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ɸʥʥʦʪʘʮʠʷ 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʦʢʪʘʥʦʧʦʚʳʰʘʶʱʠʭ ʧʨʠʩʘʜʦʢ ʥʘ ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʙʝʥʟʠʥʦʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʘ ʪʘʢ ʞʝ ʧʦʠʩʢʫ ʧʫʪʝʡ ʵʢʦʣʦʛʠʟʘʮʠʠ 

ʪʦʧʣʠʚʘ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʧʨʠʩʘʜʦʢ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ. 

Abstract  

The paper studies the effect of octaneraising additives on octane number of motor fuel of dif-

ferent manufacturers and ways of the fuels ecologization by adding additives and the use of alterna-

tive fuels. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʥʟʠʥ, ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ, ʧʨʠʩʘʜʢʠ, ʩʪʦʡʢʦʩʪʴ ʢ ʜʝʪʦʥʘʮʠʠ, ʵʢʦʣʦʛʠ-

ʟʘʮʠʷ. 

Keyword: petrol, octane number, additives, resistance to detonation, ecologization. 

 

ɺ ʂʘʟʘʭʩʪʘʥʝ ʚʩʝ ʪʦʚʘʨʥʳʝ ʙʝʥʟʠʥʳ ʧʦʣʫʯʘʶʪ ʠʟ ʥʝʬʪʠ ʠ ʛʘʟʦʢʦʥʜʝʥʩʘʪʦʚ. ʉʦʚʨʝʤʝʥ-

ʥʳʝ ʘʚʪʦʙʝʥʟʠʥʳ ʛʦʪʦʚʷʪ ʩʤʝʰʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʧʫʪʝʤ ʧʨʷʤʦʡ ʧʝʨʝʛʦʥʢʠ, 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʠʬʦʨʤʠʥʛʘ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ, ʠʟʦʤʝʨʠʟʘʮʠʠ, ʘʣʢʠʣʠʨʦʚʘʥʠʷ, 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ ʠ ʛʘʟʘ. 

ʂʘʯʝʩʪʚʦ ʢʦʤʧʦʥʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʤʘʨʦʢ ʪʦʚʘʨʥʳʭ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʙʝʥʟʠʥʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʝʪʩʷ ʠ ʟʘʚʠʩʠʪ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞ-

ʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ. ʊʦʚʘʨʥʳʝ ʙʝʥʟʠʥʳ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʤʘʨʢʠ, ʥʦ ʚʳʨʘʙʦʪʘʥʥʳʝ ʥʘ ʨʘʟʣʠʯ-

ʥʳʭ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʟʘʚʦʜʘʭ (ʅʇɿ), ʠʤʝʶʪ ʥʝʦʜʠʥʘʢʦʚʳʡ ʢʦʤʧʦʥʝʥʪʥʳʡ ʠ ʬʨʘʢ-

ʮʠʦʥʥʳʡ ʩʦʩʪʘʚʳ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ 
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ʥʘ ʥʠʭ ʩʳʨʴʷ ʥʘ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʤ ʟʘʚʦʜʝ. ɼʘʞʝ ʙʝʥʟʠʥʳ ʦʜʥʦʡ 

ʤʘʨʢʠ, ʚʳʨʘʙʦʪʘʥʥʳʝ ʢʦʥʢʨʝʪʥʳʤ ʟʘʚʦʜʦʤ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ, ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʧʦ ʢʦʤʧʦʥʝʥʪ-

ʥʦʤʫ ʩʦʩʪʘʚʫ ʚ ʩʚʷʟʠ ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʨʝʛʣʘʤʝʥʪʥʳʭ ʨʘʙʦʪ ʥʘ ʦʪʜʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʢʘʭ, ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʘʚʘ ʩʳʨʴʷ ʠ ʧʨʦʛʨʘʤʤʳ ʟʘʚʦʜʘ ʧʦ ʚʳʧʫʩʢʫ ʧʨʦʜʫʢʮʠʠ. 

ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʪʦʧʣʠʚʘ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʠʜʨʦʦʯʠʩʪʢʠ ʠ ʛʣʫʙʦʢʦʛʦ 

ʛʠʜʨʠʨʦʚʘʥʠʷ, ʚʩʣʝʜʩʪʚʠʝ ʫʜʘʣʝʥʠʷ ʤʘʣʦʩʪʘʙʠʣʴʥʳʭ ʠ ʢʦʨʨʦʟʠʦʥʥʦ-ʘʛʨʝʩʩʠʚʥʳʭ ʢʦʤʧʦʥʝʥ-

ʪʦʚ ʙʫʜʫʪ ʦʪʚʝʯʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʜʦʙʘʚʣʷʪʴ ʢ ʥʠʤ ʧʨʠʩʘʜʢʠ ʥʝ ʧʦʪʨʝʙʫʝʪʩʷ. 

ʆʜʥʘʢʦ ʧʨʘʢʪʠʢʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʚ ʵʪʠ ʪʦʧʣʠʚʘ ʚʩʝ-ʪʘʢʠ ʥʫʞʥʦ ʜʦʙʘʚʣʷʪʴ ʧʨʠʩʘʜʢʠ, ʯʪʦʙʳ ʠʩ-

ʧʨʘʚʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ.ɿʘʚʦʜʩʢʠʝ ʧʨʠʩʘʜʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʚʚʝʜʝʥʳ ʚ ʙʝʥʟʠʥ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʪʠʚʥʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ. ʉʦʛʣʘʩʥʦ 

ɻʆʉʊʘʤ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʚʳʩʦʢʦʦʢʪʘʥʦʚʳʝ, ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʳʝ, ʤʦʶʱʠʝ ʠ ʜʨʫʛʠʝ ʧʨʠʩʘʜʢʠ, 

ʫʣʫʯʰʘʶʱʠʝ ʢʘʯʝʩʪʚʦ ʙʝʥʟʠʥʦʚ ʠ ʜʦʧʫʱʝʥʥʳʝ ʢ ʧʨʠʤʝʥʝʥʠʶ. ʂ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʙʝʥʟʠʥʘʤ ʩ 

ʟʘʚʦʜʘ ʜʦʙʘʚʣʷʶʪ ʧʨʠʩʘʜʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ 

ʢʘʢ: 

- ʉʪʦʡʢʦʩʪʴ ʢ ʜʝʪʦʥʘʮʠʠ; 

- ʀʩʧʘʨʷʝʤʦʩʪʴ;  

- ʆʪʩʫʪʩʪʚʠʷ ʩʢʣʦʥʥʦʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʪʣʦʞʝʥʠʡ;  

- ʇʦʥʠʞʝʥʠʝ ʥʘʛʘʨʦʦʙʨʘʟʦʚʘʥʠʷ;  

- ʉʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ.  

 ʇʨʠʩʘʜʢʠ ʵʪʦ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʠʣʠ ʧʨʠʨʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʜʦʙʘʚʣʷʝʤʳʝ ʢ ʪʦʧʣʠʚʘʤ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʠʣʠ ʩʦʭʨʘʥʝʥʠʷ ʥʘ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. ʇʨʠʩʘʜʢʘ 

ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʫʧʥʦʡ ʠ ʥʝʜʦʨʦʛʦʡ; ʩʛʦʨʘʪʴ ʚ ʪʦʧʣʠʚʝ ʙʝʟ ʦʪʣʦʞʝʥʠʡ; ʨʘʩʪʚʦʨʷʪʴʩʷ ʚ ʪʦʧ-

ʣʠʚʝ ʠʣʠ ʢʦʤʧʦʥʝʥʪʘʭ; ʥʝ ʫʭʫʜʰʘʪʴ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʪʦʧʣʠʚʘ; ʙʳʪʴ ʫʩʪʦʡʯʠʚʦʡ ʚ ʪʦʧʣʠʚʝ 

ʧʨʠ ʣʶʙʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ; ʩʦʚʤʝʱʘʪʴʩʷ ʩ ʜʨʫʛʠʤʠ ʧʨʠʩʘʜʢʘʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ 

ʜʣʷ ʪʦʧʣʠʚʘ ʜʘʥʥʦʛʦ ʪʠʧʘ. ʉʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʧʨʠʩʘʜʢʘʤʠ ʩʨʝʜʠ ʘʚʪʦʤʦʙʠʣʝʡ ʷʚ-

ʣʷʶʪʩʷ ʧʨʠʩʘʜʢʠ ʧʦʚʳʰʘʶʱʠʝ ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ(ʘʥʪʠʜʝʪʦʥʘʪʦʨʳ). 

ɸʥʪʠʜʝʪʦʥʘʪʦʨʳ - ( ʙʫʩʪʝʨ, ʦʢʪʘʥ-ʙʫʩʪʝʨ, ʦʢʪʘʥ-ʢʦʨʨʝʢʪʦʨ , ʠʣʠ ʦʢʪʘʥ-ʧʣʶʩ) - ʚʝʱʝ-

ʩʪʚʘ, ʜʦʙʘʚʣʷʝʤʳʝ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʢ ʤʦʪʦʨʥʳʤ ʪʦʧʣʠʚʘʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʠʭ ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ ,ʧʦʣʥʦʪʳ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʠ ʩʥʠʞʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʜʝʪʦʥʘʮʠʠ. 

ɺʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʝʪʦʥʘʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʥʠʞʝʥʠʶ ʦʢ-

ʪʘʥʦʚʦʛʦ ʯʠʩʣʘ ʪʦʧʣʠʚʘ. ʊʘʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʦʙʲʷʩʥʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦ-

ʩʪʠ ʪʦʧʣʠʚʘ ʢ ʦʢʠʩʣʝʥʠʶ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʝʛʦ ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ.  

ɺʩʝ ʘʥʪʠʜʝʪʦʥʘʪʦʨʳ ʚ ʦʩʥʦʚʥʦʤ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ: 

Å ʩʦʝʜʠʥʝʥʠʡ ʩʚʠʥʮʘ; 

Å ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ. ʕʬʬʝʢʪʠʚʥʳ, ʭʦʨʦʰʦ ʩʦʚʤʝʱʘʶʪʩʷ ʩ ʜʨʫʛʠʤʠ ʘʥʪʠʜʝʪʦʥʘʪʦ-

ʨʘʤʠ, ʫʩʠʣʠʚʘʷ ʠʭ ʜʝʡʩʪʚʠʝ; 

Å ʩʦʝʜʠʥʝʥʠʷ ʬʝʨʨʦʮʝʥʘ (ʞʝʣʝʟʘ). ʕʬʬʝʢʪʠʚʥʳ ʠ ʥʝʪʦʢʩʠʯʥʳ, ʥʦ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʜʦ-

ʧʫʩʪʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʥʘʛʘʨʦʦʙʨʘʟʦʚʘʥʠʝ;  

Å ʩʦʝʜʠʥʝʥʠʷ ʤʘʨʛʘʥʮʘ. ʕʬʬʝʢʪʠʚʥʳ ʠ ʤʘʣʦʪʦʢʩʠʯʥʳ, ʥʦ ʦʙʨʘʟʫʶʪ ʥʘʛʘʨ, ʩʧʦʩʦʙʥʳʡ 

ʚʳʟʚʘʪʴ ʦʪʢʘʟ ʩʚʝʯʝʡ ʟʘʞʠʛʘʥʠʷ; 

Å ʩʦʝʜʠʥʝʥʠʡ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʩʘʜʦʢ ʥʘ ʢʘʯʝʩʪʚʦ ʙʝʥʟʠʥʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʢ-

ʪʘʥʦʚʦʛʦ ʯʠʩʣʘ ʙʝʥʟʠʥʦʚ, ʨʝʘʣʠʟʫʝʤʳʭ ʥʘ ɸɿʉ ʛʦʨʦʜʘ ɸʣʤʘʪʳ ʙʳʣʠ ʚʟʷʪʳ ʧʨʦʙʳ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʤʘʨʢʠ ɸʀ-92 , ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ɺ ʠʩʩʣʝʜʫʝʤʳʝ ʧʨʦʙʳ ʙʝʥʟʠ-

ʥʦʚ ʜʦʙʘʚʣʷʣʠ ʩʣʝʜʫʶʱʠʝ ʧʨʠʩʘʜʢʠ: 

1. LIQUIMOLYOctanePlus  

ʇʨʠʩʘʜʢʘ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ ʙʝʥʟʠʥʘ ʜʦ 5,5 ʝʜʠʥʠʮ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʘʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʙʝʥʟʠʥʘ). ʇʨʝʜʦʪʚʨʘʱʘʝʪ ʜʝʪʦʥʘʮʠʶ ʚ ʜʚʠʛʘʪʝʣʝ, ʧʦʚʳʰʘʝʪ ʝʛʦ ʤʦ-

ʱʥʦʩʪʴ ʠ ʧʨʠʝʤʠʩʪʦʩʪʴ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʠʩʘʜʢʠ ʙʝʟʦʧʘʩʥʦ ʜʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʥʝʡʪʨʘʣʠʟʘ-

ʪʦʨʘ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ. ʅʝ ʦʢʘʟʳʚʘʝʪ ʚʨʝʜʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʚʝʯʠ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

2. MANNOLSuperBenzinOktanPlus 

https://ru.wikipedia.org/w/index.php?title=%D0%9C%D0%BE%D1%82%D0%BE%D1%80%D0%BD%D0%BE%D0%B5_%D1%82%D0%BE%D0%BF%D0%BB%D0%B8%D0%B2%D0%BE&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%82%D0%B0%D0%BD%D0%BE%D0%B2%D0%BE%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%BE
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ɺʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʘʷ ʫʣʫʯʰʘʝʪ ʩʚʦʡʩʪʚʘ ʙʝʥʟʠʥʘ. ʉʧʝʮʠ-

ʘʣʴʥʳʝ ʧʨʠʩʘʜʢʠ ʧʦʚʳʰʘʶʪ ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ, ʫʩʪʨʘʥʷʶʪ ʜʝʪʦʥʘʮʠʶ ʠ ʧʨʦʙʣʝʤʳ ʩ ʟʘʞʠʛʘʥʠ-

ʝʤ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʠʟʢʦʦʢʪʘʥʦʚʦʛʦ ʠʣʠ ʥʝʢʘʯʝʩʪʚʝʥʥʦʛʦ ʙʝʥʟʠʥʘ. ʕʬʬʝʢ-

ʪʠʚʥʦ ʦʯʠʱʘʝʪ ʢʘʨʙʶʨʘʪʦʨʳ, ʠʥʞʝʢʪʦʨʳ ʠ ʢʣʘʧʘʥʳ ʦʪ ʩʤʦʣʠʩʪʦ-ʣʘʢʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʥʘʛʘ-

ʨʘ. ʉʦʢʨʘʱʘʝʪ ʚʳʜʝʣʝʥʠʝ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʠ ʪʦʢʩʠʯʥʦʩʪʴ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ. ʉʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʣʥʦʤʫ ʠ ʵʬʬʝʢʪʠʚʥʦʤʫ ʩʛʦʨʘʥʠʶ ʪʦʧʣʠʚʘ, ʨʝʘʣʴʥʦ ʩʥʠʞʘʷ ʝʛʦ ʨʘʩʭʦʜ.  

3. BARDAHL OctaneBooster 

ʇʨʦʩʪʘʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʩʘʜʢʘ, ʫʚʝʣʠʯʠʚʘʶʱʘʷ ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ ʙʝʥʟʠʥʘ. ʋʚʝʣʠ-

ʯʠʚʘʝʪ ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ ʙʝʥʟʠʥʘ ʥʘ 3-5 ʝʜʠʥʠʮ ʠ ʧʨʠʜʘʝʪ  

ʧʨʦʮʝʩʩʫ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʙʦʣʝʝ ʫʧʨʘʚʣʷʝʤʳʡ ʨʘʚʥʦʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʨʝʟʫʣʴʪʘ-

ʪʝ ʫʩʪʨʘʥʷʝʪʩʷ ʩʪʫʢ, ʚʳʟʚʘʥʥʳʡ ʜʝʪʦʥʘʮʠʝʡ ʠ ʨʘʥʥʠʤ ʟʘʞʠʛʘʥʠʝʤ, ʩʥʠʞʘʝʪ ʨʘʩʭʦʜ ʪʦʧʣʠ-

ʚʘ.ʋʣʫʯʰʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʢʘʯʝʩʪʚʘ ʜʚʠʛʘʪʝʣʷ, ʧʦʣʥʦʩʪʴʶ ʩʛʦʨʘʝʪ ʩ ʪʦʧʣʠʚʦʤ, ʥʝ 

ʦʩʪʘʚʣʷʷ ʦʪʣʦʞʝʥʠʡ. 

ʆʢʪʘʥ ɹʫʩʪʝʨ ɹʘʨʜʘʣʴ ʩʦʜʝʨʞʠʪ ʧʨʠʩʘʜʢʫ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʘ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦ-

ʨʠʪʝʣʷʤʠ, ʦʙʣʝʛʯʘʶʱʠʤʠ ʩʤʝʰʠʚʘʥʠʝ ʩ ʪʦʧʣʠʚʦʤ. 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ ʘʚʪʦʙʝʥʟʠʥʘ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩʦʛʣʘʩʥʦ 

ɻʆʉʊ 8226-82 çʊʦʧʣʠʚʦ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ. ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʦʢʪʘʥʦʚʦʛʦ 

ʯʠʩʣʘè. 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʘʚʪʦʙʝʥʟʠʥʘ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩʦʛʣʘʩʥʦ 

ɻʆʉʊ 2177-99 çʅʝʬʪʝʧʨʦʜʫʢʪʳ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘè. 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʙʝʥʟʦʣʘ ʚ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʙʝʥʟʠʥʘʭ ʧʨʦʠʟ-

ʚʦʜʠʣʠʩʴ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 29040-91 çɹʝʥʟʠʥʳ. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʙʝʥʟʦʣʘ ʠ ʩʫʤʤʘʨʥʦʛʦ ʩʦ-

ʜʝʨʞʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚè. 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʝʣʝʟʘ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʙʝʥʟʠʥʘ 

ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩʦʛʣʘʩʥʦ ɻʆʉʊ ʈ 52530-2006 çɹʝʥʟʠʥʳ ʘʚʪʦʤʦʙʠʣʴʥʳʝ. ʌʦʪʦʢʦʣʦʨʠʤʝʪʨʠ-

ʯʝʩʢʠʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʣʝʟʘè. 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʥʦʤʝʪʠʣʘʥʠʣʠʥʘ ʧʨʦʠʟʚʦʜʠʣʠʩʴ 

ʩʦʛʣʘʩʥʦ ɻʆʉʊ ʈ 54323-2011 çɹʝʥʟʠʥʳ ʘʚʪʦʤʦʙʠʣʴʥʳʝ. ʆʧʨʝʜʝʣʝʥʠʝ N-ʤʝʪʠʣʘʥʠʣʠʥʘ ʤʝʪʦ-

ʜʦʤ ʢʘʧʠʣʣʷʨʥʦʡ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠè. 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʨʳ ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʙʝʥʟʠʥʝ ʧʨʦʠʟʚʦʜʠ-

ʣʠʩʴ ʩʦʛʣʘʩʥʦ ɻʆʉʊ ʈ 51947-2002 çʅʝʬʪʴ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʳ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʝʨʳ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠè. 

ʀʩʧʳʪʘʥʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩʦʛʣʘʩʥʦ 

ɻʆʉʊ 52714-07 çɹʝʥʟʠʥʳ ʘʚʪʦʤʦʙʠʣʴʥʳʝ. ʆʧʨʝʜʝʣʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʠ ʛʨʫʧʧʦʚʦʛʦ ʫʛ-

ʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʦʩʪʘʚʘ ʤʝʪʦʜʦʤ ʢʘʧʠʣʣʷʨʥʦʡ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠè. 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʦʙ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʧʨʠʩʘʜʦʢ 

ɸʀ-92, ʨʘʟʣʠʯ-

ʥʳʭ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʝʡ. 

ʀʩʭʦʜʥʳʡ 

ʙʝʥʟʠʥ, ʙʝʟ 

ʧʨʠʩʘʜʢʠ. 

ʉ ʧʨʠʩʘʜʢʦʡ 

LIQUI MOLY Oc-

tane Plus 

ʉ ʧʨʠʩʘʜʢʦʡ 

MANNOL Super 

BenzinOktan 

Plus 

ʉ ʧʨʠʩʘʜʢʦʡ 

BARDAHL 

OctaneBooster 

 

ɻʘʟʧʨʦʤʥʝʬʪʴ 92.3 93.8 92.4 93.3 

ʂʘʟʤʫʥʘʡʛʘʟ 92,1 93.6 92.2 93.1 

Sinooil 92 93.4 92.1 93 

Royl petrol 92 93.5 92.1 93 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ ʥʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʩʘʜʦʢ LIQUIMOLY  OctanePlus (ʧʦʚʳʰʝʥʠʝ ʥʘ1.5ʝʜ) ʠ 

BARDAHL OctaneBooster (ʧʦʚʳʰʝʥʠʝ ʥʘ1ʝʜ). 
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ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʦʙ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʙʝʥʟʠʥʘ ʩ ɸɿʉ 

 

ɼʦʙʘʚʣʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʠʩʘʜʦʢ ʢ ʪʦʧʣʠʚʫ ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʜʘ ʫʛ-

ʣʝʨʦʜʘ, ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʘʣʴʜʝʛʠʜʦʚ, ʩʘʞʠ. ʉ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠ ʵʢʦʣʦʛʠ-

ʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʙʝʥʟʠʥʦʚ ʚ ʠʭ ʩʦʩʪʘʚ ʤʦʞʥʦ ʚʚʦʜʠʪʴ ʤʦʶʱʠʝ ʠ ʤʥʦʛʦʬʫʥʢ-

ʮʠʦʥʘʣʴʥʳʝ ʧʨʠʩʘʜʢʠ. ʊʘʢʞʝ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʠʥʪʝʥʩʠʚʥʦ ʚʝʜʫʪʩʷ ʧʦʠʩʢʠ ʘʣʴʪʝʨʥʘ-

ʪʠʚʥʦʛʦ ʪʦʧʣʠʚʘ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʙʳ ʜʝʰʝʚʦ ʠ ʥʝ ʜʘʚʘʣʦ ʙʳ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ 

1. ɼʘʥʠʣʦʚ ɸ.ʄ. ʇʨʠʩʘʜʢʠ ʢ ʪʦʧʣʠʚʘʤ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ. 1996-2000 ʛ.ʛ. ʍʠ-

ʤʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ ʪʦʧʣʠʚ ʠ ʤʘʩʝʣ. 2002, ˉ6, ʩ. 43-50. 

2. ɼʝʥʠʩʦʚ ɺ. ʅ. ʇʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʟʘʮʠʠ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ: ʄɸʅʕɹ, 2003. - 213 ʩ. 

3. ʄʠʪʫʩʦʚʘ ʊ. ʅ. ʇʦʣʠʥʘ ɽ.ɺ., ʂʘʣʠʥʠʥʘ ʄ.ɺ. ʉʦʚʨʝʤʝʥʥʳʝ ʜʠʟʝʣʴʥʳʝ ʪʦʧʣʠʚʘ ʠ 
ʧʨʠʩʘʜʢʠ ʢ ʥʠʤ. ʄ.: ʊʝʭʥʠʢʘ, ð 2002. 64. ʉ. 

4. ʉʤʠʨʥʦʚ ʀ. ɺ. ʇʫʪʠ ʵʢʦʣʦʛʠʟʘʮʠʠ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ʕʥʝʨʛʠʷ: ʵʢʦʥʦʤʠʢʘ, 

ʪʝʭʥʠʢʘ, ʵʢʦʣʦʛʠʷ. - 2010. - ˉ 9. - ʉ.54-60. 

5. http://gosstandart.gov.by 

ɺʃʀʗʅʀɽ ʋɼɽʃʔʅʆʁ ʇʆɺɽʈʍʅʆʉʊʀ ʅɸʅʆʂʈɽʄʅɽɿɪʄʆɺ ʅɸ ʇʈʆʏʅʆʉʊʔ, 

ʊɽʈʄʆ- ʀ ʍʀʄʉʊʆʁʂʆʉʊʔ 1 ʄɸʉ%-ʅɸʇʆʃʅɽʅʅʆɻʆ ʀʄʀ 

ʕʇʆʂʉʀʇʆʃʀʄɽʈɸ 

 

ʉʪʘʨʦʢʘʜʦʤʩʢʠʡ ɼ. 

ʢʘʥʜ.ʭʠʤ.ʥ., ʚʝʜ.ʩʧʝʮ.ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʘʢʪʠʚʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʧʦʣʠʤʝʨʦʚ 

ʕʢʩʧ.-ʊʝʭʥ.ʆʪʜʝʣʘ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʀʍʇ ʠʤ.ɸ.ɸ.ʏʫʡʢʦ ʅɸʅ 

ʊʢʘʯʝʥʢʦ ɸ. 

ʚʝʜ.ʠʞʝʥʝʨ, ʩʧʝʮ. ʧʦ ʧʨʦʯʥʦʩʪʥʳʤ ʠʩʧʳʪʘʥʠʷʤ 

 

INFLUENCE OF NANOSILICA SPECIFIC SURFACE ON STRENGTH,  THERMAL 

AND CHEMICAL RESISTANCE OF 1WT% -SILICA FILLED EPOXYCOMPOSITES . 

 

Starokadomsky D. 

researcher for active fillers for polymers  

Tkachenko A. 

engineer for strength testing 

ɸɿʉ 

ʆʙʲʝʤʥʘʷ 

ʜʦʣʷ ʙʝʥ-

ʟʦʣʘ, %, ʥʝ 

ʤʝʥʝʝ 

ʄʘʩʩʦʚʘʷ 

ʢʦʥʮ-ʷ ʞʝʣʝ-

ʟʘ, ʤʛ/ʜʤ3, 

ʥʝ ʙʦʣʝʝ 

ʄʘʩʩʦʚʘʷ 

ʢʦʥʮ-ʷ 

ʄʄɸ, % ʥʝ 

ʙʦʣʝʝ 

ʂʦʥʮ-ʷ ʩʝʨʳ, 

ʤʛ/ʢʛ, ʥʝ ʙʦ-

ʣʝʝ 

ʆʙʲʝʤ-

ʥʘʷ ʜʦʣʷ 

ʫʛʣʝʚʦ-

ʜʦʨʦʜʦʚ, 

%, ʥʝ 

ʙʦʣʝʝ 

 

ʌʨʘʢ-

ʮʠʦʥ-

ʥʳʡ 

ʩʦʩʪʘʚ ʥʦʨ

ʤ 
ʬʘʢʪ ʥʦʨʤ ʬʘʢʪ 

ʥʦʨ

ʤ 
ʬʘʢʪ 

ʥʦʨ

ʤ 
ʬʘʢʪ 

ɻʘʟʧʨʦʤ-

ʥʝʬʪʴ 

 

5 

 

2,4 

 

ʆʪʩ. 

 

ʆʪʩ. 

 

1,0 

 

0,11 

 

500 

 

333 

 

ʉʦʦʪʚ. 

 

ʉʦʦʪʚ. 

ʂʘʟʤʫ-

ʥʘʡʛʘʟ 

 

5 

 

2,3 

 

ʆʪʩ. 

 

ʆʪʩ. 

 

1,0 

 

0,2 

 

500 

 

200 

 

ʉʦʦʪʚ. 

 

ʉʦʦʪʚ. 

Sinooil 
 

5 

 

2,3 

 

ʆʪʩ. 

 

ʆʪʩ. 

 

1,0 

 

0,19 

 

500 

 

115 

 

ʉʦʦʪʚ. 

 

ʉʦʦʪʚ. 

Royl pet-

rol 

 

5 

 

2,3 

 

ʆʪʩ. 

 

ʆʪʩ. 

 

1,0 

 

0,13 

 

500 

 

270 

 

ʉʦʦʪʚ. 

 

ʉʦʦʪʚ. 
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ɸʥʥʦʪʘʮʠʷ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʚʚʝʜʝʥʠʠ 1 ʤʘʩ% ʥʘʥʦʢʨʝʤʥʝʟʸʤʦʚ ʨʘʟʣʠʯʥʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ, ʧʦʚʳʰʘʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʪʝʨʤʠʯʝʩʢʦʡ (ʘʥʘʣʠʟ ʧʦ ʦʜʥʦʩʪʦʨʦʥʥʝʤʫ ʥʘʛʨʝʚʫ ʥʘ ʚʦʟʜʫʭʝ) 

ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ (ʥʘ ʧʨʠʤʝʨʝ ʥʘʙʫʭʘʥʠʷ ʚ ʵʬʠʨʘʮʝʪʘʪʥʦʤ ʩʦʣʴʚʝʥʪʝ) ʩʪʦʡʢʦʩʪʠ. ɺʤʝ-

ʩʪʝ ʩ ʪʝʤ, ʧʦʩʣʝ ʥʘʧʦʣʥʝʥʠʷ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʨʦʯ-

ʥʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

Abstract 

It has been established that the filling of epoxyresin by 1 wt% nanosilica increases a thermal 

and chemical resistance (for ink- solvent) resistance. In same time, filling does not lead to increased 

the investigated strength parameters (compression strength and adhesion to steel). 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʥʦʢʨʝʤʥʝʟʸʤ (ʇʅʂ), ʵʧʦʢʩʠʜʥʳʡ ʧʦʣʠʤʝʨ, ʥʘʧʦʣʥʝʥʠʝ, ʧʨʦʯ-

ʥʦʩʪʴ, ʥʘʙʫʭʘʥʠʝ, ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ 

Keywords: nanosilica, epoxy resin filling, strength, swelling, thermoresistance. 

 

ʇʠʨʦʛʝʥʥʳʡ ʥʘʥʦʜʠʩʧʝʨʩʥʳʡ ʢʨʝʤʥʝʟʸʤ ʥʘʰʸʣ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʚ ʃʂʄ, 

ʩʤʦʣʳ, ʧʦʣʠʤʝʨʳ ʠ ʢʦʤʧʦʟʠʪʳ ʜʣʷ ʠʭ ʫʩʠʣʝʥʠʷ, ʧʨʝʜʬʦʨʤʦʚʦʯʥʦʛʦ ʟʘʛʫʱʝʥʠʷ ʠʣʠ ʫʣʫʯʰʝ-

ʥʠʷ ʵʩʪʝʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʅʘ ʩʝʛʦʜʥʷ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʢ ʥʝʤʫ ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ ʚʳʩʦʢʦʤ 

ʫʨʦʚʥʝ ʢʘʢ ʟʘ ʨʫʙʝʞʦʤ, ʪʘʢ ʠ ʚ ʉʅɻ. 

ɸʢʪʫʘʣʝʥ ʚʦʧʨʦʩ ʦ ʚʣʠʷʥʠʠ ʤʘʣʳʭ ʜʦʙʘʚʦʢ ʇʅʂ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʝʛʦ 

ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ /1-3/. ʇʨʠ ʥʘʣʠʯʠʠ ʧʦʟʠʪʠʚʥʳʭ ʚʣʠʷʥʠʡ 0,5 ï 1,5 ʤʘʩ% ʇʅʂ ʚ ʧʦʣʠ-

ʵʧʦʢʩʠʜʝ, ʚʦʟʤʦʞʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʫʩʠʣʠʚʘʶʱʠʭ ʜʦʙʘʚʦʢ ʠ ʫʩʠʣʝʥʥʳʭ ʵʧʦʢ-

ʩʠʜʥʳʭ ʢʣʝʝʚ ʫʢʨʘʠʥʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʩʚʷʟʠ ʩ ʨʷʜʦʤ ʠʟʚʝʩʪʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʯʠʩʪʳʭ 

ʵʧʦʢʩʠʜʥʳʭ ʧʦʣʠʤʝʨʦʚ ʧʦ ʧʨʦʯʥʦʩʪʠ, ʪʝʨʤʦ- ʠ ʩʦʣʴʚʝʥʪʦʩʪʦʡʢʦʩʪʠ, ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʢʘ-

ʟʳʚʘʶʪʩʷ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚʝʜʫʱʠʤʠ ʦʪʨʘʩʣʷʤʠ /1-4/. 

ʀʥʩʪʠʪʫʪ ʍʠʤʠʠ ʇʦʚʝʨʭʥʦʩʪʠ ʠʤ.ʘʢʘʜ.ɸ.ɸ.ʏʫʡʢʦ ʦʩʪʘʸʪʩʷ ʥʘ ʧʦʩʪ-ʩʦʚʝʪʩʢʦʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ʚʝʜʫʱʠʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʮʝʥʪʨʦʤ ʧʦ ʫʨʦʚʥʶ ʠ ʢʦʣʠʯʝʩʪʚʫ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʤʦ-

ʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʘʥʦ- ʠ ʤʠʢʨʦʥʘʧʦʣʥʠʪʝʣʝʡ. ʂ ʵʪʦʤʫ ʦʙʷʟʳʚʘʝʪ ʠ ʩʦʙʩʪʚʝʥʥʘʷ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʘʷ ʙʘʟʘ ʀʍʇ, ʚʢʣʶʯʘʶʱʘʷ ʟʘʚʦʜ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʧʠʨʦʛʝʥʥʳʭ ʥʘʥʦʢʨʝʤʥʝʟʸʤʦʚ 

(ʇʅʂ) ʚ ʛ.ʂʘʣʫʰ, ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʦʪʜʝʣʳ ʚ ʦʙʣʘʩʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʇʅʂ, ʦʪʜʝʣ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʥʘʧʦʣʥʝʥʥʳʭ ʧʦʣʠʤʝʨ-ʢʦʤʧʦʟʠʪʦʚ ʠ ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

 

ʄʝʪʦʜʠʢʠ ʠ ʨʝʘʢʪʠʚʳ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʠʩʧʳʪʘʥʠʷ 

ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ (ɻʆʉʊ 4651-68, ʧʨʝʩʩ Shopper); ʥʘ ʦʪʨʳʚ ʩʢʣʝʝʥʥʳʭ ʩʪʘʣʴʥʳʭ ʛʨʠʙʢʦʚ 

(ɻʆʉʊ 14760-69, ʤʘʰʠʥʘ ʋʄʄ-10). 

ʂʦʤʧʦʟʠʮʠʷ ʥʘ ʙʘʟʝ ʩʤʦʣʳ Epoxy520 (ʧ-ʚʦ ʏʝʭʠʷ, ʘʥʘʣʦʛ ʕɼ-20) ʥʘʧʦʣʥʷʣʘʩʴ ʢʨʝʤʥʝ-

ʟʸʤʦʤ ʠ ʚʳʜʝʨʞʠʚʘʣʘʩʴ 1-2 ʥʝʜʝʣʠ (ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʨʫʯʥʳʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ) ʜʣʷ ʣʫʯʰʝʛʦ 

ʩʤʘʯʠʚʘʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʩʤʦʣʝ ʥʘʧʦʣʥʠʪʝʣʷ. ɿʘʪʝʤ ʚ ʢʦʤʧʦʟʠʮʠʶ ʚʚʦʜʠʣʠ 12,5 ʤʘʩ% 

(ʦʪ ʤʘʩʩʳ ʩʤʦʣʳ) ʦʪʚʝʨʜʠʪʝʣʷ ʇʕʇɸ, ʧʨʦʛʨʝʚʘʣʠ 1-2 ʤʠʥ ʠ ʨʘʟʤʝʰʠʚʘʣʠ ʚʨʫʯʥʫʶ ʚ ʪʝʯʝʥʠʠ 

5-10 ʤʠʥ. ʇʦʩʣʝ ʧʦʚʪʦʨʥʦʛʦ ʧʨʦʛʨʝʚʘ 1-2 ʤʠʥ (ʜʣʷ ʫʜʘʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʫʟʳʨʴʢʦʚ), 

ʢʦʤʧʦʟʠʮʠʶ ʨʘʟʣʠʚʘʣʠ ʚ ʬʦʨʤʳ ʠʣʠ ʨʘʟʤʘʟʳʚʘʣʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʣʝʠʚʘʝʤʳʭ ʧʣʘʩʪʠʥ. ɺʘ-

ʢʫʫʤʠʨʦʚʘʥʠʝ ʟʘʤʝʰʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʥʝ ʧʨʦʚʦʜʠʣʠ ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ ʩʣʘʙʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, 

ʦʩʦʙʝʥʥʦ ʚ ʚʳʩʦʢʦʥʘʧʦʣʥʝʥʥʳʭ ʦʙʨʘʟʮʘʭ. ʇʦʩʣʝ 2-3 ʩʫʪʦʢ, ʦʪʚʝʨʜʝʚʰʠʝ ʦʙʨʘʟʮʳ ʠʟʚʣʝʢʘʣʠ, 

ʠ ʧʦʜʚʝʨʛʘʣʠ (ʢʨʦʤʝ ʦʙʨʘʟʮʦʚ ʜʣʷ ʥʘʙʫʭʘʥʠʷ ʠ ʭʠʤʩʪʦʡʢʦʩʪʠ) ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʧʨʠ 75 ʦʉ ʚ 

ʪʝʯʝʥʠʠ 2 ʯʘʩʦʚ (ʜʣʷ ʧʦʣʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʧʦʩʪ-ʵʬʬʝʢʪʦʚ). 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʥʘʙʫʭʘʥʠʷ ʚ ʬʠʟʠʯʝʩʢʠ-ʘʛʨʝʩʩʠʚʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʨʝʜʝ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʵʬʠʨʘʮʝʪʘʪʥʳʡ ʧʦʣʠʛʨʘʬʩʦʣʴʚʝʥʪ Inkwin (ʧʟ-ʚʦ ʂʠʪʘʡ). ʆʙʨʘʟʮʳ ʢʦʤʧʦʟʠʪʦʚ 

ʧʦʤʝʱʘʣʠʩʴ ʚ ʧʦʣʠʛʨʘʬʩʦʣʴʚʝʥʪ ʚ ʚʠʜʝ ʪʘʙʣʝʪʦʢ ʜʠʘʤʝʪʨʦʤ 7-8 ʤʤ ʠ ʚʳʩʦʪʦʡ ʜʦ 2 ʤʤ, ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (20ʦʉÑ2ʦʉ). 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʀʟ ʪʘʙ.1 ʚʠʜʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ 1ʤʘʩ% ʢʨʝʤʥʝʟʸʤʦʚ ʥʝ ʜʘʸʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʘ. ʀʟ ʪʘʙ.1 ʚʠʜʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ 1 

ʤʘʩ% ʇʅʂ ʤʘʣʦʟʥʘʯʠʤʦ ʜʣʷ ʧʨʦʯʥʦʩʪʠ ʢʦʤʧʦʟʠʪʘ. ʇʨʦʩʣʝʞʠʚʘʝʪʩʷ ʩʣʘʙʦʚʳʨʘʞʝʥʥʘʷ ʟʘʢʦ-

ʥʦʤʝʨʥʦʩʪʴ ʨʦʩʪʘ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʩ ʨʦʩʪʦʤ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʩ 50 ʜʦ 455 ʤ2\ʛ). 

 

ʊʘʙ.1. ʇʨʦʯʥʦʩʪʴ ʥʘ ʘʜʛʝʟʠʦʥʥʳʡ ʩʜʚʠʛ 3 ʩʤ2 ʩʢʣʝʝʢ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ. ʇʝʨʚʠʯʥʳʝ ʟʥʘ-

ʯʝʥʠʷ ʥʘʛʨʫʟʢʠ ʊ ʨʘʟʨʫʰʝʥʠʷ (ʚ ʢʛʩ) ʠ ʩʪʝʧʝʥʴ ʨʦʩʪʘ ʝʸ ʧʦʩʣʝ ʥʘʧʦʣʥʝʥʠʷ (ʚ %).  

 ʅ (ʥʝʪ ʇʅʂ) ɸ50 ɸ100 ɸ300 ɸ455 

ɸʜ-

ʛʝʟ.ʩʜʚʠʛ 

220 (100%) 215 (98%) 200 (98%) 230 

(105%) 

230 

(105%) 

ʉʞʘʪʠʝ 455 (100%) - 460 

(101%) 

465 

(102%) 

- 

 

ʀʟ ʪʘʙ.2 ʚʠʜʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ 1 ʤʘʩ% ʘʵʨʦʩʠʣʦʚ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʠʩʧʝʨʩʥʦʩʪʠ, ʩʧʦʩʦʙʥʦ 

ʟʘʜʝʨʞʘʪʴ ʥʘʯʘʣʦ ʘʢʪʠʚʥʦʡ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ (10-20%-ʡ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʞʝʣʪʝʥʠʷ ʠ ʙʫʨʝ-

ʥʠʷ, 5-10% ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʯʝʨʥʝʥʠʷ ʦʙʨʘʟʮʘ), ʥʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʨʘʟ-

ʣʦʞʝʥʠʷ ʥʝ ʚʣʠʷʝʪ. ɺ ʮʝʣʦʤ ʚʠʜʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʇʅʂ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ 

ʨʘʩʪʸʪ, ʠ ʵʪʦ ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʦ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ.  

ʊʘʙ.2. ʊʝʤʧʝʨʘʪʫʨʘ ʚʠʟʫʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʟʠʪʦʚ.  

ʥʘʛʨʝʚ ʩ 25 ʦʉ ɾʝʣʪʝʥʠʝ 

 

 

ʇʦʙʫʨʝʥʠʝ ʇʦʯʝʨʥʝ-

ʥʠʝ 

çʂʠʧʠʪè ʠ 

ʦʙʫʛʣʠʚʘʝ-

ʪʩʷ 

ʇʦʣʥʦʩʪʴʶ 

ʩʛʦʨʘʝʪ 

ʅ 160 230 270 375 380 

ɸ100 160 250 290 350 380 

ɸ300  255 280 380  

ʥʘʛʨʝʚ ʩʦ 100 ʦʉ 

ʅ1 170 270 310 370 380 

ɸ50 210 310 325 380 400 

ɸ455 210 320 345 365 400 

 

ʈʠʩ1. ʂʨʠʚʳʝ ʥʘʙʫʭʘʥʠʷ ʚ ʧʦʣʠʛʨʘʬ-ʩʦʣʴʚʝʥʪʝ ʦʙʨʘʟʮʦʚ ʩ 1 ʤʘʩ% ʨʘʟʣʠʯʥʳʭ ʘʵʨʦʩʠ-

ʣʦʚ 

0,0

5,0

10,0

15,0

20,0

25,0

0 5 10 15 20 25

time, days

Q
, 
w

t%

ʅ

ɸ50

ɸ100

ɸ300

ɸ455

 
ʀʟ ʨʠʩ.1 ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʠʥʪʝʨʝʩʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʙʫʭʘʥʠʷ ʢʦʤʧʦʟʠʪʘ ʦʪ ʫʜʝʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʇʅʂ. ʆʙʨʘʟʮʳ ʩ ʛʨʫʙʦʜʠʩʧʝʨʩʥʳʤʠ ɸ50 ʠ ɸ100 ʦʪʣʠʯʘʶʪʩʷ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝʡ 

ʩʢʦʨʦʩʪʴʶ ʠ ʩʪʝʧʝʥʴʶ ʥʘʙʫʭʘʥʠʷ ʚ ʵʬʠʨʘʮʝʪʘʪʥʦʤ ʧʦʣʠʛʨʘʬʩʦʣʴʚʝʥʪʝ Inkwin. ʆʙʨʘʟʝʮ ʩ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʤ ɸ300 ʪʘʢʞʝ ʥʘʙʫʭʘʝʪ ʤʝʥʝʝ ʘʢʪʠʚʥʦ ʯʝʤ ʥʝʥʘʧʦʣʥʝʥʥʳʡ, ʥʦ ʧʦʩʣʝ 15 ʩʫ-

ʪʦʢ ʚʳʜʝʨʞʢʠ ʝʛʦ ʩʢʦʨʦʩʪʴ ʥʘʙʫʭʘʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʚʳʰʝ ʯʝʤ ʥʝʥʘʧʦʣʥʝʥʥʦʛʦ. ʆʙʨʘʟʝʮ ʞʝ ʩ 
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ʥʘʠʙʦʣʝʝ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʤ ʘʵʨʦʩʠʣʦʤ ɸ455 ʩ ʧʝʨʚʳʭ ʜʥʝʡ ʥʘʙʫʭʘʝʪ ʘʢʪʠʚʥʝʝ ʥʝʥʘʧʦʣʥʝʥ-

ʥʦʛʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʠʩʧʝʨʩʥʦʩʪʴ ʘʵʨʦʩʠʣʦʚ ʦʢʘʟʳʚʘʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, 

ʩʥʠʞʘʷ ʥʘʙʫʭʘʥʠʝ ʩʦ ʩʥʠʞʝʥʠʝʤ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪ.ʝ. ʚ ʨʷʜʫ çɸ455 ï ʥʝʥʘʧʦʣʥʝʥʥʳʡ 

ï ɸ300 ï ɸ50, ɸ100è.  

 

   
ʅ 1 ʤʘʩ% ɸ100 1 ʤʘʩ% ɸ300 

ʈʠʩ.2. ʌʦʪʦʛʨʘʬʠʠ ʢʦʤʧʦʟʠʮʠʡ (ʫʚʝʣʠʯʝʥʠʝ ʚ 4 ʨʘʟʘ) 

 

ʄʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʨʠ 1 ʤʘʩ% ʇʅʂ ʝʛʦ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʧʦʩʦʙʥʘ ʟʘʤʝʪʥʦ 

ʚʣʠʷʪʴ ʥʘ ʥʘʙʫʭʘʥʠʝ ʠ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ ʢʦʤʧʦʟʠʪʘ, ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʥʘ ʝʛʦ ʧʨʦʯʥʦʩʪʴ.  

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ 

1. Nanosilica reinforced epoxy floor coating composites: preparation and  

thermophysical characterization // Mir Mohammad Alavi Nikje, Mohammad Reza Khanmo-

hammadi, Amir Bagheri Garmarudi and Moslem Haghshena. // Current Chemistry Letters. 1 (2012) 

13ï20 

2. ɼ.ʃ.ʉʪʘʨʦʢʘʜʦʤʩʢʠʡ ɺʣʠʷʥʠʝ ʘʵʨʦʩʠʣʦʚ ʨʘʟʣʠʯʥʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʭʠʤʠ-

ʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʵʧʦʢʩʠʧʦʣʠʤʝʨʘ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ.// ʇʣʘʩʪʠʯʝʩʢʠʝ 

ʄʘʩʩʳ. ï 2010. - ˉ 6, ʩ. 27-33. 

3. Dittanet Peerapan, "The use of nanosilica in epoxy resins" (2008).Theses and Dissertations. 

Paper 1001. http://preserve.lehigh.edu/etd. 

4. Stephan Sprenger. Nanosilica containing epoxy resins NANOPOXÈ // 

http://composites.evonik.com/product/composites/en/products-services/matrix-

systems/thermosets/NANOPOX/Pages/default.aspx 

http://preserve.lehigh.edu/etd
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ʅʫʢʫʩʩʢʠʡ ʇʝʜʘʛʦʛʠʯʝʩʢʠʡ ʀʥʩʪʠʪʫʪ ʠʤʝʥʘ ɸʞʠʥʠʷʟʘ 

ʄʘʪʯʘʥʦɺ ɸ.ʊ. 

ʅʫʢʫʩʩʢʠʡ ʬʠʣʠʘʣ ʊʘʰʇʄʀ 

 

CHOLINERGIC SKELETAL MUSCLE REACTION VESSELS IN 

SPONTANEOUSLY HYPERTENSIVE RATS 

 

All anazarova S.O. 

Nukus Branch Tash SMI 

Tureniyazova R.K. 

Nukus Pedagogical Institute names Ajiniyaz  

Matchanov A.T. 

Nukus branch TashPMI 

 

ɸʥʥʦʪʘʮʠʷ  

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʭʦʣʠʥʝʨʛʠʯʝʩʢʠʭ ʚʣʠʷʥʠʡ ʥʘ ʩʦʩʫʜʳ ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚʚʝʜʝʥʠʝ ʚ 

ʧʝʨʬʫʟʠʨʫʝʤʦʝ ʨʫʩʣʦ ʨʘʩʪʚʦʨʘ ʘʮʝʪʠʣʭʦʣʠʥʘ ʢʦʪʦʨʦʝ, ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʥʘʩʦʩʘ ʩ ʧʦ-

ʩʪʦʷʥʥʦʡ ʦʙʲʝʤʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠʥʬʫʟʠʠ. ʆʮʝʥʢʘ ʩʦʩʫʜʠʩʪʳʭ ʦʪʚʝʪʦʚ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʧʨʦ-

ʠʟʚʦʜʠʣʘʩʴ ʧʦ ʪʝʤ ʞʝ ʧʦʢʘʟʘʪʝʣʷʤ, ʯʪʦ ʠ ʚ ʩʣʫʯʘʝ ʘʜʨʝʥʝʨʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʘ ʠʤʝʥʥʦ: ʩʜʚʠ-

ʛʘʤ ʩʦʩʫʜʠʩʪʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʘʧʠʣʣʷʨʥʦʛʦ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʘʧʠʣʣʷʨʥʦʡ ʬʠʣʴʪʨʘʮʠʠ.  

Abstracts  

As a model of cholinergic influences on our vessels are used in the administration of acetyl-

choline perfusion channel solution which was carried out by a pump with a constant volume rate of 

infusion. Assessment of vascular responses in skeletal muscle was carried out according to the same 

parameters as in the case of adrenergic reactions, namely shifts of vascular resistance, capillary hy-

drostatic pressure and capillary filtration coefficient. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʦʣʠʥʝʨʛʠʯʝʩʢʠʡ, ʧʝʨʬʫʟʠʨʫʝʤʦʝ ʨʫʩʣʦ, ʘʜʨʝʥʝʨʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, 

ʩʧʦʥʪʘʥʥʦ, ʠʥʬʫʟʠʠ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʢʨʦʚʦʪʦʢʘ, ʩʢʝʣʝʪʥʳʡ ʤʳʰʮʳ.  

Keywords: cholinergic, perfusion channel, adrenergic reactions spontaneously infusion stabi-

lized blood, skeletal muscle. 

 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʭʦʣʠʥʝʨʛʠʯʝʩʢʠʭ ʨʝʛʫʣʷʮʠʠ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮʘʭ 

(114, 136, 144, 145, 156, 294,) ʜʝʣʘʝʪ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʫ ʚʳʷʩʥʝʥʠʷ ʭʦʣʠʥʦʨʝʘʢʪʠʚʥʦʩʪʠ ʩʦʩʫ-

ʜʦʚ ʚ ʵʪʦʡ ʪʢʘʥʠ ʛʠʧʝʨʪʝʥʟʠʚʥʳʭ ʞʠʚʦʪʥʳʭ, ʧʦʩʢʦʣʴʢʫ ʝʝ ʨʝʰʝʥʠʝ ʤʦʛʣʦ ʙʳ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʨʘʩʰʠʬʨʦʚʢʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʝʡʨʦʛʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʝʨʠʬʝʨʠʯʝʩʢʦʛʦ ʢʨʦʚʝʥʦʩʥʦʛʦ ʨʫʩʣʘ 

ʧʨʠ ʛʠʧʝʨʪʦʥʠʠ.  

ʆʧʳʪʳ ʧʨʦʚʝʜʝʥʳ ʥʘ 25 ʢʨʳʩʘʭ SHR. ʂʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ ʩʣʫʞʠʣʠ ʢʨʳʩʳ WKY (20 

ʞʠʚʦʪʥʳʭ). ʄʝʪʦʜʠʢʘ ʧʝʨʬʫʟʠʠ ʤʳʰʮ ʟʘʜʥʝʡ ʢʦʥʝʯʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʞʠʚʦʪʥʳʭ ʠʭ ʩʦʙ-

ʩʪʚʝʥʥʦʡ ʢʨʦʚʴʶ ʙʳʣʘ ʧʦʣʥʦʩʪʴʶ ʘʥʘʣʦʛʠʯʥʦʡ ʪʦʡ, ʢʦʪʦʨʘʷ ʠʟʣʦʞʝʥʘ ʚ ʨʘʟʜʝʣʝ 3 ʥʘʩʪʦʡʱʝʡ 

ʛʣʘʚʳ ʧʨʠ ʦʧʠʩʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʟʫʯʝʥʠʶ ʘʜʨʝʥʦʨʝʘʢʪʠʚʥʦʩʪʠ ʩʦʩʫʜʦʚ ʩʢʝʣʝʪʥʳʭ 

ʤʳʰʮ. 
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ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʭʦʣʠʥʝʨʛʠʯʝʩʢʠʭ ʚʣʠʷʥʠʡ ʥʘ ʩʦʩʫʜʳ ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚʚʝʜʝʥʠʝ ʚ 

ʧʝʨʬʫʟʠʨʫʝʤʦʝ ʨʫʩʣʦ ʨʘʩʪʚʦʨʘ ʘʮʝʪʠʣʭʦʣʠʥʘ ʢʦʪʦʨʦʝ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʥʘʩʦʩʘ ʩ ʧʦ-

ʩʪʦʷʥʥʦʡ ʦʙʲʝʤʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠʥʬʫʟʠʠ. ʆʮʝʥʢʘ ʩʦʩʫʜʠʩʪʳʭ ʦʪʚʝʪʦʚ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʧʨʦ-

ʠʟʚʦʜʠʣʘʩʴ ʧʦ ʪʝʤ ʞʝ ʧʦʢʘʟʘʪʝʣʷʤ, ʯʪʦ ʠ ʚ ʩʣʫʯʘʝ ʘʜʨʝʥʝʨʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʘ ʠʤʝʥʥʦ: ʩʜʚʠ-

ʛʘʤ ʩʦʩʫʜʠʩʪʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʘʧʠʣʣʷʨʥʦʛʦ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʘʧʠʣʣʷʨʥʦʡ ʬʠʣʴʪʨʘʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʢʘʢ ʨʝʞʠʤ ʧʝʨʬʫʟʠʠ ʧʦʜ ʧʦʩʪʦʷʥʥʳʤ ʜʘʚʣʝʥʠʝʤ, 

ʪʘʢ ʠ ʨʝʞʠʤ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʠʪʦʢʘ ʢʨʦʚʠ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʨʝʛʠʦʥ. ʇʦʩʢʦʣʴʢʫ ʘʮʝʪʠʣʭʦ-

ʣʠʥ ʚʳʟʳʚʘʝʪ ʚ ʢʨʦʚʝʥʦʩʥʦʤ ʨʫʩʣʝ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʩ ʠʥʪʘʢʪʥʳʤ ʵʥʜʦʪʝʣʠʝʤ ʚʳʨʘʞʝʥʥʳʡ 

ʜʠʣʘʪʘʪʦʨʥʳʡ ʵʬʬʝʢʪ, ʧʝʨʬʫʟʠʷ ʵʪʦʡ ʪʢʘʥʠ ʨʘʩʪʚʦʨʦʤ ʊʠʨʦʜʝ ʥʝ ʤʦʛʣʘ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ, 

ʪʘʢ ʢʘʢ ʧʦʩʣʝʜʥʠʡ ʩʘʤ ʧʦ ʩʝʙʝ ʤʘʢʩʠʤʘʣʴʥʫʶ ʜʠʣʘʪʘʮʠʶ ʩʦʩʫʜʦʚ. 

ɼʣʷ ʦʙʦʠʭ ʨʝʞʠʤʦʚ ʧʝʨʬʫʟʠʠ ʚʦʟʥʠʢʰʠʝ ʧʦʜ ʚʣʠʷʥʠʝʤ ʘʮʝʪʠʣʭʦʣʠʥʘ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦ-

ʩʫʜʠʩʪʦʤ ʨʫʩʣʝ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʦʢʘʟʘʣʠʩʴ ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʪʠʧʥʳʤʠ: ʥʘ ʬʦʥʝ ʩʥʠʞʝʥʠʷ ʨʝ-

ʟʠʩʪʠʚʥʦʡ ʬʫʥʢʮʠʠ ʩʦʩʫʜʦʚ ʠʤʝʣʦ ʤʝʩʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʘʧʠʣʣʷʨʥʦʛʦ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚ-

ʣʝʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʘʧʠʣʣʷʨʥʦʡ ʬʠʣʴʪʨʘʮʠʠ. ʇʦ ʚʩʝʤ ʪʨʝʤ ʧʦʢʘʟʘʪʝʣʷʤ (R, CFC ʠ Pc) ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʠʟʤʝʥʝʥʠʷʭ ʚʝʣʠʯʠʥ CFC, ʘ ʪʘʢʞʝ Pc ʫ ʵʪʠʭ ʛʨʫʧʧ ʞʠ-

ʚʦʪʥʳʭ ʠ ʧʨʠ ʧʝʨʬʫʟʠʠ ʤʳʰʮ ʚ ʨʝʞʠʤʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʢʨʦʚʦʪʦʢʘ. ʃʠʰʴ ʦʜʠʥ ʧʦʢʘʟʘ-

ʪʝʣʴ, ʘ ʠʤʝʥʥʦ ï ʩʦʩʫʜʠʩʪʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ï ʫ ʛʠʧʝʨʪʝʥʟʠʚʥʳʭ ʢʨʳʩ ʩʥʠʞʘʣʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʘʮʝʪʠʣʭʦʣʠʥʘ ʜʦʩʪʦʚʝʨʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʥʦʨʤʦʪʝʥʟʠʚʥʳʭ ʚ ʨʝʞʠʤʝ ʧʝʨʬʫʟʠʠ ʤʳʰʮ 

Q=Const.  

ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʡ ʩʝʨʠʠ ʦʧʳʪʦʚ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ (329). ʎʠ-

ʪʠʨʫʝʤʳʝ ʘʚʪʦʨʳ ʧʝʨʬʫʟʠʨʦʚʘʣʠ ʫ ʢʨʳʩ SHR ʠ WKY ʟʘʜʥʶʶ ʯʝʪʚʝʨʪʴ ʪʝʣʘ, ʥʝ ʩʪʘʙʠʣʠʟʠʨʫʷ 

ʧʨʠ ʵʪʦʤ ʜʘʚʣʝʥʠʝ ʠʣʠ ʢʨʦʚʦʪʦʢ ʠ ʥʝ ʧʨʠʤʝʥʷʷ ʧʝʨʬʫʟʠʦʥʥʦʡ ʥʘʩʦʩ. ɺ ʠʭ ʦʧʳʪʘʭ ʧʝʨʬʫʟʠʷ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʯʝʨʝʟ ʢʘʪʝʪʝʨ, ʩʦʝʜʠʥʷʶʱʠʡ ʩʦʥʥʫʶ ʘʨʪʝʨʠʶ ʩ ʦʙʜʦʤʠʥʘʣʴʥʦʡ ʘʦʨʪʦʡ, ʪ.ʝ. 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʘʫʪʦʧʝʨʬʫʟʠʷ. ɺ ʵʪʠʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʘʚʪʦʨʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʧʘʜʝ-

ʥʠʝ ʩʦʩʫʜʠʩʪʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʟʘʜʥʝʡ ʯʝʪʚʝʨʪʠ ʪʝʣʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʘʮʝʪʠʣʭʦʣʠʥʘ ʙʦʣʝʝ 

ʚʳʨʘʞʝʥʦ ʫ ʢʨʳʩ SHR, ʯʝʤ ʫ WKY. ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʚ ʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʚʳʷʚʣʝʥʠʝ ʘʢʪʠʚʥʳʭ ʨʝʘʢʮʠʠ ʩʦʩʫʜʦʚ ʥʘ ʪʦʪ ʠʣʠ ʠʥʦʡ ʩʪʠʤʫʣ, ʚ ʯʘʩʪʥʦʩʪʠ ʘʮʝʪʠʣʭʦʣʠʥ, ʟʘ-

ʪʨʫʜʥʝʥʦ ʠʟ-ʟʘ ʩʫʧʝʨʧʦʟʠʮʠʠ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʣʠʷʥʠʡ ʥʘ ʠʩʩʣʝʜʫʝʤʦʝ ʨʫʩʣʦ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʠʟʤʝʝʥʠʷʤʠ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ. ɸʚʪʦʨʳ ʥʝ ʫʢʘʟʳʚʘʶʪ ʚ ʩʪʘʪʴʝ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʜʠʬʬʝ-

ʨʝʥʮʠʨʦʚʘʣʠʩʴ ʘʢʪʠʚʥʳʝ ʠ ʧʘʩʩʠʚʥʳʝ ʨʝʘʢʮʠʠ ʧʝʨʬʫʟʠʨʫʝʤʳʭ ʩʦʩʫʜʦʚ ʙʝʟ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʨʦʚʦʪʦʢʘ ʠʣʠ ʜʘʚʣʝʥʠʷ ʚ ʦʙʜʦʤʠʥʘʣʴʥʦʡ ʘʦʨʪʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʵʪʠʭ ʘʚʪʦʨʦʚ ʧʝʨʬʫʟʠʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʥʝ ʪʦʣʴʢʦ ʩʦʩʫʜʳ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ, ʥʦ ʠ ʢʦʞʠ, ʧʦ-

ʩʢʦʣʴʢʫ ʧʦʩʣʝʜʥʷʷ ʥʝ ʦʪʧʨʝʧʘʨʦʚʳʚʘʣʘʩʴ. ɺʩʝ ʚʳʰʝ ʠʟʣʦʞʝʥʥʦʝ ʚ ʦʪʥʦʰʝʥʠʠ ʮʠʪʠʨʦʚʘʥʥʦʡ 

ʨʘʙʦʪʳ ʥʝ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʩʨʘʚʥʠʚʘʪʴ ʩʦʩʫʜʠʩʪʳʝ ʘʬʬʝʢʪʳ ʥʘ ʘʮʝʪʠʣʭʦʣʠʥ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠ ʚ ʦʧʳʪʘʭ ʘʚʪʦʨʦʚ ʥʘʟʚʘʥʥʦʡ ʨʘʙʦʪʳ.  

ʆʪʚʝʪʳ ʢʨʦʚʝʥʦʩʥʦʛʦ ʨʫʩʣʘ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʥʦʨʤʦʪʝʥʟʠʚʥʳʭ ʠ ʛʠʧʝʨʪʝʥʠʚʥʳʭ ʢʨʳʩ 

ʥʘ ʠʥʬʫʟʠʶ ʘʮʝʪʠʣʭʦʣʠʥʘ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʤʦʜʝʣʴ ʘʢʪʠʚʘʮʠʠ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʭʦ-

ʣʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʨʚʦʚ, ʧʨʠʩʫʪʩʚʠʝ ʢʦʪʦʨʳʭ ʚ ʵʪʦʤ ʨʫʩʣʝ ʜʦʢʘʟʘʥʦ ʚ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ.(3, 

114, 136, 145, 294). ʉʯʠʪʘʝʪʩʷ ʯʪʦ ʘʢʪʠʚʘʮʠʷ ʵʪʠʭ ʥʝʨʚʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚʠʥ-

ʪʝʛʨʘʣʴʥʦʡ ʟʘʱʠʪʥʦʡ ʨʝʘʢʮʠʝʡ ʦʨʛʘʥʠʟʤʘ: ʚʦʟʙʫʞʜʝʥʠʝ ʨʝʬʣʝʢʪʦʨʥʦ ʚʦʟʥʠʢʘʝʪ ʚ ʤʦʪʦʨʥʦʡ 

ʢʦʨʝ, ʛʠʧʦʪʘʣʘʤʫʩʝ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʩʨʝʜʥʝʛʦ ʤʦʟʛʘ ʠ ʟʘʪʝʤ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʘʜ-

ʨʝʥʝʨʛʠʯʝʩʢʠʤ ʠ ʭʦʣʠʥʝʨʛʠʯʝʩʢʠʤ ʵʬʬʝʨʝʥʪʘʤ ʢ ʦʨʛʘʥʘʤ ʠ ʪʢʘʥʷʤ, ʚʳʟʳʚʘʷ ʨʘʩʰʠʨʝʥʠʝ ʩʦ-

ʩʫʜʦʚ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʫʞʝʥʠʝ ʩʦʩʫʜʦʚ ʢʦʞʠ, ʢʠʰʝʯʥʠʢʘ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫ-

ʛʠʭ ʦʨʛʘʥʦʚ ʙʨʶʰʥʦʡ ʧʦʣʦʩʪʠ, ʫʯʘʱʝʥʠʝ ʩʝʨʜʮʝʙʠʝʥʠʠ, ʧʦʚʳʰʝʥʠʝ ʤʦʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʨʷʜ ʜʨʫʛʠʭ ʠʟʤʝʥʝʥʠʠ. 

ɺʦʧʨʦʩ ʦ ʪʦʤ, ʩ ʧʦʤʦʱʴʶ ʢʘʢʠʭ ʢʣʝʪʦʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʤʝʜʠʘʪʦʨ ʭʦʣʠʥʝʨʛʠʯʝʩʢʠʭ 

ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʥʝʨʚʦʚ - ʘʮʝʪʠʣʭʦʣʠʥ- ʚʳʟʳʚʘʝʪ ʩʥʠʞʝʥʠʝ ʪʦʥʫʩʘ ʩʦʩʫʜʦʚ, ʦʩʪʘʝʪʩʷ ʚʦ ʤʥʦ-

ʛʦʤ ʥʝʷʩʥʳʤ. ɺʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʘʮʝʪʠʣʭʦʣʠʥ ʩʥʠʞʘʝʪ ʩʧʦʥʪʘʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʛʣʘʜʢʦʤʳʰʝʯʥʳʭ ʢʣʝʪʦʢ ʩʦʩʫʜʦʚ ʠ ʪʦʨʤʦʟʠʪ ʧʨʦʚʝʜʝʥʠʝ ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʤʳʰʝʯʥʦʡ ʦʙʦʣʦʯʢʝ 

ʤʝʣʢʠʭ ʘʨʪʝʨʠʘʣʴʥʳʭ ʩʦʩʫʜʦʚ(112). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚʘʟʦʜʠʣʷʪʘʪʦʨ-

ʥʳʡ ʵʬʬʝʢʪ ʘʮʝʪʠʣʭʦʣʠʥʘ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮʘʭ (ʠ ʥʝ ʪʦʣʴʢʦ ʚ ʥʠʭ) ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʫʯʘʩʪʠʝʤ 
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ʵʥʜʦʪʝʣʠʷ. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʮʝʪʠʣʭʦʣʠʥʘ ʥʘ ʵʥʜʦʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʚ ʥʠʭ ʧʨʦʠʩʭʦʜʠʪ 

ʩʠʥʪʝʟ ʠ ʚʳʜʝʣʝʥʠʝ ʥʝʢʦʝʛʦ ʬʘʢʪʦʨʘ, ʩʧʦʩʦʙʥʦʛʦ ʨʘʩʩʣʘʙʣʷʪʴ ʛʣʘʜʢʠʝ ʤʳʰʮʳ ʩʦʩʫʜʘ. ʄʥʦ-

ʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʯʠʪʘʶʪ, ʯʪʦ ʪʘʢʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʦʢʠʩʴ ʘʟʦʪʘ (63, 203, 265). 
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ɸʥʥʦʪʘʮʠʷ 

ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʦ-ʬʣʦʨʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 22 ʘʣʴʛʦʬʣʦʨ ɽʚʨʘʟʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʬʣʦʨʳ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʠʜʦʚʳʤ ʙʦʛʘʪʩʪʚʦʤ ʚ 4 ʢʣʘʩʪʝʨʘ. ɼʠʘʪʦʤʦʚʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʦʤʠʥʠʨʫʶʱʫʶ ʛʨʫʧʧʫ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʬʣʦʨ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʘʣʴʛʦʬʣʦʨʘ ʖʞ-

ʥʦ-ʊʘʜʞʠʢʩʢʦʡ ʜʝʧʨʝʩʩʠʠ. ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʰʠʨʦʪʥʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʣʴʛʦʬʣʦʨʳ 

ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʝʝ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ. 

Abstract 

Comparative floristic analysis of 22 algal floras of Eurasia revealed four clusters in which 

species richness play the major role. Algal flora of the South-Tajik Depression is related with floras 

with diatom domination. Floras latitude is important factor of similarity. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʌʣʦʨʘ, ʇʨʝʩʥʦʚʦʜʥʳʝ ʚʦʜʦʨʦʩʣʠ, ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʖʞʥʳʡ 

ʊʘʜʞʠʢʠʩʪʘʥ. 

Keywords: Flora, Freshwater algae, Statistical methods, Southern Tajikistan 

 

ɺʚʝʜʝʥʠʝ 

ʂ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚʦʜʦʨʦʩʣʝʡ ʛʦʨʥʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʡ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʱʫʱʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ [1]. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʨʝʛʠʦʥʦʚ ʷʚʣʷʝʪʩʷ ʧʨʝʜʛʦʨʥʘʷ ʯʘʩʪʴ ʇʘʤʠʨʦ-

ɸʣʘʡʩʢʦʡ ʛʦʨʥʦʡ ʩʠʩʪʝʤʳ - ʖʞʥʦ-ʊʘʜʞʠʢʩʢʘʷ ʜʝʧʨʝʩʩʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʴʛʦʬʣʦʨʳ ʚ ʨʘʟ-

ʥʦʪʠʧʥʳʭ ʚʦʜʦʪʦʢʘʭ ʠ ʚʦʜʦʝʤʘʭ ʢʦʪʦʨʦʡ ʚʝʜʝʪʩʷ ʘʢʪʠʚʥʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ [2] ʚ ʮʝʣʷʭ ʫʩʪʘ-
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ʥʦʚʣʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʠʜʦʚ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʘʣʴʛʦ-

ʬʣʦʨʝ ʚʦʜʦʪʦʢʦʚ ʠ ʚʦʜʦʸʤʦʚ ʖʞʥʦ-ʊʘʜʞʠʢʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʥʘʤʠ ʚʳʷʚʣʝʥʦ 550 ʚʠʜʦʚ (ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʳʭ 607 ʚʥʫʪʨʠʚʠʜʦʚʳʤʠ ʪʘʢʩʦʥʘʤʠ) ʠʟ 9 ʦʪʜʝʣʦʚ ʚʦʜʦʨʦʩʣʝʡ. ɺʩʝʛʦ ʩ ʦʨʠʛʠʥʘʣʴ-

ʥʳʤʠ ʠ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʘʣʴʛʦʬʣʦʨʘ ʚʢʣʶʯʘʝʪ 1216 ʪʘʢʩʦʥʦʚ ʨʘʥʛʦʤ ʥʠʞʝ ʚʠʜʘ ʠʟ 

11 ʦʪʜʝʣʦʚ.  

ʇʦʩʢʦʣʴʢʫ ʚʳʷʚʣʝʥʥʘʷ ʘʣʴʛʦʬʣʦʨʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʛʘʪʘ, ʨʘʟʥʦʦʙʨʘʟʥʘ ʠ ʩʦʩʪʘʚʣʝʥʘ ʚʠʜʘ-

ʤʠ, ʦʙʠʪʘʶʱʠʤʠ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦ ʧʣʦʱʘʜʠ ʪʝʨʨʠʪʦʨʠʠ, ʤʳ ʤʦʞʝʤ ʦʪʥʝʩʪʠ ʝʝ ʢ ʵʣʝʤʝʥ-

ʪʘʤ ʛʘʤʤʘ-ʨʘʟʥʦʦʙʨʘʟʠʷ [3]. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʯʝʨʪ ʩʭʦʜʩʪʚʘ ʧʦʣʥʳʭ ʬʣʦʨ 

ʚʦʜʦʨʦʩʣʝʡ (ʛʘʤʤʘ-ʨʘʟʥʦʦʙʨʘʟʠʷ) ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɽʚʨʘʟʠʠ ʠ ʤʝʩʪʘ ʘʣʴʛʦʬʣʦʨʳ ʖʞʥʦ-

ʊʘʜʞʠʢʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʩʨʝʜʠ ʥʠʭ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʘ ʬʣʦʨʘ ʚʦʜʦʨʦʩʣʝʡ [2], ʦʙʠʪʘʶ-

ʱʠʭ ʚ ʨʝʢʘʭ, ʨʫʯʴʷʭ, ʦʟʝʨʘʭ, ʤʠʥʝʨʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʘʭ, ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ, ʨʳʙʦʚʦʜʥʳʭ ʧʨʫʜʘʭ 

ʠ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ ʖʞʥʦ-ʊʘʞʜʠʢʩʢʦʡ ʜʝʧʨʝʩʩʠʠ.  

ʄʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʬʣʦʨʠʩʪʠʢʘ ʩ ʧʦʤʦʱʴʶ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ 

ʠ ʩʪʘʪʠʩʪʠʢʠ.  

ʆʧʠʩʘʥʠʝ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʊʝʨʨʠʪʦʨʠʶ ʖʛʦ-ʊʘʜʞʠʢʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʧʝʨʝʩʝʢʘʝʪ ʥʝʩʢʦʣʴʢʦ ʤʥʦʛʦʚʦʜʥʳʭ ʨʝʢ: ʂʘ-

ʬʠʨʥʠʛʘʥ, ɺʘʭʰ (ʩʨʝʜʥʝʤ ʠ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ), ʂʳʟʳʣʩʫ, ʗʭʩʫ, ʊʘʠʨʩʫ ʠ ʤʥʦʛʦ ʤʘʣʳʭ ʨʝʢ. 

ɺʩʝ ʦʥʠ ʧʨʘʚʳʝ ʧʨʠʪʦʢʠ ʨʝʢʠ ʇʷʥʜʞ, ʢʦʪʦʨʘʷ ʚʧʘʜʘʝʪ ʚ ʨʝʢʫ ɸʤʫʜʘʨʴʷ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʵʢʦʨʝ-

ʛʠʦʥʫ 631 - ʚʝʨʭʥʝʡ ɸʤʫʜʘʨʴʠ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ FEOW [4]. ʅʘ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʝʩʪʴ ʠʩʢʫʩ-

ʩʪʚʝʥʥʳʝ ʚʦʜʦʝʤʳ (ʚʦʜʦʭʨʘʥʠʣʠʱʘ), ʪʘʢʠʝ ʢʘʢ, ʄʫʤʠʥʘʙʘʜ, ʉʝʣʴʙʫʨ, ɻʦʣʦʚʥʦʝ ʠ ʅʫʨʝʢ [5], 

ʘ ʪʘʢʞʝ ʥʝʙʦʣʴʰʠʝ ʦʟʝʨʘ ʠ ʧʨʫʜʳ. ɺʳʩʦʪʥʦʩʪʴ ʤʝʩʪʦʦʙʠʪʘʥʠʡ ʙʳʣʘ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʦʪ 

500 ʜʦ 2500 ʤ ʥʘʜ ʫʨ. ʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʈʘʟʥʦʦʙʨʘʟʠʝ ʬʣʦʨʳ ʚʦʜʦʝʤʦʚ ʚ ʖʞʥʦ-ʊʘʜʞʠʢʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʫʶ 

ʯʘʩʪʴ ʘʣʴʛʦʬʣʦʨʳ ʊʘʜʞʠʢʠʩʪʘʥʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʩʨʘʚʥʠʤʦ ʧʦ ʚʝʣʠʯʠʥʝ ʩ ʘʣʴʛʦʬʣʦʨʘʤʠ ʪʘʢʠʭ 

ʨʝʛʠʦʥʦʚ, ʢʘʢ ʊʫʨʮʠʷ [6], ɻʨʫʟʠʷ [7] ʠʣʠ ʀʟʨʘʠʣʴ [8] ʠ ʜʨ. ʂ ʩʦʞʘʣʝʥʠʶ, ʧʦʣʥʳʭ ʘʣʴʛʦʬʣʦʨ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɽʚʨʘʟʠʠ ʠʟʫʯʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʤʥʦʛʦ, ʦʜʥʘʢʦ ʦʥʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʟʥʘʯʠ-

ʪʝʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ (ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣʦ ʚʳʙʨʘʥʦ 22 ʬʣʦʨʳ), ʪʝʤ ʩʘʤʳʤ ʦʪʨʘ-

ʞʘʷ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʦʜʦʨʦʩʣʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦ ʨʝʣʴʝʬʫ ʠ ʢʣʠʤʘʪʫ ʦʙʣʘʩʪʷʭ ʢʦʥʪʠʥʝʥʪʘ [6, 9-

31].  

ʇʦʩʪʨʦʝʥʥʘʷ ʥʘʤʠ ʜʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚ ʘʣʴʛʦʬʣʦʨʘʭ (ʈʠʩ. 1) 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ, ʢʘʢ ʚ ʘʙʩʦʣʶʪʥʳʭ ʯʠʩʣʘʭ ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʦʩʪʠ ʚʠʜʦʚ, ʪʘʢ ʠ ʚ ʩʦʩʪʘʚʝ ʦʪʜʝʣʦʚ, ʦʩʥʦʚʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʚ ʪʨʝʭ 

ʦʪʜʝʣʘʭ ï ʜʠʘʪʦʤʦʚʳʭ, ʟʝʣʝʥʳʭ ʠ ʩʠʥʝʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ, ʧʨʦʮʝʥʪʥʳʡ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚ 

ʩʫʤʤʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʪ 70 ʜʦ 93% ʩʧʠʩʢʘ.  

ʀʟ ʧʦʩʪʨʦʝʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʦʪʜʝʣ ʜʠʘʪʦʤʦʚʳʭ ʟʘʥʠʤʘʝʪ ʨʝʛʫʣʠʨʫʶʱʫʶ ʧʦʟʠʮʠʶ ʚ ʠʟʤʝ-

ʥʝʥʠʠ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʦʨʦʩʣʝʡ. ʊʘʢ, ʪʦʣʴʢʦ ʚ 4 ʬʣʦʨʘʭ ʜʠʘʪʦʤʦʚʳʝ ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʝʝ 

50% ʠ ʪʦʣʴʢʦ ʚ 3 ʠʭ ʤʝʥʴʰʝ 30%. ʆʩʪʘʣʴʥʳʝ ʬʣʦʨʳ ʦʙʨʘʟʫʶʪ ʦʩʥʦʚʥʦʡ ʢʣʘʩʪʝʨ, ʛʜʝ ʩ ʫʙʳ-

ʚʘʥʠʝʤ ʜʠʘʪʦʤʦʚʳʭ ʚ ʩʧʠʩʢʝ ʧʨʦʮʝʥʪ ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʚʦʟʨʘʩʪʘʝʪ. ɺ ʵʪʫ ʛʨʫʧʧʫ ʚʭʦʜʠʪ ʠ 

ʘʣʴʛʦʬʣʦʨʘ ʖʞʥʦ-ʊʘʜʞʠʢʩʢʦʡ ʜʝʧʨʝʩʩʠʠ, ʟʘʥʠʤʘʷ ʧʦʟʠʮʠʶ ʩʭʦʜʥʦʡ ʧʦ ʩʦʩʪʘʚʫ ʩ ʙʣʠʟʣʝ-

ʞʘʱʠʤʠ ʬʣʦʨʘʤʠ ʖʞʥʦʡ ʉʠʙʠʨʠ, ʘ ʪʘʢʞʝ ɺʝʥʛʨʠʠ, ʄʦʣʜʦʚʳ ʠ ɻʨʫʟʠʠ. 
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ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʚʠʜʦʚ ʚʦʜʦʨʦʩʣʝʡ ʧʦ ʦʪʜʝʣʘʤ ʚ ʩʨʘʚʥʠʚʘʝʤʳʭ ʘʣʴʛʦʬʣʦʨʘʭ ɽʚʨʘ-

ʟʠʠ 

 

ʉʪʘʪʠʩʪʠʯʝʩʢʦʝ ʩʨʘʚʥʝʥʠʝ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ 22 ʘʣʴʛʦʬʣʦʨ ɽʚʨʘʟʠʠ ʧʦʢʘʟʘʥʦ ʥʘ ʜʝʥʜʨʦ-

ʛʨʘʤʤʝ (ʈʠʩ 2). ɺʠʜʥʦ, ʯʪʦ 4 ʢʣʘʩʪʝʨʘ ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʨʘʟʥʳʝ ʛʨʫʧʧʳ. ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʢʣʘʩʪʝʨʳ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʠʤ ʯʠʩʣʦʤ ʚʠʜʦʚ ʚʦ ʬʣʦʨʝ. ʊʘʢ, ʚ ʢʣʘʩʪʝʨ 1 

ʚʭʦʜʷʪ ʬʣʦʨʳ ʩ ʚʠʜʦʚʳʤ ʩʦʩʪʘʚʦʤ ʦʪ 2034 ʜʦ 3161, ʢʣʘʩʪʝʨ 2 ʩʦʩʪʘʚʣʝʥ ʬʣʦʨʘʤʠ ʩ ʚʠʜʦʚʳʤ 

ʙʦʛʘʪʩʪʚʦʤ ʦʪ 1203 ʜʦ 1637, ʢʣʘʩʪʝʨ 3 ʚʢʣʶʯʘʝʪ ʬʣʦʨʳ ʩ ʦʙʱʠʤ ʯʠʩʣʦʤ ʚʠʜʦʚ ʦʪ 904 ʜʦ 

1375, ʘ ʢʣʘʩʪʝʨ 4 ʦʙʲʝʜʠʥʷʝʪ ʥʘʠʤʝʥʝʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʬʣʦʨʳ ʩ ʯʠʩʣʦʤ ʚʠʜʦʚ ʦʪ 231 ʜʦ 779. 

ɺ ʢʘʞʜʦʤ ʢʣʘʩʪʝʨʝ ʜʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʦʤʠʥʠʨʫʶʱʫʶ ʛʨʫʧʧʫ ʚʠʜʦʚ. 
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ʈʠʩ. 2. ɼʝʥʜʨʦʛʨʘʤʤʘ ʩʭʦʜʩʪʚʘ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʦʨʦʩʣʝʡ ʚ ʩʨʘʚʥʠʚʘʝʤʳʭ ʘʣʴʛʦʬʣʦʨʘʭ 

ɽʚʨʘʟʠʠ (ʥʦʤʝʨʘ ʬʣʦʨ ʢʘʢ ʥʘ ʈʠʩ. 1) 

 

ɽʩʣʠ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʭʦʜʥʳʭ ʘʣʴʛʦʬʣʦʨ ʥʘ ʢʦʥʪʠʥʝʥʪʝ, ʪʦ ʦʢʘʟʳʚʘʝʪʩʷ, 

ʯʪʦ ʦʥʠ ʟʘʥʠʤʘʶʪ ʧʦʟʠʮʠʠ, ʙʣʠʟʢʠʝ ʧʦ ʰʠʨʦʪʥʦʤʫ ʧʦʷʩʫ, ʭʦʪʷ ʠ ʨʘʟʥʷʱʠʭʩʷ ʢʣʠʤʘʪʠʯʝʩʢʠ. 

ʀʟ ʵʪʦʛʦ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʰʠʨʦʪʥʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʣʴʛʦʬʣʦʨʳ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ 

ʟʥʘʯʝʥʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʝʝ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʩ ʰʠʨʦʪʦʡ ʩʫʱʝʩʪʚʝʥʥʦ 

ʠʟʤʝʥʷʝʪʩʷ ʠʥʩʦʣʷʮʠʷ, ʪʦ ʝʩʪʴ, ʦʩʥʦʚʥʦʡ ʬʘʢʪʦʨ ʬʦʪʦʩʠʥʪʝʟʘ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʘ.  

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʩʨʘʚʥʠʚʘʝʤʳʭ ʬʣʦʨʘʭ ʠʤʝʥʥʦ ʜʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʦʤʠʥʠʨʫʶʱʫʶ 

ʛʨʫʧʧʫ, ʭʦʪʷ ʵʪʦ ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʤʦʣʦʜʳʭ ʚ ʵʚʦʣʶʮʠʦʥʥʦʤ ʧʣʘʥʝ ʯʘʩʪʴ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʥʘʩ ʢ ʧʨʝʜʧʦʣʦʞʝʥʠʶ, ʯʪʦ ʜʠʘʪʦʤʦʚʳʝ ʦʙʣʘʜʘʶʪ ʥʝ ʪʦʣʴʢʦ ʙʦʣʴʰʝʡ ʫʩʪʦʡʯʠʚʦ-

ʩʪʴʶ ʚ ʤʝʥʷʶʱʠʭʩʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʥʦ ʪʘʢʞʝ ʠʭ ʧʣʘʩʪʠʯʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʨʝʩʫʨ-

ʩʦʤ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʚʠʜʦʚʦʛʦ ʙʦʛʘʪʩʪʚʘ ʚ ʚʳʩʦʢʦʛʦʨʥʳʭ ʨʝʛʠʦʥʘʭ [32], ʪʘʢʠʭ ʢʘʢ ʇʘʤʠʨ ʠ 

ʝʛʦ ʧʨʝʜʛʦʨʴʷ ʚ ʖʞʥʦ-ʊʘʜʞʠʢʩʢʦʡ ʜʝʧʨʝʩʩʠʠ. ʀʤʝʥʥʦ ʚʳʩʦʢʦʛʦʨʴʷ ʚ ʧʝʨʠʦʜ ʧʦʩʣʝʜʥʝʛʦ 

ʦʣʝʜʝʥʝʥʠʷ ʙʳʣʠ ʨʝʟʝʨʚʘʪʘʤʠ ʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʦʩʪʣʝʜʥʠʢʦʚʦʛʦ ʨʘʩʩʝʣʝʥʠʷ ʙʠʦʪʳ [33]. ʀʟ 

ʵʪʦʛʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʪʦʯʥʠʢʦʤ ʩʦʭʨʘʥʝʥʠʷ 

ʠ ʨʘʟʚʠʪʠʷ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʫʩʣʦʚʠʷʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʕʪʘ ʨʘʙʦʪʘ ʙʳʣʘ ʯʘʩʪʠʯʥʦ ʧʦʜʜʝʨʞʘʥʘ ʬʦʥʜʦʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ɸʙʩʦʨʙʮʠʠ ʀʟʨʘʠʣʷ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʦ ʠʟʫʯʝʥʦ ʩʦʨʙʮʠʦʥʥʦʝ ʢʘʯʝʩʪʚʦ ʠ ʩʦʨʙʮʠʦʥʥʦʝ ʝʤʢʦʩʪʴ ʩʦʨ-

ʙʝʥʪʦʚ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ: ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʨʙʝʥʪʦʚ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʘʤʘʷ ʚʳʩʦʢʘʷ ʩʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ ʫ ʦʧʠʣʦʢ, ʢʦʪʦʨʘʷ 

ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 16,04-33,98 ʛ. ʅʝʩʢʦʣʴʢʦ ʠʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʫ ʚʝʨʤʠʢʫʣʠʪʘ - 7,04-24,8 ʛ, 

ʠ ʘʨʘʭʠʩʦʚʦʡ ʩʢʦʨʣʫʧʳ ʦʪ 14,03 ʜʦ 17,97 ʛ. ɼʣʷ ʦʯʠʩʪʢʠ ʧʦʯʚ ʦʪ ʥʝʬʪʠ ʦʧʠʣʦʢ ʜʣʷ ʫʜʘʣʝʥʠʷ 

ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʣʦʞʠʪʴ ʦʧʠʣʦʢ ʚ ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʘ ʧʨʠ ʦʯʠʩʪʢʝ 

ʥʝʬʪʝʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ. 

 



20 

Abstract 

In this research sorption quality and sorption the capacity of organic and mineral sorbents of 

various origin has been studied. It is revealed that as a result of the conducted researches the highest 

sorption capacity at sawdust which fluctuates within 16,04-33,98 g. A bit different indicators at 

vermiculite - 7,04-24,8 g, and peanut shell from 14,03 to 17,97 g. For cleaning of soils of oil of 

sawdust for removal of oil pollution of soils also allows to offer sawdust as a sorbent when cleaning 

of the petropolluted soils. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʨʙʮʠʷ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʤʠʥʝʨʘʣʴʥʳʝ ʩʦʨʙʝʥʪʳ, ʩʦʨʙʮʠʦʥʥʦʝ ʢʘʯʝ-

ʩʪʚʦ. 

Keywords: sorption, organic and mineral sorbents, sorption quality. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʠ ʣʠʢʚʠʜʘʮʠʠ ʥʝʬʪʷʥʳʭ ʨʘʟʣʠʚʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʢʦʣʦ ʜʚʫʭ ʩʦ-

ʪʝʥ ʨʘʟʣʠʯʥʳʭ ʩʦʨʙʝʥʪʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʨʙʝʥʪʦʚ ʥʝ ʪʦʣʴʢʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʢʦʥʮʝʥ-

ʪʨʘʮʠʶ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʥʦ ʠ ʫʣʫʯʰʘʝʪ ʚʦʜʥʦ- ʚʦʟʜʫʰʥʳʝ, ʬʠʟʠʯʝʩʢʠʝ ʠ ʘʛʨʦʭʠʤʠ-

ʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ [1,2]. ʅʝʬʪʴ ʩ ʥʘʥʝʩʝʥʥʳʤ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʴ ʤʘʛʥʠʪʥʳʤ ʩʦʨʙʝʥʪʦʤ 

ʩʦʙʠʨʘʶʪ, ʠʩʧʦʣʴʟʫʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʤ, ʣʠʙʦ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪ ʩ 

ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʘ ʢ ʤʝʩʪʫ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʙʦʨʘ[3,4]. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʥʝʬʪʷʥʳʭ ʩʦʨʙʝʥʪʦʚ ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʝʩʪʝʩʪʚʝʥʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʩʳ-

ʨʴʝ ʠ ʦʪʭʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʷʚʣʷʶʪʩʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʯʘʩʪʴʶ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʵʢʦʩʠʩʪʝʤ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʫʶʪ ʜʨʝʚʝʩʥʫʶ ʱʝʧʫ ʠ ʦʧʠʣʢʠ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʪʦʨʬ, ʜʨʝʚʝʩʥʳʡ ʤʦʭ, ʚʳʩʫʰʝʥʥʳʝ ʟʝʨʥʦʧʨʦʜʫʢʪʳ, ʰʝʨʩʪʴ, ʣʠʛʥʠʥ, ʩʘ-

ʧʨʦʧʝʣʴ, ʤʘʢʫʣʘʪʫʨʫ [5]. ɺ ʪʨʫʜʘʭ ɸ.ʌ. ʅʘʜʝʠʥʘ ʫʢʘʟʘʥ ʩʦʨʙʝʥʪ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʣʠʟʥʦʛʦ ʣʠʛ-

ʥʠʥʘ [6], ʩʫʪʴ ʤʝʪʦʜʘ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʩʦʨʙʝʥʪʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʩʦʨʙʝʥʪʘ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʳʣʷʶʪ ʥʘ ʧʷʪʥʦ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚʥʫʪʨʠ ʦʛʨʘʞʜʝʥʠʷ 

ʠʣʠ ʦʙʚʘʣʦʚʢʠ ʧʷʪʥʘ. ɺ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘʰʝʣ ʧʨʠʤʝʥʝʥʠʝ ʩʦʨʙʝʥʪ ʨʘʩʪʠ-

ʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ï ʩʢʦʨʣʫʧʘ ʫʨʶʯʥʳʭ ʢʦʩʪʦʯʝʢ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʢʘʨʙʦʥʠʟʠʨʦʚʘʥʥʫʶ 

ʥʘʥʦʩʪʨʫʢʪʫʨʫ [7]. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʧʦʜʙʦʨ ʩʦʨʙʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʠʝ ʩʦʨʙʮʠ-

ʦʥʥʳʝ ʝʤʢʦʩʪʠ ʠ ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʜʝʩʪʨʫʢʪʦʨʳ ʧʣʦʪʥʳʭ ʧʦʯʚ ʜʣʷ ʘʨʠʜʥʳʭ ʫʩʣʦʚʠʡ ʖʂʆ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ɺ ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʛʣʦʧʦʨʠʪ, 

ʢʝʨʘʤʟʠʪ, ʜʨʝʚʝʩʥʳʝ ʦʧʠʣʢʠ, ʚʝʨʤʠʢʫʣʠʪ ʨʘʟʥʳʭ ʬʨʘʢʮʠʠ, ʙʝʥʪʦʥʠʪʦʚʘʷ ʛʣʠʥʘ, ʩʢʦʨʣʫʧʘ 

ʛʨʝʮʢʦʛʦ ʦʨʝʭʘ, ʘʨʘʭʠʩʘ, ʫʨʶʯʥʳʭ ʢʦʩʪʦʯʝʢ, ɺʳʙʦʨ ʩʦʨʙʝʥʪʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʧʘʨʘʤʝʪʨʘʤ: ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ, ʚʳʩʦʢʘʷ ʩʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ, ʠʥʝʨʪʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʤʠʢ-

ʨʦʙʥʳʭ ʢʣʝʪʦʢ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʭʠʤʠʯʝʩʢʦʤʫ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʦʪʣʠʯʠʡ ʩʦʜʝʨʞʘʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʠ 

ʦʧʳʪʥʳʭ ʚʘʨʠʘʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʩʨʝʜ-

ʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦ ʢʨʠʪʝʨʠʶ ʉʪʴʶʜʝʥʪʘ [9]. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʦʪʣʠʯʠʡ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʩʣʝʜʫ-

ʶʱʝʡ ʬʦʨʤʫʣʝ (4): 

t= d / md= (x1
* - x2

*)/  Ó tSt ʧʨʠ v= n1+n2 ï 2, (4) 

ʛʜʝ: 

d ï ʨʘʟʥʦʩʪʴ ʟʥʘʯʝʥʠʡ; 

mdï ʦʰʠʙʢʘ ʨʘʟʥʦʩʪʠ: 

x* - ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʦʪʜʝʣʴʥʦʡ ʧʨʦʙʳ; 

tSt ï ʢʨʠʪʝʨʠʡ ʉʪʴʶʜʝʥʪʘ; 

v ï ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ; 

n ï ʦʙʲʝʤ ʛʨʫʧʧʳ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʘʤʘʷ ʚʳʩʦʢʘʷ ʩʦʨʙʮʠ-

ʦʥʥʘʷ ʝʤʢʦʩʪʴ ʫ ʦʧʠʣʦʢ, ʢʦʪʦʨʘʷ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 16,04-33,98. ʅʝʩʢʦʣʴʢʦ ʠʥʳʝ ʧʦʢʘʟʘ-
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ʪʝʣʠ ʫ ʚʝʨʤʠʢʫʣʠʪʘ, ʫ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ 7,04-24,8. ʋ ʘʨʘʭʠʩʦʚʦʡ ʩʢʦʨʣʫʧʳ 

ʩʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ ʚʘʨʴʠʨʫʝʪ ʦʪ 14,03 ʜʦ 17,97 (ʪʘʙʣʠʮʘ 1). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʠʟʫʯʝʥʠʶ ʥʝʬʪʝʧʦʛʣʦʱʝʥʠʷ ʩʦʨʙʝʥʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʨʝʜʠ ʪʝʭʥʦʛʝʥ-

ʥʳʭ ʠ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ ʩʦʨʙʝʥʪʦʚ ʩʘʤʫʶ ʚʳʩʦʢʫʶ ʩʦʨʙʮʠʦʥʥʫʶ ʝʤʢʦʩʪʴ ʠʤʝʝʪ ʚʝʨʤʠʢʫ-

ʣʠʪ (ʪʘʙʣʠʮʘ 1). ʉʨʝʜʠ ʩʦʨʙʝʥʪʦʚ, ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ï ʦʧʠʣʢʠ, ʤʠʥʝʨʘʣʴʥʳʭ 

ʩʦʨʙʝʥʪʦʚ ï ʢʝʨʘʤʟʠʪ. ʋʩʪʘʥʦʚʣʝʥʦ ʯʪʦ, ʩʘʤʳʤ ʚʳʩʦʢʠʤ ʩʦʨʙʮʠʦʥʥʳʤ ʢʘʯʝʩʪʚʦʤ ʦʙʣʘʜʘʶʪ 

ʦʧʠʣʢʠ, ʢʦʪʦʨʦʝ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 160,42 ï 339, 81 %, ʫ ʚʝʨʤʠʢʫʣʠʪʘ ʧʦʢʘʟʘʪʝʣʠ ʥʝ-

ʩʢʦʣʴʢʦ ʥʠʞʝ - 70,44 ï 248,89 %, ʩʨʝʜʠ ʩʦʨʙʝʥʪʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩʘʤʦʝ ʚʳʩʦ-

ʢʦʝ ʩʦʨʙʮʠʦʥʥʦʝ ʢʘʯʝʩʪʚʦ ʠʤʝʝʪ ʘʨʘʭʠʩʦʚʘʷ ʩʢʦʨʣʫʧʘ, ʧʦʢʘʟʘʪʝʣʠ ʢʦʪʦʨʦʛʦ ʢʦʣʝʙʣʶʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 140,32 ï 179,76 %.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʈʕʄ) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʨʙʝʥʪʳ ʘʢʪʠʚ-

ʥʦ ʥʘʩʳʱʘʶʪʩʷ ʚʦʜʦʡ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ʨʠʩʫʥʦʢ 1). ɺʳʩʫʰʠʚʘ-

ʥʠʝ ʩʦʨʙʝʥʪʘ ʧʦʩʣʝ ʧʝʨʚʦʡ ʩʦʨʙʮʠʠ ʠ ʧʦʚʪʦʨʥʦʝ ʥʘʩʳʱʝʥʠʝ ʚʦʜʥʦʡ ʩʫʩʧʝʥʟʠʝʡ ʤʠʢʨʦʦʨʛʘ-

ʥʠʟʤʦʚ ʧʦʚʳʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʧʦʨʘʭ ʩʦʨʙʝʥʪʦʚ. 

 

ʊʘʙʣʠʮʘ 1- ʉʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʣ 
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ɺʝʨʤʠʢʫʣʠʪ < 

2,5mm 

119,31

Ñ11,3 

136,87Ñ

12,71 

136,52

Ñ13,6 

139,65

Ñ11,5 

145,0Ñ

12,16 

99,64Ñ

8,63 

248,89

Ñ22,9 

189,78

Ñ14,8 

200,03

Ñ19,3 

ɺʝʨʤʠʢʫʣʠʪ > 

2,5mm 

106,52

Ñ10,3 

119,43Ñ

11,35 

199,88

Ñ12,8 

146,25

Ñ10,5 

144,65

Ñ12,5 

70,44Ñ

7,44 

129,63

Ñ13,1 

210,26

Ñ21,2 

219,71

Ñ20,7 

ɹʝʪʦʥʠʪ 
23,47Ñ

2,72 

34,59Ñ3

,85 

48,98Ñ

3,87 

39,87Ñ

4,01 

30,48Ñ

2,23 

24,98Ñ

2,48 

31,10Ñ

2,14 

81,42Ñ

7,2 

80,27Ñ

6,70 

ʂʝʨʘʤʟʠʪ  
32,59Ñ

3,60 

30,22Ñ3

,21 

41,62Ñ

4,25 

30,23Ñ

3,23 

31,52Ñ

3,12 

21,33Ñ

2,36 

44,95Ñ

4,50 

65,35Ñ

5,5 

70,13Ñ

5,38 

ɸʛʣʦʧʦʨʠʪ  
19,47Ñ

2,75 

25,31Ñ2

,61 

5,16Ñ0

,63 

24,66Ñ

2,64 

24,95Ñ

2,50 

29,87Ñ

2,75 

20,10Ñ

2,07 

31,12Ñ

3,2 

30,01Ñ

3,00 

ɸʨʘʭʠʩʦʚʘʷ ʩʢʨ-

ʣʫʧʘ  

175,64

Ñ17,9 

169,65Ñ

16,52 

179,76

Ñ17,6 

171,44

Ñ17,4 

154,32

Ñ16,2 

140,32

Ñ14,0 

168,97

Ñ17,0 

170,06

Ñ17,0 

105,29

Ñ10,5 

ʉʢʦʨʣʫʧʘ ʫʨʶʯ-

ʥʳʭ ʢʦʩʪʦʯʝʢ 

17,34Ñ

2,61 

11,40Ñ1

,15 

12,11Ñ

1,12 

11,25Ñ

1,53 

11,27Ñ

1,07 

11,65Ñ

1,14 

11,58Ñ

1,13 

21,54Ñ

1,8 

24,15Ñ

2,50 

ʆʧʠʣʢʠ  
181,21

Ñ18,1 

331,62Ñ

34,44 

250,33

Ñ23,3 

339,81

Ñ33,1 

210,45

Ñ21,5 

160,42

Ñ16,2 

298,97

Ñ29,7 

320,42

Ñ32,2 

400,21

Ñ40,1 

ɻʨʝʮʢʠʡ ʦʨʝʭ 
20,65Ñ

2,01 

31,48Ñ3

,12 

39,9Ñ3

,35 

25,18Ñ

2,54 

31,72Ñ

3,23 

25,00Ñ

2,61 

36,01Ñ

3,10 

35,17Ñ

3,7 

45,22Ñ

4,21 
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ʘ - ʙʝʥʪʦʥʠʪ (ʢʦʥʪʨʦʣʴ); ʙ ï ʙʝʥʪʦʥʠʪ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ; 

ʚ - ʚʝʨʤʠʢʫʣʠʪ (ʢʦʥʪʨʦʣʴ); ʛ ï ʚʝʨʤʠʢʫʣʠʪ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ  

 

ʈʠʩʫʥʦʢ 1. ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʥʠʤʢʠ ʩʦʨʙʝʥʪʦʚ ʙʝʟ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʩ ʠʤʤʦ-

ʙʠʣʠʟʦʚʘʥʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ 
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ɼʀʅɸʄʀʂɸ ʈɸɼʀʆʅʋʂʃʀɼʆɺ ɺ ɹʀʆʃʆɻʀʏɽʉʂʀʍ ʎɽʇʆʏʂɸʍ 1950 ï 2010 ɻɻ. 

 

ʐʝʚʯʝʥʢʦ ʀ.ʅ. 

ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʙʣʝʤ ʬʠʟʠʢʠ ʠ ʙʠʦʬʠʟʠʢʠ ʅɸʅɸ  

ʋʢʨʘʠʥʳ, ʛ. ʂʠʝʚ 

 

THE DYNAMICS OF RADIONUCLIDES IN BIOLOGICAL SEQUENCES IN THE 

PERIOD OF 1950-2010 

 

Shevchenko I.N. 

D. Ph. In Med. Sci. 

Institute of Applied Physics and Biophysics of the National Academy of Sciences of Ukraine, 

Kyiv 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʨʠʪʤʘ ʨʘʜʠʘʮʠʦʥ-

ʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʯʝʣʦʚʝʢʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 1950-2010 ʛʛ. 

ɺ 1950-1960 ʛʦʜʘʭ (çʧʨʝʜ-ʘʪʦʤʥʘʷ ʵʨʘè) ɸ.ʀ.ɼʘʥʠʣʝʥʢʦ ʠ ʀ.ʅ.ʐʝʚʯʝʥʢʦ ʠʩʩʣʝʜʦʚʘʣʠ ʠ 

ʦʧʫʙʣʠʢʦʚʘʣʠ ʜʘʥʥʳʝ ʙʝʪʘ-ʘʢʪʠʚʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʴʝʢʪʦʚ ʠ ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ (ʚ ʥʦʨʤʝ ʠ 

ʧʨʠ ʦʧʫʭʦʣʷʭ), ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚ ʪʦʪ ʧʝʨʠʦʜ ʠʟʣʫʯʝʥʠʷʤʠ ʢʘʣʠʷ-40 (ʭ 10-9 ʂʠ). ɺ 1986 ʛ. ʚ ʦʙ-

ʨʘʟʮʘʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ çʮʝʧʦʯʢʠè ʨʘʜʠʦʭʠʤʠʯʝʩʢʠ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʮʝʟʠʡ-137 ʠ ʩʪʨʦʥʮʠʡ-90. 

ɺ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ʟʦʥʝ ʦʪʯʫʞʜʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ ʧʦʯʚʳ, çʨʳʞʝʛʦè ʣʝʩʘ, ʤʥʦʛʠʭ ʨʘʩʪʝʥʠʡ 

ʠ ʞʠʚʦʪʥʳʭ ʧʨʝʚʳʰʘʣʘ ʥʦʨʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ (ʭ 10-6 , ʭ 10-7 ʂʠ). ʋʩʠ-

ʣʝʥʠʝ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʠʪʤʘ ʟʘ ʩʯʝʪ ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ (ʪʝʭʥʦʛʝʥʥʳʭ) ʨʘʜʠʦ-

ʥʫʢʣʠʜʦʚ ʧʨʠʚʝʣʦ ʢ ʜʠʩʬʫʥʢʮʠʠ ʣʠʙʦ ʫʪʨʘʪʝ ʛʦʨʤʦʥʘʣʴʥʦʡ ʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʦʨʛʘʥʠʟʤʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ʢʘʪʘʩʪʨʦʬʳ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʨʘʬʠʪʦʚʳʭ ʯʘ-

ʩʪʠʯʝʢ (çʛʦʨʷʯʠʝè ʯʘʩʪʠʮʳ) ʙʳʣʠ ʚʳʧʫʱʝʥʳ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʠʤʝʣʠ ʘʢʪʠʚʥʦʩʪʴ ʦʪ 25 

ʜʦ 10 6 ʙʵʨ/ʩʝʢ. ɺ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʬʦʥʘ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʠ ʣʝʯʝʥʠʠ ʨʘʟ-

ʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʯʝʪʯʠʢ ʠʟʣʫʯʝʥʠʡ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ 

ʢʦʥʪʨʦʣʴ ʩ ʧʦʤʦʱʴʶ ʧʝʨʩʦʥʘʣʴʥʳʭ ʨʘʜʠʦʤʝʪʨʦʚ.  

Abstract 
In this work were determinated of changes in intensity and rhythm of radiation effects on hu-

mans during 1950-2010. 

In 1950-1960 (ópre-nuclear eraô) ɸ.ɯ.Danilenko and ɯ.N.Shevchenko measured and made pub-

lic the levels of beta- activity (x 10-9 Kʠ 40 K) of biological objects and samples of humans blood ( 

normal and tumored). 

In 1986 in biological samples 137Cs and 90 Sr were measured radiochemically. In the Cherno-

byl exclusion zone radioactivity of the soil, 'red' wood, some plants and animals exceeded the natu-

ral level by several orders of magnitude (ʭ 10-7, ʭ 10-6 ʂʠ). The acceleration of radioactive rhythm 

to brought the disfunction of hormone and ferment activity in organism. As a result of the 

Chernobyl accident a large number of graphite particles with radionuclides measuring 0.03 - 0.05 

mm has been released into the environment. -component 

-component ï 105 - 106 ber/sec It is advisable to use humans 

radiation counters to diagnosis and treat humans on a regular basis and the wide use of portable per-

sonal radiometers.  
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʜʠʘʮʠʷ, ʨʘʜʠʘʮʠʦʥʥʳʡ ʨʠʪʤ, ʨʘʜʠʦʥʫʢʣʠʜʳ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʮʝ-

ʧʦʯʢʝ 

Keywords: radiation, radiation rhythm, radionuclides in biological chain. 

 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʆʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʨʠʪʤʘ ʨʘʜʠʘʮʠʦʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ 

ʥʘ ʯʝʣʦʚʝʢʘ. 

ʄʝʪʦʜʳ ʠ ʨʝʟʫʣʴʪʘʪʳ: ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ïʠʟʣʫʯʝʥʠʷ 40ʂ ʠ ʩʫʤʤʘʨʥʦʡ ïʘʢʪʠʚʥʦʩʪʠ, 
137Cs, 90Sr, 226Ra, 232Th ʠ ʜʨ. ʩ ʧʦʤʦʱʴʶ ʙʝʪʘ- ʠ ʛʘʤʤʘ- ʩʧʝʢʪʨʦʛʨʘʬʦʚ ʩʦ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʤ 

Na I (Tl) (ʋʢʨʘʠʥʘ) ʠʣʠ çʯʠʩʪʳʤè ʛʝʨʤʘʥʠʝʚʳʤ ʜʝʪʝʢʪʦʨʦʤ ï çOrtecè, çCanberraè (USA). 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʠ ʦʙʨʘʟʮʳ ʛʨʫʥʪʘ, ʚʦʜʳ, ʨʘʩʪʝʥʠʡ, ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ ʞʠʚʦʪ-

ʥʳʭ ʠ ʯʝʣʦʚʝʢʘ. ɽʩʪʝʩʪʚʝʥʥʦ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʧʦʚʩʝʤʝʩʪʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʘʪʤʦʩʬʝʨʝ, ʛʨʫʥʪʘʭ, ʚʦʜʦʝʤʘʭ, ʦʨʛʘʥʠʟʤʘʭ ʯʝʣʦʚʝʢʘ, ʞʠʚʦʪʥʳʭ ʠ 

ʨʘʩʪʝʥʠʷʭ - ʵʪʦ ʤʠʢʨʦʵʣʝʤʝʥʪʳ ʩ ʦʛʨʦʤʥʳʤ ʧʝʨʠʦʜʦʤ ʧʦʣʫʨʘʩʧʘʜʘ (7 ï 21 ʩʪʝʧʝʥʴ), ʢ ʢʦʪʦ-

ʨʳʤ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʧʨʠʩʧʦʩʦʙʠʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ. ʄʘʢʨʦʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ 

ʪʦʣʴʢʦ ʢʘʣʠʡ-40 ʩ ʧʝʨʠʦʜʦʤ ʧʦʣʫʨʘʩʧʘʜʘ 3,9. 10-9 ʣʝʪ. ɽʩʪʝʩʪʚʝʥʥʘʷ ʨʘʜʠʘʮʠʷ ʩʦʟʜʘʝʪ ʦʧʨʝ-

ʜʝʣʝʥʥʳʡ ʩʪʘʙʠʣʴʥʳʡ ʨʠʪʤ ʧʨʦʮʝʩʩʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʦʪʠʚʦʩʪʦʷʱʠʡ ʚʦʣʥʦʦʙʨʘʟʥʳʤ 

ʚʩʧʣʝʩʢʘʤ ʵʥʝʨʛʠʡ ʉʦʣʥʮʘ, ʃʫʥʳ ʠ ʟʚʝʟʜ. ɹʝʟʵʥʪʨʦʧʠʡʥʘʷ ʷʜʝʨʥʘʷ ʵʥʝʨʛʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʵʪʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ.  

ɺ 1950 - 60 ʛʛ ɸ.ʀ. ɼʘʥʠʣʝʥʢʦ ʠ ʀ.ʅ.ʐʝʚʯʝʥʢʦ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʫʨʦʚʥʠ 

ʧʨʠʨʦʜʥʦʡ ʨʘʜʠʘʮʠʠ ʚ ʘʪʤʦʩʬʝʨʝ, ʧʦʯʚʝ, ʨʘʩʪʝʥʠʷʭ ʠ ʞʠʚʦʪʥʳʭ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ 

ʚ ʥʦʨʤʝ ʠ ʧʨʠ ʧʘʪʦʣʦʛʠʠ [ 1-2 ]. ʕʪʦ ʙʳʣʘ çʜʦʘʪʦʤʥʘʷè ʵʨʘ. ʇʨʠʚʦʜʠʤ ʢʨʘʡʥʠʝ ʟʥʘʯʝʥʠʷ ï

ʘʢʪʠʚʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʚ 1951 ï 1955 ʛʛ. ʚ ʝʜʠʥʠʮʘʭ ʥʂʠ/ʢʛ (ʥ ï 

ʥʘʥʦ = 10-9 ʂʶʨʠ): ʟʝʨʥʦ ʧʰʝʥʠʮʳ: 1,8 ï 4,9; ʟʝʨʥʦ ʨʘʟʣʠʯʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴ-

ʪʫʨ: 1,8 ï 8,8; ʦʚʦʱʠ ʠ ʧʣʦʜʳ (ʩʫʭʘʷ ʤʘʩʩʘ): 14 ï 181 (ʩʘʣʘʪ); ʤʳʰʮʳ ʢʦʨʦʚ ʠ ʪʝʣʷʪ: 2,4 ï 4.5; 

ʤʦʣʦʢʦ: 1,11 ï 2,2; ʢʨʦʚʴ ʜʦʥʦʨʦʚ: 0,9 ï ïɸʢʪʠʚʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ 40ʂ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝ-

ʥʦ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠ. ɺ 2007 ï 2010 ʛʛ (50 ʣʝʪ ʩʧʫʩʪʷ) ʧʨʠʨʦʜʥʘʷ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝ-

ʥʠʡ, ʞʠʚʦʪʥʳʭ, ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʠʭ ʩʨʝʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʘ [ 3 - 6 ]. ʇʨʠʯʠʥʘ 

ʵʪʦʛʦ ð ʥʝʧʨʝʢʨʘʱʘʶʱʠʝʩʷ ʠʩʧʳʪʘʥʠʷ ʷʜʝʨʥʦʛʦ ʦʨʫʞʠʷ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ, ʥʘʯʘʚʰʠ-

ʝʩʷ ʚ ʢʦʥʮʝ 40-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ, ʘ ʪʘʢʞʝ ʘʚʘʨʠʠ ʥʘ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʠ 

ʭʨʘʥʠʣʠʱʘʭ ʷʜʝʨʥʳʭ ʦʪʭʦʜʦʚ. ʇʨʠ ʪʝʭʥʦʛʝʥʥʦʡ ʷʜʝʨʥʦʡ ʢʘʪʘʩʪʨʦʬʝ ʥʘ 4-ʤ ʵʥʝʨʛʦʙʣʦʢʝ 

ʏɸʕʉ 26 ʘʧʨʝʣʷ 1986 ʛ. ʪʦʣʴʢʦ ʚ ʧʝʨʚʳʝ ʩʫʪʢʠ ʘʢʪʠʚʥʦʩʪʴ ʚʳʙʨʦʩʘ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʘʪʤʦʩʬʝʨʫ ʩʦʩʪʘʚʠʣʘ 20ð22 ʄʂʠ. ʈʘʜʠʦʥʫʢʣʠʜʥʳʡ ʩʦʩʪʘʚ ʮʝʧʦʯʢʠ çʧʦʯʚʘ ð ʨʘʩʪʝʥʠʷ ð 

ʞʠʚʦʪʥʳʝ ð ʯʝʣʦʚʝʢè ʠʟʤʝʥʠʣʩʷ. ʇʦʚʩʝʤʝʩʪʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʪʝʭʥʦʛʝʥʥʳʝ ʨʘʜʠʦʠʟʦʪʦʧʳ, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʦʙʝʥʥʦ ʦʧʘʩʥʳ ʜʦʣʛʦʞʠʚʫʱʠʝ: 90Sr (ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ = ʊ1/2 = 28,6 ʛʦ-

ʜʘ), 137,134Cs (ʊ 1/2 = 30,2 ʠ 2,06 ʛʦʜʘ), 238,239,240Pu (ʊ 1/2 = 87,7, 24380, 6537 ʣʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ). ɹʦʣʴʰʫʶ ʛʨʫʧʧʫ ʩʦʩʪʘʚʣʷʶʪ ʪʘʢʞʝ ʢʦʨʦʪʢʦʞʠʚʫʱʠʝ ʨʘʜʠʦʥʫʢʣʠʜʳ, ʊ1/2 ʢʦʪʦʨʳʭ ʠʩ-

ʯʠʩʣʷʝʪʩʷ ʩʫʪʢʘʤʠ: 140Ba, 140La, 131,132I, 103,106Ru, 141Ce, 89Sr, 90Y, 95Nb, 95Zr ʠ ʜʨ.  

ɺ 1986 ʛ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ ʙʠʦʣʦʛʠʯʝʩʢʦʡ çʮʝʧʦʯʢʠè ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʀʥʩʪʠʪʫʪʝ ʨʘ-

ʜʠʘʮʠʦʥʥʦʡ ʛʠʛʠʝʥʳ ʄɿ ʈʉʌʉʈ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) ʧʦ ʟʘʜʘʥʠʶ ʇʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʝʡ 

ʢʦʤʠʩʩʠʠ ʧʦ ʣʠʢʚʠʜʘʮʠʠ ʘʚʘʨʠʠ ʥʘ ʏɸʕʉ ʇʨʝʟʠʜʠʫʤʘ ʅɸʅʋ. ɺʦ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟ-

ʮʘʭ ʙʳʣ ʥʘʡʜʝʥ 137Cs, ʟʥʘʯʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ (ʚ ʥʝʩʢʦʣʴʢʦ ʩʦʪ %) ʠʤʝʣʠ ʩʘʣʘʪ, ʯʝʨʥʠʢʘ, 

ʯʝʨʥʘʷ ʩʤʦʨʦʜʠʥʘ, ʩʝʥʦ, ʙʦʪʚʘ ʩʚʝʢʣʳ, ʢʣʝʚʝʨ, ʩʦʷ, ʨʦʞʴ. 90Sr ʙʳʣ ʥʘʡʜʝʥ ʚ ʢʦʩʪʷʭ ʩʢʦʪʘ ʠ 

ʢʦʨʦʚʴʝʤ ʤʦʣʦʢʝ. ɺ ʦʨʛʘʥʠʟʤʝ ʛʨ. ʐ. (ʂʠʝʚ) ʠʟʤʝʨʠʣʠ ʘʢʪʠʚʥʦʩʪʴ 137Cs (ʨʠʩ. 1). ɺ ʟʦʥʘʭ ʦʪ-

ʯʫʞʜʝʥʠʷ ʠ ʚ ʟʦʥʘʭ ʙʝʟʫʩʣʦʚʥʦʛʦ (ʦʙʷʟʘʪʝʣʴʥʦʛʦ) ʦʪʩʝʣʝʥʠʷ ʩʫʤʤʘʨʥʘʷ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ 

ʧʦʯʚʳ, çʨʳʞʝʛʦè ʣʝʩʘ, ʮʝʣʦʛʦ ʨʷʜʘ ʨʘʩʪʝʥʠʡ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ (ʭ10-7, ʭ10-6) ʧʨʝʚʳʰʘʝʪ 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʫʨʦʚʥʠ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʨʠʪʤʘ ʚʩʣʝʜʩʪʚʠʝ ʨʘʩʧʘʜʘ ʢʦ-

ʨʦʪʢʦʞʠʚʫʱʠʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ (ʪʝʭʥʦʛʝʥʥʳʭ) ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʪʨʘʪʝ ʙʝʣʢʘʤʠ 

ʩʚʦʝʡ ʢʦʥʬʦʨʤʘʮʠʠ, ʛʦʨʤʦʥʘʣʴʥʦʡ ʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʊʘʢ, ʠʥʩʫʣʠʥ, ʪʠʨʝʦʪʨʦʧ-

ʥʳʡ ʠ ʧʦʣʦʚʳʝ ʛʦʨʤʦʥʳ ʥʝ ʚʳʧʦʣʥʷʶʪ ʩʚʦʠʭ ʬʫʥʢʮʠʡ. ʃʝʡʢʦʮʠʪʳ ʪʝʨʷʶʪ ʢʠʣʣʝʨʥʫʶ ʘʢ-

ʪʠʚʥʦʩʪʴ, ʠʤʤʫʥʠʪʝʪ ʦʨʛʘʥʠʟʤʘ ʩʥʠʞʝʥ.  
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ʈʠʩ.1. g-ʉʧʝʢʪʨʳ ʣʜʁʝʡ (ʂ. ð 1959 ʛ., ʐ. ð 1986 ʛ.), ʩʥʷʪʳʝ ʥʘ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʤ ʩʧʝʢ-

ʪʨʦʤʝʪʨʝ (NaI (T1)): N ð ʯʠʩʣʦ ʦʪʩʯʝʪʦʚ ʚ ʢʘʥʘʣʝ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʵʥʝʨʛʠʠ g-ʢʚʘʥʪʦʚ; 
n ð ʥʦʤʝʨ ʢʘʥʘʣʘ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ʢʘʪʘʩʪʨʦʬʳ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʦʩʪʫʧʠʣʦ ʦʛʨʦʤʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʛʨʘʬʠʪʦʚʳʭ ʧʳʣʠʥʦʢ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʜʠʦʥʫʢʣʠʜʳ, ʨʘʟʤʝʨʦʤ 0,03-0,05 ʤʤ. ʇʦ 

ʨʘʩʯʝʪʘʤ ʦʜʥʘ ʧʳʣʠʥʢʘ ʩ ʙʝʪʘ - ʢʦʤʧʦʥʝʥʪʦʡ ʨʘʜʠʘʮʠʠ ʠʤʝʝʪ ɼ ~ 25 ʙʵʨ/ʩ, ʩ aʣʴʬʘ-

ʢʦʤʧʦʥʝʥʪʦʡ ï ɼ ~ 105 - 106 ʙʵʨ/ʩ (ʃʦʟʠʮʢʠʡ ɺ.ɻ., 1986, 1991 ʛ., [4]). ɺʝʣʠʯʠʥʘ ʜʦʟʳ ʧʳʣʠʥʦʢ 

ʧʦʩʣʫʞʠʣʘ ʠʭ ʥʘʟʚʘʥʠʶ çʛʦʨʷʯʠʝ ʯʘʩʪʠʮʳè. ɼʠʥʘʤʠʢʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʛʦʨʷʯʠʭ ʯʘʩʪʠʮ ʟʘʚʠ-

ʩʠʪ ʦʪ ʮʝʣʦʛʦ ʨʷʜʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʧʝʨʠʦʜʘ ʠʭ ʧʦʣʫʨʘʩʪʚʦʨʝʥʠʷ (1-14 ʣʝʪ). ʀʩ-

ʩʣʝʜʦʚʘʥʠʷʤʠ ʫʢʨʘʠʥʩʢʠʭ ʫʯʝʥʳʭ (ʐʝʩʪʦʧʘʣʦʚ ɺ.ʄ., ʌʨʘʥʮʝʚʠʯ ʃ.ʀ.ʠ ʜʨ.[7]) ʧʦʢʘʟʘʥʘ ʜʠ-

ʥʘʤʠʢʘ ʚʳʭʦʜʘ 137Cs ʠ 90Sr ʧʦ ʛʦʜʘʤ, ʩʤ. ʨʠʩ 2. ɹʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚʣʠʷʶʪ ʥʘ ʤʠ-

ʛʨʘʮʠʶ ʠʣʠ ʬʠʢʩʘʮʠʶ (ʠʤʤʦʙʠʣʠʟʘʮʠʶ) ʨʘʜʠʦʥʫʢʣʠʜʦʚ. ʊʘʢ, ʚ 1987-89 ʛʛ. ʤʦʙʠʣʠʟʘʮʠʷ 
137Cs ʧʨʝʦʙʣʘʜʘʣʘ ʥʘʜ ʝʛʦ ʬʠʢʩʘʮʠʝʡ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʛʦ ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʨʘʩʪʝʥʠʷ ʩʦʚʧʘ-

ʜʘʝʪ ʩ ʝʛʦ ʧʝʨʠʦʜʦʤ ʧʦʣʫʨʘʩʧʘʜʘ (30 ʣʝʪ). ɺʩʣʝʜʩʪʚʠʝ ʧʦʜʚʠʞʥʦʩʪʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʠ 

ʠʦʥʦʦʙʤʝʥʥʳʭ ʬʦʨʤ ʤʦʙʠʣʴʥʦʩʪʴ 90Sr ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 137Cs, ʠ, ʦʩʚʦʙʦʞʜʘʷʩʴ ʠʟ ʪʚʝʨ-

ʜʦʬʘʟʥʳʭ ʛʦʨʷʯʠʭ ʯʘʩʪʠʮ, 90 Sr ʧʨʦʥʠʢʘʝʪ ʚ ʧʦʯʚʫ ʠ ʨʘʩʪʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘ-

ʣʠ ʨʘʩʪʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʚʦʱʠ ʠ ʬʨʫʢʪʳ, ʥʝʢʦʪʦʨʳʝ ʪʢʘʥʠ ʞʠʚʦʪʥʳʭ ʠʟ çʯʠʩʪʦʛʦè ʤʝʩʪʘ (~ 

50 ʢʤ. ʦʪ ʂʠʝʚʘ), ʩʧʝʢʪʨʦʤʝʪʨʠʶ ʥʘ ʧʨʝʜʤʝʪ ʩʦʜʝʨʞʘʥʠʷ 137Cs ʠ 90Sr. ɸʢʪʠʚʥʦʩʪʴ ʚʳʨʘʞʘʣʠ ʚ 

ɹʢ (ʂʠ) / ʢʛ ʩʳʨʦʛʦ ʚʝʩʘ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʥʘʟʚʘʥʠʷ ʦʙʨʘʟʮʦʚ, ʚ ʢʦʪʦʨʳʭ ʘʢʪʠʚʥʦʩʪʴ 90Sr ʧʨʝ-

ʦʙʣʘʜʘʣʘ ʥʘʜ ʘʢʪʠʚʥʦʩʪʴʶ 137Cs: ʚʦʜʘ, ʩʦʣʦʤʘ, ʩʘʣʘʪ, ʪʦʧʠʥʘʤʙʫʨ, ʫʢʨʦʧ, ʢʘʙʘʯʦʢ, ʙʘʢʣʘʞʘ-

ʥʳ, ʣʫʢ, ʢʘʨʪʦʰʢʘ, ʢʘʧʫʩʪʘ, ʙʫʨʘʢ, ʬʘʩʦʣʴ, ʦʛʫʨʮʳ, ʪʳʢʚʘ, ʢʣʫʙʥʠʢʘ, ʢʦʩʪʥʘʷ ʪʢʘʥʴ, ʙʝʣʦʢ ʠ 

ʩʢʦʨʣʫʧʘ ʢʫʨʠʥʦʛʦ ʷʡʮʘ. ʈʘʜʠʦʘʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʚ çʜʦ-ʘʪʦʤʥʫʶ ʵʨʫè ʙʳʣʘ ʦʙʫʩʣʦʚʣʝʥʘ ʚ 

ʦʩʥʦʚʥʦʤ 40ʂ ʈʘʜʠʘʮʠʦʥʥʳʡ ʨʠʪʤ ʠʟʤʝʥʠʣʩʷ. ʅʘ ʨʠʩ.2 ʧʦʢʘʟʘʥʘ ʜʠʥʘʤʠʢʘ ʚʳʭʦʜʘ ʮʝʟʠʷ ʠ 

ʩʪʨʦʥʮʠʷ ʠʟ ʛʨʘʬʠʪʦʚʳʭ ʯʘʩʪʠʮ ʚ ʪʝʯʝʥʠʠ ʩʪʦʣʝʪʠʷ (ʛʦʜʳ ʥʘ ʦʩʠ ʘʙʩʮʠʩʩ). 
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ʈʠʩ. 2. ɼʦʣʛʦʩʨʦʯʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʤʠʛʨʘʮʠʠ 137 Cs ʠ 90 Sr [ 7 ] . 

 

ɹʠʦʠʥʜʠʢʘʮʠʷ ʨʘʥʥʠʭ ʧʨʠʟʥʘʢʦʚ ʜʝʡʩʪʚʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʤʘʣʳʭè ʜʦʟ ʠʦʥʠʟʠʨʫʶʱʠʭ 

ʠʟʣʫʯʝʥʠʡ (1-40 ʩɻʨ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʠʣʘ ʫʩʪʘʥʦʚʠʪʴ 

ʩʣʝʜʫʶʱʝʝ. ʕʣʝʢʪʨʦʧʦʪʝʥʮʠʘʣ ʠ ʝʩʪʝʩʪʚʝʥʥʘʷ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ (40ʂ) ʢʣʝʪʦʢ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʝʥʳ, ʮʠʪʦʧʨʦʣʠʬʝʨʘʮʠʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʧʦʚʳʰʝʥʳ, ʚ ʵʥʝʨʛʦʦʙ-

ʤʝʥʝ ʧʨʝʦʙʣʘʜʘʝʪ ʛʣʠʢʦʣʠʟ. ɸʥʘʣʦʛʠʯʥʳʝ ʧʨʠʟʥʘʢʠ ʙʳʣʠ ʥʘʡʜʝʥʳ ʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ ʠ 

ʣʝʡʢʦʮʠʪʘʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ ʣʝʡʢʦʟʘ. 

 

ɺʳʚʦʜʳ. 

1. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʨʠʪʤ ʨʘʜʠʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚ çʜʦʘʪʦʤʥʫʶ ʵʨʫè ʙʳʣ 

ʦʩʫʱʝʩʪʚʣʝʥ ʚ ʦʩʥʦʚʥʦʤ ʠʟʣʫʯʝʥʠʷʤʠ ʢʘʣʠʷ-40. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʮʝʥʥʳ ʜʣʷ 

ʧʨʦʙʣʝʤ ʥʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʳʭ ʜʦʟ ʨʘʜʠʘʮʠʠ. 

2. ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʨʠʪʤʘ ʨʘʜʠʘʮʠʠ ʠ ʝʸ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʙʣʘʛʦʜʘʨʷ ʠʩʢʫʩʩʪʚʝʥ-

ʥʳʤ (ʪʝʭʥʦʛʝʥʥʳʤ) ʨʘʜʠʦʥʫʢʣʠʜʘʤ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʷʤ ʛʦʨʤʦʥʘʣʴʥʦʡ ʠ ʬʝʨʤʝʥʪʘʪʠʚ-

ʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʙʝʣʢʦʚ ʦʨʛʘʥʠʟʤʘ. ʉʣʝʜʫʝʪ ʧʦʩʪʦʷʥʥʦ ʫʯʠʪʳʚʘʪʴ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʦʨʛʘ-

ʥʠʟʤʘ ʩ ʧʦʤʦʱʴʶ ʩʯʝʪʯʠʢʘ ʠʟʣʫʯʝʥʠʡ ʯʝʣʦʚʝʢʘ (ʉʀʏ) ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ. 

3. ʉʦʚʧʘʜʝʥʠʝ ʛʦʤʝʦʩʪʘʟʘ ʦʨʛʘʥʠʟʤʘ ʧʨʠ ʦʧʫʭʦʣʷʭ ʠ ʣʝʡʢʦʟʘʭ ʩ ʧʨʠʟʥʘʢʘʤʠ ʣʫʯʝʚʳʭ 

ʧʦʚʨʝʞʜʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʧʨʦʛʥʦʟʘ ʧʨʝʜʦʧʫʭʦʣʝʚʳʭ ʩʦʩʪʦ-

ʷʥʠʡ ʠ ʣʫʯʝʚʳʭ ʧʦʚʨʝʞʜʝʥʠʡ. 

4. ʅʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ çʛʦʨʷʯʠʭè ʯʘʩʪʠʯʝʢ ʙʦʣʴʰʦʡ ʜʦʟʦʡ ʨʘʜʠʘʮʠʠ ʩʪʘʚʠʪ 

ʚʦʧʨʦʩ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʨʪʘʪʠʚʥʳʭ ʨʘʜʠʦʤʝʪʨʦʚ ʚ ʣʠʯʥʳʭ ʮʝ-

ʣʷʭ.  
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ɸʥʦʪʘʮʽʷ 

ɺ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʩʦʨʙʮʽʾ ʥʝʦʨʛʘʥʽʯʥʠʭ ʪʘ ʦʨ-

ʛʘʥʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʰʣʘʢʘʤʠ ʟ ʚʽʜʚʘʣʽʚ ɼʥʽʧʨʦʜʟʝʨʞʠʥʩʴʢʦʛʦ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʢʦʤʙʽʥʘʪʫ. 

ɼʦʩʣʽʜʞʝʥʦ ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ , ʚʤʽʩʪ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʽʜʚʘʣʽʚ ʢʦʤʙʽʥʘʪʫ. ʇʨʦ-

ʘʥʘʣʽʟʦʚʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʣʘʢʽʚ ʚ ʷʢʦʩʪʽ ʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʦʯʠʱʝʥʥʷ 

ʧʨʦʤʠʩʣʦʚʠʭ ʩʪʽʯʥʠʭ ʚʦʜ . 

Abstract 

The paper presents the results of research processes sorption of inorganic and organic compo-

nents of the slag heaps Dneprodzerzhinsk Metallurgical Combine. Studied the mineral composition, 

the content of trace materials from the waste plant. The possibility of the use of slag as sorption ma-

terials for industrial wastewater treatment. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʰʣʘʢ, ʩʦʨʙʮʽʷ, ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ, ʢʽʥʝʪʠʢʘ ʚʠʣʫʛʦʚʫʚʘʥʥʷ, ʦʯʠʱʝʥʥʷ. 

Keywords: slag, sorption, mineral composition, the kinetics of leaching, purification. 

 

ɽʢʦʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ, ʷʢʘ ʩʢʣʘʣʘʩʷ ʫ ʩʚʽʪʽ, ʚʠʢʣʠʢʘʻ ʦʙˇʨʫʥʪʦʚʘʥʝ ʟʘʥʝʧʦʢʦʻʥʥʷ  ̔ʧʦ-

ʙʦʶʚʘʥʥʷ. ʉʝʨʝʜ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘʡʙʽʣʴʰʝ ʟʘʙʨʫʜʥʶʶʪʴ ʜʦʚʢʽʣʣʷ ʛʽʨʥʠʯʦ-

ʤʝʪʘʣʫʨʛʽʡʥʽ. ʅʘʡʙʽʣʴʰʦʾ ʰʢʦʜʠ ʮ ̔ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʘʚʜʘʶʪʴ ʧʦʚʽʪʨʷʥʦʤʫ ʙʘʩʝʡʥʦʚʽ, ʩʧʨʠʯʠ-

ʥʶʶʯʠ ʧʦʷʚʫ ʢʠʩʣʦʪʥʠʭ ʜʦʱʽʚ, ʘ ʪʘʢʦʞ ʟʝʤʝʣʴʥʠʤ ʨʝʩʫʨʩʘʤ ʯʝʨʝʟ ʫʪʚʦʨʝʥʥʷ ʢʘʨô̒ ʨʽʚ, 

ʚʽʜʚʘʣʽʚ, ʰʣʘʤʦʥʘʢʦʧʠʯʫʚʘʯʽʚ ʪʦʱʦ 1 ʛʘ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʰʣʘʤʽʚ ʫ ʚʽʜʚʘʣʘʭ ʟʘʙʨʫʜʥʶʻ ʙʣʠʟʴ-

ʢʦ 5 ʛʘ ʩʫʩʽʜʥʽʭ ʟʝʤʝʣʴ, ʚʠʜʽʣʷʶʯʠ ʚ ʘʪʤʦʩʬʝʨʫ ʧʠʣ, ʩʽʨʯʠʩʪʽ ʪʘ ʽʥʰʽ ʛʘʟʠ). ʆʢʨʽʤ ʪʦʛʦ, ʚʽʜʙʫ-

ʚʘʻʪʴʩʷ ʩʠʣʴʥʝ ʪʝʧʣʦʚʝ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ò.[1]  

ɺʝʣʠʢʦʾ ʰʢʦʜʠ ʜʦʚʢʽʣʣʶ ʟʘʚʜʘʶʪʴ ʪʘʢʦʞ ʛʽʨʥʠʯʦ ï ʚʠʜʦʙʫʚʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʋʢʨʘʾʥʠ. ɿʘ 

ʚʠʩʥʦʚʢʘʤʠ ñʅʘʮʽʦʥʘʣʴʥʦʾ ʜʦʧʦʚʽʜʽ ʧʨʦ ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ 

ʋʢʨʘʾʥʽ ʫ 2012 ʨʦʮʽ ʛʦʣʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʱʦ ʤʘʻ ʩʠʩʪʝʤʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʚʠʪʢʫ 

ʤʝʪʘʣʫʨʛʽʾ,  ̒ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʟʥʦʩʫ ʦʩʥʦʚʥʠʭ ʬʦʥʜʽʚ  ̔ʚʽʜʩʪʘʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʨʽʚʥʷ ʤʝʪʘ-

ʣʫʨʛʽʡʥʦʾ ʛʘʣʫʟʽ ʚʽʜ ʢʨʘʱʠʭ ʩʚʽʪʦʚʠʭ ʜʦʩʷʛʥʝʥʴ ï ʙʽʣʴʰʽʩʪʴ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʨʠ-

ʚʘʣʠʡ ʯʘʩ ʧʨʘʮʶʚʘʣʠ ʙʝʟ ʧʨʦʚʝʜʝʥʥʷ ʜʦʢʦʨʽʥʥʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ, ʚʽʜʥʦʚʣʝʥʥʷ ʫʩʪʘʪʢʫʚʘʥʥʷ, 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʛʨʝʩʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʥʦʨʤʘʪʠʚʽʚ. [2]  

ɿʘʩʪʘʨʽʣʽ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʝʨʝʚʠʪʨʘʪ ʩʠʨʦʚʠʥʠ, ʤʘʪʝʨʽʘʣʽʚ, ʧʘʣʠʚʘ, ʝʥʝʨʛʦ-

ʥʦʩʽʾʚ, ʱʦ ʟʙʽʣʴʰʫʻ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ  ̔ ʧʽʜʚʠʱʫʻ ʝʢʦʣʦʛʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʪʝʨʠʪʦʨʽʶ, ʦʩʢʽʣʴʢʠ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʟʨʦʩʪʘʶʪʴ ʦʙʩʷʛʠ ʚʠʢʠʜʽʚ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʪʘ 

ʩʢʠʜʽʚ ʩʪʽʯʥʠʭ ʚʦʜ. ʗʢ ʥʘʩʣʽʜʦʢ ï 12 ʧʽʜʧʨʠʻʤʩʪʚ ʛʘʣʫʟʽ ʚʭʦʜʷʪʴ ʜʦ ʧʝʨʝʣʽʢʫ ʥʘʡʙʽʣʴʰʠʭ ʟʘʙ-

ʨʫʜʥʶʚʘʯʽʚ ʜʦʚʢʽʣʣʷ ʚ ʋʢʨʘʾʥʽ: ɺɸʊ çɼʥʽʧʨʦʚʩʴʢʠʡ ʤʝʪʘʣʫʨʛʽʡʥʠʡ ʢʦʤʙʽʥʘʪ ʽʤʝʥʽ ɼʟʝʨʞʠʥ-
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ʩʴʢʦʛʦè (ʤ. ɼʥʽʧʨʦʜʟʝʨʞʠʥʩʴʢ); ɺɸʊ çɸʨʩʝʣʦʨʄʽʪʪʘʣ ʂʨʠʚʠʡ ʈʽʛè (ʤ. ʂʨʠʚʠʡ ʈʽʛ); ɺɸʊ 

çɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʠʡ ʤʝʪʘʣʫʨʛʽʡʥʠʡ ʟʘʚʦʜ ʽʤʝʥʽ ʇʝʪʨʦʚʩʴʢʦʛʦè (ʤ. ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ); ɺɸʊ 

çʄʘʨʽʫʧʦʣʴʩʴʢʠʡ ʤʝʪʘʣʫʨʛʽʡʥʠʡ ʢʦʤʙʽʥʘʪ ʽʤʝʥʽ ɯʣʣʽʯʘè (ʤ. ʄʘʨʽʫʧʦʣʴ); ɺɸʊ çʄʝʪʘʣʫʨʛʽʡ-

ʥʠʡ ʢʦʤʙʽʥʘʪ çɸʟʦʚʩʪʘʣʴè (ʤ. ʄʘʨʽʫʧʦʣʴ); ɺɸʊ çɿʘʧʦʨʽʞʩʪʘʣʴè (ʤ. ɿʘʧʦʨʽʞʞʷ); ɺɸʊ çɿʘ-

ʧʦʨʽʟʴʢʠʡ ʚʠʨʦʙʥʠʯʠʡ ʘʣʶʤʽʥʽʻʚʠʡ ʢʦʤʙʽʥʘʪè (ʤ. ɿʘʧʦʨʽʞʞʷ); ɺɸʊ çɿʘʧʦʨʽʟʴʢʠʡ ʟʘʚʦʜ ʬʝ-

ʨʦʩʧʣʘʚʽʚè (ʤ. ɿʘʧʦʨʽʞʞʷ); ɺɸʊ çɼʥʽʧʨʦʩʧʝʮʩʪʘʣʴè (ʤ. ɿʘʧʦʨʽʞʞʷ); ʊʆɺ çʇʦʙʫʟʴʢʠʡ ʬʝ-

ʨʦʥʽʢʝʣʝʚʠʡ ʢʦʤʙʽʥʘʪè (ʩʤʪ ʇʦʙʫʟʴʢʝ, ɻʦʣʦʚʘʥʽʚʩʴʢʠʡ ʨ-ʥ); ɺɸʊ çɸʣʯʝʚʩʴʢʠʡ ʤʝʪʘʣʫʨʛʽʡ-

ʥʠʡ ʢʦʤʙʽʥʘʪè (ʤ. ɸʣʯʝʚʩʴʢ); ʊʆɺ çʄʠʢʦʣʘʾʚʩʴʢʠʡ ʛʣʠʥʦʟʝʤʥʠʡ ʟʘʚʦʜè (ʤ. ʄʠʢʦʣʘʾʚ).[2] 

ʇʨʦʙʣʝʤʘ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʚiʜʭʦʜʽʚ ʤʘʻ ʨʷʜ ʩʝʨʡʦʟʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ i ʝʢʦʥʦʤʽʯʥʠʭ ʘʩ-

ʧʝʢʪiʚ  ̔ʚʠʤʘʛʘʻ ʱʦʥʘʡʰʚʠʜʰʦʛʦ ʨʦʟʛʣʷʜʫ ʱʦʜʦ ʾʾ ʚʠʨʽʰʝʥʥʷ [3]. ʉʝʨʝʜ ʰʣʷʭʽʚ ʧʝʨʩʧʝʢʪʠʚ-

ʥʦʛʦ ʽ ʝʬʝʢʠʚʥʦʛʦ ʾʾ ʚʠʨʽʰʝʥʥʷ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʚiʜʭʦʜiʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʪʝʭʥʽʯʥʠʭ ʤʘʪʝʨiʘʣiʚ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʷʚʣʝʥʥʷ ʢʦʨʠʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦʤʝʥʥʠʭ ʰʣʘʢʽʚ ʜʣʷ ʾʭ ʧʝʨʝʨʦʙʢʠ 

ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʪʝʭʥʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʩʘʤʝ ʚ ʷʢʦʩʪʽ ʩʦʨʙʝʥʪʽʚ ʟ ʧʦʜʘʣʴʰʠʤ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʚ ʙʫʜʽʚʝʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ ʨʦʙʦʪʽ ʩʧʦʩʽʙ ʦʯʠʩʪʢʠ ʚʦʜʠ ʜʦʮʽʣʴʥʦ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘ ʧʝʨ-

ʰʠʭ ʩʪʫʧʝʥʷʭ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʟ ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʟʨʘʟʢʘʭ ʰʣʘʢʽʚ ɼʥʽʧʨʦʜʟʝʨʞʠʥʩʴʢʦʛʦ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ 

ʢʦʤʙʽʥʘʪʫ (ʜʘʣʽ ɼʄʂ), ʚʽʜʽʙʨʘʥʠʭ ʟ ʪʨʴʦʭ ʨʽʟʥʠʭ ʪʦʯʢʘʭ ʚʽʜʚʘʣʫ (ʤ. ɼʥʽʧʨʦʜʟʝʨʞʠʥʩʴʢ). ʈʦ-

ʙʦʯʠʤ ʨʦʟʯʠʥʘʤ ʥʝʦʨʛʘʥʽʯʥʦʾ ʧʨʠʨʦʜʠ ʚʠʩʪʫʧʘʚ ʨʦʟʯʠʥ ʩʚʠʥʮʶ 0,001ʄ , ʘ ʦʨʛʘʥʽʯʥʦʾ ʧʨʠʨʦ-

ʜʠ ï ʨʦʟʯʠʥ ʙʘʨʚʥʠʢʘ ʤʝʪʠʣʝʥʦʚʦʛʦ ʩʠʥʴʦʛʦ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 100ʤʛ/ʜʤ3. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʟʥʘʯʝʥʥʷ ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʟʨʘʟʢʽʚ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ 

ʘʥʘʣʽʟʫ ʧʦʢʘʟʘʚ, ʱʦ ʚʩʽ ʟʨʘʟʢʠ ʤʘʶʪʴ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʠʡ ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ. ʉʝʨʝʜ ʚʠʷʚ-

ʣʝʥʠʭ ʤʽʥʝʨʘʣʽʚ ʜʦʤʽʥʫʶʪʴ ʢʚʘʨʮ (SiO2), ʜʦʣʦʤʽʪ (CaCO3ÅMgCO3),ʢʘʣʴʮʠʪ (CaCO3), ʛʝʤʘʪʠʪ 

(Fe2O3).  

ɺʤʽʩʪ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʟʘ ʜʘʥʠʤʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ: Mn ʜʦ10000 ʛ/ʪ, Ni ʜʦ 80 ʛ/ʪ, Cr 

ʜʦ 10000 ʛ/ʪ, P ʜʦ 1000 ʛ/ʪ , Cu ʜʦ 200 ʛ/ʪ. ɺʘʨʪʦ ʩʢʘʟʘʪʠ, ʱʦ ʭʨʦʤ, ʤʘʨʛʘʥʝʮʴ ʟʘʚʜʷʢʠ ʩʚʦʾʤ 

ʘʤʬʦʪʝʨʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʫ ʤʽʛʨʘʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʚ ʫʤʦʚʘʭ ʣʫʞʥʦʛʦ ʩʝʨʝʜʦ-

ʚʠʱʘ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʚʽʜʚʘʣʽʚ ʰʣʘʢʫ ɼʄʂ. 

ɺʦʜʥʽ ʚʠʪʷʞʢʠ ʟ ʧʦʨʽʜ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʣʫʞʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ (ʨʅ= 7,98 ῐ 9,74), 

ʚʤʽʩʪʦʤ ʚʦʜʦʨʦʟʯʠʥʥʠʭ ʩʦʣʝʡ: ʭʣʦʨʠʜʠ 10,4 ῐ 102,5 ʤʛ/ʜʤ3), ʢʘʪʽʦʥʽʚ ʢʘʣʴʮʽʶ (16,73 ῐ 195,38 

ʤʛ/ʜʤ3), ʥʘʪʨʽʶ (3,49  43,61 ʤʛ/ʜʤ3), ʘʥʽʦʥʽʚ ʥʽʪʨʘʪʽʚ (55,7 ῐ 360,6 ʤʛ/ʜʤ3). 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʩʦʨʙʮʽʾ ʩʚʠʥʮʶ ʧʨʠ ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʰʣʘʢïʨʽʜʠʥʘ (ʪʘʙʣ. 

1) ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʤ ʩʧʽʚʚʜʥʦʰʝʥʥʷʤ ʟ ʝʢʦʥʦʤʽʯʥʠʭ ʽ ʪʝʭʥʽʯʥʠʭ ʤʽʨʢʫ-

ʚʘʥʴ ʻ 1:10, ʧʨʠ ʷʢʦʤʫ ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʩʢʣʘʜʘʻ 93,4%.  

ʊʘʙʣʠʮʷ.1. ʉʧʽʚʚʽʜʥʝʰʝʥʥʷ ʩʦʨʙʝʥʪïʨʽʜʠʥʘ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʦʨ-

ʙʝʥʪʫ ʜʦ ʨʦʟʯʠʥʫ 

ɿʘʣʠʰʢʦʚʘ ʢʦʥʮʝʥ-

ʪʨʘʮʽʷ, ʤʛ/ʜʤ3 

ʉʪʫʧʽʥʴ 

ʦʯʠʩʪʢʠ,% 

1:5 22,11 78,7 

1:10 6,87 93,4 

1:100 19,50 81,26 

ʇʦʯʘʪʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 104,13  

 

ɼʣʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʯʘʩʫ ʢʦʥʪʘʢʪʫ ʰʣʘʢ ï ʚʦʜʘ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʛʦʜʠʥʥʫ ʢʽʥʝ-

ʪʠʢʫ ʩʦʨʙʮʽʾ ʩʚʠʥʮʶ. ʗʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʠ (ʪʘʙʣ.2), ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ 

(96,09 %) ʜʦʩʷʛʘʻʪʴʩʷ ʯʝʨʝʟ 24 ʛʦʜʠʥʠ ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʝʢʧʝʨʠʤʝʥʪʫ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʝʣʠ-

ʯʠʥʠ ʩʦʨʙʮʽʾ ʩʚʠʥʮʶ, ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 1 ʪʘ 2 ʥʘ ʦʜʥʫ ʜʦʙʫ ʜʝʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ (ʚʽʜʧʦʚʽʜʥʦ 

93,4 ʪʘ 96,09%). ɿʘʟʥʘʯʝʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʩʧʨʠʯʠʥʝʥʘ ʧʝʚʥʦʶ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʰʣʘʢʽʚ, ʚʠʢʦʨʠ-

ʩʪʘʥʠʭ ʚ ʜʦʩʣʽʜʘʭ, ʧʨʦʪʝ ʚʦʥʘ ʩʢʣʘʜʘʻ ʤʝʥʰʝ 3% ʽ ʥʝ ʚʧʣʠʚʘʻ ʩʫʪʪʻʚʦ ʥʘ ʦʩʥʦʚʥʽ ʚʠʩʥʦʚʢʠ 

ʨʦʙʦʪʠ. 

 

https://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%81%D0%B8%D0%B4_%D0%B6%D0%B5%D0%BB%D0%B5%D0%B7%D0%B0(III)
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ʊʘʙʣʠʮʷ 2. ʇʦʛʦʜʠʥʥʘ ʢʽʥʝʪʠʢʘ ʩʦʨʙʮʽʾ ʩʚʠʥʮʶ ʰʣʘʢʦʤ  

ʇʦʛʦʜʠʥʥʘ ʢʽʥʝʪʠʢʘ ʩʦʨʙʮʽʾ ʩʚʠʥʮʶ ʰʣʘʢʦʤ 

ʛʦʜʠʥʠ ʤʛ/ʜʤ3 % 

1 16,79 83,92 

2 13,40 87,17 

4 12,65 87,89 

6 12,49 88,04 

8 12,4 88,06 

16 12,83 87,71 

24 1,31 96,09 

ʇʦʯʘʪʢʦʚʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʩʚʠʥʮʶ 

104,13 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʩʦʨʙʦʚʘʥʦʛʦ ʩʚʠʥʮʶ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʥʝʦʙʤʽʥʥʽʡ ʬʦʨʤʽ 

(ʧʦʥʘʜ 90%). ɺʤʽʩʪ ʚʦʜʦʨʦʟʯʠʥʥʠʭ ʬʦʨʤ (ʜʝʩʦʨʙʮʽʷ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ) ʩʢʣʘʜʘʻ 5,02% ʘ 

ʽʦʥʦʦʙʤʽʥʥʠʭ (ʜʝʩʦʨʙʮʽʷ 1 ʄ ʘʮʝʪʘʪʦʤ ʘʤʦʥʽʶ) ï 2,26% . ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʤʽʮʥʫ ʬʽʢʩʘʮʽʶ 

ʩʚʠʥʮʶ ʰʣʘʢʘʤʠ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʯʠʥʠʢʦʤ , ʷʢʠʡ ʩʧʠʨʠʷʻ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʙʝʧʝʯ-

ʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʙʫʜʽʚʝʣʴʥʽʡ ʪʘ ʽʥʰʠʭ ʧʨʦʤʠʩʣʦʚʦʩʪʷʭ. 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʩʦʨʙʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʫ ʱʦʜʦ ʦʨʛʘʥʽʯʥʠʭ ʢʦʤʧʦʥʝʪʽʚ 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʣʘʢʫ, ʚʽʜʽʙʨʘʥʦʛʦ ʚ ʨʽʟʥʠʭ ʤʽʩʮʷʭ ʚʽʜʚʘʣʫ( 

ɼʄʂ, ɼʄʂ1, ɼʄʂ2, ɼʄʂ3) ʪʘ ʨʦʟʯʠʥʫ ʦʨʛʘʥʽʯʥʦʛʦ ʙʘʨʚʥʠʢʘ ʤʝʪʠʣʝʥʦʚʦʛʦ ʩʠʥʴʦʛʦ ʟ ʢʦʥ-

ʮʝʥʪʨʘʮʽʻʶ 100ʤʛ/ʜʤ3. 

ɿ ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʪʦʯʢʠ ʟʦʨʫ ʪʘ ʧʽʩʣʷ ʚʠʚʯʝʥʥʷ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʙʫʣʦ ʚʠʙʨʘʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʦʟʯʠʥ : ʰʣʘʢ = 1 :20.  

ɹʫʣʦ ʟʚʘʞʝʥʦ ʧʨʦʙʠ ʰʣʘʢʽʚ ɼʄʂ, ɼʄʂ1, ɼʄʂ2, ɼʄʂ3 ʧʦ 2,5 ʛ, ʧʦʧʝʨʝʜʥʴʦ ʧʦʜʨʽʙʥʝ-

ʥʦʛʦ ʜʦ ʩʪʘʥʫ ʧʫʜʨʠ. ɿʚʘʞʝʥʽ ʟʨʘʟʢʠ ʙʫʣʠ ʟʘʣʠʪʽ 50 ʤʣ ʨʦʙʦʯʦʛʦ ʨʦʟʯʠʥʫ ʙʘʨʚʥʠʢʘ ʽ ʟʘʣʠʰʝʥʽ 

ʚ ʢʦʥʪʘʢʪʽ ʟ ʚʦʜʦʶ ʥʘ 4 ʛʦʜʠʥʠ ʟ ʧʦʩʪʽʡʥʠʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ. ʇʽʩʣʷ ʮʴʦʛʦ ʧʨʦʙʫ ʚʽʜʮʝʥʪʨʠ-

ʬʫʛʫʚʘʣʠ 3 ʭʚʠʣʠʥʠ ʟ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʽʚ 3500ʦʙ/ʭʚ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʦʪʦʤʝʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ 

ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʟʘʣʠʰʢʦʚʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʤʝʪʠʣʝʥʦʚʦʛʦ ʩʠʥʴʦʛʦ ʫ ʨʦʟʯʠʥʽ. 

ʊʘʙʣʠʮʷ 3 ï ɿʘʣʠʰʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʙʘʨʚʥʠʢʘ ʤʝʪʠʣʝʥʦʚʦʛʦ ʩʠʥʴʦʛʦ ʚ ʨʦʟʯʠʥʽ. 

ʅʘʟʚʘ ʰʣʘʢʫ C ʤʛ/ʜʤ3 

ɼʄʂ 1,152 

ɼʄʂ1 3,089 

ɼʄʂ2 2,12 

ɼʄʂ3 0,44 

 

ʄʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʣʘʢʽʚ ɼʥʽʧʨʦʜʟʝʨʞʠʥʩʴʢʦʛʦ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ 

ʢʦʤʙʽʥʘʪʫ ʷʢ ʩʦʨʙʝʥʪʫ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʥʘ ʧʨʠʢʣʘʜʽ ʙʘʨʚʥʠʢʘ, ʻ ʜʦʩʠʪʴ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʣʫʯʝʥʥʷ ʤʝʪʠʣʝʥʦʚʦʛʦ ʩʠʥʴʦʛʦ ʟ ʨʦʟʯʠʥʫ, 

ʜʣʷ ʰʣʘʢʫ ɼʄʂ ʩʢʣʘʜʘʻ 98,85%, ɼʄʂ1 ï 96,91%, ɼʄʂ2 ï 97,88%, ɼʄʂ3 ï 99,56%. 

ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʩʽ ʜʦʩʣʽʜʞʝʥʽ ʟʨʘʟʢʠ ʰʣʘʢʽʚ ʤʘʶʪʴ 

ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʠʡ ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʛʣʠʥʘʥʥʷ ʩʚʠʥʮʶ ʰʣʘʢʦʤ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʦʛʦ ʥʝʦʙʤʽʥʥʦʶ ʬʽʢʩʘʮʽʻʶ (ʧʦʥʘʜ 90%), ʱʦ ʧʽʜʚʠʱʫʻ ʙʝʟʧʝʢʫ ʾʭ ʧʦʜʘʣʴʰʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʚ ʙʫʜʽʚʝʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʣʘʢʽʚ ʚ 

ʷʢʦʩʪʽ ʩʦʨʙʝʥʪʽʚ ʻ ʧʨʠʚʘʙʣʠʚʠʤ ʟ ʝʢʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ ʮʝ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥ-

ʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʾʭ ʫ ʚʽʜʚʘʣʘʭ ɼʄʂ, ʪʦʙʪʦ ʧʦʩʪʫʧʦʚʦ ʩʢʦʨʠʪʠ ʧʣʦʱʫ ʷʢʫ ʚʦʥʠ ʟʘʡʤʘʶʪʴ ʪʘ 

ʯʘʩʪʢʦʚʦ ʟʤʝʥʰʠʪʠ ʪʝʭʥʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʫ ʤʽʩʪʽ ɼʥʽʧʨʦʜʟʝʨ-

ʞʠʥʩʴʢ.  
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ɺʠʟʥʘʯʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʧʦʛʣʠʥʘʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʥʘ ʧʨʠʢʣʘʜʽ ʙʘʨʚʥʠʢʽʚ, ʘ ʩʘʤʝ 

ʤʝʪʠʣʝʥʦʚʦʛʦ ʩʠʥʴʦʛʦ, ʰʣʘʢʘʤʠ ɼʄʂ. ɿʘ ʯʘʩ ʩʦʨʙʮʽʾ ʚ 4 ʛʦʜʠʥʠ ʜʦʩʷʛʘʻʪʴʩʷ ʩʪʫʧʽʥʴ ʦʯʠ-

ʱʝʥʥʷ ʚ 99,56 %  
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ɸʥʦʪʘʮʽ̫ 

ʅʘʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʫ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʦʙ'ʻʢʪʽʚ ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ 

ʋʢʨʘʾʥʠ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ɯʥʩʪʠʪʫʪʽ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅɸʅ ʋʢʨʘʾʥʠ. ɺʠʚʯʝʥʥʷ ʩʪʘʥʫ 

ʧʘʤ'ʷʪʥʠʢʽʚ ʜʦʟʚʦʣʠʣʦ ʚʠʷʚʠʪʠ ʦʩʥʦʚʥʽ ʬʘʢʪʦʨʠ, ɦ ʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʭ ʟʙʝʨʝʞʝʥʥʷ, ʧʨʦʚʝʩʪʠ ʾʭ 

ʪʠʧʽʟʘʮʽʶ ʧʨʠ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʭʥʦ-

ʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʩʪʘʥʫ ʩʧʦʨʫʜ.  

Abstract 

We present the complex methodology of determining the condition of objects of the cultural 

heritage of Ukraine, applied at the Institute of Geological Sciences of the NAS of Ukraine. The 

study of the condition of monuments allowed to discover the main factors that affect their conserva-

tion, to conduct their typification during the development of the system for monitoring of the geo-

logical medium, of the technogenic load intensity, and the condition of constructions. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʫʣʴʪʫʨʥʘ ʩʧʘʜʱʠʥʘ, ʛʝʦʣʦʛʯ̔ʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʪʝʭʥʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥ-

ʥ,̫ ʤʦʥʪ̔ʦʨʠʥʛ. 

Keywords: cultural heritage, geological medium, technogenic load, monitoring. 

ɿʘʭʠʩʪ ʦʙôʻʢʪʽʚ ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ ʧʦʪʨʝʙʫʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʾʭ ʟʙʝʨʝʞʝʥʥʷ 

ʪʘ ʦʭʦʨʦʥʠ. ɺʠʚʯʝʥʥʷ ʩʪʘʥʫ ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʫ ɯʥʩʪʠʪʫʪʽ ʛʝʦʣʦʛʽʯʥʠʭ 
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ʥʘʫʢ ʅɸʅ ʋʢʨʘʾʥʠ ʧʨʠʚʝʣʦ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʫʯʘʩʪʴ ʣʠʰʝ ʝʢʩʧʝʨʪʽʚ ʟ ʘʨʭʽʪʝʢʪʫʨʠ, ʨʝʩʪʘʚʨʘ-

ʮʽʾ, ʙʫʜʽʚʥʠʮʪʚʘ ʥʝ ʚʠʨʽʰʫʻ ʧʨʦʙʣʝʤʠ ʙʝʟ ʩʧʽʚʧʨʘʮʽ ʟʽ ʩʧʝʮʽʘʣʽʩʪʘʤʠ ʟ ʽʥʞʝʥʝʨʥʦʾ ʛʝʦʣʦʛʽʾ ʪʘ 

ʛʽʜʨʦʛʝʦʣʦʛʽʾ. ʂʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʦʭʦʨʦʥʠ ʧʘʤôʷʪʦʢ ʘʨʭʽʪʝʢʪʫʨʠ ʦʙʫʤʦʚʠʚ 

ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʠʢʠ ʚʠʚʯʝʥʥʷ, ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʩʪʘʥʦʤ ʧʘʤôʷʪʢʠ. ʉʢʣʘʜʦʚʽ ʯʘʩʪʠ-

ʥʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʚʞʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʽʩʪʘʤʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʢʦʞʥʠʡ ʟʘ 

ʩʚʦʾʤ ʥʘʧʨʷʤʢʦʤ, ʧʨʦʪʝ ʤʠ ʚʧʝʨʰʝ ʧʨʦʧʦʥʫʻʤʦ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ 

ʟʙʝʨʝʞʝʥʥʷ ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʧʽʜʪʚʝʨʜʞʝʥʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʙʘʛʘʪʦʨʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʟʘʧʦʚʽʜʥʠʢʽʚ ʂʠʻʚʦ-ʇʝʯʝʨʩʴʢʘ ʃʘʚʨʘ ʪʘ ʉʦʬʽʷ ʂʠʾʚʩʴʢʘ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʘʤôʷʪʢʠ, ʷʢʘ ʻ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʽʯʥʦʶ ʩʠʩʪʝʤʦʶ ʪʘ ʥʝʚʽʜôʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ 

ʷʢ ʧʨʠʨʦʜʥʦʛʦ, ʪʘʢ ʽ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʢʣʶʯʘʶʪʴ ʛʨʫʧʠ ʤʝʪʦʜʽʚ ʟ ʚʠʚʯʝʥʥʷ ʩʪʘʥʫ 

ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ ʧʘʤôʷʪʢʠ ʘʨʭʽ-

ʪʝʢʪʫʨʠ. ʆʙʦʚôʷʟʢʦʚʠʤ ʻ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʷʢ ʟʘ ʧʨʦʮʝʩʘʤʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʽʩʥʫʶʯʦʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʘʢ ʽ ʟʘ ʩʪʘʥʦʤ ʩʧʦʨʫʜʠ ʪʘ ʨʝʞʠʤʦʤ ʾʾ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ [4]. 

ɺʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʶ ʚʧʣʠʚʫ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ɻʉ) ʥʘ ʩʪʘʥ ʦʙô̒ ʢʪʽʚ 

ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ.  
ʉʪʘʥ ʦʙôʻʢʪʽʚ ʧʨʠʨʦʜʥʦʾ ʽ ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʷʤʽʡ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʪʝʨʠʪʦʨʽʾ, ʪʦʤʫ ʥʘʤʠ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʾʭ ʪʠʧʽʟʘʮʽʷ. ʊʠʧʠ ʛʝʦʣʦʛʽ-

ʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʙʫʣʠ ʚʠʜʽʣʝʥʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʽʩʥʫʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽʩʪʦʨʠʯʥʠʭ 

ʙʫʜʠʥʢʽʚ ʽ ʩʧʦʨʫʜ. 

ɯʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʩʪʦʨʠʯʥʠʭ ʪʝʨʠʪʦʨʽʡ 

(ʪʝʨʠʪʦʨʽʾ ʨʦʟʪʘʰʫʚʘʥʥʷ ʽʩʪʦʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ) ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʝʢʽʣʴʢʘ ʪʠʧʽʚ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʷ 1. ʂʘʪʝʛʦʨʽʾ ʩʢʣʘʜʥʦʩʪʽ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʚ ʩʬʝʨʽ ʚʟʘʻʤʦʜʽʾ ʦʙôʻʢʪʽʚ 

ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ, ʟ ʛʝʦʣʦʛʽʯʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. 

ʌʘʢʪʦʨʠ ɯɯI (ʩʢʣʘʜʥʽ) 
II (ʩʝʨʝʜʥʴʦʾ ʩʢʣʘʜʥʦ-

ʩʪʽ) 
I (ʧʨʦʩʪʽ) 

1 4 3 2 

ɻʝʦʤʦʨʬʦʣʦʛʽʯʥʽ 

ʫʤʦʚʠ 

ʆʙôʻʢʪ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʤʝʞʘʭ ʜʝʢʽʣʴʢʦʭ ʛʝʦ-

ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥ-

ʪʽʚ ʨʽʟʥʦʛʦ ʛʝʥʝʟʠʩʫ. 

ʇʦʚʝʨʭʥʷ ʩʠʣʴʥʦ ʨʦʟʯ-

ʣʝʥʦʚʘʥʘ 

ʆʙôʻʢʪ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʤʝʞʘʭ ʜʝʢʽʣʴʢʦʭ ʛʝʦ-

ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʝʣʝ-

ʤʝʥʪʽʚ ʦʜʥʦʛʦ ʛʝʥʝʟʠ-

ʩʫ. ʇʦʚʝʨʭʥʷ ʧʦʭʠʣʘ, 

ʩʣʘʙʢʦ ʨʦʟʯʣʝʥʦʚʘʥʘ 

ʆʙôʻʢʪ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʤʝʞʘʭ ʦʜʥʦʛʦ ʛʝʦʤʦʨ-

ʬʦʣʦʛʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ. 

ʇʦʚʝʨʭʥʷ ʛʦʨʠʟʦʥʪʘ-

ʣʴʥʘ, ʥʝʨʦʟʯʣʝʥʦʚʘʥʘ

  

ɻʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ɹʽʣʴʰʝ ʯʦʪʠʨʴʦʭ ʨʽʟʥʠʭ 

ʟʘ ʣʽʪʦʣʦʛʽʻʶ ʚʝʨʩʪʚ. 

ʇʦʪʫʞʥʽʩʪʴ ʨʽʟʢʦ ʟʤʽ-

ʥʶʻʪʴʩʷ. ʃʽʥʟʦʧʦʜʽʙʥʝ 

ʟʘʣʷʛʘʥʥʷ ʰʘʨʽʚ. ɿʥʘʯ-

ʥʠʡ ʩʪʫʧʽʥʴ ʥʝʦʜʥʦʨʽʜ-

ʥʦʩʪʽ ʧʦ ʧʦʢʘʟʥʠʢʘʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʽʚ, 

ʥʝʟʘʢʦʥʦʤʽʨʥʦ ʡ (ʘʙʦ) 

ʟʘʢʦʥʦʤʽʨʥʦ ʟʤʽʥʶʶʪʴ-

ʩ̫  ʚ ʧʣʘʥʽ ʘʙʦ ʟʘ ʛʣʠʙʠ-

ʥʦʶ. ʉʢʝʣʴʥʽ ˇʨʫʥʪʠ 

ʤʘʶʪʴ ʩʠʣʴʥʦʨʦʟʯʣʝʥʦ-

ʚʘʥʫ ʧʦʢʨʽʚʣʶ ʡ ʧʝʨʝʢ-

ʨʠʪʽ ʥʝʩʢʝʣʴʥʠʤʠ ˇʨʫʥ-

ʪʘʤʠ 

ʅʝ ʙʽʣʴʰʝ ʯʦʪʠʨʴʦʭ 

ʨʽʟʥʠʭ ʟʘ ʣʽʪʦʣʦʛʽʻʶ 

ʚʝʨʩʪʚ, ʱʦ ʟʘʣʷʛʘʶʪʴ 

ʧʦʭʠʣʦ ʘʙʦ ʟ ʚʠʢʣʠ-

ʥʶʚʘʥʥʷʤ. ʇʦʪʫʞ-

ʥʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʟʘ-

ʢʦʥʦʤʽʨʥʦ. ɿʘʢʦʥʦʤʽ-

ʨʥʘ ʟʤʽʥʘ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢ ˇʨʫʥʪʽʚ ʫ ʧʣʘʥʽ 

ʘʙʦ ʧʦ ʛʣʠʙʠʥʽ. ʉʢʝ-

ʣʴʥʽ ˇʨʫʥʪʠ ʤʘʶʪʴ 

ʥʝʨʽʚʥʫ ʧʦʢʨʽʚʣʶ ʡ 

ʧʝʨʝʢʨʠʪʽ ʥʝʩʢʝʣʴʥʠ-

ʤʠ ˇʨʫʥʪʘʤʠ 

ʅʝ ʙʽʣʴʰʝ ʜʚʦʭ ʨʽʟʥʠʭ 

ʟʘ ʣʽʪʦʣʦʛʽʻʶ ʚʝʨʩʪʚ, 

ʱʦ ʟʘʣʷʛʘʶʪʴ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʦ ʘʙʦ ʩʣʘʙʢʦ ʧʦ-

ʭʠʣʦ (ʥʘʭʠʣ ʥʝ ʙʽʣʴʰʝ 

0,1). ʇʦʪʫʞʥʽʩʪʴ ʚʠ-

ʪʨʠʤʘʥʘ ʧʦ ʧʨʦʩʪʷʛʘʥ-

ʥʶ. ʅʝʟʥʘʯʥʠʡ ʩʪʫʧʽʥʴ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʚʝʨʩʪʚ 

ʧʦ ʧʦʢʘʟʥʠʢʘʭ ʚʣʘʩʪʠ-

ʚʦʩʪʝʡ ˇʨʫʥʪʽʚ ʥʝʟʘʢʦ-

ʥʦʤʽʨʥʦ ʟʤʽʥʶʶʪʴʩʷ ʚ 

ʧʣʘʥʽ ʡ ʧʦ ʛʣʠʙʠʥʽ. 

ʉʢʝʣʴʥʽ ˇʨʫʥʪʠ ʟʘʣʷ-

ʛʘʶʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʘʙʦ 

ïʧʝʨʝʢʨʠʪʽ ʰʘʨʦʤ ʥʝ-

ʩʢʝʣʴʥʠʭ ˇʨʫʥʪʽʚ 
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ɻʽʜʨʦʛʝʦʣʦʛʽʯʥʽ 

ʫʤʦʚʠ 

ɻʦʨʠʟʦʥʪʠ ʧʽʜʟʝʤʥʠʭ 

ʚʦʜ ʥʝ ʚʠʪʨʠʤʘʥʽ ʧʦ 

ʧʨʦʩʪʷʛʘʥʥʶ ʪʘ ʟʘ ʧʦ-

ʪʫʞʥʽʩʪʶ, ʟ ʥʝʦʜʥʦʨʽʜ-

ʥʠʤ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ. 

ʄʽʩʮʷʤʠ ʩʢʣʘʜʥʝ ʯʝʨʛʫ-

ʚʘʥʥʷ ʚʦʜʦʥʦʩʥʠʭ ʽ ʚʦ-

ʜʦʪʨʠʚʢʠʭ ʧʦʨʽʜ. ʅʘʧʦ-

ʨʠ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʟʤʽ-

ʥʶʶʪʴʩʷ ʧʦ ʧʨʦʩʪʷʛʘʥ-

ʥ  ʁ

ɼʚʘ ʪʘ ʙʽʣʴʰʝ ʚʠʪʨʠ-

ʤʘʥʠʭ ʛʦʨʠʟʦʥʪʠ ʧʽʜ-

ʟʝʤʥʠʭ ʚʦʜ, ʤʽʩʮʷʤʠ ʟ 

ʥʝʦʜʥʦʨʽʜʥʠʤ ʭʽʤʽʯ-

ʥʠʤ ʩʢʣʘʜʦʤ ʘʙʦ ʥʘ-

ʧʽʨʥʽ 

ʇʽʜʟʝʤʥʽ ʚʦʜʠ ʚʽʜʩʫʪʥʽ 

ʘʙʦ ʻ ʦʜʠʥ ʚʠʪʨʠʤʘʥʠʡ 

ʛʦʨʠʟʦʥʪ ʧʽʜʟʝʤʥʠʭ 

ʚʦʜ ʟ ʦʜʥʦʨʽʜʥʠʤ ʭʽʤʽ-

ʯʥʠʤ ʩʢʣʘʜʦʤ 

ɻʝʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʄʘʶʪʴ ʰʠʨʦʢʝ ʧʦʰʠ-

ʨʝʥʥʷ ʡ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʩʪʘʥ ʩʧʦʨʫʜ 

ʄʘʶʪʴ ʦʙʤʝʞʝʥʝ 

ʧʦʰʠʨʝʥʥʷ 

ɺʽʜʩʫʪʥʽ 

ʉʧʝʮʠʬʽʯʥʽ ˇʨʫʥʪʠ ɺʧʣʠʚʘʶʪʴ ʥʘ ʩʪʘʥ ʽʩʪʦ-

ʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ, ʫʩʢʣʘ-

ʜʥʶʶʪʴ ʝʢʩʧʣʫʘʪʘʮʽʶ 

ɯʩʪʦʪʥʦ ʥʝ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʩʪʘʥ ʽʩʪʦʨʠʯʥʠʭ 

ʦʙôʻʢʪʽʚ; ʤʘʶʪʴ ʚʠ-

ʪʨʠʤʘʥʝ ʟʘʣʷʛʘʥʥʷ 

ɺʽʜʩʫʪʥʽ 

 

ɸʥʘʣʽʟ ʩʢʣʘʜʥʦʩʪʽ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʜʦʟʚʦʣʠʚ ʚʠʜʽʣʠʪʠ ʫ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ 

ʋʢʨʘʾʥʠ ʥʘʩʪʫʧʥʽ ʪʠʧʠ ʪʝʨʠʪʦʨʽʡ ʚʧʣʠʚʫ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʽʩʥʫʚʘʥʥʷ ʦʙʻʢʪʽʚ ʢʫʣʴ-

ʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ: ʜʫʞʝ ʥʝʩʧʨʠʷʪʣʠʚʽ (ʨʫʡʥʽʚʥʽ) (Iɯɯ ʪʠʧ); ʥʝʩʧʨʠʷʪʣʠʚʽ (II ʪʠʧ); ʚʽʜʥʦʩʥʦ 

ʩʧʨʠʷʪʣʠʚʽ (I ʪʠʧ) [1]. ʉʢʣʘʜʥʽʩʪʴ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʦʙʫʤʦʚʣʶʻ ʨʦʟʨʦʙʢʫ ʩʠʩʪʝʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʟʘ ʩʪʘʥʦʤ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ: 

ʘ) ʛʝʦʣʦʛʦ-ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ, ʱʦ ʚʢʣʶʯʘʻ ʩʠʩʪʝʤʫ ʨʝʞʠʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʟʤʽʥʦʶ ʩʪʘ-

ʥʫ ˇʨʫʥʪʽʚ, ʨʽʚʥʽʚ ʽ ʩʢʣʘʜʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʟʘ ʨʦʟʚʠʪʢʦʤ ʜʝʩʪʨʫʢʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ, ʘ ʩʘʤʝ ʝʨʦʟʽʾ, 

ʟʩʫʚʽʚ, ʢʘʨʩʪʦʚʦ-ʩʫʬʦʟʽʡʥʠʭ ʷʚʠʱ, ʦʩʽʜʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʽʥ.; 

ʙ) ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ, ʱʦ ʚʢʣʶʯʘʻ ʩʠʩʪʝʤʫ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʟʤʽʥʦʶ ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʡʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ; 

ʚ) ʘʥʘʣʽʪʠʯʥʦʛʦ, ʱʦ ʚʢʣʶʯʘʻ ʘʥʘʣʽʟ ʪʘ ʦʮʽʥʢʫ ʨʝʟʫʣʴʪʘʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʚʠʢʦʥʘʥʥʷ ʨʦʟ-

ʨʘʭʫʥʢʦʚʠʭ ʧʨʦʛʥʦʟʽʚ, ʧʦʨʽʚʥʷʥʥʷ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʚʝʣʠʯʠʥ ʧʘʨʘʤʝʪʨʽʚ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽ-

ʨʽʚ, ʨʦʟʨʦʙʢʫ ʟʘʭʦʜʽʚ ʱʦʜʦ ʧʦʧʝʨʝʜʞʝʥʥʷ ʘʙʦ ʫʩʫʥʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʰʢʽʜʣʠʚʠʭ 

ʚʧʣʠʚʽʚ ʽ ʥʝʜʦʧʫʱʝʥʥʷ ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʮʠʭ ʚʧʣʠʚʽʚ. 

ɻʝʦʣʦʛʽʯʥʠʡ ʙʣʦʢ ʤʦʥʽʪʦʨʠʥʛʫ ʧʝʨʝʜʙʘʯʘʻ ʩʠʩʪʝʤʫ ʨʝʞʠʤʥʠʭ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʩʧʦ-

ʩʪʝʨʝʞʝʥʴ ʟʘ ʟʤʽʥʦʶ ʩʪʘʥʫ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʽʣʷʥʦʢ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙ'ʻʢʪʘ ʽ ʥʘʚʢʦ-

ʣʠʰʥʽʭ ʙʫʜʠʥʢʽʚ ʽ ʩʧʦʨʫʜ.  

ʉʠʩʪʝʤʘ ʨʝʞʠʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʩʠʩ-

ʪʝʤʫ ʩʧʦʩʪʝʨʝʞʥʠʭ ʩʚʝʨʜʣʦʚʠʥ. ʇʨʠ ʨʝʞʠʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ ʚʠʟʥʘʯʘʻʪʴʩʷ: ʟʤʽʥʘ ʨʽʚʥʽʚ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ; ʧôʻʟʦʤʝʪʨʠʯʥʽ ʥʘʧʦʨʠ ʚʦʜʠ ʚ ˇʨʫʥʪʦʚʦʤʫ ʤʘʩʠʚʽ; ʚʠʪʨʘʪʠ ʚʦʜʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʬʽ-

ʣʴʪʨʘʮʽʻʶ; ʢʦʝʬʽʮʽʻʥʪ ʬʽʣʴʪʨʘʮʽʾ ˇʨʫʥʪʽʚ; ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʧʽʜʟʝʤʥʠʭ ʚʦʜ; ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʤʫʪ-

ʥʽʩʪʴ ʚʦʜʠ, ʱʦ ʬʽʣʴʪʨʫʻʪʴʩʷ ʫ ʜʨʝʥʘʞʘʭ ʽ ʢʦʣʝʢʪʦʨʘʭ; ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʜʨʝʥʘʞʥʠʭ ʩʠʩ-

ʪʝʤ. 

ʏʘʩʪʦʪʘ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʨʝʞʠʤʦʤ ʨʽʚʥʽʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʧʦʚʠʥʥʘ ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʷ ʧʨʦ-

ʛʨʘʤʦʶ ʪʘ ʢʦʨʝʛʫʚʘʪʠʩʷ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ, ʘʣʝ ʥʝ ʨʽʜʰʝ ʦʜʥʦʛʦ ʨʘʟʫ ʫ ʢʚʘʨʪʘʣ. ɺʽʜʙʽʨ ʧʨʦʙ 

ʚʦʜʠ ʟʽ ʩʚʝʨʜʣʦʚʠʥʠʧʨʦʚʦʜʠʪʴʩʷ ʜʣʷ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʾʾ ʭʽʤʽʯʥʦʛʦ ʽ ʨʘʜʽʘʮʽʡ-

ʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʘʛʨʝʩʠʚʥʦʩʪʽ ʩʪʦʩʦʚʥʦ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʂʨʽʤ ʪʦʛʦ, ʨʘʟ ʫ ʢʚʘʨʪʘʣ 

ʧʨʦʚʦʜʷʪʴʩʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʨʝʞʠʤʦʤ. 

ʇʨʠ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ ʚʘʨʪʦ ʚʠʟʥʘʯʘʪʠ ʧʦʰʘʨʦʚʽ ʜʝʬʦʨʤʘʮʽʾ ˇʨʫʥʪʽʚ 

ʦʩʥʦʚ ʪʘ ʦʩʽʜʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ; ʭʘʨʘʢʪʝʨ ʨʦʟʚʠʪʢʫ ʜʝʩʪʨʫʢʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ: ʝʨʦʟʽʾ, ʟʩʫʚʽʚ, 

ʢʘʨʩʪʦʚʦ-ʩʫʬʦʟʽʡʥʠʭ ʪʘ ʽʥʰʠʭ ʧʨʦʮʝʩʽʚ. 
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ɺʠʟʥʘʯʝʥʥʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʘʤôʷʪʢʠ. 

ʋ ʥʘʰ ʯʘʩ ʢʫʣʴʪʫʨʥʽʡ ʽ ʧʨʠʨʦʜʥʽʡ ʩʧʘʜʱʠʥʽ ʟʘʛʨʦʞʫʻ ʨʫʡʥʫʚʘʥʥʷ, ʱʦ ʩʧʨʠʯʠʥʝʥʝ ʪʝʭ-

ʥʦʛʝʥʝʟʦʤ. ɼʦ ʪʨʘʜʠʮʽʡʥʠʭ ʧʨʠʯʠʥ, ʪʘʢʠʭ ʷʢ ʚʧʣʠʚ ʤʽʩʪʦʙʫʜʽʚʥʦʾ ʪʘ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩ-

ʪʽ, ʜʦʜʘʣʠʩʷ ʥʘʜʤʽʨʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʛʝʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ. ʎʝ ʧʦʩʠʣʶʻ ʥʝʙʝʟʧʝʢʫʨʫʡʥʫ-

ʚʘʥʥʷ ʙʫʜʠʥʢʽʚ ʪʘ ʩʧʦʨʫʜ, ʷʢʽ ʤʘʶʪʴ ʚʝʣʠʢʫ ʽʩʪʦʨʠʯʥʫ ʮʽʥʥʽʩʪʴ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʶ ʪʝ-

ʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʙôʻʢʪʠ ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ ʥʘʤʠ ʚʠʜʽʣʝʥʦ ʪʨʠ ʪʠʧʠ ʪʝʨʠʪʦʨʽʡ 

[3]:I ʪʠʧ - ʪʝʨʠʪʦʨʽʾ, ʜʝ ʪʝʭʥʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʻ ʤʘʢʩʠʤʘʣʴʥʠʤ ʽ ʚʧʣʠʚ ʡʦʛʦ ʥʘ ʛʝʦʣʦʛʽʯʥʝ 

ʩʝʨʝʜʦʚʠʱʝ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ ʨʫʡʥʽʚʥʠʡ, ʜʣʷ ʥʝʾ ʭʘʨʘʢʪʝʨʥʠʡ ʟʥʘʯʥʠʡ ʧʦ ʧʣʦʱʽ ʨʦʟʚʠʪʦʢ 

ʜʝʢʽʣʴʢʦʭ ʥʝʙʝʟʧʝʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʟʽ ʟʥʘʯʥʦʶ ʰʚʠʜʢʽʩʪʶ. I ʪʠʧ - ʪʝʨʠʪʦʨʽʾ, 

ʜʝ ʚʧʣʠʚ ʥʘ ɻʉ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʥʝʛʘʪʠʚʥʦʛʦ. ʂʦʤʙʽʥʘʮʽʷ ʥʝʙʝʟʧʝʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʪʝʨʠ-

ʪʦʨʽʾ ʥʝʩʧʨʠʷʪʣʠʚʘ, ʘʣʝ ʚʦʥʠ ʨʦʟʚʠʚʘʶʪʴʩʷ ʧʦʚʽʣʴʥʦ. III ʪʠʧ - ʪʝʨʠʪʦʨʽʾ, ʜʝ ʚʧʣʠʚ ʥʘ ɻʉ ʤʦʞ-

ʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʥʝʡʪʨʘʣʴʥʦʛʦ. ʇʨʦʮʝʩʠ, ʱʦ ʨʫʡʥʫʶʪʴ ʩʧʦʨʫʜʠ ʘʙʦ ʚʽʜʩʫʪʥʽ, ʘʙʦ ʾʭ ʧʨʦʷʚ ʥʘ 

ʩʪʽʡʢʽʩʪʴ ʧʘʤ'ʷʪʥʠʢʘ ʤʘʡʞʝ ʥʝ ʚʧʣʠʚʘʻ.ʊʠʧʠ ʪʝʨʠʪʦʨʽʾ ʥʘʥʦʩʷʪʴʩʷ ʥʘ ʩʭʝʤʘʪʠʯʥʫ ʢʘʨʪʫ ʤʽʩ-

ʮʝʨʦʟʪʘʰʫʚʘʥʥʷ ʧʘʤôʷʪʢʠ.ʊʠʧʽʟʘʮʽʷ ʪʝʨʠʪʦʨʽʾ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʪʝʭʥʦʛʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʚʠʟʥʘʯʘʻ ʯʘʩʪʦʪʫ ʧʨʦʚʝʜʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ. 

ʄʦʥʽʪʦʨʠʥʛ ʩʪʘʥʫ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʦʙô̒ ʢʪʽʚ ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ. 

ʄʦʥʽʪʦʨʠʥʛ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʦʙʻʢʪʽʚ ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ ʷʚʣʷʻ ʩʦʙʦʶ 

ʩʠʩʪʝʤʫ ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʘ ʥʝʨʫʡʥʫʶʯʦʛʦ ʢʦʥʪʨʦʣʶ, ʱʦ ʧʨʦʚʦʜʷʪʴʩʷ ʨʝʛʫʣʷʨʥʦ ʟʘ ʚʠʟʥʘʯʝʥʦʶ 

ʩʭʝʤʦʶ.  

ʉʪʨʫʢʪʫʨʘ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙô̒ ʢʪʽʚ ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘʩʪʫʧʥʠʤʠ ʙʣʦʢʘʤʠ: ʢʦʥʪʨʦʣʴ (ʨʝʞʠʤʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ï ʨʝʛʫʣʷʨʥʘ ʩʠʩʪʝʤʘ ʩʧʦʩʪʝʨʝʞʝʥʴ, 

ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʚʩʽ ʟʤʽʥʠ ʩʪʘʥʫ ʩʧʦʨʫʜʠ); ʢʝʨʫʚʘʥʥʷ (ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ 

ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʩʪʘʥʫ ʦʙô̒ ʢʪʫ, ʜʽʘʛʥʦʩʪʠʢʘ ʨʫʡʥʫʶʯʠʭ ʧʨʦʮʝʩʽʚ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ ʽ ʥʘ ʪʝʨʠ-

ʪʦʨʽʾ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʦʙô̒ ʢʪʫ ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ, ʚʠʙʽʨ ʟʘʭʠʩʥʠʭ ʟʘʭʦʜʽʚ). 

ʄʦʥʽʪʦʨʠʥʛ ʨʝʞʠʤʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽʩʪʦʨʠʯʥʦʛʦ ʦʙôʻʢʪʫ. ʄʦʥʽʪʦʨʠʥʛ ʦʙô̒ ʢʪʽʚ ʢʫʣʴʪʫ-

ʨʥʦʾ ʩʧʘʜʱʠʥʠ ʻ ʩʠʩʪʝʤʦʶ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʩʪʘʥʦʤ ʧʘʤ'ʷʪʥʠʢʘ ʽ ʡʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷʤʠ. ʄʦʥʽ-

ʪʦʨʠʥʛ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʚʢʣʶʯʘʻ ʜʚʘ ʤʝʪʦʜʠ: ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʙʫʜʽʚʣʝʶ ʫ ʮʽʣʦʤʫ; ʩʧʦʩʪʝ-

ʨʝʞʝʥʥʷ ʟʘ ʯʘʩʪʠʥʘʤʠ ʩʧʦʨʫʜʠ. 

ʄʝʪʦʜ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʚʩʽʤ ʦʙ'ʻʢʪʦʤ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʜʝʬʦʨʤʘʮʽʡʥʽ ʧʨʦ-

ʮʝʩʠ ʽ ʦʮʽʥʠʪʠ ʜʠʥʘʤʽʢʫ ʨʦʟʚʠʪʢʫ ʧʦʰʢʦʜʞʝʥʴ. ʉʠʩʪʝʤʘ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʦʙ'ʻʢʪʦʤ ʩʪʚʦʨʶ-

ʻʪʴʩʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʯʘʪʢʦʚʦʛʦ ʚʽʟʫʘʣʴʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʧʽʩʣʷ ʚʠʷʚʣʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʟʦʥ 

ʨʫʡʥʫʚʘʥʥʷ. ʇʝʨʽʦʜʠʯʥʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʴ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ ʦʙ'ʻʢʪʘ, ʘʣʝ ʥʝ 

ʨʽʜʰʝ ʥʽʞʨʘʟ ʥʘ ʨʽʢ. ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʟʜʽʡʩʥʶʶʪʴʩʷ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤʠ ʡ ʚʽʟʫʘʣʴʥʠʤʠ ʤʝʪʦ-

ʜʘʤʠ ʢʦʥʪʨʦʣʶ. 

ɼʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʩʪʘʥʦʤ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʛʝʦʜʝʟʠʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ. ɻʝ-

ʦʜʝʟʠʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʦʮʽʥʢʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʥʝʩʫʯʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʧʝʨʝʜʙʘʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʘʙʩʦʣʶʪʥʠʭ ʽ ʚʽʜʥʦʩʥʠʭ ʚʝʣʠʯʠʥ ʜʝʬʦʨʤʘʮʽʡ, ʚʠʷʚ-

ʣʝʥʥʷ ʧʨʠʯʠʥ ʚʠʥʠʢʥʝʥʥʷ ʪʘ ʩʪʫʧʝʥʷ ʾʭ ʥʝʙʝʟʧʝʢʠ; ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʽʡʢʦʩʪʽ ʦʩʥʦʚ 

ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʬʫʥʜʘʤʝʥʪʽʚ; ʚʩʪʘʥʦʚʣʝʥʥʷ ʛʨʘʥʠʯʥʦ ʧʨʠʧʫʩʪʠʤʠʭ ʚʝʣʠʯʠʥ ʜʝʬʦʨʤʘʮʽʡ. 

ʄʝʪʦʜ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʯʘʩʪʠʥʘʤʠ ʩʧʦʨʫʜʠ. ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʥʝ ʟʘ ʚʩʽʤ 

ʦʙ'ʻʢʪʦʤ, ʘ ʟʘ ʡʦʛʦ ʦʢʨʝʤʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʪʝʭ-

ʥʽʯʥʦʛʦ ʩʪʘʥʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʙʫʜʽʚʣʽ ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥʶ ʨʫʡʥʫʚʘʥʥʷ. ʇʝʨʽʦʜʠ-

ʯʥʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʢʨʝʤʦʜʣʷ ʢʦʞʥʦʛʦ ʦʙ'ʻʢʪʘ, ʘʣʝ ʥʝ ʨʽʜʰʝ ʦʜʥʦʛʦ ʨʘʟʫ ʥʘ 

ʨʽʢ. 

ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʤʝʪʦʜʽʚ ʯʘʩʪʦʪʘ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʭʘʨʘʢʪʝʨʦʤ ʟʘʚʜʘʥʴ ʤʦʥʽʪʦ-

ʨʠʥʛʫ. ɺʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʦʮʽʥʢʠ ʯʘʩʪʦʪʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʻ ʢʫʣʴʪʫʨʥʘ ʮʽʥʥʽʩʪʴ, ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ˇʨʫʥʪʽʚ ʦʩʥʦʚʠ, ʦʩʦʙʣʠʚʦʩʪʽ ʩʢʣʘʜʫ ˇʨʫʥʪʦʚʠʭ ʚʦʜ, ʭʘʨʘʢʪʝʨ ʚʧʣʠʚʫ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝ-

ʩʽʚ ʥʘ ʩʪʽʡʢʽʩʪʴ ʦʙôʻʢʪʽʚ, ʬʽʟʠʯʥʝ ʟʥʦʰʝʥʥʷ ʪʘ ʧʨʦʛʥʦʟʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ ʽ ʢʦʥ-

ʩʪʨʫʢʮʽʡ. 

ɯʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ. ɯʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ 

ʩʪʘʥʫ ʽʩʪʦʨʠʯʥʦʾ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ (ɯʇʊʉ) ʤʘʻ ʚʨʘʭʦʚʫʚʘʪʠ ʫʩʽ ʤʦʞʣʠʚʽ ʜʘʥʥʽ ʧʨʦ 
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ʬʦʨʤʫʚʘʥʥʷ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʪʝʨʠʪʦʨʽʾ, ʘ ʩʘʤʝ: ʛʝʦʣʦʛʽʯʥʫ ʙʫʜʦʚʫ, ʨʝʣʴʻʬ ʽ ʛʽʜ-

ʨʦʛʝʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ; ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʽʚ ʬʫʥʜʘʤʝʥʪʫ ʩʧʦʨʫʜʠ ʧʨʠ ʩʫ-

ʯʘʩʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʩʪʘʥʽ ʩʧʦʨʫʜʠ; ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʦʣʦʛʽʩʪʥʠʡ ʨʝʞʠʤ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʪʘ 

ʫ ʧʨʠʤʽʱʝʥʥʷʭ; ʩʝʟʦʥʥʠʭ ʢʦʣʠʚʘʥʥʷʭ ʨʽʚʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ; ʦʨʛʘʥʽʟʘʮʽʶ ʤʝʨʝʞʽ ʧʦʩʪʽʡʥʠʭ 

ʨʝʞʠʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ. 

ʆʜʝʨʞʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 5 ʙʣʦʢʽʚ: 

1. ʣʘʥʜʰʘʬʪʥʦ-ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʪʝʨʠʪʦʨʽʾ; 

2. ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʪʝʨʠʪʦʨʽʾ; 

3. ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʡ ʜʝʬʦʨʤʘʮʽʾ ʩʧʦʨʫʜ; 

4. ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʫʤʦʚʠ ʙʫʜʠʥʢʽʚ - ʧʘʤ'ʷʪʥʠʢʽʚ. 

ʄʦʥʽʪʦʨʠʥʛ ʣʘʥʜʰʘʬʪʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʧʦʣʷʛʘʻ ʚ ʩʪʝʞʝʥʥʽ ʟʘ ʟʤʽʥʘʤʠ ʜʝʥʥʦʾ ʧʦʚʝ-

ʨʭʥʽ, ʟʘ ʩʪʘʥʦʤ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ, ʘ ʪʘʢʦʞ ʟʙʽʨ ʜʘʥʠʭ ʧʨʦ ʢʣʽʤʘʪʠʯʥʽ ʝʣʝʤʝʥʪʠ ʘʪʤʦʩʬʝʨ-

ʥʦʛʦ ʧʦʚʽʪʨʷ.  

ɯʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʦʮʽʥʶʶʪʴʩʷ ʚ ʮʽʣʦʤʫ ʜʣʷ ʚʩʴʦʛʦ ʦʙôʻʢʪʫ ʪʘ ʦʢʨʝʤʦ ʜʣʷ ʢʦ-

ʞʥʦʾ ʩʧʦʨʫʜʠ. ʊʘʢʦʞ ʟʙʠʨʘʶʪʴʩʷ ʜʘʥʥʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʨʽʚʥʝʤ ˇʨʫʥʪʦʚʠʭ ʚʦʜ (ʈɻɺ) ʫ ʨʝʞʠ-

ʤʥʠʭ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ; ʨʽʚʥʝʤ ʚʦʜʠ ʚ ʧʨʠʣʝʛʣʽʡ ʚʦʜʦʡʤʽ (ʧʨʠ ʾʾ ʥʘʷʚʥʦʩʪʽ); 

ʨʝʞʠʤʦʤ ʚʦʣʦʛʦʩʪʽ ˇʨʫʥʪʽʚ ʫ ʟʦʥʽ ʘʝʨʘʮʽʾ ï ʟ ʤʝʪʦʶ ʚʠʚʯʝʥʥʷ ʾʭ ʚʦʜʥʦ-ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢ. ʊʘʢʦʞ ʧʨʦʚʦʜʠʪʴʩʷ ʟʙʽʨ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʜʝʬʦʨʤʘʮʽʾ ʩʧʦ-

ʨʫʜ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʽʩʪʦʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ [2]. 

ɺʘʨʽʘʥʪ ʩʭʝʤʠ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʦ ʪʝʤʘʪʠʯʥʠʭ ʨʦʟʜʽʣʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ 

ʚʠʛʣʷʜʽ ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ ʘʙʦ, ʫ ʚʠʧʘʜʢʫ ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʘʟʠ ʜʘʥʠʭ ʧʨʦ ʩʪʘʥ ʧʘʤ'-

ʷʪʥʠʢʘ, ʫ ʚʠʛʣʷʜʽ ʙʣʦʢʽʚ. ɹʣʦʢʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʽʜʢʨʠʪʽ ʜʣʷ ʚʥʝʩʝʥʥʷ ʚ ʥʠʭ ʥʦʚʠʭ ʜʘʥʠʭ ʽ ʨʝ-

ʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ. ʅʘʤʠ ʟʘʩʪʦʩʦʚʘʥʽ ʫʥʽʬʽʢʦʚʘʥʽ ʧʦʢʘʟʥʠʢʠ - çʢʣʶʯʦʚʽ ʽʥʜʠʢʘʪʦʨʠè ʚʧʣʠ-

ʚʫ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʩʪʘʥ ʽʩʪʦʨʠʯʥʦʛʦ ʦʙôʻʢʪʫ, ʱʦ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 2, [3]. 

ʊʘʙʣʠʮʷ 2. ɹʣʦʢʠ ʽʥʬʦʨʤʘʮʽʾ ʟ çʢʣʶʯʦʚʠʭ ʽʥʜʠʢʘʪʦʨʽʚè ʚʧʣʠʚʫ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠ-

ʱʘ (ɻʉ) ʥʘ ʩʪʘʥ ʽʩʪʦʨʠʯʥʦʛʦ ʦʙôʻʢʪʫ. 

 ̄ʙʣʦʢʫ ɿʤʽʩʪ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʙʣʦʢʫ 
çʂʣʶʯʦʚʽ ʽʥʜʠʢʘʪʦʨʠè ʚʧʣʠʚʫ ɻʉ ʥʘ ʩʪʘʥ ʽʩʪʦʨʠ-

ʯʥʦʛʦ ʦʙôʻʢʪʫ 

ɹʃʆʂ 1 

ʆʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʛʝʦʤʦʨʬʦʣʦ-

ʛʽʯʥʠʭ ʫʤʦʚ 

ʋʟʘʛʘʣʴʥʝʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʣʴʻʬʫ (ʨʽʚʥʠʥʠ, 

ʛʦʨʠ) 

ʂʫʪ ʥʘʭʠʣʫ ʜʝʥʥʦʾ ʧʦʚʝʨʭʥʽ 

ʉʪʫʧʽʥʴ ʨʦʟʯʣʝʥʦʚʘʥʦʩʪʽ ʨʝʣʴʻʬʫ 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʦʣʦ-

ʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʪʝʨʠʪʦʨʽʾ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʘʤôʷʪʢʠ. 

ʉʢʣʘʜʥʽʩʪʴ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʪʝʨʠʪʦʨʽʾ 

ʃʽʪʦʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʧʦʨʽʜ 

ʆʜʥʦʨʽʜʥʽʩʪʴ ʪʘ ʫʤʦʚʠ ʟʘʣʷʛʘʥʥʷ  

ɺʠʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʦʥʩ-

ʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʧʦʨʫʜʠ ʽ 

ʾʭ ʩʪʘʥ 

ɺʽʜʭʠʣʝʥʥʷ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʜ ʚʝʨʪʠʢʘʣʽ 

ʆʩʽʜʘʥʥʷ (ʧʽʜʥʽʤʘʥʥʷ) ʦʜʥʠʭ ʯʘʩʪʠʥ ʙʫʜʠʥʢʫ ʘʙʦ 

ʩʧʦʨʫʜʠ ʱʦʜʦ ʽʥʰʠʭ 

ʈʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥ ʽ ʩʪʠʢʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʥʝʩʫʯʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʨʦʟʭʦʜʞʝʥʥʷ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ɹʃʆʂ 2 

ʉʪʘʥ ˇʨʫʥʪʽʚ ʦʩʥʦʚ.  
ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʚʦʣʦʛʽʩʪʴ, ʟʘʩʦʣʝ-

ʥʽʩʪʴ, ʽ ʪ.ʧ. 

ɻʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʪʝʨʠʪʦʨʽʾ 

ʂʽʣʴʢʽʩʪʴ ʛʦʨʠʟʦʥʪʽʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜ 

ɺʠʪʨʠʤʘʥʽʩʪʴ ʧʦ ʧʨʦʩʪʷʛʘʥʥʶ 

ʈʝʞʠʤ ʪʘ ʦʙʚʦʜʥʝʥʽʩʪʴ ʛʦʨʠʟʦʥʪʽʚ 

ɹʃʆʂ ɿ 
ɼʘʥʽ ʧʨʦ ʦʩʥʦʚʥʽ ʨʫʡʥʫʶʯʽ ʧʨʦ-

ʮʝʩʠ 

ʋʨʘʞʝʥʽʩʪʴ ʪʝʨʠʪʦʨʽʾ ʨʫʡʥʽʚʥʠʤʠ ʝʢʟʦʛʝʥʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ 

ʐʚʠʜʢʽʩʪʴ ʨʦʟʚʠʪʢʫ ʨʫʡʥʽʚʥʠʭ ʧʨʦʮʝʩʽʚ 

ɹʃʆʂ 4 
ʇʨʦʛʥʦʟ ʟʤʽʥ ʩʪʘʥʫ ʦʙô̒ ʢʪʽʚ ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ. ʈʦʟʨʦʙʢʘ ʟʘʭʦʜʽʚ ʟ ʦʭʦʨʦʥʠ ʪʘ 

ʚʽʜʚʝʨʥʝʥʥʶ ʜʽʾ ʨʫʡʥʽʚʥʠʭ ʧʨʦʮʝʩʽʚ 
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ɼʦ ʙʣʦʢʽʚ ʟʘʥʦʩʠʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʪʘʥ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʡʦʛʦ ʦʩʥʦʚʥʽ ʭʘʨʘ-

ʢʪʝʨʠʩʪʠʢʠ: ʨʝʣʴʻʬ ʪʘ ʛʝʦʤʦʨʬʦʣʦʛʽʶ ʪʝʨʠʪʦʨʽʾ, ʜʘʥʽ ʧʨʦ ʨʝʞʠʤ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ. ʊʘʢʦʞ ʩʶ-

ʜʠ ʚʥʦʩʷʪʴʩʷ ʜʘʥʽ ʧʨʦ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʧʦʨʫʜ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʜʽʘʛʥʦʩʪʠʢʠ ʧʦʰʢʦʜʞʝʥʴ ʽ ʩʪʘʥʫ ʧʘʤ'ʷʪʥʠʢʽʚ ʜʦʮʽʣʴʥʠʤ ʻ 

ʦʙ'ʻʜʥʘʥʥʷ ʫʩʽʭ ʤʝʪʦʜʽʚ ʚ ʻʜʠʥʫ ʩʠʩʪʝʤʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʛʨʫʧʠ ʤʝʪʦʜʽʚ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʩʣʽ-

ʜʞʝʥʴ. ʎʝ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʟʤʽʥʘʤʠ ʫ ʩʠʩʪʝʤʽ çʦʙô̒ ʢʪ ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ ī 

ʩʝʨʝʜʦʚʠʱʝè. 
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ɸʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʩʪʘʥʦʚʦʢ ʧʥʝʚ-

ʤʦʪʨʘʥʩʧʦʨʪʘ ʩʳʧʫʯʠʭ ʘʙʨʘʟʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʀʟ-ʟʘ ʠʟʥʦʩʘ ʪʨʫʙ ʫʭʫʜʰʘʝʪʩʷ ʵʢʦʥʦʤʠʯʝ-

ʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʘ, ʩʥʠʞʘʝʪʩʷ ʝʛʦ ʥʘʜʝʞʥʦʩʪʴ. ɼʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ 

ʥʘʨʫʰʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʧʨʠʚʦʜʷʪ ʢ ʧʦʩʪʦʷʥʥʦʤʫ ʧʳʣʝʥʠʶ ʠʣʠ ʟʘʣʧʦʚʳʤ 

ʚʳʙʨʦʩʘʤ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʣʦʢʘʣʴʥʦʝ ʫʭʫʜʰʝʥʠʝ ʵʢʦʣʦʛʠ-

ʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ. ʆʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʩʫʱʝʩʪʚʫʶʪ ʫʞʝ ʩʝʛʦʜʥʷ! 

Abstract 

Abrasion wear is one of the main issues of pneumatic conveying systems for loose abrasive 

materials. Due to the wear of pipes deteriorates the economic efficiency pneumatic conveying and 

decreases reliability. Even minor violations of the pipelines integrity leads to constant dusting or 

huge emissions of transported material, which entails local environmental degradation. However, 

today already existed effective solutions to this problem! 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ, ʧʥʝʚʤʘʪʠʯʝʩʢʠʡ ʪʨʫʙʦʧʨʦʚʦʜ, ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪ 

Keywords: abrasion wear, pneumatic pipeline, pneumatic conveying systems 

  

ɸʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʪʨʘʥʩ-

ʧʦʨʪʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦ ʩʪʝʥʢʦʡ ʪʨʫʙʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʩʨʝʟʘʶʪʩʷ ʤʠʢʨʦʩʢʦʧʠʯʝ-

ʩʢʠʝ ʩʪʨʫʞʢʠ ʤʝʪʘʣʣʘ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʕʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʞʜʫ ʩʪʝʥʢʘʤʠ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʪʫʨʙʫʣʠʟʠʨʦʚʘʥʥʳʤ ʜʚʫʭʬʘʟʥʳʤ ʧʦʪʦʢʦʤ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʨʘʥʩʧʦʨʪʠʨʫ-

ʝʤʳʝ ʯʘʩʪʠʮʳ ʘʪʘʢʫʶʪ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦʜ ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʘʤʠ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ, ʦʧʨʝʜʝʣʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠ ʦʧʠʩʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʠʬʨʘʢʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʘʙʨʘʟʠʚʥʳʭ 

ʯʘʩʪʠʮ ʩʦ ʩʪʝʥʢʘʤʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʦʩʴ ʢʦʪʦʨʳʭ ʩʦʚʧʘʜʘʝʪ ʠʣʠ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʷʤʠ ʧʥʝʚ-

ʤʦʪʨʘʥʩʧʦʨʪʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ.  

ɸʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ ʧʦʜʚʝʨʞʝʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʥʳʭ 

ʫʩʪʘʥʦʚʦʢ, ʥʦ ʧʦʚʳʰʝʥʥʳʡ ʘʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʥʝʚʤʦʪ-

ʨʘʥʩʧʦʨʪʥʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʘʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʘ ʠʤʝʥʥʦ ʚ 

ʪʝʭ ʤʝʩʪʘʭ, ʛʜʝ ʦʩʴ ʧʳʣʝʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʥʘʧʨʘʚʣʝʥʘ ʧʦʜ ʫʛʣʦʤ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦʧʨʦ-

ʚʦʜʦʚ. ʂ ʪʘʢʠʤ ʵʣʝʤʝʥʪʘʤ ʦʪʥʦʩʷʪʩʷ: ʟʘʧʦʨʥʦ-ʨʝʛʫʣʠʨʫʶʱʘʷ ʘʨʤʘʪʫʨʘ, ʢʦʣʝʥʘ ʧʦʚʦʨʦʪʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʪʨʦʡʥʠʢʠ, ʧʝʨʝʭʦʜʳ, ʧʝʨʝʢʣʶʯʘʪʝʣʠ ʧʦʪʦʢʦʚ [1].  

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʥʘ ʘʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ 

ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʠ ʜʠʘʧʘʟʦʥʳ ʠʟʤʝʥʝʥʠʷ ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝ-

ʣʝʡ [1]. 

 



38 

ʊʘʙʣʠʮʘ 1 - ʌʘʢʪʦʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʥʘ ʘʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʥʳʭ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

 
 

ɸʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ, ʚ ʦʙʱʝʤ ʚʠʜʝ, ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʨʘʥʩʧʦʨ-

ʪʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʤʘʪʝʨʠʘʣʘ ʪʨʫʙ ʠ ʫʩʣʦʚʠʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ [2]. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ:  

- ʩʢʦʨʦʩʪʴ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ;  

- ʫʛʦʣ ʘʪʘʢʠ (ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʯʘʩʪʠʮʳ ʠ ʩʪʝʥʢʦʡ ʪʨʫʙʦ-

ʧʨʦʚʦʜʘ);  

- ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʝʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ;  

- ʜʠʘʤʝʪʨ ʠ ʬʦʨʤʘ ʯʘʩʪʠʮ;  

- ʩʪʝʧʝʥʴ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʄʝʨʦʧʨʠʷʪʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʦʩʘ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 2 ʛʨʫʧʧʳ: ʨʝʞʠʤʥʳʝ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ [3].  

ʂ ʦʩʥʦʚʥʳʤ ʨʝʞʠʤʥʳʤ ʤʝʨʦʧʨʠʷʪʠʷ ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ:  

- ʧʨʦʚʦʨʦʪ ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʥʘʢʣʦʥʥʳʭ ʫʯʘʩʪʢʦʚ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 
ʚʦʢʨʫʛ ʠʭ ʦʩʠ ʥʘ ʫʛʦʣ 70-80Ü;  

- ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʧʳʣʝʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʩ ʦʧʪʠʤʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ [4,5]. 

ʂʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʤʝʨʦʧʨʠʷʪʠʡ ʦʪʥʦʩʷʪʩʷ:  

- ʦʧʪʠʤʠʟʘʮʠʷ ʬʦʨʤʳ ʬʘʩʦʥʥʳʭ ʫʯʘʩʪʢʦʚ ʪʨʫʙʦʧʨʦʚʦʜʦʚ;  

- ʧʨʠʤʝʥʝʥʠʝ ʘʥʪʠʘʙʨʘʟʠʚʥʳʭ ʚʩʪʘʚʦʢ ʚ ʢʦʣʝʥʘ ʧʦʚʦʨʦʪʦʚ ʪʨʫʙʦʧʨʦʚʦʜʦʚ;  
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- ʥʘʥʝʩʝʥʠʝ ʘʥʪʠʘʙʨʘʟʠʚʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʚʥʫʪʨʝʥʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʥʳʭ 

ʬʘʩʦʥʥʳʭ ʫʯʘʩʪʢʦʚ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʜʨʫʛʠʝ.  

ʇʨʦʚʦʨʦʪ ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʥʘʢʣʦʥʥʳʭ ʫʯʘʩʪʢʦʚ ʧʳʣʝʧʨʦʚʦʜʦʚ ʚʦʢʨʫʛ 

ʠʭ ʦʩʠ. ʆʙʳʯʥʦ ʧʨʷʤʦʣʠʥʝʡʥʳʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʠ ʥʘʢʣʦʥʥʳʝ ʫʯʘʩʪʢʠ ʧʳʣʝʧʨʦʚʦʜʦʚ, ʧʦʜ-

ʚʝʨʞʝʥʥʳʝ ʠʥʪʝʥʩʠʚʥʦʤʫ ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ, ʧʨʦʚʦʨʘʯʠʚʘʶʪ ʚʦʢʨʫʛ ʦʩʠ 3 ʨʘʟʘ, ʯʪʦ ʧʦʟʚʦ-

ʣʷʝʪ ʧʨʦʜʣʠʪʴ ʩʨʦʢ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ 4 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʯʝʪʥʳʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝ ʤʝʥʝʝ, ʯʝʤ ʚ 4 ʨʘʟʘ ʜʦ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʭ ʟʘʤʝʥʳ. 

ʊʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʧʳʣʝʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʩ ʦʧʪʠʤʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɽʩʣʠ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʧʳʣʝʧʨʦʚʦʜʘ ʥʝ ʙʳʣʠ ʫʯʪʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʠ ʤʘʩʩʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʳʣʝʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ, ʪʦ ʘʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ ʦʪʜʝʣʴʥʳʭ ʝʛʦ ʫʯʘʩʪʢʦʚ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʙʦʣʴʰʠʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʫʯʘʩʪʢʘʤʠ. ɼʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʩʦʟʜʘʚʰʝʛʦʩʷ ʧʦʣʦ-

ʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʩʝʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

[4,5] ʠ ʫʩʪʘʥʦʚʠʪʴ ʪʨʫʙʳ ʨʘʩʯʝʪʥʦʛʦ ʜʠʘʤʝʪʨʘ ʥʘ ʥʘʠʙʦʣʝʝ ʠʟʥʘʰʠʚʘʝʤʳʭ ʝʛʦ ʫʯʘʩʪʢʘʭ.  

ʆʧʪʠʤʠʟʘʮʠʷ ʬʦʨʤʳ ʬʘʩʦʥʥʳʭ ʫʯʘʩʪʢʦʚ ʧʳʣʝʧʨʦʚʦʜʦʚ. ʊʘʢ ʢʘʢ ʥʘʠʙʦʣʝʝ ʠʟʥʘʰʠʚʘʝ-

ʤʳʤʠ ʫʯʘʩʪʢʘʤʠ ʧʳʣʝʧʨʦʚʦʜʦʚ ʷʚʣʷʶʪʩʷ ʢʦʣʝʥʘ ʧʦʚʦʨʦʪʦʚ, ʪʨʦʡʥʠʢʠ, ʧʝʨʝʢʣʶʯʘʪʝʣʠ ʠ ʜʨʫ-

ʛʘʷ ʘʨʤʘʪʫʨʘ, ʪʦ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʳʣʝʧʨʦʚʦʜʦʚ ʠʭ ʯʠʩʣʦ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʠʥʷʪʦ ʤʠʥʠ-

ʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ, ʘ ʬʘʩʦʥʥʳʝ ʫʯʘʩʪʢʠ ʜʦʣʞʥʳ ʠʤʝʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʦʪ-

ʥʦʰʝʥʠʠ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʦʩʘ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʬʦʨʤʘ ʜʠʬʬʫʟʦʨʥʦʛʦ ʧʝʨʝʭʦʜ ʩ ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʘ ʩʪʫʧʝʥʯʘʪʦʛʦ ʧʳʣʝʧʨʦʚʦʜʘ ʥʘ ʙʦʣʴʰʠʡ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʠ ʘʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ ʢʘʢ ʚ ʩʘʤʦʤ ʜʠʬʬʫʟʦʨʥʦʤ ʧʝʨʝ-

ʭʦʜʝ, ʪʘʢ ʠ ʥʘ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʥʝʤʫ ʫʯʘʩʪʢʘʭ ʧʳʣʝʧʨʦʚʦʜʦʚ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [5] ʨʝʢʦʤʝʥʜʫ-

ʝʤʘʷ ʬʦʨʤʘ ʧʝʨʝʭʦʜʘ ʦʧʠʩʘʥʘ ʬʦʨʤʫʣʦʡ 1.  

ɼʣʠʥʘ ʜʠʬʬʫʟʦʨʥʦʛʦ ʧʝʨʝʭʦʜʘ Lʜʠʬ: 
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ʛʜʝ D1 ʠ D2 - ʚʥʫʪʨʝʥʥʠʝ ʜʠʘʤʝʪʨʳ ʪʨʫʙ ʜʦ ʠ ʧʦʩʣʝ ʜʠʬʬʫʟʦʨʥʦʛʦ ʧʝʨʝʭʦʜʘ. 

ɼʣʠʥʳ ʫʯʘʩʪʢʦʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʳʣʝʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʦʧʨʝʜʝʣʷʶʪ-

ʩʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ: L1 ² 20 D1 ʠ L2 ² 30 D2; ʫʛʦʣ ʜʠʬʬʫʟʦʨʘ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 15 ̄ʚʦ ʠʟ-

ʙʝʞʘʥʠʝ ʦʪʨʳʚʘ ʧʳʣʝʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʦʪ ʩʪʝʥʦʢ ʪʨʫʙʳ, ʯʪʦ ʧʦʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʫʚʝʣʠʯʝʥʠʝ 

ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ ʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʶ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʦʩʘ ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʚʠʭʨʝʚʳʭ ʟʦʥ ʚ 

ʧʨʠʩʪʝʥʦʯʥʦʡ ʦʙʣʘʩʪʠ ʩʘʤʦʛʦ ʜʠʬʬʫʟʦʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʠ ʧʨʠʣʝʛʘʶʱʝʛʦ ʢ ʥʝʤʫ ʫʯʘʩʪʢʘ ʧʳ-

ʣʝʧʨʦʚʦʜʘ (ʨʠʩʫʥʢʠ 1 ʠ 2).  

 
Lʇɽʈ ï ʦʙʱʘʷ ʜʣʠʥʘ ʧʝʨʝʭʦʜʘ ʩ ʫʯʝʪʦʤ ʜʣʠʥ ʫʯʘʩʪʢʦʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʧʳʣʝʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ; Lɼʀʌ ï ʜʣʠʥʘ ʜʠʬʬʫʟʦʨʥʦʛʦ ʧʝʨʝʭʦʜʘ; D1 ʠ D2 ï ʚʥʫʪʨʝʥʥʠʝ ʜʠʘ-

ʤʝʪʨʳ ʪʨʫʙ ʜʦ ʠ ʧʦʩʣʝ ʜʠʬʬʫʟʦʨʥʦʛʦ ʧʝʨʝʭʦʜʘ; L1 ʠ L2 ï ʫʯʘʩʪʢʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠ-

ʣʠʟʘʮʠʠ ʧʳʣʝʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʜʦ ʠ ʧʦʩʣʝ ʜʠʬʬʫʟʦʨʥʦʛʦ ʧʝʨʝʭʦʜʘ; a ï ʫʛʦʣ ʜʠʬʬʫʟʦʨʥʦʛʦ 

ʧʝʨʝʭʦʜʘ. 

ʈʠʩʫʥʦʢ 1 - ʌʦʨʤʘ ʜʠʬʬʫʟʦʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʩ ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʘ ʪʨʫʙ ʥʘ ʙʦʣʴʰʠʡ ʧʨʠ 

ʩʪʫʧʝʥʯʘʪʦʤ ʚʳʧʦʣʥʝʥʠʠ ʧʳʣʝʧʨʦʚʦʜʦʚ 



40 

 
Lʋʏ ï ʜʣʠʥʘ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ (ʚʝʨʪʠʢʘʣʴʥʦʛʦ) ʫʯʘʩʪʢʘ ʧʨʠ ʩʣʦʞʥʦʡ 

ʪʨʘʩʩʝ ʧʥʝʚʤʦʟʦʣʦʧʨʦʚʦʜʦʚ; L1 ï ʜʣʠʥʘ ʫʯʘʩʪʢʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʟʦʣʦʚʦʟ-

ʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʤʝʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ; L2 ï ʪʦ ʞʝ, ʥʦ ʧʝʨʝʜ ʤʝʩʪʥʳʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. 

 

ʈʠʩʫʥʦʢ 2 - ʉʭʝʤʘ ʫʯʘʩʪʢʘ ʧʥʝʚʤʦʟʦʣʦʧʨʦʚʦʜʘ 

 

ɺʳʧʦʣʥʝʥʠʝ ʫʯʘʩʪʢʦʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʪʦʢʦʚ ʥʘ ʚʭʦʜʝ ʚ ʬʘʩʦʥʥʳʝ 

ʫʯʘʩʪʢʠ ʧʳʣʝʧʨʦʚʦʜʦʚ ʠ ʚʳʭʦʜʝ ʠʟ ʥʠʭ ʩ ʫʯʝʪʦʤ ʟʦʥʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʟʥʦʩʘ. ʇʦʚʳʰʝʥʥʦʤʫ 

ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ ʧʨʠ ʚʩʝʭ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʜʚʝʨʞʝʥʳ ʫʯʘʩʪʢʠ ʧʳʣʝʧʨʦʚʦʜʦʚ 

ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʠʟ ʢʦʣʝʥ ʧʦʚʦʨʦʪʦʚ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʜʠʬʬʫʟʦʨʦʚ, ʟʘʧʦʨʥʦ-ʨʝʛʫʣʠʨʫʶʱʝʡ ʠ 

ʧʝʨʝʢʣʶʯʘʶʱʝʡ ʘʨʤʘʪʫʨʳ (ʨʠʩʫʥʢʠ 1 ʠ 2).  

ʉʦʛʣʘʩʥʦ [5], ʩʫʤʤʘʨʥʘʷ ʜʣʠʥʘ ʫʯʘʩʪʢʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʳʣʝʚʦʟʜʫʰ-

ʥʦʛʦ ʧʦʪʦʢʘ Lʩʪʘʙ ʜʣʷ ʩʣʫʯʘʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 2, ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʶ:  

Lʩʪʘʙ Ó 50D, (2) 

ʛʜʝ D - ʜʠʘʤʝʪʨ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʆʜʥʘʢʦ ʠʥʪʝʥʩʠʚʥʦʤʫ ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [4] ʧʦʜʚʝʨʞʝʥʳ ʫʯʘʩʪʢʠ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʝ ʧʦ ʚʩʝʡ ʜʣʠʥʝ, ʘ ʪʦʣʴʢʦ ʚ ʯʘʩʪʷʭ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ-

ʣʝʛʘʶʱʠʭ ʢ ʚʦʟʤʫʱʘʶʱʠʤ ʵʣʝʤʝʥʪʘʤ ʧʳʣʝʧʨʦʚʦʜʦʚ. ʇʦʵʪʦʤʫ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʯʘʩʪʦʛʦ ʨʝ-

ʤʦʥʪʘ ʠʣʠ ʟʘʤʝʥʳ ʥʘʠʙʦʣʝʝ ʠʟʥʘʰʠʚʘʝʤʳʭ ʫʯʘʩʪʢʦʚ ʧʳʣʝʧʨʦʚʦʜʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʥʘ ʚʭʦʜʝ ʚ ʬʘʩʦʥʥʳʝ ʫʯʘʩʪʢʠ ʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʥʠʭ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʧʘʪʨʫʙʢʠ ʩ ʘʥʪʠʘ-

ʙʨʘʟʠʚʥʳʤ ʧʦʢʨʳʪʠʝʤ ʠʣʠ ʩ ʧʦʚʳʰʝʥʥʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʜʣʠʥʦʡ ʥʝ ʤʝʥʝʝ 5D ʢʘʞʜʳʡ.  

ʇʨʠʤʝʥʝʥʠʝ ʘʥʪʠʘʙʨʘʟʠʚʥʳʭ ʚʩʪʘʚʦʢ ʚ ʢʦʣʝʥʘ ʧʦʚʦʨʦʪʦʚ ʧʳʣʝʧʨʦʚʦʜʦʚ. ɸʥʪʠʘʙʨʘʟʠʚ-

ʥʳʝ ʚʩʪʘʚʢʠ ʩʥʠʞʘʶʪ ʩʢʦʨʦʩʪʴ ʠʟʥʦʩʘ. ʉʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠʟʥʦʩʘ ʟʘʚʠʩʠʪ ʦʪ ʤʘʪʝʨʠʘʣʘ 

ʚʩʪʘʚʦʢ ʠ ʥʘ ʧʨʘʢʪʠʢʝ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 20% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʘʥʥʳʤʠ ʜʣʷ ʪʘʢʠʭ ʞʝ ʢʦʣʝʥ 

ʧʦʚʦʨʦʪʦʚ ʧʳʣʝʧʨʦʚʦʜʦʚ ʙʝʟ ʚʩʪʘʚʦʢ.  

ʇʨʠʤʝʥʝʥʠʝ ʢʘʤʥʝʣʠʪʳʭ ʠʟʜʝʣʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʩʪʘʚʦʢ ʠʟ ʙʘʟʘʣʴʪʦʚʦʛʦ ʣʠʪʴʷ ʚ ʬʘ-

ʩʦʥʥʳʭ ʫʯʘʩʪʢʘʭ ʠ ʧʘʪʨʫʙʢʘʭ ʥʘ ʫʯʘʩʪʢʘʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʳʣʝʚʦʟʜʫʰʥʳʭ 

ʧʦʪʦʢʦʚ ʧʳʣʝʧʨʦʚʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʠʭ ʠʟʥʦʩʦ- ʠ ʢʠʩʣʦʪʦʩʪʦʡʢʦʩʪʴ.  

ʇʨʠ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʪʘʥʦʚʦʢ ʙʳʣʦ ʫʩʪʘʥʦʚ-

ʣʝʥʦ, ʯʪʦ ʤʝʞʨʝʤʦʥʪʥʳʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʟʘʱʠʱʝʥʥʦʛʦ ʢʘʤʝʥʥʳʤ ʣʠʪʴʝʤ, 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 4-6 ʨʘʟ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʫʙ ʩ ʘʣʶʤʦʪʝʨʤʠʯʝʩʢʠʤ ʧʦʢʨʳʪʠʝʤ. ʊʨʫʙʳ ʩ ʘʣʶʤʦʪʝʨʤʠʯʝʩʢʠʤ ʧʦ-

ʢʨʳʪʠʝʤ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʛʠʜʨʦʟʦʣʦʫʜʘʣʝʥʠʷ ʥʘ ʇʘʚʣʦʜʘʨʩʢʠʭ ʊʕʎ-1 ʠ ʊʕʎ-2 (ʦʢʦ-

ʣʦ 30 ʣʝʪ), ʧʳʣʝʧʦʜʘʯʠ ʈʝʬʪʠʥʩʢʦʡ ɻʈʕʉ (ʙʦʣʝʝ 22 ʣʝʪ) ʠ ʧʥʝʚʤʦʟʦʣʦʫʜʘʣʝʥʠʷ ɸʢʩʫʩʩʢʦʡ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ʙʦʣʝʝ 16 ʣʝʪ). ʇʳʣʝʧʨʦʚʦʜʳ ʩ ʘʣʶʤʦʪʝʨʤʠʯʝʩʢʠʤ ʧʦʢʨʳʪʠʝʤ ʠʤʝʶʪ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʙʦʣʴʰʫʶ ʘʙʨʘʟʠʚʥʫʶ ʩʪʦʡʢʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʦʡʢʦʩʪʴʶ ʧʳʣʝʧʨʦʚʦʜʦʚ, ʚʳʧʦʣ-

ʥʝʥʥʳʭ ʠʟ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢ ʧʨʷʤʦʣʠ-

ʥʝʡʥʳʤ, ʥʦ ʠ ʢ ʬʘʩʦʥʥʳʤ ʫʯʘʩʪʢʘʤ ʧʳʣʝʧʨʦʚʦʜʦʚ. ʆʮʝʥʦʯʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʧʳʣʝʧʨʦʚʦʜʦʚ ʩ 

ʘʣʶʤʦʪʝʨʤʠʯʝʩʢʠʤ ʧʦʢʨʳʪʠʝʤ, ʧʦ ʤʥʝʥʠʶ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʧʨʝʜʧʨʠʷʪʠʷ-ʠʟʛʦʪʦʚʠʪʝʣʷ, ʧʨʠ-

ʙʣʠʟʠʪʝʣʴʥʦ ʚ 10 ʨʘʟ ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʦʢʦʤ ʩʣʫʞʙʳ ʧʳʣʝʧʨʦʚʦʜʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ 

ʠʟ ʩʪʘʣʠ ʤʘʨʢʠ ʉʪ.5  
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ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ 

1. ʆʪʢʨʳʪʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ "ʅʘʠʣʫʯʰʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʨʠʨʦʜʦʦʭʨʘʥ-
ʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʵʥʝʨʛʝʪʠʢʝ ʈʦʩʩʠʠ". ʈʘʟʜʝʣ ʪʨʝʪʠʡ. ʆʙʨʘʱʝʥʠʝ ʩ ʟʦʣʦʰʣʘʢʘʤʠ. 3.2 ʉʠʩʪʝ-

ʤʘ ʟʦʣʦʰʣʘʢʦʫʜʘʣʝʥʠʷ ʊʕʉ 3.2.2. ɿʦʣʦʫʜʘʣʝʥʠʝ 3.2.2.8. ʆʮʝʥʢʘ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʦʩʘ ʪʨʫʙʦ-

ʧʨʦʚʦʜʦʚ ʫʩʪʘʥʦʚʦʢ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʘ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ /ʇʫʪʠʣʦʚʘ 

ʀ.ɺ., ʇʫʪʠʣʦʚ ɺ.ʗ., ʄʕʀ (ʊʋ) 

2. ʇʨʦʭʦʨʦʚ ɺ.ɹ., ʇʫʪʠʣʦʚ ɺ.ʗ., ʇʫʪʠʣʦʚʘ ʀ.ɺ. ʠ ʜʨ. ʅʘʫʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʢʦʥʮʝʧʮʠʠ 

ʠ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʵʥʝʨʛʦʙʣʦʢʦʚ ʊʕʉ: ʟʘʢʣʶ-

ʯʠʪʝʣʴʥʳʡ ʦʪʯʝʪ, ˉɻ.ʈ.01200001463.- ʄ.:ʄʕʀ.-2002. ï 157 ʩ. ʆʪʯʝʪ ʧʦ ʅʀʈ ʄʕʀ, (ʟʘʢʣʶ-

ʯʠʪʝʣʴʥʳʡ).  

3. ʆʪʢʨʳʪʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ "ʅʘʠʣʫʯʰʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʨʠʨʦʜʦʦʭʨʘʥ-
ʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʵʥʝʨʛʝʪʠʢʝ ʈʦʩʩʠʠ". ʈʘʟʜʝʣ ʪʨʝʪʠʡ. ʆʙʨʘʱʝʥʠʝ ʩ ʟʦʣʦʰʣʘʢʘʤʠ. 3.2 ʉʠʩʪʝ-

ʤʘ ʟʦʣʦʰʣʘʢʦʫʜʘʣʝʥʠʷ ʊʕʉ 3.2.2. ɿʦʣʦʫʜʘʣʝʥʠʝ 3.2.2.6. ʆʮʝʥʢʘ ʤʝʞʨʝʤʦʥʪʥʦʛʦ ʩʨʦʢʘ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʫʩʪʘʥʦʚʦʢ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʘ ʟʦʣʳ ʠ ʫʛʦʣʴʥʦʡ ʧʳʣʠ ʊʕʉ ʠ ʨʝʢʦ-

ʤʝʥʜʘʮʠʠ ʧʦ ʝʛʦ ʧʦʚʳʰʝʥʠʶ /ʇʫʪʠʣʦʚʘ ʀ.ɺ., ʇʫʪʠʣʦʚ ɺ.ʗ., ʄʕʀ(ʊʋ) 

4. ʈɼ 153-34.1-27.512-2001. ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʨʘʩʯʝʪʫ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʩʥʠʞʝʥʠʶ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʦʩʘ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩʠʩʪʝʤ ʧʳʣʝʧʨʠʛʦʪʦʚʣʝ-

ʥʠʷ ʠ ʟʦʣʦʰʣʘʢʦʫʜʘʣʝʥʠʷ ʊʕʉ / ɺ.ʗ. ʇʫʪʠʣʦʚ, ʀ.ɺ. ʇʫʪʠʣʦʚʘ, ɹ.ʃ. ɺʠʰʥʷ ʠ ʜʨ. ʄ.: ʄʕʀ 

(ʊʋ), 2001. 

5. ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʩʠʩʪʝʤ ʧʥʝʚʤʦʫʜʘʣʝʥʠʷ ʟʦʣʳ ʦʪ ʢʦʪ-
ʣʦʘʛʨʝʛʘʪʦʚ ʊʕʉ, ʫʩʪʘʥʦʚʦʢ ʦʪʧʫʩʢʘ ʩʫʭʦʡ ʟʦʣʳ ʧʦʪʨʝʙʠʪʝʣʷʤ ʠ ʦʪʛʨʫʟʢʠ ʝʝ ʥʘ ʥʘʩʳʧʥʳʝ 

ʟʦʣʦʦʪʚʘʣʳ. ʈɼ 34.27.109-96. // ɺʠʰʥʷ ɹ.ʃ., ʇʫʪʠʣʦʚ ɺ.ʗ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ɸʆ çʋʨʘʣʪʝʭʵʥʝʨ-

ʛʦè, 1997. ï 170 ʩ.  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʩʪʘʚʠʪʩʷ ʧʨʦʙʣʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʦʚ ʢʦʥʮʝʧʮʠʠ ʢʦʣʣʝʢʮʠʠ 

ʢʦʩʪʶʤʦʚ ʚ ʧʨʦʮʝʩʩʝ ʜʠʟʘʡʥ-ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɼʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʠʜʦʚ ʢʦʣʣʝʢʮʠʡ, ʦʩʥʦʚ-

ʥʳʭ ʵʪʘʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʚʪʦʨʩʢʦʡ ʢʦʣʣʝʢʮʠʠ. ɺ ʩʪʘʪʴʝ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʫʯʝʙʥʳʭ ʜʠʩʮʠʧʣʠʥ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ. ʀ ʮʝʣʝ-

ʩʦʦʙʨʘʟʥʦʩʪʠ ʦʙʫʯʝʥʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʢʦʣʣʝʢʮʠʡ ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʤʫ ʩʨʝʜʩʪʚʫ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʪʚʦʨʯʝʩʢʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʩʪʘʥʦʚʣʝʥʠʷ ʙʫʜʫʱʠʭ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʠʟʜʝ-

ʣʠʡ ʣʝʛʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

Abstract 

In article the problem of development of technologies and methods of the concept of a collec-

tion of suits in the course of design design is put. The characteristic of types of collections, main 

design stages of an author's collection is given. In article questions of improvement of maintenance 

of subject matters of vocational training are also considered. And expediency of training in design 

of collections as to an effective remedy for development of creative abilities and professional for-

mation of future designers of products of light industry. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʞʝʥʝʨ-ʢʦʥʩʪʨʫʢʪʦʨ, ʣʝʛʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ 

ʩʪʘʥʦʚʣʝʥʠʝ, ʢʦʣʣʝʢʮʠʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʪʚʦʨʯʝʩʪʚʦ. 

Keywords: design engineer, light industry, professional formation, collection, design, creativ-

ity. 

 

ɼʠʟʘʡʥʝʨʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʚʝʱʝʡ, ʥʦʚʳʭ ʢʘ-

ʯʝʩʪʚ ʠ ʥʦʚʳʭ ʬʫʥʢʮʠʡ ʧʨʝʜʤʝʪʥʦʡ ʩʨʝʜʳ, ʧʦʵʪʦʤʫ ʦʥʘ ʷʚʣʷʝʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʴʶ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʢʘʢ ʜʘʥʥʳʝ ʥʘʫʢʠ (ʩʦʮʠʦʣʦʛʠʠ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ), ʪʘʢ ʠ ʦʙʨʘʟʥʦ-ʘʩʩʦʮʠʘʪʠʚʥʳʝ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʥʘʧʦʣʥʠʪʴ ʬʦʨʤʫ 

ʩʤʳʩʣʦʤ ʠ ʩʦʮʠʦʢʫʣʴʪʫʨʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ. 

ʆʩʥʦʚʦʡ ʜʠʟʘʡʥʝʨʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʩʝʩʪʦʨʦʥʥʠʡ ʫʯʝʪ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʦ-

ʪʨʝʙʥʦʩʪʝʡ. 

ʆʩʥʦʚʥʳʤʠ ʵʪʘʧʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʜʝʞʜʳ ʷʚʣʷʶʪʩʷ: 

- ʘʥʘʣʠʟ ʧʨʝʜʧʨʦʝʢʪʥʦʡ ʩʠʪʫʘʮʠʠ; 

- ʩʠʥʪʝʟ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʠʧʘʭ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ; 

- ʨʘʟʨʘʙʦʪʢʘ ʪʚʦʨʯʝʩʢʦʡ ʢʦʥʮʝʧʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʢʘʢ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʧʨʦʝʢʪʥʳʤʠ ʟʘʜʘʯʘ-

ʤʠ, ʪʘʢ ʠ ʩ ʦʩʥʦʚʥʳʤʠ ʪʝʥʜʝʥʮʠʷʤʠ ʨʘʟʚʠʪʠʷ ʧʨʦʝʢʪʥʦʡ ʢʫʣʴʪʫʨʳ ʚ ʮʝʣʦʤ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ; 

- ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʧʦʠʩʢʝ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʭ ʚʘ-

ʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʧʨʦʝʢʪʥʦʡ ʟʘʜʘʯʠ. 

ʇʨʠ ʧʨʝʜʧʨʦʝʢʪʥʦʤ ʘʥʘʣʠʟʝ (ʧʨʝʜʧʨʦʝʢʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ) ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʜʘʥʥʳʝ ʦ 

ʞʝʣʘʝʤʳʭ ʬʫʥʢʮʠʷʭ ʚʝʱʠ, ʢʦʤʧʣʝʢʩʝ ʚʝʱʝʡ ʠʣʠ ʩʨʝʜʳ, ʦʙ ʦʙʣʠʢʝ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʠʟʜʝʣʠʷ ʠ 

ʩʨʝʜʳ, ʦ ʩʧʦʩʦʙʝ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʥʘʣʠʯʠʠ ʘʥʘʣʦʛʦʚ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʦʙʲʝʢʪʘ (ʘʥʘʣʦʛ ï ʠʟʜʝ-

ʣʠʝ, ʩʭʦʜʥʦʝ ʩ ʧʨʦʝʢʪʠʨʫʝʤʳʤ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʥʘʟʥʘʯʝʥʠʶ, ʧʨʠʥʮʠʧʫ ʜʝʡʩʪʚʠʷ, ʫʩʣʦ-

ʚʠʷʤ ʧʨʠʤʝʥʝʥʠʷ). ʇʨʝʜʧʨʦʝʢʪʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʣʷʝʪ ʥʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʟʜʝʣʠʡ, 

ʧʦʞʝʣʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʧʨʦʝʢʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʧʫʪʝʤ ʦʚʝ-

ʱʝʩʪʚʣʝʥʠʷ (ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ) ʠ ʛʘʨʤʦʥʠʟʘʮʠʠ (ʢʦʤʧʦʟʠʮʠʠ) ʦʙʲʝʢʪʘ. 

ʈʘʙʦʪʘ ʥʘʜ ʜʠʟʘʡʥ-ʧʨʦʝʢʪʦʤ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʥʝʦʙ-

ʭʦʜʠʤʦ ʨʝʰʠʪʴ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʆʧʨʝʜʝʣʷʶʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘʟʥʘʯʝʥʠʝ ʠ 

ʬʫʥʢʮʠʷ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʚʝʱʠ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʮʝ-

ʣʴʶ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʠʟʜʝʣʠʷ, ʪ.ʝ. ʧʨʠʜʘʥʠʝ ʝʤʫ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʠʜʘ (ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʦ ʧʨʦʪʦʪʠʧʘʤ, ʠʣʠ ʩʪʘʡʣʠʥʛ), ʪʘʢ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʦʚʝʨ-

ʰʝʥʥʦ ʥʦʚʦʛʦ ʠʟʜʝʣʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʡ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʠʣʠ ʥʝʠʟʚʝʩʪʥʦʛʦ 

ʨʘʥʝʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʥʮʠʧʘ. 
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ʊʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʦʜʳ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʮʝʧʮʠʠ ʢʦʣʣʝʢʮʠʠ ʢʦʩʪʶʤʦʚ ʚ ʧʨʦʮʝʩʩʝ ʜʠʟʘʡʥ-

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦʙʘʚʣʷʝʪʩʷ ʝʱʝ ʠ ʘʜʨʝʩʘʪ ʩʦ ʚʩʝʤ ʩʦʥʤʦʤ ʩʫʛʫʙʦ ʯʝʣʦʚʝʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. 

ʆʩʥʦʚʘ ʜʠʟʘʡʥʝʨʩʢʦʡ ʢʦʥʮʝʧʮʠʠ ʪʝʤ ʩʘʤʳʤ ʥʘʯʠʥʘʝʪ ʙʘʟʠʨʦʚʘʪʴʩʷ ʠʤʝʥʥʦ ʥʘ ʩʚʦʝʦʙʨʘʟʠʠ 

ʭʘʨʘʢʪʝʨʘ ʢʦʥʢʨʝʪʥʦʛʦ ʯʝʣʦʚʝʢʘ - çʛʝʨʦʷ ʚʨʝʤʝʥʠè, ʩʘʤʦʛʦ ʜʠʟʘʡʥʝʨʘ ʠ ʚʩʝ ʥʘʟʚʘʥʥʦʝ ʚ ʧʨʝ-

ʣʦʤʣʝʥʠʠ ʪʦʡ ʠʣʠ ʠʥʦʡ ʪʝʤʳ. ɿʥʘʯʠʪ, ʣʦʛʠʯʝʩʢʘʷ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʮʝʧʦʯʢʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʦʜʘ çʧʩʠʭʦʘʥʘʣʠʟè. ʇʦʪʦʤʫ ʯʪʦ ʫʯʠʪʳʚʘʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʩʚʦʝʦʙʨʘʟʠʝʪʪʠʧʘ ʪʚʦʨʯʝʩʢʦʡ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʠ ʜʠʟʘʡʥʝʨʘ ïçʥʘʩʪʨʦʝʥʠʝ ʜʠʟʘʡʥʝʨʘè (ʧʨʦ-

ʠʩʪʝʢʘʶʱʝʝ ʠʟ ʝʛʦ ʪʠʧʘ ʣʠʯʥʦʩʪʠ),ï ʩʚʦʝʦʙʨʘʟʠʝ ʪʝʢʫʱʠʭ ʤʦʜʥʳʭ ʪʝʥʜʝʥʮʠʡ ï çʥʘʩʪʨʦʝʥʠʝ 

ʚʨʝʤʝʥʠè. ɼʦʤʠʥʘʥʪʘ ʵʪʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ ʩʦʟʜʘʝʪ ʩʚʦʝʦʙʨʘʟʠʝ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʦʥʮʝʧʮʠʠ ʢʦʣʣʝʢʮʠʠ ʢʦʩʪʶʤʦʚ. ʋʩʠʣʝʥʥʳʡ ʫʯʝʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʝʣʘʝʪ 

ʵʪʦʪ ʚʠʜ ʜʠʟʘʡʥʝʨʩʢʦʛʦ ʪʚʦʨʯʝʩʪʚʘ ʧʨʝʜʝʣʴʥʦ ʩʫʙʲʝʢʪʠʚʠʨʦʚʘʥʥʳʤ, ʪʝʤ ʩʘʤʳʤ ʩʙʣʠʞʘʷ ʩ 

ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʠʩʢʫʩʩʪʚʘ ʧʦ ʦʙʱʥʦʩʪʠ ʧʨʠʩʫʪʩʪʚʠʷ ʣʠʯʥʦʩʪʠ ʩʘʤʦʛʦ ʩʦʟʜʘʪʝʣʷ ʚ ʢʦʥʝʯʥʦʤ 

ʨʝʟʫʣʴʪʘʪʝ ʪʚʦʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʊʘʢ ʢʘʢ ʢʦʩʪʶʤ ï ʵʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʙʨʘʟʥʘʷ ʩʠʩʪʝʤʘ, 

ʦʩʥʦʚʦʡ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟ ʯʝʣʦʚʝʢʘ, ʪʦ ʠ ʦʩʥʦʚʘ ʵʪʦʛʦ ʦʙʨʘʟʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʙʣʠʞʝʥʘ-

ʫʜʘʣʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʯʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʥʦ ʥʠʢʘʢ ʥʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ ʪʝʣʘ (ʯʪʦ ʢʘʢ ʨʘʟ ʷʚ-

ʣʷʝʪʩʷ ʧʨʝʨʦʛʘʪʠʚʦʡ ʦʜʝʞʜʳ)[1]. 

ʅʘ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ ʘʚʪʦʨʩʢʦʡ ʢʦʥʮʝʧʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʪʚʦʨʯʝʩʢʦʛʦ ʧʦ-

ʠʩʢʘ ʥʦʚʳʭ ʨʝʰʝʥʠʡ ʙʫʜʫʱʝʡ ʢʦʣʣʝʢʮʠʠ. ʈʘʟʨʘʙʘʪʳʚʘʷ ʢʦʩʪʶʤ, ʧʨʦʝʢʪʠʨʦʚʱʠʢ ʜʣʷ ʩʦʟʜʘ-

ʥʠʷ ʦʙʨʘʟʘ ʯʘʩʪʦ ʦʙʨʘʱʘʝʪʩʷ ʢ ʠʩʪʦʯʥʠʢʫ ʪʚʦʨʯʝʩʢʦʛʦ ʚʜʦʭʥʦʚʝʥʠʷ. ʆʟʥʘʢʦʤʣʝʥʠʝ ʩʪʫʜʝʥ-

ʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʪʚʦʨʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʨʠʝʤʘʤʠ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʠʜʝʶ, ʢʦʥʮʝʧ-

ʮʠʶ ʠ ʦʙʨʘʟ ʢʦʣʣʝʢʮʠʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠʦʙʱʝʥʠʷ ʠʥʞʝʥʝʨʦʚ-ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʢ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʪʚʦʨʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʤʦʛʫʪ ʙʳʪʴ ʚʳʙʨʘʥʳ 

ʣʶʙʳʝ ʦʙʲʝʢʪʳ ʠ ʷʚʣʝʥʠʷ, ʧʨʦʠʟʚʝʜʝʥʠʷ ʠʩʢʫʩʩʪʚʘ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʨʘʩʪʠʪʝʣʴʥʳʝ ʬʦʨʤʳ, 

ʦʙʲʝʢʪʳ ʤʘʪʝʨʠʘʣʴʥʦʡ ʠ ʜʫʭʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ (ʘʨʭʠʪʝʢʪʫʨʘ, ʧʨʝʜʤʝ-

ʪʳ ʜʝʢʦʨʘʪʠʚʥʦ-ʧʨʠʢʣʘʜʥʦʛʦ ʠʩʢʫʩʩʪʚʘ, ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪ.ʧ.) 

ʇʨʦʤʳʰʣʝʥʥʳʝ ʢʦʣʣʝʢʮʠʠ ʨʘʟʚʠʚʘʶʪ ʠ ʦʪʨʘʙʘʪʳʚʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʥʜʝʥʮʠʠ, ʧʨʦ-

ʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʳʝ ʨʘʥʝʝ ʚ ʢʦʣʣʝʢʮʠʷʭ ʢʣʘʩʩʘ çʧʨʝʪ-ʘ-ʧʦʨʪʝè. ʆʙʳʯʥʦ ʧʨʦʮʝʩʩ ʘʜʘʧʪʘʮʠʠ 

ʥʦʚʳʭ ʩʪʠʣʝʡ ʠ ʪʝʥʜʝʥʮʠʡ ʤʦʜʳ ʢ ʤʘʩʩʦʚʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ ʧʨʦʭʦʜʠʪ ʥʝʢʦʪʦʨʳʡ ʧʝʨʠʦʜ (ʦʪ 

ʦʜʥʦʛʦ ʛʦʜʘ ʜʦ ʜʚʫʭ ʣʝʪ). ʊʘʢʠʝ ʢʦʣʣʝʢʮʠʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʤʦʜʝʣʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʚʥʝʜʨʝ-

ʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʕʪʦʪ ʚʠʜ ʢʦʣʣʝʢʮʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʘʢʪʫʘʣʴʥʳʡ ʘʩʩʦʨʪʠʤʝʥʪ ʠʟʜʝʣʠʡ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʪʘʢʠʝ ʢʦʣʣʝʢʮʠʠ ʜʝʤʦʥʩʪʨʠʨʫ-

ʶʪʩʷ ʥʘ ʷʨʤʘʨʢʘʭ ʤʦʜʳ ʜʣʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʪʦʨʛʫʶʱʠʭ ʦʨʛʘʥʠʟʘʮʠʡ. ʕʪʠ ʢʦʣʣʝʢʮʠʠ ʦʪʣʠ-

ʯʘʶʪʩʷ ʦʪ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʘʚʪʦʨʩʢʠʭ ʢʦʣʣʝʢʮʠʡ ʥʶʘʥʩʥʳʤ ʨʝʰʝʥʠʝʤ ʥʦʚʳʭ ʬʦʨʤ, ʦʪʩʫʪ-

ʩʪʚʠʝʤ ʨʝʟʢʠʭ ʩʠʣʫʵʪʦʚ, ʩʪʨʝʤʣʝʥʠʝʤ ʩʤʷʛʯʠʪʴ ʥʝʧʨʠʚʳʯʥʳʡ ʦʙʨʘʟ çʙʫʜʫʱʝʡè ʤʦʜʳ. ɺ ʪʘ-

ʢʠʭ ʢʦʣʣʝʢʮʠʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʩʧʳʪʘʥʥʳʝ ʚʘʨʠʘʥʪʳ ʢʨʦʷ, ʘʧʨʦʙʠʨʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʢʦʤʙʠ-

ʥʠʨʦʚʘʥʠʷ ʨʘʟʥʦ ʬʘʢʪʫʨʥʳʭ ʪʢʘʥʝʡ ʠ ʪ. ʧ. ʊʘʢʠʝ ʢʦʣʣʝʢʮʠʠ ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʝʟʢʠʭ ʦʙʨʘ-

ʟʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʬʦʨʤʦʡ ʢʦʩʪʶʤʘ. 

ɸʩʩʦʨʪʠʤʝʥʪʥʳʝ ʢʦʣʣʝʢʮʠʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʯʘʩʪʦ ʩʦʩʪʦʷʪ ʠʟ ʛʨʫʧʧ ʤʦʜʝʣʝʡ, ʨʘʟʨʘʙʦ-

ʪʘʥʥʳʭ ʥʘ ʦʜʥʦʡ ʙʘʟʦʚʦʡ ʬʦʨʤʝ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʦʩʥʦʚʝ. 

ʇʨʦʤʳʰʣʝʥʥʘʷ ʢʦʣʣʝʢʮʠʷ ʚʩʝʛʜʘ ʪʨʝʙʫʝʪ ʫʥʠʬʠʢʘʮʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʯʪʦ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʠ ʵʢʦʥʦʤʠʪ ʚʨʝʤʷ ʥʘ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʤʦʜʝʣʝʡ ʦʜʝʞʜʳ ʚ ʧʨʦʠʟʚʦʜ-

ʩʪʚʦ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʯʝʙʥʳʭ ʧʨʦʛʨʘʤʤ ʧʦ ʜʠʩʮʠ-

ʧʣʠʥʘʤ çʂʦʤʧʦʟʠʮʠʷ ʢʦʩʪʶʤʘè, çɼʠʟʘʡʥ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʟʜʝʣʠʡ ʣʝʛʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦ-

ʩʪʠè ʠ çɸʨʭʠʪʝʢʪʦʥʠʢʘ ʦʙʲʝʤʥʳʭ ʬʦʨʤè, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘ ʢʘʬʝʜʨʝ çʊʝʭʥʦʣʦʛʠʷ ʠ ʢʦʥ-

ʩʪʨʫʠʨʦʚʘʥʠʝ ʠʟʜʝʣʠʡ ʣʝʛʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠè ʥʘʮʝʣʝʥʳ ʥʘ ʨʘʟʚʠʪʠʝ ʪʚʦʨʯʝʩʢʦʛʦ ʤʳʰʣʝ-

ʥʠʷ ʩʪʫʜʝʥʪʦʚ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʨʘʥʝʝ ʧʨʠʦʙʨʝʪʝʥʥʳʭ ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ. ʉʧʦʩʦʙʥʦʩʪʴ 

ʵʤʦʮʠʦʥʘʣʴʥʦ ʚʦʩʧʨʠʥʠʤʘʪʴ ʠ ʮʝʥʠʪʴ ʧʨʝʢʨʘʩʥʦʝ ʚ ʯʝʣʦʚʝʢʝ ʠ ʦʢʨʫʞʘʶʱʝʤ ʝʛʦ ʤʠʨʝ, ʩʦ-

ʟʜʘʚʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʚʦʨʯʝʩʢʦʡ ʛʘʨʤʦʥʠʯʥʦ ʨʘʟʚʠʪʦʡ, ʘʢʪʠʚʥʦʡ ʣʠʯʥʦʩʪʠ, ʯʪʦ 

ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʬʝʩʩʠʠ.  
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ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ ʦʧʳʪʘ ʨʘʙʦʪʳ ʩ ʪʚʦʨʯʝʩʢʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʦ ʩʬʦʨʤʠ-

ʨʦʚʘʚʰʝʛʦʩʷ ʤʠʨʦʚʦʟʟʨʝʥʠʷ, ʤʦʞʝʪ ʩʪʘʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʧʨʝʜʝʣʷʶʱʠʤ ʤʦʤʝʥʪʦʤ ʚ ʩʦʟʜʘ-

ʥʠʠ ʫʥʠʢʘʣʴʥʦʡ ʢʦʣʣʝʢʮʠʠ ʥʘ ʫʨʦʚʥʝ ʦʟʘʨʝʥʠʷ ʠ ʠʥʪʫʠʮʠʠ ʘʚʪʦʨʘ. ʀʥʪʝʨʝʩʥʦʝ ʦʙʨʘʟʥʦʝ ʨʝ-

ʰʝʥʠʝ ʢʦʩʪʶʤʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʦ: ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʡ ʬʦʨʤʦʡ, ʢʦʥʩʪʨʫʢʮʠʝʡ, ʭʫʜʦ-

ʞʝʩʪʚʝʥʥʦ-ʢʦʣʦʨʠʩʪʠʯʝʩʢʠʤ ʦʬʦʨʤʣʝʥʠʝʤ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪ. ʧ. 

ɼʘʣʝʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʬʦʨ-ʵʩʢʠʟʳ ʤʦʜʝʣʝʡ ʢʦʣʣʝʢʮʠʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʘʯʘʣʴʥʳʤ 

ʵʪʘʧʦʤ ʚ ʨʘʟʨʘʙʦʪʢʝ ʵʩʢʠʟʘ ʢʦʣʣʝʢʮʠʠ. ʕʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ çʟʘʧʠʩʠè ʯʫʚʩʪʚʝʥʥʦʛʦ ʦʩʤʳʩ-

ʣʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʪʚʦʨʯʝʩʪʚʘ, ʥʘʙʨʦʩʢʠ ʠʜʝʠ, ʚ ʢʦʪʦʨʳʭ ʦʪʦʙʨʘʞʘʶʪʩʷ ʣʠʙʦ ʚʩʷ ʬʦʨʤʘ ʠʟʜʝ-

ʣʠʷ, ʣʠʙʦ ʝʛʦ ʬʨʘʛʤʝʥʪ. ʆʥʠ ʚʳʧʦʣʥʷʶʪʩʷ ʞʠʚʦ, ʙʝʟ ʧʨʠʚʷʟʢʠ ʢ ʢʘʢʦʤʫ-ʣʠʙʦ ʤʘʪʝʨʠʘʣʫ ʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʨʝʰʝʥʠʶ, ʚ ʯʝʨʥʦ-ʙʝʣʦʡ ʠʣʠ ʮʚʝʪʥʦʡ ʛʨʘʬʠʢʝ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʠʭ ʨʘʟʨʘʙʦʪʢʝ ʥʝʦʙʭʦʜʠʤʦ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠ-

ʝʤ ʤʦʜʳ, ʯʪʦʙʳ ʥʝ ʦʰʠʙʠʪʴʩʷ ʚ ʚʳʙʦʨʝ ʬʦʨʤ, ʣʠʥʠʡ, ʮʚʝʪʦʚʦʡ ʛʘʤʤʳ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ 

ʯʣʝʥʝʥʠʡ, ʦʪʜʝʣʢʠ. 

ʅʘ ʦʩʥʦʚʝ ʬʦʨ-ʵʩʢʠʟʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʘ ʢʦʣʣʝʢʮʠʠ. ʆʥ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʬʦʨ-ʵʩʢʠʟʘ ʙʦʣʴʰʠʤ ʨʘʟʤʝʨʦʤ, ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʡ ʧʨʦʨʘʙʦʪʢʦʡ ʬʦʨʤʳ ʠ ʝʛʦ ʩʦ-

ʩʪʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʚʳʷʚʣʝʥʠʝʤ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʣʠʥʠʡ, ʮʚʝʪʘ, ʝʛʦ 

ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʚʦʧʣʦʱʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ[3].  

ʂʘʢ ʧʨʘʚʠʣʦ, ʠʟʥʘʯʘʣʴʥʦ ʧʨʦʨʘʙʘʪʳʚʘʝʪʩʷ ʵʩʢʠʟ ʮʝʥʪʨʘʣʴʥʦʡ ʤʦʜʝʣʠ ʢʦʣʣʝʢʮʠʠ, ʚ ʢʦ-

ʪʦʨʦʡ ʜʦʣʞʥʘ ʫʛʘʜʳʚʘʪʴʩʷ ʩʚʷʟʴ ʩ ʠʩʪʦʯʥʠʢʦʤ ʪʚʦʨʯʝʩʪʚʘ. ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʫʤʘʪʴ 

ʩʨʝʜʩʪʚʘ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʤʦʜʝʣʠ ïʢʦʥʩʪʨʫʢʮʠʶ, ʤʘʪʝʨʠʘʣ, ʪʱʘʪʝʣʴʥʦ ʧʨʦʨʘʙʦʪʘʪʴ ʮʚʝʪ, 

ʬʘʢʪʫʨʫ ʠ ʦʪʜʝʣʢʫ.  

ʆʩʪʘʣʴʥʳʝ ʦʙʲʝʢʪʳ ʢʦʣʣʝʢʮʠʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʡ ʦʩʥʦʚʥʳʭ ʩʪʨʫʢ-

ʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʮʝʥʪʨʘʣʴʥʦʡ ʤʦʜʝʣʠ ʠ ʩʚʷʟʝʡ ʦʙʲʝʜʠʥʝʥʠʷ ʤʦʜʝʣʝʡ ʚ ʢʦʣʣʝʢʮʠʶ ʧʦ ʨʘʟ-

ʣʠʯʥʳʤ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʧʨʠʥʮʠʧʘʤ: ʪʦʞʜʝʩʪʚʘ, ʧʦʜʦʙʠʷ, ʢʦʥʪʨʘʩʪʘ, ʨʠʪʤʘ ʠ ʪ.ʧ.  

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʭʫʜʦʞʝʩʪʚʝʥʥʦ-ʦʙʨʘʟʥʦʛʦ ʠ ʵʩʪʝʪʠ-

ʯʝʩʢʦʛʦ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʢʦʣʣʝʢʮʠʠ ʩʨʝʜʩʪʚʘʤʠ ʢʦʤʧʦʟʠʮʠʠ. 

ʊʚʦʨʯʝʩʢʠʡ ʵʩʢʠʟ ʢʦʣʣʝʢʮʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʤʥʦʛʦʬʠʛʫʨʥʫʶ ʛʨʘʬʠʯʝʩʢʫʶ 

ʢʦʤʧʦʟʠʮʠʶ ʥʘ ʬʦʥʝ, ʦʪʨʘʞʘʶʱʝʤ ʥʝʢʫʶ ʫʩʣʦʚʥʫʶ ʩʨʝʜʫ, ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʩʘʤʠʭ ʤʦʜʝʣʝʡ ʦʜʝʞʜʳ, ʥʦ ʠ ʤʘʥʝʨʫ ʠʭ ʥʦʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʘʢʩʝʩʩʫʘʨʦʚ (ʛʦʣʦʚ-

ʥʳʭ ʫʙʦʨʦʚ, ʦʙʫʚʠ, ʩʫʤʦʢ ʠ ʜʨ.), ʜʦʧʦʣʥʷʶʱʠʭ ʦʙʨʘʟ ʢʦʣʣʝʢʮʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʥʘʜ ʵʩ-

ʢʠʟʦʤ ʘʚʪʦʨʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʩʣʝʞʠʚʘʪʴ ʭʫʜʦʞʝʩʪʚʝʥʥʫʶ ʠ ʦʙʨʘʟʥʫʶ ʨʘʟʨʘʙʦʪʢʫ, ʥʦʚʠʟʥʫ ʠ 

ʩʪʠʣʠʩʪʠʯʝʩʢʫʶ ʷʩʥʦʩʪʴ ʢʦʤʧʣʝʢʪʦʚ ʚ ʨʘʤʢʘʭ ʠʩʪʦʯʥʠʢʘ ʪʚʦʨʯʝʩʪʚʘ, ʢʦʤʧʦʟʠʮʠʦʥʥʫʶ ʩʚʷʟʴ 

ʚʩʝʭ ʤʦʜʝʣʝʡ ʚ ʢʦʣʣʝʢʮʠʠ, ʥʘʣʠʯʠʝ ʩʶʞʝʪʥʦʛʦ ʧʣʘʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʦʪʦʙʨʘ-

ʞʝʥʠʝ ʩʠʩʪʝʤʳ çʢʦʩʪʶʤ-ʬʠʛʫʨʘ ʯʝʣʦʚʝʢʘè. ʌʠʛʫʨʘ ʜʦʣʞʥʘ ʠʟʦʙʨʘʞʘʪʴʩʷ çʚ ʫʛʦʜʫ ʤʦʜʥʦʡ 

ʣʠʥʠʠè ʩ ʧʝʨʝʜʘʯʝʡ ʦʩʥʦʚʥʳʭ ʧʨʦʧʦʨʮʠʡ ʬʠʛʫʨʳ [4].  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʘʩʢʨʳʪʴ ʠʜʝʶ, ʟʘʤʳʩʝʣ ʠʣʠ ʢʦʥʮʝʧʮʠʶ ʘʚʪʦʨʫ ʢʦʣʣʝʢʮʠʠ ʜʦʩʪʘʪʦʯʥʦ 

5ï9 ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʦʬʦʨʤʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʠʟʦʙʨʘʟʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʠ ʪʝʭ-

ʥʠʢ.  

ɸʧʨʦʙʘʮʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʟʘʤʳʩʣʘ, ʠʟʣʦʞʝʥʥʦʛʦ ʚ ʪʚʦʨʯʝʩʢʦʤ ʵʩʢʠʟʝ ʢʦʣʣʝʢʮʠʠ ʠ 

ʧʝʨʝʚʦʜ ʝʛʦ ʨʝʰʝʥʠʷ ʠʟ ʧʣʦʩʢʦʩʪʥʦʛʦ ʚ ʦʙʲʝʤʥʦʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʚʦʜʠʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʤʘ-

ʢʝʪʠʨʦʚʘʥʠʷ. ʄʘʢʝʪʠʨʦʚʘʥʠʝ ïɻ ʪʦ ʧʦʠʩʢ, ʜʘʶʱʠʡ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʙʫʜʫʱʝʡ ʬʦʨʤʝ ʠʟʜʝʣʠʷ. 

ʇʨʠ ʤʘʢʝʪʠʨʦʚʘʥʠʠ ʦʪʨʘʙʘʪʳʚʘʶʪʩʷ ʬʦʨʤʘ, ʫʪʦʯʥʷʶʪʩʷ ʥʝʦʙʳʯʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝ-

ʥʠʷ, ʠʜʝʪ ʧʦʠʩʢ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʨʝʰʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʝʪʘʣʠ ʠ ʦʪʜʝʣʢʘ, ʠʭ ʚʝʣʠʯʠʥʘ, 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠ ʧʨʦʧʦʨʮʠʠ. ʕʪʠ ʵʣʝʤʝʥʪʳ ʤʦʜʝʣʠ ʩʦʛʣʘʩʦʚʳʚʘʶʪʩʷ ʩ ʦʙʨʘʟʦʤ ʯʝʣʦʚʝʢʘ. 

ʇʦʩʣʝ ʦʪʨʘʙʦʪʢʠ ʥʦʚʦʡ ʠʜʝʠ ʠ ʟʘʤʳʩʣʘ ʚ ʤʘʢʝʪʝ ʤʦʜʝʣʴ ʩʦʟʜʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʤʘʪʝʨʠʘʣʝ. 

ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʚ ʨʘʟʨʘʙʦʪʢʝ ʢʦʣʣʝʢʮʠʠ ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʦʚ. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʤʘʪʝʨʠʘʣ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚ ʩʦʟʜʘʥʠʠ ʬʦʨʤ ʠ ʢʦʥʩʪʨʫʢʮʠʡ. ʆʜʥʘʢʦ ʯʘ-

ʩʪʦ ʚ ʘʚʪʦʨʩʢʠʭ ʢʦʣʣʝʢʮʠʷʭ ʧʦʜʙʠʨʘʶʪ ʪʝʢʩʪʠʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʠʭ ʩʦʯʝʪʘʥʠʷ ʩ ʮʝʣʴʶ ʦʪʨʘ-

ʟʠʪʴ ʠ ʧʦʜʯʝʨʢʥʫʪʴ ʠʜʝʶ ʠ ʦʙʨʘʟ ʢʦʣʣʝʢʮʠʠ. ʇʦʜʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʚʳʧʦʣʥʷʶʪ ʩ ʫʯʝʪʦʤ ʨʘʟ-

ʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ (ʭʫʜʦʞʝʩʪʚʝʥʥʳʡ ʟʘʤʳʩʝʣ, ʤʥʦʛʦʦʙʨʘʟʠʝ ʨʝʰʝʥʠʡ, ʵʢʦʥʦʤʠʷ ʤʘʪʝʨʠʘʣʴ-

ʥʳʭ ʩʨʝʜʩʪʚ). ɺʳʙʠʨʘʷ ʪʝ ʠʣʠ ʠʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝ-
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ʨʠʩʪʠʢʘʤʠ (ʬʘʢʪʫʨʘ, ʮʚʝʪ) ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʠʟʜʝʣʠʷ 

ʢʦʣʣʝʢʮʠʠ ʙʫʜʫʪ ʚʦʩʧʨʠʥʠʤʘʪʴʩʷ ʧʨʠ ʜʝʤʦʥʩʪʨʘʮʠʠ (ʟʥʘʯʠʪʝʣʴʥʘʷ ʫʜʘʣʝʥʥʦʩʪʴ ʦʪ ʟʨʠʪʝʣʷ ʠ 

ʭʘʨʘʢʪʝʨ ʦʩʚʝʱʝʥʠʷ: ʫʛʦʣ, ʷʨʢʦʩʪʴ, ʮʚʝʪ). 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʚ ʩʦʟʜʘʥʠʠ ʢʦʣʣʝʢʮʠʠ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʯʘʩʪʴ. ʄʳ ʩʯʠʪʘ-

ʝʤ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʯʝʨʪʝʞʝʡ ʤʦʜʝʣʝʡ ʢʦʣʣʝʢʮʠʠ, ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʡ ʉɸʇʈ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʛʦʪʦʚʥʦʩʪʠ ʠʥʞʝʥʝʨʘ ʢ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʅʘʰʠ ʥʘʙʣʶʜʝʥʠʷ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʝ ʨʝʜʢʦ ʧʨʠ ʚʦʧʣʦʱʝʥʠʠ ʘʚʪʦʨʩʢʠʭ ʢʦʣʣʝʢ-

ʮʠʡ ʚ ʤʘʪʝʨʠʘʣʝ ʙʫʜʫʱʠʝ ʠʥʞʝʥʝʨʳ-ʢʦʥʩʪʨʫʢʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʨʠʛʠʥʘʣʴʥʳʝ ʧʨʠʝʤʳ ʜʝʢʦʨʠʨʦʚʘʥʠʷ.  

ʄʳ ʩʯʠʪʘʝʤ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʚʢʣʶʯʝʥʠʝ ʚ ʩʦʜʝʨʞʘʥʠʝ ʦʙʫʯʝʥʠʷ ʚʦʧʨʦʩʦʚ ʧʦ ʵʢʦʥʦʤʠ-

ʯʝʩʢʦʤʫ ʦʙʦʩʥʦʚʘʥʠʶ ʢʦʣʣʝʢʮʠʠ ʠ ʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʶ. 

ʕʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʢʦʣʣʝʢʮʠʠ (ʢʘʣʴʢʫʣʷʮʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠʟʜʝʣʠʡ, ʚʦʟʤʦʞ-

ʥʦ ʥʘ ʧʨʠʤʝʨʝ ʦʜʥʦʛʦ ʠʟʜʝʣʠʷ, ʘʢʩʝʩʩʫʘʨʦʚ, ʦʙʫʚʠ, ʛʦʣʦʚʥʳʭ ʫʙʦʨʦʚ ʠ ʜʨʫʛʠʭ ʜʦʧʦʣʥʝʥʠʡ) 

ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʬʠʥʘʥʩʦʚʫʶ ʨʝʘʣʴʥʦʩʪʴ ʚʦʧʣʦʱʝʥʠʷ ʢʦʣʣʝʢʮʠʠ.  

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʘ ʢʦʣʣʝʢʮʠʠ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʘ ʧʣʘʥʰʝʪʝ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʥʘ ʨʘʙʦʯʝʤ ʧʦʣʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴʩʷ ʩʣʝʜʫʶʱʘʷ ʠʥʬʦʨʤʘʮʠʷ: 

ʥʘʟʚʘʥʠʝ, ʠʜʝʷ ʠ ʢʦʥʮʝʧʮʠʷ ʢʦʣʣʝʢʮʠʠ; ʤʦʜʝʣʠ-ʘʥʘʣʦʛʠ ʠʣʠ ʤʦʜʝʣʠ-ʧʨʝʜʣʦʞʝʥʠʷ; ʵʩʢʠʟ ʠʣʠ 

ʬʦʪʦʛʨʘʬʠʷ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ ʢʦʣʣʝʢʮʠʠ; ʢʨʘʪʢʘʷ ʘʥʥʦʪʘʮʠʷ; ʤʦʜʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʤʘʩ-

ʰʪʘʙʝ; ʢʦʣʣʘʞ ʦʩʥʦʚʥʳʭ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʝʜʣʘʛʘʝʤʦʤ ʤʫʟʳ-

ʢʘʣʴʥʦʤ ʩʦʧʨʦʚʦʞʜʝʥʠʠ; ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʚ ʤʘʪʝʨʠʘʣʝ.  

ʋʩʧʝʰʥʦʩʪʴ ʩʦʟʜʘʚʘʝʤʦʡ ʢʦʣʣʝʢʮʠʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʧʨʦʷʚʣʝ-

ʥʠʷ ʪʚʦʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʚʪʦʨʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʝʰʝʥʠʡ, ʘʢʪʠʚʥʘʷ ʨʘʙʦʪʘ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʚ ʦʙʣʘʩʪʠ ʤʦʜʳ, ʚʣʘʜʝʥʠʝ ʩʦʚʨʝ-

ʤʝʥʥʳʤʠ ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʨʘʟʨʘʙʦʪʢʠ ʢʦʣ-

ʣʝʢʮʠʠ.  

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʢʦʣʣʝʢʮʠʠ ʨʘʟʚʠʚʘʝʪ ʯʫʚʩʪʚʦ ʩʪʠʣʷ, ʦʙʦʩʪʨʷʝʪ 

ʚʠʜʝʥʠʝ ʛʘʨʤʦʥʠʠ ʣʠʥʠʠ ʠ ʬʦʨʤʳ, ʨʘʟʚʠʚʘʝʪ ʬʘʥʪʘʟʠʶ ʠ ʭʫʜʦʞʝʩʪʚʝʥʥʫʶ ʠʥʪʫʠʮʠʶ, ʧʨʦ-

ʙʫʞʜʘʝʪ ʪʚʦʨʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʦʪʪʘʯʠʚʘʝʪ ʩʠʩʪʝʤʥʦʩʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʤʳʰʣʝʥʠʷ ï

ʥʝʦʙʭʦʜʠʤʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʜʣʷ ʨʘʙʦʪʳ ʚ ʩʣʦʞʥʝʡʰʝʤ ʠʩʢʫʩʩʪʚʝ ʩʦʟʜʘʥʠʷ ʢʦʩʪʶʤʘ. 

ʈʘʙʦʪʘ ʥʘʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʢʦʣʣʝʢʮʠʡ, ʦʩʦʙʝʥʥʦ ʘʚʪʦʨʩʢʠʭ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʥʠʚʝʨ-

ʩʘʣʴʥʦʩʪʴ ʩʧʝʮʠʘʣʠʩʪʘ, ʧʦʩʢʦʣʴʢʫ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʦʚʳʰʝʥʠʝ ʤʦʙʠʣʴʥʦʩʪʠ, ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ, 

ʨʘʩʰʠʨʝʥʠʝ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʧʦʣʴʟʫ ʠʥʥʦʚʘʮʠʡ ʠ ʪʚʦʨʯʝʩʪʚʘ, ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʧʦʣʥʦ-

ʮʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʪʫʜʝʥʪʘ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʩʪʘʥʦʚʣʝʥʠʷ ʙʫʜʫʱʝʛʦ 

ʢʦʥʩʪʨʫʢʪʦʨʘ ʠʟʜʝʣʠʡ ʣʝʛʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 
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ɸʥʦʪʘʮʽʷ 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʦʣʦʟʝʨʥʠʭ ʩʦʨʪʽʚ ʚʽʚʩʘ ʫ ʢʨʫʧ'ʷʥʽʡ ʧʨʦ-

ʤʠʩʣʦʚʦʩʪʽ. ʈʦʟʛʣʷʥʫʪʦ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʧʝʨʝʨʦʙʢʠ ʛʦʣʦʟʝʨʥʦʛʦ ʚʽʚʩʘ ʚ ʢʨʫʧʠ, 

ʧʣʘʩʪʽʚʮʽ ʪʘ ʙʦʨʦʰʥʦ.  

Abstract 

Analysis possibilities of application of naked oats in groat production were conducted. The 

technological process of processing naked oats into groats, flakes and flour were considered. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʨʫʧôʷʥʝ ʚʠʨʦʙʥʠʮʪʚʦ, ʛʦʣʦʟʝʨʥʝ ʟʝʨʥʦ, ʦʚʝʩ, ʢʨʫʧôʷʥʽ ʧʨʦʜʫʪʠ, 

ʧʣʘʩʪʽʚʮʽ, ʙʦʨʦʰʥʦ ʚʽʚʩʷʥʝ, ʩʢʦʨʦʯʝʥʘ ʩʪʨʫʢʪʫʨʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

Key words: groat production, naked crop, oats, groat products, flakes, oats flour, reduced 

structure of technological process. 

 

ʊʨʘʜʠʮʽʡʥʠʡ ʘʩʦʨʪʠʤʝʥʪ ʚʽʚʩʷʥʠʭ ʢʨʫʧô̫ ʥʠʭ ʧʨʦʜʫʢʪʽʚ ʷʢʠʡ ʬʦʨʤʫʻʪʴʩʷ ʽʟ ʢʨʫʧ 

ʥʝʧʦʜʨʽʙʥʝʥʠʭ, ʧʣʶʱʝʥʠʭ, ʧʣʘʩʪʽʚʮʽʚ çɻʝʨʢʫʣʝʩè, çʇʝʣʶʩʪʢʦʚʽè, çɽʢʩʪʨʘè ʩʴʦʛʦʜʥʽ ʦʪʨʠ-

ʤʫʶʪʴ ʥʘ ʚʽʪʯʠʟʥʷʥʠʭ ʢʨʫʧô̫ ʥʠʭ ʟʘʚʦʜʘʭ ʟʘ ʟʘʩʪʘʨʽʣʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʧʝ-

ʨʝʨʦʙʢʫ ʪʽʣʴʢʠ ʧʣʽʚʯʘʩʪʠʭ ʩʦʨʪʽʚ ʚʽʚʩʘ. ʇʨʠ ʮʴʦʤʫ ʚ çʈʝʻʩʪʨéè ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚʥʝʩʝʥʦ ʧʝʨ-

ʩʧʝʢʪʠʚʥʽ ʧʨʦʜʦʚʦʣʴʯʽ ʩʦʨʪʠ ʛʦʣʦʟʝʨʥʦʛʦ ʚʽʚʩʘ ʷʢ ʚʽʪʯʠʟʥʷʥʦʾ ʪʘʢ  ̔ʟʘʨʫʙʽʞʥʦʾ ʩʝʣʝʢʮʽʾ ï 

çʉʘʣʦʤʦʥè, çʉʘʤʫʝʣʴè, çɸʙʝʣʴè, çʉʢʘʨʙ ʋʢʨʘʾʥʠè, çɺʽʟʠʪè, çɼʽʻʪʠʯʥʠʡè ʪʦʱʦ. ɿʘʟʥʘʯʝʥʽ 

ʩʦʨʪʠ ʚʽʚʩʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʶ ʚʨʦʞʘʡʥʽʩʪʶ, ʚʦʣʦʜʽʶʪʴ ʢʨʘʱʠʤʠ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʣʽʚʯʘʩʪʠʤ ʟʝʨʥʦʤ ʚʽʚʩʘ ʧʨʦʜʦʚʦʣʴʯʠʭ ʧʦʪʨʝʙ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ 

ʟʙʘʣʘʥʩʦʚʘʥʠʤ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ. 

ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʰʢʦʜʘʤʠ ʜʦ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʦʣʦʟʝʨʥʠʭ ʩʦʨʪʽʚ ʚʽʚʩʘ ʜʣʷ ʚʠʨʦ-

ʙʥʠʮʪʚʘ ʢʨʫʧ, ʧʣʘʩʪʽʚʮʽʚ ʪʘ ʙʦʨʦʰʥʘ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʪʦʚʘʨʥʦʾ (ʩʦʨʪʦʚʦʾ) ʢʣʘ-

ʩʠʬʽʢʘʮʽʾ ʫ ʜʽʶʯʦʤʫ ʥʘ ʟʝʨʥʦ ʚʽʚʩʘ ʧʨʦʜʦʚʦʣʴʯʠʭ ʪʘ ʽʥʰʠʭ ʧʦʪʨʝʙ ʨʝʛʣʘʤʝʥʪʽ ɼʉʊʋ 4963-

2008 ʆʚʝʩ. ʊʝʭʥʽʯʥʽ ʫʤʦʚʠ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʚʽʜʩʫʪʥʽʩʪʴ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʟʜʽʡʩʥʝʥʥʷ ʜʘʥʦʛʦ 

ʪʠʧʫ ʟʝʨʥʘ ʚʽʚʩʘ ʚ ʧʨʦʜʦʚʦʣʴʯʽ ʧʨʦʜʫʢʪʠ ʫ ʇʨʘʚʠʣʘʭ ʚʝʜʝʥʥʷ ʽ ʦʨʛʘʥʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʥʘ ʢʨʫʧôʷʥʠʭ ʟʘʚʦʜʘʭ. ɸʥʘʣʽʟ ʨʦʙʦʪʠ ʜʝʷʢʠʭ ʟʝʨʥʦʧʝʨʝʨʦʙʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʛʘʣʫʟʽ 

ʧʦʢʘʟʘʚ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ çʩʪʘʨʠʭè ʨʝʞʠʤʽʚ ʜʣʷ ʥʦʚʦʛʦ ʟʝʨʥʘ, ʥʘʚʽʪʴ ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʝʪʘʧʽʚ 

ʣʫʱʝʥʥʷ, ʩʦʨʪʫʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʣʫʱʝʥʥʷ, ʢʨʫʧʦʚʽʜʜʽʣʝʥʥʷ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʝʬʝʢʪʫ 

ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʢʨʫʧ ʪʘ ʧʣʘʩʪʽʚʮʽʚ. ʅʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʧʨʦʜʦʚʞʫʻ ʫʪʚʦʨʶʚʘʪʠʩʷ ʭʦʯ ʽ ʤʝʥʰʘ, 
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ʘʣʝ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʙʦʨʦʰʝʥʮʷ ʪʘ ʧʦʜʨʽʙʥʝʥʦʛʦ ʷʜʨʘ, ʱʦ ʫ ʩʫʢʫʧʥʦʩʪʽ ʽʟ ʜʝʱʦ ʙʽʣʴʰʦʶ ʨʠʥ-

ʢʦʚʦʶ ʮʽʥʦʶ ʛʦʣʦʟʝʨʥʦʛʦ ʚʽʚʩʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʧʣʽʚʢʦʚʠʤ ʥʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʙʘʞʘʥʦʛʦ 

ʝʬʝʢʪʫ.  

ʅʘ ʢʘʬʝʜʨʽ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʨʦʙʢʠ ʟʝʨʥʘ ʆʜʝʩʴʢʦʾ ʥʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦ-

ʣʦʛʽʡ ʧʨʦʚʦʜʷʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʛʦʣʦʟʝʨʥʠʭ ʩʦʨʪʽʚ ʚʽʚʩʘ, ʤʝʪʦʶ ʷʢʠʭ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚ-

ʥʦʩʪʽ ʧʝʨʝʨʦʙʢʠ ʚʽʚʩʘ ʫ ʥʘʧʨʷʤʢʫ ʟʙʽʣʴʰʝʥʥʷ ʚʠʭʦʜʫ ʛʦʪʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʽʩʥʫ-

ʶʯʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ ʢʨʫʧ ʽ ʢʨʫʧôʷʥʠʭ ʧʨʦʜʫʢʪʽʚ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦ-

ʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʧʝʨʝʨʦʙʢʠ ʛʦʣʦʟʝʨʥʦʛʦ ʚʽʚʩʘ ʚ ʢʨʫʧʠ, ʧʣʘʩʪʽʚʮʽ ʪʘ ʙʦʨʦʰ-

ʥʘ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʠʭʦʜʦʤ. 

ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʩʪʨʫʢʪʫʨʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʾ ʦʯʠʱʝʥʝ ʚʽʜ ʜʦʤʽʰʦʢ ʦʜ-

ʥʠʤ ʧʦʪʦʢʦʤ ʘʙʦ ʨʦʟʜʽʣʝʥʝ ʥʘ ʢʨʫʧʥʫ ʽ ʜʨʽʙʥʫ ʬʨʘʢʮʽʾ ʟʝʨʥʦ ʛʦʣʦʟʝʨʥʦʛʦ ʚʽʚʩʘ ʥʘʜʭʦʜʠʪʴ ʥʘ 

ʰʣʽʬʫʚʘʥʥʷ. ɼʘʥʠʡ ʝʪʘʧ ʧʨʦʚʦʜʷʪʴ ʫ ʰʣʽʬʫʚʘʣʴʥʠʭ ʤʘʰʠʥʘʭ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟʘ ʧʨʠʥʮʠʧʦʤ 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʩʪʠʨʘʥʥʷ ʦʙʦʣʦʥʦʢ ʪʠʧʫ ɸ1-ɿʐʅ. ʉʫʤʽʰ ʧʨʦʜʫʢʪʽʚ ʰʣʽʬʫʚʘʥʥʷ ʥʘʧʨʘʚʣʷʶʪʴ 

ʥʘ ʩʦʨʪʫʚʘʥʥʷ, ʷʢʝ ʟʜʽʡʩʥʶʶʪʴ ʫ ʢʨʫʧôʷʥʠʭ ʨʦʟʩʽʡʥʠʢʘʭ ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʩʠʪʘʭ ʦʪʨʠʤʫʶʯʠ 

ʧʨʠ ʮʴʦʤʫ ʢʨʫʧʥʫ ʽ ʜʨʽʙʥʫ ʬʨʘʢʮʽʾ ʰʣʽʬʦʚʘʥʦʛʦ ʷʜʨʘ. ʂʦʞʥʫ ʬʨʘʢʮʽʶ ʦʢʨʝʤʦ ʢʦʥʪʨʦʣʶʶʪʴ 

ʰʣʷʭʦʤ ʧʦʩʣʽʜʦʚʥʦʛʦ ʧʨʦʧʫʩʢʫ ʢʨʽʟʴ ʩʠʩʪʝʤʠ ʧʦʚʽʪʨʷʥʠʭ ʩʝʧʘʨʘʪʦʨʽʚ ʪʘ ʥʘ ʚʤʽʩʪ ʤʝʪʘʣʦʤʘʛ-

ʥʽʪʥʠʭ ʜʦʤʽʰʦʢ ʫ ʤʘʛʥʽʪʥʠʭ ʩʝʧʘʨʘʪʦʨʘʭ. ʐʣʽʬʦʚʘʥʝ ʷʜʨʦ ʛʦʣʦʟʝʨʥʦʛʦ ʚʽʚʩʘ ʷʚʣʷʻ ʩʦʙʦʶ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪ ʷʢʠʡ ʤʦʞʣʠʚʦ ʥʘʧʨʘʚʣʷʪʠ ʥʘ ʬʘʩʫʚʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʷʢʦʩʪʽ ʛʦʪʦʚʦʛʦ 

ʧʨʦʜʫʢʪʫ. 

ʇʨʠ ʧʦʜʘʣʴʰʽʡ ʧʝʨʝʨʦʙʮʽ ʷʜʨʦ ʦʙʦʭ ʬʨʘʢʮʽʡ ʦʙôʻʜʥʫʶʪʴ ʩʧʨʷʤʦʚʫʶʪʴ ʥʘ ʝʪʘʧ ʚʦʜʥʦ-

ʪʝʧʣʦʚʦʾ ʦʙʨʦʙʢʠ, ʷʢʠʡ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʜʘʣʴʰʦʛʦ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʚʦʜʷʪʴ ʘʙʦ ʟʘ ʤʝ-

ʪʦʜʦʤ ʛʘʨʷʯʦʛʦ ʢʦʥʜʠʮʽʶʚʘʥʥʷ (ʧʨʦʧʘʨʶʚʘʥʥʷ), ʘʙʦ ʚʢʣʶʯʘʻ ʢʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʭʦʣʦʜʥʦʛʦ 

ʽ ʛʘʨʷʯʦʛʦ ʢʦʥʜʠʮʽʶʚʘʥʥʷ (ʟʚʦʣʦʞʝʥʥʷ ʪʘ ʚʽʜʚʦʣʦʞʝʥʥʷ ʷʜʨʘ ʧʝʨʝʜ ʧʨʦʧʘʨʶʚʘʥʥʷʤ). 

ʇʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʧʣʶʱʝʥʠʭ ʧʨʦʜʫʢʪʽʚ ʷʜʨʦ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʟʚʦʣʦʞʫʶʪʴ ʥʘ 3-5 % 

ʧʽʩʣʷ ʯʦʛʦ ʚʽʜʚʦʣʦʞʫʶʪʴ ʽ ʥʘʧʨʘʚʣʷʶʪʴ ʥʘ ʧʨʦʧʘʨʶʚʘʥʥʷ, ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʢʨʫʧʠ ʽ ʙʦʨʦʰʥʘ 

ʷʜʨʦ ʚʽʜʨʘʟʫ ʥʘʜʭʦʜʠʪʴ ʥʘ ʧʨʦʧʘʨʶʚʘʥʥʷ. 

ʇʨʦʧʘʨʶʚʘʥʥʷ ʟʜʽʡʩʥʶʶʪʴ ʧʨʠ ʥʘʜʣʠʰʢʦʚʦʤʫ ʪʠʩʢʫ ʧʘʨʠ ʫ ʧʨʦʧʘʨʶʚʘʯʽ ʧʝʨʽʦʜʠʯʥʦʾ 

ʜʽʾ ʪʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʦʜʫʢʪʫ ʩʧʨʷʤʦʚʫʶʪʴ ʘʙʦ ʥʘ ʩʫʰʽʥʥʷ, ʘʙʦ ʫ ʙʫʥʢʝʨʠ ʜʣʷ ʪʝʤʧʝʨʫʚʘʥ-

ʥʷ. ʇʽʜʩʫʰʫʚʘʥʥʷ ʷʜʨʘ ʧʨʦʚʦʜʷʪʴ ʥʘ ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʘʨʦʚʠʭ ʩʫʰʘʨʢʘʭ. ʇʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʢʨʫ-

ʧʠ ʷʜʨʦ ʧʽʩʣʷ ʧʨʦʧʘʨʶʚʘʥʥʷ ʩʫʰʘʪʴ ʜʦ ʚʦʣʦʛʦʩʪʽ 12-13 % ʪʘ ʧʽʩʣʷ ʢʦʥʪʨʦʣʶ ʩʧʨʷʤʦʚʫʶʪʴ ʥʘ 

ʢʦʥʪʨʦʣʴ ʬʘʩʫʚʘʥʥʷ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ʇʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʧʣʶʱʝʥʠʭ ʧʨʦʜʫʢʪʽʚ ʷʜʨʦ ʧʽʩʣʷ 

ʧʨʦʧʘʨʶʚʘʥʥʷ ʪʝʤʧʝʨʫʶʪʴ ʽ ʥʘʧʨʘʚʣʷʶʪʴ ʥʘ ʧʣʶʱʝʥʥʷ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʘʩʦʨʪʠʤʝʥʪʫ ʧʨʦ-

ʜʫʢʪʽʚ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʧʣʶʱʝʥʥʷ ʧʨʦʚʦʜʷʪʴ ʥʘ ʚʘʣʴʮʴʦʚʠʭ ʘʙʦ ʧʣʶʱʠʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ ʥʘ 

ʛʣʘʜʢʠʭ ʘʙʦ ʨʠʬʣʝʥʠʭ ʚʘʣʴʮʷʭ. ʄʽʞʚʘʣʢʦʚʠʡ ʟʘʟʦʨ ʨʝʛʫʣʶʶʪʴ ʪʘʢʠʤ ʯʠʥʦʤ ʱʦʙ ʦʪʨʠʤʘʪʠ 

ʧʣʘʩʪʽʚʮʽ ʽʟ ʪʦʚʱʠʥʦʶ ʭʘʨʘʢʪʝʨʥʦʶ ʜʣʷ ʜʘʥʦʛʦ ʚʠʜʫ ʧʣʶʱʝʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʇʨʦʜʫʢʪʠ ʧʣʶ-

ʱʝʥʥʷ ʧʨʦʩʽʶʶʪʴ ʥʘ ʩʠʪʦʧʦʚʽʪʨʷʥʠʭ ʩʝʧʘʨʘʪʦʨʘʭ ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʩʠʪʘʭ ʚʠʜʽʣʷʶʪʴ ʯʘʩʪʠʥʢʠ 

ʧʦʜʨʽʙʥʝʥʦʛʦ ʷʜʨʘ ʪʘ ʙʦʨʦʰʝʥʮʝ. ʇʽʩʣʷ ʮʴʦʛʦ ʧʨʦʚʦʜʷʪʴ ʢʦʥʪʨʦʣʴ ʥʘ ʜʚʦʭ ʩʠʩʪʝʤʘʭ 

ʘʩʧʽʨʘʮʽʡʥʠʭ ʢʦʣʦʥʦʢ ʪʘ ʫ ʤʘʛʥʽʪʥʠʭ ʩʝʧʘʨʘʪʦʨʘʭ. ʆʪʨʠʤʘʥʽ ʧʣʘʩʪʽʚʮʽ ʥʘʧʨʘʚʣʷʶʪʴ ʫ ʙʫʥʢʝ-

ʨʠ ʜʣʷ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʇʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʙʦʨʦʰʥʘ ʷʜʨʦ ʩʫʰʘʪʴ ʥʘ ʩʫʰʘʨʢʘʭ ʜʦ ʥʦʨʤʘʪʠʚʥʦʾ ʚʦʣʦʛʦʩʪʽ. ʇʽʜʩʫ-

ʰʝʥʝ ʷʜʨʦ ʥʘʧʨʘʚʣʷʶʪʴ ʥʘ ʟʜʨʽʙʥʶʚʘʥʥʷ ʷʢʝ ʧʨʦʚʦʜʷʪʴ ʫ ʚʘʣʴʮʴʦʚʠʭ ʚʝʨʩʪʘʪʘʭ ʥʘ ʜʚʦʭ ʜʨʘ-

ʥʠʭ ʩʠʩʪʝʤʘʭ. ʈʝʛʫʣʶʚʘʥʥʷ ʨʝʞʠʤʽʚ ʟʜʨʽʙʥʶʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴ ʟʤʽʥʦʶ ʤʽʞʚʘʣʴʮʦʚʦʛʦ ʟʘʟʦʨʫ. 

ʇʽʩʣʷ ʢʦʞʥʦʾ ʜʨʘʥʦʾ ʩʠʩʪʝʤʠ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʜʦʜʘʪʢʦʚʝ ʟʜʨʽʙʥʶʚʘʥʥʷ ʚ ʝʥʪʦʣʝʡʪʦʨʽ. ʉʦʨʪʫ-

ʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʟʜʨʽʙʥʶʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴ ʥʘ ʢʨʫʧôʷʥʠʭ ʨʦʟʩʽʡʥʠʢʘʭ. ɹʦʨʦʰʥʦ ʚʽʜʙʠʨʘʶʪʴ 

ʧʨʦʭʦʜʦʤ ʩʠʪ ˉ 075 ʘʙʦ ˉ 067 ʥʘ ʢʦʞʥʽʡ ʩʦʨʪʫʚʘʣʴʥʽʡ ʩʠʩʪʝʤʽ. ʅʘ ʟʘʢʣʶʯʥʦʤʫ ʝʪʘʧʽ ʧʨʦʚʦ-

ʜʷʪʴ ʢʦʥʪʨʦʣʴ ʦʪʨʠʤʘʥʦʛʦ ʙʦʨʦʰʥʘ ʧʽʩʣʷ ʮʴʦʛʦ ʡʦʛʦ ʥʘʧʨʘʚʣʷʶʪʴ ʫ ʙʫʥʢʝʨʠ ʜʣʷ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ. 

ʈʦʟʨʦʙʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʧʝʨʝʨʦʙʢʠ ʛʦʣʦʟʝʨʥʦʛʦ ʚʽʚʩʘ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʦʢʨʝʤʝ ʚʠʨʦʙ-

ʥʠʮʪʚʦ ʧôʷʪʠ ʚʠʜʽʚ ʚʽʚʩʷʥʠʭ ʧʨʦʜʫʢʪʽʚ ʽʟ ʛʦʣʦʟʝʨʥʦʛʦ ʚʽʚʩʘ: ʢʨʫʧʠ ʥʝʧʨʦʧʘʨʝʥʦʾ, ʧʨʦʧʘʨʝʥʦʾ 

ʪʘ ʜʚʦʭ ʚʠʜʽʚ ʧʣʶʱʝʥʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ ʙʦʨʦʰʥʘ ʧʨʠ ʮʴʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʤʘʻ ʟʘ ʩʢʦ-
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ʨʦʯʝʥʫ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʚʠʭʦʜʫ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʾʾ ʷʢʽʩʥʠʭ ʚʣʘʩʪʠʚʦ-

ʩʪʝʡ ʪʘ ʟʥʠʞʫʻ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ. 
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ʂʫʰʘʢʦʚʘ ʃ.ɸ. 
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ɼʚʦʨʮʦʚʦ-ʧʘʨʢʦʚʳʡ ʘʥʩʘʤʙʣʴ çʄʘʨʴʠʥʦè, ʫʩʘʜʴʙʘ ʢʥʷʟʝʡ ɹʘʨʷʪʠʥʩʢʠʭ ï ʞʝʤʯʫʞʠʥʘ 

ʜʚʦʨʮʦʚʦ-ʧʘʨʢʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʙʳʣ ʧʦʩʪʨʦʝʥ ʚ 1811-1820 ʛʦʜʘʭ ʠ ʟʘʥʷʣ ʚʠʜʥʦʝ ʤʝʩʪʦ ʚ ʨʷ-

ʜʫ ʚʝʣʠʢʦʣʝʧʥʳʭ ʟʘʛʦʨʦʜʥʳʭ ʜʚʦʨʷʥʩʢʠʭ ʫʩʘʜʝʙ [4]. ʅʘ ʝʛʦ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʙʠʪ ʧʨʫʜ, ʦʙʨʘʟʦ-

ʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩʦʤ ʩʦʦʨʫʞʝʥʠʡ ʚ ʚʠʜʝ ʟʝʤʣʷʥʦʡ ʧʣʦʪʠʥʦʡ ʩ ʢʘʤʝʥʥʳʤ ʚʦʜʦʩʙʨʦʩʦʤ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʦʨʫʞʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʋʯʠʪʳʚʘʷ ʩʦʩʪʦʷʥʠʝ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʄʘʨʴʠʥʩʢʦʛʦ ʧʨʫʜʘ ʠ ʩʨʦʢ ʠʭ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ, ʝʩʪʴ ʦʩʪʨʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ. 

ɺʦʜʦʩʙʨʦʩʥʦʝ ʩʦʦʨʫʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʤʝʥʥʳʡ, ʜʚʫʭʲʷʨʫʩʥʳʡ ʚʦʜʦʩʙʨʦʩ, 

ʜʣʠʥʦʡ 15,82 ʤ, ʩʦʩʪʦʷʱʠʡ ʠʟ 5-ʪʠ ʚʝʨʭʥʠʭ ʠ ʧʷʪʠ ʥʠʞʥʠʭ ʩʝʢʮʠʡ, ʨʘʟʜʝʣʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ 

ʢʠʨʧʠʯʥʳʤʠ ʩʪʝʥʢʘʤʠ. ʈʘʟʨʫʰʝʥʳ ʙʝʪʦʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʩʙʨʦʩʘ ʚ ʤʝʩʪʝ ʠʭ ʦʙʪʝʢʘʥʠʷ 

ʚʦʜʦʡ ʠ ʚ ʟʦʥʝ ʧʝʨʝʤʝʥʥʦʛʦ ʫʨʦʚʥʷ, ʨʘʟʨʫʰʝʥʳ ʙʝʪʦʥʥʳʝ ʢʦʥʪʨʬʦʨʩʳ ʩʦ ʩʪʦʨʦʥʳ ʥʠʞʥʝʛʦ 

ʙʴʝʬʘ, ʠʤʝʶʪʩʷ ʜʝʬʦʨʤʘʮʠʠ ʚʦʜʦʙʦʷ. ʋʩʪʦʠ ʩʦ ʩʪʦʨʦʥʳ ʥʠʞʥʝʛʦ ʙʴʝʬʘ, ʨʘʟʜʝʣʠʪʝʣʴʥʘʷ 

ʩʪʝʥʢʘ ʠ ʚʠʜʠʤʳʝ ʵʣʝʤʝʥʪʳ ʚʦʜʦʙʦʷ ʠʤʝʶʪ ʪʨʝʱʠʥʳ, ʩʣʝʜʳ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʙʝʪʦʥʘ. ʇʨʦ-

ʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʤʝʥʥʦʛʦ ʚʦʜʦʩʙʨʦʩʘ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ [3]. 

ʈʘʟʨʘʙʦʪʘʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʚʦʜʦʩʙʨʦʩʘ (ʨʠʩʫʥʦʢ 1) [1]. ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚʝʨʭʥʝʛʦ 

ʠ ʥʠʞʥʝʛʦ ʙʴʝʬʘ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʪʨʝʙʫʝʤʦʡ ʧʦ [3] ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʥʦʚʦʝ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʦ ʣʝʜʦʟʘʱʠʪʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ, ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ ʢʠʨʧʠʯʥʳʭ ʩʪʝʥ ʠ ʧʝʨʝʢʨʳʪʠʡ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʯʘʩʪʠ ʚʦʜʦʩʙʨʦʩʘ. ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʚʦʜʦʩʙʨʦʩʘ ʧʨʝʜʫʩʤʘʪʨʠ-

ʚʘʝʪ ʜʝʤʦʥʪʘʞ ʚʩʝʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʥʦʚʦʡ ʠʭ ʧʦʩʪʨʦʡʢʦʡ ʠʟ ʞʝʣʝʟʦʙʝʪʦʥʘ. ɺʳ-

ʧʦʣʥʝʥʦ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʩʨʘʚʥʝʥʠʝ ʚʘʨʠʘʥʪʦʚ, ʢʦʪʦʨʦʝ ʧʦʢʘʟʘʣʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨ-

ʚʦʛʦ ʚʘʨʠʘʥʪʘ [1]. 

ʘ)    ʙ) 

 
ʈʠʩʫʥʦʢ 1 ï ʊʨʝʭʤʝʨʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʚʦʜʦʩʙʨʦʩʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ: ʘ ï ʧʣʘʥ; ʙ ï ʚʠʜ 

ʩ ʚʝʨʭʥʝʛʦ ʙʴʝʬʘ 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʠ ʫʪʦʯʥʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚʦʜʦʩʙʨʦʩʘ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʩʦʦʨʫʞʝʥʠʷ [1]. 

ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ AutoCad ʚʳʧʦʣʥʝʥʦ ʧʦʩʪʨʦʝʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʩ ʮʝʣʴʶ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦʪʦʢʘ ʚʦʜʳ ʯʝʨʝʟ ʩʦʦʨʫʞʝʥʠʝ. ʕʪʦ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʜʣʷ ʫʪʦʯʥʝ-

ʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʙʳʩʪʨʦʪʝʯʥʦʡ ʯʘʩʪʠ ʚʦʜʦʩʙʨʦʩʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ. ɺʠʟʫʘʣʠʟʘʮʠʷ ʪʨʝʭʤʝʨʥʦʡ 

ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʜʦʩʙʨʦʩʥʦʛʦ ʪʨʘʢʪʘ ʩʦʦʨʫʞʝʥʠʷ ʚʳʧʦʣʥʝʥʦ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ FLOW-3D [5]. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʜʣʷ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʙʳʩʪʨʦ-

ʪʦʯʥʦʡ ʯʘʩʪʠ. ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʵʣʝʤʝʥʪʳ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʩʪʨʦʪʦʢʘ, ʘ ʚʪʦʨʦʡ ʠʭ ʦʪʩʫʪʩʪʚʠʠ. ʂʦʤʧʴʶʪʝʨʥʳʡ ʘʥʘʣʠʟ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʰʘʛʠ:  

- ʠʤʧʦʨʪ ʧʦʩʪʨʦʝʥʥʦʡ ʪʨʸʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʚ ʨʘʩʯʝʪʥʫʶ ʧʨʦʛʨʘʤʤʫ; 

- ʟʘʜʘʥʠʝ ʩʚʦʡʩʪʚ ʞʠʜʢʦʩʪʠ, ʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʯʝʥʠʷ; 

- ʟʘʜʘʥʠʝ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʯʝʪʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʨʠʩʫʥʢʦʤ 2. 
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ʄʦʜʝʣʠʨʦʚʘʥʠʝʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʠ ʥʘ ʙʳʩʪʨʦʪʦʢʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʵʣʝʤʝʥʪʦʚ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʩʦʩʪʘʚʷʪ 9,5 ʤ/ʩ, ʘ ʧʨʠ ʠʭ ʫʩʪʨʦʡʩʪʚʝ ʩʥʠʟʷʪʩʷ ʜʦ 6,5 ʤ/ʩ, ʯʪʦ 

ʤʝʥʴʰʝ ʜʦʧʫʩʪʠʤʳʭ ʥʝ ʨʘʟʤʳʚʘʶʱʠʭ ʩʢʦʨʦʩʪʝʡ ʜʣʷ ʙʝʪʦʥʘ [2].  

ʘ)    ʙ) 

 
ʈʠʩʫʥʦʢ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʪʦʢʘ ʚʦʜʳ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʨʘʩʯʝʪʥʦʛʦ ʨʘʩʭʦʜʘ 

ʯʝʨʝʟ ʩʦʦʨʫʞʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ, ʧʨʠʥʷʪ ʙʳʩʪʨʦʪʦʢ ʩ 

ʵʣʝʤʝʥʪʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. 
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ɸʥʥʦʪʘʮʠʷ 

ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʤʝʪʦʜʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ, ʠ ʧʦʟʚʦʣʷʶʱʘʷ 

ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʴ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʟʘʢʣʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

Abstract 

Given a description of methodology that used pattern recognition technique and allowing to 

build model which determines state trajectory of stowage material on feature sets 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʨʥʦʝ ʜʝʣʦ, ʟʘʢʣʘʜʦʯʥʳʡ ʤʘʪʝʨʠʘʣ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʫʜʘ, ʧʨʦʛʥʦʟʠ-

ʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ 

Keywords: mining, filling material, labor safety, forecasting of processes. 

 

ɿʘʢʣʘʜʢʘ ʚ ʛʦʨʥʦʤ ʜʝʣʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʟʘʧʦʣʥʝʥʠʝ ʤʘʪʝʨʠʘʣʦʤ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʥʝʜʨʘʭ ʟʝʤʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʝʤʢʠ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ. ɿʘ-

ʢʣʘʜʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ - ʵʪʦ ʠʟʤʝʣʴʯʝʥʥʳʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʜʦʙʳʚʘʝʤʳʝ ʚ ʢʘʨʴʝʨʘʭ (ʧʝʩʦʢ, 

ʛʨʘʚʠʷ, ʛʘʣʴʢʘ, ʛʣʠʥʠʩʪʳʝ ʩʣʘʥʮʳ, ʠʟʚʝʩʪʥʷʢʠ ʠ ʜʨ.), ʠ ʦʪʭʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʧʦʨʦʜʘ, ʧʦʣʫ-

ʯʘʝʤʘʷ ʧʦʧʫʪʥʦ ʩ ʜʦʙʳʯʝʡ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʚ ʰʘʭʪʝ, ʤʘʪʝʨʠʘʣʳ ʰʘʭʪʥʳʭ ʦʪʚʘʣʦʚ, ʦʪ-

ʭʦʜʳ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢ, ʰʣʘʢʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʟʘʚʦʜʦʚ ʠ ʢʦʪʝʣʴʥʳʭ). ʇʨʠ ʪʚʝʨ-

ʜʝʶʱʝʡ ʟʘʢʣʘʜʢʝ ʜʦʙʘʚʣʷʶʪ ʚʷʞʫʱʠʡ ʢʦʤʧʦʥʝʥʪ. ɿʘʢʣʘʜʢʘ ʙʳʚʘʝʪ ʧʦʣʥʦʡ, ʝʩʣʠ ʟʘʧʦʣʥʷʝʪʩʷ 

ʚʩʸ ʚʳʨʘʙʦʪʘʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʠ ʯʘʩʪʠʯʥʦʡ ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʦʧʨʝʜʝʣʸʥʥʦʡ ʝʛʦ ʯʘʩʪʠ (ʚ ʚʠʜʝ 

ʧʦʣʦʩ ʠʣʠ ʩʣʦʝʚ). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʠ ʫʢʣʘʜʢʠ ʨʘʟʣʠʯʘʶʪ: ʛʠʜʨʘ-

ʚʣʠʯʝʩʢʫʶ, ʧʥʝʚʤʘʪʠʯʝʩʢʫʶ, ʛʠʜʨʦʧʥʝʚʤʘʪʠʯʝʩʢʫʶ, ʤʝʭʘʥʠʯʝʩʢʫʶ, ʩʘʤʦʪʸʯʥʫʶ ʠ ʨʫʯʥʫʶ. 

ʇʨʠʤʝʥʝʥʠʝ ʟʘʢʣʘʜʢʠ ʥʘ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʚʳʟʚʘʥʦ ʦʙʝʩʧʝʯʝʥʠʝʤ ʙʝʟʦ-

ʧʘʩʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʝʜʝʥʠʷ ʜʦʙʳʯʥʳʭ ʨʘʙʦʪ, ʩʦʭʨʘʥʝʥʠʝʤ ʩʪʨʦʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʦʭʨʘʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚʳʨʘʙʦʪʘʥʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘʧʦʣʥʷʶʪ ʤʘʪʝʨʠʘʣʦʤ, ʢʦʪʦʨʳʡ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʜʦʣʞʝʥ ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʶ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʮʝʣʠʢʦʚ. ɺ ʮʝʣʦʤ ʟʘʢʣʘʜʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʛʦʨʥʳʤ ʜʘʚʣʝʥʠʝʤ, ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʚ ʥʝʜʨʘʭ, ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʧʦʞʘʨʦʚ, ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʠ ʜʣʷ 

ʦʭʨʘʥʳ ʦʙʝ̡ʢʪʦʚ ʥʘ ʧʦʜʨʘʙʘʪʳʚʘʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ ʦʪ ʨʘʟʨʫʰʝʥʠʷ, ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʛʦʨʥʳʭ ʨʘʙʦʪ, ʫʣʫʯʰʝʥʠʷ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʘ ʪʘʢʞʝ ʩ ʮʝʣʴʶ ʨʘʟʤʝʱʝʥʠʷ 

ʚ ʰʘʭʪʝ ʠʣʠ ʨʫʜʥʠʢʝ ʧʦʨʦʜʳ, ʧʦʣʫʯʘʝʤʦʡ ʧʨʠ ʧʨʦʭʦʜʢʝ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʚʳʨʘʙʦʪʦʢ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʚʦʡʩʪʚʘʤ ʟʘʢʣʘʜʦʯʥʦʛʦ ʤʘʩʩʠʚʘ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʳʤʠ ʠ ʟʘʚʠʩʷʪ ʦʪ ʝʛʦ ʥʘ-

ʟʥʘʯʝʥʠʷ. ʊʘʢ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʟʘʢʣʘʜʦʯʥʦʤʫ ʤʘʩʩʠʚʫ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʤʫ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʧʨʦʩʘʜʢʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʭʨʘʥʳ ʪʝʤ ʩʘʤʳʤ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʥʘʤʥʦʛʦ ʚʳʰʝ ʠ 

ʟʜʝʩʴ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʦʚʦʜʠʪʴ ʧʨʦʛʥʦʟ ʝʛʦ ʩʦʩʪʦʷʥʠʷ, ʯʝʤ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʘʧʨʠʤʝʨ, ʟʘ-

ʢʣʘʜʢʘ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʟʘʧʦʣʥʠʪʝʣʷ ʧʫʩʪʦʪ ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʨʘʟʫʙʦʞʠʚʘʥʠʝ ʨʫʜʳ. ɺ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʟʘʢʣʘʜʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʩʫʭʘʷ, ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ, ʪʚʝʨʜʝʶʱʘʷ ʠ ʜʨ. 

ɽʩʪʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʩʚʦʡʩʪʚʘ ʠ ʩʧʦʩʦʙʳ ʠʭ ʩʦʟʜʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʩʪʦʠʤʦʩʪʴ ʪʚʝʨʜʝʶʱʝʡ 

ʟʘʢʣʘʜʢʠ, ʚʩʣʝʜʩʪʚʠʝ ʜʦʨʦʛʦʚʠʟʥʳ ʚʷʞʫʱʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʝʪ ʩʪʦʠʤʦʩʪʴ ʦʩʪʘ-

ʣʴʥʳʭ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʣʫʯʘʷʭ ʠ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ ʦʢʫʧʘʝʤʦʩʪʠ ʟʘ-

ʢʣʘʜʢʠ [1]. 

ɽʩʪʝʩʪʚʝʥʥʦ ʚʩʪʘʝʪ ʧʨʦʙʣʝʤʘ ʧʨʦʛʥʦʟʘ ʛʦʪʦʚʥʦʩʪʠ ʩʦʩʪʦʷʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʤʘʩʩʠʚʘ ʢ 

ʚʳʧʦʣʥʝʥʠʶ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʝʤʫ ʬʫʥʢʮʠʡ. 

ɺ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʟʘʢʣʘʜʦʯʥʦʛʦ ʤʘʩʩʠʚʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʟʘʧʦʣʥʝʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʠ ʵʪʦʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʤʘʩʩʠʚʘ, ʚʩʣʝʜʩʪʚʠʝ ʫʩʘʜʢʠ ʤʘʪʝʨʠʘʣʦʚ ʟʘʢʣʘʜʢʠ, ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ 

ʧʨʦʚʝʜʝʥʠʝ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʧʦ-

ʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʝʛʦ ʩʦʩʪʦʥ̫ʠʝ. ɼʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʟʘʢʣʘʜʦʯʥʦʛʦ ʤʘʩʩʠʚʘ, ʚʦ-

ʟʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʝʛʦ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚʳʙʫʨʠʚʘʷ, ʥʘʧʨʠʤʝʨ, ʠʟ ʟʘʢʣʘʜʢʠ ʢʝʨʥʳ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ (ʥʝʜʝʣʷ, ʤʝʩʷʮ ʠ ʪ.ʜ.) ʠ ʠʩʩʣʝʜʫʷ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʚʦ-

ʜʠʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʚʩʝʛʦ ʟʘʢʣʘʜʦʯʥʦʛʦ ʤʘʩʩʠʚʘ. ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʧʨʦʛʥʦʟʘ ʩʦ-

ʩʪʦʷʥʠʷ ʟʘʢʣʘʜʦʯʥʦʛʦ ʤʘʩʩʠʚʘ ʤʦʞʝʪ ʙʳʪʴ ʬʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʤʘ-
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ʪʝʨʠʘʣʘʤʠ. ʇʨʠ ʵʪʦʤ ʤʦʜʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʭʘʥʠʯʝʩʢʠʤʠ, ʫʣʴʪʨʘʟʚʫʢʦʚʳʤʠ, 

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ. ʆʮʝʥʢʘ ʠʟʤʝʥʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦʯʥʦʩʪʥʳʭ 

(ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʪʚʝʨʜʝʥʠʷ ʟʘʢʣʘʜʦʯʥʦʛʦ ʤʘʩʩʠʚʘ, ʧʨʝʜʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʯʥʦʩ-

ʪʠ ʟʘʢʣʘʜʢʠ ʥʘ ʩʞʘʪʠʝ, ʚʝʣʠʯʠʥʳ ʫʩʘʜʢʠ ʟʘʢʣʘʜʢʠ ʠ ʜʨ.), ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ (ʩʢʦʨʦʩʪʠ ʧʨʦʭʦ-

ʞʜʝʥʠʷ ʩʠʛʥʘʣʦʚ, ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʣʥ ʠ ʜʨ.), ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʚʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʟʘʢʣʘʜʢʠ ʚ ʮʝʣʦʤ ʩʦʩʪʘʚʣʷʶʪ ʧʨʦʛʥʦʟʥʫʶ ʢʘʨʪʠʥʫ ʩʦʩʪʦʷʥʠʷ ʟʘʢʣʘʜʦʯʥʦʛʦ ʤʘʩʩʠʚʘ. 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʜʣʷ ʧʨʦʛʥʦʟʥʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʟʘʢʣʘʜʦʯʥʦʛʦ ʤʘʩʩʠʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝ-

ʦʙʭʦʜʠʤʳʤ ʠʟʤʝʨʷʪʴ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʧʘʨʘʤʝʪʨʳ ʟʘʢʣʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦ-

ʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʪʘʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʠʭ ʜʠʥʘʤʠʢʫ [2]. ɺ ʵʪʦʤ ʠ ʩʦʩʪʦʠʪ ʩʦʜʝʨʞʘʪʝ-

ʣʴʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʘ ʩʦʩʪʦʷʥʠʷ ʧʨʦʮʝʩʩʘ ʪʚʝʨʜʝʥʠʷ ʟʘʢʣʘʜʦʯʥʦʛʦ ʤʘʩʩʠʚʘ. 

ʇʦʜ ʩʦʩʪʦʷʥʠʝʤ ʟʘʢʣʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʙʫʜʝʤ ʧʦʥʠ-

ʤʘʪʴ ʥʘʙʦʨ ʟʥʘʯʝʥʠʡ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʤʘʪʝʨʠʘʣʘ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t. ʊʘʢʠʤʠ ʧʨʠʟʥʘ-

ʢʘʤʠ ʷʚʣʷʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʝ, ʪʝʧʣʦʚʳʝ, ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ 

ʟʘʢʣʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʟʤʝʨʷʝʤʳʝ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t. 

ʇʫʩʪʴ ʥʘ ʚʭʦʜʝ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʳ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʟʘʢʣʘʜʦʯʥʦʛʦ ʤʘʩʩʠʚʘ ʟʘ-

ʬʠʢʩʠʨʦʚʘʥʳ ʟʥʘʯʝʥʠʷ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʥʘ ʚʳʭʦʜʝ ʧʨʠʥʠʤʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʚʳʭʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. ʇʫʩʪʴ ʟʘʜʘʥ ʥʝʢʦʪʦʨʳʡ ʦʧʝʨʘʪʦʨ F, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ 

ʚʭʦʜʥʳʤʠ ʠ ʚʳʭʦʜʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʥʦʩʪʴʶ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʙʲʝʢʪʘ ʧʦ ʝʛʦ ʚʭʦʜʥʳʤ ʜʘʥʥʳʤ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʝʧʨʝʨʳʚʥʳʝ ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʤʦʜʝʣʠ, ʧʦʩʪʨʦʝ-

ʥʥʳʝ ʜʣʷ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʙʲʝʢʪʦʚ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʢʘ-

ʯʝʩʪʚʝʥʥʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʦ ʦʙʲʝʢʪʘʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʨʘʟʨʳʚʦʚ ʠ ʩʢʘʯʢʦʚ ʚ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. 

ʀʜʝʷ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ ʩʦʩʪʦʠʪ ʚ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʳʜʝʣʝʥʥʳʭ ʦʙʣʘʩʪʝʡ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ʧʨʠʟʥʘʢʦʚ, ʥʘ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʩʪʨʦʠʪʩʷ ʩʚʦʷ ʬʫʥʢʮʠʷ ʧʨʦʛʥʦʟʘ. ʇʦʩʪʨʦʝʥʠʝ 

ʯʘʩʪʥʳʭ ʤʦʜʝʣʝʡ ʥʘ ʚʳʜʝʣʝʥʥʳʭ ʦʙʣʘʩʪʷʭ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʠʪʴ ʯʘʩʪʥʳʝ ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʘ ʚ 

ʝʜʠʥʫʶ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʘ ʩʦʩʪʦʷʥʠʷ ʟʘʢʣʘʜʢʠ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʫʯʝʩʪʴ 

ʩʪʨʫʢʪʫʨʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʦ ʩʦʩʪʦʷʥʠʷʤ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʘʧ-

ʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʨʝʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʩʪʦʷʥʠʷ ʟʘʢʣʘʜʢʠ ʦʪ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʤʘʩʩʠʚʘ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʩ ʫʯʝʪʦʤ ʚʨʝʤʝʥʠ. 

ʊʝʧʝʨʴ, ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʪʚʝʨʜʝʥʠʷ ʟʘʢʣʘʜʦʯʥʦʛʦ ʤʘʩʩʠʚʘ ʤʦʞʝʪ ʙʳʪʴ 

ʬʦʨʤʘʣʠʟʦʚʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [3]. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʦʚ { }mssS ,...,
~

1= , 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʩʣʦʞʥʳʝ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʚʦ ʚʨʝʤʝʥʠ ʩʠʩʪʝʤʳ (ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩ-

ʪʝʤʳ). ʇʦʜ ʦʙʲʝʢʪʘʤʠ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʩʠʩʪʝʤʳ, ʦʧʠʩʘʥʠʝ ʩʦʩʪʦʷʥʠʡ ʢʦʪʦʨʳʭ ʚ ʣʶʙʦʡ ʤʦ-

ʤʝʥʪ ʚʨʝʤʝʥʠ t ʥʘ ʦʪʨʝʟʢʝ [ ]Ttt ,0  ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʦ ʨʘʟʥʳʤʠ ʥʘʙʦʨʘʤʠ ʧʨʠʟʥʘʢʦʚ, ʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʦʩʪʦʷʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʪʚʝʨʜʝʥʠʷ ʟʘʢʣʘʜʦʯʥʦʛʦ ʤʘʩʩʠʚʘ. ʅʘʙʣʶ-

ʜʘʝʪʩʷ ʧʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʠʟ ʤʥʦʞʝʩʪʚʘ ʦʙʲʝʢʪʦʚ mss ,...,1  ʥʘ ʦʪʨʝʟʢʝ ʚʨʝʤʝʥʠ 

[ ]Ttt ,0 . ʅʘʙʣʶʜʝʥʠʝ ʚʝʜʝʪʩʷ ʚ ʟʘʜʘʥʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ Tttt BBB ...10 . ɺ ʢʘʞʜʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ,,...,1,0, Tktk =  ʣʶʙʦʡ ʦʙʲʝʢʪ ʠʟ ʤʥʦʞʝʩʪʚʘ S
~

 ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʦʜʥʦʤ ʠʟ ʩʚʦʠʭ 

ʩʦʩʪʦʷʥʠʡ, ʦʧʠʩʳʚʘʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ ʠʟ n ʧʨʠʟʥʘʢʦʚ nxxx ,...,, 21 . ʉʦʩʪʦʷʥʠʝ ʦʙʝ̡ʢʪʘ 

nS  ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ kt  ʦʧʠʩʳʚʘʝʪʩʷ ʚʝʢʪʦʨʦʤ: 

Tktatatata knkkk ,...,1,0;,...,2,1)),(),....,(),(()( 21 === mnnnnn . 

ʂʘʞʜʳʡ ʠʟ ʧʨʠʟʥʘʢʦʚ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ ʠʟ ʤʥʦʞʝʩʪʚʘ .,...,1, niM i =  

ɺʳʚʦʜʳ. ʇʨʠʤʝʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʘ ʩʦʩʪʦʷʥʠʷ ʟʘʢʣʘʜʢʠ ʧʦ ʦʜʥʦʤʫ 

ʧʨʠʟʥʘʢʫ ʠʤʝʝʪ ʥʠʟʢʫʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʪʦ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʩʫʞʘʝʪ ʦʙʣʘʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ.  

ʄʝʪʦʜʠʢʘ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʤʝʪʦʜʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ ʠ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʫʶ ʘʧʧʨʦʢ-

ʩʠʤʘʮʠʶ, ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʦʛʥʦʟʦʚ ʠ ʧʦʣʫʯʠʪʴ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʙʦʣʝʝ 



53 

ʘʜʝʢʚʘʪʥʦ ʚʳʨʘʞʘʝʪ ʧʨʦʛʥʦʟʠʨʫʝʤʦʝ ʩʦʩʪʦʷʥʠʝ ʟʘʢʣʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʧʨʠʟʥʘʢʘʤ, ʭʘʨʘ-

ʢʪʝʨʠʟʫʶʱʠʤ ʝʛʦ ʩʦʩʪʦʥ̫ʠʝ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ 

1. ɹʘʡʢʦʥʫʨʦʚ ʆ.ɸ., ʂʨʫʧʥʠʢ ʃ.ɸ., ʄʝʣʴʥʠʢʦʚ ɺ.ɸ. ʇʦʜʟʝʤʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡ ʩ ʟʘʢʣʘʜʢʦʡ. - ɸʣʤʘ-ɸʪʘ.: ʅʘʫʢʘ, 1972. - 384 ʩ. 

2. ʄʝʣʴʥʠʢʦʚ ɺ.ɸ., ɼʞʫʤʘʙʘʝʚ ʈ.ʅ., ʄʫʩʪʘʬʠʥ ʉ.ɸ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʪʚʝʨ-

ʜʝʥʠʷ ʟʘʢʣʘʜʦʯʥʳʭ ʤʘʩʩʠʚʦʚ // ʂʘʟ. ʧʦʣʠʪʝʭʥ. ʠʥ-ʪ. - 1986. - 8ʩ. ï ɼʝʧ. ʚ ʂʘʟʅʀʀʅʊʀ 

07.07.86, ˉ 1380-ʂʘ. 

3. ɾʫʨʘʚʣʝʚ ʖ.ʀ. ʀʟʙʨʘʥʥʳʝ ʥʘʫʯʥʳʝ ʪʨʫʜʳ. - ʄ.: ʄʘʛʠʩʪʨ, 1998. - 420 ʩ. 

ɸʅɸʃɯɿ ʈʋʍʋ ɻɸɿʋ ʅɸ ʆʇɸʈʉʔʂʆʄʋ ʇɯɼɿɽʄʅʆʄʋ ʉʍʆɺʀʑɯ 

 

ʏʝʨʥʦʚʘ ʆ.ʊ. 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʩʧʦʨʫʜʞʝʥʥʷ ʪʘ  

ʨʝʤʦʥʪʫ ʛʘʟʦʥʘʬʪʦʧʨʦʚʦʜʽʚ ʽ  

ʛʘʟʦʥʘʬʪʦʩʭʦʚʠʱ ɯʌʅʊʋʅɻ 

 

MOTION FOR GAS ANALYSIS OPARSKOMU UNDERGROUND STORAGE 

 

Chernova O.T. 

Ph. D., associate professor 

department of construction and repair 

oil and gas pipelines and storage facilities IFNTUʆG 

NSTRUCTION AND REPAIR  

 OIL AND GAS PIPELINES AND  

STORAGE FACILITIES  

ɸʥʦʪʘʮʽʷ 

ʈʦʟʛʣʷʥʝʥʦ ʨʦʙʦʪʫ ʩʪʨʫʢʪʫʨʠ ʆʧʘʨʩʴʢʦʛʦ ʧʽʜʟʝʤʥʦʛʦ ʩʭʦʚʠʱʘ ʚ ʫʩʽʭ ʾʾ ʣʘʥʢʘʭ: ʧʣʘʩʪ ï 

ʩʚʝʨʜʣʦʚʠʥʘ ï ʢʦʤʧʨʝʩʦʨʥʘ ʩʪʘʥʮʽʷ ï ʛʘʟʦʧʨʦʚʽʜ. ɼʣʷ ʮʴʦʛʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʫʭ ʛʘʟʫ, ʷʢʠʡ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʟʘʢʘʯʫʚʘʥʥʽ ʪʘ ʚʽʜʙʠʨʘʥʥʽ ʡʦʛʦ ʥʘ ʧʽʜʟʝʤʥʦʤʫ ʩʭʦʚʠʱʽ. ʇʉɻ ʜʦʟʚʦʣʷʶʪʴ 

ʥʽʚʝʣʶʚʘʪʠ ʝʢʩʪʨʝʤʘʣʴʥʽ ʧʝʨʽʦʜʠ ʩʧʦʞʠʚʘʥʥʷ ʛʘʟʫ ʰʣʷʭʦʤ ʚʠʜʦʙʫʚʘʥʥʷ ʪʽʻʾ ʢʽʣʴʢʦʩʪʽ, ʷʢʦʾ 

ʥʝ ʚʠʩʪʘʯʘʻ, ʯʠ ʥʘʛʥʽʪʘʥʥʷʤ ʥʘʜʣʠʰʢʫ ʛʘʟʫ ʚ ʩʭʦʚʠʱʝ. ʊʦʤʫ ʥʘʜʘʥʦ ʘʥʘʣʽʟ ʨʠʪʤʽʯʥʦʩʪʽ ʨʦʙʦ-

ʪʠ ʦʙôʻʢʪʽʚ ʩʪʘʥʮʽʾ ʧʽʜʟʝʤʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʛʘʟʫ.  

Abstract 

Considered features of the formation of one of the underground storage of Ukraine - Opar-

skogo. Creating conditions for the smooth operation of the entire system of gas supply depends on 

the state of underground storage. As this storage is the second in importance, it is given much more 

attention in terms of the issue of seasonal irregularity of consumption and supply of gas. Therefore, 

analysis of the conditions of its creation and activities requiring priority attention during the ascent 

of the modernization. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʫʭ ʛʘʟʫ, ʧʽʜʟʝʤʥʽ ʩʭʦʚʠʱʘ, ʩʝʟʦʥʥʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ, ʦʩʫʰʝʥʥʷ ʛʘʟʫ, 

ʥʘʛʥʽʪʘʥʥʷ ʛʘʟʫ, ʢʦʤʧʨʠʤʦʚʘʥʠʡ ʛʘʟ, ʢʦʤʧʨʝʩʦʨʥʠʡ ʮʝʭ.  

Keywords: movement gas underground storage, seasonal unevenness, drying gas pumping 

gas komprymovanyy gas compressor plant. 

 

ɺʘʞʣʠʚʦʶ ʪʘ ʩʢʣʘʜʥʦʶ ʩʠʩʪʝʤʦʶ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ ʻ ʩʢʣʘʜʥʘ 

ʩʠʩʪʝʤʘ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʩʫʢʫʧʥʽʩʪʴ ʙʘʛʘʪʴʦʭ ʧʽʜʩʠʩʪʝʤ, ʱʦ ʦʭʦʧʣʶʶʪʴ ʚʠʜʦʙʫ-

ʚʘʥʥʷ, ʧʝʨʝʪʚʦʨʝʥʥʷ, ʨʦʟʧʦʜʽʣ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʦʥʦʩʽʾʚ. ʆʩʦʙʣʠʚʝ ʤʽʩʮʝ ʥʘ-

ʣʝʞʠʪʴ ʛʘʟʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ.  

ɺʨʘʭʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪʦʨ, ʱʦ ʋʢʨʘʾʥʘ ʩʧʦʞʠʚʘʻ ʧʨʘʢʪʠʯʥʦ ʚ ʯʦʪʠʨʠ ʨʘʟʠ ʙʽʣʴʰʝ ʛʘʟʫ, 

ʥʽʞ ʚʠʜʦʙʫʚʘʻ, ʧʦʪʨʽʙʥʦ ʧʨʠʜʽʣʠʪʠ ʚʽʜʧʦʚʽʜʥʝ ʟʥʘʯʝʥʥʷ ʨʝʟʝʨʚʘʤ ʛʘʟʦʧʦʩʪʘʯʘʥʥʷ. ɯʩʥʫʶʪʴ 
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ʥʘʩʪʫʧʥʽ ʰʣʷʭʠ ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʨʝʟʝʨʚʽʚ: ʟʘʣʫʯʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʫ ʩʠʩʪʝʤʫ ʛʘ-

ʟʦʚʠʜʦʙʫʚʘʥʥʷ ʽ ʨʦʟʙʫʜʦʚʘ ʤʝʨʝʞʽ ʧʽʜʟʝʤʥʠʭ ʩʭʦʚʠʱ ʛʘʟʫ (ʇʉɻ) ʧʦʙʣʠʟʫ ʦʩʥʦʚʥʠʭ ʛʘʟʦʩʧʦ-

ʞʠʚʘʶʯʠʭ ʮʝʥʪʨʽʚ. ʆʜʥʘʢ ʮʝʡ ʰʣʷʭ ʫ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʚʚʘʞʘʶʪʴ ʤʝʥʰ ʨʘʮʽʦʥʘʣʴʥʠʤ. ʇʉɻ 

ʜʦʟʚʦʣʷʶʪʴ ʥʽʚʝʣʶʚʘʪʠ ʝʢʩʪʨʝʤʘʣʴʥʽ ʧʝʨʽʦʜʠ ʩʧʦʞʠʚʘʥʥʷ ʛʘʟʫ ʰʣʷʭʦʤ ʚʠʜʦʙʫʚʘʥʥʷ ʪʽʻʾ ʢʽ-

ʣʴʢʦʩʪʽ, ʷʢʦʾ ʥʝ ʚʠʩʪʘʯʘʻ, ʯʠ ʥʘʛʥʽʪʘʥʥʷʤ ʥʘʜʣʠʰʢʫ ʛʘʟʫ ʚ ʧʽʜʟʝʤʝʣʣʷ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʟʘʙʝʟʧʝ-

ʯʠʪʠ ʨʦʙʦʪʫ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʟ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʙʣʠʟʴʢʦʾ ʜʦ ʥʦʤʽʥʘ-

ʣʴʥʦʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʚʦʨʝʥʥʷ ʇʉɻ ʩʪʘʣʦ ʛʦʣʦʚʥʠʤ ʨʝʟʝʨʚʦʤ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʫ 

ʛʘʟʦʚʽʡ ʛʘʣʫʟʽ ʋʢʨʘʾʥʠ. 

ɹʘʛʘʪʦ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ, ʧʦʚôʷʟʘʥʠʭ ʟ ʚʠʚʯʝʥʥʷʤ ʪʘ ʘʥʘʣʽʟʦʤ ʧʠʪʘʥʴ ʧʽʜʟʝʤʥʦʛʦ 

ʟʙʝʨʽʛʘʥʥʷ, ʥʘʣʝʞʘʪʴ ɻʽʤʝʨʫ ʈ. ʌ. [3] ʇʠʪʘʥʥʷʤʠ ʨʦʟʚʠʪʢʫ ʤʝʨʝʞʽ ʧʽʜʟʝʤʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʛʘʟʫ 

ʟʘʡʤʘʣʠʩʴ ʉʘʚʢʽʚ ɹ. ʇ. [4], ʌʝʜʫʪʝʥʢʦ ɯ. ɯ. [2] ʪʘ ʽʥʰʽ ʚʯʝʥʽ. ɰʭ ʥʘʧʨʘʮʶʚʘʥʥʷ ʙʫʣʠ ʚʠʢʦʨʠ-

ʩʪʘʥʽ ʜʣʷ ʚʥʝʩʝʥʥʷ ʢʦʨʝʢʪʠʚ ʚ ʦʢʨʝʤʽ ʧʨʦʝʢʪʠ ʩʧʦʨʫʜʞʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʩʭʦʚʠʱ ʛʘʟʫ, ʘʣʝ ʧʨʦ-

ʪʷʛʦʤ ʧʝʨʽʦʜʫ ʯʘʩʫ ʧʝʨʝʜ ʋʢʨʘʾʥʦʶ ʧʦʩʪʘʶʪʴ ʧʠʪʘʥʥʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʾʭ ʨʦʙʦʪʠ.  

ɻʘʟʦʟʙʽʨʥʘ ʤʝʨʝʞʘ ʆʧʘʨʩʴʢʦʛʦ ʧʽʜʟʝʤʥʦʛʦ ʩʭʦʚʠʱʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʛʦ ʥʘʛʥʽ-

ʪʘʥʥʷ ʽ ʚʽʜʙʠʨʘʥʥʷ ʛʘʟʫ ʚ ʤʝʞʘʭ ʛʘʟʦʚʦʛʦ ʨʦʜʦʚʠʱʘ ʦʙʣʘʰʪʦʚʘʥʘ 76 ʝʢʩʧʣʫʘʪʘʮʽʡʥʦ-

ʥʘʛʥʽʪʘʣʴʥʠʤʠ ʩʚʝʨʜʣʦʚʠʥʘʤʠ, ʘ ʪʘʢʦʞ 9 ʩʧʦʩʪʝʨʝʞʥʠʤʠ, 5 ʧôʻʟʦʤʝʪʨʠʯʥʠʤʠ, 6 ʢʦʥʪʨʦʣʴʥʦ-

ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʤʠ. ɺʩʽ 76 ʝʢʩʧʣʫʘʪʘʮʽʡʥʦ-ʥʘʛʥʽʪʘʣʴʥʽ ʩʚʝʨʜʣʦʚʠʥʠ ʦʙʣʘʜʥʘʥʽ ʽʥʜʠʚʽʜʫʘ-

ʣʴʥʠʤʠ ʰʣʝʡʬʘʤʠ, ʟʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ ʷʢʠʭ ʩʢʣʘʜʘʻ 70,1 ʢʤ.  

ʆʩʫʰʝʥʥʷ ʛʘʟʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʽʣʴʢʠ ʫ ʧʝʨʽʦʜ ʚʽʜʙʠʨʘʥʥʷ ʛʘʟʫ ʟ ʇʉɻ. ʇʽʩʣʷ ʦʯʠʱʝʥʥʷ, 

ʛʘʟ ʧʽʜ ʪʠʩʢʦʤ ʙʣʠʟʴʢʦ 5,3-5,3 ʄʇʘ ʽ ʪʝʤʧʝʨʘʪʫʨʦʶ 5-15 0ʉ ʧʦʩʪʫʧʘʻ ʥʘ ʫʩʪʘʥʦʚʢʫ ʦʩʫʰʝʥʥʷ 

ʚ ʛʣʽʢʦʣʴʦʚʽ ʢʦʥʪʘʢʪʦʨʠ, ʜʝ ʧʨʦʤʠʚʘʻʪʴʩʷ 98 % ʨʦʟʯʠʥʦʤ ʜʽʝʪʠʣʝʥʛʣʽʢʦʣʶ ʽ ʦʩʫʰʫʻʪʴʩʷ ʜʦ 

ʪʦʯʢʠ ʨʦʩʠ ʤʽʥʫʩ 80 ʉ ʧʨʠ ʪʠʩʢʫ 4,0 ʄʇʘ. ʆʩʫʰʝʥʠʡ ʛʘʟ ʧʦʩʪʫʧʘʻ ʥʘ ʜʦʞʠʥʫ ʢʦʤʧʨʝʩʦʨʥʫ 

ʩʪʘʥʮʽʶ (ɼʂʉ), ʜʘʣʽ ʥʘ ʟʘʤʽʨʥʫ ʜʽʣʴʥʠʮʶ ʪʘ ʚ ʤʘʛʽʩʪʨʘʣʴʥʠʡ ʛʘʟʦʧʨʦʚʽʜ. ʅʘʩʠʯʝʥʠʡ ʚʦʜʦʶ 

ʨʦʟʯʠʥ ʜʠʝʪʠʣʝʥʛʣʽʢʦʣʶ ʚʠʭʦʜʠʪʴ ʟ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʢʦʥʪʘʢʪʦʨʘ, ʜʝ ʜʨʦʩʝʣʶʻʪʴʩʷ ʜʦ ʪʠʩʢʫ 

0,6 ʄʇʘ ʽ ʧʦʩʪʫʧʘʻ ʚ ʙʣʦʢ ʨʝʛʝʥʝʨʘʮʽʾ. 

ʅʘʛʥʽʪʘʥʥʷ ʛʘʟʫ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʟʦʤʦʪʦʢʦʤʧʨʝʩʦʨʽʚ ʤʦʞʣʠʚʝ ʟʘ ʫʤʦʚʠ, ʱʦ ʤʽʥʽʤʘ-

ʣʴʥʠʡ ʧʝʨʝʧʘʜ ʪʠʩʢʽʚ ʚ ʧʣʘʩʪʽ ʽ ʛʘʟʦʧʨʦʚʦʜʽ ʧʦʚʠʥʝʥ ʩʪʘʥʦʚʠʪʠ 0,29 ʄʇʘ (3 ʢʛʩ/ʩʤ2). ɻʘʟ ʧʽʩ-

ʣʷ ʢʨʘʥʫ ˉ22 ʧʨʦʭʦʜʠʪʴ ʟʦʥʫ ʤʠʪʥʦʛʦ ʢʦʥʪʨʦʣʶ ʢʨʘʥ ˉ51 ï ʚʽʜʢʨʠʪʠʡ, ʢʨʘʥ ˉ50 ï ʟʘʢʨʠʪʠ; 

ʽ ʧʦʩʪʫʧʘʻ ʥʘ ʫʩʪʘʥʦʚʢʫ ʦʯʠʩʪʢʠ ʛʘʟʫ ï ʢʨʘʥ ˉ71 ï ʟʘʢʨʠʪʠʡ, ʢʨʘʥʠ ˉˉ72,73,74 ï ʚʽʜʢʨʠʪʽ. 

ɼʘʣʽ ʛʘʟ ʧʦʩʪʫʧʘʻ ʥʘ ʚʫʟʦʣ ʟʘʤʽʨʶʚʘʥʥʷ ʛʘʟʫ: ʢʨʘʥʠ ˉˉ45, 47 ï ʟʘʢʨʠʪʽ, ʢʨʘʥ ˉ45 ï ʚʽʜʢʨʠ-

ʪʠʡ. ɿ ʚʫʟʣʘ ʟʘʤʽʨʶʚʘʥʥʷ ʛʘʟ ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʫʟʦʣ ʚʽʜʢʣʶʯʘʶʯʠ ʧʨʠʩʪʨʦʾ ʂʉ ʥʘ ʚʭʦʜʽ ʚ ɻɿʇ 

(ʩʪʨʫʥʠ): ʢʨʘʥ ˉ48 ï ʟʘʢʨʠʪʠʡ, ʢʨʘʥ ˉ49 ï ʚʽʜʢʨʠʪʠʡ, ʟʘʩʫʚʠ ˉˉ 26, 27, 28, 29, 37, 38, 39, 

40 ï ʚʽʜʢʨʠʪʽ. ɿʽ ʩʪʨʫʥ ʛʘʟ ʧʦʩʪʫʧʘʻ ʫ ʚʫʟʦʣ ʚʽʜʢʣʶʯʘʶʯʠ ʧʨʠʩʪʨʦʾʚ ʽ ʟʘʤʽʨʥʠʭ ʜʽʘʬʨʘʛʤ ʩʚʝʨ-

ʜʣʦʚʠʥ (ʢʦʣʝʢʪʦʨ ʟʘʤʽʨʶʚʘʥʥʷ ʧʨʠ ʥʘʛʥʽʪʘʥʥʽ ɼʫ 100). 
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ʈʠʩ. 1 ī ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ ɼʂʉ ʆʧʘʨʠ 

 

ɼʦ ʚʫʟʣʫ ʦʙʣʽʢʫ ʛʘʟ ʨʫʭʘʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ. ʇʽʩʣʷ ʚʫʟʣʘ ʦʙʣʽʢʫ ʛʘʟʫ (ʢʨʘʥʠ ˉ ˉ49, 236 ï 

ʟʘʢʨʠʪʽ), ʛʘʟ ʧʦʩʪʫʧʘʻ ʯʝʨʝʟ ʢʨʘʥʠ ˉˉ48, 237 ʚ ʢʦʣʝʢʪʦʨ ʚʩʤʦʢʪʫʚʘʥʥʷ ʂʎ 1 ɼʫ 1000. ʇʨʠ 

ʨʦʙʦʪʽ ʤʘʰʟʘʣʫ "ɸ" ʚʽʜʢʨʠʪʠʡ ʢʨʘʥ ˉ8, ʤʘʰʟʘʣʫ "ɹ" - ʢʨʘʥ ˉ9.  

ʂʦʤʧʨʠʤʦʚʘʥʠʡ ʛʘʟʦʤʦʪʦʢʦʤʧʨʝʩʦʨʘʤʠ ʛʘʟ, ʧʨʦʡʰʦʚʰʠ ʘʧʘʨʘʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʛʘʟʫ 

(ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʠʭʦʜʽ ʥʝ ʙʽʣʴʰʝ 400ʉ), ʜʚʦʤʘ ʢʦʣʝʢʪʦʨʘʤʠ ɼʫ 400 ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʫʟʦʣ ʚʽʜʢ-

ʣʶʯʘʶʯʠ ʧʨʠʩʪʨʦʾ ʂʉ ʥʘ ʚʭʦʜʽ ʚ ɻɿʇ (ʟʘʩʫʚʠ ˉˉ26, 27, 28, 29 ï ʟʘʢʨʠʪʽ, ˉˉ37, 37, 39, 40 ï 

ʚʽʜʢʨʠʪʽ).  

ɼʦ ʢʨʘʥʫ ˉ237 ʛʘʟ ʨʫʭʘʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ. ɼʣʷ ʢʦʤʧʨʠʤʫʚʘʥʥʷ ʛʘʟʦʤʦʪʦʢʦʤʧʨʝʩʦʨʘʤʠ 

ʢʨʘʥ ˉ237 ʟʘʢʨʠʚʘʶʪʴ, ʽ ʛʘʟ ʯʝʨʝʟ ʢʨʘʥ ˉ236 (ʚʽʜʢʨʠʪʠʡ) ʧʦʩʪʫʧʘʻ ʫ ʚʩʤʦʢʪʫʶʯʠʡ ʢʦʣʝʢʪʦʨ 

ʂʎ 2 ɼʫ1000. ɿ ʮʴʦʛʦ ʢʦʣʝʢʪʦʨʘ ʛʘʟ ʧʦʩʪʫʧʘʻ ʥʘ ʚʫʟʣʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ɻʇɸ ˉˉ1, 2. ɿ ʤʦʤʝʥ-

ʪʫ ʧʫʩʢʫ ɻʇɸ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ "ʢʽʣʴʮʝ", ʽ ʛʘʟ ʟ ʥʘʛʥʽʪʘʯʘ ʯʝʨʝʟ ʘʛʨʝʛʘʪʥʠʡ ʢʣʘʧʘʥ (ɸʇʂ) ʽ 

ʢʨʘʥ ˉ6, ʨʫʭʘʻʪʴʩʷ ʧʦ ʤʘʣʦʤʫ ʢʽʣʴʮʶ ʢʦʣʝʢʪʦʨʦʤ ɼʫ 500, ʜʦ ʧʫʩʢʦʚʦʛʦ ɸʇʆɻ (ʢʨʘʥʠ 

ˉˉ217,220,219 ï ʟʘʢʨʠʪʽ, ʢʨʘʥʠ ˉˉ218, 221 ï ʚʽʜʢʨʠʪʽ). ʆʭʦʣʦʜʞʝʥʠʡ ʜʦ ʥʦʨʤʠ ʛʘʟ ʧʦʚʝʨ-

ʪʘʻʪʴʩʷ ʥʘ ʚʭʽʜ ɻʇɸ. ʇʨʠ ʟʘʚʘʥʪʘʞʝʥʥʽ ɻʇɸ ʘʛʨʝʛʘʪʥʠʡ ɸʇʂ ʟʘʢʨʠʚʘʻʪʴʩʷ ʽ ʛʘʟ ʟ ʥʘʛʥʽʪʘʯʘ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʟʚʦʨʦʪʥʽʡ ʢʣʘʧʘʥ, ʢʨʘʥ ˉ2 ʢʦʣʝʢʪʦʨʦʤ ɼʫ 700 ʧʦʜʘʻʪʴʩʷ ʜʦ ɸʇʆɻ ʧʝʨʰʦʾ 

ʩʪʫʧʝʥʽ. ʆʭʦʣʦʜʞʝʥʠʡ ʛʘʟ ʯʝʨʝʟ ʢʨʘʥʠ ˉˉ234, 235 ʽ ʟʚʦʨʦʪʥʽ ʢʣʘʧʘʥʠ ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʫʟʦʣ 

ʥʘʛʥʽʪʘʥʥʷ ʥʘ ʚʭʦʜʽ ʚ ɻɿʇ (ʢʨʘʥʠ ˉˉ226, 239 ï ʚʽʜʢʨʠʪʽ, ɸʇʂ 6ɸʈ, 6ɹʈ ï ʟʘʢʨʠʪʽ). ɺʽʜ ʧʝʨʝ-

ʚʠʱʝʥʥʷ ʪʠʩʢʫ ʥʘ I-ʰʽʡ ʩʪʫʧʝʥʽ ʧʝʨʝʜʙʘʯʝʥʽ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʩʭʝʤʦʶ ʯʦʪʠʨʠ ʉʇʇʂ, ʜʚʽ ʟʘʧʦ-

ʙʽʞʥʽ ʜʽʘʬʨʘʛʤʠ, ɸʇʂ 6ɸʈ-ʧʝʨʰʦʾ ʩʪʫʧʝʥʽ, ɸʇʂ 6ɹʈ-ʟʘʛʘʣʴʥʦʩʪʘʥʮʽʡʥʠʡ. 

ɺʽʜʙʠʨʘʥʥʷ ʛʘʟʫ ʟ ʇʉɻ ʩʘʤʦʧʣʠʚʦʤ ʤʦʞʣʠʚʝ ʟʘ ʫʤʦʚʠ, ʱʦ ʤʽʥʽʤʘʣʴʥʠʡ ʧʝʨʝʧʘʜ ʪʠʩʢʽʚ 

ʚ ʧʣʘʩʪʽ ʽ ʛʘʟʦʧʨʦʚʦʜʽ ʙʫʜʝ ʩʪʘʥʦʚʠʪʠ 0,29 ʄʇʘ (3 ʢʛʩ/ʩʤ2), ʽ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ʽʟ ʩʚʝʨʜʣʦʚʠʥ ʧʦ ʰʣʝʡʬʘʭ ʛʘʟ ʥʘʜʭʦʜʠʪʴ ʫ ʚʫʟʦʣ ʚʽʜʢʣʶʯʘʶʯʠʭ ʧʨʠʩʪʨʦʾʚ ʟʘʤʽʨʥʠʭ ʜʽʘʬʨʘʛʤ 

ʩʚʝʨʜʣʦʚʠʥ (ʢʦʣʝʢʪʦʨ ʟʘʤʽʨʫ ɼʫ 1000). ɿ ʮʴʦʛʦ ʢʦʣʝʢʪʦʨʘ ʛʘʟ ʧʦʩʪʫʧʘʻ ʚ ʫʩʪʘʥʦʚʢʫ ʛʨʫʙʦʾ 

ʦʯʠʩʪʢʠ ʛʘʟʫ (ɻɾ-1600 ï 10 ʰʪ, ɻɾ-800 ï 4 ʰʪ). ʏʝʨʝʟ ʢʨʘʥ ˉ33 ï ʚʽʜʢʨʠʪʠʡ, ʛʘʟ ʥʘʜʭʦʜʠʪʴ 
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ʚ ʫʩʪʘʥʦʚʢʫ ʪʦʥʢʦʾ ʦʯʠʩʪʢʠ (7 ʮʠʢʣʦʥʥʠʭ ʧʠʣʦʚʣʦʚʣʶʚʘʯʽʚ), ʧʦ ʢʦʣʝʢʪʦʨʫ ɼʫ 1000 (ʢʨʘʥʠ 

ˉˉ 45, 71, 72 ,74 ï ʚʽʜʢʨʠʪʽ, ʢʨʘʥ ˉ46 ï ʟʘʢʨʠʪʠʡ) ʧʦʜʘʻʪʴʩʷ ʥʘ ʫʩʪʘʥʦʚʢʫ ʦʩʫʰʢʠ ʛʘʟʫ. 

ʆʩʫʰʫʻʪʴʩʷ ʛʘʟ ʫ ʚʦʩʴʤʠ ʛʣʽʢʦʣʝʚʠʭ ʢʦʥʪʘʢʪʦʨʘʭ V=48,0 ʤ3 ʜʦ ʪʦʯʢʠ ʨʦʩʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ 

ʚʠʤʦʛʘʤʠ ɻʆʉʊ 51.40-74. ʏʝʨʝʟ ʢʨʘʥ ˉ47, ʛʘʟ ʧʨʦʭʦʜʠʪʴ ʥʘ ʚʫʟʦʣ ʟʘʤʽʨʶʚʘʥʥʷ. ɿʘʤʽʨ ʧʨʦ-

ʭʦʜʠʪʴ ʧʦ ʯʦʪʠʨʴʦʭ ʦʩʥʦʚʥʠʭ ʣʽʥʽʷʭ (ʢʨʘʥʠ ˉˉ59, 60, 61, 62, 63, 64, 65, 66 ï ʚʽʜʢʨʠʪʽ), ʽ 

ʦʢʨʝʤʽʡ ʜʦʜʘʪʢʦʚʽʡ ʣʽʥʽʾ (ʢʨʘʥʠ ˉˉ59ʘ, 63ʘ ï ʚʽʜʢʨʠʪʽ), ʜʣʷ ʧʦʜʘʯʽ ʛʘʟʫ ʫ ʛʘʟʦʧʨʦʚʽʜ "ɼʂʉ 

ʆʧʘʨʠ - ɻʈʉ ɼʨʦʛʦʙʠʯ". ɿ ʚʫʟʣʘ ʟʘʤʽʨʫ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ɼʫ1000 (ʢʨʘʥʠ ˉ ˉ48, 51 ï ʟʘʢʨʠʪʽ, 

ʢʨʘʥʠ ˉˉ49, 50, 22 ï ʚʽʜʢʨʠʪʽ, ) ʛʘʟ ʧʦʜʘʻʪʴʩʷ ʫ ʄɻ "ɼʂʉ ʆʧʘʨʠ-ɼʂʉ ʋʛʝʨʩʴʢʦ". ɺʽʜʙʠʨʘʥ-

ʥʷ ʛʘʟʫ ʪʘʢʦʞ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʛʘʟʦʤʦʪʦʢʦʤʧʨʝʩʦʨʽʚ ʪʘ ʪʫʨʙʦʢʦʤʧʨʝʩʦ-

ʨʽʚ. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʛʘʟʦʚʽ ʢʦʤʫʥʽʢʘʮʽʾ ʚʟʘʻʤʥʦ ʟʚôʷʟʫʶʪʴ ʛʘʟʦʚʝ ʦʙʣʘʜʥʘʥʥʷ ʂʉ ʟ ʤʘʛʽʩʪʨʘʣʴ-

ʥʠʤ ʛʘʟʦʧʨʦʚʦʜʦʤ (ʄɻ) ʽ ʛʘʟʦʟʙʽʨʥʠʤ ʧʫʥʢʪʦʤ (ɻɿʇ) ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʪʝʭʥʦ-

ʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʽ ʟʘʧʽʨʥʦʾ ʘʨʤʘʪʫʨʠ ʜʣʷ ʢʝ-

ʨʫʚʘʥʥʷ ʮʠʤ ʧʨʦʮʝʩʦʤ. 

ʅʘʛʥʽʪʘʣʴʥʽ ʢʦʤʫʥʽʢʘʮʽʾ (ʪʝʤʧʝʨʘʪʫʨʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʝ ʙʽʣʴʰʝ 40 0ʉ) ʚʠʢʦʥʘʥʽ ʦʢʨʝʤʦ ʥʘ 

ʢʦʞʥʠʡ ʤʘʰʠʥʥʠʡ ʟʘʣ ʫ ʚʠʛʣʷʜʽ ʢʽʣʴʮʝʚʠʭ ʢʦʣʝʢʪʦʨʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ɻʄʂ ʽ ʨʦʟʧʦʜʽʣʷʶʪʴ ʛʘʟ 

ʥʘ ɸʇʆɻ. ʇʝʨʝʜ ʚʭʦʜʦʤ ʛʘʟʫ ʚ ɸʇʆɻ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʢʦʣʝʢʪʦʨʽʚ ʚʙʫʜʦʚʘʥʽ ʜʨʠʧʠ ʜʣʷ ʟʙʠ-

ʨʘʥʥʷ ʽ ʚʽʜʚʦʜʫ ʤʘʩʣʘ, ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʚ ʢʦʤʧʨʝʩʦʨʥʠʭ ʮʠʣʽʥʜʨʘʭ ɻʄʂ , ʜʨʝʥʘʞʥʠʤ ʪʨʫʙʦʧ-

ʨʦʚʦʜʦʤ ʫ ʧʨʦʜʫʚʦʯʥʫ ʻʤʥʽʩʪʴ. ɿ ɸʇʆɻ ʦʭʦʣʦʜʞʝʥʠʡ ʜʦ 400ʉ ʛʘʟ ʧʦ ʯʦʪʠʨʴʦʭ ʧʽʜʟʝʤʥʠʭ ʢʦ-

ʣʝʢʪʦʨʘʭ ʯʝʨʝʟ ʚʫʟʦʣ ʨʦʟʧʦʜʽʣʫ ʧʦʜʘʻʪʴʩʷ ʚ ʄɻ ʘʙʦ ʇʉɻ. 

ɺʩʤʦʢʪʫʶʯʽ ʢʦʤʫʥʽʢʘʮʽʾ ʟʤʦʥʪʦʚʘʥʽ ʟ ʩʧʽʣʴʥʠʤ ʢʦʣʝʢʪʦʨʦʤ ʥʘ ʦʙʠʜʚʘ ʤʘʰʠʥʥʠʭ ʟʘʣʠ. 

ʌʫʥʢʮʽʾ ʟʘʭʠʩʪʫ ʚʽʜ ʧʝʨʝʚʠʱʝʥʥʷ ʨʦʙʦʯʠʭ ʪʠʩʢʽʚ ʚʠʢʦʥʫʶʪʴ ʟʘʧʦʙʽʞʥʽ ʢʣʘʧʘʥʠ, ʚ ʘʚʘʨʽʡʥʠʭ 

ʩʠʪʫʘʮʽʷʭ ʪʝʭʥʦʣʦʛʽʯʥʽ ʢʦʤʫʥʽʢʘʮʽʾ ʚʽʜʢʣʶʯʘʶʪʴʩʷ ʚʽʜ ʛʘʟʫ ʟʘʧʽʨʥʦʶ ʘʨʤʘʪʫʨʦʶ, ʟ ʧʦʚʥʠʤ 

ʩʪʨʘʚʣʝʥʥʷʤ ʘʚʘʨʽʡʥʦʾ ʜʽʣʷʥʢʠ, ʷʢʘ ʜʠʩʪʘʥʮʽʡʥʦ ʫʧʨʘʚʣʷʻʪʴʩʷ ʢʣʶʯʝʤ ʘʚʘʨʽʡʥʦʾ ʟʫʧʠʥʢʠ ʟ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʫʣʴʪʘ ʫʧʨʘʚʣʽʥʥʷ ʜʠʩʧʝʪʯʝʨʩʴʢʦʾ. 

ɹʣʦʢ ʨʝʜʫʢʫʚʘʥʥʷ ʽ ʟʘʤʽʨʫ ʧʘʣʠʚʥʦʛʦ ʛʘʟʫ ʟ ʪʠʩʢʦʤ ʥʘ ʚʭʦʜʽ 5,5ʄʇʘ ʽ ʪʠʩʢʦʤ ʥʘ ʚʠʭʦʜʽ 

0,4 ʄʇʘ ʚʽʜ ʧʝʨʝʚʠʱʝʥʥʷ ʨʦʙʦʯʦʛʦ ʪʠʩʢʫ ʟʘʭʠʱʝʥʽ ʟʘʧʦʙʽʞʥʠʤʠ ʢʣʘʧʘʥʘʤʠ. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʛʘʟʦʚʽ ʢʦʤʫʥʽʢʘʮʽʾ ʚʟʘʻʤʥʦ ʟʚ'ʷʟʫʶʪʴ ʂʎ-1 ʟ ʂʎ-2 ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʜʘʯʫ 

ʦʯʠʱʝʥʦʛʦ ʽ ʦʩʫʰʝʥʦʛʦ ʛʘʟʫ ʥʘ ʚʭʽʜ ʪʫʨʙʦʢʦʤʧʨʝʩʦʨʽʚ ʽ ʧʦʜʘʯʫ ʢʦʤʧʨʠʤʦʚʘʥʦʛʦ ʽ ʦʭʦʣʦʜʞʝ-

ʥʦʛʦ ʛʘʟʫ ʽ ʄɻ ʘʙʦ ʇʉɻ. 

ʋʩʪʘʥʦʚʢʘ ʧʽʜʛʦʪʦʚʢʠ ʧʘʣʠʚʥʦʛʦ, ʧʫʩʢʦʚʦʛʦ ʪʘ ʽʤʧʫʣʴʩʥʦʛʦ ʛʘʟʫ ʟʘʙʝʟʧʝʯʫʻ ʦʯʠʩʪʢʫ, 

ʚʠʤʽʨʶʚʘʥʥʷ, ʧʽʜʽʛʨʽʚ, ʨʝʜʫʢʫʚʘʥʥʷ ʪʘ ʧʦʜʘʯʫ ʛʘʟʫ ʚ ʧʘʣʠʚʥʫ ʩʠʩʪʝʤʫ ʪʫʨʙʦʢʦʤʧʨʝʩʦʨʽʚ, ʚ 

ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʴʥʦ-ʨʝʛʫʣʶʶʯʠʭ ʧʨʠʣʘʜʽʚ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʧʥʝʚʤʦʛʽʜʨʦʧʨʠʚʦʜʽʚ ʢʨʘʥʽʚ ʩʠʩʪʝ-

ʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ. ɺʽʜʙʠʨʘʥʥʷ ʛʘʟʫ ʚ ʋʇʇʇɻ ʧʨʦʚʦ-

ʜʠʪʴʩʷ ʟ ʜʚʦʭ ʜʽʣʷʥʦʢ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʂʎ-1 :ʟʘʢʘʯʢʘ ï ʜʦ ʢʨʘʥʫ ˉ67, ʚʽʜʙʠʨʘʥʥʷ 

ï ʜʦ ʢʨʘʥʫ ˉ22 (ʪʝʧʣʠʡ ʛʘʟ). 

ʅʘ ʛʘʟʦʧʨʦʚʦʜʘʭ, ʱʦ ʩʧʦʣʫʯʘʶʪʴ ʢʦʤʧʨʝʩʦʨʥʠʡ ʮʝʭ ʟ ʩʭʦʚʠʱʝʤ ʛʘʟʫ ʽ ʤʘʛʽʩʪʨʘʣʴʥʠʤʠ 

ʛʘʟʦʧʨʦʚʦʜʘʤʠ, ʧʝʨʝʜʙʘʯʝʥʦ ʨʷʜ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʽʜʢʣʶʯʝʥʥʷ ʢʦʤʧʨʝʩʦʨʥʦʾ ʩʪʘ-

ʥʮʽʾ ʽ ʛʘʟʦʟʙʽʨʥʦʛʦ ʧʫʥʢʪʫ ʫ ʚʠʧʘʜʢʫ ʘʚʘʨʽʾ ʥʘ ɼʂʉ ʘʙʦ ɻɿʇ, ʽʟ ʥʘʩʪʫʧʥʠʤ ʩʪʨʘʚʣʝʥʥʷʤ ʛʘʟʫ ʚ 

ʘʪʤʦʩʬʝʨʫ. ʂʝʨʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʣʶʯʝʤ ʘʚʘʨʽʡʥʦʛʦ ʚʠʤʢʥʝʥʥʷ, ʨʦʟʤʽʱʝʥʠʤ ʚ ʧʨʠʤʽ-

ʱʝʥʥʽ ʦʧʝʨʘʪʦʨʥʦʾ ʜʠʩʧʝʪʯʝʨʘ.  
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ʈʠʩ. 2 ï ɼʠʥʘʤʽʢʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʆʧʘʨʩʴʢʦʛʦ ʇʉɻ ʧʨʦʪʷʛʦʤ ʨʦʢʫ 

 

ɿʛʽʜʥʦ ʧʘʨʘʤʝʪʨʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʇʉɻ, ʛʘʟ ʧʨʠ ʥʘʛʥʽʪʘʥʥʽ ʧʦʚʠʥʝʥ ʤʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚ 

ʤʝʞʘʭ 32-35 ʦʉ, ʷʢʘ ʨʝʻʩʪʨʫʻʪʴʩʷ ʫ ʚʠʭʽʜʥʠʭ ʢʦʣʝʢʪʦʨʘʭ ʫʩʪʘʥʦʚʢʠ ɸʇʆ. ʋ ʚʠʥʷʪʢʦʚʠʭ ʚʠ-

ʧʘʜʢʘʭ ʜʦʟʚʦʣʷʻʪʴʩʷ ʩʷʛʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʦʶ ʤʝʞʽ 400 ʉ. ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ ʥʘ ʚʠʭʦʜʽ ʟ ʦʩʪʘʥ-

ʥʽʭ ʩʷʛʘʻ 900 ʉ, ʘ ʥʘ ʚʠʭʦʜʽ ʽʟ ʢʦʤʧʨʝʩʦʨʥʦʛʦ ʮʝʭʫ ʛʘʟ ʤʘʻ ʪʝʤʧʝʨʘʪʫʨʫ 72-760 ʉ. 

ɼʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʢʦʤʧʨʠʤʦʚʘʥʦʛʦ ʛʘʟʫ ʥʘ ʆʧʘʨʩʴʢʦʤʫ ɺʋʇɿɻ ʧʝʨʝʜʙʘʯʝʥʦ 14 ʘʧʘʨʘʪʽʚ 

ʧʦʚʽʪʨʷʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʂʎ 1, ʽ 12 ɸʇʆɻ ʥʘ ʂʎ 2.  

ʗʢ ʧʨʠ ʧʦʩʪʫʧʣʝʥʥʽ ʽʟ ʪʨʫʙʦʧʨʦʚʦʜʫ ʥʘ ʇʉɻ, ʪʘʢ ʽ ʧʨʠ ʚʽʜʙʠʨʘʥʥʽ ʛʘʟ ʩʧʦʯʘʪʢʫ ʧʨʦʭʦ-

ʜʠʪʴ ʦʯʠʩʪʢʫ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʫ ʧʠʣʦʚʣʦʚʣʶʚʘʯʘʭ.  

ʅʝʦʯʠʱʝʥʠʡ ʛʘʟ ʥʘʜʭʦʜʠʪʴ ʯʝʨʝʟ ʙʦʢʦʚʠʡ ʚʭʽʜʥʠʡ ʧʘʪʨʫʙʦʢ, ʜʦ ʷʢʦʛʦ ʧʨʠʚʘʨʝʥʽ ʧôʷʪʴ 

ʮʠʢʣʦʥʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʟʽʨʢʦʧʦʜʽʙʥʦ ʧʦ ʢʦʣʫ. ʇʦʪʽʢ ʛʘʟʫ ʟʘʢʨʫʯʫʻʪʴʩʷ, ʽ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʮʝʥʪ-

ʨʦʚʦʾ ʩʠʣʠ ʧʨʦʭʦʜʠʪʴ ʚʽʜʢʠʜʘʥʥʷ, ʦʩʘʜʞʝʥʥʷ ʚʦʣʦʛʠ ʽ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ, ʷʢʽ ʚʠʚʦʜʷʪʴʩʷ ʟ 

ʘʧʘʨʘʪʫ ʯʝʨʝʟ ʜʨʝʥʘʞʥʠʡ ʰʪʫʮʝʨ. 

ʇʨʦʮʝʩ ʦʩʫʰʢʠ ʛʘʟʫ ʥʘ ʫʩʪʘʥʦʚʮʽ ʧʨʦʚʦʜʠʪʴʩʷ ʤʝʪʦʜʦʤ ʘʙʩʦʨʙʮʽʾ ʚʦʣʦʛʠ (ʚʦʜʠ) ʢʦʥʮʝ-

ʥʪʨʦʚʘʥʠʤ ʜʠʝʪʠʣʝʥʛʣʽʢʦʣʝʤ (ɼɽɻʦʤ) ʚ ʘʙʩʦʨʙʝʨʘʭ. 

ʉʝʨʝʜʥʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʫʩʪʘʥʦʚʢʠ 23 ʤʣʥ.ʤ3 ʛʘʟʫ ʚ ʜʦʙʫ. ɿʘ ʩʝʟʦʥ ʚʽʜʙʠʨʘʥʥʷ ʫʩʪʘʥʦʚ-

ʢʘ ʦʩʫʰʫʻ 2300 ʤʣʥ.ʤ3 ʛʘʟʫ. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʜʥʦʛʦ ʙʣʦʢʘ ʨʝʛʝʥʝʨʘʮʽʾ ɼɽɻʫ ï 10ʤ3 ɼɽɻʫ ʟʘ 

ʛʦʜʠʥʫ. 

ʆʧʘʨʩʴʢʝ ɺʋ ʇɿɻ ʩʪʚʦʨʝʥʦ ʟ ʤʝʪʦʶ ʥʦʨʤʫʚʘʥʥʷ ʩʝʟʦʥʥʠʭ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʝʡ ʩʧʦʞʠʚʘʥ-

ʥʷ ʛʘʟʫ, ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʪʘʙʽʣʴʥʦʛʦ ʧʦʩʪʘʯʘʥʥʷ ʛʘʟʫ ʥʘ ʝʢʩʧʦʨʪ, ʘ ʪʘʢʦʞ ʣʽʢʚʽʜʘʮʽʾ ʤʦʞʣʠʚʠʭ 

ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʥʘ ʣʽʥʽʷʭ ʛʘʟʦʧʨʦʚʦʜʽʚ. 

ɸʥʘʣʽʟʫʶʯʠ ʧʨʠʚʝʜʝʥʽ ʜʘʥʽ ʧʦ ʨʦʙʦʪʽ ʩʠʩʪʝʤʠ ʦʩʫʰʢʠ ʛʘʟʫ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, 

ʱʦ ʧʨʠ ʧʦʚʥʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʩʠʩʪʝʤʠ ï 5 ʤʣʥ.ʤ3/ʜʦʙʫ ʥʘ ʦʜʠʥ ʘʙʩʦʨʙʝʨ, ʥʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʯʢʠ ʨʦʩʠ ʛʘʟʫ, ʧʝʨʝʜʙʘʯʝʥʘ ʧʨʦʝʢʪʦʤ ī ʤʽʥʫʩ 50 ʉ. ʈʠʪʤʽʯʥʽʩʪʴ ʨʦʙʦʪʠ ʚʠʨʦʙ-

ʥʠʯʠʭ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʦʙôʻʢʪʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʧʽʜʨʦʟʜʽʣʘʤʠ ʩʪʘ-

ʥʮʽʾ ʧʽʜʟʝʤʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʛʘʟʫ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʘ 

1. ʇʦʷʩʥʶʶʯʘ ʟʘʧʠʩʢʘ ʜʦ ʨʽʯʥʦʛʦ ʟʚʽʪʫ ʆʧʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʟʝʤʥʦʛʦ 

ʟʙʝʨʽʛʘʥʥʷ ʛʘʟʫ. 

2. ɺʝʯʝʨʽʢ ʈ. ʃ. ʇʽʜʟʝʤʥʝ ʟʙʝʨʽʛʘʥʥʷ ʛʘʟʫ ʚ ʋʢʨʘʾʥʽ / ʈ. ʃ. ɺʝʯʝʨʽʢ, ɸ. ʄ. ʌʝʜʫʪʝʥʢʦ, ɯ. ɯ. 

ʐʚʘʯʝʥʢʦ // ɽʥʝʨʛʝʪʠʯʥʘ ʧʦʣʽʪʠʢʘ ʋʢʨʘʾʥʠ. - 2001 - ˉ 4 - ʩ. 39 -42. 



58 

3. ɻʽʤʝʨ ʈ.ʌ., ɻʽʤʝʨ ʇ.ʈ. ɼʝʨʢʘʯ ʄ.ʇ. ʇʽʜʟʝʤʥʝ ʟʙʝʨʽʛʘʥʥʷ ʛʘʟʫ. ï ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ: 

ʌʘʢʝʣ, 2001. ï 215 ʩ.  

4. ʉʘʚʢʽʚ ɹ. ʇ. ɯʩʪʦʨʽʷ ʩʪʚʦʨʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʛʘʟʦʩʭʦʚʠʱ ʚ ʋʢʨʘʾʥʽ ʷʢ ʙʘʟʠ ʥʘʜʽʡʥʦʛʦ ʬʫ-

ʥʢʮʽʦʥʫʚʘʥʥʷ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ / ɹ. ʇ. ʉʘʚʢʽʚ // ʊʨʫʙʦ - ʧʨʦʚʽʜʥʠʡ ʪʨʘʥʩʧʦʨʪ. - 2008 

- ˉ 1 - ʩ. 20 - 22. 

ʈʆɿʈʆɹʂɸ ʄɽʊʆɼʀʂʀ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɻʆ ʈʆɿʈɸʍʋʅʂʋ ʄɯʎʅʆʉʊɯ 

ɿɸʂʃɽʇʂʆɺʀʍ, ʐʇʆʅʆʏʅʀʍ ʊɸ ʐʃɯʎɽɺʀʍ ɿôɭɼʅɸʅʔ 
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ɸʥʦʪʘʮʽʷ 
ʈʦʟʛʣʷʥʫʪʦ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʟʘʢʣʝʧʢʦʚʠʭ, 

ʰʧʦʥʦʯʥʠʭ ʪʘ ʰʣʽʮʝʚʠʭ ʟ`ʻʜʥʘʥʴ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʪʘ ʧʨʠ ʧʨʦʝʢʪʫ-

ʚʘʥʥʽ ʝʣʝʤʝʥʪʽʚ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

Abstract 

Considered and the method of automated calculation splined and keyed joint connections for 

use in the educational process and the design elements of engineering structures. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʘʢʣʝʧʢʠ, ʰʧʦʥʢʠ, ʰʣʽʮʦʚʽ ʟ`ʻʜʥʘʥʥʷ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʨʦʟʨʘʭʫʥʦʢ. 

Keywords: rivets, pins , spline connection , automated calculation. 

 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʤʽʥʴ, ʥʘʚʠʯʦʢ, ʟʥʘʥʴ, ʥʘʙʫʪʠʭ ʩʪʫʜʝʥʪʘʤʠ ʧʽʜ ʯʘʩ ʥʘʚʯʘʥ-

ʥʷ ʜʠʢʪʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʚʦʻʥʥʷ ʤʝʪʦʜʠʢ ʪʘ ʟʤʽʩʪʫ ʟʘʚʜʘʥʴ ʜʣʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ. ɺ 

ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʟ ʢʦʤʧôʶʪʝʨʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ ʩʪʫʜʝʥʪ ʧʦʚʠʥʝʥ ʧʦʛʣʠʙʠʪʠ, ʚʜʦʩʢʦʥʘʣʠʪʠ 

ʟʥʘʥʥʷ, ʷʢʽ ʥʘʙʫʪʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʫʜʠʪʦʨʥʦʾ ʨʦʙʦʪʠ, ʩʘʤʦʩʪʽʡʥʦʛʦ ʚʠʚʯʝʥʥʷ ʜʠʩʮʠʧʣʽʥʠ, ʥʘ 

ʧʨʘʢʪʠʯʥʠʭ ʪʘ ʣʘʙʦʨʘʪʦʨʥʠʭ ʟʘʥʷʪʪʷʭ. 

ʇʨʠʟʥʘʯʝʥʥʷ ʟʤʽʩʪʫ ʟʘʚʜʘʥʴ ʜʣʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ï ʜʘʪʠ ʩʪʫʜʝʥʪʫ ʩʘʤʦʩʪʽʡʥʦ 

ʧʝʨʝʚʽʨʠʪʠ ʩʚʦʾ ʚʤʽʥʥʷ, ʥʘʚʠʯʢʠ, ʟʜʘʪʥʽʩʪʴ ʨʦʟʚôʷʟʫʚʘʪʠ ʩʢʣʘʜʥʽ ʪʘ ʨʝʘʣʴʥʽ ʟʘʜʘʯʽ, ʧʨʠʪʘʤʘʥʥʽ 

ʧʨʦʮʝʩʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʨʝʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ, ʜʝʪʘʣʝʡ. ʉʶʜʠ ʚʭʦʜʠʪʴ ʪʘ-

ʢʦʞ ʨʦʟʚʠʪʦʢ, ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʟʥʘʥʴ ʚ ʘʫʜʠʪʦʨʽʾ, ʚʤʽʥʥʷ ʧʝʨʝʥʦʩʠʪʠ ʦʪʨʠʤʘʥʽ ʥʘʚʠ-

ʯʢʠ ʥʘ ʚʫʟʣʠ ʪʘ ʝʣʝʤʝʥʪʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʥʝʩʪʘʥʜʘʨʪʥʠʭ ʨʝʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 
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ɺ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʠ ʪʘ ʩʪʚʦʨʝʥʦ ʧʨʦʛʨʘʤʠ ʥʘ ʘʣʛʦʨʠʪʤʽʯʥʽʡ ʤʦʚʽ Visual 

studio ʥʘ ʉ# ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʩʦʥʘʣʴʥʠʭ ʢʦʤʧôʶʪʝʨʽʚ ʮʽʣʦʾ ʥʠʟʢʠ ʥʘʡʙʽʣʴʰ 

ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ: ʟʘʢʣʝʧʢʦʚʠʭ ʪʘ ʰʧʦʥʦʯʥʠʭ ʪʘ ʰʣʽʮʝʚʠʭ 

ʟ`ʻʜʥʘʥʴ, ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘʢʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ, ʦʧʝʨʘʪʠʚʥʦ ʦʙʠʨʘʪʠ ʙʽʣʴʰ ʜʦʮʽʣʴʥʠʡ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʽʮʥʦʩʪʽ ʪʘ ʞʦʨʩʪʢʦʩʪʽ ʤʘʡ-

ʙʫʪʥʴʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʘʨʽʘʥʪ ʢʦʤʧʦʥʦʚʢʠ ʧʨʦʬʽʣʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʝʨʝʨʽʟʫ ʙʘʣʦʢ ʧʨʠ ʧʦʙʫʜʦʚʽ 

ʩʪʝʨʞʥʝʚʠʭ ʩʠʩʪʝʤ. 

ɼʣʷ ʟôʻʜʥʘʥʥʷ ʧʨʦʬʽʣʽʚ ʤʽʞ ʩʦʙʦʶ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʘʢʣʝ-

ʧʢʦʚʽ ʟôʻʜʥʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʚʘʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʦʞʝ ʚʥʦʩʠʪʠ ʥʝʙʘʞʘʥʽ ʢʫʪʦʚʽ 

ʪʘ ʣʽʥʽʡʥʽ ʜʝʬʦʨʤʘʮʽʾ. ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʫ, ʷʢʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʚʱʠʥʠ ʢʨʦʤʦʢ 

ʟôʻʜʥʫʚʘʣʴʥʠʭ ʧʨʦʬʽʣʽʚ, ʚʝʣʠʯʠʥʠ ʜʽʶʯʠʭ ʟʫʩʠʣʴ ʚʩʪʘʥʦʚʣʶʻ ʥʝʦʙʭʽʜʥʠʡ ʜʽʘʤʝʪʨ ʮʠʣʽʥʜʨʠʯ-

ʥʠʭ ʟʘʢʣʝʧʦʢ, ʾʭ ʢʽʣʴʢʽʩʪʴ ʚʨʘʭʦʚʫʶʯʠ ʫʤʦʚʠ ʤʽʮʥʦʩʪʽ ʥʘ ʟʨʽʟ ʪʘ ʟʤʠʥʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʚʠʟʥʘ-

ʯʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʡ ʚʘʨʽʘʥʪ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ (ʣʽʥʽʡʥʠʡ, ʫ ʰʘʭʦʚʦʤʫ ʧʦʨʷʜʢʫ ʘʙʦ ʙʘ-

ʛʘʪʦʨʷʜʥʠʡ). ɸʥʘʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʟʘʩʪʦʩʦʚʘʥʦ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʰʧʦʥʦʯʥʠʭ ʪʘ ʰʣʽʮʝʚʠʭ 

ʟ`ʻʜʥʘʥʴ, ʨʠʩ. 1. 

 
ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʥʠʡ ʚʠʛʣʷʜ ʟʘʢʣʝʧʢʦʚʠʭ, ʰʧʦʥʦʯʥʠʭ ʪʘ ʰʣʽʮʝʚʠʭ ʟ`ʻʜʥʘʥʴ 

 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʧʦʚʠʥʥʘ ʧʝʨʝʜʘʚʘʪʠʩʴ 

ʢʦʥʩʪʨʫʢʮʽʻʶ ʘʚʪʦʤʘʪʠʯʥʦ ʦʙʠʨʘʻʪʴʩʷ ʜʽʘʤʝʪʨ ʚʘʣʘ, ʷʢʠʡ ʥʦʨʤʘʣʽʟʫʻʪʴʩʷ ʧʨʦʛʨʘʤʦʶ, ʧʽʩʣʷ 

ʯʦʛʦ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʝʦʙʭʽʜʥʽ ʨʦʟʤʽʨʠ ʰʧʦʥʦʢ ʘʙʦ ʰʣʽʮʽʚ, ʷʢʽ ʪʘ-

ʢʦʞ ʦʙʦʚôʷʟʢʦʚʦ ʥʦʨʤʘʣʽʟʫʶʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʪʘʙʣʠʮʝʶ ʥʦʨʤʘʣʴʥʠʭ ʨʦʟʤʽʨʽʚ. 

ʆʪʨʠʤʘʥʽ ʪʘʢʠʤ ʰʣʷʭʦʤ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʦʧʝʨʘʪʠʚʥʦ ʦʮʽʥʠʪʠ ʧʨʠʜʘʪʥʽʩʪʴ ʪʘ ʜʦ-

ʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʚʘʨʽʘʥʪʫ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʚʫʟʣʘ ʚʩʽʻʾ ʩʧʦ-

ʨʫʜʠ, ʚ ʩʪʠʩʣʽ ʩʪʨʦʢʠ ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʫ ʧʨʦʝʢʪʥʫ ʦʮʽʥʢʫ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-

ʛʦ ʚʠʢʦʥʘʥʥʷ ʚʫʟʣʽʚ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʈʦʟʨʦʙʣʝʥʽ ʧʨʦʛʨʘʤʠ ʜʦʟʚʦʣʷʶʪʴ ʧʦʛʣʠʙʠʪʠ ʪʘ ʟʘʢʨʽʧʠʪʠ ʟʥʘʥʥʷ, ʦʪʨʠʤʘʥʽ ʩʪʫʜʝʥʪʘʤʠ 

ʧʽʜ ʯʘʩ ʘʫʜʠʪʦʨʥʦʾ ʨʦʙʦʪʠ ʜʣʷ ʜʠʩʮʠʧʣʽʥ ç ʊʝʭʥʽʯʥʘ ʤʝʭʘʥʽʢʘè, çʆʧʽʨ ʤʘʪʝʨʽʘʣʽʚè, çʆʩʥʦʚʠ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷè., çɼʝʪʘʣʽ ʤʘʰʠʥè. 

ɯʩʥʫʶʯʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʧʨʦʛʨʘʤʠ ʜʦʩʠʪʴ ʩʢʣʘʜʥʽ, ʜʦʨʦʛʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʥʘʚʯʘʣʴʥʦ-

ʤʫ ʧʨʦʮʝʩʽ, ʚʠʤʘʛʘʶʪʴ ʟʥʘʯʥʠʭ ʢʦʰʪʽʚ ʪʘ ʧʦʧʝʨʝʜʥʴʦʾ ʪʨʠʚʘʣʦʾ ʧʽʜʛʦʪʦʚʢʠ ʜʣʷ ʾʭ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ. 

ʈʦʟʨʦʙʣʝʥʽ ʧʨʦʛʨʘʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʻ ʩʢʣʘʜʦʚʦʶ ʮʽʣʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʨʦ-

ʛʨʘʤ (ʦʮʽʥʢʘ ʤʽʮʥʦʩʪʽ ʪʘ ʞʦʨʩʪʢʦʩʪʽ ʚʘʣʽʚ ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʠ ʢʨʫʯʝʥʥʽ, ʦʮʽʥʢʘ ʤʽʮʥʦʩʪʽ 
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ʢʦʥʩʦʣʴʥʠʭ ʪʘ ʜʚʦʭʦʧʦʨʥʠʭ ʙʘʣʦʢ, ʦʮʽʥʢʘ ʤʽʮʥʦʩʪʽ ʨʘʤ, ʚʠʟʥʘʯʝʥʥʷ ʪʨʘʻʢʪʦʨʽʡ ʛʦʣʦʚʥʠʭ ʥʘ-

ʧʨʫʞʝʥʴ ʜʣʷ ʙʘʣʦʢ ʧʨʠ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʾʭ ʟʘʢʨʽʧʣʝʥʥʷ, ʦʮʽʥʢʠ ʤʽʮʥʦʩʪʽ ʛʚʠʥʪʦʚʠʭ ʮʠʣʽʥʜʨʠʯ-

ʥʠʭ ʧʨʫʞʠʥ, ʦʮʽʥʢʘ ʤʽʮʥʦʩʪʽ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʩʪʘʪʠʯʥʦ ʚʠʟʥʘʯʝʥʠʭ ʪʘ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʝʥʠʭ 

ʩʪʝʨʞʥʽʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʚʧʣʠʚʘʭ). ʷʢʠʡ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ 

ʥʘ 2 ï 5 ʢʫʨʩʘʭ, ʧʨʠ ʜʠʧʣʦʤʥʦʤʫ ʪʘ ʢʫʨʩʦʚʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʽ.  

ʈʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠʢʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʪʚʦʨʶʶʪʴ ʦʢʨʝʤʠʡ ʜʦʜʘʪʢʦʚʠʡ 

ʨʦʟʜʽʣ ʫ ʟʘʛʘʣʴʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʧʨʦʛʨʘʤ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʟʥʘʥʴ ʩʪʫʜʝʥʪʽʚ ʚ ʧʨʦʮʝʩʽ ʩʘʤʦ-

ʩʪʽʡʥʦʾ ʨʦʙʦʪʠ ʧʨʠ ʜʠʩʪʘʥʮʽʡʥʦʤʫ ʥʘʚʯʘʥʥʽ. 
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ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʖʨʽʷ ʌʝʜʴʢʦʚʠʯʘ 

 

 

METHOD OF CALCULATION GEOMETRICAL AUTOMATED HARAKTERYTYK 

SIMPLE AND COMPLEX CROSS SECTION RODS FOR STRENGTH ASSESSMENT 

BEAMS 

 

Dumenko E. I. 

 student- Master Institute technical, physical and computer sciences Chernivtsi University 

Kvasnyj S. 

 student- Master Institute technical, physical and computer sciences Chernivtsi University 

Paladyuk V.V. 

 assistant Department of Biological Physics Bukovina State Medical University 

Shayko - Shaykovskyy O.G.  
Ph.D. , professor of the Institute of technical, physical and computer sciences Chernivtsi Uni-

versity 

 

ɸʥʦʪʘʮʽʷ 
ʈʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠʢʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʩ-

ʪʠʭ ʽ ʩʢʣʘʜʥʠʭ ʧʝʨʝʨʽʟʽʚ ʩʪʝʨʞʥʽʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʩʧʦʨʫʜ. ʄʝ-

ʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʧʨʠʩʢʦʨʠʪʠ ʪʝʨʤʽʥ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʧʝʨʝʚʽʨʢʠ ʤʽʮʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʧʨʦʝʢʪʫʶʪʴʩʷ. 




