTRAL PART  OF THE CHERNYSHEV RIDGE  

Danshikova Irina  

IG Komi SC UB RAS, Syktyvkar, Russia, Research Assistant, iidanshikova@geo.komisc.ru 

The lithologic researches of Silurian rocks for the field of intensive dislocations of the central part of the 

Chernyshev Ridge, which is a little studied by drilling, are given. Regularities of formation of deposits are compared 

with features of the structure of capacitive space of rocks reservoir. The most part of the studied samples of a core 

are characterized by low reservoir properties. The most perspective for formation of reservoir are the shallow zones 

with which the "improved" reservoir properties of breeds are most often connected. 

Keywords: Silurian rocks, Chernyshev Ridge, reservoir, porosity, permeability. 

ɺ ʦʩʥʦʚʫ ʨʘʙʦʪʳ ʧʦʣʦʞʝʥʳ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʙʫʨʝʥʠʠ ʛʣʫʙʦʢʠʭ ʩʢʚʘʞʠʥ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʛʨʷʜʳ ʏʝʨʥʳʰʝʚʘ. ʅʘʠʙʦʣʝʝ ʧʦʣʥʳʡ ʨʘʟʨʝʟ ʩʠʣʫʨʘ ʧʨʦʡʜʝʥ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʊʘʣʴʙʝʡʩʢʦʛʦ ʙʣʦʢʘ ʛʨʷʜʳ ʏʝʨʥʳʰʝʚʘ (ʩʢʚʘʞʠʥʳ 1-, 2-ɸʜʘʢʩʢʠʝ, 1-ɺʦʨʛʘʤʫʩʶʨʩʢʘʷ). ʈʘʟʨʝʟʳ 

ʍʦʩʝʜʘʶʩʢʦʛʦ ʚʘʣʘ ʠ ʄʘʢʘʨʠʭʘ-ʉʘʣʶʢʠʥʩʢʦʡ ʘʥʪʠʢʣʠʥʘʣʴʥʦʡ ʟʦʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʝʥʴʰʝʡ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʧʦʣʥʦʪʦʡ, ʚʩʣʝʜʩʪʚʠʝ ʧʨʝʜʪʠʤʘʥʩʢʦʛʦ ʨʘʟʤʳʚʘ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʨʘʟʨʝʟʳ 

ʛʨʷʜʳ ʏʝʨʥʳʰʝʚʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʦʙʱʠʡ ʬʘʮʠʘʣʴʥʳʡ ʬʦʥ ʢʘʢ ʤʦʨʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ ʧʝʨʝʭʦʜʥʳʝ ʦʪ 

ʦʪʤʝʣʝʡ ʢʘʨʙʦʥʘʪʥʳʭ ʧʣʘʪʬʦʨʤ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʛʦ ʧʘʣʝʦʩʚʦʜʘ ʢ ʧʨʠʤʳʢʘʶʱʝʡ ʩʫʙʣʠʪʦʨʘʣʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʰʝʣʴʬʘ ʇʝʯʦʨʩʢʦʛʦ ʧʘʣʝʦʙʘʩʩʝʡʥʘ.  

ʉʚʷʟʴ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ ʩ ʦʙʩʪʘʥʦʚʢʘʤʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. 

ʆʩʥʦʚʥʦʝ ʚʣʠʷʥʠʝ ʩʨʝʜʳ ʩʝʜʠʤʝʥʪʘʮʠʠ ʦʧʨʝʜʝʣʷʣʦʩʴ ʟʘʚʠʩʠʤʦʩʪʴʶ ʭʘʨʘʢʪʝʨʘ ʧʝʨʚʠʯʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʠʩʪʦʩʪʠ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʨʦʜʳ ʦʪ ʝʝ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʘ 

ʠʤʝʥʥʦ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠ ʭʘʨʘʢʪʝʨʘ ʩʣʘʛʘʶʱʠʭ ʝʝ ʢʦʤʧʦʥʝʥʪʦʚ ʦʩʘʜʢʘ. ʅʘʠʣʫʯʰʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ 

ʠʟʫʯʝʥʥʳʭ ʨʘʟʨʝʟʘʭ ʦʙʣʘʜʘʶʪ ʧʦʨʦʜʳ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʛʨʘʥʦʤʦʨʬʥʳʭ (ʟʝʨʥʠʩʪʳʭ ʠʣʠ ʬʦʨʤʝʥʥʳʭ) 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʪʨʫʢʪʫʨʦʡ ʛʨʝʡʥʩʪʦʫʥʦʚ-ʧʘʢʩʪʦʫʥʦʚ [1]. ʇʦʨʦʜʳ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʤʠʢʨʦʙʠʘʣʴʥʦʛʦ 

ʠ ʧʝʣʠʪʦʤʦʨʬʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʩʪʨʫʢʪʫʨʦʡ ʚʘʢʩʪʦʫʥʦʚ ʠ ʤʘʜʩʪʦʫʥʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʦʡ 

ʧʦʨʠʩʪʦʩʪʴʶ. ʇʦ ʜʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ ʧʦʨʦʜʳ ʠʟʫʯʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʦʙʣʘʜʘʣʠ ʚ ʮʝʣʦʤ ʥʠʟʢʠʤ, ʨʝʞʝ 

ʩʨʝʜʥʠʤ ʧʦʪʝʥʮʠʘʣʦʤ (ʥʘ ʵʪʦ ʚʣʠʷʣʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʣʘ, ʤʘʣʘʷ ʤʦʱʥʦʩʪʴ, ʥʝʚʳʜʝʨʞʘʥʥʦʩʪʴ 
ʠ ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʴ ʩʢʦʧʣʝʥʠʡ ʢʘʨʙʦʥʘʪʥʳʭ ʟʝʨʝʥ). 

ʀʟʫʯʝʥʥʳʝ ʦʩʘʜʦʯʥʳʝ ʪʦʣʱʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʣʦʞʥʦʝ ʩʦʯʝʪʘʥʠʝ ʚʪʦʨʠʯʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʷʚʣʝʥʠʷʤʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʣʠʪʦʛʝʥʝʟʘ, ʚʳʟʚʘʥʥʳʭ ʧʨʦʛʨʝʩʩʠʚʥʳʤ 
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ʧʦʛʨʫʞʝʥʠʝʤ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʨʦʜʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʠʟʤʝʥʝʥʠʷʤ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʵʧʠʛʝʥʝʟʘ ï 

ʛʠʧʝʨʛʝʥʝʟʘ, ʩʚʷʟʘʥʥʳʤ ʩ ʦʩʫʰʝʥʠʝʤ ʪʝʨʨʠʪʦʨʠʠ ʠ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʝʜʬʨʘʥʩʢʦʛʦ ʨʘʟʤʳʚʘ, ʘ ʪʘʢʞʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ, ʦʪʥʦʩʠʤʳʤ ʢ ʥʘʣʦʞʝʥʥʦʤʫ ʢʘʪʘʛʝʥʝʟʫ çʢʘʪʘʢʣʘʩʪʠʯʝʩʢʦʛʦ ʪʠʧʘè [2]. ɺ ʨʘʟʨʝʟʘʭ, 

ʚʩʢʨʳʚʰʠʭ ʥʝʬʪʷʥʳʝ ʟʘʣʝʞʠ ʦʪʤʝʯʘʶʪʩʷ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʝʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʦʩʣʝʜʥʠʭ.  

ʈʝʘʣʠʟʘʮʠʷ ʢʦʣʣʝʢʪʦʨʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʫʩʪʦʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʨʦʜ ʚ 

ʠʟʫʯʝʥʥʳʭ ʨʘʟʨʝʟʘʭ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʟʣʠʯʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠ 

ʜʦʣʦʤʠʪʠʟʘʮʠʠ, ʘ ʯʘʩʪʦ ʠ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ. ʇʦʜʦʙʥʦʝ ʩʦʯʝʪʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʥʦ ʧʨʠ 

ʧʨʦʷʚʣʝʥʠʠ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʵʧʠʛʝʥʝʟʘ, ʢʘʢ ʚ ʥʝ ʧʦʣʥʦʩʪʴʶ ʣʠʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʩʘʜʢʘʭ 

(ʧʨʝʩʥʦʚʦʜʥʳʡ ʜʠʘʛʝʥʝʟ), ʪʘʢ ʠ ʚ ʪʦʣʱʝ ʧʦʨʦʜʳ ʧʨʠ ʚʳʚʦʜʝ ʠʭ ʚ ʟʦʥʫ ʚʣʠʷʥʠʷ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʭ 

ʚʦʜ ʚʦ ʚʨʝʤʷ ʢʨʫʧʥʳʭ ʧʝʨʝʨʳʚʦʚ. ʆʜʥʘʢʦ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠ ʜʦʣʦʤʠʪʠʟʘʮʠʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʨʠʩʪʦʩʪʠ, ʦʪʤʝʯʝʥ ʨʷʜ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, 

ʩʥʠʞʘʶʱʠʭ ʵʪʦʪ ʵʬʬʝʢʪ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʟʘʧʦʣʥʝʥʠʶ ʪʨʝʱʠʥ ʠ ʢʘʚʝʨʥ ʧʨʦʜʫʢʪʘʤʠ 

ʚʳʚʝʪʨʠʚʘʥʠʷ ï ʛʠʜʨʦʢʩʠʜʘʤʠ ʞʝʣʝʟʘ, ʣʠʙʦ ʧʨʦʜʫʢʪʘʤʠ ʛʣʠʥʠʟʘʮʠʠ ʦʪʣʦʞʝʥʠʡ.  

ʅʘʠʙʦʣʝʝ ʝʤʢʠʝ ʢʦʣʣʝʢʪʦʨʳ ʩʚʷʟʘʥʳ ʩ ʧʦʨʦʜʘʤʠ, ʤʘʪʨʠʮʘ ʢʦʪʦʨʳʭ ʠʟʥʘʯʘʣʴʥʦ ʙʳʣʘ 

ʧʨʦʥʠʮʘʝʤʦʡ, ʧʦʜʚʝʨʛʘʚʰʠʭʩʷ ʘʢʪʠʚʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʥʝʥʘʩʳʱʝʥʥʳʭ ʧʦ ʢʘʨʙʦʥʘʪʘʤ ʧʦʜʚʠʞʥʳʭ 

ʚʦʜ ʧʨʠ ʧʦʜʲʝʤʝ ʦʪʣʦʞʝʥʠʡ ʢ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʩʨʝʜʥʝʜʝʚʦʥʩʢʦʝ ʠ ʧʦʟʜʥʝʜʝʚʦʥʩʢʦʝ ʚʨʝʤʷ. 

ʉʚʷʟʘʥʥʦʝ ʩ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʜʦʣʦʤʠʪʠʟʘʮʠʠ ʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʧʫʩʪʦʪʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʫʩʪʦʪʘʤʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʢʘʚʝʨʥʘʤʠ, ʟʦʥʘʤʠ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ, 

ʤʝʞʟʝʨʥʦʚʳʤʠ ʧʦʨʘʤʠ ʜʦʣʦʤʠʪʠʟʘʮʠʠ ʠ ʥʝʦʜʥʦʨʦʜʥʦ ʢʘʢ ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʧʣʘʥʝ, ʪʘʢ ʠ ʧʦ ʬʦʨʤʝ 

ʟʘʣʝʛʘʥʠʷ. 

ɺʩʣʝʜʩʪʚʠʝ ʧʨʝʦʙʣʘʜʘʶʱʝʛʦ ʠʣʦʚʦʛʦ ʩʦʩʪʘʚʘ ʦʩʘʜʢʦʚ ʠ ʤʘʣʦʡ ʜʦʣʠ ʦʩʘʜʢʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʧʦʨʦʚʦ-ʢʘʚʝʨʥʦʚʳʝ ʪʠʧʳ ʢʦʣʣʝʢʪʦʨʦʚ ʩ ʚʳʩʦʢʠʤʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʠʟʫʯʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʥʝ ʭʘʨʘʢʪʝʨʥʳ ʠ ʨʝʜʢʠ, ʘ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʨʘʟʚʠʪʠʝʤ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʦʝʤʢʠʝ ʩʣʦʞʥʳʝ ʧʦʨʦʚʦï(ʢʘʚʝʨʥʦʚʦ)-ʪʨʝɦʠʥʥʳʝ ʪʠʧʳ ʢʦʣʣʝʢʪʦʨʦʚ, 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʨʝʟʢʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʜʨʫʛʠʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʇʦʨʦʜʳ-ʢʦʣʣʝʢʪʦʨʳ ʠʟʫʯʘʝʤʳʭ ʦʪʣʦʞʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʦʞʥʳʤʠ ʥʠʟʢʦ ʝʤʢʠʤʠ ʪʠʧʘʤʠ. 

ɻʝʦʤʝʪʨʠʷ ʧʫʩʪʦʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʬʦʨʤʠʨʫʝʪʩʷ ʨʘʟʣʠʯʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʠ ʤʦʨʬʦʣʦʛʠʝʡ 

ʩʣʘʛʘʶʱʠʭ ʝʛʦ ʤʠʢʨʦʪʨʝʱʠʥ ʠ ʧʫʩʪʦʪ ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝʟʠʩʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʪʠʧʘ 

ʧʫʩʪʦʪ ʚ ʩʠʣʫʨʠʡʩʢʠʭ ʪʦʣʱʘʭ ʛʨʷʜʳ ʏʝʨʥʳʰʝʚʘ ʤʦʛʫʪ ʙʳʪʴ ʚʳʜʝʣʝʥʳ: ʢʘʚʝʨʥʦʚʦ-ʧʦʨʦʚʳʡ, 

ʪʨʝʱʠʥʥʦ-ʢʘʚʝʨʥʦʚʦ-ʧʦʨʦʚʳʡ ʠ ʪʨʝʱʠʥʥʳʡ ʪʠʧʳ ʢʦʣʣʝʢʪʦʨʦʚ. 

ʂʘʚʝʨʥʦʚʦ-ʧʦʨʦʚʳʡ ʪʠʧ ʢʦʣʣʝʢʪʦʨʘ ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʜʢʦ. ʇʫʩʪʦʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʩʬʦʨʤʠʨʦʚʘʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʨʦʜʳ ï ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, 

ʜʦʣʦʤʠʪʠʟʘʮʠʠ ʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʫʩʪʦʪ ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʨʘʤ ʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʥʠʟʢʫʶ ʩʚʷʟʥʦʩʪʴ ʠ ʥʝ ʫʯʘʩʪʚʫʶʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʪʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʠ. ʕʬʬʝʢʪʠʚʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʤʝʞʟʝʨʥʦʚʳʝ ʧʦʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʠ ʝʤʢʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜʳ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʪʠʧ ʢʦʣʣʝʢʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥ, ʚ ʦʩʥʦʚʥʦʤ, ʚʪʦʨʠʯʥʳʤʠ ʜʦʣʦʤʠʪʘʤʠ ʧʦ 

ʙʠʦʛʝʨʤʥʳʤ ʠ ʟʝʨʥʠʩʪʳʤ ʙʠʦʢʣʘʩʪʦʚʳʤ ʠʟʚʝʩʪʥʷʢʘʤ.  

ʊʨʝʱʠʥʥʳʡ ʠ ʢʘʚʝʨʥʦʚʦ-ʪʨʝʱʠʥʥʳʡ ʪʠʧ ʢʦʣʣʝʢʪʦʨʘ. ɼʘʥʥʳʡ ʪʠʧ ʢʦʣʣʝʢʪʦʨʘ ʧʨʠʫʨʦʯʝʥ 

ʢ ʟʦʥʘʤ ʧʦʚʳʰʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʨʝʱʠʥ ʠ ʠʤʝʝʪ ʣʦʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʨʠ ʫʯʘʩʪʠʠ ʪʨʝʱʠʥ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʜʚʦʜʥʳʭ ʧʫʪʝʡ ʘʛʨʝʩʩʠʚʥʳʭ ʥʘʩʳʱʝʥʥʳʭ ʉʆ2 ʠʣʠ H2S ʚʦʜ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʧʦʨʦʜʳ. ʊʘʢʠʝ ʟʦʥr ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʠʤ ʢʦʣʣʝʢʪʦʨʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ. 

ʂʘʚʝʨʥʦʚʦ-ʧʦʨʦʚʦ-ʪʨʝʱʠʥʥʳʡ ʪʠʧ ʢʦʣʣʝʢʪʦʨʘ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʠʟʫʯʝʥʥʦʤ 

ʨʘʟʨʝʟʝ. ʂʦʣʣʝʢʪʦʨʳ ʵʪʦʛʦ ʪʠʧʘ ʨʘʟʚʠʪʳ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʤʝʣʢʦʚʦʜʥʦʛʦ ʰʝʣʴʬʘ 

(ʩʫʙʣʠʪʨʘʣʠ), ʠʤʝʶʪ ʩʣʦʞʥʫʶ ʛʝʦʤʝʪʨʠʶ ʧʫʩʪʦʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʍʘʨʘʢʪʝʨʥʦ ʯʝʨʝʜʦʚʘʥʠʝ 

ʧʦʨʠʩʪʳʭ ʫʯʘʩʪʢʦʚ ʩ ʧʣʦʪʥʳʤʠ ʥʝʧʨʦʥʠʮʘʝʤʳʤʠ ʠ ʧʣʦʭʦ ʧʨʦʥʠʮʘʝʤʳʤʠ. ʉʦʦʙʱʘʝʤʦʩʪʴ ʧʦʨʠʩʪʳʭ 

ʫʯʘʩʪʢʦʚ ʤʘʪʨʠʮʳ ʠ ʧʨʦʮʝʩʩʳ ʬʠʣʴʪʨʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʪʨʝʱʠʥʘʤʠ, ʫʣʫʯʰʘʶʱʠʤʠ 

ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜ.  

ʇʨʝʦʙʣʘʜʘʶʪ ʧʦʨʦʜʳ, ʚ ʢʦʪʦʨʳʭ ʧʫʩʪʦʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʘʪʨʠʮʳ ʧʨʝʜʩʪʘʚʣʝʥʦ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʧʦʨʘʤʠ ʢʘʧʠʣʣʷʨʥʦʛʦ ʠ ʩʫʙʢʘʧʠʣʣʷʨʥʦʛʦ ʨʘʟʤʝʨʦʚ. ʆʥʦ ʩʬʦʨʤʠʨʦʚʘʥʦ ʧʦʨʘʤʠ 

ʜʦʣʦʤʠʪʠʟʘʮʠʠ ʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʝʟʫʣʴʪʘʪ ʧʨʦʮʝʩʩʦʚ ʜʦʣʦʤʠʪʠʟʘʮʠʠ), ʘ ʪʘʢʞʝ 

ʪʨʝʱʠʥʘʤʠ ʧʨʷʤʦʣʠʥʝʡʥʦʡ (ʩʢʦʣʘ) ʠ ʠʟʚʠʣʠʩʪʦʡ (ʦʪʨʳʚʘ) ʬʦʨʤʳ. ʇʦʨʳ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠʤʝʶʪ 

ʥʠʟʢʫʶ ʩʚʷʟʥʦʩʪʴ ʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʠ [3]. ʇʨʦʥʠʮʘʝʤʦʩʪʴ 

ʧʦʨʦʜ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʥʘʢʣʦʥʥʳʭ ʤʠʢʨʦʪʨʝʱʠʥ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʩʚʷʟʴ ʦʪʜʝʣʴʥʳʭ ʧʦʨ ʠ ʫʯʘʩʪʢʦʚ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʙʦʨʪʦʚʦʡ ʟʦʥʝ ʪʨʝʱʠʥ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʣʣʝʢʪʦʨʦʚ ʷʚʣʷʶʪʩʷ 

ʩʫʙʣʠʪʦʨʘʣʴʥʳʝ ʬʘʮʠʠ, ʩ ʢʦʪʦʨʳʤʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʩʚʷʟʘʥʳ çʫʣʫʯʰʝʥʥʳʝè ʢʦʣʣʝʢʪʦʨʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʦʨʦʜ. ʂʦʣʣʝʢʪʦʨʳ ʦʪʤʝʣʴʥʳʭ ʟʦʥ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʩʣʦʞʥʫʶ ʛʝʦʤʝʪʨʠʶ ʧʫʩʪʦʪʥʦʛʦ 
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ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ ʢʨʫʧʥʳʝ ʢʘʚʝʨʥʳ, ʧʫʩʪʦʪʳ ʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʤʝʞʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʧʦʨʳ ʠ ʤʠʢʨʦʪʨʝʱʠʥʳ, ʠ ʧʨʠ ʥʝʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʧʦʨʠʩʪʦʩʪʠ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʥʝ ʧʣʦʭʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. 

ɼʦʣʷ ʢʦʣʣʝʢʪʦʨʦʚ ʩʨʝʜʠ ʦʪʣʦʞʝʥʠʡ ʢʘʨʙʦʥʘʪʥʦʡ ʣʠʪʦʨʘʣʠ ʪʘʢʞʝ ʥʠʟʢʘ. ʉʨʝʜʠ ʥʠʭ 

ʧʨʝʦʙʣʘʜʘʶʪ ʢʦʣʣʝʢʪʦʨʳ ʩ ʤʝʞʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ (ʤʘʪʨʠʯʥʦʡ) ʧʦʨʠʩʪʦʩʪʴʶ. ʄʠʢʨʦʙʠʘʣʴʥʳʝ ʤʝʣʢʦ-

ʪʦʥʢʦʟʝʨʥʠʩʪʳʝ ʜʦʣʦʤʠʪʳ ʯʘʩʪʦ ʩʦʭʨʘʥʷʶʪ ʪʦʥʢʦʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʧʫʩʪʦʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ 

ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʢʘʧʠʣʣʷʨʥʳʭ ʠ ʩʫʙʢʘʧʠʣʣʷʨʥʳʭ ʧʦʨ. ʈʘʟʤʝʨʳ ʧʦʨ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʦʥʢʦʟʝʨʥʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʦʩʘʜʢʘ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʛʨʷʜʳ ʏʝʨʥʳʰʝʚʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʠʤʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ʅʘʠʣʫʯʰʠʤʠ ʢʦʣʣʝʢʪʦʨʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʩʠʣʴʥʦ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ 

ʚʪʦʨʠʯʥʳʝ ʜʦʣʦʤʠʪʳ ʠ ʧʦʨʦʜʳ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʟʝʨʥʠʪʦʩʪʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʦʪʤʝʣʴʥʳʭ ʟʦʥʘʭ. 

ʇʦʨʦʜʳ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʤʠʢʨʦʙʠʘʣʴʥʦʛʦ ʠ ʧʝʣʠʪʦʤʦʨʬʥʦʛʦ ʢʦʤʧʦʥʝʥʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ 

ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦʨʠʩʪʦʩʪʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʋʨʆ ʈɸʅ, ʧʨʦʝʢʪ ˉ 18-5-5-13 çʄʦʜʝʣʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ, ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʬʘʥʝʨʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʘʨʢʪʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ ʊʠʤʘʥʦ-ʇʝʯʦʨʩʢʦʡ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠè. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʧʠʩʝʡ ʶʛʘ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʠ ʄʦʥʛʦʣʠʠ [1] ʧʦʢʘʟʳʚʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʛʦʣʦʮʝʥʦʚʦʛʦ ʢʣʠʤʘʪʘ ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʘʣʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʨʘʟʥʳʝ ʤʝʭʘʥʠʟʤʳ ʜʠʥʘʤʠʢʠ ʢʣʠʤʘʪʘ ʠ 

ʣʘʥʜʰʘʬʪʦʚ ʩ ʨʘʟʥʳʭ ʩʪʦʨʦʥ ɸʣʪʘʡʩʢʠʭ ʛʦʨ, ʩʣʫʞʘʱʠʭ ʚʦʜʦʨʘʟʜʝʣʦʤ ʠ ʙʘʨʴʝʨʦʤ ʥʘ ʧʫʪʠ 

ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ. 

ɼʣʷ ʪʝʨʨʠʪʦʨʠʠ ʄʦʥʛʦʣʠʠ ʦʩʪʨʦ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʧʨʦʮʝʩʩʦʚ ʦʧʫʩʪʳʥʠʚʘʥʠʷ ʠ ʜʝʛʨʘʜʘʮʠʠ 

ʟʝʤʝʣʴ [2]. ʀʤʝʶʱʠʭʩʷ ʛʦʣʦʮʝʥʦʚʳʭ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʧʠʩʝʡ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʫʙʝʜʠʪʝʣʴʥʦʡ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʤʝʭʘʥʠʟʤʦʚ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʦʣʝʡ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʦʚ ʚ ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʦʮʝʩʩʘʭ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʚʳʝ ʨʝʟʫʜʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʙʝʩʩʪʦʯʥʦʛʦ ʩʦʣʝʥʦʛʦ ʚʳʩʦʢʦʛʦʨʥʦʛʦ ʦʟʝʨʘ ʄʦʥʛʦʣʠʠ ʋʨʝʛ-ʅʫʨ (1425 ʤ ʥ.ʫ. ʤ.). ʂʝʨʥ ʧʦʣʫʯʝʥ ʚ 

2016 ʛ. ʵʢʩʧʝʜʠʮʠʝʡ ʀɸʕʊ ʉʆ ʈɸʅ ʩ ʛʣʫʙʠʥʳ 42 ʤ; ʢʦʦʨʜʠʥʘʪʳ ʦʪʙʦʨʘ ʢʝʨʥʘ 50.10342 ʩ.ʰ.. ʠ 

91.05726 ʚ.ʜ. ʉʦʚʨʝʤʝʥʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʘ ʩʪʝʧʥʳʤʠ ʘʩʩʦʮʠʘʮʠʷʤʠ ʠ 

ʣʠʩʪʚʝʥʥʠʯʥʳʤʠ ʧʝʨʝʣʝʩʢʘʤʠ ʚ ʛʦʨʘʭ, ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʷʥʚʘʨʷ -22.3 Áʉ, ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʠʶʣʷ 16 Áʉ, ʫʨʦʚʝʥʴ ʦʩʘʜʢʦʚ ʚ ʛʦʜ 188 ʤʤ. 

ɺʳʧʦʣʥʝʥ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 62 ʦʙʨʘʟʮʦʚ ʧʦ 2 ʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ. ʍʠʤʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʤʝʪʦʜʠʢʝ ʜʣʷ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ [3], ʚʢʣʶʯʘʷ ʧʦʩʪʘʜʠʡʥʫʶ 

ʦʙʨʘʙʦʪʢʫ 10% ʨʘʩʪʚʦʨʦʤ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʢʘʨʙʦʥʘʪʦʚ, 10% ʨʘʩʪʚʦʨʦʤ ʛʠʜʨʦʢʩʠʜʘ 

ʢʘʣʠʷ ʜʣʷ ʫʜʘʣʝʥʠʷ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪʦʡ ʜʣʷ ʫʜʘʣʝʥʠʷ 

ʩʠʣʠʢʘʪʦʚ. ʇʦʜʛʦʪʦʚʣʝʥʥʳʡ ʧʨʝʧʘʨʘʪ ʠʟʫʯʘʣʩʷ ʧʦʜ ʩʚʝʪʦʚʳʤ ʤʠʢʨʦʩʢʦʧʦʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚ 400 ʨʘʟ, 

ʚ ʢʘʞʜʦʤ ʧʨʝʧʘʨʘʪʝ ʥʘʩʯʠʪʳʚʘʣʦʩʴ 300-500 ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ. ʆʧʨʝʜʝʣʝʥʠʝ ʧʳʣʴʮʳ ʜʦ ʩʝʤʝʡʩʪʚ ʠ 

ʨʦʜʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʘʣʦʥʥʦʡ ʢʦʣʣʝʢʮʠʠ ʀʥʩʪʠʪʫʪʘ ɸʨʭʝʦʣʦʛʠʠ ʠ ʕʪʥʦʛʨʘʬʠʠ 

ʉʆ ʈɸʅ ʠ ʘʪʣʘʩʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʧʦʜʩʯʝʪʘ ʧʳʣʴʮʝʚʳʭ ʟʝʨʝʥ, ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʩʷ ʫʯʝʪ ʚʩʪʨʝʯʘʝʤʳʭ 

ʥʝʧʳʣʴʮʝʚʳʭ ʧʘʣʠʥʦʤʦʨʬ (ʅʇʇ) ï ʦʩʪʘʪʢʦʚ ʚʦʜʦʨʦʩʣʝʡ, ʩʧʦʨ ʛʨʠʙʦʚ, ʤʝʣʴʯʘʡʰʠʭ ʯʘʩʪʠʯʝʢ ʫʛʣʷ ʠ 

ʜʨ. ʅʇʇ ï ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʠʥʜʠʢʘʪʦʨʳ ʠʟʤʝʥʝʥʠʡ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʦʟʝʨʝ ʠ ʚ ʝʛʦ 
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ʦʢʨʝʩʪʥʦʩʪʷʭ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ. ʅʘ 

ʜʠʘʛʨʘʤʤʝ ʦʪʨʘʞʝʥʦ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʳʣʴʮʳ ʠ ʩʧʦʨ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʫʙʠʥ ʨʘʟʨʝʟʘ; ʟʘ 100 % 

ʙʨʘʣʘʩʴ ʩʫʤʤʘ ʧʳʣʴʮʳ ʜʨʝʚʝʩʥʳʭ ʠ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ (ʨʠʩʫʥʦʢ 1). ʇʦ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʤ 

ʜʘʥʥʳʤ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʪʠʧʳ ʜʦʤʠʥʠʨʫʶʱʝʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ʙʠʦʤʳ) ʩ ʧʦʤʦʱʴʶ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʠʟʚʝʩʪʥʦʛʦ ʢʘʢ ʤʝʪʦʜ ʙʠʦʤʠʟʘʮʠʠ [4] (ʨʠʩʫʥʦʢ 2). ɺʳʜʝʣʝʥʦ 6 ʧʘʣʠʥʦʟʦʥ. 

ʈʘʜʠʦʫʛʣʝʨʦʜʥʦʝ ʜʘʪʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟʝʨʘ ʋʨʝʛ-ʅʫʨ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʫʩʢʦʨʠʪʝʣʴʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʊʘʡʚʘʥʴʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ, ʛ. ʊʘʡʙʝʡ 

(ʪʘʙʣʠʮʘ 1). ɺʦʟʨʘʩʪʘ ʛʨʘʥʠʮ ʠʥʪʝʨʚʘʣʦʚ ʚʳʯʠʩʣʝʥʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʪ. 

ʊʘʙʣʠʮʘ - 1 ʈʘʜʠʦʫʛʣʝʨʦʜʥʳʝ ʜʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʢʦʣʦʥʢʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟʝʨʘ ʋʨʝʛ - ʅʫʨ 

ɻʫʙʠʥʘ,ʩʤ ɺʝʱʝʩʪʚʦ ʉ14 ɺʦʟʨʘʩʪ, ʣʝʪ ʂʘʣʠʙʨʦʚʘʥʥʳʡ ʚʦʟʨʘʩʪ, ʣʝʪ 

9-10 ʆʙʱʝʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ 1312Ñ6 1280Ñ10 

16-17 ʆʙʱʝʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ 1510Ñ17 1390Ñ15 

36-37 ʆʙʱʝʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ 1847Ñ8 1785Ñ35 

57-58 ʆʙʱʝʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ 2146Ñ10 2140Ñ10 

92-93 ʆʙʱʝʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ 3238Ñ41 3475Ñ55 

 

 

ʈʠʩʫʥʦʢ - 1 ʉʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʘʷ ʜʠʘʛʨʘʤʤʘ ʢʦʣʦʥʢʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟʝʨʘ ʋʨʝʛ-ʅʫʨ 

PZ I (93-82ʩʤ; 3.2-2.8 ʪʳʩ.ʣ.ʥ.). ɼʦʤʠʥʠʨʫʝʪ ʧʳʣʴʮʘ ʩʦʩʥʳ ʩʠʙʠʨʩʢʦʡ (Pinus sg Haploxylon), 

ʥʦ ʙʘʣʣʳ ʙʠʦʤʦʚ ʩʪʝʧʠ ʠ ʪʘʡʛʠ ʙʣʠʟʢʠ ʧʦ ʟʥʘʯʝʥʠʷʤ. ʇʨʠʩʫʪʩʪʚʫʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʫʛʣʝʡ ʠ ʢʦʧʨʦʪʨʦʬʥʳʭ ʛʨʠʙʦʚ. ʂʣʠʤʘʪ ʙʣʠʟʦʢ ʩʦʚʨʝʤʝʥʥʦʤʫ. 

PZ II  (82-72ʩʤ; 2.8-2.6 ʪʳʩ.ʣ.ʥ.). ʈʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʧʨʦʮʝʥʪ ʪʨʘʚʷʥʠʩʪʳʭ, ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ 

ʘʤʘʨʘʥʪʦʚʳʭ (Amaranthaceae), ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʨʘʚ, ʙʠʦʤ ʩʪʝʧʝʡ ʜʦʤʠʥʠʨʫʝʪ. 

ʇʨʠʩʫʪʩʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ Botryococcus braunii,ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʤʝʣʢʠʭ 

ʟʘʙʦʣʦʯʝʥʥʳʭ ʚʦʜʦʝʤʦʚ. ʂʣʠʤʘʪ ʩʪʘʣ ʩʫʰʝ, ʦʟʝʨʦ ʚʝʨʦʷʪʥʦ ʦʙʤʝʣʝʣʦ. 
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ʈʠʩʫʥʦʢ - 2 ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʪʠʧʦʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ʙʠʦʤʦʚ) ʧʦ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʡ ʟʘʧʠʩʠ ʦʟʝʨʘ ʋʨʝʛ-

ʅʫʨ 

PZ III  (72-60ʩʤ; 2.6-2.2 ʪʳʩ.ʣ.ʥ.). ʉʥʠʞʘʝʪʩʷ ʜʦʣʷ ʪʨʘʚʷʥʠʩʪʳʭ, ʚʦʟʨʘʩʪʘʝʪ ʜʦʣʷ ʩʦʩʥʳ 

ʩʠʙʠʨʩʢʦʡ, ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʟʘʝʪ ʙʝʨʝʟʘ. ʇʨʠʩʫʪʩʪʚʫʝʪ ʧʳʣʴʮʘ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ (Potamogeton). 

ʂʣʠʤʘʪ ʫʚʣʘʞʥʠʣʩʷ. 

PZ VI  (60-37ʩʤ; 2.2-1.8 ʪʳʩ.ʣ.ʥ.). ɼʦʣʠ ʩʦʩʥʳ ʩʠʙʠʩʢʦʡ ʠ ʙʝʨʝʟʳ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʘ ʧʦʣʳʥʠ 

(Artemisia) ʠ ʵʬʝʜʨʳ (Ephedra) ʩʥʠʞʘʝʪʩʷ, ʢʣʠʤʘʪ ʝʱʝ ʥʝʤʥʦʛʦ ʫʚʣʘʞʥʠʣʩʷ. 

PZ V (37-9ʩʤ; 1.8-1.2 ʪʳʩ.ʣ.ʥ.). ʉʥʦʚʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʪʨʘʚ ʚ ʪʦʤ ʯʠʩʣʝ ʵʬʝʜʨʳ, 

ʠʥʜʠʢʘʪʦʨʘ ʟʘʩʫʰʣʠʚʳʭ ʫʩʣʦʚʠʡ, ʥʦ ʜʦʣʷ ʩʦʩʥʳ ʩʠʙʠʨʩʢʦʡ ʥʝ ʩʦʢʨʘʱʘʝʪʩʷ. ɺ ʦʙʨʘʟʮʘʭ ʧʨʠʩʫʪʚʫʶʪ 

ʫʩʪʴʠʮʘ ʩʦʩʥʳ (ʠʥʜʠʢʘʪʦʨ ʪʦʛʦ, ʯʪʦ ʩʦʩʥʘ ʨʦʩʣʘ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʦʟʝʨʘ) ʠ ʙʦʣʴʰʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʧʦʨ ʢʦʧʨʦʪʨʦʬʥʳʭ ʛʨʠʙʦʚ (ʠʥʜʠʢʘʪʦʨʳ ʘʢʪʠʚʥʦʛʦ ʚʳʧʘʩʘ ʩʢʦʪʘ ʚ ʨʘʡʦʥʝ ʦʟʝʨʘ). 

PZ IV  (9-0ʩʤ; 1.2-0 ʪʳʩ.ʣ.ʥ.). ɿʥʘʯʝʥʠʷ ʙʠʦʤʘ ʪʘʡʛʠ ʤʘʢʩʠʤʘʣʴʥʳ ʟʘ ʚʝʩʴ ʠʥʪʝʨʚʘʣ (3.2 ʪʳʩ. 

ʣ.). ʋʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ ʩʦʩʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ ʠ ʙʝʨʝʟʳ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʩʫʪʚʠʝ ʦʩʦʢ, ʘ 

ʘʤʘʨʘʥʪʦʚʳʭ ʠ ʵʬʝʜʨʳ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ. ɺ ʟʦʥʝ ʙʦʣʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʧʦʨ ʢʦʧʨʦʪʨʦʬʥʳʭ 

ʛʨʠʙʦʚ ʠ ʧʦʯʚʝʥʥʦʛʦ ʛʨʠʙʘ Glomus spp (ʠʥʜʠʢʘʪʦʨʘ ʵʨʦʟʠʠ). ɺ ʩʘʤʦʤ ʚʝʨʭʫ ʢʦʣʦʥʢʠ ʚ ʦʙʨʘʟʮʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʦʜʦʨʦʩʣʠ Cosmarium spp. ʂʣʠʤʘʪ ʫʚʣʘʞʥʠʣʩʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʅʀʈ "ʉʝʚʝʨʦ-ʚʦʩʪʦʢ ɽʚʨʘʟʠʠ ʚ ʧʦʟʜʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ 

ï ʨʘʥʥʝʤ ʛʦʣʦʮʝʥʝ: ʢʫʣʴʪʫʨʥʘʷ ʜʠʥʘʤʠʢʘ, ʛʝʦʭʨʦʥʦʣʦʛʠʷ, ʨʘʟʚʠʪʠʝ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ" ˉ 0329-2019-

0008. 
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ʈɽʂʆʅʉʊʈʋʂʎʀʗ ʇʆɾɸʈʆɺ ʇʆ ʋɻʆʃʔʅʓʄ ʏɸʉʊʀʎɸʄ ʀɿ ʆɿɽʈʅʓʍ 
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ʇʦ ʜʘʥʥʳʤ ʠʟ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟ. ɿʘʧʦʚʝʜʥʦʛʦ (ʕʚʝʥʢʠʷ, ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ), ʩ ʧʦʤʦʱʴʶ ʧʦʜʩʯʝʪʘ 

ʫʛʦʣʴʥʳʭ ʯʘʩʪʠʮ ʠ ʜʨʫʛʠʭ ʥʝʧʳʣʴʮʝʚʳʭ ʧʘʣʠʥʦʤʦʨʬ ʚ ʦʙʨʘʟʮʘʭ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʜʣʷ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ʠʩʪʦʨʠʷ ʧʦʞʘʨʦʚ ʟʘ 390 ʣʝʪ. ʆʙʥʘʨʫʞʝʥʦ ʜʚʘ ʧʠʢʘ ʩʦʜʝʨʞʘʥʠʷ ʫʛʦʣʴʥʳʭ ʯʘʩʪʠʮ, 

ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦ ʚʨʝʤʝʥʠ "ʊʫʥʛʫʩʩʢʦʡ ʢʘʪʘʩʪʨʦʬʝ". 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʞʘʨʳ, ʕʚʝʥʢʠʷ, ʊʫʥʛʫʩʩʢʘʷ ʢʘʪʘʩʪʨʦʬʘ, ʦʟʝʨʥʳʝ ʦʪʣʦʞʝʥʠʷ. 
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This paper presents the results of wildfires reconstruction based on data from the bottom sediments of Zapovednoe 

lake (Evenkiya, Krasnoyarsk Region). Counts of coal particles and other non-pollen palynomorphs were used for the 

reconstruction. Within the reconstructed period of 390 years two peaks of coal particles concentration were found, 

one of them corresponds to the ñTunguska eventò. 

Keywords: wildfires, Evenkiya, Tunguska event, lake depositions. 

ɺ ʪʘʝʞʥʦʡ ʟʦʥʝ ʶʛʘ ʉʠʙʠʨʠ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʦʙʣʝʤ ʷʚʣʷʶʪʩʷ ʣʝʩʥʳʝ ʧʦʞʘʨʳ, 

ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʥʝ ʘʥʪʨʦʧʦʛʝʥʥʳʡ ʬʘʢʪʦʨ, ʘ ʢʣʠʤʘʪʠʯʝʩʢʠʡ ï ʟʘʩʫʰʣʠʚʦʝ 

ʣʝʪʦ ʠ ʩʫʭʠʝ ʛʨʦʟʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʟʘʧʦʚʝʜʥʠʢʘ çʊʫʥʛʫʩʩʢʠʡè (ʕʚʝʥʢʠʡʩʢʠʡ ʨʘʡʦʥ 

ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ) ʯʘʩʪʦʪʘ ʧʦʞʘʨʦʚ ʫʚʝʣʠʯʠʣʘʩʴ ʚ ʧʦʩʣʝʜʥʠʝ ʯʝʪʳʨʝ ʛʦʜʘ, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩʦ 

ʩʥʠʞʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʣʝʪʥʠʭ ʦʩʘʜʢʦʚ ʚ ʜʘʥʥʦʡ ʤʝʩʪʥʦʩʪʠ. ɺʳʷʩʥʠʪʴ, ʧʨʦʠʩʭʦʜʠʪ ʣʠ ʵʪʦ 

ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʫʚʣʘʞʥʝʥʠʷ-ʠʩʩʫʰʝʥʠʷ ʢʣʠʤʘʪʘ ʠʣʠ ʚʩʣʝʜʩʪʚʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ, ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʯʘʩʪʦʪʳ 

ʧʦʞʘʨʦʚ ʧʦ ʦʟʝʨʥʳʤ ʦʪʣʦʞʝʥʠʷʤ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʥʝʝ ʥʝʠʟʫʯʝʥʥʦʛʦ ʦʟʝʨʘ ɿʘʧʦʚʝʜʥʦʝ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʟʦʥʝ ʩʝʚʝʨʥʦʡ ʚʦʩʪʦʯʥʦ-ʩʠʙʠʨʩʢʦʡ ʪʘʡʛʠ, ʚ ʙʘʩʩʝʡʥʝ ʨ. ʇʦʜʢʘʤʝʥʥʘʷ ʊʫʥʛʫʩʢʘ 

(ʕʚʝʥʢʠʡʩʢʠʡ ʨʘʡʦʥ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ), ʚ ʟʦʥʝ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ. ʆʟʝʨʦ ɿʘʧʦʚʝʜʥʦʝ (60Á31Ëʩ.ʰ., 

101Á43Ëʚ.ʜ.) ʧʨʦʪʦʯʥʦʝ ʧʨʝʩʥʦʝ ʦʟʝʨʦ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʥʘ ʨʝʢʝ ɺʝʨʭʥʷʷ ʃʘʢʫʨʘ. ʆʟʝʨʦ ʠʤʝʝʪ 

ʢʨʫʛʣʫʶ ʬʦʨʤʫ, ʦʢʦʣʦ 500 ʤ ʚ ʜʠʘʤʝʪʨʝ, ʛʣʫʙʠʥʘ ʦʢʦʣʦ 54 ʤ. ɼʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʦʙʣʘʜʘʶʪ ʪʦʥʢʦʡ 

ʩʣʦʠʩʪʦʩʪʴʶ. 
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ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ ʠʥʪʝʨʝʩʝʥ ʪʝʤ, ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʤʝʩʪʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çʊʫʥʛʫʩʩʢʦʡ 

ʢʘʪʘʩʪʨʦʬʳè 1908 ʛ ʥʝʠʟʚʝʩʪʥʦʡ ʧʨʠʨʦʜʳ, ʥʘʟʳʚʘʝʤʦʡ ʪʘʢʞʝ çʊʫʥʛʫʩʩʢʠʡ ʤʝʪʝʦʨʠʪè. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦʡ ʮʝʣʴʶ ʙʳʣʦ ʧʦʣʫʯʠʪʴ ʩʚʝʜʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʦʛʦ ʷʚʣʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ï 

ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦʙʰʠʨʥʳʭ ʧʦʞʘʨʦʚ. 

ʀʟ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʝʨʥʘ ʜʣʠʥʦʡ 38 ʩʤ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 17 ʦʙʨʘʟʮʦʚ, ʯʝʨʝʟ ʢʘʞʜʳʝ 2-3 ʩʤ, ʚ 

ʦʙʣʘʩʪʠ 8-14 ʩʤ ʦʪʙʠʨʘʣʠʩʴ ʩ ʢʘʞʜʦʛʦ ʩʘʥʪʠʤʝʪʨʘ, ʪ.ʢ. ʵʪʘ ʦʙʣʘʩʪʴ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ çʊʫʥʛʫʩʩʢʦʡ 

ʢʘʪʘʩʪʨʦʬʳè. ʇʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʜʣʷ 

ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ [1]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʚ ʦʙʨʘʟʮʝ ʦʩʪʘʶʪʩʷ ʫʛʦʣʴʥʳʝ ʯʘʩʪʠʮʳ ʠ 

ʜʨʫʛʠʝ ʧʘʣʠʥʦʤʦʨʬʳ ʨʘʟʤʝʨʦʤ ʦʪ 7 ʜʦ 200 ʤʢʤ. ɼʣʷ ʧʦʜʩʯʝʪʘ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʦʙʨʘʟʮʳ 

ʜʦʙʘʚʣʷʣʠʩʴ ʩʧʦʨʳ ʧʣʘʫʥʘ ʚ ʠʟʚʝʩʪʥʦʤ ʢʦʣʠʯʝʩʪʚʝ. ɻʦʪʦʚʳʡ ʦʙʨʘʟʝʮ ʠʟʫʯʘʣʩʷ ʧʦʜ ʩʚʝʪʦʚʳʤ 

ʤʠʢʨʦʩʢʦʧʦʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 400 ʨʘʟ. ʇʘʣʠʥʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʫʙʣʠʢʫʶʪʩʷ ʦʪʜʝʣʴʥʦ. ʉʦʛʣʘʩʥʦ 

ʚʦʟʨʘʩʪʥʦʡ ʤʦʜʝʣʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʧʨʦʬʠʣʝʡ 137Cs, 210Pb ʠ ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʭ ʜʘʪ, ʦʪʣʦʞʝʥʠʷ 

ʩ ʛʣʫʙʠʥʳ 38 ʩʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʦʟʨʘʩʪʫ ʦʢʦʣʦ 390 ʣʝʪ. 

ʇʦʜʩʯʝʪʳ ʫʛʦʣʴʥʳʭ ʯʘʩʪʠʮ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʝʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʦ 

ʚʩʝʭ ʦʙʨʘʟʮʘʭ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ ʫʛʣʝʡ ʦʙʥʘʨʫʞʝʥʳ ʥʘ ʛʣʫʙʠʥʘʭ 12 ʠ 26 ʩʤ. (53 ʪ ʦ71 

ʪʳʩʷʯ ʯʘʩʪʠʮ ʥʘ ʛʨʘʤʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʪʣʦʞʝʥʠʷʤ ʩʣʦʝʚ ʩ ʜʘʥʥʳʭ ʛʣʫʙʠʥ, ʧʦʞʘʨʳ ʙʳʣʠ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʤʠ. 

ʂʨʦʤʝ ʯʘʩʪʠʮ ʫʛʣʷ ʚ ʦʙʨʘʟʮʘʭ ʧʦʜʩʯʠʪʳʚʘʣʠʩʴ ʜʨʫʛʠʝ ʥʝʧʳʣʴʮʝʚʳʝ ʧʘʣʠʥʦʤʦʨʬʳ (ʅʇʇ), 

ʪʘʢʠʝ ʢʘʢ ʦʩʪʘʪʢʠ ʚʦʜʦʨʦʩʣʝʡ, ʙʘʢʪʝʨʠʡ, ʘʤʝʙ ʠ ʩʧʦʨʳ ʛʨʠʙʦʚ. 

ʆʙʠʣʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʅʇʇ ʩʚʷʟʘʥʳ ʩ ʠʟʤʝʥʝʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ʊʘʢ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʅʇʇ (ʈʠʩʫʥʦʢ 1), ʚʠʜʥʦ, ʯʪʦ ʥʘ ʛʣʫʙʠʥʘʭ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʫʛʣʝʡ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʢʦʷʱʠʭʩʷ ʩʧʦʨ ʮʠʘʥʦʙʘʢʪʝʨʠʡ (Aphanizomenon ʠ Anabaena) ʥʘʦʙʦʨʦʪ 

ʤʠʥʠʤʘʣʴʥʳ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʧʦʨ ʮʠʘʥʦʙʘʢʪʝʨʠʡ ʵʪʠʭ ʨʦʜʦʚ ʩʚʷʟʳʚʘʶʪ ʩ ʫʩʠʣʝʥʠʝʤ 

ʧʨʦʮʝʩʩʦʚ ʵʚʪʨʦʬʠʢʘʮʠʠ ʦʟʝʨ, ʘ ʠʭ ʦʪʩʫʪʩʪʚʠʝ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ 

ʚ ʚʦʜʝ [2, 3]. 

ɼʨʫʛʠʝ ʦʩʪʘʪʢʠ ʚʦʜʦʨʦʩʣʝʡ Pediastrum boryanum ʠ Spirogira spp., ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ 

ʠʟʤʝʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʪʘʢʠʭ ʢʘʢ ʵʨʦʟʠʷ, ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʪʨʦʬʥʦʩʪʴ ʠ 

pH ʚʦʜʳ ʚ ʦʟʝʨʝ. ʅʦ ʯʘʱʝ ʚʩʝʛʦ ʠʭ ʩʚʷʟʳʚʘʶʪ ʩ ʧʨʝʩʥʦʚʦʜʥʳʤʠ ʦʣʠʛʦʪʨʦʬʥʳʤʠ ʚʦʜʦʝʤʘʤʠ [4]. 

ʆʙʠʣʠʝ ʩʧʦʨ ʛʨʠʙʦʚ, ʩʚʷʟʘʥʦ ʩ ʘʢʪʠʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʨʘʟʣʦʞʝʥʠʷ, ʛʥʠʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʠ 

ʜʨʫʛʦʡ ʦʨʛʘʥʠʢʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʦʟʝʨʫ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʧʦʞʘʨʦʚ 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʦʨʛʘʥʠʢʠ, ʚʤʝʩʪʝ ʩ ʛʨʠʙʘʤʠ ʫʥʠʯʪʦʞʘʝʪʩʷ ʠ ʦʙʠʣʠʝ ʩʧʦʨ ʛʨʠʙʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʥʠʞʝ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʦʟʨʘʩʪʥʦʡ ʤʦʜʝʣʴʶ, ʛʣʫʙʠʥʘ 12 ʩʤ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʛʦʜʦʤ çʊʫʥʛʫʩʩʢʦʡ 

ʢʘʪʘʩʪʨʦʬʳè (1908-1910 ʛʛ.). ʅʘ ʜʘʥʥʦʡ ʛʣʫʙʠʥʝ ʨʘʩʧʦʣʦʞʝʥ ʯʝʪʢʦ ʚʠʟʫʘʣʴʥʦ ʨʘʟʣʠʯʠʤʳʡ ʩʣʦʡ, 

ʚʳʜʝʣʷʶʱʠʡʩʷ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʪʝʨʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʘʢ ʧʦʢʘʟʘʣ ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ 

ʤʝʪʦʜʦʤ ʈʌɸ. ɺ ʜʘʥʥʦʤ ʦʙʨʘʟʮʝ ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʢʦʷʱʠʝʩʷ ʩʧʦʨʳ ʮʠʘʥʦʙʘʢʪʝʨʠʡ ʠ ʩʧʦʨʳ ʛʨʠʙʦʚ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʠʟʢʦʤ ʧʨʠʪʦʢʝ ʦʨʛʘʥʠʢʠ ʚ ʦʟʝʨʦ ʠ ʫʤʝʥʴʰʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʦʞʝʥʠʷ ʠ 

ʛʥʠʝʥʠʷ ʜʨʝʚʝʩʠʥʳ. ʆʪʩʫʪʩʪʚʠʝ ʚʦʜʦʨʦʩʣʝʡ Pediastrum boryanum ʠ Spirogira spp. ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʟʘʛʨʷʟʥʝʥʠʠ ʦʟʝʨʘ (ʥʝʦʨʛʘʥʠʢʦʡ) ʠʣʠ ʥʘʛʨʝʚʝ ʚʦʜʳ. ʅʫʣʝʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʩʧʦʨ Glomus spp. ʛʦʚʦʨʠʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʧʨʠʟʥʘʢʦʚ ʵʨʦʟʠʠ ʧʦʯʚʳ, ʦʙʳʯʥʦ ʩʚʷʟʘʥʥʦʡ ʩ ʟʘʩʫʭʦʡ.  

ʅʘ ʛʣʫʙʠʥʝ 26 ʩʤ, ʪʘʢ ʞʝ ʧʨʦʠʩʭʦʜʠʣʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʥʦ ʦʥʠ ʥʦʩʠʣʠ ʜʨʫʛʦʡ 

ʭʘʨʘʢʪʝʨ. ɿʜʝʩʴ ʧʨʠʩʫʪʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʦʨ ʮʠʘʥʦʙʘʢʪʝʨʠʡ Aphanizomenon ʠ ʮʠʩʪ 

ʜʠʥʦʬʠʪʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ (ʜʠʥʦʬʣʘʛʝʣʣʷʪ), ʩʧʦʨ Glomus spp. ʠ ʜʨʫʛʠʭ ʧʦʯʚʝʥʥʳʭ ʠ ʜʨʝʚʝʩʥʳʭ 

ʛʨʠʙʦʚ. ʆʙʩʪʘʥʦʚʢʫ ʚ ʦʟʝʨʝ ʠ ʚʦʢʨʫʛ ʥʝʛʦ ʤʦʞʥʦ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʟʘʩʫʰʣʠʚʳʝ ʫʩʣʦʚʠʷ, ʠʜʫʪ ʧʨʦʮʝʩʩʳ ʵʨʦʟʠʠ ʧʦʯʚʳ, ʚ ʦʟʝʨʝ ʠʜʫʪ ʧʨʦʮʝʩʩʳ ʵʚʪʨʦʬʠʢʘʮʠʠ, ʥʦ ʚʦʜʘ 

ʦʩʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʯʠʩʪʦʡ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʧʘʣʠʥʦʤʦʨʬ ʠ ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʘ ʦʙʩʪʘʥʦʚʢʘ ʩʭʦʞʠ ʩ 

ʛʣʫʙʠʥʦʡ 0 ʩʤ, ʩʦʦʪʚʝʪʩʚʫʶʱʝʡ ʩʦʚʨʝʤʝʥʥʦʩʪʠ ʠ ʫʩʠʣʝʥʥʦʡ ʧʦʞʘʨʦʦʧʘʩʥʦʡ ʦʙʩʪʘʥʦʚʢʝ 

ʥʘʙʣʶʜʘʝʤʦʡ ʚ ʨʘʡʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʝ 4 ʛʦʜʘ.  
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ʈʠʩʫʥʦʢ - 1 ɼʠʘʛʨʘʤʤʘ ʦʟʝʨʘ ɿʘʧʦʚʝʜʥʦʝ. ʆʪʨʘʞʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ ʫʛʣʷ ʠ ʥʝʧʳʣʴʮʝʚʳʭ 

ʧʘʣʠʥʦʤʦʨʬ, ʧʦʜʩʯʠʪʘʥʥʳʭ ʚ ʦʙʨʘʟʮʘʭ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 19-04-00320 ɸ çʆʟʝʨʘ ʟʘʧʦʚʝʜʥʠʢʘ 

"ʊʫʥʛʫʩʩʢʠʡ" ʢʘʢ ʧʘʣʝʦ-ʘʨʭʠʚʳ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʧʦʞʘʨʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʧʦʟʜʥʝʤ 

ʛʦʣʦʮʝʥʝè. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1. Faegri K. Textbook of Pollen Analysis / K. Faegri, J. Iversen // Chichester: John Wiley & Sons. ï1989.ï 

328 p. 

2. Van Geel B. Non-pollen palynomorphs //Tracking environmental change using lake sediments. ï 

Springer, Dordrecht, ï 2002. ï P. 99-119. 

3. Van Geel B. Fossil akinetes of Aphanizomenon and Anabaena as indicators for medieval phosphate-

eutrophication of Lake Gosciaz (Central Poland) / B. Van Geel, L. R.Mur, M. Ralska-Jasiewiczowa, T. 

Goslar // Review of palaeobotany and Palynology. ï 1994. ïV. 83(1). ï P. 97-105. 

4. Cook, E.J., van Geel, B., van der Kaars, S., van Arkel, J. A review of the use of non-pollen palynomorphs 

in palaeoecology withexamples from Australia / E.J. Cook, B. van Geel, S. van der Kaars, J. van Arkel 

// Palynology. ï  2011. ï V. 35 (2). ï P. 155-178. 

0

5

10

15

20

25

30

35

ɻ
ʣ
ʫ
ʙ
ʠ
ʥ
ʘ
,
 
ʩ
ʤ

200 400 600 800

ʋ
ʛ
ʣ
ʠ

100 200 300

ʉ
ʧ
ʦ
ʨ
ʳ
 

A
p
h
a
n
iz

o
m

e
n
o
n

200 400 600 800

ʉ
ʧ
ʦ
ʨ
ʳ
 
 

A
n
a
b
a
e
n
a

200 400 600 800

S
p
ir
o
g
ir
a
 s

p
p

500100015002000

ʎ
ʠ
ʩ
ʪ
ʳ
 
ʜ
ʠ
ʥ
ʦ
ʬ
ʣ
ʘ
ʛ
ʝ
ʣ
ʣ
ʷ
ʪ

200 400 600

P
e
d
ia

s
tr

u
m

 b
o
re

a
n
u
m

200 400 600 800

C
o
s
m

a
ri
u
m

 s
p
p
.

200 400 600 800

ʈ
ʘ
ʢ
ʦ
ʚ
ʠ
ʥ
ʳ
 
ʘ
ʤ
ʝ
ʙ

200 400 600 800

G
lo

m
u
s
 s

p
p
.

200 400 600 800

S
o
rd

a
ri
a
 t
y
p
e

500 100015002000

ʉ
ʧ
ʦ
ʨ
ʳ
 
ʜ
ʨ
ʝ
ʚ
ʝ
ʩ
ʥ
ʳ
ʭ
 
ʠ
 
ʧ
ʦ
ʯ
ʚ
ʝ
ʥ
ʥ
ʳ
ʭ
 
ʛ
ʨ
ʠ
ʙ
ʦ
ʚ

ɺʦʜʥʳʝ ʉʧʦʨʳ ʛʨʠʙʦʚ



 

 

29 

 

ʋɼʂ 551.73 

ʂ ɺʆʇʈʆʉʋ ʆ ɺʆɿʈɸʉʊɽ ʆʉʅʆɺɸʅʀʗ ʇʃʀʊʅʆɻʆ ʂʆʄʇʃɽʂʉɸ ʖɻʆ-

ɺʆʉʊʆʂɸ ɺʆʉʊʆʏʅʆ-ɽɺʈʆʇɽʁʉʂʆʁ ʇʃɸʊʌʆʈʄʓ 

ʂʦʣʝʩʥʠʢʦʚ ɸʥʪʦʥ ɺʣʘʜʠʤʠʨʦʚʠʯ  

ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʛʘʟʦʚʦʡ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ʠʤ. ɸ.ɸ.ʊʨʦʬʠʤʫʢʘ ʉʆ ʈɸʅ, ʛ. 

ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, anton.kolesnikov@icloud.com 

ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ɹʦʙʢʦʚ ʅʠʢʦʣʘʡ ʀʛʦʨʝʚʠʯ 

ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʛʘʟʦʚʦʡ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ʠʤ. ɸ.ɸ.ʊʨʦʬʠʤʫʢʘ ʉʆ ʈɸʅ, 

ʛ.ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, nbobkov2011@yandex.ru 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʮʝʥʢʝ ʚʦʟʨʘʩʪʘ ʥʘʯʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʪʦʯʥʦʛʦ ʫʨʦʚʥʷ 

ʧʝʨʚʦʛʦ ʧʦʷʚʣʝʥʠʷ ʠʩʢʦʧʘʝʤʳʭ ʩʣʝʜʦʚ Didymaulichnus tirasensis Palij ʚ ʨʘʟʨʝʟʝ ʘʰʠʥʩʢʦʡ ʩʝʨʠʠ ɹʘʰʢʠʨʩʢʦʛʦ 

ʤʝʛʘʘʥʪʠʢʣʠʥʦʨʠʷ ʖʞʥʦʛʦ ʋʨʘʣʘ, ʩ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʦ ʝʝ ʙʦʣʝʝ ʤʦʣʦʜʦʤ (ʧʘʣʝʦʟʦʡʩʢʦʤ) ʚʦʟʨʘʩʪʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʘʷ ʧʣʘʪʬʦʨʤʘ, ɹʘʰʢʠʨʩʢʠʡ ʤʝʛʘʘʥʪʠʢʣʠʥʦʨʠʫʤ, ʖʞʥʳʡ ʋʨʘʣ, 

ʘʰʠʥʩʢʘʷ ʩʝʨʠʷ, Didymaulichnus tirasensis, Palaeopascichnus linearis 

REVISITING THE SEDIM ENTARY COVER AGE OF THE SOUTHEAST OF THE  

EAST EUROPEAN PLATFORM 

Anton Kolesnikov 

Trofimuk Institute of Petroleum Geology and Geophysics of Siberian Branch of Russian 

Academy of Sciences (IPGG SB RAS), Novosibirsk, Russia, Senior Researcher, 

anton.kolesnikov@icloud.com 

Geological Institute RAS, Moscow, Russia, Senior Researcher 

Nikolai  Bobkov 

Trofimuk Institute of Petroleum Geology and Geophysics of Siberian Branch of Russian 

Academy of Sciences (IPGG SB RAS), Novosibirsk, Russia, Senior Researcher, 

nbobkov2011@yandex.ru 

Novosibirsk State University, Novosibirsk, Russia 

This work is devoted to sedimentary cover age assessment of the southeast of the East European Platform. The main 

goal of the work is the determining the precise stratigraphic level of the first appearance of ichofossil 

Didymaulichnus tirasensis Palij in the Asha Group of the Bashkirian Mega-Ancticlinorium in the South Urals, and 

testing of hypothesis of its relatively young (Palaeozoic) age. 

Keywords: East European Platform, Bashkirian Mega-Anticlinorium, South Urals, Asha Group, Didymaulichnus 

tirasensis, Palaeopascichnus linearis 

ɺʦʟʨʘʩʪ ʘʰʠʥʩʢʦʡ ʩʝʨʠʠ ʟʘʧʘʜʥʦʛʦ ʩʢʣʦʥʘ ʖʞʥʦʛʦ ʋʨʘʣʘ ʜʦʣʛʦʝ ʚʨʝʤʷ ʚʳʟʳʚʘʣ ʜʠʩʢʫʩʩʠʠ 

ʚ ʩʨʝʜʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʛʝʦʣʦʛʦʚ. ɸ.ʀ. ʆʣʣʠ, ʧʨʦʬʝʩʩʦʨ, ʠʟʚʝʩʪʥʳʡ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʛʝʦʣʦʛ, 

ʠʟʥʘʯʘʣʴʥʦ ʦʪʥʦʩʠʣ ʦʩʘʜʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʘʰʠʥʩʢʦʡ ʩʝʨʠʠ ʢ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʤ ʦʙʨʘʟʦʚʘʥʠʷʤ [1]. 

ʅʘ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʡ ʦʨʜʦʚʠʢʩʢʠʡ (ʪʨʝʤʘʜʦʢʩʢʠʡ) ʚʦʟʨʘʩʪ ʦʪʣʦʞʝʥʠʡ, ʧʦ ʝʛʦ ʤʥʝʥʠʶ, ʫʢʘʟʳʚʘʣʠ 

ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ, ʩʦʙʨʘʥʥʳʝ ɸ.ɸ. ɹʣʦʭʠʥʳʤ ʠʟ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʘʰʠʥʩʢʦʡ ʩʝʨʠʠ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʚ 1945 ʛʦʜʫ ʅ.ʉ. ʐʘʪʩʢʠʡ ʚʧʝʨʚʳʝ ʫʢʘʟʘʣ ʥʘ ʚʦʟʤʦʞʥʳʡ ʜʦʢʝʤʙʨʠʡʩʢʠʡ ʚʦʟʨʘʩʪ ʘʰʠʥʩʢʦʡ 

çʩʚʠʪʳè, ʩ ʯʝʤ ʧʦʟʞʝ ʩʦʛʣʘʩʠʣʩʷ ʠ ʩʘʤ ɸ.ʀ. ʆʣʣʠ. ʉʧʫʩʪʷ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʚʳʩʢʘʟʳʚʘʣʠʩʴ 

mailto:anton.kolesnikov@icloud.com
mailto:nbobkov2011@yandex.ru
mailto:anton.kolesnikov@icloud.com
mailto:nbobkov2011@yandex.ru
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ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʫʞʝ ʦ ʙʦʣʝʝ ʢʦʥʢʨʝʪʥʦʤ ʚʦʟʨʘʩʪʝ ʘʰʠʥʩʢʦʡ ʩʝʨʠʠ ï ʚʝʥʜʩʢʦʤ [2; 3]. ɺ ʩʦʩʪʘʚʝ 

ʘʰʠʥʩʢʦʡ ʩʝʨʠʠ ʧʨʝʜʣʘʛʘʣʦʩʴ ʚʳʜʝʣʷʪʴ ʤʝʥʴʰʠʝ ʧʦ ʨʘʥʛʫ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ï ʙʘʢʝʝʚʩʢʫʶ, ʫʨʶʢʩʢʫʶ, 

ʙʘʩʠʥʩʢʫʶ, ʢʫʢʢʘʨʘʫʢʩʢʫʶ ʠ ʟʠʛʘʥʩʢʫʶ ʩʚʠʪʳ [1; 4]. ʇʦʟʞʝ ʙʘʢʝʝʚʩʢʘʷ ʩʚʠʪʘ ʙʳʣʘ ʫʧʨʘʟʜʥʝʥʘ, ʘ ʝʝ 

ʦʩʘʜʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʢʣʶʯʝʥʳ ʚ ʩʦʩʪʘʚ ʚʳʰʝʣʝʞʘʱʝʡ ʫʨʶʢʩʢʦʡ ʩʚʠʪʳ [6]. ɺ ʧʦʣʴʟʫ ʚʝʥʜʩʢʦʛʦ 

ʚʦʟʨʘʩʪʘ ʪʘʢʞʝ ʦʙʨʘʪʠʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʘʙʩʦʣʶʪʥʳʭ ʦʮʝʥʦʯʥʳʭ ʚʦʟʨʘʩʪʦʚ ʛʣʘʫʢʦʥʠʪʦʚ 

ñʙʘʢʝʝʚʩʢʦʡò (615ï625 ʤʣʥ ʣʝʪ), ʫʨʶʢʩʢʦʡ (590 ʤʣʥ ʣʝʪ) ʠ ʙʘʩʠʥʩʢʦʡ ʩʚʠʪ (570 ʤʣʥ ʣʝʪ) [4]. ʂʨʦʤʝ 

ʪʦʛʦ, ʚ ʦʪʣʦʞʝʥʠʷʭ ʘʰʠʥʩʢʦʡ ʩʝʨʠʠ ʚʧʝʨʚʳʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʠʩʢʦʧʘʝʤʳʝ ʦʩʪʘʪʢʠ ʦʨʛʘʥʠʟʤʦʚ 

ʵʜʠʘʢʘʨʩʢʦʛʦ ʪʠʧʘ [5]. ʆʜʥʘʢʦ, ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʘʰʠʥʩʢʦʡ ʩʝʨʠʠ ʚʝʨʭʥʝʛʦ çʚʝʥʜʘè 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʷʚʣʷʣʦʩʴ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʚʝʥʜʩʢʠʭ ʤʷʛʢʦʪʝʣʳʭ 

ʦʨʛʘʥʠʟʤʦʚ [6]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʘʜʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʘʰʠʥʩʢʦʡ ʩʝʨʠʠ ʚʩʢʨʳʚʘʶʪʩʷ ʚ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʡ, ʶʛʦ-ʟʘʧʘʜʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʷʭ ɹʘʰʢʠʨʩʢʦʛʦ ʤʝʛʘʘʥʪʠʢʣʠʥʦʨʠʷ ʥʘ ʟʘʧʘʜʥʦʤ ʩʢʣʦʥʝ 

ʖʞʥʦʛʦ ʋʨʘʜʘ (ʈʠʩ. 1).  

ʈʠʩʫʥʦʢ 1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʩʢʦʧʘʝʤʳʭ ʵʜʠʘʢʘʨʩʢʠʭ ʦʨʛʘʥʠʟʤʦʚ ʧʦ ʨʘʟʨʝʟʫ ʘʰʠʥʩʢʦʡ ʩʝʨʠʠ, ʫʨʦʚʝʥʴ 

ʩ ʧʝʨʚʳʤ ʧʦʷʚʣʝʥʠʝʤ ʠʭʥʦʪʘʢʩʦʥʘ Didymaulichnus tirasensis Palij  ʠ ʧʦʣʦʞʝʥʠʝ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʪʫʬʦʚ 

ʜʘʪʠʨʦʚʘʥʥʳʭ ʅ.ʄ. ʃʝʚʘʰʦʚʦʡ ʩ ʩʦʘʚʪʦʨʘʤʠ ʚ 2013 ʛ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʜʘʚʥʝʡ ʨʝʚʠʟʠʠ ʠʩʢʦʧʘʝʤʳʭ ʪʘʢʩʦʥʦʚ ʠʟ ʘʰʠʥʩʢʦʡ ʩʝʨʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʝʨʠʷ ʧʦ ʩʚʦʝʤʫ ʦʙʲʝʤʫ ʤʦʛʣʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʢʦʪʣʠʥʩʢʦʤʫ ʠʣʠ ʙʦʣʝʝ ʤʦʣʦʜʳʤ ʨʝʛʠʦʷʨʫʩʘʤ 

ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʘ ʦʪʩʫʪʩʪʚʠʝ ʛʣʘʚʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʚʝʥʜʩʢʠʭ ʦʨʛʘʥʠʟʤʦʚ 

ʩʚʷʟʳʚʘʣʦʩʴ ʩ ʢʦʪʣʠʥʩʢʠʤ ʢʨʠʟʠʩʦʤ ʚ ʢʦʥʮʝ ʚʝʥʜʘ (ʵʜʠʘʢʘʨʠʷ) [6]. ɺ 2013 ʛ ʙʳʣ ʧʦʣʫʯʝʥ U-Pb 

ʚʦʟʨʘʩʪ 547Ñ 3.8 ʤʣʥ ʣʝʪ ʮʠʨʢʦʥʦʚ ʠʟ ʧʨʦʩʣʦʝʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʪʫʬʦʚ [7] ʠʟ ʘʰʠʥʩʢʦʡ ʩʝʨʠʠ. ʊʦʯʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʪʫʬʦʚ ʚʳʟʳʚʘʣʦ ʤʥʦʛʦ ʚʦʧʨʦʩʦʚ: ʧʦ ʤʥʝʥʠʶ ʄ.ʃ. ɹʘʞʝʥʦʚʘ ʧʨʦʩʣʦʠ ʪʫʬʦʚ ʙʳʣʠ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʟʠʛʘʥʩʢʦʡ ʩʚʠʪʳ ʚ ʢʣʶʯʝʚʦʤ ʨʘʟʨʝʟʝ ʚ ʨʘʡʦʥʝ ʛ. ʋʩʪʴ-ʂʘʪʘʚ, ʦʜʥʘʢʦ, 

ʜʝʪʘʣʴʥʦʝ ʧʝʨʝʠʟʫʯʝʥʠʝ ʜʘʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʛʦʨʦʜʩʢʦʡ ʯʝʨʪʝ ʟʠʛʘʥʩʢʘʷ ʩʚʠʪʘ 

ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʝʪ, ʠ ʨʘʟʨʝʟ ʘʰʠʥʩʢʦʡ ʩʝʨʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʪʦʣʴʢʦ ʫʨʶʢʩʢʦʡ ʠ ʙʘʩʠʥʩʢʦʡ 

ʩʚʠʪʘʤʠ, ʧʝʨʝʢʨʳʪʳʭ ʥʝʩʦʛʣʘʩʥʦ ʜʝʚʦʥʩʢʠʤʠ ʪʦʣʱʘʤʠ [6]. ɺ ʩʘʤʦʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʘʰʠʥʩʢʦʡ 

ʩʝʨʠʠ, ʚ ʟʠʛʘʥʩʢʦʡ ʩʚʠʪʝ, ʙʳʣʠ ʚʩʪʨʝʯʝʥʳ ʠʩʢʦʧʘʝʤʳʝ ʩʣʝʜʳ Didymaulichnus tirasensis Palij, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʧʦʛʨʘʥʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦʟʜʥʝʛʦ ʚʝʥʜʘ ʠ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ) ʨʘʥʥʝʛʦ ʢʝʤʙʨʠʷ. ɺ 

ʩʚʷʟʠ ʩ ʯʝʤ, ʧʦʷʚʠʣʠʩʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʩʥʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʢʘʢ ʤʠʥʠʤʫʤ ʚʝʨʭʥʷʷ ʯʘʩʪʴ 

ʨʘʟʨʝʟʘ ʘʰʠʥʩʢʦʡ ʩʝʨʠʠ çʚʝʥʜʘè ʖʞʥʦʛʦ ʋʨʘʣʘ ʫʞʝ ʤʦʛʣʘ ʠʤʝʪʴ ʨʘʥʥʝʢʝʤʙʨʠʡʩʢʠʡ ʚʦʟʨʘʩʪ. 

ɻʠʧʦʪʝʟʘ ʦ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʦʤ ʚʦʟʨʘʩʪʝ ʧʦʜʢʨʝʧʠʣʘʩʴ ʥʦʚʳʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ 2017-2019 

ʛʛ, ʦ ʤʦʱʥʦʩʪʠ ʨʘʟʨʝʟʘ, ʢʦʨʨʝʣʷʮʠʠ ʦʪʜʝʣʴʥʳʭ ʦʙʥʘʞʝʥʠʡ, ʧʦʣʦʞʝʥʠʷ ʥʘ ʨʘʟʨʝʟʝ ʠʩʢʦʧʘʝʤʳʭ 

ʦʩʪʘʪʢʦʚ ʠ ʫʨʦʚʥʝʡ ʩ ʪʫʬʘʤʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ 2018 ʛ. ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʥʦʚʳʭ ʨʘʟʨʝʟʦʚ 

ʙʘʩʠʥʩʢʦʡ ʩʚʠʪʳ ʚ ʢʘʨʴʝʨʘʭ ʫ ʛ. ʋʩʪʴ-ʂʘʪʘʚ ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʩʫʱʝʩʪʚʝʥʥʦ  

ʙʦʣʝʝ ʥʠʟʢʠʝ ʫʨʦʚʥʠ ʧʦʷʚʣʝʥʠʷ ʠʩʢʦʧʘʝʤʳʭ ʩʣʝʜʦʚ Didymaulichnus tirasensis Palij. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʦʷʚʣʷʶʪʩʷ ʝʱʝ ʙʦʣʝʝ ʚʝʩʦʤʳʝ ʘʨʛʫʤʝʥʪʳ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʚʦʟʨʘʩʪ 

ʘʰʠʥʩʢʦʡ ʩʝʨʠʠ ʤʦʛ ʙʳʪʴ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʤ, ʘ ʥʝ ʚʝʥʜʩʢʠʤ, ʢʘʢ ʩʯʠʪʘʣʦʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ.  

ʉʪʘʣʦ ʙʳʪʴ, ʙʦʣʝʝ 70 ʣʝʪ ʥʘʟʘʜ ʧʨʦʬʝʩʩʦʨ ɸ.ʀ. ʆʣʣʠ ʙʳʣ ʧʨʘʚ ʚ ʩʚʦʠʭ ʩʫʞʜʝʥʠʷʭ ʦ 

ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʦʤ ʚʦʟʨʘʩʪʝ ʘʰʠʥʩʢʦʡ ʩʝʨʠʠ ʖʞʥʦʛʦ ʋʨʘʣʘ [1]. ɿʘ ʙʦʣʝʝ ʯʝʤ ʧʦʣʫʚʝʢʦʚʫʶ 

ʠʩʪʦʨʠʶ ʠʟʫʯʝʥʠʷ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ ʤʝʞʜʫ ʘʰʠʥʩʢʦʡ ʩʝʨʠʝʡ ʠ ʨʠʬʝʡʩʢʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʥʝ ʙʳʣʦ 

ʚʩʪʨʝʯʝʥʦ ʢʘʢʠʭ-ʣʠʙʦ ʜʨʫʛʠʭ ʦʩʘʜʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʨʦʜ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʪʝʤ ʠʣʠ ʠʥʳʤ 

ʦʙʨʘʟʦʤ ʤʦʛʣʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʣʠʪʥʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʛʠʧʦʪʝʟʳ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ 

ʢʦʤʧʣʝʢʩʦʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʚʝʥʜʩʢʦʛʦ ʚʦʟʨʘʩʪʘ (ʠʣʠ ʜʘʞʝ ʢʨʠʦʛʝʥʠʷ-ʵʜʠʘʢʘʨʠʷ) ʤʦʞʥʦ ʙʫʜʝʪ 

ʩʜʝʣʘʪʴ ʦʜʥʦʟʥʘʯʥʳʡ ʚʳʚʦʜ ʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʵʚʦʣʶʮʠʠ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ 

ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ï ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ, ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʧʣʘʪʬʦʨʤʳ ʠ ʝʝ ʩʢʣʘʜʯʘʪʦʤ ʦʙʨʘʤʣʝʥʠʠ ʥʘ ʟʘʧʘʜʥʦʤ ʩʢʣʦʥʝ ʖʞʥʦʛʦ ʋʨʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʤʦʛʣʦ ʥʘʯʘʪʴʩʷ ʩ ʟʘʜʝʨʞʢʦʡ ʥʘ 40-50 ʤʣʥ ʣʝʪ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʄʂ-310.2019.5. 
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This work is devoted to the study of calcareous nanoplankton of Jurassic and Cretaceous deposits of the North of 

Near-Azov region. The associations of a calcareous nannoplankton of the Early Callovian, Aptian, Albian ï Early 

Cenomanian and Campanian ages are defined. 
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ʅʘ ʉʝʚʝʨʥʦʤ ʇʨʠʩʠʚʘʰʴʝ ʚ ʭʦʜʝ ʛʝʦʣʦʛʦ-ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʥʘ ʙʦʢʩʠʪʳ ʩʢʚʘʞʠʥʘʤʠ ʚʩʢʨʳʪʳ 

ʧʝʩʪʨʦʮʚʝʪʥʳʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʛʣʠʥʠʩʪʦ-ʢʘʦʣʠʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠ ̫ ʥʝʦʢʦʤʘ [2], ʧʨʠʙʨʝʞʥʦ-

ʤʦʨʩʢʠʝ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʝ ʧʦʨʦʜʳ ʘʧʪ-ʘʣʴʙʘ ʠ ʤʦʨʩʢʠʝ ʦʨʛʘʥʦʛʝʥʥʦ-ʢʨʝʤʥʠʩʪʳʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʘʣʴʙ-ʩʝʥʦʤʘʥʘ, ʢʦʪʦʨʳʝ ʩ ʨʘʟʤʳʚʦʤ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʢʘʨʙʦʥʘʪʥʦ-ʤʝʨʛʝʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ 

ʚʝʨʭʥʝʛʦ ʤʝʣʘ [2 ï 4]. ʆʜʥʘʢʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʪʘʸʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩ ʥʘʣʠʯʠʷ ʥʘ ʵʪʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʘʤʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʄ.ɸ. ɺʦʨʦʥʦʚʦʡ [1] ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ ʫʩʪʘʥʦʚʣʝʥʳ ʦʪʣʦʞʝʥʠʷ ʨʘʥʥʝ-ʩʨʝʜʥʝʶʨʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ʅʦ ʧʨʠ ʜʝʪʘʣʴʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʩʲʸʤʢʝ ʄʝʣʠʪʦʧʦʣʴʩʢʦʛʦ ʣʠʩʪʘ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʚ ʨʘʡʦʥʝ ɻʨʦʟʥʦʚʩʢʦʛʦ ʛʨʘʙʝʥʘ ʠ ʶʞʥʦʡ ʯʘʩʪʠ 

ʊʦʢʤʘʢʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʚ ʟʘʙʦʝ ʧʨʦʙʫʨʝʥʥʳʭ ʩʢʚʘʞʠʥ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʘʷ ʧʘʯʢʘ ʶʨʳ ʤʦʨʩʢʦʛʦ 

ʛʝʥʝʟʠʩʘ ʩ ʦʩʪʘʪʢʘʤʠ ʧʝʣʝʮʠʧʦʜ ʠ ʬʦʨʘʤʠʥʠʬʝʨ ʧʣʦʭʦʡ ʩʦʭʨʘʥʥʦʩʪʠ. ʆ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʨʩʢʠʭ 

ʬʘʮʠʡ ʶʨʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚʳʷʚʣʝʥʥʳʝ ʚ ʦʙʨʘʟʮʘʭ ʢʝʨʥʘ 

ʩʢʚʘʞʠʥʳ 4 ʛʢ (ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʄʦʣʦʯʘʥʩʢʦʛʦ ʛʨʘʙʝʥʘ) ʥʘ ʛʣʫʙʠʥʝ 417,0 ʤ ʢʦʤʧʣʝʢʩʳ 

ʥʘʥʥʦʧʣʘʥʢʪʦʥʘ ʩ ʟʦʥʘʣʴʥʳʤʠ ʚʠʜʘʤʠ Stephanolithion speciosum Deflandre, S. bigotii subsp. bigotii 

Deflandre, ʘ ʪʘʢʞʝ Zeugrhabdotus erectus (Deflandre) Reinhardt, Triscutum sp., Watznaueria barnesae 

(Black) Perch-Nielsen, W. manivitiae Bukry, W. fossacincta (Black) Bown, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʘʪʠʨʦʚʘʪʴ ʵʪʠ 

ʦʪʣʦʞʝʥʠʷ ʨʘʥʥʠʤ ʢʝʣʣʦʚʝʝʤ (ʨʠʩ. 1) [5]. ʆʙʨʘʟʮʳ ʠʟ ʙʦʣʝʝ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʪʦʣʱʠ ʥʘ 

ʥʘʥʥʦʧʣʘʥʢʪʦʥ ʥʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ. 
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ʈʠʩʫʥʦʢ 1 - ʀʟʚʝʩʪʢʦʚʳʡ ʥʘʥʥʦʧʣʘʥʢʪʦʥ ʠʟ ʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʉʝʚʝʨʥʦʛʦ ʇʨʠʘʟʦʚʴʷ 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï Gartnerago segmentatum (Stover) Thierstein, ʩʢʚ. 14, ʛʣ. 312,0 ʤ; 2 ï Eiffellithus 

eximius (Stover) Perch-Nielsen, ʩʢʚ. 14, ʛʣ. 312,0 ʤ; 3 ï Kamptnerius magnificus Deflandre, ʩʢʚ. 14, ʛʣ. 312,0 ʤ; 4 

ï Arkhangelskiella cymbiformis Vekshina, ʩʢʚ. 14, ʛʣ. 312,0 ʤ; 5 ï Microrhabdulus belgicus Hay and Towe, 

ʩʢʚ. 14, ʛʣ. 312,0 ʤ; 6 ï Tegumentum stradneri Thierstein, ʩʢʚ. 9, ʛʣ. 374,0 ʤ; 7 ï Biscutum constans (G·rka) 

Black, ʩʢʚ. 4 ʛʢ, ʛʣ. 416,0 ʤ; 8 ï Eprolithus floralis (Stradner) Stover, ʩʢʚ. 9, ʛʣ. 374,0 ʤ; 9 ï Rhagodiscus asper 

(Stradner) Reinhardt, ʩʢʚ. 9, ʛʣ. 374,0 ʤ; 10 ï Rhagodiscus angustus (Stradner) Reinhardt, ʩʢʚ. 4 ʛʢ, ʛʣ. 412,0 ʤ; 11 

ï Stephanolithion aff. speciosum Deflandre, ʩʢʚ. 4 ʛʢ, ʛʣ. 417,0 ʤ; 12 ï Stephanolithion sp., ʩʢʚ. 4 ʛʢ, ʛʣ. 417,0 ʤ; 

13, 14 ï Stephanolithion bigotii subsp. bigotii Deflandre, ʩʢʚ. 4 ʛʢ, ʛʣ. 417,0 ʤ; 15 ï Zeugrhabdotus erectus 

(Deflandre) Reinhardt, ʩʢʚ. 4 ʛʢ, ʛʣ. 417,0 ʤ. 

ʆʪʣʦʞʝʥʠʷ ʘʧʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʛʣʠʥʘʤʠ ʠ ʧʝʩʢʘʤʠ, ʚʩʢʨʳʪʳ ʩʢʚʘʞʠʥʦʡ 4 ʛʢ ʥʘ ʛʣʫʙʠʥʝ 

412,0 ï 416,0 ʤ. ɺ ʥʠʭ ʦʧʨʝʜʝʣʸʥ ʦʙʝʜʥʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʠʟʚʝʩʪʢʦʚʦʛʦ ʥʘʥʥʦʧʣʘʥʢʪʦʥʘ: Biscutum 

constans (G·rka) Black, Zeugrhabdotus diplogrammus (Deflandre) Burnett, Rhagodiscus angustus 

(Stradner) Reinhardt, Discorhabdus ignotus (G·rka) Perch-Nielsen, Rotelapillus laffittei (No ly) No ly, ʚʠʜʳ 

ʨʦʜʘ Watznaueria ʠ ʨʘʩʪʚʦʨʸʥʥʳʝ ʬʦʨʤʳ ʢʦʢʢʦʣʠʪ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʥʘ ʛʣʫʙʠʥʝ 416,0 ʤ ʚʩʪʨʝʯʝʥ 

ʚʠʜ Stephanolithion sp., ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʰʠʨʦʢʦʤ ʨʘʟʤʳʚʝ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʚʦ ʚʨʝʤʷ ʤʝʣʦʚʦʡ 

ʪʨʘʥʩʛʨʝʩʩʠʠ. 

ɺ ʧʝʩʪʨʦʮʚʝʪʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʥʘ ʛʣʫʙʠʥʝ 415,0 ï 463,0 ʤ ʩʢʚʘʞʠʥʳ 9 (ʩ. ʊʠʤʦʦhʚʢʘ) ʚ ʩʚʦʜʝ 

ʊʦʢʤʘʢʩʢʦʛʦ ʧʦʜʥʷʪʠʷ ʥʘʥʥʦʧʣʘʥʢʪʦʥ ʥʝ ʚʳʷʚʣʝʥʦ. ɺʳʰʝ ʧʦ ʨʘʟʨʝʟʫ, ʚ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ 

ʧʝʩʯʘʥʠʢʘʭ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʢʨʝʤʥʷ ʠ ʦʩʪʘʪʢʘʤʠ ʤʦʣʣʶʩʢʦʚ (ʛʣʫʙʠʥʘ 374,0 ʤ) ʥʘʥʥʦʧʣʘʥʢʪʦʥ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚʠʜʘʤʠ Eprolithus floralis (Stradner) Stover, Rhagodiscus asper (Stradner) Reinhardt, 

Watznaueria britannica (Stradner) Reinhardt, Tegumentum stradneri Thierstein, Biscutum constans 

(G·rka) Black, Staurolithites ellipticus (Gartner) Lambert, Cribrosphaerella ehrenbergii (Arkhangelsky) 

Deflandre ʠ ʜʨʫʛʠʝ. ʇʦ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʢʦʤʧʣʝʢʩʘ ʚʦʟʨʘʩʪ ʦʪʣʦʞʝʥʠʡ ï ʘʣʴʙ ï ʨʘʥʥʠʡ 

ʩʝʥʦʤʘʥ [5]. 

ɺ ʧʨʝʜʝʣʘʭ ʄʦʣʦʯʘʥʩʢʦʛʦ ʛʨʘʙʝʥʘ ʩʢʚʘʞʠʥʦʡ 14 (ʩ. ʅʦʚʦʥʠʢʦʣʘʝʚʢʘ) ʚʩʢʨʳʪʘ ʧʝʩʯʘʥʦ-

ʫʛʣʠʩʪʘʷ ʧʘʯʢʘ ʩ ʫʛʣʦʚʘʪʳʤʠ ʟʝʨʥʘʤʠ ʢʚʘʨʮʘ, ʦʩʪʘʪʢʘʤʠ ʦʙʫʛʣʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʝʜʠʥʠʯʥʳʤʠ 

ʨʘʩʪʚʦʨʸʥʥʳʤʠ ʬʦʨʤʘʤʠ ʢʦʢʢʦʣʠʪ. ʅʠʞʥʝʩʝʥʦʤʘʥʩʢʠʡ ʢʦʤʧʣʝʢʩ ʥʘʥʥʦʧʣʘʥʢʪʦʥʘ ʩ ʟʦʥʘʣʴʥʳʤʠ 

ʚʠʜʘʤʠ Gartnerago nanum Thierstein, Watznaueria britannica (Stradner) Reinhardt ʠ Zeugrhabdotus 

xenotus (Stover) Burnett ʚʳʷʚʣʝʥʦ ʚ ʟʦʥʝ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ 

ʥʘ ʛʣʫʙʠʥʝ 355,0 ï 357,0 ʤ. ʄ.ɸ. ɺʦʨʦʥʦʚʦʡ [1] ʪʘʢʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚ ʦʪʣʦʞʝʥʠʷʭ ʟʘʙʦʷ ʩʢʚʘʞʠʥʳ 094 

(ʛʣʫʙʠʥʘ 435,2 ï 438,0 ʤ) ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʢʦʤʧʣʝʢʩʘʭ ʩʧʦʨ ʶʨʩʢʦʛʦ ʠ ʜʝʚʦʥ-

ʢʘʨʙʦʥʦʚʦʛʦ ʦʙʣʠʢʘ. ɺ ʛʣʠʥʘʭ ʠ ʘʣʝʚʨʦʣʠʪʘʭ ʩ ʛʣʫʙʠʥʳ 269,0 ï 312,0 ʤ ʩʢʚʘʞʠʥʳ 14 ʦʧʨʝʜʝʣʸʥ 
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ʤʥʦʛʦʯʠʩʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʥʘʥʥʦʧʣʘʥʢʪʦʥʘ ʩʨʝʜʥʝʛʦ ï ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʦʟʜʥʝʛʦ ʢʘʤʧʘʥʘ: Gartnerago 

segmentatum (Stover) Thierstein, Eiffellithus eximius (Stover) Perch-Nielsen, Kamptnerius magnificus 

Deflandre, Arkhangelskiella cymbiformis Vekshina, Micula staurophora Gardet, Reinhardtites 

anthophorus (Deflandre) Perch-Nielsen, R.levis Prins and Sissingh, Broinsonia parca subsp. constricta 

Hattner ʠ ʜʨʫʛʠʝ (ʨʠʩ. 1) [5]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʟʨʝʟʝ ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʠ ʉʝʚʝʨʥʦʛʦ ʇʨʠʘʟʦʚʴʷ ʚʦʟʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʤʦʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʶʨʳ, ʦʜʥʘʢʦ ʦʥʠ ʠʤʝʶʪ ʦʯʝʥʴ ʬʨʘʛʤʝʥʪʘʨʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʪʦʣʴʢʦ ʚ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʜʝʧʨʝʩʩʠʷʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ. ʍʘʨʘʢʪʝʨ ʟʘʣʝʛʘʥʠʷ ʤʝʣʦʚʳʭ 

ʧʦʨʦʜ ʪʘʢʞʝ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʙʣʦʯʥʳʤ ʩʪʨʦʝʥʠʝʤ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʢʘʥʜ. ʛʝʦʣ.-ʤʠʥ. ʥʘʫʢ ʃ.ʌ. ʇʣʦʪʥʠʢʦʚʦʡ ʟʘ 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʦʙʨʘʟʮʳ ʠ ʢʘʥʜ. ʛʝʦʣ.-ʤʠʥ. ʥʘʫʢ ɺ.ɸ. ʇʨʠʩʷʞʥʶʢʫ ï ʟʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ 

ʢʦʥʩʫʣʴʪʘʮʠʠ. 
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ʋɼʂ 565.33 551.734.5 

ɹʀʆʉʊʈɸʊʀɻʈɸʌʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ɺɽʈʍʅɽɼɽɺʆʅʉʂʀʍ ʆʉʊʈɸʂʆɼ ʀɿ 

ʈɸɿʈɽɿʆɺ ʅɸ ʈ. ʊʆʄʔ  

ʇʦʧʦʚ ɹʦʨʠʩ ʄʠʭʘʡʣʦʚʠʯ 

ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʛʘʟʦʚʦʡ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ʠʤ. ɸ.ɸ.ʊʨʦʬʠʤʫʢʘ, ʛ.ʅʦʚʦʩʠʙʠʨʩʢ, 

ʈʦʩʩʠʷ, ʤʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, PopovBM @ipgg.sbras.ru 

ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʦʩʪʨʘʢʦʜʘʤ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʧʨʦʚʝʩʪʠ ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʚʝʨʭʥʝʜʥʝʚʦʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʠʟ ʪʨʝʭ ʵʪʘʣʦʥʥʳʭ ʨʘʟʨʝʟʦʚ ʥʘ ʨ. ʊʦʤʴ, ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʂʫʟʥʝʮʢʦʛʦ 

ʙʘʩʩʝʡʥʘ. ʇʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʯʣʝʥʝʥʠʷ ʧʦ ʦʩʪʨʘʢʦʜʘʤ ʩʨʝʜʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʬʨʘʥʘ. 
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ɽʩʪʝʩʪʚʝʥʥʳʝ ʚʳʭʦʜʳ ʚʝʨʭʥʝʛʦ ʜʝʚʦʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʂʫʟʥʝʮʢʦʛʦ ʙʘʩʩʝʡʥʘ 

ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʩʭʝʤ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʡ 

ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ. ʊʝʨʨʠʪʦʨʠʘʣʴʥʦ ʨʘʟʨʝʟʳ ʧʨʦʩʪʠʨʘʶʪʩʷ ʚʜʦʣʴ ʨ. ʊʦʤʴ ʤʝʞʜʫ ʩʝʣʦʤ 

ʂʦʣʤʦʛʦʨʦʚʦ ʠ ʧʦʩʝʣʢʦʤ ʀʟʚʝʩʪʢʦʚʳʡ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ (ʨʠʩ. 1). 

 

 

ʈʠʩʫʥʦʢ 1 ï ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʨʘʟʨʝʟʦʚ [3] 
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ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʩʦʟʜʘʥʠʝ ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʩʭʝʤʳ ʧʦ ʦʩʪʨʘʢʦʜʘʤ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʂʫʟʥʝʮʢʦʛʦ ʙʘʩʩʝʡʥʘ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʭʝʤʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʧʦ ʜʨʫʛʠʤ ʛʨʫʧʧʘʤ (ʢʦʥʦʜʦʥʪʳ, ʙʨʘʭʠʦʧʦʜʳ, ʬʦʨʘʤʠʥʠʬʝʨʳ ʠ 

ʜʨ.), ʧʦʟʚʦʣʠʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʚʦʜʠʪʴ ʢʦʨʨʝʣʷʮʠʠ ʩʦ ʩʤʝʞʥʳʤʠ ʨʝʛʠʦʥʘʤʠ. 

ʆʩʪʨʘʢʦʜʳ ʦʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ ʛʨʫʧʧ ʠʩʢʦʧʘʝʤʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʷʪ 

ʜʝʪʘʣʴʥʦʝ ʟʦʥʘʣʴʥʦʝ ʨʘʩʯʣʝʥʝʥʠʝ ʚʝʨʭʥʝʛʦ ʜʝʚʦʥʘ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʟʦʥʘʣʴʥʘʷ ʰʢʘʣʘ ʧʦ 

ʦʩʪʨʘʢʦʜʘʤ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʚʝʨʭʥʝʛʦ ʜʝʚʦʥʘ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ [5,7] ʠ ɿʘʧʘʜʥʦ-

ʉʠʙʠʨʩʢʦʡ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ [5]. 

 ɺ ʠʟʫʯʘʝʤʦʤ ʨʝʛʠʦʥʝ ʦʩʪʨʘʢʦʜʳ ʚʢʣʶʯʘʣʠʩʴ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʤʝʩʪʥʳʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ [1,3,10], ʦʜʥʘʢʦ ʩʦʙʩʪʚʝʥʥʳʭ ʙʠʦʩʪʨʘʪʦʥʦʚ ʧʦ ʵʪʦʡ ʛʨʫʧʧʝ 

ʜʦʣʛʦʝ ʚʨʝʤʷ ʥʝ ʚʳʜʝʣʷʣʦʩʴ. ɺ ʠʪʦʛʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʜʣʷ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʠ ʟʘʧʘʜʥʦʡ 

ʯʘʩʪʠ ʂʫʟʥʝʮʢʦʛʦ ʙʘʩʩʝʡʥʘ [4]. 

ʆʙʱʠʡ ʩʦʩʪʘʚ ʠʟʫʯʝʥʥʦʡ ʢʦʣʣʝʢʮʠʠ ʦʩʪʨʘʢʦʜ ʧʦ ʪʨʝʤ ʨʘʟʨʝʟʘʤ, ʥʘʩʯʠʪʳʚʘʝʪ ʦʢʦʣʦ 3000 

ʵʢʟʝʤʧʣʷʨʦʚ ʨʘʢʦʚʠʥ ʠ ʩʪʚʦʨʦʢ ʦʩʪʨʘʢʦʜ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʪʨʘʢʦʜ ʠʟ ʨʘʟʨʝʟʦʚ ɹ-

8151 ʠ ɹ-8153, ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ɹʘʭʘʨʝʚʳʤ ʅ.ʂ. [3,10]. ɸʚʪʦʨʦʤ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʝʚʠʟʠʷ 

ʢʦʣʣʝʢʮʠʠ, ʦʙʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʦʙʨʘʟʮʳ ʠ ʚʧʝʨʚʳʝ ʥʘʡʜʝʥʳ ʦʩʪʨʘʢʦʜʳ ʚ ʨʘʟʨʝʟʝ ɹ-8152. 

ʉʣʦʠ 1-2 ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʦʛʦ ʨʘʟʨʝʟʘ ɹ-8153 ʩʦʦʪʥʦʩʷʪʩʷ ʩʦ ʩʪʨʝʣʴʥʠʥʩʢʦʡ ʩʚʠʪʦʡ, ʘ 

ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʩ ʧʦʞʘʨʠʱʝʚʩʢʦʡ ʩʚʠʪʦʡ (ʪʘʙʣ. 1). ʂʦʤʧʣʝʢʩ ʦʩʪʨʘʢʦʜ ʧʦʞʘʨʠʱʝʚʩʢʦʡ 

ʩʚʠʪʳ (ʩʨʝʜʥʠʡ ʬʨʘʥ) ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʳʝ ʚʠʜʳ (Microcheilinella peculiaris Rozhdestvenskaja, 

Uchtovia cyrlinae Polenova, Moorites legibillis Polenova, Amphissites sp.) ʜʣʷ ʩʣʦʝʚ ʩ Bairdia 

vassinoensis, ʢʦʪʦʨʳʝ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʚ ʚʘʩʩʠʥʩʢʦʡ ʩʚʠʪʝ (ʩʨʝʜʥʠʡ ʬʨʘʥ) ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʦʢʨʘʠʥʳ 

ʂʫʟʥʝʮʢʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʗʷ-ʧʝʪʨʦʧʘʚʣʦʚʩʢʦʡ ʩʚʠʪʳ (ʩʨʝʜʥʠʡ ʬʨʘʥ) ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʡ ʦʢʨʘʠʥʳ ʂʫʟʥʝʮʢʦʛʦ ʙʘʩʩʝʡʥʘ [4]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʜʘʥʥʦʤ ʨʘʟʨʝʟʝ ʚʳʜʝʣʝʥʳ ʩʣʦʠ ʩ Bairdia 

vassinoensis (ʪʘʙʣ. 1). ʇʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤʫ ʧʦʣʦʞʝʥʠʶ ʩʣʦʠ ʩ Bairdia vassinoensis ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʬʨʘʥʩʢʦʛʦ ʷʨʫʩʘ [4]. 

ʊʘʙʣʠʮʘ 1 ï ʇʨʝʜʣʘʛʘʝʤʘʷ ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʩʭʝʤʘ ʚʝʨʭʥʝʛʦ ʜʝʚʦʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʂʫʟʥʝʮʢʦʛʦ ʙʘʩʩʝʡʥʘ ʧʦ ʦʩʪʨʘʢʦʜʘʤʠ 

 
 

ʅʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʨ.ʊʦʤʴ ʚ 6 ʢʤ ʶʛʦ-ʚʦʩʪʦʯʥʝʡ ʨʘʩʧʦʣʦʞʝʥʘ ʩʠʥʭʨʦʥʥʘʷ ʪʦʣʱʘ ʩ ʜʨʫʛʠʤ 

ʣʠʪʦʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʘʩʩʠʚʥʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʛʣʫʙʦʢʠʥʩʢʦʡ ʩʚʠʪʳ 

(ʩʨʝʜʥʠʡ ʬʨʘʥ) ʚ ʨʘʟʨʝʟʝ ɹ-8152. ɺʳʰʝ ʧʦ ʨʘʟʨʝʟʫ ʠʜʝʪ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʘʷ ʩʦʣʦʤʠʥʩʢʘʷ ʩʚʠʪʘ 

(ʚʝʨʭʥʠʡ ʬʨʘʥ) [3, 10]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʚʳʜʝʣʝʥʳ ʩʣʦʠ ʩ Hollinella 

valentinae (ʪʘʙʣ. 1). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʤʧʣʝʢʩ ʦʩʪʨʘʢʦʜ ʠʤʝʝʪ ʪʘʢʠʝ ʞʝ ʭʘʨʘʢʪʝʨʥʳʝ ʚʠʜʳ 



 

 

37 

 

(Hollinella valentinae Egorov, Amphissites irinae Gleb. et Zasp., Bairdiocypris sp.), ʯʪʦ ʠ ʩʣʦʠ ʩ Hollinella 

valentinae ʠʟ ʨʘʟʨʝʟʘ ɹ-081 [4].    

ɺʳʰʝ ʧʦ ʪʝʯʝʥʠʶ ʨʝʢʠ ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʨʘʩʧʦʣʦʞʝʥ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʡ ʨʘʟʨʝʟ ɹ-

8151 [3, 10]. ʈʘʟʨʝʟ ʧʨʝʜʩʪʘʚʣʝʥ ʥʝʧʨʝʨʳʚʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʦʪʣʦʞʝʥʠʡ ʛʣʫʙʦʢʠʥʩʢʦʡ 

(ʩʨʝʜʥʠʡ ʬʨʘʥ), ʩʦʣʦʤʠʥʩʢʦʡ (ʚʝʨʭʥʠʡ ʬʨʘʥ) ʠ ʧʝʱʝʨʢʠʥʩʢʦʡ (ʥʠʞʥʠʡ ʬʘʤʝʥ) ʩʚʠʪ, ʪʘʢʞʝ ʚ ʜʘʥʥʦʤ 

ʨʘʟʨʝʟʝ ʬʠʢʩʠʨʫʝʪʩʷ ʛʨʘʥʠʮʘ ʬʨʘʥʩʢʦʛʦ ʠ ʬʘʤʝʥʩʢʦʛʦ ʷʨʫʩʘ. ɺ ʛʣʫʙʦʢʠʥʩʢʦʡ ʪʦʣʱʝ, ʦʩʪʨʘʢʦʜʳ 

ʦʙʥʘʨʫʞʝʥʳ ʥʝ ʙʳʣʠ, ʪʦʛʜʘ ʢʘʢ ʚ ʩʦʣʦʤʠʥʩʢʦʡ ʚʩʪʨʝʯʝʥ ʭʘʨʘʢʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʦʩʪʨʘʢʦʜ (Hollinella 

valentinae Egorov, Amphissites irinae Gleb. et Zasp., Bairdiocypris sp., Knoxiella aff. domanica 

Rozhdestvenskaja, Arcyzona sp.) ʜʣʷ ʩʣʦʝʚ ʩ Hollinella valentinae [4]. ɺ ʠʟʫʯʝʥʥʦʤ ʨʘʟʨʝʟʝ ʚʳʜʝʣʠʣʠ 

ʩʣʦʠ ʩ Hollinella valentinae (ʪʘʙʣ. 1). ʇʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤʫ ʧʦʣʦʞʝʥʠʶ ʩʣʦʠ Hollinella valentinae 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʬʨʘʥʩʢʦʛʦ ʷʨʫʩʘ [4].  

ɺ ʨʘʟʨʝʟʝ ɹ-8151 ʠ ɹ-8152, ʚʩʪʨʝʯʘʝʪʩʷ ʚʠʜ Bairdia obligua Rozhdestvenskaja, ʭʘʨʘʢʪʝʨʥʳʡ 

ʜʣʷ ʝʣʘʥʦʚʩʢʦʛʦ ʠ ʣʠʚʝʚʝʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ (ʚʝʨʭʥʠʡ ʬʨʘʥ) ɹʘʰʢʠʨʠʠ [7]. ʊʘʢʞʝ ʜʣʷ ʦʙʦʠʭ ʨʘʟʨʝʟʦʚ 

ʭʘʨʘʢʪʝʨʥʳ ʚʠʜʳ: Hollinella valentinae Egorov ʠ Amphissites irinae Gleb. et Zasp, ʢʦʪʦʨʳʝ ʚʳʜʝʣʝʥʳ 

ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʭ ʨʘʡʦʥʘʭ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʚ ʩʠʨʘʯʦʡʩʢʦʤ ʛʦʨʠʟʦʥʪʝ (ʚʝʨʭʥʠʡ 

ʬʨʘʥ) [2]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʭʘʨʘʢʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʩʪʨʘʢʦʜ, ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠʟʫʯʘʝʤʦʛʦ ʨʝʛʠʦʥʘ, ʥʦ ʠ ʚ ʩʤʝʞʥʳʭ ʨʝʛʠʦʥʘʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʪʨʠ ʙʠʦʩʪʨʘʪʦʥʘ ʚ ʨʘʥʛʝ ʩʣʦʝʚ 

ʩ ʬʘʫʥʦʡ ʚ ʠʥʪʝʨʚʘʣʝ ʩʨʝʜʥʠʡ ï ʚʝʨʭʥʠʡ ʬʨʘʥ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʚ ʟʘʧʘʜʥʦʡ ʠ ʩ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʨʝʛʠʦʥʘ [4] (ʪʘʙʣ. 1). ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʧʦ 

ʦʩʪʨʘʢʦʜʘʤ ʜʣʷ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʂʫʟʥʝʮʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʧʦʟʚʦʣʷʝʪ ʜʦʧʦʣʥʠʪʴ 

ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʫʶ ʩʭʝʤʫ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1. ɹʘʭʘʨʝʚ ʅ. ʂ. ʆʩʪʨʘʢʦʜʳ ʜʝʚʦʥʘ ʉʘʣʘʠʨʘ ʠ ʂʫʟʙʘʩʩʘ // ʅʦʚʦʩʪʠ ʧʘʣʝʦʥʪʦʣʦʛʠʠ ʠ 

ʩʪʨʘʪʠʛʨʘʬʠʠ. ʇʨʠʣ. ʢ ʞʫʨʥ. çɻʝʦʣʦʛʠʷ ʠ ʛʝʦʬʠʟʠʢʘè. ï 2008. ï ˉ  10. ï C. 76ï77; ˉ 11. ï  ʉ. 

85ï87. 

2. ɽʛʦʨʦʚ ɺ. ɻ. ʆʩʪʨʘʢʦʜʳ ʬʨʘʥʩʢʦʛʦ ʷʨʫʩʘ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ïʃ.; ʄ.: ɻʦʩʪʦʧʪʝʭʠʟʜʘʪ, 1953. 

ï 136 ʩ. 

3. ʂʣʶʯʝʚʳʝ ʨʘʟʨʝʟʳ ʈʫʜʥʦʛʦ ɸʣʪʘʷ, ʉʘʣʘʠʨʘ ʠ ʂʫʟʙʘʩʩʘ / ʅ.ʂ. ɹʘʭʘʨʝʚ, ʅ.ɺ. ʉʝʥʥʠʢʦʚ, ɽ.ɸ. 

ɽʣʢʠʥ, ʅ.ɻ. ʀʟʦʭ ʠ ʜʨ.; ʦʪʚ. ʨʝʜ. ɽ.ɸ. ɽʣʢʠʥ. ï ʅʦʚʦʩʠʙʠʨʩʢ: ʀʟʜ-ʚʦ ʉʆ ʈɸʅ, 2004. ï 104 ʩ. 

4. ʇʦʧʦʚ ɹ.ʄ. ɹʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʦʩʪʨʘʢʦʜʘʤ ʠʟ ʦʧʦʨʥʳʭ ʨʘʟʨʝʟʦʚ ʩʨʝʜʥʝʛʦ ʠ 

ʚʝʨʭʥʝʛʦ ʜʝʚʦʥʘ ʦʢʨʘʠʥ ʂʫʟʥʝʮʢʦʛʦ ʙʘʩʩʝʡʥʘ (ʶʛʦ-ʚʦʩʪʦʢ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ) // ɻʝʦʣʦʛʠʷ ʠ 

ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ ʉʠʙʠʨʠ. ï 2019. ï ˉ 2 (38). ï ʉ. 3-15  

5. ʈʝʛʠʦʥʘʣʴʥʘʷ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʩʭʝʤʘ ʜʝʚʦʥʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ / ʧʦʜ ʨʝʜ. ɺ. ʀ. ʂʨʘʩʥʦʚʘ. ï ʅʦʚʦʩʠʙʠʨʩʢ: ʉʅʀʀɻɻʠʄʉ, 2012. ï 

43 ʩ. 

6. ʈʝʰʝʥʠʝ ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʦʛʦ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʩʦʚʝʱʘʥʠʷ ʧʦ ʩʨʝʜʥʝʤʫ ʠ 

ʚʝʨʭʥʝʤʫ ʧʘʣʝʦʟʦʶ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʩ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ  ʩʭʝʤʘʤʠ. ï  

ʃ.: ɺʉɽɻɽʀ, 1990. ï 39 ʩ. 

7. ʈʦʞʜʝʩʪʚʝʥʩʢʘʷ ɸ. ɸ. ʆʩʪʨʘʢʦʜʳ ʚʝʨʭʥʝʛʦ ʜʝʚʦʥʘ ɹʘʰʢʠʨʠʠ. ï  ʄ.: ʅʘʫʢʘ, 1972. ï 195 ʩ. 

8. ʊʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʢʘʨʪʘ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ʄʘʩʰʪʘʙ ʢʘʨʪʳ 1:200000 / ʦʪʚ. ʨʝʜ. ʆ.ʃ. 

ʏʠʢʠʰʝʚʘ. ï ʅʦʚʦʩʠʙʠʨʩʢ: ʈʦʩʢʘʨʪʦʛʨʘʬʠʷ, 2006. 

9. ʏʠʞʦʚʘ ɺ. ɸ. ʍʨʦʥʦʟʦʥʘʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʨʘʟʥʦʬʘʮʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʬʘʤʝʥʩʢʦʛʦ ʷʨʫʩʘ 

ʜʝʚʦʥʘ ʊʠʤʘʥʦ-ʇʝʯʦʨʩʢʦʡ ʠ ɺʦʣʛʦ-ʋʨʘʣʴʩʢʦʡ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʧʨʦʚʠʥʮʠʡ // ʉʙ. ʥʘʫʯ. ʪʨ. 

ɺʅʀʀʥʝʬʪʴ. ï 2005. ï ˉ  132. ï C . 159ï178. 

10. Bakharev N.K., Izokh N.G., Yazikov A.Yu. et al. Middle Upper Devonian and Lower Carboniferous 

biostratigraphy of Kuznetsk Basin. Field Excursion Guidebook. International Conference 

ñBiostratigraphy, palaeogeography and events in Devonian and Lower Carboniferousò (SDS/IGCP 

596 Joint Field Meeting). Novosibirsk, July 20ïAugust 10, 2011. Novosibirsk: Publishing House of 

SB RAS, 2011. 98 p. 



 

 

38 

 

ʋɼʂ 553.98 

ʇɸʃɽʆʊɽʂʊʆʅʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ʌʆʈʄʀʈʆɺɸʅʀʗ ʇɸʃɽʆɿʆʁ-

ʄɽɿʆɿʆʁʉʂʀʍ ʆʊʃʆɾɽʅʀʁ ʆʉɸɼʆʏʅʆɻʆ ʏɽʍʃɸ ɸʅɸɹɸʈʆ-

ʍɸʊɸʅɻʉʂʆʁ ʉɽɼʃʆɺʀʅʓ ɺ ʉɺʗɿʀ ʉ ʆʎɽʅʂʆʁ ʀʍ 

ʅɽʌʊɽɻɸɿʆʅʆʉʅʆʉʊʀ 

ʇʦʨʦʟʦʚ ʀʛʦʨʴ ʀʛʦʨʝʚʠʯ  

ʂʨʘʩʥʦʷʨʩʢʠʡ ʦʪʜʝʣ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʬʠʣʠʘʣʘ ʌɻɹʋ çɺʅʀɻʅʀè, ʛ. ʂʨʘʩʥʦʷʨʩʢ, ʈʦʩʩʠʷ, 

ʛʝʦʣʦʛ, IPorozov@vnigni.ru 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ɸʥʘʙʘʨʦ-ʍʘʪʘʥʛʩʢʦʡ 

ʩʝʜʣʦʚʠʥʳ ʠʟʫʯʝʥʠʶ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʧʘʣʝʦʟʦʡ-ʤʝʟʦʟʦʡʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʨʦʜ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʩʝʜʣʦʚʠʥʘ, ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʴ 

PALEOTECTONIC FEATUR ES OF THE FORMATI ON OF PALEOZOIC -MESOZOIC 

DEPOSITS THE SEDIMENTARY COVER OF THE AN ABARO-KHATANGA SADDL E 

IN CONNECTION WITH T HE EVALUATION OF THE  PETROLEUM POTENTIAL   

Porozov Igor 

Krasnoyarsk Department of Novosibirsk branch Federal state budgetary institution "All-Russian 

research geological oil Instituteè, Krasnoyarsk, Russia, geologist, IPorozov@vnigni.ru 

This work is devoted to the analysis of paleotectonic conditions of formation of Anabar-Khatanga saddle to the 

study of geological structure of Paleozoic-Mesozoic rock complexes. 

Keywords: paleotectonic analysis, saddle, petroleum potential 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʦʚ ʩ ʚʳʩʦʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ, ʭʘʨʘʢʪʝʨʥʦʡ, ʚ ʩʣʫʯʘʝ ʩ ʜʨʝʚʥʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ, ʜʣʷ 

ʧʝʨʠʢʨʘʪʦʥʥʳʭ ʟʦʥ, ʧʦʤʦʛʘʝʪ ʥʝ ʪʦʣʴʢʦ ʦʮʝʥʢʝ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʥʦ ʠ ʧʦʥʠʤʘʥʠ ʁʦ 

ʩʦʭʨʘʥʥʦʩʪʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʢʦʤʧʣʝʢʩʘʭ, ʯʪʦ ʚ ʮʝʣʦʤ ʧʦʚʳʰʘʝʪ ʦʧʨʝʜʝʣʝʥʥʦʩʪʴ 

ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɺʳʙʨʘʥʥʳʡ ʨʝʛʠʦʥ ʨʘʩʩʧʦʣʦʞʝʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʥʘʙʘʨʦ-ʍʘʪʘʥʛʩʢʦʡ ʩʝʜʣʦʚʠʥʳ (ɸʍʉ), 

ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ, ʩ ʪʦʯʢʠ ʟʨʝʥʠ ̫ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʦʜʥʠʤ ʠʟ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ. ɺ 

ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʉʠʙʠʨʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ (ʨʠʩ. 1). ʆʩʘʜʦʯʥʳʡ ʯʝʭʦʣ ʩʝʜʣʦʚʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥ ʜʚʫʤʷ ʢʦʤʧʣʝʢʩʘʤʠ, 

ʧʦʟʜʥʝʧʨʦʪʝʨʦʟʦʡ-ʤʝʟʦʟʦʡʩʢʠʤ, ʩʣʦʞʝʥʥʳʤ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʪʝʨʨʠʛʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʠ 

ʧʦʟʜʥʝʧʨʦʪʝʨʦʟʦʡ-ʥʠʞʥʝ-ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʤ, ʩʣʦʞʝʥʥʳʤ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʢʘʨʙʦʥʘʪʥʳʤʠ 

ʧʦʨʦʜʘʤʠ. ɹʣʦʢʦʚʦʝ ʩʪʨʦʝʥʠʝ ʪʝʨʨʠʪʦʨʠʠ, ʩ ʘʤʧʣʠʪʫʜʘʤʠ ʩʤʝʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʤʝʩʪʠʪʝʣʷ 

ʜʦʩʪʠʛʘʝʪ ʩʦʪʥʠ ʤʝʪʨʦʚ, ʯʪʦ ʦʩʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩ 

ʥʝʨʝʛʫʣʷʨʥʦʡ ʩʝʪʴʶ ʩʢʚʘʞʠʥ. 

 

ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʆʙʨʘʟʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʣʘʥʘ ɸʍʉ, ʚʝʨʦʷʪʥʦ, ʩʣʝʜʫʝʪ ʩʚʷʟʳʚʘʪʴ ʩ ʜʨʝʚʥʝʢʠʤʤʝʨʠʡʩʢʦʡ 

ʬʘʟʦʡ ʩʢʣʘʜʯʘʪʦʩʪʠ, ʢʦʛʜʘ ʥʘʨʷʜʫ ʩ ʢʦʥʩʦʣʠʜʘʮʠʝʡ ʊʘʡʤʳʨʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʩʠʩʪʝʤʳ (ʊʉʉ) 

ʧʨʦʠʩʭʦʜʠʣʦ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʝʝ ʩʝʚʝʨʥʦʤ ʬʣʘʥʛʝ, ʛʜʝ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʩʪʨʫʢʪʫʨʥʦʤ ʧʣʘʥʝ 

ʥʘʭʦʜʷʪʩʷ ʂʠʨʷʢʦ-ʊʘʩʩʢʘʷ ʟʦʥʘ ʧʦʜʥʷʪʠʡ, ʆʩʠʧʦʚʩʢʠʡ ʠ ɾʫʨʘʚʣʠʥʳʡ ʚʘʣʳ, ɿʘʧʘʜʥʦ- ʠ ɺʦʩʪʦʯʥʦ-

ɸʧʨʝʣʝʚʩʢʘʷ ʚʧʘʜʠʥʳ (ʨʠʩ. 1).  

ɺ ʧʦʩʣʝ ʪʨʠʘʩʦʚʫʶ ʵʧʦʭʫ ʥʘ ʬʦʥʝ ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʦʧʫʩʢʘʥʠʷ ɸʍʉ ʨʘʟʨʝʟ ʥʘʨʘʩʪʠʣʩʷ 

ʤʦʱʥʦʡ ʪʦʣʱʝʡ ʶʨʩʢʦ-ʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ (ʜʦ 4000 ʤ) ʩ ʬʘʮʠʷʤʠ ʤʦʨʩʢʦʛʦ, ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʦʛʦ, 

ʜʝʣʴʪʦʚʦʛʦ ʛʝʥʝʟʠʩʘ. ʅʘʯʘʣʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʅʦʨʜʚʠʢʩʢʦʛʦ ʚʘʣʘ, ɹʝʣʦʛʦʨʩʢʦ-ʊʠʛʷʥʩʢʦʡ ʟʦʥʳ 

ʧʦʜʥʷʪʠʡ ʠ ʦʩʣʦʞʥʷʶʱʠʭ ʠʭ ʣʦʢʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ: ʅʦʨʜʚʠʢʩʢʦʡ, ɿʘʧʘʜʥʦ- ʅʦʨʜʚʠʢʩʢʦʡ,  
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ʈʠʩʫʥʦʢ 1 ï ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʢʘʨʪʳ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʉʠʙʠʨʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ (ʧʦʜ. ʨʝʜ. ɺ.ɸ. ʂʨʠʥʠʥʘ, 2002 ʛ.) 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ʉʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ (1-4): 1- ʅʘʜʧʦʨʷʜʢʦʚʳʝ (I -ɽʥʠʩʝʡ 

ʍʘʪʘʥʛʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʧʨʦʛʠʙ, II -ɸʥʘʙʘʨʦ-ʍʘʪʘʥʛʩʢʘʷ ʩʝʜʣʦʚʠʥʘ, XI -ɸʥʘʙʘʨʩʢʘʷ ʘʥʪʝʢʣʠʟʘ), 2- ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ (II1 -ʂʠʨʷʢʦ-ʊʘʩʩʢʘʷ ʟʦʥʘ ʧʦʜʥʷʪʠʡ, II2 ɹʝʣʦʛʦʨʦ-ʊʠʛʷʥʩʢʘʷ ʟʦʥʘ ʧʦʜʥʷʪʠʡ, II3 ɻʫʩʠʭʠʥʩʢʠʡ 

ʩʪʨʫʢʪʫʨʥʳʡ ʟʘʣʠʚ), 3- ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ (24 -ʂʠʨʷʢʦ-ʊʘʩʩʢʠʡ ʚʘʣ, 25 -ʊʫʣʦʡ-ʂʠʨʷʢʩʢʠʡ ʚʘʣ, 26 -ʆʩʠʧʦʚʩʢʠʡ 

ʚʘʣ, 27 -ɾʫʨʘʚʣʠʥʳʡ ʚʘʣ, 28 -ʅʦʨʜʚʠʢʩʢʠʡ ʚʘʣ, 29 -ʇʘʩʭʠʥʦ-ɹʝʛʠʯʝʚʩʢʠʡ ʚʘʣ, 30 -ɿʘʧʘʜʥʦ-ɸʧʨʝʣʝʚʩʢʘʷ 

ʚʧʘʜʠʥʘ, 31 -ɺʦʩʪʦʯʥʦ-ɸʧʨʝʣʝʚʩʢʘʷ ʚʧʘʜʠʥʘ, 34 -ʊʠʛʷʥʦ-ɸʥʘʙʘʨʩʢʠʡ ʚʘʣ, 35 -ʍʘʨʘʪʫʤʫʩʩʢʘʷ ʚʧʘʜʠʥʘ), 4- 

ʣʦʢʘʣʴʥʳʝ (69- ʃʘʙʘʟʥʘʷ, 70- ʅʦʚʦ-ʃʘʙʘʟʥʘʷ, 71- ʇʦʨʪʥʷʛʠʥʩʢʘʷ, 72- ɿʘʧʘʜʥʦ-ʅʦʨʜʚʠʢʩʢʘʷ, 73- 

ʅʦʨʜʚʠʢʩʢʘʷ, 74- ʉʦʧʦʯʥʘʷ, 75- ɹʝʣʦʛʦʨʩʢʘʷ, 76- ʂʦʩʠʩʪʘʷ, 77- ʀʣʴʠʥʦ-ʂʦʞʝʚʥʠʢʦʚʩʢʘʷ, 79- ʏʘʡʜʘʭʩʢʘʷ) 

80- ʖʞʥʦ-ʊʠʛʷʥʩʢʘʷ; ʛʨʘʥʠʮʳ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (5-8): 5- ʅʘʜʧʦʨʷʜʢʦʚʳʭ, 6- ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ, 7- ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, 8- ʣʦʢʘʣʴʥʳʭ; ʠʟʦʛʠʧʩʳ ʦʧʦʨʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʦʪʨʘʞʘʶʱʠʭ ʛʦʨʠʟʦʥʪʦʚ (9, 

10): 9- ñIIʙò ʜʣʷ ʨʘʡʦʥʦʚ ɽʥʠʩʝʡ-ʍʘʪʘʥʛʩʢʦʛʦ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʝʛʘʧʨʦʛʠʙʘ, 10- ñɹò ʜʣʷ ʨʘʡʦʥʦʚ ʉʠʙʠʨʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ; 11- ʛʨʘʥʠʮʘ ʩʤʝʥʳ ʫʨʦʚʥʷ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʩʪʨʦʝʥʠʡ; 12- ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ, ʚʳʜʝʣʝʥʥʳʝ ʧʦ 

ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʜʘʥʥʳʤ; 13- ʆʙʣʘʩʪʠ ʦʪʩʫʪʩʪʚʠʷ ʢʘʨʪʠʨʫʝʤʳʭ ʦʪʣʦʞʝʥʠʡ 

ʇʦʨʪʥʷʛʠʥʩʢʦʡ, ʅʦʚʦ-ʃʘʙʘʟʥʦʡ, ɻʫʨʠʤʠʩʩʢʦʡ, ʖʞʥʦ-ʊʠʛʷʥʩʢʦʡ, ʂʦʞʝʚʥʠʢʦʚʩʢʦʡ, ʀʣʴʠʥʩʢʦʡ, 

ʂʦʩʠʩʪʦʡ, ɹʝʣʦʛʦʨʩʢʦʡ ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴ ʢ ʧʨʦʷʚʣʝʥʠʶ ʥʦʚʦʢʠʤʤʝʨʠʡʩʢʦʡ ʬʘʟʳ ʩʢʣʘʜʯʘʪʦʩʪʠ. 

ʅʘʟʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʪʷʛʦʪʝʶʪ ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɸʍʉ ʠ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʩʪʨʫʢʪʫʨ ʝʝ ʩʝʚʝʨʥʦʛʦ ʬʣʘʥʛʘ, ʠʤʝʶʪ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʦʝ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ. 

ɺ ʠʥʪʝʨʚʘʣʘʭ ʨʘʟʨʝʟʘ ʤʝʟʦʟʦʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʪʦʤʫ ʚʨʝʤʝʥʠ, ʥʘ ʨʷʜʝ ʩʪʨʫʢʪʫʨ ʦʪʤʝʯʘʝʪʩʷ 

ʩʦʢʨʘʱʝʥʠʝ ʤʦʱʥʦʩʪʠ ʦʪʣʦʞʝʥʠʡ ʩʨʝʜʥʝʡ ʠ ʚʝʨʭʥʝʡ ʶʨʳ, ʘ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʯʘʩʪʠʯʥʳʡ, ʜʦ 

ʧʦʣʥʦʛʦ, ʨʘʟʤʳʚ ʚʦʣʞʩʢʠʭ ʦʪʣʦʞʝʥʠʡ (ʷʥʦʚʩʪʘʥʩʢʘʷ, ʧʘʢʩʠʥʩʢʘʷ ʩʚʠʪʳ). 

ɺ ʪʝʯʝʥʠʝ ʤʝʣʦʚʦʛʦ ʧʝʨʠʦʜʘ ʪʝʨʨʠʪʦʨʠʷ ɸʍʉ ʠʩʧʳʪʳʚʘʣʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ 

ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ. ʅʘ ʬʦʥʝ ʧʨʝʚʘʣʠʨʫʶʱʝʛʦ ʦʧʫʩʢʘʥʠʷ ʙʘʩʩʝʡʥʘ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ 

ʧʨʦʠʩʭʦʜʠʣʦ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʦʞʠʚʣʝʥʠʝ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʝʡ ʧʦʜʥʷʪʠʝ 

ʠ ʨʘʟʤʳʚ ʦʢʨʘʠʥʥʳʭ ʧʨʠʙʦʨʪʦʚʳʭ ʯʘʩʪʝʡ ʠ ʩʚʦʜʦʚ ʥʘ ʦʪʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʚ ʧʨʝʜʝʣʘʭ ɸʍʉ ʚ 

ʚʘʣʘʥʞʠʥ-ʛʦʪʝʨʠʚʩʢʦʤ, ʙʘʨʨʝʤʩʢʦʤ, ʩʝʥʦʤʘʥʩʢʦʤ, ʢʦʥʴʷʢʩʢʦʤ, ʢʘʤʧʘʥʩʢʦʤ ʚʝʢʘʭ [1]. 
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ʅʘ ʨʫʙʝʞʝ ʧʦʟʜʥʝʛʦ ʤʝʣʘ ʠ ʧʘʣʝʦʛʝʥʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʨʝʛʠʦʥʝ ʧʨʦʠʟʦʰʣʠ ʢʨʫʧʥʳʝ 

ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ, ʢʦʪʦʨʳʝ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʭ ʨʘʟʨʝʟʘʭ, ʥʘ ʛʨʘʥʠʮʝ ʩ ʃʘʧʪʝʚʦʤʦʨʩʢʦʡ 

ʧʣʠʪʦʡ, ʟʘʬʠʢʩʠʨʦʚʘʣʠʩʴ ʧʝʨʝʨʳʚʦʤ ʚ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʠ ʠ ʛʣʫʙʦʢʠʤ ʨʘʟʤʳʚʦʤ ʦʪʣʦʞʝʥʠʡ ʤʝʟʦʟʦʷ 

ʠ ʯʘʩʪʠʯʥʦ ʚʝʨʭʥʝʛʦ ʧʘʣʝʦʟʦʷ. ʕʪʦʪ ʠʩʪʦʨʠʯʝʩʢʠʡ ʵʪʘʧ ʚ ʨʘʟʚʠʪʠʝ ɸʍʉ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥ ʩ 

ʧʨʦʷʚʣʝʥʠʝʤ ʩʫʙʛʝʨʮʠʥʩʢʦʡ ʬʘʟʳ ʩʢʣʘʜʯʘʪʦʩʪʠ ʊʠʭʦʦʢʝʘʥʩʢʦʡ ʦʨʦʛʝʥʠʯʝʩʢʦʡ ʵʨʳ, ʢʦʛʜʘ 

ʧʨʦʠʟʦʰʣʦ ʢʘʨʜʠʥʘʣʴʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʣʘʥʘ ʩʝʜʣʦʚʠʥʳ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ 

ɽʥʠʩʝʡ-ʍʘʪʘʥʛʩʢʦʛʦ ʠ ʃʝʥʦ-ɸʥʘʙʘʨʩʢʦʛʦ ʤʝʛʘʧʨʦʛʠʙʦʚ, ʘ ʧʦʩʣʝʜʫʶʱʘʷ ʢʘʡʥʦʟʦʡʩʢʘʷ ʵʨʘ 

ʦʟʥʘʤʝʥʦʚʘʣʘʩʴ ʧʦʜʲʝʤʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɸʤʧʣʠʪʫʜʘ ʚʦʩʭʦʜʷʱʠʭ ʜʚʠʞʝʥʠʡ 

ʥʝʢʦʪʦʨʳʭ ʩʪʨʫʢʪʫʨ, ʧʨʠ ʵʪʦʤ, ʩʦʩʪʘʚʠʣʘ ʜʦ 3000-3500 ʤ. ʇʨʦʠʟʦʰʣʦ ʦʯʝʨʝʜʥʦʝ ʥʘʨʫʰʝʥʠʝ 

ʮʝʣʦʩʪʥʦʩʪʠ ʆʏ, ʫʩʠʣʝʥʥʦʝ ʟʘ ʩʯʝʪ ʭʨʫʧʢʦʩʪʠ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ ʥʝʤ ʪʨʘʧʧʦʚʳʭ ʩʠʣʣʦʚ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʝʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʠ ʥʝʬʪʝʛʘʟʦʚʳʭ 

ʣʦʚʫʰʝʢ ʚ ʪʦʤ ʯʠʩʣʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʪʦʨʠʷ ʦʥʪʦʛʝʥʝʟʘ ʋɺ ʥʘ ʢʘʡʥʦʟʦʡʩʢʦʤ ʵʪʘʧʝ ʩʪʘʣʠ ʜʦʤʠʥʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩʳ ʨʘʟʨʫʰʝʥʠʷ ʟʘʣʝʞʝʡ, ʨʘʩʩʝʠʚʘʥʠʝ ʋɺ ʧʦ ʚʩʝʤʫ ʨʘʟʨʝʟʫ ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ 

ʚʧʣʦʪʴ ʜʦ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʦʜʦʣʞʘʶʱʝʝʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 
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The analysis of the lithological structure of the Riphean carbonate reservoirs and the conditions of their formation in 

Eastern Siberia has been carried out. 

Keywords: Rifean deposits, dolomites, leaching, geochemical indicators, rare-earth elements, Eastern Siberia  

ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥ ʚ ʧʨʝʜʝʣʘʭ ɹʘʡʢʠʪʩʢʦʡ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʡ ʦʙʣʘʩʪʠ ʃʝʥʦ-

ʊʫʥʛʫʩʩʢʦʡ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ. ʆʩʥʦʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʟʘʣʝʞʠ 

ʋɺ ʷʚʣʷʶʪʩʷ ʢʘʨʙʦʥʘʪʥʳʝ ʢʦʣʣʝʢʪʦʨʳ ʢʘʚʝʨʥʦ-ʪʨʝʱʠʥʥʦʛʦ ʪʠʧʘ ʨʠʬʝʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʦʞʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʫʩʣʦʚʠʷʤʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, 

ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ.  

ʇʨʦʜʫʢʪʠʚʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʣʠʯʥʳʤʠ ʣʠʪʦʪʠʧʘʤʠ, ʚʳʜʝʣʝʥʥʳʤʠ ʧʦ 

ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʝ ʜʦʣʦʤʠʪʳ, 

ʢʦʤʢʦʚʘʪʦ-ʩʛʫʩʪʢʦʚʳʝ ʜʦʣʦʤʠʪʳ, ʠʥʪʨʘʢʣʘʩʪʦʚʳʝ ʜʦʣʦʤʠʪʳ ʠ ʜʦʣʦʤʠʪʦʚʳʝ ʙʨʝʢʯʠʠ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʦʨʦʜ ʧʦ ʣʠʪʠʪʠʧʘʤ ʟʘʪʨʫʜʥʝʥʘ, ʪʘʢ ʢʘʢ ʧʝʨʚʠʯʥʳʝ ʧʨʠʟʥʘʢʠ ʦʪʣʦʞʝʥʠʡ 

ʟʘʯʘʩʪʫʶ ʫʥʠʯʪʦʞʝʥʳ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʅʘʠʙʦʣʝʝ ʷʨʢʦ ʧʨʦʷʚʣʝʥʳ ʪʘʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʢʘʢ ʜʦʣʦʤʠʪʠʟʘʮʠʷ, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, ʦʢʨʝʤʥʝʥʠʝ, ʩʫʣʴʬʘʪʠʟʘʮʠʷ ʠ ʚʳʱʝʣʘʯʠʚʘʥʠʝ. 

ʕʪʠ ʧʨʦʮʝʩʩʳ ʚʣʠʷʶʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ, ʢʘʢ ʦʪʨʠʮʘʪʝʣʴʥʦ ï 

ʫʥʠʯʪʦʞʘʷ ʧʫʩʪʦʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʪʘʢ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʱʝʣʘʯʠʚʘʥʠʝ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʧʨʦʮʝʩʩʦʤ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʫʩʪʦʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ.  

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ 

ʦʩʘʜʢʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ɼʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ ʧʦ ʦʜʥʦʡ ʩʢʚʘʞʠʥʝ. ʇʦʜʩʯʠʪʘʥʳ 

ʟʥʘʯʝʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʥʜʠʢʘʪʦʨʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ, ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠ ʩʦʣʝʥʥʦʩʪʠ ʩʨʝʜʳ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ (ʪʘʙʣʠʮʘ.1). 

ʆʪʥʦʰʝʥʠʝ ɆCe/ɆY ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʠʥʜʠʢʘʪʦʨʦʚ ʧʘʣʝʦʢʣʠʤʘʪʘ ʠ ʨʘʚʝʥ 2,33. 

ɺʳʯʠʩʣʝʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ɆCe/ɆY ʧʦʜʪʚʝʨʞʜʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʩʘʜʢʦʚ ʚ ʘʨʠʜʥʦʤ ʢʣʠʤʘʪʝ ʚ 

ʩʨʝʜʥʝʨʠʬʝʡʩʢʦʝ ʚʨʝʤʷ.  

ʇʦ ʦʪʥʦʰʝʥʠʶ Sr/Ba ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʣʝʥʥʦʩʪʴ ʚʦʜ ʙʘʩʩʝʡʥʘ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ʇʦ 

ʚʳʧʦʣʥʝʥʥʳʤ ʨʘʩʯʝʪʘʤ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʧʨʝʚʳʰʘʝʪ 1, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʨʩʢʠʤ ʫʩʣʦʚʠʷʤ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. 
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ʇʦ ʦʪʥʦʰʝʥʠʶ V/Cr ʫʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʟʦʥʫ ʭʦʨʦʰʦ ʘʵʨʠʨʫʝʤʦʛʦ ʙʘʩʩʝʡʥʘ. 

ɿʥʘʯʝʥʠʷ Mn/Sr ʧʦʢʘʟʳʚʘʶʪ ʩʪʝʧʝʥʴ ʠʟʤʝʥʝʥʥʦʩʪʠ ʧʦʨʦʜ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʬʣʶʠʜʦʚ 

ʧʨʠ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ (ʧʨʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚʳʥʦʩ Sr ʠ ʧʨʠʚʥʦʩʷʪʩʷ Mn 

ʠ Fe) [3]. ɼʣʷ ʜʦʣʦʤʠʪʦʚ ʧʨʠʥʷʪʥʦ ʛʨʘʥʠʯʥʦʝ ʟʥʘʯʝʥʠʝ - Mn/Sr=2, ʚʳʰʝ ʢʦʪʦʨʦʛʦ ʧʦʨʦʜʘ ʩʯʠʪʘʝʪʩʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ Mn/Sr ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʦʨʦʜ.   

ʊʘʙʣʠʮʘ 1 ï ɿʥʘʯʝʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʥʜʝʢʘʪʦʨʦʚ 

ʇʨʦʙʘ ɆCe/ɆY Sr/Ba V/Cr Mn/Sr 

1 

2.33 

3.439322 0.357219 13.65447 

2 5.412722 0.295134 2.09714 

3 2.752895 0.787188 1.976083 

4 3.580766 0.01741 3.998321 

 
ɸʥʘʣʠʟ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʩʦʦʪʥʦʰʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ ʛʨʫʧʧʳ (ʈɿʕ) ʧʨʠʤʝʥʷʝʪʩʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʬʣʶʠʜʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʦʚʘʣʩʷ 

ʢʘʨʙʦʥʘʪʥʳʡ ʤʠʥʝʨʘʣ [2]. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʈɿʕ ʥʦʨʤʠʨʦʚʘʥʳ ʥʘ ʩʪʘʥʜʘʨʪ 

PAAS (Post-Archean Australian Shale). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʚʳʜʝʣʝʥʦ 4 ʪʠʧʘ ʧʦ ʤʦʨʬʦʣʦʛʠʠ 

ʩʧʝʢʪʨʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʝʨʚʳʡ ʪʠʧ ʧʨʠʫʨʦʯʝʥ ʢ ʢʘʚʝʨʥʦʟʥʦʤʫ ʜʦʣʦʤʠʪʫ ʩ 

ʦʢʨʝʤʥʝʥʠʝʤ, ʧʨʦʙʘ ʦʪʦʙʨʘʥʘ ʠʟ ʢʨʦʚʝʣʴʥʦʡ ʯʘʩʪʠ ʨʠʬʝʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. ɺʪʦʨʦʡ ʪʠʧ ʧʨʠʫʨʦʯʝʥ ʢ 

ʩʪʨʦʤʘʪʦʣʠʪʦʚʦʤʫ ʜʦʣʦʤʠʪʫ. ʊʨʝʪʠʡ ʪʠʧ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʠ ʧʨʠʫʨʦʯʝʥ ʢ ʢʦʤʢʦʚʘʪʦ-

ʩʛʫʩʪʢʦʚʦʤʫ ʜʦʣʦʤʠʪʫ ʩ ʧʨʠʤʝʩʴʶ ʪʝʨʨʠʛʝʥʥʳʭ ʟʝʨʝʥ ʢʚʘʨʮʘ. ʏʝʪʚʝʨʪʳʡ ʪʠʧ ʧʨʠʫʨʦʯʝʥ ʢ 

ʩʪʨʦʤʘʪʦʣʠʪʦʚʦʤʫ ʜʦʣʦʤʠʪʫ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʦʢʨʝʤʥʝʥʠʝʤ.  

ʄʦʨʩʢʠʝ ʬʘʮʠʠ ʢʘʨʙʦʥʘʪʥʳʭ ʦʩʘʜʢʦʚ ʦʙʦʛʘʱʝʥʳ ʩʨʝʜʥʠʤʠ ʣʘʥʪʘʥʦʠʜʘʤʠ [1], ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʦʨʬʦʣʦʛʠʝʡ ʩʧʝʢʪʨʦʚ, ʦʪʨʘʞʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 1. ɺʩʝ ʚʳʜʝʣʝʥʥʳʝ ʪʠʧʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ çʧʠʢʦʤè Eu, ʭʦʪʷ ʚʦ ʚʪʦʨʦʤ ʪʠʧʝ ʟʥʘʯʝʥʠʝ Gd ʧʨʝʚʳʰʘʝʪ 

ʟʥʘʯʝʥʠʝ Eu. ʋʚʝʣʠʯʝʥʠʝ  ʩʦʜʝʨʞʘʥʠʷ Gd ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ pH. Gd ʩʦʨʙʠʨʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʦʡ 

ʩʪʝʧʝʥʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ pH ʩʨʝʜʳ, ʜʣʷ Gd ʤʘʢʩʠʤʫʤ ʩʦʨʙʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ pH=8-8,5 [5]. ʊʠʧ 1 

ʠ ʪʠʧ 4 ʧʦ ʩʚʦʝʡ ʤʦʨʬʦʣʦʛʠʠ ʙʣʠʟʢʠ, ʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʣʠʯʥʳʤʠ ʣʠʪʦʪʠʧʘʤʠ. ʇʨʦʙʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʈɿʕ ʪʠʧʘ 1 ʠ 4, ʦʪʦʙʨʘʥʳ ʠʟ ʦʢʨʝʤʥʝʥʥʳʭ ʧʦʨʦʜ. ʕʪʦ ʤʦʞʝʪ 

ʛʦʚʦʨʠʪʴ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʢʨʝʤʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʧʝʨʠʦʜ ʩʝʜʠʤʝʥʪʘʮʠʠ ʦʩʘʜʢʘ ʩ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʢʨʝʤʥʠʷ, ʣʠʙʦ ʦ ʚʣʠʷʥʠʠ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʈɿʕ.  

 

ʈʠʩʫʥʦʢ 1 - ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ PAAS-ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʈɿʕ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʩʨʝʜʥʝʨʠʬʝʡʩʢʦʝ ʚʨʝʤʷ ʛʦʩʧʦʜʩʪʦʚʘʣ ʘʨʠʜʥʳʡ ʢʣʠʤʘʪ, 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʤʦʨʩʢʠʭ ʚʦʜʘʭ, ʥʘʩʳʱʝʥʥʳʭ ʢʠʩʣʦʨʦʜʦʤ. ʊʘʢʠʝ ʫʩʣʦʚʠʷ 

ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʣʠ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʭ ʩʦʦʙʱʝʩʪʚ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʫʩʪʦʪʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʘʤʠ ʧʦʠʩʢʘ, 

ʧʨʦʠʟʦʰʣʦ ʙʣʘʛʦʜʘʨʷ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ.  ʇʦ ʟʥʘʯʝʥʠʷʤ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʥʜʠʢʘʪʦʨʦʚ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʩʪʴ ʧʦʨʦʜ.  
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ʇɽʊʈʆɻʈɸʌʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ʅʀɾʅɽʄɽʃʆɺʓʍ ɸʃɽɺʈʀʊʆ-

ʇɽʉʏɸʅʓʍ ʇʆʈʆɼ-ʂʆʃʃɽʂʊʆʈʆɺ ʅɸ ɿɸʇɸɼɽ ɻʓɼɸʅʉʂʆʁ ʅɻʆ 

ʊʨʫʰʢʠʥʘ ɸʥʘʩʪʘʩʠʷ ɽʚʛʝʥʝʚʥʘ 

ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʛʘʟʦʚʦʡ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ʠʤ. ɸ.ɸ.ʊʨʦʬʠʤʫʢʘ, ʛ.ʅʦʚʦʩʠʙʠʨʩʢ, 

ʈʦʩʩʠʷ, ʠʥʞʝʥʝʨ, TrushkinaAE@ipgg.sbras.ru 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʠʞʥʝʤʝʣʦʚʳʭ ʘʣʝʚʨʠʪʦ-ʧʝʩʯʘʥʳʭ 

ʧʦʨʦʜ ʧʣʘʩʪʦʚ ʛʨʫʧʧ ɹɻ, ʊʇ ʠ ʍʄ ʦʜʥʦʛʦ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʟʘʧʘʜʝ ɻʳʜʘʥʩʢʦʡ ʅɻʆ. ʋʩʪʘʥʦʚʣʝʥ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʠ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʩʦʩʪʘʚʳ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠ ʦʙʲʸʤ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʠ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ, ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʣʫʯʰʝʥʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɻʳʜʘʥʩʢʘʷ ʅɻʆ, ʥʠʞʥʠʡ ʤʝʣ, ʧʦʨʦʜʳ-ʢʦʣʣʝʢʪʦʨʳ, ʧʝʪʨʦʛʨʘʬʠʷ, ʩʪʘʜʠʘʣʴʥʳʡ ʘʥʘʣʠʟ 

PETROGRAPHIC FEATURE S OF THE LOWER CRETA CEOUS SILT-SANDSTONE 

RESERVOIR FORMATION IN THE WEST OF GYDAN  PETROLEUM REGION  
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This article presents the results of petrographic studies of the Lower Cretaceous silt-sandstone rocks of the reservoir 

of the BG, TP, and HM groups of one of the deposits in the west of the Gydan petroleum region. Granulometric and 

petrographic compositions, sequence and extent of postdepositional alterations were established. In addition, 

sedimentation and postdepositional factors were identified that are favorable for the formation of good quality 

reservoirs 

Keywords: Gydan petroleum region, Lower Cretaceous, reservoir formation, petrography, stadial analysis 

ɻʳʜʘʥʩʢʘʷ ʥʝʬʪʝʛʘʟʦʥʦʩʥʘʷ ʦʙʣʘʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʩʣʘʙʦ ʠʟʫʯʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ 

ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ.  ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʥʠʞʥʝʤʝʣʦʚʳʭ 

ʦʪʣʦʞʝʥʠʡ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʩʚʝʱʝʥʳ ʚ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ. ɺ ʧʨʦʮʝʩʩʝ 

ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʝʨʥʘ ʦʜʥʦʡ ʠʟ ʩʢʚʘʞʠʥ ʥʘ ʟʘʧʘʜʝ ʦʙʣʘʩʪʠ ʘʚʪʦʨʦʤ ʙʳʣ 

ʚʳʧʦʣʥʝʥ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʘʣʝʚʨʠʪʦ-ʧʝʩʯʘʥʳʭ ʧʦʨʦʜ ʧʣʘʩʪʦʚ ʛʨʫʧʧ ɹɻ (ʘʭʩʢʘʷ ʩʚʠʪʘ, 

ʥʠʞʥʠʡ ʛʦʪʝʨʠʚ), ʊʇ (ʪʘʥʦʧʯʠʥʩʢʘʷ ʩʚʠʪʘ, ʚʝʨʭʥʠʡ ʛʦʪʝʨʠʚ - ʘʧʪ) ʠ ʍʄ (ʷʨʦʥʛʩʢʘʷ ʩʚʠʪʘ, ʥʠʞʥʠʡ 

ʘʣʴʙ) ʚ ʠʥʪʝʨʚʘʣʝ 1561-2920 ʤ.  

ʉʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʧʦʨʦʜ ʧʨʝʦʙʣʘʜʘʶʪ ʧʝʩʯʘʥʠʢʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ, ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ 

ʦʙʦʛʘʱʝʥʥʳʝ ʘʣʝʚʨʠʪʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʩ ʚʟʘʠʤʦʧʝʨʝʭʦʜʘʤʠ ʚ ʘʣʝʚʨʦʧʝʩʯʘʥʠʢʠ ʠ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ 

ʘʣʝʚʨʦʣʠʪʳ. ɺ ʥʝʢʦʪʦʨʳʭ ʧʣʘʩʪʘʭ ʛʨʫʧʧ ʊʇ ʠ ʍʄ ʦʪʤʝʯʝʥʳ ʩʨʝʜʥʝ-ʤʝʣʢʦ- ʠ ʤʝʣʢʦ-

ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ. ʇʦʨʦʜʳ ʛʨʫʧʧʳ ɹɻ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʪʦʥʢʦʟʝʨʥʠʩʪʳʤ 

ʩʦʩʪʘʚʦʤ, ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʘʣʝʚʨʦʧʝʩʯʘʥʠʢʦʚ. ɺ ʮʝʣʦʤ ʧʦ ʨʘʟʨʝʟʫ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʩʨʝʜʥʝʧʝʩʯʘʥʦʡ ʬʨʘʢʮʠʠ ʜʣʷ ʧʣʘʩʪʦʚ ɹɻ ï 0%, ʊʇ ï 11%, ʍʄ ï 49%. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʤʝʣʢʦʧʝʩʯʘʥʦʡ ʬʨʘʢʮʠʠ ï 60, 74 ʠ 64%, ʩʫʤʤʳ ʤʝʣʢʦ- ʠ ʢʨʫʧʥʦʘʣʝʚʨʠʪʦʚʳʭ ï 40, 28, 31% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʨʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʭʦʨʦʰʝʡ (ʊʇ, ʍʄ) ʠ ʩʨʝʜʥʝʡ (ɹɻ, ʊʇ), ʨʝʞʝ ʧʣʦʭʦʡ 

ʩʪʝʧʝʥʴʶ ʩʦʨʪʠʨʦʚʢʠ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʘʠʙʦʣʝʝ ʭʦʨʦʰʦ ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʧʦʨʦʜʳ ʧʣʘʩʪʦʚ ʥʠʞʥʝʡ ʧʦʜʩʚʠʪʳ ʪʘʥʦʧʯʠʥʩʢʦʡ ʩʚʠʪʳ (ʊʇ16, ʊʇ14). 

ʇʦ ʩʦʩʪʘʚʫ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟʫʯʝʥʥʳʝ ʘʣʝʚʨʠʪʦ-ʧʝʩʯʘʥʳʝ 

ʧʦʨʦʜʳ ʧʦʣʠʤʠʢʪʦʚʳʝ: ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʠʪʦʢʣʘʩʪʠʪʦ-ʧʦʣʝʚʦʰʧʘʪʦʚʦ-ʢʚʘʨʮʝʚʳʝ, ʨʝʞʝ 

ʧʦʣʝʚʦʰʧʘʪʦʚʦ-ʣʠʪʦʢʣʘʩʪʠʪʦ-ʢʚʘʨʮʝʚʳʝ. ɽʜʠʥʠʯʥʳʝ ʦʙʨʘʟʮʳ ʛʨʫʧʧʳ ʊʇ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʧʦʣʝʚʦʰʧʘʪʦʚʦ-ʢʚʘʨʮʝʚʦ-ʣʠʪʦʢʣʘʩʪʠʪʦʚʳʤ ʩʦʩʪʘʚʦʤ. ɺ ʮʝʣʦʤ ʧʦ ʨʘʟʨʝʟʫ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʢʚʘʨʮʘ ʜʣʷ ʧʣʘʩʪʦʚ ɹɻ ï 43%, ʊʇ ï 45%, ʍʄ ï 49%. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ 



 

 

45 

 

(ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʣʠʝʚʳʭ) ï 28, 29, 25%, ʣʠʪʦʢʣʘʩʪʦʚ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʨʢʘʩʥʦʛʦ ʪʠʧʘ: 

ʢʨʝʤʥʠʩʪʳʝ ʧʦʨʦʜʳ, ʢʚʘʨʮʠʪʳ, ʵʬʬʫʟʠʚʳ) ï 28, 24, 26% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʠʟʫʯʝʥʳʭ 

ʧʦʨʦʜʘʭ ʩʥʠʟʫ-ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ ʚ ʩʦʩʪʘʚʝ ʦʙʣʦʤʦʯʥʦʡ ʯʘʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʢʚʘʨʮʘ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʤʝʥʴʰʝʥʠʝ ʣʠʪʦʢʣʘʩʪʦʚ, ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʪʦʷʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ 

ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ. ʕʪʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʟʨʝʣʦʩʪʠ ʧʦʨʦʜ 

ʦʪ ʥʠʞʝʣʝʞʘʱʠʭ ʧʣʘʩʪʦʚ ʘʭʩʢʦʡ (ʧʣʘʩʪʳ ɹɻ (ʂʟʨ=1,4)) ʠ ʪʘʥʦʧʯʠʥʩʢʦʡ (ʧʣʘʩʪʳ ʊʇ (ʂʟʨ=1,5)) ʩʚʠʪ 

ʢ ʚʳʰʝʣʝʞʘʱʠʤ ʧʣʘʩʪʘʤ ʷʨʦʥʛʩʢʦʡ ʩʚʠʪʳ (ʧʣʘʩʪʳ ʍʄ (ʂʟʨ=1,9)). ɺ ʮʝʣʦʤ, ʩʪʝʧʝʥʴ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʟʨʝʣʦʩʪʠ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟʫʯʝʥʥʳʭ ʘʣʝʚʨʠʪʦ-ʧʝʩʯʘʥʳʭ ʧʦʨʦʜ 

ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʫʤʝʨʝʥʥʘʷ, ʨʝʜʢʦ ʥʠʟʢʘʷ.  

ʉʦʜʝʨʞʘʥʠʝ ʮʝʤʝʥʪʘ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʝʪ - ʦʪ 1 ʜʦ 52 %, ʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʨʝʟʫ ʦʯʝʥʴ 

ʥʝʨʘʚʥʦʤʝʨʥʦʝ. ʇʦʨʦʜʳ ʧʣʘʩʪʦʚ ʛʨʫʧʧʳ ɹɻ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʮʝʤʝʥʪʘ ʦʪ 10 ʜʦ 31 %, 

ʛʨʫʧʧʳ ʊʇ ï ʦʪ 1 ʜʦ 52 % ʠ ʛʨʫʧʧʳ ʍʄ ï ʦʪ 2 ʜʦ 19%. ʉʦʩʪʘʚ ʮʝʤʝʥʪʘ ʧʦʣʠʤʠʥʝʨʘʣʴʥʳʡ, ʦʙʳʯʥʦ 

ʩ ʨʘʟʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʘʨʙʦʥʘʪʥʦʡ (ʢʘʣʴʮʠʪ, ʩʠʜʝʨʠʪ, ʨʝʜʢʦ ʜʦʣʦʤʠʪ) ʠ ʛʣʠʥʠʩʪʦʡ (ʢʘʦʣʠʥʠʪ, 

ʛʠʜʨʦʩʣʶʜʠʩʪʦ-ʭʣʦʨʠʪʦʚʳʡ ʘʛʨʝʛʘʪ) ʩʦʩʪʘʚʣʷʶʱʠʭ. ʈʝʞʝ ʠ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ (ʦʙʳʯʥʦ 

ʥʝ ʧʨʝʚʳʰʘʶʱʠʭ 1-3%) ʦʪʤʝʯʝʥ ʨʝʛʝʥʝʨʘʮʠʦʥʥʳʡ ʢʚʘʨʮʝʚʳʡ, ʧʦʨʦʚʳʡ ʮʝʦʣʠʪʦʚʳʡ ʠ ʧʠʨʠʪʦʚʳʡ 

ʮʝʤʝʥʪʳ.  

ʉʫʜʷ ʧʦ ʜʘʥʥʳʤ ɸ.ʅ. ʌʦʤʠʥʘ (ʀʅɻɻ ʉʆ ʈɸʅ) ʤʝʪʘʤʦʨʬʠʟʤ ʆɺ ʥʝʦʢʦʤʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 

ʨʘʡʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʨʘʜʘʮʠʷʤ ʄʂ1
1 ï ʄʂ2, ʪ.ʝ. ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʚʤʝʱʘʶʱʠʝ 

ʦʪʣʦʞʝʥʠʷ ʟʘʪʨʦʥʫʪʳ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʨʝʜʥʝʤʫ-

ʥʘʯʘʣʫ ʧʦʟʜʥʝʛʦ ʢʘʪʘʛʝʥʝʟʘ. 

ʇʨʠ ʜʝʪʘʣʴʥʦʤ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʣʝʚʨʠʪʦ-ʧʝʩʯʘʥʳʭ ʧʦʨʦʜ ʚʳʷʚʣʝʥʳ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʢʦʣʣʝʢʪʦʨʦʚ ʷʚʣʷʶʪʩʷ ʫʧʣʦʪʥʝʥʠʝ ʦʙʣʦʤʦʯʥʦʡ 

ʯʘʩʪʠ, ʘʫʪʠʛʝʥʥʦʝ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʝ, ʧʨʦʮʝʩʩʳ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠ ʟʘʤʝʱʝʥʠʷ. ʀʟʫʯʝʥʥʳʝ 

ʧʦʨʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʫʤʝʨʝʥʥʦʡ, ʨʝʞʝ ʩʣʘʙʦʡ ʠ ʩʠʣʴʥʦʡ ʩʪʝʧʝʥʴʶ 

ʫʧʣʦʪʥʝʥʠʷ, ʚ ʮʝʣʦʤ ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʩʚʝʨʭʫ-ʚʥʠʟ ʧʦ ʨʘʟʨʝʟʫ. ɺ ʧʣʦʪʥʳʭ ʧʦʨʦʜʘʭ ʧʨʦʷʚʣʝʥʘ 

ʚʪʦʨʠʯʥʘʷ ʨʝʛʝʥʝʨʘʮʠʦʥʥʦ-ʢʦʥʬʦʨʤʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚʪʦʨʠʯʥʳʭ ʧʨʷʤʦʣʠʥʝʡʥʳʭ 

ʢʦʥʪʘʢʪʦʚ ʠ ʢʦʥʪʘʢʪʦʚ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ. ɺʩʪʨʝʯʘʶʪʩʷ ʠʥʢʦʨʧʦʨʘʮʠʦʥʥʳʝ, 

ʩʪʠʣʦʣʠʪʦʚʳʝ ʤʝʞʟʝʨʥʦʚʳʝ ʢʦʥʪʘʢʪʳ ʠ ʢʦʥʪʘʢʪʳ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩʣʶʜ ʠ ʩʣʘʥʮʝʚ (ɹɻ11, 

ʊʇ27-16). ɺ ʫʤʝʨʝʥʥʦ ʠ ʩʣʘʙʦ ʫʧʣʦʪʥʝʥʥʳʭ ʧʦʨʦʜʘʭ ʧʨʝʦʙʣʘʜʘʶʪ ʧʨʷʤʦʣʠʥʝʡʥʳʝ ʠ ʪʦʯʝʯʥʳʝ 

ʢʦʥʪʘʢʪʳ (ʊʇ14-1, ʍʄ9-7). 

ɸʫʪʠʛʝʥʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʨʙʦʥʘʪʘʤʠ (ʢʘʣʴʮʠʪ ʪʨʝʭ ʛʝʥʝʨʘʮʠʡ, ʩʠʜʝʨʠʪ ʜʚʫʭ 

ʛʝʥʝʨʘʮʠʡ, ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʜʦʣʦʤʠʪ), ʢʚʘʨʮʝʤ, ʢʘʦʣʠʥʠʪʦʤ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʮʝʦʣʠʪʦʤ, ʧʠʨʠʪʦʤ, 

ʘʥʘʪʘʟʦʤ, ʣʝʡʢʦʢʩʝʥʦʤ, ʚ ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʷʭ ʛʣʘʫʢʦʥʠʪʦʤ. 

ʐʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʧʣʘʩʪʘʭ ʢʘʣʴʮʠʪ (ʦʪ ʧʝʨʚʳʭ % ʜʦ 

50%). ɺ ʠʟʫʯʝʥʥʳʭ ʧʦʨʦʜʘʭ ʫʩʪʘʥʦʚʣʝʥʦ ʪʨʠ ʝʛʦ ʛʝʥʝʨʘʮʠʠ [1]. ʂʘʣʴʮʠʪ ʩ ʨʘʟʤʝʨʦʤ ʢʨʠʩʪʘʣʣʦʚ 

ʤʝʥʝʝ 0,01 ʤʤ (ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ, ʩʢʨʳʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ) ʷʚʣʷʝʪʩʷ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʤ ʠ/ʠʣʠ 

ʨʘʥʥʝʜʠʘʛʝʥʝʪʠʯʝʩʢʠʤ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʝʨʚʫʶ ʛʝʥʝʨʘʮʠʶ. ɺ ʩʪʘʜʠʶ ʜʠʘʛʝʥʝʟʘ ʠ ʢʘʪʘʛʝʥʝʟʘ 

ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩ ʫʢʨʫʧʥʝʥʠʝʤ ʢʨʠʩʪʘʣʣʦʚ, ʨʝʣʠʢʪʳ ʤʠʢʨʠʪʘ ʩʦʭʨʘʥʷʶʪʩʷ ʚ 

ʚʠʜʝ ʩʛʫʩʪʢʦʚ ʠ ʧʷʪʝʥ. ʕʪʘ ʛʝʥʝʨʘʮʠʷ ʚʩʪʨʝʯʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʤʝʣʢʦʚʦʜʥʦ-ʤʦʨʩʢʠʭ ʧʣʘʩʪʘʭ ʘʭʩʢʦʡ 

ʩʚʠʪʳ (ɹɻ11). ʈʘʥʥʝʢʘʪʘʛʝʥʝʪʠʯʝʩʢʠʡ ʢʘʣʴʮʠʪ ʚʪʦʨʦʡ ʛʝʥʝʨʘʮʠʠ ʪʦʥʢʦ-, ʤʝʣʢʦ-, ʨʝʜʢʦ ʩʨʝʜʥʝ-

ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʫʝʪ ʧʦʨʦʚʦ-ʙʘʟʘʣʴʥʳʡ ʠ ʙʘʟʘʣʴʥʦ-ʧʦʨʦʚʳʡ ʪʠʧʳ ʮʝʤʝʥʪʘ, 

ʩʣʝʛʢʘ ʢʦʨʨʦʜʠʨʫʷ ʦʙʣʦʤʦʯʥʳʝ ʟʝʨʥʘ (ʧʣʘʩʪʳ ʊʇ, ʍʄ). ʇʦʡʢʠʣʠʪʦʚʳʡ ʢʘʣʴʮʠʪ ʪʨʝʪʴʝʡ ʛʝʥʝʨʘʮʠʠ 

ï ʩʨʝʜʥʝ-, ʢʨʫʧʥʦ-, ʨʝʞʝ ʛʨʫʙʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ, ʦʙʨʘʟʫʝʪ ʧʦʨʦʚʳʡ ʠʣʠ ʙʘʟʘʣʴʥʦ-ʧʦʨʦʚʳʡ ʮʝʤʝʥʪ. 

ʇʨʦʩʪʨʘʥʩʪʚʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʪʘʢʦʛʦ ʢʘʣʴʮʠʪʘ ʩʣʫʞʠʣʠ ʩʦʭʨʘʥʠʚʰʠʝʩʷ ʧʦʩʣʝ ʧʨʦʮʝʩʩʦʚ ʫʧʣʦʪʥʝʥʠʷ 

ʧʦʨʳ, ʪʘʢʞʝ ʦʥ ʢʦʨʨʦʜʠʨʫʝʪ ʦʙʣʦʤʦʯʥʳʝ ʟʝʨʥʘ ʠ ʟʘʤʝʱʘʝʪ ʯʘʩʪʴ ʠʟ ʥʠʭ. ʉʦʜʝʨʞʘʥʠʝ 

ʧʦʟʜʥʝʢʘʪʘʛʝʥʝʪʠʯʝʩʢʦʛʦ ʢʘʣʴʮʠʪʘ ʪʨʝʪʴʝʡ ʛʝʥʝʨʘʮʠʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 50%. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʥʪʝʥʩʠʚʥʘʷ ʢʘʨʙʦʥʘʪʠʟʘʮʠʷ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʦʩʣʦʝʚ ʢʨʝʧʢʦ ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʭ 

ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʧʦʨʦʜ ʩʣʠʚʥʦʛʦ ʦʙʣʠʢʘ, ʬʠʢʩʠʨʦʚʘʣʘʩʴ ʚ ʧʣʘʩʪʘʭ ʊʇ24-ʊʇ16. 

ʉʠʜʝʨʠʪ (ʦʪ 0 ʜʦ 5%, ʝʜʠʥʠʯʥʦ ʜʦ 20%) ʧʝʣʠʪʦʤʦʨʬʥʳʡ, ʧʨʦʷʚʣʝʥ ʚ ʚʠʜʝ ʩʛʫʩʪʢʦʚ ʠ ʧʷʪʝʥ, 

ʬʦʨʤʠʨʫʶʱʠʭ ʚ ʩʪʘʜʠʶ ʜʠʘʛʝʥʝʟʘ ʧʦʨʦʚʳʡ, ʨʝʜʢʦ ʧʣʝʥʦʯʥʳʡ ʮʝʤʝʥʪ. ʏʘʩʪʦ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ 

ʧʦʩʣʦʡʥʦ, ʦʙʳʯʥʦ ʩʦʚʤʝʩʪʥʦ ʩ ʨʘʩʪʠʪʝʣʴʥʳʤ ʜʝʪʨʠʪʦʤ, ʠʥʦʛʜʘ ʨʘʟʚʠʚʘʷʩʴ ʧʦ ʥʝʤʫ. ʂʨʦʤʝ ʪʦʛʦ, 

ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʙʠʦʪʠʪʫ ʠ ʥʝʢʦʪʦʨʳʤ ʣʠʪʦʢʣʘʩʪʘʤ. ʇʦʤʠʤʦ ʧʝʣʠʪʦʤʦʨʬʥʦʛʦ ʩʠʜʝʨʠʪʘ ʧʝʨʚʦʡ 

ʛʝʥʝʨʘʮʠʠ ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʨʦʜʘʭ ʦʪʤʝʯʘʶʪʩʷ ʩʬʝʨʦʣʠʪʦʚʳʝ ʚʳʜʝʣʝʥʠʷ ʩʠʜʝʨʠʪʘ ʚʪʦʨʦʡ ʛʝʥʝʨʘʮʠʠ 

(ʊʇ20) - ʠʥʜʠʢʘʪʦʨʘ ʧʦʟʜʥʝʛʦ ʢʘʪʘʛʝʥʝʟʘ. 

ɺ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʚ ʧʦʨʦʜʘʭ ʧʨʦʷʚʣʝʥ ʘʫʪʠʛʝʥʥʳʡ ʢʚʘʨʮ, ʬʦʨʤʠʨʫʶʱʠʡ ʨʝʛʝʥʝʨʘʮʠʦʥʥʳʝ 

ʢʘʝʤʢʠ, ʜʦʣʷ ʢʦʪʦʨʳʭ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʥʦʩʪʠ ʢʚʘʨʮʝʚʳʭ ʦʙʣʦʤʢʦʚ. ɹʦʣʝʝ ʚʩʝʛʦ 
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ʨʝʛʝʥʝʨʘʮʠʷ ʢʚʘʨʮʘ ʧʨʦʷʚʣʝʥʘ ʚ ʧʣʘʩʪʘʭ ɹɻ11, ʊʇ27, ʊʇ20, ʊʇ18. ɽʶ ʦʭʚʘʯʝʥʦ ʦʪ 10 ʜʦ 50 %, ʘ ʚ 

ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʜʦ 60-70 % ʦʙʣʦʤʢʦʚ ʢʚʘʨʮʘ. ʆʪʤʝʯʝʥʘ ʩʣʘʙʘʷ ʨʝʛʝʥʝʨʘʮʠʷ ʟʝʨʝʥ ʢʚʘʨʮʘ ʚ 

ʫʯʘʩʪʢʘʭ ʨʘʟʚʠʪʠʷ ʢʘʣʴʮʠʪʦʚʦʛʦ ʧʦʡʢʠʣʠʪʦʚʦʛʦ ʮʝʤʝʥʪʘ ʪʨʝʪʴʝʡ ʛʝʥʝʨʘʮʠʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʝʝ 

ʨʘʥʥʝʝ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʝʤʦʢ ʢʚʘʨʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʢʘʟʘʥʥʦʛʦ ʪʠʧʘ ʮʝʤʝʥʪʘʮʠʠ. 

ɸʫʪʠʛʝʥʥʳʡ ʪʦʥʢʦ-, ʤʝʣʢʦ- ʠ ʢʨʫʧʥʦʯʝʰʫʡʯʘʪʳʡ ʢʘʦʣʠʥʠʪ ʧʦʨʦʚʦʛʦ ʮʝʤʝʥʪʘ ʤʦʞʝʪ 

ʷʚʣʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʛʦ ʢʘʦʣʠʥʠʪʘ ʚ ʜʠʘʛʝʥʝʟʝ ʠ ʢʘʪʘʛʝʥʝʟʝ, 

ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʠʟ ʧʦʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʤʝʞʟʝʨʥʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚʩʪʨʝʯʘʝʪʩʷ 

ʢʘʪʘʛʝʥʝʪʠʯʝʩʢʠʡ ʢʘʦʣʠʥʠʪ, ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ ʟʘʤʝʱʘʶʱʠʡ ʫʯʘʩʪʢʠ ʦʙʣʦʤʦʯʥʳʭ ʟʝʨʝʥ ʧʦʣʝʚʳʭ 

ʰʧʘʪʦʚ. ʇʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʢʘʦʣʠʥʠʪʘ ʚ ʤʦʜʠʬʠʢʘʮʠʶ ʩ ʙʦʣʝʝ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʦʙʲʝʤʘ ʠʥʜʠʚʠʜʘ (ʜʦ 25-40 %) ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʚʦʙʦʜʥʦʛʦ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʂʘʦʣʠʥʠʪʠʟʘʮʠʷ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʟʘʤʝʪʥʦ ʧʨʦʷʚʣʝʥʘ ʚ ʧʣʘʩʪʘʭ 

ʊʇ25, ʊʇ14, ʍʄ9.  

ʎʝʦʣʠʪʳ ʦʪʤʝʯʝʥʳ ʚ ʥʘʠʙʦʣʝʝ ʛʨʫʙʦʟʝʨʥʠʩʪʳʭ ʧʦʨʦʜʘʭ ʥʠʞʥʠʭ ʧʣʘʩʪʦʚ ʪʘʥʦʧʯʠʥʩʢʦʡ 

ʩʚʠʪʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚʦ ʬʨʦʥʪʝ ʜʝʣʴʪʳ. ʂʘʪʘʛʝʥʝʪʠʯʝʩʢʠʡ ʢʨʫʧʥʦ-ʛʨʫʙʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 

ʧʦʡʢʠʣʠʪʦʚʳʡ ʮʝʦʣʠʪ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʧʷʪʝʥ ʩʨʝʜʠ ʙʦʣʝʝ ʧʦʟʜʥʝʛʦ ʙʘʟʘʣʴʥʦʛʦ ʠʣʠ 

ʧʦʨʦʚʦʛʦ ʧʦʡʢʠʣʠʪʦʚʦʛʦ ʢʘʣʴʮʠʪʘ. ʎʝʦʣʠʪʳ ʥʝ ʪʦʣʴʢʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʢʦʣʣʝʢʪʦʨʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʦʥʠ ʧʦʚʳʰʘʶʪ ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʯʪʦ ʩʚʦʡʩʪʚʝʥʥʦ 

ʧʨʦʜʫʢʪʠʚʥʳʤ ʦʪʣʦʞʝʥʠʷʤ, ʪʝʤ ʩʘʤʳʤ ʧʨʠʚʦʜʷ ʢ ʟʘʚʳʰʝʥʠʶ ʨʝʩʫʨʩʥʦʡ ʙʘʟʳ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ 

ʟʘʣʝʞʘʭ, ʦʩʣʦʞʥʝʥʥʳʭ ʮʝʦʣʠʪʠʟʘʮʠʝʡ, ʯʪʦ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪʘʭ ʥʘ 

ʟʘʣʝʞʠ ʋɺ ʚ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ ʅɻʇ. ɺ ʠʟʫʯʝʥʥʳʭ ʧʦʨʦʜʘʭ ʩʦʜʝʨʞʘʥʠʝ ʮʝʦʣʠʪʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ï ʥʝ ʙʦʣʝʝ 1-3%.  

ʂʨʦʤʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ, ʚ ʩʦʩʪʘʚʝ ʘʩʩʦʮʠʘʮʠʠ ʘʫʪʠʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʨʦʜʘʭ 

ʫʩʪʘʥʦʚʣʝʥʳ: ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʝ ʧʠʨʠʪ, ʘʥʘʪʘʟ, ʣʝʡʢʦʢʩʝʥ, ʛʣʘʫʢʦʥʠʪ, ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʡ-

ʢʘʪʘʛʝʥʝʪʠʯʝʩʢʠʡ ʭʣʦʨʠʪ, ʢʘʪʘʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʴʙʠʪ, ʜʦʣʦʤʠʪ. 

ʇʫʩʪʦʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʟʫʯʝʥʥʳʭ ʧʦʨʦʜ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʦʩʪʘʪʦʯʥʳʤʠ 

ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʤʠ ʤʝʞʟʝʨʥʦʚʳʤʠ ʧʦʨʘʤʠ, ʘ ʪʘʢʞʝ ʚʪʦʨʠʯʥʳʤʠ ʧʦʨʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʥʘ 

ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʣʠʪʦʛʝʥʝʟʘ. ɹʣʘʛʦʧʨʠʷʪʥʳʤʠ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʤʠ ʠ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʭʦʨʦʰʠʭ ʢʦʣʣʝʢʪʦʨʦʚ ʷʚʣʷʶʪʩʷ: ʚʳʩʦʢʘʷ ʜʦʣʷ ʧʝʩʯʘʥʳʭ ʬʨʘʢʮʠʡ ʠ 

ʢʘʨʢʘʩʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʦʙʣʦʤʦʯʥʦʡ ʯʘʩʪʠ ʧʦʨʦʜ, ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʩʠʥʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʛʦ ʮʝʤʝʥʪʘ (ʥʝ ʙʦʣʝʝ 15%); ʧʨʦʮʝʩʩʳ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʠ 

ʥʝʢʦʪʦʨʳʭ ʣʠʪʦʢʣʘʩʪʦʚ, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʢʘʦʣʠʥʠʪʠʟʘʮʠʠ ʧʦʣʝʚʳʭ 

ʰʧʘʪʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʚʥʫʪʨʠ- ʠ ʤʝʞʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʤʠʢʨʦʧʦʨʠʩʪʦʩʪʠ; ʢʘʪʘʢʣʘʟ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʫʚʝʣʠʯʠʚʘʶʱʠʡ ʪʨʝʱʠʥʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ; 

ʦʙʨʘʟʦʚʘʥʠʝ ʨʝʛʝʥʝʨʘʮʠʦʥʥʦʛʦ ʢʚʘʨʮʘ, ʧʨʝʧʷʪʩʪʚʫʶʱʝʛʦ ʫʧʣʦʪʥʝʥʠʶ ʧʦʨʦʜ ʠ ʪʝʤ ʩʘʤʳʤ 

ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ ʩʦʭʨʘʥʝʥʠʶ ʧʫʩʪʦʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʂ ʬʘʢʪʦʨʘʤ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʶʱʠʤ ʦʙʲʸʤ ʧʫʩʪʦʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʠʟʫʯʝʥʥʳʭ 

ʧʦʨʦʜʘʭ ʦʪʥʦʩʠʪʩʷ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʝ ʘʫʪʠʛʝʥʥʦʝ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʝ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʢʘʨʙʦʥʘʪʠʟʘʮʠʷ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʫʤʝʥʴʰʝʥʠʶ ʜʠʘʤʝʪʨʦʚ ʧʦʨʦʚʳʭ ʢʘʥʘʣʦʚ ʠʣʠ ʠʭ ʟʘʢʫʧʦʨʠʚʘʥʠʶ. 

ʅʘʧʨʠʤʝʨ, ʤʦʱʥʳʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʙʦʟʝʨʥʠʩʪʳʝ ʧʝʩʯʘʥʳʝ ʧʣʘʩʪʳ ʊʇ27, ʊʇ25, ʊʇ18 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʪʘʢ ʢʘʢ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʝʥʩʠʚʥʦ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʩʣʦʝʚ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ ʌʅʀ ˉ 0331-2019-0021 çʆʩʥʦʚʥʳʝ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ 

ʠ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʭ ʵʚʦʣʶʮʠʠ ʚ ʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʠ 

ʬʘʥʝʨʦʟʦʡʩʢʠʭ ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʘʭ ʉʠʙʠʨʠè 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1. ɺʘʢʫʣʝʥʢʦ ʃ.ɻ. ɸʫʪʠʛʝʥʥʳʝ ʤʠʥʝʨʘʣʳ ʘʣʝʚʨʠʪʦ-ʧʝʩʯʘʥʳʭ ʧʦʨʦʜ ʥʠʞʥʝʤʝʣʦʚʳʭ 

ʨʝʟʝʨʚʫʘʨʦʚ ʟʘʧʘʜʘ ɻʳʜʘʥʩʢʦʡ ʅɻʆ / ʃ.ɻ. ɺʘʢʫʣʝʥʢʦ, ʆ.ɼ. ʅʠʢʦʣʝʥʢʦ, ʇ.ɸ. ʗʥ // çʕʢʟʦʣʠʪ 

- 2018. ʃʠʪʦʛʝʥʝʟ: ʩʪʘʜʠʡʥʦʩʪʴ, ʧʨʦʮʝʩʩʳ ʠ ʜʠʘʛʥʦʩʪʠʢʘè (14-15 ʤʘʷ 2018 ʛ.): ʉʙʦʨʥʠʢ 

ʥʘʫʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ï ʄʦʩʢʚʘ, 2018. ï ʉ. 15-17. 
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ʉɽʂʎʀʗ 2. ʈɽɻʀʆʅɸʃʔʅɸʗ ɻɽʆʌʀɿʀʂɸ ʀ ɻɽʆʌʀɿʀʏɽʉʂʀɽ ʄɽʊʆɼʓ 

ʇʆʀʉʂʆɺ ʋɻʃɽɺʆɼʆʈʆɼʆɺ, ʈɸɿɺɽɼʆʏʅɸʗ, ʉʂɺɸɾʀʅʅɸʗ ʀ 

ʇʈʆʄʓʉʃʆɺɸʗ ɻɽʆʌʀɿʀʂɸ 
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ʋɼʂ 553.98.042 

ɻɽʆʌʀɿʀʏɽʉʂɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɿʈɽɿʆɺ ɻɽʈɸʉʀʄʆɺʉʂʆɻʆ 

ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʖʈʉʂʆ-ʇɸʃɽʆɿʆʁʉʂʀʍ ɿɸʃɽɾɽʁ ʋɻʃɽɺʆɼʆʈʆɼʆɺ ʀ 

ʂʈɸʇʀɺʀʅʉʂʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ ɿɸʃɽɾɽʁ ɻʆʈʀɿʆʅʊɸ ʖ1  

ɸʣʝʝʚʘ ɸʥʥʘ ʆʣʝʛʦʚʥʘ  

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, 

ʈʦʩʩʠʷ, ʘʩʧʠʨʘʥʪ, rastorguevaAO_90@mail.ru 

ʅʘ ʧʨʠʤʝʨʝ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʨʝʟʦʚ 29 ʛʣʫʙʦʢʠʭ ʩʢʚʘʞʠʥ ɻʝʨʘʩʠʤʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ 

34 ʩʢʚʘʞʠʥ ʂʨʘʧʠʚʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʘʣʝʦʟʦʡʩʢʠʝ ʟʘʣʝʞʠ ʠʤʝʶʪ ʫʥʠʢʘʣʴʥʦʝ 

çʦʪʨʘʞʝʥʠʝè ʚ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʧʝʨʝʢʨʳʚʘʶʱʝʛʦ ʤʝʟʦʟʦʡʩʢʦ-ʢʘʡʥʦʟʦʡʩʢʦʛʦ ʦʩʘʜʦʯʥʦʛʦ 

ʨʘʟʨʝʟʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʠʪʝʨʠʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʧʘʣʝʦʟʦʷ, ʶʛʦ-ʚʦʩʪʦʢ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. 
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Using the example of the geophysical characteristics of sections of 29 deep wells of the Gerasimov field and 34 

wells of the Krapivin field, it is shown that Paleozoic deposits have a unique çreflectionè in the geological and 

geophysical parameters of the overlying Mesozoic-Cenozoic sedimentary section.  

Keywords: the criterion for forecasting the oil and gas potential of Paleozoic, southeast Western Siberia. 

ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʟʫʯʝʥʥʦʩʪʠ ʶʛʦ-ʚʦʩʪʦʯʥʳʭ ʨʘʡʦʥʦʚ 

ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʬʦʥʜ ʢʨʫʧʥʳʭ ʠ ʩʨʝʜʥʠʭ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʘʢʪʠʢʣʠʥʘʣʴʥʳʭ ʥʝʬʪʝʛʘʟʦʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ ʛʦʨʠʟʦʥʪʘ ʖ1 ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʠʩʯʝʨʧʘʥ, ʠ 

ʜʘʣʴʥʝʡʰʝʝ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʨʝʛʠʦʥʘ ʟʘʚʠʩʠʪ ʦʪ ʦʪʢʨʳʪʠʷ ʥʦʚʳʭ 

ʟʘʣʝʞʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʘʥʪʠʢʣʠʥʘʣʴʥʳʤʠ ʠ ʩʣʦʞʥʦʧʦʩʪʨʦʝʥʥʳʤʠ ʣʦʚʫʰʢʘʤʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʋɺ), 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʦʠʟʫʯʝʥʥʳʭ ʥʝʬʪʝʛʘʟʦʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʘʭ [1].  

ʊʘʢʠʤʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʷʚʣʷʶʪʩʷ ʦʪʣʦʞʝʥʠʷ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ 

ʟʦʥʳ ʢʦʥʪʘʢʪʘ ʧʘʣʝʦʟʦʡʩʢʠʭ ʠ ʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ (ʅɻɻɿʂ) ʠ ʢʦʨʝʥʥʦʛʦ ʧʘʣʝʦʟʦʷ [2], ʟʘʣʝʞʠ ʚ 

ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪʩʷ ʢ ʪʨʫʜʥʦ ʠʟʚʣʝʢʘʝʤʳʤ ʟʘʧʘʩʘʤ (ʊʨʀɿ) [3]. ʅʘ 2018 ʛ. ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ ʥʘ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʙʘʣʘʥʩ ʧʦʩʪʘʚʣʝʥʦ 25 ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʟʘʣʝʞʘʤʠ, ʧʨʠʫʨʦʯʝʥʥʳʤʠ ʢʘʢ ʢ 

ʧʨʦʤʝʞʫʪʦʯʥʦʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʵʪʘʞʫ ï ʅɻɻɿʂ, ʪʘʢ ʠ ʢ ʢʦʨʝʥʥʳʤ ʦʪʣʦʞʝʥʠʷʤ ʧʘʣʝʦʟʦʷ (ʨʠʩ. 1). 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʦʧʨʝʜʝʣʠʪʴ ʢʨʠʪʝʨʠʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʧʦʠʩʢʦʚ ʧʘʣʝʦʟʦʡʩʢʠʭ 

ʟʘʣʝʞʝʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʣʠʯʠʷ ʨʘʟʨʝʟʦʚ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʢʘʢ ʩ ʧʘʣʝʦʟʦʡʩʢʠʤʠ ʟʘʣʝʞʘʤʠ ʥʝʬʪʠ, ʪʘʢ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʦʣʴʢʦ ʩ ʶʨʩʢʠʤʠ 

ʟʘʣʝʞʘʤʠ ʥʝʬʪʠ. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʣʘʩʪʦʚ-ʢʦʣʣʝʢʪʦʨʦʚ ʧʦ ʜʘʥʥʳʤ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥ, ʨʘʩʯʝʪ ʠʥʪʝʨʚʘʣʴʥʳʭ 

ʚʨʝʤʝʥ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ ʪʚʝʨʜʦʡ ʬʘʟʳ (ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʢʝʣʝʪʘ) ʠ ʦʮʝʥʢʘ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʢʦʣʣʝʢʪʦʨʦʚ ʧʦ ʧʝʪʨʦʬʠʟʠʯʝʩʢʦʤʫ ʢʨʠʪʝʨʠʶ, ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʛʝʦʬʠʟʠʯʝʩʢʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʳ ɻʝʨʘʩʠʤʦʚʩʢʦʛʦ ʠ ʂʨʘʧʠʚʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʂʦʥʮʝʧʮʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʘʣʝʦʟʦʡʩʢʠʝ ʟʘʣʝʞʠ ʤʦʛʫʪ ʠʤʝʪʴ ʫʥʠʢʘʣʴʥʦʝ çʦʪʨʘʞʝʥʠʝè ʚ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʧʝʨʝʢʨʳʚʘʶʱʝʛʦ ʤʝʟʦʟʦʡʩʢʦ-ʢʘʡʥʦʟʦʡʩʢʦʛʦ ʨʘʟʨʝʟʘ. ʊʘʢʦʝ 

çʦʪʨʘʞʝʥʠʝè ʤʦʞʝʪ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʟʦʟʦʡʩʢʦ-

ʢʘʡʥʦʟʦʡʩʢʦʛʦ ʨʘʟʨʝʟʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʥʝ ʠʤʝʶʱʠʭ ʟʘʣʝʞʝʡ ʚ ʜʦʶʨʩʢʦʤ ʦʩʥʦʚʘʥʠʠ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʢʘʨʪʘ ʨʘʟʤʝʱʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʋɺ ʩ ʟʘʣʝʞʘʤʠ: ʘ) ʚ ʶʨʩʢʦ-ʤʝʣʦʚʳʭ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ (ʅɻʂ), ʙ) ʚ ʜʦʶʨʩʢʦʤ ʅɻʂ, ʫʩʣʦʚʥʳʡ ʥʦʤʝʨ: 1 ï ɸʨʯʠʥʩʢʦʝ, 2 ï ʋʨʤʘʥʩʢʦʝ, 3 ï ʖʞʥʦ-

ʋʨʤʘʥʩʢʦʝ, 4 ï ʅʠʞʥʝʪʘʙʘʛʘʥʩʢʦʝ, 5 ï ʊʘʤʙʘʝʚʩʢʦʝ, 6 ï ʖʞʥʦ-ʊʘʤʙʘʝʚʩʢʦʝ, 7 ï ʖʞʥʦ-ʊʘʙʘʛʘʥʩʢʦʝ, 8 ï 

ʉʦʣʦʥʦʚʩʢʦʝ, 9 ï ʂʘʣʠʥʦʚʦʝ, 10 ï ʉʝʚʝʨʦ-ʂʘʣʠʥʦʚʦʝ, 11 ï ɻʝʨʘʩʠʤʦʚʩʢʦʝ, 12 ï ʆʩʪʘʥʠʥʩʢʦʝ, 13 ï ʉʝʚʝʨʦ-

ʆʩʪʘʥʠʥʩʢʦʝ, 14 ï ʉʝʣʠʤʭʘʥʦʚʩʢʦʝ, 15 ï ʉʘʪʧʘʝʚʩʢʦʝ, 16 ï ɺʝʨʭʥʝʢʦʤʙʘʨʩʢʦʝ, 17 ï ɺʦʩʪʦʯʥʦ-

ɺʝʨʭʥʝʢʦʤʙʘʨʩʢʦʝ, 18 ï ʃʫʛʠʥʝʮʢʦʝ, 19 ï ʉʨʝʜʥʝ-ɻʣʫʭʦʚʩʢʦʝ, 20 ï ʌʝʩʪʠʚʘʣʴʥʦʝ, 21 ï ʈʝʯʥʦʝ, 22 ï ʗʩʥʦʝ, 

23 ï ʏʢʘʣʦʚʩʢʦʝ, 24 ï ʂʦʥʪʦʨʦʚʠʯʩʢʦʝ, 25 ï ʉʦʚʝʪʩʢʦʝ; 2 ï ʨʝʯʥʘʷ ʩʝʪʴ; 3 ï ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʘʷ ʛʨʘʥʠʮʘ; 4 ï 

ʢʦʥʪʫʨʳ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ I-ʛʦ ʧʦʨʷʜʢʘ [4]. ʂʨʘʩʥʳʤʠ ʦʚʘʣʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ɻʝʨʘʩʠʤʦʚʩʢʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʠ ʂʨʘʧʠʚʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ. ʉʭʝʤʘ ʩʦʩʪʘʚʣʝʥʘ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʊʦʤʩʢʦʛʦ ʬʠʣʠʘʣʘ ʌɻʋ 

çʊʌɻʀ ʧʦ ʉʌʆè. 

ɼʣʷ ʘʨʛʫʤʝʥʪʘʮʠʠ ʢʦʥʮʝʧʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʙʨʘʥʳ ɻʝʨʘʩʠʤʦʚʩʢʦʝ 

ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʝ ʠ ʂʨʘʧʠʚʠʥʩʢʦʝ ʥʝʬʪʷʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  ɻʝʨʘʩʠʤʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʠʤ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ: ʶʨʘ ï ʧʘʣʝʦʟʦʡ, 11 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ (ʖ1ïʖ12, ʄ). ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʳʝ ʟʘʧʘʩʳ ʋɺ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʧʣʘʩʪʝ ʄ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʧʨʦʥʠʮʘʝʤʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ ʚ ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʷʭ ʢʦʨʳ 
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ʚʳʚʝʪʨʠʚʘʥʠʷ. ʇʨʦʤʳʰʣʝʥʥʘʷ ʥʝʬʪʝʥʦʩʥʦʩʪʴ ʂʨʘʧʠʚʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʚʷʟʘʥʘ ʩ 

ʪʝʨʨʠʛʝʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʖ1 ï ʧʣʘʩʪʘʤʠ ʖ1
2 ʠ ʖ13.  

ɻʝʨʘʩʠʤʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʩʭʦʞʜʝʥʠʷ ʧʘʣʝʦʨʠʬʪʦʚ ʨʘʟʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ, ʘ ʂʨʘʧʠʚʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʟʘʧʘʜʥʝʝ ʥʘʠʙʦʣʝʝ ʧʨʦʪʷʞʝʥʥʦʛʦ 

ʋʨʝʥʛʦʡʩʢʦ-ʂʦʣʪʦʛʦʨʩʢʦʛʦ ʧʘʣʝʦʨʠʬʪʘ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ [5], ʚʳʩʦʢʦʦʤʥʳʝ ʢʦʣʣʝʢʪʦʨʳ 

ɻʝʨʘʩʠʤʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʳ, ʘ ʥʠʟʢʦʦʤʥʳʝ ʢʦʣʣʝʢʪʦʨʳ ʂʨʘʧʠʚʠʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʛʣʠʥʠʩʪʦʩʪʴʶ.  

ɸʨʛʫʤʝʥʪʘʮʠʷ ʢʨʠʪʝʨʠʝʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʧʦʠʩʢʦʚ ʧʘʣʝʦʟʦʡʩʢʠʭ ʟʘʣʝʞʝʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʥʘ ʦʩʥʦʚʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʣʠʯʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʛʝʨʘʩʠʤʦʚʩʢʦʛʦ ʠ 

ʢʨʘʧʠʚʠʥʩʢʦʛʦ ʪʠʧʦʚ, ʩʣʝʜʫʶʱʘʷ. 

1. ɼʣʷ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʩʪʦʚ-ʢʦʣʣʝʢʪʦʨʦʚ ɻʝʨʘʩʠʤʦʚʩʢʦʛʦ ʠ ʂʨʘʧʠʚʠʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦ ʜʘʥʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥ 

ʨʘʩʩʯʠʪʘʥʳ ʫʜʝʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ɟʥʧ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣʠ (ʊʘʙʣʠʮʘ 1, 

ʊʘʙʣʠʮʘ 2), ʯʪʦ ʶʨʩʢʠʝ ʧʣʘʩʪʳ ɻʝʨʘʩʠʤʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʘʟʨʝʟʘ ʶʨʩʢʠʭ 

ʧʣʘʩʪʦʚ ʂʨʘʧʠʚʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʋʕʉ. ʖʨʩʢʠʡ 

ʨʘʟʨʝʟ ɻʝʨʘʩʠʤʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʠʤʝʶʱʝʛʦ ʟʘʣʝʞʠ ʋɺ ʚ ʜʦʶʨʩʢʦʤ ʦʩʥʦʚʘʥʠʠ, ʦʙʣʘʜʘʝʪ 

ʋʕʉ 7ï11 ʦʤ*ʤ ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 10 ʦʤ*ʤ, ʶʨʩʢʠʡ ʨʘʟʨʝʟ ʂʨʘʧʠʚʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʥʝ 

ʠʤʝʶʱʝʛʦ ʟʘʣʝʞʠ ʋɺ ʚ ʜʦʶʨʩʢʦʤ ʦʩʥʦʚʘʥʠʠ, ʦʙʣʘʜʘʝʪ ʋʕʉ 5ï7 ʦʤ*ʤ ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 6 

ʦʤ*ʤ. 

ʊʘʙʣʠʮʘ 1 ïʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ɟʥʧ ʧʣʘʩʪʦʚ ɻʝʨʘʩʠʤʦʚʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʇʣʘʩʪ *ʂʧ, 

ʜ. ʝ. 

*ʂʥ, 

ʜ. ʝ. 

*ɟʚ, 

ʦʤ*ʤ 

ʇʝʪʨʦʬʠʟʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʈʧ, 

ʦ. ʝ. 

ɟʚʧ, 

ʦʤ*ʤ 

ʂʚ, 

ʜ. ʝ. 

ʈʥ, 

ʦ. ʝ. 

ɟʥʧ, 

ʦʤ*ʤ 

ʖ1
1-2 0,15 0,56 

0,06 
ʈʧ=0,82/ʂʧ

1,82 

Pʥ=1,05/ʂʚ
1,84 

27,1 1,63 0,44 4,8 7,8 

ʖ1
3 0,16 0,59 24,3 1,46 0,43 5,0 7,3 

ʖ1
4 0,15 0,58 26,1 1,57 0,42 5,2 8,2 

ʖ2 0,15 0,56 ʈʧ=2,02/ʂʧ
1,39 28,2 1,69 0,44 4,8 8,1 

ʖ10 0,14 0,68 

0,05 ʈʧ=3,20/ʂʧ
1,21 

35,1 1,75 0,32 8,7 15,2 

ʖ11 0,14 0,59 35,4 1,77 0,41 5,5 9,7 

ʖ12 0,13 0,56 37,0 1,85 0,44 4,8 8,9 

ʖ14 0,14 0,63 33,9 1,69 0,37 6,6 11,2 

ʖ15 0,15 0,64 32,3 1,61 0,36 6,9 11,2 

ʄ 0,18 0,55 0,04 ʈʧ=2,65/ʂʧ
1,47 Pʥ=1,07/ʂʚ

2,00 34,2 1,37 0,45 5,3 7,3 
*ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦ 29 ʩʢʚʘʞʠʥʘʤ. 

ʊʘʙʣʠʮʘ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ɟʥʧ ʧʣʘʩʪʦʚ ʂʨʘʧʠʚʠʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʇʣʘʩʪ *ʂʧ, 

ʜ. ʝ. 

*ʂʥ, 

ʜ. ʝ.. 

*ɟʚ, 

ʦʤ*ʤ 

ʇʝʪʨʦʬʠʟʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʈʧ, 

ʦ. ʝ. 

ɟʚʧ, 

ʦʤ*ʤ 

ʂʚ, 

ʜ. ʝ. 

ʈʥ, 

ʦ. ʝ. 

ɟʥʧ, 

ʦʤ*ʤ 

ʖ1
2 0,15 0,59 

0,06 

ʈʧ=1,87 /ʂʧ
1,30 ʈʥ =1,08/ʂʚ 1,6 22,2 1,44 0,41 4,5 6,5 

ʖ1
3ɸ 0,16 0,53 ʈʧ=1,24/ʂʧ

1,53 ʈʥ =0,90/ʂʚ 2,09 20,8 1,35 0,47 4,4 5,9 

ʖ1
2ɹ 0,14 0,44 

ʈʧ=2,15 /ʂʧ
1,31 ʈʥ =0,93/ʂʚ 1,87 

28,3 1,84 0,56 2,8 5,1 

ʖ1
3ɺ

 0,17 0,58 21,9 1,43 0,42 4,8 6,8 
*ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦ 34 ʩʢʚʘʞʠʥʘʤ 

 

2. ɼʣʷ ʦʮʝʥʢʠ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʦʣʣʝʢʪʦʨʦʚ ɻʝʨʘʩʠʤʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʪʚʝʨʜʦʡ ʬʘʟʳ (ȹʊʪʚ) (ʊʘʙʣʠʮʘ 3): 160-168 ʤʢʩ/ʤ, 

ʠʥʪʝʥʩʠʚʥʦ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʘʷ ʧʦʨʦʜʘ, ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʡ ʧʝʩʯʘʥʠʢ. ɸ ʨʘʩʯʝʪ ʠʥʪʝʨʚʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʜʣʷ ʢʦʣʣʝʢʪʦʨʦʚ ʖ1
2, ʖ13 ʂʨʘʧʠʚʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ: 175 ʤʢʩ/ʤ, 

ʩʣʘʙʦʛʣʠʥʠʩʪʳʡ ʧʝʩʯʘʥʠʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʮʝʥʢʘ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʦʣʣʝʢʪʦʨʦʚ ʧʦ 

ʘʢʫʩʪʠʯʝʩʢʦʤʫ ʢʘʨʦʪʘʞʫ ʫʩʪʘʥʦʚʠʣʘ, ʯʪʦ ʢʦʣʣʝʢʪʦʨʳ ɻʝʨʘʩʠʤʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʳ, ʘ ʢʦʣʣʝʢʪʦʨʳ ʂʨʘʧʠʚʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ 

ʛʣʠʥʠʩʪʦʩʪʴʶ.  



 

 

51 

 

ʊʘʙʣʠʮʘ 3 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʪʚʝʨʜʦʡ ʬʘʟʳ (ȹʊʪʚ) ʧʣʘʩʪʦʚ ɻʝʨʘʩʠʤʦʚʩʢʦʛʦ 

ʠ ʂʨʘʧʠʚʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʇʣʘʩʪʳ 

 

ʇʝʪʨʦʬʠʟʠʯʝʩʢ

ʦʝ ʫʨʘʚʥʝʥʠʝ 

ȹʊʪʚ,  

ʤʢʩ/ʤ 

ʇʨʦʛʥʦʟ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ 

ɻʝʨʘʩʠʤʦʚʩʢʦʝ 

ʖ1
1-2, ʖ13, ʖ14, ʖ2,   

ʖ10-ʖ12, ʖ14, ʖ15 
ʂʧ=0,24ȹʊ-39 168 

ʂʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʡ 

ʧʝʩʯʘʥʠʢ 

ʄ ʂʧ=0,23ȹʊ-37 160 

ʀʥʪʝʥʩʠʚʥʦ 

ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʘʷ 

ʧʦʨʦʜʘ 

ʂʨʘʧʠʚʠʥʩʢʦʝ ʖ1
2, ʖ13 ʂʧ=0,2ȹʊ-35 175 ʉʣʘʙʦʛʣʠʥʠʩʪʳʡ ʧʝʩʯʘʥʠʢ 

 

3. ʅʘ ʧʨʠʤʝʨʝ ʩʢʚʘʞʠʥʳ  ̄6 ɻʝʨʘʩʠʤʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʩʢʚʘʞʠʥʳ  ̄226 

ʂʨʘʧʠʚʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʳʣʠ ʠʟʫʯʝʥʳ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʳ 

[6]. ʆʪʤʝʯʝʥʦ, ʯʪʦ ɻʝʨʘʩʠʤʦʚʩʢʦʝ ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʦʪʣʠʯʘʝʪʩʷ ʩʧʦʢʦʡʥʳʤ 

ʭʘʨʘʢʪʝʨʦʤ ʇʉ ʠ ʥʠʟʢʠʤ ʦʪʥʦʰʝʥʠʝʤ ʂʉ/ɻʂ ʚ ʠʥʪʝʨʚʘʣʝ ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʳ. ɸ ʙʘʞʝʥʦʚʩʢʘʷ ʩʚʠʪʘ 

ʥʘ ʂʨʘʧʠʚʠʥʩʢʦʤ ʥʝʬʪʷʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʦʙʣʘʜʘʝʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʨʠʤʝʨʝ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʨʝʟʦʚ ʛʣʫʙʦʢʠʭ ʩʢʚʘʞʠʥ 

ɻʝʨʘʩʠʤʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʧʘʣʝʦʟʦʡʩʢʠʤʠ ʟʘʣʝʞʘʤʠ ʥʝʬʪʠ ʠ ʨʘʟʨʝʟʦʚ ʩʢʚʘʞʠʥ 

ʂʨʘʧʠʚʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʶʨʩʢʠʤʠ ʟʘʣʝʞʘʤʠ ʥʝʬʪʠ, ʧʦʢʘʟʘʥʦ, ʯʪʦ   ʧʘʣʝʦʟʦʡʩʢʠʝ ʟʘʣʝʞʠ 

ʠʤʝʶʪ ʫʥʠʢʘʣʴʥʦʝ çʦʪʨʘʞʝʥʠʝè ʚ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʧʝʨʝʢʨʳʚʘʶʱʝʛʦ ʤʝʟʦʟʦʡʩʢʦ-

ʢʘʡʥʦʟʦʡʩʢʦʛʦ ʨʘʟʨʝʟʘ. ʕʪʘ ʫʥʠʢʘʣʴʥʦʩʪʴ ʚʳʨʘʞʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʋʕʉ ʠ ʢʘʨʙʦʥʘʪʠʟʘʮʠʝʡ ʠʥʪʝʨʚʘʣʦʚ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʥʪʝʨʚʘʣʘ ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʳ. 
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ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ ʵʣʝʢʪʨʦʢʘʨʦʪʘʞʘ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʚʦʜʦʥʘʩʳʱʝʥʥʳʝ 

ʠʣʠ ʚʦʚʩʝ ʧʨʦʧʫʩʢʘʶʪʩʷ. ʂʦʣʣʝʢʪʦʨʳ ʩ ʪʦʥʢʠʤ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʧʝʩʯʘʥʠʢʦʚ ʠ ʛʣʠʥ ʰʠʨʦʢʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʢʣʠʥʦʬʦʨʤʥʦʤ ʥʝʦʢʦʤʩʢʦʤ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʤ ʢʦʤʧʣʝʢʩʝ [2]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʨʘʩʩʤʦʪʨʝʥʳ ʧʣʘʩʪʳ ʛʨʫʧʧʳ ɸʉ 

ʇʨʠʦʙʩʢʦʛʦ ʥʝʬʪʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʇʨʠʦʙʩʢʦʛʦ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ ʌʨʦʣʦʚʩʢʦʡ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʡ ʦʙʣʘʩʪʠ ʠ ʧʦ ʛʝʦʣʦʛʠʯʝʩʢʦʤʫ ʩʪʨʦʝʥʠʶ ï 

ʦʯʝʥʴ ʩʣʦʞʥʦʝ, ʤʥʦʛʦʧʣʘʩʪʦʚʦʝ. ɼʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʩʪʨʘʪʠʛʨʘʬʠʷ, 

ʪʝʢʪʦʥʠʢʘ ʠ ʥʝʬʪʝʥʦʩʥʦʩʪʴ ʇʨʠʦʙʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʦ ʩʭʝʤʘʤ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʮʠʘʣʴʥʦʛʦ 

ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʤʝʟʦʟʦʡ-ʢʘʡʥʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʧʦʩʪʨʦʝʥʘ ʣʠʪʦʣʦʛʦ-

ʬʘʮʠʘʣʴʥʘʷ ʢʦʣʦʥʢʘ ʧʦ ʇʨʠʦʙʩʢʦʤʫ ʤʝʩʪʦʨʦʞʜʝʥʠʶ. ʆʩʥʦʚʥʳʝ ʧʨʦʜʫʢʪʠʚʥʳʝ ʧʣʘʩʪʳ ɸʉ7-12 

ʇʨʠʦʙʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʯʝʨʢʘʰʠʥʩʢʦʡ ʩʚʠʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ 

ʧʝʩʯʘʥʠʢʦʚ, ʛʣʠʥ ʠ ʘʣʝʚʨʦʣʠʪʦʚ, ʥʘʭʦʜʷʪʩʷ ʤʝʞʜʫ ʧʠʤʩʢʦʡ ʠ ʙʳʩʪʨʠʥʩʢʦʡ ʛʣʠʥʠʩʪʳʤʠ ʧʘʯʢʘʤʠ ʠ 

ʦʪʥʦʩʷʪʩʷ ʢ ʧʠʤʩʢʦʡ ʨʝʛʠʦʥʘʣʴʥʦʡ ʢʣʠʥʦʬʦʨʤʝ. ʅʝʬʪʝʥʦʩʥʳʝ ʧʣʘʩʪʳ ʟʘʣʝʛʘʶʪ ʚ ʚʠʜʝ 

ʦʙʦʩʦʙʣʝʥʥʳʭ ʣʠʥʟ ʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʨʘʟʥʳʤ ʧʘʣʝʦʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʘʤ [2, 3]. 

ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʦʥʢʦʩʣʦʠʩʪʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʇʨʠʦʙʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʭʘʨʘʢʪʝʨʥʘ 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʧʦʨʦʜ, ʪʦ ʝʩʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʠ ʚʝʨʪʠʢʘʣʴʥʦʝ ʫʜʝʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʋʕʉ) ʨʘʟʣʠʯʘʶʪʩʷ. ɺ ʩʠʣʫ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʠ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʧʨʦʩʣʦʝʚ, ʨʘʟʜʝʣʝʥʠʝ 

ʨʘʟʨʝʟʘ ʧʦ ʪʠʧʫ ʥʘʩʳʱʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʶʪ, ʦʧʨʝʜʝʣʷʷ ʟʥʘʯʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ (ɟh) ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ (ɟv) ʋʕʉ ʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ v

h

r
l

r
=  [1]. 

 

ʈʠʩʫʥʦʢ 1 ï ɼʠʘʛʨʘʤʤʳ ʩʠʛʥʘʣʦʚ ɿʕʊ ʩʫʤʤʘʨʥʦʛʦ ʨʝʞʠʤʘ ʜʣʷ ʪʨʝʭ ʟʦʥʜʦʚ ʨʘʟʥʳʭ ʜʣʠʥ ʧʨʠ ʯʘʩʪʦʪʝ 

250 ʢɻʮ ʚ ʤʦʜʝʣʠ ʦʜʥʦʨʦʜʥʦʛʦ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʘʥʠʟʦʪʨʦʧʠʠ 2,5 (ʘ) ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʜʣʷ ʪʨʝʭ ʯʘʩʪʦʪ ʟʦʥʜʘ 0,5 ʤ ʚ ʤʦʜʝʣʠ 

ʪʦʥʢʦʩʣʦʠʩʪʦʛʦ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʦʛʦ ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʩ ʪʦʣʱʠʥʦʡ ʧʨʦʩʣʦʝʚ 10 ʩʤ (ʙ) 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʥʢʦʩʣʦʠʩʪʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʚ ʀʅɻɻ ʉʆ ʈɸʅ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ 

ʤʥʦʛʦʟʦʥʜʦʚʳʡ ʤʥʦʛʦʯʘʩʪʦʪʥʳʡ ʠʥʜʫʢʮʠʦʥʥʦ-ʛʘʣʴʚʘʥʠʯʝʩʢʠʡ ʢʘʨʦʪʘʞʥʳʡ ʧʨʠʙʦʨ ɿʕʊ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʨʦʠʜʘʣʴʥʳʭ ʢʘʪʫʰʝʢ. ɺ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʨʝʞʠʤʘ ʚʦʟʙʫʞʜʝʥʠʷ 

ʩʠʛʥʘʣʘ ï ʩʫʤʤʘʨʥʳʡ (ʪʦʢʠ ʚ ʛʝʥʝʨʘʪʦʨʥʳʭ ʢʘʪʫʰʢʘʭ ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩʦʥʘʧʨʘʚʣʝʥʳ) ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ (ʪʦʢʠ ʚ ʛʝʥʝʨʘʪʦʨʥʳʭ ʢʘʪʫʰʢʘʭ ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʥʦ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʳ) [5]. 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʠʛʥʘʣʦʚ ɿʕʊ ʚ ʪʠʧʠʯʥʳʭ ʜʣʷ ʇʨʠʦʙʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʥʝʬʪʝʥʘʩʳʱʝʥʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʚʳʧʦʣʥʝʥʦ ʠʭ ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʀʅɻɻ ʉʆ ʈɸʅ [4]. ʇʦʣʫʯʝʥʳ ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʠʘʛʨʘʤʤʳ ʩʠʛʥʘʣʦʚ ʚ ʤʦʜʝʣʷʭ ʢʦʣʣʝʢʪʦʨʦʚ: ʦʜʥʦʨʦʜʥʦʛʦ ʠʟʦʪʨʦʧʥʦʛʦ, 

ʪʦʥʢʦʩʣʦʠʩʪʦʛʦ ʩ ʤʦʱʥʦʩʪʴʶ ʧʨʦʩʣʦʝʚ 10 ʠ 20 ʩʤ ʠ ʦʜʥʦʨʦʜʥʦʛʦ ʘʥʠʟʦʪʨʦʧʥʦʛʦ (ʨʠʩ. 1). 

ʅʘ ʧʦʣʫʯʝʥʥʳʭ ʜʠʘʛʨʘʤʤʘʭ ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʷʶʪʩʷ ʥʝʬʪʝʥʘʩʳʱʝʥʥʳʡ ʢʦʣʣʝʢʪʦʨ, ʝʛʦ 

ʛʨʘʥʠʮʳ ʠ ʪʦʥʢʘʷ ʩʣʦʠʩʪʦʩʪʴ. ʇʦʢʘʟʘʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʠʛʥʘʣʦʚ ɿʕʊ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʪʦʥʢʦʩʣʦʠʩʪʳʝ ʢʦʣʣʝʢʪʦʨʳ ʇʨʠʦʙʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 
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ʇʦ ʩʢʚʘʞʠʥʘʤ ˉ 1 ʠ ˉ 2 ʇʨʠʦʙʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʫʪʝʤ ʜʚʫʤʝʨʥʦʡ ʠʥʚʝʨʩʠʠ ʩʠʛʥʘʣʦʚ 

ʙʦʢʦʚʦʛʦ ʢʘʨʦʪʘʞʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʦʩʪʨʦʝʥʳ ʠʭ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ. ʉ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ɿʕʊ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠ ʦʮʝʥʢʠ ʩʚʦʡʩʪʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʣʘʩʪʦʚ, ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʠʛʥʘʣʳ ʤʥʠʤʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ImEz ʚ ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʨʝʟʘʭ ʜʚʫʭ ʩʢʚʘʞʠʥ. 

ʅʘ ʧʦʣʫʯʝʥʥʳʭ ʜʠʘʛʨʘʤʤʘʭ ɿʕʊ (ʨʠʩ. 2) ʥʘʙʣʶʜʘʶʪʩʷ ʚʩʝ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʨʝʟʘ: 

ʢʘʢ ʧʦ ʜʣʠʥʘʤ, ʪʘʢ ʠ ʯʘʩʪʦʪʘʤ. ɺ ʜʚʫʭ ʩʢʚʘʞʠʥʘʭ ʧʦ ʵʣʝʢʪʨʦʢʘʨʦʪʘʞʥʳʤ ʜʠʘʛʨʘʤʤʘʤ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʣʦʱʘʜʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʵʬʬʝʢʪʠʚʥʳʝ ʤʦʱʥʦʩʪʠ ʠ ʩʚʦʡʩʪʚʘ ʧʣʘʩʪʦʚ ɸʉ7-12. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2 ï ɼʠʘʛʨʘʤʤʳ ʩʠʛʥʘʣʦʚ ɿʕʊ ʚ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʘʭ ɸʉ11-12 ʩʢʚʘʞʠʥʳ ˉ 1 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʟʦʥʜʘ ɿʕʊ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʦʥ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʠʟʫʯʝʥʠʷ ʪʦʥʢʦʩʣʦʠʩʪʳʭ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʢʘʢ ʇʨʠʦʙʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʪʘʢ ʠ ʥʝʦʢʦʤʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʮʝʣʦʤ. 

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʧʨʦʝʢʪ ˉ 19-05-00595. 
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This work is devoted tonear surface conditions compensation on the example of Severo-Patomskaya field. In 

particular, special attention is paid to various methods of calculating static corrections to compensate near surface 

conditions. 
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ʇʨʝʜʧʘʪʦʤʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʧʨʦʛʠʙ (ʇʈʇ) ʦʙʨʘʤʣʷʝʪ ʩ ʟʘʧʘʜʘ, ʩʝʚʝʨʘ ʠ ʚʦʩʪʦʢʘ ɹʘʡʢʘʣʦ-

ʇʘʪʦʤʩʢʦʝ ʥʘʛʦʨʴʝ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʥʦʚʥʫʶ ʦʙʣʘʩʪʴ ʧʠʪʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ (ʋɺ) 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʅʝʧʩʢʦ-ɹʦʪʫʦʙʠʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ ʠ ʯʘʩʪʴʶ ʩʚʦʝʡ ʷʚʣʷʝʪʩʷ ʪʨʘʥʟʠʪʥʦʡ ʪʝʨʨʠʪʦʨʠʝʡ, 

ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʤʠʛʨʘʮʠʷ ʋɺ ʠʟ ɹʘʡʢʘʣʦ-ʇʘʪʦʤʩʢʦʛʦ ʧʘʣʝʦʙʘʩʩʝʡʥʘ [2]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʉʝʚʝʨʦ-ʇʘʪʦʤʩʢʘ ̫ ʧʣʦʱʘʜʴ, 

ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʅʶʡʩʢʦ-ɼʞʝʨʙʠʥʩʢʦʡ ʚʧʘʜʠʥʝ ʇʈʇ, ʩʝʡʩʤʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʧʦ ʢʦʪʦʨʦʡ ʧʦʩʪʫʧʠʣ 

ʥʘ ʧʝʨʝʦʙʨʘʙʦʪʢʫ ʩ ʮʝʣʴʶ ʫʪʦʯʥʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ʨʠʩ. 1). ʅʶʡʩʢʦ-

ɼʞʝʨʙʠʥʩʢʘʷ ʚʧʘʜʠʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʝʛʠʦʥʦʚ ʚʦʩʪʦʢʘ ʉʠʙʠʨʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ. ʅʘʣʠʯʠʝ ʤʦʱʥʦʡ ʪʦʣʱʠ ʨʠʬʝʡʩʢʠʭ ʠ ʚʝʥʜʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʛʝʥʝʨʠʨʦʚʘʪʴ 

ʋɺ, ʘ ʥʘʣʠʯʠʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʠʭ ʤʠʛʨʘʮʠʠ ʠ ʘʢʢʫʤʫʣʷʮʠʠ, ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʜʘʥʥʫʶ ʪʝʨʨʠʪʦʨʠʶ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʜʣʷ ʧʦʠʩʢʦʚ ʋɺ. ɺ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ ʨʘʡʦʥʫ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʟʘʣʝʞʠ ʠ ʥʝʬʪʝʛʘʟʦʧʨʦʷʚʣʝʥʠʷ 

ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʨʠʬʝʡʩʢʦʤ, ʚʝʥʜʩʢʦʤ-ʪʝʨʨʠʛʝʥʥʦʤ, ʚʝʨʭʥʝʚʝʥʜʩʢʦ-ʢʝʤʙʨʠʡʩʢʦʤ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ.  

ɿʘʜʘʯʝʡ ʦʙʨʘʙʦʪʢʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʢʦʥʜʠʮʠʦʥʥʳʭ ʚʨʝʤʝʥʥʳʭ 

ʨʘʟʨʝʟʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʆʜʥʠʤ ʠʟ 
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ʥʘʧʨʘʚʣʝʥʠʡ, ʚʣʠʷʶʱʠʭ ʥʘ ʪʦʯʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʩʪʨʦʝʥʠʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʩʝʡʩʤʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʷʚʣʷʝʪʩʷ ʫʯʸʪ ʚʣʠʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʢʦʪʦʨʳʡ 

ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʢʦʨʨʝʢʪʥʦ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ɺʏʈ) [1].ʉʣʦʞʥʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩʚʷʟʘʥʘ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʩʪʨʦʝʥʠʝʤ ɺʏʈ, 

ʚʳʭʦʜʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʨʝʟʢʦ-ʧʝʨʝʩʝʯʝʥʥʳʤ ʨʝʣʴʝʬʦʤ. 

ʇʦʩʣʝʜʥʠʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʨʠʚʣʝʥʠʶ ʦʩʝʡ ʩʠʥʬʘʟʥʦʩʪʠ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ, ʟʘʤʝʪʥʦ 

ʩʥʠʞʘʶʱʝʤʫ ʢʘʯʝʩʪʚʦ ʩʫʤʤʘʨʥʳʭ ʨʘʟʨʝʟʦʚ. ɺʏʈ ʨʘʡʦʥʘ ʨʘʙʦʪ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʠ ʶʨʩʢʦʛʦ ʚʦʟʨʘʩʪʦʚ, ʘ ʪʘʢʞʝ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʤʠ 

ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʩʠʣʫʨʠʡʩʢʦʡ, ʦʨʜʦʚʠʢʩʢʦʡ ʠ ʢʝʤʙʨʠʡʩʢʦʡ ʩʠʩʪʝʤ. ʇʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʫʧʨʫʛʠʭ 

ʢʦʣʝʙʘʥʠʡ ʚ ʧʦʨʦʜʘʭ, ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʠ ʘʢʫʩʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʨʝʟʢʦ ʠʟʤʝʥʷʝʪʩʷ ʯʘʩʪʦʪʥʳʡ 

ʩʦʩʪʘʚ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ. ʅʝʦʜʥʦʨʦʜʥʦʝ ʩʪʨʦʝʥʠʝ ɺʏʈ ʠ ʥʘʣʠʯʠʝ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ 

ʘʢʫʩʪʠʯʝʩʢʠ ʞʝʩʪʢʠʭ ʛʨʘʥʠʮ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʥʘ ʩʝʡʩʤʠʯʝʩʢʦʡ ʟʘʧʠʩʠ ʮʝʣʦʛʦ ʨʷʜʘ ʚʦʣʥ-

ʧʦʤʝʭ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʢʘʞʫʱʠʭʩʷ ʩʢʦʨʦʩʪʝʡ (V=1000-6000 ʤ/ʩ). ʕʪʦ ʧʨʝʣʦʤʣʝʥʥʳʝ, ʦʙʤʝʥʥʳʝ, 

ʧʦʧʝʨʝʯʥʳʝ, ʜʠʬʨʘʛʠʨʦʚʘʥʥʳʝ ʠ ʙʦʢʦʚʳʝ ʚʦʣʥʳ-ʧʦʤʝʭʠ. 

 

ʈʠʩʫʥʦʢ 1 ï ɺʳʢʦʧʠʨʦʚʢʘ ʠʟ çʉʪʨʫʢʪʫʨʥʦʡ ʢʘʨʪʳ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘè 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʂʨʘʝʚʳʝ ʰʚʳ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, 2 ï ʀʟʦʛʠʧʩʳ ʧʦʚʝʨʭʥʦʩʪʠ, 3 ï 

ʅʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ, 4 ï ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʛʨʘʥʠʮʳ, 5 ï ɻʠʜʨʦʩʝʪʴ, 6 ï ʊʝʢʪʦʥʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ, 7 ï 

ʉʝʚʝʨʦ-ʇʘʪʦʤʩʢʠʡ ʣʠʮʝʥʟʠʦʥʥʳʡ ʫʯʘʩʪʦʢ 

ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʘʧʨʠʦʨʥʦʡ ʩʪʘʪʠʢʠ ʟʘ ʨʝʣʴʝʬ ʥʝʜʦʧʫʩʪʠʤʦ, 

ʧʦʩʢʦʣʴʢʫ ʜʘʩʪ ʟʘʚʝʜʦʤʦ ʥʝʢʦʨʨʝʢʪʥʳʡ ʨʝʟʫʣʴʪʘʪ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʚ ɿʘʧʘʜʥʦʡ 

ʉʠʙʠʨʠ ʧʦʜʭʦʜʘ ʢʦʤʧʝʥʩʘʮʠʠ ɺʏʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ ʦʪ ʥʝʛʣʫʙʦʢʦ ʟʘʣʝʛʘʶʱʝʛʦ 

ʛʦʨʠʟʦʥʪʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʦ ʧʨʠʯʠʥʝ ʣʠʙʦ ʦʪʩʫʪʩʪʚʠʷ ʪʘʢʦʛʦ 

ʛʦʨʠʟʦʥʪʘ, ʣʠʙʦ ʝʛʦ ʩʧʦʨʘʜʠʯʝʩʢʦʡ ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʠ ʧʦ ʧʣʦʱʘʜʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʧʨʠʯʠʥʘʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ, ʥʝʞʝʣʠ ʢʘʯʝʩʪʚʦʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ ʥʘ ʧʣʦʩʢʠʡ ʫʨʦʚʝʥʴ 

ʧʨʠʚʝʜʝʥʠʷ ʙʳʣʠ ʦʧʨʦʙʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ: 

ҍʨʘʩʯʝʪ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ ʟʘ ʨʝʣʴʝʬ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʟʘʤʝʱʝʥʠʷ; 

īʨʘʩʯʝʪ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ ʧʦ ʧʨʝʣʦʤʣʝʥʥʳʤ ʚʦʣʥʘʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʨʝʤʝʥ ʩʠʛʥʘʣʘ 

ʚ ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʷʭ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʣʫʯʝʥʠʷ ʧʨʠʙʣʠʞʝʥʥʦʡ ʩʢʦʨʦʩʪʥʦʡ 

ʤʦʜʝʣʠ ʩʨʝʜʳ, ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʝ ʚ ʤʝʪʦʜʝ ʟʘʤʝʱʝʥʠʷ ʥʠʟʢʦʩʢʦʨʦʩʪʥʦʛʦ ʩʣʦʷ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʨʘʟʨʝʟʘ ʚʩrʦʢʦʩʢʦʨʦʩʪʥʳʤʠ ʥʠʞʝʣʝʞʘʱʠʤʠ ʧʦʨʦʜʘʤʠ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʢʦʤʧʝʥʩʠʨʫʝʪ 

ʩʢʦʨʦʩʪʥʳʝ ʘʥʦʤʘʣʠʠ, ʚʳʯʠʩʣʷʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʨʝʤʝʥʥʳʝ ʟʘʜʝʨʞʢʠ; 

ҍʨʘʩʯʝʪ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ ʧʦ ʧʨʝʣʦʤʣʝʥʥʳʤ ʚʦʣʥʘʤ ʩ ʧʦʤʦʱʴʶ ʪʦʤʦʛʨʘʬʠʠ 

(GeoTomo). 

ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ, ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ 

TomoPlus, ʠʩʧʦʣʴʟʦʚʘʣ ʧʝʨʚʳʝ ʚʩʪʫʧʣʝʥʠʷ ʧʨʝʣʦʤʣʝʥʥʳʭ ʚʦʣʥ, ʧʨʦʧʠʢʠʨʦʚʘʥʥʳʭ ʧʦ 
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ʩʝʡʩʤʦʛʨʘʤʤʘʤ ʆʇɺ ʚ ʨʫʯʥʦʤ ʨʝʞʠʤʝ ʜʦ ʫʜʘʣʝʥʠʡ 2000 ʤ. ʈʘʙʦʪʫ ʦʩʣʦʞʥʷʣʠ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʰʫʤʳ, ʧʦʨʦʡ ʥʝ ʧʦʟʚʦʣʷʶʱʠʝ ʢʦʨʨʝʢʪʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʨʝʤʝʥʘ ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʡ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ ʙʳʣʘ ʚʳʙʨʘʥʘ ʜʚʫʩʣʦʡʥʘʷ ʤʦʜʝʣʴ ʩʨʝʜʳ. ɼʘʣʝʝ, ʚʜʦʣʴ ʧʨʦʬʠʣʷ 

ʩ ʰʘʛʦʤ 1 ʢʤ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʠʘʧʘʟʦʥʳ ʫʜʘʣʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʝʣʦʤʣʷʶʱʠʝ ʛʨʘʥʠʮʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ 

ʛʣʫʙʠʥʥʦ-ʩʢʦʨʦʩʪʥʘʷ ʤʦʜʝʣʴ (ɻʉʄ) (ʨʠʩ. 2, ʘ). ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʣʦ ʫʪʦʯʥʝʥʠʝ ɻʉʄ, ʠʪʝʨʘʪʠʚʥʦ (4 

ʧʨʦʭʦʜʘ ʧʦ 10 ʠʪʝʨʘʮʠʡ) (ʨʠʩ. 2, ʙ). ʇʫʪʝʤ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʧʦʜʦʰʚʘ ɺʏʈ ʙʳʣʘ ʚʳʙʨʘʥʘ ʚ ʨʘʤʢʘʭ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʣʦʱʘʜʠ ʥʘ ʫʨʦʚʥʝ 100 ʤ ʦʪ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʜʣʠʥʥʦ- ʠ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʩʪʘʪʠʯʝʩʢʠʝ ʧʦʧʨʘʚʢʠ ʟʘ ʇɺ ʠ ʇʇ ʜʦ ʬʠʥʘʣʴʥʦʡ ʣʠʥʠʠ ʧʨʠʚʝʜʝʥʠʷ 

(ʨʠʩ. 2, ʚ). 

 

ʈʠʩʫʥʦʢ 2 ī ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʩʪʘʪʠʢʠ ʟʘ ɺʏʈ (ʉʝʚʝʨʦ-ʇʘʪʦʤʩʢʘʷ ʧʣʦʱʘʜʴ, ʧʨʦʬʠʣʴ 7907114) 

ʘ) ʠʩʭʦʜʥʘʷ ɻʉʄ; ʙ) ʦʢʦʥʯʘʪʝʣʴʥʘʷ ɻʉʄ; ʚ) ʜʣʠʥʥʦ- ʠ ʩʨʝʜʥʝʧʝʨʠʦʜʥʘʷ ʩʪʘʪʠʯʝʩʢʘʷ ʧʦʧʨʘʚʢʘ ʟʘ ʇʇ ʜʦ 

ʬʠʥʘʣʴʥʦʡ ʣʠʥʠʠ ʧʨʠʚʝʜʝʥʠʷ   

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʨʠʤʝʥʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ɻʉʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʣʦʤʣʝʥʥʳʭ 

ʚʦʣʥ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ GeoTomo, ʧʦʟʚʦʣʠʣʘ ʫʯʝʩʪʴ ʚʣʠʷʥʠʝ ʩʢʦʨʦʩʪʥʳʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ɺʏʈ, ʫʩʪʨʘʥʠʪʴ ʧʝʨʝʭʦʜʳ ʥʘ ʬʘʟʫ, ʜʝʪʘʣʠʟʠʨʦʚʘʪʴ ʚʨʝʤʝʥʥʳʝ ʨʘʟʨʝʟʳ ʚ ʟʦʥʘʭ 

ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʡ ʢʦʨʨʝʣʷʮʠʠ ʆɻ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʟʘʜʝʣʦʤ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ. 
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ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʙʦʩʥʦʚʘʥʠʶ ʤʝʪʦʜʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʟʦʥʜʠʨʦʚʘʥʠʡ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʟʘʜʘʯʝ ʢʘʨʪʠʨʦʚʘʥʠʷ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʨʘʥʠʮ ʚʳʩʦʢʦʦʤʥʳʭ ʧʣʘʩʪʦʚ-ʢʦʣʣʝʢʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʤʘʩʰʪʘʙʥʦʛʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʧʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʟʦʥʜʠʨʦʚʘʥʠʡ ʤʝʪʦʜʦʤ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʪʠʧʠʯʥʳʭ ʩʣʦʠʩʪʦ-ʦʜʥʦʨʦʜʥʳʭ 

ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ. ʋʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʠʛʥʘʣʦʚ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ 

ʟʦʥʜʠʨʫʶʱʝʡ ʫʩʪʘʥʦʚʢʠ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʄʇʇ), ʤʦʱʥʦʩʪʴ ʚʳʩʦʢʦʦʤʥʦʛʦ ʩʣʦʷ. 
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FOR MAPPIN G THE GEOELECTRIC BO UNDARIES 
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The work is devoted to the substantiation of the method of electromagnetic impulse soundings as applied to the 

problem of mapping the geoelectric boundaries of high-resistive based on mathematical modeling. Modeling of 

electromagnetic sounding data was carried out using the transient electromagnetic method in typical layered-

homogeneous models, and the dependences of the signals on the geoelectric model parameters and probing device 

were obtained. 

Keywords: transient electromagnetic method (TEM), high-resistive layer thickness.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʯʝʥʳʭ ʦʙʨʘʱʝʥʦ ʢ ʠʟʫʯʝʥʠʶ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ 

ʢʦʣʣʝʢʪʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʦʛʨʦʤʥʳʡ ʦʙʲʝʤ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʂ ʪʘʢʠʤ 

ʦʙʲʝʢʪʘʤ ʦʪʥʦʩʷʪʩʷ ʢʦʣʣʝʢʪʦʨʳ ʚ ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʝ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʣʦʞʥʦʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ 

ʩʪʨʦʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʫʜʝʣʴʥʦʛʦ ɻ ʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʋʕʉ) 

[1-4, 6]. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʚʝʜʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʛʦ ʦʙʲʝʢʪʘ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʠʛʥʘʣʦʚ ʠʥʜʫʢʮʠʦʥʥʦʛʦ 

ʢʘʨʦʪʘʞʘ ʤʝʪʦʜʦʤ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʄʇʇ) ʜʣʷ ʢʘʨʪʠʨʦʚʘʥʠʷ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʨʘʥʠʮ [5, 7].  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʙʨʘʥʘ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʪʨʝʭʩʣʦʡʥʘʷ 

ʤʦʜʝʣʴ: ʩʨʝʜʥʠʡ ʩʣʦʡ ï ʚʳʩʦʢʦʦʤʥʳʡ ʩ ʋʕʉ ʨʘʚʥʳʤ 1000 ʆʤĀʤ, ʦʩʪʘʣʴʥʳʝ ï ʥʠʟʢʦʦʤʥʳʝ ʩ ʋʕʉ 

ʨʘʚʥʳʤ 10 ʆʤĀʤ. ʄʦʱʥʦʩʪʴ ʚʳʩʦʢʦʦʤʥʦʛʦ ʩʣʦʷ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 10 ʤ ʜʦ 40 ʤ. ɿʦʥʜʠʨʫʶʱʘʷ 

ʫʩʪʘʥʦʚʢʘ (ɿʋ) ʩʦʩʪʦʷʣʘ ʠʟ ʜʚʫʭ ʢʘʪʫʰʝʢ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʣʘʩʴ ʠʩʪʦʯʥʠʢʦʤ, ʜʨʫʛʘʷ ï 

ʧʨʠʝʤʥʠʢʦʤ (ʨʠʩ. 1). ʈʘʩʩʤʦʪʨʝʥʳ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ: ZZ, XX, YY, XZ ʠ ZX. ʇʝʨʚʘʷ ʙʫʢʚʘ 

ʫʢʘʟʳʚʘʝʪ ʢʦʤʧʦʥʝʥʪʫ ʠʩʪʦʯʥʠʢʘ, ʚʪʦʨʘʷ ï ʧʨʠʝʤʥʠʢʘ. ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʠʤʧʫʣʴʩ 

ʪʦʢʘ, ʪ.ʢ ʧʨʠ ʪʘʢʦʡ ʬʦʨʤʝ ʠʤʧʫʣʴʩʘ ʧʦʣʫʯʘʣʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ. 

ʀʟʤʝʨʝʥʠʷ ʜʣʷ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʛʝʥʝʨʘʪʦʨʥʦʡ ʢʘʪʫʰʢʠ ʜʦ ʧʦʜʦʰʚʳ ʚʳʩʦʢʦʦʤʥʦʛʦ ʩʣʦʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 75 ʤ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʘʪʫʰʢʘʤʠ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 1 ʜʦ 200 ʤ. ʀʟʤʝʨʷʝʤʳʡ 

ʚʨʝʤʝʥʥʦʡ ʜʠʘʧʘʟʦʥ ʦʪ 10-7 ʜʦ 10-1 ʩ.  
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ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ ʩʨʝʜʳ ʠ ʩʠʩʪʝʤʘ ʠʟʤʝʨʝʥʠʡ 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: H ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ɿʋ ʠ ʧʦʜʦʰʚʦʡ ʚʳʩʦʢʦʦʤʥʦʛʦ ʩʣʦʷ, h ï ʤʦʱʥʦʩʪʴ 

ʚʳʩʦʢʦʦʤʥʦʛʦ ʩʣʦʷ, L ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʘʪʫʰʢʘʤʠ. ɾʝʣʪʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʘ ʛʝʥʝʨʘʪʦʨʥʘʷ ʢʘʪʫʰʢʘ, 

ʢʦʨʠʯʥʝʚʳʤ ï ʧʨʠʝʤʥʘʷ. ʉʪʨʝʣʢʘʤʠ ʫʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (x, y, z) 

ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʩʠʛʥʘʣʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʨʠʩ 2), ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʨʦʚʣʶ 

ʚʳʩʦʢʦʦʤʥʦʛʦ ʩʣʦʷ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʘʪʫʰʢʘʤʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 190 ʤ, 

ʘ ɿʋ ʫʜʘʣʝʥʘ ʦʪ ʧʦʜʦʰʚʳ ʥʝ ʜʘʣʴʰʝ, ʯʝʤ ʥʘ 10 ʤ (ʨʠʩ 2ʘ). ʅʘʠʣʫʯʰʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʢʨʦʚʣʝ 

ʫʩʪʘʥʦʚʣʝʥʘ ʫ ɿʋ ʩ ʨʘʟʥʦʩʦʤ 60 ʤ. ʆʥʘ ʩʧʦʩʦʙʥʘ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʧʦʣʦʞʝʥʠʝ ʢʨʦʚʣʠ ʚʳʩʦʢʦʦʤʥʦʛʦ 

ʩʣʦʷ ʤʦʱʥʦʩʪʴʶ 40 ʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʝ ʙʦʣʝʝ 20 ʤ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ɿʋ ʩ ʢʦʤʧʦʥʝʥʪʦʡ XX 

(ʨʠʩ. 2ʙ) ʜʘʸʪ ʩʣʠʰʢʦʤ ʤʘʣʝʥʴʢʦʝ ʨʘʟʣʠʯʠʝ ʩʠʛʥʘʣʦʚ ʚ ʩʨʝʜʝ ʩ ʢʨʦʚʣʝʡ ʠ ʚ ʩʨʝʜʝ ʙʝʟ ʥʝʸ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʘʥʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʚʦʟʤʦʞʥʦ ʧʨʦʩʣʝʞʠʚʘʪʴ ʧʦʣʦʞʝʥʠʝ ʢʨʦʚʣʠ ʚʳʩʦʢʦʦʤʥʦʛʦ ʩʣʦʷ, ʝʩʣʠ 

ʝʛʦ ʤʦʱʥʦʩʪʴ ʥʝ ʧʨʝʚʳʰʘʝʪ 25 ʤ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2 ï ɺʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʢʨʦʚʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʱʥʦʩʪʠ ʩʣʦʷ ʠ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʘʪʫʰʢʘʤʠ. ʘ ï ʢʦʤʧʦʥʝʥʪʘ YY, ʙ ï ʢʦʤʧʦʥʝʥʪʘ ZZ, ʚ ï ʢʦʤʧʦʥʝʥʪʘ XX, ʛ ï 

ʢʦʤʧʦʥʝʥʪʘ XZ ʠʣʠ ZX 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: H ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ɿʋ ʠ ʧʦʜʦʰʚʦʡ ʚʳʩʦʢʦʦʤʥʦʛʦ ʩʣʦʷ, h ï ʤʦʱʥʦʩʪʴ 

ʚʳʩʦʢʦʦʤʥʦʛʦ ʩʣʦʷ, L ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʘʪʫʰʢʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʧʨʦʩʣʝʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʤʦʱʥʦʩʪʠ 

ʚʳʩʦʢʦʦʤʥʦʛʦ ʩʣʦʷ ʥʝ ʙʦʣʝʝ 40 ʤ ʤʝʪʦʜʦʤ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʈʅʌ ˉ19-77-20130 çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ 

ʠʤʧʫʣʴʩʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʩ ʫʧʨʘʚʣʷʝʤʳʤ ʩʧʝʢʪʨʦʤ: ʪʝʦʨʝʪʠʯʝʩʢʦʝ 
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ʦʙʦʩʥʦʚʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʙʘʟʝ ʉʠʙʠʨʩʢʦʛʦ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʦʛʦ ʮʝʥʪʨʘ ʉʆ ʈɸʅè. 
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This paper is devoted to the study of the solution of the nonlinear differential eikonal equation using artificial neural 

networks. The eikonal equation is used to describe the trajectory and traveltime of seismic waves in a medium. The 

solution of this equation is an actual problem in the seismic data processing. 

Keywords: neural network, eikonal equation, cost function, traveltime. 

ɺʚʝʜʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʵʡʢʦʥʘʣʘ ʩ ʧʦʤʦʱʴʶ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ʀʅʉ). ʋʨʘʚʥʝʥʠʝ ʵʡʢʦʥʘʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʣʫʯʝʡ ʠ 

ʚʨʝʤʝʥʠ ʧʨʦʙʝʛʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ. ʅʘʧʨʠʤʝʨ, ʚ ʟʘʜʘʯʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʝ ʵʡʢʦʥʘʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʨʘʩʯʝʪʘ ʚʨʝʤʝʥ ʧʨʦʙʝʛʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʫʤʤʠʨʦʚʘʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʦʣʷ [1]. ɼʣʷ 

ʨʝʰʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ: Fast Sweeping Method (FSM) [4,6], Fast 

Marching Method (FMM) [2]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʅʉ ʜʣʷ 

ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʵʡʢʦʥʘʣʘ ʚ ʦʜʥʦʨʦʜʥʳʭ ʩʢʦʨʦʩʪʥʳʭ ʤʦʜʝʣʷʭ. 

ʄʝʪʦʜʳ 

ʀʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʠʙʢʠʡ ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʙʦʣʴʰʦʛʦ ʩʧʝʢʪʨʘ ʟʘʜʘʯ [3]. ʀʅʉ ʧʦʟʚʦʣʷʶʪ ʩʪʨʦʠʪʴ ʩʣʦʞʥʳʝ 

ʥʝʣʠʥʝʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʜʘʥʥʳʤʠ. ɺ ʪʦʤ ʯʠʩʣʝ, ʚ ʨʘʙʦʪʝ [5] ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ 

ʧʦʜʭʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʅʉ ʜʣʷ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʀʅʉ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʝʣʠʥʝʡʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʥʘʜ ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ. 
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ɺʥʫʪʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʝʠʟʚʝʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ (ʚʝʩʘ), ʢʦʪʦʨʳʝ ʧʦʜʙʠʨʘʶʪʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʀʅʉ. ʆʙʫʯʝʥʠʝ ʀʅʉ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʦʙʫʯʘʶʱʠʭ ʧʨʠʤʝʨʘʭ (ʥʘʧʨʠʤʝʨ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ) ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʠʥʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʥʝʚʷʟʢʠ (ʦʰʠʙʢʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʫʯʘʶʱʠʭ ʧʨʠʤʝʨʦʚ). ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʜʘʧʪʠʚʥʳʝ ʤʝʪʦʜʳ 

ʛʨʘʜʠʥʝʪʥʳʝ ʩʧʫʩʢʘ, ʢʦʪʦʨʳʝ ʠʪʝʨʘʪʠʚʥʦ ʦʙʥʦʚʣʷʶʪ ʚʝʩʘ ʀʅʉ ʪʘʢ, ʯʪʦʙʳ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ 

ʦʰʠʙʢʘ ʫʤʝʥʴʰʘʣʘʩʴ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ 

ɼʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʵʡʢʦʥʘʣʘ ʧʨʠ ʧʦʤʦʱʠ ʀʅʉ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʬʫʥʢʮʠʦʥʘʣ 

ʥʝʚʷʟʢʠ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʪ ʩʭʦʜʠʤʦʩʪʴ ʢ ʠʩʪʠʥʥʦʤʫ ʨʝʰʝʥʠʶ. ɼʣʷ ʵʪʦʛʦ ʨʘʩʩʤʦʪʨʠʤ ʜʚʫʤʝʨʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʵʡʢʦʥʘʣʘ: 

ρȢ  ȿɳ†ὼȟώȿ
ȟ
 ȟ                

ςȢ  †ὼȟώ πȟ                               

σȢ  †ὼȟώ π ᶅὼȟώ ὼȟώȟ

     (1) 

ʛʜʝ ὼȟώ  ð ʧʦʣʦʞʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ. ɿʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʨʝʰʝʥʠʷ 

†ὼȟώ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ὠὼȟώ. ɺ ʩʣʫʯʘʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʥʘʭʦʞʜʝʥʠʶ ʪʘʢʦʡ ʬʫʥʢʮʠʠ †ǿȟὼȟώ, ʢʦʪʦʨʘʷ ʙʳ ʫʜʦʚʣʝʪʚʦʨʷʣʘ (1). 

ʀʩʢʦʤʘʷ ʬʫʥʢʮʠʷ †ǿ ʧʨʝʜʩʪʘʚʣʝʥʘ ʀʅʉ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʥʝʠʟʚʝʩʪʥʳʤʠ ʚʝʩʘʤʠ , ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʦʙʨʘʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʫʯʝʥʠʷ. 

ʌʫʥʢʮʠʦʥʘʣ ʥʝʚʷʟʢʠ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʪʴ ʩʭʦʜʠʤʦʩʪʴ ʢ ʠʩʪʠʥʥʦʤʫ ʨʝʰʝʥʠʶ, ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʜʝʨʞʘʪʴ ʚ ʩʝʙʝ ʚʩʝ ʫʩʣʦʚʠʷ ʥʘ ʨʝʰʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ (1). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ ʬʫʥʢʮʠʦʥʘʣʘ ʥʝʚʷʟʢʠ: 

ὐ В †ɳǿȟὼȟώ
ȟ

░ȟ▒ ⱦȿ†ǿȟὼȟώ †ὼȟώȿ   (2) 

ⱦ Ὄ †ǿȟὼȟώ †ǿȟὼȟώ ȟ

░ȟ▒

 

ʛʜʝ i, j - ʠʥʜʝʢʩʳ ʫʟʣʦʚ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ; H ï ʬʫʥʢʮʠʷ ʍʝʚʠʩʘʡʜʘ; ⱦȟ ï ʧʘʨʘʤʝʪʨʳ ʨʝʛʫʣʷʨʠʟʘʮʠʠ. 

ʇʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʚʳʨʘʞʝʥʠʷ (2) ʦʪʚʝʯʘʝʪ ʟʘ ʩʘʤʦ ʫʨʘʚʥʝʥʠʝ ʵʡʢʦʥʘʣʘ (1.1), ʚʪʦʨʦʝ ï ʛʨʘʥʠʯʥʦʝ 

ʫʩʣʦʚʠʝ (1.2), ʪʨʝʪʴʝ ï ʫʩʣʦʚʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʩʪʠ ʨʝʰʝʥʠʷ (1.3). 

ɼʣʷ ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʀʅʉ ʩ 3 ʩʢʨʳʪʳʤʠ ʩʣʦʷʤʠ ʠ 50 ʥʝʡʨʦʥʘʤʠ ʥʘ ʢʘʞʜʦʤ ʩʣʦʝ ʠ 

ʬʫʥʢʮʠʝʡ ʘʢʪʠʚʘʮʠʠ ReLU. ʉʢʦʨʦʩʪʥʘʷ ʤʦʜʝʣʴ ʟʘʜʘʥʘ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ὢᶰ ρȟρ ̍ ʠ ὣᶰ ρȟρ ̍. 

ʈʘʟʤʝʨ ʩʝʪʢʠ ʩʦʩʪʘʚʣʷʝʪ 50x50 ʫʟʣʦʚ. ʀʩʪʦʯʥʠʢ ʨʘʩʧʦʣʦʞʝʥ ʚ ʮʝʥʪʨʝ ʩʝʪʢʠ ὼȟώ πȟπ. 

ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʦʙʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ: ʢʦʦʨʜʠʥʘʪʥʫʶ ʩʝʪʢʫ ὢ, ὣ; ʩʢʦʨʦʩʪʥʫʶ ʤʦʜʝʣ ɹ

ὠ; ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚ ʦʙʣʘʩʪʠ ʠʩʪʦʯʥʠʢʘ †ὼȟώ . 

 

ʈʠʩ. 1. ɺʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʟʘʜʘʥʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʦʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ.  

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: N ï ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ ʦʙʫʯʝʥʠʷ, m ï ʢʦʣʠʯʝʩʪʚʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʟʘʜʘʥʥʳʭ ʪʦʯʝʢ (ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ). 

 ʅʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʦʜʥʫ ʪʦʯʢʫ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ 

0.04% ʠ ʚʥʦʩʠʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʜʣʷ ʚʩʝʡ ʩʝʪʢʠ 50ʭ50 ʫʟʣʦʚ. ʇʦʵʪʦʤʫ ʙʳʣ ʧʨʦʚʝʜʝʥ ʪʝʩʪ ʚʣʠʷʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʟʘʜʘʥʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (ʨʠʩ. 1) ʥʘ ʧʨʠʤʝʨʝ ʦʜʥʦʨʦʜʥʦʡ ʩʢʦʨʦʩʪʥʦʡ 

ʤʦʜʝʣʠ. ʅʘ ʨʠʩʫʥʢʝ ʩʣʝʚʘ ʧʨʠʚʝʜʝʥʦ ʠʩʪʠʥʥʦʝ ʨʝʰʝʥʠʝ, ʧʨʷʤʦʫʛʦʣʴʥʠʢ ï ʨʘʟʤʝʨ ʦʙʣʘʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʟʘʜʘʥʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʩʪʠʥʥʦʝ ʨʝʰʝʥʠʝ, ʚʳʧʦʣʥʝʥʥʦʝ ʚ 
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ʥʝʙʦʣʴʰʦʡ ʦʙʣʘʩʪʠ ʚʦʢʨʫʛ ʠʩʪʦʯʥʠʢʘ. ʎʚʝʪʦʤ ʥʘ ʨʠʩʫʥʢʝ ʦʙʦʟʥʘʯʝʥʳ ʟʥʘʯʝʥʠʷ †ὼȟώ ʚ ʩʝʢʫʥʜʘʭ, ʮʚʝʪʦʚʘʷ 

ʰʢʘʣʘ ʧʨʠʚʝʜʝʥʘ ʩʧʨʘʚʘ. 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʟʘʜʘʥʦ ʫʩʣʦʚʠʡ ʥʘ ʨʝʰʝʥʠʝ (ʢʨʘʩʥʳʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢ, 

ʩʣʝʚʘ ʥʘʧʨʘʚʦ) ʚʦʢʨʫʛ ʠʩʪʦʯʥʠʢʘ, ʪʝʤ ʙʳʩʪʨʝʝ ʀʅʉ ʦʙʫʯʘʝʪʩʷ ʠ ʩʭʦʜʠʪʩʷ ʢ ʠʩʪʠʥʥʦʤʫ ʨʝʰʝʥʠʶ 

(ʢʨʘʡʥʝʝ ʩʣʝʚʘ ʨʠʩ. 1).  ʉʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ, ʝʩʣʠ ʤʳ ʟʘʜʘʝʤ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʪʦʣʴʢʦ ʦʜʥʦʡ ʪʦʯʢʦʡ 

(ʚʪʦʨʦʡ ʨʠʩʫʥʦʢ ʩʣʝʚʘ, m=1), ʪʦ ʀʅʉ ʟʘ 2500 ʠʪʝʨʘʮʠʡ ʥʝ ʩʤʦʛʣʘ ʧʦʣʫʯʠʪʴ ʧʨʘʚʠʣʴʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʨʝʰʝʥʠʠ, ʠ ʧʦʣʦʞʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʦ ʥʝʧʨʘʚʠʣʴʥʦ. ʊʘʢ, ʝʩʣʠ ʦʙʣʘʩʪʴ 

ʩʦʩʪʦʠʪ ʠʟ 81 ʪʦʯʢʠ, ʪʦ ʨʝʰʝʥʠʝ ʀʅʉ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʥʴ ʧʦʭʦʞʠʤ ʥʘ ʠʩʪʠʥʥʦʝ (ʧʝʨʚʦʝ ʩʣʝʚʘ). ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʚ ʨʝʰʝʥʠʠ ʀʅʉ ʚʩʝ ʝʱʝ ʦʩʪʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʚʠʜʝ ʨʘʜʠʘʣʴʥʳʭ ʧʦʣʦʩ ʠʩʭʦʜʷʱʠʭ ʦʪ 

ʠʩʪʦʯʥʠʢʘ (ʪʝʤʥʦ ʩʠʥʝʛʦ ʧʷʪʥʘ), ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʫʩʣʘʚʣʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʬʫʥʢʮʠʠ 

ʘʢʪʠʚʘʮʠʠ ReLU. ʇʨʠ ʟʘʜʘʥʠʠ ʝʱʝ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʪʚʘ ʪʦʯʝʢ ï 441, ʪʦ ʀʅʉ ʧʦʣʫʯʘʝʪ ʥʘʠʙʦʣʝʝ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʨʝʰʝʥʠʠ ʫʞʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

ɼʣʷ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ ʩʨʝʜʥʷʷ ʘʙʩʦʣʶʪʥʘʷ ʦʰʠʙʢʘ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 1 ʤʩ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 1% ʦʪ 

ʠʩʪʠʥʥʦʛʦ ʨʝʰʝʥʠʷ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʜʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʀʅʉ ʠ ʬʫʥʢʮʠʦʥʘʣ ʥʝʚʷʟʢʠ (2) ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ 

ʥʘ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʀʅʉ ʩʭʦʜʠʪʩʷ ʢ ʠʩʪʠʥʥʦʤʫ ʨʝʰʝʥʠʶ 

ʥʝʩʢʦʣʴʢʦ ʤʝʜʣʝʥʝʝ ʠ ʦʰʠʙʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʪʠʥʥʦʛʦ ʨʝʰʝʥʠʷ ʜʦʩʪʠʛʘʶʪ 20 ʤʩ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʠʩʪʦʯʥʠʢʘ 1.4 ʢʤ, ʯʪʦ ʩʦʩʪʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 5%. ɼʣʷ ʫʥʠʬʠʢʘʮʠʠ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʧʦʜʭʦʜʷʱʫʶ ʩʭʝʤʫ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ 

ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʩʭʦʜʠʤʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʛʫʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʷʚʣʷʶʪʩʷ: ʢʦʣʠʯʝʩʪʚʦ ʩʢʨʳʪʳʭ 

ʩʣʦʝʚ, ʪʠʧ ʩʣʦʝʚ, ʪʠʧ ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʣʦʷʤʠ, ʨʘʩʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ, ʚʚʝʜʝʥʠʝ ʥʘʯʘʣʴʥʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ ʠ ʪ.ʜ. 

ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʙʦʪʝ ʙʳʣ ʨʘʩʩʤʦʪʝʥ ʧʨʠʤʝʨ ʩ ʚʚʝʜʝʥʠʝʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 

ʚʦʢʨʫʛ ʠʩʪʦʯʥʠʢʘ. ʆʜʥʘʢʦ ʠʭ ʤʦʞʥʦ ʚʚʦʜʠʪʴ ʥʘ ʛʨʘʥʠʮʘʭ ʦʙʣʘʩʪʠ ʨʝʰʝʥʠʷ ʥʘ ʦʜʥʦʡ, ʜʚʫʭ ʠʣʠ ʥʘ 

ʚʩʝʭ ʛʨʘʥʠʮʘʭ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʧʦʣʷ ʚʨʝʤʝʥ ʚʥʫʪʨʠ ʦʙʣʘʩʪʠ ʠ 

ʧʦʠʩʢʦʤ ʧʦʣʦʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ. ɼʘʥʥʳʡ ʚʦʧʨʦʩ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ ʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ ʵʪʫ 

ʧʨʦʙʣʝʤʘʪʠʢʫ ʧʦʜʨʦʙʥʝʝ. 

ɺʳʚʦʜʳ 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʥʝʚʷʟʢʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʀʅʉ ʤʦʛʫʪ ʙʳʪʴ ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʟʘʜʘʯʠ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʵʡʢʦʥʘʣʘ. ʊʘʢʞʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʩʭʦʜʠʤʦʩʪʠ ʢ ʠʩʪʠʥʥʦʤʫ ʨʝʰʝʥʠʶ ʠ ʢʘʯʝʩʪʚʦ, ʧʦʣʫʯʘʝʤʦʛʦ 

ʨʝʰʝʥʠʷ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ 

ʘʨʭʠʪʝʢʪʫʨʫ ʀʅʉ, ʩʧʦʩʦʙʥʫʶ ʙʳʩʪʨʝʝ ʠ ʪʦʯʥʝʝ ʨʝʰʘʪʴ ʫʨʘʚʥʝʥʠʝ ʵʡʢʦʥʘʣʘ ʚ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜʘʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʧʨʝʜʣʘʛʘʤʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʀʅʉ ʜʣʷ ʟʘʜʘʯʠ ʚʨʝʤʝʥ 

ʧʨʦʙʝʛʘ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʩʢʦʨʦʩʪʥʦʡ ʤʦʜʝʣʠ ʩʨʝʜʳ ʠ ʧʦʣʦʞʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ. ʇʨʠ ʵʪʦʤ ʚʳʧʦʣʥʷʪʴ 

ʠʥʚʝʨʩʠʶ ʩ ʦʮʝʥʢʦʡ ʢʣʘʩʩʘ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʢʦʨʦʩʪʥʳʭ ʤʦʜʝʣʝʡ ʩ ʧʦʤʦʱʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʘʨʠʦʮʠʦʥʥʳʭ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 

18-35-00412. 
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This work is devoted to the identification of the influence of the Hall effect in the geological environment on the 

data of electrical methods on the example of time-domain sounding in the near zone. Much attention is paid to the 

aspects of the field experiment, as well as the conditions of its correctness. The theoretical background, the results of 

field work, as well as the results of work with thematic sources of information on the problems of this work. The 

estimation of the Hall conductivity is obtained.  

Keywords: electrical exploration, Hall effect, controlled transient electromagnetic source method, magnetotelluric 

sounding. 

ɺ ʧʝʨʠʦʜ 8-15 ʠʶʣʷ 2018 ʛ. ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ ʛʝʦʵʣʝʢʪʨʠʢʠ ʀʅɻɻ ʉʆ ʈɸʅ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 17-05-00083 ɸ, ʠʭ ʮʝʣʴʶ ʙʳʣʦ 



 

 

65 

 

ʦʙʥʘʨʫʞʝʥʠʝ ʵʬʬʝʢʪʘ ʍʦʣʣʘ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʘʭ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʧʨʦʷʚʣʷʪʴʩʷ ʚʦ ʚʩʝʭ ʩʠʛʥʘʣʘʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʟʦʥʜʠʨʦʚʘʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʤʝʪʦʜʦʤ ʟʦʥʜʠʨʦʚʘʥʠʡ ʩʪʘʥʦʚʣʝʥʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʚ ʙʣʠʞʥʝʡ ʟʦʥʝ (ɿʉɹ) ʠ ʤʝʪʦʜʦʤ ʤʘʛʥʠʪʦʪʝʣʣʫʨʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ (ʄʊɿ), ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʠʟ-ʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʜʝʰʝʚʠʟʥʳ ʠ ʧʨʦʩʪʦʪʳ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʠʟʤʝʨʝʥʠʷ ʤʝʪʦʜʦʤ ʄʊɿ ʜʣʠʪʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʦʜʥʦʡ ʪʦʯʢʝ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʩʫʪʦʢ, ʩʦʦʩʥʦʡ ʧʝʪʣʸʡ 

ʩʠʛʥʘʣʘ ɿʉɹ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʜʥʦʤʝʨʥʦʛʦ ʨʘʟʨʝʟʘ ʚ ʪʦʯʢʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʯʝʪʳʨʸʭ ʨʘʜʠʘʣʴʥʳʭ 

ʣʠʥʠʡ ʦʪ ʧʝʪʣʠ ʤʝʪʦʜʦʤ ɿʉɹ ʠ ʢʦʤʧʦʥʝʥʪʳ Eű ʦʪ ʧʝʪʣʠ ʜʣʷ ʦʮʝʥʢʠ ʩʣʦʠʩʪʦʩʪʠ ʩʨʝʜʳ ʠ ʢʦʥʪʨʦʣʷ 

ʠʟʤʝʨʝʥʠʡ. 

ʅʝʣʴʟʷ ʦʪʨʠʮʘʪʴ, ʯʪʦ, ʚ ʧʨʠʥʮʠʧʝ, ʩʫʱʝʩʪʚʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʪʦʢʘʤʠ, 

ʚʦʟʥʠʢʘʶʱʠʤʠ ʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʘʭ ʠ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ɿʝʤʣʠ. ʊʘʢʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʠ ʙʝʟʫʩʣʦʚʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʷʚʣʝʥʠʝʤ, ʙʘʟʠʨʫʶʱʠʤʩʷ ʥʘ 

ʵʬʬʝʢʪʝ ʃʦʨʝʥʮʘ. ʇʨʦʙʣʝʤʘ ʩʦʩʪʦʠʪ ʪʦʣʴʢʦ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʨʝʘʣʴʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʵʪʦʛʦ ʬʘʢʪʦʨʘ ʚ 

ʛʝʦʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʟʦʥʜʠʨʦʚʘʥʠʷʭ. ʉʘʤʳʡ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʘʥʘʣʠʟ [5 ï 8] ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʪʦ 

ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʵʬʬʝʢʪʠʚʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʚʳʟʚʘʥʥʦʡ ʵʬʬʝʢʪʦʤ 

ʍʦʣʣʘ (ʈʠʩ. 1). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʥʜʝʥʮʠʠ ʢ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʥʦʩʠʪʝʣʝʡ ʪʦʢʘ 

ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʠʣʳ ʃʦʨʝʥʮʘ, ʚʦʟʥʠʢʘʝʪ ʵʬʬʝʢʪʠʚʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ, 

ʟʘʚʠʩʷʱʘʷ ʦʪ ʩʦʩʪʦʷʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ. ʕʪʠ ʛʘʣʴʚʘʥʦʤʘʛʥʠʪʥʳʝ ʵʬʬʝʢʪʳ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʩʢʨʝʱʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʠ ʤʘʛʥʠʪʥʦʤ ʧʦʣʷʭ, ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʚ ʬʠʟʠʢʝ [1 ï 4], 

ʥʦ ʥʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʝ ʤʝʪʦʜʘʤʠ ɿʉɹ ʠ ʄʊɿ, ʘ ʧʦʪʦʤʫ ʧʦʢʘ ʥʝ 

ʫʯʪʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʣʠʷʶʪ ʥʘ ʩʠʛʥʘʣʳ ʚ ʛʝʦʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʟʦʥʜʠʨʦʚʘʥʠʷʭ. ɸʚʪʦʨʳ ʚʧʦʣʥʝ 

ʫʙʝʞʜʝʥʳ, ʯʪʦ ʛʘʣʴʚʘʥʦʤʘʛʥʠʪʥʳʝ ʵʬʬʝʢʪʳ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʝ ʫʞʝ ʧʨʦʷʚʣʷʣʠ ʩʝʙʷ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʠʪʫʘʮʠʷʭ ʚ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʝ [5 ï 8]. ʅʝʦʙʭʦʜʠʤʦ ʜʦʩʪʦʚʝʨʥʦ ʦʙʥʘʨʫʞʠʪʴ ʵʪʠ ʵʬʬʝʢʪʳ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʠʭ ʭʘʨʘʢʪʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʩʧʦʩʦʙʦʤ ʜʣʷ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ 

ɿʉ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʢ ʧʦʜʦʙʥʳʤ ʵʬʬʝʢʪʘʤ ʤʝʪʦʜ. 

 

 

ʈʠʩʫʥʦʢ 1 ï ʇʦʷʚʣʝʥʠʝ ʭʦʣʣʦʚʩʢʦʡ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʚʳʢʣʘʜʦʢ ʠ ʯʠʩʣʝʥʥʳʭ ʦʮʝʥʦʢ [5 ï 8] ʵʬʬʝʢʪ ʍʦʣʣʘ ʜʣʷ 
ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜ ʥʝʚʝʣʠʢ, ʧʦʵʪʦʤʫ ʜʣʷ ʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʠʪʴʩʷ ʤʠʥʠʤʠʟʘʮʠʠ 

ʚʣʠʷʥʠʷ ʚʩʝʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʢʘʟʠʪʴ ʩʠʛʥʘʣ ɿʉɹ. ʊʘʢ, ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʣʠʷʥʠʷ ʧʨʷʤʦʛʦ 

ʧʦʣʷ ɿʉɹ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʙʠʨʘʣʘʩʴ ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʟʤʝʨʝʥʠʡ (ʈʠʩ. 2), ʢʦʪʦʨʘʷ 

ʩʦʩʪʦʷʣʘ ʠʟ ʛʝʥʝʨʘʪʦʨʥʦʡ ʧʝʪʣʠ Q1Q2Q3Q4 ʨʘʟʤʝʨʦʤ 500ʭ500 ʤ, ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʧʝʪʣʠ ʜʣʷ ʩʦʦʩʥʳʭ 

ʠʟʤʝʨʝʥʠʡ Q5Q6Q7Q8 ʨʘʟʤʝʨʦʤ 100ʭ100 ʤ, ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʚ ʨʘʜʠʘʣʴʥʳʭ ʣʠʥʠʷʭ 

MN ʜʣʠʥʦʡ 1000 ʤ ʠ ʚ ʣʠʥʠʠ Efi2M2 (Eű) ʜʣʠʥʦʡ 100 ʤ. ʆʩʪʘʣʴʥʳʝ ʬʘʢʪʦʨʳ ʠʩʢʘʞʝʥʠʷ ʩʠʛʥʘʣʘ 

ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʤʝʩʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʢʦʪʦʨʳʭ ʥʫʞʥʦ ʙʳʣʦ ʚʳʙʨʘʪʴ ʫʯʘʩʪʦʢ 

ʨʘʙʦʪ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʫʩʣʦʚʠʷʤʠ: 
1. ɻʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʘʷ ʩʨʝʜʘ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʣʦʢʘʣʴʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʥʘ 

ʩʠʛʥʘʣʳ; 
2. ʆʪʩʫʪʩʪʚʠʝ ʚʳʩʦʢʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʧʝʨʝʧʘʜʦʚ ʨʝʣʴʝʬʘ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʠʩʢʘʞʝʥʠʡ ʚ 

ʩʠʛʥʘʣʝ ʠʟ-ʟʘ ʥʝʨʦʚʥʦʩʪʠ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦ 

ʨʘʩʧʦʣʦʞʠʪʴ ʛʝʥʝʨʘʪʦʨʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʥʘ ʤʝʩʪʥʦʩʪʠ; 

3. ʋʜʘʣʝʥʥʦʩʪʴ ʦʪ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʫʨʦʚʥʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ; 

4. ʇʣʦʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʦʱʘʜʴʶ 500 ʤ2 ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʪʦʢʦʚʦʡ ʧʝʪʣʠ ʠ ʛʝʥʝʨʘʪʦʨʥʦʡ 
ʛʨʫʧʧʳ. 
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ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʭʦʣʣʦʚʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ɿʉ (ʚʠʜ ʩʚʝʨʭʫ) 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʄʊɿ ʠ ɿʉɹ ʧʦʟʚʦʣʠʣʠ ʧʦʩʪʨʦʠʪʴ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʫʯʘʩʪʢʘ ʨʘʙʦʪ, ʢʦʪʦʨʘʷ ʥʝ ʠʤʝʝʪ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʦʡ ʤʦʜʝʣʠ ʩʨʝʜʳ. 

ɹʣʘʛʦʜʘʨʷ ʠʟʤʝʨʝʥʠʶ ʢʦʤʧʦʥʝʥʪʳ Eű ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʯʠʪʘʪʴ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʜʣʷ ʩʠʛʥʘʣʦʚ ʩ ʯʝʪʳʨʸʭ ʨʘʜʠʘʣʴʥʳʭ ʣʠʥʠʡ ʠ ʩʨʘʚʥʠʪʴ ʠʭ ʩ ʧʦʣʝʚʳʤʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ ʤʥʦʛʠʭ ʫʭʫʜʰʘʶʱʠʭ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʬʘʢʪʦʨʦʚ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚʳʟʚʘʥʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ (ɺʇ), ʯʪʦ ʤʦʛʣʦ ʙʳ, 

ʧʦʤʠʤʦ ʵʬʬʝʢʪʘ ʍʦʣʣʘ, ʚʳʟʚʘʪʴ ʦʪʢʣʦʥʝʥʠʝ ʧʦʣʝʚʳʭ ʢʨʠʚʳʭ ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʠʭ; ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʘ 

ʦʮʝʥʢʘ ʭʦʣʣʦʚʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ 1-2Ŀ10-3 ʉʤ/ʤ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʧʨʦʝʢʪ 17-05-00083 ɸ. 
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ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʚʝʣʠʯʠʥʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʛʠʜʨʘʪʘ ʤʝʪʘʥʘ ʥʝʮʝʤʝʥʪʠʨʫʱʝʛʦ ʪʠʧʘ. ʇʦʢʘʟʘʥʦ ʫʚʝʣʠʯʝʥʠʝ ʚʝʣʠʯʠʥʳ 

ʧʦʛʣʦʱʝʥʠʷ ʚ 4 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʘʥʥʳʤʠ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʛʠʜʨʘʪ ʤʝʪʘʥʘ ʮʝʤʝʥʪʠʨʫʶʱʝʛʦ 

ʪʠʧʘ. ʕʪʦ ʦʪʢʨʳʚʘʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʦʪ 

ʛʠʜʨʘʪʦʥʘʩʳʱʝʥʠʷ ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʛʠʜʨʘʪʳ ʥʝʮʝʤʝʥʪʠʨʫʶʱʝʛʦ ʪʠʧʘ. 
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The paper presents the results of estimating of the attenuation coefficient of compressional and shear waves for an 

experiment on the formation of a methane hydrate of non-cementing type. The attenuation increased 4 times in 

comparison with the data for samples containing cementing methane hydrate. This opens up the potential possibility 

of obtaining the dependence of the attenuation on the hydrate saturation of samples containing non-cementing type 

of gas hydrates. 
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ʇʨʠʨʦʜʥʳʝ ʛʘʟʦʚʳʝ ʛʠʜʨʘʪʳ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʧʨʠʨʦʜʝ ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 

ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʥʝʪʨʘʜʠʮʠʦʥʥʳʡ ʠʩʪʦʯʥʠʢ ʛʘʟʘ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ [1]. 

ɻʘʟʦʛʠʜʨʘʪʳ ʩʫʱʝʩʪʚʫʶʪ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʜʘʚʣʝʥʠʷʭ ʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [2], ʩ ʯʝʤ ʩʚʷʟʘʥʳ 

ʩʣʦʞʥʦʩʪʠ ʠʟʚʣʝʯʝʥʠʷ ʠ ʠʟʫʯʝʥʠʷ ʨʝʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ. ʇʦʵʪʦʤʫ ʚ ʤʠʨʝ, ʚ ʦʩʥʦʚʥʦʤ, ʠʟʫʯʘʶʪʩʷ 

ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʩʢʫʩʪʚʝʥʥʳʭ ʛʠʜʨʘʪʦʩʦʜʝʨʞʘʱʠʭ ʦʙʨʘʟʮʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ [4, 6]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʘʢʠʭ ʦʙʨʘʟʮʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʧʦʜʦʙʥʦʡ ʫʩʪʘʥʦʚʢʝ. 

ʅʘ ʘʢʫʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʠʜʨʘʪʦʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ 

ʤʦʨʬʦʣʦʛʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʠʜʨʘʪʘ ʚ ʧʦʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʚʳʜʝʣʷʶʪ 2 ʦʩʥʦʚʥʳʭ 

ʪʠʧʘ ʛʠʜʨʘʪʘ ï ʮʝʤʝʥʪʠʨʫʶʱʠʡ ʠ ʥʝʮʝʤʝʥʪʠʨʫʶʱʠʡ ʯʘʩʪʠʮʳ ʧʦʨʦʜʳ [5]. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʣʷ ʜʘʥʥʳʭ ʧʦ ʩʢʦʨʦʩʪʷʤ ʚ ʦʙʨʘʟʮʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʛʠʜʨʘʪ ʤʝʪʘʥʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʦʤ çʩ 
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ʠʟʙʳʪʢʦʤ ʛʘʟʘè, ʭʘʨʘʢʪʝʨʥʘ ʤʦʜʝʣʴ ʦʙʚʦʣʘʢʠʚʘʶʱʝʡ ʮʝʤʝʥʪʘʮʠʠ, ʘ ʜʣʷ ʩʦʜʝʨʞʘʱʠʭ ʛʠʜʨʘʪ 

ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʘ ï ʥʝʮʝʤʝʥʪʠʨʫʶʱʘʷ ʤʦʜʝʣʴ [3]. ʇʨʠ ʵʪʦʤ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʬʣʶʠʜ, ʧʨʠ ʨʘʙʦʪʝ ʩ ʥʠʤ ʚ ʦʙʨʘʟʮʘʭ ʦʪʩʫʩʪʚʫʝʪ ʛʘʟʦʚʘʷ ʬʘʟʘ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʛʠʜʨʘʪ ʤʝʪʘʥʘ ʥʝʮʝʤʝʥʪʠʨʫʶʱʝʛʦ ʪʠʧʘ, ʥʘʤʠ ʪʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʜʘʚʠʚ ʚʦʜʫ, 

ʥʘʩʳʱʝʥʥʫʶ ʤʝʪʘʥʦʤ, ʚ ʦʙʨʘʟʝʮ, ʫʞʝ ʩʦʜʝʨʞʘʱʠʡ ʛʠʜʨʘʪ ʤʝʪʘʥʘ, ʥʘʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜʦʤ çʩ 

ʠʟʙʳʪʢʦʤ ʛʘʟʘè, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʛʠʜʨʘʪ ʤʝʪʘʥʘ ʥʝʮʝʤʝʥʪʠʨʫʶʱʝʛʦ ʪʠʧʘ [7]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ QP
-1 ʠ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ QS

-1 ʚ ʦʙʨʘʟʮʘʭ, ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʚ ʥʠʭ ʛʠʜʨʘʪʘ ʤʝʪʘʥʘ ʫʢʘʟʘʥʥʳʤ ʩʧʦʩʦʙʦʤ. 

ɼʣʷ ʦʮʝʥʢʠ ʧʦʛʣʦʱʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʚ ʢʦʪʦʨʦʤ 

ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʘʤʧʣʠʪʫʜʥʳʭ ʩʧʝʢʪʨʦʚ ʩʠʛʥʘʣʦʚ, ʧʨʦʰʝʜʱʠʭ ʯʝʨʝʟ ʦʙʨʘʟʝʮ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʩʧʝʢʪʨʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʵʪʘʣʦʥʥʦʤ ʦʙʨʘʟʮʝ. ɺ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʣʶʤʠʥʠʡ. ɼʘʣʝʝ 

ʧʦʜ ʚʝʣʠʯʠʥʦʡ ʧʦʛʣʦʱʝʥʠʷ ʙʫʜʝʪ ʧʦʜʨʘʟʫʤʝʚʘʪʴʩʷ ʟʥʘʯʝʥʠʝ ʦʙʨʘʪʥʦʡ ʜʦʙʨʦʪʥʦʩʪʠ. 

ʀʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʥʘʨʘʙʦʪʢʝ ʛʠʜʨʘʪʘ ʤʝʪʘʥʘ ʚ ʦʙʨʘʟʮʝ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 1. ɺ ʩʘʤʦʤ ʥʘʯʘʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʟʥʘʯʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ QP
-1 ʠ QS

-1 ʩʦʚʧʘʜʘʶʪ ʠ ʨʘʚʥʳ 0.075. 

ɿʘʪʝʤ, ʩ ʥʘʯʘʣʦʤ ʥʘʨʘʙʦʪʢʠ ʛʠʜʨʘʪʘ ʮʝʤʝʥʪʠʨʫʶʱʝʛʦ ʪʠʧʘ (ʧʨʦʮʝʩʩ ʟʘʧʫʩʢʘʝʪʩʷ ʧʦʥʠʞʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʙʣʘʩʪʴ ʩʪʘʙʠʣʴʥʦʩʪʠ ʛʠʜʨʘʪʘ ʤʝʪʘʥʘ), ʚʝʣʠʯʠʥʘ ʧʦʛʣʦʱʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠʤʝʨʥʦ 

ʜʦ 0.025 ʠ 0.05 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʵʪʘʧʝ 2 ʥʘʨʘʙʦʪʢʘ ʛʠʜʨʘʪʘ ʮʝʤʝʥʪʠʨʫʶʱʝʛʦ ʪʠʧʘ ʟʘʚʝʨʰʝʥʘ ʠ ʚ 

ʦʙʨʘʟʝʮ ʙʳʣʘ ʟʘʜʘʚʣʝʥʘ ʚʦʜʘ, ʥʘʩʳʱʝʥʥʘʷ ʤʝʪʘʥʦʤ. ɼʘʣʝʝ ʧʨʦʠʟʦʰʣʦ ʧʝʨʝʬʦʨʤʠʨʦʚʘʥʠʝ ʛʠʜʨʘʪʘ ʚ 

ʛʠʜʨʘʪ ʥʝʮʝʤʝʥʪʠʨʫʶʱʝʛʦ ʪʠʧʘ, ʯʪʦ ʩʦʧʨʦʩʦʞʜʘʣʦʩʴ ʧʘʜʝʥʠʝʤ ʩʢʦʨʦʩʪʝʡ ʧʨʦʜʦʣʴʥʳʭ (P) ʠ 

ʧʦʧʝʨʝʯʥʳʭ (S) ʚʦʣʥ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝʤ ʚʝʣʠʯʠʥʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠʤʝʨʥʦ ʚ 4 ʨʘʟʘ ʜʣʷ ʦʙʦʠʭ 

ʪʠʧʦʚ ʚʦʣʥ, ʵʪʘʧ 2-3 ʥʘ ʨʠʩ. 1. ʅʘ ʵʪʘʧʝ 3-4 ʥʘ ʨʠʩ. 1 ʧʨʦʚʦʜʠʪʩʷ ʨʘʟʣʦʞʝʥʠʝ ʛʠʜʨʘʪʘ ʧʦʩʨʝʜʩʪʚʦʤ 

ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ. ɺ ʤʦʤʝʥʪ ʚʳʭʦʜʘ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟ ʦʙʣʘʩʪʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʛʠʜʨʘʪʘ ʤʝʪʘʥʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʭʘʨʘʪʝʨʥʳʡ ʩʢʘʯʦʢ ʜʘʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ QP
-1 ʧʦʩʣʝ ʨʘʟʣʦʞʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ, ʘ ʚʝʣʠʯʠʥʘ QS
-1 ʧʘʜʘʝʪ. ʇʦ ʚʝʣʠʯʠʥʝ ʩʢʘʯʢʘ ʜʘʚʣʝʥʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʠʪʦʛʦʚʦʝ 

ʛʠʜʨʘʪʦʥʘʩʳʱʝʥʠʝ ʦʙʨʘʟʮʘ. 

 

 

ʈʠʩʫʥʦʢ 1 ï ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʝʡ P- ʠ S-ʚʦʣʥ, ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ ʠ ʜʘʚʣʝʥʠʷ ʚ ʢʦʥʪʫʨʝ ʧʦʜʚʦʜʘ 

ʛʘʟʘ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ: 1-2 ï ʥʘʨʘʙʦʪʢʘ ʛʠʜʨʘʪʘ ʮʝʤʝʥʪʠʨʫʶʱʝʛʦ ʪʠʧʘ, 2-3 ï ʟʘʜʘʚʣʠʚʘʥʠʝ 

ʚʦʜʳ ʠ ʥʘʨʘʙʦʪʢʘ ʛʠʜʨʘʪʘ ʥʝʮʝʤʝʥʪʠʨʫʶʱʝʛʦ ʪʠʧʘ, 3-4 ï ʨʘʟʣʦʞʝʥʠʝ ʛʠʜʨʘʪʘ ʧʦʚʳʰʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ 

ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʦʮʝʥʦʢ ʚʝʣʠʯʠʥʳ ʧʦʛʣʦʱʝʥʠʷ ʩ ʜʘʥʥʳʤʠ ʨʘʥʝʝ ʧʨʦʚʝʜʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2 [8]. ɼʦ ʥʘʯʘʣʘ ʵʪʘʧʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʜʨʘʪʘ ʥʝʮʝʤʝʥʪʠʨʫʶʱʝʛʦ 

ʪʠʧʘ ʟʥʘʯʝʥʠʷ QP
-1 ʠ QS

-1 ʥʘʭʦʜʷʪʩʷ ʚ ʭʦʨʦʰʝʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤʠ ʜʘʥʥʳʤʠ, ʛʜʝ ʜʣʷ 

QP
-1 ʠ QS

-1 ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʠʜʨʘʪʦʥʘʩʳʱʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʩʘʤʠ ʚʝʣʠʯʠʥʳ ʧʦʛʣʦʱʝʥʠʷ 
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ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠʭ ʦʮʝʥʢʠ. 

ʇʝʨʝʬʦʨʤʠʨʦʚʘʥʠʝ ʛʠʜʨʘʪʘ ʚ ʥʝʮʝʤʝʥʪʠʨʫʶʱʠʡ ʪʠʧ ʧʦʢʘʟʘʣʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʝʣʠʯʠʥʳ 

ʧʦʛʣʦʱʝʥʠʷ. ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ P- 

ʠ S-ʚʦʣʥ ʦʪ ʛʠʜʨʘʪʦʥʘʩʳʱʝʥʠʷ ʦʙʨʘʟʮʦʚ, ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪʩʷ ʛʠʜʨʘʪ ʥʝʮʝʤʝʥʪʠʨʫʶʱʝʛʦ ʪʠʧʘ. 

 

 

ʈʠʩʫʥʦʢ 2 ï ʇʦʛʣʦʱʝʥʠʝ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ ʚ ʦʙʨʘʟʮʘʭ ʩ ʨʘʟʣʠʯʥʳʤ 

ʛʠʜʨʘʪʦʥʘʩʳʱʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʤ ʪʠʧʦʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʧʦʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʄʂ-2647.2019.5. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1. Chong Z.R. Review of natural gas hydrates as an energy resource: Prospects and challenges / 

Z.R. Chong, S.H.B. Yang, P. Babu, P. Linga, X.-S. Li// Applied Energy. ï 2016. ï V. 162. ï P. 1633ï1652. 

2. Collett T.S. Energy resource potential of natural gas hydrates / T.S. Collett // AAPG Bulletin. ï 2002. 

ï V. 86. ï No. 11. ï P. 1971ï1992. 

3. Dugarov G.A. Laboratory validation of effective acoustic velocity models for samples bearing 

hydrates of different type / G.A. Dugarov, A.A. Duchkov, A.D. Duchkov, A.N. Drobchik // Journal 

of Natural Gas Science and Engineering. ï 2019. ï V. 63. ï P. 38-46. 

4. Priegnitz M. A cylindrical electrical resistivity tomography array for three dimensional monitoring 

of hydrate formation and dissociation / M. Priegnitz, J. Thaler, E. Spangenberg, C. R¿cker, 

J.M. Schicks // Review of Scientific Instruments. ï 2013. ï Vol. 84. ï 104502. 

5. Waite W.F. Physical properties of hydrate-bearing sediments / W.F. Waite, J.C. Santamarina, 

D.D. Cortes, B. Dugan, D.N. Espinoza, J. Germaine, J. Jang, J.W. Jung, T.J. Kneafsey, H. Shin, 

K. Soga, W.J. Winters, T.-S. Yun // Reviews of Geophysics. ï 2009. ï V. 47. ï RG4003. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: https://doi.org/10.1029/2008RG000279 

6. Winters W.J. GHASTLI ï determining physical properties of sediment containing natural and 

laboratory-formed gas hydrate / W.J. Winters, W.P. Dillon, I.A. Pecher, D.H. Mason // Natural gas 

hydrate in oceanic and permafrost environments ï Springer, 2000. ï Chapter 24. ï P. 311ï322. 

7. ɼʫʛʘʨʦʚ ɻ.ɸ. ʃʘʙʦʨʘʪʦʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʝʩʯʘʥʳʭ ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʛʠʜʨʘʪ ʤʝʪʘʥʘ 

ʥʝʮʝʤʝʥʪʠʨʫʶʱʝʛʦ ʪʠʧʘ / ɻ.ɸ. ɼʫʛʘʨʦʚ, ɸ.ɸ. ɼʫʯʢʦʚ, ɸ.ɼ. ɼʫʯʢʦʚ, ɸ.ʖ. ʄʘʥʘʢʦʚ, 

ʂ.ʕ. ʂʫʧʝʨ, ʄ.ʀ. ʌʦʢʠʥ, ɸ.ʅ. ɼʨʦʙʯʠʢ // ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ. ï 2018. ï ̄ 2. ï ʉ. 41-50. 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://doi.org/10.18303/2619-1563-2018-2-4 

8. ɼʫʯʢʦʚ ɸ.ɼ. ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʧʦʛʣʦʱʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ ʚ 

ʧʝʩʯʘʥʳʭ ʦʙʨʘʟʮʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʚʦʜʫ/ʣʝʜ, ʛʠʜʨʘʪʳ ʤʝʪʘʥʘ ʠ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʘ / ɸ.ɼ. ɼʫʯʢʦʚ, 

ɻ.ɸ. ɼʫʛʘʨʦʚ, ɸ.ɸ. ɼʫʯʢʦʚ, ɸ.ʅ. ɼʨʦʙʯʠʢ // ɻʝʦʣʦʛʠʷ ʠ ʛʝʦʬʠʟʠʢʘ. ï 2019. ï ʊ. 60. ï ̄ 2. ï ʉ. 230-242. 



 

 

70 

 

ʋɼʂ 550.8.08 

ʈɸɿʈɸɹʆʊʂɸ ʋʉʊɸʅʆɺʂʀ ɼʃʗ ʀɿʋʏɽʅʀʗ ʄʀʂʈʆʉʊʈʋʂʊʋʈʓ ʀ 

ɸʂʋʉʊʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ɻʀɼʈɸʊʆʉʆɼɽʈɾɸʑʀʍ ʀ ʄɽʈɿʃʓʍ 

ʆɹʈɸɿʎʆɺ 

ɼʨʦʙʯʠʢ ɸʨʢʘʜʠʡ ʅʠʢʦʣʘʝʚʠʯ 

ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʛʘʟʦʚʦʡ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ʠʤ. ɸ.ɸ.ʊʨʦʬʠʤʫʢʘ, ʛ.ʅʦʚʦʩʠʙʠʨʩʢ, 

ʈʦʩʩʠʷ, ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, DrobchikAN@gmail.com 

ʃʝʤʟʷʢʦʚ ɸʣʝʢʩʝʡ ɻʝʦʨʛʠʝʚʠʯ 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤ. ɻ.ʀ. ɹʫʜʢʝʨʘ, ʛ.ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, 

lemzyakov89@gmail.com 

ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʘʤʝʨʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʜʨʘʪʦʩʦʜʝʨʞʘʱʠʭ ʦʙʨʘʟʮʦʚ ʠ ʧʨʦʚʝʜʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʧʨʦʩʚʝʯʠʚʘʥʠʷ ʦʙʨʘʟʮʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʨʦʚʝʜʝʥʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ. 

ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʟʚʦʣʠʪ 

ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʘʟʦʚʳʭ ʛʠʜʨʘʪʦʚ ʩ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʛʘʟʦʚʦʛʦ ʛʠʜʨʘʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʘʟʦʛʠʜʨʘʪʳ, ʘʢʫʩʪʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ, ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ 
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The laboratory setup for the formation of hydrated samples with acoustic transmission of the sample and x-ray 

tomography was created. Test results of the developed equipment are presented. The setup will carry out 

experiments to study the relationship between acoustic properties and the microstructure of gas hydrate depending 

on the conditions of their formation. 
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ʇʨʠʨʦʜʥʳʝ ʛʘʟʦʚʳʝ ʛʠʜʨʘʪʳ ʷʚʣʷʶʪʩʷ ʥʝʪʨʘʜʠʮʠʦʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʆʥʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʢʘʢ ʥʘ ʩʫʰʝ, ʪʘʢ ʠ ʥʘ ʤʦʨʝ ï ʪʘʤ, ʛʜʝ ʚʳʧʦʣʥʷʶʪʩʷ ʪʝʨʤʦʙʘʨʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʜʣʷ ʛʘʟʦʚʳʭ ʛʠʜʨʘʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʦʜʘ ʠ ʛʘʟ 

ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʪʝʣʴ. ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʟʘʧʘʩʳ ʛʘʟʘ ʟʘʢʣʶʯʝʥʥʦʛʦ ʚ ʛʠʜʨʘʪʘʭ ʧʨʝʚʳʰʘʶʪ ρȟυ
ρπ ̍  [1].  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʘʟʦʚʳʭ ʛʠʜʨʘʪʦʚ ʩʦʟʜʘʶʪʩʷ ʫʩʪʘʥʦʚʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʬʦʨʤʠʨʦʚʘʪʴ 

ʛʘʟʦʛʠʜʨʘʪʳ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʚʦʜʠʪʴ ʠʭ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʈʘʥʝʝ ʚ ʈʦʩʩʠʠ ʫʞʝ ʙʳʣʘ ʩʦʟʜʘʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʬʦʨʤʠʨʦʚʘʪʴ 

ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʛʠʜʨʘʪʦʩʦʜʝʨʞʘʱʠʝ ʦʙʨʘʟʮʳ ʠ ʠʟʫʯʘʪʴ ʠʭ ʘʢʫʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [2]. ɺ ʭʦʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʪ ʛʠʜʨʘʪʦʥʘʩʳʱʝʥʠʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʟʘʚʠʩʠʤʦʪʝʡ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 
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ʚʣʠʷʝʪ ʥʝ ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʦ ʛʘʟʦʚʦʛʦ ʛʠʜʨʘʪʘ, ʥʦ ʠ ʪʠʧ ʟʘʧʦʣʥʝʥʠʷ ʧʦʨ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʛʠʜʨʘʪʘ ʚ 

ʧʝʩʯʘʥʳʭ ʦʙʨʘʟʮʘʭ ʚ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ ʮʝʤʝʥʪʠʨʫʶʱʝʛʦ ʪʠʧʘ, 

load-bearing [3].  ɼʣʷ ʙʦʣʝʝ ʥʘʜʝʞʥʦʡ ʠʥʪʝʨʝʧʨʝʪʘʮʠʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʷʟʠ 

ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʛʠʜʨʘʪʘ ʚ ʧʦʨʠʩʪʦʤ ʦʙʨʘʟʮʝ ʘʢʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʧʨʦʚʦʜʝʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʳʭ 

ʘʢʫʩʪʠʯʝʩʢʠʭʝ ʠʟʤʝʨʝʥʠʡ ʠ ʧʦʩʪʨʝʦʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʨʠʩʪʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ 

ʧʨʦʮʝʩʩʝ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ.  

ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʛʘʟʦʚʦʛʦ ʛʠʜʨʘʪʘ ʙʳʣ ʧʨʠʚʣʝʯʝʥ ʤʝʪʦʜ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʦʤʦʛʨʘʬʠʠ (ɺʈʊ) ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʩʪʘʥʮʠʠ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ çʄʠʢʨʦʩʢʦʧʠʷ ʠ ʪʦʤʦʛʨʘʬʠʷè ɺʕʇʇ-3 ʀʗʌ ʉʆ ʈɸʅ. ʕʪʦ ʧʦʪʨʝʙʦʚʘʣʦ ʨʘʟʨʘʙʦʪʢʠ 

ʥʦʚʦʡ ʢʘʤʝʨʳ. ɺ ʧʝʨʚʫʶ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʫʤʝʥʴʰʝʥʠʝ ʢʘʤʝʨʳ ʠ ʧʝʨʝʭʦʜ ʥʘ ʨʝʥʪʛʝʥʦʩʪʦʡʢʠʝ ʠ 

ʨʝʥʪʛʝʥʦʧʨʦʟʨʘʯʥʳʝ ʤʘʪʝʨʠʘʣʳ. ɹʳʣ ʥʘʡʜʝʥ ʦʧʪʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʠ ʤʘʪʝʨʠʘʣ ʢʘʤʝʨʳ (PEEK 1000). 

ɼʠʘʤʝʪʨ ʦʙʨʘʟʮʘ ʙʳʣ ʫʤʝʥʴʰʝʥ ʜʦ 10 ʤʤ, ʧʨʠ ʪʘʢʦʤ ʨʘʟʤʝʨʝ ʧʝʩʯʘʥʦʛʦ ʦʙʨʘʟʮʘ ʜʦʩʪʠʛʘʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʡ ʢʦʥʪʨʘʩʪ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʨʠ 

ʪʦʤʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʢʝ. ʇʨʠ ʵʪʦʤ ʢʘʯʝʩʪʚʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʨʦʩʚʝʯʠʚʘʥʠʷ ʦʩʪʘʝʪʩʷ ʧʨʠʝʤʣʝʤʳʤ, 

ʪʘʢ ʢʘʢ ʫʤʝʥʴʰʝʥʠʝ ʦʙʨʘʟʮʘ ʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʣʦʱʘʜʠ ʧʴʝʟʦʜʠʩʢʘ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʝʛʦ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. 

ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ: ʷʯʝʡʢʘ ʠʟ ʜʚʫʭ ʦʙʪʶʨʘʪʦʨʦʚ ʠ ʦʙʨʘʟʮʘ ʤʝʞʜʫ ʥʠʤʠ, ʦʙʞʘʪʘʷ 

ʪʝʨʤʦʫʩʘʜʢʦʡ ʠʟ ʚʠʪʦʥʘ; ʢʘʤʝʨʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ; ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ; ʥʘʙʦʨʘ ʬʠʣʴʪʨʦʚ, 

ʦʙʨʝʟʘʶʱʠʭ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʢʦʤʧʦʥʝʥʪʫ ʩʧʝʢʪʨʘ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ; 

ʩʮʠʥʪʠʣʷʮʠʦʥʥʳʡ ʵʢʨʘʥ ʠ ʇɿʉ ʤʘʪʨʠʮʘ. ʉʭʝʤʘ ʢʘʤʝʨʳ ʠ ʬʦʪʦ ʫʩʪʘʥʦʚʢʠ ʧʨʠʚʝʜʝʥʳ ʥʘ (ʨʠʩ.1). 

 

               

ʈʠʩʫʥʦʢ 1 ï ʌʦʪʦ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʪʘʥʮʠʠ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʩʣʝʚʘ) ʠ ʤʦʜʝʣʴ ʢʘʤʝʨʳ 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʜʨʘʪʦʩʦʜʝʨʞʘʱʠʭ ʦʙʨʘʟʮʦʚ ʚ ʨʘʟʨʝʟʝ (ʩʧʨʘʚʘ). 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1- ʪʨʫʙʢʘ ʠʟ ʨʝʥʪʛʝʥʦʧʨʦʟʨʘʯʥʦʛʦ ʧʣʘʩʪʠʢʘ, 2 - ʪʫʙʫʩ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʦʣʦʜʥʦʛʦ 

ʚʦʟʜʫʭʘ, 3 ï ʤʠʰʝʥʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʧʫʯʢʘ, 4 ï ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʵʢʨʘʥ, 5 ï ʇɿʉ ʤʘʪʨʠʮʘ, 6 ï 

ʦʙʨʘʟʝʮ, 7 - ʢʘʥʘʣ ʜʣʷ ʧʦʜʚʦʜʘ ʛʘʟʘ; 8, 9 - ʘʢʫʩʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ. 

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʥʘʙʦʨʘ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʘ ʤʝʪʦʜʦʤ ɺʈʊ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʦʥʢʦʧʣʸʥʦʯʥʳʝ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ 

ʵʢʨʘʥʳ ʠ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʘʷ ʇɿʉ ʤʘʪʨʠʮʘ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʥʪʨʘʩʪʘ 

ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʪʦʣʱʠʥʳ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʬʠʣʴʪʨʦʚ ʠ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʵʢʨʘʥʦʚ. ʊʦʣʱʠʥʘ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʬʠʣʴʪʨʦʚ ʦʧʨʝʜʝʣʷʝʪ ʩʧʝʢʪʨ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʇʨʠ ʵʪʦʤ, ʪʦʣʱʠʥʘ ʬʠʣʴʪʨʘ ʜʦʣʞʥʘ 

ʙʳʣʘ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦʡ, ʜʣʷ ʫʜʘʣʝʥʠʷ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ 

ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ, ʚʳʩʦʢʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʠʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʇʨʠʤʝʨ ɺʈʊ ʩʫʭʦʛʦ 

ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ ʧʨʠʚʝʜʝʥ ʥʘ (ʨʠʩ. 2, ʩʣʝʚʘ).  

ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʠʩʧʳʪʘʥʘ ʥʘ ʵʪʘʣʦʥʘʭ ʥʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʭ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. ʉʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʙʳʣʘ ʩʦʙʨʘʥʘ ʥʘ ʙʘʟʝ ʛʝʥʝʨʘʪʦʨʘ ʭʦʣʦʜʥʦʛʦ 
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