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ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʌʋʅɻʀʎʀɼʆɺ ɺ ʆʊʅʆʐɽʅʀʀ ɺʆɿɹʋɼʀʊɽʃʗ ʌʋɿɸʈʀʆɿʅʓʍ 

ɿɸɹʆʃɽɺɸʅʀʁ ɿɽʈʅʆɺʓʍ ʂʋʃʔʊʋʈï ɻʈʀɹɸ FUSARIUM  PROLIFERATUM  

 

ɼʫʙʨʦʚʩʢʘʷ ʅ.ʅ. 

ʉʨʝʜʥʝʨʫʩʩʢʠʡ ʬʠʣʠʘʣ ʌɻɹʅʋ çʌʅʎ ʠʤ. ʀ.ɺ. ʄʠʯʫʨʠʥʘè, ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʈʦʩʩʠʷ, ʧ. ʅʦʚʘʷ ʞʠʟʥʴ 

 

EFFECTIVENESS OF FUNGICIDES AGAINST THE CAUSATIVE AGENT OF FUSARIUM 

DISEASES OF CEREALS-THE FUNGUS FUSARIUM PROLIFERATUM  

 

Dubrovskaya N. 

Middle Russian branch FSSI ñI.V. Michurin FSCò, researcher 

Russia, v. Novaya zhizn 

 

ɸʥʥʦʪʘʮʠʷ 

ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʬʫʥʛʠʮʠʜʦʚ ɸʙʘʢʫʩ ʋʣʴʪʨʘ, ʄʘʛʥʝʣʣʦ, ʉʦʣʠʛʦʨ ʠ ʉʧʦʨʪʘʢ ʥʘ ʨʘʟʚʠʪʠʝ ʢʦʣʦʥʠʡ 

ʛʨʠʙʘ Fusarium proliferatum. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʘʛʘʨʦʚʳʭ ʧʣʘʩʪʠʥ. 

ʅʘʠʙʦʣʴʰʘʷ (100%) ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʤʝʯʝʥʘ ʫ ʧʨʝʧʘʨʘʪʦʚ ʄʘʛʥʝʣʣʦ ʠ ʉʧʦʨʪʘʢ. ʅʘ ʚʪʦʨʦʤ 

ʤʝʩʪʝ ʧʦ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʙʳʣ ʬʫʥʛʠʮʠʜ ɸʙʘʢʫʩ ʋʣʴʪʨʘ ï 91,8 %. ʇʨʝʧʘʨʘʪ ʉʦʣʠʛʦʨ ʩʥʠʞʘʣ ʯʠʩʣʝʥʥʦʩʪʴ 

ʢʦʣʦʥʠʡ ʛʨʠʙʘ ʥʘ 68,5 %. 

Abstract 

The influence of Abacus Ultra, Magnello, Soligor and Sportak fungicides on the development of fungus 

Fusarium proliferatum colonies was studied. Experiments were performed using the agar plate method. The high-

est (100%) biological effectiveness was observed in the preparations Magnello and Sportak. In second place for 

this indicator was the fungicide Abacus Ultra ï 91,8 %. The preparate Soligor reduced the number of fungus 

colonies by 68,5 %. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʫʥʛʠʮʠʜʳ, ʛʨʠʙ Fusarium proliferatum, ʢʦʣʦʥʠʷ, ʤʝʪʦʜ ʘʛʘʨʦʚʳʭ ʧʣʘʩʪʠʥ, ʙʠʦʣʦ-

ʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

Keywords: fungicides, fungus Fusarium proliferatum, colony, agar plate method, biological efficiency. 

 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʨʝʛʠʦʥʘʭ ʚʦʟʜʝʣʳʚʘʥʠʷ 

ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʥʘ ʧʦʩʝʚʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦʟʙʫ-

ʜʠʪʝʣʠ ʬʫʟʘʨʠʦʟʦʚ, ʢʦʪʦʨʳʝ ʧʦʨʘʞʘʶʪ ʢʦʨʥʝʚʫʶ 

ʩʠʩʪʝʤʫ, ʩʪʝʙʝʣʴ, ʣʠʩʪʴʷ, ʢʦʣʦʩ ʠ ʩʝʤʝʥʘ. ɼʘʥʥʳʝ 

ʧʘʪʦʛʝʥʳ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʟʘʙʦʣʝʚʘʥʠʷ ʨʘʩʪʝ-

ʥʠʡ ʠ ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʞʘʷ ʟʝʨʥʘ. ʅʘʠʙʦ-

ʣʝʝ ʦʧʘʩʥʳʝ ʠʟ ʥʠʭ ï ʵʪʦ ʬʫʟʘʨʠʦʟ ʢʦʣʦʩʘ ʠ ʟʝʨʥʘ. 

ʇʝʨʚʦʝ ʠʟ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʩ ʙʦʣʴʰʦʡ 

ʨʝʛʫʣʷʨʥʦʩʪʴʶ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʧʦʩʝʚʘʭ ʧʰʝʥʠʮʳ ʚ 

ʶʞʥʳʭ ʨʝʛʠʦʥʘʭ ʩʪʨʘʥʳ. ɹʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ 

ʜʣʷ ʨʘʟʚʠʪʠʷ ʬʫʟʘʨʠʦʟʘ ʢʦʣʦʩʘ ʩʢʣʘʜʳʚʘʶʪʩʷ ʧʨʠ 

ʯʘʩʪʦʤ ʚʳʧʘʜʝʥʠʠ ʦʩʘʜʢʦʚ ʟʘ ʧʝʨʠʦʜ ʦʪ ʢʦʣʦʰʝʥʠʷ 

ʜʦ ʩʦʟʨʝʚʘʥʠʷ ʢʫʣʴʪʫʨʳ [8]. ɿʝʨʥʦ, ʩʠʣʴʥʦ ʧʦʨʘ-

ʞʸʥʥʦʝ ʛʨʠʙʘʤʠ ʨʦʜʘ Fusarium, ʩʦʜʝʨʞʠʪ ʨʘʟʣʠʯ-

ʥʳʝ ʤʠʢʦʪʦʢʩʠʥʳ, ʦʧʘʩʥʳʝ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪ-

ʥʳʭ. ʆʥʦ ʩʪʘʥʦʚʠʪʩʷ ʥʝʧʨʠʛʦʜʥʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ, ʪʦ ʝʩʪʴ, ʪʝʨʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʫʨʦʞʘʡ. ɺ 

ʵʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʛʣʘʚʥʘʷ ʦʧʘʩʥʦʩʪʴ ʜʘʥʥʦʛʦ ʟʘʙʦ-

ʣʝʚʘʥʠʷ. ɺ ʎʝʥʪʨʘʣʴʥʦ-ʏʝʨʥʦʟʸʤʥʦʤ ʨʝʛʠʦʥʝ ʬʫʟʘ-

ʨʠʦʟ ʢʦʣʦʩʘ ʠ ʟʝʨʥʘ ʥʦʩʠʪ ʩʢʨʳʪʳʡ ʭʘʨʘʢʪʝʨ. ɺʠʟʫ-

ʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ. ɿʘʙʦʣʝ-

ʚʘʥʠʝ ʚʳʷʚʣʷʝʪʩʷ ʣʠʰʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʤʠʢʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʟʝʨʥʘ [1,2,5,9]. ʌʫʟʘʨʠʦʟ-

ʥʘʷ ʠʥʬʝʢʮʠʷ ʩʧʦʩʦʙʥʘ ʩʦʭʨʘʥʷʪʴʩʷ ʚ ʧʦʯʚʝ, ʥʘ ʨʘʩ-

ʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʘʭ, ʧʝʨʝʜʘʚʘʪʴʩʷ ʩ ʩʝʤʝʥʥʳʤ ʤʘ-

ʪʝʨʠʘʣʦʤ [6]. ɼʣʷ ʢʦʥʪʨʦʣʷ ʨʘʟʚʠʪʠʷ ʵʪʠʭ ʟʘʙʦʣʝʚʘ-

ʥʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʝʜʧʦʩʝʚʥʦʝ 

ʧʨʦʪʨʘʚʣʠʚʘʥʠʝ ʩʝʤʷʥ ʠ ʦʙʨʘʙʦʪʢʘ ʨʘʩʪʝʥʠʡ ʟʝʨʥʦ-

ʚʳʭ ʢʫʣʴʪʫʨ ʭʠʤʠʯʝʩʢʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ. ʅʦ ʜʘʥʥʳʝ 

ʧʨʠʝʤʳ ʥʝ ʚʩʝʛʜʘ ʛʘʨʘʥʪʠʨʫʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝ-

ʟʫʣʴʪʘʪ. ʀʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʟʘ-

ʚʠʩʠʪ ʦʪ ʧʨʠʤʝʥʷʝʤʦʛʦ ʩʨʝʜʩʪʚʘ ʠ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ 

ʬʠʪʦʧʘʪʦʛʝʥʦʚ. ʇʦʩʣʝʜʥʝʝ ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʛʨʠʙʘʤ 

ʨʦʜʘ Fusarium. ʄʥʦʛʠʝ ʚʠʜʳ ʵʪʦʛʦ ʨʦʜʘ ʦʙʣʘʜʘʶʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʬʫʥʛʠʮʠʜʘʤ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴ-

ʩʪʚʦ ʚʳʥʫʞʜʘʝʪ ʠʩʢʘʪʴ ʩʨʝʜʩʪʚʘ, ʥʘʠʙʦʣʝʝ ʜʝʡ-

ʩʪʚʝʥʥʳʝ ʧʨʦʪʠʚ ʟʘʙʦʣʝʚʘʥʠʡ ʬʫʟʘʨʠʦʟʥʦʡ ʵʪʠʦʣʦ-

ʛʠʠ. ʇʨʦʚʝʜʝʥʠʝ ʩʢʨʠʥʠʥʛʘ ʧʨʝʧʘʨʘʪʦʚ ʦʢʘʟʘʣʦʩʴ 

ʚʦʟʤʦʞʥʳʤ ʧʨʦʚʦʜʠʪʴ ʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɼʣʷ ʵʪʦʛʦ ʥʘʤʠ ʙʳʣ ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʤʝʪʦʜ ʘʛʘʨʦ-

ʚʳʭ ʧʣʘʩʪʠʥ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʨʘʟʚʠʪʠʝ ʛʨʠʙʦʚ ʨʦʜʘ 

Fusarium. ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʧʦʣʫʯʝʥ ʨʷʜ ʧʦʟʠʪʠʚʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ [3,4].  

ʎʝʣʴ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʦʷʣʘ ʚ ʦʮʝʥʢʝ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʛʠʮʠʜʦʚ ʧʨʦʪʠʚ 

ʦʜʥʦʛʦ ʠʟ ʚʠʜʦʚ ʚʦʟʙʫʜʠʪʝʣʝʡ ʬʫʟʘʨʠʦʟʦʚ ʟʝʨʥʦ-

ʚʳʭ ʢʫʣʴʪʫʨ.  

ʄʘʪʝʨʠʘʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʫʞʠʣʘ ʯʠʩʪʘʷ 

ʢʫʣʴʪʫʨʘ ʛʨʠʙʘ Fusarium proliferatum. ʅʘ ʝʸ ʦʩʥʦʚʝ 

ʛʦʪʦʚʠʣʠ ʚʦʜʥʫʶ ʩʫʩʧʝʥʟʠʶ ʢʦʥʠʜʠʡ ʵʪʦʛʦ ʚʠʜʘ 

ʛʨʠʙʘ. ɺ ʠʩʧʳʪʘʥʠʠ ʥʘʭʦʜʠʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʨʝʧʘ-

ʨʘʪʳ: ɸʙʘʢʫʩ ʋʣʴʪʨʘ, ʄʘʛʥʝʣʣʦ, ʉʦʣʠʛʦʨ ʠ ʉʧʦʨ-

ʪʘʢ. ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʘʛʘʨʦʚʳʭ ʧʣʘʩʪʠʥ. ʇʨʠ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʘʛʘʨʦʚʦʡ ʧʣʘʩʪʠʥʳ 

(ʚ ʯʘʰʢʝ ʇʝʪʨʠ) ʥʘʥʦʩʠʪʩʷ ʚʦʜʥʘʷ ʩʫʩʧʝʥʟʠʷ ʢʦʥʠ-

ʜʠʡ ʠʟʫʯʘʝʤʦʛʦ ʚʠʜʘ ʛʨʠʙʘ ʠ ʨʘʩʪʚʦʨ ʬʫʥʛʠʮʠʜʦʚ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʯʘʰʢʠ ʇʝʪʨʠ ʧʦʤʝʱʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪ. ɺ 
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ʢʦʥʪʨʦʣʝ ʚʤʝʩʪʦ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʝʧʘʨʘʪʘ ʥʘ ʘʛʘʨʦ-

ʚʫʶ ʧʣʘʩʪʠʥʫ ʥʘʥʦʩʠʣʠ ʩʪʝʨʠʣʴʥʫʶ ʚʦʜʫ. ʕʢʩʧʝʨʠ-

ʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ çin vitroè, ʙʝʟ ʫʯʘ-

ʩʪʠʷ ʨʘʩʪʝʥʠʷ-ʭʦʟʷʠʥʘ. ʇʦʩʣʝ ʪʨʸʭ ʩʫʪʦʢ ʠʥʢʫʙʘ-

ʮʠʠ ʚ ʪʝʨʤʦʩʪʘʪʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 24,5 - 25,0Áʉ 

ʦʧʨʝʜʝʣʷʣʠ ʢʦʣʠʯʝʩʪʚʦ ʢʦʣʦʥʠʡ ʛʨʠʙʘ ʥʘ ʘʛʘʨʦʚʦʡ 

ʧʣʘʩʪʠʥʝ. ʀʟʤʝʨʝʥʠʝ ʜʠʘʤʝʪʨʘ ʢʦʣʦʥʠʡ (ʚ ʤʠʢʨʦ-

ʥʘʭ) ʧʨʦʚʦʜʠʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʠʥʦʢʫʣʷʨʥʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ ʄɹʉ-1. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʧʦ 

ʦʮʝʥʢʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʛʠʮʠʜʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʧʝʮʠʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ [7].  

ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʛʨʠʙ 

Fusarium proliferatum ʧʨʦʷʚʣʷʝʪ ʥʝʦʜʠʥʘʢʦʚʫʶ ʯʫʚ-

ʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʩʧʳʪʳʚʘʝʤʳʤ ʧʨʝʧʘʨʘʪʘʤ (ʪʘʙ-

ʣʠʮʘ 1). ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʘʷ (100 %) ʙʠʦʣʦʛʠʯʝʩʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʬʫʥʛʠʮʠʜʦʚ ʄʘʛʥʝʣʣʦ ʠ ʉʧʦʨʪʘʢ. ɸʙʘʢʫʩ ʋʣʴʪʨʘ 

ʩʥʠʞʘʣ ʯʠʩʣʝʥʥʦʩʪʴ ʢʦʣʦʥʠʡ ʛʨʠʙʘ ʥʘ 91,8 % ʠ ʧʦ 

ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʥʘʭʦʜʠʣʩʷ ʥʘ ʚʪʦʨʦʤ ʤʝʩʪʝ. ʉʫ-

ʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʡ (68,5 %), ʯʝʤ ʫ ʜʨʫʛʠʭ, ʙʳʣʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʛʠʮʠʜʘ ʉʦʣʠʛʦʨ. ʂʦʣʠʯʝʩʪʚʦ 

ʢʦʣʦʥʠʡ ʛʨʠʙʘ ʚ ʢʦʥʪʨʦʣʝ ʩʦʩʪʘʚʠʣʦ ʚ ʩʨʝʜʥʝʤ 146 

ʰʪ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʤʝʥʴʰʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʧʨʝʧʘʨʘʪʳ ɸʙʘʢʫʩ ʋʣʴʪʨʘ ʠ ʉʦʣʠ-

ʛʦʨ ʚʩʸ ʞʝ ʦʢʘʟʳʚʘʣʠ ʦʧʨʝʜʝʣʸʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʨʦʩʪ ʢʦʣʦʥʠʡ ʛʨʠʙʘ. ʀʭ ʜʠʘʤʝʪʨ ʙʳʣ ʥʠʞʝ, ʯʝʤ ʚ 

ʢʦʥʪʨʦʣʝ (140 ʤʢʤ) ʥʘ 71,4 ʠ 82,1 %, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. 

ʊʘʙʣʠʮʘ 1 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʛʠʮʠʜʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʠʙʘ Fusarium proliferatum 

ʌʫʥʛʠʮʠʜ, ʥʦʨʤʘ ʨʘʩʭʦʜʘ 
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ʂʦʥʪʨʦʣʴ 146 - 140 - 

ɸʙʘʢʫʩ ʋʣʴʪʨʘ ʉʕ, 1,5 ʣ/ʛʘ 12 91,8 40 71,4 

ʄʘʛʥʝʣʣʦ ʂʕ, 1 ʣ/ʛʘ 0 100,0 0 100,0 

ʉʦʣʠʛʦʨ ʂʕ, 1 ʣ/ʛʘ 46 68,5 25 82,1 

ʉʧʦʨʪʘʢ ʂʉ, 1 ʣ/ʛʘ 0 100,0 0 100,0 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʣʝʥʳ ʧʨʝʧʘʨʘʪʳ ʄʘʛʥʝʣʣʦ ʠ ʉʧʦʨ-

ʪʘʢ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ (100%) ʧʦʜʘʚʣʷʶʱʠʝ 

ʨʘʟʚʠʪʠʝ ʢʦʣʦʥʠʡ ʛʨʠʙʘ Fusarium proliferatum. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʚʠʜ ʧʨʦʷʚʣʷʝʪ ʦʧʨʝʜʝʣʸʥ-

ʥʫʶ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʢ ʬʫʥʛʠʮʠʜʘʤ ɸʙʘʢʫʩ ʋʣʴʪʨʘ 

ʠ ʉʦʣʠʛʦʨ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʘʛʘʨʦʚʳʭ ʧʣʘʩʪʠʥ 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʠʪʴ ʩʢʨʠʥʠʥʛ ʬʫʥʛʠ-

ʮʠʜʦʚ ʠ ʠʭ ʦʪʙʦʨ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʝʚʳʭ ʠʩʧʳʪʘ-

ʥʠʡ. 
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ɸʥʥʦʪʘʮʠʷ 

ʌʦʤʦʧʩʠʩ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʚ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥʘʭ ʉʅɻ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʠʣʩʷ ʧʦʚʩʝʤʝʩʪʥʦ, 

ʟʘ ʥʝʢʦʪʦʨʳʤ ʠʩʢʣʶʯʝʥʠʝʤ. ʆʞʠʜʘʝʤʳʝ ʧʦʪʝʨʠ ʫʨʦʞʘʷ ʦʪ ʙʦʣʝʟʥʠ ʤʦʛʫʪ ʚʘʨʴʠʨʦʚʘʪʴ ʦʪ 5% ʜʦ 35% ʠ 

ʙʦʣʝ. ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ɻʀʉ ʤʥʦʛʦʣʝʪʥʝʛʦ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʧʨʦʛʥʦʟʘ ʬʦ-

ʤʦʧʩʠʩʘ ʜʣʷ ʦʙʱʝʛʦ ʘʨʝʘʣʘ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥ ʉʅɻ, ʫʢʘʟʘʥʳ ʬʠʪʦʩʘʥʠʪʘʨʥʳʝ ʟʦʥʳ ʙʦʣʝʟʥʠ, 

ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʝʸ ʧʨʦʷʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʟʦʥʘ, ʛʜʝ ʦʥʘ ʥʝ ʟʘʨʝʛʠ-

ʩʪʨʠʨʦʚʘʥʘ. ɺ ʟʦʥʘʭ ʩ ʬʦʤʦʧʩʠʩʦʤ ʫʢʘʟʘʥʳ ʦʞʠʜʘʝʤʳʝ ʨʠʩʢʠ ʝʛʦ ʚʨʝʜʘ ʚ ʩʠʣʴʥʦʡ, ʩʨʝʜʥʝʡ ʠ ʩʣʘʙʦʡ ʩʪʝ-

ʧʝʥʠ ʠ ʛʜʝ ʦʥ ʦʪʩʫʪʩʪʚʫʝʪ. ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʚʦʟʙʫʜʠʪʝʣʴ ʬʦʤʦʧʩʠʩʘ ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʢʦʪʦʨʳʤ ʷʚʣʷʝʪʩʷ 

ʛʨʠʙ Phomopsis helianthi, ʚ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ʢʦʪʦʨʦʛʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʥʘʤʦʨʬʥʘʷ ʠ ʪʝʣʝʦʤʦʨʬʥʘʷ ʩʪʘʜʠʠ 

ʨʘʟʚʠʪʠʷ. ʇʘʪʦʛʝʥ ʚ ʘʥʘʤʦʨʬʥʦʡ ʩʪʘʜʠʠ, ʧʨʦʷʚʣʷʷ ʧʣʝʦʤʦʨʬʥʦʩʪʴ ʩʧʦʨʦʥʦʰʝʥʠʷ, ʦʙʨʘʟʫʝʪ ʚ ʧʠʢʥʠʜʘʭ Ŭ 

ʠ ɓ ʩʧʦʨʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʘʪʦʛʝʥʥʳʤʠ ʜʣʷ ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʚʳʟʳʚʘʷ ʥʘ ʥʝʤ ʪʠʧʠʯʥʳʝ ʩʠʤʧʪʦʤʳ ʬʦ-

ʤʦʧʩʠʩʘ. ɺ ʪʝʣʝʦʤʦʨʬʥʦʡ ʩʪʘʜʠʠ ʧʘʪʦʛʝʥʘ ʚ ʧʝʨʠʪʝʮʠʷʭ ʬʦʨʤʠʨʫʶʪʩʷ ʘʩʢʦʩʧʦʨʳ, ʘʵʨʦʛʝʥʥʳʡ ʠʥʦʢʫʣʶʤ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʡ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʝʢʮʠʠ ʚ ʝʛʦ ʵʢʩʧʘʥʩʠʠ ʥʘ ʧʦʜʩʦʣʥʝʯʥʠʢʝ ʚ ʩʪʨʘʥʘʭ ʉʅɻ. 

ɿʘʨʘʞʸʥʥʳʝ ʩʝʤʝʥʘ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʝʢʮʠʠ ʚʦʟʙʫʜʠʪʝʣʷ ʙʦ-

ʣʝʟʥʠ ʥʘ ʝʛʦ ʧʦʩʝʚʘʭ ʠ ʷʚʠʣʠʩʴ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʬʦʤʦʧʩʠʩʘ ʚ ʈʦʩʩʠʶ ʠ ʩʪʨʘʥʳ ʉʅɻ. ʀʜʝʥ-

ʪʠʬʠʢʘʮʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʨʘʩʳ 1 ʚʦʟʙʫʜʠʪʝʣʷ ʬʦʤʦʧʩʠʩʘ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʦʧʫʣʷʮʠʠ ʧʘ-

ʪʦʛʝʥʘ ʷʚʣʷʶʪʩʷ ʛʝʪʝʨʦʛʝʥʥʳʤʠ ʧʦ ʧʨʠʟʥʘʢʫ ʚʠʨʫʣʝʥʪʥʦʩʪʠ. 

Abstract 

Sunflower phomopsis in Russia and the UIS countries is widespread everywhere, with some exceptions now. 

Expected crop losses from disease can range from 5% to 35% or more. In the developed GIS cartographic model 

of the long-term territorial forecast of phomopsis for the total range of sunflower in Russia and the CIS countries 

are indicated phytosanitary zones of the disease, differing in the prevalence and intensity of its manifestation, as 

well as the zone where it is not registered. In areas with phomopsis are indicated the expected risks of its harm in 

a strong, moderate and weak degree and where it is absent. The causative agent of sunflower phomopsis, which is 

the fungus Phomopsis helianthi has been identified, in the life cycle of which there are anamorphic and teleo-

morphic stages of development. The pathogen is in the anamorphic stage, showing pleomorphic sporulation, forms 

in pycnidia Ŭ and ɓ spores, which are pathogenic for sunflower, causing typical symptoms of phomopsis on it. In 

the teleomorphic stage of the pathogen are formed ascospores in the perithecia, the aerogenic inoculum of which 

is the determining source of infection in its expansion on sunflower in the CIS countries. Infected sunflower seeds 

are an additional source of infection of the causative agent of the disease in its crops and were one of the reasons 

for the penetration of phomopsis into Russia and the CIS countries. The identification of the physiological race 1 

of the causative agent of phomopsis of sunflower showed that the pathogen populations are heterogeneous by sing 

virulence. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʦʤʦʧʩʠʩ ʧʦʜʩʦʣʥʝʯʥʠʢʘ, Phomopsis helianthi, ʠʩʪʦʯʥʠʢʠ ʠʥʬʝʢʮʠʠ ʬʦʤʦʧʩʠʩʘ, 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʡ ʧʨʦʛʥʦʟ ʙʦʣʝʟʥʠ, ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʡ ʧʘʪʦʛʝʥʘ ʧʦ ʧʨʠʟʥʘʢʫ ʚʠʨʫʣʝʥʪʥʦʩʪʠ. 

Keywords: sunflower phomopsis, Phomopsis helianthi, sources of phomopsis infection, territorial forecast 

of the disease, heterogeneity of pathogen populations by sing virulence. 

 

ʌʦʤʦʧʩʠʩ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʷʚʣʷʝʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʠ ʚʨʝʜʦ-

ʥʦʩʥʳʤ ʟʘʙʦʣʝʚʘʥʠʝʤ ʚ ʤʠʨʝ. ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʩʦ-

ʦʙʱʝʥʠʡ ʦ ʙʦʣʝʟʥʠ ʧʦʷʚʠʣʦʩʴ ʚ 1932 ʛ. ʚ ʉʐɸ ʛ., 

ʛʜʝ ʝʸ ʚʦʟʙʫʜʠʪʝʣʝʤ ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʩʫʤ-

ʯʘʪʳʡ ʛʨʠʙ Diaporthe arctii (Wehmeyer, 1933). 

ʅʝʦʞʠʜʘʥʥʦ, ʚ 1960 ʛ. ʚ ʖʛʦʩʣʘʚʠʠ ʬʦʤʦʧʩʠʩ ʥʘ 

ʧʦʜʩʦʣʥʝʯʥʠʢʝ ʧʨʦʷʚʠʣʩʷ ʩ ʧʦʪʝʨʷʤʠ ʫʨʦʞʘʷ ʦʪ 
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50% ʜʦ 100% (Mihaljcevic et al., 1980). ʖʛʦʩʣʘʚʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʫʪʚʝʨʞʜʘʣʠ, ʯʪʦ ʚ ʧʠʢʥʠʜʘʭ ʧʘʪʦ-

ʛʝʥʘ ʬʦʨʤʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ɓ-ʩʧʦʨʳ, ʧʦʵʪʦʤʫ ʚʦʟʙʫ-

ʜʠʪʝʣʝʤ ʙʦʣʝʟʥʠ ʷʚʣʷʝʪʩʷ ʩʫʤʯʘʪʳʡ ʛʨʠʙ Diaporthe 

(Phomopsis) helianthi) Munt.-Cvet., Mihaljc. & Petrov 

(Muntanolla-Cvetkovicȭet al., 1981). ɼʨʫʛʠʝ ʶʛʦʩʣʘʚ-

ʩʢʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʳʷʚʣʝʥʥʳʡ ʚ 

ʩʪʨʘʥʝ ʥʘ ʧʦʜʩʦʣʥʝʯʥʠʢʝ ʛʨʠʙ D.helianthi ʷʚʣʷʝʪʩʷ 

ʧʣʝʦʤʦʨʬʥʳʤ, ʚ ʧʠʢʥʠʜʘʭ ʢʦʪʦʨʦʛʦ ʚ ʘʥʘʤʦʨʬʥʦʡ 

ʩʪʘʜʠʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʝ ʪʦʣʴʢʦ ɓ-ʩʧʦʨʳ, ʥʦ ʠ a-

ʩʧʦʨʳ (Maricȭet al.,1982). ʇʦ ʤʥʝʥʠʶ ʦʪʜʝʣʴʥʳʭ 

ʶʛʦʩʣʘʚʩʢʠʭ ʘʚʪʦʨʦʚ, ʚʦʟʙʫʜʠʪʝʣʷʤʠ ʬʦʤʦʧʩʠʩʘ 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ ʚʠʜʦʚ Diaporthe 

sp. (Acȭimovicȭ et al., 1982). 

ɺ 1983 ʛ. ʚ ʉʐɸ, ʚ ʰʪʘʪʝ ʆʛʘʡʦ ʚʦʟʙʫʜʠʪʝʣʝʤ 

ʙʦʣʝʟʥʠ ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʫʞʝ ʠʟʚʝʩʪʥʳʡ ʩʫʤ-

ʯʘʪʳʡ ʛʨʠʙ D. helianthi, ʚ ʧʠʢʥʠʜʘʭ ʢʦʪʦʨʦʛʦ ʚ ʘʥʘ-

ʤʦʨʬʥʦʡ ʩʪʘʜʠʠ (Phomopsis) ʦʙʥʘʨʫʞʝʥʳ Ŭ ʠ ɓ 

ʩʧʦʨʳ (Herr et al.,1983). ʉʦʛʣʘʩʥʦ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ, ʟʘʙʦʣʝʚʘʥʠʝ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʩʣʝ-

ʜʫʶʱʠʝ ʚʠʜʳ ʧʘʪʦʛʝʥʦʚ : Diaporthe gulyae Shivas, 

Thompsonand Young (Thompson et al. 2011), Di-

aporthe kochmanii Shivas, Thompsonand Young 

(Thomopsonetal. 2011), Diaporthe kongii Shivas, 

Thompsonand Young (Thompsonetal., 2011), Di-

aporthe longicolla (Hobbs) Santos Vrandeļiĺ and Phil-

lips (Mathewetal., 2015), Diaporthe stewartii Harrison 

(Olson et al., 2017) ʠ ʜʨʫʛʠʝ.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʨʝʚʠʟʠʠ, ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʙʘʟʝ 

ʜʘʥʥʳʭ ʬʠʪʦʧʘʪʦʛʝʥʦʚ, ʚʦʟʙʫʜʠʪʝʣʝʤ ʬʦʤʦʣʧʩʠʩʘ 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʫʢʘʟʘʥ ʛʨʠʙ Phomopsis helianthi 

Munt.-Cvet., Mihaljc. & Petrov, ʘ ʛʨʠʙ Diaporthe he-

lianthi Munt.-Cvet., Mihaljc. & Petrov ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʩʠʥʦʥʠʤʦʤ (Catalogue of Life, 2020).  

ɺ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʠʜʝʥ-

ʪʠʬʠʢʘʮʠʷ ʚʦʟʙʫʜʠʪʝʣʷ ʬʦʤʦʧʩʠʩʘ ʥʘ ʧʦʜʩʦʣʥʝʯ-

ʥʠʢʝ ʚ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥʘʭ ʉʅɻ, ʚʳʷʚʣʝʥʘ ʝʛʦ ʨʘʩʧʨʦ-

ʩʪʨʘʥʸʥʥʦʩʪʴ, ʚ ʬʦʨʤʘʪʝ ɻʀʉ ʩʦʟʜʘʥʦ ʬʠʪʦʩʘʥʠ-

ʪʘʨʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʙʦʣʝʟʥʠ ʚ ʦʙʱʝʤ ʘʨʝʘʣʝ 

ʢʫʣʴʪʫʨʳ ʩʪʨʘʥ, ʠʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʷʚʣʝʥʠʷ 

ʠ ʨʘʟʚʠʪʠʷ ʧʘʪʦʛʝʥʘ ʚ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ, ʫʪʦʯʥʝʥʳ 

ʠʩʪʦʯʥʠʢʠ ʠʥʬʝʢʮʠʠ ʠ ʫʩʪʘʥʦʚʣʝʥʦ ʠʭ ʚʣʠʷʥʠʝ ʥʘ 

ʬʠʪʦʩʘʥʠʪʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʩʝʚʦʚ ʧʦʜʩʦʣʥʝʯʥʠʢʘ 

ʩ ʟʘʙʦʣʝʚʘʥʠʝʤ, ʚʳʷʚʣʝʥʘ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʧʦʧʫʣʷ-

ʮʠʡ ʚʦʟʙʫʜʠʪʝʣʷ ʬʦʤʦʧʩʠʩʘ ʧʦ ʧʨʠʟʥʘʢʫ ʚʠʨʫʣʝʥʪ-

ʥʦʩʪʠ. 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʬʦʤʦʧʩʠʩʘ ʥʘ ʧʦʩʝʚʘʭ 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ, ʄʦʣ-

ʜʘʚʠʠ ʠ ʋʢʨʘʠʥʳ ʧʨʦʚʝʜʝʥʘ ʚ 1989-2019 ʛʛ. ʇʨʦʷʚ-

ʣʝʥʠʝ ʙʦʣʝʟʥʠ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʦʨʘ-

ʞʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʧʨʦʮʝʥʪʘʭ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʝʸ 

ʧʨʦʷʚʣʝʥʠʷ ʚ ʙʘʣʣʘʭ (ʗʢʫʪʢʠʥ, 1991). ʀʩʧʦʣʴʟʦ-

ʚʘʥʘ 5-ʙʘʣʴʥʘʷ ʰʢʘʣʘ ʦʮʝʥʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʷʚ-

ʣʝʥʠʷ ʙʦʣʝʟʥʠ: 0 ʙʘʣʣïʟʘʙʦʣʝʚʘʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ; 2ï 

ʨʘʟʤʝʨ ʝʸ ʥʝʢʨʦʟʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʙʣʝʡ ʜʦ 5%; 3 

ï ʨʘʟʤʝʨ ʝʸ ʥʝʢʨʦʟʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʙʣʝʡ ʜʦ10%; 

4 ï ʧʝʨʝʣʦʤ ʧʦʨʘʞʸʥʥʳʭ ʩʪʝʙʣʝʡ; 5 ʙʘʣʣ ï ʫʚʷʜʘʥʠʝ 

ʠʣʠ ʧʦʣʥʘʷ ʛʠʙʝʣʴ ʙʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ. ʆʜʥʦʚʨʝ-

ʤʝʥʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʚʥʝʰʥʠʝ ʩʠʤʧʪʦʤʳ ʙʦ-

ʣʝʟʥʠ. ɺ ʩʪʨʘʥʘʭ ʉʅɻ ʦʙʩʣʝʜʦʚʘʥʦ ʙʦʣʝʝ 15% ʧʦʩʝ-

ʚʦʚ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʥʘ ʚʳʷʚʣʝʥʠʝ ʬʦʤʦʧʩʠʩʘ. ʕʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʦʩʪʦʚʝʨʥʦʤʫ ʢʨʠʪʝʨʠʶ ʦʮʝʥʢʠ ʨʘʩ-

ʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʚʩʝʭ ʙʦʣʝʟʥʝʡ ʧʦʣʝʚʳʭ ʢʫʣʴʪʫʨ, 

ʨʘʥʝʝ ʧʨʠʥʷʪʦʤʫ ʚ ʉʉʉʈ (ʏʫʤʘʢʦʚ, 1971). ɼʣʷ 

ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʨʘʟʚʠʪʠʝ ʬʦ-

ʤʦʧʩʠʩʘ ʠʩʧʦʣʴʟʦʚʘʥ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ 

ɻʊʂ (ʉʝʣʷʥʠʥʦʚ, 1928). ʌʠʪʦʩʘʥʠʪʘʨʥʦʝ ʢʘʨʪʠʨʦ-

ʚʘʥʠʝ ʙʦʣʝʟʥʠ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʟʦʥ ʝʸ ʨʘʟʥʦʛʦ ʧʨʦ-

ʷʚʣʝʥʠʷ, ʚʳʧʦʣʥʝʥʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʣʠʯʥʳʭ ʤʥʦʛʦ-

ʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ 

ʚ ʧʝʯʘʪʠ (ʗʢʫʪʢʠʥ ʠ ʜʨ., 2008), ʤʘʪʝʨʠʘʣʘʤ ʚ ʀʥ-

ʪʝʨʥʝʪʝ ʠ ʧʝʨʩʦʥʘʣʴʥʳʤ ʩʦʦʙʱʝʥʠʷʤ ʬʠʪʦʧʘʪʦʣʦ-

ʛʦʚ. ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʬʦʤʦʧʩʠʩʘ ʚ ɻʀʉ 

ʜʣʷ ʦʙʱʝʛʦ ʘʨʝʘʣʘ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʩʪʨʘʥ ʉʅɻ, ʩʦ-

ʟʜʘʥʘ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ MapInfo 

Professional (MapInfo Professional 9.5 USER GUIDE, 

2008), Idrisi 32.11 (Eastman, 1999). ʌʠʪʦʩʘʥʠʪʘʨʥʳʝ 

ʟʦʥʳ ʬʦʤʦʧʩʠʩʘ ʥʘ ʧʦʜʩʦʣʥʝʯʥʠʢʝ ʠʜʝʥʪʠʬʠʮʠʨʦ-

ʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʝʡ ʰʢʘʣʳ ʛʨʘʜʘʮʠʡ 

(ʪʘʙʣ. 1).  

ʊʘʙʣʠʮʘ 1 

ʐʢʘʣʘ ʛʨʘʜʘʮʠʡ ʬʠʪʦʩʘʥʠʪʘʨʥʳʭ ʟʦʥ ʬʦʤʦʧʩʠʩʘ ʚ ʦʙʱʝʤ ʘʨʝʘʣʝ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʩʪʨʘʥ ʉʅɻ 

ɻʨʘʜʘʮʠʷ ʚ ʧʨʦʷʚʣʝʥʠʠ ʬʦʤʦʧʩʠʩʘ ʇʦʨʘʞʝʥʠʝ ʨʘʩʪʝʥʠʡ, ʚ % ɺʦʟʤʦʞʥʳʝ ʧʦʪʝʨʠ ʫʨʦʞʘʷ, ʚ % 

ʉʠʣʴʥʦʝ ʜʦ 50 ʠ ʙʦʣʝʝ ʜʦ 35 ʠ ʙʦʣʝʝ 

ʉʨʝʜʥʝʝ ʜʦ 30 ʜʦ 10 

ʉʣʘʙʦʝ ʜʦ 15 ʜʦ 5 

ʆʞʠʜʘʝʤʦʝ 0,0 0,0 

 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʚʦʟʙʫʜʠʪʝʣʷ ʬʦʤʦʧʩʠʩʘ ʧʦʜ-

ʩʦʣʥʝʯʥʠʢʘ ʚ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥʘʭ ʉʅɻ ʦʩʫʱʝʩʪʚʣʝʥʘ 

ʩʦʛʣʘʩʥʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʦʢʘ-

ʟʘʪʝʣʷʤ (Muntanolla-Cvetkovicȭ et al.,1981; Maricȭet 

al.,1982). ʄʦʨʬʦʣʦʛʦ-ʢʫʣʴʪʫʨʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʚʦʟʙʫʜʠʪʝʣʷ ʙʦʣʝʟʥʠ ʠʟʫʯʝʥʳ ʤʝʪʦʜʘʤʠ ʠʟʦʣʷʮʠʠ 

ʧʘʪʦʛʝʥʘ ʚ ʯʠʩʪʫʶ ʢʫʣʴʪʫʨʫ ʠʟ ʧʦʨʘʞʝʥʥʦʛʦ ʧʦʜ-

ʩʦʣʥʝʯʥʠʢʘ ʨʘʟʥʳʭ ʤʝʩʪ ʉʅɻ, ʝʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʥʘ ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜʘʭ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʠʢʨʦʩʢʦ-

ʧʠʨʦʚʘʥʠʝʤ.  

ʇʘʪʦʛʝʥʥʦʩʪʴ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʣʷʪʦʚ ʩʧʦʨ Ŭ 

ʠ ɓ ʛʨʠʙʘ Ph. helianthi ʠʟʫʯʝʥʘ ʤʝʪʦʜʦʤ ʠʥʦʢʫʣʷʮʠʠ 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʚ ʬʘʟʫ ʙʫʪʦʥʠʟʘʮʠʠ ʩʫʩʧʝʥʟʠʝʡ 

ʩʧʦʨ, ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 106 ʩʧʦʨ/ʤʣ,ʚ 3ʭ-ʢʨʘʪʥʦʡ ʧʦ-

ʚʪʦʨʥʦʩʪʠ, ʩ 30-ʶ ʨʘʩʪʝʥʠʷʤʠ ʚ ʢʘʞʜʦʡ ʧʦʚʪʦʨʥʦ-

ʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʚ ʥʘʜʨʝʟʳ ʩʪʝʙʣʝʡ ʙʳʣʠ ʧʦʤʝʱʝʥʳ 

ʢʫʩʦʯʢʠ ʯʠʩʪʦʡ ʘʛʘʨʦʚʦʡ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʳʝ ʩ ʧʦʤʦ-

ʱʴʶ ʰʧʨʠʮʘ ʚʚʦʜʠʣʠ ʧʦ 0,5 ʤʣ ʩʫʩʧʝʥʟʠʠ ʩʧʦʨ ʫʢʘ-

ʟʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ.  

ʇʣʝʦʤʦʨʬʥʦʩʪʴ ʩʧʦʨʦʥʦʰʝʥʠʷ ʛʝʦʛʨʘʬʠʯʝ-

ʩʢʠʭ ʧʦʧʫʣʷʮʠʡ ʚʦʟʙʫʜʠʪʝʣʷ ʙʦʣʝʟʥʠ ʠʩʩʣʝʜʦʚʘʥʘ 

ʤʝʪʦʜʘʤʠ ʤʠʢʨʦʩʢʦʧʠʨʦʚʘʥʠʷ ʧʦʨʘʞʝʥʥʳʭ ʩʪʝʙ-

ʣʝʡ, ʠʟʦʣʷʮʠʝʡ ʧʘʪʦʛʝʥʘ ʚ ʯʠʩʪʫʶ ʢʫʣʴʪʫʨʫ ʠ ʢʫʣʴ-

ʪʠʚʠʨʦʚʘʥʠʷ ʥʘ ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜʘʭ. ʉʦʜʝʨʞʘʥʠʝ ʚ 

ʧʠʢʥʠʜʘʭ Ŭ ʠ ɓ ʩʧʦʨ ʫʩʪʘʥʦʚʣʝʥʘ ʚ ʦʙʨʘʟʮʘʭ ʧʦʨʘ-

ʞʸʥʥʳʭ ʩʪʝʙʣʝʡ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʧʫʣʷʮʠʡ ʚ ʧʨʦ-

ʮʝʥʪʘʭ. ɺ ʢʘʞʜʦʡ ʧʦʧʫʣʷʮʠʠ ʠʩʩʣʝʜʦʚʘʥʦ ʙʦʣʝʝ 40 
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ʚʳʙʦʨʦʢ ʧʠʢʥʠʜ ʛʨʠʙʘ Ph. helianthi ʥʘ ʦʪʨʝʟʢʘʭ ʧʦ-

ʨʘʞʝʥʥʦʛʦ ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʚ 3ʭ-ʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦ-

ʩʪʠ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʦʤ (ʗʢʫʪʢʠʥ,1991). 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʘʩʢʦʩʧʦʨ, ʠʭ ʵʤʠʩʩʠʷ ʚ ʧʝʨʠʪʝ-

ʮʠʷʭ ʧʘʪʦʛʝʥʘ ʠʩʩʣʝʜʦʚʘʥʦ ʤʝʪʦʜʦʤ ʤʥʦʛʦʯʠʩʣʝʥ-

ʥʳʭ ʤʦʜʝʣʴʥʳʭ ʚʳʙʦʨʦʢ ʧʦʨʘʞʸʥʥʳʭ ʩʪʝʙʣʝʡ, ʨʘʟ-

ʤʝʱʸʥʥʳʭ ʚ ʧʦʣʝ ʠ ʚ ʧʦʩʝʚʘʭ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʧʨʠ 

ʨʘʟʣʠʯʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʚ ʧʨʝʜʟʠʤʥʠʡ ʧʝʨʠʦʜ ʠ ʩ 

ʜʘʣʴʥʝʡʰʝʡ ʠʭ ʧʝʨʝʟʠʤʦʚʢʦʡ ʚ ʧʦʣʝ. ɺ ʵʪʠʭ ʚʳʙʦʨ-

ʢʘʭ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʝ ʤʝʥʝʝ 50 ʠʥʬʠʮʠʨʦʚʘʥ-

ʥʳʭ ʩʪʝʙʣʝʡ ʨʘʩʪʝʥʠʡ ʚ 4-ʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ ʠʟ 

ʨʘʟʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʩʙʦʨʦʚ. 

ʀʟʫʯʝʥʠʝ ʩʝʤʝʥʥʦʡ ʠʥʬʝʢʮʠʠ ʚʦʟʙʫʜʠʪʝʣʷ ʙʦ-

ʣʝʟʥʠ ʧʨʦʚʝʜʝʥʦ ʚ ʧʦʣʝʚʳʭ ʦʧʳʪʘʭ ɺʝʡʜʝʣʝʚʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʧʦʜʩʦʣʥʝʯʥʠʢʘ (ɺʀʇ) ɹʝʣʛʦʨʦʜʩʢʦʡ ʦʙ-

ʣʘʩʪʠ ʚ ʈʦʩʩʠʠ ʥʘ 15 ʦʙʨʘʟʮʘʭ ʩʝʤʷʥ ʧʦʜʩʦʣʥʝʯ-

ʥʠʢʘ, ʨʝʧʨʦʜʫʢʮʠʠ ʈʦʩʩʠʠ ʠ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ, ʩ 30 

ʨʘʩʪʝʥʠʷʤʠ ʚ ʚʳʙʦʨʢʝ, ʚ 3ʭ-ʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. 

ɿʘʨʘʞʸʥʥʦʩʪʴ ʩʝʤʷʥ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʬʦʤʦʧʩʠʩʦʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʘ ʤʝʪʦʜʘʤʠ ʠʟʦʣʷʮʠʠ 

ʚʦʟʙʫʜʠʪʝʣʷ ʙʦʣʝʟʥʠ ʚ ʯʠʩʪʫʶ ʢʫʣʴʪʫʨʫ ʠ ʝʛʦ ʢʫʣʴ-

ʪʠʚʠʨʦʚʘʥʠʷ ʥʘ ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜʘʭ. ʆʧʳʪʥʳʝ ʧʦ-

ʩʝʚʳ ʩ ʠʥʬʠʮʠʨʦʚʘʥʥʳʤʠ ʩʝʤʝʥʘʤʠ ʧʨʦʚʝʜʝʥʳ ʥʘ 

ʜʝʣʷʥʢʘʭ ʨʘʟʤʝʨʦʤ 15 ʤĮ ʚ 3ʭ-ʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ 

ʚ ʪʫʥʥʝʣʷʭ, ʟʘʱʠʱʸʥʥʳʭ ʩʧʝʮʠʘʣʴʥʦʡ ʤʝʣʢʦʷʯʝʠ-

ʩʪʦʡ ʩʝʪʢʦʡ ʦʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʪʫʜʘ ʘʵʨʦʛʝʥʥʦʛʦ 

ʠʥʦʢʫʣʶʤʘ ʘʩʢʦʩʧʦʨ ʚʦʟʙʫʜʠʪʝʣʷ ʙʦʣʝʟʥʠ. ʀʩʩʣʝ-

ʜʦʚʘʥʠʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʧʫʣʷ-

ʮʠʡ ʛʨʠʙʘ Ph.helianthi ʧʦ ʧʨʠʟʥʘʢʫ ʚʠʨʫʣʝʥʪʥʦʩʪʠ 

ʚʳʧʦʣʥʝʥʳ ʥʘ ʵʤʧʠʨʠʯʝʩʢʦʤ ʪʝʩʪ-ʥʘʙʦʨʝ ʩʘʤʦʦʧʳ-

ʣʸʥʥʳʭ ʣʠʥʠʷʭ, ʩʦʨʪʘʭ ʠ ʛʠʙʨʠʜʘʭ ʧʦʜʩʦʣʥʝʯʥʠʢʘ, 

ʩ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʠʥʦʢʫʣʷʮʠʝʡ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʚ 

ʬʘʟʫ ʙʫʪʦʥʠʟʘʮʠʠ12-ʶ ʤʦʥʦʩʧʦʨʦʚʳʤʠ ʠʟʦʣʷʪʘʤʠ, 

ʚ 3-ʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ, ʥʘ 30 ʨʘʩʪʝʥʠʷʭ ʚ ʢʘʞʜʦʡ 

ʧʦʚʪʦʨʥʦʩʪʠ. 

ʇʦʣʝʚʳʝ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʬʦ-

ʤʦʧʩʠʩʦʤ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʧʨʦʚʝʜʝʥʳ ʧʦ ʦʙʱʝʧʨʠ-

ʥʷʪʦʡ ʤʝʪʦʜʠʢʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ (ɼʦ-

ʩʧʝʭʦʚ,1985). ʆʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʦ ʩʨʝʜʥʠʤ ʧʦʢʘʟʘʪʝʣʷʤ (ʄ) ʠ ʠʭ 

ʦʰʠʙʢʘʤ (ÑSEM) ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦ-

ʛʨʘʤʤʳ Statistica 6.0. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʌʦʤʦʧʩʠʩ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʚ ʩʪʨʘʥʘʭ ʉʅɻ - 

ʄʦʣʜʘʚʠʠ ʠ ʧʨʠʛʨʘʥʠʯʥʳʭ ʨʘʡʦʥʘʭ ʋʢʨʘʠʥʳ ʚʳʷʚ-

ʣʝʥ ʚ 1985 ʛ. (ɹʦʛʜʘʥʦʚʘ ʠ ʜʨ., 1986). ʏʝʨʝʟ ʯʝʪʳʨʝ 

ʛʦʜʘ, ʚ 1989 ʛ. ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴ ʙʦʣʝʟʥʠ ʚʦ ʤʥʦ-

ʛʠʭ ʤʝʩʪʘʭ ʄʦʣʜʘʚʠʠ ʜʦʩʪʠʛʘʣʘ 70 % (ʉʢʨʠʧʢʘ, 

1989). ɺ ʋʢʨʘʠʥʝ, ʚ ʪʝʯʝʥʠʝ 1988-1989 ʛʛ., ʟʘʙʦʣʝ-

ʚʘʥʠʝ ʧʨʦʷʚʠʣʦʩʴ ʥʘ ʦʙʰʠʨʥʳʭ ʧʣʦʱʘʜʷʭ ʧʦʜʩʦʣ-

ʥʝʯʥʠʢʘ, ʛʜʝ ʩʢʦʨʦʩʪʴ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʦʩʪʘʚ-

ʣʷʣʘ 80-100 ʢʤ ʚ ʛʦʜ, ʩ ʫʩʠʣʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʨʦʷʚʣʝʥʠʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ (ʐʠʥʢʘʨʸʚ ʠ ʜʨ., 1991). 

ʆʙʩʣʝʜʦʚʘʥʠʷ ʧʦʩʝʚʦʚ ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʧʨʦʚʝʜʸʥ-

ʥʳʝ ʥʘʤʠ ʚ 1995-2010 ʛʛ., ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʄʦʣʜʘʚʠʠ 

ʠ ʋʢʨʘʠʥʝ ʬʦʤʦʧʩʠʩ ʧʨʦʷʚʣʷʝʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ, ʩ 

ʧʦʨʘʞʝʥʠʝʤ ʨʘʩʪʝʥʠʡ ʜʦ 55% ʠ ʙʦʣʝʝ, ʧʨʠ ʧʦʣʥʦʡ 

ʠʭ ʛʠʙʝʣʠ, ʧʨʝʚʳʰʘʶʱʠʝ 15%. 

ɺʧʝʨʚʳʝ ʚ ʈʦʩʩʠʠ ʬʦʤʦʧʩʠʩ ʧʦʜʩʦʣʥʝʯʥʠʢʘ 

ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʥʘʤʠ ʚ 1989 ʛ. ʚ ʎʝʥʪʨʘʣʴʥʦʡ 

ʏʝʨʥʦʟʸʤʥʦʡ ɿʦʥʝ (ʎʏɿ) ʥʘ ʛʠʙʨʠʜʘʭ ʉʦʣʜʦʨ ʠ 

ʉʘʥʙʨʝʜ. ɺ ʧʠʢʥʠʜʘʭ ʧʘʪʦʛʝʥʘ ʥʘ ʧʦʨʘʞʝʥʥʳʭ 

ʩʪʝʙʣʷʭ ʛʠʙʨʠʜʦʚ ʚʳʷʚʣʷʣʠʩʴ ʪʦʣʴʢʦ ɓ ï ʩʧʦʨʳ. ʇʦ-

ʚʪʦʨʥʦ ʚ ʈʦʩʩʠʠ, ʚ ʉʪʘʚʨʦʧʦʣʴʩʢʦʤ ʢʨʘʝ, ʟʘʙʦʣʝʚʘ-

ʥʠʝ ʚʳʷʚʣʝʥʦ ʚ 1990 ʛ., ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʛ. ʇʷʪʠʛʦʨ-

ʩʢʘ, ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʛʠʙʨʠʜʝ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʇʦ-

ʣʝʚʠʢ, ʩ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴʶ ʜʦ 5% 

(ʗʢʫʪʢʠʥ,1991). ɺ ʧʠʢʥʠʜʘʭ ʚʦʟʙʫʜʠʪʝʣʷ ʙʦʣʝʟʥʠ 

ʢʨʦʤʝ ɓ ï ʩʧʦʨ, ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʪʘʢʞʝ Ŭ ʠ Ŭ+ɓ 

ʩʧʦʨʳ. 

ʅʘʨʘʩʪʘʥʠʝ ʬʦʤʦʧʩʠʩʘ ʚ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ ʧʨʦ-

ʠʩʭʦʜʠʣʦ ʧʦ-ʨʘʟʥʦʤʫ. ɺ 1992 ʛ. ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʛ. 

ɹʝʣʛʦʨʦʜʘ, ʥʘ ʧʣʦʱʘʜʠ 90 ʛʘ, ʥʘ ʛʠʙʨʠʜʝ ʂʘʨʛʵʣ, 

ʧʦʩʝʚʥʦʡ ʤʘʪʝʨʠʘʣ ʢʦʪʦʨʦʛʦ ʧʦʩʪʫʧʠʣ ʠʟ ʉʐɸ, ʧʦ-

ʨʘʞʘʝʤʦʩʪʴ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʜʦʩʪʠʛʘʣʘ 80% ʧʨʠ ʧʦʣ-

ʥʦʡ ʛʠʙʝʣʠ ʨʘʩʪʝʥʠʡ ʜʦ 30%. ʏʝʨʝʟ ʜʚʘ ʛʦʜʘ ʚ ɹʝʣ-

ʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʬʦʤʦʧʩʠʩ ʚʳʷʚʣʝʥ ʥʘ 60% ʧʦʩʝ-

ʚʦʚ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʩ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴʶ ʜʦ 40% 

ʠ ʛʠʙʝʣʴʶ ʨʘʩʪʝʥʠʡ ʜʦ 10%. ɺ 2007 ʛ. ʚ ɺʦʣʛʦʛʨʘʜ-

ʩʢʦʡ ʦʙʣʘʩʪʠ ʈʦʩʩʠʠ, ʥʘ 50 ʛʘ ʧʦʩʝʚʘ ʛʠʙʨʠʜʘ ʉʘʥ-

ʙʨʝʜ, ʧʦʩʝʚʥʦʡ ʤʘʪʝʨʠʘʣ ʙʳʣ ʟʘʚʝʟʸʥ ʠʟ ʄʦʣʜʘʚʠʠ, 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴ ʙʦʣʝʟʥʠ ʜʦʩʪʠʛʘʣʘ 70%. ɺ 1993 

- 2019 ʛʛ. ʥʘ ʉʝʚʝʨʥʦʤ ʂʘʚʢʘʟʝ, ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʏʝʨ-

ʥʦʟʸʤʥʦʡ ɿʦʥʝ, ʚ ʇʦʚʦʣʞʩʢʦʤ ʨʝʛʠʦʥʝ ʠ ʥʘ ʖʞʥʦʤ 

ʋʨʘʣʝ ʈʦʩʩʠʠ ʬʦʤʦʧʩʠʩ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʥʘʨʘʩʪʘʣ 

ʧʦʩʪʦʷʥʥʦ, ʩ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴʶ ʦʪ 1,5% ʜʦ 40% 

ʠ ʙʦʣʝʝ ʥʘ ʧʦʩʝʚʘʭ ʘʤʝʨʠʢʘʥʩʢʠʭ, ʝʚʨʦʧʝʡʩʢʠʭ, 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʛʠʙʨʠʜʦʚ ʠ ʩʦʨʪʘʭ ï ʧʦʧʫʣʷʮʠʷʭ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʙʦʣʝʚʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ 

ʘʟʠʘʪʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʠ ʩʦʧʨʝʜʝʣʴʥʦʡ ʩ ʈʦʩʩʠʝʡ, 

ʚ ʂʘʟʘʭʩʪʘʥʝ. 

ʉʦʛʣʘʩʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ 

ʧʨʠʟʥʘʢʘʤ ʚʦʟʙʫʜʠʪʝʣʷ ʙʦʣʝʟʥʠ (Muntanolla-

Cvetkovicȭet al.,1981; Maricȭet al.,1982; Herr et 

al.,1983), ʘ ʪʘʢʞʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʨʝʚʠʟʠʝʡ ʧʘʪʦʛʝʥʘ (Catalogue of 

Life, 2020) ʤʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʚʦʟʙʫʜʠʪʝʣʝʤ 

ʬʦʤʦʧʩʠʩʘ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʚ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥʘʭ ʉʅɻ 

ʷʚʣʷʝʪʩʷ ʛʨʠʙ Ph. helianthi Munt.-Cvet., Mihaljc. & 

Petrov ʘ ʝʛʦ ʩʫʤʯʘʪʘʷ ʩʪʘʜʠʷ Diaporthe helianthi 

Munt.-Cvet., Mihaljc. & Petrov ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʩʠʥʦʥʠʤ. 

ʕʢʩʧʘʥʩʠʷ ʬʦʤʦʧʩʠʩʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʦʙ-

ʱʝʤ ʘʨʝʘʣʝ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʩʪʨʘʥ ʉʅɻ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʥʘ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ɻʀʉ, ʚ ʢʦʪʦʨʦʡ 

ʫʢʘʟʘʥʳ ʦʪʜʝʣʴʥʳʝ ʣʦʢʘʣʴʥʳʝ ʬʠʪʦʩʘʥʠʪʘʨʥʳʭ 

ʟʦʥʳ ʟʘʙʦʣʝʚʘʥʠʷ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʢʦʣʠʯʝʩʪʚʫ 

ʧʦʨʘʞʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʛʜʝ ʦʥ ʝʱʸ ʥʝ ʦʙʥʘʨʫʞʝʥ 

(ʨʠʩ.1). ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʟʘʙʦʣʝʚʘʥʠʝ ʧʨʦʷʚʣʷ-

ʝʪʩʷ ʚ ʬʠʪʦʩʘʥʠʪʘʨʥʦʡ ʟʦʥʝ 1 - ɻ ʪʦ ʄʦʣʜʘʚʠʷ, ʋʢʨʘ-

ʠʥʘ ʠ ʦʪʜʝʣʴʥʳʝ ʨʝʛʠʦʥʳ ʈʦʩʩʠʠ (ʎʏɿ, ʉʝʚʝʨʥʳʡ 

ʂʘʚʢʘʟ ʠ ʂʨʳʤ), ʩ ʧʦʨʘʞʝʥʠʝʤ ʨʘʩʪʝʥʠʡ ʧʦʜʩʦʣ-

ʥʝʯʥʠʢʘ ʜʦ 50% ʠ ʙʦʣʝʝ. ɺ ʟʦʥʝ 1, ʛʜʝ ʠʥʬʝʢʮʠʷ ʚʦʟ-

ʙʫʜʠʪʝʣʷ ʙʦʣʝʟʥʠ ʷʚʣʷʝʪʩʷ ʥʝ ʣʠʤʠʪʠʨʫʶʱʠʤ ʬʘʢ-

ʪʦʨʦʤ, ʚ ʫʩʣʦʚʠʷʭ ʧʦʛʦʜʳ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ 

ʧʨʠ ɻʊʂ 1.0-1.2, ʚʦʟʤʦʞʥʘ ʵʧʠʬʠʪʦʪʠʷ ʬʦʤʦʧʩʠʩʘ, 

ʩ ʦʞʠʜʘʝʤʳʤʠ ʧʦʪʝʨʷʤʠ ʫʨʦʞʘʷ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʜʦ 

35% ʠ ʙʦʣʝʝ. ɺ ʵʪʦʡ ʟʦʥʝ ʧʦʩʪʦʷʥʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʚʳʩʦʢʠʡ ʨʠʩʢ ʙʦʣʝʟʥʠ. ʌʠʪʦʩʘʥʠʪʘʨʥʘʷ ʟʦʥʘ 1 ʟʘ-

ʥʠʤʘʝʪ 42% ʪʝʨʨʠʪʦʨʠʠ ʚ ʦʙʱʝʤ ʘʨʝʘʣʝ ʧʦʜʩʦʣʥʝʯ-

ʥʠʢʘ ʩʪʨʘʥ ʉʅɻ (ʨʠʩ. 2). ɺ ʬʠʪʦʩʘʥʠʪʘʨʥʫʶ ʟʦʥʫ 2, 

ʩ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴʶ ʙʦʣʝʟʥʠ ʜʦ 30% ʧʦʨʘʞʝʥ-

ʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʩʨʝʜʥʠʤ ʨʠʩʢʦʤ ʝʸ ʧʨʦʷʚʣʝʥʠʷ, 

ʚʭʦʜʷʪ ʉʨʝʜʥʝʝ ʇʦʚʦʣʞʴʝ, ʋʨʘʣʴʩʢʠʡ ʨʝʛʠʦʥ ʠ ɿʘ-

ʧʘʜʥʘʷ ʉʠʙʠʨʴ ʈʦʩʩʠʠ. ʊʝʨʨʠʪʦʨʠʘʣʴʥʳʡ ʨʘʟʤʝʨ 
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ʟʦʥʳ 2 ʚ ʦʙʱʝʤ ʘʨʝʘʣʝ ʢʫʣʴʪʫʨʳ ʜʦʩʪʠʛʘʝʪ 20%. ɺ 

ʵʪʦʡ ʟʦʥʝ, ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʚʝʛʝ-

ʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ, ʚʦʟʤʦʞʥʳʝ ʧʦʪʝʨʠ ʫʨʦʞʘʷ ʤʦ-

ʛʫʪ ʜʦʩʪʠʛʘʪʴ 10%. ʂʘʟʘʭʩʪʘʥ, ʩ ʧʦʨʘʞʝʥʠʝʤ ʧʦʜ-

ʩʦʣʥʝʯʥʠʢʘ ʬʦʤʦʧʩʠʩʦʤ ʜʦ 15% ʠ ʩʣʘʙʳʤ ʨʠʩʢʦʤ 

ʝʛʦ ʚʨʝʜʘ, ʚʢʣʶʯʸʥ ʚ ʬʠʪʦʩʘʥʠʪʘʨʥʫʶ ʟʦʥʫ 3. ɺ 

ʵʪʦʡ ʩʪʨʘʥʝ ʟʘʙʦʣʝʚʘʥʠʝ ʥʘ ʧʦʜʩʦʣʥʝʯʥʠʢʝ ʧʦʷʚʠ-

ʣʦʩʴ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠ ʧʦʢʘ ʧʨʦʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠ-

ʯʝʥʥʦ.  

 
ʈʠʩ.1. ʈʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴ ʬʦʤʦʧʩʠʩʘ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʄʦʣʜʘʚʠʠ, ʋʢʨʘʠʥʳ, ʈʦʩʩʠʠ, ʂʘ-

ʟʘʭʩʪʘʥʝ ʠ ʦʞʠʜʘʝʤʘʷ ʚ ɹʝʣʦʨʫʩʩʠʠ  

 

ʇʨʠʤʝʯʘʥʠʝ: ʧʨʦʷʚʣʝʥʠʝ ʬʦʤʦʧʩʠʩʘ: ʠʥʪʝʥ-

ʩʠʚʥʦʝ ï ʧʦʨʘʞʝʥʦ ʜʦ 50% ʨʘʩʪʝʥʠʡ ʠ ʙʦʣʝʝ (ʚʳʩʦ-

ʢʠʡ ʨʠʩʢ ʟʘʙʦʣʝʚʘʥʠʷ; ʩʨʝʜʥʝʝ ï ʧʦʨʘʞʝʥʦ ʜʦ 30% 

ʨʘʩʪʝʥʠʡ (ʩʨʝʜʥʠʡ ʨʠʩʢ ʟʘʙʦʣʝʚʘʥʠʷ); ʩʣʘʙʦʝ ï ʧʦ-

ʨʘʞʝʥʦ ʜʦ 15% ʨʘʩʪʝʥʠʡ (ʩʣʘʙʳʡ ʨʠʩʢ ʟʘʙʦʣʝʚʘ-

ʥʠʷ); ʦʞʠʜʘʝʤʦʝ ï ʟʘʙʦʣʝʚʘʥʠʝ ʥʝ ʚʳʷʚʣʝʥʦ, ʥʦ ʤʦ-

ʞʝʪ ʧʦʷʚʠʪʴʩʷ.  

ɿʦʥʘ 3 ʟʘʥʠʤʘʝʪ 28% ʦʙʱʝʛʦ ʘʨʝʘʣʘ ʧʦʩʝʚʦʚ 

ʢʫʣʴʪʫʨʳ ʩʪʨʘʥ ʉʅɻ. ʇʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʛʦʜ-

ʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʚʝʛʝʪʘʮʠʶ (ɻʊʂ 1.0-1.2), ʚ ʟʦʥʝ 3 

ʧʦʪʝʨʠ ʫʨʦʞʘʷ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 5% ʠ ʥʝʩʢʦʣʴʢʦ ʙʦ-

ʣʝʝ. ɺ ʯʝʪʚʝʨʪʫʶ ʬʠʪʦʩʘʥʠʪʘʨʥʫʶ ʟʦʥʫ, ʛʜʝ ʬʦ-

ʤʦʧʩʠʩ ʥʝ ʚʳʷʚʣʝʥ, ʥʦ ʚʦʟʤʦʞʥʦ ʝʛʦ ʧʦʷʚʣʝʥʠʝ 

ʟʜʝʩʴ, ʚʭʦʜʷʪ ɸʣʪʘʡʩʢʠʡ ʢʨʘʡ, ʛʜʝ ʧʦʩʝʚʳ ʧʦʜʩʦʣ-

ʥʝʯʥʠʢʘ ʟʘʥʠʤʘʶʪ ʙʦʣʝʝ 300 ʪʳʩ. ʛʘ, ɸʤʫʨʩʢʘʷ ʦʙ-

ʣʘʩʪʴ, ʍʘʙʘʨʦʚʩʢʠʡ ʠ ʇʨʠʤʦʨʩʢʠʡ ʢʨʘʷ ʈʦʩʩʠʠ, ʘ 

ʪʘʢʞʝ ɹʝʣʦʨʫʩʩʠʠ, ʛʜʝ ʧʦʩʝʚʳ ʧʨʝʚʳʰʘʶʪ 30 ʪʳʩ. 

ʛʘ. ʕʪʘ ʬʠʪʦʩʘʥʠʪʘʨʥʘʷ ʟʦʥʘ ʧʦʢʘ ʟʘʥʠʤʘʝʪ 10% ʚ 

ʦʙʱʝʤ ʘʨʝʘʣʝ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʩʪʨʘʥ ʉʅɻ (ʨʠʩ.2). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʪʨʘʥʩʤʠʩʩʠʠ ʘʵʨʦʛʝʥʥʦʛʦ ʠʥʦʢʫʣʶʤʘ 

ʙʦʣʝʟʥʠ ʠʟ ʟʦʥʳ 1, ʛʜʝ ʫʞʝ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʚʳʩʦʢʠʡ 

ʠʥʬʝʢʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʟʘʙʦʣʝʚʘʥʠʷ, ʚ ʬʠʪʦʩʘ-

ʥʠʪʘʨʥʳʭ ʵʦʥʘʭ 2, 3 ʠ 4 ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʜʘʣʴʥʝʡʰʝʝ 

ʥʘʨʘʩʪʘʥʠʝ ʬʦʤʦʧʩʠʩʘ. 

ʇʝʨʚʠʯʥʦʝ ʧʦʷʚʣʝʥʠʝ ʬʦʤʦʧʩʠʩʘ ʥʘ ʧʦʩʝʚʘʭ 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʚ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥʘʭ ʉʅɻ, ʢʘʢ ʧʦʢʘ-

ʟʘʣ ʤʦʥʠʪʦʨʠʥʛ, ʦʪʤʝʯʘʣʦʩʴ ʚ ʚʠʜʝ ʣʦʢʘʣʴʥʳʭ ʝʜʠ-

ʥʠʯʥʳʭ ʦʯʘʛʦʚ ʧʦʨʘʞʸʥʥʳʭ ʨʘʩʪʝʥʠʡ. ʉ ʧʦʷʚʣʝ-

ʥʠʝʤ ʘʵʨʦʛʝʥʥʦʛʦ ʠʥʦʢʫʣʶʤʘ ʟʘʙʦʣʝʚʘʥʠʝ ʫʞʝ ʧʨʦ-

ʷʚʣʷʣʦʩʴ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦ ʠ ʦʙʰʠʨʥʝʝ, ʩ 

ʧʦʨʘʞʝʥʠʝʤ ʨʘʩʪʝʥʠʡ ʜʦ 50% ʠ ʙʦʣʝʝ. ʆʪ ʟʘʨʘʞʝʥ-

ʥʳʭ ʩʝʤʷʥ ʬʦʤʦʧʩʠʩ ʪʘʢʞʝ ʧʨʦʷʚʣʷʣʩʷ ʝʜʠʥʠʯʥʦ 

ʣʦʢʘʣʴʥʦ ʥʘ ʚʩʭʦʜʘʭ, ʚ ʚʠʜʝ ʧʨʠʟʝʤʥʳʭ ʧʨʠʢʦʨʥʝ-

ʚʳʭ ʥʝʢʨʦʟʦʚ ʩʪʝʙʣʝʡ ʩʚʝʪʣʦ-ʨʦʟʦʚʦʡ ʦʢʨʘʩʢʠ. ɼʘ-

ʣʝʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘʙʦʣʝʚʘʥʠʷ ʥʘʨʘʩʪʘʣʘ ʥʘ ʚʩʝʭ 

ʫʞʝ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʨʘʩʪʝʥʠʷʭ. ʇʝʨʚʳʝ ʩʠʤʧ-

ʪʦʤʳ ʙʦʣʝʟʥʠ ʦʪ ʘʵʨʦʛʝʥʥʦʛʦ ʠʥʦʢʫʣʶʤʘ ʧʨʦʷʚʣʷ-

ʶʪʩʷ ʚ ʚʠʜʝ ʪʸʤʥʳʭ ʢʨʘʝʚʳʭ ʫʛʣʦʚʳʭ ʥʝʢʨʦʟʦʚ ʥʘ 

ʧʝʨʚʳʭ ʥʘʩʪʦʷʱʠʭ ʤʦʣʦʜʳʭ ʣʠʩʪʴʷʭ ʠ ʜʘʞʝ ʚ ʜʘʣʴ-

ʥʝʡʰʝʤ, ʚ ʢʦʥʮʝ ʚʝʛʝʪʘʮʠʠ, ʦʥʠ ʧʦʷʚʣʷʣʠʩʴ ʥʘ ʣʠ-

ʩʪʴʷʭ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʫʩʳʭʘʣʠ (ʨʠʩ.3). ʏʝʨʝʟ ʯʝ-

ʨʝʰʢʠ ʟʘʨʘʞʝʥʥʳʭ ʣʠʩʪʴʝʚ ʙʦʣʝʟʥʴ ʜʘʣʝʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʷʝʪʩʷ ʥʘ ʩʪʝʙʣʠ. ʅʘ ʩʪʝʙʣʷʭ ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʨʪʘ ʠʣʠ ʛʠʙʨʠʜʘ, ʬʦʤʦʧʩʠʩ ʧʨʦ-

ʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʚʝʪʣʦ-ʨʦʟʦʚʳʭ, ʷʨʢʦ-ʦʨʘʥʞʝʚʳʭ 

ʠʣʠ ʷʨʢʦ-ʢʦʨʠʯʥʝʚʳʭ ʥʝʢʨʦʟʦʚ (ʨʠʩ.4). 

ʀʥʬʝʢʮʠʷ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʟʘʙʦʣʝʚʘʥʠʝʤ, ʢʘʢ 

ʧʦʢʘʟʘʣʠ ʥʘʙʣʶʜʝʥʠʷ, ʧʨʦʠʩʭʦʜʠʪ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥ-

ʩʠʚʥʦ ʚ ʬʘʟʳ ʨʘʟʚʠʪʠʷ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʦʪ 4-10 

ʥʘʩʪʦʷʱʠʭ ʣʠʩʪʴʝʚ ʜʦ ʙʫʪʦʥʠʟʘʮʠʠ. ʕʪʦʪ ʬʘʟʳ ʨʘʟ-

ʚʠʪʠʷ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʧʝʨʠʦ-

ʜʦʤ ʚ ʥʘʠʙʦʣʴʰʝʡ ʝʛʦ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʬʦ-

ʤʦʧʩʠʩʫ. ɽʩʣʠ ʟʘʙʦʣʝʚʘʥʠʝ ʧʨʦʷʚʣʷʣʦʩʴ ʚ ʬʘʟʫ 

ʥʘʯʘʣʘ ʮʚʝʪʝʥʠʷ, ʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʪʤʝʯʘʣʠʩʴ 

ʥʘʠʙʦʣʴʰʠʝ ʧʦʪʝʨʠ ʫʨʦʞʘʷ. ʇʨʠ ʠʥʬʝʢʮʠʠ ʧʦʜʩʦʣ-

ʥʝʯʥʠʢʘ ʚ ʬʘʟʫ ʩʦʟʨʝʚʘʥʠʷ, ʧʦʪʝʨʠ ʫʨʦʞʘʷ ʦʪ ʙʦ-

ʣʝʟʥʠ ʙʳʣʠ ʤʝʥʝʝ ʦʱʫʪʠʤʳʤʠ. 

ʅʝʢʨʦʟʳ ʙʦʣʝʟʥʠ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʥʘ ʩʪʝʙʣʷʭ ʚ 

ʬʘʟʫ ʩʦʟʨʝʚʘʥʠʷ ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʧʨʠʦʙʨʝʪʘʶʪ 

ʩʚʝʪʣʦ-ʩʝʨʫʶ ʦʢʨʘʩʢʫ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʧʨʠʩʫʪʩʪʚʠʝʤ 

ʚ ʧʠʢʥʠʜʘʭ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʩʪʝʙʣʝʡ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʭ ʧʠʢʥʦʩʧʦʨ (ʨʠʩ.5). ʕʪʠ ʥʝʢʨʦʟʳ ʯʘʩʪʦ ʥʘʧʦ-

ʤʠʥʘʶʪ ʩʪʝʙʣʝʚʳʝ ʥʝʢʨʦʟʳ ʧʝʧʝʣʴʥʦʡ ʛʥʠʣʠ 

(Macrophomina phaseolina). ʅʝʢʨʦʟʳ ʬʦʤʦʧʩʠʩʘ ʥʘ 

ʩʪʝʙʣʷʭ ʪʘʢʞʝ ʤʦʛʫʪ ʧʨʠʦʙʨʝʪʘʪʴ ʪʝʤʥʫʶ ʦʢʨʘʩʢʫ, 

ʥʘʧʦʤʠʥʘʶʱʠʝ ʩʪʝʙʣʝʚʦʡ ʬʦʤʦʟ (Plenodomus lind-

quistii). ʇʨʦʥʠʢʘʶʱʠʝ ʥʝʢʨʦʟʳ ʬʦʤʦʧʩʠʩʘ ʚ ʮʝʥ-

ʪʨʘʣʴʥʳʡ ʮʠʣʠʥʜʨ ʩʪʝʙʣʝʡ ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʚʳʟʳ-

ʚʘʶʪ ʠʭ ʥʘʜʣʦʤ ʠʣʠ ʧʦʣʥʫʶ ʛʠʙʝʣʴ ʨʘʩʪʝʥʠʡ, ʯʪʦ 



The scientific heritage No 50 (2020) 9 

ʧʨʠʚʦʜʠʪ ʢ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʦʪʝʨʷʤ ʫʨʦʞʘʷ. ʌʦ-

ʤʦʧʩʠʩ, ʧʦʨʘʞʘʷ ʢʦʨʟʠʥʢʠ ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʧʨʦʷʚ-

ʣʷʝʪʩʷ ʚ ʚʠʜʝ ʪʝʤʥʳʭ ʥʝʢʨʦʟʦʚ. ʇʦʨʘʞʸʥʥʳʝ ʢʦʨ-

ʟʠʥʢʠ ʩʦʢʨʘʱʘʶʪʩʷ ʚ ʨʘʟʤʝʨʘʭ ʠ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦ 

ʫʩʳʭʘʶʪ. ʀʥʬʠʮʠʨʦʚʘʥʥʳʝ ʩʝʤʷʥʢʠ ʚ ʢʦʨʟʠʥʢʘʭ 

ʫʪʨʘʯʠʚʘʶʪ ʙʣʝʩʢ ʠ ʧʨʠʦʙʨʝʪʘʶʪ ʩʝʨʦʚʘʪʦ-ʪʝʤʥʫʶ 

ʦʢʨʘʩʢʫ, ʩ ʚʦʟʤʦʞʥʳʤ ʧʦʷʚʣʝʥʠʝʤ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʧʠʢʥʠʜ ʛʨʠʙʘ Ph. helianthi. 

ɺ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥʘʭ ʉʅɻ ʚʦʟʙʫʜʠʪʝʣʴ ʬʦ-

ʤʦʧʩʠʩʘ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʚ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥʘʭ ʉʅɻ ʚ 

ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ʠʤʝʝʪ ʘʥʘʤʦʨʬʥʫʶ (Phomopsis) ʠ 

ʪʝʣʝʦʤʦʨʬʥʫʶ (Diaporthe) ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ (ʨʠʩ.6). 

ɺʦʟʙʫʜʠʪʝʣʴ ʙʦʣʝʟʥʠ ʚ ʘʥʘʤʦʨʬʥʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠ-

ʚʘʝʪʩʷ ʥʘ ʚʝʛʝʪʠʨʫʶʱʝʤ ʧʦʜʩʦʣʥʝʯʥʠʢʝ. ʊʝʣʝ-

ʦʤʦʨʬʥʘʷ ʩʪʘʜʠʷ ʧʘʪʦʛʝʥʘ ʥʘʯʠʥʘʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ 

ʥʘ ʧʦʷʚʣʷʶʱʠʭʩʷ ʦʪʤʠʨʘʶʱʠʭ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʦʩʪʘʪʢʘʭ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʠ ʟʘʚʝʨʰʘʝʪ ʩʚʦʸ ʨʘʟʚʠʪʠʝ 

ʥʘ ʥʠʭ ʧʦʩʣʝ ʧʝʨʝʟʠʤʦʚʢʠ ʚ ʧʦʣʝ. ɺ ʘʥʘʤʦʨʬʥʦʡ 

ʩʪʘʜʠʠ ʚ ʧʠʢʥʠʜʘʭ ʛʨʠʙʘ Ph. helianthi ʬʦʨʤʠʨʫʝʪʩʷ 

ʧʣʝʦʤʦʨʬʥʦʝ ʩʧʦʨʦʥʦʰʝʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ Ŭ ʠ ɓ 

ʧʠʢʥʦʩʧʦʨ 

ʇʠʢʥʠʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʰʘʨʦʦʙʨʘʟʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʣʝʛʢʦ ʩʞʘʪʳʝ ʩʚʝʨʭʫ, ʨʘʟʤʝʨʦʤ ʜʦ 

300Õ. ɸʣʴʬʘ-ʩʧʦʨʳ (a) ï ʵʪʦ ʦʜʥʦʢʣʝʪʦʯʥʳʝ, ʙʝʩ-

ʮʚʝʪʥʳʝ, ʩ ʜʚʫʤʷ ʢʘʧʣʷʤʠ ʞʠʨʘ (ʣʠʧʠʜʥʳʡ ʢʦʤ-

ʧʣʝʢʩ), ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʨʘʟʤʝʨʦʤ ʚ ʜʣʠʥʫ ʜʦ 

21Õ, ʰʠʨʠʥʫ ï ʜʦ 5,5Õ. ɹʝʪʘ-ʩʧʦʨʳ (ɓ) ï ʦʜʥʦʢʣʝ-

ʪʦʯʥʳʝ, ʙʝʩʮʚʝʪʥʳʝ, ʫʜʣʠʥʸʥʥʳʝ, ʠʟʦʛʥʫʪʳʝ ʚ 

ʢʦʥʮʝ, ʜʣʠʥʦʡ ʜʦ 42,5Õ, ʰʠʨʠʥʦʡ ʜʦ 7Õ. 

 
ʈʠʩ.2. ʈʘʟʤʝʨʳ ʬʠʪʦʩʘʥʠʪʘʨʥʳʭ ʟʦʥ ʬʦʤʦʧʩʠʩʘ ʚ ʦʙʱʝʤ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʤ ʘʨʝʘʣʝ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʈʦʩ-

ʩʠʠ, ʄʦʣʜʘʚʠʠ, ʋʢʨʘʠʥʳ ʠ ʂʘʟʘʭʩʪʘʥʘ. 

 

ʇʨʠʤʝʯʘʥʠʝ: ʧʨʦʷʚʣʝʥʠʝ ʬʦʤʦʧʩʠʩʘ, ʚ % ʧʦ-

ʨʘʞʸʥʥʳʭ ʨʘʩʪʝʥʠʡ: ʚʦʟʤʦʞʥʦʝ - ɿʦʥʘ 4 (ʙʦʣʝʟʥʠ 

ʥʝʪ, ʥʦ ʦʥʘ ʤʦʞʝʪ ʧʦʷʚʠʪʴʩʷ), 0%; ʩʣʘʙʦʝ ï ɿʦʥʘ 3, 

ʜʦ 15%; ʩʨʝʜʥʝʝ ï ɿʦʥʘ 2, ʜʦ 30%; ʠʥʪʝʥʩʠʚʥʦʝ ï 

ɿʦʥʘ 1, ʜʦ 50% ʠ ʙʦʣʝʝ.  
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ʈʠʩ. 3. ʉʠʤʧʪʦʤ ʬʦʤʦʧʩʠʩʘ ʥʘ ʣʠʩʪʴʷʭ ʚ ʢʦʥʮʝ ʚʝʛʝʪʘʮʠʠ ʧʦʜʩʦʣʥʝʯʥʠʢʘ. 

 

 
ʈʠʩ. 4. ɺʥʝʰʥʠʡ ʚʠʜ ʥʝʢʨʦʟʘ ʬʦʤʦʧʩʠʩʘ ʥʘ ʧʦʨʘʞʸʥʥʦʤ ʩʪʝʙʣʝ ʧʦʜʩʦʣʥʝʯʥʠʢʘ. 

 

 
ʈʠʩ. 5. ʇʨʦʷʚʣʝʥʠʷ ʬʦʤʦʧʩʠʩʘ ʥʘ ʧʦʨʘʞʸʥʥʦʤ ʩʪʝʙʣʝ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʚ ʢʦʥʮʝ ʚʝʛʝʪʘʮʠʠ. 
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ʀʟʫʯʝʥʠʝ ʧʣʝʦʤʦʨʬʥʦʩʪʠ ʛʨʠʙʘ Ph. helianthi 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʘ ʠ ɓ ʩʧʦʨ ʚ ʧʠʢʥʠʜʘʭ ʧʘ-

ʪʦʛʝʥʘ ʨʘʟʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʧʫʣʷʮʠʡ ʚʘʨʴʠ-

ʨʫʝʪ ʚ ʟʘʤʝʪʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ (ʪʘʙʣ.2). ɺ ʦʜʥʠʭ ʛʝʦ-

ʛʨʘʬʠʯʝʩʢʠʭ ʧʦʧʫʣʷʮʠʷʭ ʚ ʧʠʢʥʠʜʘʭ ʧʘʪʦʛʝʥʘ ʦʙ-

ʥʘʨʫʞʝʥʳ ʪʦʣʴʢʦ Ŭ - ʩʧʦʨʳ, ʚ ʜʨʫʛʠʭ ï ɓ-ʩʧʦʨʳ, ʚ 

ʪʨʝʪʴʠʭ ï ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʤʝʩʴ Ŭ+ɓ ʩʧʦʨ. 

 
ʈʠʩ.6. ʉʧʦʨʦʥʦʰʝʥʠʷ ʚʦʟʙʫʜʠʪʝʣʷ ʬʦʤʦʧʩʠʩʘ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʚ ʞʠʟʥʝʥʦʤ ʮʠʢʣʝ ʨʘʟʚʠʪʠʷ ʚ ʘʥʘʤʦʨʬʥʦʡ 

ʠ ʪʝʣʝʦʤʦʨʬʥʦʡ ʩʪʘʜʠʷʭ (ʧʦ:Wehmeyer, 1933) 

ʇʨʠʤʝʯʘʥʠʝ. 1. ʉʪʨʦʤʘ ʩ ʧʝʨʠʪʝʮʠʷʤʠ. 2. ʇʠʢʥʠʜʘ. 3.ɸʩʢʦʩʧʦʨʳ. 4. ɸʣʴʬʘ - ʩʧʦʨʳ (ʘ). 5. ɹʵʪʘ - ʩʧʦʨʳ (ɓ)  

 

ʂʦʥʮʝʥʪʨʘʮʠʷ ɓ-ʩʧʦʨ ʚ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʧʫ-

ʣʷʮʠʷʭ ʧʠʢʥʠʜ ʛʨʠʙʘ Ph. helianthi ʦʢʘʟʘʣʘʩʴ ʧʦʚʩʝ-

ʤʝʩʪʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʯʝʤ, ʯʝʤ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʜʨʫʛʠʭ ʩʧʦʨ ʠ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 90% ʜʦ 95%. 

ʅʘʠʙʦʣʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ɓ-ʩʧʦʨ ʚʳʷʚʣʝʥʘ ʚ ʤʦʣ-

ʜʘʚʩʢʦʡ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʧʦʧʫʣʷʮʠʠ (95%), ʥʝ-

ʩʢʦʣʴʢʦ ʤʝʥʴʰʝʝ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʙʳʣʦ ʚ ʨʦʩʩʠʡʩʢʦʡ 

ʧʦʧʫʣʷʮʠʠ (90%).  

ʊʘʙʣʠʮʘ 2 

ʂʦʥʮʝʥʪʨʘʮʠʷ Ŭ ʠ ɓ ʧʠʢʥʦʩʧʦʨ ʚ ʘʥʘʤʦʨʬʥʦʡ ʩʪʘʜʠʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʧʫʣʷʮʠʡ ʛʨʠʙʘ Ph. helianthi 

ʅʦʤʝʨ ʧʦʧʫʣʷ-

ʮʠʠ 
ɻʝʦʛʨʘʬʠʯʝʩʢʘʷ ʧʦʧʫʣʷʮʠʷ ʛʨʠʙʘ 

Ph. Helianthi  

ʉʦʜʝʨʞʘʥʠʝ ʩʧʦʨ ʚ ʧʠʢʥʠʜʘʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʧʫʣʷ-

ʮʠʡ ʧʘʪʦʛʝʥʘ, ʚ % 

Ŭ ɓ Ŭ+ɓ 

1 ʈʦʩʩʠʡʩʢʘʷ 8.0Ñ1.1 90.0Ñ3.1 2.0Ñ0.3 

2 ʄʦʣʜʘʚʩʢʘʷ 2.0Ñ0,5 95.1Ñ4,7 2.9Ñ0.5 

3 ʋʢʨʘʠʥʩʢʘʷ 3.0Ñ0.6 92.0Ñ3,8 5.0Ñ0.9 

 

ʉʦʜʝʨʞʘʥʠʝ ʘ - ʩʧʦʨ ʚ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʦʙʨʘʟ-

ʮʘʭ ʧʠʢʥʠʜ ʙʳʣʦ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 3% ʜʦ 8%. ʅʘʠʙʦʣʴ-

ʰʝʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʩʦʜʝʨʞʘʣʦʩʴ ʚ ʧʠʢʥʠʜʘʭ ʧʘʪʦ-

ʛʝʥʘ ʨʦʩʩʠʡʩʢʦʡ ʧʦʧʫʣʷʮʠʠ (8%). ʇʨʠʩʫʪʩʪʚʠʝ Ŭ+ɓ 

ï ʩʧʦʨ ʚ ʧʠʢʥʠʜʘʭ ʛʨʠʙʘ Ph. helianthi ʦʢʘʟʘʜʘʩʴ 

ʥʘʠʤʝʥʴʰʠʤ ʠ ʩʦʩʪʘʚʠʣʦ ʦʪ 2% ʜʦ 5%. ʅʝʩʢʦʣʴʢʦ 

ʙʦʣʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʤʝʩʠ ʩʧʦʨ ʙʳʣʦ ʚ ʫʢʨʘʠʥ-

ʩʢʦʡ ʧʦʧʫʣʷʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʠʢʥʠʜʘʭ ʛʨʠʙʘ 

Ph. helianthi ʥʘ ʧʦʜʩʦʣʥʝʯʥʠʢʝ ʟʥʘʯʠʪʝʣʴʥʦ ʯʘʱʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ɓ-ʩʧʦʨʳ, ʚ ʪʦ ʚʨʝʤ ʢʘʢ ʩʧʦʨʳ Ŭ ʠ Ŭ+ɓ 

ʚʳʷʚʣʷʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʨʝʞʝ ʠʣʠ ʞʝ ʩʦʚʩʝʤ ʦʪ-

ʩʫʪʩʪʚʫʶʪ. ʇʦʵʪʦʤʫ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʛʨʘʥʠʯʝʥ-

ʥʳʭ ʚʳʙʦʨʦʢ ʧʠʢʥʠʜ ʧʘʪʦʛʝʥʘ ʯʘʱʝ ʚʩʝʛʜʘ ʚʳʷʚʣʷ-

ʶʪʩʷ ʪʦʣʴʢʦ ɓ-ʩʧʦʨ, ʜʨʫʛʠʝ ʩʧʦʨʳ ʤʦʛʫʪ ʥʝ ʦʙʥʘʨʫ-

ʞʠʚʘʪʴʩʷ, ʚ ʠʪʦʛʝ ʵʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʜʠʩʢʫʩʩʠʠ 

ʦ ʚʠʜʦʚʦʡ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʥʦʤʝʥʢʣʘʪʫʨʝ ʚʦʟʙʫʜʠ-

ʪʝʣʷ ʬʦʤʦʧʩʠʩʘ ʧʦʜʩʦʣʥʝʯʥʠʢʘ.  

ʀʩʢʫʩʩʪʚʝʥʥʘʷ ʠʥʦʢʫʣʷʮʠʷ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʚ 

ʬʘʟʫ ʙʫʪʦʥʠʟʘʮʠʠ ʧʠʢʥʦʩʧʦʨʘʤʠ ʛʨʠʙʘ Ph. helianthi 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʧʘʪʦʛʝʥʥʳʤʠ ʠ ʚʳʟʳ-

ʚʘʶʪ ʪʠʧʠʯʥʳʝ ʩʠʤʧʪʦʤʳ ʬʦʤʦʧʩʠʩʘ (ʪʘʙʣ. 3). 

ʊʘʙʣʠʮʘ 3 

ʇʨʦʷʚʣʝʥʠʝ ʬʦʤʦʧʩʠʩʘ ʧʨʠ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʠʥʦʢʫʣʷʮʠʠ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʧʠʢʥʦʩʧʦʨʘʤʠ Ŭ ʠ ɓ  

ʛʨʠʙʘ Ph. helianthi 

ʅʦʤʝʨ ʦʙʨʘʟʮʘ 
ɻʠʙʨʠʜ (ʛ), ʩʦʨʪ (ʩ), 

ʣʠʥʠʷ (ʣ) 

ʇʦʨʘʞʝʥʦ ʨʘʩʪʝʥʠʡ/ʨʘʟʚʠʪʠʝ ʙʦʣʝʟʥʠ, ʚ % / ʚ ʙʘʣʣʘʭ 

a-ʠʟʦʣʷʪ ɓ-ʠʟʦʣʷʪ 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

ʇʦʣʝʚʠʢ (ʛ) 

NSH-15 (ʛ) 

ʃʠʜʝʨ (ʩ) 

ʂʘʚʢʘʟʝʮ (ʩ) 

ɹʝʨʝʟʘʥʩʢʠʡ (ʩ) 

ʋʉʇ (ʩ) 

ɽʥʠʩʝʡ (ʩ) 

ɺʀʈ130 (ʣʠʥʠʷ) 

ɺʀʈ160 (ʣʠʥʠʷ) 

10.0 / 2 

15.0 / 1 

10.0 / 1 

10.3 / 2 

10.0 / 1 

26.7 / 2 

27.7 / 3 

0.0 

0.0 

13.3 / 2 

25.0 / 1 

13.2 / 2 

13.3 / 3 

23.5 / 2 

43.3 / 3 

45,5 / 4 

0.0 

0.0 
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ʇʦʩʣʝ ʠʥʦʢʫʣʷʮʠʠ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʩʧʦʨʘʤʠ, 

ʪʠʧʠʯʥʳʝ ʩʠʤʧʪʦʤʳ ʬʦʤʦʧʩʠʩʘ ʚ ʚʠʜʝ ʦʨʘʥʞʝʚʦ-

ʙʫʨʳʭ ʥʝʢʨʦʟʦʚ ʧʨʦʷʚʠʣʠʩʴ ʚ ʬʘʟʫ ʮʚʝʪʝʥʠʷ, ʘ ʟʘ-

ʪʝʤ ʟʘʙʦʣʝʚʘʥʠʝ ʠʥʪʝʥʩʠʚʥʦ ʥʘʨʘʩʪʘʣʦ ʚʧʣʦʪʴ ʜʦ 

ʩʦʟʨʝʚʘʥʠʷ ʫʨʦʞʘʷ. ɺ ʚʘʨʠʘʥʪʝ ʩ ʠʥʦʢʫʣʷʮʠʠ ɓ ï 

ʩʧʦʨʘʤʠ ʬʦʤʦʧʩʠʩ ʧʨʦʷʚʠʣʩʷ ʥʝʩʢʦʣʴʢʦ ʩʠʣʴʥʝʝ, ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ 13,3% ʜʦ 45,5% ʧʦʨʘʞʝʥʥʳʭ ʨʘʩʪʝʥʠʡ, 

ʩ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʪ 1ʙʘʣʣʘ ʜʦ ʯʝʪʳʨʸʭ ʙʘʣʣʦʚ 

(ʧʝʨʝʣʦʤ ʩʪʝʙʣʝʡ). ʇʨʠ ʠʥʦʢʫʣʷʮʠʠ Ŭ - ʩʧʦʨʘʤʠ ʧʦ-

ʨʘʞʝʥʠʝ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʟʘʙʦʣʝʚʘʥʠʝʤ ʙʳʣʦ 

ʤʝʥʴʰʝ, ʩ ʧʦʨʘʞʝʥʠʝʤ ʨʘʩʪʝʥʠʡ ʦʪ 10% ʜʦ 27,7% ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʝʛʦ ʧʨʦʷʚʣʝʥʠʷ ʦʪ 1 ʙʘʣʣʘ ʜʦ ʪʨʸʭ 

ʙʘʣʣʦʚ (ʥʝʢʨʦʟ ʥʘ ʩʪʝʙʣʷʭ ʜʦ 10%). ʉʨʝʜʠ ʟʘʨʘʞʘʝ-

ʤʳʭ ʦʙʨʘʟʮʦʚ ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʠʟʦʣʠʥʠʡ ɺʀʈ130 ʠ 

ɺʀʈ160 ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʬʦ-

ʤʦʧʩʠʩʫ. ʕʪʠ ʣʠʥʠʠ, ʩʦʟʜʘʥʥʳʝ ʧʨʦʬʝʩʩʦʨʦʤ ɸ.ɺ. 

ɸʥʘʱʝʥʢʦ ʚʦ ɺʩʝʨʦʩʩʠʡʩʢʦʤ ʅʀʀ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ 

(ɺʀʈ), ʙʳʣʠ ʧʝʨʝʜʘʥʳ ʥʘʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʥʘʰʠʭ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʨʝʠʟʦʣʷʪʦʚ ʚʦʟʙʫʜʠʪʝʣʷ 

ʙʦʣʝʟʥʠ ʠʟ ʟʘʨʘʞʸʥʥʦʛʦ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʩʧʦʨʘʤʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʚʘʨʠʘʥʪʝ ʩ ʠʥʦʢʫʣʷʮʠʷʭ ɓ - ʩʧʦ-

ʨʘʤʠ ʚ ʯʠʩʪʦʡ ʢʫʣʴʪʫʨʝ ʚ ʧʠʢʥʠʜʘʭ ʧʘʪʦʛʝʥʘ ʬʦʨ-

ʤʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʫʢʘʟʘʥʥʳʝ ʩʧʦʨʳ. ɺ ʨʝʠʟʦʣʷʪʘʭ ʩ 

ʟʘʨʘʞʝʥʠʝʤ Ŭ ï ʩʧʦʨʘʤʠ ʚ ʧʠʢʥʠʜʘʭ ʛʨʠʙʘ Ph.heli-

anthi ʥʘ ʘʛʘʨʝ ʧʦʷʚʣʷʣʠʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘ-

ʩʧʦʨʳ, ʠʥʦʛʜʘ ʦʙʥʘʨʫʞʠʚʘʣʘʩʴ ʩʤʝʩʴ Ŭ+ɓ ʩʧʦʨ. 

ʀʟʫʯʝʥʠʝ ʧʘʪʦʛʝʥʥʳʭ ʩʚʦʡʩʪʚ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʠʟʦʣʷʪʦʚ Ŭ ʠ ɓ ʩʧʦʨ ʛʨʠʙʘ Ph.helianthi ʥʘ ʠʟʦʣʠʥʠʷʭ 

ɺʀʈ130 ʠ ɺʀʈ160, ʘ ʪʘʢʞʝ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʛʠ-

ʙʨʠʜʘʭ ʠ ʩʦʨʪʘʭ-ʧʦʧʫʣʷʮʠʷʭ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʧʦʢʘ-

ʟʘʣʦ, ʯʪʦ ʧʦʧʫʣʷʮʠʠ ʚʦʟʙʫʜʠʪʝʣʷ ʬʦʤʦʧʩʠʩʘ ʷʚʣʷ-

ʝʪʩʷ ʛʝʪʝʨʦʛʝʥʥʳʤ ʧʦ ʧʨʠʟʥʘʢʫ ʚʠʨʫʣʝʥʪʥʦʩʪʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʨʘʩʘ 1 ʛʨʠʙʘ Ph.helianthi, ʨʝʘʢʮʠʷ 

ʢʦʪʦʨʦʡ ʥʘ ʵʤʧʠʨʠʯʝʩʢʦʤ ʪʝʩʪ-ʥʘʙʦʨʝ ʧʦʜʩʦʣʥʝʯ-

ʥʠʢʘ ʧʦʢʘʟʘʥʘ ʚ ʪʘʙʣʠʮʝ 4. 

ʊʘʙʣʠʮʘ 4 

ʈʝʘʢʮʠʷ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʪʝʩʪ - ʥʘʙʦʨʘ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʥʘ ʟʘʨʘʞʝʥʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʨʘʩʦʡ 1  

ʛʨʠʙʘ Ph.helianthi 

ʅʦʤʝʨ ʦʙʨʘʟʮʘ ʆʙʨʘʟʝʮ ʪʝʩʪ-ʥʘʙʦʨʘ ʈʝʘʢʮʠʷ 

1. 

2. 

3. 

4. 

5. 

ɺʀʈ130 (ʠʟʦʣʠʥʠʷ) 

ɺʀʈ160 (ʠʟʦʣʠʥʠʷ) 

ʂʨʘʩʥʦʜʘʨʩʢʠʡ 885 (ʛʠʙʨʠʜ) 

ʉʦʣʜʦʨ 220 (ʛʠʙʨʠʜ) 

ɹʝʣʛʦʨʦʜʩʢʠʡ 94 (ʩʦʨʪ) 

R 

R 

MR 

S 

S 

 

ʇʨʠʤʝʯʘʥʠʝ. Rïʫʩʪʦʡʯʠʚʦʩʪʴ: ʠʥʦʛʜʘ ʥʘ ʩʪʝʙ-

ʣʷʭ ʧʦʷʚʣʷʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʪʦʯʝʯ-

ʥʳʝ ʥʝʢʨʦʟʳ, ʠʩʯʝʟʘʶʱʠʝ ʚ ʧʝʨʠʦʜ ʩʦʟʨʝʚʘʥʠʷ ʧʦʜ-

ʩʦʣʥʝʯʥʠʢʘ. MR ï ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ: 

ʨʝʜʢʠʝ, ʣʦʢʘʣʴʥʳʝ ʥʝʢʨʦʟʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʙ-

ʣʝʡ, ʩʦʭʨʘʥʷʶʱʠʝʩʷ ʜʦ ʢʦʥʮʘ ʚʝʛʝʪʘʮʠʠ ʧʦʜʩʦʣ-

ʥʝʯʥʠʢʘ. Sïʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ: ʦʙʰʠʨʥʳʝ ʥʝʢʨʦʟʳ 

ʥʘ ʩʪʝʙʣʷʭ, ʪʢʘʥʴ ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʨʘʟʨʫʰʝʥʘ, ʧʝʨʝ-

ʣʦʤ ʩʪʝʙʣʝʡ ʠʣʠ ʧʦʣʥʦʝ ʫʚʷʜʘʥʠʝ ʨʘʩʪʝʥʠʡ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʤʙʠʥʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʠʟʦʣʠʥʠʡ ɺʀʈ130 ʠ ɺʀʈ160 ʠʟʫʯʝʥʳ ʚʩʝʩʪʦʨʦʥʥʝ 

ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʝʣʝʢʮʠʠ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʬʦʤʦʧʩʠʩʫ ʚ ɺʝʡʜʝʣʝʚʩʢʦʤ ʠʥʩʪʠ-

ʪʫʪʝ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ɹʝʣʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʈʦʩʩʠʠ. 

ʇʦʩʣʝ ʧʝʨʝʟʠʤʦʚʢʠ ʚ ʧʦʣʝ, ʥʘ ʟʘʨʘʞʸʥʥʳʭ ʨʘʩ-

ʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʘʭ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʚ ʪʝʣʝʦʤʦʨʬʥʘʷ 

ʩʪʘʜʠʷ ʧʘʪʦʛʝʥʘ ʧʦʷʚʣʷʶʪʩʷ ʧʝʨʠʪʝʮʠʠ ʩ ʘʩʢʘʤʠ, ʚ 

ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʩʢʦʩʧʦʨʳ, ʷʚʣʷʶʱʠʝʩʷ ʦʩ-

ʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʘʵʨʦʛʝʥʥʦʛʦ ʠʥʦʢʫʣʶʤʘ 

(ʨʠʩ.2). ɺ ʢʘʞʜʦʤ ʘʩʢʝ ʦʙʨʘʟʫʝʪʩʷ ʧʦ 8 ʘʩʢʦʩʧʦʨ, 

ʧʦʩʣʝ ʵʤʠʩʩʠʠ ʢʦʪʦʨʳʭ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʦʠʩʭʦ-

ʜʠʪ ʟʘʨʘʞʝʥʠʝ ʥʘʩʪʦʷʱʠʭ ʣʠʩʪʴʝʚ ʧʦʜʩʦʣʥʝʯʥʠʢʘ 

(ʨʠʩ. 3). ʉʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʧʝʨʠʪʝʮʠʠ ʠʤʝʶʪ 

ʦʢʨʫʛʣʫʶ ʥʝʧʨʘʚʠʣʴʥʫʶ ʬʦʨʤʫ, ʨʘʟʤʝʨʦʤ ʜʦ 

430x850 Õ. ʅʘ ʠʭ ʢʦʥʮʝ ʧʦʷʚʣʷʝʪʩʷ ʫʜʣʠʥʸʥʥʳʡ ʥʦ-

ʩʠʢ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʨʦʠʩʭʦʜʠʪ ʵʤʠʩʩʠʷ ʘʩʢʦʩʧʦʨ. 

ɸʩʢʦʩʧʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʜʣʠʥʝʥʥʳʝ, ʜʚʫ-

ʢʣʝʪʦʯʥʳʝ, ʦʙʨʘʟʦʚʘʥʠʷ, ʨʘʟʤʝʨʦʤ ʜʦ 15x12,5Õ, ʥʘ 

ʢʦʥʮʘʭ ʢʦʪʦʨʳʭ ʠʤʝʶʪʩʷ ʞʠʨʦʚʳʝ ʪʦʯʢʠ (ʣʠʧʠʜ-

ʥʳʡ ʢʦʤʧʣʝʢʩ). 

ɺ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥ ʉʅɻ ʵʤʠʩʩʠʷ ʘʩʢʦ-

ʩʧʦʨ ʧʘʪʦʛʝʥʘ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʠʩ-

ʭʦʜʠʪ ʚ ʨʘʟʥʳʝ ʩʨʦʢʠ. ɺ ʈʦʩʩʠʠ, ʚ ɹʝʣʛʦʨʦʜʩʢʦʡ ʦʙ-

ʣʘʩʪʠ ʝʸ ʥʘʯʘʣʦ ʦʪʤʝʯʝʥʦ ʚ ʢʦʥʮʝ ʤʘʨʪʘ, ʥʘʯʘʣʝ ʘʧ-

ʨʝʣʷ, ʘ ʟʘʪʝʤ ʚ ʤʘʝ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʵʤʠʩʩʠʷ 

ʘʩʢʦʩʧʦʨ ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʧʝʨʠʦʜ ʙʫʪʦʥʠʟʘʮʠʠ ʧʦʜ-

ʩʦʣʥʝʯʥʠʢʘ ʚ ʠʶʥʝ ʠ ʜʦ ʧʝʨʚʦʡ ʜʝʢʘʜʳ ʠʶʣʷ, ʢʦʛʜʘ 

ʧʨʦʠʩʭʦʜʠʪ ʤʘʩʩʦʚʦʝ ʩʦʟʨʝʚʘʥʠʝ ʧʝʨʠʪʝʮʠʝʚ. ɿʘʪʝʤ 

ʝʸ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʥʠʞʘʣʘʩʴ, ʘ ʚ ʢʦʥʮʝ ʠʶʣʷ ʠ 

ʥʘʯʘʣʝ ʘʚʛʫʩʪʘ ʥʝʩʢʦʣʴʢʦ ʫʩʠʣʠʚʘʝʪʩʷ. ɺʦʣʥʦʦʙʨʘʟ-

ʥʳʡ ʭʘʨʘʢʪʝʨ ʵʤʠʩʩʠʠ ʘʩʢʦʩʧʦʨ ʚʦʟʙʫʜʠʪʝʣʷ ʙʦ-

ʣʝʟʥʠ ʩʚʷʟʘʥ ʩ ʧʝʨʠʦʜʘʤʠ ʩʦʟʨʝʚʘʥʠʷ ʧʝʨʠʪʝʮʠʝʚ ʠ 

ʚʣʠʷʥʠʝʤ ʥʘ ʥʠʭ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʫʚʣʘʞʥʝʥʠʷ ʘʛʨʦʮʝʥʦʟʦʚ ʚ ʧʨʝʜʝʣʘʭ ɻʊʂ 1,0 -1,2, 

ʧʨʠ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ ʦʪ 22ÁC ʜʦ 24ÁC 

(Yakutkin, 1998). 

ʂʘʢ ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʦʜʥʦʡ ʧʝʨ-

ʚʦʥʘʯʘʣʴʥʳʭ ʧʨʠʯʠʥ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʬʦʤʦʧʩʠʩʘ ʚ 

ʄʦʣʜʘʚʠʶ, ʋʢʨʘʠʥʫ ʠ ʈʦʩʩʠʠ ʷʚʠʣʦʩʴ ʤʘʩʩʠʨʦʚʘʥ-

ʥʦʝ, ʙʝʩʢʦʥʪʨʦʣʴʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʟʘʨʘʞʸʥʥʦʛʦ ʧʦ-

ʩʝʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʛʝʪʝʨʦʟʠʩʥʳʭ ʛʠʙʨʠʜʦʚ ʧʦʜʩʦʣ-

ʥʝʯʥʠʢʘ ʠʟ ʉʐɸ, ʂʘʥʘʜʳ, ɸʨʛʝʥʪʠʥʳ, ʩʪʨʘʥ ɿʘʧʘʜ-

ʥʦʡ ʠ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ. ɸʛʨʘʨʠʠ ʩʪʨʘʥ ʉʅɻ, 

ʫʚʣʝʢʘʷʩʴ ʟʘʚʦʟʦʤ ʠʟ-ʟʘ ʨʫʙʝʞʘ ʛʝʪʝʨʦʟʠʩʥʳʭ ʛʠ-

ʙʨʠʜʦʚ, ʥʝ ʟʥʘʷ ʠ ʯʘʩʪʦ ʦʪʨʠʮʘʷ ʧʨʠ ʵʪʦʤ ʟʘʨʘʞʸʥ-

ʥʦʩʪʴ ʩʝʤʷʥ ʚʦʟʙʫʜʠʪʝʣʝʤ ʙʦʣʝʟʥʠ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ 

ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʬʦʤʦʧʩʠʩʘ, ʘ ʟʘʪʝʤ ʫʞʝ ʠ ʜʘʣʴʥʝʡ-

ʰʝʤʫ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʥʘ ʧʦʩʝʚʘʭ ʧʦʜʩʦʣʥʝʯ-

ʥʠʢʘ ʚ ʩʪʨʘʥʘʭ ʉʅɻ. ʇʦʜʦʙʥʦʝ ʨʘʥʝʝ ʧʨʦʠʩʭʦʜʠʣʦ 

ʚ ʙʳʚʰʝʤ ʉʉʉʈ, ʢʦʛʜʘ ʩ ʟʘʨʘʞʸʥʥʤʠ ʩʝʤʝʥʘ ʧʦʜ-

ʩʦʣʥʝʯʥʠʢʘ ʠʟ ʉʐɸ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥ, ʚ ʩʪʨʘʥʫ ʙʳʣʘ 

ʟʘʚʝʟʝʥʘ ʣʦʞʥʘʷ ʤʫʯʥʠʩʪʘʷ ʨʦʩʘ, ʢʦʪʦʨʘʷ ʚ ʥʘʩʪʦʷ-

ʱʝʝ ʚʨʝʤʷ ʧʨʦʷʚʣʷʝʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ ʥʘ ʝʛʦ ʧʦʩʝʚʘʭ. 

ʖʛʦʩʣʘʚʩʢʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʫʢʘʟʳʚʘʣʠ, ʯʪʦ ʧʦʷʚ-

ʣʝʥʠʝ ʬʦʤʦʧʩʠʩʘ ʚ ʠʭ ʩʪʨʘʥʝ ʥʘ ʧʦʜʩʦʣʥʝʯʥʠʢʝ ʩʚʷ-

ʟʘʥʦ ʩ ʟʘʚʦʟʦʤ ʟʘʨʘʞʸʥʥʳʭ ʩʝʤʷ (Maricȭ et al.,1982). 
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ʇʦ ʤʥʝʥʠʶ ʧʨʦʬʝʩʩʦʨʘ ɺʀʈ ɸ.ɺ. ɸʥʘʱʝʥʢʦ, ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʟʘʨʘʞʝʥʥʳʭ ʩʝʤʷʥ ʘʤʝʨʠʢʘʥʦ-ʢʘʥʘʜ-

ʩʢʦʡ ʣʠʥʠʠ ʅɸ-61 ʚ ʛʝʪʝʨʦʟʠʩʥʦʡ ʩʝʣʝʢʮʠʠ ʧʦʜʩʦʣ-

ʥʝʯʥʠʢʘ ʚ ʖʛʦʩʣʘʚʠʠ, ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʝ, ʘ ʟʘʪʝʤ ʚ 

ʈʦʩʩʠʠ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʉʅɻ, ʪʘʢʞʝ ʧʨʠʚʝʣʦ ʢ ʧʦ-

ʷʚʣʝʥʠʶ ʬʦʤʦʧʩʠʩʘ ʥʘ ʝʛʦ ʧʦʩʝʚʘʭ ʚ ʵʪʠʭ ʩʪʨʘʥʘʭ. 

ʆʪ ʟʘʨʘʞʸʥʥʳʭ ʩʝʤʷʥ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʥʘʰʠ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ, ʬʦʤʦʧʩʠʩ ʥʘ ʧʦʜʩʦʣʥʝʯʥʠʢʝ ʤʦʞʝʪ 

ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1.5% ʜʦ 9.5% ʧʦʨʘʞʸʥ-

ʥʳʭ ʨʘʩʪʝʥʠʡ (ʪʘʙʣ.5). 

ʊʘʙʣʠʮʘ 5 

ʇʨʦʷʚʣʝʥʠʝ ʬʦʤʦʧʩʠʩʘ ʥʘ ʧʦʜʩʦʣʥʝʯʥʠʢʝ ʦʪ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʩʝʤʷʥ (ʩʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʝʚʳʭ ʦʧʳ-

ʪʦʚ ʚ ɺʀʇ ɹʝʣʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʟʘ ʧʝʨʠʦʜ 1991- 2010 ʛʛ.) 

ʅʦʤʝʨ ʦʙʨʘʟʮʘ ʉʦʨʪ (ʩ.), ʛʠʙʨʠʜ (ʛ.) ʉʪʨʘʥʘ ʨʝʧʨʦʜʫʢʮʠʠ ʇʦʨʘʞʝʥʦ ʨʘʩʪʝʥʠʡ, ʚ % 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

ɸʉɸ 887 ( ʛ.) 

ɻʠʙʨʠʜ ˉ 6 (ʛ.) 

ɺ.306 (ʛ.) 

ɺ.306 (ʛ.)* 

ʃʠʜʝʨ (ʩ.) 

ʇʝʨʝʜʦʚʠʢ ʫʣʫʯʰʝʥʥʳʡ (ʩ) 

ʈʞʘʢʩʠʥʩʢʠʡ (ʩ) 

ʄʇʂ-8607 (ʛ) 

ʇʦʣʝʚʠʢ (ʛ.) 

ʉʘʥʙʨʝʜ (ʛ.) 

NX 17 (ʛ.) 

ʂʘʨʛʝʣ (ʛ.) 

ʍʘʨʴʢʦʚʩʢʠʡ 46 (ʛ.) 

ɸʩʪʨʘʩʦʣ (ʛ.) 

NSH-15 (ʛ. ) 

ɸʨʛʝʥʪʠʥʘ 

ɺʝʥʛʨʠʷ 

- ñ - 

- ñ - , 

ʈʦʩʩʠʷ 

- ñ - 

- ñ - 

- ñ - 

- ñ - 

- ñ - 

ʉʐɸ 

- ñ - 

ʋʢʨʘʠʥʘ 

ʌʨʘʥʮʠʷ 

ʖʛʦʩʣʘʚʠʷ 

3.5Ñ0.5 

3.1Ñ0.4 

8.6Ñ2.1 

3.4Ñ0,5 

2.5Ñ0.7 

1.5Ñ0.6 

5.7Ñ1.5 

3.4Ñ 0.5 

7.8Ñ2.0 

3.4Ñ0.5 

6.8Ñ1.9 

9.5Ñ3.7 

4.1Ñ0.9 

5.6Ñ1.5 

2.7Ñ0.8 

ʇʨʠʤʝʯʘʥʠʝ: *ʧʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʥʘ ʦʧʳʪʥʦʤ ʧʦʣʝ ɺʀɿʈ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ (ʛ. ʇʫʰʢʠʥ) 

ʚʥʝ ʟʦʥʳ ʪʦʚʘʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʜʩʦʣʥʝʯʥʠʢʘ. 

 

ʄʠʥʠʤʘʣʴʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʬʦʤʦʧʩʠʩʘ (1.5%) 

ʦʪ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʩʝʤʷʥ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚ 

ʦʧʳʪʝ ʥʘ ʩʦʨʪʝ ʇʝʨʝʜʦʚʠʢ ʫʣʫʯʰʝʥʥʳʡ. ɺ ʧʦʣʝ-

ʚʦʦʤ ʦʧʳʪʝ ʚ ɺʀɿʈ (ʛ. ʇʫʰʢʠʥ), ʢʦʪʦʨʳʡ ʧʨʦʚʝʜʝʥ 

ʚʥʝ ʟʦʥʳ ʪʦʚʘʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʚ 

ʈʦʩʩʠʠ, ʧʨʦʷʚʣʝʥʠʝ ʬʦʤʦʧʩʠʩʘ ʦʪ ʟʘʨʘʞʝʥʥʳʭ ʩʝ-

ʤʷʥ ʥʘ ʚʝʥʛʝʨʩʢʦʤ ʛʠʙʨʠʜʝ ɺ306 ʙʳʣʦ ʥʝʩʢʦʣʴʢʦ 

ʙʦʣʴʰʠʤ ʠ ʩʦʩʪʘʚʠʣʦ 3.4% ʧʦʨʘʞʸʥʥʳʭ ʨʘʩʪʝʥʠʡ. 

ʅʘʠʙʦʣʴʰʝʝ ʧʦʨʘʞʝʥʠʝ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʬʦʤʦʧʩʠ-

ʩʦʤ ʦʪ ʙʦʣʴʥʳʭ ʩʝʤʷʥ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʥʘ ʛʠʙʨʠʜʘ 

ʂʘʨʛʝʣ (9.5%), ʧʦʩʝʚʥʦʡ ʤʘʪʝʨʠʘʣ ʢʦʪʦʨʦʛʦ ʟʘʚʝʟʝʥ 

ʠʟ ʉʐɸ (ʪʘʙʣ. 5). ʀʟʦʣʷʮʠʷ ʚʦʟʙʫʜʠʪʝʣʷ ʙʦʣʝʟʥʠ ʚ 

ʯʠʩʪʫʶ ʢʫʣʴʪʫʨʫ ʠʟ ʟʘʨʘʞʝʥʥʳʭ ʩʝʤʷʥ ʧʦʢʘʟʘʣʘ, 

ʯʪʦ ʝʛʦ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʚ ʧʦʩʝʚʥʦʤ ʤʘʪʝʨʠʘʣʝ ʩʦʦʪ-

ʚʝʪʩʪʚʦʚʘʣʘ ʯʘʩʪʦʪʝ ʧʨʦʷʚʣʝʥʠʷ ʬʦʤʦʧʩʠʩʘ ʚ ʧʦʣʝ-

ʚʳʭ ʦʧʳʪʘʭ. 

ʅʘʨʘʩʪʘʶʱʠʡ ʚʨʝʜ ʦʪ ʬʦʤʦʧʩʠʩʘ, ʢʘʢ ʥʘʤ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴ ʪʦʣʴʢʦ ʚ ʫʩʣʦ-

ʚʠʷʭ ʧʦʚʩʝʤʝʩʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ 

ʟʘʱʠʪʳ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʧʨʦʪʠʚ ʙʦʣʝʟʥʠ. ʆʜʥʠʤ ʠʟ ʚ 

ʚʘʞʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ ʚ ʟʘʱʠʪʝ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʦʪ 

ʬʦʤʦʧʩʠʩʘ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʚʨʝʜʥʳʭ ʦʙʲʝʢʪʦʚ ʷʚ-

ʣʷʶʪʩʷ ʦʧʪʠʤʘʣʴʥʘʷ ʨʦʪʘʮʠʶ ʢʫʣʴʪʫʨʳ ʚ ʩʝʚʦʦʙʦ-

ʨʦʪʘʭ ʩ ʝʸ ʥʘʩʳʱʝʥʠʝʤ ʥʝ ʙʦʣʝʝ 9%. ʋʩʪʦʡʯʠʚʳʡ 

ʘʩʩʦʨʪʠʤʝʥʪ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʢ ʙʦʣʝʟʥʠ ï ʨʝʰʘʶʱʝʝ 

ʫʩʣʦʚʠʝ ʫʩʧʝʰʥʦʡ ʟʘʱʠʪʳ ʧʦʜʩʦʣʥʝʯʥʠʢʘ. ɺ ʪʦʚʘʨ-

ʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥ 

ʉʅɻ ʠʤʝʝʪʩʷ ʨʷʜ ʚʳʩʦʢʦʫʨʦʞʘʡʥʳʭ ʛʠʙʨʠʜʦʚ ʠ 

ʩʦʨʪʦʚ-ʧʦʧʫʣʷʮʠʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʩʝ-

ʣʝʢʮʠʠ. ʆʜʥʘʢʦ ʚʩʝ ʦʥʠ, ʥʝ ʧʨʦʷʚʣʷʷ ʜʦʩʪʘʪʦʯʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʬʦʤʦʧʩʠʩʫ, ʚ ʫʩʣʦʚʠʷʭ ʩʨʝʜʥʝʛʦ 

ʫʨʦʚʥʷ ʠʥʬʝʢʮʠʠ ʙʦʣʝʟʥʠ ʧʦʨʘʞʘʶʪʩʷ ʜʦ 30% ʠ ʙʦ-

ʣʝʝ. ɺ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʟʘʱʠʪʳ ʧʦʜʩʦʣ-

ʥʝʯʥʠʢʘ ʵʬʬʝʢʪʠʚʥʳʝ ʠ ʙʝʟʦʧʘʩʥʳʝ ʬʫʥʛʠʮʠʜʳ 

ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʪʴ ʧʦʨʘʞʝʥʠʝ ʧʦʜʩʦʣ-

ʥʝʯʥʠʢʘ ʬʦʤʦʧʩʠʩʦʤ. ʄʥʦʛʦʣʝʪʥʠʝ ʠʩʧʳʪʘʥʠʷ 

ʬʫʥʛʠʮʠʜʦʚ ʜʣʷ ʧʨʦʪʨʘʚʣʠʚʘʥʠʷ ʩʝʤʷʥ ʠ ʟʘʱʠʪʥʳʭ 

ʦʙʨʘʙʦʪʦʢ ʚʝʛʝʪʠʨʫʶʱʝʛʦ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʚ ʥʘʰʠʭ 

ʦʧʳʪʘʭ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʩʝ ʠʟʫʯʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ 

ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʧʨʦʪʠʚ ʙʦʣʝʟʥʠ. ʅʘ ʧʦʜʩʦʣʥʝʯʥʠʢʝ ʚ ʩʪʨʘʥʘʭ 

ʉʅɻ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʪʠʚ ʩʝʤʝʥʥʦʡ ʠʥʬʝʢʮʠʠ 

ʨʘʟʨʝʰʝʥʳ ʧʨʦʪʨʘʚʠʪʝʣʠ ʊʂʉ, ʉʢʘʨʣʝʪ, ʂʣʘʜ, ʇʨʦ-

ʪʨʘʚʠʪʝʣʴ, ʇʠʦʥʝʨ, ʌʣʫʜʠʤʘʢʩ ʠ ʜʨʫʛʠʝ. ʆʜʥʘʢʦ, 

ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʛʨʘʥʠʯʝʥʘ ʠ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 40% - 45%. ʅʘʠʙʦʣʴʰʫʶ 

ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʚʝʛʝʪʠʨʫʶʱʝʛʦ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʘʵʨʦʛʝʥʥʳʡ ʠʥʦʢʫʣʶʤ ʧʘʪʦʛʝʥʘ. ʉʨʝʜʠ ʟʘ-

ʱʠʪʥʳʭ ʬʫʥʛʠʮʠʜʦʚ ʧʨʦʪʠʚ ʘʵʨʦʛʝʥʥʦʡ ʠʥʬʝʢʮʠʠ 

ʤʥʦʛʠʭ ʙʦʣʝʟʥʝʡ ʚ ʩʚʦʸ ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʫʶ ʙʠʦʣʦ-

ʛʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪ 65% ʜʦ 75% ʧʦʢʘʟʘʣʠ 

ʧʨʝʧʘʨʘʪʳ ʈʦʥʠʣʘʥ ʠ ʈʦʚʨʘʣʴ, ʢʦʪʦʨʳʝ ʩʝʡʯʘʩ ʠʩ-

ʢʣʶʯʝʥʳ ʠʟ ʉʧʠʩʢʘ ʨʘʟʨʝʰʸʥʥʳʭ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ 

ʥʘ ʧʦʜʩʦʣʥʝʯʥʠʢʝ. ɺ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥʘʭ ʉʅɻ, ʜʣʷ ʟʘ-

ʱʠʪʳ ʚʝʛʝʪʠʨʫʶʱʝʛʦ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʦʪ ʬʦʤʦʧʩʠʩʘ 

ʧʨʝʜʣʦʞʝʥʳ ʧʨʝʧʘʨʘʪʳ ʊʘʥʦʩ, ʌʘʤʘʢʩ, ʋʣʠʩ, ʇʨʦ-

ʧʫʣʴʩ ʠ ʜʨʫʛʠʝ. ɺ ʫʩʣʦʚʠʷʭ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʘʵʨʦ-

ʛʝʥʥʦʡ ʠʥʬʝʢʮʠʠ, ʢʦʛʜʘ ʧʦʨʘʞʝʥʠʝ ʧʦʜʩʦʣʥʝʯʥʠʢʘ 

ʚ ʢʦʥʪʨʦʣʝ ʜʦʩʪʠʛʘʝʪ 30%, ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʪʠʚ ʙʦʣʝʟʥʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 45%, 

ʪʝʤ ʩʘʤʳʤ ʵʪʠ ʧʨʝʧʘʨʘʪʳ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʪʫʧʘʶʪ 

ʙʳʚʰʠʤ ʬʫʥʛʠʮʠʜʘʤ ʈʦʥʠʣʘʥ ʠ ʈʦʚʨʘʣʴ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ 

ʥʘ ʧʦʜʩʦʣʥʝʯʥʠʢʝ ʧʨʦʪʠʚ ʬʦʤʦʧʩʠʩʘ ʠ ʜʨʫʛʠʭ ʩʦ-

ʧʫʪʩʪʚʫʶʱʠʭ ʙʦʣʝʟʥʝʡ. ɺ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʠʟʫʯʝʥʠʝ ʙʠʦʧʨʝʧʘʨʘʪʘ ʉʪʝʨʥʠʬʘʛ, ʢʘʢ ʜʝʩʪʨʫʢʪʦʨʘ 

ʠʥʬʝʢʮʠʠ ʙʦʣʝʟʥʝʡ ʚ ʧʦʯʚʝ ʠ ʥʘ ʝʸ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 
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ʘʛʨʦʮʝʥʦʟʘʭ ʩ ʧʦʜʩʦʣʥʝʯʥʠʢʦʤ, ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʩ ʦʙ-

ʨʘʙʦʪʢʦʡ ʧʦʯʚʳ no-till  ʠ mini-till  ʧʦʢʘʟʘʣʦ, ʯʪʦ ʝʛʦ 

ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʝ ʧʨʝʚʳʰʘʝʪ 25%. 

ɼʨʫʛʠʝ ʙʠʦʧʨʝʧʘʨʘʪʳ - ɸʣʠʨʠʥ, ʀʤʠʜʦʨ, ɸʢʚʘ-

ʤʠʢʩ, ɺʠʪʘʧʣʘʥ, ʊʨʠʭʦʮʠʥ ʠ ʉʪʝʨʥʠʬʘʛ, ʢʘʢ ʧʨʦ-

ʪʨʘʚʠʪʝʣʠ ʧʨʝʜʧʦʩʝʚʥʳʭ ʩʝʤʷʥ ʧʦʜʩʦʣʥʝʯʥʠʢʘ 

ʧʨʦʪʠʚ ʬʦʤʦʧʩʠʩʘ ʠ ʜʨʫʛʠʭ ʠʥʬʝʢʮʠʡ, ʧʦʢʘʟʘʣʠ 

ʦʛʨʘʥʠʯʝʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦ 20%. ʇʨʠ ʜʚʫ-

ʢʨʘʪʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ɸʣʠʨʠʥʘ ʠ ʜʨʫʛʠʭ ʙʠʦʧʨʝʧʘ-

ʨʘʪʦʚ ʧʨʦʪʠʚ ʘʵʨʦʛʝʥʥʦʡ ʠʥʬʝʢʮʠʠ ʬʦʤʦʧʩʠʩʘ ʠ 

ʜʨʫʛʠʭ ʙʦʣʝʟʥʝʡ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʥʝ ʧʨʝʚʳʩʠʣʘ 20%. ʂʘʢ ʠʩʢʣʶʯʝʥʠʝ ʩʣʝʜʫʝʪ ʫʢʘ-

ʟʘʪʴ, ʯʪʦ ʙʠʦʧʨʝʧʘʨʘʪ ɸʣʠʨʠʥ ʚ ʥʦʨʤʝ 5 ʣ/ʛʘ, ʩ ʨʘʩ-

ʭʦʜʦʤ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ 300 ʣ/ʛʘ ʧʨʦʪʠʚ ʘʣʴʪʝʨ-

ʥʘʨʠʦʟʘ ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʧʨʠ ʝʸ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦ-

ʩʪʠ ʜʦ 50% ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʜʦ 45%, 

ʧʦʣʥʦʩʪʴʶ ʝʛʦ ʟʘʱʠʪʠʣ ʦʪ ʵʪʦʡ ʙʦʣʝʟʥʠ. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʧʦʢʘ ʪʦʣʴʢʦ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ 

ʚʤʝʩʪʦ ʭʠʤʠʯʝʩʢʠʭ ʬʫʥʛʠʮʠʜʦʚ ʥʘ ʩʤʝʥʫ ʧʨʠʜʫʪ 

ʵʬʬʝʢʪʠʚʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ ʧʨʦʪʠʚ ʬʦ-

ʤʦʧʩʠʩʘ ʠ ʜʨʫʛʠʭ ʙʦʣʝʟʥʝʡ ʧʦʜʩʦʣʥʝʯʥʠʢʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʥʘ ʧʦʜʩʦʣ-

ʥʝʯʥʠʢʝ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʨʷʜʦʤ 

ʫʩʣʦʚʠʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʚʘʞʥʝʡʰʠʤʠ ʷʚ-

ʣʷʶʪʩʷ ʝʸ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʦʧʪʠʤʘʣʴ-

ʥʘʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ. ʆʧʨʝʜʝʣʷʶʱʠʤʠ ʫʩʣʦʚʠʷʤʠ 

ʨʝʥʪʘʙʝʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ 

ʧʨʦʪʠʚ ʬʦʤʦʧʩʠʩʘ ʷʚʣʷʶʪʩʷ ʬʘʟʘ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝ-

ʥʠʡ, ʚ ʢʦʪʦʨʦʡ ʧʦʷʚʣʷʝʪʩʷ ʟʘʙʦʣʝʚʘʥʠʝ, ʬʠʪʦʩʘʥʠ-

ʪʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʩʝʚʦʚ ʩ ʫʯʸʪʦʤ ʧʨʦʛʥʦʟʘ ʨʘʟʚʠ-

ʪʠʷ ʙʦʣʝʟʥʠ, ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝ-

ʥʷʝʤʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʦʞʠʜʘʝʤʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʥʝ 

ʤʝʥʝʝ 20 ʮ/ʛʘ. ɼʣʷ ʦʮʝʥʢʠ ʬʠʪʦʩʘʥʠʪʘʨʥʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ ʧʦʩʝʚʦʚ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʫʩʪʘʥʦʚʣʝʥ ʧʦʨʦʛ ʚʨʝ-

ʜʦʥʦʩʥʦʩʪʠ ʬʦʤʦʧʩʠʩʘ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝ-

ʜʝʣʘʭ 5% ʧʦʣʥʦʩʪʴʶ ʧʦʨʘʞʸʥʥʳʭ ʨʘʩʪʝʥʠʡ. ɼʣʷ 

ʨʘʩʯʸʪʘ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʧʦʪʝʨʴ ʫʨʦʞʘʷ ʚʳʰʝ ʧʦ-

ʨʦʛʘ ʚʨʝʜʦʥʦʩʥʦʩʪʠ ʙʦʣʝʟʥʠ, ʩ ʫʯʸʪʦʤ ʚʣʠʷʥʠʷ ʧʦ-

ʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠ ɻʊʂ 1.0-1.2 ʥʘ ʝʸ ʜʘʣʴʥʝʡʰʝʝ 

ʥʘʨʘʩʪʘʥʠʝ, ʩʦʟʜʘʥʘ ʩʣʝʜʫʶʱʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ: 

Y = 1.52 + 0.6X Ñ1.2 , 

ʛʜʝ Y - ʧʦʪʝʨʠ ʫʨʦʞʘʷ, ʚ %; ʍ - ʢʦʣʠʯʝʩʪʚʦ ʧʦ-

ʛʠʙʰʠʭ ʨʘʩʪʝʥʠʡ, ʚ %; Ñ - ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ 

ʤʦʜʝʣʠ, ʚ %. 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʚʫʢʨʘʪʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʬʫʥʛʠʮʠʜʦʚ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʛʦ ʜʝʡ-

ʩʪʚʠʷ ʩ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 

65%, ʧʨʦʪʠʚ ʬʦʤʦʧʩʠʩʘ ʚ ʬʘʟʳ ʙʫʪʦʥʠʟʘʮʠʠ ʠ ʮʚʝ-

ʪʝʥʠʷ ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ 

ʟʘʱʠʪʳ ʥʘ ʩʝʤʝʥʦʚʦʜʯʝʩʢʠʭ ʠ ʪʦʚʘʨʥʳʭ ʧʦʩʝʚʘʭ 

ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 100% (ʗʢʫʪʢʠʥ ʠ ʜʨ., 2010). 

ʈʝʟʶʤʠʨʫʷ ʠʟʣʦʞʝʥʥʦʝ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ, ʯʪʦ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʙʝʟʦʧʘʩʥʦʡ ʬʠʪʦʩʘ-

ʥʠʪʘʨʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʩ ʬʦʤʦʧʩʠʩʦʤ ʥʘ ʧʦʩʝʚʘʭ 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʚ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥʘʭ ʉʅɻ ʚʦʟʤʦʞʥʘ 

ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ ʧʦʚʩʝʤʝʩʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʵʬ-

ʬʝʢʪʠʚʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʟʘʱʠʪʳ, ʚ ʢʦʪʦʨʦʡ 

ʦʧʨʝʜʝʣʷʶʱʘʷ ʨʦʣʴ ʜʦʣʞʥʘ ʧʨʠʥʘʜʣʝʞʘʪʴ ʫʩʪʦʡ-

ʯʠʚʦʤʫ ʢ ʙʦʣʝʟʥʠ ʘʩʩʦʨʪʠʤʝʥʪʫ ʠ ʙʝʟʦʧʘʩʥʦʡ, ʨʝʥ-

ʪʘʙʝʣʴʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʟʘʱʠʪʝ. 

 

 

ɺʳʚʦʜʳ 

1. ɺ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥʘʭ ʉʅɻ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʬʦʤʦʧʩʠʩ ʥʘ ʧʦʜʩʦʣʥʝʯʥʠʢʝ ʧʨʦʷʚʣʷʝʪʩʷ ʧʦʚʩʝ-

ʤʝʩʪʥʦ, ʟʘ ʥʝʢʦʪʦʨʳʤ ʠʩʢʣʶʯʝʥʠʝʤ. 

2. ɺ ʩʦʟʜʘʥʥʦʡ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ɻʀʉ 

ʜʣʷ ʬʦʤʦʧʩʠʩʘ, ʚ ʦʙʱʝʤ ʘʨʝʘʣʝ ʧʦʜʩʦʣʥʝʯʥʠʢʘ 

ʩʪʨʘʥ ʉʅɻ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʪʳʨʝ ʬʠʪʦʩʘʥʠʪʘʨʥʳʝ 

ʟʦʥʳ ʙʦʣʝʟʥʠ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ ʝʸ ʨʘʩʧʨʦʩʪʨʘʥʸʥ-

ʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ. ʇʝʨʚʘʷ ʬʠʪʦʩʘ-

ʥʠʪʘʨʥʘʷ ʟʦʥʘ ʩ ʚʳʩʦʢʠʤ ʨʠʩʢʦʤ ʙʦʣʝʟʥʠ, ʩ ʧʦʨʘ-

ʞʝʥʠʝʤ ʨʘʩʪʝʥʠʡ ʜʦ 50% ʠ ʙʦʣʝʝ, ʟʘʥʠʤʘʝʪ ʜʦ 42% 

ʚ ʦʙʱʝʤ ʘʨʝʘʣʝ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʩʪʨʘʥ. ɺʪʦʨʘʷ ʟʦʥʘ 

ʫʤʝʨʝʥʥʦʛʦ ʨʠʩʢʘ ʙʦʣʝʟʥʠ, ʩ ʧʦʨʘʞʝʥʠʝʤ ʨʘʩʪʝʥʠʡ 

ʜʦ 30% ʠ ʝʝ ʨʘʟʤʝʨʦʤ ʜʦ 20% ʘʨʝʘʣʘ ʢʫʣʴʪʫʨʳ. ʊʨʝ-

ʪʴʷ ʟʦʥʘ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʨʠʩʢʘ ʙʦʣʝʟʥʠ, ʩ ʧʦʨʘʞʝ-

ʥʠʝʤ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʜʦ 15% ʠ ʝʸ ʨʘʟʤʝʨʦʤ ʜʦ 28% 

ʘʨʝʘʣʘ ʢʫʣʴʪʫʨʳ. ɺ ʯʝʪʚʸʨʪʦʡ ʟʦʥʝ ʦʞʠʜʘʝʤʦʛʦ 

ʨʠʩʢʘ ʬʦʤʦʧʩʠʩʘ, ʨʘʟʤʝʨʦʤ ʜʦ 10% ʦʙʱʝʛʦ ʘʨʝʘʣʘ 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʟʘʙʦʣʝʚʘʥʠʝ ʥʝ ʚʳʷʚʣʝʥʦ. 

3. ɺʦʟʙʫʜʠʪʝʣʝʤ ʬʦʤʦʧʩʠʩʘ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʚ 

ʈʦʩʩʠʠ ʠ ʩʪʨʘʥʘʭ ʉʅɻ ʷʚʣʷʝʪʩʷ ʛʨʠʙ Phomopsis he-

lianthi, ʚ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ʢʦʪʦʨʦʛʦ ʘʥʘʤʦʨʬʥʘʷ 

ʩʪʘʜʠʷ (Phomopsis) ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʚʝʛʝʪʠʨʫʶʱʝʤ 

ʧʦʜʩʦʣʥʝʯʥʠʢʝ, ʘ ʪʝʣʝʦʤʦʨʬʥʘʷ ʩʪʘʜʠʷ ʧʦʷʚʣʷʝʪʩʷ 

ʥʘ ʟʘʨʘʞʸʥʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʘʭ ʧʦʩʣʝ ʧʝʨʝ-

ʟʠʤʦʚʢʠ ʚ ʧʦʣʝ (Diaporthe). 

4. ɺ ʘʥʘʤʦʨʬʥʦʡ ʩʪʘʜʠʠ ʚ ʧʠʢʥʠʜʘʭ ʧʘʪʦʛʝʥʘ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʣʝʦʤʦʨʬʥʦʝ ʩʧʦʨʦʥʦʰʝʥʠʝ ʩ ʦʙʨʘ-

ʟʦʚʘʥʠʝʤ Ŭ ʠ ɓ ʩʧʦʨ, ʚ ʪʝʣʝʦʤʦʨʬʥʦʡ ʩʪʘʜʠʷ ʚʦʟʙʫ-

ʜʠʪʝʣʷ ʙʦʣʝʟʥʠ ʚ ʧʝʨʠʪʝʮʠʷʭ ʬʦʨʤʠʨʫʶʪʩʷ ʘʩʢʠ ʩ 

ʘʩʢʦʩʧʦʨʘʤʠ. 

5. ʌʦʨʤʠʨʫʶʱʠʝʩʷ Ŭ ʠ ɓ ʩʧʦʨʳ ʚ ʘʥʘʤʦʨʬʥʦʡ 

ʩʪʘʜʠʠ ʛʨʠʙʘ Ph. helianthi ʷʚʣʷʶʪʩʷ ʧʘʪʦʛʝʥʥʳʤʠ 

ʜʣʷ ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʚʳʟʳʚʘʷ ʥʘ ʥʸʤ ʪʠʧʠʯʥʳʝ ʩʠʧ-

ʪʦʤʳ ʬʦʤʦʧʩʠʩʘ. ɺ ʪʝʣʝʦʤʦʨʬʥʦʡ ʩʪʘʜʠʠ ʘʵʨʦʛʝʥ-

ʥʳʡ ʠʥʦʢʫʣʶʤ ʘʩʢʦʩʧʦʨ ʚʦʟʙʫʜʠʪʝʣʷ ʙʦʣʝʟʥʠ ʷʚʣʷ-

ʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʚ ʵʢʩʧʘʥʩʠʠ ʬʦʤʦʧʩʠʩʘ ʥʘ ʧʦ-

ʩʝʚʘʭ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʚ ʩʪʨʘʥʘʭ ʉʅɻ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʝʢʮʠʠ ʙʦʣʝʟʥʠ 

ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʟʘʨʘʞʝʥʥʳʝ ʩʝʤʝʥʘ, ʢʦʪʦʨʳʝ ʦʢʘʟʘ-

ʣʠʩʴ ʦʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʧʨʠʯʠʥ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʬʦ-

ʤʦʧʩʠʩʘ ʥʘ ʧʦʩʝʚʳ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʚ ʈʦʩʩʠʠ ʠ ʩʪʨʘ-

ʥʘʭ ʉʅɻ. 

6. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʨʘʩʳ 1 

ʛʨʠʙʘ Ph. helianthi ʧʦʢʘʟʘʣʘ, ʯʪʦ ʝʛʦ ʧʦʧʫʣʷʮʠʠ ʥʘ 

ʧʦʜʩʦʣʥʝʯʥʠʢʝ ʷʚʣʷʶʪʩʷ ʛʝʪʝʨʦʛʝʥʥʳʤʠ ʧʦ ʧʨʠ-

ʟʥʘʢʫ ʚʠʨʫʣʝʥʪʥʦʩʪʠ. 

7. ʉʪʘʙʠʣʠʟʘʮʠʷ ʬʠʪʦʩʘʥʠʪʘʨʥʦʡ ʦʙʩʪʘʥʦʚʢʠ 

ʥʘ ʧʦʩʝʚʘʭ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʩ ʬʦʤʦʧʩʠʩʦʤ ʚ ʈʦʩʩʠʠ 

ʠ ʩʪʨʘʥʘʭ ʉʅɻ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ 

ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʩʝʤʝʩʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʵʬʬʝʢʪʠʚ-

ʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʟʘʱʠʪʳ, ʚ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷ-

ʶʱʘʷ ʨʦʣʴ ʜʦʣʞʥʘ ʧʨʠʥʘʜʣʝʞʘʪʴ ʫʩʪʦʡʯʠʚʦʤʫ ʘʩ-

ʩʦʨʪʠʤʝʥʪʫ ʢ ʙʦʣʝʟʥʠ ʠ ʙʝʟʦʧʘʩʥʦʡ ʨʝʥʪʘʙʝʣʴʥʦʡ 

ʭʠʤʠʯʝʩʢʦʡ ʟʘʱʠʪʝ. 

ɹʣʘʛʦʜʘʨʠʤ ʚʝʜʫʱʝʛʦ ʥʘʫʯʥʦʛʦ ʩʦʪʨʫʜʥʠʢʘ 

ɺʀɿʈ, ʢʘʥʜʠʜʘʪʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ ʄ.ʀ. ʉʘʫʣʠʯʫ 

ʟʘ ʫʯʘʩʪʠʝ ʚ ʩʦʟʜʘʥʠʠ ʢʘʨʪʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ 

ʬʦʤʦʧʩʠʩʘ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʚ ʉʅɻ. 

 

  



The scientific heritage No 50 (2020) 15 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɹʦʛʜʘʥʦʚʘ ɺ.ʅ., ʂʘʨʘʜʞʦʚʘ ʃ.ɺ., ʐʪʝʡʙʝʨʛ 

ʄ.ɽ. ɺʦʚʨʝʤʷ ʦʙʥʘʨʫʞʠʪʴ ʬʦʤʦʧʩʠʩ. ʉʝʣʴʩʢʦʝ ʭʦ-

ʟʷʡʩʪʚʦ ʄʦʣʜʘʚʠʠ,12 .1986. ʉ. 24ð25. 

2. ɼʦʩʧʝʭʦʚ ɹ.ɸ. ʄʝʪʦʜʠʢʘ ʧʦʣʝʚʦʛʦ ʦʧʳʪʘ (ʩ 

ʦʩʥʦʚʘʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ). 5-ʝ ʠʟʜ., ʜʦʧʦʣʥʝʥʥʦʝ ʠ ʧʝʨʝʨʘʙʦ-

ʪʘʥʥʦʝ. ʄ. ɸʛʨʦʧʨʦʤʠʟʜʘʪ. 1985. 351ʩ. 

3. ʉʝʣʷʥʠʥʦʚ ɻ.ʊ. ʆ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʦʮʝʥʢʝ ʢʣʠʤʘʪʘ. ʊʨʫʜʳ ʧʦ ʩ.-ʭ. ʤʝʪʝʦʨʦʣʦʛʠʠ. ɺʳʧ. 

20, ɺʀʈ. ʃ. 1928. ʉ. 169ð178. 

4. ʉʢʨʠʧʢʘ ʆ.ɺ. ʌʦʤʦʧʩʠʩ ï ʦʧʘʩʥʦʝ ʟʘʙʦʣʝʚʘ-

ʥʠʝ ʧʦʜʩʦʣʥʝʯʥʠʢʘ. ʄ., ɸʛʨʦʧʨʦʠʟʜʘʪ. 1989. 4 ʩ. 

5. ʐʠʥʢʘʨʸʚ ɺ.ʇ. ʆ ʩʦʩʪʦʷʥʠʠ ʠʟʫʯʝʥʥʦʩʪʠ ʠ 

ʥʝʢʦʪʦʨʳʝ ʘʩʧʝʢʪʳ ʵʧʠʬʠʪʦʪʠʦʣʦʛʠʠ ʛʨʠʙʦʚ Pho-

mopsis helianthi. ʉʙʦʨʥʠʢ ʜʦʢʣʘʜʦʚ ʥʘʫʯʥʦʡ ʢʦʥʬʝ-

ʨʝʥʮʠʠ, ʧʦʩʚʷʱʸʥʥʳʝ 90-ʣʝʪʠʶ ʨʦʞʜʝʥʠʷ ʧʨʦʬʝʩ-

ʩʦʨʘ ʂ.ʄ. ʉʪʝʧʘʥʦʚʘ ñʉʦʚʨʝʤʝʥʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʳʝ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʧʦʣʝʚʳʭ ʢʫʣʴʪʫʨ ʦʪ 

ʙʦʣʝʟʥʝʡò. ɸʥʘʧʘ, 1991. 1991. ʉ. 127ð131. 

6. ʐʠʥʢʘʨʸʚ ɺ.ʇ., ʊʝʨʝʭʦʚ ɺ.ʀ., ʉʦʢʦʣʦʚ ʖ.ɻ. 

ʉʝʨʘʷ ʧʷʪʥʠʩʪʦʩʪʴ [ʚʦʟʙʫʜʠʪʝʣʴ Phomopsis 

(Diaporthe) helianthi Munt.-Cvet.] ï ʦʧʘʩʥʦʝ ʟʘʙʦʣʝ-

ʚʘʥʠʝ ʧʦʜʩʦʣʥʝʯʥʠʢʘ. ʇʨʦʙʣʝʤʳ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ 

ʥʘ ʉʝʚʝʨʥʦʤ ʂʘʚʢʘʟʝ: ʤʘʪʝʨʠʘʣʳ ʶʙʠʣʝʡʥʦʛʦ 80 ʟʘ-

ʩʝʜʘʥʠʷ ʋʯʸʥʦʛʦ ʩʦʚʝʪʘ ʉʂʅʀʀʌ, ʧʦʩʚʷʱʸʥʥʳʝ 

30-ʣʝʪʠʶ ʩʦʟʜʘʥʠʷ ʠʥʩʪʠʪʫʪʘ. ʂʨʘʩʥʦʜʘʨ. 1991. ʉ. 

54ð65. 

7. ʏʫʤʘʢʦʚ ɸ.ɽ. ʄʝʪʦʜʳ ʫʯʸʪʘ ʙʦʣʝʟʥʝʡ. ʋʢʘ-

ʟʘʪʝʣʴ ʚʦʟʙʫʜʠʪʝʣʝʡ ʙʦʣʝʟʥʝʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-

ʥʳʭ ʨʘʩʪʝʥʠʡ. ɺʀɿʈ, ʃ., 1971, 1. ʉ. 3-7. 

8. ʗʢʫʪʢʠʥ ɺ.ʀ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʚʦʟʙʫʜʠʪʝʣʷ 

ʬʦʤʦʧʩʠʩʘ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʠ ʤʝʪʦʜʳ ʝʛʦ ʫʯʸʪʘ (ʄʝ-

ʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ). ɺɸʉʍʅʀʃ, ɺʀɿʈ. ʃ. 1991. 

23 ʩ. 

9. ʗʢʫʪʢʠʥ ɺ.ʀ., ʉʘʫʣʠʯ ʄ.ʀ. Diaporthe helian-

thi Munt.-Cvetk., Mihaljc., ʄ. Petrov. ʉʝʨʘʷ ʧʷʪʥʠ-

ʩʪʦʩʪʴ ʩʪʝʙʣʝʡ ʧʦʜʩʦʣʥʝʯʥʠʢʘ (ʨʘʢ ʩʪʝʙʣʝʡ, ʬʦ-

ʤʦʧʩʠʩ). ɸʛʨʦʵʢʦʣʦʛʠʯʝʩʢʠʡ ʘʪʣʘʩ ʈʦʩʩʠʠ ʠ ʩʦʧʨʝ-

ʜʝʣʴʥʳʭ ʩʪʨʘʥ: ʵʢʦʥʦʤʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʩʪʝʥʠʷ, 

ʠʭ ʚʨʝʜʠʪʝʣʠ, ʙʦʣʝʟʥʠ ʠ ʩʦʨʥʳʝ ʨʘʩʪʝʥʠʷ [2008]. 

ɹʦʣʝʟʥʠ ʤʘʩʣʠʯʥʳʭ ʢʫʣʴʪʫʨ. 

http://www.agroatlas.ru/ru/content/diseases/Olee/Olee

_Phomopsis_helianthi/index.html 

10. ʗʢʫʪʢʠʥ ɺ.ʀ., ʊʘʚʦʣʞʘʥʩʢʠʡ ʅ.ʇ., ɻʦʥ-

ʯʘʨʦʚ ʅ.ʈ. ʉʠʩʪʝʤʘ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʵʢʦʥʦʤʠʯʝ-

ʩʢʘʷ ʦʮʝʥʢʘ ʟʘʱʠʪʳ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʦʪ ʙʦʣʝʟʥʝʡ 

ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʏʝʨʥʦʟʸʤʥʦʡ ɿʦʥʝ ʈʦʩʩʠʠ (ʌʠʪʦ-

ʩʘʥʠʪʘʨʥʘʷ ʪʝʭʥʦʣʦʛʠʷ). ʈɸʉʍʅ, ɺʀɿʈ, ɺʀʇ. 

ʉʇʙ, 210. 38 ʩ. 

11. Aĺimoviĺ, M., Ġtraser, N. Phoʤopsis sp. - 

novi parazit suncokreta. Zaġtita bilja, 33 (2). 1982. 

ʉ. 117ð158. 

12. Catalogue of Life: 2020-04 Beta. Annual 

Checklist http://www.catalogueoflife.org/annual-

checklist/2020/ 

13. Eastman J.R. Idrisi 32 Tutorial. Idrisi Produc-

tion 1987-1999. Clark University. 1999. 298 p. 

14. Gulya T. Chanfes in Sunflower Disease In-

cindence in the Unit States During the Last Decade. 

Proc. XIV Inter. Sunfl. Conf. Beijing, China. 1996, 

II, P. 651-657. 

15. Herr L.J., Lipps P.E., Watters B.L. Diaporthe 

stem canker of sunflower. Plant Disese,67, 1983, p. 

911ð913. 

16. Laville J. Cahier technique tournesol. 

Maladies. CETIOM.1986. P. 21ð24. 

17. MapInfo Professional 9.5 USER GUIDE. 

2008. 150 p. http://www.mapinfo.ru/product/mapinfo-

professional 

18. Maricȭ A., Mׅsirevicȭ S. and El Saed Fayzalla. 

Pojava sive pegavosti stabla (Phomopsis sp.) do sada 

nepoznate bolesti suncokreta. Glasnic zׅstite bilja. 

1982, III/12, p. 421-424. 

19. Mathew F. M., Alananbeh, K. M., Balbyshev, 

N., Jordahl, J.D., E., Meyer, S.M., Castlebury, L., 

Gulya T., and Markell. Phomopsis stem canker: A 

reemerging threat to sunflower (Helianthtus annus) in 

the United States. Phytopathology, 105. 2017. P. 900ð

907. 

20. Mihaljcevic M., Petrov M., Cvetcovic M.M. 

Phomopsis sp. Novi parazit suncocreta u Jugoslaviji. 

Savremena. poljopprivreda, 28. 1980. P. 531ð539. 

21. Muntanola-Cvetkovic M., Mihaljcevic M., Pe-

trov M. On the identity of causative agent of a serious - 

Diaporthe disease in sunflower plants. Nova Hedwigia, 

34. 1981. 417ð435. 

22. Olson, T. R., Kontz, B., Gulya, T. J., Markell, 

S. G., and Mathew, F. M. First report of Diaporthe 

stewartii causing Phomopsis stem canker of sunflower 

(Helianthus annuus) in Minnesota. Plant Dis. 2017, 

Vol. 101, Number 2, P. 382. 

23. Thompson, S. M., Tan, Y. P., Young, A. J., 

Neate, S. M., Aitken, E. A. B. and Shivas, R. G. Stem 

cankers on sunflower (Helianthus annuus) in Australia 

reveal a complex of pathogenic Diaporthe (Phomopsis) 

species. Persoonia. 27. 2011. ʈ. 80ð89. 

24. Statistica 6.0. Statsoft, Inc., USA. http://soft-

waretopic.informer.com/use-statsoft-statistica-6-win-

dows-7/ 

25. Wehmeyer L.E. The genus Diaporthe Nitschke 

and its segregates. Ann Arbor, University of Michigan 

Press. 1933. P. 23ð33. 

26. Yakutkin V.I. Grey stem spot is a new disease 

of sunflower in Russia. 7th International Congress of 

Plant Pathology. Abstracts.1998. P. 6. 

27. Yang S.M., Berry R.W., Luttrell, Vongkay-

sone T. A new sunflover disease in Texas caused by 

Diaporte helianthi. Plant Disease, 68. 1984. ʈ. 254-255. 

  

http://www.agroatlas.ru/ru/content/diseases/Olee/Olee_Phomopsis_helianthi/index.html
http://www.agroatlas.ru/ru/content/diseases/Olee/Olee_Phomopsis_helianthi/index.html
http://www.catalogueoflife.org/annual-checklist/2020/
http://www.catalogueoflife.org/annual-checklist/2020/
http://www.mapinfo.ru/product/mapinfo-professional
http://www.mapinfo.ru/product/mapinfo-professional
http://softwaretopic.informer.com/use-statsoft-statistica-6-windows-7/
http://softwaretopic.informer.com/use-statsoft-statistica-6-windows-7/
http://softwaretopic.informer.com/use-statsoft-statistica-6-windows-7/


16 The scientific heritage No 50 (2020) 

EARTH SCIENCES 
 

ɺʋʃʂɸʅ ʂɸʂ ɻʃʋɹʀʅʅɸʗ ɻɽʆʃʆɻʀʏɽʉʂɸʗ ʉʊʈʋʂʊʋʈɸ  

(ʄɽʍɸʅʀɿʄʓ ɺʆɿʅʀʂʅʆɺɽʅʀʗ ʀ ʉʊʆʂɸ ʄɸɻʄ) 

 

ɸʨʩʘʥʦʚʘ ɻ.ʀ. 

ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʀʥʩʪʠʪʫʪʘ ʚʫʣʢʘʥʦʣʦʛʠʠ ʠ ʩʝʡʩʤʦʣʦʛʠʠ ɼɺʆ ʈɸʅ 

 

VOLCANO AS A DEEP GEOLOGICAL STRUCTURE 

(MECHANISMS OF OCCURRENCE AND RUNOFF OF MAGMA)  

 

Arsanova G. 

Ph.D. in Geologo-mineralogical sciences, 

senior researcher Officer Institute of Volcanology and Seismology FEB RAS 

 

ɸʥʥʦʪʘʮʠʷ 

ɺʧʝʨʚʳʝ ʦʙʲʷʩʥʷʶʪʩʷ ʧʨʠʯʠʥʳ ʨʦʞʜʝʥʠʷ ʚʫʣʢʘʥʦʚ ʚ ʥʝʜʨʘʭ ʧʣʘʥʝʪʳ ʠ ʤʝʭʘʥʠʟʤ ʚʳʙʨʦʩʘ ʤʘʛʤʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ. 

ʀʪʦʛʦʚʳʡ ʚʳʚʦʜ ʧʦʣʫʯʝʥ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʠʥʪʝʛʨʘʮʠʠ ʟʥʘʥʠʡ ʥʝʩʢʦʣʴʢʠʭ ʥʘʫʢ. 

ʀʭ ʩʠʥʪʝʟ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ɺʋʃʂɸʅ ʢʘʢ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʫʶʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ 

ʚʠʭʨʝʚʫʶ ʜʠʩʩʠʧʘʪʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʬʦʨʤʘ ʢʦʪʦʨʦʡ ʩʦʟʜʘʝʪʩʷ ʠ ʧʝʨʝʥʦʩʠʪʩʷ ʚ ʚʠʜʝ ʚʦʣʥ, ʘ ʧʦ ʥʠʪʠ 

(ʢʝʨʥʫ) ʩʪʨʫʢʪʫʨʳ ʠʜʝʪ ʩʪʦʢ ʤʘʛʤʳ. 

ʊʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʩʘʤʠ ʨʦʞʜʘʶʪʩʷ ʥʘ ʧʦʜʭʦʜʷʱʝʡ ʭʘʦʪʠʯʝʩʢʦʡ ʩʨʝʜʝ; ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʨʝʜʘ ʚʦʟʥʠ-

ʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʣʦʤʘʶʱʝʛʦ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣ, ʠ ʵʪʠʤ ʩʦʟʜʘʶʱʝʛʦ ʤʥʦʞʝʩʪʚʦ ʨʘʟ-

ʣʠʯʥʳʭ ʭʘʦʪʠʯʥʦ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʠʮ. 

ʅʝʦʙʭʦʜʠʤʦʝ ʜʘʚʣʝʥʠʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʜʦʩʪʠʛʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʘʩʪʝʥʦʩʬʝʨʳ, ʛʜʝ ʠ ʣʦʢʘʣʠʟʫʶʪʩʷ 

çʢʦʨʥʠè ʚʫʣʢʘʥʦʚ. 

Abstract 

For the first time the causes of the birth of volcanoes in the depths of the planet and the mechanism of magma 

ejection to the surface are explained. 

The final conclusion was obtained as a result of the integration of knowledge of several sciences. Their syn-

thesis allowed to define VOLCANO as a self-organizing space-time vortex dissipative structure, the form of which 

is created and carried in the form of waves, and through the thread (core) of the structure is the drain of magma. 

Such structures are itself born in a suitable chaotic environment; appropriate environment arises as a conse-

quence of high pressure, which breaks down the structures of molecules and this creates a lot of different moving 

particles. 

The pressure necessary for this, apparently, is reached at the asthenosphere level, where the "roots" of volca-

noes are localized. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʫʣʢʘʥ; ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚʫʣʢʘʥʦʚ; ʧʨʦʛʥʦʟ ʠʟʚʝʨʞʝʥʠʡ; ʧʦʥʷʪʠʡʥʘʷ ʤʦʜʝʣʴ ʚʫʣ-

ʢʘʥʘ; çʢʦʨʥʠè ʚʫʣʢʘʥʦʚ; ʚʫʣʢʘʥ ʢʘʢ ʜʠʩʩʠʧʘʪʠʚʥʘʷ ʩʪʨʫʢʪʫʨʘ; ʩʚʦʡʩʪʚʘ ʘʩʪʝʥʦʩʬʝʨʳ. 

Keywords: volcano, the occurrence of volcanoes, the forecast of eruptions, the conceptual model of the vol-

cano, the "roots" of volcanoes, the volcano as a disspathetic structure, the properties of the asthenosphere. 

 

ʇʨʦʙʣʝʤʳ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʥʘ ʪʦʤ 

ʞʝ ʫʨʦʚʥʝ ʤʳʰʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʣ ʠʭ. 

ɸʣʴʙʝʨʪ ʕʡʥʰʪʝʡʥ 

 

ɺʚʝʜʝʥʠʝ 

ʈʦʞʜʝʥʠʝ ʠ ʵʚʦʣʶʮʠʷ ʚʫʣʢʘʥʦʚ, ʠʭ ʩʪʨʦʝʥʠʝ, 

ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʠʟʚʝʨʞʝʥʠʡ, ʩʪʝʧʝʥʴ ʦʧʘʩʥʦʩʪʠ ʠ 

ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʵʥʝʨʛʠʠ ʥʝ ʦʜʥʦ 

ʩʪʦʣʝʪʠʝ ʚʦʣʥʫʶʪ ʫʤʳ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʥʦ ʥʝ-

ʩʤʦʪʨʷ ʥʘ ʥʘʢʦʧʣʝʥʥʳʡ ʙʦʛʘʪʝʡʰʠʡ ʤʘʪʝʨʠʘʣ, ʷʚ-

ʣʝʥʠʝ ʚʦ ʤʥʦʛʦʤ ʦʩʪʘʝʪʩʷ ʟʘʛʘʜʢʦʡ ʠ ʧʝʨʚʦʧʨʠʯʠʥʳ 

ʝʛʦ - ʥʝ ʠʟʚʝʩʪʥʳ. 

ɹʳʣʦ ʧʨʝʜʧʨʠʥʷʪʦ ʤʥʦʛʦ ʧʦʧʳʪʦʢ ʩʦʟʜʘʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʠʟʚʝʨʞʝ-

ʥʠʡ, ʦʧʠʨʘʶʱʠʭʩʷ ʥʘ çʧʨʦʩʪʦʡ ʠ ʧʦʥʷʪʥʳʡè (ʧʦ 

ʤʥʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʠʟ ʠʭ ʘʚʪʦʨʦʚ) ʤʝʭʘʥʠʟʤ [ʉʣʝ-

ʟʠʥ, 2001; ɼʘʚʳʜʦʚ ʠ ʜʨ., 2005; ʄʝʣʴʥʠʢ ʠ ʜʨ. 2006; 

ʅʝʯʘʝʚ, 2013 ʠ ʜʨ.]. ʆʜʥʘʢʦ ʧʦʧʳʪʢʠ ʙʳʩʪʨʦʛʦ ʨʝ-

ʰʝʥʠʷ ʧʨʠʢʣʘʜʥʦʡ ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʘ ʯʝʨʝʟ ʫʧʨʦʱʝ-

ʥʠʷ ʚ ʪʦʣʢʦʚʘʥʠʠ ʷʚʣʝʥʠʷ, ʩ ʜʦʧʫʱʝʥʠʝʤ ʧʨʦʠʟ-

ʚʦʣʴʥʳʭ ʬʦʨʤ ʠ ʧʘʨʘʤʝʪʨʦʚ ʛʣʫʙʠʥʥʳʭ ʯʘʩʪʝʡ 

ʩʪʨʫʢʪʫʨ, ʧʨʠʚʝʣʠ ʢ ʩʦʟʜʘʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʧʠ-

ʩʘʥʠʡ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʭʠʤʝʨ (ʪʦʛʦ, ʯʪʦ ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ). ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʜʦʣʞʥʘ ʧʨʝʜʚʘʨʷʪʴʩʷ ʘʜʝʢʚʘʪʥʦʡ ʧʨʠʨʦʜʝ ʧʦʥʷʪʠʡ-

ʥʦʡ (ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ) ʤʦʜʝʣʴʶ, ʥʦ ʧʦʩʣʝʜʥʷʷ ʦʩʪʘ-

ʝʪʩʷ ʧʨʦʙʣʝʤʦʡ ʚʫʣʢʘʥʦʣʦʛʠʠ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʛʣʘʚʥʳʤ ʤʝʪʦʜʦʤ ʧʦʟʥʘʥʠʷ ʚ 

ʚʫʣʢʘʥʦʣʦʛʠʠ (ʢʘʢ ʠ ʚ ʛʝʦʣʦʛʠʠ ʚʦʦʙʱʝ) ʷʚʣʷʝʪʩʷ 

ʧʨʠʥʮʠʧ ʨʝʜʫʢʮʠʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʷʚʣʝʥʠʷ ʣʶ-

ʙʦʡ ʩʣʦʞʥʦʩʪʠ ʦʙʲʷʩʥʷʶʪʩʷ ʟʘʢʦʥʘʤʠ, ʫʧʨʘʚʣʷʶ-

ʱʠʤʠ ʷʚʣʝʥʠʷʤ ʙʦʣʝʝ ʧʨʦʩʪʳʤʠ. ʉʣʝʜʫʷ ʵʪʦʤʫ 

ʧʨʠʥʮʠʧʫ, ʥʝʧʨʝʨʳʚʥʦ ʩʦʙʠʨʘʝʪʩʷ ʠ ʥʘʨʘʱʠʚʘʝʪʩʷ 
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ʬʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʧʦ ʛʝʦʣʦʛʠʠ ʚʫʣʢʘʥʠʟʤʘ, ʦʜ-

ʥʘʢʦ ʝʛʦ ʩʠʥʪʝʟ ʥʝ ʜʘʸʪ ʧʦʥʠʤʘʥʠʷ ʚʫʣʢʘʥʠʟʤʘ ʢʘʢ 

ʧʣʘʥʝʪʘʨʥʦʛʦ ʷʚʣʝʥʠʷ. 

ʉʫʪʴ ʧʨʦʙʣʝʤʳ ʚ ʩʣʝʜʫʶʱʝʤ: 

ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʩʪʨʫʢʪʫʨʫ, ʢʦʥʩʪʨʫʢʮʠʶ, 

ʧʨʦʮʝʩʩ ʠ ʪ.ʧ. ʥʝ ʧʦʥʷʪʴ ʙʝʟ ʠʭ ʜʝʪʘʣʠʟʘʮʠʠ ʠ ʘʥʘ-

ʣʠʟʘ ʯʘʩʪʥʦʩʪʝʡ. ʉ ʜʨʫʛʦʡ  ʦʙʲʝʜʠʥʠʚʰʠʩʴ ʚ 

ʎɽʃʆʄ, ʩʚʦʡʩʪʚʘ ʯʘʩʪʥʦʩʪʝʡ ʢʘʢ ʙʳ ʨʘʩʪʚʦʨʷʶʪʩʷ, 

ʥʦ ʩʧʘʷʚʰʠʩʴ ʚʦʝʜʠʥʦ, ʚʦʟʥʠʢʘʶʪ ʧʦ-ʥʦʚʦʤʫ ʢʘʢ 

ʢʘʯʝʩʪʚʘ ʎɽʃʆɻʆ. ʊʦ ʝʩʪʴ ʩʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ ʩʚʦʡ-

ʩʪʚʦʤ ʵʤʝʨʜʞʝʥʪʥʦʩʪʠ (ʝmergent ï ʚʦʟʥʠʢʘʶʱʠʡ 

ʥʝʦʞʠʜʘʥʥʦ). ʇʦʵʪʦʤʫ ʩʦʙʨʘʪʴ ʪʝʣʝʥʢʘ ʠʟ ʥʘʨʝʟʘʥ-

ʥʳʭ ʠʟ ʥʝʛʦ ʩʪʝʡʢʦʚ (ʦʙʨʘʟʥʦʝ ʚʳʨʘʞʝʥʠʝ 

ʖ.ʄ.ʃʦʪʤʘʥʘ) - ʥʝʚʦʟʤʦʞʥʦ ʚ ʧʨʠʥʮʠʧʝ, ʪʘʢ ʢʘʢ 

ʎɽʃʆɽ ʥʝ ʝʩʪʴ ʩʫʤʤʘ ʯʘʩʪʥʦʩʪʝʡ. 

ʆʯʝʚʠʜʥʝʡ ʩʪʘʥʦʚʠʪʩʷ ʠ ʜʝʡʩʪʚʠʝ ʚ ʧʨʠʨʦʜʝ 

ʪʘʠʥʩʪʚʝʥʥʦʛʦ (ʧʨʠʯʠʥʳ ʥʝʷʩʥʳ) ʧʨʦʮʝʩʩʘ çʩʘʤʦ-

ʩʙʦʨʢʠè ʩʪʨʫʢʪʫʨ ʠ ʠʭ ʩʘʤʦʨʘʟʚʠʪʠʷ. ɺʫʣʢʘʥʳ, ʢʘʢ 

ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʩʣʦʞʥʳʭ ʧʨʠʨʦʜʥʳʭ ʩʠʩʪʝʤ, ʦʪʥʦ-

ʩʷʪʩʷ ʢ ʩʘʤʦʨʘʟʚʠʚʘʶʱʠʤʩʷ, ʧʦʵʪʦʤʫ ʘʥʘʣʠʟʠʨʦ-

ʚʘʪʴ ʠʭ ʩʣʝʜʫʝʪ ʩ ʫʯʝʪʦʤ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ. 

ʆʪʩʶʜʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʥʦʚʣʝʥʠʷ ʧʦʟʥʘʚʘ-

ʪʝʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ ʚʫʣʢʘʥʦʣʦʛʠʠ. ʀ ʧʨʝʞʜʝ  ʝʸ 

ʪʨʝʙʫʝʪʩʷ ʧʨʠʚʝʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʧʦʟʠʮʠʷʤʠ ʩʦ-

ʚʨʝʤʝʥʥʦʛʦ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ, ʚʳʨʘʞʝʥʥʳʤʠ ʚʦ ʤʥʦ-

ʛʠʭ ʨʘʙʦʪʘʭ: [ʇʨʠʛʦʞʠʥ, ʉʪʝʥʛʝʨʩ, 1986; ʍʘʢʝʥ, 

1991; ʃʝʪʥʠʢʦʚ, 1992; ɻʦʨʷʠʥʦʚ, ʀʚʘʥʶʢ, 2001; 

ʂʥʷʟʝʚʘ, ʂʫʨʜʶʤʦʚ, 1994, 2000, 2002; ʂʥʷʟʝʚʘ, ʊʫ-

ʨʦʙʦʚ, 2000; ʂʫʨʜʶʤʦʚ, 1994; ʕʙʝʣʠʥʛ, 1979; ʏʝʨ-

ʥʘʚʩʢʠʡ, 2001, 2010; ɹʫʜʘʥʦʚ,2007; ʠ ʤʥʦʛʦ ʜʨ.] 

ʅʘʩʪʦʷʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʝʨʚʫʶ ʧʦʧʳʪʢʫ ʧʦʥʷʪʴ ʚʫʣʢʘʥ ʢʘʢ ʮʝʣʦʩʪʥʳʡ ʛʝʦ-

ʣʦʛʠʯʝʩʢʠʡ ʦʙʲʝʢʪ, ʢʘʢ ʥʝʢʫʶ ʧʨʠʨʦʜʥʫʶ ʩʘʤʦʦʨ-

ʛʘʥʠʟʫʶʱʫʶʩʷ ʢʦʥʩʪʨʫʢʮʠʶ. ʆʥʠ ʦʧʠʨʘʶʪʩʷ ʥʘ 

ʜʘʥʥʳʝ ʦ ʚʫʣʢʘʥʘʭ, ʧʦʣʫʯʝʥʥʳʝ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʘ ʪʘʢ ʞʝ ʥʘ ʜʦʩʪʠʞʝʥʠʷ 

ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ, ʭʠʤʠʠ, ʘʩʪʨʦʥʦʤʠʠ ʠ ʬʠʣʦʩʦ-

ʬʠʠ. 

ʆʙʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʪʨʫʢ-

ʪʫʨʘʭ (ɼʉ) ʠ ʠʭ ʩʚʦʡʩʪʚʘʭ 

ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʠʨʦʜʥʳʭ ʩʠʩʪʝʤ 

ʦʪʥʦʩʠʪʩʷ ʢ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʤʩʷ, ʧʦʵʪʦʤʫ ʧʨʠ ʧʦ-

ʩʪʨʦʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʛʠʧʦʪʝʟ ʥʝʦʙ-

ʭʦʜʠʤʦ ʠʤʝʪʴ ʚ ʚʠʜʫ ʠʭ ʦʙʱʠʝ ʩʚʦʡʩʪʚʘ. 

ʇʦ ʟʘʢʦʥʘʤ ʩʠʥʝʨʛʝʪʠʢʠ (ʠʣʠ ʩʦʛʣʘʩʥʦ ʪʝʦʨʠʠ 

ʉʣʦʞʥʦʩʪʠ - ʥʝ ʙʫʜʝʤ ʫʛʣʫʙʣʷʪʴʩʷ ʚ ʪʦʥʢʦʩʪʠ ʪʝʨ-

ʤʠʥʦʚ ʟʜʝʩʴ ʠ ʩʝʡʯʘʩ) ʩʨʝʜʘ ʩʘʤʘ ʤʦʞʝʪ ʚʟʨʘʱʠʚʘʪʴ 

ʥʘ ʩʚʦʝʤ ʪʝʣʝ ʪʦ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʝ ʩʦʙʩʪʚʝʥʥʳʤ 

ʧʨʠʨʦʜʥʳʤ ʪʝʥʜʝʥʮʠʷʤ ï ʪʦ ʝʩʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʩʪʨʫʢʪʫʨʳ (ʠʣʠ ʩʣʦʞʥʳʝ ʨʘʟʚʠʚʘʶ-

ʱʠʝʩʷ ʩʠʩʪʝʤʳ), ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʙʝʟ ʧʦʤʦʱʠ 

ʠʟʚʥʝ ʠ ʩʘʤʠ ʩʝʙʷ ʧʦʜʜʝʨʞʠʚʘʶʪ ʚ ʜʘʣʝʢʦʤ ʦʪ ʨʘʚ-

ʥʦʚʝʩʠʷ, ʥʦ ʫʩʪʦʡʯʠʚʦʤ ʩʦʩʪʦʷʥʠʠ [ʇʨʠʛʦʞʠʥ, 

ʉʪʝʥʛʝʨʩ, 1986]. 

ɼʉ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʫʧʝʨʩʣʦʞʥʳʝ ʦʙʨʘʟʦ-

ʚʘʥʠʷ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʤʥʦʞʝʩʪʚʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ (ʯʘʩʪʠʮ, ʧʦʜʩʠʩʪʝʤ, ʩʪʨʫʢʪʫʨ ʠ ʪ.ʧ.), ʨʘʟʚʠ-

ʪʠʝ ʢʦʪʦʨʳʭ ʠʜʝʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʝʦʙʨʘʪʠʤʦʛʦ 

ʫʩʣʦʞʥʝʥʠʷ. 

ʇʨʠʤʝʨʳ ɼʉ: ʧʣʘʥʝʪʘ, ʦʢʝʘʥ, ʨʝʢʘ, ʤʠʥʝʨʘʣʴ-

ʥʘʷ ʩʠʩʪʝʤʘ, ʝʸ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠ, ʩʪʘʷ ʧʪʠʮ, ʪʦʣʧʘ 

ʣʁ ʜʝʡ, ʩʝʨʜʮʝ ʠ ʪ.ʜ. ʉʪʦʣʙʯʘʪʘʷ ʦʪʜʝʣʴʥʦʩʪʴ ʙʘ-

ʟʘʣʴʪʦʚ ʝʩʪʴ ʟʘʩʪʳʚʰʠʡ ʨʝʟʫʣʴʪʘʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ 

ʝʱʝ ʞʠʜʢʦʤ ʧʣʘʩʪʝ ʨʘʩʧʣʘʚʘ ʜʠʩʩʠʧʘʪʠʚʥʦʡ ʩʠ-

ʩʪʝʤʳ, ʥʘʟʳʚʘʝʤʦʡ ʷʯʝʡʢʘʤʠ ɹʝʥʘʨʘ. 

ʅʘʠʙʦʣʝʝ ʦʙʱʠʤ ʩʚʦʡʩʪʚʦʤ ʩʘʤʦʦʨʛʘʥʠʟʫʶ-

ʱʠʭʩʷ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʩʪʴ ʧʦʚʝʜʝ-

ʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʀʭ ʚʘʞʥʝʡʰʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ - ʦʪʢʨʳʪʦʩʪʴ: 

ʵʥʝʨʛʠʷ ʪʝʯʝʪ ʚ ʥʠʭ ʧʦʩʪʦʷʥʥʦ ʠ ʦʥʠ ʩʧʦʩʦʙʥʳ ʢ 

ʨʘʟʣʠʯʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʠ ʦʙʤʝʥʫ ʚʝʱʝʩʪʚʦʤ ʠ 

ʵʥʝʨʛʠʝʡ ʥʝʧʨʝʨʳʚʥʦ ʠʣʠ ʜʠʩʢʨʝʪʥʦ. ʇʨʠ ʵʪʦʤ ʦʥʠ 

ʣʦʢʘʣʠʟʦʚʘʥʳ, ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ, ʪʘʢ ʠ ʧʦ ʚʨʝ-

ʤʝʥʠ, ʦʜʥʘʢʦ ʛʨʘʥʠʮʳ ʠʭ ʦʙʳʯʥʦ "ʨʘʟʤʳʪʳ", ʪʦ 

ʝʩʪʴ ʦʪ ʩʨʝʜʳ ʦʥʠ ʠʟʦʣʠʨʦʚʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ. 

ɼʉ  ʢʦʛʝʨʝʥʪʥʳ: ʩʦʛʣʘʩʦʚʘʥʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʨʘʟʦʤ, ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ, 

ʤʦʞʝʪ ʧʝʨʝʚʝʩʪʠ ʚʩʶ ʩʠʩʪʝʤʫ ʚ ʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ. 

ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʠ ʩʪʨʫʢʪʫʨʥʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ; ʦʥʠ 

ʚʩʝʛʜʘ çʩʪʨʝʤʷʪʩʷè ʢ ʚʳʧʦʣʥʝʥʠʶ ʬʫʥʢʮʠʠ, ʥʝ-

ʩʤʦʪʨʷ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʜʣʷ ʯʝʛʦ ʩʠ-

ʩʪʝʤʘ ʢʦʨʨʝʢʪʠʨʫʝʪ ʩʪʨʫʢʪʫʨʫ ʠʣʠ ʬʦʨʤʠʨʫʝʪ ʥʦ-

ʚʳʡ ʧʦʨʷʜʦʢ ʠ ʧʨʦʮʝʩʩʳ. ɸʜʘʧʪʘʮʠʷ ʠʜʝʪ ʥʝʧʨʝ-

ʨʳʚʥʦ ʯʝʨʝʟ ʫʩʣʦʞʥʝʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʧʨʠʯʝʤ ʟʘ 

ʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʨʝʟʝʨʚʦʚ, ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʪʦʨʳʭ ʚʳʩʪʫʧʘʶʪ ʤʝʥʷʶʱʠʝʩʷ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤʳ 

ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ. 

ʈʘʟʚʠʪʠʝ ɼʉ ʠʜʝʪ ʥʝʣʠʥʝʡʥʦ. ʋʚʝʣʠʯʝʥʠʝ 

ʥʝʨʘʚʥʦʚʝʩʥʦʩʪʠ ʚʳʰʝ ʥʝʢʦʪʦʨʦʛʦ ʧʨʝʜʝʣʘ, ʪʦ ʝʩʪʴ 

ʚ ʪʦʯʢʝ ʙʠʬʫʨʢʘʮʠʠ, ʯʝʨʝʟ ʩʢʘʯʢʠ, ʧʫʣʴʩʘʮʠʠ, 

ʬʣʫʢʪʫʘʮʠʠ ʧʝʨʝʚʦʜʠʪ ʚʩʶ ʩʠʩʪʝʤʫ ʚ ʥʦʚʦʝ ʩʦʩʪʦ-

ʷʥʠʝ, ʨʝʘʣʠʟʫʷ ʚʩʷʢʠʡ ʨʘʟ ʥʦʚʳʡ ʠ ʩʣʫʯʘʡʥʳʡ ʧʫʪʴ. 

ʈʘʟʚʠʪʠʝ ɼʉ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʘʚ-

ʪʦʚʦʣʥ, ʧʨʠʥʮʠʧʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʪʦʨʳʭ, - 

ʦʜʥʠ ʠ ʪʝ ʞʝ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʩʨʝʜʳ, ʚ ʢʦ-

ʪʦʨʦʡ ʦʥʠ ʚʦʟʥʠʢʘʶʪ (ʬʠʟʠʯʝʩʢʘʷ, ʭʠʤʠʯʝʩʢʘʷ, 

ʙʠʦʣʦʛʠʯʝʩʢʘʷ, ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʠ ʪ.ʜ.). ʕʪʦ ʦʪʢʨʳ-

ʚʘʝʪ ʫʥʠʢʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʥʦʩʠʪʴ ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʦʜʥʦʡ ʘʢʪʠʚʥʦʡ ʩʨʝʜʝ, 

ʥʘ ʰʠʨʦʢʠʡ ʢʣʘʩʩ ʩʨʝʜ ʠʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ, 

ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʪʘʢʠʭ ʦʧʘʩʥʳʭ ʠ ʥʝ 

ʦʙʦʟʨʝʚʘʝʤʳʭ ʮʝʣʠʢʦʤ ʦʙʲʝʢʪʦʚ, ʢʘʢ ʚʫʣʢʘʥ. 

ʊʘʢ ʢʘʢ ɺʋʃʂɸʅ  ʦʜʠʥ ʠʟ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʧʨʠʨʦʜʥʳʭ ʩʘʤʦʨʘʟʚʠʚʘʶʱʠʭʩʷ ʜʠʩʩʠʧʘʪʠʚʥʳʭ 

ʩʪʨʫʢʪʫʨ, ʪʦ ʝʤʫ ʧʨʠʩʫʱʠ ʠ ʠʭ ʦʙʱʠʝ ʩʚʦʡʩʪʚʘ. 

ɺʫʣʢʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ 

ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ɼʉ, ʘʢʪʠʚʥʦʩʪʴ ʤʘʪʝʨʠʠ ʩʚʷ-

ʟʘʥʘ ʩ ʥʝʨʘʚʥʦʚʝʩʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʧʦʨʦʞʜʘʝʤʳʤʠ 

ʩʘʤʦʡ ʤʘʪʝʨʠʝʡ, ʧʦʵʪʦʤʫ ʧʨʠʯʠʥʳ ʠʟʤʝʥʝʥʠʷ, ʜʚʠ-

ʞʝʥʠʷ, ʠ ʵʚʦʣʶʮʠʠ ɼʉ ʥʘʜʦ ʠʩʢʘʪʴ ʚ ʟʘʢʦʥʦʤʝʨʥʦ-

ʩʪʷʭ ʠʭ ʩʦʙʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʠ ʧʝʨʚʳʝ ʰʘʛʠ ʚ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʧʦʥʷʪʠʡʥʦʡ ʤʦʜʝʣʠ ʘʢʪʠʚʥʦʛʦ 

ʚʫʣʢʘʥʘ ʨʘʟʫʤʥʦ ʥʘʯʘʪʴ ʩ ʘʥʘʣʠʟʘ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʝʥʠʷ çʚʫʣʢʘ-

ʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦè, çʢʘʥʘʣʴʥʦʝ ʚʝʱʝʩʪʚʦè, çʢʘ-

ʥʘʣʴʥʘʷ ʩʫʙʩʪʘʥʮʠʷè ʜʘʶʪʩʷ ʥʘ ʧʨʘʚʘʭ ʩʘʤʳʭ ʦʙ-

ʱʠʭ ʧʦʥʷʪʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʧʨʦʜʫʢʪʦʚ ʚʫʣʢʘʥʠʟʤʘ ʠ 

ʠʭ ʣʦʢʘʣʠʟʘʮʠʠ, ʦʩʪʘʚʣʷʷ ʟʘ ʪʨʘʜʠʮʠʦʥʥʳʤ ʪʝʨʤʠ-

ʥʦʤ çʣʘʚʘè ʝʸ ʠʩʢʦʥʥʦʝ ʪʦʣʢʦʚʘʥʠʝ. ʆ ʪʝʨʤʠʥʝ 

çʤʘʛʤʘè ʧʦʛʦʚʦʨʠʤ ʥʠʞʝ. 
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ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʩʜʝʣʘʥʦ ʦʛʨʦʤʥʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʘʥʘʣʠʟʦʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ, ʦʪʦ-

ʙʨʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʦʥʠ ʜʘʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʦ ʪʦʤ, ʢʘʢʠʝ ʵʣʝʤʝʥʪʳ ʧʦʜʥʠʤʘʝʪʩʷ ʧʦ ʚʫʣʢʘʥʠʯʝ-

ʩʢʦʤʫ ʢʘʥʘʣʫ ʩ ʛʣʫʙʠʥ ʠ ʚ ʢʘʢʠʝ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠ-

ʥʝʥʠʷ ʦʥʠ ʦʢʘʟʳʚʘʶʪʩʷ ʩʚʷʟʘʥʥʳʤʠ ʥʘʚʝʨʭʫ. ʂʘʞ-

ʜʳʡ ʠʟ ʚʳʙʨʦʰʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʫʣʢʘʥʠʯʝ-

ʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʦʙʣʘʜʘʝʪ ʩʚʦʠʤʠ ʩʦʙʩʪʚʝʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʥʳʥʝ ʥʝʧʣʦʭʦ ʠʟʫʯʝʥʳ, ʦʜ-

ʥʘʢʦ ʢʘʥʘʣʴʥʘʷ ʩʫʙʩʪʘʥʮʠʷ, ʠʟ ʢʦʪʦʨʦʡ ʦʥʠ ʦʙʨʘʟʦ-

ʚʘʣʠʩʴ, ʩʫʤʤʦʡ ʵʪʠʭ ʩʚʦʡʩʪʚ ʥʝ ʦʙʣʘʜʘʣʘ. ɼʘʞʝ 

ʝʩʣʠ ʙʳ ʫʜʘʣʦʩʴ ʩʦʙʨʘʪʴ ʚʩʝ ʝʸ ʨʘʟʙʨʦʩʘʥʥʳʝ ʚʟʨʳ-

ʚʘʤʠ ʯʘʩʪʠ, ʩʤʝʰʘʪʴ, ʥʘʛʨʝʪʴ ʠ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʚʳ-

ʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ, ʦʥʦ ʥʝ ʩʪʘʣʦ ʙʳ ʪʝʤ ʚʝʱʝʩʪʚʦʤ, 

ʢʦʪʦʨʦʝ ʧʦʜʥʠʤʘʣʦʩʴ ʧʦ ʢʘʥʘʣʫ. ʕʪʦ ʩʣʝʜʫʝʪ ʠʟ ʪʘ-

ʢʦʛʦ ʦʙʱʝʛʦ ʩʚʦʡʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʷʚʣʝʥʠʡ, ʢʘʢ ʥʝ-

ʦʙʨʘʪʠʤʦʩʪʴ. çPT - pathè ʜʣʷ ʧʨʠʨʦʜʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ï ʜʦʨʦʛʘ ʪʦʣʴʢʦ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ. [ʏʝʨʥʘʚʩʢʠʡ 2010; 

ʇʨʠʛʦʞʠʥ, ʉʪʝʥʛʝʨʩ 1986; ʕʙʝʣʠʥʛ 1979, ʅʠʢʦʣʠʩ, 

ʇʨʠʛʦʞʠʥ 2014 ʠ ʤʥʦʛʦ ʜʨ. ʨʘʙʦʪ]. 

ʊʦʛʜʘ ʢʘʢʠʤʠ ʜʘʥʥʳʤʠ ʦ ʛʣʫʙʠʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʚʝʱʝʩʪʚʘ ʤʳ ʨʘʩʧʦʣʘʛʘʝʤ? 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ 

ʜʘʚʣʝʥʠʡ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʯʝʥʴ ʩʣʦʞʥʳ 

ʪʝʭʥʠʯʝʩʢʠ, ʘ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ 

ʢʨʘʡʥʝ ʥʝʥʘʜʸʞʥʳ. ʈʝʘʢʮʠʠ, ʠʜʫʱʠʝ ʚ ʦʙʣʘʩʪʠ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʠ ʠʭ ʧʨʦʤʝʞʫʪʦʯ-

ʥʳʝ ʧʨʦʜʫʢʪʳ ʥʝ ʧʨʦʩʪʦ ʩʣʦʞʥʳ ï ʦʥʠ ʧʨʠʥʮʠʧʠ-

ʘʣʴʥʦ ʠʥʳʝ ʠ ʥʝʦʙʳʯʥʳ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʠʭ ʥʝʚʦʟ-

ʤʦʞʥʦ ʧʨʝʜʩʢʘʟʳʚʘʪʴ [ʃʝʤʝʥʪʦʚʩʢʠʡ ʠ ʜʨ., 2006]. 

ʆ ʥʝʥʘʜʝʞʥʦʩʪʠ ʵʢʩʪʨʘʧʦʣʷʮʠʡ ʚ ʦʙʣʘʩʪʴ ʚʳʩʦʢʠʭ 

ʜʘʚʣʝʥʠʡ ʧʨʝʜʦʩʪʝʨʝʛʘʣ ʠ ʬʠʟʠʢ ɺ. ʌʦʨʪʦʚ [2007, 

ʩʪʨ.357], ʠ ʛʝʦʣʦʛ ʀ. ʗʥʠʮʢʠʡ [2005] ʠ ʥʳʥʝ ʵʪʦ 

ʩʪʘʣʦ ʫʞʝ ʦʯʝʚʠʜʥʳʤ. 

ʆʙʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɼʉ ʧʦʟʚʦʣʷʶʪ ʛʦʚʦ-

ʨʠʪʴ, ʯʪʦ ʧʦʜʥʠʤʘʶʱʝʝʩʷ ʚʫʣʢʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ 

ʜʦʣʞʥʦ ʧʝʨʤʘʥʝʥʪʥʦ, ʥʝ ʜʦʩʪʠʛʘʷ ʨʘʚʥʦʚʝʩʠʷ, ʩ 

ʥʝʠʟʙʝʞʥʦʩʪʴʶ ʤʝʥʷʪʴʩʷ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʢʘʥʘʣʘ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ ʪʦʣʴʢʦ ʯʪʦ ʠʟʚʝʨʛʥʫʪʦʝ, ʦʥʦ ʥʝ ʨʘʚ-

ʥʦʚʝʩʥʦ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʠ ʧʨʦʜʦʣʞʘʝʪ ʠʟʤʝ-

ʥʷʪʴʩʷ, ʧʨʠʭʦʜʷ ʚ ʨʘʚʥʦʚʝʩʠʝ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ, ʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘ-

ʟʳʚʘʶʪ, ʯʪʦ ʠʜʫʱʠʝ ʧʨʦʮʝʩʩʳ ï ʩʣʦʞʥʝʝ, ʯʝʤ ʧʨʦ-

ʩʪʦ ʦʩʪʳʚʘʥʠʝ: ʢʘʢʦʝ-ʪʦ ʚʨʝʤʷ (ʠʥʦʛʜʘ - ʤʝʩʷʮʳ, 

ʝʩʣʠ ʤʘʪʝʨʠʘʣ ʥʝ ʨʘʟʙʨʦʩʘʥ ʠ ʣʝʞʠʪ ʢʫʯʥʦ) ʦʥʦ ʝʱʝ 

ʥʘʛʨʝʚʘʝʪʩʷ ʠʟʥʫʪʨʠ, çʩʚʦʠʤʠ ʩʠʣʘʤʠè. ʗʚʣʝʥʠʝ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʨʝʘʢʮʠʡ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʚʦʟʜʫʭʘ: ʧʦ ʟʘʢʦʥʘʤ ʪʝʧʣʦʬʠʟʠʢʠ ʛʦʨʷʯʝʝ ʚʝʱʝʩʪʚʦ 

ʚʥʝʜʨʷʝʪʩʷ ʚ ʭʦʣʦʜʥʦʝ, ʥʦ ʥʝ ʥʘʦʙʦʨʦʪ. 

ʆ ʚʝʱʝʩʪʚʝ ʚ ʢʘʥʘʣʝ ʥʠʞʝ ʢʨʘʪʝʨʘ ʠ ʝʱʝ 

ʛʣʫʙʞʝ (ʜʦ çʢʦʨʥʝʡè ʩʪʨʫʢʪʫʨʳ) ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʥʷʪʦ ʛʦʚʦʨʠʪʴ, ʢʘʢ ʦ ʩʠʣʠʢʘʪʥʦʤ 

ʨʘʩʧʣʘʚʝ, ʚ ʢʦʪʦʨʦʤ ʚʦʟʤʦʞʥʳ ʤʝʣʢʠʝ ʢʨʠʩʪʘʣʣʠ-

ʯʝʩʢʠʝ ʬʦʨʤʳ, ʠ ʨʘʩʪʚʦʨʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ 

ʚʦʜʘ ʠ ʛʘʟʳ, ʥʘʟʳʚʘʷ ʝʛʦ ʦʙʱʠʤ ʪʝʨʤʠʥʦʤ çʤʘʛʤʘè 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʛʣʫʙʠʥʳ. ʅʦ ʨʘʩʰʠʨʷʶʱʠʝʩʷ ʬʠʟʠ-

ʯʝʩʢʠʝ ʟʥʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚʫʣʢʘʥʠ-

ʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʚ ʢʘʥʘʣʝ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ, ʢʘʢ ʥʝ-

ʢʠʡ ʨʘʩʧʣʘʚ (ʫʩʣʦʚʥʦ) ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʥʝʧʨʝ-

ʨʳʚʥʦ ʠ ʢʘʨʜʠʥʘʣʴʥʦ ʤʝʥʷʶʱʠʡʩʷ ʩ ʧʦʜʲʝʤʦʤ ʥʘ 

ʤʠʢʨʦ- ʠ ʤʘʢʨʦʫʨʦʚʥʝ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʨʘʩʩʫʞʜʝʥʠʡ 

ʥʘʟʦʚʝʤ ʪʘʢʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʟ-

ʤʝʥʷʶʱʠʭʩʷ ʨʘʩʧʣʘʚʦʚ ʤʘʛʤʘ-ʢʦʥʪʠʥʫʫʤ (ʣʘʪ. 

continuum ï ʥʝʧʨʝʨʳʚʥʦʝ) ʠʣʠ ʜʣʷ ʢʨʘʪʢʦʩʪʠ 

ʤʘʛʤʘ-ʩ. ʂʦʥʢʨʝʪʥʳʝ çʧʦʵʪʘʞʥʳʝè ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʘʛʤʳ-ʩ ʦʯʝʥʴ ʤʘʣʦ ʠʟʚʝʩʪʥʳ, ʥʦ ʦʙ ʦʙʱʠʭ ʪʝʥʜʝʥ-

ʮʠʷʭ ʝʸ ʠʟʤʝʥʝʥʠʷ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʩ ʜʦʩʪʘʪʦʯʥʦʡ 

ʩʪʝʧʝʥʴʶ ʫʚʝʨʝʥʥʦʩʪʠ. ʀʩʢʦʥʥʦʝ ʧʦʥʷʪʠʝ çʤʘʛʤʘè 

ʧʨʘʚʠʣʴʥʝʡ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʤʘʛʤʳ ʙʣʠʟ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʪʦʛʦ, ʢʘʢ ʦʥʘ ʝʱʝ ʥʝ ʩʪʘʣʘ ʣʘʚʦʡ 

[ɸʨʩʘʥʦʚʘ, 2019, 2020]. 

ʅʳʥʝ ʫʞʝ ʧʦʣʫʯʝʥʳ ʥʘʜʝʞʥʳʝ (ʤʥʝʥʠʝ ʬʠʟʠʢʘ 

ʘʢʘʜ. ɺ.ʌʦʨʪʦʚʘ) ʜʘʥʥʳʝ ʦ ʩʦʩʪʦʷʥʠʠ ʤʘʪʝʨʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʈ ʠ ʊ. ʆʙʱʘʷ ʩʭʝʤʘ ʠʟʤʝ-

ʥʝʥʠʡ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʪʘʢʦʚʘ: 

ʇʨʠ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʧʣʦʪ-

ʥʦʩʪʴ ʵʥʝʨʛʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʩʪʘʥʦʚʠʪʩʷ ʩʦʠʟʤʝʨʠ-

ʤʦʡ ʩ ʵʥʝʨʛʠʝʡ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʝʢ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʠʠ ʢʘʨʜʠʥʘʣʴʥʦ ʤʝʥʷʝʪʩʷ, ʘ 

ʠʤʝʥʥʦ: ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʪʝʨʷʝʪʩʷ ʝʸ ʤʦʣʝʢʫʣʷʨʥʘʷ 

ʬʦʨʤʘ, ʯʪʦ ʥʘʯʠʥʘʝʪʩʷ ʫʞʝ ʧʨʠ ʈ 0.5 ʄʙʘʨ. ʄʦʣʝ-

ʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʷʟʠ, ï ʨʘʟʨʫʰʘʶʪʩʷ, ʵʣʝʢʪʨʦʥʥʳʝ ʦʙʦʣʦʯʢʠ ï ʜʝ-

ʬʦʨʤʠʨʫʶʪʩʷ, ʨʘʩʪʝʪ ʨʝʛʫʣʷʨʥʦʩʪʴ ʟʘʧʦʣʥʝʥʠʷ 

ʫʨʦʚʥʝʡ, ʘ ʯʘʩʪʴ ʵʣʝʢʪʨʦʥʦʚ  ʚʳʪʝʩʥʷʝʪʩʷ. ʅʘʯʠʥʘ-

ʝʪʩʷ ʩʝʨʠʷ ʧʦʣʠʤʦʨʬʥʳʭ ʧʝʨʝʭʦʜʦʚ, ʚʢʣʶʯʘʷ ʧʝʨʝ-

ʭʦʜʳ ʤʝʞʜʫ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʨʘʟʥʳʭ 

ʧʣʦʪʥʦʩʪʝʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʥʝʦʜʥʦʨʦʜ-

ʥʦʩʪʴ ʦʙʣʘʩʪʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ. ɽʜʠʥʦʡ 

ʦʩʪʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠʟʤʝʥʝʥʠʡ ʢ ʧʣʦʪʥʦ ʫʧʘ-

ʢʦʚʘʥʥʦʡ ʦʙʲʝʤʥʦ ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʢʫʙʠʯʝʩʢʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ. ʆʩʚʦʙʦʜʠʚʰʠʝʩʷ ʵʣʝʢ-

ʪʨʦʥʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʥʝʯʪʦ ʧʦʭʦʞʝʝ ʧʦ ʘʥʘʣʦʛʠʠ 

ʩ ʤʝʪʘʣʣʘʤʠ ʥʘ çʵʣʝʢʪʨʦʥʥʫʶ ʞʠʜʢʦʩʪʴè. ʄʘʪʝʨʠʷ 

ʧʝʨʝʭʦʜʠʪ ʚ ʘʪʦʤʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ. (ʀ ʥʝ ʩʣʠʰʢʦʤ 

ʧʦʥʷʪʥʦ, ʯʪʦ ʵʪʦ ʪʘʢʦʝ?) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʘʢʠʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʬʦʨʤʳ, 

ʢʘʢ ʩʠʣʠʢʘʪʳ, ʚʦʜʘ, ʛʘʟʳ ʥʘ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ çʥʝ 

ʞʠʚʫʪè, ʙʫʜʫʯʠ ʥʝʫʩʪʦʡʯʠʚʳʤʠ ʧʨʠ ʪʦʤ ʜʘʚʣʝʥʠʠ, 

ʢʦʪʦʨʦʝ ʪʘʤ ʠʤʝʝʪ ʤʝʩʪʦ. ɽʩʣʠ ʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ 

ʧʦʜʚʠʞʢʠ ï ʚʦʟʤʦʞʥʳ (ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ 

ʠʭ ʤʦʣʝʢʫʣ), ʪʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʝʨʝ-

ʤʝʱʝʥʠʷ ï ʥʝʚʦʟʤʦʞʥʳ ʚ ʧʨʠʥʮʠʧʝ, ʪʘʢ ʢʘʢ 

ʜʦʣʞʥʳ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʩʣʦʤʦʤ ʤʦʣʝʢʫʣ. ʅʝ ʥʘʜʦ 

ʜʦʢʘʟʳʚʘʪʴ, ʯʪʦ ʦʙʠʪʘʪʝʣʴ ʄʘʨʠʘʥʩʢʦʡ ʚʧʘʜʠʥʳ ʥʝ 

ʤʦʞʝʪ ʧʦʜʥʷʪʴʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʟʛʣʷʥʫʪʴ ʥʘ ʛʦʣʫ-

ʙʦʝ ʥʝʙʦ ʠ ʞʠʚʳʤ ʚʝʨʥʫʪʴʩʷ çʜʦʤʦʡè. ʉʫʱʝʩʪʚʦʚʘ-

ʥʠʝ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʪʦʞʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʤʢʘʤʠ ʈ. 

ʇʨʠ ʝʱʝ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʥʝʫʩʪʦʡʯʠ-

ʚʳʤʠ ʩʪʘʥʦʚʷʪʩʷ ʩʘʤʠ ʘʪʦʤʳ, ʠʭ ʷʜʝʨʥʳʝ ʦʙʦʣʦʯʢʠ, 

ʥʫʢʣʦʥʳ ʠ ʜʨʫʛʠʝ ʯʘʩʪʠʮʳ [ʂʠʨʞʥʠʮ, 1971; ʌʦʨ-

ʪʦʚ, 2007], ʥʦ ʚ ɿʝʤʥʳʭ ʥʝʜʨʘʭ ʜʦ ʪʘʢʦʛʦ ʛʣʫʙʦʢʦʛʦ 

ʫʨʦʚʥʷ ʧʝʨʝʩʪʨʦʡʢʠ ʜʝʣʦ ʥʝ ʜʦʭʦʜʠʪ. ʇʘʨʘʤʝʪʨʳ ʚ 

ʮʝʥʪʨʝ ɿʝʤʣʠ (ʈ ï 3.6 ʄʙʘʨ; ʊ ï 6000Ü ʂ) ʥʝʜʦʩʪʘ-

ʪʦʯʥʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ: ʝʛʦ ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʨʷʜʢʘ 105 ʂ ʠ ʜʘʚʣʝʥʠʶ ʧʦ-

ʨʷʜʢʘ 102 ʄʙʘʨ. ʅʦ ʠ ʚʝʱʝʩʪʚʘ ʚ ʵʣʝʢʪʨʦʥʥʦ-ʷʜʝʨ-

ʥʦʡ ʬʦʨʤʝ ʥʘ ʛʣʫʙʠʥʘʭ ɿʝʤʣʠ ʥʘʭʦʜʠʪʴʩʷ ʪʦʞʝ ʫʞʝ 

ʥʝ ʤʦʞʝʪ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʪʝʣʘ ɿʝʤʣʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʦʙʣʘʩʪʴ ʧʝʨʝʭʦʜʥʳʭ ʩʤʝʰʝʥʥʳʭ ʬʦʨʤ ʩʦʩʪʦʷʥʠʡ ʠ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʵʪʠʭ ʩʦʩʪʦʷʥʠʡ. 

ɺ ʬʠʟʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʝʨʝʩʪʨʦʡʢʘ ʤʘ-

ʪʝʨʠʠ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʜʘʚʣʝʥʠʠ 

ʚʳʰʝ 0.5 ʄʙʘʨ [ʌʦʨʪʦʚ, 2009], ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
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ʨʘʩʩʯʠʪʘʥʥʦʡ ʛʣʫʙʠʥʝ ~1100 ʢʤ. ʆʜʥʘʢʦ, ʚʨʝʤʷ 

ʚʦʟʜʝʡʩʪʚʠʷ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʝʪʦʜʘ ʘʣʤʘʟʥʦʡ ʥʘʢʦ-

ʚʘʣʴʥʠ ʦʯʝʥʴ ʢʦʨʦʪʢʦ (10-6 10-9ʩʝʢ [ʌʦʨʪʦʚ, 2007]), 

ʯʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʨʠ ʜʣʠʪʝʣʴ-

ʥʦʤ ʠ ʧʦʩʪʦʷʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʨʝʘʣʴʥʘʷ ʛʣʫʙʠʥʘ 

ʥʘʯʘʣʘ ʧʝʨʝʩʪʨʦʡʢʠ ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ. 

ɺ ʩʚʝʪʝ ʚʳʰʝ ʠʟʣʦʞʝʥʥʦʛʦ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʧʨʠʚʣʝʢʘʝʪ ʧʨʠʨʦʜʘ ʘʩʪʝʥʦʩʬʝʨʳ, ʢʦʪʦʨʫʶ ʛʝʦʬʠ-

ʟʠʢʠ ʥʘʟʳʚʘʶʪ ʚʦʣʥʦʚʦʜʦʤ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ. ɽʸ 

ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʤʘʪʝʨʠʢʘʤʠ ʧʦ ʨʘʟ-

ʣʠʯʥʳʤ ʜʘʥʥʳʤ ʥʘ ʛʣʫʙʠʥʝ ~ 120 ʢʤ, ʧʦʜ ʦʢʝʘʥʘʤʠ 

~ 50ʢʤ. ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ ʧʨʦʭʦʜʠʪ ʥʘ ʛʣʫʙʠʥʝ ~ 400 

ʢʤ. ʉʣʦʡ ʦʙʣʘʜʘʝʪ ʥʝʨʝʟʢʠʤʠ ʛʨʘʥʠʮʘʤʠ, ʥʝ ʨʘʚʥʦ-

ʤʝʨʝʥ ʧʦ ʤʦʱʥʦʩʪʠ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʘʭ ʚʝʨʦʷʪʥʦ 

ʦʪʩʫʪʩʪʚʫʝʪ. ɼʣʷ ʥʝʛʦ ʭʘʨʘʢʪʝʨʥʘ ʧʦʥʠʞʝʥʥʘʷ ʩʢʦ-

ʨʦʩʪʴ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʠ ʧʦʚʳʰʝʥʥʘʷ ʵʣʝʢʪʨʦ-

ʧʨʦʚʦʜʥʦʩʪʴ. ɽʛʦ ʚʷʟʢʦʩʪʴ ~1019ï1021 ʧʫʘʟ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʥʘʜ ʠ ʧʦʜ ʥʠʤ ʦʥʘ ʥʘ 3ï5 ʧʦʨʷʜʢʦʚ ʚʳʰʝ. 

ʊʘʢʠʝ ʩʚʦʡʩʪʚʘ ʛʦʚʦʨʷʪ, ʯʪʦ ʟʜʝʩʴ ʨʘʩʧʦʣʦʞʝʥ 

ʧʝʨʚʳʡ ʛʣʫʙʠʥʥʳʡ ʫʨʦʚʝʥʴ ɿʝʤʣʠ, ʛʜʝ ʧʣʦʪʥʦʩʪʴ 

ʵʥʝʨʛʠʡ ʜʦʩʪʠʛʘʝʪ ʫʨʦʚʥʷ ʠʦʥʠʟʘʮʠʠ ʘʪʦʤʦʚ ʩ ʩʘ-

ʤʳʤ ʥʠʟʢʠʤ ʝʛʦ ʟʥʘʯʝʥʠʝʤ, ʭʦʪʷ, ʢʘʢ ʩʢʘʟʘʥʦ ʚʳʰʝ, 

- ʨʘʩʩʯʠʪʘʥʥʦʝ ʜʘʚʣʝʥʠʝ ʝʱʝ ʠ ʥʝ ʩʪʦʣʴ ʚʝʣʠʢʦ. 

ʉʫʜʷ ʧʦ ʚʩʝʤʫ  ʥʘ ʵʪʦʤ ʫʨʦʚʥʝ ʤʘʪʝʨʠʷ, ʭʦʪʷ ʙʳ 

ʯʘʩʪʠʯʥʦ, ʥʦ ʫʞʝ ʧʝʨʝʭʦʜʠʪ ʚ ʵʣʝʢʪʨʦʥʥʦ-ʠʦʥʥʦ-

ʧʣʘʟʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɸ ʵʣʝʢʪʨʦʥʥʦ-ʠʦʥʥʘʷ 

ʧʣʘʟʤʘ ʥʝ ʙʳʚʘʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʨʘʚʥʦʚʝʩʥʦʡ 

[ʏʝʨʥʘʚʩʢʠʡ, 2001, ʯʘʩʪʴ 2.2]. ɺ ʥʝʡ ʚʦʟʥʠʢʘʶʪ ʥʝ-

ʩʪʘʮʠʦʥʘʨʥʳʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, ʧʦʷʚ-

ʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʥʝʫʩʪʦʡʯʠʚʳʭ ʚʦʣʥ, ʪʝʯʝ-

ʥʠʷ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʝ [ʂʠʨʞʥʠʮ, 2006; ʌʦʨʪʦʚ, 

2009]. ʇʦʵʪʦʤʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʩʪʝʥʦʩʬʝʨʳ ʜʘʶʪ 

ʦʩʥʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʪʦ, ʯʪʦ ʥʳʥʝ ʩʯʠʪʘʝʪʩʷ 

çʩʣʦʝʤè, çʩʬʝʨʦʡè, ʩʢʦʨʝʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙ-

ʣʘʩʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʦʪʦ-

ʢʦʚ ʤʘʛʤʳ-ʩ ʚ ʩʦʩʪʦʷʥʠʠ ʵʣʝʢʪʨʦʥʥʦ-ʠʦʥʥʦʡ 

ʧʣʘʟʤʳ, ʢʦʪʦʨʳʝ ʜʚʠʞʫʪʩʷ ʧʦʜʦʙʥʦ ʪʝʧʣʳʤ ʠ ʭʦ-

ʣʦʜʥʳʤ ʪʝʯʝʥʠʷʤ ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ, ʛʜʝ ʦʜʥʘ ʚʦʜʘ 

ʪʝʯʝʪ ʚ çʙʝʨʝʛʘʭè ʜʨʫʛʦʡ ʚʦʜʳ. 

ʂʩʪʘʪʠ: ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʘʢʠʭ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴ-

ʥʳʭ ʧʦʪʦʢʦʚ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʜʨʝʡʬ ʤʘʪʝʨʠʢʦʚ. 

ɺʫʣʢʘʥʠʯʝʩʢʠʝ ʢʘʥʘʣʳ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʩʢʚʘ-

ʞʠʥ, ʧʦ ʢʦʪʦʨʳʤ ʧʦʜʥʠʤʘʝʪʩʷ ʛʣʫʙʠʥʥʦʝ ʚʝʱʝʩʪʚʦ, 

ʥʦ ʧʦʥʷʪʥʦ, ʯʪʦ ʧʦʣʫʯʠʪʴ ʝʛʦ ʚ ʨʫʢʠ ʤʳ ʤʦʞʝʤ 

ʪʦʣʴʢʦ ʚ ʪʦʤ ʚʠʜʝ, ʢʦʪʦʨʦʝ ʦʥʦ ʧʨʠʥʠʤʘʝʪ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ. ʆʜʥʘʢʦ ʥʝ ʙʳʚʘʝʪ ʪʘʢ, ʯʪʦʙʳ ʦʥʦ ʥʝ 

ʥʝʩʣʦ ʩʣʝʜʦʚ ʩʚʦʝʡ ʵʚʦʣʶʮʠʠ: ʵʪʠ ʩʣʝʜʳ ʥʫʞʥʦ ʧʦ-

ʩʪʘʨʘʪʴʩʷ ʥʘʡʪʠ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʢʦʩʚʝʥʥʳʝ ʧʨʠ-

ʟʥʘʢʠ. 

ʊʘʢ, ʝʩʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʬʠʟʠʢʦʚ ʦʙ ʠʦʥʠʟʘ-

ʮʠʠ  ʚʝʨʥʳ, ʪʦ ʦʞʠʜʘʝʤʦ, ʯʪʦ ʧʝʨʚʳʤʠ ʩ ʛʣʫʙʠʥʦʡ 

ʩʚʦʠ ʚʥʝʰʥʠʝ ʵʣʝʢʪʨʦʥʳ ʜʦʣʞʥʳ ʧʦʪʝʨʷʪʴ ʯʘʩʪʠʮʳ 

ʩ ʠʭ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦʪʝʥʮʠʘʣʘʤʠ. ʊʘʢʦʚʳʤʠ ʷʚʣʷ-

ʶʪʩʷ ʱʝʣʦʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʠ ʣʠʜʠʨʦʚʘʪʴ ʩʨʝʜʠ ʥʠʭ 

ʜʦʣʞʝʥ ʮʝʟʠʡ ʢʘʢ ʵʣʝʤʝʥʪ ʩ ʝʛʦ ʩʘʤʳʤ ʤʠʥʠʤʘʣʴ-

ʥʳʤ ʟʥʘʯʝʥʠʝʤ (ʨʠʩ 1). 

 
ʈʠʩ.1 ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʥʮʠʘʣʘ ʠʦʥʠʟʘʮʠʠ ʵʣʝʤʝʥʪʘ (ʵɺ) ʦʪ ʝʛʦ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ (Z) 

 ʚ ʪʘʙʣʠʮʝ ʄʝʥʜʝʣʝʝʚʘ. 

ʉʣʝʜʳ ʷʚʣʝʥʠʷ ʨʘʟʫʤʥʦ ʧʦʠʩʢʘʪʴ ʚ ʦʩʦʙʝʥʥʦ-

ʩʪʷʭ ʩʦʩʪʘʚʘ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ. ʀ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʦ: ʠʤʝʥʥʦ ʱʝʣʦʯʥʳʝ ʵʣʝʤʝʥʪʳ çʟʘʩʚʝʪʠʣʠʩʴè 

ʚ ʚʫʣʢʘʥʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ. ʆʥʠ ʦʜʥʠ, ʧʦʯʪʠ ʙʝʟ ʢʘ-

ʪʠʦʥʦʚ ʜʨʫʛʦʡ ʚʘʣʝʥʪʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʘʪʠʦʥ-

ʥʫʶ ʯʘʩʪʴ ʩʘʤʳʭ ʛʦʨʷʯʠʭ ʠ ʤʦʱʥʳʭ ʪʝʨʤʘʣʴʥʳʭ 

ʚʦʜ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʧʝ-

ʨʝʛʨʝʪʳʭè, ʠ ʠʤʝʥʥʦ ʮʝʟʠʷ ʪʘʤ ʦʢʘʟʘʣʦʩʴ ʦʩʦʙʝʥʥʦ 

ʤʥʦʛʦ [ɸʨʩʘʥʦʚʘ, 2013, 2016]. ɺ ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ ï 

ʧʦʯʪʠ ʦʜʠʥ ʭʣʦʨ, Na/K (ʧʦ ʤʘʩʩʝ) ~10. ʄʠʥʝʨʘʣʠʟʘ-

ʮʠʷ 1.5ï4 ʛ/ʣ. ɺʩʝ ʨʝʜʢʠʝ ʱʝʣʦʯʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ 

ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʳ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

Li:Rb:Cs (ʧʦ ʤʘʩʩʝ) ~ ʢʘʢ 10:1:1. ʉʦʜʝʨʞʘʥʠʷ ʚ ʤʛ/ʣ: 

Li 3ï4; Rb 0.2ï0.3; Cs 0.3ï0.4. ʕʪʦ ʦʯʝʥʴ ʚʳʩʦʢʠʝ 

ʩʦʜʝʨʞʘʥʠʷ, ʘ ʜʣʷ ʮʝʟʠʷ ï ʫʨʘʛʘʥʥʳʝ. ʇʨʠʥʠʤʘʷ ʚʦ 

ʚʥʠʤʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʛʝʦʭʠʤʠʠ ʪʘʢʠʝ ʩʦʜʝʨ-

ʞʘʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠʥʜʠʢʘʪʦʨʦʤ (ʤʘʨʢʝʨʦʤ) ʛʣʫ-

ʙʠʥʥʦʩʪʠ. ɺ ʢʨʘʪʝʨʘʭ ʜʝʡʩʪʚʫʶʱʠʭ ʚʫʣʢʘʥʦʚ ʠ ʥʘ 

ʣʘʚʦʚʳʭ ʧʦʪʦʢʘʭ ʙʳʣʠ ʥʘʡʜʝʥʳ ʨʝʜʯʘʡʰʠʝ ʮʝʟʠʝ-

ʚʳʝ ʤʠʥʝʨʘʣʳ ʘʚʦʛʘʜʨʠʪ ʠ ʘʚʝʨʴʝʚʠʪ; ʚʳʩʦʢʠʝ ʩʦ-

ʜʝʨʞʘʥʠʷ ʮʝʟʠʷ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʧʘʨʘʭ ʚʳʩʦʢʦʪʝʤʧʝ-

ʨʘʪʫʨʥʳʭ (700-900Áʉ) ʜʦʥʥʳʭ ʢʨʘʪʝʨʥʳʭ ʬʫʤʘʨʦʣ 

[ʪʘʤ ʞʝ]. 
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ɺ ʚʳʙʨʦʰʝʥʥʦʤ ʚʫʣʢʘʥʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ ʥʝ 

ʪʘʢ ʜʘʚʥʦ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʦʯʝʥʴ ʤʘʣʳʝ ʢʦʣʠʯʝ-

ʩʪʚʘ ʤʦʥʦʘʪʦʤʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ ʫʛʣʝʨʦʜʘ 

(ʛʨʘʬʠʪ, ʘʣʤʘʟ) ʠ ʩʘʤʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (Fe, Al, Cu, 

Zn, Sb, Au) [ʂʘʨʧʦʚ ʠ ʜʨ.2014], [ɻʦʨʜʝʝʚ ʠ ʜʨ. 2014], 

ʢʦʪʦʨʳʝ ʦʯʝʥʴ ʧʦʭʦʞʠ ʥʘ ʨʝʣʠʢʪʳ ʘʪʦʤʘʨʥʳʭ ʛʣʫ-

ʙʠʥʥʳʭ ʬʦʨʤ. 

ɼʘʚʥʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʠʟʚʝʨʛʘʶʱʠʡʩʷ ʚʫʣʢʘʥʠ-

ʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ - ʥʘʵʣʝʢʪʨʠʟʦʚʘʥ. ʀʟʚʝʨʞʝʥʠʷ ʩʦ-

ʧʨʦʚʦʞʜʘʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠ ʦʯʝʥʴ ʩʠʣʴ-

ʥʳʤʠ ʤʦʣʥʠʷʤʠ, ʚʦʟʥʠʢʘʶʪ ʦʛʥʠ ʩʚ. ʕʣʴʤʘ. 

ʉʫʤʤʠʨʫʷ ʧʦʣʝʚʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ 

ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʬʠʟʠʢʦʚ ʦʙ 

ʠʦʥʠʟʘʮʠʠ ʤʘʪʝʨʠʠ, ʠ ʝʸ ʯʘʩʪʠʯʥʦ ʘʪʦʤʘʨʥʦʤ ʩʦ-

ʩʪʦʷʥʠʠ ʥʘ ʥʝʢʦʪʦʨʦʡ ʛʣʫʙʠʥʝ ʦʥʠ ʩʢʦʨʝʝ ʧʦʜʪʚʝʨ-

ʞʜʘʶʪ. 

ʂʩʪʘʪʠ. ɺʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʬʠ-

ʟʠʢʦʚ ʦ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʠ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʧʣʦʪ-

ʥʦʩʪʝʡ ʵʥʝʨʛʠʡ ʜʠʩʢʨʝʜʠʪʠʨʫʶʪ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʛʠ-

ʧʦʪʝʟʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ 

ʚʝʱʝʩʪʚʘ ʚ ʵʣʝʢʪʨʦʥʥʦ-ʷʜʝʨʥʦʡ ʬʦʨʤʝ: ʧʣʦʪʥʦʩʪ-

ʥʘʷ ʢʦʥʚʝʢʮʠʷ, ʧʦʜʲʝʤʳ ʧʣʶʤʦʚ, ʧʦʪʦʢʠ ʬʣʶʠʜʠ-

ʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʠ ʪ.ʧ. ʧʨʝʜʧʦʣʦʞʝʥʠʷ. ʆʜʥʘʢʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʦʪʦʢʘ ʦʙʦʙʱʝʩʪʚʣʝʥʥʳʭ ʵʣʝʢʪʨʦ-

ʥʦʚ ʚ ʵʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʚʝʨʦʷʪʥʦ ʧʨʘʚʦʤʝʨʥʦ: ʫ 

ʥʝʛʦ ʝʩʪʴ ʩʚʦʡʩʪʚʦ ʧʨʦʥʠʢʘʪʴ ʩʢʚʦʟʴ ʚʝʱʝʩʪʚʦ 

[ʂʠʨʞʥʠʮ, 2006]. 

ɼʨʫʛʦʡ ʚʳʚʦʜ ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʬʠʟʠʢʦʚ ʩʦʩʪʦʠʪ 

ʚ ʪʦʤ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʠʩʢʘʪʴ 

ʧʨʠʯʠʥʳ ʛʝʦʩʬʝʨ ʚ ʩʦʩʪʦʷʥʠʠ ʚʝʱʝʩʪʚʘ ʠ ʝʛʦ ʜʠʥʘ-

ʤʠʢʝ, ʯʝʤ ʚ ʩʦʩʪʘʚʝ. ʊʝʤ ʙʦʣʝʝ, ʯʪʦ ʧʨʷʤʦʝ ʩʦʧʦ-

ʩʪʘʚʣʝʥʠʝ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʩ ʩʦʩʪʘʚʦʤ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʙʫʨʝʥʠʷ ʛʣʫʙʦʢʠʭ (ʥʦ ʚʩʝʛʦ 7-12 ʢʤ!) 

ʩʢʚʘʞʠʥ [ʇʦʧʦʚ, ʂʨʝʤʝʥʝʮʢʠʡ, 1999] ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʚʦʣʥʦʚʘʷ ʢʘʨʪʠʥʘ, ʬʠʢʩʠʨʫʝʤʘʷ ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʤʝ-

ʪʦʜʘʤʠ, ʥʝ ʦʪʨʘʞʘʝʪ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ. 

ʄʝʩʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʫʣʢʘʥʦʚ 

ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʣʦʢʘʣʠʟʘʮʠʠ çʢʦʨʥʝʡè ʚʫʣ-

ʢʘʥʦʚ ʥʘ ʛʣʫʙʠʥʝ ʧʦʨʷʜʢʘ 60 ʢʤ ʚ ʨʘʡʦʥʝ ʚʝʨʭʥʝʡ 

ʤʘʥʪʠʠ ʙʳʣʦ ʚʧʝʨʚʳʝ ʚʳʩʢʘʟʘʥʦ ɻ. ɻʦʨʰʢʦʚʳʤ 

[1956] ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ 

ʚʫʣʢʘʥʫ ʂʣʶʯʝʚʩʢʦʡ ʠ ʧʦʟʞʝ ʧʦ ʛʝʦʬʠʟʠʯʝʩʢʠʤ 

ʜʘʥʥʳʤ ʩʤ. çɼʝʡʩʪʚʫʶʱʠʝ ʚʫʣʢʘʥʳ ʂʘʤʯʘʪʢʠè 

[1991]. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʫʣʢʘʥʳ ʚʦʟʥʠʢʘʶʪ ʧʦʪʦʤʫ, ʯʪʦ 

ʠʭ ʚʠʜʠʤʳʝ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʤ 

ʧʨʦʷʚʣʝʥʠʝʤ ʢʘʢʠʭ-ʪʦ ʦʙʷʟʘʪʝʣʴʥʳʭ ʚ ʭʦʜʝ ʵʚʦʣʶ-

ʮʠʠ ʧʣʘʥʝʪ ʠ ʠʭ ʩʧʫʪʥʠʢʦʚ ʛʣʫʙʠʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɺʦʧʨʦʩ ʚʦʧʨʦʩʦʚ ʚʫʣʢʘʥʦʣʦʛʠʠ: ʏʪʦ ʵʪʦ ʟʘ ʧʨʦ-

ʮʝʩʩʳ? 

ʉʝʡʯʘʩ ʫʞʝ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʣʝʜʳ ʙʳʣʦʡ 

ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘʡʜʝʥʳ ʥʘ ʙʣʠʞʘʡʰʠʭ 

ʧʣʘʥʝʪʘʭ: ʥʘ ʄʝʨʢʫʨʠʠ, ɺʝʥʝʨʝ, ʄʘʨʩʝ, ʥʘ ʩʧʫʪʥʠ-

ʢʘʭ ʖʧʠʪʝʨʘ, ʉʘʪʫʨʥʘ. ʅʘ ʄʘʨʩʝ ʘʢʪʠʚʥʳʡ ʚʫʣʢʘ-

ʥʠʟʤ ʙʳʣ ʩʦʚʩʝʤ ʥʝʜʘʚʥʦ, ʥʦ ʫʞʝ ʧʨʝʢʨʘʪʠʣʩʷ, ʠ ʠʩ-

ʯʝʟʣʘ ʚʦʜʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ, ʭʦʪʷ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦ-

ʩʪʨʦʡʢʠ ʠ ʨʝʣʴʝʬ, ʦʩʪʘʚʣʝʥʥʳʡ ʚʦʜʥʳʤʠ ʧʦʪʦʢʘʤʠ, 

ʚʩʸ ʝʱʝ ʭʦʨʦʰʦ ʚʠʜʥʳ. ʅʘ ʩʧʫʪʥʠʢʝ ʖʧʠʪʝʨʘ ʀʦ 

ʜʘʞʝ ʫʜʘʣʦʩʴ ʥʘʙʣʶʜʘʪʴ ʩʘʤʦ ʠʟʚʝʨʞʝʥʠʝ. 

ʆʜʥʘʢʦ ʧʣʠʪʦʚʦʡ ʪʝʢʪʦʥʠʢʠ ʥʘ ʙʣʠʞʘʡʰʠʭ 

ʧʣʘʥʝʪʘʭ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ, ʠ ʵʪʦ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚʫʣʢʘʥʠʟʤ, ʢʘʢ ʧʣʘʥʝʪʘʨʥʦʝ ʷʚʣʝ-

ʥʠʝ, ʩ ʧʣʠʪʦʚʦʡ ʪʝʢʪʦʥʠʢʦʡ ʥʝ ʩʚʷʟʘʥ. ʂ ʪʦʤʫ ʞʝ 

ʩʦʩʪʘʚ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʥʝ ʦʪʚʝʯʘʝʪ ʧʝʨʝ-

ʧʣʘʚʣʝʥʥʳʤ ʦʢʝʘʥʠʯʝʩʢʠʤ ʠʣʘʤ ʠ ʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʩʦʜʝʨʞʘʥʠʷʤʠ ʪʘʢʦʛʦ ʛʣʫʙʠʥʥʦʛʦ ʤʘʨʢʝʨʘ, ʢʘʢ ʮʝ-

ʟʠʡ. ʀʤ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʩʪʘʚ ʣʘʚ ʂʣʶʯʝʚʩʢʦʛʦ 

ʚʫʣʢʘʥʘ [Kersting A.B., Arculus R.J., ʩʩʳʣʢʘ ʧʦ 

ɸ.ʆʟʝʨʦʚʫ, 2016 ʩʪʨ.99]. ʊʦ ʝʩʪʴ ʚʫʣʢʘʥʳ ʚʦʟʥʠ-

ʢʘʶʪ ʢʘʢ-ʪʦ ʠʥʘʯʝ, ʠ ʛʠʧʦʪʝʟʘ ʧʣʠʪʦʚʦʡ ʪʝʢʪʦʥʠʢʠ 

ʠʭ ʧʦʷʚʣʝʥʠʝ ʥʝ ʦʙʲʷʩʥʷʝʪ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʚ ʛʝʦʣʦʛʠʠ ʚ ʨʘʤʢʘʭ ʣʠʥʝʡʥʦʡ 

ʧʨʠʯʠʥʥʦʩʪʠ ʠʱʫʪʩʷ ʚʥʝʰʥʠʝ ʩʠʣʳ, ʟʘʩʪʘʚʣʷʶʱʠʝ 

ʩʨʝʜʫ ʧʨʠʥʠʤʘʪʴ ʪʝ ʠʣʠ ʠʥʳʝ ʬʦʨʤʳ ʠ ʩʪʨʫʢʪʫʨʳ. 

ʊʘʢ ʚ ʛʠʧʦʪʝʟʝ ʤʦʙʠʣʠʟʤʘ ʚʫʣʢʘʥʠʟʤ ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʪʩʷ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʩʫʙʜʫʢʮʠʠ, ʘ ʧʨʠʯʠʥʫ ʧʦʩʪʫʧʣʝ-

ʥʠʷ (çʚʳʜʘʚʣʠʚʘʥʠʷè) ʤʘʛʤʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʯʝʨʝʟ 

ʞʝʨʣʘ ʚʫʣʢʘʥʦʚ ʥʝʢʦʪʦʨʳʝ ʛʝʦʣʦʛʠ ʫʩʤʘʪʨʠʚʘʶʪ ʚ 

ʜʘʚʣʝʥʠʠ ʚʳʰʝʣʝʞʘʱʠʭ ʧʦʨʦʜ ʢʦʨʳ. ɺ ʜʠʩʩʝʨʪʘ-

ʮʠʠ ɸ.ʆʟʝʨʦʚʘ [2016] ʧʨʠʯʠʥʳ ʧʦʷʚʣʝʥʠʷ ʚʦʣʥ 

ʜʚʫʭ ʪʠʧʦʚ ï ʜʨʦʞʘʥʠʷ ʠ sister events ï ʪʦʞʝ ʠʱʫʪʩʷ 

ʚʦʚʥʝ. (ʀ ʥʝ ʥʘʭʦʜʷʪʩʷ.) ʉʙʦʨʥʠʢ çɺʠʭʨʠ ʚ ʛʝʦʣʦ-

ʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭè [2004] ʚʝʩʴ (ʧʦʨʷʜʢʘ 20 ʩʪʘ-

ʪʝʡ) ʧʨʦʥʠʟʘʥ ʧʦʠʩʢʦʤ ʬʠʟʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʚʥʝʰʥʠʭ ʧʨʠʯʠʥ ʦʙʨʘʟʦʚʘʥʠʷ ʚʠʭʨʝʡ ʠ 

ʧʨʠʟʥʘʥʠʝʤ ʪʦʛʦ, ʯʪʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷ ʧʨʠʯʠʥʘ 

ʥʝ ʥʘʡʜʝʥʘ. 

ʆʜʥʘʢʦ ʝʩʣʠ ʧʦʥʠʤʘʪʴ ɺʋʃʂɸʅ ʥʝ ʢʘʢ çʥʝʦʜ-

ʥʦʨʦʜʥʦʩʪʴ ʣʠʪʦʩʬʝʨʳè, ʘ ʢʘʢ ʩʘʤʦʨʘʟʚʠʚʘʶʱʫʶʩʷ 

ʜʠʩʩʠʧʘʪʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʪʦ ʘʚʪʦʚʦʣʥʳ ʝʩʪʴ ʝʸ 

ʩʚʦʡʩʪʚʦ. ɺʦʣʥʳ ʜʨʦʞʘʥʠʷ ʠ sister events ʦʯʝʥʴ ʧʦ-

ʭʦʞʠ ʥʘ ʩʧʠʨʘʣʴʥʳʝ ʘʚʪʦʚʦʣʥʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚ-

ʣʷʶʪ ʩʦʙʦʡ ʛʣʘʚʥʳʡ ʪʠʧ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʘʤʦʧʦʜ-

ʜʝʨʞʠʚʘʶʱʠʭʩʷ ʩʪʨʫʢʪʫʨ [ʃʦʩʢʫʪʦʚ, ʄʠʭʘʡʣʦʚ 

1990; ʃʦʩʢʫʪʦʚ, 2007; ʉʣʝʧʥʝʚ, ɺʘʜʠʚʘʩʦʚʘ, 2012 ʠ 

ʜʨ.]. 

ʏʪʦʙʳ ʤʳʩʣʠʪʴ ʘʜʝʢʚʘʪʥʦ ʇʨʠʨʦʜʝ, ʥʝʦʙʭʦ-

ʜʠʤʦ ʥʘʫʯʠʪʴʩʷ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʦʪʜʝʣʴ-

ʥʳʝ ʯʘʩʪʠ ʩʪʨʫʢʪʫʨ ʠ ʷʚʣʝʥʠʡ (ʢʘʢ ʵʪʦ ʦʙʳʯʥʦ ʜʝ-

ʣʘʝʪʩʷ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ), ʥʦ ɺʉɽ ʠʭ ʮʝʣʠ-

ʢʦʤ ʢʘʢ ɽɼʀʅʆɽ ʆɹʈɸɿʆɺɸʅʀɽ. ʊʘʢ ʢʘʢ 

ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ 

ʧʦʜʯʠʥʝʥʳ ʥʝʢʦʤʫ ʚʩʝʦʙʱʝʤʫ ʟʘʢʦʥʫ, ʪʦ ʠ ʧʨʦʮʝʩʩ 

ʨʦʞʜʝʥʠʷ ʚʫʣʢʘʥʘ ʝʩʪʴ ʝʛʦ ʚʘʨʠʘʥʪ. 

ʀʟ ʦʙʱʠʭ ʧʦʣʦʞʝʥʠʡ ʦ ɼʉ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʫʣʢʘʥ 

ʜʦʣʞʝʥ ʨʦʜʠʪʴʩʷ ʥʘ ʧʦʜʭʦʜʷʱʝʡ ʩʨʝʜʝ, ʧʨʠʯʝʤ ʠʟ-

ʥʘʯʘʣʴʥʦ - ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ. ʇʨʠʯʠʥʦʡ ʝʛʦ ʨʦʞʜʝ-

ʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʩʚʦʡʩʪʚʘ ʵʪʦʡ ʩʨʝʜʳ. ʆʧʨʝʜʝʣʷʶ-

ʱʠʤ ʩʚʦʡʩʪʚʦʤ ʩʨʝʜʳ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʠʩʫʪʩʪʚʠʝ 

ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʩʣʦʞʥʳʭ ʯʘʩʪʠʮ, 

ʧʨʝʙʳʚʘʶʱʠʭ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʥʝʦʨʛʘʥʠʟʦʚʘʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ. ʋʩʣʦʚʠʷ ʜʣʷ ʧʦʷʚʣʝʥʠʷ ʪʘʢʦʡ ʩʨʝʜʳ ʩʦ-

ʟʜʘʶʪʩʷ ʚʥʝʰʥʠʤʠ ʩʠʣʘʤʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʢʨʝʪʥʦʡ ʩʨʝʜʳ ʜʣʷ ʨʦʞʜʝʥʠʷ 

ɼʉ-ʚʫʣʢʘʥ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʠʪ ʦʙʣʘʩʪʴ ʘʩʪʝʥʦ-

ʩʬʝʨʳ. ɿʜʝʩʴ (ʩʤ. ʚʳʰʝ) ʤʘʪʝʨʠʷ ʪʝʨʷʝʪ ʩʚʦʸ çʧʦʣ-

ʥʦʮʝʥʥʦʝè ʤʦʣʝʢʫʣʷʨʥʦʝ ʩʪʨʦʝʥʠʝ: ʥʘʯʠʥʘʝʪʩʷ ʝʸ 

ʠʦʥʠʟʘʮʠʷ. ɺʳʰʝ ʘʩʪʝʥʦʩʬʝʨʳ ʧʦʜʭʦʜʷʱʠʭ ʫʩʣʦ-

ʚʠʡ ʥʝ ʩʦʟʜʘʝʪʩʷ ï ʜʘʚʣʝʥʠʝ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 

çʩʣʦʤʘè ʤʦʣʝʢʫʣ ʠ ʦʪʨʳʚʘ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, 

ʧʦʵʪʦʤʫ ʨʘʟʣʠʯʥʳʭ ʘʢʪʠʚʥʳʭ ʨʘʜʠʢʘʣʦʚ ʝʱʝ ʥʝ 

ʚʦʟʥʠʢʘʝʪ. 

ʉʘʤ ʧʨʦʮʝʩʩ ʜʠʩʩʦʮʠʘʮʠʠ ʠ ʠʦʥʠʟʘʮʠʠ ʤʦʣʝ-

ʢʫʣ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʦʪʝʢʘʝʪ 

ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʬʦʨʤʳ ʠʦʥʦʚ-ʬʨʘʛʤʝʥʪʦʚ 

ʤʘʪʝʨʠʥʩʢʦʡ ʤʦʣʝʢʫʣʳ [ɿʘʚʠʣʦʧʫʣʦ ʠ ʜʨ. 2005]. 
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ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ, 

ʥʦ ʠ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʠʜʦʚ ʯʘʩʪʠʮ, ʯʪʦ ʝʩʪʴ 

ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʙʫʜʫʱʠʭ ʩʪʨʫʢ-

ʪʫʨ. ɺʦʟʥʠʢʘʝʪ ʘʢʪʠʚʥʘʷ, ʚʦʟʙʫʞʜʝʥʥʘʷ, ʭʘʦʪʠʯʥʘʷ 

ʩʨʝʜʘ, ʦʪʚʝʯʘʶʱʘʷ ʫʩʣʦʚʠʷʤ ʨʦʞʜʝʥʠʷ ɼʉ, ʠ ʦʥʠ ʩ 

ʥʝʠʟʙʝʞʥʦʩʪʴʶ ʧʦʷʚʣʷʶʪʩʷ ʟʜʝʩʴ, ʧʨʠʯʝʤ ʩʥʘʯʘʣʘ 

ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ. ʇʦʷʚʠʚʰʠʩʴ, ʚʩʪʫʧʘʶʪ ʚ ʢʦʥʢʫ-

ʨʝʥʪʥʫʶ ʙʦʨʴʙʫ, ʧʦʛʣʦʱʘʶʪ ʜʨʫʛ ʜʨʫʛʘ, ʨʘʩʪʫʪ ʠ 

ʚʳʭʦʜʷʪ ʥʘ ʤʘʢʨʦʫʨʦʚʝʥʴ. ɺʳʞʠʚʘʶʪ ʪʝ, ʵʥʪʨʦʧʠʷ 

ʢʦʪʦʨʳʭ ʨʘʩʪʝʪ ʙʳʩʪʨʝʝ. ʇʨʦʩʪʳʝ ʬʦʨʤʳ ʩʪʫʧʝʥ-

ʯʘʪʦ ʫʩʣʦʞʥʷʶʪʩʷ ʧʫʪʝʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ [ʍʘʢʝʥ, 

1991]. ʉʚʦʡʩʪʚʘ ʭʘʦʩʘ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ ʚ ʜʘʣʴʥʝʡ-

ʰʝʤ ʦʧʨʝʜʝʣʷʶʪ ʤʝʭʘʥʠʟʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʥʘ 

ʤʘʢʨʦʫʨʦʚʥʝ. 

ɿʘʪʝʤ ʥʘʩʪʫʧʘʝʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʢʦʣʠʯʝʩʪʚʦ ʧʝ-

ʨʝʤʝʥ ʧʝʨʝʭʦʜʠʪ ʚ ʢʘʯʝʩʪʚʦ, ʠ ʧʨʦʮʝʩʩ ʣʦʢʘʣʠʟʫ-

ʝʪʩʷ ʥʘ ʩʨʝʜʝ ʚ ʚʠʜʝ ʤʘʢʨʦʩʪʨʫʢʪʫʨ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʬʦʨʤʳ. 

ʂʘʢʦʡ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ? 

ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʪʘʢʦʡ ʤʘʢʨʦʩʪʨʫʢʪʫ-

ʨʦʡ ʦʢʘʞʫʪʩʷ ʩʧʠʨʘʣʴʥʳʝ ʚʦʣʥʳ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʣʘʚʥʳʡ ʪʠʧ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʘ-

ʤʦʧʦʜʜʝʨʞʠʚʘʶʱʠʭʩʷ ʠ ʦʯʝʥʴ ʫʩʪʦʡʯʠʚʳʭ ʩʪʨʫʢ-

ʪʫʨ ʚ ʚʦʟʙʫʜʠʤʳʭ ʩʨʝʜʘʭ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, 

ʠʩʩʣʝʜʫʶʱʠʝ ʭʘʦʪʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ, ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʷʚʣʝʥʠʷ ʦʙʷʟʘʪʝʣʴʥʳ ʥʘ ʚʩʝʭ 

ʩʨʝʜʘʭ [ʃʦʩʢʫʪʦʚ, ʄʠʭʘʡʣʦʚ, 2007]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʘʤʦʧʦʜʜʝʨʞʘʥʠʝ ʥʝʙʠʦʣʦʛʠʯʝ-

ʩʢʠʭ ʩʠʩʪʝʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʥʝʣʠ-

ʥʝʡʥʳʭ ʦʙʲʝʤʥʳʭ ʩʪʦʢʦʚ [ʂʫʨʜʶʤʦʚ, 1994]. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ: ʜʣʷ ʜʝʡʩʪʚʫʶʱʝʡ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ 

ɼʉ ʪʦʢ ʚʝʱʝʩʪʚʘ - ʦʙʷʟʘʪʝʣʝʥ. ɼʉ ʚʫʣʢʘʥ ʧʦʩʪʦ-

ʷʥʥʦ ʠʣʠ ʜʠʩʢʨʝʪʥʦ ʚʳʥʦʩʠʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʘʛʤʫ. 

ʉʫʜʷ ʧʦ ʚʩʝʤʫ, - ʛʣʫʙʠʥʘ, ʛʜʝ ʩʦʟʜʘʶʪʩʷ ʫʩʣʦ-

ʚʠʷ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ɼʉ ʥʘ ʘʩʪʝʥʦʩʬʝʨʥʦʤ ʧʦ-

ʪʦʢʝ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ çʢʦʨʥʷʤè ʚʫʣʢʘʥʦʚ ʩʦʛʣʘʩʥʦ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ. ʄʘʛʥʠʪʦ-

ʪʝʣʣʫʨʠʯʝʩʢʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʂʘʤʯʘʪʢʠ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʢʨʫʧʥʳʝ ʮʝʥʪʨʳ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʫʣʢʘʥʠʟʤʘ 

ʂʘʤʯʘʪʢʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʦʜʥʷʪʠʶ ʘʩʪʝʥʦʩʬʝʨʥʦʛʦ 

ʚʳʩʪʫʧʘ, ʚʳʪʷʥʫʪʦʛʦ ʚʜʦʣʴ ʧʦʣʫʦʩʪʨʦʚʘ [ʄʦʨʦʟ ʠ 

ʜʨ., 2008]. 

ʊʦ ʝʩʪʴ ʬʠʟʠʯʝʩʢʠʝ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʜʘʥʥʳʝ - 

ʢʦʨʨʝʣʠʨʫʶʪ. ʆʙʲʷʩʥʷʝʪʩʷ ʠ ʣʠʥʝʡʥʦʝ ʨʘʩʧʦʣʦʞʝ-

ʥʠʝ ʚʫʣʢʘʥʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʈʦʜʠʚʰʘʷʩʷ ɼʉ ʜʦʣʞʥʘ çʧʨʦʪʢʥʫʪʴè ʤʥʦʛʦ ʢʠ-

ʣʦʤʝʪʨʦʚ ʢʘʤʝʥʥʦʡ ʢʦʨʳ ʠ ʚʳʙʨʦʩʠʪʴ ʚʝʱʝʩʪʚʦ ʠʟ 

ʘʩʪʝʥʦʩʬʝʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʘʥʝʪʳ. ʊʦ ʝʩʪʴ ʚʦʟ-

ʥʠʢʘʶʱʘʷ ʩʪʨʫʢʪʫʨʘ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʏʪʦ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʩʦʙʦʡ ʪʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ? 

ʂʘʟʘʣʦʩʴ ʙʳ, ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʚʦʣʝʥ ʚ ʩʚʦʠʭ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ, ʠ ʚ ʚʫʣʢʘʥʦʣʦʛʠʠ ʩʫʱʝʩʪʚʫʝʪ 

ʤʥʦʛʦ çʦʯʝʚʠʜʥʳʭè ʛʠʧʦʪʝʟ, ʷʚʣʷʶʱʠʭʩʷ, ʧʦ ʩʫʪʠ, 

ʩʦʛʣʘʩʦʚʘʥʥʳʤʠ ʤʥʝʥʠʷʤʠ. ʅʦ ʩʦ ʚʨʝʤʝʥʝʤ ʩʪʘʥʦ-

ʚʠʪʩʷ ʚʩʸ ʙʦʣʝʝ ʧʦʥʷʪʥʘ ʉʃʆɾʅʆʉʊʔ ʇʨʠʨʦʜʳ, ʘ 

ʉʃʆɾʅʆɽ ʧʦʩʪʨʦʝʥʦ ʯʨʝʟʚʳʯʘʡʥʦ ʠʟʙʠʨʘʪʝʣʴʥʦ 

ʠ ʧʨʠʚʣʝʯʝʥʠʝ ʧʨʦʩʪʳʭ çʦʯʝʚʠʜʥʳʭè ʤʝʭʘʥʠʟʤʦʚ 

ʥʝ ʚʝʜʝʪ ʢ ʝʸ ʘʜʝʢʚʘʪʥʦʤʫ ʧʦʥʠʤʘʥʠʶ. ɺʩʷʢʦʝ 

ʫʩʣʦʞʥʝʥʠʝ ʠʜʝʪ ʯʝʨʝʟ ʨʝʘʣʠʟʘʮʠʶ ʚʩʸ ʤʝʥʝʝ ʚʝʨʦ-

ʷʪʥʳʭ ʩʦʙʳʪʠʡ, ʠ, çʥʘʡʜʷè ʦʧʪʠʤʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 

ʠʣʠ ʬʦʨʤʫ, ʇʨʠʨʦʜʘ ʜʘʣʝʝ ʝʛʦ ʪʦʣʴʢʦ ʚʘʨʴʠʨʫʝʪ 

[ʂʥʷʟʝʚʘ, ʂʫʨʜʶʤʦʚ, 1994]. 

ʀʣʠ ʧʦ ɻ.ʍʘʢʝʥʫ [1991]: ʇʨʠʨʦʜʘ ʚʩʝʛʜʘ ʠʩ-

ʧʦʣʴʟʫʝʪ ʦʜʥʠ ʠ ʪʝ ʞʝ ʧʨʠʥʮʠʧʳ. 

ʇʦʵʪʦʤʫ ʥʘ ʩʘʤʦʤ ʜʝʣʝ, - ʩʧʦʩʦʙʳ ʦʙʲʝʜʠʥʝ-

ʥʠʷ ʚ ʉʃʆɾʅʆɽ ï ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʳ. ʀ ʵʪʦ  

ʧʣʶʩ, ʪʘʢ ʢʘʢ ʩʫʞʘʝʪʩʷ ʚʳʙʦʨ. ʅʦ ʧʨʦʮʝʩʩʳ ʚ ʦʪ-

ʢʨʳʪʳʭ ʩʠʩʪʝʤʘʭ ʧʦ ʠʭ ʧʨʠʨʦʜʝ ʥʘʩʪʦʣʴʢʦ ʩʣʦʞʥʳ, 

ʯʪʦ ʧʦʢʘ ʥʝ ʥʘʭʦʜʠʪʩʷ ʘʜʝʢʚʘʪʥʳʡ ʇʨʠʨʦʜʝ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʠʡ ʷʟʳʢ ʜʣʷ ʠʭ ʦʧʠʩʘʥʠʷ. ʅʝ ʜʦʩʪʘʪʦʯʝʥ ʠ 

ʧʨʠʚʳʯʥʳʡ ʘʥʘʣʠʟ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʨʠʯʠʥʥʦ-ʩʣʝʜ-

ʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ʆʙʨʘ-

ʱʘʪʴʩʷ ʧʨʠʭʦʜʠʪʩʷ ʢ ʤʝʪʦʜʦʣʦʛʠʠ ʤʝʞʜʠʩʮʠʧʣʠ-

ʥʘʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʯʪʦ ʠ ʜʝʣʘʝʪʩʷ ʥʘʩʪʦʷʱʠʤ 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ). ɸ çʤʝʪʦʜʦʣʦʛʠʷ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨ-

ʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʵʪʦ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ, ʢʘʢ ʛʦʚʦ-

ʨʠʪ ʕ.ʃʘʩʣʦ, ʪʨʘʥʩʜʠʩʮʠʧʣʠʥʘʨʥʘʷ, ʘʩʩʦʮʠʘʪʠʚʥʘʷ 

ʩʚʷʟʴ ʨʝʘʣʴʥʦʩʪʠ, ʩ ʤʝʪʘʬʦʨʠʯʝʩʢʠʤʠ ʧʝʨʝʥʦʩʘʤʠè 

[ʩʩʳʣʢʘ ʧʦ ɺ.ɹʫʜʘʥʦʚʫ, 2009] . 

ʀʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʫʞʥʳʡ ʧʨʠʥ-

ʮʠʧ ʜʝʡʩʪʚʠʷ ʩʣʝʜʫʝʪ ʠʩʢʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩʨʝʜʠ ʛʝʦʣʦ-

ʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʪʨʫʢʪʫʨ, ʥʦ ʚʦ ɺʉɽʁ ʦʢʨʫ-

ʞʘʶʱʝʡ ʇʨʠʨʦʜʝ, ʧʨʠʯʝʤ ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ ʦʜʥʠʤ 

ʠʟ ʩʘʤʳʭ ʦʙʳʯʥʳʭ, ʯʘʩʪʦ ʨʝʘʣʠʟʫʝʤʳʭ. 

ɺʳʙʦʨ ʬʦʨʤʳ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʩʣʫʯʘʶ ʠʩʢʦʤʦʡ ʩʪʨʫʢ-

ʪʫʨʥʦʡ ʬʦʨʤʦʡ ʚʠʜʠʪʩʷ ʩʧʠʨʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ï 

ʚʠʭʨʴ. ʆʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʧʨʦʩʪʳʭ, 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʪʠʧʦʚ ʩʪʨʫʢʪʫʨ ʩʘ-

ʤʦʦʨʛʘʥʠʟʘʮʠʠ. ʉʦʩʪʦʷʥʠʷ ʩʨʝʜʳ ʚ ʥʝʡ ʦʙʝʩʧʝʯʠʚʘ-

ʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʥʦ ʠ ʚʦʣ-

ʥʘʤʠ, ʠʤʝʶʱʠʤʠ ʞʝʩʪʢʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ 

ʩʪʨʫʢʪʫʨʫ [ʅʠʢʦʣʠʩ, ʇʨʠʛʦʞʠʥ, 2014]. ʇʨʠ ʵʪʦʤ 

ʩʘʤʘ ɼʉ ʦʢʘʟʳʚʘʝʪʩʷ ʣʦʢʘʣʴʥʳʤ ʘʚʪʦʚʦʣʥʦʚʳʤ ʠʩ-

ʪʦʯʥʠʢʦʤ [ʃʦʢʪʝʚ, ʄʠʭʘʡʣʦʚ, 2007]. 

ʌʠʟʠʢʘ ʫʯʠʪ, ʯʪʦ ʚ ʜʚʫʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʚʦʣʥʘ ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʠ ʠ ʝʸ ʥʘʟʳ-

ʚʘʶʪ ʷʜʨʦʤ; ʚ ʪʨʝʭʤʝʨʥʦʤ ï ʮʝʥʪʨʳ ʚʨʘʱʝʥʠʷ ʦʙ-

ʨʘʟʫʶʪ ʦʩʴ ʚʨʘʱʝʥʠʷ, ʥʘʟʳʚʘʝʤʫʶ ʥʠʪʴʶ ʚʠʭʨʷ, 

ʠʣʠ ʝʛʦ ʢʝʨʥʦʤ. ʅʠʪʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʷʤʦʡ, ʥʦ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʢʨʠʚʣʝʥʘ ʠʣʠ ʟʘʤʢʥʫʪʘ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʚʠʭʨʴ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʚʠʭʨʝʚʦʝ ʢʦʣʴʮʦ ï ʪʦʨ (ʙʫʙ-

ʣʠʢ). ɺʦʟʤʦʞʥʳ ʩʘʤʳʝ ʨʘʟʣʠʯʥʳʝ ʧʦ ʩʣʦʞʥʦʩʪʠ 

ʚʠʭʨʝʚʳʝ ʬʦʨʤʳ, ʥʦ ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʠʭʨʝʚʦʡ ʬʦʨʤʳ ʚ ʢʘʯʝʩʪʚʝ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʩʪʨʫʢ-

ʪʫʨʳ, ʥʘʜʦ ʧʦʠʩʢʘʪʴ ʚ ʦʢʨʫʞʘʶʱʝʤ ʥʘʩ ʤʠʨʝ ʝʛʦ 

ʧʦʜʭʦʜʷʱʠʡ ʪʠʧ, ʫʞʝ çʦʜʦʙʨʝʥʥʳʡè ʇʨʠʨʦʜʦʡ. 

ʉʣʝʜʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʧʠʨʘʣʝʚʠʜʥʳʭ ʦʙʲʝʢ-

ʪʦʚ ʨʘʥʝʝ ʫʞʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʩʨʝʜʠ ʛʝʦʣʦʛʠʯʝ-

ʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ [ʉʙ. ɺʠʭʨʠ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦ-

ʮʝʩʩʘʭ, 2004; ʄʘʩʫʨʝʥʢʦʚ, ʉʦʙʠʩʝʚʠʯ, 2010]. 

ʌʦʨʤʘ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʢ ʧʨʠ ʚʟʛʣʷʜʝ ʩʚʝʨʭʫ 

(ʠʟ ʢʦʩʤʦʩʘ) ʠ ʟʘʤʝʨʳ ʧʦ ʚʨʝʤʝʥʠ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ 

ʥʘ ʥʠʭ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʝʨʝʤʝʱʝʥʠʝ ʠʜʝʪ, ʭʦʪʷ ʠʟ-

ʤʝʨʷʝʪʩʷ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʠʤʠ ʩʤ ʚ ʛʦʜ [ʄʝʣʝʢʝʩʮʝʚ, 

2004]. ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʪʘʢʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʬʦʨʤ ï ʥʝ ʷʩʝʥ; ʠʥʪʝʨʝʩʝʥ ʩʘʤ ʬʘʢʪ ʠʭ ʩʫʱʝʩʪʚʦʚʘ-

ʥʠʷ, ʭʦʪʷ ʦʥ ʠ ʥʝ ʧʦʤʦʛʘʝʪ ʚ ʧʦʠʩʢʝ ʧʨʠʨʦʜʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ, ʧʦʭʦʞʠʭ ʥʘ ʘʥʘʣʦʛ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʩʪʨʫʢ-

ʪʫʨʳ. 

ʄʦʱʥʳʝ ʚʠʭʨʝʚʳʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʨʦʞʜʘ-

ʶʪʩʷ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ (ʮʠʢʣʦʥʳ ʠ ʘʥʪʠʮʠʢʣʦʥʳ), 

ʚ ʢʦʩʤʦʩʝ (ʩʧʠʨʘʣʴʥʳʝ ʛʘʣʘʢʪʠʢʠ), ʢʘʢ ʩʪʨʫʢʪʫʨʳ 

ʧʨʠ ʪʝʨʤʦʢʦʥʚʝʢʮʠʠ, ʢʘʢ ʬʦʨʤʳ ʨʘʢʦʚʠʥ, ʨʦʛʦʚ, 
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ʧʝʨʴʝʚ ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ. ʇʨʦ-

ʩʪʝʡʰʠʡ ʚʠʭʨʴ ʚʦʟʥʠʢʘʝʪ ʥʘʜ ʦʪʚʝʨʩʪʠʝʤ ʚʘʥʥʦʡ, ʚ 

ʢʦʪʦʨʦʝ ʚʳʪʝʢʘʝʪ ʚʦʜʘ, ʠʣʠ ʦʙʨʘʟʫʝʪʩʷ ʢʘʢ ʚʦʜʦʚʦ-

ʨʦʪ ʚ ʨʝʢʝ. ʈʦʞʜʝʥʠʝ ʠ ʨʦʩʪ ʩʧʠʨʘʣʴʥʦʡ ʩʘʤʦʧʦʜ-

ʜʝʨʞʠʚʘʶʱʝʡʩʷ ʩʪʨʫʢʪʫʨʳ ʥʘ ʘʩʪʝʥʦʩʬʝʨʥʦʤ ʧʦ-

ʪʦʢʝ ʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʧʣʘʟʤʳ ʧʦʡʜʝʪ ʧʦ ʪʝʤ ʞʝ ʬʠ-

ʟʠʯʝʩʢʠʤ ʟʘʢʦʥʘʤ. 

ʎʠʨʢʫʣʷʮʠʦʥʥʦʝ ʜʚʠʞʝʥʠʝ, ʙʫʜʫʯʠ ʩʘʤʳʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʦ ɺʩʝʣʝʥʥʦʡ,  ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʩʘʤʳʭ ʟʘʛʘʜʦʯʥʳʭ ʷʚʣʝʥʠʡ ʚ ʇʨʠʨʦʜʝ. ɺʩʝ ʧʨʠ-

ʨʦʜʥʳʝ ʚʠʭʨʝʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʷʟʘʥʳ ʩʚʦʠʤ ʩʫ-

ʱʝʩʪʚʦʚʘʥʠʝʤ ʥʘʣʠʯʠʶ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʤʦʤʝʥʪʘ 

(ʧʨʘʚʦʛʦ ʠ ʣʝʚʦʛʦ ʩʧʠʥʘ) ʚ ʤʠʢʨʦʤʠʨʝ. ɺ.ʇʘʢʫʣʠ-

ʥʳʤ [2011] ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʛʠʧʦʪʝʟʘ ʚʠʭʨʝʚʦʡ 

ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʠ, ʭʦʪʷ ʠ ʨʘʥʝʝ ʚʠʭʨʝʚʳʝ ʬʦʨʤʳ 

ʩʚʷʟʳʚʘʣʠ ʩ ʦʪʨʘʞʝʥʠʝʤ ʩʚʦʡʩʪʚ ʩʘʤʦʡ ʤʘʪʝʨʠʠ. 

ʄʘʩʰʪʘʙʥʘʷ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʧʨʠʨʦʜʥʳʭ ʬʦʨʤ 

(ʬʨʘʢʪʘʣʳ) ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʠʟʫʯʝʥʠʝ ʠʭ ʩʚʦʡʩʪʚ 

ʯʝʨʝʟ ʩʨʘʚʥʝʥʠʝ ʩ ʜʨʫʛʠʤʠ ʚʠʭʨʝʚʳʤʠ ʦʙʨʘʟʦʚʘʥʠ-

ʷʤʠ, ʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʝʡ ʠʣʠ ʫʜʦʙʥʝʡ ʥʘʙʣʶʜʘʪʴ, 

ʥʘʧʨʠʤʝʨ, ʩ ʚʠʭʨʷʤʠ ʚ ʘʪʤʦʩʬʝʨʝ. 

ɸʪʤʦʩʬʝʨʥʳʝ ʚʠʭʨʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʧʠ-

ʨʘʣʝʚʠʜʥʦ ʟʘʢʨʫʯʝʥʥʫʶ ʜʚʠʞʫʱʫʶʩʷ ʚʦʟʜʫʰʥʫʶ 

ʤʘʩʩʫ ʩ ʮʝʥʪʨʦʤ ʧʦʩʝʨʝʜʠʥʝ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʶʪ 

ʛʣʘʟʦʤ ʮʠʢʣʦʥʘ. ʉʢʦʨʦʩʪʠ ʚ ʧʣʦʩʢʦʩʪʠ ʚʨʘʱʝʥʠʷ ʥʘ 

ʜʘʣʝʢʦʡ ʧʝʨʠʬʝʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ, ʥʦ 

ʥʘʨʘʩʪʘʶʪ ʢ ʮʝʥʪʨʫ. ʅʝʜʘʣʝʢʦ ʦʪ ʮʝʥʪʨʘ ʝʩʪʴ ʫʟʢʘʷ 

ʟʦʥʘ, ʛʜʝ ʩʢʦʨʦʩʪʴ ʨʝʟʢʦ ʧʦʜʥʠʤʘʝʪʩʷ ʜʦ 200 ʢʤ/ʯ ʠ 

ʜʘʞʝ ʜʦ 400-500 ʢʤ/ʯ, ʘ ʚ ʩʘʤʦʤ ʮʝʥʪʨʝ ï ʛʣʘʟʝ ï 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʥʳʡ ʰʪʠʣʴ ʠ ʥʠʟʢʦʝ ʜʘʚʣʝʥʠʝ. 

ʄʝʞʜʫ ʟʦʥʘʤʠ ʢʦʥʪʨʘʩʪʥʳʭ ʩʢʦʨʦʩʪʝʡ ʬʠʢʩʠʨʫ-

ʝʪʩʷ ʯʪʦ-ʪʦ ʚʨʦʜʝ ʨʘʟʨʳʚʘ, ʢʦʪʦʨʦʡ ʠʥʦʛʜʘ ʥʘʟʳ-

ʚʘʶʪ ʦʙʣʘʯʥʦʡ ʩʪʝʥʦʡ. ʆʙʣʘʯʥʘʷ ʩʪʝʥʘ ʦʛʨʘʥʠʯʠ-

ʚʘʝʪ ʮʝʥʪʨʘʣʴʥʫʶ ʧʦʣʦʩʪʴ  ʢʝʨʥ (ʥʠʪʴ). 

ʉʫʱʝʩʪʚʫʶʪ ʤʝʥʝʝ ʤʦʱʥʳʝ ʚʠʭʨʝʚʳʝ ʤʘʩʩʳ: 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʦ ʩʪʨʫʢʪʫʨʝ ʦʙʣʘʢʘ, ʥʘʟʚʘʥʥʳʝ 

ʩʤʝʨʯʝʚʳʤʠ. ɺ ʠʭ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʦʞʜʘʶʪʩʷ, ʠʩʯʝ-

ʟʘʶʪ ʠ ʚʥʦʚʴ ʚʦʟʥʠʢʘʶʪ ʩʚʦʝʦʙʨʘʟʥʳʝ ʚʠʭʨʝʚʳʝ 

ʬʦʨʤʳ, ʧʦʭʦʞʠʝ ʥʘ ʛʠʙʢʠʝ ʰʥʫʨʳ, ʪʨʫʙʳ, ʨʫʢʘʚʘ 

ʠʣʠ ʭʦʙʦʪʳ. ʉʘʤʦ ʦʙʣʘʢʦ ʥʘʵʣʝʢʪʨʠʟʦʚʘʥʦ, ʧʨʦʥʠ-

ʟʘʥʦ ʤʦʣʥʠʷʤʠ, ʠ ʧʦʤʠʤʦ ʦʧʫʩʢʘʶʱʠʭʩʷ ʭʦʙʦʪʦʚ, 

ʚ ʥʝʤ ʠʥʦʛʜʘ ʤʦʞʥʦ ʚʠʜʝʪʴ ʩʣʦʞʥʳʝ ʚʨʘʱʝʥʠʷ ʚ 

ʬʦʨʤʝ ʧʨʦʪʷʞʝʥʥʳʭ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠʟʦʛʥʫʪʳʭ 

ʪʨʫʙ ʠ ʪʦʨʦʚ. ʄʥʦʛʠʝ ʠʟ ʭʦʙʦʪʦʚ ʥʝ ʜʦʭʦʜʷʪ ʜʦ ʧʦ-

ʚʝʨʭʥʦʩʪʠ; ʦʥʠ ʠʩʪʦʥʯʘʶʪʩʷ ʠ çʨʚʫʪʩʷè. ʍʦʙʦʪ, ʜʦ-

ʩʪʘʚʰʠʡ ʜʦ ʟʝʤʣʠ, ʠʤʝʝʪ ʚʠʭʨʝʚʦʝ ʦʙʣʘʯʥʦʝ 

ʢʦʣʴʮʦ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʢʨʫʛʦʚʦʝ ʟʘʚʠʭʨʝʥʠʝ ʩ ʟʘ-

ʪʷʛʠʚʘʥʠʝʤ ʚ ʢʝʨʥ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʤʝʪʦʚ. ʇʦʩʣʝʜ-

ʥʠʝ ʧʦʜʥʠʤʘʶʪʩʷ ʧʦ ʢʝʨʥʫ ʜʦ ʦʙʣʘʢʘ ʠ ʧʝʨʝʥʦʩʷʪʩʷ 

ʥʘ ʤʥʦʛʠʝ ʢʠʣʦʤʝʪʨʳ [ʅʘʣʠʚʢʠʥ, 1969]. ʊʝ ʠʟ ʣʶ-

ʜʝʡ, ʥʘʜ ʢʝʤ ʧʨʦʰʝʣ ʪʘʢʦʡ ʭʦʙʦʪ ʠ ʧʨʠ ʵʪʦʤ ʦʩʪʘ-

ʚʠʣ ʠʤ ʞʠʟʥʴ, ʩʦʦʙʱʘʶʪ, ʯʪʦ ʠʟʥʫʪʨʠ ʩʪʝʥʢʘ ʢʝʨʥʘ 

(ʦʙʣʘʯʥʘʷ ʩʪʝʥʘ) ʧʦʭʦʞʘ ʥʘ ʧʦʣʠʨʦʚʘʥʥʳʡ ʤʝʪʘʣʣ 

(ʠʟ ʛʘʟʝʪ). 

ʗʚʣʝʥʠʝ ʟʘʪʷʛʠʚʘʥʠʷ ʚ ʢʝʨʥ ʚʦʟʥʠʢʘʝʪ ʠ 

ʚʙʣʠʟʠ ʚʦʜʦʚʦʨʦʪʦʚ ʥʘ ʨʝʢʘʭ, ʠ ʥʘ çʫʩʪʴʝè ʭʦʙʦʪʦʚ 

ʠ ʧʦʜ çʛʣʘʟʦʤè ʮʠʢʣʦʥʘ ʫ ʚʠʭʨʝʚʦʛʦ ʦʙʣʘʯʥʦʛʦ 

ʢʦʣʴʮʘ, ʠ ʫ ʛʦʨʠʟʦʥʪʘ ʩʦʙʳʪʠʡ çʯʝʨʥʳʭ ʜʳʨè ʩʧʠ-

ʨʘʣʴʥʳʭ ʛʘʣʘʢʪʠʢ. ʉʠʣʘ ʚʩʘʩʳʚʘʥʠʷ (ʘʥʪʠʛʨʘʚʠʪʘ-

ʮʠʷ) - ʦʛʨʦʤʥʘ: ʚ ʫʟʝʣ ʩʢʨʫʯʠʚʘʶʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʦʧʦʨʳ ʤʦʩʪʦʚ ʠ ʧʝʨʝʜʚʠʛʘʶʪʩʷ ʤʥʦʛʦʪʦʥʥʳʝ ʢʦʥ-

ʩʪʨʫʢʮʠʠ. 

ɺʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ ʪʘʠʪ ʚ ʩʝʙʝ ʤʥʦʛʦ ʩʚʦʡʩʪʚ, 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʩʪʨʘʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʧʦʣʥʦʩʪʴʶ 

ʥʝ ʦʙʲʷʩʥʷʶʪʩʷ ʥʠ ʧʦ ʦʜʥʦʡ ʠʟ ʧʨʠʥʷʪʳʭ ʛʠʧʦʪʝʟ. 

ʅʝ ʷʩʥʳ ʤʥʦʛʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʥʝʨʛʝʪʠʢʠ ʚʠʭʨʝʡ, 

ʩʧʦʩʦʙʳ ʠʭ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʩʨʝʜʫ, ʷʚʣʝʥʠʷ ʚ ʧʦ-

ʛʨʘʥʠʯʥʦʤ ʩʣʦʝ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʠ ʪ.ʜ. ɽʩʪʴ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʚ ʢʝʨʥʝ ʤʝʥʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʤʘ-

ʪʝʨʠʠ ʠ, çʧʨʦʧʠʪʘʥʥʘʷè ʵʥʝʨʛʠʝʡ, ʦʥʘ ʩʦʚʝʨʰʝʥʥʦ 

ʠʥʘʯʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ [ɺʝ-

ʨʠʥ, 2016; ɺʠʢʫʣʠʥ, 2004 ʠ ʤʥʦʛʦ ʜʨʫʛʠʭ ʨʘʙʦʪ]. 

ʊʘʢ ʢʘʢ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʷʚʣʷʶʪ ʩʦʙʦʡ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʫʶ ʩʨʝʜʫ, ʪʦ ʝʜʚʘ ʣʠ ʚ ʥʠʭ ʚʦʟʤʦ-

ʞʝʥ ʩʢʦʨʦʩʪʥʦʡ ʚʠʭʨʴ ʩ ʧʝʨʝʤʝʱʝʥʠʝʤ ʯʘʩʪʠʮ, 

ʠʤʝʶʱʠʭ ʤʘʩʩʫ. ɹʦʣʝʝ ʚʝʨʦʷʪʥʦ ʜʣʷ ʪʘʢʦʡ ʩʨʝʜʳ  

ʢʦʣʝʙʣʶʱʝʝʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʝʸ ʩʦʩʪʦʷʥʠʷ, ʪʦ 

ʝʩʪʴ ʧʝʨʝʥʦʩ ʥʝ ʚʝʱʝʩʪʚʘ, ʥʦ ʵʥʝʨʛʠʠ ʚ ʬʦʨʤʝ 

ʚʦʣʥʳ. ɺʦʣʥʘ ʠʤʝʝʪ ʬʨʦʥʪ, ʢʦʪʦʨʳʡ ʚ ʪʨʝʭʤʝʨʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠʥʠʤʘʝʪ ʚʠʜ ʚʨʘʱʘʶʱʠʭʩʷ ʩʧʠʨʘ-

ʣʝʡ, ʚʠʭʨʝʡ. ʋ ʚʠʭʨʷ ʝʩʪʴ ʢʝʨʥ (ʥʠʪʴ) ʠ ʩʚʦʡʩʪʚʦ 

(ʧʦʢʘ ʥʝ ʚʧʦʣʥʝ ʧʦʥʷʪʥʦʝ) ʩʦʟʜʘʚʘʪʴ ʚ ʥʝʤ ʘʥʪʠʛʨʘ-

ʚʠʪʘʮʠʶ. ʃʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʫʣʢʘʥʠʯʝ-

ʩʢʠʡ ʢʘʥʘʣ ð ʵʪʦ ʢʝʨʥ ʚʦʣʥʦʚʦʡ ʚʠʭʨʝʚʦʡ ʩʪʨʫʢ-

ʪʫʨʳ. 

ʊʦʛʜʘ - ʯʪʦ ʝʩʪʴ ʚʫʣʢʘʥ? 

ʉʪʨʫʢʪʫʨʘ ʚʫʣʢʘʥʘ 

(ʨʘʙʦʯʘʷ ʛʠʧʦʪʝʟʘ) 

ɺʫʣʢʘʥʠʯʝʩʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-

ʙʦʡ ʩʘʤʦ ʦʨʛʘʥʠʟʦʚʘʚʰʫʶʩʷ ʥʘ ʘʩʪʝʥʦʩʬʝʨʥʦʤ ʧʦ-

ʪʦʢʝ ʤʘʛʤʳ-ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ ʚʠʭʨʝ-

ʚʫʶ ʜʠʩʩʠʧʘʪʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ (ɼʉ), ʬʦʨʤʘ ʢʦʪʦ-

ʨʦʡ ʩʦʟʜʘʝʪʩʷ ʠ ʧʝʨʝʥʦʩʠʪʩʷ ʚ ʚʠʜʝ ʚʦʣʥ, ʘ ʧʦ ʝʸ 

ʢʝʨʥʫ ʠʜʝʪ ʩʪʦʢ ʤʘʛʤʳ. ʂʝʨʥ (ʥʠʪʴ ʚʠʭʨʷ) ʚ ʚʫʣʢʘ-

ʥʦʣʦʛʠʠ ʠʟʚʝʩʪʝʥ ʢʘʢ ʚʫʣʢʘʥʠʯʝʩʢʠʡ ʢʘʥʘʣ. 

ʂʘʢ ʜʠʩʩʠʧʘʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʚʫʣʢʘʥ ʩʘʤ ʷʚʣʷ-

ʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚʦʣʥ ʜʨʦʞʘʥʠʷ ʠ çsister eventsè. 

ʆʙʣʘʩʪʴ, ʥʘ ʛʣʫʙʠʥʝ ʧʦʨʷʜʢʘ 30 ʢʤ, ʦʙʥʘʨʫ-

ʞʝʥʥʘʷ ʧʦʜ ʂʣʶʯʝʚʩʢʠʤ ʚʫʣʢʘʥʦʤ ʠ ʠʤʝʶʱʘʷ 

ʬʦʨʤʫ ʧʨʠʧʣʶʩʥʫʪʦʡ ʩʬʝʨʳ [ʆʟʝʨʦʚ, 2016], ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʥʫʶ ʯʘʩʪʴ ɼʉ ʚ ʬʦʨʤʝ ʧʨʦ-

ʪʳʢʘʝʤʦʛʦ ʢʝʨʥʦʤ ʪʦʨʘ, ʢʦʪʦʨʘʷ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʘʚ-

ʪʦʚʦʣʥʦʚʦʡ ʠʩʪʦʯʥʠʢ çsister eventsè. ɺʦʣʥʳ ʜʨʦʞʘ-

ʥʠʷ ʠ çsister eventsè  ʩʪʘʙʠʣʴʥʳ ʠ ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ 

ʦʪ ʜʚʠʞʝʥʠʷ ʧʦ ʢʝʨʥʫ, ʪʦ ʝʩʪʴ ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʥʳʝ 

ʩʚʦʡʩʪʚʘ ʘʚʪʦʚʦʣʥ. 

***  

ʂʘʟʘʣʦʩʴ ʙʳ - ʤʳ ʟʥʘʝʤ ʦ ʚʫʣʢʘʥʘʭ ʫʞʝ ʦʯʝʥʴ 

ʤʥʦʛʦ, ʦʜʥʘʢʦ ʜʘʥʥʳʭ ʜʣʷ ʧʝʨʝʭʦʜʘ ʢ ʵʬʬʝʢʪʠʚ-

ʥʦʤʫ ʢʦʤʧʴʶʪʝʨʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʨʘʙʦʪʳ ʚʫʣ-

ʢʘʥʘ ʚʩʸ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ʏʪʦʙʳ ʝʛʦ ʧʨʦʚʝʩʪʠ, ʥʘʜʦ ʧʨʝʞʜʝ ʧʦʩʪʨʦʠʪʴ 

ʝʛʦ ʢʦʨʨʝʢʪʥʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʘ ʯʪʦʙʳ 

ʧʦʩʪʨʦʠʪʴ ʪʘʢʦʚʫʶ - ʥʘʜʦ ʠʤʝʪʴ ʦʧʠʩʘʥʠʝ ʩʠʩʪʝʤʳ, 

ʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʠʩʪʝʤʳ ʪʨʝʙʫʝʪʩʷ ʟʥʘʪʴ ʝʸ ʧʘʨʘ-

ʤʝʪʨʳ ʧʦʨʷʜʢʘ. ʇʘʨʘʤʝʪʨʳ ʧʦʨʷʜʢʘ, ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʩʦʛʣʘʩʥʦ ʝʜʠʥʦʤʫ ʜʣʷ ʚʩʝʭ ʧʨʠʨʦʜʥʳʭ ʷʚʣʝ-

ʥʠʡ ʧʨʠʥʮʠʧʫ ʧʦʜʯʠʥʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝʢʦʪʦ-

ʨʳʤʠ ʦʪʜʝʣʴʥʳʤʠ ʯʘʩʪʷʤʠ ʩʠʩʪʝʤʳ [ʉʘʤʘʨʩʢʠʡ, 

ʄʠʭʘʡʣʦʚ, 2005]. ʇʨʝʜʩʪʦʠʪ ʦʧʨʝʜʝʣʠʪʴ - ʯʪʦ ʵʪʦ ʟʘ 

ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠ ɼʉ-ʚʫʣʢʘʥ, ʩʪʦʣʴ ʚʘʞʥʳʝ ʜʣʷ ʝʛʦ 

ʵʚʦʣʶʮʠʠ, ʚ ʯʸʤ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʨʦʣʴ ʠ ʢʘʢ ʦʥʠ 

ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ? ɿʘʪʝʤ ʥʘʜʦ çʩʞʘʪʴè ʚʩʶ ʵʪʫ 
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ʠʥʬʦʨʤʘʮʠʶ ʠ ʚʳʨʘʟʠʪʴ ʝʸ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨ ʧʦ-

ʨʷʜʢʘ, ʪʦ ʝʩʪʴ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʦʮʝʜʫʨʫ, ʢʦʪʦʨʫʶ 

ʩʧʝʮʠʘʣʠʩʪʳ ʦʪʥʦʩʷʪ ʢ ʠʩʢʫʩʩʪʚʫ. 

ʆʩʫʱʝʩʪʚʠʪʴ ʚʩʸ ʵʪʦ ʧʦʜ ʩʠʣʫ ʪʦʣʴʢʦ ʢʦʤʘʥʜʝ 

ʨʘʟʥʦʧʨʦʬʠʣʴʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. ɼʘʥʥʳʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʧʨʝʜʣʘʛʘʶʪ ʩʤʳʩʣʦʚʫʶ ʤʦʜʝʣʴ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʷ ʠ ʨʘʙʦʪʳ ʚʫʣʢʘʥʘ ʢʘʢ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʫʶ ʧʨʠ 

ʥʘʩʪʦʷʱʝʤ ʫʨʦʚʥʝ ʟʥʘʥʠʡ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʙʣʝʤʝ ʨʦʞ-

ʜʝʥʠʷ ʚʫʣʢʘʥʦʚ ʚ ʥʝʜʨʘʭ ʧʣʘʥʝʪ ʚʧʝʨʚʳʝ ʧʦʟʚʦʣʠʣ 

ʚʟʘʠʤʦʩʚʷʟʘʥʦ ʦʙʲʷʩʥʠʪʴ ʧʨʠʯʠʥʳ ʠʭ ʧʦʷʚʣʝʥʠʷ, 

ʤʝʭʘʥʠʟʤ ʧʦʜʲʝʤʘ ʠʭ ʤʘʛʤ, ʠʭ ʣʝʥʪʦʯʥʦʝ ʨʘʩʧʦʣʦ-

ʞʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʭʦʜʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʥʝʪ ʧʨʦʪʦʚʝʱʝʩʪʚʦ ʘʢ-

ʢʫʤʫʣʠʨʫʝʪʩʷ ʠ ʩʞʠʤʘʝʪʩʷ. ɽʩʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʥʦ ʥʘʭʦʜʠʪʩʷ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʦ ʥʘ ʥʝ-

ʢʦʪʦʨʦʡ ʛʣʫʙʠʥʝ ʫʚʝʣʠʯʠʚʘʶʱʝʝʩʷ ʜʘʚʣʝʥʠʝ ʨʘʟʨʫ-

ʰʘʝʪ ʤʦʣʝʢʫʣʳ, ʠ ʚʝʱʝʩʪʚʦ ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʩʪʦʷʥʠʝ 

ʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʧʣʘʟʤʳ. ɺ ʵʪʦʤ ʩʦʩʪʦʷʥʠʠ ʦʥʦ 

ʢʨʘʡʥʝ ʥʝʩʧʦʢʦʡʥʦ: ʚʦʟʥʠʢʘʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʥʦʦʙ-

ʨʘʟʥʳʭ ʯʘʩʪʠʮ ʠ ʪʠʧʦʚ ʜʚʠʞʝʥʠʡ, ʪʦ ʝʩʪʴ ʨʦʞʜʘʝʪʩʷ 

ʭʘʦʩ, ʧʨʠʯʝʤ ʩʥʘʯʘʣʘ - ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ. ɿʘʪʝʤ ʩʘʤʦ-

ʦʨʛʘʥʠʟʫʶʪʩʷ ʪʝʯʝʥʠʷ, ʧʦʭʦʞʠʝ ʥʘ ʚʥʫʪʨʠʧʣʘʥʝ-

ʪʘʨʥʳʝ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʝ çʨʝʢʠè ʠʦʥʠʟʠʨʦʚʘʥʥʦʡ 

ʧʣʘʟʤʳ, ʷʚʣʷʶʱʠʝʩʷ ʦʧʪʠʤʘʣʴʥʦʡ ʩʨʝʜʦʡ ʜʣʷ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʷ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʦʪʩʶʜʘ ʠ 

ʚʳʨʘʩʪʘʶʪ. ʌʦʨʤʳ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʦʙʝʩʧʝʯʠʚʘ-

ʶʪʩʷ ʚʦʣʥʘʤʠ, ʘ ʤʘʛʤʘ ʧʦʜʥʠʤʘʝʪʩʷ (ʩʣʠʚʘʝʪʩʷ) ʧʦ 

ʢʝʨʥʫ (ʥʠʪʠ) ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʟʜʘʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʣʘʚʦʚʳʝ ʧʦʪʦʢʠ ʠ ʢʦʥʫʩʦʚʠʜʥʳʝ ʛʦʨʳ ʩ ʢʘʥʘʣʦʤ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ, ʢʦʪʦʨʳʝ ʤʳ ʥʘʟʳʚʘʝʤ ʚʫʣʢʘ-

ʥʘʤʠ. 

ʂʘʢ ʩʢʘʟʘʣ ʂʦʥʨʘʜ ʃʦʨʝʥʮ [1977, p.240] - ʚʩʷ-

ʢʦʝ ʥʦʚʦʝ ʥʘʯʠʥʘʝʪʩʷ ʢʘʢ ʝʨʝʩʴ ʠ ʢʦʥʯʘʝʪʩʷ ʢʘʢ ʦʨ-

ʪʦʜʦʢʩʠʷ. ʄʝʨʫ ʠʩʪʠʥʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʛʠʧʦ-

ʪʝʟʳ ʧʦʢʘʞʝʪ ʚʨʝʤʷ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʦʪʨʘʞʝʥʳ ʫʨʦʚʥʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʛʠʜʨʦ-ʠ ʣʠʪʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʦʪʦʢʘʤʠ (ʫʟʝʣ 

ʩʣʠʷʥʠʷ ʨʝʢ, ʦʙʲʝʜʠʥʝʥʠʷ ʯʝʪʳʨʝʭ ʫʧʨʘʚʣʷʶʱʠʭ ʫʟʣʦʚ ʦʜʥʦʛʦ ʨʘʥʛʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʣʘʩʪʠ ʜʝʥʫʜʘʮʠʠ, 

ʦʙʲʝʜʠʥʝʥʠʝ ʧʷʪʠ ʦʙʣʘʩʪʝʡ ʜʝʥʫʜʘʮʠʠ ʚ ʦʜʥʫ ʦʙʣʘʩʪʴ ʜʝʥʫʜʘʮʠʠ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʨʘʥʛʘ). ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦ-

ʙʝʥʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʵʪʘʣʦʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʯʘʩʪʢʦʚ (ʦʙʣʘʩʪʝʡ ʜʝʥʫʜʘʮʠʠ) ʨʘʟʥʦʛʦ ʨʘʥʛʘ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʠʩʪʝʤʘʭ ʪʘʣʴʚʝʛʦʚ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʛʠʜʨʦ-ʠ ʣʠʪʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ. 

ʇʦʢʘʟʘʥʳ ʚʦʩʝʤʴ ʵʪʘʣʦʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʯʘʩʪʢʦʚ ʨʘʟʥʦʛʦ ʨʘʥʛʘ, ʦʪʨʘʞʝʥʳ ʨʝʞʠʤʳ ʠʭ ʨʘʟʚʠʪʠʷ, ʢʦʪʦ-

ʨʳʝ ʙʣʘʛʦʧʨʠʷʪʥʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʣʝʞʝʡ ʥʝʬʪʠ ʠ ʛʘʟʘ.  

http://istina.msu.ru/media/publications/articles/858/603/3417291/Volcanoes_eruption_-rus-MGU-size9.pdf
http://istina.msu.ru/media/publications/articles/858/603/3417291/Volcanoes_eruption_-rus-MGU-size9.pdf
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Abstract 

The article reflects the levels of natural management of hydro-and lithodynamic flows, (rivers confluence 

node, combining four control nodes of the same rank and the formation of a denudation area, combining five 

denudation areas into one denudation area with a higher rank). The features of identifying model dynamic areas 

(denudation areas) of different ranks are considered using information about thalwegs systems and relatively in-

dependent hydro- and lithodynamic flows. Eight model dynamic areas of different rank are shown, the modes of 

their development, which are favorable for the formation of oil and gas deposits, are reflected. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʟʘʚʠʩʠʤʳʝ ʛʠʜʨʦ-ʠ ʣʠʪʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʪʦʢʠ, ʪʘʣʴʚʝʛ, ʦʙʣʘʩʪʴ 

ʜʝʥʫʜʘʮʠʠ, ʫʟʝʣ ʩʣʠʷʥʠʷ ʨʝʢ, ʝʩʪʝʩʪʚʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʝʢʘʤʠ, ʟʘʣʝʞʠ ʥʝʬʪʠ ʠ ʛʘʟʘ. 

Keywords: relatively independent hydro and lithodynamic flows, thalweg, denudation area, rivers confluence 

node, natural management of rivers, oil and gas deposits. 

 

ɺ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʝʝ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦ ʦʨʛʘʥʠʟʫʶʪʩʷ 

ʨʘʟʥʦʛʦ ʨʦʜʘ ʵʪʘʣʦʥʥʳʝ ʫʯʘʩʪʢʠ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʚʠʚʘ-

ʶʪʩʷ ʦʩʦʙʝʥʥʳʝ ʧʨʠʨʦʜʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʫʯʘʩʪʢʠ 

(ʦʙʣʘʩʪʠ ʜʝʥʫʜʘʮʠʠ), ʢʦʪʦʨʳʝ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʷʚʣʷ-

ʶʪʩʷ ʵʪʘʣʦʥʘʤʠ ï ʦʙʨʘʟʮʘʤʠ ʩ ʯʝʪʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʘʥʪʨʦʧʦ-

ʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ). ʀʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʘʣʴʚʝʛʘʭ (ʣʠʥʠʷʭ, ʩʦʝʜʠʥʷ-

ʶʱʠʭ ʩʘʤʳʝ ʥʠʟʢʠʝ (ʛʣʫʙʦʢʠʝ) ʪʦʯʢʠ ʜʥʘ ʜʦʣʠʥʳ 

ʠʣʠ ʨʫʩʣʘ ʨʝʢʠ, ʦʚʨʘʛʘ ʠʣʠ ʙʘʣʢʠ, ʣʝʜʥʠʢʘ, ʣʦʞ-

ʙʠʥʳ, ʣʦʱʠʥʳ ʠ ʜʨʫʛʠʭ ʵʨʦʟʠʦʥʥʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ 

[3]). ʆʥʠ ʠʤʝʶʪ ʪʦʣʴʢʦ ʦʜʥʦ ʩʣʘʙʦʝ ʟʚʝʥʦ ʩʚʦʠʭ 

ʛʨʘʥʠʮ, ʛʜʝ ʚʦʟʤʦʞʥʳ ʘʢʪʠʚʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ ʨʝʣʴ-

ʝʬʘ ʠ ʜʘʞʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ [13]. ʉʣʘʙʦʝ ʟʚʝʥʦ ʧʨʠ-

ʫʨʦʯʝʥʦ ʢ ʟʦʥʝ ʟʘʤʳʢʘʥʠʷ ʵʪʘʣʦʥʥʦʛʦ ʫʯʘʩʪʢʘ. ʕʪʘ 

ʟʦʥʘ ʫ ʥʝʛʦ ʚʝʩʴʤʘ ʭʘʨʘʢʪʝʨʥʘʷ. ɼʚʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʪʦʢʘ, ʚʳʧʦʣʥʷʶʱʠʭ ʬʫʥʢʮʠʠ ʪʨʘʥ-

ʟʠʪʥʳʭ ʠ ʦʢʦʥʪʫʨʠʚʘʶʱʠʭ ʜʘʥʥʳʡ ʫʯʘʩʪʦʢ, ʩʙʣʠ-

ʞʘʶʪʩʷ ʠ ʤʝʞʜʫ ʥʠʤʠ ʩʦʟʜʘʝʪʩʷ ʛʣʫʙʦʢʘʷ ʜʦʣʠʥʘ, 

ʛʜʝ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩʚʷʟʢʘ ʘʢʪʠʚʥʳʭ ʧʨʠʪʦʢʦʚ, ʟʘ-

ʤʳʢʘʶʱʠʭ ʜʘʥʥʳʡ ʫʯʘʩʪʦʢ. ʆʙʳʯʥʦ ʪʘʢʘʷ ʟʦʥʘ ʟʘ-

ʤʳʢʘʥʠʷ ʵʪʘʣʦʥʥʦʛʦ ʫʯʘʩʪʢʘ ʣʝʛʢʦ ʚʳʷʚʣʷʝʪʩʷ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʱʝʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʪʦʧʦʛʨʘʬʠʯʝ-

ʩʢʠʭ ʢʘʨʪ [2, 4], ʘ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʩʚʷʟʠ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʧʦʪʦʢʦʚ ʚ ʥʝʡ ʤʦʞʥʦ ʦʧʨʝʜʝ-

ʣʠʪʴ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ [6]. ʕʪʘʣʦʥʥʳʝ ʦʙʣʘʩʪʠ ʜʝ-

ʥʫʜʘʮʠʠ ʢʘʢ ʧʘʟʣʳ ʚʩʪʨʘʠʚʘʶʪʩʷ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʯʘʩʪʢʦʚ ʨʘʟʥʦʛʦ ʨʘʥʛʘ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʘʣʴʚʝʛʠ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʚ ʩʚʷʟʢʝ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʚʦʜʦʨʘʟʜʝʣʴ-

ʥʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʘʤʠ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʠʭ ʮʝʣʝʩʦʦʙ-

ʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʠʟ-

ʤʝʥʝʥʠʷʤʠ ʙʘʟʠʩʦʚ ʜʝʥʫʜʘʮʠʠ, ʧʦʪʦʢʦʚ ʟʝʤʥʦʛʦ ʚʝ-

ʱʝʩʪʚʘ ʨʘʟʥʦʛʦ ʨʘʥʛʘ ʠ, ʢʦʩʚʝʥʥʦ, ï ʩ ʨʘʟʚʠʪʠʝʤ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠ-

ʨʷʝʪ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʪʘʣʴʚʝʛʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫ-

ʯʠʪʴ ʥʦʚʳʝ ʩʚʝʜʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʦ ʨʘʟʚʠʪʠʠ ʨʝʣʴ-

ʝʬʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦ ʝʩʪʝʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫ-

ʨʘʭ ʫʧʨʘʚʣʝʥʠʷ ʨʝʢʘʤʠ ï ʦʙʣʘʩʪʷʭ ʜʝʥʫʜʘʮʠʠ 

ʨʘʟʥʦʛʦ ʨʘʥʛʘ. ʂʘʞʜʘʷ ʪʘʢʘʷ ʦʙʣʘʩʪʴ ʦʢʦʥʪʫʨʠʚʘ-

ʝʪʩʷ ʪʦʣʴʢʦ ʪʨʘʥʟʠʪʥʳʤʠ ʧʦʪʦʢʘʤʠ ʚ ʦʨʪʦʛʦʥʘʣʴ-

ʥʳʭ ʧʣʦʩʢʦʩʪʷʭ, ʘ ʠʭ ʘʢʪʠʚʥʳʝ ʧʨʠʪʦʢʠ ʧʨʠ ʵʪʦʤ 

ʦʢʘʟʳʚʘʶʪʩʷ ʚʥʫʪʨʠ ʥʝʝ [10].  

ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ [9, 11], ʥʘ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʩʠʩʪʝʤʳ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʥʝʟʘʚʠʩʠʤʳʭ (ʧʘʨʘʣʣʝʣʴʥʳʭ ʩ ʣʶʬʪʦʤ 45Á) 

ʛʠʜʨʦ-ʠ ʣʠʪʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʨʝʢ). ɺʩʝ ʦʥʠ ʨʘʟʚʠʚʘʶʪʩʷ ʥʝ ʩʪʠʭʠʡʥʦ. 

ɺ ʨʘʙʦʪʝ [1] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʨʫʩʝʣ 

ʨʝʢ ʈʦʩʩʠʠ, ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʭ ʧʝʨʝʬʦʨ-

ʤʠʨʦʚʘʥʠʷ. 

ʅʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʚʩʝʤʝʩʪʥʦ ʨʘʟʚʠʚʘ-

ʶʪʩʷ ʫʟʣʳ ʩʣʠʷʥʠʷ ʨʝʢ, ʢʦʪʦʨʳʝ ʚ ʨʝʣʴʝʬʝ ʚʳʨʘ-

ʞʝʥʳ ʚʦʨʦʥʢʘʤʠ. ɺ ʢʘʞʜʫʶ ʪʘʢʫʶ ʚʦʨʦʥʢʫ ʚʪʝʢʘʶʪ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʠʪʦʢʠ ʚ ʜʚʫʭ 

ʚʟʘʠʤʥʦ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʣʦʩʢʦʩʪʷʭ. ʇʦ ʩʚʦʠʤ ʢʦ-

ʣʠʯʝʩʪʚʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʵʪʠ ʧʨʠʪʦʢʠ ʨʘʟ-

ʥʳʝ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʵʥʝʨʛʝʪʠʢʠ ʠ ʬʦʨʤʠʨʫ-

ʝʪʩʷ ʫʟʝʣ ʩʣʠʷʥʠʷ ʛʣʘʚʥʦʡ ʨʝʢʠ ʩ ʝʝ ʘʢʪʠʚʥʳʤ ʧʨʠ-

ʪʦʢʦʤ. ʊʨʘʥʟʠʪʥʳʡ ʧʦʪʦʢ (ʛʣʘʚʥʫʶ ʨʝʢʫ) 

ʬʦʨʤʠʨʫʶʪ ʩʘʤʳʡ ʩʠʣʴʥʳʡ ʠ ʩʘʤʳʡ ʩʣʘʙʳʡ ʧʨʠ-

ʪʦʢʠ ʚ ʜʘʥʥʫʶ ʚʦʨʦʥʢʫ. ʇʨʠ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʝ ʩʘ-

ʤʦʛʦ ʩʣʘʙʦʛʦ ʧʨʠʪʦʢʘ ʤʝʥʷʝʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʛʣʫʙʠʥʝ ʥʘ ʦʙʨʘʪʥʦʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʥʘʤʠʯʝ-

ʩʢʦʡ ʛʨʘʥʠʮʳ ï ʧʨʝʜʝʣʘ ʜʝʡʩʪʚʠʷ ʧʦʜʘʚʣʷʝʤʦʛʦ 

ʧʨʠʪʦʢʘ [7]. ɺ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʬʫʥʢʮʠʦ-

ʥʠʨʫʶʪ ʪʘʢʞʝ ʜʚʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʧʨʠʪʦʢʘ, ʦʜʠʥ 

ʠʟ ʥʠʭ ï ʘʢʪʠʚʥʳʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʫʟʣʝ ʩʣʠʷʥʠʷ 

ʨʝʢ ʨʝʘʣʠʟʫʝʪʩʷ ʧʝʨʚʳʡ ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦ-

ʢʘʤʠ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʫʨʦʚʥʝ ʫʧʨʘʚʣʝʥʠʷ ʩʦʟʜʘʶʪʩʷ 

ʘʩʩʦʮʠʘʮʠʠ ʯʝʪʳʨʝʭ ʧʦʜʦʙʥʳʭ ʫʟʣʦʚ, ʢʦʪʦʨʳʝ ʬʦʨ-

ʤʠʨʫʶʪ ʜʠʥʘʤʠʯʝʩʢʠʡ ʫʯʘʩʪʦʢ (ʦʙʣʘʩʪʴ ʜʝʥʫʜʘ-

ʮʠʠ). ɹʦʣʝʝ ʚʳʩʦʢʠʡ ʪʨʝʪʠʡ ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ 

ʬʠʢʩʠʨʫʝʪʩʷ ʧʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʫʯʘʩʪʢʦʚ ʦʜʥʦʛʦ ʨʘʥʛʘ. ɼʠʥʘʤʠʯʝʩʢʠʡ ʫʯʘʩʪʦʢ 

ʦʧʨʝʜʝʣʷʶʪ ʯʝʪʳʨʝ ʫʧʨʘʚʣʷʶʱʠʭ ʫʟʣʘ ʩʣʠʷʥʠʷ ʨʝʢ, 

ʧʦʵʪʦʤʫ ʚ ʦʜʥʦʡ ʦʙʣʘʩʪʠ ʜʝʥʫʜʘʮʠʠ ʙʦʣʝʝ ʚʳʩʦ-

ʢʦʛʦ ʨʘʥʛʘ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʧʷʪʴ ʦʙʣʘʩʪʝʡ ʜʝʥʫʜʘ-

ʮʠʠ ʨʘʥʛʦʤ ʥʠʞʝ, ʦʜʥʘ ʠʟ ʥʠʭ ʦʙʷʟʘʪʝʣʴʥʦ ʙʫʜʝʪ 

ʮʝʥʪʨʘʣʴʥʦʡ [10, 11]. 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʪʘʢʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʯʘʩʪʢʦʚ 

(ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʠʟʤʝʥʝʥʠʷ) ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʦʙʱʝʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʪʦʧʦʛʨʘʬʠʯʝ-

ʩʢʠʝ ʢʘʨʪʳ ʨʘʟʥʦʛʦ ʤʘʩʰʪʘʙʘ [2, 4]. ɽʩʣʠ ʧʨʠ ʨʝʰʝ-

ʥʠʠ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʥʝ ʭʚʘʪʘʝʪ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʨʫʧ-

ʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʪʦʢʘʭ ʠ 

ʪʘʣʴʚʝʛʘʭ, ʪʦ ʧʨʠʚʣʝʢʘʶʪʩʷ ʜʘʥʥʳʝ ʦ ʪʨʘʥʟʠʪʥʳʭ 

ʧʦʪʦʢʘʭ ʤʝʥʴʰʝʛʦ ʨʘʥʛʘ (ʠ ʢʘʨʪʳ ʙʦʣʝʝ ʢʨʫʧʥʦʛʦ 

ʤʘʩʰʪʘʙʘ).  

ʏʪʦʙʳ ʧʦʥʷʪʴ ʩʤʳʩʣ ʧʨʠʨʦʜʥʳʭ ʵʪʘʣʦʥʥʳʭ 

ʫʯʘʩʪʢʦʚ, ʨʘʩʩʤʦʪʨʠʤ ʦʩʦʙʝʥʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʠʭ 

ʥʘ ʧʨʠʤʝʨʝ ʯʘʩʪʠ ʊʠʤʘʥʦ-ʇʝʯʦʨʩʢʦʡ ʥʝʬʪʝʛʘʟʦ-

ʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ. 

ɺ ʝʝ ʧʨʝʜʝʣʘʭ ʨʘʟʚʠʚʘʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʡ ʫʯʘ-

ʩʪʦʢ (ʫʩʣʦʚʥʦ ʪʨʝʪʴʝʛʦ ʨʘʥʛʘ), ʢʦʪʦʨʳʡ ʦʢʦʥʪʫʨʠ-

ʚʘʝʪʩʷ ʪʘʣʴʚʝʛʘʤʠ ʚ ʨ. ʇʝʯʦʨʝ, ʚ ʇʝʯʦʨʩʢʦʤ ʤʦʨʝ, 

ʨʨ. ʍʘʡʧʫʜʳʨʝ, ɸʜʟʴʚʝ ʠ ʋʩʝ. ʈʝʢʠ ɸʜʟʴʚʘ ʠ ʍʘʡ-

ʧʫʜʳʨʘ ʟʘʤʳʢʘʶʪ ʜʘʥʥʳʡ ʫʯʘʩʪʦʢ (ʨʠʩ. 1, ʩʝʨʘʷ 
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ʞʠʨʥʘʷ ʣʠʥʠʷ). ɿʜʝʩʴ ʠʟʥʘʯʘʣʴʥʦ ʙʳʣʦ ʜʚʘ ʚʘʨʠ-

ʘʥʪʘ ʨʝʰʝʥʠʷ ʦ ʟʘʤʳʢʘʶʱʠʭ ʧʦʪʦʢʘʭ ʠ, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʦ ʚʳʜʝʣʝʥʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʯʘʩʪʢʘ ʥʘ 

ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʂʘʟʘʣʦʩʴ, ʯʪʦ ʟʘʤʳʢʘʶʱʠʤʠ 

ʜʦʣʞʥʳ ʙʳʪʴ (ʩ ʫʯʝʪʦʤ ʛʣʫʙʠʥʳ ʚʨʝʟʘ) ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʳʝ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʨʝʢʠ ʂʦʨʦʪʘʠʭʘ ʠ ɺʦʨ-

ʢʫʪʘ. ʊʘʢʞʝ ʙʳʣ ʠ ʚʘʨʠʘʥʪ ʩʚʷʟʢʠ ɸʜʟʴʚʳ ʠ ʍʘʡʧʫ-

ʜʳʨʳ. ʏʪʦʙʳ ʚʳʙʨʘʪʴ ʧʨʘʚʠʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʥʫʞʥʦ 

ʙʳʣʦ ʚʳʷʚʠʪʴ ʛʣʘʚʥʳʡ ʧʦʪʦʢ ʚ ʧʨʝʜʝʣʘʭ ʦʧʨʝʜʝʣʷ-

ʝʤʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʯʘʩʪʢʘ. ʊʘʢʠʤ ʧʦʪʦʢʦʤ ʟʜʝʩʴ 

ʦʜʥʦʟʥʘʯʥʦ ʷʚʣʷʝʪʩʷ ʨʝʢʘ ʂʦʣʚʘ. ʇʨʠ ʵʪʦʤ ʩʨʘʟʫ ʞʝ 

ʦʧʨʝʜʝʣʠʣʘʩʴ ʠ ʩʚʷʟʢʘ ʟʘʤʳʢʘʶʱʠʭ ʨʝʢ ɸʜʟʴʚʳ ʠ 

ʍʘʡʧʫʜʳʨʳ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʩ ʠʭ ʘʢʪʠʚʥʳʤʠ ʧʨʠʪʦ-

ʢʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʥʘʧʨʷʤʫʶ ʚ ʪʦʡ ʞʝ ʧʣʦʩʢʦ-

ʩʪʠ ʘʢʪʠʚʥʳʝ ʧʨʠʪʦʢʠ ʂʦʣʚʳ. ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦ-

ʞʝʥʥʳʤ ʜʘʥʥʳʡ ʚʳʜʝʣʝʥʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʫʯʘ-

ʩʪʦʢ ʠʟʥʘʯʘʣʴʥʦ ʥʝ ʤʦʛ ʙʳʪʴ ʵʪʘʣʦʥʥʳʤ. 

ʕʪʦʪ ʫʯʘʩʪʦʢ, ʩʦʛʣʘʩʥʦ ʧʨʘʚʠʣʫ ʙʫʨʘʚʯʠʢʘ, 

ʠʤʝʝʪ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʢ ʧʦʛʨʫʞʝʥʠʶ. ʊʘ-

ʢʦʤʫ ʧʨʦʮʝʩʩʫ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʪʝʢʘʶʱʠʝ ʝʛʦ ʨʨ. 

ɸʜʟʴʚʘ, ʋʩʘ, ʇʝʯʦʨʘ ʠ ʧʦʪʦʢ ʚ ʇʝʯʦʨʩʢʦʤ ʤʦʨʝ. 

ʇʨʝʧʷʪʩʪʚʫʝʪ ʜʘʥʥʦʤʫ ʧʨʦʮʝʩʩʫ ʨ. ʍʘʡʧʫʜʳʨʘ ʠ ʝʝ 

ʘʢʪʠʚʥʳʡ ʧʨʠʪʦʢ ʚ ʟʦʥʝ ʟʘʤʳʢʘʥʠʷ.  

 
ʈʠʩ. 1. ɻʨʘʥʠʮʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʯʘʩʪʢʦʚ: 

ʫʩʣʦʚʥʦ 3-ʛʦ ʨʘʥʛʘ ï ʞʠʨʥʘʷ ʩʝʨʘʷ ʣʠʥʠʷ; ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʨʘʥʛʘ ï ʞʠʨʥʳʝ ʯʝʨʥʳʝ ʣʠʥʠʠ.  

ʎʠʬʨʘʤʠ ʧʦʢʘʟʘʥʳ ʥʦʤʝʨʘ (1ï5) ʵʪʘʣʦʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʯʘʩʪʢʦʚ ʨʘʟʥʦʛʦ ʨʘʥʛʘ. 

 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʦʛʦ ʨʦʜʘ ʧʨʝʧʷʪ-

ʩʪʚʠʷ ʚ ʮʝʣʦʤ ʥʦʩʷʪ ʧʦʟʠʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʪʘʢ ʢʘʢ 

ʥʝ ʜʘʶʪ ʨʘʟʚʠʚʘʪʴʩʷ ʥʝʛʘʪʠʚʥʳʤ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ 

ʩʠʪʫʘʮʠʷʤ (ʧʨʦʚʘʣʘʤ (ʧʨʠ ʧʦʛʨʫʞʝʥʠʠ) ʠʣʠ ʚʳʙʨʦ-

ʩʘʤ ʟʝʤʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠʟ ʥʝʜʨ ï ʧʨʠ ʚʦʟʜʳʤʘʥʠʠ) ʠ 

ʧʦʟʚʦʣʷʶʪ ʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʥʘʜʝʞʥʳʤ ʧʦʢʨʳʰʢʘʤ 

ʜʣʷ ʟʘʣʝʞʝʡ ʥʝʬʪʠ ʠ ʛʘʟʘ. ʇʦʵʪʦʤʫ ʦʯʝʥʴ ʚʘʞʥʘ ʜʝ-

ʪʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʘʢʠʭ ʧʨʝʧʷʪʩʪʚʠʷʭ.  

ʇʦ ʜʘʥʥʳʤ [8], ʚʳʜʝʣʝʥʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ 

ʫʯʘʩʪʦʢ ʪʨʝʪʴʝʛʦ ʨʘʥʛʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ 

ʧʝʨʩʧʝʢʪʠʥʳʭ ʚ ʇʝʯʦʨʦ-ʂʦʣʚʠʥʩʢʦʡ ʥʝʬʪʝʛʘʟʦʥʦʩ-

ʥʦʡ ʦʙʣʘʩʪʠ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʨ. 

ʍʘʡʧʫʜʳʨʘ ʘʢʪʠʚʥʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʨʦʮʝʩʩʫ ʧʦʛʨʫ-

ʞʝʥʠʷ ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ. ɼʨʫʛʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʵʪʦʛʦ ʫʯʘʩʪʢʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʝʛʦ ʧʨʝʜʝʣʘʭ ʯʝʪʢʦ 

ʚʳʨʘʞʝʥʘ ʛʣʘʚʥʘʷ ʨʝʢʘ ï ʂʦʣʚʘ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʪ ʥʘʢʣʦʥ ʩʘʤʦʛʦ ʫʯʘʩʪʢʘ ʥʘ ʶʛ (ʯʪʦ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʥʘʢʣʦʥʘ ʦʙʣʘʩʪʠ ʜʝʥʫʜʘʮʠʠ 

ʙʦʣʝʝ ʢʨʫʧʥʦʛʦ ʨʘʥʛʘ). ʆʜʥʦʚʨʝʤʝʥʥʦ ʵʪʦʪ ʛʦʩʧʦʜ-

ʩʪʚʫʶʱʠʡ (ʧʦ ʧʣʦʱʘʜʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ) ʩʢʣʦʥ ʷʚ-

ʣʷʝʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʪʦʤʫ ʩʢʣʦʥʫ, ʢʦʪʦʨʳʡ ʟʘ-

ʥʠʤʘʶʪ ʧʨʠʪʦʢʠ ʚ ʇʝʯʦʨʩʢʦʝ ʤʦʨʝ (ʚ ʟʦʥʫ ʛʨʘʥʠʮʳ 

ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ). ʌʦʨʤʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʯʘʩʪʢʘ 

ʪʨʝʪʴʝʛʦ ʨʘʥʛʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʦʥ ʧʦʜʚʝʨʞʝʥ 

ʘʢʪʠʚʥʳʤ ʧʨʦʮʝʩʩʘʤ ʩʞʘʪʠʷ ʩ ʶʛʦ-ʚʦʩʪʦʢʘ. ʕʪʦ 

ʦʯʝʥʴ ʚʘʞʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙ-

ʩʪʚʫʶʪ ʧʨʦʮʝʩʩʫ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʣʝʞʝʡ ʥʝʬʪʠ ʠ ʛʘʟʘ. 

ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ [7], ʪʨʘʥʟʠʪʥʳʡ ʧʦ-

ʪʦʢ ʚʩʝʛʜʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥ ʚʦʨʦʥʢʘʤʠ (ʦʙʣʘʩʪʷʤʠ 

ʘʢʢʫʤʫʣʷʮʠʠ), ʧʦ ʝʛʦ ʭʦʜʫ ʬʦʨʤʠʨʫʶʪʩʷ ʦʙʣʘʩʪʠ 

ʜʝʥʫʜʘʮʠʠ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʝʤʫ ʩʢʣʦʥʘʤʠ. ʊʘ-

ʢʠʝ ʦʙʣʘʩʪʠ ʙʣʘʛʦʧʨʠʷʪʥʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʝʬʪʝʛʘʟʦʚʳʭ ʟʘʣʝʞʝʡ.  

ɺʥʫʪʨʠ ʦʙʣʘʩʪʠ ʜʝʥʫʜʘʮʠʠ ʪʨʝʪʴʝʛʦ ʨʘʥʛʘ, 

ʦʢʦʥʪʫʨʝʥʥʦʡ ʨʨ. ʇʝʯʦʨʦʡ, ʍʘʡʧʫʜʳʨʦʡ, ɸʜʟʴʚʦʡ 

ʠ ʋʩʦʡ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʵʪʘʣʦʥʥʳʭ ʫʯʘʩʪʢʘ 

ʯʝʪʚʝʨʪʦʛʦ ʨʘʥʛʘ. ʅʘ ʨʠʩ. 1 ʛʨʘʥʠʮʳ ʚʩʝʭ ʚʳʜʝʣʝʥ-

ʥʳʭ ʵʪʘʣʦʥʥʳʭ ʫʯʘʩʪʢʦʚ ʦʪʦʙʨʘʞʝʥʳ ʯʝʨʥʳʤʠ 

ʞʠʨʥʳʤʠ ʣʠʥʠʷʤʠ. ʆʜʠʥ ʠʟ ʥʠʭ (ˉ 1) ʦʢʦʥʪʫʨʝʥ 

ʨʨ. ʇʝʯʦʨʦʡ, ʂʦʣʚʦʡ, ʃʘʝʡ ʠ ʩʚʷʟʫʶʱʠʤʠ ʠʭ ʧʨʠ-

ʪʦʢʘʤʠ, ʢʦʪʦʨʳʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʘʥʥʦʡ ʟʦʥʳ ʟʘʤʳ-

ʢʘʥʠʷ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʢʘʢ ʪʨʘʥʟʠʪʥʳʝ. ʆʥ ʠʤʝʝʪ 

ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʢ ʧʦʛʨʫʞʝʥʠʶ, ʯʝʤʫ ʩʧʦʩʦʙ-

ʩʪʚʫʶʪ ʛʣʘʚʥʳʝ ʨʨ. ʇʝʯʦʨʘ ʠ ʂʦʣʚʘ. ʊʘʢʦʤʫ ʨʝ-

ʞʠʤʫ ʨʘʟʚʠʪʠʷ ʟʜʝʩʴ ʘʢʪʠʚʥʦ ʧʨʝʧʷʪʩʪʚʫʶʪ ʪʦʣʴʢʦ 

ʨ. ʃʘʷ ʠ ʝʝ ʧʨʠʪʦʢ ʚ ʟʦʥʝ ʟʘʤʳʢʘʥʠʷ. ʌʦʨʤʘ ʵʪʘʣʦʥʘ 

ˉ 1 ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʘʢʪʠʚʥʳʭ ʣʦʢʘʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʝʛʦ ʩʞʘʪʠʷ ʩ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ.  

ɺʳʜʝʣʝʥʥʳʡ ʵʪʘʣʦʥ ˉ 1 ʚ ʧʣʘʥʝ ʥʝʬʪʝʛʘʟʦʥʦʩ-

ʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʟʜʝʩʴ ʦʪʢʨʳʪʦ ʠ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʢʨʫʧʥʦʝ ʋʩʠʥʩʢʦʝ ʥʝʬʪʷʥʦʝ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʝ. ʀʥʪʝʨʝʩʥʳʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ ʷʚʣʷ-

ʝʪʩʷ ʪʦ, ʯʪʦ ʵʪʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʥʘ ʟʝʤʥʫʶ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʧʨʦʝʮʠʨʫʝʪʩʷ ʜʚʫʤʷ ʟʦʥʘʤʠ (ʨʘʟʜʝʣʝʥʥʳʤʠ 



The scientific heritage No 50 (2020) 27 

ʨ. ʂʦʣʚʦʡ), ʢʦʪʦʨʳʝ ʯʝʪʢʦ ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʳʤ ʛʦʩʧʦʜʩʪʚʫʶʱʠʤ (ʧʦ ʧʣʦ-

ʱʘʜʠ) ʩʢʣʦʥʘʤ ʢ ʨ. ʂʦʣʚʝ. ʆʜʥʦʚʨʝʤʝʥʥʦ, ʢʘʢ ʫʞʝ 

ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʩʘʤʘ ʂʦʣʚʘ ʚ ʧʨʝʜʝʣʘʭ ʫʯʘʩʪʢʘ 

ʪʨʝʪʴʝʛʦ ʨʘʥʛʘ ʬʠʢʩʠʨʫʝʪ ʦʙʨʘʪʥʳʡ ʩʢʣʦʥ ʧʦ ʦʪʥʦ-

ʰʝʥʠʶ ʢ ʩʢʣʦʥʫ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʨʘʥʛʘ (ʢʦʪʦʨʳʡ ʠʥ-

ʜʠʮʠʨʫʝʪ ʨ. ʇʝʯʦʨʘ ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ.  

ʅʝʬʪʷʥʳʝ ʟʘʣʝʞʠ ʥʘ ʵʪʘʣʦʥʥʦʤ ʫʯʘʩʪʢʝ ˉ 1 

ʥʘʭʦʜʷʪʩʷ ʥʘ ʛʣʫʙʠʥʘʭ 1,1ï3,4 ʢʤ [5]. ʅʘ ʩʪʨʫʢʪʫʨ-

ʥʳʭ ʢʘʨʪʘʭ [12] ʵʪʠ ʛʣʫʙʠʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʠʟʝʡ-

ʩʢʦʤʫ ʷʨʫʩʫ ʥʠʞʥʝʛʦ ʢʘʨʙʦʥʘ ʠ ʜʦʤʘʥʠʢʦʚʦʤʫ ʛʦ-

ʨʠʟʦʥʪʫ ʚʝʨʭʥʝʛʦ ʜʝʚʦʥʘ. ʇʨʦʝʢʮʠʷʤʠ ʵʪʘʣʦʥʘ ˉ 1 

ʥʘ ʜʘʥʥʳʝ ʛʦʨʠʟʦʥʪʳ ʷʚʣʷʶʪʩʷ ʦʙʣʘʩʪʠ ʜʝʥʫʜʘʮʠʠ 

ʩ ʨʘʟʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʩʚʦʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʬʫʥʜʘʤʝʥʪʘ ʵʪʦʪ ʵʪʘʣʦʥʥʳʡ ʫʯʘʩʪʦʢ 

ʧʨʦʝʮʠʨʫʝʪʩʷ ʟʘʤʢʥʫʪʳʤ ʧʦʥʠʞʝʥʠʝʤ. 

ɼʨʫʛʦʡ ʵʪʘʣʦʥʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʫʯʘʩʪʦʢ (ˉ 

2) ʦʢʦʥʪʫʨʝʥ ʨʨ. ʃʘʝʡ, ʇʝʯʦʨʦʡ, ʐʘʧʢʠʥʘ ʠ ʩʚʷʟʢʦʡ 

ʧʨʠʪʦʢʦʚ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʢʘʢ ʪʨʘʥʟʠʪʥʳʝ ʚ ʟʦʥʝ 

ʟʘʤʳʢʘʥʠʷ ʛʨʘʥʠʮʳ ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ (ʩʤ. ʨʠʩ. 1). 

ɺʪʦʨʦʡ ʵʪʘʣʦʥʥʳʡ ʫʯʘʩʪʦʢ ʠʤʝʝʪ ʪʘʢʞʝ ʧʨʝʜʨʘʩʧʦ-

ʣʦʞʝʥʥʦʩʪʴ ʢ ʧʦʛʨʫʞʝʥʠʶ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʦʜʜʝʨ-

ʞʠʚʘʝʪʩʷ ʨʨ. ʃʘʝʡ, ʇʝʯʦʨʦʡ, ʥʦ ʝʛʦ ʩʜʝʨʞʠʚʘʶʪ ʨ. 

ʐʘʧʢʠʥʘ ʠ ʝʝ ʧʨʠʪʦʢ ʚ ʟʦʥʝ ʟʘʤʳʢʘʥʠʷ ʜʘʥʥʦʡ ʦʙ-

ʣʘʩʪʠ ʜʝʥʫʜʘʮʠʠ.  

ʆʩʦʙʝʥʥʦʩʪʴʶ ʚʪʦʨʦʛʦ ʵʪʘʣʦʥʘ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʛʣʘʚʥʦʡ ʨʝʢʠ ʟʜʝʩʴ ʥʝʪ, ʜʝʡʩʪʚʫʶʱʘʷ ʚʥʫʪʨʠ 

ʥʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʘʷ ʨʝʢʘ ʉʦʟʴʚʘ ʦʪʨʘʞʘʝʪ 

ʩʢʣʦʥ ʢ ʨʝʢʝ ʇʝʯʦʨʝ (ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘ-

ʥʠʷ). ʇʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʝʤʫ ʩʢʣʦʥ ʪʘʢʞʝ ʥʝ ʷʚʣʷ-

ʝʪʩʷ ʛʦʩʧʦʜʩʪʚʫʶʱʠʤ ʧʦ ʧʣʦʱʘʜʠ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʬʫʥʜʘʤʝʥʪʘ, ʢʨʦʚʣʶ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʦʨʜʦʚʠʢʩʢʦ-

ʩʠʣʫʨʠʡʩʢʦ-ʥʠʞʥʝʜʝʚʦʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʧʦʜʦʰʚʳ 

ʜʦʤʘʥʠʢʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚʝʨʭʥʝʛʦ ʜʝʚʦʥʘ ʠ ʚʠʟʝʡ-

ʩʢʦʛʦ ʷʨʫʩʘ ʥʠʞʥʝʛʦ ʢʘʨʙʦʥʘ [12] ʮʝʥʪʨʘʣʴʥʘʷ ʦʙ-

ʣʘʩʪʴ ʜʘʥʥʦʛʦ ʵʪʘʣʦʥʘ ʧʨʦʝʮʠʨʫʝʪʩʷ ʣʦʢʘʣʴʥʳʤʠ 

ʧʦʥʠʞʝʥʠʷʤʠ. ʌʦʨʤʘ ʵʪʘʣʦʥʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʧʨʦʮʝʩʩʘʭ ʩʞʘʪʠʷ ʩ ʶʛʦ-ʚʦʩʪʦʢʘ, ʢʘʢ ʠ ʫʯʘʩʪʢʘ ʪʨʝ-

ʪʴʝʛʦ ʨʘʥʛʘ. ʊʦʣʴʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʵʪʘʣʦʥʘ ˉ 2 ʥʝ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʦʛʦ (ʪʨʘʥʟʠʪʥʦʤʫ ʧʦʪʦʢʫ) ʛʦʩʧʦʜʩʪʚʫʶʱʝʛʦ 

ʩʢʣʦʥʘ. ʉʦʛʣʘʩʥʦ [8, 12] ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʢʦʧʣʝʥʠʡ 

ʋɺ ʟʜʝʩʴ ʥʝ ʦʙʥʘʨʫʞʝʥʦ.  

ʂ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʫʯʘʩʪʢʫ ʪʨʝʪʴʝʛʦ ʨʘʥʛʘ ʚ ʛʨʘ-

ʥʠʮʘʭ ʨʨ. ɸʜʟʴʚʳ, ʋʩʳ, ʇʝʯʦʨʳ ʠ ʍʘʡʧʫʜʳʨʳ ʧʨʠ-

ʤʳʢʘʝʪ ʵʪʘʣʦʥʥʳʡ ʫʯʘʩʪʦʢ ˉ 3 (ʩʤ. ʨʠʩ. 1) ʙʦʣʝʝ 

ʥʠʟʢʦʛʦ (ʧʷʪʦʛʦ) ʨʘʥʛʘ, ʢʦʪʦʨʳʡ ʩʨʘʟʫ ʞʝ ʚʳʜʝʣʷ-

ʝʪʩʷ ʙʝʟ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʣʘʚʥʦʤ ʧʦʪʦʢʝ, ʬʫʥʢʮʠʦʥʠ-

ʨʫʶʱʝʤ ʚ ʝʛʦ ʧʨʝʜʝʣʘʭ. ɻʨʘʥʠʮʘʤʠ ʪʨʝʪʴʝʛʦ ʵʪʘ-

ʣʦʥʥʦʛʦ ʫʯʘʩʪʢʘ ʷʚʣʷʶʪʩʷ ʨʨ. ʇʝʯʦʨʘ ʠ ʀʞʤʘ, ʘ 

ʪʘʢʞʝ ʩʚʷʟʢʘ ʠʭ ʧʨʠʪʦʢʦʚ, ʢʦʪʦʨʳʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʚʩʝʡ ʟʦʥʳ ʟʘʤʳʢʘʥʠʷ ʫʯʘʩʪʢʘ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʢʘʢ 

ʪʨʘʥʟʠʪʥʳʝ. ʅʘ ʩʪʳʢʝ ʵʪʠʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʟʘ-

ʤr ʢʘʶʱʠʭ ʧʨʠʪʦʢʦʚ ʬʠʢʩʠʨʫʝʪʩʷ ʩʣʘʙʦʝ ʟʚʝʥʦ 

ʛʨʘʥʠʮ ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ. ɺʥʫʪʨʠ ʵʪʘʣʦʥʥʦʛʦ 

ʫʯʘʩʪʢʘ ˉ 3 ʨʘʟʚʠʚʘʝʪʩʷ ʛʣʘʚʥʘʷ ʨʝʢʘ ï ʂʦʞʚʘ, ʢʦ-

ʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʦʞʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʯʘʩʪ-

ʢʦʚ ʙʦʣʝʝ ʥʠʟʢʦʛʦ (ʰʝʩʪʦʛʦ) ʨʘʥʛʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝ 

ʛʦʩʧʦʜʩʪʚʫʶʱʝʛʦ ʩʢʣʦʥʘ (ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ), ʢʦʪʦ-

ʨʦʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʥʘʢʣʦʥʫ ʩʤʝʞʥʦʛʦ ʜʠʥʘʤʠʯʝ-

ʩʢʦʛʦ ʫʯʘʩʪʢʘ ʙʦʣʝʝ ʢʨʫʧʥʦʛʦ ʨʘʥʛʘ (ʥʘ ʟʘʧʘʜ ʦʪ 

ʋʨʘʣʴʩʢʠʭ ʛʦʨ). ʌʦʨʤʘ ʜʘʥʥʦʛʦ ʵʪʘʣʦʥʘ ʦʪʨʘʞʘʝʪ 

ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʦʚ ʩʞʘʪʠʷ ʝʛʦ ʩ ʟʘʧʘʜʘ. 

ɺʟʘʠʤʦʩʚʷʟʴ ʪʨʘʥʟʠʪʥʳʭ ʧʦʪʦʢʦʚ (ʫʯʘʩʪʢʦʚ ʨ. 

ʇʝʯʦʨʳ ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʠ ʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʠʨʘ-

ʥʠʷ), ʦʢʦʥʪʫʨʠʚʘʶʱʠʭ ʵʪʘʣʦʥʥʳʡ ʫʯʘʩʪʦʢ ˉ 3, ʧʦ-

ʢʘʟʳʚʘʝʪ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʝʛʦ ʢʘʢ 

ʚʦʟʜʳʤʘʶʱʝʛʦʩʷ. ʊʘʢʦʤʫ ʨʝʞʠʤʫ ʚʦʟʜʳʤʘʥʠʷ ʧʨʝ-

ʧʷʪʩʪʚʫʝʪ ʨ. ʀʞʤʘ ʠ ʝʝ ʘʢʪʠʚʥʳʡ ʧʨʠʪʦʢ ʚ ʟʦʥʝ ʟʘ-

ʤʳʢʘʥʠʷ ʛʨʘʥʠʮ ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ. ʖʞʥʘʷ ʯʘʩʪʴ ʵʪʘ-

ʣʦʥʥʦʛʦ ʫʯʘʩʪʢʘ ˉ 3, ʧʨʠʫʨʦʯʝʥʥʘʷ ʢ ʛʦʩʧʦʜʩʪʚʫ-

ʶʱʝʤʫ ʩʢʣʦʥʫ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ (ʠ 

ʟʦʥʝ ʚʣʠʷʥʠʷ ʛʣʘʚʥʦʡ ʨʝʢʠ ʂʦʞʚʳ), ʩʦʛʣʘʩʥʦ [8, 

12], ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʥʘ ʥʝʬʪʴ ʠ ʛʘʟ.  

ʕʪʘʣʦʥʥʳʡ ʫʯʘʩʪʦʢ (ˉ 4, ʩʤ. ʨʠʩ. 1) ʯʝʪʚʝʨ-

ʪʦʛʦ (ʫʩʣʦʚʥʦ) ʨʘʥʛʘ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʛʨʘʥʠʮʘʭ ʨ. ʄʝ-

ʟʝʥʠ, ʝʝ ʘʢʪʠʚʥʦʛʦ ʧʨʠʪʦʢʘ ɺʘʰʢʠ ʠ ʩʚʷʟʫʶʱʠʭ ʠʭ 

ʧʦʪʦʢʦʚ. ɼʘʥʥʳʡ ʵʪʘʣʦʥ ʠʤʝʝʪ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥ-

ʥʦʩʪʴ ʢ ʚʦʟʜʳʤʘʥʠʶ, ʦʜʥʘʢʦ, ʵʪʦʤʫ ʩʠʣʴʥʦ ʧʨʝʧʷʪ-

ʩʪʚʫʶʪ ʨ. ɺʘʰʢʘ ʠ ʝʝ ʘʢʪʠʚʥʳʡ ʧʨʠʪʦʢ, ʬʫʥʢʮʠʦʥʠ-

ʨʫʶʱʠʡ ʚ ʟʦʥʝ ʟʘʤʳʢʘʥʠʷ ʛʨʘʥʠʮ ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ. 

ʌʦʨʤʘ ʵʪʦʛʦ ʵʪʘʣʦʥʘ ʦʪʨʘʞʘʝʪ ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʦʚ 

ʩʞʘʪʠʷ ʩ ʶʛʦ-ʟʘʧʘʜʘ. ɻʦʩʧʦʜʩʪʚʫʶʱʠʡ ʩʢʣʦʥ ʟʜʝʩʴ 

ʥʝ ʚʳʨʘʞʝʥ. ɻʣʘʚʥʘʷ ʨʝʢʘ ʥʝ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ. ʆʪ-

ʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʦʡ ʨʝʢʦʡ ʷʚʣʷʝʪʩʷ ʨʝʢʘ ʇʳʩʘ ʶʛʦ-

ʚʦʩʪʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ.  

ʕʪʘʣʦʥʥʳʡ ʫʯʘʩʪʦʢ ˉ 5 (ʩʤ. ʨʠʩ. 1) ʩʬʦʨʤʠʨʦ-

ʚʘʥ ʤʝʘʥʜʨʦʤ ʨ. ʄʝʟʝʥʠ ʠ ʩʚʷʟʢʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʳʭ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʠʪʦʢʦʚ ʚ ʟʦʥʝ ʟʘʤʳʢʘʥʠʷ 

ʛʨʘʥʠʮ ʵʪʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʯʘʩʪʢʘ. ɼʘʥʥʳʡ ʫʯʘ-

ʩʪʦʢ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʵʪʘʣʦʥʳ ˉˉ 1, 2 ʧʨʝʜʨʘʩʧʦʣʦ-

ʞʝʥ ʢ ʧʦʛʨʫʞʝʥʠʶ. ʅʦ ʵʪʦʤʫ ʨʝʞʠʤʫ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʪʦʣʴʢʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʧʨʠʪʦʢ (ʩʝʚʝʨʦ-ʟʘ-

ʧʘʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ) ʢ ʄʝʟʝʥʠ ʚ ʟʦʥʝ ʟʘʤʳʢʘʥʠʷ 

ʛʨʘʥʠʮ ʵʪʘʣʦʥʥʦʛʦ ʫʯʘʩʪʢʘ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʬʦʨʤʘ 

ʵʪʘʣʦʥʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʨʝʟʫʣʴʪʠʨʫʶ-

ʱʠʭ ʧʨʦʮʝʩʩʦʚ ʩʞʘʪʠʷ ʩ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ. ɺ ʠʪʦʛʝ 

ʨʘʟʚʠʚʘʶʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʧʦ ʩʚʦʝʤʫ ʨʝʟʫʣʴ-

ʪʘʪʫ ʧʨʦʮʝʩʩʳ. ʇʝʨʚʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʛʨʫʞʝʥʠʶ 

ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ, ʘ ʚʪʦʨʳʝ (ʧʨʦʮʝʩʩʳ ʩʞʘʪʠʷ) ï ʚʦʟ-

ʜʳʤʘʥʠʶ. ʇʨʠ ʩʠʣʴʥʦʤ ʦʩʣʘʙʣʝʥʠʠ ʥʝʙʦʣʴʰʦʛʦ 

ʧʨʠʪʦʢʘ ʢ ʨ. ʄʝʟʝʥʠ ʚ ʟʦʥʝ ʟʘʤʳʢʘʥʠʷ ʛʨʘʥʠʮ ʥʘ 

ʫʯʘʩʪʢʝ ʤʦʞʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʧʨʦʚʘʣ ʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʢʨʫʧʥʳʡ ʚʦʜʦʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ 

ʵʪʘʣʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪ-

ʨʘʤʠ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ. 

ɺʳʚʦʜʳ 

ʕʪʘʣʦʥʥʳʝ ʝʩʪʝʩʪʚʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʝ-

ʥʠʷ ʨʝʢʘʤʠ ʷʚʣʷʶʪʩʷ ʝʜʠʥʠʮʘʤʠ ʨʘʡʦʥʠʨʦʚʘʥʠʷ, 

ʦʥʠ ʚʩʪʨʘʠʚʘʶʪʩʷ ʢʘʢ ʧʘʟʣʳ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ ʜʠ-

ʥʘʤʠʯʝʩʢʠʭ ʫʯʘʩʪʢʦʚ, ʧʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ 

ʨʘʥʛ. ʆʥʠ ʧʦʜʣʝʞʘʪ ʚʥʫʪʨʝʥʥʝʤʫ ʨʘʥʞʠʨʦʚʘʥʠʶ. ʋ 

ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʪʦʣʴʢʦ ʦʜʥʦ ʩʣʘʙʦʝ ʟʚʝʥʦ ʛʨʘʥʠʮ, 

ʦʥʠ ʭʦʨʦʰʦ ʦʨʛʘʥʠʟʦʚʘʥʳ, ʣʝʛʢʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʘʣʴʚʝʛʘʭ ʙʝʟ ʚʳʷʚ-

ʣʝʥʠʷ ʛʣʘʚʥʦʛʦ ʪʨʘʥʟʠʪʥʦʛʦ ʧʦʪʦʢʘ ʤʝʥʴʰʝʛʦ 

ʨʘʥʛʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʪʘʢʠʝ ʵʪʘʣʦʥʳ ʭʦʨʦʰʦ 

ʦʨʛʘʥʠʟʦʚʘʥʳ ʠʟʚʥʝ, ʚʥʫʪʨʝʥʥʝ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ 

ʩʣʘʙʦ ʦʨʛʘʥʠʟʦʚʘʥʥʳʤʠ. ʂ ʧʨʠʤʝʨʫ, ʚʪʦʨʦʡ ʵʪʘʣʦʥ-

ʥʳʡ ʫʯʘʩʪʦʢ (ʩʤ. ʨʠʩ. 1) ʠʤʝʝʪ ʦʜʥʦ ʩʣʘʙʦʝ ʟʚʝʥʦ 

ʩʚʦʠʭ ʛʨʘʥʠʮ, ʧʨʠʫʨʦʯʝʥʥʦʝ ʢ ʟʦʥʝ ʟʘʤʳʢʘʥʠʷ ʨʨ. 

ʐʘʧʢʠʥʘ ʠ ʃʘʠ. ɺʥʫʪʨʠ ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʮʝʥʪʨʘʣʴ-

ʥʘʷ ʦʙʣʘʩʪʴ ʜʝʥʫʜʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʛʦ ʨʘʥʛʘ 

ʠʤʝʝʪ ʯʝʪʳʨʝ ʩʣʘʙʳʭ ʟʚʝʥʘ ʩʚʦʠʭ ʛʨʘʥʠʮ. ʅʝʦʙʭʦ-

ʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʪʘʢʠʭ ʥʝʫʩʪʦʡʯʠʚʳʭ ʟʦʥʘʭ 

ʚʦʟʤʦʞʥʳ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ ʨʝʣʴʝʬʘ.  
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ʈʝʢʠ ʩʧʦʩʦʙʥʳ ʙʳʩʪʨʦ ʧʝʨʝʩʪʨʘʠʚʘʪʴ ʥʘʧʨʘʚ-

ʣʝʥʠʝ ʪʝʯʝʥʠʷ ʥʘ ʦʙʨʘʪʥʦʝ, ʪʘʢ ʢʘʢ ʠʭ ʜʥʦ ʩʪʨʫʢʪʫ-

ʨʠʨʦʚʘʥʦ ʚʦʨʦʥʢʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʬʫʥʢʮʠʦʥʠʨʫʶʪ 

ʤʝʩʪʥʳʝ ʙʘʟʠʩʳ ʜʝʥʫʜʘʮʠʠ. ʆʪ ʜʠʥʘʤʠʢʠ ʤʝʩʪʥʳʭ 

ʙʘʟʠʩʦʚ ʜʝʥʫʜʘʮʠʠ ʟʘʚʠʩʠʪ ʠ ʭʘʨʘʢʪʝʨ ʨʘʟʚʠʪʠʷ 

ʨʝʢʠ [6, 7]. 

ʕʪʘʣʦʥʥʳʝ ʦʙʣʘʩʪʠ ʜʝʥʫʜʘʮʠʠ, ʦʢʦʥʪʫʨʝʥʥʳʝ 

ʩʠʩʪʝʤʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʛʠʜʨʦ-ʠ ʣʠ-

ʪʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʨʝʢ, ʪʘʢʞʝ 

ʩʧʦʩʦʙʥʳ ʙʳʩʪʨʦ ʠ ʣʝʛʢʦ ʧʝʨʝʩʪʨʘʠʚʘʪʴʩʷ. ʂʘʞʜʳʡ 

ʪʘʢʦʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʫʯʘʩʪʦʢ ʠʤʝʝʪ ʧʨʝʜʨʘʩʧʦʣʦ-

ʞʝʥʥʦʩʪʴ ʠʣʠ ʢ ʚʦʟʜʳʤʘʥʠʶ, ʠʣʠ ʧʦʛʨʫʞʝʥʠʶ, 

ʩʤʝʱʝʥʠʶ ʧʦ ʣʘʪʝʨʘʣʠ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɼʠʘʧʘʟʦʥ ʪʘʢʠʭ ʠʟʤʝʥʝʥʠʡ ʦʯʝʥʴ 

ʰʠʨʦʢʠʡ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʧʦʥʠʞʝʥʠʝ ʙʘ-

ʟʠʩʦʚ ʜʝʥʫʜʘʮʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʝʨʝʩʪʨʦʡʢʘ 

ʛʠʜʨʦ-ʠ ʣʠʪʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʚ ʟʦʥʝ ʟʘʤʳʢʘ-

ʥʠʷ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʜʝʥʫʜʘʮʠʠ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦ-

ʚʘʪʴ ʨʘʟʚʠʪʠʶ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ, ʩʚʷʟʘʥ-

ʥʳʭ ʥʝ ʪʦʣʴʢʦ ʩ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ, ʥʦ ʠ ʬʦʨʤʠʨʦʚʘ-

ʥʠʝʤ ʦʙʰʠʨʥʳʭ ʟʦʥ ʟʘʪʦʧʣʝʥʠʷ ʠʣʠ, ʥʘʦʙʦʨʦʪ, 

ʚʳʙʨʦʩʦʚ ʟʝʤʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʚʦʜʳ, ʛʘʟʘ ʠ ʜʨ.) ʩ ʨʘʟ-

ʣʠʯʥʳʭ ʛʣʫʙʠʥ. ɸ ʚʳʙʨʦʩʳ ʛʘʟʘ ʠʟ ʥʝʜʨ ʚ ʦʧʨʝʜʝ-

ʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʧʦʩʦʙʥʳ ʩʦʟʜʘʪʴ ʦʯʘʛ ʩʘʤʦʚʦʟʛʦ-

ʨʘʥʠʷ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʨʘʟʥʦʧʣʘʥʦ-

ʚʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʨʝʘʣʠʟʫʶʪʩʷ 

ʥʝʧʨʝʨʳʚʥʦ ʧʨʠ ʨʘʟʨʷʜʢʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʧʨʷ-

ʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪʩʷ ʚ ʭʦʜʝ ʜʚʠʞʝʥʠʷ ɿʝʤʣʠ 

ʧʦ ʦʨʙʠʪʝ ʚʦʢʨʫʛ ʉʦʣʥʮʘ ʠ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ. ʇʦ-

ʜʨʦʙʥʝʝ ʦʙ ʵʪʦʤ ʠʟʣʦʞʝʥʦ ʚ ʨʘʙʦʪʝ [10]. 

ʇʨʠʨʦʜʥʳʝ ʵʪʘʣʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ 

ʛʠʜʨʦ-ʠ ʣʠʪʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʦʪʦʢʘʤʠ ʠʤʝʶʪ 

ʦʯʝʥʴ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ. ʆʥʠ ʩʦʟʜʘʥʳ ʙʝʟ ʫʯʘʩʪʠʷ 

ʯʝʣʦʚʝʢʘ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤ ʧʨʠʩʧʦ-

ʩʦʙʣʝʥʠʡ ɿʝʤʣʠ ʢ ʥʝʧʨʝʨʳʚʥʳʤ ʝʝ ʠʟʤʝʥʝʥʠʷʤ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʣʷ ʨʘʟʨʷʜʢʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʨʘʟʥʦʛʦ ʨʘʥʛʘ. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʚ ʙʫʜʫ-

ʱʝʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʨʝʝʩʪʨ ʪʘ-

ʢʠʭ ʵʪʘʣʦʥʥʳʭ ʫʯʘʩʪʢʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ ʤʦʥʠ-

ʪʦʨʠʥʛ ʪʝʭ ʠʟ ʥʠʭ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʢʨʠʪʠʯʝʩʢʠʝ ʧʘ-

ʨʘʤʝʪʨʳ ʟʘʤʳʢʘʥʠʷ ʛʨʘʥʠʮ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠ-

ʪʠʶ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʟʦʥ ʟʘʪʦʧʣʝʥʠʷ, 

ʦʯʘʛʦʚ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ, ʟʝʤʣʝʪʨʷʩʝʥʠʡ).  

ʉʪʘʪʴʷ ʥʘʧʠʩʘʥʘ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ (ʪʝʤʘ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʙʘ-

ʟʠʩ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʝʬʪʷʥʦʡ ʠ ʛʘʟʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ, ʧʦʠʩʢʦʚʳʝ ʠ 

ʧʨʠʢʣʘʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ)è, ˉ ɸɸɸɸ- ɸ19-

119013190038-2). 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʦʧʨʦʩʳ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ ʚʝʨʭʥʝʤ ʠ ʚ ʥʠʞʥʝʤ ʙʴʝʬʝ ʚʦʜʦʩʙʨʦʩʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, 

ʘ ʠʤʝʥʥʦ ʥʘ ʧʦʥʫʨʘ ʠ ʨʠʩʙʝʨʤʘʭ, ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ 

ʚʘʨʠʘʥʪʫ ʧʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ ʠ ʛʘʰʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʨʘʩʭʦʜʘʭ ʧʦʪʦʢʦʚ. ʇʨʝʜʣʦʞʝʥʦ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʥʫʨʘ ʠ ʨʠʩʙʝʨʤʘ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʘʩʭʦʜʘ ʚʦʜʳ ʚ ʨʠʩʙʝʨʤʝ ʩ ʤʠʥʠʤʘʣʴ-

ʥʦʡ ʚʦʨʦʥʢʦʡ ʨʘʟʤʳʚʘ ʥʘ ʩʭʦʜʝ ʩ ʥʝʝ. ʇʨʦʚʝʨʝʥʦ ʚʦʟʤʦʞʥʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ ʧʨʠ ʩʦʦʨʫʞʝʥʠʷʭ ʚʩʣʝʜʩʪʚʠʝ ʠ 

ʨʘʟʨʘʙʦʪʘʥʦ ʤʝʨʦʧʨʠʷʪʠʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʳ ʥʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʥʫʨ ʠ ʨʠʩʙʝʨʤʘ. 

Abstract 

The article discusses the issues of research in the upstream and downstream spillway structures, made it 

possible to consistentu approximate the optimal version of the anti seepage measure and extinguishing the energy 

flow rates. The proposed and improved design of the downcast and apron to reduce water consumption and apron 

with minimal washout funnel at the exit from it. The possibility of filtration during the construction was checked 

as a result of and a measure was developed, and a new design of the dejected and apron was improved. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʦʩʙʨʦʩ, ʚʝʨʭʥʠʡ ʙʴʝʬ, ʠʟʙʳʪʦʯʥʘʷ ʵʥʝʨʛʠʷ, ʛʘʰʝʥʠʝ, ʥʠʞʥʠʡ ʙʴʝʬ, ʚʦʜʦʙʦʡʥʳʡ 

ʢʦʣʦʜʝʮ, ʨʘʟʤʳʚ, ʩʢʦʨʦʩʪʴ, ʧʦʥʫʨ, ʨʠʩʙʝʨʤʘ. 

Keywords: spillway, head water, excess energy, extinguishing, downstream, stilling well, erosion, speed, 

downcast, apron. 

 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʅʘʡʪʠ ʥʝʜʦʩʪʘʪʢʠ ʚ 

ʬʠʣʴʪʨʘʮʠʠ ʧʦʜ ʩʦʦʨʫʞʝʥʠʝʤ ʠ ʨʘʟʤʳʚ ʚ ʥʠʞʥʝʤ 

ʙʴʝʬʝ ʚʦʜʦʩʙʨʦʩʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʚ ʚʦʜʦ-

ʙʦʡʥʦʤ ʢʦʣʦʜʮʝ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʬʠʣʴʪʨʘʮʠʠ ʧʦʜ ʩʦʦʨʫʞʝʥʠʝʤ ʠ ʨʘʟʤʳʚʘ ʦʪʜʝʣʴ-

ʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʙʳʣʦ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʩʦʚʝʨʰʝʥʥʘ 

ʥʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʥʫʨʘ ʠ ʨʠʩʙʝʨʤʘ ʜʣʷ ʜʘʣʴʥʝʡ-

ʰʝʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʣʦʚʠʡ ʠʭ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ. 

ʈʝʟʫʣʴʪʘʪʳ: ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʦʜʦʩʙʦʨʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ ʥʘ ʧʣʦʪʠʥʥʳʭ ʛʠʜʨʦʫʟʣʘʭ ʥʝ ʨʝʛʣʘʤʝʥ-

ʪʠʨʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʥʦʨʤʘʤʠ ʠ ʧʨʘʚʠʣʘʤʠ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʧʦ ʵʪʦʡ ʧʨʦ-

ʙʣʝʤʝ ʣʠʪʝʨʘʪʫʨʳ ʠ ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʟʨʘʙʦ-

ʪʘʥʘ ʦʙʱʘʷ ʩʭʝʤʘ ʧʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʤʝʨʦ-

ʧʨʠʷʪʠʷ ʥʘ ʚʦʜʦʩʙʨʦʩʥʦʤ ʩʦʦʨʫʞʝʥʠʠ ʚ ʚʝʨʭʥʝʤ 

ʙʴʝʬʝ ʩ ʧʦʥʫʨʦʤ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ 

ʨʠʩʙʝʨʤʘ ʜʣʷ ʛʘʰʝʥʠʝ ʵʥʝʨʛʠʠ ʧʦʪʦʢʘ ʚ ʥʠʞʥʝʤ 

ʙʴʝʬʝ, ʩʦʟʜʘʥʳ ʭʦʨʦʰʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʛʠʜʨʘʚʣʠʯʝ-

ʩʢʦʛʦ ʨʝʞʠʤʘ ʧʦʪʦʢʘ ʥʘ ʚʦʜʦʙʦʡʥʦʤ ʢʦʣʦʜʮʝ ʠ 

ʨʠʩʙʝʨʤʳ, ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤ r

ʚ ʮʝʣʦʤ. 

ɺʚʝʜʝʥʠʝ 

ʇʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʧʦʥʫʨʳ ʜʦʣʞʥʳ ʦʙ-

ʣʘʜʘʪʴ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʠ ʥʝʢʦʪʦʨʦʡ ʛʠʙʢʦ-

ʩʪʴʶ ʥʘ ʩʣʫʯʘʡ ʜʝʬʦʨʤʘʮʠʠ ʦʩʥʦʚʘʥʠʷ. ʄʘʪʝʨʠʘ-

ʣʘʤʠ ʜʣʷ ʪʘʢʦʛʦ ʧʦʥʫʨʘ ʩʣʫʞʘʪ ʛʣʠʥʘ, ʩʫʛʣʠʥʦʢ, 

ʛʣʠʥʦʙʝʪʦʥ, ʪʦʨʬ, ʘʩʬʘʣʴʪ, ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠ-

ʘʣʳ, ʞʝʣʝʟʦʙʝʪʦʥ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ 

ʧʦʥʫʨʳ ʚʳʧʦʣʥʷʶʪʩʷ ʘʥʢʝʨʥʳʤʠ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʣʦʪʠʥ ʧʨʠ ʩʜʚʠʛʝ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʦ-

ʥʫʨ ʠʤʝʝʪ ʧʨʦʯʥʫʶ ʠ ʛʠʙʢʫʶ ʩʚʷʟʴ ʩ ʪʝʣʦʤ ʧʣʦ-

ʪʠʥʳ [1,2,3]. 

ʊʠʧ ʧʦʥʫʨʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ, ʯʪʦʙʳ 

ʢʦʵʬʬʠʮʠʝʥʪ ʬʠʣʴʪʨʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʧʦʥʫʨʘ ʙʳʣ 

50-100 ʨʘʟ ʤʝʥʴʰʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʠʣʴʪʨʘʮʠʠ ʦʩ-

ʥʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʧʦʥʫʨʳ ʠʟ ʛʣʠʥʠʩʪʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʧʝʩʯʘʥʳʭ ʠ ʧʝʩʯʘʥʳʝ - ʛʨʘ-

ʚʠʡʥʳʝ ʛʨʫʥʪʘʭ ʦʩʥʦʚʘʥʠʷ ʠ ʥʘʧʦʨʘʭ ʥʘ ʧʣʦʪʠʥʝ ʜʦ 

15ʤ, ʘ ʥʘ ʛʣʠʥʠʩʪʳʭ ʦʩʥʦʚʘʥʠʷʭ ʠ ʧʨʠ ʙʦʣʴʰʠʭ 

ʥʘʧʦʨʘʭ ʥʘ ʧʣʦʪʠʥʳ ʧʦʥʫʨʳ ʫʩʪʨʘʠʚʘʶʪʩʷ ʠʟ ʚʦʜʦ-

ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ [7,8,9,10]. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʥʫʨa ʠʟ ʛʣʠʥʠʩʪʳʭ ʤʘʪʝʨʠ-

ʘʣʦʚ ʤʦʞʥʦ ʧʨʠʜʘʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʨʘʟʤʝʨʳ. ʄʠʥʠ-

ʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʧʦʥʫʨʘ ʚ ʝʛʦ ʥʘʯʘʣʝ ʧʨʠʥʠʤʘʝʪʩʷ 

t ʤʠʥ =0,5- 0,75ʤ, ʘ ʚ ʧʨʠʤʳʢʘʥʠʠ ʢ ʧʣʦʪʠʥʝ 1-2ʤ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʦʪʢʦʩʦʚ m1 ʠ m2 ʥʘʟʥʘʯʘʶʪʩʷ ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʛʨʫʥʪʘ ʦʩʥʦʚʘʥʠʷ. ʊʦʣ-

ʱʠʥʘ ʧʦʥʫʨʘ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʝʯʝ-

ʥʠʷʭ ʥʘʟʥʘʯʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ. 
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t ЎὬȾd̅̏ ̐;   (1) 

ʛʜʝ ЎὬ - ʧʦʪʝʨʷ ʥʘʧʦʨʘ ʦʪ ʥʘʯʘʣʘ ʧʦʜʟʝʤʥʦʛʦ 
ʢʦʥʪʫʨʘ ʜʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʝʯʝ-

ʥʠʷ ʧʦʥʫʨʘ; d̅̏ ̐- ʜʦʧʫʩʢʘʝʤʳʡ ʛʨʘʜʠʝʥʪ ʥʘʧʦʨʘ ʜʣʷ 
ʤʘʪʝʨʠʘʣʘ ʧʦʥʫʨʘ, ʧʨʠʥʠʤʘʝʤʳʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʥʦʨʤʘʤʠ: ʜʣʷ ʛʣʠʥ d̅̏ ̐=6-10, ʜʣʷ ʩʫʛʣʠʥʢʦʚ 4-5. 

ʐʦʚ (ʠʣʠ ʯʘʩʪʴ ʝʛʦ) ʩʦʧʨʷʞʝʥʠʷ ʛʣʠʥʠʩʪʦʛʦ 

ʧʦʥʫʨʘ ʠ ʪʝʣʘ ʧʣʦʪʠʥʳ ʜʝʣʘʝʪʩʷ ʦʙʳʯʥʦ ʥʘʢʣʦʥʥʳʤ 

ʩ ʪʝʤ, ʯʪʦʙʳ ʦʥ ʥʝ ʨʘʩʢʨʳʚʘʣʩʷ ʧʨʠ ʦʩʘʜʢʘʭ ʧʦʥʫʨʘ 

ʠ ʧʣʦʪʠʥʳ. ɺ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʩʣʫʯʘʷʭ ʵʪʦʪ ʰʦʚ ʩʧʝ-

ʮʠʘʣʴʥʦ ʫʧʣʦʪʥʷʝʪʩʷ. ɸʥʘʣʦʛʠʯʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩʦʧʨʷʞʝʥʠʝ ʪʘʢʦʛʦ ʧʦʥʫʨʘ ʠ ʩʦ ʩʪʝʥʢʦʡ ʚʝʨʭʦʚʦʛʦ 

ʦʪʢʨʳʣʢʘ ʙʝʨʝʛʦʚʦʛʦ ʫʩʪʦʷ. 

ɼʣʠʥʘ ʧʦʥʫʨʘ ʦʙʳʯʥʦ ὰ̐ ρ σὤ  , ʛʜʝ 

ὤ  - ʤʘʢʩʠʤʘʣʴʥʳʡ ʥʘʧʦʨ ʧʣʦʪʠʥʝ. 

ʉʚʝʨʭʫ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʧʦʥʫʨʘ 

ʧʦʢʨʳʚʘʝʪʩʷ ʟʘʱʠʪʥʳʤ ʛʣʠʥʠʩʪʳʤ ʩʣʦʝʤ ʠʟ ʤʝʩʪ-

ʥʦʛʦ ʛʨʫʥʪʘ ʜʣʷ ʧʨʝʜʦʭʨʘʥʝʥʠʷ ʛʣʠʥʠʩʪʦʛʦ ʤʘʪʝʨʠ-

ʘʣʘ ʦʪ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ ʚ ʧʝʨʠʦʜ ʜʦ ʟʘʪʦʧʣʝʥʠʷ 

ʧʦʥʫʨʘ, ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ ʠ ʚʳʩʳʭʘʥʠʠ ʠ ʦʪ ʚʦʟ-

ʤʦʞʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦ-

ʚʝʨʭ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʦʪʩʳʧʘʝʪʩʷ ʦʙʨʘʪʥʳʡ ʬʠʣʴʪʨ 

ʪʦʣʱʠʥʦʡ 15-20ʩʤ. ʀ ʪʦʣʴʢʦ ʫ ʤʘʣʦʦʪʚʝʪʩʪʚʝʥʥʳʭ 

ʧʣʦʪʠʥ ʦʙʨʘʪʥʳʡ ʬʠʣʴʪʨ ʦʪʩʳʧʘʝʪʩʷ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʥʘ ʛʣʠʥʠʩʪʫʶ ʯʘʩʪʴ ʧʦʥʫʨʘ. ʇʦʚʝʨʭ ʦʙʨʘʪ-

ʥʦʛʦ ʬʠʣʴʪʨ ʫʩʪʨʘʠʚʘʝʪʩʷ ʢʨʝʧʣʝʥʠʝ ʣʠʙʦ ʚ ʚʠʜʝ 

ʢʘʤʝʥʥʦʡ ʤʦʩʪʦʚʦʡ, ʣʠʙʦ ʚ ʚʠʜʝ ʙʝʪʦʥʥʳʭ ʩʙʦʨʥʳʭ 

ʠʣʠ ʙʝʪʦʥʠʨʫʝʤʳʭ ʥʘ ʤʝʩʪʝ ʧʣʠʪ ʪʦʣʱʠʥʦʡ 20-

25ʩʤ. ʂʨʫʧʥʦʩʪʴ ʢʘʤʥʷ ʠ ʨʘʟʤʝʨʳ ʧʣʠʪ ʦʧʨʝʜʝʣʷ-

ʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʪʝ-

ʯʝʥʠʷ, ʢʦʪʦʨʘʷ ʫ ʩʨʝʜʥʝʥʘʧʦʨʥʳʭ ʧʣʦʪʠʥ ʥʘʠʙʦʣʴ-

ʰʘʷ ʧʨʠ ʧʨʦʧʫʩʢʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʤʝʪʦʜʦʤ 

ʛʨʝʙʝʥʢʠ [4,5,10]. 

ʈʠʩʙʝʨʤʳ ʯʘʱʝ ʚʩʝʛʦ ʚʳʧʦʣʥʷʝʪʩʷ ʠʟ ʙʝʪʦʥ-

ʥʳʭ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʣʠʪ. ʅʘ ʥʘʯʘʣʴʥʳʭ ʫʯʘʩʪ-

ʢʘʭ ʨʠʩʙʝʨʤʳ ʪʦʣʱʠʥʘ ʧʣʠʪ 1-2,5ʤ, ʘ ʥʘ ʢʦʥʮʝʚʳʭ 

0,5-0,8 ʤ ʠ ʙʦʣʝʝ. ʊʦʣʱʠʥʘ ʧʣʠʪ ʧʦ ʜʣʠʥʝ ʨʠʩʙʝʨʤʳ 

ʠʟʤʝʥʷʝʪʩʷ ʫʩʪʫʧʘʤʠ. ʇʣʠʪʳ ʚ ʧʣʘʥʝ ʠʤʝʶʪ ʢʚʘʜ-

ʨʘʪʥʫʶ ʠʣʠ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʬʦʨʤʫ ʩ ʜʣʠʥʦʡ ʩʪʦʨʦʥ 

ʦʪ 2 ʜʦ 20 ʤ. ʇʨʠ ʟʘʜʘʥʥʳʭ ʧʣʘʥʦʚʳʭ ʨʘʟʤʝʨʘʭ 

ʧʣʠʪʳ ʝʝ ʪʦʣʱʠʥʫ dʧ ʤʦʞʥʦ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʧʨʠ-

ʥʠʤʘʪʴ: ʜʣʷ ʥʝʘʨʤʠʨʦʚʘʥʥʳʭ ʧʣʠʪ Ὠ̐ ρ
φ

 ρχὰ̐, ʘ ʜʣʷ ʘʨʤʠʨʦʚʘʥʥʳʭ Ὠ̐  ρȟψ  ρρπὰ̐, 

ʛʜʝ ὰ̐ - ʜʣʠʥʘ ʧʣʠʪʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʪʝʯʝʥʠʷ. 

ʇʨʦʜʦʣʴʥʳʝ ʰʚʳ ʤʝʞʜʫ ʧʣʠʪʘʤʠ ʩʣʝʜʫʝʪ 

ʫʩʪʨʘʠʚʘʪʴ ʚ ʧʝʨʝʚʷʟʢʫ. ɽʩʣʠ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʧʨʷ-

ʤʦʫʛʦʣʴʥʦʝ ʧʣʠʪʳ, ʪʦ ʦʥʠ ʜʦʣʞʥʳ ʨʘʩʧʦʣʘʛʘʪʴʩʷ 

ʜʣʠʥʥʦʡ ʩʪʦʨʦʥʦʡ ʚʜʦʣʴ ʪʝʯʝʥʠʷ. ʇʦʜ ʧʣʠʪʘʤʠ 

ʫʢʣʘʜʳʚʘʝʪʩʷ ʜʚʫʭ ʠʣʠ ʪʨʝʭʩʣʦʡʥʦʡ ʦʙʨʘʪʥʳʡ 

ʬʠʣʴʪʨ ʪʦʣʱʠʥʦʡ 0,4-0,6ʤ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʪ-

ʥʦʛʦ ʬʠʣʴʪʨʘ ʧʨʠ ʙʝʪʦʥʠʨʦʚʘʥʠʠ ʧʣʠʪ ʥʘ ʤʝʩʪʝ 

ʫʢʣʘʜʳʚʘʶʪ ʧʦʜʛʦʪʦʚʢʫ ʠʟ ʞʝʩʪʢʦʛʦ ʙʝʪʦʥʘ ʪʦʣʱʠ-

ʥʦʡ 0,1-0,15ʤ [4,5]. 

ɺ ʧʣʠʪʘʭ ʞʝʩʪʢʦʡ ʨʠʩʙʝʨʤʳ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʚʦ-

ʜʦʙʦʝ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʩʪʨʘʠʚʘʪʴ ʜʨʝʥʘʞʥʳʝ ʢʦ-

ʣʦʜʮʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʚʝʜʝʥʥʳʤʠ ʚʳʰʝ ʨʝʢʦ-

ʤʝʥʜʘʮʠʷʤʠ ʜʣʷ ʚʦʜʦʙʦʡʥʳʭ ʧʣʠʪ. ʇʨʠ ʫʩʪʨʦʡʩʪʚʝ 

ʞʝʩʪʢʦʡ ʨʠʩʙʝʨʤʳ ʠʟ ʩʙʦʨʥʳʭ ʧʣʠʪ ʜʨʝʥʘʞʥʳʝ ʢʦ-

ʣʦʜʮʳ ʤʦʞʥʦ ʥʝ ʫʩʪʨʘʠʚʘʪʴ. 

ɺ ʢʦʥʮʝ ʞʝʩʪʢʦʡ ʨʠʩʙʝʨʤʳ ʤʦʞʝʪ ʧʨʝʜʫʩʤʘʪ-

ʨʠʚʘʪʴʩʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʪʝʥʢʘ, ʟʘʛʣʫʙʣʷʝʤʘʷ ʥʝ-

ʩʢʦʣʴʢʦ ʥʠʞʝ ʦʪʤʝʪʢʠ ʦʞʠʜʘʝʤʦʛʦ ʨʘʟʤʳʚʘ, ʧʝʨʝ-

ʭʦʜʥʘʷ ʛʠʙʢʘʷ ʨʠʩʙʝʨʤʘ, ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʡ ʢʦʚʰ 

ʠʣʠ ʠʭ ʩʦʯʝʪʘʥʠʝ. 

ɻʠʙʢʘʷ ʨʠʩʙʝʨʤʘ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʚʠʜʝ ʦʪʜʝʣʴ-

ʥʳʭ ʙʝʪʦʥʥʳʭ ʠʣʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʣʠʪ, ʰʘʨ-

ʥʠʨʥʦ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ, ʢʘʤʝʥʥʦʡ ʥʘʙʨʦʩʢʠ, 

ʛʘʙʠʦʥ ʠ ʬʘʰʠʥʥʳʭ ʪʶʬʷʢʦʚ ʩ ʧʨʠʛʨʫʟʢʦʡ ʢʘʤʥʝʤ, 

ʘ ʪʘʢʞʝ ʚ ʚʠʜʝ ʩʦʯʝʪʘʥʠʡ ʵʪʠʭ ʪʠʧʦʚ ʢʨʝʧʣʝʥʠʡ. 

ʇʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʡ ʢʦʚʰ ʚ ʢʦʥʮʝ ʨʠʩʙʝʨʤʳ ʩ 

ʧʝʨʝʭʦʜʥʳʤ ʛʠʙʢʠʤ ʢʨʝʧʣʝʥʠʝʤ ʫʩʪʨʘʠʚʘʝʪʩʷ ʧʨʠ 

ʙʦʣʴʰʠʭ ʫʜʝʣʴʥʳʭ ʨʘʩʭʦʜʘʭ ʚʦʜʳ ʠ ʣʝʛʢʦʨʘʟʤʳʚʘ-

ʝʤʳʭ ʛʨʫʥʪʘʭ ʦʩʥʦʚʘʥʠʷ. ɿʘʣʦʞʝʥʠʝ ʥʠʟʦʚʦʛʦ ʦʪ-

ʢʦʩʘ ʢʦʚʰʘ ʥʘʟʥʘʯʘʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʝʛʦ ʫʩʪʦʡʯʠʚʦ-

ʩʪʠ ʚ ʩʪʨʦʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ, ʘ ʚʝʨʭʦʚʦʛʦ ï ʩ ʫʯʝʪʦʤ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʘʩʪʝʢʘʥʠʷ ʧʦʪʦʢʘ ʚ ʚʝʨ-

ʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʨʘʟʤʝʱʝʥʠʷ ʥʘ ʥʝʤ ʥʘʢʣʦʥ-

ʥʦʛʦ ʫʯʘʩʪʢʘ ʨʠʩʙʝʨʤʳ. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʨʠʩʙʝʨʤʳ 

ʠ ʜʨʫʛʠʝ ʝʝ ʧʘʨʘʤʝʪʨʳ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʛʠʜʨʘʚʣʠ-

ʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ, ʘ ʝʝ ʪʠʧ- ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʝʭʥʠ-

ʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʨʘʚʥʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʚʘ-

ʨʠʘʥʪʦʚ. 

ɺʦʟʤʦʞʥʦʝ ʢʦʥʩʪʨʫʢʮʠʠ ʛʠʙʢʠʡ ʨʠʩʙʝʨʤ ʧʦ-

ʢʘʟʘʥʳ ʥʘ ʈʠʩ.1. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʥʫʨʘ ʠ 

ʨʠʩʙʝʨʤʘ. ʇʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʤʝʨʦʧʨʠʷ-

ʪʠʷ: 

ʇʦʥʫʨ, ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʣʘʩʪʠ ʛʠʜʨʦʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʚ 

ʚʝʨʭʥʠʤ ʙʴʝʬʝ ʧʣʦʪʠʥʳ ʠ ʚʦʜʦʟʘʙʦʨʥʦʛʦ ʩʦʦʨʫʞʝ-

ʥʠʷ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ 

ʚʦʜʳ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦ-

ʦʨʫʞʝʥʠʷ [7]. 

ɺ ʭʦʜʝ ʥʘʰʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʨʘʟʨʘʙʦʪʘʥʘ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 

ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʦʥʫʨʘ ʈʠʩ.1 

1. ʇʦʥʫʨ, ʚʢʣʶʯʘʶʱʠʡ ʛʨʫʥʪʦʚʦʝ ʦʩʥʦʚʘʥʠʝ, 
ʧʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥʥʳʡ ʵʣʝʤʝʥʪ ʛʝʦʤʝʤʙʨʘʥʳ 

ʫʢʣʘʜʳʚʘʶʪ ʟʘʱʠʪʥʦʡ ʧʨʦʢʣʘʜʢʦʡ ʠʟ ʛʝʦʪʝʢʩʪʠʣʷ ʢ 

ʢʦʪʦʨʦʡ ʧʨʠʢʨʝʧʣʷʶʪ ʛʝʦʨʝʰʝʪʢʫ, ʢʦʪʦʨʫʶ ʥʘʧʦʣ-

ʥʷʶʪ ʟʘʧʦʣʥʠʪʝʣʝʤ ʪʦʨʢʨʝʪʮʝʤʝʥʪʥʦʡ ʩʤʝʩʴʶ, ʦʪ-

ʣʠʯʘʶʱʘʷʩʷ ʪʝʤ, ʯʪʦ ʥʘ ʛʨʘʚʠʡʥʦʡ ʧʦʜʛʦʪʦʚʢʝ 

ʫʢʣʘʜʳʚʘʶʪ ʛʝʦʪʝʢʩʪʠʣʴʥʫʶ ʩʝʪʢʫ ʢ ʢʦʪʦʨʳʡ ʧʨʠ-

ʢʨʝʧʣʷʶʪ ʥʘ ʟʘʱʠʪʥʳʡ ʩʣʦʡ ʛʝʦʪʝʢʩʪʠʣʥʦʡ ʪʢʘʥʠ, 

ʚʢʣʶʯʘʶʱʫʶ ʙʝʪʦʥʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʧʝʨʝʢʨʳʪʠʝʤ 

ʧʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥʥʳʤ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦ-

ʢʨʳʪʠʷ ʤʝʤʙʨʘʥ, ʫʢʣʘʜʢʘ ʞʝʣʝʟʘ ʙʝʪʦʥʥʳʡ ʧʣʠʪʳ ʠ 

ʤʝʞʜʫ ʥʠʤʠ ʫʢʣʘʜʳʚʘʣʩʷ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʳʡ 

PVC. 

2. ʇʦʥʫʨ, ʧʦ ʧʝʨʚʦʤʫ ʧʫʥʢʪʫ ʧʨʦʪʠʚʦʬʠʣʴ-
ʪʨʘʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʤʝʤʙʨʘʥ ʚʳʧʦʣʥʝʥ ʠʟ ʧʦʣʠ-

ʵʪʠʣʝʥʘ ʚʳʩʦʢʠʡ ʧʣʦʪʥʦʩʪʠ. 

ɼʦʩʪʦʠʥʩʪʚʦ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʥʘʤʠ ʧʦʥʫʨʘ ʩʦʩʪʦʠʪ: ʇʦʥʫʨ ʤʥʦʛʦʩʣʦʡʥʦʡ, ʚʦʜʦ-

ʥʝʧʨʦʥʠʮʘʝʤʳʡ, ʛʝʨʤʝʪʠʯʥʳʡ, ʤʦʨʦʟʦʩʪʦʡʢʠʡ, 

ʟʜʝʩʴ ʥʘ ʛʨʘʚʠʡʥʦʡ ʧʦʜʛʦʪʦʚʢʝ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥ 

ʘʨʤʘʪʫʨʥʳʡ ʩʣʦʡ ʛʝʦʪʝʢʩʪʠʣʴʥʦʡ ʩʝʪʢʠ, ʚʦʜʦʥʝ-

ʧʨʦʥʠʮʘʝʤʳʡ ʩʣʦʡ ʠʩʧʦʣʴʟʦʚʘʥ ʠʟ ʛʝʦʪʝʢʩʪʠʣʴʥʦʡ 

ʪʢʘʥʠ ʠ ʤʝʤʙʨʘʥ çHDPEè ʠ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʞʝʣʝʟʦ 

ʙʝʪʦʥʥʦʡ ʧʣʠʪʳ ʤʝʞʜʫ ʥʠʤʠ. 
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ʈʠʩ.1. ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʷ ʩʦʦʨʫʞʝʥʠʷ: 

ʦʩʥʦʚʘʥʠʷ ʧʦʥʫʨʘ-1; ʛʨʘʚʠʡʥʘʷ ʧʦʜʛʦʪʦʚʢʘ-2; ʛʝʦʩʝʪʢʘ-3; ʛʝʦʪʢʘʥʴ-4; ʤʝʤʙʨʘʥʘ ʅɼʈɽ-5;  

ʙʝʪʦʥʥʘʷ ʧʦʜʛʦʪʦʚʢʘ-6; ʙʝʪʦʥʥʘʷ ʧʣʠʪʘ-7; ʙʝʪʦʥʥʳʡ ʟʫʙ-8; ʢʘʤʝʥʥʘʷ ʥʘʙʨʦʩʢʘ-9;  

ʚʦʜʦʩʣʠʚʥʘʷ ʧʣʦʪʠʥʘ-10; ʚʦʜʦʙʦʡʥʳʡ ʢʦʣʦʜʝʮ-11; ʰʘʨʥʠʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ-12;  

ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʧʣʠʪʳ-13; ʟʫʙʮʳ -14; ʛʨʘʚʠʡʥʘʷ ʧʦʜʛʦʪʦʚʢʘ-15. 

 

ʈʠʩʙʝʨʤʘ ʦʪʥʦʩʠʪʩʷ ʚ ʦʙʣʘʩʪʠ ʛʠʜʨʦʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʱʠʱʘʝʪ 

ʨʘʟʤʳʚʘ ʧʦʪʦʢʘ ʢʦʥʮʝʚʳʤʠ ʯʘʩʪʷʤʠ ʥʠʞʥʝʛʦ ʙʴʝʬʘ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʈʠʩ.1. 

ʈʠʩʙʝʨʤʘ ʚ ʩʦʩʪʘʚʝ, ʥʘ ʛʨʘʚʠʡʥʦʡ ʧʦʜʛʦʪʦʚʢʝ 

ʨʘʟʤʝʰʝʥʦ ʚʦʜʦʙʦʡ, ʩ ʥʠʤ ʠ ʤʝʞʜʫ ʩʦʙʦʡ ʰʘʨ-

ʥʠʨʥʦ ʩʦʝʜʠʥʝʥʦ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʧʣʠʪʳ, ʦʪʣʠʯʘ-

ʶʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʢʦʥʮʝ ʥʠʞʥʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʘʞʜʦʡ 

ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʧʣʠʪʳ ʚʳʧʦʣʥʝʥʳ ʟʫʙʮʳ, ʚ ʵʪʦ 

ʚʨʝʤʷ ʥʘ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʧʣʠʪʝ ʚ ʩʪʦʨʦʥʫ ʥʠʞʥʝʛʦ 

ʙʴʝʬʘ ʨʘʟʤʝʱʝʥʦ ʧʦ ʣʝʩʪʥʠʯʥʦʡ ʬʦʨʤʝ ʩ ʧʘʜʝʥʠʝʤ 

[8]. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʨʠʩʙʝʨʤʘ ʷʚʣʷ-

ʝʪʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʦʦʨʫʞʝʥʠʷ, ʜʣʷ ʟʘ-

ʰʠʪʳ ʥʠʞʥʝʛʦ ʙʴʝʬʘ ʦʪ ʧʦʚʦʜʢʦʚʦʛʦ ʠ ʩʝʣʝʚʦʛʦ ʧʦ-

ʪʦʢʦʚ, ʥʘ ʢʦʥʮʘʭ ʥʘ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʝʣʝʟʦʙʝ-

ʪʦʥʥʳʡ ʧʣʠʪʳ ʚʳʧʦʣʥʝʥʳ ʟʫʙʮʳ ʠ ʧʦ ʣʝʩʪʥʠʯʥʦʡ 

ʬʦʨʤʝ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʰʘʨʥʠʨʘʤʠ. 

ʇʨʠ ʧʦʜʤʳʚʝ ʧʦʜʦʰʚʘ ʧʣʠʪʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʦʧʫʩʢʘʝʪʩʷ ʚʥʠʟ, ʚ ʢʦʥʮʘʭ ʧʣʠʪʳ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʟʫʙʮʳ ʠʛʨʘʶʪ ʨʦʣʴ ʢʘʢ ʞʝʣʝʟʦʙʝ-

ʪʦʥʥʳʝ ʩʚʘʠ, ʟʘʱʠʱʘʶʪ ʦʪ ʚʦʟʜʝʡʩʪʚʠʝ ʨʝʯʥʦʛʦ ʧʦ-

ʪʦʢʘ, ʥʝ ʜʦʧʫʩʢʘʶʪ ʧʦʚʦʨʘʯʠʚʘʥʠʷ ʜʝʡʩʪʚʠʡ ʩʢʦʨʦ-

ʩʪʠ ʧʦʪʦʢʘ. ɺ ʨʠʩʙʝʨʤʝ ʧʨʠ ʩʦʝʜʠʥʝʥʠʠ ʤʝʞʜʫ ʩʦ-

ʙʦʡ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʧʣʠʪʳ ʰʘʨʥʠʨʘʤʠ ʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʛʠʙʢʦʩʪʠ. ʇʦʚʦʨʘʯʠʚʘʶʪ 

ʚʦʢʨʫʛ ʦʩʠ ʠ ʦʙʨʘʪʥʦ ʚʦʟʚʨʘʱʘʶʪʩʷ ʥʘ ʩʚʦʶ ʤʝʩʪʦ, 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʯʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʥʝ ʜʦʧʫʩ-

ʢʘʶʪ ʨʘʟʚʘʣʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʠʪʦʛʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘ ʦʩʥʦʚʘʥʠʝ ʘʥʘʣʠʟʘ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʦ ʵʪʦʡ ʧʨʦʙʣʝʤʝ ʣʠʪʝʨʘʪʫʨʳ ʠ 

ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʘ ʦʙʱʘʷ ʩʭʝʤʘ ʧʨʦ-

ʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ ʥʘ ʚʦʜʦʩʙʨʦʩ-

ʥʦʤ ʩʦʦʨʫʞʝʥʠʠ ʚ ʚʝʨʭʥʝʤ ʙʴʝʬʝ ʩ ʧʦʥʫʨʦʤ ʠ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʨʠʩʙʝʨʤʘ ʜʣʷ ʛʘʰʝ-

ʥʠʷ ʵʥʝʨʛʠʠ ʧʦʪʦʢʘ ʚ ʥʠʞʥʝʤ ʙʴʝʬʝ, ʩʦʟʜʘʶʪʩʷ ʭʦ-

ʨʦʰʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʧʦʪʦʢʘ 

ʥʘ ʚʦʜʦʙʦʡʥʦʤ ʢʦʣʦʜʮʝ ʠ ʨʠʩʙʝʨʤʳ, ʧʦʚʳʰʘʝʪʩʷ 

ʥʘʜʝʞʥʦʩʪ ɹʨʘʙʦʪʳ ʩʠʩʪʝʤ rʚ ʮʝʣʦʤ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʢʣʶʯʝʚʳʝ ʵʣʝʤʝʥʪʳ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʦ-

ʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʅʘ ʦʩʥʦʚʝ ʦʙʟʦʨʘ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ BIM-ʪʝʭʥʦʣʦʛʠʠ ʜʦʣʞʥ r

ʩʪʘʪʴ ʨʘʙʦʯʝʡ ʧʣʘʪʬʦʨʤʦʡ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʇʨʠʚʦʜʷʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠ BIM-ʪʝʭʥʦʣʦʛʠʡ, ʟʥʘʯʠʤʦʩʪʴ ʠ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʚʥʝʜʨʝʥʠʷ. 

Abstract 

Digital technologies are seen by the authors as one of the key elements of a sustainable development of the 

construction industry. The review of related scientific publications enables the conclusion that BIM technologies 

must become a working platform for the development of modern construction methods. The paper explores the 

potential of BIM technologies, considers their importance and immediate implementation issues. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ, ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ BIM-

ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʙʣʝʤʳ ʚʥʝʜʨʝʥʠʷ.  

Keywords: digital technologies, sustainable development, BIM potential, implementation challenges. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʫʯʝʥʳʝ [1ð4] ʨʘʩ-

ʩʤʘʪʨʠʚʘʶʪ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʢʘʢ ʢʣʶʯʝʚʳʝ 

ʵʣʝʤʝʥʪʳ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ɸʚʪʦʨʘʤʠ ʥʘʫʯʥʦʡ ʧʫʙʣʠʢʘʮʠʠ [5] 

ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʧʦʜʭʦʜʝ ʢ ʦʙʝʩʧʝ-

ʯʝʥʠʶ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʥʘ 

ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ. ʊʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʜʘʥʠʡ (BIM) ʜʦʣʞʥʦ ʩʪʘʪʴ 

ʨʘʙʦʯʝʡ ʧʣʘʪʬʦʨʤʦʡ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʘ, ʠʩʢʣʶʯʘʶʱʝʡ çʥʝʵʬʬʝʢʪʠʚʥʦʝ ʨʫʢʦʚʦʜ-

ʩʪʚʦ, ʫʢʦʨʝʥʠʚʰʝʝ ʙʝʩʢʫʣʴʪʫʨʴʝ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʧʣʦʱʘʜʢʝ, ʫʩʪʘʨʝʚʰʠʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʩʣʘʙʫʶ ʩʪʨʦʠʪʝʣʴʥʫʶ ʣʦʛʠʩʪʠʢʫè [5].  

ʉʦʛʣʘʩʥʦ [6] çʢ ʩʦʚʨʝʤʝʥʥʳʤ ʮʠʬʨʦʚʳʤ ʪʝʭ-

ʥʦʣʦʛʠʷʤ ʦʪʥʦʩʷʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʝʭʥʦʣʦʛʠʠ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʦʛʦ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʝʭ-

ʥʦʣʦʛʠʠ Big Data (ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʩ ʦʛʨʦʤ-

ʥʳʤʠ ʤʘʩʩʠʚʘʤʠ ʠʥʬʦʨʤʘʮʠʠ), ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʪʝʭʥʦʣʦʛʠʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʥʘʭʦʞ-

ʜʝʥʠʷ, ʦʙʣʘʯʥʳʝ ʩʝʨʚʠʩʳ (ʪ. ʝ. ʚʳʜʝʣʷʝʤʦʝ ʜʠʩʢʦ-

ʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ ʫʜʘʣʝʥʥʦʤ ʩʝʨʚʝʨʝ), ʪʝʭʥʦʣʦ-

ʛʠʠ 3D-ʧʝʯʘʪʠ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʜʘʪʯʠʢʠ, ʤʦʙʠʣʴ-

ʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠʟʤʝʥʷʶʪʩʷ ʧʦʚʩʝʜʥʝʚʥʘʷ ʞʠʟʥʴ ʯʝʣʦ-

ʚʝʢʘ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʦʪʥʦʰʝʥʠʷ, ʩʪʨʫʢʪʫʨʘ ʵʢʦ-

ʥʦʤʠʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʦʟʥʠʢʘʶʪ ʥʦʚʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʤʤʫʥʠʢʘʮʠʷʤ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ 

ʤʦʱʥʦʩʪʷʤ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʩʠʩʪʝʤʘʤ ʠ ʩʝʨʚʠ-

ʩʘʤè. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʮʠʬʨʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʷʚʣʷʶʪʩʷ ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ: 

BIM (Building Information Model), ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦ-

ʣʦʛʠʠ. ʇʦʧʫʣʷʨʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ BIM-ʪʝʭʥʦʣʦʛʠʠ 

ʩʚʷʟʘʥʘ ʩ ʝʝ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʢ ʢʦ-

ʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ:  

- ʦʙʝʩʧʝʯʝʥʠʝ çʦʧʪʠʤʠʟʘʮʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ, 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʜʘʥʠʡè [7, 8]; 
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- ʩʦʟʜʘʥʠʝ çʥʦʚʦʡ ʧʘʨʘʜʠʛʤʳ, ʢʦʪʦʨʘʷ ʧʨʝʜʣʘ-

ʛʘʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʶ, ʤʦʥʠʪʦʨʠʥʛ, ʩʝʥʩʦʨʠʟʘʮʠʶ, 

ʨʦʙʦʪʠʟʘʮʠʶ ʠ ʮʠʬʨʦʚʠʟʘʮʠʶ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦ-

ʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷè [9]; 

- ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʟʘ ʩʯʝʪ ʮʠʬ-

ʨʦʚʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ [10];  

- ʩʦʟʜʘʥʠʝ ʠ ʠʟʫʯʝʥʠʝ çʚʠʨʪʫʘʣʴʥʦʡ ʩʪʨʦʠ-

ʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ ʫʧʨʘʚʣʝʥʠʷ 

ʟʥʘʥʠʷʤʠ ʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʩʪʨʦʠʪʝʣʴ-

ʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘè [11] ʠ ʪ. ʜ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʙʘʟʦʚʦʡ ʦʩʥʦʚʦʡ BIM-

ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ CAD-

ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʧʦʷʚʠʣʠʩʴ ʚ ʥʘʯʘʣʝ 70-ʭ ʛʦʜʦʚ 

ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʝʚʦʣʶʮʠʦʥʥʳʝ 

ʧʨʦʛʨʘʤʤʥʳʝ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʝʜʩʪʘʚ-

ʣʷʪʴ ʥʝ ʪʦʣʴʢʦ ʪʨʝʭʤʝʨʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʠ ʠʥʞʝ-

ʥʝʨʥʳʝ ʨʝʰʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʥʦ ʠ ʚʠʨʪʫ-

ʘʣʴʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʨʝʰʝʥʠʷ, ʯʘʩʪʦ ʦʪʦʞʝʩʪʚ-

ʣʷʶʪ ʩ BIM-ʪʝʭʥʦʣʦʛʠʷʤʠ. ʆʜʥʘʢʦ BIM-

ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʥʝ ʙʘʟʘ 

ʜʘʥʥʳʭ ʜʣʷ ʪʨʝʭʤʝʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʫʜʫʱʝʛʦ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʦʙʲʝʢʪʘ. ʕʪʦ ʩʦʚʨʝʤʝʥʥʘʷ ʚʳʩʦʢʦ-

ʪʝʭʥʦʣʦʛʠʯʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʩʪʘʚ-

ʰʘʷ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʙʘʟʦʡ ʫʩʧʝʰʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ.  

ʇʝʨʝʭʦʜ ʦʪ ʜʚʫʤʝʨʥʦʛʦ (2D) ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢ ʪʨʝʭʤʝʨʥʦʤʫ (3D) ʫʣʫʯ-

ʰʠʣ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʧʨʦʝʢʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʫʤʝʥʴʰʠʣ ʢʦʣʠʯʝʩʪʚʦ ʩʧʝʮʠʬʠʢʘʮʠʡ, 

ʩʦʜʝʨʞʘʱʠʭ ʦʧʨʝʜʝʣʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʩʪʨʦ-

ʠʪʝʣʝʡ.  

ʉʦʟʜʘʥʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʮʠʬʨʦʚʳʭ ʤʦʜʝ-

ʣʝʡ ʚʠʨʪʫʘʣʴʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ (ʥʘ ʚʩʝʭ ʩʪʘ-

ʜʠʷʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ), ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʷʚ-

ʣʷʝʪʩʷ ʦʩʥʦʚʦʡ BIM-ʪʝʭʥʦʣʦʛʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʮʠʬʨʦʚʘʷ çʤʦʜʝʣʴ ʟʜʘʥʠʷ ʩʦʜʝʨ-

ʞʠʪ ʚʩʶ ʠʥʬʦʨʤʘʮʠʶ, ʢʘʩʘʶʱʫʶʩʷ ʟʜʘʥʠʷ, ʚʢʣʶ-

ʯʘʷ ʝʛʦ ʬʠʟʠʯʝʩʢʠʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ, ʠ ʠʥʬʦʨʤʘʮʠʶ ʦ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ʧʨʦʝʢʪʘ ʚ 

ʚʠʜʝ ʩʝʨʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚè [12].  

ʉʦʛʣʘʩʥʦ [12] çʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʝ ʟʜʘʥʠʷ (BIM) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ ʩʦʟʜʘʥʠʝ 

ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʛʣʘʩʦʚʘʥʥʦʡ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ, 

ʠʩʯʠʩʣʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʝʢʪʝ ʟʜʘʥʠʷ ʚ ʧʨʦ-

ʝʢʪʥʦ-ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʠʩʧʦʣʴʟʫʝ-

ʤʦʡ ʜʣʷ ʧʨʠʥʷʪʠʷ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ, ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʜʦʢʫʤʝʥʪʘ-

ʮʠʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʟʜʘʥʠʷ, 

ʩʤʝʪʳ ʨʘʩʭʦʜʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ (ʩʦ-

ʩʪʘʚʣʝʥʠʝ ʛʨʘʬʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʦʙʲʝʢʪʘʤʠ)è. 

ɺʩʝ ʧʨʠʚʝʜʝʥʥʦʝ ʚʳʰʝ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, 

ʯʪʦ BIM-ʪʝʭʥʦʣʦʛʠʠ ð ʦʩʥʦʚʘ ʨʝʰʝʥʠʷ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʧʨʦʙʣʝʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ.  

ʇʨʝʠʤʫʱʝʩʪʚʘ BIM-ʪʝʭʥʦʣʦʛʠʠ ʧʦ ʥʝʩʢʦʣʴ-

ʢʠʤ ʢʨʠʪʝʨʠʷʤ ʧʨʠʚʝʜʝʥʳ ʥʘ ʜʠʘʛʨʘʤʤʝ (ʨʠʩ. 1). 

ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʘʚʣʝʥʘ ʧʦ ʜʘʥʥʳʤ ʦʧʨʦʩʘ ʩʧʝʮʠʘʣʠ-

ʩʪʦʚ-ʨʝʩʧʦʥʜʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʠʟʫʯʘʶʪ ʚʦʧʨʦʩʳ ʧʨʠ-

ʤʝʥʝʥʠʷ BIM-ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ [13, 14]. 

 
ʈʠʩ. 1. ʇʨʝʠʤʫʱʝʩʪʚʘ BIM-ʪʝʭʥʦʣʦʛʠʠ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʨʠʪʝʨʠʷʤ, % 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

BIM-ʪʝʭʥʦʣʦʛʠʠ, ʩʫʱʝʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦ-

ʙʣʝʤʳ ʧʦ ʝʝ ʚʥʝʜʨʝʥʠʶ. ɺ ʩʪʘʪʴʝ [15] ʥʘ ʦʩʥʦʚʝ ʘʥʘ-

ʣʠʟʘ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ çʦʩʥʦʚ-

ʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʚʥʝʜʨʝʥʠʷ BIM-ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʷʚʣʷʶʪʩʷ: ʦʪʩʫʪʩʪʚʠʝ ʧʦʣ-

ʥʦʛʦ ʧʘʢʝʪʘ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʧʦ BIM (ʭʦʪʷ 

ʚ ʈʦʩʩʠʠ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʫʞʝ ʨʘʟʨʘʙʦʪʘʥʳ ʠ 

ʫʪʚʝʨʞʜʝʥʳ ʩʝʤʴ ɻʆʉʊ ʈ ʠ ʯʝʪʳʨʝ ʉʇ, ʦʪʚʝʯʘʶ-

ʱʠʝ ʤʠʨʦʚʳʤ ʩʪʘʥʜʘʨʪʘʤ ISO), ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʟʘ-

ʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʠ ʥʝʦʩʚʝʜʦʤʣʝʥʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴ-

ʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʩʪʦʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʠ ʩʦʚʤʝʩʪʠ-

ʤʦʩʪʴ ʩ ʜʨʫʛʠʤʠ ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, 

ʬʠʥʘʥʩʦʚʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʪʨʫʜʦʝʤʢʦʩʪʴ ʩʦʟʜʘʥʠʷ 

BIM-ʤʦʜʝʣʠ, ʦʪʩʫʪʩʪʚʠʝ ʟʥʘʥʠʡ ʠ ʪ. ʜ.è. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʧʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ 

ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʥʪʝʛʨʘʮʠʷ ʥʝʢʦʪʦʨʳʭ ʠʟ 

ʥʠʭ ʩ BIM ʧʦʟʚʦʣʷʪ ʧʦʜʥʷʪʴ ʩʪʨʦʠʪʝʣʴʥʦʝ ʧʨʦʠʟ-

ʚʦʜʩʪʚʦ ʥʘ ʥʦʚʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ.  
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ɸʥʦʪʘʮʽʷ 

ʉʠʩʪʝʤʘ ʞʠʚʣʝʥʥʷ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ʚʠʢʦʥʫʻ ʨʷʜ ʬʫʥʢʮʽʡ, ʘ ʩʘʤʝ: ʜʦʟʫʚʘʥʥʷ ʧʘʣʠʚʘ ʟʛʽʜʥʦ ʟ ʨʝʞʠ-

ʤʦʤ ʨʦʙʦʪʠ, ʧʦʜʘʯʫ ʮʠʢʣʦʚʦʾ ʧʦʨʮʽʾ ʧʘʣʠʚʘ ʟʘ ʚʩʪʘʥʦʚʣʝʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʚ ʮʠʣʽʥʜʨʠ ʜʚʠʛʫʥʘ, ʨʦʟʧʦ-

ʜʽʣʝʥʥʷ ʧʘʣʠʚʘ ʧʦ ʢʘʤʝʨʽ ʟʛʦʨʷʥʥʷ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʷʢʦʩʪʝʡ ʜʚʠʛʫʥʘ, ʦʩʦʙʣʠʚʦ ʥʘ 

ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ, ʟʙʝʨʝʞʝʥʥʷ ʟʘʧʘʩʫ ʧʘʣʠʚʘ ʪʘ ʡʦʛʦ ʦʯʠʩʪʢʫ ʚʽʜ ʚʦʜʠ ʡ ʜʦʤʽʰʦʢ. ʈʦʙʦʪʘ ʜʠʟʝ-

ʣʴʥʠʭ ʜʚʠʛʫʥʽʚ ʥʘ ʙʽʦʧʘʣʠʚʽ ʪʘ ʧʘʣʠʚʥʠʭ ʩʫʤʽʰʘʭ ʚʠʤʘʛʘʻ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʠʩʪʝʤ ʞʠʚʣʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʥʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʠʩʪʨʦʾʚ, ʜʝʪʘʣʴʥʦʛʦ ʾʭ ʚʠʚʯʝʥʥʷ, ʘʥʘʣʽʟʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙˇʨʫʥʪʦʚʘʥʦʩʪʽ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ, ʨʦʟʨʦʙʢʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʚʘ-

ʥʪʘʞʫʚʘʣʴʥʦ-ʰʚʠʜʢʽʩʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʤʘʰʠʥʥʠʭ ʘʛʨʝʛʘʪʽʚ. 
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Abstract 

The power supply system of a diesel engine performs a number of functions, namely: dosing fuel according 

to the operating mode, supplying a cyclic portion of fuel according to a set characteristic to the engine cylinders, 

distributing fuel through the combustion chamber, ensuring the necessary dynamic qualities of the engine, 

especially in transient operating modes, maintaining a stock fuel and its purification from water and impurities. 

The operation of diesel engines running on biofuels and fuel mixtures requires the modernization of power systems 

through the use of new equipment and devices, detailed study, analysis of design parameters, mathematical validity 

of operating modes, and the development of appropriate regulation depending on the loading and speed modes of 

operation of machine units. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʞʠʚʣʝʥʥʷ, ʜʨʦʩʝʣʴ, ʩʫʤʽʰ, ʜʠʟʝʣʴʥʠʡ ʜʚʠʛʫʥ. 

Keywords: power supply system, throttle, mixture, diesel engine. 

 

ʋ ʟʚôʷʟʢʫ ʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʥʦʚʦʛʦ ʟʘʢʦʥʦʜʘʚ-

ʩʪʚʘ ʱʦʜʦ ʚʠʤʦʛ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʨʦʙʦʪʠ ʪʨʘʥʩʧʦʨʪ-

ʥʠʭ ʟʘʩʦʙʽʚ, ʚʠʨʦʙʥʠʢʠ ʜʠʟʝʣʴʥʠʭ ʜʚʠʛʫʥʽʚ ʧʦʩ-

ʪʽʡʥʦ ʚʜʦʩʢʦʥʘʣʶʶʪʴ ʩʠʩʪʝʤʫ ʧʦʜʘʯʽ ʧʘʣʠʚʘ [1]. 

ʎʽʣʢʦʤ ʦʯʝʚʠʜʥʦ, ʱʦ ʤʝʭʘʥʽʯʥʘ ʩʠʩʪʝʤʘ ʚʧʦʨʩʢʫ-

ʚʘʥʥʷ ʧʘʣʠʚʘ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ. ɿʥʠ-

ʞʝʥʥʷ ʪʠʩʢʫ ʚʧʦʨʩʢʫʚʘʥʥʷ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʚʘ-

ʥʪʘʞʝʥʥʷ ʽ ʚʽʜ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʪʦʛʦ ʚʘʣʫ, 

ʪʘ ʷʢʦʩʪʽ ʨʦʟʧʠʣʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʩʽʜʘʥʥʷ ʢʨʘ-

ʧʝʣʴ ʧʘʣʠʚʘ ʥʘ ʧʦʚʝʨʭʥʽ, ʟʥʠʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦ-

ʨʠʩʥʦʾ ʜʽʾ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʦ-ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʫ ʚʽʜʧʨʘʮʴʦ-

ʚʘʥʠʭ ʛʘʟʘʭ. ʏʘʩʪʢʘ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʟʙʽʣʴʰʫ-

ʻʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʘʣʠʚʥʠʭ ʩʫʤʽʰʝʡ, ʩʢʣʘʜ 

ʷʢʠʭ ʥʝ ʚʨʘʭʦʚʫʻ ʨʝʞʠʤʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʜʚʠ-

ʛʫʥʽʚ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʜʘʥʠʭ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʦʧʘʣʠʚʘ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫ-

ʚʘʪʠ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ ʟ ʝʣʝʢʪʨʦʥʥʠʤ ʨʝʛʫʣʶʚʘʥ-

ʥʷʤ ʩʢʣʘʜʫ ʜʦʟʦʚʘʥʦʾ ʧʘʣʠʚʥʦʾ ʩʫʤʽʰʽ ʟʘʣʝʞʥʦ ʚʽʜ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ. 

ɿʘʣʝʞʥʽʩʪʴ ʨʠʥʢʫ ʧʘʣʠʚʘ ʋʢʨʘʾʥʠ ʚʽʜ ʚʘʨʪʦʩʪʽ 

ʥʘʬʪʦʚʦʛʦ ʧʘʣʠʚʘ, ʜʝʬʽʮʠʪ ʷʢʦʛʦ ʧʨʠʚʦʜʠʪʴ 

ʥʝʩʚʦʻʯʘʩʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʽ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʦ ʥʝʜʦʙʦʨʫ ʫʨʦʞʘʶ ʪʘ ʟʨʦʩʪʘʥʥʷ ʩʦʙʽ-

ʚʘʨʪʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ. ʂʨʽʤ 

ʪʦʛʦ, ʽʥʪʝʥʩʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʢʦʧʥʠʭ ʝʥʝʨʛʦʥʦ-

ʩʽʾʚ, ʥʝʩʝ ʚ ʩʦʙʽ ʝʢʦʣʦʛʽʯʥʫ ʪʘ ʝʥʝʨʛʝʪʠʯʥʫ ʥʝʙʝʟ-

ʧʝʢʫ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʜʠʟʝʣʴ-

ʥʦʛʦ ʧʘʣʠʚʘ ʜʣʷ ʜʠʟʝʣʴʥʠʭ ʜʚʠʛʫʥʽʚ ʻ ʜʦʩʠʪʴ ʘʢʪʫ-

ʘʣʴʥʠʤ, ʩʴʦʛʦʜʥʽ ʚʽʪʯʠʟʥʷʥʽ ʽ ʟʘʢʦʨʜʦʥʥʽ ʥʘʫʢʦʚʮʽ 

ʘʢʪʠʚʥʦ ʧʨʦʧʦʥʫʶʪʴ ʨʽʟʥʦʚʘʨʽʥʪʥʽ ʤʦʜʝʣʽ ʫʜʦʩʢʦ-

ʥʘʣʝʥʥʷ ʜʠʟʝʣʴʥʠʭ ʜʚʠʛʫʥʽʚ, ʧʨʘʮʶʶʯʠʭ ʥʘ ʙʽʦʧʘ-

ʣʠʚʽ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʘʭ [2 - 9] ʥʘʚʝʜʝʥʦ ʨʝ-

ʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽ-

ʯʥʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʜʠʟʝʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʯʠʩʪʦʛʦ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ ʪʘ ʡʦʛʦ ʩʫʤʽʰʽ ʟ ʜʠ-

ʟʝʣʴʥʠʤ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʚʘʨʪʦ ʧʨʠʜʽʣʠʪʠ ʨʦʙʦʪʽ 

[8], ʫ ʷʢʽʡ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢ ʜʠʟʝʣʷ ʘʚʪʦʨʘʤʠ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠ-

ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʛʫʣʶʚʘʥʥʷ ʦʧʪʠʤʘʣʴ-

ʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʩʫʤʽʰʽ ʧʘʣʠʚ ʟʘ-

ʣʝʞʥʦ ʚʽʜ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʜʠʟʝʣʷ. 

ʅʝʜʦʣʽʢʦʤ ʮʠʭ ʤʝʪʦʜʠʢ ʻ ʪʝ, ʱʦ ʚʽʜʩʦʪʢʦʚʠʡ 

ʩʢʣʘʜ ʩʫʤʽʰʽ ʧʘʣʠʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʡ ʥʝ ʚʨʘʭʦʚʫʻ ʩʪʫʧʽʥʴ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ ʜʚʠʛʫʥʘ, ʜʦ ʪʦʛʦ ʞ ʘʥʘʣʽʟ ʽʥʰʠʭ ʩʠʩʪʝʤ ʧʘ-

ʣʠʚʦʧʦʜʘʯʽ ʜʠʟʝʣʴʥʠʭ ʜʚʠʛʫʥʽʚ ʚʽʪʯʠʟʥʷʥʦʛʦ ʽ ʟʘʨʫ-

ʙʽʞʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʢʘʟʘʚ [2] ʥʝʤʦʞʣʠʚʽʩʪʴ ʟʘ-

ʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʽʙʥʦʛʦ ʚʽʜʩʦʪʢʦʚʦʛʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʙʽʦʣʦʛʽʯʥʦʛʦ ʽ ʤʽʥʝʨʘʣʴʥʦʛʦ ʧʘʣʠʚʘ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-ʰʚʠʜʢʽʩʥʠʭ ʨʝ-

ʞʠʤʽʚ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ [3]. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʜʠʟʝʣʴʥʦʛʦ 

ʧʘʣʠʚʘ ʙʫʣʘ ʚʜʦʩʢʦʥʘʣʝʥʘ ʩʠʩʪʝʤʘ ʞʠʚʣʝʥʥʷ ʜʠ-

ʟʝʣʷ (ʨʠʩ. 1), ʷʢʘ ʟʘʙʝʟʧʝʯʠʪʴ ʟʤʽʥʫ ʚʽʜʩʦʪʢʦʚʦʛʦ 

ʩʢʣʘʜʫ ʩʫʤʽʰʽ ʜʠʟʝʣʴʥʦʛʦ ʪʘ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚ 

ʟʘʣʝʞʥʦ ʚʽʜ ʨʝʞʠʤʫ ʨʦʙʦʪʫ ʜʚʠʛʫʥʘ. ɼʦ ʚʜʦʩʢʦʥʘ-

ʣʝʥʦʾ ʩʠʩʪʝʤʠ ʚʥʦʩʷʪʴ ʟʤʽʥʠ, ʷʢʽ ʥʝ ʧʦʛʽʨʰʘʪʴ ʨʦ-

ʙʦʪʫ ʜʠʟʝʣʷ ʪʘ ʟʘʙʝʟʧʝʯʘʪʴ ʙʘʟʦʚʫ ʧʦʪʫʞʥʽʩʪʴ ʽ ʢʨʫ-

ʪʥʠʡ ʤʦʤʝʥʪ, ʘ ʩʘʤʝ ʜʦʜʘʥʦ ʨʷʜ ʝʣʝʤʝʥʪʽʚ: ʧʘʣʠʚ-

ʥʠʡ ʙʘʢ ʜʣʷ ɹʇ, ʬʽʣʴʪʨʠ ʛʨʫʙʦʾ ʦʯʠʩʪʢʠ, ʧʘʣʠʚʥʠʡ 

ʥʘʩʦʩ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ, ʜʨʦʩʝʣʽ, ʟʤʽʰʫʚʘʯ ʧʘʣʠʚ ʪʘ 

ʻʤʥʽʩʥʠʡ ʜʘʪʯʠʢ. 

ɿʤʽʰʫʚʘʯ ʧʘʣʠʚ, ʜʨʦʩʝʣʽ, ʻʤʥʽʩʥʠʡ ʜʘʪʯʠʢ ʽ 

ɽɹʂ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʚʽʜʩʦʪʢʦʚʦʛʦ 

ʩʢʣʘʜʫ ʩʫʤʽʰʽ ɼʇ ʪʘ ɹʇ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʚʘʥʪʘ-

ʞʫʚʘʣʴʥʦ-ʰʚʠʜʢʽʩʥʠʭ ʨʝʞʠʤʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ ʫʜʦ-

ʩʢʦʥʘʣʝʥʘ ʩʠʩʪʝʤʘ ʞʠʚʣʝʥʥʷ ʜʠʟʝʣʷ ʟ ʝʣʝʢʪʨʦʥʥʠʤ 

ʨʝʛʫʣʶʚʘʥʥʷʤ ʚʽʜʩʦʪʢʦʚʦʛʦ ʩʢʣʘʜʫ ʩʫʤʽʰʽ ʧʘʣʠʚ 

ʟʘʙʝʟʧʝʯʫʻ ʨʦʙʦʪʫ ʜʚʠʛʫʥʘ ʥʘ ɼʇ, ɹʇ ʪʘ ʾʭ ʩʫʤʽʰʘʭ 

ʟ ʨʽʟʥʠʤʠ ʚʽʜʩʦʪʢʦʚʠʤʠ ʩʢʣʘʜʘʤʠ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ 

ʝʬʝʢʪʠʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʠʟʝʣʷ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠ-

ʩʪʝʤʠ ʞʠʚʣʝʥʥʷ ʥʽʷʢʠʤ ʯʠʥʦʤ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʨʦʙʦʪʫ 

ʜʠʟʝʣʷ ʥʘ ɼʇ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʟʠʪʠʚʥʦʛʦ ʝʬʝʢʪʫ ʚʽʜ ʟʘʩʪʦ-

ʩʫʚʘʥʥʷ ɹʇ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʥʘ 

ʜʚʠʛʫʥʘʭ ʟʽ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʘʙʦ ʚʞʝ ʦʙʣʘʜʥʘʥʠʤʠ 

ɽɹʂ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʧʪʠʤʽʟʘʮʽʶ ʫʧʨʘʚʣʽʥʥʷ 

ʜʚʠʛʫʥʦʤ, ʚʝʣʠʢʫ ʰʚʠʜʢʦʜʽʶ ʪʘ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘ-

ʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʜʠʟʝʣʷ. ɽɹʂ ʦʙʣʘʜʥʘʥʥʽ 

ʙʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ ʜʚʠʛʫʥʽʚ. 
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ʈʠʩ. 1. ʋʜʦʩʢʦʥʘʣʝʥʘ ʩʠʩʪʝʤʘ ʞʠʚʣʝʥʥʷ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ʟ ʝʣʝʢʪʨʦʥʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ ʩʢʣʘʜʫ ʜʦʟʦʚʘ-

ʥʦʾ ʧʘʣʠʚʥʦʾ ʩʫʤʽʰʽ 

1 ï ʧʘʣʠʚʥʠʡ ʙʘʢ ʜʣʷ ɼʇ; 2 ï ʥʘʩʦʩ ʧʦʜʘʯʽ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ (ɼʇ); 3 ï ʟʘʧʦʙʽʞʥʠʡ ʢʣʘʧʘʥ ɼʇ;  

4 ï ʜʨʦʩʝʣʽ ɼʇ ʪʘ ɹʇ; 5 ï ʟʘʧʦʙʽʞʥʠʡ ʢʣʘʧʘʥ ɹʇ; 6 ï ʥʘʩʦʩ ʧʦʜʘʯʽ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ (ɹʇ);  

7 ï ʧʘʣʠʚʥʠʡ ʙʘʢ ʜʣʷ ɹʇ; 8 ï ʬʽʣʴʪʨ-ʟʤʽʰʫʚʘʯ; 9 ï ʧʘʣʠʚʥʠʡ ʥʘʩʦʩ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ (ʇʅɺʊ);  

10 ï ʬʦʨʩʫʥʢʠ; 11 ï ʻʤʥʽʩʥʠʡ ʜʘʪʯʠʢ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʩʫʤʽʰʽ; 12 ï ʝʣʝʢʪʨʦʥʥʠʡ ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ (ɽʂɹ); 

13 ï ʚʘʞʽʣʴ ʢʝʨʫʚʘʥʥʷ ʧʦʜʘʯʝʶ ʧʘʣʠʚʘ; 14 ï ʜʘʪʯʠʢ ʦʙʝʨʪʽʚ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ;  

15 ï ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ 

 

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʪʠ-

ʚʥʦ-ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʠʩʪʝʤʠ 

ʞʠʚʣʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʾʾ ʨʦʙʦʪʠ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʫʜʦʩʢʦʥʘʣʝ-

ʥʦʾ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʨʽʚʥʷʥʥʷ:  

ʈʽʚʥʷʥʥʷ ʙʘʣʘʥʩʫ ʚʠʪʨʘʪ ʚ ʣʽʥʽʾ ʥʘʩʦʩʘ ʜʠʟʝʣʴ-

ʥʦʛʦ ʧʘʣʠʚʘ: 

ὗ ὗ ὗ̃ ̉̓ ὗ̅ ̆̕ ὗ          ρ 

ʜʝ Qʥ1 ï ʧʦʜʘʯʘ ʥʘʩʦʩʘ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ, 

ὗ  ï ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʯʝʨʝʟ ʜʨʦʩʝʣʴ ʜʠʟʝʣʴʥʦʛʦ 

ʧʘʣʴʥʦʛʦ,  

ὗ  ï ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʯʝʨʝʟ ʟʚʦʨʦʪʥʽʡ ʢʣʘʧʘʥ,  

ὗ̃ ̉  ̓ï ʚʪʨʘʪʠ ʨʽʜʠʥʠ ʚ ʣʽʥʽʾ ʜʠʟʝʣʴʥʦʛʦ ʧʘ-

ʣʠʚʘ,  

Qʜʝʬ1 ï ʚʠʪʨʘʪʘ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ, ʚʠʢʣʠʢʘʥʘ ʜʝ-

ʬʦʨʤʘʮʽʻʶ ʧʦʨʦʞʥʠʥ, ʟʘʧʦʚʥʝʥʠʭ ʨʦʙʦʯʦʶ 

ʨʽʜʠʥʦʶ, ʧʽʜ ʜʽʻʶ ʪʠʩʢʫ ʨ1. 

ὗ̅ ̆̕ Ὧὡ
Ὠὖ

Ὠὸ
          ς 

ʜʝ Ὧ ï ʟʚʝʜʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʜʘʪʣʠʚʦʩʪʽ ʧʦ-
ʨʦʞʥʠʥ ʛʽʜʨʦʩʠʩʪʝʤʠ, ʟʘʧʦʚʥʝʥʠʭ ʨʦʙʦʯʦʶ 

ʨʽʜʠʥʦʶ,  

ὡ  ï ʦʙôʻʤ ʧʦʨʦʞʥʠʥʠ,  

ὖ ï ʪʠʩʢ ʚ ʧʦʨʦʞʥʠʥʽ. 

ʈʽʚʥʷʥʥʷ ʙʘʣʘʥʩʫ ʚʠʪʨʘʪ ʚ ʣʽʥʽʾ ʜʨʦʩʝʣʷ ʜʠ-

ʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ: 

ὗ ‘ϽὊ Ὗ Ͻ
ς

”ˑ ˜
Ͻὖ ὖ        σ 

ʜʝ ὗ  ï ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʯʝʨʝʟ ʜʨʦʩʝʣʴ ʜʠʟʝʣʴ-

ʥʦʛʦ ʧʘʣʴʥʦʛʦ, 

 ‘ ï ʜʠʥʘʤʽʯʥʘ ʚ'ʷʟʢʽʩʪʴ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ, 

Ὂ  ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʜʨʦʩʝʣʷ,  

”ˑ  ̃ï ʛʫʩʪʠʥʘ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ,  

ὖȟὖ, - ʪʠʩʢ ʜʦ ʪʘ ʧʽʩʣʷ ʜʨʦʩʝʣʷ.  

ɺʪʨʘʪʠ ʨʽʜʠʥʠ ʚ ʣʽʥʽʾ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ: 

ὗ̃ ̉̓ ὯϽὖ          τ 

ʜʝ Ὧ ïʢʦʝʬʽʮʽʻʥʪ ʚʠʪʨʘʪʠ ʥʘ ʚʠʪʦʢʠ,  

ὖ ï ʪʠʩʢ ʧʽʩʣʷ ʥʘʩʦʩʘ. 

ʈʽʚʥʷʥʥʷ ʙʘʣʘʥʩʫ ʚʠʪʨʘʪ ʚ ʣʽʥʽʾ ʟʚʦʨʦʪʥʴʦʛʦ 

ʢʣʘʧʘʥʘ: 

ὗ ‘ϽὊ Ͻ
ς

”ˑ ˜
Ͻὖ ὖ         υ 

ʜʝ ὗ  ï ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʯʝʨʝʟ ʟʚʦʨʦʪʥʽʡ ʢʣʘʧʘʥ 

ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʴʥʦʛʦ, 

 ‘ ï ʜʠʥʘʤʽʯʥʘ ʚ'ʷʟʢʽʩʪʴ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ,  

Ὂ  ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʢʣʘʧʘʥʘ,  

”ˑ  ̃ï ʛʫʩʪʠʥʘ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ,  

ὖȟὖ, - ʪʠʩʢ ʜʦ ʢʣʘʧʘʥʘ ʪʘ ʪʠʩʢ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ.  

ʈʽʚʥʷʥʥʷ ʙʘʣʘʥʩʫ ʚʠʪʨʘʪ ʚ ʣʽʥʽʾ ʥʘʩʦʩʘ ʙʽʦʜʠ-

ʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ: 

ὗ ὗ ὗ̃ ̉̓ ὗ̅ ̆̕ ὗ         φ 
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ʜʝ Qʥ2 ï ʧʦʜʘʯʘ ʥʘʩʦʩʘ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ,  

ὗ  ï ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʯʝʨʝʟ ʜʨʦʩʝʣʴ ʙʽʦʜʠʟʝʣʴ-

ʥʦʛʦ ʧʘʣʴʥʦʛʦ,  

ὗ̃ ̉  ̓ï ʚʪʨʘʪʠ ʨʽʜʠʥʠ ʚ ʣʽʥʽʾ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘ-

ʣʠʚʘ,  

Qʜʝʬ2 ï ʚʠʪʨʘʪʘ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ, ʚʠʢʣʠʢʘʥʘ ʜʝ-

ʬʦʨʤʘʮʽʻʶ ʧʦʨʦʞʥʠʥ, ʟʘʧʦʚʥʝʥʠʭ ʨʦʙʦʯʦʶ 

ʨʽʜʠʥʦʶ, ʧʽʜ ʜʽʻʶ ʪʠʩʢʫ ʨ1. 

ὗ̅ ̆̕ Ὧὡ
Ὠὖ

Ὠὸ
             χ 

ʜʝ Ὧ ï ʟʚʝʜʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʜʘʪʣʠʚʦʩʪʽ ʧʦ-
ʨʦʞʥʠʥ ʛʽʜʨʦʩʠʩʪʝʤʠ, ʟʘʧʦʚʥʝʥʠʭ ʨʦʙʦʯʦʶ 

ʨʽʜʠʥʦʶ,  

ὡ  ï ʦʙôʻʤ ʧʦʨʦʞʥʠʥʠ,  

ὖ ï ʪʠʩʢ ʚ ʧʦʨʦʞʥʠʥʽ. 

ʈʽʚʥʷʥʥʷ ʙʘʣʘʥʩʫ ʚʠʪʨʘʪ ʚ ʣʽʥʽʾ ʜʨʦʩʝʣʷ ʙʽʦʜʠ-

ʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ: 

ὗ ‘ϽὊ Ὗ Ͻ
ς

”ˎ ˜
Ͻὖ ὖ           ψ 

ʜʝ ὗ  ï ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʯʝʨʝʟ ʜʨʦʩʝʣʴ ʙʽʦʜʠ-

ʟʝʣʴʥʦʛʦ ʧʘʣʴʥʦʛʦ, 

 ‘ ï ʜʠʥʘʤʽʯʥʘ ʚ'ʷʟʢʽʩʪʴ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ,  

Ὂ  ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʜʨʦʩʝʣʷ,  

”ˎ  ̃ï ʛʫʩʪʠʥʘ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ,  

ὖȟὖ, - ʪʠʩʢ ʜʦ ʪʘ ʧʽʩʣʷ ʜʨʦʩʝʣʷ.  

ɺʪʨʘʪʠ ʨʽʜʠʥʠ ʚ ʣʽʥʽʾ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ: 

ὗ̃ ̉̓ ὯϽὖ           ω 

ʜʝ Ὧ ïʢʦʝʬʽʮʽʻʥʪ ʚʠʪʨʘʪʠ ʥʘ ʚʠʪʦʢʠ,  

ὖ ï ʪʠʩʢ ʧʽʩʣʷ ʥʘʩʦʩʘ. 

ʈʽʚʥʷʥʥʷ ʙʘʣʘʥʩʫ ʚʠʪʨʘʪ ʚ ʣʽʥʽʾ ʟʚʦʨʦʪʥʴʦʛʦ 

ʢʣʘʧʘʥʘ: 

ὗ ‘ϽὊ Ͻ
ς

”ˎ ˜
Ͻὖ ὖ         ρπ 

ʜʝ ὗ  ï ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʯʝʨʝʟ ʟʚʦʨʦʪʥʽʡ ʢʣʘʧʘʥ 

ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʴʥʦʛʦ, 

 ‘ ï ʜʠʥʘʤʽʯʥʘ ʚ'ʷʟʢʽʩʪʴ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ,  

Ὂ  ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʢʣʘʧʘʥʘ,  

”ˎ  ̃ï ʛʫʩʪʠʥʘ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ,  

ὖȟὖ, - ʪʠʩʢ ʜʦ ʢʣʘʧʘʥʘ ʪʘ ʪʠʩʢ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ.  

ʈʽʚʥʷʥʥʷ ʙʘʣʘʥʩʫ ʚʠʪʨʘʪ ʟʤʽʰʫʚʘʯʘ: 

ὗ ὗ ὗ ὗ̃ ̉̓        ρρ 
ʜʝ ὗ  ï ʚʠʪʨʘʪʘ ʥʘ ʚʭʦʜʽ ʫ ʟʤʽʰʫʚʘʯ ʜʠʟʝʣʴ-

ʥʦʛʦ ʧʘʣʠʚʘ, 

ὗ  - ʚʠʪʨʘʪʘ ʥʘ ʚʭʦʜʽ ʫ ʟʤʽʰʫʚʘʯ ʙʽʦʜʠʟʝʣʴ-

ʥʦʛʦ ʧʘʣʠʚʘ,  

ὗ̃ ̉̓  ï ʚʪʨʘʪʠ ʨʽʜʠʥʠ ʫ ʟʤʽʰʫʚʘʯʽ. 

ɺʠʪʨʘʪʘ ʧʘʣʠʚʘ ʥʘ ʚʭʦʜʽ ʫ ʟʤʽʰʫʚʘʯ ʜʠʟʝʣʴ-

ʥʦʛʦ ʧʘʣʠʚʘ: 

ὗ ‘ϽὊ Ͻ
ς

”ˑ ˜
Ͻὖ ὖ        ρς 

ʜʝ ὗ  ï ʚʠʪʨʘʪʘ ʥʘ ʚʭʦʜʽ ʫ ʟʤʽʰʫʚʘʯ ʜʠʟʝʣʴ-

ʥʦʛʦ ʧʘʣʠʚʘ, 

 ‘ ï ʜʠʥʘʤʽʯʥʘ ʚ'ʷʟʢʽʩʪʴ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ,  

Ὂ  ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚʭʽʜʥʦʛʦ 

ʦʪʚʦʨʫ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ, ”ˑ  ̃ï ʛʫʩʪʠʥʘ ʜʠʟʝʣʴ-

ʥʦʛʦ ʧʘʣʠʚʘ,  

ὖȟὖ, - ʪʠʩʢ ʜʦ ʪʘ ʧʽʩʣʷ ʟʤʽʰʫʚʘʯʘ. 

ɺʠʪʨʘʪʘ ʥʘ ʚʭʦʜʽ ʫ ʟʤʽʰʫʚʘʯ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘ-

ʣʠʚʘ: 

ὗ ‘ϽὊ Ͻ
ς

”ˎ ˜
Ͻὖ ὖ         ρσ 

ʜʝ ὗ  ï ʚʠʪʨʘʪʘ ʥʘ ʚʭʦʜʽ ʫ ʟʤʽʰʫʚʘʯ ʙʽʦʜʠ-

ʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ, 

 ‘ ï ʜʠʥʘʤʽʯʥʘ ʚ'ʷʟʢʽʩʪʴ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ,  

Ὂ  ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚʭʽʜʥʦʛʦ 

ʦʪʚʦʨʫ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ,  

”ˎ  ̃ï ʛʫʩʪʠʥʘ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ,  

ὖȟὖ, - ʪʠʩʢ ʜʦ ʪʘ ʧʽʩʣʷ ʟʤʽʰʫʚʘʯʘ. 

ɺʪʨʘʪʠ ʨʽʜʠʥʠ ʫ ʟʤʽʰʫʚʘʯʽ: 

ὗ̃ ̉̓ ὯϽὖ ρτ 
ʜʝ Ὧ ïʢʦʝʬʽʮʽʻʥʪ ʚʠʪʨʘʪʠ ʥʘ ʚʠʪʦʢʠ,  

ὖ ï ʪʠʩʢ ʧʽʩʣʷ ʟʤʽʰʫʚʘʯʘ. 

ʊʠʩʢ ʥʘ ʜʽʣʷʥʮʽ ʚʽʜ ʥʘʩʦʩʘ ʜʦ ʜʨʦʩʝʣʷ ʜʠʟʝʣʴ-

ʥʦʛʦ ʧʘʣʠʚʘ: 

ὖ
ὗ ὗ ὗ̃ ̉̓ ὗ

ὑ Ͻὡ
       ρυ 

ʜʝ Qʥ1 ï ʧʦʜʘʯʘ ʥʘʩʦʩʘ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ, 

ὗ  ï ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʯʝʨʝʟ ʜʨʦʩʝʣʴ ʜʠʟʝʣʴʥʦʛʦ 

ʧʘʣʴʥʦʛʦ,  

ὗ  ï ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʯʝʨʝʟ ʟʚʦʨʦʪʥʽʡ ʢʣʘʧʘʥ,  

ὗ̃ ̉  ̓ï ʚʪʨʘʪʠ ʨʽʜʠʥʠ ʚ ʣʽʥʽʾ ʜʠʟʝʣʴʥʦʛʦ ʧʘ-

ʣʠʚʘ,  

Ὧ ï ʟʚʝʜʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʜʘʪʣʠʚʦʩʪʽ ʤʘʛʽʩʪ-

ʨʘʣʽ,  

ὡ  ï ʦʙôʻʤ ʧʦʨʦʞʥʠʥʠ ʚʽʜ ʥʘʩʦʩʘ ʜʦ ʜʨʦʩʝʣʷ. 

ʊʠʩʢ ʥʘ ʜʽʣʷʥʮʽ ʚʽʜ ʥʘʩʦʩʘ ʜʦ ʜʨʦʩʝʣʷ ʙʽʦʜʠ-

ʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ: 

ὖ
ὗ ὗ ὗ̃ ̉̓ ὗ

ὑ Ͻὡ
      ρφ 

ʜʝ Qʥ2 ï ʧʦʜʘʯʘ ʥʘʩʦʩʘ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ,  

ὗ  ï ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʯʝʨʝʟ ʜʨʦʩʝʣʴ ʙʽʦʜʠʟʝʣʴ-

ʥʦʛʦ ʧʘʣʴʥʦʛʦ,  

ὗ  ï ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʯʝʨʝʟ ʟʚʦʨʦʪʥʽʡ ʢʣʘʧʘʥ,  

ὗ̃ ̉  ̓ï ʚʪʨʘʪʠ ʨʽʜʠʥʠ ʚ ʣʽʥʽʾ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘ-

ʣʠʚʘ,  

Ὧ ï ʟʚʝʜʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʜʘʪʣʠʚʦʩʪʽ ʤʘʛʽʩʪ-

ʨʘʣʽ,  

ὡ  ï ʦʙôʻʤ ʧʦʨʦʞʥʠʥʠ ʚʽʜ ʥʘʩʦʩʘ ʜʦ ʜʨʦʩʝʣʷ. 

ʊʠʩʢ ʥʘ ʜʽʣʷʥʮʽ ʚʽʜ ʜʨʦʩʝʣʷ ʜʦ ʟʤʽʰʫʚʘʯʘ ʚ 

ʣʽʥʽʾ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ: 

ὖ
ὗ ὗ

ὑ Ͻὡ
       ρχ 

ʜʝ ὗ  ï ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʯʝʨʝʟ ʜʨʦʩʝʣʴ ʜʠʟʝʣʴ-

ʥʦʛʦ ʧʘʣʴʥʦʛʦ,  

ὗ  - ʚʠʪʨʘʪʘ ʥʘ ʚʭʦʜʽ ʫ ʟʤʽʰʫʚʘʯ ʜʠʟʝʣʴʥʦʛʦ 

ʧʘʣʠʚʘ,  

Ὧ ï ʟʚʝʜʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʜʘʪʣʠʚʦʩʪʽ ʤʘʛʽʩʪ-

ʨʘʣʽ,  

ὡ  ï ʦʙôʻʤ ʧʦʨʦʞʥʠʥʠ ʚʽʜ ʜʨʦʩʝʣʷ ʜʦ ʟʤʽʰʫ-

ʚʘʯʘ. 

ʊʠʩʢ ʥʘ ʜʽʣʷʥʮʽ ʚʽʜ ʜʨʦʩʝʣʷ ʜʦ ʟʤʽʰʫʚʘʯʘ ʚ 

ʣʽʥʽʾ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ: 

ὖ
ὗ ὗ

ὑ Ͻὡ
       ρψ 

ʜʝ ὗ  ï ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʯʝʨʝʟ ʜʨʦʩʝʣʴ ʙʽʦʜʠ-

ʟʝʣʴʥʦʛʦ ʧʘʣʴʥʦʛʦ,  

ὗ  - ʚʠʪʨʘʪʘ ʥʘ ʚʭʦʜʽ ʫ ʟʤʽʰʫʚʘʯ ʙʽʦʜʠʟʝʣʴ-

ʥʦʛʦ ʧʘʣʠʚʘ,  
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Ὧ ï ʟʚʝʜʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʜʘʪʣʠʚʦʩʪʽ ʤʘʛʽʩʪ-

ʨʘʣʽ,  

ὡ  ï ʦʙôʻʤ ʧʦʨʦʞʥʠʥʠ ʚʽʜ ʜʨʦʩʝʣʷ ʜʦ ʟʤʽʰʫ-

ʚʘʯʘ. 

ʊʠʩʢ ʧʽʩʣʷ ʟʤʽʰʫʚʘʯʘ ʚ ʣʽʥʽʾ ʩʫʤʽʰʝʚʦʛʦ ʧʘ-

ʣʠʚʘ: 

ὖ
ὗ ὗ ὗ̃ ̉̓

ὑ Ͻὡ
       ρω 

ʜʝ ὗ  - ʚʠʪʨʘʪʘ ʥʘ ʚʭʦʜʽ ʫ ʟʤʽʰʫʚʘʯ ʙʽʦʜʠ-

ʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ,  

ὗ  - ʚʠʪʨʘʪʘ ʥʘ ʚʭʦʜʽ ʫ ʟʤʽʰʫʚʘʯ ʜʠʟʝʣʴʥʦʛʦ 

ʧʘʣʠʚʘ,  

ὗ̃ ̉̓  ï ʚʪʨʘʪʠ ʨʽʜʠʥʠ ʫ ʟʤʽʰʫʚʘʯʽ.  

Ὧ ï ʟʚʝʜʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʜʘʪʣʠʚʦʩʪʽ ʤʘʛʽʩʪ-

ʨʘʣʽ,  

ὡ  ï ʦʙôʻʤ ʧʦʨʦʞʥʠʥʠ ʚʽʜ ʟʤʽʰʫʚʘʯʘ ʜʦ 

ʇʅɺʊ. 

ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʢʨʠʪʪʷ ʟʘʩʣʽʥʢʠ ʜʨʦʩʝʣʷ ʚʽʜ 

ʥʘʧʨʫʛʠ: 

Ὂ ὪὟ Ƞ Ὂ ὪὟ ȠὟ ρ
Ὗ Ƞ     ςπ  

ʅʘʧʨʫʛʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦ-

ʢʘʟʥʠʢʽʚ ʜʚʠʛʫʥʘ, ʟʚʽʜʩʠ: 

Ὗ Ὢ

ở

Ở
ờ

ὔ̆
ὲ
ὓ̆
Ὃ̗
Ὣ̆Ợ

ỡ
Ỡ

 

ɺʠʟʥʘʯʘʻʤʦ ʧʘʨʘʤʝʪʨʠ ʟʦʚʥʽʰʥʴʦʾ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʜʚʠʛʫʥʘ ʜʣʷ ʥʦʤʽʥʘʣʴʥʦʛʦ ʨʝʞʠʤʫ, ʚʠʢʦʨʠ-

ʩʪʦʚʫʶʯʠ ʚʽʜʦʤʽ ʟʘʣʝʞʥʦʩʪʽ. 

ɽʬʝʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ: 

ʜʚ

he
e

inVp
N

tÖ

ÖÖÖ
=

30
, (21) 

ʜʝ 
e

p  ï ʩʝʨʝʜʥʽʡ ʝʬʝʢʪʠʚʥʠʡ ʪʠʩʢ,  

hV  - ʣʽʪʨʘʞ ʜʚʠʛʫʥʘ,  

n ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʽʚ,  

ʽ ï ʯʠʩʣʦ ʮʠʣʽʥʜʨʽʚ,  

ʜʚt  - ʪʘʢʪʥʽʩʪʴ ʜʚʠʛʫʥʘ 

ɽʬʝʢʪʠʚʥʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʜʚʠʛʫʥʘ: 

 

n

N
M e

e

Ö
=

9550
, (22) 

ɽʬʝʢʪʠʚʥʘ ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʚʠʟʥʘ-

ʯʘʻʪʴʩʷ ʟ ʚʽʜʦʤʦʾ ʟʘʣʝʞʥʦʩʪʽ: 

ʜʚe

ʮ

e
N

inG
g

tÖ

ÖÖÖ
=

120
, (23) 

ʜʝ 
ʮG  ï ʮʠʢʣʦʚʘ ʧʦʜʘʯʘ ʧʘʣʠʚʘ, ʢʛ/ʮʠʢʣ. 

ɻʦʜʠʥʥʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ: 

1000

ee

ʧ

Ng
G

Ö
= . (24) 

ɼʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ (1)-(24) ʜʦʟʚʦʣʷʻ 

ʦʧʠʩʘʪʠ ʨʦʙʦʪʫ ʫʜʦʩʢʦʥʘʣʝʥʦʾ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ 

ʪʘ ʟʤʽʰʫʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʩʦʪʢʦʚʦʛʦ ʩʢʣʘʜʫ 

ʧʘʣʠʚʘ, ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʤʘʰʠʥʥʦ-

ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʫ. 

ɺʦʥʘ ʻ ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʘ ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦ-

ʟʨʘʭʫʥʢʫ, ʪʦʤʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʩʥʦʚʥʠʭ ʟʘʣʝʞʥʦʩ-

ʪʝʡ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʨʝʞʠʤʥʽ 

ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ Mathcad.  
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Abstract 

Welded bellows expansion joints operate under a complex stress state due to the presence of their own weld-

ing (sw, ew), assembly (sa, ea) and operational (so, eo) elastoplastic deformations and stresses. In the general case 

sw, ew > 0; sa, ea > 0; so, eo > 0, and strains and stresses can have different values, signs, concentrations, gradients, 

etc. The analysis performed of the chemical composition of materials used for the manufacture of welded bellows 

expansion joints and metallographic examination in order to identify the causes of damage to the bellows in the 

process of manufacturing and operation. Based on the research carried out, technological recommendations have 

been developed that will ensure the required manufacturing quality of bellows expansion joints. 

Keywords: welded bellows, metallographic expertise, austenitic steel, microstructure, austenite grains. 

 

A bellows expansion joint is a device in the form 

of a flexible insert used in piping systems and serves to 

compensate for changes in the length of piping sections 

caused by thermal expansion of the pipe material or due 

to installation work. The main part of this type of prod-

uct is the bellows itself, which is a corrugated elastic 

asymmetric shell, made most often of stainless steel. 

Bellows can be single-layer, i.e., consisting of one layer 

of material, and multilayer ï made of two or more lay-

ers. In bellows used in pipe fittings, the number of lay-

ers is usually 2 to 12. Table 1 shows the mass fraction 

of steel elements 12Cr18Ni10Ti for different delivered 

batches. 

Table 1 

Chemical composition of the test batches of samples * 

N Element, mass % 
Sample batch number 

Batch 1 Batch 2 Batch 3 

1 C**  0,04 Ñ 0,002 0,05 Ñ 0,002 0,03 Ñ 0,002 

2 Si 0,334 Ñ 0,026 0,387 Ñ 0,024 0,614 Ñ 0,029 

3 Mn 0,765 Ñ 0,034 0,115 Ñ 0,035 1,005 Ñ 0,033 

4 Cr 17,551 Ñ 0,049 17,921 Ñ 0,053 17,288 Ñ 0,046 

5 Ni 9,520 Ñ 0,049 10,447 Ñ 0,053 9,473 Ñ 0,046 

6 Mo 0,186 Ñ 0,004 0,206 Ñ 0,004 0,215 Ñ 0,004 

7 Ti 0,167 Ñ 0,018 0,509 Ñ 0,022 0,192 Ñ 0,017 

8 Fe 71,476 Ñ 0,071 70,414 Ñ 0,075 71,212 Ñ 0,067 

* The content of sulfur, phosphorus, copper, vanadium and tungsten was not determined 

** Carbon content determined by chromatography 

 

Bellows expansion joints are widely used in power 

generation, shipbuilding, chemical, oil and many other 

industries to perceive static and dynamic movements of 

pipelines and mechanisms, compensate for thermal ex-

pansion of pipelines, and also to reduce the level of vi-

brations transmitted through pipelines. The reliable op-

eration of these devices to a decisive extent depends on 

the normal trouble-free functioning of heating systems 

of settlements, the operability of pipelines, units and 

life support systems of nuclear power plants, industrial 

enterprises, ships and aircraft.  

The manufacturing process of bellows is as fol-

lows: the material in rolls weighing from 15 to 50 kg 

goes to the cutting area, where it is cut into cards of 

appropriate sizes using guillotine shears. After that, the 

process of rolling of pipe billets takes place, which are 

then transferred to the welding section, where the lon-

gitudinal seams are performed by automatic argon-arc 

welding with a non-consumable tungsten electrode in 

the same mode parameters. The welded workpieces are 

collected in a package (three layers) symmetrically 

moving away from each other. The assembled package 

is subjected to hydraulic corrugation forming in the fol-

lowing modes. The flaring process takes place with an 

emulsion 10% solution. 

One of the important elements of the technological 

process of manufacturing bellows expansion joints is 

the quality control system at all stages of production, 

starting with the incoming inspection of materials for 

compliance with technical requirements, as well as 

measures for controlling technological parameters 

when performing individual operations. Failure to com-

ply with these rules leads to irreparable defects in the 

manufacture of bellows, which entails colossal losses 

for enterprises. 

Studies of damage to welded bellows expansion 

joints during their operation demonstrate the possibility 

of the formation of areas with a high level of residual 

stresses as a result of ongoing technological operations 

[1]. In addition, areas with chemical and, accordingly, 
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structural inhomogeneity in welds can cause damage at 

the stage of product manufacturing. 

Since the influence of welding modes on the qual-

ity of welded joints of bellows expansion joints was 

studied earlier [2], in this work the main attention was 

paid to metallographic examination of bellows speci-

mens. 

Analysis of the chemical composition showed (see 

table. 1) that all batches comply with the standard, with 

the exception of batch 2, which is characterized by an 

increased carbon content. This batch of samples also 

contains slightly more chromium, nickel and titanium 

than the batch. It is known that chromium provides the 

self-passivation phenomenon, nickel stabilizes the aus-

tenitic structure, and titanium provides fine grain. Thus, 

none of these elements should have adversely affected 

the structure and mechanical properties. On the other 

hand, among the undetermined elements, strong car-

bide-forming vanadium and tungsten remained, which 

could affect the uniformity of carbon and chromium 

distribution during the crystallization of the weld and 

cause dendritic segregation. 

A metallographic examination was carried out to 

study the causes of damage to welded bellows expan-

sion joints. Investigated the macro- and microstructure 

of the base metal, weld metal and heat-affected zone. 

Used an optical microscope "Neophot 21", microstruc-

ture samples were examined in a polished state without 

etching in order to detect inclusions, as well as after 

etching with a magnification of Ĭ 200 and Ĭ 400. 

Studies have shown that the base metal is charac-

terized by a uniformly etched austenite structure with 

small inclusions of manganese sulfides, which can be 

observed in Fig. 1a, there are also spheroidal and row-

shaped, which are distributed over the volume of the 

base metal (Fig. 1b). 

  

ʘ) ʙ) 

Fig. 1. Microstructure of the base metal containing elongated manganese sulfides (a) and other non-metallic 

inclusions (b) (³200) 

 

The size of the austenite grains in the heat affected 

zone was estimated. For this purpose, the secant 

method was used, and in the samples with defect-free 

seams, these indicators were: 0.182 mm (2nd grain 

point) and 0.342 mm (grain point 0), while in the spec-

imen with defects along the seam this indicator was 

0.155 mm - t .e. the grain size was the smallest. Taking 

into account the fact that the parameters of the yield 

point and the ability of the metal to deform are in-

versely proportional to the grain size, it seems that it is 

necessary to explain the formation of defects by other 

reasons. 

A fundamental difference in microstructures was 

observed near the fusion zones in the studied series of 

specimens with the lowest and highest number of frac-

tures along the seam during corrugation. Thus, the mi-

crostructure of the former (Fig. 6a) had a columnar 

structure without pronounced chemical heterogeneity, 

whereas in the samples of the second batch, pronounced 

dendritic segregation was found on both sides of the 

seam (Fig. 2b). In the samples with the largest number 

of defects (Fig. 2c), hot subsurface cracks were found 

that originated directly above the fusion zone and prop-

agated towards the heat-affected zone, i.e. in the zone 

of the largest grain, in which less energy is required for 

the development of destruction. 


