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ʉɽʂʎʀʗ 1. ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ, ʏʀʉʃɽʅʅʓɽ 

ʄɽʊʆɼʓ ʀ ʂʆʄʇʃɽʂʉʓ ʇʈʆɻʈɸʄʄ 

 
ʇʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ: ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʘʷ 

ʢʘʬʝʜʨʦʡ çʇʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘè ɼʫʜʥʠʢ ɽʚʛʝʥʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ  

 

ɸʅɸʃʀɿ ʅɽʏɽʊʂʀʍ ʇʈʀɿʅɸʂʆɺ ʉʀʄʇʊʆʄɸʊʀʂʀ ʀ ɽɪ ʉɺʗɿʔ  

ʉ ɺʆɿʄʆɾʅʓʄʀ ɹʆʃɽɿʅʗʄʀ 

ʖ. ɸʶʫʰ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʁʪʩʷ ʚʦʧʨʦʩʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ ʜʠʘʛʥʦʩʪʠʢʝ ʙʦʣʝʟʥʝʡ ʥʘ 

ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ. ʅʝʯʝʪʢʘʷ ʣʦʛʠʢʘ ï ʣʦʛʠʯʝʩʢʦʝ ʚʳʯʠʩʣʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʦʧʨʝʜʝʣʷʝʪ ʤʥʦʛʦ ʮʝʥʥʳʭ ʨʝʰʝʥʠʡ. ʊʘʢ ʢʘʢ ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ ʩʯʠʪʘʝʪ ʧʝʨʝʜʦʟʠʨʦʚʢʫ ʧʨʘʚʜʳ 

ʥʘʫʯʥʳʤʠ ʟʘʷʚʣʝʥʠʷʤʠ ʢʘʢ ʯʪʦ-ʪʦ ʩʤʷʛʯʝʥʥʦʝ, ʵʪʦ ʧʣʦʜʦʪʚʦʨʥʦ ʧʨʠʤʝʥʝʥʦ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʢʘʢ ʩʣʦʞʥʦʡ ʦʙʣʘʩʪʠ ʥʝʫʚʝʨʝʥʥʦʩʪʠ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ, ʩʠʤʧʪʦʤʳ ʙʦʣʝʟʥʝʡ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʥʝʯʝʪʢʦʝ ʤʥʦʞʝʩʪʚʦ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʅʝʯʝʪʢʠʝ ʦʪʥʦʰʝʥʠʷ, ʩʠʤʧʪʦʤ ʠ ʙʦʣʝʟʥʴ; ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ 

ʧʝʨʝʤʝʥʥʘʷ. 

The analysis of symptomôs fuzzy signs and its relationship with possible diseases 

ɸyush Yu. 

Novosibirsk State Technical University 
Abstract. Questions of decision-making on diagnostics of diseases bases on the use of fuzzy logic, 

considered. Fuzzy logic is logical calculation which defines valuable information. As the fuzzy 

logic considers decision of scientific statements as something softened, it is fruitfully applied to a 

research of the biological phenomena as difficult area of uncertainty and indeterminacy. In this 

regard, symptoms of illnesses can be considered as a fuzzy set. 

Keywords: Fuzzy relationship, symptom and disease, linguistic variable. 

 

ɺʚʝʜʝʥʠʝ 

ʇʦʥʷʪʠʝ ʦ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʥʦʛʦʟʥʘʯʥʫʶ ʣʦʛʠʢʫ, ʯʪʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦʝ ʦʪʨʘʞʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʥʝʯʝʪʢʠʝ ʪʝʨʤʠʥʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʝʜʠʮʠʥʝ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ 

ʦʙʣʘʩʪʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʩʣʦʞʥʦʩʪʠ, ʥʝʫʚʝʨʝʥʥʦʩʪʠ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ɺ 

ʤʝʜʠʮʠʥʝ ʚʨʘʯʠ ʚʩʪʨʝʯʘʶʪʩʷ ʩ ʪʝʨʤʠʥʘʤʠ, ʢʦʪʦʨʳʝ ʪʨʫʜʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ 

ʢʦʥʢʨʝʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʯʠʩʣʘ. ʆʜʥʘʢʦ ʵʪʠ ʥʝʯʝʪʢʠʝ ʪʝʨʤʠʥʳ ʧʦʜʯʝʨʢʠʚʘʶʪ 

ʪʦʯʥʦʩʪʴ ʠ ʘʨʛʫʤʝʥʪʳ ʢʣʠʥʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʝʯʝʪʢʠʡ ʜʠʘʛʥʦʟ 

ʜʦʩʪʠʛʘʝʪ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʠ ʢʣʠʥʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʧʨʠ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʩʧʳʪʘʥʠʷʭ, ʯʪʦʙʳ ʦʪʨʘʟʠʪʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʘʨʛʫʤʝʥʪʘʮʠʡ.  

ʂʦʥʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʙʦʣʝʟʥʝʡ ʦʙʦʩʥʦʚʘʥʳ ʙʦʣʴʰʠʤ 

ʢʣʠʥʠʯʝʩʢʠʤ ʦʧʳʪʦʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʤʝʜʠʮʠʥʳ ʚ ʪʝʯʝʥʠʝ 

ʤʥʦʛʠʭ ʣʝʪ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ. ʅʝʯʝʪʢʠʝ ʪʝʨʤʠʥʳ ʦʧʠʨʘʶʪʩʷ ʥʘ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ñʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝò, ʢʦʪʦʨʳʝ ʚʳʨʘʞʘʶʪ ʩʤʳʩʣ ʠʣʠ 

ʣʦʛʠʯʝʩʢʦʝ ʟʘʢʣʶʯʝʥʠʝ ʚ ʬʦʨʤʝ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ ʯʝʣʦʚʝʢʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʚ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʢʘʢʠʤʠ ʷʚʣʷʶʪʩʷ ñʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳò, ʚʩʝ 

ʟʥʘʥʠʷ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʬʦʨʤʘʣʴʥʦʤ ʷʟʳʢʝ ʢʦʤʧʴʶʪʝʨʘ, ʢʦʪʦʨʳʡ ʧʝʨʝʜʧʦʣʘʛʘʝʪ 
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ʜʝʪʝʨʤʠʥʠʩʪʠʯʝʩʢʠʝ ʢʦʥʢʨʝʪʥʳʝ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʨʠʟʥʘʢʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʦʠʪ ʩʦʛʣʘʩʦʚʘʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʯʝʣʦʚʝʢʘ ʩ 

ʬʦʨʤʘʣʴʥʦʤ ʷʟʳʢʦʤ ʢʦʤʧʴʶʪʝʨʘ. 

ʇʦʥʷʪʠʝ ʦ ʥʝʯʝʪʢʠʭ ʧʨʠʟʥʘʢʘʭ ʚ ʤʝʜʠʮʠʥʝ 

ʅʝʯʝʪʢʠʝ ʧʨʠʟʥʘʢʠ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʜʠʥ ʠʟ ʵʣʝʤʝʥʪʦʚ ʪʝʦʨʠʡ 

ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ. ʂʘʞʜʳʡ ñʥʘʙʦʨò ʵʪʠʭ ʧʨʠʟʥʘʢʦʚ (ʢʦʣʣʝʢʮʠʷ) 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʦʜʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʫʩʣʦʚʠʶ. ʇʨʠʟʥʘʢʠ, ʩʦʜʝʨʞʘʠɦʝʩʷ ʚ 

ʥʘʙʦʨʝ, ʥʘʟʳʚʘʶʪʩʷ ʵʣʝʤʝʥʪʘʤʠ ʥʘʙʦʨʘ, ʧʨʠ ʵʪʦʤ ʵʣʝʤʝʥʪʳ ʥʘʙʦʨʘ ʤʦʛʫʪ ʪʘʢʞʝ 

ʙʳʪʴ ʦʪʜʝʣʴʥʳʤʠ ʥʘʙʦʨʘʤʠ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʣʝʤʝʥʪʳ ʥʘʙʦʨʘ ʩʦʩʪʦʷʪ ʠʟ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʥʝʯʝʪʢʠʭ ʧʨʠʟʥʘʢʦʚ. ʉʠʤʧʪʦʤʳ ʠ ʧʨʠʟʥʘʢʠ ʚ 

ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʪʫ ʠʣʠ ʠʥʫʶ ʙʦʣʝʟʥ ɹʠʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʚʳʙʨʘʥʥʦʛʦ ʢʣʘʩʩʘ, ʥʝ ʧʝʨʝʩʝʢʘʶʱʫ  ʁʤʥʦʞʝʩʪʚ ʨʘʟʣʠʯʥʳʭ 

ʙʦʣʝʟʥʝʡ. ɺʩʝʤʠʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ (ɺʆɿ) ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣʘ 

ʙʦʣʝʟʥʠ ʩ ʢʦʜʘʤʠ. ʉʪʘʥʜʘʨʪʥʳʝ ʠʤʝʥʘ ʙʦʣʝʟʥʝʡ ï ʦʥʠ ʥʝʧʝʨʝʩʝʢʘʶʱʠʝʩ.̫ ɸ ʧʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɺʆɿʘ ʦʧʝʨʠʨʫʝʪ ʦʙʳʯʥʳʤʠ ʯʸʪʢʠʤʠ ʜʠʩʢʨʝʪʥʳʤʠ 

ʤʥʦʞʝʩʪʚʘʤʠ. ʅʦ ʧʨʠ ʩʠʤʧʪʦʤʘʭ ʠ ʧʨʠʟʥʘʢʘʭ ʨʘʟʥʳʭ ʙʦʣʝʟʥʝʡ ʥʝ ʚʩʝ ʦʥʠ 

ʚʩʪʨʝʯʘʶʪʩʷ ʢʘʞʜʳʡ ʨʘʟ ʧʨʠ ʜʘʥʥʦʡ ʙʦʣʝʟʥʠ.  

ʅʘʧʨʠʤʝʨ, ʦʯʝʥʴ ʪʷʞʝʣʦ ʥʘʡʪʠ ʠʩʪʠʥʥʳʝ ʧʨʠʯʠʥʳ ʛʦʣʦʚʦʢʨʫʞʝʥʠʷ. ʕʪʦʪ 

ʤʫʯʠʪʝʣʴʥʳʡ ʩʠʤʧʪʦʤ ʦʯʝʥʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ. ɻʦʣʦʚʦʢʨʫʞʝʥʠʝ ʤʦʞʝʪ 

ʚʦʟʥʠʢʥʫʪʴ ʠʟ-ʟʘ ʚʦʩʴʤʠʜʝʩʷʪʠ ʨʘʟʥʳʭ ʧʨʠʯʠʥ. ʂʘʞʜʳʡ ʪʠʧ ʛʦʣʦʚʦʢʨʫʞʝʥʠʷ - 

ʥʝʯʝʪʢʦʝ ʤʥʦʞʝʩʪʚʦ. ʇʘʮʠʝʥʪʳ ʦʧʨʝʜʝʣʷʶʪ ʪʠʧ ʩʚʦʝʛʦ ʛʦʣʦʚʦʢʨʫʞʝʥʠʷ ʧʦ 

ʨʘʟʥʳʤ ʩʦʙʩʪʚʝʥʥʳʤ ʦʱʫʱʝʥʠʷʤ, ʥʘʧʨʠʤʝʨ, ʦʱʫʱʝʥʠ ʁ ʣʝʛʢʦʩʪʠ ʚ ʛʦʣʦʚʝ, 

ʩʣʘʙʦʩʪʠ, ʢʨʫʞʝʥʠʷ, ʣʝʛʢʦʩʪʠ ʤʳʩʣʝʡ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʯʠʥʳ ʙʦʣʝʟʥʠ 

ʛʦʣʦʚʦʢʨʫʞʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʣʦʞʥʳʤ, ʩʣʘʙʳʤ, ʩʠʣʴʥʳʤ ʠ ʦʯʝʥʴ ʩʠʣʴʥʳʤ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʧʦʪʝʨʷ ʧʘʤʷʪʠ, ʦʙʤʦʨʦʢ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʣʫʯʘʡʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʢʣʘʩʩʳ: ʦʯʝʥʴ ʯʘʩʪʦ, ʯʘʩʪʦ, ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ, 

ʠʥʦʛʜʘ, ʨʝʜʢʦ ʠ ʦʯʝʥʴ ʨʝʜʢʦ. ʆʪʩʶʜʘ ʧʨʠʟʥʘʢʠ ʛʦʣʦʚʦʢʨʫʞʝʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʵʣʝʤʝʥʪʳ ʥʘʙʦʨʘ ʧʨʠʟʥʘʢʦʚ, ʘ ʩʣʫʯʘʡʥʦʩʪʴ ʢʘʢ ʦʪʜʝʣʴʥʳʡ 

ʥʘʙʦʨ. ʈʘʩʩʤʦʪʨʠʤ, ʝʩʣʠ ʵʣʝʤʝʥʪʳ ʥʘʙʦʨʘ ʧʨʠʟʥʘʢʦʚ s ʧʨʠʥʘʜʣʝʞʘʪ ʤʥʦʞʝʩʪʚʫ 

S, ʪʦ ʟʘʧʠʩʳʚʘʶʪ SsÍ . ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʤʥʦʞʝʩʪʚʦ S ʩʦʩʪʦʠʪ ʠʟ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ. 
{ }ʩʠʣʴʥʦʝ ʦʯʝʥʴʩʠʣʴʥʦʝ,ʩʣʘʙʦʝ,ʣʦʞʥʦʝ,S=  

ʀ ʝʩʣʠ ʤʥʦʞʝʩʪʚʦ ɸ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʣʫʯʘʡʥʦʩʪʴ (ʯʘʩʪʦʪʫ ʧʦʷʚʣʝʥʠʷ 

ʛʦʣʦʚʦʢʨʫʞʝʥʠʷ) ʯʘʩʪʴʶ ʤʥʦʞʝʩʪʚʘ S, ʪʦ ʵʪʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ 

ʧʨʦʜʫʢʮʠʦʥʥʦʝ ʧʨʘʚʠʣʦSAË . ʀʥʘʯʝ ʛʦʚʦʨʷ, ʣʶʙʦʡ ʵʣʝʤʝʥʪ ʵʪʦʛʦ 

ʧʦʜʤʥʦʞʝʩʪʚʘ ɸ ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪʦʤ ʤʥʦʞʝʩʪʚʘ S. 
{ }ʨʝʜʢʦ ʦʯʝʥʴʨʝʜʢʦ,ʠʥʦʛʜʘ,ʯʘʩʪʦ, ʜʦʚʦʣʴʥʦʯʘʩʪʦ,ʯʘʩʪʦ, ʦʯʝʥʴɸ=  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ ʩʠʤʧʪʦʤʳ ʛʦʣʦʚʦʢʨʫʞʝʥʠʷ ʥʝ 

ʚʦʟʥʠʢʘʶʪ. ʕʪʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʧʫʩʪʦʝ ʤʥʦʞʝʩʪʚʦ Å=S .  

ʆʜʠʥ ʠʟ ʩʘʤʳʭ ʠʥʪʝʨʝʩʥʳʭ ʧʨʠʤʝʨʦʚ ʥʘʙʦʨʘ ʥʝʯʝʪʢʠʭ ʧʨʠʟʥʘʢʦʚ ʤʦʞʥʦ 

ʧʨʠʚʝʩʪʠ ʠʟ ʧʨʘʢʪʠʢʠ ɺʦʩʪʦʯʥʦ-ʊʠʙʝʪʩʢʦʡ ʤʝʜʠʮʠʥʳ. ɺ ʧʨʘʢʪʠʢʝ ɺʦʩʪʦʯʥʦ-

ʊʠʙʝʪʩʢʦʡ ʤʝʜʠʮʠʥʳ ʧʨʠʤʝʥʷʶʪʩʷ ʪʦʣʴʢʦ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ. ʇʨʠ 

ʵʪʦʤ ʜʠʘʛʥʦʟ ʨʘʟʜʝʣʝʥ ʥʘ ʪʨʠ ʩʪʘʜʠʠ: 

- ʆʩʤʦʪʨ; 
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- ʇʨʠʢʦʩʥʦʚʝʥʠʝ; 

- ʆʧʨʦʩ. 

ɼʠʘʛʥʦʟ ʯʝʨʝʟ ʧʨʠʢʦʩʥʦʚʝʥʠʝ ʚ ɺʦʩʪʦʯʥʦ-ʊʠʙʝʪʩʢʦʡ ʤʝʜʠʮʠʥʝ 

ʚʳʧʦʣʥʝ̫ʪʩʷ ʯʪʝʥʠʝʤ ʧʫʣʴʩʘ ʠ ʩʯʠʪʘʝʪʩʷ ʩʘʤʳʤ ʛʣʘʚʥʳʤ ʦʩʤʦʪʨʦʤ [1]. 

ʏʝʣʦʚʝʯʝʩʢʦʝ ʪʝʣʦ ʧʦʣʥʦʩʪʴʶ ʩʦʩʪʦʠʪ ʠʟ ʩʦʩʫʜʠʩʪʳʭ ʩʠʩʪʝʤ, ʧʨʠʯʝʤ ʠʟ ʥʠʭ 

ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʘʷ ʯʘʩʪʴ ʩʦʩʫʜʦʚ ʥʘʭʦʜʠʪʩʷ ʙʣʠʞʝ ʢ ʟʘʧʷʩʪʴʶ ʨʫʢ, ʛʜʝ ʣʝʛʢʦ 

ʧʨʦʩʣʫʰʠʚʘʝʪʩʷ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʘʩʪʦʪʘ ʧʫʣʴʩʘ. ɺʨʘʯ ʠʟʤʝʨʷʝʪ ʧʫʣʴʩʘʮʠʶ ʫ 

ʯʝʣʦʚʝʢʘ ʚ 6 ʪʦʯʢʘʭ ʟʘʧʷʩʪʴ̫  ʜʚʫʭ ʨʫʢ ʠ ʩʪʘʚʠʪ ʜʠʘʛʥʦʩʪʠʢʫ ʥʘ ʦʩʥʦʚʝ ʩʚʦʠʭ 

ʩʦʙʩʪʚʝʥʥʳʭ ʯʫʚʩʪʚ ʨʫʢ ʠ ʦʧʳʪʘ. ʇʫʣʴʩʳ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʙʦʣʝʟʥʠ ʧʨʠʥʷʪʦ 

ʜʝʣʠʪʴ ʥʘ ʦʙʱʠʝ ʠ ʯʘʩʪʥʳʝ. ɺʩʝ ʵʪʠ ʨʘʟʜʝʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʪʜʝʣʴʥʳʤʠ 

ʤʥʦʞʝʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʪʦʣʴʢʦ ʠʟ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ.  

ʇʦ ʦʙʱʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʦʧʨʝʜʝʣʷʶʪ ʪʠʧ ʙʦʣʝʟʥʠ ï ñʞʘʨò ʠʣʠ ñʭʦʣʦʜò, 

ʢʦʪʦʨʳʡ ʨʘʩʧʦʟʥʘʝʪʩʷ ʧʦ ʰʝʩʪʠ ʦʩʥʦʚʥʳʤ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ: 

¶ ɹʦʣʝʟʥʠ ñʞʘʨʘò: ʩʠʣʴʥʳʡ, ʧʦʚʝʨʭʥʦʩʪʥʳʡ, ʚʟʜʫʪʳʡ, ʢʣʫʙʷʱʠʡʩʷ, 

ʩʢʨʫʯʝʥʥʳʡ, ʙʳʩʪʨʳʡ, ʯʘʩʪʳʡ, ʵʥʝʨʛʠʯʥʳʡ, ʥʘʧʨʷʞʝʥʥʳʡ, ʧʦʣʥʳʡ, 

ʪʚʝʨʜʳʡ; 

¶ ɹʦʣʝʟʥʠ ñʭʦʣʦʜʘò: ʩʣʘʙʳʡ, ʟʘʛʣʫʙʣʝʥʥʳʡ, ʪʝʨʷʶʱʠʡʩʷ, ʟʘʪʠʭʘʶʱʠʡ, 
ʧʣʦʩʢʠʡ, ʤʝʜʣʝʥʥʳʡ, ʪʷʛʫʯʠʡ, ʚʷʣʳʡ, ʩʣʘʙʦʚʘʪʳʡ, ʧʫʩʪʦʡ, ʤʷʛʢʠʡ.  

ʃʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ñʙʦʣʝʟʥʝʡ ʭʦʣʦʜʘò ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʧʨʠʟʥʘʢʘʤ 

ñʙʦʣʝʟʥʝʡ ʞʘʨʘò, ʪʦ ʝʩʪʴ ʦʥʠ ʥʝ ʧʝʨʝʩʝʢʘʶʪʩʷ. 

ʊʘʢʞʝ ʚʩʝ ʙʦʣʝʟʥʠ ʨʘʟʜʝʣʷʶʪʩʷ ʧʦ ʠʭ ʧʨʠʯʠʥʘʤ, ʧʦʣʫ, ʚʠʥʦʚʥʠʢʫ, 

ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʛʨʫʧʧʘʤ. ʅʘʧʨʠʤʝʨ, ʨʘʟʣʠʯʠʝ ʧʦ ʣʦʢʘʣʠʟʘʮʠʠ ʚʩʝʭ ʙʦʣʝʟʥʝʡ 

ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 2 ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ. ʕʪʠ 2 ʛʨʫʧʧʳ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 7 ʧʦʜʛʨʫʧʧ 

(ʨʠʩ. 1.).  

 

ʈʠʩ. 1. ʈʘʟʜʝʣʝʥʠʝ ʙʦʣʝʟʥʝʡ ʧʦ ʣʦʢʘʣʠʟʘʮʠʠ ʚ ɺʦʩʪʦʯʥʦ-ʊʠʙʝʪʩʢʦʡ ʤʝʜʠʮʠʥʝ 

 

ʂʘʞʜʘʷ ʯʘʩʪʴ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʪʝʣʘ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʩʚʦʠ ʢʣʘʩʩʳ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʛʨʫʧʧʫ ʙʦʣʝʟʥʝʡ ñʫʤʘ ʠ ʪʝʣʘò ʚʢʣʶʯʝʥʘ 101 ʙʦʣʝʟʥ.ɹ  

ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʙʦʣʝʟʥʝʡ ʧʦ ʚʝʜʫʱʝʤʫ ʩʠʤʧʪʦʤʫ ʠʣʠ ʧʦ 

ʢʦʤʧʣʝʢʩʫ ʩʠʤʧʪʦʤʦʚ. ʇʨʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʠ ʟʘʙʦʣʝʚʘʥʠʡ ʧʦ ʩʠʤʧʪʦʤʘʤ 

ʠʣʠ ʧʦ ʣʦʢʘʣʠʟʘʮʠʠ ʠʭ ʚ ʪʝʭ ʠʣʠ ʜʨʫʛʠʭ ʪʢʘʥʷʭ, ʦʨʛʘʥʘʭ ʚʩʝʛʜʘ ʫʢʘʟʳʚʘʝʪʩʷ 

ʭʘʨʘʢʪʝʨ ʟʘʙʦʣʝʚʘʥʠʷ, ʞʘʨ ʠʣʠ ʭʦʣʦʜ, ʠ ʨʘʩʩʪʨʦʝʥʥʘʷ ʩʠʩʪʝʤʘ ʨʝʛʫʣʷʮʠʠ, ʚʠʜ ʝʝ 

ʨʘʩʩʪʨʦʡʩʪʚʘ, ʧʦʩʣʫʞʠʚʰʠʝ ʚʥʫʪʨʝʥʥʝʡ ʦʩʥʦʚʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ. 

ʈʘʩʩʪʨʦʡʩʪʚʦ ʩʠʩʪʝʤʳ ʨʝʛʫʣʷʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʫʨʦʚʥʷʭ. ʇʝʨʚʳʤ 

ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʛʨʫʧʧʠʨʦʚʢʘ ʙʦʣʝʟʥʝʡ ʧʦ ʨʘʩʩʪʨʦʝʥʥʦʡ ʩʠʩʪʝʤʝ ʚ ʮʝʣʦʤ: ʚʝʪʨʘ, 
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ʞʝʣʯʠ ʠ ʩʣʠʟʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʩʩʪʨʦʡʩʪʚʝ ʩʠʩʪʝʤ ʨʝʛʫʣʷʮʠʠ ʧʦʷʚʣʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʩʠʤʧʪʦʤʳ: 

¶ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʝʪʨʘ ð ʪʝʣʦ çʩʦʭʥʝʪè, ʣʠʮʦ ʪʝʤʥʝʝʪ, ʞʠʚʦʪ 

ʩʪʘʥʦʚʠʪʩʷ ʪʚʝʨʜʳʤ ʠ ʥʘʧʨʷʞʝʥʥʳʤ, ʯʝʣʦʚʝʢ ʪʷʥʝʪʩʷ ʢ ʪʝʧʣʫ, 

ʧʦʷʚʣʷʶʪʩʷ ʙʦʣʪʣʠʚʦʩʪʴ, ʩʦʥʣʠʚʦʩʪʴ, ʛʦʣʦʚʦʢʨʫʞʝʥʠʝ, ʫʤʝʥʴʰʘʶʪʩʷ 

ʩʠʣʳ, ʚʤʝʩʪʝ ʩ ʪʝʤ ʩʪʘʥʦʚʷʪʩʷ ʷʩʥʳʤʠ ʠ ʯʝʪʢʠʤʠ ʚʩʝ ʦʱʫʱʝʥʠʷ; 

¶ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʞʝʣʯʠ ð ʞʝʣʪʦʛʦ ʮʚʝʪʘ ʩʪʘʥʦʚʷʪʩʷ ʤʦʯʘ, ʢʘʣ, ʛʣʘʟʘ, 

ʢʦʞʘ, ʫʩʠʣʠʚʘʶʪʩʷ ʛʦʣʦʜ ʠ ʞʘʞʜʘ, ʪʝʣʦ ʩʪʘʥʦʚʠʪʩʷ ʛʦʨʷʯʠʤ, 

ʧʦʷʚʣʷʶʪʩʷ ʙʝʩʩʦʥʥʠʮʘ, ʧʦʥʦʩ; 

¶ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʣʠʟʠ ð ʫʤʝʥʴʰʘʝʪʩʷ ʪʝʧʣʦ ʪʝʣʘ, ʩʥʠʞʘʝʪʩʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʝʨʝʚʘʨʠʚʘʪʴ ʧʠʱʫ, ʧʦʷʚʣʷʝʪʩʷ ʤʥʦʛʦ ʩʣʶʥʳ ʠ ʚʳʜʝʣʝʥʠʡ 

ʠʟ ʥʦʩʘ, ʩʦʥʣʠʚʦʩʪʴ, ʟʘʪʨʫʜʥʝʥʥʦʝ ʜʳʭʘʥʠʝ, ʙʣʝʜʥʦʩʪʴ ʢʦʞʥʳʭ 

ʧʦʢʨʦʚʦʚ [2]. 

ɺʩʝ ʵʪʠ ʩʠʤʧʪʦʤʳ ʙʦʣʝʟʥʝʡ ʷʚʣʷʶʪʩʷ ʧʝʨʝʩʝʢʘʶʱʠʤʠʩʷ ʠ ʩʚʷʟʳʚʘʶʪʩʷ 

ʣʦʛʠʯʝʩʢʠʤʠ ʩʚʷʟʢʘʤʠ ñʠò ʠ ñʠʣʠò.  

ʈʘʟʣʠʯʘʶʪ ʧʨʦʩʪʳʝ ʠ ʩʣʦʞʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʨʘʩʩʪʨʦʡʩʪʚ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 

ʩʠʩʪʝʤ ʨʝʛʫʣʷʮʠʠ. ʇʨʦʩʪʳʝ ʢʦʤʙʠʥʘʮʠʠ ʨʘʩʩʪʨʦʡʩʪʚ ʦʪʣʠʯʘʶʪʩʷ ʪʝʤ, ʯʪʦ 

ʩʦʯʝʪʘʶʪʩʷ ʧʦ ʜʚʝ ʨʘʩʩʪʨʦʝʥʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʜʚʫʭ ʩʠʩʪʝʤ ʨʝʛʫʣʷʮʠʠ, 

ʥʘʧʨʠʤʝʨ, ʧʝʨʚʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ (ʠʟ ʧʷʪʠ) ʚʝʪʨʘ ʠ ʧʝʨʚʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ 

ʩʠʩʪʝʤʳ ʞʝʣʯʠ, ʚʪʦʨʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʩʠʩʪʝʤʳ ʚʝʪʨʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʩʠʩʪʝʤʳ ʞʝʣʯʠ, ʪʨʝʪʴʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʩʠʩʪʝʤʳ ʚʝʪʨʘ ʠ ʩʠʩʪʝʤʳ 

ʞʝʣʯʠ, ʯʝʪʚʝʨʪʳʡ ʚʠʜ ʩʠʩʪʝʤʳ ʚʝʪʨʘ ʠ ʩʠʩʪʝʤʳ ʞʝʣʯʠ ʠ ʧʷʪʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ 

ʵʪʠʭ ʞʝ ʜʚʫʭ ʩʠʩʪʝʤ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʭʘʥʠʟʤʳ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʥʝ 

ʥʘʭʦʜʷʪʩʷ ʚ ʥʘʰʝʤ ʬʦʢʫʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʝʪʦʜ ʜʠʘʛʥʦʟʘ ʧʫʣʴʩʘ ʚ ɺʦʩʪʦʯʥʦ-

ʊʠʙʝʪʩʢʦʡ ʤʝʜʠʮʠʥʝ ʙʫʜʝʪ ʧʦʣʝʟʝʥ, ʯʪʦʙʳ ʩʦʚʤʝʩʪʠʪʴ ʧʦʣʫʯʝʥʥʳʡ ʜʠʘʛʥʦʟ ʩ 

ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʜʠʮʠʥʩʢʠʤ ʜʠʘʛʥʦʟʦʤ ʜʣʷ ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʠ ʠʩʩʣʝʜʦʚʘʪʴ 

ʚʥʫʪʨʝʥʥʶʶ ʩʠʪʫʘʮʠʶ ʙʦʣʝʟʥʠ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʙʥʘʨʫʞʠʪʴ ʧʨʠʯʠʥʫ ʙʦʣʝʟʥʠ.  

ʇʨʝʠʤʫʱʝʩʪʚʦ ʧʨʠʤʝʥʝʥʠʷ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ ʚ ʤʝʜʠʮʠʥʩʢʦʡ  

ʧʨʘʢʪʠʢʝ 

ʀʟ-ʟʘ ʚʨʦʞʜʝʥʥʦʡ ʥʝʯʝʪʢʦʩʪʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʦʥʷʪʠʡ ʚ ʤʝʜʠʮʠʥʝ 

ʥʝʦʙʭʦʜʠʤʦ, ʚʦ-ʧʝʨʚʳʭ, ʧʨʠʙʣʠʞʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʜʘʥʥʳʭ ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʤʫ ʧʦʥʷʪʠʶ ʠ, ʚʦ-ʚʪʦʨʳʭ, ʣʶʙʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʥʘʥʠʷ ʚ 

ʤʝʜʠʮʠʥʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʪʝʦʨʠʶ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ ʠʣʠ ʥʝʯʝʪʢʦʡ 

ʣʦʛʠʢʠ [3]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʛʫʪ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴʩʷ ʧʦʯʪʠ ʚʩʝ ʧʫʥʢʪʳ 

ʠʩʪʦʨʠʠ ʙʦʣʝʟʥʠ ʧʘʮʠʝʥʪʘ, ʘ ʠʤʝʥʥʦ: ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ, ʣʘʙʦʨʘʪʦʨʥʳʝ 

ʠʟʤʝʨʝʥʠʷ, ʧʘʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ, ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ, 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ, ʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʷ ʢʘʢ ʥʝʯʝʪʢʠʡ ʪʠʧ-n ʥʘʙʦʨʳ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʥʝʯʝʪʢʠʤʠ ʠ ʧʨʝʜʩʪʘʚʣʷʪʴ ʤʦʜʝʣʠ 

ʥʝʢʦʪʦʨʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʟʥʘʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʘʣʛʦʨʠʪʤʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ 

ʟʘʢʣʶʯʝʥʠʷ, ʜʦʣʞʥʳ ʫʯʠʪʚrʘʪʴ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʪʨʝʚʦʛʠ, ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ, 

ʨʝʢʦʤʝʥʜʘʮʠʠ, ʜʠʘʛʥʦʟʳ, ʤʝʪʦʜʳ ʣʝʯʝʥʠʷ, ʧʨʦʛʥʦʟʳ ʠ ʨʝʰʝʥʠʷ ʣʝʯʝʥʠʷ 

ʧʘʮʠʝʥʪʦʚ ï ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʭʦʜʷʱʠʤʠ ʥʝʯʝʪʢʠʤʠ ʧʦʥʷʪʠʷʤʠ. ʆʪ ʥʠʭ ʤʦʛʫʪ 

ʙʳʪʴ ʚʟʷʪʳ ʥʝʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦʥʷʪʠʷ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʩʦʭʨʘʥʷʶʪ 

ʥʝʯʝʪʢʦʩʪʴ. ɸʣʛʦʨʠʪʤʳ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʪʘʢʞʝ ʦʪʚʝʪʚʣʝʥʠʷ ʚ 
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ʚʠʜʝ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ, ʥʝʯʝʪʢʦʡ ʪʝʦʨʠʠ ʛʨʘʬʦʚ, ʥʝʯʝʪʢʦʛʦ ʫʧʨʘʚʣʝʥʠ,̫ 

ʥʝʯʝʪʢʦʡ ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʦʚ ʠ ʜʨʫʛʠʝ.  

ɺ ʮʝʣʦʤ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʘ ʥʝʢʦʪʦʨʘʷ ʩʪʨʫʢʪʫʨʘ ʵʢʩʧʝʨʪʥʦʡ 

ʩʠʩʪʝʤʳ, ʚʦʩʧʨʠʠʤʯʠʚʘʷ ʢ ʬʦʨʤʘʣʠʟʘʮʠʠ ʟʥʘʥʠʡ ʠʟ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʠ, 

ʚʳʨʘʞʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʚʝʨʙʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ. 

ʉʦʟʜʘʥʠʝ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʥʝʯʝʪʢʠʭ ʤʦʜʝʣʝʡ ï 

ʢʣʶʯ ʢ ʜʦʩʪʠʞʝʥʠʶ ʦʩʥʦʚʥʦʡ ʮʝʣʠ ï ʤʝʜʠʮʠʥʩʢʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ʇʨʠ ʵʪʦʤ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʜʚʫʭʦʩʥʦʚʥʳʡ ʧʦʜʭʦʜ ʢ 

ʜʠʘʛʥʦʟʫ. ʆʜʠʥ, ʥʘʟʳʚʘʝʤʳʡ ʵʚʨʠʩʪʠʯʝʩʢʠʤ ʜʠʘʛʥʦʟʦʤ, ʘʩʩʦʮʠʘʪʠʚʝʥ ʧʦ ʩʚʦʝʡ 

ʧʨʠʨʦʜʝ ʠ ʧʦʣʘʛʘʝʪʩʷ ʥʘ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʦʧʳʪ ʵʢʩʧʝʨʪʦʚ ʚ ʜʘʥʥʦʡ 

ʤʝʜʠʮʠʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʆʥ ʯʘʩʪʦ ʥʘʟʳʚʘʝʪʩʷ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʤ ʠ ʦʩʥʦʚʘʥ ʥʘ 

ʩʣʫʯʘʝ. ɼʨʫʛʦʡ, ʥʘʟʚʘʥʡr ʙʘʟʦʚʦʡ ʤʦʜʝʣʴʶ ʜʠʘʛʥʦʩʪʠʢʠ, ʦʩʥʦʚʘʥ ʥʘ ʛʣʫʙʦʢʦʤ 

ʧʦʥʠʤʘʥʠʠ ʩʣʦʞʠʚʰʝʛʦʩʷ ʧʦʣʦʞʝʥʠʷ ʚʝʱʝʡ ʠ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʦʝ ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʧʦʚʝʜʝʥʠʝ ʜʠʘʛʥʦʩʪʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ʇʝʨʚʳʡ - ʧʦʧʳʪʢʘ ʧʦʣʥʦʩʪʴʶ ʠʟʤʝʥʠʪʴ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʯʠʥʥʦ-

ʩʣʝʜʩʪʚʝʥʥʳʝ ʦʪʥʦʰʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʪʦʨʦʡ ï ʵʪʦ 

ʧʦʧʳʪʢʠ ʧʦʣʫʯʠʪʴ ʥʘʙʣʶʜʘʝʤʳʝ ʩʠʤʧʪʦʤʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ 

ʧʨʠʯʠʥ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʟʚʝʩʪʥʳʭ ʥʝʯʝʪʢʠʭ 

ʦʪʥʦʰʝʥʠʡ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʯʠʥʘ ʢʦʩʚʝʥʥʦ. ʅʝʪʨʫʜʥʦ ʚʠʜʝʪʴ, 

ʢʘʢ ʪʝʦʨʠʷ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ ʤʦʞʝʪ ʧʦʤʦʯʴ ʵʚʨʠʩʪʠʯʝʩʢʠʤ ʜʠʘʛʥʦʟʘʤ. 

ʂʘʞʜrʡ ʟʘʩʣʫʞʠʚʘʶʱʠʡ ʜʦʚʝʨʠʷ ʵʢʩʧʝʨʪ ʟʥʘʝʪ, ʯʪʦ ʝʛʦ/ʝʝ ʤʝʜʠʮʠʥʩʢʠʝ ʟʥʘʥʠʷ 

ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʠ ʟʘʢʘʥʯʠʚʘʶʪʩʷ ʪʝʤ ʠʣʠ ʠʥʳʤ ʜʠʘʛʥʦʟʦʤ, ʚ ʢʦʪʦʨʦʤ ʚʩʝʛʜʘ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʢʦʪʦʨʘʷ ʥʝʫʚʝʨʝʥʥʦʩʪʴ (ʥʝʯʝʪʢʦʩʪʴ). ʇʦʵʪʦʤʫ ʚʳʩʢʘʟʘʥʥʳʝ 

ʵʢʩʧʝʨʪʥʳʝ ʟʥʘʥʠʷ ʠʟʦʙʠʣʫʶʪ ʥʝʪʦʯʥʳʤʠ ʨʝʮʝʧʪʫʨʘʤʠ. ʕʪʘ ʥʝʪʦʯʥʦʩʪʴ ʥʝ 

ʩʣʝʜʩʪʚʠʝ ʨʠʪʦʨʠʯʝʩʢʦʡ ʥʝʩʧʦʩʦʙʥʦʩʪʠ, ʘ ʚʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ʵʢʩʧʝʨʪʥʳʭ ʟʥʘʥʠʡ, 

ʧʨʠʦʙʨʝʪʝʥʥʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ. ʃʶʙʘʷ ʪʦʯʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ 

ʥʝʫʤʝʩʪʥʦʡ ʠ ʧʦʚʣʝʯʴ ʟʘ ʩʦʙʦʡ ʦʧʘʩʥʦʩʪʴ ʦʰʠʙʢʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʝʯʝʪʢʦʩʪʴ, 

ʦʪʚʝʨʛʘʶʱʘ̫  ʬʦʨʤʘʣʠʟʤ, ʷʚʣʷʝʪʩʷ ʥʝʧʦʜʭʦʜʷʱʝʡ, ʯʪʦʙʳ ʦʭʚʘʪʠʪʴ ʙʦʣʴʰʝʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʥʘʥʠʡ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʉʣʦʞʥʦʩʪʴ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʥʝʯʝʪʢʠʭ ʧʨʠʟʥʘʢʦʚ 

ʩʠʤʧʪʦʤʘʪʠʢʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʣʘʩʩʦʚ ʙʦʣʝʟʥʝʡ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʯʪʦ ʥʝʯʝʪʢʠʝ ʤʦʜʝʣʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʝʡ ʦʩʥʦʚʦʡ ʜʣʷ 

ʜʦʩʪʦʚʝʨʥʳʭ ʦʙʦʩʥʦʚʘʥʥʳʭ ʜʠʘʛʥʦʟʦʚ.  

ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʣʦʞʥʦʩʪʴʶ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʘʢ ʪʘʢʦʚʦʡ, ʘ ʪʘʢʞʝ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ ʠ ʥʝʯʝʪʢʦʩʪʴʶ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʤʧʪʦʤʦʚ. ʆʪʩʶʜʘ 

ʚʳʪʝʢʘʝʪ ʥʝʢʦʪʦʨʘ ̫ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪ ɹ ʪʦʯʥʳʭ ʚʳʚʦʜʦʚ ʠ ʫʤʦʟʘʢʣʶʯʝʥʠʡ 

ʤʝʜʠʮʠʥʩʢʠʭ ʵʢʩʧʝʨʪʦʚ. ʊʝʦʨʠʷ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ ʠ ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ 

ʧʦʟʚʦʣʷʶʪ ʦʙʦʙʱʠʪʴ ʥʝʢʦʪʦʨʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʙʦʣʝʟʥʠ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʪʨʘʟʠʪʴ ʥʝʯʝʪʢʦʩʪʴ ʚʦʩʧʨʠʷʪʠʷ ʧʨʠʯʠʥʥʦ-

ʩʣʝʜʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ.  

ɼʦʣʞʥʘ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʜʠʮʠʥʩʢʘʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʘʷ ʵʢʩʧʝʨʪʥʘʷ 

ʩʠʩʪʝʤʘ, ʚʦʩʧʨʠʠʤʯʠʚʘʷ ʢʘʢ ʢ ʝʩʪʝʩʪʚʝʥʥʦʤʫ ʷʟʳʢʫ ʚʨʘʯʝʡ ʠ ʧʘʮʠʝʥʪʦʚ, ʪʘʢ ʠ 

ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʤ ʷʟʳʢʘʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʨʠʡʪʠ ʢ 
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ʵʚʨʠʩʪʠʯʝʩʢʦʤʫ ʜʠʘʛʥʦʟʫ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʦʩʥʦʚʦʡ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ.  
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ʆʨʛʘʥʠʟʘʮʠʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʪʚʦʨʯʝʩʢʦʡ ʨʘʙʦʪʳ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʠ ʩʚʷʟʘʥʘ ʩʦ ʩʣʦʞʥʳʤʠ ʥʘʫʯʥʳʤʠ ʟʘʜʘʯʘʤʠ. 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʦʙʣʘʩʪʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʪʨʝʙʫʝʪ ʦʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʠʟʫʯʝʥʠʝ 

ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʟʥʘʥʠʡ, ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʘ, ʫʩʝʨʜʠʷ, ʪʨʫʜʦʣʶʙʠʷ ʠ 
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ʪʚʦʨʯʝʩʢʦʡ ʠʥʠʮʠʘʪʠʚʳ, ʫʤʝʥʠʷ ʜʝʪʘʣʴʥʦʛʦ ʦʩʤʳʩʣʝʥʠʷ ʧʨʦʙʣʝʤʳ,  ʘʥʘʣʠʟʘ ʠ 

ʦʙʦʙʱʝʥʠʷ.  

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʤʝʪʦʜʳ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʠ 

ʦʩʚʦʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ IT-ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ. ʄʝʪʦʜ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ  ʧʦʟʚʦʣʷʝʪ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʩʣʦʞʥʳʝ ʩʠʩʪʝʤʳ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʬʠʟʠʢʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʥʘ ʘʪʦʤʥʦʤ 

ʫʨʦʚʥʝ, ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ  ʩ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʦʧʠʩʘʪʴ ʧʨʦʙʣʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʨʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʥʘ ʘʪʦʤʥʦʤ ʫʨʦʚʥʝ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʤʝʪʦʜʦʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʥʫʞʥʦ ʨʝʰʠʪʴ ʥʝʩʢʦʣʴʢʦ ʪʨʘʜʠʮʠʦʥʥʳʭ ʟʘʜʘʯ ʧʦ 

ʦʨʛʘʥʠʟʘʮʠʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ. ɺʦ-ʧʝʨʚʳʭ, ʜʣʷ ʥʘʯʘʣʘ ʥʘʫʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʫʞʥʦ ʩʜʝʣʘʪʴ ʚʳʙʦʨ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʬʠʟʠʢʝ ʪʚʝʨʜʦʛʦ 

ʪʝʣʘ ʩʘʤʳʤ ʧʨʦʩʪʳʤ ʠ ʜʦʩʪʘʪʦʯʥʦ ʚʘʞʥʳʤ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ʉʘʤʦ ʞʝ 

ʧʨʠʩʫʪʩʪʚʠʝ ʜʝʬʝʢʪʦʚ, ʠʭ ʪʠʧ, ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʦʙʲʝʤʝ 

ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪ 

ʚʘʞʥʝʡʰʠʝ ʬʠʟʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ ʤʦʜʝʣʴʥʳʭ 

ʩʧʣʘʚʦʚ. ʀʜʝʘʣʴʥʳʡ ʢʨʠʩʪʘʣʣ ï ʙʝʩʢʦʥʝʯʥʦʝ ʧʦʚʪʦʨʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ, 

ʙʝʟ ʢʘʢʠʭ ʙʳ ʪʦ ʥʠ ʙʳʣʦ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʚ ʟʘʩʝʣʝʥʠʠ ʫʟʣʦʚ. 

ʃʶʙʦʝ ʞʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʠʜʝʘʣʴʥʦʩʪʠ ï ʷʚʣʷʝʪʩʷ ʝʛʦ ʜʝʬʝʢʪʦʤ. ʆʩʥʦʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʬʝʢʪʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ ï ʠʭ ʛʝʦʤʝʪʨʠʷ ʠ ʩʚʦʡʩʪʚʘ.  

ɺʦ ʚʪʦʨʳʭ, ʦʧʨʝʜʝʣʠʪʴ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʜʣʷ ʵʪʦʛʦ ʥʘʜʦ ʠʟʫʯʠʪʴ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠ ʦʚʣʘʜʝʪʴ ʬʦʨʤʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ 

ʬʠʟʠʢʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʥʘ ʘʪʦʤʥʦʤ ʫʨʦʚʥʝ. ʂʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ 

ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʥʘ ʘʪʦʤʥʦʤ ʫʨʦʚʥʝ: ʤʝʪʦʜ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʄʦʥʪʝ-ʂʘʨʣʦ ʠ ʤʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ.  

ɺ ʪʨʝʪʴʠʭ, ʨʘʟʨʘʙʦʪʘʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʠʜʝʷ 

ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ɺ ʯʝʪʚʝʨʪʳʭ, ʫʤʝʪʴ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʘʪʦʤʥʦʤ ʫʨʦʚʥʝ, ʜʝʣʘʪʴ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ. 

ɺ ʧʷʪʳʭ, ʜʝʣʘʪʴ ʚʳʚʦʜʳ ʠ ʜʘʚʘʪʴ ʥʘʫʯʥʳʝ ʢʦʤʤʝʥʪʘʨʠʠ ʥʘʙʣʶʜʘʝʤʳʤ 

ʧʨʦʮʝʩʩʘʤ ʠ, ʯʪʦ ʥʝʤʘʣʦʚʘʞʥʦ, ʦʬʦʨʤʣʷʪʴ ʠʭ ʚ ʚʠʜʝ ʦʪʯʝʪʦʚ, ʩʪʘʪʝʡ ʠ 

ʧʨʝʟʝʥʪʘʮʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʘʪʦʤʦʚ ʚ ʢʨʠʩʪʘʣʣʝ c 

ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʢʫʙʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʟʘʥʠʤʘʶʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʣʝʪ [1-4]. ʉ ʨʘʟʚʠʪʠʝʤ 
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ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʬʠʟʠʢʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʭʦʨʦʰʘʷ 

ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠ ʘʜʝʢʚʘʪʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. ʇʦʩʪʨʦʝʥʠʝ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʘʢʞʝ ʠʤʝʝʪ ʩʚʦʠ ʩʣʦʞʥʦʩʪʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ 

ʦʛʨʘʥʠʯʝʥʠʠ ʧʘʤʷʪʠ ʢʦʤʧʴʶʪʝʨʘ ʠ ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʘ, ʭʦʪʷ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ 

ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ ʠ ʨʘʟʚʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʈʘʥʝʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʦʤʧʴʶʪʝʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʨʘʩʯʝʪʘ ʠ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʣʦʢʘʣʴʥʦ-ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʤʦʜʝʣʴʥʦʤ 

ʩʧʣʘʚʝ Ni3Al ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ï ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʜʠʥʘʤʠʢʠ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪ [5-6] ʠ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ [7-8].  

ʄʦʜʝʣʴʥʳʡ ʩʧʣʘʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʘʪʦʤʦʚ, ʨʘʩʧʦʣʦʞʝʥʳʭ ʚ ʫʟʣʘʭ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʨʝʰʝʪʢʠ ʩʦ 

ʩʚʝʨʭʩʪʨʫʢʪʫʨʦʡ L12  (ʨʠʩ. 1). 

 
 

ʈʠʩ.1. ʉʪʨʫʢʪʫʨʘ ʛ.ʮ.ʢ. ʨʝʰʝʪʢʠ ʩʦ ʩʚʝʨʭʩʪʨʫʢʪʫʨʦʡ L12  (Ni- ʪʝʤʥʳʤ ʮʚʝʪʦʤ, 

Al-ʩʚʝʪʣʳʤ ʮʚʝʪʦʤ) 

 

ɺ ʨʘʩʯʝʪʘʭ ʵʥʝʨʛʠʠ ʘʪʦʤʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʘʨʥʳʝ ʮʝʥʪʨʘʣʴʥʳʝ ʧʦʪʝʥʮʠʘʣʳ, 

ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ ʦʪ ʤʝʞʘʪʦʤʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ, ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ 

ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 
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ji trtrʇ j    (1) 

ʛʜʝ ()tr ji ,  ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ i-ʛʦ ʠ j-ʛʦ ʘʪʦʤʦʚ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ; ()rj  ï ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʘʨʳ ʦʪʜʝʣʴʥʳʭ 

ʘʪʦʤʦʚ, ʟʘʜʘʚʘʝʤʘʷ ʩ ʧʦʤʦʱʴʶ ʧʦʪʝʥʮʠʘʣʦʚ ʄʦʨʟʝ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʘʪʦʤʥʦʤ ʫʨʦʚʥʝ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ: ʟʘʜʘʶʪʩʷ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʤʦʜʝʣʴʥʦʛʦ 

ʩʧʣʘʚʘ ʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʚʩʝ ʦʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʜʝʘʣʴʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʠ ʢʨʠʩʪʘʣʣʘ ʚ ʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɿʘʪʝʤ ʧʨʦʚʦʜʠʪʩʷ 
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ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʧʨʦʚʦʜʠʪʩʷ ʦʩʤʳʩʣʝʥʠʝ ʠ 

ʦʙʦʙʱʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʳʷʚʣʷʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʥʘʭʦʞʜʝʥʠʝ ʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʠʩʪʝʤʳ ʤʦʜʝʣʴʥʦʛʦ ʩʧʣʘʚʘ, ʧʦʠʩʢ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʠʩʪʝʤʳ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʪʝʥʮʠʘʣʴʥʘʷ 

ʵʥʝʨʛʠʷ ʙʫʜʝʪ ʧʨʠʥʠʤʘʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʇʨʦʚʝʜʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʢʘʢ ʠ ʚ ʥʘʪʫʨʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, 

ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ 

ʤʥʦʞʝʩʪʚʦ ʚʦʧʨʦʩʦʚ. 

ʇʝʨʚʳʡ ʵʪʘʧ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʧʦ ʚʳʙʨʘʥʥʦʡ ʧʨʦʙʣʝʤʝ 

ʥʘʯʠʥʘʶʪʩʷ ʩʦ ʩʙʦʨʘ ʤʘʪʝʨʠʘʣʘ, ʠʟʫʯʝʥʠʷ ʪʝʦʨʠʠ ʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪ, ʯʪʦʙʳ 

ʧʦʜʪʚʝʨʜʠʪʴ ʛʠʧʦʪʝʟʫ ʠʣʠ ʥʘʡʪʠ ʦʙʲʷʩʥʝʥʠʷ, ʧʦʯʝʤʫ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʛʥʦʟʠʨʫʝʤʦʤʫ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʨʝʰʘʶʪʩʷ ʚʦʧʨʦʩʳ ʦʧʠʩʘʥʠʷ ʤʝʪʦʜʠʢʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂʘʢʠʝ ʘʣʛʦʨʠʪʤʳ ʤʦʞʥʦ 

ʧʨʝʜʣʦʞʠʪʴ ʜʣʷ ʨʝʰʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʜʦʙʨʘʪʴ ʧʘʨʘʤʝʪʨʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʧʨʦʚʝʨʠʪʴ 

ʢʦʨʨʝʢʪʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʠ ʘʜʝʢʚʘʪʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʫʪʝʤ 

ʩʨʘʚʥʝʥʠʷ ʠʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʥʘʪʫʨʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. ɼʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʘʪʦʤʥʦʤ ʫʨʦʚʥʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʧʦʜʭʦʜʘ: 

ʩʪʘʪʠʯʝʩʢʠʡ (ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ) ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʜʠʥʘʤʠʢʠ.  

ʄʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ 

ʜʚʠʞʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʘʪʦʤʦʚ, ʦʧʠʩʘʥʥʳʭ ʢʘʢ ʤʘʪʝʨʠʘʣʴʥʳʝ ʪʦʯʢʠ, ʦʙʣʘʜʘʶʱʠʝ 

ʤʘʩʩʦʡ ʚ ʧʦʣʝ ʩʠʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʣ ʠ 

ʚʥʝʰʥʠʭ ʩʠʣ, ʧʨʠʣʘʛʘʝʤʳʭ ʢ ʪʚʝʨʜʦʤʫ ʪʝʣʫ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʝʪʦʜʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʥʝʦʙʭʦʜʠʤʦ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʟʦʙʘʨʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʧʨʝʜʫʩʤʦʪʨʝʪʴ  ʨʝʞʠʤ ʦʭʣʘʞʜʝʥʠʷ ʩʧʣʘʚʘ ʧʫʪʝʤ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ 

ʢʨʠʩʪʘʣʣʘ, ʜʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʦʨʤʠʨʦʚʘʥʠʠ ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʝʡ 

ʘʪʦʤʦʚ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʦʩʪʦʷʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʢʨʠʩʪʘʣʣʝ: 
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ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʪʘʢʞʝ ʨʝʰʘʶʪʩʷ ʚʦʧʨʦʩʳ ʦʧʠʩʘʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ: 

ʝʩʣʠ ʭʨʘʥʠʪʴ ʤʥʦʛʦ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʜʘʥʥʳʭ, ʩʠʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʨʝʤʷ 

ʨʘʩʯʝʪʘ ʠ ʦʙʲʝʤ ʟʘʥʠʤʘʝʤʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʥʦʩʠʪʝʣʝ. ʊʘʢʠʝ 

ʟʘʪʨʘʪʳ ʦʢʫʧʘʶʪʩʷ ʫʜʦʙʩʪʚʦʤ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ, ʨʘʩʯʝʪʦʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʘ, ʯʪʦ 

ʙʝʟʫʩʣʦʚʥʦ ʦʙʣʝʛʯʠʪ ʧʦʥʠʤʘʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʘʪʦʤʥʦʤ ʫʨʦʚʥʝ.  

ʄʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ ʦʪʥʦʩʠʪʩʷ ʢ ʤʝʪʦʜʘʤ ʩʪʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʯʝʤ 

ʙʦʣʴʰʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʩʦʜʝʨʞʠʪ ʤʦʜʝʣʴʥʳʡ ʩʧʣʘʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʪʝʤ ʚʝʨʥʝʝ ʨʝʟʫʣʴʪʘʪ. ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
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ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʘʨʘʤʝʪʨʳ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ ʠ ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʟʘ ʩʯʝʪ ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʘʪʦʤʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚʦ ʚʩʝʤ 

ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʘ.  

ʊʨʝʪʠʡ ʵʪʘʧ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʜʘʥʥʳʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ, ʦʙʦʙʱʝʥʠʷ ʠ 

ʥʘʫʯʥʳʡ ʢʦʤʤʝʥʪʘʨʠʡ.  

ʇʨʠʤʝʨ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʚ ʩʪʘʜʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʧʨʦʚʝʨʢʠ ʢʦʨʨʝʢʪʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʦʙʣʘʩʪʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʢʨʠʩʪʘʣʣʝ ʧʨʠ ʪʝʨʤʦʘʢʪʠʚʘʮʠʠ (ʨʠʩ. 2).  

 

 
 

ʘ) T=600K       ʙ) T=900K 

 

ʈʠʩ. 2. ʂʘʨʪʠʥʳ ʩʪʨʫʢʪʫʨʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ  

ʚ ʤʦʜʝʣʴʥʦʤ ʩʧʣʘʚʝ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʊʝʤʥʳʤʠ ʪʦʯʢʘʤʠ ʚʳʜʝʣʝʥʳ 

ʪʦʯʝʯʥʳʝ ʜʝʬʝʢʪʳ ʟʘʤʝʱʝʥʠʷ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʣʠʯʝʩʪʚʦ 

ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʦʨʠʠ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ ʧʦʨʷʜʦʢ-ʙʝʩʧʦʨʷʜʦʢ. 

ʆʨʛʘʥʠʟʘʮʠʷ ʥʘʫʯʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ï ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʡ 

ʧʨʦʮʝʩʩ, ʩʚʷʟʘʥʥʳʡ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʦʟʚʦʣʷʝʪ 

ʦʙʲʝʜʠʥʠʪʴ ʫʩʠʣʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʚ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʘʪʦʤʥʦʤ ʫʨʦʚʥʝ.  
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ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʚ ʫʩʣʦʚʠʷʭ ʜʦʩʪʫʧʥʦʩʪʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʤʦʙʠʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʧʦʚʩʝʜʥʝʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ IT-ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʦʙʫʯʝʥʠʠ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. ʆʜʥʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʦʙʫʯʝʥʠʷ ï ʩʦʟʜʘʥʠʝ ʜʣʷ ʫʯʘʱʠʭʩʷ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʦʛʦ 

ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʪʚʦʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʨʠʤʝʥʝʥʠʝ 

ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʫʯʘʱʠʤʩʷ ʛʣʫʙʞʝ ʧʦʥʷʪʴ ʩʫʪʴ ʩʫʭʦʛʦ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʩʤʳʩʣʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ, 

ʧʨʦʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʩʢʘʟʦʢ, ʩʩʳʣʦʢ, ʪʝʩʪʦʚ ʩʚʦʠ ʟʥʘʥʠʷ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʥʘ ʧʨʠʤʝʨʝ ʨʘʟʨʘʙʦʪʢʠ ʠʛʨʦʚʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʚʠʟʫʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ 

ʨʘʟʨʘʙʦʪʢʠ RPG Maker MV ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʯʝʙʥʠʢʘ ʚ ʩʠʩʪʝʤʝ Moodle ʧʦʢʘʟʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʫʯʝʥʠʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʬʦʨʤ ʦʙʫʯʝʥʠʷ. 

ɼʘʥʥʘʷ ʪʝʤʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʝʱʝ ʠ ʧʦʪʦʤʫ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ ʚ 

ʧʨʦʮʝʩʩʝ ʪʚʦʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʟʚʦʣʷʪ ʰʠʨʝ ʦʩʦʟʥʘʪʴ ʩʚʦʡ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʠ ʧʦʜʛʦʪʦʚʠʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʙʘʟʫ ʜʣʷ 

ʨʘʙʦʪʳ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ.  

ʉʦʟʜʘʥʠʝ ʠʛʨʦʚʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʚʠʟʫʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ RPG Maker MV ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʢʘʢ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʤʝʪʦʜ ʦʙʫʯʝʥʠʷ ʜʣʷ ʣʫʯʰʝʛʦ ʫʩʚʦʝʥʠʷ ʟʥʘʥʠʡ, 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʩʪʫʜʝʥʪʘ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʝ ʠ ʪʚʦʨʯʝʩʢʦʤʫ ʧʦʜʭʦʜʫ ʚ 

ʨʝʰʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

ʆʙʫʯʘʶʱʠʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʠʛʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʥʠʢʘʣʴʥʳʡ ʧʨʦʜʫʢʪ 

ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʢʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʨʘʟʚʠʪʠʶ ʩʦʚʨʝʤʝʥʥʦʡ ʣʠʯʥʦʩʪʠ. ʀʛʨʳ 

ʧʦʤʦʛʘʶʪ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʞʠʟʥʝʥʥʳʝ ʩʠʪʫʘʮʠʠ, ʧʨʦʙʣʝʤʳ ʠ ʥʘʡʪʠ 

ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʠʛʨʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʩʪʦ ʧʦʛʨʫʟʠʪʴʩʷ ʚ 

ʚʠʨʪʫʘʣʴʥʳʝ ʤʠʨʳ, ʚ ʢʦʪʦʨʳʭ ʫʯʘʱʠʡʩʷ ʤʦʞʝʪ ʦʪʜʦʭʥʫʪʴ ʦʪ ʧʦʚʩʝʜʥʝʚʥʦʡ 

ʩʫʝʪʳ ʠ ʩʪʘʪʴ ʫʯʘʩʪʥʠʢʦʤ ʩʦʙʳʪʠʡ, ʢʦʪʦʨʳʝ ʚ ʨʝʘʣʴʥʦʩʪʠ ʥʝʚʦʟʤʦʞʥʳ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʦʟʜʘʪʴ ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠʣʠ ʚʦʩʧʨʠʷʪʠʷ ʥʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ.  

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʠʛʨʦʚʳʭ ʞʘʥʨʦʚ ʪʨʝʙʫʝʪ ʪʚʦʨʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʢʨʳʪʴ ʧʦʪʝʥʮʠʘʣ ʪʝʭ ʠʣʠ ʠʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʎʝʥʪʨʘʣʴʥʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʣʶʙʦʡ ʠʛʨʳ ʷʚʣʷʝʪʩʷ ʠʛʨʦʚʦʡ ʜʚʠʞʦʢ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʚʠʟʫʘʣʠʟʘʪʦʨ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʟʚʫʢʘ ʠ ʘʥʠʤʘʮʠʶ. 

ɺʦʟʤʦʞʥʘ ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʛʨ ʣʠʙʦ ʩ ʯʠʩʪʦʛʦ ʣʠʩʪʘ, ʣʠʙʦ ʩʙʦʨ 

ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʦʨʦʥʥʠʭ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ 

ʩʦʟʜʘʥʠʝ ʩʚʦʝʛʦ ʠʛʨʦʚʦʛʦ ʢʦʥʪʝʥʪʘ ʥʘ ʛʦʪʦʚʦʤ ʠʛʨʦʚʦʤ ʜʚʠʞʢʝ.  

RPG Maker MV ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʘʥʠʝʡ Kadokawa Shoten.  ʅʘʟʚʘʥʠʝ 

ʠʛʨʦʚʦʛʦ ʜʚʠʞʢʘ RPG Maker ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʦʥ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʜʣʷ ʞʘʥʨʘ ʨʦʣʝʚʳʭ ʠʛʨ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʩʚʦʡʩʪʚʘ ʠʛʨ ʚ 

ʵʪʦʤ ʞʘʥʨʝ. ɺʦ-ʧʝʨʚʳʭ, ʩʶʞʝʪ ʧʦʩʪʨʦʝʥ ʧʦ ʧʨʠʥʮʠʧʫ ʚʳʧʦʣʥʝʥʠʷ ʮʝʧʦʯʢʠ 

ʟʘʜʘʥʠʡ. ʀʛʨʦʢ, ʧʝʨʝʤʝʱʘʷ ʦʜʥʦʛʦ ʠʣʠ ʛʨʫʧʧʫ ʛʝʨʦʝʚ ʚ ʠʛʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʜʦʣʞʝʥ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʧʨʦʡʪʠ ʯʝʨʝʟ ʣʦʢʘʮʠʶ ʢ ʦʧʨʝʜʝʣʸʥʥʦʡ 

ʪʦʯʢʝ, ʠʩʩʣʝʜʦʚʘʪʴ ʦʙʲʝʢʪ, ʥʘʡʪʠ ʧʨʘʚʠʣʴʥʦʝ ʨʝʰʝʥʠʝ. ɺʦ-ʚʪʦʨʳʭ, ʠʛʨʦʚʦʡ 
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ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥ ʧʦ ʚʦʩʭʦʜʷʱʠʤ ʫʨʦʚʥʷʤ, ʠ ʧʦʢʘ ʥʝ ʦʩʚʦʝʥ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʦʙʲʝʤ ʟʥʘʥʠʡ  ʥʘ ʧʝʨʚʦʤ ʫʨʦʚʥʝ, ʥʝʣʴʟʷ ʧʝʨʝʡʪʠ ʥʘ ʚʪʦʨʦʡ. ɺ ʪʨʝʪʴʠʭ, 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʜʣʷ ʨʦʣʝʚʳʭ ʠʛʨ ʷʚʣʷʝʪʩʷ ʜʚʫʭʫʨʦʚʥʝʚʘʷ ʩʠʩʪʝʤʘ ʧʝʨʝʜʚʠʞʝʥʠʷ 

ʧʦ ʤʠʨʫ. ʆʩʥʦʚʥʳʤ ʫʨʦʚʥʝʤ ʷʚʣʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ çʢʘʨʪʘ ʤʠʨʘè. ʆʥʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʰʠʨʥʫʶ ʢʘʨʪʫ ʩʪʨʘʥʳ, ʢʦʥʪʠʥʝʥʪʘ ʠʣʠ ʧʣʘʥʝʪʳ ʩʦ 

ʩʭʝʤʘʪʠʯʝʩʢʠ ʦʙʦʟʥʘʯʝʥʥʳʤʠ ʣʦʢʘʮʠʷʤʠ.  

ʉʦʟʜʘʥʠʝ ʨʦʣʝʚʦʡ ʠʛʨʳ ʚ ʢʘʯʝʩʪʚʝ ʢʫʨʩʦʚʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʩʦʙʳʤ 

ʚʠʜʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʫʯʘʱʝʛʦʩʷ, ʪʨʝʙʫʶʱʝʡ ʦʩʤʳʩʣʝʥʠ ̫ ʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʦʛʨʦʤʥʦʛʦ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ: ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʠʛʨʦʚʦʡ 

ʞʘʥʨ, ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʠʛʨʦʚʳʤ ʜʚʠʞʢʦʤ, ʩʦʟʜʘʪʴ ʚʠʟʫʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠ 

ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤʳ ʠʛʨʦʚʳʭ ʩʦʙʳʪʠʡ ʧʦ ʟʘʜʘʥʥʦʡ ʪʝʤʝ.  

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʨʛʘʥʠʟʦʚʘʪʴ ʠʛʨʦʚʳʝ ʩʦʙʳʪʠʷ, 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʢʘʨʪʫ ʠʛʨʦʚʦʛʦ ʤʠʨʘ, ʛʜʝ ʵʪʠ ʩʦʙʳʪʠʷ ʙʫʜʫʪ ʧʨʦʠʩʭʦʜʠʪʴ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʠʣʣʶʟʠʠ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʝʥʠʷ ʠʣʠ ʧʝʨʩʦʥʘʞʝʡ 

ʧʨʠʤʝʥʷʶʪʩʷ ʘʥʠʤʠʨʦʚʘʥʥʳʝ ʩʧʨʘʡʪʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʨʘʩʪʨʦʚ (ʨʠʩ. 

1).  

 

 
 

ʈʠʩ. 1. ʂʘʨʪʘ ʤʠʨʘ ʠ  ʘʥʠʤʠʨʦʚʘʥʥʳʝ ʩʧʨʘʡʪʳ ʜʣʷ ʧʝʨʩʦʥʘʞʝʡ 

 

ʇʦʩʣʝ ʚʳʙʦʨʘ ʚʠʟʫʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤ, ʦʧʠʩʘʥʠʝ 

ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʩʦʙʳʪʠʡ, ʛʜʝ ʫʯʘʱʝʤʫʩʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʪʚʦʨʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʟʫʯʘʝʤʳʤ ʚʦʧʨʦʩʘʤ, ʩʧʦʩʦʙʥʦʩʪʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʩʚʦʶ ʨʘʙʦʪʫ (ʨʠʩ. 2).  

ɸʥʘʣʦʛʠʯʥʳʤ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʡ ʫʯʝʙʥʠʢ. ʕʣʝʢʪʨʦʥʥʳʡ ʫʯʝʙʥʠʢ ï ʵʪʦ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʦʙʫʯʘʶʱʘʷ ʩʠʩʪʝʤʘ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʜʠʜʘʢʪʠʯʝʩʢʠʝ, 

ʤʝʪʦʜʠʯʝʩʢʠʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʩʧʨʘʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦ ʫʯʝʙʥʦʡ 

ʜʠʩʮʠʧʣʠʥʝ, ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʣʝʢʩʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ çʙʫʤʘʞʥʦʛʦè ʚʘʨʠʘʥʪʘ ʫʯʝʙʥʠʢʘ, ʵʣʝʢʪʨʦʥʥʳʡ 

ʫʯʝʙʥʠʢ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʥʦʛʦ ʩʪʠʣʷ ʦʙʫʯʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʥʝʪ ʦʨʠʝʥʪʘʮʠʠ ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ, ʣʠʥʝʡʥʦʝ ʠʟʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʘ. ʋʯʝʙʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ 

ʪʝʢʩʪ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʯʝʙʥʠʢʘ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʣʥʳʤ ʧʦ ʩʦʜʝʨʞʘʥʠʶ, 

ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʠ ʭʦʨʦʰʦ ʦʬʦʨʤʣʝʥʥʳʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʴʩʷ 

ʙʫʤʘʞʥʳʤ ʫʯʝʙʥʠʢʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʙʦʣʝʝ ʫʜʦʙʥʦ, ʵʣʝʢʪʨʦʥʥʳʡ 
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ʫʯʝʙʥʠʢ ʧʨʠʦʙʨʝʣ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ. 

 

 
 

ʈʠʩ. 2. ʆʢʥʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʩʦʙʳʪʠʡ 

 

ʕʣʝʢʪʨʦʥʥʳʡ ʫʯʝʙʥʠʢ çʀʥʞʝʥʝʨʥʘʷ ʠ ʢʦʤʧʴʶʪʝʨʥʘʷ ʛʨʘʬʠʢʘè ʩʦʩʪʦʠʪ ʠʟ 

ʩʝʤʠ ʛʣʘʚ. ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʩʦʜʝʨʞʠʪʩʷ ʤʘʪʝʨʠʘʣ ʦ ʩʦʟʜʘʥʠʠ ʧʣʦʩʢʠʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʩʦʜʝʨʞʠʪʩʷ ʤʘʪʝʨʠʘʣ ʦʙ ʘʬʬʠʥʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʘʢʠʝ ʧʦʥʷʪʠʷ, ʢʘʢ ʧʦʚʦʨʦʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ. ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ 

ʩʦʜʝʨʞʠʪʩʷ ʤʘʪʝʨʠʘʣ ʦ ʚʠʜʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʩʪʨʦʝʥʠʝ 3-D ʦʙʲʝʢʪʘ. ɺ 

ʯʝʪʚʸʨʪʦʡ ʛʣʘʚʝ ʩʦʜʝʨʞʠʪʩʷ ʤʘʪʝʨʠʘʣ ʦʙ ʫʜʘʣʝʥʠʠ ʥʝʚʠʜʠʤʳʭ ʣʠʥʠʡ ʛʨʘʥʝʡ ʠ 

ʨʝʙʝʨ ʪʨʝʭʤʝʨʥʦʛʦ ʦʙʲʝʢʪʘ. ɺ ʧʷʪʦʡ ʛʣʘʚʝ ʩʦʜʝʨʞʠʪʩʷ ʤʘʪʝʨʠʘʣ ʦ ʨʘʩʪʨʦʚʳʭ 

ʘʣʛʦʨʠʪʤʘʭ. ɺ ʰʝʩʪʦʡ ʛʣʘʚʝ ʩʦʜʝʨʞʠʪʩʷ ʤʘʪʝʨʠʘʣ ʦ ʤʝʪʦʜʘʭ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʚʳʭ 

ɹʝʟʴʝ ʠ ɺ-ʩʧʣʘʡʥʦʚʳʭ ʢʨʠʚʳʭ. ɺ ʩʝʜʴʤʦʡ ʛʣʘʚʝ ʩʦʜʝʨʞʠʪʩʷ ʤʘʪʝʨʠʘʣ ʦ ʤʝʪʦʜʘʭ 

ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ. ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʝʤʠ ʛʣʘʚ ʫʯʝʙʥʠʢʘ 

ʦʙʫʯʘʶʱʠʡʩʷ ʜʦʣʞʝʥ ʧʨʦʡʪʠ ʠʪʦʛʦʚʳʡ ʪʝʩʪ ʧʦ ʚʩʝʤʫ ʧʨʦʡʜʝʥʥʦʤʫ ʤʘʪʝʨʠʘʣʫ. 

ʊʘʢʞʝ ʚ ʫʯʝʙʥʠʢʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʣʘʙʦʨʘʪʦʨʥʳʡ ʧʨʘʢʪʠʢʫʤ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʧʷʪʥʘʜʮʘʪʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʠ ʧʨʠʤʝʨʦʚ ʥʘ ʢʘʞʜʳʡ ʣʘʙʦʨʘʪʦʨʥʳʡ 

ʧʨʘʢʪʠʢʫʤ.  

ʕʣʝʢʪʨʦʥʥʳʡ ʫʯʝʙʥʠʢ ʧʦʜʛʦʪʘʚʣʠʚʘʝʪʩʷ ʧʦ ʤʝʪʦʜʠʯʝʩʢʦʤʫ ʧʦʩʦʙʠʶ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʧʦ ʢʦʪʦʨʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ ʠ 

ʦʬʦʨʤʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʚ ʚʠʜʝ ʦʪʯʝʪʘ.  
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ʄʫʣʴʪʠʤʝʜʠʘ ʪʝʭʥʦʣʦʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʙʫʯʝʥʠʷ ʢʘʢ ʩ ʮʝʣʴʶ 

ʠʟʫʯʝʥʠʷ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʤʘʪʝʨʠʘʣʘ ʟʘ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ, ʪʘʢ 

ʠ ʨʘʟʚʠʪʠʷ ʫʤʝʥʠʷ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʦʙʦʙʱʘʪʴ.  

 

ʇʆʀʉʂ ʆʇʊʀʄɸʃʔʅʆɻʆ ʇʋʊʀ ɼɺʀɾɽʅʀʗ ʉʀʉʊɽʄʓ ʆɹʒɽʂʊʆɺ 

ʏɽʈɽɿ ʇʈɽʇʗʊʉʊɺʀɽ ʄɽʊʆɼʆʄ ɻɽʅɽʊʀʏɽʉʂʆɻʆ ɸʃɻʆʈʀʊʄɸ 

ɽ.ɸ. ɼʫʜʥʠʢ, ʉ.ɸ. ʍʘʚʘʥʩʢʠʡ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ)  

ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
ɸʥʥʦʪʘʮʠʷ. ɻʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʥʘʭʦʜʠʪ ʦʧʪʠʤʘʣʴʥʳʡ ʧʫʪʴ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ 

ʦʙʲʝʢʪʦʚ ʯʝʨʝʟ ʧʨʝʧʷʪʩʪʚʠʝ. ʀʩʩʣʝʜʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʠ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ, ʦʧʪʠʤʠʟʘʮʠʷ ʧʫʪʠ ʜʚʠʞʝʥʠʷ. 
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ɺ ʥʘʰʝ ʚʨʝʤʷ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠ 

ʘʣʛʦʨʠʪʤʳ ʦʧʪʠʤʠʟʘʮʠʠ ʧʫʪʠ ʜʚʠʞʝʥʠʷ. ɼʣʷ ʵʪʦʡ ʟʘʜʘʯʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ. ɻʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʦʙʣʘʜʘʝʪ ʥʝʢʦʪʦʨʳʤʠ 

ʥʝʦʩʧʦʨʠʤʳʤʠ ʧʣʶʩʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʧʝʨʝʙʦʨʘ [1]. ʅʦ 

ʧʨʝʞʜʝ ʯʝʤ ʧʝʨʝʡʪʠ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʩʘʤʦ ʧʦʥʷʪʠʝ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʝʛʦ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 

ɻʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ï ʵʪʦ ʵʚʨʠʩʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʫʪʸʤ 

ʩʣʫʯʘʡʥʦʛʦ ʧʦʜʙʦʨʘ, ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʠ ʚʘʨʠʘʮʠʠ ʠʩʢʦʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʠʟʤʦʚ, ʘʥʘʣʦʛʠʯʥʳʭ ʝʩʪʝʩʪʚʝʥʥʦʤʫ ʦʪʙʦʨʫ ʚ ʧʨʠʨʦʜʝ. 

ɼʦʩʪʦʠʥʩʪʚʘ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ [2]: ʥʝ ʪʨʝʙʫʝʪ ʥʠʢʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʦ ʧʦʚʝʜʝʥʠʠ ʬʫʥʢʮʠʠ (ʥʘʧʨʠʤʝʨ, ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʩʪʠ ʠ ʥʝʧʨʝʨʳʚʥʦʩʪʠ), 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ, ʧʨʦʩʪ ʚ ʨʝʘʣʠʟʘʮʠʠ, ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʟʘʜʘʯʘʭ ʩ ʠʟʤʝʥʷʶʱʝʡʩʷ ʩʨʝʜʦʡ. 

ʅʝʜʦʩʪʘʪʢʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ [2]: ʩ ʧʦʤʦʱʴʶ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʧʨʦʙʣʝʤʘʪʠʯʥʦ ʥʘʡʪʠ ʪʦʯʥʳʡ ʛʣʦʙʘʣʴʥʳʡ ʦʧʪʠʤʫʤ, ʥʝʵʬʬʝʢʪʠʚʥʦ 

ʧʨʠʤʝʥʷʪʴ ʚ ʩʣʫʯʘʝ ʦʧʪʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʠ, ʪʨʝʙʫʶʱʝʡ ʙʦʣʴʰʦʛʦ ʚʨʝʤʝʥʠ ʥʘ 

ʚʳʯʠʩʣʝʥʠʝ, ʥʝ ʜʣʷ ʚʩʝʭ ʟʘʜʘʯ ʫʜʘʝʪʩʷ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ. 

ɻʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

ʦʧʪʠʤʠʟʘʮʠʷ ʬʫʥʢʮʠʡ, ʦʧʪʠʤʠʟʘʮʠʷ ʟʘʧʨʦʩʦʚ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ, ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

https://ru.wikipedia.org/w/index.php?title=%D0%9E%D0%BF%D1%82%D0%B8%D0%BC%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F_%D1%84%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D0%B9&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%9E%D0%BF%D1%82%D0%B8%D0%BC%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F_%D0%B7%D0%B0%D0%BF%D1%80%D0%BE%D1%81%D0%BE%D0%B2_%D0%A1%D0%A3%D0%91%D0%94
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ʟʘʜʘʯʠ ʥʘ ʛʨʘʬʘʭ (ʟʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʝʨʘ, ʨʘʩʢʨʘʩʢʘ, ʥʘʭʦʞʜʝʥʠʝ 

ʧʘʨʦʩʦʯʝʪʘʥʠʡ), ʟʘʜʘʯʠ ʢʦʤʧʦʥʦʚʢʠ. 

ʇʦʩʢʦʣʴʢʫ ʫ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʯʝʥʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʠʤʝʥʝʥʠʡ, 

ʪʦ ʠ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʯʝʥʴ ʤʥʦʛʦ. ʅʠʞʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ 

ʦʙʱʠʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ [3]. 
 

 
ʈʠʩ. 1.ʆʙʱʠʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ 

 

ɿʘʜʘʯʘ ʬʦʨʤʘʣʠʟʫʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʝʸ ʨʝʰʝʥʠʝ ʤʦʛʣʦ ʙʳʪʴ 

ʟʘʢʦʜʠʨʦʚʘʥʦ ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ (çʛʝʥʦʪʠʧʘè) ʛʝʥʦʚ, ʛʜʝ ʢʘʞʜʳʡ ʛʝʥ ʤʦʞʝʪ ʙʳʪʴ 

ʙʠʪʦʤ, ʯʠʩʣʦʤ ʠʣʠ ʥʝʢʠʤ ʜʨʫʛʠʤ ʦʙʲʝʢʪʦʤ.  

ʅʝʢʦʪʦʨʳʤ, ʦʙʳʯʥʦ ʩʣʫʯʘʡʥʳʤ, ʦʙʨʘʟʦʤ ʩʦʟʜʘʸʪʩʷ ʤʥʦʞʝʩʪʚʦ ʛʝʥʦʪʠʧʦʚ 

ʥʘʯʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ. ʆʥʠ ʦʮʝʥʠʚʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çʬʫʥʢʮʠʠ 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠè, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩ ʢʘʞʜʳʤ ʛʝʥʦʪʠʧʦʤ ʘʩʩʦʮʠʠʨʫʝʪʩʷ 

ʦʧʨʝʜʝʣʸʥʥʦʝ ʟʥʘʯʝʥʠʝ (çʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴè), ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ, ʥʘʩʢʦʣʴʢʦ 

ʭʦʨʦʰʦ ʛʝʥʦʪʠʧ, ʠʤ ʦʧʠʩʳʚʘʝʤʳʡ, ʨʝʰʘʝʪ ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ. 

ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʨʝʰʝʥʠʡ (çʧʦʢʦʣʝʥʠʷè) ʩ ʫʯʸʪʦʤ ʟʥʘʯʝʥʠʷ 

çʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠè ʚʳʙʠʨʘʶʪʩʷ ʨʝʰʝʥʠʷ (ʦʙʳʯʥʦ ʣʫʯʰʠʝ ʦʩʦʙʠ ʠʤʝʶʪ 

ʙʦʣʴʰʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʙʳʪʴ ʚʳʙʨʘʥʥʳʤʠ), ʢ ʢʦʪʦʨʳʤ ʧʨʠʤʝʥʷʶʪʩʷ 

çʛʝʥʝʪʠʯʝʩʢʠʝ ʦʧʝʨʘʪʦʨʳè (ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ çʩʢʨʝʱʠʚʘʥʠʝè ð crossover 

ʠ çʤʫʪʘʮʠʷè ð mutation), ʨʝʟʫʣʴʪʘʪʦʤ ʯʝʛʦ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ 

ʨʝʰʝʥʠʡ. ɼʣʷ ʥʠʭ ʪʘʢʞʝ ʚʳʯʠʩʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ, ʠ ʟʘʪʝʤ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪʙʦʨ (çʩʝʣʝʢʮʠʷè) ʣʫʯʰʠʭ ʨʝʰʝʥʠʡ ʚ ʩʣʝʜʫʶʱʝʝ ʧʦʢʦʣʝʥʠʝ. 

https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D1%84_(%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%97%D0%B0%D0%B4%D0%B0%D1%87%D0%B0_%D0%BA%D0%BE%D0%BC%D0%BC%D0%B8%D0%B2%D0%BE%D1%8F%D0%B6%D0%B5%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BE%D0%BD%D0%BE%D0%B2%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%BE%D1%82%D0%B8%D0%BF
https://ru.wikipedia.org/wiki/%D0%A4%D0%B5%D0%BD%D0%BE%D1%82%D0%B8%D0%BF
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ʇʦʩʢʦʣʴʢʫ ʮʝʣʴ ʟʘʜʘʯʠ ï ʨʘʩʩʯʠʪʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʧʫʪʴ, ʚ ʢʘʯʝʩʪʚʝ ʚʝʢʪʦʨʘ 

(ʛʝʥʦʪʠʧʘ) ʙʳʣʦ ʚʳʙʨʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ. 

ɼʣʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʙʳʣʘ ʩʦʟʜʘʥʘ ʥʘʯʘʣʴʥʘʷ ʧʦʧʫʣʷʮʠʷ ʚ ʨʘʟʤʝʨʝ 100 

ʰʪ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʞʠʟʥʠ ʧʦʢʦʣʝʥʠʷ: 1000 ʠʪʝʨʘʮʠʡ. 

ʉʢʨʝʱʠʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʛʝʥʦʪʠʧʘ ʦʙʲʝʢʪʦʚ (ʚʝʢʪʦʨ 

ʜʚʠʞʝʥʠʷ). ñʇʦʪʦʤʦʢò ʙʫʜʝʪ ʠʤʝʪʴ ʚʝʢʪʦʨ ʜʚʠʞʝʥʠʷ, ʩʭʦʞʠʡ ʩ ʚʝʢʪʦʨʦʤ 

ʜʚʠʞʝʥʠʷ ʝʛʦ ñʨʦʜʠʪʝʣʝʡò. 

ʊʘʢʞʝ ʚ ʘʣʛʦʨʠʪʤʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʫʪʘʮʠʷ ʦʙʲʝʢʪʦʚ. ɺ ʢʘʞʜʦʤ ʥʦʚʦʤ 

ʧʦʢʦʣʝʥʠʠ 1% ʦʩʦʙʝʡ ʙʫʜʝʪ ʤʫʪʠʨʦʚʘʪʴ, ʩʣʫʯʘʡʥʦ ʠʟʤʝʥʷʪʴ ʩʚʦʡ ʚʝʢʪʦʨ 

ʜʚʠʞʝʥʠʷ. 

 
ʈʠʩ. 2. ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ 

 

ʏʪʦʙʳ ʠʩʩʣʝʜʦʚʘʪʴ ʚʩʝ ʦʙʲʝʢʪʳ ʧʦ ʢʨʠʪʝʨʠʷʤ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ, ʙʳʣʦ 

ʠʩʧʳʪʘʥʦ ʪʨʠ ʬʫʥʢʮʠʠ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ: f =1/r, f =1/r^2, f = 1/Ѝὶ, ʛʜʝ r 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʙʲʝʢʪʘ ʜʦ ʢʦʥʝʯʥʦʡ ʮʝʣʠ ʚ ʤʦʤʝʥʪ ʩʤʝʥʳ ʧʦʢʦʣʝʥʠʷ. 

ʇʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʦʙʲʝʢʪʘ ʩ ʧʨʝʧʷʪʩʪʚʠʝʤ, ʦʙʲʝʢʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʩʯʠʪʘʝʪʩʷ ʤʝʥʝʝ ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʤ. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ 

ʩ ʨʘʟʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ. 

 

 

 

ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʩ ʨʘʟʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ 

ʬʫʥʢʮʠʝʡ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ f = 1/r. ʀ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʚʧʦʣʥʝ 

ʧʨʠʤʝʥʠʤ ʢ ʟʘʜʘʯʘʤ ʧʦ ʧʦʠʩʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʪʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʫʜʘʣʦʩʴ ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʬʫʥʢʮʠʶ 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ. 
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FINDING INDEFINITE INTEGRALS USING THE CAPABILITIES MAPLE 

PACKAGE  
E.V. Nikitenko, L.V. Gritsenko 

Rubtsovsk Industrial Institute Altai State Technical named after II Polzynov 
Abstract. The work is dedicated to the creation of electronic manuals on solving indefinite 

integrals Maple computer mathematics system resources. 

Keywords: electronic benefit, indefinite integral, Maple. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʵʣʝʢʪʨʦʥʥʳʝ 

ʫʯʝʙʥʳʝ ʧʦʩʦʙʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʪʨʝʙʥʦʩʪʷʤ ʦʙʫʯʘʶʱʠʭʩʷ ʠ ʟʘʧʨʦʩʘʤ 

ʧʨʘʢʪʠʢʠ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʧʨʠʤʝʨʦʤ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ. 

ʕʣʝʢʪʨʦʥʥʳʝ ʫʯʝʙʥʳʝ ʧʦʩʦʙʠʷ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʦʙʫʯʘʶʱʠʤʠʩʷ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʪʝʦʨʠʠ ʧʦ ʢʦʥʢʨʝʪʥʦʡ ʪʝʤʝ, ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʘʤʦʧʨʦʚʝʨʢʠ ʫʩʚʦʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʩʦʙʠʷ ʧʦ 

ʨʝʰʝʥʠʶ ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʩʨʝʜʩʪʚʘʤʠ ʩʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʡ 
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ʤʘʪʝʤʘʪʠʢʠ Maple. ʅʘʣʠʯʠʝ ʜʘʥʥʦʛʦ ʧʦʩʦʙʠʷ ʧʦʟʚʦʣʠʪ ʦʙʫʯʘʶʱʝʤʫʩʷ 

ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʭ ʢʣʘʩʩʘʭ ʠʥʪʝʛʨʠʨʫʝʤʳʭ ʬʫʥʢʮʠʡ 

ʦʜʥʦʡ ʚʝʱʝʩʪʚʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʘʭ ʠʭ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ʅʝ 

ʩʝʢʨʝʪ, ʯʪʦ ʥʘʫʯʠʪʴʩʷ ʭʦʨʦʰʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, 

ʧʦʩʢʦʣʴʢʫ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʙʠʨʘʪʴʩʷ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʠʝʤʘʭ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʦʜʩʪʘʥʦʚʢʘʭ. ʐʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʘʢʝʪʘ Maple ʧʦʟʚʦʣʷʪ 

ʥʝ ʪʦʣʴʢʦ ʥʘʛʣʷʜʥʦ ʠʟʣʦʞʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ, ʥʦ ʠ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ 

ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦʜʩʪʘʥʦʚʦʢ ʥʘ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʨʘʭ. 

ɼʫʤʘʝʤ, ʯʪʦ ʥʘʣʠʯʠʝ ʜʘʥʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʩʦʙʠʷ, ʩ ʜʝʪʘʣʴʥʦ 

ʨʘʟʦʙʨʘʥʥʳʤʠ ʧʨʠʤʝʨʘʤʠ, ʧʦʟʚʦʣʠʪ ʦʙʫʯʘʶʱʠʤʩʷ ʙʳʩʪʨʝʝ ʟʥʘʢʦʤʠʪʴʩʷ ʠ 

ʦʚʣʘʜʝʚʘʪʴ ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʝʤʘʤʠ ʠ ʤʝʪʦʜʘʤʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 
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ʇʆɼʍʆɼ ʂ ʈɽɸʃʀɿɸʎʀʀ ʅɸ ʕɺʄ ʄɸʊɽʄɸʊʀʏɽʉʂʆʁ ʄʆɼɽʃʀ 

ʊʈɽʍʌɸɿʅʆɻʆ ɸʉʀʅʍʈʆʅʅʆɻʆ ɼɺʀɻɸʊɽʃʗ 

ʄ.ʖ. ʇʫʩʪʦʚʝʪʦʚ 

ɼʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  
ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ 

ʘʩʠʥʭʨʦʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʪʨʝʭʬʘʟʥʳʭ 

ʟʘʪʦʨʤʦʞʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ. ʀʩʧʦʣʴʟʦʚʘʥ ʧʦʜʭʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʦʯʝʪʘʪʴ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ 

ʝʜʠʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʩʨʝʜʩʪʚʘʤʠ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ (ʚ ʚʠʜʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʩʭʝʤ) ʠ ʣʦʛʠʯʝʩʢʦʛʦ (ʚ ʚʠʜʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʩʭʝʤ) ʩʧʦʩʦʙʦʚ. ɺʳʙʨʘʥʥʳʡ ʧʦʜʭʦʜ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʦʙʥʦʛʦ 

ʚʩʪʨʘʠʚʘʥʠʷ ʤʦʜʝʣʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚ ʢʘʯʝʩʪʚʝ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʠ ʙʦʣʝ ʩʣʦʞʥʳʭ 

ʤʦʜʝʣʝʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʩʠʩʪʝʤ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʠʚʦʜ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ, ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ. 

 

APPROACH TO IMPLEMENTATION ON A COMPUTER  

MATHEMATICAL MODEL OF 3 -PHASE INDUCTION MOTOR  

M.Yu. Pustovetov 

Don State Technical University, Rostov-on-Don 
Abstract. This article discusses the development of the simulator of an asynchronous electric 

machine on the basis of the mathematical model in three-phase inhibited coordinates. It uses an 

approach that allows to combine in the preparation of the single simulator by means of visual 

programming circuitry (in the form of electrical schematics) and logical (in the form of block 

diagrams) methods. The approach enables easy integration the model of an induction motor as part 

of more complex models of electrotechnical complexes and systems.  
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ɺ ʦʩʥʦʚʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (ʄʄ) ʪʨʸʭʬʘʟʥʦʛʦ ɸɼ [1, 2] ʧʦʣʦʞʝʥʘ 

ʄʄ ʪʨʸʭʬʘʟʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ ʚ ʟʘʪʦʨʤʦʞʝʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, 

ʦʩʠ Ŭ,ɓ,ɔ [3] ʢʦʪʦʨʦʡ ʩʦʚʤʝʱʝʥʳ ʩ ʦʩʷʤʠ ʬʘʟ ʩʪʘʪʦʨʘ A, B, C, ʜʦʧʦʣʥʝʥʥʘʷ ʩ 

ʮʝʣʴʶ ʫʯʸʪʘ ʧʦʪʝʨʴ ʚ ʩʪʘʣʠ ʘʢʪʠʚʥʳʤʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ ʢʦʥʪʫʨʘ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ɛr , ʚʢʣʶʯʸʥʥʳʤʠ ʚ ʢʘʞʜʦʡ ʬʘʟʝ ʧʘʨʘʣʣʝʣʴʥʦ ʛʣʘʚʥʳʤ 

ʠʥʜʫʢʪʠʚʥʦʩʪʷʤ ɛL  (ʘʥʘʣʦʛʠʷ ʩ ʊ-ʦʙʨʘʟʥʦʡ ʩʭʝʤʦʡ ʟʘʤʝʱʝʥʠʷ ʘʩʠʥʭʨʦʥʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ). ʋʨʘʚʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ɸɼ ʜʘʥʳ ʚ 

ʩʠʩʪʝʤʝ (1). ʇʨʠʥʷʪʳ ʦʙʳʯʥʳʝ ʜʣʷ ʦʙʦʙʱʸʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ 

ʜʦʧʫʱʝʥʠʷ: ʢʘʞʜʘʷ ʠʟ ʪʨʸʭ ʦʙʤʦʪʦʢ ʩʪʘʪʦʨʘ ʩʦʟʜʘʸʪ ʚ ʛʣʘʜʢʦʤ ʟʘʟʦʨʝ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʫʶ ʄɼʉ, ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʩʳʱʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʮʝʧʠ 

ʥʝʠʟʤʝʥʝʥ. ɺ ʚʳʨʘʞʝʥʠʷʭ (1) ʠ ʜʘʣʝʝ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: u  ï 

ʥʘʧʨʷʞʝʥʠʝ; i  ï ʪʦʢ; t  ï ʚʨʝʤʷ; r  ï ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ; Y ï 

ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝ; rɤ  - ʤʝʭʘʥʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ, p  - ʯʠʩʣʦ ʧʘʨ 

ʧʦʣʶʩʦʚ. ʅʠʞʥʠʝ ʠʥʜʝʢʩʳ Ŭ,ɓ,ɔ ï ʦʙʦʟʥʘʯʘʶʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʘʟʝ. ʅʠʞʥʠʡ ʠʥʜʝʢʩ s ʦʙʦʟʥʘʯʘʝʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʩʪʘʪʦʨʫ, 

ʠʥʜʝʢʩ r  ï ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʨʦʪʦʨʫ, ʘ ʠʥʜʝʢʩ ɛ ï ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʚʝʪʚʠ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. ŬůsL  ï ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʩʝʷʥʠʷ ʬʘʟʳ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ; ŬůrL  ï 

ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʩʝʷʥʠʷ ʬʘʟʳ ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ. ʊʨʘʜʠʮʠʦʥʥʦ ʧʘʨʘʤʝʪʨʳ ʨʦʪʦʨʘ 

ʧʨʠʚʝʜʝʥʳ ʢ ʦʙʤʦʪʢʝ ʩʪʘʪʦʨʘ. ɼʝʪʘʣʠʟʘʮʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤʳ (1) ʧʨʠʚʝʜʝʥʘ 

ʚ ʚʳʨʘʞʝʥʠʷʭ (2) ï (7). 
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ʅʘʧʨʷʞʝʥʠʷ ʥʘ ʟʘʞʠʤʘʭ ʚʝʪʚʝʡ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ (ʧʨʦʠʟʚʦʜʥʳʝ 

ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʡ ʚʟʘʠʤʦʠʥʜʫʢʮʠʠ) ʬʘʟ: 
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ɺʟʘʠʤʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʦʙʤʦʪʦʢ ɸɼ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ  

( )ɛ32 LM = .                                                                                (3) 

Mï ʚʟʘʠʤʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʬʘʟʳ ʦʙʤʦʪʦʢ ʨʦʪʦʨʘ ʠ ʩʪʘʪʦʨʘ ɸɼ ʧʨʠ 
ʩʦʚʧʘʜʝʥʠʠ ʠʭ ʦʩʝʡ ʠʣʠ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʦʪ ʦʩʥʦʚʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʪʦʢʦʚ ʚ ʜʨʫʛʠʭ ʬʘʟʘʭ ʩʪʘʪʦʨʘ 

ʠ ʦʙʤʦʪʢʘʭ ʨʦʪʦʨʘ (ʪ.ʝ. ʦʪ ʯʘʩʪʠ ʦʩʥʦʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʩʦʟʜʘʥʥʦʛʦ 

ʩʘʤʦʡ ʬʘʟʦʡ ʩʪʘʪʦʨʘ). 

ɛL  - ʧʦʣʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʬʘʟʳ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʦʪ ʦʩʥʦʚʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʫʯʠʪʳʚʘʶʱʘʷ ʥʘʣʠʯʠʝ ʪʦʢʦʚ ʚ ʜʨʫʛʠʭ ʬʘʟʘʭ 

(ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʦʪ ʯʘʩʪʠ ʦʩʥʦʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʩʦʟʜʘʥʥʦʡ ʩʘʤʦʡ 

ʦʙʤʦʪʢʦʡ M, ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʦʪ ʯʘʩʪʠ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ, ʩʦʟʜʘʥʥʦʡ ʜʚʫʤʷ 

ʜʨʫʛʠʤʠ ʦʙʤʦʪʢʘʤʠ ʩʪʘʪʦʨʘ 2M ). 

ʊʦʢʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʬʘʟ: 
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ɺ ʚʳʨʘʞʝʥʠʷʭ (4) activeiɛ_  ʠ reactiveiɛ_  - ʘʢʪʠʚʥʘʷ ʠ ʨʝʘʢʪʠʚʥʘʷ (ʠʥʜʫʢʪʠʚʥʘʷ) 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʪʦʢʘ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʬʘʟʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʇʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʬʘʟ ʨʦʪʦʨʘ: 
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ʋʨʘʚʥʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ɸɼ ʠʤʝʝʪ ʚʠʜ:          

( )( )[ ].
2

3
ŬɔɔɓɓŬɓɔŬɓɔŬʕʄ rsrsrsrsrsrs iiiiiiiiiiiiMpM ++-++=         (8) 

ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʜʣʷ ʚʘʣʘ ɸɼ ʧʨʠ ʦʜʥʦʤʘʩʩʦʚʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ: 

( )Cʕʄ

1ɤ
MM

Jdt

d r -= ,                                                                  (9) 

ʛʜʝ J  ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʤʘʩʩ, ʚʨʘʱʘʶʱʠʭʩʷ ʥʘ ʚʘʣʫ ʨʦʪʦʨʘ.  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ (9) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ 

( )
J

M
tMM

Jdt

d
rr

r ɼʀʅ

Cʕʄ ),ɤ,(
1ɤ

=Q-= ,                                  (10) 

ɼʀʅM  - ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ ɸɼ; 

ñ+=

t

rr dt
J

M

0

ɼʀʅ

0ɤɤ ,                                                                  (11) 

0ɤr  - ʥʘʯʘʣʴʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʘʣʘ ʨʦʪʦʨʘ ɸɼ. 

ʋʛʦʣ ʧʦʚʦʨʦʪʘ ʚʘʣʘ ʨʦʪʦʨʘ ɸɼ, ʨʘʜ 

dt

t

rrr ñ+Q=Q
0

0 ɤ ,                                                                       (12) 

0rQ  - ʥʘʯʘʣʴʥʦʝ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʚʘʣʘ ʨʦʪʦʨʘ ɸɼ, ʨʘʜ. 

ʇʦʣʘʛʘʷ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʪʨʝʭʬʘʟʥʦʛʦ ɸɼ ʤʘʛʥʠʪʦʧʨʦʚʦʜʳ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ 

ʧʨʦʥʠʟʳʚʘʶʪʩʷ ʚʨʘʱʘʶʱʠʤʩʷ ʦʩʥʦʚʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʪʦʢʦʤ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʣʶʩʥʦʩʪʴʶ, ʥʝ ʧʦʜʨʘʟʜʝʣʷʝʤʳʤ ʥʘ ʬʘʟʥʳʝ ʧʦʪʦʢʠ, 

ʧʨʠʤʝʤ, ʯʪʦ ʥʘʩʳʱʝʥʠʝ ʦʪ ʦʩʥʦʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʩʦʟʜʘʸʪʩʷ ʚʩʝʤʠ 

ʬʘʟʘʤʠ ʧʦ ʚʩʝʡ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʝ ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ, ʪʦ ʝʩʪʴ ʚʣʠʷʥʠʝ 

ʥʘʩʳʱʝʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ ʛʣʘʚʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʪʨʝʭʬʘʟʥʦʛʦ ɸɼ ʥʫʞʥʦ 

ʚʚʦʜʠʪʴ ʧʨʠ ʠʥʪʝʛʨʘʣʴʥʦʤ ʫʯʸʪʝ ʚʝʣʠʯʠʥ ʪʦʢʘ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʧʦ ʚʩʝʤ ʬʘʟʘʤ. 

ʀʤʝʝʪ ʩʤʳʩʣ ʛʣʘʚʥʫʶ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʪʨʝʭʬʘʟʥʦʛʦ ɸɼ ʦʧʨʝʜʝʣʷʪʴ ʜʣʷ ʣʶʙʦʡ 

ʬʘʟr ʠ ʫʨʘʚʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ɸɼ ʚ ʬʫʥʢʮʠʠ ʤʛʥʦʚʝʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʠʟʦʙʨʘʞʘʶʱʝʛʦ ʚʝʢʪʦʨʘ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ 

ʚʟʘʠʤʦʠʥʜʫʢʮʠʠ: )( ɛɛ mL SY . ʉʠʛʥʘʣ mSYɛ  ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʢʘʢ  

2

ɛ

2

ɛɛ yxm Y+Y=YS ,                                                                   (13) 

ʛʜʝ xɛY  ʠ yɛY  - ʧʨʦʝʢʮʠʠ ʠʟʦʙʨʘʞʘʶʱʝʛʦ ʚʝʢʪʦʨʘ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ 

ʚʟʘʠʤʦʠʥʜʫʢʮʠʠ ʥʘ ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʦʩʠ ʢʦʦʨʜʠʥʘʪ X ʠ Y. ɺ ʩʣʫʯʘʝ ʊɿʂ ʵʪʠ 

ʧʨʦʝʢʮʠʠ ʧʦʣʫʯʘʝʤ ʠʟ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʡ ʚʟʘʠʤʦʠʥʜʫʢʮʠʠ ʬʘʟ 
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2
ɛɔɛɓɛŬɛx ;                           (14) 
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ˊ2
sin

3
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3

2
ɛɔɛɓɛy .                                   (15)   

ʇʨʠʤʝʥʝʥʥʳʡ ʚ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʄʄ ʪʨʸʭʬʘʟʥʦʛʦ ɸɼ ʚ ʊɿʂ ʩʧʦʩʦʙ ʫʯʸʪʘ 

ʥʝʣʠʥʝʡʥʦʩʪʠ ʢʨʠʚʦʡ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʦʧʠʩʘʥ ʚ ʧʦʣʥʦʤ ʦʙʲʸʤʝ ʚ [1]. ʊʘʢʞʝ ʚ 
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[1] ʠʟʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʘʩʯʸʪʘ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ 

ɸɼ ʧʦ ʢʘʪʘʣʦʞʥʳʤ ʜʘʥʥʳʤ, ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʟʥʘʯʝʥʠʷ ɛr . 

ʂʨʦʤʝ ʪʦʛʦ, ʚ [1] ʜʘʥʳ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʩʦʩʪʘʚʣʝʥʠʶ ʄʄ ʥʝʢʦʪʦʨʳʭ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. ɺʦʧʨʦʩʳ ʧʨʘʚʦʤʦʯʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʦʧʠʩʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʦʪ ʪʦʢʘ 

ʠʣʠ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʚ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷʭ ʪʠʧʘ (1) 

ʦʩʚʝʱʝʥʳ ʚ [2]. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ɸɼ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʷʤ (1) ï (15) ʚ 

OrCAD ï ʉɸʇʈ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ [4], ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʦʙʝʩʧʝʯʝʥʠʷ ʚʩʪʨʘʠʚʘʝʤʦʩʪʠ ʤʦʜʝʣʠ ɸɼ 

ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʭʝʤʳ ʧʠʪʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʪ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʧʫʪʸʤ 

ʧʨʦʩʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʢʣʝʤʤ. ʊʦ ʝʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʜʝʣʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ, ʢ ʢʦʪʦʨʦʡ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʤʦʜʝʣʴ ɸɼ, ʧʦʩʣʝʜʥʷʷ ʪʘʢʞʝ 

ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʩʚʦʡʩʪʚʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ: ʥʘ ʚʚʦʜʳ ʤʦʞʥʦ ʧʦʜʘʚʘʪʴ 

ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʝ ʧʨʦʪʝʢʘʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ ʩʦʝʜʠʥʷʝʤʳʭ ʩʭʝʤʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʢʚʦʟʥʦʛʦ ʪʦʢʘ ʤʝʞʜʫ 

ʥʠʤʠ. ɼʨʫʛʦʡ ʟʘʜʘʯʝʡ ʙʳʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʤʦʜʝʣʠ, ʯʪʦʙʳ ʝʸ ʚʦʟʤʦʞʥʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʰʘʙʣʦʥ, ʚ 

ʢʦʪʦʨʳʡ ʟʘʥʦʩʷʪʩʷ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ (ʧʘʨʘʤʝʪʨʦʚ ɸɼ), ʟʘʜʘʚʘʝʤʳʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʣʷ ʚʩʝʭ ʫʨʘʚʥʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʘʝʤ ʢʦʤʧʴʶʪʝʨʥʫʶ ʤʦʜʝʣʴ, 

ʧʨʠʛʦʜʥʫʶ ʜʣʷ ʦʧʠʩʘʥʠʷ ɸɼ ʢʘʢ ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ, ʪʘʢ ʠ ʩ ʬʘʟʥʳʤ ʨʦʪʦʨʦʤ 

ʚ ʣʶʙʦʤ ʠʟ ʯʝʪʳʨʸʭ ʢʚʘʜʨʘʥʪʦʚ. ʆʙʤʦʪʢʠ ʬʘʟ ʤʦʛʫʪ ʩʦʝʜʠʥʷʪʴʩʷ ʧʦ ʩʭʝʤʘʤ 

ʪʨʝʫʛʦʣʴʥʠʢ, ʟʚʝʟʜʘ, ʥʝʟʘʚʠʩʠʤʦ ʧʨʠʩʦʝʜʠʥʷʪʴʩʷ ʢʘʞʜʘʷ ʢ ʩʚʦʝʤʫ ʥʘʧʨʷʞʝʥʠʶ, 

ʠʤʝʪʴ ʣʶʙʫʶ ʜʨʫʛʫʶ ʩʭʝʤʫ ʩʦʝʜʠʥʝʥʠʡ ʤʝʞʜʫ ʩʦʙʦʡ ʠʣʠ ʩ ʠʩʪʦʯʥʠʢʦʤ 

ʧʠʪʘʥʠʷ. ʇʨʦʱʝ ʛʦʚʦʨʷ: ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʜʦʩʪʫʧʥʳ 

ʥʘʯʘʣʘ ʠ ʢʦʥʮʳ ʦʙʤʦʪʦʢ ʢʘʞʜʦʡ ʠʟ ʪʨʸʭ ʬʘʟ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ.  

ɿʘʜʘʯʠ ʨʝʰʝʥʳ ʧʫʪʸʤ ʩʦʯʝʪʘʥʠʷ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ɸɼ ʜʚʫʭ 

ʧʦʜʭʦʜʦʚ: ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʠ ʤʝʪʦʜʘ ʩʪʨʫʢʪʫʨʥʳʭ 

ʩʭʝʤ ʜʣʷ ʤʘʛʥʠʪʥʦʡ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʝʡ. ɺ ʮʝʣʦʤ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ɸɼ 

ʩʚʸʨʥʫʪʘ ʚ ʠʝʨʘʨʭʠʯʝʩʢʠʡ ʙʣʦʢ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʟʘʜʘʥ ʩʧʠʩʦʢ ʧʝʨʝʤʝʥʥʳʭ 

(ʧʘʨʘʤʝʪʨʦʚ ɸɼ). ɺ ʦʜʥʦʤ ʧʨʦʝʢʪʝ OrCAD ʢʦʧʠʨʦʚʘʥʠʝʤ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʙʣʦʢʦʚ (ʤʦʜʝʣʝʡ ɸɼ), ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ 

ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʟʘʜʘʪʴ ʫʥʠʢʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ 

ʜʘʪʯʠʢʦʚ ʠ ʜʣʷ ʚʚʦʜʘ ʩʠʛʥʘʣʦʚ ʚ ʩʦʩʪʘʚʝ ʤʦʜʝʣʠ ɸɼ ʠʩʧʦʣʴʟʦʚʘʥʳ ʵʣʝʤʝʥʪʳ 

ʪʠʧʘ ʀʅʋʅ, ʀʅʋʊ, ʀʊʋʅ. ɺ ʵʪʠʭ ʩʦʢʨʘʱʝʥʠʷʭ: ʀ ï ʠʩʪʦʯʥʠʢ; ʋ ï 

ʫʧʨʘʚʣʷʝʤʳʡ; ʅ ï ʥʘʧʨʷʞʝʥʠʝ; ʊ ï ʪʦʢ. ʅʘʧʨʠʤʝʨ, ʀʅʋʊ ï ʠʩʪʦʯʥʠʢ 

ʥʘʧʨʷʞʝʥʠʷ, ʫʧʨʘʚʣʷʝʤʳʡ ʪʦʢʦʤ. ɻʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʤʦʜʝʣʠ ʬʘʟʳ A ʦʙʤʦʪʦʢ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ ɸɼ, ʩʦʩʪʘʚʣʝʥʥʦʡ ʧʦ (1) ï (7), 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. ʀʅʋʊ1 ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʜʘʪʯʠʢʘ ʪʦʢʘ ʬʘʟʳ ʩʪʘʪʦʨʘ Ŭsi , 

ʘʥʘʣʦʛʠʯʥʦ ʀʅʋʊ2 ï ʬʫʥʢʮʠʶ ʜʘʪʯʠʢʘ ʪʦʢʘ ʬʘʟʳ ʩʪʘʪʦʨʘ Ŭri . ʀʊʋʅ1 ʩʣʫʞʠʪ 

ʜʣʷ ʚʚʦʜʘ ʚ ʩʭʝʤʫ ʪʦʢʘ Ŭri  ï ʧʨʠʚʝʜʸʥʥʦʛʦ ʪʦʢʘ ʬʘʟʳ ʨʦʪʦʨʘ. ʀʅʋʅ1 ʚʚʦʜʠʪ ʚ 

ʮʝʧʴ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʬʘʟʳ ʥʘʧʨʷʞʝʥʠʝ Ŭ0u . ɸʥʘʣʦʛʠʯʥʫʶ ʬʫʥʢʮʠʶ ʚʳʧʦʣʥʷʝʪ 
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ʀʅʋʅ2 ï ʚʚʦʜʠʪ ʚ ʮʝʧʴ ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ ʨʘʟʥʦʩʪʴ ʕɼʉ ʚʝʪʚʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠ 

ʕɼʉ ʚʨʘʱʝʥʠʷ, ʪʦ ʝʩʪʴ ʚʝʣʠʯʠʥʫ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ. ɸʢʪʠʚʥʳʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
servr  (ʩʤ. ʨʠʩ. 1) ʠʤʝʶʪ ʙʦʣʴʰʦʡ ʥʦʤʠʥʘʣ, ʥʘʧʨʠʤʝʨ 10 ʄʆʤ. 

ʆʥʠ ʚʚʝʜʝʥʳ ʚ ʩʣʫʞʝʙʥʳʭ ʮʝʣʷʭ: ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʷ ʥʘ ʯʠʩʣʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ, ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʭʦʜ ʨʝʰʝʥʠʷ (ʤʦʜʝʣʠʨʦʚʘʥʠʷ) ʟʘ ʩʯʸʪ 

ʩʦʭʨʘʥʝʥʠʷ ʮʝʧʠ ʪʦʢʘ (ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ï ʧʫʪʴ ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʦʚ ʫʪʝʯʢʠ), ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʜʠʩʢʨʝʪʥʦʤ ʠʟʤʝʥʝʥʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʮʝʧʝʡ ʧʠʪʘʥʠʷ ɸɼ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʠʪʘʥʠʠ ʦʪ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʠʣʠ 

ʧʨʠ ʦʙʨʳʚʝ ʬʘʟʳ.  

 
 

ʈʠʩ. 1. ɻʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʬʘʟʳ A ʦʙʤʦʪʦʢ 

ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ ɸɼ 
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ʆʩʪʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʄʄ ʪʨʝʭʬʘʟʥʦʛʦ ɸɼ ʨʝʘʣʠʟʦʚʘʥʳ ʘʚʪʦʨʦʤ ʚ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʚ ʚʠʜʝ ʩʪʨʫʢʪʫʨʥʳʭ ʩʭʝʤ. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʯʘʩʪʴ 

ʤʦʜʝʣʠ, ʛʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʤʛʥʦʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ *ɛL  - ʧʦʣʥʦʡ 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʬʘʟʳ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʦʪ ʦʩʥʦʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ. ʥʦʤɛmSY  - ʥʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ mSYɛ . ʅʘ ʨʠʩ. 3 ï 

ʯʘʩʪʴ ʤʦʜʝʣʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʫʨʘʚʥʝʥʠʷʤ (13) ï (15). ʅʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʘ 

ʯʘʩʪʴ ʤʦʜʝʣʠ ɸɼ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʕɼʉ ʚʨʘʱʝʥʠʷ ʚ ʢʘʞʜʦʡ 

ʠʟ ʬʘʟ. ʄʦʜʝʣʴʥʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʤʦʜʝʣ ɤr  ʚ p ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʨʝʘʣʴʥʫʶ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ  rɤ. ʅʘ ʨʠʩ. 5 ʧʨʠʚʝʜʝʥʘ ʯʘʩʪʴ ʤʦʜʝʣʠ 

ɸɼ, ʚʳʧʦʣʥʝʥʥʘʷ ʚ ʚʠʜʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʫʨʘʚʥʝʥʠʷʤ (2). 

ʈʠʩ. 6 ʧʨʝʜʩʪʘʚʣʷʝʪ ʯʘʩʪʴ ʤʦʜʝʣʠ, ʦʪʚʝʪʩʪʚʝʥʥʫʶ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ɸɼ, ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʨʦʪʦʨʘ.  

ʇʨʝʜʣʦʞʝʥʥʘʷ ʄʄ ʪʨʸʭʬʘʟʥʦʛʦ ɸɼ ʠ ʩʧʦʩʦʙ ʝʝ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʕɺʄ 

ʧʦʜʪʚʝʨʜʠʣʠ ʩʚʦʶ ʘʜʝʢʚʘʪʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ 

ʟʘʜʘʯ ʘʥʘʣʠʟʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʩʠʩʪʝʤ, 

ʠʤʝʶʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ɸɼ [1, 2]. 

ɺ ʟʘʚʝʨʰʝʥʠʝ ʭʦʪʝʣʦʩʴ ʙʳ ʥʘʤʝʪʠʪʴ ʧʫʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʄʄ ʪʨʸʭʬʘʟʥʦʛʦ ɸɼ. ʇʝʨʚʦʦʯʝʨʝʜʥʳʤ ʜʣʷ ʢʨʠʪʠʢʠ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʦʪʩʫʪʩʪʚʠʝ ʚ ʄʄ ʫʯʸʪʘ ʵʬʬʝʢʪʘ ʚʳʪʝʩʥʝʥʠʷ ʪʦʢʘ ʚ ʧʨʦʚʦʜʥʠʢʘʭ 

ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ. ɺ ʩʘʤʦʤ ʜʝʣʝ, ʵʪʦ ʷʚʣʷʝʪʩʷ ʟʘʤʝʪʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ, ʪʘʢ ʢʘʢ ʚ 

ʨʷʜʝ ʩʣʫʯʘʝʚ ʚʳʪʝʩʥʝʥʠʝ ʪʦʢʘ ʚ ʨʦʪʦʨʝ ʩʧʦʩʦʙʥʦ ʫʩʢʦʨʷʪʴ ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ 

ʧʫʩʢʘ ɸɼ ʚ 2 ï 3 ʨʘʟʘ.  

ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʪʠʧʘ ʟʘʜʘʯ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪ ʦʪ ʄʄ ʫʯʸʪʘ 

ʵʬʬʝʢʪʘ ʚʳʪʝʩʥʝʥʠʷ ʪʦʢʘ ʚ ʧʨʦʚʦʜʥʠʢʘʭ ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ ʪʨʸʭʬʘʟʥʦʛʦ ɸɼ: 

ʢʦʨʨʝʢʪʥʦʝ ʦʧʠʩʘʥʠʝ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʧʨʷʤʦʤ ʧʫʩʢʝ ʠ ʢʦʨʨʝʢʪʥʳʡ 

ʫʯʝʪ ʧʦʪʝʨʴ ʚ ʦʙʤʦʪʢʝ ʨʦʪʦʨʘ ʧʨʠ ʧʠʪʘʥʠʠ ɸɼ ʦʪ ʠʩʪʦʯʥʠʢʘ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʠʣʠ ʪʦʢʘ. ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʧʝʨʚʦʛʦ ʪʠʧʘ ʠʥʦʛʜʘ ʩʪʘʚʷʪ 

ʠʟʤʝʥʝʥʠʝ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʠʥʜʫʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʩʩʝʷʥʠʷ 

ʨʦʪʦʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʢʦʣʴʞʝʥʠʷ. ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʚʪʦʨʦʛʦ ʪʠʧʘ ʪʨʝʙʫʝʪ 

ʫʚʷʟʢʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʦʪʦʨʘ ʩ ʯʘʩʪʦʪʦʡ ʪʦʢʘ ʚ ʥʸʤ. 

ɺʪʦʨʦʡ ʧʦʜʭʦʜ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʝʥ, ʪʘʢ ʢʘʢ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʨʝʰʝʥʠʷ ʪʝʭ ʠ ʜʨʫʛʠʭ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʟʘʜʘʯ. ɸʚʪʦʨ ʩʯʠʪʘʝʪ, ʯʪʦ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʚʪʦʨʦʛʦ ʧʦʜʭʦʜʘ ʥʘʠʣʫʯʰʠʤ ʚʘʨʠʘʥʪʦʤ ʙʫʜʝʪ ʩʦʩʪʘʚʣʝʥʠʝ ʄʄ 

ʪʨʸʭʬʘʟʥʦʛʦ ɸɼ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ. 

 

 

 
 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʛʥʦʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ *ɛL  - ʧʦʣʥʦʡ 
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ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʫʨʘʚʥʝʥʠʷʤ (13) ï (15) ʄʄ, 

ʨʝʘʣʠʟʫʶʱʘʷ ʚʳʯʠʩʣʝʥʠʝ ʤʛʥʦʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʠʟʦʙʨʘʞʘʶʱʝʛʦ 

ʚʝʢʪʦʨʘ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʚʟʘʠʤʦʠʥʜʫʢʮʠʠ 

 

 
 

ʈʠʩ. 4. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʕɼʉ ʚʨʘʱʝʥʠʷ Ŭrote , ɓrote  ʠ ɔrote  
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ʉʀʉʊɽʄ ʄɽʍɸʅʀʏɽʉʂʆʁ ʆɹʈɸɹʆʊʂʀ ʅɸ ʄʀʂʈʆʋʈʆɺʅɽ 

ɺ.ɺ. ʉʤʠʨʥʦʚ 

ɹʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ɸʣʪɻʊʋ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ 
ɸʥʥʦʪʘʮʠʷ. ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩʦʟʜʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ, ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚ ʵʣʝʤʝʥʪʘʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʜʪʚʝʨʜʠʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʧʠʩʘʥʠʡ ʩʣʦʞʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ. 

 

MATHEMATICAL MODELIN G OF MACHINING AS A DISTRIBUTED 

PARAMETER SYSTEMS 

V.V. Smirnov 

Biysk technological institute, Biysk, Russia 
Abstract. The physical phenomena happening in appropriate technological systems, in many 

respects determine productivity, cost price and quality of processing by cutting. The research of 

these processes, as a rule, is characterized as a real experiment, therefore it is labour-consuming and 

expensive. And the theoretical approaches are based on mathematical simulation with the help of 

mathematical physics equations - partial differential equations. For solution of the above mentioned 

equations the analytical and numerical methods are used. 

Important features that complicate construction of the settlement schemes and the formulation 

of initial and boundary conditions in the problems of cutting, are the following: high error in 

definition of a geometric zone of contact of the process tool and the detail; vacillation, instability of 

contents and structure of processing and treated materials being in contact; complex configuration 

of elements of technological systems hinders the application of classical integration methods. 

On the basis of offered mathematical models the software for calculating temperature fields, 

stress and strains in the elements of the technological system are created. 

The suitability and efficiency of the numerical approach for construction of the complex 

descriptions of physical processes in technological system elements of cutting process is proved. 



36 

 

Keywords: Machining, mathematical model, computing experiment 

 

ʌʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ 

ʦʙʨʘʙʦʪʢʠ ʨʝʟʘʥʠʝʤ, ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʠ, ʘ ʪʘʢʞʝ ʢʘʯʝʩʪʚʦ ʝʸ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ 

ʪʦʯʥʦʩʪʴ ʬʦʨʤ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʯʘʩʪʦ ʥʦʩʠʪ ʭʘʨʘʢʪʝʨ ʥʘʪʫʨʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʪʨʫʜʦʝʤʢʠʤ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ, ʢʦʛʜʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʧʣʦʰʥʘʷ ʩʨʝʜʘ. ʇʦʜ ʩʧʣʦʰʥʦʡ ʩʨʝʜʦʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ 

ʥʝʢʦʪʦʨʦʝ ʧʦʣʝ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʚ ʦʙʣʘʩʪʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ 

ʥʝʧʨʝʨʳʚʥʦ ʝʛʦ ʟʘʧʦʣʥʷʶʱʝʝ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʧʦʣʝʤ ʪʚʸʨʜʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʫ, ʟʘʛʦʪʦʚʢʝ ʠ, ʚʦʟʤʦʞʥʦ, ʜʨʫʛʠʤ 

ʵʣʝʤʝʥʪʘʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɺ ʧʦʣʝ ʤʘʪʝʨʠʘʣʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʜʨʫʛʠʝ (ʬʠʟʠʯʝʩʢʠʝ) ʧʦʣʷ, ʥʘʧʨʠʤʝʨ, ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ, ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ 

ʠʣʠ ʧʦʣʝ ʜʝʬʦʨʤʘʮʠʡ. ʀʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʬʠʟʠʯʝʩʢʦʤ ʧʦʣʝ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʢʦʪʦʨʳʡ ʧʨʦʮʝʩʩ, ʧʨʦʠʩʭʦʜʷʱʠʡ ʚ ʟʘʜʘʥʥʦʡ ʦʙʣʘʩʪʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʪ.ʝ. ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʘ ʬʠʟʠʯʝʩʢʘʷ 

ʚʝʣʠʯʠʥʘ, ʠ ʵʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ (ʩʠʩʪʝʤʘ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ).  

ɺ ʤʦʜʝʣʷʭ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʠʩʢʦʤʘʷ ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ ʥʝʧʨʝʨʳʚʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʧʦʵʪʦʤʫ ʪʘʢʠʝ ʤʦʜʝʣʠ ʩʦʟʜʘʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʘʧʧʘʨʘʪʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʥʘ ʦʩʥʦʚʝ 

ʫʨʘʚʥʝʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʷʚʣʷʶʪʩʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʆʩʥʦʚʦʡ ʜʣʷ 

ʚʳʚʦʜʘ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʩʣʫʞʘʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʳ 

ʩʦʭʨʘʥʝʥʠʷ, ʠʤʝʶʱʠʝ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ɺʩʝ ʬʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ 

ʧʦʜʯʠʥʝʥʳ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʟʘʢʦʥʘʤ ʩʦʭʨʘʥʝʥʠʷ. ʅʝʢʦʪʦʨʳʝ ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ 

ʚʝʨʥʳ ʣʠʰʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ, ʥʦ ʚʧʦʣʥʝ ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʞʘʶʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʚʦ ʤʥʦʛʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʣʫʯʘʷʭ. 

ʌʦʨʤʘʣʴʥʦ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʯʠʩʣʦ, ʢʦʪʦʨʦʝ 

ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʦʛʜʘ ʦʥʦ ʙʫʜʝʪ ʧʦʜʩʯʠʪʘʥʦ ï ʚ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʣʠ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ. ʆʙʱʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʟʘʢʦʥʘ 

ʩʦʭʨʘʥʝʥʠʷ ʩʣʝʜʫʶʱʘʷ: ʠʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʥʝʢʦʪʦʨʦʡ ʩʫʙʩʪʘʥʮʠʠ ʚ 

ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʤ ʵʣʝʤʝʥʪʘʨʥʦʤ ʦʙʲʝʤʝ ʨʘʚʥʦ ʩʫʤʤʝ ʧʨʠʪʦʢʘ-ʩʪʦʢʘ ʵʪʦʡ 

ʩʫʙʩʪʘʥʮʠʠ ʯʝʨʝʟ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʫʯʝʪʦʤ ʩʢʦʨʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʠʣʠ 

ʫʥʠʯʪʦʞʝʥʠʷ ʩʫʙʩʪʘʥʮʠʠ ʚ ʵʪʦʤ ʦʙʲʝʤʝ. 

ʋʨʘʚʥʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʜʘʥʥʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ, ʠʤʝʝʪ ʚʠʜ: 

 ‬ʒ‬ὸϳ ὨὭὺ ὐ Ὃ, (1) 

ʛʜʝ ʒ ï ʬʘʟʦʚʘʷ ʧʝʨʝʤʝʥʥʘʷ (ʢʦʦʨʜʠʥʘʪʘ), ʚʳʨʘʞʘʶʱʘʷ ʩʫʙʩʪʘʥʮʠʶ; 

ὸ ï ʚʨʝʤʷ; 

ὐ ï ʚʝʢʪʦʨ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʬʘʟʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ;  

ὨὭὺ ὐ ï ʜʠʚʝʨʛʝʥʮʠʷ ʚʝʢʪʦʨʘ  ὐ;  
Ὃ ï ʩʢʦʨʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʠʣʠ ʫʥʠʯʪʦʞʝʥʠʷ ʩʫʙʩʪʘʥʮʠʠ. 
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ɺ ʪʨʝʭʤʝʨʥʦʤ ʩʣʫʯʘʝ 

ὐ ὐȟὐȟὐ , ὨὭὺ ὐ , 

ʛʜʝ ὼȟώȟᾀ ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ.  

ʅʝʟʘʚʠʩʠʤʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʚ ʵʪʠʭ ʤʦʜʝʣʷʭ ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ ʠ ʚʨʝʤʷ. ɼʠʚʝʨʛʝʥʮʠʷ ʚʝʢʪʦʨʘ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʩʫʤʤʫ ʧʨʠʪʦʢʘ-ʩʪʦʢʘ ʩʫʙʩʪʘʥʮʠʠ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙʲʝʤʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʘʥʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʘʭ ʚʳʩʪʫʧʘʶʪ: ʤʘʩʩʘ, 

ʵʥʝʨʛʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʜʚʠʞʝʥʠʷ ʠ ʜʨ. 

ɽʩʣʠ ʬʘʟʦʚʘʷ ʧʝʨʝʤʝʥʥʘʷ ʥʝ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ, ʪʦ ʟʘʜʘʯʘ ʘʥʘʣʠʟʘ 

ʦʙʲʝʢʪʘ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ ʷʚʣʷʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʦʡ. ʉʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʘʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ ʠʣʠ ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʧʨʦʮʝʩʩ. 

ʈʝʰʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ ʚʥʫʪʨʠ ʥʝʢʦʪʦʨʦʡ ʩʧʣʦʰʥʦʡ ʦʙʣʘʩʪʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʣʠʰʴ ʫʩʣʦʚʠʷʤʠ ʥʘ ʛʨʘʥʠʮʝ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ. 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʦʪʥʦʩʷʪʩʷ ʢ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʤ ʟʘʜʘʯʘʤ, ʠ ʜʣʷ ʠʭ ʦʮʝʥʢʠ ʪʨʝʙʫʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ʅʝʩʪʘʮʠʦʥʘʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʧʠʩʳʚʘʶʪ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʩ ʟʘʜʘʥʥʳʤʠ ʥʘʯʘʣʴʥʳʤʠ (ʚʨʝʤʝʥʥʳʤʠ) ʠ ʛʨʘʥʠʯʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ. ɺ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʵʪʦ ʟʘʜʘʯʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʘ, 

ʨʘʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʦʙʦʜʥʦʛʦ ʢʦʣʝʙʘʥʠʷ, ʚʦʟʥʠʢʰʝʛʦ ʚʩʣʝʜʩʪʚʠʝ 

ʥʝʢʦʪʦʨʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʠ ʪ.ʜ. 

ɺʘʞʥʦ, ʯʪʦʙʳ ʟʘʜʘʯʘ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʙʳʣʘ 

ʢʦʨʨʝʢʪʥʦ ʧʦʩʪʘʚʣʝʥʘ, ʪ.ʝ. ʠʤʝʣʘ ʙʳ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʥʝʧʨʝʨʳʚʥʦ 

ʟʘʚʠʩʷʱʝʝ ʦʪ ʥʘʯʘʣʴʥʳʭ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (ʪʘʢʞʝ ʥʘʟʳʚʘʝʤʳʭ ʢʨʘʝʚʳʤʠ 

ʫʩʣʦʚʠʷʤʠ). 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʘʢʦʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʢʦʤʦʡ 

ʚʝʣʠʯʠʥʳ ʚʥʫʪʨʠ ʦʙʣʘʩʪʠ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠ ʟʘʜʘʶʪʩʷ ʪʦʣʴʢʦ ʧʨʠ 

ʨʝʰʝʥʠʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ (ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ). ɺ 

ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʥʳ ʟʥʘʯʝʥʠʷ ʠʩʢʦʤʦʡ ʥʝʧʨʝʨʳʚʥʦʡ 

ʬʫʥʢʮʠʠ ʠʣʠ ʝʝ ʧʨʦʠʟʚʦʜʥʦʡ ʥʘ ʛʨʘʥʠʮʘʭ ʦʙʣʘʩʪʠ. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʙʲʝʢʪʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ʉʫʱʝʩʪʚʫʝʪ 

ʥʝʩʢʦʣʴʢʦ ʩʪʘʥʜʘʨʪʥʳʭ ʩʧʦʩʦʙʦʚ ʟʘʜʘʥʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (ʥʘʧʨʠʤʝʨ, 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʝʨʚʦʛʦ, ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʨʦʜʘ ʜʣʷ ʪʝʧʣʦʚʳʭ ʟʘʜʘʯ). 

ʀʩʭʦʜʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ (1) ʚʤʝʩʪʝ 

ʩ ʢʨʘʝʚʳʤʠ ʫʩʣʦʚʠʷʤʠ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚʘʞʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʫʩʣʦʞʥʷʶʱʠʤʠ ʧʦʩʪʨʦʝʥʠʝ 

ʨʘʩʯʝʪʥʳʭ ʩʭʝʤ ʠ ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʥʘʯʘʣʴʥʳʭ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ 

ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ, ʷʚʣʷʶʪʩʷ:  

- ʚʳʩʦʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʟʦʥʳ ʢʦʥʪʘʢʪʘ 

ʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʟʘʛʦʪʦʚʢʠ; 

- ʥʝʧʦʩʪʦʷʥʩʪʚʦ, ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʚʩʪʫʧʘʶʱʠʭ ʚ 

ʢʦʥʪʘʢʪ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ; 
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- ʩʣʦʞʥʦʩʪʴ ʢʦʥʬʠʛʫʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʟʘʪʨʫʜʥʷʶʱʘʷ ʧʨʠʤʝʥʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʟʘʜʘʯʠ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ ʠʩʧʦʣʴʟʫʶʪ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ ʯʠʩʣʝʥʥʳʝ 

ʤʝʪʦʜʳ. ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʬʠʟʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʨʝʟʘʥʠʠ ʠʟʣʦʞʝʥʳ ʚ ʨʘʙʦʪʘʭ ɸ.ʅ. ʈʝʟʥʠʢʦʚʘ, ɺ.ʌ. ɹʦʙʨʦʚʘ, ʅ.ʅ. 

ɿʦʨʝʚʘ, ɺ.ʅ. ʇʦʜʫʨʘʝʚʘ, ʄ.ʌ. ʇʦʣʝʪʠʢʠ, ɻ.ʀ. ɻʨʘʥʦʚʩʢʦʛʦ, ʊ.ʅ. ʃʦʣʘʜʟʝ, ɸ.ɼ. 

ʄʘʢʘʨʦʚʘ ɺ.ʂ. ʉʪʘʨʢʦʚʘ, ɺ.ɸ. ʉʠʧʘʡʣʦʚʘ ʠ ʨʷʜʘ ʜʨʫʛʠʭ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʧʦʣʫʯʝʥʠʶ ʬʦʨʤʫʣ ʦʙʱʝʛʦ ʭʘʨʘʢʪʝʨʘ ʠ ʨʘʟʨʘʙʦʪʢʝ 

ʠʥʞʝʥʝʨʥʳʭ ʤʝʪʦʜʠʢ ʜʣʷ ʧʨʠʢʠʜʦʯʥʳʭ ʨʘʩʯʸʪʦʚ. ʇʨʠʙʣʠʞʸʥʥʳʡ ʭʘʨʘʢʪʝʨ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʫʧʨʦʱʝʥʠʷʤʠ 

ʛʝʦʤʝʪʨʠʠ ʦʙʣʘʩʪʠ, ʛʨʫʙʳʤʠ ʦʧʨʝʜʝʣʝʥʠʷʤʠ ʥʘʯʘʣʴʥʳʭ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, 

ʧʨʠʤʝʥʝʥʠʝʤ ʣʠʥʝʡʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ. ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʠ ʨʝʰʠʪʴ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ, ʩʪʨʫʢʪʫʨʥʦ ʧʨʠʙʣʠʟʠʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʢ ʨʝʘʣʴʥʦʤʫ ʧʨʦʮʝʩʩʫ, ʧʨʦʠʩʭʦʜʷʱʝʤʫ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ. ʇʨʠʤʝʨʳ ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙʣʝʤ ʬʠʟʠʢʠ 

ʨʝʟʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʨʫʜʘʭ ɺ.ɸ. ʆʩʪʘʬʴʝʚʘ, ʇ.ʀ. ʗʱʝʨʠʮʳʥʘ, ɸ.ʆ. ʊʘʡ, 

ʄ.ɻ. ʉʪʠʚʝʥʩʦʥʘ, ʖ.ɻ. ʂʘʙʘʣʜʠʥʘ ʠ ʜʨ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʠ ʧʨʠʤʝʨʳ ʩʚʷʟʘʥʳ 

ʩ ʘʢʪʠʚʥʳʤ ʚʥʝʜʨʝʥʠʝʤ ʤʝʪʦʜʠʢ ʧʨʦʚʝʜʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʪʝʦʨʠʠ ʨʝʟʘʥʠʷ ʤʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ (CAE-ʩʠʩʪʝʤʳ). ɺʤʝʩʪʝ 

ʩ ʪʝʤ, ʤʥʦʛʠʝ ʠʟ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʧʘʢʝʪʦʚ ʧʨʦʛʨʘʤʤ ʜʦʩʪʘʪʦʯʥʦ ʜʦʨʦʛʠ, ʘ 

ʪʘʢʞʝ ʪʨʝʙʫʶʪ ʟʘʪʨʘʪ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʇʦʵʪʦʤʫ 

ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʨʝʘʣʠʟʘʮʠʝʡ ʚ ʚʠʜʝ ʤʝʪʦʜʠʢ ʨʘʩʯʸʪʘ, ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʛʨʘʤʤ ʦʩʪʘʸʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ. 

ʈʘʟʨʘʙʦʪʢʝ ʩʪʨʫʢʪʫʨʳ ʯʠʩʣʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʪʝʦʨʠʠ 

ʨʝʟʘʥʠʷ, ʧʦʩʪʨʦʝʥʠʶ ʘʣʛʦʨʠʪʤʦʚ ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ [1, 2]. 

ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩʦʟʜʘʥʳ ʧʨʦʛʨʘʤʤʥʳʝ 

ʩʨʝʜʩʪʚʘ ʚʳʯʠʩʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ, ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚ 

ʵʣʝʤʝʥʪʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʇʦʜʪʚʝʨʞʜʝʥʘ ʧʨʠʛʦʜʥʦʩʪʴ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ 

ʦʧʠʩʘʥʠʡ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʵʣʝʤʝʥʪʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʨʝʟʘʥʠʝʤ [3]. ʇʦʣʫʯʝʥʳ ʨʝʰʝʥʠʷ ʨʷʜʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ: ʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚ ʠʥʩʪʨʫʤʝʥʪʝ ʧʨʠ ʥʘʣʠʯʠʠ 

ʢʘʥʘʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʦʭʣʘʞʜʝʥʠʷ [4], ʟʘʜʘʯʘ ʦ ʥʘʭʦʞʜʝʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʫʩʣʦʚʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʜʚʠʛʘ ʧʨʠ ʨʝʟʘʥʠʠ ʤʘʪʝʨʠʘʣʘ [5], ʟʘʜʘʯʘ ʦ 

ʪʝʧʣʦʦʙʤʝʥʝ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ ʧʨʠ ʫʜʘʣʝʥʠʠ ʩʪʨʫʞʢʠ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʦʤ [6]. 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʨʘʩʯʸʪʘ ʜʝʪʘʣʝʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [7]. 
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ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ // ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. 
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ɹʘʛʜʘʜ, ʀʨʘʢ, ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ  

ʇʝʥʟʘ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
ɸʥʥʦʪʘʮʠʷ: ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʪ ʧʨʠʙʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʧʨʦʚʦʜʠʪʩʷ ʚ ʮʝʣʷʭ ʚʳʷʚʣʝʥʠʷ ʚʠʙʨʦʨʝʣʴʝʬʘ ʧʣʘʪ, ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ 

ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʘ ʠʭ ʚʠʙʨʦʧʨʦʯʥʦʩʪʠ ʧʨʠ ʚʥʝʰʥʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʷʭ. ɸʥʘʣʠʟ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʪ ʚʳʧʦʣʥʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ANSYS, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʕʪʠ ʜʘʥʥʳʝ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʦʮʝʥʢʠ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʚʠʙʨʦʧʨʦʯʥʦʩʪʠ ʧʣʘʪ 

ʧʨʠ ʟʘʜʘʥʥʳʭ ʨʝʞʠʤʘʭ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʳʝ ʟʦʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʠ ʨʘʟʚʠʪʠʷ ʣʘʪʝʥʪʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʧʣʘʪʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʘʪʘ, ʧʨʠʙʦʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ, 

ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ, ʚʠʙʨʦʧʨʦʯʥʦʩʪʴ, ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʜʝʬʝʢʪʳ. 
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DEVICES 

A.Sh.Hadi, A.N.Litvinov. 

Baghdad, Iraq, University of Technology 

Penza State University 
Abstract:  Investigation the dynamic characteristics of the instrument board devices was 

established to identify vibration relief cards to determine their natural frequencies and mode shapes 

and analyzing their vibration strength with the external operating influences. Analysis of the 
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based on the finite element method. These data are needed to assess the stress-strain state, vibration 

boards under given conditions of their operation, and identifies possible areas of occurrence and 

development of latent defects in the board. 

Keywords: board, instrument device, natural frequencies, mode shapes, 

vibration strength, stress-strain state, defects. 

 

ɺʚʝʜʝʥʠʝ 

ɼʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟʜʝʣʠʡ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ  

ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʪʨʝʙʦʚʘʥʠʡ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʡ ʢ ʥʠʤ [1-3], ʚ ʯʠʩʣʝ ʢʦʪʦʨʳʭ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʰʫʤʘ, 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʠʘʧʘʟʦʥ 

ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʤ, ʯʪʦ ʚ 

ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʝʢʪʠʨʦʚʘʪʴ 

ʙʝʟʨʝʟʦʥʘʥʩʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ [4]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʥʘʯʘʣʴʥʦʡ 

ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠʨʦʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ 

ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠʙʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ: ʢʦʥʪʘʢʪʥʳʭ ʩʠʩʪʝʤʘʭ, 

ʧʘʥʝʣʷʭ, ʧʣʘʪʘʭ [5], ʤʠʢʨʦʩʙʦʨʢʘʭ ʠʟʜʝʣʠʡ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɺʣʠʷʥʠʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʣʘʪ ʥʘ ʠʭ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʦʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʧʣʘʪ ʧʨʠʙʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʨʘʩʩʤʦʪʨʝʥʦ ʚ [6]. 

1. ɺʣʠʷʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʣʘʪ ʥʘ ʠʭ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɼʣʷ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʧʣʘʪʘ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʘ, ʥʘ ʢʦʪʦʨʫʶ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʦ ʪʝʧʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚ 

ʨʘʙʦʪʝ [1]. ʈʘʟʤʝʨʳ ʧʣʘʪʳ ʚ ʧʣʘʥʝ (aĬb), ʪʦʣʱʠʥʘ h. ʅʘ ʝʸ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʩʧʦʣʦʞʝʥʳ ʕʈʀ, ʠʤʝʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʨʘʟʤʝʨʳ ʠ ʤʘʩʩʳ. ʇʣʘʪʘ ʢʨʝʧʠʪʩʷ ʢ 

ʢʦʨʧʫʩʫ ʧʨʠʙʦʨʘ ʚʠʥʪʘʤʠ ʚ ʯʝʪʳʨʝʭ ʫʛʣʦʚʳʭ ʪʦʯʢʘʭ ʠ ʠʤʝʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʢʨʝʧʣʝʥʠʝ ʚ ʧʷʪʦʡ ʪʦʯʢʝ, ʩʤʝʱʝʥʥʦʡ ʦʪ ʮʝʥʪʨʘ ʧʣʘʪʳ. ʅʘ ʨʠʩ.1 ʩʦʭʨʘʥʝʥʳ ʚ 

ʤʘʩʰʪʘʙʝ  ʨʝʘʣʴʥʳʝ ʛʘʙʘʨʠʪʳ ʕʈʀ ʠ ʠʭ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘ ʧʣʘʪʝ. 

 
ʈʠʩ. 1. ʇʣʘʪʘ ʩ ʵʣʝʤʝʥʪʘʤʠ 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʧʣʘʪʳ, ʥʘ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʤʝʩʪʦ 

ʨʝʟʦʥʘʥʩʳ, ʧʨʠʤʝʥʠʤ ʤʝʪʦʜ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ANSYS. ʈʘʩʩʤʦʪʨʠʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟʛʠʙʥʳʝ 

ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ. ʇʣʘʪʘ ʫʩʪʘʥʦʚʣʝʥʘ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʙʣʦʢʝ ʘʚʠʘʮʠʦʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪ.ʝ. ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʠʙʨʘʮʠʠ ʩ ʯʘʩʪʦʪʦʡ ʜʦ 2000 ɻʮ, ʧʦʵʪʦʤʫ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʚʩʝ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ  fj Ò 2000 ɻʮ, ʛʜʝ j=1,2,... - ʥʦʤʝʨ 

ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ. ʅʫʤʝʨʘʮʠʷ ʯʘʩʪʦʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʠʭ ʚʦʟʨʘʩʪʘʥʠʶ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ [5] ʠʩʧʦʣʴʟʫʝʤ ʤʦʜʝʣʴ, ʫʯʠʪʳʚʘʶʱʫʶ 

ʩʧʦʩʦʙ ʢʨʝʧʣʝʥʠʷ ʕʈʀ ʢ ʧʣʘʪʝ ʩ ʧʦʤʦʱʴʶ ʧʘʷʥʦʛʦ ʰʚʘ ʪʦʣʱʠʥʦʡ h .h ɿʘʜʘʯʘ 

ʨʝʰʘʝʪʩʷ ʚ ʪʨʝʭʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ, ʪ.ʝ. ʫʯʠʪʳʚʘʶʪʩʷ ʨʝʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʠ ʤʘʩʩʘ 

ʚʩʝʭ ʕʈʀ, ʪʦʣʱʠʥʘ ʰʚʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʤʝʨʳ ʢʨʝʧʝʞʥʳʭ ʚʠʥʪʦʚ ʧʣʘʪʳ ʢ ʢʦʨʧʫʩʫ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʘʩʯʝʪʝ ʤʦʜʝʣʴ ʧʦʣʥʦʩʪʴʶ 

ʦʧʨʝʜʝʣʷʝʪ ʬʦʨʤʳ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʨʝʟʦʥʘʥʩʥʳʝ 

ʯʘʩʪʦʪʳ, ʘ ʪʘʢʞʝ ʅɼʉ ʧʣʘʪʳ ʠ ʵʣʝʤʝʥʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʕʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʦʧʨʝʜʝʣʷʝʪ ʝʝ ʧʨʦʯʥʦʩʪʴ ʠ ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʤʦʞʥʳʝ ʟʦʥʳ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʣʘʪʝʥʪʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʧʣʘʪʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʜʠʘʤʝʪʨʘ ʚʠʥʪʦʚ 

ʢʨʝʧʣʝʥʠʷ ʧʣʘʪʳ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʝʝ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʜʠʘʤʝʪʨʘ ʚʠʥʪʦʚ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʪ.ʢ. ʚʦʟʨʘʩʪʘʝʪ 

ʞʝʩʪʢʦʩʪʴ ʢʨʝʧʣʝʥʠʷ ʧʣʘʪʳ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʧʣʘʪ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʠʥʪʳ ʜʠʘʤʝʪʨʦʚ ʦʪ 3 ʜʦ 6 ʤʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʙʩʪʚʝʥʥʳʝ 

ʯʘʩʪʦʪʳ ʠʟʤʝʥʷʶʪʩʷ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 4é8%, ʯʪʦ ʤʦʞʥʦ ʥʝ ʫʯʠʪʳʚʘʪʴ ʚ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ, ʪ.ʢ. ʪʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʛʨʝʰʥʦʩʪʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʚ ʨʝʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ. ɽʩʣʠ ʜʠʘʤʝʪʨ ʚʠʥʪʦʚ ʢʨʝʧʣʝʥʠʷ ʙʦʣʝʝ 6 ʤʤ, ʪʦ ʧʨʠ 

ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʘʩʯʝʪʝ ʥʝʦʙʭʦʜʠʤʦ ʚ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʫʯʠʪʳʚʘʪʴ ʠʭ 

ʬʘʢʪʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ. 

 

2. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʧʣʘʪ 

ʇʨʠ ʢʦʤʧʴʶʪʝʨʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʠʥʷʪʦ: ʨʘʟʤʝʨʳ ʧʣʘʪʳ 

(aĬb)=(120Ĭ80)ʤʤ
2
; h=1,5ʤʤ; ʤʘʪʝʨʠʘʣ ʧʣʘʪʳ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪ  ʩ ʤʦʜʫʣʝʤ 

ʫʧʨʫʛʦʩʪʠ ɽ=3*10
4
ʄʇʘ; ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʇʫʘʩʩʦʥʘ ɛ =0,22 ʠ ʧʣʦʪʥʦʩʪʴʶ 

ɟ=2000 ʢɻ/ʤ
3
.  

ɺ ʪʘʙʣ.1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʧʝʨʚʳʭ ʚʦʩʴʤʠ  ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʧʣʘʪʳ. ɼʠʘʤʝʪʨ ʢʨʝʧʝʞʥʳʭ 

ʚʠʥʪʦʚ ʧʨʠʥʷʪ ʨʘʚʥʳʤ 4ʤʤ, ʪʦʣʱʠʥʘ ʰʚʘ ʧʨʠʥʠʤʘʣʘʩʴ ʨʘʚʥʦʡ h =h0,1 ʠ  0,2 ʤʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʰʚʘ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ: ʧʨʠʧʦʡ ʇʆʉ ï 61 ʠ ʞʝʩʪʢʠʡ ʢʣʝʡ 

ɺʂ ï 9. ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʝʜʫʝʪ, ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʪʦʣʱʠʥʳ 

ʠ ʤʘʪʝʨʠʘʣʘ ʰʚʘ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʅɼʉ ʧʣʘʪʳ, ʯʪʦ 

ʦʙʳʯʥʦ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ. 
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ʊʘʙʣʠʮʘ 1  

ʉʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʧʣʘʪʳ 

ʅʦʤʝʨ 

ʯʘʩʪʦʪʳ 

j 

ʉʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ  fj (ɻʎ) 

ʄʘʪʝʨʠʘʣ ʰʚʘ 

ʇʆʉ 61 ɺʂ 9 

h  h=0,1ʤʤ h  h=0,2ʤʤ h  h=0,1ʤʤ h  h=0,2ʤʤ 

1 531,7 609,5 502,9 547,5 

2 672,3 783,5 634,9 699,9 

3 767,8 845,4 742,2 783,7 

4 844,8 1007 789,2 879,0 

5 1107,7 1269,3 1059,1 1141,9 

6 1529,7 1656,5 1492,2 1560,4 

7 1777,3 1857,1 1753,7 1793,4 

8 1871,5 1994,5 1835 1898,6 

 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʳ ʧʝʨʚʳʝ ʜʚʝ ʬʦʨʤ rʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʣʘʪ ʜʣʷ 

ʧʨʠʥʷʪʦʡ  ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʅʘ ʨʠʩʫʥʢʘʭ ʧʦʢʘʟʘʥʳ ʪʦʯʢʠ i=1,2 ʥʘ ʧʣʘʪʘʭ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʳʤ ʘʤʧʣʠʪʫʜʘʤ ʧʝʨʝʤʝʱʝʥʠʡ ʥʘ ʢʘʞʜʦʡ ʬʦʨʤʝ 

ʢʦʣʝʙʘʥʠʡ. ʅʦʤʝʨ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʤʝʨʫ ʩʦʙʩʪʚʝʥʥʦʡ 

ʯʘʩʪʦʪʳ fj. 

 

ˉ ʬʦʨʤ  r

ʢʦʣʝʙʘʥʠʡ, j 

ʌʦʨʤʘ ʢʦʣʝʙʘʥʠʡ 

1 

 

2 

 

 

ʈʠʩ. 2. ʌʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʧʣʘʪʳ: ʤʘʪʝʨʠʘʣ ʰʚʘ ʇʆʉ61, h  h= 0,1ʤʤ 
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ɼʣʷ ʘʥʘʣʠʟʘ ʅɼʉ ʧʣʘʪʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʦʡ ʤʦʜʝʣʴʶ ʚʳʧʦʣʥʝʥ 

ʨʘʩʯʝʪ ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʨʦʛʠʙʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʣʘʪʝ ʥʘ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪʘʭ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʧʨʠʥʠʤʘʣʦʩʴ, ʯʪʦ ʢʨʝʧʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʢ ʧʣʘʪʝ ʦʩʫʱʝʩʪʝʣʷʝʪʩʷ 

ʧʨʠʧʦʝʤ ʇʆʉ61 ʩ ʪʦʣʱʠʥʦʡ ʰʚʘ hʰ=0,1ʤʤ. ʃʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʜʝʢʨʝʤʝʥʪ ʜʣʷ 

ʤʘʪʝʨʠʘʣʘ ʧʣʘʪʳ ʧʨʠʥʷʪ ʨʘʚʥʳʤ ŭ=0,133. ɺ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʧʨʠʥʷʪʦ 

ʚʥʝʰʥʝʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʣʘʪʫ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ z (ʨʠʩ. 1) ʩ 

ʫʩʢʦʨʝʥʠʝʤ, ʨʘʚʥʳʤ 10 g. 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʦʛʠʙʘ ʧʣʘʪʳ ʦʪ ʯʘʩʪʦʪʳ 

ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

 
ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʦʛʠʙʘ ʧʣʘʪʳ ʦʪ ʯʘʩʪʦʪʳ  

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʨʦʛʠʙʳ ʧʣʘʪʘ 

ʠʤʝʝʪ ʚ ʪʦʯʢʘʭ 1,2 (ʩʤ. ʨʠʩ. 2) ʥʘ ʧʝʨʚʳʭ ʜʚʫʭ ʬʦʨʤʘʭ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʯʘʩʪʦʪʘʭ 

f1=531,7 ɻʮ;  f2=672,3 ɻʮ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʠʡ ʧʨʦʛʠʙ ʧʣʘʪʘ 

ʠʤʝʝʪ ʥʘ ʯʘʩʪʦʪʝ f2 (ʩʤ. ʨʠʩ. 3). ʅʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʧʨʦʛʠʙʳ ʧʣʘʪʳ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʶʪʩʷ. 

ɺ ʪʘʙʣ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʣʘʪʝ ʥʘ 

ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪʘʭ fj, ʚ ʤʝʩʪʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʘ ʧʣʘʪʝ (ʨʠʩ.1). 

ʕʢʚʠʚʘʣʝʥʪʥʳʝ ʥʘʧʨʷʞʝʥʠʡ ůʵʢʚ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʪʨʝʪʴʝʤʫ ʢʨʠʪʝʨʠʶ 

ʧʨʦʯʥʦʩʪʠ[7]. 

ʊʘʙʣʠʮʘ 2  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ůɻʢʚ  ʧʦ ʧʣʘʪʝ 

 ̄

ʵʣ-ʪʘ 

ůɻʢʚ  ʚ ʄʇʘ ʥʘ ʯʘʩʪʦʪʘʭ   fj 
  f1 f2 f3 f4 f5 f6 f7 f8 

1 2,41 10,10 7,26 8,48 3,43 2,23 0,93 1,14 

2 17,68 36,21 30,33 28,04 11,35 4,87 1,53 2,82 

3 21,44 38,71 3,36 38,66 7,78 2,57 3,17 2,42 

4 13,63 22,14 1,95 23,24 4,75 1,54 2,02 1,35 

5 18,33 22,58 12,81 28,23 6,09 1,81 1,50 0,77 

6 3,48 7,51 0,61 3,78 0,40 0,432 0,47 0,488 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮ r2  

 ̄

ʵʣ-ʪʘ 

ůɻʢʚ  ʚ ʄʇʘ ʥʘ ʯʘʩʪʦʪʘʭ   fj 
  f1 f2 f3 f4 f5 f6 f7 f8 

7 4,52 6,03 0,89 7,43 1,61 1,58 0,52 0,89 

8 4,70 7,30 9,58 7,37 1,7 1,84 1,32 1,31 

9 11,38 20,78 9,88 21,05 5,41 2,27 1,80 1,65 

10 2,87 17,76 8,27 20,37 6,33 2,29 1,38 1,07 

11 14,14 24,38 2,62 43,87 9,94 8,12 7,46 3,43 

12 7,05 9,05 9,48 22,36 5,14 1,57 3,44 3,58 

13 99,76 124 36,58 155,1 37,51 17,57 7,18 13,13 

14 10,21 13,45 3,38 3,04 0,11 1,82 0,70 1,57 

15 3,41 5,32 8,39 3,19 0,66 0,67 1,23 1,16 

16 2,01 3,19 1,07 1,31 0,41 0,71 0,74 0,44 

17 5,30 5,46 10,33 6,30 2,77 4,62 2,51 4,25 

18 6,10 6,81 8,52 3,38 1,89 1,44 3,18 2,36 

19 2,19 41,22 26,59 29,68 11,73 8,08 8,88 6,26 

20 0,73 7,53 5,03 3,46 1,30 1,36 3,67 3,47 

21 5,57 7,63 10,01 1,52 2,76 1,80 1,47 0,50 

22 1,03 1,34 1,23 1,33 0,33 0,42 0,75 0,22 

23 8,97 2,08 6,76 3,83 1,51 1,91 1,49 0,17 

24 3,33 1,12 12,60 2,24 1,05 0,95 1,85 0,16 

25 3,23 6,28 1,71 4,70 0,80 1,24 2,89 0,91 

26 1,06 1,88 1,03 1,22 0,35 0,58 1,44 0,32 

27 1,11 0,54 1,28 1,65 1,27 1,03 2,23 0,59 

28 5,04 5,21 8,37 4,7 1,98 1,14 2,26 0,85 

ɸʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʠʩʩʣʝʜʫʝʤʦʤ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʦʡ ʥʘ ʧʣʘʪʝ ʷʚʣʷʝʪʩʷ ʟʦʥʘ ʨʘʩʧʦʣʦʞʝʥʠʷ 

13 ʵʣʝʤʝʥʪʘ (ʩʤ. ʨʠʩ. 1). ʅʘ ʨʠʩ. 4 ʜʣʷ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝ ůɻʢʚ ʚ ʠʩʩʣʝʜʫʝʤʦʤ  ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ůɻʢʚ =155,1 ʄʇʘ 

ʜʦʩʪʠʛʘʝʪʩʷ ʥʘ ʯʘʩʪʦʪʝ f4=844,8 ɻʮ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ f > f4 ʟʥʘʯʝʥʠʷ 

ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ  ʚ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʠʦʡ ʟʦʥʝ ʧʣʘʪʳ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʞʘʝʪʩʷ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ 

ʥʘʛʨʫʞʝʥʥʳʝ ʟʦʥʳ ʧʣʘʪʳ ʠ ʯʘʩʪʦʪʥʳʝ ʜʠʘʧʘʟʦʥʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʚʠʙʨʦʧʨʦʯʥʦʩʪʴ ʧʣʘʪʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʘʪʳ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤ 

ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ f =(600-900)ɻʮ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʧʨʦʛʠʙʳ 

ʧʣʘʪʳ ʚ ʵʪʦʤ ʯʘʩʪʦʪʠʦʤ ʜʠʘʧʘʟʦʥʝ ʥʝ ʧʨʝʚʳʰʘʶʪ max W =0,032 ʤʤ, ʢʦʪʦʨʳʝ 

ʜʦʩʪʠʛʘʶʪʩʷ ʥʘ ʯʘʩʪʦʪʝ f2=672,3 ɻʮ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʧʣʘʪ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʧʨʠ ʨʘʩʯʝʪʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʪ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʥʘʣʠʯʠʝ ʕʈʀ, ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʘ ʧʣʘʪʝ ʠ ʩʧʦʩʦʙ ʢʨʝʧʣʝʥʠʷ ʢ ʥʝʡ. ɺ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʕʈʀ ʢʨʝʧʷʪʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʪʳ ʧʦ ʧʣʦʩʢʦʩʪʠ ʢʦʥʪʘʢʪʘ 
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(ʢʣʝʝʚʳʤ ʠʣʠ ʧʘʷʥʳʤ ʰʚʦʤ), ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʦʣʱʠʥʫ ʰʚʘ ʠ ʤʦʜʫʣʴ 

ʫʧʨʫʛʦʩʪʠ ʝʛʦ ʤʘʪʝʨʠʘʣʘ. 

 

ʈʠʩ. 4. ʀʟʤʝʥʝʥʠʝ ůɻʢʚ ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʷ ʥʘʠʙʦʣʝʝ  

ʥʘʛʨʫʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ 

 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʧʣʘʪʳ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʘʥʘʣʠʟ ʅɼʉ 

ʧʣʘʪʳ ʩ ʵʣʝʤʝʥʪʘʤʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʟʦʥʳ ʚʦʟʤʦʞʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʣʘʪʝʥʪʥʳʭ ʜʝʬʝʢʪʦʚ ʫʞʝ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʡ 

ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʪ ʠ ʧʨʠʥʷʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʠʙʨʦʧʨʦʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʣʘʪʳ ʚ ʮʝʣʦʤ. 

ʅʘʣʠʯʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʅɼʉ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘ ʧʣʘʪʝ ʤʝʩʪʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. ʕʪʦ 

ʧʦʟʚʦʣʠʣʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʤʝʩʪ ʫʩʪʘʥʦʚʢʠ 

ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ, ʚʢʣʶʯʘʶʱʫʶ ʚ ʩʝʙʷ ʵʪʘʧ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʣʘʪ ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʕʈʀ ʠ 

ʩʧʦʩʦʙʘ ʠʭ ʢʨʝʧʣʝʥʠʷ ʢ ʧʣʘʪʝ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʡ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʷʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʨʦʚʦʜʠʤʳʭ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʢʦʥʩʪʨʫʢʮʠʠ.  

 

ɺʳʚʦʜʳ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠ ̫ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ: 

1. ʅɼʉ ʧʣʘʪ ʠ ʠʭ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ 
ʬʦʨʤ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʴ, ʫʯʠʪʳʚʘʶʱʫ  ʁ ʚʩʝ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʣʘʪʳ ʠ 

ʬʘʢʪʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʢʨʝʧʣʝʥʠʷ ʢ ʧʣʘʪʝ ʕʈʀ. 

2. ʀʟ ʘʥʘʣʠʟʘ ʅɼʉ ʧʣʘʪʳ ʠ ʝʸ ʵʣʝʤʝʥʪʦʚ ʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʥʘʠʙʦʣʝʝ 
ʚʝʨʦʷʪʥʳʝ ʟʦʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʣʘʪʝʥʪʥʳʭ ʜʝʬʝʢʪʦʚ (ʥʝʧʨʦʢʣʝʠ, 

ʥʝʧʨʦʧʘʠ, ʤʠʢʨʦʪʨʝʱʠʥʳ ʠ ʪ.ʧ.) ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. ʕʪʦ ʚ ʩʚʦʶ 
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ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʷʝʪ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦ ʥʘʟʥʘʯʘʪʴ ʨʝʞʠʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʚʠʙʨʘʮʠʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʩʢʨʳʪʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʜʝʬʝʢʪʦʚ[8].  

3. ʈʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʧʨʦʛʨʘʤʤʥʦ - 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʚʦʣʷʝʪ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʪʨʝʙʫʝʤʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠ ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʝʢʪʠʨʫʝʤʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ɺʳʙʦʨ ʨʘʩʯʝʪʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʫʨʦʚʥʷ ʝ yʩʣʦʞʥʦʩʪʠ 

(ʦʜʥʦʤʝʨʥʘʷ, ʜʚʫʤʝʨʥʘʷ, ʪʨʝʭʤʝʨʥʘʷ, ʫʯʝʪ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʠ ʜʨʫʛʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʠ ʪʨʝʙʫʝʤʦʡ 

ʪʦʯʥʦʩʪʴʶ ʘʥʘʣʠʟʘ ʅɼʉ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 
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ʉɽʂʎʀʗ 2. ʇʈʆɻʈɽʉʉʀɺʅʓɽ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ ʇʈʆʎɽʉʉʓ  
ʀ ʆɹʆʈʋɼʆɺɸʅʀɽ 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ: ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ 

çʊʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚè 

ɻʨʠʮʝʥʢʦ ɺʷʯʝʩʣʘʚ ɺʣʘʜʠʤʠʨʦʚʠʯ 

 

ʄɽʊʆɼʀʂɸ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ ʀʉʉʃɽɼʆɺɸʅʀʁ 

ʇʈʀ ʆʇʊʀʄʀɿɸʎʀʀ ɸɹʈɸɿʀɺʅʆʁ ʆɹʈɸɹʆʊʂʀ  

ʅ.ʉ. ɸʣʝʢʩʝʝʚ, ɺ.ɸ. ʂʘʧʦʨʠʥ, ʉ.ɺ. ʀʚʘʥʦʚ, ɼ.ɺ. ɼʫʜʘʨʝʚ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʠʟʣʦʞʝʥʳ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʢʨʫʛʣʦʛʦ ʚʨʝʟʥʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ 

ʜʝʪʘʣʝʡ ʥʘ ʦʩʥʦʚʝ ʜʨʦʙʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʨʠʚʝʜʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʬʘʢʪʦʨʳ, ʫʨʦʚʥʠ ʠ ʠʥʪʝʨʚʘʣʳ ʠʭ ʚʘʨʴʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ 

ʰʣʠʬʦʚʘʥʠʷ. 

ʆʧʠʩʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʦʧʳʪʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʠʟʥʦʩʘ ʢʨʫʛʦʚ, ʩʠʣ 

ʨʝʟʘʥʠʷ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʇʨʠʚʦʜʠʪʩʷ ʠʩʧʦʣʴʟʫʝʤʘʷ  

ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʘʧʧʘʨʘʪʫʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʘʟʤʝʥʥʳʝ ʧʦʢʨʳʪʠʷ, ʘʙʨʘʟʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ,  

ʰʣʠʬʦʚʘʣʴʥʳʝ ʢʨʫʛʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʠʟʥʦʩ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ.  
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ɺʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ 

ʥʘʭʦʜʷʪ ʠʟʥʦʩʦʩʪʦʡʢʠʝ ʤʠʢʨʦʧʦʨʠʩʪʳʝ ʧʦʢʨʳʪʠʷ,
1
 ʧʦʣʫʯʝʥʥʳʝ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʠ ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ [1]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʭ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʛʨʫʧʧʫ 

çʤʷʛʢʠʭè ʧʦʢʨʳʪʠʡ c ʪʚʝʨʜʦʩʪʴʶ 20é40ʅRʉ ʠ ʛʨʫʧʧʫ çʪʚʝʨʜʳʭè ʩ ʪʚʝʨʜʦʩʪʴʶ 

ʙʦʣʝʝ 40HRC. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ 
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ʜʣʷ ʨʝʤʦʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʶʪ çʤʷʛʢʠʝè ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ 

ʧʦʢʨʳʪʠʷ ʩʨʝʜʥʝʡ ʠ ʚʳʩʦʢʦʡ ʧʦʨʠʩʪʦʩʪʠ. 

ɺ ʨʝʤʦʥʪʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʢʨʳʪʠʷ ʠʩʧʦʣʴʟʫʶʪ, ʚ ʦʩʥʦʚʥʦʤ, ʜʣʷ 

ʥʘʨʘʱʠʚʘʥʠʷ ʰʝʝʢ ʢʦʣʝʥʯʘʪʳʭ ʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʚʘʣʦʚ ʘʚʪʦʪʨʘʢʪʦʨʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ, ʠʤʝʶʱʠʭ ʤʘʣʫʶ ʧʨʦʪʷʞʝʥʥʦʩʪʴ. ʇʦʵʪʦʤʫ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʭ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʚʨʝʟʥʦʝ 

ʰʣʠʬʦʚʘʥʠʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʢʨʳʪʠʷ ʦʙʨʘʙʘʪʳʚʘʶʪ ʩʝʨʠʡʥʳʤʠ ʰʣʠʬʦʚʘʣʴʥʳʤʠ 

ʢʨʫʛʘʤʠ ʪʝʭ ʞʝ ʩʘʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʥʘ ʪʝʭ ʞʝ ʨʝʞʠʤʘʭ ʨʝʟʘʥʠʷ, ʯʪʦ ʠ ʧʨʠ 

ʨʝʤʦʥʪʝ ʩʪʘʣʴʥʳʭ ʠ ʯʫʛʫʥʥʳʭ ʜʝʪʘʣʝʡ. ʆʜʥʘʢʦ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ 

ʧʦʢʨʳʪʠʡ (ʚʳʩʦʢʘʷ ʧʦʨʠʩʪʦʩʪʴ, ʥʘʣʠʯʠʝ ʦʢʩʠʜʦʚ, ʢʘʨʙʠʜʦʚ ʠ ʰʣʘʢʦʚ, 

ʧʦʥʠʞʝʥʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʜʨ.) ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʥʠʟʢʠʝ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʰʣʠʬʦʚʘʥʠʷ. ʊʘʢ, ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʣʘʟʤʝʥʥʳʭ 

ʧʦʢʨʳʪʠʡ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ ʠʟ-ʟʘ ʧʦʚʳʰʝʥʥʦʛʦ ʠʟʥʦʩʘ ʰʣʠʬʦʚʘʣʴʥʦʛʦ 

ʢʨʫʛʘ ʫʜʝʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ q ï ʦʪʥʦʰʝʥʠʝ ʦʙʲʝʤʘ ʩʥʷʪʦʛʦ ʤʝʪʘʣʣʘ ʢ 

ʦʙʲʝʤʫ ʠʟʥʦʰʝʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ï ʚ 30-50 ʨʘʟ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ 

ʩʪʘʣʝʡ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʨʝʞʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʨʫʛʦʚ ʚʣʠʷʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʦʧʪʠʤʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʘ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʢʨʳʪʠʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʦʧʳʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ [2,3] ʯʘʩʪʥʳʝ 

ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ ʰʣʠʬʦʚʘʥʠʷ ʦʪ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ 

ʨʝʞʠʤʘ ʨʝʟʘʥʠʷ. ʆʜʥʘʢʦ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʪʨʝʙʫʝʪ ʧʝʨʝʭʦʜʘ ʦʪ ʯʘʩʪʥʳʭ 

ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ. ʕʪʫ ʟʘʜʘʯʫ ʤʦʞʥʦ 

ʨʝʰʠʪʴ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʦʧʳʪʳ ʧʦʟʚʦʣʠʣʠ ʪʘʢʞʝ ʫʩʪʘʥʦʚʠʪʴ [4], ʯʪʦ ʧʨʠ ʚʨʝʟʥʦʤ 

ʰʣʠʬʦʚʘʥʠʠ ʧʦʢʨʳʪʠʡ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʦʙʨʘʙʦʪʢʠ ʦʢʘʟʳʚʘʶʪ ʨʝʞʠʤʥʳʝ ʬʘʢʪʦʨʳ: ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ Vʨ, 

ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʜʝʪʘʣʠ Vʜ ʠ ʩʢʦʨʦʩʪʴ ʨʘʜʠʘʣʴʥʦʡ ʧʦʜʘʯʠ Sʨʘʜ, ʘ ʪʘʢʞʝ 

ʵʣʝʤʝʥʪʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʫʛʦʚ ï ʨʘʟʤʝʨ ʟʝʨʥʠʩʪʦʩʪʠ Nʟ ʠ ʩʪʝʧʝʥʴ ʪʚʝʨʜʦʩʪʠ 

Nʪ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʙʳʣʠ ʧʨʠʥʷʪʳ ʚ ʢʘʯʝʩʪʚʝ 

ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʧʨʦʮʝʩʩʘ ʚʨʝʟʥʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʧʦʢʨʳʪʠʡ (ʚʭʦʜʥʳʝ 

ʧʘʨʘʤʝʪʨʳ). 

ɺ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʚʨʝʟʥʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʙʳʣʠ 

ʧʨʠʥʷʪʳ: ʩʪʦʡʢʦʩʪʴ ʢʨʫʛʘ ʊ, ʫʜʝʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ q, ʢʦʵʬʬʠʮʠʝʥʪ 

ʨʝʞʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʨʫʛʘ ʂʨ, ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʰʣʠʬʦʚʘʥʠʷ Nʫʜ ʠ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʢʨʠʪʝʨʠʶ Rʘ. 

 

 

 
1
ʜʘʣʝʝ ʧʨʦʩʪʦ ʧʦʢʨʳʪʠʡ 
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ʉ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʥʘ ʚʳʭʦʜʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʰʣʠʬʦʚʘʥʠʷ ʨʷʜ ʬʘʢʪʦʨʦʚ ʙʳʣʠ ʧʨʠʥʷʪʳ ʧʦʩʪʦʷʥʥʳʤʠ, ʪʘʢʠʝ ʢʘʢ 

ʜʠʘʤʝʪʨʳ ʦʙʨʘʟʮʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʤʘʪʝʨʠʘʣ ʘʙʨʘʟʠʚʥʦʛʦ ʟʝʨʥʘ ʠ ʝʛʦ ʩʚʷʟʢʘ, 

ʩʦʩʪʘʚ ʠ ʨʘʩʭʦʜ ʉʆɾ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʣʠʩʴ ʠʟ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʣʠ 

ʫʩʣʦʚʠʡ ʨʝʘʣʠʟʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɼʣʷ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʫʢʘʟʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ 

ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʰʣʠʬʦʚʘʥʠʷ 

ʪʨʝʙʫʝʪʩʷ ʨʝʘʣʠʟʦʚʘʪʴ ʜʨʦʙʥʳʡ ʬʘʢʪʦʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ (ɼʌʕ) ʪʠʧʘ 2
5-2

. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ 

ʦʧʳʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʫʨʦʚʥʠ ʠ ʠʥʪʝʨʚʘʣʳ ʚʘʨʴʠʨʦʚʘʥʠʷ ʜʣʷ ʢʘʞʜʦʡ 

ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 

ɿʥʘʯʝʥʠʷ ʫʨʦʚʥʝʡ ʬʘʢʪʦʨʦʚ 

ʌʘʢʪʦʨ ʂʦʜ 
ʋʨʦʚʝʥʴ ʬʘʢʪʦʨʦʚ 

ʀʥʪʝʨʚʘʣ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʅʠʞʥʠʡ (-) ʆʩʥʦʚʥʦʡ (0) ɺʝʨʭʥʠʡ (+) 

Vʨ, ʤ/ʩ ʍ1 10 25 50 25 

Vʜ, ʤ/ʤʠʥ ʍ2 10 25 40 15 

Vʚʨ, ʤʤ/ʤʠʥ ʍ3 0,25 0,375 0,5 0,125 

Nʟ, ʤʢʤ ʍ4 160 330 500 170 

Nʪ, ʤʤ ʍ5 1,75 3,15 4,55 1,4 

ʇʨʠʤʝʯʘʥʠʝ. ʊʚʝʨʜʦʩʪʴ ʰʣʠʬʦʚʘʣʴʥʳʭ ʢʨʫʛʦʚ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʝʩʢʦʩʪʨʫʡʥʳʤ ʧʨʠʙʦʨʦʤ ʧʦ 

ʛʣʫʙʠʥʝ ʣʫʥʢʠ. ɻʣʫʙʠʥʝ ʣʫʥʢʠ 1,75 ʤʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʝʧʝʥʴ ʪʚʝʨʜʦʩʪʠ R (T1); ʛʣʫʙʠʥʝ 

ʣʫʥʢʠ 3,15 ʤʤ ï ʩʪʝʧʝʥʴ ʪʚʝʨʜʦʩʪʠ O (ʉʊ1); ʛʣʫʙʠʥʝ ʣʫʥʢʠ 4,55 ʤʤ ï ʩʪʝʧʝʥʴ ʪʚʝʨʜʦʩʪʠ L 

(ʉʄ2). 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ 

ʩʤʦʥʪʠʨʦʚʘʥʘ ʥʘ ʙʘʟʝ ʢʨʫʛʣʦʰʣʠʬʦʚʘʣʴʥʦʛʦ ʧʦʣʫʘʚʪʦʤʘʪʘ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʩ 

ʏʇʋ ʤʦʜʝʣʠ 3ʄ152ʄɺʌ2, ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʜʠʘʣʴʥʦʡ ʈʫ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʈz ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʣʳ 

ʨʝʟʘʥʠʷ ʤʦʥʪʠʨʦʚʘʣʠʩʴ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʝ ʮʝʥʪʨʳ 1, ʩʣʫʞʘʱʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ 

ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʦʙʨʘʟʮʦʚ 2 ʥʘ ʦʧʨʘʚʢʝ 3 [5] (ʨʠʩ. 1). 

ɼʣʷ ʩʠʥʭʨʦʥʥʦʡ ʟʘʧʠʩʠ ʩʠʣ ʈʫ ʠ ʈz ʚʦ ʚʨʝʤʷ ʢʘʞʜʦʛʦ ʦʧʳʪʘ 

ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʧʦʜʢʣʶʯʘʣʠʩʴ ʢ ʘʥʘʣʠʟʘʪʦʨʫ ʩʧʝʢʪʨʘ 1 ʤʦʜʝʣʠ ZET 

A17-U2 ʯʝʨʝʟ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʡ ʫʩʠʣʠʪʝʣʴ 2 ʤʦʜʝʣʠ ZET 412. ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ 

ʧʦʢʘʟʘʥʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʠ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʥʘ ʢʦʤʧʴʶʪʝʨʝ 3, 

ʧʦʜʢʣʶʯʝʥʥʦʤ ʢ ʘʥʘʣʠʟʘʪʦʨʫ ʩʧʝʢʪʨʘ (ʨʠʩ. 2). 

ʇʨʠʤʝʨ ʦʙʨʘʙʦʪʢʠ ʟʘʧʠʩʠ ʚʝʣʠʯʠʥʳ ʨʘʜʠʘʣʴʥʦʡ ʩʠʣʳ ʈʫ ʚ ʦʜʥʦʤ ʠʟ 

ʦʧʳʪʦʚ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 3. 
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ʈʠʩ. 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ: 

ʘ ï ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ; ʙ ï ʦʙʱʠʡ ʚʠʜ ʨʘʙʦʯʝʡ ʟʦʥʳ ʩʪʘʥʢʘ 

 

 
 

ʈʠʩ. 2. ʂʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʘʧʧʘʨʘʪʫʨʘ-ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ ʤʦʜʝʣʠ 

ZET A17-U2 
 

 

 
 

ʈʠʩ. 3. ʆʙʨʘʙʦʪʢʘ ʟʘʧʠʩʠ ʨʘʜʠʘʣʴʥʦʡ ʩʠʣʳ ʈʫ ʨʝʛʠʩʪʨʠʨʫʶʱʠʤ ʧʨʠʙʦʨʦʤ 

ʩʠʣʦʠʟʤʝʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʚʨʝʟʥʦʤ ʰʣʠʬʦʚʘʥʠʠ 



51 

 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʣʘʟʤʝʥʥʦʝ 

ʧʦʢʨʳʪʠʝ ʠʟ ʧʦʨʦʰʢʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ ʤʘʨʢʠ ʇɺ ï ʅ85ʖ15 ʥʘ ʥʠʢʝʣʝʚʦʡ 

ʦʩʥʦʚʝ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʪʚʝʨʜʦʩʪʴ ʠ ʧʦʨʠʩʪʦʩʪʴ 

ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʘ 2 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʣʘʟʤʝʥʥʦʛʦ ʧʦʢʨʳʪʠʷ 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʚʝʩ. %  ʊʚʝʨʜʦʩʪʴ, 

HRC 

ʇʦʨʠʩʪʦʩʪʴ,  

% Ni Al  O ʉ 

55,7 15,3 16,0 13,0 25é30 8é10 

 

ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʩʪʨʫʢʪʫʨʘ ʧʦʢʨʳʪʠʷ ʩʦʩʪʦʠʪ ʠʟ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʩʣʦʞʥʦʡ 

ʵʚʪʝʢʪʠʢʠ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʚ ʚʠʜʝ ʦʢʩʠʜʦʚ ʠ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʪʠʧʘ NiAl . 

ʆʙʨʘʟʮʳ ʩ ʧʣʘʟʤʝʥʥʦ-ʥʘʧʣrʝʥʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ 

ʚʪʫʣʢʠ (ʨʠʩ.4,ʘ) ʠʟ ʩʪʘʣʠ 45 ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 60 ʤʤ ʠ ʚʳʩʦʪʦʡ 32 ʠ 70 ʤʤ, 

ʠʤʠʪʠʨʫʶʱʠʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʨʝʥʥʳʝ ʠ ʰʘʪʫʥʥʳʝ ʰʝʡʢʠ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ 

ʜʚʠʛʘʪʝʣʷ ɿʄɿ-53. ɼʣʷ ʰʣʠʬʦʚʘʥʠʷ ʚ ʮʝʥʪʨʘʭ ʦʙʨʘʟʮʳ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʥʘ 

ʞʝʩʪʢʫʶ ʦʧʨʘʚʢʫ (ʨʠʩ. 4,ʙ). 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʤʝʥʷʣʠʩʴ ʢʨʫʛʠ ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʙʝʣʦʛʦ 24ɸ 6-ʡ 

ʩʪʨʫʢʪʫʨʳ ʥʘ ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʚʷʟʢʝ (V) ʬʦʨʤʳ 1 600 x 25 x 305 ʤʤ ɻʆʉʊ 

ʈ52781-2007 ʧʨʦʠʟʚʦʜʩʪʚʘ ʆɸʆ çʂʦʩʫʣʠʥʩʢʠʡ ʘʙʨʘʟʠʚʥʳʡ ʟʘʚʦʜè ʧʦ ʧʨʠʥʷʪʦʡ 

ʪʘʤ ʪʝʭʥʦʣʦʛʠʠ ʠ ʨʝʮʝʧʪʫʨʝ. ɺʳʙʦʨ ʤʘʨʢʠ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢʨʫʛʦʚ, 

ʥʦʤʝʨʘ ʠʭ ʩʪʨʫʢʪʫʨʳ ʠ ʚʠʜʘ ʩʚʷʟʢʠ ʙʳʣ ʧʨʦʜʠʢʪʦʚʘʥ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ [6-8]. 

 

 
ʘ)        ʙ) 

 

ʈʠʩ. 4. ʆʙʨʘʟʮʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

ʘ ï ʧʣʘʟʤʝʥʥʦ-ʥʘʧʳʣʝʥʥʳʝ ʦʙʨʘʟʮʳ; ʙ ï ʦʙʨʘʟʝʮ ʥʘ ʦʧʨʘʚʢʝ 

 

ʅʘʯʘʣʦ ʧʨʦʮʝʩʩʘ ʰʣʠʬʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʦʩʴ ʦʪ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʨʦʩʪʘ 

ʦʩʮʠʣʣʦʛʨʘʤʤ ʩʠʣ ʨʝʟʘʥʠʷ ʥʘ ʤʦʥʠʪʦʨʝ ʢʦʤʧʴʶʪʝʨʘ, ʪ.ʝ. ʦʪ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ 
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ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʥʘ ʦʙʨʘʟʝʮ, ʘ ʦʢʦʥʯʘʥʠʝ - ʦʪ 

ʤʦʤʝʥʪʘ ʧʘʜʝʥʠʷ ʦʩʮʠʣʣʦʛʨʘʤʤ ʜʦ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʪ.ʝ. ʦʪ ʤʦʤʝʥʪʘ 

ʧʨʝʢʨʘʱʝʥʠʷ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʦʙʨʘʟʝʮ.  

ɼʣʠʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʛʦ ʦʧʳʪʘ ʨʘʚʥʷʣʘʩʴ ʧʝʨʠʦʜʫ ʩʪʦʡʢʦʩʪʠ ʢʨʫʛʘ, ʢʦʪʦʨʳʡ 

ʦʧʨʝʜʝʣʷʣʩʷ ʧʦ ʧʦʷʚʣʝʥʠʶ ʥʘ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʰʣʠʬʦʚʦʯʥʳʭ 

ʜʝʬʝʢʪʦʚ - ʧʨʠʞʦʛʦʚ ʠ ʦʛʨʘʥʢʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʚʠʙʨʘʮʠʷʤʠ ʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʟʚʫʢʦʤ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ. ɿʘʪʝʤ ʧʨʦʠʟʚʦʜʠʣʩʷ ʟʘʤʝʨ ʠʟʥʦʩʘ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʢʨʫʛ ʧʨʘʚʠʣʩʷ. 

ʇʨʘʚʢʘ ʢʨʫʛʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʘʣʤʘʟʥʳʤ ʢʘʨʘʥʜʘʰʦʤ (ʪʠʧʦʨʘʟʤʝʨ 3308-

0054 ɻʆʉʊ607-80) ʤʝʪʦʜʦʤ ʦʙʪʘʯʠʚʘʥʠʷ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ 

ʨʝʣʴʝʬʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʫʛʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ Vʨ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠʟʤʝʥʷʣʠ ʩʢʦʨʦʩʪʴ ʧʨʦʜʦʣʴʥʦʡ ʧʦʜʘʯʠ ʧʨʘʚʷʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ Sʧʠ, ʦʪʥʦʰʝʥʠʝ Vʨ/Sʧʠ=15000. ʈʝʞʠʤʳ ʧʨʘʚʢʠ ʢʨʫʛʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣ. 3. 

ʊʘʙʣʠʮʘ 3 

ʈʝʞʠʤʳ ʧʨʘʚʢʠ ʰʣʠʬʦʚʘʣʴʥʳʭ ʢʨʫʛʦʚ 

ʉʢʦʨʦʩʪʴ 

ʢʨʫʛʘ Vʨ, 

ʤ/ʩ 

ʉʢʦʨʦʩʪʴ 

ʧʨʦʜʦʣʴʥʦʡ ʧʦʜʘʯʠ 

ʧʨʘʚʷʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ Sʧʠ, 

ʤʤ/ʤʠʥ 

ɻʣʫʙʠʥʘ 

ʦʙʪʘʯʠʚʘʥʠʷ t, 

ʤʤ 

ʂʦʣʠʯʝʩʪʚʦ 

ʨʘʙʦʯʠʭ ʭʦʜʦʚ 

ʂʦʣʠʯʝʩʪʚʦ 

ʯʠʩʪʦʚʳʭ 

ʭʦʜʦʚ 

(ʙʝʟ ʧʦʧʝʨʝʯʥʦʡ 

ʧʦʜʘʯʠ) 

10 40 0,03-0,04 4 2 

20 80 0,03-0,04 4 2 

35 140 0,03-0,04 4 2 

50 200 0,03-0,04 4 2 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʙʳʣʘ ʦʩʥʘʱʝʥʘ ʩʠʩʪʝʤʘʤʠ ʧʦʜʘʯʠ ʉʆɾ ʠ 

ʦʯʠʩʪʢʠ ʝʝ ʦʪ ʰʣʘʤʘ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ ʠ ʙʘʢʘ-ʦʪʩʪʦʡʥʠʢʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʉʆɾ ʧʨʠʤʝʥʷʣʩʷ 3%-ʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʵʤʫʣʴʩʦʣʘ çʕʇʄ-1ʰʧè [9], 

ʢʦʪʦʨʳʡ ʧʦʜʘʚʘʣʠ ʚ ʟʦʥʫ ʰʣʠʬʦʚʘʥʠʷ ʩʚʦʙʦʜʥʦ ʧʘʜʘʶʱʝʡ ʩʪʨʫʝʡ ʯʝʨʝʟ 

ʢʣʠʥʦʚʳʡ ʥʘʩʘʜʦʢ ʩ ʨʘʩʭʦʜʦʤ 12 ʣ/ʤʠʥ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʦʧʳʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʫʢʘʟʘʥʥʳʡ ʨʘʩʪʚʦʨ ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʝʡ ʦʭʣʘʞʜʘʶʱʝʡ ʠ ʩʤʘʟʳʚʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ, ʥʝ ʚʳʟʳʚʘʝʪ ʢʦʨʨʦʟʠʠ ʩʪʘʥʢʦʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʈʘʜʠʘʣʴʥʳʡ ʠʟʥʦʩ ʢʨʫʛʦʚ ʚʳʧʦʣʥʷʣʠ ʦʧʨʝʜʝʣʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʦʪ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʙʘʟʳ ʜʦ ʧʝʨʠʬʝʨʠʠ ʦʧʳʪʥʦʛʦ ʢʨʫʛʘ [10]. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ 

ʩʧʦʩʦʙʘ ʨʘʟʨʘʙʦʪʘʥʦ ʩʧʝʮʠʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ (ʨʠʩ. 5,ʘ), ʚʢʣʶʯʘʶʱʝʝ ʚ ʩʝʙʷ 

ʠʥʜʠʢʘʪʦʨ 1 ʩ ʮʝʥʦʡ ʜʝʣʝʥʠʷ 0,001 ʤʤ, ʟʘʢʨʝʧʣʝʥʥʳʡ ʯʝʨʝʟ ʜʝʨʞʘʚʢʫ 3 ʥʘ 

ʣʶʥʝʪʝ 2. ɺ ʢʘʯʝʩʪʚʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʙʘʟʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʝʨʠʬʝʨʠʷ ʙʘʟʦʚʦʛʦ 

ʢʨʫʛʘ 5, ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʩʦʚʤʝʩʪʥʦ ʩ ʦʧʳʪʥʳʤ ʢʨʫʛʦʤ 4 ʥʘ ʰʧʠʥʜʝʣʝ ʩʪʘʥʢʘ. 

ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʨʘʜʠʘʣʴʥʦʛʦ ʠʟʥʦʩʘ ʦʧʳʪʥʦʛʦ ʢʨʫʛʘ ʧʨʠ ʚʨʝʟʥʦʤ ʰʣʠʬʦʚʘʥʠʠ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ 5,ʙ. 

ʈʘʟʤʝʨʥʳʡ ʠʟʥʦʩ RD ʦʧʳʪʥʦʛʦ ʢʨʫʛʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

1 2R L LD = -, ʤʤ.                                         (1) 
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ʘ)        ʙ) 
 

ʈʠʩ. 5. ʀʟʤʝʨʝʥʠʷ ʨʘʜʠʘʣʴʥʦʛʦ ʠʟʥʦʩʘ ʢʨʫʛʦʚ ʧʨʠ ʚʨʝʟʥʦʤ ʰʣʠʬʦʚʘʥʠʠ: 

ʘ ï ʦʙʱʠʡ ʚʠʜ, ʙ - ʩʭʝʤʘ: ʙD  ï ʜʠʘʤʝʪʨ ʙʘʟʦʚʦʛʦ ʢʨʫʛʘ; 1 2,D D - ʜʠʘʤʝʪʨ 

ʦʧʳʪʥʦʛʦ ʢʨʫʛʘ ʜʦ ʠ ʧʦʩʣʝ ʰʣʠʬʦʚʘʥʠʷ; 1 2,L L - ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʙʘʟʦʚʦʛʦ ʢʨʫʛʘ ʜʦ 

ʦʧʳʪʥʦʛʦ ʢʨʫʛʘ ʠ ʧʦʩʣʝ ʰʣʠʬʦʚʘʥʠʷ 
 

ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʥʦʛʦ ʠʟʥʦʩʘ ʦʧʳʪʥʦʛʦ ʢʨʫʛʘ RwD  

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ  

2R Lw wD = , ʤʤ,                                                  (2) 

ʛʜʝ Lw - ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ L . 

ɼʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʨʝʞʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʧʳʪʥʳʭ 

ʢʨʫʛʦʚ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʠʭ ʟʘʪʫʧʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʫʩʪʘʥʦʚʢʘ (ʨʠʩ. 6), 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 1 ʤʦʜʝʣʠ Digital Blue QX7, 

ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʥʘ ʩʪʦʡʢʝ 2. ʕʪʘ ʫʩʪʘʥʦʚʢʘ ʤʦʥʪʠʨʦʚʘʣʘʩʴ ʥʘ ʩʪʦʣʝ ʩʪʘʥʢʘ 

ʥʘʧʨʦʪʠʚ ʦʧʳʪʥʦʛʦ ʢʨʫʛʘ 3. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʩʚʝʱʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ 

ʣʘʤʧʦʡ 4. ʉ ʧʦʤʦʱʴʶ ʵʪʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ 

ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʨʫʛʦʚ ʩ 60- ʠ 200-ʢʨʘʪʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ. 
 

 
 

ʈʠʩ. 6. ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʫʛʦʚ 
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ʀʟʤʝʨʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʰʣʠʬʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʦʠʟʚʦʜʠʣʠ ʥʘ 

ʧʨʦʬʠʣʦʛʨʘʬʝ-ʧʨʦʬʠʣʦʤʝʪʨʝ ɸɹʈʀʉ-ʇʄ07, ʘ ʪʘʢʞʝ ʥʘ ʦʧʪʠʯʝʩʢʦʤ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʝ ʤʦʜʝʣʠ Zygo New View 7300 c ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʟʫʯʝʥʠʝʤ 

ʭʘʨʘʢʪʝʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ (ʈʕʄ) ʤʦʜʝʣʠ 

Carl Zeiss EVO 50 XVP. ɿʘʤʝʨʳ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʷʪʠ ʩʣʫʯʘʡʥʳʭ 

ʧʦʣʦʞʝʥʠʷʭ ʦʙʨʘʟʮʦʚ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʝʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ. 

ʄʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʡ ʧʨʠ 

ʰʣʠʬʦʚʘʥʠʠ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʦʜʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʘʞʥʘʷ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʧʨʠʥʘʜʣʝʞʠʪ ʪʘʢʠʤ ʜʝʬʝʢʪʘʤ, ʢʘʢ ʧʦʨʳ. ʅʘ ʩʥʠʤʢʝ (ʨʠʩ. 7), ʧʦʣʫʯʝʥʥʦʤ 

ʥʘ ʈʕʄ, ʚʠʜʥʦ, ʯʪʦ ʪʠʧʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʘʟʤʝʥʥʦ-ʥʘʧʳʣʝʥʥʦʛʦ ʧʦʢʨʳʪʠʷ 

ʧʦʩʣʝ ʰʣʠʬʦʚʘʥʠʷ ʦʙʣʘʜʘʝʪ ʦʪʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʴʶ. ʅʘ ʪʠʧʦʚʦʡ 

ʧʨʦʬʠʣʦʛʨʘʤʤʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ. 8, ʦʪʯʝʪʣʠʚʦ ʚʠʜʝʥ 

çʧʨʦʚʘʣè, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʥʘʣʠʯʠʝʤ ʧʦʨʳ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʨʠ ʠʟʤʝʨʝʥʠʠ 

ʪʘʢʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʥʘ ʧʨʦʬʠʣʦʛʨʘʬʝ-ʧʨʦʬʠʣʦʤʝʪʨʝ ʘʣʤʘʟʥʘʷ ʠʛʣʘ ʧʦʧʘʜʘʝʪ ʚ 

ʧʦʨʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʥʝʜʦʩʪʦʚʝʨʥʳʭ (ʟʘʚʳʰʝʥʥʳʭ) ʨʝʟʫʣʴʪʘʪʦʚ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ 

ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ çɸʥʘʣʠʟ ʠ ʦʙʨʘʙʦʪʢʘ ʧʨʦʬʠʣʦʛʨʘʤʤ ʠ 

ʦʩʮʠʣʣʦʛʨʘʤʤè, ʚ ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʦʚʘʥʘ ʟʘʜʘʯʘ ʧʦ ʧʝʨʝʩʯʝʪʫ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

(ʨʠʩ. 9,ʘ), ʧʦʟʚʦʣʷʶʱʘʷ ʠʩʢʣʶʯʠʪʴ ʫʯʘʩʪʢʠ ʧʨʦʬʠʣʦʛʨʘʤʤʳ ʚ ʩʣʫʯʘʝ 

ʧʨʠʩʫʪʩʪʚʠʷ ʥʘ ʥʠʭ ʧʦʨ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʚʦ ʚʢʣʘʜʢʝ çʇʝʨʝʩʯʝʪ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠè. 

ʅʘ ʧʨʦʬʠʣʦʛʨʘʬʝ-ʧʨʦʬʠʣʦʤʝʪʨʝ ɸɹʈʀʉ-ʇʄ7 ʚʳʧʦʣʥʷʣʦʩʴ ʠʟʤʝʨʝʥʠʝ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʥʘ ʰʣʠʬʦʚʘʥʥʦʤ ʦʙʨʘʟʮʝ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ 

ʢʦʤʧʴʶʪʝʨʝ. ʉ ʧʦʤʦʱʴʶ ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ ʧʨʦʛʨʘʤʤʳ ʠ ʚʩʪʨʦʝʥʥʦʛʦ ʚ ʥʝʸ 

ʢʦʥʚʝʨʪʝʨʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦʩʪʨʦʝʥʠʝ ʧʨʦʬʠʣʦʛʨʘʤʤʳ ʚ ʚʝʨʭʥʝʡ ʛʨʘʬʠʯʝʩʢʦʡ 

ʟʦʥʝ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʨʘʩʯʝʪʦʤ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦ ʢʨʠʪʝʨʠʶ Ra (ʨʠʩ. 9,ʘ). 

ɿʘʪʝʤ ʫʢʘʟʘʪʝʣʝʤ ʤʳʰʠ ʦʪʤʝʯʘʣʠʩʴ ʫʯʘʩʪʢʠ ʧʨʦʬʠʣʦʛʨʘʤʤʳ, ʥʘ ʢʦʪʦʨʳʭ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʨʳ. ʇʦʩʣʝ ʚʳʜʝʣʝʥʠʷ ʚʩʝʭ ʪʘʢʠʭ ʫʯʘʩʪʢʦʚ ʚʳʧʦʣʥʷʣʦʩʴ 

ʧʦʩʪʨʦʝʥʠʝ ʥʦʚʦʡ ʧʨʦʬʠʣʦʛʨʘʤʤʳ ʚ ʥʠʞʥʝʡ ʛʨʘʬʠʯʝʩʢʦʡ ʟʦʥʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʝʨʝʩʯʝʪʦʤ ʧʘʨʘʤʝʪʨʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦ Ra (ʨʠʩ. 9,ʘ). 

 

 

ʈʠʩ. 7. ʇʦʚʝʨʭʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʧʦʩʣʝ ʰʣʠʬʦʚʘʥʠʷ 
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ʈʠʩ. 8. ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʷ ʧʦʩʣʝ ʰʣʠʬʦʚʘʥʠʷ 
 

ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʚʠʜ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʩʦʭʨʘʥʷʪʴ 

ʧʨʦʠʟʚʝʜʝʥʥʳʝ ʟʘʤʝʨʳ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʩ ʩʦʨʪʠʨʦʚʢʦʡ ʢʦʤʙʠʥʘʮʠʠ ʧʘʨʳ 

ʘʙʨʘʟʠʚʥʳʡ ʢʨʫʛ ï ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʤʘʪʝʨʠʘʣ (ʨʠʩ. 9,ʙ). 
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ʈʠʩ. 9. ɺʥʝʰʥʠʡ ʚʠʜ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ:  

ʘ ï ʚʢʣʘʜʢʘ çʇʝʨʝʩʯʝʪ ʰʝʨʦʭʦʚʘʪʦʩʪʠè; ʙ ï ʚʢʣʘʜʢʘ çʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚè - 

çʐʝʨʦʭʦʚʘʪʦʩʪʴ ʦʙʨʘʙʦʪʘʥʥʳʭ ʜʝʪʘʣʝʡè 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʚʳʙʨʘʥʥʳʝ  ʥʝʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʰʣʠʬʦʚʘʥʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʠʟʤʝʥʝʥʠʷ ʚʳʙʨʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʝʢʪʠʥʝ ʚʝʣʠʢʘ [1]. ʆʜʥʦ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ï ʙʦʣʝʝ 

ʰʠʨʦʢʦʝ ʚʦʚʣʝʯʝʥʠʝ ʚ ʧʝʨʝʨʘʙʦʪʢʫ ʚʪʦʨʠʯʥʳʭ ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ. ʇʨʠ 

ʧʝʨʝʨʘʙʦʪʢʝ ʧʣʦʜʦʚʦ-ʷʛʦʜʥʦʛʦ ʩʳʨʴʷ ʣʦʛʠʯʝʩʢʠʤ ʟʘʚʝʨʰʝʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʭʦʜʦʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʝʢʪʠʥʘ, ʧʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦ ʚʦʟʦʙʥʦʚʣʝʥʠʝ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ.  

ʉʫʱʝʩʪʚʫʝʪ ʨʘʟʣʠʯʠʝ ʚ ʪʝʭʥʦʣʦʛʠʠ ʠʟʚʣʝʯʝʥʠʷ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʤʝʞʜʫ 

ʚʳʞʠʤʢʘʤʠ ʚʠʰʥʠ ʠ ʞʦʤʦʤ ʧʣʦʜʦʚʦ-ʷʛʦʜʥʦʛʦ ʩʳʨʴʷ. ɺ ʢʦʩʪʦʯʢʦʚʳʭ ʢʫʣʴʪʫʨʘʭ 

ʪʘʢʠʭ, ʢʘʢ ʚʠʰʥʷ, ʩʦʜʝʨʞʠʪʩʷ ʚʝʱʝʩʪʚʦ ʘʤʠʛʜʘʣʠʥ, ʢʦʪʦʨʦʝ ʚ ʦʨʛʘʥʠʟʤʝ 

ʯʝʣʦʚʝʢʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʩʠʥʠʣʴʥʫʶ ʢʠʩʣʦʪʫ. ɺ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʜʘʥʥʘʷ 

ʢʠʩʣʦʪʘ ʚʳʟʳʚʘʝʪ ʦʪʨʘʚʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʬʨʘʢʮʠʦʥʥʦʛʦ 

ʩʦʩʪʘʚʘ ʚʳʞʠʤʦʢ ʚʠʰʥʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 1. 

ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʙʦʣʝʝ 70% ʚʳʞʠʤʦʢ ʚʠʰʥʠ 

ʩʦʩʪʘʚʣʷʶʪ ʢʦʩʪʦʯʢʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʫʜʘʣʝʥʳ ʧʝʨʝʜ ʵʢʩʪʨʘʢʮʠʝʡ. 

ʇʝʢʪʠʥ ʧʦʣʫʯʘʣʠ ʠʟʚʝʩʪʥʳʤ ʩʧʦʩʦʙʦʤ ʵʢʩʪʨʘʢʮʠʝʡ 0,5 %-ʥʳʤ ʨʘʩʪʚʦʨʦʤ 

ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʦʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʩʘʞʜʝʥʠʝʤ ʛʠʜʨʦʣʠʟʘʪʘ ʵʪʠʣʦʚʳʤ 

ʩʧʠʨʪʦʤ. ʇʦʣʫʯʝʥʥʳʡ ʧʝʢʪʠʥ ʦʪʜʝʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. 

ɺ ʞʦʤʝ ʚʠʰʥʠ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʝʢʪʠʥʦʚʳʭ 

ʚʝʱʝʩʪʚ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʠʣʦ 0,34%. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʨʘʚʥʠʣʠ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʙʳʣ ʨʘʩʩʯʠʪʘʥ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʭʦʜʘ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʠʟ ʩʳʨʴʷ ʚ ʦʙʨʘʟʝʮ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʧʝʨʝʭʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 85% ʜʣʷ ʞʦʤʘ ʚʠʰʥʠ. 

 

 
ʈʠʩ. 1. ʌʨʘʢʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʚʳʞʠʤʦʢ ʚʠʰʥʠ 
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ɼʣʷ ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʧʝʢʪʠʥʘ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʩʦʛʣʘʩʥʦ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʝʢʪʠʥʘ ʠʟ ʚʳʞʠʤʦʢ ʚʠʰʥʠ 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣ ɹ

ʨʅ 

ʄ.ʜ. 

ʚʣʘʛʠ, 

W, % 

ʄ.ʜ.ʧʝʢʪʦ- 

ʚʦʡ 

ʢʠʩʣʦʪʳ, 

ʇʢ, % 

ʄ.ʜ. ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, % ʄ.ʜ. 

ʘʮʝʪʠʣʴʥʳʭ 

ʛʨʫʧʧ, % ʩʚʦʙʦʜʥʳʝ ʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʳʝ 

3,2Ñ0,1 5,3Ñ0,1 27,60Ñ0,05 1,17Ñ0,1 2,16Ñ0,1 0,001Ñ0,002 

 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʦʙʨʘʟʝʮ ʧʝʢʪʠʥʘ ʠʟ ʚʳʞʠʤʦʢ ʚʠʰʥʠ  

ʦʙʣʘʜʘʝʪ ʩʨʝʜʥʝʡ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʧʝʢʪʦʚʦʡ ʢʠʩʣʦʪʳ, ʨʅ ʠ ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʪʠʚʥʳʤ ʥʦʨʤʘʤ. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʘʮʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʤʘʣʘ 

ʩʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʮʝʪʠʣʴʥʦʝ ʯʠʩʣʦ ʢʦʣʝʙʣʝʪʩʷ ʚ 

ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ: ʦʪ ʩʦʪʳʭ ʜʦʣʝʡ ʧʨʦʮʝʥʪʘ ʜʦ 2,5%. 

ʇʨʠʩʫʪʩʪʚʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʮʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʚʣʠʷʝʪ ʥʘ ʩʥʠʞʝʥʠʝ 

ʞʝʣʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʝʢʪʠʥʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʜʣʷ ʧʝʢʪʠʥʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʫʩʪʘʥʦʚʣʝʥʳ  

ʜʦʧʫʩʪʠʤʳʝ ʧʨʝʜʝʣʳ ʩʦʜʝʨʞʘʥʠʷ ʘʮʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʜʣʷ ʩʪʫʜʥʝʦʙʨʘʟʫʶʱʝʛʦ 

ʧʝʢʪʠʥʘ ï ʥʝ ʙʦʣʝʝ 1%. ɼʘʥʥʳʡ ʦʙʨʘʟʝʮ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʝ. 

ʉʪʝʧʝʥʴ ʵʪʝʨʠʬʠʢʘʮʠʠ ʧʝʢʪʠʥʘ ï ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʆʥ ʥʦʨʤʠʨʫʝʪʩʷ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 29186ï91 [3]. ɽʩʣʠ ʫ 

ʦʙʨʘʟʮʘ ʧʝʢʪʠʥʘ ʩʪʝʧʝʥʴ ʵʪʝʨʠʬʠʢʘʮʠʠ ʙʦʣʴʰʝ 50%, ʦʥ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʦʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʳʤ. ɺ ɻʆʉʊ 29186ï91 ʫʢʘʟʳʚʘʶʪʩʷ ʪʠʧʳ ʧʝʢʪʠʥʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʵʪʝʨʠʬʠʢʘʮʠʠ: 1. ʊʠʧ ɸ ʥʝ ʤʝʥʝʝ 70%; ʪʠʧ ɹ ï 67-69 %; 

ʠ ʢ ʪʠʧʫ ɺ ï 60-66 % ï ʦʪʥʦʩʠʪʩʷ ʧʝʢʪʠʥ ʠʟ ʚʠʰʥʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʥʥʳʡ 

ʧʝʢʪʠʥ, ʦʙʣʘʜʘʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʵʪʝʨʠʬʠʢʘʮʠʠ, ʩʧʦʩʦʙʝʥ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʩʪʦʡʢʠʡ ʛʝʣɹ.  

ʊʘʢʞʝ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʟʦʣʴʥʦʩʪʴ ʦʙʨʘʟʮʘ ʧʝʢʪʠʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʘʙʣʠʮʝʡ 2. 

ʊʘʙʣʠʮʘ 2 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʟʦʣʳ ʚ ʦʙʨʘʟʮʝ ʧʝʢʪʠʥʘ ʠʟ ʚʳʞʠʤʦʢ ʚʠʰʥʠ 

ɺʠʜ ʩʳʨʴʷ 
ʄ.ʜ. ʦʙʱʝʡ ʟʦʣʳ, ɿ, 

% 

ʂʦʣʠʯʝʩʪʚʦ ʟʦʣʳ, ʥʝ ʨʘʩʪʚʦʨʠʤʦʡ 

ʚ 10%-ʡ ʅʉl, ɿʥ, % 

ɺʠʰʥʷ 1,27Ñ0,01 0,597Ñ0,005 

 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʦʣʴʥʦʩʪʴ ʥʝ ʧʨʝʚʳʰʘʝʪ 2%, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʜʘʥʥʳʡ ʦʙʨʘʟʝʮ ʤʘʣʦʟʦʣʴʥʳʡ. 

ʊʘʢ ʢʘʢ ʧʦʣʫʯʝʥʥʳʡ ʧʝʢʪʠʥ ʠʤʝʝʪ ʦʢʨʘʰʠʚʘʥʠʝ, ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʥʪʦʮʠʘʥʦʚ. 
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ʊʘʙʣʠʮʘ 3 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʥʪʦʮʠʘʥʦʚ ʚ ʧʝʢʪʠʥʝ ʠʟ ʚʳʞʠʤʦʢ ʚʠʰʥʠ 

ɺʠʜ ʩʳʨʴʷ 
ʉʦʜʝʨʞʘʥʠʝ ʘʥʪʦʮʠʘʥʦʚ, % ʂʦʵʬʬʠʮʠʝʥʪ 

ʧʝʨʝʭʦʜʘ, % ʚ ʚʳʞʠʤʢʘʭ ʚ ʧʝʢʪʠʥʝ 

ɺʠʰʥʷ 0,223 0,138 62 

 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʙʦʣʝʝ 50% ʢʨʘʩʷʱʠʭ ʚʝʱʝʩʪʚ ʠʟ 

ʚʳʞʠʤʦʢ ʧʝʨʝʭʦʜʠʪ ʚ ʧʝʢʪʠʥ. 

ʊʘʢʞʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ. 

ʇʝʢʪʠʥ ʠʟ ʚʠʰʥʠ ʠʤʝʣ ʷʨʢʦ-ʢʨʘʩʥʳʡ ʮʚʝʪ, ʩʣʘʜʢʦʚʘʪʳʡ ʟʘʧʘʭ ʠ ʚʢʫʩ.  

ɿʘʪʝʤ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʞʝʣʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʟʮʘ ʧʝʢʪʠʥʘ. 

ɾʝʣʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ï ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʏʝʤ ʚʳʰʝ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ, ʪʝʤ ʫʩʪʦʡʯʠʚʝʝ ʙʫʜʝʪ ʞʝʣʝ ʠʟ 

ʧʝʢʪʠʥʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʛʦʪʦʚʳʡ ʧʨʦʜʫʢʪ ʙʫʜʝʪ ʧʨʠʚʣʝʢʘʪʝʣʴʥʝʝ ʜʣʷ 

ʧʦʢʫʧʘʪʝʣʷ, ʪʘʢ ʢʘʢ ʦʥ ʙʫʜʝʪ ʠʤʝʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʬʦʨʤʫ, ʢʦʪʦʨʘʷ ʫʩʪʦʡʯʠʚʘ ʢ 

ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ.  

ɼʘʥʥʳʡ ʦʙʨʘʟʝʮ ʠʟ ʚʳʞʠʤʦʢ ʚʠʰʥʠ ʠʤʝʝʪ ʢʫʙʠʯʝʩʢʫʶ ʬʦʨʤʫ ʩ ʯʝʪʢʠʤ 

ʢʦʥʪʫʨʦʤ. ʉʦʭʨʘʥʷʝʪ ʧʦʩʪʦʷʥʥʫʶ ʬʦʨʤʫ ʠ ʦʙʲʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 2. 

 

 

ʈʠʩ. 2. ʌʦʪʦʛʨʘʬʠʷ ʦʙʨʘʟʮʘ ʞʝʣʝ ʧʝʢʪʠʥʘ ʠʟ ʚʳʞʠʤʦʢ ʚʠʰʥʠ 

 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʠʩʧʳʪʘʥʠʡ ʞʝʣʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʛʣʘʩʥʦ ʪʘʙʣʠʮʝ 4. 

ʊʘʙʣʠʮʘ 4 

ʈʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʘ ʧʝʢʪʠʥʘ ʠʟ ʚʳʞʠʤʦʢ ʚʠʰʥʠ 

ʆʙʨʘʟʝʮ ʧʝʢʪʠʥʘ 
ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ 

ʚʷʟʢʦʩʪʴ, [ɖ], ʇʘĀʩ 10
-3
 

ʄʦʣʷʨʥʘʷ 

ʤʘʩʩʘ, ʄ, 

ʛ/ʤʦʣʴ 

ʉʨʝʜʥʷʷ 

ʩʪʝʧʝʥʴ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ɺʠʰʥʷ 9,44 73044,85 415 

 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ, 

ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʠ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʭʦʨʦʰʫʶ 

ʞʝʣʠʨʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʛʝʣʷ ʧʝʢʪʠʥʘ ʠʟ ʚʳʞʠʤʦʢ ʚʠʰʥʠ. 
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ɺʳʚʦʜʳ 

ʀʟ ʚʪʦʨʠʯʥʳʭ ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ ʧʠʱʝʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʞʦʤʘ ʷʛʦʜ 

ʚʠʰʥʠ ʙʳʣ ʚʳʜʝʣʝʥ ʧʝʢʪʠʥ, ʝʛʦ ʦʢʨʘʩʢʘ ʦʙʫʩʣʦʚʣʝʥʘ ʩʦʜʝʨʞʘʥʠʝʤ ʘʥʪʦʮʠʘʥʦʚ. 

ɼʘʥʥʳʡ ʧʝʢʪʠʥ, ʠʩʭʦʜʷ ʠʟ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʦʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʳʤ, ʝʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʩʪʫʜʥʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʟʝʬʠʨʘ, 

ʩʫʬʣʝ, ʤʘʨʤʝʣʘʜʘ, ʢʘʨʘʤʝʣʠ, ʧʘʩʪʠʣʳ, ʥʘʯʠʥʢʠ ʜʣʷ ʢʦʥʬʝʪ, ʢʨʝʤʦʚ, ʜʞʝʤʦʚ, 

ʢʦʥʩʝʨʚʠʨʦʚʘʥʥʳʭ ʬʨʫʢʪʦʚ, ʢʦʥʬʠʪʶʨʦʚ. ʊʘʢʞʝ ʢʘʢ ʩʪʘʙʠʣʠʟʘʪʦʨ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʙʝʟʘʣʢʦʛʦʣʴʥʳʭ ʥʘʧʠʪʢʦʚ ʠ ʢʫʧʘʞʠʨʦʚʘʥʠʠ ʩʦʢʦʚ ʩ ʤʷʢʦʪʴʶ, ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʦʨʦʞʝʥʦʛʦ, ʡʦʛʫʨʪʦʚ ʠ ʩʳʨʦʚ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʚʦʜʦʧʦʛʣʦʪʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. 
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ʩʦʝʜʠʥʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʦʙʨʘʟʦʚʘʥʠʝ ʶʚʝʥʠʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʩ 

ʥʝʥʘʩʳʱʝʥʥʳʤʠ ʩʚʷʟʷʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʪʦʤʦʚ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʧʨʦʠʩʭʦʜʠʪ 

ʤʛʥʦʚʝʥʥʦʝ ʩʭʚʘʪʳʚʘʥʠʝ ʤʝʪʘʣʣʦʚ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʩʪʘʚʥʳʭ ʠʟʜʝʣʠʡ ʩʦʚʤʝʩʪʥʳʤ ʧʣʘʩʪʠʯʝʩʢʠʤ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ ʟʘʛʦʪʦʚʦʢ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʦ ʚʷʟʢʦʝ ʨʘʟʨʫʰʝʥʠʝ. 

ɽʩʣʠ ʚ ʥʝʢʦʪʦʨʦʤ ʦʙʲʝʤʝ ʨʘʟʨʫʰʝʥʠʝ ʚʦʟʥʠʢʣʦ ʧʦʩʣʝ ʢʦʥʝʯʥʦʡ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʪʦ ʪʘʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʚʷʟʢʠʤ, ʘ ʚʝʣʠʯʠʥʘ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʦʮʝʥʠʚʘʝʪ ʩʪʝʧʝʥʴ ʚʷʟʢʦʩʪʠ. 

ʇʨʠ ʚʷʟʢʦʤ ʨʘʟʨʫʰʝʥʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʜʚʠʛʫ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ 

ʜʝʬʦʨʤʘʮʠʠ (ɝ, ʩ
-1
) ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ (Ů, %), ʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʩʜʚʠʛʫ ʧʨʠ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ [1]. 

 

† †Ͻ̆ Ͻ̑ (ʧʨʠ ɝ Ò ɝʜʦʧ),     (1) 

ʛʜʝ † ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʜʚʠʛʫ ʧʨʠ ʜʝʡʩʪʚʫʶʱʝʤ ʜʘʚʣʝʥʠʠ (ʨ), ʄʇʘ; 

† ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʜʚʠʛʫ ʧʨʠ ʨ=0, ʄʇʘ; 

ʨ ï ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ, ʄʇʘ; 

Ŭ ï ʬʫʥʢʮʠʷ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ. 

ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ (ɝʜʦʧ) ʤʦʞʝʪ 

ʚʦʟʥʠʢʥʫʪʴ ʥʝʞʝʣʘʪʝʣʴʥʦʝ ʷʚʣʝʥʠʝ: ʚʷʟʢʦʝ ʪʝʣʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʫʧʨʫʛʦʝ ʠʣʠ 

ʭʨʫʧʢʦʝ ʪʝʣʦ. 

ʆʙʨʘʟʫʶʱʠʝʩʷ ʤʠʢʨʦʥʘʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʤʝʥʝʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʦʛʫʪ ʟʘʣʝʯʠʚʘʪʴʩʷ ʧʫʪʝʤ ʜʝʬʦʨʤʘʮʠʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʭʚʘʪʳʚʘʥʠʷ ʘʪʦʤʥʳʭ ʩʣʦʝʚ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʨʫʰʝʥʠʷ, ʘ ʚ ʦʙʣʘʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʙʲʝʤʳ ʥʘʨʫʰʝʥʠʡ ʟʘʧʦʣʥʷʶʪʩʷ ʘʪʦʤʘʤʠ ʟʘ ʩʯʝʪ 

ʜʠʬʬʫʟʠʠ. 

ʏʝʤ ʠʥʪʝʥʩʠʚʥʝʝ ʧʨʦʪʝʢʘʶʪ ʧʨʦʮʝʩʩʳ ʚʦʟʚʨʘʪʘ ʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʪʝʤ 

ʠʥʪʝʥʩʠʚʥʝʝ ʟʘʣʝʯʠʚʘʶʪʩʷ ʤʠʢʨʦʥʘʨʫʰʝʥʠʷ. 

ʉʢʦʨʦʩʪʴ ʚʷʟʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ 

ʫʨʘʚʥʝʥʠʶ [1]: 

ό̃Ȣ̑Ȣ ὈὩ ,      (2) 

ʛʜʝ ό̃Ȣ̑Ȣ ï ʩʢʦʨʦʩʪʴ ʚʷʟʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ; 

D ʠ d ï ʢʦʥʩʪʘʥʪʳ; 

ɣ ï ʩʪʝʧʝʥʴ ʨʘʟʨʫʰʝʥʠʷ; 

ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ, Áʉ. 

ɺʷʟʢʦʩʪʴ (W) ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʘ ʠ 

ʧʣʘʩʪʠʯʥʦʩʪʠ: 

W = f (ůs, ŭ), 

ʛʜʝ ůs - ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ, ʄʇʘ; 

ŭ ï ʧʦʢʘʟʘʪʝʣʴ ʧʣʘʩʪʠʯʥʦʩʪʠ, %. 

 

ɺ ʨʝʘʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʫʩʣʦʚʠʷʭ 

ʦʙʲʝʤʥʦʛʦ ʩʞʘʪʠʷ, ʨʘʟʨʫʰʝʥʠʝ ʚʳʟʳʚʘʶʪ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʘ 
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ʛʝʦʤʝʪʨʠʷ ʠʟʣʦʤʘ ʧʦʢʘʟʳʚʘʝʪ ʪʦʣʴʢʦ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ: ʚʷʟʢʦʝ, ʭʨʫʧʢʦʝ, 

ʚʷʟʢʦ-ʭʨʫʧʢʦʝ, ʭʨʫʧʢʦ-ʚʷʟʢʦʝ. 

ʇʨʠ ʩʦʝʜʠʥʝʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʟʘʛʦʪʦʚʦʢ ʧʣʘʩʪʠʯʝʩʢʠʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʧʨʦʮʝʩʩ ʦʩʫʱʝʩʪʚʣʷʶʪ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʦʜʥʦʡ ʠʟ 

ʟʘʛʦʪʦʚʦʢ, ʯʪʦ ʟʘ ʩʯʝʪ ʣʦʢʘʣʠʟʘʮʠʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʩʠʣ ʢʦʥʪʘʢʪʥʦʛʦ ʪʨʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʵʬʬʝʢʪʫ ʩʭʚʘʪʳʚʘʥʠʷ [2]. 

ɺ ʧʨʦʮʝʩʩʝ ʩʙʦʨʢʠ ʧʨʦʯʥʦʛʦ ʥʝʨʘʟʲʝʤʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʟʘʛʦʪʦʚʦʢ ʧʣʘʩʪʠʯʝʩʢʠʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʘʜʩʦʨʙʘʪʳ 

ʧʨʝʧʷʪʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ, ʠ ʚ ʧʨʦʮʝʩʩʝ ʩʙʣʠʞʝʥʠʷ 

ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʝ ʚʦʟʥʠʢʘʝʪ ʵʬʬʝʢʪʘ ʩʭʚʘʪʳʚʘʥʠʷ [2]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʨʘʟʚʠʪʠʝ ʧʝʨʚʳʭ ʜʚʫʭ ʩʪʘʜʠʡ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʨʘʟʲʝʤʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʠʯʝʤ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʯʥʳʭ ʩʚʷʟʝʡ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʯʘʩʪʦʪʦʡ ʚʳʭʦʜʘ ʜʠʩʣʦʢʘʮʠʡ ʚ ʟʦʥʫ ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ. 

ʇʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʤʝʪʘʣʣʘ ʝʩʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʚ 

ʢʦʪʦʨʦʤ ʚʝʜʫʱʘʷ ʨʦʣʴ ʧʨʠʥʘʜʣʝʞʠʪ ʥʘʧʨʘʚʣʝʥʥʦʡ ʩʘʤʦʜʠʬʬʫʟʠʠ ʠ ʜʠʬʬʫʟʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʅʝʦʙʨʘʪʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʠ 

ʥʘʨʫʰʝʥʠʝ ʩʚʷʟʝʡ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʪʝʣʘ ʦʪʥʦʩʪ̫ʩʷ ʢ ʯʠʩʣʫ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʧʣʘʩʪʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ ʚ 

ʧʨʦʮʝʩʩʝ ʩʙʦʨʢʠ ʟʘʛʦʪʦʚʦʢ. ɼʣʷ ʘʢʪʠʚʘʮʠʠ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʠʭ ʦʯʠʩʪʢʫ ʰʣʠʬʦʚʘʥʠʝʤ, ʦʙʜʠʨʢʦʡ, ʧʨʦʪʷʛʠʚʘʥʠʝʤ ʠ ʜʨʫʛʠʤʠ 

ʩʧʦʩʦʙʘʤʠ, ʪʨʝʙʫʶʱʠʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ, ʧʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʦ ʚʳʛʣʷʜʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʦʢʩʠʜʦʚ ʠ ʜʨʫʛʠʭ ʘʜʩʦʨʙʘʪʦʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ ʩʙʦʨʢʝ ʥʝʨʘʟʲʝʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʟʘʛʦʪʦʚʦʢ ʧʣʘʩʪʠʯʝʩʢʠʤ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʪʘʥʦʚʢʠ ʩ ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʝʤ [3] ʧʦʟʚʦʣʷʝʪ 

ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʩʙʦʨʢʠ ʟʘʛʦʪʦʚʦʢ ʠ ʩʦʩʪʘʚʥʳʭ ʠʟʜʝʣʠʡ ʚ ʭʦʜʝ ʠʭ 

ʩʦʚʤʝʩʪʥʦʛʦ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 1). 

ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʦʟʜʘʥʠʝʤ ʙʦʣʴʰʠʭ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʢʦʥʪʫʨʫ 

ʧʨʦʰʠʚʘʝʤʦʛʦ ʦʪʚʝʨʩʪʠʷ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʠʩʢʣʶʯʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʫʪʷʞʠʥʳ, ʪ.ʝ. 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʥʦʡ ʦʯʠʩʪʢʝ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪ ʨʘʟʣʠʯʥʳʭ 

ʘʜʩʦʨʙʘʪʦʚ, ʚʦ-ʚʪʦʨʳʭ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʘʣʝʯʠʚʘʥʠʶ ʤʠʢʨʦʥʘʨʫʰʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ 

ʧʦʣʫʯʝʥʠʷ ʩʦʩʪʘʚʥʦʛʦ ʠʟʜʝʣʠʷ. 

ʃʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʤʦʥʪʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ 10 ʠ ʚʢʣʶʯʘʝʪ ʦʙʦʡʤʫ 

6, ʤʘʪʨʠʮʫ 3, ʫʧʦʨʥʫʶ ʚʩʪʘʚʢʫ 5, ʧʫʘʥʩʦʥ 1 ʠ ʫʧʨʫʛʠʡ ʵʣʝʤʝʥʪ 8. 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʥʘʩʪʨʦʠʪʴ 

ʣʘʙʦʨʘʪʦʨʥʫʶ ʫʩʪʘʥʦʚʢʫ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʨʠʩʫʥʦʢ 1): 

1) ʚʚʠʥʯʠʚʘʝʤ ʨʝʛʫʣʠʨʦʚʦʯʥʳʡ ʚʠʥʪ 9 ʚ ʦʩʥʦʚʘʥʠʝ 10 ʜʦ ʫʪʦʧʘʥʠʷ 

ʥʠʞʥʝʛʦ ʪʦʨʮʘ ʚʠʥʪʘ ʥʘ 30 ʤʤ; 

2) ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʦʙʦʡʤʫ 6 ʩ ʟʘʟʦʨʦʤ ʩ ʦʩʥʦʚʘʥʠʝʤ 10 ʚ 30 ʤʤ, ʚʳʚʠʥʯʠʚʘʷ 

ʦʩʥʦʚʘʥʠʝ 10; 

3) ʩʪʘʚʠʤ ʚ ʦʙʦʡʤʫ 6 ʫʧʨʫʛʠʡ ʵʣʝʤʝʥʪ 8; 

4) ʦʧʫʩʢʘʝʤ ʚ ʦʙʦʡʤʫ 6 ʫʧʦʨʥʫʶ ʚʩʪʘʚʢʫ 5; 

5) ʚʚʠʥʯʠʚʘʝʤ ʤʘʪʨʠʮʫ 3 ʚ ʦʙʦʡʤʫ 6 ʥʘ 5 ʤʤ; 
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6) ʚʚʠʥʯʠʚʘʝʤ ʦʩʥʦʚʘʥʠʝ 10 ʜʦ ʚʳʙʦʨʘ ʟʘʟʦʨʘ ʤʝʞʜʫ ʧʨʫʞʠʥʦʡ 8 ʠ 

ʫʧʦʨʥʦʡ ʚʩʪʘʚʢʦʡ 5; 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʩʙʦʨʢʠ ʟʘʛʦʪʦʚʦʢ ʧʣʘʩʪʠʯʝʩʢʠʤ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ: 1 ï ʧʫʘʥʩʦʥ; 2 ï ʢʦʤʧʝʥʩʘʮʠʦʥʥʘʷ ʧʣʠʪʘ; 3 ï ʤʘʪʨʠʮʘ;  

4 ï ʛʦʣʦʚʥʘʷ ʟʘʛʦʪʦʚʢʘ; 5 ï ʫʧʦʨʥʘʷ ʚʩʪʘʚʢʘ; 6 ï ʦʙʦʡʤʘ; 7 ï ʩʪʝʨʞʥʝʚʘʷ 

ʟʘʛʦʪʦʚʢʘ; 8 ï ʫʧʨʫʛʠʡ ʵʣʝʤʝʥʪ; 9 ï ʨʝʛʫʣʠʨʦʚʦʯʥʳʡ ʚʠʥʪ; 10 ï ʦʩʥʦʚʘʥʠʝ 

ʫʩʪʘʥʦʚʢʠ; 11 - ʢʦʥʪʨʛʘʡʢʘ 

 

7) ʜʝʣʘʝʤ ʥʘ ʦʙʦʡʤʝ 6 ʤʝʪʢʫ, ʦʪ ʢʦʪʦʨʦʡ ʠʜʝʪ ʦʪʯʝʪ ʚʝʣʠʯʠʥʳ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʞʘʪʠʷ ʧʨʫʞʠʥʳ 8 ʥʘ ʚʝʣʠʯʠʥʫ 20 ʤʤ (ʵʪʫ ʚʝʣʠʯʠʥʫ 

ʚʘʨʴʠʨʫʝʤ); 

8) ʚʚʠʥʯʠʚʘʝʤ ʦʩʥʦʚʘʥʠʝ 10 ʥʘ ʚʝʣʠʯʠʥʫ 10-15 ʤʤ ʪʘʢ, ʯʪʦʙʳ ʪʦʨʝʮ 

ʩʪʝʨʞʥʝʚʦʡ ʟʘʛʦʪʦʚʢʠ 7 ʩʦʚʧʘʣ ʩ ʧʣʦʩʢʦʩʪʴʶ ʚʩʪʘʚʢʠ 5; 

9) ʩʪʘʚʠʤ ʫʩʪʘʥʦʚʢʫ ʥʘ ʧʣʠʪʫ ʧʨʝʩʩʘ; 

10) ʟʘʚʠʥʯʠʚʘʝʤ ʤʘʪʨʠʮʫ 2 ʜʦ ʫʧʦʨʘ ʩʦ ʚʩʪʘʚʢʦʡ 5, ʥʝ ʩʥʠʤʘʷ ʥʘʛʨʫʟʢʠ ʩ 

ʧʨʫʞʠʥʳ 8. 
 

 
 

ʈʠʩʫʥʦʢ 2 ï ʄʘʢʨʦʰʣʠʬ ʩʙʦʨʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʟʘʛʦʪʦʚʢʠ ʧʦʩʣʝ ʨʘʟʨʝʟʢʠ 

ʟʘʛʦʪʦʚʦʢ 
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ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʛʨʝʪʳʝ ʚ ʧʝʯʠ ʛʦʣʦʚʥʳʝ ʟʘʛʦʪʦʚʢʠ 4 ʠʟ 

ʩʪʘʣʠ 20ʍ13 ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 1100 Áʉ ʫʢʣʘʜʳʚʘʣʠ ʚ ʤʘʪʨʠʮʫ 3. ʇʦʩʣʝ ʵʪʦʛʦ ʚ 

ʪʝʯʝʥʠʝ 2-3 ʩʝʢʫʥʜ ʥʘ ʛʦʣʦʚʥʫʶ ʟʘʛʦʪʦʚʢʫ ʚʥʘʯʘʣʝ ʢʣʘʣʠ ʢʦʤʧʝʥʩʘʮʠʦʥʥʫʶ 

ʧʣʠʪʫ 2, ʟʘʪʝʤ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʚ ʤʘʪʨʠʮʝ 3 ʧʫʘʥʩʦʥ 1. 

ʇʦʩʣʝ ʵʪʦʛʦ ʧʫʩʢʘʣʠ ʧʨʝʩʩ ʠ ʜʘʚʣʝʥʠʝʤ 312,5 ʢʅ ʚʜʘʚʣʠʚʘʣʠ ʛʦʣʦʚʥʫʶ 

ʟʘʛʦʪʦʚʢʫ 4 ʚ ʩʪʝʨʞʥʝʚʫʶ ʟʘʛʦʪʦʚʢʫ 7 ʠʟ ʩʪʘʣʠ ʤʘʨʢʠ 45 ʥʘ ʫʩʪʘʥʦʚʣʝʥʥʫʶ 

ʚʝʣʠʯʠʥʫ 15 ʤʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʩʙʦʨʥʘʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʟʘʛʦʪʦʚʢʘ, ʛʦʪʦʚʘʷ ʢ 

ʩʦʚʤʝʩʪʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʧʣʦʱʘʜʠ ʪʝʧʣʦʦʙʤʝʥʥʦʡ 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɻʦʨʷʯʠʡ ʪʝʧʣʦʥʦʩʠʪʝʣʴ, ʪʝʧʣʦʦʙʤʝʥ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʦʪʜʘʯʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ. 

 

DEVELOPMENT ALGORITH M FOR CALCULAT ING THE HEAT 

EXCHANGE SURFACE AREA OF THE SPRAY ROTARY EVAPORATOR  

V.V. Gritsenko, K.V. Garkavaia 

Rubtsovsk Industrial Institute Altai State Technical named after I.I.Polzynov 
Abstract. This paper presents an algorithm for calculating the heat exchange surface area of the 

rotary spray evaporator. 
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ʉʨʝʜʠ ʰʠʨʦʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ 

ʘʧʧʘʨʘʪʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʜʝʘʣʢʦʛʦʣʠʟʘʮʠʠ, 

ʚʳʧʘʨʠʚʘʥʠʷ ʚʣʘʛʠ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʞʠʜʢʠʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʩʦʙʝʥʥʦ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʨʦʪʦʨʥʦʛʦ ʨʘʩʧʳʣʠʪʝʣʴʥʦʛʦ 

ʠʩʧʘʨʠʪʝʣʷ (ʈʈʀ), ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʂʝʤʊʀʇʇ ʥʘ ʢʘʬʝʜʨʝ çʄʘʰʠʥʳ ʠ 

ʘʧʧʘʨʘʪʳ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚè (ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʈʈʀ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1). ʄʥʦʛʦʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʘʥʥʦʛʦ 

ʘʧʧʘʨʘʪʘ ʜʦʢʘʟʘʣʠ ʝʛʦ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʠʟʢʫʶ ʫʜʝʣʴʥʫʶ 

ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʚʳʧʘʨʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ, ʥʦ ʥʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʚʝʩʴʤʘ ʚʝʩʦʤʘʷ ʧʨʦʙʣʝʤʘ, ʧʨʝʧʷʪʩʪʚʫʶʱʘʷ ʰʠʨʦʢʦʤʫ 

ʚʥʝʜʨʝʥʠʶ ʘʧʧʘʨʘʪʦʚ ʜʘʥʥʦʛʦ ʪʠʧʘ ʚ ʧʠʱʝʚʫʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ï ʵʪʦ 

ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʩʪʦʛʦ, ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʈʈʀ, ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʠʥʞʝʥʝʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʈʝʰʝʥʠʶ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ, ʘ ʪʦʯʥʝʝ ʝʝ ʯʘʩʪʠ ʚ ʧʣʘʥʝ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʨʘʟʤʝʨʘ 

ʧʣʦʱʘʜʠ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʈʈʀ, ʚʳʧʦʣʥʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ 

ʩʫʙʣʠʤʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʘʭ, ʧʦʩʚʷʱʝʥʘ 

ʜʘʥʥʘʷ ʨʘʙʦʪʘ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʧʨʦʱʝʥʠʝ ʧʨʦʮʝʜʫʨʳ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʈʈʀ ʩ ʪʨʝʙʫʝʤʳʤʠ ʠʩʭʦʜʷ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʆʙʝʩʧʝʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʨʘʩʯʝʪʘ. 

ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʧʣʦʱʘʜʠ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʦʪʦʨʥʦʛʦ 

ʨʘʩʧʳʣʠʪʝʣʴʥʦʛʦ ʠʩʧʘʨʠʪʝʣʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʷʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʚʳʧʦʣʥʷʝʤʳʭ ʜʝʡʩʪʚʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ ʬʠʟʠʯʝʩʢʠʭ 

ʚʝʣʠʯʠʥ (ʦʙʲʝʤʥʳʭ, ʤʘʩʩʦʚʳʭ, ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʭ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ), ʧʨʷʤʦ 

ʠʣʠ ʢʦʩʚʝʥʥʦ ʚʭʦʜʷʱʠʭ ʚ ʦʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʯʠ, ʠʟ ʢʦʪʦʨʦʛʦ ʚ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʠ ʚʳʨʘʞʘʝʪʩʷ ʠʩʢʦʤʘʷ ʧʣʦʱʘʜʴ. ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʩʣʝʜʫʶʱʠʡ ʧʦʨʷʜʦʢ ʨʘʩʯʝʪʘ: 

1 ɿʘʜʘʝʤʩʷ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʩʯʝʪʘ, ʵʪʦ: 

 

1.1 ʅʘʯʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ 

Gʅ ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʈʈʀ (ʧʦʜʘʯʘ) ʧʦ ʥʘʯʘʣʴʥʦʤʫ (ʠʩʭʦʜʥʦʤʫ) ʩʳʨʴʶ, ʢʛ/ʩ. 

Gɺ.ʅ = Gɺ.ʂ ï ʤʘʩʩʦʚʘʷ ʧʦʜʘʯʘ (ʨʘʩʭʦʜ) ʛʨʝʶʱʝʛʦ ʘʛʝʥʪʘ (ʚʦʜʳ), ʢʛ/ʩ. 

Vɺ.ʅ ï ʦʙʲʝʤʥʘʷ ʧʦʜʘʯʘ (ʨʘʩʭʦʜ) ʛʨʝʶʱʝʛʦ ʘʛʝʥʪʘ (ʚʦʜʳ) ʥʘ ʚʭʦʜʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ tɺ.ʅ, ʢʛ/ʩ. 

Vɺʆɿɼ = 0,074ÖVɺʅ ï ʦʙʲʝʤʥʘʷ ʧʦʜʘʯʘ (ʨʘʩʭʦʜ) ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ ʚ ʘʧʧʘʨʘʪ. 

ʉʉɺ.ʅ ï ʩʦʜʝʨʞʘʥʠʝ (ʢʦʥʮʝʥʪʨʘʮʠʷ) ʩʫʭʠʭ ʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ ʚ ʥʘʯʘʣʴʥʦʤ 

(ʠʩʭʦʜʥʦʤ) ʧʨʦʜʫʢʪʝ, % ʤʘʩʩ. 

rʅ ï ʧʣʦʪʥʦʩʪʴ ʥʘʯʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʢʛ/ʤ
3
. 

rɺ.ʂ ï ʧʣʦʪʥʦʩʪʴ ʛʨʝʶʱʝʛʦ ʘʛʝʥʪʘ (ʚʦʜʳ) ʥʘ ʚʭʦʜʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ tɺ.ʅ, ʢʛ/ʤ
3
. 

mʅ ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʥʘʯʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʇʘÖʩ. 

sʅ ï ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʥʘʯʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʅ/ʤ. 

ʩʅ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʥʘʯʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ, ɼʞ/(ʢʛÖʂ). 

ʩɺ.ʅ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʛʨʝʶʱʝʛʦ ʘʛʝʥʪʘ (ʚʦʜʳ) ʥʘ ʚʭʦʜʝ, ɼʞ/(ʢʛÖʂ). 
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ʈʠʩʫʥʦʢ 1 ï ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʈʈʀ 

 

lʅ ï ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʥʘʯʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ, ɺʪ/(ʤÖʂ). 

tɺ.ʅ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʥʘ ʚʭʦʜʝ ʚ ʘʧʧʘʨʘʪ, ʉ̄. 
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tʇ.ʅ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʫʢʪʘ ʥʘ ʚʭʦʜʝ ʚ ʘʧʧʘʨʘʪ, ʉ̄. 

Qʅ ï ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʚʚʦʜʠʤʦʡ ʚ ʧʨʦʮʝʩʩ ʩ ʥʘʯʘʣʴʥʳʤ ʧʨʦʜʫʢʪʦʤ, ɺʪ. 

Qɺ.ʅ ï ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʚʚʦʜʠʤʦʡ ʚ ʧʨʦʮʝʩʩ ʩ ʛʨʝʶʱʠʤ ʘʛʝʥʪʦʤ (ʚʦʜʦʡ), ɺʪ. 

p ï ʘʙʩʦʣʶʪʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʘʧʧʘʨʘʪʝ, ʢʇʘ. 

 

1.2 ʂʦʥʝʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ 

Gʂ ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʈʈʀ ʧʦ ʢʦʥʝʯʥʦʤʫ ʧʨʦʜʫʢʪʫ, ʢʛ/ʩ. 

Gʂʆʅɼ ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʈʈʀ ʧʦ ʚʳʧʘʨʝʥʥʦʤʫ ʚʝʱʝʩʪʚʫ (ʢʦʥʜʝʥʩʘʪʫ), ʢʛ/ʩ. 

Gɺ.ʂ = Gɺ.ʅ ï ʧʦʜʘʯʘ (ʨʘʩʭʦʜ) ʛʨʝʶʱʝʛʦ ʘʛʝʥʪʘ (ʚʦʜʳ), ʢʛ/ʩ. 

Gʈ ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʠʩʧʝʨʛʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʨʘʩʧʳʣʠʪʝʣʷ, ʢʛ/ʩ; 

ʉʉɺ.ʂ ï ʩʦʜʝʨʞʘʥʠʝ (ʢʦʥʮʝʥʪʨʘʮʠʷ) ʩʫʭʠʭ ʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ ʚ ʢʦʥʝʯʥʦʤ 

ʧʨʦʜʫʢʪʝ, % ʤʘʩʩ. 

rʂ ï ʧʣʦʪʥʦʩʪʴ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ tʇ.ʂ, ʢʛ/ʤ
3
. 

rɺ.ʂ ï ʧʣʦʪʥʦʩʪʴ ʛʨʝʶʱʝʛʦ ʘʛʝʥʪʘ (ʚʦʜʳ) ʥʘ ʚʳʭʦʜʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ tɺ.ʂ, ʢʛ/ʤ
3
. 

mʂ ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʇʘÖʩ. 

sʂ ï ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʅ/ʤ. 

ʩʂ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, ɼʞ/(ʢʛÖʂ). 

ʩɺ.ʂ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʛʨʝʶʱʝʛʦ ʘʛʝʥʪʘ (ʚʦʜʳ) ʥʘ ʚʳʭʦʜʝ, ɼʞ/(ʢʛÖʂ). 

lʂ ï ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, ɺʪ/(ʤÖʂ). 

tɺ.ʂ ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʝʶʱʝʛʦ ʘʛʝʥʪʘ (ʚʦʜʳ) ʥʘ ʚʳʭʦʜʝ ʠʟ ʘʧʧʘʨʘʪʘ, ʉ̄. 

tʇ.ʂ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʫʢʪʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʘʧʧʘʨʘʪʘ, ʉ̄. 

tʂʆʅɼ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʘʨʘ (ʢʠʧʝʥʠʷ ʨʘʩʪʚʦʨʘ) ʥʘ ʚʳʭʦʜʝ ʠʟ ʘʧʧʘʨʘʪʘ, ʉ̄. 

Qʂ ï ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʚʳʚʦʜʠʤʦʝ ʠʟ ʧʨʦʮʝʩʩʘ ʩ ʢʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ, ɺʪ. 

Qʂʆʅɼ ï ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʚʳʚʦʜʠʤʦʝ ʠʟ ʧʨʦʮʝʩʩʘ ʩ ʚʳʧʘʨʝʥʥʳʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ 

(ʢʦʥʜʝʥʩʘʪʦʤ) , ɺʪ. 

Qɺ.ʂ ï ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʚʳʚʦʜʠʤʦʝ ʠʟ ʧʨʦʮʝʩʩʘ ʩ ʛʨʝʶʱʠʤ ʘʛʝʥʪʦʤ (ʚʦʜʦʡ), ɺʪ. 

Qʇʆʊ ï ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʧʦʪʝʨʷʥʥʦʝ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ɺʪ. 

rʂʆʅɼ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʜʝʥʩʘʪʘ, ɼʞ/ʢʛ. 

 

ʆʙʦʛʨʝʚ ʘʧʧʘʨʘʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʦʜʥʦ ï ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʴʶ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ tɺ.ʅ = 95é99 ʉ̄, ʩʦʦʪʥʦʰʝʥʠʝ ʚʦʟʜʫʭʘ ʠ ʚʦʜʳ ʚ ʩʤʝʩʠ 

ʩʦʩʪʘʚʣʷʝʪ Vɺʆɿɼ = 0,074ÖVɺʅ. 
 

2 ʉʦʩʪʘʚʣʷʝʤ ʤʘʪʝʨʠʘʣʴʥʳʡ ʙʘʣʘʥʩ ʧʨʦʮʝʩʩʘ 

î
î

ý

îî

ü

û

+=

Ö=Ö

ʂʆʅɼʂʅ

ʂʉɺʂʅʉɺʅ

GGGʩʠʩʪʝʤʝʚʩʝʡʧʦ

ʉGʉGʚʝʱʝʩʪʚʫʧʦʣʝʟʥʦʤʧʦ

:

: ..

.                               (1) 

3 ʀʟ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʦʧʨʝʜʝʣʷʝʤ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, 

ʧʦʜʣʝʞʘʱʝʛʦ ʚʳʧʘʨʠʚʘʥʠʶ: 

)1(
.

. -Ö=
ʂʉɺ

ʅʉɺ
ʂʂʆʅɼ
ʉ

ʉ
GG .                                           (2) 
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4 ʀʟ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʫʪʦʯʥʷʝʤ ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʥʘʯʘʣʴʥʦʛʦ 

ʧʨʦʜʫʢʪʘ: 

ʂʆʅɼʂʅ GGG += .                                               (3) 

5 ʆʧʨʝʜʝʣʷʝʤ ʥʝʦʙʭʦʜʠʤʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʧʝʨʝʜʘʯʠ 

ʉʈtʂ

Q
F

DÖ
= ,                                                     (4) 

ʛʜʝ Q ï ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʧʦʜʚʦʜʠʤʦʡ ʢ ʧʨʦʜʫʢʪʫ ʜʣʷ ʚʳʧʘʨʠʚʘʥʠʷ ʝʛʦ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ, ɺʪ; ʂ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ, ɺʪ/(ʤ
2
Öʂ); Dtʉʈ ï 

ʩʨʝʜʥʷʷ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʠ ʫʧʘʨʠʚʘʝʤʳʤ ʧʨʦʜʫʢʪʦʤ, ʉ̄
 
 

 

5.1 ʆʧʨʝʜʝʣʷʝʤ ʪʝʧʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ 

 

5.1.1 ʉʦʩʪʘʚʣʷʝʤ ʪʝʧʣʦʚʦʡ ʙʘʣʘʥʩ ʧʨʦʮʝʩʩʘ 

 

ʇʆʊʂɺʂʆʅɼʂʅɺʅ QQQQQQ +++=+ .. ,                           (5) 

ʠʟ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʤ: 

 

5.1.1.1 ʂʦʣʠʯʝʩʪʚʦ ʧʦʜʚʦʜʠʤʦʡ ʩ ʛʨʝʶʱʠʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʪʝʧʣʦʪʳ [1] 

 

ʅʇʆʊʂɺʂʆʅɼʂʅɺ QQQQQQ -+++= .. , (ɺʪ) ,                  (6) 

ʛʜʝ 

KKKʂ tcGQ = , (ɺʪ) ,                                               (7) 

ʂʆʅɼʂʆʅɼʂʆʅɼ rGQ = , (ɺʪ) ,                                          (8) 

ä
=

=

Ö=
ni

i

iiʂʆʅɼ rbr
1

, (ɼʞ/ʢʛ) ,                                                (9) 

ʛʜʝ ʜʣʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ r i ïʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ 

ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ i - ʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ t=(tʇ.ʅ + tʇ.ʂ)/2; bi ï 

ʤʘʩʩʦʚʘʷ ʜʦʣʷ i - ʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʢʦʥʜʝʥʩʘʪʝ. 

KɺKɺKɺʂɺ tcGQ .... =  , (ɺʪ) ,                                           (10) 

ʧʨʠʥʠʤʘʝʤ 

100/10)( Ö+= ʂʆʅɼʂʇʆʊ QQQ  , (ɺʪ) ,                                   (11) 

ʅʅʅʅ tcGQ =  , (ɺʪ) .                                                 (12) 

 

5.1.1.2 ʇʦʜʘʯʘ ʛʦʨʷʯʝʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʅɺʅɺ

ʅɺ
ʂɺʅɺ

tʩ

Q
GGʤʘʩʩʦʚʘʷ

..

.
..: ==  , (ʢʛ/ʩ) ;                          (13) 

ʅɺ

ʅɺ
ʅɺ

G
Vʦʙʲʝʤʥʘʷ

.

.
.:
r
=  , (ʤ

3
/ʩ) .                                           (14) 
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5.1.1.3 ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ Q, ʧʝʨʝʜʘʚʘʝʤʦʡ ʯʝʨʝʟ ʪʝʧʣʦʦʙʤʝʥʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʦʜʫʢʪʫ 

ʇʆʊʂɺʅɺ QQQQ --= ..  , (ɺʪ).                                   (15) 

5.2 ʆʧʨʝʜʝʣʷʝʤ ʫʩʨʝʜʥʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʂ[1]:  

21

11

1

al

d

a
++

=

ʉʊ

ʂ  ,                                              (16) 

ʛʜʝ a1 ʠ a2 ï ʫʩʨʝʜʥʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʦʪʜʘʯʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ ʢ ʧʨʦʜʫʢʪʫ ʠ ʦʪ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʢ ʩʪʝʥʢʝ, ɺʪ/(ʤ
2
Ŀʂ); d ï 

ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ, ʤ; lʉʊ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʩʪʝʥʢʠ, 

ɺʪ/(ʤĿʂ), ʜʣʷ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ lʉʊ = 40 ɺʪ/(ʤĿʂ). 

 

5.2.1 ʆʧʨʝʜʝʣʷʝʤ ʫʩʨʝʜʥʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʩʪʝʥʢʠ 

ʘʧʧʘʨʘʪʘ ʢ ʧʨʦʜʫʢʪʫ a1 [1] 

1

k

Nu

d

l
a

Ö
=  ,                                                   (17) 

ʛʜʝ Nu ï ʢʨʠʪʝʨʠʡ ʅʫʩʩʝʣʴʪʘ; ɚ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʦʜʫʢʪʘ, 

ɺʪ/(ʤĿʂ); dʂ ï ʫʩʨʝʜʥʝʥʥʳʡ ʜʠʘʤʝʪʨ ʢʘʧʝʣʴ ʚ ʬʘʢʝʣʝ ʨʘʩʧʳʣʘ, ʤ (ʧʦ ʜʘʥʥʳʤ 

ʠʩʪʦʯʥʠʢʘ [2] ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʥʠʤʘʪʴ dʂ = 0,0015 ʤ). 

 

5.2.1.1 ʂʨʠʪʝʨʠʡ ʅʫʩʩʝʣʴʪʘ ʦʧʨʝʜʝʣʷʝʤ ʧʦ ʬʦʨʤʫʣʝ [2, 3] 

,)(0075,0

476,0

5,039,069,00405,315,1

öö
÷

õ
ææ
ç

å
ÖÖÖÖÖÖ= ---

ʂ

K
ʇʃʎ

D

d
WeZKFrRʝPeNu       (18) 

ʛʜʝ ʈʝʎ ï ʮʝʥʪʨʦʙʝʞʥʳʡ ʢʨʠʪʝʨʠʡ ʇʝʢʣʝ; Reʇʃ ï ʧʣʝʥʦʯʥʳʡ ʢʨʠʪʝʨʠʡ 

ʈʝʡʥʦʣʴʜʩʘ; Fr ï ʢʨʠʪʝʨʠʡ ʌʨʫʜʘ; ʂ ï ʢʨʠʪʝʨʠʡ ʂʫʪʘʪʝʣʘʜʟʝ; We ï ʢʨʠʪʝʨʠʡ 

ɺʝʙʝʨʘ; dK/Dʂ ï ʩʠʤʧʣʝʢʩ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ; Z - ʢʨʘʪʥʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ. 

 

5.2.1.2 ʎʝʥʪʨʦʙʝʞʥʳʡ ʢʨʠʪʝʨʠʡ ʇʝʢʣʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [2, 3]:  

,/)( ʘdUPʝ ʂʂʎ Ö=                                             (19) 

ʛʜʝ UK ï ʩʢʦʨʦʩʪʴ ʧʦʣʝʪʘ ʢʘʧʝʣʴ, ʤ/ʩ; ʘ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʧʨʦʜʫʢʪʘ, ʘ = l/(ʩr), ʤ2
/ʩ. 

ʆʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʧʦʣʝʪʘ ʢʘʧʝʣʴ (ʠʩʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠʟ ʦʪʚʝʨʩʪʠʡ 

ʜʠʩʧʝʨʛʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ) ʧʦ ʬʦʨʤʫʣʘʤ [2, 3]: 

,ʤ/ʩ,;

;

2

..

2

0

22

0

î
î

ý

îî

ü

û

-ÖÖ=

Ö=

+=

ʇʉP

P

K

rRU

RU

UUU

wj

w

j

j

                                  (20) 

ʛʜʝ UK, U0 ʠ Uj ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʘʙʩʦʣʶʪʥʘʷ, ʦʢʨʫʞʥʘʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʤ/ʩ; w ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʳʣʠʪʝʣʷ, ʨʘʜ/ʩ; RP ï ʨʘʜʠʫʩ 
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ʜʠʩʧʝʨʛʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʤ; rʉ.ʇ. ï ʨʘʜʠʫʩ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʥʫʪʨʠ 

ʜʠʩʧʝʨʛʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʤ; j ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ j, ʧʦ ʜʘʥʥʳʤ ʠʩʪʦʯʥʠʢʘ [2], ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʧʨʠʥʠʤʘʪʴ ʨʘʚʥʳʤ: ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʨʘʩʧʳʣʠʪʝʣʝʡ ʩ ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ 

dʈ = (0,4é2,0)Öd0, j = 0,73; ʘ ʧʨʠ dʈ¢(0,3Öd0), j = 0,62. 

ʊʦʣʱʠʥʘ ʩʪʝʥʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ [2] ʠʟ ʚʳʨʘʞʝʥʠʷ:  

dʈ = (0,4é2,0)Ö d0 , ʤ,                                            (21) 

ʛʜʝ d0 ï ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ, ʤ (ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʠ [2] ʧʨʠʤʝʤ d0 = 0,002 ʤ). 

ʆʪʥʦʩʠʪʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ Uj, (ʤ/ʩ) ʚʳʨʘʟʠʤ ʠʟ ʚʳʨʘʞʝʥʠʷ [4]: 

,
172 28,075,0

35,033,054,0

H

HHO
K

U

d
d

m

sr

j ÖÖ

ÖÖ
=                                               (22) 

,
172

75,0
28,0

35,033,054,0

HK

HHO

d

d
U

m

sr
j

ÖÖ

ÖÖ
=                                            (23) 

ʋʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ w (ʨʘʜ/ʩ) ʚʳʨʘʟʠʤ ʠʟ (20): 

,
2

..

2

ʇʉP rR

U

-Ö
=
j

w j
                                             (24) 

ʘ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ n (ʦʙ/ʤʠʥ) ʙʫʜʝʪ: 

.
30

2

..

2

ʇʉP rR

U
n

-ÖÖ
=
jp

j
                                             (25) 

ʈʘʜʠʫʩ ʜʠʩʧʝʨʛʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʤ: 

,
2

p

p

D
R =                                                      (26) 

ɼʠʘʤʝʪʨ ʜʠʩʧʝʨʛʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʦ ʜʘʥʥʳʤ ʠʩʪʦʯʥʠʢʦʚ [2, 3], ʤ: 

,5,0 ʂp DD Ö=                                                   (27) 

ʛʜʝ Dʂ ï ʜʠʘʤʝʪʨ ʢʦʥʪʘʢʪʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [2, 3]: 

,
785,0

ʂ
ʂ

F
D =  ʤ,                                                  (28) 

ʛʜʝ Fʂ ï ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʤ
2
. 

ɼʠʘʧʘʟʦʥ ʫʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʈʈʀ ʧʦ ʞʠʜʢʦʡ ʬʘʟʝ ʧʨʠʥʠʤʘʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ 

[2]: 

Vʅ/Fʂ = (5é40)
.
10

-5
, ʤ

3
/(ʤ

2
Ŀʩ),                                (29) 

ʛʜʝ Vʅ = Gʅ Ö rʅ ï ʦʙʲʝʤʥʘʷ ʧʦʜʘʯʘ ʠʩʭʦʜʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʤ
3
/ʩ;  

ʆʧʨʝʜʝʣʷʝʤ ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʂʕ [2]: 

Fʂ = Vʅ / [(5é40)
.
10

-5
], ʤ

2
.                                     (30) 

ʈʘʜʠʫʩ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʥʫʪʨʠ ʜʠʩʧʝʨʛʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʤ: 

ʤ.,.. ʈʈʇʉ Rr d-=                                                  (31) 

ʀʟ ʚʳʨʘʞʝʥʠʷ (20) ʦʧʨʝʜʝʣʷʝʤ ʘʙʩʦʣʶʪʥʫʶ Uʂ, ʠ ʦʢʨʫʞʥʫʶ U0 ʩʢʦʨʦʩʪʠ 

ʞʠʜʢʦʩʪʠ, ʤ/ʩ; 
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5.2.1.3 ʇʣʝʥʦʯʥʳʡ ʢʨʠʪʝʨʠʡ ʈʝʡʥʦʣʴʜʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [2]: 

,Re
ʅ

ʂ

ʂʂʅ

ʈ
ʇʃ

d

Dd

G

nrp
Ö

ÖÖÖ
=                                            (32) 

ʛʜʝ Gʈ ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʠʩʧʝʨʛʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʨʘʩʧʳʣʠʪʝʣʷ, ʢʛ/ʩ; 

Dʂ ï ʜʠʘʤʝʪʨ ʢʦʥʪʘʢʪʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʤ; nʅ ï ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ 

ʥʘʯʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʤ
2
/ʩ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʠʩʧʝʨʛʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʝʤ ʧʦ ʬʦʨʤʫʣʝ: 

,ʤ,ʅʆʊɺʈ mnGG rxÖÖÖÖ=                                              (33) 

ʛʜʝ Gʆʊɺ ï ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ, ʧʨʠʭʦʜʷʱʠʡʩʷ ʥʘ ʦʜʥʦ ʦʪʚʝʨʩʪʠʝ 

ʜʠʩʧʝʨʛʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʤ
3
/ʩ; n ï ʢʦʣʠʯʝʩʪʚʦ ʨʷʜʦʚ ʦʪʚʝʨʩʪʠʡ ʚ 

ʜʠʩʧʝʨʛʠʨʫʶʱʝʤ ʫʩʪʨʦʡʩʪʚʝ, ʰʪ; m ï ʢʦʣʠʯʝʩʪʚʦ ʦʪʚʝʨʩʪʠʡ ʚ ʨʷʜʫ, ʰʪ.; x ï 
ʧʣʘʥʠʨʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʠʩʧʝʨʛʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ (ʩʝʢʮʠʡ ʘʧʧʘʨʘʪʘ). 

,
4

2

O
ʆʊɺ

d
UG
p

j=  ʤ
3
/ʩ.                                            (34) 

ʆʧʨʝʜʝʣʠʤ ʢʦʣʠʯʝʩʪʚʦ ʨʷʜʦʚ n ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʪʚʝʨʩʪʠʡ ʚ ʨʷʜʫ m. 

1) ɼʣʠʥʘ ʜʠʩʧʝʨʛʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʨʘʟʚʝʨʪʢʝ ʦʧʨʝʜʝʣʷʝʪʩʷ: 

,Pʈ DL Ö=p  ʤ.                                               (35) 

2) ɺʳʩʦʪʘ ʜʠʩʧʝʨʛʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ [2]: 

,54,0 Pʈ Dh Ö=  ʤ.                                               (36) 

ʇʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʠʩʪʦʯʥʠʢʘ [2] ʦʪʚʝʨʩʪʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʳ ʚ 

ʰʘʭʤʘʪʥʦʤ ʧʦʨʷʜʢʝ ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʷʜʘʤʠ ʠ ʩʪʦʣʙʮʘʤʠ ʦʪʚʝʨʩʪʠʡ 

ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ dO (ʨʠʩʫʥʦʢ 2). 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʦʧʨʝʜʝʣʷʝʤ ʢʦʣʠʯʝʩʪʚʦ ʦʪʚʝʨʩʪʠʡ: 

,1
2
-=

O

P

d

h
n  ʰʪ.,                                               (37) 

,1
2
-=

O

P

d

L
m  ʰʪ.                                               (38) 

ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ m ʠ n ʥʝʦʙʭʦʜʠʤʦ ʨʝʟʫʣʴʪʘʪʳ ʦʢʨʫʛʣʷʪʴ ʜʦ ʮʝʣʦʛʦ ʟʥʘʯʝʥʠʷ. 

 

5.2.1.4 ʂʨʠʪʝʨʠʡ ʌʨʫʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [2, 3]: 

,
2

ʂ

K

dg

U
Fr

Ö
=                                                   (39) 

ʛʜʝ g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʤ/ʩ
2
. 

 

5.2.1.5 ʅʘʭʦʜʠʤ ʢʨʠʪʝʨʠʡ ʂʫʪʘʪʝʣʘʜʟʝ [2, 3]: 

,
ʅ

ʂʆʅɼ

ʩ

r
ʂ

Ö
=
J

                                                    (40) 

J ï ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ 

ʨʘʩʪʚʦʨʘ, ʉ̄. 
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ʊʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘ ʩʣʝʜʫʝʪ ʧʨʠʥʷʪʴ ʨʘʚʥʦʡ tʅɸɻʈ=50 ʉ̄, 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʨʘʩʪʚʦʨʘ tʂʆʅɼ ʨʘʚʥʘ ʪʝʤʧʝʨʘʪʫʨʝ ʧʘʨʘ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʘʧʧʘʨʘʪʘ, ʦʥʘ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ ʫʧʘʨʠʚʘʝʤʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʘʙʩʦʣʶʪʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʨ ʚ ʘʧʧʘʨʘʪʝ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʧʨʘʚʦʯʥʳʤ ʪʘʙʣʠʮʘʤ ʠʣʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʨʘʟʚʝʨʪʢʠ ʜʠʩʧʝʨʛʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 

 

5.2.1.6 ʅʘʭʦʜʠʤ ʢʨʠʪʝʨʠʡ ɺʝʙʝʨʘ [2, 3]: 

 

.
ʅ

KKʅ dU
We

s

r ÖÖ
=                                              (41) 

 

5.2.1.7 ʂʨʘʪʥʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [2, 3]:  

.
ʅ

P

G

G
Z=                                                     (42) 

5.2.2 ʆʧʨʝʜʝʣʷʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʢ ʩʪʝʥʢʝ a2 

ʧʦ ʵʤʧʠʨʠʯʝʩʢʦʤʫ ʚʳʨʘʞʝʥʠʶ [3]: 

ɺʅɺʆɿɼ tV Ö+Ö--= 18,3033,1669,12962a  .                     (43) 

 

ɿʘʜʘʚʰʠʩʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ ʘʧʧʘʨʘʪʘ d (ʤ) ʠ ʧʦʜʩʪʘʚʠʚ ʚ 

ʚʳʨʘʞʝʥʠʝ (16) ʧʦʣʫʯʝʥʥʳʝ ʚʝʣʠʯʠʥʳ a1 ʠ a2, ʨʘʩʩʯʠʪʘʝʤ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ 

ʫʩʨʝʜʥʝʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʂ. 

 

5.2.3 ʆʧʨʝʜʝʣʷʝʤ ʩʨʝʜʥʶʶ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʠ 

ʫʧʘʨʠʚʘʝʤʳʤ ʧʨʦʜʫʢʪʦʤ Dtʉʈ ( ʉ̄ ʠʣʠ ʂ). 

 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ Dtʄ/Dtɹ<0,5, ʧʦʣʴʟʫʶʪʩʷ ʬʦʨʤʫʣʦʡ [5] 
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)/ln( ʄɹ

ʄɹ
CP

tt

tt
t

DD

D-D
=D  ,                                             (44) 

ʧʨʠ Dtɹ/Dtʄ²0,5 ʜʣʷ ʨʘʩʯʝʪʘ Dtʉʈ ʠʩʧʦʣʴʟʫʶʪ ʬʦʨʤʫʣʫ [5] 

2

ɹʄ
CP

tt
t

D+D
=D ,                                                  (45) 

ʧʨʠ Dtʄ/Dtɹ¢0,22 ʜʣʷ ʨʘʩʯʝʪʘ Dtʉʈ ʠʩʧʦʣʴʟʫʶʪ ʬʦʨʤʫʣʫ [5] 

)(1,0)(5,0 ʄɹʄɹʉʈ ttttt D-D-D-D=D ,                              (46) 

ʛʜʝ Dtɹ ʠ Dtʄ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʦʣʴʰʘʷ ʠ ʤʝʥʴʰʘʷ ʨʘʟʥʠʮʳ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʠ ʧʨʦʜʫʢʪʦʤ. ɼʣʷ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʩʪʨʦʠʤ ʩʭʝʤʫ ʧʨʦʮʝʩʩʘ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ (ʚ ʜʘʥʥʦʤ ʘʧʧʘʨʘʪʝ ʦʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʨʦʪʠʚʦʪʦʢʝ), ʨʠʩʫʥʦʢ 3: 

 

ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʈʈʀ 

 

Dtɹ ʠ Dtʄ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ [5] ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

.... ʂʇʅɺɹ ttt -=D ,                                                 (47) 

.... ʅʇʂɺʄ ttt -=D                                                  (48) 

ʇʦʜʩʪʘʚʠʚ ʧʦʣʫʯʝʥʥʦʝ ʧʦ ʬʦʨʤʫʣʘʤ (44), (45) ʠʣʠ (46) ʟʥʘʯʝʥʠʝ Dtʉʈ, ʘ ʪʘʢʞʝ 
ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʬʦʨʤʫʣʘʤ (15) ʠ (16) ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ Q ʠ ʂ ʚ ʚʳʨʘʞʝʥʠʝ (4), 

ʧʦʣʫʯʠʤ ʠʩʢʦʤʫʶ ʚʝʣʠʯʠʥʫ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʈʈʀ. 
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ɺʃʀʗʅʀɽ ʋʃʔʊʈɸɿɺʋʂɸ ʅɸ ʉɺʆʁʉʊɺɸ ʇɽʂʊʀʅʆɺʓʍ ɺɽʑɽʉʊɺ 

ʀ.ɽ. ʂʫʯʠʥ, ɽ.ɺ. ɸʚʝʨʴʷʥʦʚʘ, ɺ.ɸ. ʐʘʢʫʨʘ 

ɹʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ ʥʘ ʚʳʭʦʜ ʠ ʢʘʯʝʩʪʚʦ 

ʧʝʢʪʠʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʚʳʞʠʤʦʢ ʢʣʶʢʚʳ (Oxyc·ccus). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ 

ʦʙʨʘʙʦʪʢʘ ʩʳʨʴʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʘʢʮʠʠ, ʦʜʥʘʢʦ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʞʝʣʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʝʢʪʠʥʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʢʪʠʥ, ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʚʦʣʥʳ, ʚʳʞʠʤʢʠ ʢʣʶʢʚʳ. 

 

EFFECT OF ULTRASONIC WAVES ON THE PROPERTIES OF PECTIN  

I.E. Kuchin, E.V. Averyanova, V.A.Shakura  

Biysk Technological Institute (branch) of the Altay State Technical University 
Abstract. The article considers the influence of ultrasonic waves on total yield and quality of 

pectin in pulp of cranberries (Oxyc·ccus). It is found that ultrasonic treatment of the samples 

contributes to the intensification of the extraction process, but adversely affects on the ability of the 

pectin gelling. 

Keywords: Pectin, Ultrasonic waves, cranberry pomace. 

 

ʇʝʢʪʠʥʦʚʳʝ ʚʝʱʝʩʪʚʘ ï ʛʨʫʧʧʘ ʧʨʠʨʦʜʥʳʭ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʭ ʧʨʠʤʝʥʷʶʪ ʢʘʢ ʛʝʣʝʦʙʨʘʟʦʚʘʪʝʣʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʟʝʬʠʨʘ, 

ʤʘʨʤʝʣʘʜʘ, ʢʦʥʬʠʪʶʨʦʚ, ʜʞʝʤʦʚ, ʢʦʣʙʘʩʥʳʭ ʠʟʜʝʣʠʡ, ʩʦʢʦʚ, ʡʦʛʫʨʪʦʚ ʠ ʜʨʫʛʠʭ 

ʧʨʦʜʫʢʪʦʚ. ɺ ʤʝʜʠʮʠʥʝ ʠ ʬʘʨʤʘʮʝʚʪʠʢʝ ï ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʫʩʧʝʥʟʠʡ, ʛʝʣʝʡ, ʜʣʷ 

ʧʨʠʜʘʥʠʷ ʚʷʟʢʦʩʪʠ ʵʤʫʣʴʩʠʷʤ, ʩʚʷʟʳʚʘʥʠʷ ʠʦʥʦʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʣʝʯʝʥʠʷ 

ʨʘʥ, ʚʳʨʘʙʦʪʢʠ ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜ ʠ ʪ.ʜ. ɺ ʢʦʩʤʝʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʧʝʢʪʠʥʳ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʩʦʢ ʜʣʷ ʣʠʮʘ ʠ ʛʝʣʝʡ [1]. 

ɺ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʝʢʪʠʥʦʚʳʝ ʚʝʱʝʩʪʚʘ ʩʦʜʝʨʞʘʪʩʷ ʚ ʷʛʦʜʘʭ, 

ʬʨʫʢʪʘʭ, ʢʣʫʙʥʷʭ ʠ ʩʪʝʙʣʷʭ ʨʘʩʪʝʥʠʡ, ʛʜʝ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʧʝʨʚʠʯʥʦʡ ʢʣʝʪʦʯʥʦʡ 

ʩʪʝʥʢʝ ʠ ʩʦʝʜʠʥʝʥʳ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʩ ʚʦʣʦʢʥʘʤʠ ʮʝʣʣʶʣʦʟʳ ʠ ʨʷʜʦʤ 

ʜʨʫʛʠʭ ʛʝʪʝʨʦʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʛʝʤʠʮʝʣʣʶʣʦʟʘʤ. ʀʟ-ʟʘ 

ʘʩʩʦʮʠʘʮʠʠ ʧʝʢʪʠʥʘ ʩ ʮʝʣʣʶʣʦʟʦʡ, ʛʝʤʠʮʝʣʣʶʣʦʟʘʤʠ ʠ ʣʠʛʥʠʥʦʤ ʟʘʪʨʫʜʥʷʝʪʩʷ 

ʧʨʦʮʝʩʩ ʝʛʦ ʠʟʚʣʝʯʝʥʠʷ, ʧʦʵʪʦʤʫ ʤʝʪʦʜʳ ʵʢʩʪʨʘʢʮʠʠ, ʧʨʠʤʝʥʷʝʤʳʝ 

ʪʨʘʜʠʮʠʦʥʥʦ, ʜʣʠʪʝʣʴʥʳ ʠ ʪʨʫʜʦʸʤʢʠ [2, 3]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʠʥʪʝʨʝʩʥʳʤ ʨʘʩʩʤʦʪʨʝʪʴ ʷʚʣʝʥʠʝ ʢʘʚʠʪʘʮʠʠ 

ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ ʧʨʦʮʝʩʩʫ ʠʟʚʣʝʯʝʥʠʷ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʠʟ ʚʪʦʨʠʯʥʳʭ 

ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ ʷʛʦʜʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ, 

ʧʨʠʚʦʜʷʱʘʷ ʢ ʨʘʟʨʫʰʝʥʠʶ ʢʣʝʪʦʯʥʳʭ ʩʪʨʫʢʪʫʨ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ, ʯʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʣʝʛʯʘʝʪ ʠʭ ʚʳʜʝʣʝʥʠʝ [4]. 

ʊʨʘʜʠʮʠʦʥʥʘʷ çʢʠʩʣʦʪʥʦ-ʩʧʠʨʪʦʚʘʷè ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʧʝʢʪʠʥʘ ʠʟ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ: ʧʦʜʛʦʪʦʚʢʘ 

ʩʳʨʴʷ, ʛʠʜʨʦʣʠʟ ʨʘʩʪʠʪʝʣʴʥʦʡ ʤʘʩʩʳ, ʢʦʘʛʫʣʷʮʠʷ ʧʝʢʪʠʥʘ ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ 

ʠʣʠ ʩʦʣʷʤʠ ʤʝʪʘʣʣʦʚ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʤʳʚʢʦʡ ʦʩʘʜʢʘ 

ʩʧʠʨʪʦʤ, ʩʫʰʢʘ ʧʝʢʪʠʥʘ. 
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ɻʠʜʨʦʣʠʟ-ʵʢʩʪʨʘʢʮʠʷ ʧʝʢʪʠʥʩʦʜʝʨʞʘʱʝʡ ʙʠʦʤʘʩʩʳ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʤʠʥʝʨʘʣʴʥʳʤʠ, ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʠʩʣʦʪʘʤʠ ʠʣʠ ʠʭ ʢʦʤʙʠʥʘʮʠʝʡ, ʯʪʦ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʘʙʦʪʳ ʩ ʝʜʢʠʤʠ, ʘʛʨʝʩʩʠʚʥʳʤʠ ʘʛʝʥʪʘʤʠ, 

ʧʦʜʜʝʨʞʘʥʠʝʤ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʠʜʨʦʣʠʟʘ, ʚʳʧʦʣʥʝʥʠʝʤ ʞʝʩʪʢʠʭ 

ʪʨʝʙʦʚʘʥʠʡ ʦʭʨʘʥʳ ʪʨʫʜʘ. ɺʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʠʥʝʨʘʣʴʥʳʭ 

ʢʠʩʣʦʪ (ʘʟʦʪʥʘʷ, ʩʦʣʷʥʘʷ, ʩʝʨʥʘʷ), ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠʚʦʜʷʪ ʢ ʧʦʪʝʨʝ ʥʘʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʧʝʢʪʠʥʦʚʳʭ 

ʙʠʦʧʦʣʠʤʝʨʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʢ ʩʥʠʞʝʥʠʶ ʞʝʣʠʨʫʶʱʝʡ ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʢ ʥʝʚʳʩʦʢʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ ʠʟʚʣʝʯʝʥʠʷ ʧʝʢʪʠʥʦʚ [3]. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʷʚʣʝʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʢʘʚʠʪʘʮʠʠ (ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʝ ʠ ʜʘʣʴʥʝʡʰʝʝ ʩʭʣʦʧʳʚʘʥʠʝ ʧʫʟʳʨʴʢʦʚ ʧʘʨʘ ʚʥʫʪʨʠ 

ʵʢʩʪʨʘʛʠʨʫʝʤʦʡ ʞʠʜʢʦʩʪʠ) ʥʘ ʩʪʘʜʠʠ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʩʳʨʴʷ. 

ʉʳʨʴʝʤ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʠʩʴ ʚʳʞʠʤʢʠ ʢʣʶʢʚʳ. 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʚʳʞʠʤʦʢ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʘʧʧʘʨʘʪ ʩʝʨʠʠ çɺʦʣʥʘè, ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 400 ɺɸ, ʯʘʩʪʦʪʦʡ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ 22,00Ñ1,65 ʢɻʮ, ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʝ ʤʝʥʝʝ 10 ɺʪ/ʩʤ
2
 [5]. ʆʙʨʘʙʦʪʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʫʪʝʤ ʧʦʛʨʫʞʝʥʠʷ 

ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʧʦʩʪʦʷʥʥʦ ʧʝʨʝʤʝʰʠʚʘʝʤʫʶ 

ʤʘʩʩʫ ʩʳʨʴʷ. ɻʠʜʨʦʤʦʜʫʣʴ ʵʢʩʪʨʘʢʮʠʠ 1:10 (ʦʜʥʘ ʯʘʩʪʴ ʚʳʞʠʤʦʢ ʥʘ ʜʝʩʷʪʴ 

ʯʘʩʪʝʡ 0,5%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ). ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ 

ï ʦʪ 5 ʜʦ 20 ʤʠʥʫʪ, ʩ ʧʦʩʪʦʷʥʥʳʤ ʢʦʥʪʨʦʣʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʤʝʩʠ (ʥʝ ʙʦʣʝʝ 

70 
ʦ
ʉ). 

ʀʟ ʦʙʨʘʙʦʪʘʥʥʦʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʘʩʩʳ ʧʝʢʪʠʥ ʠʟʚʣʝʢʘʣʠ ʦʙʳʯʥʳʤ 

ʩʧʦʩʦʙʦʤ. ɺʳʭʦʜ ʠ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʝʢʪʠʥʘ ʩʨʘʚʥʠʣʠ ʩ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʨʘʟʮʦʚ ʧʝʢʪʠʥʘ 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʋɿ ʦʙʨʘʙʦʪʢʠ, ʤʠʥ. 

ʄ.ʜ. ʧʝʢʪʦʚʦʡ 

ʢʠʩʣʦʪʳ, % 

ʄ.ʜ. ʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʛʨʫʧʧ, % 
ɺʳʭʦʜ, % 

5 8,86Ñ0,05 4,00Ñ0,05 6,44Ñ0,1 

10 9,13Ñ0,05 3,73Ñ0,05 7,92Ñ0,1 

15 9,40Ñ0,05 3,51Ñ0,05 6,96Ñ0,1 

20 9,67Ñ0,05 3,19Ñ0,05 6,48Ñ0,1 

ʂʦʥʪʨʦʣʴʥʳʡ 

ʦʙʨʘʟʝʮ 
8,00Ñ0,05 4,90Ñ0,05 4,00Ñ0,1 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 1, ʧʨʦʮʝʩʩ ʧʨʝʜʧʦʜʛʦʪʦʚʢʠ ʩʳʨʴʷ ʤʝʪʦʜʦʤ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʚʳʭʦʜ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ. 

ʇʨʠ ʵʪʦʤ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ; ʚʳʭʦʜ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʴʥʳʤ ʦʙʨʘʟʮʦʤ ʫʚʝʣʠʯʠʚʘʣʩʷ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ. ʆʜʥʘʢʦ ʚʦʟʥʠʢʘʶʱʠʡ ʚ 



76 

 

ʵʢʩʪʨʘʛʠʨʫʝʤʦʡ ʞʠʜʢʦʩʪʠ ʵʬʬʝʢʪ ʢʘʚʠʪʘʮʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʛʠʜʨʦʣʠʟʫ ʵʬʠʨʥʳʭ 

ʩʚʷʟʝʡ ʚ ʤʦʣʝʢʫʣʝ ʧʝʢʪʠʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʤʘʩʩʦʚʦʡ ʜʦʣʠ 

ʧʝʢʪʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʩʥʠʞʝʥʠʶ ʩʪʝʧʝʥʠ ʵʪʝʨʠʬʠʢʘʮʠʠ ʦʙʨʘʟʮʦʚ ʧʝʢʪʠʥʘ, 

ʷʚʣʷʶʱʝʡʩʷ ʦʩʥʦʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʝʢʪʠʥʘ ʢʘʢ ʛʝʣʝʦʙʨʘʟʦʚʘʪʝʣʷ. 
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ɺʚʝʜʝʥʠʝ 

ɸʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ (ɸʆɸ) ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʠ ʧʦʧʫʣʷʨʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʱʝʩʪʚ, ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʪʦʨʦʡ 
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ʫʜʝʣʷʝʪʩʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʨʘʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ ʘʥʪʠʦʢʩʠʜʘʥʪʘ ï ʧʝʨʝʭʚʘʪ  

ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʢʣʝʪʢʝ ʞʠʚʦʛʦ ʦʨʛʘʥʠʟʤʘ ʠ ʩʧʦʩʦʙʥʳʭ ʘʪʘʢʦʚʘʪʴ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʝ ʤʠʰʝʥʠ, 

ʝʩʣʠ ʝʩʪʝʩʪʚʝʥʥʳʡ ʧʨʠʨʦʜʥʳʡ ʤʝʭʘʥʠʟʤ ʠʭ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʦʢʘʟʳʚʘʝʪʩʷ 

ʥʝʩʧʦʩʦʙʥʳʤ ʩʧʨʘʚʠʪʴʩʷ ʩ ʵʪʦʡ ʟʘʜʘʯʝʡ. ʀ ʧʦʩʢʦʣʴʢʫ ʘʥʘʣʠʟ ʤʝʭʘʥʠʟʤʦʚ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʝʱʝʩʪʚ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʚʦʜʫ ʦ ʢʣʶʯʝʚʦʡ 

ʨʦʣʠ ʚ ʵʪʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʤʝʥʥʦ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʩʚʦʡʩʪʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʪʦ ʧʦʥʷʪʥʦ ʧʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʢ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ [1]. 

ʀʟʚʝʩʪʝʥ ʮʝʣʳʡ ʨʷʜ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ [2-5], ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʠʣʠ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ 

ʚ ʠʩʧʦʣʥʝʥʠʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ. 

ɺ ʞʝʣʝʟʦʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ (iron ʠʣʠ ferric reducing) ʤʝʪʦʜʘʭ ʠʦʥʳ (ʘ 

ʪʦʯʥʝʝ ï ʠʦʥʳ-ʨʘʜʠʢʘʣʳ) ʞʝʣʝʟʘ (III) ʤʦʛʫʪ ʦʢʠʩʣʷʪʴ ʘʥʪʠʦʢʩʠʜʘʥʪ (ɸʦ), 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʷʩʴ ʜʦ ʠʦʥʦʚ ʞʝʣʝʟʘ (II) [1]: 

Fe3
+
 + Aʦ Ÿ Fe2

+
 + A1, 

ʛʜʝ ɸ1 ï ʧʨʦʜʫʢʪ ʦʢʠʩʣʝʥʠʷ ʠʩʭʦʜʥʦʛʦ. 

ʆʧʨʝʜʝʣʝʥʠʝ ɸʆɸ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʦʩʥʦʚʘʥʦ ʥʘ ʚʦʟʜʝʡʩʪʚʠʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʤ 

ʦʙʲʝʢʪʝ, ʥʘ ʠʥʜʠʢʘʪʦʨʥʫʶ ʩʠʩʪʝʤʫ Fe (III)/Fe (II) ï ʦʨʛʘʥʠʯʝʩʢʠʡ ʨʝʘʛʝʥʪ. ʇʨʠ 

ʵʪʦʤ Fe (III) ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ Fe (II), ʢʦʪʦʨʦʝ ʦʙʨʘʟʫʝʪ ʩ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʜʠʘʤʠʥʘʤʠ ʦ-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʠʣʠ Ŭ,Ŭô-ʜʠʧʠʨʠʜʠʣʦʤ 

ʧʨʦʯʥʳʝ, ʫʩʪʦʡʯʠʚʳʝ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʨʅ (2ï9), ʦʢʨʘʰʝʥʥʳʝ ʭʝʣʘʪʳ 

ʩʦʩʪʘʚʘ 1:3 ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ɚ = 512 ʥʤ ʠ ɚ = 522 ʥʤ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [6].  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʤʘʩʣʦ ʠʟ ʨʠʩʦʚʳʭ ʦʪʨʫʙʝʡ ʧʦʜʚʝʨʛʘʣʦʩʴ ʙʦʣʴʰʦʤʫ 

ʢʦʣʠʯʝʩʪʚʫ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʝʤ ʚʝʱʝʩʪʚ, 

ʦʙʣʘʜʘʶʱʠʭ ɸʆɸ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʚʝʱʝʩʪʚ, ʧʨʦʷʚʣʷʶʱʠʤ ɸʆɸ, ʷʚʣʷʝʪʩʷ 

ʩʤʝʩʴ ʧʨʦʠʟʚʦʜʥʳʭ ʬʝʨʫʣʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʬʠʪʦʩʪʝʨʠʥʦʚ (ɔ-ʦʨʠʟʘʥʦʣ) [7]. ɺ 

ʥʘʰʝʤ ʨʝʛʠʦʥʝ ʘʢʪʫʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʩʣʘ ʠʟ ʧʰʝʥʠʯʥʳʭ ʦʪʨʫʙʝʡ, ʢʦʪʦʨʦʝ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʬʝʥʦʣʴʥʳʭ ʢʠʩʣʦʪ (ʢʦʨʠʯʥʳʝ 

ʢʠʩʣʦʪʳ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʬʝʨʫʣʦʚʘʷ ʢʠʩʣʦʪʘ), ʦʙʣʘʜʘʶʱʠʭ ɸʆɸ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ɸʆɸ ʤʘʩʣʘ ʧʰʝʥʠʯʥʳʭ ʦʪʨʫʙʝʡ 

ʞʝʣʝʟʦ-ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʤ ʤʝʪʦʜʦʤ. 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʦ ʤʘʩʣʦ, ʧʦʣʫʯʝʥʥʦʝ ʧʫʪʝʤ ʵʢʩʪʨʘʢʮʠʠ ʠʟ 

ʧʰʝʥʠʯʥʳʭ ʦʪʨʫʙʝʡ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ. ʇʰʝʥʠʯʥʳʝ ʦʪʨʫʙʠ (ʧʦ ɻʆʉʊ 7169-

66) ʧʦʣʫʯʝʥʳ ʚ 2016 ʛʦʜʫ ʥʘ ʤʫʢʦʤʦʣʴʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʛ. ɹʠʡʩʢʘ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʙʝʣʢʘ 16,1 %, ʢʨʘʭʤʘʣʘ 25,6 % ʠ ʚʣʘʞʥʦʩʪʴʶ 10-11%. 

ɸʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʤʘʩʣʘ ʦʧʨʝʜʝʣʷʣʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ  ʥʘ ʜʚʫʭʣʫʯʝʚʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Shimadzu UV-1800 (ʗʧʦʥʠʷ).  

ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ɸʆɸ. ɺ ʤʝʨʥʳʝ ʢʦʣʙʳ ʥʘ 100 ʤʣ ʧʦʤʝʱʘʣʠ 50 ʤʣ 

ʘʮʝʪʦʥʘ, 5 ʤʣ 0,01 ʄ ʨʘʩʪʚʦʨʘ ʞʝʣʝʟʦʘʤʤʦʥʠʡʥʳʭ ʢʚʘʩʮʦʚ, 1 ʤʣ 1% ʩʧʠʨʪʦʚʦʛʦ 
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ʨʘʩʪʚʦʨʘ Ŭ,Ŭô-ʜʠʧʠʨʠʜʠʣʘ, ʜʦʙʘʚʣʷʣʠ ʘʥʘʣʠʟʠʨʫʝʤʦʝ ʚʝʱʝʩʪʚʦ (ʤʘʩʣʦ 

ʧʰʝʥʠʯʥʳʭ ʦʪʨʫʙʝʡ ʥʘʚʝʩʢʠ 20, 60, 100, 140 ʤʛ; ʬʝʨʫʣʦʚʘʷ ʢʠʩʣʦʪʘ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 0.2, 0.4, 0.6, 0.8 ʤʤʦʣʴ/ʣ), ʜʦʚʦʜʠʣʠ ʩʦʜʝʨʞʠʤʦʝ ʜʦ ʤʝʪʢʠ 

ʘʮʝʪʦʥʦʤ. ɺʨʝʤʷ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʣʷʣʦ 60 ʤʠʥʫʪ. ʀʟʤʝʨʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ  ʨʘʩʪʚʦʨʦʚ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʜʣʠʥʝ ʚʦʣʥʳ 522 ʥʤ (ʜʣʠʥʘ 

ʦʧʪʠʯʝʩʢʦʛʦ ʧʫʪʠ 1 ʩʤ) ʧʨʠ ʚʳʯʠʪʘʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʨʘʩʪʚʦʨʘ [1].  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ɸʆɸ ʤʘʩʣʘ ʧʰʝʥʠʯʥʳʭ ʦʪʨʫʙʝʡ ʦʮʝʥʢʫ 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʭʝʣʘʪʦʚ Fe (II) ʩ Ŭ,Ŭô-ʜʠʧʠʨʠʜʠʣʦʤ ʧʨʦʚʦʜʠʣʠ ʧʦ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʧʨʠ 522 ʥʤ. ɺʠʟʫʘʣʴʥʦ ʨʘʩʪʚʦʨʳ ʩ ʧʦʚʝʰʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠʦʙʨʝʪʘʣʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʫʶ ʦʢʨʘʩʢʫ 

ʦʪ ʩʣʘʙʦ-ʞʝʣʪʦʛʦ ʜʦ ʷʨʢʦ-ʦʨʘʥʞʝʚʦʛʦ ʮʚʝʪʘ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʨʘʩʪʚʦʨʦʚ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 1.  

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʤʘʩʣʘ ʧʰʝʥʠʯʥʳʭ ʦʪʨʫʙʝʡ ʠ ʬʝʨʫʣʦʚʦʡ ʢʠʩʣʦʪʳ 

ʄʘʩʣʦ ʧʰʝʥʠʯʥʳʭ ʦʪʨʫʙʝʡ ʌʝʨʫʣʦʚʘʷ ʢʠʩʣʦʪʘ 

ʄʘʩʩʘ, ʤʛ ʆʧʪʠʯʝʩʢʘʷ 

ʧʣʦʪʥʦʩʪʴ 

ʄʘʩʩʘ, ʤʛ 

(ʤʦʣʴ/ʣ) 

ʆʧʪʠʯʝʩʢʘʷ 

ʧʣʦʪʥʦʩʪʴ 

20 0,064 0,04 (0,2) 0,048 

60 0,097 0,08 (0,4) 0,086 

100 0,138 0,12 (0,6) 0,120 

140 0,180 0,16 (0,8) 0,150 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʥʘʚʝʩʢʠ ʤʘʩʣʘ ʧʰʝʥʠʯʥʳʭ ʦʪʨʫʙʝʡ 20-140 ʤʛ ʜʘʶʪ 

ʦʢʨʘʩʢʫ ʨʘʩʪʚʦʨʘ ʩ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ ʨʘʩʪʚʦʨʘʤ ʩ 

ʤʘʩʩʦʡ 0,04-0,16 ʤʛ ʬʝʨʫʣʦʚʦʡ ʢʠʩʣʦʪʳ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʬʝʥʦʣʴʥʦʡ 

ʢʠʩʣʦʪʦʡ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʧʰʝʥʠʯʥʳʭ ʦʪʨʫʙʷʭ, ʷʚʣʷʝʪʩʷ ʬʝʨʫʣʦʚʘʷ ʢʠʩʣʦʪʘ. ɽʝ 

ʩʦʜʝʨʞʘʥʠʝ ʦʢʦʣʦ 1358-2293 ʤʛ ʥʘ 100 ʛ ʧʰʝʥʠʯʥʳʭ ʦʪʨʫʙʝʡ, ʧʨʠʯʝʤ ʚ 

ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ ʩʦʜʝʨʞʠʪʩʷ 10 % ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ 

ʠʟʚʣʝʯʝʥʠʠ ʤʘʩʣʘ ʩʚʦʙʦʜʥʷ ʬʝʨʫʣʦʚʘʷ ʢʠʩʣʦʪʘ ʪʘʢʞʝ ʵʢʩʪʨʘʛʠʨʫʝʪʩʷ ʠ 

ʠʟʤʝʨʝʥʠʝ ɸʆɸ ʤʘʩʣʘ ʧʰʝʥʠʯʥʳʭ ʦʪʨʫʙʝʡ ʧʦ ʬʝʨʫʣʦʚʦʡ ʢʠʩʣʦʪʝ ʚʧʦʣʥʝ 

ʦʙʦʩʥʦʚʘʥʦ. ʇʦʩʪʨʦʠʚ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʛʨʘʬʠʢ ʧʦ ʬʝʨʫʣʦʚʦʡ ʢʠʩʣʦʪʝ, ʤʦʞʥʦ 

ʫʟʥʘʪʴ ɸʆɸ ʤʘʩʣʘ ʧʰʝʥʠʯʥʳʭ ʦʪʨʫʙʝʡ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʬʝʨʫʣʦʚʫʶ ʢʠʩʣʦʪʫ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʠʟʦʙʨʘʞʝʥʘ ʢʨʠʚʘʷ ɸʆɸ ʬʝʨʫʣʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ, ʧʦ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʝʥʘ ɸʆɸ ʤʘʩʣʘ ʧʰʝʥʠʯʥʳʭ 

ʦʪʨʫʙʝʡ. ʂʘʣʠʙʨʦʚʦʯʥʘʷ ʢʨʠʚʘʷ ʙʦʣʝʝ ʪʦʯʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʢʨʠʚʦʡ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ ʩ ʚʝʣʠʯʠʥʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 0,9989, ʣʠʥʠʷ ʪʨʝʥʜʘ 

ʢʨʠʚʦʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʠʤʝʝʪ ʚʝʣʠʯʠʥʫ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, 

ʨʘʚʥʫʶ 0,9865. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ɸʆɸ ʚ ʤʦʣʴ/ʣ ʬʝʨʫʣʦʚʦʡ ʢʠʩʣʦʪʳ 

(ʌʂ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 
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ʈʠʩ. 1. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʦʪ ʤʘʩʩʳ 

ʬʝʨʫʣʦʚʦʡ ʢʠʩʣʦʪʳ (ʢʘʣʠʙʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ) 

 

ʊʘʙʣʠʮʘ 2 

ɿʥʘʯʝʥʠʷ ɸʆɸ ʤʘʩʣʘ ʧʰʝʥʠʯʥʳʭ ʦʪʨʫʙʝʡ 

ʄʘʩʩʘ ʤʘʩʣʘ ʧʰʝʥʠʯʥʳʭ ʦʪʨʫʙʝʡ, ʤʛ ɸʆɸ, ʤʤʦʣʴ/ʣ ʌʂ  

20 0,285 

60 0,474 

100 0,728 

140 0,990 

 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ɸʆɸ 1 ʛ ʤʘʩʣʘ ʧʰʝʥʠʯʥʳʭ ʦʪʨʫʙʝʡ ʩʦʩʪʘʚʣʷʝʪ 7,42 

ʤʦʣʴ/ʣ ʌʂ. 
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DEVELOPMENT OF TECHNOLOGY FOR THE WELDING OF 

FLANGE WITH THE PIPE A ROBOTIC COMPLEX  

S.A. Loshakov, A.N. Evtushenko 
Abstract. The paper presents the development of technology for the welding of flange with 

the pipe a robotic complex, given the welding conditions, determined the level of mechanization. 

Keywords: welding flange with tube, technology, robotic complex. 

 
ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ, ʩʪʦʷʱʝʡ ʧʝʨʝʜ ʩʦʚʨʝʤʝʥʥʳʤ ʜʠʥʘʤʠʯʥʦ 

ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʧʨʝʜʧʨʠʷʪʠʝʤ, ʚʳʩʪʫʧʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʬʠʥʘʥʩʘʤʠ. 

ʀʟʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʦʩʪ ʦʙʲʝʤʘ ʚʳʧʫʩʢʘ, ʨʘʩʰʠʨʝʥʠʝ ʨʳʥʢʦʚ 

ʩʙʳʪʘ - ʚʩʝ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʩ ʜʝʪʘʣʴʥʳʤ 

ʘʥʘʣʠʟʦʤ ʬʠʥʘʥʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʬʠʥʘʥʩʦʚʳʝ ʨʝʩʫʨʩʳ ʦʢʘʟʳʚʘʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʠ 

ʬʠʥʘʥʩʦʚʦʛʦ ʮʠʢʣʦʚ ʧʨʝʜʧʨʠʷʪʠʷ. ʉʦʢʨʘʱʝʥʠʝ ʜʘʥʥʳʭ ʮʠʢʣʦʚ ʧʦʟʚʦʣʷʝʪ 

ʫʤʝʥʴʰʠʪʴ ʧʝʨʠʦʜ ʦʙʦʨʦʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʦʙʦʨʦʪʥʳʭ ʩʨʝʜʩʪʚ, ʪʝʤ ʩʘʤʳʤ 

ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʇʨʦʤʳʰʣʝʥʥʳʡ ʨʦʙʦʪ ï ʵʪʦ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʤʘʰʠʥʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʘʥʠʧʫʣʷʪʦʨʘ ʠ ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʦʮʝʩʩʝ ʜʚʠʛʘʪʝʣʴʥʳʭ ʠ 
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ʫʧʨʘʚʣʷʶʱʠʭ ʬʫʥʢʮʠʡ, ʟʘʤʝʥʷʶʱʠʭ ʘʥʘʣʦʛʠʯʥʳʝ ʬʫʥʢʮʠʠ ʯʝʣʦʚʝʢʘ ʧʨʠ 

ʧʝʨʝʤʝʱʝʥʠʠ ʧʨʝʜʤʝʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʨʦʙʦʪʳ ʩ ʘʜʘʧʪʠʚʥʳʤ 

ʫʧʨʘʚʣʝʥʠʝʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ ʟʘʨʘʥʝʝ ʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ.ʈʦʙʦʪʳ 

ʩ ʪʘʢʠʤ ʫʧʨʘʚʣʝʥʠʝʤ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʚʘʨʦʯʥʳʭ ʨʘʙʦʪ 

ʧʣʘʚʷʱʠʤʩʷ ʵʣʝʢʪʨʦʜʦʤ ʚ ʩʨʝʜʝ ʟʘʱʠʪʥʳʭ ʛʘʟʘʭ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʭ, 

ʩʨʝʜʥʝʣʝʛʠʨʦʚʘʥʥʳʭ, ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ. 

ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʩʚʘʨʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʘʚʠʣʴʥʦʤ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʨʦʙʦʪʘ, ʘ ʪʘʢʞʝ ʚ ʪʦʯʥʦʡ ʩʙʦʨʢʝ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʦʚ ʩʚʘʨʢʠ (Iʩʚ, Uʜ, 

vʩʚ) ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʫʣʴʪʘ ʩ ʟʘʧʦʤʠʥʘʥʠʝʤ 

ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ. ɿʘʪʝʤ 

ʠʩʧʦʣʴʟʫʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʦʚ 

ʩʚʘʨʢʠ ʜʣʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ʌʣʘʥʮʳ ʷʚʣʷʶʪʩʷ ʩʦʝʜʠʥʠʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʪʨʫʙ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, 

ʨʘʙʦʪʘʶʱʠʭ ʩ ʘʛʨʝʩʩʠʚʥʳʤʠ ʩʨʝʜʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʳʭ ʜʘʚʣʝʥʠʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʣʘʥʮʳ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʦʙʣʘʜʘʶʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʢʦʨʨʦʟʠʠ. ʇʨʠʚʘʨʥʳʝ ʬʣʘʥʮʳ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 

ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʛʜʝ 

ʥʝʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʜʨʫʛʠʭ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʇʨʠ ʤʦʥʪʘʞʝ ʧʨʠʚʘʨʥʦʛʦ ʬʣʘʥʮʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʪʘʚʨʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ 

(ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʩʦʝʜʠʥʠʪʴ ʪʦʨʝʮ ʪʨʫʙʳ ʠ ʬʣʘʥʝʮ), ʯʪʦ ʫʧʨʦʱʘʝʪ ʨʘʙʦʪʫ 

ʠ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ. 

ʇʨʠʚʘʨʥʦʡ ʬʣʘʥʝʮ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʤʘʪʝʨʠʘʣʘ 12ʍ18ʅ10ʊ. 12ʍ18ʅ10ʊ 

ï ʥʝʨʞʘʚʝʶʱʘʷ ʭʨʦʤʦʥʠʢʝʣʝʚʘʷ ʪʠʪʘʥʦʩʦʜʝʨʞʘʱʘʷ ʩʪʘʣʴ ʘʫʩʪʝʥʠʪʥʦʛʦ ʢʣʘʩʩʘ. 

ɼʘʥʥʘʷ ʩʪʘʣʴ ʩʦʜʝʨʞʠʪ ʪʠʪʘʥ ʠ ʥʠʦʙʠʡ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʩʠʣʴʥʳʤʠ 

ʢʘʨʙʠʜʦʦʙʨʘʟʦʚʘʪʝʣʷʤʠ, ʩʚʷʟʳʚʘʶʪ ʫʛʣʝʨʦʜ ʩʪʘʣʠ, ʧʨʝʜʫʧʨʝʞʜʘʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʘʨʙʠʜʦʚ ʭʨʦʤʘ. ʇʦʵʪʦʤʫ ʵʪʠ ʩʪʘʣʠ ʧʦʩʣʝ ʩʚʘʨʢʠ ʥʝ ʧʦʜʚʝʨʛʘʶʪ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ. 

ʈʘʩʯʝʪ ʥʘ ʩʢʣʦʥʥʦʩʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʦʨʷʯʠʭ ʪʨʝʱʠʥ ʩʪʘʣʠ 12ʍ18ʅ10ʊ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʜʘʥʥʘʷ ʩʪʘʣʴ ʥʝ ʩʢʣʦʥʥʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʦʨʷʯʠʭ ʪʨʝʱʠʥ. 

ɹʘʟʦʚʳʡ ʚʘʨʠʘʥʪ ʩʚʘʨʢʠ: ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʘʷ (ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʘʷ) ʩʚʘʨʢʘ ʚ 

ʟʘʱʠʪʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ 97%Ar + 3%O2, ʩʚʘʨʦʯʥʘʷ ʧʨʦʚʦʣʦʢʘ ʤʘʨʢʠ ʉʚ-

08ʍ18ʅ10ʊ. 

ʇʨʦʝʢʪʠʨʫʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʝʜʣʘʛʘʝʪ ʟʘʤʝʥʫ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ 

(ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʡ) ʩʚʘʨʢʠ ʥʘ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʫʶ ʩʚʘʨʢʫ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʨʦʚʦʣʦʢʠ ʤʘʨʢʠ ʉʚ-05ʍ20ʅ9ʌɹʉ, ʚ ʟʘʱʠʪʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ VARIGON He30 

(70% Ar + 30% He). ɼʘʥʥʘʷ ʩʤʝʩʴ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʛʣʫʙʠʥʫ ʧʨʦʚʘʨʘ ʠ 

ʩʢʦʨʦʩʪʴ ʩʚʘʨʢʠ. 

ʅʦʨʤʠʨʦʚʘʥʠʝ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ (ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʡ) ʩʚʘʨʢʠ ʠ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʩʚʘʨʢʠ ʚ ʮʝʣʦʤ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʫʨʦʚʝʥʴ ʤʝʭʘʥʠʟʘʮʠʠ 

ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ:  

¶ ʋ1 - ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ: ʧʦʢʘʟʳʚʘʝʪ ʩʪʝʧʝʥʴ ʦʭʚʘʪʘ ʤʝʭʘʥʠʟʘʮʠʠ 
ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ; 
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¶ ʋ2- ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ: ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʛʦʚʦʨʠʪ 
ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [2]. 

ʋ1 = 72%; ʋ2 = 65%. 

 

ʈʠʩ. 1. ʇʨʠʚʘʨʥʦʡ ʬʣʘʥʝʮ ʩ ʪʨʫʙʦʡ 

 

ʈʠʩ. 2. ʊʘʚʨʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ ʊ6 (ɻʆʉʊ 14771-76) 

ʊʘʙʣʠʮʘ 1 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʥʘ ʩʙʦʨʢʫ ʠ ʩʚʘʨʢʫ 

ʅʦʤʝʨ 

ʦʧʝʨʘ-

ʮʠʠ 

ʉʦʜʝʨʞʘʥʠʝ ʦʧʝʨʘʮʠʠ ʀʩʧʦʣʴʟʫʝʤʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ 

(ʠʥʩʪʨʫʤʝʥʪ) 

1 

 

 

 

 

 

 

 

 

ʉʙʦʨʢʘ ʥʘ ʧʦʟʠʮʠʦʥʝʨʝ ʈʊ-102 
ʇʝʨʝʜ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʜʝʪʘʣʠ ʧʨʦʚʝʨʠʪʴ ʥʘ ʧʨʠʛʦʜʥʦʩʪʴ ʢ 

ʩʙʦʨʢʝ (ʩʢʦʩ ʢʨʦʤʢʠ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʠʟʜʝʣʠʷ). 

ʉʙʦʨʢʫ ʧʨʦʠʟʚʦʜʠʪʴ ʥʘ ʩʘʤʦʮʝʥʪʨʠʨʫʶʱʠʭʩʷ ʟʘʭʚʘʪʘʭ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʧʣʘʥʰʘʡʙʝ, ʚʳʩʪʘʚʠʪʴ ʥʫʞʥʳʡ ʜʠʘʤʝʪʨ 

ʠ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʬʣʘʥʝʮ, ʘ ʟʘʪʝʤ ʪʨʫʙʫ, ʧʦʩʣʝ ʯʝʛʦ 

ʫʩʪʘʥʦʚʠʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʟʘʟʦʨ 3 ʤʤ ʠ ʧʨʦʠʟʚʝʩʪʠ ʩʙʦʨʢʫ 

ʠʟʜʝʣʠʷ. ɺʳʧʦʣʥʠʪʴ ʧʨʠʭʚʘʪʢʠ ʧʨʦʚʦʣʦʢʦʡ ʤʘʨʢʠ ʉʚ-

05ʍ20ʅ9ʌɹʉ ʜʠʘʤʝʪʨʦʤ 1,2 ʤʤ ʚ ʟʘʱʠʪʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ 

 

ʇʦʟʠʮʠʦʥʝʨ ʈʊ-102 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮ r1 

ʅʦʤʝʨ 

ʦʧʝʨʘ-

ʮʠʠ 

ʉʦʜʝʨʞʘʥʠʝ ʦʧʝʨʘʮʠʠ ʀʩʧʦʣʴʟʫʝʤʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ 

(ʠʥʩʪʨʫʤʝʥʪ) 

 

 

 

 

2 

 

 

 

 

 

3 

 

 

 

 

4 

 

 

 

5 
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VARIGONHe30 ʢʦʣʠʯʝʩʪʚʦʤ 4ʰʪ., ʜʣʠʥʦʡ 25ʤʤ, ʰʘʛʦʤ 

253ʤʤ. 

ʈʝʞʠʤʳ ʩʚʘʨʢʠ: Iʩʚ= 100 ɸ; Uʜ=19 ɺ 

 

ɿʘʯʠʩʪʢʘ ʦʪ ʰʣʘʢʘ 
ɿʘʯʠʩʪʠʪʴ ʜʝʪʘʣʴ ʧʦʩʣʝ ʧʦʩʪʘʥʦʚʢʠ ʧʨʠʭʚʘʪʦʢ 

 

 

 

 

ʉʜʘʯʘ ʆʊʂ ʧʦʜ ʩʚʘʨʢʫ 
ʉʙʦʨʢʫ ʧʦʜ ʩʚʘʨʢʫ ʩʜʘʪʴ ʆʊʂ (ʧʨʦʚʝʨʠʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʨʘʟʤʝʨʳ, ʚʟʘʠʤʥʫʶ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʴ, ʢʦʣʠʯʝʩʪʚʦ, ʜʣʠʥʫ ʠ 

ʰʘʛ ʧʨʠʭʚʘʪʦʢ) 

 

ʅʘʩʪʨʦʡʢʘ ʨʝʞʠʤʦʚ ʩʚʘʨʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 
ɺʳʧʦʣʥʠʪʴ ʥʘʩʪʨʦʡʢʫ ʨʝʞʠʤʦʚ ʩʚʘʨʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʩʦʛʣʘʩʥʦ ʫʢʘʟʘʥʥʳʤ ʚ ʦʧʝʨʘʮʠʠ ʩʚʘʨʢʠ 

 

ʉʚʘʨʢʘ 

ʉʚʘʨʥʦʡ ʰʦʚ ʩʚʘʨʠʚʘʪʴ ʧʦʜ ʢʦʥʪʨʦʣʴ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʯʠʩʣʘ 

ʧʨʦʭʦʜʦʚ ʠ ʨʝʞʠʤʦʚ ʩʚʘʨʢʠ ʩ ʧʦʩʣʦʡʥʳʤ ʢʦʥʪʨʦʣʝʤ ʚʥʝʰʥʠʤ 

ʦʩʤʦʪʨʦʤ. 

ʉʚʘʨʢʫ ʧʨʦʠʟʚʦʜʠʪʴ ʩʚʘʨʦʯʥʦʡ ʧʨʦʚʦʣʦʢʦʡ ʤʘʨʢʠ ʉʚ-

05ʍ20ʅ9ʌɹʉ ʜʠʘʤʝʪʨʦʤ 1,2 ʤʤ ʩ ʥʘʣʠʯʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʧʳʪʘʥʠʷ ʥʘ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʧʦ KCU (+20Üʉ: 128 ɼʞ/ʩʤ
2
; -

20Üʉ: 121,4 ɼʞ/ʩʤ
2
) ʚ ʟʘʱʠʪʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ 

VARIGONHe30. 

ʀʟʜʝʣʠʝ ʫʩʪʘʥʦʚʠʪʴ ʥʘ ʧʣʘʥʰʘʡʙʫ ʧʦʟʠʮʠʦʥʝʨʘ, ʟʘʢʨʝʧʠʪʴ ʩ 

ʧʦʤʦʱʴʶ ʩʘʤʦʮʝʥʪʨʠʨʫʶʱʝʛʦʩʷ ʟʘʭʚʘʪʘ. ɼʘʣʝʝ ʫʩʪʘʥʦʚʠʪʴ 

ʨʦʙʦʪ ʢ ʤʝʩʪʫ ʩʚʘʨʥʦʛʦ ʰʚʘ ʠ ʟʘʧʫʩʪʠʪʴ ʧʨʦʮʝʩʩ ʩʚʘʨʢʠ. 

ʂʦʣʴʮʝʚʦʡ ʰʦʚ ʚʘʨʠʪʴ ʯʝʪʳʨʴʤʷ ʚʩʪʨʝʯʥʳʤʠ ʫʯʘʩʪʢʘʤʠ. ʇʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʪʘʥʦʚʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʘʩʧʦʨʢʠ. 

ʈʝʞʠʤʳ ʩʚʘʨʢʠ:  

Iʩʚ (ɸ) Uʜ (ɺ) vʩʚ(ʤ/ʯ) vʧʧ (ʤ/ʤʠʥ) qʟ.ʛ. 

(ʣ/ʤʠʥ) 

1 ʧʨʦʭʦʜ 

90 ï 120 18 ï 20 15 3 ï 4 14 

2 ʧʨʦʭʦʜ 

120 - 150 20 - 22 17 5 - 6 15 

 

ɿʘʯʠʩʪʢʘ ʧʦʩʣʝ ʩʚʘʨʢʠ 
ɿʘʯʠʩʪʠʪʴ ʰʣʘʢ ʠ ʙʨʳʟʛʠ ʦʢʦʣʦʰʦʚʥʦʡ ʟʦʥʳ, ʘ ʪʘʢʞʝ ʙʨʳʟʛʠ 

ʥʘ ʠʟʜʝʣʠʠ 

 

 

 

 

 

 

ʫʛʣʦʰʣʠʬʦʚʘʣʴʥʘʷ 

ʤʘʰʠʥʘ ɺʠʭʨʴ ʋʐʄ 

125/900 ʢʨʫʛ ʇʇ 

60ʭ10ʭ10,  

 

 

ʃʠʥʝʡʢʘ, ʨʫʣʝʪʢʘ, 

ʋʐʉ, ʣʫʧʘ, 

ʫʛʦʣʴʥʠʢ. 

 

 

 

 

 

 

ʇʦʟʠʮʠʦʥʝʨ ʤʘʨʢʠ 

EWM ʩʝʨʠʠ PT-102 

 

ʇʨʦʤʳʰʣʝʥʥʳʡ 

ʨʦʙʦʪ IRB 1410 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʋʛʣʦʰʣʠʬʦʚʘʣʴʥʘʷ 

ʤʘʰʠʥʘ ɺʠʭʨʴ ʋʐʄ 

125/900  

ʢʨʫʛ ʇʇ 60ʭ10ʭ10 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮ r1 

ʅʦʤʝʨ 

ʦʧʝʨʘ-

ʮʠʠ 

ʉʦʜʝʨʞʘʥʠʝ ʦʧʝʨʘʮʠʠ ʀʩʧʦʣʴʟʫʝʤʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ 

(ʠʥʩʪʨʫʤʝʥʪ) 

7 

 

 

8 

 

 

9 

ʀʩʧʳʪʘʥʠʝ ʢʝʨʦʩʠʥʦʤ 
ʉʚʘʨʥʦʡ ʰʦʚ ʠʩʧʳʪʘʪʴ ʥʘ ʧʣʦʪʥʦʩʪʴ ʢʝʨʦʩʠʥʦʤ  

 

ʄʘʨʢʠʨʦʚʢʘ ʢʦʥʩʪʨʫʢʮʠʠ 

ʄʘʨʢʠʨʦʚʘʪʴ ʫʜʘʨʥʳʤ ʩʧʦʩʦʙʦʤ  

 

ʉʜʘʯʘ ʆʊʂ ʛʦʪʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʆʊʂ ʧʨʦʚʝʨʠʪʴ: 

¶ ʈʘʟʤʝʨʳ ʩʦʛʣʘʩʥʦ ʯʝʨʪʝʞʫ; 

¶ ʂʘʯʝʩʪʚʦ ʩʚʘʨʢʠ ï ʚʥʝʰʥʠʤ ʦʩʤʦʪʨʦʤ ʠ ʠʟʤʝʨʝʥʠʷʤʠ; 

¶ ʅʘʣʠʯʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʠʩʧʳʪʘʥʠʷ ʰʚʘ 
ʢʝʨʦʩʠʥʦʤ; 

¶ ʅʘʣʠʯʠʝ ʤʘʨʢʠʨʦʚʢʠ; 

ʂʣʝʡʤʠʪʴ ʢʣʝʡʤʦʤ ʆʊʂ 

 

ʄʝʣ, ʢʝʨʦʩʠʥ 

 

ɺʥʝʜʨʝʥʠʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʩʚʘʨʢʠ ʠ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ 

ʪʘʢʞʝ ʛʘʨʘʥʪʠʨʫʝʪ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ ʦʢʫʧʘʝʤʦʩʪʠ ʧʨʠ ʩʝʨʠʡʥʦʤ ʠ 

ʢʨʫʧʥʦʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʦʙʦʪʘ ʧʦʟʚʦʣʷʝʪ 

ʜʦʙʠʪʴʩʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʪʦʯʥʦʩʪʠ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʠʣʠ ʧʦʣʥʦʤʫ ʦʪʩʫʪʩʪʚʠʶ ʙʨʘʢʘ. 
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ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʪʠʣʠʟʘʮʠʠ ʰʨʦʪʘ ʧʣʦʜʦʚ ʦʙʣʝʧʠʭʠ ʩ 
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ʘʢʪʠʚʥʦʩʪʴʶ; ʧʨʦʚʝʜʝʥ ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʩʫʤʤʳ ʬʣʘʚʦʥʦʠʜʦʚ ʩ ʧʦʤʦʱʴʶ ʮʚʝʪʥʳʭ 

ʨʝʘʢʮʠʡ ʠ ʤʝʪʦʜʦʤ ʊʉʍ. 

ʂʣʁʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʦʜʳ ʦʙʣʝʧʠʭʠ, ʦʙʣʝʧʠʭʦʚʳʡ ʰʨʦʪ, ʬʣʘʚʦʥʦʠʜʳ. 
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THE STUDY OF THE COMPOSITION OF THE ALCOHOLIC  

EXTRACT SEA BUCKTHORN MEAL  

A.V. Malakhova, E. V. Averyanova 

Biysk Technological Institute (branch) of the Altay State Technical University 
Abstract. The paper considers the possibility of disposing of a meal of sea buckthorn berry 

for the purpose of receiving alcoholic extract of polyphenols with high biological activity; 

conducted qualitative analysis of the amount of flavonoids by means of color reactions and TLC. 

Keywords: sea-buckthorn berry, sea buckthorn meal, flavonoids.  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʜʝʣʷʝʪʩʷ ʦʛʨʦʤʥʦʝ ʚʥʠʤʘʥʠʝ ʚʪʦʨʠʯʥʳʤ ʧʨʦʜʫʢʪʘʤ 

ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ. ɺ ʧʨʦʮʝʩʩʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʵʪʠ 

ʧʨʦʜʫʢʪʳ ʧʝʨʝʭʦʜʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ ʠʩʭʦʜʥʦʛʦ 

ʩʳʨʴʷ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʉʨʝʜʠ ʦʪʭʦʜʦʚ ʧʣʦʜʦʚʦ-ʷʛʦʜʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ 

ʞʦʤʳ ʠ ʰʨʦʪʳ. ʊʘʢ, ʦʙʣʝʧʠʭʦʚʳʡ ʰʨʦʪ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʦʙʣʝʧʠʭʦʚʦʛʦ ʤʘʩʣʘ ʠʟ ʷʛʦʜ ʦʙʣʝʧʠʭʠ, ʠʤʝʝʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ: ʙʝʣʢʠ, ʢʣʝʪʯʘʪʢʘ, ʛʝʤʠʮʝʣʣʶʣʦʟʳ ʠ 

ʧʝʢʪʠʥʦʚʳʝ ʚʝʱʝʩʪʚʘ, ʙʦʛʘʪʳʡ ʚʠʪʘʤʠʥʥʳʡ ʩʦʩʪʘʚ (ɺ1, ɺ2, PP, C, P, ɽ), 

ʜʫʙʠʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʚʝʱʝʩʪʚʘ, ʦʙʣʘʜʘʶʱʠʝ ʈ-ʚʠʪʘʤʠʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ [1]. 

ʆʙʣʝʧʠʭʦʚʳʡ ʰʨʦʪ ï ʵʪʦ ʩʫʭʦʡ ʦʩʪʘʪʦʢ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʙʣʝʧʠʭʦʚʦʛʦ 

ʤʘʩʣʘ, ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʢʦʪʦʨʳʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʵʢʩʪʨʘʛʝʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʣʠʙʦ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʙʝʟʞʠʨʝʥʥʳʤ, ʣʠʙʦ ʩʦʜʝʨʞʘʱʠʤ ʦʩʪʘʪʦʯʥʳʡ ʵʢʩʪʨʘʛʝʥʪ ï ʨʘʩʪʠʪʝʣʴʥʦʝ ʤʘʩʣʦ 

ʩ ʥʝʙʦʣʴʰʦʡ ʧʨʠʤʝʩʴʶ ʦʙʣʝʧʠʭʦʚʦʛʦ ʤʘʩʣʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʣʘʚʦʥʦʠʜʥʳʡ ʢʦʤʧʣʝʢʩ ʦʙʝʟʞʠʨʝʥʥʦʛʦ ʦʙʣʝʧʠʭʦʚʦʛʦ 

ʰʨʦʪʘ ʩʦʜʝʨʞʠʪ ʥʝ ʤʝʥʝʝ 7 ʢʦʤʧʦʥʝʥʪʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ 5 ï 

ʢʚʝʨʮʝʪʠʥ, ʢʝʤʧʬʝʨʦʣ, ʠʟʦʨʘʤʥʝʪʠʥ, ʨʫʪʠʥ, ʢʘʪʝʭʠʥ (ʨʠʩ. 1) [2]. 

ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʩʫʤʤʳ ʬʣʘʚʦʥʦʠʜʦʚ ʤʝʪʦʜʦʤ ɺʕɾʍ ʚ ʢʘʯʝʩʪʚʝ 

ʦʧʪʠʤʘʣʴʥʦʡ ʧʦʜʚʠʞʥʦʡ ʬʘʟʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʤʝʩʴ ʤʝʪʘʥʦʣïʘʮʝʪʦʥʠʪʨʠʣïʚʦʜʘ 

(40:15:45), ʩʦʜʝʨʞʘʱʫʶ 1,0%-ʥʫʶ ʫʢʩʫʩʥʫʶ ʢʠʩʣʦʪʫ (ʨʠʩ. 2). ɺ ʪʘʢʦʡ ʩʠʩʪʝʤʝ 

ʜʦʩʪʠʛʘʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ ʨʘʟʜʝʣʝʥʠʝ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ [3]. 

ʌʣʘʚʦʥʦʠʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʣʠʬʝʥʦʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ [4]. ɺ 

ʢʣʝʪʢʘʭ ʪʢʘʥʝʡ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ ʬʣʘʚʦʥʦʠʜʳ ʥʝ ʤʦʛʫʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴʩʷ, ʠ 

ʠʭ ʧʨʠʩʫʪʩʪʚʠʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʣʠʰʴ ʧʫʪʝʤ ʫʧʦʪʨʝʙʣʝʥʠʷ ʚ ʧʠʱʫ 

ʧʨʦʜʫʢʪʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ [5]. 

ʀʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ ʬʣʘʚʦʥʦʠʜʦʚ ʚʦʟʥʠʢʘʝʪ ʥʝ ʪʦʣʴʢʦ ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʛʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʵʪʠʭ ʚʝʱʝʩʪʚ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ, ʥʦ ʠ ʟʘ ʩʯʝʪ 

ʧʝʨʩʧʝʢʪʠʚʳ ʧʦʣʫʯʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʵʪʠʭ ʚʝʱʝʩʪʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʤ ʜʝʡʩʪʚʠʝʤ. ʌʣʘʚʦʥʦʠʜʳ ʤʦʛʫʪ ʩʪʘʪʴ ʠʩʪʦʯʥʠʢʦʤ ʩʦʟʜʘʥʠʷ 

ʥʦʚʳʭ ʚʳʩʦʢʦʜʝʡʩʪʚʫʶʱʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʪʘʢʠʤ 

ʩʧʝʢʪʨʦʤ ʘʢʪʠʚʥʦʩʪʠ, ʢʘʢ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʘʷ, ʧʨʦʪʠʚʦʚʠʨʫʩʥʘʷ, ʘ ʪʘʢʞʝ 

ʘʥʪʠʧʘʨʘʟʠʪʘʨʥʘʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʠʥʪʝʨʝʩʥʳʤ ʚʳʜʝʣʠʪʴ 
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ʧʦʣʠʬʝʥʦʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʧʣʦʜʦʚ ʦʙʣʝʧʠʭʠ ʤʝʪʦʜʦʤ ʵʢʩʪʨʘʢʮʠʠ 

ʦʙʝʟʞʠʨʝʥʥʦʛʦ ʰʨʦʪʘ ʠ ʠʟʫʯʠʪʴ ʝʛʦ ʬʣʘʚʦʥʦʠʜʥʳʡ ʩʦʩʪʘʚ. 

 

 

                
 

                  ʢʚʝʨʮʝʪʠʥ                                           ʢʝʤʧʬʝʨʦʣ 

          
  

                ʠʟʦʨʘʤʥʝʪʠʥ                                        ʨʫʪʠʥ 

 

 
 

ʢʘʪʝʭʠʥ 

 

ʈʠʩ. 1. ʌʣʘʚʦʥʦʠʜʥʳʡ ʢʦʤʧʣʝʢʩ ʦʙʣʝʧʠʭʦʚʦʛʦ ʰʨʦʪʘ 
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ʈʠʩ. 2. ʍʨʦʤʘʪʦʛʨʘʤʤʘ ʩʤʝʩʠ ʬʣʘʚʦʥʦʠʜʦʚ: 

1 ï ʢʘʪʝʭʠʥ, 2 ï ʨʫʪʠʥ, 3 ï ʢʚʝʨʮʝʪʠʥ, 4 ï ʢʝʤʧʬʝʨʦʣ, 5 ï ʠʟʦʨʘʤʥʝʪʠʥ 

 

ʇʨʦʮʝʩʩ ʵʢʩʪʨʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʥʝʧʨʝʨʳʚʥʦ ʚ ʘʧʧʘʨʘʪʝ ʉʦʢʩʣʝʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ɻʠʜʨʦʤʦʜʫʣʴ ʵʢʩʪʨʘʢʮʠʠ ʩʦʩʪʘʚʠʣ 1 : 25, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʢʩʪʨʘʢʮʠʠ ï 6 ʯ. ʇʦʣʫʯʝʥʥʳʡ ʵʢʩʪʨʘʢʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ 

ʚʘʢʫʫʤʝ ʚʦʜʦʩʪʨʫʡʥʦʛʦ ʥʘʩʦʩʘ, ʟʘʪʝʤ ʚʳʩʫʰʠʚʘʣʠ ʚ ʚʘʢʫʫʤ-ʵʢʩʠʢʘʪʦʨʝ ʥʘʜ 

MgSO4, ʩʫʤʤʫ ʬʣʘʚʦʥʦʠʜʦʚ ʧʦʣʫʯʘʣʠ ʚ ʚʠʜʝ ʛʫʩʪʦʛʦ ʵʢʩʪʨʘʢʪʘ. ɺʳʭʦʜ 

ʵʢʩʪʨʘʢʪʘ ʩʦʩʪʘʚʠʣ 13ï14 %. ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʧʦʜʣʠʥʥʦʩʪʠ ʧʦʣʠʬʝʥʦʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʧʨʦʚʦʜʠʣʠ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʦʤ ʌʦʣʠʥʘ-ʏʦʢʘʣʴʪʝʫ [6]. 

ʇʨʦʚʝʜʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʮʚʝʪʥʳʝ 

ʨʝʘʢʮʠʠ ʠ ʘʥʘʣʠʟ ʤʝʪʦʜʦʤ ʊʉʍ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʦʙʝʟʞʠʨʝʥʥʦʤ ʦʙʣʝʧʠʭʦʚʦʤ 

ʰʨʦʪʝ ʥʘʨʷʜʫ ʩ ʨʫʪʠʥʦʤ ʩʦʜʝʨʞʘʪʩʷ ʢʚʝʨʮʝʪʠʥ, ʢʝʤʧʬʝʨʦʣ ʠ ʠʟʦʨʘʤʥʝʪʠʥ 

(ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʟʦʥ ʥʘ ʭʨʦʤʘʪʦʛʨʘʤʤʝ ʠʟʚʣʝʯʝʥʠʷ 

ʠʟ ʦʙʣʝʧʠʭʦʚʦʛʦ ʰʨʦʪʘ [7] 

ɿʥʘʯʝʥʠʝ Rf  ʟʦʥ ʥʘ ʭʨʦʤʘʪʦʛʨʘʤʤʝ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʦʙʣʝʧʠʭʦʚʦʛʦ ʰʨʦʪʘ 

ʨʫʪʠʥ ʢʚʝʨʮʝʪʠʥ ʢʝʤʧʬʝʨʦʣ ʠʟʦʨʘʤʥʝʪʠʥ ɓ-ʢʘʨʦʪʠʥ 

0,53Ñ0,02 0,76Ñ0,02 0,80Ñ0,02 0,78Ñ0,02 0,98Ñ0,01 

 

ʇʨʠ ʢʘʯʝʩʪʚʝʥʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʬʣʘʚʦʥʦʠʜʦʚ ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʭʣʦʨʥʳʤ ʞʝʣʝʟʦʤ ʵʢʩʪʨʘʢʪ ʧʨʠʦʙʨʝʪʘʝʪ ʢʦʨʠʯʥʝʚʦ-ʟʝʣʝʥʫʶ 

ʦʢʨʘʩʢʫ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʠ ʧʦʣʠʬʝʥʦʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʘ ʮʠʘʥʠʜʠʥʦʚʘʷ 

ʧʨʦʙʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʘʝʪ ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʮʚʝʪ [8, 9].  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʘʥʘʣʠʟʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʦʙʣʝʧʠʭʦʚʳʡ ʰʨʦʪ ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʬʣʘʚʦʥʦʠʜʦʚ ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʠ ʧʠʱʝʚʦʡ 

ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʜʦʙʘʚʦʢ. 
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ʄɸʃʆɻɸɹɸʈʀʊʅʓʁ 4-ʂʆʆʈɼʀʅɸʊʅʓʁ ʌʈɽɿɽʈʅʓʁ  

ʉʊɸʅʆʂ ʉ ʂʆʄʇʔʖʊɽʈʅʓʄ ʋʇʈɸɺʃɽʅʀɽʄ 

ʉ.ʇ. ʇʝʩʪʦʚ 

ʌʠʣʠʘʣ ʌɻɸʆʋ ɺʆ çʖʋʨɻʋè (ʅʀʋ) ʚ ʛ. ɿʣʘʪʦʫʩʪʝ 
ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ 4-ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʬʨʝʟʝʨʥʦʛʦ ʩʪʘʥʢʘ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʚ 

ʩʠʩʪʝʤʝ ʪʨʝʭʤʝʨʥʦʛʦ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ SolidWorks. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʘʣʦʛʘʙʘʨʠʪʥʳʡ ʬʨʝʟʝʨʥʳʡ ʩʪʘʥʦʢ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤ 

ʫʧʨʘʚʣʝʥʠʝʤ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

 

COMPACT 4-AXIS MILLING MACHINE WITH COMPUTER CONTROL  

S.P. Pestov 

FSAEIHE çSUSUè (NRU), Zlatoust Branch 
Annotation. Focus on design and simulation of compact 4-axis milling machine with 

computer control in the system of 3D CAD SolidWorks. 

Keywords: Compact milling machine with cnc, design, engineering, simulation 

 



89 

 

ʋʨʦʚʝʥʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʥʝʜʨʝʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʣʘʩʩʘ PCNC, ʫʧʨʘʚʣʷʝʤʦʛʦ ʦʪ ʧʝʨʩʦʥʘʣʴʥʳʭ 

ʢʦʤʧʴʶʪʝʨʦʚ. ʊʝʥʜʝʥʮʠʠ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ 

ʢʦʤʧʴʶʪʝʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʪʦʣʴʢʦ ʥʘʨʘʩʪʘʶʪ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʘʭ, ʚʣʘʜʝʶʱʠʭ ʢʦʤʧʝʪʝʥʮʠʷʤʠ ʧʦ ʠʭ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɹʦʣʴʰʫʶ ʨʦʣʴ ʚ ʧʦʜʛʦʪʦʚʢʝ ʪʘʢʠʭ ʢʘʜʨʦʚ 

ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʢʦʤʧʣʝʢʩ ʫʯʝʙʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʤʘʣʦʛʘʙʘʨʠʪʥʳʡ 4-ʢʦʦʨʜʠʥʘʪʥʳʡ ʬʨʝʟʝʨʥʳʡ 

ʩʪʘʥʦʢ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʪʘʥʢʘ ʚʢʣʶʯʘʝʪ 

ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

ʕʪʘʧ 1. ʇʦʩʪʘʥʦʚʢʘ ʮʝʣʠ. ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʟʥʘʯʝʥʠʷ ʠ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʩʪʘʥʢʘ, ʦʙʟʦʨ ʢʦʥʩʪʨʫʢʮʠʡ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʬʨʝʟʝʨʥʳʭ ʩʪʘʥʢʦʚ, ʦʙʟʦʨ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʕʪʘʧ 2. ʈʘʩʯʝʪʥʳʡ ʵʪʘʧ. ʈʘʩʯʝʪ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʥʢʘ 

(ʨʘʟʨʘʙʦʪʢʘ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʩʪʘʥʢʘ, ʨʘʩʯʝʪ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ, ʚʳʙʦʨ 

ʜʚʠʛʘʪʝʣʝʡ, ʦʮʝʥʢʘ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʥʢʘ), ʨʘʩʯʝʪ ʧʨʠʚʦʜʦʚ (ʨʘʩʯʝʪ 

ʧʨʠʚʦʜʘ ʛʣʘʚʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʨʘʩʯʝʪ ʧʨʠʚʦʜʦʚ ʧʦʜʘʯ), ʧʨʦʚʝʨʦʯʥʳʝ ʨʘʩʯʝʪʳ 

ʜʝʪʘʣʝʡ ʩʪʘʥʢʘ. 

ʕʪʘʧ 3. ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʩʪʘʥʢʘ. ʉʙʦʨʢʘ ʩʪʘʥʢʘ (ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʱʝʡ 

ʢʦʤʧʦʥʦʚʢʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʠʚʦʜʦʚ), ʨʘʟʨʘʙʦʪʢʘ ʩʭʝʤʳ ʧʦʜʢʣʶʯʝʥʠʷ ʩʪʘʥʢʘ 

ʢ ʧʝʨʩʦʥʘʣʴʥʦʤʫ ʢʦʤʧʴʶʪʝʨʫ. 

ʕʪʘʧ 4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʝʪʘʣʝʡ ʩʪʘʥʢʘ ʚ COSMOSWorks. ɺʳʙʦʨ ʜʝʪʘʣʝʡ, 

ʥʘʣʦʞʝʥʠʝ ʩʝʪʢʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʟʘʜʘʥʠʝ ʫʩʣʦʚʠʡ ʠ ʚʳʯʠʩʣʝʥʠʷ. 

ʕʪʘʧ 5. ʆʬʦʨʤʣʝʥʠʝ ʜʦʢʫʤʝʥʪʘʮʠʠ. ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʠ 

ʫʪʚʝʨʞʜʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʪʘʥʢʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʪʜʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʚʳʧʫʩʢʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʘ ʊʦʣʩʪʦʣʫʮʢʠʭ ʅ.ɺ. 

ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʪʘʥʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

ʇʨʠʚʦʜ ʛʣʘʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʝʩʢʦʣʣʝʢʪʦʨʥʳʡ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ M1, ʟʫʙʯʘʪʫʶ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ ʩ ʧʝʨʝʜʘʪʦʯʥʳʤ 

ʦʪʥʦʰʝʥʠʝʤ 2 ʠ ʰʧʠʥʜʝʣʴ. ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ M1 ʧʝʨʝʜʘʸʪ ʚʨʘʱʝʥʠʝ 

ʰʧʠʥʜʝʣʶ ʩ ʧʦʤʦʱʴʶ ʧʘʨʳ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ. ʀʥʩʪʨʫʤʝʥʪ ʢʨʝʧʠʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʰʧʠʥʜʝʣʶ ʟʘ ʩʯʝʪ ʮʘʥʛʦʚʦʛʦ ʧʘʪʨʦʥʘ, ʮʘʥʛʠ ʠ ʚʳʧʦʣʥʝʥʥʦʛʦ 

ʚ ʰʧʠʥʜʝʣʝ ʢʦʥʫʩʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ISO. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʚʦʜʘ ʧʦʜʘʯ ʩʘʣʘʟʦʢ ʧʦ ʦʩʠ Z (ʧʨʦʜʦʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ, 

ʧʘʨʘʣʣʝʣʴʥʦʝ ʦʩʠ ʠʥʩʪʨʫʤʝʥʪʘ) ʧʨʠʤʝʥʷʪʩʷ ʰʘʛʦʚʳʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʄ2. ʆʪ 

ʜʚʠʛʘʪʝʣʷ ʄ2 ʚʨʘʱʝʥʠʝ ʯʝʨʝʟ ʩʦʝʜʠʥʠʪʝʣʴʥʫʶ ʤʫʬʪʫ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʚʠʥʪ 

ʩʢʦʣʴʞʝʥʠʷ, ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʥʳʡ ʥʘ ʩʪʘʥʠʥʝ ʩʪʘʥʢʘ. ɻʘʡʢʘ ʧʝʨʝʜʘʯʠ çʚʠʥʪ-

ʛʘʡʢʘ ʩʢʦʣʴʞʝʥʠʷè ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʘ ʥʘ ʥʠʞʥʠʭ ʩʘʣʘʟʢʘʭ ʩʪʘʥʢʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʚʦʜʘ ʧʦʜʘʯ ʩʘʣʘʟʦʢ ʧʦ ʦʩʠ X (ʧʦʧʝʨʝʯʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ ʦʩʠ ʠʥʩʪʨʫʤʝʥʪʘ) ʧʨʠʤʝʥʷʪʩʷ ʰʘʛʦʚʳʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ 

ʄ3. ʆʪ ʜʚʠʛʘʪʝʣʷ ʄ3 ʚʨʘʱʝʥʠʝ ʯʝʨʝʟ ʩʦʝʜʠʥʠʪʝʣʴʥʫʶ ʤʫʬʪʫ ʧʝʨʝʜʘʝʪʩʷ ʥʘ 

ʚʠʥʪ ʩʢʦʣʴʞʝʥʠʷ, ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʥʳʡ ʥʘ ʚʝʨʭʥʠʭ ʩʘʣʘʟʢʘʭ ʩʪʘʥʢʘ. ɻʘʡʢʘ 
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ʧʝʨʝʜʘʯʠ çʚʠʥʪ-ʛʘʡʢʘ ʩʢʦʣʴʞʝʥʠʷè ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʘ ʥʘ ʥʠʞʥʠʭ ʩʘʣʘʟʢʘʭ 

ʩʪʘʥʢʘ. 

 
 

ʈʠʩ. 1. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʪʘʥʢʘ 

 

ɼʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʢʦʨʧʫʩʘ ʧʨʠʚʦʜʘ ʛʣʘʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦ ʦʩʠ Y 

(ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʰʘʛʦʚʳʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʄ4. 

ɺʨʘʱʝʥʠʝ ʦʪ ʜʚʠʛʘʪʝʣʷ ʄ4 ʯʝʨʝʟ ʩʦʝʜʠʥʷʶʱʫʶ ʤʫʬʪʫ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʚʠʥʪ 

ʩʢʦʣʴʞʝʥʠʷ, ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʥʳʡ ʥʘ ʩʪʦʡʢʘʭ ʩʪʘʥʢʘ. ʉʘʤ ʢʦʨʧʫʩ ʧʨʠʚʦʜʘ 

ʷʚʣʷʝʪʩʷ ʛʘʡʢʦʡ ʧʝʨʝʜʘʯʠ çʚʠʥʪ-ʛʘʡʢʘ ʩʢʦʣʴʞʝʥʠʷè, ʪʘʢ ʢʘʢ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ 

ʦʪʚʝʨʩʪʠʝ ʩ ʪʨʘʧʝʮʝʠʜʘʣʴʥʦʡ ʨʝʟʴʙʦʡ. 

ʇʨʠʚʦʜ ʧʦʚʦʨʦʪʥʦʛʦ ʩʪʦʣʘ ʩʦʩʪʦʠʪ ʠʟ ʰʘʛʦʚʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ M5, 

ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʠ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʪʫʧʝʥʯʘʪʦʛʦ ʚʘʣʘ, ʥʘ ʢʦʪʦʨʦʤ ʜʝʨʞʠʪʩʷ 

ʧʣʘʥʰʘʡʙʘ (ʧʦʚʦʨʦʪʥʳʡ ʩʪʦʣ). ɼʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʧʣʘʥʰʘʡʙʳ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ 

R (ʚʨʘʱʘʪʝʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ) ʚʨʘʱʝʥʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʄ5 ʯʝʨʝʟ 

ʩʦʝʜʠʥʠʪʝʣʴʥʫʶ ʤʫʬʪʫ ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʚʷʯʥʦʤʫ ʚʘʣʫ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʜʘʝʪ ʚʨʘʱʝʥʠʝ ʯʝʨʚʷʯʥʦʤʫ ʢʦʣʝʩʫ. ʕʪʦ ʢʦʣʝʩʦ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʦ ʢ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʚʘʣʫ (ʦʩʴ ʧʦʚʦʨʦʪʥʦʛʦ ʩʪʦʣʘ). ɺʘʣ ʞʝ ʞʝʩʪʢʦ ʩʦʝʜʠʥʝʥ ʩ 
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ʧʣʘʥʰʘʡʙʦʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʡ ʩʦʚʝʨʰʘʪʴ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. ʏʝʨʚʷʢ 

(ʯʝʨʚʷʯʥʳʡ ʚʘʣ) ʞʝʩʪʢʦ ʧʨʠʢʨʝʧʣʝʥ ʢ ʚʝʨʭʥʠʤ ʩʘʣʘʟʢʘʤ ʩʪʘʥʢʘ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʝʪʘʣʝʡ, ʫʣʦʚ ʠ ʢʦʤʧʦʥʦʚʢʠ 4-ʢʦʦʨʜʠʥʘʪʥʦʛʦ 

ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʬʨʝʟʝʨʥʦʛʦ ʩʪʘʥʢʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʩʠʩʪʝʤʝ ʪʨʝʭʤʝʨʥʦʛʦ 

ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ SolidWorks. 

3D-ʤʦʜʝʣʴ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʧʨʠʚʦʜʘ ʛʣʘʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩ. 2. 

 
 

ʈʠʩ. 2. ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʫʟʝʣ çʇʨʠʚʦʜ ʛʣʘʚʥʦʛʦ ʜʚʠʞʝʥʠʷè 
 

3D-ʤʦʜʝʣʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʭ ʧʨʠʚʦʜʦʚ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ ʧʦʜʘʯʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3,ʘ ʠ 3,ʙ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

      

   ʘ        ʙ 

ʈʠʩ. 3. ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʳʝ ʫʟʣʳ çʇʨʠʚʦʜ ʧʨʦʜʦʣʴʥʦʡ ʧʦʜʘʯʠè (ʘ) 

ʠ çʇʨʠʚʦʜ ʧʦʧʝʨʝʯʥʦʡ ʧʦʜʘʯʠè (ʙ) 
 

ɼʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʩʪʘʥʢʘ ʢ ʢʦʤʧʴʶʪʝʨʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʭʝʤʘ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʯʝʪʳʨʴʤʷ ʰʘʛʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʧʨʠʚʦʜʦʚ ʧʦʜʘʯ 
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ʬʨʝʟʝʨʥʦʛʦ ʩʪʘʥʢʘ ʯʝʨʝʟ COM-ʧʦʨʪ ʢʦʤʧʴʶʪʝʨʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʧʠʩʘʥʥʦʡ 

ʫʧʨʘʚʣʷʶʱʝʡ ʧʨʦʛʨʘʤʤʦʡ. ʇʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʩʭʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʰʘʛʦʚʳʤʠ 

ʜʚʠʛʘʪʝʣʷʤʠ ʢ USB ʧʦʨʪʫ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʠʥʪʝʨʬʝʡʩʘ ʠʟ COM ʚ USB, ʚʳʧʫʩʢʘʝʤʳʡ ʤʥʦʛʠʤʠ ʢʦʤʧʘʥʠʷʤʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʘʣʦʛʘʙʘʨʠʪʥʳʡ 4-ʢʦʦʨʜʠʥʘʪʥʳʡ ʬʨʝʟʝʨʥʳʡ ʩʪʘʥʦʢ 

ʦʪʣʠʯʘʝʪʩʷ ʧʨʦʩʪʦʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʦʚʠʪʴ ʝʛʦ ʩ ʜʦʩʪʘʪʦʯʥʦ 

ʥʠʟʢʠʤʠ ʟʘʪʨʘʪʘʤʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʛʦ ʩʪʘʥʢʘ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʥʘ ʥʝʤ 

ʚʦʟʤʦʞʥʦ ʧʨʦʚʝʜʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ, ʚʳʧʦʣʥʝʥʠʝ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ. ʉʪʘʥʦʢ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦ ʠ ʧʦʣʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʨʘʙʦʪʫ ʠ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʩ ʏʇʋ ʢʣʘʩʩʘ PCNC, 

ʩʪʫʜʝʥʪʳ ʪʘʢʞʝ ʧʦʣʫʯʘʪ  ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʨʦʙʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʝʛʦ 

ʢʦʥʩʪʨʫʢʮʠʝʡ, ʧʨʦʚʝʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʘʣʦʛʘʙʘʨʠʪʥʳʡ ʬʨʝʟʝʨʥʳʡ ʩʪʘʥʦʢ ʤʦʞʝʪ ʪʘʢʞʝ ʥʘʡʪʠ 

ʧʨʠʤʝʥʝʥʠʝ ʠ ʚ ʨʝʘʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʤʝʣʢʦʩʝʨʠʡʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʠʣʠ ʧʨʠʙʦʨʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʬʠʣʷ, ʚʚʠʜʫ 

ʝʛʦ ʤʦʙʠʣʴʥʦʩʪʠ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʥʝʤ ʜʝʪʘʣʝʡ, ʠʤʝʶʱʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʛʘʙʘʨʠʪʳ. 

3D-ʤʦʜʝʣʴ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʧʨʠʚʦʜʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʜʘʯʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩ. 4. 
 

 
 

ʈʠʩ. 4. ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʫʟʝʣ çʇʨʠʚʦʜ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʜʘʯʠè 
 

3D-ʤʦʜʝʣʴ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʧʨʠʚʦʜʘ ʧʦʚʦʨʦʪʥʦʛʦ ʩʪʦʣʘ ï ʥʘ ʨʠʩ. 5. 

 

 

ʈʠʩ. 5. ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʫʟʝʣ çʇʨʠʚʦʜ ʧʦʚʦʨʦʪʥʦʛʦ ʩʪʦʣʘè 
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3-D ʤʦʜʝʣʴ ʧʦʣʥʦʩʪʴʶ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʛʦ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ 4-

ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʬʨʝʟʝʨʥʦʛʦ ʩʪʘʥʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 6. 
 

 
 

ʈʠʩ. 6. ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʤʘʣʦʛʘʙʘʨʠʪʥʳʡ 4-ʢʦʦʨʜʠʥʘʪʥʳʡ 

 ʬʨʝʟʝʨʥʳʡ ʩʪʘʥʦʢ 

 

ʋɼʂ 636.085.5 

ʂ ɺʆʇʈʆʉʋ ʊɽʆʈɽʊʀʏɽʉʂʆɻʆ ʆɹʆʉʅʆɺɸʅʀʗ 

ʂʆʅʉʊʈʋʂʊʀɺʅʆ-ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ 

ʐʅɽʂʆɺʓʍ ʉʄɽʉʀʊɽʃɽʁ 

ɸ.ɸ. ʇʦʣʷʢʦʚʘ, ɼ.ɽ. ʂʘʰʠʨʠʥ 

ʈʷʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʇ.ɸ. ʂʦʩʪʳʯʝʚʘ  
ɸʥʥʦʪʘʮʠʷ. ʀʟ ʚʩʝʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʨʘʟʚʠʪʠʝ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ, ʦʜʥʦ ʠʟ ʚʘʞʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠʥʘʜʣʝʞʠʪ ʨʘʟʚʠʪʠʶ, ʘ ʪʘʢʞʝ ʩʦʩʪʦʷʥʠʶ 

ʢʦʨʤʦʚʦʡ ʙʘʟʳ. ʂʦʨʤʦʚʘʷ ʙʘʟʘ ï ʵʪʦ ʢʘʯʝʩʪʚʦ, ʩʦʩʪʘʚ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʤʦʚʳʭ ʨʝʩʫʨʩʦʚ ʠ 

ʥʝʦʪʲʝʤʣʝʤʘʷ ʩʠʩʪʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʩʥʦʚʥʘʷ ʞʝ ʟʘʜʘʯʘ ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʢʣʘʜʳʚʘʝʪʩʷ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʧʦʣʥʦʮʝʥʥʳʤʠ ʠ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʢʦʨʤʘʤʠ.  

ʀʤʝʥʥʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʢʦʨʤʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʮʝʥʥʫʶ ʯʘʩʪʴ ʨʘʮʠʦʥʘ. 

ʀʩʧʦʣʴʟʦʚʘʪʴ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʢʦʨʤʘ ʩʣʝʜʫʝʪ ʚ ʚʠʜʝ ʟʝʨʥʦʩʤʝʩʝʡ ʠʣʠ ʞʝ ʚ ʚʠʜʝ 

ʢʦʤʙʠʢʦʨʤʦʚ, ʠʤʝʥʥʦ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʜʫʢʪʠʚʥʦʝ ʜʝʡʩʪʚʠʝ ʢʦʨʤʘ ʧʦʯʪʠ ʥʘ 

25% ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʢʘʨʤʣʠʚʘʥʠʝʤ ʚ ʚʠʜʝ ʦʜʥʦʠʤʝʥʥʦʡ ʜʝʨʪʠ. 

ɿʘ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʡ ʨʘʮʠʦʥ ʞʠʚʦʪʥʳʭ ʦʪʚʝʯʘʝʪ ʧʨʦʮʝʩʩ ʩʤʝʰʠʚʘʥʠʷ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʦʨʤʦʚ. ʊʘʢ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʩʤʝʰʠʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʢʦʨʤʦʚ ʩʦ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʨʝʮʝʧʪʫʨʦʡ.  

ʊʘʢ ʢʘʢ ʥʘ ʧʨʦʮʝʩʩ ʩʤʝʰʠʚʘʥʠʷ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʮʝʣʳʡ ʨʷʜ ʬʘʢʪʦʨʦʚ, 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʩʣʦʞʥʳʤ ʘʥʘʣʠʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʪʴ ʦʩʥʦʚʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʦʚʨʝʤʝʥʥʳʭ ʩʤʝʩʠʪʝʣʝʡ [1]. 
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FOR QUESTIONS OF THEORETICAL SUBSTANTIATION OF IS 

CONSTRUCTIVE -TECHNOLOGICAL PARAMETRES SCREW MIXER.  

A.A. Polyakov, D.E. Kashirin 

Ryazan state 

agrotechnological University P. A. Kostychev 
Abstract. Of the variety of factors determining the development of animal husbandry, one of 

the most important values plays development, as well as fodder. Forage base is the quality, 

composition and quantity of food resources and an integral system of production. The main 

objective of forage production is in the provision of farm animals a complete and balanced 

concentrated feed.  

It concentrated feed are a valuable part of the diet. The use of concentrated feed should be in 

the form of mixtures of grains or in the form of feed, it allows to increase productivity of forage by 

almost 25% in comparison with feeding as the eponymous dirty. 

For a balanced animal diet is responsible for the mixing process of concentrated feed. As the 

mixing process is provided by manufacturing high quality feeds with a certain recipe.  

Since the mixing process is influenced by a number of factors would be very complicated to 

calculate analytically based constructive-technological parameters of modern faucets. [1] 

Key words: blending, livestock, forage base. 

 

ɺʚʝʜʝʥʠʝ 

ɼʚʠʞʝʥʠʝ ʯʘʩʪʠʮ ʩʤʝʰʠʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʰʥʝʢʦʚʦʤ ʩʤʝʩʠʪʝʣʝ 

ʦʧʨʝʜʝʣʷʝʪ ʢʘʯʝʩʪʚʦ ʩʤʝʰʠʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʚ ʩʤʝʩʠʪʝʣʝ ʣʶʙʦʛʦ ʪʠʧʘ 

ʠ ʟʘʚʠʩʠʪ ʦʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʥʘʯʠʥʘʷ ʦʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ, ʧʦʜʚʝʨʛʘʝʤʦʛʦ ʩʤʝʰʠʚʘʥʠʶ, ʠ ʟʘʢʘʥʯʠʚʘʷ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʤʝʩʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʉʤʝʰʠʚʘʥʠʝ 

ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩʦʤ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʯʘʩʪʠʮ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛ ʜʨʫʛʘ, ʪ.ʝ. ʧʨʦʮʝʩʩʦʤ, ʚ ʢʦʪʦʨʦʤ ʯʘʩʪʠʮʳ ʩʦʚʝʨʰʘʶʪ ʜʚʠʞʝʥʠʝ. ɺ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʚʩʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʬʘʢʪʦʨʦʚ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʧʨʦʮʝʩʩ 

ʩʤʝʰʠʚʘʥʠʷ, ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʩʤʝʩʠʪʝʣʷ ʷʚʣʷʝʪʩʷ ʩʪʝʧʝʥʴ ʦʜʥʦʨʦʜʥʦʩʪʠ 

ʩʤʝʩʠ. ʇʨʦʮʝʩʩ ʩʤʝʰʠʚʘʥʠʷ ʚʝʩʴʤʘ ʩʣʦʞʥʳʡ ʠ ʜʦ ʢʦʥʮʘ ʥʝ ʠʟʫʯʝʥ. ʕʪʦʤʫ 

ʚʦʧʨʦʩʫ ʧʦʩʚʷʪʠʣʠ ʩʚʦʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʥʦʛʠʝ ʫʯʝʥʳʝ, ʪʘʢʠʝ ʢʘʢ ʉ.ɺ. 

ʄʝʣʴʥʠʢʦʚ, ɺ.ɺ. ʂʦʥʦʚʘʣʦʚ, ʖ.ʄ. ʀʩʘʝʚ, ʀ.ɻ. ʇʘʥʠʥ, ʖ.ʄ. ʂʦʣʧʘʢʦʚ, ɸ.ɺ. 

ɹʘʡʜʦʚ, ɸ.ʀ. ɿʘʚʨʘʞʥʦʚ, ɻ.ʄ. ʉʪʫʢʘʣʢʠʥ, ɸ.ʄ. ɻʨʠʛʦʨʴʝʚ, ɻ.ʄ. ʂʫʢʪʘ, ʉ.ʂ. 

ʌʠʣʘʪʦʚ. ʆʥʠ ʨʘʟʨʘʙʦʪʘʣʠ ʤʥʦʞʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʝʦʨʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʪʝʧʝʥʠ ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʤʝʩʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʤʝʩʠʪʝʣʝʡ [2,3,4]. 

 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʧʦʜʭʦʜ ʧʨʝʜʣʘʛʘʝʪ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʩʤʝʰʠʚʘʥʠʷ ʧʨʠʥʠʤʘʪʴ ʣʶʙʫʶ ʩʤʝʩʴ ʟʘ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʫʶ [5]. ɼʣʷ ʵʪʦʛʦ 

ʚʳʜʝʣʷʶʪ ʠʟ ʠʤʝʶʱʝʡʩʷ ʩʤʝʩʠ ʦʜʠʥ ʢʦʤʧʦʥʝʥʪ ʠ ʧʨʠʥʠʤʘʶʪ ʢʦʥʪʨʦʣʴʥʳʤ. 

ʇʨʠ ʵʪʦʤ ʦʩʪʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʤʝʩʠ ʧʨʠʥʠʤʘʶʪ ʢʘʢ ʚʪʦʨʦʡ ʢʦʤʧʦʥʝʥʪ. 

ʂʘʯʝʩʪʚʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʦʮʝʩʩʘ ʩʤʝʰʠʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʩʪʝʧʝʥʠ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ. ʇʦʢʘʟʘʪʝʣʴ ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʤʝʩʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 
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ʩʦʙʦʡ ʤʘʩʩʦʚʦʝ ʦʪʥʦʰʝʥʠʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʧʨʦʙʝ ʪʦʛʦ 

ʞʝ ʩʦʜʝʨʞʘʥʠ ̫ʚ ʠʜʝʘʣʴʥʦʡ ʩʤʝʩʠ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʤʝʩʠ ʠʟʚʝʩʪʥʦ ʚʳʨʘʞʝʥʠʝ [6, ʩ. 38]. 

ὖᾀ
Ў

ᾀ 2ˡ (ᾀ),      (1) 

ʛʜʝ ˡ̏  ī ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʬʫʥʢʮʠʷ ʃʘʧʣʘʩʘ; 

Ў -ὼ ī ʚʝʣʠʯʠʥʘ ʦʪʢʣʦʥʝʥʠʷ ʟʘʤʝʨʘ ὼ ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ὼ; 
s ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ; 

ᾀ ʠ ᾀ - ʟʘʜʘʥʥʳʝ ʧʨʝʜʝʣʳ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ɸ.ʀ. ɿʘʚʨʘʞʥʦʚ, ɼ.ʀ. ʅʠʢʦʣʘʝʚ [7, ʩ. 307 ï 311]  ʧʨʝʜʣʘʛʘʶʪ ʩʪʝʧʝʥʴ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʤʝʩʠ —, %, ʦʧʨʝʜʝʣʷʪʴ  ʧʦ ʚʳʨʘʞʝʥʠʶ (1.2). 

—
̓
,         (2) 

ʛʜʝ „̓ ï ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ; 

Sïʦʧʳʪʥʦʝ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ:  

„= В  ɀ ,                                                             (3) 

ʛʜʝ ὼ ï ʩʦʜʝʨʞʘʥʠʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ i-ʡ ʧʨʦʙʝ;  

ὴ ʟʘʜʘʥʥʦʝ ʨʘʩʯʝʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

S= В
̖

,       (4) 

ʛʜʝ  s ï ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚʦ ʚʩʝʭ 

ʧʨʦʙʘʭ; 

m ï ʦʙʱʝʝ ʯʠʩʣʦ ʧʨʦʙ. 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʩʤʝʰʠʚʘʥʠʷ, ʧʨʝʜʣʦʞʝʥʥʘʷ F.N Valentin [8], ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠ ̫ʢʦʤʧʦʥʝʥʪʘ „̋ȟ  
ʧʨʠ ʢʦʥʝʯʥʦʤ ʩʦʩʪʦʷʥʠʠ 

„̋

В

В  
 ,                                                  (5) 

ʛʜʝ „̋ ï ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠ 

ʢʦʥʝʯʥʦʤ ʩʦʩʪʦʷʥʠʠ; 
ВὪ ὼ ȠВὪ ώ  ï ʵʬʬʝʢʪʠʚʥʳʡ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʆʙʦʩʥʦʚʘʥʠʶ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʞʠʤʦʚ 

ʨʘʙʦʪʳ ʩʤʝʩʠʪʝʣʝʡ ʢʦʨʤʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ: 

ɸ.ʄ.ɻʨʠʛʦʨʴʝʚʘ, ɽʚʜʦʢʠʤʝʥʢʦ ʀ.ʂ., ɺ.ɺ. ʂʦʥʦʚʘʣʦʚʘ, ʃ.ʇ. ʂʦʨʤʘʥʦʚʩʢʦʛʦ, 

ʀ.ɺ. ɻʦʨʶʰʠʥʩʢʠʡ, ʖ. ʀ. ʄʘʢʘʨʦʚʘ, ʉ.ʀ. ɺʦʨʦʥʮʦʚʘ, ʉ.ʅ. ʄʘʣʘʥʠʯʝʚʘ, ʄ.ʉ. 

ʈʫʥʯʝʚʘ, ɸ.ɼ. ʉʝʣʝʟʥʝʚʘ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʫʯʝʥʳʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʰʥʝʢʘ ‫  ,ʩ
-1  
ʧʨʠʤʝʥʷʶʪ ʩʣʝʜʫʶʱʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ:
  

 ‫
  

,                                         (6) 

ʛʜʝ R ï ʨʘʜʠʫʩ ʰʥʝʢʘ, ʤ; 

g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʤ/ʩ
2
; 

 f ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʚ ʩʣʦʷʭ ʧʝʨʝʤʝʰʠʚʘʝʤʦʛʦ ʢʦʨʤʘ; 
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a ï ʫʛʦʣ ʧʦʜʲʝʤʘ ʚʠʥʪʦʚʦʡ ʣʠʥʠʠ ʰʥʝʢʘ, ʛʨʘʜ; 

• ï ʫʛʦʣ ʧʦʜʲʝʤʘ ʯʘʩʪʠʮ, ʛʨʘʜ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ Q, ʢʛ/ʩ, ʰʥʝʢʦʚʦʛʦ ʩʤʝʩʠʪʝʣʷ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ 

ʜʝʡʩʪʚʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʩʣʝʜʫʶʱʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ: 

ὗ “ ‫Ὓ‎ ,                                                      (7) 

ʛʜʝ D ï ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʰʥʝʢʘ, ʤʤ; 

d ï ʜʠʘʤʝʪʨ ʚʘʣʘ ʰʥʝʢʘ,ʤʤ; 

  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

 

ɺʳʚʦʜ 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʚʳʰʝʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚʦʧʨʦʩ ʩʤʝʰʠʚʘʥʠʷ ʢʦʨʤʦʚ ʠʟʫʯʝʥ ʚ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʤʝʨʝ, ʪʘʢ ʢʘʢ ʨʝʘʣʴʥʦ ʜʝʡʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤʠ, ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤʠ. ʀʟ ʯʝʛʦ ʩʣʝʜʫʝʪ 

ʚʳʚʦʜ, ʯʪʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʦʛʦ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʩʤʝʰʠʚʘʥʠʷ.  

ʊʘʢʞʝ ʦʪʩʫʪʩʪʚʫʶʪ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʘʮʠʠ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʠʛʦʪʘʚʣʠʚʘʪʴ ʢʦʨʤʘ, ʦʪʚʝʯʘʶʱʠʝ ʟʦʦʪʝʭʥʠʯʝʩʢʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʠ ʵʪʦʤ ʦʙʣʘʜʘʶʱʠʝ ʤʠʥʠʤʘʣʴʥʦʡ ʵʥʝʨʛʦʸʤʢʦʩʪʴʶ. 

ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʪʦʣʴʢʦ ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦ ʠ ʜʝʪʘʣʴʥʦ ʠʟʫʯʘʪʴ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʥʦ ʠ ʫʜʝʣʷʪʴ ʚʥʠʤʘʥʠʝ 

ʢʦʥʩʪʨʫʢʮʠʷʤ ʩʤʝʩʠʪʝʣʝʡ.  
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ʋɼʂ 539.231 

ʅʆɺɸʗ ʂʆʄʇʃɽʂʉʅɸʗ ʊɽʍʅʆʃʆɻʀʗ ʋʇʈʆʏʅɽʅʀʗ ʅʆɾɽʁ  

ɼʃʗ ɼʈʆɹʃɽʅʀʗ ʆʈɽʍʆɺ ɺ ʂʆʅɼʀʊɽʈʉʂʆʄ ʇʈʆʀɿɺʆɼʉʊɺɽ 

ʉ.ʇ. ʈʦʤʘʥʶʢ, ʊ.ʉ. ʉʢʦʙʣʦ, ɸ.ʀ. ʉʠʜʘʰʝʥʢʦ 

ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʠʤʝʥʠ ʇ. ɺʘʩʠʣʝʥʢʦ 
ɸʥʥʦʪʘʮʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʫʧʨʦʯʥʝʥʠʷ ʪʦʥʢʦʩʪʝʥʥʦʛʦ ʨʝʞʫʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʢʨʳʪʠʝʤ CrN. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪ ʩʘʤʦʟʘʪʘʯʠʚʘʥʠʷ, 

ʦʪʩʫʪʩʪʚʠʝ ʢʦʨʨʦʟʠʦʥʥʦʡ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ 

ʪʦʥʢʦʩʪʝʥʥʳʭ ʜʠʩʢʦʚʳʭ ʥʦʞʝʡ ʚ 50 ʨʘʟ. ʅʦʚʳʡ ʩʧʦʩʦʙ ʫʧʨʦʯʥʝʥʠʷ ʪʦʥʢʦʩʪʝʥʥʳʭ ʜʠʩʢʦʚʳʭ 

ʥʦʞʝʡ ʧʦʢʨʳʪʠʝʤ CrN ʟʘʱʠʱʝʥ ʧʘʪʝʥʪʦʤ ʋʢʨʘʠʥʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʢʨʳʪʠʝ, ʨʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ, ʜʠʩʢʦʚʳʝ ʥʦʞʠ, 

ʧʦʚʨʝʞʜʘʝʤʦʩʪʴ, ʩʘʤʦʟʘʪʘʯʠʚʘʥʠʝ.  
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ɺʚʝʜʝʥʠʝ 

ʇʨʠ ʜʨʦʙʣʝʥʠʠ ʦʨʝʭʦʚ ʚ ʢʦʥʜʠʪʝʨʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʪʦʥʢʦʩʪʝʥʥʳʝ ʜʠʩʢʦʚʳʝ ʥʦʞʠ ʪʦʣʱʠʥʦʡ 0,64ʤʤ ʠʟ ʭʦʣʦʜʥʦʢʘʪʘʥʦʡ ʩʪʘʣʠ 65ɻ. 

ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʠʭ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʚʳʭʦʜʘ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ: 

ʚʳʢʨʘʰʠʚʘʥʠʝ ʠ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʣʝʟʚʠʷ (ʟʘʛʠʙ ʢʨʦʤʢʠ), ʫʩʪʘʣʦʩʪʥʘʷ 

ʧʦʚʨʝʞʜʘʝʤʦʩʪʴ ʩʝʨʝʜʠʥʳ ʠ ʦʩʥʦʚʘʥʠʷ ʥʦʞʘ. ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʪʘʢʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʥʝʜʦʩʪʘʪʦʯʥʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 1-2 ʩʤʝʥʳ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʪʢʘʟʘʤ ʚ 

ʨʘʙʦʪʝ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʦʩʪʦʷʤ, ʟʥʘʯʠʪʝʣʴʥʳʤ ʟʘʪʨʘʪʘʤ ʥʘ 

ʟʘʧʘʩʥʳʝ ʯʘʩʪʠ, ʘ ʪʘʢʞʝ ʢ ʧʦʨʯʝ ʮʝʥʥʦʡ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʥʘʜʝʞʥʦʩʪʠ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʪʘʢʦʛʦ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚ 
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ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʫʧʨʦʯʥʝʥʠʝ ʜʠʩʢʦʚʳʭ ʥʦʞʝʡ, ʩʥʠʞʘʶʱʠʭ ʩʢʣʦʥʥʦʩʪʴ ʢ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʪʦʥʢʦʩʪʝʥʥʦʛʦ 

ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘʥʝʩʝʥʠʝʤ ʧʦʢʨʳʪʠʷ CrN ʚʘʢʫʫʤʥʦ ï ʜʫʛʦʚʳʤ 

ʤʝʪʦʜʦʤ ʩ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝʤ ʝʛʦ ʧʝʨʝʛʨʝʚʘ ʟʘ ʩʯʝʪ ʮʠʢʣʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

ɸʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʝ 
ʇʦʚʳʰʝʥʠʶ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʝʜʣʘʛʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʩʧʦʩʦʙʳ ʫʧʨʦʯʥʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʪʝʨʠʘʣʘ ʠ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ [1,2]. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʫʧʨʦʯʥʝʥʠʷ 

ʥʘʥʝʩʝʥʠʝʤ ʧʦʢʨʳʪʠʡ [3-6], ʢʦʪʦʨʳʝ ʧʦʜʭʦʜʷʪ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʝʞʠʤʳ 

ʨʘʙʦʪʳ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʳʝ ʩʚʦʡʩʪʚʘ ʠʥʩʪʨʫʤʝʥʪʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʥʘ 

ʜʝʪʘʣʠ ʠʟ ʞʝʣʝʟʦʫʛʣʝʨʦʜʠʩʪʳʭ ʠ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʥʘʥʦʩʷʪ ʤʥʦʛʦʩʣʦʡʥʳʝ 

ʠʟʥʦʩʦʩʪʦʡʢʠʝ ʧʦʢʨʳʪʠʷ ʦʢʩʠʜʘ ʠ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ [3], ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʧʦʜʛʦʪʦʚʢʦʡ (ʧʦʣʠʨʦʚʢʦʡ) ʧʦʚʝʨʭʥʦʩʪʠ, ʦʜʥʘʢʦ ʜʘʥʥʦʝ ʫʩʣʦʚʠʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ 

ʦʩʫʱʝʩʪʚʠʪʴ ʜʣʷ ʨʝʘʣʴʥʳʭ ʪʦʥʢʦʩʪʝʥʥʳʭ ʠʟʜʝʣʠʡ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʜʝʪʘʣʝʡ  ʧʨʦʚʦʜʷʪ ʘʟʦʪʠʨʦʚʘʥʠʝ ʠʟʜʝʣʠʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦʷ, ʦʯʠʩʪʢʫ ʠ ʘʢʪʠʚʘʮʠʶ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʥʘʥʝʩʝʥʠʝ TiN ʧʦʢʨʳʪʠʷ [4]. ʊʘʢʦʡ ʤʝʪʦʜ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʪʦʥʢʦʩʪʝʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʧʦʩʢʦʣʴʢʫ ʥʘʥʝʩʝʥʠʝ ʧʦʢʨʳʪʠʷ ʦʩʫʱʝʩʪʚʣʷʶʪ ʚ 

ʪʝʯʝʥʠʝ 60ï90 ʤʠʥ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʧʝʨʝʛʨʝʚʫ, ʨʘʟʫʧʨʦʯʥʝʥʠʶ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ 

ʠ ʥʘʨʫʰʝʥʠʶ ʧʣʘʥʰʝʪʥʦʩʪʠ ʪʦʥʢʦʩʪʝʥʥʦʛʦ ʥʦʞʘ. ʆʧʪʠʤʠʟʘʮʠʷ ʪʦʣʱʠʥʳ 

ʧʦʢʨʳʪʠʷ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ. ʊʘʢ, ʧʨʠ ʪʦʣʱʠʥʝ ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ 5-10 ʤʢʤ [5] ʚʦʟʤʦʞʥʦ 

ʚʳʢʨʘʰʠʚʘʥʠʝ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʘʜʛʝʟʠʠ ʤʝʞʜʫ ʧʦʢʨʳʪʠʝʤ ʠ ʧʦʜʣʦʞʢʦʡ, ʯʪʦ 

ʥʝʜʦʧʫʩʪʠʤʦ ʚ ʧʠʱʝʚʦʤ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ 

ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʥʘʥʝʩʝʥʠʠ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ ʙʦʣʴʰʦʡ 

ʪʦʣʱʠʥʳ [6] ʪʦʥʢʦʩʪʝʥʥʳʝ ʠʟʜʝʣʠʷ ʙʫʜʫʪ ʩʠʣʴʥʦ ʧʝʨʝʛʨʝʚʘʪʴʩʷ ʠ ʪʝʨʷʪʴ 

ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʚʳʰʝʥʥʦʡ ʜʦʣʠ 

ʦʩʪʘʪʦʯʥʦʛʦ ʘʫʩʪʝʥʠʪʘ, ʙʳʩʪʨʦʤʫ ʟʘʪʫʧʣʝʥʠʶ ʠ ʟʘʛʠʙʫ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʄʝʪʦʜʠʢʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʨʠ ʫʧʨʦʯʥʝʥʠʠ ʪʦʥʢʦʩʪʝʥʥʳʭ ʜʠʩʢʦʚʳʭ ʥʦʞʝʡ ʠʟ ʩʪʘʣʠ 65ɻ ʧʨʦʚʦʜʠʣʠ 

ʦʙʨʘʙʦʪʢʫ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʝʩʝʥʠʝʤ ʧʦʢʨʳʪʠʷ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʚʩʝʡ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ. ʀʟʜʝʣʠʝ ʧʦʜʚʝʨʛʘʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʰʣʠʬʦʚʢʝ 

ʫʧʨʦʯʥʷʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʨʘʙʦʪʢʝ ʜʣʷ ʦʙʝʟʞʠʨʠʚʘʥʠʷ, ʦʯʠʱʝʥʠʷ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠ ʧʝʨʝʜ ʥʘʧʳʣʝʥʠʝʤ ɺʏ - ʨʘʟʨʷʜʦʤ ʚ ʧʦʪʦʢʝ ʠʦʥʦʚ 

ʘʨʛʦʥʘ. ɺ ʧʨʦʮʝʩʩʝ ʦʯʠʩʪʢʠ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ ʨʘʟʨʷʜʘ ʚ ʩʨʝʜʝ ʘʨʛʦʥʘ ʧʨʠ ʜʘʚʣʝʥʠʠ ʈ = 1*10
-1
 ʊʦʨʨ: ʦʪʨʠʮʘʪʝʣʴʥʦʝ 

ʩʤʝʱʝʥʠʝ ʥʘ ʧʦʜʣʦʞʢʝ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ -500ɺ, ʚʨʝʤʷ ʦʯʠʩʪʢʠ ï 10 ʤʠʥ [7]. 

ɼʣʷ ʫʧʨʦʯʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʢʨʳʪʠʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ CrN. ɽʛʦ ʥʘʥʦʩʠʣʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʘʥʦʚʢʠ ʪʠʧʘ "ɹʫʣʘʪ-6" ʤʝʪʦʜʦʤ PVD, ʧʨʠ ʢʦʪʦʨʦʤ 

ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʢʨʳʪʠʝ ʧʫʪʝʤ ʧʨʷʤʦʡ ʢʦʥʜʝʥʩʘʮʠʠ ʠʩʧʘʨʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɺʏ - ʨʘʟʨʷʜʘ. ɼʣʷ ʥʘʧʳʣʝʥʠʷ ʧʦʢʨʳʪʠʷ ʚ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ 
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ʙʳʣʦ ʩʦʟʜʘʥʦ ʜʘʚʣʝʥʠʝ ʘʨʛʦʥʘ ʥʝ ʥʠʞʝ ʈ = 1*10
-2
 ʊʦʨʨ. ɼʣʷ ʣʫʯʰʝʡ ʘʜʛʝʟʠʠ 

ʧʦʢʨʳʪʠʷ CrN ʩ ʨʝʞʫʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʥʘʥʦʩʠʣʠ ʧʦʜʩʣʦʡ Cr (ʚ ʪʝʯʝʥʠʝ 

3ʤʠʥ). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʧʦʢʨʳʪʠʷ CrN ʚʘʢʫʫʤʥʫʶ ʢʘʤʝʨʫ ʟʘʧʦʣʥʷʣʠ ʘʟʦʪʦʤ 

ʯʠʩʪʦʪʦʡ 99,99% ʠ ʦʙʝʩʧʝʯʠʚʘʣʠ ʜʘʚʣʝʥʠʝ ʈ = 1*10
-1
 ʊʦʨʨ. ʆʪʨʠʮʘʪʝʣʴʥʦʝ 

ʩʤʝʱʝʥʠʝ ʥʘ ʧʦʜʣʦʞʢʝ ʩʦʩʪʘʚʣʷʣʦ Uʩʤʝʱ = - 60 ɺ. ʇʘʨʘʤʝʪʨʳ ʚʘʢʫʫʤʥʦʡ ʜʫʛʠ: 

ʪʦʢ ʜʫʛʠ ʭʨʦʤʦʚʦʛʦ ʢʘʪʦʜʘ - 100ɸ, Iʬʦʢ = 0,7 ɸ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʝʨʝʛʨʝʚʘ 

ʪʦʥʢʦʩʪʝʥʥʳʭ ʠʟʜʝʣʠʡ ʮʠʢʣʠʯʝʩʢʠ ʥʘʥʦʩʠʣʠ ʩʣʦʠ ʥʘʥʦʧʦʢʨʳʪʠʷ ʪʦʣʱʠʥʦʡ 

ʢʘʞʜʦʛʦ ʜʦ 900 ʥʤ. ɺʨʝʤʷ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ CrN ʩʦʩʪʘʚʣʷʣʦ - 10ʤʠʥ, ʘ ʧʘʫʟʘ 

ʤʝʞʜʫ ʥʘʥʝʩʝʥʠʝʤ ʩʣʦʝʚ - 3 ʤʠʥ. ʆʙʱʝʝ ʚʨʝʤʷ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ ʜʦʩʪʠʛʘʣʦ 

30 ʤʠʥ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʥʘʥʦʧʦʢʨʳʪʠʷ ʦʙʱʝʡ ʪʦʣʱʠʥʦʡ ï 

2,7-3,0 ʤʢʤ. ʇʦʩʣʝ ʵʪʦʛʦ ʜʠʩʢʦʚʳʡ ʨʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ ʦʭʣʘʞʜʘʣʠ ʚ 

ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺʥʝʰʥʠʡ ʚʠʜ ʪʦʥʢʦʩʪʝʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʫʧʨʦʯʥʝʥʥʦʛʦ ʧʦʢʨʳʪʠʝʤ CrN, 

ʜʦ ɻʢʩʧʣʫʘʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ.1. 

 

 
ʘ           ʙ 

ʈʠʩ. 1. ʐʧʠʥʜʝʣʴ ʩ ʥʘʙʦʨʦʤ ʜʠʩʢʦʚʳʭ ʥʦʞʝʡ (ʘ) ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʥʦʞʘ  

ʩ ʧʦʢʨʳʪʠʝʤ CrN ʪʦʣʱʠʥʦʡ 3,0 ʤʢʤ ʜʦ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʙ) 

 

ʅʦʚʳʡ ʩʧʦʩʦʙ ʫʧʨʦʯʥʝʥʠʷ ʪʦʥʢʦʩʪʝʥʥʳʭ ʜʠʩʢʦʚʳʭ ʥʦʞʝʡ ʧʦʢʨʳʪʠʝʤ CrN 

ʟʘʱʠʱʝʥ ʧʘʪʝʥʪʦʤ ʋʢʨʘʠʥʳ [8].  

ʉ ʧʦʤʦʱʴʶ ʪʝʨʤʦʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʦʜʥʦʨʦʜʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʢʨʳʪʠʷ ʧʦ ʫʧʨʦʯʥʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʦʚʦʛʦ 

ʥʦʞʘ (ʨʠʩ. 2 ʠ ʪʘʙʣ. 1). 

 
ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʢʨʳʪʠʷ CrN ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʞʫʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʜʦ ʵʢʩʧʣʫʘʪʘʮʠʠ 
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ʊʘʙʣʠʮʘ 1  

ʈʝʟʫʣʴʪʘʪʳ ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ (ʩʦʛʣʘʩʥʦ ʨʠʩ.2) 

ʕʣʝʤʝʥʪ ʋʩʣ. ʢʦʥʮ. ɺʝʩʦʚʦʡ % 

N K 0.22 22.96 

Cr K 0.81 69.54 

Fe K 0.08 7.50 

ʀʪʦʛʠ  100.00 

 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 2 ʠ ʪʘʙʣ. 1, 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʤʧʦʥʝʥʪʳ ʫʧʨʦʯʥʷʶʱʝʛʦ ʧʦʢʨʳʪʠʷ Cr ʠ N 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ. ʅʘʙʣʶʜʘʝʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʜʠʬʬʫʟʠʷ ʘʪʦʤʦʚ ʞʝʣʝʟʘ ʠʟ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ ʚ ʧʦʢʨʳʪʠʝ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʦʛʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 7,5%. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚʘʢʫʫʤʥʦ - ʜʫʛʦʚʦʛʦ ʤʝʪʦʜʘ ʥʘ ʧʨʠʤʝʨʝ 

ʥʘʥʝʩʝʥʠʷ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʥʘʥʦʧʦʢʨʳʪʠʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʭʨʦʤʘ ʠ ʘʟʦʪʘ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 60-70% ʠ 30-40% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʙʝʩʧʝʯʝʥʦ ʫʤʝʥʴʰʝʥʠʝ 

ʩʢʣʦʥʥʦʩʪʠ ʢ ʫʩʪʘʣʦʩʪʥʦʡ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ 

ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʦʚʝʜʝʥʠʝ ʫʧʨʦʯʥʷʶʱʝʡ 

ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ (ʧʝʨʝʜ ʥʘʧʳʣʝʥʠʝʤ) ʦʙʨʘʙʦʪʢʠ ɺʏ ʨʘʟʨʷʜʦʤ ʦʙʝʩʧʝʯʠʣ 

ʧʦʚʳʰʝʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʫʩʪʘʣʦʩʪʥʦʡ 

ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʪʨʝʱʠʥ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʩʨʝʜʥʝʡ 

ʯʘʩʪʠ ʥʦʞʘ ʩ ʧʦʢʨʳʪʠʝʤ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʙʝʟ 

ʧʦʢʨʳʪʠʷ ʧʦʩʣʝ 8 ʯʘʩʦʚ ʨʘʙʦʪʳ ʪʦʥʢʦʩʪʝʥʥʦʛʦ ʥʦʞʘ. ʋʚʝʣʠʯʝʥʠʝ ʜʦʣʠ (> 40%) 

ʘʟʦʪʘ ʠʣʠ ʫʛʣʝʨʦʜʘ ʚ ʧʦʢʨʳʪʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʛʨʫʙʳʭ 

ʫʧʨʦʯʥʷʶʱʠʭ ʬʘʟ (ʥʠʪʨʠʜʦʚ), ʩʢʣʦʥʥʳʭ ʢ ʚʳʢʨʘʰʠʚʘʥʠʶ. ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ 

ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʥʝʝ 30% ʥʝ ʜʦʩʪʠʛʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʛʦ ʫʨʦʚʥʷ ʪʚʝʨʜʦʩʪʠ. 

ʇʦʚʳʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦ 

ʩʝʯʝʥʠʶ ʧʦʢʨʳʪʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʢʘʟʘʥʠʷʤʠ ʥʘʥʦʪʚʝʨʜʦʩʪʠ, ʫʨʦʚʝʥʴ 

ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ 25,0ɻʇʘ. ʈʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʧʨʠ ʦʜʥʦʩʣʦʡʥʦʤ [9] ʠ 

ʤʥʦʛʦʩʣʦʡʥʦʤ ʧʦʢʨʳʪʠʷʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 29,11 ʠ 25,83% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʘʷ 

ʫʧʨʦʯʥʷʶʱʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʝʧʷʪʩʪʚʫʝʪ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʘ ʩʘʤʦʟʘʪʘʯʠʚʘʥʠʷ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʫʧʨʦʯʥʝʥʥʦʛʦ 

ʩʣʦʷ. ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ 2,6-2,9 ʜʣʷ ʣʝʤʝʭʘ ʧʣʫʛʘ [10]. ɺ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʠʥʩʪʨʫʤʝʥʪ ʨʘʙʦʪʘʝʪ ʚ ʙʦʣʝʝ ʣʝʛʢʠʭ ʫʩʣʦʚʠʷʭ, ʨʝʘʣʠʟʘʮʠʷ 

ʵʬʬʝʢʪʘ ʩʘʤʦʟʘʪʘʯʠʚʘʥʠʷ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʪʚʝʨʜʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʫ ʪʦʥʢʦʩʪʝʥʥʳʭ ʥʦʞʝʡ ʜʣʷ ʜʨʦʙʣʝʥʠʷ ʦʨʝʭʦʚ ʚ ʢʦʥʜʠʪʝʨʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʥʘʥʦʪʚʝʨʜʦʩʪʠ ʧʦʢʨʳʪʠʷ CrN ʪʦʣʱʠʥʦʡ 3ʤʢʤ (ʤʥʦʛʦʩʣʦʡʥʦʝ, 

ʥʘʥʝʩʝʥʥʦʝ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ) ʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʥʩʪʨʫʤʝʥʪʘ 

ʩʦʩʪʘʚʣʷʝʪ 6,11 (25,0ɻʇʘ ʢ 4,09 ɻʇʘ). ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ ʜʠʩʢʦʚʳʭ ʥʦʞʝʡ, 

ʫʧʨʦʯʥʝʥʥʳʭ ʦʜʥʦʩʣʦʡʥʳʤ ʧʦʢʨʳʪʠʝʤ CrN ʪʦʣʱʠʥʦʡ 900ʥʤ, ʥʝ ʧʨʝʚʳʰʘʝʪ 

5,66. ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʥʠ ʢʦʨʨʝʣʠʨʫʶʪ 

ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠ ʤʥʦʛʦʩʣʦʡʥʦʝ ʧʦʢʨʳʪʠʝ CrN 
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ʪʦʣʱʠʥʦʡ 3ʤʢʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪ ʩʘʤʦʟʘʪʘʯʠʚʘʥʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ 

ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʘ ʩʘʤʦʟʘʪʘʯʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʦʩʘʞʜʝʥʠʷ ʩʣʦʷ ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ ʪʦʥʢʦʩʪʝʥʥʦʛʦ ʠʟʜʝʣʠʷ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʟʥʦʩʫ ʥʝʫʧʨʦʯʥʝʥʥʦʡ ʝʛʦ 

ʩʪʦʨʦʥʳ ʠ ʜʣʠʪʝʣʴʥʦʤʫ ʩʦʭʨʘʥʝʥʠʶ ï ʫʧʨʦʯʥʝʥʥʦʡ.  

ʋʚʝʣʠʯʝʥʠʝ ʨʝʩʫʨʩʘ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ 

ʮʠʢʣʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʣʝʟʚʠʷ ʥʦʞʘ ʩ ʧʦʢʨʳʪʠʝʤ CrN, ʢʦʪʦʨʦʝ ʫʚʝʣʠʯʠʣʦʩʴ ʚ 96,5 ʨʘʟ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ. ʕʪʦ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʦʣʠ ʦʩʪʘʪʦʯʥʦʛʦ 

ʘʫʩʪʝʥʠʪʘ ʚ ʦʩʥʦʚʥʦʤ ʤʝʪʘʣʣʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘʥʝʩʝʥʠʷ 

ʧʦʢʨʳʪʠʷ. 

ʇʦ ʮʚʝʪʘʤ ʧʦʙʝʞʘʣʦʩʪʠ, ʠʤʝʶʱʠʤ ʤʝʩʪʦ ʥʘ ʙʦʣʝʝ ʪʦʥʢʦʡ ʯʘʩʪʠ ʥʦʞʘ, 

ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʧʝʨʝʛʨʝʚʘ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʥʘʛʨʝʚ ʧʨʠ 

ʮʠʢʣʠʯʝʩʢʦʤ ʩʧʦʩʦʙʝ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ ʥʘ ʥʦʞ ʠʟ ʩʪʘʣʠ 65ɻ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʥʘ ʛʣʫʙʠʥʫ ʣʝʟʚʠʷ 0,3 ʤʤ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 200 - 240Áʉ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʦʥʥʘʷ 

ʙʦʤʙʘʨʜʠʨʦʚʢʘ ʚ ʦʜʠʥ ʮʠʢʣ ʟʘ ʵʪʦʪ ʞʝ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʧʨʠʚʦʜʠʪ ʢ 

ʧʝʨʝʛʨʝʚʫ ʜʦ 600Áʉ ʥʝ ʪʦʣʴʢʦ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ, ʥʦ ʠ ʚʩʝʛʦ ʥʦʞʘ ʪʦʣʱʠʥʦʡ 

0,64ʤʤ.  

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ʮʠʢʣʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʭʦʜʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʩʦʩʪʘʚʦʤ ʥʘʥʦʩʠʤʦʛʦ ʧʦʢʨʳʪʠʷ ʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʨʘʙʦʪʢʠ. 

ʇʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʜʣʷ 

ʧʝʨʝʨʘʙʦʪʢʠ ʦʨʝʭʦʚ Model CD-A Dicer ʢʦʤʧʘʥʠʠ çUrschel Laboratories, 

Incorporatedè ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇɸʆ çʂʦʥʜʠʪʝʨʩʢʘʷ ʬʘʙʨʠʢʘ 

çʍʘʨʴʢʦʚʯʘʥʢʘè, ʦʥʠ ʧʦʜʪʚʝʨʜʠʣʠ ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ 

ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʤʥʦʛʦʩʣʦʡʥʳʤ ʥʘʥʦʧʦʢʨʳʪʠʝʤ CrN (ʥʘʥʝʩʝʥʥʦʝ 

ʮʠʢʣʠʯʝʩʢʠ) ʙʦʣʝʝ ʯʝʤ ʚ 50 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ  ʜʠʩʢʦʚʳʤʠ ʥʦʞʘʤʠ ʠʟ 

ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʩʪʘʣʴ 65ɻ ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʠ ʦʪʧʫʩʢʘ) ʠ ʚ 2,5 ʨʘʟʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ  ʜʠʩʢʦʚʳʤʠ ʥʦʞʘʤʠ ʩ ʥʘʥʦʧʦʢʨʳʪʠʝʤ CrN, ʪʦʣʱʠʥʦʡ 900ʥʤ, 

ʥʘʥʝʩʝʥʥʳʤ ʟʘ ʦʜʠʥ ʮʠʢʣ.  

ɺʳʚʦʜʳ 

ʈʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ (ʟʘʱʠʱʝʥ ʧʘʪʝʥʪʦʤ ʋʢʨʘʠʥʳ [8]) ʠ ʧʘʨʘʤʝʪʨʳ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʫʧʨʦʯʥʝʥʠʷ ʪʦʥʢʦʩʪʝʥʥʦʛʦ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʧʦʢʨʳʪʠʝʤ CrN. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʫʧʨʦʯʥʝʥʠʷ ʮʠʢʣʠʯʝʩʢʠʤ 

ʥʘʥʝʩʝʥʠʝʤ ʥʘʥʦʧʦʢʨʳʪʠʷ ʧʨʝʜʦʪʚʨʘʱʘʝʪʩʷ ʧʝʨʝʛʨʝʚ ʥʘʠʙʦʣʝʝ ʪʦʥʢʦʡ ʯʘʩʪʠ 

ʥʦʞʘ (ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ) ʠ ʜʦʩʪʠʛʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʝ ʫʧʨʦʯʥʝʥʠʝ (ʨʘʟʙʨʦʩ 

ʧʦʢʘʟʘʥʠʡ ʥʝ ʧʨʝʚʳʰʘʝʪ 25,82%). ʆʜʥʦʚʨʝʤʝʥʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʵʬʬʝʢʪ 

ʩʘʤʦʟʘʪʘʯʠʚʘʥʠʷ, ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʝʪʩʷ ʢʦʨʨʦʟʠʦʥʥʘʷ ʧʦʚʨʝʞʜʘʝʤʦʩʪʴ, ʠ - 

ʫʩʪʘʣʦʩʪʥʘʷ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʥʦʞʘ ʠ ʝʛʦ ʦʩʥʦʚʘʥʠʷ.  

ʇʨʦʚʝʜʝʥʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʠʩʧʳʪʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʪʦʥʢʦʩʪʝʥʥʦʛʦ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʫʧʨʦʯʥʝʥʥʦʛʦ 

ʧʦʢʨʳʪʠʝʤ CrN ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʙʦʣʝʝ ʯʝʤ ʚ 50 ʨʘʟ. 
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ABOUT THE OPTIMIZATION OF COMPOSITIONS LOW ALLOYED 

HIGH -SPEED STEELS  

L.D. Sobachkina, V.B. Butygin 

Polzunov Altai State Technical University 
Abstract. In this paper we describes the ways of doping high-speed steels by elements in the 

amount, allowing to increase the content of the hardening phase, hardness, hardenability, heat 

resistance. 

We consider the possibility of cheapening the cost of tool steels, by complex alloying less 

expensive elements. 

Keywords: heat treatment, alloying, heat resistance, hardness, phase 

composition, forging, carbides, quenching, intermetallide. 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʟʜʘʥʥʳʭ ʙʳʩʪʨʦʨʝʞʫʱʠʭ ʩʪʘʣʝʡ, ʫʞʝ 

ʤʥʦʛʠʝ ʛʦʜʳ ʧʨʦʜʦʣʞʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩ ʮʝʣʴʶ ʚʦʟʤʦʞʥʦʩʪʠ ʫʜʝʰʝʚʣʝʥʠʷ 

ʩʪʦʠʤʦʩʪʠ ʙʳʩʪʨʦʨʝʞʫʱʠʭ ʩʪʘʣʝʡ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʠʭ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ. 

ʕʪʦʤʫ ʚʦʧʨʦʩʫ ʧʦʩʚʷʱʝʥʳ ʤʥʦʛʠʝ ʨʘʙʦʪʳ ʢʘʢ ʚ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥʘʭ 

(ɻʝʨʤʘʥʠʠ, ʐʚʝʮʠʠ, ʗʧʦʥʠʠ), ʪʘʢ ʠ ʚ ʈʦʩʩʠʠ [1, 2, 3, 4, 5]. 

ʅʘʤʠ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʩʪʘʣʴ, ʩʦʜʝʨʞʘʱʘʷ ʫʛʣʝʨʦʜ, ʢʨʝʤʥʠʡ, ʤʘʨʛʘʥʝʮ, 

ʢʦʙʘʣʴʪ, ʚʦʣʴʬʨʘʤ, ʤʦʣʠʙʜʝʥ, ʚʘʥʘʜʠʡ, ʪʠʪʘʥ, ʭʨʦʤ, ʥʠʢʝʣʴ, ʤʝʜʴ, ʘʣʶʤʠʥʠʡ, 

ʘʟʦʪ, ʞʝʣʝʟʦ. ʕʪʘ ʩʪʘʣʴ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʙʳʩʪʨʦʨʝʞʫʱʠʤʠ 

ʩʪʘʣʷʤʠ, ʠʤʝʝʪ ʧʦʥʠʞʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʣʴʬʨʘʤʘ, ʤʦʣʠʙʜʝʥʘ, ʢʦʙʘʣʴʪʘ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʜʝʰʝʚʣʷʝʪ ʝʸ ʩʪʦʠʤʦʩʪʴ. ʇʨʠʩʫʪʩʪʚʠʝ ʢʨʝʤʥʠʷ ʚ ʩʪʘʣʠ ʚʣʠʷʝʪ ʥʘ 

ʪʚʸʨʜʦʩʪʴ ʧʨʠ ʦʪʧʫʩʢʝ, ʧʦʚʳʰʘʷ ʣʝʛʠʨʦʚʘʥʥʦʩʪʴ ʪʚʸʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʭʨʦʤʘ ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʘʣʠ ʧʨʠ ʦʪʧʫʩʢʝ. 

ɺʚʝʜʝʥʠʝ ʚ ʩʪʘʣʴ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʤʘʨʛʘʥʮʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʢʘʣʠʚʘʝʤʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʨʘʩʧʘʜʫ ʘʫʩʪʝʥʠʪʘ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʣʴ ʜʣʷ ʛʦʨʷʯʝʡ ʦʙʨʘʙʦʪʢʠ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʩʪʘʣʠ ʧʨʠ 

ʦʪʧʫʩʢʝ ʧʦʚʳʰʘʝʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʨʦʤʘ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʪʚʸʨʜʦʩʪʠ, ʪʝʧʣʦʩʪʦʡʢʦʩʪʠ ʜʘʞʝ ʧʨʠ ʥʝʙʦʣʴʰʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʢʦʙʘʣʴʪʘ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʥʘʨʷʜʫ ʩ ʢʘʨʙʠʜʘʤʠ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪʧʫʩʢʘ. 

ʋʚʝʣʠʯʝʥʠʶ ʫʧʨʦʯʥʷʶʱʝʡ ʬʘʟʳ ʧʨʠ ʦʪʧʫʩʢʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠ ʚʦʣʴʬʨʘʤ. 

ʇʦʚʳʰʘʝʪʩʷ ʪʚʸʨʜʦʩʪʴ ʠ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ. ʅʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʚʦʣʴʬʨʘʤʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ. ʕʪʦ 

ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʚʚʝʜʝʥʠʝʤ ʚ ʩʪʘʣʴ ʤʦʣʠʙʜʝʥʘ. 

ɺʘʥʘʜʠʡ ʚ ʵʪʦʡ ʩʪʘʣʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʟʤʝʣʴʯʝʥʠʶ ʟʝʨʥʘ, ʥʦ ʧʦʚʳʰʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʫʭʫʜʰʘʝʪ ʰʣʠʬʫʝʤʦʩʪʴ. 

ʊʠʪʘʥ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʢʘʨʙʠʜʥʦʡ ʬʘʟʳ, ʥʦ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʦʡ ʢʦʨʨʦʟʠʠ. 

ʇʨʠʩʫʪʩʪʚʠʝ ʤʠʢʨʦʜʦʙʘʚʦʢ ʤʝʜʠ, ʘʣʶʤʠʥʠʷ, ʘʟʦʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʚʝʣʠʯʝʥʠʶ ʫʧʨʦʯʥʷʶʱʝʡ ʬʘʟʳ, ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʢʘʣʠʚʘʝʤʦʩʪʴ, ʩʥʠʞʘʝʪ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʧʝʨʝʛʨʝʚʫ. 

ʀʩʩʣʝʜʫʝʤʘʷ ʩʪʘʣʴ ʭʦʨʦʰʦ ʢʦʚʘʣʘʩʴ ʧʨʠ 900ï1200ęʉ. ʉʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ 

ʩʦʩʪʘʚʣʷʣʘ 85%. ʆʭʣʘʞʜʝʥʠʝ ʧʦʩʣʝ ʢʦʚʢʠ ʚʳʧʦʣʥʷʣʦʩʴ ʜʦ 700ęʉ ʥʘ ʚʦʟʜʫʭʝ, 

ʜʘʣʝʝ ʚ ʧʝʩʢʝ. 
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ɿʘʢʘʣʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʪʝʤʧʝʨʘʪʫʨ 1075ï1100ęʉ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʭʣʘʞʜʝʥʠʝʤ ʚ ʤʘʩʣʝ. ʊʚʸʨʜʦʩʪʴ ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʩʦʩʪʘʚʣʷʣʘ HRC 53ï55. ʇʦʩʣʝ 

ʦʪʧʫʩʢʘ, ʩ ʥʘʛʨʝʚʦʤ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 560ęʉ, ʪʨʠ ʨʘʟʘ, ʪʚʸʨʜʦʩʪʴ ʩʦʩʪʘʚʠʣʘ HRC 

65ï66.  

ʊʝʧʣʦʩʪʦʡʢʦʩʪʴ ʜʣʷ ʪʚʸʨʜʦʩʪʠ HRC 58 ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʠ ʪʨʝʭʨʘʟʦʚʦʛʦ 

ʦʪʧʫʩʢʘ ʩʦʩʪʘʚʠʣʘ 630ęʉ. ʏʪʦ ʚʳʰʝ ʧʨʠ ʧʦʜʦʙʥʳʭ ʫʩʣʦʚʠʷʭ, ʯʝʤ ʫ ʩʪʘʣʠ ʈ6ʄ5. 

ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʘʷ ʩʪʘʣʴ ʦʙʣʘʜʘʝʪ 

ʦʧʪʠʤʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʣʫʯʰʫʶ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʀʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ ʫʚʝʣʠʯʝʥʠʝ ʚ 0,9ï1,3 ʨʘʟʘ 

ʩʪʦʡʢʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʫʘʥʩʦʥʦʚ, ʨʝʟʮʦʚ, ʩʚʸʨʣ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʪʘʣʝʡ ʧʫʪʝʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʠʢʨʦʜʦʙʘʚʢʘʤʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʩʪʦʠʤʦʩʪʴ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʩʪʘʣʠ, ʧʫʪʝʤ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʜʦʨʦʛʦʩʪʦʷʱʠʭ 

ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. 
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Abstract. Were analyzed alloys, which do not undergoing phase transformations for the 

improvement of their mechanical properties. 

Substantiates the necessity of  research of austenitic alloys of die as a promising alloys. 

Keywords: heat treatment, alloying, heat resistance, hardness, phase 

composition, forging, carbides, punching alloy, intermetallide. 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʚʦʡʩʪʚ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʪʘʣʝʡ 

ʷʚʣʷʝʪʩʷ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ. ʏʝʤ ʚʳʰʝ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ, ʪʝʤ ʙʦʣʴʰʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ. 

ʇʦʚʳʰʝʥʠʝ ʪʝʧʣʦʩʪʦʡʢʦʩʪʠ ʩʪʘʣʝʡ ʩ ŬŸɔ ʧʨʝʚʨʘʱʝʥʠʝʤ[1, 2, 3] 

ʦʛʨʘʥʠʯʝʥʦ ʫʨʦʚʥʝʤ ʪʝʤʧʝʨʘʪʫʨ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. ʇʦʵʪʦʤʫ ʫʞʝ ʜʦʣʛʠʝ 

ʛʦʜʳ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠʟʫʯʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʣʘʚʦʚ, ʥʝ 

ʧʨʝʪʝʨʧʝʚʘʶʱʠʭ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʘ ʠʤʝʥʥʦ ʩʧʣʘʚʦʚ ʥʘ ʘʫʩʪʝʥʠʪʥʦʡ 

ʩʪʨʫʢʪʫʨʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʧʣʘʚʳ ʩ ʘʫʩʪʝʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʦʚʳʰʘʶʪ 

ʪʚʸʨʜʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʪʚʝʨʜʝʥʠʷ ʧʨʠ ʩʪʘʨʝʥʠʠ, 

ʚʳʟʳʚʘʝʤʦʛʦ ʚʳʜʝʣʝʥʠʝʤ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʬʘʟ. ʊʝʧʣʦʩʪʦʡʢʦʩʪʴ ʪʘʢʠʭ 

ʩʧʣʘʚʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʢʦʘʛʫʣʷʮʠʠ ʵʪʠʭ ʬʘʟ. ɸʫʩʪʝʥʠʪʥʳʝ 

ʩʧʣʘʚʳ ʧʨʝʚʦʩʭʦʜʷʪ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ ʩʧʣʘʚʦʚ ʩ ʧʨʝʚʨʘʱʝʥʠʝʤ. 

ʅʦ ʪʘʢʠʝ ʩʧʣʘʚʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʜʦʣʞʥʳ 

ʠʤʝʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʚʸʨʜʦʩʪʴ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚʦ 

ʚʩʸʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʆʜʥʘʢʦ ʵʪʠ ʩʧʣʘʚʳ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʫ ʥʠʭ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, 

ʵʪʠ ʩʪʘʣʠ ʧʣʦʭʦ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʨʝʟʘʥʠʝʤ. ʇʦʵʪʦʤʫ ʘʫʩʪʝʥʠʪʥʳʝ ʩʧʣʘʚʳ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʢʦʚʘʥʦʤ ʠʣʠ ʣʠʪʦʤ ʚʠʜʝ ʜʣʷ ʨʘʙʦʪʳ ʧʨʠ ʚʳʩʦʢʦʤ 

ʥʘʛʨʝʚʝ. 

ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʠ ʟʘ ʨʫʙʝʞʦʤ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠʤʝʥʝʥʠʝ ʧʦʜʦʙʥʳʭ ʩʧʣʘʚʦʚ 

ʪʠʧʘ 4ʍ22ʅ8ɻ8ʄʌɹ, ʍʅ77ʊʖʈ (ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ), ʍ16ʖ4ʊʅ73 (ɸʥʛʣʠʷ), 

ʍ20ʅ10ʂ47, ʆʍ6ʅ10ʄ6ʖ1 (ʉʐɸ), ʍ13ʅ13ɺ2ʌ (ɻʝʨʤʘʥʠʷ). 

ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʜʨʫʛʠʝ[1, 2, 3, 4] ʧʦʢʘʟʘʣʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʩʧʣʘʚʦʚ ʙʝʟ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ [5, 6] ʧʦʢʘʟʘʣʠ ʧʫʪʠ ʣʝʛʠʨʦʚʘʥʠʷ ʰʪʘʤʧʦʚʳʭ ʩʧʣʘʚʦʚ ʚ 

ʢʦʣʠʯʝʩʪʚʝ, ʧʦʟʚʦʣʷʶʱʝʤ ʧʦʚʳʩʠʪʴ ʠʭ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ. ʈʘʟʨʘʙʦʪʘʥ ʩʧʣʘʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʫʚʝʣʠʯʝʥʠʝ ʩʪʦʡʢʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʚ 2ï3 ʨʘʟʘ. ʕʪʦʪ ʩʧʣʘʚ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʰʪʘʤʧʦʚ ʛʦʨʷʯʝʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʜʦ 800ï900ęʉ. ʊʝʧʣʦʩʪʦʡʢʦʩʪʴ ʵʪʦʛʦ ʩʧʣʘʚʘ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ 
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ʜʣʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ ʩʦʭʨʘʥʷʣʘʩʴ ʪʚʸʨʜʦʩʪʴ HRC 45. ɼʘʥʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʚʥʷʣʘʩʴ 870ęʉ, ʯʪʦ ʚʳʰʝ, ʯʝʤ ʫ ʩʧʣʘʚʘ ʍʅ5ɿʂ11ʄʖʊ. 

ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʜʘʥʥʳʤʠ [7, 8]. ɸʚʪʦʨʳ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʣʫʯʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʫʪʸʤ ʚʘʨʠʘʮʠʡ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʣʝʛʠʨʦʚʘʥʠʷ. ʊʘʢ, ʚʚʝʜʝʥʠʝ ʚ ʩʧʣʘʚ ʫʛʣʝʨʦʜʘ ʙʦʣʝʝ 0,12% ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʞʝʣʘʪʝʣʴʥʦʤʫ ʵʬʬʝʢʪʫ ï ʩʥʠʞʝʥʠʶ ʫʧʨʦʯʥʷʶʱʝʡ ʬʘʟʳ ʪʠʧʘ Ni3Al  (ʧʨʠ 

ʥʘʣʠʯʠʠ ʥʠʢʝʣʷ ʠ ʘʣʶʤʠʥʠʷ), ʯʪʦ ʩʥʠʞʘʝʪ ʪʚʸʨʜʦʩʪʴ. 

ʅʘʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ ʩʧʣʘʚʦʚ ʭʨʦʤʘ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʧʣʘʚʘ ʦʢʠʩʣʝʥʠʶ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ 

ʧʦʚʳʰʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʜʠʩʧʝʨʩʠʦʥʥʦʤʫ ʪʚʝʨʜʝʥʠʶ, ʜʘʞʝ ʙʝʟ ʫʯʘʩʪʠʷ ʪʠʪʘʥʘ. 

ɾʝʣʘʪʝʣʴʥʦ ʚ ʵʪʠʭ ʩʧʣʘʚʘʭ ʧʨʠʩʫʪʩʪʚʠʝ ʘʣʶʤʠʥʠʷ, ʢʘʢ ʵʣʝʤʝʥʪʘ, 

ʫʚʝʣʠʯʠʚʘʶʱʝʛʦ ʢʦʣʠʯʝʩʪʚʦ ʫʧʨʦʯʥʷʶʱʝʡ ʬʘʟʳ ʧʨʠ ʩʪʘʨʝʥʠʠ. ʅʦ ʥʘʜʦ 

ʧʦʤʥʠʪʴ, ʯʪʦ ʯʨʝʟʤʝʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʣʶʤʠʥʠʷ (~>6%) ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʩʥʠʞʝʥʠʶ ʧʣʘʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʅʘʣʠʯʠʝ ʚ ʩʧʣʘʚʝ ʤʦʣʠʙʜʝʥʘ ʧʦʚʳʰʘʝʪ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ɔ ï

ʪʚʸʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʟʘʤʝʜʣʷʝʪ ʝʛʦ ʨʘʟʫʧʨʦʯʥʝʥʠʝ[7, 8]. ɺʤʝʩʪʝ ʩ ʵʪʠʤ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʩʧʣʘʚʘ. 

ʊʚʸʨʜʦʩʪʴ ʪʘʢʦʛʦ ʩʧʣʘʚʘ ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʩʦʩʪʘʚʣʷʣʘ HRC 30ï31. ʊʘʢʘʷ 

ʪʚʸʨʜʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʩʧʣʘʚ ʨʝʟʘʥʠʝʤ, ʜʘʞʝ ʧʦʩʣʝ ʟʘʢʘʣʢʠ. 

ʉʪʘʨʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 700ï850ęʉ. ʇʨʠ ʚʳʜʝʨʞʢʝ ʚ 

ʪʝʯʝʥʠʝ 10 ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800ęʉ ʪʚʸʨʜʦʩʪʴ ʩʦʩʪʘʚʣʷʣʘ HRC 45 ï 46, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʪʚʸʨʜʦʩʪʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʜʣʷ ʛʦʨʷʯʝʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. 

ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʜʦʙʥʦʛʦ ʩʧʣʘʚʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʧʣʘʚ ʦʙʣʘʜʘʝʪ 

ʩʚʦʡʩʪʚʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʣʫʯʰʫʶ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʧʨʝʚʳʰʘʶʱʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʥʜʘʨʪʥʳʭ ʰʪʘʤʧʦʚʳʭ ʩʪʘʣʝʡ (HRC 45ï46, 

 .(ɣ=19% ,12%=‏

ʀʟ ʧʦʜʦʙʥʦʛʦ ʩʧʣʘʚʘ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʢʦʥʮʝʚʳʝ ʬʨʝʟʳ. ʀʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ 

ʫʚʝʣʠʯʝʥʠʝ ʩʪʦʡʢʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʚ 2ï3 ʨʘʟʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ ʙʝʟ ʬʘʟʦʚʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. ɼʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʪʠʭ ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ. 
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ʉɽʂʎʀʗ 3. ʅɸɿɽʄʅʓɽ ʊʈɸʅʉʇʆʈʊʅʓɽ ʉʀʉʊɽʄʓ 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ: ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ 

çʅʘʟʝʤʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳè ʇʣʦʱʘʜʥʦʚ ɸʣʝʢʩʘʥʜʨ ʅʠʢʦʣʘʝʚʠʯ  

 

ʋʃʋʏʐɽʅʀɽ ʉʄɸɿʂʀ ɼɺʉ ʉ ʇʆʄʆʑʔʖ ɼʆʇʆʃʅʀʊɽʃʔʅʆɻʆ 

ʕʃɽʂʊʈʆʅɸʉʆʉɸ 

ʄ.ʀ. ɸʨʪʝʤʝʥʢʦ, ɽ.ʄ. ɸʨʪʝʤʝʥʢʦ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʥʘʩʦʩ ʜʣʷ ʩʤʘʟʢʠ ɼɺʉ. 

ʅʦ ʦʥ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʜʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʝ ʩʤʘʟʢʠ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 0,3 

ʄʇʘ, ʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ ʜʦ 0,6 ʄʇʘ ʦʪʢʣʶʯʘʝʪʩʷ, ʪʦ ʝʩʪʴ ʮʠʢʣʠʯʝʩʢʠ. ʇʦʜʦʙʥʘʷ 

ʜʦʨʘʙʦʪʢʘ ʧʦʟʚʦʣʠʪ ʠʤʝʪʴ ʧʦʩʪʦʷʥʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʝ ʩʤʘʟʢʠ ʠ ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʪ 

ʨʝʩʫʨʩ ʜʚʠʛʘʪʝʣʷ ʚ 1,5...2 ʨʘʟʘ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʩʤʘʟʢʠ, ɼɺʉ, ʵʣʝʢʪʨʦʥʘʩʦʩ, ʤʘʩʣʷʥʳʡ ʥʘʩʦʩ 

 

IMPROVED LUBRICATION OF THE INTERNAL COMBUSTION 

ENGINE WITH AN ADDITIONAL ELECTRIC PUMP  
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Abstract. It is proposed to install an additional electric pump for lubrication of the internal 

combustion engine. But it will work only when the pressure in the lubrication system decreases to 

0.3 MPa, and with increasing pressure up to 0.6 MPa is switched off, i.e. cyclically. Such 

refinement will allow you to have a constant pressure in the lubrication system and thereby increase 

the engine lifetime in 1,5...2 times 

Key words: lubrication system, internal combustion engine, electric pump, oil 

pump 
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ʇʦʩʣʝ ʧʫʩʢʘ ʜʚʠʛʘʪʝʣʷ ʤʘʩʣʦ ʧʦʩʪʫʧʘʝʪ ʢ ʧʦʜʰʠʧʥʠʢʘʤ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ 

ʠ ʜʨʫʛʠʤ ʪʨʫʱʠʤʩʷ ʧʘʨʘʤ ʩ ʥʝʢʦʪʦʨʳʤ ʦʧʦʟʜʘʥʠʝʤ ʧʦ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʦʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ (ʧʦʚʳʰʝʥʠʝʤ ʚʷʟʢʦʩʪʠ) ʤʘʩʣʘ. 

ʇʦʣʥʦʝ ʫʩʪʨʘʥʝʥʠʝ ʟʘʧʘʟʜʳʚʘʥʠʷ ʧʦʩʪʫʧʣʝʥʠʷ ʤʘʩʣʘ ʢ ʪʨʫʱʠʤʩʷ ʧʘʨʘʤ ʚ 

ʧʫʩʢʦʚʦʡ ʠ ʧʦʩʣʝʧʫʩʢʦʚʦʡ ʧʝʨʠʦʜʳ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʩʣʦʟʘʢʘʯʠʚʘʶʱʠʭ ʥʘʩʦʩʦʚ ʩ ʧʨʠʚʦʜʦʤ ʦʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, 

ʥʘʧʨʠʤʝʨ ʗʄɿ-240 ʠ ʜʨ. 

ɼʘʚʣʝʥʠʝ ʤʘʩʣʘ ʚ ʛʣʘʚʥʦʡ ʤʘʛʠʩʪʨʘʣʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʠʛʘʪʝʣʷʭ ʦʪ 

0,2...0,6 ʄʇʘ ʚ ʢʘʨʙʶʨʘʪʦʨʥʳʭ ʜʚʠʛʘʪʝʣʷʭ ʠ 0,3...0,9 ʄʇʘ ʚ ʜʠʟʝʣʷʭ. ʅʘ 

ʦʙʦʨʦʪʘʭ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʧʨʦʛʨʝʪʦʛʦ ʜʚʠʛʘʪʝʣʷ ʜʘʚʣʝʥʠʝ ʤʘʩʣʘ ʦʙʳʯʥʦ ʥʝ ʥʠʞʝ 

0,07...0,1 ʄʇʘ, ʘ ʚ ʠʟʥʦʰʝʥʥʦʤ ʜʚʠʛʘʪʝʣʝ ʝʱʝ ʥʠʞʝ. 

ɺ ʅɸʄʀ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʤʘʩʣʘ ʚ ʛʣʘʚʥʦʡ ʤʘʛʠʩʪʨʘʣʠ. ʇʨʠ ʜʘʚʣʝʥʠʠ ʤʘʩʣʘ ʥʠʞʝ 0,3 ʄʇʘ ʠʟʥʦʩ 

ʜʝʪʘʣʝʡ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʝʟʢʠʤ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʜʘʚʘʝʤʦʛʦ ʢ ʧʘʨʘʤ ʪʨʝʥʠʷ ʤʘʩʣʘ ʠ ʧʦʚʳʰʝʥʠʝʤ ʠʟ-ʟʘ ʵʪʦʛʦ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʧʨʝʜʣʘʛʘʝʤ 

ʫʩʪʘʥʦʚʠʪʴ ʧʘʨʘʣʣʝʣʴʥʦ ʰʪʘʪʥʦʤʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʤʘʩʣʷʥʳʡ ʥʘʩʦʩ ʩ 

ʧʨʠʚʦʜʦʤ ʦʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ʇʨʠ ʵʪʦʤ ʰʪʘʪʥʫʶ ʩʠʩʪʝʤʫ ʩʤʘʟʢʠ ʥʝ ʠʟʤʝʥʷʪʴ. 

ɺʢʣʶʯʝʥʠʝ ʠ ʦʪʢʣʶʯʝʥʠʝ ʵʣʝʢʪʨʦʥʘʩʦʩʘ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʦʪ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʭʝʤʳ. ʉʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʥʥʦʡ ʩʭʝʤʝ ʙʫʜʝʪ ʧʦʩʪʫʧʘʪʴ ʦʪ ʰʪʘʪʥʦʛʦ 

ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʷ.  

ʉʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʜʘʚʣʝʥʠʷ ʥʠʞʝ 0,3 ʄʇʘ ʵʣʝʢʪʨʦʥʘʩʦʩ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴʩʷ ʠ ʦʪʢʣʶʯʘʪʴʩʷ ʧʨʠ 

ʜʘʚʣʝʥʠʠ 0,6 ʄʇʘ, ʵʣʝʢʪʨʦʥʘʩʦʩ ʙʫʜʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʜʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʝ 

0,3...0,6 ʄʇʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʠʤʘʣʴʥʦʤʫ ʠʟʥʦʩʫ ʜʚʠʛʘʪʝʣʷ. ʊʘʢʞʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʪʘʡʤʝʨ ʠ ʧʝʨʝʜ ʟʘʧʫʩʢʦʤ ʜʚʠʛʘʪʝʣʷ, ʦʥ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ 

ʵʣʝʢʪʨʦʥʘʩʦʩ ʥʘ 3...5 ʤʠʥ ʠ ʧʨʦʢʘʯʠʚʘʪʴ ʥʝʨʘʙʦʪʘʶʱʠʡ ʜʚʠʛʘʪʝʣʴ, ʧʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʜʘʚʣʝʥʠʷ 0,6 ʄʇʘ, ʟʘʪʝʤ ʧʨʦʠʟʚʦʜʠʪʴ ʟʘʧʫʩʢ ʜʚʠʛʘʪʝʣʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. 

ʊʘʢʫʶ ʤʦʜʝʨʥʠʟʘʮʠʶ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʣʶʙʦʤ ʛʨʫʟʦʚʦʤ 

ʠʣʠ ʣʝʛʢʦʚʦʤ ʘʚʪʦʤʦʙʠʣʝ. ʋʩʪʘʥʦʚʠʪʴ ʤʘʩʣʷʥʳʡ ʥʘʩʦʩ ʤʦʞʥʦ ʚʥʫʪʨʠ ʢʘʨʪʝʨʘ 

ʠʣʠ ʩʥʘʨʫʞʠ, ʘ ʚʳʭʦʜ ʤʘʩʣʘ ʧʦʜʘʪʴ ʯʝʨʝʟ ʪʨʦʡʥʠʢ, ʛʜʝ ʫʩʪʘʥʦʚʣʝʥ ʜʘʪʯʠʢ 

ʜʘʚʣʝʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʨʘʟʥʳʝ 

ʥʘʩʦʩʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʟʥʳʝ ʧʦ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ, ʢʦʪʦʨʳʝ 

ʩʦʟʜʘʜʫʪ ʥʫʞʥʦʝ ʜʘʚʣʝʥʠʝ. ʆʙʷʟʘʪʝʣʴʥʦ ʥʫʞʥʦ ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤ ʤʘʩʣʘ ʚ 

ʢʘʨʪʝʨʝ ʜʚʠʛʘʪʝʣʷ ʧʨʠʤʝʨʥʦ ʥʘ 1,5 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʨʤʘʪʠʚʦʤ. 

ʅʝʧʦʩʪʦʷʥʥʦʝ ʚʢʣʶʯʝʥʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʝʛʦ 

ʥʘʜʝʞʥʫʶ ʨʘʙʦʪʫ. 

ʇʦʜʦʙʥʘʷ ʜʦʨʘʙʦʪʢʘ ʜʚʠʛʘʪʝʣʷ ʘʚʪʦʤʦʙʠʣʷ ʧʦʟʚʦʣʠʪ ʠʤʝʪʴ ʧʦʩʪʦʷʥʥʦʝ 

ʜʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʝ ʩʤʘʟʢʠ ʠ ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʪ ʥʘʜʝʞʥʫʶ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʫʶ ʨʘʙʦʪʫ ʚ 1,5...2 ʨʘʟʘ ʦʪ ʨʝʩʫʨʩʘ, ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ. 
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ʙʫʣʴʜʦʟʝʨʥʦʛʦ ʘʛʨʝʛʘʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʥʝʪʦʭʦʜʦʚ-ʨʦʚʝʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʧʣʘʥʝʪʦʭʦʜ, ʙʫʣʴʜʦʟʝʨʥʳʝ ʨʘʙʦʪʳ, ʢʘʥʘʪʥʳʡ ʧʨʠʚʦʜ. 

 

TRANSPORT-TECHNOLOGICAL SYSTEMS  

FOR WORK ON THE MOON  

ɸ.S. Voynash 

Rubtsovsk Industrial Institute, branch of Altai State Technical University 
Abstract. The schematics of transport and traction machines and bulldozer unit using 

planetary rovers.  
Keywords: planetary rover, dozing, rope drive. 

 

ʉʦʛʣʘʩʥʦ ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ ʧʝʯʘʪʠ ʠʥʬʦʨʤʘʮʠʠ ʨʘʟʚʠʪʳʝ ʩʪʨʘʥʳ ʤʠʨʘ 

(ʂʠʪʘʡ, ʉʐɸ, ʈʦʩʩʠʷ ʠ ʜʨ.) ʚ ʙʣʠʞʘʡʰʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʣʘʥʠʨʫʶʪ ʥʘʯʘʪʴ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʦʙʠʪʘʝʤʳʭ ʩʪʘʥʮʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʜʣʷ ʩʪʘʥʮʠʡ ʙʫʜʫʪ ñʟʘʙʨʘʩʳʚʘʪʴʩʷò 

ʢʦʩʤʠʯʝʩʢʠʤʠ ʯʝʣʥʦʢʘʤʠ ʠ ʤʦʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʤʝʩʪʝ ʩʦʛʣʘʩʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʧʣʘʥʠʨʦʚʢʘʤ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʦʟʥʠʢʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʚʳʧʦʣʥʝʥʠʠ 

ʨʷʜʘ ʦʧʝʨʘʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʘʢʠʭ, ʢʘʢ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʤʘʩʩʠʚʥʳʭ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ, 

ʧʦʛʨʫʟʢʘ-ʨʘʟʛʨʫʟʢʘ ʙʣʦʢʦʚ, ʧʦʜʲʝʤ ʙʣʦʢʦʚ ʥʘ ʪʨʝʙʫʝʤʫʶ ʚʳʩʦʪʫ ʠ ʪ.ʧ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʠʪʘʝʤʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʃʫʥʝ ʧʦʪʨʝʙʫʶʪʩʷ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʘʰʠʥʳ: ʛʨʫʟʦʚʠʢʠ, ʢʨʘʥʳ, 

ʪʷʛʘʯʠ, ʙʫʣʴʜʦʟʝʨʳ ʠ ʜʨ. ʈʘʟʨʘʙʦʪʢʘ ʫʧʦʤʷʥʫʪʳʭ ʤʘʰʠʥ ʩʦʧʨʷʞʝʥʘ ʩ ʙʦʣʴʰʠʤʠ 

ʬʠʥʘʥʩʦʚʳʤʠ, ʚʨʝʤʝʥʥʳʤʠ ʠ ʪʨʫʜʦʚʳʤʠ ʟʘʪʨʘʪʘʤʠ. 

ɺʩʝ ʠʩʧʦʣʴʟʦʚʘʚʰʠʝʩʷ ʜʦ ʩʠʭ ʧʦʨ ʧʨʠ ʧʦʣʝʪʘʭ ʥʘ ʃʫʥʫ, ɺʝʥʝʨʫ ʠ ʄʘʨʩ 

ʧʣʘʥʝʪʦʭʦʜʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʢʘʪʝʛʦʨʠʠ ʨʦʚʝʨʦʚ, ʪ.ʝ. ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, 

ʨʘʙʦʪʘʶʱʠʭ ʙʝʟ ʢʨʶʢʦʚʦʡ ʥʘʛʨʫʟʢʠ. ʇʦʣʝʟʥʳʡ ʛʨʫʟ (ʥʘʫʯʥʦʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, 

ʨʘʜʠʦʩʚʷʟʠ ʠ ʜʨ.), ʢʦʪʦʨʳʡ ʥʝʩʣʠ ʥʘ ʩʝʙʝ ʧʣʘʥʝʪʦʭʦʜʳ-ʨʦʚʝʨʳ, ʥʝ ʧʨʝʚʳʰʘʣ 

20% ʦʪ ʩʦʙʩʪʚʝʥʥʦʡ ʤʘʩʩʳ ʧʣʘʥʝʪʦʭʦʜʘ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʞʝ ʠʤʝʶʱʠʭʩʷ ʢʦʥʩʪʨʫʢʮʠʡ ʧʣʘʥʝʪʦʭʦʜʦʚ-

ʨʦʚʝʨʦʚ ʧʦ ʥʦʚʦʤʫ ʥʘʟʥʘʯʝʥʠʶ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ 

ʩʦʟʜʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʥʝʦʙʭʦʜʠʤʳʭ ʤʘʰʠʥ. ʊʘʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʦʚʝʨʦʚ 

ʚʦʟʤʦʞʥʦ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʠʭ ʜʦʦʩʥʘʱʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʤʠ 
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ʧʨʠʩʧʦʩʦʙʣʝʥʠʷʤʠ, ʥʘʧʨʠʤʝʨ, ʨʝʘʣʠʟʫʶʱʠʤʠ ʢʘʥʘʪʥʳʡ ʧʨʠʚʦʜ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʤʘʰʠʥ.  

ʊʘʢ, ʚ ʈʫʙʮʦʚʩʢʦʤ ʠʥʜʫʩʪʨʠʘʣʴʥʦʤ ʠʥʩʪʠʪʫʪʝ (ʈʀʀ ɸʣʪɻʊʋ) ʙʳʣʘ 

ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʷʛʦʚʦʡ ʤʘʰʠʥʳ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ 

ʛʨʫʟʦʚ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ, ʥʘʧʨʠʤʝʨ, ʦʪ ʤʝʩʪʘ ʧʦʩʘʜʢʠ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʯʝʣʥʦʢʘ ʜʦ ʤʝʩʪʘ ʤʦʥʪʘʞʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʢʦʪʦʨʘʷ ʨʝʘʣʠʟʫʝʪ ʩʭʝʤʫ 

ʨʘʟʜʝʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʫʟʦʚ, ʟʘʢʨʝʧʣʝʥʥʳʭ ʥʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʛʨʫʟʦʚʳʭ 

ʪʝʣʝʞʢʘʭ (ɺɻʊ), ʠ ʧʣʘʥʝʪʦʭʦʜʘ-ʨʦʚʝʨʘ, ʦʩʥʘʱʝʥʥʦʛʦ ʣʝʙʝʜʢʦʡ ʜʦʩʪʘʪʦʯʥʦʡ 

ʢʘʥʘʪʦʝʤʢʦʩʪʠ ʠ ʘʥʢʝʨʥʦʡ ʦʧʦʨʦʡ ʩ ʢʘʥʘʪʥʳʤ ʙʣʦʢʦʤ, ʨʠʩ. 1.  

 
 

ʈʠʩ. 1 . ʊʨʘʥʩʧʦʨʪʥʦ-ʪʷʛʦʚʘʷ ʤʘʰʠʥʘ ʢʦʥʩʪʨʫʢʮʠʠ ʈʀʀ ɸʣʪɻʊʋ: 

1 ï ʧʣʘʥʝʪʦʭʦʜ-ʨʦʚʝʨ; 2 ï ʣʝʙʝʜʢʘ; 3 ï ʘʥʢʝʨʥʘʷ ʦʧʦʨʘ; 4 ï ɺɻʊ 

 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʘʥʥʦʝ ʩʭʝʤʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ 

ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ ʩʦʚʝʨʰʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʨʘʙʦʪʳ ʥʝ ʤʝʥʝʝ, ʯʝʤ ʚ 1,5é2 ʨʘʟʘ [1,2,3].  

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʧʨʦʩʪʝʡʰʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʫʪʝʡ ʧʦʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ 

ʙʫʣʴʜʦʟʝʨʥʳʭ ʨʘʙʦʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ. ʅʘʚʝʰʠʚʘʥʠʝ ʙʫʣʴʜʦʟʝʨʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʧʣʘʥʝʪʦʭʦʜ-ʨʦʚʝʨ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʧʝʨʝʤʝʱʝʥʠʝ ʛʨʫʥʪʘ 

ʜʣʷ ʟʘʩʳʧʢʠ ʤʠʢʨʦʢʨʘʪʝʨʦʚ, ʫʙʠʨʘʪʴ ʥʝʙʦʣʴʰʠʝ ʢʘʤʥʠ ʠ ʪ.ʧ. ʆʜʥʘʢʦ, ʚ ʩʠʣʫ 

ʩʣʘʙʦʡ ʵʥʝʨʛʦʚʦʦʨʫʞʝʥʥʦʩʪʠ ʨʦʚʝʨʘ, ʙʫʣʴʜʦʟʝʨʥʳʡ ʘʛʨʝʛʘʪ ʥʘ ʝʛʦ ʙʘʟʝ, ʦʙʣʘʜʘʷ 

ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ ʪʷʛʦʚʦʡ ʩʠʣʳ ʈʢ ʥʘ ʚʝʜʫʱʠʭ ʢʦʣʝʩʘʭ, ʙʫʜʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʵʬʬʝʢʪʠʚʥʳʤ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʩʭʝʤʥʦʝ ʨʝʰʝʥʠʝ 

ʙʫʣʴʜʦʟʝʨʥʦʛʦ ʘʛʨʝʛʘʪʘ (ʨʠʩ. 2): ʜʚʘ ʥʝʧʦʜʚʠʞʥʦ ʩʪʦʷʱʠʭ ʨʦʚʝʨʘ 1, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʃʫʥʳ ʩʚʦʠʤʠ ʘʥʢʝʨʥʳʤʠ ʦʧʦʨʘʤʠ 3, 

ʩʠʥʭʨʦʥʥʦ ʧʦʜʪʷʛʠʚʘʶʪ ʢʘʥʘʪʘʤʠ ʣʝʙʝʜʦʢ 2 ʧʦʜʚʠʞʥʳʡ ʨʦʚʝʨ 4, ʦʩʥʘʱʝʥʥʳʡ 

ʙʫʣʴʜʦʟʝʨʥʳʤ ʦʪʚʘʣʦʤ 5. 

ʅʘ ʨʠʩ. 2,ʙ ʧʦʢʘʟʘʥʳ ʫʩʠʣʠʷ ʈʣ ʪʷʛʦʚʳʭ ʣʝʙʝʜʦʢ ʥʝʧʦʜʚʠʞʥʳʭ ʨʦʚʝʨʦʚ 1, 

ʢʘʩʘʪʝʣʴʥʘʷ ʩʠʣʘ ʪʷʛʠ ʈʢ ʥʘ ʚʝʜʫʱʠʭ ʢʦʣʝʩʘʭ ʨʦʚʝʨʘ 4, ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʢʘʯʝʥʠʶ  ʧʦʜʚʠʞʥʦʛʦ ʨʦʚʝʨʘ ʠ ʫʩʠʣʠʝ  ʙʫʣʴʜʦʟʠʨʦʚʘʥʠʷ ʛʨʫʥʪʘ. 

ʋʨʘʚʥʝʥʠʝ ʪʷʛʦʚʦʛʦ ʙʘʣʘʥʩʘ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʥʘ ʨʠʩ.2 ʩʣʫʯʘʷ ʨʘʙʦʪʳ 

ʙʫʣʴʜʦʟʝʨʥʦʛʦ ʘʛʨʝʛʘʪʘ ʠʤʝʝʪ ʚʠʜ: 

,                                   (1) 

Gfʈf Ö= ʙʫʣʴʜP

ʙʫʣʴʜʣʢ PGfʈʈ +Ö=ÖÖ+ acos2
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ʛʜʝ  G ï  ʚʝʩ ʨʦʚʝʨʘ, ʦʩʥʘʱʝʥʥʦʛʦ ʙʫʣʴʜʦʟʝʨʥʳʤ ʦʪʚʘʣʦʤ, ʅ;   

       f ï  ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʯʝʥʠʶ ʨʦʚʝʨʘ;  

      ï  ʫʩʠʣʠʝ ʙʫʣʴʜʦʟʠʨʦʚʘʥʠʷ ʛʨʫʥʪʘ, ʅ. 

 

ʇʨʠʥʠʤʘʷ ʈʣ  ʈʢ  , ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ: 

.                                        (2) 

 
 

    
 

ʈʠʩ. 2 . ɹʫʣʴʜʦʟʝʨʥʳʡ ʘʛʨʝʛʘʪ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʃʫʥʝ: 

ʘ ï ʦʙʱʠʡ ʚʠʜ ʩʙʦʢʫ; ʙ ï ʚʠʜ ʚ ʧʣʘʥʝ: 

1,6 ï ʨʦʚʝʨʳ, ʦʩʥʘʱʝʥʥʳʝ ʣʝʙʝʜʢʘʤʠ ʠ ʘʥʢʝʨʥʳʤʠ ʦʧʦʨʘʤʠ; 2 ï ʣʝʙʝʜʢʘ; 

3 ï ʘʥʢʝʨʥʘʷ ʦʧʦʨʘ; 4 ï ʨʦʚʝʨ, ʦʩʥʘʱʝʥʥʳʡ ʙʫʣʴʜʦʟʝʨʥʳʤ ʦʪʚʘʣʦʤ; 

5 ï ʙʫʣʴʜʦʟʝʨʥʳʡ ʦʪʚʘʣ 

 

ʇʨʝʥʝʙʨʝʛʘʷ ʧʦʪʝʨʷʤʠ ʤʦʱʥʦʩʪʠ ʚ ʩʠʣʦʚʦʡ ʧʝʨʝʜʘʯʝ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ  

,                                                 (3) 

ʛʜʝ  V ï  ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʨʦʚʝʨʘ, ʤ/ʩ;   

       N ï  ʤʦʱʥʦʩʪʴ ʝʛʦ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ, ɺʪ. 

 

ʅʘ ʨʠʩ.3 ʛʨʘʬʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʫʩʠʣʠʷ  

ʙʫʣʴʜʦʟʠʨʦʚʘʥʠʷ ʛʨʫʥʪʘ, ʨʘʟʚʠʚʘʝʤʦʛʦ ʨʦʚʝʨʦʤ-ʙʫʣʴʜʦʟʝʨʦʤ ʧʨʠ ʘʚʪʦʥʦʤʥʦʤ 

(ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤ) ʜʚʠʞʝʥʠʠ ʠ ʧʨʠ ʫʩʣʦʚʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʜʪʷʛʠʚʘʥʠʷ 

ʢʘʥʘʪʘʤʠ ʣʝʙʝʜʦʢ ʥʝʧʦʜʚʠʞʥʳʭ ʨʦʚʝʨʦʚ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʩʣʝʜʫʶʱʠʭ 
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ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ:    f = 0,2 ;  V = 0,2 ʤ/ʩ; = 15
0
. ʄʘʩʩʘ ʨʦʚʝʨʘ ʙʳʣʘ ʧʨʠʥʷʪʘ 

ʨʘʚʥʦʡ 800 ʢʛ.  

 
 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʫʩʠʣʠʷ  ʙʫʣʴʜʦʟʠʨʦʚʘʥʠʷ ʛʨʫʥʪʘ 

ʦʪ ʤʦʱʥʦʩʪʠ N ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʨʦʚʝʨʘ: 

1 ï ʙʫʣʴʜʦʟʝʨʥʳʡ ʘʛʨʝʛʘʪ ʠʟ ʪʨʝʭ ʨʦʚʝʨʦʚ; 

2 ï ʨʦʚʝʨ-ʙʫʣʴʜʦʟʝʨ ʧʨʠ ʘʚʪʦʥʦʤʥʦʤ ʜʚʠʞʝʥʠʠ 

 

ʇʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʨʠʩ. 3 ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʨʦʚʝʨʘ-ʙʫʣʴʜʦʟʝʨʘ ʝʛʦ ʢʘʩʘʪʝʣʴʥʘʷ ʩʠʣʘ ʪʷʛʠ ʦʛʨʘʥʠʯʝʥʘ ʩʮʝʧʣʝʥʠʝʤ 

ʩ ʛʨʫʥʪʦʤ (), ʨʘʩʯʝʪʥʦʝ ʧʨʝʜʝʣʴʥʦʝ = 780 ʅ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʙʫʣʴʜʦʟʝʨʥʳʡ ʘʛʨʝʛʘʪ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʃʫʥʝ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʪʨʝʭ ʨʦʚʝʨʦʚ, ʧʦʟʚʦʣʷʝʪ ʨʘʟʚʠʚʘʪʴ ʙʫʣʴʜʦʟʝʨʥʳʝ ʫʩʠʣʠʷ, 

ʧʨʠʤʝʨʥʦ ʚ 4 ʨʘʟʘ ʧʨʝʚʦʩʭʦʜʷʱʠʝ ʟʥʘʯʝʥʠʷ, ʜʦʩʪʠʞʠʤʳʝ ʨʦʚʝʨʦʤ-ʙʫʣʴʜʦʟʝʨʦʤ 

ʧʨʠ ʘʚʪʦʥʦʤʥʦʤ ʜʚʠʞʝʥʠʠ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʩ ʫʯʝʪʦʤ ʫʜʝʣʴʥʳʭ 

ʥʘʛʨʫʟʦʢ, ʧʨʠʥʷʪʳʭ ʜʣʷ ʟʝʤʥʳʭ ʛʨʫʥʪʦʚ ʨʘʟʣʠʯʥʳʭ ʢʘʪʝʛʦʨʠʡ, ʤʦʞʥʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʟʥʘʯʠʪʴ ʨʘʙʦʯʫʶ ʰʠʨʠʥʫ ʙʫʣʴʜʦʟʝʨʥʦʛʦ ʦʪʚʘʣʘ ñʣʫʥʥʠʢʘò.  
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ɺɸʈʀɸʅʊʓ ʂʀʅɽʄɸʊʀʏɽʉʂʆʁ ʉʍɽʄʓ 

ɼɺʋʍʇʆʊʆʏʅʆʁ ʊʈɸʅʉʄʀʉʉʀʀ ʇɽʈʉʇɽʂʊʀɺʅʆɻʆ ʊʈɸʂʊʆʈɸ 

ʉ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ʂʆʈʆɹʂʆʁ ʇɽʈɽɼɸʏ  

ʈ.ɸ. ɼʠʜʠʢʦʚ, ʈ.ʖ. ɼʦʙʨʝʮʦʚ, ʖ.ɺ. ɻʘʣʳʰʝʚ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ 
ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʦʞʝʥʳ ʚʘʨʠʘʥʪʳ ʧʦʩʪʨʦʝʥʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʜʚʫʭʧʦʪʦʯʥʦʡ 

ʪʨʘʥʩʤʠʩʩʠʠ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʪʨʘʢʪʦʨʘ 4 ʪʷʛʦʚʦʛʦ ʢʣʘʩʩʘ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʚ ʦʩʥʦʚʥʦʡ ʠ ʬʨʠʢʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʚ ʧʘʨʘʣʣʝʣʴʥʦʡ ʚʝʪʚʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʦʣʝʩʥʳʡ ʪʨʘʢʪʦʨ, ʤʝʭʘʥʠʟʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ, 

ʜʚʫʭʧʦʪʦʯʥʘʷ ʪʨʘʥʩʤʠʩʩʠʷ, ʫʧʨʘʚʣʝʥʠʝ ʙʫʢʩʦʚʘʥʠʝʤ, ʜʠʩʢʦʚʘʷ ʬʨʠʢʮʠʦʥʥʘʷ 

ʤʫʬʪʘ. 

 

VARIANTS OF THE KINEMATIC SCH EMES FOR TWO-STREAM 

TRANSMISSION OF THE TRACTOR WITH AUTOMAT ED GEARBOX 

R.A. Didikov, R.Yu. Dobretsov, Yu.V. Galyshev 

Peter the Great Saint-Petersburg Polytechnic University 
Abstract. Proposed variants of the kinematic scheme for two-stream transmission of the 4th 

category tractor, envisage the usage of an automated mechanical gearbox in the main branch and 

friction type power distribution mechanism in the parallel branch of transmission. 

Keywords: Wheeled tractor, power distribution mechanism, two-stream 

transmission, slipping control, disk clutch 

 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʫʣʫʯʰʝʥʠʷ ʨʷʜʘ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʨʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʪʨʘʥʩʤʠʩʩʠʠ ʛʠʜʨʦʦʙʲʝʤʥʦʡ ʧʝʨʝʜʘʯʠ (ɻʆʇ). ʆʩʥʦʚʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʆʇ, ʷʚʣʷʝʪʩʷ ʧʣʘʚʥʦʝ, 

ʙʝʟʨʘʟʨʳʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʯʝʨʝʟ 

ʪʨʘʥʩʤʠʩʩʠʶ, ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ 

ɻʆʇ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʡ ʂʇɼ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʨʝʞʠʤʦʚ. ʂʨʦʤʝ 
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ʪʦʛʦ, ɻʆʇ ï ʩʣʦʞʥʳʡ, ʜʦʨʦʛʦʩʪʦʷʱʠʡ ʫʟʝʣ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʝʯʝʩʪʚʝʥʥʳʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʥʘ ʨʳʥʢʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʫʶ 

ɻʆʇ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʪʨʘʥʩʤʠʩʩʠʠ ʪʨʘʢʪʦʨʘ 4 ʪʷʛʦʚʦʛʦ ʢʣʘʩʩʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʜʚʫʭʧʦʪʦʯʥʦʡ ʪʨʘʥʩʤʠʩʩʠʠ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʩʥʦʚʥʦʝ 

ʜʦʩʪʦʠʥʩʪʚʦ ɻʆʇ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ 

ʪʨʘʥʩʤʠʩʩʠʠ ʚ ʮʝʣʦʤ [1]. ɺ ʪʘʢʦʡ ʪʨʘʥʩʤʠʩʩʠʠ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʨʘʟʚʝʪʚʣʝʥʠʝ 

ʧʦʪʦʢʘ ʤʦʱʥʦʩʪʠ. ʆʩʥʦʚʥʦʡ ʧʦʪʦʢ ʠʜʝʪ ʯʝʨʝʟ ʚʝʪʚʴ, ʩʦʜʝʨʞʘʱʫʶ 

ʤʝʭʘʥʠʯʝʩʢʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ (ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʨʘʢʪʦʨʘ ï 

ʵʪʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʠʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʢʦʨʦʙʢʘ ʧʝʨʝʜʘʯ); ʚ ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʚʝʪʚʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ɻʆʇ. ɸʣʛʦʨʠʪʤ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʪʚʝʡ 

ʩʪʨʦʠʪʩʷ ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʂʇɼ ʪʨʘʥʩʤʠʩʩʠʠ, ʧʨʝʚʳʰʘʶʱʝʛʦ ʧʦ 

ʟʥʘʯʝʥʠʶ ʂʇɼ ʩʦʙʩʪʚʝʥʥʦ ɻʆʇ [1, 2]. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʝʘʣʠʟʘʮʠʠ 

ʜʚʫʭʧʦʪʦʯʥʦʡ ʪʨʘʥʩʤʠʩʩʠʠ ʩ ɻʆʇ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʪʨʘʢʪʦʨ Favorit 926 Vario 

[1]. ʊʨʘʢʪʦʨʳ ʩ ɻʆʇ ʚ ʩʦʩʪʘʚʝ ʜʚʫʧʦʪʦʯʥʦʡ ʪʨʘʥʩʤʠʩʩʠʠ ʟʘʥʠʤʘʶʪ ʩʚʦʡ (ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʯʝʪʘʥʠʷ ʮʝʥʳ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ) ʩʝʛʤʝʥʪ 

ʨʳʥʢʘ ʩʝʣʴʭʦʟʪʝʭʥʠʢʠ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʪʨʘʢʪʦʨʳ ʥʘ ʜʠʘʧʘʟʦʥ ʤʦʱʥʦʩʪʝʡ 140-440 ʢɺʪ, ʚ ʦʩʥʦʚʝ 

ʢʦʥʮʝʧʮʠʠ ʪʨʘʥʩʤʠʩʩʠʠ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʩʪʫʧʝʥʯʘʪʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ 

ʢʦʨʦʙʢʘ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʝʨʝʜʘʯ (ɸʂʇʇ), ʤʦʛʫʪ ʩʦʩʪʘʚʠʪʴ ʢʦʥʢʫʨʝʥʮʠʶ ʪʘʢʠʤ 

ʤʘʰʠʥʘʤ. ɼʣʷ ʵʪʦʛʦ ʚ ʩʦʩʪʘʚʝ ʜʚʫʭʧʦʪʦʯʥʦʡ ʪʨʘʥʩʤʠʩʩʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʟʘʤʝʥʠʪʴ ɻʆʇ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʫ ï ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʠʣʠ ʬʨʠʢʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ 

ʌʄ (ʚ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ï ʜʠʩʢʦʚʫʶ ʬʨʠʢʮʠʦʥʥʫʶ ʤʫʬʪʫ), ʚ ʢʦʪʦʨʦʤ 

ʨʝʘʣʠʟʦʚʘʥ ʧʨʠʥʮʠʧ ʫʧʨʘʚʣʷʝʤʦʛʦ ʙʫʢʩʦʚʘʥʠʷ. ɺ ʩʦʩʪʘʚ ʌʄ ʤʦʞʝʪ ʚʭʦʜʠʪʴ 

ʨʝʜʫʢʪʦʨ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʧʨʝʜʣʦʞʠʪʴ ʚʘʨʠʘʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʪʨʘʥʩʤʠʩʩʠʠ 

ʪʨʘʢʪʦʨʘ ʙʝʟ ɻʆʇ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʠʣʠ ʣʫʯʰʠʝ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦʪʨʝʙʫʝʪ ʫʩʪʘʥʦʚʢʠ ʤʦʱʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʠ 

ʥʘʢʦʧʠʪʝʣʷ ʵʥʝʨʛʠʠ ï ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʯʴ ʜʦʣʞʥʘ ʠʜʪʠ ʦ ʨʘʟʨʘʙʦʪʢʝ ʧʘʨʘʣʣʝʣʴʥʦ-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʛʠʙʨʠʜʥʦʡ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ.  

ʌʨʠʢʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʦʱʝ ʠ ʜʝʰʝʚʣʝ ʢʦʥʢʫʨʝʥʪʦʚ, 

ʜʦʩʪʘʪʦʯʥʦ ʢʦʤʧʘʢʪʝʥ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ 

ʤʝʭʘʥʠʟʤʦʚ ʚʝʜʫʪʩʷ ʉʇʙʇʋ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʚʦʝʥʥʳʤ 

ʛʫʩʝʥʠʯʥʳʤ ʤʘʰʠʥʘʤ (ɺɻʄ) [3-5]. ʋʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʩʘʤʠ ʬʫʥʢʮʠʠ 

ʪʘʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚ ʩʦʩʪʘʚʝ ʪʨʘʥʩʤʠʩʩʠʡ ɺɻʄ [6] ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʪʨʘʢʪʦʨʦʚ [1, 2] ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ. ʅʘ ɺɻʄ ʬʨʠʢʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ 

ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʫʧʨʘʚʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʚʠʞʝʥʠʷ [4, 5]. ʅʘ ʢʦʣʝʩʥʦʤ 

ʪʨʘʢʪʦʨʝ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʧʣʘʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʢʨʫʪʷʱʝʛʦ 

ʤʦʤʝʥʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʪʠʧʘ ʤʝʭʘʥʠʟʤʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʬʫʥʢʮʠʠ 

ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʜʚʫʭʧʦʪʦʯʥʳʡ ʤʝʭʘʥʠʟʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ [7] 

(ʄʈʄ).  

ʆʙʦʙʱʝʥʥʳʝ ʩʭʝʤʳ ʪʨʘʥʩʤʠʩʩʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʄʈʄ ʪʘʢʦʛʦ ʪʠʧʘ, 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1. 
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ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʄʈʄ ʨʘʙʦʪʘʝʪ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ, ʠʤʝʶʱʝʡ ʚʳʭʦʜ ʥʘ ʰʠʥʫ CAN, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʰʘʩʩʠ ʙʝʩʧʠʣʦʪʥʦʛʦ ʪʨʘʢʪʦʨʘ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʚ ʩʠʩʪʝʤʫ 

ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ. 

ʅʘ ʨʠʩ. 1, ʘ ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʩʭʝʤʳ ʪʨʘʥʩʤʠʩʩʠʠ ʩ ʨʘʟʚʝʪʚʣʝʥʠʝʤ ʧʦʪʦʢʘ 

ʤʦʱʥʦʩʪʠ. ʈʘʟʚʝʪʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ, 

ʢʦʪʦʨʘʷ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʨʝʜʫʢʪʦʨʘ ʈ0 (ʨʠʩ. 2). ʆʙʲʝʜʠʥʝʥʠʝ ʧʦʪʦʢʦʚ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʫʤʤʠʨʫʶʱʝʛʦ ʧʣʘʥʝʪʘʨʥʦʛʦ ʨʷʜʘ (ʉʇʈ). ʇʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʩʠʣʦʚʦʛʦ ʘʥʘʣʠʟʘ ʚʘʨʠʘʥʪʦʚ ʩʭʝʤ ʩʣʝʜʫʝʪ 

ʨʘʩʩʤʦʪʨʝʪʴ ʠ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʨʘʟʚʝʪʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʧʣʘʥʝʪʘʨʥʦʛʦ ʨʷʜʘ, ʘ ʩʫʤʤʠʨʦʚʘʥʠʝ ï ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʜʘʯʠ ʩ ʥʝʧʦʜʚʠʞʥʳʤʠ 

ʦʩʷʤʠ ʚʨʘʱʝʥʠʷ ʟʚʝʥʴʝʚ. 

ʄʈʄ ʩʦʩʪʦʠʪ ʠʟ ʬʨʠʢʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʌʄ ʠ ʩʫʤʤʠʨʫʶʱʝʛʦ 

ʧʣʘʥʝʪʘʨʥʦʛʦ ʨʷʜʘ ʉʇʈ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʨʝʜʫʢʪʦʨʥʦʡ ʯʘʩʪʠ ʄʈʄ 

(ʩʤ. [4, 5, 7]). ɺʦʟʤʦʞʝʥ ʧʦʜʚʦʜ ʤʦʱʥʦʩʪʠ ʚ ʦʙʭʦʜ ɸʂʇʇ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʢʦʨʦʙʢʝ ʧʝʨʝʜʘʯ ɼʂʇ. 

 

ʘ)  ʙ)  

 

ʈʠʩ. 1. ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʪʨʘʥʩʤʠʩʩʠʠ ʢʦʣʝʩʥʦʛʦ ʪʨʘʢʪʦʨʘ: 

ʘ ï ʩ ʨʘʟʚʝʪʚʣʝʥʠʝʤ ʧʦʪʦʢʘ ʤʦʱʥʦʩʪʠ; ʙ ï ʜʚʫʭʧʦʪʦʯʥʦʡ ʩ ʫʧʨʘʚʣʝʥʠʝʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʧʦ ʚʝʜʫʱʠʤ ʢʦʣʝʩʘʤ 

 

ʇʦʩʣʝʜʥʷʷ ʥʘ ʪʨʘʢʪʦʨʝ ʤʦʞʝʪ ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ, ʘ ʝʝ ʬʫʥʢʮʠʠ ʤʦʛʫʪ ʙʳʪʴ 

ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʝʨʝʜʘʥʳ ɸʂʇʇ. ɼʨʫʛʠʤ ʚʘʨʠʘʥʪʦʤ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ 

ʩʦʣʥʝʯʥʦʡ ʰʝʩʪʝʨʥʠ ʉʇʈ ʩ ʦʩʥʦʚʥʦʡ ʚʝʪʚʴʶ ʪʨʘʥʩʤʠʩʩʠʠ, ʘ ʵʧʠʮʠʢʣʘ ï ʩ 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʚʝʪʚʴʶ. 

ʅʝʦʙʭʦʜʠʤʳʤ ʘʛʨʝʛʘʪʦʤ ʧʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʢ ʧʦʩʪʨʦʝʥʠʶ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ 

ʩʭʝʤʳ ʪʨʘʥʩʤʠʩʩʠʠ ʷʚʣʷʝʪʩʷ ʤʝʞʢʦʣʝʩʥʳʡ ʜʠʬʬʝʨʝʥʮʠʘʣ. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥ 
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ʧʨʦʩʪʦʡ ʩʠʤʤʝʪʨʠʯʥʳʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʜʠʬʬʝʨʝʥʮʠʘʣ ɼ, ʩʥʘʙʞʝʥʥʳʡ 

ʫʧʨʘʚʣʷʝʤʦʡ ʜʠʩʢʦʚʦʡ ʙʣʦʢʠʨʫʶʱʝʡ ʤʫʬʪʦʡ ʉɼ. ʂʦʨʦʙʢʘ ʜʠʬʬʝʨʝʥʮʠʘʣʘ 

ʩʚʷʟʘʥʘ ʩ ʚʳʭʦʜʥʳʤ ʚʘʣʦʤ ɼʂʇ ʧʦʩʨʝʜʩʪʚʦʤ ʧʘʨʳ ʢʦʥʠʯʝʩʢʠʭ ʰʝʩʪʝʨʝʥ, 

ʚʳʧʦʣʥʷʶʱʠʭ ʬʫʥʢʮʠʶ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʛʣʘʚʥʦʡ ʧʝʨʝʜʘʯʠ. ʂʘʢ ʚʪʦʨʫʶ ʩʪʫʧʝʥʴ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʦʣʝʩʥʳʡ ʨʝʜʫʢʪʦʨ ʂʈ. 

ʉʮʝʧʣʝʥʠʝ, ʢʘʨʜʘʥʥʳʝ ʧʝʨʝʜʘʯʠ, ʚʘʣ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ ʠ ʢʦʣʝʩʥʳʝ ʪʦʨʤʦʟʘ 

ʥʘ ʨʠʩ. 2 ʫʩʣʦʚʥʦ ʥʝ ʧʦʢʘʟʘʥʳ. 

 

 
ʈʠʩ. 2. ʊʨʘʥʩʤʠʩʩʠʷ ʩ ʨʘʟʚʝʪʚʣʝʥʠʝʤ ʧʦʪʦʢʘ ʤʦʱʥʦʩʪʠ ʜʣʷ ʢʦʣʝʩʥʦʛʦ ʪʨʘʢʪʦʨʘ 

(ʩʮʝʧʣʝʥʠʝ, ʢʘʨʜʘʥʥʳʝ ʧʝʨʝʜʘʯʠ, ʚʘʣ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ ʠ ʢʦʣʝʩʥʳʝ ʪʦʨʤʦʟʘ 

ʫʩʣʦʚʥʦ ʥʝ ʧʦʢʘʟʘʥʳ) 

 

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʩʭʝʤʘ ʪʨʘʥʩʤʠʩʩʠʠ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʥʘ 

ʜʚʫʭʦʩʥʦʤ ʰʘʩʩʠ ʩ ʧʨʠʚʦʜʦʤ ʥʘ ʟʘʜʥʠʡ ʤʦʩʪ. ʅʘ ʙʘʟʝ ʪʘʢʦʡ ʩʭʝʤʳ ʤʦʞʥʦ 

ʧʦʩʪʨʦʠʪʴ ʪʨʘʥʩʤʠʩʩʠʶ ʧʦʣʥʦʧʨʠʚʦʜʥʦʡ ʤʘʰʠʥʳ, ʯʪʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʪʨʘʢʪʦʨʦʚ 

5-8 ʪʷʛʦʚʳʭ ʢʣʘʩʩʦʚ. ʆʪʢʣʶʯʘʝʤʳʡ ʧʨʠʚʦʜ ʧʝʨʝʜʥʝʛʦ ʤʦʩʪʘ ʙʫʜʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʯʝʨʝʟ ʤʝʞʦʩʝʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʧʦʣʦʞʝʥ ʚ ʝʜʠʥʦʤ ʙʣʦʢʝ ʩ ɸʂʇʇ. 

ɼʣʷ ʦʭʚʘʪʘ ʨʳʥʢʘ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʥʘ ʙʘʟʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ ʤʦʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʚʘʨʠʘʥʪ ʪʨʘʥʩʤʠʩʩʠʠ ʤʥʦʛʦʦʩʥʦʛʦ ʰʘʩʩʠ. 

ʅʘ ʨʠʩ. 1,ʙ ʧʦʢʘʟʘʥʘ ʙʦʣʝʝ ʩʣʦʞʥʘʷ ʩʭʝʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ, ʧʦʤʠʤʦ 

ʨʝʘʣʠʟʘʮʠʠ ʦʧʠʩʘʥʥʦʛʦ ʧʨʠʥʮʠʧʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʚʫʭʧʦʪʦʯʥʦʡ ʪʨʘʥʩʤʠʩʩʠʠ, 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʷʛʦʚʦʝ ʫʩʠʣʠʝ ʥʘ ʚʝʜʫʱʠʭ ʢʦʣʝʩʘʭ ɺʂ. ʈʘʟʚʝʪʚʣʝʥʠʝ ʧʦʪʦʢʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʢʘʢ ʠ ʚ ʚʘʨʠʘʥʪʝ ʧʦ ʨʠʩ. 1,ʘ , ʩ ʧʦʤʦʱʴʶ ʨʝʜʫʢʪʦʨʘ ʈ0 (ʨʠʩ. 3).  
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ɺ ʩʦʩʪʘʚ ʄʈʄ ʚʭʦʜʠʪ ʨʝʜʫʢʪʦʨʥʘʷ ʯʘʩʪʴ (ʈ1), ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ, ʚ ʪʦʤ 

ʯʠʩʣʝ, ʨʝʚʝʨʩ ʚʳʭʦʜʥʦʛʦ ʚʘʣʘ. ʉʫʤʤʠʨʦʚʘʥʠʝ ʧʦʪʦʢʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʜ 

ʂʈ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʉʇʈ. ʉʦʣʥʝʯʥʳʝ ʰʝʩʪʝʨʥʠ ʉʇʈ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 

ʯʝʨʝʟ ʚʘʣʳ, ʚʳʚʝʜʝʥʥʳʝ ʥʘ ʰʝʩʪʝʨʥʠ ʜʠʬʬʝʨʝʥʮʠʘʣʘ ɼ. ɼʠʬʬʝʨʝʥʮʠʘʣ ʠʤʝʝʪ 

ʜʚʘ ʵʣʝʤʝʥʪʘ ʫʧʨʘʚʣʝʥʠʷ: ʙʣʦʢʠʨʫʶʱʫʶ ʤʫʬʪʫ ʉɼ ʠ ʪʦʨʤʦʟ ʚʦʜʠʣʘ ʊɼ. ʇʨʠ 

ʚʢʣʶʯʝʥʠʠ ʉɼ ʜʠʬʬʝʨʝʥʮʠʘʣ ʙʣʦʢʠʨʫʝʪʩʷ, ʝʛʦ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʨʘʚʥʦ 

ʝʜʠʥʠʮʝ. ʊʨʘʥʩʤʠʩʩʠʷ ʨʘʙʦʪʘʝʪ ʘʥʘʣʦʛʠʯʥʦ ʚʘʨʠʘʥʪʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʥʘ ʨʠʩ. 

1,ʘ ʠ 2. ʋʩʪʘʥʦʚʢʘ ʤʝʞʢʦʣʝʩʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʘ ʥʝ ʪʨʝʙʫʝʪʩʷ: ʝʛʦ ʬʫʥʢʮʠʶ 

ʚʳʧʦʣʥʷʶʪ ʉʇʈ. 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʷʛʦʚʳʤ ʫʩʠʣʠʝʤ ʥʘ ɺʂ ʚ ʧʘʨʘʣʣʝʣʴʥʦʡ ʚʝʪʚʠ ʚʢʣʶʯʘʝʪʩʷ 

ʪʦʨʤʦʟ ʊɼ. ʂʦʨʦʙʢʘ ʜʠʬʬʝʨʝʥʮʠʘʣʘ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ 

ʫʟʣʘ ʨʘʚʥʦ (ï1). ʉʦʣʥʝʯʥʳʝ ʰʝʩʪʝʨʥʠ ʉʇʈ ʚʨʘʱʘʶʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ, ʠʩʧʦʣʴʟʫʷ ʫʧʨʘʚʣʷʝʤʦʝ ʙʫʢʩʦʚʘʥʠʝ ʚ ʌʄ, 

ʫʚʝʣʠʯʠʚʘʪʴ ʩʠʣʫ ʪʷʛʠ ʥʘ ʦʜʥʦʤ ʙʦʨʪʫ ʠ ʫʤʝʥʴʰʘʪʴ ʥʘ ʜʨʫʛʦʤ, ʟʘ ʩʯʝʪ ʯʝʛʦ 

ʚʦʟʥʠʢʘʝʪ ʨʘʟʚʦʨʘʯʠʚʘʶʱʠʡ ʤʦʤʝʥʪ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʰʘʩʩʠ. ɼʘʥʥʳʡ ʧʨʠʥʮʠʧ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʜʚʫʭʧʦʪʦʯʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʧʝʨʝʜʘʯ ʠ 

ʧʦʚʦʨʦʪʘ ɺɻʄ [4-6]. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʤʝʥʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ 

ʨʘʟʚʦʨʘʯʠʚʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʚ ʨʝʜʫʢʪʦʨʝ ʈ1 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʚʝʨʩ ʚʳʭʦʜʥʦʛʦ 

ʚʘʣʘ. 

ʂʦʥʪʨʦʣʴ ʙʫʢʩʦʚʘʥʠʷ ʜʠʩʢʦʚ ʚ ʩʦʩʪʘʚʝ ʌʄ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʜʘʚʣʝʥʠʷ 

(ʐʀʄɼ) ʚ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʧʨʠʚʦʜʝ. ɺʦʟʤʦʞʥʦʩʪʴ ʐʀʄɼ ʚ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ 

ʧʨʠʚʦʜʝ ʜʠʩʢʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʫʧʨʘʚʣʝʥʠʷ ʠʟʫʯʝʥʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʛʫʩʝʥʠʯʥʳʤ 

ʠ ʢʦʣʝʩʥʳʤ ʤʘʰʠʥʘʤ [3, 4, 8]. 

ʉʮʝʧʣʝʥʠʝ, ʢʘʨʜʘʥʥʳʝ ʧʝʨʝʜʘʯʠ, ʚʘʣ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ ʠ ʢʦʣʝʩʥʳʝ ʪʦʨʤʦʟʘ 

ʥʘ ʨʠʩ. 3 ʫʩʣʦʚʥʦ ʥʝ ʧʦʢʘʟʘʥʳ. ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, ʜʘʥʥʘʷ ʩʭʝʤʘ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʩʭʝʤ ʪʨʘʥʩʤʠʩʩʠʡ ʧʦʣʥʦʧʨʠʚʦʜʥʳʭ ʠ ʤʥʦʛʦʦʩʥʳʭ 

ʰʘʩʩʠ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʄʈʄ ʘʚʪʦʤʦʙʠʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʠʝ ʨʘʜʠʫʩʦʚ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʩʠʣʦʚʦʛʦ ʧʦʚʦʨʦʪʘ 

[7]. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʝʡ ʄʈʄ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʜʘʯʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʦʙʭʦʜ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʯʠʩʣʘ 

ʧʝʨʝʢʣʶʯʝʥʠʡ ʠ ʧʦʚʳʰʝʥʠʷ ʧʣʘʚʥʦʩʪʠ ʨʘʙʦʪʳ ʪʨʘʥʩʤʠʩʩʠʠ ʚ ʧʨʝʜʝʣʘʭ 

ʚʢʣʶʯʝʥʥʦʡ ʧʝʨʝʜʘʯʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʄʈʄ ʜʦʣʞʝʥ ʧʝʨʝʜʘʚʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʤʦʤʝʥʪ, ʨʘʚʥʳʡ ʨʘʟʥʦʩʪʠ ʤʦʤʝʥʪʦʚ ʥʘ ʩʤʝʞʥʳʭ ʧʝʨʝʜʘʯʘʭ. 

ɼʣʷ ʩʭʝʤʳ ʧʦ ʨʠʩ. 1,ʘ: 
. 

ɿʜʝʩʴ  ï ʤʦʤʝʥʪʳ ʥʘ ʩʤʝʞʥʳʭ ʧʝʨʝʜʘʯʘʭ ʠ ʥʘ ʚʘʣʫ ʜʚʠʛʘʪʝʣʷ  

( );  ï ʧʝʨʝʜʘʪʦʯʥʳʝ ʦʪʥʦʰʝʥʠʷ ʥʘ ʩʤʝʞʥʳʭ ʧʝʨʝʜʘʯʘʭ ʚ ʢʦʨʦʙʢʝ 

ʧʝʨʝʜʘʯ;  ï ʥʦʤʝʨ ʧʝʨʝʜʘʯʠ,  ï ʯʠʩʣʦ ʧʝʨʝʜʘʯ. ʇʨʠ ʨʘʟʙʠʚʢʝ ʧʝʨʝʜʘʯ ʧʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ ʟʥʘʤʝʥʘʪʝʣʴ ʧʨʦʛʨʝʩʩʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪ 

ʨʘʚʥʳʤ .  
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ʈʠʩ. 3. ɼʚʫʭʧʦʪʦʯʥʘʷ ʪʨʘʥʩʤʠʩʩʠʷ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʧʦ 

ʚʝʜʫʱʠʤ ʢʦʣʝʩʘʤ (ʩʮʝʧʣʝʥʠʝ, ʢʘʨʜʘʥʥʳʝ ʧʝʨʝʜʘʯʠ, ʚʘʣ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ ʠ 

ʢʦʣʝʩʥʳʝ ʪʦʨʤʦʟʘ ʫʩʣʦʚʥʦ ʥʝ ʧʦʢʘʟʘʥʳ) 

 

ʇʦʩʢʦʣʴʢʫ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʤʝʪʴ  ʩʪʫʧʝʥʝʡ ʚ ʨʝʜʫʢʪʦʨʥʦʡ ʯʘʩʪʠ ʄʈʄ, 

ʤʦʤʝʥʪ ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ , . ʌʦʨʤʘʣʴʥʦ ʵʪʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ , ʥʦ ʧʝʨʚʘʷ ʧʝʨʝʜʘʯʘ ʨʝʜʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʧʦʵʪʦʤʫ 

ʧʨʠʥʠʤʘʝʪʩʷ . ʊʦʛʜʘ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʄʈʄ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʟʘʚʠʩʠʤʦʩʪʠ: 
. 

ɼʣʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ . 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʄʈʄ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʩʭʝʤ, ʩʧʦʩʦʙʳ ʨʘʩʯʝʪʘ ʜʝʪʘʣʝʡ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ, 

ʘʧʨʦʙʠʨʦʚʘʥʥʳʝ ʚ ʚʦʝʥʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ɺɻʄ 

[5, 7, 8]. ɺ ʪʦʡ ʞʝ ʦʪʨʘʩʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʜʦʩʪʘʪʦʯʥʫʶ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʜʠʩʢʦʚ ʪʨʝʥʠʷ 

ʬʨʠʢʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʘʧʨʦʙʠʨʦʚʘʥʘ ʩʣʝʜʷʱʘʷ 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ [3], ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʠʟʛʦʪʦʚʠʪʴ ʩʠʩʪʝʤʫ 

ʫʧʨʘʚʣʝʥʠʷ ʄʈʄ. ʀʤʝʝʪʩʷ ʩʪʝʥʜʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʠ ʜʦʚʦʜʢʠ 

ʤʘʢʝʪʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. 

n
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1. ɻʆʇ ʚ ʧʘʨʘʣʣʝʣʴʥʦʡ ʚʝʪʚʠ ʪʨʘʥʩʤʠʩʩʠʠ ʪʨʘʢʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʝʥʘ 

ʥʘ ʌʄ ʠʣʠ ʰʝʩʪʝʨʝʥʯʘʪʳʡ ʄʈʄ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʫʧʨʘʚʣʷʝʤʦʝ ʙʫʢʩʦʚʘʥʠʝ 

ʜʠʩʢʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʫʧʨʘʚʣʝʥʠʷ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʟʘʤʝʥʳ ï ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʠʤʧʦʨʪʘ ɻʆʇ (ʪ.ʝ. ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ï ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ 

ʪʨʘʢʪʦʨʘ). ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʠʤ ʜʣʷ ʙʘʟʦʚʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʪʨʘʢʪʦʨʘ. 

2. ʇʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʪʨʘʥʩʤʠʩʩʠʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʨʝʘʣʠʟʦʚʘʪʴ ʥʝʪʠʧʠʯʥʦʝ 

ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʦʣʝʩʥʳʭ ʪʨʘʢʪʦʨʦʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʝ ʩʚʦʡʩʪʚʦ ï 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʩʠʣʦʡ ʪʷʛʠ ʥʘ ʚʝʜʫʱʠʭ ʢʦʣʝʩʘʭ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʪʘʢʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʚʝʜʝʪ ʢ ʫʩʣʦʞʥʝʥʠʶ ʪʨʘʥʩʤʠʩʩʠʠ ʠ ʜʦʣʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʦʧʮʠʷ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʘʷ ʚ ʟʘʚʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦ ʟʘʢʘʟʫ 

ʧʦʪʨʝʙʠʪʝʣʷ. 

3. ʇʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʠ ʥʘʛʨʫʟʢʠ ʥʘ ʜʝʪʘʣʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʫʩʣʦʚʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʢʨʳʪʠʷ ʨʘʟʨʳʚʘ 

ʧʦ ʟʥʘʯʝʥʠʶ ʤʦʤʝʥʪʘ ʤʝʞʜʫ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʧʝʨʝʜʘʯʘʤʠ ʚ ɸʂʇʇ.  

4. ʇʨʠ ʩʝʨʠʡʥʦʤ ʠʟʛʦʪʦʚʣʝʥʠʠ ʫʟʣʦʚ ʪʨʘʥʩʤʠʩʩʠʠ ʚʦʟʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ 

ʜʣʷ ʥʫʞʜ ʚʦʝʥʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʚ 

ʨʘʤʢʘʭ ʬʝʜʝʨʘʣʴʥʦʡ ʮʝʣʝʚʦʡ ʧʨʦʛʨʘʤʤʳ çʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦ 

ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʈʦʩʩʠʠ ʥʘ 2014-2020 ʛʦʜʳè ʧʦ ʧʨʦʝʢʪʫ: çʈʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʥʦʚʦʛʦ 

ʤʦʜʝʣʴʥʦʛʦ ʨʷʜʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʢʦʨʦʙʦʢ ʧʝʨʝʤʝʥʳ ʧʝʨʝʜʘʯ ʜʣʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʚ ʜʠʘʧʘʟʦʥʝ 140-

440 ʢɺʪ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʦʤʧʣʝʢʩʝ ʩʠʩʪʝʤ ʙʝʩʧʠʣʦʪʥʦʛʦ 

ʪʨʘʢʪʦʨʘè (ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʨʦʝʢʪʘ RFMEFI57816X0213). 
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ʄɸʃʆɻɸɹɸʈʀʊʅʆɽ ɻʋʉɽʅʀʏʅʆɽ ʊʈɸʅʉʇʆʈʊʅʆɽ ʉʈɽɼʉʊɺʆ 

ʀ.ɺ. ʂʫʨʩʦʚ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ ñɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ  ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘò 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʦʜʥʠʤʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʦʙʦʩʥʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ 

ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʛʫʩʝʥʠʯʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʘʢʪʠʚʥʦʛʦ ʦʪʜʳʭʘ ʠ  ʨʘʟʨʘʙʦʪʢʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʜʣʷ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʫʩʝʥʠʯʥʦʝ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ, ʢʦʤʧʦʥʦʚʢʘ, 

ʧʨʦʭʦʜʠʤʦʩʪʴ. 
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Summary. The article raises the problems of the justification for the creation of vehicles for 

recreation and the development of a theoretical framework for their design. 
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ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʸ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ 

ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʚʠʜʳ ʪʫʨʠʟʤʘ ʠ ʦʪʜʳʭʘ. ɺʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʦʜʥʦ- ʠ 

ʜʚʫʭʤʝʩʪʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ, ʩʧʦʩʦʙʥʳʝ ʜʦʩʪʘʚʠʪʴ ʷʨʢʠʝ ʚʧʝʯʘʪʣʝʥʠʷ 

ʦʪ ʵʢʩʪʨʝʤʘʣʴʥʦʡ ʝʟʜʳ ʧʦ ʙʝʟʜʦʨʦʞʴʶ - ʙʘʛʛʠ, ʢʚʘʜʨʦʮʠʢʣʳ, ʩʥʝʛʦʙʦʣʦʪʦʭʦʜʳ. 

ʉʦʟʜʘʥʥʳʝ ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʤʠ ʜʣʷ ʧʝʨʝʚʦʟʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʜʥʦʛʦ ʚʦʜʠʪʝʣʷ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʜʚʠʞʝʥʠʷ, ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʨʦʯʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʢʦʤʧʘʢʪʥʦʩʪʴʶ, ʭʦʨʦʰʝʡ ʜʠʥʘʤʠʢʦʡ, ʚʳʩʦʢʦʡ ʧʨʦʭʦʜʠʤʦʩʪʴʶ.  

ɸʥʘʣʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʦʜʦʙʥʦʛʦ ʢʣʘʩʩʘ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʢʘʞʜʦʝ ʠʟ ʵʪʠʭ ʩʨʝʜʩʪʚ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʚ ʧʨʠʤʝʥʝʥʠʠ. ʊʘʢ, ʙʘʛʛʠ ʠ ʢʚʘʜʨʦʮʠʢʣʳ ʥʝ ʩʧʦʩʦʙʥʳ ʜʚʠʛʘʪʴʩʷ 

ʧʦ ʛʣʫʙʦʢʦʤʫ ʩʥʝʛʫ ʠ ʟʘʙʦʣʦʯʝʥʥʳʤ ʫʯʘʩʪʢʘʤ, ʘ ʩʥʝʛʦʭʦʜʳ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ 
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ʣʳʞʥʦ-ʛʫʩʝʥʠʯʥʳʤ ʜʚʠʞʠʪʝʣʝʤ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʜʚʠʞʝʥʠʷ ʪʦʣʴʢʦ ʧʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʚʥʦʤʫ ʩʥʝʞʥʦʤʫ ʧʦʢʨʦʚʫ ʙʝʟ ʧʥʝʡ, ʢʫʩʪʘʨʥʠʢʦʚ ʠ ʧʨʦʯʠʭ 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ. ʉʪʨʝʤʣʝʥʠʝʤ ʥʘʜʝʣʠʪʴ ʤʘʰʠʥʫ ʚʝʟʜʝʭʦʜʥʦʩʪʴʶ 

ʦʙʲʷʩʥʷʝʪʩʷ ʚʦʟʨʘʩʪʘʶʱʠʡ ʠʥʪʝʨʝʩ ʢ ʤʘʣʦʛʘʙʘʨʠʪʥʳʤ ʛʫʩʝʥʠʯʥʳʤ 

ʪʨʘʥʩʧʦʨʪʝʨʘʤ ʩʦ ʩʪʦʨʦʥʳ ʢʘʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʦʨʦʚ, ʪʘʢ ʠ 

ʵʥʪʫʟʠʘʩʪʦʚ [1]. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʢʦʤʧʦʥʦʚʦʯʥʳʝ ʨʝʰʝʥʠʷ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʚʝʩʪʥʳʭ ʩʝʨʠʡʥʳʭ ʤʘʰʠʥ ʥʘʨʦʜʥʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʪʠʧʫ ʛʫʩʝʥʠʯʥʳʭ ʪʨʘʥʩʧʦʨʪʝʨʦʚ-ʩʥʝʛʦʙʦʣʦʪʦʭʦʜʦʚ, ʧʨʠʜʘʶʪ ʵʪʠʤ 

ʤʘʰʠʥʘʤ ʚʳʩʦʢʠʝ ʧʨʦʭʦʜʠʤʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʜʚʠʞʝʥʠʷ ʧʦ 

ʛʨʫʥʪʘʤ ʩʦ ʩʣʘʙʦʡ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʧʦ ʨʝʟʢʦ ʧʝʨʝʩʝʯʝʥʥʦʡ ʤʝʩʪʥʦʩʪʠ, 

ʧʨʠ ʧʨʝʦʜʦʣʝʥʠʠ ʚʦʜʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ ʚʧʣʘʚʴ. 

ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ ʚ ʪʨʝʙʦʚʘʥʠʷʭ ʢ ʥʘʟʥʘʯʝʥʠʶ 

ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʪʨʘʥʩʧʦʨʪʝʨʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʦʷʚʣʝʥʠʶ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ 

ʢʦʤʧʦʥʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ. 

ʆʧʨʝʜʝʣʠʤ ʨʘʮʠʦʥʘʣʴʥʫʶ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ 

ʛʫʩʝʥʠʯʥʳʭ ʪʨʘʥʩʧʦʨʪʝʨʦʚ ʠ ʩʬʦʨʤʫʣʠʨʫʝʤ ʦʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʠʭ ʨʘʟʨʘʙʦʪʢʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʙʝʩʧʝʯʠʪʴ ʠʟʜʝʣʠʶ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʢʦʤʧʘʢʪʥʦʩʪʴ ʠ ʧʨʦʩʪʦʪʫ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʩ ʜʨʫʛʦʡ ï ʚʳʩʦʢʫʶ 

ʧʨʦʭʦʜʠʤʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ.  

ʄʘʣʦʛʘʙʘʨʠʪʥʳʡ ʛʫʩʝʥʠʯʥʳʡ ʪʨʘʥʩʧʦʨʪʝʨ ʜʦʣʞʝʥ ʩʦʟʜʘʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ ʘʢʪʠʚʥʦʛʦ ʪʫʨʠʟʤʘ ʠ ʦʪʜʳʭʘ, ʩʧʦʩʦʙʥʦʛʦ ʟʘʤʝʥʠʪʴ 

ʫʪʠʣʠʪʘʨʥʳʝ ʢʚʘʜʨʦʮʠʢʣ ʠ ʩʥʝʛʦʭʦʜ, ʩʘʤʦʭʦʜʥʦʝ ʧʣʘʚʩʨʝʜʩʪʚʦ. ʇʦʵʪʦʤʫ ʝʛʦ 

ʦʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʠʤʝʨʥʦ ʩʦʧʦʩʪʘʚʠʤʳ ʩ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʘʤʝʥʷʝʤʳʭ ʦʙʲʝʢʪʦʚ. 

ɼʦʩʪʠʞʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʤʧʦʥʦʚʦʯʥʳʤʠ 

ʨʝʰʝʥʠʷʤʠ. ʂʦʤʧʦʥʦʚʢʘ ʪʨʘʥʩʧʦʨʪʝʨʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʩʪʦʤ ʨʘʟʤʝʱʝʥʠʷ ʚʦʜʠʪʝʣʷ ʠ ʧʘʩʩʘʞʠʨʘ. ʇʨʠ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ 

ʩʦʙʩʪʚʝʥʥʦʡ ʤʘʩʩʝ ʤʘʰʠʥʳ ʤʝʥʝʝ 400 ʢʛ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʳʙʦʨ ʤʦʪʦʮʠʢʣʝʪʥʦʡ ʧʦʩʘʜʢʠ ʚʦʜʠʪʝʣʷ ʠ ʧʘʩʩʘʞʠʨʘ, ʢʦʪʦʨʘʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʘʢʪʥʦʩʪʴ ʠʭ ʨʘʟʤʝʱʝʥʠʷ [2], ʧʦʟʚʦʣʷʝʪ  ʣʠʙʦ ʫʤʝʥʴʰʠʪʴ 

ʛʘʙʘʨʠʪʥʳʡ ʨʘʟʤʝʨ ʧʦ ʰʠʨʠʥʝ, ʣʠʙʦ, ʩʦʭʨʘʥʷʷ ʝʛʦ, ʧʨʠʤʝʥʠʪʴ ʙʦʣʝʝ ʰʠʨʦʢʠʝ 

ʛʫʩʝʥʠʯʥʳʝ ʣʝʥʪʳ. ʉʫʱʝʩʪʚʝʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʦʡ ʧʦʩʘʜʢʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʤʦʪʦʮʠʢʣʝʪʥʦʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 
ʚʦʜʠʪʝʣʴ ʤʦʞʝʪ ʘʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ, ʠʟʤʝʥʷʷ ʩʚʦʝ 

ʧʦʣʦʞʝʥʠʝ ʥʘ ʩʠʜʝʥʴʝ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟʤʝʥʷʪʴ ʤʘʩʩʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʠʩʭʦʜʷ ʠʟ ʢʦʥʢʨʝʪʥʦʡ ʩʠʪʫʘʮʠʠ ʧʨʠ 

ʚʦʞʜʝʥʠʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʜʚʠʛʘʪʴʩʷ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʚ ʫʩʣʦʚʠʷʭ 

ʙʝʟʜʦʨʦʞʴʷ, ʫʚʝʨʝʥʥʝʝ ʧʨʝʦʜʦʣʝʚʘʪʴ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʧʨʝʧʷʪʩʪʚʠʷ ʠ ʜʚʠʛʘʪʴʩʷ 

ʧʦ ʢʦʩʦʛʦʨʫ. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʚʝʟʜʝʭʦʜʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠʥʮʠʧ çʦʪ ʛʨʫʥʪʘ - ʚʚʝʨʭè [3], 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʦʩʥʦʚʥʳʝ ʧʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ, ʧʨʠʥʠʤʘʝʤʳʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʤʘʰʠʥʳ, ʚʦ ʤʥʦʛʦʤ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʚʳʙʦʨʘ ʜʚʠʞʠʪʝʣʷ, ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʚ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʠʤʝʥʝʥʠʝ ʣʝʛʢʠʭ ʨʝʟʠʥʦʘʨʤʠʨʦʚʘʥʥʳʭ 



122 

 

ʛʫʩʝʥʠʮ ʰʠʨʠʥʦʶ 400 ʤʤ ʩʦʟʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʛʨʫʥʪ ʜʦ 

0,005 ʄʇʘ ʜʣʷ ʪʨʘʥʩʧʦʨʪʝʨʘ ʧʦʣʥʦʡ ʤʘʩʩʦʡ ʥʝ ʙʦʣʝʝ 600 ʢʛ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʨʦʭʦʜʠʤʦʩʪʴ ʧʦ ʣʶʙʦʤʫ ʩʥʝʞʥʦʤʫ ʧʦʢʨʦʚʫ, ʙʦʣʦʪʫ ʠ ʙʝʟʜʦʨʦʞʴʶ [4, 5]. ɼʣʷ 

ʩʥʠʞʝʥʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ çʙʫʣʴʜʦʟʝʨʥʦʛʦè ʵʬʬʝʢʪʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʤʘʰʠʥʳ ʧʦ 

ʛʣʫʙʦʢʦʤʫ ʩʥʝʛʫ ʜʦʨʦʞʥʳʡ ʧʨʦʩʚʝʪ ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʜʘʚʣʝʥʠʶ ʥʘ ʛʨʫʥʪ 

ʠ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 180 ʤʤ [4], ʘ ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʝʨʝʜʥʝʡ ʚʝʪʚʠ ʛʫʩʝʥʠʮʳ ʜʦʣʞʝʥ 

ʙʳʪʴ ʨʘʚʝʥ ʫʛʣʫ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʩʥʝʛʘ, ʠʟʤʝʥʷʷʩʴ ʚ ʧʨʝʜʝʣʘʭ 18-24
0 

[5]. 

ɻʘʙʘʨʠʪʳ ʠ ʤʘʩʩʘ ʤʘʰʠʥʳ ʧʦʟʚʦʣʷʶʪ ʧʨʠʜʘʪʴ ʝʡ ʚʦʜʦʭʦʜʥʳʝ ʢʘʯʝʩʪʚʘ ʧʨʠ 

ʛʝʨʤʝʪʠʯʥʦʤ ʢʦʨʧʫʩʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʟʘʧʘʩ ʧʣʘʚʫʯʝʩʪʠ ʜʦ 50%. ʇʨʠ ʵʪʦʤ 

ʛʫʩʝʥʠʯʥʳʡ ʜʚʠʞʠʪʝʣʴ ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʷʪʩɹʷ ʜʣʷ ʜʚʠʞʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʝʨʘ ʥʘ ʧʣʘʚʫ, ʦʩʦʙʝʥʥʦ ʥʘ ʫʯʘʩʪʢʘʭ ʚʦʜʦʝʤʦʚ, ʟʘʠʣʝʥʥʳʭ ʠ ʧʦʢʨʳʪʳʭ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. 

ɺʳʙʨʘʥʥʳʝ  ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʨʝʜʝʣʠʣʠ 

ʦʩʪʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘʟʥʘʯʝʥʠʷ, ʠʩʭʦʜʷ ʠʟ ʦʙʱʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ 

ʨʝʢʦʤʝʥʜʘʮʠʡ, ʥʘʢʣʘʜʳʚʘʝʤʳʭ ʵʨʛʦʥʦʤʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʫʧʨʘʚʣʷʝʤʦʩʪʴʶ ʠ ʧʣʘʚʥʦʩʪʴʶ ʭʦʜʘ: 

- ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴ ï ʥʝ ʤʝʥʝʝ 200 ʢʛ; 

- ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ï ʥʝ ʤʝʥʝʝ 50 ʢʤ/ʯ; 

-ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʚʠʞʝʥʠʷ ʥʘ ʧʣʘʚʫ - ʥʝ ʤʝʥʝʝ 5 ʢʤ/ʯ; 

- ʥʘʠʙʦʣʴʰʠʡ ʫʛʦʣ ʧʨʝʦʜʦʣʝʚʘʝʤʦʛʦ ʧʦʜʲʸʤʘ (ʩʧʫʩʢʘ) ï ʥʝ ʤʝʥʝʝ 35
0
; 

- ʥʘʠʙʦʣʴʰʠʡ ʫʛʦʣ ʜʚʠʞʝʥʠʷ ʧʦ ʢʦʩʦʛʦʨʫ ï ʥʝ ʤʝʥʝʝ 20
0
; 

- ʥʘʠʙʦʣʴʰʘʷ ʚʳʩʦʪʘ ʧʨʝʦʜʦʣʝʚʘʝʤʦʛʦ ʧʦʨʦʛʘ ï ʥʝ ʤʝʥʝʝ 250 ʤʤ; 

-ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ï ʥʝ ʤʝʥʝʝ 15 ʢɺʪ/ʪ; 

- ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ (ʜʣʠʥʘ/ʰʠʨʠʥʘ/ʚʳʩʦʪʘ) ï ʥʝ ʤʝʥʝʝ 2500/1500/1225 ʤʤ 

ɸʥʘʣʠʟ ʚʝʣʠʯʠʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʟʥʘʯʝʥʠʷ ʚʳʷʚʠʣ, ʯʪʦ ʧʦ 

ʥʝʢʦʪʦʨʳʤ ʠʟ ʥʠʭ, ʪʘʢʠʤ ʢʘʢ ʤʘʩʩʘ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ, ʛʘʙʘʨʠʪʳ, 

ʛʫʩʝʥʠʯʥʳʝ ʪʨʘʥʩʧʦʨʪʸʨʳ ʫʩʪʫʧʘʶʪ ʫʪʠʣʠʪʘʨʥʳʤ ʢʚʘʜʨʦʮʠʢʣʘʤ ʠ ʩʥʝʛʦʭʦʜʘʤ. 

ʆʜʥʘʢʦ, ʦʙʣʘʜʘʷ ʢʘʯʝʩʪʚʦʤ ʚʝʟʜʝʭʦʜʥʦʩʪʠ, ʦʥʠ ʙʫʜʫʪ ʚʳʟʳʚʘʪʴ ʠʥʪʝʨʝʩ ʠ 

ʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝʠʟʤʝʥʥʳʤ ʩʧʨʦʩʦʤ ʫ ʪʝʭ, ʢʪʦ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʧʨʝʦʜʦʣʝʚʘʪʴ ʙʝʟʜʦʨʦʞʴʝ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʛʦʜʘ. 
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ʇʈʆɹʃɽʄɸ ʂʆʇʀʈʆɺɸʅʀʗ ʊɽʍʅʀʏɽʉʂʀʍ ʈɽʐɽʅʀʁ.  

ʆʎɽʅʂɸ ɺʃʀʗʅʀʗ ɸʅɸʃʆɻʆɺ ʅɸ ʂʆʅʉʊʈʋʂʎʀʀ  

ɹʓʉʊʈʆʍʆɼʅʓʍ ɻʋʉɽʅʀʏʅʓʍ ʄɸʐʀʅ  

ɸ.ɻ. ʉʝʤʝʥʦʚ, ʉ.ʅ. ʇʘʚʣʦʚ* 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ  

* ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʮʝʥʪʨ  

ʆʙʱʝʨʦʩʩʠʡʩʢʦʡ ʦʙʱʝʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ çʉʦʶʟ ʢʘʟʘʢʦʚè,  

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
ɸʥʥʦʪʘʮʠʷ. ɼʘʥ ʘʚʪʦʨʩʢʠʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʭ ʩʝʨʠʡʥʳʭ ʪʘʥʢʦʚ 

ʠ ʙʦʣʝʝ çʵʢʟʦʪʠʯʝʩʢʦʡè ʛʫʩʝʥʠʯʥʦʡ ʩʧʝʮʪʝʭʥʠʢʠ ʚʝʜʫʱʠʭ ʩʪʨʘʥ ʤʠʨʘ, ʚʢʣʶʯʘʷ ʨʷʜ 

ʩʦʚʝʪʩʢʦʡ ʙʨʦʥʝʪʝʭʥʠʢʠ ʠ ʘʥʛʣʠʡʩʢʠʡ ʪʘʥʢ ʄʢVII çʊʝʪʨʘʨʭè ʩ ʥʝʦʙʳʯʥʦʡ, ʫʧʨʘʚʣʷʝʤʦʡ 

ʭʦʜʦʚʦʡ ʯʘʩʪʴʶ. ʇʨʠʚʣʝʯʝʥʳ ʠ ʟʘʧʘʪʝʥʪʦʚʘʥʥʳʝ ʘʚʪʦʨʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ. ɸʥʘʣʠʟ ʧʨʦʚʝʜʝʥ ʥʘ 

ʧʨʝʜʤʝʪ ʚʳʷʚʣʝʥʠʷ ʠ ʦʮʝʥʢʠ ʩʭʦʜʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʧʨʦʚʦʮʠʨʫʶʱʠʭ ʧʦʜʦʟʨʝʥʠʷ ʚ 

ʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʤ ʠʣʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʤ ʟʘʠʤʩʪʚʦʚʘʥʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʢʦʥʩʪʨʫʢʮʠʷ, ʧʨʠʦʨʠʪʝʪ, 

ʢʦʧʠʨʦʚʘʥʠʝ, ʟʘʠʤʩʪʚʦʚʘʥʠʝ, ʘʥʘʣʦʛ, ʙʳʩʪʨʦʭʦʜʥʘʷ ʛʫʩʝʥʠʯʥʘʷ ʤʘʰʠʥʘ.  
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Abstract. In compressed form is given author's benchmark analysis broadly known serial tank 

and more "exotic" caterpillar special technology of the leadinging countries of the world, including 

row of the soviet armoured technology and english tank MkVII "Tetrarh" with unusual, operated by 

sought-after part. They Are Attracted and patented author's developments. The Analysis is 

organized on subject of the discovery and estimations of the cognate technical decisions, provoking 
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ɺʚʝʜʝʥʠʝ. ɺʥʝʰʥʝʝ ʩʭʦʜʩʪʚʦ ʨʷʜʘ ʩʦʚʝʪʩʢʠʭ ʠʟʜʝʣʠʡ ʙʨʦʥʝʪʘʥʢʦʚʦʡ 

ʪʝʭʥʠʢʠ ʩ ʟʘʨʫʙʝʞʥʳʤʠ ʫʞʝ ʤʥʦʛʠʝ ʛʦʜʳ ʚʦʟʙʫʞʜʘʝʪ ʚ ʥʝʢʦʪʦʨʳʭ çʵʢʩʧʝʨʪʥʳʭ 

ʢʨʫʛʘʭè ʩʦʤʥʝʥʠʷ ʚ ʠʥʥʦʚʘʮʠʦʥʥʦʤ ʭʘʨʘʢʪʝʨʝ ʵʪʠʭ ʠʟʜʝʣʠʡ. ʇʦʩʢʦʣʴʢʫ 

ʧʨʦʙʣʝʤʘ ʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʠʣʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ 

(ʟʘʠʤʩʪʚʦʚʘʥʠʷ) ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʦʪʜʝʣʴʥʳʭ ʧʨʝʮʝʜʝʥʪʦʚ ʠ ʦʙʣʘʩʪʝʡ ʪʝʭʥʠʢʠ 

(ʚ ʪʦʤ ʯʠʩʣʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ), ʵʪʘ ʪʝʤʘ ʘʢʪʫʘʣʴʥʘ 

[1].  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʚ ʩʞʘʪʦʡ ʩʪʘʪʝʡʥʦʡ ʬʦʨʤʝ ʧʨʠʚʝʩʪʠ ʘʚʪʦʨʩʢʠʡ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʭ ʩʝʨʠʡʥʳʭ ʪʘʥʢʦʚ ʠ ʙʦʣʝʝ 

çʵʢʟʦʪʠʯʝʩʢʦʡè ʛʫʩʝʥʠʯʥʦʡ ʩʧʝʮʪʝʭʥʠʢʠ ʚʝʜʫʱʠʭ ʩʪʨʘʥ ʤʠʨʘ.  

ʈʝʟʫʣʴʪʘʪʳ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʴʶ, ʜʘʥ ʪʘʢʦʡ ʘʥʘʣʠʟ, 

ʦʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʠ ʧʨʠʚʝʜʝʥʦ ʥʠʞʝ ʩ ʨʘʟʙʠʚʢʦʡ ʥʘ ʜʚʘ ʨʘʟʜʝʣʘ.  
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1. ʉʝʨʠʡʥʳʝ ʠʟʜʝʣʠʷ ʩʦʚʝʪʩʢʦʛʦ ʪʘʥʢʦʩʪʨʦʝʥʠʷ 

ɺ ʦʙʣʘʩʪʠ ʣʝʛʢʦʛʦ ʪʘʥʢʦʩʪʨʦʝʥʠʷ 1930-ʭ ʛʦʜʦʚ ʉʦʚʝʪʩʢʠʡ ʉʦʶʟ ʧʦʩʪʦʷʥʥʦ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʢʨʠʪʠʢʝ, ʩʤʳʩʣ ʢʦʪʦʨʦʡ ï ʢʦʧʠʨʦʚʘʥʠʝ ʠʥʦʩʪʨʘʥʥʳʭ ʦʙʨʘʟʮʦʚ [1]. 

ʂʘʢ ʧʨʠʤʝʨ ʧʨʠʚʦʜʷʪʩʷ ʪʘʥʢʝʪʢʘ ʊ 27 [2, ʩ. 161; 3], ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘ ʙʘʟʝ 

ʘʥʛʣʠʡʩʢʦʡ ʪʘʥʢʝʪʢʠ çʂʘʨʜʝʥ-ʃʣʦʡʜè ʄʢVI [2] (ʨʠʩ. 1, 2). ʉʝʤʝʡʩʪʚʦ ʣʝʛʢʠʭ 

ʧʝʭʦʪʥʳʭ ʪʘʥʢʦʚ ʊ 26 [2, ʩ. 179, 181-185; 3], ʚʳʨʦʩʰʝʝ ʠʟ ʢʦʥʩʪʨʫʢʮʠʠ 

çɺʠʢʢʝʨʩ-ɸʨʤʩʪʨʦʥʛè [3].  

ɹʦʣʝʝ ʧʘʤʷʪʣʠʚʳʝ ʚʩʧʦʤʥʷʪ ʠ ʣʝʛʢʠʡ ʪʘʥʢ ʄʉ-1 (ʦʥ ʞʝ ï ʊ 18) [2, ʩ. 158; 

3], ʥʘʡʜʷ ʚ ʥʝʤ ʢʦʨʥʠ çʈʝʥʦè FT [3].  

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʥʘʜʦ ʥʝ ʟʘʙʳʚʘʪʴ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʞʜʦʛʦ ʪʘʥʢʘ ʙʳʣʠ 

ʫʣʫʯʰʝʥʳ ʠ ʨʘʩʰʠʨʝʥʳ: ʫʩʠʣʝʥʳ ʚʦʦʨʫʞʝʥʠʝ ʠ ʙʨʦʥʠʨʦʚʘʥʠʝ, ʘ ʛʣʘʚʥʦʝ ï ʚʦ 

ʚʩʝ ʤʘʰʠʥʳ ʙʳʣʠ ʚʥʝʩʝʥʳ ʩʝʨʴʝʟʥʳʝ ʜʦʧʦʣʥʝʥʠʷ, ʛʣʫʙʦʢʦ ʠʟʤʝʥʠʚʰʠʝ 

ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʢʦʥʮʝʧʮʠʶ ʧʨʦʪʦʪʠʧʘ. ʂʦʧʠʨʦʚʘʥʠʝ ʞʝ ʠʤʝʥʥʦ ʵʪʠʭ ʤʘʰʠʥ 

ʙʳʣʦ çʩʪʘʥʜʘʨʪʥʳʤè ʨʝʰʝʥʠʝʤ ʜʣʷ ʨʘʟʥʳʭ ʩʪʨʘʥ ï ʇʦʣʴʰʠ, ʀʪʘʣʠʠ, ʗʧʦʥʠʠ, 

ɸʤʝʨʠʢʠ, ʏʝʭʦʩʣʦʚʘʢʠʠ.  

ʆʜʥʘʢʦ ʝʩʪʴ ʪʘ ʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʩʦʚʝʪʩʢʘʷ ʥʘʫʯʥʘʷ ʤʳʩʣʴ ʩʠʣʴʥʦ 

ʦʙʦʛʥʘʣʘ ʢʦʥʢʫʨʝʥʪʦʚ ï ʵʪʦ ʩʨʝʜʥʝʝ ʠ ʪʷʞʝʣʦʝ ʪʘʥʢʦʩʪʨʦʝʥʠʝ.  

ʇʦʩʣʝ ʥʝʫʜʘʯʥʳʭ ʧʦʧʳʪʦʢ ʩʦʟʜʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʥʝʤʝʮʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʩʨʝʜʥʠʡ ʪʘʥʢ ʩ 76 ʤʤ ʦʨʫʜʠʝʤ ʚ ʨʫʙʢʝ ʠ 37 ʤʤ ʚ ʙʘʰʥʝ (ʊɻ) çʚ 1930 ʛʦʜʫ ʚ 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʶ ʧʨʠʙʳʣʘ ʩʦʚʝʪʩʢʘʷ ʟʘʢʫʧʦʯʥʘʷ ʢʦʤʠʩʩʠʷ ʚʦ ʛʣʘʚʝ ʩ 

ʥʘʯʘʣʴʥʠʢʦʤ ʋʄʄ ʈʂʂɸ ʀ.ɸ. ʍʘʣʝʧʩʢʠʤè (ʝʛʦ ʟʘʤʝʩʪʠʪʝʣʝʤ ʙʳʣ ʠʥʞʝʥʝʨ 

ʉ.ɸ. ɻʠʥʟʙʫʨʛ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʠʟʚʝʩʪʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ). ɺ ʝʝ ʟʘʜʘʯʫ ʚʭʦʜʠʣʠ 

ʧʨʠʦʙʨʝʪʝʥʠʝ ʥʘʠʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʙʨʦʥʝʪʘʥʢʦʚʦʡ ʪʝʭʥʠʢʠ ʠ 

ʦʪʧʨʘʚʢʘ ʠʭ ʚ ʉʉʉʈ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺʦ ʚʨʝʤʷ ʧʦʩʝʱʝʥʠʷ ʟʘʚʦʜʦʚ ʬʠʨʤʳ 

çɺʠʢʢʝʨʩè, ʩ ʢʦʪʦʨʦʡ ʙʳʣʠ ʟʘʢʣʶʯʝʥʳ ʢʦʥʪʨʘʢʪʳ ʥʘ ʧʦʩʪʘʚʢʫ ʚ ʉʉʉʈ ʧʘʨʪʠʡ 

ʣʝʛʢʠʭ ʠ ʩʨʝʜʥʠʭ ʪʘʥʢʦʚ, ʘ ʪʘʢʞʝ ʪʘʥʢʝʪʦʢ, ʩʦʚʝʪʩʢʠʝ ʩʧʝʮʠʘʣʠʩʪʳ ʫʚʠʜʝʣʠ ʠ 

ʧʨʦʭʦʜʠʚʰʠʡ ʠʩʧʳʪʘʥʠʷ ɸ6. ʕʪʘ ʤʘʰʠʥʘ ʦʯʝʥʴ ʟʘʠʥʪʝʨʝʩʦʚʘʣʘ ʯʣʝʥʦʚ 

ʟʘʢʫʧʦʯʥʦʡ ʢʦʤʠʩʩʠʠ. ɺ ʠʶʥʝ 1930 ʛʦʜʘ ʧʨʦʰʣʠ ʧʝʨʝʛʦʚʦʨʳ ʦ ʝʝ 

ʧʨʠʦʙʨʝʪʝʥʠʠ. ʅʘʰʠʤ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʙʳʣʦ ʟʘʷʚʣʝʥʦ, ʯʪʦ ʬʠʨʤʘ çʛʦʪʦʚʘ 

ʧʦʩʪʨʦʠʪʴ ʜʣʷ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʉʉʉʈ 16-ʪʦʥʥʳʡ ʪʘʥʢ ʧʦ ʩʧʝʮʠʬʠʢʘʮʠʠ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʝʶ ʩʘʤʦʡ (ʧʨʦʜʘʞʘ ʛʦʪʦʚʦʛʦ ʦʙʨʘʟʮʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʫʱʝʩʪʚʣʝʥʘ ʚʚʠʜʫ ʝʛʦ ʩʝʢʨʝʪʥʦʩʪʠ)è [4]. çɺ ʠʶʥʝ 1930 ʛʦʜʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʥʦʚʳʝ ʧʝʨʝʛʦʚʦʨʳ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʩʦʚʝʪʩʢʘʷ ʜʝʣʝʛʘʮʠʷ ʚʥʦʚʴ ʥʘʩʪʘʠʚʘʣʘ ʥʘ 

ʟʘʢʫʧʢʝ ɸ6. ɹʨʠʪʘʥʮʳ ʥʘ ʵʪʦʪ ʨʘʟ ʦʢʘʟʘʣʠʩʴ ʙʦʣʝʝ ʩʛʦʚʦʨʯʠʚʳʤʠ, ʥʦ ʪʫʪ ʠʭ 

ʧʦʜʚʝʣʘ ʦʪʢʨʦʚʝʥʥʘʷ ʞʘʜʥʦʩʪʴ. ʏʪʦʙʳ ʢʫʧʠʪʴ ʪʘʥʢ, ʦʥʠ "ʟʘʣʦʤʠʣʠ" ʢʨʘʡʥʝ 

ʞʸʩʪʢʠʝ ʫʩʣʦʚʠʷ: ʧʨʝʜʦʧʣʘʪʘ 20.000 ʬʫʥʪʦʚ (ʟʘ ʦʟʥʘʢʦʤʣʝʥʠʝ ʩ ʢʦʥʩʪʨʫʢʮʠʝʡ), 

ʟʘʢʘʟ ʪʘʥʢʦʚ ʧʦ ʮʝʥʝ 16.000 ʬʫʥʪʦʚ ʟʘ ʰʪʫʢʫè [5].  

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪ ʧʦ ʵʪʦʤʫ ʪʘʥʢʫ ʚ ɸʥʛʣʠʠ ʩʪʘʣʦ 3 ʦʧʳʪʥʳʭ ʠ 3 ʩʝʨʠʡʥʳʭ 

ʵʢʟʝʤʧʣʷʨʘ.  

ʅʘ ʂɹ ɺʆɸʆ, ʚʟʷʚ ʟʘ ʦʙʨʘʟʝʮ ʢʦʤʧʦʥʦʚʢʫ çʘʥʛʣʠʯʘʥʠʥʘè, ʩʪʘʣʠ ʜʝʣʘʪʴ, ʧʦ 

ʩʫʪʠ, ʥʦʚʳʡ ʪʘʥʢ. 28 ʩʝʥʪʷʙʨʷ 1931 ʛ. ʋʧʨʘʚʣʝʥʠʝ ʤʦʪʦʨʠʟʘʮʠʠ ʠ ʤʝʭʘʥʠʟʘʮʠʠ 

ʟʘʢʣʶʯʠʣʦ ʩ ɺʆɸʆ ʜʦʛʦʚʦʨ ʥʘ çʈʘʟʨʘʙʦʪʢʫ ʧʨʦʝʢʪʘ, ʠʟʛʦʪʦʚʣʝʥʠʝ ʨʘʙʦʯʠʭ 
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ʯʝʨʪʝʞʝʡ ʠ ʧʦʩʪʨʦʡʢʫ ʜʚʫʭ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ 16-ʪʦʥʥʦʛʦ ʪʘʥʢʘ ʊ-28 ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʧʦʜʚʝʩʢʠè ʢ 1 ʤʘʷ 1932 ʛ. [4].  

 

  

ʈʠʩ. 1. ʉʦʚʝʪʩʢʘʷ ʪʘʥʢʝʪʢʘ ʊ-27 ʈʠʩ. 2. ɸʥʛʣʠʡʩʢʘʷ ʪʘʥʢʝʪʢʘ 

çʂʘʨʜʝʥ-ʃʣʦʡʜè ʄʢVI 

  

ʈʠʩ. 3. ʉʦʚʝʪʩʢʠʡ ʧʝʭʦʪʥʳʡ ʪʘʥʢ ʊ-26 ʈʠʩ. 4. ɸʥʛʣʠʡʩʢʠʡ ʪʘʥʢ  

çɺʠʢʢʝʨʩ-ɸʨʤʩʪʨʦʥʛè ʄʢVI 

  
ʈʠʩ. 5. ʉʦʚʝʪʩʢʠʡ ʣʝʛʢʠʡ ʪʘʥʢ ʊ-18 ʈʠʩ. 6. ʌʨʘʥʮʫʟʩʢʠʡ ʪʘʥʢ çʈʝʥʦè FT 

 
ʈʠʩ. 7. ʉʦʚʝʪʩʢʠʡ ʩʨʝʜʥʠʡ ʪʘʥʢ ʊ-28 [2, ʩ. 231; 3]  
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ʅʦ ʧʝʨʚʳʝ 12 ʤʘʰʠʥ ʩʦʙʨʘʣʠ ʣʠʰʴ ʢ ʢʦʥʮʫ ʘʧʨʝʣʷ 1933 ʛ. ʠ ʦʪʧʨʘʚʠʣʠ ʥʘ 

ʧʝʨʚʦʤʘʡʩʢʠʝ ʧʘʨʘʜʳ ï 10 ʚ ʄʦʩʢʚʫ ʠ 2 ʚ ʃʝʥʠʥʛʨʘʜ. ɼʦ ʢʦʥʮʘ 1933-ʛʦ ʠʜʝʪ 

ʤʫʯʠʪʝʣʴʥʦʝ ʦʩʚʦʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʜʘʚʰʝʝ 41 ʪʘʥʢ ʚʤʝʩʪʦ 90 

ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ, ʠ ʣʠʰʴ ʚ 1934-ʤ ʥʘʯʠʥʘʝʪʩʷ ʨʝʘʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɼʦ 1936 

ʛ. ʫʜʘʣʷʶʪʩʷ ʥʝʜʦʜʝʣʢʠ ʠ ʜʦ ʢʦʥʮʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʚʦʜʷʪʩʷ ʫʣʫʯʰʝʥʠʷ ï ʥʦʚʘʷ 

ʧʫʰʢʘ ʠ ʫʩʠʣʝʥʥʦʝ ʙʨʦʥʠʨʦʚʘʥʠʝ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʛʣʠʡʩʢʠʤ ʥʦʚʳʡ ʪʘʥʢ 

ʣʫʯʰʝ ʚʦʦʨʫʞʝʥ ʠ ʙʨʦʥʠʨʦʚʘʥ, ʭʦʜʦʚʘʷ ʯʘʩʪʴ ʠ ʜʚʠʛʘʪʝʣʴ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʦʪʣʠʯʥʳʝ ʩʢʦʨʦʩʪʠ ʥʘ ʰʦʩʩʝ, ʨʦʢʘʜʝ ʠ ʧʝʨʝʩʝʯʝʥʥʦʡ ʤʝʩʪʥʦʩʪʠ. ʅʘʣʠʮʦ ʧʦʣʥʘʷ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʂɹ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʉ.ɸ. ɻʠʥʟʙʫʨʛʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠ ʩʦʚʝʨʰʝʥʥʦ ʜʨʫʛʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʜʝʣʘʥʥʳʭ ʤʘʰʠʥ ʊ-28 ï ʩʚ. 500 

ʰʪ. (ʨʠʩ. 7). ʀ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʵʪʘʧ çʞʠʟʥʠè ʨʘʟʥʳʡ ï ʦʜʠʥ ʥʝ ʚʳʰʝʣ ʠʟ 

ʩʪʘʜʠʠ ʧʨʦʪʦʪʠʧʘ ʠ ʥʠ ʨʘʟʫ ʥʝ ʫʯʘʩʪʚʦʚʘʣ ʚ ʙʦʷʭ, ʘ ʜʨʫʛʦʡ ʩʪʘʣ ʩʝʨʠʡʥʦʡ 

ʤʘʰʠʥʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʦʰʝʣ ʜʚʝ ʚʦʡʥʳ. ʂʦʤʧʦʥʦʚʢʘ ʵʪʘ ʧʨʠʛʣʷʥʫʣʘʩʴ (ʫʞʝ 

ʧʦ ʊ-28) ʠ ʧʦʣʷʢʘʤ. ʂʦʛʜʘ ʚ ʩʝʨʝʜʠʥʝ 1930-ʭ ʛʦʜʦʚ ʧʦʣʴʩʢʘʷ ʘʨʤʠʷ ʨʝʰʠʣʘ 

ʟʘʥʷʪʴʩʷ ʩʨʝʜʥʠʤʠ ʪʘʥʢʘʤʠ, ʪʦ ʢʘʢ ʦʩʥʦʚʥʳʝ ʧʨʦʪʦʪʠʧʳ ʫʧʦʤʷʥʫʣʠ çɺʠʢʢʝʨʩè 

ɸ6 ʠ ʊ-28, ʦʩʦʙʝʥʥʦ ʧʦʩʣʝʜʥʠʡ, ʢʘʢ ʩʪʦʷʱʠʡ ʥʘ ʚʦʦʨʫʞʝʥʠʠ çʚʝʨʦʷʪʥʦʛʦ 

ʧʨʦʪʠʚʥʠʢʘè. ʈʘʙʦʪʳ ʧʦ ʵʪʠʤ ʪʘʥʢʘʤ ʥʘʯʘʣʠʩʴ ʚ 1937 ʛ., ʠ ʢ ʥʘʯʘʣʫ ʚʦʡʥʳ ʚʩʝ 

ʪʘʥʢʠ ʙʳʣʠ ʪʦʣʴʢʦ ʥʘ ʙʫʤʘʛʝ (ʨʠʩ. 3.11 ʚ ʠʩʪʦʯʥʠʢʝ [1]) [6].  

ɽʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ ʫʩʧʝʭʦʤ ʂɹ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɻʠʥʟʙʫʨʛʘ ʩʪʘʣʦ 

ʩʦʟʜʘʥʠʝ ʪʷʞʝʣʦʛʦ ʪʘʥʢʘ ʊ-35 (ʨʠʩ. 3.11 ʚ ʠʩʪʦʯʥʠʢʝ [1]) [2, ʩ. 397-398; 3]. 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʵʪʦʛʦ ʪʘʥʢʘ ʜʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʦʡ 

ʦʧʳʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʂɺ.  

ɺʘʞʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʪʘʥʢʦʚʳʭ ʙʦʝʚ ɺʪʦʨʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ ʩʪʘʣʘ 

ʚʳʨʘʙʦʪʢʘ ʢʦʥʮʝʧʮʠʠ ʦʩʥʦʚʥʦʛʦ ʙʦʝʚʦʛʦ ʪʘʥʢʘ (ʆɹʊ), ʚʳʨʦʩʰʝʡ ʠʟ 

ʧʝʨʝʦʩʤʳʩʣʝʥʠʷ ʊ 34/85 [2, ʩ. 250-252, 254]. ɺ ʥʦʚʦʤ ʩʨʝʜʥʝʤ ʪʘʥʢʝ ï ʊ 44 (ʨʠʩ. 

3.13 ʚ ʠʩʪʦʯʥʠʢʝ [1]) [2, ʩ. 262-265; 3] ʜʚʠʛʘʪʝʣʴ ʧʦʣʫʯʠʣ ʧʦʧʝʨʝʯʥʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʤʝʩʪʠʪʴ ʙʘʰʥʶ ʚ ʩʝʨʝʜʠʥʫ ʢʦʨʧʫʩʘ, 

ʣʶʢ ʤʝʭʘʥʠʢʘ ʧʝʨʝʩʪʘʚʠʣʠ ʩ ʣʦʙʦʚʦʛʦ ʥʘ ʚʝʨʭʥʠʡ ʣʠʩʪ, ʚʚʝʣʠ ʪʦʨʩʠʦʥʥʫʶ 

ʧʦʜʚʝʩʢʫ.  

ɺʧʦʩʣʝʜʩʪʚʠʠ ʪʘʥʢ ʧʦʣʫʯʠʣ ʩʪʘʙʠʣʠʟʘʪʦʨ ʚʦʦʨʫʞʝʥʠʷ ʠ ʧʨʠʙʦʨʳ ʥʦʯʥʦʛʦ 

ʚʠʜʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʰʣʘ ʧʦʣʥʦʩʪʴʶ ʥʦʚʘʷ ʤʘʰʠʥʘ ï ʩ ʧʨʝʜʝʣʴʥʦ ʤʦʱʥʳʤ 

ʜʚʠʛʘʪʝʣʝʤ, ʤʠʥʠʤʘʣʴʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʠ ʤʘʢʩʠʤʘʣʴʥʳʤ ʚʦʦʨʫʞʝʥʠʝʤ ʠ 

ʙʨʦʥʠʨʦʚʘʥʠʝʤ, ʩʪʘʚʰʘʷ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʪʘʥʢʦʚ ʚ 

ʜʘʣʴʥʝʡʰʝʤ.  

ʉʣʝʜʫʶʱʝʝ ʤʥʦʛʦʯʠʩʣʝʥʥʦʝ ʩʝʤʝʡʩʪʚʦ ʩʦʚʝʪʩʢʠʭ ʩʨʝʜʥʠʭ ʪʘʥʢʦʚ ʥʘ ʵʪʦʡ 

ʦʩʥʦʚʝ ï ʊ-54 (ʩʤ. ʠʩʪʦʯʥʠʢ [1]) [2, ʩ. 269-288; 3] ʅʘʜʦʣʛʦ ʦʩʪʘʣʦʩʴ ʧʨʦʙʣʝʤʦʡ 

ʜʣʷ ʠʥʦʩʪʨʘʥʥʳʭ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʧʨʠʤʝʥʝʥʠʝ ʜʠʟʝʣʷ ʚ ʪʘʥʢʝ.  

ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʪʷʞʝʣʳʭ ʪʘʥʢʦʚ, ʪʦ ʪʨʘʜʠʮʠʠ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʟʘʣʦʞʝʥʥʳʝ ʝʱʝ ʚ ʂɺ-1 (ʨʠʩ. 3.15 ʚ ʠʩʪʦʯʥʠʢʝ [1]) [2, ʩ. 402-403; 3], ʧʦʟʚʦʣʠʣʠ 

ʢ ʢʦʥʮʫ ɺʪʦʨʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ ʩʦʟʜʘʚʘʪʴ ʪʘʥʢʠ, ʢʦʪʦʨʳʝ ʧʦ ʩʚʦʠʤ ʜʘʥʥʳʤ 

(ʙʨʦʥʷ, ʢʘʣʠʙʨ, ʜʚʠʛʘʪʝʣʴ) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʳʥʝʰʥʠʤ ʪʘʥʢʘʤ, ʘ ʥʘ ʪʦʪ ʤʦʤʝʥʪ 

ʥʘʛʦʣʦʚʫ ʧʨʝʚʦʩʭʦʜʷʪ ʚʩʝ ʜʦʩʪʠʞʝʥʠʷ ʟʘʧʘʜʥʦʛʦ ʪʘʥʢʦʩʪʨʦʝʥʠʷ.  
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2. çʀʟʚʠʚʘʶʱʘʷʩʷè ʛʫʩʝʥʠʮʘ, ʠʣʠ ʇʝʨʝʚʦʧʣʦʱʝʥʠʷ çʊʝʪʨʘʨʭʘè  

ɺ 90-ʭ ʛʦʜʘʭ ʙʫʨʥʦʛʦ ʩʦʙʳʪʠʷʤʠ XX ʚʝʢʘ ʘʚʪʦʨʘʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʠ ʜʘʞʝ 

ʟʘʧʘʪʝʥʪʦʚʘʥ ʚ 2000 ʛ. (ʇʘʪʝʥʪ ʈʌ ˉ 2152888 ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ [7]) 

çʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡè ʧʦ ʩʪʝʧʝʥʠ ʨʘʟʨʫʰʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʨʫʥʪ) 

ʛʫʩʝʥʠʯʥʳʡ ʜʚʠʞʠʪʝʣʴ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʣʷ ʜʣʠʥʥʦʙʘʟʦʚʳʭ ʰʘʩʩʠ.  

ɿʘ ʙʣʠʞʘʡʰʠʡ ʘʥʘʣʦʛ ʙʳʣ ʧʨʠʥʷʪ ʛʫʩʝʥʠʯʥʳʡ ʜʚʠʞʠʪʝʣʴ ʘʥʛʣʠʡʩʢʦʛʦ 

ʣʝʛʢʦʛʦ ʪʘʥʢʘ ʄʢVII çʊʝʪʨʘʨʭè, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʝʦʨʜʠʥʘʨʥʳʤ ʢʦʥʩʪʨʫʢʪʦʨʦʤ 

ʂʨʠʩʪʠ [8, 9] (ʨʠʩ. 8, 9).  
 

 
 

ʈʠʩ. 8. ɸʥʛʣʠʡʩʢʠʡ ʣʝʛʢʠʡ ʪʘʥʢ ʄʢVII çʊʝʪʨʘʨʭè [9]  
 

 
 

ʈʠʩ. 9. ʉʭʝʤʘ ʨʘʙʦʪʳ  

ʤʝʭʘʥʠʟʤʘ ʧʦʚʦʨʦʪʘ ʩ ʛʠʙʢʦʡ (çʠʟʚʠʚʘʶʱʝʡʩʷè) ʛʫʩʝʥʠʮʝʡ  

ʪʘʥʢʘ ʄʢVII çʊʝʪʨʘʨʭè [9]  

ʀʟʦʙʨʝʪʘʪʝʣʴʩʢʠʡ ʟʘʤʳʩʝʣ ʘʚʪʦʨʦʚ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪ (ʦʧʷʪʴ 

ʞʝ, ʩʪʘʚ ʦʯʝʚʠʜʥʳʤ!) ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʧʘʩʩʠʚʥʦʛʦ ʠʟʛʠʙʘ 
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ʛʫʩʝʥʠʯʥʦʛʦ ʦʙʚʦʜʘ ʚ ʧʣʘʥʝ ʧʨʠ ʧʦʚʦʨʦʪʝ ʤʘʰʠʥʳ ʙʦʨʪʦʚʳʤ ʩʧʦʩʦʙʦʤ ʩ 

ʨʘʜʠʫʩʦʤ ʧʦʚʦʨʦʪʘ ʙʦʣʴʰʝ ʥʫʣʷ. ʇʨʠ ʵʪʦʤ ʛʫʩʝʥʠʮʘ ʦʩʪʘʸʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ, ʥʦ ʠ ʟʚʝʥʯʘʪʦʡ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʝʡ ʟʚʝʥʴʝʚ-ʪʨʘʢʦʚ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ ʩʢʦʩʘʤʠ ʚ ʧʣʘʥʝ ʠ ʰʘʨʥʠʨʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ çʚ 

ʪʦʯʢʝè, ʪʦʯʥʝʝ ï ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʰʘʨʥʠʨʦʤ (ʨʠʩ. 10, 11).  

 

 
 

ʈʠʩ. 10. ʌʨʘʛʤʝʥʪ ʛʫʩʝʥʠʯʥʦʡ ʮʝʧʠ, ʚʠʜ ʩʙʦʢʫ:  

1 ï ʯʘʩʪʠ ʪʨʘʢʘ;  2 ï ʩʦʩʪʘʚʥʦʡ ʛʨʝʙʝʥʴ;  

3 ï ʚʝʨʪʠʢʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʰʘʨʥʠʨ;  

4 ï ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ  

ʰʘʨʥʠʨʳ ʚʟʘʠʤʦʩʚʷʟʠ ʪʨʘʢʦʚ  

 

 

 
 

ʈʠʩ. 11. ʊʨʘʢʠ (ʟʚʝʥʴʷ) ʛʫʩʝʥʠʮʳ:  

2 ï ʩʦʩʪʘʚʥʦʡ ʛʨʝʙʝʥʴ; 3 ï ʚʝʨʪʠʢʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʰʘʨʥʠʨ;  

4 ï ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʰʘʨʥʠʨʳ ʚʟʘʠʤʦʩʚʷʟʠ ʪʨʘʢʦʚ;  

5 ʠ 6 ï ʯʘʩʪʠ ʪʨʘʢʦʚ; 7 ï ʢʣʠʥʦʚʠʜʥʳʝ ʩʢʦʩʳ ʧʦʜ ʫʛʣʘʤʠ ÑŬ  

 

ɿʘ ʧʫʙʣʠʢʘʮʠʝʡ ʧʘʪʝʥʪʘ, ʩʦʛʣʘʩʥʦ ʫʧʦʤʷʥʫʪʳʤ ʘʚʪʦʨʩʢʠʤ çʧʦʥʷʪʠʷʤè ʠ 

ʧʨʘʚʠʣʘʤ, ʚ ʩʢʨʳʪʥʦ-ʨʝʢʣʘʤʥʳʭ ʮʝʣʷʭ ʧʦʩʣʝʜʦʚʘʣʘ ʩʝʨʠʷ ʧʫʙʣʠʢʘʮʠʡ 2002, 

2005 ʠ 2014 ʛʛ. [10-13] ï ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ (ʄɸʅʕɹ), ɺʝʣʠʢʦʤ ʅʦʚʛʦʨʦʜʝ 

(ʅɻʊʋ) ʠ ʂʨʘʩʥʦʷʨʩʢʝ (ʂɻʊʋ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʇʦʜʦʙʥʦ ʵʭʫ ʧʦʷʚʣʷʝʪʩʷ ʧʫʙʣʠʢʘʮʠʷ ʥʝ ʤʝʥʝʝ ʚʦʩʪʦʨʞʝʥʥʳʭ, ʯʝʤ ʚ 

ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, ʨʦʩʩʠʡʩʢʠʭ ʦʙʦʟʨʝʚʘʪʝʣʝʡ ʥʘ ʠʥʪʝʨʥʝʪ-ʩʘʡʪʝ 

www.membrana.ru ʦʪ 09.06.2006 çʄʦʪʦʮʠʢʣ-ʛʫʩʝʥʠʮʘ ʧʦʚʦʨʘʯʠʚʘʝʪ ʠʟʛʠʙʦʤ 

ʢʦʨʧʫʩʘè [14], ʠʥʞʝʥʝʨʦʚ, ʦʧʷʪʴ ʞʝ ʛʝʨʤʘʥʩʢʠʭ, ï ʊʠʣʤʘʥʘ ʐʣʦʪʮʘ (Tilmann 

http://www.membrana.ru/
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Schlootz) ʠ ʆʣʠʚʝʨʘ ʂʝʣʣʝʨʘ (Oliver Keller), ʧʨʠʜʫʤʘʚʰʠʭ ʠ ʧʨʝʜʩʪʘʚʠʚʰʠʭ ʥʘ 

ʢʦʥʢʫʨʩʝ Michelin Challenge Design-2006 ʜʚʘ ʢʦʥʮʝʧʪ-ʤʦʪʦʮʠʢʣʘ (BAAL ʠ 

Hyanide) ʩ ʛʫʩʝʥʠʮʝʡ, ʧʦ ʩʚʦʠʤ ʩʫʱʝʩʪʚʝʥʥʳʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʧʨʠʟʥʘʢʘʤ 

(ʭʦʪʷ ʦʥʘ ʠ ʨʝʟʠʥʦʚʘʷ!) ʥʝ ʦʪʣʠʯʘʶʱʝʡʩʷ ʦʪ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ (ʩʤ. ʨʠʩ. 5 ï ʬʦʪʦ 

ʩ ʩʘʡʪʘ infinitylabs.net [15]).  

 

 
 

ʈʠʩ. 12. ʄʘʩʰʪʘʙʥʳʝ ʤʦʜʝʣʠ ʛʝʨʤʘʥʩʢʠʭ ʢʦʥʮʝʧʪ-ʤʦʪʦʮʠʢʣʦʚ  

BAAL ʠ Hyanide ʩ ʠʟʛʠʙʘʶʱʝʡʩʷ ʛʫʩʝʥʠʮʝʡ  

 

ɺʳʚʦʜʳ 

1. ʆʧʠʩʘʥʥʳʝ ʬʘʢʪʳ, ʝʩʪʝʩʪʚʝʥʥʦ, ʠʥʠʮʠʠʨʫʶʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʙʣʝʤʳ 

ʩʦʤʥʝʥʠʷ ʚ ʠʥʥʦʚʘʮʠʦʥʥʦʤ ʭʘʨʘʢʪʝʨʝ ʩʠʩʪʝʤ ʙʦʣʝʝ ʧʦʟʜʥʠʭ, ʠʟʚʝʯʥʦʡ ʠ 

ʥʝʠʟʙʝʞʥʦ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʠʦʨʠʪʝʪʦʚ.  

2. ʉʦʚʝʪʩʢʠʝ ʢʦʥʩʪʨʫʢʪʦʨʳ ʣʝʛʢʦ ʦʙʭʦʜʠʣʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ çʩʚʦʙʦʜʥʦʛʦè 

ʤʠʨʘ, ʦʩʪʘʚʣʷʷ ʠʭ ʜʘʣʝʢʦ ʧʦʟʘʜʠ (ʘ ʤʦʞʥʦ ʢ ʵʪʦʤʫ ʧʦʜʦʡʪʠ ʠ ʧʦʜ ʫʛʣʦʤ ʟʨʝʥʠʷ 

çʥʘʮʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡè). ʀʥʦʩʪʨʘʥʥʳʝ ʪʘʥʢʦʩʪʨʦʠʪʝʣʠ ʚʳʥʫʞʜʝʥʳ 

ʤʝʥʷʪʴ ʩʚʦʠ ʢʦʥʩʪʨʫʢʮʠʠ ʦʜʥʫ ʟʘ ʜʨʫʛʦʡ, ʥʦ ʚʩʝ ʤʘʰʠʥʳ, ʩʦʟʜʘʥʥʳʝ ʠʤʠ ʚ ʵʪʦʪ 

ʧʝʨʠʦʜ, ʦʪʩʪʘʶʪ ʦʪ ʩʦʚʝʪʩʢʠʭ. ʂʘʢ ʪʦʣʴʢʦ ʧʨʦʭʦʜʠʪ ʚʦʝʥʥʘʷ ʛʦʨʷʯʢʘ, ʚ ʉʉʉʈ 

ʥʘʯʠʥʘʶʪ ʢʦʣʣʝʢʪʠʚʥʦ ʪʚʦʨʠʪʴ ʙʦʣʝʝ ʫʜʦʙʥʳʝ ʠ ʧʨʦʜʫʤʘʥʥʳʝ ʪʘʥʢʠ ʩ 

ʥʦʚʝʡʰʠʤʠ ʜʦʩʪʠʞʝʥʠʷʤʠ, ʠ ʧʨʦʙʣʝʤʘ ʢʦʥʢʫʨʝʥʮʠʠ ʬʠʨʤ ʥʘʯʠʥʘʝʪ ʨʘʟʨʳʚʘʪʴ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ ʚ ʉʐɸ.  

3. ʅʘʣʠʮʦ çʪʨʝʫʛʦʣʴʥʠʢè ʩ ʝʛʦ ʚʝʨʰʠʥʘʤʠ ï ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ, ʈʦʩʩʠʷ ʠ 

ɻʝʨʤʘʥʠʷ, ʪʨʘʜʠʮʠʦʥʥʦ ʢʦʥʢʫʨʠʨʫʶʱʠʤʠ ʠ ʚʥʠʤʘʪʝʣʴʥʦ ʩʣʝʜʷʱʠʤʠ ʜʨʫʛ ʟʘ 

ʜʨʫʛʦʤ ʚʩʝʤʠ ʜʦʩʪʫʧʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. ʀ ʪʨʫʜʥʦ (ʙʝʟ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʨʘʩʩʣʝʜʦʚʘʥʠʷ) ʜʦʢʘʟʘʪʝʣʴʥʦ ʨʘʟʦʙʨʘʪʴʩʷ, ʛʜʝ ʟʜʝʩʴ çʧʘʨʘʣʣʝʣʠʟʤè ʨʘʟʨʘʙʦʪʦʢ, 

ʘ ʛʜʝ ʟʘʠʤʩʪʚʦʚʘʥʠʝ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ (ʩʤ. ʧ.1), ʙʣʘʛʦʜʘʪʥʘʷ ʧʦʯʚʘ ʜʣʷ 

ʧʨʝʜʧʦʣʦʞʝʥʠʡ, ʚʝʨʩʠʡ, ʧʦʜʦʟʨʝʥʠʡ. 

 

http://www.michelinchallengedesign.com/MCD_2006/Site/mcd_gallery_2006/mcd_2006_gallery_m06.asp
http://www.michelinchallengedesign.com/MCD_2006/Site/mcd_gallery_2006/mcd_2006_gallery_m07.asp
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ʇʈʆɹʃɽʄɸ ʂʆʇʀʈʆɺɸʅʀʗ ʊɽʍʅʀʏɽʉʂʀʍ ʈɽʐɽʅʀʁ.  

ʉɺɽʈʍʄʆɹʀʃʔʅʆʉʊʔ ʅɸɿɽʄʅʆɻʆ ʂʆʃɪʉʅʆɻʆ ʊʈɸʅʉʇʆʈʊɸ  

ʄɸʃʆɻʆ ʀ ʆʉʆɹʆ ʄɸʃʆɻʆ ʂʃɸʉʉʆɺ  

ɸ.ɻ. ʉʝʤʝʥʦʚ, ɸ.ɼ. ʕʣʠʟʦʚ  

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ  
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʞʘʪʦʡ ʬʦʨʤʝ ʜʘʥ ʘʚʪʦʨʩʢʠʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ çʵʢʟʦʪʠʯʝʩʢʦʡè 

ʢʦʣʝʩʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʪʝʭʥʠʢʠ ʚʝʜʫʱʠʭ ʩʪʨʘʥ ʤʠʨʘ, ʚʢʣʶʯʘʷ ʟʘʧʘʪʝʥʪʦʚʘʥʥʳʝ ʘʚʪʦʨʩʢʠʝ 

ʨʘʟʨʘʙʦʪʢʠ ʢʦʣʝʩʥʳʭ ʤʘʰʠʥ ʤʘʣʦʛʦ ʠ ʦʩʦʙʦ ʤʘʣʦʛʦ ʢʣʘʩʩʘ ï ʚʦʝʥʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʨʦʙʦʪʦʚ 

ʠ ʨʝʘʙʠʣʠʪʘʮʠʦʥʥʳʭ ʤʦʙʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. ɸʥʘʣʠʟ ʧʨʦʚʝʜʝʥ ʥʘ ʧʨʝʜʤʝʪ 

ʚʳʷʚʣʝʥʠʷ ʠ ʦʮʝʥʢʠ ʩʭʦʜʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʯʘʩʪʠ ʩʚʦʡʩʪʚʘ çʩʚʝʨʭʤʦʙʠʣʴʥʦʩʪʴè, 

ʧʨʦʚʦʮʠʨʫʶʱʠʭ ʧʦʜʦʟʨʝʥʠʷ ʚ ʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʤ ʠʣʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʤ 

ʟʘʠʤʩʪʚʦʚʘʥʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʢʦʥʩʪʨʫʢʮʠʷ, ʧʨʠʦʨʠʪʝʪ, 

ʢʦʧʠʨʦʚʘʥʠʝ, ʟʘʠʤʩʪʚʦʚʘʥʠʝ, ʘʥʘʣʦʛ, ʧʦʣʥʦʧʨʠʚʦʜʥʦʝ ʢʦʣʝʩʥʦʝ ʪʨʘʥʩʧʦʨʪʥʦʝ 

ʩʨʝʜʩʪʚʦ, ʪʨʘʥʩʧʦʨʪ ʤʘʣʦʛʦ ʠ ʦʩʦʙʦ ʤʘʣʦʛʦ ʢʣʘʩʩʦʚ, ʤʦʙʠʣʴʥʦʩʪʴ.  

 

THE PROBLEM OF COPYING OF THE TECHNICAL DECISIONS.  

OVER-TRANSPORTABILITY OF THE OVERLAND WHEEL TRANSPORT  

SMALL AND SPECIFICALLY SMALL CLASSES  

A.G. Semenov, A.D. Elizov  

Peter the Great St.Petersburg Polytechnic University 
Abstract. In compressed form is given author's benchmark analysis "exotic" wheel transport 

technology of the leadinging countries of the world, including patented author's developments of 

the wheel machines small and specifically small class - a military cars, robot and mobile device of 

the new generation for invalid. The Analysis is organized on subject of the discovery and 

estimations of the cognate technical decisions, in part characteristic "over-transportability", 

provoking suspicions in authorized or unauthorized borrowing.  

Keywords: the technical decision, design, priority, copying, borrowing, 

analogue, transport facility with all leading wheel, transport small and specifically 

small classes, transportability.  

 

ɺʚʝʜʝʥʠʝ. ʆʜʠʥʘʢʦʚʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠʥʠʮʠʠʨʫʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʙʣʝʤʳ ʩʦʤʥʝʥʠʷ ʚ 

ʠʥʥʦʚʘʮʠʦʥʥʦʤ ʭʘʨʘʢʪʝʨʝ ʩʠʩʪʝʤ ʙʦʣʝʝ ʧʦʟʜʥʠʭ, ʠʟʚʝʯʥʦʡ ʠ ʥʝʠʟʙʝʞʥʦ 

ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʠʦʨʠʪʝʪʦʚ [1].  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʚ ʩʞʘʪʦʡ ʩʪʘʪʝʡʥʦʡ ʬʦʨʤʝ ʧʨʠʚʝʩʪʠ ʧʨʠʤʝʨʳ ʠ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʦʣʝʩʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʤʘʣʦʛʦ ʠ ʩʚʝʨʭʤʘʣʦʛʦ 

ʢʣʘʩʩʦʚ ʩ ʢʦʣʝʩʥʳʤʠ ʬʦʨʤʫʣʘʤʠ 3Ĭ3 ʠ 4Ĭ4, ʚ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʦʚʘʥʘ ʠʜʝʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩʚʝʨʭʤʦʙʠʣʴʥʦʩʪʠ ʟʘ ʩʯʝʪ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʚʩʝʭ ʢʦʣʝʩ.  

ʈʝʟʫʣʴʪʘʪʳ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʴʶ, ʜʘʥʳ ʪʘʢʠʝ ʧʨʠʤʝʨʳ ʠ 

ʘʥʘʣʠʟ, ʦʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʦ ʥʠʞʝ.  

ʉʚʝʨʭʤʦʙʠʣʴʥʦʩʪʴ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʦʨʦʪʘ ʥʘ 

ʤʝʩʪʝ, ʘ ʪʘʢʞʝ ʜʚʠʞʝʥʠʷ ʚ ʣʶʙʦʤ ʥʘʧʨʘʚʣʝʥʠʠ çʩʨʘʟʫè (ʙʦʢʦʤ, ʥʘʧʨʠʤʝʨ). 

ʇʨʠʯʸʤ ʨʘʟʚʦʨʦʪ ʥʘ ʤʝʩʪʝ ʞʝʣʘʪʝʣʥɹʦ ʦʩʫʱʝʩʪʚʠʪʴ ʥʝ ʩʠʣʦʚʳʤ (ʙʦʨʪʦʚʳʤ), ʘ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ, ʩʦʨʠʝʥʪʠʨʦʚʘʚ ʚʩʝ ʢʦʣʸʩʘ ʰʘʩʩʠ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ 



132 

 

ʦʢʨʫʞʥʦʩʪʠ, ʮʝʥʪʨ ʢʦʪʦʨʦʡ ʩʦʚʧʘʜʘʝʪ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʰʘʩʩʠ (ʠ/ʠʣʠ 

ʩ ʧʨʦʝʢʮʠʝʡ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʤʘʰʠʥʳ ʥʘ ʦʧʦʨʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ï ʨʠʩ. 1, 2).  

ɼʣʷ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʤʘʰʠʥ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʦʩʦʙʦ ʤʘʣʦʛʦ ʢʣʘʩʩʘ ʩ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʤʦʪʦʨ-ʢʦʣʸʩʘʤʠ ʠ ʢʦʣʝʩʥʳʤʠ ʬʦʨʤʫʣʘʤʠ 3Ĭ3 ʠ 4Ĭ4 

ʨʝʘʣʠʟʦʚʘʪʴ ʪʘʢʠʝ ʩʭʝʤʳ ʤʦʞʥʦ ʥʝʟʘʚʠʩʠʤʳʤ ʧʦʚʦʨʦʪʦʤ ʢʘʞʜʦʛʦ ʢʦʣʝʩʘ (ʧʨʠ 

ʥʘʣʠʯʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ, ʥʘ ʢʘʞʜʦʝ ʢʦʣʝʩʦ, ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʚʦʜʦʚ ʠʭ 

ʧʦʚʦʨʦʪʘ ï ʩʤ. ʨʠʩ. 1, 2).  

 

 

 

ɸ ɹ  

 

 

 

 

 

 

 

 

 

 

 

ɺ ɻ 

ʈʠʩ. 1. ʈʦʩʩʠʡʩʢʠʡ ʩʚʝʨʭʤʘʥʝʚʨʝʥʥʳʡ ʪʨʘʥʩʩʢʫʪʝʨ çFLIPè ï  

ʢʦʥʮʝʧʪ 2004-2005 ʛʛ. [2]:  

ɸ ï ʩʭʝʤʘ ʧʦʚʦʨʦʪʘ ʥʘ ʤʝʩʪʝ (ʚ ʧʣʘʥʝ);  ɹ ï ʜʚʠʞʝʥʠʝ ʙʦʢʦʤ;  

ɺ ï ʥʘ ʚʳʩʪʘʚʢʝ ʚ ʛ. ɼʶʩʩʝʣʴʜʦʨʬʝ (ɻʝʨʤʘʥʠʷ);  

ɻ - ʩʝʨʪʠʬʠʢʘʪ, ʚʳʜʘʥʥʳʡ ʚ 2005 ʛ. ʪʨʘʥʩʩʢʫʪʝʨʫ çFLIPè, ï  

ʝʜʠʥʩʪʚʝʥʥʦʤʫ ʠʟ 80 ʨʦʩʩʠʡʩʢʠʭ ʵʢʩʧʦʥʘʪʦʚ ɺʩʝʤʠʨʥʦʡ ʚʳʩʪʘʚʢʠ  
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ʈʠʩ. 2. ʉʭʝʤʘ ʧʦʚʦʨʦʪʘ 

ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʪʝʣʝʫʧʨʘʚʣʷʝʤʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ  

ʩ ʨʦʩʩʠʡʩʢʠʤ ʧʨʠʦʨʠʪʝʪʦʤ  

ʦʪ 1982 ʛ. [3] 

ʈʠʩ. 3. ɹʦʝʚʘʷ ʩʠʩʪʝʤʘ.  

ʉʭʝʤʘ ʧʦʚʦʨʦʪʘ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ  

ʩ ʬʨʘʥʮʫʟʩʢʠʤ ʧʨʠʦʨʠʪʝʪʦʤ  

ʦʪ 1979ʛ. [4, 5] 

 

 

 

 

ɸ ɹ 

ʈʠʩ. 4. ɸʚʪʦʤʦʙʠʣʴ Jeep ʅurricane Concept 2005 ʛ. (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ)  

ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʧʦʚʦʨʦʪʘ ʩ ʥʫʣʝʚʳʤ ʨʘʜʠʫʩʦʤ [6, 7]:  

ɸ ï ʩʭʝʤʘ ʧʦʚʦʨʦʪʘ ʥʘ ʤʝʩʪʝ (ʚ ʧʣʘʥʝ);   

ɹ ï ʚʥʝʰʥʠʡ ʚʠʜ ʚ ʧʦʚʦʨʦʪʝ ʥʘ ʤʝʩʪʝ  

ʅʝ ʩʣʠʰʢʦʤ ʣʠ ʤʳ ʩʪʘʣʠ ʤʝʪʘʪʴʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ?..  

ʆʜʥʘʢʦ, ʚʦ-ʧʝʨʚʳʭ, ʟʜʝʩʴ ʠʤʝʶʪ ʤʝʩʪʦ ʙʳʪʴ ʥʝʢʦʪʦʨʳʝ ʥʶʘʥʩʳ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʩʘʤʠʭ ʦʙʲʝʢʪʦʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʪʝʭʥʠʢʠ, ʘ 

ʟʥʘʯʠʪ, ʠ ʪʨʘʥʩʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ.  
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ɸ ʚʦ-ʚʪʦʨʳʭ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʚʩʷʢʦʝ ʠʩʢʣʶʯʝʥʠʝ ʠʟ ʧʨʘʚʠʣʘ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʵʪʦ ʧʨʘʚʠʣʦ.  

ʉʦʛʣʘʩʠʪʝʩʴ: ʦʜʥʦ ʜʝʣʦ ï ʛʦʨʜʦ ʧʦʚʝʩʠʪʴ ʥʘ ʩʪʝʥʫ ʘʚʪʦʨʩʢʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦ 

ʠʣʠ ʧʘʪʝʥʪ, ʠ ʩʦʚʩʝʤ ʜʨʫʛʦʝ ï ʩʝʩʪʴ ʟʘ ʨʫʣʴ ʪʘʢʦʛʦ ʜʞʠʧʘ (ʩʤ. ʨʠʩ. 4ɹ).  

ʀ ʵʪʦ ï ʥʘʰʘ çʥʘʮʠʦʥʘʣʴʥʘʷ ʙʦʣʴè. ɼʘʚʥʦ ʧʦʨʘ ʥʝ ʛʦʚʦʨʠʪʴ ʦʙ ʠʥʥʦʚʘʮʠʷʭ, 

ʘ ʧʨʦʚʦʜʠʪʴ ʠʭ ʚ ʞʠʟʥʴ.  
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THE PROBLEM OF COPYING OF THE TECHNICAL DECISIONS.  

STABILIZATION OF THE OVERLAND WHEEL TRANSPORT 

SPECIFICALLY SMALL CLASS  

GIROSKOPIEY AND "TRANSVERSE TRANSFORMATION"  

A.G. Semenov, A.D. Elizov, A.A. Krasilnikov 

Peter the Great St.Petersburg Polytechnic University 
Abstract. In compressed form is given author's benchmark analysis "exotic" wheel transport 

technology of the leadinging countries of the world, including patented author's developments of 

the electromechanic wheel machines specifically small class - a mobile robot and device of the new 

generation for invalid. The Analysis is organized on subject of the discovery and estimations 

cognate, possible unoriginal technical decisions in a part characteristic "gyroscope- stabilization" 

and "transverse transformation". 

Keywords: the technical decision, design, priority, copying, borrowing, 

analogue, transport facility with all leading wheel, transport specifically small class, 

gyroscope- stabilization, transformation.  
 

ɺʚʝʜʝʥʠʝ. ʆʜʠʥʘʢʦʚʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠʥʠʮʠʠʨʫʶʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʙʣʝʤʳ ʩʦʤʥʝʥʠʷ ʚ 

ʠʥʥʦʚʘʮʠʦʥʥʦʤ ʭʘʨʘʢʪʝʨʝ ʩʠʩʪʝʤ ʙʦʣʝʝ ʧʦʟʜʥʠʭ, ʠʟʚʝʯʥʦʡ ʠ ʥʝʠʟʙʝʞʥʦ 

ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʠʦʨʠʪʝʪʦʚ [1].  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʚ ʩʞʘʪʦʡ ʩʪʘʪʝʡʥʦʡ ʬʦʨʤʝ ʧʨʠʚʝʩʪʠ ʧʨʠʤʝʨʳ ʠ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʦʣʝʩʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʩʚʝʨʭʤʘʣʦʛʦ ʢʣʘʩʩʘ ʩ 

ʢʦʣʝʩʥʳʤʠ ʬʦʨʤʫʣʘʤʠ 2Ĭ2, 3Ĭ3 ʠ 4Ĭ4, ʚ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʦʚʘʥʘ ʠʜʝʷ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʨʧʫʩʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠʣʠ ʰʘʩʩʠ ʟʘ ʩʯʝʪ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ (ʛʠʨʦʩʪʘʙʠʣʠʟʘʮʠʷ) ʠʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ (ʘʚʪ.) 

çʧʦʧʝʨʝʯʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠè.  

ʈʝʟʫʣʴʪʘʪʳ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʴʶ, ʜʘʥʳ ʪʘʢʠʝ ʧʨʠʤʝʨʳ ʠ 

ʘʥʘʣʠʟ, ʦʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʦ ʥʠʞʝ.  

çʂʦʣʸʩʥʳʡ ʪʨʘʥʩʧʦʨʪ ʦʩʦʙʦ ʤʘʣʦʛʦ ʢʣʘʩʩʘè ï ʵʪʦ ʵʣʝʢʪʨʦʩʢʫʪʝʨʳ, 

ʠʥʚʘʣʠʜʥʳʝ ʢʨʝʩʣʘ-ʢʦʣʷʩʢʠ, ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ ʤʦʙʠʣʴʥʳʝ ʨʦʙʦʪʳ ʠ ʛʠʙʨʠʜ ʚʩʝʭ 

ʫʧʦʤʷʥʫʪʳʭ ï ʪʨʘʥʩʩʢʫʪʝʨʳ ʢʘʢ ʥʦʚʳʡ ʧʦʜʢʣʘʩʩ ʪʘʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ (ʥʘʟʚʘʥʠʝ 

ʚʧʝʨʚʳʝ ʚʚʝʜʝʥʦ ʘʚʪ.).  

çɻʠʨʦʩʪʘʙʠʣʠʟʘʮʠʷè ï ʵʪʦ ʧʨʦʮʝʩʩ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʢʦʨʧʫʩʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ (ʩ ʦʧʦʨʦʡ ʥʘ ʜʚʘ ʩʦʦʩʥʳʭ ʢʦʣʝʩʘ, ʚ 

ʩʚʷʟʠ ʩ ʯʝʤ ʨʝʯʴ ʦ çʧʨʦʜʦʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠè), ʥʘ ʦʩʥʦʚʝ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʜʘʪʯʠʢʦʚ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʚʦʜʦʚ.  

çʇʦʧʝʨʝʯʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷè (ʘʚʪ.) ï ʵʪʦ ʧʨʠʥʫʜʠʪʝʣʴʥʘʷ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ) ʩʪʘʙʠʣʠʟʘʮʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʩʨʝʜʩʪʚʘ ʥʘ ʢʦʩʦʛʦʨʝ ʠ ʚ ʧʦʚʦʨʦʪʝ ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʫʧʨʘʚʣʷʝʤʦʡ ʧʦʜʚʝʩʢʠ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʢʦʣʝʩ.  

1. ɻʠʨʦʩʪʘʙʠʣʠʟʘʮʠʷ ʢʦʣʝʩʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʦʩʦʙʦ ʤʘʣʦʛʦ ʢʣʘʩʩʘ  

ʇʠʦʥʝʨʦʤ ʩʤʝʣʦʛʦ ʨʝʰʝʥʠʷ ʧʨʠʤʝʥʷʪʴ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʥʘʟʝʤʥʦʤ 

ʪʨʘʥʩʧʦʨʪʝ ʦʩʦʙʦ ʤʘʣʦʛʦ ʢʣʘʩʩʘ ʛʠʨʦʩʪʘʙʠʣʠʟʘʮʠʶ ʠ ʧʝʨʝʤʝʱʘʪʴʩʷ, ʟʘ ʩʯʝʪ 

ʵʪʦʛʦ, ʥʝ ʥʘ ʯʝʪʳʨʝʭ ʠʣʠ ʪʨʝʭ ʢʦʣʸʩʘʭ (ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚʦ ʠ ʙʝʟ 
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ʩʪʘʙʠʣʠʟʘʮʠʠ, ʨʘʟʫʤʝʝʪʩʷ, ʥʝ ʧʨʠ ʯʨʝʟʤʝʨʥʦʤ ʚʦʟʚʳʰʝʥʠʠ ʮʝʥʪʨʘ ʤʘʩʩ), ʘ ʚʩʝʛʦ 

ʥʘ ʜʚʫʭ ʩʦʦʩʥʳʭ, ʢʘʢ ʵʪʦ ʚʩʝʛʜʘ ʧʨʦʜʝʣʳʚʘʣʠ ʮʠʨʢʦʚʳʝ ʵʢʚʠʣʠʙʨʠʩʪʳ ʥʘ 

ʦʜʥʦʢʦʣʝʩʥʳʭ ʚʝʣʦʩʠʧʝʜʘʭ ʟʘ ʩʯʸʪ ʩʚʦʝʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ çʤʳʰʝʯʥʳʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ çʧʨʠʚʦʜʦʚè, ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʠʟʦʙʨʝʪʘʪʝʣʷ-ʙʠʟʥʝʩʤʝʥʘ ɼʠʘʥʘ ʂʝʡʤʝʥʘ (ʨʠʩ. 1). ʅʘ ʩʪʳʢʝ 

ʧʦʩʣʝʜʥʠʭ ʩʪʦʣʝʪʠʡ ʦʥ ʩʦʟʜʘʣ ʩʥʘʯʘʣʘ ʤʝʜʠʮʠʥʩʢʠʡ ʘʧʧʘʨʘʪ IBOT (ʨʠʩ. 1), ʘ 

ʟʘʪʝʤ (ʢʦʛʜʘ ʦʥ ʥʝ ʧʨʦʰʝʣ çʬʠʣʴʪʨè ʤʝʜʠʮʠʥʩʢʦʡ ʩʝʨʪʠʬʠʢʘʮʠʠ, ï ʊ-ʦʙʨʘʟʥʳʡ 

Segway (ʨʠʩ. 2). ʅʘ ʧʦʩʣʝʜʥʝʤ ʯʝʣʦʚʝʢ ʥʘʭʦʜʠʪʩʷ ʩʪʦʷ ʠ ʫʧʨʘʚʣʷʝʪ ʜʚʠʞʝʥʠʝʤ, 

ʥʘʢʣʦʥʷʷ ʪʝʣʦ ʚʧʝʨʸʜ ʠʣʠ ʥʘʟʘʜ. ɸ ʵʪʦ, ʝʩʪʝʩʪʚʝʥʥʦ, ʥʝ çʠʥʚʘʣʠʜʥʳʡè ʚʘʨʠʘʥʪ.  

ʇʨʠ çʦʪʢʘʪʝè ʪʝʭʥʠʯʝʩʢʦʡ ʤʳʩʣʠ ʚʥʦʚʴ ʢ ʨʝʘʙʠʣʠʪʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʝ, ʜʘ ʠ 

ʚʦʦʙʱʝ ʢ ʫʜʦʚʣʝʪʚʦʨʝʥʠʶ ʧʦʞʝʣʘʥʠʡ ʚʧʦʣʥʝ ʝʱʸ ʟʜʦʨʦʚʳʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʘʧʧʘʨʘʪʦʚ, ʩʪʘʣʠ ʧʳʪʘʪʴʩʷ çʧʦʩʘʜʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ ʤʷʛʢʦʝ 

ʤʝʩʪʦè, ʥʘ ʙʘʟʝ ʘʧʧʘʨʘʪʘ Segway.  

 

  

ʈʠʩ. 1. ɼʠʘʥ ʂʝʡʤʝʥ  

ʩ ʤʝʜʠʮʠʥʩʢʠʤ ʘʧʧʘʨʘʪʦʤ  

 Independence 3000 IBOT Transporter 

(ʉʐɸ) ʚ ʛʠʨʦʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘ ʜʚʫʭ ʪʦʯʢʘʭ ʦʧʦʨʳ  

(ʦʩʥʦʚʥʘʷ ʦʧʮʠʷ)  

ʈʠʩ. 2. ʗʧʦʥʩʢʘʷ ʧʦʣʠʮʠʷ  

ʥʘ Segway ï çʣʦʰʘʜʢʘʭè [2]  

ɿʜʝʩʴ ʧʨʠʦʨʠʪʝʪ ʦʢʘʟʘʣʩʷ ʫ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʣʠʜʝʨʘ ʚ ʦʙʣʘʩʪʠ ʩʢʫʪʝʨʥʦ-

ʨʝʘʙʠʣʠʪʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ï ʃʘʙʦʨʘʪʦʨʠʠ ʕʣʝʢʪʨʦʜʚʠʞʝʥʠʷ 

ʧʨʠ ʉʇʙʇʋ (ʨʫʢ. ɸ.ɼ. ʕʣʠʟʦʚ) ï ʦʩʥʦʚʥʦʛʦ ʢʦʥʢʫʨʝʥʪʘ ɼ. ʂʵʡʤʝʥʘ. ʋʞʝ ʥʘ 

ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ ʠʜʝʠ ʛʠʨʦʩʪʘʙʠʣʠʟʘʮʠʠ ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʩʦʪʨʫʜʥʠʢʠ ʃʘʙʦʨʘʪʦʨʠʠ, ʚʦ-ʧʝʨʚʳʭ, ʧʨʠʰʣʠ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʛʠʨʦʩʪʘʙʠʣʠʟʘʮʠʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ɼ. ʂʝʡʤʝʥʘ ʚ ʩʚʷʟʠ ʩ ʧʨʝʜʝʣʴʥʳʤ 

ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʣʸʩʥʦʡ ʙʘʟʳ ʚ ʩʪʨʝʤʣʝʥʠʠ ʢ ʚʳʩʦʢʦʡ ʢʦʤʧʘʢʪʥʦʩʪʠ ʠ 

ʤʘʥ±ʚʨʝʥʥʦʩʪʠ ʠ, ʚʦ-ʚʪʦʨʳʭ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʢʦʥʢʫʨʝʥʪʘ), ʯʸʪʢʦ 

ʚʠʜʝʣʠ ʦʙʦʨʦʪʥʫʶ ʩʪʦʨʦʥʫ ʢʦʥʮʝʧʮʠʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʘʢ ʙʘʟʦʚʦʡ ʦʧʮʠʠ ʠ 
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ʧʦʰʣʠ ʧʦ ʧʫʪʠ ʩʦʭʨʘʥʝʥʠʷ ʪʨʸʭ- ʠʣʠ ʯʝʪʳʨʸʭʢʦʣʸʩʥʦʛʦ ʰʘʩʩʠ ʩ 

ʛʠʨʦʩʪʘʙʠʣʠʟʘʮʠʝʡ ʢʘʢ ʦʧʮʠʝʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ. ʀʤʠ ʝʱʸ ʚ 2003-2004 ʛʛ. ʙʳʣʘ 

ʦʪʨʘʙʦʪʘʥʘ ʪʘʢʘʷ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʢʦʥʮʝʧʮʠʷ ʧʨʦʜʦʣʴʥʦʡ ʛʠʨʦʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘ 

ʨʷʜʝ ʭʦʜʦʚʳʭ ʤʘʢʝʪʦʚ ʪʨʘʥʩʩʢʫʪʝʨʦʚ ʩʝʤʝʡʩʪʚʘ çʂʝʥʛʫʨʫè (ʨʠʩ. 3). 
 

  

ɸ ɹ 

ʈʠʩ. 3. ʈʦʩʩʠʡʩʢʠʡ (ʉʇʙʇʋ) ʭʦʜʦʚʳʡ ʤʘʢʝʪ ʪʨʘʥʩʩʢʫʪʝʨʘ ʩʝʤʝʡʩʪʚʘ 

çʂʝʥʛʫʨʫè: ɸ ï ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ; ɹ ï ʠʩʧʳʪʘʥʠʷ ʚ 2004 ʛ.,  

ʦʧʮʠʷ (ʨʝʞʠʤ) çʙʘʣʘʥʩè ʧʨʠ ʚʳʚʝʰʝʥʥʳʭ  

ʪʨʝʪʴʝʤ ʠ ʯʝʪʚʸʨʪʦʤ ʦʧʦʨʥʳʭ ʵʣʝʤʝʥʪʘʭ (ʨʦʷʣʴʥʳʭ ʢʦʣʸʩʘʭ)  

 

ʅʘ ʨʠʩ. 4ɸ, 4ɹ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ 

çʥʦʚʦʛʦ Segwayè ï ʤʦʪʦʢʦʣʷʩʢʦʡ PUMA (Personal Urban Mobility and 

Accessibility), ʷʚʣʷʶʱʝʡʩʷ ʦʙʱʠʤ ʧʨʦʝʢʪʦʤ ʢʦʤʧʘʥʠʡ General Motors ʠ Segway 

[3, 4].  
 

  
ɸ ɹ 

ʈʠʩ. 4. ɼʝʤʦʥʩʪʨʘʮʠʷ ʚ 2009 ʛ. ʘʤʝʨʠʢʘʥʩʢʠʭ ʨʝʢʣʘʤʥʳʭ ʦʙʨʘʟʮʦʚ  

ʤʥʦʛʦʦʧʦʨʥʳʭ çʩʠʜʷʯʠʭè ʵʣʝʢʪʨʦʩʢʫʪʝʨʦʚ [3-5]:  

ɸ ï ʙʝʟ ʧʘʩʩʘʞʠʨʘ; ɹ ï ʩ ʧʘʩʩʘʞʠʨʦʤ  

http://jycreations.com/writings/wp-content/uploads/2009/04/ob-dl221_segway_g_20090407005950.jpg
http://www.motocafe.ru/images/stories/news_motocycles/news_076/electric/gm-segway_puma_1.jpg
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ʀ ʚʩʣʝʜ ʟʘ ʵʪʠʤ ï çʢʦʩʷʢʠè ʘʥʘʣʦʛʦʚ ʠ ʩ ɿʘʧʘʜʘ, ʠ ʩ ɺʦʩʪʦʢʘ!  

çʇʘʨʘʣʣʝʣʠè ʠʣʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʝ ʟʘʠʤʩʪʚʦʚʘʥʠʝ (ʩ ʫʯʝʪʦʤ 

ʥʝʢʦʪʦʨʳʭ ʚʨʝʤʝʥʥʳʭ ʧʦʷʩʦʚ ʠ ʢʨʠʚʠʟʥʳ ï ʪʝʭʥʠʯʝʩʢʠʭ ʥʶʘʥʩʦʚ)? ʍʦʪʷ ʠ ʥʝ 

ʩʪʦʣʴ ʢʨʠʪʠʯʝʩʢʠʝ, ʢʘʢ ʚ ʭʨʝʩʪʦʤʘʪʠʡʥʦʡ ʠʩʪʦʨʠʠ çʇʦʧʦʚ ï ʄʘʨʢʦʥʠè.  

 

2. ʉʪʘʙʠʣʠʟʘʮʠʷ ʢʦʣʝʩʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʦʩʦʙʦ ʤʘʣʦʛʦ ʢʣʘʩʩʘ  

çʧʦʧʝʨʝʯʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡè  

ʄʠʨʥʳʡ ʛʨʫʟʠʥʩʢʠʡ ʪʨʘʢʪʦʨ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʥʦʛʦ çʪʝʨʨʘʩʥʦʛʦè ʟʝʤʣʝʜʝʣʠʷ 

ʚʳʥʫʞʜʝʥʥʦ ʢʦʥʩʪʨʫʠʨʫʶʪ ʩ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦ ʫʧʨʘʚʣʷʝʤʦʡ ʚʳʩʦʪʦʡ 

ʧʦʜʚʝʩʢʠ ʧʨʘʚʦʛʦ ʠ ʣʝʚʦʛʦ ʙʦʨʪʦʚ ʩ ʮʝʣʴʶ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʣʦʞʝʥʠʷ ʢʦʨʧʫʩʘ ʥʘ 

ʢʦʩʦʛʦʨʝ. ɿʜʝʩʴ ʚʩʸ ʜʘʚʥʦ ʠʟʚʝʩʪʥʦ.  

ʂʦʛʜʘ ʤʦʪʦʮʠʢʣʠʩʪ çʩʪʘʯʠʚʘʝʪ ʙʝʜʨʦè ʦʙ ʘʩʬʘʣʴʪ ʚ ʢʨʫʪʦʤ ʧʦʚʦʨʦʪʝ ï ʵʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʫʨʩʫ ʬʠʟʠʢʠ 9-ʛʦ ʢʣʘʩʩʘ ʩʨʝʜʥʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʰʢʦʣʳ. ɸ ʚʦʪ 

ʯʪʦʙʳ ʫ ʜʚʫʭʢʦʣʝʡʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ï ʧʦʧʝʨʝʯʥʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ, ʢʘʢ ʫ 

ʤʠʨʥʦʛʦ ʛʨʫʟʠʥʩʢʦʛʦ ʪʨʘʢʪʦʨʘé  

ʇʦʩʤʦʪʨʠʤ ʯʝʨʝʟ ɺʩʝʤʠʨʥʫʶ ʧʘʫʪʠʥʫ çʀʥʪʝʨʥʝʪè ʥʘ ʟʘʨʫʙʝʞʥʳʭ ʢʦʣʣʝʛ: 

ʯʝʤ ʦʥʠ ʥʘʩ ʫʜʠʚʷʪ?.. ʊʨʸʭʢʦʣʸʩʥʳʤ ʵʣʝʢʪʨʦʩʢʫʪʝʨʦʤ 2005-2007 ʛʛ. ʩ 

ʧʦʧʝʨʝʯʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʝʡ (ʨʠʩ. 5)? ɼʘ, ʜʠʟʘʡʥ ʚʧʝʯʘʪʣʷʝʪé ʀ ʵʣʝʢʪʨʦʥʠʢʘ, 

ʥʘʜʦ ʧʦʣʘʛʘʪʴ, ʥʘ ʚʳʩʰʝʤ ʫʨʦʚʥʝ. ʊʘʢ ʚ ʈʦʩʩʠʠ (ʉʇʙʇʋ) ʵʪʦ çʧʨʦʭʦʜʠʣʠè 

ʧʫʩʪʴ ʥʝ ʚ ʩʨʝʜʥʝʡ ʰʢʦʣʝ, ʥʦ ʝʱʸ ʚ 2004 ʛʦʜʫ ʥʘʚʝʨʥʷʢʘ (ʨʠʩ. 6). ʇʨʠʯʸʤ ʪʦʞʝ ʚ 

çʤʝʪʘʣʣʝè, ʘ ʥʝ ʪʝʦʨʝʪʠʯʝʩʢʠ. ɼʦ ʜʠʟʘʡʥʘ ʪʦʣʴʢʦ ʨʫʢʠ ʥʝ ʜʦʭʦʜʠʣʠ ʠ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʥʝ ʙʳʣʦ, ʥʝʪ ʠ, ʧʦʭʦʞʝ, ʥʝ ʙʫʜʝʪ ʥʠʢʦʛʜʘé ʀ ʟʘʜʘʯʘ ʨʝʰʘʣʘʩʴ 

ʪʘ ʞʝ: ʢʦʤʧʝʥʩʘʮʠʷ ʢʦʩʦʛʦʨʘ ʠ ʮʝʥʪʨʦʙʝʞʥʳʭ ʷʚʣʝʥʠʡ ʚ ʧʦʚʦʨʦʪʝ. ʀ 

ʟʘʧʘʪʝʥʪʦʚʘʥʦ ʚʩʝ çʚʜʦʣʴ ʠ ʧʦʧʝʨʝʢè (ʚ ʛʨʘʥʠʮʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ).  

 

  
ʈʠʩ. 5. ɼʝʤʦʥʩʪʨʘʮʠʷ ʚ 2007 ʛ.  

ʨʝʢʣʘʤʥʦʛʦ ʦʙʨʘʟʮʘ ʬʠʨʤʳ Toyota 

(ʗʧʦʥʠʷ) ʩ ʜʚʫʭʧʣʦʩʢʦʩʪʥʦʡ  

ʛʠʨʦʩʪʘʙʠʣʠʟʘʮʠʝʡ (ʦʧʮʠʷ  

çʧʦʧʝʨʝʯʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷè) [6] 

ʈʠʩ. 6. ʀʩʧʳʪʘʥʠʷ ʚ 2004 ʛ. (ʉʇʙʇʋ)  

ʨʦʩʩʠʡʩʢʦʛʦ ʭʦʜʦʚʦʛʦ ʤʘʢʝʪʘ  

ʪʨʘʥʩʩʢʫʪʝʨʘ ʩʝʤʝʡʩʪʚʘ çʂʝʥʛʫʨʫè  

ʩ ʜʚʫʭʧʣʦʩʢʦʩʪʥʦʡ ʛʠʨʦʩʪʘʙʠʣʠʟʘʮʠʝʡ  

(ʦʧʮʠʷ çʧʦʧʝʨʝʯʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷè)  
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ʏʪʦ ʵʪʦ ï çʧʘʨʘʣʣʝʣʠè ʠʣʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʝ ʟʘʠʤʩʪʚʦʚʘʥʠʝ?  

ʅʝ ʧʦ ʥʝʜʦʤʳʩʣʠʶ ʞʝ ʠ ʥʝ ʧʦ ʙʝʟʨʘʩʩʫʜʥʦʡ ʨʘʩʪʦʯʠʪʝʣʴʥʦʩʪʠ ʢʨʫʧʥʝʡʰʠʝ 

ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʢʦʥʮʝʨʥʳ ʗʧʦʥʠʠ ʥʝ ʞʘʣʝʶʪ ʥʠ ʢʦʤʘʥʜʠʨʦʚʦʯʥʳʭ ʨʘʩʭʦʜʦʚ, 

ʥʠ ʩʲʝʤʦʯʥʳʭ ʤʝʛʘʙʘʡʪ ʥʘ ʙʝʟʚʦʟʤʝʟʜʥʦʝ ʦʟʥʘʢʦʤʣʝʥʠʝ ʩ ʪʝʢʫʱʠʤʠ 

ʨʦʩʩʠʡʩʢʠʤʠ ʧʝʨʝʜʦʚʳʤʠ ʨʘʟʨʘʙʦʪʢʘʤʠ (ʨʠʩ. 7 [7])!  

ɼʘ ɹʦʛ ʩ ʥʠʤʠ, ʩ ʷʧʦʥʮʘʤʠ (ʤʳ ʦ ʷʧʦʥʩʢʦʤ ɹʦʛʝ). ʏʪʦ ʪʘʢʦʝ çʛʦʜ ʪʫʜʘ ï ʛʦʜ 

ʩʶʜʘè ʚ ʤʘʩʰʪʘʙʘʭ ʄʠʨʦʚʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ?! çʇʫʩʪʴ ʧʦʜ ʥʝʙʦʤ 

ʨʘʩʧʫʩʢʘʶʪʩʷ ʚʩʝ ʮʚʝʪʳéè.  

ʀ ʪʨʫʜʥʦ (ʙʝʟ ʩʧʝʮʠʘʣʴʥʦʛʦ ʨʘʩʩʣʝʜʦʚʘʥʠʷ) ʜʦʢʘʟʘʪʝʣʴʥʦ ʨʘʟʦʙʨʘʪʴʩʷ, ʛʜʝ 

ʟʜʝʩʴ çʧʘʨʘʣʣʝʣʠʟʤè ʨʘʟʨʘʙʦʪʦʢ, ʘ ʛʜʝ ʟʘʠʤʩʪʚʦʚʘʥʠʝ. ɹʣʘʛʦʜʘʪʥʘʷ ʧʦʯʚʘ ʜʣʷ 

ʧʨʝʜʧʦʣʦʞʝʥʠʡ, ʚʝʨʩʠʡ, ʧʦʜʦʟʨʝʥʠʡ é  

ɺʳʚʦʜʳ. ʅʘʣʠʮʦ çʪʨʝʫʛʦʣʴʥʠʢè ʩ ʝʛʦ ʚʝʨʰʠʥʘʤʠ ï ʉʐɸ, ʈʦʩʩʠʷ ʠ ʗʧʦʥʠʷ, 

ʪʨʘʜʠʮʠʦʥʥʦ ʢʦʥʢʫʨʠʨʫʶʱʠʤʠ ʠ ʚʥʠʤʘʪʝʣʴʥʦ ʩʣʝʜʷʱʠʤʠ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ 

ʚʩʝʤʠ ʜʦʩʪʫʧʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. ʀ ʪʨʫʜʥʦ (ʙʝʟ ʩʧʝʮʠʘʣʴʥʦʛʦ ʨʘʩʩʣʝʜʦʚʘʥʠʷ) 

ʜʦʢʘʟʘʪʝʣʴʥʦ ʨʘʟʦʙʨʘʪʴʩʷ, ʛʜʝ ʟʜʝʩʴ çʧʘʨʘʣʣʝʣʠʟʤè ʨʘʟʨʘʙʦʪʦʢ, ʘ ʛʜʝ 

ʟʘʠʤʩʪʚʦʚʘʥʠʝ. ɹʣʘʛʦʜʘʪʥʘʷ ʧʦʯʚʘ ʜʣʷ ʧʨʝʜʧʦʣʦʞʝʥʠʡ, ʚʝʨʩʠʡ, ʧʦʜʦʟʨʝʥʠʡ é 

 

 
 

ʈʠʩ. 7. ɼʝʤʦʥʩʪʨʘʮʠʷ ʧʝʨʝʜ ʷʧʦʥʩʢʦʡ ʜʝʣʝʛʘʮʠʝʡ ʦʯʝʨʝʜʥʦʛʦ ʭʦʜʦʚʦʛʦ ʤʘʢʝʪʘ  

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʪʨʘʥʩʬʦʨʤʠʨʫʝʤʦʛʦ ʩʢʫʪʝʨʘ (ʪʨʘʥʩʩʢʫʪʝʨʘ)  

ʨʝʘʙʠʣʠʪʘʮʠʦʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʩʝʤʝʡʩʪʚʦ çʂʝʥʛʫʨʫè (çKangarooè),  

ʨʘʟʨʘʙʦʪʯʠʢ ï ʃʘʙʦʨʘʪʦʨʠʷ ʵʣʝʢʪʨʦʜʚʠʞʝʥʠʷ ʧʦʜ ʨʫʢ. ɸ.ɼ. ʕʣʠʟʦʚʘ  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ  

1. ɸʣʝʢʩʘʥʜʨ ʉʝʤʝʥʦʚ, ʉʝʨʛʝʡ ʇʘʚʣʦʚ. ʇʘʨʘʣʣʝʣʠ ʠ ʤʝʨʠʜʠʘʥʳ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ: ʆʯʝʨʢʠ ʠʩʪʦʨʠʠ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ / ɸ.ɻ. ʉʝʤʝʥʦʚ, ʉ.ʅ. 

ʇʘʚʣʦʚ. ï LAP LAMBERT Academic Publishing. Saarbrucken ï Berlin ïLeipzig, 

Deutschland 17.09.2016. ISBN 978-3-659-94800-8. ï 101 ʩ., ʠʣ.  
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2. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ: http://zedomax.com/blog/2008/07/01/chinese-swat-

team-trains-on-segways/.  

3. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ: http://www.freep.com/article/20090407/ 

BUSINESS01/904070334/GM ++Segway+team+up+on+two-wheeled+concept. 

4. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ: http://online.wsj.com/article/ 

SB123906731177395605 .html. 

5. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ: http://jycreations.com/writings/.  

6. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ: http://vietbao.vn/Vi -tinh-Vien-thong/Toyota-ISwing-

lan-dau-tien-toi-Viet-Nam/55160885/226/.  

7. ʉʝʤʝʥʦʚ ɸ.ɻ., ʕʣʠʟʦʚ ɸ.ɼ. ʀʥʜʠʚʠʜʫʘʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ ʜʣʷ ʣʠʮ ʩ 

ʥʘʨʫʰʝʥʠʝʤ ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ: ʅʝʢʦʪʦʨʳʝ ʨʦʩʩʠʡʩʢʠʝ 

ʥʘʮʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ // ʊʨʘʥʩʧʦʨʪ. ʊʨʘʥʩʧʦʨʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ. ʕʢʦʣʦʛʠʷ 

(ʛ. ʇʝʨʤʴ, ʇʅʀʇʋ). 2015. ˉ 2, ï ʉ. 106-118.  
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ʂɸʉʂɸɼʅʆ-ʊɽʇʃʆɺʆɻʆ ʉɾɸʊʀʗ  

ʖ.ɺ. ʉʪʦʨʯʝʫʩ, ɸ.ɸ. ɼʘʥʠʣʝʡʯʝʥʢʦ, ʅ.ɸ. ɸʥʪʦʥʝʥʢʦ  
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ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʜʠʟʝʣʴʥʦʤ ʜʚʠʛʘʪʝʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʨʝʩʩʦʨʘ ʢʘʩʢʘʜʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 
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SYSTEM TWO-STAGE MIXING CASCADE THERMAL COMPRESSION  

Y.V. Starcheous, ɸ.ɸ. Danileychenko, N.ɸ.Antonenko 

Luhansk  University  named after Vladimir Dahl 
Abstract. Brought principle of action of installation for two stages forming a mixture in the 

diesel engine with using a compressor cascade heat compression. Given recommendations on 

perfecting the efficient installation factors.  

Key words: mixing, cascade pressure exchanger. 

 

ʅʘʨʷʜʫ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʥʜʝʥʮʠʝʡ ʧʦʚʳʰʝʥʠʷ ʘʛʨʝʛʘʪʥʦʡ ʤʦʱʥʦʩʪʠ 

ɼɺʉ ʚ ʧʝʨʚʳʡ ʨʷʜ ʚʘʞʥʝʡʰʠʭ ʧʨʦʙʣʝʤ ʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʷ ʚʳʭʦʜʠʪ ʟʘʜʘʯʘ 

ʩʥʠʞʝʥʠʷ ʪʦʢʩʠʯʥʦʩʪʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ. ʈʝʰʝʥʠʝ ʝʝ ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ 

ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ 

ʯʝʣʦʚʝʢʘ. 

ʊʦʢʩʠʯʥʦʩʪʴ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʜʠʟʝʣʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʦʢʩʠʜʦʚ ʘʟʦʪʘ, ʦʢʠʩʠ ʫʛʣʝʨʦʜʘ ʠ ʩʘʞʠ [1, 2]. 

ʇʨʦʮʝʩʩ ʛʦʨʝʥʠʷ ʦʢʠʩʠ ʘʟʦʪʘ ʩʣʫʞʠʪ ʩʨʝʜʩʪʚʦʤ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠ ʢʦʪʦʨʳʭ ʢʠʥʝʪʠʢʘ ʵʪʠʭ ʨʝʘʢʮʠʡ ʦʧʨʝʜʝʣʷʝʪ ʥʘʣʠʯʠʝ ʟʘʤʝʪʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ ʢʠʩʣʦʨʦʜʘ ʠ ʘʟʦʪʘ ʚ ʧʨʦʜʫʢʪʘʭ ʩʛʦʨʘʥʠʷ. ɺ 

ʜʠʟʝʣʷʭ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ ʦʙʳʯʥʦ ʥʝ ʤʝʥʝʝ 1, 3, ʯʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʚʦʙʦʜʥʳʭ ʤʦʣʝʢʫʣ ʢʠʩʣʦʨʦʜʘ, 

ʩʧʦʩʦʙʥʳʭ ʦʙʨʘʟʦʚʳʚʘʪʴ ʦʢʩʠʜʳ ʘʟʦʪʘ. ʊʦ, ʯʪʦ ʪʘʢʘʷ ʤʦʜʝʣʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʦʢʠʩʣʦʚ ʘʟʦʪʘ ʷʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʨʝʘʣʴʥʦʡ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʪʝʤ, ʯʪʦ ʧʨʠ 

http://zedomax.com/blog/2008/07/01/chinese-swat-team-trains-on-segways/
http://zedomax.com/blog/2008/07/01/chinese-swat-team-trains-on-segways/
http://www.freep.com/article/20090407/%20BUSINESS01/904070334/GM%20++Segway+team+up+on+two-wheeled+concept
http://www.freep.com/article/20090407/%20BUSINESS01/904070334/GM%20++Segway+team+up+on+two-wheeled+concept
http://online.wsj.com/article/%20SB123906731177395605%20.html
http://online.wsj.com/article/%20SB123906731177395605%20.html
http://jycreations.com/writings/
http://vietbao.vn/Vi-tinh-Vien-thong/Toyota-ISwing-lan-dau-tien-toi-Viet-Nam/55160885/226/
http://vietbao.vn/Vi-tinh-Vien-thong/Toyota-ISwing-lan-dau-tien-toi-Viet-Nam/55160885/226/
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ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʟʘʤʝʪʥʦʤ 

ʫʤʝʥʴʰʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʦʢʠʩʣʦʚ ʘʟʦʪʘ ʚ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʘʭ. 

ʂʦʣʠʯʝʩʪʚʦ ʦʢʠʩʣʦʚ ʘʟʦʪʘ ʚ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʘʭ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ 

ʫʩʣʦʚʠʷʭ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʩʛʦʨʘʥʠʷ ʠ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ, ʣʦʢʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ ʠ ʪʝʧʣʦʪʚʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʪʦʧʣʠʚʘ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʛʦʨʘʥʠʷ ʚʳʭʦʜ ʦʢʠʩʣʦʚ ʘʟʦʪʘ 

ʚʦʟʨʘʩʪʘʝʪ. 

ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʫʣʫʯʰʝʥʠʷ ʤʦʱʥʦʩʪʥʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ. ɺʣʠʷʥʠʝ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ 

ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʪʦʢʩʠʯʥʦʩʪʴ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚ ʨʘʙʦʪʘʭ 

[1, 2]. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ʜʠʟʝʣʷ ʩ 

ʜʚʫʭʩʪʘʜʠʡʥʳʤ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʛʨʫʟʦʯʥʳʭ 

ʨʝʞʠʤʦʚ ʩʦʜʝʨʞʘʥʠʝ ʦʢʠʩʣʦʚ ʘʟʦʪʘ ʚ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʘʭ ʩʥʠʞʘʝʪʩʷ ʥʘ 

20...40%. 

ʇʨʠ ʵʪʦʤ ʥʘ ʨʝʞʠʤʘʭ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʦʢ ʜʠʟʝʣʷ ʩ ʜʚʫʭʩʪʘʜʠʡʥʳʤ 

ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʜʝʨʞʘʥʠʝ ʦʢʠʩʠ ʫʛʣʝʨʦʜʘ ʠ ʩʘʞʠ ʚ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʘʭ 

ʥʝʩʢʦʣʴʢʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ [1] ʙʦʣʝʝ ʧʦʣʥʳʤ ʩʛʦʨʘʥʠʝʤ ʪʦʧʣʠʚʘ, 

ʚʩʣʝʜʩʪʚʠʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʧʦ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ. ʉ 

ʫʤʝʥʴʰʝʥʠʝʤ ʥʘʛʨʫʟʢʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʢʠʩʠ ʫʛʣʝʨʦʜʘ ʧʨʠ ʨʘʙʦʪʝ ʜʠʟʝʣʷ ʩ 

ʜʚʫʭʩʪʘʜʠʡʥʳʤ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʩʢʦʣʴʢʦ ʚʦʟʨʘʩʪʘʝʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʠʟʝʣʴʥʳʤ ʮʠʢʣʦʤ. ʇʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʠʩʠ ʫʛʣʝʨʦʜʘ ʩʦ ʩʥʠʞʝʥʠʝʤ 

ʥʘʛʨʫʟʢʠ ʧʨʠ ʨʘʙʦʪʝ ʜʠʟʝʣʷ ʩ ʜʚʫʭʩʪʘʜʠʡʥʳʤ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘʯʠʥʘʝʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠ ʪʝʭ ʞʝ ʥʘʛʨʫʟʢʘʭ, ʥʘ ʢʦʪʦʨʳʭ ʥʘʯʠʥʘʝʪ ʫʭʫʜʰʘʪʴʩʷ ʪʦʧʣʠʚʥʘʷ 

ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʟʝʣʴʥʳʤ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ. ʕʪʠʤ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʥʝʧʦʣʥʦʪʳ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ-

ʦʙʦʛʘʪʠʪʝʣʷ ʥʘ ʤʘʣʳʭ ʥʘʛʨʫʟʢʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʫʣʫʯʰʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʟʝʣʴʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʧʨʠ ʧʦʜʜʝʨʞʘʥʠʠ ʚʳʩʦʢʠʭ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʇʨʠ ʵʪʦʤ, ʦʜʥʘʢʦ, ʥʘʠʙʦʣʴʰʫʶ ʩʣʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʟʜʘʥʠʝ 

ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʧʠʪʘʥʠʷ ʜʠʟʝʣʷ ʧʨʠ ʧʝʨʝʚʦʜʝ ʝʛʦ ʥʘ 

ʜʚʫʭʩʪʘʜʠʡʥʦʝ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝ. ʂ ʩʦʞʘʣʝʥʠʶ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʭʝʤʳ 

ʫʩʪʘʥʦʚʦʢ, ʨʝʘʣʠʟʫʶʱʠʭ ʧʨʠʥʮʠʧʳ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ, ʜʘʣʝʢʠ 

ʦʪ ʩʦʚʝʨʰʝʥʩʪʚʘ. ɼʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦʡ ʷʚʣʷʝʪʩʷ ʩʭʝʤʘ, ʧʨʠʚʝʜʝʥʥʘʷ ʚ 

ʨʘʙʦʪʝ [3]. ʆʜʥʘʢʦ ʪʘʢʦʡ ʜʚʠʛʘʪʝʣʴ ʥʝ ʣʠʰʝʥ ʨʷʜʘ ʥʝʜʦʩʪʘʪʢʦʚ, ʷʚʣʷʶʱʠʭʩʷ 

ʦʙʠɦʤʠ ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʫʩʪʘʥʦʚʦʢ ʩ ʜʚʫʭʩʪʘʜʠʡʥʳʤ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝʤ, ʘ 

ʠʤʝʥʥʦ: ʫʩʣʦʞʥʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʪʦʧʣʠʚʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʛʦʣʦʚʢʠ; ʩʣʦʞʥʦʩʪʴ 

ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʘʩʧʳʣʠʚʘʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʘʣʳʭ ʧʦʜʘʯ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷ ʛʦʤʦʛʝʥʠʟʘʮʠʷ 

ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʚ ʮʠʣʠʥʜʨʘʭ; ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʟʥʦʩ ʜʝʪʘʣʝʡ 

ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ ʚʩʣʝʜʩʪʚʠʝ ʩʤʳʚʘʥʠʷ ʩʤʘʟʢʠ ʩ ʟʝʨʢʘʣʘ ʮʠʣʠʥʜʨʘ 

ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʥʘ ʥʝʛʦ ʯʘʩʪʠ ʥʝʠʩʧʘʨʠʚʰʝʛʦʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ; 
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ʩʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʛʦʣʦʚʢʠ ʜʠʟʝʣʷ ʚʚʠʜʫ ʨʘʟʤʝʱʝʥʠʷ ʚ ʥʝʡ ʜʚʫʭ ʬʦʨʩʫʥʦʢ; 

ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʥʘ ʧʨʠʚʦʜ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʥʘʩʦʩʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʥʝʜʦʩʪʘʪʢʦʤ ʩʠʩʪʝʤʳ ʧʠʪʘʥʠʷ 

ʜʚʠʛʘʪʝʣʝʡ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʩʭʝʤʳ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ 

ʚʳʙʨʦʩʳ ʉʆ ʠ ʉʅ ʥʘ ʤʘʣʳʭ ʥʘʛʨʫʟʢʘʭ ʠ ʩʥʠʞʝʥʠʝ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ. 

ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚʳʩʦʢʦʡ ʩʢʨʳʪʦʡ ʪʝʧʣʦʪʦʡ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ ʩʧʠʨʪʦʚ, ʯʪʦ 

ʚʝʜʝʪ ʢ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʠʩʧʘʨʷʝʤʦʩʪʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʣʦʭʘʷ 

ʠʩʧʘʨʷʝʤʦʩʪʴ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ ʧʘʨʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ 

ʚʦ ʚʧʫʩʢʥʦʡ ʩʠʩʪʝʤʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʣʝʥʢʠ. ʕʪʠ ʷʚʣʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʧʦʜʘʚʘʝʤʦʡ ʥʘ ʚʧʫʩʢ ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʦʡ 

ʩʤʝʩʠ, ʘ ʪʘʢʞʝ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʝʝ ʧʦ ʮʠʣʠʥʜʨʘʤ ʜʚʠʛʘʪʝʣʷ. 

ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʠʤʝʶʪ ʤʝʩʪʦ ʧʝʨʝʦʙʦʛʘʱʝʥʠʝ ʩʤʝʩʠ ʚ ʦʪʜʝʣʴʥʳʭ ʮʠʣʠʥʜʨʘʭ, ʘ 

ʪʘʢʞʝ ʦʪʣʦʞʝʥʠʷ ʚ ʚʠʜʝ ʥʘʛʘʨʘ ʠ ʣʘʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʧʫʩʢʥʳʭ ʢʣʘʧʘʥʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʧʘʜʘʥʠʝ ʥʝʠʩʧʘʨʠʚʰʠʭʩʷ ʢʘʧʝʣʴ ʩʧʠʨʪʦʚʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʣʦʧʘʪʢʠ 

ʢʦʤʧʨʝʩʩʦʨʘ ʚʳʟʳʚʘʝʪ ʠʭ ʢʘʚʠʪʘʮʠʦʥʥʳʡ ʠʟʥʦʩ. 

ʎʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʟʘʷʚʣʝʥʠʝ ʥʦʚʦʡ ʩʭʝʤʳ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ 

ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʡ ʫʣʫʯʰʠʪʴ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʜʠʟʝʣʷ ʠ ʝʛʦ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʅʘ ʢʘʬʝʜʨʝ çɼʚʠʛʘʪʝʣʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷè ʃʫʛʘʥʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ɺ.ɼʘʣʷ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʧʠʪʘʥʠʷ ʜʠʟʝʣʷ ʩ 

ʜʚʫʭʩʪʘʜʠʡʥʳʤ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝʤ (ʨʠʩ. 1), ʣʠʰʝʥʥʘʷ ʦʩʥʦʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, 

ʧʨʠʩʫʱʠʭ ʙʦʣʴʰʠʥʩʪʚʫ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʥʘʟʚʘʥʥʦʡ ʩʭʝʤʳ ʜʚʠʛʘʪʝʣʷ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʨʝʩʩʦʨʘ ʪʝʧʣʦʚʦʛʦ ʩʞʘʪʠʷ [4-8] ʠ ʵʞʝʢʪʦʨʘ ʚ ʢʘʯʝʩʪʚʝ 

ʘʛʨʝʛʘʪʦʚ ʧʦʜʘʯʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʚʧʫʩʢ ʜʚʠʛʘʪʝʣʷ ʚ ʧʘʨʦʚʦʡ ʬʘʟʝ. 

ɼʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʩʦʟʜʘʚʘʝʤʳʝ ʂʊʉ, ʚ ʩʠʣʫ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʨʘʙʦʪʳ [5], ʧʨʝʚʳʰʘʶʪ ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʫ, ʨʝʘʣʠʟʫʝʤʫʶ ʮʝʥʪʨʦʙʝʞʥʳʤ 

ʢʦʤʧʨʝʩʩʦʨʦʤ ʧʨʠ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝʤ ʨʘʩʭʦʜʝ ʚʦʟʜʫʭʘ ʫ ʂʊʉ. 

ʆʪʨʘʙʦʪʘʚʰʠʝ ʛʘʟʳ ʠʟ ʚʳʧʫʩʢʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ 2 ʜʚʠʛʘʪʝʣʷ 1 ʧʦʩʪʫʧʘʶʪ ʚ 

ʪʫʨʙʠʥʫ 3, ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʦʡ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʧʨʠʚʦʜ ʮʝʥʪʨʦʙʝʞʥʦʛʦ 

ʢʦʤʧʨʝʩʩʦʨʘ 4. ʀʟ ʪʫʨʙʠʥʳ ʆɻ, ʠʤʝʶʱʠʝ ʝʱʝ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ ʪʝʧʣʦʚʦʡ 

ʧʦʪʝʥʮʠʘʣ, ʧʦʜʚʦʜʷʪʩʷ ʢ ʪʝʧʣʦʦʙʤʝʥʥʠʢʫ 8, ʛʜʝ ʧʝʨʝʜʘʶʪ ʩʚʦʶ ʪʝʧʣʦʪʫ ʚʦʟʜʫʭʫ 

(ʨʘʙʦʯʝʤʫ ʪʝʣʫ ʢʦʤʧʨʝʩʩʦʨʘ ʪʝʧʣʦʚʦʛʦ ʩʞʘʪʠʷ 10), ʮʠʨʢʫʣʠʨʫʶʱʝʤʫ ʚ 

ʚʳʪʝʩʥʠʪʝʣʴʥʦʡ ʤʘʛʠʩʪʨʘʣʠ 9.  

ʏʘʩʪʴ ʚʦʟʜʫʭʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʮʠʢʣʘ 

ʢʦʤʧʨʝʩʩʦʨʘ ʪʝʧʣʦʚʦʛʦ ʩʞʘʪʠʷ 10 (ʊ=500-550ʂ, p=0,2-0,3ʄʇʘ) ʦʪʚʦʜʠʪʩʷ ʠʟ 

ʫʯʘʩʪʢʘ ʚʳʪʝʩʥʠʪʝʣʴʥʦʡ ʤʘʛʠʩʪʨʘʣʠ 9, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʟʘ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʤ 8, 

ʢ ʤʘʛʠʩʪʨʘʣʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 11.  

ʆʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ ʚʦʟʜʫʭʘ ʦʪʚʦʜʠʪʩʷ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʢʦʤʧʨʝʩʩʦʨʘ ʪʝʧʣʦʚʦʛʦ ʩʞʘʪʠʷ. ɺ ʤʘʛʠʩʪʨʘʣʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʠʩʧʘʨʝʥʠʝ ʠ ʩʤʝʰʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩ ʚʳʩʦʢʦʡ ʩʢʨʳʪʦʡ ʪʝʧʣʦʪʦʡ 

ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʜʘʚʘʝʤʦʛʦ ʬʦʨʩʫʥʢʦʡ 12, ʩ ʛʦʨʷʯʠʤ ʚʦʟʜʫʭʦʤ, 

ʧʦʩʪʫʧʘʶʱʠʤ ʠʟ ʚʳʪʝʩʥʠʪʝʣʴʥʦʡ ʤʘʛʠʩʪʨʘʣʠ 9. ɼʘʣʝʝ ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʘʷ ʩʤʝʩʴ 

ʧʦʜʚʦʜʠʪʩʷ ʢ ʘʢʪʠʚʥʦʤʫ ʩʦʧʣʫ ʵʞʝʢʪʦʨʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢ ʧʘʩʩʠʚʥʦʤʫ ʩʦʧʣʫ 
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ʵʞʝʢʪʦʨʘ ʠʟ ʚʳʧʫʩʢʥʦʛʦ ʧʘʪʨʫʙʢʘ ʢʦʤʧʨʝʩʩʦʨʘ ʧʦʩʪʫʧʘʝʪ ʩʞʘʪʳʡ ʚʦʟʜʫʭ. 

ʇʦʜʢʣʶʯʝʥʠʝ ʤʘʛʠʩʪʨʘʣʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʢʦʤʧʨʝʩʩʦʨʘ ʪʝʧʣʦʚʦʛʦ ʩʞʘʪʠʷ ʢ 

ʘʢʪʠʚʥʦʤʫ ʩʦʧʣʫ ʵʞʝʢʪʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʝ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʩ ʚʦʟʜʫʭʦʤ ʦʪ ʮʝʥʪʨʦʙʝʞʥʦʛʦ 

ʢʦʤʧʨʝʩʩʦʨʘ ʧʝʨʝʜ ʧʦʜʘʯʝʡ ʠʭ ʚʦ ʚʧʫʩʢʥʦʡ ʢʦʣʣʝʢʪʦʨ ʜʚʠʛʘʪʝʣʷ. 

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʜʚʠʛʘʪʝʣʷ ʩ ʜʚʫʭʩʪʘʜʠʡʥʳʤ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝʤ: 

1- ʜʚʠʛʘʪʝʣʴ; 2 - ʚʳʧʫʩʢʥʦʡ ʢʦʣʣʝʢʪʦʨ; 3 - ʪʫʨʙʠʥʘ; 4 - ʮʝʥʪʨʦʙʝʞʥʳʡ 

ʢʦʤʧʨʝʩʩʦʨ; 5 - ʚʳʧʫʩʢʥʦʡ ʧʘʪʨʫʙʦʢ ʢʦʤʧʨʝʩʩʦʨʘ; 6 - ʧʘʩʩʠʚʥʦʝ ʩʦʧʣʦ 

ʵʞʝʢʪʦʨʘ; 7 - ʚʳʭʦʜʥʦʡ ʧʘʪʨʫʙʦʢ ʪʫʨʙʠʥʳ; 8 - ʪʝʧʣʦʦʙʤʝʥʥʠʢ; 9 - 

ʚʳʪʝʩʥʠʪʝʣʴʥʘʷ ʤʘʛʠʩʪʨʘʣʴ; 10 - ʢʦʤʧʨʝʩʩʦʨ ʪʝʧʣʦʚʦʛʦ ʩʞʘʪʠʷ; 11 - ʤʘʛʠʩʪʨʘʣʴ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ; 12 - ʬʦʨʩʫʥʢʘ; 13 - ʘʢʪʠʚʥʦʝ ʩʦʧʣʦ ʵʞʝʢʪʦʨʘ; 14 - ʢʘʤʝʨʘ 

ʩʤʝʰʝʥʠʷ ʵʞʝʢʪʦʨʘ; 15 - ʚʧʫʩʢʥʦʡ ʢʦʣʣʝʢʪʦʨ ʜʚʠʛʘʪʝʣʷ; 16 - ʜʘʪʯʠʢ 

ʪʝʤʧʝʨʘʪʫʨʳ; 17 - ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 

 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʘʚʘʝʤʦʛʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʯʝʨʝʟ ʬʦʨʩʫʥʢʫ 12 ʨʝʛʫʣʠʨʫʝʪʩʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ 17, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʜʘʪʯʠʢʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʜʠʟʝʣʷʭ ʩ ʜʚʫʭʩʪʘʜʠʡʥʳʤ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʦʤʧʨʝʩʩʦʨʘ ʪʝʧʣʦʚʦʛʦ ʩʞʘʪʠʷ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʚ ʮʝʣʦʤ ʦʢʘʟʳʚʘʝʪ ʂʇɼ ʂʊʉ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 
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ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʱʠʡ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʮʠʢʣʘ  ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ 

ʨʘʙʦʯʝʛʦ ʪʝʣʘ .  

ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʮʠʢʣʘ  ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤ ʨʦʩʪʦʤ 

ʂʇɼ. ʄʝʥʝʝ ʦʜʥʦʟʥʘʯʥʦʝ ʚʣʠʷʥʠʝ ʥʘ  ʦʢʘʟʳʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʩʭʦʜ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ , ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʝʛʦ ʟʥʘʯʝʥʠʡ, ʠʤʝʝʪ ʤʝʩʪʦ ʚʦʟʨʘʩʪʘʥʠʝ , 

ʦʜʥʘʢʦ ʥʘʯʠʥʘʷ ʩ ʥʝʢʦʪʦʨʦʛʦ ʤʦʤʝʥʪʘ, ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʮʠʢʣʘ, ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ . ɹʦʣʝʝ ʟʘʤʝʪʥʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʘʢʦʛʦ ʩʥʠʞʝʥʠʷ 

ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʘʭ (=600ʂ).  

ʂʨʠʪʝʨʠʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ , ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʢʩʪʨʝʤʫʤʫ ʬʫʥʢʮʠʠ 

, ʟʘʚʠʩʷʪ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʮʠʢʣʘ, ʩʤʝʱʘʷʩʴ ʚ ʩʪʦʨʦʥʫ 

ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʧʦ ʤʝʨʝ ʨʦʩʪʘ . ɺ ʜʠʘʧʘʟʦʥʝ ʥʘʛʨʫʟʦʯʥʳʭ ʨʝʞʠʤʦʚ 

=600-1500ʂ ʨʘʮʠʦʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ  (ʧʦ ʢʨʠʪʝʨʠʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ) 

ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 20-40%. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʦʙʣʘʩʪʠ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʂʊʉ ʚ 

ʩʦʩʪʘʚʝ ʫʩʪʘʥʦʚʢʠ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʛʘʟʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʮʠʢʣʘ. ɿʘʢʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ  (ʧʦ ʢʨʠʪʝʨʠʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʙʝʟ ʫʯʝʪʘ ʫʪʝʯʝʢ ʨʘʙʦʯʝʛʦ ʪʝʣʘ (ʢʨʠʚʘʷ 1) 

ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʨʠʩ. 2, ʘ ʤʘʢʩʠʤʘʣʴʥʳʝ , ʜʦʩʪʠʛʘʝʤʳʝ ʧʨʠ ʪʘʢʦʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʠ, - ʨʠʩ. 3. 

ɺ ʨʝʘʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʂʊʉ ʧʦʣʫʯʝʥʥʳʡ ʟʘʢʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʫʞʜʘʝʪʩʷ ʚ 

ʢʦʨʨʝʢʪʠʨʦʚʢʝ. ʅʘʠʙʦʣʝʝ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʨʘʮʠʦʥʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ  ʥʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʘʭ, ʧʦʩʢʦʣʴʢʫ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʦʣʷ 

ʫʪʝʯʝʢ ʯʝʨʝʟ ʧʦʜʚʠʞʥʳʝ ʩʦʧʨʷʞʝʥʠʷ ʨʦʪʦʨʘ ʚ ʧʦʪʦʢʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ, 

ʦʪʚʦʜʠʤʦʛʦ ʢ ʊɺɼ, ʚʦʟʨʘʩʪʘʝʪ. ʇʦʵʪʦʤʫ ʥʘ ʵʪʠʭ ʨʝʞʠʤʘʭ ʥʝʦʙʭʦʜʠʤʦ 

ʫʤʝʥʴʰʝʥʠʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ  ʥʘ 10-15%, ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʯʝʪʥʳʭ, 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʘʟʤʝʨʦʚ ʘʛʨʝʛʘʪʦʚ ʂʊʉ. 

 

 
Pʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʮʠʦʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ  

ʦʪʙG   ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʮʠʢʣʘ : 1 - ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʙʝʟ ʫʯʝʪʘ ʫʪʝʯʝʢ 
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ʈʠʩ. 3. ɺʣʠʷʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʮʠʢʣʘ ʥʘ ʂʇɼ ʂʊʉ  

ʧʨʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʧʦ ʪʝʤʧʝʨʘʪʫʨʘʤ ʟʥʘʯʝʥʠʷʭ : 

1 ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʢʨʠʚʘʷ 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ, ʧʦʩʢʦʣʴʢʫ ʦʪʨʘʞʘʶʪ ʣʠʰʴ ʦʜʥʦ ʠʟ 

ʚʦʟʤʦʞʥʳʭ ʩʦʯʝʪʘʥʠʡ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʘʛʨʝʛʘʪʘ ʂʊʉ. ʇʨʠʯʝʤ 

ʧʦʢʘʟʘʪʝʣʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʳʤ ʪʝʤʧʝʨʘʪʫʨʘʤ ʮʠʢʣʦʚ ʩʚʳʰʝ 

950ʂ, ʧʦʣʫʯʝʥʳ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ. ʆʜʥʘʢʦ ʫʞʝ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʜʦʩʪʘʪʦʯʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʨʝʞʠʤʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʨʘʙʦʯʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʘʛʨʝʛʘʪ ʂʊʉ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʥʘʜʝʞʥʦʩʪʴ. ʇʦʩʢʦʣʴʢʫ ʷʯʝʡʢʠ ʨʦʪʦʨʘ ʂʊʉ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʦʭʣʘʞʜʘʶʪʩʷ ʩʚʝʞʠʤ ʟʘʨʷʜʦʤ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʘʛʨʝʛʘʪʘ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʝʧʣʦʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʦʚ. ʉʝʨʴʝʟʥʳʤ ʚʦʧʨʦʩʦʤ 

ʦʩʪʘʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʟʘʟʦʨʘ ʚ ʩʦʧʨʷʞʝʥʠʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʦʪʦʨʘ ʠ ʩʪʘʪʦʨʘ. ʉʥʠʞʝʥʠʝ ʟʘʟʦʨʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ 

ʟʘʢʣʠʥʠʚʘʥʠʝʤ ʨʦʪʦʨʘ ʚʩʣʝʜʩʪʚʠʝ ʪʝʨʤʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʵʣʝʤʝʥʪʦʚ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʟʘʟʦʨʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʢʨʘʡʥʝ 

ʥʝʛʘʪʠʚʥʳʤ ʚʣʠʷʥʠʝʤ ʫʪʝʯʝʢ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʥʘ ʵʬʬʝʢʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ 

ʂʊʉ. 

ɺʳʚʦʜʳ: 

ʇʨʠʤʝʥʝʥʠʝ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʟʠʪʴ ʚʳʙʨʦʩʳ ʦʩʥʦʚʥʳʭ ʪʦʢʩʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʠʟʝʣʝʡ ʥʘ ʚʳʩʦʢʠʭ 

ʥʘʛʨʫʟʦʯʥʳʭ ʨʝʞʠʤʘʭ. 

ʉʭʝʤʘ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʂʊʉ ʧʦʟʚʦʣʷʝʪ 

ʫʣʫʯʰʠʪʴ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʜʠʟʝʣʷ ʠ ʝʛʦ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 

ʨʝʞʠʤʘʭ ʤʘʣʳʭ ʥʘʛʨʫʟʦʢ ʟʘ ʩʯʝʪ ʩʣʝʜʫʶʱʠʭ ʬʘʢʪʦʨʦʚ: 

Å ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʩʧʘʨʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʧʫʪʝʤ 

ʚʧʨʳʩʢʠʚʘʥʠʷ ʬʦʨʩʫʥʢʦʡ ʚ ʤʘʛʠʩʪʨʘʣʴ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʂʊʉ ʯʘʩʪʠ ʪʦʧʣʠʚʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʘʨʦʚʦʡ ʬʘʟʳ; 

Å ʦʙʝʩʧʝʯʝʥʠʷ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʧʫʪʝʤ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩ ʚʦʟʜʫʭʦʤ ʚ 

ʢʘʤʝʨʝ ʩʤʝʰʝʥʠʷ ʵʞʝʢʪʦʨʘ; 

ʦʪʙG
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Å ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʜʜʫʚʦʯʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ 

ʪʦʧʣʠʚ ʩ ʚʳʩʦʢʦʡ ʩʢʨʳʪʦʡ ʪʝʧʣʦʪʦʡ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, ʩʧʠʨʪʦʚ). 
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DEVELOPMENT OF SAFETY REQUIREMENTS FOR STANDARDIZED 

MACHINE TECHNOLOGY OF ELECTRIC VEHICLE  

N.M. Filkin, R.F. Shaehov 

"Izhevsk state technical University named after M. T. Kalashnikov",  

"Perm state agricultural Academy named after academician D. N. Pryanishnikov" 
Abstract: Presented designed General basic safety requirements for standardized machine 

technology of electric vehicle and safety requirements modifications in the manufacture, storage, 

transportation, operation and disposal of this type of machinery. 

Key words: electric truck, electric vehicle technology, the electric motor, the 

storage of electrical energy. 

 

ʎʝʣʴʶ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʌɻɹʆʋ ɺʆ "ʀʞʝʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ʊ. ʂʘʣʘʰʥʠʢʦʚʘ" ʠ ʆɸʆ 

"ʉʘʨʘʧʫʣʴʩʢʠʡ ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʥʳʡ ʟʘʚʦʜ" ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʘʰʠʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʘ (ʋʄʊʕʊ) ʠ 

ʦʨʛʘʥʠʟʘʮʠʷ ʝʝ ʩʝʨʠʡʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [1, 2, 3]. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʋʄʊʕʊ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʨʘʟʣʠʯʥʳʭ 

ʚʠʜʦʚ ʛʨʫʟʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʪʷʛʘʯʘ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʰʘʩʩʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʘʙʦʪ (ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ) ʚ ʮʝʭʘʭ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʣʝʛʢʦʡ ʠ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʞʠʣʠʱʥʦ-

ʢʦʤʤʫʥʘʣʴʥʦʤ ʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʷʭ, ʥʘ ʘʵʨʦʜʨʦʤʘʭ ʛʨʘʞʜʘʥʩʢʦʛʦ ʠ 

ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʡ  ʠ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ʋʄʊʕʊ ʩʦʟʜʘʝʪʩʷ ʢʘʢ ʥʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʚʳʧʫʩʢʘʝʤʦʛʦ ʚ ʈʦʩʩʠʠ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ 

ʵʢʦʣʦʛʠʯʥʦʩʪʴ, ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʠ ʨʘʩʰʠʨʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ 

ʦʙʣʘʩʪʝʡ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ,  ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ ʧʦʢʫʧʘʝʤʳʭ ʚ ʈʦʩʩʠʠ 

ʠʤʧʦʨʪʥʳʭ ʵʣʝʢʪʨʦʪʝʣʝʞʝʢ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʋʄʊʕʊ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʠʩʧʦʣʥʝʥʠʡ (ʤʦʜʠʬʠʢʘʮʠʡ), 

ʢʦʪʦʨʳʝ ʦʪ ʝʝ ʙʘʟʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪʣʠʯʘʶʪʩʷ ʥʘʣʠʯʠʝʤ/ʦʪʩʫʪʩʪʚʠʝʤ 

ʥʘʚʝʩʥʳʭ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʧʣʘʪʬʦʨʤ, ʥʘʣʠʯʠʝʤ/ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʠʮʝʧʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ, ʥʘʣʠʯʠʝʤ/ʦʪʩʫʪʩʪʚʠʝʤ ʚʘʣʘ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ, ʤʦʱʥʦʩʪʴʶ 

ʜʚʠʛʘʪʝʣʷ ʠ ʝʛʦ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ, ʢʘʙʠʥʦʡ ʟʘʢʨʳʪʦʛʦ/ʦʪʢʨʳʪʦʛʦ ʪʠʧʘ. 

ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʋʄʊʕʊ: 

- ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʋʄʊʕʊ ʩ ʫʯʝʪʦʤ ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʛʨʫʟʦʚʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ʙʦʨʪʦʚ, ʤʤ ï  ʥʝ ʙʦʣʝʝ 3400ʭ1300; 

- ʜʣʠʥʘ ʛʨʫʟʦʚʦʡ ʧʣʘʪʬʦʨʤʳ, ʤʤ ï ʥʝ ʤʝʥʝʝ 2100; 

- ʰʠʨʠʥʘ ʛʨʫʟʦʚʦʡ ʧʣʘʪʬʦʨʤʳ, ʤʤ ï ʥʝ ʤʝʥʝʝ 1300; 

- ʚʳʩʦʪʘ ʛʨʫʟʦʚʦʡ ʧʣʘʪʬʦʨʤʳ, ʤʤ ï ʥʝ ʙʦʣʝʝ 800; 

- ʤʘʩʩʘ ʋʄʊʕʊ ʙʝʟ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ, ʢʛ ï ʥʝ ʙʦʣʝʝ 900;  

- ʤʘʩʩʘ ʩʥʘʨʷʞʝʥʥʦʡ ʋʄʊʕʊ ï 1500 ʢʛ, ʥʝ ʙʦʣʝʝ; 

- ʚʥʝʰʥʠʡ ʨʘʜʠʫʩ ʧʦʚʦʨʦʪʘ, ʤʤ ï ʥʝ ʙʦʣʝʝ 2900; 
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- ʢʣʠʨʝʥʩ, ʤʤ ï ʥʝ ʤʝʥʝʝ 140. 

ɺ ʩʚʷʟʠ ʩ ʩʦʟʜʘʥʠʝʤ ʋʄʊʕ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʠ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ 

ʪʨʝʙʦʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢ ʪʘʢʦʛʦ ʪʠʧʘ ʤʘʰʠʥʘʤ. 

1. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʤʦʜʠʬʠʢʘʮʠʡ 

ʋʄʊʕʊ. 

ʂ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʤ ʤʦʜʠʬʠʢʘʮʠʷʤ ʋʄʊʕʊ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 18962-

97 ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: 

- ʤʦʜʠʬʠʢʘʮʠʠ ʋʄʊʕʊ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 12.2.003-91 

çʉʠʩʪʝʤʘ ʩʪʘʥʜʘʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ. ʆɹʆʈʋɼʆɺɸʅʀɽ 

ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʆɽ. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠè; 

- ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʫʩʪʘʥʦʚʣʝʥ ʘʚʘʨʠʡʥʳʡ 

ʚʳʢʣʶʯʘʪʝʣʴ ʜʣʷ ʵʢʩʪʨʝʥʥʦʛʦ ʦʪʢʣʶʯʝʥʠʷ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ, ʢ ʢʦʪʦʨʦʤʫ 

ʦʧʝʨʘʪʦʨ ʋʄʊʕʊ ʠʤʝʝʪ ʩʚʦʙʦʜʥʳʡ ʜʦʩʪʫʧ; 

- ʥʘ ʢʘʞʜʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʋʄʊʕʊ ʫʩʪʘʥʦʚʣʝʥ ʟʚʫʢʦʚʦʡ ʩʠʛʥʘʣ, 

ʩʨʘʙʘʪʳʚʘʶʱʠʡ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʫʩʪʨʦʡʩʪʚʘ; 

- ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʩʚʝʪʦʩʠʛʥʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ: ʜʚʫʭ ʬʘʨ, ʢʨʘʩʥʳʭ 

ʟʘʜʥʠʭ ʬʦʥʘʨʝʡ ʠ ʫʢʘʟʘʪʝʣʝʡ ʧʦʚʦʨʦʪʘ; 

- ʚʩʝ ʦʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʤʝʱʘʶʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʠʤʠ 

ʦʧʝʨʘʪʦʨ ʋʄʊʕʊ ʥʘʭʦʜʠʣʩʷ ʚʥʫʪʨʠ ʢʘʙʠʥʳ ʋʄʊʕʊ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʧʝʨʘʪʦʨʘ; 

- ʥʘʢʦʧʠʪʝʣʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʟʘʢʨʝʧʣʝʥ ʥʘ ʋʄʊʕʊ, ʫʩʪʘʥʦʚʣʝʥ ʪʘʢ, 

ʯʪʦʙʳ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝ ʧʨʦʠʟʦʰʣʦ ʝʛʦ ʩʤʝʱʝʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 

ʢ ʪʨʘʚʤʝ ʦʧʝʨʘʪʦʨʘ; 

- ʚ ʢʨʳʰʢʝ ʥʘʢʦʧʠʪʝʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʝʜʫʩʤʦʪʨʝʥʳ 

ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʦʪʚʝʨʩʪʠʷ;  

- ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ ʚʥʝʰʥʝʛʦ ʰʫʤʘ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʥʝ ʜʦʣʞʝʥ 

ʧʨʝʚʳʰʘʪʴ 85 ʜɹɸ. 

2. ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ, 

ʭʨʘʥʝʥʠʠ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʫʪʠʣʠʟʘʮʠʠ: 

- ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʙʫʜʝʪ ʦʙʝʩʧʝʯʝʥʘ ʠʭ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ;  

- ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʢʦʤʧʣʝʢʩ 

ʤʝʨ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ, ʧʨʠ ʵʪʦʤ ʙʫʜʝʪ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʦʥʪʨʦʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ 

ʙʝʟʦʧʘʩʥʦʩʪʴ; 

- ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʙʫʜʫʪ ʧʨʦʚʦʜʠʪʴʩʷ ʠʩʧʳʪʘʥʠʷ, 

ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ; 

- ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʙʫʜʫʪ ʦʙʝʩʧʝʯʝʥʳ ʪʨʝʙʦʚʘʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ, ʩ ʫʯʝʪʦʤ 

ʧʨʠʤʝʥʷʝʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ. ʇʝʨʝʜ 

ʚʳʧʫʩʢʦʤ ʚ ʦʙʨʘʱʝʥʠʝ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʨʠʩʢʘ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ; 
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- ʠʟʛʦʪʦʚʠʪʝʣʴ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʆɸʆ "ʉʕɻɿ" ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʤʘʰʠʥʳ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʤ ʨʫʢʦʚʦʜʩʪʚʦʤ (ʠʥʩʪʨʫʢʮʠʝʡ) ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

- ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʋʄʊʕʊ ʙʫʜʫʪ ʠʤʝʪʴ ʯʝʪʢʠʝ ʠ 

ʥʝʩʪʠʨʘʝʤʳʝ ʧʨʝʜʫʧʨʝʞʜʘʶʱʠʝ ʥʘʜʧʠʩʠ ʠ/ʠʣʠ ʟʥʘʢʠ ʦ ʚʠʜʘʭ ʦʧʘʩʥʦʩʪʠ; 

- ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʋʄʊʕʊ ʙʫʜʫʪ ʠʤʝʪʴ ʭʦʨʦʰʦ 

ʨʘʟʣʠʯʠʤʫʶ ʯʝʪʢʫʶ ʠ ʥʝʩʪʠʨʘʝʤʫʶ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʫʶ ʥʘʜʧʠʩʴ, 

ʩʦʜʝʨʞʘʱʫʶ: 

1) ʥʘʠʤʝʥʦʚʘʥʠʝ ʠʟʛʦʪʦʚʠʪʝʣʷ ʠ ʝʛʦ ʪʦʚʘʨʥʳʡ ʟʥʘʢ;  

2) ʥʘʠʤʝʥʦʚʘʥʠʝ ʠ ʦʙʦʟʥʘʯʝʥʠʝ ʤʘʰʠʥʳ (ʪʠʧ, ʤʘʨʢʘ);  

3) ʤʝʩʷʮ ʠ ʛʦʜ ʠʟʛʦʪʦʚʣʝʥʠʷ; 

- ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʘʷ ʥʘʜʧʠʩʴ ʪʘʢʞʝ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴʩʷ ʚ ʨʫʢʦʚʦʜʩʪʚʝ 

(ʠʥʩʪʨʫʢʮʠʠ) ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʨʫʢʦʚʦʜʩʪʚʦ (ʠʥʩʪʨʫʢʮʠʷ) ʧʦ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʥʘʠʤʝʥʦʚʘʥʠʝ ʠ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʠʟʛʦʪʦʚʠʪʝʣʷ, 

ʠʤʧʦʨʪʝʨʘ, ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʩʚʷʟʠ ʩ ʆɸʆ çʉʕɻɿè; 

- ʤʘʪʝʨʠʘʣʳ ʠ ʚʝʱʝʩʪʚʘ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʫʧʘʢʦʚʢʠ ʤʦʜʠʬʠʢʘʮʠʡ 

ʋʄʊʕʊ, ʙʫʜʫʪ ʙʝʟʦʧʘʩʥʳʤʠ; 

- ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʠ ʭʨʘʥʝʥʠʝ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ, ʠʭ ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ 

ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ. 

- ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʨʝʤʦʥʪʘ ʠ ʧʨʦʚʝʨʦʢ 

ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʜʦʣʞʥʳ ʩʦʙʣʶʜʘʪʴʩʷ ʪʨʝʙʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʫʩʪʘʥʦʚʣʝʥʳ ʨʫʢʦʚʦʜʩʪʚʦʤ (ʠʥʩʪʨʫʢʮʠʝʡ) ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʨʦʛʨʘʤʤʦʡ 

ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠʣʠ ʨʝʤʦʥʪʘ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʩʨʦʢʘ 

ʧʨʦʚʝʜʝʥʠʷ ʵʪʠʭ ʨʘʙʦʪ; 

- ʠʟʤʝʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʠʭ 

ʨʝʤʦʥʪʝ, ʙʫʜʫʪ ʨʘʟʨʝʰʝʥʳ ʪʦʣʴʢʦ ʧʦʩʣʝ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩ ʨʘʟʨʘʙʦʪʯʠʢʦʤ; 

- ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʜʦʣʞʥʘ 

ʧʨʦʚʦʜʠʪʴʩʷ ʦʮʝʥʢʘ ʨʠʩʢʘ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʚʳʰʝ 

ʜʦʧʫʩʪʠʤʦʛʦ; 

- ʚ ʨʫʢʦʚʦʜʩʪʚʝ (ʠʥʩʪʨʫʢʮʠʠ) ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʫʜʫʪ ʫʩʪʘʥʦʚʣʝʥʳ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʙʝʟʦʧʘʩʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ; 

- ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʚ ʨʫʢʦʚʦʜʩʪʚʝ (ʠʥʩʪʨʫʢʮʠʠ) 

ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʫʜʫʪ ʦʧʨʝʜʝʣʝʥʳ ʤʝʨʳ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʝ ʧʦ ʥʘʟʥʘʯʝʥʠʶ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʥʘʟʥʘʯʝʥʥʦʛʦ 

ʨʝʩʫʨʩʘ ʠʣʠ ʥʘʟʥʘʯʝʥʥʦʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʜʠʬʠʢʘʮʠʡ 

ʋʄʊʕʊ: 
- ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʦʜʠʪʴ ʨʝʛʫʣʠʨʦʚʢʫ ʠ ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ, ʥʝ ʧʦʜʚʝʨʛʘʷ ʧʝʨʩʦʥʘʣ ʦʧʘʩʥʦʩʪʠ; 

- ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ (ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ) ʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʙʫʜʫʪ ʧʨʝʜʧʨʠʥʷʪʳ ʤʝʨʳ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʦʧʘʩʥʦʩʪʠ ʠ 

ʧʨʠʥʷʪʳ ʤʝʨʳ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʦʧʘʩʥʦʩʪʠ ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʚʨʘʱʘʶʱʠʭʩʷ ʜʝʪʘʣʝʡ ʠ ʤʘʰʠʥ ʧʨʠ ʠʭ ʜʚʠʞʝʥʠʠ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʟʘʱʠʪʥʳʭ 

ʢʦʞʫʭʦʚ ʠ ʦʙʚʝʩʘ;  
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- ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ (ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ) ʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ, 

ʘ ʪʘʢʞʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʫʢʦʚʦʜʩʪʚʘ (ʠʥʩʪʨʫʢʮʠʠ) ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʫʜʝʪ 

ʫʯʠʪʳʚʘʪʴʩʷ ʜʦʧʫʩʪʠʤʳʡ ʨʠʩʢ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ; 

- ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʜʦʧʫʩʪʠʤʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ 

ʦʧʘʩʥʦʩʪʴ, ʢʦʥʩʪʨʫʢʮʠʷ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʙʫʜʝʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʪʘʢʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ɽʩʣʠ ʵʪʦ ʥʝʚʦʟʤʦʞʥʦ, ʚ ʨʫʢʦʚʦʜʩʪʚʝ (ʠʥʩʪʨʫʢʮʠʠ) ʧʦ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʫʜʝʪ ʦʙʨʘʱʝʥʦ ʚʥʠʤʘʥʠʝ ʧʦʪʨʝʙʠʪʝʣʷ ʥʘ ʪʘʢʠʝ ʩʠʪʫʘʮʠʠ; 

- ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ (ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ) ʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ 

ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʵʨʛʦʥʦʤʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ 

ʜʠʩʢʦʤʬʦʨʪʘ, ʫʩʪʘʣʦʩʪʠ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʝʨʩʦʥʘʣʘ ʜʦ 

ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʫʨʦʚʥʷ; 

- ʤʦʜʠʬʠʢʘʮʠʠ ʋʄʊʕʊ ʙʫʜʫʪ ʫʢʦʤʧʣʝʢʪʦʚʳʚʘʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷʤʠ ʠ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʳʭ ʨʝʛʫʣʠʨʦʚʦʢ, ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʧʦ ʥʘʟʥʘʯʝʥʠʶ; 

- ʤʦʜʠʬʠʢʘʮʠʠ ʋʄʊʕʊ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʙʫʜʫʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴʩʷ ʪʘʢ, 

ʯʪʦʙʳ ʩʳʨʴʝ, ʤʘʪʝʨʠʘʣʳ ʠ ʚʝʱʝʩʪʚʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʝ ʫʛʨʦʞʘʣʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʞʠʟʥʠ ʠʣʠ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ, 

ʠʤʫʱʝʩʪʚʫ, ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʞʠʟʥʠ ʠʣʠ ʟʜʦʨʦʚʴʶ ʞʠʚʦʪʥʳʭ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʢʦʧʠʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠʩʢʣʶʯʘʝʪ ʦʧʘʩʥʦʩʪʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ; 

- ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʩʚʝʱʝʥʠʝ ʚ ʢʘʙʠʥʝ ʜʣʷ ʙʝʟʦʧʘʩʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ; 

- ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʠʩʢʣʶʯʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʟʘʪʝʥʝʥʥʳʭ ʦʙʣʘʩʪʝʡ, ʦʙʣʘʩʪʝʡ, ʩʦʟʜʘʶʱʠʭ ʧʦʤʝʭʠ ʠ ʦʩʣʝʧʣʝʥʠʝ; 

- ʟʘʧʘʩʥʳʝ ʯʘʩʪʠ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʙʫʜʫʪ ʫʧʘʢʦʚʳʚʘʪʴʩʷ ʪʘʢ, ʯʪʦʙʳ 

ʦʥʠ ʤʦʛʣʠ ʭʨʘʥʠʪʴʩʷ ʙʝʟʦʧʘʩʥʦ ʠ ʙʝʟ ʧʦʚʨʝʞʜʝʥʠʷ, ʠʤʝʪʴ ʜʦʩʪʘʪʦʯʥʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ; 

- ʢʦʨʦʙ ʩ ʥʘʢʦʧʠʪʝʣʷʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʦʙʩʣʫʞʠʚʘʥʠʠ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʨʫʯʥʫʶ ʚ ʩʦʩʪʘʚʝ ʋʄʊʕʊ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʠʭ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

- ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʘʤʝʥʳ ʥʘʢʦʧʠʪʝʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʧʦʜʢʘʪʥʘʷ ʪʝʣʝʞʢʘ, ʠʤʝʶʱʘʷ ʙʝʟʦʧʘʩʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʠ 

ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤ ʧʦʜʲʝʤʥʳʤ ʩʨʝʜʩʪʚʦʤ; 

- ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦ ʚʩʝʭ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʠ ʧʨʠ ʚʩʝʭ 

ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

- ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʫʜʫʪ ʠʩʢʣʶʯʘʪʴ ʩʦʟʜʘʥʠʝ ʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʡ ʧʨʠ 

ʚʦʟʤʦʞʥʳʭ ʣʦʛʠʯʝʩʢʠʭ ʦʰʠʙʢʘʭ ʠ ʠʟ-ʟʘ ʥʘʨʫʰʝʥʠʷ ʧʝʨʩʦʥʘʣʦʤ ʫʧʨʘʚʣʷʶʱʠʭ 

ʜʝʡʩʪʚʠʡ; 

- ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ ʙʫʜʫʪ ʚʢʣʶʯʘʪʴ 

ʩʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʠ ʩʨʝʜʩʪʚʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʩʪʘʥʦʚʢʠ, ʝʩʣʠ ʥʘʨʫʰʝʥʠʝ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʤʦʞʝʪ ʷʚʠʪʴʩʷ 

ʧʨʠʯʠʥʦʡ ʩʦʟʜʘʥʠʷ ʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ; 
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- ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ ʙʫʜʫʪ ʚʢʣʶʯʘʪʴ 

ʩʨʝʜʩʪʚʘ, ʧʨʝʜʫʧʨʝʞʜʘʶʱʠʝ ʦ ʥʘʨʫʰʝʥʠʷʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʡ; 

- ʦʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩ ʫʯʝʪʦʤ, 

ʯʪʦ: 

1) ʦʥʠ ʣʝʛʢʦʜʦʩʪʫʧʥʳ ʠ ʩʚʦʙʦʜʥʦ ʨʘʟʣʠʯʠʤʳ, ʩʥʘʙʞʝʥʳ ʥʘʜʧʠʩʷʤʠ, 

ʩʠʤʚʦʣʘʤʠ; 

2) ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʠ ʨʘʟʤʝʱʝʥʳ ʪʘʢ, ʯʪʦʙʳ ʠʩʢʣʶʯʘʣʦʩʴ ʠʭ 

ʥʝʧʨʦʠʟʚʦʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʠ ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ ʥʘʜʝʞʥʦʝ, ʫʚʝʨʝʥʥʦʝ ʠ 

ʦʜʥʦʟʥʘʯʥʦʝ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʝ ʠʤʠ;  

3) ʨʘʟʤʝʱʝʥʳ ʩ ʫʯʝʪʦʤ ʪʨʝʙʫʝʤʳʭ ʫʩʠʣʠʡ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʯʘʩʪʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʤʦʩʪʠ ʬʫʥʢʮʠʡ;  

4) ʚʳʧʦʣʥʝʥʳ ʪʘʢ, ʯʪʦʙʳ ʠʭ ʬʦʨʤʘ ʠ ʨʘʟʤʝʨʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʩʧʦʩʦʙʫ 

ʟʘʭʚʘʪʘ (ʧʘʣʴʮʘʤʠ, ʢʠʩʪʴʶ) ʠʣʠ ʥʘʞʘʪʠʷ (ʧʘʣʴʮʝʤ ʨʫʢʠ, ʣʘʜʦʥʴʶ, ʩʪʦʧʦʡ);  

5) ʨʘʩʧʦʣʦʞʝʥʳ ʚʥʝ ʦʧʘʩʥʦʡ ʟʦʥʳ; 

- ʧʫʩʢ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ, ʘ ʪʘʢʞʝ ʧʦʚʪʦʨʥʳʡ ʧʫʩʢ ʧʦʩʣʝ ʦʩʪʘʥʦʚʢʠ 

(ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʯʠʥʳ ʦʩʪʘʥʦʚʢʠ) ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʪʦʣʴʢʦ ʦʨʛʘʥʦʤ 

ʫʧʨʘʚʣʝʥʠʷ ʧʫʩʢʦʤ; 

- ʢʘʞʜʘʷ ʩʠʩʪʝʤʘ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʦʩʥʘʱʘʝʪʩʷ ʦʨʛʘʥʦʤ ʫʧʨʘʚʣʝʥʠʷ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʙʝʟʦʧʘʩʥʦ ʧʦʣʥʦʩʪʴʶ ʦʩʪʘʥʦʚʣʝʥʘ; 

- ʫʧʨʘʚʣʝʥʠʝ ʦʩʪʘʥʦʚʢʦʡ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʜʦʣʞʥʦ ʠʤʝʝʪ ʧʨʠʦʨʠʪʝʪ 

ʥʘʜ ʫʧʨʘʚʣʝʥʠʝʤ ʧʫʩʢʦʤ; 

- ʧʦʩʣʝ ʦʩʪʘʥʦʚʢʠ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ ʦʪ ʧʨʠʚʦʜʦʚ 

ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʦʪʢʣʶʯʝʥ; 

- ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʦʩʥʘʱʘʶʪʩʷ ʩʨʝʜʩʪʚʘʤʠ 

ʵʢʩʪʨʝʥʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʠ ʘʚʘʨʠʡʥʦʡ ʦʩʪʘʥʦʚʢʠ (ʚʳʢʣʶʯʝʥʠʷ), ʯʪʦʙʳ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʦʧʘʩʥʦʩʪʴ; 

- ʘʚʘʨʠʡʥʘʷ ʦʩʪʘʥʦʚʢʘ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʙʫʜʝʪ: ʷʩʥʦ 

ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʦʡ ʠ ʣʝʛʢʦʜʦʩʪʫʧʥʦʡ; ʥʝ ʩʦʟʜʘʚʘʪʴ ʦʧʘʩʥʦʩʪʠ; ʥʘʭʦʜʠʪʴʩʷ 

ʧʦʩʣʝ ʧʨʠʚʝʜʝʥʠʷ ʝʝ ʚ ʜʝʡʩʪʚʠʝ ʚ ʧʦʣʦʞʝʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʦʩʪʘʥʦʚʢʝ; 

- ʫʧʨʘʚʣʝʥʠʷ ʘʛʨʝʛʘʪʦʚ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʧʨʠ ʠʭ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʝ 

ʠʩʢʣʶʯʘʶʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʧʘʩʥʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʩʦʚʤʝʩʪʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʩʣʫʯʘʝ ʦʪʢʘʟʘ ʢʘʢʦʡ-ʣʠʙʦ ʯʘʩʪʠ; 

- ʥʘʨʫʰʝʥʠʝ (ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʠʣʠ ʧʦʚʨʝʞʜʝʥʠʝ) ʚ ʩʭʝʤʝ ʫʧʨʘʚʣʝʥʠʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʡ, ʚʢʣʶʯʘʷ:  

1) ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʡ ʧʫʩʢ ʤʘʰʠʥʳ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ;  

2) ʥʝʚʳʧʦʣʥʝʥʠʝ ʫʞʝ ʚʳʜʘʥʥʦʡ ʢʦʤʘʥʜʳ ʥʘ ʦʩʪʘʥʦʚʢʫ;  

3) ʧʘʜʝʥʠʝ ʠ ʚʳʙʨʘʩʳʚʘʥʠʝ ʧʦʜʚʠʞʥʳʭ ʯʘʩʪʝʡ ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

4) ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʱʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚ; 

- ʤʦʜʠʬʠʢʘʮʠʠ ʋʄʊʕʊ ʫʩʪʦʡʯʠʚʳ ʚ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʤʳʭ ʨʘʙʦʯʠʭ 

ʫʩʣʦʚʠʷʭ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʭ ʦʧʨʦʢʠʜʳʚʘʥʠʷ, 

ʧʘʜʝʥʠʷ ʠʣʠ ʥʝʦʞʠʜʘʥʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ; 
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- ʚ ʨʫʢʦʚʦʜʩʪʚʝ (ʠʥʩʪʨʫʢʮʠʠ) ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ 

ʙʫʜʝʪ ʫʢʘʟʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʨʝʧʣʝʥʠʡ ʧʨʠʮʝʧʥʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʥʘʢʦʧʠʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʪ.ʧ.; 

- ʜʝʪʘʣʠ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʷ ʙʫʜʫʪ ʚʳʜʝʨʞʠʚʘʪʴ ʫʩʠʣʠʷ 

ʠ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʤ ʦʥʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

- ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʙʫʜʝʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʤʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʫʯʠʪʳʚʘʪʴ ʧʦʷʚʣʝʥʠʝ 

ʦʧʘʩʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʷʚʣʝʥʠʷʤʠ ʫʩʪʘʣʦʩʪʠ, ʩʪʘʨʝʥʠʷ, ʢʦʨʨʦʟʠʠ ʠ ʠʟʥʦʩʘ; 

- ʚ ʨʫʢʦʚʦʜʩʪʚʝ (ʠʥʩʪʨʫʢʮʠʠ) ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʜʠʬʠʢʘʮʠʠ ʋʄʊʕʊ 

ʙʫʜʫʪ ʫʢʘʟʘʥʳ ʪʠʧ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʪʨʝʙʫʝʤʳʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʫʜʫʪ ʫʢʘʟʘʥʳ 

ʯʘʩʪʠ, ʧʦʜʚʝʨʞʝʥʥʳʝ ʠʟʥʦʩʫ, ʠ ʢʨʠʪʝʨʠʠ ʠʭ ʟʘʤʝʥʳ; 

- ʝʩʣʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʠʥʷʪʳʝ ʤʝʨʳ, ʦʩʪʘʝʪʩʷ ʦʧʘʩʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ 

ʤʦʜʠʬʠʢʘʮʠʠ ʋʄʊʕʊ, ʟʘʱʠʪʥʳʝ ʦʛʨʘʞʜʝʥʠʷ ʙʫʜʫʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʯʘʩʪʝʡ ʠʣʠ ʫʟʣʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʋʄʊʕʊ ʠʭ 

ʬʨʘʛʤʝʥʪʳ ʥʝ ʤʦʛʣʠ ʨʘʟʣʝʪʘʪʴʩʷ; 

- ʪʨʫʙʦʧʨʦʚʦʜʳ ʙʫʜʫʪ ʚʳʜʝʨʞʠʚʘʪʴ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʥʘʛʨʫʟʢʠ, ʥʘʜʝʞʥʦ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʠ ʟʘʱʠʱʝʥʳ ʦʪ ʚʥʝʰʥʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ; 

- ʙʫʜʫʪ ʧʨʠʥʷʪʳ ʤʝʨʳ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʧʘʩʥʦʩʪʠ 

ʦʪ ʚʳʙʨʘʩʳʚʘʝʤʳʭ ʋʄʊʕʊ ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

- ʜʦʩʪʫʧʥʳʝ ʯʘʩʪʠ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʥʝ ʠʤʝʶʪ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ, 

ʦʩʪʨʳʭ ʫʛʣʦʚ ʠ ʰʝʨʦʭʦʚʘʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʩʧʦʩʦʙʥʳʭ ʥʘʥʝʩʪʠ ʧʦʚʨʝʞʜʝʥʠʷ; 

- ʙʫʜʝʪ ʦʙʝʩʧʝʯʝʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʧʨʠ ʠʭ ʨʘʙʦʪʝ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʥʳʭ ʠ ʥʘʛʨʫʟʦʯʥʳʭ ʨʝʞʠʤʘʭ; 

- ʜʚʠʞʫʱʠʝʩʷ ʯʘʩʪʠ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʨʘʟʤʝʱʘʶʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʥʝ 

ʚʦʟʥʠʢʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʪʨʘʚʤʳ ʠʣʠ, ʝʩʣʠ ʦʧʘʩʥʦʩʪʴ ʩʦʭʨʘʥʷʝʪʩʷ, 

ʙʫʜʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʝʜʫʧʨʝʞʜʘʶʱʠʝ ʟʥʘʢʠ ʠ/ʠʣʠ ʥʘʜʧʠʩʠ, 

ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʝ ʠʣʠ ʟʘʱʠʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʚʦ ʠʟʙʝʞʘʥʠʝ ʪʘʢʠʭ ʢʦʥʪʘʢʪʦʚ ʩ 

ʘʛʨʝʛʘʪʘʤʠ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʩʯʘʩʪʥʦʤʫ 

ʩʣʫʯʘʶ; 

- ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʨʳ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʙʣʦʢʠʨʦʚʢʠ 

ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʝʡ; 

- ʟʘʱʠʪʥʳʝ ʠ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʟʘʱʠʪʳ ʦʪ 

ʦʧʘʩʥʦʩʪʠ, ʚʳʟʚʘʥʥʦʡ ʜʚʠʞʫʱʠʤʠʩʷ ʜʝʪʘʣʷʤʠ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ, 

ʚʳʙʠʨʘʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʨʠʩʢʘ; 

- ʟʘʱʠʪʥʳʝ ʠ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʙʫʜʫʪ ʠʤʝʪʴ ʧʨʦʯʥʫʶ 

ʫʩʪʦʡʯʠʚʫʶ ʢʦʥʩʪʨʫʢʮʠʶ; ʙʝʟʦʧʘʩʥʳʤʠ; ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʦʧʘʩʥʦʡ ʟʦʥʳ; ʧʦʟʚʦʣʷʪʴ ʚʳʧʦʣʥʷʪʴ ʨʘʙʦʪʫ ʧʦ ʥʘʣʘʜʢʝ ʠ ʟʘʤʝʥʝ 

ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ 

ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ; 

- ʥʝʧʦʜʚʠʞʥʳʝ ʟʘʱʠʪʥʳʝ ʦʛʨʘʞʜʝʥʠʷ ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʫʜʫʪ 

ʥʘʜʝʞʥʦ ʢʨʝʧʠʪʴʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʜʦʩʪʫʧ ʚ ʦʛʨʘʞʜʘʝʤʫʶ ʟʦʥʫ ʙʳʣ 

ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʦʚ; 
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- ʟʘʱʠʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

(ʩʥʠʤʘʶʪʩʷ) ʪʦʣʴʢʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʦʚ; 

- ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʠʩʢʣʶʯʘʝʪʩʷ ʦʧʘʩʥʦʩʪʴ ʧʦʨʘʞʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ; 

- ʦʰʠʙʢʠ ʧʨʠ ʩʙʦʨʢʝ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʪʦʯʥʠʢʦʤ ʦʧʘʩʥʦʩʪʠ, ʙʫʜʫʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴʩʷ ʠ ʠʩʢʣʶʯʘʪʴʩʷ. ʀʥʬʦʨʤʘʮʠʷ ʦ 

ʚʦʟʤʦʞʥʳʭ ʦʰʠʙʢʘʭ ʧʨʠ ʧʦʚʪʦʨʥʦʡ ʩʙʦʨʢʝ ʙʫʜʝʪ ʧʨʠʚʝʜʝʥʘ ʚ ʨʫʢʦʚʦʜʩʪʚʝ 

(ʠʥʩʪʨʫʢʮʠʠ) ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

- ʙʫʜʫʪ ʧʨʠʥʷʪʳ ʤʝʨʳ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʦʧʘʩʥʦʩʪʠ, ʚʳʟʚʘʥʥʦʡ ʢʦʥʪʘʢʪʦʤ 

ʠʣʠ ʙʣʠʟʦʩʪʴʶ ʢ ʜʝʪʘʣʷʤ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ; 

- ʤʦʜʠʬʠʢʘʮʠʠ ʋʄʊʕʊ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʦʪʩʫʪʩʪʚʦʚʘʣʘ 

ʦʧʘʩʥʦʩʪʴ ʧʦʞʘʨʘ ʠʣʠ ʧʝʨʝʛʨʝʚʘ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ; 

- ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʰʫʤʘ ʠ 

ʚʠʙʨʘʮʠʡ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʝ ʜʦʧʫʩʪʠʤʳʝ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʜʠʬʠʢʘʮʠʡ 

ʋʄʊʕʊ; 

- ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʧʨʠʥʠʤʘʶʪʩʷ ʤʝʨʳ ʧʦ ʟʘʱʠʪʝ 

ʧʝʨʩʦʥʘʣʘ ʦʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʚʣʠʷʥʠʷ ʩʪʘʪʠʯʝʩʢʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ, 

ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ; 

- ʤʦʜʠʬʠʢʘʮʠʠ ʋʄʊʕʊ ʤʦʛʫʪ ʦʩʥʘʱʘʪʴʩʷ ʩʨʝʜʩʪʚʘʤʠ, 

ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʤʠ ʟʘʢʨʳʪʠʝ ʧʝʨʩʦʥʘʣʘ ʚʥʫʪʨʠ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ 

(ʟʘʢʨʳʪʳʝ ʢʘʙʠʥʳ); 

- ʯʘʩʪʠ ʢʘʙʠʥ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʩʢʦʣʴʞʝʥʠʝ, 

ʩʧʦʪʳʢʘʥʠʝ ʠʣʠ ʧʘʜʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʥʘ ʥʠʭ ʠʣʠ ʩ ʥʠʭ; 

- ʤʝʩʪʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʜʦʣʞʥʳ 

ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚʥʝ ʦʧʘʩʥʳʭ ʟʦʥ; 

- ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ ʠ ʨʝʤʦʥʪʫ 

ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ ʙʫʜʫʪ ʧʨʠʤʝʥʝʥʳ ʙʝʟʦʧʘʩʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ 

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʫʢʦʚʦʜʩʪʚʦʤ (ʠʥʩʪʨʫʢʮʠʝʡ) ʧʦ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ; 

- ʤʦʜʠʬʠʢʘʮʠʠ ʋʄʊʕʊ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʧʝʨʩʦʥʘʣʘ ʙʳʣʘ ʦʛʨʘʥʠʯʝʥʘ, ʝʩʣʠ ʵʪʦ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ 

ʨʫʢʦʚʦʜʩʪʚʦʤ (ʠʥʩʪʨʫʢʮʠʝʡ) ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʚʤʝʰʘʪʝʣʴʩʪʚʘ 

ʧʝʨʩʦʥʘʣʘ ʠʟʙʝʞʘʪʴ ʥʝʣʴʟʷ, ʦʥʦ ʜʦʣʞʥʦ ʙʳʪʴ ʙʝʟʦʧʘʩʥʦ; 

- ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʯʠʩʪʢʠ ʚʥʫʪʨʝʥʥʠʭ ʯʘʩʪʝʡ 

ʤʦʜʠʬʠʢʘʮʠʡ ʋʄʊʕʊ, ʘ ʪʘʢʞʝ ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

- ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʋʄʊʕʊ, 

ʦʜʥʦʟʥʘʯʥʦ ʧʦʥʠʤʘʝʤʘ ʧʝʨʩʦʥʘʣʦʤ. 

ʈʘʙʦʪʘ ʧʦ ʪʝʤʝ "ʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʘʰʠʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʘ" 

ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 09 ʘʧʨʝʣʷ 

2010 ʛ. ˉ 218 (ʰʝʩʪʘʷ ʦʯʝʨʝʜʴ). 
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çʉʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʤʝʭʘʥʠʢʘè ʄʠʭʘʡʣʝʥʢʦ ʆʣʝʛ ɸʥʘʪʦʣʴʝʚʠʯ 

 

 

ɼʈʆʉʉɽʃʔʅʓʁ ʇʅɽɺʄʆʋɼɸʈʅʓʁ ʄɽʍɸʅʀɿʄ 

ʉ ʋʇʈɸɺʃʗɽʄʓʄ ʂɸʅɸʃʆʄ ʇɽʈɽʇʋʉʂɸ 

ɺ ʄʅʆɻʆʂɸʅɸʃʔʅʆʁ ʊʈʋɹʂɽ ɼʃʗ ʂɸʄɽʈʓ ʍʆʃʆʉʊʆɻʆ ʍʆɼɸ 

ɼ.ʕ. ɸʙʨʘʤʝʥʢʦʚ 

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ 

ɹ. ɻʝʥʜʵʥ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʉʠʙʩʪʨʠʥ) 

ɸ.ɸ. ʂʫʪʫʤʦʚ, ɸ.ʅ. ʂʦʨʥʝʝʚ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
 

ɸʥʥʦʪʘʮʠʷ: ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʤʦʣʦʪʢʘ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝʝ ʜʦʟʠʨʦʚʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʧʫʩʢʘʝʤʦʛʦ ʚʦʟʜʫʭʘ ʤʝʞʜʫ ʢʘʤʝʨʘʤʠ ʩ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʩʥʠʞʝʥʠʷ ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʷ ʚ ʢʘʤʝʨʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʚ ʧʝʨʠʦʜ ʨʘʙʦʯʝʛʦ ʭʦʜʘ 

ʫʜʘʨʥʠʢʘ. ʇʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʫʩʠʣʝʥʠʝ ʠʤʧʫʣʴʩʘ ʩʠʣ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʜʣʷ ʨʘʟʛʦʥʘ 
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ʫʜʘʨʥʠʢʘ ʧʨʠ ʨʘʙʦʯʝʤ ʭʦʜʝ, ʠʩʢʣʶʯʝʥʠʝ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʩʦ 

ʩʪʦʨʦʥʳ ʢʘʤʝʨʳ ʨʘʙʦʯʝʛʦ ʭʦʜʘ, ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʦʫʜʘʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʯʘʩʪʦʪʳ ʠ ʵʥʝʨʛʠʠ 

ʫʜʘʨʘ. ʇʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʚʦʟʜʫʭʘ ʠʟ ʢʘʤʝʨʳ 

ʨʘʙʦʯʝʛʦ ʭʦʜʘ ʚ ʢʘʤʝʨʫ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴ ʟʘʧʫʩʢʘ 

ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʤʦʣʦʪʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ, ʵʥʝʨʛʠʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ, ʵʥʝʨʛʠʷ ʫʜʘʨʘ, 

ʯʘʩʪʦʪʘ ʫʜʘʨʦʚ. 
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Abstract:  The paper considers the technical solution for the pneumatic hammer that leads to 

the dosing usage of bypassed air between the chambers for the reduction of counter pressure in the 

idling chamber during the working stroke of the hammer mechanism. Due to this solution the 

strengthening of pulse of air pressure force for the acceleration of hammer during the working 

stroke, the exclusion of non-productive portion of air flow of the stroke chamber, the increase of 

impact velocity, frequency and impact energy take place. At the same time the stability of exhaust 

air flow from the stroke chamber into the idling chamber is maintained, the reliability of the start-up 

of the pneumatic hammer is provided. 
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ʈʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʤʦʣʦʪʢʘ ʦʩʥʦʚʘʥʦ 

ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʧʨʠʟʥʘʢʦʚ ï ʵʣʝʤʝʥʪʦʚ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ 

ʫʜʘʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ [1, 2]. 

ʈʘʙʦʪʘ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʤʦʣʦʪʢʘ [3] ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ɺ ʠʩʭʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ (ʨʠʩʫʥʦʢ 1) ʤʦʣʦʪʦʢ ʨʘʙʦʯʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 5 

ʫʧʠʨʘʝʪʩʷ ʚ ʦʙʨʘʙʘʪʳʚʘʝʤʫʶ ʩʨʝʜʫ, ʘ ʫʜʘʨʥʠʢ 2 ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʦʞʝʥʠʠ 

ʢʦʥʪʘʢʪʘ ʩ ʨʘʙʦʯʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 5, ʢʦʪʦʨʳʡ ʫʜʝʨʞʠʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʨʧʫʩʘ 1 ʢʦʣʴʮʝʚʦʡ ʧʨʫʞʠʥʦʡ 6. 

ʇʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʤʦʣʦʪʢʘ ʩʞʘʪʳʡ ʚʦʟʜʫʭ ʠʟ ʩʝʪʠ ʧʦ ʢʘʥʘʣʫ 16 ʚ ʨʫʢʦʷʪʢʝ 

7 ʧʦʩʪʫʧʘʝʪ ʚ ʧʨʝʜʢʘʤʝʨʫ 15, ʦʪʢʫʜʘ ʧʦ ʚʧʫʩʢʥʦʤʫ ʢʘʥʘʣʫ 13 ʚ ʢʨʳʰʢʝ 12 

ʚʦʟʜʫʭ ʧʦʩʪʫʧʘʝʪ ʚ ʢʘʤʝʨʫ 4 ʨʘʙʦʯʝʛʦ ʭʦʜʘ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦ ʨʘʜʠʘʣʴʥʦʤʫ 

ʚʧʫʩʢʥʦʤʫ ʢʘʥʘʣʫ ʠ ʝʛʦ ʧʨʦʜʦʣʞʝʥʠʶ ʚ ʚʠʜʝ ʧʨʦʜʦʣʴʥʦʛʦ ʢʘʥʘʣʘ 23 ʚʦʟʜʫʭ 

ʧʦʩʪʫʧʘʝʪ ʚ ʢʘʤʝʨʫ 3 ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ. 

ɼʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʢʘʤʝʨʝ 4 ʨʘʙʦʯʝʛʦ ʭʦʜʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ ʚʝʣʠʯʠʥʝ, 

ʤʝʥʴʰʝʡ ʩʝʪʝʚʦʛʦ, ʥʦ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʥʘʧʦʣʥʝʥʠʷ ʢʘʤʝʨʳ 3 ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 

ʚʦʟʜʫʭʘ ʩ ʦʜʠʥʘʢʦʚʳʤ ʜʘʚʣʝʥʠʝʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʦʭʦʜʥʳʤ ʩʝʯʝʥʠʝʤ 
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ʢʘʥʘʣʦʚ 22, 23, 24 ʠ 25 ʧʝʨʝʧʫʩʢʘ ʚʦʟʜʫʭʘ ʠʟ ʢʘʤʝʨʳ 4 ʨʘʙʦʯʝʛʦ ʭʦʜʘ ʚ ʢʘʤʝʨʫ 3 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ. 

ɼʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʢʘʤʝʨʝ 3 ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪʥʳʤ ʠ 

ʜʦʩʪʘʪʦʯʥʳʤ ʧʦ ʚʝʣʠʯʠʥʝ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʠʣʦʚʦʛʦ ʠʤʧʫʣʴʩʘ ʜʘʚʣʝʥʠʷ ʩʦ 

ʩʪʦʨʦʥʳ ʢʘʤʝʨʳ 3 ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʧʨʝʦʜʦʣʝʥʠʷ ʫʜʘʨʥʠʢʦʤ 2 ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʷ 

ʚʦʟʜʫʭʘ ʩʦ ʩʪʦʨʦʥʳ ʢʘʤʝʨʳ 4 ʨʘʙʦʯʝʛʦ ʭʦʜʘ, ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʝʪ ʬʫʥʢʮʠʷʤʠ 

ʧʨʦʪʦʯʥʦʡ ʢʘʤʝʨʳ ʩ ʤʝʥʴʰʠʤ ʜʘʚʣʝʥʠʝʤ ʚʦʟʜʫʭʘ, ʥʝʞʝʣʠ ʢʘʤʝʨʘ 3 ʭʦʣʦʩʪʦʛʦ 

ʭʦʜʘ, ʦʙʣʘʜʘʶʱʘʷ ʬʫʥʢʮʠʷʤʠ ʥʝʧʨʦʪʦʯʥʦʡ ʢʘʤʝʨʳ ʩ ʧʦʚʳʰʘʶʱʠʤʩʷ 

ʜʘʚʣʝʥʠʝʤ ʚʦʟʜʫʭʘ. 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʠʤʧʫʣʴʩʘ ʩʠʣ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʩʦ ʩʪʦʨʦʥʳ ʢʘʤʝʨʳ 3 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʫʜʘʨʥʠʢ 2 ʥʘʯʥʝʪ ʩʚʦʝ ʜʚʠʞʝʥʠʝ ʚ ʩʪʦʨʦʥʫ ʢʨʳʰʢʠ 12, 

ʩʦʚʝʨʰʘʷ ʭʦʣʦʩʪʦʡ ʭʦʜ. 

ʇʝʨʝʤʝʱʘʷʩʴ ʚ ʩʪʦʨʦʥʫ ʢʨʳʰʢʠ 12, ʫʜʘʨʥʠʢ 2 ʟʘʢʨʳʚʘʝʪ ʧʝʨʝʧʫʩʢʥʳʝ 

ʢʘʥʘʣʳ 22 ʠ 25, ʠ ʧʝʨʝʧʫʩʢ ʚʦʟʜʫʭʘ ʠʟ ʢʘʤʝʨʳ 4 ʨʘʙʦʯʝʛʦ ʭʦʜʘ ʚ ʢʘʤʝʨʫ 3 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʧʨʝʢʨʘʱʘʝʪʩʷ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚ ʢʘʤʝʨʝ 4 ʥʘʯʥʝʪʩʷ ʩʞʘʪʠʝ 

ʦʪʩʝʯʝʥʥʦʛʦ ʚ ʥʝʡ ʚʦʟʜʫʭʘ ʠ ʚʦʟʜʫʭʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʯʝʨʝʟ ʚʧʫʩʢʥʦʡ ʢʘʥʘʣ 13 

ʠʟ ʧʨʝʜʢʘʤʝʨʳ 15. 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʝʨʝʤʝʱʝʥʠʠ ʫʜʘʨʥʠʢ 2 ʦʪʢʨʦʝʪ ʚʳʧʫʩʢʥʦʡ ʨʘʜʠʘʣʴʥʳʡ 

ʢʘʥʘʣ 17 ʚ ʩʪʝʥʢʝ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʪʨʫʙʢʠ 14, ʠ ʦʪʨʘʙʦʪʘʚʰʠʡ ʚʦʟʜʫʭ 

ʚʳʧʫʩʢʘʝʪʩʷ ʠʟ ʢʘʤʝʨʳ 3 ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʯʝʨʝʟ ʚʳʧʫʩʢʥʦʡ ʧʨʦʜʦʣʴʥʳʡ ʢʘʥʘʣ 

18 ʠ ʨʘʜʠʘʣʴʥʳʡ ʢʘʥʘʣ 19 ʠ ʜʘʣʝʝ ʯʝʨʝʟ ʚʳʧʫʩʢʥʳʝ ʢʘʥʘʣʳ 20 ʠ 21 ʚ ʢʘʤʝʨʫ 11, 

ʜʘʣʝʝ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʧʫʩʢʥʳʭ ʢʘʥʘʣʦʚ 9 ʚ ʢʦʞʫʭʝ 8 ʚ ʘʪʤʦʩʬʝʨʫ, ʚʩʣʝʜʩʪʚʠʝ 

ʯʝʛʦ ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʢʘʤʝʨʝ 3 ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʙʣʠʟʢʠʤ ʧʦ 

ʚʝʣʠʯʠʥʝ ʘʪʤʦʩʬʝʨʥʦʤʫ ʜʘʚʣʝʥʠʶ ʚʦʟʜʫʭʘ. 

ʇʨʝʦʜʦʣʝʚʘʷ ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʩʦ ʩʪʦʨʦʥʳ ʢʘʤʝʨʳ 4 ʨʘʙʦʯʝʛʦ ʭʦʜʘ 

ʦʪ ʩʞʘʪʠʷ ʠʤʝʚʰʝʛʦʩʷ ʠ ʧʦʩʪʫʧʘʶʱʝʛʦ ʯʝʨʝʟ ʚʧʫʩʢʥʦʡ ʢʘʥʘʣ 13 ʚʦʟʜʫʭʘ ʠʟ 

ʧʨʝʜʢʘʤʝʨʳ 15, ʫʜʘʨʥʠʢ 2, ʠʩʯʝʨʧʘʚ ʠʤʧʫʣʴʩ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʠ ʜʦʩʪʠʛʥʫʚ 

ʨʘʩʯʝʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʦʩʪʘʥʦʚʠʪʩʷ. ʉʨʘʟʫ ʞʝ ʧʦʩʣʝ ʦʩʪʘʥʦʚʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʩʦ ʩʪʦʨʦʥʳ ʢʘʤʝʨʳ 4 ʨʘʙʦʯʝʛʦ ʭʦʜʘ ʫʜʘʨʥʠʢ 2 ʥʘʯʥʝʪ 

ʫʩʢʦʨʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʚ ʩʪʦʨʦʥʫ ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 5, ʩʦʚʝʨʰʘʷ ʨʘʙʦʯʠʡ 

ʭʦʜ. 

ʇʝʨʝʤʝʱʘʷʩʴ ʚ ʩʪʦʨʦʥʫ ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 5, ʫʜʘʨʥʠʢ 2 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʝʨʝʢʨʳʚʘʝʪ ʧʝʨʝʧʫʩʢʥʳʝ ʢʘʥʘʣʳ 22 ʠ 25, ʟʘʪʝʤ ʚʳʧʫʩʢʥʦʡ 

ʢʘʥʘʣ 17 ʠ ʦʪʢʨʳʚʘʝʪ ʧʝʨʝʧʫʩʢʥʳʝ ʢʘʥʘʣʳ 22 ʠ 25. 

ʇʝʨʝʤʝʱʝʥʠʝ ʫʜʘʨʥʠʢʘ 2 ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʘ ʢʘʤʝʨʳ 4 

ʨʘʙʦʯʝʛʦ ʭʦʜʘ, ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʢʦʪʦʨʦʡ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʩʥʠʞʘʝʪʩʷ, ʪʘʢ ʢʘʢ 

ʩ ʧʦʥʠʞʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʢʘʤʝʨʝ 4 ʨʘʙʦʯʝʛʦ ʭʦʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʝʛʦ 

ʧʦʩʪʫʧʣʝʥʠʝ ʠʟ ʧʨʝʜʢʘʤʝʨʳ 15 ʯʝʨʝʟ ʢʘʥʘʣ 13, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚ 

ʢʘʤʝʨʝ 4 ʨʘʙʦʯʝʛʦ ʭʦʜʘ ʨʘʩʯʝʪʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʜʘʨʥʠʢʫ 3 ʥʝʦʙʭʦʜʠʤʫʶ ʚʝʣʠʯʠʥʫ ʠʤʧʫʣʴʩʘ ʩʠʣʳ ʜʘʚʣʝʥʠʷ 

ʚʦʟʜʫʭʘ ʧʨʠ ʨʘʙʦʯʝʤ ʭʦʜʝ. 

ʇʝʨʝʤʝʱʘʷʩʴ, ʫʜʘʨʥʠʢ 2 ʦʪʢʨʦʝʪ ʧʝʨʝʧʫʩʢʥʳʝ ʢʘʥʘʣʳ 22 ʠ 25, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦʟʜʫʭ ʠʟ ʢʘʤʝʨʳ 4 ʨʘʙʦʯʝʛʦ ʭʦʜʘ ʧʦʩʪʫʧʘʝʪ ʚ ʢʘʥʘʣ 23 ʠ ʚ 

ʦʙʲʝʤ ʢʘʤʝʨʳ 3 ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ. ɼʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʢʘʤʝʨʝ 3 ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 
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ʙʫʜʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ, ʪʘʢ ʢʘʢ ʫʜʘʨʥʠʢʦʤ 2 ʩʞʠʤʘʝʪ ʪʦʣʴʢʦ ʦʪʩʝʯʝʥʥʳʡ ʚ 

ʢʘʤʝʨʝ ʚʦʟʜʫʭ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʚʣʠʷʶʱʝʝ 

ʥʘ ʪʦʨʤʦʞʝʥʠʝ ʫʜʘʨʥʠʢʘ 2. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɼʨʦʩʩʝʣʴʥʳʡ ʧʥʝʚʤʦʫʜʘʨʥʳʡ ʤʝʭʘʥʠʟʤ ʩ ʫʧʨʘʚʣʷʝʤʳʤ ʢʘʥʘʣʦʤ 

ʧʝʨʝʧʫʩʢʘ ʚ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʪʨʫʙʢʝ ʜʣʷ ʢʘʤʝʨʳ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ: 1 ï ʢʦʨʧʫʩ; 2 ï 

ʫʜʘʨʥʠʢ; 3 ï ʢʘʤʝʨʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ; 4 ï ʢʘʤʝʨʘ ʨʘʙʦʯʝʛʦ ʭʦʜʘ; 5 ï ʨʘʙʦʯʠʡ 

ʠʥʩʪʨʫʤʝʥʪ; 6 ï ʢʦʣʴʮʝʚʘʷ ʧʨʫʞʠʥʘ; 7 ï ʨʫʢʦʷʪʢʘ; 8 ï ʢʦʞʫʭ; 9 ï ʨʘʜʠʘʣʴʥʳʝ 

ʚʳʧʫʩʢʥʳʝ ʦʪʚʝʨʩʪʠʷ ʚ ʩʪʝʥʢʝ ʢʦʞʫʭʘ; 10 ï ʢʦʨʧʫʩ ʨʫʢʦʷʪʢʠ; 11 - ʚʳʧʫʩʢʥʘʷ 

ʢʘʤʝʨʘ; 12 ï ʢʨʳʰʢʘ; 13 ï ʚʧʫʩʢʥʦʡ ʢʘʥʘʣ; 14 ï ʤʥʦʛʦʢʘʥʘʣʴʥʘʷ ʪʨʫʙʢʘ; 15 ï 

ʢʦʣʴʮʝʚʘʷ ʧʨʝʜʢʘʤʝʨʘ ʚʦʟʜʫʭʘ; 16 ï ʢʘʥʘʣ ʚ ʨʫʢʦʷʪʢʝ; 17 ï ʚʳʧʫʩʢʥʦʡ 

ʨʘʜʠʘʣʴʥʳʡ ʢʘʥʘʣ ʚ ʩʪʝʥʢʝ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʪʨʫʙʢʠ; 18 ï ʚʳʧʫʩʢʥʦʡ 

ʧʨʦʜʦʣʴʥʳʡ ʢʘʥʘʣ ʚ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʪʨʫʙʢʝ; 19 ï ʨʘʜʠʘʣʴʥʳʡ ʢʘʥʘʣ ʚ ʢʨʳʰʢʝ; 

20 ï ʧʨʦʜʦʣʴʥʳʡ ʢʘʥʘʣ ʚ ʢʦʨʧʫʩʝ; 21 ï ʨʘʜʠʘʣʴʥʳʡ ʚʳʧʫʩʢʥʦʡ ʢʘʥʘʣ ʚ ʢʦʨʧʫʩʝ; 

22 ï ʧʝʨʝʧʫʩʢʥʦʡ ʨʘʜʠʘʣʴʥʳʡ ʢʘʥʘʣ ʚ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʪʨʫʙʢʝ; 23 ï ʧʨʦʜʦʣʴʥʳʡ 

ʢʘʥʘʣ ʚ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʪʨʫʙʢʝ; 24 ï ʧʦʩʪʦʷʥʥʦʝ ʚʳʭʦʜʥʦʝ ʦʪʚʝʨʩʪʠʝ  

ʚ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʪʨʫʙʢʝ 
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ʇʨʝʦʜʦʣʝʚʘʷ ʩʠʣʫ ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʠ ʚʥʦʚʴ 

ʧʦʩʪʫʧʠʚʰʝʛʦ ʧʦ ʢʘʥʘʣʘʤ 13, 22, 25 ʠ 23 ʚ ʢʘʤʝʨʫ 3 ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʫʜʘʨʥʠʢ 2 

ʥʘʥʦʩʠʪ ʫʜʘʨ ʧʦ ʨʘʙʦʯʝʤʫ ʠʥʩʪʨʫʤʝʥʪʫ 5, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʝʤʫ ʧʝʨʝʜʘʝʪʩʷ 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʫʜʘʨʘ, ʧʨʠʦʙʨʝʪʝʥʥʘʷ ʠʤ ʟʘ ʧʝʨʠʦʜ ʨʘʙʦʯʝʛʦ ʭʦʜʘ. 

ʇʦʩʣʝʜʫʶʱʠʡ ʭʦʣʦʩʪʦʡ ʭʦʜ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʟʘ ʩʯʝʪ ʠʤʧʫʣʴʩʘ ʩʠʣʳ 

ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʩʦ ʩʪʦʨʦʥʳ ʢʘʤʝʨʳ 3 ʭʦʣʦʩʪʦʛʦ ʠ ʠʤʧʫʣʴʩʘ ʦʪʩʢʦʢʘ ʫʜʘʨʥʠʢʘ 

2 ʦʪ ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 5. ɼʘʣʝʝ ʫʜʘʨʥʳʡ ʠʤʧʫʣʴʩ ʦʪ ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

5 ʙʫʜʝʪ ʧʝʨʝʜʘʥ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʩʨʝʜʝ, ʠ ʨʘʙʦʯʠʡ ʮʠʢʣ ʙʫʜʝʪ ʧʦʚʪʦʨʷʪʴʩʷ. 

ʅʦʚʠʟʥʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʥʝʚʤʘʪʠʯʝʩʢʠʡ 

ʤʦʣʦʪʦʢ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʟʚʝʩʪʥʳʤʠ [1], ʩʦʜʝʨʞʠʪ ʪʨʫʙʢʫ, ʢʦʪʦʨʘʷ ʚʳʧʦʣʥʝʥʘ ʩ 

ʚʳʧʫʩʢʥʳʤʠ ʨʘʜʠʘʣʴʥʳʤ ʠ ʧʨʦʜʦʣʴʥʳʤ ʢʘʥʘʣʘʤʠ ʠ ʧʝʨʝʧʫʩʢʥʳʤʠ 

ʨʘʜʠʘʣʴʥʳʤ ʠ ʧʨʦʜʦʣʴʥʳʤ ʢʘʥʘʣʘʤʠ, ʘ ʪʘʢʞʝ ʷʨʫʩʘʤʠ ʨʘʜʠʘʣʴʥʳʭ 

ʧʝʨʝʧʫʩʢʥʳʭ ʢʘʥʘʣʦʚ, ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʡ ʢʦʪʦʨʳʭ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ 

ʢʘʤʝʨʳ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʧʨʠ ʵʪʦʤ ʚ ʢʨʳʰʢʝ ʚʳʧʦʣʥʝʥ ʨʘʜʠʘʣʴʥʳʡ ʢʘʥʘʣ, ʘ ʚ 

ʢʦʨʧʫʩʝ ʚʳʧʦʣʥʝʥ ʧʨʦʜʦʣʴʥʳʡ ʠ ʨʘʜʠʘʣʴʥʳʡ ʢʘʥʘʣʳ. ʋʜʘʨʥʠʢ ʚʳʧʦʣʥʝʥ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʟʘʢʨʳʪʠʷ ʨʘʜʠʘʣʴʥʦʛʦ ʧʝʨʝʧʫʩʢʥʦʛʦ ʢʘʥʘʣʘ, 

ʷʨʫʩʦʚ ʨʘʜʠʘʣʴʥʳʭ ʧʝʨʝʧʫʩʢʥʳʭ ʢʘʥʘʣʦʚ ʠ ʨʘʜʠʘʣʴʥʦʛʦ ʚʳʧʫʩʢʥʦʛʦ ʢʘʥʘʣʘ ʠ 

ʦʪʢʨʳʪʠʷ ʨʘʜʠʘʣʴʥʦʛʦ ʧʝʨʝʧʫʩʢʥʦʛʦ ʢʘʥʘʣʘ ʠ ʷʨʫʩʦʚ ʨʘʜʠʘʣʴʥʳʭ ʧʝʨʝʧʫʩʢʥʳʭ 

ʢʘʥʘʣʦʚ ʪʨʫʙʢʠ ʧʨʠ ʝʛʦ ʨʘʙʦʯʝʤ ʭʦʜʝ; ʟʘʢʨʳʪʠʷ ʨʘʜʠʘʣʴʥʦʛʦ ʧʝʨʝʧʫʩʢʥʦʛʦ 

ʢʘʥʘʣʘ, ʷʨʫʩʦʚ ʨʘʜʠʘʣʴʥʳʭ ʧʝʨʝʧʫʩʢʥʳʭ ʢʘʥʘʣʦʚ ʠ ʦʪʢʨʳʪʠʷ ʨʘʜʠʘʣʴʥʦʛʦ 

ʚʳʧʫʩʢʥʦʛʦ ʢʘʥʘʣʘ ʪʨʫʙʢʠ ʧʨʠ ʝʛʦ ʭʦʣʦʩʪʦʤ ʭʦʜʝ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ 

ʦʪʢʨʳʪʠʠ ʨʘʜʠʘʣʴʥʦʛʦ ʧʝʨʝʧʫʩʢʥʦʛʦ ʢʘʥʘʣʘ ʠ ʷʨʫʩʦʚ ʨʘʜʠʘʣʴʥʳʭ ʧʝʨʝʧʫʩʢʥʳʭ 

ʢʘʥʘʣʦʚ ʪʨʫʙʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʦʙʱʝʥʠʝ ʢʘʤʝʨ ʨʘʙʦʯʝʛʦ ʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʜʠʘʣʴʥʦʛʦ ʧʝʨʝʧʫʩʢʥʦʛʦ ʢʘʥʘʣʘ, ʷʨʫʩʦʚ ʨʘʜʠʘʣʴʥʳʭ 

ʧʝʨʝʧʫʩʢʥʳʭ ʢʘʥʘʣʦʚ ʠ ʧʨʦʜʦʣʴʥʦʛʦ ʧʝʨʝʧʫʩʢʥʦʛʦ ʢʘʥʘʣʘ ʚ ʪʨʫʙʢʝ, ʘ ʧʨʠ 

ʦʪʢʨʳʪʠʠ ʨʘʜʠʘʣʴʥʦʛʦ ʚʳʧʫʩʢʥʦʛʦ ʢʘʥʘʣʘ ʪʨʫʙʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʦʙʱʝʥʠʝ 

ʢʘʤʝʨʳ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʩ ʘʪʤʦʩʬʝʨʦʡ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʜʠʘʣʴʥʦʛʦ ʚʳʧʫʩʢʥʦʛʦ 

ʢʘʥʘʣʘ ʠ ʧʨʦʜʦʣʴʥʦʛʦ ʚʳʧʫʩʢʥʦʛʦ ʢʘʥʘʣʘ ʚ ʪʨʫʙʢʝ, ʨʘʜʠʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʚ 

ʢʨʳʰʢʝ, ʧʨʦʜʦʣʴʥʦʛʦ ʠ ʨʘʜʠʘʣʴʥʦʛʦ ʢʘʥʘʣʦʚ ʚ ʢʦʨʧʫʩʝ, ʚʳʧʫʩʢʥʦʡ ʢʘʤʝʨʳ ʠ 

ʚʳʧʫʩʢʥʳʭ ʦʪʚʝʨʩʪʠʡ ʚ ʢʦʞʫʭʝ. 

ɺʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʷʪ ʦʙʝʩʧʝʯʠʪʴ ʫʩʠʣʝʥʠʝ ʠʤʧʫʣʴʩʘ 

ʩʠʣ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʜʣʷ ʨʘʟʛʦʥʘ ʫʜʘʨʥʠʢʘ ʧʨʠ ʨʘʙʦʯʝʤ ʭʦʜʝ, ʠʩʢʣʶʯʠʪʴ 

ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʩʦ ʩʪʦʨʦʥʳ ʢʘʤʝʨʳ ʨʘʙʦʯʝʛʦ ʭʦʜʘ, 

ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʠ ʩʦʫʜʘʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʯʘʩʪʦʪʫ ʠ ʵʥʝʨʛʠʶ ʫʜʘʨʘ. ʇʨʠ ʵʪʦʤ 

ʩʦʭʨʘʥʠʪʩʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʚʦʟʜʫʭʘ ʠʟ ʢʘʤʝʨʳ 

ʨʘʙʦʯʝʛʦ ʭʦʜʘ ʚ ʢʘʤʝʨʫ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʘʜʝʞʥʦʩʪʴ ʟʘʧʫʩʢʘ 

ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʤʦʣʦʪʢʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
 

ɸʥʥʦʪʘʮʠʷ: ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʤʦʣʦʪʢʘ, 

ʢʦʪʦʨʦʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʫʩʠʣʝʥʠʝ ʠʤʧʫʣʴʩʘ ʩʠʣ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʜʣʷ ʨʘʟʛʦʥʘ ʫʜʘʨʥʠʢʘ 

ʧʨʠ ʭʦʣʦʩʪʦʤ ʭʦʜʝ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʤʝʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʧʝʨʝʧʫʩʢʥʦʛʦ ʢʘʥʘʣʘ ʠ 

ʧʦʜʘʯʠ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʠʟ ʢʘʤʝʨʳ ʨʘʙʦʯʝʛʦ ʭʦʜʘ ʚ ʢʘʤʝʨʫ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, 

ʜʣʷ ʯʝʛʦ ʧʝʨʝʧʫʩʢʥʦʡ ʢʘʥʘʣ ʚʳʧʦʣʥʷʶʪ ʚ ʚʠʜʝ ʧʘʟʘ ʥʘ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʢʠ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʪ ʠʩʢʣʶʯʝʥʠʝ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʠʟ ʩʝʪʠ ʢʘʤʝʨʦʡ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʫʚʝʣʠʯʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʩʦʫʜʘʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʯʘʩʪʦʪʳ ʠ ʵʥʝʨʛʠʠ ʫʜʘʨʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʱʘʜʠ 

ʜʠʘʤʝʪʨʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʫʜʘʨʥʠʢʘ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʥʠʟʠʪ ʤʘʩʩʳ ʪʨʫʙʢʠ ʠ ʢʦʨʧʫʩʘ 

ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʠʤʧʫʣʴʩʘ ʩʠʣ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʧʨʠ ʟʘʧʫʩʢʝ ʠ ʝʛʦ ʥʘʜʝʞʥʦʩʪʴ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ, ʵʥʝʨʛʠʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ, ʵʥʝʨʛʠʷ 

ʫʜʘʨʦʚ, ʯʘʩʪʦʪʘ ʫʜʘʨʦʚ. 
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Abstract:  The paper considers the technical solution for the pneumatic hammer, which 

includes the strengthening of pulse of air pressure force for the acceleration of hammer during 

the idling due to the decrease in local resistance of the bypass channel and the supply of larger 

quantity of air flow from the stroke chamber into the idling chamber. For this the bypass 

channel is performed in the form of a groove on the outer surface of the tube, which ensures the 

exclusion of air flow from the idling chamber, the increase of impact velocity, impact frequency 

and impact energy  due to the increase of the area of the diametrical cross-section of the 

hammer. All this leads to the additional reduction of the tube and the body weight, while 

maintaining the pulse of air pressure force when running, and its reliability. 
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ʉʦʟʜʘʥʠʝ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʤʦʣʦʪʢʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʧʨʠʟʥʘʢʦʚ 

ï ʵʣʝʤʝʥʪʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʡ [1, 2] ʠ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʵʪʦʛʦ 

ʢʣʘʩʩʘ ʤʘʰʠʥ.  

ʈʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʤʦʣʦʪʢʘ [3] ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. 

ɺ ʠʩʭʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ (ʨʠʩʫʥʦʢ 1) ʤʦʣʦʪʦʢ ʨʘʙʦʯʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 5 

ʫʧʠʨʘʝʪʩʷ ʚ ʦʙʨʘʙʘʪʳʚʘʝʤʫʶ ʩʨʝʜʫ, ʘ ʫʜʘʨʥʠʢ 2 ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʦʞʝʥʠʠ 

ʢʦʥʪʘʢʪʘ ʩ ʨʘʙʦʯʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 5, ʢʦʪʦʨʳʡ ʫʜʝʨʞʠʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʨʧʫʩʘ 1 ʢʦʣʴʮʝʚʦʡ ʧʨʫʞʠʥʦʡ 6. 

 

 
ʈʠʩʫʥʦʢ 1 - ɼʨʦʩʩʝʣʴʥʳʡ ʧʥʝʚʤʦʫʜʘʨʥʳʡ ʤʝʭʘʥʠʟʤ  

ʩ ʢʘʥʘʣʘʤʠ ʧʝʨʝʧʫʩʢʘ ʠ ʚʳʧʫʩʢʘ ʚ ʪʨʫʙʢʝ ʢʘʤʝʨʳ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ:  

1 ï ʢʦʨʧʫʩ; 2 ï ʫʜʘʨʥʠʢ; 3 ï ʢʘʤʝʨʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ;  

4 ï ʢʘʤʝʨʘ ʨʘʙʦʯʝʛʦ ʭʦʜʘ; 5 ï ʨʘʙʦʯʠʡ ʠʥʩʪʨʫʤʝʥʪ;  

6 ï ʢʦʣʴʮʝʚʘʷ ʧʨʫʞʠʥʘ; 7 ï ʨʫʢʦʷʪʢʘ; 8 ï ʢʦʞʫʭ; 9 ï ʢʦʨʧʫʩ ʨʫʢʦʷʪʢʠ; 10 ï 

ʢʨʳʰʢʘ; 11 ï ʚʧʫʩʢʥʦʡ ʢʘʥʘʣ; 12 ï ʤʥʦʛʦʢʘʥʘʣʴʥʘʷ ʪʨʫʙʢʘ; 13 - ʢʦʣʴʮʝʚʘʷ 

ʧʨʝʜʢʘʤʝʨʘ ʩʝʪʝʚʦʛʦ ʚʦʟʜʫʭʘ; 14 - ʢʘʥʘʣ ʚ ʨʫʢʦʷʪʢʝ; 15 ï ʢʘʤʝʨʘ, ʧʦʩʪʦʷʥʥʦ 

ʩʦʦʙʱʝʥʥʘʷ ʩ ʘʪʤʦʩʬʝʨʦʡ; 16 - ʚʳʧʫʩʢʥʳʝ ʢʘʥʘʣʳ ʚ ʢʦʞʫʭʝ; 17 - ʨʘʜʠʘʣʴʥʳʡ 

ʢʘʥʘʣ ʚ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʪʨʫʙʢʝ; 18 - ʧʨʦʜʦʣʴʥʳʡ ʢʘʥʘʣ ʚ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ 

ʪʨʫʙʢʝ; 19 - ʢʦʣʝʥʯʘʪʳʡ ʢʘʥʘʣ ʢʨʳʰʢʠ; 20 - ʧʨʦʜʦʣʴʥʳʡ ʢʘʥʘʣ ʚ ʢʦʨʧʫʩʝ; 21 - 

ʨʘʜʠʘʣʴʥʳʡ ʚʳʧʫʩʢʥʦʡ ʢʘʥʘʣ ʚ ʢʦʨʧʫʩʝ; 22 - ʧʝʨʝʧʫʩʢʥʦʡ ʧʨʦʜʦʣʴʥʳʡ ʢʘʥʘʣ ʚ 

ʚʠʜʝ ʧʘʟʘ ʚ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʪʨʫʙʢʝ; 23 - ʧʨʦʜʦʣʴʥʳʡ ʢʘʥʘʣ ʩ ʧʦʩʪʦʷʥʥʳʤ 

ʚʳʭʦʜʥʳʤ ʦʪʚʝʨʩʪʠʝʤ ʚ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʪʨʫʙʢʝ 
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ʇʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʤʦʣʦʪʢʘ ʩʞʘʪʳʡ ʚʦʟʜʫʭ ʠʟ ʩʝʪʠ ʧʦ ʢʘʥʘʣʫ 14 ʚ ʨʫʢʦʷʪʢʝ 

7 ʧʦʩʪʫʧʘʝʪ ʚ ʧʨʝʜʢʘʤʝʨʫ 13, ʦʪʢʫʜʘ ʧʦ ʚʧʫʩʢʥʦʤʫ ʢʘʥʘʣʫ 11 ʚ ʢʨʳʰʢʝ 10 

ʚʦʟʜʫʭ ʧʦʩʪʫʧʘʝʪ ʚ ʢʘʤʝʨʫ 4 ʨʘʙʦʯʝʛʦ ʭʦʜʘ, ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦ ʧʨʦʜʦʣʴʥʦʤʫ 

ʧʝʨʝʧʫʩʢʥʦʤʫ ʢʘʥʘʣʫ ʚ ʚʠʜʝ ʧʘʟʘ 22 ʠ ʝʛʦ ʧʨʦʜʦʣʞʝʥʠʶ ʚ ʚʠʜʝ ʧʨʦʜʦʣʴʥʦʛʦ 

ʢʘʥʘʣʘ 23 ʚʦʟʜʫʭ ʧʦʩʪʫʧʘʝʪ ʚ ʢʘʤʝʨʫ 3 ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ. 

ɼʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʢʘʤʝʨʝ 4 ʨʘʙʦʯʝʛʦ ʭʦʜʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ ʚʝʣʠʯʠʥʝ, 

ʤʝʥʴʰʝʡ ʩʝʪʝʚʦʛʦ, ʥʦ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʥʘʧʦʣʥʝʥʠʷ ʢʘʤʝʨʳ 3 ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 

ʚʦʟʜʫʭʦʤ ʩ ʦʜʠʥʘʢʦʚʳʤ ʜʘʚʣʝʥʠʝʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʦʭʦʜʥʳʤ ʩʝʯʝʥʠʝʤ 

ʢʘʥʘʣʦʚ 22 ʠ 23 ʧʝʨʝʧʫʩʢʘ ʚʦʟʜʫʭʘ ʠʟ ʢʘʤʝʨʳ 4 ʨʘʙʦʯʝʛʦ ʭʦʜʘ ʚ ʢʘʤʝʨʫ 3 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ. 

ɼʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʢʘʤʝʨʝ 3 ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪʥʳʤ ʠ 

ʜʦʩʪʘʪʦʯʥʳʤ ʧʦ ʚʝʣʠʯʠʥʝ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʠʣʦʚʦʛʦ ʠʤʧʫʣʴʩʘ ʜʘʚʣʝʥʠʷ ʩʦ 

ʩʪʦʨʦʥʳ ʢʘʤʝʨʳ 3 ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʫʜʘʨʥʠʢʦʤ 2 

ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʩʦ ʩʪʦʨʦʥʳ ʢʘʤʝʨʳ 4 ʨʘʙʦʯʝʛʦ ʭʦʜʘ, ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʝʪ 

ʬʫʥʢʮʠʷʤʠ ʧʨʦʪʦʯʥʦʡ ʢʘʤʝʨʳ ʩ ʤʝʥʴʰʠʤ ʜʘʚʣʝʥʠʝʤ ʚʦʟʜʫʭʘ, ʥʝʞʝʣʠ ʢʘʤʝʨʘ 3 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʦʙʣʘʜʘʶʱʘʷ ʬʫʥʢʮʠʷʤʠ ʥʝʧʨʦʪʦʯʥʦʡ ʢʘʤʝʨʳ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʜʘʚʣʝʥʠʝʤ ʚʦʟʜʫʭʘ. 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʠʤʧʫʣʴʩʘ ʩʠʣ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʩʦ ʩʪʦʨʦʥʳ ʢʘʤʝʨʳ 3 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʫʜʘʨʥʠʢ 2 ʥʘʯʥʝʪ ʩʚʦʝ ʜʚʠʞʝʥʠʝ ʚ ʩʪʦʨʦʥʫ ʢʨʳʰʢʠ 10, 

ʩʦʚʝʨʰʘʷ ʭʦʣʦʩʪʦʡ ʭʦʜ. 

ʇʝʨʝʤʝʱʘʷʩʴ ʚ ʩʪʦʨʦʥʫ ʢʨʳʰʢʠ 10, ʫʜʘʨʥʠʢ 2 ʟʘʢʨʳʚʘʝʪ ʧʝʨʝʧʫʩʢʥʦʡ 

ʢʘʥʘʣ ʚ ʚʠʜʝ ʧʘʟʘ 22, ʠ ʧʝʨʝʧʫʩʢ ʚʦʟʜʫʭʘ ʠʟ ʢʘʤʝʨʳ 4 ʨʘʙʦʯʝʛʦ ʭʦʜʘ ʚ ʢʘʤʝʨʫ 3 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʧʨʝʢʨʘʱʘʝʪʩʷ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚ ʢʘʤʝʨʝ 4 ʥʘʯʠʥʘʝʪʩʷ ʩʞʘʪʠʝ 

ʦʪʩʝʯʝʥʥʦʛʦ ʚ ʥʝʡ ʚʦʟʜʫʭʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʯʝʨʝʟ ʚʧʫʩʢʥʦʡ ʢʘʥʘʣ 11 ʠʟ 

ʧʨʝʜʢʘʤʝʨʳ 13. 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʝʨʝʤʝʱʝʥʠʠ ʫʜʘʨʥʠʢ 2 ʦʪʢʨʦʝʪ ʚʳʧʫʩʢʥʦʡ ʨʘʜʠʘʣʴʥʳʡ 

ʢʘʥʘʣ 17 ʚ ʩʪʝʥʢʝ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʪʨʫʙʢʠ 12, ʠ ʦʪʨʘʙʦʪʘʚʰʠʡ ʚʦʟʜʫʭ 

ʚʳʧʫʩʢʘʝʪʩʷ ʠʟ ʢʘʤʝʨʳ 3 ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʯʝʨʝʟ ʚʳʧʫʩʢʥʦʡ ʧʨʦʜʦʣʴʥʳʡ ʢʘʥʘʣ 

18, ʢʦʣʝʥʯʘʪʳʡ ʢʘʥʘʣ 19, ʧʨʦʜʦʣʴʥʳʡ ʢʘʥʘʣ 20 ʠ ʨʘʜʠʘʣʴʥʳʡ ʢʘʥʘʣ 21, ʜʘʣʝʝ 

ʯʝʨʝʟ ʚʳʧʫʩʢʥʫʶ ʢʦʣʴʮʝʚʫʶ ʢʘʤʝʨʫ 15 ʚ ʢʦʞʫʭʝ 8, ʜʘʣʝʝ ʧʦʩʨʝʜʩʪʚʦʤ 

ʚʳʧʫʩʢʥʳʭ ʢʘʥʘʣʦʚ 16 ʚ ʢʦʞʫʭʝ 8 ʚ ʘʪʤʦʩʬʝʨʫ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʜʘʚʣʝʥʠʝ 

ʚʦʟʜʫʭʘ ʚ ʢʘʤʝʨʝ 3 ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʙʣʠʟʢʠʤ ʧʦ ʚʝʣʠʯʠʥʝ 

ʘʪʤʦʩʬʝʨʥʦʤʫ ʜʘʚʣʝʥʠʶ. 

ʇʨʝʦʜʦʣʝʚʘʷ ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʩʦ ʩʪʦʨʦʥʳ ʢʘʤʝʨʳ 4 ʨʘʙʦʯʝʛʦ ʭʦʜʘ 

ʦʪ ʩʞʘʪʠʷ ʠʤʝʚʰʝʛʦʩʷ ʠ ʧʦʩʪʫʧʘʶʱʝʛʦ ʯʝʨʝʟ ʚʧʫʩʢʥʦʡ ʢʘʥʘʣ 11 ʚʦʟʜʫʭʘ ʠʟ 

ʧʨʝʜʢʘʤʝʨʳ 13, ʫʜʘʨʥʠʢ 2, ʠʩʯʝʨʧʘʚ ʠʤʧʫʣʴʩ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʠ ʜʦʩʪʠʛʥʫʚ 

ʨʘʩʯʝʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʦʩʪʘʥʦʚʠʪʩʷ. ʉʨʘʟʫ ʞʝ ʧʦʩʣʝ ʦʩʪʘʥʦʚʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʩʦ ʩʪʦʨʦʥʳ ʢʘʤʝʨʳ 4 ʨʘʙʦʯʝʛʦ ʭʦʜʘ ʫʜʘʨʥʠʢ 2 ʥʘʯʥʝʪ 

ʫʩʢʦʨʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʚ ʩʪʦʨʦʥʫ ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 5, ʩʦʚʝʨʰʘʷ ʨʘʙʦʯʠʡ 

ʭʦʜ. 

ʇʝʨʝʤʝʱʘʷʩʴ ʚ ʩʪʦʨʦʥʫ ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 5, ʫʜʘʨʥʠʢ 2 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʝʨʝʢʨʳʚʘʝʪ ʧʝʨʝʧʫʩʢʥʦʡ ʢʘʥʘʣ ʚ ʚʠʜʝ ʧʘʟʘ 22, ʟʘʪʝʤ 

ʚʳʧʫʩʢʥʦʡ ʨʘʜʠʘʣʴʥʳʡ ʢʘʥʘʣ 17 ʠ ʦʪʢʨʳʚʘʝʪ ʧʝʨʝʧʫʩʢʥʦʡ ʢʘʥʘʣ ʚ ʚʠʜʝ ʧʘʟʘ 22. 
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ʇʝʨʝʤʝʱʝʥʠʝ ʫʜʘʨʥʠʢʘ 2 ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʘ ʢʘʤʝʨʳ 4 

ʨʘʙʦʯʝʛʦ ʭʦʜʘ, ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʢʦʪʦʨʦʡ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʩʥʠʞʘʝʪʩʷ, ʪʘʢ ʢʘʢ 

ʩ ʧʦʥʠʞʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʢʘʤʝʨʝ 4 ʨʘʙʦʯʝʛʦ ʭʦʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʝʛʦ 

ʧʦʩʪʫʧʣʝʥʠʝ ʠʟ ʧʨʝʜʢʘʤʝʨʳ 13 ʯʝʨʝʟ ʢʘʥʘʣ 11, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚ 

ʢʘʤʝʨʝ 4 ʨʘʙʦʯʝʛʦ ʭʦʜʘ ʨʘʩʯʝʪʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʜʘʨʥʠʢʫ 2 ʥʝʦʙʭʦʜʠʤʫʶ ʚʝʣʠʯʠʥʫ ʠʤʧʫʣʴʩʘ ʩʠʣʳ ʜʘʚʣʝʥʠʷ 

ʚʦʟʜʫʭʘ ʧʨʠ ʨʘʙʦʯʝʤ ʭʦʜʝ. 

ʇʦʩʣʝ ʟʘʢʨʳʪʠʷ ʨʘʜʠʘʣʴʥʦʛʦ ʢʘʥʘʣʘ 17 ʫʜʘʨʥʠʢ 2 ʦʪʢʨʦʝʪ ʧʝʨʝʧʫʩʢʥʦʡ 

ʢʘʥʘʣ 22, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦʟʜʫʭ ʠʟ ʢʘʤʝʨʳ 4 ʨʘʙʦʯʝʛʦ ʭʦʜʘ ʧʦʩʪʫʧʘʝʪ ʚ ʢʘʥʘʣ 

23 ʠ ʚ ʦʙʲʝʤ ʢʘʤʝʨʳ 3 ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ. ɼʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʢʘʤʝʨʝ 3 ʭʦʣʦʩʪʦʛʦ 

ʭʦʜʘ ʚ ʢʦʥʮʝ ʨʘʙʦʯʝʛʦ ʭʦʜʘ ʙʫʜʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ, ʪʘʢ ʢʘʢ ʫʜʘʨʥʠʢʦʤ 2 

ʩʞʠʤʘʣʩʷ ʪʦʣʴʢʦ ʦʪʩʝʯʝʥʥʳʡ ʚ ʢʘʤʝʨʝ ʚʦʟʜʫʭ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʚʣʠʷʶʱʝʝ ʥʘ ʪʦʨʤʦʞʝʥʠʝ ʫʜʘʨʥʠʢʘ 2. 

ʇʨʝʦʜʦʣʝʚʘʷ ʩʠʣʫ ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʠ ʚʥʦʚʴ ʧʦʩʪʫʧʘʶʱʝʛʦ ʧʦ 

ʢʘʥʘʣʘʤ 11, 22 ʠ 23 ʚ ʢʘʤʝʨʫ 3 ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʫʜʘʨʥʠʢ 2 ʥʘʥʦʩʠʪ ʫʜʘʨ ʧʦ 

ʨʘʙʦʯʝʤʫ ʠʥʩʪʨʫʤʝʥʪʫ 5, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʝʤʫ ʧʝʨʝʜʘʝʪʩʷ ʢʠʥʝʪʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ ʫʜʘʨʘ, ʧʨʠʦʙʨʝʪʝʥʥʘʷ ʫʜʘʨʥʠʢʦʤ 2 ʟʘ ʧʝʨʠʦʜ ʨʘʙʦʯʝʛʦ ʭʦʜʘ. 

ʇʦʩʣʝʜʫʶʱʠʡ ʭʦʣʦʩʪʦʡ ʭʦʜ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʟʘ ʩʯʝʪ ʠʤʧʫʣʴʩʘ ʩʠʣʳ 

ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʩʦ ʩʪʦʨʦʥʳ ʢʘʤʝʨʳ 3 ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʠ ʠʤʧʫʣʴʩʘ ʦʪʩʢʦʢʘ 

ʫʜʘʨʥʠʢʘ 2 ʦʪ ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 5. ʇʦʩʣʝ ʩʦʫʜʘʨʝʥʠʷ ʫʜʘʨʥʠʢʘ 2 ʩ 

ʠʥʩʪʨʫʤʝʥʪʦʤ 5 ʨʘʙʦʯʠʡ ʮʠʢʣ ʙʫʜʝʪ ʧʦʚʪʦʨʷʪʴʩʷ. 

ʅʦʚʠʟʥʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʥʝʚʤʘʪʠʯʝʩʢʠʡ 

ʤʦʣʦʪʦʢ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʟʚʝʩʪʥʳʤʠ [1], ʩʦʜʝʨʞʠʪ ʪʨʫʙʢʫ, ʚʳʧʦʣʥʝʥʥʫʶ ʩ 

ʚʳʧʫʩʢʥʳʤ ʨʘʜʠʘʣʴʥʳʤ ʢʘʥʘʣʦʤ, ʩ ʢʦʪʦʨʳʤ ʩʦʝʜʠʥʝʥ ʚʳʧʫʩʢʥʦʡ ʧʨʦʜʦʣʴʥʳʡ 

ʢʘʥʘʣ, ʠ ʧʝʨʝʧʫʩʢʥʳʤ ʢʘʥʘʣʦʤ ʚ ʚʠʜʝ ʧʘʟʘ, ʧʨʠʯʝʤ ʚ ʢʨʳʰʢʝ ʚʳʧʦʣʥʝʥ 

ʢʦʣʝʥʯʘʪʳʡ ʢʘʥʘʣ, ʘ ʚ ʢʦʨʧʫʩʝ - ʧʨʦʜʦʣʴʥʳʡ ʢʘʥʘʣ ʠ ʨʘʜʠʘʣʴʥʳʡ ʚʳʧʫʩʢʥʦʡ 

ʢʘʥʘʣ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʜʘʨʥʠʢ ʚʳʧʦʣʥʝʥ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʟʘʢʨʳʪʠʷ ʧʝʨʝʧʫʩʢʥʦʛʦ ʢʘʥʘʣʘ ʚ ʚʠʜʝ ʧʘʟʘ ʠ ʨʘʜʠʘʣʴʥʦʛʦ 

ʚʳʧʫʩʢʥʦʛʦ ʢʘʥʘʣʘ ʠ ʦʪʢʨʳʪʠʷ ʫʧʦʤʷʥʫʪʦʛʦ ʧʝʨʝʧʫʩʢʥʦʛʦ ʢʘʥʘʣʘ ʪʨʫʙʢʠ ʧʨʠ 

ʝʛʦ ʨʘʙʦʯʝʤ ʭʦʜʝ ʠ ʟʘʢʨʳʪʠʷ ʧʝʨʝʧʫʩʢʥʦʛʦ ʢʘʥʘʣʘ ʪʨʫʙʢʠ ʠ ʦʪʢʨʳʪʠʷ 

ʨʘʜʠʘʣʴʥʦʛʦ ʚʳʧʫʩʢʥʦʛʦ ʢʘʥʘʣʘ ʪʨʫʙʢʠ ʧʨʠ ʝʛʦ ʭʦʣʦʩʪʦʤ ʭʦʜʝ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʧʦʩʪʫʧʣʝʥʠʷ ʧʨʠ ʦʪʢʨʳʪʠʠ ʧʝʨʝʧʫʩʢʥʦʛʦ ʢʘʥʘʣʘ ʪʨʫʙʢʠ ʚʦʟʜʫʭʘ ʠʟ ʢʘʤʝʨʳ 

ʨʘʙʦʯʝʛʦ ʭʦʜʘ ʚ ʢʘʤʝʨʫ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʘ ʧʨʠ ʦʪʢʨʳʪʠʠ ʨʘʜʠʘʣʴʥʦʛʦ 

ʚʳʧʫʩʢʥʦʛʦ ʢʘʥʘʣʘ ʪʨʫʙʢʠ - ʚʳʧʫʩʢʘ ʚʦʟʜʫʭʘ ʠʟ ʢʘʤʝʨʳ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʚ 

ʘʪʤʦʩʬʝʨʫ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʜʠʘʣʴʥʦʛʦ ʚʳʧʫʩʢʥʦʛʦ ʢʘʥʘʣʘ ʠ ʧʨʦʜʦʣʴʥʦʛʦ 

ʚʳʧʫʩʢʥʦʛʦ ʢʘʥʘʣʘ ʚ ʪʨʫʙʢʝ, ʢʦʣʝʥʯʘʪʦʛʦ ʢʘʥʘʣʘ ʚ ʢʨʳʰʢʝ, ʧʨʦʜʦʣʴʥʦʛʦ ʠ 

ʨʘʜʠʘʣʴʥʦʛʦ ʚʳʧʫʩʢʥʦʛʦ ʢʘʥʘʣʦʚ ʚ ʢʦʨʧʫʩʝ, ʚʳʧʫʩʢʥʦʡ ʢʦʣʴʮʝʚʦʡ ʢʘʤʝʨʳ ʠ 

ʚʳʧʫʩʢʥʳʭ ʢʘʥʘʣʦʚ ʚ ʢʦʞʫʭʝ. 

ɺʩʝ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʠʩʢʣʶʯʠʪʴ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʠʟ ʩʝʪʠ ʢʘʤʝʨʦʡ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʩʦʫʜʘʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʯʘʩʪʦʪʫ ʠ ʵʥʝʨʛʠʶ 

ʫʜʘʨʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʱʘʜʠ ʜʠʘʤʝʪʨʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʫʜʘʨʥʠʢʘ, ʯʪʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʥʠʟʠʪ ʤʘʩʩʳ ʪʨʫʙʢʠ ʠ ʢʦʨʧʫʩʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʠʤʧʫʣʴʩʘ ʩʠʣ 

ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʧʨʠ ʟʘʧʫʩʢʝ ʠ ʝʛʦ ʥʘʜʝʞʥʦʩʪʴ. 
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ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʆʇʈɽɼɽʃɽʅʀɽ ʕʅɽʈɻɽʊʀʏɽʉʂʀʍ ʇʆʂɸɿɸʊɽʃɽʁ 

ɻʀɼʈʆʀʄʇʋʃʔʉʅʓʍ ʉʈɽɼʉʊɺ ʄɽʍɸʅʀɿɸʎʀʀ 

ʅ.ʉ. ɻʘʣʜʠʥ, ɺ.ʅ. ɻʘʣʜʠʥ 

ʉʠʙʠʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʘʷ ʘʢʘʜʝʤʠʷ 
ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʪʨʝʙʫʝʤʦʡ ʵʥʝʨʛʠʠ ʫʜʘʨʘ ʠ ʤʘʩʩʳ 

ʙʦʡʢʘ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ. ʇʨʠʚʝʜʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ, 

ʵʥʝʨʛʠʠ ʫʜʘʨʘ ʦʪ ʤʘʩʩʳ, ʚʝʣʠʯʠʥʳ ʭʦʜʘ ʙʦʡʢʘ, ʜʘʚʣʝʥʠʷ ʟʘʨʷʜʢʠ ʛʘʟʘ ʧʥʝʚʤʦʘʢʢʫʤʫʣʷʪʦʨʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʘʙʦʯʠʝ ʦʢʥʘ ʠ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤʳ ʠ 

ʠʥʞʝʥʝʨʥʫʶ ʤʝʪʦʜʠʢʫ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪʘ ʛʠʜʨʦʧʥʝʚʤʘʪʠʯʝʩʢʠʭ 

ʫʜʘʨʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʜʨʦʧʥʝʚʤʦʫʜʘʨʥʠʢ, ʤʘʩʩʘ, ʩʢʦʨʦʩʪʴ ʙʦʡʢʘ, ʵʥʝʨʛʠʷ 

ʫʜʘʨʘ. 

 
DEFINITION OF POWER INDICATORS OF HYDROPULSE MEANS OF 

MECHANIZATION  
N. S. Galdin, V. N. Galdin 

The Siberian state auto-road academy 
Abstract. Results of calculations of demanded energy of blow and weight mobile part are 

presented at destruction frozen grounds. Graphic dependences of speed, energy of blow on weight, 

course sizes mobile part, pressure of gymnastics of gas of the pneumoaccumulator are resulted. The 

received working windows and graphic dependences allow to develop algorithms and an 

engineering technique of the automated modelling and calculation of hydropneumatic impact 

devices that will allow to reduce terms of their designing. 

Keywords: hydropneumatic impact device, weight, speed ʙʦʡʢʘ, energy of blow. 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʦʙʨʘʟʠʝ ʛʠʜʨʦʠʤʧʫʣʴʩʥʳʭ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ, ʧʦ-

ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ ʦʩʪʨʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʫʜʘʨʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʘʜʝʞʥʫʶ ʨʘʙʦʪʫ ʛʠʜʨʦʠʤʧʫʣʴʩʥʳʭ 

ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ, ʩ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʂʇɼ) 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ.  

ʇʨʠʤʝʥʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʠʤʧʫʣʴʩʥʦʡ ʪʝʭʥʠʢʠ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ 

ʨʘʟʨʫʰʝʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʫ ʤʝʨʟʣʦʛʦ ʛʨʫʥʪʘ, ʩʢʘʣʴʥʳʭ ʧʦʨʦʜ ʠ ʧʦʣʦʪʥʘ ʜʦʨʦʛ, 
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ʧʨʦʭʦʜʢʫ ʩʢʚʘʞʠʥ ʚ ʛʨʫʥʪʝ, ʟʘʙʠʚʘʥʠʝ ʠ ʠʟʚʣʝʯʝʥʠʝ ʩʚʘʡʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʫʧʣʦʪʥʝʥʠʝ ʛʨʫʥʪʘ [1ï8, 11, 12]. 

ʆʩʥʦʚʦʡ ʛʠʜʨʦʠʤʧʫʣʴʩʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʧʥʝʚʤʘʪʠʯʝʩʢʦʝ 

ʫʜʘʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʵʥʝʨʛʠʷ ʧʦʜʚʦʜʠʤʦʡ ʞʠʜʢʦʩʪʠ ʛʝʥʝʨʠʨʫʝʪʩʷ ʚ 

ʠʤʧʫʣʴʩʳ ʩʠʣʳ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʦʪʳ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʥʘ 

ʥʝʢʦʪʦʨʫʶ ʩʨʝʜʫ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʠʤʧʫʣʴʩʥʘʷ ʩʠʩʪʝʤʘ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʨʫʧʥʳʭ 

ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʧʨʠʟʥʘʢʘʤ: 

- ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ (ʥʘʩʦʩ ʙʘʟʦʚʦʡ ʤʘʰʠʥʳ); 

- ʛʠʜʨʦʧʥʝʚʤʘʪʠʯʝʩʢʦʝ ʫʜʘʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ï ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦʜʚʦʜʠʤʦʡ ʵʥʝʨʛʠʠ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʠʤʧʫʣʴʩʦʚ 

ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ; 

- ʦʙʲʝʢʪ ʚʦʟʜʝʡʩʪʚʠʷ ï ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʨʝʜʘ; 

- ʦʧʦʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ (ʙʘʟʦʚʘʷ ʤʘʰʠʥʘ) ï ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʠʤʧʫʣʴʩʦʚ ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʢ ʦʙʲʝʢʪʫ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʉʭʝʤʘ ʛʠʜʨʦʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʫʜʘʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʛʠʜʨʦʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʫʜʘʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ: 

1 ï ʠʥʩʪʨʫʤʝʥʪ; 2 ï ʢʘʤʝʨʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʚʟʚʦʜʷʱʘʷ); 

3 ï ʢʦʨʧʫʩ; 4 ï ʙʦʝʢ 5 ï ʧʥʝʚʤʦʘʢʢʫʤʫʣʷʪʦʨʥʘʷ ʢʘʤʝʨʘ; 

6 ï ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʯʠʤ ʮʠʢʣʦʤ; 7 - ʛʠʜʨʦʙʘʢ; 

8 ï ʥʘʧʦʨʥʘʷ ʛʠʜʨʦʣʠʥʠʷ; 

(ɺ ï ʚʟʚʦʜ ʙʦʡʢʘ; ʊ ï ʪʦʨʤʦʞʝʥʠʝ; ʈ ï ʨʘʟʛʦʥ (ʨʘʙʦʯʠʡ ʭʦʜ) 

 

ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʛʠʜʨʦʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʫʜʘʨʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʥʠʤʘʝʪʩʷ ʨʷʜ ʜʦʧʫʱʝʥʠʡ, ʢʦʪʦʨʳʝ, ʩʦʭʨʘʥʷʷ ʢʘʯʝʩʪʚʝʥʥʫʶ 

ʩʪʦʨʦʥʫ ʧʨʦʮʝʩʩʘ, ʧʦʟʚʦʣʷʶʪ ʫʧʨʦʩʪʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ. ʅʘ ʦʩʥʦʚʘʥʠʠ  

ʨʷʜʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [1ï3, 11] 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʨʠʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʜʦʧʫʱʝʥʠʷ: 

V ʨʘʙʦʯʘʷ ʞʠʜʢʦʩʪʴ ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʳʝ  ʧʘʨʘʤʝʪʨʳ  (ʧʣʦʪʥʦʩʪʴ, ʚʷʟʢʦʩʪʴ, 
ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʫ); 

V ʢʦʵʬʬʠʮʠʝʥʪʳ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ  ʧʦʩʪʦʷʥʥʳ;  

V ʨʘʟʨʳʚʘ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʛʠʜʨʦʧʥʝʚʤʦʫʜʘʨʥʠʢʘ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ; 



165 

 

V ʫʪʝʯʢʠ ʛʘʟʘ ʠʟ ʛʘʟʦʚʦʡ ʧʦʣʦʩʪʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʧʦʢʘʟʘʪʝʣʴ 

ʧʦʣʠʪʨʦʧʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʩʪʦʷʥʝʥ; 

V ʧʝʨʝʢʣʶʯʝʥʠʝ ʟʦʣʦʪʥʠʢʘ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʛʠʜʨʦʨʘʩʧʨʝʜʝʣʠʪʝʣʷ 

ʛʠʜʨʦʩʠʩʪʝʤʳ ʙʘʟʦʚʦʡ ʤʘʰʠʥʳ ʧʨʦʠʩʭʦʜʠʪ ʤʛʥʦʚʝʥʥʦ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʛʠʜʨʦʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʫʜʘʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʚʢʣʶʯʘʝʪ ʦʩʥʦʚʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʛʠʜʨʦʧʥʝʚʤʦʫʜʘʨʥʠʢʘ, ʝʛʦ 

ʵʣʝʤʝʥʪʳ, ʧʘʨʘʤʝʪʨʳ ʛʠʜʨʦʧʨʠʚʦʜʘ ʙʘʟʦʚʦʡ ʤʘʰʠʥʳ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʛʠʜʨʦʫʜʘʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 

ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, ʚʢʣʶʯʘʶʱʝʡ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʜʚʠʞʥʳʭ ʯʘʩʪʝʡ ʚ 

ʚʠʜʝ ʦʩʥʦʚʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʢʠ; ʫʨʘʚʥʝʥʠʡ ʨʘʩʭʦʜʦʚ, ʫʯʠʪʳʚʘʶʱʠʭ 

ʫʩʣʦʚʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʧʦʪʦʢʘ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ; ʫʨʘʚʥʝʥʠʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʪʦʢʘ. 

ʈʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ 

ʛʠʜʨʦʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʫʜʘʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʛʨʫʥʪʘ [10]. 

ʌʨʘʛʤʝʥʪʳ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʧʘʨʘʤʝʪʨʦʚ ʘʢʪʠʚʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʛʨʫʥʪʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2. 

 

 
 

ʈʠʩ. 2. ʈʘʙʦʯʝʝ ʦʢʥʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʘʢʪʠʚʥʦʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ (ʤʝʨʟʣʳʡ ʛʨʫʥʪ, ʉ=200) 

 

ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʪʨʝʙʫʝʤʦʡ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʛʨʫʥʪʘ ʦʪ 

ʯʠʩʣʘ ʉ ʫʜʘʨʦʚ ʧʣʦʪʥʦʤʝʨʘ ɼʦʨʅʀʀ ʠ ʩʢʦʨʦʩʪʠ ʫʜʘʨʘ V1 ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩ. 3. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʯʠʩʣʘ ʉ ʫʜʘʨʦʚ ʧʣʦʪʥʦʤʝʨʘ ɼʦʨʅʀʀ ʦʪ 50 ʜʦ 350 ʠ 

ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ ʫʜʘʨʘ V1 ʦʪ 5 ʜʦ 10 ʤ/ʩ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ 

ʪʨʝʙʫʝʤʦʡ ʵʥʝʨʛʠʠ ʫʜʘʨʘ ʦʪ 100 ʜʦ 5000 ɼʞ (ʧʨʠ ʤʦʜʫʣʝ ʫʧʨʫʛʦʩʪʠ ʛʨʫʥʪʘ 

E = 200 ʄʇʘ).  
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ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʪʨʝʙʫʝʤʦʡ ʵʥʝʨʛʠʠ ʝʜʠʥʠʯʥʦʛʦ ʫʜʘʨʘ T ʦʪ ʯʠʩʣʘ ʉ ʫʜʘʨʦʚ 

ʧʣʦʪʥʦʤʝʨʘ ɼʦʨʅʀʀ ʠ ʩʢʦʨʦʩʪʠ ʫʜʘʨʘ V1 

(ʧʨʠ ʤʦʜʫʣʝ ʫʧʨʫʛʦʩʪʠ ʛʨʫʥʪʘ E = 200 ʄʇʘ, m = 0,2, r = 1950 ʢʛ/ʤ
3
, h = 0,1 ʤ) 

ʅʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʦ ʨʘʙʦʯʝʝ ʦʢʥʦ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʛʠʜʨʦʫʜʘʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

 

 
 

ʈʠʩ. 4. ʈʘʙʦʯʝʝ ʦʢʥʦ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʛʠʜʨʦʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʫʜʘʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

 

ʈʘʟʨʘʙʦʪʘʥʦ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʛʠʜʨʦʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʫʜʘʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ [9]. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʧʨʦʛʨʘʤʤʥʦ-ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʠʜʨʦʫʜʘʨʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʜʦʨʦʞʥʦ-

ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʛʠʜʨʦʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʫʜʘʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ ʟʘʨʷʜʢʠ 

ʛʘʟʘ ʧʥʝʚʤʦʘʢʢʫʤʫʣʷʪʦʨʘ, ʤʘʩʩʳ ʙʦʡʢʘ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 
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ʛʠʜʨʦʫʜʘʨʥʠʢʘ, ʜʣʠʥ ʛʠʜʨʦʣʠʥʠʡ, ʩʚʦʡʩʪʚ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʠ ʜʨʫʛʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ʏʘʩʪʥʳʝ ʩʣʫʯʘʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 5 

ʚ ʚʠʜʝ ʪʨʝʭʤʝʨʥʳʭ ʛʨʘʬʠʢʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʬʫʥʢʮʠʶ ʦʪʢʣʠʢʘ, ï 

ʩʢʦʨʦʩʪʴ ʫʜʘʨʘ (ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʫʜʘʨʘ ʦʪ ʤʘʩʩʳ ʙʦʡʢʘ, ʭʦʜʘ ʙʦʡʢʘ ʠ 

ʜʘʚʣʝʥʠʷ ʟʘʨʷʜʢʠ ʛʘʟʘ ʧʥʝʚʤʦʘʢʢʫʤʫʣʷʪʦʨʘ). 
 

 
ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʫʜʘʨʘ V1  ʦʪ ʤʘʩʩʳ ʙʦʡʢʘ m 

ʠ ʚʝʣʠʯʠʥʳ ʭʦʜʘ ʙʦʡʢʘ L ( ) 

(ʜʘʚʣʝʥʠʝ ʟʘʨʷʜʢʠ ʛʘʟʘ ʧʥʝʚʤʦʘʢʢʫʤʫʣʷʪʦʨʘ pʛʦ = 1,5 ʄʇʘ) 

 

ʅʘ (ʨʠʩ. 6) ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʵʥʝʨʛʠʠ ʝʜʠʥʠʯʥʦʛʦ ʫʜʘʨʘ ʚ 

ʚʠʜʝ ʪʨʝʭʤʝʨʥʳʭ ʛʨʘʬʠʢʦʚ. 

 

 
ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʫʜʘʨʘ T ʦʪ ʤʘʩʩʳ ʙʦʡʢʘ m ʠ ʜʘʚʣʝʥʠʷ ʟʘʨʷʜʢʠ ʛʘʟʘ 

ʧʥʝʚʤʦʘʢʢʫʤʫʣʷʪʦʨʘ pʛʦ (ʭʦʜ ʙʦʡʢʘ  = 100 ʤʤ)) 

?

?



168 

 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ (ʨʠʩ. 5ï6) ʚʠʜʥʦ, ʯʪʦ ʵʥʝʨʛʠʷ 

ʝʜʠʥʠʯʥʦʛʦ ʫʜʘʨʘ ʠ ʩʢʦʨʦʩʪʴ ʫʜʘʨʘ ʛʠʜʨʦʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʫʜʘʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ (1500ï8000 ɼʞ ï ʜʣʷ ʵʥʝʨʛʠʠ ʫʜʘʨʘ, ʦʪ 

4,5 ʜʦ 11 ʤ/ʩ ï ʜʣʷ ʩʢʦʨʦʩʪʠ ʫʜʘʨʘ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʩʳ ʙʦʡʢʘ, ʜʘʚʣʝʥʠʷ 

ʟʘʨʷʜʢʠ ʛʘʟʘ ʧʥʝʚʤʦʘʢʢʫʤʫʣʷʪʦʨʘ ʠ ʚʝʣʠʯʠʥʳ ʭʦʜʘ ʙʦʡʢʘ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʠʜʨʦʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʫʜʘʨʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʉɸʇʈ ʛʠʜʨʦʫʜʘʨʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʩʠʩʪʝʤʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ 

ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ, ʩʚʷʟʘʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦ-

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 
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ʋɼʂ 625.855.3 

ɺʃʀʗʅʀɽ ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʓʍ ʇʆʈʀʉʊʓʍ ɿɸʇʆʃʅʀʊɽʃɽʁ  

ʅɸ ʉɺʆʁʉʊɺɸ ɸʉʌɸʃʔʊʆɹɽʊʆʅʆɺ 

ɺ.ɼ. ɻʘʣʜʠʥʘ 

ʉʠʙʠʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʘʷ ʘʢʘʜʝʤʠʷ (ʉʠʙɸɼʀ) 
ɸʥʥʦʪʘʮʠʷ. ʀʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʢʨʫʧʥʳʭ ʧʦʨʠʩʪʳʭ ʟʘʧʦʣʥʠʪʝʣʷʭ ʠʟ ʪʷʞʝʣʦʛʦ ʢʝʨʘʤʟʠʪʘ ʠ 

ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʪʫʬʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʩ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʧʦʨʠʩʪʳʤʠ ʟʘʧʦʣʥʠʪʝʣʷʤʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪʩʷ ʦʩʪʘʪʦʯʥʘʷ 

ʧʦʨʠʩʪʦʩʪʴ, ʧʦʨʠʩʪʦʩʪʴ ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ ʠ ʚʦʜʦʥʘʩʳʱʝʥʠʝ, ʧʦʥʠʞʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʙʠʪʫʤʘ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʪʝʧʣʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʚʦʜʦ- ʠ 

ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ, ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʩʪʘʨʝʥʠʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ ʦʙʳʯʥʳʭ ʧʦʨʠʩʪʳʭ ʟʘʧʦʣʥʠʪʝʣʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʩʬʘʣʴʪʦʙʝʪʦʥ, ʪʷʞʝʣʳʡ ʢʝʨʘʤʟʠʪ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʦʨʠʩʪʳʝ ʟʘʧʦʣʥʠʪʝʣʠ, ʱʝʙʝʥʴ ʠʟ ʪʫʬʘ. 

 

INFLUENCE OF THE MODIFIED POROUS FILLERS  

ON PROPERTIES ASPHALT CONCRETES  

V.D.Galdina 

The Siberian automobile and highwau academy (SibADI) 
Abstracht. Results of research of physicomechanical properties asphalt concretes on the basis 

of large porous fillers from heavy ceramic-gravel and a volcanic tufa are stated. It is established that 

at asphalt concretes, prepared with the modified porous fillers, residual porosity, porosity of a 

mineral part and water saturation considerably decrease, the optimum maintenance of bitumen goes 

down, indicators thermal stability, water- and frost resistance, crack firmness and stability to ageing 

in comparison with asphalt concretes, received on usual porous fillers increase. 

Keywords: asphalt concrete, heavy ceramic-gravel, the modified porous fillers, 

rubble from a tufa. 

 
ʇʦʨʠʩʪʳʝ ʢʘʤʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʠʟʚʝʩʪʥʷʢʠ, ʜʦʣʦʤʠʪʳ, ʚʫʣʢʘʥʠʯʝʩʢʠʝ 

ʪʫʬʳ ʠ ʰʣʘʢʠ) ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚʦ ʤʥʦʛʠʭ ʨʝʛʠʦʥʘʭ ʩʪʨʘʥʳ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʦʚ, ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʙʠʪʫʤʦʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦʨʦʞʥʳʭ ʦʜʝʞʜ ʥʘ ʦʩʥʦʚʝ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʧʦʨʠʩʪʳʭ ʟʘʧʦʣʥʠʪʝʣʝʡ ʨʘʟʨʘʙʦʪʘʥʳ ʖ.ʄ. 

ʉʫʭʦʨʫʢʦʚʳʤ, ɸ.ʃ. ɻʝʟʝʥʮʚʝʝʤ, ʖ.ɺ. ʉʦʢʦʣʦʚʳʤ ʠ ʜʨ. [1, 2, 3, 4, 5, 6, 7].  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʦʚ, ʠʟʫʯʝʥʠʶ 

ʩʚʦʡʩʪʚ ʠ ʪʝʭʥʦʣʦʛʠʠ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ ʥʘ ʧʦʨʠʩʪʳʭ ʟʘʧʦʣʥʠʪʝʣʷʭ ʚʝʜʫʪʩʷ ʚ 

ʉʠʙɸɼʀ ʩ 1979 ʛ. ʇʦ ʨʘʟʨʘʙʦʪʢʘʤ ʉʠʙɸɼʀ ʚ ʢʝʨʘʤʟʠʪʦʚʦʤ ʮʝʭʝ ʆʤʩʢʦʛʦ 

ʢʦʤʙʠʥʘʪʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʳʧʫʩʢʘʣʩʷ ʪʷʞʝʣʳʡ ʢʝʨʘʤʟʠʪ ʤʘʨʦʢ ʧʦ 

ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʠ 1000 ʠ 1200 ʧʦ ʊʋ 218 ʈʉʌʉʈ 563-86 çɻʨʘʚʠʡ 

ʢʝʨʘʤʟʠʪʦʚʳʡ ʪʷʞʝʣʳʡ ʜʣʷ ʜʦʨʦʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷè. 

ʇʦʨʠʩʪʳʝ ʢʝʨʘʤʟʠʪʦʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʝ ʩʤʝʩʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 1979, 1999 

ï 2003 ʛ.ʛ. ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʠʞʥʠʭ ʩʣʦʝʚ ʧʦʢʨʳʪʠʡ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ 

ʜʦʨʦʛʘʭ ʆʤʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ ʦʧʳʪʥʳʭ ʫʯʘʩʪʢʦʚ ʫʩʪʘʥʦʚʣʝʥʳ 

ʚʳʩʦʢʠʝ ʤʦʨʦʟʦʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʟʠʪʦʘʩʬʘʣʴʪʦʙʝʪʦʥʘ. ʅʘ ʫʯʘʩʪʢʘʭ 

ʜʦʨʦʛ ʩ ʥʠʞʥʠʤ ʩʣʦʝʤ ʧʦʢʨʳʪʠʷ ʠʟ ʢʝʨʘʤʟʠʪʦʘʩʬʘʣʴʪʦʙʝʪʦʥʘ ʥʘʙʣʶʜʘʣʦʩʴ 
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ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʨʦʚʥʦʩʪʝʡ ʠ ʪʨʝʱʠʥ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʝʟʦʥʥʳʤ 

ʧʨʦʤʝʨʟʘʥʠʝʤ ʛʨʫʥʪʦʚ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ. ʈʘʟʨʘʙʦʪʘʥʳ ʪʘʢʞʝ ʥʦʨʤʘʪʠʚʥʦ-

ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʜʦʢʫʤʝʥʪʳ ʥʘ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʝ ʩʤʝʩʠ ʠ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʳ ʥʘ ʧʦʨʠʩʪʦʤ ʟʘʧʦʣʥʠʪʝʣʝ ʠʟ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʪʫʬʘ ʜʣʷ ʫʩʣʦʚʠʡ 

ʨʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷ.  

ʇʨʠʤʝʥʝʥʠʝ ʜʦʨʦʞʥʳʭ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ ʥʘ ʧʦʨʠʩʪʳʭ ʟʘʧʦʣʥʠʪʝʣʷʭ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʜʣʷ ʨʘʡʦʥʦʚ ʩ ʨʝʟʢʦʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʢʣʠʤʘʪʦʤ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʚʳʩʦʢʦʡ ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, 

ʪʝʧʣʦʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴʶ. ʆʜʥʘʢʦ ʚʳʩʦʢʘʷ 

ʦʪʢʨʳʪʘʷ ʧʦʨʠʩʪʦʩʪʴ ʟʘʧʦʣʥʠʪʝʣʝʡ ʧʦʥʠʞʘʝʪ ʚʦʜʦ- ʠ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ, ʧʦʚʳʰʘʝʪ ʠʭ ʩʢʣʦʥʥʦʩʪʴ ʢ ʩʪʘʨʝʥʠʶ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʩʭʦʜ 

ʙʠʪʫʤʘ ʚ ʩʤʝʩʷʭ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʶʪ ʥʦʤʝʥʢʣʘʪʫʨʫ ʪʘʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʙʣʘʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʜʦʨʦʞʥʳʭ ʦʜʝʞʜʘʭ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ ʥʘ ʧʦʨʠʩʪʳʭ ʢʘʤʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ ʫʣʫʯʰʘʶʪʩʷ, ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʠʪʫʤʘ ʧʦʥʠʞʘʝʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʬʦʙʠʟʘʮʠʠ ʟʘʧʦʣʥʠʪʝʣʝʡ ʘʢʪʠʚʠʨʫʶʱʠʤʠ ʩʤʝʩʷʤʠ (ʞʠʜʢʠʤʠ 

ʙʠʪʫʤʘʤʠ ʩ ʜʦʙʘʚʢʘʤʠ ʇɸɺ) [2, 3]. ʉʚʦʡʩʪʚʘ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ ʠ ʦʧʪʠʤʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʙʠʪʫʤʘ ʟʘʚʠʩʷʪ ʪʘʢʞʝ ʦʪ ʧʦʨʷʜʢʘ ʜʦʟʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ 

ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʩʤʝʩʝʡ [8]. ʆʜʥʘʢʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʩʪʦʡʢʦʩʪʴ ʢ 

ʩʪʘʨʝʥʠʶ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ ʥʘ ʛʠʜʨʦʬʦʙʠʟʠʨʦʚʘʥʥʳʭ ʪʷʞʝʣʦʤ ʢʝʨʘʤʟʠʪʝ ʠ 

ʱʝʙʥʝ ʠʟ ʪʫʬʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʳ, ʯʪʦ ʠ ʷʚʠʣʦʩʴ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʥʷʪʳ ʘʩʬʘʣʴʪʦʙʝʪʦʥʳ ʥʘ ʦʙʳʯʥʳʭ ʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʨʠʩʪʳʭ ʟʘʧʦʣʥʠʪʝʣʷʭ (ʪʷʞʝʣʦʤ ʢʝʨʘʤʟʠʪʝ, ʱʝʙʥʝ ʠʟ 

ʪʫʬʘ) ʠ ʧʣʦʪʥʦʤ ʟʘʧʦʣʥʠʪʝʣʝ (ʱʝʙʥʝ ʠʟ ʛʨʘʥʠʪʘ), ʧʝʩʢʝ ʧʨʠʨʦʜʥʦʤ ʠ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʤ ʤʠʥʝʨʘʣʴʥʦʤ ʧʦʨʦʰʢʝ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʚ ʩʤʝʩʷʭ 

ʙʠʪʫʤʘ ʤʘʨʢʠ ɹʅɼ 60/90. ʄʦʜʠʬʠʢʘʮʠʶ ʧʦʨʠʩʪʳʭ ʟʘʧʦʣʥʠʪʝʣʝʡ ʧʨʦʠʟʚʦʜʠʣʠ 

ʪʷʞʝʣʦʡ ʩʤʦʣʦʡ ʧʠʨʦʣʠʟʘ [9].  

ʊʷʞʝʣʘʷ ʩʤʦʣʘ ʧʠʨʦʣʠʟʘ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʪʦʥʥʘʞʥʳʤ ʧʦʙʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ 

ʧʨʦʮʝʩʩʘ ʧʠʨʦʣʠʟʘ ʙʝʥʟʠʥʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʪʠʣʝʥʘ ʥʘ ʇɸʆ çʆʤʩʢʠʡ 

ʢʘʫʯʫʢè. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʷʟʢʫʶ ʞʠʜʢʦʩʪʴ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ, 

ʠʤʝʶʱʫʶ ʩʣʝʜʫʶʱʠʝ ʩʚʦʡʩʪʚʘ: 

ʧʣʦʪʥʦʩʪʴ ʧʨʠ 20 Áʉ, ʢʛ/ʤ
3
                                   1030 ï 1080; 

ʚʷʟʢʦʩʪʴ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʧʨʠ 20 Áʉ, ʩʉʪ            11,4 ï 18,2; 

ʢʦʢʩʫʝʤʦʩʪʴ, ʤʘʩ. %, ʤʝʥʝʝ                                  12; 

ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ, ʤʘʩ. %, ʤʝʥʝʝ                         0,5; 

ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ: ʧʝʨʝʛʦʥʷʝʪʩʷ ʜʦ 200 Áʉ, ʤʘʩ. %, ʤʝʥʝʝ   10. 

ɻʨʫʧʧʦʚʦʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʪʷʞʝʣʦʡ ʩʤʦʣʳ ʧʠʨʦʣʠʟʘ, ʤʘʩ. %: 

ɸʩʬʘʣʴʪʝʥʳ                                  9,26 ï 20,07; 

ʉʤʦʣʳ                                           0,88 ï 2,44; 

ʋʛʣʝʚʦʜʦʨʦʜʳ: 

ʧʘʨʘʬʠʥʦ-ʥʘʬʪʝʥʦʚʳʝ         0,38 ï 2,47; 

ʤʦʥʦʮʠʢʣʦʘʨʦʤʘʪʠʯʝʩʢʠʝ   0 ï 1,5; 

ʙʠʮʠʢʣʦʘʨʦʤʘʪʠʯʝʩʢʠʝ       17,55 ï 36,22; 

ʧʦʣʠʮʠʢʣʦʘʨʦʤʘʪʠʯʝʩʢʠʝ   52,13 ï 60,03. 
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ʊʷʞʝʣʘʷ ʩʤʦʣʘ ʧʠʨʦʣʠʟʘ ʩʦʜʝʨʞʠʪ ʚʳʩʦʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʷʨʥʳʭ 

ʘʩʬʘʣʴʪʝʥʦʚ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʘʜʛʝʟʠʶ 

ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ 

ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʘʢʪʠʚʥʳʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʜʣʷ ʤʘʢʨʦʤʦʣʝʢʫʣ ʘʩʬʘʣʴʪʝʥʦʚ, 

ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʤʘʣʫʶ ʚʷʟʢʦʩʪʴ ʪʷʞʝʣʦʡ ʩʤʦʣʳ ʧʠʨʦʣʠʟʘ ʠ ʝʝ ʚʳʩʦʢʫʶ 

ʧʨʦʥʠʢʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʧʦʨʳ ʤʠʥʝʨʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʄʦʜʠʬʠʢʘʮʠʶ ʧʦʨʠʩʪʳʭ ʟʘʧʦʣʥʠʪʝʣʝʡ ʪʷʞʝʣʦʡ ʩʤʦʣʦʡ ʧʠʨʦʣʠʟʘ 

ʧʨʦʚʦʜʠʣʠ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʩʤʝʩʠʪʝʣʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 120ï130 Áʉ ʚ ʪʝʯʝʥʠʝ 

30ï40 ʩ. ʈʘʮʠʦʥʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʷʞʝʣʦʡ ʩʤʦʣʳ ʧʠʨʦʣʠʟʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʧʦʨʠʩʪʳʭ ʟʘʧʦʣʥʠʪʝʣʝʡ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʧʦ ʤʝʪʦʜʠʢʝ [10], ʩʦʩʪʘʚʠʣʦ 4 ʤʘʩ. %. 

ʇʦʨʠʩʪʳʝ ʟʘʧʦʣʥʠʪʝʣʠ ʠʩʧʳʪʳʚʘʣʠ ʧʦ ɻʆʉʊ 8269.1 ʠ ɻʆʉʊ 9758. ʀʩʪʠʥʥʳʝ 

ʧʣʦʪʥʦʩʪʠ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʛʝʣʠʝʚʦʤ ʧʠʢʥʦʤʝʪʨʝ ʛʘʟʦʚʦʛʦ 

ʚʳʪʝʩʥʝʥʠʷ çɸʩʩʠʈʫʩ-1330è ʬʠʨʤʳ çMicromeriticsè, ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦ 

ɹʕʊ (Sɹʕʊ) ï ʵʢʩʧʨʝʩʩʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʘʜʩʦʨʙʮʠʦʥʥʦʤ ʧʨʠʙʦʨʝ çʉʦʨʙʪʦʤʝʪʨè 

ʧʦ ʘʜʩʦʨʙʮʠʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʛʘʟʘ ʘʟʦʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 77,4 ʂ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤ 

ʜʘʚʣʝʥʠʠ ʧʘʨʦʚ ʘʟʦʪʘ ʈ/ʈ0 = 0,075 [11]. ɹʳʣʘ ʧʨʠʤʝʥʝʥʘ ʤʝʪʦʜʠʢʘ ʦʜʥʦʪʦʯʝʯʥʦʡ 

ʘʜʩʦʨʙʮʠʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʛʘʟʘ ʘʟʦʪʘ ʚ ʪʦʢʝ ʛʝʣʠʷ [12].  

 

ʊʘʙʣʠʮʘ 1 

ʉʚʦʡʩʪʚʘ ʧʦʨʠʩʪʳʭ ʟʘʧʦʣʥʠʪʝʣʝʡ 

 

ʇʦʢʘʟʘʪʝʣʴ 

ɺʠʜ ʧʦʨʠʩʪʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ 

ʜʦ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʩʣʝ ʤʦʜʠʬʠʢʘʮʠʠ 

ʢʝʨʘʤʟʠʪʦʚʳʡ 

ʛʨʘʚʠʡ 

ʱʝʙʝʥʴ ʠʟ 

ʪʫʬʘ 

ʢʝʨʘʤʟʠʪʦʚʳʡ 

ʛʨʘʚʠʡ 

ʱʝʙʝʥʴ ʠʟ 

ʪʫʬʘ 

ʀʩʪʠʥʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ
3
 2540 2770 2199 2420 

ʉʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ
3
 1600 1850 1560 1790 

ʇʦʨʠʩʪʦʩʪʴ, % 37,01 33,21 29,05 26,03 

ɺʦʜʦʧʦʛʣʦʱʝʥʠʝ 22,73 27,57 14,53 17,30 

ʇʨʦʯʥʦʩʪʴ ʧʨʠ 

ʩʜʘʚʣʠʚʘʥʠʠ ʚ ʮʠʣʠʥʜʨʝ, 

ʄʇʘ 

 

4,83 

 

1,65 

 

6,49 

 

3,15 

ʋʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, 

Sɹʕʊ , ʤ
2
/ʢʛ 

 

500 

 

700 

 

490 

 

590 

ʉʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʧʦʨ, ʤʢʤ 1,166 0,879 0,861 0,858 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣ. 1, ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʨʠʩʪʳʭ 

ʟʘʧʦʣʥʠʪʝʣʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʶʪʩʷ ʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ: 

ʫʤʝʥʴʰʘʶʪʩʷ ʧʦʨʠʩʪʦʩʪʴ ʠ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ, ʧʦʚʳʰʘʶʪʩʷ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʩʜʘʚʣʠʚʘʥʠʠ ʚ ʮʠʣʠʥʜʨʝ: ʢʝʨʘʤʟʠʪʘ ʚ 1,34 ʨʘʟʘ, ʱʝʙʥʷ ʠʟ ʪʫʬʘ ï ʚ 1,91 ʨʘʟʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʯʥʦʩʪʴʶ ʥʝʦʙʨʘʙʦʪʘʥʥʳʭ ʟʝʨʝʥ.  

ʉʦʩʪʘʚʳ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ ʪʠʧʘ ɺ ʧʨʦʝʢʪʠʨʦʚʘʣʠ ʧʦ ʤʝʪʦʜʫ ʉʠʙɸɼʀ [13, 

14]. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʥʮʠʧʘʭ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ ʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʫʩʪʘʥʘʚʣʠʚʘʪʴ: ʘ) ʦʧʪʠʤʘʣʴʥʳʡ 

ʩʦʩʪʘʚ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ; ʙ) ʦʞʠʜʘʝʤʳʝ ʟʥʘʯʝʥʠʷ ʨʷʜʘ ʧʦʢʘʟʘʪʝʣʝʡ ʩʚʦʡʩʪʚ 
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(ʧʫʩʪʦʪʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ, ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʦʙʱʝʡ ʩʪʦʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ 1 ʪ ʠʣʠ 1 ʤ 
3 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ). ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʴʥʦ ʦʧʨʝʜʝʣʷʪʴ 

ʨʘʩʭʦʜʳ ʙʠʪʫʤʘ ʥʘ ʩʤʘʯʠʚʘʥʠʝ ʠ ʦʙʚʦʣʘʢʠʚʘʥʠʝ ʱʝʙʥʷ, ʧʝʩʢʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʘʩʬʘʣʴʪʦʚʷʞʫʱʝʛʦ.  

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʚʦʡʩʪʚ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ ʥʘ ʧʦʨʠʩʪʳʭ ʟʘʧʦʣʥʠʪʝʣʷʭ, ʙʳʣ ʟʘʧʨʦʝʢʪʠʨʦʚʘʥ ʧʦ ʤʝʪʦʜʫ 

ʉʠʙɸɼʀ ʠ ʧʨʠʛʦʪʦʚʣʝʥ ʛʦʨʷʯʠʡ ʧʣʦʪʥʳʡ ʘʩʬʘʣʴʪʦʙʝʪʦʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʨʘʥʠʪʥʦʛʦ ʱʝʙʥʷ. ʆʙʲʝʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠ ʟʝʨʥʦʚʦʡ ʩʦʩʪʘʚ ʛʨʘʥʠʪʥʦʛʦ 

ʱʝʙʥʷ ʙʳʣʠ ʧʨʠʥʷʪʳ ʪʘʢʠʤʠ ʞʝ, ʢʘʢ ʠ ʜʣʷ ʱʝʙʥʷ ʠʟ ʪʫʬʘ ʠ ʪʷʞʝʣʦʛʦ 

ʢʝʨʘʤʟʠʪʘ. ʉʦʩʪʘʚʳ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ ʜʘʥʳ ʚ ʪʘʙʣ. 2. 

 

ʊʘʙʣʠʮʘ 2 

ʉʦʩʪʘʚʳ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ 

 

ʂʦʤʧʦʥʝʥʪ 

ʉʦʜʝʨʞʘʥʠʝ 

ʢʦʤʧʦʥʝʥʪʘ, ʤʘʩ. %,  

ʚ ʩʦʩʪʘʚʝ 

1 2 3 

ʂʝʨʘʤʟʠʪ ʬʨʘʢʮʠʠ 5 ï 15 ʤʤ  37,5 - - 

ʑʝʙʝʥʴ ʠʟ ʪʫʬʘ ʬʨʘʢʮʠʠ 5 ï 15 ʤʤ - 36,8 - 

ʑʝʙʝʥʴ ʛʨʘʥʠʪʥʳʡ ʬʨʘʢʮʠʠ 5 ï 15 ʤʤ - - 49,0 

ʇʝʩʦʢ ʧʨʠʨʦʜʥʳʡ 47,2 50,0 38,5 

ʄʠʥʝʨʘʣʴʥʳʡ ʧʦʨʦʰʦʢ 15,3 14,2 12,5 

ɹʠʪʫʤ ʤʘʨʢʠ ɹʅɼ 60/90 (ʩʚʝʨʭ 100 % ʤʠʥʝʨʘʣʴʥʦʡ  

ʯʘʩʪʠ), ʚ ʪʦʤ ʯʠʩʣʝ: 

7,78 7,75 5,65 

ɹɦ ï ʨʘʩʭʦʜ ʙʠʪʫʤʘ ʥʘ ʩʤʘʯʠʚʘʥʠʝ, ʦʙʚʦʣʘʢʠʚʘʥʠʝ ʠ 

ʢʦʣʴʤʘʪʘʮʠʶ ʧʦʨ ʢʨʫʧʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ 

 

3,58 

 

3,35 

 

2,1 

ɹʧ ï ʨʘʩʭʦʜ ʙʠʪʫʤʘ ʥʘ ʩʤʘʯʠʚʘʥʠʝ ʠ ʦʙʚʦʣʘʢʠʚʘʥʠʝ 

ʟʝʨʝʥ ʧʝʩʢʘ 

 

1,34 

 

1,73 

 

1,25 

ɹʘʚ ï ʨʘʩʭʦʜ ʙʠʪʫʤʘ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ 

ʘʩʬʘʣʴʪʦʚʷʞʫʱʝʛʦ 

2,86 2,67 2,3 

 

ɸʩʬʘʣʴʪʦʙʝʪʦʥʥʳʝ ʩʤʝʩʠ ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʨʠʩʪʳʭ 

ʟʘʧʦʣʥʠʪʝʣʝʡ ʛʦʪʦʚʠʣʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ. ɺʳʩʫʰʝʥʥʳʝ ʠ ʥʘʛʨʝʪʳʝ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ 140ï150 Áʉ ʢʝʨʘʤʟʠʪ ʠʣʠ ʱʝʙʝʥʴ ʠʟ ʪʫʬʘ ʟʘʛʨʫʞʘʣʠ ʚ ʩʤʝʩʠʪʝʣʴ, 

ʪʫʜʘ ʞʝ ʚʚʦʜʠʣʠ ʪʷʞʝʣʫʶ ʩʤʦʣʫ ʧʠʨʦʣʠʟʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50ï60 Áʉ ʠ 

ʢʦʤʧʦʥʝʥʪʳ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30ï40 ʩ. ɿʘʪʝʤ ʚ ʩʤʝʩʠʪʝʣʴ ʧʦʜʘʚʘʣʠ 

ʥʘʛʨʝʪʳʡ ʜʦ 140ï150 Áʉ ʧʝʩʦʢ ʧʨʠʨʦʜʥʳʡ. ʇʦʩʣʝ 10ï15 ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʜʦʟʠʨʦʚʘʣʠ ʙʠʪʫʤ ʤʘʨʢʠ ɹʅɼ 60/90, ʨʘʟʦʛʨʝʪʳʡ ʜʦ 130ï140 Áʉ, ʠ ʢʦʤʧʦʥʝʥʪʳ 

ʩʤʝʩʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 20ï30 ʩ. ɿʘʪʝʤ ʚʚʦʜʠʣʠ ʤʠʥʝʨʘʣʴʥʳʡ ʧʦʨʦʰʦʢ ʠ 

ʩʤʝʩʴ ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ 50ï60 ʩ ʜʦ ʦʜʥʦʨʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ ʩ ʢʝʨʘʤʟʠʪʦʤ ʠ ʱʝʙʥʝʤ ʠʟ ʪʫʬʘ, ʘ 

ʪʘʢʞʝ ʛʨʘʥʠʪʥʳʤ ʱʝʙʥʝʤ ʧʦʨʷʜʦʢ ʧʦʜʘʯʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʤʝʩʠʪʝʣʴ ʙʳʣ 

ʘʥʘʣʦʛʠʯʥʳʤ. 
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ʀʟ ʩʤʝʩʝʡ ʩ ʧʦʨʠʩʪʳʤʠ ʟʘʧʦʣʥʠʪʝʣʷʤʠ ʬʦʨʤʦʚʘʣʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʦʙʨʘʟʮʳ-

ʮʠʣʠʥʜʨʳ ʨʘʟʤʝʨʦʤ d = h = 71,4 ʤʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 120ï130 Áʉ ʠ 

ʫʧʣʦʪʥʷʶʱʝʤ ʜʘʚʣʝʥʠʠ 30 ʄʇʘ. ɸʩʬʘʣʴʪʦʙʝʪʦʥʥʫʶ ʩʤʝʩʴ ʩʦ ʱʝʙʥʝʤ ʠʟ 

ʛʨʘʥʠʪʘ ʫʧʣʦʪʥʷʣʠ ʧʨʠ ʜʘʚʣʝʥʠʠ 40 ʄʇʘ. ʆʙʨʘʟʮʳ ʠʩʧʳʪʳʚʘʣʠ ʯʝʨʝʟ ʩʫʪʢʠ 

ʧʦʩʣʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦ ʤʝʪʦʜʠʢʝ ɻʆʉʊ 12801 ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʂʨʦʤʝ ʵʪʦʛʦ ʦʧʨʝʜʝʣʷʣʠ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ ʧʨʠ ʧʦʧʝʨʝʤʝʥʥʦʤ ʟʘʤʦʨʘʞʠʚʘʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ï20 Áʉ ʠ 

ʦʪʪʘʠʚʘʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +20 Áʉ ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʤʝʨʫ 

ʭʨʫʧʢʦʩʪʠ ʧʦ ʤʝʪʦʜʠʢʝ [15], ʧʦʢʘʟʘʪʝʣʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʧʦ ʤʝʪʦʜʠʢʝ [16] ʠ 

ʠʭ ʠʟʤʝʥʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʩʪʘʨʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80 Áʉ ʚ ʪʝʯʝʥʠʝ 100 ʯ. 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ ʜʘʥʳ ʚ ʪʘʙʣ. 3. 

ʀʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʩ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʧʦʨʠʩʪʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪʩʷ 

ʦʩʪʘʪʦʯʥʘʷ ʧʦʨʠʩʪʦʩʪʴ ʠ ʚʦʜʦʥʘʩʳʱʝʥʠʝ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʯʥʦʩʪʠ 

ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (R50 ʠ R20), ʧʦʥʠʞʘʶʪʩʷ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 0 ʠ ï 

10 Áʉ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʫʤʝʥʴʰʘʝʪʩʷ ʤʝʨʘ ʭʨʫʧʢʦʩʪʠ. 

ʄʦʜʠʬʠʢʘʮʠʷ ʟʝʨʝʥ ʢʝʨʘʤʟʠʪʘ ʠ ʱʝʙʥʷ ʠʟ ʪʫʬʘ ʧʦʟʚʦʣʠʣʘ ʪʘʢʞʝ ʫʤʝʥʴʰʠʪʴ 

ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʠʪʫʤʘ ʧʦʚʳʩʠʪʴ ʪʝʧʣʦʫʩʪʦʡʯʠʚʦʩʪʴ, ʚʦʜʦ- ʠ 

ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʘʜʛʝʟʠʠ ʙʠʪʫʤʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʝʥ, ʘ 

ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ, ʧʨʦʥʠʢʘʶʱʝʡ ʚ ʧʦʨʳ, ʠ ʧʦʚʳʩʠʪʴ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʚʩʣʝʜʩʪʚʠʝ ʩʥʠʞʝʥʠʷ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʜʠʬʬʫʟʠʠ ʣʝʛʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʪʫʤʘ ʚ ʧʦʨʳ ʟʘʧʦʣʥʠʪʝʣʝʡ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʤ ʥʘ 

ʱʝʙʥʝ ʠʟ ʛʨʘʥʠʪʘ ʘʩʬʘʣʴʪʦʙʝʪʦʥʳ ʥʘ ʧʦʨʠʩʪʳʭ ʟʘʧʦʣʥʠʪʝʣʷʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 50 ʠ 20 Áʉ, ʤʝʥʴʰʝʡ 

ʧʨʦʯʥʦʩʪʴʶ ʧʨʠ 0 Áʉ, ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʪʝʧʣʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʤʝʨʘʤʠ ʭʨʫʧʢʦʩʪʠ (ʪʘʙʣ. 3).  

 

ʊʘʙʣʠʮʘ 3  

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ  

 

 

ʇʦʢʘʟʘʪʝʣʴ 

ʂʨʫʧʥʳʡ ʟʘʧʦʣʥʠʪʝʣʴ 

 

ʢʝʨʘʤʟʠʪ 

 

 

ʱʝʙʝʥʴ 

ʠʟ ʪʫʬʘ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʧʦʨʠʩʪʳʝ ʟʘʧʦʣʥʠʪʝʣʠ 

 

ʛʨʘʥʠʪ- 

ʥʳʡ  

ʱʝʙʝʥʴ 
ʢʝʨʘʤʟʠ- 

ʪʦʚʳʡ 

ʛʨʘʚʠʡ 

ʱʝʙʝʥʴ 

ʠʟ ʪʫʬʘ 

ʉʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ
3
 2030 2140 2150 2230 2365 

ʇʦʨʠʩʪʦʩʪʴ ʤʠʥʝʨʘʣʴʥʦʡ 

ʯʘʩʪʠ, % 

 

24,38 

 

25,90 

 

23,05 

 

24,19 

 

16,7 

ʆʩʪʘʪʦʯʥʘʷ ʧʦʨʠʩʪʦʩʪʴ, % 10,48 11,57 8,55 8,16 3,5 

ɺʦʜʦʥʘʩʳʱʝʥʠʝ, % 4,61 4,33 3,33 3,28 2,86 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʩʞʘʪʠʠ, ʄʇʘ, ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ: 

50 Áʉ 

 

 

1,3 

 

 

1,4 

 

 

2,0 

 

 

2,1 

 

 

1,15 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3 

20 Áʉ 3,2 4,1 2,6 3,3 3,65 

0 Áʉ 6,95 6,9 6,1 6,8 7,95 

ï10 Áʉ 12,0 12,0 8,5 11,5 16,5 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ ʨʘʩʢʦʣʝ ʧʨʠ 

0 Áʉ, ʄʇʘ 

 

 

3,8 

 

 

3,51 

 

 

3,2 

 

 

3,6 

 

 

4,67 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʦʜʦʩʪʦʡ- 

ʢʦʩʪʠ 

 

0,97 

 

1,0 

 

1 

 

1 

 

0,99 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʣʠʪʝʣʴʥʦʡ  

ʚʦʜʦʩʪʦʡʢʦʩʪʠ 

 

0,73 

 

0,74 

 

0,89 

 

0,90 

 

0,81 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʫʩʪʦʡʯʠʚʦʩʪʠ R0/R50 

 

4,9 

 

5,4 

 

3,4 

 

3,24 

 

6,91 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ ʧʦʩʣʝ 50 

ʮʠʢʣʦʚ ʟʘʤʦʨʘʞʠʚʘʥʠʷ-

ʦʪʪʘʠʚʘʥʠʷ 

 

 

 

0,65 

 

 

 

0,64 

 

 

 

0,80 

 

 

 

0,76 

 

 

 

0,84 

ʄʝʨʘ ʭʨʫʧʢʦʩʪʠ ʧʨʠ  

ï10 Áʉ, ʦʪʥ ʝʜ. 

 

0,67 

 

0,69 

 

0,63 

 

0,62 

 

0,88 

ʆʧʪʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʙʠʪʫʤʘ, ʤʘʩ. % (ʩʚʝʨʭ  

100 % ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ) 

 

 

7,78 

 

 

7,75 

 

 

6,5 

 

 

6,5 

 

 

5,65 

 

ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʢʨʠʪʝʨʠʝʤ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ ʷʚʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ Rʨ ʢ ʤʦʜʫʣʶ ʫʧʨʫʛʦʩʪʠ E. ʇʨʦʯʥʦʩʪʴ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥ: ʯʝʤ ʙʦʣʴʰʝ Rʨ, ʪʝʤ ʚʳʰʝ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. ʅʘ ʚʝʣʠʯʠʥʫ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʧʦʢʨʳʪʠʠ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ɽ: ʯʝʤ ʦʥ ʙʦʣʴʰʝ, ʪʝʤ ʙʦʣʴʰʝ ʚʝʣʠʯʠʥʘ ʵʪʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʤʝʥʴʰʝ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʧʦʢʨʳʪʠʷ. ɺ ʠʪʦʛʝ: ʯʝʤ ʙʦʣʴʰʝ 

ʦʪʥʦʰʝʥʠʝ Rʨ/E, ʪʝʤ ʚʳʰʝ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ. ʋʩʪʘʥʦʚʣʝʥʳ 

ʟʥʘʯʝʥʠʷ (Rʨ/E)Ā10
-3
, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ ʚ I ï 

V ʜʦʨʦʞʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ: ʜʣʷ I ï ʥʝ ʤʝʥʝʝ 2,4 Ā 10
-3
;
;
 II ʠ III ï ʥʝ ʤʝʥʝʝ 

1,0 Ā 10
-3
; IV ʠ V ï ʥʝ ʤʝʥʝʝ 0,6 Ā 10

-3 
[16].  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ (ʨʠʩʫʥʦʢ 1) ʫʩʪʘʥʦʚʣʝʥʦ 

ʚʣʠʷʥʠʝ ʚʠʜʘ ʢʨʫʧʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʠ ʩʪʦʡʢʦʩʪʴ ʢ ʩʪʘʨʝʥʠʶ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ.  

ʇʦʢʘʟʘʪʝʣʴ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ Rp/ɽ ʧʦʩʣʝ ʩʪʘʨʝʥʠʷ ʫ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ ʥʘ 

ʧʦʨʠʩʪʳʭ ʟʘʧʦʣʥʠʪʝʣʷʭ ʙʝʟ ʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʥʠʟʠʣʩʷ ʥʘ 33 

ï 35%, ʫ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʨʠʩʪʳʭ ʟʘʧʦʣʥʠʪʝʣʷʭ ï ʥʘ 

10ï13 %. ʀʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ ʥʘ ʧʣʦʪʥʦʤ 

ʟʘʧʦʣʥʠʪʝʣʝ ʚ ʧʨʦʮʝʩʩʝ ʩʪʘʨʝʥʠʷ ʩʦʩʪʘʚʠʣʦ 12%. ʉʪʦʡʢʦʩʪʴ ʢ ʩʪʘʨʝʥʠʶ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʧʦʨʠʩʪʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ ʧʦʚʳʰʘʝʪʩʷ 
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ʚʩʣʝʜʩʪʚʠʝ ʢʦʣʴʤʘʪʘʮʠʠ ʦʪʢʨʳʪʳʭ ʧʦʨ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʟʙʠʨʘʪʝʣʴʥʦʡ 

ʜʠʬʬʫʟʠʠ ʙʠʪʫʤʘ ʚ ʧʦʨʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦʨʠʩʪʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ. 

ʊʨʝʙʫʝʤʦʤʫ ʟʥʘʯʝʥʠʶ ʧʦʢʘʟʘʪʝʣʷ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ Rp/ɽ = 2,4Ā10
-3
 ʜʣʷ I 

ʜʦʨʦʞʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ ʜʦ ʩʪʘʨʝʥʠʷ ʦʪʚʝʯʘʶʪ ʘʩʬʘʣʴʪʦʙʝʪʦʥʳ ʥʘ 

ʧʦʨʠʩʪʳʭ ʟʘʧʦʣʥʠʪʝʣʷʭ, ʧʦʩʣʝ ʩʪʘʨʝʥʠʷ ï ʘʩʬʘʣʴʪʦʙʝʪʦʥʳ ʥʘ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʱʝʙʥʝ ʠʟ ʪʫʬʘ ʠ ʢʝʨʘʤʟʠʪʝ. ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʳ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʫʝʤʳʤ ʟʥʘʯʝʥʠʷʤ ʧʦʢʘʟʘʪʝʣʝʡ 

ʪʨʝʰʠʥʦʩʪʦʡʢʦʩʪʠ ʜʣʷ ʫʩʣʦʚʠʡ II, III ʠ IV, V ʜʦʨʦʞʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ. 

ʆʜʥʘʢʦ ʫ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ ʥʘ ʧʦʨʠʩʪʳʭ ʟʘʧʦʣʥʠʪʝʣʷʭ ʧʦʢʘʟʘʪʝʣʠ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ Rp/ɽ ʜʦ ʠ ʧʦʩʣʝ ʩʪʘʨʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʫ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ ʥʘ ʧʣʦʪʥʦʤ ʟʘʧʦʣʥʠʪʝʣʝ. 

 

 
ʈʠʩʫʥʦʢ 1. ʇʦʢʘʟʘʪʝʣʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʛʦʨʷʯʠʭ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ  

ʥʘ ʢʝʨʘʤʟʠʪʝ (1), ʱʝʙʥʝ ʠʟ ʪʫʬʘ (3), ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʢʝʨʘʤʟʠʪʝ (2), 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʱʝʙʥʝ ʠʟ ʪʫʬʘ (4) ʠ ʛʨʘʥʠʪʥʦʤ ʱʝʙʥʝ (5)  

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʨʠʩʪʳʭ ʟʘʧʦʣʥʠʪʝʣʝʡ ʪʷʞʝʣʦʡ ʩʤʦʣʦʡ 

ʧʠʨʦʣʠʟʘ ʫʤʝʥʴʰʘʶʪʩʷ ʧʦʨʠʩʪʦʩʪʴ ʠ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ, ʧʦʚʳʰʘʶʪʩʷ ʧʨʦʯʥʦʩʪʠ 

ʧʨʠ ʩʜʘʚʣʠʚʘʥʠʠ ʚ ʮʠʣʠʥʜʨʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʯʥʦʩʪʴʶ ʥʝʦʙʨʘʙʦʪʘʥʥʳʭ 

ʟʝʨʝʥ.  

ʄʦʜʠʬʠʢʘʮʠʷ ʟʝʨʝʥ ʢʝʨʘʤʟʠʪʘ ʠ ʱʝʙʥʷ ʠʟ ʪʫʬʘ ʧʦʟʚʦʣʠʣʘ ʫʤʝʥʴʰʠʪʴ 

ʚʦʜʦʥʘʩʳʱʝʥʠʝ ʠ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʠʪʫʤʘ ʚ ʩʤʝʩʷʭ, ʧʦʚʳʩʠʪʴ 

ʧʨʦʯʥʦʩʪʴ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50 Áʉ, ʚʦʜʦʩʪʦʡʢʦʩʪʴ, 

ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ ʠ ʪʝʧʣʦʫʩʪʦʡʯʠʚʦʩʪʴ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʘʜʛʝʟʠʠ ʙʠʪʫʤʘ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʝʥ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ, ʧʨʦʥʠʢʘʶʱʝʡ 

ʚ ʧʦʨʳ, ʧʦʚʳʩʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʩʪʘʨʝʥʠʶ ʚʩʣʝʜʩʪʚʠʝ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʜʠʬʬʫʟʠʠ ʙʠʪʫʤʘ ʚ ʧʦʨʳ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦʨʠʩʪʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ. ʋʯʝʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʨʠʩʪʳʭ 
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ʟʘʧʦʣʥʠʪʝʣʝʡ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ 

ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʠ ʫʧʣʦʪʥʝʥʠʠ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ ʧʦʟʚʦʣʷʶʪ 

ʧʦʣʫʯʘʪʴ ʘʩʬʘʣʴʪʦʙʝʪʦʥʳ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʪʨʝɦʠʥʦʩʪʦʡʢʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʤ ʥʘ ʧʣʦʪʥʳʭ ʟʘʧʦʣʥʠʪʝʣʷʭ.  
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ʄʀʅɽʈɸʃʔʅʆɻʆ ʇʆʈʆʐʂɸ ʀɿ ɸʃɽɺʈʀʊɸ 

ɺ.ɼ. ɻʘʣʜʠʥʘ 

ʉʠʙʠʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʘʷ ʘʢʘʜʝʤʠʷ (ʉʠʙɸɼʀ) 
ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠ ʠʟʫʯʝʥʳ ʩʚʦʡʩʪʚʘ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʠ ʛʠʜʨʦʬʦʙʠʟʠʨʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʨʦʰʢʦʚ ʠʟ ʘʣʝʚʨʠʪʘ ʠ ʘʩʬʘʣʴʪʦʚʳʭ 

ʚʷʞʫʱʠʭ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʋʩʪʘʥʦʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʚʦʡʩʪʚʘʤʠ 

ʘʩʬʘʣʴʪʦʚʳʭ ʚʷʞʫʱʠʭ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ ʨʘʟʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʙʠʪʫʤʘ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʧʦʨʦʰʢʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʚʤʝʩʪʥʳʡ ʧʦʤʦʣ ʘʣʝʚʨʠʪʘ ʩ ʦʩʥʦʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʛʠʜʨʦʬʦʙʠʟʘʮʠʝʡ ʙʠʪʫʤʦʤ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ 

ʤʠʥʝʨʘʣʴʥʳʝ ʧʦʨʦʰʢʠ ʜʣʷ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʢʪʠʚʘʮʠʷ, ʘʣʝʚʨʠʪ, ʘʩʬʘʣʴʪʦʙʝʪʦʥ, 

ʘʩʬʘʣʴʪʦʚʷʞʫʱʝʝ, ʛʠʜʨʦʬʦʙʠʟʘʮʠʷ, ʤʠʥʝʨʘʣʴʥʳʡ ʧʦʨʦʰʦʢ 

 

TECHNOLOGY OF PREPARATION AND PROPERTY  

MINERAL POWDER FROM AIEVRIT  

V.D.Galdina 

The Siberian automobile and highwau academy (SibADI) 
Abstracht. The technology of preparation is considered and properties activated and the water-

repellent mineral powders from alevrit and asphalt knitting on their basis are studied. The 

interrelation between structure and properties asphalt knitting, made is established at a different 

parity of bitumen and a mineral powder. It is shown that the joint grinding alevrit with the basic 

materials and simultaneous the water-repellent bitumen allows to receive high-quality mineral 

powders for asphalt concrete. 

Keywords: activation, alevrit, asphalt concrete, the asphalt knitting, the water-

repellenting, a mineral powder. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝʡ ʧʨʠʤʝʥʝʥʠʝ ʚ ʥʝʤ 

ʤʠʥʝʨʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʜʚʝʨʛʘʝʤʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʘʮʠʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ. ɺʘʞʥʝʡʰʠʤ 

ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ ʷʚʣʷʝʪʩʷ ʤʠʥʝʨʘʣʴʥʳʡ 

ʧʦʨʦʰʦʢ. ʋʣʫʯʰʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ ʤʦʞʝʪ 

ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʤʠʥʝʨʘʣʴʥʦʛʦ 
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ʧʦʨʦʰʢʘ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʩʦʚʤʝʱʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ. ʊʘʢʠʝ ʫʩʣʦʚʠʷ ʩʦʟʜʘʶʪʩʷ ʧʨʠ 

ʘʢʪʠʚʠʨʫʶʱʝʡ ʦʙʨʘʙʦʪʢʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʚ ʧʨʦʮʝʩʩʝ ʧʦʤʦʣʘ [1]. 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʧʨʦʚʦʜʠʪʩʷ 

ʩ ʮʝʣʴʶ: 1) ʫʣʫʯʰʝʥʠʷ ʫʩʣʦʚʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʙʠʪʫʤʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʚʘʞʥʝʡʰʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ; 2) ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʙʠʪʫʤʘ ʚ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʩʣʦʷʭ 

ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʪʫʤʘ ʚ 

ʤʠʥʝʨʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ; 3) ʨʘʩʰʠʨʝʥʠʷ ʘʩʩʦʨʪʠʤʝʥʪʘ ʤʠʥʝʨʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ.  

ɺ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʤʝʩʪʥʦʛʦ ʢʘʨʙʦʥʘʪʥʦʛʦ ʩʳʨʴʷ ʚʦ ʤʥʦʛʠʭ ʨʝʛʠʦʥʘʭ 

ʈʦʩʩʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʠʩʧʦʣʴʟʫʶʪ ʢʨʝʤʥʝʟʝʤʠʩʪʳʝ 

(ʢʠʩʣʳʝ) ʤʠʥʝʨʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʛʝʥʥʳʝ ʧʨʦʜʫʢʪʳ.  

ʂʘʬʝʜʨʦʡ çʉʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʩʧʝʮʠʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠè ʌɻɹʆʋ 

ɺʆ çʉʠʙɸɼʀè ʨʘʟʨʘʙʦʪʘʥʳ ʩʦʩʪʘʚʳ ʠ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ 

ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʨʦʰʢʦʚ ʠʟ ʘʣʝʚʨʠʪʘ, ʠʟʚʝʩʪʥʷʢʦʚʳʭ ʠ ʛʨʘʥʠʪʥʳʭ ʦʪʩʝʚʦʚ, 

ʛʦʨʶʯʠʭ ʩʣʘʥʮʝʚ, ʥʠʢʝʣʝʚʦʛʦ ʰʣʘʢʘ ʠ ʙʦʢʩʠʪʦʚʦʛʦ ʰʣʘʤʘ, ʫʣʴʪʨʘʢʠʩʣʦʡ ʟʦʣʳ 

ʫʥʦʩʘ ʊʕʎ [2, 3, 4, 5, 6]. ʅʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʨʦʰʢʦʚ ʠʟ 

ʘʣʝʚʨʠʪʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʧʦʣʫʯʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʊʋ 

5716-005-02068982-2002 çʇʦʨʦʰʦʢ ʤʠʥʝʨʘʣʴʥʳʡ ʘʣʝʚʨʠʪʦʚʳʡ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ 

ʠ ʛʠʜʨʦʬʦʙʠʟʠʨʦʚʘʥʥʳʡ ʜʣʷ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ. ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷè 

ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʠ 

ʛʠʜʨʦʬʦʙʠʟʠʨʦʚʘʥʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʠʟ ʘʣʝʚʨʠʪʘ ʚ ʮʝʭʝ ʙʘʟʳ ʆɻʋʇ 

çʆʤʩʢʜʦʨʩʥʘʙè ʚ ʨ.ʧ. ʂʨʘʩʥʳʡ ʗʨ ʆʤʩʢʦʡ ʦʙʣʘʩʪʠ. ʄʠʥʝʨʘʣʴʥʳʡ ʧʦʨʦʰʦʢ 

ʚʳʧʫʩʢʘʣʩʷ ʚ ʮʝʭʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 10 ʪ/ʯ ʧʦ ʥʝʧʨʝʨʳʚʥʦʡ ʩʭʝʤʝ ʚ 

ʪʝʯʝʥʠʝ 1999ï2005 ʛʛ. ʠ ʧʨʠʤʝʥʷʣʩʷ ʚ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ ɻʇ ʆʆɼʕʇ 

çʆʤʩʢʘʚʪʦʜʦʨè ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʛʦʨʷʯʠʭ ʧʣʦʪʥʳʭ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ 

II , III  ʤʘʨʦʢ ʠ ʧʦʨʠʩʪʳʭ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ I, II  ʤʘʨʦʢ.  

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʘʣʝʚʨʠʪʘ ʩ ʟʘʧʘʩʘʤʠ 1,9 ʤʣʥ. ʤ
3
 ʨʘʩʧʦʣʦʞʝʥʦ ʚ 

ʃʶʙʠʥʩʢʦʤ ʨʘʡʦʥʝ ʆʤʩʢʦʡ ʦʙʣ. ɸʣʝʚʨʠʪ ï ʪʦʥʢʦʜʠʩʧʝʨʩʥʘʷ ʢʨʝʤʥʝʟʝʤʠʩʪʘʷ 

ʦʩʘʜʦʯʥʘʷ ʧʦʨʦʜʘ (ʩʦʜʝʨʞʘʥʠʝ SiO2 ʜʦ 80%, ʢʦʣʠʯʝʩʪʚʦ ʛʣʠʥʠʩʪʳʭ ʧʨʠʤʝʩʝʡ ʜʦ 

15%, ʧʨʠʨʦʜʥʘʷ ʜʠʩʧʝʨʩʥʦʩʪʴ ï ʜʦ 60% ʟʝʨʝʥ ʤʝʣʴʯʝ 0,071 ʤʤ). ʇʦ 

ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʠ ʜʠʩʧʝʨʩʥʦʩʪʠ ʪʘʢʦʡ ʤʘʪʝʨʠʘʣ ʥʝ ʧʨʠʛʦʜʝʥ ʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʢʘʯʝʩʪʚʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʜʣʷ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ. 

ʅʝʦʙʭʦʜʠʤʳ ʘʢʪʠʚʘʮʠʷ ʠ ʛʠʜʨʦʬʦʙʠʟʘʮʠʷ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʧʦʤʦʣʘ 

ʜʦ ʜʠʩʧʝʨʩʥʦʩʪʠ, ʪʨʝʙʫʝʤʦʡ ʜʣʷ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʨʦʰʢʦʚ ʧʦ 

ɻʆʉʊ ʈ 52129. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩ. 1. ɸʣʝʚʨʠʪ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʜʦʩʪʘʚʣʷʝʪʩʷ ʥʘ ʩʢʣʘʜ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ. ʉʦ 

ʩʢʣʘʜʘ ʘʣʝʚʨʠʪ ʬʨʦʥʪʘʣʴʥʳʤ ʧʦʛʨʫʟʯʠʢʦʤ ʧʦʜʘʝʪʩʷ ʚ ʧʨʠʷʤʦʢ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʛʦ ʦʪʜʝʣʝʥʠʷ. ʂʦʚʰʦʤ ʤʦʩʪʦʚʦʛʦ ʢʨʘʥʘ ʘʣʝʚʨʠʪ (1,5ï2 ʪ) 

ʧʦʜʘʝʪʩʷ ʥʘ ʛʨʦʭʦʪ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʥʝʛʘʙʘʨʠʪʘ. ɻʨʦʭʦʪ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʧʨʠʝʤʥʦʤ 

ʙʫʥʢʝʨʝ ʦʙʲʝʤʦʤ 4 ʤ
3
. ʀʟ ʧʨʠʝʤʥʦʛʦ ʙʫʥʢʝʨʘ ʘʣʝʚʨʠʪ ʧʦʩʪʫʧʘʝʪ ʥʘ ʪʨʘʥʩʧʦʨʪʝʨ 

ʠ ʜʘʣʝʝ ʚ ʚʘʣʢʦʚʫʶ ʜʨʦʙʠʣʢʫ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 10 ʪ/ʯ. ʀʟ ʜʨʦʙʠʣʢʠ 
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ʠʟʤʝʣʴʯʝʥʥʳʡ ʘʣʝʚʨʠʪ ʧʦʩʪʫʧʘʝʪ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʣʝʥʪʦʯʥʳʡ ʪʨʘʥʩʧʦʨʪʝʨ. ʉ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ ʘʣʝʚʨʠʪ ʧʝʨʝʛʨʫʞʘʝʪʩʷ ʥʘ ʥʘʢʣʦʥʥʳʡ ʣʝʥʪʦʯʥʳʡ 

ʪʨʘʥʩʧʦʨʪʝʨ, ʘ ʟʘʪʝʤ ʯʝʨʝʟ ʧʨʠʝʤʥʫʶ ʚʦʨʦʥʢʫ ʩ ʪʝʯʢʦʡ ʧʦʩʪʫʧʘʝʪ ʚ ʩʫʰʠʣʴʥʳʡ 

ʙʘʨʘʙʘʥ. 

 
ʈʠʩ. 1. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ 

ʠ ʛʠʜʨʦʬʦʙʠʟʠʨʦʚʘʥʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʠʟ ʘʣʝʚʨʠʪʘ 

ʎʠʩʪʝʨʥʘ ʩ 

ʙʠʪʫʤʦʤ 

ɽʤʢʦʩʪʴ ʩ 

ʮʝʤʝʥʪʦʤ 

ʇʨʠʷʤʦʢ 

ʂʦʚʰ ʢʨʘʥʘ 

ʇʦʛʨʫʟʯʠʢ 

ɹʫʥʢʝʨ ʩ ʛʨʦʭʦʪʦʤ 

ʐʥʝʢ 

ʊʨʘʥʩʧʦʨʪʝʨ ʣʝʥʪʦʯʥʳʡ 

ʉʫʰʠʣʴʥʳʡ ʙʘʨʘʙʘʥ 

ɹʫʥʢʝʨ ʨʘʩʭʦʜʥʳʡ 

ʊʨʘʥʩʧʦʨʪʝʨ ʥʘʢʣʦʥʥʳʡ 

ɺʦʨʦʥʢʘ ʧʨʠʝʤʥʘʷ  

ʩ ʪʝʯʢʦʡ 

ʃʦʪʦʢ 

ʕʣʝʚʘʪʦʨ ʛʦʨʷʯʠʡ 

ɼʨʦʙʠʣʢʘ ʚʘʣʢʦʚʘʷ 

ʊʨʘʥʩʧʦʨʪʝʨ 

ʉʢʣʘʜ ʘʣʝʚʨʠʪʘ 

ʉʤʝʩʠʪʝʣʴ 

ʅʘʩʦʩ 

ʰʝʩʪʝʨʝʥʥʳʡ 

ɼʦʟʘʪʦʨ 

ʙʠʪʫʤʘ 

ʃʦʪʦʢ 

ʄʝʣʴʥʠʮʘ ʩʪʝʨʞʥʝʚʘʷ 

ʇʨʠʝʤʥʳʡ ʙʫʥʢʝʨ 

ʇʦʜʲʝʤʥʠʢ ʧʥʝʚʤʦʚʠʥʪʦʚʦʡ 

ʉʢʣʘʜ ʮʝʤʝʥʪʘ ʩʠʣʦʩʥʳʡ 

ɿʘʛʨʫʟʦʯʥʳʡ ʙʫʥʢʝʨ 

ʅʘʩʦʩ ʧʥʝʚʤʦʚʠʥʪʦʚʦʡ 

ʂ ʇʆʊʈɽɹʀʊɽʃʖ 
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ɺ ʩʫʰʠʣʴʥʦʤ ʙʘʨʘʙʘʥʝ ʧʨʦʠʩʭʦʜʠʪ ʩʫʰʢʘ ʘʣʝʚʨʠʪʘ ʜʦ ʦʩʪʘʪʦʯʥʦʡ 

ʚʣʘʞʥʦʩʪʠ 1ï2% ʠ ʥʘʛʨʝʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 140ï160 Áʉ. ʆʯʠʩʪʢʘ ʦʪʭʦʜʷʱʠʭ 

ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʦʪ ʧʳʣʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʜʚʫʭ ʮʠʢʣʦʥʘʭ, ʨʘʙʦʪʘʶʱʠʭ ʩ 

ʚʝʥʪʠʣʷʪʦʨʦʤ-ʜʳʤʦʦʩʦʤ. ʋʣʦʚʣʝʥʥʘʷ ʧʳʣʴ ʠʟ ʮʠʢʣʦʥʦʚ ʧʦʩʪʫʧʘʝʪ ʚ ʙʫʥʢʝʨʳ, ʘ 

ʠʟ ʙʫʥʢʝʨʦʚ ʧʦʜʘʝʪʩʷ ʚ ʩʤʝʩʠʪʝʣʴ ʢʘʢ ʢʦʤʧʦʥʝʥʪ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ. 

ʀʟ ʩʫʰʠʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ ʘʣʝʚʨʠʪ ʧʦʜʘʝʪʩʷ ʛʦʨʷʯʠʤ ʵʣʝʚʘʪʦʨʦʤ ʚ 

ʨʘʩʭʦʜʥʳʡ ʙʫʥʢʝʨ, ʠʟ ʢʦʪʦʨʦʛʦ ʧʦ ʣʦʪʢʫ ʧʦʩʪʫʧʘʝʪ ʚ ʩʤʝʩʠʪʝʣʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 4 ʪ/ʯ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʚ ʩʤʝʩʠʪʝʣʴ ʜʦʟʠʨʫʶʪʩʷ ʮʝʤʝʥʪ ʠ 

ʙʠʪʫʤ. ʇʝʨʝʤʝʰʠʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʣʦʧʘʩʪʥʦʡ ʤʝʰʘʣʢʦʡ (600 ʦʙ./ʤʠʥ). ʀʟ ʩʤʝʩʠʪʝʣʷ ʩʳʨʴʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʦ 

ʣʦʪʢʫ ʧʦʩʪʫʧʘʶʪ ʚ ʩʪʝʨʞʥʝʚʫʶ ʤʝʣʴʥʠʮʫ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 10 ʪ/ʯ, ʛʜʝ 

ʠʟʤʝʣʴʯʘʶʪʩʷ ʜʦ ʪʨʝʙʫʝʤʦʡ ʪʦʥʢʦʩʪʠ ʧʦʤʦʣʘ.  

ɻʦʪʦʚʳʡ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʠ ʛʠʜʨʦʬʦʙʠʟʠʨʦʚʘʥʥʳʡ ʤʠʥʝʨʘʣʴʥʳʡ ʧʦʨʦʰʦʢ 

ʠʟ ʤʝʣʴʥʠʮʳ ʧʦʩʪʫʧʘʝʪ ʚ ʧʨʠʝʤʥʳʡ ʙʫʥʢʝʨ, ʦʪʢʫʜʘ ʧʥʝʚʤʦʚʠʥʪʦʚʳʤ 

ʧʦʜʲʝʤʥʠʢʦʤ ʟʘʢʘʯʠʚʘʝʪʩʷ ʥʘ ʩʢʣʘʜ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. ɼʣʷ ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ 

ʦʪ ʧʳʣʠ ʧʨʠ ʨʘʙʦʪʝ ʠ ʟʘʛʨʫʟʢʠ ʤʝʣʴʥʠʮʳ ʚ ʧʦʤʦʣʴʥʦʤ ʦʪʜʝʣʝʥʠʠ ʫʩʪʘʥʦʚʣʝʥ 

ʮʠʢʣʦʥ. ʉʢʣʘʜ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ 

ʧʨʠʪʨʘʩʩʦʚʳʡ ʩʢʣʘʜ ʮʝʤʝʥʪʘ (ʪʠʧʦʚʦʡ ʧʨʦʝʢʪ 409-29-62) ʚʤʝʩʪʠʤʦʩʪʴʶ 200 ʪ ʠ 

ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʣʦʩʦʚ ʠ ʟʘʛʨʫʟʦʯʥʦʛʦ ʙʫʥʢʝʨʘ ʥʘ 5 ʪ, 

ʧʥʝʚʤʦʚʠʥʪʦʚʦʛʦ ʧʦʜʲʝʤʥʠʢʘ ʊɸ-21 ʠ ʧʥʝʚʤʦʚʠʥʪʦʚʦʛʦ ʥʘʩʦʩʘ ʊɸ-39ɸ.  

ʇʦʜʘʯʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʧʦʪʨʝʙʠʪʝʣʷʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʥʝʚʤʦʚʠʥʪʦʚʳʤ ʥʘʩʦʩʦʤ, ʥʘʜ ʢʦʪʦʨʳʤ ʫʩʪʘʥʦʚʣʝʥ ʟʘʛʨʫʟʦʯʥʳʡ ʙʫʥʢʝʨ. 

ʆʯʠʩʪʢʘ ʚʦʟʜʫʭʘ, ʚʳʭʦʜʷʱʝʛʦ ʠʟ ʩʠʣʦʩʦʚ ʧʨʠ ʠʭ ʟʘʛʨʫʟʢʝ, ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʨʫʢʘʚʥʳʤʠ ʬʠʣʴʪʨʘʤʠ ʉʄʎ-169ɸ. ɺʦʟʜʫʭʦʩʥʘʙʞʝʥʠʝ ʩʢʣʘʜʘ ʧʨʝʜʫʩʤʦʪʨʝʥʦ 

ʦʪ ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʩʪʘʥʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 40 ʤ
3
/ʤʠʥ ʚʦʟʜʫʭʘ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ 0,8 ʄʇʘ.  

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ ʠʟʫʯʝʥʠʠ ʩʚʦʡʩʪʚ ʠ ʩʪʨʫʢʪʫʨʠʨʫʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʨʦʰʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʠ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʘʢʪʠʚʠʨʫʶʱʝʡ ʠ ʛʠʜʨʦʬʦʙʠʟʠʨʫʶʱʝʡ ʜʦʙʘʚʦʢ.  

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʎɽʄ II/ɸ III  32,5 ʅ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʫʶ ʛʦʨʥʫʶ 

ʧʦʨʦʜʫ ï ʩʝʨʧʝʥʪʠʥʠʪ (ʘʩʙʦʦʪʭʦʜʳ), ʚ ʢʘʯʝʩʪʚʝ ʛʠʜʨʦʬʦʙʠʟʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ï 

ʙʠʪʫʤ ʤʘʨʢʠ ɹʅɼ 60/90. ɸʢʪʠʚʠʨʦʚʘʥʥʳʝ ʠ ʛʠʜʨʦʬʦʙʠʟʠʨʦʚʘʥʥʳʝ 

ʤʠʥʝʨʘʣʴʥʳʝ ʧʦʨʦʰʢʠ ʧʦʣʫʯʘʣʠ ʩʦʚʤʝʩʪʥʳʤ ʧʦʤʦʣʦʤ ʩʤʝʩʠ ʘʣʝʚʨʠʪʘ ʠ 

ʘʢʪʠʚʠʨʫʶʱʝʡ ʤʠʥʝʨʘʣʴʥʦʡ ʜʦʙʘʚʢʠ, ʦʙʨʘʙʦʪʘʥʥʦʡ ʙʠʪʫʤʦʤ. ʉʚʦʡʩʪʚʘ 

ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʨʦʰʢʦʚ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ɻʆʉʊ ʈ 52129. ʉʦʩʪʘʚʳ ʠ ʩʚʦʡʩʪʚʘ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʠ ʛʠʜʨʦʬʦʙʠʟʠʨʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʨʦʰʢʦʚ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 1. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʚʣʠʷʥʠʝ ʨʘʩʭʦʜʦʚ 

ʘʢʪʠʚʠʨʫʶʱʝʡ ʠ ʛʠʜʨʦʬʦʙʠʟʠʨʫʶʱʝʡ ʜʦʙʘʚʦʢ ʥʘ ʩʚʦʡʩʪʚʘ ʤʠʥʝʨʘʣʴʥʳʭ 

ʧʦʨʦʰʢʦʚ. 

1. ʄʠʥʝʨʘʣʴʥʳʝ ʧʦʨʦʰʢʠ ʠʟ ʘʣʝʚʨʠʪʘ (ɸ) ʩʦʩʪʘʚʦʚ 1, 2, 3 ʠ 4, 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʮʝʤʝʥʪʦʤ (ʎ) ʧʨʠ ʝʛʦ ʩʦʜʝʨʞʘʥʠʠ 10 ʠ 15 % ʤʘʩ., ʠ 

ʛʠʜʨʦʬʦʙʠʟʠʨʦʚʘʥʥʳʝ ʙʠʪʫʤʦʤ (ɹ) ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʪ 2 ʜʦ 6 % ʤʘʩ., ʠʤʝʶʪ 

ʪʨʝʙʫʝʤʫʶ ʜʣʷ ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʨʦʰʢʦʚ ʜʠʩʧʝʨʩʥʦʩʪʴ, ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 
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ʧʦʨʠʩʪʦʩʪʠ ʠ ʙʠʪʫʤʦʝʤʢʦʩʪʠ, ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʜʦʩʪʦʡʢʦʩʪʠ. ʆʜʥʘʢʦ 

ʪʘʢʠʝ ʤʠʥʝʨʘʣʴʥʳʝ ʧʦʨʦʰʢʠ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʥʘʙʫʭʘʥʠʷ ʥʝ ʦʪʚʝʯʘʶʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ ʈ 52129 ʢ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʤʠʥʝʨʘʣʴʥʳʤ ʧʦʨʦʰʢʘʤ ʠʟ 

ʢʘʨʙʦʥʘʪʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʤʘʨʢʠ ʄʇ-1, ʥʦ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʧʦ ʚʩʝʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʤʠʥʝʨʘʣʴʥʳʤ ʧʦʨʦʰʢʘʤ ʤʘʨʢʠ 

ʄʇ-1. 

2. ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʛʠʜʨʦʬʦʙʠʟʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ 

ʨʘʩʭʦʜʝ ʮʝʤʝʥʪʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʦʜʦʩʪʦʡʢʦʩʪʠ ʠ 

ʩʥʠʞʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʙʠʪʫʤʦʝʤʢʦʩʪʠ ʠ ʥʘʙʫʭʘʥʠʷ. 

3. ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʮʝʤʝʥʪʘ ʜʦ 20 ʠ 25% ʤʘʩ. ʧʨʠ ʨʘʩʭʦʜʝ ʙʠʪʫʤʘ 2 

ʠ 3% ʤʘʩ. ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʚʦʜʦʩʪʦʡʢʦʩʪʠ, ʩʥʠʞʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʙʫʭʘʥʠʷ ʠ ʙʠʪʫʤʦʝʤʢʦʩʪʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʤʠʥʝʨʘʣʴʥʳʝ ʧʦʨʦʰʢʠ ʩʦʩʪʘʚʦʚ 5, 6, 7 ʠ 8 ʧʦ ʚʩʝʤ ʧʦʢʘʟʘʪʝʣʷʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ ʈ 52129 ʢ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʤʠʥʝʨʘʣʴʥʳʤ 

ʧʦʨʦʰʢʘʤ ʠʟ ʢʘʨʙʦʥʘʪʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʤʘʨʢʠ ʄʇ-1.  

4. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʤʠʥʝʨʘʣʴʥʦʡ ʘʢʪʠʚʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ 

ʚʦʟʤʦʞʥʦ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʛʠʜʨʦʬʦʙʠʟʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ. 

5. ʄʠʥʝʨʘʣʴʥʳʡ ʧʦʨʦʰʦʢ ʩʦʩʪʘʚʘ 9, ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʩʝʨʧʝʥʪʠʥʠʪʦʤ (ʉ) ʠ 

ʛʠʜʨʦʬʦʙʠʟʠʨʦʚʘʥʥʳʡ ʙʠʪʫʤʦʤ ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʥʘʙʫʭʘʥʠʷ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ ʈ 52129 ʢ ʤʘʨʢʝ ʄʇ-2 (ʤʠʥʝʨʘʣʴʥʳʝ 

ʧʦʨʦʰʢʠ ʠʟ ʥʝʢʘʨʙʦʥʘʪʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʦʪʭʦʜʦʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ). 

ʇʦʨʦʰʢʠ ʩʦʩʪʘʚ 10 ʠ 11 ʧʦ ʚʩʝʤ ʧʦʢʘʟʘʪʝʣʷʤ ʦʪʚʝʯʘʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ ʈ 

52129 ʢ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʤʠʥʝʨʘʣʴʥʳʤ ʧʦʨʦʰʢʘʤ ʤʘʨʢʠ ʄʇ-1. 

 

ʊʘʙʣʠʮʘ 1 

ʉʦʩʪʘʚʳ ʠ ʩʚʦʡʩʪʚʘ ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʨʦʰʢʦʚ 
 ̄

ʉʦʩ-

ʪʘʚʘ 

ʉʦʩʪʘʚ 

ʧʦʨʦʰʢʘ 

ʉʦʜʝʨʞʘʥʠʝ 

ʟʝʨʝʥ ʤʝʣʴʯʝ 

0,071 ʤʤ, % 

ʇʦʨʠʩ- 

ʪʦʩʪʴ, % 

ʧʦ ʦʙʲʝʤʫ 

ɹʠʪʫʤʦʝʤ- 

ʢʦʩʪʴ, 

ʛ/100 ʩʤ
3
 

ʅʘʙʫʭʘʥʠʝ, 

% ʧʦ 

ʦʙʲʝʤʫ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʚʦʜʦʩʪʦʡ-

ʩʢʦʩʪʠ 

1 90 % ɸ 

10 % ʎ 

4 % ɹ 

 

80,5 

 

22,4 

 

53 

 

2,39 

 

0,82 

2 90 % ɸ 

10 % ʎ 

6 % ɹ 

 

88,5 

 

23,1 

 

46 

 

2,10 

 

1,0 

3 85 % ɸ 

15 % ʎ 

3 % ɹ 

 

80,9 

 

24,9 

 

55 

 

2,46 

 

0,78 

4 85 % ɸ 

15 % ʎ 

4 % ɹ 

 

82,6 

 

24,3 

 

51 

 

2,01 

 

0,85 

5 80 % ɸ 

20 % ʎ 

2 % ɹ 

 

84,3 

 

27,3 

 

55 

 

1,73 

 

0,72 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 

 ̄

ʉʦʩ-

ʪʘʚʘ 

ʉʦʩʪʘʚ 

ʧʦʨʦʰʢʘ 

ʉʦʜʝʨʞʘʥʠʝ 

ʟʝʨʝʥ ʤʝʣʴʯʝ 

0,071 ʤʤ, % 

ʇʦʨʠʩ- 

ʪʦʩʪʴ, % 

ʧʦ ʦʙʲʝʤʫ 

ɹʠʪʫʤʦʝʤ- 

ʢʦʩʪʴ, 

ʛ/100 ʩʤ
3
 

ʅʘʙʫʭʘʥʠʝ, 

% ʧʦ 

ʦʙʲʝʤʫ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʚʦʜʦʩʪʦʡ-

ʩʢʦʩʪʠ 

6 80 % ɸ 

20 % ʎ 

3 % ɹ 

 

82,5 

 

25,7 

 

54 

 

1,64 

 

0,83 

7 75 % ɸ 

25 % ʎ 

2 % ɹ 

 

86,3 

 

27,8 

 

57 

 

1,61 

 

0,81 

8 75 % ɸ 

25 % ʎ 

3 % ɹ 

 

83,1 

 

24,3 

 

53 

 

0,36 

 

1,0 

9 95 % ɸ 

5 % ʉ 

5 % ɹ 

 

76,1 

 

22,2 

 

61 

 

 

2,91 

 

0,74 

 

10 95 % ɸ 

5 % ʉ 

6 % ɹ 

 

79,5 

 

20,0 

 

57 

 

2,42 

 

0,79 

11 90 % ɸ 

10 % ʉ 

6 % ɹ 

 

78,6 

 

20,4 

 

59 

 

2,08 

 

0,82 

ʊʨʝʙʦʚʘʥʠʷ 

ɻʆʉʊ ʈ 52129: 

ʘʢʪʠʚʠʨ. ʄʇ-1 

ʥʝʘʢʪʠʚʠʨ. ʄʇ-1 

   ʄʇ-2 

 

ʅʝ ʤʝʥʝʝ: 

80 

70 ï 80  

60 

 

ʅʝ ʙʦʣʝʝ:  

30 

35 

40 

ʅʝ 

ʥʦʨʤʠʨʫʝʪ

ʩ ̫

ʊʦ ʞʝ 

ʅʝ > 80 

ʅʝ ʙʦʣʝʝ:  

1,8 

2,5 

3 

ʅʝ 

ʥʦʨʤʠʨʫʝʪʩʷ 

ʊʦ ʞʝ 

ʅʝ < 0,7 

 

ʄʠʥʝʨʘʣʴʥʳʡ ʧʦʨʦʰʦʢ ʩʦʚʤʝʩʪʥʦ ʩ ʙʠʪʫʤʦʤ ʦʙʨʘʟʫʝʪ ʘʩʬʘʣʴʪʦʚʷʞʫʱʝʝ ï 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ ʜʠʩʧʝʨʩʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ 

ʚʷʞʫʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʘʩʬʘʣʴʪʦʙʝʪʦʥʝ. ʇʦʵʪʦʤʫ ʘʩʬʘʣʴʪʦʚʷʞʫʱʝʝ ʜʦʣʞʥʦ 

ʦʙʣʘʜʘʪʴ ʥʝʦʙʭʦʜʠʤʦʡ ʘʜʛʝʟʠʝʡ, ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʚʦʜʦʩʪʦʡʢʦʩʪʴʶ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ, ʚʦʜʦʩʪʦʡʢʦʩʪʠ ʠ ʪʝʧʣʦʫʩʪʦʡʯʠʚʦʩʪʠ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ [1]. ɺ ʨʘʙʦʪʘʭ ʀ.ɸ. ʈʳʙʴʝʚʘ, ʖ.ɺ. ʉʦʢʦʣʦʚʘ, ɻ.ʀ. ʅʘʜʳʢʪʦ [3, 

4, 7, 8, 9] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʣʫʯʰʠʝ ʩʚʦʡʩʪʚʘ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ ʧʦʣʫʯʘʶʪ ʧʨʠ 

ʥʝʢʦʪʦʨʦʤ ʦʧʪʠʤʘʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʩʦʜʝʨʞʘʥʠʡ ʙʠʪʫʤʘ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʧʦʨʦʰʢʘ.  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʨʦʰʢʦʚ ʠʟ ʘʣʝʚʨʠʪʘ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʩʬʘʣʴʪʦʚʷʞʫʱʠʭ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʤʘʩʩʦʚʦʤ 

ʦʪʥʦʰʝʥʠʠ ʙʠʪʫʤʘ ʠ ʧʦʨʦʰʢʘ ɹ/ʄʇ. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʩʤʝʩʝʡ ʧʦʨʦʰʢʦʚ ʠ ʙʠʪʫʤʘ 

ʠ ʬʦʨʤʦʚʢʘ ʦʙʨʘʟʮʦʚ ʜʠʘʤʝʪʨʦʤ ʠ ʚʳʩʦʪʦʡ 25,2 ʤʤ ʧʨʦʠʟʚʝʜʝʥʳ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 140ï150 Áʉ ʠ ʫʧʣʦʪʥʷʶʱʝʤ ʜʘʚʣʝʥʠʠ 40 ʄʇʘ. ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 

ʧʨʠ ʩʞʘʪʠʠ ʦʙʨʘʟʮʦʚ ʠʟ ʘʩʬʘʣʴʪʦʚʷʞʫʱʝʛʦ ʦʧʨʝʜʝʣʷʣʠ ʧʨʠ 20 Áʉ ʠ ʩʢʦʨʦʩʪʠ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 3 ʤʤ/ʤʠʥ., ʩʨʝʜʥʶʶ ʧʣʦʪʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʤ 

ʚʟʚʝʰʠʚʘʥʠʝʤ. ʇʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʚʦʡʩʪʚʘʤʠ 

ʘʩʬʘʣʴʪʦʚʷʞʫʱʝʛʦ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʦʙʲʝʤʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʢʦʤʧʦʥʝʥʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʬʦʨʤʫʣʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [7]:  
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)/(1/ɟɟ ʄʇɹV ʤʧmʤʧ += ;                                            (1) 

ʇʤʧ  = 1 ï Vʤʧ,                                                      (2) 

 

ʛʜʝ ɟmï ʬʘʢʪʠʯʝʩʢʘʷ ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʘʩʬʘʣʴʪʦʚʷʞʫʱʝʛʦ ʧʨʠ ʤʘʩʩʦʚʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʙʠʪʫʤʘ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ɹ/ʄʇ, ʢʛ/ʤ
3
; ɟʤʧ ï ʠʩʪʠʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ, ʢʛ/ʤ
3
; ʇʤʧ ï ʧʦʨʠʩʪʦʩʪʴ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʧʦʨʦʰʢʘ ʚ ʩʪʨʫʢʪʫʨʝ ʘʩʬʘʣʴʪʦʚʷʞʫʱʝʛʦ ʧʨʠ ʪʝʢʫʱʝʤ ʟʥʘʯʝʥʠʠ ɹ/ʄʇ, ʜʦʣʷ 

ʝʜʠʥʠʮʳ ʦʙʲʝʤʘ; Vʤʧ ï ʦʙʲʝʤ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʚ ʘʩʬʘʣʴʪʦʚʷʞʫʱʝʤ, ʜʦʣʷ 

ʝʜʠʥʠʮʳ ʦʙʲʝʤʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʠ ʨʘʩʯʝʪʳ (ʪʘʙʣ. 2) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʘʣʝʚʨʠʪʦʚʳʝ 

ʤʠʥʝʨʘʣʴʥʳʝ ʧʦʨʦʰʢʠ ʚ ʘʩʬʘʣʴʪʦʚʷʞʫʱʠʭ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʣʘʜʘʶʪ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʩʪʨʫʢʪʫʨʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ (ʧʨʦʯʥʦʩʪʴ ʦʪ 7,6 ʜʦ 8,5 

ʄʇʘ). ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʮʝʤʝʥʪʘ ʢʘʢ ʘʢʪʠʚʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʥʠʞʝʥʠʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ɹ/ʄʇ* ʧʨʠ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ 

ʛʠʜʨʦʬʦʙʠʟʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ. ʅʘ ʨʠʩ. 2 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʦʢʘʟʘʥʦ 

ʠʟʤʝʥʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʘʩʬʘʣʴʪʦʚʷʞʫʱʠʭ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ 

ɹ/ʄʇ. ʅʘʠʙʦʣʴʰʠʝ ʧʨʦʯʥʦʩʪʴ ʠ ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʘʩʬʘʣʴʪʦʚʷʞʫʱʠʭ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʜʥʦʤ ʩʪʚʦʨʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʦʧʪʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ 

ɹ/ʄʇ*. 

 

ʊʘʙʣʠʮʘ 2 

ʉʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʩʬʘʣʴʪʦʚʷʞʫʱʠʭ 
 

 

ʉʦʩʪʘʚ 

ʧʦʨʦʰʢʘ 

 

 

ɹ/ʄʇ 

 

ʉʨʝʜʥʷʷ 

ʧʣʦʪʥʦʩʪʴ,  

ɟm, ʢʛ/ʤ
3 

 

ʇʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ 

ʧʨʠ ʩʞʘʪʠʠ,  

R20, ʄʇʘ 

ʆʙʲʝʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ,  

ʜʦʣʷ ʝʜʠʥʠʮʳ 

ʤʠʥʝʨʘʣʴ 

ʥʦʛʦ  

ʧʦʨʦʰʢʘ, 

Vʤʧ. 

ʦʩʪʘ- 

ʪʦʯʥʳʭ 

ʧʦʨ,  

V0 

ʙʠʪʫ-

ʤʘ, 

Vɹ 

ʧʦʨʠʩ-

ʪʦʩʪʴ, 

ʇʤʧ 

90 % ɸ 

10 % ʎ 

4 % ɹ 

 

0,15 

 

2070 

 

8,5 

 

0,708 

 

0,0236 

 

0,265 

 

0,292 

80 % ɸ 

20 % ʎ 

3 % ɹ 

 

0,14 

 

2100 

 

8,0 

 

0,710 

 

0,035 

 

0,254 

 

0,290 

75 % ɸ 

25 % ʎ 

2 % ɹ 

 

0,14 

 

2120 

 

7,8 

 

0,707 

 

0,042 

 

0,251 

 

0,293 

95 % ɸ 

5 % ʉ 

5 % ɹ 

 

0,13 

 

2040 

 

7,6 

 

0,741 

 

0,0253 

 

0,233 

 

0,259 

95 % ɸ 

5 % ʉ 

6 % ɹ 

 

0,12 

 

2020 

 

8,2 

 

0,749 

 

0,0348 

 

0,216 

 

0,251 
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ 

ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʩʞʘʪʠʠ ʠ ʩʨʝʜʥʝʡ  

ʧʣʦʪʥʦʩʪʠ  

ʘʩʬʘʣʴʪʦʚʷʞʫʱʠʭ,  

ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʥʘ  

ʦʩʥʦʚʝ ʤʠʥʝʨʘʣʴʥʳʭ 

ʧʦʨʦʰʢʦʚ 

ʩʦʩʪʘʚʦʚ 8 (ðð)  

ʠ 10 (ï ï ï ), ʦʪ ɹ/ʄʇ  

 

 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʨʦʰʢʦʚ ʚ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʘʭ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʚʦʡʩʪʚʘ ʧʦʨʠʩʪʳʭ ʧʝʩʯʘʥʳʭ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ (ʪʘʙʣ. 3). 

 

ʊʘʙʣʠʮʘ 3  

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʨʠʩʪʳʭ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ 
 

 ̄

ʩʦʩʪʘʚʘ 

ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʧʦʨʦʰʢʘ 

 

ʉʨʝʜ-

ʥʷʷ 

ʧʣʦʪ-

ʥʦʩʪʴ, 

ʢʛ/ʤ
3 

 

ɺʦʜʦ-

ʥʘʩʳ- 

ʝɦ-

ʥʠʝ, % 

 

ʅʘ-

ʙʫʭʘ-

ʥʠʝ, 

% 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʩʞʘʪʠʠ, ʄʇʘ, ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ, Áʉ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʚʦʜʦʩʪʦʡʢʦʩʪʠ 

 

0 

 

20 

 

50 

ʢʨʘʪʢʦ- 

ʚʨʝʤʝʥ- 

ʥʳʡ 

ʜʣʠ-

ʪʝʣʴ- 

ʥʳʡ 

1 2267 4,76 0,38 6,07 2,65 0,75 0,94 0,78 

2 2294 4,47 0,30 6,18 2,75 0,83 0,97 0,86 

3 2268 4,63 0,55 6,18 2,60 0,80 1,0 0,73 

4 2285 5,86 0,43 6,75 2,85 0,95 1,03 0,80 

5 2240 6,32 0,79 6,75 3,11 0,98 0,76 0,66 

6 2252 5,76 0,67 7,50 3,35 1,15 0,85 0,75 

7 2243 5,83 0,61 7,20 3,50 1,20 0,87 0,65 

8 2252 5,78 0,85 7,78 3,67 1,25 1,0 0,82 

9 2210 6,41 0,88 8,55 2,95 0,95 0,75 0,65 

10 2210 6,19 0,68 8,35 3,42 1,15 0,78 0,67 

11 2220 5,69 0,75 7,92 3,58 1,20 0,89 0,68 

ʊʨʝʙʦʚʘʥʠʷ 

ɻʆʉʊ 9128 ʢ 

ʧʦʨʠʩʪʦʤʫ 

ʘʩʬʘʣʴʪʦ-

ʙʝʪʦʥʫ I ʤʘʨʢʠ 

ʅʝ 

ʥʦʨ-

ʤʠʨʫ-

ʝʪʩʷ  

 

5ï10  

 

ʅʝ ʥʦʨʤʠʨʫʝʪʩʷ 

ʅʝ 

ʤʝʥʝʝ 

0,7 

ʅʝ 

ʤʝʥʝʝ 

0,7 

ʅʝ 

ʤʝʥʝʝ 

0,6 

 

 

1900

2000

2100

2200

2300

0,1 0,12 0,14 0,16

ʉʦʦʪʥʦʰʝʥʠʝ ɹ/ʄʇ

ʇ
ʨ
ʝ
ʜ
ʝ
ʣ
 
ʧ
ʨ
ʦ
ʯ
ʥ
ʦ
ʩ
ʪ
ʠ
 
ʧ
ʨ
ʠ
 
ʩ
ʞ
ʘ
ʪ
ʠ
ʠ
,
 

ʄ
ʇ
ʘ

3

4

5

6

7

8

9

ʉ
ʨ
ʝ
ʜ
ʥ
ʷ
ʷ
 
ʧ
ʣ
ʦ
ʪ
ʥ
ʦ
ʩ
ʪ
ʴ
,
 

20R

mɟ

3
ʤ/

ʢ
ʛ

/

\

\/

ɹ/ʄʇ*
//

ɹ/ʄʇ*
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ɺ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʠʥʝʨʘʣʴʥʳʝ ʧʦʨʦʰʢʠ (ʩʤ. ʪʘʙʣ. 1), 

ʧʝʩʦʢ ʧʨʠʨʦʜʥʳʡ ʩ ʤʦʜʫʣʝʤ ʢʨʫʧʥʦʩʪʠ 2,0 ʠ ʙʠʪʫʤ ɹʅɼ 90/130. ʉʦʩʪʘʚʳ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʤʝʪʦʜʠʢʝ ʉʠʙɸɼʀ [10, 11], ʩʦʜʝʨʞʘʣʠ: 

ʧʝʩʦʢ ï 73,1%; ʤʠʥʝʨʘʣʴʥʳʡ ʧʦʨʦʰʦʢ ï 21,1%; ʙʠʪʫʤ ï 5,8%. ʇʦ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʧʝʩʯʘʥʳʝ ʧʦʨʠʩʪʳʝ ʘʩʬʘʣʴʪʦʙʝʪʦʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 9128. ʇʦʢʘʟʘʪʝʣʠ ʧʨʦʯʥʦʩʪʠ ʠ ʚʦʜʦʩʪʦʡʢʦʩʪʠ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʪʨʝʙʦʚʘʥʠʡ ʩʪʘʥʜʘʨʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʩʦʚʤʝʩʪʥʦʛʦ ʧʦʤʦʣʘ ʘʣʝʚʨʠʪʘ ʩ 

ʦʩʥʦʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʛʠʜʨʦʬʦʙʠʟʘʮʠʝʡ ʙʠʪʫʤʦʤ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʧʦʨʦʰʢʠ. ʀʟʫʯʝʥʠʝ 

ʩʚʦʡʩʪʚ ʘʣʝʚʨʠʪʦʚʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʨʦʰʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʦʤ 

ʩʦʜʝʨʞʘʥʠʠ ʠ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʘʢʪʠʚʠʨʫʶʱʠʭ ʠ ʛʠʜʨʦʬʦʙʠʟʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ, 

ʧʦʟʚʦʣʠʣʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʦʩʪʘʚʫ ʠ ʢʘʯʝʩʪʚʫ ʤʠʥʝʨʘʣʴʥʳʭ 

ʧʦʨʦʰʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʣʘʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʣʦʪʥʳʭ ʠʣʠ ʧʦʨʠʩʪʳʭ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʘʭ ʨʘʟʥʳʭ ʤʘʨʦʢ, ʯʪʦ ʦʪʨʘʞʝʥʦ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʊʋ 5716-

005-02068982-2002. ɺʣʠʷʥʠʝ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʥʘ 

ʩʚʦʡʩʪʚʘ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʫʧʨʦʯʥʝʥʠʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ 

ʜʠʩʧʝʨʩʥʦʡ ʩʠʩʪʝʤʳ ʙʠʪʫʤ ï ʤʠʥʝʨʘʣʴʥʳʡ ʧʦʨʦʰʦʢ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ 

ʧʦʚʳʰʝʥʠʶ ʧʣʦʪʥʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ ʠ ʚʦʜʦʩʪʦʡʢʦʩʪʠ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʨʦʰʢʦʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʣʫʯʰʘʝʪ ʚʘʞʥʝʡʰʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʝʛʦ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʈɸɹʆʊʓ ʉʀʉʊɽʄʓ  

çɿɼɸʅʀɽ-ʆʉʅʆɺɸʅʀɽè ʇʈʀ ɿɸʄɸʏʀɺɸʅʀʀ ʇʈʆʉɸɼʆʏʅʓʍ 

ɻʈʋʅʊʆɺ 

ɸ.ɸ. ɼʝʥʠʩʝʥʢʦ, ʀ.ɺ. ɽʨʳʛʠʥʘ 

ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ 
ɸʥʥʦʪʘʮʠʷ. ɹʳʣʘ ʚʳʧʦʣʥʝʥʘ ʨʘʙʦʪʘ, ʮʝʣʴʶ ʢʦʪʦʨʦʡ ʩʪʦʷʣʦ ʩʦʟʜʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʤʦʜʝʣʝʡ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʩʠʩʪʝʤʳ çʟʜʘʥʠʝ-ʦʩʥʦʚʘʥʠʝè, ʧʦʟʚʦʣʷʶʱʠʭ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ 

ʧʨʦʮʝʩʩʘ ʟʘʤʘʯʠʚʘʥʠʷ ʧʨʦʩʘʜʦʯʥʦʛʦ ʛʨʫʥʪʘ ʢʘʢ ʧʦ ʛʣʫʙʠʥʝ, ʪʘʢ ʠ ʚ ʧʣʘʥʝ. ʈʘʩʯʝʪʥʳʝ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʤʦʜʝʣʠ ʧʨʝʜʥʘʟʥʘʯʘʣʠʩʴ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʇʂ ʃʀʈɸ-ʉɸʇʈ, ʛʜʝ ʙʳʣʦ 

ʚʦʟʤʦʞʥʦ ʨʝʰʝʥʠʝ ʢʘʢ ʣʠʥʝʡʥʳʭ, ʪʘʢ ʠ ʥʝʣʠʥʝʡʥʳʭ ʟʘʜʘʯ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʝʩʩʦʚʳʝ ʧʨʦʩʘʜʦʯʥʳʝ ʛʨʫʥʪʳ, ʟʘʤʘʯʠʚʘʥʠʝ 

ʧʨʦʩʘʜʦʯʥʦʛʦ ʛʨʫʥʪʘ, ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

 

MODELING OF THE WORK OF "BUILDING ï SUBGRADE" SYSTEM  

AT THE PROCESS OF SOAKING OF THE SUBSIDENCE SOIL. 

A.A.Denisenko, I.V.Yerygina 

Polzunov Altai State Technical University 
Annotation. The aim of work in the creation of computer models suitable for the "building ï 

subgrade" system, which allow to simulate the development of the process of soaking of the 

subsidence soil, as in the depth, so in the plan. Computer models were intended for implementation 

in the software package LIRA-SAPR, where the solution of both linear and nonlinear problems was 

possible.  

Keywords: the loess subsidence soil, soaking of the subsidence soil, the stress-

strain state. 

 

ʇʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʧʨʦʝʢʪʠʨʦʚʱʠʢʫ ʧʨʠʭʦʜʠʪʩʷ 

ʠʤʝʪʴ ʜʝʣʦ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʛʨʫʥʪʦʚʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʥʘ ʧʫʯʠʥʠʩʪʳʭ, ʩʣʘʙʳʭ ʠʣʠ ʩʪʨʫʢʪʫʨʥʦ-ʥʝʫʩʪʦʡʯʠʚʳʭ ʛʨʫʥʪʘʭ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʪʨʫʢʪʫʨʥʦ-ʥʝʫʩʪʦʡʯʠʚʳʝ ʛʨʫʥʪʳ ʜʦʩʪʘʪʦʯʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ. ʉʪʨʫʢʪʫʨʥʦ-ʥʝʫʩʪʦʡʯʠʚʳʤʠ ʛʨʫʥʪʘʤʠ 
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ʤʦʛʫʪ ʙʳʪʴ ʩʣʘʙʳʝ ʩʠʣʴʥʦ ʩʞʠʤʘʶʱʠʝʩʷ, ʥʘʙʫʭʘʶʱʠʝ ʚʝʯʥʦʤʝʨʟʣʳʝ ʛʨʫʥʪʳ, ʘ 

ʪʘʢʞʝ ʣʝʩʩʦʚʳʝ ʧʨʦʩʘʜʦʯʥʳʝ ʛʨʫʥʪʳ. 

ʃʶʙʦʡ ʛʨʫʥʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʚʝʨʪʠʢʘʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ, ʥʘʟʚrʘʝʤ ʦʩʘʜʢʘʤʠ. 

ʃʝʩʩʦʚʳʝ ʧʨʦʩʘʜʦʯʥʳʝ ʛʨʫʥʪʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʤʠʤʦ ʦʩʘʜʦʢ, ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʚʣʘʞʥʦʩʪʠ ʩʧʦʩʦʙʥʳ ʜʘʚʘʪʴ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʚʦ ʚʨʝʤʝʥʠ 

ʜʝʬʦʨʤʘʮʠʠ, ʥʘʟʳʚʘʶʱʠʝʩʷ ʧʨʦʩʘʜʢʘʤʠ. 

ʇʦʵʪʦʤʫ ʧʨʦʩʘʜʢʘ ʷʚʣʷʝʪʩʷ ʦʧʘʩʥʳʤ ʷʚʣʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʥʘʜʦ ʫʤʝʪʴ 

ʧʨʘʚʠʣʴʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ.  

ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʨʘʙʦʪʝ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʜʝʬʝʢʪʦʚ, ʧʨʠʭʦʜʠʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ 

çʟʜʘʥʠʝ-ʦʩʥʦʚʘʥʠʝè, ʫʯʠʪʳʚʘʶʱʝʡ ʚʟʘʠʤʦʚʣʠʷʥʠʝ ʥʘʜʟʝʤʥʦʡ ʠ ʧʦʜʟʝʤʥʦʡ 

ʯʘʩʪʝʡ ʦʙʲʝʢʪʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʪʘʢʠʝ ʢʘʢ ANSIS, Abaqus, 

FlowVision, Plaxis, SCAD, LIRA-ʉɸʇʈ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʄʂʕ, ʧʦʟʚʦʣʷʶʪ ʨʝʰʠʪʴ 

ʟʘʜʘʯʫ ʜʣʷ ʣʶʙʦʛʦ ʦʙʲʝʢʪʘ.  

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʷʭ ʤʦʛʫʪ 

ʚʦʟʥʠʢʥʫʪʴ ʥʝʧʨʠʝʤʣʝʤʳʝ ʠʩʢʘʞʝʥʠʷ ʨʘʙʦʪʳ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʠʣʠ ʧʦʷʚʠʪʴʩʷ 

ʨʘʩʯʝʪʥʳʝ ʤʦʜʝʣʠ ʩ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ ʠ ʚʨʝʤʝʥʝʤ ʨʘʩʯʝʪʘ. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʤʦʞʝʪ 

ʚʦʟʥʠʢʥʫʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʘ, 

ʥʘʧʨʠʤʝʨ, ʟʘʤʘʯʠʚʘʥʠʝ ʧʨʦʩʘʜʦʯʥʦʛʦ ʛʨʫʥʪʘ ʠ ʚʣʠʷʥʠʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ 

ʥʘʜʟʝʤʥʫʶ ʯʘʩʪʴ ʟʜʘʥʠʷ. 

ʆʧʠʩʘʥʥʳʝ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʩʣʫʯʘʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤʳ çʟʜʘʥʠʝ-ʦʩʥʦʚʘʥʠʝè ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʦʙʱʝʥʳ. 

ɹʳʣʘ ʚʳʧʦʣʥʝʥʘ ʨʘʙʦʪʘ, ʮʝʣʴʶ ʢʦʪʦʨʦʡ ʩʪʦʷʣʦ ʩʦʟʜʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʤʦʜʝʣʝʡ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʩʠʩʪʝʤʳ çʟʜʘʥʠʝ-ʦʩʥʦʚʘʥʠʝè, ʧʦʟʚʦʣʷʶʱʠʭ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʘ ʟʘʤʘʯʠʚʘʥʠʷ ʧʨʦʩʘʜʦʯʥʦʛʦ ʛʨʫʥʪʘ ʢʘʢ ʧʦ 

ʛʣʫʙʠʥʝ, ʪʘʢ ʠ ʚ ʧʣʘʥʝ. ʈʘʩʯʝʪʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʤʦʜʝʣʠ ʧʨʝʜʥʘʟʥʘʯʘʣʠʩʴ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʚ ʇʂ ʃʀʈɸ-ʉɸʇʈ, ʛʜʝ ʙʳʣʦ ʚʦʟʤʦʞʥʦ ʨʝʰʝʥʠʝ ʢʘʢ ʣʠʥʝʡʥʳʭ, ʪʘʢ 

ʠ ʥʝʣʠʥʝʡʥʳʭ ʟʘʜʘʯ. 

ʉ ʨʘʟʚʠʪʠʝʤ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʛʨʫʥʪʝ. ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ 

ʪʘʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ [1], ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʪʠʧʠʯʥʦʡ ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʫʯʘʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ çʟʜʘʥʠʝ-ʦʩʥʦʚʘʥʠʝè.  

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʇʂ ʃʀʈɸ-ʉɸʇʈ. 

ɺ ʵʪʦʤ ʨʝʰʝʥʠʠ ʛʨʫʥʪ ʧʨʝʜʩʪʘʚʣʝʥ ʣʠʥʝʡʥʳʤʠ ʆʂʕ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʤʦʜʫʣʝʤ ʫʧʨʫʛʦʩʪʠ, ʨʘʚʥʳʤ ʤʦʜʫʣʶ ʜʝʬʦʨʤʘʮʠʠ ʩʫʭʦʛʦ ʛʨʫʥʪʘ (7ʄʇʘ), ʚ ʟʦʥʝ, 

ʛʜʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʟʘʤʘʯʠʚʘʥʠʝ - ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 0,7 ʄʇʘ. 

ɻʣʫʙʠʥʘ ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʩʠʚʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʛʨʘʥʠʯʝʥʘ ʦʪʤʝʪʢʦʡ 16 ʤ. 
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ɺ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ çʟʜʘʥʠʝ-ʦʩʥʦʚʘʥʠʝè 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʙʲʝʢʪʫ ʤʘʩʩʦʚʦʡ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ, ʯʪʦ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʢʘʢʦʡ-ʣʠʙʦ ʦʪʜʝʣʴʥʳʡ ʵʪʘʧ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʟʜʘʥʠʷ, 

ʥʘʧʨʠʤʝʨ, ʚʳʧʦʣʥʠʪʴ ʧʦʚʝʨʦʯʥʳʡ ʨʘʩʯʝʪ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʧʦʩʦʙʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 

1. ʛʨʫʥʪʦʚʳʡ ʤʘʩʩʠʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ çʥʝʨʘʟʨʫʰʘʝʤʦʝè ʫʧʨʫʛʦʝ ʪʝʣʦ, 
ʨʘʙʦʪʘʶʱʝʝ ʠ ʥʘ ʩʞʘʪʠʝ, ʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ ʣʶʙʳʭ ʫʨʦʚʥʷʭ ʥʘʧʨʷʞʝʥʠʡ, ʯʪʦ 

ʧʨʦʪʠʚʦʨʝʯʠʪ ʩʚʦʡʩʪʚʘʤ ʨʝʘʣʴʥʳʭ ʦʩʥʦʚʘʥʠʡ. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʚ ʨʘʙʦʪʝ 

ʥʝ ʠʩʩʣʝʜʫʝʪʩʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʩʠʚʘ, ʚ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʩʘʜʢʠ ʥʝ ʪʦʯʥʳ; 

2. ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʛʣʫʙʠʥʘ ʩʞʠʤʘʝʤʦʡ ʪʦʣʱʠ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʩʘʜʢʠ 
ʧʦʣʫʯʘʶʪʩʷ ʟʘʚʝʜʦʤʦ ʙʦʣʴʰʝ ʨʝʘʣʴʥʳʭ; 

3. ʥʝ ʫʢʘʟʘʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʠʥʷʪʦʡ ʤʦʱʥʦʩʪʠ ʪʦʣʱʠ ʧʨʦʩʘʜʦʯʥʦʛʦ 
ʛʨʫʥʪʘ, ʨʘʚʥʦʡ 16 ʤ; 

4. ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʤʘʯʠʚʘʥʠʷ ʧʨʦʩʘʜʦʯʥʦʛʦ ʛʨʫʥʪʘ ʚ ʨʘʙʦʪʝ [1] 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʟʘʤʝʥʳ ʞʝʩʪʢʦʩʪʠ ʛʨʫʥʪʘ ʚ ʦʙʣʘʩʪʠ ʟʘʤʘʯʠʚʘʥʠʷ ʥʘ 

ʢʘʞʜʦʤ ʵʪʘʧʝ ʟʘʤʘʯʠʚʘʥʠʷ, ʪ.ʝ. ʪʝʤ ʩʘʤʳʤ ʢʘʞʜʳʡ ʨʘʟ ʨʝʰʘʝʪʩʷ ʥʦʚʘʷ ʟʘʜʘʯʘ, 

ʠʥʳʤʠ ʩʣʦʚʘʤʠ, ʟʜʘʥʠʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ [1] ʧʦʩʪʨʦʝʥʦ ʠʟʥʘʯʘʣʴʥʦ ʥʘ 

ʟʘʤʦʯʝʥʥʦʤ ʛʨʫʥʪʝ; 

5. ʚ ʨʘʙʦʪʝ [1] ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʩʣʝʜʠʪʴ ʧʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ 

ʟʘʤʘʯʠʚʘʥʠʷ ʧʦ ʩʪʘʜʠʷʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʦ ʚʨʝʤʝʥʠ; 

6. ʙʦʣʴʰʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʟʘʜʘʯʠ ʚ ʨʘʙʦʪʝ [1] ʪʨʝʙʫʝʪ ʟʘʪʨʘʪ ʦʛʨʦʤʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʤʝʥʠ ʥʘ ʧʨʦʮʝʩʩ ʨʘʩʯʝʪʘ, ʯʪʦ ʥʝʨʘʮʠʦʥʘʣʴʥʦ, ʘ ʚʦ ʤʥʦʛʠʭ 

ʩʣʫʯʘʷʭ ʥʝʦʩʫʱʝʩʪʚʠʤʦ (ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʥʠʢʘʣʴʥʦʝ ʟʜʘʥʠʝ, ʚ ʩʦʯʝʪʘʥʠʠ 

ʩ ʛʨʫʥʪʦʚʳʤ ʤʘʩʩʠʚʦʤ, ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʠ ʧʨʦʯʠʤ). 

 

 
ʈʠʩ. 1. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʟʜʘʥʠʷ ʚ ʨʘʙʦʪʝ [1] 
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ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʨʘʟʨʘʙʦʪʘʪʴ ʢʦʤʧʣʝʢʩʥʫʶ ʤʦʜʝʣʴ, ʧʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʚʦʙʦʜʥʫʶ ʦʪ ʥʝʜʦʩʪʘʪʢʦʚ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [1], ʠ 

ʩʦʭʨʘʥʷʶʱʫʶ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʘʞʜʦʡ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʩʪʘʪʠʯʝʩʢʠ ʥʝʦʧʨʝʜʝʣʠʤʳʭ ʩʠʩʪʝʤʘʭ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʫʩʠʣʠʡ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʞʝʩʪʢʦʩʪʷʤ ʵʣʝʤʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ 

ʩʠʩʪʝʤʫ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʚʟʷʪʴ ʨʝʟʠʥʦʚʫʶ ʧʨʠʟʤʫ ʠ ʨʘʟʤʝʩʪʠʪʴ ʚ ʝʝ ʪʝʣʝ 

ʩʪʘʣʴʥʳʝ ʩʪʝʨʞʥʠ (ʨʠʩ. 2), ʟʘʪʝʤ ʥʘʛʨʫʟʠʪʴ ʧʦʣʫʯʝʥʥʫʶ ʩʠʩʪʝʤʫ, ʥʘʧʨʠʤʝʨ, 

ʩʞʠʤʘʶʱʝʡ ʩʠʣʦʡ, ʪʦ ʤʦʞʥʦ ʫʙʝʜʠʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ 

ʜʝʬʦʨʤʘʮʠʷʭ ʫʜʣʠʥʝʥʠʷ ï ʫʢʦʨʦʯʝʥʠʷ ʦʩʥʦʚʥʘʷ ʥʘʛʨʫʟʢʘ ʙʫʜʝʪ ʚʦʩʧʨʠʥʠʤʘʪʴʩʷ 

ʩʪʘʣʴʥʦʡ ʘʨʤʘʪʫʨʦʡ, ʘ ʥʝ ʨʝʟʠʥʦʚʦʡ ʤʘʪʨʠʮʝʡ, ʚ ʢʦʪʦʨʫʶ ʚʩʪʘʚʣʝʥʘ ʘʨʤʘʪʫʨʘ.  

 

 
ʈʠʩ. 2. ʉʪʘʪʠʯʝʩʢʠ ʥʝʦʧʨʝʜʝʣʠʤʘʷ ʩʠʩʪʝʤʘ ʚʠʜʘ çʨʝʟʠʥʦʚʘʷ ʧʨʠʟʤʘ ï ʩʪʘʣʴʥʦʡ 

ʩʪʝʨʞʝʥʴè 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʨʷʜ ʧʨʠʝʤʦʚ. ɺ 

ʟʘʜʘʯʘʭ ʧʨʝʜʣʘʛʘʣʘʩʴ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʩ ʧʦʤʦʱʴʶ ʥʝʣʠʥʝʡʥʦʛʦ ʰʘʛʦʚʦʛʦ 

ʧʨʦʮʝʩʩʦʨʘ çʄʦʥʪʘʞè ʚ ʇʂ LIRA-ʉɸʇʈ 2013. ʇʨʠ ʧʦʤʦʱʠ ʧʨʦʮʝʩʩʦʨʘ 

ʚʳʧʦʣʥʷʣʩʷ ʨʘʩʯʝʪ ʧʦ ʩʪʘʜʠʷʤ, ʧʨʠʯʝʤ ʥʘ ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʤʦʞʥʦ ʙʳʣʦ ʢʘʢ 

ʤʦʥʪʠʨʦʚʘʪʴ, ʪʘʢ ʠ ʜʝʤʦʥʪʠʨʦʚʘʪʴ ʵʣʝʤʝʥʪʳ. ʉʣʦʞʥʦʩʪʴ ʨʝʰʝʥʠʷ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʟʘʤʘʯʠʚʘʥʠʠ ʠʟʤʝʥʷʶʪʩʷ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ 

ʛʨʫʥʪʘ (ʥʦ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʘʜʘʝʪ ʥʝ ʜʦ ʥʫʣʷ), ʘ ʝʩʣʠ ʜʝʤʦʥʪʠʨʦʚʘʪʴ 

ʵʣʝʤʝʥʪʳ ʩ ʟʘʤʦʯʝʥʥʦʡ ʟʦʥʳ, ʪʦ ʧʦʜ ʬʫʥʜʘʤʝʥʪʦʤ ʦʙʨʘʟʫʝʪʩʷ ʧʫʩʪʦʪʘ, ʢʦʪʦʨʦʡ 

ʥʝʪ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʠʞʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʜʫʙʣʠʨʦʚʘʥʠʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʛʨʫʥʪʦʚ (ʩ ʤʘʣʳʤ ʤʦʜʫʣʝʤ 

ʫʧʨʫʛʦʩʪʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʘʙʦʤʫ (ʟʘʤʦʯʝʥʥʦʤʫ) ʛʨʫʥʪʫ ʠ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʟʥʘʯʝʥʠʝʤ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʯʥʦʤʫ (ʩʫʭʦʤʫ) ʛʨʫʥʪʫ) ʠ 

ʩʪʘʜʠʡʥʦʤ ʜʝʤʦʥʪʘʞʝ ʧʨʦʯʥʦʛʦ ʛʨʫʥʪʘ ʠʟ ʦʙʣʘʩʪʠ ʟʘʤʘʯʠʚʘʥʠʷ (ʨʠʩ. 3). 

ɻʝʧʦʪʝʟʘ ʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʫʩʠʣʠʡ ʚ ʩʪʘʪʠʯʝʩʢʠ ʥʝʦʧʨʝʜʝʣʠʤʳʭ 

ʩʠʩʪʝʤʘʭ (ʩʠʩʪʝʤʘ çʨʝʟʠʥʦʚʘʷ ʧʨʠʟʤʘ ï ʩʪʘʣʴʥʦʡ ʩʪʝʨʞʝʥʴè) ʧʨʠʤʝʥʠʤʘ ʢ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʨʘʩʯʝʪʥʳʤ ʟʘʜʘʯʘʤ, ʧʦʩʢʦʣʴʢʫ ʧʨʠʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 
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ʨʘʩʯʝʪʥʳʭ ʩʭʝʤ ʦʩʥʦʚʘʥ ʥʘ ʜʫʙʣʠʨʦʚʘʥʠʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʦʥʝ 

ʟʘʤʘʯʠʚʘʥʠʷ (ʩʫʭʦʡ ʛʨʫʥʪ + ʟʘʤʦʯʝʥʥʳʡ), ʪʦ ʦʩʥʦʚʥʫʶ ʥʘʛʨʫʟʢʫ ʙʫʜʝʪ 

ʚʦʩʧʨʠʥʠʤʘʪʴ ʩʫʭʦʡ ʛʨʫʥʪ (ʚʳʧʦʣʥʷʪʴ ʨʦʣʴ ʩʪʘʣʴʥʦʛʦ ʩʪʝʨʞʥʷ). 

 

 
ʈʠʩ. 3. ɿʦʥʘ ʜʫʙʣʠʨʦʚʘʥʠʷ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʚʳʜʝʣʝʥʘ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ) 

 

 
ʈʠʩ. 4. ɿʦʥʘ ʜʫʙʣʠʨʦʚʘʥʠʷ ʂʕ, ʛʜʝ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʧʨʦʮʝʩʩ ʟʘʤʘʯʠʚʘʥʠʷ 

 

ʅʘ ʫʩʪʨʘʥʝʥʠʠ ʥʝʜʦʩʪʘʪʢʦʚ ʉʥʠʇʦʚʩʢʦʡ ʤʝʪʦʜʠʢʠ ʠ ʟʘʜʘʯʠ, 

ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [1], ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʩʯʝʪʥʳʝ ʟʘʜʘʯʠ: 

1. ʇʣʠʪʘ ʥʘ ʫʧʨʫʛʦʤ ʦʩʥʦʚʘʥʠʠ ʧʦʜ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʥʘʛʨʫʟʢʦʡ. 
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ɼʦʩʪʦʠʥʩʪʚʘ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʟʘʢʣʶʯʘʣʠʩʴ ʚ ʪʦʤ, ʯʪʦ: 

1) ɺ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʠʟʥʘʯʘʣʴʥʦ ʛʨʫʥʪ ʥʘʭʦʜʠʪʩʷ ʚ ʩʫʭʦʤ ʩʦʩʪʦʷʥʠʠ. 

2) ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʟʘʜʘʯʝʡ ʚ ʨʘʙʦʪʝ [1] ʥʘʛʣʷʜʥʦ 
ʧʦʢʘʟʘʥʦ ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʘ ʟʘʤʘʯʠʚʘʥʠʷ ʧʨʦʩʘʜʦʯʥʦʛʦ ʛʨʫʥʪʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ 

ʚʦ ʚʨʝʤʝʥʠ ʥʘ ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʟʘʛʨʫʞʝʥʠʷ. 

ʅʝʜʦʩʪʘʪʢʠ ʜʘʥʥʦʡ ʤʦʜʝʣʠ: 

1) ʊʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʟʘʜʘʯʝ, ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [1], ʛʨʫʥʪʦʚʳʡ ʤʘʩʩʠʚ 
ʟʘʜʘʥ ʫʧʨʫʛʠʤ ʪʝʣʦʤ, ʯʪʦ ʫʞʝ ʷʚʣʷʝʪʩʷ ʥʝʚʝʨʥʳʤ ʫʪʚʝʨʞʜʝʥʠʝʤ, ʪʘʢ ʢʘʢ 

ʫʧʨʫʛʦʝ ʪʝʣʦ ʤʦʞʝʪ ʚʦʩʧʨʠʥʠʤʘʪʴ ʥʘʛʨʫʟʢʠ ʣʶʙʦʡ ʚʝʣʠʯʠʥʳ ʢʘʢ ʥʘ ʩʞʘʪʠʝ, ʪʘʢ 

ʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʝʘʣʴʥʳʡ ʛʨʫʥʪ ʥʝ ʜʦʣʞʝʥ ʨʘʙʦʪʘʪʴ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ.  

2) ʊʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʨʘʙʦʪʝ [1], ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʥʝ ʫʯʪʝʥʘ ʛʣʫʙʠʥʘ 
ʩʞʠʤʘʝʤʦʡ ʪʦʣʱʠ, ʫʩʣʦʚʥʦ ʧʨʠʥʷʪʘ ʤʦʱʥʦʩʪʴ ʛʨʫʥʪʘ 30 ʤ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʙʦʣʴʰʠʝ ʦʩʘʜʢʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʩʣʝʜʦʚʘʣʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʜʘʥʥʫʶ ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ. 

2. ɺʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʧʣʠʪʳ ʢʘʢ ʧʣʠʪʳ ʥʘ ʫʧʨʫʛʦʤ ʦʩʥʦʚʘʥʠʠ ʧʦ 
ɺʠʥʢʣʝʨʦʚʦʡ ʤʦʜʝʣʝ (çʂʣʘʚʠʰʥʦʡ ʤʦʜʝʣʠè) ʚ ʇʂ ʃʀʈɸ-ʉɸʇʈ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ, ʥʘ ʦʩʥʦʚʝ ʧʦʜʩʠʩʪʝʤ rçɻʨʫʥʪè, ʧʦ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʟʨʝʟʫ 

ʙʳʣ ʩʦʟʜʘʥ ʬʫʥʜʘʤʝʥʪ ʥʘ ʫʧʨʫʛʦʤ ʦʩʥʦʚʘʥʠʠ, ʛʜʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʩʪʝʣʠ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʛʣʫʙʠʥʘ ʩʞʠʤʘʝʤʦʡ ʪʦʣʱʠ. ʉʫʪʴ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʧʦʜʟʝʤʥʦʡ 

ʯʘʩʪʠ ʦʜʥʦʫʟʣʦʚʳʤʠ ʢʦʥʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʪ.ʝ. ʚ ʟʘʤʝʥʝ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ 

ʦʜʥʦʫʟʣʦʚʳʤʠ ʢʦʥʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

 

 
ʈʠʩ. 5. ʇʝʨʝʤʝʱʝʥʠʝ ʧʣʠʪʳ ʥʘ ʫʧʨʫʛʦʤ ʦʩʥʦʚʘʥʠʠ (ʩʣʝʚʘ) ʠ ʧʣʠʪʳ ʥʘ 

ʦʜʥʦʫʟʣʦʚʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘʭ (ʩʧʨʘʚʘ), ʞʝʩʪʢʦʩʪʴ ʢʦʪʦʨʳʭ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʧʦʩʪʝʣʠ ʧʣʠʪʳ ʩʣʝʚʘ 

 

ʄʦʜʝʣʴ ɺʠʥʢʣʝʨʘ ʷʚʣʷʝʪʩʷ ʥʝ ʩʦʚʩʝʤ ʧʨʘʚʠʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʠʥʞʝʥʝʨʥʳʭ 

ʟʘʜʘʯ. ɼʘʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʦʪʤʝʯʘʝʪʩ ̫ʚ ʨʘʙʦʪʝ [2]. 

ʇʨʠ ʨʘʩʯʝʪʝ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʫʧʨʫʛʦʤ ʦʩʥʦʚʘʥʠʠ ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ 

ʫʯʝʪʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʦʩʥʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʠʛʥʦʨʠʨʫʶʪʩʷ ʚ 
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ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʚʠʥʢʣʝʨʦʚʘ ʦʩʥʦʚʘʥʠʷ (ʢʣʘʚʠʰʥʘʷ ʤʦʜʝʣʴ). ɹʦʣʴʰʠʥʩʪʚʦ 

ʨʝʘʣʴʥʳʭ ʛʨʫʥʪʦʚ ʦʙʣʘʜʘʝʪ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʢʦʛʜʘ, ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʚʠʥʢʣʝʨʦʚʦʡ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ, ʚ ʨʘʙʦʪʫ ʚʦʚʣʝʢʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʛʨʫʞʝʥʥʳʝ ʯʘʩʪʠ ʦʩʥʦʚʘʥʠʷ, ʥʦ ʠ ʧʨʠʤʳʢʘʶʱʠʝ ʢ ʥʠʤ 

ʦʙʣʘʩʪʠ ʥʝʥʘʛʨʫʞʝʥʥʦʛʦ ʛʨʫʥʪʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʫʯʝʪʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ, ʚʦ-ʧʝʨʚʳʭ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʠ 

ʦʩʥʦʚʘʥʠʷ, ʦʪʣʠʯʥʳʝ ʦʪ ʚʠʥʢʣʝʨʦʚʦʡ, ʚʦ-ʚʪʦʨʳʭ, ʚʚʝʩʪʠ ʚ ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ ʪʝ 

ʯʘʩʪʠ ʦʩʥʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʟʘ ʧʨʝʜʝʣʘʤʠ ʬʫʥʜʘʤʝʥʪʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ [2]. 

ʅʝʜʦʩʪʘʪʢʠ ʚʠʥʢʣʝʨʦʚʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʩʥʦʚʘʥʠʷ, ʚ ʧʨʠʥʮʠʧʝ, 

ʥʝʩʧʦʩʦʙʥʦʡ ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʟʠʪʴ ʨʝʘʣʴʥʫʶ ʢʘʨʪʠʥʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʢʦʥʩʪʨʫʢʮʠʝʡ ʠ ʧʦʜʩʪʠʣʘʶʱʠʤ ʝʝ ʛʨʫʥʪʦʤ, ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤ. ɻʣʘʚʥʦʝ ʝʝ ʜʦʩʪʦʠʥʩʪʚʦ ï ʵʪʦ ʧʨʝʜʝʣʴʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʧʨʦʩʪʦʪʘ [3] . 

ɼʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʧʦʟʚʦʣʠʣʘ ʫʡʪʠ ʝʱʝ ʠ ʦʪ ʪʘʢʦʛʦ ʥʝʜʦʩʪʘʪʢʘ, ʢʘʢ ʙʦʣʴʰʘʷ 

ʨʘʟʤʝʨʥʦʩʪʴ ʟʘʜʘʯʠ, ʥʦ ʫʤʝʥʴʰʠʚ ʦʙʲʝʤ ʟʘʜʘʯʠ, ʤʳ ʧʦʣʫʯʠʣʠ ʪʘʢʦʡ 

ʥʝʜʦʩʪʘʪʦʢ, ʢʘʢ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʟʚʠʪʠʷ 

ʟʘʤʘʯʠʚʘʥʠʷ, ʪ.ʢ. ʝʩʪʴ ʪʦʣʴʢʦ ʥʘʜʟʝʤʥʘʷ ʯʘʩʪʴ (ʧʣʠʪʘ), ʘ ʧʦʜʟʝʤʥʘʷ ʯʘʩʪʴ 

(ʦʩʥʦʚʘʥʠʝ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʜʥʦʫʟʣʦʚʳʤ ʢʦʥʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

3. ʇʦʩʤʦʪʨʝʚ ʥʘ ʛʨʫʥʪ ʢʘʢ ʥʘ ʫʧʨʫʛʦʝ ʪʝʣʦ, ʦʛʨʘʥʠʯʠʚ ʧʨʠ ʵʪʦʤ ʛʣʫʙʠʥʫ 
ʩʞʠʤʘʝʤʦʡ ʪʦʣʱʠ, ʧʦʣʫʯʠʣʠ ʧʣʠʪʫ ʠʥʫʶ, ʫ ʢʦʪʦʨʦʡ ʧʨʦʛʠʙ ʚ ʩʝʨʝʜʠʥʝ ʙʦʣʴʰʝ, 

ʯʝʤ ʧʦ ʢʨʘʷʤ, ʫʩʨʝʜʥʝʥʥʳʡ ʞʝ ʧʨʦʛʠʙ ʜʘʣ ɺʠʥʢʣʝʨʦʚʫ ʤʦʜʝʣʴ. 

 

 
ʈʠʩ. 6. ʀʟʦʧʦʣʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʟʘʜʘʯʝ ˉ3 

 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʦʷʚʠʣʘʩʴ ʟʘʜʘʯʘ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʣʠʪʳ 

ʥʘ ʫʧʨʫʛʦʤ ʦʩʥʦʚʘʥʠʠ ʩ ʫʯʝʪʦʤ ʛʣʫʙʠʥʳ ʩʞʠʤʘʝʤʦʡ ʪʦʣʱʠ. 

4. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʪʦʨʦʡ ʤʝʪʦʜʠʢʠ ʥʝ ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ çʢʣʘʚʠʰʥʫʶè 

ʤʦʜʝʣʴ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʤʦʜʝʣʴ ʩʪʘʣʘ çʢʣʘʚʠʰʥʦʡè, ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʛʨʫʥʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʧʣʠʪʦʡ. ɺ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʙʳʣʠ 

ʨʘʩʩʤʦʪʨʝʥʳ 2 ʧʦʜʟʘʜʘʯʠ: 

4.1. ɻʨʫʥʪʦʚʳʡ ʤʘʩʩʠʚ ʧʦʜ ʧʣʠʪʦʡ ʩ ʫʯʝʪʦʤ ʛʣʫʙʠʥʳ ʩʞʠʤʘʝʤʦʡ ʪʦʣʱʠ, 

ʙʝʟ ʙʦʢʦʚʳʭ ʣʠʥʝʡʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ; 
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ʈʠʩ. 7 . ʀʟʦʧʦʣʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʩʠʚʘ ʧʦʜ ʧʣʠʪʦʡ ʩ 

ʫʯʝʪʦʤ ʛʣʫʙʠʥʳ ʩʞʠʤʘʝʤʦʡ ʪʦʣʱʠ, ʙʝʟ ʙʦʢʦʚʳʭ ʣʠʥʝʡʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ 

 

4.2. ɻʨʫʥʪʦʚʳʡ ʤʘʩʩʠʚ ʧʦʜ ʧʣʠʪʦʡ ʩ ʫʯʝʪʦʤ ʛʣʫʙʠʥʳ ʩʞʠʤʘʝʤʦʡ ʪʦʣʱʠ, 
ʦʛʨʘʥʠʯʝʥʥʳʡ ʩ ʙʦʢʦʚʳʭ ʛʨʘʥʝʡ ʚ ʣʠʥʝʡʥʳʭ ʧʝʨʝʤʝʱʝʥʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʝʡ. 

 

 
ʈʠʩ. 8 . ʀʟʦʧʦʣʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʩʠʚʘ ʧʦʜ ʧʣʠʪʦʡ ʩ 

ʫʯʝʪʦʤ ʛʣʫʙʠʥʳ ʩʞʠʤʘʝʤʦʡ ʪʦʣʱʠ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʩ ʙʦʢʦʚʳʭ ʛʨʘʥʝʡ ʚ 

ʣʠʥʝʡʥʳʭ ʧʝʨʝʤʝʱʝʥʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʝʡ 

 

ɺ ʠʪʦʛʝ, ʧʝʨʚʘʷ ʨʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʜʘʣʘ ʟʘʚʳʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ, ʪʘʢ ʢʘʢ ʚ ʧʨʠʥʮʠʧʝ ʦʥʘ ʥʝ ʧʦʟʚʦʣʷʣʘ ʫʯʠʪʳʚʘʪʴ ʩʘʤ ʛʨʫʥʪ, ʚʪʦʨʘʷ 

ʞʝ ʜʘʣʘ ʟʘʥʠʞʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʚ ʩʚʷʟʠ ʩ ʪʝʤ ʯʪʦ 

ʙʳʣʘ ʞʝʩʪʢʦ ʦʛʨʘʥʠʯʝʥʘ ʚ ʣʠʥʝʡʥʳʭ ʧʝʨʝʤʝʱʝʥʠʷʭ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʣʦ 

ʫʯʠʪʳʚʘʪʴ ʧʦʜʘʪʣʠʚʦʩʪʴ, ʬʘʢʪʠʯʝʩʢʘʷ ʞʝ ʦʩʘʜʢʘ ʥʘʭʦʜʠʣʘʩʴ ʤʝʞʜʫ 

ʧʦʣʫʯʝʥʥʳʤʠ ʜʚʫʤʷ ʟʥʘʯʝʥʠʷʤʠ. 

5. ʅʦ ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʛʨʫʥʪʦʚʳʡ ʤʘʩʩʠʚ ʢʘʢ ʫʧʨʫʛʦʝ ʪʝʣʦ, ʘ ʥʝ ʢʘʢ 
ʛʨʫʥʪ, ʪʦ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʝʧʨʘʚʠʣʴʥʳʤ, ʪʘʢ ʢʘʢ ʚ 

ʪʘʢʦʤ ʩʣʫʯʘʝ ʛʨʫʥʪ ʤʦʞʝʪ ʚʦʩʧʨʠʥʠʤʘʪʴ ʢʘʢ ʩʞʠʤʘʶʱʠʝ, ʪʘʢ ʠ ʨʘʩʪʷʛʠʚʘʶʱʠʝ 

ʥʘʧʨʷʞʝʥʠʷ. ʇʦʵʪʦʤʫ ʙʳʣ ʩʤʳʩʣ ʚ ʩʦʟʜʘʥʠʠ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʛʨʫʥʪʘ, 

ʟʘʜʘʥʥʦʡ ʢʦʥʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʛʨʫʥʪʘ, ʥʘʧʨʠʤʝʨ, ʪʠʧʘ ʂʕ 271 çʌʠʟʠʯʝʩʢʠ 

ʥʝʣʠʥʝʡʥʳʡ ʦʙʲʝʤʥʳʡ ʂʕ ʛʨʫʥʪʘ ʚ ʬʦʨʤʝ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘè. 
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ʈʠʩ. 9. ʅʘʟʥʘʯʝʥʠʝ ʞʝʩʪʢʦʩʪʠ ʵʣʝʤʝʥʪʘʤ ʛʨʫʥʪʘ 

 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʰʘʛʦʚʦʛʦ ʥʝʣʠʥʝʡʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʮʝʥʢʠ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʨʝʘʣʴʥʦʛʦ 

ʦʙʲʝʢʪʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ 

ʩʠʩʪʝʤʳ çʟʜʘʥʠʝ-ʦʩʥʦʚʘʥʠʝè ʚ ʩʣʫʯʘʝ ʧʨʦʜʦʣʞʝʥʠʷ ʟʘʤʘʯʠʚʘʥʠʷ ʠʣʠ ʧʦʷʚʣʝʥʠʷ 

ʟʘʤʘʯʠʚʘʥʠʷ ʧʦʜ ʜʨʫʛʦʡ ʦʙʣʘʩʪʴʶ ʬʫʥʜʘʤʝʥʪʘ. 

ʕʪʘ ʜʦʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʠʣʠ ʥʘʠʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʭ ʤʝʩʪ, ʛʜʝ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʣʠ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʩʪʨʘʠʚʘʪʴ ʚʚʦʜ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʩʧʦʩʦʙʥʳʭ ʚʳʟʚʘʪʴ 

ʟʘʤʘʯʠʚʘʥʠʝ ʛʨʫʥʪʦʚʦʛʦ ʦʩʥʦʚʘʥʠʷ.  
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ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʥʘʧʨʠʤʝʨ ʫʟʣʦʚ ʬʝʨʤ, 

ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʛʝʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʊʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʥʘʜʝʞʥʳ.  

ʈʘʟʨʫʰʝʥʠʝ ʥʘʛʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚʦʟʤʦʞʥʦ ʦʪ ʩʢʘʣʳʚʘʥʠʷ ʠʣʠ 

ʨʘʩʢʘʣʳʚʘʥʠʷ ʜʨʝʚʝʩʠʥʳ, ʦʪ ʠʟʛʠʙʘ ʥʘʛʝʣʷ ʠʣʠ ʩʤʷʪʠʷ ʜʨʝʚʝʩʠʥʳ ʥʘʛʝʣʴʥʦʛʦ 

ʛʥʝʟʜʘ.  

ʉʪʨʦʠʪʝʣʴʥʳʝ ʥʦʨʤʳ ʥʝ ʧʨʝʜʧʦʣʘʛʘʶʪ ʨʘʩʯʝʪ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘ 

ʩʢʘʣʳʚʘʥʠʝ ʠ ʨʘʩʢʘʣʳʚʘʥʠʝ ʜʨʝʚʝʩʠʥʳ. ʉʦʛʣʘʩʥʦ [1] ʧʨʦʯʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʧʨʘʚʠʣʴʥʳʤ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ, ʪʦ ʝʩʪʴ ʩʦʙʣʶʜʝʥʠʝʤ ʥʦʨʤʘʪʠʚʥʳʭ 

ʨʘʩʩʪʦʷʥʠʡ.  

ʅʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʫʩʣʦʚʠʷ ʠʟʛʠʙʘ ʥʘʛʝʣʷ ʠ ʩʤʷʪʠʷ 

ʜʨʝʚʝʩʠʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʯʝʪʦʤ. ʇʨʠ ʨʘʩʯʝʪʝ ʥʘʛʝʣʴ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʙʘʣʢʫ 

ʥʘ ʫʧʨʫʛʦ-ʧʣʘʩʪʠʯʝʩʢʦʤ ʦʩʥʦʚʘʥʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ 

ʜʨʝʚʝʩʠʥʘ ʥʘʛʝʣʴʥʦʛʦ ʛʥʝʟʜʘ [2]. 

ɺ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʫʶʪ ʛʠʧʦʪʝʟʫ ɺʠʥʢʣʝʨʘ, ʢʦʪʦʨʘʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪ 

ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʨʦʛʠʙʦʤ ʙʘʣʢʠ, ʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘʛʝʣʷ, ʠ 

ʨʝʘʢʮʠʝʡ ʦʩʥʦʚʘʥʠʷ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʥʘʟʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʩʪʝʣʠ [2].  

ʇʦʩʢʦʣʴʢʫ ʚ ʜʨʝʚʝʩʠʥʝ ʦʪ ʪʦʯʢʠ ʢ ʪʦʯʢʝ ʠʟʤʝʥʷʶʪʩʷ ʥʘʧʨʘʚʣʝʥʠʷ 

ʪʘʥʛʝʥʪʘʣʴʥʳʭ ʠ ʨʘʜʠʘʣʴʥʳʭ ʦʩʝʡ, ʪʦ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʩʪʝʣʠ ʦʢʘʟʳʚʘʶʪʩʷ 

ʨʘʟʣʠʯʥʳʤʠ.  

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʥʘʛʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚʦʟʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʙʘʟʝ ʤʝʪʦʜʘ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ ʃʀʈɸ-ʉɸʇʈ. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ 

ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʩʦʚʤʝʩʪʥʫʶ ʨʘʙʦʪʫ ʜʚʫʭ ʨʘʟʥʦʤʦʜʫʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʩʪʘʣʠ ʠ 

ʜʨʝʚʝʩʠʥʳ), ʘʥʠʟʦʪʨʦʧʠʶ ʜʨʝʚʝʩʠʥʳ, ʢʨʠʚʠʟʥʫ ʛʦʜʦʚʳʭ ʢʦʣʝʮ ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʝʸ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨ ʩʤʷʪʠʷ ʜʨʝʚʝʩʠʥʳ ʠ ʥʘ ʚʝʣʠʯʠʥʫ 

ʜʝʬʦʨʤʘʮʠʠ ʥʘʛʝʣʷ. 

ɺ ʇʂ ʃʀʈɸ ʙʳʣʘ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʨʘʙʦʪʘ ʢʣʝʝʥʦʛʦ ʧʘʢʝʪʘ, ʩʤʝʞʥʳʝ ʜʦʩʢʠ 

ʢʦʪʦʨʦʛʦ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʛʦʜʦʚʳʭ ʢʦʣʝʮ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʵʪʦʪ ʧʘʢʝʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʩʣʦʡ ʜʨʝʚʝʩʠʥʳ, ʩʦʝʜʠʥʷʝʤʦʡ ʥʘʛʝʣʝʤ (ʨʠʩ. 

1). 

ʈʘʟʤʝʨʳ ʢʣʝʝʥʦʛʦ ʵʣʝʤʝʥʪʘ 48ʭ70ʭ110ʤʤ. ɼʠʘʤʝʪʨ ʥʘʛʝʣʴʥʦʛʦ ʛʥʝʟʜʘ 10ʤʤ, 

ʥʘʛʝʣʴ ʚʳʧʦʣʥʝʥ ʠʟ ʩʪʘʣʠ ʩ ʤʦʜʫʣʝʤ ʫʧʨʫʛʦʩʪʠ 2Ā10
6
 ʢʛ/ʩʤ

2
. ʇʨʠ ʨʘʩʯʝʪʝ 

ʜʨʝʚʝʩʠʥʘ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʢʘʢ ʦʨʪʦʪʨʦʧʥʳʡ ʤʘʪʝʨʠʘʣ. ʄʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ 

ʚʟʷʪʳ ʠʟ [3].  
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ʈʠʩ.1. ʉʭʝʤʘ ʥʘʛʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʫʧʨʫʛʦʡ ʤʦʜʝʣʠ 

ʂʣʝʝʥʳʡ ʧʘʢʝʪ ʙʳʣ ʩʤʦʜʝʣʠʨʦʚʘʥ ʦʙʲʝʤʥʳʤʠ ʢʦʥʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, 

ʩʪʘʣʴʥʦʡ ʥʘʛʝʣʴ ï ʩʪʝʨʞʥʝʚʳʤʠ. ɾʝʩʪʢʦʩʪʠ ʥʘ ʦʙʲʝʤʥʳʝ ʂʕ ʥʘʟʥʘʯʝʥʳ ʩ ʫʯʝʪʦʤ 

ʦʨʪʦʪʨʦʧʠʠ (ʨʠʩ. 2). 

         
ʘ)      ʙ) 

 

ʈʠʩ. 2. ʅʘʟʥʘʯʝʥʠʝ ʞʝʩʪʢʦʩʪʠ: 

ʘ) ʟʘʜʘʥʠʝ ʫʧʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʨʝʚʝʩʠʥʳ ʩ ʫʯʝʪʦʤ ʦʨʪʦʪʨʦʧʠʠ; 

ʙ) ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʤʦʜʝʣʴ ʥʘʛʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʦʥʳ ʢʦʥʪʘʢʪʘ ʥʘʛʝʣʷ ʠ ʜʨʝʚʝʩʠʥʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʚʫʭʫʟʣʦʚʳʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʫʧʨʫʛʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʫʟʣʘʤʠ 

(ʂʕ 262). ɹʳʣʦ ʧʨʠʤʝʥʝʥʦ ʫʩʣʦʚʠʝ ʨʘʙʦʪʳ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʦʣʴʢʦ ʥʘ 

ʩʞʘʪʠʝ (ʨʠʩ. 3). 


