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ʈʝʛʠʩʪʨʘ, ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʨʧʫʩʘ, ʞʝʣʝʟʦʙʝʪʦʥ, ʘʨʤʘʪʫʨʘ, ʦʙʱʘʷ ʧʨʦʯʥʦʩʪʴ, ʤʝʩʪʥʘʷ 

ʧʨʦʯʥʦʩʪʴ, ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ, ʥʘʧʨʷʞʝʥʠʷ, ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ. 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʡ ʇʨʘʚʠʣ 

ʈʦʩʩʠʡʩʢʦʛʦ ʈʝʯʥʦʛʦ ʈʝʛʠʩʪʨʘ (ʇʈʈʈ) ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʨʦʯʥʦʩʪʠ ʢʦʨʧʫʩʦʚ ʧʨʠʯʘʣʴ-

ʥʳʭ ʧʦʥʪʦʥʦʚ ʪʨʝʭ ʪʠʧʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʬʠʨʤʦʡ çMarinetekè: M3320BRS, M3315HDS, 

M2715HDS, ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʞʝʣʝʟʦʙʝʪʦʥʘ. ʇʨʠʯʘʣʴʥʳʝ ʧʦʥʪʦʥʳ ʩʪʦʝʯʥʦʛʦ ʪʠʧʘ, 

ʙʝʟʥʘʙʦʨʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʰʚʘʨʪʦʚʢʠ ʩʫʜʦʚ ʤʘʣʦʤʝʨʥʦʛʦ ʬʣʦʪʘ 

ʚʦʜʦʠʟʤʝʱʝʥʠʝʤ ʜʦ 200 ʪ, ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʜʠʥʦʯʥʳʭ ʧʨʠʯʘʣʦʚ ʠʣʠ 

ʩʦʝʜʠʥʷʪʴʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʚʫʯʠʭ ʧʨʠʯʘʣʦʚ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ ʠ 

ʢʦʥʬʠʛʫʨʘʮʠʠ. ʇʨʦʚʝʜʝʥʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʠ-

ʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʛʣʘʚʥʳʭ ʨʘʟʤʝʨʝʥʠʡ, ʪʦʣʱʠʥʳ ʥʘʨʫʞʥʦʡ ʦʙʰʠʚʢʠ, 

ʩʭʝʤʳ ʘʨʤʠʨʦʚʘʥʠʷ ʧʣʠʪ ʦʙʰʠʚʢʠ, ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ. ɺʥʫʪʨʝʥʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʧʦʥʪʦʥʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʧʦʪʦʧʣʷʝʤʦʩʪʠ ʟʘʧʦʣʥʝʥʦ ʧʝʥʦʧʦʣʠʩʪʠʨʦʣʦʤ. ɺ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʇʈʈʈ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʧʨʦʯʥʦʩʪʠ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʦʩʥʦʚʥʳʭ ʩʚʷ-

ʟʝʡ ʢʦʨʧʫʩʘ ʪʨʝʭ ʪʠʧʦʚ ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʣʝ-

ʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʇʈʈʈ ʢ ʵʣʝʤʝʥʪʘʤ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʨʧʫʩʘ ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ, ʧʨʠ-

ʥʷʪʳʭ ʚ ʧʨʦʝʢʪʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʨʝʙʦʚʘʥʠʷ ʇʈʈʈ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʨʧʫʩʘ, ʧʨʦʯʥʦ-

ʩʪʠ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ ʧʨʦʝʢʪʦʚ M3320BRS, M3315HDS ʠ 

M2715HDS ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʡ ʫʯʝʪ ʠ ʧʨʠʩʚʦʝʥʠʷ ʠʤ ʢʣʘʩʩʘ ʧʣʘʚʫ-

ʯʠʭ ʦʙʲʝʢʪʦʚ çʈ 1,2 IVè ʈʦʩʩʠʡʩʢʦʛʦ ʈʝʯʥʦʛʦ ʈʝʛʠʩʪʨʘ ʚʳʧʦʣʥʷʶʪʩʷ. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʦʙʫʩʪʨʦʡʩʪʚʫ ʘʢʚʘʪʦʨʠʠ ʚʦ-

ʜʦʝʤʦʚ (ʤʘʨʠʥ) ʜʣʷ ʰʚʘʨʪʦʚʢʠ ʩʫʜʦʚ ʤʘʣʦʤʝʨʥʦʛʦ ʬʣʦʪʘ (ʢʘʪʝʨʦʚ, ʧʘʨʫʩʥʳʭ ʠ ʤʦ-

ʪʦʨʥʳʭ ʷʭʪ). ʌʠʥʩʢʘʷ ʬʠʨʤʘ çMarinetekè [1] ʟʘʥʠʤʘʝʪ ʦʜʥʦ ʠʟ ʚʝʜʫʱʠʭ ʤʝʩʪ ʥʘ ʨʳʥʢʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʣʘʚʫʯʠʝ ʤʦʜʫʣʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʢʘʢ ʦʪʜʝʣʴʥʦʛʦ ʧʨʠʯʘʣʘ, 

ʪʘʢ ʠ ʢʦʤʧʦʥʦʚʘʪʴ ʧʣʘʚʫʯʠʝ ʧʨʠʯʘʣʳ ʨʘʟʥʦʡ ʬʦʨʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʘʢʚʘ-

ʪʦʨʠʠ ʠ ʢʦʣʠʯʝʩʪʚʘ ʰʚʘʨʪʫʶʱʠʭʩʷ ʤʘʣʦʤʝʨʥʳʭ ʩʫʜʦʚ. ʅʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ 

çMarinetekè ʜʝʡʩʪʚʫʝʪ ʚ ʣʠʮʝ ɿɸʆ çʄʘʨʠʥʝʪʝʢ ʉʇɹè. ɺ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʪʘʢʞʝ ʠʤʝ-

ʶʪʩʷ ʬʠʨʤʳ çʇʆʅʊʆʅè, çʄʦʨʩʢʦʡ ʙʨʠʟè ʠ ʜʨ., ʢʦʪʦʨʳʝ ʚʝʜʫʪ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʞʝʣʝʟʦ-

ʙʝʪʦʥʥʳʭ ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ ʧʦ ʧʨʦʝʢʪʥʳʤ ʨʘʟʨʘʙʦʪʢʘʤ ʬʠʨʤʳ çMarinetekè ʠ ʜʨ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʶ ʷʭʪʝʥʥʳʭ ʤʘʨʠʥ ʫʜʝʣʷʝʪʩʷ ʤʥʦʛʦ ʚʥʠʤʘʥʠʷ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʠ ʟʘ ʨʫ-

ʙʝʞʦʤ [2,3,4,5,6,7,8]. ʇʨʠʤʝʨ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʚʫʯʝʛʦ ʧʨʠʯʘʣʘ ʠʟ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʤʦʜʫʣʝʡ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 1. 

 



ɹʦʨʠʩʦʚ ɸ.ʄ., ʇʨʷʥʠʯʥʠʢʦʚ ʂ.ʅ. 
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ʈʠʩ. 1. ʇʨʠʤʝʨ ʬʦʨʤʠʨʦʚʘʥʠʷ ʷʭʪʝʥʥʦʡ ʤʘʨʠʥʳ 

ʌʠʨʤʘ ʆʆʆ çʉʢʦʨʪʝʢʩè ʧʨʠʦʙʨʝʣʘ ʫ ʠʥʦʩʪʨʘʥʥʦʛʦ ʧʦʩʪʘʚʱʠʢʘ ʙʝʟ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʠʭ ʜʦʢʫʤʝʥʪʦʚ ʧʨʠʯʘʣʴʥʳʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʧʦʥʪʦʥʳ ʬʠʥʩʢʦʡ ʬʠʨʤʳ 

çMarinetekè [1] ʩʣʝʜʫʶʱʠʭ ʤʦʜʠʬʠʢʘʮʠʡ: ʚʦʣʥʦʨʝʟ M3320BRS (ʪʠʧ 1), M3315HDS 

(ʪʠʧ 2), M2715HDS (ʪʠʧ 3), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʇʝʩʪʦʚʩʢʦʤ ʚʦʜʦ-

ʭʨʘʥʠʣʠʱʝ ʨʘʟʨʷʜʘ çʈè, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ (ʨʠʩ. 2).  

 

 

ʈʠʩ. 2. ʆʙʱʠʡ ʚʠʜ ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ ʚ ʇʝʩʪʦʚʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ 

ʇʦʩʢʦʣʴʢʫ ʬʠʨʤʘ çʉʢʦʨʪʝʢʩè ʧʨʠʦʙʨʝʣʘ ʫʞʝ ʧʦʩʪʨʦʝʥʥʳʝ ʧʦʥʪʦʥʳ, ʪʦ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʟʘʜʘʥʠʝʤ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʫʢʘʟʘʥʥʳʭ ʧʦʥʪʦʥʦʚ ʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠ-

ʦʥʥrʡ ʫʯʝʪ ʈʦʩʩʠʡʩʢʦʛʦ ʈʝʯʥʦʛʦ ʈʝʛʠʩʪʨʘ (ʈʈʈ) ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʧʨʦʝʢʪʘ ʥʘ ʢʘʬʝʜʨʝ ʪʝʦʨʠʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʌɻɹʆʋ ɺʆ 

çɺɻʋɺʊè ʧʨʦʚʝʨʷʣʦʩʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʨʧʫʩʘ ʠ ʧʨʠʥʷʪʳʭ ʨʘʟʤʝʨʦʚ ʩʚʷ-

ʟʝʡ ʪʨʝʭ ʪʠʧʦʚ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʦʥʪʦʥʦʚ ʪʨʝʙʦʚʘʥʠʷʤ ʇʨʘʚʠʣ ʈʦʩʩʠʡʩʢʦʛʦ ʈʝʯʥʦʛʦ 

ʈʝʛʠʩʪʨʘ (ʇʈʈʈ) [9, 10] ʢ ʧʣʘʚʫʯʠʤ ʦʙʲʝʢʪʘʤ ʢʣʘʩʩʘ çʈ1,2 IVè ʩ ʫʯʝʪʦʤ ʦʪʩʫʪʩʪʚʠʷ ʥʘ 

ʥʠʭ ʧʦʩʪʦʷʥʥʳʭ ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ ʠ ʧʨʠ ʚʨʝʤʝʥʥʦʤ ʧʨʝʙʳʚʘʥʠʠ ʣʶʜʝʡ (ʧʦʩʝʪʠʪʝʣʝʡ). 

ʊʠʧ ʢʘʞʜʦʛʦ ʧʦʥʪʦʥʘ ï ʩʪʦʝʯʥʳʡ ʧʣʘʚʫʯʠʡ ʧʨʠʯʘʣʴʥʳʡ ʧʦʥʪʦʥ ʩ ʢʦʨʧʫʩʦʤ ʙʝʟʥʘ-

ʙʦʨʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʨʫʞʥʘʷ ʦʙʰʠʚʢʘ, ʥʘʩʪʠʣ ʧʘʣʫʙʳ ʠ ʧʦʧʝʨʝʯʥʳʝ 

ʧʝʨʝʙʦʨʢʠ ʚʳʧʦʣʥʝʥʳ ʠʟ ʞʝʣʝʟʦʙʝʪʦʥʘ. ʌʦʨʤʘ ʢʦʨʧʫʩʘ ï ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʧʘʨʘʣʣʝʣʝ-

ʧʠʧʝʜ ʙʝʟ ʧʦʜʲʝʤʘ ʜʥʠʱʘ ʚ ʦʢʦʥʝʯʥʦʩʪʷʭ.  

ʅʘʟʥʘʯʝʥʠʝ ʢʘʞʜʦʛʦ ʧʦʥʪʦʥʘ (ʧʣʘʚʫʯʝʛʦ ʦʙʲʝʢʪʘ) ï ʧʨʠʯʘʣʴʥʳʡ ʧʦʥʪʦʥ, ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʥʳʡ ʜʣʷ ʰʚʘʨʪʦʚʢʠ ʩʫʜʦʚ ʤʘʣʦʤʝʨʥʦʛʦ ʬʣʦʪʘ (ʢʘʪʝʨʘ, ʷʭʪʳ) ʚʦʜʦʠʟʤʝʱʝʥʠʝʤ 

ʜʦ 200 ʪ. ʇʨʠ ʵʪʦʤ ʧʦʥʪʦʥʳ, ʧʦ ʞʝʣʘʥʠʶ ʟʘʢʘʟʯʠʢʘ, ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʦʜʠʥʦʯʥʳʭ ʧʨʠʯʘʣʦʚ ʠʣʠ ʩʦʝʜʠʥʷʪʴʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʚʫʯʠʭ ʧʨʠ-

ʯʘʣʦʚ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʚ ʦʢʦʥʝʯʥʦʩʪʷʭ ʢʘʞʜʦʛʦ ʧʦʥʪʦʥʘ 

ʩʦ ʩʪʦʨʦʥʳ ʪʨʘʥʮʝʚ ʦʢʦʣʦ ʙʦʨʪʘ ʠʤʝʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʚʦʟʤʦʞʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʰʧʠʣʝʢ ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʣʘʚʫʯʝʛʦ 

ʧʨʠʯʘʣʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʟʘʜʘʥʠʝʤ ʧʦʥʪʦʥʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 60, 2019 ʛ. 
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ʚʝ ʦʜʠʥʦʯʥʳʭ ʧʨʠʯʘʣʦʚ. ɺ ʢʦʨʧʫʩʝ ʢʘʞʜʦʛʦ ʧʦʥʪʦʥʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʳ ʜʚʝ ʧʦʧʝʨʝʯ-

ʥʳʝ ʧʝʨʝʙʦʨʢʠ ʚ ʨʘʡʦʥʝ ʨʘʟʤʝʱʝʥʠʷ ʢʣʶʟʦʚ ʵʣʝʤʝʥʪʦʚ ʘʤʦʨʪʠʟʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ 

çSeaflexè, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠ ̫ʢʘʞʜʦʛʦ ʧʦʥʪʦʥʘ ʥʘ ʤʝʩʪʝ. ʆʙʱʠʡ ʚʠʜ ʠ 

ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ ʧʨʠʚʝʜʝʥʳ 

ʥʘ ʨʠʩ. 3.  

 

ʈʠʩ. 3. ʆʙʱʠʡ ʚʠʜ ʠ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ: 

ʘ ï ʪʠʧ 1 (M3320BRS); ʙ ï ʪʠʧ 2 (M3315HDS) ʠ ʪʠʧ 3 (M2715HDS) 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʧʦʣʥʝʥʥʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʫʥʠʚʝʨʩʠʪʝʪʘ ʦʙʩʣʝʜʦʚʘʥʠʷ ʢʦʨʧʫʩʦʚ 

ʧʦʥʪʦʥʦʚ (ʨʠʩ. 4) ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʟʘʷʚʣʝʥʥʳʝ çMarinetekè [1] ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ (ʪʘʙʣ. 1), ʩʭʝʤʳ ʘʨʤʠʨʦʚʘʥʠʷ ʠ ʧʨʦʯʥʦʩʪʴ ʙʝʪʦʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʠʯʘʣʴ-

ʥʳʭ ʧʦʥʪʦʥʦʚ. 

 

 

ʈʠʩ. 4. ʆʙʩʣʝʜʦʚʘʥʠʝ ʩʭʝʤʳ ʘʨʤʠʨʦʚʘʥʠʷ ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ 

ʘ) 

 

ʙ) 

 



ɹʦʨʠʩʦʚ ɸ.ʄ., ʇʨʷʥʠʯʥʠʢʦʚ ʂ.ʅ. 
ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʨʧʫʩʘ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ 
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ʊʘʙʣʠʮʘ 1 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊʠʧ ʧʨʠʯʘʣʴʥʦʛʦ ʧʦʥʪʦʥʘ 

ʪʠʧ 1 

(M3320BRS) 

ʪʠʧ 2 

(M3315HDS) 

ʪʠʧ 3 

(M2715HDS) 

ɼʣʠʥʘ ʧʦ ʨʘʩʯʝʪʥʦʡ ʚʘʪʝʨʣʠʥʠʠ Lʚʣ, ʤ 19,32 14,68 14,68 

ɼʣʠʥʘ ʛʘʙʘʨʠʪʥʘʷ Lʛʙ, ʤ 19,90 14,92 14,92 

ʐʠʨʠʥʘ ʧʦ ʨʘʩʯʝʪʥʦʡ ʚʘʪʝʨʣʠʥʠʠ Bʚʣ, ʤ 3,00 3,00 2,40 

ʐʠʨʠʥʘ ʥʘʠʙʦʣʴʰʘʷ Bʥʙ, ʤ 3,30 3,30 2,70 

ɺʳʩʦʪʘ ʙʦʨʪʘ ʅ, ʤ 1,00 0,85 0,85 

ʅʘʜʚʦʜʥʳʡ ʙʦʨʪ ʚ ʛʨʫʟʫ hʛʨ, ʤ 0,25 0,27 0,27 

ʆʩʘʜʢʘ ʧʦ ʨʘʩʯʝʪʥʫʶ ʚʘʪʝʨʣʠʥʠʶ ʊʚʣ, ʤ 0,75 0,58 0,58 

ɺʦʜʦʠʟʤʝʱʝʥʠʝ ʚ ʛʨʫʟʫ D (ʧʨʠ ʦʩʘʜʢʝ ʊʚʣ), ʢʅ 426 250 200 

ʅʘʜʚʦʜʥʳʡ ʙʦʨʪ ʧʦʨʦʞʥʝʤ hʧ, ʤ 0,54 0,44 0,43 

ʆʩʘʜʢʘ ʧʦʨʦʞʥʝʤ ʊʧ, ʤ 0,46 0,41 0,42 

ʄʘʩʩʘ ʧʦʥʪʦʥʘ ʧʦʨʦʞʥʝʤ ʄʧ, ʪ 26,4 18,1 15,0 

ɺʦʜʦʠʟʤʝʱʝʥʠʝ ʧʦʨʦʞʥʝʤ Dʧ, ʢʅ 262 178 147 

ʇʦʣʝʟʥʘʷ ʥʘʛʨʫʟʢʘ (ʫʩʣʦʚʥʳʡ ʛʨʫʟ) Qʫ, ʢʅ 164 72 53 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʙʱʝʡ ʧʦʣʥʦʪʳ ŭ 1,00 1,00 1,00 

ʇʨʝʜʝʣʴʥʘʷ ʤʝʩʪʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʧʘʣʫʙʫ p,  ʢʅ /ʤ2 5,0 5,0 5,0 

 

ʊʦʣʱʠʥʘ ʧʣʠʪ, ʘʨʤʠʨʦʚʘʥʠʝ ʠ ʟʘʱʠʪʥʳʡ ʩʣʦʡ ʙʝʪʦʥʘ ʧʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ ʩʦʪʨʫʜ-

ʥʠʢʘʤʠ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè ʥʘʨʫʞʥʦʡ ʦʙʰʠʚʢʠ, ʥʘʩʪʠʣʘ ʧʘʣʫʙʳ ʠ ʧʦʧʝʨʝʯʥʳʭ ʧʝ-

ʨʝʙʦʨʦʢ ʦʧʨʝʜʝʣʝʥʳ ʧʫʪʝʤ ʤʝʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʙʝʪʦʥʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʛʦ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʝʤ. ʇʨʦʯʥʦʩʪʴ ʙʝʪʦʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 22690-2015 ʦʧʨʝʜʝʣʷʣʘʩʴ ʥʝʨʘʟ-

ʨʫʰʘʶʱʠʤ ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ çʆʅʀʂʉ-2.5è, ʰʘʛ ʘʨʤʘʪʫʨʳ ï ʧʨʠʙʦʨʘ 

çʇʆʀʉʂ-2.5è. ʊʦʣʱʠʥʘ ʧʣʠʪ ʥʘʨʫʞʥʦʡ ʦʙʰʠʚʢʠ, ʥʘʩʪʠʣʘ ʧʘʣʫʙʳ ʠ ʧʦʧʝʨʝʯʥʳʭ ʧʝ-

ʨʝʙʦʨʦʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʇʈʈʈ [9] ʜʣʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʩʫʜʦʚ ʙʝʟʥʘʙʦʨʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʜʣʠʥʝ ʤʝʥʝʝ 30 ʤ. ʉʦʦʪʥʦʰʝʥʠ ̫ʛʣʘʚʥʳʭ ʨʘʟʤʝʨʝʥʠʡ ʧʦʥʪʦʥʦʚ, 

ʧʨʠʥʷʪʳʭ ʚ ʧʨʦʝʢʪʝ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʇʈʈʈ [9], ʚʳʧʦʣʥʷʶʪʩʷ ʠ ʧʨʠ-

ʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʘ 2 

ʉʦʦʪʥʦʰʝʥʠʷ ʛʣʘʚʥʳʭ ʨʘʟʤʝʨʝʥʠʡ ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ 

ʊʠʧ ʧʦʥʪʦʥʘ ɻʣʘʚʥʳʝ ʨʘʟʤʝʨʝʥʠʷ, ʤ ʉʦʦʪʥʦʰʝʥʠʝ ʛʣʘʚʥʳʭ ʨʘʟʤʝʨʝʥʠʡ 

L B ʅ L/ ʅ  B/ ʅ  

ʇʈʈʈ [9] ʧʨʦʝʢʪ ʇʈʈʈ [9] ʧʨʦʝʢʪ 

ʪʠʧ 1 (M3320BRS) 19,32 3,00 1,00 40 19,32 7 3,00 

ʪʠʧ 2 (M3315HDS) 14,68 3,00 0,85 40 17,27 7 3,52 

ʪʠʧ 3 (M2715HDS) 14,68 2,40 0,85 40 17,27 7 2,82 

 

ʇʨʝʜʧʦʣʘʛʘʝʤʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ï ʩʪʦʷʥʢʘ ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ ʫ ʩʧʝʮʠ-

ʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʥʦʛʦ ʙʝʨʝʛʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʠʪʘʥʠʷ ʩ ʙʝʨʝʛʘ ʚ ʫʩʣʦʚʠʷʭ ʚʦʜʥʳʭ 

ʙʘʩʩʝʡʥʦʚ ʨʘʟʨʷʜʘ çʈè ʩ ʚʳʩʦʪʦʡ ʚʦʣʥʳ ʥʝ ʙʦʣʝʝ 1,2 ʤ. ɺ ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʞʜʦʛʦ ʧʦʥ-

ʪʦʥʘ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʧʨʦʜʦʣʴʥʳʝ ʢʘʥʘʣʳ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʚʦʜʦʧʨʦʚʦʜʘ ʠ ʢʘʙʝʣʴʥʳʭ 

ʪʨʘʩʩ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʘʣʴʥʘʷ çʨʝʣʴʩʘè ʧʦ ʙʦʨʪʫ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʢ ʧʦʥʪʦʥʫ ʰʚʘʨʪʦʚʳʭ 

çʧʘʣʴʮʝʚè, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʰʚʘʨʪʦʚʢʫ ʩʫʜʦʚ ʤʘʣʦʤʝʨʥʦʛʦ ʬʣʦʪʘ. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 60, 2019 ʛ. 
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ɺʥʫʪʨʝʥʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʦʨʧʫʩʘ ʧʦʥʪʦʥʦʚ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʦ ʧʝʥʦʧʦʣʠʩʪʠ-

ʨʦʣʦʤ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʦʜʳ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʧʨʦʙʦʠʥ ʞʝ-

ʣʝʟʦʙʝʪʦʥʥʦʡ ʦʙʰʠʚʢʦʡ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʧʦʪʦʧʣʷʝʤʦʩʪʴ ʠ ʘʚʘʨʠʡʥʫʶ ʦʩʪʦʡʯʠʚʦʩʪʴ 

ʩʫʜʥʘ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʇʨʦʝʢʪʠʨʫʝʤʳʝ ʧʣʘʚʫʯʠʝ ʧʦʥʪʦʥʳ ʷʚʣʷʶʪʩʷ ʙʝʩʧʘʣʫʙʥʳʤʠ, ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ, ʙʝʟ 

ʥʘʜʩʪʨʦʝʢ, ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʶʪ ʜʦʩʪʫʧ ʚʥʫʪʨʴ ʢʦʨʧʫʩʘ. ʇʦ ʚʩʝʤʫ ʧʝʨʠʤʝʪʨʫ ʢʘʞʜʦ-

ʛʦ ʧʦʥʪʦʥʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʠʚʘʣʴʥʳʡ ʙʨʫʩ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʨʘʟʨʝʟʘʪʴʩʷ ʚ ʤʝʩʪʘʭ 

ʢʨʝʧʣʝʥʠʷ ʰʚʘʨʪʦʚʥʳʭ çʧʘʣʴʮʝʚè ʠ ʜʨʫʛʠʭ ʧʦʥʪʦʥʦʚ. 

ʂʣʘʩʩ ʙʝʪʦʥʘ ʧʦ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʜʣʷ ʧʣʠʪ ʥʘʨʫʞʥʦʡ ʦʙʰʠʚʢʠ ʧʦʥʪʦʥʦʚ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ çʆʅʀʂʉï2.5è ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʥʠʞʝ 

B45, ʧʦʵʪʦʤʫ ʚ ʨʘʩʯʝʪʘʭ ʜʣʷ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʦʙʰʠʚʢʠ ʢʦʨʧʫʩʘ ʠ ʧʦʧʝʨʝʯʥʳʭ ʧʝʨʝʙʦ-

ʨʦʢ ʧʨʠʥʷʪ ʪʷʞʝʣʳʡ ʙʝʪʦʥ ʢʣʘʩʩʘ ɺ45 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʆʉʊ 5.9267-87.  

ɼʣʷ ʘʨʤʠʨʦʚʘʥʠʷ ʢʦʨʧʫʩʦʚ ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʝʨʞʥʝʚʘʷ ʘʨʤʘ-

ʪʫʨʘ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʢʣʘʩʩʘ ɸ-III  (ɸ400) ʧʦ ɻʆʉʊ 5781-82. 

ʈʘʩʯʝʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʥʷʪʳʝ ʚ ʨʘʩʯʝʪʘʭ ʧʨʦʯʥʦʩʪʠ ʧʦ ʨʝʟʫʣʴ-

ʪʘʪʘʤ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʦʥʪʦʥʦʚ ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʇʈʈʈ [9], ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 3.  

ʊʘʙʣʠʮʘ 3 

ʈʘʩʯʝʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ 

1. ɹʝʪʦʥ ʪʷʞʝʣʳʡ ʢʣʘʩʩʘ ɺ45:  

1.1. ʉʞʘʪʠʝ ʦʩʝʚʦʝ (ʧʨʠʟʤʝʥʥʘʷ ʧʨʦʯʥʦʩʪʴ) Rʧʨ, ʄʇʘ 47,1 

1.2. ʈʘʩʪʷʞʝʥʠʝ ʦʩʝʚʦʝ Rʨ, ʄʇʘ 3,53 

1.3. ʅʘʯʘʣʴʥʳʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ Eʙ, ʄʇʘ 39200 

2. ɸʨʤʘʪʫʨʘ ʢʣʘʩʩʘ ɸ-III  (ɸ400):  

2.1. ʇʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ReH, ʄʇʘ 390 

2.2. ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ Eʘ, ʄʇʘ 200000 

3. ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʠʚʝʜʝʥʠʷ ʙʝʪʦʥʘ ʢ ʘʨʤʘʪʫʨʝ  0,196 

4. ʈʘʩʯʝʪʥʘʷ ʤʘʩʩʦʚʘʷ ʧʣʦʪʥʦʩʪʴ:  

4.1. ɹʝʪʦʥ ɟʙ, ʪ/ʤ
3 2,40 

4.2. ɾʝʣʝʟʦʙʝʪʦʥ ɟʞʙ, ʪ/ʤ
3 2,55 

4.3. ʉʪʘʣʴ ɟʩ, ʪ/ʤ
3 7,85 

 

ʈʘʩʯʝʪʳ ʦʙʱʝʡ ʠ ʤʝʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ ʚʳ-

ʧʦʣʥʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ [9,10,11,12,13,14]. 

ʆʙʱʠʝ ʠʟʛʠʙʘʶʱʠʝ ʤʦʤʝʥʪʳ ʥʘ ʪʠʭʦʡ ʚʦʜʝ ʄʪ.ʚ. ʥʘʡʜʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

çWINRAVNUSè (ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʈʈʈ) ʜʣʷ ʪʨʝʭ ʚʘʨʠʘʥʪʦʚ ʥʘʛʨʫʞʝʥʠʷ ʢʘʞʜʦʛʦ ʧʦʥʪʦ-

ʥʘ: 

ï ʩʫʜʥʦ ʧʦʨʦʞʥʝʤ; 

ï ʩʫʜʥʦ ʚ ʧʦʣʥʦʤ ʛʨʫʟʫ ʧʨʠ ʧʝʨʝʥʦʩʝ 5% ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ 

ʩʫʜʥʘ ʠʟ ʦʢʦʥʝʯʥʦʩʪʝʡ ʚ ʩʨʝʜʥʶʶ ʯʘʩʪʴ; 

ï ʩʫʜʥʦ ʚ ʧʦʣʥʦʤ ʛʨʫʟʫ ʧʨʠ ʧʝʨʝʥʦʩʝ 5% ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʠʟ 

ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʩʫʜʥʘ ʚ ʦʢʦʥʝʯʥʦʩʪʠ. 

ʉʦʩʪʘʚʣʝʥʘ ʚʝʩʦʚʘʷ ʥʘʛʨʫʟʢʘ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʥʪʦʥʘ. ʇʦʩʢʦʣʴʢʫ ʧʨʠʯʘʣʴʥʳʝ ʧʦʥʪʦ-

ʥʳ ʷʚʣʷʶʪʩʷ ʩʪʦʝʯʥʳʤʠ ʧʣʘʚʫʯʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʙʝʟ ʥʘʜʩʪʨʦʡʢʠ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʤʠʩʷ 

ʫ ʙʝʨʝʛʘ ʙʝʟ ʵʢʠʧʘʞʘ, ʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʥʪʦʥʘ ʜʣʷ ʩʦʩʪʦʷʥʠʷ çʚ ʛʨʫʟʫè ʨʘʩʩʤʘʪʨʠʚʘʝʪ-

ʩʷ ʫʩʣʦʚʥʘʷ ʥʘʛʨʫʟʢʘ (ʚʨʝʤʝʥʥʳʝ ʧʦʩʝʪʠʪʝʣʠ, ʩʣʫʯʘʡʥʳʡ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʛʨʫʟ ʧʨʠʯʘ-

ʣʠʚʘʶʱʠʭ ʩʫʜʦʚ ʠ ʧʨ.). 



ɹʦʨʠʩʦʚ ɸ.ʄ., ʇʨʷʥʠʯʥʠʢʦʚ ʂ.ʅ. 
ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʨʧʫʩʘ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ 
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ʀʟʛʠʙʘʶʱʠʝ ʤʦʤʝʥʪʳ ʦʧʨʝʜʝʣʝʥʳ ʩ ʫʯʝʪʦʤ ʜʝʡʩʪʚʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʦʣʥʦʚʦʛʦ 

ʤʦʤʝʥʪʘ, ʥʘʡʜʝʥʥʦʛʦ ʧʦ ʧʨʦʛʨʘʤʤʝ çMDVè (ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʈʈʈ) ʜʣʷ ʢʣʘʩʩʘ çʈè. ʈʘʩ-

ʯʝʪʥʳʝ ʠʟʛʠʙʘʶʱʠʝ ʤʦʤʝʥʪʳ ʠ ʧʝʨʝʨʝʟʳʚʘʶʱʠʝ ʩʠʣʳ ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ ʧʨʠʚʝ-

ʜʝʥʳ ʚ ʪʘʙʣ. 4. 

ʇʣʠʪʳ ʧʘʣʫʙʳ ʠ ʜʥʠʱʘ ʧʦʥʪʦʥʦʚ ʩ ʫʯʝʪʦʤ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘʛʨʫʟʢʠ ʚ ʨʘʡʦʥʝ ɼʇ 

ʘʨʤʠʨʦʚʘʥʳ ʦʜʥʦʡ ʘʨʤʘʪʫʨʥʦʡ ʩʝʪʢʦʡ ʧʦ ʨʘʩʪʷʥʫʪʦʡ ʟʦʥʝ ʙʝʪʦʥʘ. ʊʘʢʦʝ ʘʨʤʠʨʦʚʘʥʠʝ 

ʷʚʣʷʝʪʩʷ ʦʪʩʪʫʧʣʝʥʠʝʤ ʦʪ ʇʈʈʈ [9], ʥʦ ʚ ʨʘʩʯʝʪʘʭ ʧʨʦʯʥʦʩʪʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ 

ʚ ʨʘʩʯʝʪʥʳʭ ʩʝʯʝʥʠʷʭ ʜʦʩʪʘʪʦʯʥʘ. 

ʊʘʙʣʠʮʘ 4 

ʈʘʩʯʝʪʥʳʝ ʠʟʛʠʙʘʶʱʠʝ ʤʦʤʝʥʪʳ ʠ ʧʝʨʝʨʝʟʳʚʘʶʱʠʝ  

ʩʠʣʳ ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ 

ʊʠʧ ʧʦʥʪʦʥʘ ʉʦʩʪʦʷʥʠʝ 

ʥʘʛʨʫʟʢʠ 

ʀʟʛʠʙʘʶʱʠʝ ʤʦʤʝʥʪʳ, ʢʅȚʤ ʈʘʩʯʝʪʥʘʷ 

ʧʝʨʝʨʝʟʳ-

ʚʘʶʱʘʷ 

ʩʠʣʘ Q, ʢʅ 

ʆʩʘʜʢʘ 

ʩʨʝʜʥʷʷ 

ʊ, ʤ ʥʘ ʪʠʭʦʡ 

ʚʦʜʝ ʄ ʪʚ 

ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʡ ʚʦʣ-

ʥʦʚʦʡ ʄ ʜʚ 

ʨʘʩʯʝʪʥʳʡ 

ʄ 

ʪʠʧ 1 

(M3320BRS) 

ʧʨʦʛʠʙ 31,0 -300 -269 69,0 0,75 

ʧʝʨʝʛʠʙ 59,0 300 359 71,0 0,75 

ʪʠʧ 2 

(M3315HDS) 

ʧʨʦʛʠʙ 15,0 -200 -185 58,0 0,58 

ʧʝʨʝʛʠʙ 21,0 200 221 58,0 0,58 

ʪʠʧ 3 

(M2715HDS) 

ʧʨʦʛʠʙ 9,0 -200 -191 61,0 0,58 

ʧʝʨʝʛʠʙ 15,0 200 215 62,0 0,58 

 

ɸʨʤʘʪʫʨʘ ʧʣʠʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʈʝʛʠʩʪʨʘ [9,10,12,13] ʨʘʩʧʦʣʘʛʘʝʪ-

ʩʷ ʚ ʰʘʭʤʘʪʥʦʤ ʧʦʨʷʜʢʝ ʧʨʠ ʪʦʣʱʠʥʝ ʧʣʠʪʳ ʜʦ 80 ʤʤ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʪʨʝʙʫʝʤʦʛʦ 

ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ. ɺ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʧʨʠʥʷʪʦ ʮʝʧʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʝʨʞʥʝʡ ʘʨʤʘ-

ʪʫʨʳ ʚ ʧʣʠʪʘʭ ʥʘʨʫʞʥʦʡ ʦʙʰʠʚʢʠ. ʇʦʧʝʨʝʯʥʳʝ ʧʝʨʝʙʦʨʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʈʈʈ [9] 

ʘʨʤʠʨʦʚʘʥʳ ʦʜʥʦʡ ʧʦʣʫʪʦʨʥʦʡ ʩʝʪʢʦʡ. ɺ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʭ ʦʧʦʨʥʳʭ ʩʝʯʝʥʠʷʭ 

ʧʣʠʪ ʦʙʰʠʚʢʠ (ʚ ʩʦʝʜʠʥʝʥʠʠ ʙʦʨʪʘ ʩ ʧʘʣʫʙʦʡ ʠ ʜʥʠʱʝʤ), ʚ ʨʘʡʦʥʝ ʪʨʘʥʮʝʚ, ʘ ʪʘʢʞʝ ʚ 

ʫʟʣʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘ ʧʦʧʝʨʝʯʥʳʭ ʧʝʨʝʙʦʨʢʘʭ ʫ ʙʦʨʪʘ ʵʣʝʤʝʥʪʦʚ ʷʢʦʨʥʦʡ ʩʠʩʪʝʤʳ 

çSeaflexè ʚʳʧʦʣʥʝʥʦ ʫʩʠʣʝʥʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ ʢʦʨʧʫʩʘ. 

ʉʭʝʤʳ ʘʨʤʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʨʧʫʩʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʨʝʭ ʪʠʧʦʚ 

ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 5ï7. 

ɸʥʘʣʠʟ ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʥʪʦʥʦʚ, ʟʘʱʠʪʥʳʭ ʩʣʦʝʚ ʙʝ-

ʪʦʥʘ, ʢʦʣʠʯʝʩʪʚʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʨʤʘʪʫʨʳ ʚ ʵʣʝʤʝʥʪʘʭ ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ ʢʦʨʧʫʩʘ 

[9,10,11,12,13,15,16] ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʨʧʫʩʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʭ ʧʨʠʯʘʣʴ-

ʥʳʭ ʧʦʥʪʦʥʦʚ ʧʨʦʝʢʪʦʚ M3320BRS (ʪʠʧ 1), M3315HDS (ʪʠʧ 2), M2715HDS (ʪʠʧ 3) 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʇʨʘʚʠʣ [9, 10] ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʣʘʚʫʯʠʤ ʦʙʲʝʢʪʘʤ ʢʣʘʩ-

ʩʘ çʈ 1,2 IVè. 

ʇʨʦʯʥʦʩʪʴ ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ ʧʦ ʥʦʨʤʘʣʴʥʳʤ, ʥʘʢʣʦʥʥʳʤ ʩʝʯʝʥʠʷʤ ʠ ʪʨʝʱʠ-

ʥʦʩʪʦʡʢʦʩʪʴ ʥʘʨʫʞʥʦʡ ʦʙʰʠʚʢʠ ʧʨʠ ʦʙʱʝʤ ʠʟʛʠʙʝ ʢʦʨʧʫʩʘ ʧʨʦʚʝʨʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʇʈʈʈ [9,11,12,13,14]. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʦʙʱʝʡ ʧʨʦʯʥʦʩʪʠ ʠ ʪʨʝ-

ʱʠʥʦʩʪʦʡʢʦʩʪʠ ʧʦʥʪʦʥʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 14ï16. 

ʄʝʩʪʥʘʷ ʧʨʦʯʥʦʩʪʴ ʧʣʠʪ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʦʙʰʠʚʢʠ ʜʥʠʱʘ, ʙʦʨʪʘ, ʧʘʣʫʙʳ ʠ ʪʨʘʥ-

ʮʝʚ ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ 

[9,10,11,12,13,14] ʠ ʧʨʦʚʝʨʝʥʘ ʧʦ ʨʘʟʨʫʰʘʶʱʠʤ ʫʩʠʣʠʷʤ ʠ ʥʘ ʨʘʩʢʨʳʪʠʝ ʪʨʝʱʠʥ. ʈʝ-

ʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʤʝʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʢʦʨʧʫʩʘ ʧʦʥʪʦʥʦʚ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 17. 

 

 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 60, 2019 ʛ. 

ʈʘʟʜʝʣ I. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ʘ) 

 

 
 

ʙ) ʚ) 

ʈʠʩ. 5. ʉʭʝʤʘ ʘʨʤʠʨʦʚʘʥʠʷ ʧʦʥʪʦʥʘ ʧʨʦʝʢʪʘ M3320BRS (ʪʠʧ 1):  

ʘ ï ʩʨʝʜʥʷ ̫ʯʘʩʪʠ ʢʦʨʧʫʩʘ; ʙ ï ʧʦʧʝʨʝʯʥʘʷ ʧʝʨʝʙʦʨʢʘ; ʚ ï ʪʨʘʥʝʮ 

 

 



ɹʦʨʠʩʦʚ ɸ.ʄ., ʇʨʷʥʠʯʥʠʢʦʚ ʂ.ʅ. 
ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʨʧʫʩʘ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ 
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ʘ) 

 

 
ʙ) ʚ) 

ʈʠʩ. 6. ʉʭʝʤʘ ʘʨʤʠʨʦʚʘʥʠʷ ʧʦʥʪʦʥʘ ʧʨʦʝʢʪʘ M3315HDS (ʪʠʧ 2):  

ʘ ï ʩʨʝʜʥʷ ̫ʯʘʩʪʠ ʢʦʨʧʫʩʘ; ʙ ï ʧʦʧʝʨʝʯʥʘʷ ʧʝʨʝʙʦʨʢʘ; ʚ ï ʪʨʘʥʝʮ 
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ʘ) 

 

 
 

ʙ) ʚ) 

ʈʠʩ. 7. ʉʭʝʤʘ ʘʨʤʠʨʦʚʘʥʠʷ ʧʦʥʪʦʥʘ ʧʨʦʝʢʪʘ M2715HDS (ʪʠʧ 3):  

ʘ ï ʩʨʝʜʥʷ ̫ʯʘʩʪʠ ʢʦʨʧʫʩʘ; ʙ ï ʧʦʧʝʨʝʯʥʘʷ ʧʝʨʝʙʦʨʢʘ; ʚ ï ʪʨʘʥʝʮ 
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ʊʘʙʣʠʮʘ 14 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʦʙʱʝʡ ʧʨʦʯʥʦʩʪʠ  

ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʙʨʫʩʘ ʧʦʥʪʦʥʦʚ  

ʧʦ ʥʦʨʤʘʣʴʥʳʤ ʩʝʯʝʥʠʷʤ 

ʊʠʧ  

ʧʦʥʪʦʥʘ 

ʉʦʩʪʦʷ-

ʥʠʝ 

ʥʘʛʨʫʟ-

ʢʠ 

ʇʨʠʚʝʜʝʥʥʘʷ ʧʣʦ-

ʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ, ʩʤ2 

ʄʦʤʝʥʪ 

ʠʥʝʨʮʠʠ 

ʩʝʯʝʥʠʷ, 

ʩʤ4 

ʇʨʦʜʦʣʴʥʳʝ ʫʩʠ-

ʣʠʷ ʨʘʩʪʷʞʝʥʠʷ, 

ʢʅ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ 

ʜʥʠ

ʱʝ  

ʙʦʨʪ ʧʘʣʫʙʘ ʨʘʩʯʝʪ-

ʥʳʝ N 

ʨʘʟʨʫ-

ʰʘʁ-

ʱʠʝ Nʨ 

ʨʘʩʯʝʪ-

ʥʳʡ 

k= Nʨ/N 

ʜʦʧʫʩ-

ʢʘʝʤʳʡ 

[k] 

ʪʠʧ 1 

(M3320BRS) 

ʧʨʦʛʠʙ 11,8 213,2 370,8 50,67 269 460 1,71 1,6 

ʧʝʨʝʛʠʙ 364,6 213,2 18,0 53,63 359 702 1,96 1,6 

ʪʠʧ 2 

(M3315HDS) 

ʧʨʦʛʠʙ 11,0 180,8 309,6 30,68 218 429 1,97 1,6 

ʧʝʨʝʛʠʙ 363,8 180,8 15,6 34,27 260 608 2,34 1,6 

ʪʠʧ 3 

(M2715HDS) 

ʧʨʦʛʠʙ 9,9 180,8 249,6 28,4 224 386 1,72 1,6 

ʧʝʨʝʛʠʙ 292,1 180,8 14,4 31,86 253 561 2,22 1,6 

ʊʘʙʣʠʮʘ 15 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʧʨʦʯʥʦʩʪʠ ʙʦʨʪʦʚ ʧʦʥʪʦʥʦʚ  

ʧʦ ʥʘʢʣʦʥʥʳʤ ʩʝʯʝʥʠʷʤ ʧʨʠ ʦʙʱʝʤ ʠʟʛʠʙʝ 

ʊʠʧ ʧʦʥʪʦʥʘ ʈʘʩʯʝʪʥʘʷ ʧʝʨʝʨʝ-

ʟʳʚʘʶʱʘʷ 

ʩʠʣʘ Q, ʢʅ 

ʉʫʤʤʘʨʥʘʷ 

ʪʦʣʱʠʥʘ ʙʦʨ-

ʪʦʚ ×t, ʩʤ 

ɺʳʩʦʪʘ  

ʙʦʨʪʘ 

ʅ, ʤ 

ʂʘʩʘʪʝʣʴʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ 

Ű, ʄʇʘ 

ʆʪʥʦʰʝʥʠʝ 

R ʨ / k 1 

ʪʠʧ 1 

(M3320BRS) 

71,0 12,0 1,0 0,59 1,41 

ʪʠʧ 2 

(M3315HDS) 

58,0 12,0 0,85 0,57 1,41 

ʪʠʧ 3 

(M2715HDS) 

62,0 12,0 0,85 0,61 1,41 

ʊʘʙʣʠʮʘ 16 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ  

ʧʦ ʥʦʨʤʘʣʴʥʳʤ ʩʝʯʝʥʠʷʤ ʧʦʥʪʦʥʦʚ  

ʧʨʠ ʦʙʱʝʤ ʠʟʛʠʙʝ 

ʊʠʧ ʧʦʥʪʦʥʘ ʕʣʝʤʝʥʪ 

ʢʦʨʧʫʩʘ 

ʇʨʦʜʦʣʴʥʳʝ 

ʫʩʠʣʠʷ ʨʘʩʪʷ-

ʞʝʥʠʷ N, ʢʅ 

ʈʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʪʨʝʱʠ-

ʥʘʤʠ l  ʪʨ , ʤʤ 

ʐʠʨʠʥʘ ʨʘʩʢʨʳʪʠʷ ʪʨʝʱʠʥ, 

ʤʤ 

ʨʘʩʯʝʪʥʘʷ 

ʘ ʪ 

ʜʦʧʫʩʢʘʝʤʘʷ 

[ʘ ʪ] 

ʪʠʧ 1 

(M3320BRS) 

ʧʘʣʫʙʘ 359 93 0,06 0,07 

ʜʥʠʱʝ 269 111 0,07 0,08 

ʪʠʧ 2 

(M3315HDS) 

ʧʘʣʫʙʘ 260 78 0,04 0,07 

ʜʥʠʱʝ 218 116 0,06 0,08 

ʪʠʧ 3 

(M2715HDS) 

ʧʘʣʫʙʘ 253 69 0,04 0,07 

ʜʥʠʱʝ 224 111 0,07 0,08 

 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʦʙʱʝʡ ʠ ʤʝʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʪʨʝʙʦʚʘʥʠʷ 

ʇʈʈʈ [9,10] ʢ ʧʨʦʯʥʦʩʪʠ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʙʝʟʥʘʙʦʨʥʦʛʦ ʢʦʨʧʫʩʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥ-
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ʥʳʭ ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ M3320BRS (ʪʠʧ 1), M3315HDS (ʪʠʧ 2), M2715HDS (ʪʠʧ 3) 

ʜʣʷ ʧʣʘʚʫʯʠʭ ʦʙʲʝʢʪʦʚ ʢʣʘʩʩʘ çʈ 1,2 IVè ʚʳʧʦʣʥʷʶʪʩʷ. 

ʊʘʙʣʠʮʘ 17 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʤʝʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ  

ʵʣʝʤʝʥʪʦʚ ʢʦʨʧʫʩʘ ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ 

ʊʠʧ ʧʦʥʪʦʥʘ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʕʣʝʤʝʥʪʳ ʢʦʨʧʫʩʘ ʩʫʜʥʘ 

ʧʘʣʫʙʘ ʙʦʨʪ ʜʥʠʱʝ 

ʥʘ ʦʧʦʨʝ ʚ ʧʨʦʣʝʪʝ ʥʘ ʦʧʦʨʝ ʥʘ ʦʧʦʨʝ ʚ ʧʨʦʣʝʪʝ 

ʪʠʧ 1 

(M3320BRS) 

ʨʘʩʯʝʪʥʳʡ ʤʦʤʝʥʪ  

ʄ, ʢʅȚʤ 

3,67 -3,36 7,02 -7,02 5,66 

ʨʘʟʨʫʰʘʶʱʠʡ ʤʦʤʝʥʪ 

ʄ ʨ, ʢʅȚʤ 

8,93 6,51 11,33 11,33 12,64 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʧʘʩʘ 

ʧʨʦʯʥʦʩʪʠ k ([k]) 

2,4 (1,5) 1,94 (1,5) 1,61 (1,5) 1,61 (1,5) 2,23 (1,5) 

ʰʠʨʠʥʘ ʨʘʩʢʨʳʪʠʷ 

ʪʨʝʱʠʥ ʘ ʪ ([ʘ ʪ]) 

0,06 

(0,08) 

0,11 (0,15) 0,06 

(0,08) 

0,06 

(0,10) 

0,06 

(0,15) 

ʪʠʧ 2 

(M3315HDS) 

ʨʘʩʯʝʪʥʳʡ ʤʦʤʝʥʪ  

ʄ, ʢʅȚʤ 

4,00 -2,76 6,41 -6,41 4,74 

ʨʘʟʨʫʰʘʶʱʠʡ ʤʦʤʝʥʪ 

ʄ ʨ, ʢʅȚʤ 

8,72 5,96 11,33 11,33 12,64 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʧʘʩʘ 

ʧʨʦʯʥʦʩʪʠ k ([k]) 

2,18 

(1,5) 

2,16 (1,5) 1,76 (1,5) 1,76 (1,5) 2,66 (1,5) 

ʰʠʨʠʥʘ ʨʘʩʢʨʳʪʠʷ 

ʪʨʝʱʠʥ ʘ ʪ ([ʘ ʪ]) 

0,04 

(0,08) 

0,08 (0,15) 0,06 

(0,08) 

0,06 

(0,10) 

0,06 

(0,15) 

ʪʠʧ 3 

(M2715HDS) 

ʨʘʩʯʝʪʥʳʡ ʤʦʤʝʥʪ  

ʄ, ʢʅȚʤ 

2,45 -1,83 3,73 -3,73 3,34 

ʨʘʟʨʫʰʘʶʱʠʡ ʤʦʤʝʥʪ 

ʄ ʨ, ʢʅȚʤ 

4,41 3,04 5,86 5,86 6,62 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʧʘʩʘ 

ʧʨʦʯʥʦʩʪʠ k ([k]) 

1,8 (1,5) 1,66 (1,5) 1,57 (1,5) 1,57 (1,5) 1,95 (1,5) 

ʰʠʨʠʥʘ ʨʘʩʢʨʳʪʠʷ 

ʪʨʝʱʠʥ ʘ ʪ ([ʘ ʪ]) 

0,07 

(0,08) 

0,06 (0,15) 0,03 

(0,08) 

0,04 

(0,10) 

0,03 

(0,15) 

ʇʨʠʤʝʯʘʥʠʝ. ɺ ʩʢʦʙʢʘʭ ʧʨʠʚʝʜʝʥʳ ʜʦʧʫʩʢʘʝʤʳʝ ʇʈʈʈ [9] ʟʥʘʯʝʥʠʷ ʥʦʨʤʠʨʫʝʤʳʭ ʚʝʣʠʯʠʥ 

 

ʈʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʇʈʈʈ [9] ʢ ʵʣʝʤʝʥʪʘʤ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʨʧʫ-

ʩʘ ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ, ʧʨʠʥʷʪʳʭ ʚ ʧʨʦʝʢʪʝ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 18. 

ʊʘʙʣʠʮʘ 18 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʇʈʈʈ [9] ʢ ʵʣʝʤʝʥʪʘʤ ʢʦʥʩʪʨʫʢʮʠʠ  

ʢʦʨʧʫʩʘ ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ, ʧʨʠʥʷʪʳʭ ʚ ʧʨʦʝʢʪʝ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʈʘʟʤʝʨʳ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʦ ʇʈʈʈ 

[9] 

ʧʨʦʝʢʪ 

ʪʠʧ 1 

(M3320BRS) 

ʪʠʧ 2 

(M3315HDS) 

ʪʠʧ 3 

(M2715HDS) 

1. ʄʘʪʝʨʠʘʣ ʢʦʨʧʫʩʘ     

1.1 ʙʝʪʦʥ ɺ30 ɺ45 ɺ45 ɺ45 

1.2 ʘʨʤʘʪʫʨʘ ɸ-III  

(ɸ400) 

ɸ400 ɸ400 ɸ400 
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ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʈʘʟʤʝʨʳ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʦ ʇʈʈʈ 

[9] 

ʧʨʦʝʢʪ 

ʪʠʧ 1 

(M3320BRS) 

ʪʠʧ 2 

(M3315HDS) 

ʪʠʧ 3 

(M2715HDS) 

2. ʄʠʥʠʤʘʣʴʥʳʝ ʪʦʣʱʠʥʳ ʩʚʷʟʝʡ, 

ʤʤ 

    

2.1 ʥʘʩʪʠʣ ʧʘʣʫʙʳ h ʧ 40 60 50 50 

2.2 ʦʙʰʠʚʢʘ ʙʦʨʪʘ h ʙ 60 60 60 60 

2.3 ʦʙʰʠʚʢʘ ʜʥʠʱʘ h ʜʥ 60 60 60 60 

2.4 ʧʣʠʪʘ ʪʨʘʥʮʘ h ʪʨ 60 90 70 60 

2.5 ʧʦʧʝʨʝʯʥʘʷ ʧʝʨʝʙʦʨʢʘ h ʧʝʨ 35 40 40 40 

3. ɿʘʱʠʪʥʳʡ ʩʣʦʡ ʙʝʪʦʥʘ, ʤʤ     

3.1 ʜʣʷ ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʘ ʥ  10 10 10 10 

3.2 ʜʣʷ ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʘ ʚ  5 5 5 5 

 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʈʘʟʤʝʨʳ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʦ ʇʈʈʈ [1] ʧʨʦʝʢʪ 

ʪʠʧ 1 

(M3320BRS) 

ʪʠʧ 2 

(M3315HDS) 

ʪʠʧ 3 

(M2715HDS) 

4. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʨʤʘʪʫʨʥʳʭ 

ʩʝʪʦʢ, ʤʤ 

    

4.1 ʧʘʣʫʙʘ     

ʘ) ʚʥʫʪʨʝʥʥʷʷ ʩʝʪʢʘ      

- ʧʨʦʜʦʣʴʥʘʷ ʘʨʤʘʪʫʨʘ d w Ĭ t w 6Ĭ240 (200; 200) 6Ĭ150 6Ĭ150 6Ĭ150 

- ʧʦʧʝʨʝʯʥʘʷ ʘʨʤʘʪʫʨʘ d Ĭ t  6Ĭ150 (125; 125) 8Ĭ150 6Ĭ75 6Ĭ75 

ʙ) ʥʘʨʫʞʥʘʷ ʩʝʪʢʘ      

- ʧʨʦʜʦʣʴʥʘʷ ʘʨʤʘʪʫʨʘ d w Ĭ t w 6Ĭ240 (200; 200) 6Ĭ150 6Ĭ150 6Ĭ150 

- ʧʦʧʝʨʝʯʥʘʷ ʘʨʤʘʪʫʨʘ d Ĭ t  6Ĭ150 (125; 125) 10Ĭ150 8Ĭ75 6Ĭ75 

4.2 ʙʦʨʪ     

ʘ) ʚʥʫʪʨʝʥʥʷʷ ʩʝʪʢʘ      

- ʧʨʦʜʦʣʴʥʘʷ ʘʨʤʘʪʫʨʘ d w Ĭ t w 6Ĭ240 6Ĭ200 6Ĭ150 6Ĭ150 

- ʧʦʧʝʨʝʯʥʘʷ ʘʨʤʘʪʫʨʘ d Ĭ t  6Ĭ150 8Ĭ150 8Ĭ150 8Ĭ150 

ʙ) ʥʘʨʫʞʥʘʷ ʩʝʪʢʘ      

- ʧʨʦʜʦʣʴʥʘʷ ʘʨʤʘʪʫʨʘ d w Ĭ t w 6Ĭ240 6Ĭ150 6Ĭ150 6Ĭ150 

- ʧʦʧʝʨʝʯʥʘʷ ʘʨʤʘʪʫʨʘ d Ĭ t  6Ĭ150 8Ĭ75 8Ĭ75 8Ĭ150 

4.3 ʜʥʠʱʝ     

ʘ) ʚʥʫʪʨʝʥʥʷʷ ʩʝʪʢʘ      

- ʧʨʦʜʦʣʴʥʘʷ ʘʨʤʘʪʫʨʘ d w Ĭ t w 6Ĭ240 6Ĭ150 6Ĭ150 6Ĭ150 

- ʧʦʧʝʨʝʯʥʘʷ ʘʨʤʘʪʫʨʘ d Ĭ t  6Ĭ150 8Ĭ75 8Ĭ75 8Ĭ75 

ʙ) ʥʘʨʫʞʥʘʷ ʩʝʪʢʘ      

- ʧʨʦʜʦʣʴʥʘʷ ʘʨʤʘʪʫʨʘ d w Ĭ t w 6Ĭ240 6Ĭ150 6Ĭ150 6Ĭ150 

- ʧʦʧʝʨʝʯʥʘʷ ʘʨʤʘʪʫʨʘ d Ĭ t  6Ĭ150 8Ĭ75 8Ĭ75 8Ĭ75 

4.4 ʪʨʘʥʝʮ     

ʘ) ʚʥʫʪʨʝʥʥʷʷ ʩʝʪʢʘ      

- ʧʨʦʜʦʣʴʥʘʷ ʘʨʤʘʪʫʨʘ d w Ĭ t w 6Ĭ360 (280; 240) 6Ĭ200 6Ĭ200 6Ĭ200 
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ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʈʘʟʤʝʨʳ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʦ ʇʈʈʈ [1] ʧʨʦʝʢʪ 

ʪʠʧ 1 

(M3320BRS) 

ʪʠʧ 2 

(M3315HDS) 

ʪʠʧ 3 

(M2715HDS) 

- ʧʦʧʝʨʝʯʥʘʷ ʘʨʤʘʪʫʨʘ d Ĭ t  6Ĭ225 (175; 150) 6Ĭ150 6Ĭ150 6Ĭ150 

ʙ) ʥʘʨʫʞʥʘʷ ʩʝʪʢʘ      

- ʧʨʦʜʦʣʴʥʘʷ ʘʨʤʘʪʫʨʘ d w Ĭ t w 6Ĭ360 (280; 240) 8Ĭ200 6Ĭ150 6Ĭ200 

- ʧʦʧʝʨʝʯʥʘʷ ʘʨʤʘʪʫʨʘ d Ĭ t  6Ĭ225 (175; 150) 6Ĭ150 6Ĭ150 6Ĭ150 

4.5 ʧʦʧʝʨʝʯʥʘʷ ʧʝʨʝʙʦʨʢʘ (ʧʦʣʫ-

ʪʦʨʥʘʷ ʩʝʪʢʘ) 

    

- ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʘʨʤʘʪʫʨʘ  

d w Ĭ t w 

6Ĭ160 8Ĭ150 8Ĭ150 8Ĭ150 

- ʚʝʨʪʠʢʘʣʴʥʘʷ ʘʨʤʘʪʫʨʘ d Ĭ t  6Ĭ100 8Ĭ100 8Ĭ100 8Ĭ100 

ʇʨʠʤʝʯʘʥʠʝ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʨʤʘʪʫʨʥʳʭ ʩʝʪʦʢ ʚ ʩʢʦʙʢʘʭ ʧʨʠʚʝʜʝʥ ʰʘʛ ʘʨʤʘʪʫʨʳ ʜʣʷ ʧʦʥ-

ʪʦʥʦʚ ʪʠʧʘ 2 ʠ ʪʠʧʘ 3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʊʨʝʙʦʚʘʥʠʷ ʇʈʈʈ [9, 10] ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʛʣʘʚʥʳʭ ʨʘʟʤʝʨʝʥʠʡ, ʢʦʥʩʪʨʫʢʮʠʠ 

ʢʦʨʧʫʩʘ, ʧʨʦʯʥʦʩʪʠ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ ʧʨʦʝʢʪʦʚ M3320BRS 

(ʪʠʧ 1), M3315HDS (ʪʠʧ 2) ʠ M2715HDS (ʪʠʧ 3) ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥ-

ʥʳʡ ʫʯʝʪ ʠ ʧʨʠʩʚʦʝʥʠʷ ʠʤ ʢʣʘʩʩʘ ʧʣʘʚʫʯʠʭ ʦʙʲʝʢʪʦʚ çʈ 1,2 IVè ʈʦʩʩʠʡʩʢʦʛʦ ʈʝʯʥʦʛʦ 

ʈʝʛʠʩʪʨʘ ʚʳʧʦʣʥʷʶʪʩʷ. 

2. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʙʝʪʦʥʘ ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʢʣʘʩʩʘ ɺ30 ʚʤʝʩʪʦ ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʧʨʦʝʢʪʝ ʙʝʪʦʥʘ 

ʢʣʘʩʩʘ ɺ45. ʊʘʢʞʝ ʠʤʝʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʨʝʟʝʨʚ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

ʵʣʝʤʝʥʪʦʚ ʢʦʨʧʫʩʘ ʘʨʤʘʪʫʨʳ ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʘ ʠ ʙʦʣʴʰʝʛʦ ʰʘʛʘ ʝʝ ʫʩʪʘʥʦʚʢʠ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ ʩʪʦʠʤʦʩʪʴ ʧʦʩʪʨʦʡʢʠ ʧʦʥʪʦʥʦʚ.  

3. ʈʘʩʯʝʪʳ ʧʨʦʯʥʦʩʪʠ ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʨʤʠʨʦʚʘʥʠʷ ʦʙʰʠʚʢʠ ʜʥʠʱʘ ʠ 

ʥʘʩʪʠʣʘ ʧʘʣʫʙʳ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ ʧʨʠʯʘʣʴʥʳʭ ʧʦʥʪʦʥʦʚ ʦʜʠʥʘʨʥʦʡ ʩʝʪʢʦʡ 

ʚʤʝʩʪʦ ʪʨʝʙʦʚʘʥʠʷ ʇʈʈʈ [9] ʧʦ ʫʩʪʘʥʦʚʢʝ ʜʚʫʭ ʩʝʪʦʢ (ʩ ʥʘʨʫʞʥʦʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦ-

ʨʦʥʳ ʧʣʠʪʳ). 

4. ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʳʤ ʢʘʜʨʦʚʳʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʩʧʦʩʦʙ-

ʥʳʤ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʪʝʭʥʠʯʝʩʢʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʧʨʠʯʘʣʴʥʳʭ ʞʝ-

ʣʝʟʦʙʝʪʦʥʥʳʭ ʧʦʥʪʦʥʦʚ ʠ ʚʦʟʤʦʞʥʦʡ ʠʭ ʧʦʩʪʨʦʡʢʦʡ ʥʘ ɻʦʨʦʜʝʮʢʦʡ ʩʫʜʦʚʝʨʬʠ ʆʆʆ 

çʉʉʂè, ʠʤʝʶʱʝʡ 40-ʣʝʪʥʠʡ ʦʧʳʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʨʠʯʘʣʦʚ ʧʦ ʟʘʢʘ-

ʟʘʤ ʄʠʥʦʙʦʨʦʥʳ. 
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Annotation. The results of verification of compliance with the requirements of the Rules of 

the Russian River Register (RRRR) to the design and strength of the hulls of berthing pon-

toons of three types built by Marinetek: M3320BRS, M3315HDS, M2715HDS, made of rein-

forced concrete. Mooring pontoons rack type designed for mooring small boats with dis-

placement of up to 200 tons, can be used as single berths or be interconnected for the for-

mation of floating piers of different lengths and configuration. Conducted instrumental re-

searches of berthing pontoons with the definition of the main dimensions, the thickness of 

the cladding, the scheme of reinforcement plates of the shell plating strength of concrete. 

The inner space of the pontoons is filled with polystyrene foam to ensure unsinkability. In 

accordance with the RRRR calculations of strength and crack resistance of the main body 

bonds of the three types of mooring pontoons. The results of comparing the requirements 

of RRRR to the structural elements of the hull mooring pontoons adopted in the project. It 

is shown that the requirements of the RRRR on the hull structure, strength and crack re-

sistance of mooring pontoons of projects M3320BRS, M3315HDS and M2715HDS for 

classification and assignment of the class of floating objects "P 1,2 IV" of the Russian Riv-

er Register are fulfilled. 
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ʋɼɽʈɾɸʅʀʗ ʉʋɼʅɸ ʉ ʂʆʃɽʉʅʓʄ  

ɼɺʀɾʀʊɽʃʔʅʆ-ʈʋʃɽɺʓʄ ʂʆʄʇʃɽʂʉʆʄ ʅɸ ʂʋʈʉɽ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʫʜʥʦ, ʢʦʣʝʩʥʳʡ ʜʚʠʞʠʪʝʣʴʥʦ-ʨʫʣʝʚʦʡ ʢʦʤʧʣʝʢʩ, ʘʣʛʦʨʠʪʤ ʫʜʝʨʞʘ-

ʥʠʷ ʩʫʜʥʘ ʥʘ ʢʫʨʩʝ, ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʨʦʷʱʠʝʩʷ ʚ ʈʦʩʩʠʠ ʩʫʜʘ ʩ ʢʦʣʝʩʥʳʤ ʧʨʠʚʦʜʦʤ ʥʝ ʠʤʝʶʪ ʥʘ ʙʦʨʪʫ ʪʨʘ-

ʜʠʮʠʦʥʥʦʛʦ ʨʫʣʷ, ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʯʘʩ-

ʪʦʪʳ ʚʨʘʱʝʥʠʷ ʛʨʝʙʥʳʭ ʢʦʣʝʩ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʟʚʦʣʠʣʦ ʚʳʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʜʣʷ ʠʜʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʦʪʩʫʪʩʪʚʠʝ 

ʚʝʪʨʘ, ʚʦʣʥʳ ʠ ʪ.ʜ.). ɺʥʝʩʝʥʠʝ ʚ ʤʦʜʝʣʴ ʚʦʟʤʫʱʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʘ ʠʤʝʥʥʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʚʝʪʨʘ ʨʘʟʥʦʡ ʩʠʣʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʥʦʩʠʪ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝ-

ʥʠʷ ʫʜʝʨʞʘʥʠʝʤ ʩʫʜʥʘ ʥʘ ʢʫʨʩʝ. 

ɺ ʩʪʘʪʴʝ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʦʠʩʢʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʦʙʣʘʩ-

ʪʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʥʘʣʠʯʠʷ ʚʦʟʤʫʱʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ 3 ʩʫʜʥʘ ʩ ʢʦʣʝʩʥʳʤ ʜʚʠʞʠʪʝʣʴʥʦ-

ʨʫʣʝʚʳʤ ʢʦʤʧʣʝʢʩʦʤ (ʂɼʈʂ), ʚʝʜʝʪʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʯʝʪʚʝʨʪʦʛʦ ʢʨʫʧʥʦʛʦ ʧʘʩʩʘʞʠʨ-

ʩʢʦʛʦ ʩʫʜʥʘ ʧʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʴʶ 180 ʯʝʣʦʚʝʢ ʩ ʨʘʟʤʝʨʘʤʠ 81,6 * 13,8 * 9,5 ʤ, 

ʠʤʝʶʱʝʛʦ ʦʩʘʜʢʫ ʚʩʝʛʦ 1,2 ʤ [1, 2, 3]. ʋ ʩʫʜʦʚ ʜʘʥʥʦʛʦ ʪʠʧʘ ʦʪʩʫʪʩʪʚʫʝʪ ʨʫʣʴ, ʫʧʨʘʚ-

ʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʚʳʙʦʨʘ ʩʦʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʜʚʫʭ ʛʨʝʙʥʳʭ 

ʢʦʣʝʩ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʢʦʨʤʦʚʦʡ ʯʘʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʩʪʦʪʥʳʭ ʧʨʠʚʦʜʦʚ ʠ ʘʩʠʥ-

ʭʨʦʥʥʳʭ ʧʨʠʚʦʜʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʛʨʝʙʥʳʭ ʢʦʣʝʩ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʦʦʪ-

ʥʦʰʝʥʠʝ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩ ʧʨʘʢʪʠʯʝʩʢʠ ʩ ʣʶʙʦʡ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ ʚʦ ʚʩʝʤ 

ʚʦʟʤʦʞʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ (ʦʪ ʥʫʣʷ ʜʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʚʧʝʨʝʜ, ʥʘʟʘʜ ʠʣʠ ʚʨʘʟʜʨʘʡ). ʉʫʜʥʦ ʩ ʂɼʈʂ ʦʩʪʨʦ ʨʝʘʛʠʨʫʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʛʨʝʙʥʳʭ ʢʦʣʝʩ, ʯʪʦ ʧʨʠ ʨʫʯʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʪʨʝʙʫʝʪ 

ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʫʜʦʚʦʜʠʪʝʣʷ (ʫʧʨʘʚʣʝʥʠʝ ʯʘʩʪʦʪʘʤʠ ʚʨʘʱʝʥʠʷ ʛʨʝʙʥʳʭ ʢʦʣʝʩ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʚʫʤʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʜʞʦʡʩʪʠʢʘʤʠ). ʕʪʘ ʧʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʧʨʠ ʘʚʪʦ-

ʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ. ʅʘ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʩʫʜʘʭ ʩ ʂɼʈʂ ʫʩʪʘʥʦʚʣʝʥʳ 

ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ (ʨʠʩ. 1), ʨʘʟʨʘʙʦʪʘʥʥʳʝ ɺɻɸɺʊ [4]. 
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ʈʠʩ. 1. ʂʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʘ ʩ ʂɼʈʂ 

ʉʫʜʦʚʦʜʠʪʝʣʴ ʦʜʥʠʤ ʜʞʦʡʩʪʠʢʦʤ ʟʘʜʘʝʪ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ, ʚʪʦʨʳʤ ï ʥʘ-

ʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ. ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʙʠʨʘʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʯʘʩʪʦʪ ʚʨʘʱʝ-

ʥʠʷ ʛʨʝʙʥʳʭ ʢʦʣʝʩ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʥʥʦʛʦ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ. ɺʳʩʦʢʠʝ ʢʘʯʝʩʪʚʝʥ-

ʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʪʚʝʨʞʜʝʥʳ ʦʧʳʪʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʦʚ ʩ 

ʂɼʈʂ. 

ʅʘʣʠʯʠʝ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʢʘʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ ʛʨʝʙʥʳʤʠ ʢʦʣʝʩʘʤʠ ʧʦʟʚʦʣʷʝʪ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʥʠʭ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʫʨʩʘ: 

ï ʧʦʦʯʝʨʝʜʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʛʨʝʙʥʳʤʠ ʢʦʣʝʩʘʤʠ (ʫʧʨʘʚʣʝʥʠʝ ʬʦʨʤʠʨʫʝʪʩʷ ʜʣʷ ʧʝʨ-

ʚʦʛʦ ʢʦʣʝʩʘ, ʧʦʩʣʝ ʝʛʦ ʦʪʨʘʙʦʪʢʠ ʬʦʨʤʠʨʫʝʪʩʷ ʠ ʦʪʨʘʙʘʪʳʚʘʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʜʣʷ ʚʪʦ-

ʨʦʛʦ ʢʦʣʝʩʘ, ʟʘʪʝʤ ʮʠʢʣ ʧʦʚʪʦʨʷʝʪʩʷ); 

ï ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʦʪʨʘʙʦʪʢʘ ʫʧʨʘʚʣʝʥʠʷ ʜʚʫʤʷ ʛʨʝʙʥʳʤʠ ʢʦʣʝʩʘ-

ʤʠ (ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʦʜʥʦʛʦ ʢʦʣʝʩʘ ʠ ʫʤʝʥʴʰʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʜʨʫʛʦʛʦ ʢʦʣʝʩʘ ʥʘ ʦʜʥʫ ʠ ʪʫ ʞʝ ʚʝʣʠʯʠʥʫ); 

ï ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʦʪʨʘʙʦʪʢʘ ʫʧʨʘʚʣʝʥʠʷ ʜʚʫʤʷ ʛʨʝʙʥʳʤʠ ʢʦʣʝʩʘ-

ʤʠ (ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʦʜʥʦʛʦ ʢʦʣʝʩʘ ʠ ʫʤʝʥʴʰʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʜʨʫʛʦʛʦ ʢʦʣʝʩʘ ʥʘ ʨʘʟʥʳʝ ʚʝʣʠʯʠʥʳ) ʠ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ. 

ɺ ʨʘʙʦʪʘʭ [5,6] ʧʨʝʜʣʘʛʘʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʛʦʨʠʪʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʝʨʚʦʤ ʚʘʨʠ-

ʘʥʪʝ ʫʧʨʘʚʣʝʥʠʷ. çɺ ʘʣʛʦʨʠʪʤʝ ʧʨʠʤʝʥʷʣʘʩʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʦʪʢʣʦʥʝʥʠʷ ʩʫʜʥʘ ʦʪ ʢʫʨʩʘ: 

),yy(kk)aa(kR zoza -Ö+wÖ+-Ö= w  (1) 

ʛʜʝ: Ŭ, Ŭz ï ʫʛʦʣ ʢʫʨʩʘ ʠ ʟʘʜʘʥʥʳʡ ʫʛʦʣ; 

ɤ ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʦʚʦʨʦʪʘ ʩʫʜʥʘ; 

y ï yz ï ʦʪʢʣʦʥʝʥʠʝ ʩʫʜʥʘ ʦʪ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ yz = f(x); 

ka, kɤ, ko ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ. 

 

ʋʧʨʘʚʣʝʥʠʝ ʥʘ ʧʨʠʚʦʜʳ ʛʨʝʙʥʳʭ ʢʦʣʝʩ ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʧʨʠ 0>R ; 

ʧʨʠ 0¢R ; 

 

ʧʨʠ 0<R ; 

ʧʨʠ 0²R , 

(2) 

 

ʛʜʝ U1,2 ʭʦʜ ï ʟʘʜʘʥʥʦʝ ʩʫʜʦʚʦʜʠʪʝʣʝʤ ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʪʨʝ-

ʙʫʝʤʫʶ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ (ʠʥʜʝʢʩʳ çʩè ʠ çʥè ʦʙʦʟʥʘʯʘʶʪ ʪʝʢʫʱʝʝ ʟʥʘʯʝ-

ʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʥʦʚʴ ʬʦʨʤʠʨʫʝʤʦʝ),  

U1,2max ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

 

ʊʘʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʦʨʦʪ ʩʫʜʥʘ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝ-

ʥʠʷ ʦʜʥʦʛʦ ʠʟ ʛʨʝʙʥʳʭ ʢʦʣʝʩ, ʧʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ ʧʨʠ ʤʘʥʝʚʨʠʨʦʚʘʥʠʠ 

ʥʝ ʩʥʠʞʘʝʪʩʷ (ʤʦʞʝʪ ʜʘʞʝ ʫʚʝʣʠʯʠʚʘʪʴʩʷ). ʇʨʠ ʩʢʦʨʦʩʪʷʭ ʙʣʠʟʢʠʭ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʟʥʘʯʝʥʠʶ ʚʨʝʤʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʪʷʛʠʚʘʝʪʩʷ (ʠʟ-ʟʘ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʟʥʘʯʠʪʝʣʴ-

ʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʛʨʝʙʥʳʭ ʢʦʣʝʩ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʘʥʝʚʨ 

ʚʳʧʦʣʥʷʝʪʩʷ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʨʫʛʦʛʦ ʛʨʝʙʥʦʛʦ ʢʦʣʝʩʘ, ʧʨʠ ʵʪʦʤ 

ʩʢʦʨʦʩʪʴ ʩʫʜʥʘ ʤʦʞʝʪ ʩʥʠʞʘʪʴʩʷè [5, 6]. 

ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ: 

ï ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʜʚʠʞʝʥʠʝ ʩʫʜʥʘ ʩ ʂɼʈʂ ʧʦ ʟʘʜʘʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʦʪʨʘʙʦʪʢʫ ʫʧʨʘʚʣʝʥʠʷ 

ʜʚʫʤʷ ʛʨʝʙʥʳʤʠ ʢʦʣʝʩʘʤʠ (ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʦʜʥʦʛʦ ʢʦʣʝʩʘ ʠ ʫʤʝʥʴʰʝ-

ʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʨʫʛʦʛʦ ʢʦʣʝʩʘ ʥʘ ʨʘʟʥʳʝ ʚʝʣʠʯʠʥʳ); 

ï ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʠʤʦʩʪʠ ʫʢʘʟʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʩ ʫʯʝʪʦʤ ʚʝʪʨʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʧʨʠʚʦʜʳ ʛʨʝʙʥʳʭ ʢʦʣʝʩ ʙʫʜʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩʣʝ-

ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

 ʧʨʠ 0>R ; 

ʧʨʠ 0¢R ; 

ʧʨʠ 0¢ÖʩRR ; 

 

ʧʨʠ 0<R ; 

ʧʨʠ 0²R , 

ʧʨʠ 0¢ÖʩRR ; 

(3) 

 

ʛʜʝ K ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʤʝʞʜʫ ʢʦʣʝʩʘʤʠ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ (3) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ. 2 (ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʧʦʷʚʣʷʝʪʩʷ ʙʦʢʦʚʦʡ ʚʝʪʝʨ ʚ ʧʨʘʚʳʡ ʙʦʨʪ ɜ =7 ʤ/ʩ ʠʣʠ 

25,2 ʢʤ/ʯ). 

ʇʨʠ ʧʦʷʚʣʝʥʠʠ ʚʝʪʨʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʨʠ-

ʤʝʨʥʦ ʯʝʨʝʟ 320 ʩ, ʦʪʢʣʦʥʝʥʠʝ ʩʫʜʥʘ ʦʪ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʥʝ ʙʦʣʝʝ 0,3 ʤ, ʫʛʦʣ 

ʜʨʝʡʬʘ ʩʦʩʪʘʚʣʷʝʪ 2ï3 .̄ʕʪʦ ʚʧʦʣʥʝ ʧʨʠʝʤʣʝʤʦ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʫʯʠ-

ʪʳʚʘʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʚʝʪʨʘ ʥʘ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʩʫʜʥʘ (ʵʪʦ ʩʚʦʡʩʪʚʝʥʥʦ ʩʫʜʘʤ 

ʣʶʙʦʛʦ ʪʠʧʘ ʠʤʝʶʱʠʤ ʙʦʣʴʰʫʶ ʜʣʠʥʫ [7,8,9]). 

ʉʫʜʥʦ ʩʦʭʨʘʥʷʝʪ ʩʢʦʨʦʩʪʴ, ʙʣʠʟʢʫʶ ʢ ʟʘʜʘʥʥʦʡ ʭʦʜʦʚʦʡ Uʭʦʜ = 10,5 ʢʤ/ʯ. ʀʟʤʝʥʝ-

ʥʠʝ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʛʨʝʙʥʳʭ ʢʦʣʝʩ ʧʨʠ ʵʪʦʤ ʥʝ ʧʨʝʚʳʰʘʝʪ 30% ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ. 
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ʘ) 

 
ʙ) 

ʈʠʩ. 2. ʊʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ (ʘ) ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ  

ʛʨʝʙʥʳʭ ʢʦʣʝʩ n1 ʠ n2 (ʙ) ʧʨʠ ʚʝʪʨʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

K ʚ (3). ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʩʫʜʥʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʝʜʝʣʘʭ: 

ï ʩʢʦʨʦʩʪʴ ʩʫʜʥʘ v ʜʦ 17,5 ʢʤ/ʯ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʨʦʝʢʪʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʫʜʥʘ); 

ï ʢʦʵʬʬʠʮʠʝʥʪ K ʦʪ 0 ʜʦ 1; 

ï ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ɜ ʦʪ 0 ʜʦ 36 ʢʤ/ʯ (ʚ ʧʨʘʚʳʡ ʙʦʨʪ). 

ɿʘʚʠʩʠʤʦʩʪʠ ʦʪʢʣʦʥʝʥʠʷ ʩʫʜʥʘ ȹ ʦʪ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʢʘʟʘʥ-

ʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ K ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3. 
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ʘ) 

 
ʙ) 

 
ʚ) 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʠ ʦʪʢʣʦʥʝʥʠʷ ʩʫʜʥʘ ʦʪ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ  

ʧʨʠ ʠʟʤʝʥʝʥʠʠ v, ɜ ʠ K ( ʘ) ɜ = 10 ʤ/ʩ, ʙ) 7 ʤ/ʩ, ʚ) 4 ʤ/ʩ) 

ɸʥʘʣʦʛʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʚ ʢʦʨʤʫ 

(ʩʧʨʘʚʘ). ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4. 

 

 

ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʠ ʦʪʢʣʦʥʝʥʠʷ ʩʫʜʥʘ ʦʪ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ  

ʧʨʠ ʠʟʤʝʥʝʥʠʠ v ʠ K (ɜ = 7 ʤ/ʩ) 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʚʳʙʨʘʪʴ ʟʥʘʯʝʥʠʝ K ʜʣʷ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝ-

ʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʫʜʝʨʞʘʥʠʝ ʩʫʜʥʘ ʥʘ ʢʫʨʩʝ ʚ ʟʘʜʘʥʥʳʭ ʧʨʝʜʝʣʘʭ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʩʢʦʨʦʩʪʠ ʩʫʜʥʘ ʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ. 

n, 1/ʩ 

n, 1/ʩ 

n, 1/ʩ 

n, 1/ʩ 
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ɹʳʣʘ ʧʨʦʚʝʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʚ ʧʨʠʚʦʜʘʭ ʛʨʝʙ-

ʥʳʭ ʢʦʣʝʩ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʯʠʩʣʘ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʨʠʚʦʜʦʚ (ʩʥʠʞʝʥʠʝ ʯʘʩʪʦʪʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ). ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʩʥʠʞʝʥʠʠ 

ʯʘʩʪʦʪʳ ʚʳʜʘʯʠ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚ 3 ʨʘʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.  

 
ʘ) 

 
ʙ) 

ʈʠʩ. 5. ʘ) ʊʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ ʧʨʠ ʚʝʪʨʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ  

ʠ ʧʨʠ ʩʥʠʞʝʥʠʠ ʯʘʩʪʦʪʳ ʚʳʜʘʯʠ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ  

ʙ) ʏʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʛʨʝʙʥʳʭ ʢʦʣʝʩ n1 ʠ n2 ʧʨʠ ʚʝʪʨʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ  

ʠ ʧʨʠ ʩʥʠʞʝʥʠʠ ʯʘʩʪʦʪʳ ʚʳʜʘʯʠ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ 



ɹʳʯʢʦʚ ɺ.ʗ., ɻʨʦʰʝʚʘ ʃ.ʉ., ʇʣʶʱʘʝʚ ɺ.ʀ. 
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ʆʪʢʣʦʥʝʥʠʝ ʦʪ ʪʨʘʝʢʪʦʨʠʠ ʫʚʝʣʠʯʠʣʦʩʴ ʜʦ 0,5 ʤ (ʥʘ ʨʠʩ. 2ʘ ʦʥʦ ʩʦʩʪʘʚʣʷʝʪ 0,3 ʤ), 

ʥʦ ʧʨʠ ʵʪʦʤ ʯʘʩʪʦʪʳ ʧʝʨʝʢʣʶʯʝʥʠʡ ʧʨʠʚʦʜʦʚ ʫʤʝʥʴʰʘʣʘʩʴ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ (ʚ ʩʨʘʚ-

ʥʝʥʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʨʠʩ. 2ʙ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʤʦʞʥʦ ʧʦ-

ʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ʯʘʩʪʦʪʳ ʚʳʜʘʯʠ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʨʠ ʩʦ-

ʭʨʘʥʝʥʠʠ ʜʦʧʫʩʪʠʤʦʡ ʚʝʣʠʯʠʥʳ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʪʨʘʝʢʪʦʨʠʠ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʤʝʥʴ-

ʰʝʥʠʠ ʥʘʛʨʫʟʢʠ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʠʚʦʜʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʛʨʝʙʥʳʤʠ ʢʦʣʝʩʘʤʠ, ʦʙʝʩʧʝ-

ʯʠʚʘʶʱʠʡ ʫʜʝʨʞʘʥʠʝ ʩʫʜʥʘ ʥʘ ʢʫʨʩʝ ʧʨʠ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʠ ʠʩʧʦʣʴʟʫʶʱʠʡ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʦʪʨʘʙʦʪʢʫ ʫʧʨʘʚʣʝʥʠʷ ʜʚʫʤʷ ʛʨʝʙʥʳʤʠ ʢʦʣʝʩʘʤʠ 

(ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʦʜʥʦʛʦ ʢʦʣʝʩʘ ʠ ʫʤʝʥʴʰʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʨʫʛʦ-

ʛʦ ʢʦʣʝʩʘ), ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥ-

ʜʦʚʘʥ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʘ ʩ 

ʂɼʈʂ. 
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In Russia, ships with a wheeled propulsion-steering complex are being built, which do not 

have a traditional steering wheel. Control of the vessel is carried out by changing the ratio of 

the frequency of rotation wheels located on the sides in the aft of the vessel. The article dis-

cusses the applicability of the algorithm to keep the ship on course, implementing simultane-

ous control of two propeller wheels, taking into account external influences. 
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ʉʋɼʆɺʓʍ ʋʉʊɸʅʆɺʆʂ ɼʃʗ ʆʏʀʉʊʂʀ ʉʊʆʏʅʓʍ ʀ 
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ʥʠʷ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ.  

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʟʝʨʘ ɹʘʡʢʘʣ ʩʫʜʦʚʳʤʠ ʩʪʦʯʥʳʤʠ ʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʤʠ ʚʦʜʘʤʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʠ ʩʦʩʪʘʚ ʵʪʠʭ ʚʦʜ ʥʘ ʩʫʜʘʭ ʇɸʆ çɺʉʈʇè. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦ-

ʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʜʥʘ-ʩʙʦʨʱʠʢʘ ʩʪʦʯʥʳʭ 

ʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ ʩ ʩʫʜʦʚ, ʦʩʥʘʱʝʥʥʦʛʦ ʚʦʜʦʦʯʠʩʪʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦ ʦʙʩʣʫʞʠʚʘʝʤʳʤ ʩʙʦʨʱʠʢʦʤ ʩʫʜʘʤ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ ʩʙʦʨ-

ʱʠʢʘ, ʘ ʪʘʢʞʝ ʚʤʝʩʪʠʤʦʩʪʴ ʝʛʦ ʮʠʩʪʝʨʥ ʜʣʷ ʧʨʠʝʤʘ ʵʪʠʭ ʦʪʭʦʜʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʜʦʚʦʛʦ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʘʶʪʩʷ ʨʝʢʦʤʝʥʜʘ-

ʮʠʠ ʧʦ ʚʳʙʦʨʫ ʢʦʥʢʨʝʪʥʳʭ ʪʠʧʦʚ ʩʠʩʪʝʤ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ 

ʚʦʜ. 

 

ɹʘʡʢʘʣ ï ʦʟʝʨʦ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ, 

ʩʘʤʦʝ ʛʣʫʙʦʢʦʝ ʦʟʝʨʦ ʥʘ ʧʣʘʥʝʪʝ, ʢʨʫʧʥʝʡʰʠʡ ʧʨʠʨʦʜʥʳʡ ʨʝʟʝʨʚʫʘʨ ʧʨʝʩʥʦʡ ʚʦʜʳ ʠ 

ʩʘʤʦʝ ʙʦʣʴʰʦʝ ʧʨʝʩʥʦʚʦʜʥʦʝ ʦʟʝʨʦ ʧʦ ʧʣʦʱʘʜʠ ʥʘ ʢʦʥʪʠʥʝʥʪʝ. ɺ 1996 ʛʦʜʫ ɹʘʡʢʘʣ 

ʙʳʣ ʚʥʝʩʸʥ ʚ ʉʧʠʩʦʢ ʦʙʲʝʢʪʦʚ ʚʩʝʤʠʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʖʅɽʉʂʆ. 

ʆʟʝʨʦ ɹʘʡʢʘʣ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ, ʧʨʘʚʦʚʳʝ ʦʩʥʦʚʳ ʦʭ-

ʨʘʥʳ ʢʦʪʦʨʦʡ ʨʝʛʫʣʠʨʫʶʪʩʷ ʧʨʠʥʷʪʳʤ ʚ 1999 ʛʦʜʫ ʌʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ çʆʙ ʦʭʨʘʥʝ 

ʦʟʝʨʘ ɹʘʡʢʘʣè ˉ 94ïʌɿ ʦʪ 01.05.99 [1]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤ ʬʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦ-

ʥʦʤ ʥʘ ɹʘʡʢʘʣʴʩʢʦʡ ʧʨʠʨʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʫʩʪʘʥʦʚʣʝʥ ʦʩʦʙʳʡ ʨʝʞʠʤ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʠ ʠʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ ʫʪʚʝʨʞʜʝʥʠʝ ʧʝʨʝʯʥʷ ʟʘʧʨʝʱʸʥʥʳʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʝʣʝ-

ʛʠʨʦʚʘʥʦ ʧʨʘʚʠʪʝʣʴʩʪʚʫ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ c ʟʘʢʦʥʦʤ çʆʙ ʦʭʨʘ-

ʥʝ ʦʟʝʨʘ ɹʘʡʢʘʣè ʠ ʧʦʩʪʘʥʦʚʣʝʥʠʶ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ˉ 643 ʦʪ 30.08.01 çʆʙ ʫʪʚʝʨ-

ʞʜʝʥʠʠ ʧʝʨʝʯʥʷ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʟʘʧʨʝʱʝʥʥʳʭ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʟʦʥʝ 

ʙʘʡʢʘʣʴʩʢʦʡ ʧʨʠʨʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠè [2] ʟʘʧʨʝʱʝʥ ʩʙʨʦʩ ʚ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʤʫʩʦʨʘ, 

ʥʝʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ ʩ ʧʣʘʚʫʯʠʭ ʩʨʝʜʩʪʚ. 

ʎʝʣʴʶ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʪʠʧʘ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʪʘʥʢʝʨʘ-ʙʫʥʢʝʨʦʚʱʠʢʘ-ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʫʜʥʘ, 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʥʘ ʦʟʝʨʝ ɹʘʡʢʘʣ ʠ ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ ʩʙʦʨ ʩ ʩʫʜʦʚ ʩʪʦʯʥʳʭ (ʉɺ), 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 60, 2019 ʛ. 

ʈʘʟʜʝʣ I. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ (ʅɺ) ʚʦʜ ʠ ʤʫʩʦʨʘ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ï ʫʩʪʘʥʦʚʠʪʴ ʫʩʣʦʚʠʷ ʩʙʨʦʩʘ ʩʪʦʯʥʳʭ ʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ ʩ ʩʫʜʦʚ ʚ ʦʟʝʨʦ 

ɹʘʡʢʘʣ ʠʣʠ ʫʩʣʦʚʠʷ ʩʜʘʯʠ ʵʪʠʭ ʚʦʜ ʥʘ ʙʝʨʝʛʦʚʳʝ ʧʨʠʝʤʥʳʝ ʩʦʦʨʫʞʝʥʠʷ;  

ï ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʪʘʢʦʛʦ ʚʠʜʘ ʦʪʭʦʜʦʚ, ʦʙʨʘʟʫʶ-

ʱʠʭʩʷ ʥʘ ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʩʙʦʨʱʠʢʦʤ ʩʫʜʘʭ; 

ï ʨʘʩʩʯʠʪʘʪʴ ʜʣʷ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʠʤʝʩʝʡ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʉɺ ʠ ʅɺ, ʪʨʝ-

ʙʫʝʤʳʝ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʧʨʠ ʫʩʣʦʚʠʠ ʠʭ ʩʙʨʦʩʘ ʚ ʚʦʜʦʝʤ ʠʣʠ ʧʝʨʝʜʘʯʠ ʥʘ ʙʝʨʝʛʦʚʳʝ 

ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ; 

ï ʦʧʨʝʜʝʣʠʪʴ ʚʤʝʩʪʠʤʦʩʪʴ ʮʠʩʪʝʨʥ ʩʫʜʥʘ-ʩʙʦʨʱʠʢʘ ʜʣʷ ʧʨʠʝʤʘ ʩ ʩʫʜʦʚ ʩʪʦʯʥʳʭ ʠ 

ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ ʩ ʫʯʝʪʦʤ ʩʣʫʯʘʡʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ; 

ï ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʉɺ ʠ ʅɺ ʩʫʜʥʘ-

ʩʙʦʨʱʠʢʘ; 

ï ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʪʠʧʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʦʯʠʩʪʢʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ (ʆʅɺ) 

ʠ ʦʯʠʩʪʢʠ ʠ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ (ʆʆʉɺ) ʧʦʜʭʦʜʷʱʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, 

ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʧʨʝʜʣʦʞʠʪʴ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʝ ʚʘʨʠʘʥʪʳ ʪʘʢʠʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ 

ʦʩʥʘʱʝʥʠʷ ʠʤʠ ʩʫʜʥʘ-ʩʙʦʨʱʠʢʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʨʝʰʝʥʠʷ ʧʦ ʩʙʦʨʫ ʉɺ, ʅɺ ʠ ʤʫʩʦʨʘ ʩ ʩʫʜʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʡ-

ʦʥʝ ʦʟ. ɹʘʡʢʘʣ: 

ï ʩʜʘʯʘ ʦʪʭʦʜʦʚ ʥʘ ʩʫʜʥʦ-ʩʙʦʨʱʠʢ ʠʣʠ ʚ ʧʨʠʝʤʥʳʝ ʧʫʥʢʪʳ, ʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʥʘ 

ʧʨʠʯʘʣʘʭ, ʠ ʚ ʧʦʩʣʝʜʫʶʱʝʤ, ʦʯʠʩʪʢʘ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʦʨʦʜʩʢʠʭ (ʧʦʩʝʣʢʦʚʳʭ) ʦʯʠ-

ʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ; 

ï ʩʜʘʯʘ ʦʪʭʦʜʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʯʠʩʪʢʦʡ ʥʘ ʩʫʜʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦ-

ʜʦʚ (ʉʂʇʆ). 

ɼʦʧʫʩʪʠʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʧʨʠ ʩʙʨʦʩʝ ʚ ʦʟ. ɹʘʡ-

ʢʘʣ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʪʴʝʡ 13 ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ˉ 94-ʌɿ, ʘ ʪʘʢʞʝ 

ʩ ʧʫʥʢʪʘʤʠ 5.2.36 ʠ 5.2.37 ʇʦʣʦʞʝʥʠʷ ʦ ʄʠʥʠʩʪʝʨʩʪʚʝ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʵʢʦʣʦ-

ʛʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʫʪʚʝʨʞʜʝʥʥʦʛʦ ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡ-

ʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 29 ʤʘʷ 2008 ʛ. ˉ 404 [3]. ʅʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠʚʝʜʝ-

ʥʳ ʚ ʪʘʙʣʠʮʝ 1. ɺ ʵʪʦʡ ʞʝ ʪʘʙʣʠʮʝ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʦʢʘʟʘʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʢʘʯʝʩʪʚʘ ʚ ʚʦʜʘʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʫʪʚʝʨʞʜʝʥʥʳʝ ʧʨʠ-

ʢʘʟʦʤ ʄʠʥʩʝʣʴʭʦʟʘ ʈʌ ʦʪ ʦʪ 13.12.2016 ʛ. ˉ 552 [4]. 

ʊʘʙʣʠʮʘ 1 

ɼʦʧʫʩʪʠʤʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ ʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ  

ʥʘʟʥʘʯʝʥʠʷ ʠ  ʚ ʩʪʦʢʘʭ, ʩʙʨʘʩʳʚʘʝʤʳʭ ʚ ʦʟ. ɹʘʡʢʘʣ 

ʇʦʢʘʟʘʪʝʣʴ ɼʦʧʫʩʪʠʤʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʚʦʜ-

ʥʳʭ ʦʙʲʝʢʪʘʭ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥ-

ʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ  ʤʛ/ʜʤ3 

ɼʦʧʫʩʪʠʤʦʝ ʩʦʜʝʨʞʘʥʠʝ  

ʚ ʩʪʦʢʘʭ, ʩʙʨʘʩʳʚʘʝʤʳʭ  

ʚ ʦʟ. ɹʘʡʢʘʣ ʤʛ/ʜʤ3 

ɺʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ɼʦ 30,0 2,5 

ʉʫʣʴʬʘʪʳ (SO4
2ī) 100,0 30,0 

ʍʣʦʨʠʜʳ (Clī) 300,0 28,0 

ʅʘʪʨʠʡ (Na+) 120,0 30,0 

ʂʘʣʠʡ (K+) ɼʦ 50,0 10,0 

ʅʠʪʨʘʪʳ (NO2) 9,0 2,5 

ʅʠʪʨʠʪʳ (NO3) 0,05 0,05 

ɸʤʤʦʥʠʡ (NH4+) 0,5 0,3 

ɸʣʶʤʠʥʠʡ (Al, ʩʫʤʤʘʨʥʦ) 0,2 0,2 

ɾʝʣʝʟʦ (Fe, ʩʫʤʤʘʨʥʦ) 0,25 0,2 

ʄʝʜʴ (Cu, ʩʫʤʤʘʨʥʦ) 0,002 0,002 

consultantplus://offline/ref=7E97A8441A4509A07AD91C76415DDBC35FE62058DC80B4CA345B3ABAE976A666CCAD11B3AD36D844G1WDJ
consultantplus://offline/ref=7E97A8441A4509A07AD91C76415DDBC35FE62058DC80B4CA345B3ABAE976A666CCAD11B3AD36D844G1W2J


ɺʘʩʴʢʠʥ ʉ.ɺ., ʃʝʫʦhʚʘ ʀ.ɽ. 
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ʇʦʢʘʟʘʪʝʣʴ ɼʦʧʫʩʪʠʤʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʚʦʜ-

ʥʳʭ ʦʙʲʝʢʪʘʭ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥ-

ʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ  ʤʛ/ʜʤ3 

ɼʦʧʫʩʪʠʤʦʝ ʩʦʜʝʨʞʘʥʠʝ  

ʚ ʩʪʦʢʘʭ, ʩʙʨʘʩʳʚʘʝʤʳʭ  

ʚ ʦʟ. ɹʘʡʢʘʣ ʤʛ/ʜʤ3 

ʅʠʢʝʣʴ (Ni, ʩʫʤʤʘʨʥʦ) 0,014 0,014 

ʍʨʦʤ (Cr, ʩʫʤʤʘʨʥʦ) 0,09 0,013 

ʉʚʠʥʝʮ (Pb, ʩʫʤʤʘʨʥʦ) 0,022 0,015 

ʈʪʫʪʴ (Hg, ʩʫʤʤʘʨʥʦ) 0,0001 0,0001 

ʅʝʬʪʝʧʨʦʜʫʢʪʳ (ʩʫʤʤʘʨʥʦ) 0,05 0,022 

ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-

ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ (ʉʇɸɺ) 

0,01 0,01 

ɹʇʂ5 2,1 1,0 

 

ʂʨʦʤʝ ʪʦʛʦ, ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʚʠ-

ʜʦʚ ʙʘʢʪʝʨʠʡ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ, ʩʙʨʘʩʳʚʘʝʤʳʭ ʚ ʦʟʝʨʦ ɹʘʡʢʘʣ, ʘ ʠʤʝʥʥʦ: 

ï ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʭ ʢʦʣʠʬʦʨʤʥʳʭ ʙʘʢʪʝʨʠʡ ï ʥʝ ʙʦʣʝʝ 100 ʂʆɽ/100 ʤʣ; 

ï ʦʙʱʠʭ ʢʦʣʠʬʦʨʤʥʳʭ ʙʘʢʪʝʨʠʡ ï ʥʝ ʙʦʣʝʝ 500 ʂʆɽ/100 ʤʣ; 

ï ʢʦʣʠʬʘʛʦʚ ï ʥʝ ʙʦʣʝʝ 10 ʂʆɽ/10 ʤʣ. 

ʉʦʜʝʨʞʘʥʠʝ ʚʦʟʙʫʜʠʪʝʣʝʡ ʢʠʰʝʯʥʳʭ ʠʥʬʝʢʮʠʡ ʠ ʧʘʨʘʟʠʪʘʨʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʣʶ-

ʜʝʡ (ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʷʠʮ ʛʝʣʴʤʠʥʪʦʚ ï ʘʩʢʘʨʠʜ, ʚʣʘʩʦʛʣʘʚ, ʪʦʢʩʦʢʘʨ, ʬʘʩʮʠʦʣ, ʦʥʢʦ-

ʩʬʝʨʳʪʝʥʠʜ ʠ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʮʠʩʪ ʧʘʪʦʛʝʥʥʳʭ ʢʠʰʝʯʥʳʭ ʧʨʦʩʪʝʡʰʠʭ) ʥʝ ʜʦʧʫʩʢʘ-

ʝʪʩʷ. 

ʀʟ ʩʨʘʚʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʠʜʥʦ, ʯʪʦ ʜʦʧʫʩʪʠʤʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʨʘʟʨʝʰʝʥʥʳʭ ʢ ʩʙʨʦʩʫ ʚ ʦʟʝʨʦ ɹʘʡʢʘʣ ʩʪʦʢʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʘʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʨʳ-

ʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʝʡ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ, ʨʘʟʨʝʰʝʥʥʳʭ ʢ 

ʩʙʨʦʩʫ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʷʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʨʘʚʠʣʘʤʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʟʘʛʨʷʟʥʝʥʠʷ ʩ ʩʫʜʦʚ ʈʦʩʩʠʡʩʢʦʛʦ ʈʝʯʥʦʛʦ ʈʝʛʠʩʪʨʘ [5], ʦʢʘʟʳʚʘʶʪʩʷ ʝʱʝ ʙʦʣʝʝ ʚʳʩʦ-

ʢʠʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʠʧʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʫʜʦʚʳʭ ʩʪʦʯʥʳʭ ʠ ʥʝʬ-

ʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ ʥʝ ʦʙʣʘʜʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʯʠʩʪʢʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʩʙʨʦʩʘ 

ʵʪʠʭ ʚʠʜʦʚ ʩʫʜʦʚʳʭ ʦʪʭʦʜʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚ ʦʟʝʨʦ ɹʘʡʢʘʣ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʩʫʜʦʚʳʭ ʩʪʦʯʥʳʭ ʠ ʥʝʬʪʝʩʦʜʝʨ-

ʞʘʱʠʭ ʚʦʜ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʜʦʚ ʇɸʆ çɺʉʈʇè, ʦʙʩʣʫʞʠʚʘʝʤʳʭ 

ʩʫʜʥʦʤ-ʩʙʦʨʱʠʢʦʤ. ʉʧʠʩʦʢ ʪʘʢʠʭ ʩʫʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 2, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʭ 

ʫʢʘʟʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [6ï8]. ʉʨʝʜʥʝʩʫʪʦʯʥʳʡ ʦʙʲʝʤ ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʩʫʜʘʭ ʅɺ 

Vʅɺ ʦʧʨʝʜʝʣʷʣʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ [5]. ʉʫʪʦʯʥʳʡ ʦʙʲʝʤ ʩʫʜʦʚʳʭ ʉɺ 

Vʉɺ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʫʢʘʟʘʥʥʳʭ ʚ [5] ʫʜʝʣʴʥʳʭ ʥʦʨʤ ʥʘʢʦʧʣʝʥʠʷ ʩʪʦʢʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʩʫʜʥʘ. ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʩʫʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʉɺ 

ʚʳʯʠʩʣʷʣʦʩʴ ʧʨʠ ʫʩʣʦʚʠʠ ʥʘʭʦʞʜʝʥʠʷ ʥʘ ʩʫʜʥʝ ʪʦʣʴʢʦ ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ, ʤʘʢʩʠʤʘʣʴʥʦʝ 

ï ʧʨʠ ʧʦʣʥʦʡ ʟʘʛʨʫʟʢʝ ʩʫʜʥʘ ʧʘʩʩʘʞʠʨʘʤʠ. 

ʊʘʙʣʠʮʘ 2 

ʉʧʠʩʦʢ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʜʦʚ ʇɸʆ çɺʉʈʇè, 

ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʩʫʜʥʦʤ-ʩʙʦʨʱʠʢʦʤ ʦʪʭʦʜʦʚ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʩʫʜʥʘ 

ʇʨʦʝʢʪ ʄʦʱʥʦʩʪʴ 

ʛʣʘʚʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ, 

ʢɺʪ 

ʕʢʠʧʘʞ, 

ʯʝʣ. 

ʇʘʩʩʘʞʠ-

ʨʦʚʤʝʩʪʠ-

ʤʦʩʪʴ, ʯʝʣ. 

ʉʨʝʜʥʝ-

ʩʫʪʦʯʥʳʡ 

Vʅɺ, ʤ
3 

ʉʨʝʜʥʝʩʫʪʦʯʥʳʡ 

Vʉɺ, ʤ
3 

ʇʨʠ mʘʭ 

ʟʘʛʨʫʟʢʝ 

ʇʨʠ min 

ʟʘʛʨʫʟʢʝ 

ʀʚʘʥ ɹʘʙʫʰʢʠʥ 331 224 16 100 0,14 0,39 0,05 

ɺʦʩʭʦʜ 352 736 4 71 0,27 0,25 0,013 

ɹʘʨʛʫʟʠʥ 19591 736 4 130 0,27 0,45 0,013 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 60, 2019 ʛ. 
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ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʩʫʜʥʘ 

ʇʨʦʝʢʪ ʄʦʱʥʦʩʪʴ 

ʛʣʘʚʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ, 

ʢɺʪ 

ʕʢʠʧʘʞ, 

ʯʝʣ. 

ʇʘʩʩʘʞʠ-

ʨʦʚʤʝʩʪʠ-

ʤʦʩʪʴ, ʯʝʣ. 

ʉʨʝʜʥʝ-

ʩʫʪʦʯʥʳʡ 

Vʅɺ, ʤ
3 

ʉʨʝʜʥʝʩʫʪʦʯʥʳʡ 

Vʉɺ, ʤ
3 

ʇʨʠ mʘʭ 

ʟʘʛʨʫʟʢʝ 

ʇʨʠ min 

ʟʘʛʨʫʟʢʝ 

ʄʝʪʝʦʨ 342ʕ 1250 4 123 0,36 0,42 0,013 

ʂʦʤʝʪʘ 342ʄ 1250 4 102 0,36 0,35 0,013 

ʉʚʷʪʦʡ ʃʫʢʘ ʈʅ-376 204 3 100 0,035 0,345 0,01 

ɼʦʨʦʞʥʠʢ 70240 958 3 - 0,32 0,4 0,4 

ʄʦʩʢʚʘ ʈ-51ʕ 220 3 225 0,135 0,76 0,01 

ʉʝʤʸʥ ɹʘʪʘʝʚ 603ɸ 224 6 - 0,12 0,466 0,466 

ʆʣʴʭʦʥʩʢʠʝ 

ʚʦʨʦʪʘ 

603ɸ 224 6 - 0,12 0,466 0,466 

ɸʢʚʠʣʦʥ ʈ376ʋ 110 4 12 0,034 2,134 0,53 

ʉʦʢʦʣ ʈʅ376ʋ 110 4 12 0,034 2,134 0,53 

ʃʝʙʝʜʴ ʈʅ376ʋ 110 4 12 0,034 2,134 0,53 

ʅʠʢʦʣʘʡ ɽʨʦ-

ʰʝʥʢʦ 

ʈ-18ɸ 882 18 42 0,27 8,0 2,4 

ʀʤʧʝʨʠʷ PV01M 588 18 45 0,2 8,4 2,44 

ɸʣʝʢʩʘʥʜʨ ɺʝ-

ʣʠʢʠʡ 

ʇʊ258 588 15 30 0,2 6,0 1,97 

ʕʢʦʣʦʛʠʯʝʩʢʦʝ 

ʩʫʜʥʦ 

  9 - 0,18 0,81 0,81 

ɺʩʝʛʦ 3,1 33,91 10,66 

 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʩʫʜʦʚʳʭ ʩʪʦʯʥʳʭ ʠ ʥʝʬʪʝʩʦ-

ʜʝʨʞʘʱʠʭ ʚʦʜ ʧʨʠ ʫʩʣʦʚʠʠ ʩʙʨʦʩʘ ʠʭ ʚ ʦʟʝʨʦ, ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟ-

ʥʝʥʠʷ ʵʪʠʭ ʚʦʜ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʠ ʜʨʫʛʠʤʠ ʚʨʝʜʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʩʫʜʦʚʳʭ ʣʴʷʣʴʥʳʭ ʚʦʜʘʭ ʧʨʠʥʠʤʘʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,5 ʜʦ 10 ʛ/ʣ 

[9], ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ Ci, ʤʛ/ʣ, ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ 

ʚʳʨʘʞʝʥʠʶ: 

,
q
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ʉ

i

i
i

1000
=  (1) 

ʛʜʝ gi ï ʫʜʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʛʨʷʟʥʝʥʠʡ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʩʪʦʯʥʳʝ ʚʦʜʳ ʦʪ ʦʜʥʦʛʦ ʯʝ-

ʣʦʚʝʢʘ, ʛ/(ʯʝʣ.Ț ʩʫʪʢʠ); 

qi ï ʫʜʝʣʴʥʦʝ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʪʠʧʘ ʩʫʜʥʘ, ʣ/(ʯʝʣ.Ț ʩʫʪʢʠ).  

 

ʅʝʦʙʭʦʜʠʤʘʷ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʚʦʜʳ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ ʚʳʨʘʞʝʥʠʶ: 

% ,
ʉ

Cʉ
ʕ

i

ii 100
0

10 Ööö
÷

õ
ææ
ç

å -
=   (2) 

ʛʜʝ ʉ0i ʠ ʉ1i ï ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʝʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʠʩʭʦʜʥʦʡ ʠ ʦʯʠʱʝʥʥʦʡ ʚʦʜʝ, 

ʤʛ/ʣ.  

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʠʘʧʘʟʦʥʳ ʠ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʝʬʪʝ-

ʧʨʦʜʫʢʪʦʚ ʚ ʅɺ ʠ ʥʝʢʦʪʦʨʳʭ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʉɺ ʩʫʜʦʚ, ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʩʙʦʨʱʠ-

ʢʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 3. 

 



ɺʘʩʴʢʠʥ ʉ.ɺ., ʃʝʫʦhʚʘ ʀ.ɽ. 

ɺʳʙʦʨ ʪʠʧʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʫʜʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʠ » 
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ʊʘʙʣʠʮʘ 3 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʝʥʠʡ ʠ ʪʨʝʙʫʝʤʘʷ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʩʫʜʦʚʳʭ ʅɺ ʠ ʉɺ 

ʧʨʠ ʫʩʣʦʚʠʠ ʩʙʨʦʩʘ ʠʭ ʚ ʦʟ. ɹʘʡʢʘʣ 

ʇʦʢʘʟʘʪʝʣʠ ʅʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʤʛ/ʣ ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʧʦʩʣʝ ʦʯʠʩʪʢʠ, 

ʤʛ/ʣ 

ʉʪʝʧʝʥʴ 

ʦʯʠʩʪʢʠ 

ʕ, % 
ʤʠʥ. ʤʘʢʩ. ʩʨʝʜʥʷʷ 

ɺʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ 

(ɺɺ)  

514,3 24000 12257,15 2,5 99,60 

ɹʇʂ5  321,4 15000 7660,7 1,0 99,75 

ɸʟʦʪ ʘʤʤʦʥʠʡʥʳʭ ʩʦʣʝʡ 

(NH4+) 

53,6 2500 233,2 0,3 99,55 

ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝ-

ʩʪʚʘ (ʉʇɸɺ) 

13,6 633,3 9,85 0,01 99,90 

ʅʝʬʪʝʧʨʦʜʫʢʪʳ 500 10000 5250 0,022 99,99 

 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʧʦ ʚʩʝʤ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʯʝ-

ʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʫʶ 100% ʜʣʷ ʦʩʫʱʝʩʪ-

ʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʙʨʦʩʘ ʩʫʜʦʚʳʭ ʅɺ ʠ ʉɺ ʚ ʦʟ. ɹʘʡʢʘʣ. ʉʪʦʣʴ ʛʣʫʙʦʢʘʷ ʦʯʠʩʪʢʘ 

ʩʪʦʢʦʚ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʠʧʦʚʳʭ ʩʫʜʦʚʳʭ ʩʪʘʥʮʠʡ ʆʅɺ ʠ 

ʆʆʉɺ ʠ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʣʦʞʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʩʪʘʥʦʚʢʘ ʢʦʪʦʨʦ-

ʛʦ ʥʘ ʩʫʜʘʭ ʟʘʪʨʫʜʥʠʪʝʣʴʥʘ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʘ ʚʚʠʜʫ ʤʘʣʳʭ ʦʙʲʝʤʦʚ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʚʦʜʳ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʙʘʡʢʘʣʴʩʢʦʡ ʚʦʜʳ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʝʤ ʟʘʛʨʷʟʥʝʥʥʦʡ ʚʦʜʳ ʩ ʩʫʜʦʚ ʠ ʝʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʯʠʩʪʢʘ ʥʘ ʦʙʦ-

ʨʫʜʦʚʘʥʠʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʫʜʥʘ-ʩʙʦʨʱʠʢʘ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʩʜʘʯʘ ʵʪʦʡ ʚʦʜʳ ʥʘ ʙʝʨʝʛʦ-

ʚʳʝ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʰʝʥʠʝʤ çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʇʨʘʚʠʣ ʧʨʠʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʩʠʩʪʝʤʫ ʢʘʥʘʣʠʟʘʮʠʠ ʛ. ʀʨʢʫʪʩʢʘè ʦʪ 10 ʠʶʥʷ 1991 ʛʦʜʘ ˉ 37/368 [10], 

ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ, ʧʦ-

ʩʪʫʧʘʶʱʠʭ ʥʘ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʛ. ʀʨʢʫʪʩʢʘ, ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ ʟʥʘʯʝʥʠʡ, 

ʫʢʘʟʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 4. 

ʊʘʙʣʠʮʘ 4 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʩʪʦʯʥʦʡ ʚʦʜʳ 

ʧʨʠ ʩʜʘʯʝ ʝʝ ʚ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʛ. ʀʨʢʫʪʩʢʘ 

ʇʦʢʘʟʘʪʝʣʴ ɼʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ, ʤʛ/ʜʤ3 

ɺʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ  60 

ɹʇʂ5 24 

ɸʤʤʦʥʠʡ (NH4
+)  0,5 

ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ 

(ʉʇɸɺ) 

0,5 

ʅʝʬʪʝʧʨʦʜʫʢʪʳ 0,6 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʝʡ ʚ ʩʪʦʢʘʭ ʧʨʠ ʩʜʘʯʝ ʠʭ ʚ ʙʝʨʝʛʦʚʳʝ ʧʨʠ-

ʝʤʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʩʙʨʦʩʝ ʚ ʦʟ. ɹʘʡʢʘʣ, 

ʠ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʚʦʜʳ ʚ ʩʫʜʦʚʳʭ ʩʠʩʪʝʤʘʭ ʦʯʠʩʪʢʠ. 

ʂ ʦʩʥʦʚʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʫʜ-

ʥʘ-ʩʙʦʨʱʠʢʘ ʧʦʤʠʤʦ ʪʨʝʙʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʦʯʠʱʝʥʥʦʡ ʚʦʜʳ ʤʦʞʥʦ ʦʪʥʝ-

ʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤ ʆʅɺ ʠ ʆʆʉɺ, ʘ ʪʘʢʞʝ ʚʤʝʩʪʠʤʦʩʪʴ ʩʙʦʨʥʳʭ ʮʠʩʪʝʨʥ 

ʜʣʷ ʧʨʠʝʤʘ ʠ ʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʠ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʩʫʜʦʚ. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 60, 2019 ʛ. 

ʈʘʟʜʝʣ I. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ʅʘ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʜʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʚʣʠʷʝʪ ʨʷʜ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ. ʂ 

ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ (ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ), ʢʦʣʠʯʝʩʪʚʦ 

ʣʶʜʝʡ ʥʘ ʙʦʨʪʫ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʣʶʜʝʡ, ʜʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝ-

ʤʝ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʩʦʩʪʦʷʥʠʝ ʠ ʨʝʛʫʣʠʨʦʚʢʘ ʚʦʜʦʨʘʟʙʦʨʥʦʡ ʘʨʤʘʪʫʨʳ ʠ ʜʨ. ʇʦʩʢʦʣʴ-

ʢʫ ʵʪʠ ʬʘʢʪʦʨʳ ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ, ʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʫʪʦʯʥʦʡ ʚʝʣʠʯʠʥʳ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʙʲʝʤʘ ʦʙʨʘ-

ʟʫʶʱʠʭʩʷ ʩʪʦʯʥʳʭ ʚʦʜ ʧʦʜʯʠʥʷʝʪʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ [11ï13]. ʌʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʥ ʠʤʝʪʴ ʚʠʜ: 
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1
 (3) 

ʛʜʝ 
ʩʫʪV  ï ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʦʯʥʳʭ ʚʦʜ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʟʘ ʩʫʪʢʠ ʥʘ ʦʙʩʣʫʞʠʚʘʝʤʳʭ 

ʩʙʦʨʱʠʢʦʤ ʩʫʜʘʭ, ʤ
3
/ʩʫʪ; 

ů ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʚ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʤ
3
/ʩʫʪ. 

 

ʊʘʢ ʢʘʢ ʬʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʩʠʤʤʝʪʨʠʯʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ, ʪʦ ʩʨʝʜʥʝʩʫʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʠʥʠʤʘʝʤʳʭ ʩʙʦʨʱʠʢʦʤ ʩʪʦʯʥʳʭ ʚʦʜ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ 

,
VV

V
2

max

ʩʫʪ

min

ʩʫʪ

ʩʫʪ

+
=   (4) 

ʛʜʝ 
min

ʩʫʪV ʠ 
mʘʘ

ʩʫʪV  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʠʥʠʤʘʣʴʥʳʡ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʦʙʲʝʤʳ ʦʙʨʘʟʫʶ-

ʱʠʭʩʷ ʥʘ ʩʫʜʘʭ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʙʣ. 2. 

 

ɺʝʣʠʯʠʥʘ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʧʨʠ ʥʦʨʤʘʣʴ-

ʥʦʤ ʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʚʝʩʪʥʦʛʦ ʠʟ ʪʝʦʨʠʠ ʚʝʨʦ-

ʷʪʥʦʩʪʝʡ ʧʨʘʚʠʣʘ çʪʨʝʭ ʩʠʛʤè [12, 13], ʛʣʘʩʷʱʝʛʦ, ʯʪʦ ʝʩʣʠ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ʨʘʩ-

ʧʨʝʜʝʣʝʥʘ ʥʦʨʤʘʣʴʥʦ, ʪʦ ʤʦʜʫʣʴ ʝʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ 

3ů. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʟʥʘʯʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ, ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ, ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ ʠʥʪʝʨʚʘʣ ʩʫʪV Ñ 3ů. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʥʘʯʝʥʠʝ 

ů ʜʣʷ ʩʪʦʯʥʳʭ ʚʦʜ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʥʘʡʜʝʥʦ ʧʦ ʚʳʨʘʞʝʥʠʶ 

.
VVVV
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min

ʩʫʪʩʫʪʩʫʪ

mʘʘ

ʩʫʪ -
=

-
=s   (5) 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʪʘʙʣ. 2 ʧʦ ʬʦʨʤʫʣʘʤ (4) ʠ (5) ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʩʫʪʦʯʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʥʘ ʩʫʜʘʭ ʩʪʦʯʥʳʭ ʚʦʜ: 

ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʫʪV = 22,39 ʤ
3
/ʩʫʪ; 

ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ů = 3,88 ʤ
3
/ʩʫʪ. 

ʅʘ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʩʫʜʘʭ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ 

ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʟʘʚʠʩʠʤʳʭ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘ-

ʢʠʭ ʢʘʢ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʱʝʩʫʜʦʚʳʭ ʩʠʩʪʝʤ ʠ ʩʠʩʪʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦ-

ʚʦʢ, ʚʦʜʦʪʝʯʥʦʩʪʴ ʢʦʨʧʫʩʘ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʫʜʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʤʝʭʘ-

ʥʠʟʤʦʚ, ʧʨʦʚʝʜʝʥʠʝ ʵʢʠʧʘʞʝʤ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ʠ ʪ.ʜ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ʩʫʪʦʯʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʅɺ ʥʘ ʩʫʜʘʭ 

ʪʘʢʞʝ ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴʩʷ ʥʦʨʤʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʇʨʠ ʠʜʝʘʣʴʥʦʤ ʪʝʭ-

ʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʩʫʜʦʚʳʭ ʩʠʩʪʝʤ, ʫʩʪʨʦʡʩʪʚ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʛʨʘʤʦʪʥʦʡ ʠʭ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʠ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ, ʦʙʨʘʟʦʚʘʥʠʝ ʣʴʷʣʴʥʳʭ ʚʦʜ ʥʘ ʩʫʜʥʝ ʩʚʦʜʠʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʢ ʥʫʣʶ. ʀ ʥʘʦʙʦʨʦʪ, ʧʨʠ ʧʣʦʭʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʩʫʜʥʘ ʠ ʩʫʜʦʚʦ-



ɺʘʩʴʢʠʥ ʉ.ɺ., ʃʝʫʦhʚʘ ʀ.ɽ. 
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ʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝʙʨʝʞʥʦʡ ʠʣʠ ʥʝʛʨʘʤʦʪʥʦʡ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʦʣʠʯʝʩʪʚʦ ʣʴʷʣʴ-

ʥʳʭ ʚʦʜ ʤʥʦʛʦʢʨʘʪʥʦ ʚʦʟʨʘʩʪʘʝʪ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʳ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʩʫʜʘʭ ʅɺ ʙʳʣʦ ʧʨʠ-

ʥʷʪʦ ʠʭ ʩʫʤʤʘʨʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʙʣ. 1, ʚ ʢʘʯʝʩʪʚʝ ʤʠʥʠʤʘʣʴʥʦʛʦ min

ʩʫʪV

= 0. ɿʥʘʯʝʥʠʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʪʘʢʞʝ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʬʦʨʤʫʣʝ 

(5). ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʩʫʪʦʯʥʦʛʦ 

ʥʘʢʦʧʣʝʥʠʷ ʥʘ ʩʫʜʘʭ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ: 

ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 
ʩʫʪV = 3,1 ʤ

3
/ʩʫʪ; 

ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ů = 1,033 ʤ
3
/ʩʫʪ. 

ɺʠʜ ʬʫʥʢʮʠʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʩʫʪʦʯʥʦʛʦ ʦʙʲʝʤʘ 

ʩʪʦʯʥʳʭ ʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1 ʠ 2. 

 

 

ʈʠʩ. 1. ʇʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʨʘʟʫʶʱʠʭʩʷ ʟʘ ʩʫʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʩʫʪʦʯʥʳʭ ʦʙʲʝʤʦʚ ʉɺ ʠ ʅɺ, ʧʨʠʥʠ-

ʤʘʝʤʳʭ ʩʙʦʨʱʠʢʦʤ ʩ ʩʫʜʦʚ ʇɸʆ çɺʉʈʇè, ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʚʤʝʩʪʠʤʦʩʪʴ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʝʛʦ ʮʠʩʪʝʨʥ ʜʣʷ ʩʙʦʨʘ ʠ ʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʵʪʠʭ ʦʪʭʦʜʦʚ. ɺ ʢʘʯʝʩʪʚʝ 

ʵʪʦʡ ʚʤʝʩʪʠʤʦʩʪʠ ʙʳʣʠ ʧʨʠʥʷʪʳ ʩʫʪʦʯʥʳʝ ʦʙʲʝʤʳ ʩʪʦʯʥʳʭ ʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ, 

ʢʦʪʦʨʳʝ ʥʝ ʙʫʜʫʪ ʧʨʝʚʳʰʝʥʳ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 95%. ʕʪʠ ʦʙʲʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʚʳʯʠʩʣʝ-

ʥʳ ʧʦ ʠʟʚʝʩʪʥʳʤ ʬʦʨʤʫʣʘʤ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʭʦʞʜʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠ-

ʯʠʥʳ ʭ ʚ ʟʘʜʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ [a, b]: 

ñ -==<<

b

a

),a(F)b(Fdx)x(f)bxʘ(ʈ  

ʛʜʝ F(x) ï ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʭ. 
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ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 60, 2019 ʛ. 
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ʈʠʩ. 2. ʇʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʨʘʟʫʶʱʠʭʩʷ ʟʘ ʩʫʪʢʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʘ = Vmin ï ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʉɺ ʠʣʠ ʅɺ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ 

ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʩʫʜʘʭ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ; b = V0,95 ï ʩʫʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʢʘʟʘʥʥʳʭ ʦʪ-

ʭʦʜʦʚ, ʢʦʪʦʨʦʝ ʥʝ ʙʫʜʝʪ ʧʨʝʚʳʰʝʥʦ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 95%. ʀʩʢʦʤʳʡ ʦʙʲʝʤ V0,95 ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ ʃʘʧʣʘʩʘ ʠʟ ʩʣʝʜʫʶʱʝʛʦ ʚʳʨʘʞʝʥʠʷ: 
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950950 )()()(  (6) 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʚ ʚʳʨʘʞʝʥʠʝ (6) ʟʥʘʯʝʥʠʡ ʤʠʥʠʤʘʣʴʥʳʭ ʠ ʩʨʝʜʥʝʩʫʪʦʯʥʳʭ 

ʦʙʲʝʤʦʚ, ʘ ʪʘʢʞʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʩʪʦʯʥʳʭ ʠ 

ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʙʲʝʤʳ ʵʪʠʭ ʚʦʜ, ʢʦʪʦʨʳʝ ʥʝ ʙʫʜʫʪ ʧʨʝʚʳ-

ʰʝʥʳ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 95%. ʇʦʣʫʯʝʥʥʳʝ ʦʙʲʝʤʳ ʩʦʩʪʘʚʠʣʠ: 

ï ʧʦ ʩʪʦʯʥʳʤ ʚʦʜʘʤ V0,95 = 28,7 ʤ
3
/ʩʫʪ; 

ï ʧʦ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʤ ʚʦʜʘʤ V0,95 = 4,8 ʤ
3
/ʩʫʪ. 

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʧʦʣʝʟʥʳʡ ʦʙʲʝʤ ʧʨʠʝʤʥʳʭ ʮʠʩʪʝʨʥ ʩʫʜʥʘ-ʩʙʦʨʱʠʢʘ ʚ ʧʨʦʮʝʩ-

ʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʞʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʥʠʭ ʦʩʘʜʢʦʚ, ʧʦʣʥʫʶ ʚʤʝ-

ʩʪʠʤʦʩʪʴ ʮʠʩʪʝʨʥ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʚʝʣʠʯʠʪʴ ʧʨʠʤʝʨʥʦ ʥʘ 10% [9]. ʇʦʵʪʦʤʫ ʧʦʣʥʳʡ 

ʦʙʲʝʤ ʧʨʠʝʤʥʳʭ ʮʠʩʪʝʨʥ ʜʣʷ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʩʙʦʨʱʠʢʘ ʙʳʣ ʧʨʠʥʷʪ ʨʘʚʥʳʤ 31,5 ʤ
3
 

ʜʣʷ ʩʪʦʯʥʳʭ ʚʦʜ ʠ 5,3 ʤ
3
 ʜʣʷ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ. 

ʄʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤ ʦʯʠʩʪʢʠ ʢʘʢ ʧʦ ʥʝʬʪʝʩʦ-

ʜʝʨʞʘʱʠʤ, ʪʘʢ ʠ ʧʦ ʩʪʦʯʥʳʤ ʚʦʜʘʤ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ ʩʨʝʜʥʝʩʫʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪ-

ʚʘ ʵʪʠʭ ʚʦʜ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʩʙʦʨʱʠʢʦʤ ʩʫʜʘʭ. ʌʘʢʪʠʯʝʩʢʫʶ ʠʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʣʝʜʫʝʪ ʫʚʝʣʠʯʠʪʴ ʥʘ 10é20% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʷ 

ʫʯʝʪʘ ʢʘʢ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ, ʪʘʢ ʠ ʚʳʥʫʞʜʝʥʥʳʭ ʧʝʨʝʨʳʚʦʚ ʚ ʨʘʙʦʪʝ ʩʠʩʪʝʤ. ʇʣʘʥʦ-

ʚʳʝ ʦʩʪʘʥʦʚʢʠ ʩʚʷʟʘʥʳ ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʨʘʙʦʪ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ, ʥʘʣʘʜʢʝ 

ʚʦʜʦʦʯʠʩʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʟʘʤʝʥʝ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪ.ʧ. ɺʥʝʧʣʘʥʦʚʳʝ ʧʝ-

ʨʝʨʳʚʳ ʚ ʨʘʙʦʪʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ ʨʘʟʣʠʯʥʳʤʠ ʥʝʠʩʧʨʘʚʥʦʩʪʷʤʠ, ʧʨʠʚʦʜʷʱʠʤʠ ʢ 

ʥʘʨʫʰʝʥʠʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʝʛʦ ʨʝʤʦʥʪʘ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʙʳʣ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʩʫʜʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʆʆʉɺ 

ʠ ʆʅɺ, ʠʤʝʶʱʠʭ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦʙ ʦʜʦʙʨʝʥʠʠ ʈʦʩʩʠʡʩʢʦʛʦ ʈʝʯʥʦʛʦ ʈʝʛʠʩʪʨʘ [14], 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʥʝʦʙʭʦʜʠʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʄʘʨʢʠ ʨʘʩ-

ʩʤʦʪʨʝʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [15ï21] ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 5. 
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ɺʘʩʴʢʠʥ ʉ.ɺ., ʃʝʫʦhʚʘ ʀ.ɽ. 

ɺʳʙʦʨ ʪʠʧʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʫʜʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʠ » 

 42 

ʊʘʙʣʠʮʘ 5 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʜʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʪʦʯʥʳʭ ʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ 

ˉ 

ʧ/ʧ 

ʄʘʨʢʘ ʫʩʪʘʥʦʚʢʠ ʇʨʦʠʟʚʦ-

ʜʠʪʝʣʴ-

ʥʦʩʪʴ, 

ʤ3/ʩʫʪ 

ʇʦʪʨʝʙ-

ʣʷʝʤʘʷ 

ʤʦʱʥʦʩʪʴ, 

ʢɺʪ 

ɻʘʙʘʨʠʪʥʳʝ 

ʨʘʟʤʝʨʳ 

LĬBĬH, ʤ 

ʄʘʩʩʘ ʩʫʭʘʷ/  

ʚ ʨʘʙʦʯʝʤ 

ʩʦʩʪʦʷʥʠʠ, ʪ 

ʋʩʪʘʥʦʚʢʠ ʜʣʷ ʦʯʠʩʪʢʠ ʠ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ 

1 ʉʪʦʢ-30ʄ 30,0 6,5 2,3Ĭ1,9Ĭ1,8 1,05/5,5 

2 HAMANN HL -CONT PLUS 

10 

24,0 3,5 1,2Ĭ1,6Ĭ1,8 0,82/3,8 

3 ACO Marine Clarimar MF-16 28,3 ʥ/ʜ 3,1Ĭ5,2Ĭ2,1 2,5/19,0 

4 Evac ORCA IV 300 27,0 ʥ/ʜ 3,4Ĭ1,83Ĭ1,82 2,05/6,7 

5 Evac MBR 30K 30,0 ʥ/ʜ 2,86Ĭ4,26Ĭ2,2 5,6/22,0 

ʋʩʪʘʥʦʚʢʠ ʜʣʷ ʦʯʠʩʪʢʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ 

1 RWO SKIT/S-DEB 0,25 6,0 2,0 1,05Ĭ0,77Ĭ1,12 0,185/0.265 

2 RWO OWS-COM  0,25 6,0 2,6 0,97Ĭ0,75Ĭ1,01 0,18/ʥ/ʜ 

3 YWC-0.25 6,0 3,4 1,0Ĭ0,6Ĭ1,25 0,3/0,45 

4 Victor Marine CS0250 6,0 2,0 1,04Ĭ0,66Ĭ1,47 0,27/0,42 

ʇʨʠʤʝʯʘʥʠʝ: çʥ/ʜè ï ʥʝʪ ʜʘʥʥʳʭ. 

 

ɼʣʷ ʚʳʙʦʨʘ ʢʦʥʢʨʝʪʥʦʡ ʤʘʨʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʝʢʦʤʝʥʜʫʝʤʦʡ ʢ ʫʩʪʘʥʦʚʢʝ ʥʘ ʩʫʜ-

ʥʝ-ʩʙʦʨʱʠʢʝ ʦʪʭʦʜʦʚ, ʙʘʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʠ ʘʥʘʣʠʟ ʠʭ ʫʜʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ 

ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣʠ ʚʳʙʨʘʥʳ ʦʪʥʦʰʝʥʠʷ ʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʫʩʪʘ-

ʥʦʚʦʢ ʧʦʪʨʝʙʣʷʝʤʦʡ ʠʤʠ ʤʦʱʥʦʩʪʠ, ʟʘʥʠʤʘʝʤʦʤʫ ʠʤʠ ʦʙʲʝʤʫ ʠ ʢ ʠʭ ʤʘʩʩʝ. ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʫʜʝʣʴʥʳʝ ʤʦʱʥʦʩʪʠ, ʦʙʲʝʤʳ ʠ ʤʘʩʩʳ ʚʦʜʦʦʯʠʩʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 3 ʠ 4.  

 

 

ʈʠʩ. 3. ʋʜʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʜʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ 

ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ 

ʚʦʜ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʜʘʥʥʳʝ ʧʦ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ, ʨʘʩʯʝʪ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 

ʜʣʷ ʵʪʠʭ ʫʩʪʘʥʦʚʦʢ ʥʝ ʧʨʦʚʦʜʠʣʩʷ. ʉʨʘʚʥʝʥʠʝ ʫʜʝʣʴʥʳʭ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʦʩʥʘʱʝʥʠʝ 
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ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 60, 2019 ʛ. 

ʈʘʟʜʝʣ I. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 

 

 43 

ʩʫʜʥʘ-ʩʙʦʨʱʠʢʘ ʩʠʩʪʝʤʦʡ ʤʘʨʢʠ çHAMANN HL-CONT PLUS 10è ʥʝʤʝʮʢʦʛʦ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʷ HAMANN AG. ʅʝʩʢʦʣʴʢʦ ʫʩʪʫʧʘʝʪ ʝʡ ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ çʉʪʦʢ-30ʄè, 

ʧʨʦʠʟʚʦʜʠʤʘʷ ʢʦʤʧʘʥʠʝʡ çʕʢʦʩè ʠʟ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ. ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʚʳʙʦʨ ʤʦʞʝʪ 

ʙʳʪʴ ʩʜʝʣʘʥ ʥʘ ʦʩʥʦʚʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʫʯʠʪʳʚʘʶʱʠʭ ʢʘʢ ʩʪʦʠʤʦʩʪʴ ʩʘʤʠʭ 

ʫʩʪʘʥʦʚʦʢ, ʪʘʢ ʠ ʩʪʦʠʤʦʩʪʴ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

 

ʈʠʩ. 4. ʋʜʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʜʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʦʯʠʩʪʢʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ 

ɸʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ. 4, ʛʦʚʦʨʠʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʷʚʥʳʭ ʧʨʝ-

ʠʤʫʱʝʩʪʚ ʫ ʢʘʢʦʡ-ʣʠʙʦ ʩʠʩʪʝʤʳ. ʆʙʦʨʫʜʦʚʘʥʠʝ ʢʦʤʧʘʥʠʡ RWO ʠ Victor Marine ʦʙʣʘ-

ʜʘʝʪ ʩʨʘʚʥʠʤʳʤʠ ʫʜʝʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʠʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʥʘ ʩʫʜʥʝ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ SKIT/S-DEB 0,25 ʢʦʤʧʘ-

ʥʠʠ RWO (ɻʝʨʤʘʥʠʷ). ʆʜʥʘʢʦ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʩ ʫʯʝ-

ʪʦʤ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʠʩʪʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʧʨʝʜʦʪ-

ʚʨʘʱʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʦʟ. ɹʘʡʢʘʣ ʩʫʜʦʚʳʤʠ ʩʪʦʯʥʳʤʠ ʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʤʠ ʚʦʜʘʤʠ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʧʨʠʝʤʝ ʵʪʠʭ ʚʦʜ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʩʫʜʥʦʤ-ʩʙʦʨʱʠʢʦʤ, ʠʭ ʯʘʩ-

ʪʠʯʥʦʡ ʦʯʠʩʪʢʝ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʩʜʘʯʝ ʥʘ ʙʝʨʝʛʦʚʳʝ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʛ. ʀʨʢʫʪ-

ʩʢʘ. ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚ ʨʘʙʦʪʝ ʩʫʜʥʘ-ʩʙʦʨʱʠʢʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ 

ʝʤʢʦʩʪʠ ʮʠʩʪʝʨʥ ʜʣʷ ʧʨʠʝʤʘ ʉɺ ʠ ʅɺ ʩ ʩʫʜʦʚ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʆʅɺ ʠ ʆʆʉɺ, ʘ ʪʘʢʞʝ ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠ ʢʦʥʢʨʝʪʥʳʭ 

ʤʘʨʦʢ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ʥʠʠ ʥʦʨʤʘʪʠʚʦʚ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ 
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Annotation. This article addresses the issue of preventing pollution of Lake Baikal by ship 

waste and oily waters. For this purpose, the quantity and composition of these waters on the 

ships of PJSC çESINCè is determined. To ensure the environmental safety of vessels, it is 

proposed to use the vessel collecting wastewater and oily water from vessels equipped with 
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water treatment equipment. As a result of processing the data for the vessels serviced by the 

collector, the productivity of installations for the treatment of waste and oily water of the col-

lector, as well as the capacity of its tanks for receiving these wastes, are calculated. Based 

on the analysis of the characteristics of the ship's environmental equipment, recommenda-

tions are given on the choice of specific types of systems for the treatment of waste and oily 

water. 
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ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʨʫʧʢʠʭ ʯʘʩʪʠʮ ʥʠʪʨʠʜʘ ʭʨʦʤʘ. 

 

ɸʫʩʪʝʥʠʪʥʳʝ (ʥʝʤʘʛʥʠʪʥʳʝ) ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʩʪʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʦʯʝʪʘʥʠʝʤ 

ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ, ʧʦʚʳʰʝʥʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ, ʯʪʦ ʧʦ-

ʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʢʣʘʩʩ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʜʝʪʘʣʝʡ ʵʥʝʨʛʦʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʩʫʜʦʩʪʨʦʝʥʠʷ ʠ ʪ.ʜ. ʆʜ-

ʥʘʢʦ ʧʨʠ ʢʦʚʢʝ ʠʣʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʚ ʩʪʨʫʢʪʫʨʝ ʵʪʠʭ ʩʪʘʣʝʡ c ʪʚʝʨʜʦʨʘʩʪʚʦʨʥʳʤ ʤʝ-

ʭʘʥʠʟʤʦʤ ʫʧʨʦʯʥʝʥʠʷ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʘʟʦʪʘ (> 0,4%) ʧʦʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʧʣʘ-

ʩʪʠʥʯʘʪʳʝ ʚʳʜʝʣʝʥʠʷ ʥʠʪʨʠʜʦʚ ʭʨʦʤʘ Cr2N (ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ çʘʟʦʪʠʩʪʦʛʦ ʧʩʝʚʜʦʧʝʨ-

ʣʠʪʘè) [1], ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʨʳʚʠʩʪʦʛʦ ʨʘʩʧʘʜʘ, ʧʨʦʠʩʭʦʜʷʱʝʛʦ 

ʧʫʪʝʤ ʤʠʛʨʘʮʠʠ ʛʨʘʥʠʮ ʟʝʨʝʥ. ʂʨʠʚʳʝ ʚʳʜʝʣʝʥʠʷ ʥʠʪʨʠʜʦʚ ʭʨʦʤʘ ʠʤʝʶʪ ʉ-ʦʙʨʘʟʥʫʶ 

ʬʦʨʤʫ (ʨʠʩ.1), ʧʨʠʯʝʤ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

~ 900ï950Üʉ, ʘ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʢʨʠʚʦʡ ʜʦʭʦʜʠʪ ʜʦ tÜ=1100Üʉ. 

ʇʨʝʨʳʚʠʩʪʳʡ ʨʘʩʧʘʜ ʚ ʘʫʩʪʝʥʠʪʥʳʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʪʘʣʷʭ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʨʝʘʢ-

ʮʠʠ [3] 

ɔ Ÿ ɔ
ô
 + Cr2N 

ʛʜʝ ɔ ï ʠʩʭʦʜʥʳʡ (ʥʝʧʨʝʚʨʘʱʝʥʥʳʡ) ʘʫʩʪʝʥʠʪ;  

ɔ
ô
 ï ʤʝʞʧʣʘʩʪʠʥʯʘʪʳʡ (ʧʨʝʚʨʘʱʝʥʥʳʡ) ʘʫʩʪʝʥʠʪ; ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ 

ʧʣʘʩʪʠʥʯʘʪʳʭ ʯʘʩʪʠʮ ʥʠʪʨʠʜʘ ʭʨʦʤʘ (ɻʇʋ) Cr2N ʨʘʟʜʝʣʝʥʥʳʭ ʧʨʦʩʣʦʡʢʘʤʠ ɔ
ô
 ʘʫ-

ʩʪʝʥʠʪʘ (ɻʎʂ) (ʨʠʩ. 2).  

 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 60, 2019 ʛ. 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʴʶ ʠ ʦʙʲʝʤʥʦʡ ʜʦʣʝʡ  

ʷʯʝʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʩʪʘʣʠ 05ʍ20ɻ14ʅ7ʄɸ70, ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʦʪ 1200Üʉ  

ʠ ʦʪʞʠʛʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʆʙʣʘʩʪʠ ɸ. ɺ ʠ ʉ ʩʦʦʪʚʝʪʩʪʚʫʶʪ  

ʨʘʟʣʠʯʥʳʤ ʦʙʲʝʤʥʳʤ ʜʦʣʷʤ ʧʝʨʣʠʪʦʦʙʨʘʟʥʦʡ ʩʪʨʫʢʪʫʨʳ,  

ʦʪ ʢʦʪʦʨʦʡ ʟʘʚʠʩʷʪ ʟʥʘʯʝʥʠʷ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ [2]. 

ʉʦʛʣʘʩʥʦ [3] ʪʚʝʨʜʦʩʪʴ ʷʯʝʝʢ , ʩʦʜʝʨʞʘʱʠʭ ɔ
ô 
ʠ ʧʣʘʩʪʠʥʳ Cr2N ʚ ~ 1,5 ʨʘʟʘ ʚʳʰʝ, 

ʯʝʤ ʠʩʭʦʜʥʦʡ ʤʘʪʨʠʮʳ ɔ .ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʧʣʘʩʪʠʯʥʦʩʪʠ, 

ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʘʜʝʥʠʶ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʪʘʣʠ.  

ɼʣʷ ʩʥʠʞʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʝʨʳʚʠʩʪʦʛʦ ʨʘʩʧʘʜʘ ʥʘ ʤʝʭʘʥʠʯʝ-

ʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ, ʤʦʞʥʦ ʚʚʝʩʪʠ ʚ ʩʦʩʪʘʚ ʩʪʘʣʠ ʚʘʥʘʜʠʡ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʥʝ 

ʤʝʭʘʥʠʟʤʘ ʧʨʝʨʳʚʠʩʪʦʛʦ ʨʘʩʧʘʜʘ ʥʘ ʥʝʧʨʝʨʳʚʥʳʡ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ 

ʪʚʝʨʜʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʠʪʨʠʜʦʚ ʚʘʥʘʜʠʷ (VN) [4]. ʊʘʢʞʝ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʪʝʨ-

ʤʦʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʩʪʘʣʠ, ʟʘʢʘʥʯʠʚʘʷ ʝʸ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘʯʘʣʘ ʨʝʘʢʮʠʠ ʧʨʝʨʳʚʠʩʪʦʛʦ ʨʘʩʧʘʜʘ, ʥʦ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʫ-

ʩʪʝʥʠʪʘ [5]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʛʦʨʷʯʝʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨ-

ʤʘʮʠʠ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ ʜʣʷ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢ-

ʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʫʩʪʨʘʥʝʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʧʨʝʨʳʚʠʩʪʦʛʦ ʨʘʩʧʘʜʘ ʥʘ ʢʦʨʨʦʟʠʦʥʥʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [5]. 

ʉʪʨʫʢʪʫʨʘ ʣʠʪʦʡ ʩʪʘʣʠ (ʙʝʟ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪ-

ʚʦʤ ʚʳʜʝʣʝʥʠʡ ʥʠʪʨʠʜʦʚ ʭʨʦʤʘ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ. ʅʘʣʠʯʠʝ ʚʳʜʝʣʝʥʠʡ Cr2N ʦʙʫ-

ʩʣʘʚʣʠʚʘʝʪ ʩʠʣʴʥʫʶ ʩʢʣʦʥʥʦʩʪʴ ʣʠʪʦʡ ʩʪʘʣʠ ʢ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʦʡ ʢʦʨʨʦʟʠʠ (ʄʂʂ) ʠ 

ʧʦʥʠʞʝʥʥʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ. 

ʇʦʩʣʝ ʟʘʢʘʣʢʠ ʩʪʘʣʠ ʩ 1050Üʉ ʭʘʨʘʢʪʝʨ ʚʳʜʝʣʝʥʠʡ ʠʟʤʝʥʷʝʪʩʷ: ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ 

ʦʥʠ ʚ ʦʩʥʦʚʥʦʤ ʨʘʩʪʚʦʨʷʶʪʩʷ ʠ ʩʪʘʥʦʚʷʪʩʷ ʥʝ ʪʘʢʠʤʠ ʠʥʪʝʥʩʠʚʥʳʤʠ, ʥʦ ʧʦʷʚʣʷʶʪʩʷ 

ʦʙʠʣʴʥʳʝ ʪʦʯʝʯʥʳʝ ʚʳʜʝʣʝʥʠʷ ʚ ʦʙʲʝʤʝ ʟʝʨʥʘ. 

ʉʪʘʣʴ, ʧʦʜʚʝʨʛʥʫʪʘʷ ʢʦʚʢʝ ʚ ʠʥʪʝʨʚʘʣʝ 1200ï1000Üʉ ʦʙʣʘʜʘʝʪ ʘʫʩʪʝʥʠʪʥʦʡ ʩʪʨʫʢ-

ʪʫʨʦʡ ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ 30ï100 ʤʢʤ. ɺ ʪʝʣʝ ʟʝʨʥʘ ʚʳʜʝʣʝʥʠʷ Cr2N ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪ-

ʩʪʚʫʶʪ, ʥʦ ʥʘ ʛʨʘʥʠʮʘʭ ʥʘʭʦʜʷʪʩʷ ʩʢʦʧʣʝʥʠʷ ʥʠʪʨʠʜʦʚ (ʨʠʩ. 2ʘ), ʢʦʪʦʨʳʝ ʦʙʨʘʟʦʚʘ-

ʣʠʩʴ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʩʪʘʣʠ ʩ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʚʢʠ ʚ ʨʘʡʦʥʝ 950Üʉ, ʠ ʧʨʠ ʵʪʦʤ ʩʪʘʣʴ 

ʩʢʣʦʥʥʘ ʢ ʄʂʂ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʩ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʚʢʠ ʚ ʚʦʜʫ ʚʳʜʝʣʝʥʠʷ ʧʦ ʛʨʘʥʠʮʘʤ 

ʟʝʨʝʥ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʨʘʟʫʶʪʩʷ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʨʠʩ. 2ʙ), ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʩʪʘʣʴ ʥʝ ʩʢʣʦʥʥʘ ʢ ʄʂʂ. 

 



ɻʣʝʙʦʚ ɺ.ɺ., ɹʣʠʥʦʚ ɺ.ʄ., ʈʝʧʠʥ ʌ.ʌ. 
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ʈʠʩ. 2. ʄʠʢʨʦʩʪʨʫʢʪʫʨʳ (³300) ʢʦʚʘʥʦʡ ʩʪʘʣʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ 0,73%:  

ʘ ï ʦʭʣʘʞʜʝʥʠʝ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʦʚʢʠ ʥʘ ʚʦʟʜʫʭʝ; ʙ ï ʪʦ ʞʝ, ʥʦ ʚ ʚʦʜʝ;  

ʚ ï ʪʦ ʞʝ, ʯʪʦ ʘ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ ʧʨʠ 1050 ʉ̄ ʠ ʦʭʣʘʞʜʝʥʠʝʤ  

ʚ ʚʦʜʝ; ʛ ï ʥʠʪʨʠʜʥʳʝ ʚʳʜʝʣʝʥʠʷ ʚ ʠʟʣʦʤʝ (³4000) ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ  

ʧʨʠ 1050 ʉ̄ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʥʘ ʚʦʟʜʫʭʝ, KCV = 0,55 ʄɼʞ/ʤ2 [1] 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʢʘʣʢʠ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʢʘʢ ʭʘʨʘʢʪʝʨ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʪʘʢ ʠ ʨʘʟʤʝʨʳ ʥʠʪʨʠʜʦʚ ʭʨʦʤʘ. ʇʦʩʣʝ ʟʘʢʘʣʢʠ ʩ 1050Üʉ ʢʦʣʠʯʝʩʪʚʦ 

ʥʠʪʨʠʜʦʚ ʫʤʝʥʴʰʘʝʪʩʷ, ʥʘʙʣʶʜʘʶʪʩʷ ʪʦʯʝʯʥʳʝ ʚʳʜʝʣʝʥʠʷ ʥʠʪʨʠʜʦʚ ʚ ʪʝʣʝ ʟʝʨʥʘ ʠ 

ʨʝʜʢʠʝ ʢʦʣʦʥʠʠ ʘʟʦʪʠʩʪʦʛʦ ʧʩʝʚʜʦʧʝʨʣʠʪʘ, ʨʘʩʪʫʱʠʝ ʦʪ ʛʨʘʥʠʮ ʟʝʨʝʥ (ʨʠʩ. 2ʚ). ʇʨʘʢ-

ʪʠʯʝʩʢʠ ʪʘʢ ʞʝ ʚʳʛʣʷʜʠʪ ʩʪʨʫʢʪʫʨʘ ʩʪʘʣʠ, ʟʘʢʘʣʝʥʥʦʡ ʩ 1100Üʉ, ʠ ʪʦʣʴʢʦ ʧʦʩʣʝ ʟʘʢʘʣ-

ʢʠ ʩ 1150Üʉ ʚ ʚʦʜʫ ʥʠʪʨʠʜʳ ʭʨʦʤʘ ʨʘʩʪʚʦʨʷʶʪʩʷ ʧʦʣʥʦʩʪʴʶ ʠ ʧʨʠ ʵʪʦʤ ʫʜʘʨʥʘʷ ʚʷʟ-

ʢʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʚʦʟʜʫʭʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʥʘʛʨʝʚʘ ʧʦʜ ʟʘʢʘʣʢʫ ʚ ʩʪʨʫʢʪʫʨʝ ʩʪʘʣʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚʳʜʝʣʝʥʠʷ ʥʠʪʨʠʜʦʚ ʧʦ 

ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ, ʯʪʦ ʩʥʠʞʘʝʪ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʩʪʘʣʠ (ʨʠʩ. 2ʛ). 

 

 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ (1, 2) ʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ (3, 4)  

ʢʦʚʘʥʦʡ ʩʪʘʣʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ:  

1, 3 ï ʦʭʣʘʞʜʝʥʠʝ ʥʘ ʚʦʟʜʫʭʝ; 2, 4 ï ʦʭʣʘʞʜʝʥʠʝ ʚ ʚʦʜʝ [1]. 

ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʪʘʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʟʘʢʘʣʢʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚ ʚʦʜʝ ʠ ʥʘ ʚʦʟʜʫʭʝ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ-

ʢʘʣʢʠ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ 

ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 60, 2019 ʛ. 

ʈʘʟʜʝʣ I. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʜʣʷ ʩʪʘʣʝʡ ʨʷʜʘ ʧʣʘʚʦʢ ʧʨʠʚʝʜʝʥʳ 

ʚ ʪʘʙʣ. 1.  

ʊʘʙʣʠʮʘ 1 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʧʳʪʥʳʭ ʧʣʘʚʦʢ ʩʪʘʣʝʡ  

ʪʠʧʘ 05ʍ22ɸɻ14ʅ7ʄ 

ʅʦʤʝʨ 

ʧʣʘʚʢʠ 

N, ʤʘʩʩ.% ʈʝʞʠʤ  

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ 

ůʚ, ʄʇʘ ů0,2, 

ʄʇʘ 

ŭ,% ɣ, % KCV, 

ʄɼʞ/ʤ2 

5 0,64 ʘ 1013 612 46,8 63,0 2,28 

7 0,74 ʘ 1047 646 41,4 44,8 0,96 

8 0,38 ʘ 876 515 50,5 70,4 3,22 

9 0,57 ʘ 1015 617 41,5 58,6 2,02 

10 0,55 ʘ 969 693 38,0 63,5 2,10 

11 0,73 ʘ 1001 692 36,1 53,8 1,18 

11 0,73 ʙ 943 637 59,4 50,9 0,91 

11 0,73 ʙ+ʘ 953 588 52,6 55,3 1,52 

12 0,61 ʚ+ʘ 998 625 46,0 54,5 0,99 

12 0,61 ʚ 990 669 50,3 67,8 2,65 

ʘ ï ʟʘʢ. 1050Üʉ, 2 ʯ., ʚʦʜʘ;  

ʙ ï ʦʭʣʘʞʜ. ʧʦʩʣʝ ʢʦʚʢʠ ʥʘ ʚʦʟʜʫʭʝ;  

ʚ ï ʦʭʣʘʞʜ. ʧʦʩʣʝ ʢʦʚʢʠ ʚ ʚʦʜʝ. 

 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʧʣʘʚʦʢ, ʩʦʜʝʨʞʘʱʠʭ ʙʦʣʝʝ 0,7% N, ʫʨʦ-

ʚʝʥʴ ʩʚʦʡʩʪʚ ʙʣʠʟʦʢ ʢ ʫʨʦʚʥʶ ʩʚʦʡʩʪʚ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʘʫʩʪʝʥʠʪʦ-ʤʘʨʪʝʥʩʠʪʥʦʛʦ 

ʢʣʘʩʩʘ 08ʍ17ʅ6ʊ [6,7], ʧʨʠʤʝʥʷʝʤʦʡ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʷʞʝʣʦʥʘʛʨʫʞʝʥʥʳʭ ʜʝʪʘʣʝʡ 

(ʥʘʧʨʠʤʝʨ, ʢʨʳʣʴʝʚʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʛʨʝʙʥʳʭ ʚʘʣʦʚ ʉʇʂ). 

ʊʘʙʣʠʮʘ 2  

ɺʣʠʷʥʠʝ ʨʝʞʠʤʘ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ 08ʍ17ʅ6ʊ 

ʆʙʦʟʥʘʯʝʥʠʝ ʈʝʞʠʤ ʪʝʨʤʦʦʙʨʘ-

ʙʦʪʢʠ 

ůʚ, ʄʇʘ ů0,2, ʄʇʘ ŭ,% ɣ, % 

1.1 ɿʘʢ. 1150Üʉ, 5 ʯ, 

ʚʦʜʘ 

1050 810 17,3 49,4 

1.2 ɿʘʢ. 950Üʉ, 5 ʯ, 

ʚʦʜʘ 

1100 850 17,0 48,8 

 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʟʘʢʘʣʢʠ 1150Üʉ ʠ ʚʳʰʝ (ʨʠʩ. 3) ʫʨʦʚʝʥʴ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʘʟʦʪ-

ʩʦʜʝʨʞʘʱʠʭ ʩʪʘʣʝʡ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʫʨʦʚʥʶ ʘʫʩʪʝʥʠʪʥʳʭ ʥʝʨʞʘʚʝʶʱʠʭ ʩʪʘʣʝʡ ʙʝʟ 

ʘʟʦʪʘ (> 2 ʄɼʞ/ʤʤ
2 
), ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʫ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ 

ʩʪʘʣʝʡ ʧʨʝʚʳʰʘʶʪ 550 ʄʇʘ, ʯʪʦ ʚ 2ï2,5 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʩʪʘʣʠ ʪʠʧʘ ʍ18ʅ10ʊ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʫʩʪʨʘʥʠʪʴ ʦʪʨʠ-

ʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʧʨʝʨʳʚʠʩʪʦʛʦ ʨʘʩʧʘʜʘ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ ʤʦʞʥʦ, 

ʦʙʝʩʧʝʯʠʚ ʦʢʦʥʯʘʥʠʝ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʥʘʯʘʣʘ ʨʝʘʢʮʠʠ ʧʨʝʨʳʚʠʩʪʦʛʦ ʨʘʩʧʘʜʘ (~ 1050ï1100Üʉ), ʥʦ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʫʩʪʝʥʠʪʘ (~1150Üʉ), ʧʨʠ ʵʪʦʤ ʦʭʣʘʞʜʝʥʠʝ ʟʘʛʦʪʦʚʢʠ ʨʝʢʦʤʝʥʜʫʝʪ-

ʩʷ ʧʨʦʚʦʜʠʪʴ ʚ ʚʦʜʝ [1,5]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʠ ʧʨʠ 1100Áʉ ʩ ʩʫʤʤʘʨʥʦʡ ʩʪʝʧʝʥʴʶ ʦʙʞʘʪʠʷ ~ 60% 

ʚ ʩʪʨʫʢʪʫʨʝ ʚʳʩʦʢʦ-ʘʟʦʪʠʩʪʦʡ ʘʫʩʪʝʥʠʪʥʦʡ ʩʪʘʣʠ 05ʍ22ɸɻ14ʅ7ʄ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨ-



ɻʣʝʙʦʚ ɺ.ɺ., ɹʣʠʥʦʚ ɺ.ʄ., ʈʝʧʠʥ ʌ.ʌ. 

ɺʣʠʷʥʠʝ ʛʦʨʷʯʝʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʥʠʪʨʠʜʦʚ » 
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ʤʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʦʡ ʧʦʣʠʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʧʦʣʠʛʦʥʘ 0,5ï

0,7 ʤʢʤ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʦʙʲʝʤ ʟʝʨʝʥ (ʨʠʩ. 4) [8]. 

 

 ʭ25000 

ʈʠʩ. 4. ʇʦʣʠʛʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʩʪʘʣʠ 05X22Aɻ14ʅ7ʄ [8],  

ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʧʨʦʢʘʪʢʦʡ ʧʨʠ 1100Üʉ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʪʘʢʦʡ ʧʦʣʠʛʦʥʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʳʩʦʢʦʘʟʦʪʠʩʪʦʡ ʩʪʘʣʠ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʭʦʨʦʰʝʝ ʩʦʯʝʪʘʥʠʝ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʫʜʘʨʥʦʡ 

ʚʷʟʢʦʩʪʠ [8]. ʃʝʛʠʨʦʚʘʥʠʝ ʩʪʘʣʠ ʚʘʥʘʜʠʝʤ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʭʨʫʧʯʠʚʘʥʠʶ ʩʪʘʣʠ ʚ 

ʦʢʦʣʦʰʦʚʥʦʡ ʟʦʥʝ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ VN ʠ ʩʥʠ-

ʞʝʥʠʶ ʢʦʨʨʦʟʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [9]. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʦʜʠʤʳʭ ʥʘ ʣʝ-

ʜʦʢʦʣʝ çʂʘʧʠʪʘʥ ɿʘʨʫʙʠʥè, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʦ 

ʧʨʝʩʥʦʚʦʜʥʳʡ ʣʝʜʷʥʦʡ ʧʦʢʨʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʨʝʢʝ ɺʦʣʛʘ. 

ʆʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ. ɺʳʧʦʣʥʝʥʳ 

ʨʘʩʯʝʪʳ ʣʝʜʦʚʦʡ ʭʦʜʢʦʩʪʠ ʜʣʷ ʣʝʜʦʢʦʣʘ ʧʨʦʝʢʪʘ 1105 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʤ ʤʦʜʝ-

ʣʷʤ ʧʨʠ ʜʚʠʞʝʥʠʠ ʥʝʧʨʝʨʳʚʥʳʤ ʭʦʜʦʤ ʠ ʥʘʙʝʛʘʤʠ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʩʦ-

ʩʪʦʷʥʠʝ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʣʝʜʦʚʫʶ ʭʦʜʢʦʩʪʴ ʩʫʜʦʚ ʧʨʠ ʜʚʠʞʝʥʠʠ ʥʝ-

ʧʨʝʨʳʚʥʳʤ ʭʦʜʦʤ, ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʧʨʝʜʝʣʴʥʦʡ ʣʝʜʦʧʨʦʭʦʜʠʤʦʩʪʠ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʠ ʜʚʠʞʝʥʠʠ ʥʘʙʝʛʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʣʝʜʦʚʦʡ ʭʦʜʢʦʩʪʠ ʢʘʢ ʩʫʱʝʩʪʚʫʶʱʠʭ, ʪʘʢ ʠ ʧʨʦʝʢ-

ʪʠʨʫʝʤʳʭ ʩʫʜʦʚ. 

ɺʚʝʜʝʥʠʝ 

ɺ ʈʦʩʩʠʠ, ʠʤʝʶʱʝʡ ʟʘʤʝʨʟʘʶʱʠʝ ʚʥʫʪʨʝʥʥʠʝ ʚʦʜʥʳʝ ʧʫʪʠ, ʚʩʝʛʜʘ ʫʜʝʣʷʣʦʩʴ 

ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʧʨʦʙʣʝʤʝ ʧʨʦʜʣʝʥʠʷ ʥʘʚʠʛʘʮʠʠ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʜʣʝʥʠʷ ʥʘʚʠ-

ʛʘʮʠʠ ʩʪʘʚʠʪ ʟʘʜʘʯʫ ʨʘʟʨʫʰʝʥʠʷ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʟʘʤʝʨʟʘʶʱʠʭ ʧʦʨʪʘʭ, ʟʘʣʠʚʘʭ ʠ 

ʙʫʭʪʘʭ, ʧʨʠ ʧʨʦʢʣʘʜʢʝ ʢʘʥʘʣʦʚ ʚʦ ʣʴʜʫ, ʜʣʷ ʙʦʣʝʝ ʨʘʥʥʝʛʦ ʚʩʢʨʳʪʠʷ ʨʝʢ ʠ ʚʦʜʦʭʨʘʥʠ-

ʣʠʱ. ɺ ʧʝʨʠʦʜʳ ʣʝʜʦʭʦʜʘ ʠ ʣʝʜʦʩʪʘʚʘ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʧʘʩʥʦʩʪʠ ʥʘʚʦʜʥʝʥʠʡ 

ʠʥʦʛʜʘ ʧʨʠʭʦʜʠʪʩʷ ʨʘʟʨʫʰʘʪʴ ʣʝʜʷʥʳʝ ʟʘʪʦʨʳ ʠ ʟʘʞʦʨʳ. ɺʦʧʨʦʩʳ ʣʝʜʦʚʦʡ ʭʦʜʢʦʩʪʠ 

ʩʫʜʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʟʳʚʘʶʪ ʚʩʝ ʙʦʣʴʰʠʡ ʠ ʦʙʦʩʥʦʚʘʥʥʳʡ ʠʥʪʝʨʝʩ ʚ ʩʚʷʟʠ ʩ 

ʥʘʯʘʣʦʤ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʢʨʫʛʣʦʛʦʜʠʯʥʦʡ ʥʘʚʠʛʘʮʠʠ ʉʝʚʝʨʥʦʛʦ 

ʤʦʨʩʢʦʛʦ ʧʫʪʠ ʩ ʟʘʭʦʜʦʤ ʚ ʫʩʪʴʷ ʨʝʢ, ʚʧʘʜʘʶʱʠʭ ʚ ʉʝʚʝʨʥʳʡ ʣʝʜʦʚʠʪʳʡ ʦʢʝʘʥ. 

ʅʦ ʧʣʘʚʘʥʠʝ ʚʦ ʣʴʜʘʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʦʪʣʠʯʠʷʤʠ ʚ ʤʝʪʦʜʘʭ 

ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʘʚʘʥʠʝʤ ʧʦ ʯʠʩʪʦʡ ʚʦʜʝ ʠ ʪʨʝʙʫʝʪ ʦʪ ʩʫʜʦʚʦʜʠ-

ʪʝʣʷ ʩʧʝʮʠʘʣʴʥʳʭ ʟʥʘʥʠʡ. ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʣʝʜʦʚʦʛʦ ʧʣʘʚʘʥʠʷ ʩʫʜʦʚʦʜʠʪʝʣʴ ʜʦʣʞʝʥ 

ʠʤʝʪʴ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʙʦʣʝʝ ʦʙʰʠʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʣʝʜʦʚʳʭ ʫʩʣʦʚʠʷʭ [1, 2], ʪʘʢ 

ʢʘʢ ʣʝʜʦʧʨʦʭʦʜʠʤʦʩʪʴ ʩʫʜʥʘ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ, ʫʩʣʦʚʠʡ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʝʜʦʚʦʡ ʭʦʜʢʦʩʪʠ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ [3, 4]. 
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1. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʴʜʘ ʷʚʣʷʝʪʩʷ ʟʘʩʥʝʞʝʥʥʦʩʪʴ [3] 

ï ʩʪʝʧʝʥʴ ʧʦʢʨʳʪʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʣʴʜʘ ʩʥʝʛʦʤ. ʅʘʣʠʯʠʝ ʩʥʝʛʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʴʜʘ ʢʘʢ 

ʙʳ ʫʚʝʣʠʯʠʚʘʝʪ ʝʛʦ ʪʦʣʱʠʥʫ, ʠʟʤʝʥʷʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʣʴʜʘ ʦ ʢʦʨʧʫʩ ʣʝʜʦʢʦʣʘ ʠ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʣʝʜʦʧʨʦʭʦʜʠʤʦʩʪʠ [6].  

ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʝʩʩʥʝʞʥʳʡ ʨʦʚʥʳʡ ʣʝʜ ʚʩʪʨʝʯʘʝʪʩʷ ʢʨʘʡʥʝ 

ʨʝʜʢʦ, ʧʦʵʪʦʤʫ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʣʝʜʦʚʦʡ ʭʦʜʢʦʩʪʠ ʚ ʟʘʜʘʥʥʳʭ ʣʝʜʦʚʳʭ ʫʩʣʦʚʠʷʭ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʩʦ ʣʴʜʦʤ [7, 8]. ʕʪʦ ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ ʧʨʠ ʧʦʤʦʱʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʥʘʨʫʞʥʦʡ ʦʙʰʠʚʢʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʩʦ 

ʣʴʜʦʤ, ʢʦʪʦʨʳʡ ʢʦʣʝʙʣʝʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʠ ʦʙʫʩʣʦʚʣʝʥ ʥʝ ʪʦʣʴʢʦ 

ʩʦʩʪʦʷʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ [9], ʥʦ ʠ ʩʦʩʪʦʷʥʠʝʤ ʣʝʜʦʚʦʡ ʩʨʝʜʳ [1].  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʥʘʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝ-

ʥʠʷ ʥʘʨʫʞʥʦʡ ʦʙʰʠʚʢʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʦʙ ʣʝʜ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩ ʫʯʘʩʪʠʝʤ ʩʦʪʨʫʜʥʠ-

ʢʦʚ ʅʠʞʝʛʦʨʦʜʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚʝʩʥʦʡ ʥʘ ʙʦʨʪʫ 

ʣʝʜʦʢʦʣʘ ʧʨʦʝʢʪʘ 1105 çʂʘʧʠʪʘʥ ɿʘʨʫʙʠʥè ʚʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʨʝʢʝ ɺʦʣʛʘ. 

ʃʝʜʦʢʦʣ çʂʘʧʠʪʘʥ ɿʘʨʫʙʠʥè (ʨʠʩ. 1) ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʥʠʤ ʣʠʥʝʡʥʳʤ ʣʝʜʦʢʦʣʦʤ ʚ 

ʩʝʨʠʠ ʠʟ ʰʝʩʪʠ ʣʝʜʦʢʦʣʦʚ ʧʨʦʝʢʪʘ 1105, ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʧʦ ʟʘʢʘʟʫ ʉʉʉʈ ʥʘ 

ʚʝʨʬʠ Wªrtsilª (ʩ 2012 ʛʦʜʘ Arctech Helsinki Shipyard), ʍʝʣʴʩʠʥʢʠ, ʌʠʥʣʷʥʜʠʷ. ʉʫʜʘ 

ʩʝʨʠʠ ʥʘʟʚʘʥʳ ʚ ʯʝʩʪʴ ʚʳʜʘʶʱʠʭʩʷ ʩʦʚʝʪʩʢʠʭ ʢʘʧʠʪʘʥʦʚ. ɺ ʜʘʥʥʫʶ ʩʝʨʠʶ ʪʘʢʞʝ ʚʭʦ-

ʜʷʪ ʣʝʜʦʢʦʣʳ: çʂʘʧʠʪʘʥ ʏʝʯʢʠʥè, çʂʘʧʠʪʘʥ ʇʣʘʭʠʥè, çʂʘʧʠʪʘʥ ɹʫʢʘʝʚè, çʂʘʧʠʪʘʥ 

ʏʘʜʘʝʚè, çʂʘʧʠʪʘʥ ʂʨʫʪʦʚè [10]. 

 

 

ʈʠʩ. 1. ʃʝʜʦʢʦʣ çʂʘʧʠʪʘʥ ɿʘʨʫʙʠʥè 

ʃʠʥʝʡʥʳʝ ʣʝʜʦʢʦʣʳ ʧʨʦʝʢʪʘ 1105 ʦʪʥʦʩʷʪʩʷ ʢ ʪʠʧʫ çʨʝʢʘ-ʤʦʨʝè, ʩʧʦʩʦʙʥʳ ʨʘʙʦ-

ʪʘʪʴ ʚʦ ʣʴʜʫ ʪʦʣʱʠʥʦʡ ʜʦ 1 ʤʝʪʨʘ, ʦʙʦʨʫʜʦʚʘʥʳ ʙʫʢʩʠʨʥʳʤ ʛʘʢʦʤ. ʉʫʜʘ ʧʨʝʜʥʘʟʥʘʯʝ-

ʥʳ ʜʣʷ ʨʘʙʦʪʳ ʚ ʤʦʨʩʢʠʭ ʧʦʨʪʘʭ ʶʛʘ, ʟʘʧʘʜʘ ʠ ʩʝʚʝʨʘ ʈʦʩʩʠʠ. ʆʥʠ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ 

ʥʘ ɺʦʣʛʝ, ʅʝʚʝ, ʥʘ ɸʟʦʚʩʢʦʤ ʤʦʨʝ, ʚ ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ. 

ʃʝʜʦʢʦʣʳ ʧʨʦʝʢʪʘ 1105 ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʚʦʜʢʠ ʢʘʨʘʚʘʥʦʚ ʩʫ-

ʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʡ ʣʝʜʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʧʦʨʪʦʚʳʭ ʣʝʜʦʢʦʣʦʚ. 

ɺʩʝ ʰʝʩʪʴ ʣʝʜʦʢʦʣʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʭʦʜʷʪʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʝʜʦʢʦʣʘ ʧʨʦʝʢʪʘ 1105 çʂʘʧʠʪʘʥ ɿʘʨʫʙʠʥè ʧʨʠʚʝʜʝʥʳ 

ʚ ʪʘʙʣ. 1 [10]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ, ʠʟʛʦʪʦʚʣʝʥʦ ʠ ʫʩʪʘʥʦʚ-

ʣʝʥʦ ʥʘ ʣʝʜʦʢʦʣʝ ʫʩʪʨʦʡʩʪʚʦ ʚ ʚʠʜʝ ʬʝʨʤʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦ ʩʪʘʣʴʥʦʡ çʣʳʞʝʡè ʥʘ 

ʢʦʥʮʝ. ʋʩʪʨʦʡʩʪʚʦ ʠ ʩʭʝʤʘ ʝʛʦ ʢʨʝʧʣʝʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2. ʌʝʨʤʝʥʥʘʷ ʦʙʣʝʛʯʝʥʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ 1, ʜʣʠʥʘ ʢʦʪʦʨʦʡ 5,3 ʤ, ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʬʠʣʷ, ʧʨʠʢʨʝʧ-

ʣʝʥʘ ʢ ʬʘʣʴʰʙʦʨʪʫ ʚ ʨʘʡʦʥʝ ʤʠʜʝʣʴ-ʰʧʘʥʛʦʫʪʘ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʰʘʨʥʠʨʥʦ-

ʛʦ ʩʦʝʜʠʥʝʥʠʷ 3 ʪʨʝʤʷ ʩʪʨʫʙʮʠʥʘʤʠ. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʚʦ ʚʨʝʤʷ ʜʚʠʞʝ-

ʥʠʷ ʣʝʜʦʢʦʣʘ ʬʝʨʤʘ 1 ʧʨʠ ʧʦʤʦʱʠ ʬʘʣʘ 2 ʧʦʜʥʠʤʘʣʘʩʴ ʠ ʦʧʫʩʢʘʣʘʩʴ ʥʘ ʣʝʜ ʟʘ ʩʯʝʪ 

ʰʘʨʥʠʨʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 3. ʅʘ ʜʨʫʛʦʤ ʢʦʥʮʝ ʬʝʨʤʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 1 ʧʨʠ ʧʦʤʦʱʠ 

http://www.korabli.eu/node/62426
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ʂʘʣʠʥʠʥʘ ʅ.ɺ., ʉʦʣʜʘʪʢʠʥ ʆ.ɹ. 
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ʰʘʨʥʠʨʘ 4 ʢʨʝʧʠʣʘʩʴ ʩʪʘʣʴʥʘʷ çʣʳʞʘè 6, ʦʩʥʘʱʝʥʥʘʷ ʩʠʣʦʠʟʤʝʨʠʪʝʣʴʥʦʡ ʧʨʫʞʠʥʦʡ 

ʧʦʚʳʰʝʥʥʦʡ ʞʝʩʪʢʦʩʪʠ 5. çʃʳʞʘè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʘʣʴʥʦʡ ʣʠʩʪ ʪʦʣʱʠʥʦʡ 2 ʤʤ 

ʨʘʟʤʝʨʘʤʠ 500³700 ʤʤ ʩ ʦʜʥʠʤ ʧʦʜʦʛʥʫʪʳʤ ʢʨʘʝʤ. ʇʨʠʣʝʛʘʶʱʘʷ ʢʦ ʣʴʜʫ ʠ ʩʥʝʛʫ 

ʩʪʦʨʦʥʘ çʣʳʞʠè ʙʳʣʘ ʚʳʢʨʘʰʝʥʘ ʩʫʜʦʚʦʡ ʥʠʪʨʦʵʤʘʣʴʶ ʚ ʜʚʘ ʩʣʦʷ ʜʣʷ ʠʤʠʪʘʮʠʠ ʵʣʝ-

ʤʝʥʪʘ ʩʫʜʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʊʘʙʣʠʮʘ 1 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʝʜʦʢʦʣʘ ʧʨʦʝʢʪʘ 1105 çʂʘʧʠʪʘʥ ɿʘʨʫʙʠʥè 

ˉ 

ʧ/ʧ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɿʥʘʯʝʥʠʝ 

 ʂʣʘʩʩ ʩʫʜʥʘ ʧʦ ʈʦʩʩʠʡʩʢʦʤʫ ʈʝʯʥʦʤʫ ʈʝʛʠʩʪʨʫ \ʄ-ʉʇ 3,5 (ʣʝʜʦʢʦʣ) 

 ɼʣʠʥʘ ʧʦ ʂɺʃ 
ʂɺʃL , ʤ 71,00 

 ʐʠʨʠʥʘ ʩʫʜʥʘ B, ʤ 16,00 

 ɺʳʩʦʪʘ ʙʦʨʪʘ ʅ, ʤ 4,8 

 ʄʘʢʩʠʤʘʣʴʥʘʷ ʦʩʘʜʢʘ T, ʤ 3,50 

 ʄʠʥʠʤʘʣʴʥʘʷ ʦʩʘʜʢʘ ʙʝʟ ʜʠʬʬʝʨʝʥʪʘ, ʤ 3,25 

 ɺʦʜʦʠʟʤʝʱʝʥʠʝ D, ʪ 2240 

 ʂʦʵʬʬʠʮʠʝʥʪ ʦʙʱʝʡ ʧʦʣʥʦʪʳ d 0,610 

 ʄʦʱʥʦʩʪʴ ʛʣʘʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ N, ʢɺʪ 4650 

 ʉʢʦʨʦʩʪʴ ʥʘ ʯʠʩʪʦʡ ʚʦʜʝ v, ʢʤ/ʯ / ʤ/ʩ 25,7 / 7,10 

 ʊʷʛʘ ʥʘ ʰʚʘʨʪʦʚʘʭ, ʢʅ 414 

 ʇʨʝʜʝʣʴʥʘʷ ʣʝʜʦʧʨʦʭʦʜʠʤʦʩʪʴ, ʤ 0,75 

 ɸʚʪʦʥʦʤʥʦʩʪʴ, ʩʫʪʢʠ 20 

 ɼʚʠʞʠʪʝʣʴ 3 ɺʌʐ 

 ʇʣʦʱʘʜʴ ʟʦʥʳ ʦʙʣʝʛʘʥʠʷ ʣʴʜʦʤ, ʤ2 510 

 

 

ʈʠʩ. 2. ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ  

ʠ ʩʭʝʤʘ ʝʛʦ ʢʨʝʧʣʝʥʠʷ ʥʘ ʩʫʜʥʝ: 1 ï ʬʝʨʤʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ;  

2 ï ʬʘʣ; 3 ï ʰʘʨʥʠʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ; 4 ï ʰʘʨʥʠʨ; 5 ï ʩʠʣʦʠʟʤʝʨʠʪʝʣʴʥʘʷ  

ʧʨʫʞʠʥʘ ʧʦʚʳʰʝʥʥʦʡ ʞʝʩʪʢʦʩʪʠ; 6 ï ʩʪʘʣʴʥʘʷ çʣʳʞʘè 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 60, 2019 ʛ. 

ʈʘʟʜʝʣ I. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ʉʠʣʦʠʟʤʝʨʠʪʝʣʴʥʘʷ ʧʨʫʞʠʥʘ ʧʦʚʳʰʝʥʥʦʡ ʞʝʩʪʢʦʩʪʠ 5 ʩʥʘʙʞʝʥʘ ʜʘʪʯʠʢʦʤ ɼʋ-

5ʉ, ʨʝʘʛʠʨʫʶʱʠʤ ʥʘ ʝʝ ʜʝʬʦʨʤʘʮʠʶ. ʉʠʛʥʘʣ ʩ ʦʙʤʦʪʦʢ ʜʘʪʯʠʢʘ ɼʋ-5ʉ ʧʦʩʪʫʧʘʣ ʥʘ 

ʘʧʧʘʨʘʪʫʨʫ ɺʀ6-6ʊʅ ʠ ʧʦʩʣʝ ʫʩʠʣʝʥʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʥʘ ʬʦʪʦʙʫʤʘʛʝ ʦʩʮʠʣʣʦʛʨʘʬʘ 

ʂ12-22. ʆʧʨʝʜʝʣʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʩʧʫʩʢʘʝʤʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʛʨʘ-

ʜʫʠʨʦʚʢʘ ʩʠʣʦʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʜʘʪʯʠʢʘ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʦʙʨʘʟʮʦʚʳʤ ʜʠʥʘʤʦʤʝʪʨʦʤ. 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʣʝʜʫʶʱʝʤ: 

ï ʚʦ ʚʨʝʤʷ ʦʩʪʘʥʦʚʢʠ ʣʝʜʦʢʦʣʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʛʨʘʜʫʠʨʦʚʢʘ ʜʘʪʯʠʢʘ ʫʩʠʣʠʡ; 

ï ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʣʝʜʦʢʦʣʘ ʚʳʙʠʨʘʣʩʷ ʨʦʚʥʳʡ ʫʯʘʩʪʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʴʜʘ ʠ 

ʥʘ ʥʝʛʦ ʦʧʫʩʢʘʣʘʩʴ ʬʝʨʤʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʩ çʣʳʞʝʡè; 

ï ʚʦ ʚʨʝʤʷ ʦʧʫʩʢʘʥʠʷ çʣʳʞʠè ʠ ʝʝ ʜʚʠʞʝʥʠʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʣʴʜʘ ʠʣʠ ʩʥʝʛʘ ʧʨʦ-

ʠʟʚʦʜʠʣʘʩʴ ʟʘʧʠʩʴ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʦʩʮʠʣʣʦʛʨʘʬ ʂ12-22 ʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ; 

ï ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʴʜʘ ʥʝʨʦʚʥʳʭ ʠʣʠ ʟʘʪʦʨʦʰʝʥʥʳʭ ʫʯʘʩʪʢʦʚ 

çʣʳʞʘè ʧʦʜʥʠʤʘʣʘʩʴ ʥʘʜ ʣʝʜʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

ɼʘʣʝʝ ʮʠʢʣ ʧʦʚʪʦʨʷʣʩʷ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʦʩʮʠʣʣʦʛʨʘʤʤ, 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʠʣʘ Fʪʨ, ʧʨʠʥʠʤʘʝʤʘʷ ʟʘ ʩʠʣʫ ʪʨʝʥʠʷ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʨʝʥʠʷ f ʦʧʨʝʜʝʣʷʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ: 

ʪʨF

F
f = , 

ʛʜʝ f ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩʪʘʣʠ ʦ ʣʝʜ;  

F ï ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʠʣʘ;  

Fʪʨ ï ʩʠʣʘ ʪʨʝʥʠʷ ʩʪʘʣʠ ʦ ʣʝʜ. 

2. ʈʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʧʦ ʫʢʘʟʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʣʝʜʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʧʝʨʠʦʜ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʨʝʢʝ ɺʦʣʛʘ ʙʳʣʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʩʦʩʪʦʷʥʠʷ ʣʝʜʷʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ: 

ï ʣʝʜ ʩʦ ʩʥʝʛʦʤ ʩ ʪʦʥʢʦʡ ʧʨʦʩʣʦʡʢʦʡ ʚʦʜʳ; 

ï ʩʚʝʞʝʚʳʧʘʚʰʠʡ ʩʫʭʦʡ ʩʥʝʛ ʥʘ ʣʝʜʷʥʦʤ ʧʦʢʨʦʚʝ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫ-

ʨʘʭ; 

ï ʩʚʝʞʘʷ ʩʫʭʘʷ ʥʘʣʝʜʴ ʧʦʩʣʝ ʥʦʯʥʦʛʦ ʤʦʨʦʟʘ ʥʘ ʣʝʜʷʥʦʤ ʧʦʢʨʦʚʝ; 

ï ʣʝʜ ʩ ʩʳʨʳʤ ʩʚʝʞʠʤ ʩʥʝʛʦʤ; 

ï ʪʘʣʳʡ ʩʥʝʛ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʴʜʘ; 

ï ʛʣʘʜʢʠʡ ʣʝʜ ʩ ʧʨʦʩʣʦʡʢʦʡ ʚʦʜʳ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʠʩʪʦʛʦ ʣʴʜʘ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ.  

ʏʘʱʝ ʚʩʝʛʦ ʟʠʤʦʡ ʥʘʙʣʶʜʘʣʩʷ ʣʝʜ, ʧʦʢʨʳʪʳʡ ʩʥʝʛʦʤ, ʘ ʪʘʢʞʝ ʣʝʜʷʥʦʡ ʧʦʢʨʦʚ 

ʢʦʤʧʦʟʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ: ʣʝʜ, ʧʨʦʩʣʦʡʢʘ ʩʤʝʨʟʰʝʛʦʩʷ ʩʥʝʛʘ ʠ ʩʚʝʞʠʡ ʩʥʝʛ. ʅʘʠʙʦʣʝʝ 

ʚʝʨʦʷʪʥʳʝ ʜʣʷ ʚʝʩʥʳ ʪʦʣʱʠʥʳ ʢʦʤʧʦʟʠʪʥʦʛʦ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʩʣʝʜʫʶʱʠʝ: ʣʝʜ ï 

60%; ʩʤʝʨʟʰʠʡʩʷ ʩʥʝʛ ï 25%; ʩʚʝʞʠʡ ʩʥʝʛ ï 15%. ʇʦʜ ʩʤʝʨʟʰʠʤʩʷ ʩʥʝʛʦʤ ʧʦʥʠʤʘʝʪ-

ʩʷ ʤʦʢʨʳʡ ʩʥʝʛ, ʢʦʪʦʨʳʡ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʝʚʨʘʪʠʣʩʷ ʚ çʨʳʭʣʳʡè 

ʣʝʜ, ʤʝʥʴʰʝʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʩ ʙʦʣʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ, ʯʝʤ ʦʙʳʯʥʳʡ ʣʝʜ. 

ʇʨʠʯʝʤ ʩʤʝʨʟʰʠʡʩʷ ʩʥʝʛ çʧʨʠʧʘʠʚʘʝʪʩʷè ʢ ʦʩʥʦʚʥʦʤʫ ʣʴʜʫ, ʥʦ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ, ʚʦ 

ʚʨʝʤʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʦʨʧʫʩʦʤ ʣʝʜʦʢʦʣʘ, ʣʝʛʢʦ ʦʪʩʣʘʠʚʘʝʪʩʷ ʠ ʚ ʢʘʥʘʣʝ ʧʨʠʩʫʪʩʪ-

ʚʫʶʪ ʦʙʣʦʤʢʠ ʢʘʢ ʣʴʜʘ, ʪʘʢ ʠ ʩʤʝʨʟʰʝʛʦʩʷ ʩʥʝʛʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʳ ʚ ʭʦʜʝ ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ 

ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʫʩʣʦʚʠʡ ʧʨʠ ʜʚʠʞʝʥʠʠ ʣʝʜʦʢʦʣʘ ʩ ʨʘʟ-

ʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ; ʦʥʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳ-

ʚʦʜʳ.  



ʂʘʣʠʥʠʥʘ ʅ.ɺ., ʉʦʣʜʘʪʢʠʥ ʆ.ɹ. 
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ʃʝʜʷʥʦʡ ʧʦʢʨʦʚ ʚ ʨʘʟʣʠʯʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠʤʝʝʪ ʨʘʟʣʠʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ ʩ 

ʢʦʨʧʫʩʦʤ ʩʫʜʥʘ. ʅʘʣʠʯʠʝ ʩʥʝʛʘ ʥʘ ʣʴʜʫ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. ʉʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. ʏʝʤ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʴ, ʪʝʤ 

ʙʦʣʴʰʝ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. ʇʨʘʢʪʠʯʝʩʢʠ ʙʝʩʩʥʝʞʥʳʡ ʣʝʜ ʠʤʝʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝ-

ʥʠʷ 0,149; ʣʝʜ ʩʦ ʩʚʝʞʝʚʳʧʘʚʰʠʤ ʩʥʝʛʦʤ ï 0,172; ʣʝʜ ʩ ʩʳʨʳʤ ʩʚʝʞʠʤ ʩʥʝʛʦʤ ï 0,297.  

ʊʘʙʣʠʮʘ 2  

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ  

ʣʴʜʘ ʦ ʢʦʨʧʫʩ ʩʫʜʥʘ 

ˉ 

ʧ/ʧ 

ʃʝʜʦʚʳʝ ʫʩʣʦʚʠʷ ʉʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ 

ʣʝʜʦʢʦʣʘ, ʤ/ʩ 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ f , ʠʟʤʝ-

ʨʝʥʥʳʡ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʉʨʝʜʥʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʨʝʥʠʷ f 

 ʃʝʜ ʩʦ ʩʥʝʛʦʤ ʩ ʪʦʥʢʦʡ 

ʧʨʦʩʣʦʡʢʦʡ ʚʦʜʳ 

1,2õ1,3 0,238; 0,262; 0,262; 0,240; 0,213; 

0,213; 0,229; 0,221; 0,213; 

0,232 

 ʉʚʝʞʝʚʳʧʘʚʰʠʡ ʩʫʭʦʡ 

ʩʥʝʛ ʥʘ ʣʝʜʷʥʦʤ ʧʦʢʨʦʚʝ  

1,2õ1,3 0,140; 0,100; 0,120; 0,100; 0,120 0,116 

 ʉʚʝʞʝʚʳʧʘʚʰʠʡ ʩʫʭʦʡ 

ʩʥʝʛ ʥʘ ʣʝʜʷʥʦʤ ʧʦʢʨʦʚʝ  

2,5õ2,7 0,170; 0,160; 0,200; 0,190; 0,140 0,172 

 ʉʚʝʞʘʷ ʩʫʭʘʷ ʥʘʣʝʜʴ 

ʧʦʩʣʝ ʥʦʯʥʦʛʦ ʤʦʨʦʟʘ ʥʘ 

ʣʝʜʷʥʦʤ ʧʦʢʨʦʚʝ 

1,2õ1,3 0,140; 0,130; 0,130; 0,160; 0,150; 

0,190; 0,120; 0,170 

0,149 

 ʃʝʜ ʩ ʩʳʨʳʤ ʩʚʝʞʠʤ 

ʩʥʝʛʦʤ 

1,0õ1,3 0,260; 0,280; 0,340; 0,300; 0,300; 

0,300 

0,297 

 ʊʘʣʳʡ ʩʥʝʛ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʣʴʜʘ 

1,0õ1,3 0,210; 0,200; 0,190; 0,190; 0,120; 

0,150; 0,130 

0,170 

 ɻʣʘʜʢʠʡ ʣʝʜ ʩ ʧʨʦʩʣʦʡ-

ʢʦʡ ʚʦʜʳ 

1,3õ1,5 0,120; 0,150; 0,130 0,133 

3. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʝʜʦʚʦʡ ʭʦʜʢʦʩʪʠ  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʩ-

ʯʝʪʘ ʣʝʜʦʚʦʡ ʭʦʜʢʦʩʪʠ ʥʘ ʧʨʠʤʝʨʝ ʣʝʜʦʢʦʣʘ ʧʨʦʝʢʪʘ 1105 çʂʘʧʠʪʘʥ ɿʘʨʫʙʠʥè. 

ʈʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ ʣʝʜʦʢʦʣʘ: ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ 

ʜʚʠʞʝʥʠʝ ʥʦʩʦʤ ʚʦ ʣʴʜʘʭ, ʪʦʣʱʠʥʘ ʢʦʪʦʨʳʭ ʤʝʥʴʰʝ ʧʨʝʜʝʣʴʥʦʡ; ʨʘʙʦʪʘ ʥʘʙʝʛʘʤʠ ʧʨʠ 

ʧʨʝʦʜʦʣʝʥʠʠ ʚʩʪʦʨʦʰʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʠ ʣʝʜʦʚʳʭ ʧʝʨʝʤʳʯʝʢ ʩ ʪʦʣʱʠʥʦʡ ʣʴʜʘ ʙʦʣʴʰʝ 

ʧʨʝʜʝʣʴʥʦʡ. 

ɼʣʷ ʦʮʝʥʢʠ ʭʦʜʢʦʩʪʠ ʣʝʜʦʢʦʣʘ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʣʫʵʤʧʠʨʠ-

ʯʝʩʢʠʝ ʤʦʜʝʣʠ ʯʠʩʪʦʛʦ ʣʝʜʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʥʝʧʨʝʨʳʚʥʳʤ ʭʦʜʦʤ ʩ 

ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʩʢʦʨʦʩʪʴʶ [11] ʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʘʙʝʛʘʤʠ [12, 11], ʧʦ-

ʣʫʯʝʥʥʳʝ ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʦʡ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʦʡ ʢʘʨʪʠʥʳ ʨʘʟʨʫʰʝʥʠʷ ʣʝʜʷʥʦʛʦ 

ʧʦʢʨʦʚʘ ʩʫʜʘʤʠ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʝʪʠʢʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʅʠʞʝʛʦʨʦʜ-

ʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ [12, 13, 14].  

ʋʢʘʟʘʥʥʳʝ ʤʦʜʝʣʠ ʫʯʠʪʳʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʛʣʘʚʥʳʝ ʨʘʟʤʝʨʝʥʠʷ ʩʫʜʥʘ (ʪʘʙʣ. 1), ʥʦ ʠ 

ʬʦʨʤʫ ʢʦʨʧʫʩʘ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʙʝʟʨʘʟʤʝʨʥʳʭ ʬʫʥʢʮʠʡ ʛʝʦʤʝʪʨʠʠ [11], ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʴʜʘ ʠ ʩʥʝʛʘ. 

ʊʷʛʘ ʣʝʜʦʢʦʣʘ ʥʘ ʛʘʢʝ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ ʚʳʨʘʞʝʥʠʝʤ [11]:  

ù
ù

ú

ø

é
é

ê

è

öö
÷

õ
ææ
ç

å
-öö
÷

õ
ææ
ç

å
-=

2

00

ʰʛ 60401
v

v
,

v

v
,PP , 

ʛʜʝ P  hï ʪʷʛʘ ʣʝʜʦʢʦʣʘ ʥʘ ʰʚʘʨʪʦʚʳʭ, ʢʅ; v ï ʩʢʦʨʦʩʪʴ ʣʝʜʦʢʦʣʘ ʚ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ, ʤ/ʩ;  
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v0 ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʥʘ ʯʠʩʪʦʡ ʚʦʜʝ ʧʨʠ ʟʘʜʘʥʥʦʡ ʤʦʱʥʦʩʪʠ, ʤ/ʩ.  

ɼʦʩʪʠʞʠʤʘʷ ʩʢʦʨʦʩʪʴ ʩʫʜʥʘ v ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʩʦʚʤʝʩʪʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ 

RP =ʛ , ʛʜʝ 
ʚʛ RPeP -=
 
ï ʪʷʛʘ ʥʘ ʛʘʢʝ (ʥʘʟʳʚʘʝʤʘʷ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʙʫʢʩʠʨʘʤʠ), ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʢʘʢ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʧʦʣʝʟʥʦʡ ʪʷʛʦʡ ʜʚʠʞʠʪʝʣʝʡ Peʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʚʦʜʳ ʚR  

ʧʨʠ ʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ. 

ɺʩʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʥʝʛʘ ʟʘʚʠʩʷʪ ʦʪ ʝʛʦ ʧʣʦʪʥʦʩʪʠ, ʥʦ ʚʤʝʩʪʝ ʩ ʪʝʤ ʧʣʦʪʥʦʩʪʴ 

ʩʥʝʛʘ ʚ ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ ʠʟʤʝʥʯʠʚʘ ʦʪ 0,100 ʜʦ 0,700 ʪ/ʤ
3
. ʇʣʦʪʥʦʩʪʴ ʩʥʝʛʘ, ʥʘʭʦʜʷʱʝ-

ʛʦʩʷ ʥʘ ʣʝʜʷʥʦʤ ʧʦʢʨʦʚʝ, ʟʘʚʠʩʠʪ ʦʪ çʠʩʪʦʨʠʠè ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʚʩʝ ʤʝʪʝʦ-

ʨʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʪʝʤʧʝʨʘʪʫʨʫ, ʥʘʣʠʯʠʷ ʚʦʜʳ ʠ ʜʨ. ʠ ʩʦʩʪʘʚʣʷʝʪ 0,100 ʪ/ʤ
3
 ʜʣʷ 

ʨʳʭʣʦʛʦ ʩʚʝʞʝʚʳʧʘʚʰʝʛʦ, 0,700 ʪ/ʤ
3
 ʜʣʷ ʩʳʨʦʛʦ ʣʝʞʘʣʦʛʦ. ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʣʦʪ-

ʥʦʩʪʴ ʩʥʝʛʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ, ʜʘʚʣʝʥʠʷ ʚʥʦʚʴ ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʣʦʝʚ ʠ 

ʫʧʣʦʪʥʷʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʚʝʪʨʘ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʜʦʩʪʠʛʘʝʪ ʚ ʩʨʝʜʥʝʤ 

0,300 ʪ/ʤ
3
. 

ɺ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʜʥʦʣʝʪʥʝʛʦ ʨʝʯ-

ʥʦʛʦ ʣʴʜʘ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [15]: ʧʣʦʪʥʦʩʪʴ ʣʴʜʘ rʣ=0,900 ʪ/ʤ
3
; ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ 

r=1,000 ʪ/ʤ
3
; ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ m=0,33; ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ɽ=5Ö10

6 
ʢʇʘ; ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʪʨʝʥʠʷ ʣʝʜʷʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʟ ʩʥʝʛʘ ʦ ʥʘʨʫʞʥʫʶ ʦʙʰʠʚʢʫ ʢʦʨʧʫʩʘ ʩʫʜʥʘ 

f=0,149. 

ʉʥʝʛ ʥʘ ʣʝʜʷʥʦʤ ʧʦʢʨʦʚʝ ʫʯʠʪʳʚʘʣʩʷ ʪʦʣʱʠʥʦʡ 0,1 ʤ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤʠ: 

ï ʩʚʝʞʝʚʳʧʘʚʰʠʡ ʩʫʭʦʡ ʧʣʦʪʥʦʩʪʴʶ rʩʥ=0,100 ʪ/ʤ
3
, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʣʝʜʷʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦ ʥʘʨʫʞʥʫʶ ʦʙʰʠʚʢʫ ʢʦʨʧʫʩʘ ʩʫʜʥʘ f=0,172; 

ï ʩʚʝʞʝʚʳʧʘʚʰʠʡ ʩʳʨʦʡ ʧʣʦʪʥʦʩʪʴʶ rʩʥ=0,300 ʪ/ʤ
3
, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʣʝʜʷʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦ ʥʘʨʫʞʥʫʶ ʦʙʰʠʚʢʫ ʢʦʨʧʫʩʘ ʩʫʜʥʘ f=0,297; 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʯʠʩʪʦʛʦ ʣʝʜʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʣʝʜʦʚʳʭ ʫʩ-

ʣʦʚʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3, 4, 5.  

ʂʨʠʚʳʝ ʣʝʜʦʧʨʦʭʦʜʠʤʦʩʪʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʥʝʧʨʝʨʳʚʥʳʤ ʭʦʜʦʤ ʠ ʥʘʙʝʛʘʤʠ ʧʨʠʚʝ-

ʜʝʥʳ ʥʘ ʨʠʩ. 6.  

 

 

ʈʠʩ. 3. ʂʨʠʚʳʝ ʯʠʩʪʦʛʦ ʣʝʜʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʙʝʩʩʥʝʞʥʦʤ ʣʴʜʫ  

ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ ʜʣʷ ʣʝʜʦʢʦʣʘ ʧʨʦʝʢʪʘ 1105 çʂʘʧʠʪʘʥ ɿʘʨʫʙʠʥè (f=0,149) 



ʂʘʣʠʥʠʥʘ ʅ.ɺ., ʉʦʣʜʘʪʢʠʥ ʆ.ɹ. 
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ʈʠʩ. 4. ʂʨʠʚʳʝ ʯʠʩʪʦʛʦ ʣʝʜʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ  

ʩʚʝʞʝʚʳʧʘʚʰʝʛʦ ʩʫʭʦʛʦ ʩʥʝʛʘ ʪʦʣʱʠʥʦʡ 0,1 ʤ ʜʣʷ ʣʝʜʦʢʦʣʘ  

ʧʨʦʝʢʪʘ 1105 çʂʘʧʠʪʘʥ ɿʘʨʫʙʠʥè (rʩʥ=0,1 ʪ/ʤ3, f=0,172) 

 

 

ʈʠʩ. 5. ʂʨʠʚʳʝ ʯʠʩʪʦʛʦ ʣʝʜʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ  

ʩʚʝʞʝʚʳʧʘʚʰʝʛʦ ʩʳʨʦʛʦ ʩʥʝʛʘ ʪʦʣʱʠʥʦʡ 0,1 ʤ ʜʣʷ ʣʝʜʦʢʦʣʘ  

ʧʨʦʝʢʪʘ 1105 çʂʘʧʠʪʘʥ ɿʘʨʫʙʠʥè (rʩʥ=0,3 ʪ/ʤ3, f=0,297) 
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ʈʠʩ. 6. ʂʨʠʚʳʝ ʣʝʜʦʧʨʦʭʦʜʠʤʦʩʪʠ ʣʝʜʦʢʦʣʘ ʧʨʦʝʢʪʘ 1105 çʂʘʧʠʪʘʥ ɿʘʨʫʙʠʥè  

ʥʝʧʨʝʨʳʚʥʳʤ ʭʦʜʦʤ ʠ ʥʘʙʝʛʘʤʠ 

ʀʟ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʩʠʣʴʥʦ ʚʣʠʷʝʪ 

ʥʘ ʣʝʜʦʚʫʶ ʭʦʜʢʦʩʪʴ ʩʫʜʦʚ, ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʧʨʝʜʝʣʴʥʦʡ ʣʝʜʦʧʨʦʭʦʜʠʤʦʩʪʠ ʩ 0,75 ʤ 

ʜʦ 0,55 ʤ ʜʣʷ ʣʝʜʦʢʦʣʘ çʂʘʧʠʪʘʥ ɿʘʨʫʙʠʥè. ʏʝʤ ʪʦʣʱʝ ʣʝʜ, ʪʝʤ ʙʦʣʴʰʝ ʩʥʠʞʘʝʪʩʷ 

ʩʢʦʨʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʫʜʦʚ. ɿʘʩʥʝʞʝʥʥʦʩʪʴ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʫʚʝʣʠʯʠʚʘ-

ʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʩʫʜʦʚ, ʫʤʝʥʴʰʘʝʪ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʫʭʫʜʰʘʝʪ ʣʝʜʦʚʫʶ 

ʭʦʜʢʦʩʪʴ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʢʦʨʧʫʩʘ ʦ ʣʝʜʷʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʪʘʢʞʝ 

ʫʭʫʜʰʘʝʪ ʣʝʜʦʚʫʶ ʭʦʜʢʦʩʪʴ, ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ.  

ʇʨʠ ʜʚʠʞʝʥʠʠ ʣʝʜʦʢʦʣʘ ʥʘʙʝʛʘʤʠ ʩʦʩʪʦʷʥʠʝ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʚʣʠʷʝʪ ʥʘ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʦʚʝʜʝʥʥʳʤʠ ʨʘʥʝʝ ʪʝʦ-

ʨʝʪʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ [11, 14]. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ɹʦʣʴʰʫʶ ʯʘʩʪʴ ʧʫʪʠ ʥʘ ʵʪʘʧʘʭ ʦʪʭʦʜʘ ʠ ʨʘʟʙʝʛʘ ʣʝʜʦʢʦʣ ʜʚʠʞʝʪʩʷ ʚ ʢʘʥʘʣʝ ʙʠʪʦʛʦ 

ʣʴʜʘ. ʉʥʝʛ, ʥʘʭʦʜʷʱʠʡʩʷ ʥʘ ʣʴʜʫ, ʨʘʟʤʳʚʘʝʪʩʷ ʚʦʜʦʡ ʠ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʩʨʝʜʥʶʶ ʩʢʦ-

ʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʥʠʞʘʝʪʩʷ.  

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʣʝʜʦʢʦʣʝ çʂʘʧʠʪʘʥ ɿʘʨʫ-

ʙʠʥè ʥʘ ʨʝʢʝ ɺʦʣʛʘ, ʦʧʨʝʜʝʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʧʨʠ ʨʘʟʣʠʯʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ.  

ʅʘ ʦʩʥʦʚʝ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʣʝʜʦʢʦʣʘ ʧʨʦʝʢʪʘ 1105 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʩʦʩʪʦʷʥʠʷ 

ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʣʝʜʦʚʫʶ ʭʦʜʢʦʩʪʴ ʩʫʜʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʣʝʜʦʚʦʡ ʭʦʜʢʦʩʪʠ ʧʨʠ ʚʳʙʦʨʝ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ 



ʂʘʣʠʥʠʥʘ ʅ.ɺ., ʉʦʣʜʘʪʢʠʥ ʆ.ɹ. 
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ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʴʜʘ ʠ ʩʥʝʛʘ ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝ-

ʣʷʭ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʣʝʜʦʚʦʡ ʭʦʜʢʦʩʪʠ ʢʘʢ ʩʫʱʝʩʪʚʫʶʱʠʭ, ʪʘʢ ʠ ʧʨʦʝʢʪʠʨʫʝʤʳʭ 

ʩʫʜʦʚ. 
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Annotation. The results full-scale tests on the icebreaker çCaptain Zarubinè by definition, 

the coefficient of friction of the ship hull on the ice cover for various exploitation conditions 

on the Volga River are presented. ʆʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʠʟʤʝ-

ʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ. The method of the experiment and the measuring complex are de-

scribed. The calculations of ice propulsion for the icebreaker (project 1105) were made us-

ing the obtained experimental data on the existing semi-empirical models during continuous 

movement and by ramming. The article shows that the state of the ice cover strongly influ-

ences on the ice resistance of ships at continuous movement and slightly at movement by 

ramming.. It leads to increase ice resistance of icebreakers. 

The results of experimental studies can be used to predict the ice propulsion existing and 

projected ships. 
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e-mail: iringre@mail.ru 

ɼʝʤʠʥʘ ɽʢʘʪʝʨʠʥʘ ɸʥʜʨʝʝʚʥʘ, ʤʘʛʠʩʪʨʘʥʪ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè,  

e-mail: dyomina_17@mail.ru 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ  

ʦʙʨʘʟʦʚʘʥʠʷ çɺʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘè 

(ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè) 

603951, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʅʝʩʪʝʨʦʚʘ, 5 

ɸʉʇɽʂʊʓ ʈɽɸʃʀɿɸʎʀʀ  

ʅɸʎʀʆʅɸʃʔʅʆɻʆ ʇʈʆɽʂʊɸ çʕʂʆʃʆɻʀʗè  

ɺ ʆɹʃɸʉʊʀ ʋʊʀʃʀɿɸʎʀʀ ʉʋɼʆɺ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʪʠʣʠʟʘʮʠʷ ʩʫʜʥʘ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʧʨʝʜʧʨʠʷʪʠʝ ʧʦ 

ʫʪʠʣʠʟʘʮʠʠ, ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʨʦʝʢʪ çʕʢʦʣʦʛʠʷè 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠʥʷʪʳʡ ʧʦ ʧʦʨʫʯʝʥʠʶ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʚ 2018 ʛʦʜʫ ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʨʦ-

ʝʢʪ çʕʢʦʣʦʛʠʷè ʚʢʣʶʯʘʝʪ  ʧʨʦʝʢʪ çʆʟʜʦʨʦʚʣʝʥʠʝ ɺʦʣʛʠè, ʢʦʪʦʨʳʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ, 

ʚ ʪʦʤ ʯʠʩʣʝ, ʦʯʠʩʪʢʫ ʨʝʢʠ ɺʦʣʛʠ ʦʪ ʟʘʪʦʥʫʚʰʠʭ ʩʫʜʦʚ. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʚʳʧʦʣʥʝʥ 

ʘʥʘʣʠʟ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʲʝʤʘ ʨʘʙʦʪ ʥʘʫʯʥʦʛʦ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʧʫʪʝʤ ʩʥʠʞʝʥʠʷ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʟʘʪʦʥʫʚʰʠʭ ʩʫʜʦʚ ʠ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʯ ʧʦʩʪʘʚʣʝʥ-

ʥʳʭ ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ʈʌ. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʧʣʘʥ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʦʜʲʝʤʫ ʠ ʫʪʠ-

ʣʠʟʘʮʠʠ ʟʘʪʦʥʫʚʰʠʭ ʩʫʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʙʠʪʴ ʥʘ ʯʝʪʳʨʝ ʵʪʘʧʘ, ʚʢʣʶʯʘʶʱʠʭ ʢʘʢ ʥʝ-

ʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʧʦʜʲʝʤ ʩʫʜʦʚ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʫʶ ʫʪʠʣʠʟʘʮʠʶ, ʪʘʢ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ 

ʨʘʙʦʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʦʟʜʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, 

ʥʘʫʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʩ ʥʘʠʤʝʥʴʰʠʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʫʱʝʨʙʦʤ. 

 

ɺʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ ʢʘʢ ʯʘʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʩʦʩʪʘʚ-

ʥr ʤ ʵʣʝʤʝʥʪʦʤ ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʠ, ʥʦ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʚʷʟʘʥʦ ʩ ʥʝʛʘʪʠʚʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʅʘʨʷʜʫ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʬʫʥʢʮʠʦ-

ʥʠʨʫʶʱʠʤ ʬʣʦʪʦʤ ʟʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʨʝʟʢʦ ʦʙʦʟʥʘʯʠʣʘʩʴ ʧʨʦʙʣʝʤʘ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢ-

ʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʙʨʦʰʝʥʥʳʤʠ ʟʘʪʦʥʫʚʰʠʤʠ ʩʫʜʘʤʠ. ɿʘʪʦʥʫʚʰʠʝ ʩʫʜʘ ʩʦʟʜʘʶʪ ʫʛʨʦ-

ʟʫ ʧʨʠʯʠʥʝʥʠʷ ʫʱʝʨʙʘ ʚʦʜʥʳʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʨʝʩʫʨʩʘʤ, ʚʳʩʪʫʧʘʶʪ ʠʩʪʦʯʥʠʢʦʤ ʟʘ-

ʭʣʘʤʣʝʥʠʷ ʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʙʨʝʞʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʤʘʣʳʝ ʛʣʫʙʠʥʳ ʙʦʣʴ-

ʰʠʥʩʪʚʘ ʨʝʢ, ʠʭ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʢʘʢ ʪʨʘʥʩʧʦʨʪʥʳʭ ʘʨʪʝʨʠʡ ʚ ʧʝʨʠʦʜ ʢʦʨʦʪʢʦʡ ʣʝʪ-

ʥʝʡ ʥʘʚʠʛʘʮʠʠ ʠ ʢʘʢ ʤʝʩʪ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʧʫʣʷʮʠʡ ʧʨʦʤʳʩʣʦʚʳʭ ʚʠʜʦʚ ʨʳʙʳ, ʜʝ-

ʣʘʶʪ ʚʦʧʨʦʩ ʧʦʜʲʝʤʘ ʠ ʫʪʠʣʠʟʘʮʠʠ ʟʘʪʦʥʫʚʰʠʭ ʩʫʜʦʚ ʢʨʘʡʥʝ ʚʘʞʥʳʤ. 

ʋʯʠʪʳʚʘʷ ʵʪʠ ʘʩʧʝʢʪʳ, ʚ ʧʘʩʧʦʨʪ ʬʝʜʝʨʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ çʆʟʜʦʨʦʚʣʝʥʠʝ ɺʦʣʛʠè 

ʚʚʝʜʝʥʳ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʙʨʦʰʝʥʥʳʭ ʟʘʪʦʥʫʚʰʠʭ 

ʩʫʜʦʚ ʚ ʘʢʚʘʪʦʨʠʠ ʨʝʢʠ ɺʦʣʛʠ. ɼʣʷ ʵʪʦʛʦ ʧʨʦʛʨʘʤʤʦʡ ʧʨʝʜʫʩʤʦʪʨʝʥ ʧʦʜʲʝʤ ʠ ʫʪʠʣʠ-

ʟʘʮʠʷ ʩʫʜʦʚ ʧʦ ʘʢʚʘʪʦʨʠʷʤ ʚʦ ʚʩʝʭ ʩʫʙʲʝʢʪʘʭ ʈʌ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʪʝʢʘʝʪ ʨʝʢʘ ɺʦʣʛʘ. 

ʅʘ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʤʧʝʪʝʥʪʥʳʤʠ ʦʨʛʘʥʘʤʠ ʧʦ ʅʠ-

ʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ (ʈʦʩʧʨʠʨʦʜʥʘʜʟʦʨ, ʈʦʩʤʦʨʨʝʯʬʣʦʪ) ʫʪʦʯʥʷʝʪʩʷ ʩʧʠʩʦʢ ʟʘʪʦ-

ʥʫʚʰʠʭ (ʧʦʣʫʟʘʪʦʥʫʚʰʠʭ) ʩʫʜʦʚ ʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʠʭ ʩʦʙʩʪʚʝʥʥʠʢʠ. ʇʦʩʣʝ ʫʩʪʘʥʦʚ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 60, 2019 ʛ. 

ʈʘʟʜʝʣ I. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʠʢʘ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴ ʨʘʙʦʪʳ ʧʦ ʧʦʜʲʝʤʫ ʠ ʜʘʣʴʥʝʡʰʝʡ 

ʫʪʠʣʠʟʘʮʠʠ ʩʫʜʦʚ, ʢʦʪʦʨʳʝ ʧʦʪʨʝʙʫʶʪ ʜʝʪʘʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ, 

ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʠ ʧʨʘʚʦʚʳʤ ʚʦʧʨʦʩʘʤ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʙʝʟʦʧʘʩʥʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʨʘʮʠʦʥʘʣʴʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʩʫ-

ʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʤʥʦʞʝʩʪʚʦ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʤ ʩʫʜʥʘ, 

ʝʛʦ ʩʦʩʪʦʷʥʠʝʤ, ʨʘʟʨʘʙʦʪʢʦʡ ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʜʦʦʙʦʨʫʜʦʚʘ-

ʥʠʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʪ.ʜ. ʄʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʦʜʲʝʤʫ ʠ ʫʪʠʣʠʟʘʮʠʠ ʟʘʪʦ-

ʥʫʚʰʠʭ ʩʫʜʦʚ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ (ʨʠʩ. 1). 

 

 

ʈʠʩ. 1. ʇʣʘʥ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʦʜʲʝʤʫ ʠ ʫʪʠʣʠʟʘʮʠʠ ʟʘʪʦʥʫʚʰʠʭ ʩʫʜʦʚ 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʦʙʩʣʝʜʦʚʘʥʠʝ 

ʩʫʜʥʘ ʠ ʤʝʩʪʦ ʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʩʧʦʩʦʙʦʚ ʧʦʜʲʝʤʘ ʠ ʪʨʘʥʩʧʦʨ-

ʪʠʨʦʚʢʠ ʩʫʜʥʘ ʢ ʤʝʩʪʫ ʫʪʠʣʠʟʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ: 

- ʛʣʫʙʠʥʫ ʟʘʪʦʧʣʝʥʠʷ ʩʫʜʥʘ; 

- ʨʘʟʤʝʨʳ ʠ ʩʦʩʪʦʷʥʠʝ ʩʫʜʥʘ; 

- ʭʘʨʘʢʪʝʨ ʚʦʜʦʝʤʘ; 

- ʨʝʣʴʝʬ ʜʥʘ; 

- ʧʦʣʦʞʝʥʠʝ ʩʫʜʥʘ; 

- ʚʝʩ ʩʫʜʥʘ; 

- ʤʘʪʝʨʠʘʣ, ʠʟ ʢʦʪʦʨʦʛʦ ʠʟʛʦʪʦʚʣʝʥʦ ʩʫʜʥʦ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʠʪʴ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʢʦʨʧʫʩʘ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʪʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʥʦʤʝʥʢʣʘʪʫʨʫ ʵʣʝʤʝʥʪʦʚ ʩʫʜʥʘ, ʧʦʜʣʝ-

ʞʘʱʠʭ ʜʘʣʴʥʝʡʰʝʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ, ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʭ ʜʝʤʦʥʪʘʞʫ; ʥʦʤʝʥʢʣʘʪʫʨʫ 

ʵʣʝʤʝʥʪʦʚ ʩʫʜʥʘ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʢʣʘʩʩʘ ʠʭ ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪ ʧʦ ʫʪʠʣʠʟʘʮʠʠ. 

ʊʘʢʞʝ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʠ ʫʪʠʣʠʟʘʮʠʠ ʩʫ-

ʜʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʨʝʛʠʦʥʘ, ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʮʝʥʪʨʘ ʫʪʠʣʠʟʘʮʠʠ ʩʫ-

ʜʦʚ ʥʘ ʙʘʟʝ ʧʨʝʜʧʨʠʷʪʠʡ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʟʨʘʙʦʪʘʪʴ ʪʨʝ-

ʙʦʚʘʥʠʷ ʢ ʦʨʛʘʥʠʟʘʮʠʷʤ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʤ ʧʨʦʮʝʩʩ ʫʪʠʣʠʟʘʮʠʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʧʨʝʜʧʨʠʷʪʠʷ, ʟʘʥʠʤʘʶʱʠʝʩʷ ʫʪʠʣʠʟʘʮʠʝʡ ʩʫʜʦʚ, ʜʦʣʞʥʳ ʦʪʚʝʯʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʤʝʪʴ ʣʠʮʝʥʟʠʶ ʥʘ ʭʨʘʥʝʥʠʝ, ʧʝʨʝʨʘʙʦʪʢʫ ʠ ʨʝʘʣʠʟʘʮʠʶ 

ʣʦʤʘ ʯʝʨʥʳʭ, ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ [1]. ʇʨʦʮʝʜʫʨʘ ʫʪʠʣʠʟʘʮʠʠ ʩʫʜʦʚ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪ-

ʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦ ʦʪʚʝ-



ʅʘʫʤʦʚ ɺ.ʉ., ʂʦʯʥʝʚʘ ʀ.ɹ., ɼʝʤʠʥʘ ɽ.ɸ. 
ɸʩʧʝʢʪʳ ʨʝʘʣʠʟʘʮʠʠ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ çʵʢʦʣʦʛʠʷè ʚ ʦʙʣʘʩʪʠ ʫʪʠʣʠʟʘʮʠʠ ʩʫʜʦʚ 
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ʜʝʥʥʳʭ ʠ ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʤʝʩʪʘʭ, ʠʩʢʣʶʯʘʷ ʨʠʩʢ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘ-

ʛʨʷʟʥʝʥʠʷ, ʩʠʩʪʝʤʘ ʤʝʥʝʜʞʤʝʥʪʘ ʧʨʝʜʧʨʠʷʪʠʷ ʜʦʣʞʥʘ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʨʠʤʝʥʝʥʠʶ 

ʙʝʟʦʧʘʩʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʨʘʮʠʦʥʘʣʴʥʳʭ ʧʨʠʝʤʦʚ ʠ ʤʝʪʦʜʦʚ ʨʘʙʦʪ ʧʦ ʫʪʠʣʠʟʘʮʠʠ, 

ʦʪʚʝʯʘʶʱʠʤ ʥʘʮʠʦʥʘʣʴʥʳʤ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʘʤ [2ï8]. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʫʪʠʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ: 

- ʩʨʝʜʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʩʥʘʱʝʥʠʷ; 

- ʛʨʫʟʦʧʦʜʲʝʤʥʳʝ ʠ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ; 

- ʩʫʜʦʧʦʜʲʝʤʥʳʝ ʩʨʝʜʩʪʚʘ; 

- ʩʨʝʜʩʪʚʘ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʦʙʝʩʧʝʯʝʥʠʷ ʫʪʠʣʠ-

ʟʘʮʠʠ, ʩʦʜʝʨʞʘʱʫʶ: 

- ʦʮʝʥʢʫ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʜʝʣʢʠ ʢʦʨʧʫʩʘ ʠ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʩʫʜʥʘ ʪʨʘʜʠʮʠʦʥʥʳ-

ʤʠ ʤʝʪʦʜʘʤʠ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ; 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʦʙʦʨʫʜʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ; 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʦʙʝʩʧʝʯʝʥʠʷ; 

- ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʥʝʦʙʭʦʜʠʤʳʭ ʩʨʝʜʩʪʚ ʫʪʠʣʠʟʘʮʠʠ ʠ ʦʭʨʘʥʳ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ ʫʪʠʣʠʟʘʮʠʠ; 

- ʜʨʫʛʠʝ ʚʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʫʪʠʣʠʟʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʩʫʜʥʘ. 

ʇʦ ʦʢʦʥʯʘʥʠʠ ʧʝʨʚʦʛʦ ʵʪʘʧʘ, ʢʦʛʜʘ ʫʩʪʘʥʦʚʣʝʥʳ ʢʦʥʢʨʝʪʥʳʝ ʦʙʲʝʢʪʳ ʜʣʷ ʫʪʠʣʠ-

ʟʘʮʠʠ, ʦʧʨʝʜʝʣʝʥʦ ʧʨʝʜʧʨʠʷʪʠʝ ʜʣʷ ʠʭ ʫʪʠʣʠʟʘʮʠʠ, ʤʦʞʥʦ ʧʝʨʝʭʦʜʠʪʴ ʢ ʩʣʝʜʫʶʱʝʤʫ 

ʵʪʘʧʫ, ʘ ʠʤʝʥʥʦ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʘ ʫʪʠʣʠʟʘʮʠʠ ʩʫʜʥʘ. 

ɺʪʦʨʦʡ ʵʪʘʧ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ ʧʦ ʜʦʩʪʘʚʢʝ ʩʫʜʥʘ ʢ ʤʝʩʪʫ ʫʪʠʣʠʟʘ-

ʮʠʠ, ʯʪʦ ʧʦʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʝʢʪ ʧʦʜʲʝʤʘ ʩʫʜʥʘ, ʧʨʦʝʢʪ ʧʦ ʧʝʨʝʛʦʥʫ, ʧʦʜʲʝʤ 

ʩʫʜʥʘ, ʙʫʢʩʠʨʦʚʢʫ ʩʫʜʥʘ, ʨʘʟʤʝʱʝʥʠʝ ʩʫʜʥʘ ʚ ʘʢʚʘʪʦʨʠʠ ʟʘʚʦʜʘ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʨʝʰʠʪʴ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʙʦʨʦʤ ʭʘʨʘʢʪʝʨʘ 

ʧʝʨʝʛʦʥʘ (ʧʝʨʝʛʦʥ ʩʫʜʥʘ ʩʚʦʠʤ ʭʦʜʦʤ, ʥʘ ʙʫʢʩʠʨʝ, ʚ ʩʦʩʪʘʚʝ ʢʘʨʘʚʘʥʘ), ʚʳʙʦʨʦʤ ʩʫʜ-

ʥʘ-ʙʫʢʩʠʨʦʚʱʠʢʘ, ʦʙʝʩʧʝʯʝʥʠʝʤ ʩʦʧʨʦʚʦʞʜʝʥʠʷ, ʚʳʙʦʨʦʤ ʚʨʝʤʝʥʠ ʛʦʜʘ, ʧʫʪʠ ʩʣʝʜʦ-

ʚʘʥʠʷ ʠ ʤʝʩʪʘ ʫʢʨʳʪʠʷ ʦʪ ʥʝʧʦʛʦʜʳ, ʚʳʙʦʨʦʤ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʢʫʨʩʦʚ ʠ ʩʢʦʨʦʩʪʝʡ ʭʦ-

ʜʘ, ʢʦʤʧʣʝʢʪʘʮʠʝʡ ʩʫʜʥʘ ʵʢʠʧʘʞʝʤ [9ï10]. 

ʊʘʢʞʝ ʧʨʦʝʢʪ ʫʪʠʣʠʟʘʮʠʠ ʩʫʜʥʘ ʚʢʣʶʯʘʝʪ ʨʘʟʨʘʙʦʪʢʫ: 

ï ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʫʪʠʣʠʟʘʮʠʠ; ʩʧʝʮʠʬʠʢʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʩʫʜʥʘ, ʧʦʜ-

ʣʝʞʘʱʠʭ ʜʘʣʴʥʝʡʰʝʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ, ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʜʝʤʦʥʪʘʞʫ; 

ï ʩʧʝʮʠʬʠʢʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʩʫʜʥʘ, ʢ ʢʦʪʦʨʳʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʲʷʚʠʪʴ ʪʨʝʙʦʚʘʥʠʷ 

ʧʦ ʦʙʨʘʱʝʥʠʶ ʩ ʦʪʭʦʜʘʤʠ; 

ï ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʥʘʣʠʯʠʶ ʥʝʦʙʭʦʜʠʤʳʭ ʩʨʝʜʩʪʚ ʫʪʠʣʠʟʘʮʠʠ ʠ ʦʭʨʘʥʳ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ ʫʪʠʣʠʟʘʮʠʠ; 

ï ʜʨʫʛʠʭ ʚʦʧʨʦʩʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʫʪʠʣʠʟʘʮʠʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʥʩʪ-

ʨʫʢʮʠʠ ʩʫʜʥʘ. 

ʇʝʨʝʯʝʥʴ ʨʘʙʦʪ ʧʦ ʚʪʦʨʦʤʫ ʵʪʘʧʫ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʝʪʩʷ ʫʪʠʣʠʟʘʮʠʷ ʩʫʜʥʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʥʘʠʣʫʯʰʠʭ ʧʨʘʢʪʠʢ ʚ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [11ï15]. ʇʨʠ ʵʪʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʨʘʙʦʪ ʙʫʜʝʪ ʩʣʝʜʫʶʱʘʷ: 

ï ʦʩʫʰʢʘ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʟʘʯʠʩʪʢʘ ʦʙʲʝʢʪʘ ʫʪʠʣʠʟʘʮʠʠ ʦʪ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ, ʭʠ-

ʤʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʪʦʢʩʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

ï ʜʝʤʦʥʪʘʞ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʛʣʘʚʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ, 

ʩʫʜʦʚʳʭ ʩʠʩʪʝʤ, ʩʫʜʦʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʦʙʩʪʨʦʡʢʠ ʩʫʜʦʚʳʭ ʧʦʤʝʱʝʥʠʡ, ʠʟʦʣʷʮʠʠ ʠ ʧʦ-

ʢʨʳʪʠʡ, ʢʘʙʝʣʝʡ, ʜʚʠʛʘʪʝʣʝʡ; 

ï ʨʘʟʜʝʣʢʘ ʜʝʤʦʥʪʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʤʝʪʘʣʣʦʣʦʤ, ʩʝʧʘʨʘʮʠʷ ʮʚʝʪʥʦʛʦ 

ʤʝʪʘʣʣʘ ʦʪ ʠʟʦʣʷʮʠʠ, ʨʘʟʜʝʣʢʘ ʜʝʤʦʥʪʠʨʦʚʘʥʥʳʭ ʢʘʙʝʣʴʥʳʭ ʠʟʜʝʣʠʡ; 

ï ʨʘʟʜʝʣʢʘ ʢʦʨʧʫʩʘ ʥʘ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʝ ʩʝʢʮʠʠ; 

ï ʨʘʟʜʝʣʢʘ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʩʝʢʮʠʡ ʥʘ ʛʘʙʘʨʠʪʥʳʡ ʤʝʪʘʣʣʦʣʦʤ; 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 60, 2019 ʛ. 
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ï ʨʘʙʦʪʳ ʩ ʧʨʦʜʫʢʪʘʤʠ ʫʪʠʣʠʟʘʮʠʠ ʩʫʜʥʘ: ʧʝʨʝʨʘʙʦʪʢʘ ʫʪʠʣʠʟʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ, ʧʨʦʜʘʞʘ ʠʣʠ ʧʝʨʝʨʘʙʦʪʢʘ ʦʪʭʦʜʦʚ, ʥʝʦʩʚʦʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʝʤ, ʟʘʭʦʨʦʥʝʥʠʝ ʥʝ 

ʫʪʠʣʠʟʠʨʫʝʤʳʭ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʚʦʟʚʨʘʪ ʚ ʥʘʨʦʜʥʦʝ ʭʦʟʷʡʩʪʚʦ ʯʠʩʪʦʛʦ 

ʤʝʪʘʣʣʘ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 

 

ʈʠʩ. 2. ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʦʚ ʫʪʠʣʠʟʘʮʠʠ ʩʫʜʦʚ 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʵʪʘʧʳ ʫʪʠʣʠʟʘʮʠʠ ʩʫʜʦʚ ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ. ʆʜʥʘʢʦ ʢʦʥ-

ʢʨʝʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪ ʥʘ ʵʪʘʧʘʭ ʫʥʠʢʘʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʩʫʜʥʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʠ ʩ 

ʨʘʟʣʠʯʥʳʤ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ (ʩʫʜʥʦ ʟʘʪʦʧʣʝʥʦ/ ʧʦʣʫʟʘʪʦʧʣʝʥʦ/ ʥʘ ʙʝʨʝʛʫ/ 

ʟʘʩʳʧʘʥʦ ʛʨʫʥʪʦʤ), ʠ ʪʠʧʦʤ ʩʫʜʥʘ (ʩʘʤʦʭʦʜʥʦʝ, ʥʝʩʘʤʦʭʦʜʥʦʝ ʩʫʜʥʦ, ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ 

ʜʝʙʘʨʢʘʜʝʨ), ʠ ʩʦʭʨʘʥʥʦʩʪʴʶ ʩʫʜʥʘ (ʩʫʜʥʦ ʧʦʣʥʦʩʪʴʶ, ʦʩʪʘʪʢʠ ʢʦʨʧʫʩʘ, ʦʩʪʘʪʢʠ ʦʙ-

ʰʠʚʢʠ ʢʦʨʧʫʩʘ, ʦʩʪʘʪʢʠ ʜʥʠʱʝʚʦʛʦ ʥʘʙʦʨʘ). ʇʨʠʥʠʤʘʷ ʵʪʦ ʚʦ ʚʥʠʤʘʥʠʝ, ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʚʳʙʨʘʪʴ ʧʨʠʦʨʠʪʝʪʥʳʝ ʦʙʲʝʢʪʳ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ (ʧʠʣʦʪʥʳʝ ʧʨʦʝʢʪʳ). ʇʨʠ ʦʪʙʦʨʝ ʩʫ-

ʜʦʚ ʚ ʧʠʣʦʪʥʳʝ ʧʨʦʝʢʪʳ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʩʪʝʧʝʥʴʶ ʠʭ ʵʢʦʣʦʛʠʯʝ-

ʩʢʦʡ ʦʧʘʩʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʨʘʙʦʪʫ ʧʦ 

ʨʘʥʞʠʨʦʚʘʥʠʶ ʟʘʪʦʥʫʚʰʠʭ ʩʫʜʦʚ ʧʦ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ, ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʭ ʫʪʠʣʠʟʘʮʠʠ. ʕʪʦ ʧʦʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʦʮʝʥʢʠ, 

ʦʮʝʥʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʧʘʩʥʦʩʪʴ ʩʫʜʦʚ, ʘ ʟʘʪʝʤ ʨʘʟʨʘʙʦʪʘʪʴ ʧʣʘʥ-ʛʨʘʬʠʢ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ ʫʪʠʣʠʟʘʮʠʠ ʩʫʜʦʚ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʠʣʦʪʥʳʭ ʧʨʦʝʢʪʦʚ (ʩʦʛʣʘʩʥʦ ʧʣʘʥʫ ʤʝ-

ʨʦʧʨʠʷʪʠʡ (ʨʠʩʫʥʦʢ 1) ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʧʨʦʨʘʙʦʪʘʪʴ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩ-

ʥʦʚʘʥʠʝ ʩʦʟʜʘʥʠʷ ʮʝʥʪʨʘ ʫʪʠʣʠʟʘʮʠʠ ʩʫʜʦʚ ʥʘ ʙʘʟʝ ʧʨʝʜʧʨʠʷʪʠʡ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙ-

ʣʘʩʪʠ. ʇʦʩʣʝ ʨʝʘʣʠʟʘʮʠʠ ʧʠʣʦʪʥʳʭ ʧʨʦʝʢʪʦʚ ʫʪʠʣʠʟʘʮʠʠ ʩʫʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʠ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʪʴ ʜʦʨʦʞʥʫʶ ʢʘʨʪʫ ʧʦ 

ʫʪʠʣʠʟʘʮʠʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʫʜʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ. 
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Adopted on behalf of the President of the Russian Federation in 2018, the national project 

çEcologyè, including among the eleven Federal projects, as the project çImprovement of the 

Volgaè, started to be implemented in the Nizhny Novgorod region. This article analyzes the 

necessary amount of scientific, technological and organizational work required to improve 

the environmental situation by reducing the negative impact of wrecks and the successful im-

plementation of the tasks set by the Government of the Russian Federation. According to the 

authors, the plan of measures for the lifting and disposal of sunken ships should be divided 

into four stages, including both the direct lifting of ships and their subsequent disposal, and 
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related works aimed at creating the necessary and high-quality infrastructure, scientific jus-

tification of the work with the least environmental damage. 
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çʆʢʝʘʥʦʪʝʭʥʠʢʘ ʠ ʢʦʨʘʙʣʝʩʪʨʦʝʥʠʝè  

ʌɻɸʆʋ ɺʆ çʉʝʚʘʩʪʦʧʦʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè,  

e-mail: a.v.rodkina@gmail.com 

299053, ʛ. ʉʝʚʘʩʪʦʧʦʣʴ, ʫʣ. ʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ, 33 

ɿɸʑʀʊɸ ʆʊ ʂʆʈʈʆɿʀʀ ɺ ʉʆʉʊɸɺɽ  

ʅɸɻʈʋɿʂʀ ʄɸʉʉ ʉʋɼʅɸ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʛʨʫʟʢʘ ʤʘʩʩ, ʟʘʱʠʪʘ ʦʪ ʢʦʨʨʦʟʠʠ, ʩʫʜʥʦ. 

 

ɸʥʥʦʪʘʮʠʷ. ʊʨʝʙʦʚʘʥʠʷ ʇʨʘʚʠʣ ʠ ʅʦʨʤ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʦʙʱʝʩʪʚ ʦʩʥʦʚʘʥʳ ʥʘ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʧʨʠ ʧʦʩʪʨʦʡʢʝ ʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʦʚ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʤʝʨʳ ʧʦ 

ʟʘʱʠʪʝ ʢʦʨʧʫʩʘ ʦʪ ʢʦʨʨʦʟʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʠ ʠʥʳʤʠ 

ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. ɼʣʷ ʮʝʣʝʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʨʧʫʩʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʩʫʜʦʚ ʚ ʩʪʘʪʴʝ ʧʦʣʫʯʝʥʳ ʩʦʩʪʘʚʣʷʶʱʠʝ ʯʘʩʪʠ ʥʘʛʨʫʟʢʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʢʠ ʤʘʩʩ ʨʘʟʣʠʯʥʳʭ ʪʠ-

ʧʦʚ ʟʘʱʠʪʳ ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʠ ʩʫʜʦʚ ʦʪ ʢʦʨʨʦʟʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʜʦʠʟʤʝ-

ʱʝʥʠʷ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʤʘʩʩʳ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʟʘʱʠʪʳ ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʩʫʜʦʚ ʦʪ ʢʦʨʨʦʟʠʠ ʚ ʩʦʩʪʘʚʝ ʥʘʛʨʫʟʢʠ ʤʘʩʩ, ʩʬʦʨʤʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘ-

ʛʨʫʟʢʠ ʤʘʩʩ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʦʪ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʩʫʜʥʘ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʳʙʦʨʘ ʥʘʠʤʝʥʴʰʝʛʦ ʧʦ ʤʘʩʩʝ ʪʠʧʘ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ. ʆʧʨʝʜʝʣʝʥʘ ʚʘʞʥʦʩʪʴ 

ʦʮʝʥʢʠ ʥʘʛʨʫʟʢʠ ʤʘʩʩ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʣʷ ʚʳʙʦʨʘ ʤʝʥʴ-

ʰʝʡ ʧʦ ʤʘʩʩʝ ʟʘʱʠʪʳ ʩʫʜʦʚ ʦʪ ʢʦʨʨʦʟʠʠ. 

ɺʚʝʜʝʥʠʝ 

ʊʨʝʙʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʨʘʟʤʝʨʦʚ ʩʚʷʟʝʡ ʢʦʨʧʫʩʘ ʩʫʜʦʚ ʠ ʧʣʘʚʫʯʠʭ ʪʝʭʥʠʯʝ-

ʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʇʨʘʚʠʣ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʧʦʩʪʨʦʡʢʠ ʤʦʨʩʢʠʭ ʩʫʜʦʚ ʚ ʯʘʩʪʠ II çʂʦʨ-

ʧʫʩè [1] ʠ ʇʨʘʚʠʣ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʧʦʩʪʨʦʡʢʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʣʘʚʫʯʠʭ ʙʫʨʦʚʳʭ ʫʩ-

ʪʘʥʦʚʦʢ ʠ ʤʦʨʩʢʠʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʣʘʪʬʦʨʤ [2] ʈʦʩʩʠʡʩʢʦʛʦ ʤʦʨʩʢʦʛʦ ʨʝʛʠʩʪʨʘ ʩʫʜʦ-

ʭʦʜʩʪʚʘ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʧʨʠ ʧʦʩʪʨʦʡʢʝ ʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʩʫʱʝʩʪʚ-

ʣʷʶʪʩʷ ʤʝʨʳ ʧʦ ʟʘʱʠʪʝ ʢʦʨʧʫʩʘ ʦʪ ʢʦʨʨʦʟʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʩʪʘʥ-

ʜʘʨʪʘʤʠ ʠ ʠʥʳʤʠ ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. ʄʝʨʳ ʟʘʱʠʪʳ ʢʦʨʧʫʩ-

ʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʫʜʦʚ ʠ ʧʣʘʚʫʯʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʩʪʘʜʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʫʜʥʘ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʜʦ-

ʠʟʤʝʱʝʥʠʷ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʩʦʩʪʘʚʝ ʥʘʛʨʫʟʢʠ. ɺʦʜʦʠʟʤʝʱʝʥʠʝ ʩʫʜʥʘ ï ʚʘʞʥʝʡʰʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʛʦ ʨʘʟʤʝʨʦʚ, ʩʪʦʷʱʘʷ ʚʦ ʛʣʘʚʝ ʠʝʨʘʨʭʠʡ ʧʨʦʝʢʪʥʳʭ ʚʝʣʠʯʠʥ, ʪʝʩʥʦ 

ʩʚʷʟʘʥʘ ʩ ʩʦʩʪʘʚʦʤ ʝʛʦ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʡ ʚʣʠʷʝʪ ʥʘ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʫʜʥʘ (ʇʨʦʬʝʩʩʦʨ ɺʠʢʪʦʨ ɺʣʘʜʠʤʠʨʦʚʠʯ ɸʰʠʢ) [3]. ɺ ʩʦʩʪʘʚ ʥʘʛʨʫʟʢʠ ʚʭʦʜʷʪ ʠ ʧʦ-

ʩʪʦʷʥʥʳʝ ʤʘʩʩʳ, ʢ ʢʦʪʦʨʳʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪʥʦʩʷʪʩʷ  ʤʘʩʩʳ ʫʩʪʨʦʡʩʪʚ ʠ ʵʣʝʢʪʨʦʦʙʦʨʫ-

ʜʦʚʘʥʠʷ. ʉʪʘʥʜʘʨʪ ʆʉʊ5ʈ.0206ï2002 çʅʘʛʨʫʟʢʘ ʤʘʩʩ ʛʨʘʞʜʘʥʩʢʠʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʩʫʜʦʚè ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʪʠʧʦʚʫʶ ʨʘʟʙʠʚʢʫ ʥʘʛʨʫʟʢʠ ʤʘʩʩ ʩʫʜʥʘ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ ʵʣʝ-

ʤʝʥʪʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʢʦʜʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʥʳʭ ʨʘʩʯʝʪʦʚ, ʘ ʪʘʢʞʝ ʨʘʩ-

ʯʝʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʦʜʦʠʟʤʝʱʝʥʠʡ ʩʫʜʥʘ [4]. 

ɿʘʱʠʪʘ ʧʨʦʪʝʢʪʦʨʥʘʷ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ [5] ʢʘʢ ʵʣʝʤʝʥʪ ʥʘʛʨʫʟʢʠ (ʪʘʙʣʠʮʘ 1) ʚʢʣʶ-

ʯʝʥʘ ʚ ʩʦʩʪʘʚ ʥʘʛʨʫʟʢʠ ʤʘʩʩ ʩʫʜʥʘ ʧʦʜ ʢʦʜʦʤ 01050111. 

ʉʦʛʣʘʩʥʦ ʧʨʠʤʝʯʘʥʠʶ [4] ʚ ʜʘʥʥʦʤ ʵʣʝʤʝʥʪʝ ʥʘʛʨʫʟʢʠ ʫʯʠʪʳʚʘʶʪ ʧʨʦʪʝʢʪʦʨʳ, 

ʘʥʦʜʳ, ʵʣʝʢʪʨʦʜʳ ʩʨʘʚʥʝʥʠʷ, ʵʢʨʘʥʳ ʜʣʷ ʟʘʱʠʪʳ ʵʣʝʤʝʥʪʦʚ ʢʦʨʧʫʩʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ɿʘʱʠʪʘ ʢʘʪʦʜʥʘʷ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ [6] ʯʘʩʪʠʯʥʦ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʥʘʛʨʫʟʢʠ ʤʘʩʩ ʩʫʜʥʘ 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 60, 2019 ʛ. 
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ʧʦʜ ʢʦʜʦʤ 01050111 (ʵʣʝʢʪʨʦʜʳ ʩʨʘʚʥʝʥʠʷ, ʘʥʦʜʥʳʝ ʫʟʣʳ, ʦʢʦʣʦʘʥʦʜʥʳʝ ʠʟʦʣʷʮʠʦʥ-

ʥʳʝ ʵʢʨʘʥʳ ʠ ʢʦʥʪʘʢʪʥʦ-ʱʝʪʦʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ). 

ʕʣʝʤʝʥʪ ʥʘʛʨʫʟʢʠ çʕʣʝʢʪʨʦʫʩʪʨʦʡʩʪʚʘ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷè ʫʯʠʪʳʚʘʝʪ ʩʠʩʪʝ-

ʤʫ ʘʥʦʜʥʦʡ ʟʘʱʠʪʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ɿʘʱʠʪʘ ʢʘʪʦʜʥʘʷ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ [6], ʘ ʠʤʝʥʥʦ 

ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ, ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʱʠʪʳ, ʩʠʣʦʚʳʝ ʠ ʢʦʥʪʨʦʣʴʥʳʝ ʢʘʙʝʣʠ, ʢʘʢ 

ʵʣʝʤʝʥʪ ʥʘʛʨʫʟʢʠ (ʪʘʙʣʠʮʘ 1) ʚʢʣʶʯʝʥʘ ʚ ʩʦʩʪʘʚ ʥʘʛʨʫʟʢʠ ʤʘʩʩ ʩʫʜʥʘ ʧʦʜ ʢʦʜʦʤ 

050309##; ## ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʠʬʨʦʚʳʤ ʢʦʜʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʦ-

ʫʩʪʨʦʡʩʪʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʊʘʙʣʠʮʘ 1 

ɿʘʱʠʪʘ ʦʪ ʢʦʨʨʦʟʠʠ ʚ ʩʦʩʪʘʚʝ ʥʘʛʨʫʟʢʠ ʤʘʩʩ ʩʫʜʥʘ 

ʂʦʜ ʵʣʝʤʝʥʪʘ ʥʘʛʨʫʟʢʠ  

ʅʘʠʤʝʥʦʚʘʥʠʝ ʵʣʝʤʝʥʪʘ ʥʘʛʨʫʟʢʠ 
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01 05 01 11  ʇʨʦʪʝʢʪʦʨʳ ʠ ʠʭ ʢʨʝʧʣʝʥʠʝ 

01 05 01   ʇʦʢʨʳʪʠʷ, ʮʝʤʝʥʪʠʨʦʚʢʘ ʢʦʨʧʫʩʘ, ʧʨʦʪʝʢʪʦʨʳ 

01 05    ʇʦʢʨʳʪʠʷ, ʦʢʨʘʩʢʘ 

01     ʂʦʨʧʫʩ 

      

05 03 09 ##  ʕʣʝʢʪʨʦʫʩʪʨʦʡʩʪʚʘ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

05 03    ʉʝʪʠ ʦʩʚʝʱʝʥʠʷ, ʧʠʪʘʥʠʷ 

05     ʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʚʥʫʪʨʠʩʫʜʦʚʳʝ ʩʚʷʟʴ ʠ ʫʧʨʘʚʣʝʥʠʝ 

 

ʂʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʟʘʚʠʩʠʪ ʦʪ ʛʣʘʚʥʳʭ ʨʘʟʤʝʨʝʥʠʡ ʩʫʜʥʘ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 2. ɺʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʚʳʙʦʨʘ ʪʠʧʘ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʥʘ ʥʘʛʨʫʟʢʫ 

ʤʘʩʩ ʩʣʝʜʫʶʱʠʭ ʩʫʜʦʚ (ʨʠʩ. 1): ʅʝʬʪʝʥʘʣʠʚʥʦʝ ʩʫʜʥʦ çɹʘʣʪ ʌʣʦʪ 11è, ʅʘʢʘʪ-

ʥʦʝ/ɻʝʥʛʨʫʟ/ʂʦʥʪʝʡʥʝʨʥʦʝ ʩʫʜʥʦ çɸʜʣʝʨè, ʈʝʬʨʠʞʝʨʘʪʦʨʥʦʝ ʩʫʜʥʦ çɹʦʩʬʦʨ ɺʦʩʪʦʯ-

ʥʳʡè, ʈʝʡʜʦʚʳʡ ʙʫʢʩʠʨ çʈɹ-389è, ɻʠʜʨʦʛʨʘʬʠʯʝʩʢʦʝ ʩʫʜʥʦ çɼʦʥʫʟʣʘʚè ʠ ʇʣʘʚʫʯʘʷ 

ʤʘʩʪʝʨʩʢʘʷ çʇʄ-138è. 

ʊʘʙʣʠʮʘ 2 

ɻʣʘʚʥʳʝ ʨʘʟʤʝʨʝʥʠʷ ʩʫʜʦʚ 

  

ʈ
ʝ
ʡ
ʜ
ʦ
ʚ
ʳ
ʡ
 

ʙ
ʫ
ʢ
ʩ
ʠ
ʨ
 

 

ç
ʈ
ɹ-3
8
9
è

 

ɻ
ʠ
ʜ
ʨ
ʦ
ʛ
ʨ
ʘ
ʬ
ʠ

-

ʯ
ʝ
ʩ
ʢ
ʦ
ʝ
 
ʩ
ʫ
ʜ
ʥ
ʦ
 

ç
ɼ
ʦ
ʥ
ʫ
ʟ
ʣ
ʘ
ʚ
è

 

ʇ
ʣ
ʘ
ʚ
ʫ
ʯ
ʘ
ʷ
 

ʤ
ʘ
ʩ
ʪ
ʝ
ʨ
ʩ
ʢ
ʘ
ʷ
 

 

ç
ʇ
ʄ-1
3
8
è

 

ʅ
ʝ
ʬ
ʪ
ʝ
ʥ
ʘ
ʣ
ʠ

ʚ
-

ʥ
ʦ
ʝ
 
ʩ
ʫ
ʜ
ʥ
ʦ
 

 

ç
ɹ
ʘ
ʣ
ʪ
 
ʌ
ʣ
ʦ
ʪ
 

1
1
è

 

ʅ
ʘ
ʢ
ʘ
ʪ
ʥ
ʦ
ʝ
/

 

ɻ
ʝ
ʥ
ʛ
ʨ
ʫ
ʟ
/

 

ʂ
ʦ
ʥ
ʪ
ʝ
ʡ
ʥ
ʝ

ʨ
-

ʥ
ʦ
ʝ
 
ʩ
ʫ
ʜ
ʥ
ʦ
 

ç
ɸ
ʜ
ʣ
ʝ
ʨ
è

 
ʈ
ʝ
ʬ
ʨ
ʠ
ʞ
ʝ
ʨ
ʘ

-

ʪ
ʦ
ʨ
ʥ
ʦ
ʝ
 
ʩ
ʫ
ʜ
ʥ
ʦ
 

 

ç
ɹ
ʦ
ʩ
ʬ
ʦ
ʨ
 
ɺ
ʦ

ʩ
-

ʪ
ʦ
ʯ
ʥ
ʳ
ʡ
è

 

ɺʦʜʦʠʟʤʝʱʝʥʠʝ, ʪ 417 2 499 5 540 9 483 11 819 16 600 

ɼʣʠʥʘ, ʤ 25,40 82,50 121,70 136,29 120,24 142,00 

ʐʠʨʠʥʘ, ʤ 9,30 13,50 17,00 16,86 20,00 22,20 

ʆʩʘʜʢʘ, ʤ 3,30 4,00 4,63 4,20 6,65 9,60 

ɺʳʩʦʪʘ ʙʦʨʪʘ, ʤ 4,70 8,00 9,50 6,00 11,50 13,60 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʙ-

ʱʝʡ ʧʦʣʥʦʪʳ 

0,522 0,547 0,564 0,959 0,721 0,535 

 

ʈʝʡʜʦʚʳʡ ʙʫʢʩʠʨ çʈɹ-389è ʧʨʦʝʢʪʘ 90600 ʩ ʘʟʠʤʫʪʘʣʴʥʳʤ ʧʨʠʥʮʠʧʦʤ ʜʚʠʞʝʥʠʷ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʙʫʢʩʠʨʦʚʦʯʥʳʭ ʠ ʢʘʥʪʦʚʦʯʥʳʭ ʦʧʝʨʘʮʠʡ ʚ ʧʦʨʪʫ, ʥʘ 
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ʨʝʡʜʘʭ ʠ ʚ ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʘʭ, ʘ ʪʘʢʞʝ ʜʣʷ ʪʫʰʝʥʠʷ ʧʦʞʘʨʦʚ, ʣʠʢʚʠʜʘʮʠʠ ʨʘʟʣʠʚʦʚ 

ʥʝʬʪʠ ʠ ʜʨʫʛʠʭ ʬʫʥʢʮʠʡ. ʈʝʡʜʦʚʳʡ ʙʫʢʩʠʨ çʈɹ-389è ʙʳʣ ʟʘʣʦʞʝʥ ʚ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʝ ʥʘ ʆɸʆ çʃʝʥʠʥʛʨʘʜʩʢʠʡ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜ çʇʝʣʣʘè ʚ 2010 ʛʦʜʫ, 

ʩʧʫʱʝʥ ʥʘ ʚʦʜʫ ʚ ʠʶʣʝ 2010 ʛ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʫʢʩʠʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʰʚʘʨʪʦʚʢʠ, 

ʙʫʢʩʠʨʦʚʢʠ ʢʦʨʘʙʣʝʡ ʠ ʩʫʜʦʚ ʏʝʨʥʦʤʦʨʩʢʦʛʦ ʌʣʦʪʘ ʚ ʛʣʘʚʥʦʡ ʙʘʟʝ ï ʉʝʚʘʩʪʦʧʦʣʝ. 

ɹʫʢʩʠʨ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ 1-ʡ ʛʨʫʧʧʳ ʩʫʜʦʚ 205-ʛʦ ʦʪʨʷʜʘ ʫʧʨʘʚʣʝʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʬʣʦʪʘ ʩ ʙʘʟʠʨʦʚʘʥʠʝʤ ʥʘ ʖʞʥʫʶ ʙʫʭʪʫ ʉʝʚʘʩʪʦʧʦʣʷ [7]. 

ɻʠʜʨʦʛʨʘʬʠʯʝʩʢʦʝ ʩʫʜʥʦ çɼʦʥʫʟʣʘʚè ʧʨʦʝʢʪʘ 862/II ʦʙʣʘʜʘʝʪ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʤʦ-

ʨʝʭʦʜʥʦʩʪʴʶ. ɻʠʜʨʦʛʨʘʬʠʯʝʩʢʦʝ ʩʫʜʥʦ çɼʦʥʫʟʣʘʚè ʙʳʣʦ ʟʘʣʦʞʝʥʦ ʥʘ ʉʉɿ çʉʪʦʯʥʠ 

ʇʦʣʥʦʯʥʠ ʠʤ. ɹʦʭʘʪʝʨʝʚ ɺʝʩʪʝʨʧʣʷʪʠè, ɻʜʘʥʴʩʢ, ʇʦʣʴʰʘ. ʉʧʫʱʝʥʦ ʥʘ ʚʦʜʫ 28.05.1983 

ʛ., ʠ 13.12.1983 ʛ. ʚʦʰʣʦ ʚ ʩʦʩʪʘʚ ʏʝʨʥʦʤʦʨʩʢʦʛʦ ʬʣʦʪʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʭʦʜʠʪʩʷ 

ʚ ʩʦʩʪʘʚʝ ʏʝʨʥʦʤʦʨʩʢʦʛʦ ʬʣʦʪʘ ʩ ʙʘʟʠʨʦʚʘʥʠʝʤ ʥʘ ʙʫʭʪʫ ʖʞʥʘʷ, ʉʝʚʘʩʪʦʧʦʣʴ [8]. 

ʇʣʘʚʫʯʘʷ ʤʘʩʪʝʨʩʢʘʷ çʇʄ-138è ʧʨʦʝʢʪʘ 304 ʙʳʣʘ ʟʘʣʦʞʝʥʘ 18.05.1968 ʛ. ʥʘ ʩʫʜʦ-

ʩʪʨʦʠʪʝʣʴʥʦʤ ʟʘʚʦʜʝ çʉʪʦʯʥʷ ʑʝʮʠʥʩʢʘʷ ʠʤ. ɸʜʦʣʴʬʘ ɺʘʨʩʢʝʛʦè ʚ ʑʝʮʠʥʝ, ʇʦʣʴʰʘ 

(ʟʘʚʦʜʩʢʦʡ ˉ304/1). ʉʧʫʱʝʥʘ ʥʘ ʚʦʜʫ 9.11.1968 ʛ., ʚʩʪʫʧʠʣʘ ʚ ʩʪʨʦʡ 31.10.1969 ʛ. ɺʦ-

ʰʣʘ ʚ ʩʦʩʪʘʚ ʏʝʨʥʦʤʦʨʩʢʦʛʦ ʬʣʦʪʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ 1-ʡ ʛʨʫʧʧʳ 

205-ʛʦ ʦʪʨʷʜʘ ʫʧʨʘʚʣʝʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʬʣʦʪʘ ʩ ʙʘʟʠʨʦʚʘʥʠʝʤ ʥʘ ʙʫʭʪʫ ʖʞʥʘʷ, 

ʉʝʚʘʩʪʦʧʦʣʴ. ɸʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʙʦʪʝ ʊʘʨʪʫʩʩʢʦʡ ʇʄʊʆ (ʉʠʨʠʷ) [9]. 

 

 

 

ʈʠʩ. 1. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʩʫʜʘ 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 60, 2019 ʛ. 
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ʉʨʘʚʥʠʤ ʤʘʩʩʳ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʟʘʱʠʪ rʦʪ ʢʦʨʨʦʟʠʠ ʚ ʩʦʩʪʘʚʝ ʥʘʛʨʫʟʢʠ ʤʘʩʩ 

ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʩʫʜʦʚ. 

ɿʘʱʠʪʘ ʧʨʦʪʝʢʪʦʨʥʘʷ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʝʡʜʦʚʦʛʦ ʙʫʢʩʠʨʘ çʈɹ-389è, ʧʣʘʚʫʯʝʡ ʤʘʩʪʝʨʩʢʦʡ çʇʄ-

138è, ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʫʜʥʘ çɼʦʥʫʟʣʘʚè, ʥʝʬʪʝʥʘʣʠʚʥʦʛʦ ʩʫʜʥʘ çɹʘʣʪ ʌʣʦʪ 11è, 

ʥʘʢʘʪʥʦʛʦ ʩʫʜʥʘ çɸʜʣʝʨè ʠ ʨʝʬʨʠʞʝʨʘʪʦʨʥʦʛʦ ʩʫʜʥʘ çɹʦʩʬʦʨ ɺʦʩʪʦʯʥʳʡè ʚ ʢʘʯʝʩʪʚʝ 

ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʧʨʠʥʷʪʘ ʧʨʦʪʝʢʪʦʨʥʘʷ ʟʘʱʠʪʘ. ʏʠʩʣʦ ʧʨʦʪʝʢʪʦʨʦʚ (ʨʠʩ. 2) ʧʨʠ 

ʟʘʱʠʪʝ ʧʦʜʚʦʜʥʦʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʩʫʜ-

ʥʘ (ʨʠʩ. 3) ʠ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ [5]: ʧʨʦʪʝʢʪʦʨʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʨʘʡʦʥʝ ʩʢʫʣʦʚʳʭ 

ʧʦʷʩʦʚ ʚʜʦʣʴ ʢʦʨʧʫʩʘ ʩʫʜʥʘ, ʚ ʨʘʡʦʥʝ ʥʦʩʦʚʦʡ ʠ ʢʦʨʤʦʚʦʡ ʯʘʩʪʠ ï ʥʘ ʫʨʦʚʥʝ ʣʠʥʠʠ 

ʛʨʝʙʥʦʛʦ ʚʘʣʘ. 

 

 

ʈʠʩ. 2. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʪʝʢʪʦʨʦʚ (ɻʆʉʊ 26251-84) 

 

ʈʠʩ. 3. ʏʠʩʣʦ ʦʜʠʥʦʯʥʳʭ ʧʨʦʪʝʢʪʦʨʦʚ ʠ ʧʨʦʪʝʢʪʦʨʥʳʭ ʛʨʫʧʧ (N),  

ʥʘ ʦʜʠʥ ʙʦʨʪ ʩʫʜʥʘ ʧʨʠ ʦʙʱʝʡ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ  

ʦʪ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʩʫʜʥʘ (ȹ): ʘ) ʚʦʜʦʠʟʤʝʱʝʥʠʝ ȹ Ò 3500 ʪ,  

ʙ) ʚʦʜʦʠʟʤʝʱʝʥʠʝ ȹ Ò 60000 ʪ, 1 ï ʧʨʦʪʝʢʪʦʨʳ ʇ-ʂʆɸ-4,  

2 ï ʧʨʦʪʝʢʪʦʨʳ ʇ-ʂʆɸ-10, 3 ï ʧʨʦʪʝʢʪʦʨʳ ʇ-ʂʂɸ-13,  

4 ï ʧʨʦʪʝʢʪʦʨʳ ʧʦ ʛʨʫʧʧʝ ɸ-I, 5 ï ʧʨʦʪʝʢʪʦʨʳ ʧʦ ʛʨʫʧʧʝ ɸ-II  

ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʥʘʛʨʫʟʢʠ ʤʘʩʩ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʫʜʦʚ 

ʦʪ ʢʦʨʨʦʟʠʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 3. 
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ʊʘʙʣʠʮʘ 3 

ʅʘʛʨʫʟʢʘ ʤʘʩʩ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ 

 ʈɹ-389 ɼʦʥʫʟʣʘʚ ʇʄ-138 ɹʘʣʪ  

ʌʣʦʪ 11 

ɸʜʣʝʨ ɹʦʩʬʦʨ 

ɺʦʩʪʦʯʥʳʡ 

 ʇʨʦʪʝʢʪʦʨ  

ʇ-ʂʆɸ-10 

ʇʨʦʪʝʢʪʦʨ 

ʇ-ʂʂɸ-13 

ʇʨʦʪʝʢʪʦʨ 

ʇ-ʂʂɸ-13 

ʇʨʦʪʝʢʪʦʨ 

ʇ-ʂʂɸ-13 

ʇʨʦʪʝʢʪʦʨ 

ʇ-ʂʂɸ-13 

ʇʨʦʪʝʢʪʦʨ 

ʇ-ʂʂɸ-13 

ʂʦʣʠʯʝʩʪʚʦ ʧʨʦ-

ʪʝʢʪʦʨʦʚ, ʰʪ 

24,000 32,000 56,000 28,000 36,000 48,000 

ʄʘʩʩʘ ʧʨʦʪʝʢʪʦ-

ʨʘ, ʢʛ 

10,000 13,000 13,000 13,000 13,000 13,000 

    ʇʨʦʪʝʢʪʦʨ 

ʇ-ʂʆʎ-10 

ʇʨʦʪʝʢʪʦʨ 

ʇ-ʂʃɸ-15 

ʇʨʦʪʝʢʪʦʨ 

ʇ-ʂʃɸ-15 

ʇʨʦʪʝʢʪʦʨ 

ʇ-ʂʃɸ-15 

ʇʨʦʪʝʢʪʦʨ 

ʇ-ʂʃɸ-15 

ʂʦʣʠʯʝʩʪʚʦ ʧʨʦ-

ʪʝʢʪʦʨʦʚ, ʰʪ 

  18,000 64,000 112,000 144,000 192,000 

ʄʘʩʩʘ ʧʨʦʪʝʢʪʦ-

ʨʘ, ʢʛ 

  10,000 15,000 15,000 15,000 15,000 

  ʃʠʩʪ 15.0 ʇʦʣʫʪʨʫʙʘ 

100ʭ10 

ʇʦʣʫʪʨʫʙʘ 

100ʭ10 

ʇʦʣʫʪʨʫʙʘ 

100ʭ10 

ʇʦʣʫʪʨʫʙʘ 

100ʭ10 

ʇʦʣʫʪʨʫʙʘ 

100ʭ10 

ʂʦʣʠʯʝʩʪʚʦ ʣʠʩ-

ʪʦʚ, ʰʪ 

72,000 32,000 32,000 32,000 32,000 32,000 

ʄʘʩʩʘ ʣʠʩʪʘ, ʢʛ 0,520 3,300 3,300 3,300 3,300 3,300 

    ɿʘʛʣʫʰʢʘ 

50ʭ100 

ɿʘʛʣʫʰʢʘ 

s10 

ɿʘʛʣʫʰʢʘ 

s10 

ɿʘʛʣʫʰʢʘ 

s10 

ɿʘʛʣʫʰʢʘ 

s10 

ʂʦʣʠʯʝʩʪʚʦ ʣʠʩ-

ʪʦʚ, ʰʪ 

  64,000 64,000 64,000 64,000 64,000 

ʄʘʩʩʘ ʣʠʩʪʘ, ʢʛ   0,310 0,310 0,310 0,310 0,310 

ʄʘʩʩʘ ʧʨʦʪʝʢ-

ʪʦʨʥʦʡ ʟʘʱʠʪʳ, 

ʢʛ 

280,000 722,000 1 817,000 2 170,000 2 754,000 3 630,000 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʩʩʘ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ ʩʦʩʪʘʚʣʷʝʪ: 280 ʢʛ ʜʣʷ ʈʝʡʜʦʚʦʛʦ 

ʙʫʢʩʠʨʘ çʈɹ-389è, 722 ʢʛ ʜʣʷ ɻʠʜʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʫʜʥʘ çɼʦʥʫʟʣʘʚè, 1817 ʢʛ ʜʣʷ ʇʣʘ-

ʚʫʯʝʡ ʤʘʩʪʝʨʩʢʦʡ çʇʄ-138è, 2170 ʢʛ ʜʣʷ ʥʝʬʪʝʥʘʣʠʚʥʦʛʦ ʩʫʜʥʘ çɹʘʣʪ ʌʣʦʪ 11è, 

2754 ʢʛ ʜʣʷ ʥʘʢʘʪʥʦʛʦ ʩʫʜʥʘ çɸʜʣʝʨè ʠ 3630 ʢʛ ʜʣʷ ʨʝʬʨʠʞʝʨʘʪʦʨʥʦʛʦ ʩʫʜʥʘ çɹʦʩʬʦʨ 

ɺʦʩʪʦʯʥʳʡè. 

ɿʘʱʠʪʘ ʢʘʪʦʜʥʘʷ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ 

ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʠʟʤʝʥʠʪʩʷ ʥʘʛʨʫʟʢʘ ʤʘʩʩ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʚʤʝ-

ʩʪʦ ʧʨʦʪʝʢʪʦʨʥʦʡ. ʏʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʛʣʘʚʥʳʭ ʨʘʟʤʝʨʝʥʠʡ (ʪʘʙʣʠʮʘ 2) ʠ ʧʣʦʱʘʜʠ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ 

(ʪʘʙʣʠʮʘ 4). ʈʘʩʯʝʪ ʧʣʦʱʘʜʠ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ ʄʫʤʬʦʨʜʘ:  

)71( BT,LSʩʤ Öd+ÖÖ= , (1) 

ʛʜʝ L ï ʜʣʠʥʘ ʩʫʜʥʘ, ʤ;  

T ï ʦʩʘʜʢʘ, ʤ;  

r ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʱʝʡ ʧʦʣʥʦʪʳ;  

B ï ʰʠʨʠʥʘ, ʤ. 
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ʌʣʦʪ 11 

ɸʜʣʝʨ ɹʦʩʬʦʨ 

ɺʦʩʪʦʯʥʳʡ 

ʇʣʦʱʘʜʴ  

ʩʤʦʯʝʥʥʦʡ  

ʧʦʚʝʨʭʥʦʩʪʠ, ʤ2 

3 175,898 3 093,258 4 004,432 3 175,898 3 093,258 4 004,432 

 

ɺ ʩʦʩʪʘʚ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ ʚʭʦʜʷʪ ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ, ʘʥʦʜʥʳʝ 

ʫʟʣʳ, ʦʢʦʣʦʘʥʦʜʥʳʝ ʠʟʦʣʷʮʠʦʥʥʳʝ ʵʢʨʘʥʳ, ʵʣʝʢʪʨʦʜʳ ʩʨʘʚʥʝʥʠʷ, ʢʦʥʪʘʢʪʥʦ-ʱʝʪʦʯ-

ʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʱʠʪʳ, ʩʠʣʦʚʳʝ ʠ ʢʦʥʪʨʦʣʴʥʳʝ ʢʘʙʝʣʠ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʚ ʩʠʩʪʝʤʝ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ 

ʧʠʪʘʥʠʷ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʪʠʧʘ ʊʇʎ3-200-24 (ʪʠʨʠ-

ʩʪʦʨʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʚ ʧʦʩʪʦʷʥʥʳʡ ʩ ʮʠʬʨʦʚʦʡ ʠʥʜʠʢʘʮʠʝʡ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ), ʩʦ ʩʨʦʢʦʤ ʩʣʫʞʙʳ 25 ʣʝʪ, ʦʜʦʙʨʝʥʥʳʝ ʈʦʩʩʠʡʩʢʠʤ 

ʤʦʨʩʢʠʤ ʈʝʛʠʩʪʨʦʤ ʩʫʜʦʭʦʜʩʪʚʘ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʰʢʘʬʘ. ʈʘʙʦʯʝʝ ʧʦʣʦʞʝʥʠʝ ʩʪʦʡʢʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ï ʚʝʨʪʠʢʘʣʴʥʦʝ, 

ʩʪʝʧʝʥʴ ʟʘʱʠʪʳ IP23 ʧʦ ɻʆʉʊ 14254-96. ɻʘʙʘʨʠʪʳ 600x610x1415 ʤʤ, ʤʘʩʩʘ 300Ñ15 ʢʛ. 

ʇʦʜʢʣʶʯʝʥʠʝ ʚʚʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʢʘʙʝʣʝʡ ï ʯʝʨʝʟ ʫʧʣʦʪʥʠʪʝʣʴʥʳʝ ʤʫʬʪʳ, ʫʩʪʘʥʦʚ-

ʣʝʥʥʳʝ ʥʘ ʢʨʳʰʝ ʩʪʦʡʢʠ. ʂʣʝʤʤʳ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢʘʙʝʣʝʡ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʩʪʦʡʢʠ [10]. 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʧʣʘʪʠʥʦ-ʥʠʦʙʠʝʚʳʝ ʘʥʦʜʳ ʪʠʧʘ ɸʋ-1ʄ ʩ ʪʝʢʩʪʫʨʠʨʦ-

ʚʘʥʥʳʤ ʧʣʘʪʠʥʦʚʳʤ ʧʦʢʨʳʪʠʝʤ ʥʘ ʥʠʦʙʠʝʚʦʡ ʧʦʜʣʦʞʢʝ (ʨʠʩ. 4 [10]).  

 

 

ʈʠʩ. 4. ʇʣʘʪʠʥʦ-ʥʠʦʙʠʝʚʳʡ ʘʥʦʜ ʪʠʧʘ ɸʋ-1ʄ  

ʜʣʷ ʩʠʩʪʝʤʳ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ: 1 ï ʦʩʥʦʚʘ, 2 ï ʵʣʝʢʪʨʦʜ 

ʅʘʛʨʫʟʢʘ ʤʘʩʩ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʜʣʷ ʨʝʡʜʦʚʦʛʦ ʙʫʢʩʠʨʘ, ʧʣʘʚʫʯʝʡ ʤʘʩʪʝʨʩʢʦʡ ʠ 

ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʛʦ, ʥʝʬʪʝʥʘʣʠʚʥʦʛʦ, ʥʘʢʘʪʥʦʛʦ ʠ ʨʝʬʨʠʞʝʨʘʪʦʨʥʦʛʦ ʩʫʜʦʚ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 5. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʩʩʘ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʩʦʩʪʘʚʣʷʝʪ: 374,65 ʢʛ ʜʣʷ ʈʝʡʜʦʚʦʛʦ ʙʫʢ-

ʩʠʨʘ çʈɹ-389è, 832,55 ʢʛ ʜʣʷ ɻʠʜʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʫʜʥʘ çɼʦʥʫʟʣʘʚè, 1338,4 ʢʛ ʜʣʷ 

ʇʣʘʚʫʯʝʡ ʤʘʩʪʝʨʩʢʦʡ çʇʄ-138è, 1181,75 ʢʛ ʜʣʷ ʥʝʬʪʝʥʘʣʠʚʥʦʛʦ ʩʫʜʥʘ çɹʘʣʪ ʌʣʦʪ 

11è, 1314,35 ʢʛ ʜʣʷ ʥʘʢʘʪʥʦʛʦ ʩʫʜʥʘ çɸʜʣʝʨè ʠ 1869,2 ʢʛ ʜʣʷ ʨʝʬʨʠʞʝʨʘʪʦʨʥʦʛʦ ʩʫʜʥʘ 

çɹʦʩʬʦʨ ɺʦʩʪʦʯʥʳʡè. 



ʈʦʜʴʢʠʥʘ ɸ.ɺ. 
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ʌʣʦʪ 11 

ɸʜʣʝʨ ɹʦʩʬʦʨ 

ɺʦʩʪʦʯʥʳʡ 

ʂʦʣʠʯʝʩʪʚʦ ʘʥʦʜʥʳʭ ʫʟ-

ʣʦʚ, ʰʪ 

6 12 18 12 14 16 

ʄʘʩʩʘ ʘʥʦʜʦʚ ʪʠʧʘ  

ɸʋ-1ʄ, ʢʛ 

7,9 7,9 7,9 7,9 7,9 7,9 

ʂʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʜʦʚ 

ʩʨʘʚʥʝʥʠʷ, ʰʪ 

2 4 6 4 4 4 

ʄʘʩʩʘ ʵʣʝʢʪʨʦʜʦʚ ʩʨʘʚʥʝ-

ʥʠʷ ʕʉʍʇ-ʉʉ, ʢʛ 

3,2 3,2 3,2 3,2 3,2 3,2 

ʂʦʣʠʯʝʩʪʚʦ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʝʡ 

1 2 3 2 2 3 

ʄʘʩʩʘ ʊʇʎ3-200-24, ʢʛ 300,000 300,000 300,000 300,000 300,000 300,000 

ʈʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʱʠʪʳ, 

ʩʠʣʦʚʳʝ ʠ ʢʦʥʪʨʦʣʴʥʳʝ 

ʢʘʙʝʣʠ, ʢʦʥʪʘʢʪʥʦ-

ʱʝʪʦʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

20,850 124,950 277,000 474,150 590,950 830,000 

ʄʘʩʩʘ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ, 

ʢʛ 

374,650 832,550 1 338,400 1 181,750 1 314,350 1 869,200 

 

ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʚʳʙʦʨʘ ʪʠʧʘ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ  

ʥʘ ʥʘʛʨʫʟʢʫ ʤʘʩʩ ʩʫʜʥʘ 

ʅʘʛʨʫʟʢʘ ʤʘʩʩ ʧʨʦʪʝʢʪʦʨʥʦʡ ʠ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪ rʦʪ ʢʦʨʨʦʟʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘ-

ʝʪʩʷ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʦʙʲʝʤʥʘʷ ʛʠʩʪʦʛʨʘʤʤʘ ʥʘ ʨʠʩ. 5. ʆʜʥʘʢʦ ʥʝ ʜʣʷ ʚʩʝʭ ʩʫʜʦʚ ʤʘʩʩʘ 

ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʤʝʥʴʰʝ, ʯʝʤ ʤʘʩʩʘ ʧʨʦʪʝʢʪʦʨʥʦʡ. 

 

 

ʈʠʩ. 5. ʄʘʩʩʘ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʚ ʩʦʩʪʘʚʝ ʥʘʛʨʫʟʢʠ ʤʘʩʩ 

ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʟʥʠʮʳ ʥʘʛʨʫʟʢʠ ʤʘʩʩ ʦʪ ʧʨʦʪʝʢʪʦʨʥʦʡ ʠ ʢʘ-

ʪʦʜʥʦʡ ʟʘʱʠʪʳ ʦʪ ʚʦʜʦʠʟʤʝʱʝʥʠʷ. 
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ʈʠʩ. 6. ɺʣʠʷʥʠʝ ʚʳʙʦʨʘ ʪʠʧʘ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʥʘ ʥʘʛʨʫʟʢʫ ʤʘʩʩ ʩʫʜʥʘ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʤʝʥʴʰʝʥʠʷ ʤʘʩʩʳ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʮʝʣʝʩʦʦʙ-

ʨʘʟʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʚʤʝʩʪʦ ʧʨʦ-

ʪʝʢʪʦʨʥʦʡ ʜʣʷ ʩʫʜʦʚ ʩ ʚʦʜʦʠʟʤʝʱʝʥʠʝʤ ʙʦʣʝʝ 3400 ʪ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺʳʧʦʣʥʝʥʥʳʡ ʘʥʘʣʠʟ ʥʘʛʨʫʟʢʠ ʤʘʩʩ, ʚʭʦʜʷʱʝʡ ʚ ʩʦʩʪʘʚ ʵʣʝʤʝʥʪʦʚ ʥʘʛʨʫʟʢʠ ʧʦʜ 

ʢʦʜʦʤ 01050111 ʠ 050309##, ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʩʫʜʦʚ ʩ ʚʦʜʦʠʟʤʝʱʝʥʠʝʤ ʙʦʣʝʝ 3400 ʪ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʥʘʛʨʫʟʢʘ ʤʘʩʩ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ 

ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʚʤʝʩʪʦ ʧʨʦʪʝʢʪʦʨʥʦʡ. ɺʳʷʚʣʝʥʘ ʚʘʞʥʦʩʪʴ ʦʮʝʥʢʠ ʥʘʛʨʫʟʢʠ ʤʘʩʩ 
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The requirements of the Rules and Norms of classification societies are based on the assump-

tion that measures to protect the hull against corrosion in accordance with the standards and 

other regulations are taken during the construction and operation of ships. Components of 

the load have been obtained for various types of corrosion protection for the purpose of ship 

hulls designing. The analysis of mass load changes for the various types of ships hull struc-

ture corrosion protection, depending on the displacement. A mass load comparison the vari-

ous types of ships hull structure protection against corrosion was made; data was generated 

on the dependence of the corrosion protection load mass on the ship displacement, which 

makes it possible to choose the smallest type of corrosion protection. The importance of the 

various types of corrosion protection mass load estimating at the initial stages of design is 

determined. The practical significance of the work lies in the fact that the obtained results 

can be used at the design stage to select a smaller weight for ship corrosion protecting. 
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ʟʠʦʥʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʨʘʟʨʫʰʝʥʠʡ ʛʠʙʥʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʨʩʢʠʭ ʩʫʜʦʚ ʠ ʧʣʘ-

ʚʫʯʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ. ʆʩʪʨʦʪʘ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚʦʟʨʘʩʪʘʝʪ, ʧʦʩʢʦʣʴʢʫ ʪʝʤʧ 

ʨʦʩʪʘ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʦʪʝʨʴ ʧʨʝʚʳʰʘʝʪ ʪʝʤʧʳ ʨʦʩʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʘʣʣʘ. ʇʨʠʯʝʤ, 

ʧʦʪʝʨʷ ʤʝʪʘʣʣʘ ʥʝ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʝʡ. ʈʝʘʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ ʩʢʣʘʜʳ-

ʚʘʝʪʩʷ ʠʟ ʩʪʦʠʤʦʩʪʠ ʫʪʨʘʯʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʟʘʪʨʘʪ ʥʘ ʝʛʦ ʨʝʤʦʥʪ ʠ ʚʦʩʩʪʘʥʦʚʣʝ-

ʥʠʝ, ʫʙʳʪʢʦʚ ʦʪ ʧʨʦʩʪʦʷ ʚ ʨʘʙʦʪʝ, ʠ ʜʨ. ɺ ʩʣʫʯʘʝ ʥʘʨʫʰʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʪʘʥʢʦʚ ʤʦʨ-

ʩʢʠʭ ʩʫʜʦʚ ʠ ʨʝʟʝʨʚʫʘʨʦʚ ʩ ʥʝʬʪʴʶ, ʛʘʟʦʛʠʜʨʘʪʘʤʠ ʠʣʠ ʠʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʵʥʝʨʛʦʨʝ-

ʩʫʨʩʦʚ, ʚʦʟʥʠʢʘʝʪ ʫʛʨʦʟʘ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɿʘʛʨʷʟʥʝʥʠʝ ʚʦʜʥʦʡ ʧʦ-



ɻʨʘʤʫʟʦʚ ɽ.ʄ., ʈʦʜʴʢʠʥʘ ɸ.ɺ., ʀʚʘʥʦʚʘ ʆ.ɸ. 
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ʚʝʨʭʥʦʩʪʠ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʥʘʥʦʩʠʪ ʙʦʣʴʰʦʡ ʚʨʝʜ ʵʢʦʩʠʩʪʝʤʝ. ʇʦʧʘʚʰʘʷ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʚʦʜʳ ʥʝʬʪʴ ʥʘʯʠʥʘʝʪ ʙʳʩʪʨʦ ʨʘʩʪʝʢʘʪʴʩʷ, ʪʷʞʝʣʳʝ ʝʝ ʬʨʘʢʮʠʠ ʦʩʝʜʘʶʪ ʥʘ ʜʥʦ, 

ʟʘʛʨʷʟʥʷʷ ʥʝ ʪʦʣʴʢʦ ʙʝʨʝʛʦʚʫʶ ʟʦʥʫ, ʥʦ ʠ ʜʥʦ ʚʦʜʦʝʤʦʚ. 

ʇʨʘʚʠʣʘʤʠ ʈʦʩʩʠʡʩʢʦʛʦ ʄʦʨʩʢʦʛʦ ʈʝʛʠʩʪʨʘ ʉʫʜʦʭʦʜʩʪʚʘ ʠ ʜʨʫʛʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠ-

ʦʥʥʳʭ ʦʙʱʝʩʪʚ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʦʙʷʟʘʪʝʣʴʥʘʷ ʟʘʱʠʪʘ ʤʦʨʩʢʠʭ ʩʫʜʦʚ ʦʪ ʢʦʨʨʦʟʠʠ [1ï5]. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʭʠ-

ʤʠʯʝʩʢʘʷ ʟʘʱʠʪʘ. ʉʫʱʥʦʩʪʴ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʫʤʝʥʴʰʝʥʠʠ ʩʢʦʨʦʩʪʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝ-

ʩʢʦʡ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʘ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʜʦʙʘʚʦʯʥʳʤ ʵʣʝʢʪʨʦʜʦʤ, ʷʚʣʷʶʱʠʤʩʷ ʘʥʦʜʦʤ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʨʧʫʩʥʳʤ ʢʦʥʩʪʨʫʢʮʠʷʤ ʩʫʜʦʚ ʠ ʧʣʘʚʫʯʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ 

(ʧʨʦʪʝʢʪʦʨʥʘʷ ʟʘʱʠʪʘ) ʠʣʠ ʧʨʠ ʧʦʣʷʨʠʟʘʮʠʠ ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʫʜʦʚ ʠ ʧʣʘʚʫ-

ʯʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (ʢʘʪʦʜʥʘʷ ʟʘʱʠʪʘ) [6].  

ʇʨʠ ʫʩʪʘʥʦʚʢʝ ʥʘ ʩʫʜʥʝ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ (ʩ ʨʘʩʭʦʜʫʝʤʳʤʠ 

ʘʥʦʜʘʤʠ ʠʣʠ ʥʘʣʦʞʝʥʥʳʤ ʪʦʢʦʤ) ʧʦʜʚʦʜʥʦʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʫʩʤʘʪ-

ʨʠʚʘʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʢʦʥʪʘʢʪʥʦ-ʱʝʪʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʧʦʜʢʣʶ-

ʯʝʥʠʷ ʢ ʟʘʱʠʪʝ ʚʘʣʦʚʠʥʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʠʩʢʣʶʯʝʥʠʷ ʢʦʥʪʘʢʪʥʦʡ 

ʢʦʨʨʦʟʠʠ. ʂʦʥʪʘʢʪʥʦ-ʱʝʪʦʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʦʩʪʦʠʪ ʠʟ ʨʘʟʲʝʤʥʦʛʦ ʢʦʣʴʮʘ, ʫʩʪʘʥʦʚ-

ʣʝʥʥʦʛʦ ʥʘ ʛʨʝʙʥʦʤ ʚʘʣʫ, ʱʝʪʢʦʜʝʨʞʘʪʝʣʷ ʩ ʤʝʜʥʦ-ʛʨʘʬʠʪʦʚʳʤʠ ʱʝʪʢʘʤʠ, ʟʘʯʠʩʪʥʦʡ 

ʧʨʦʚʦʣʦʯʥʦʡ ʱʝʪʢʠ ʠ ʢʨʦʥʰʪʝʡʥʘ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʱʝʪʢʦʜʝʨʞʘʪʝʣʝʡ. 

ʇʨʦʪʝʢʪʦʨʥʘʷ ʟʘʱʠʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʘʩʭʦʜʫʝʤʳʭ 

ʘʥʦʜʦʚ (ʧʨʦʪʝʢʪʦʨʦʚ), ʠʤʝʶʱʠʭ ʙʦʣʝʝ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʯʝʤ ʫ ʩʪʘʣʠ, 

ʠ ʩʦʝʜʠʥʝʥʥʳʭ ʩ ʢʦʨʧʫʩʦʤ ʣʠʙʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʨʘʟʚʠʚʘʝʤʳʭ 

ʪʦʢʦʚ ʜʦ ʚʝʣʠʯʠʥ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʟʘʱʠʪʳ ʙʝʟ ʣʠʰʥʝʛʦ ʨʘʩʭʦʜʘ ʧʨʦʪʝʢʪʦʨʦʚ. ʇʨʦ-

ʪʝʢʪʦʨ ʠʤʝʝʪ ʙʦʣʝʝ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʠ ʷʚʣʷʝʪʩʷ ʘʥʦʜʦʤ, ʦʥ ʦʪʜʘʝʪ ʧʦʣʦʞʠ-

ʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʠʦʥʳ ʚ ʨʘʩʪʚʦʨ ʠ ʨʘʩʪʚʦʨʷʝʪʩʷ. ʀʟʙʳʪʦʯʥʳʝ ʵʣʝʢʪʨʦʥʳ ʧʝʨʝʪʝʢʘ-

ʶʪ ʚ ʢʦʨʧʫʩ ʩʫʜʥʘ ʠʣʠ ʚ ʦʩʥʦʚʘʥʠʝ ʧʣʘʚʫʯʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʦʨʫʞʝʥʠʷ, ʠʤʝʶʱʠʝ 

ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʵʣʝʢʪʨʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ. ʉʫʜʥʦ (ʦʩʥʦʚʘʥʠʝ ʧʣʘʚʫʯʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʦʨʫʞʝʥʠʷ) ʷʚʣʷʝʪʩʷ ʢʘʪʦʜʦʤ ʠ ʧʨʠ ʵʪʦʤ ʥʝ ʨʘʟʨʫʰʘʝʪʩʷ, ʘ ʵʣʝʢʪʨʦʥʳ ʠʟ ʥʝʛʦ ʫʜʘ-

ʣʷʶʪʩʷ ʚʦ ʚʥʝʰʥʶʶ ʩʨʝʜʫ. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ ʧʨʦʠʣʣʶʩʪʨʠʨʦ-

ʚʘʥ ʥʘ ʨʠʩ. 1 [7].  

 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʨʘʙʦʪʳ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ 

ɺ ʩʣʫʯʘʝ ʩʠʩʪʝʤʳ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ ʩʪʘʣʴʥʦʛʦ ʢʦʨʧʫʩʘ ʚ ʢʘʯʝʩʪʚʝ ʘʥʦʜʘ (ʧʨʦ-

ʪʝʢʪʦʨʘ) ʚʳʙʠʨʘʝʪʩʷ ʤʝʪʘʣʣ ʩ ʤʝʥʴʰʠʤ, ʯʝʤ ʫ ʩʪʘʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ 

(ʮʠʥʢ, ʤʘʛʥʠʡ, ʘʣʶʤʠʥʠʡ ʠ ʠʭ ʩʧʣʘʚʳ). ʄʝʞʜʫ ʧʨʦʪʝʢʪʦʨʦʤ ʠ ʤʝʪʘʣʣʦʤ ʢʦʨʧʫʩʘ ʩʦʟ-

ʜʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʠ ʦʙʨʘʟʫʝʪʩʷ ʛʘʣʴʚʘʥʠʯʝʩʢʘʷ ʧʘʨʘ. ʇʨʦʪʝʢʪʦʨʳ ʧʨʠʤʝ-

ʥʷʶʪʩʷ ʜʣʷ ʤʝʩʪʥʦʡ ʠ ʦʙʱʝʡ ʟʘʱʠʪʳ ʢʦʨʧʫʩʦʚ, ʙʘʣʣʘʩʪʥʳʭ ʪʘʥʢʦʚ ʠ ʦʪʩʝʢʦʚ ʦʪ ʢʦʨ-

ʨʦʟʠʠ, ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʦʜʠʥʦʯʥʦ ʠʣʠ ʛʨʫʧʧʘʤʠ [8]. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 60, 2019 ʛ. 
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ʆʙʱʘʷ ʧʨʦʪʝʢʪʦʨʥʘʷ ʟʘʱʠʪʘ ʧʦʜʚʦʜʥʦʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ (ʨʠʩ. 2) ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ 

ʨʘʡʦʥʝ ʩʢʫʣʦʚʳʭ ʧʦʷʩʦʚ ʚʜʦʣʴ ʢʦʨʧʫʩʘ ʩʫʜʥʘ, ʚ ʨʘʡʦʥʝ ʥʦʩʦʚʦʡ ʠ ʢʦʨʤʦʚʦʡ ʯʘʩʪʠ ï 

ʥʘ ʫʨʦʚʥʝ ʣʠʥʠʠ ʛʨʝʙʥʦʛʦ ʚʘʣʘ. 

 

 

ʈʠʩ. 2. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʧʨʦʪʝʢʪʦʨʦʚ  

ʥʘ ʧʦʜʚʦʜʥʦʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ [8] 

ʊʘʢʘʷ ʟʘʱʠʪʘ ï ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠʟ ʠʟʚʝʩʪʥʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʨʝʜʦʪ-

ʚʨʘʱʝʥʠʷ ʢʦʨʨʦʟʠʠ. ʄʦʥʪʘʞ ʠ ʦʙʥʦʚʣʝʥʠʝ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ ʥʝ ʚʳʟʳʚʘʝʪ ʢʘʢʠʭ-

ʣʠʙʦ ʪʨʫʜʥʦʩʪʝʡ ʢʘʢ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʫʜʦʚ, ʪʘʢ ʠ ʧʨʠ ʠʭ ʨʝʤʦʥʪʝ. ʇʨʠʥʮʠʧʠʘʣʴʥʦ 

ʩʨʦʢ ʩʣʫʞʙʳ ʝʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥ ʣʶʙʳʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʪʝʢʪʦʨʦʚ. 

ʇʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠ ʪʠʧʦʨʘʟʤʝʨʦʚ ʧʨʦʪʝʢʪʦʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʟʘ-

ʱʠʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʤʦʨʩʢʠʭ ʙʘʩʩʝʡʥʘʭ [9]. 

ʄʝʭʘʥʠʟʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʤʝʪʘʣʣʦʚ ʦʪ ʢʦʨʨʦʟʠʠ ʩ ʧʦʤʦʱʴʶ ʘʥʦʜʥʦʛʦ 

ʧʨʦʪʝʢʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʟʘ-

ʱʠʱʘʝʤʦʛʦ ʤʝʪʘʣʣʘ ʩ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʨʝʜʦʡ ʧʦʚʝʨʭʥʦʩʪʴ ʟʘʱʠʱʘʝʤʦʛʦ ʤʝʪʘʣʣʘ ʧʦʣʷʨʠ-

ʟʫʝʪʩʷ ʢʘʪʦʜʥʦ, ʝʝ ʧʦʪʝʥʮʠʘʣ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʯʪʠ ʧʦʣʥʦʤʫ ʧʨʝ-

ʢʨʘʱʝʥʠʶ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʪʝʢʪʦʨʘ ʧʨʠ ʵʪʦʤ ʧʨʦʪʝʢʘʝʪ 

ʘʥʦʜʥʳʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʧʦʩʪʝʧʝʥʥʦ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʨʘʩʪʚʦʨʝʥʠʶ (ʨʠʩ. 3), ʧʦʵʪʦʤʫ 

ʧʨʦʪʝʢʪʦʨ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʦʟʦʙʥʦʚʣʷʪʴ, ʢʘʞʜʳʝ 3ï4 ʛʦʜʘ [10]. ʇʘʨʘʤʝʪʨʳ 

ʧʨʦʪʝʢʪʦʨʦʚ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ɻʆʉʊ 26251ï84, ʧʨʘʚʠʣʘ ʠ ʥʦʨʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʟʘ-

ʱʠʪʳ ʧʨʦʪʝʢʪʦʨʥʦʡ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ ʦʩʥʦʚʘʥʳ ʥʘ ʨʫʢʦʚʦʜʷʱʝʤ ʜʦʢʫʤʝʥʪʝ 5.9042ï80. 

 

 

ʈʠʩ. 3. ʇʨʦʪʝʢʪʦʨ ʚ ʥʘʯʘʣʝ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʩʣʝʚʘ) ʠ  

ʚ ʢʦʥʮʝ ʩʨʦʢʘ ʩʣʫʞʙʳ (ʩʧʨʘʚʘ) [11] 

ʅʦ ʚ ʩʣʫʯʘʝ ʢʦʨʨʦʟʠʦʥʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʨʘʟʨʫʰʝʥʠʡ ʢʦʨʧʫʩʦʚ ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪ-

ʨʫʢʮʠʡ ʩʫʜʦʚ ʠ ʧʣʘʚʫʯʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʧʨʦʪʝʢʪʦʨʥʘʷ ʟʘʱʠʪʘ ʥʝ ʚ ʩʠʣʘʭ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʵʪʦʤʫ ʪʠʧʫ ʢʦʨʨʦʟʠʦʥʥʳʭ ʨʘʟʨʫʰʝʥʠʡ [12, 13].  

ʂʘʪʦʜʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ï ʵʪʦ ʘʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʟʘʱʠʪʳ ʤʝʪʘʣʣʘ ʦʪ ʨʘʟʨʫʰʝʥʠʡ. 

ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʘʤʳʭ ʰʠʨʦʢʠʭ ʠʥʪʝʨʚʘʣʘʭ ʧʦʪʝʥʮʠʘʣ ʠ ʪʦʢ ʟʘʱʠʪʳ, ʚ 

ʥʝʡ ʟʘʣʦʞʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʟʘʱʠʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʦʛʦ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʪʦʜʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʢʨʳʪʠʡ, ʥʝ ʟʘʚʠʩʠʪ 



ɻʨʘʤʫʟʦʚ ɽ.ʄ., ʈʦʜʴʢʠʥʘ ɸ.ɺ., ʀʚʘʥʦʚʘ ʆ.ɸ. 

ɸʥʘʣʠʟ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʟʘʱʠʪʳ ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʠ ʩʫʜʦʚ ʦʪ » 
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ʦʪ ʚʨʝʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʥʘ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ ʟʘʱʠʪʳ: ʧʦʢʨʳʪʠʷʤʠ, ʫʧʨʦʯʥʝʥʠʷʤʠ ʠ ʪ.ʜ.  

ʉʫʱʥʦʩʪʴ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʤʝʥʴʰʝʥʠʠ ʩʢʦʨʦʩʪʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝ-

ʩʢʦʡ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʘ ʧʨʠ ʧʦʣʷʨʠʟʘʮʠʠ ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʫʜʦʚ ʠ ʧʣʘʚʫʯʠʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʉʫʜʥʦ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ 

ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʚʳʚʦʜʫ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʘ ʘʥʦʜ ï ʢ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ ʚʳ-

ʚʦʜʫ (ʨʠʩ. 4).  

 

 

ʈʠʩ. 4. ʉʭʝʤʘ ʨʘʙʦʪʳ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʥʘʣʦʞʝʥʥʳʤ ʪʦʢʦʤ [7] 

ʇʨʦʠʟʚʦʜʠʪʩʷ ʧʦʣʷʨʠʟʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʪʦʢʘ, ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʢʦʨʨʦʟʠʠ ʠʣʠ ʢʘʪʦʜʥʦʛʦ 

ʦʩʘʜʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʧʦʪʝʥʮʠʘʣ ʩʤʝʱʘʝʪʩʷ ʚ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʨʠ ʥʝʚʳʩʦʢʠʭ ʧʦ-

ʪʝʥʮʠʘʣʘʭ ʧʨʦʠʩʭʦʜʠʪ ʠʦʥʠʟʘʮʠʷ ʢʠʩʣʦʨʦʜʘ, ʘ ʢʦʛʜʘ ʧʦʪʝʥʮʠʘʣ ʩʤʝʱʘʝʪʩʷ ʝʱʝ ʦʪʨʠ-

ʮʘʪʝʣʴʥʝʝ ï ʤʝʭʘʥʠʟʤ ʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʝʥʷʝʪʩʷ ʠ ʥʘʯʠʥʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʚʦʜʦ-

ʨʦʜʘ, ʯʪʦ ʚʝʜʝʪ ʢ ʥʘʚʦʜʦʨʘʞʠʚʘʥʠʶ ʤʝʪʘʣʣʘ ʠ ʜʘʣʴʥʝʡʰʝʤʫ ʦʭʨʫʧʯʠʚʘʥʠʶ, ʯʝʛʦ 

ʥʝʣʴʟʷ ʜʦʧʫʩʢʘʪʴ. 

ʉʠʩʪʝʤʳ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʥʘʣʦʞʝʥʥʳʤ ʪʦʢʦʤ ʩʦʩʪʦʷʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ: ʘʥʦʜʦʚ ʩ ʦʢʦʣʦʘʥʦʜʥʳʤʠ ʵʢʨʘʥʘʤʠ, ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʩ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʠ ʨʝʛʫʣʠʨʫʶʱʝʡ ʘʧʧʘʨʘʪʫʨʦʡ, ʵʣʝʢʪʨʦʜʦʚ ʩʨʘʚʥʝʥʠʷ, ʩʠʣʦʚʳʭ ʢʘʙʝʣʝʡ ʜʣʷ ʧʦʜʢʣʶ-

ʯʝʥʠʷ ʘʥʦʜʦʚ ʠ ʢʘʙʝʣʝʡ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ ʩʨʘʚʥʝʥʠʷ ʠ ʜʨʫʛʠʭ, ʘ ʪʘʢʞʝ 

ʱʠʪʘ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʳ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ. ɺ ʩʠʩʪʝʤʫ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʚʭʦʜʷʪ ʪʘʢ-

ʞʝ ʩʘʣʴʥʠʢʦʚʳʝ ʫʧʣʦʪʥʝʥʠʷ ʠ ʟʘʱʠʪʥʳʝ ʢʦʨʦʙʢʠ ʚ ʤʝʩʪʘʭ ʪʦʢʦʧʦʜʚʦʜʘ ʢ ʘʥʦʜʘʤ ʯʝ-

ʨʝʟ ʦʙʰʠʚʢʫ ʢʦʨʧʫʩʘ ʠ ʚ ʤʝʩʪʘʭ ʫʩʪʘʥʦʚʢʠ ʵʣʝʢʪʨʦʜʦʚ ʩʨʘʚʥʝʥʠʷ (ʨʠʩ. 5) [14].  

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʥʘʣʦʞʝʥʥʳʤ ʪʦʢʦʤ ʧʦʜʚʦʜʥʦʡ 

ʯʘʩʪʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʩʦʛʣʘʩʥʦ [8] ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 6. 

ʂʘʪʦʜʥʘʷ ʟʘʱʠʪʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝ ʪʨʝʙʫʝʪ ʝʝ ʟʘʤʝʥʳ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ 

ʩʨʦʢʘ ʩʣʫʞʙʳ ʦʢʝʘʥʦʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʪʠʤʘʣʴʥʫʶ ʟʘʱʠʪʫ 

ʢʦʨʧʫʩʘ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʠʟʥʦʩʘ ʝʛʦ ʣʘ-

ʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ; ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʝ ʧʦʜʘʚʣʝʥʠʝ ʢʦʨʨʦʟʠʠ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣ-

ʣʘ ʦʙʰʠʚʢʠ ʠ ʩʚʘʨʥʳʭ ʰʚʦʚ ʢʦʨʧʫʩʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʠʜʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʚʘʨʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʝʞʠʤʦʚ ʩʚʘʨʢʠ; ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʦʙʰʠʚʢʠ ʠ ʫʚʝʣʠ-

ʯʠʪʴ ʤʝʞʜʦʢʦʚʳʡ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʫʜʦʚ ʠ ʧʣʘʚʫʯʠʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʘ ʜʣʷ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʥʦʚʳʭ ʦʢʝʘʥʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝ-

ʥʠʡ ï ʫʤʝʥʴʰʠʪʴ ʤʘʩʩʫ ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ ʫʚʝʣʠʯʝʥʥʦʡ ʪʦʣʱʠʥʳ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ 

ʚʝʣʠʯʠʥʫ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʠʟʥʦʩʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʧʦʚʳʰʝʥ-

ʥʦʡ ʧʨʦʯʥʦʩʪʠ [15].  



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 60, 2019 ʛ. 
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ʈʠʩ. 5. ʉʭʝʤʘ ʢʨʝʧʣʝʥʠʷ ʘʥʦʜʘ ʢ ʢʦʨʧʫʩʫ ʩʫʜʥʘ: 1 ï ʥʘʨʫʞʥʘʷ ʦʙʰʠʚʢʘ;  

2 ï ʘʥʦʜ; 3 ï ʧʨʠʚʘʨʥʳʝ ʰʧʠʣʴʢʠ; 4 ï ʛʝʨʤʝʪʠʢ; 5 ï ʨʝʟʠʥʦʚʘʷ ʧʨʦʢʣʘʜʢʘ;  

6 ï ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚʳʡ ʵʢʨʘʥ; 7 ï ʩʘʣʴʥʠʢ; 8 ï ʢʦʥʪʘʢʪʥʘʷ ʰʧʠʣʴʢʘ;  

9 ï ʠʟʦʣʷʮʠʦʥʥʳʝ ʚʪʫʣʢʠ; 10 ï ʢʘʙʝʣʴ 

 

ʈʠʩ. 6. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʥʘʣʦʞʝʥʥʳʤ ʪʦʢʦʤ  

ʧʦʜʚʦʜʥʦʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ: 1 ï ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʱʠʪ,  

2 ï ʘʥʦʜʥʳʝ ʫʟʣʳ ʩ ʦʢʦʣʦʘʥʦʜʥʳʤʠ ʵʢʨʘʥʘʤʠ, 3 ï ʵʣʝʢʪʨʦʜ ʩʨʘʚʥʝʥʠʷ,  

4 ï ʢʦʥʪʘʢʪʥʦ-ʱʝʪʦʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, 5 ï ʢʘʙʝʣʴ ʜʣʷ ʟʘʟʝʤʣʝʥʠʷ ʨʫʣʷ 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʠ ʚʳʷʚʣʷʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʪʴ ʠʣʠ ʫʤʝʥʴʰʘʪʴ ʚʳʭʦʜʥʦʡ ʪʦʢ ʩ ʘʥʦʜʘ. ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʩʫʜʥʦ ʧʦʣʫʯʘʝʪ 

ʧʦʩʪʦʷʥʥʳʡ ʦʧʪʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʟʘʱʠʪʳ. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʦʪʩʣʝʞʠʚʘʝʪʩʷ 

ʢʦʥʪʨʦʣʴʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ. ʆʜʥʘ ʠʟ ʠʥʥʦʚʘʮʠʡ ʢʦʤʧʘʥʠʠ Cathelco (ʨʠʩ. 7) [16] ï 

ʘʥʦʜʳ, ʟʘʤʝʥʷʝʤʳʝ ʚʦʜʦʣʘʟʦʤ ʥʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʟʨʘ-

ʙʦʪʘʥʳ ʜʣʷ ʧʣʘʚʫʯʠʭ ʩʠʩʪʝʤ ʥʝʬʪʝʜʦʙʳʯʠ, ʭʨʘʥʝʥʠʷ ʠ ʚʳʛʨʫʟʢʠ ʠ ʩʫʜʦʚ, ʠʤʝʶʱʠʭ 

ʜʣʠʪʝʣʴʥʳʝ ʧʝʨʠʦʜʳ ʤʝʞʜʫ ʟʘʭʦʜʘʤʠ ʚ ʩʫʭʦʡ ʜʦʢ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʤʦʱʠ ʫʩʪʘ-

ʥʦʚʦʯʥʦʡ çʚʪʫʣʢʠè, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʩʤʦʣʝʥʠʝʤ ʘʥʦʜʘ ʧʨʠ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʟʘʤʝʥʷ-

ʝʪ ʦʙʳʢʥʦʚʝʥʥʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʢʫ. ɹʳʣʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʘ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʘʷ ʩʠʩ-

ʪʝʤʘ ʫʧʣʦʪʥʠʪʝʣʴʥʦʡ ʢʨʳʰʢʠ ʠ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʢʦʣʴʮʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʝʨʝʜʘʯʫ. 



ɻʨʘʤʫʟʦʚ ɽ.ʄ., ʈʦʜʴʢʠʥʘ ɸ.ɺ., ʀʚʘʥʦʚʘ ʆ.ɸ. 
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ɸʥʘʣʠʟ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ɼʣʷ ʦʮʝʥʢʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʩʨʘʚʥʠʤ 

ʩʪʦʠʤʦʩʪʴ ʧʨʦʪʝʢʪʦʨʥʦʡ ʠ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ. 

ʉʪʦʠʤʦʩʪʴ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ (ʪʘʙʣʠʮʘ 1) ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʝʝ ʤʘʩʩʳ. 

ʉʫʤʤʘʨʥʘʷ ʩʪʦʠʤʦʩʪʴ ʟʘʤʝʥʳ ʧʨʦʪʝʢʪʦʨʦʚ ʢʘʞʜʳʝ 4 ʛʦʜʘ ʚ ʮʝʣʷʭ ʫʯʝʪʘ ʬʘʢʪʦʨʘ ʚʨʝ-

ʤʝʥʠ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʦʩʦʙʘ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʜʝʥʝʞʥʦʡ ʝʜʠʥʠʮʳ ʧʦ 

ʩʭʝʤʝ ʩʣʦʞʥʦʛʦ ʧʨʦʮʝʥʪʘ. ʉʣʦʞʥʳʡ ʧʨʦʮʝʥʪ ï ʧʨʦʮʝʥʪ ʟʘ ʢʘʞʜʳʡ ʦʯʝʨʝʜʥʦʡ ʧʝʨʠʦʜ 

ʥʘʯʠʩʣʷʝʪʩʷ ʥʘ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʙʘʟʫ ʚ ʩʫʤʤʝ ʩ ʨʘʥʝʝ ʥʘʯʠʩʣʝʥʥʳʤ ʧʨʦʮʝʥʪʦʤ [17].  

ʊʘʙʣʠʮʘ 1 

ʉʪʦʠʤʦʩʪʴ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ 
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ʄʘʩʩʘ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ, ʢʛ 280 722 1 817 2 170 2 754 3 630 

ʉʪʦʠʤʦʩʪʴ 1 ʢʛ, ʪʳʩ. ʨʫʙ. 0,324 0,324 0,324 0,324 0,324 0,324 

ʉʪʦʠʤʦʩʪʴ ʧʨʦʪʝʢʪʦʨʦʚ, ʪʳʩ. ʨʫʙ. 91 234 589 703 892 1 176 

ʉʪʦʠʤʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʧʨʦʪʝʢʪʦʨ-

ʥʦʡ ʟʘʱʠʪʳ (ʟʘʤʝʥʳ ï ʢʘʞʜʳʝ 

4 ʛʦʜʘ), ʪʳʩ. ʨʫʙ. 

30 62 148 172 221 295 

ʉʪʦʠʤʦʩʪʴ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ  

(ʂʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ), ʪʳʩ. ʨʫʙ. 

120 295 736 875 1114 1471 

ʄʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʪʝʢ-

ʪʦʨʥʫʶ ʟʘʱʠʪʫ ʟʘ 35 ʣʝʪ, ʪʳʩ. ʨʫʙ. 

1 518 5 950 14 829 17 628 22 430 29 633 

 

ʉʪʦʠʤʦʩʪʴ ʜʝʥʝʞʥʦʡ ʝʜʠʥʠʮʳ ʥʘ ʙʫʜʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ (1): 

  = ʩʣ.%iʪʝʢʙʫʜ ʂʉʉ Ö , (1) 

ʛʜʝ ʪʝʢʉ  ï ʩʪʦʠʤʦʩʪʴ ʜʝʥʝʞʥʦʡ ʝʜʠʥʠʮʳ ʥʘ ʪʝʢʫʱʠʡ (ʥʘʩʪʦʷʱʠʡ) ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ,  

( ) 

ʩʣ.%    + 1  n

i iʂ =  ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʣʦʞʥʦʛʦ ʧʨʦʮʝʥʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʝʨʠʦʜʫ ʧʝʨʝ-

ʩʯʝʪʘ,  

ʛʜʝ i  ï ʧʝʨʠʦʜ, ʛʦʜ ʟʘʤʝʥʳ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

 

ʈʘʩʯʝʪ ʩʫʤʤʘʨʥʦʡ ʩʪʦʠʤʦʩʪʠ ʟʘʤʝʥʳ ʧʨʦʪʝʢʪʦʨʦʚ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʩʫʜʦʚ ʟʘ 

35 ʣʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 2 ʥʘ ʧʨʠʤʝʨʝ ʥʝʬʪʝʥʘʣʠʚʥʦʛʦ ʩʫʜʥʘ çɹʘʣʪ ʌʣʦʪ 11è. 

ʊʘʙʣʠʮʘ 2 

ʉʪʦʠʤʦʩʪʴ ʟʘʤʝʥʳ ʧʨʦʪʝʢʪʦʨʦʚ ʜʣʷ ʥʝʬʪʝʥʘʣʠʚʥʦʛʦ ʩʫʜʥʘ 

ʇʝʨʠʦʜ, ʛʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ 4 8 12 16 20 24 28 32 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʣʦʞʥʦʛʦ ʧʨʦʮʝʥʪʘ,  

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʝʨʠʦʜʫ ʧʝʨʝʩʯʝʪʘ 

1,19 1,42 1,70 2,02 2,41 2,88 3,43 4,09 

ʉʪʦʠʤʦʩʪʴ ʥʘ ʙʫʜʫʱʠʡ ʤʦʤʝʥʪ  

ʚʨʝʤʝʥʠ, ʪʳʩ. ʨʫʙ. 

1044 1245 1484 1770 2111 2517 3002 3580 

ʉʫʤʤʘʨʥʘʷ ʩʪʦʠʤʦʩʪʴ ʟʘ 35 ʣʝʪ, ʪʳʩ. ʨʫʙ. 16 753 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 60, 2019 ʛ. 
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ʉʪʦʠʤʦʩʪʴ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʩʪʦʠʤʦʩʪʠ 

ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ (ʪʘʙʣʠʮʘ 3). 

ʊʘʙʣʠʮʘ 3 

ʉʪʦʠʤʦʩʪʴ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ 

  ʈɹ-389 ɼʦʥʫʟʣʘʚ ʇʄ-138 ɹʘʣʪ  

ʌʣʦʪ 11 

ɸʜʣʝʨ ɹʦʩʬʦʨ 

ɺʦʩʪʦʯʥʳʡ 

ʂʦʣʠʯʝʩʪʚʦ ʘʥʦʜʥʳʭ ʫʟʣʦʚ, ʰʪ 6 12 18 12 14 16 

ɸʥʦʜʳ ʪʠʧʘ ɸʋ-1ʄ,  

ʪʳʩ. ʨʫʙ. 

870 1740 2610 1740 2030 2320 

ʂʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʜʦʚ ʩʨʘʚ-

ʥʝʥʠʷ, ʰʪ 

2 4 6 4 4 4 

ʕʣʝʢʪʨʦʜʳ ʩʨʘʚʥʝʥʠʷ ʕʉʍʇ-

ʉʉ, ʪʳʩ. ʨʫʙ. 

60 120 180 120 120 120 

ʂʦʣʠʯʝʩʪʚʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 1 2 3 2 2 3 

ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʊʇʎ3-200-

24, ʪʳʩ. ʨʫʙ. 

350 700 1050 700 700 1050 

ʈʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʱʠʪʳ, ʩʠ-

ʣʦʚʳʝ ʠ ʢʦʥʪʨʦʣʴʥʳʝ ʢʘʙʝʣʠ, 

ʢʦʥʪʘʢʪʥʦ-ʱʝʪʦʯʥʦʝ ʫʩʪʨʦʡʩʪ-

ʚʦ, ʪʳʩ. ʨʫʙ. 

154 307 461 307 342 419 

ʉʪʦʠʤʦʩʪʴ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ 

(ʂʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ), 

ʪʳʩ. ʨʫʙ. 

1434 2867 4301 2867 3192 3909 

ʉʪʦʠʤʦʩʪʴ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ 

(ɽʞʝʛʦʜʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʟʘʪʨʘʪʳ), ʪʳʩ. ʨʫʙ. 

9 39 71 107 104 135 

ʄʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ  

ʥʘ ʢʘʪʦʜʥʫʶ ʟʘʱʠʪʫ  

ʟʘ 35 ʣʝʪ, ʪʳʩ. ʨʫʙ. 

2 195 6 219 10 386 11 961 12 049 12 830 

 

ɸʥʘʣʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ (ʨʠʩ. 7) ʚ 

ʩʠʩʪʝʤʫ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʙʦʣʴʰʝ, ʯʝʤ ʥʘ ʩʠʩʪʝʤʫ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ: ~ ʚ 11,9 ʨʘʟ 

ʜʣʷ ʨʝʡʜʦʚʦʛʦ ʙʫʢʩʠʨʘ çʈɹ-389è, ~ ʚ 9,7 ʨʘʟ ʜʣʷ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʫʜʥʘ çɼʦʥʫʟ-

ʣʘʚè, ~ ʚ 5,8 ʨʘʟ ʜʣʷ ʇʣʘʚʫʯʝʡ ʤʘʩʪʝʨʩʢʦʡ çʇʄ-138è, ~ ʚ 3,3 ʨʘʟʘ ʜʣʷ ʥʝʬʪʝʥʘʣʠʚʥʦʛʦ 

ʩʫʜʥʘ çɹʘʣʪ ʌʣʦʪ 11è, ~ ʚ 2,9 ʨʘʟ ʜʣʷ ʢʦʥʪʝʡʥʝʨʥʦʛʦ ʩʫʜʥʘ çɸʜʣʝʨè, ~ ʚ 2,7 ʨʘʟ ʜʣʷ 

ʨʝʬʨʠʞʝʨʘʪʦʨʥʦʛʦ ʩʫʜʥʘ çɹʦʩʬʦʨ ɺʦʩʪʦʯʥʳʡè. 

 

 

ʈʠʩ. 7. ʂʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʟʘʱʠʪʫ ʦʪ ʢʦʨʨʦʟʠʠ 



ɻʨʘʤʫʟʦʚ ɽ.ʄ., ʈʦʜʴʢʠʥʘ ɸ.ɺ., ʀʚʘʥʦʚʘ ʆ.ɸ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʥʠʮʳ ʚ ʥʘʯʘʣʴʥʦʡ 

ʩʪʦʠʤʦʩʪʠ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʩʫʜʥʘ. 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʦʪ ʩʠʩʪʝʤʳ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʚʳʯʠʩʣʷʶʪʩʷ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʥʝʦʙʭʦʜʠʤʦʡ ʧʣʦʪʥʦʩʪʠ ʟʘʱʠʪʥʦʛʦ ʪʦʢʘ, ʥʦʤʠʥʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʣʦ-

ʱʘʜʠ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʦ-ʧʝʨʚʳʭ, ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʩʯʝʪ ʤʦʱʥʦʩʪʠ, ʧʦʪʨʝʙʣʷʝ-

ʤʦʡ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʦʡ, ʧʦ ʬʦʨʤʫʣʝ (2): 

UIN    = ʢ.ʟ.ʢ.ʟ. Ö , ʢɺʪ, (2) 

ʛʜʝ iSI    ʩʤʢ.ʟ. Ö=  ï ʪʦʢ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ, ɸ,  

ʩʤS  ï ʧʣʦʱʘʜʴ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ, ʤ
2
,  

i ï ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ, ɸ/ʤ
2
,  

U ï ʥʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ɺ. 

 

ʂʦʣʠʯʝʩʪʚʦ ʪʦʧʣʠʚʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʨʘʙʦʪʳ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ: 

tNqQ ÖÖʢ.ʟ.ʪʪ= , ʪ, (3) 

ʛʜʝ -3

ʪ 100,2= Öq  ʪ/ʢɺʪ Ț ʯ ï ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ,  

t ï ʚʨʝʤʷ, ʜʣʷ ʨʘʩʯʝʪʘ ʤʘʩʩʳ ʪʦʧʣʠʚʘ ʚ ʩʫʪʢʠ ʧʨʠʥʠʤʘʝʪʩʷ 24=t  ʯ. 

 

ʈʘʩʭʦʜʳ ʥʘ ʪʦʧʣʠʚʦ ʚ ʛʦʜ: 

ʪʪ QSC Ö= , ʪʳʩ. ʨʫʙ., (4) 

ʛʜʝ S ï ʩʪʦʠʤʦʩʪʴ ʪʦʧʣʠʚʘ. 

 

ʈʘʩʯʝʪ ʚʳʧʦʣʥʷʣʩʷ ʚ ʪʘʙʣʠʯʥʦʡ ʬʦʨʤʝ (ʪʘʙʣʠʮʘ 4). 

ʊʘʙʣʠʮʘ 4 

ʉʪʦʠʤʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʦʪ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ 

 ʈɹ-389 ɼʦʥʫʟʣʘʚ ʇʄ-138 ɹʘʣʪ  

ʌʣʦʪ 11 

ɸʜʣʝʨ ɹʦʩʬʦʨ 

ɺʦʩʪʦʯʥʳʡ 

ʇʣʦʪʥʦʩʪʴ ʟʘʱʠʪʥʦʛʦ 

ʪʦʢʘ, ɸ/ʤ2 

0,02 0,02 0,02 0,02 0,02 0,02 

ʇʣʦʱʘʜʴ ʩʤʦʯʝʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʜʥʘ, ʤ2 

265,776 1 170,512 2 

125,261 

3 175,898 3 093,258 4 004,432 

ʊʨʝʙʫʝʤʳʡ ʟʘʱʠʪʥʳʡ 

ʪʦʢ, ɸ 

5,316 23,410 42,505 63,518 61,865 80,089 

ʅʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷ-

ʞʝʥʠʝ, ɺ 

24,000 24,000 24,000 24,000 24,000 24,000 

ʄʦʱʥʦʩʪʴ, ʢɺʪ 0,128 0,562 1,020 1,524 1,485 1,922 

ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧ-

ʣʠʚʘ, ʪ/ʢɺʪ ʯ 

0,0002 0,0002 0,0002 0,0002 0,0002 0,0002 

ʄʘʩʩʘ ʪʦʧʣʠʚʘ ʚ ʩʫ-

ʪʢʠ, ʪ 

0,001 0,003 0,005 0,007 0,007 0,009 

ʉʪʦʠʤʦʩʪʴ ʪʦʧʣʠʚʘ ʚ 

ʛʦʜ, ʪʳʩ. ʨʫʙ. 

8,940 39,374 71,490 106,832 104,052 134,703 

 

ʉʫʤʤʘʨʥʘʷ ʩʪʦʠʤʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ (ʪʘʙʣʠʮʘ 5) ʟʘ 

ʢʘʞʜʳʝ ʛʦʜ ʚ ʮʝʣʷʭ ʫʯʝʪʘ ʬʘʢʪʦʨʘ ʚʨʝʤʝʥʠ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʦʩʦʙʘ 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 60, 2019 ʛ. 
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ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʜʝʥʝʞʥʦʡ ʝʜʠʥʠʮʳ ʧʦ ʩʭʝʤʝ ʩʣʦʞʥʦʛʦ ʧʨʦʮʝʥʪʘ, ʘʥʘʣʦʛʠʯʥʦ ʩʫʤʤʘʨ-

ʥʦʡ ʩʪʦʠʤʦʩʪʠ ʟʘʤʝʥʳ ʧʨʦʪʝʢʪʦʨʦʚ. 

ʊʘʙʣʠʮʘ 5 

ɽʞʝʛʦʜʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʨʠʤʝʨʝ ʨʝʬʨʠʞʝʨʘʪʦʨʥʦʛʦ ʩʫʜʥʘ 

ʇʝʨʠʦʜ, ʛʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ 2 3 4 5 é 33 34 35 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʣʦʞʥʦʛʦ ʧʨʦʮʝʥʪʘ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʡ ʧʝʨʠʦʜʫ ʧʝʨʝʩʯʝʪʘ 

1,09 1,14 1,19 1,25 é 4,27 4,47 4,67 

ʉʪʦʠʤʦʩʪʴ ʥʘ ʙʫʜʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, 

ʪʳʩ. ʨʫʙ. 

147 119 124 130 é 445 465 486 

ʉʫʤʤʘʨʥʘʷ ʩʪʦʠʤʦʩʪʴ ʟʘ 35 ʣʝʪ,  

ʪʳʩ. ʨʫʙ. 

8 786 

 

ɿʘ ʚʝʩʴ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ (ʨʠʩ. 8) ʥʘ ʩʠʩʪʝʤʫ ʢʘʪʦʜʥʦʡ 

ʟʘʱʠʪʳ ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʩʠʩʪʝʤʫ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ: ~ ʚ 1,4 ʨʘʟʘ ʜʣʷ ʇʣʘʚʫʯʝʡ ʤʘʩ-

ʪʝʨʩʢʦʡ çʇʄ-138è, ~ ʚ 1,5 ʨʘʟ ʜʣʷ ʅʝʬʪʝʥʘʣʠʚʥʦʛʦ ʩʫʜʥʘ çɹʘʣʪ ʌʣʦʪ 11è, ~ ʚ 1,9 ʨʘʟ 

ʜʣʷ ʢʦʥʪʝʡʥʝʨʥʦʛʦ ʩʫʜʥʘ çɸʜʣʝʨè, ~ ʚ 2,3 ʨʘʟʘ ʜʣʷ ʨʝʬʨʠʞʝʨʘʪʦʨʥʦʛʦ ʩʫʜʥʘ çɹʦʩʬʦʨ 

ɺʦʩʪʦʯʥʳʡè. ʆʜʥʘʢʦ, ʜʣʷ ʈʝʡʜʦʚʦʛʦ ʙʫʢʩʠʨʘ çʈɹ-389è ʠ ɻʠʜʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʫʜʥʘ 

çɼʦʥʫʟʣʘʚè ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʳ ʚ 

ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʢʘʢ ʧʨʦʪʝʢʪʦʨʥʦʡ, ʪʘʢ ʠ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ. 

 

 

ʈʠʩ. 8. ʄʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʟʘʱʠʪʫ ʦʪ ʢʦʨʨʦʟʠʠ ʟʘ 35 ʣʝʪ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʥʠʮʳ ʟʘʪʨʘʪ ʟʘ ʚʝʩʴ 

ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʟʘʱʠʪʫ ʦʪ ʢʦʨʨʦʟʠʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʩʫʜʥʘ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴʶ ʜʘʥʥʳʤ ʜʨʫʛʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ.  

ɻʨʘʥʠʮʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʚʳʙʦʨʘ ʦʜʥʦʛʦ ʠʟ ʚʘʨʠʘʥʪʦʚ ʟʘʱʠʪʳ ʧʦʢʘʟʘʥʳ ʥʘ ʛʨʘ-

ʬʠʢʘʭ ʧʨʠʚʝʜʝʥʥʳʭ ʟʘʪʨʘʪ ʨʘʟʣʠʯʥʳʭ ʩʫʜʦʚ ʦʪ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʥʘ (ʨʠʩ. 9ï14). 

 



ɻʨʘʤʫʟʦʚ ɽ.ʄ., ʈʦʜʴʢʠʥʘ ɸ.ɺ., ʀʚʘʥʦʚʘ ʆ.ɸ. 
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ʈʠʩ. 9. 

 

ʈʠʩ. 10. 

ʀʟ ʨʠʩʫʥʢʦʚ 9ï10 ʚʠʜʥʦ, ʯʪʦ ʩʫʤʤʘʨʥʘʷ ʩʪʦʠʤʦʩʪʴ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʩʪʘʥʦʚʠʪʩʷ 

ʤʝʥʴʰʝ ʧʨʦʪʝʢʪʦʨʥʦʡ ʧʦʩʣʝ 30 ʣʝʪ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

 

 

ʈʠʩ. 11. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 60, 2019 ʛ. 

ʈʘʟʜʝʣ I. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ʈʠʩ. 12. 

ʈʠʩ. 11 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʫʤʤʘʨʥʘʷ ʩʪʦʠʤʦʩʪʴ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴ-

ʰʝ ʧʨʦʪʝʢʪʦʨʥʦʡ ʧʦʩʣʝ 18 ʣʝʪ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʨʠʩ. 12 ï 12 ʣʝʪ. 

 

 

ʈʠʩ. 13. 

 

ʈʠʩ. 14. 

ʀʟ ʨʠʩ. 13ï14 ʚʠʜʥʦ, ʯʪʦ ʩʫʤʤʘʨʥʘʷ ʩʪʦʠʤʦʩʪʴ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʩʪʘʥʦʚʠʪʩʷ 

ʤʝʥʴʰʝ ʧʨʦʪʝʢʪʦʨʥʦʡ ʜʦ ʜʦʩʪʠʞʝʥʠʷ 8 ʣʝʪ ʵʢʩʧʣʫʘʪʘʮʠʠ. 



ɻʨʘʤʫʟʦʚ ɽ.ʄ., ʈʦʜʴʢʠʥʘ ɸ.ɺ., ʀʚʘʥʦʚʘ ʆ.ɸ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʷʪʴ ʩʠʩʪʝʤʫ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ 

ʜʣʷ ʩʫʜʦʚ ʩ ʚʦʜʦʠʟʤʝʱʝʥʠʝʤ ʙʦʣʝʝ 6000 ʪ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʣʦʱʘʜʴ ʩʤʦʯʝʥʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʧʣʘʚʫʯʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʜʘʥʥʫʶ ʚʝʣʠ-

ʯʠʥʫ ʩʫʜʦʚ ʩ ʚʦʜʦʠʟʤʝʱʝʥʠʝʤ 6000 ʪ, ʪʦ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʧʨʠʤʝʥʷʪʴ ʢʘʪʦʜʥʫʶ ʟʘʱʠʪʫ 

ʜʣʷ ʥʠʭ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʚʳʛʦʜʝ. 

ʆʜʥʘʢʦ ʧʨʠ ʚʳʙʦʨʝ ʪʠʧʘ ʟʘʱʠʪʳ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʦʙʦʯʥʳʝ ʵʬʬʝʢʪʳ ʦʪ 

ʧʨʠʤʝʥʝʥʠʷ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʥʘʣʦʞʝʥʥʳʤ ʪʦʢʦʤ ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ ʥʝʟʘʨʷʞʝʥʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʥʘ ʶʚʝʥʠʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ, ʥʫʞʜʘʶʱʠʝʩʷ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦ-

ʨʘʙʦʪʢʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ: 

ï ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʧʦʜʣʠʮʦ ʘʥʦʜʥʳʝ ʫʟʣʳ ʫʤʝʥʴʰʘʶʪ ʚʣʠʷʥʠʝ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ 

ʦʪ ʢʦʨʨʦʟʠʠ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʩʫʜʥʘ, 

ï ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʤʝʥʳ ʵʣʝʤʝʥʪʦʚ ʟʘʱʠʪʳ ʠ ʪʦʯʥʦʩʪʴ ʧʨʠʤʝʥʷʝʤʦʛʦ 

ʟʥʘʯʝʥʠʷ ʟʘʱʠʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦʟʚʦʣʷʪ ʫʚʝʣʠʯʠʪʴ ʤʝʞʜʦʢʦʚʳʡ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʢʦʨʧʫʩʦʚ ʤʦʨʩʢʠʭ ʩʫʜʦʚ ʠ ʩʦʦʨʫʞʝʥʠʡ, 

ï ʚʦʟʤʦʞʥʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʙʦʨʴʙʫ ʩ ʦʙʨʘʩʪʘʥʠʝʤ ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪ-

ʨʫʢʮʠʡ ʩʫʜʦʚ ʠ ʧʣʘʚʫʯʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʩʫʜʦʚ ʩ ʚʦʜʦʠʟʤʝʱʝʥʠʝʤ ʙʦʣʝʝ 

6000 ʪ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʚʤʝʩʪʦ ʧʨʦʪʝʢʪʦʨʥʦʡ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩʫʤʤʘʨʥʘʷ ʩʪʦʠʤʦʩʪʴ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʦʥʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʨʘʟʨʫʰʝ-

ʥʠʡ. 

ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʚʳʛʦʜʫ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠ-

ʪʳ ʥʘ ʵʪʘʧʝ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ, ʦʜʥʘʢʦ ʧʨʠ ʚʳʙʦʨʝ ʪʠʧʘ ʟʘʱʠʪʳ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳ-

ʚʘʪʴ ʠ ʧʦʙʦʯʥʳʝ ʵʬʬʝʢʪʳ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʥʘʣʦʞʝʥʥʳʤ ʪʦʢʦʤ ʧʨʠ 

ʧʦʪʝʥʮʠʘʣʝ ʥʝʟʘʨʷʞʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʶʚʝʥʠʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ. ʂʘʪʦʜʥʘʷ 

ʟʘʱʠʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʛʦʜʥʝʝ ʧʨʦʪʝʢʪʦʨʥʦʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʧʨʠʯʝʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʩʫʜʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʟʥʠʮʘ ʚ ʩʫʤʤʘʨʥʦʡ 

ʩʪʦʠʤʦʩʪʠ ʧʨʦʪʝʢʪʦʨʥʦʡ ʠ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ. 
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The article analyzes the technical and economic indicators of the ship hulls corrosion protec-

tion. The direction of the investigation was chosen due to the fact that the corrosion-

mechanical destruction of ships and floating technical structures leads to large economic 

losses. The solution to the problem of corrosion is among the most pressing problems in the 

development of the Russian economy. To achieve the goal of the article, a cumulative simpli-

fied calculation of the economic feasibility of choosing the type of corrosion protection for 

ship hull structures was used. The calculation of the ship hulls corrosion protection cost has 

done, data on the dependence of capital investments and operating costs in the system of cor-

rosion protection on the ship displacement were formed. It was determined that for vessels 

with a displacement of more than 6000 tons in the case of applying cathodic protection by 

impressed current against corrosion instead of cathodic protection by sacriýcial anodes, the 

total cost of protection against corrosion-mechanical damage is reduced. The results of the 

study can be used by shipbuilders at the ships design stage, which allows the correct choice 

of the corrosion protection type and reduces its total cost. 

http://www.cathelco.com.sg/iccp/
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ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʠʤʘʨʘʥ, ʘʫʪʨʠʛʝʨʳ, ʤʥʦʛʦʢʦʨʧʫʩʥʳʝ ʩʫʜʘ, ʩʢʦʨʦʩʪʥʳʝ ʧʘʩʩʘʞʠʨ-

ʩʢʠʝ ʪʨʠʤʘʨʘʥʳ, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ, ʙʣʘʛʦʧʨʠʷʪʥʘʷ ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʩʠʩʪʝʤʳ 

ʚʦʣʥ. 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʪʨʘʞʝʥʘ ʠʩʪʦʨʠʷ, ʩʦʩʪʦʷʥʠʝ ʨʘʟʚʠʪʠʷ ʠ ʩʣʦʞʠʚʰʠʝʩʷ ʪʝʥ-

ʜʝʥʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʫʜʦʚ-ʪʨʠʤʘʨʘʥʦʚ. ʇʦʢʘʟʘʥʦ ʢʘʢ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʪʝʨʤʠʥʦʣʦ-

ʛʠʷ ʧʦ ʩʫʜʘʤ ʜʘʥʥʦʛʦ ʪʠʧʘ, ʧʨʠʚʝʜʝʥʳ ʩʚʝʜʝʥʠʷ ʦʙ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʘʭ ʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʭ ʩʦʚʨʝʤʝʥʥʳʭ ʢʨʝʡʩʝʨʩʢʠʭ, ʧʘʩʩʘʞʠʨʩʢʠʭ ʠ ʚʦʝʥʥʳʭ ʩʫʜʦʚ-ʪʨʠʤʘʨʘʥʦʚ. ʅʘ ʦʩ-

ʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʦ ʧʦʩʪʨʦʝʥʥʳʤ ʪʨʠʤʘʨʘʥʘʤ ʩʜʝʣʘʥʳ ʦʙʱʠʝ ʚʳʚʦʜʳ. ʆʪʤʝ-

ʯʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʵʪʠʭ ʩʫʜʦʚ, ʦʧʨʝʜʝʣʝʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝ-

ʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʘ ʠʤʝʥʥʦ ʧʨʠ ʢʘʢʦʡ ʜʣʠʥʝ, ʰʠʨʠʥʝ, ʚʦʜʦʠʟ-

ʤʝʱʝʥʠʠ ʨʘʮʠʦʥʘʣʴʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʫ ʠʣʠ ʠʥʫʶ 

ʩʭʝʤʫ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʫʪʨʠʛʝʨʦʚ ʧʦ ʜʣʠʥʝ ʠ ʰʠʨʠʥʝ ʩʫʜʥʘ ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʙʣʘʛʦ-

ʧʨʠʷʪʥʦʡ ʚʦʣʥʦʚʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʦʩʥʦʚʥʦʛʦ ʢʦʨʧʫʩʘ ʠ ʘʫʪʨʠʛʝʨʦʚ. 

 

ʊʨʠʤʘʨʘʥ ï ʵʪʦ ʪʨʝʭʢʦʨʧʫʩʥʦʝ ʩʫʜʥʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʦʩʥʦʚʥʦʛʦ ʢʦʨʧʫʩʘ (vaka) ʠ 

ʜʚʫʭ ʤʝʥʴʰʠʭ ʘʫʪʨʠʛʝʨʦʚ (ama), ʞʝʩʪʢʦ ʩʦʝʜʠʥʝʥʥʳʭ ʩ ʦʩʥʦʚʥʳʤ ʢʦʨʧʫʩʦʤ ʙʦʢʦʚʳ-

ʤʠ ʙʘʣʢʘʤʠ (aka).  

ʂʦʥʩʪʨʫʢʮʠʷ ʠ ʥʘʟʚʘʥʠʷ ʯʘʩʪʝʡ ʪʨʠʤʘʨʘʥʘ (vaka, ama, aka) ʚʟʷʪʳ ʫ ʧʘʨʫʩʥʦʛʦ ʩʫʜ-

ʥʘ ʥʘʨʦʜʦʚ ʇʦʣʠʥʝʟʠʠ ʚ ʊʠʭʦʤ ʦʢʝʘʥʝ, ʢʦʪʦʨʳʝ ʩʪʨʦʠʣʠʩʴ ʧʦʣʠʥʝʟʠʡʮʘʤʠ ʠ ʜʨʫʛʠʤʠ 

ʢʦʨʝʥʥʳʤʠ ʞʠʪʝʣʷʤʠ ʦʩʪʨʦʚʦʚ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʧʦʯʪʠ 4000 ʣʝʪ ʥʘʟʘʜ, ʠ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ ʧʦʟʘʠʤʩʪʚʦʚʘʥʘ ʠʤʝʥʥʦ ʫ ʥʠʭ. 

ʆʪʮʦʤ ʧʝʨʚʦʡ ʪʨʝʭʢʦʨʧʫʩʥʦʡ ʷʭʪʳ ʧʦʩʪʨʦʝʥʥʦʡ ʚ 1945 ʛ., ʷʚʣʷʝʪʩʷ ɺʠʢʪʦʨ ʏʝʯʝʪ 

(ʨʫʩʩʢʠʡ ʠʤʤʠʛʨʘʥʪ, ʧʨʦʧʘʛʘʥʜʠʩʪ ʤʥʦʛʦʢʦʨʧʫʩʥʳʭ ʩʫʜʦʚ). ɽʤʫ ʞʝ ʧʨʠʥʘʜʣʝʞʘʣʘ 

ʠʜʝʷ ʥʘʟʚʘʪʴ ʩʫʜʘ ʜʘʥʥʦʛʦ ʪʠʧʘ ʪʨʠʤʘʨʘʥʘʤʠ.  

ʄʥʦʛʦʢʦʨʧʫʩʥʳʝ ʧʘʨʫʩʥʠʢʠ (ʪʨʠʤʘʨʘʥʳ) ʩʪʘʣʠ ʧʦʧʫʣʷʨʥʳʤʠ ʚ 60ï70-ʝ ʛʦʜʳ 

XX ʚʝʢʘ (ʪʘʙʣʠʮʘ 1). ɸʨʪʫʨ ʇʠʚʝʨ ʥʝʩʦʤʥʝʥʥʦ ʦʪʢʨʳʣ ʥʦʚʫʶ ʵʨʫ ʚ ʪʨʘʥʩʦʢʝʘʥʩʢʠʭ 

ʧʣʘʚʘʥʠʷʭ, ʧʝʨʝʧʣʳʚ ʚ ʠʶʥʝ 1960 ʛ. ɸʪʣʘʥʪʠʢʫ ʥʘ ʧʦʩʪʨʦʝʥʥʦʤ ʠʤ ʪʨʠʤʘʨʘʥʝ çʅʠʤʙʣè 

(çɹʳʩʪʨʳʡè). ʉ ʪʝʭ ʧʦʨ ʪʨʠʤʘʨʘʥʳ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʝʨʝʩʝʢʘʣʠ ʦʢʝʘʥ. ɺ 1966 ʛ. ʤʥʦʛʦ-

ʢʦʨʧʫʩʥʳʝ ʩʫʜʘ ʩʪʘʨʪʦʚʘʣʠ ʚ ʜʚʫʭ ʢʨʫʧʥʝʡʰʠʭ ʢʨʝʡʩʝʨʩʢʠʭ ʛʦʥʢʘʭ ï ʚʦʢʨʫʛ ɸʥʛʣʠʠ ʠ 

ʊʨʘʥʩʪʠʭʦʦʢʝʘʥʩʢʦʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʫʯʘʩʪʥʠʢʦʚ ʚʳʩʪʫʧʘʣʦ ʥʘ ʢʘ-

ʪʘʤʘʨʘʥʘʭ, ʧʦʙʝʜʠʪʝʣʝʤ ʚ ʧʝʨʚʦʡ ʠʟ ʵʪʠʭ ʛʦʥʦʢ ʠ ʚʪʦʨʳʤ ʧʨʠʟʝʨʦʤ ʚʦ ʚʪʦʨʦʡ ʦʢʘʟʘ-

ʣʠʩʴ ʪʨʠʤʘʨʘʥʳ. 

ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʜʦʩʪʦʠʥʩʪʚ ʤʥʦʛʦʢʦʨʧʫʩʥʳʭ ʧʘʨʫʩʥʳʭ ʷʭʪ-ʪʨʠʤʘʨʘʥʦʚ, ʧʦʤʠ-

ʤʦ ʙʦʣʴʰʦʡ ʧʦʣʝʟʥʦʡ ʧʣʦʱʘʜʠ ʧʘʣʫʙ, ʷʚʣʷʝʪʩʷ ʤʝʥʴʰʘʷ ʘʤʧʣʠʪʫʜʘ ʢʘʯʢʠ. ʂʦʛʜʘ ʧʨʦ-

ʩʪʦʝ ʩʫʜʥʦ ʜʘʞʝ ʥʘ ʤʘʣʦʡ ʚʦʣʥʝ ʥʘʯʥʝʪ ʧʝʨʝʚʘʣʠʚʘʪʴʩ ̫ʩ ʙʦʨʪʘ ʥʘ ʙʦʨʪ, ʘ ʧʘʩʩʘʞʠʨʳ 

ʧʦʯʫʚʩʪʚʫʶʪ ʧʝʨʚʳʝ ʧʨʠʟʥʘʢʠ çʤʦʨʩʢʦʡ ʙʦʣʝʟʥʠè, ʚ ʢʘʶʪʘʭ ʪʨʠʤʘʨʘʥʘ, ʧʦʯʫʚʩʪʚʫʶʪ 

ʣʠʰʴ ʣʝʛʢʠʡ ʧʝʨʝʢʘʪ [1]. 

ɺ ʢʦʥʮʝ XX ʚʝʢʘ ʤʥʦʛʦʢʦʨʧʫʩʥʳʝ ʩʫʜʘ ʧʦʣʫʯʠʣʠ ʥʦʚʳʡ ʠʤʧʫʣʴʩ ʚ ʨʘʟʚʠʪʠʠ ʩ ʧʦ-

ʷʚʣʝʥʠʝʤ ʪʨʠʤʘʨʘʥʦʚ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʄʠʨʦʚʦʡ ʨʳʥʦʢ 

ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʚ ʤʠʨʦʚʦʤ ʩʫʜʦʩʪʨʦʝʥʠʠ ʫʚʝʣʠʯʠʣʩʷ ʠʥʪʝʨʝʩ ʢ ʩʪʨʦʠʪʝʣʴʩʪ-

mailto:A.E.Korepanov@yandex.ru
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ʚʫ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʢʦʨʦʩʪʥʳʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʪʨʠʤʘʨʘʥʦʚ ʜʣʷ ʧʘʩʩʘʞʠʨʩʢʠʭ ʠ ʘʚʪʦ-

ʤʦʙʠʣʴʥʦ-ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʥʮʠʧ ʪʨʠʤʘʨʘʥʘ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʘʨʦʤʘʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʙʦʝʚʳʭ ʢʦʨʘʙʣʷʭ (ʪʘʙʣʠʮʘ 2).  

ʊʘʙʣʠʮʘ 1 

ʆʩʥʦʚʥʳʝ ʜʘʥʥʳʝ ʢʨʝʡʩʝʨʩʢʠʭ ʭ̫ʪ-ʪʨʠʤʘʨʘʥʦʚ 

ʅʘʟʚʘʥʠʝ ɻʣʘʚʥʳʝ 

ʨʘʟʤʝʨʝʥʠʷ 

LxB, ʤ 

ʇʘʨʫʩ-

ʥʦʩʪʴ, ʤ2 

ɺʦʜʦʠʟʤʝʱʝ-

ʥʠʝ ʧʦʨʦʞ-

ʥʝʤ, ʢʛ 

ʏʠʩʣʦ 

ʩʧʘʣʴʥʳʭ 

ʤʝʩʪ 

ɺʠʜ ʜʚʠʛʘ-

ʪʝʣʷ ʠ ʤʦʱ-

ʥʦʩʪʴ, ʣ.ʩ. 

ʄʘʪʝ- 

ʨʠʘʣʳ 

çʂʨʦʩʩ-24è 7,2ʭ4,3 22 400 3 - ʌ-ʇʣ 

çʂʘʨʘʚʝʣʣʘè 7,9ʭ5,2 33 - 3 - ʇʣ 

çʊʨʠ ʉʪʘʨ 28è 8,6ʭ5,0 30 - 5 ʉʪ: 7,5 ʌ-ʇʣ 

çʅʠʤʙʣè 9,1ʭ5,5 30 1050 5 ʇ/ʤ ʌ-ʇʣ 

çʊʨʠʶʥè 9,1ʭ5,5 41 1830 5 ʇ/ʤ ʌ-ʇʣ 

çʉʚʠʥ ʋʠʥʛè 9,2ʭ6,9 37 2360 5 ʉʪ ʇʣ 

çɺʝʛʝʙʝʥʜ-IIè 11,0ʭ6,2 47 2260 5 ʇ/ʤ: 16 ʌ-ʇʣ 

çʆʬ ʉʘʫʥʜʠʥʛè 11,6ʭ6,7 58 2900 7 ʉʪ: 30 ʌ-ʇʣ 

çʊʨʠ ʉʪʘʨ 40è 11,9ʭ6,4 53 3580 9 ʉʪ: 28 ʌ-ʇʣ 

çɺʠʢʪʨʠʩè 12,2ʭ6,7 45 3400 8 ʉʪ: 30 ʌ-ʇʣ 

çʊʦʨʠʘè 12,8ʭ6,8 50 3000 - ʇ/ʤ ʌ-ʇʣ 

çɺʠʣʴʷʤʩ-44è 13,4ʭ6,7 87 3860 8 - ʌ-ʇʣ 

çʊʨʠʜʝʥʪè 14,0ʭ7,3 36 5350 8 ʉʪ: 50 ʌ-ʇʣ 

ʆʙʦʟʥʘʯʝʥʠʝ: ʌ ï ʬʘʥʝʨʘ, ʇʣ ï ʩʪʝʢʣʦʧʣʘʩʪʠʢ, ʇ/ʤ ï ʧʦʜʚʝʩʥʦʡ ʤʦʪʦʨ, 

ʉʪ ï ʩʪʘʮʠʦʥʘʨʥʳʡ ʜʚʠʛʘʪʝʣʴ . 

ʊʘʙʣʠʮʘ 2 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʜʦʚ-ʪʨʠʤʘʨʘʥʦʚ 

ʅʘʟʚʘʥʠʝ ʩʫʜʥʘ ɻʣʘʚʥʳʝ ʨʘʟ-

ʤʝʨʝʥʠʷ 

LxBʭʊ, ʤ 

ɺʦʜʦʠʟʤʝʱʝ-

ʥʠʝ, ʪ 

ʄʦʱʥʦʩʪʴ,  

ʢɺʪ 

ʉʢʦʨʦʩʪʴ, 

ʢʤ/ʯ 

ʇʘʩʩʘʞʠʨʦ-

ʚʤʝʩʪʠʤʦʩʪʴ, 

ʯʝʣ 

çR.V. Tritonè 97ʭ22,5ʭ3 1200 ɼʠʟʝʣʴ ï ʵʣʝʢ.: 

20 655 

37 ʕʢʠʧʘʞ: 14 

çBenchijiguaè 126,7ʭ30,4ʭ4 2784 ɼʠʟʝʣʴ: 4 ʭ 8200 74 1290 + 340 

ʘʚʪʦʤʦʙʠʣʴ 

çKlewangè 62,5ʭ15ʭ1,2 130 ɼʠʟʝʣʴ: 4 ʭ 1342 65 ʕʢʠʧʘʞ: 27 

çIndependenceè 127,8ʭ30,4ʭ4,6 2637 ʊʫʨʙʠʥʳ: 

2 ʭ 21998 

ɼʠʟʝʣʴ: 2ʭ9099 

83 ʕʢʠʧʘʞ: 50 

çCable and 

Wireless 

Adventurerè 

35ʭ14ʭ1,3 53 ɼʠʟʝʣʴ: 

2 ʭ 261 

45 14 

çEarthraceè/ 

çAdy Gilè 

24ʭ7ʭ1,2 13 ɼʠʟʝʣʴ: 

2 ʭ 400 

93 ʕʢʠʧʘʞ: 8 

 

ɺ 2000 ʛ. ʚ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʚʝʨʬʴʶ çVosper Thornycroftè ʙʳʣ ʧʦʩʪʨʦʝʥ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʡ ʪʨʠʤʘʨʘʥ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ çR. B. Tritonè (ʨʠʩ. 1) ʚʦʜʦʠʟʤʝʱʝʥʠʝʤ 

1100 ʪ. ɼʦ ʢʦʥʮʘ 2004 ʛ. ʦʥ ʙʳʣ ʢʨʫʧʥʝʡʰʠʤ ʚ ʤʠʨʝ ʪʨʝʭʢʦʨʧʫʩʥʳʤ ʩʫʜʥʦʤ. ʎʝʥ-

ʪʨʘʣʴʥʳʡ ʢʦʨʧʫʩ ʵʪʦʛʦ ʩʫʜʥʘ ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʜʣʠʥʳ ʢ ʰʠʨʠʥʝ ï 14, ʘ 

çʩʫʧʝʨʪʦʥʢʠʝè ʘʫʪʨʠʛʝʨʳ (34ʤ / 1,4ʤ) ï 24,3 [2].  

https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%80%D0%BE%D0%BC


ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 60, 2019 ʛ. 
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ʈʠʩ. 1. ʊʨʠʤʘʨʘʥ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ çR. B. Tritonè 

ɺ 2004 ʛ. ʘʚʩʪʨʘʣʠʡʩʢʘʷ ʬʠʨʤʘ çAustal Shipsè ʟʘʢʦʥʯʠʣʘ ʧʦʩʪʨʦʡʢʫ ʛʨʫʟʦʧʘʩʩʘ-

ʞʠʨʩʢʦʛʦ ʩʢʦʨʦʩʪʥʦʛʦ ʪʨʠʤʘʨʘʥʘ ʪʠʧʘ çAuto-Expressè [3], [4], [5] ʧʦʜ ʥʘʟʚʘʥʠʝʤ 

çBenchijiguaè (ʨʠʩ. 2). ʕʪʦ ʩʫʜʥʦ ʷʚʣʷʝʪʩʷ ʥʘ ʩʝʛʦʜʥʷ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʚ ʤʠʨʝ 

ʪʨʠʤʘʨʘʥʦʚ, ʜʣʠʥʘ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 126,7 ʤ. ɽʛʦ ʢʦʨʧʫʩ ʠ ʥʘʜʩʪʨʦʡʢʘ ʧʦʣʥʦʩʪʴʶ 

ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʘʣʶʤʠʥʠʷ. ʆʥʦ ʩʧʦʩʦʙʥʦ ʧʝʨʝʚʦʟʠʪʴ 1290 ʧʘʩʩʘʞʠʨʦʚ ʠ 340 ʘʚʪʦʤʦ-

ʙʠʣʝʡ ʩʦ ʩʢʦʨʦʩʪʴʶ 40 ʫʟʣʦʚ. ʂʦʥʩʪʨʫʢʮʠʷ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʦʩʥʦʚʘʥʘ ʧʦ ʧʨʠʥʮʠʧʫ 

SWATH (smale waterplane area twin hull ï çʩʫʜʥʦ ʩ ʤʘʣʦʡ ʧʣʦʱʘʜʴʶ ʩʝʯʝʥʠʷ ʧʦ ʚʘʪʝʨ-

ʣʠʥʠʠè), ʧʦʣʫʯʠʚʰʘʷ ʥʘʟʚʘʥʠʝ TRISWACH (trimaran smale waterplane area central hull 

ï çʪʨʠʤʘʨʘʥ ʩ ʤʘʣʦʡ ʧʣʦʱʘʜʴʶ ʩʝʯʝʥʠʷ ʧʦ ʚʘʪʝʨʣʠʥʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʨʧʫʩʘè) [2]. 

 

 

ʈʠʩ. 2. ɻʨʫʟʦʧʘʩʩʘʞʠʨʩʢʠʡ ʩʢʦʨʦʩʪʥʦʡ ʪʨʠʤʘʨʘʥ çBenchijiguaè 

ʊʦʡ ʞʝ ʬʠʨʤʦʡ çAustal Shipsè ʥʘ ʦʩʥʦʚʝ ʩʢʦʨʦʩʪʥʦʛʦ ʪʨʠʤʘʨʘʥʘ çBenchijiguaè ʚ 

2010 ʛʦʜʫ ʙʳʣ ʧʦʩʪʨʦʝʥ ʠ ʚʩʪʫʧʠʣ ʚ ʩʦʩʪʘʚ ɺʄʉ ʉʐɸ ʧʨʠʙʨʝʞʥʳʡ ʙʦʝʚʦʡ ʪʨʠʤʘʨʘʥ 

ʧʦʜ ʥʘʟʚʘʥʠʝʤ çIndependenceè (ʨʠʩ. 3) ʪʠʧʘ çLCS-2è (littoral combat ships ï çʧʨʠʙʨʝʞ-

ʥʳʡ ʙʦʝʚʦʡ ʢʦʨʘʙʣʴè). ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2010 ʛʦʜ, çIndependenceè ʠ çBenchijiguaè ʚ̫-

ʣʷʶʪʩʷ ʢʨʫʧʥʝʡʰʠʤʠ ʪʨʠʤʘʨʘʥʘʤʠ ʚ ʤʠʨʝ. ʊʨʠʤʘʨʘʥ çIndependenceè ʠʤʝʝʪ ʜʣʠʥʫ 

127,4 ʤʝʪʨʘ. ɼʠʟʘʡʥ ʪʨʠʤʘʨʘʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʥʘ ʤʦʨʝ, ʘ 

ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʝʤʳ ʚʥʫʪʨʝʥʥʠʭ ʦʪʩʝʢʦʚ ʠ ʙʦʣʴʰʫʶ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ. 



ʈʦʥʥʦʚ ɽ.ʇ., ʂʦʨʝʧʘʥʦʚ ɸ.ʕ. 
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ʈʠʩ. 3. ʇʨʠʙʨʝʞʥʳʡ ʙʦʝʚʦʡ ʪʨʠʤʘʨʘʥ çIndependenceè 

ʇʨʠʤʝʥʝʥʠʝ ʩʫʜʦʚ ʪʨʠʤʘʨʘʥʦʚ ʷʚʠʣʦʩʴ ʩʣʝʜʩʪʚʠʝʤ ʨʷʜʘ ʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʢʘ-

ʯʝʩʪʚ ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ, ʜʦʩʪʠʞʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝ-

ʥʠʶ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʵʪʠʭ ʩʫʜʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʯʠʩʣʘ 

ʌʨʫʜʘ ʧʦ ʚʦʜʦʠʟʤʝʱʝʥʠʶ 6271 ..Fr ·=D , ʪʦ ʝʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜʥʦʤʫ ʦʪ ʧʣʘ-

ʚʘʥʠʷ ʢ ʛʣʠʩʩʠʨʦʚʘʥʠʶ ʨʝʞʠʤʫ ʜʚʠʞʝʥʠʷ. ʕʪʦʪ ʨʝʞʠʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʧʨʦʜʦʣʴʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʭʦʜʝ ʥʘ ʚʦʣʥʝʥʠʠ, ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʚʝʣʠ-

ʯʝʥʠʝʤ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʦʪ ʧʦʣʥʦʛʦ, ʠ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʨʦʩʪʦʤ ʤʦʱʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ. ʕʪʦ ʜʝʣʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʦʜʦʠʟʤʝʱʘʶʱʠʭ ʩʫʜʦʚ ʧʨʠ ʪʘʢʠʭ ʨʝʞʠʤʘʭ ʜʚʠʞʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝ ʨʘʮʠʦʥʘʣʴ-

ʥʳʤʠ. ʋʤʝʥʴʰʠʪʴ ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʜʦʠʟʤʝʱʘʶʱʝʛʦ ʩʫʜʥʘ ʤʦʞʥʦ ʟʘ ʩʯʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʥʳ 
3 V

Ll =  ʠʣʠ ʦʪʥʦʰʝʥʠʷ ʜʣʠʥʳ ʢ 

ʰʠʨʠʥʝ. ʉʥʠʞʝʥʠʝ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʥʘ ʪʘʢ ʥʘʟʳʚʘʝ-

ʤʳʭ ʩʫʜʘʭ ʩ ʤʘʣʦʡ ʧʣʦʱʘʜʴʶ ʚʘʪʝʨʣʠʥʠʠ. ʅʘ ʥʠʭ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʘʷ ʩʠʣʘ ʧʣʘʚʫʯʝʩʪʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʜʚʦʜʥʳʤʠ ʦʙʪʝʢʘʶʱʠʤʠ ʛʦʥʜʦʣʘʤʠ, ʥʝ ʩʦʟʜʘʶʱʠʤʠ ʚʦʣʥʦʚʦʝ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ. ʄʘʣʫʶ ʧʣʦʱʘʜʴ ʚʘʪʝʨʣʠʥʠʡ ʩʦʟʜʘʶʪ ʩʪʦʡʢʠ, ʩʦʝʜʠʥʷʶʱʠʝ ʛʦʥʜʦʣʳ ʩ 

ʢʦʨʧʫʩʦʤ ʩʫʜʥʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦʜʳ. ʉʫʜʘ ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʦʩʘʜ-

ʢʠ ʠ ʧʦʵʪʦʤʫ ʠʤʝʶʪ ʧʝʨʩʧʝʢʪʠʚʫ ʪʦʣʴʢʦ ʜʣʷ ʤʦʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ. ʅʘ ʪʨʠʤʘʨʘʥʘʭ ʜʦʩ-

ʪʠʛʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʧʳʪ 

ʩʦʟʜʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʘʢʠʭ ʩʫʜʦʚ. 

ʂʨʦʤʝ ʵʪʦʛʦ ʪʨʠʤʘʨʘʥʳ ʠʤʝʶʪ ʨʷʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʢʘʯʝʩʪʚ, ʦʩ-

ʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ: 

ï ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ ʧʘʣʫʙ; 

ï ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ; 

ï ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ; 

ï ʩʧʦʩʦʙʥʦʩʪʴ ʙʝʟʦʧʘʩʥʦ ʠ ʢʦʤʬʦʨʪʥʦ ʧʝʨʝʚʦʟʠʪʴ ʧʘʩʩʘʞʠʨʦʚ [6]; 

ï ʧʦʚʳʰʝʥʠʝ ʤʦʨʝʭʦʜʥʳʭ ʢʘʯʝʩʪʚ ʩʫʜʥʘ [7]; 

ʀʟʣʦʞʝʥʥʦʝ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʪʦʪ ʪʠʧ ʩʢʦʨʦʩʪʥʦʛʦ ʩʫʜʥʘ ʢʘʢ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʡ. 

ʆʜʥʘʢʦ ʧʨʠ ʦʪʤʝʯʝʥʥʳʭ ʚʳʰʝ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʪʨʠʤʘʨʘʥʳ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: 

ï ʆʧʨʝʜʝʣʝʥʥʘʷ ʩʣʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʨʧʫʩʘ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʥʦʡ 

ʪʨʫʜʦʝʤʢʦʩʪʠ ʠʭ ʧʦʩʪʨʦʡʢʠ. 

ï ɹʦʣʴʰʘʷ ʧʣʦʱʘʜʴ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ ʫ ʩʫʜʥʘ ʜʦʤʠ-

ʥʠʨʫʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʝʥʠʷ. 

ï ʋʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʢʦʨʧʫʩʘ ʩʫʜʥʘ. ʀʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʨʧʫʩʘ ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ ʩ ʝʛʦ ʧʨʦʯʥʦʩʪʴʶ. ʆʙʝʩʧʝʯʝʥʠʝ ʧʨʦʯʥʦ-

ʩʪʠ ʚʳʟʳʚʘʝʪ ʥʝʢʦʪʦʨʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʢʦʨʧʫʩʘ, ʯʪʦ ʥʝ ʪʘʢ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʩʢʦʨʦʩʪ-

ʥʳʭ ʩʫʜʦʚ.  



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 60, 2019 ʛ. 

ʈʘʟʜʝʣ I. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʢʦʨʦʩʪʥʳʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʪʨʠʤʘʨʘʥʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʢʘʢ ʥʘ ʚʥʝʰʥʠʭ (ʤʦʨʩʢʠʭ) ʪʘʢ ʠ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʷʭ, ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ 

ʦ ʚʳʙʦʨʝ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʙʝʩʧʝ-

ʯʠʚʘʷ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʫʶ ʰʠʨʠʥʫ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʨʧʫʩʘ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʩʫʱʝʩʪ-

ʚʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ [8], [9], [10], [11], [12]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʩʢʦʨʦʩʪʥʦʡ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʢʦʨʦʩʪʠ ʭʦʜʘ, ʧʨʠ ʢʦʪʦ-

ʨʦʡ ʦʩʥʦʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦʣʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʝ [13], ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʨʠʤʘʨʘʥʳ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʝʪ ʯʝʪʢʦʛʦ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ, ʧʨʠ ʢʘʢʦʡ ʜʣʠʥʝ, ʰʠʨʠʥʝ, ʚʦʜʦʠʟʤʝʱʝʥʠʠ, ʨʘ-

ʮʠʦʥʘʣʴʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʫ ʠʣʠ ʠʥʫʶ ʩʭʝʤʫ ʨʘʩ-

ʧʦʣʦʞʝʥʠʷ ʘʫʪʨʠʛʝʨʦʚ ʧʦ ʜʣʠʥʝ ʠ ʰʠʨʠʥʝ ʩʫʜʥʘ ʩ ʪʝʤ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʙʣʘʛʦʧʨʠʷʪʥʦʡ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʩʠʩʪʝʤʳ ʚʦʣʥ ʦʩʥʦʚʥʦʛʦ ʢʦʨʧʫʩʘ ʠ ʘʫʪʨʠʛʝʨʦʚ. ʂʘʢʠʤʠ ʦʧʪʠʤʘʣʴʥʳ-

ʤʠ ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʝ ʨʘʟʤʝʨʝʥʠʷ ʘʫʪʨʠʛʝʨʦʚ ʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʨʧʫʩʘ. ʂʘʢʘʷ ʵʥʝʨʛʦ-

ʚʦʦʨʫʞʝʥʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʪʨʠʤʘʨʘʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ ʧʦʣʥʦʡ ʷʩʥʦʩʪʠ ʦʪʚʝʪʦʚ ʥʘ ʧʦʩʪʘʚʣʝʥʥʳʝ ʚʦ-

ʧʨʦʩʳ, ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʩʫʜʦʚ-ʪʨʠʤʘʨʘʥʦʚ, ʠʩʢʣʶʯʠʪ ʦʰʠʙʢʠ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʩʫʜʥʘ ʠ ʧʦʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʥʠʰʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʨʝʜʠ ʜʨʫʛʠʭ ʪʠʧʦʚ ʩʢʦʨʦʩʪʥʳʭ ʩʫʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʉʇʂ, ʉɺʇ, ʩʢʦʨʦʩʪʥʳʝ ʢʘʪʘʤʘʨʘʥʳ 

[14], [15], [16], [17]. 
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Annotation. The paper reflects the history, the status of development and current trends in 

the design of trimaran vessels. It is shown how the terminology on vessels of this type was 

formed, the information about the main elements and characteristics of modern cruising, 

passenger and military vessels-trimarans. On the basis of the analysis of data on the con-

structed trimarans, general conclusions are made. Advantages and disadvantages of these 

vessels are noted, promising directions of research on their design are determined, namely, 

at what length, width, displacement it is rational from the point of view of the speed regime 

to use this or that scheme of the location of outriggers along the length and width of the ves-

sel in order to achieve a favorable wave interference of the main body and outriggers. 
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ʤʘʮʠʷ ʣʘʧ ʷʢʦʨʷ 

 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʦʚʦʛʦ ʪʠʧʘ ʩʫʜʦʚʦʛʦ ʷʢʦʨʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ 

ʇʨʘʚʠʣ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʦʙʱʝʩʪʚ ʢ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʠ, ʤʘʪʝʨʠʘʣʫ, ʘ ʪʘʢʞʝ ʧʨʦʯʥʦ-

ʩʪʠ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʆʜʥʘʢʦ ʧʨʠ ʨʝʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʷʢʦʨʷ ʚʦʟʤʦʞʥʳ ʥʘ-

ʛʨʫʟʢʠ, ʥʝ ʫʯʠʪʳʚʘʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʠ ʦʙʫʩʣʦʚ-

ʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʦʚʝʜʝʥʠʷ ʷʢʦʨʷ ʚ ʛʨʫʥʪʝ, ʧʨʠ ʧʦʜʲʸʤʝ ʠ ʚʭʦʜʝ ʚ ʷʢʦʨʥʳʡ ʢʣʶʟ 

ʠ ʥʠʰʫ. ɺ ʩʪʘʪʴʝ ʥʘ ʧʨʠʤʝʨʝ ʙʘʣʘʥʩʠʨʥʦʛʦ ʷʢʦʨʷ ʧʦʚʳʰʝʥʥʦʡ ʜʝʨʞʘʱʝʡ ʩʠʣʳ ʧʨʠʚʝ-

ʜʝʥʳ ʨʘʩʯʸʪʳ ʧʨʦʯʥʦʩʪʠ ʣʘʧʳ ʢʘʢ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘʛʨʫʟʢʠ, ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʦʡ ʇʨʘʚʠ-

ʣʘʤʠ, ʪʘʢ ʠ ʧʨʝʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʷʢʦ-

ʨʷ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʢʦʥʪʘʢʪʘ ʷʢʦʨʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ʇʦ-

ʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʣʴʥʘʷ ʦʧʘʩʥʘʷ ʥʘʛʨʫʟʢʘ ʜʣʷ ʣʘʧʳ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʦʙʥʘʷ ʥʘʛʨʫʟʢʘ ʧʨʠ ʠʩ-

ʧʳʪʘʥʠʷʭ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʪʨʝʙʫʝʪʩʷ ʝʸ ʫʯʝʪ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. 

 

ʉʫʜʦʚʳʝ ʷʢʦʨʷ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʷʢʦʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʝʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʪʫʘʮʠʷʭ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ, ʧʦʵʪʦʤʫ ʧʨʠ ʠʭ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʠ ʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʇʨʘʚʠʣʘ ʈʝʛʠʩʪʨʘ [1,2,3,4] ʧʨʝʜʲʷʚʣʷʶʪ ʚ ʧʨʷʤʦʤ ʠʣʠ ʢʦʩ-

ʚʝʥʥʦʤ ʚʠʜʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʥʝʦʙʭʦʜʠʤʦʡ ʜʝʨʞʘʱʝʡ ʩʠʣʳ ʠ ʢ ʧʨʦʯʥʦʩʪʠ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʷʢʦʨʷ. 

ɼʣʷ ʷʢʦʨʝʡ ʧʦʚʳʰʝʥʥʦʡ ʠ ʚʳʩʦʢʦʡ ʜʝʨʞʘʱʝʡ ʩʠʣʳ ʇʨʘʚʠʣʘ ʪʨʝʙʫʶʪ ʵʪʫ ʩʠʣʫ 

ʧʦʜʪʚʝʨʞʜʘʪʴ ʧʨʦʚʝʜʝʥʠʝʤ ʩʦʚʤʝʩʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʛʨʫʥʪʘ ʩ 

ʦʙʳʯʥʳʤ ʙʝʩʰʪʦʢʦʚʳʤ ʷʢʦʨʝʤ (ʥʘʧʨʠʤʝʨ, ʷʢʦʨʝʤ ʍʦʣʣʘ). 

ɺʝʨʝʪʝʥʦ ʠ ʣʘʧʳ ʷʢʦʨʷ, (ʧʦʩʣʝʜʥʠʝ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʩʝʯʝʥʠʠ ʥʘ 1/3 ʜʣʠʥʳ ʦʪ ʠʭ 

ʢʦʥʯʠʢʘ), ʜʦʣʞʥʳ ʚʳʜʝʨʞʠʚʘʪʴ ʧʨʦʙʥʦʝ ʫʩʠʣʠʝ, ʟʘ ʢʦʪʦʨʦʝ ʧʨʠʥʠʤʘʝʪʩʷ ʚʝʣʠʯʠʥʘ, 

ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʘʷ ʇʨʘʚʠʣʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʩʳ ʷʢʦʨʷ. ɺʳʧʦʣʥʝʥʠʝ ʵʪʦʛʦ ʪʨʝ-

ʙʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʢʘʢʠʤ ʧʨʠʥʠʤʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʦʝ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʟʘʛʣʫʙ-

ʣʝʥʠʝ ʜʚʫʭ ʣʘʧ ʷʢʦʨʷ ʚ ʛʨʫʥʪ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʪʨʝʙʫʝ-

ʤʦʡ ʜʝʨʞʘʱʝʡ ʩʠʣʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʩʜʘʪʦʯʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʚʩʝ ʜʝʪʘʣʠ ʷʢʦʨʷ ʩʙʨʘʩʳʚʘʶʪ ʩ ʦʧʨʝʜʝ-

ʣʝʥʥʦʡ ʚʳʩʦʪʳ ʥʘ ʩʪʘʣʴʥʫʶ ʧʣʠʪʫ, ʫʣʦʞʝʥʥʫʶ ʥʘ ʧʣʦʪʥʦʤ ʦʩʥʦʚʘʥʠʠ, ʧʨʦʚʝʨʷʷ ʪʝʤ 

ʩʘʤrʤ ʠʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ. ʊʘʢʞʝ ʇʨʘʚʠʣʘʤʠ ʧʨʝʜʲʷʚʣʷʶʪʩʷ 

ʞʸʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʘʪʝʨʠʘʣʫ. 

ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʳʧʦʣʥʝʥʠʝ ʵʪʠʭ ʪʨʝʙʦʚʘʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʮʝʣʦʩʪʥʦʩʪʴ ʷʢʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʦʥʝ ʜʦ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ. ʇʨʠ ʵʪʦʤ ʪʦʯʢʘ 



ʈʦʥʥʦʚ ɽ.ʇ., ʂʦʯʥʝʚ ʖ.ɸ. 
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ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʜʥʦʡ ʪʨʝʪʠ ʜʣʠʥʳ ʣʘʧʳ. ʇʦʢʘʞʝʤ ʵʪʦ ʥʘ ʩʣʝʜʫʶʱʝʤ 

ʧʨʠʤʝʨʝ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʨʷ ʇɼʉɹ ʤʘʩʩʦʡ 

1710 ʢʛ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʭʥʠʯʝʩʢʠʡ ʫʩʣʦʚʠʡ ʊʋ 6411-001-03149576-

2013 [3]. 

 

 

ʈʠʩ. 1. ʃʘʧʘ ʷʢʦʨʷ ʇɼʉɹ ʤʘʩʩʦʡ 1710 ʢʛ 

ɺʦʟʥʠʢʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʵʣʝʤʝʥʪʘʭ ʷʢʦʨʷ ʥʘʭʦʜʷʪʩʷ ʩʣʦʞʝʥʠʝʤ ʧʦ ʬʦʨʤʫʣʝ [1] 

2 23 ,eqs s t= + ³
 

ʛʜʝ s ï ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʝʯʝʥʠʠ; 

t ï ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʝʯʝʥʠʠ. 

 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʦʙʱʝʛʦ ʠʟʛʠʙʘ ʤʘʢʩʠʤʘʣʴʥʳ ʥʘ ʢʨʘʷʭ 

ʩʝʯʝʥʠʷ, ʘ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʥʘʦʙʦʨʦʪ, ʚ ʜʘʥʥʳʭ ʪʦʯʢʘʭ ʦʪʩʫʪʩʪʚʫʶʪ ʠ, ʯʪʦ 

ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʣʘʧʝ ʤʥʦʛʦ ʙʦʣʴʰʝ ʢʘʩʘʪʝʣʴʥʳʭ, ʨʘʩʯʸʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘ-

ʧʘʩʘ ʫ ʷʢʦʨʷ ʇɼʉɹ 1710 ʢʛ ʙʫʜʝʤ ʚʳʧʦʣʥʷʪʴ ʪʦʣʴʢʦ ʧʦ ʥʦʨʤʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ. 

ʉʭʝʤʘ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʣʘʧʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [1ï5, 7] ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠ-

ʩʫʥʢʝ 2. 

ʊʘʢ ʢʘʢ ʩʠʣʘ ʥʘ ʣʘʧʫ ʷʢʦʨʷ ʜʝʡʩʪʚʫʝʪ ʧʦʜ ʫʛʣʦʤ, ʪʦ ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʙʫ-

ʜʫʪ ʩʦʩʪʦʷʪʴ ʠʟ ʜʚʫʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: s1 ï ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʠʟʛʠʙʘ ʣʘʧʳ ʠ s2 

ï ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʩʠʣʳ ʝʸ ʩʞʘʪʠʷ: 

1 2s s s= +
 

ʅʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʠʟʛʠʙʘ 

1

( )M x
z

I
s= , 

ʛʜʝ ( )M x ï ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ʚ ʩʝʯʝʥʠʠ; 

I ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʝʯʝʥʠʷ; 

z ï ʘʧʧʣʠʢʘʪʘ ʩʝʯʝʥʠʷ ʣʘʧʳ ʷʢʦʨʷ (ʨʠʩʫʥʦʢ 3). 
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ʈʠʩ. 2. ʈʘʩʯʸʪʥʘʷ ʩʭʝʤʘ ʣʘʧʳ ʷʢʦʨʷ 

 

 

ʈʠʩ. 3. ʌʦʨʤʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʝʯʝʥʠʷ ʣʘʧʳ ʷʢʦʨʷ 

ʀʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ʚ ʩʝʯʝʥʠʠ ʣʘʧʳ ʨʘʚʝʥ  

( )
( ) ,

0

z P p

p

P x x ʧʨʠ x x
M x

ʧʨʠ x x

³ - <
=

²
 

ʛʜʝ  Pzï ʠʟʛʠʙʘʶʱʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʨʦʙʥʦʡ ʥʘʛʨʫʟʢʠ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʣʘʧʳ; 

xp ï ʘʙʩʮʠʩʩʘ ʪʦʯʢʠ ʜʝʡʩʪʚʠʷ ʧʨʦʙʥʦʡ ʥʘʛʨʫʟʢʠ; 

x ï ʨʘʩʯʸʪʥʘʷ ʘʙʩʮʠʩʩʘ ʩʝʯʝʥʠʷ. 

 

ʅʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʩʞʠʤʘʶʱʝʡ ʥʘʛʨʫʟʢʠ [8] 

2
xP

S
s = , 

ʛʜʝ Px ï ʩʞʠʤʘʶʱʘʷ ʥʘʛʨʫʟʢʘ; 

S ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʣʘʧʳ ʦʪ ʚʝʨʪʠʢʘʣʠ ʩʦʩʪʘʚʣʷʝʪ Ñ35Ü [5,6]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʦʙʥʘʷ ʥʘʛʨʫʟʢʘ P, ʙʫʜʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʷʢʦʨʴ ʪʘʢ ʞʝ ʧʦʜ ʫʛʣʦʤ Ñ35Ü, ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʝʸ ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʦʞʥʦ ʥʘʡʪʠ 

0,5 cos35

0,5 sin35 ,

x

z

P P

P P

= ³ ¯

= ³ ¯
 

ʛʜʝ P ï ʧʨʦʙʥʘʷ ʥʘʛʨʫʟʢʘ, ʨʘʚʥʘʷ ʜʣʷ ʷʢʦʨʷ ʇɼʉɹ ʤʘʩʩʦʡ 1710 ʢʛ 389 ʢʅ. 

 

ʇʨʦʙʥʘʷ ʥʘʛʨʫʟʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [1,2] ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1/3 ʦʪ ʥʦ-

ʩʠʢʘ ʣʘʧʳ ʜʦ ʦʩʠ ʢʨʝʧʣʝʥʠʷ ʣʘʧʳ ʥʘ ʚʝʨʝʪʝʥʝ, ʪʦ ʝʩʪʴ ʘʙʩʮʠʩʩʘ ʝʸ ʪʦʯʢʠ ʧʨʠʣʦʞʝʥʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʧʦ ʬʦʨʤʫʣʝ 
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( )2

2
,

3
P ʦʩʠ ʦʩʠx h h h= + ³ -

 

ʛʜʝ 
ʦʩʠh  ï ʧʦʣʦʞʝʥʠʝ ʦʩʠ ʢʨʝʧʣʝʥʠʷ ʣʘʧʳ ʢ ʚʝʨʝʪʝʥʫ, ʠʟʤʝʨʝʥʥʦʝ ʦʪ ʧʷʪʢʠ ʣʘʧʳ; 

2h  ï ʚʳʩʦʪʘ ʣʘʧʳ [5]. 

 

ʈʘʩʯʸʪ ʥʘʧʨʷʞʝʥʠʡ ʚʳʧʦʣʥʝʥ ʚ ʪʘʙʣʠʮʝ 1, ʠʟ ʥʝʸ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ 

ʷʢʦʨʴ ʧʨʦʙʥʦʡ ʥʘʛʨʫʟʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 389 ʢʅ ʠ ʚʦʩʧʨʠʥʠʤʘʝʤʦʡ ʜʚʫʤʷ ʣʘʧʘʤʠ, 

ʠʭ ʧʨʦʯʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʘ. 

ʊʘʙʣʠʮʘ 1  

ʈʘʩʯʸʪ ʧʨʦʯʥʦʩʪʠ ʣʘʧʳ ʷʢʦʨʷ ʤʘʩʩʦʡ 1710 ʢʛ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʈʘʟʤʝʨ-

ʥʦʩʪʴ 

ʆʙʦʟ-

ʥʘʯʝʥʠʝ 

ʗʢʦʨʴ ʇɼʉɹ 1710 ʢʛ 

ʉʝʯʝʥʠʝ 

ɸ 

ʉʝʯʝʥʠʝ 

ɹ 

ʉʝʯʝʥʠʝ 

ɺ 

ɼʦʧʫʩʢʘʝʤʳʝ ʥʘʧʨʷʞʝʥʠʷ ʄʇʘ []s  240 

ɺʳʩʦʪʘ ʣʘʧʳ ʤ 
2h  1,64 

ɸʙʩʮʠʩʩʘ ʪʦʯʢʠ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ  ʤ 
Px  1,252 

ʇʨʦʙʥʘʷ ʥʘʛʨʫʟʢʘ ʢʅ P 369 

ʇʨʦʙʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʦʜʥʫ ʣʘʧʫ ʢʅ 0,5 P 184,5 

ʋʛʦʣ ʜʝʡʩʪʚʠʷ ʩʠʣʳ  ʛʨʘʜ  35 

ʉʞʠʤʘʶʱʘʷ ʥʘʛʨʫʟʢʘ ʢʅ 
xP  154,7 

ʀʟʛʠʙʘʶʱʘʷ ʥʘʛʨʫʟʢʘ ʢʅ 
yP  100,5 

ɸʙʩʮʠʩʩʘ ʩʝʯʝʥʠʷ ʣʘʧʳ ʤ x 1,252 0,899 0,673 

ʀʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ʚ ʩʝʯʝʥʠʠ ʢʅ ʤ M(x) 0 35,5 58,2 

ʇʣʦʱʘʜʴ, ʩʤ ʩʤĮ S 112,12 270,03 364,08 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʝʯʝʥʠʷ ʣʘʧʳ ʩʤĮʩʤĮ I 188,49 851,27 1699,86 

ʐʠʨʠʥʘ ʩʝʯʝʥʠʷ ʩʤ b 5,67 8,16 9,76 

ɸʧʧʣʠʢʘʪʘ ʩʝʯʝʥʠʷ ʩʤ z 2,835 4,08 4,88 

ʅʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʠʟʛʠʙʘ ʄʇʘ s1 0 170,15 167,08 

ʅʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʩʞʠʤʘʶ-

ʱʝʡ ʩʠʣʳ 

ʄʇʘ s2 13,8 5,73 4,25 

ʉʫʤʤʘʨʥʳʝ ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʄʇʘ s 13,8 175,88 171,33 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ  k 17,39 1,36 1,4 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʣʘʧʳ  

[]

eq

k
s

s
= , 

ʛʜʝ [] 240s=  ʄʇʘ ï ʜʦʧʫʩʢʘʝʤʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʣʘʧʝ. 

 

ʆʜʥʘʢʦ ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʧʨʘʢʪʠʢʝ ʝʩʪʴ ʦʪʜʝʣʴʥʳʝ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʚʦʟʥʠʢʘʝʪ ʠʟ-

ʛʠʙ ʦʜʥʦʡ ʠʟ ʣʘʧ ʷʢʦʨʷ. ʊʘʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʜʝʨʞʘʱʘʷ 

ʩʠʣʘ ʷʢʦʨʷ ʩʦʟʜʘʝʪʩʷ ʧʨʠ ʟʘʛʣʫʙʣʝʥʠʠ ʪʦʣʴʢʦ ʦʜʥʦʡ ʣʘʧʳ. 
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ʈʘʩʩʤʦʪʨʠʤ ʤʘʣʦʚʝʨʦʷʪʥʳʡ ʩʣʫʯʘʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʥʘʛʨʫʟʢʠ, ʢʦʛʜʘ ʟʘʮʝʧʣʝ-

ʥʠʝ ʷʢʦʨʷ ʧʨʦʠʩʭʦʜʠʪ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ ʢʦʥʪʘʢʪʦʤ ʟʘ ʢʦʥʯʠʢ ʦʜʥʦʡ ʠʟ ʣʘʧ. 

ɼʣʷ ʜʘʥʥʦʛʦ ʩʣʫʯʘʷ ʨʘʩʩʤʦʪʨʠʤ ʷʢʦʨʴ ʇɼʉɹ ʤʘʩʩʦʡ 1710 ʢʛ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʝʱʸ 

ʦʜʥʦ ʩʝʯʝʥʠʝ ɻ (ʩʤ ʨʠʩʫʥʦʢ 1). ʈʘʩʯʸʪʥʘʷ ʩʭʝʤʘ ʜʣʷ ʥʝʛʦ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4 . 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 

ʈʘʩʯʸʪ ʧʨʦʯʥʦʩʪʠ ʣʘʧʳ ʷʢʦʨʷ ʤʘʩʩʦʡ 1710 ʢʛ ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʠʣʳ ʥʘ ʥʦʩʠʢ ʣʘʧʳ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʈʘʟʤʝʨ-

ʥʦʩʪʴ 

ʆʙʦʟ-

ʥʘʯʝ-

ʥʠʝ 

ʗʢʦʨʴ ʇɼʉɹ 1710 ʢʛ 

ʉʝʯʝʥʠʝ 

ɸ 

ʉʝʯʝʥʠʝ 

ɹ 

ʉʝʯʝʥʠʝ 

ɺ 

ʉʝʯʝʥʠʝ 

ɻ 

ɼʦʧʫʩʢʘʝʤʳʝ ʥʘʧʨʷʞʝʥʠʷ ʄʇʘ []s  240 

ɺʳʩʦʪʘ ʣʘʧʳ ʤ 
2h  1,64 

ɸʙʩʮʠʩʩʘ ʪʦʯʢʠ ʧʨʠʣʦʞʝʥʠʷ 

ʩʠʣʳ  

ʤ 
Px  1,64 

ʅʘʛʨʫʟʢʘ ʥʘ ʦʜʥʫ ʣʘʧʫ ʢʅ P 70 

ʋʛʦʣ ʜʝʡʩʪʚʠʷ ʩʠʣʳ  ʛʨʘʜ  35 

ʉʞʠʤʘʶʱʘʷ ʥʘʛʨʫʟʢʘ ʢʅ 
xP  57,3 

ʀʟʛʠʙʘʶʱʘʷ ʥʘʛʨʫʟʢʘ ʢʅ 
yP  40,2 

ɸʙʩʮʠʩʩʘ ʩʝʯʝʥʠʷ ʣʘʧʳ ʤ x 1,252 0,899 0,673 1,45 

ʀʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ʚ ʩʝʯʝ-

ʥʠʠ 

ʢʅ ʤ M(x) 15,6 29,8 38,9 7,6 

ʇʣʦʱʘʜʴ, ʩʤ ʩʤĮ S 112,12 270,03 364,08 48,59 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʝʯʝʥʠʷ 

ʣʘʧʳ 

ʩʤĮʩʤĮ I 188,49 851,27 1699,86 52,57 

ʐʠʨʠʥʘ ʩʝʯʝʥʠʷ ʩʤ b 5,67 8,16 9,76 4,28 

ɸʧʧʣʠʢʘʪʘ ʩʝʯʝʥʠʷ ʩʤ z 2,835 4,08 4,88 2,14 

ʅʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʦʪ 

ʠʟʛʠʙʘ 

ʄʇʘ s1 234,63 142,83 111,68 309,38 

ʅʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʦʪ 

ʩʞʠʤʘʶʱʝʡ ʩʠʣʳ 

ʄʇʘ s2 5,11 2,12 1,57 11,79 

ʉʫʤʤʘʨʥʳʝ ʥʦʨʤʘʣʴʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ 

ʄʇʘ s 239,74 144,95 113,25 321,17 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯ-

ʥʦʩʪʠ 

 k 1 1,66 2,12 0,75 

 

ʀʟ ʪʘʙʣʠʮʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʦʜʠʥ ʠʟ ʥʦʩʠʢʦʚ ʣʘʧʳ ʥʘʛʨʫʟʢʠ ʚ 70 ʢʅ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʷʛʝ ʙʨʘʰʧʠʣʷ ʩʫʜʥʘ, ʚ ʩʝʯʝʥʠʠ ɸ ʚʦʟʥʠʢʘʶʪ ʥʘʧʨʷʞʝʥʠʷ, ʨʘʚʥʳʝ 

ʧʨʝʜʝʣʫ ʪʝʢʫʯʝʩʪʠ ʤʘʪʝʨʠʘʣʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʩʝʯʝ-

ʥʠʠ ɻ ʚʦʟʥʠʢʘʶʪ ʥʘʧʨʷʞʝʥʠʷ ʚʳʰʝ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ, ʠʟ-ʟʘ ʯʝʛʦ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʷʢʦʨʷʭ ʤʦʛʫʪ ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ ʣʘʧʳ. ʆʜʥʦʣʘʧʦʝ ʟʘʮʝʧʣʝʥʠʝ ʷʢʦʨʷ ʟʘ ʛʨʫʥʪ ʢʦʥʯʠʢʦʤ 

ʣʘʧʳ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʘʙʩʦʣʶʪʥʦ ʤʘʣʦʚʝʨʦʷʪʥʦ. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘ-

ʮʠʠ ʦʜʥʦʡ ʣʘʧʳ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʜʨʫʛʠʭ, ʥʝ ʠʤʝʶʱʠʭ ʦʪʥʦʰʝʥʠʷ ʢ ʷʢʦʨ-

ʥʦʡ ʩʪʦʷʥʢʝ, ʥʘʛʨʫʟʦʢ. ʆʥʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ, ʥʘʧʨʠʤʝʨ, ʠʟ-ʟʘ ʧʨʦʝʢʪʥʦʛʦ ʢʦʥʪʘʢʪʘ 

ʦʜʥʦʡ ʣʘʧʳ ʷʢʦʨʷ ʩ ʷʢʦʨʥʳʤ ʢʣʶʟʦʤ ʠʣʠ ʥʘʚʘʣʦʤ ʷʢʦʨʷ ʥʘ ʩʪʝʥʢʫ. 

 



ʈʦʥʥʦʚ ɽ.ʇ., ʂʦʯʥʝʚ ʖ.ɸ. 
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ʈʠʩ. 4. ʈʘʩʯʸʪʥʘʷ ʩʭʝʤʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʩʣʫʯʘʷ ʣʘʧʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʪʠʧʦʚ ʷʢʦʨʝʡ, 

ʚʝʨʦʷʪʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʇʨʘʚʠʣ [1,2] 

ʢ ʠʭ ʧʨʦʯʥʦʩʪʠ, ʥʦ ʨʝʘʣʴʥʳʝ ʥʘʛʨʫʟʢʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʥʘ. 

ʉʯʠʪʘʝʤ, ʯʪʦ ʪʨʝʙʦʚʘʥʠʷ ʇʨʘʚʠʣ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʦʙʱʝʩʪʚ ʥʝʦʙ-

ʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʴ, ʠʩʧʳʪʘʥʠʷʤʠ ʠʣʠ ʧʦʜʪʚʝʨʞʜʘʶʱʠʤʠ ʨʘʩʯʸʪʘʤʠ ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪ-

ʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʷʢʦʨʷ ʧʨʠ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʠ ʤʘʣʦʚʝʨʦʷʪʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʥʘʛʨʫʟʢʘʭ. 
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When designing a new type of ship anchor, it is necessary to take into account the require-

ments of the Rules of classification societies for its design, material, as well as the strength of 

various elements. However, in the actual operation of the anchor, loads that are not current-

ly taken into account by normative documents and due to the peculiarities of the behavior of 

the anchor in the ground, when lifting and entering the anchor cleave and niche are possible. 

In the article, on the example of the balance anchor of increased holding force, the calcula-

tions of the strength of the paw are given, both under the action of the load regulated by the 

Rules and the limit load that can arise during the operation of the anchor. analyzed the dif-

ferent ways of contact of the armature with the environment. It is shown that the real dan-

gerous load for the paw is less than the trial load during the tests, and as a consequence, it is 

required to take it into account in the design. 
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ɸʥʥʦʪʘʮʠʷ. ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʛʘʟʘ ʥʘ ʩʝʛʦ-

ʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝ ʫʪʝʯʝʢ ʛʘʟʘ ʥʘ ʧʦʜʚʦʜʥʳʭ ʫʯʘʩʪʢʘʭ ʛʘʟʦʧʨʦʚʦ-

ʜʦʚ ʠ ʩʥʠʞʝʥʠʝ ʠʭ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʅʘʩʪʦʷʱʘʷ ʨʘ-

ʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʚʠʪʠʶ ʤʝʪʦʜʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʫʪʝʯʝʢ ʛʘʟʘ ʠʟ ʧʦʜ-

ʚʦʜʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ ʧʦ ʠʟʦʙʨʘʞʝʥʠʷʤ ʩʣʠʢʦʚ ʥʘʜ ʥʠʤʠ. ʆʪʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʣʘʙʦ-

ʨʘʪʦʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʝʯʝʥʠʡ, ʬʦʨʤʠʨʫʝʤʳʭ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ 

ʩʣʦʝ ʚʦʜʳ ʚʦʩʭʦʜʷʱʠʤ ʧʫʟʳʨʴʢʦʚʳʤ ʧʦʪʦʢʦʤ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ Particle Image 

Velocimetry (PIV) ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʣʝʥʦʢ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝ-

ʱʝʩʪʚ (ʇɸɺ) ʥʘ ʩʨʝʜʥʠʝ ʠ ʧʫʣʴʩʘʮʠʦʥʥʳʝ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ 

ʚʦʜʳ. ʇʦʣʫʯʝʥʳ ʧʦʣʷ ʩʨʝʜʥʠʭ ʩʢʦʨʦʩʪʝʡ ʠ ʧʫʣʴʩʘʮʠʡ ʩʢʦʨʦʩʪʠ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʢʶʚʝ-

ʪʝ ʚ ʦʪʩʫʪʩʪʚʠʝ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʣʝʥʢʠ ʇɸɺ. ʇʦʢʘʟʘʥʦ, ʯʪʦ, ʧʨʠʩʫʪʩʪʚʠʝ ʧʣʝʥʢʠ 

ʇɸɺ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʨʪʠʥʫ ʪʝʯʝʥʠʡ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ 

ʚʦʜʳ.  

ɺʚʝʜʝʥʠʝ 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʣʝʥʢʠ ʧʦʚʝʨʭʥʦʩʪʥʦ-

ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ʇɸɺ), ʙʫʜʴ ʪʦ ʧʨʠʨʦʜʥʳʝ ʚʦʜʦʝʤʳ ʠʣʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. ɺ 

ʚʦʜʦʝʤʘʭ ʧʣʝʥʢʘ ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʚʦʜʥʳʭ ʦʨʛʘ-

ʥʠʟʤʦʚ, ʘ ʪʘʢʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʠʚʦʚ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʩ ʩʫʜʦʚ ʠʣʠ ʙʝʨʝʛʦʚʳʭ ʦʙʲʝʢ-

ʪʦʚ, ʣʠʙʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦʜʚʦʜʥʳʭ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠʣʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʳ-

ʭʦʜʦʚ ʥʝʬʪʠ ʠʟ ʧʦʜʚʦʜʥʳʭ ʥʝʜʨ [1]. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʨʦʜʳ ʧʣʝʥʢʠ ʝʝ ʧʦʚʝʜʝʥʠʝ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʩʠʣ, ʪʘʢʠʭ ʢʘʢ ʚʝʪʝʨ, ʚʦʣʥʝʥʠʝ, ʪʝʯʝʥʠʷ, ʜʦ ʩʠʭ ʧʦʨ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʦ (ʩʤ., ʥʘʧʨʠʤʝʨ, [2ï6]). 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʫʱʝʩʪʚʫʝʪ ʰʠʨʦʢʠʡ ʢʨʫʛ ʧʨʦʙʣʝʤ, ʢʘʩʘʶʱʠʭʩʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 60, 2019 ʛ. 
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ʢʘʶʱʠʭ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚʦʜʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʦʥʪʘʢʪʠʨʫʶʱʝʤ ʩ ʧʣʝʥʢʦʡ 

ʇɸɺ. ɸʢʪʫʘʣʴʥʳʤ ʦʩʪʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʚʣʠʷʥʠʠ ʚʝʪʨʘ, ʚʦʣʥʝʥʠʷ ʠ ʪʝʯʝʥʠʡ ʥʘ ʜʠʥʘʤʠʢʫ 

ʠ ʢʠʥʝʤʘʪʠʢʫ ʩʣʠʢʦʚ ʥʘ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [5, 7ï8], ʘ ʪʘʢʞʝ ʦʙ ʫʩʣʦʚʠʷʭ ʠʭ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ. ʅʝ ʤʝʥʝʝ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʚ, 

ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʪʝʯʝʥʠʡ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʨʷʜʦʤ ʩ ʢʦʨʧʫʩʘʤʠ ʩʫʜʦʚ, ʥʘ 

ʧʦʚʝʜʝʥʠʝ ʧʣʝʥʢʠ ʨʘʟʣʠʪʦʡ ʥʝʬʪʠ [4], ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʫʪʝʯʝʢ ʠʟ ʧʦʜʚʦʜʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ ʧʦ ʠʟʦ-

ʙʨʘʞʝʥʠʷʤ ʩʣʠʢʦʚ ʥʘʜ ʥʠʤʠ [9, 10]. ʕʪʦ ʣʠʰʴ ʤʘʣʘʷ ʯʘʩʪʴ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʫʯʝ-

ʥʠʝʤ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʚʦʜʳ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʤʦʞʥʦ ʨʝʰʠʪʴ ʧʫʪʝʤ ʧʨʦʚʝʜʝ-

ʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʘ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʪʨʝʙʫʶʪʩʷ ʥʘʪʫʨʥʳʝ ʠʣʠ ʧʦʣʫʥʘ-

ʪʫʨʥʳʝ ʤʦʜʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʙʝʩ-

ʢʦʥʪʘʢʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʤʝʪʦʜʠʢʘ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʠ ʚ ʥʘʪʫʨʥʳʭ 

ʫʩʣʦʚʠʷʭ. 

1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʥʝʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʧʦʣʝʡ ʪʝʯʝʥʠʡ, ʬʦʨʤʠʨʫʝʤʳʭ 

ʧʫʟʳʨʴʢʦʚʳʤ ʧʦʪʦʢʦʤ ʚ ʪʦʣʱʝ ʚʦʜʳ [6, 11]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʩʪʝ-

ʥʦʯʥʦʛʦ ʚʩʧʣʳʪʠʷ ʧʫʟʳʨʴʢʦʚ ʚ ʢʶʚʝʪʝ ʬʦʨʤʠʨʦʚʘʣʩʷ ʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʧʦʪʦʢ [6]. ʇʨʠ 

ʵʪʦʤ ʪʝʯʝʥʠʝ ʙʳʣʦ ʩʠʣʴʥʦ ʥʝʦʜʥʦʨʦʜʥʦ ʧʦ ʚʝʨʪʠʢʘʣʠ ʩ ʤʥʦʛʦʢʨʘʪʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʨʝʜʥʠʭ ʩʢʦʨʦʩʪʝʡ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ [11].  

ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʧʣʝʥʢʠ ʇɸɺ ʥʘ ʩʢʦʨʦʩʪʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚʦʜʳ ʚʣʠʷʶʪ ʜʚʘ 

ʧʨʦʮʝʩʩʘ: ʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʧʦʪʦʢ ʦʪ ʚʩʧʣʳʪʠʷ ʧʫʟʳʨʴʢʦʚ ʠ ʨʘʩʪʝʢʘʥʠʝ ʩʢʦʧʠʚʰʝʡʩʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʇɸɺ. ʇʦʵʪʦʤʫ ʧʦʚʝʜʝʥʠʝ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʤʦʞʝʪ ʤʝ-

ʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʝʦʙʣʘʜʘʥʠʷ ʧʝʨʚʦʛʦ ʠʣʠ ʚʪʦʨʦʛʦ ʧʨʦʮʝʩʩʘ. ʌʠʟʠʯʝʩʢʦʤʫ 

ʦʧʠʩʘʥʠʶ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʷʪʥʘ ʇɸɺ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʚʦʢʨʫʛ ʦʙʣʘʩʪʠ 

ʚʩʧʣʳʪʠʷ ʧʫʟʳʨʴʢʦʚ ʛʘʟʘ ʧʣʘʥʠʨʫʝʪʩʷ ʧʦʩʚʷʪʠʪʴ ʦʪʜʝʣʴʥʫʶ ʨʘʙʦʪʫ. ʆʜʥʘʢʦ, ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ [10], ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚʦʢʨʫʛ 

ʦʙʣʘʩʪʠ ʚʳʭʦʜʘ ʠʟ ʚʦʜʳ ʧʫʟʳʨʴʢʦʚ, ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʦʩʠ ʧʫʟʳʨʴʢʦʚʦʛʦ 

ʧʦʪʦʢʘ ʬʦʨʤʠʨʫʝʪʩʷ ʧʣʝʥʢʘ ʇɸɺ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʘʩʩʪʦʷʥʠʝ, ʥʘ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʣʦ-

ʢʘʣʠʟʦʚʳʚʘʪʴʩʷ ʧʣʝʥʢʘ ʇɸɺ, ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʫʟʳʨʴʢʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʦʪ 

ʤʘʩʰʪʘʙʘ ʩʢʦʨʦʩʪʝʡ ʬʦʨʤʠʨʫʝʤʦʛʦ ʠʤ ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʚʦʜʳ, ʘ ʪʦʯʥʝʝ, ʩʚʷ-

ʟʘʥʥʳʭ ʩ ʥʠʤ ʪʝʯʝʥʠʡ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʶ ʤʘʩʰʪʘʙʘ ʠ ʧʦ-

ʚʝʜʝʥʠʷ ʵʪʠʭ ʪʝʯʝʥʠʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʢʘʧʣʠʚʘʶʱʝʡʩʷ ʧʣʝʥʢʠ ʇɸɺ ʠ ʧʦʩʚʷʱʝʥʘ ʥʘ-

ʩʪʦʷʱʘʷ ʨʘʙʦʪʘ. 

2. ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʚʫʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ: ʮʝʣʴʶ ʧʝʨʚʦʛʦ ʙʳʣʦ ʧʦʣʫ-

ʯʝʥʠʝ ʦʙʱʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʢʦʨʦʩʪʷʭ ʠ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʚʦ-

ʜʳ ʠ ʚʦʟʤʦʞʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʣʘʩʪʠ ʪʦʨʤʦʞʝʥʠʷ ʧʦʪʦʢʘ ʥʘʢʘʧʣʠʚʘʶʱʝʡʩʷ ʧʣʝʥ-

ʢʦʡ ʇɸɺ; ʮʝʣʴ ʚʪʦʨʦʛʦ ï ʧʦʣʫʯʝʥʠʝ ʢʘʨʪʠʥʳ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʠʩʫʪ-

ʩʪʚʠʠ ʥʘʢʘʧʣʠʚʘʶʱʝʡʩʷ ʧʣʝʥʢʠ ʇɸɺ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʠʭ ʤʘʩʰʪʘʙʦʚ ʠ 

ʩʢʦʨʦʩʪʝʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʤʦʜʝʣʷʭ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʧʷʪʥʘ ʇɸɺ ʥʘʜ ʦʙʣʘʩʪʴʶ ʚʳʭʦʜʘ ʛʘʟʘ ʠʟ ʧʦʜʚʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʛʘʟʦʧʨʦʚʦʜʦʚ). 

ʇʝʨʚʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʙʳʣ ʚʳʧʦʣʥʝʥ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʢʶʚʝʪʝ ʚʤʝʩʪʠʤʦʩʪʴʶ 200 ʣ. 

ɺ ʢʶʚʝʪʫ ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ ʘʥʠʦʥʘʢʪʠʚʥʦʝ ʇɸɺ ï ʜʦʜʝʮʠʣʩʫʣʴʬʘʪ ʥʘʪʨʠʷ ʚ ʪʘʢʦʤ ʢʦ-

ʣʠʯʝʩʪʚʝ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʝʛʦ ʚ ʚʦʜʝ ʩʦʩʪʘʚʠʣʘ 0,5 ʤʛ/ʣ. ɺ ʢʘʯʝʩʪʚʝ ʪʨʘʩʩʝʨʦʚ ï ʯʘʩ-

ʪʠʮ, ʜʚʠʞʫʱʠʭʩʷ ʚʤʝʩʪʝ ʩ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʣʦʝʤ ʚʦʜʳ ʠ ʤʘʨʢʠʨʫʶʱʠʭ ʝʛʦ ï ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʛʨʘʥʫʣʳ ʧʦʣʠʩʪʠʨʦʣʘ ʨʘʟʥʳʭ ʮʚʝʪʦʚ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 3 ʤʤ. ʋ ʦʜʥʦʡ ʠʟ 

ʢʦʨʦʪʢʠʭ ʩʪʝʥʦʢ ʢʶʚʝʪʳ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʧʣʦʩʢʠʡ ʧʫʟʳʨʴʢʦʚʳʡ ʧʦʪʦʢ ʩ ʨʘʩʭʦʜʦʤ 

ʛʘʟʘ 0,0228 ʣ/ʩ. ʇʦʣʦʞʝʥʠʝ ʪʨʘʩʩʝʨʦʚ ʟʘʧʠʩʳʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʩʝʨʠʡʥʦʡ ʬʦʪʦʩʲʝʤʢʠ 

ʩ ʯʘʩʪʦʪʦʡ 4 ʢʘʜʨʘ ʚ ʩʝʢʫʥʜʫ. ʆʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚʨʫʯʥʫʶ: ʩ 



ʉʤʠʨʥʦʚʘ ʄ.ɺ., ʂʘʧʫʩʪʠʥ ʀ.ɸ., ɻʣʫʭʦʚʘ ɺ.ʉ., ʅʦʩʦʚʘ ɸ.ɼ. 

ʀʟʤʝʨʝʥʠʝ ʩʨʝʜʥʠʭ ʠ ʧʫʣʴʩʘʮʠʦʥʥʳʭ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ, ʬʦʨʤʠʨʫʝʤʳʭ ʚʦʩʭʦʜʷʱʠʤ » 

 106 

ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʝʜʘʢʪʦʨʘ ʠʟʦʙʨʘʞʝʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʦʨʜʠʥʘʪʳ ʧʦʣʦʞʝ-

ʥʠʷ ʪʨʘʩʩʝʨʦʚ ʚ ʧʘʨʘʭ ʩʣʝʜʫʶʱʠʭ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ ʠʟʦʙʨʘʞʝʥʠʡ (ʨʠʩ. 1, ʘ, ʙ).  

 

  
ʘ)  ʙ) 

ʈʠʩ. 1. ʇʘʨʘ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʣʦʞʝʥʠʷ ʪʨʘʩʩʝʨʦʚ ʩ ʨʘʟʥʠʮʝʡ  

ʚʦ ʚʨʝʤʝʥʠ 250 ʤʩ. ʎʚʝʪʥʳʤʠ ʩʪʨʝʣʢʘʤʠ ʧʦʤʝʯʝʥʦ ʩʤʝʱʝʥʠʝ  

ʯʘʩʪʠʮ ʟʘ ʚʨʝʤʷ, ʧʨʦʰʝʜʰʝʝ ʤʝʞʜʫ ʢʘʜʨʘʤʠ 

ʅʘ ʨʠʩ. 1 (ʘ, ʙ) ʧʨʠʚʝʜʝʥʘ ʧʘʨʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʝʨʚʳʝ ʩʝʢʫʥʜʳ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘ. ʉʪʨʝʣʢʘʤʠ (ʨʠʩ. 1, ʙ) ʧʦʢʘʟʘʥʳ ʩʤʝʱʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʠʮ ʟʘ ʠʥʪʝʨʚʘʣ 

ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʢʘʜʨʘʤʠ 250 ʤʩ. ɺʩʝʛʦ ʟʘ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʧʦʣʫ-

ʯʝʥʦ 30 ʧʘʨ ʠʟʦʙʨʘʞʝʥʠʡ ʠ 1200 ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʝʡ, ʧʦʩʣʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʢʦʪʦʨʳʭ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʦʣʝ ʩʨʝʜʥʠʭ ʩʢʦʨʦʩʪʝʡ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚʦʜʳ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʶ ʧʨʦʟʨʘʯʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʧʦʣʫʯʝʥʠʷ 

ʢʘʨʪʠʥʳ ʩʨʝʜʥʠʭ ʪʝʯʝʥʠʡ, ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʠʤʝʝʪ ʦʜʠʥ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ: ʚʳ-

ʩʦʢʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʬʠʢʩʘʮʠʶ ʢʦʦʨʜʠʥʘʪ ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ 

ʚʨʫʯʥʫʶ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʢʘʨʪʠʥʝ ʩʨʝʜʥʠʭ ʪʝʯʝʥʠʡ ʩʫʱʝʩʪʚʫʶʪ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʥʝ 

ʦʢʘʟʘʣʦʩʴ ʥʠ ʦʜʥʦʡ ʯʘʩʪʠʮʳ. ɺʝʢʪʦʨʘ ʩʢʦʨʦʩʪʝʡ ʚ ʥʠʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʣʠʥʝʡʥʦʡ ʠʥ-

ʪʝʨʧʦʣʷʮʠʝʡ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʧʦʣʫʯʠʪʴ ʢʘʨʪʠʥʫ ʤʛʥʦʚʝʥʥʳʭ ʩʢʦʨʦ-

ʩʪʝʡ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʚ ʢʶʚʝʪʝ, ʧʦʩʢʦʣʴʢʫ ʚ ʩʣʫʯʘʝ ʟʘʧʦʣʥʝʥʠʷ ʚʩʝʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʚʦʜʳ ʪʨʘʩʩʝʨʘʤʠ ʠʭ ʥʝʚʦʟʤʦʞʥʦ ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʪʴ ʠ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʩʤʝʱʝ-

ʥʠʝ. ʕʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʣʠʰʝʥ ʤʝʪʦʜ ʮʠʬʨʦʚʦʡ PIV-ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʠʩʧʦʣʴ-

ʟʦʚʘʥʥʳʡ ʚʦ ʚʪʦʨʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ. 

ʎʝʣɹʁ  ʚʪʦʨʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʧʦʣʫʯʝʥʠʝ ʧʦʣʷ ʤʛʥʦʚʝʥʥʳʭ ʩʢʦʨʦʩʪʝʡ ʚ ʧʨʠ-

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚʦʜʳ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʚʦʩʭʦʜʷʱʠʤ ʧʫʟʳʨʴʢʦʚʳʤ ʧʦʪʦʢʦʤ ʚ ʧʨʠ-

ʩʫʪʩʪʚʠʠ ʥʘʢʘʧʣʠʚʘʶʱʝʡʩʷ ʧʣʝʥʢʠ ʇɸɺ. ʕʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʷʣʩʷ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʢʶʚʝʪʝ ʤʝʥʴʰʝʡ ʚʤʝʩʪʠʤʦʩʪʠ (20 ʣ), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ 

ʧʣʝʥʢʠ ʇɸɺ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺʜʦʣʴ ʢʦʨʦʪʢʦʡ ʩʪʝʥʢʠ ʢʶʚʝ-

ʪʳ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʧʫʟʳʨʴʢʦʚʳʡ ʧʦʪʦʢ ʦʪ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩ ʨʘʩʭʦʜʦʤ ʛʘʟʘ 

0,00017 ʣ/ʩ. ɺ ʢʘʯʝʩʪʚʝ ʪʨʘʩʩʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʘʩʪʠʮʳ ʪʘʣʴʢʘ. ʉʲʝʤʢʘ ʧʨʦʠʟʚʦʜʠ-

ʣʘʩʴ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ 2 ʩʝʢʫʥʜʳ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʯʠʱʘʣʘʩʴ 

ʦʪ ʧʣʝʥʢʠ ʇɸɺ ʧʨʦʤʦʢʘʪʝʣʴʥʦʡ ʙʫʤʘʛʦʡ. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʦʙʣʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ, ʚʳʜʝʣʝʥʥʘʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘ-

ʙʦʪʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʛʦʪʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʮʠʬʨʦʚʦʡ PIV-ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʙʳʣʦ 

ʚʳʙʨʘʥʦ ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʦʝ ʧʨʠʣʦʞʝʥʠʝ Mathlab PIVlab [12]. ʆʙʨʘʙʦʪʢʘ 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 60, 2019 ʛ. 

ʈʘʟʜʝʣ I. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ʚʢʣʶʯʘʣʘ ʪʘʢʠʝ ʩʪʘʜʠʠ ʢʘʢ ʚʳʙʦʨ ʧʘʨ ʠʟʦʙʨʘʞʝʥʠʡ, ʩʦʟʜʘʥʠʝ ʤʘʩʢʠ ʠ ʬʠʣʴʪʨʘʮʠʷ 

çʰʫʤʦʚè, ʩʦʙʩʪʚʝʥʥʦ ʘʥʘʣʠʟ ʠ ʧʦʩʪʨʦʝʥʠʝ ʧʦʣʷ ʤʛʥʦʚʝʥʥʳʭ ʩʢʦʨʦʩʪʝʡ ʩ ʟʘʜʘʥʠʝʤ 

ʤʘʩʰʪʘʙʘ ʠ ʦʪʩʝʚʦʤ ʦʰʠʙʦʯʥʳʭ ʚʝʢʪʦʨʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʣʛʦʨʠʪʤʘ ʢʦʨʨʝʣʷʮʠʠ ʙʳʣ ʚʳʙʨʘʥ ʘʣʛʦʨʠʪʤ çʜʝʬʦʨʤʘʮʠʠ ʦʢʥʘ FFTè 

(ʧʨʷʤʘʷ ʢʦʨʨʝʣʷʮʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʦʭʦʜʘʤʠ ʠ ʜʝʬʦʨʤʠ-

ʨʫʶʱʠʤʠ ʦʢʥʘʤʠ), ʦʧʠʩʘʥʥʳʡ, ʥʘʧʨʠʤʝʨ, ʚ [13]. ʇʨʠ ʵʪʦʤ ʩʧʦʩʦʙʝ ʧʨʠ ʨʘʩʯʝʪʝ ʢʦʨ-

ʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʵʣʝʤʝʥʪʘʨʥʳʝ ʦʙʣʘʩʪʠ, ʩʤʝʱʝʥʥʳʝ ʥʘ ʚʝʢʪʦʨ, 

ʧʦʩʯʠʪʘʥʥʳʡ ʥʘ ʧʨʝʜʳʜʫʱʝʡ ʠʪʝʨʘʮʠʠ. ʂʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ ʙʳʣʦ ʚʳʙʨʘʥʦ ʨʘʚʥʳʤ 

3. ʇʨʠ ʪʘʢʦʤ ʩʧʦʩʦʙʝ ʦʙʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʝ PIVlab ʭʦʨʦʰʦ çʚʠʜʠʪè ʢʦʥʪʨʘʩʪʥʳʝ 

ʧʷʪʥʘ ʨʘʟʤʝʨʦʤ ʥʝ ʤʝʥʝʝ 5 ʧʠʢʩʝʣʝʡ. ʇʦʵʪʦʤʫ ʩʚʦʡʩʪʚʦ ʯʘʩʪʠʮ ʪʘʣʴʢʘ ʩʣʠʧʘʪʴʩʷ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʘʣʦ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʣʫʯʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

 

 

ʈʠʩ. 2. ɺʳʙʦʨ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ  

ʚʦ ʚʪʦʨʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʜʚʝʥʘʜʮʘʪʠ ʧʘʨ ʠʟʦʙʨʘʞʝʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʣʷ ʧʫʣʴ-

ʩʘʮʠʡ ʩʢʦʨʦʩʪʠ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʢʶʚʝʪʝ ʚ ʦʪʩʫʪʩʪʚʠʝ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʢʦʧʣʝʥʥʦʡ 

ʧʣʝʥʢʠ ʇɸɺ.  

3. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʝʨʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʣʫ-

ʯʝʥʦ ʧʦʣʝ ʩʨʝʜʥʠʭ ʩʢʦʨʦʩʪʝʡ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚʦʜʳ. ʄʝʜʠʘʥʥʘʷ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʪʨʘʩʩʝʨʦʚ ʚʜʦʣʴ ʢʶʚʝʪʳ ʩʦʩʪʘʚʠʣʘ 5,51 ʩʤ/ʩ, ʘ ʩʨʝʜʥʷʷ ï 6,22 ʩʤ/ʩ. ʄʘʢʩʠ-

ʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʜʦʩʪʠʛʘʣʠ 40 ʩʤ/ʩ ʠ ʙʦʣʝʝ ʠ ʥʘʙʣʶʜʘʣʠʩʴ ʚʙʣʠʟʠ ʟʦʥʳ 

ʚʳʭʦʜʘ ʧʫʟʳʨʴʢʦʚ. ʄʠʥʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʩʦʩʪʘʚʣʷʣʠ ʤʝʥʝʝ 0,2 ʩʤ/ʩ ʠ ʥʘʙʣʶʜʘʣʠʩʴ 

ʚ ʦʪʜʝʣʴʥʳʭ ʟʦʥʘʭ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 30 ʜʦ 80 ʩʤ ʦʪ ʟʦʥʳ ʚʳʭʦʜʘ ʧʫʟʳʨʴʢʦʚ. ʇʨʝʜʧʦ-

ʣʦʞʠʪʝʣʴʥʦ, ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ ʮʝʥʪʨʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʳʭ ʚʠʭʨʝʡ ï çʚʦʜʦʚʦʨʦ-

ʪʦʚè. ʆʜʠʥ ʠʟ ʪʘʢʠʭ ʚʠʭʨʝʡ, ʥʘʠʙʦʣʝʝ ʜʦʣʛʦʞʠʚʫʱʠʡ, ʟʘʤʝʪʝʥ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 60 ï 70 

ʩʤ ʦʪ ʟʦʥʳ ʚʳʭʦʜʘ ʧʫʟʳʨʴʢʦʚ. ʉʢʦʨʦʩʪʠ ʚ ʨʘʡʦʥʝ ʵʪʦʛʦ ʚʠʭʨʷ ʚʘʨʴʠʨʫʶʪ ʦʪ ʤʠʥʠ-

ʤʘʣʴʥʳʭ, ʧʦʨʷʜʢʘ 0,2 ʩʤ/ʩ ʜʦ ʤʘʢʩʠʤʘʣʴʥʳʭ, ʧʦʨʷʜʢʘ 30 ʩʤ/ʩ.  



ʉʤʠʨʥʦʚʘ ʄ.ɺ., ʂʘʧʫʩʪʠʥ ʀ.ɸ., ɻʣʫʭʦʚʘ ɺ.ʉ., ʅʦʩʦʚʘ ɸ.ɼ. 
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ʈʠʩ. 3. ʇʦʣʝ ʩʨʝʜʥʠʭ ʩʢʦʨʦʩʪʝʡ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚʦʜʳ  

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʢʘʧʣʠʚʘʶʱʝʡʩʷ ʧʣʝʥʢʠ ʇɸɺ 

ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʳ ʫʩʨʝʜʥʝʥʥʳʝ ʧʦ ʰʠʨʠʥʝ ʢʶʚʝʪʳ ʩʨʝʜʥʠʝ ʩʢʦʨʦʩʪʠ. ʉ ʫʜʘʣʝʥʠ-

ʝʤ ʦʪ ʟʦʥʳ ʚʳʭʦʜʘ ʧʫʟʳʨʴʢʦʚ ʩʢʦʨʦʩʪʴ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʚʦʜʳ ʙʳʩʪʨʦ ʩʥʠʞʘ-

ʝʪʩʷ, ʚʳʭʦʜʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 30-40 ʩʤ ʥʘ ʘʩʠʤʧʪʦʪʫ. ɸʥʘʣʠʟ ʧʨʦʙ ʧʣʝʥʦʢ, ʚʟʷʪʳʭ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 50 ï 60 ʩʤ ʦʪ ʟʦʥʳ ʚʳʭʦʜʘ ʧʫʟʳʨʴʢʦʚ, ʧʦʢʘʟʘʣ, ʯʪʦ ʢ ʤʦʤʝʥʪʫ, ʢʦʛʜʘ ʪʨʘʩ-

ʩʝʨʳ ʜʦʩʪʠʛʣʠ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʧʣʝʥʢʘ ʫʞʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʠ ʦʢʘ-

ʟʳʚʘʣʘ ʚʣʠʷʥʠʝ ʥʘ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚʦʜʳ. ʆ ʤʝʪʦʜʘʭ ʠ ʨʝ-

ʟʫʣʴʪʘʪʘʭ ʦʪʙʦʨʘ ʧʨʦʙ ʧʣʝʥʦʢ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚ [10, 14]. ʆʜʥʘʢʦ, ʚʳʨʘʞʝʥʥʦʡ ʛʨʘʥʠʮʳ, 

ʥʘ ʢʦʪʦʨʦʡ ʧʣʝʥʢʘ ʥʘʯʠʥʘʝʪ ʪʦʨʤʦʟʠʪʴ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʡ ʧʦʪʦʢ ʧʨʠ ʜʘʥʥʦʤ ʨʘʩʭʦʜʝ 

ʛʘʟʘ ʥʘ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʟʦʥʳ ʚʳʭʦʜʘ ʧʫʟʳʨʴʢʦʚ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ.  

 

 

ʈʠʩ. 4. ʋʩʨʝʜʥʝʥʥʳʝ ʧʦ ʰʠʨʠʥʝ ʢʶʚʝʪʳ ʩʢʦʨʦʩʪʠ ʚʜʦʣʴ  

ʧʦʪʦʢʘ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚʦʜʳ 

ʀʩʪʦʯʥʠʢ ʧʫʟʳʨʴʢʦʚ 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 60, 2019 ʛ. 
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ɺʦ ʚʪʦʨʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʣʷ ʤʛʥʦʚʝʥʥʳʭ ʩʢʦʨʦʩʪʝʡ ʚ ʧʨʠʧʦ-

ʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚʦʜʳ ʚ ʦʪʩʫʪʩʪʚʠʝ (ʨʠʩ. 5, ʘ) ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ (ʨʠʩ. 5, ʙ) ʥʘʢʘʧʣʠ-

ʚʘʶʱʝʡʩʷ ʧʣʝʥʢʠ ʇɸɺ.  

 

  
ʘ)  ʙ) 

ʈʠʩ. 5. ʇʦʣʷ ʤʛʥʦʚʝʥʥʳʭ ʩʢʦʨʦʩʪʝʡ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʢʶʚʝʪʝ (20 ʣ):  

ʘ) ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʢʣʶʯʝʥʠʷ ʧʫʟʳʨʴʢʦʚʦʛʦ ʧʦʪʦʢʘ, ʧʦʚʝʨʭʥʦʩʪʴ  

ʚʦʜʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʯʠʱʝʥʘ ʦʪ ʧʣʝʥʢʠ; ʙ) ʯʝʨʝʟ 16 ʩʝʢʫʥʜ  

ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʧʫʟʳʨʴʢʦʚʦʛʦ ʧʦʪʦʢʘ 

ɺ ʧʝʨʚʳʝ ʩʝʢʫʥʜʳ ʚʢʣʶʯʝʥʠʷ ʧʫʟʳʨʴʢʦʚʦʛʦ ʧʦʪʦʢʘ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʩʠʣʴʥʦ ʥʝʨʘʚ-

ʥʦʤʝʨʥʦ ʠ ʚʘʨʴʠʨʫʝʪ ʦʪ 0 ʜʦ 2 ʩʤ/ʩ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʚʝʢ-

ʪʦʨʦʚ ʥʘʧʨʘʚʣʝʥʦ ʚ ʩʪʦʨʦʥʫ ʦʪ ʦʙʣʘʩʪʠ ʚʳʭʦʜʘ ʧʫʟʳʨʴʢʦʚ (ʨʠʩ. 5, ʘ). ʅʦ ʫʞʝ ʯʝʨʝʟ 16 

ʩʝʢʫʥʜ ʥʘʢʘʧʣʠʚʘʶʱʘʷʩʷ ʧʣʝʥʢʘ ʥʘʯʠʥʘʝʪ ʧʦʜʞʠʤʘʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʧʦʪʦʢ. ɺʝʢʪʦʨʘ 

ʩʢʦʨʦʩʪʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʶʚʝʪʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘʚʩʪʨʝʯʫ ʧʫʟʳʨʴʢʦʚʦʤʫ ʧʦʪʦʢʫ 

(ʨʠʩ. 5, ʙ). ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʩʥʠʞʘʶʪʩʷ ʜʦ 1,8 ʩʤ/ʩ, ʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʣʷ 

ʩʢʦʨʦʩʪʝʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʝʞʝʩʝʢʫʥʜʥʦ ʬʦʨʤʠʨʫʶʪʩʷ ʠ ʠʩʯʝʟʘʶʪ ʥʦʚʳʝ 

ʚʠʭʨʠ, ʤʘʩʰʪʘʙ ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʫʝʪ ʦʪ ʤʝʥʝʝ 1 ʜʦ 5 ʩʤ. ʅʘʠʙʦʣʴʰʘʷ ʧʣʦʪʥʦʩʪʴ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʚʠʭʨʝʡ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʝʥʴʰʠʝ ʠʭ ʨʘʟʤʝʨʳ ʥʘʙʣʶʜʘʶʪʩʷ ʚʙʣʠʟʠ ʦʙʣʘʩʪʠ ʚʳ-

ʭʦʜʘ ʧʫʟʳʨʴʢʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩ ʫʜʘʣʝʥʠʝʤ ʦʪ ʥʝʝ ʚʠʭʨʠ ʩʪʘʥʦʚʷʪʩʷ ʢʨʫʧʥʝʝ ʠ ʩʪʘ-

ʙʠʣʴʥʝʝ. ʇʨʠ ʥʘʢʦʧʣʝʥʠʠ ʧʣʝʥʢʠ ʇɸɺ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʢʦʣʠʯʝʩʪʚʦ ʚʠʭʨʝʡ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʠʭ ʨʘʟʤʝʨʳ ʫʚʝʣʠʯʠʚʘʶʪʩʷ (ʨʠʩ. 5, ʙ). ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʠ ʥʝʙʦʣʴʰʠʭ 

ʨʘʩʭʦʜʘʭ ʛʘʟʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʦʮʝʩʩ ʨʘʩʪʝʢʘʥʠʷ ʥʘʢʘʧʣʠʚʘʶʱʝʡʩʷ ʧʣʝʥʢʠ ʇɸɺ ʤʦʞʝʪ 

ʦʢʘʟʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚʦʜʳ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʆʪʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʝʯʝʥʠʡ, 

ʀʩʪʦʯʥʠʢ ʧʫʟʳʨʴʢʦʚ ʀʩʪʦʯʥʠʢ ʧʫʟʳʨʴʢʦʚ 



ʉʤʠʨʥʦʚʘ ʄ.ɺ., ʂʘʧʫʩʪʠʥ ʀ.ɸ., ɻʣʫʭʦʚʘ ɺ.ʉ., ʅʦʩʦʚʘ ɸ.ɼ. 
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ʬʦʨʤʠʨʫʝʤʳʭ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚʦʜʳ ʚʦʩʭʦʜʷʱʠʤ ʧʫʟʳʨʴʢʦʚʳʤ ʧʦʪʦʢʦʤ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʳ ʩʨʝʜʥʠʝ ʠ ʧʫʣʴʩʘʮʠʦʥʥʳʝ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʚ ʧʨʠʧʦ-

ʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚʦʜʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʢʘʧʣʠʚʘʶʱʝʡʩʷ ʧʣʝʥʢʠ ʇɸɺ.  

ʇʦʣʫʯʝʥʦ ʦʙʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʢʦʨʦʩʪʷʭ ʠ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʣʦʷ ʚʦʜʳ. ɺ ʧʝʨʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʨʘʩʭʦʜʘ ʛʘʟʘ ʚʳʨʘʞʝʥʥʦʡ 

ʛʨʘʥʠʮʳ, ʥʘ ʢʦʪʦʨʦʡ ʧʣʝʥʢʘ ʥʘʯʠʥʘʝʪ ʪʦʨʤʦʟʠʪʴ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʡ ʧʦʪʦʢ, ʥʘ ʨʘʩ-

ʩʤʦʪʨʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʟʦʥʳ ʚʳʭʦʜʘ ʧʫʟʳʨʴʢʦʚ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʆʜʥʘʢʦ, ʚʦ ʚʪʦ-

ʨʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʤʘʣʳʤ ʨʘʩʭʦʜʦʤ ʛʘʟʘ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʣʝʥʢʠ ʥʘ ʧʦʣʝ 

ʤʛʥʦʚʝʥʥʳʭ ʩʢʦʨʦʩʪʝʡ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚʦʜʳ. 

ʇʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʤʘʩʰʪʘʙʦʚ ʚʠʭʨʝʚʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦ ʤʛʥʦʚʝʥʥʳʤ ʧʦʣʷʤ ʩʢʦʨʦʩʪʠ 

ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚʦʜʳ. ʅʘʠʙʦʣʴʰʘʷ ʧʣʦʪʥʦʩʪʴ ʠ ʯʘʩʪʦʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʚʠʭʨʝʡ 

ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʝʥʴʰʠʝ ʠʭ ʨʘʟʤʝʨʳ (ʧʦʨʷʜʢʘ 1 ʩʤ) ʥʘʙʣʶʜʘʶʪʩʷ ʚʙʣʠʟʠ ʦʙʣʘʩʪʠ 

ʚʳʭʦʜʘ ʧʫʟʳʨʴʢʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩ ʫʜʘʣʝʥʠʝʤ ʦʪ ʥʝʝ ʚʠʭʨʠ ʩʪʘʥʦʚʷʪʩʷ ʢʨʫʧʥʝʝ ʠ ʩʪʘ-

ʙʠʣʴʥʝʝ. ʇʨʠ ʵʪʦʤ, ʧʦʷʚʣʝʥʠʝ ʧʣʝʥʢʠ ʇɸɺ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝ-

ʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʚʠʭʨʝʡ ʠ ʢ ʠʭ ʫʢʨʫʧʥʝʥʠʶ.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʮʝʩʩ ʨʘʩʪʝʢʘʥʠʷ ʥʘʢʘʧʣʠʚʘʶʱʝʡʩʷ 

ʧʣʝʥʢʠ ʇɸɺ ʚ ʟʦʥʝ ʧʫʟʳʨʴʢʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʨʘʩʭʦʜʘʭ ʛʘʟʘ ʤʦʞʝʪ ʦʢʘʟʳ-

ʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚʦʜʳ.  

ʇʦʣʫʯʝʥʥʳʝ ʦʮʝʥʢʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʬʠʟʠʯʝʩʢʠʭ ʠ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʷʭ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʷʪʥʘ ʇɸɺ ʥʘʜ ʦʙʣʘʩʪʴʶ ʚʳʭʦʜʘ ʛʘʟʘ ʠʟ ʧʦʜʚʦʜʥʳʭ 
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Annotation. One of the topical problems of gas pipeline transport today is the detection of 

gas leaks in underwater sections of gas pipelines and reducing their negative impact on the 

environment. This paper is devoted to the development of methods for remote detection of 

gas leaks from underwater gas pipelines by specific slick signatures. The technique of labor-

atory modeling and visualization of the flows formed in the surface layer of water by pop-up 

bubble flow has been worked out. Using the Particle Image Velocity (PIV) method, the influ-

ence of surfactant films on the mean and pulsation flow velocities in the near-surface water 

layer were studied. The mean velocity field and pulsation velocity field in the laboratory cu-

vette in the absence and in the presence of surfactant film were obtained. It is shown that the 

presence of surfactant film has a significant effect on the flow pattern in the near-surface wa-

ter layer. 
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ʏʀʉʃɽʅʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ɸʕʈʆɼʀʅɸʄʀʂʀ 

ɹʆʈʊʆɺʆɻʆ ʆɻʈɸɾɼɽʅʀʗ ɺʆɿɼʋʐʅʆʁ ʇʆɼʋʐʂʀ  

ɺ ʉʆʉʊɸɺɽ ʂʆʄʇʆʅʆɺʂʀ ʕʂʈɸʅʆʇʃɸʅɸ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʨʘʥʦʧʣʘʥ, ʚʦʟʜʫʰʥʘʷ ʧʦʜʫʰʢʘ, ʢʦʥʮʝʧʪʫʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, 

ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʵʨʦʜʠʥʘʤʠʢʠ, ANSYS CFD 

 

ɸʥʥʦʪʘʮʠʷ. ʆʜʥʦ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʵʢʨʘʥʦʧʣʘʥʦʚ (ʕʇ), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʜʘʤʠ ʥʘ ʚʦʟ-

ʜʫʰʥʦʡ ʧʦʜʫʰʢʝ (ʉɺʇ), ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʩʪʠʞʝʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʦ-

ʢʘʟʘʪʝʣʝʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘ ʩʯʝʪ ʤʝʥʴʰʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʥʘ ʨʝʞʠʤʝ ʢʨʝʡʩʝʨʩʢʦʛʦ ʭʦʜʘ. ʇʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ, ʕʇ ʩ ʰʘʩʩʠ ʥʘ 

ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʝ (ɺʇ) ʥʫʞʜʘʶʪʩʷ ʚ ʤʝʥʴʰʝʡ ʵʥʝʨʛʦʚʦʦʨʫʞʝʥʥʦʩʪʠ ʥʘ ʩʪʘʨʪʝ, 

ʯʝʤ ʵʢʨʘʥʦʧʣʘʥʳ ʩ ʧʦʜʜʫʚʦʤ. ʆʜʥʘʢʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʩʪʘʨʪʦʚʦʡ ʩʠʩʪʝʤʳ 

ʕʇ ʩʧʦʩʦʙʥʳ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʦʙʪʝʢʘʥʠʷ ʢʨʳʣʘ ʥʘ ʢʨʝʡʩʝʨʩʢʦʤ ʨʝ-

ʞʠʤʝ ʜʚʠʞʝʥʠʷ, ʫʤʝʥʴʰʘʷ ʪʝʤ ʩʘʤʳʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʧʦʜʲʝʤʥʫʶ ʩʠʣʫ, ʜʝʡʩʪ-

ʚʫʶʱʫʶ ʥʘ ʩʫʜʥʦ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʟʚʝʩʪʥʳʝ ʢʦʤʤʝʨʯʝʩʢʠʝ 

ʕʇ ʩ ʰʘʩʩʠ ʥʘ ɺʇ ʥʝ ʧʨʝʚʦʩʭʦʜʷʪ ʉɺʇ ʩ ʛʠʙʢʠʤ ʦʛʨʘʞʜʝʥʠʝʤ ʙʘʣʣʦʥʝʪʥʦʛʦ ʪʠʧʘ ʧʦ 

ʧʦʢʘʟʘʪʝʣʶ ʪʨʘʥʩʧʦʨʪʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʆʜʥʘ ʠʟ ʧʨʠʯʠʥ ʥʠʟʢʦʡ ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʠ 

ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʧʨʦʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʕʇ ʩ ʰʘʩʩʠ ʥʘ ɺʇ ʤʦʞʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʜʘʥʥʳʭ ʧʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʚʣʠʷʥʠʶ ʦʛʨʘʞʜʝʥʠʷ ɺʇ ʥʘ ʦʙʪʝʢʘʥʠʝ 

ʢʨʳʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʢʨʘʥʥʦʛʦ ʵʬʬʝʢʪʘ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʘʵʨʦʜʠʥʘʤʠʢʘ ʢʦʤʧʦʥʦʚʦʢ ʕʇ ʩ ʙʦʨʪʦ-

ʚʳʤ ʦʛʨʘʞʜʝʥʠʝʤ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʠ: ʢʘʢ ʚ ʬʦʨʤʝ ʙʘʣʣʦʥʝʪʦʚ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʧʣʦʩʢʠʭ 

ʰʘʡʙ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʝʨʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʧʨʝʜʝʣʝʥʳ ʢʦʵʬʬʠʮʠ-

ʝʥʪʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʢʦʤʧʦʥʦʚʦʯʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʕʇ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʪʘʥʛʘʞʘ ʠ ʚʳʩʦʪʘʭ ʜʚʠʞʝʥʠʷ ʥʘʜ ʵʢʨʘʥʦʤ. ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ 

ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʨʪʦʚʦʝ ʦʛʨʘʞʜʝʥʠʝ, 

ʠʤʝʶʱʝʝ ʬʦʨʤʫ ʙʘʣʣʦʥʝʪʘ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ 

ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʳʣʘ ʕʇ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʟʤʘʭʘ, ʧʨʠʚʦʜʷ ʢ ʩʥʠʞʝʥʠʶ ʧʦʜʲʝʤʥʦʡ 

ʩʠʣʳ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʩʫʜʥʘ. ʇʨʠ ʥʝʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʷʭ ʫʛʣʘ ʪʘʥʛʘʞʘ 

ʢʦʤʧʦʥʦʚʦʯʥʦʛʦ ʚʘʨʠʘʥʪʘ ʕʇ ʩ ʙʘʣʣʦʥʝʪʘʤʠ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʳʡ ʵʢʨʘʥʥʳʡ ʵʬ-

ʬʝʢʪ: ʩʥʠʞʝʥʠʝ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʚʳʩʦʪʳ ʜʚʠʞʝʥʠʷ ʕʇ. ɺ ʢʘʯʝ-

ʩʪʚʝ ʚʦʟʤʦʞʥʦʛʦ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ, ʯʘʩʪʠʯʥʦ ʢʦʤʧʝʥʩʠʨʫʶʱʝʛʦ ʚʣʠʷʥʠʝ ʙʘʣʣʦʥʝ-

ʪʦʚ ʥʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʕʇ, ʠʩʩʣʝʜʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʨʝʜʘʥʦʚ. 

ɺʚʝʜʝʥʠʝ 

ʕʢʨʘʥʦʧʣʘʥʳ (ʕʇ) ʠ ʩʫʜʘ ʥʘ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʝ (ʉɺʇ) ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝ-

ʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʦʩʚʦʝʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʉʠʙʠʨʠ, ɼʘʣʴʥʝ-

ʛʦ ɺʦʩʪʦʢʘ ʠ ɸʨʢʪʠʢʠ [1ï3]. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʫʜʘʤʠ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʦʜ-

ʜʝʨʞʘʥʠʝʤ, ʵʢʨʘʥʦʧʣʘʥʳ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʝ, 

ʧʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʠ ʜʘʣʴʥʦʩʪʠ ʭʦʜʘ, ʯʪʦ ʥʝʦʜʥʦʢʨʘʪʥʦ ʜʝʤʦʥʩʪʨʠʨʦ-

ʚʘʣʦʩʴ ʥʘ ʧʨʠʤʝʨʘʭ ʵʢʨʘʥʦʧʣʘʥʦʚ ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ ʠ ʝʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʝʡ [4, 5]. ʇʨʝ-

ʠʤʫʱʝʩʪʚʘ ʉɺʇ ʩʚʷʟʘʥʳ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʘʤʬʠʙʠʡʥʦʩʪʠ. ʇʨʠʯʝʤ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʘʥʘ-

ʣʠʟ ʨʳʥʢʘ [6], ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦ ʵʪʦ ʧʨʝʠʤʫʱʝʩʪʚʦ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʫʧʨʘʚʣʷʝʤʦ-

ʩʪʴʶ, ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʢʦʤʧʦʥʦʚʢʘʭ ʉɺʇ ʩ ʛʠʙʢʠʤ ʦʛʨʘʞʜʝʥʠʝʤ ʙʘʣʣʦʥʝʪʥʦʛʦ ʪʠʧʘ. 

ɹʘʣʣʦʥʝʪʥʳʝ ʉɺʇ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʈʦʩʩʠʠ ʥʘ ʨʝʛʫʣʷʨʥʳʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʢʘʭ ʚ 

ʉʘʤʘʨʩʢʦʡ ʠ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʷʭ, ɹʣʘʛʦʚʝʱʝʥʩʢʝ, ʗʢʫʪʠʠ ʠ ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʭ [6]. 



ʌʝʚʨʘʣʴʩʢʠʭ ɸ.ɺ. 
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ʇʨʝʠʤʫʱʝʩʪʚʦ ʵʢʨʘʥʦʧʣʘʥʦʚ ʠ ʉɺʇ ʟʘʢʣʶʯʘʝʪʩʷ ʪʘʢʞʝ ʠ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʚʩʝʩʝʟʦʥ-

ʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚ ʫʩʣʦʚʠʷʭ ʣʝʜʦʩʪʘʚʘ. ʇʨʠ ʵʪʦʤ ʕʇ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʩʭʝʤʦʡ ʧʦʜʜʫʚʘ ʥʫʞʜʘʶʪʩʷ ʚ ʚʳʩʦʢʦʡ ʵʥʝʨʛʦʚʦʦʨʫʞʝʥʥʦʩʪʠ ʥʘ ʩʪʘʨʪʝ, ʘ ʩʫʜʘ ʥʘ 

ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʝ ʫʩʪʫʧʘʶʪ ʕʇ ʚ ʩʢʦʨʦʩʪʠ ʠ ʜʘʣʴʥʦʩʪʠ ʭʦʜʘ. ɸʥʘʣʠʟ ʧʨʝʠʤʫ-

ʱʝʩʪʚ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʉɺʇ ʠ ʵʢʨʘʥʦʧʣʘʥʦʚ ʧʨʠʚʝʣ ʢ ʠʜʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʜʫʰʥʦʡ 

ʧʦʜʫʰʢʠ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʤʘʣʳʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʵʢʨʘʥʦʧʣʘʥʦʚ. ɺ 

ʧʨʦʰʝʜʰʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʨʷʜʝ ʩʪʨʘʥ (ʉʐɸ, ʖʞʥʘʷ ʂʦʨʝʷ, ʈʦʩʩʠʷ) ʧʨʝʜʧʨʠʥʠʤʘ-

ʣʠʩʴ ʧʦʧʳʪʢʠ ʩʦʟʜʘʥʠʷ ʠ ʚʚʝʜʝʥʠʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʕʇ ʩ ʰʘʩʩʠ ʥʘ ʚʦʟʜʫʰʥʦʡ ʧʦ-

ʜʫʰʢʝ, ʦʜʥʘʢʦ, ʥʠ ʦʜʥʦ ʠʟ ʵʪʠʭ ʩʫʜʦʚ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʨʝʛʫ-

ʣʷʨʥʳʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʢʘʭ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʪʝʭʥʦʣʦʛʠʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʵʨʦʜʠʥʘʤʠʢʠ ʚʩʝ ʯʘʱʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʵʢʨʘʥʦʧʣʘʥʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʵʨʦʜʠʥʘʤʠʢʠ ʕʇ ʭʦʨʦʰʦ ʩʦ-

ʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʨʫʙʘʭ [6, 7]. ʏʠʩʣʝʥ-

ʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʘʵʨʦʜʠʥʘʤʠʢʠ 

ʢʨʳʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʢʨʘʥʥʦʛʦ ʵʬʬʝʢʪʘ [8], ʚ ʪʦʤ ʯʠʩʣʝ ï ʚ ʫʩʣʦʚʠʷʭ ʚʦʣʥʝʥʠʷ [9]. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʵʢʨʘʥʦʧʣʘʥʘ [10ï12]. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʤʝʭʘʥʠʟʘʮʠʠ ʢʨʳʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʢʨʘʥʥʦʛʦ ʵʬʬʝʢʪʘ [13, 

14]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʬʦʨʤʳ ʦʛʨʘʞʜʝʥʠʷ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʠ, ʩ ʫʯʝʪʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʚʣʠʷʥʠʷ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʨʘʥʝʝ [15] ʠʩʧʦʣʴʟʦʚʘʣʩʷ çʛʝ-

ʥʝʪʠʯʝʩʢʠʡè ʘʣʛʦʨʠʪʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ ʩʣʫʯʘʡʥʳʭ ʨʝʰʝʥʠʡ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʤʝʪʦʜʘ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ VOF (Volume of Fluid) ʚ ʨʘʙʦʪʝ [16] ʧʦʣʫʯʝʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʠ ʫʨʦʚʥʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʚ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʝ 

ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʯʠʩʣʘ ʌʨʫʜʘ, ʦʧʨʝʜʝʣʝʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ɺ ʨʘ-

ʙʦʪʝ [17] ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤʳ ʦʛʨʘʞʜʝ-

ʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. ʄʝʪʦʜʠʢʘ ʩʚʷʟʘʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʜʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʩ ʦʛʨʘʞʜʝʥʠʝʤ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʠ ʥʘ ʦʩʥʦ-

ʚʝ ʙʘʣʦʯʥʦʡ ʤʦʜʝʣʠ ʦʛʨʘʞʜʝʥʠʷ ʧʨʝʜʣʦʞʝʥʘ ʚ ʨʘʙʦʪʝ [18]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʵʢʨʘʥʦʧʣʘʥʦʚ ʩʦ ʩʪʘʨʪʦʚʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʚ ʚʠʜʝ ʩʪʘʪʠʯʝʩʢʦʡ ʚʦʟʜʫʰʥʦʡ 

ʧʦʜʫʰʢʠ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷ-

ʥʠʝ ʬʦʨʤʳ ʙʦʨʪʦʚʦʛʦ ʦʛʨʘʞʜʝʥʠʷ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʠ ʕʇ ʥʘ ʩʪʨʫʢʪʫʨʫ ʦʙʪʝʢʘʥʠʷ 

ʢʨʳʣʘ ʠ ʠʥʪʝʛʨʘʣʴʥʳʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʥʦʚʢʠ: ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ, ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ. ɺʳʧʦʣʥʝʥʘ ʩʝ-

ʨʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʚʘʨʠʘʥʪʘʤʠ ʢʦʤʧʦʥʦʚʦʢ ʙʦʨʪʦʚʦʛʦ ʦʛʨʘʞʜʝʥʠʷ 

ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʠ ʕʇ: ʚ ʬʦʨʤʝ ʧʥʝʚʤʦʙʘʣʣʦʥʝʪʦʚ ʠ ʚ ʬʦʨʤʝ ʧʣʦʩʢʠʭ ʰʘʡʙ, ʧʨʠ 

ʨʘʟʥʳʭ ʫʛʣʘʭ ʪʘʥʛʘʞʘ ʠ ʚʳʩʦʪʘʭ ʜʚʠʞʝʥʠʷ ʥʘʜ ʵʢʨʘʥʦʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʬʦʨʤʘ ʙʦʨʪʦ-

ʚʦʛʦ ʦʛʨʘʞʜʝʥʠʷ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʠ ʕʇ ʚʣʠʷʝʪ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʡʩʪʚʠʷ ʵʢʨʘʥ-

ʥʦʛʦ ʵʬʬʝʢʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʥʘ ʠʟʤʝʥʝʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʢʦʤʧʦʥʦʚʢʠ 

ʚʙʣʠʟʠ ʵʢʨʘʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʚʦʟʤʦʞʥʦʛʦ ʩʧʦʩʦʙʘ ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ ʬʦʨʤʳ ʙʘʣʣʦʥʝʪʥʦ-

ʛʦ ʦʛʨʘʞʜʝʥʠʷ ʥʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʢʦʤʧʦʥʦʚʢʠ ʕʇ ʧʨʝʜʣʦʞʝʥʦ ʧʨʠʤʝʥʝ-

ʥʠʝ ʨʝʜʘʥʦʚ. 

1. ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʕʇ  

ʩ ʰʘʩʩʠ ʥʘ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʝ 

ʀʟʚʝʩʪʥʦ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʜʚʘ ʧʨʠʤʝʨʘ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʢʨʘʥʦ-

ʧʣʘʥʦʚ ʩ ʰʘʩʩʠ ʥʘ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʝ. ʉʫʜʘ ʩʝʨʠʠ Howerwing Ground Effect 

Hovercraft (ʉʐɸ) ʦʪʥʦʩʷʪʩʷ ʢ ʩʧʦʨʪʠʚʥʦ-ʧʨʦʛʫʣʦʯʥʦʤʫ ʪʠʧʫ (ʨʠʩ. 1). 
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ʈʠʩ. 1. ʉʧʦʨʪʠʚʥʦ-ʧʨʦʛʫʣʦʯʥʦʝ ʩʫʜʥʦ  

ʩʝʨʠʠ Howerwing Ground Effect Hovercraft 

ʅʘʛʥʝʪʘʶʱʠʡ ʚʝʥʪʠʣʷʪʦʨ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʠ ʵʢʨʘʥʦʧʣʘʥʘ Howerwing Ground 

Effect Hovercraft ʨʘʩʧʦʣʦʞʝʥ ʚ ʥʦʩʦʚʦʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ, ʦʛʨʘʞʜʝʥʠʝ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰ-

ʢʠ, ʢʦʤʧʦʥʫʝʪʩʷ ʧʦʜ ʨʫʙʢʦʡ. ʇʦ ʚʩʝʤʫ ʧʝʨʠʤʝʪʨʫ ʚʦʟʜʫʰʥʫʶ ʧʦʜʫʰʢʫ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʟʘʤʢʥʫʪʘʷ ʧʥʝʚʤʦʦʙʦʣʦʯʢʘ, ʢʦʪʦʨʘʷ ʥʝ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʩʪʘʨʪʘ ʢ 

ʨʝʞʠʤʫ ʧʦʣʝʪʘ, ʠ ʪʝʤ ʩʘʤʳʤ, ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ ʚʙʣʠʟʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʩʫʱʝʛʦ ʢʨʳʣʘ. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʢʨʘʥʦʧʣʘʥʘ UH-18SPW 

Howerwing ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʢʨʘʥʦʧʣʘʥʘ UH-18SPW Hoverwing 

ʇʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʴ, ʯʣ. 2-3 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ, ʢʤ/ʯ 120 

ɺʳʩʦʪʘ ʦʛʨʘʞʜʝʥʠʷ ɺʇ, ʤ 0,2 

ɼʣʠʥʘ ʩʫʜʥʘ, ʤ 7,26 

ʐʠʨʠʥʘ ʩʫʜʥʘ, ʤ 6,15 

ʄʘʩʩʘ ʙʝʟ ʛʨʫʟʘ, ʢʛ 455 

ʇʦʪʨʝʙʥʘʷ ʤʦʱʥʦʩʪʴ, ʣ.ʩ. 120 

 

ʇʘʩʩʘʞʠʨʩʢʠʡ ʵʢʨʘʥʦʧʣʘʥ WSH 500 (ʖʞʥʘʷ ʂʦʨʝʷ) ʦʙʣʘʜʘʝʪ ʪʨʘʩʬʦʨʤʠʨʫʝʤʳʤ 

ʥʦʩʦʚʳʤ ʠ ʢʦʨʤʦʚʳʤ ʦʛʨʘʞʜʝʥʠʝʤ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʠ, ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʧʦʜ ʜʥʠʱʝʤ 

ʨʫʙʢʠ (ʨʠʩ. 2). ʇʨʠ ʵʪʦʤ ʬʫʥʢʮʠʶ ʙʦʨʪʦʚʦʛʦ ʦʛʨʘʞʜʝʥʠʷ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʠ ʚʳʧʦʣ-

ʥʷʶʪ ʞʝʩʪʢʠʝ ʛʦʥʜʦʣʦʦʙʨʘʟʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʨʧʫʩʘ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ ʵʪʦʛʦ ʩʫʜʥʘ ʧʨʦʭʦʜʠʣ ʩʪʘʜʠʠ ʤʦʨʝʭʦʜʥʳʭ ʠʩʧʳ-

ʪʘʥʠʡ ʠ ʦʧʳʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʜʥʘʢʦ ʦ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʚʠʪʠʠ ʧʨʦʝʢʪʘ (ʧʦʩʣʝ 2013 

ʛʦʜʘ) ʠʥʬʦʨʤʘʮʠʷ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʦʪʩʫʪʩʪʚʫʝʪ. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʜʥʘ 

WSH 500 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 



ʌʝʚʨʘʣʴʩʢʠʭ ɸ.ɺ. 
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ʈʠʩ. 2. ʇʘʩʩʘʞʠʨʩʢʠʡ ʵʢʨʘʥʦʧʣʘʥ WSH 500 

ʊʘʙʣʠʮʘ 2 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʢʨʘʥʦʧʣʘʥʘ WSH-500 

ʇʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʴ, ʯʣ. 50 

ʂʨʝʡʩʝʨʩʢʘʷ ʩʢʦʨʦʩʪʴ, ʢʤ/ʯ 180 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʟʣʝʪʥʘʷ ʤʘʩʩʘ, ʢʛ 18000 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʜʚʠʞʝʥʠʷ, ʤ 5 

ʈʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʢʛ/ʯ 460 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʘʣʴʥʦʩʪʴ, ʢʤ 1000 

ɺʳʩʦʪʘ ʦʛʨʘʞʜʝʥʠʷ ɺʇ, ʤ 0,2 

ɼʣʠʥʘ ʩʫʜʥʘ, ʤ 29 

ʐʠʨʠʥʘ ʩʫʜʥʘ, ʤ 27 

ɺʳʩʦʪʘ ʩʫʜʥʘ, ʤ 7 

 

ɺ ʪʘʙʣʠʮʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʕʇ ʩ ʰʘʩʩʠ ʥʘ ʚʦʟʜʫʰʥʦʡ ʧʦ-

ʜʫʰʢʝ ʠ ʙʘʣʣʦʥʝʪʥʦʛʦ ʉɺʇ ʧʨ. ɸ20ʇ (ʈʦʩʩʠʷ, ʆʆʆ ʉʂ çɸʵʨʦʭʦʜè) ʧʦ ʧʦʢʘʟʘʪʝʣʶ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɿʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʂɻ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʡ (1) ï (3). 
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=   (2) 

ɿʜʝʩʴ n ï ʢʦʣʠʯʝʩʪʚʦ ʧʘʩʩʘʞʠʨʦʚ, 0G  ï ʚʟʣʝʪʥʘʷ ʤʘʩʩʘ (ʚʦʜʦʠʟʤʝʱʝʥʠʝ ʧʨʠ ʤʘʢ-

ʩʠʤʘʣʴʥʦʡ ʟʘʛʨʫʟʢʝ), L ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʘʣʴʥʦʩʪʴ ʭʦʜʘ. 

Ln

m
q t

t
Ö

=  (3) 

tq  ï ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ ʧʘʩʩʘʞʠʨʦʢʠʣʦʤʝʪʨ;  

tm  ï ʤʘʩʩʘ ʪʦʧʣʠʚʘ. 

 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 60, 2019 ʛ. 
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ʩ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʧʦʜʜʝʨʞʘʥʠʝʤ 
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ʕʢʨʘʥʦʧʣʘʥ çUH-18SPWè 

Hoverwing 

3 275 0,034 33 

ʕʢʨʘʥʦʧʣʘʥ çWSH-500è 50 1 000 0,029 40 

ʉɺʇ ʧʨ. ɸ20ʇ 30 400 0,034 45 

 

ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ 3 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʕʇ ʩ ʰʘʩʩʠ ʥʘ 

ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʝ, ʪʘʢʠʭ, ʢʘʢ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʢʨʝʡʩʝʨʩʢʦʛʦ ʭʦʜʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʘʷ ʪʷʛʦʚʦʦʨʫʞʝʥʥʦʩʪʴ ʥʘ ʩʪʘʨʪʝ, ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʪʨʘʥʩʧʦʨʪʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʝʢʪʳ UH-18SPW ʠ WSH-500 ʫʩʪʫʧʘʶʪ ʉɺʇ ʧʨ. ɸ20ʇ. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ ʚʦʟ-

ʤʦʞʥʳʭ ʧʨʠʯʠʥ ʥʠʟʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʕʇ ʩ ʰʘʩʩʠ ʥʘ ʚʦʟ-

ʜʫʰʥʦʡ ʧʦʜʫʰʢʝ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʦʛʨʘʞʜʝʥʠʷ 

ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʠ ʥʘ ʘʵʨʦʜʠʥʘʤʠʢʫ ʢʨʳʣʘ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʥʦʚʢʠ ʵʢʨʘʥʦʧʣʘʥʘ. 

2. ʏʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʦʥʦʚʦʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʕʇ 

ɺʳʧʦʣʥʝʥʘ ʩʝʨʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʙʪʝʢʘʥʠʷ 

ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʦʡ ʥʘ ʨʘʟʥʳʭ ʫʛʣʘʭ ʘʪʘʢʠ Ŭ ʠ ʚʳʩʦʪʘʭ ʜʚʠʞʝʥʠʷ ʥʘʜ ʵʢʨʘʥʦʤ h  (ʚ 

ʜʦʣʷʭ ʩʨʝʜʥʝʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʭʦʨʜʳ) ʢʦʤʧʦʥʦʚʦʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʵʢʨʘʥʦʧʣʘʥʦʚ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʙʦʨʪʦʚʳʤ ʦʛʨʘʞʜʝʥʠʝʤ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʠ (ʨʠʩʫʥʦʢ 3). 

 

 

ʈʠʩ. 3. ʂʦʤʧʦʥʦʚʦʯʥʳʝ ʚʘʨʠʘʥʪʳ ʵʢʨʘʥʦʧʣʘʥʦʚ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʝʪʦʜʠʢʘ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʢʨʘʥʥʦʡ ʘʵʨʦʜʠʥʘʤʠʢʠ, ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ANSYS CFX, ʦʙʱʝ ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʦʡ ʠ ʨʝ-

ʟʫʣʴʪʘʪʳ ʚʝʨʠʬʠʢʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʘʭ [6, 7]. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʘ ʚʘʨʠʘʥʪʘ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢʦʤʧʦʥʦʚʢʠ ʕʇ: ʚ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ ʙʦʨʪʦʚʦʝ ʦʛʨʘʞʜʝʥʠʝ ʠʤʝʝʪ 

ʬʦʨʤʫ ʧʥʝʚʤʦʙʘʣʣʦʥʝʪʦʚ; ʚʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ ï ʬʦʨʤʫ ʧʣʦʩʢʠʭ ʢʠʣʝʡ (ʰʘʡʙ). ʕʬʬʝʢ-

ʪʳ ʘʵʨʦʛʠʜʨʦʫʧʨʫʛʦʩʪʠ ʙʘʣʣʦʥʝʪʦʚ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ. ʇʨʦʜʦʣʴʥʳʝ ʛʘʙʘʨʠʪʳ ʠ ʧʣʦʱʘʜʴ 

ʧʨʦʜʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʦʙʦʠʭ ʚʘʨʠʘʥʪʦʚ ʦʛʨʘʞʜʝʥʠʷ ʦʜʠʥʘʢʦʚʘ. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ 


