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ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʔ ʉʆʃʅɽʏʅʓʍ ʅɸɻʈɽɺɸʊɽʃɽʁ ɺʆɼʓ 
ɪʄʂʆʉʊʅʆɻʆ ʊʀʇɸ ʉ ɻʀɹʂʀʄ ʇʆʃʀʄɽʈʅʓʄ ɸɹʉʆʈɹɽʈʆʄ 

 

ɽʨʤʦʣʝʥʢʦ ʅ.ɼ 

ʂʦʣʣʝʜʞ ʵʢʦʣʦʛʠʠ ʠ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʛʦʨʦʜ ʑʫʯʠʥʩʢ 

 

EFFICIENCY OF THE CAPACITY-TYPE SOLAR WATER 
HEATER WITH THE FLEXIBLE POLYMER ABSORBER 

 

Ermolenko N. 

College of Ecology and Forestry, Shchuchinsk 

 

ɸʥʥʦʪʘʮʠʷ 
ʇʦ ʫʪʦʯʥʸʥʥʦʡ ʤʝʪʦʜʠʢʝ ʨʘʩʯʸʪʘ ʧʦʣʫʯʝʥʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʣʥʝʯʥʳʭ ʥʘʛʨʝʚʘʪʝʣʝʡ ʚʦʜʳ 

ʸʤʢʦʩʪʥʦʛʦ ʪʠʧʘ ʩ ʧʦʣʠʤʝʨʥʳʤʠ ʘʙʩʦʨʙʝʨʘʤʠ ʠ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʦʛʨʘʞʜʝʥʠʡ. 

Abstract 

Energetic indexes of solar capacity-type water heaters with flexible polymer absorbers and different construc-

tions of enclosures using the refined method of calculus were obtained.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʥʘʛʨʝʚʘʪʝʣʠ ʚʦʜʳ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ.  

Keywords: Solar radiation, water heaters. 

 

ʆʙʲʝʢʪ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʣʥʝʯʥʳʡ ʥʘʛʨʝʚʘ-

ʪʝʣʴ ʚʦʜʳ (ʉʅɺ), ʚ ʢʦʪʦʨʦʤ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʩʦʚʤʝ-

ʱʝʥʳ ʩʦʣʥʝʯʥʳʡ ʢʦʣʣʝʢʪʦʨ ʠ ʘʢʢʫʤʫʣʷʪʦʨ ʛʦʨʷʯʝʡ 

ʚʦʜʳ. ʊʘʢʠʝ ʉʅɺ ʧʝʨʩʧʝʢʪʠʚʥʳ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʠʥ-

ʜʠʚʠʜʫʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ , ʥʦ ʠ ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ 

ʢʨʫʧʥʳʭ ʩʠʩʪʝʤ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ.  

ɸʙʩʦʨʙʝʨ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ 

ʠʟ ʯʸʨʥʦʡ, ʧʦʣʠʤʝʨʥʦʡ ʧʣʸʥʢʠ ʪʦʣʱʠʥʦʡ 150-

250ʤʢʤ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʠʞʥʶʶ ʯʘʩʪʴ ʸʤʢʦ-

ʩʪʠ ʩ ʚʦʜʦʡ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʸʤʢʦʩʪʠ ʠʟʛʦʪʦʚʣʷʝʪʩʷ 

ʠʟ ʦʜʥʦʛʦ ʠʣʠ ʜʚʫʭ ʩʣʦʸʚ ʧʨʦʟʨʘʯʥʦʡ ʧʣʸʥʢʠ. ɺ ʧʦ-

ʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʤʝʞʜʫ ʩʣʦʷʤʠ ʥʘʭʦʜʠʪʩʷ ʚʦʟʜʫʭ. ɺ 

ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʘʙʩʦʨʙʝʨʘ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʧʦʣʠʵʪʠʣʝʥ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝ-

ʥʠʷ, ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʥʘʷ ʧʣʸʥʢʘ, ʠʣʠ ʧʨʦʨʝʟʠʥʝʥ-

ʥʘʷ ʪʢʘʥʴ. ʅʘ ʨʠʩ.1 ʧʦʢʘʟʘʥʘ ʬʦʪʦʛʨʘʬʠʷ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʙʝʟʢʦʨʧʫʩʥʦʛʦ ʉʅɺ. 

 
ʈʠʩ.1.ɹʝʟʢʦʨʧʫʩʥʦʡ ʩʦʣʥʝʯʥʳʡ ʥʘʛʨʝʚʘʪʝʣʴ ʚʦʜʳ ʩ ʧʦʣʠʤʝʨʥʳʤ ʘʙʩʦʨʙʝʨʦʤ 

 

ɹʦʣʝʝ ʩʦʚʝʨʰʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʣʫʯʘʝʪʩʷ 

ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ ʧʦʣʠʤʝʨʥʦʡ ʸʤʢʦʩʪʠ ʚ ʪʝʧʣʦʠʟʦ-

ʣʠʨʦʚʘʥʥʦʤ ʢʦʨʧʫʩʝ. ɺʘʨʠʘʥʪ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

(ʬʦʪʦ ʥʘ ʨʠʩ.2) ʤʦʞʝʪ ʠʤʝʪʴ ʪʘʢʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ ʢʘʢ ʢʨʳʰʢʫ-ʨʝʬʣʝʢʪʦʨ ʩ ʪʝʧʣʦʠʟʦʣʷʮʠʝʡ 

ʠʣʠ ʙʝʟ ʥʝʸ, ʦʜʥʦʩʣʦʡʥʦʝ ʠʣʠ ʜʚʦʡʥʦʝ ʧʨʦʟʨʘʯʥʦʝ 

ʦʛʨʘʞʜʝʥʠʝ. ʕʪʠ ʵʣʝʤʝʥʪʳ ʩʣʫʞʘʪ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʧʦʣʝʟʥʦʡ ʵʥʝʨʛʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʦʪ ʩʦʣʥʝʯʥʦʛʦ 

ʥʘʛʨʝʚʘʪʝʣʷ ʠ ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ ʠ 

ʥʘʜʸʞʥʦʩʪʠ. ɽʩʣʠ ʢʨʳʰʢʫ-ʨʝʬʣʝʢʪʦʨ ʚʳʧʦʣʥʷʪʴ ʩ 

ʪʝʧʣʦʠʟʦʣʷʮʠʝʡ ʠ ʫʧʣʦʪʥʝʥʠʝʤ, ʪʦ, ʟʘʢʨʳʚʘʷ ʝʸ, 

ʤʦʞʥʦ ʩʦʭʨʘʥʷʪʴ ʛʦʨʷʯʫʶ ʚʦʜʫ ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʝʝ 

ʚʨʝʤʷ. 
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ʈʠʩ.2 ʉʦʣʥʝʯʥʳʡ ʥʘʛʨʝʚʘʪʝʣʴ ʚʦʜʳ ʸʤʢʦʩʪʥʦʛʦ ʪʠʧʘ ʩ ʧʦʣʠʤʝʨʥʳʤ ʘʙʩʦʨʙʝʨʦʤ ʠ ʧʣʦʩʢʠʤʠ 

ʨʝʬʣʝʢʪʦʨʘʤʠ. 

 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʉʅɺ ʩ ʛʠʙʢʠʤ ʧʦʣʠʤʝʨʥʳʤ ʘʙ-

ʩʦʨʙʝʨʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʜʦʣʞʥʳ ʨʘʩʧʦʣʘ-

ʛʘʪʴʩʷ ʚ ʧʣʦʩʢʦʩʪʠ ʙʣʠʟʢʦʡ ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ. ɺʪʦʨʦʡ, ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘ-

ʪʦʢ ʧʨʦʩʪʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʉʅɺ ʸʤʢʦʩʪʥʦʛʦ ʪʠʧʘ ï 

ʵʪʦ ʥʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʜʥʠ ʩ ʧʝʨʝʤʝʥʥʦʡ ʦʙ-

ʣʘʯʥʦʩʪʴʶ. ʆʜʥʘʢʦ, ʫʯʠʪʳʚʘʷ ʧʨʦʩʪʦʪʫ ʢʦʥʩʪʨʫʢ-

ʮʠʡ ʠ ʤʘʣʫʶ ʩʪʦʠʤʦʩʪʴ ʪʘʢʠʭ ʉʅɺ, ʤʦʞʥʦ ʧʨʝʜʧʦ-

ʣʦʞʠʪʴ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝ-

ʥʠʷ. ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʉʅɺ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʜʣʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ 

ʉʅɺ ʸʤʢʦʩʪʥʦʛʦ ʪʠʧʘ ʥʝ ʧʨʦʚʝʜʝʥʳ, ʧʦʵʪʦʤʫ ʥʠʞʝ 

ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʛʥʦʟʘ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʜʣʷ ʫʩʣʦʚʠʡ ʂʘʟʘʭʩʪʘʥʘ. ɼʣʷ ʨʘʩʯʸʪʦʚ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʣʥʝʯʥʦʛʦ 

ʥʘʛʨʝʚʘʪʝʣʷ ʚʦʜʳ ʸʤʢʦʩʪʥʦʛʦ ʪʠʧʘ ʧʨʠʤʝʥʝʥʳ ʤʝ-

ʪʦʜʠʢʠ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʨʘʙʦʪʘʭ . ɺ ʝʸ ʦʩʥʦʚʝ ʣʝʞʠʪ 

ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʵʣʝʢʪʨʦʪʝʧʣʦʚʘʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ 

ʩʦʣʥʝʯʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ ʚʦʜʳ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩ.3. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʸʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ 

ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʧʝʥʦʧʦʣʠʩʪʝʨʦʣ 

ʄ15 ʪʦʣʱʠʥʦʡ 50ʤʤ. ʅʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʚʦʜʳ ʚ ʨʘʟʥʳʝ ʤʝʩʷʮʳ ʛʦʜʘ ʙʨʘʣʘʩʴ ʢʘʢ ʩʨʝʜ-

ʥʝʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ. ʕʢʚʠʚʘʣʝʥʪʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʘʪʤʦʩʬʝʨʳ ʜʣʷ ʨʘʩʯʸʪʘ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʪʝʧʣʦʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʪʝʨʴ ʪʝʧʣʘ ʩ ʧʨʦʟʨʘʯʥʦʛʦ 

ʦʛʨʘʞʜʝʥʠʷ ʙʳʣʘ ʧʨʠʥʷʪʘ ʥʝʟʘʚʠʩʷʱʝʡ ʦʪ ʚʨʝʤʝʥʠ 

ʩʫʪʦʢ ʠ ʤʝʩʷʮʘ ʛʦʜʘ ʠ ʨʘʚʥʦʡ ï 7 0ʉ. ʇʨʠʚʝʜʝʥʥʘʷ 

ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʩʠʩʪʝʤʳ ʙʳʣʘ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ 1, ʘ 

ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ 1.  

 

 
ʈʠʩ.3 ʕʣʝʢʪʨʦʪʝʧʣʦʚʘʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʉʅɺ Ḃʤʢʦʩʪʥʦʛʦ ʪʠʧʘ. 
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ʊʘʢʠʝ ʟʥʘʯʝʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʚʝʣʠʯʠʥ ʦʙʫ-

ʩʣʘʚʣʠʚʘʶʪ ʥʝʢʦʪʦʨʦʝ ʟʘʥʠʞʝʥʠʝ ʨʘʩʯʸʪʥʳʭ ʜʘʥ-

ʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʤ. ʉʨʝʜʥʷʷ ʩʢʦ-

ʨʦʩʪʴ ʚʝʪʨʘ ʧʨʠ ʨʘʩʯʸʪʘʭ ʧʦʣʘʛʘʣʘʩʴ ʨʘʚʥʦʡ 3 ʤ/ʩ. 

ʕʪʦ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʷʩʥʳʭ 

ʜʥʝʡ ʚ ʪʝʯʝʥʠʝ ʘʥʪʠʮʠʢʣʦʥʦʚ ʠ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ 

ʮʠʢʣʦʥʦʚ. ʇʦʣʦʞʝʥʠʝ ʨʝʬʣʝʢʪʦʨʘ ʙʳʣʦ ʧʨʠʥʷʪʦ 

ʚʝʨʪʠʢʘʣʴʥʳʤ ʠ ʥʝʠʟʤʝʥʥʳʤ ʜʣʷ ʚʩʝʛʦ ʨʘʩʯʸʪʥʦʛʦ 

ʧʝʨʠʦʜʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʨʝʬʣʝʢʪʦʨʘ 

ɟr=const=0.78, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʘʙʩʦʨ-

ʙʝʨʘ ʂʧ = 0.92.ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʸʪʦʚ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʉʅɺ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.1 ʠ 

ʪʘʙʣ.2. 

ʊʘʙʣʠʮʘ.1. 

ʂʦʥʩʪʨʫʢʮʠʷ ʉʅɺ 

ʉʪʝʢʣʷʥʥʦʝ  

ʦʛʨʘʞʜʝʥʠʝ 

ŭ =3ʤʤ 

ʉʦʪʦʚʳʡ ʧʦʣʠʢʘʨʙʦʥʘʪ 

ŭ = 6ʤʤ 

ɹʝʟ ʢʦʨʧʫʩʘ ʩ  

ʜʠʘʬʨʘʛʤʦʡ 

ʂʧʨ 0.89 0.82 0.89 

ʂʧʛ 0.92 0.92 0.92 

Y, 

ɺʪ/ʂʤ2 
270 3.7 1600 

 

ɺ ʪʘʙʣ.1 ʂʧʨ - ʵʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ 

ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʧʨʦʟʨʘʯʥʳʤ ʦʛʨʘʞʜʝʥʠʝʤ ʧʨʠ ʥʫ-

ʣʝʚʦʤ ʫʛʣʝ ʧʘʜʝʥʠʷ; ʂʧʛ - ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝ-

ʥʠʷ ʤʘʪʝʨʠʘʣʘ ʘʙʩʦʨʙʝʨʘ; Y- ʪʝʧʣʦʚʘʷ ʧʨʦʚʦʜʠ-

ʤʦʩʪʴ ʧʨʦʟʨʘʯʥʦʛʦ ʦʛʨʘʞʜʝʥʠʷ. 

ʊʘʙʣʠʮʘ2. 

ʈʘʩʯʸʪʥʦʝ ʯʠʩʣʦ ʜʥʝʡ ʚ ʩʝʟʦʥʝ ʩ ʤʘʨʪʘ ʧʦ ʦʢʪʷʙʨʴ 

Nm 3 4 5 6 7 8 9 10 

Nd 6 8 12 16 18 18 12 7 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯⱪʪʦʚ. ʅʘ ʨʠʩʫʥʢʘʭ 3-6 ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʨʘʩʯʸʪʦʚ ʜʣʷ ʉʅɺ, ʠʤʝʶʱʠʭ ʨʘʟ-

ʣʠʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʜʣʷ ʜʚʫʭ ʫʨʦʚʥʝʡ ʚʦʜʳ: 0.07ʤ 

ʠ 0.1ʤ (ʥʘʛʨʫʟʢʘ 70 ʠ 100 ʣ/ʤ2) ʚ ʧʝʨʠʦʜ ʩ ʤʘʨʪʘ ʧʦ 

ʦʢʪʷʙʨʴ. ʂʦʥʩʪʨʫʢʮʠʷ 1 ʠʤʝʝʪ ʧʨʦʟʨʘʯʥʦʝ ʦʛʨʘʞʜʝ-

ʥʠʝ ʠʟ ʩʪʝʢʣʘ, ʉʅɺ ʩ ʨʝʬʣʝʢʪʦʨʦʤ; ʢʦʥʩʪʨʫʢʮʠʷ 2- 

ʧʨʦʟʨʘʯʥʦʝ ʦʛʨʘʞʜʝʥʠʝ ʠʟ ʩʪʝʢʣʘ, ʉʅɺ ʙʝʟ ʨʝʬʣʝʢ-

ʪʦʨʘ; ʢʦʥʩʪʨʫʢʮʠʷ 3- ʧʨʦʟʨʘʯʥʦʝ ʦʛʨʘʞʜʝʥʠʝ ʠʟ 

ʇʂ, ʉʅɺ ʩ ʨʝʬʣʝʢʪʦʨʦʤ; ʢʦʥʩʪʨʫʢʮʠʷ 4- ʧʨʦʟʨʘʯ-

ʥʦʝ ʦʛʨʘʞʜʝʥʠʝ ʠʟ ʇʂ, ʉʅɺ ʙʝʟ ʨʝʬʣʝʢʪʦʨʘ; ʢʦʥ-

ʩʪʨʫʢʮʠʷ 5- ʉʅɺ ʙʝʟ ʢʦʨʧʫʩʘ ʠ ʨʝʬʣʝʢʪʦʨʘ ʩ ʜʠʘ-

ʬʨʘʛʤʦʡ.  

ʢʦʥʩʪʨʫʢʮʠʷ 1- ʧʨʦʟʨʘʯʥʦʝ ʦʛʨʘʞʜʝʥʠʝ ʠʟ 

ʩʪʝʢʣʘ, ʉʅɺ ʩ ʨʝʬʣʝʢʪʦʨʦʤ  

ʢʦʥʩʪʨʫʢʮʠʷ 2- ʧʨʦʟʨʘʯʥʦʝ ʦʛʨʘʞʜʝʥʠʝ ʠʟ 

ʩʪʝʢʣʘ, ʉʅɺ ʙʝʟ ʨʝʬʣʝʢʪʦʨʘ  

ʢʦʥʩʪʨʫʢʮʠʷ 3- ʧʨʦʟʨʘʯʥʦʝ ʦʛʨʘʞʜʝʥʠʝ ʠʟ ʇʂ, 

ʉʅɺ ʩ ʨʝʬʣʝʢʪʦʨʦʤ 

ʢʦʥʩʪʨʫʢʮʠʷ 4- ʧʨʦʟʨʘʯʥʦʝ ʦʛʨʘʞʜʝʥʠʝ ʠʟ ʇʂ, 

ʉʅɺ ʙʝʟ ʨʝʬʣʝʢʪʦʨʘ 

ʢʦʥʩʪʨʫʢʮʠʷ 5- ʉʅɺ ʙʝʟ ʢʦʨʧʫʩʘ ʠ ʨʝʬʣʝʢʪʦʨʘ 

ʩ ʜʠʘʬʨʘʛʤʦʡ. 

ʊʘʙʣʠʮʘ.3. 

ʂʦʥʩʪʨʫʢʮʠʷ ʉʅɺ  ʋʨʦʚʝʥʴ ʚʦʜʳ 0.07ʤ ʋʨʦʚʝʥʴ ʚʦʜʳ 0.1ʤ 

1  1248 0.53 1337 0.57 

2  880 0.5 943 0.53 

3  1300 0.56 1351 0.58 

4  931 0.53 968 0.55 

5 823 0.46 893 0.5 

 

 
ʈʠʩ.4 ʉʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʣʝʟʥʦʡ ʵʥʝʨʛʠʠ (ʄɼʞ/ʤ2) ʚ ʨʘʟʥʳʝ ʤʝʩʷʮʳ ʧʨʠ ʥʘʛʨʫʟʢʝ ʉʅɺ 70ʣ/ʤ2 ʩʝʨʠʷ1 

ï ʢʦʥʩʪʨʫʢʮʠʷ ˉ5, ʩʝʨʠʷ 3 ï̄ 2 , ʩʝʨʠʷ 2 - ˉ3 
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ʈʠʩ.5. ʉʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʣʝʟʥʦʡ ʵʥʝʨʛʠʠ (ʄɼʞ/ʤ2) ʚ ʨʘʟʥʳʝ ʤʝʩʷʮʳ ʧʨʠ ʥʘʛʨʫʟʢʝ ʉʅɺ 100ʣ/ʤ2 ʩʝʨʠʷ1 

ï ʢʦʥʩʪʨʫʢʮʠʷ ˉ5, ʩʝʨʠʷ 3 ï̄ 2 , ʩʝʨʠʷ 2 - ˉ3 

 
ʈʠʩ.6 ʋʜʝʣʴʥʘʷ ʧʦʣʝʟʥʘʷ ʵʥʝʨʛʠʷ (ʄɼʞ/ʤ2) ʚ ʨʘʟʥʳʝ ʤʝʩʷʮʳ ʛʦʜʘ ʧʨʠ ʥʘʛʨʫʟʢʝ ʉʅɺ 70ʣ/ʤ2 ʩʝʨʠʷ1 ï 

ʢʦʥʩʪʨʫʢʮʠʷ ˉ5, ʩʝʨʠʷ 3 ï̄ 2 , ʩʝʨʠʷ 2 - ˉ3 

 
ʈʠʩ.7 ʋʜʝʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʧʦʣʝʟʥʘʷ ʵʥʝʨʛʠʷ (ʄɼʞ/ʤ2) ʚ ʨʘʟʥʳʝ ʤʝʩʷʮʳ ʛʦʜʘ ʧʨʠ ʥʘʛʨʫʟʢʝ 

ʉʅɺ 100ʣ/ʤ2 ʩʝʨʠʷ1 ï ʢʦʥʩʪʨʫʢʮʠʷ ˉ5, ʩʝʨʠʷ 3 ï̄ 2 ,ʩʝʨʠʷ 2 - ˉ3 
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ɿʘʢʣʶʯʝʥʠʝ 

1. ʉʦʣʥʝʯʥʳʡ ʥʘʛʨʝʚʘʪʝʣʴ ʚʦʜʳ ʩ ʨʝʬʣʝʢʪʦʨʦʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ, ʠ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʫʶ ʚʳ-

ʨʘʙʦʪʢʫ ʧʦʣʝʟʥʦʡ ʵʥʝʨʛʠʠ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ, ʯʝʤ ʉʅɺ 

ʙʝʟ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʮʠʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʪʝʤ, ʯʪʦ ʚ ʚʝʩʝʥʥʝʝ - ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ, ʩʥʠʞʝʥʠʝ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʧʘʜʘʶʱʝʡ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʯʘʩʪʠʯʥʦ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʨʦʩʪʦʤ ʩʦʣ-

ʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʦʪʨʘʞⱪʥʥʦʛʦ ʥʘ ʘʙʩʦʨʙʝʨ ʉʅɺ 

ʦʪ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʝʬʣʝʢʪʦʨʘ.  

2. ʉʦʣʥʝʯʥʳʝ ʥʘʛʨʝʚʘʪʝʣʠ ʚʦʜʳ ʩ ʛʠʙʢʠʤ ʘʙ-

ʩʦʨʙʝʨʦʤ ʠ ʧʨʦʟʨʘʯʥʳʤ ʦʛʨʘʞʜʝʥʠʝʤ ʙʝʟ ʢʦʨʧʫʩʘ ʠ 

ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʝ, 

ʘ ʪʘʢʞʝ ʘʧʨʠʦʨʠ ʤʝʥʝʝ ʥʘʜʸʞʥʳʝ, ʯʝʤ ʉʅɺ ʩ ʪʝʧ-

ʣʦʠʟʦʣʠʨʦʚʘʥʥʳʤ ʢʦʨʧʫʩʦʤ. ʆʜʥʘʢʦ ʨʘʩʭʦʜʳ ʥʘ ʠʭ 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʤʠʥʠʤʘʣʴʥʳ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʘ ʢʦʥ-

ʩʪʨʫʢʮʠʷ ʫʜʦʙʥʘ ʜʣʷ ʧʝʨʝʥʦʩʥʳʭ ʉʅɺ. ʇʦʵʪʦʤʫ 

ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʭ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʥʝʦʙʭʦʜʠʤ ʘʥʘʣʠʟ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʵʢʦ-

ʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʢʦʥʩʪʨʫʢ-

ʮʠʡ.  

3. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʉʅɺ ʸʤʢʦʩʪ-

ʥʦʛʦ ʪʠʧʘ, ʘ ʪʘʢʞʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ, ʠʭ ʫʜʝʣʴ-

ʥʦʡ ʥʘʛʨʫʟʢʠ ʧʦ ʚʦʜʝ ʠ ʤʝʩʷʮʘ ʛʦʜʘ. ɺ ʚʝʩʝʥʥʠʡ ʠ 

ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ʜʣʷ ʥʘʛʨʝʚʘ ʚʦʜʳ ʜʦ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʥʝʦʙʭʦʜʠʤʦ ʩʥʠʞʝʥʠʝ ʫʜʝʣʴʥʦʡ 

ʥʘʛʨʫʟʢʠ ʧʦ ʚʦʜʝ (ʪʦʣʱʠʥʳ ʩʣʦʷ ʚʦʜʳ), ʯʪʦ ʪʨʝʙʫʝʪ 

ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ ʉʅɺ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʞʝʣʘ-

ʪʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʛʦʨʷʯʝʡ ʚʦʜʳ, ʠʣʠ ʧʨʠʤʝʥʝʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ, ʥʘʧʨʠʤʝʨ, ʊʕʅ.  

4. ʅʘʠʣʫʯʰʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʠʤʝʝʪ ʉʅɺ ʩ ʨʝʬʣʝʢʪʦʨʦʤ ʠ ʧʨʦʟʨʘʯʥʳʤ ʦʛʨʘʞʜʝ-

ʥʠʝʤ ʠʟ ʷʯʝʠʩʪʦʛʦ ʧʦʣʠʢʘʨʙʦʥʘʪʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʝʛʦ 

ʙʦʣʝʝ ʥʠʟʢʫʶ ʧʨʦʧʫʩʢʘʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʝʢʣʦʤ. ʕʪʦ ̫ ʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʦ-

ʚʳʰʝʥʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʟʨʘʯ-

ʥʦʛʦ ʦʛʨʘʞʜʝʥʠʷ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʵʪʦʪ ʤʘʪʝʨʠʘʣ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʩʪʝʢʣʘ, ʤʝʭʘʥʠʯʝʩʢʠ ʙʦʣʝʝ ʧʨʦʯʥʳʡ ʠ 

ʙʦʣʝʝ ʣʸʛʢʠʡ, ʯʪʦ ʚʘʞʥʦ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʧʝʨʝʥʦʩʥʳʭ ʉʅɺ, ʝʛʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʧʨʦʟʨʘʯ-

ʥʦʛʦ ʦʛʨʘʞʜʝʥʠʷ.  

5. ʉʝʟʦʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʉʅɺ ʨʘʩʩʤʦʪ-

ʨʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦ ʛʦʨʷʯʝʡ ʚʦʜʝ ʩ ʪʝʤʧʝʨʘʪʫ-

ʨʦʡ ʦʪ 30 ʜʦ 70 oC ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ (6ï10)m3 ʥʘ 

1ʤ2 ʧʣʦʱʘʜʠ ʘʧʝʨʪʫʨʳ. 

6. ɼʘʣʴʥʝʡʰʠʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ ʩʚʷʟʘʥʳ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʨʝʞʠʤʦʚ 

ʠ ʨʘʟʤʝʨʦʚ ʯʠʩʪʦ ʩʦʣʥʝʯʥʳʭ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʩʦʣ-

ʥʝʯʥʳʭ ʥʘʛʨʝʚʘʪʝʣʝʡ ʚʦʜʳ ʸʤʢʦʩʪʥʦʛʦ ʪʠʧʘ ʠ ʪʨʘ-

ʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ. 
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Abstract 

The article considers a new concept of gravitational radius and some principal conclusions from a fact of 

restricted area of gravitation forces for cosmology models. The problem for transformation of the mass into the 

energy of gravitational waves and local character of physical law was underlined.  
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Introduction  

The modern physics is in deep crises today and 

needs essential changes on conceptual level [1]. Let's 

begin from the most usual and the most difficult for 

physical explanation fact ï from extension of our Uni-

verse. Existing cosmological models with Big Bang 

have not serious experimental support yet. So, expan-

sion of Universe generates many inconsistencies and 

paradoxes, for example, deny conservation energy law 

[2] etc.  

Also, till recent time, the red shift in spectra of gal-

axies was possible to explain not by Dopplerôs effect 

only, caused by moving stars and galaxies away, but for 

example, by ñtired light effectò (other term ïñagingò of 

photons) [3] as a result of dissipation photonôs energy 

on its long way from stars and galaxies to the Earth. It 

was said, that a photon (light) loses a part of its energy 

by ñfriction with spaceò on such large distances. There 

are statements, that Hubble not rejected this point of 

view.  
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In this article some problems existing in modern 

concept of gravitation was analyzed and discussed.  

Gravitation  

Gravitation is one of the fundamental physical in-

teractions. Different concept for gravitational forces 

exists and it is not only classical Newtonôs or Einsteinôs 

general relative point of view. For example, there is a 

statement, that gravitation exists due to fluctuations of 

elementary charges in mater [4] etc. It is because many 

contradictions exist inside the Einsteinôs theory of 

gravitation ï the main theory of gravitation today.  

For example, the concept of black holes say, that 

no one objects (and photons too) can not go away from 

points under Schwarzschild radius. But in this case 

gravitons also can not go away from black holes and it 

means, that beyond black holes gravitation disappears, 

but we see it is not so.  

The statement that photons can not escape regions 

inside black hole is in contradiction with classical 

(Newtonôs) point of view on photons with not zero 

mass. From classical point of view light (photons) ever 

go away from any gravitational center [5] with decrease 

of photonôs energy (with a red shift).  

Also a concept of dark matter has many objections 

because it is only hypothesis without any experimental 

support. The concept of dark matter is in contradiction 

with nuclear physics too. We donôt know even dark ma-

ter consists from bosons or fermions? It is something 

similar to a "caloric theory" had existing in 19 century 

and denied later.  

Really, we need not in an additional gravitation 

from dark matter, but in another law for gravitation on 

a scale of solar system and on dimensions of galaxies.  

Also it is not explained yet singularity in black 

holes. So, we donôt know what kind of substance may 

be inside black holes [5] and we donôt know any nu-

clear reactions or any process able to disappear 3 solar 

masses in a time period about 0.2 s [6]. We also donôt 

know where the ñendò of our solar system is and many 

similar questions exist and are waiting answers.  

Non-inertial reference frames  

So, first of all let us analyze what we exactly know 

today? We know exactly that our Universe is expanding 

according to the Hubbleôs law: 

v=HD   (1) 

where v ï is velocity of the star or galaxy in km/s, 

D ï is a distance to the star in Mps (1 megaparsec = 

3.09Ĭ1019 km) and H ï is Hubbleôs constant.  

Experiments with the Moon (Lunar) laser ranging 

and based on experimental results calculation of mov-

ing away the Moonôs velocity, equal to 3,8 cm per one 

year (average value), let us to calculate Hubbleôs con-

stant as - 96,6 kms/Mps [7].  

It is good coincidence with existing for H value - 

67-75 kms/Mps.  

The solution for equation (1) is well known:  

R= R0 exp(Ht) + v0 t   (2) 

where R0 and v0 are initial distance and velocity, 

and t ï is a time.  

It means that our Universe expanding with expo-

nential rising speed and it was experimentally approved 

in the middle 90 years.  

Alternative Friedmannôs cosmological model [8] 

exists and many others models predicting evolution of 

our Universe exist too, but all these theories have not 

enough experimental evidences and all they are mathe-

matical models only. The evolution of our Universe in 

Friedmannôs model also depends on its density, but we 

underline again - it is only mathematical model.  

Equation (2) corresponds to fact, that all stars and 

galaxies in our Universe are moving away with some 

acceleration a : 

a = H2 R0 exp(Ht)  (3) 

For physical science it means that we can not find 

majority of inertial reference frames in expanding Uni-

verse and all our physical laws have only local validity. 

They are correct at small distances till it is possible to 

neglect by deposit of our Universe expansion.  

The acceleration a in (3) will rise as a distance rise, 

but at the same times Newtonôs gravitation decreases as 

a distance increase and at some distance Rg, named as 

gravitational radius, they will be equal.  

Rg = (GM/H2)1/3  (4) 

where M ï is a mass and G is gravitationôs con-

stant. All another parameters are the same, as they were 

defined before.  

Beyond Rg we can ignore gravitational forces 

from mass M. And Rg ï has no reference to Kuiper belt 

or other solar system dimensions. It is absolutely new 

physical parameter and it shows after what distances we 

can ignore by gravitation from the object M. Estima-

tions for Sun gives Rg about 300 light years.  

Gravitational radius depends on the mass in the 

center and slowly decreases, as the mass decreases.  

Let us make the same estimation for gravitational 

radius in our galaxy Milky Way. We know that in a 

center of our galaxy was placed a black hole with a total 

mass more than 4 millions of solar mass [9]. So, the 

gravitational radius for Milky Way will be about 50 000 

light years and it excellent coincide with real radius.  

In contradiction to Friedmannôs model the gravi-

tational radius has restricted and gravitation doesnôt 

joint all stars and galaxies in the Universe. Also, the 

masses in Universe are not uniform distributed in space 

now and our Universe consists from separated regions 

jointed by gravitation inside, what we really see on the 

sky.  

No gravitation, but only light ñjointsò all parts of 

our Universe.  

Conclusions  

Based on formula (4) and images of galaxies it is 

possible to estimate masses of different cosmic objects 

now. Also it is possible to suppose, that formation of 

galaxyôs spiral arms done in the same manner with re-

stricted gravitational radius (see Fig. 1).  
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Fig. 1 Structure of the galaxy Milky Way  

 

For galaxy arms we can also introduce another, 

smaller radius r corresponding to local masses in arm. 

Because these masses are smaller, they donôt able to 

joint all masses in galaxy, but able do it in local region 

of the arm.  

To approve these ideas, it is necessary to check up 

equation (4) and proposed model of gravitational radius 

on majority of other cosmological objects. But in any 

case restrictions for non-inertial reference frames and 

additional acceleration (3) we must take into account in 

any cosmological models.  
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Abstract 

The present paper deals with the results of study of developmental pattern of individuals of a medicinal plant 

Nepeta glutinosa in the West Pamirs (Tajikistan). It has been established that ontogenesis of N. glutinosa individ-

uals is simple, complete, plants pass all ontogenetic states through morphogenetic phases: primary 

shootŸaxisŸprimary bush. Individuals develop on the sympodial long-shooted model of sprout formation. 

 

Keywords: Nepeta glutinosa, ontogenesis, morphology, Tajikistan. 

 

Medicinal plants have long been used in common 

medicine of different countries. The availability of bio-

logically active substances in them makes it possible to 

apply plants for prophylaxis and cure for many dis-

eases. The genus Nepeta L. (family Lamiaceae Lindl.) 

is in the forefront by volume in the tribe Nepeteae 

Benth. The greatest taxonomic diversity is concentrated 

in the mountain areas of Central Asia, the Hindu Kush 

and the Western Himalaya. Some representatives of the 

genus Nepeta possessing various medicinal properties 

are widely used by local population of Central Asia. In 

the dry area of the Himalaya some Nepeta species serve 

as decoctions and tincturesʚ when treating pneumonia, 

fever and diarrhea [1]. Chemical component composi-

tion and biological activity of several Nepeta species 

have been studied in both Russia and abroad [2,3].  

Unsustainable utilization by local population of 

plant raw material as medicines often leads to disap-

pearance of many plant species from native flora. For 

conservation of biodiversity it is essential to study the 

main biological peculiarities of species individuals, 

their development and resistance mechanisms in coe-

noses. An approach developed in Russia and based on 

discrete description of ontogenesis [4,5] allows de-

scribing a process of individual development which re-

flects morphological mechanisms of plant adaptation to 

different growth conditions. It is especially important 

for study of plants of economic and practical values. N. 

glutinosa Benth. belongs to such species, decoction of 

the above-ground parts of which is used by local popu-

lation in Central Asia as an antifebrile remedy. 

When analyzing a morphological structure of 

plants, different approaches are used. They are based 

on study of the character of growth and branching of 

the main structural units of the shooting system ï mod-

ula of different ranks [6,7,8,9]. To date we have studied 

ontogenesis and its polyvariation of a great many Nep-

eta species [10,11] however, N. glutinosa has not been 

examined from this viewpoint. 

In this regard, the aim of the paper is study of the 

ontogenetic pattern of N. glutinosa individuals in the 

Western Pamirs. 

Material for study of ontogenesis was collected in 

2013 in the ravine of the Garm-Chashma River basin 

(the Western Pamirs, Tajikistan) on the stony slope 

with a south-western exposure above the Khazguni 

River bed in the steppe belt (N 37Á10Ë50.0ËË, ɽ 

0,71Á33Ë17.7ËË, h =3010 m asl) in the wormwood com-

munity.  
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Fig. 1.  Research area. 

 

When describing ontogenesis, the concept of dis-

crete description of ontogenesis [4,5] and its polyvaria-

tion was used. The ontobiomorph, morphogenesis 

phases and structural organization of the shooting sys-

tem were represented according to the ideas of O.V. 

Smirnova et al. [12], ʊ.I. Serebryakova [9]. The calen-

dar age of individuals was determined with the help of 

direct calculation of annual rings on the anatomic sec-

tion of the caudex, as well as by the number of pre-

served annual residues.  

Study of ontogenesis is based on the T.A. Uranov 

[5] classification in which individual ontogenesis is di-

vided into four periods involving the following ontoge-

netic states: 1. Latent period (the ontogenetic state ï 

dormant seeds); 2. Pregenerative period (the ontoge-

netic states ï seedling, juvenule, immature, virginal); 3. 

Generative period (the ontogenetic statesï young gen-

erative, mature generative, old generative); and 4. Post-

generative period (the ontogenetic states ï subsenile, 

senile). Plants were assigned to one or other ontoge-

netic state on the basis of the complex of qualitative 

characters. An appropriate index ñabbreviationò was 

given to each ontogenetic state.  

Seedling (p) ïmixed nutrition (at the expense of 

seed substances and assimilating leaves), availability of 

embryonic structures (seed lobes, embryo root and 

shoot) 

Juvenile (j) ï the ease of organization of a plant 

vegetative body, absence of preformed characters typi-

cal of adult plants. Another type of growth and branch-

ing. Loss of links with a seed. As a rule, absence of seed 

lobes. 

Immature (im) ï availability of properties and 

characters transitional from juvenile plants to adult 

ones. Appearance of certain adult traits in the shoot 

structure (e.g., change of growth, early branching). 

Preservation of some elements of a primary shoot. 

Virginal (v) ï appearance of the main traits and a 

life form typical of the species. Plants have adult leaves, 

shoots and root system characteristic of the species. 

Generative organs are absent. 

Young generative (g1) ïemergence of generative 

organs. Dominance of new growth processes over dy-

ing off. The final formation of adult structures. 

Mature generative (g2) ï new growth and dying 

off processes balance. Maximum annual growth of bi-

omass and maximum seed productivity.  

Old generative (g3) ï dominance of dying off pro-

cesses over new growth (reduction in generative func-

tion, attenuation of root and shoot formation pro-

cesses). 

Subsenile (ss) ï a total absence of fruit bearing. 

Pronounced dominance of dying off processes over 

new growth. Emergence of secondary traits of above-

ground organs with a plant habit of the pregenerative 

period (immature or virginal states). 

Senile (s) ï accumulation of dead plant parts. Sec-

ondary appearance of some juvenile traits. Absence of 

regeneration buds.  

N. glutinosa belongs to the section Glechomantha 

Pojark. sect. nov. and is placed in a separate monotypic 

subsection Brachystegiae Pojark. on the base of some 

distinct corolla details. 

N. glutinosa is a xerophyte taprooted caudex-

forming herbaceous polycarpous plant belonging to the 

monocentric biomorph. Hemicryptophyte. 

N. glutinosa is a high-mountain species of Central 

Asia. Its area encompasses Kashgaro-Junggar regions 

of China and the north-western Himalaya (Kashmir), as 

well as the north-east parts of the Hindu Kush (ɸfghan-

istan) to the southern West Pamirs (Vakhan region), it 

is noted in Iran [13]. The northern boundary of species 

distribution goes through the territory of Tajikistan. N. 

glutinosa individuals inhabit tragacanth belts and de-

sert-tragacanth steppes, cryophyton. They prefer moun-

tain stony slopes and screes. Occur in absinthial group-

ings and steppes, more seldom in sedge-Cobresia al-

pine meadows [14]. 
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Adult plants are 40 to 70 cm. Shoots are ortho-

tropic, rarely anisotropic, with long glandular hairs ad-

mixed with closely together sessile glands. Leaves are 

1,5 - 3 cm long and more than 2 cm wide. Green leaf 

blade, depending on the position on the shoot axis, is 

rounded to ovate. Leaf margin is spaced sharp-notched-

toothed with intermediate spiny teeth. Inflorescence is 

spike-shaped, 20 cm in length (Fig. 1).  

 
Fig. 2. Appearance of Nepeta glutinosa (Garm-Chashma River basin).  

 

Ontogenesis of N. glutinosa individuals is repre-

sented schematically in Fig. 3. 

 
Fig. 3. Ontogenesis of Nepeta glutinosa individuals. 

 

Legend: Ontogenetic stat: p ï seedling, j1 ï juve-

nile at 1 year old, j2 ï juvenile at 2 year old, im ï im-

mature, v ï virginal, g1 ï young generative, g2 ï mature 

generative, g3 ï old generative, ss ï subsenile and s ï 

senile,  soil level,  transitions from one onto-

genetic state to another one. 

 

Germination of seeds is above-ground. From ger-

mination to the first sympodial accretion individuals 

are in the phase of a primary shoot. A seedling (p) has 

two oval seed lobes in which initiation of lateral buds 

takes place. After cotyledon dying off and monopodial 

accretion plants turn into a juvenile state (j). A terminal 

bud produces 2ï3 opposite primordial elements of true 
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green leaves unfolding in the same year. In late vegeta-

tive period the above-ground part of a shoot dries up, 

and as a result of contractile force of the main root a 

basal part of the primary shoot falls in the substrate. The 

remainder of the shoot with lateral buds of a cotyledo-

nary node ï a residue is the first composite structure of 

the caudex. In the next year one of the lateral buds be-

gins to grow, the other, an opposite one, does not de-

velop and becomes dormant. A regeneration shoot is 

elongated, 3.5ï5 cm high, in its structure there is an un-

derground basal part with shortened metamers and 

above-ground one with extended metamers. Monopo-

dial accretion changes to sympodial one. Over 2ï4 

years plants are in the phase of the main axis with ac-

cretion of one regeneration shoot following the sympo-

dial pattern. Only one bud develops, the rest of buds 

become dormant. A shoot annually dies off to the basal 

part, the residues are therewith retained, their totality 

makes up the basis for sympodial accreting caudex. The 

main root branches to order III.  

At 3ï5 years of age plants turn into the following 

ontogenetic state ï immature (im). In this period indi-

viduals begin branching and pass into the next morpho-

genesis phase ï çprimary bush è which lasts to comple-

tion of ontogenesis. A bush of young plants represents 

a system of monocyclic elongated shoots more than 8ï

10 cm high. Formation of shoot systems is connected 

with development of two and more buds preserved on 

residues. Under the ground, due to branching of an in-

dividual, the caudex becomes branched. State duration 

is not more than 1 year.  

In the virginal ontogenetic state (v) a bush consists 

of 3-5 vegetative shoots more than 12ï15 cm in height. 

The shoot sphere of individuals becomes more compli-

cated due to development of lateral buds in the above-

ground elongated part of the shoot of the current 

growth. Formation of a branched shoot system in-

creases photosynthesis surface volume. Regeneration 

buds emerge in the basal shoot part and form new 

shoots only in the next year after overwintering of 

plants. In the underground part of individuals the cau-

dex is compact, consists of shortened residues of differ-

ent age and order with side functionally active buds. 

State duration is one, rarely two vegetative seasons. 

At 4ï7 years of age plants break into blossom. All 

shoots emerged from regeneration buds flower. In the 

year of individual flowering an apical meristem of a 

growing shoot forms germinal elements of the genera-

tive sphere besides vegetative organs. In the young gen-

erative state (g1) plants represent a compact bush 

formed by 4ï5 orthotropic, monocyclic elongated gen-

erative shoots 20ï25 cm high. A shoot axis ends with 

an inflorescence ï frondose spiked thyrse consisted of 

opposite dichasia. Inflorescence length exceeds 8ï12 

cm. Under the ground caudex axial parts decompose as 

a result of necrosis of internal tissues of multi-year 

structures. Particulation begins. The main root is thick-

ened and twisted. State duration does not exceed 3 

years. 

By the age of 10 years plants turn into the mature 

generative state (g2). Regeneration shoots formed from 

a great quantity of buds preserved on the residues in-

crease bush sizes. The number of shoots of the current 

growth may be from 15 to 20, high from 20 to 45 cm. 

Vegetative shoots of enrichment of order I, not more 

than 4-6 cm long are formed from side buds of the 

above-ground elongated part of a shoot. Peripheral 

spread of the caudex takes place due to increase in num-

ber of residues. Partial particulation of the caudex leads 

to formation of cavities and fissures in it which are 

clogged with substrate particles. Destruction of the cau-

dex is followed by isʦlation of compact caudicles. The 

main root is twisted like a spindle and begins to split up 

due to constant contractile force. It is impossible to ob-

tain precise data on state duration because of destruc-

tion of multi-year structure integrity of the caudex.  

Beginning with the old generative state (g3), shoot 

formation in N. glutinosa individuals is not only by way 

of regeneration bud activity, but also by dormant bud 

unfolding. In a bush there are 3-7 generative shoots not 

exceeding 20ï25 cm in height. The caudex grows 

around the periphery due to a great many residues. 

There are 1ï3 viable centers of shoot formation which 

are shifted to the bush periphery. Further particulation 

leads to deep splitting of caudicles. Tissue necrosis and 

multi-year residue dying off are followed by formation 

of new cavities and hollows. The main root is split 

along parenchymal rays, twisted and fixed deep in the 

soil.  

The habit of individuals of the subsenile state (ss) 

is that of above-ground immature or virginal plants. 

Shoot formation takes place due to development of 

dormant buds, rarely regeneration buds concentrated at 

the caudex periphery. Under the ground a central part 

of the caudex is destroyed. The ontogenesis ends with 

the senile state (s). During this period 1ï2 vegetative 

shoots developed from dormant buds are formed in 

plants. The habit of shoots is that of the immature type. 

In the under ground part of an individual the caudex is 

essentially destroyed, it is connected with preserved 

living sites of the conducting system of the main root. 

 

Conclusion. 

Use of the morphological approach to a discrete 

description of the ontogenesis allows to assess the pro-

spects of development of individuals and their sustain-

able existence in communities. Thus, the ontogenesis of 

N. glutinosa individuals studied in the wormwood com-

munity in the West Pamirs (Tajikistan) is simple, com-

plete, plants pass all ontogenetic states and phases of 

morphogenesis: primary shootŸaxisŸprimary bush. 

Individuals develop on the sympodial long-shooted 

model of sprout formation. Cutting of the entire above-

ground shoot biomass lower basal parts with regenera-

tion buds leads to fast senescence and dying off a com-

plete individual. For preservation of a species in the 

coenosis, it may be recommended not annual cutting of 

a part of shoots in a bush above the regeneration zone. 

Acknowledgments. 

The work was financially supported within the 

project of State Assignment ˉ 0312-2016-0003 and 

the grant of RFBR within the framework of scientific 

project 15-04-02857. 

 

  



Slovak international scientific journal # 6 (6), 2017 | BOTANY 15 

 

REFERENCES: 

1. Kumar P., Gupta S., Murugan P., Bala S. Eth-

nobotanical Studies of Nubra Valley - A Cold Arid 

Zone of Himalaya // Ethnobotanical Leaflets, 2009, vol. 

13 p. 752-65. 

2. Formisano C., Rigano D., Senatore F. Chemi-

cal Constituents and Biological Activities of Nepeta 

Species // Chemistry and Biodiversity, 2011, vol. 8, pp 

1783ï1818. 

3. Rabotyagov V.D., Aksenov Yu.V. Compo-

nent composition of essential oil from species of genus 

Nepeta L. // Pharmacy and pharmacology, 2014, vol. 6 

(7), pp 25ï28. 

4. Rabotnov, T.A. Life cycle of perennial herba-

ceous plants in meadows cenosises, Tr. Bot. Inst., 

Akad. Nauk SSSR, Ser. 3, 1950. 176 p. 

5. Uranov A.A. Vozrastnoy spektr fitotsenopop-

ulatsyi kak funkciy vremeni i energeticheskich 

volnovych protsessov // Naych. Dok. Vysshaya Shkola. 

Moscow, Nauka, 1975, no. 2, P. 7ï34. 

6. Serebryakov, I.G. Ekologicheskaya morfolo-

giya rastenii (Ecological Plant Morphology), Moscow: 

Vysshaya Shkola, 1962. 378 p. 

7. Halle F., Oldeman R.A.A. Essai sur l 

architecture et la dynamique de croissance des arbres 

tropicaux. Paris, 1970. 178 p. 

8. Gatsuk, L.E., On the methods of description 

and definition of life forms in seasonal climates // 

Byull. MOIP. Otd. Biol. 1974. Vol. 79. N. 3. pp. 84ï

100. 

9. Serebryakova, T.I. General ñarchitecture mod-
elsò of herbaceous perennial plants and their transfor-

mation types // Byull. Mosk. O_va. Ispyt. Prir., Otd. 

Biol., 1977, vol. 82, no. 5, pp. 112ï128. 

10. Astashenkov, A.Yu., Cheryomushkina V. A. 

Architectural model of Nepeta mariae Regel (Lami-

aceae) // Plant life of Asian Russia 2015, vol. 4 pp. 22ï

29. 

11. Astashenkov, A.Yu., Morphological adapta-

tion of Nepeta pamirensis Franch. (Lamiaceae) to the 

conditions of the Pamir Mountains // Contemp. Probl. 

Ecol., 2015, vol. 8, no. 5, pp. 636ï646.  

12. Smirnova, O.V., Zaugolônova, L.B., Erma-
kova, I.M., et al. Tsenopopulyatsii rastenii (osnovnye 

ponyatiya i struktura) (Plant Populations: General 

Terms and Structure), Moscow: Nauka, 1976. 216 p. 

13. Butantsev A.L. Triba Nepeteae Benth. Lami-

aceae (sistemtica, geografia, vozmozhnocti ispol-

zovanie). Doc. Diss. Leningrad. 1993, 455 P. 

14. Kochkaryeva T.F. Genus Lamiaceae, in Flora 

TadgikSSR, Leningrad: Akad. Nauk SSSR, 1986, no. 8 

pp. 104ï142. 

  



16 Slovak international scientific journal # 6 (6), 2017 | CHEMISTRY 

 

CHEMISTRY  
 

ʉɺʆʁʉʊɺɸ ʀ ʋʉʊʆʁʏʀɺʆʉʊʔ ʇɽʅ, ʉʆɼɽʈɾɸʑʀʍ 
ɼʀɿɽʃʔʅʆɽ ʊʆʇʃʀɺʆ 

 

ɺʠʣʢʦʚʘ ʅ.ɻ. 

ɼʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

 ʧʨʦʬʝʩʩʦʨ ʧʝʥʟʝʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ɻʨʠʮʦʚʘ ʖ.ɸ. 
ʉʪʫʜʝʥʪʢʘ ʇʝʥʟʝʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

 

PROPERTIES AND STABILITY OF FOAMS CONTAINING 
DIESIL FUEL 

 

Vilkova N. 

Doctor of chemical sciences, professor of the Penza State University of Architecture and Building 

Gritzova Y. 

Student of the Penza State University 

 

ɸʥʥʦʪʘʮʠʷ 

ʀʟʫʯʝʥʳ ʩʚʦʡʩʪʚʘ ʧʝʥ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʩ ʜʦ-

ʙʘʚʣʝʥʠʝʤ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ (ɼʊ). ɼʦʙʘʚʣʝʥʠʝ ɼʊ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʧʝʥ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʧʝʥʥʳʭ ʧʣʝʥʦʢ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʤʠ ʚʝʱʝ-

ʩʪʚʘʤʠ, ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʜʠʟʝʣʴʥʳʤ ʪʦʧʣʠʚʦʤ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʠʭ ʨʘʟʤʝʨʦʚ 

Abstract  
The properties of foams stabilized by various surfactants with the addition of diesel fuel (DT) have been 

studied. Addition of DT leads to a sharp decrease in the lifetime of foams. Stability of macroscopic foam films 

stabilized by surfactants, when in contact with diesel fuel, increases with decreasing size. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʥʳ, ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ, ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ. 

Keywords: foams, films, surfactants, diesel fuel, stability. 

 

ʅʝʬʪʝʧʨʦʜʫʢʪʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ 

ʚʦʜʦʝʤʦʚ. ɼʣʷ ʦʯʠʩʪʢʠ ʚʦʜ ʦʪ ʪʘʢʠʭ ʟʘʛʨʷʟʥʝʥʠʡ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʬʣʦʪʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ [1-6]. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʜʝʨʞʘ-

ʥʠʝʤ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʚ ʚʦʜʝ, ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʦʙʨʘʟʫ-

ʶʱʠʭʩʷ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ, ʩʚʦʡʩʪʚʘʤʠ ʭʠʤʠʯʝ-

ʩʢʠʭ ʚʝʱʝʩʪʚ (ʇɸɺ, ʢʦʘʛʫʣʷʥʪʦʚ), ʢʦʪʦʨʳʝ ʧʦʚʳ-

ʰʘʶʪ ʢʘʯʝʩʪʚʦ ʦʯʠʩʪʢʠ ʚʦʜʳ. 

ɺ ʨʘʙʦʪʝ [1] ʠʟʫʯʝʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʝʥ, ʦʙʨʘʟʦ-

ʚʘʥʥʳʭ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʥʝʬʪʝ-

ʧʨʦʜʫʢʪʳ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʨʘʩʪʚʦʨʘʤ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʇɸɺ) ʠ ʜʠʩʧʝʨʛʠʨʦ-

ʚʘʥʥʳʭ ʯʘʩʪʠʮ ʛʝʣʷ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʧʝʥʳ ʟʘʚʠʩʝʣʘ 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʇɸɺ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ, ʩʦʜʝʨ-

ʞʘʥʠʷ ʩʦʣʝʡ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʬʪʠ, ʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ. ʇʨʠʯʠʥʦʡ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦ-

ʩʪʠ ʧʝʥ ʘʚʪʦʨʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʯʠʪʘʶʪ ʠʟʤʝʥʝʥʠʝ 

ʚʝʣʠʯʠʥʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʠ ʚʷʟʢʦʩʪʠ 

ʨʘʩʪʚʦʨʘ. ɺ ʨʘʙʦʪʝ [2] ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʟ ʚʦʜʥʦʡ ʩʫʩ-

ʧʝʥʟʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (ʋʅʊ) ʧʨʝʜʣʦʞʝʥ 

ʤʝʪʦʜ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʥʘʥʦʪʨʫʙʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʟʜʝʣʘ ʥʝʬʪʴ/ʚʦʜʘ (oil/water interface aggregation ï 

OWIA). ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʛʨʝʛʘʮʠʷ ʋʅʊ ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʥʝʬʪʴ/ʚʦʜʘ ʚʦʟʤʦʞʥʘ ʧʨʠ ʦʧʨʝʜʝ-

ʣʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʨʅ ʚʦʜʳ (1.8 ʠʣʠ 13.2) ʠʣʠ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʢʘʪʠʦʥʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ï ʎʊɸɹ (0.075-1 ʤʄ). ɺ ʧʨʦʮʝʩʩʝ OWIA 

ʙʦʣʝʝ 99% ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʫʜʘʣʷʣʠ ʠʟ 

ʚʦʜʳ, ʘ ʦʩʪʘʪʢʠ ʋʅʊ ʚ ʚʦʜʝ ʩʦʩʪʘʚʣʷʣʠ ʤʝʥʝʝ 1 

ʤʛ/ʣ. 

ʄʝʪʦʜ ʬʣʦʪʘʮʠʠ ʙʳʣ ʧʨʠʤʝʥʝʥ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʵʤʫʣʴʩʠʡ ʪʠʧʘ ʤʘʩʣʦ-ʚ-ʚʦʜʝ (ʵʤʫʣʴʩʠʠ O/W), ʧʦʣʫ-

ʯʝʥʥʳʭ ʠʟ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʘʩʝʣ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʢʘʪʠʦʥʥʦʝ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʝ ʚʝʱʝʩʪʚʦ ʎʊɸɹ (ʮʝʪʠʣʪʨʠʤʝʪʠ-

ʣʘʤʤʦʥʠʡʙʨʦʤʠʜ) ʠ ʢʦʘʛʫʣʷʥʪʦʚ [3].ɺ ʨʘʙʦʪʝ [4] 

ʧʝʥʥʫʶ ʬʣʦʪʘʮʠʶ, ʨʘʙʦʪʘʶʱʫʶ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝ-

ʞʠʤʝ, ʧʨʠʤʝʥʷʣʠ ʜʣʷ ʦʯʠʩʪʢʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ 

ʩʪʦʯʥʳʭ ʚʦʜ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʤʦʜʝʣʴʥʫʶ ʵʤʫʣʴʩʠʶ 

(ʟʘʛʨʷʟʥʷʶʱʝʝ ʤʘʩʣʦ ʚ ʚʦʜʝ) ʠ ʜʦʜʝʮʠʣʩʫʣʴʬʘʪ 

ʥʘʪʨʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʷ. ɹʳʣʠ ʠʟʫʯʝʥʳ 

ʚʣʠʷʥʠʝ ʵʣʝʢʪʨʦʣʠʪʘ, ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ, ʚʨʝ-

ʤʝʥʠ ʫʜʝʨʞʘʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʥʘ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. 

ʇʨʦʮʝʩʩ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʦʨʛʘʥʠʯʝ-

ʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʝʥʳ ʠ ʧʝʥʥʳʭ ʧʣʝ-

ʥʦʢ, ʩʦʜʝʨʞʘʱʠʭ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ. ɺʣʠʷʥʠʝ ʦʨ-

ʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʝʥ ʷʚʣʷʝʪʩʷ 

ʩʣʦʞʥʳʤ, ʘ ʧʦʜʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʳʯʥʦ ʧʨʦʚʦ-

ʜʷʪ ʧʨʠ ʠʟʫʯʝʥʠʠ ʠ ʦʧʠʩʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʧʝʥʦʛʘʰʝ-

ʥʠ.̫ ɺ ʦʙʟʦʨʝ [7] ʜʘʥ ʘʥʘʣʠʟ ʤʝʭʘʥʠʟʤʦʚ ʚʣʠʷʥʠʷ 
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ʦʨʛʘʥʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʝʥ. ʆʪ-

ʤʝʯʘʝʪʩʷ ʨʦʣʴ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʧʝʥʥʳʭ ʧʣʝʥʦʢ ʜʣʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʢʘʟʘʥʥʳʭ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ. ɼʘʥ-

ʥʳʝ ʚʦʧʨʦʩʳ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʪʘʢʞʝ ʚ ʧʦʞʘ-

ʨʦʪʫʰʝʥʠʠ [8]. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ ʚʦʜʥʳʭ ʧʣʝʥʦʢ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʠʣʠ ʵʢʩʪʨʘʢʮʠʠ ʩʧʠʨʪʘ ʠʟ ʩʤʝʩʝʚʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʪʦʧʣʠʚʘ. ʇʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʤʦʣʝʢʫʣ ʩʧʠʨʪʘ ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʚʦʜʘ ï ʦʨʛʘʥʠʯʝʩʢʘʷ ʬʘʟʘ ʬʦʨʤʠ-

ʨʫʝʪʩʷ ʩʣʦʡ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʤʝʩʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʩʦ ʩʧʠʨʪʦʤ. ʈʘʟʨʫʰʝʥʠʝ ʠʟʦʣʠʨʫʶʱʝʡ ʧʣʝʥʢʠ ʧʨʦ-

ʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʜʝʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ʧʝʥʦʦʙʨʘʟʦʚʘ-

ʪʝʣʷ ʩ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʳ.  

ʈʘʟʨʫʰʝʥʠʝ ʧʝʥ, ʩʦʜʝʨʞʘʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʞʠʜʢʦʩʪʠ, ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʩʣʝʜʫʶʱʠʤʠ 

ʧʨʠʯʠʥʘʤʠ: 

1) ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʧʝʥʥʳʭ ʢʘʥʘʣʘʭ ʩʤʝʩʠ ʦʨʛʘ-

ʥʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʩ ʨʘʩʪʚʦʨʦʤ (ʚ ʩʣʫʯʘʝ, ʥʘʧʨʠ-

ʤʝʨ, ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ); 

2) ʢʦʘʛʫʣʷʮʠʝʡ ʢʘʧʝʣʴ ʵʤʫʣʴʛʠʨʦʚʘʥʥʦʡ ʦʨʛʘ-

ʥʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʢʘʥʘʣʘʭ ʇʣʘʪʦ-ɻʠʙʙʩʘ; 

3) ʜʝʩʦʨʙʮʠʝʡ ʤʦʣʝʢʫʣ ʇɸɺ-ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʥʥʳʭ ʧʣʝʥʦʢ; 

4) ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʝʫʩʪʦʡʯʠʚʳʭ ʧʝʥʥʳʭ ʧʣʝ-

ʥʦʢ, ʩʦʜʝʨʞʘʱʠʭ ʢʘʧʣʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ. 

ɼʣʷ ʦʮʝʥʢʠ ʧʝʥʦʛʘʩʷʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʝʱʝʩʪʚ 

ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ: ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʧʦ-

ʚʝʜʝʥʠʝʤ ʤʦʜʝʣʴʥʦʡ ʧʝʥʥʦʡ ʧʣʝʥʢʠ (ʦʙʳʯʥʦ ʤʘʢ-

ʨʦʩʢʦʧʠʯʝʩʢʦʡ) ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʥʘ ʥʝʝ ʢʘʧʣʠ ʘʥ-

ʪʠʚʩʧʝʥʠʚʘʪʝʣʷ; ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʦ-

ʚʝʜʝʥʠʷ ʧʝʥʳ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʘʥʪʠʚʩʧʝʥʠʚʘʪʝʣʷ 

(ʚʨʝʤʷ ʞʠʟʥʠ ʧʝʥʥʦʛʦ ʩʣʦʷ), ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʭʘʨʘʢ-

ʪʝʨʦʤ ʨʘʟʨʫʰʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʝʥʳ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚʘ ʧʝʥ, 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʥʝʠʦʥʦʛʝʥʥʳʤ (ʊʨʠʪʦʥʍ-100) 

ʠ ʠʦʥʦʛʝʥʥʳʤ ʇɸɺ (ʜʦʜʝʮʠʣʙʝʥʟʦʣʩʫʣʴʬʦʥʘʪʦʤ 

ʥʘʪʨʠʷ), ʩʦʜʝʨʞʘʱʠʭ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʠ ʫʩʪʦʡʯʠ-

ʚʦʩʪʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʧʨʠ ʠʭ ʢʦʥʪʘʢʪʝ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʘʪʝʨʠʘʣʳ 

ɼʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ (ɼʊ), ʪʝʭʥʠʯʝʩʢʦʝ, ʥʝʠʦʥʦ-

ʛʝʥʥʦʝ ʇɸɺ ï ʊʨʠʪʦʥ ʍ-100, ʠʦʥʦʛʝʥʥʦʝ ʇɸɺ ï ʜʦ-

ʜʝʮʠʣʙʝʥʟʦʣʩʫʣʴʬʦʥʘʪ ʥʘʪʨʠʷ (ɼɼɹʉʅ), ʥʘʪʨʠʡ 

ʭʣʦʨʠʩʪʳʡ (ʯ.ʜ.ʘ.), ʧʨʦʢʘʣʝʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450-

5000ʉ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʧʝʥʥʦʡ ʧʣʝʥʢʠ 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʝʥʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʢʨʫʛʣʳʝ ʨʘʤʢʠ, ʜʠʘʤʝʪʨʦʤ d=0,4 ʩʤ, 0,7 ʩʤ, 1 ʩʤ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʤʝʜʥʦʡ ʧʨʦʚʦʣʦʢʠ ʜʠʘʤʝʪʨʦʤ 

0,1-0,5 ʤʤ. ʈʘʤʢʠ ʧʦʛʨʫʞʘʣʠ ʚ ʨʘʩʪʚʦʨ 

ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʩ ʧʦʤʦʱʴʶ ʰʧʨʠʮʘ ʥʘʥʦʩʠʣʠ 

ʢʘʧʣʶ ʦʨʛʘʥʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ, ʠʟʤʝʨʷʣʠ ʚʨʝʤʷ 

ʞʠʟʥʠ ʧʝʥʥʦʡ ʧʣʝʥʢʠ ʩ ʥʘʥʝʩʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʞʠʜʢʦʩʪʴʶ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʧʝʥ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʝʥʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʨʠʩʪʫʶ 

ʩʪʝʢʣʷʥʥʫʶ ʷʯʝʡʢʫ (ʇʆʈ-40), ʚʳʩʦʪʦʡ 3,5 ʩʤ ʠ ʜʠʘ-

ʤʝʪʨʦʤ ʧʦʨʠʩʪʦʛʦ ʬʠʣʴʪʨʘ 4,5 ʩʤ. ɺ ʷʯʝʡʢʫ ʟʘʣʠ-

ʚʘʣʠ ʠʩʩʣʝʜʫʝʤʳʡ ʨʘʩʪʚʦʨ ʚʳʩʦʪʦʡ 0,5 ʩʤ (ʦʙʲʝʤ 

ʞʠʜʢʦʩʪʠ 2,25 ʩʤ3.). 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʧʝʥʳ, ʚʳʩʦʪʦʡ ʅ=1-2 ʩʤ, ʧʦʜ 

ʬʠʣʴʪʨʦʤ ʩʦʟʜʘʚʘʣʠ ʧʦʥʠʞʝʥʥʦʝ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʪʤʦʩʬʝʨʥʳʤ) ʜʘʚʣʝʥʠʝ (ȹP), ʨʘʚʥʦʝ 1-1,5 ʢʇʘ. 

ʌʠʢʩʠʨʦʚʘʣʠ ʚʨʝʤʷ ʧʦʣʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʩʪʦʣʙʘ 

ʧʝʥʳ[10]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʥʦʛʘʩʷʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʠʩʧʦʣʴʟʫʶʪ ʧʨʷʤʦʝ ʠʣʠ ʢʦʩʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʫʤʝʥʴʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʝʥʳ (ʚʨʝʤʝʥʠ ʞʠʟʥʠ) 

ʠʣʠ ʫʤʝʥʴʰʝʥʠʝ ʝʝ ʦʙʲʝʤʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʧʨʝʜʝ-

ʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʥʪʠʚʩʧʝʥʠʚʘʪʝʣʷ. ʕʪʠ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʘʶʪ ʯʘʱʝ ʚʩʝʛʦ ʠʩʭʦʜʷ ʠʟ ʩʨʝʜʥʝʛʦ 

ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʧʝʥʳ ʠʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ (ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʧʝʥʦʡ ʙʝʟ ʜʦʙʘʚʦʢ) ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʧʝʥʳ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʘʥʪʠʚʩʧʝʥʠʚʘʪʝʣʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʬʠʢʩʠʨʦʚʘʣʠ ʚʨʝʤʷ ʧʦʣʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʩʪʦʣʙʘ 

ʧʝʥʳ (H=1-2 ʩʤ), ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʨʘʟʣʠʯʥʳʭ ʧʝʥʦ-

ʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝ-

ʩʪʚʘ ʠ ʙʝʟ ʥʝʛʦ ʧʨʠ ʜʝʡʩʪʚʠʠ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʝʨʝ-

ʧʘʜʘ ʜʘʚʣʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ [9] ʫʩʪʘʥʦʚʣʝʥ ʨʘʟʣʠʯʥʳʡ ʭʘʨʘʢʪʝʨ 

ʨʘʟʨʫʰʝʥʠʷ ʧʝʥ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʠʦʥʦʛʝʥʥʳʤʠ 

ʠ ʥʝʠʦʥʦʛʝʥʥʳʤʠ ʇɸɺ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʠʣʦʞʝʥ-

ʥʳʭ ʧʝʨʝʧʘʜʦʚ ʜʘʚʣʝʥʠʷ. ʅʘʠʙʦʣʴʰʝʡ ʫʩʪʦʡʯʠʚʦ-

ʩʪʴʶ ʦʪʣʠʯʘʶʪʩʷ ʧʝʥʳ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʠʦʥʦ-

ʛʝʥʥʳʤʠ ʇɸɺ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴ-

ʰʝʥʠʝ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʧʝʥʳ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ 

ʜʦʜʝʮʠʣʙʝʥʟʦʣʩʫʣʙʬʦʥʘʪʦʤ ʥʘʪʨʠʷ ʧʨʠ ʜʦʙʘʚʣʝ-

ʥʠʠ ʚ ʠʩʭʦʜʥʳʡ ʨʘʩʪʚʦʨ ʜʘʞʝ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚ ɼʊ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʠʟʫʯʝʥ-

ʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʵʤʫʣʴʛʠʨʦ-

ʚʘʥʥʦ ʚ ʠʩʭʦʜʥʦʤ ʨʘʩʪʚʦʨʝ (ʪʘʙʣʠʮʘ 1). 

ʈʘʟʤʝʨ ʢʘʧʝʣʴ ʟʘʚʠʩʝʣ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ɼʊ ʚ 

ʠʩʭʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʠ ʩʦʩʪʘʚʘ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʩʪʚʦʨʝ 10-3ʤʦʣʴ/ʣ ʊʨʠʪʦʥʘ + 0,4 

ʤʦʣʴ/ʣ NaCl + 39 ʤʛ/ʣ ɼʊ ʨʘʜʠʫʩ ʢʘʧʝʣʴ ʩʦʩʪʘʚʣʷʣ 

0,057 ʤʢʤ. ʋʚʝʣʠʯʝʥʠʝ ʤʘʩʩʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ɼʊ 

ʜʦ 77,8 ʤʛ/ʣ ʧʨʠʚʦʜʠʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʤʝʨʘ 

ʵʤʫʣʴʩʠʦʥʥʳʭ ʢʘʧʝʣʴ ʜʦ 0,153 ʤʢʤ. ʇʦʜʦʙʥʦʝ ʫʚʝ-

ʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ ʢʘʧʝʣʴ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ 

ʥʘʙʣʶʜʘʣʠ ʨʘʥʝʝ ʚ ʨʘʩʪʚʦʨʝ ʠʦʥʦʛʝʥʥʦʛʦ ʇɸɺ (ʜʦ-

ʜʝʮʠʣʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ) ʠ ʞʝʣʘʪʠʥʳ [6]. 

ʊʘʙʣʠʮʘ 1. 

ʈʘʟʤʝʨʳ ʢʘʧʝʣʴ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʠʩʭʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 

ʀʩʭʦʜʥʳʡ ʨʘʩʪʚʦʨ ɼʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʤʛ/ʣ ʈʘʟʤʝʨ ʢʘʧʝʣʴ, ʤʢʤ 

2,46*10-4ʤʦʣʴ/ʣ DDBSNa + 0,1 

ʤʦʣʴ/ʣ NaCl  
156 0,134 

10-3ʤʦʣʴ/ʣ ʊʨʠʪʦʥʘʍ-100 

+0,4ʤʦʣʴ/ʣ NaCl 
39 0,057 

10-3ʤʦʣʴ/ʣ ʊʨʠʪʦʥʘʍ-100 + 

0,4ʤʦʣʴ/ʣ NaCl 
77,8 0,153 
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ʇʨʠʩʫʪʩʪʚʠʝ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʠʩʭʦʜʥʦʤ 

ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʫʤʝʥʴʰʘʣʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʣʫ-

ʯʝʥʥʦʡ ʧʝʥʳ. 

 

 
ʈʠʩ. 1. ʂʠʥʝʪʠʢʘ ʨʘʟʨʫʰʝʥʠʷ ʧʝʥ ʠʟ 10-3ʤʦʣʴ/ʣ Triton X-100 + 0,4 ʤʦʣʴ/ʣ NaCl, H=2ʩʤ, ʠ 2,46*10-4 ʤʦʣʴ/ʣ 

DDBSNa + 0,1 ʤʦʣʴ/ʣ NaCl, H=1 ʩʤ, ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ȹʈ=0,01 ʘʪʤ., 

ʊ=26,40ʉ. 

 

ɺ ʯʘʩʪʥʦʩʪʠ, ʚʨʝʤʷ ʞʠʟʥʠ ʧʝʥʳ, ʧʦʣʫʯʝʥʥʦʡ ʠʟ 

ʜʦʜʝʮʠʣʙʝʥʟʦʣʩʫʣʴʬʦʥʘʪʘ ʥʘʪʨʠʷ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

30 ʤʛ/ʣ ɼʊ ʠ ȹP=1ʢʇʘ ʩʦʩʪʘʚʣʷʣʦ 10 ʤʠʥʫʪ. ɺʨʝʤʷ 

ʞʠʟʥʠ ʧʝʥʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʘʢʦʛʦ ʞʝ ʧʨʠʣʦʞʝʥ-

ʥʦʛʦ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʣʦ ʧʷʪʠ ʤʠʥʫʪ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ 

ʦʪ 50 ʜʦ 150 ʤʛ/ʣ. 

ʇʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʠʣʘʩʴ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʧʝʥ (ʩ ʚʳʩʦʪʦʡ ʩʣʦʷ 1ʩʤ), ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʨʘʩʪʚʦʨʘ 

ʥʝʠʦʥʦʛʝʥʥʦʛʦ ʇɸɺ ï ʊʨʠʪʦʥʘ ʍ-100. ɺʨʝʤʷ ʞʠʟʥʠ 

ʪʘʢʦʡ ʧʝʥʳ ʩʦʩʪʘʚʣʷʣʦ 3-4 ʤʠʥʫʪʳ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʦʪ 25 ʜʦ 300 ʤʛ/ʣ 

(ʨʠʩ.1). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʙʘʚʢʠ ɼʊ (ʚ ʢʦʣʠʯʝʩʪʚʝ 25 

ʤʛ/ʣ ʠ ʙʦʣʝʝ) ʢ ʨʘʩʪʚʦʨʫ ʥʝʠʦʥʦʛʝʥʥʦʛʦ ʇɸɺ (ʊʨʠ-

ʪʦʥʫ ʍ-100) ʠ ʠʦʥʦʛʝʥʥʦʤʫ ʇɸɺ ï ʜʦʜʝʮʠʣʙʝʥʟʦʣ-

ʩʫʣʴʬʦʥʘʪʫ ʥʘʪʨʠʷ ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʣʫʯʘʷʭ 

ʧʨʠʚʦʜʠʣʠ ʢ ʙʳʩʪʨʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʧʝʥʳ ʠʣʠ ʦʢʘ-

ʟʳʚʘʣʠ ʧʝʥʦʛʘʩʷʱʝʝ ʜʝʡʩʪʚʠʝ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʧʝʥʥʳʭ ʧʣʝ-

ʥʦʢ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʇɸɺ, ʟʘʚʠ-

ʩʝʣʘ ʦʪ ʠʭ ʨʘʟʤʝʨʦʚ (ʪʘʙʣʠʮʘ 2). ʇʨʠʯʝʤ, ʫʤʝʥʴʰʝ-

ʥʠʝ ʨʘʟʤʝʨʘ ʧʝʥʥʦʡ ʧʣʝʥʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʚʳʰʘʣʦ 

ʝʝ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʜʠʟʝʣʴʥʳʤ ʪʦʧʣʠ-

ʚʦʤ. 

ʊʘʙʣʠʮʘ 2 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʧʝʥʥʳʭ ʧʣʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʨʘʩʪʚʦʨʦʚ ʨʘʟʣʠʯʥʳʭ ʇɸɺ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ 

ʈʘʩʪʚʦʨ ʇɸɺ + ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ɼʠʘʤʝʪʨ ʢʦʣʴʮʘ, ʩʤ ɺʨʝʤʷ ʞʠʟʥʠ 

10-3ʤʦʣʴ/ʣ ʊʨʠʪʦʥʍ-100 + 0,4 ʤʦʣʴ/ʣ NaCl + ɼʊ 
1 ʦʪ 5 ʩʝʢ. ʜʦ 1 ʯʘʩʘ 

0,7 ʦʪ 1,5 ʯʘʩʘ ʜʦ 24 ʯʘʩʦʚ 

2,46*10-4 ʤʦʣʴ/ʣ DDBSNa + 0,1 ʤʦʣʴ/ʣ NaCl + ɼʊ 
1 5 ʩʝʢ. 

0,7 1 ʯʘʩ 10 ʤʠʥʫʪ 

 

ʂʘʢ ʚʠʜʥʦ ʠʭ ʧʨʠʚʝʜʝʥʥʦʡ ʪʘʙʣʠʮʳ, ʚʨʝʤʷ 

ʞʠʟʥʠ ʧʣʝʥʦʢ ʠʟ ʨʘʩʪʚʦʨʘ ʥʝʠʦʥʦʛʝʥʥʦʛʦ ʇɸɺ ʜʠʘ-

ʤʝʪʨʦʤ d=1ʩʤ ʠʟʤʝʥʷʣʦʩʴ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ ʜʦ 

ʦʜʥʦʛʦ ʯʘʩʘ. ʇʣʝʥʢʠ ʜʠʘʤʝʪʨʦʤ d= 0,7 ʩʤ ʙʳʣʠ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʫʩʪʦʡʯʠʚʝʝ (ʚʨʝʤʷ ʞʠʟʥʠ ʦʪ 1,5 ʯʘʩʘ ʜʦ 24 

ʯʘʩʦʚ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 26 0ʉ.). ʇʣʝʥʢʠ, ʧʦʣʫʯʝʥ-

ʥʳʝ ʠʟ ʠʦʥʦʛʝʥʥʦʛʦ ʇɸɺ ï ʜʦʜʝʮʠʣʙʝʥʟʦʣʩʫʣʴʬʦ-

ʥʘʪʘ ʥʘʪʨʠʷ ʩ ʜʦʙʘʚʢʦʡ 0,1 ʤʦʣʴ/ʣ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ 

ʙʳʣʠ ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʳʤʠ. ʀʭ ʚʨʝʤʷ ʞʠʟʥʠ ʪʘʢʞʝ 

ʟʘʚʠʩʝʣʦ ʦʪ ʜʠʘʤʝʪʨʘ ʧʣʝʥʢʠ ʠ ʠʟʤʝʥʷʣʦʩʴ ʦʪ ʥʝ-

ʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ (ʜʣʷ d=1ʩʤ) ʜʦ ʦʜʥʦʛʦ ʯʘʩʘ (ʜʣʷ 

d=0,7ʩʤ) ʧʨʠ ʪʘʢʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʙʘʚʣʝʥʠʝ ɼʊ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟ-

ʢʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʧʝʥ, ʩʪʘʙʠʣʠʟʠ-

ʨʦʚʘʥʥʳʭ ʠʦʥʥʦʛʝʥʥʳʤ ʠ ʥʝʠʦʥʦʛʝʥʥʳʤ ʇɸɺ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʧʝʥʥʳʭ ʧʣʝʥʦʢ, 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʤʠ ʚʝ-

ʱʝʩʪʚʘʤʠ, ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʜʠʟʝʣʴʥʳʤ ʪʦʧʣʠʚʦʤ ʚʦʟ-

ʨʘʩʪʘʝʪ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʠʭ ʨʘʟʤʝʨʦʚ. 
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 ᴆɿɻɽʈɯʉʂɽ רɸʃɸʋʓʅʓנʅɽɻɯɿɻɯ ɾɸ רɹɽɻɯʅɯתʊ רɸʈɸʊɽʈɽפ
 פɹʀʆʕʂʆʃʆɻʀʗʃʓ רʊɸʈʓʅʓפɸʅ ʊʆʇʓʈɸנʐʓʈɸױ

ʌʋʅʂʎʀʗʃɸʈʓʅʓפ רɸʃʓʇʊɸʉʋʓ 
 

 .ʦʟʳʙʘʝʚʘ ʌ.ɽפ
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ɸʥʥʦʪʘʮʠʷ 

ʊᴅʞʽʨʠʙʝ ʪʝʣʽʤʽʥʽש ʪʦʧʳʨʘץʪʘʨʳʥʳש ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳײץ ץʨʘʤʳ ײץʤʜʳ, ʛʫʤʫʩ ʤᴇʣʰʝʨʽ ʪᴇʤʝʥ, ʞʘʣʧʳ 

ʞᴅʥʝ ʞʳʣʞʳʤʘʣʳ ʘʟʦʪ ʝʣʝʫʣʽ ʤᴇʣʰʝʨʜʝ, ʢʘʨʙʦʥʘʪʪʳ, ʨʅ ʦʨʪʘʩʳ ʩʽʣʪʽʣʽ, סʘʥʳʰ, ʢʘʣʠʡʤʝʥ ʞʝʪʢʽʣʽʢʪʽ 

ʤᴇʣʰʝʨʜʝ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʛʝʥ. ʄʝʣʠʦʨʘʥʪ ʨʝʪʽʥʜʝ ʙʠʦʢᴇʤʽʨʜʽ ʝʥʛʽʟʫ ʪʦʧʳʨʘץʪʳש ʪᴇʤʝʥʛʽ ץʘʙʘʪʪʘʨʳʥʜʘ 

ʳʣסʘʣʜʳש ʩʘץʪʘʣʫʳʥʘ ʞᴅʥʝ ʪʦʧʳʨʘץʪʘסʳ ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳש ʙʽʨʰʘʤʘ ʘʨʪʫʳʥʘ ᴅʩʝʨ ʝʪʪʽ.  

Abstract 

Soils of a skilled site are characterized by sandy particle size distribution, the low maintenance of a humus, 

nitrogen both gross, and hydrolyzed, with potassium are provided, carbonate, the alkaline environment, the 

considerable content of plaster, biocoal introduction as ameliorant influenced preservation of moisture in the lower 

layers and in some increase in organic substance of the soil.  

 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ʪʦʧʳʨʘץ, ʤʝʣʠʦʨʘʥʪ ï ʙʠʦʢᴇʤʽʨ, ʛʫʤʫʩ, ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳײץ ץʨʘʤ, ʪײʟʜʘʣʫ, ʘʫʳʨ 

ʤʝʪʘʣʜʘʨ, ʩʘʫʳʪʪʳ ʢʝʥʝʣʝʨ 

Keywords: the soil, an ameliorant ï biocoal, a humus, particle size distribution, salinization, heavy metals, 

Oribatea. 

 

ʂʽʨʽʩʧʝ. ɸʨʘʣ ʪʝשʽʟʽʥʽש ʢʝʙʫʽ ï ᴇʪʢʝʥ ʞᴅʥʝ ʞʘשʘ 

 ʙʽʨʽ. ɸʨʘʣ שʘʣʘʨʳʥʳסʠץʳʣʳ ʦסʘʡץ שʝ שʘʩʳʨʜʳס

ʤʘשʳ ʵʢʦʣʦʛʠʷʣʳץ ʘʧʘʪ ʘʡʤʘסʳ ʤᴅʨʪʝʙʝʩʽʥʝ ʠʝ, ʦʣ 

59,6 ʤʣʥ. ʛʘ ʞʝʨʜʽ ץʘʤʪʠʜʳ. ɹײʣ ʘʡʤʘץʪʳש ʘʫʳʣ 

ʰʘʨʫʘʰʳʣʳסʳ ʞʝʨʣʝʨʽʥʽש ʘʫʜʘʥʳ 43,4 ʤʣʥ. ʛʘ 

 ʽʰʽʥʜʝ 0,6 ʤʣʥ.ʛʘ ʝʛʽʩʪʽʢ, 42,4 שʨʘʡʜʳ, ʩʦʥʳײץ

ʤʣʥ. ʛʘ ʞʘʡʳʣʳʤ ʞᴅʥʝ 0,4 ʤʣʥ.ʛʘ ʧʽʰʝʥʜʽʢ 

ʞʝʨʣʝʨ. ɸʨʘʣ ʪʝשʽʟʽʥʽש ʢʝʙʫʽʥʝʥ ᴅʣʝʫʤʝʪʪʽʢ-

ʵʢʦʥʦʤʠʢʘʣʳץ ᴅʣʝʫʝʪʪʽש ʞʘʣʧʳ ʪᴇʤʝʥʜʝʫʽ 

ʵʢʦʣʦʛʠʷʣʳץ ʙʘʡʣʘʥʳʩʪʘʨʜʳש ʙײʟʳʣʫʳʤʝʥ ʞᴅʥʝ 

ʩʘʥʠʪʘʨʣʳץ-ʵʧʠʜʝʤʠʦʣʦʛʠʷʣʳץ ʞʘסʜʘʡʜʳש 

ʰʠʝʣʝʥʽʩʫʽʤʝʥ סʘʥʘ ʝʤʝʩ, ʩʦʥʜʘʡ-ʘץ ɸʨʘʣ 

ʤʘשʳʥʳװ שʣʢʝʥ ʘʫʤʘסʳʥʳש ʰᴇʣʝʡʪʪʝʥʫʽʤʝʥ, 

ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʞʝʨʣʝʨʽʥʽש ᴇʥʽʤʜʽʣʽʛʽʥʽש 

ʪᴇʤʝʥʜʝʫʽʤʝʥ, ʪʦʧʳʨʘץʪʳײץ שʥʘʨʣʳʣʳסʳʥ 

ʞʦסʘʣʪʫʤʝʥ ʘʡץʳʥʜʘʣʘʜʳ. ᴆʟʝʥʜʝʨʜʽש ʘסʳʩʳʥ 

ʨʝʪʪʝʤʝʣʝʫʤʝʥ ʽʣʝʩʝ ʞװʨʝʪʽʥ ʩʫʘʨʫʜʳש ʜʘʤʫʳ, ʩʫ 

ʘʣʫʜʳש ʘʨʪʫʳ ʞᴅʥʝ ʉʳʨʜʘʨʠʷʥʳש ʞʦסʘʨסʳ ʞᴅʥʝ 

ʦʨʪʘ ʘסʳʩʳʥʘʥ ʩʫʜʳ ץʘʡʪʘʨʳʤʩʳʟ ʧʘʡʜʘʣʘʥʫ, ᴇʟʝʥ 

ʩʘסʘʩʳʥʜʘ ʩʫ ʨʝʩʫʨʩʪʘʨʳʥʳש ʞʝʪʽʩʧʝʫʰʽʣʽʛʽʥʝ, 

ʘʥʪʨʦʧʦʛʝʥʜʽʢ ʘʨʠʜʪʝʥʫʛʝ ʞᴅʥʝ ʪʦʧʳʨʘץ 

ʞʘʤʳʣסʳʩʳʥʳש ᴇʟʛʝʨʫʽʥʝ ᴅʢʝʣʜʽ. ʉʳʨʜʘʨʠʷʥʳש 

 ʳʥʘסʘʫʳʣ ʰʘʨʫʘʰʳʣʳ שʘʟʽʨʛʽ ʢʝʟʜʝʛʽ ʘʪʳʨʘʫʳʥʳץ

 ʪʘʨʳ ʢᴇʧץʥʜʘ ʛʠʜʨʦʤʦʨʬʪʳ ʪʦʧʳʨʘײץ שʘʪʳʩʪʳ ʝץ

ʜᴅʨʝʞʝʜʝ ᴇʟʛʝʨʽʩʢʝ ײʰʳʨʘʜʳ. ʊʝשʽʟʜʽש ʢʝʙʫʽʥʽש 

ʩʘʣʜʘʨʳʥʘʥ ʢʝʫʽʧ ʢʝʪʢʝʥ ʪװʙʽʥʜʝ ᴅʨ ʪװʨʣʽ ʩʦʨʪʘש 

ʪʦʧʳʨʘץʪʘʨʜʳש ʽʨʽ ʘʣʘʧʪʘʨʳ ץʘʣʳʧʪʘʩʪʳ [1].  
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ʉʦסשʳ ʞʳʣʜʘʨʳ ʪʝשʽʟʜʝʛʽ ʩʫ ʜʝשʛʝʡʽ 1,7 ʝʩʝ 

ʘʟʘʡʜʳ: 1960 ʞʳʣʳ 53,4 ʤ-ʜʝʥ 30,72 ʤ ʜʝʡʽʥ, 2004 

ʞʳʣסʘ ץʘʨʘʡ ʩʫ ʢᴇʣʝʤʽ - 9,6 ʝʩʝ: 1183 ʢʫʙ. ʢʤ-ʜʝʥ 

115 ʢʫʙ. ʢʤ ʜʝʡʽʥ; ʩʫ ʘʡʜʳʥʳʥʳש ʘʫʜʘʥʳ - 3,8 ʝʩʝ: 

68,9 ʤʳש ʢʚ. ʢʤ-ʜʝʥ 17,6 ʤʳש ʢʚ. ʢʤ ʜʝʡʽʥ ʘʟʘʡʜʳ. 

ʉʫʜʳש ʪײʟʜʳʣʳסʳ 6-12 ʝʩʝ ʘʨʪʪʳ. ɾʳʣ ʩʘʡʳʥ 

ʪײʟʜʳ ʰᴇʣ ʘʪʤʦʩʬʝʨʘסʘ 75 ʤʣʥ. ʪʦʥʥʘ ʫʳʪʪʳ ʪײʟʜʘʨ 

ʤʝʥ ʰʘשʜʳ ʰʳסʘʨʘʜʳ. ɼʘʫʳʣʤʝʥ ʢᴇʪʝʨʽʣʛʝʥ 

 שʳ 200 - 400 ʢʤ ʞᴅʥʝ ʝʥʽ 30 - 40 ʢʤ ʰʘסʟʳʥʜʳײ

ʙʘסʳʥʘʣʘʨʳ װʣʢʝʥ ʘʫʤʘץʪʘʨסʘ ʪʘʨʘʣʘʜʳ. ɸʨʘʣ 

ʪװʙʽʥʝʥ ʘʣסʘʰץʳ ʰʘשʜʳ ʙʦʨʘʥʜʘʨ סʘʨʳʰʪʘʥ 

1975ʞʳʣʳ ʘʥʳץʪʘʣסʘʥ. 1981 ʞʳʣʜʘʥ ʙʘʩʪʘʧ ʤײʥʜʘʡ 

ʙʦʨʘʥʜʘʨ ʞʳʣʳʥʘ 90 ʢװʥʛʝ ʜʝʡʽʥ ʙʘʡץʘʣʘʜʳ. 

ʊײʟʜʘʨʜʳש ʦʩʳʣʘʡ ʪʘʩʳʤʘʣʜʘʥʫʳ ʪʦʧʳʨʘץ 

ʪײʟʜʘʣʫʳʥʳש ʢᴇʟʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. פʘʟʽʨʛʽ ʢʝʟʜʝ 

ɸʨʘʣ ʪʝשʽʟʽ ʘʣʘʙʳʥʜʘסʳ ʩʫʘʨʤʘʣʳ ʞʝʨʣʝʨʜʽ60 ש %-

ʜʘʥ ʘʩʪʘʤʳ ʪײʟʜʘʣʫסʘ ײʰʳʨʘסʘʥ, ʰᴇʣʝʡʪʪʝʥʫ װʨʜʽʩʽ 

ʞʘʣסʘʩʫʜʘ, ᴇʩʽʤʜᴅʢ ʞᴅʥʝ ʞʘʥʫʘʨʣʘʨ ᴅʣʝʤʽ ʘʟʘʶʜʘ, 

ʢʣʤʘʪ ᴇʟʛʝʨʫʜʝ, ʪײʨסʳʥʜʘʨʜʳש ʘʫʨʫʰʘץשʳʣʳסʳ 

ʢװʨʪ ᴇʩʫʜʝ.ɸʨʘʣ ʪʝשʽʟʽʥʽש ʢʝʙʫʽ ʙʽʨץʘʪʘʨ ʞʘסʳʤʩʳʟ 

ʩʘʣʜʘʨʜʳ ʪʫʜʳʨʜʳ. ɽש ʘʣʜʳʤʝʥ, ʘʪʳʨʘʫʣʳץ ʢᴇʣʜʝʨ 

ʞᴅʥʝ ץʘʤʳʩ ʩʘʣʳʥʜʳʣʘʨʳ ʞʦסʘʣʜʳ, ʘʣ ʘʫʤʘץʪʳש 

 ʜʳשʟʜʘʨ ʤʝʥ ʰʘײʘ ʪסʘʫʳ ʘʪʤʦʩʬʝʨʘסʨײץ

ʞʘʙʜʳץʪʘʫʰʳ ʙʦʣסʘʥ װʣʢʝʥ ʩʦʨʪʘש ʪʦʧʳʨʘץʪʳ 

ʞʝʨʣʝʨʜʽץ שʘʣʳʧʪʘʩʫʳʥʘ ᴅʢʝʣʜʽ. ɸʫʤʘץʪʳװ שʣʢʝʥ 

ʙᴇʣʽʛʽ ʪʘʙʠסʠ ʤʘʣ ʘʟʳץʪʳץ ʞʝʨʣʝʨ ʨʝʪʽʥʜʝ 

ʧʘʡʜʘʣʘʥʫʜʘ. ɾʘʡʳʣʳʤʜʳ ʞʝʨʣʝʨ ʘʥʪʨʦʧʦʛʝʥʜʽʢ 

ʰᴇʣʝʡʪʪʝʥʫ ʞװʢʪʝʤʝʩʽʥʝ ʞᴅʥʝ װʨʜʽʩʽʥʝ ײʰʳʨʘסʘʥ, 

ʦʥʳש ᴇʟʽ ʦʣʘʨʜʳש ʜʝʛʨʘʜʘʮʠʷסʘ ײʰʳʨʘʫʳʥʘ , 

ᴇʩʽʤʜʽʢ ʞʘʤʳʣסʳʩʳʥʳש ʘʟʘʶʳʥʘ, װʨʣʝʥʛʝʥ 

 ʘʣʳʧʪʘʩʫʳʥʘ ᴅʢʝʣʝʜʽ [2]. ʂʝʫʽʧ ʙʘʨʘץ שʤʜʘʨʜʳײץ

ʞʘʪץʘʥ ɸʨʘʣ ʪʝשʽʟʽ ʢʝʡʙʽʨ ʞʝʨʣʝʨʽʥʜʝ ᴇʟʽʥʽש 

ʙʘʩʪʘʧץʳ ʞʘסʘʣʘʫʳʥʘʥ 100 ʢʤ ץʘʰʳץʪʳץץʘ 

ʢʝʪʢʝʥ. ʊײʟʙʝʥ, ʙʽʨ ʢʝʟʜʝʨʽ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ 

ʞʝʨʣʝʨʽʥʝʥ ʰʘʡʳʣסʘʥ ʧʝʩʪʠʮʠʜʪʝʨʤʝʥ, ʫʣʳ 

ʭʠʤʠʢʘʪʪʘʨʤʝʥ ʞʘʤʳʣסʘʥ 54 000 ʢʚ.ʢʤ ʪʝשʽʟ ʪװʙʽ 

ʞʘʣʘשʘʰʪʘʥסʘʥ. ʕʢʦʞװʡʝʥʽײץ שʨʘʤʳʥʳש ʞᴅʥʝ 

ʪײʨʘץʪʳʣʳסʳʥʳש ʙײʟʳʣʫʳʤʝʥ ʞᴅʥʝ ץʦʨʰʘסʘʥ 

ʦʨʪʘʥʳש ʫʳʪʪʳʣʳסʳʥʳש ʘʨʪʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ʘʡʤʘץʪʘ ʝʢʽ ʤʠʣʣʠʦʥʥʘʥ ʘʩʪʘʤ ʛʝʢʪʘʨ ʞʳʨʪʳʣʘʪʳʥ 

ʞʝʨʜʽ ʘʣסʘʥ ʞʘשʘ ʰᴇʣ ɸʨʘʣײץʤ ʧʘʡʜʘ ʙʦʣʜʳ. ɸʨʘʣ 

ʪʝשʽʟʽ ʞʳʣ ʩʘʡʳʥ ʘʪʤʦʩʬʝʨʘסʘ 75 ʪʦʥʥʘ ײץʤ ʤʝʥ 39 

ʪʦʥʥʘ ʪײʟ ʙʝʥ ײʤʘץ ʜʠʩʧʝʨʩʪʽ ʰʘשʜʳ ʰʳסʘʨʘʪʳʥ 

ᴇʟʽʥʜʽʢ ʘʥʪʨʦʧʦʛʝʥʜʽʢ ʚʫʣʢʘʥ ʙʦʣʜʳ. ᴄʨʜʘʡʳʤ 

ʰʘשʜʳ ʙʦʨʘʥʜʘʨ ʙʽʨ ʛʝʢʪʘʨ ʞʝʨʜʝʥ 60-80 

ʢʠʣʦʛʨʘʤʤ ʪײʟʜʳ ײץʤʜʳ ʰʳסʘʨʘʜʳ. ɾʳʣʳʥʘ 

ʘʡʤʘץ ʙʦʡʳʥʰʘ 300 ʢװʥ ײץʤʜʳ-ʪײʟʜʳ ʙʦʨʘʥ 

ʩʦסʘʜʳ, ʪʝשʽʟ ʙʘʪʳʩʪʘʥ ʰʳסʳʩץʘ ץʘʨʘʡ ᴇʪʝʪʽʥ 

ʘʫʘʥʳש ʘסʳʥʳ ʞʦʣʳʥʜʘ ʙʦʣʘʜʳ. ʆʩʳסʘʥ 

ʙʘʡʣʘʥʳʩʪʳ ʘʵʨʦʟʦʣʴʜʘʨ ʘʪʤʦʩʬʝʨʘʥʳש ʞʦסʘʨסʳ 

 שʘʨʫʜʳסʟ ʰʳײʘ ʪסʩʝʜʽ. ɸʪʤʦʩʬʝʨʘװʘʙʘʪʪʘʨʳʥʘ ʪץ

ʘʨʪʫʳ ɸʨʘʣ ʤʘשʳʥʜʘסʳ ʘʪʤʦʩʬʝʨʘʣʳץ ʞʘʫʳʥ-

ʰʘʰʳʥʥʳש ʤʠʥʝʨʘʣʠʟʘʮʠʷʩʳʥʳ6-7 ש ʝʩʝ ʘʨʪʫʳʥʘ 

ᴅʢʝʣʜʽ. ɹʘʪʳʩ ʙᴇʣʽʛʽʥʜʝ ʩʫʜʳש ʤʠʥʝʨʘʣʠʟʘʮʠʷʩʳ 

120 ʛ/ʣ, ʰʳסʳʩʳʥʜʘ ï 280 ʛ/ʣ ʜʝʡʽʥ ʞʝʪʪʽ. ʊײʟʜʳ-

ʰʘשʜʳ ʰʣʝʡʬʪʝʨ 400 ʢʤ ʘʩʪʘʤסʘ ʞʝʪʪʽ. ʐʘשʜʳ 

ʙʦʨʘʥʜʘʨʜʳש ᴅʨʝʢʝʪ ʝʪʫ ʨʘʜʠʫʩʳ 300 ʢʤ ʜʝʡʽʥ 

ʙʦʣʘʜʳ. ɾʳʣ ʩʘʡʳʥ ʘʪʤʦʩʬʝʨʘסʘ ײץʨʘʤʳʥʜʘ ʪײʟ 

ʙʘʨ 100 ʤʣʥ. ʪʦʥʥʘסʘ ʜʝʡʽʥ ʰʘש ʢᴇʪʝʨʽʣʝʜʽ [3, 4,5]. 

ɿʝʨʪʪʝʫ ʞϰʤʳʩʳʥʳϬ ʤʘϨʩʘʪʳ: ᴆʥʽʤʜʽʣʽʛʽ 

ʪᴇʤʝʥ ʞʘʡʳʣʳʤסʘ ʘʨʥʘʧ ʬʠʪʦʤʝʣʠʦʨʘʮʠʷʣʘʫ 

ʞʦʣʳʤʝʥ ᴇʟʛʝʨʽʩʢʝ ײʰʳʨʘסʘʥ ʪʦʧʳʨʘץʪʘʨʜʳש 

ʙʠʦʣʦʛʠʷʣʳץ ᴇʥʽʤʜʽʣʽʛʽʥ ʞʘץʩʘʨʪʫ. 

ɿʝʨʪʪʝʫ ʥʳʩʘʥʳ: פʘʨʘʪʝʨʝש ʪװʙʝʛʽʥʽש ʥʝʛʽʟʛʽ 

ʞʘסʘʣʘʫʳʥʳש ʪʦʧʳʨʘץ ʞʘʙʳʥʜʳʩʳ. 

ɿʝʨʪʪʝʫ ʞײʤʳʩʳʥʳש ᴅʜʽʩʪʝʨʽ: ʪʦʧʳʨʘץʪʳ, 

ᴇʩʽʤʜʽʢʪʝʨʜʽ ʞᴅʥʝ ʤʠʢʨʦʟʦʦʬʘʫʥʘʥʳ ʟʝʨʪʪʝʫʜʝ 

ʜʘʣʘʣʳץ, ʜʘʣʘʣʳץ-ʪᴅʞʽʨʠʙʝʣʽʢ, ʩʘʣʳʩʪʳʨʤʘʣʳ-

ʛʝʦʛʨʘʬʠʷʣʳץ, ʢʘʨʪʦʛʨʘʬʠʷʣʳץ, ʟʝʨʪʭʘʥʘʣʳץ-

ʪʘʣʜʘʫ, ʛʝʦʙʦʪʘʥʠʢʘʣʳץ, ʪʦʧʳʨʘץ ʟʦʦʣʦʛʠʷʣʳץ 

ᴅʜʽʩʪʝʨ ץʦʣʜʘʥʳʣʜʳ.  

ʉʘʣʳʩʪʳʨʤʘʣʳ-ʛʝʦʛʨʘʬʠʷʣʳץ ᴅʜʽʩ ï ɸʨʘʣ 

ʤʘשʳ ʙʦʡʳʥʰʘ ʤʦʥʠʪʦʨʠʥʛʪʽʢ סʳʣʳʤʠ 

ʟʝʨʪʪʝʫʣʝʨʜʽש ʢʘʨʪʘ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש ʜʝʨʝʢʪʝʨʽ 

ʪʘʣʜʘʥʳʧ, ץʦʨʳʪʳʥʜʳʣʘʥʜʳ. ʂʘʨʪʦʛʨʘʬʠʷʣʳץ 

ᴅʜʽʩïʜʘʣʘʣʳץ ʪᴅʞʽʨʠʙʝ ʩʳʟʙʘʥײʩץʘʩʳʥ ᴅʟʽʨʣʝʫ, 

ʙʘץʳʣʘʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʙʝʢʽʪʫ.ʊʦʧʳʨʘץʪʳ ʜʘʣʘʣʳץ 

ʟʝʨʪʪʝʫ ï ʪʦʧʳʨʘץ ץʘʟʙʘ-ʰץשײʳʨʣʘʨʳʥ ץʘʟʫ, 

ʤʦʨʬʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʩʠʧʘʪʪʘʫ, 

ʘʥʘʣʠʪʠʢʘʣʳץ ʟʝʨʪʪʝʫʣʝʨʛʝ ʪʦʧʳʨʘװ ץʣʛʽʣʝʨʽʥ ʘʣʫ. 

ɼʘʣʘʣʳץ-ʪᴅʞʽʨʠʙʝʣʽʢ ʟʝʨʪʪʝʫʣʝʨ ʪᴅʞʽʨʠʙʝ 

ʥײʩץʘʣʘʨʳ ʙʦʡʳʥʰʘ ץʦʡʳʣסʘʥ ʬʠʪʦʤʝʣʠʦʨʘʪʠʚʪʽʢ 

ʪᴅʞʽʨʠʙʝ ʘʣʘשʜʘʨʳʥʜʘ ʞװʨʛʽʟʽʣʜʽ. ɿʝʨʪʭʘʥʘʣʳץ-

ʘʥʘʣʠʪʠʢʘʣʳץ ʟʝʨʪʪʝʫʣʝʨ ʪʦʧʳʨʘץʪʘʥʫ ʞᴅʥʝ 

ʘʛʨʦʭʠʤʠʷʜʘ ʞʘʣʧʳסʘ ʦʨʪʘץ ץʘʙʳʣʜʘʥסʘʥ ᴅʜʽʩʪʝʨ 

ʙʦʡʳʥʰʘ ʞװʨʛʽʟʽʣʜʽ. ʊʦʧʳʨʘץʪʳש ʬʠʟʠʢʘʣʳץ, ʩʫ-

ʬʠʟʠʢʘʣʳץ, ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽ ʞᴅʥʝ ץʦʨʝʢʪʽʢ 

ʵʣʝʤʝʥʪʪʝʨʽ ʘʥʳץʪʘʣʜʳ. ɻʝʦʙʦʪʘʥʠʢʘʣʳץ 

ʟʝʨʪʪʝʫʣʝʨïᴇʩʽʤʜʽʢʪʝʨʜʽ ʘʥʳץʪʘʫ ʞᴅʥʝ ʩʠʧʘʪʪʘʫ, 

ʙʘʩʳʤ ʢʝʟʜʝʩʝʪʽʥ ʪװʨʣʝʨʽʥ ʘʡץʳʥʜʘʫ, ʪʘʙʠסʠ 

ʬʠʪʦʮʝʥʦʟʜʘʨʜʳש ʙʠʦʣʦʛʠʷʣʳץ ᴇʥʽʤʜʽʣʽʛʽʥ 

ʘʥʳץʪʘʫ. ʊʦʧʳʨʘץ-ʟʦʦʣʦʛʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨ ï 

ʤʠʢʨʦʟʦʦʬʘʫʥʘ ʊʫʣʴʛʨʝʥ - ɹʝʨʣʝʟʘ ʪʝʨʤʦʵʢʣʝʢʪʦʨʳ 

ᴅʜʽʩʽʤʝʥ ʙᴇʣʽʥʽʧ, ʘʥʳץʪʘʣʜʳ. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ. ɸסʘʰ ᴇʩʽʤʜʽʢʪʝʨʽ, 

ʙײʪʘʣʘʨ (ץʘʨʘ ʩʝʢʩʝʫʽʣ, ʞʠʜʝ) ץʦʨסʘʥʳʰ 

ʞʦʣʘץʪʘʨʳ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʳʣʘʜʳ, ʞʘʡʳʣʳʤʜʳ 

ʵʨʦʟʠʷ װʨʜʽʩʪʝʨʽʥʝʥ ʩʘץʪʘʡʜʳ, ʝʣʜʽ ʤʝʢʝʥʜʝʨʜʽ 

 ʙʫʣʘʥʫʳʥ שʘʣʜʳסʪʘʡʜʳ, ʳʣץʤ ʙʘʩʫʜʘʥ ʩʘײץ

ʘʟʘʡʪʘʜʳ. ɼʘʣʘʣʳץ ʪᴅʞʽʨʠʙʝ ʘʣʘשʳʥʳש 

ʩʳʟʙʘʥײʩץʘʩʳ ᴅʟʽʨʣʝʥʜʽ (ʘʫʜʘʥʳ 300 ʤ2). ᴄʨ 

ʥײʩץʘʥʳש ʘʫʜʘʥʳ 70 ʤ2.  

ʊᴅʞʽʨʠʙʝ ʥײʩץʘʣʘʨʳ 

I - ʙʘץʳʣʘʫ (ʪʳשʘʡʪץʳʰʩʳʟ);  

II - ʩʫʧʝʨʬʦʩʬʘʪ + ʢʘʨʙʘʤʠʜ;  

III - ʙʠʦʢᴇʤʽʨ; 

IV - ʪʳשʘʡʪץʳʰ (ʩʫʧʝʨʬʦʩʬʘʪ + ʢʘʨʙʘʤʠʜ) 

ʤʝʣʠʦʨʘʥʪ ï ʙʠʦʢᴇʤʽʨ ʢʝʰʝʥʽʤʝʥ.  

ʊᴅʞʽʨʠʙʝ ʪʝʣʽʤʽʥʽש ʘʡʥʘʣʘʩʳʥʜʘ ʞʠʜʝ ʝʛʽʣʛʝʥ. 

ᴄʨ ʤᴇʣʪʝʢʪʽש ʞʘʥʳʥʘ ץʘʨʘ ʩʝʢʩʝʫʽʣ ʝʛʽʣʛʝʥ. 

ʐᴇʧʪʝʨʜʝʥ Agropyron cristatum (L.) Gaertn., ʘʣ 

ʘʨʘʣʘʩʰᴇʧʪʝʨʜʝʥ D§ctylis glomer§ta, Bromus 

tomentellus Boiss ʝʛʽʣʜʽ. 

ʄʝʣʠʦʨʘʪʠʚʪʽʢ ʽʩ ʰʘʨʘʣʘʨʜʳש ᴅʩʝʨʽʥʝʥ 

ʪʦʧʳʨʘץ ץʘʩʠʝʪʪʝʨʽʥʽש ᴇʟʛʝʨʫʽʥ ʩʘʣʳʩʪʳʨʤʘʣʳ 

ʙʘסʘʣʘʫʜʳש ʢᴇʨʩʝʪʫʽ ʙʦʡʳʥʰʘ ʪᴅʞʽʨʠʙʝ ʥײʩץʘʣʘʨʳ 

ʙʦʡʳʥʰʘ ʜʘʣʘʣʳץ ʳʣסʘʣʜʳʣʳץ ʙʘʩʪʘʧץʳ 

ʞʘסʜʘʡʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ᴇʟʛʝʰʝʣʝʥʝʜʽ (ʦʨʪʘʰʘ 

ʙʘʩʪʘʧץʳ ʳʣסʘʣʜʳʣʳ0-10 ץ ʩʤ - 0,4; 10-20 ʩʤ - 1,13). 

ɹʘץʳʣʘʫ ʥײʩץʘʩʳʥʜʘ ʜʘʣʘʣʳץ ʳʣסʘʣʜʳʣʳץ 

ʙʘʩʪʘʧץʳ ʤᴇʣʰʝʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ 0-10 ʩʤ 

 ʳ ʜʝʨʝʢʪʝʨʤʝʥץʘʥ. ɹʘʩʪʘʧץʘʙʘʪʪʘ 8 ʝʩʝ ʘʨʪץ

ʩʘʣʳʩʪʳʨסʘʥʜʘ ʙʘʨʣʳץ ʪᴅʞʽʨʠʙʝ ʥײʩץʘʣʘʨʳ 

ʙʦʡʳʥʰʘ ʜʘʣʘʣʳץ ʳʣסʘʣʜʳʣʳץ ʘʨʪʫʳ ʙʘʡץʘʣʘʜʳ. 

ᴄʩʽʨʝʩʝ 2013 ʞʳʣʳ ʜʘʣʘʣʳץ ʳʣסʘʣʜʳʣʳ2014 ץ 

ʞʳʣʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʞʦסʘʨʳ. ʆʥʳ ʪʦʧʳʨʘץ 
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 ʩʽʥʜʽʨʫʛʝ ʙʦʣʘʜʳ. 2013װʽʤʝʥ ʪשʣʛʽʣʝʨʽʥ ʘʣʫ ʢʝʟʝװ

ʞʳʣʳ ʳʣסʘʣʜʳʣʳץʪʳ ʘʥʳץʪʘʫסʘ ʪʦʧʳʨʘװ ץʣʛʽʣʝʨʽ 

ʤʘʤʳʨ ʘʡʳʥʳש ʙʘʩʳʥʜʘ ʘʣʳʥסʘʥ. ɸʣ 2014 ʞʳʣʳ 

ʪʦʧʳʨʘװ ץʣʛʽʣʝʨʽ ʰʽʣʜʝ ʘʡʳʥʜʘ ʘʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ 

27-30 ʉ ʙʦʣסʘʥ ʢʝʟʜʝ ʘʣʳʥʜʳ. 

ɹʘʩʪʘʧץʳ ʞʘסʜʘʡʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ 

ʪʦʧʳʨʘץʪʳש ʢᴇʣʝʤʜʽʢ ʤʘʩʩʘʩʳ ʜʘ ᴇʟʛʝʨʽʩʢʝ 

 ʘʙʘʪʪʘ ʢᴇʣʝʤʜʽʢ ʤʘʩʩʘ 1.66ץ ʘʥ (0-46 ʩʤסʰʳʨʘײ

ʛ/ʩʤ3) ʤʝʣʠʦʨʘʥʪʪʘʨ ʤʝʥ ʪʳשʘʡʪץʳʰʪʘʨ ʝʥʛʽʟʽʣʛʝʥ 

ʩʫʧʝʨʬʦʩʬʘʪ + ʢʘʨʙʘʤʠʜ + ʙʠʦʢᴇʤʽʨ ʥײʩץʘʩʳʥʜʘ 

ʢᴇʣʝʤʜʽʢ ʤʘʩʩʘ 1,54 ʛ/ʩʤ3, ʙʠʦʢᴇʤʽʨ ʝʥʛʽʟʽʣʛʝʥ 

ʥײʩץʘʜʘ1,65 ʛ/ʩʤ3ײץʨʘʡʜʳ. 

ʊᴅʞʽʨʠʙʝ ʪʝʣʽʤʽʥʽש ʟʝʨʪʪʝʣʛʝʥ ʪʦʧʳʨʘץʪʘʨʳ 

 ,ʪʘʥץʪʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʦʥʜʳץʤʜʳ ʪʦʧʳʨʘײץ

ʪᴅʞʽʨʠʙʝ ʪʝʣʽʤʽʥʽש ʪʦʧʳʨʘסʳʥʳש ʩʫ-ʬʠʟʠʢʘʣʳץ, 

ʬʠʟʠʢʘʣʳץ, ʬʠʟʠʢʘʣʳץ-ʭʠʤʠʷʣʳץ ʞᴅʥʝ 

ʭʠʤʠʷʣʳץץʘʩʠʝʪʪʝʨʽ ײץʤʜʳ ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳץ 

 .ʨʘʤʳʥʘ ʙʘʡʣʘʥʳʩʪʳײץ

ʊᴅʞʽʨʠʙʝ ʪʝʣʽʤʽʥʽײץ שʤʜʳ ʪʦʧʳʨʘץʪʘʨʳʥʜʘ 

ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨ ʘʟ, ʞʦסʘʨסʳ 0-20 ʩʤ ץʘʙʘʪʪʘ 

(2012 ʞ) ʦʨʪʘʰʘ ʘʣסʘʥʜʘ 0,12 %, ʪᴅʞʽʨʠʙʝ 

ʥײʩץʘʣʘʨʳ ʙʦʡʳʥʰʘ 0-20 ʩʤ ץʘʙʘʪʪʘʛʫʤʫʩʪʳש 

ʤᴇʣʰʝʨʽ 0,22-0,44 % ײץʨʘʡʜʳ, 20-40 ʩʤ ï 0,20-0,25 

%.  

ɹʠʦʢᴇʤʽʨ ʝʥʛʽʟʽʣʛʝʥ ʥײʩץʘʣʘʨʜʘʛʫʤʫʩʪʳש 

ʤᴇʣʰʝʨʽ 0-20 ʩʤ ץʘʙʘʪʪʘ 0,35 ʞᴅʥʝ 0,4 % ײץʨʘʡʜʳ, 

ʷסʥʠ ʙʠʦʢᴇʤʽʨ ʝʩʝʙʽʥʝʥ ʛʫʤʫʩ ʤᴇʣʰʝʨʽʥʽש ʘʨʪʫʳ 

ʙʘʡץʘʣʘʜʳ. 

ʊײʟʜʘʨʜʳש ʞʠʥʘסʳ ʙʦʡʳʥʰʘ ʪʦʧʳʨʘץʪʘʨ ᴅʣʩʽʟ 

ʪײʟʜʘʥʫʜʘʥ ʦʨʪʘʰʘ ʜᴅʨʝʞʝʣʽ ʪײʟʜʘʥʫסʘ 

ʜʝʡʽʥ,ʪʦʧʳʨʘץʪʳ20-40 ש ʩʤ ץʘʙʘʪʳʥʜʘ ʢʘʣʴʮʠʡ 

ʩʫʣʴʬʘʪʳʥʳש ʤᴇʣʰʝʨʽ ʞʦסʘʨסʳ ץʘʙʘʪʪʘʨʤʝʥ 

ʩʘʣʳʩʪʳʨסʘʥʜʘ ʩʫʧʝʨʬʦʩʬʘʪ + ʢʘʨʙʘʤʠʜ ʞᴅʥʝ 

ʙʠʦʢᴇʤʽʨ ʥײʩץʘʩʳʥʜʘ ʞʦסʘʨʳ. ʊײʟʜʘʥʫ ʪʠʧʽ 

ʩʫʣʴʬʘʪʪʳ, ʙʠʢʦʨʙʘʥʘʪʪʳ- ʩʫʣʴʬʘʪʪʳ 

ʘʥʠʦʥʜʳʞᴅʥʝ ʤʘʛʥʠʡʣʽ- ʢʘʣʠʡʣʽ-ʢʘʣʴʮʠʡʣʽ 

ʢʘʪʠʦʥʜʳ ײץʨʘʤʜʳ, ʢʘʣʴʮʠʡ ʢʘʪʠʦʥʳ ʙʘʩʳʤ. 

ʊײʟʜʘʨ ʞʠʥʘסʳ 0,2 - 0,44 %-ʜʳ ײץʨʘʡʜʳ [6]. 

ʊᴅʞʽʨʠʙʝ ʪʝʣʽʤʽʥʜʝʛʽ ᴇʩʽʤʜʽʢʪʝʨʜʽש ᴇʩʽʧ-

ᴇʥʫʽʥʝ ʬʝʥʦʣʦʛʠʷʣʳץ ʙʘץʳʣʘʫ ʞװʨʛʽʟʫ. ɹʘץʳʣʘʫ 

ʥײʩץʘʩʳʥʜʘ ץʳʣʪʳץʩʳʟ ʘʨʧʘʙʘʩʪʳץ שʘʣʳשʜʳסʳ 

ʦʨʪʘʰʘ, ʙʠʽʢʪʽʛʽ 5 ʩʤ, ʤʘʩʘץʪʘʥʫ ʬʘʟʘʩʳʥʜʘ. ɾʠʤʘ 

ʪʘʨסʘץ ץʘʥʘסʘʪʪʘʥʜʳʨʘʨʣʳץ ʞʘסʜʘʡʜʘ, ᴇʩʢʽʥʜʝʨʽ 

ʩʠʨʝʢ, ʘʣʘʩʘ, ʤʘʩʘץʪʘʥʫ ʩʘʪʳʩʳʥʘʥ ᴇʪʢʝʥ. 

ʄʘʩʘץʪʘʨʳ ʢʽʰʢʝʥʪʘʡ, ʩʠʨʝʢ ʞᴅʥʝ ʚʝʛʝʪʘʮʠʷʣʳץ 

ʩʘʪʳʩʳ ʘʷץʪʘʣסʘʥ ʢʝʟʝשʜʝ. ʉʫʧʝʨʬʦʩʬʘʪ + 

ʢʘʨʙʘʤʠʜ ʝʥʛʽʟʽʣʛʝʥ ʥײʩץʘʜʘ ץʳʣʪʳץʩʳʟ ʘʨʧʘʙʘʩ 

ʙʘץʳʣʘʫ ʥײʩץʘʩʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ץʘʣʳש 

ʰʳץץʘʥ, ᴇʩʽʤʜʽʢʪʽש ʙʠʽʢʪʽʛʽ 10-12 ʩʤ, ʞʠʤʘ ʪʘʨסʘץ 

ʙײʣ ʥײʩץʘʜʘ ʜʘ ʩʠʨʝʢ ʰʳץץʘʥ, ʤʘʩʘץʪʘʥʫ 

ʩʘʪʳʩʳʥʜʘ. ɹʠʦʢᴇʤʽʨ ʝʥʛʽʟʽʣʛʝʥ ʥײʩץʘʜʘ ץʳʣʪʳץʩʳʟ 

ʘʨʧʘʙʘʩ ץʘʣʳש ʰʳץץʘʥ, ᴇʩʽʤʜʽʢʪʽש ʙʠʽʢʪʽʛʽ 10-15 

ʩʤ. ɸʨʘʣʘʩ ʰᴇʧʪʝʨ ץʳʣʪʳץʩʳʟ ʘʨʧʘʙʘʩ+ʞʠʤʘ 

ʪʘʨסʘץ ʝʛʽʩʽʥʜʝ ʢʝʰʝʥʜʽ ʪʳשʘʡʪץʳʰʪʘʨ 

(ʩʫʧʝʨʬʦʩʬʘʪ+ʢʘʨʙʘʤʠʜ+ʙʠʦʢᴇʤʽʨ) ʞᴅʥʝ ʙʠʦʢᴇʤʽʨ 

ʢʝʥʛʽʟʽʣʛʝʥ ʪᴅʞʽʨʠʙʝ ʥײʩץʘʩʳʥʜʘ ʙʠʦʤʝʪʨʠʢʘʣʳץ, 

ʤʦʨʬʦʣʦʛʠʷʣʳץ (ᴇʥʛʽʰʪʽʛʽ, ʙʠʽʢʪʽʛʽ, ᴇʩʽʤʜʽʢʪʽש 

ʰʦסʳʨʣʘʥʳʧ ᴇʩʫʽ, ʪʘʤʳʨʣʘʨʳʥʳש ʧʽʰʽʥʽ ʞᴅʥʝ 

 ʛʝ ʝʥʫʽ ʙʦʡʳʥʰʘשʪʝʨʝ שʡʝʩʽʥʽװʳ), ʪʘʤʳʨ ʞסʟʳʥʜʳײ

ʞʘץʩʳ ʥᴅʪʠʞʝʣʝʨ ʘʣʳʥʜʳ. 

ɹʠʦʤʝʪʨʠʷʣʳץ, ʤʦʨʬʦʣʦʛʠʷʣʳץ ʜʝʨʝʢʪʝʨʽ 

(ᴇʥʛʽʰʪʽʛʽ, ʙʠʽʢʪʽʛʽ, ʪװʧʪʝʥʫʽ, ʪʘʤʳʨʣʘʨʳʥʳש ʧʽʰʽʥʽ 

ʞᴅʥʝ ʙʠʽʢʪʽʛʽ ʙʦʡʳʥʰʘ) ʞʘץʩʳ ʥᴅʪʠʞʝʣʝʨ 

ʪʳשʘʡʪץʳʰʪʘʨʜʳ ʢʝʰʝʥʜʽ ʝʥʛʽʟʫ ʞᴅʥʝ ʙʠʦʢᴇʤʽʨ 

ʝʥʛʽʟʽʣʛʝʥ ʥײʩץʘʜʘ ʙʦʣʜʳ. 1-ʥײʩץʘʜʘ ʪʘʤʳʨʣʘʨʜʳש 

 שʘʜʘ ʪʘʤʳʨʣʘʨʜʳץʩײʳ 8-10 ʩʤ; 2 ʥסʟʳʥʜʳײ

 ʘʜʘץʩײʳ 10-12 ʩʤ, 3 ʙʠʦʢᴇʤʽʨ ʝʥʛʽʟʽʣʛʝʥ ʥסʟʳʥʜʳײ

ï 10-14 ʩʤ ײץʨʘʡʜʳ. 

ɽʨʢʝʢʰᴇʧʪʽש ᴇʩʢʽʥʜʝʨʽ ץʘʣʳש ʞᴅʥʝ ʞʘץʩʳ 

ʰʳץץʘʥ. ɹʘץʳʣʘʫ ʥײʩץʘʩʳʥʜʘ ᴇʩʽʤʜʽʢʪʽש ʙʠʽʢʪʽʛʽ 8-

10 ʩʤ, ʩʫʧʝʨʬʦʩʬʘʪ+ʢʘʨʙʘʤʠʜ ʥײʩץʘʩʳʥʜʘ ï 4-9 ʩʤ, 

ʙʠʦʢᴇʤʽʨ ʥײʩץʘʩʳʥʜʘ ï 6-12 ʩʤ, 

ʩʫʧʝʨʬʦʩʬʘʪ+ʢʘʨʙʘʤʠʜ+ ʙʠʦᴇʤʽʨ ʥײʩץʘʩʳʥʜʘ ï 6-

14 ʩʤ.  

ɽʨʢʝʢʰᴇʧʪʽש ʪᴅʞʽʨʠʙʝʥײʩץʘʣʘʨʳ ʙʦʡʳʥʰʘ 

 ,ʳʣʘʫ ï 10-12 ʩʤץʳ: ʙʘסʟrʥʜʳײ

ʩʫʧʝʨʬʦʩʬʘʪ+ʢʘʨʙʘʤʠʜ ï 12-13 ʩʤ, ʙʠʦʢᴇʤʽʨ ï 12-

14 ʩʤ, ʩʫʧʝʨʬʦʩʬʘʪ+ʢʘʨʙʘʤʠʜ+ʙʠʦʢᴇʤʽʨ ï 14-16 

ʩʤ.  

ʊᴅʞʽʨʠʙʝ ʪʝʣʽʤʽʥʜʝ ץʘʨʘ ʩʝʢʩʝʫʽʣ ʛװʣʜʝʫ 

ʬʘʟʘʩʳʥʜʘ, ʦʪʳʨסʳʟʳʣסʘʥ 127 ᴇʩʽʤʜʽʢʪʽש ʽʰʽʥʜʝ 60 

ᴇʩʽʤʜʽʢ ᴇʩʽʧ ʰʳץʪʳ ʞᴅʥʝ ᴇʩʽʤʜʽʢʪʽש ʞʘʣʧʳ 

ʩʘʥʳʥʳ2 ,47 ש %-ʳʥ ײץʨʘʡʜʳ. ɽʢʽʥʰʽ ʞʳʣʜʳש 

ʝʢʧʝʣʝʨʽ ʞʘץʩʳ ʜʘʤʳסʘʥ, ʙײʪʘץʪʘʥʳʧ, ʪװʧʪʝʥʛʝʥ. 

ᴆʩʽʤʜʽʢʪʽש ʙʠʽʢʪʽʛʽ 25-70 ʩʤ. ʉʝʢʩʝʫʽʣʜʽץ שʘʩʳʥʜʘ 

ʪץײʳʤʥʘʥ ʩʝʢʩʝʫʽʣʜʽש ʞʘʩ ʪװʙʽʨᴇʨʢʝʥʜʝʨʽ ᴇʩʽʧ 

ʰʳץץʘʥ. ᴆʩʽʤʜʽʢʪʽש ʙʠʽʢʪʽʛʽ 8-15 ʩʤ. 

ɾʠʜʝʥʽש ᴇʩʢʽʥʜʝʨʽ ʞʘץʩʳ ʰʳץץʘʥ, ʢʝʡ 

ʞʝʨʣʝʨʜʝ ᴇʩʢʽʥʜʝʨʽ ʙʽʨʢʝʣʢʽ ʝʤʝʩ. ᴆʩʽʤʜʽʢʪʽש 

ᴇʩʢʽʥʜʝʨʽʥʽש ʞʘʣʧʳ ʩʘʥʳ 60. ʂװʨʽʰ װʣʧʝʛʽʥʝʥ 

ʘʣʳʥסʘʥ ʙʠʦʢᴇʤʽʨʜʽ ʞᴅʥʝ ʠʛʝʨʫʰʽ-ʜʘץʳʣʜʘʨ: 

ʘʨʘʣʘʩ ʰᴇʧʪʝʨ: ץʳʣʪʳץʩʳʟ ʘʨʧʘʙʘʩ+ʞʠʤʘ ʪʘʨסʘץ 

ʞᴅʥʝ ʝʨʢʝʢʰᴇʧʪʽ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, 

ʬʠʪʦʤʝʣʠʦʨʘʪʠʚʪʽʢ ʽʩ-ʰʘʨʘʣʘʨ ʞװʨʛʽʟʫ ᴇʥʽʤʜʽʣʽʛʽ 

ʪᴇʤʝʥ ʞʘʡʳʣʳʤסʘ ᴇʟʛʝʨʽʩʢʝ ײʰʳʨʘסʘʥ 

ʪʦʧʳʨʘץʪʘʨʜʳ ʠʛʝʨʫ ʙʦʡʳʥʰʘ ʞʘסʳʤʜʳ ʥᴅʪʠʞʝʣʝʨ 

ʢᴇʨʩʝʪʪʽ, ʤʘʣ ʞʘʡʳʣסʘʥʥʘʥ ʢʝʡʽʥ ʞᴅʥʝ ʰᴇʧ ʰʘʫʳʧ 

ʘʣʳʥסʘʥʥʘʥ ʢʝʡʽʥ ʰᴇʧ ʞʘץʩʳ ᴇʩʝʜʽ [6]. 

ʌʠʪʦʤʝʣʠʦʨʘʥʪʪʘʨ ʝʛʽʣʛʝʥ ʪʦʧʳʨʘץʪʘʨʜʘ 

ʙʠʦʵʢʦʣʦʛʠʷʣʳץ ʬʫʥʢʮʠʷʣʘʨʜʳץ שʘʣʧʳʥʘ ʢʝʣʫʽ. 

ɾʘʣʧʳ ʘʡʪץʘʥʜʘ ʪʦʧʳʨʘץ ʞʘʥʫʘʨʣʘʨʳʥ ʪᴇʨʪ ʪʦʧץʘ 

ʙᴇʣʫʛʝ ʙʦʣʘʜʳ. ʅʘʥʦʬʘʫʥʘ - ʪʦʧʳʨʘץ 

 ץʘʨʘʧʘʡʳʤʜʘʨʳ. ʄʠʢʨʦʬʘʫʥʘ- ʪʦʧʳʨʘץ

ʤʠʢʨʦʘʨʪʨʦʧʦʜʪʘʨʳ. ʄʝʟʘʬʘʫʥʘ ï ʽʨʽ ʪʦʧʳʨʘץ 

ʦʤʳʨʪץʘʩʳʟʜʘʨʳ.ʄʘʢʨʘʬʘʫʥʘ ï ʪʦʧʳʨʘץ 

ʦʤʳʨʪץʘʣʳʣʘʨʳ. 

ʄʠʢʨʦʘʨʪʨʦʧʦʜʪʘʨʜʳ, ʩʦʥʳש ʽʰʽʥʜʝ 

ʘʷײץץʡʨʳץʪʳʣʘʨ ʤʝʥ ʩʘʫʳʪʪʳ ʢʝʥʝʣʝʨʜʽ סʘʥʘ 

ʵʢʣʝʢʪʦʨ ᴅʜʽʩʽʤʝʥ ʪʦʧʳʳʨʘץʪʘʥ ʰʳסʘʨʳʧ ʘʣʫסʘ 

ʙʦʣʘʜʳ. ɹײʣʘʨ ʳʣסʘʣ ʩװʡʛʽʰ ʞʘʥʫʘʨʣʘʨ. ʊʦʧʳʨʘץ 

ʙʝʪʽ ʢʝʙʝ ʙʘʩʪʘסʘʥʜʘ, ʦʣʘʨ ʳʣסʘʣ ʢᴇʧ ʞʘץץʘ ץʘʨʘʡ 

ʳסʳʩʘ ʙʘʩʪʘʡʜʳ. ʉʦʣ ʩʝʙʝʧʪʝʥ ʜʝ ʟʝʨʪʭʘʥʘ 

ʞʘסʜʘʡʳʥʜʘ ʵʢʣʝʢʪʦʨʜʳש ʙʝʪʢʽ ʞʘסʳʥʘ ʣʘʤʧʘ 

 ʜʘʡʜʘסʞʘ ץʵʢʩʧʝʜʠʮʠʷʣʳ ץʦʡʳʣʘʜʳ, ʘʣ ʜʘʣʘʣʳץ

ʵʢʣʝʢʪʦʨʜʳ ʢװʥʥʽש ʘʩʪʳʥʘ ץʦʡʳʧ ʙᴇʣʽʧ ʘʣʫסʘ 

ʙʦʣʘʜʳ. 

ʄʠʢʨʦʘʨʪʨʦʧʦʜʪʘʨ ʪʦʧʳʨʘץʪʘסʳ ʞᴅʥʝ ʦʥʳש 

 ʳ ᴇʩʽʤʜʽʢ ʞᴅʥʝ ʞʘʥʫʘʨʣʘʨסʘʙʘʪʳʥʜʘץ ʛʽשʩʪʽװ

 ʰʽʨʽʧ- ʳʜʳʨʘʫʳʥʘ שʪʘʨʳʥʳץʘʣʜʳץ

ʢᴇʤʝʢʪʝʩʝʜʽ.ʊʦʧʳʨʘץʪʳש ʢʝʫʝʢʪʽʣʽʛʽʥ ʘʨʪʘʜʳ. 

ʊʦʧʳʨʘץʪʘ ʽʥ ץʘʟʘ ʦʪʘʨʳʧ, ᴇʩʽʤʜʽʢ ʪʘʤʳʨʣʘʨʳʥʘ 

ʘʫʘ, ʩʫ ᴇʪʫʽʥ ʞʝשʽʣʜʝʪʝʜʽ.ʆʣʘʨʜʳש ʵʢʩʢʨʝʤʝʥʪʪʝʨʽ 

ʘʟʦʪץʘ, ʙʠʦʛʝʥʜʽ ʢʘʣʴʮʠʡʛʝ ᴇʪʝ ʙʘʡ ʙʦʣסʘʥʜʳץʪʘʥ 

ʪʦʧʳʨʘץʪʳץ שʳʰץʳʣʜʳסʳʥ ʘʟʘʡʪʘʜʳ.ʆʣʘʨ 

ʪʦʧʳʨʘײץ ץʥʘʨʣʳסʳʥ ʘʨʪʪʳʨʫסʘ ץʘʪʳʩʘʜʳ. 
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ʊʦʧʳʨʘץ ʦʤʳʨʪץʘʩʳʟʜʘʨʳ ʪʦʧʳʨʘץ 

 ʪʽʨʰʽʣʽʢ שʘʙʘʪʪʘʨʳʥʜʘ ʤʝʢʝʥʜʝʡʜʽ. ʆʣʘʨʜʳץ

ᴅʨʝʢʝʪʽ ʪʝʤʧʝʨʘʪʫʨʘ, ʳʣסʘʣʜʳʣʳץ, ʪײʟʜʘʨʜʳש 

ʤᴇʣʰʝʨʽ, ʪʦʧʳʨʘײץ ץʨʳʣʳʤʳ ʩʠʷץʪʳ ʬʘʢʪʦʨʣʘʨסʘ 

ʙʘʡʣʘʥʳʩʪʳ. ʊʽʨʰʽʣʽʢʪʽש ʦʩʳ ʞʘסʜʘʡʳʥʳש 

ʞʠʳʥʪʳץʪʘʨʳ סʘʣʳʤʜʘʨ ʪװʨʜʽש ʵʢʦʣʦʛʠʷʣʳץ 

ʩʪʘʥʜʘʨʪʳ ʜʝʧ ʘʪʘʡʪʳʥ ʞʘʣʧʳ ʩʠʧʘʪʪʘʤʘʥʳ 

 ʘʩʳʟʜʘʨʳץʦʤʳʨʪ ץʨʘʡʜʳ. ʊʦʧʳʨʘײץ

ʙʠʦʠʥʜʠʢʘʪʦʨʣʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʩʳ ʤʘץʩʘʪʪʘ 

ʪʦʧʳʨʘץʪʘסʳ ʩʘʫʳʪʪʳ ʢʝʥʝʣʝʨ ʤʝʥ 

ʘʷײץץʡʨʳץʪʳʣʘʨʜʳ ʊʫʣʴʛʨʝʥ-ɹʝʨʣʝʟʘ 

ʪʝʨʤʦʵʢʣʝʢʪʨʳ ʘʨץʳʣʳ ʙᴇʣʽʧ ʘʣʳʧ, ʝʩʝʧ ʞװʨʛʽʟʝʜʽ. 

ʐᴇʣʜʽ ʞʝʨʣʝʨʜʝ ʪʦʧʳʨʘץ ʬʘʫʥʘʩʳʥ ʟʝʨʪʪʝʛʝʥ ʢʝʟʜʝ 

ʙʽʨʽʥʰʽ ʢᴇʟʛʝ ʪװʩʝʪʽʥʽ ʦʣʘʨʜʳש ʤᴇʣʰʝʨʽʥʽש ʘʟʜʳסʳ. 

ʐᴇʣʜʽ ʞʝʨʣʝʨʜʝ ʰײʙʘʣʰʳשʜʘʨ, ʝʩʝʢײץʨʪʪʘʨ ʞᴅʥʝ 

ʪʘסʳ ʙʘʩץʘ ײʩʘץ ʪʦʧʳʨʘץ ʞʘʥʫʘʨʣʘʨʳ ʤװʣʜʝʤ ʞʦץ. 

ʆʥʳש ʝʩʝʩʽʥʝ ʤײʥʜʘ ʩʘʨʳʰʘʷʥʜʘʨ, ʰᴇʣ 

ʝʩʝʢײץʨʪʪʘʨʳ, ʢʝʩʽʨʪʢʝʣʝʨ ʢᴇʧ ʢʝʟʜʝʩʝʜʽ. ʊʦʧʳʨʘץ 

ʦʤʳʨʪץʘʩʳʟʜʘʨʳ ʪʦʧʳʨʘץʪʳש ʛʠʜʨʦ ʞᴅʥʝ 

ʪʝʨʤʦʨʝʞʠʤʜʝʨʽʥʝ, ʣʘʩʪʘʥʫʳʥʘ, ʪײʟʜʳʣʳסʳʥʘ ᴇʪʝ 

ʩʝʟʽʤʪʘʣ ʢʝʣʝʜʽ. ɼʘʣʘʣʳץ ʞʘסʜʘʡʜʘ ʪʦʧʳʨʘץʪʳש 

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ ᴇʣʰʝʜʽʢ: ʪʦʧʳʨʘץʪʳש ʙʝʪʢʽ 0 ï 5 

ʩʤ ץʘʙʘʪʳʥʜʘ ʪʦʧʳʨʘץ ʪʝʤʧʝʨʘʪʫʨʘʩʳ 27-32Üʉ 

ʘʨʘʩʳʥʜʘ ʘʫʳʪץʠʜʳ, 5-10 ʩʤ ץʘʙʘʪʳʥʜʘ ʪʦʧʳʨʘץ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʞʦסʘʨʳ 26Üʉ. ʄʠʢʨʦʘʨʪʨʦʧʦʜʪʘʨ 

ᴇʪʝ ʳʣסʘʣ ʩװʡʛʽʰ ʞʘʥʫʘʨʣʘʨ. ʊʦʧʳʨʘץʪʳש ʙʝʪʢʽ 

 ,ʪʘʥץʘʥʜʳסʘʨʳ ʙʦʣסʘʙʘʪʳʥʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʞʦץ

ʪʦʧʳʨʘץ ʢʝʫʽʧ ʢʝʪʢʝʥ ʞᴅʥʝ ʟʝʨʪʪʝʣʝʪʽʥ ʪʝʣʽʤʜʝʨʜʝ 

ʩʘʫʳʪʪʳ ʢʝʥʝʣʝʨʜʽש ʙʽʨʣʽ ʞʘʨʳʤʜʳ ʜʘʥʘʣʘʨʳ 5-10 

ʩʤ ץʘʙʘʪʪʘ סʘʥʘ ʢʝʟʜʝʩʪʽ. ʆʣʘʨ ʢװʥ ʳʩʳסʘʥ ʩʘʡʳʥ 

ʪʦʧʳʨʘץʪʳש ʪᴇʤʝʥʛʽ ʳʣסʘʣʜʳ ץʘʙʘʪʪʘʨʳʥʘ ץʘʨʘʡ 

ʳrסʩʘ ʙʝʨʝʜʽ.ʉʦʣ ʩʝʙʝʧʪʝʥ ʪᴅʞʽʨʠʙʝ ʪʝʣʽʤʽʥʽש 

ʪᴅʞʽʨʠʙʝ ʥײʩץʘʣʘʨʳʥʳש ʪʦʧʳʨʘץʪʘʨʳʥʳ5-10 ,0-5 ש 

ʩʤ ץʘʙʘʪʪʘʨʳʥʜʘ ʤʠʢʨʦʘʨʪʨʦʧʦʜʪʘʨ ʘʟ ʢʝʟʜʝʩʪʽ. 

ʂװʥ ʳʩʳסʘʥ ʩʘʡʳʥ ʦʣʘʨ ʪʦʧʳʨʘץʪʳש ʳʣסʘʣʜʳʨʘץ 

ʪᴇʤʝʥʛʽ ץʘʙʘʪʪʘʨʳʥʘ ץʘʨʘʡ ʢʝʪʝʜʽ. 

 ʥʝʛʽʟʛʽ שʙʝʛʽʥʽװʪ שʘʨʘʪʝʨʝפ .ʦʨʳʪʳʥʜʳפ

ʞʘסʘʣʘʫʳʥʳש ʞᴅʥʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʜʳץ ʪᴅʞʽʨʠʙʝ 

ʪʝʣʽʤʽʥʽש ʪʦʧʳʨʘץʪʘʨʳ ʙʳʣʘʡ ʩʠʧʘʪʪʘʣʘʜʳ: 

ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳײץ ץʨʘʤʳ ײץʤʜʳ, ʛʫʤʫʩ ʤᴇʣʰʝʨʽ 

ʪᴇʤʝʥ, ʞʘʣʧʳ ʞᴅʥʝ ʞʳʣʞʳʤʘʣʳ ʘʟʦʪ, ʞʘʣʧʳ 

ʬʦʩʬʦʨ ʤᴇʣʰʝʨʽ ʪᴇʤʝʥ, ʢʘʣʠʡʤʝʥ ʞʝʪʢʽʣʽʢʪʽ 

ʤᴇʣʰʝʨʜʝ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʛʝʥ, ʢʘʨʙʦʥʘʪʪʳ, ʨʅ 

ʦʨʪʘʩʳ ʩʽʣʪʽʣʽ, סʘʥʳʰ ʝʣʝʫʣʽ ʤᴇʣʰʝʨʜʝ, ʪײʟʜʘʥʫʳ 

ʙʽʨʢʝʣʢʽ ʝʤʝʩ, ʪײʟʜʘʥʫ ʜᴅʨʝʞʝʩʽ ᴅʣʩʽʟ ʪײʟʜʘʥʫʜʘʥ 

ʦʨʪʘʰʘ ʪײʟʜʘʥʫסʘ ʜʝʡʽʥ, ʙʠʢʦʨʙʘʥʘʪʪʳ- ʩʫʣʴʬʘʪʪʳ 

ʘʥʠʦʥʜʳ ʞᴅʥʝ ʤʘʛʥʠʡʣʽ- ʢʘʣʠʡʣʽ-ʢʘʣʴʮʠʡʣʽ 

ʢʘʪʠʦʥʜʳ ײץʨʘʤʜʳסʘ ʞʘʪʘʜʳ, ʢʘʣʴʮʠʡ ʢʘʪʠʦʥʳ ʤʝʥ 

ʩʫʣʴʬʘʪ ʘʥʠʦʥʳ ʙʘʩʳʤ; ʘʫʳʨ ʤʝʪʘʣʜʘʨʜʳש ʞʘʣʧʳ 

ʞᴅʥʝ ʞʳʣʞʳʤʘʣʳ ʬʦʨʤʘʣʘʨʳ ï ʤʳʨʳʰ, ʤʳʩ, 

ʢʘʜʤʠʡ ʥʦʨʤʘ ʰʝʛʽʥʜʝ, ץʦʨסʘʩʳʥʥʳש 

ʞʘʣʧʳʬʦʨʤʘʩʳ ʰʝʢʪʝʫʣʽ ʞʦʣ ʙʝʨʽʣʛʝʥ ʤᴇʣʰʝʨʜʝʥ 

(ʇɼʂ) 1,2 ʝʩʝ ʘʩʳʧ ʪװʩʝʜʽ; 0-10 ʩʤ ץʘʙʘʪʪʘ 

ʪʦʧʳʨʘץʪʳש ʩʘʫʳʪʪʳ ʢʝʥʝʣʝʨʽʥ ʟʝʨʪʪʝʫ ʤʳʥʘʥʳ 

ʢᴇʨʩʝʪʪʽ, ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʞʦסʘʨʳʣʳסʳʥʘ, 

ʪʦʧʳʨʘץʪʳש ʞʦסʘʨסʳ ץʘʙʘʪʳʥʳײץ שʨסʘץ ʙʦʣʫʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ ʟʝʨʪʪʝʣʝʪʽʥ ʪʝʣʽʤʜʝ ʦʣʘʨʜʳש ʙʽʨʣʽ-

ʞʘʨʳʤʜʳ ʜʘʥʘʣʘʨʳ סʘʥʘ ʢʝʟʜʝʩʪʽ; ɸʨʘʣʘʩ ʰᴇʧʪʝʨ 

 ʝʛʽʩʽʥʜʝ ʢʝʰʝʥʜʽ ץʘסʩʳʟ ʘʨʧʘʙʘʩ+ʞʠʤʘ ʪʘʨץʳʣʪʳץ

ʪʳשʘʡʪץʳʰʪʘʨ (ʩʫʧʝʨʬʦʩʬʘʪ+ʢʘʨʙʘʤʠʜ+ʙʠʦʢᴇʤʽʨ) 

ʞᴅʥʝ ʙʠʦʢᴇʤʽʨ ʢʝʥʛʽʟʽʣʛʝʥ ʪᴅʞʽʨʠʙʝ ʥײʩץʘʩʳʥʜʘ 

ʙʠʦʤʝʪʨʠʢʘʣʳץ, ʤʦʨʬʦʣʦʛʠʷʣʳץ (ᴇʥʛʽʰʪʽʛʽ, 

ʙʠʽʢʪʽʛʽ, ᴇʩʽʤʜʽʢʪʽש ʰʦסʳʨʣʘʥʳʧ ᴇʩʫʽ, 

ʪʘʤʳʨʣʘʨʳʥʳש ʧʽʰʽʥʽ ʞᴅʥʝ ײʟʳʥʜʳסʳ), ʪʘʤʳʨ 

ʞװʡʝʩʽʥʽש ʪʝʨʝשʛʝ ʝʥʫʽ ʙʦʡʳʥʰʘ ʞʘץʩʳ ʥᴅʪʠʞʝʣʝʨ 

ʘʣʳʥʜʳ. ɽʨʢʝʢʰᴇʧ ʝʛʽʩʽʥʜʝ ʜʝ ʢʝʰʝʥʜʽ 

ʪʳשʘʡʪץʳʰʪʘʨ (ʩʫʧʝʨʬʦʩʬʘʪ+ʢʘʨʙʘʤʠʜ+ʙʠʦʢᴇʤʽʨ) 

ʞᴅʥʝ ʙʠʦʢᴇʤʽʨ ʝʥʛʽʟʽʣʛʝʥ ʪᴅʞʽʨʠʙʝ ʥײʩץʘʩʳʥʜʘ ʝש 

ʞʘץʩʳ ʥᴅʪʠʞʝʣʝʨ ʘʣʳʥʜʳ; ɸסʘʰ-ʙײʪʘʣʳ ᴇʩʽʤʜʽʢʪʝʨ 

ʜʝ ʞʘץʩʳ ʞʘסʜʘʡʜʘ: ʞʠʜʝʥʽש ᴇʩʢʽʥʜʝʨʽ ʞʘץʩʳ 

ʰʳץץʘʥ, ʢʝʡ ʞʝʨʣʝʨʜʝ ᴇʩʢʽʥʜʝʨʽ ʙʽʨʢʝʣʢʽ ʝʤʝʩ; ץʘʨʘ 

ʩʝʢʩʝʫʽʣʜʽש ʞʘʣʧʳ ʩʘʥʳʥʘʥ 76,2 %-ʳ ʞʘץʩʳ ᴇʩʽʧ 

ʰʳץץʘʥ, ʢʝʡʙʽʨ ᴇʩʽʤʜʽʢʪʝʨ ʛװʣʜʝʫ ʢʝʟʝשʽʥʜʝ.ɾʠʜʝ 

ʤʝʥ ץʘʨʘ ʩʝʢʩʝʫʽʣ ʞʳʣʞʳʤʘʣʳ ײץʤʜʳ ʙʝʢʽʪʢʽʰʪʝʨ 

ʞᴅʥʝ ʝʣʜʽ ʤʝʢʝʥʜʝʨʜʽ ײץʤʥʘʥ ץʦʨסʘʫ װʰʽʥ ץʘʣץʘʥ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ; ʢװʨʽʰ װʣʧʝʛʽʥʝʥ ʘʣʳʥסʘʥ 

ʙʠʦʢᴇʤʽʨʜʽ ʞᴅʥʝ ʠʛʝʨʫʰʽ-ʜʘץʳʣʜʘʨ: ʘʨʘʣʘʩ ʰᴇʧʪʝʨ: 

 ʞᴅʥʝ ʝʨʢʝʢʰᴇʧ ץʘסʩʳʟ ʘʨʧʘʙʘʩ+ʞʠʤʘ ʪʘʨץʳʣʪʳץ

ʝʣʜʽ ʤʝʢʝʥʜʝʨʜʽש ʤʘשʳʥʜʘ ᴇʥʽʤʜʽʣʽʛʽ ʪᴇʤʝʥ 

ʞʘʡʳʣʳʤסʘ ᴇʟʛʝʨʽʩʢʝ ײʰʳʨʘסʘʥ ʪʦʧʳʨʘץʪʘʨʜʳ 

ʠʛʝʨʫ ʙʦʡʳʥʰʘ ʞʘסʳʤʜʳ ʥᴅʪʠʞʝʣʝʨ ʢᴇʨʩʝʪʪʽ, ʤʘʣ 

ʞʘʡʳʣסʘʥʥʘʥ ʢʝʡʽʥ ʞᴅʥʝ ʰᴇʧ ʰʘʫʳʧ ʘʣʳʥסʘʥʥʘʥ 

ʢʝʡʽʥ ʰᴇʧ ʞʘץʩʳ ᴇʩʝʜʽ. ɸʨʘʣʘʩ ʰᴇʧ ʝʛʽʩʽʥʜʝ 

 ᴇʩʫʽʥ ʙʘʩʳʧ שʪʳץʘסʩʳʟ ʘʨʧʘʙʘʩ ʞʠʤʘ ʪʘʨץʳʣʪʳץ

ʪʘʩʪʘʡʜʳ. 
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ʜʳʭ ʫʯʝʥʳʭ ʥʘ ʪʝʤʫ: çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʧʝʨ-

ʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʟʝʤʣʝʜʝʣʠʷ ʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘè. 

26-27 ʥʦʷʙʨʷ. ɸʣʤʘʣʳʙʘʢ. 2014. - ʉ. 129-132. 
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ɸʥʥʦʪʘʮʠʷ 

ʉʦʩʪʘʚ ʦʪʭʦʜʦʚ ɾʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ ʈʦʩʩʠʠ ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʥʘʙʦʨ ʧʦʣʝʟʥʳʭ, ʥʦ ʥʝ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʧʦ ʥʘʟʥʘʯʝʥʠʶ ʵʣʝʤʝʥʪʦʚ (ʈʠʩʫʥʦʢ 1). ʕʪʦ ʩʚʷʟʘʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʚʳʩʦʢʠʤʠ ʮʝʥʘʤʠ ʥʘ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʥʘ ʥʝʦʪʨʘʙʦʪʘʥʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ. ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʫʪʠʣʠʟʘʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʨʘʮʠʦʥʘʣʴʥʳʤ ʧʫʪʝʤ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚ-

ʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ. 

ɺ ʩʚʷʟʠ ʩ ʦʯʝʥʴ ʫʟʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʧʨʘʢʪʠʢʠ ʨʘʟʜʝʣʴʥʦʛʦ ʩʙʦʨʘ ʦʪʭʦʜʦʚ ʚ ʢʦʤʤʫʥʘʣʴʥʳʭ ʭʦ-

ʟʷʡʩʪʚʘʭ ʠ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʩʚʘʣʦʯʥʳʝ ʧʦʣʠʛʦʥʳ ʥʘʰʝʡ ʦʙʣʘʩʪʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʦʛʠʣʴʥʠʢʠ, ʘ ʥʝ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ ʢʦʤʧʣʝʢʩʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʛʦʨʦʜ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ ʷʚʣʷʶʪʩʷ ʧʦʣʥʦʮʝʥʥʳʤʠ ʧʣʦʱʘʜʢʘʤʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʛʨʘʤʤ 

ʨʘʟʚʠʪʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʦʠʤʦʩʪʴ ʠʥʦʩʪʨʘʥʥʳʭ ʤʘʰʠʥ ʠ ʢʦʤ-

ʧʣʝʢʩʦʚ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ, ʩʦʨʪʠʨʦʚʢʠ ʠ ʘʥʘʣʠʟʘ ʦʪʭʦʜʦʚ ʦʯʝʥʴ ʚʳʩʦʢʘ, ʧʦʵʪʦʤʫ ʚ ʜʘʥʥʦʤ ʦʪʯʝʪʝ ʙʫʜʫʪ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʘʨʠʘʥʪʳ ʠʩʧʦʣʥʝʥʠʷ ʠ ʢʦʤʧʦʥʦʚʢʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʜʣʷ ʧʝʨʝʨʘ-

ʙʦʪʢʠ ʦʪʭʦʜʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʦʛʨʘʥʠʯʝʥʳ ʬʦʨʤʦʚʘʥʠʝʤ ʫʜʦʙʥʳʭ ʠ ʤʥʦ-

ʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʠʜʦʚ ʩʳʨʴʷ, ʪʘʢʠʭ ʢʘʢ - ʦʧʠʣʢʠ, ʪʦʨʬ, ʰʝʣʫʭʘ ʠ ʙʫʤʘʛʘ. ɼʘʥʥʳʝ ʚʠʜʳ ʦʪʭʦʜʦʚ ʙʳʩʪ-

ʨʦʨʘʟʣʘʛʘʝʤʳ ʠ ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʩʦʩʪʘʚʣʷʶʪ ʩʚʘʣʦʯʥʳʝ ʧʦʣʠʛʦʥʳ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʜʣʷ RDF ʩʳʨʴʷ ʵʢʩ-

ʪʨʫʜʝʨʦʚ, ʦʪʩʫʪʩʪʚʫʶʪ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʙʦʯʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʨʴʷ, 

ʦʪʩʫʪʩʪʚʫʶʪ ʟʘʚʠʩʠʤʦʩʪʠ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʛʦ ʪʦʧʣʠʚʘ ʦʪ ʚʣʘʞʥʦʩʪʠ, ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʦʩʪʘʚʘ ʨʝʮʝʧ-

ʪʫʨ, ʩʪʝʧʝʥʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ, ʠʟʥʦʩʘ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʤʘʰʠʥʳ. 
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ʈʠʩʫʥʦʢ 1 ï ʋʩʨʝʜʥʝʥʥʳʡ ʩʦʩʪʘʚ ʦʪʭʦʜʦʚ ʧʨʠ ʚʳʚʦʟʝ ʥʘ ʧʦʣʠʛʦʥʳ ʚ ʈʦʩʩʠʠ ʩʣʫʞʙʘʤʠ ɾʂʍ 

ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣ ï ʦʪʭʦʜʳ ï ʠʤʝʶʪ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ, ʧʦʵʪʦʤʫ ʥʘʰʘ ʟʘʜʘʯʘ 

ʧʦʤʦʱʴʶ DEM ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʤʫʩʦʨʘ ʚ ʵʢʩʪʨʫʜʝʨʝ 

ʧʦ ʢʨʘʡʥʠʤ ʢ ʢʦʨʧʫʩʫ ʢʦʥʪʫʨʘʤ, ʯʪʦʙʳ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʧʨʠʤʝʥʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʝ-

ʨʘʤʠʯʝʩʢʠʭ ʥʘʛʨʝʚʘʪʝʣʷʭ, ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʰʥʝʢʘ, ʩʥʠʟʠʪʴ ʜʦ ʤʠʥʠʤʫʤʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʘʨʠʡʥʦʡ ʦʩʪʘʥʦʚʢʠ ʠ ʟʘʰʪʳʙʦʚʳʚʘʥʠʷ ʵʢʩʪʨʫʜʝʨʘ.  

Abstract 

The composition of the waste of the housing and communal services in Russia has a large number of useful, 

but misused elements (Figure 1). First of all, this is due to high prices for equipment and that waste processing 

technology is undeveloped . The solution of the utilization of organic waste problem has great ecological and 

economic importance in the Leningrad region. The application of resource-saving technologies is a rational way 

to develop energy-efficient production. 

In connection with this very narrow spread of the practice of separate collection of waste in public utilities 

and industrial enterprises, in most cases landfill polygons of our region are burial grounds, arenôt processing com-

plexes. Thereby, St. Petersburg and Leningrad region are full-fledged platforms for the implementation of inno-

vative programs for the development of alternative energy. However, at present, the cost of foreign machines and 

complexes for processing, sorting and analysis of waste is very high, therefore, in this report, the relevant options 

for the design and layout of domestic machines for waste processing will be presented. Modern research in this 

field is limited to the formation of convenient and multifunctional types of raw materials, such as sawdust, peat, 

husks and paper. These types of waste are rapidly decomposable and, as a rule, do not heap up landfill polygons. 

Because of this, there are no methods for calculating and designing of working elements for processing raw mate-

rials for RDF raw materials of extruders, and there are no dependencies of the quality of the finished fuel on 

moisture, fractional composition, composition of recipes, degree of dispersion, wear of the working element of the 

machine. 

In our study, the material - waste - has a multi-component composition, so our task to determine how the 

debris particles are distributed in the extruder along the outermost corps contours to program the application of the 

optimum temperature on the ceramic heaters, to simulate the optimum screw speed, to minimize ability of emer-

gency stop and screwing the extruder. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦ ʤʝʪʦʜʫ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, Rocky ʠ Yade, ʠʟʤʝʣʴʯʝʥʠʝ ʠ ʜʠʩʧʝʨʛʘ-

ʮʠʷ ʯʘʩʪʠʮ, ʘʜʛʝʟʠʷ, ʟʘʰʪʳʙʦʚʳʚʘʥʠʝ ʰʥʝʢʘ, ʥʘʛʨʫʟʢʠ ʥʘ ʚʘʣ ʰʥʝʢʦʚʦʡ ʤʘʰʠʥʳ, ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ , ʘʚʪʦ-

ʤʘʪʠʢʘ, ʪʝʨʤʦʜʘʪʯʠʢʠ. 

Keywords: Finite element modeling, Rocky and Yade, particle size reduction and dispersion, adhesion, screw 

cementing, screw shaft loads, operating parameters, automatics, thermo-modulators. 

 

ɺʚʝʜʝʥʠʝ 
ɸʣʴʪʝʨʥʘʪʠʚʥʦʝ ʪʦʧʣʠʚʦ RDF (refuse derived 

fuel) ʠʣʠ ʪʚʝʨʜʦʝ ʚʪʦʨʠʯʥʦʝ ʪʦʧʣʠʚʦ ï ʵʪʦ ʪʦʧʣʠʚʦ, 

ʧʦʣʫʯʝʥʥʦʝ ʠʟ ʦʪʭʦʜʦʚ. ɺ ʩʦʩʪʘʚ RDF ʚʭʦʜʷʪ ʚʳʩʦ-

ʢʦʢʘʣʦʨʠʡʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʦʪʭʦʜʦʚ, ʪʘʢʠʝ ʢʘʢ ʧʣʘ-

ʩʪʠʢ, ʙʫʤʘʛʘ, ʢʘʨʪʦʥ, ʪʝʢʩʪʠʣʴ, ʨʝʟʠʥʘ, ʢʦʞʘ, ʜʝʨʝʚʦ 

ʠ ʧʨ. 

ʊʝʧʣʦʪʚʦʨʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʪʦʧʣʠʚʘ RDF ʩʦ-

ʩʪʘʚʣʷʝʪ 20000 Ñ 2000 ʢɼʞ/ʢʛ. ɺʝʣʠʯʠʥʘ ʟʝʨʥʘ RDF 

ʩʦʩʪʘʚʣʷʝʪ ~20-25 ʤʤ. ʉʦʜʝʨʞʘʥʠʝ ʦʧʘʩʥʳʭ ʩʦʩʪʘʚ-

ʣʷʶʱʠʭ ʚ ʪʦʧʣʠʚʝ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʠ ʥʝ ʧʨʝ-

ʚʳʰʘʝʪ ʜʦʧʫʩʪʠʤʳʭ ʥʦʨʤ. ʇʦ ʪʝʧʣʦʪʚʦʨʥʦʡ ʩʧʦ-

ʩʦʙʥʦʩʪʠ 1,7 ʢʛ RDF ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1 ʢʫʙ.ʤ ʛʘʟʘ.  

RDF ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʚʝʨʜʦʝ ʪʦʧʣʠʚʦ, ʧʨʦʠʟʚʦ-

ʜʠʪʩʷ ʧʫʪʝʤ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʪʚʝʨʜʳʭ 

ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ (ʊɹʆ) ʈʠʩʫʥʦʢ 2. 
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ʈʠʩʫʥʦʢ 2 - ɺʳʜʝʣʝʥʠʝ ʢʨʫʧʥʦʡ >350ʤʤ ʠ ʤʝʣʢʦʡ <65ʤʤ ʬʨʘʢʮʠʡ ʥʘ ʛʨʦʭʦʪʝ 

ʉʦʩʪʘʚ ʚʳʙʨʘʥʥʦʡ ʰʠʭʪʳ ʜʣʷ ʬʦʨʤʦʚʘʥʠʷ ʧʝʣʝʪ: 

ʙʫʤʘʛʘ ʠ ʢʘʨʪʦʥééééééééééé.éééé14 % 

ʩʤʝʩʴ ʪʢʘʥʠ ʠ ʧʦʣʠʵʩʪʝʨʘéééééééééééé.6% 

ʩʤʝʰʘʥʥʘʷ ʫʧʘʢʦʚʢʘ, ʧʦʣʠʤʝʨʳéééé.éééé18 % 

ʧʣʘʩʪʠʢééééééééééééééééé.é....2 % 

ʧʠʱʝʚʳʝ ʠ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʪʭʦʜʳééééééé....60 % 

 

ʈʘʙʦʯʠʤ ʦʨʛʘʥʦʤ ʰʥʝʢʦʚʦʡ ʤʘʰʠʥʳ ʷʚʣʷʝʪʩʷ 

ʰʥʝʢ, ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʢʦʪʦʨʦʤʫ ʧʝʨʝʜʘʝʪ 

ʜʚʠʛʘʪʝʣʴ ʯʝʨʝʟ ʩʦʝʜʠʥʠʪʝʣʴʥʫʶ ʤʫʬʪʫ. ʇʨʠ ʟʘ-

ʰʪʳʙʦʚʳʚʘʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʜʘʚʣʝʥʠʷ 

ʬʦʨʤʫʝʤʦʡ ʰʠʭʪʳ ʥʘ ʬʦʨʤʫʝʤʫʶ ʤʘʩʩʫ, ʫʧʣʦʪʥʝ-

ʥʠʝ ʧʝʣʝʪ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ. ɺ ʢʘʥʘʣʝ ʬʠʣʴʝʨʳ 

ʢʨʫʛʣʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ (ʩ ʨʘʜʠʫʩʦʤ R ʠ ʜʣʠ-

ʥʦʡ l), ʚ ʢʦʪʦʨʦʤ ʚʣʠʷʥʠʝʤ ʵʬʬʝʢʪʦʚ ʥʘ ʚʭʦʜʝ ʠ ʚʳ-

ʭʦʜʝ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʚʥʦʚʝ-

ʩʠʝ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ 

ʙʠʦʤʘʩʩʳ ʩ ʪʦʣʱʠʥʦʡ ʩʣʦʷ dr,  ʜʚʠʞʫʱʠʡʩʷ ʩʦ ʩʢʦ-

ʨʦʩʪʴʶ vz (ʨʠʩ. 3), ʧʨʠ ʵʪʦʤ ʨʘʚʥʦʚʝʩʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʜʚʠʞʝʥʠʷ ʩʚʦʜʠʪʩʷ ʢ ʨʘʚʥʦʚʝʩʠʶ ʜʝʡʩʪʚʫʶʱʠʭ 

ʩʠʣ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʥʝʩʞʠʤʘʝʤʦʩʪʠ ʞʠʜ-

ʢʦʩʪʠ ʠ ʜʦʧʫʱʝʥʠʷ, ʯʪʦ ʞʠʜʢʦʩʪʴ ʪʝʯʝʪ ʧʦ ʧʨʷʤʦ-

ʣʠʥʝʡʥʳʤ ʧʘʨʘʣʣʝʣʴʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʩ ʧʦʩʪʦʷʥ-

ʥʦʡ ʩʢʦʨʦʩʪʴʶ [1]. 

 
ʈʠʩʫʥʦʢ 3-  ʈʘʚʥʦʚʝʩʠʝ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʤʘʩʩʦʚʳʡ ʵʣʝʤʝʥʪ ʩʳʨʴʷ RDF ʚ ʤʘʪʨʠʮʝ 

 

ʂʦʛʜʘ r = 0, ʚʩʝ ʩʠʣʳ ʙʫʜʫʪ ʨʘʚʥʳ ʥʫʣʶ,  

  

 (1) 

ʋʨʘʚʥʝʥʠʝ (2) ʷʚʣʷʝʪʩʷ ʧʨʷʤʳʤ ʩʣʝʜʩʪʚʠʝʤ ʙʘ-

ʣʘʥʩʘ ʩʠʣ; ʚ ʦʪʥʦʰʝʥʠʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ ʥʠʢʘʢʠʭ ʜʦʧʫʱʝʥʠʡ ʥʝ ʜʝʣʘʣʦʩʴ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ 

ʩʜʚʠʛʘ ʚ ʫʨʘʚʥʝʥʠʠ (2) ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʪʝ-

ʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ r = 0, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ: 

hL

Rp
v MAXZ

4
)(

2ÖD
=   (2) 

ɼʣʷ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ vz ʠʤʝʝʤ: 

dAv
A

v ZZ ñ=
1

 , ʛʜʝ dA=rĀdr  (3) 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʛʦ ʧʦʣʫʯʘʝʤ 

hL

Rp
vZ

8

2ÖD
=

  

 (4) 

ʆʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʦʡ: 

AvV Z Ö=#
  

 (5) 

ʛʜʝ A - ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʢʘʥʘʣʘ: 

A= ˊR2. 

ʆʪʩʶʜʘ ʧʦʣʫʯʘʝʪʩʷ ʠʟʚʝʩʪʥʳʡ ʟʘʢʦʥ ʪʝʯʝʥʠʷ 

ʍʘʛʝʥʘ-ʇʫʘʟʝʡʣʷ 

p
L

R
V DÖÖ=

h

p 1

8

4

#

   (6)

 

ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʵʢʩʪʨʫʟʠʦʥʥʦʡ ʛʦ-

ʣʦʚʢʠ 

constK
L

R
==

8

4p

  

 (7) 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʨʠ 

ʩʚʦʙʦʜʥʦʤ ʚʳʭʦʜʝ ʠʟ ʦʪʚʝʨʩʪʠʷ (ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʵʢʩʪʨʫʜʝʨʘ ʩ ʦʪʩʫʪʩʪʚʫʶʱʠʤ ʰʥʝʢʦʤ) ʙʳʣʦ ʧʨʦʠʟ-

ʚʝʜʝʥʦ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ YADE ʈʠʩʫʥʦʢ 4 

L

rp
r

2
)(

ÖD
=t
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ʈʠʩʫʥʦʢ 4 ï ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʦʩʪʘʚʝ RDF-ʰʠʭʪʳ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʚʠʜʝ ʤʘʪʨʠʮʳ 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʩʳʧʘʥʠʷ ʜʣʷ ʩʣʦʝʚ 

ʙʳʣʠ ʟʘʜʘʥʳ ʫʩʣʦʚʠʷ ʧʣʦʪʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʚʫʶʱʠʝ 

ʩʦʩʪʘʚʫ RDF-cʳʨʴʷ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʥʘʤʠ ʚ ʵʢʩʪʨʫ-

ʜʝʨʝ 

1 - ʙʫʤʘʛʘ ʠ ʢʘʨʪʦʥ, 2 -ʩʤʝʩʴ ʪʢʘʥʠ ʠ ʧʦʣʠʵʩ-

ʪʝʨʘ, 3-ʩʤʝʰʘʥʥʘʷ ʫʧʘʢʦʚʢʘ, ʧʦʣʠʤʝʨʳ, 4-ʧʣʘʩʪʠʢ, 

5- ʧʠʱʝʚʳʝ ʠ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʪʭʦʜʳ. ʋ ʩʪʝʥʦʢ ʙʳʣʠ 

ʟʘʤʝʯʝʥʳ (ʥʘ ʨʠʩʫʥʢʝ 4 ʦʙʦʟʥʘʯʝʥʦ ʩʪʨʝʣʢʦʡ) ʨʘʩ-

ʧʦʣʦʞʠʣʠʩʴ ʯʘʩʪʠʮʳ ʦʙʣʘʜʘʶʱʠʝ ʙʦʣʴʰʦʡ ʘʜʛʝ-

ʟʠʝʡ ʠ ʧʨʠʣʠʧʘʥʠʝʤ ʢ ʩʪʝʥʢʘʤ. ɹʦʣʝʝ ʩʳʧʫʯʠʝ, ʨʘʩ-

ʧʦʣʦʞʠʣʠʩʴ ʚ ʮʝʥʪʨʝ - ʦʥʠ ʥʘʠʙʦʣʝʝ ʧʨʠʩʧʦʩʦʙʣʝʥ-

ʥʳʝ ʢ ʚʳʭʦʜʫ.  

ʂ ʩʣʝʜʫʶʱʝʤʫ ʵʪʘʧʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ 

Para-View ʙʳʣʦ ʨʝʰʝʥʦ ʧʨʠʤʝʥʠʪʴ ʢʦʥʫʩʥʫʶ 

ʬʦʨʤʫ ʤʘʪʨʠʮʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʦʧʨʦʩ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʯʘ-

ʩʪʠʮ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʡ 

ʢʘʥʘʣ ʤʘʪʨʠʮʳ ʩ ʢʦʥʠʯʝʩʢʠʤ ʩʫʞʝʥʠʝʤ. ʆʪ ʤʝʪʦʜʘ 

DEM YADE ʚʳʯʠʩʣʝʥʠʷ ʙʳʣʠ ʧʝʨʝʚʝʜʝʥʳ ʚ ʩʨʝʜʫ 

DEM Rocky. ʆʪʣʠʯʠʝ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʚ ʪʦʤ, ʯʪʦ 

ʜʘʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ï ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʬʫʥʢ-

ʮʠʝʡ ʩʦʟʜʘʥʠʷ ʯʘʩʪʠʮ ʩʣʦʞʥʦʡ ʥʝʩʬʝʨʠʯʝʩʢʦʡ 

ʬʦʨʤʳ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʩʩʯʠʪʳʚʘʪʴ ʠʭ ʨʘʟʨʫʰʝ-

ʥʠʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

  
1 ʧʦʣʦʞʝʥʠʝ 2 ʧʦʣʦʞʝʥʠʝ 

   
3 ʧʦʣʦʞʝʥʠʝ 4 ʧʦʣʦʞʝʥʠʝ 5 ʧʦʣʦʞʝʥʠʝ 

ʈʠʩʫʥʦʢ 6 - DEM ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʚ ʬʠʣʴʝʨʝ 

ɺ 1 ʧʦʣʦʞʝʥʠʠ - ʅʘʯʘʣʴʥʳʡ ʵʪʘʧ ʟʘʧʦʣʥʝʥʠʷ 

ʰʠʭʪʦʡ ʢʘʥʘʣʘ, ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ï 0,1 ʤ/ʩ.ɺʦ 2-ʤ 

ʧʦʣʦʞʝʥʠʠ - ʉʢʦʨʦʩʪʴ ʧʨʦʜʦʣʞʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ 

ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʢʘʥʘʣʘ, ʚ ʧʝʨʝʭʦʜʥʦʡ ʯʘʩʪʠ ʜʦʩʪʠʛʘʝʪ 

0,25 ʤ/ʩ. ɺ 3 ʧʦʣʦʞʝʥʠʠ - ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʝʨʝʭʦʜʥʦʡ ʯʘʩʪʠ ʦʪ ʢʦʥʫʩʥʦʡ ʯʘʩʪʠ 

ʢ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ (ʫʢʘʟʘʥʦ ʩʪʨʝʣʢʦʡ) ʠ ʜʦʩʪʠʛʘʝʪ 

0,51. ɺ 4 ʧʦʣʦʞʝʥʠʠ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 


