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INNOVATIVE TYPES OF PIPELINE TRANSPORT  

 

ɸʥʥʦʪʘʮʠʷ 

ɺʘʞʥʦʩʪʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʢʘʢ, ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʙʝʟ-

ʫʩʣʦʚʥʦ, ʩʪʦʠʪ ʥʘ ʧʝʨʚʦʤ ʤʝʩʪʝ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʨʷʜʦʤ 

ʬʘʢʪʦʨʦʚ ʠ ʢʨʠʪʝʨʠʝʚ, ʪʨʝʙʫʝʤʳʭ ʚ ʝʛʦ ʥʘʜʝʞʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʙʦ ʚʩʝʤ ʵʪʦʤ, ʠ ʦ ʪʦʤ ʢʝʤ ʚʳʷʚʣʷʝʪʩʷ 

ʩʪʝʧʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʧʦʡʜʝʪ ʨʝʯʴ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ. 

Abstract 

The Importance of pipeline transport safety as experience shows, of course, is in the first place, the safety of 

pipeline transport, is caused by a number of factors and criteria required in its reliable operation, all this, and 

who identifies the degree of pipeline safety, will be discussed in this article. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʟʦʧʘʩʥʦʩʪʴ, ʪʨʫʙʦʧʨʦʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʥʝʬʪʴ, ʛʘʟ, ʛʘʟʦʧʨʦʚʦʜ, ʥʝʬʪʝʧʨʦʚʦʜ, 

ʘʚʘʨʠʠ. 

Keywords: safety, pipeline transport, oil, gas, gas pipeline, oil pipeline, accidents. 

 

ʊʨʫʙʦʧʨʦʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ 

ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʟʥʘʯʠʤʦʝ ʚʦʟ-

ʜʝʡʩʪʚʠʝ ʦʢʘʟʳʚʘʝʪ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ 

ʤʝʩʪʥʦʩʪʠ, ʝʩʣʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʤ ʠ ʢʨʠʪʝ-

ʨʠʷʤ ʢʘʯʝʩʪʚʘ, ʪʨʝʙʫʝʤʳʤ ʜʣʷ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʪ 

ʫʨʦʚʥʷ ʝʛʦ ʥʘʜʝʞʥʦʩʪʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʫʨʦʚʝʥʴ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ, 

ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʧʦʜ ʥʘʜʝʞʥʦʩʪʴʶ ʪʨʫʙʦʧʨʦ-

ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʨʝʯʴ ʠʜʝʪ ʦ ʩʦʙʣʶʜʝʥʠʠ ʚʩʝʭ 

ʩʪʘʥʜʘʨʪʦʚ, ʠ ʩʦʭʨʘʥʝʥʠʠ ʩʚʦʡʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶ-

ʱʠʭ ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʚ ʨʘʤʢʘʭ ʟʘʜʘʥ-

ʥʦʛʦ ʧʝʨʠʦʜʘ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʙʦ-

ʧʨʦʚʦʜʘ. 

ʇʨʠʚʝʜʝʤ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ:  

 - ʤʘʛʠʩʪʨʘʣʴʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ. 

 - ʧʨʦʤʳʰʣʝʥʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ. 

 ʂ ʤʘʛʠʩʪʨʘʣʴʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʥʦʤʫ ʪʨʘʥʩ-

ʧʦʨʪʫ ʤʦʞʥʦ ʦʪʥʝʩʪʠ, ʪʘʢʠʝ ʛʘʟʦʥʝʬʪʝʧʨʦʚʦʜʳ ʢʘʢ, 

ʧʝʨʝʧʨʘʚʣʷʶʱʠʝ ʥʝʬʪʴ ʦʪ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʦ 

ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʩʪʘʥʮʠʡ ʠ ʟʘʚʦʜʦʚ, ʠʣʠ 

ʞʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪ ʪʫʜʘ, ʛʜʝ ʝʛʦ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʶʪ ʧʦ ʥʘʟʥʘʯʝʥʠʶ. ʂ ʧʨʦ-

ʤʳʰʣʝʥʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʥʦʤʫ ʪʨʘʥʩʧʦʨʪʫ ʦʪʥʦ-

ʩʷʪ: ʧʨʝʜʥʘʟʥʘʯʘʶʱʠʝʩʷ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʥʝʬʪʠ ʥʝ ʪʝʨʨʠʪʦʨʠʠ ʩʪʘʥʮʠʡ ʠ ʥʝʬʪʝʙʘʟ. [1] 

ʆʙʱʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦ-

ʧʨʦʚʦʜʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ð ʙʦʣʝʝ 200 ʪʳ-

ʩʷʯ ʢʤ, ʧʨʠ ʵʪʦʤ ʦʥʠ ʧʝʨʝʩʝʢʘʶʪ ʩʚʳʰʝ 5000 ʚʩʝ-

ʚʦʟʤʦʞʥʳʭ ʚʦʜʥʳʭ ʧʨʝʛʨʘʜ. ʂʘʞʜʳʡ ʦʪʜʝʣʴʥʦ ʚʟʷ-

ʪʳʡ ʤʘʛʠʩʪʨʘʣʴʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ ʩʦʩʪʘʚʣʷʝʪ ʚ 

ʜʣʠʥʫ ʙʦʣʝʝ 50 ʢʤ ʠ ʦʙʣʘʜʘʝʪ ʜʠʘʤʝʪʨʦʤ ð 200 ʤʤ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʉʅʠʇ 11.45-75 ʫʩʪʘʥʦʚʣʝʥʦ 

ʯʝʪʳʨʝ ʢʣʘʩʩʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʥʦʛʦ ʜʠʘʤʝʪʨʘ ʪʨʫʙ: 

I ʢʣʘʩʩ ð ʙʦʣʝʝ 1000 ʤʤ; 

II  ʢʣʘʩʩ ð 1000-500 ʤʤ; 

III  ʢʣʘʩʩ ð 500-300 ʤʤ; 

IV ʢʣʘʩʩ ð ʤʝʥʝʝ 300 ʤʤ. 

ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʤʘʛʠʩʪʨʘʣʴʥʳʤ 

ʛʘʟʦʧʨʦʚʦʜʦʤ ʥʘʟʳʚʘʝʪʩʷ ʪʨʫʙʦʧʨʦʚʦʜ, ʧʨʝʜʥʘʟʥʘ-

ʯʝʥʥʳʡ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʘʟʘ ʦʪ ʤʝʩʪʘ ʜʦʙʳʯʠ 

ʠʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʨʘʡʦʥ ʧʦʪʨʝʙʣʝʥʠʷ. ʀʥʦʛʜʘ ʪʨʫ-

ʙʦʧʨʦʚʦʜ ʤʦʞʝʪ ʩʦʝʜʠʥʷʪʴ ʦʪʜʝʣʴʥʳʝ ʛʘʟʦʚʳʝ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʷ. 

ʊʨʫʙʦʧʨʦʚʦʜ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʡ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʢ ʤʘʛʠʩʪʨʘʣʴʥʦʤʫ ʛʘʟʦʧʨʦʚʦʜʫ ʠ ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʥʳʡ ʜʣʷ ʦʪʚʦʜʘ ʯʘʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ 

ʛʘʟʘ ʢ ʥʘʩʝʣʝʥʥʳʤ ʧʫʥʢʪʘʤ ʠ ʧʨʦʤʳʰʣʝʥʥʳʤ ʧʨʝʜ-

ʧʨʠʷʪʠʷʤ, ʷʚʣʷʝʪʩʷ ʦʪʚʝʪʚʣʝʥʠʝʤ ʦʪ ʤʘʛʠʩʪʨʘʣʴ-

ʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ [4]. 

ʊʨʘʩʩʳ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʨʦʢʣʘ-

ʜʳʚʘʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʟʦʥʘʭ ʩʪʨʘʥʳ, ʢʦʪʦʨʳʝ, ʙʝʟʫʩʣʦʚʥʦ, ʦʪʣʠʯʘʶʪʩʷ 

http://go.mail.ru/redir?src=7a6734&via_page=1&oqid=79ec13119657eeee&type=sr&redir=eJzLKCkpsNLXLy8v1yvOTs_N1E0vKdUrKtVnYDA0NTc1NTU0Mjdh2FW1rmfJrOmVK39vbJZbcu8BAO96FOY&user_type=10
http://go.mail.ru/redir?src=7a6734&via_page=1&oqid=79ec13119657eeee&type=sr&redir=eJzLKCkpsNLXLy8v1yvOTs_N1E0vKdUrKtVnYDA0NTc1NTU0Mjdh2FW1rmfJrOmVK39vbJZbcu8BAO96FOY&user_type=10


9

 

ζColloquium - journal Ȼ#2 6(50),2019 / EARTH SCIENCES 9 

 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʛʝʦʣʦʛʠʝʡ, ʣʘʥʜʰʘʬʪʦʤ, ʥʘʣʠʯʠʝʤ 

ʚʦʜʦʝʤʦʚ, ʩʪʝʧʝʥʴʶ ʦʩʚʦʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʤʠ 

ʪʝʭʥʦʛʝʥʥʳʤʠ ʠ ʧʨʠʨʦʜʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. 

ʇʨʠ ʠʟʳʩʢʘʥʠʠ ʪʨʘʩʩ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʵʢʩʧʣʫ-

ʘʪʘʮʠʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥ-

ʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʛʨʫʥʪʦʚʫʶ ʩʨʝʜʫ, ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦ-

ʢʨʦʚ, ʞʠʚʦʪʥʳʡ ʤʠʨ, ʧʦʜʟʝʤʥʳʝ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʚʦʜʳ, ʧʨʠʟʝʤʥʦʡ ʩʣʦʡ ʘʪʤʦʩʬʝʨʳ. ʕʪʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʷʤʳʤʠ ʠ ʢʦʩʚʝʥʥʳʤʠ, ʜʣʠʪʝʣʴʥʳʤʠ 

ʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤʠ. ʀʭ ʨʝʟʫʣʴʪʘʪʦʤ ʩʪʘʥʦʚʷʪʩʷ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʨʘʟʨʫʰʝʥʠʷ, ʟʘʛʨʷʟʥʝʥʠʷ, ʪʝʧʣʦʚʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʠ ʪ.ʜ., ʘ ʠʭ ʧʦʩʣʝʜʩʪʚʠʷ ʠʥʦʛʜʘ ʤʦʛʫʪ 

ʙʳʪʴ ʥʝʦʙʨʘʪʠʤʳʤʠ. [6] 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʦʯʝʥʴ ʚʘʞʥʦ ʠʟʫʯʘʪʴ ʠ ʫʯʠʪʳ-

ʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʠʭ ʧʦʩʣʝʜʩʪʚʠʷ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʪʨʫʙʦʧʨʦ-

ʚʦʜʘ ʠ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɹʝʟʫʩʣʦʚʥʦ, ʚʦʧʨʦʩ ʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʘʛʠ-

ʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷ-

ʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʘʢʪʫʘʣʴʥʳʭ, ʧʦʵʪʦʤʫ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ɻʦʩʜʫʤʝ. 

ʊʦʣʯʢʦʤ ʜʣʷ ʤʘʩʰʪʘʙʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʝʪʠ ʪʨʫ-

ʙʦʧʨʦʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʩʪʘʣʦ ʦʩʚʦʝʥʠʝ ʥʦʚʳʭ, 

ʫʜʘʣʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʇʦʵʪʦʤʫ ʩ ʢʘʞʜʳʤ ʛʦ-

ʜʦʤ ʨʘʩʪʫʪ ʥʝ ʪʦʣʴʢʦ ʦʙʲʝʤʳ ʧʝʨʝʢʘʯʝʢ, ʥʦ ʠ ʜʣʠʥʘ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʠʭ ʜʠʘʤʝʪʨ, ʤʦʱʥʦʩʪʴ ʠ ʨʘʙʦʯʝʝ 

ʜʘʚʣʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʯʪʠ ʚʝʩʴ ʦʙʲʝʤ ʜʦ-

ʙʳʚʘʝʤʳʭ ʚ ʈʦʩʩʠʠ ʥʝʬʪʠ ʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʪʨʘʥʩ-

ʧʦʨʪʠʨʫʶʪʩʷ ʧʦ ʤʘʛʠʩʪʨʘʣʴʥʳʤ ʪʨʫʙʦʧʨʦʚʦʜʘʤ 

[1]. 

ʅʦ ʧʦʤʠʤʦ ʦʯʝʚʠʜʥʳʭ ʜʦʩʪʦʠʥʩʪʚ ʪʘʢʦʛʦ ʚʠʜʘ 

ʪʨʘʥʩʧʦʨʪʘ, ʝʩʪʴ ʫ ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤ ʠ ʥʝʜʦ-

ʩʪʘʪʦʢ, ʧʨʠʯʝʤ ʥʝʦʩʧʦʨʠʤʳʡ: ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʩʣʦʞʥʦʩʪʴ ʧʨʦʢʣʘʜʢʠ ʚ ʪʨʫʜʥʦʧʨʦ-

ʭʦʜʠʤʳʭ ʨʘʡʦʥʘʭ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʧʘʩʥʦʩʪʴ, ʦʩʦ-

ʙʝʥʥʦ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʚʦʜʥʳʭ ʧʝʨʝʭʦʜʦʚ (ʜʶ-

ʢʝʨʦʚ). 

ʉʪʦʠʪ ʦʪʤʩʪʠʪʴ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʥʝʬʪʝʛʘʟʦʚʳʝ ʪʨʫʙʦʧʨʦʚʦʜʳ ʷʚʣʷʶʪʩʷ ʥʝʙʝʟʦʧʘʩ-

ʥʳʤʠ, ʘ ʚʤʝʩʪʝ ʩ ʵʪʠʤ ʝʱʝ ʝʩʪʴ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʥʦʤ ʪʨʘʥʩ-

ʧʦʨʪʝ. 

ʏʘʩʪʦʡ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡ ʷʚʣʷ-

ʝʪʩʷ ʥʘʨʫʰʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩʘʤʦ-

ʚʦʣʴʥʳʤʠ ʚʨʝʟʢʘʤʠ, ʮʝʣʴ ʢʦʪʦʨʳʭ ð ʭʠʱʝʥʠʝ ʧʨʦ-

ʜʫʢʪʦʚ ʠʣʠ ʪʝʨʨʦʨʠʟʤ. ʀʤʝʶʱʘʷʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʩʠʩʪʝʤʘ ʦʭʨʘʥ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ 

ʘʨʭʘʠʯʥʘ ʠ ʘʙʩʦʣʶʪʥʦ ʥʝ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥ-

ʥʦʡ ʦʭʨʘʥʳ ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤ ʧʨʦʩʪʦ ʥʝ ʩʫ-

ʱʝʩʪʚʫʝʪ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʟʨʘʙʦ-

ʪʘʥʳ ʠ ʧʨʠʥʷʪʳ ʚ ʉʦʚʝʪʩʢʦʤ ʉʦʶʟʝ, ʫʩʪʘʨʝʣʠ ʠ ʥʝ-

ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʩʠʪʫʘʮʠʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɸ ʪʨʫʙʦʧʨʦʚʦʜʳ ð ʷʚʣʷʶʪʩʷ ʤʘʛʠʩʪʨʘʣʷʤʠ ʧʦʚʳ-

ʰʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ [5]. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʳʚʝʩʪʠ ʠʟ ʩʪʨʦʷ ʥʝʬʪʝʧʨʦʚʦʜ 

ʠʣʠ ʛʘʟʦʧʨʦʚʦʜ, ʥʝ ʥʫʞʥʳ ʜʝʩʷʪʢʠ ʢʠʣʦʛʨʘʤʤʦʚ 

ʚʟʨʳʚʯʘʪʢʠ. ɺ ʩʪʘʨʳʭ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʘʭ 

ʩʤʝʩʴ ʠʜʝʪ ʧʦʜ ʙʦʣʴʰʠʤ ʜʘʚʣʝʥʠʝʤ: ʦʪ 55 ʜʦ 75 ʘʪ-

ʤʦʩʬʝʨ, ʘ ʚ ʥʦʚʳʭ ð ʜʦ 120 ʘʪʤʦʩʬʝʨ. ʇʦʵʪʦʤʫ ʜʦ-

ʩʪʘʪʦʯʥʦ ʥʘʨʫʰʠʪʴ ʚʥʝʰʥʶʶ ʩʪʝʥʢʫ ʪʨʫʙʦʧʨʦ-

ʚʦʜʘ, ʯʪʦʙʳ ʜʘʚʣʝʥʠʝ ʠʟʥʫʪʨʠ ʩʜʝʣʘʣʦ ʨʘʟʨʳʚ ʤʘʢ-

ʩʠʤʘʣʴʥʳʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʩʪʨʦ ʚʩʪʘʝʪ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʥʘ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʤ ʫʨʦʚʥʝ ʨʘʩʰʠʨʠʪʴ çʧʦ-

ʣʦʩʫ ʙʝʟʦʧʘʩʥʦʩʪʠè ʦʪ ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʧʨʝʜʤʝʪʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʦʩʪʘʪʴʩʷ ʧʦʩʣʝ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ 

ʚʨʝʤʝʥ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ, ʥʘʧʨʠʤʝʨ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 32 ʤʝʪʨʘ ʚ ʣʝʩʫ 

ʠ 45 ʤʝʪʨʦʚ ʥʘ ʦʪʢʨʳʪʦʡ ʤʝʩʪʥʦʩʪʠ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʧʝʮʠʘʣʠʩʪʦʚ ʦʪʨʘʩʣʠ ʩʯʠʪʘʶʪ, 

ʯʪʦ ʩʪʨʘʥʝ ʥʝʦʙʭʦʜʠʤʳ ʛʨʘʤʦʪʥʦ ʩʦʩʪʘʚʣʝʥʥʘʷ 

ʢʦʥʮʝʧʮʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤ ʠ 

ʫʞʝʩʪʦʯʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʥʘ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʘ ʛʘʟʦʧʨʦʚʦʜʦʚ ʠ ʥʝʬʪʝʧʨʦʚʦʜʦʚ. 

ʇʦʜʜʝʨʞʘʥʠʝ ʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʠ ʙʝʟʦʧʘʩ-

ʥʦʤ ʩʦʩʪʦʷʥʠʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ð ʩʣʦʞʥʘʷ, ʩ ʪʝʭʥʠ-

ʯʝʩʢʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʟʘʜʘʯʘ, ʢʦ-

ʪʦʨʘʷ ʨʝʰʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ 

ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤʳ. 

ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʙʦʣʴʰʠʥʩʪʚʦ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʩʢʣʦʥʷʝʪʩʷ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʫʙʦʧʨʦ-

ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ ʩʪʨʘʥʳ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʧʨʘ-

ʚʠʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ. ʆʜʠʥ ʠʟ 

ʦʧʪʠʤʘʣʴʥʳʭ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʨʝʤʦʥʪʘ ð 

ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʠʟʦʣʷʮʠʦʥ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠʭ ʥʘʥʝʩʝʥʠʷ ʚ ʪʨʘʩ-

ʩʦʚʳʭ ʫʩʣʦʚʠʷʭ [3]. 

ʈʝʤʦʥʪ ʠ ʝʛʦ ʩʣʦʞʥʦʩʪʠ 

ɺ ʮʝʣʦʤ ʩʫʱʝʩʪʚʫʝʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʚʠʜʘ ʧʨʠ-

ʯʠʥ ʨʘʟʨʫʰʝʥʠʷ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ: 

39% ð ʢʦʨʨʦʟʠʦʥʥʳʝ ʨʘʟʨʫʰʝʥʠʷ, 

25% ð ʚʥʝʰʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, 

26% ð ʙʨʘʢ ʩʪʨʦʠʪʝʣʴʥʦ-ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ. 

ʂ ʦʩʪʘʚʰʠʤʩʷ 5% ʧʨʠʯʠʥ ʦʪʥʦʩʷʪʩʷ ʦʰʠʙʢʠ 

ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

çʧʨʦʯʠʝ ʧʨʠʯʠʥʳè. 

ɼʦʣʷ ʘʚʘʨʠʡ ʠʟ-ʟʘ ʢʦʨʨʦʟʠʦʥʥʳʭ ʨʘʟʨʫʰʝʥʠʡ 

ʩʦ ʚʨʝʤʝʥʝʤ ʚʦʟʨʘʩʪʘʝʪ ʥʘ ʬʦʥʝ ʩʦʢʨʘʱʝʥʠʷ ʢʦʣʠ-

ʯʝʩʪʚʘ ʘʚʘʨʠʡ ʧʦ ʜʨʫʛʠʤ ʧʨʠʯʠʥʘʤ. ʕʪʦ ʧʨʦʠʩʭʦ-

ʜʠʪ, ʚʝʨʦʷʪʥʦ, ʦʪʪʦʛʦ, ʯʪʦ ʠʟʦʣʷʮʠʦʥʥʳʝ ʧʦʢʨʳʪʠʷ 

ʥʝʜʦʣʛʦʚʝʯʥʳ: ʯʝʨʝʟ 15-20 ʣʝʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʥʠ 

ʪʝʨʷʶʪ ʙʦʣʴʰʠʥʩʪʚʦ ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʠ ʪʨʝʙʫʶʪ 

ʟʘʤʝʥʳ. 

ʌʘʢʪʠʯʝʩʢʠʝ ʦʙʲʝʤʳ ʨʝʤʦʥʪʘ ʠʟʦʣʷʮʠʠ ʪʨʫʙʦ-

ʧʨʦʚʦʜʦʚ ʥʘʤʥʦʛʦ ʥʠʞʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ, ʧʦ-

ʵʪʦʤʫ ʧʦʣʥʫʶ ʟʘʤʝʥʫ ʠʟʦʣʷʮʠʠ ʚ ʧʦʣʦʞʝʥʥʳʝ 

ʩʨʦʢʠ ʧʨʦʠʟʚʝʩʪʠ ʥʝ ʫʜʘʩʪʩʷ. ʄʘʛʠʩʪʨʘʣʴʥʳʝ 

ʥʝʬʪʝʛʘʟʦʧʨʦʚʦʜʳ ʟʘʯʘʩʪʫʶ ʧʨʠʩʧʦʩʦʙʣʝʥʳ ʢ 

ʧʝʨʠʦʜʠʯʝʩʢʦʤʫ ʦʙʩʣʝʜʦʚʘʥʠʶ ʚʥʫʪʨʠʪʨʫʙʥʳʤʠ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ ʩʥʘʨʷʜʘʤʠ. ɸʥʘʣʠʟ ʦʙʥʘʨʫʞʝʥ-

ʥʳʭ ʜʝʬʝʢʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʪʨʫʙ 

ʧʦʩʪʨʘʜʘʣʘ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʨʨʦʟʠʠ. [2] 

ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʠ ʥʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʧʨʦʚʦʜʘʭ. ʈʝʟʫʣʴʪʘʪʳ ʚʥʫʪʨʠʪʨʫʙ-

ʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʪʘʢʞʝ ʚʳʷʚʠʣʠ, ʯʪʦ ʢʦʨʨʦʟʠʷ ð 

ʛʣʘʚʥʳʡ ʚʨʘʛ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. 

ʋʩʪʨʘʥʝʥʠʝ ʜʝʬʝʢʪʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʧʦ ʨʝ-

ʟʫʣʴʪʘʪʘʤ ʚʥʫʪʨʠʪʨʫʙʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʧʦʟʚʦʣʠʣʦ 

ʩʥʠʟʠʪʴ ʧʦʢʘʟʘʪʝʣʴ ʘʚʘʨʠʡʥʦʩʪʠ: ʝʝ ʫʨʦʚʝʥʴ, ʠʤʝʶ-

ʱʠʡʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 

ʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ. 
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ʅʦ ʥʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʘʭ ʨʘʟʚʠʚʘ-

ʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʜʝʬʝʢʪʳ: ʢʦʨʨʦʟʠʦʥʥʦʝ ʨʘʩ-

ʪʨʝʩʢʠʚʘʥʠʝ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ ð ʩʪʨʝʩʩ-ʢʦʨʨʦʟʠʷ. 

ʕʪʠ ʨʘʟʨʫʰʝʥʠʷ ʩʪʘʣʠ ʩʘʤʳʤʠ ʦʧʘʩʥʳʤʠ ʚ ʧʦʩʣʝʜ-

ʥʠʝ ʛʦʜʳ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʘʚʘʨʠʡ ʧʦ ʧʨʠ-

ʯʠʥʝ ʩʪʨʝʩʩ-ʢʦʨʨʦʟʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʧʝʨʝʠ-

ʟʦʣʷʮʠʶ ʫʯʘʩʪʢʦʚ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʚʦʟ-

ʥʠʢ ʢʦʥʪʘʢʪ ʛʨʫʥʪʦʚʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʩ ʤʝʪʘʣʣʦʤ. 

ʇʦ ʵʢʩʧʝʨʪʥʳʤ ʦʮʝʥʢʘʤ, ʙʦʣʝʝ 70% ʜʝʡʩʪʚʫʶʱʠʭ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʈʦʩʩʠʠ ʪʨʝʙʫʶʪ ʟʘʤʝʥʳ ʠʟʦʣʷʮʠʠ. 

[7] 

ʇʨʦʙʣʝʤʫ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʨʝʰʘʶʪ, ʠʩʧʦʣʴʟʫʷ ʪʨʫʙʳ ʩ ʟʘʚʦʜʩʢʦʡ ʠʟʦʣʷ-

ʮʠʝʡ. ʅʦ ʵʪʦ ʧʦʜʭʦʜʠʪ ʪʦʣʴʢʦ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʥʦʚʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠʣʠ ʜʣʷ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝ-

ʤʦʥʪʘ ʩʪʘʨʦʛʦ ʩ ʟʘʤʝʥʦʡ ʪʨʫʙ. ɺ ʠʪʦʛʝ ʦʩʪʘʶʪʩʷ ʜʝ-

ʩʷʪʢʠ ʪʳʩʷʯ ʢʠʣʦʤʝʪʨʦʚ ʪʨʫʙ, ʢʦʪʦʨʳʤ ʥʝʦʙʭʦʜʠʤʘ 

ʟʘʤʝʥʘ ʠʟʦʣʷʮʠʠ, ʘ ʯʠʩʣʦ ʢʦʨʨʦʟʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ 

ʥʘ ʥʠʭ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʘʛʠ-

ʩʪʨʘʣʴʥʳʝ ʪʨʫʙʦʧʨʦʚʦʜʳ ʷʚʣʷʶʪʩʷ ʦʧʘʩʥʳʤʠ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢ-

ʪʝʨʘ, ʧʦʵʪʦʤʫ ʥʘ ʚʩʝʭ ʫʯʘʩʪʢʘʭ ʪʨʫʙʦʧʨʦʚʦʜʘ ʫʩʪʘ-

ʥʘʚʣʠʚʘʶʪʩʷ ʧʝʨʝʯʥʠ ʦʧʘʩʥʳʭ ʤʝʩʪ ʠ ʨʘʙʦʪ, 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʝʪʦʜʠʢʠ ʠʭ ʧʨʦʚʝʜʝʥʠʷ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʐʫʤʘʝʚ ɺ.ɸ. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʚʠʜʳ ʪʨʫʙʦ-

ʧʨʦʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ/ ɺ.ɸ. ʐʫʤʘʝʚ // ʈʀʉʂ: ʈʝ-

ʩʫʨʩʳ, ʠʥʬʦʨʤʘʮʠʷ, ʩʥʘʙʞʝʥʠʝ, ʢʦʥʢʫʨʝʥʮʠʷ. -

2016. -ˉ 2. - ʉ. 82-86. 

2. ʄʘʢʝʝʚ ʅ. ɽʚʨʦʢʦʤʠʩʩʠʷ ʦʪʢʘʟʘʣʘʩʴ ʦʪ 

çʉʝʚʝʨʥʦʛʦ ʧʦʪʦʢʘ-2è // ʄʦʩʢʦʚʩʢʠʡ ʢʦʤʩʦʤʦʣʝʮ. 

2017. ˉ27541. ʉ.22-23. MHTepHeT-

pecypc.URL:http://www.mk.ru/economics/2017/11/09

/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 17.11.2017) 

3. ʐʫʤʘʝʚ ɺ.ɸ., ʀʣʶʭʠʥʘ ʉ.ʉ., ɻʘʣʫʰʢʠʥ 

ɸ.ɸ. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʳ ʨʳʥʢʘ ʠ ʣʦʛʠʩʪʠʢʠ/ɺ. ɸ. ʐʫʤʘʝʚ, ʉ. ʉ. 

ʀʣʶʭʠʥʘ, ɸ. ɸ. ɻʘʣʫʰʢʠʥ//ɽʚʨʘʟʠʡʩʢʠʡ ʶʨʠʜʠʯʝ-

ʩʢʠʡ ʞʫʨʥʘʣ. 2015. ˉ 9 (88). ʉ. 21-23. 

4. ɹʝʢʪʫʨʛʘʥʦʚ ʅ.ʉ., ɹʦʣʘʝʚ ɸ.ɺ. ʇʝʨ-

ʩʧʝ1ʩʛʠʚʳ ʠ ʧʫʪʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʘ ʢʘʥʘʣʘ ñɽʚʨʘʟʠʷò / ʅ. ʉ. ɹʝʢʪʫʨʛʘʥʦʚ, ɸ.ɺ. ɹʦ-

ʣʘʝʚ// ɽʜʠʥʳʡ ʚʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʳʡ ʚʝʩʪʥʠʢ. -

2015.-ˉ 1. ʉ. 125-131. 

5. ɺʦʣʛʠʥ, ɺ. ɺ. ʃʦʛʠʩʪʠʢʘ ʧʨʠʝʤʢʠ ʠ ʦʪ-

ʛʨʫʟʢʠ ʪʦʚʘʨʦʚ: ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ / ɺ. ɺ. ɺʦʣ-

ʛʠʥ. - ʄʦʩʢʚʘ: ɼʘʰʢʦʚ ʠ ʂÁ, 2012. -457 ʩ. 

6. ʐʫʤʘʝʚ, ɺ.ɸ. ʃʦʛʠʩʪʠʢʘ ʚ ʪʝʦʨʠʠ ʠ ʧʨʘʢ-

ʪʠʢʝ ʫʧʨʘʚʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʦʡ. ʄʦʥʦ-

ʛʨʘʬʠʷ / ɺ.ɸ. ʐʫʤʘʝʚ. -ʄ.: ʅʆʋ ɺʇʆ çʄʋ ʠʤ. 

ʉ.ʖ. ɺʠʪʪʝè, 2014. -238 ʩ. 

7. ʅʝʬʪʝʛʘʟʦʚʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ: ʫʯʝʙ, ʧʦʩʦʙʠʝ 

ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʚʫʟʦʚ/ ɹʝʣʷʝʚʘ ɺ.ʗ. ʠ ʜʨ. ʇʦʜ ʦʙʱ. 

ʨʝʜ. ʧʨʦʬ. ʀ.ʀ. ʄʘʟʫʨʘ ʠ ʧʨʦʬ.ɺ.ɼ. ʐʘʧʠʨʦ. ʄ.: 

ʀʟʜ-ʚʦ ʆʄɽɻɸ- 

 

ʂʦʚʰʘʨʴ ɺ.ʉ., 

ʇʰʠʜʘʪʦʢ ʉ.ʂ., 

ʉʦʣʦʜʫʥʦʚ ɸ.ɸ., 

ʉʦʰʝʥʢʦ ʂ.ʆ. 

ʂʫʙʘʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ɸʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɺʀɼʓ ʅɸʈʋʐɽʅʀʁ, ʉɺʗɿɸʅʅʓɽ ʉ ʊɽʈʈʀʊʆʈʀɸʃʔʅʓʄ ɿʆʅʀʈʆɺɸʅʀɽʄ  

(ʅɸ ʇʈʀʄɽʈɽ ʄʆ ɻ.ʅʆɺʆʈʆʉʉʀʁʉʂ) 

 

Kovshar V.S., 

Pshidatok S.K., 

Solodunov A.A., 

Soshenkʦ K.O. 

Kuban State Agrarian University 

 

TYPES OF VIOLATIONS, ASSOCIATED WITH TERRITORIAL ZONING  

(ON THE EXAMPLE OF THE CITY OF NOVOROSSIYSK)  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʠʜʳ ʥʘʨʫʰʝʥʠʡ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʤ ʟʦʥʠʨʦʚʘʥʠʝʤ, ʥʘʨʫʰʝʥʠʷ 

ʧʨʠ ʧʨʠʥʷʪʠʠ ʇɿɿ, ʚ ʢʘʢʠʭ ʩʣʫʯʘʷʭ ʠʭ ʤʦʞʥʦ ʦʩʧʦʨʠʪʴ. ʇʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʥʘʨʫʰʝʥʠʷ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʨʝʛʣʘʤʝʥʪʘ ʥʘ ʧʨʠʤʝʨʝ ʊʎ çGrandè ʚ ʛ. ʅʦʚʦʨʦʩʩʠʡʩʢʝ. 

Abstract 

The article deals with the types of violations related to territorial zoning, violations in the adoption of PZZ, 

in which cases they can be challenged. The example of violation of town-planning regulations on the example of 

shopping center "Grand" in Novorossiysk is given. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʡ ʨʝʛʣʘʤʝʥʪ, ʧʨʘʚʠʣʘ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʠ ʟʘʩʪʨʦʡʢʠ, ʟʝʤʝʣʴʥʳʡ 

ʫʯʘʩʪʦʢ, ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʝ ʟʦʥʠʨʦʚʘʥʠʝ. 

Key words: urban planning regulations, land use and development rules, land, urban zoning. 
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ʊʝʨʨʠʪʦʨʠʘʣʴʥʳʝ ʟʦʥʳ ʚʳʜʝʣʷʶʪʩʷ ʠʩʭʦʜʷ ʠʟ 

ʦʙɦʥʦʩʪʠ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʨʘʟʚʠʪʠʷ ʦʪʜʝʣʴʥʳʭ ʦʢʨʫ-

ʛʦʚ, ʨʘʡʦʥʦʚ ʠ ʫʟʣʦʚ, ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʘʮʠʦʥʘʣʴʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʨʨʠʪʦʨʠʠ, ʙʘʟʠʨʫʶʱʝʡʩʷ ʥʘ ʵʢʦʥʦ-

ʤʠʯʝʩʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʠ ʫʨʦʚʥʝ ʨʘʟʚʠʪʠʷ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʳ ʩ ʫʯʝʪʦʤ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʩʧʝʮʠ-

ʬʠʢʠ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ, ʩʪʝʧʝʥʠ ʫʨʙʘʥʠʟʘʮʠʠ, ʧʨʝ-

ʦʙʣʘʜʘʶʱʝʛʦ ʭʘʨʘʢʪʝʨʘ ʟʘʩʪʨʦʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʠ 

ʪʝʥʜʝʥʮʠʡ ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʨʘʜʦ-

ʩʪʨʦʠʪʝʣʴʥʦʤ ʨʝʛʣʘʤʝʥʪʝ ʟʝʤʝʣʴ ʷʚʣʷʶʪʩʷ ʧʨʘʚʠʣʘ 

ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʠ ʟʘʩʪʨʦʡʢʠ (ʇɿɿ) [6]. ɺ ʥʘʩʪʦʷ-

ʱʝʝ ʚʨʝʤʷ ʥʘʨʫʰʝʥʠʷ ʜʘʥʥʳʭ ʧʨʘʚʠʣ ʚʩʪʨʝʯʘʝʪʩʷ 

ʥʝʨʝʜʢʦ, ʠ ʟʘ ʢʘʞʜʦʝ ʥʘʨʫʰʝʥʠʝ ʚʠʥʦʚʥʳʡ ʥʝʩʸʪ ʦʪ-

ʚʝʪʩʪʚʝʥʥʦʩʪʴ. ʅʘ ʨʠʩʫʥʢʘʭ ʥʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚʠʜʳ ʪʘʢʠʭ ʥʘʨʫʰʝʥʠʡ. 

 

 
ʈʠʩʫʥʦʢ 1 ɺʠʜʳ ʥʘʨʫʰʝʥʠʡ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʜʝʢʩʘ 

 

 
ʈʠʩʫʥʦʢ 2 ɺʠʜʳ ʥʘʨʫʰʝʥʠʡ, ʚʳʷʚʣʷʝʤʳʝ ʦʨʛʘʥʘʤʠ ʛʦʩʘʨʭʩʪʨʦʡʥʘʜʟʦʨʘ 

 

ɺʠʜ ʨʘʟʨʝʰʸʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦ ʧʨʠʥʷʪʠʷ 

ʇɿɿ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʜʣʷ ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʚ 

ʧʨʘʚʦʫʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʜʦʢʫʤʝʥʪʘʭ[1]. ʇʨʠ ʵʪʦʤ 

ʚʠʜ ʨʘʟʨʝʰʸʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʯʘʩʪʢʘ ʧʦ ʧʨʘʚʦ-

ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʤ ʜʦʢʫʤʝʥʪʘʤ ʤʦʞʝʪ ʧʨʦʪʠʚʦʨʝ-

ʯʠʪʴ ʧʝʨʝʯʥʶ ʚʠʜʦʚ ʨʘʟʨʝʰʸʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, 

https://www.2m.ru/uslugi/voprosy-gradostroitelnoj-deyatelnosti/generalnyy-plan-i-pzz#znach
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ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʜʣʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʡ ʟʦʥʳ ʜʘʥ-

ʥʦʛʦ ʫʯʘʩʪʢʘ ʧʦ ʇɿɿ[2]. 

ʆʩʧʘʨʠʚʘʪʴ ʇɿɿ ʧʨʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʠ ʪʝʢʫʱʝʤʫ 

ʨʘʟʨʝʰʸʥʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ, 

ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʘʢʠʭ ï ʣʠʙʦ ʜʨʫʛʠʭ ʥʘʨʫʰʝʥʠʡ, ʥʘ 

ʧʨʘʢʪʠʢʝ ʥʝʵʬʬʝʢʪʠʚʥʦ [7, 8, 9]. 

ɺ ʪʘʢʠʭ ʩʠʪʫʘʮʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ, ʯʪʦ 

ʟʝʤʝʣʴʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʤʦʞʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʙʝʟ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʩʨʦʢʘ, ʥʝ ʧʨʠʚʦʜʷ ʠʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʩ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʤ ʨʝʛʣʘʤʝʥʪʦʤ, ʟʘʢʨʝʧʣʝʥʥʦʤ ʚ 

ʇɿɿ, ʪʘʢʞʝ, ʢʘʢ ʠ ʧʦʣʴʟʦʚʘʥʠʝ ʦʙʲʝʢʪʘʤʠ ʢʘʧʠʪʘʣʴ-

ʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘ ʵʪʦʤ ʟʝʤʝʣʴʥʦʤ ʫʯʘʩʪʢʝ, ʥʦ 

ʪʘʢʠʝ ʦʙʲʝʢʪʳ ʥʝ ʜʦʣʞʥʳ ʥʝʩʪʠ ʫʛʨʦʟʫ ʞʠʟʥʠ ʠʣʠ 

ʟʜʦʨʦʚʴʶ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ [4, 10]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ, ʛʜʝ ʥʦ-

ʚʳʤʠ ʧʨʘʚʠʣʘʤʠ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʠ ʟʘʩʪʨʦʡʢʠ 

ʙʳʣʘ ʚʚʝʜʝʥʘ ʟʦʥʫ, ʢʦʪʦʨʘʷ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʩʪʦ-

ʷʱʝʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʝʜʦʩʪʘʚʣʷ-

ʝʪʩʷ ʫʯʘʩʪʦʢ, ʟʘʧʨʝʱʝʥʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʜʨʫʛʠʝ ʠʟ-

ʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʦʚ ʢʘʧʠʪʘʣʴʥʦʛʦ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʘ. 

ɽʩʣʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ ʠ ʠʥʳʝ ʟʦʥʳ ʜʦʧʫʩʢʘʶʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʯʘʩʪʢʘ ʜʣʷ ʥʫʞʜ, ʦʧʨʝʜʝʣʸʥʥʳʭ 

ʧʨʘʚʦʦʙʣʘʜʘʪʝʣʝʤ, ʧʨʘʚʘ ʟʝʤʣʝʧʦʣʴʟʦʚʘʪʝʣʷ ʪʘʢ ʞʝ 

ʤʦʛʫʪ ʙʳʪʴ ʥʘʨʫʰʝʥʳ[5]. ʆʛʨʘʥʠʯʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʫʩʪʘʥʦʚʣʝʥʳ ʇɿɿ ʜʣʷ ʟʘʩʪʨʦʡʢʠ ʟʝʤʝʣʴʥʦʛʦ 

ʫʯʘʩʪʢʘ. 

ɺ ʠʜʝʘʣʝ, ʇɿɿ ʜʦʣʞʥʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʧʘʨʘ-

ʤʝʪʨʳ, ʪʘʢʠʝ ʢʘʢ ʧʣʦʪʥʦʩʪʴ, ʚʳʩʦʪʥʦʩʪʴ ʟʘʩʪʨʦʡʢʠ, 

ʥʦʨʤʘʪʠʚʥʳʝ ʦʪʩʪʫʧʳ ʦʪ ʛʨʘʥʠʮ ʫʯʘʩʪʢʘ ʧʨʠ ʩʪʨʦ-

ʠʪʝʣʴʩʪʚʝ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝ-

ʘʣʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʆʩʧʦʨʠʪʴ ʫʩʧʝʰʥʦ ʇɿɿ ʪʘʢ ʞʝ ʤʦʞʥʦ, ʝʩʣʠ ʜʦ-

ʢʘʟʘʪʴ ʥʘʨʫʰʝʥʠʝ ʧʨʦʮʝʜʫʨʳ ʧʨʠʥʷʪʠʷ ʜʘʥʥʳʭ 

ʧʨʘʚʠʣ, ʢ ʧʨʠʤʝʨʫ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʚʝʜʝʥʠʷ ʧʫʙʣʠʯ-

ʥʳʭ ʩʣʫʰʘʥʠʡ, ʩʦʛʣʘʩʦʚʘʥʠʷ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʦʨ-

ʛʘʥʦʚ ʠ ʪʘʢ ʜʘʣʝʝ. 

ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʝ ʥʘʨʫʰʝʥʠʷ ʧʨʠ ʧʨʠʥʷ-

ʪʠʠ ʇɿɿ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
ʈʠʩʫʥʦʢ 3 ʅʘʨʫʰʝʥʠʷ ʧʨʠ ʧʨʠʥʷʪʠʠ ʇɿɿ 

 

ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʥʘʨʫʰʝʥʠʷ ʤʦʛʫʪ ʧʦʩʣʫ-

ʞʠʪʴ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʦʩʧʘʨʠʚʘʥʠʷ ʇɿɿ ʧʦʩʣʝ ʧʨʠ-

ʥʷʪʠʷ, ʣʠʙʦ ʜʣʷ ʟʘʷʚʣʝʥʠʷ ʚʦʟʨʘʞʝʥʠʡ ʧʨʠ, ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ, ʧʨʠʥʷʪʠʠ ʪʘʢʠʭ ʧʨʘʚʠʣ. 

ʊʝʨʨʠʪʦʨʠʷ ʛʦʨʦʜʩʢʦʛʦ ʦʢʨʫʛʘ ʅʦʚʦʨʦʩʩʠʡʩʢ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ, ʚʳʨʘʞʝʥʥʦʡ 

ʧʨʠʨʦʜʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʠʜʘʤʠ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝ-

ʷʪʝʣʴʥʦʩʪʠ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. 

ʗʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʧʨʠʤʝʨ ʥʘʨʫʰʝʥʠʷ ʪʝʨʨʠʪʦʨʠ-

ʘʣʴʥʦʛʦ ʟʦʥʠʨʦʚʘʥʠʷ ï ʚʦʟʚʝʜʝʥʠʝ ʊʎ çGrandè ʚ ʛʦ-

ʨʦʜʝ ʅʦʚʦʨʦʩʩʠʡʩʢ ʙʝʟ ʩʦʙʣʶʜʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʥʦʨʤ.  

ʊʦʨʛʦʚʳʡ ʮʝʥʪʨ ʨʘʩʧʦʣʦʞʝʥ ʚ ʟʦʥʝ ɾ-4, ʢʦʪʦ-

ʨʘʷ ʚʳʜʝʣʝʥʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʘʚʦʚʳʭ ʫʩʣʦʚʠʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʡʦʥʦʚ ʩ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʤʠ ʤʥʦ-

ʛʦʵʪʘʞʥʳʤʠ ʞʠʣʳʤʠ ʜʦʤʘʤʠ ʦʪ 9 ʵʪʘʞʝʡ ʠ ʙʦʣʝʝ, ʩ 

ʨʘʩʰʠʨʝʥʥʳʤ ʥʘʙʦʨʦʤ ʫʩʣʫʛ ʤʝʩʪʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʠʤʝʝʪ ʩʪʘʪʫʩ ʚ ʟʦʥʝ ʟʜʘʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʫʞʜ ʥʘʩʝʣʝʥʠʷ, ʪʦ ʝʩʪʴ ʫʩʣʦʚʥʦ ʨʘʟʨʝʰʝʥʥʳʭ - ʦʪ-

ʜʝʣʴʥʦ ʩʪʦʷʱʠʝ ʦʙʲʝʢʪʳ ʦʙʱʝʩʪʚʝʥʥʦ-ʜʝʣʦʚʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ (ʧʨʠ ʫʩʣʦʚʠʠ ʨʘʟʤʝʱʝʥʠʷ ʥʝʦʙʭʦʜʠ-

ʤʦʛʦ ʨʘʩʯʝʪʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʢʦʚʦʯʥʳʭ ʤʝʩʪ ʚ 

ʛʨʘʥʠʮʘʭ ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ), ʫ ʜʘʥʥʦʛʦ ʮʝʥʪʨʘ 

ʧʘʨʢʦʚʢʘ ʦʪʩʫʪʩʪʚʫʝʪ.  
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ɺ ʇɿɿ ʛ. ʅʦʚʦʨʦʩʩʠʡʩʢ ʦʪ 23.03.2019 ʛʦʜʘ ʝʩʪʴ 

ʧʫʥʢʪ çʋʩʣʦʚʥʦ ʨʘʟʨʝʰʝʥʥʳʝ ʚʠʜʳ ʠ ʧʘʨʘʤʝʪʨʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʠ ʦʙʲʝʢʪʦʚ ʢʘ-

ʧʠʪʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘè. ɺ ʥʸʤ ʧʝʨʝʯʠʩʣʝʥʳ 

ʚʠʜʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʧʘʨʘʤʝʪʨʳ ʨʘʟʨʝʰʝʥʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ[3]. ɺ ʩʣʦʞʠʚʰʠʭʩʷ ʫʩʣʦʚʠʷʭ, ʜʣʷ ʤʘ-

ʛʘʟʠʥʦʚ, ʙʠʙʣʠʦʪʝʢ, ʧʦʣʠʢʣʠʥʠʢ, ʙʘʥʢʦʚ, ʦʬʠʩʦʚ ʠ 

ʪ.ʜ. ʟʦʥʳ ɾ-4 ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʪʘʞʝʡ ʚ 

ʟʜʘʥʠʠ ʤʦʞʝʪ ʙʳʪʴ ʪʨʠ, ʫ ʜʘʥʥʦʛʦ ʊʎ ʠʭ 4. ʆʙʲ-

ʝʢʪʳ ʧʦ ʦʢʘʟʘʥʠʶ ʫʩʣʫʛ ʠ ʦʙʩʣʫʞʠʚʘʥʠʶ ʥʘʩʝʣʝʥʠʷ 

ʜʦʧʫʩʢʘʝʪʩʷ ʨʘʟʤʝʱʘʪʴ ʣʠʰʴ ʩ ʫʯʝʪʦʤ ʩʦʙʣʶʜʝʥʠʷ 

ʨʷʜʘ ʪʨʝʙʦʚʘʥʠʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ çʦʙʫʩʪʨʦʡʩʪʚʦ 

ʚʭʦʜʘ ʠ ʚʨʝʤʝʥʥʦʡ ʩʪʦʷʥʢʠ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ 

ʚ ʧʨʝʜʝʣʘʭ ʛʨʘʥʠʮ ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ, ʧʨʠʥʘʜʣʝ-

ʞʘʱʝʛʦ ʟʘʩʪʨʦʡʱʠʢʫè.  

ʌʘʩʘʜ ʟʜʘʥʠʷ ʚʳʭʦʜʠʪ ʥʘ ʫʣ. ʀʥʜʫʩʪʨʠʘʣʴʥʘʷ, 

ʠ ʦʪʩʪʫʧ ʦʪ ʢʨʘʩʥʦʡ ʣʠʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʇɿɿ ʛ. ʅʦ-

ʚʦʨʦʩʩʠʡʩʢ. ʆʜʥʘʢʦ ʣʝʚʘʷ ʩʪʦʨʦʥʘ ʟʜʘʥʠʷ ʛʨʘʥʠʯʠʪ 

ʩ ʢʨʘʩʥʦʡ ʣʠʥʝʡ ʧʨʦʝʟʜʘ. ʕʪʦ ʛʨʫʙʦʝ ʥʘʨʫʰʝʥʠʝ, 

ʪʘʢ ʢʘʢ ʪʫʜʘ ʞʝ ʦʨʠʝʥʪʠʨʦʚʘʥ ʚʳʭʦʜ ʠʟ ʟʜʘʥʠʷ, ʛʜʝ 

ʚʙʣʠʟʠ ʥʘʭʦʜʠʪʩʷ ʧʨʦʝʟʞʘʷ ʯʘʩʪʴ. ʉ ʦʙʨʘʪʥʦʡ ʩʪʦ-

ʨʦʥʳ ʬʘʩʘʜʘ ʦʪʩʪʫʧ ʩʪʨʦʝʥʠʷ ʦʪ ʩʪʨʦʷʱʝʛʦʩʷ ʜʦʤʘ, 

ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʶʨʠʜʠʯʝʩʢʠʡ ʘʜʨʝʩ: ʂʨʘʩʥʦʜʘʨʩʢʠʡ 

ʢʨʘʡ, ʛ. ʅʦʚʦʨʦʩʩʠʡʩʢ, ʫʣ. ɸʥʘʧʩʢʦʝ ʰʦʩʩʝ, ʜ.41ɹ, 

ʚʠʟʫʘʣʴʥʦ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 12 ʤʝʪʨʦʚ, ʠ ʵʪʦ 

ʥʘʨʫʰʝʥʠʝ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʘʢ ʞʝ, ʢʘʢ ʠ 

ʥʘʣʠʯʠʝ ʚʩʝʛʦ ʦʜʥʦʛʦ ʵʚʘʢʫʘʮʠʦʥʥʦʛʦ ʚʳʭʦʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʶʙʦʝ ʥʘʨʫʰʝʥʠʝ ʚʣʝʯʸʪ ʟʘ ʩʦ-

ʙʦʡ ʧʦʩʣʝʜʩʪʚʠʷ, ʟʘ ʢʦʪʦʨʳʝ ʚʠʥʦʚʥʳʝ ʥʝʩʫʪ ʦʪʚʝʪ-

ʩʪʚʝʥʥʦʩʪʴ, ʪʘʢ ʞʝ ʟʘ ʥʘʨʫʰʝʥʠʷ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴ-

ʥʦʛʦ ʨʝʛʣʘʤʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʧʦʥʝʩʪʠ ʥʘʢʘʟʘ-

ʥʠʝ. ʇʨʘʚʠʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʟʦʥʠʨʦʚʘʥʠʶ ʧʦʟʚʦʣʷʝʪ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʝ ʠ ʫʧʨʘʚʣʝʥ-

ʯʝʩʢʠʝ ʧʦʣʠʪʠʢʠ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʭʦʟʷʡʩʪʚʦʚʘ-

ʥʠʷ, ʫʨʦʚʥʷ ʠ ʧʦʪʝʥʮʠʘʣʘ ʨʘʟʚʠʪʠʷ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʤʳʡ ʧʝʨʠʦʜ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ: 
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THE PROPOSED DEVICE FOR CLEANING THE FLAT STAND  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʩʧʦʩʦʙ ʫʙʦʨʢʠ ʧʦʣʸʛʣʦʛʦ ʭʣʝʙʦʩʪʦʷ ʧʫʪʝʤ ʜʦʦʩʥʘʱʝʥʠʷ ʩʝ-

ʨʠʡʥʦʡ ʞʘʪʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʤ ʜʣʷ ʝʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʝʛʦ ʨʘʙʦʪʳ, 

ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ ʥʝʢʦʪʦʨʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʝʛʦ ʨʘʙʦʪʳ.  

Abstract  

This paper introduces an alternative method of harvesting the lodging of standing crop by retrofitting addi-

tional serial header device for its implementation the proposed scheme and the method of calculation of certain 

technological modes of its work. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʙʘʡʥ, ʫʙʦʨʢʘ, ʩʪʝʙʝʣʴ, ʢʫʣʴʪʫʨʘ, ʨʘʩʪʝʥʠʷ, ʚʠʜ, ʧʦʣʸʛʣʳʡ, ʭʣʝʙʦʩʪʦʡ, ʢʦʥʩʪʨʫʢ-

ʮʠʷ. 

Key words: harvester, harvesting, stem, culture, plants, species, easy, bread, design. 

 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʚʦʧʨʦʩ ʫʙʦʨʢʠ ʧʦʣʸʛʣʦʛʦ ʭʣʝʙʦ-

ʩʪʦʷ ʥʝʣʴʟʷ ʥʝ ʩʢʘʟʘʪʴ ʦ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦ-

ʩʪʷʭ ʨʘʩʪʝʥʠʡ ʠ ʜʘʞʝ ʢʘʞʜʦʛʦ ʩʦʨʪʘ [1, c.25]. ɼʘʥ-

ʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʩʦʜʝʨʞʠʪʩʷ ʚ ʩʧʨʘʚʦʯʥʠʢʘʭ ʚʤʝʩʪʝ 

ʩ ʦʧʠʩʘʥʠʝʤ ʢʘʞʜʦʛʦ ʚʠʜʘ ʨʘʩʪʝʥʠʡ. ʋʯʝʥʳʤʠ ʤʥʦ-

ʛʠʭ ʩʪʨʘʥ ʠʟʚʝʩʪʥʳ ʧʨʠʯʠʥʳ ʧʦʣʝʛʘʥʠʷ, ʢʘʢ ʧʨʘ-

ʚʠʣʦ, ʵʪʦ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ. ʉʝʣʝʢʮʠʦʥʝʨʳ, ʢʦʥʝʯʥʦ, ʩʪʘʨʘ-

ʶʪʩʷ ʚ ʤʝʩʪʝ ʩ ʛʝʥʝʪʠʢʘʤʠ ʧʦʣʫʯʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʩʚʦʠʭ ʩʦʨʪʦʚ ʠʣʠ ʛʠʙʨʠʜʦʚ ʢ ʧʦʣʝʛʘʥʠʶ, ʥʦ ʵʪʦ ʥʝ 

ʚʘʞʥʳʡ ʤʦʤʝʥʪ ʚ ʠʭ ʨʘʙʦʪʝ, ʘ ʛʣʘʚʥʦʝ ʵʪʦ ʫʨʦʞʘʡ-

ʥʦʩʪʴ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʦʞʥʦ ʥʘʡʪʠ ʢʦʤʧʨʦʤʠʩʩ 

ʤʝʞʜʫ ʜʚʫʤʷ ʧʨʠʟʥʘʢʘʤʠ, ʪʘʢ ʢʘʢ ʯʝʤ ʙʦʣʴʰʝ ʥʘʣʠ-

ʚʘʝʪʩʷ ʢʦʣʦʩ, ʪʝʤ ʙʦʣʝʝ ʩʢʣʦʥʷʝʪʩʷ ʩʪʝʙʝʣʴ ʢ ʟʝʤʣʝ, 

ʪ.ʝ. çʧʦʣʝʛʘʝʪè ʵʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʶʪ ʠ ʧʨʠʨʦʜʥʳʝ 

ʷʚʣʝʥʠʷ ʜʦʞʜʴ, ʚʝʪʝʨ ʠ ʪ.ʜ [3, c.18], ɽʩʣʠ ʨʘʩʪʝʥʠʝ 

ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʢʨʝʧʢʠʤ ʩʪʝʙʣʝʤ, ʪʦ ʧʨʦʮʝʩʩ 

ʫʙʦʨʢʠ ʙʫʜʝʪ ʵʢʦʥʦʤʠʯʝʩʢʠ ʟʘʪʨʘʪʥʳʤ, ʪʘʢ ʢʘʢ ʧʦ-

ʪʨʝʙʫʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʯʥʦʩʪʴ ʨʝʞʫʱʝʛʦ ʘʧʧʘʨʘʪʘ 

ʞʘʪʚʝʥʥʳʭ ʦʨʫʜʠʡ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʠʟʤʝʥʠʪʴ ʢʣʘʩ-

ʩʠʯʝʩʢʫʶ ʩʭʝʤʫ ʠʭ ʨʘʙʦʪʳ [2,c.330]. ɺ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʜʦʧʦʣʥʠʪʴ ʩʫʱʝʩʪʚʫʶʱʫʶ 

ʢʦʥʩʪʨʫʢʮʠʶ ʞʘʪʢʠ ʩʧʝʮʠʘʣʴʥʳʤ ʚʘʣʴʮʦʤ, ʢʦʪʦ-

ʨʳʡ ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʩʨʘʟʫ ʥʘʜ ʨʝʞʫʱʠʤ ʘʧʧʘ-

ʨʘʪʦʤ (ʨʠʩʫʥʦʢ 1). ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʨʘ-

ʙʦʪʳ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʘʛʨʝʛʘʪʘ ʧʦ ʧʦʣʶ ʧʝʨʝʜ ʫʯʘʩʪʢʦʤ, ʛʜʝ 

ʠʤʝʝʪʩʷ ʧʦʣʸʛʣʳʡ ʭʣʝʙʦʩʪʦʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʦʜ-

ʥʷʪʴ ʤʦʪʦʚʠʣʦ ʠ ʚʨʘʱʘʶʱʠʡʩʷ ʚʘʣʝʮ ʧʨʠʧʦʜʥʠʤʝʪ 

ʩʪʝʙʣʠ ʢʫʣʴʪʫʨʳ ʠ ʧʦʚʝʜʝʪ ʢ ʨʝʞʫʱʝʤʫ ʘʧʧʘʨʘʪʫ 

ʧʦʩʣʝ ʩʨʝʟʘ ʩʪʝʙʣʠ, ʟʘʭʚʘʯʝʥʥʳʝ ʚʘʣʴʮʦʤ, ʧʝʨʝʜʘ-

ʶʪʩʷ ʥʘ ʦʙʤʦʣʦʪ. ɺʳʧʦʣʥʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʘʩ-

ʯʸʪ ʥʝʢʦʪʦʨʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ.  

 

 
ʈʠʩʫʥʦʢ 1 ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʫʙʦʨʢʠ ʧʦʣʝʛʣʦʛʦ ʭʣʝʙʦʩʪʦʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝ-

ʥʠʷ ʥʘ ʞʘʪʢʝ 
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1- ʧʦʣʝʚʦʡ ʜʝʣʠʪʝʣʴ; 2 - ʤʦʪʦʚʠʣʦ; 3 - ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʡ ʚʘʣʝʮ ʜʣʷ ʧʦʜʲʸʤʘ ʭʣʝʙʘ; 4 - ʙʘʰʤʘʢ ʜʣʷ 

ʨʝʛʫʣʠʨʦʚʢʠ ʚʳʩʦʪʳ ʩʨʝʟʘ; 5 - ʥʘʢʣʦʥʥʘʷ ʢʘʤʝʨʘ. 

ʂʦʣʠʯʝʩʪʚʦ ʩʨʝʟʘʥʥʳʭ ʨʘʩʪʝʥʠʡ ʧʨʷʤʦ ʧʨʦ-

ʧʦʨʮʠʦʥʘʣʴʥʦ ʨʘʙʦʯʝʡ ʰʠʨʠʥʝ ʟʘʭʚʘʪʘ ʞʘʪʚʝʥʦʡ 

ʯʘʩʪʠ ʤʘʰʠʥʳ ɺʨ ,ʪʘʢʞʝ ʩʢʦʨʦʩʪʠ ʝʸ ʜʚʠʞʝʥʠʷ ʘʛ-

ʨʝʛʘʪʘ v, ʫʨʦʞʘʡʥʦʩʪʠ ʩʨʝʟʘʥʥʦʡ ʯʘʩʪʠ ʨʘʩʪʠʪʝʣʴ-

ʥʦʡ ʤʘʩʩʳ ɸʟ ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʦʪʥʦʰʝ-

ʥʠʶ ʤʘʩʩʳ ʟʝʨʥʘ ʢ ʦʙʱʝʡ ʤʘʩʩʝ ɓ ʪ.ʝ.  

b

n

Ö

ÖÖ
=

360
ʟɸB

q ,   (1.1) 

ʀʩʧʦʣʴʟʫʷ ʩʧʨʘʚʦʯʥʳʝ ʠ ʦʧʳʪʥʳʝ ʜʘʥʥʳʝ ʧʦʜ-

ʩʪʘʚʠʤ ʠʭ ʚ ʚʳʨʘʞʝʥʠʝ (1.1) ʧʦʣʫʯʠʤ 

22.0
2.0360

45,075
=

Ö

ÖÖ
=q ʢʛ/ʩ 

ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʥʝʧʨʝʨʳʚʥʳʡ ʧʨʦʮʝʩʩ ʨʘ-

ʙʦʪʳ ʢʦʤʙʘʡʥʘ ʧʦʜʘʯʘ ʩʨʝʟʘʥʥʳʭ ʨʘʩʪʝʥʠʡ ʩ ʧʦʣʷ 

ʜʦʣʞʥʘ ʙʳʪʴ ʥʝʧʨʝʨʳʚʥʘ ʪ.ʝ ʧʦʩʪʫʧʣʝʥʠʝ ʨʘʩʪʠ-

ʪʝʣʴʥʦʡ ʤʘʩʩʳ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ (q) ʜʦʣʞʥʘ ʙʳʪʴ 

ʨʘʚʥʦʡ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʩʝʢʫʥʜʥʦʡ ʤʘʩʩʝ (m)˼ ʤʳ 

ʤʦʞʝʤ ʵʪʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ q= m .˼ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʫʩʣʦʚʠʝ ʤʦʞʥʦ ʟʘ-

ʧʠʩʘʪʴ ʢʘʢ ʚʳʨʘʞʝʥʠʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʠʞʝ 

 

ʤp uhLmq ÖÖÖ=¡= r , (1.2) 

ʛʜʝ ɟʨ ï ʧʣʦʪʥʦʩʪʴ ʩʣʦʷ ʨʘʩʪʝʥʠʡ; L ï ʜʣʠʥʘ 

ʨʘʩʪʝʥʠʡ, ʧʦʩʪʫʧʠʚʰʠʭ ʥʘ ʚʘʣʝʮ; 

h ï ʪʦʣʱʠʥʘ ʩʣʦʷ ʧʦʩʣʝ ʨʝʞʫʱʝʛʦ ʘʧʧʘʨʘʪʘ; uʤ 

ï ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʤʘʩʩʳ ʥʘ ʨʝʞʫʱʠʡ ʘʧʧʘʨʘʪ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʣʦʪʥʦʩʪʴ ʝʩʪʴ ʥʝʯʪʦ ʠʥʦʝ ʢʘʢ 

ʦʪʥʦʰʝʥʠʝ 

ʤuhl

m

ÖÖ

¡
=r ,  (1.3) 

9,0
75.125.055.0

22.0
=

ÖÖ
=r ʢʛ/ʤ3 

ʆʧʨʝʜʝʣʠʤ ʚʳʩʦʪʫ ʫʩʪʘʥʦʚʢʠ ʨʘʟʨʘʙʘʪʳʚʘʝ-

ʤʦʛʦ ʚʘʣʴʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʥʠʱʘ ʞʘʪʢʠ ʠ ʚʳʨʘʟʠʤ 

ʵʪʫ ʚʝʣʠʯʠʥʫ ʯʝʨʝʟ ʟʘʟʦʨ hǋ. 

ʤ

ʟ

u

A
h

Ö

Ö
=¡
r

n
,  (1.4) 

ʛʜʝ v ï ʩʢʦʨʦʩʪʴ, ʤ/ʩ; ɸɿ ï ʫʨʦʞʘʡʥʦʩʪʴ ʢʛ/ʤ2; 

ɟ ï ʧʣʦʪʥʦʩʪʴ ʩʣʦʷ ʨʘʩʪʝʥʠʡ ʢʛ/ʤ3; ʠʪʨ ï ʩʢʦʨʦʩʪʴ 

ʧʦʜʘʯʠ ʤʘʩʩʳ ʤ/ʩ. 

ʇʦʜʩʪʘʚʠʚ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʦʣʫʯʠʤ, 

09.0
75.19.0

45.08.2
=

Ö

Ö
=¡h ʤ 

ʊʝʧʝʨʴ ʧʦʩʪʘʨʘʝʤʩʷ ʚʳʩʯʠʪʘʪʴ ʣʠʥʝʡʥʫʶ ʩʢʦ-

ʨʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ, ʢʦʪʦʨʘʷ 

ʦʙʝʩʧʝʯʠʪ ʝʛʦ ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʨʘʙʦʪʫ ʧʨʠ ʚʳʙʨʘʥ-

ʥʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʝ ʧʨʠʚʦʜʘ. ɹʝʩʧʝʨʝʙʦʡʥʘʷ 

ʨʘʙʦʪʘ ʦʙʫʩʣʦʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʵʪʦ 

ʫʩʪʘʥʦʚʦʯʥʳʡ ʟʘʟʦʨ ʤʝʞʜʫ ʧʘʣʴʮʘʤʠ ʚʘʣʴʮʘ ʠ ʧʣʘʪ-

ʬʦʨʤʦʡ ʟʝʨʥʦʚʦʡ ʞʘʪʢʠ, ʦʧʨʝʜʝʣʠʪʩʷ ʧʦ ʚʳʨʘʞʝ-

ʥʠʶ: 

p

p

ʚ
h

vA
u

r
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)5.1...2.1(
  (1.5) 

ɿʘʤʝʥʷʷ ʧʝʨʝʤʝʥʥʳʝ ʯʠʩʣʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʧʦʣʫʯʠʤ: 

09.0
9.009.02.1

45.08.2
=

ÖÖ

Ö
=ʚu ʤ/ʩ 

ʊʘʢʞʝ ʜʣʷ ʩʪʘʙʠʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʚʳʙʦʨʘ ʩʢʦ-

ʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʥʘʰʝʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʤʳ 

ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ ʩʤʝʰʘʥʥʳʡ ʭʣʝʙʦʩʪʦʡ, ʪ.ʝ. ʢʦ-

ʛʜʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʫʜʝʤ ʫʙʠʨʘʪʴ ʧʦʣʸʛʣʳʡ ʠ ʦʙʳʯ-

ʥʳʡ ʭʣʝʙʦʩʪʦʡ [4, c.70]. ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʢʦʤ-

ʙʘʡʥʘ ʧʨʠ ʵʪʦʤ ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʩʪʦʷʥʥʦʡ, ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʨʘʙʦʪʘ ʚʩʝʭ ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʜʦʣʞʥʘ ʙʳʪʴ 

ʩʦʛʣʘʩʦʚʘʥʥʘ [5, c.192]. ɽʩʣʠ ʫʤʝʥʴʰʠʪʴ ʩʢʦʨʦʩʪʴ 

ʢʦʤʙʘʡʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʫʜʝʪ ʥʘʨʘʩʪʘʪʴ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʣʠʩʪʦʩʪʝ-

ʙʝʣɹʥʫʶ ʤʘʩʩʫ, ʯʪʦ ʧʨʠʚʝʜʸʪ ʢ ʚʳʤʦʣʦʪʫ ʩʧʝʣʦʛʦ 

ʟʝʨʥʘ ʠʟ ʢʦʣʦʩʘ. ʇʨʠ ʧʨʘʚʠʣʴʥʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʫʟ-

ʣʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ ʞʘʪʢʠ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ ʧʦʪʝʨʴ 

ʢʘʢ ʦʪ ʥʝʜʦʤʦʣʦʯʝʥʥʦʛʦ ʟʝʨʥʘ, ʪʘʢ ʠ ʦʪ ʙʝʟʚʦʟʚʨʘʪ-

ʥʳʭ ʧʦʪʝʨʴ ʥʘ ʧʦʣʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʝ-

ʞʠʤ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʠʩʧʦ-

ʩʦʙʣʝʥʠʷ ʠ ʜʚʠʞʝʥʠʷ ʫʙʦʨʦʯʥʦʛʦ ʘʛʨʝʛʘʪʘ ʠʣʠ ʧʦ-

ʜʘʯʘ ʩʨʝʟʘʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʡ ʤʘʩʩʳ ʜʦʣʞʥʳ ʙʳʪʴ 

ʨʘʚʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʵʪʦ ʫʩʣʦʚʠʝ 

ʢʘʢ ʨʘʚʝʥʩʪʚʦ: ʠʤ = uʚ = 1.75 ʤ/ʩ. 
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FEEDING UNIT ON THE BASIS OF GARDEN CUTTERS FA-0.76 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥ ʩʠʤʙʠʦʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʦʙʨʘʙʦʪʢʫ ʦʢʦʣʦʩʪʚʦʣʴʥʦʡ ʟʦʥʳ ʜʝʨʝʚʴʝʚ 

ʠ ʚʥʝʩʝʥʠʝ ʧʦʜʢʦʨʤʢʠ ʚ ʢʦʨʥʝʚʫʶ ʟʦʥʫ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʩʘʞʜʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠ ʛʠʜʨʘʚ-

ʣʠʯʝʩʢʘʷ ʩʭʝʤʳ ʘʛʨʝʛʘʪʘ ʠ ʠʟʣʦʞʝʥ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ.  

Abstract  

The article proposes a symbiosis of technological operations, treatment of the near-trunk zone of trees and 

application of top dressing to the root zone of perennial plantations presents the technological and hydraulic 

schemes of the unit and describes the process of work. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʢʪʦʨ, ʧʦʜʢʦʨʤʢʘ, ʬʨʝʟʘ, ʦʙʨʘʙʦʪʢʘ, ʥʘʩʦʩ, ʨʘʩʪʚʦʨ, ʪʝʭʥʦʣʦʛʠʷ, ʦʧʝʨʘʮʠʷ, ʩʘʜ. 

Key words: tractor, feeding, milling, processing, pump, solution, technology, operation, garden. 

 

ʉʘʜʦʚʦʜʩʪʚʦ ʷʚʣʷʝʪʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʠ ʥʝʟʘʤʝʥʠʤ ʧʦʩʪʘʚʱʠʢʦʚ ʷʛʦʜ ʠ ʬʨʫʢ-

ʪʦʚ ʪʘʢ ʥʝʦʙʭʦʜʠʤʳʭ ʥʘʩʝʣʝʥʠʶ [1, c.25]. ʇʦʣʝʟ-

ʥʦʩʪʴ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ, ʚ ʥʠʭ ʚʦʟʥʠʢʘʝʪ ʥʝ ʪʦʣʴʢʦ 

ʠʟ-ʟʘ ʚʢʫʩʦʚʳʭ ʢʘʯʝʩʪʚ, ʥʦ ʠ ʟʘ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ 

ʚʠʪʘʤʠʥ, ʘʤʠʥʦʢʠʩʣʦʪ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʚ ʨʘ-

ʮʠʦʥʝ ʧʠʪʘʥʠʷ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ. ʅʘʨʷʜʫ ʩ ʠʥʪʝʥ-

ʩʠʚʥʳʤʠ ʩʘʜʘʤʠ ʚ ʥʝʢʦʪʦʨʳʭ ʭʦʟʷʡʩʪʚʘʭ ʩʦʭʨʘʥʠ-

ʣʠʩʴ ʠ ʢʣʘʩʩʠʯʝʩʢʠʝ ʩʭʝʤʳ ʧʦʩʘʜʢʠ ʪʝʭʥʦʣʦʛʠʠ 

ʫʭʦʜʘ ʟʘ ʢʦʪʦʨʳʤʠ ʪʘʢʞʝ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ. ɺ 

ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʠʤʙʠʦʟ ʜʚʫʭ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʠʩʪʚʦʣʴʥʦʡ ʦʙ-

ʨʘʙʦʪʢʦʡ ʧʦʯʚʳ ʠ ʚʥʝʩʝʥʠʷ ʧʦʜʢʦʨʤʢʠ ʚ ʦʢʦʣʦ-

ʩʪʚʦʣʴʥʫʶ ʟʦʥʫ [3, c.18]. ɼʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʦʧʝʨʘʮʠʠ ʚʳʧʦʣʥʷʶʪʩʷ ʨʘʥʥʝʡ ʚʝʩʥʦʡ ʠ ʦʩʝʥʴʶ ʧʦ-

ʩʣʝ ʩʙʦʨʘ ʫʨʦʞʘʷ ʩʦʚʤʝʱʝʥʠʝ ʵʪʠʭ ʦʧʝʨʘʮʠʡ ʚʳ-

ʛʦʜʥʦ ʠ ʧʦ ʩʨʦʢʘʤ ʚʳʧʦʣʥʝʥʠʷ. ʊʝʭʥʠʯʝʩʢʠ ʨʝʘʣʠ-

ʟʘʮʠʶ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʥʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʧʨʝʜʣʘʛʘʝʤ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ, 

ʠʩʧʦʣʴʟʫʷ ʩʝʨʠʡʥʫʶ ʩʘʜʦʚʫʶ ʬʨʝʟʫ ʌɸ - 0,76 ʠ 

ʧʦʜʢʦʨʤʱʠʢ ʇʆʄ-630. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

ʨʘʙʦʪʳ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʜʢʦʨʤʱʠʢ ʇʆʄ-630 

ʤʦʥʪʠʨʫʝʪʩʷ ʥʘ ʪʨʘʢʪʦʨ, ʥʘʚʝʰʠʚʘʝʪʩʷ ʬʨʝʟʘ ʌɸ - 

0,76 ʠ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ɺʆʄ ʪʨʘʢʪʦʨʘ ʢʘʨʜʘʥʥʦʡ ʧʝ-

ʨʝʜʘʯʝʡ (ʨʠʩʫʥʦʢ 1). 

 

1 2 3

4 5 6
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ʈʠʩʫʥʦʢ 1 ʈʘʙʦʯʘʷ ʩʭʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ  

1 ï ʝʤʢʦʩʪʴ ʜʣʷ ʜʝʟʠʥʬʝʢʮʠʠ; 2 ï ʙʘʢʠ (2ʰʪ); 3 ï ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ;  

4 ï ʢʘʨʜʘʥ; 5 ï ʤʘʛʠʩʪʨʘʣʴ; 6 ï ʥʘʩʦʩ; 7 ï ʩʪʦʡʢʘ; 8 ï ʢʨʦʥʰʪʝʡʥ; 9 ï ʬʨʝʟʝʨʥʳʡ ʙʘʨʘʙʘʥ. 
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ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʟʘʧʨʘʚʢʘ ʙʘʢʦʚ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʯʝʨʝʟ ʵʞʝʢʮʠʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʩʭʝʤʘ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʪʘʢʞʝ ʧʝʨʝʤʝ-

ʰʠʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʩ ʧʦʤʦʱʴʶ ʛʠʜʨʦʤʝʰʘʣʢʠ ʧʨʠ 

ʩʣʝʜʦʚʘʥʠʠ ʢ ʨʘʙʦʯʝʤʫ ʫʯʘʩʪʢʫ ʠ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ 

(ʚʥʝʩʝʥʠʝ ʧʦʜʛʦʨʤʢʠ) [2, c.330]. ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ 

ʩʭʝʤʘ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ (ʨʠʩʫʥʢʝ 2).  

 

 
ʈʠʩʫʥʦʢ 2 ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʭʝʤʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʘʛʨʝʛʘʪʘ  

 

1 ï ʨʫʢʘʚ ʟʘʧʨʘʚʦʯʥʳʡ; 2 ï ʢʦʤʤʫʥʠʢʘʮʠʷ ʚʩʘʩʳʚʘʶʱʘʷ; 3 ï ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ; 4 ï ʨʘʙʦʯʠʡ ʦʨʛʘʥ; 

5; 6 ï ʙʘʢ; 7 ï ʟʘʧʦʨʥʳʡ ʚʝʥʪʠʣʴ; 8 ï ʥʘʩʦʩ; 9 ï ʨʫʢʘʚ; 10 - ʫʩʪʨʦʡʩʪʚʦ ʛʘʟʦʩʪʨʫʡʥʦʝ ʵʞʝʢʮʠʦʥʥʦʝ; 

11 - ʚʝʥʪʠʣʴ ʪʨʸʭʭʦʜʦʚʦʡ; 12 ï ʬʠʣʴʪʨ; 13;14 ï ʛʠʜʨʦʤʝʰʘʣʢʠ; 15 ï ʢʨʘʥ; 

16 ï ʢʣʘʧʘʥ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʡ; 17 - ʢʣʘʧʘʥʘ ʦʛʨʘʥʠʯʝʥʠʷ ʫʨʦʚʥʷ ʟʘʧʨʘʚʢʠ; 18 ï ʫʢʘʟʘʪʝʣʴ ʫʨʦʚʥʷ; 

19 ï ʨʘʩʧʳʣʠʪʝʣʴ; 20 ï ʨʫʢʘʚ ʩʙʨʦʩʘ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ; 21 - ʨʫʢʘʚ ʧʦʜʘʯʠ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ; 

22 ï ʰʣʘʥʛ; 23é29 ï ʤʘʛʠʩʪʨʘʣʠ ʩʚʷʟʠ. 

 

ɺʘʣ ʬʨʝʟʝʨʥʦʛʦ ʙʘʨʘʙʘʥʘ ʧʦʣʳʡ, ʚʥʫʪʨʝʥʥʶʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʟʘʱʠʱʘʝʤ ʩʣʦʝʤ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʅʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʧʦʣʥʷʝʤ 

ʩʚʝʨʣʝʥʠʝ ʠ ʥʘʨʝʟʘʝʤ ʨʝʟʴʙʫ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʨʘʩʧʳ-

ʣʠʪʝʣʝʡ. ʇʦʜʙʦʨ ʨʘʩʧʳʣʠʚʘʶʱʠʭ ʥʘʢʦʥʝʯʥʠʢʦʚ 

ʚʳʧʦʣʥʷʝʤ ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʥʦʨʤʳ ʚʥʝʩʝʥʠʷ ʧʦʜʢʦʨʤʢʠ. 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʙʦʨʘ ʨʘʩʧʳʣʠʚʘʶʱʠʭ ʥʘʢʦʥʝʯʥʠʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʦʨʤʳ ʚʥʝʩʝʥʠʷ 
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INFLUENCE OF AGRICULTURAL USE ON PROPERTIES OF CHERNOZEM OF ORDINARY 

KRASNODAR TERRITORY  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʝʚʳʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʩʚʦʡʩʪʚ ʯʝʨʥʦʟʝʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʆʪʨʘʜʥʝʥʩʢʦʛʦ ʨʘʡʦʥʘ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ, ʩʜʝʣʘʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ 

ʦʮʝʥʢʘ ʧʦʯʚʝʥʥʦʛʦ ʧʣʦʜʦʨʦʜʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʧʦʯʚ. 

Abstract 

The article presents the results of field and laboratory studies, characterizes the properties of ordinary Cher-

nozem Otradnensky district of Krasnodar region, makes a comparative assessment of soil fertility depending on 

its use and gives recommendations for soil conservation and restoration. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʯʝʨʥʦʟʝʤ ʦʙʳʢʥʦʚʝʥʥʳʡ, ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ, ʧʣʦʜʦʨʦʜʠʝ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ. 

Keywords: ʩhernozem ordinary, soil properties, fertility, agricultural use. 

 

ɺ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ 

ʨʘʩʧʦʣʦʞʝʥ ʆʪʨʘʜʥʝʥʩʢʠʡ ʨʘʡʦʥ, ʟʘʥʠʤʘʝʪ ʪʝʨʨʠ-

ʪʦʨʠʶ ʚ 245,2 ʪʳʩ. ʛʝʢʪʘʨʦʚ. ɻʨʘʥʠʯʠʪ ʩ ʃʘʙʠʥ-

ʩʢʠʤ, ʅʦʚʦʢʫʙʘʥʩʢʠʤ, ʋʩʧʝʥʩʢʠʤ ʨʘʡʦʥʘʤʠ ʂʨʘʩ-

ʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ, ʂʦʯʫʙʝʝʚʩʢʠʤ ʨʘʡʦʥʦʤ ʉʪʘʚʨʦ-

ʧʦʣʴʩʢʦʛʦ ʢʨʘʷ, ɸʜʳʛʝ-ʍʘʙʣʴʩʢʠʤ, ʍʘʙʝʟʩʢʠʤ, 

ɿʝʣʝʥʯʫʢʩʢʠʤ ʠ ʋʨʫʧʩʢʠʤ ʨʘʡʦʥʘʤʠ ʂʘʨʘʯʘʝʚʦ-

ʏʝʨʢʝʩʩʢʦʡ ʨʝʩʧʫʙʣʠʢʠ. 

ʆʪʨʘʜʥʝʥʩʢʠʡ ʨʘʡʦʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʫʜʘ-

ʣʝʥʥʳʭ ʨʘʡʦʥʦʚ ʂʫʙʘʥʠ, ʦʥ ʙʦʛʘʪ ʧʨʠʨʦʜʥʳʤʠ ʨʝ-

ʩʫʨʩʘʤʠ. ʂʣʠʤʘʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʙʦʣʴʰʠʤʠ ʛʦ-

ʜʦʚʳʤʠ ʧʝʨʝʧʘʜʘʤʠ ʪʝʤʧʝʨʘʪʫʨ. ʈʝʣʴʝʬ ʨʘʡʦʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥ ʭʦʣʤʠʩʪʳʤʠ ʨʘʚʥʠʥʘʤʠ, ʚʳʩʦʪʘ ʥʘʜ 

ʫʨʦʚʥʝʤ ʤʦʨʷ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 300 ʜʦ 1500 ʤʝʪʨʦʚ ʚ 

ʛʦʨʥʦʡ ʣʝʩʥʦʡ ʯʘʩʪʠ. ɺ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʦʯʚʝʥʥʳʡ 

ʧʦʢʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʯʝʨʥʦʟʝʤʘʤʠ. ɹʣʘʛʦʜʘʨʷ ʛʦʨ-

ʥʳʤ ʦʪʨʦʛʘʤ, ʚ ʜʦʣʠʥʝ ʦʙʨʘʟʫʝʪʩʷ ʩʚʦʡ ʤʠʢʨʦʢʣʠ-

ʤʘʪ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷ-

ʶʪʩʷ ʙʦʛʘʪʘʷ ʥʘʩʳʱʝʥʥʦʩʪʴ ʚʦʟʜʫʭʘ ʢʠʩʣʦʨʦʜʦʤ ʠ 

ʦʪʩʫʪʩʪʚʠʝ ʚʝʪʨʦʚ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʆʪʨʘʜʥʝʥʩʢʦʛʦ 

ʨʘʡʦʥʘ ʠʤʝʝʪʩʷ 186 600 ʛʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʫʛʦʜʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʘʰʥʠ 96 200 ʛʘ[1,2]. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʏʝʨʥʦʟʝʤʳ ʂʫʙʘʥʠ ʦʪʣʠʯʘʶʪʩʷ 

ʦʪ ʯʝʨʥʦʟʝʤʦʚ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ ʙʦʣʴʰʝʡ ʤʦʱʥʦ-

ʩʪʴʶ ʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʧʨʠ ʥʝʚʳʩʦʢʦʤ ʩʦʜʝʨ-

ʞʘʥʠʠ ʛʫʤʫʩʘ. ɻʣʫʙʦʢʦʤʫ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʛʫʤʫʩʦ-

ʚʳʭ ʚʝʱʝʩʪʚ ʩʧʦʩʦʙʩʪʚʫʝʪ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʪʝʧʣʳʡ ʠ 

ʚʣʘʞʥʳʡ ʢʣʠʤʘʪ, ʦʙʠʣʴʥʘʷ ʣʫʛʦʚʦ-ʩʪʝʧʥʘʷ ʨʘʩʪʠ-

ʪʝʣʴʥʦʩʪʴ, ʢʦʨʥʝʚʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʛʣʫʙʦʢʦ ʧʨʦ-

ʥʠʢʘʝʪ ʚ ʪʦʣʱʫ ʧʦʯʚʳ. ʀʟ-ʟʘ ʫʩʣʦʚʠʡ ʤʷʛʢʦʛʦ ʢʣʠ-

ʤʘʪʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʦʯʪʠ ʥʝ ʧʨʝʨʳʚʘ-

ʶʪʩʷ ʚʝʩʴ ʛʦʜ, ʢʘʢ ʠ ʛʫʤʠʬʠʢʘʮʠʷ ʦʪʤʝʨʰʝʡ 

ʙʠʦʤʘʩʩʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ, ʦʭʚʘ-

ʪʳʚʘʶʱʝʡ ʙʦʣʴʰʫʶ ʪʦʣʱʫ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ. 

ɼʣʷ ʚʩʝʭ ʧʦʜʪʠʧʦʚ ʯʝʨʥʦʟʝʤʦʚ ʭʘʨʘʢʪʝʨʥʦ ʦʙ-

ʨʘʟʦʚʘʥʠʝ ʛʫʤʘʪʥʦʛʦ, ʥʘʩʳʱʝʥʥʦʛʦ ʢʘʣʴʮʠʝʤ ʛʫ-

ʤʫʩʘ. ʉʝʟʦʥʥʳʝ ʚʦʩʭʦʜʷʱʠʝ ʠ ʥʠʩʭʦʜʷʱʠʝ ʤʠʛʨʘ-

ʮʠʠ ʢʘʨʙʦʥʘʪʦʚ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ, ʬʦʨʤʠʨʦʚʘ-

ʥʠʝ ʠʣʣʶʚʠʘʣʴʥʦʛʦ ʢʘʨʙʦʥʘʪʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, 

ʚʳʱʝʣʦʯʝʥʥʦʩʪʴ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ, ʘ ʚ ʧʦ-

ʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʳʷʚʣʷʝʪʩʷ ʠ ʦʛʣʠʥʠʚʘʥʠʝ[6]. 

ʏʝʨʥʦʟʝʤʳ ʦʙʳʢʥʦʚʝʥʥʳʝ, ʩʣʘʙʦʛʫʤʫʩʥʳʝ ʠ 

ʤʘʣʦʛʫʤʫʩʥʳʝ. ʉʦʜʝʨʞʘʥʠʝ ʧʝʨʝʛʥʦʷ ʚ ʥʠʭ ʙʣʠʟʢʦ 

ʢ ʧʦʛʨʘʥʠʯʥʦʤʫ, ʤʝʞʜʫ ʩʣʘʙʦʛʫʤʫʩʥʳʤʠ ʠ ʤʘʣʦʛʫ-

ʤʫʩʥʳʤʠ (4 %), ʠ ʢʦʣʝʙʣʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʚ ʧʨʝʜʝʣʘʭ 
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3,6ï4,2 %. ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʟʜʝʩʴ ʥʝʦʜʥʦʨʦʜʥʳʡ, 

ʤʦʟʘʠʯʥʳʡ, ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʧʦʯʚ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. 

ʊʘʢʠʝ ʧʦʯʚʳ ʜʦʩʪʘʪʦʯʥʦ ʙʦʛʘʪʳ ʵʣʝʤʝʥʪʘʤʠ 

ʧʠʪʘʥʠʷ ʜʣʷ ʨʘʩʪʝʥʠʡ, ʥʦ ʚ ʩʚʷʟʠ ʩʦ ʱʝʣʦʯʥʦʡ ʨʝ-

ʘʢʮʠʝʡ ʧʦʜʚʠʞʥʳʭ, ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʨʘʩʪʝʥʠʡ ʩʦʝʜʠ-

ʥʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʬʦʩʬʦʨʘ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʮʠʥʢʘ, 

ʤʝʜʠ, ʤʘʨʛʘʥʮʘ, ʚ ʥʠʭ ʥʝ ʚʩʝʛʜʘ ʜʦʩʪʘʪʦʯʥʦ. ʇʦ-

ʜʚʠʞʥʦʩʪʴ ʤʦʣʠʙʜʝʥʘ, ʥʘʦʙʦʨʦʪ, ʙʦʣʝʝ ʚʳʩʦʢʘʷ, ʥʦ 

ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʝʛʦ ʚ ʵʪʠʭ ʧʦʯʚʘʭ ʯʘʩʪʦ ʥʝʚʝ-

ʣʠʢʦ[4]. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ 

ʩʚʦʡʩʪʚ ʯʝʨʥʦʟʝʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʧʨʠ ʩʝʣʴʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʆʪʨʘʜʥʝʥʩʢʦʤ ʨʘʡ-

ʦʥʝ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ ʧʦʜ ʨʘʟʣʠʯʥʳʤʠ ʧʦʣʝ-

ʚʳʤʠ ʢʫʣʴʪʫʨʘʤʠ. 

ʇʦʯʚʝʥʥʳʝ ʦʙʨʘʟʮʳ ʦʪʙʠʨʘʣʠ ʚ ʧʘʭʦʪʥʳʭ ʛʦ-

ʨʠʟʦʥʪʘʭ ʚ ʩʝʥʪʷʙʨʝ 2019 ʛʦʜʘ, ʧʦʜ ʦʟʠʤʳʤʠ, ʷʨʦ-

ʚʳʤʠ ʟʝʨʥʦʚʳʤʠ ʠ ʤʘʩʣʠʯʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ. ɺ ʦʪʦ-

ʙʨʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʧʦʯʚʳ ʥʘ ʢʘʬʝʜʨʝ ʧʦʯʚʦʚʝʜʝʥʠʷ 

ʂʫʙʘʥʩʢʦʛʦ ɻɸʋ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ 

ʘʥʘʣʠʟʦʚ: ʧʣʦʪʥʦʩʪʴ ʪʚʝʨʜʦʡ ʬʘʟʳ ʧʠʢʥʦʤʝʪʨʠʯʝ-

ʩʢʠʤ ʤʝʪʦʜʦʤ, ʦʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ, ʟʘʧʘʩ ʚʣʘʛʠ ʠ 

ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ, ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʘ 

ʧʦ ʊʶʨʠʥʫ, ʩʫʤʤʘ ʦʙʤʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ ʧʦ ʂʘʧ-

ʧʝʥʫ-ɻʠʣʴʢʦʚʠʮʫ, pH ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ.  

ʉʪʨʦʝʥʠʝ ʧʨʦʬʠʣʷ ʯʝʨʥʦʟʝʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ: 

ʛʦʨʠʟʦʥʪ ɸ ʪʝʤʥʦ-ʩʝʨʳʡ ʠʣʠ ʯʝʨʥʳʡ, ʩ ʦʪʯʝʪʣʠʚʦʡ 

ʟʝʨʥʠʩʪʦʡ ʠʣʠ ʢʦʤʢʦʚʘʪʦ-ʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʤʦʱʥʦʩʪʴʶ 30-40 ʩʤ. ʇʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʠʪ ʚ ʛʦ-

ʨʠʟʦʥʪ ʩ ʢʦʤʢʦʚʘʪʦʡ ʠʣʠ ʢʦʤʢʦʚʘʪʦ-ʧʨʠʟʤʘʪʠʯʝ-

ʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʏʘʱʝ ʚʩʝʛʦ ʤʦʱʥʦʩʪʴ ʛʫʤʫʩʦʚʦʛʦ 

ʩʣʦʷ ʫ ʦʙʳʢʥʦʚʝʥʥʳʭ ʯʝʨʥʦʟʝʤʦʚ ʩʦʩʪʘʚʣʷʝʪ 65-80 

ʩʤ. ʅʠʞʝ ʛʦʨʠʟʦʥʪʘ ɸɺ1 ʟʘʣʝʛʘʝʪ ʛʦʨʠʟʦʥʪ ʛʫʤʫʩʦ-

ʚʳʭ ʟʘʪʝʢʦʚ ɸɺ2, ʢʦʪʦʨʳʡ ʯʘʩʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʢʘʨʙʦ-

ʥʘʪʥʳʤ ʠʣʣʶʚʠʘʣʴʥʳʤ ʛʦʨʠʟʦʥʪʦʤ ʠʣʠ ʦʯʝʥʴ 

ʙʳʩʪʨʦ ʧʝʨʝʭʦʜʠʪ ʚ ʥʝʛʦ (ɺʢ). ʂʘʨʙʦʥʘʪʳ ʟʜʝʩʴ ʚ 

ʬʦʨʤʝ ʙʝʣʦʛʣʘʟʢʠ. ʕʪʦʪ ʧʨʠʟʥʘʢ ʦʪʣʠʯʘʝʪ ʦʙʳʢʥʦ-

ʚʝʥʥʳʝ ʯʝʨʥʦʟʝʤʳ ʦʪ ʜʨʫʛʠʭ ʧʦʜʪʠʧʦʚ[1,3]. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ ʧʣʦʜʦʨʦʜʠʷ 

ʷʚʣʷʝʪʩʷ ʝʝ ʚʦʜʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʆʥʠ ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʪʩʷ ʧʣʦʪʥʦʩʪʴʶ ʪʚʝʨʜʦʡ ʬʘʟʳ, ʧʦʨʠʩʪʦ-

ʩʪʴʶ, ʟʘʧʘʩʦʤ ʚʣʘʛʠ (ʪʘʙʣʠʮʘ 1). 

ʅʘ ʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʠ ʧʨʦʧʦʨʮʠʡ, 

ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʧʦʯʚʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʤʠʥʝ-

ʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʧʣʦʪʥʦʩʪʴ ʪʚʝʨʜʦʡ ʬʘʟʳ. ɺʝʣʠ-

ʯʠʥʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʘʷ ʚ ʜʦʚʦʣʴʥʦ ʫʟʢʠʭ ʜʠʘ-

ʧʘʟʦʥʘʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʩʝʤ ʥʝ ʠʟʤʝʥʷʪʩʷ ʩʦ ʚʨʝ-

ʤʝʥʝʤ. ʈʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʨʘʩʪʝʥʠʡ ʚ ʧʝʨʚʦʡ ʦʯʝʨʝʜʠ ʟʘʚʠʩʠʪ ʦʪ ʧʣʦʪʥʦʩʪʠ 

ʧʦʯʚ. ʇʣʦʪʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʩʣʦʞʝʥʠʷ ʠ ʩʪʨʫʢʪʫʨʳ 

ʧʦʯʚ, ʪʘʢʞʝ ʦʪ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʩʦ-

ʜʝʨʞʘʥʠʷ ʛʫʤʫʩʘ ʠ ʚʣʘʞʥʦʩʪʠ. ʇʦʯʚʳ ʧʣʦʪʥʳʝ, 

ʙʝʩʩʪʨʫʢʪʫʨʥʳʝ, ʩʣʠʪʳʝ, ʩ ʛʨʫʙʦ-ʛʣʳʙʠʩʪʦʡ ʩʪʨʫʢ-

ʪʫʨʦʡ ʦʪʥʦʩʷʪ ʢ ʢʘʪʝʛʦʨʠʠ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʧʣʦʪʥʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ, ʢʦʛʜʘ ʨʳʭʣʳʝ ʧʦʯʚʳ ʩ ʟʝʨ-

ʥʠʩʪʦʡ ʠ ʢʦʤʢʦʚʘʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩ ʚʳʩʦʢʦʡ ʧʦʨʠ-

ʩʪʦʩʪʴʶ ʦʙʫʩʣʘʚʣʠʚʘʶʪʩʷ ʤʘʣʦʡ ʧʣʦʪʥʦʩʪʴʶ ʪʚʝʨ-

ʜʦʡ ʬʘʟʳ[5,6]. 

ʊʘʙʣʠʮʘ 1 

ɺʦʜʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʯʝʨʥʦʟʝʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ 

ʂʫʣʴʪʫʨʘ ɻʣʫʙʠʥʘ, 

ʩʤ 

ʇʣʦʪʥʦʩʪʴ 

ʩʣʦʞʝʥʠʷ, 

ʛ/ʩʤ3 

ʇʣʦʪʥʦʩʪʴ 

ʪʚʝʨʜʦʡ ʬʘʟʳ, 

ʛ/ʩʤ3 

ʆʙʱʘʷ 

ʧʦʨʠʩʪʦʩʪʴ, 

% 

ʇʦʣʝʚʘʷ 

ʚʣʘʞʥʦʩʪʴ, % 

ɿʘʧʘʩ 

ʚʣʘʛʠ, 

ʤʤ 

ʆʟʠʤʳʝ 

ʟʝʨʥʦʚʳʝ 
0ï20 1,30 2,61 50,2 28,6 74,4 

ʗʨʦʚʳʝ 

ʟʝʨʥʦʚʳʝ 
0ï20 1,23 2,55 52,4 22,1 54,4 

ʄʘʩʣʠʯʥʳʝ 0ï20 1,20 2,54 52,9 26,5 63,6 

 

ʇʘʭʦʪʥʳʝ ʩʣʦʠ ʯʝʨʥʦʟʝʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʳʭʣʳʤ ʩʣʦʞʝʥʠʝʤ (1,20ï1,3 ʛ/ʩʤ3), 

ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʩʪʦʷʥʥʳʤ ʨʳʭʣʝʥʠʝʤ ʧʦʜ ʧʨʦʧʘʰ-

ʥʳʝ ʢʫʣʴʪʫʨʳ. ʆʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ ʧʘʭʦʪʥʦʛʦ ʩʣʦʷ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 50 ʜʦ 52 %, ʯʪʦ ʧʦ ʦʮʝʥʢʝ ʧʦʨʠʩʪʦʩʪʠ 

ʩʫʛʣʠʥʠʩʪʳʭ ʠ ʛʣʠʥʠʩʪʳʭ ʧʦʯʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪ-

ʣʠʯʥʦʡ ʜʣʷ ʧʘʭʦʪʥʦʛʦ ʩʣʦʷ.  

ʏʝʨʥʦʟʝʤ ʦʙʳʢʥʦʚʝʥʥʳʡ ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʘʙʦʛʫ-

ʤʫʩʥʦʡ (<4 %) ʠ ʤʘʣʦʛʫʤʫʩʥʦʡ (4ï6%) ʧʦʯʚʦʡ ʠ 

ʚʥʠʟ ʧʦ ʧʨʦʬʠʣʶ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨ-

ʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʪʘʙʣʠʮʘ 2). ɺ ʟʦʥʝ 

ʯʝʨʥʦʟʝʤʦʚ ʦʙʳʢʥʦʚʝʥʥʳʭ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝ-

ʥʷʪʴ ʚʥʝʩʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ (8ï10 ʪ/ʛʘ) ʠ ʤʠʥʝʨʘʣʴ-

ʥʳʭ ʫʜʦʙʨʝʥʠʡ. ʕʪʦ ʙʣʘʛʦʪʚʦʨʥʦ ʧʦʚʣʠʷʝʪ ʥʝ 

ʪʦʣʴʢʦ ʥʘ ʨʘʩʪʝʥʠʷ, ʥʦ ʠ ʥʘ ʘʛʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡ-

ʩʪʚʘ ʧʦʯʚʳ. 

ʊʘʙʣʠʮʘ 2 

ɸʛʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʯʝʨʥʦʟʝʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ 

ʂʫʣʴʪʫʨʘ 
ʋʛʦʜʴʝ, ʛʣʫʙʠʥʘ, 

ʩʤ 

ɻʫʤʫʩ, 

% 

ʋʛʣʝʨʦʜ (ʉ), 

% 

ɸʟʦʪ (N), 

% 
C/N 

ɿʘʧʘʩ ʛʫʤʫʩʘ 

ʪ/ʛʘ 

ʆʟʠʤʳʝ ʟʝʨʥʦ-

ʚʳʝ 

ʇʘʰʥʷ, 0ï20 

4,31 2,52 0,22 11,46 373,5 

ʗʨʦʚʳʝ ʟʝʨʥʦ-

ʚʳʝ 
4,36 2,53 0,218 11,6 106,38 

ʄʘʩʣʠʯʥʳʝ 3,60 2,09 0,18 11,62 86,4 
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ʀʟ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 2 ʚʠʜʥʦ, ʯʪʦ 

ʦʙʦʛʘʱʝʥʥʦʩʪʴ ʛʫʤʫʩʘ ʘʟʦʪʦʤ ʯʝʨʥʦʟʝʤʘ ʦʙʳʢʥʦ-

ʚʝʥʥʦʛʦ ï ʥʠʟʢʦʝ (C/N ʦʪ 11,46ï11,62), ʵʪʦ ʧʦʜʪʚʝʨ-

ʞʜʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʥʝʩʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ 

ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʣʫʯʰʝ ʵʪʦ ʜʝʣʘʪʴ ʩ ʦʜʥʦʚʨʝ-

ʤʝʥʥʳʤ ʚʥʝʩʝʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʩ ʦʩ-

ʥʦʚʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʧʦʯʚʳ, ʘ ʪʘʢʞʝ ʚʚʝʜʝʥʠʝ ʚ ʩʝʚʦ-

ʦʙʦʨʦʪ ʙʦʙʦʚʳʭ ʪʨʘʚ (ʣʶʮʝʨʥʘ, ʵʩʧʘʨʮʝʪ).  

ɺ ʮʝʣʦʤ ʘʛʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʯʝʨʥʦʟʝʤʘ 

ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʚʦʟʜʝ-

ʣʳʚʘʥʠʷ ʟʝʨʥʦʚʳʭ ʠ ʤʘʩʣʠʯʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʉʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʚ ʧʘʭʦʪʥʦʤ 

ʛʦʨʠʟʦʥʪʝ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 3,6ï4,36 %, ʚʘʣʦʚʳʝ ʟʘʧʘʩʳ 

ʘʟʦʪʘ 0,18ï0,22 %. 

ʈʝʘʢʮʠʷ ʩʨʝʜʳ ʥʝʡʪʨʘʣʴʥʘʷ ʨʅ 7ï7,5 ʠ ʛʠʜʨʦ-

ʣʠʪʠʯʝʩʢʘʷ ʢʠʩʣʦʪʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 1,09ï1,11 ʤʛ-

ʵʢʚ/100 ʛ ʧʦʯʚʳ, ʩʫʤʤʘ ʦʙʤʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ ʩʦʩʪʘ-

ʚʠʣʘ 26,0ï30,8 ʤʛ-ʵʢʚ/100 ʛ ʧʦʯʚʳ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʯʝʨʥʦʟʝʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʚ ʣʘ-

ʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʢʘʟʘʣʠ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʛʫʤʫʩʘ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚʳ. ʉʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʜʝʪ ʢ ʦʙʝʜʥʝʥʠʶ ʧʦʯʚ 

ʤʠʥʝʨʘʣʴʥʳʤ ʠ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʚʝʨʭʥʠʭ 

ʛʦʨʠʟʦʥʪʦʚ ʠʟ-ʟʘ ʠʥʪʝʥʩʠʚʥʦʡ ʦʩʥʦʚʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝ-

ʥʠʷ ʧʣʦʜʦʨʦʜʠʷ ʯʝʨʥʦʟʝʤʦʚ ʥʫʞʥʦ ʚʳʧʦʣʥʷʪʴ ʦʙʷ-

ʟʘʪʝʣʴʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ: ʚʥʝʩʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʧʨʘʚʠʣʴʥʘʷ ʘʛʨʦʪʝʭʥʠʢʘ ʩ 

ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʢʫʣʴ-

ʪʫʨʳ, ʩʙʝʨʝʞʝʥʠʝ ʧʦʯʚʝʥʥʦʡ ʚʣʘʛʠ ʠ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʦʨʦʰʝʥʠʷ, ʧʨʦʪʠʚʦʵʨʦʟʠʦʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʥʘ 

ʩʢʣʦʥʘʭ, ʘ ʪʘʢʞʝ ʩʦʙʣʶʜʝʥʠʝ ʩʝʚʦʦʙʦʨʦʪʦʚ. 
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BASIC PHYSICAL AND MECHANICAL PROPERTIES FOR CLEANING SEEDS  

 

Abstract 

Reception of a qualitative seed material is provided at the expense of technically verified and technologically 

optimum executed operations of clearing and sorting for what deeper studying of physicomechanical and biometric 

properties of grain is required, and also application of new methods of separation.  

 

Keywords: grain material, sorting, clearing, physicomechanical properties, biometric properties, photosep-

aration. 

 

Grain heap after threshing is a mixture of culti-

vated and weed plants, as well as mineral and organic 

impurities. During the cleaning process, the grain heap 

can be divided into seeds of main crops and waste. 

Waste contains both waste from the main crops and live 

litter, namely the seeds of other crops and weeds and 

harmful living impurities. 

Grain heap arriving for post-harvest processing is 

heterogeneous in moisture and maturity. When harvest-

ing, even in dry weather, it contains mature seeds with 

a moisture content of 15 ... 16% and not ripened grains, 

weeds and plant debris with a moisture content of up to 

70%. 

To increase productivity, it is necessary to obtain 

high-quality seed material [1]. And the quality of seeds 

is affected not only by genetic characteristics, but also 

by the conditions of harvesting, cleanliness, uniformity 

in size of micro- and macro-damage. 

Grain cleaning is performed to isolate impurities 

from the pile on the one hand, and on the other hand, 

hollow, broken and damaged grain of the crop itself. 

Sorting (fractionation) is carried out to obtain 

high-quality seed material according to the main char-

acteristics - dimensional indicators (width, length and 

thickness), mass, color, aerodynamic properties. 

Many modern grain cleaning machines sort and 

clean grain at the same time [2][3] . 

Upon receipt of seeds using flow-periodic batch 

cleaning technologies, two to three cycles are envis-

aged: first primary cleaning, then one or two-time post-
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treatment[4][5]. Therefore, the seed material undergoes 

multiple movements that degrade its quality. 

It is desirable that the grain cleaning machine in 

one cycle ensures the purification of seeds whose prop-

erties meet the requirements for sowing or food grain 

under the conditions of a given productivity, weediness 

and allowable amount of waste. 

The main methods for sorting and cleaning seeds 

can be considered as follows: cleaning by air flow; sep-

aration by thickness and width is not on sieves; separa-

tion on triremes in length; separation according to the 

shapes and properties of their surface; density sorting 

and cleaning; sorting by color. 

For each of the methods, it is necessary to conduct 

a study of the physicomechanical and biometric prop-

erties of the sorted grain and correlate them with the 

operating modes of the seed purifiers. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʠʟʫʯʝʥʠʶ ʘʛʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʦʟʦʚʦʷʛʦʜʥʳʭ ʩʦʨʪʦʚ 

ʚʠʥʦʛʨʘʜʘ ʥʘʨʦʜʥʦʡ ʩʝʣʝʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʖʞʥʦ-ʇʨʝʜʛʦʨʥʦʡ ʟʦʥʳ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘ-

ʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʚʧʦʣʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʩʣʦʚʠʷʤ ʜʘʥʥʦʡ ʟʦʥʳ ʠ ʤʦʛʫʪ ʙʳʪʴ ʨʝʢʦʤʝʥ-

ʜʦʚʘʥʳ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

Abstract 

The paper presents data on the study of agrobiological indicators of rose-grape varieties of folk selection in 

the conditions of the South Piedmont zone of the Krasnodar Territory. The analysis of the research results showed 

that they are fully consistent with the conditions of this zone and can be recommended for cultivation in production 

conditions. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʥʦʛʨʘʜ, ʩʪʦʣʦʚʳʝ ʩʦʨʪʘ, ɻʝʣʠʦʩ, ɻʫʨʤʘʥ ʨʘʥʥʠʡ, ʂʨʘʩʦʪʢʘ, ʄʦʜʝʨʥ, ʘʛʨʦʙʠʦʣʦ-

ʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ 

Key words: grapes, table varieties, Helios, Gourmet early, Beauty, Modern, agrobiological assessment 

 

ɺ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʚʠʥʦʛʨʘʜʘʨʩʪʚʝ, ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʦʨʪʠʤʝʥʪʘ ʧʨʠʥʘʜʣʝʞʠʪ ʧʝʨʚʦʝ 

ʤʝʩʪʦ. ʇʦ ʜʘʥʥʳʤ ʤʠʨʦʚʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʚʘʣʦʚʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʟʘ ʧʦ-

ʩʣʝʜʥʠʝ 25-30 ʣʝʪ ʫʜʘʣʦʩʴ ʫʚʝʣʠʯʠʪʴ ʥʘ 25-30% 

ʪʦʣʴʢʦ ʙʣʘʛʦʜʘʨʷ ʚʥʝʜʨʝʥʠʶ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʳʭ 
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ʚʳʩʦʢʦʫʨʦʞʘʡʥʳʭ ʩʦʨʪʦʚ ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʠʧʘ ʧʦ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʦʨʪʫ ʪʝʭʥʦʣʦʛʠʷʤ ʠʭ ʚʦʟʜʝʣʳʚʘ-

ʥʠʷ [2,8,9]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʫʩʣʦ-

ʚʠʡ ʖʞʥʦ-ʇʨʝʜʛʦʨʥʦʡ ʟʦʥʳ ʥʘ ʘʛʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʦʟʦʚʦʷʛʦʜʥʳʭ ʩʪʦʣʦ-

ʚʳʭ ʩʦʨʪʦʚ ʚʠʥʦʛʨʘʜʘ. ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʭʦ-

ʜʷʪ ʚ ʪʝʤʘʪʠʯʝʩʢʠʡ ʧʣʘʥ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʢʘʬʝʜʨʳ 

ʚʠʥʦʛʨʘʜʘʨʩʪʚʘ ʂʫʙɻɸʋ [1,3-7,10-12]. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʳ 

ʩʦʨʪʘ ʥʘʨʦʜʥʦʡ ʩʝʣʝʢʮʠʠ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ï 

ɺ. ʅ. ʂʨʘʡʥʦʚʘ (ʛ.ʅʦʚʦʯʝʨʢʘʩʩʢ): ɻʝʣʠʦʩ ʠ ɻʫʨʤʘʥ 

ʨʘʥʥʠʡ, ʘ ʪʘʢʞʝ ɽ. ɻ. ʇʘʚʣʦʚʩʢʦʛʦ (ʛ.ʅʦʚʦʰʘʭ-

ʪʠʥʩʢ): ʂʨʘʩʦʪʢʘ ʠ ʄʦʜʝʨʥ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ 

ʚʟʷʪ ʨʘʡʦʥʠʨʦʚʘʥʥʳʡ ʩʦʨʪ ʌʘʥʪʘʟʠʷ. 

ʋʯʝʪʳ ʠ ʥʘʙʣʶʜʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʦ ʦʙ-

ʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʠʢʘʤ. ɸʛʨʦʪʝʭʥʠʢʘ ʥʘ ʦʧʳʪʥʦʤ 

ʫʯʘʩʪʢʝ ʚʠʥʦʛʨʘʜʘ ʦʙʱʝʧʨʠʥʷʪʘʷ ʜʣʷ ʜʘʥʥʦʡ ʟʦʥʳ 

ʠ ʢʫʣʴʪʫʨʳ. ʂʫʣʴʪʫʨʘ ʚʠʥʦʛʨʘʜʥʠʢʦʚ ï ʫʢʨʳʚʥʘʷ. 

ʉʭʝʤʘ ʧʦʩʘʜʢʠ ʢʫʩʪʦʚ ʚʠʥʦʛʨʘʜʘ ï 3Ĭ2 ʤ. ʂʫʩʪʳ ʚʠ-

ʥʦʛʨʘʜʘ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʧʦ ʪʠʧʫ ʤʥʦʛʦʨʫʢʘʚ-

ʥʦʛʦ ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʚʝʝʨʘ. 

ɸʥʘʣʠʟ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʩʦʢʦʜʚʠʞʝʥʠʝ ʫ ʚʩʝʭ ʩʦʨʪʦʚ ʥʘʩʪʫʧʠʣʦ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ: 25 ʤʘʨʪʘ. ʌʘʟʘ çʈʘʩʧʫʩʢʘʥʠʝ ʧʦʯʝʢè 

ʨʘʥʴʰʝ ʚʩʝʛʦ ʥʘʩʪʫʧʠʣʘ ʫ ʩʦʨʪʘ ʂʨʘʩʦʪʢʘ (14 ʘʧ-

ʨʝʣʷ), ʧʦʪʦʤ ï ʫ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʦʨʪʘ ʌʘʥʪʘʟʠʷ ʠ 

ʦʩʪʘʣʴʥʳʭ ʩʦʨʪʦʚ (15 ʘʧʨʝʣʷ).  

ɼʣʷ ʮʚʝʪʝʥʠʷ ʨʘʩʪʝʥʠʡ ʚʠʥʦʛʨʘʜʘ ʧʦʛʦʜʥʳʝ 

ʫʩʣʦʚʠʷ ʙʳʣʠ ʦʧʪʠʤʘʣʴʥʳʤʠ ï ʚ ʩʨʝʜʥʝʤ ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʚʦʟʜʫʭʘ ʥʝ ʧʨʝʚʳʰʘʣʘ ʦʪʤʝʪʢʠ +25 Áʉ. ʀʥʪʝʥ-

ʩʠʚʥʦʛʦ ʦʩʳʧʘʥʠʷ ʮʚʝʪʢʦʚ ʚ ʩʦʮʚʝʪʠʷʭ ʤʳ ʥʝ 

ʥʘʙʣʶʜʘʣʠ ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʥʠʞʝʥʥʫʶ ʚʣʘʞʥʦʩʪʴ 

ʚʦʟʜʫʭʘ. ʌʘʟʘ çʎʚʝʪʝʥʠʝè ʥʘʩʪʫʧʠʣʘ ʨʘʥʴʰʝ ʚʩʝʭ ʫ 

ʨʘʩʪʝʥʠʡ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʂʨʘʩʦʪʢʘ (21 ʤʘʷ), ʥʘ ʩʣʝ-

ʜʫʶʱʠʡ ʜʝʥʴ ï ʩʦʨʪʘ ʄʦʜʝʨʥ (22 ʤʘʷ) ʠ ʜʘʣʝʝ ʫ 

ʦʩʪʘʣʴʥʳʭ ʩʦʨʪʦʚ ï 23 ʤʘʷ.  

ʏʨʝʟʤʝʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʧʘʚʰʠʭ ʦʩʘʜʢʦʚ ʚ 

ʢʦʥʮʝ ʠʶʣʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʭʦʨʦʰʝʤʫ ʥʘʣʠʚʫ ʷʛʦʜ. 

ɺ ʘʚʛʫʩʪʝ ʤʝʩʷʮʝ ʜʝʬʠʮʠʪ ʚʣʘʛʠ ʠ ʚʳʩʦʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʫʩʢʦʨʠʣʠ ʩʦʟʨʝʚʘʥʠʝ ʚʠʥʦʛʨʘʜʘ. 

ʈʘʥʴʰʝ ʚʩʝʭ ʩʦʟʨʝʣʠ ʷʛʦʜʳ ʫ ʚʠʥʦʛʨʘʜʘ ʩʦʨʪʘ ʂʨʘ-

ʩʦʪʢʘ ï 31 ʠʶʣʷ, 5 ʘʚʛʫʩʪʘ ï ʫ ʩʦʨʪʘ ʄʦʜʝʨʥ, ʜʘʣʝʝ 

ï ʫ ʩʦʨʪʘ ɻʫʨʤʘʥ ʨʘʥʥʠʡ (8 ʘʚʛʫʩʪʘ), ʩʣʝʜʦʤ ï ʫ 

ʩʦʨʪʘ ɻʝʣʠʦʩ (9 ʘʚʛʫʩʪʘ) ʠ ʧʦʩʣʝʜʥʠʤ ï ʫ ʢʦʥʪʨʦʣʴ-

ʥʦʛʦ ʩʦʨʪʘ ʌʘʥʪʘʟʠʷ (10 ʘʚʛʫʩʪʘ).  

ʀʟʫʯʘʝʤʳʝ ʩʪʦʣʦʚʳʝ ʩʦʨʪʘ ʚʠʥʦʛʨʘʜʘ ʚ ʫʩʣʦ-

ʚʠʷʭ ʜʘʥʥʦʡ ʟʦʥʳ ʩʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ ʬʝʥʦʣʦ-

ʛʠʯʝʩʢʠʤ ʥʘʙʣʶʜʝʥʠʷʤ ʤʦʞʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ ʧʦ 

ʩʨʦʢʘʤ ʩʦʟʨʝʚʘʥʠʷ. ʊʘʢ, ʜʣʷ ʩʦʨʪʦʚ ʄʦʜʝʨʥ ʩ ʧʨʦ-

ʜʫʢʮʠʦʥʥʳʤ ʧʝʨʠʦʜʦʤ, ʨʘʚʥʳʤ 113 ʜʥʷʤ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʩʦʨʪʦʚ ɻʫʨʤʘʥ ʨʘʥʥʠʡ (116 ʜʥʝʡ), ɻʝʣʠʦʩ (117 

ʜʥʝʡ) ʠ ʌʘʥʪʘʟʠʷ (118 ʜʥʝʡ) ʩʚʦʡʩʪʚʝʥʝʥʘ ʨʘʥʥʷʷ 

ʛʨʫʧʧʘ ʩʧʝʣʦʩʪʠ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʩʦʨʪ ʂʨʘʩʦʪʢʘ, ʧʦ-

ʟʠʮʠʦʥʠʨʦʚʘʚʰʠʡʩʷ ʘʚʪʦʨʦʤ ʢʘʢ ʨʘʥʥʝʩʧʝʣʳʡ 

ʩʦʨʪ, ʚ ʫʩʣʦʚʠʷʭ ʜʘʥʥʦʡ ʟʦʥʳ (ʖʞʥʦ-ʇʨʝʜʛʦʨʥʦʡ) 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʢʘʢ ʦʯʝʥʴ ʨʘʥʥʝʩʧʝʣʳʡ ʩʦʨʪ. ɽʛʦ 

ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ ʥʝ ʧʨʝʚʳʩʠʣ 107 ʜʥʝʡ. 

ʇʦ ʜʘʥʥʳʤ ʫʚʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʘʤʦʡ 

ʢʨʫʧʥʦʡ ʷʛʦʜʦʡ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʩʦʨʪ ʄʦʜʝʨʥ 

(12,4 ʛ ʧʨʦʪʠʚ 5,4 ʛ ʫ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʦʨʪʘ ʌʘʥʪʘʟʠʷ), 

ʥʦ ʤʝʥʴʰʝʝ ʠʭ ʯʠʩʣʦ ʚ ʛʨʦʟʜʠ (62 ʰʪ. ʧʨʦʪʠʚ 83 ʰʪ. 

ʫ ʩʦʨʪʘ ɻʝʣʠʦʩ ʠ 87 ʫ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʦʨʪʘ ʌʘʥʪʘʟʠʷ) 

ʥʝ ʧʦʟʚʦʣʠʣʦ ʜʘʥʥʦʤʫ ʩʦʨʪʫ ʠʤʝʪʴ ʥʘʠʙʦʣʴʰʫʶ 

ʛʨʦʟʜʴ. ʋ ʩʦʨʪʦʚ ɻʫʨʤʘʥ ʨʘʥʥʠʡ ʠ ɻʝʣʠʦʩ ʤʘʩʩʘ 

ʷʛʦʜʳ ʪʘʢʞʝ ʧʨʝʚʳʩʠʣʘ ʢʦʥʪʨʦʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘ 

48,1 ʠ 81,5 %. 

ʀʟ ʨʦʟʦʚʦʷʛʦʜʥʳʭ ʩʪʦʣʦʚʳʭ ʩʦʨʪʦʚ ɻʝʣʠʦʩ ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʘʤʦʡ ʙʦʣʴʰʦʡ ʩʨʝʜʥʝʡ ʤʘʩʩʦʡ 

ʛʨʦʟʜʠ (815 ʛ), ʧʨʝʚʳʰʘʷ ʢʦʥʪʨʦʣʴʥʳʡ ʩʦʨʪ ʌʘʥʪʘ-

ʟʠʷ (471 ʛ) ʥʘ 73,0 %. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʥ ʷʚʣʷ-

ʝʪʩʷ ʙʦʣʝʝ ʪʝʭʥʦʣʦʛʠʯʥʳʤ ʩʦʨʪʦʤ. ɹʦʣʝʝ ʚʳʩʦʢʘʷ 

ʤʘʩʩʘ ʛʨʦʟʜʠ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʤʘʩʩʦʡ 

ʷʛʦʜʳ (ʚ 1,8 ʨʘʟʘ). ʉʦʨʪʘ ɻʫʨʤʘʥ ʨʘʥʥʠʡ ʠ ʄʦʜʝʨʥ 

ʪʘʢʞʝ ʧʨʝʚʳʩʠʣʠ ʢʦʥʪʨʦʣʴʥʳʡ ʩʦʨʪ ʌʘʥʪʘʟʠʷ ʧʦ 

ʩʨʝʜʥʝʡ ʤʘʩʩʝ ʛʨʦʟʜʠ ʥʘ 45,9 ʠ 63,1 %, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. ʉʦʨʪ ʂʨʘʩʦʪʢʘ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ çʤʘʩʩʘ 

ʛʨʦʟʜʠè ʠ çʤʘʩʩʘ ʷʛʦʜʳè ʙʳʣ ʥʘ ʫʨʦʚʥʝ ʢʦʥʪʨʦʣʴ-

ʥʦʛʦ ʩʦʨʪʘ ʌʘʥʪʘʟʠʷ. 

ʀʟ ʨʦʟʦʚʳʭ ʩʪʦʣʦʚʳʭ ʩʦʨʪʦʚ ʩʘʤʳʤ ʥʠʟʢʠʤ ʩʦ-

ʜʝʨʞʘʥʠʝʤ ʩʦʢʘ ʠ ʩʘʤʳʤ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦ-

ʞʠʮʳ ʩ ʧʣʦʪʥʳʤʠ ʯʘʩʪʷʤʠ ʷʛʦʜʳ, ʪʦ ʝʩʪʴ ʥʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ 

ʩʦʨʪʘ ʂʨʘʩʦʪʢʘ ʠ, ʚ ʯʫʪʴ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʢʦʥ-

ʪʨʦʣʴʥʳʡ ʩʦʨʪ ʌʘʥʪʘʟʠʷ.  

ʉʦʨʪʘ ʄʦʜʝʨʥ ʠ ɻʝʣʠʦʩ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʩʘ-

ʤʳʤ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʦʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

81,0 ʠ 81,3 %, ʧʨʦʪʠʚ 77,7 % ʫ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʦʨʪʘ 

ʌʘʥʪʘʟʠʷ. ʉʦʜʝʨʞʘʥʠʝ ʢʦʞʠʮʳ ʩ ʧʣʦʪʥʳʤʠ ʯʘ-

ʩʪʷʤʠ ʷʛʦʜʳ ʚ ʛʨʦʟʜʷʭ ʵʪʠʭ ʩʦʨʪʦʚ ʙʳʣʦ ʤʠʥʠʤʘʣʴ-

ʥʳʤ ï ʥʘ 15,8 ʠ 14,6 %, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʠʞʝ, ʯʝʤ 

ʫ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʦʨʪʘ ʌʘʥʪʘʟʠʷ. 

ʉʦʨʪ ɻʫʨʤʘʥ ʨʘʥʥʠʡ ʧʦ ʜʘʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ 

ʟʘʥʠʤʘʝʪ ʩʨʝʜʥʝʝ ʧʦʣʦʞʝʥʠʝ. 

ʊ.ʦ., ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʚʳʷʚ-

ʣʝʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʭʦʞʜʝʥʠʷ ʬʝʥʦʣʦʛʠʯʝʩʢʠʭ 

ʬʘʟ ʠʟʫʯʘʝʤʳʭ ʩʦʨʪʦʚ ʠ ʢʣʦʥʘ ʚʠʥʦʛʨʘʜʘ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠ ʧʦʛʦʜʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ɸʥʘʧʦ-ʊʘʤʘʥʩʢʦʡ ʟʦʥʳ. ʕʪʦ ʦʙʝʩʧʝʯʠʣʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʨʦʢʦʚ ʥʘʩʪʫʧʣʝʥʠʷ ʬʝʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʬʘʟ ʩʦʛʣʘʩʥʦ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʛʦʜʘ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʣʘʥʠʨʦʚʘʥʠʷ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦ-

ʧʨʠʷʪʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʨʦʢʘʤʠ ʧʨʦʭʦʞʜʝʥʠʷ 

ʬʝʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʟ ʫ ʠʟʫʯʘʝʤʳʭ ʩʦʨʪʦʚ ʠ ʢʣʦʥʘ 

ʚʠʥʦʛʨʘʜʘ. 

ʄʘʢʩʠʤʘʣʴʥʦʡ ʤʘʩʩʘ ʛʨʦʟʜʠ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʫ 

ʩʦʨʪʘ ɻʝʣʠʦʩ (815 ʛ), ʯʪʦ ʥʘ 73,0 % ʧʨʝʚʳʩʠʣʦ ʢʦʥ-

ʪʨʦʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. ʉʦʨʪʘ ɻʫʨʤʘʥ ʨʘʥʥʠʡ ʠ ʄʦ-

ʜʝʨʥ ʪʘʢʞʝ ʧʨʝʚʳʩʠʣʠ ʢʦʥʪʨʦʣʴʥʳʡ ʩʦʨʪ ʌʘʥʪʘʟʠʷ 

ʧʦ ʩʨʝʜʥʝʡ ʤʘʩʩʝ ʛʨʦʟʜʠ ʥʘ 45,9 ʠ 63,1 %, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. ʉʦʨʪ ʂʨʘʩʦʪʢʘ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ çʤʘʩʩʘ 

ʛʨʦʟʜʠè ʠ çʤʘʩʩʘ ʷʛʦʜʳè ʙʳʣ ʥʘ ʫʨʦʚʥʝ ʢʦʥʪʨʦʣʴ-

ʥʦʛʦ ʩʦʨʪʘ ʌʘʥʪʘʟʠʷ. 
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Abstract  

The direction is focused on the removal of bee colonies for the pollination of entomophilous agricultural 

crops ï sunflower, which without cross-pollination practically does not form seeds. 
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ɺ ʣʝʪʥʝʝ ʚʨʝʤʷ ʧʦʣʷ ʂʫʙʘʥʠ ʫʩʝʷʥʥʳʝ ʷʨʢʦ - 

ʞʝʣʪʳʤʠ ʮʚʝʪʘʤʠ ʧʦʜʩʦʣʥʝʯʥʠʢʘ. ʇʦ ʜʘʥʥʳʤ 

ʉʐɸ, ʝʩʣʠ ʚʟʷʪʴ ʟʘ ʦʩʥʦʚʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 1 ʪ ʩʝʤʷʥ 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʟʘ 100%, ʪʦ ʧʦʣʫʯʘʝʤʘʷ ʧʨʠʙʳʣʴ ʩʦ-

ʩʪʘʚʣʷʝʪ 1500%. [3]. ʕʪʘ ʢʫʣʴʪʫʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʛʣʘʚʥʳʡ ʤʝʜʦʩʙʦʨ ʠ ʧʦʧʦʣʥʝʥʠʝ ʟʘʧʘʩʦʚ ʧʳʣʴʮʳ ʚ 

ʛʥʝʟʜʘʭ ʧʯʝʣʠʥʳʭ ʩʝʤʝʡ [1]. ʐʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʧʯʝʣ ʚ ʦʧʳʣʝʥʠʠ ʨʘʩʪʝʥʠʡ ʦʙʲʷʩʥʷʝʪʩʷ ʚʦʟʤʦʞ-

ʥʦʩʪʴʶ ʫʧʨʘʚʣʷʪʴ ʨʦʩʪʦʤ ʧʯʝʣʠʥʳʭ ʩʝʤʝʡ ʠ ʩʚʦʝ-

ʚʨʝʤʝʥʥʦ ʚʳʚʦʟʠʪʴ ʠʭ ʢ ʦʧʳʣʷʝʤʳʤ ʵʥʪʦʤʦʬʠʣʴ-

ʥʳʤ ʢʫʣʴʪʫʨʘʤ [2].  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʢʫʣʴ-

ʪʫʨʳ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʧʨʠ ʦʧʳʣʝʥʠʠ ʝʛʦ ʧʯʝʣʘʤʠ, 

ʨʘʟʚʠʪʠʝ ʧʯʝʣʠʥʳʭ ʩʝʤʝʡ ʚ ʢʦʯʝʚʳʭ ʫʩʣʦʚʠʷʭ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʝ ʩ ʧʦʜʩʦʣ-

ʥʝʯʥʠʢʦʤ ʠ ʧʯʝʣʦʩʝʤʴʠ ʢʘʨʧʘʪʩʢʦʡ ʧʦʨʦʜʳ ʚ ʂʨʳ-

ʣʦʚʩʢʦʤ ʨʘʡʦʥʝ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ. ʇʨʠ ʧʨʦʚʝʜʝ-

ʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʙʱʠʝ ʤʝʪʦʜʳ 

ʥʘʫʯʥʦʛʦ ʧʦʟʥʘʥʠʷ, ʩʦʙʩʪʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘʙʣʶʜʘʪʝʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʩʝʨʝʜʠʥʝ ʠʶʥʷ 

2018 ʛʦʜʘ ʢ ʤʦʤʝʥʪʫ ʥʘʯʘʣʘ ʮʚʝʪʝʥʠʷ ʧʦʜʩʦʣʥʝʯ-

ʥʠʢʘ ʢ ʧʦʣʶ 100ʛʘ ʙʳʣʠ ʧʦʜʚʝʟʝʥʳ ʜʚʫʭʢʦʨʧʫʩʥʳʝ 

ʫʣʴʷ ʚ ʢʦʣʠʯʝʩʪʚʝ 80 ʧʯʝʣʦʩʝʤʝʡ. ɿʘ 7 ʜʥʝʡ ʥʘʰʠʭ 

ʥʘʙʣʶʜʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʘ ʥʝʢʪʘʨʦ ʠ ʧʳʣʴʮʝʩʦʙʠʨʘ-

ʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʦʧʳʣʝʥʠʝ ʤʝʣʢʠʭ ʠ ʢʨʫʧʥʳʭ 

ʢʦʨʟʠʥʦʢ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʚʥʦ-

ʤʝʨʥʦ, ʚ ʫʣʴʷʭ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʛʠ ʚ ʢʦʨʤʦʚʳʭ ʨʘʤ-

ʢʘʭ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 8-10%, ʟʘʣʠʪʳʭ ʤʝʜʦʤ ʩʦʪʦʚʳʭ 

ʷʯʝʝʢ ʥʘ 15-18%, ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʧʣʦʜʘ 10-15% ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʘʩʝʢʦʡ, ʨʘʩʧʦʣʦʞʝʥ-

ʥʦʡ ʥʘ ʫʜʘʣʝʥʠʠ ʦʪ ʮʚʝʪʫʱʠʭ ʧʦʣʝʡ ʧʦʜʩʦʣʥʝʯʥʠʢʘ 

ʥʘ 5-6 ʢʤ. ʇʦʩʣʝ ʫʙʦʨʢʠ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʙʳʣʦ ʫʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʫʨʦʞʘʡʥʦʩʪʴ ʤʘʩʣʦ ʩʝʤʷʥ ʩʦʩʪʘʚʠʣʘ 

29,2 ʮ /ʛʘ, ʘ ʥʘ ʘʥʘʣʦʛʠʯʥʳʭ ʧʣʘʥʪʘʮʠʷʭ, ʫʜʘʣʝʥʥʳʭ 

ʦʪ ʧʯʝʣʦʩʝʤʝʡ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 4-5 ʢʤ ʙʳʣʘ 24,1ʮ /ʛʘ, 

ʯʪʦ ʥʘ 21,1% ʥʠʞʝ. 

ɺʳʚʦʜ. ʆʧʳʣʠʪʝʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʦʩʫ-

ʱʝʩʪʚʣʷʝʤʘʷ ʤʝʜʦʥʦʩʥʦʡ ʧʯʝʣʦʡ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʤʷʥ ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʘ ʪʘʢʞʝ ʧʨʠʚʦ-

ʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ ʨʘʟʚʠʪʠʷ ʧʯʝʣʠʥʳʭ ʩʝʤʝʡ ʠ ʫʚʝ-

ʣʠʯʝʥʠʶ ʢʦʨʤʦʚʳʭ ʟʘʧʘʩʦʚ ʚ ʫʣʴʷʭ.  
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ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ.ʊ.Trubilina 

 

ʄɽʈʓ ʇʆ ʋʃʋʏʐɽʅʀʖ ʆʍʈɸʅʓ ʊʈʋɼɸ ʅɸ ʇʈɽɼʇʈʀʗʊʀʀ 

 

Abstract 

The creation of optimal working conditions and the monitoring of their observance is of great importance in 

agriculture. This allows for as long as possible to maintain high working capacity of workers, based on concern 

for the psychophysiological health of a person. Improving working conditions leads to a decrease in industrial 

injuries and occupational morbidity of workers. 

 

Key words: briefings, safe working conditions, injuries, labor protection. 

 

Agriculture is one of the most important sectors of 

the Russian economy, ensuring food security through-

out our vast country, but it is also one of the most dan-

gerous sectors [1][2]. On average, the level of injuries 

in agriculture is almost 2 times higher,along with other 

industries[3]. Cases in which persons in managerial po-

sitions decide to save on all the required briefings, hir-

ing more qualified security professionals, often lead to 

less desirable results. Workers are injured, equipment 

fails, causing damage to the household. Every day, 13 

people die in production and more than two hundred are 

injured. In 2016 - 193 accidents were registered in ag-

riculture, in 2017 there were 22 fatal cases, while 2019 

continued statistics and in 5 months in agricultural or-

ganizations 8 were killed and 49 employees were seri-

ously injured. It is no secret that workers are more or 

less at risk. We believe that it is possible to significantly 

reduce the number of accidents by conducting timely 

safety briefings[4]. Provide introductory briefings with 

new arrivals, regardless of their education, primary di-

rectly at the workplace before starting independent 

work to be up to date and warning of all possible dan-

gers and repeated at least once every six months. The 

problem is that there are cases of neglect of the briefing, 

and often the employee is invited to "just sign" for 

safety precautions and then someone is lucky. 
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Another issue related to the employment of occu-
pational safety engineers. Only 12% are specialists with 
higher education, the rest have secondary pecialized ed-
ucation mainly in agronomic, veterinary or technical 
fields. It is not excluded that cases of the appointment 
of a specialist in labor protection as an employee with-
out special education more than 6% are precisely such 
workers[5]. All these facts are associated with in-
creased injuries in the workplace, because an unskilled 
engineer does not fulfill all the required functions.  

The senior labor protection engineers of the re-
gional and district agricultural production departments 
do not differ in their level of training from ordinary en-
gineers and, in their inexperience, are not able to ensure 
safety at the enterprise. 

We believe that it is necessary to better monitor 
events such as the purchase of stands, simulators, visual 
materials for instructing in labor protection, training in 
safe techniques and methods of performing work, 
equipping labor protection cabinets for organizing 
training, instruction, testing knowledge of labor protec-
tion of workers in the established manner, as well as for 
training workers in providing first aid to victims of 
work. 

At the discretion of authorized workers, labor pro-
tection measures may include work aimed at improving 
workers and improving working conditions at their 
workplaces. 

Occupational safety measures are documented in 
the section in the collective agreement and labor pro-
tection agreement. 
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EVALUATION OF WINTER WHEAT VARIETIES FOR RESISTANCE TO THE PATHOGEN OF 

EAR FUSARIUM - FUNGUS FUSARIUM POAE  

 

ɸʥʥʦʪʘʮʠʷ 

ʀʟʫʯʝʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʨʪʦʚ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʢ ʚʦʟʙʫʜʠʪʝʣʶ ʬʫʟʘʨʠʦʟʘ ʢʦʣʦʩʘ ï ʛʨʠʙʫ Fusarium 

poae. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʠʥʬʝʢʮʠʦʥʥʦʤ ʬʦʥʝ. ʅʘʠʙʦʣʴʰʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʵʪʦʤʫ ʟʘʙʦʣʝʚʘʥʠʶ ʧʨʦʷʚʠʣ ʩʦʨʪ ʊʚʦʨʝʮ. ʈʘʟʚʠʪʠʝ ʬʫʟʘʨʠʦʟʘ ʥʘ ʢʦʣʦʩʴʷʭ ʵʪʦʛʦ ʩʦʨʪʘ ʩʦʩʪʘʚʠʣʦ 32,5 

%. ɹʣʠʟʢʠʤʠ ʢ ʥʝʤʫ ʙʳʣʠ ʩʦʨʪʘ ɹʦʛʜʘʥʢʘ ʠ ʄʠʨʦʥʦʚʩʢʘʷ 808 (35,0 ï 37,5 %). ʅʘ ʜʨʫʛʠʭ ʩʦʨʪʘʭ ʵʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʠʣ 42,5 ï 57,5 %.  

Abstract 

The resistance of winter wheat varieties to the pathogen of ear fusarium ï Fusarium poae fungus was studied. 

Studies were conducted on an artificial infectious background. The greatest resistance to this disease showed 

variety Tvoretc. The development of fusarium on ears of this variety was 32,5 %. Close to him were varieties 

Bogdanka and Mironovskaya 808 (35,0 ï 37,5 %). In other varieties, this figure was 42,5 ï 57,5 %. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʟʠʤʘʷ ʧʰʝʥʠʮʘ, ʩʦʨʪ, ʬʫʟʘʨʠʦʟ ʢʦʣʦʩʘ, ʛʨʠʙ Fusarium poae, ʫʩʪʦʡʯʠʚʦʩʪʴ, ʠʩʢʫʩ-

ʩʪʚʝʥʥʳʡ ʠʥʬʝʢʮʠʦʥʥʳʡ ʬʦʥ. 

Key words: winter wheat, variety, ear fusarium, fungus Fusarium poae, resistance, artificial infectious back-

ground. 
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ɺʦʟʙʫʜʠʪʝʣʠ ʬʫʟʘʨʠʦʟʘ ʢʦʣʦʩʘ ʰʠʨʦʢʦ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʧʦʩʝʚʘʭ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ. ɺ ʶʞ-

ʥr ʭ ʨʝʛʠʦʥʘʭ ʩʪʨʘʥʳ ʨʝʛʫʣʷʨʥʦ ʧʨʦʠʩʭʦʜʷʪ ʵʧʠʬʠ-

ʪʦʪʠʠ ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʥʘ ʧʦʩʝʚʘʭ ʧʰʝʥʠʮʳ. ɿʘ 

1985 ï 1992 ʛʛ. ʚʳʷʚʣʝʥʦ 37,5 % ʣʝʪ ʩ ʚʳʩʦʢʦʡ ʦʧʘʩ-

ʥʦʩʪʴʶ ʨʘʟʚʠʪʠʷ ʧʘʪʦʛʝʥʘ, 25,0 % ʣʝʪ ï ʩʦ ʩʨʝʜʥʝʡ 

ʠ 37,5 % ï ʩ ʥʠʟʢʦʡ [5, ʩ. 13-14]. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘ-

ʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʦʣʝʝ 50 % ʩʣʫʯʘʝʚ ʨʘʟʚʠʪʠʷ ʬʫʟʘ-

ʨʠʦʟʘ ʢʦʣʦʩʘ ʦʙʫʩʣʦʚʣʝʥʦ ʚʳʩʦʢʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʦʩʘʜʢʦʚ ʚ ʧʝʨʠʦʜ ʮʚʝʪʝʥʠʷ ʠ ʩʦʟʨʝʚʘʥʠʷ ʟʝʨʥʘ [9, 14 

ʩ.]. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʠʛʨʘʶʪ ʚʝʜʫʱʫʶ ʨʦʣʴ 

ʚ ʟʘʨʘʞʝʥʥʦʩʪʠ ʟʝʨʥʘ ʧʰʝʥʠʮʳ ʬʫʟʘʨʠʦʟʥʦʡ ʠʥ-

ʬʝʢʮʠʝʡ ʠ ʚ ʙʦʣʝʝ ʟʘʩʫʰʣʠʚʦʤ ʨʝʛʠʦʥʝ ï ʥʘ ʪʝʨʨʠ-

ʪʦʨʠʠ ʊʘʪʘʨʩʪʘʥʘ. ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʣʘʞʥʳʝ ʛʦʜʳ 

ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚʘʨʴʠʨʦʚʘʣ ʦʪ 9,4 ʜʦ 22,9 %, ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʩʦʨʪʘ ʧʰʝʥʠʮʳ, ʚ ʩʫʭʠʝ ï ʦʪ 0,0 ʜʦ 4,0 

% [6, ʩ. 30]. ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʬʫʟʘʨʠʦʟʘ 

ʢʦʣʦʩʘ ʷʚʣʷʝʪʩʷ ʩʝʣʝʢʮʠʷ ʥʘ ʠʤʤʫʥʠʪʝʪ. ʅʦ ʧʦʣʥʦ-

ʩʪʴʶ ʫʩʪʦʡʯʠʚʳʭ ʢ ʵʪʦʤʫ ʟʘʙʦʣʝʚʘʥʠʶ ʩʦʨʪʦʚ ʧʰʝ-

ʥʠʮʳ ʧʦʢʘ ʥʝ ʩʦʟʜʘʥʦ. ɺʳʷʚʣʝʥʳ ʬʦʨʤʳ ʨʘʩʪʝʥʠʡ, 

ʧʨʦʷʚʣʷʶʱʠʭ ʯʘʩʪʠʯʥʫʶ ʠʣʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ. ʊʘʢ, ʧʨʠ ʠʟʫʯʝʥʠʠ 132 ʩʦʨʪʦʚ ʷʨʦʚʦʡ 

ʧʰʝʥʠʮʳ ʚʳʜʝʣʝʥʦ ʣʠʰʴ ʯʝʪʳʨʝ ʩʨʝʜʥʝʫʩʪʦʡʯʠ-

ʚʳʭ [8, ʩ. 243-244]. ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʚ ʩʝʣʝʢʮʠʠ ʩʦʨʪʦʚ ʠʟ ʗʧʦʥʠʠ ʠ ʂʠʪʘʷ. ʆʥʠ 

ʧʨʦʷʚʣʷʶʪ ʙʦʣʴʰʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʬʫʟʘʨʠʦʟʫ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʨʤʘʤʠ ʨʘʩʪʝʥʠʡ ʜʨʫʛʦʛʦ ʛʝʦʛʨʘʬʠ-

ʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ [7, ʩ. 52-55]. ɿʘ ʧʦʩʣʝʜʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ ʜʦʩʪʠʛʥʫʪʳ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʩʧʝʭʠ ʚ 

ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɺʳʚʝʜʝʥʳ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚ-

ʥʳʝ ʣʠʥʠʠ ʠ ʩʦʨʪʘ ʧʰʝʥʠʮʳ ʩ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʵʪʦʤʫ ʟʘʙʦʣʝʚʘʥʠʶ [1, ʩ. 6-7; 3, 97 

ʩ.]. ʉʨʝʜʠ ʜʨʫʛʠʭ ʩʧʦʩʦʙʦʚ ʙʦʨʴʙʳ ʩ ʬʫʟʘʨʠʦʟʦʤ 

ʢʦʣʦʩʘ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ. ʂ 

ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʦʟʜʘʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʬʫʥʛʠʮʠʜʦʚ, ʜʝʡʩʪʚʝʥʥʳʭ ʚ ʦʪʥʦʰʝʥʠʠ 

ʤʫʯʥʠʩʪʦʡ ʨʦʩʳ, ʙʫʨʦʡ ʨʞʘʚʯʠʥʳ, ʩʝʧʪʦʨʠʦʟʘ. ʅʦ 

ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʪʠʚ ʬʫʟʘʨʠʦʟʘ 

ʢʦʣʦʩʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 70 %. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚʝʩʴʤʘ 

ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʦ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ 

ʩʨʝʜʩʪʚ ʜʣʷ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʟʝʨʥʦʚʳʭ ʟʣʘʢʦʚʳʭ 

ʢʫʣʴʪʫʨ ʦʪ ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ. ʉʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʠ ʜʨʫʛʦʛʦ ï ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʝ. ʕʪʦ ʚʦʟʜʝʣʳʚʘʥʠʝ ʩʦʨʪʦʚ, ʚ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ ʧʦʨʘʞʘʝʤʳʭ ʬʫʟʘʨʠʦʟʦʤ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʬʫʥʛʠʮʠʜʘʤʠ ʫʨʦʚʝʥʴ 

ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʢʨʠ-

ʪʠʯʝʩʢʦʛʦ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʪʘʢʠʭ ʩʦʨʪʦʚ ʧʨʦʚʦʜʠʪʩʷ 

ʠʭ ʠʩʧʳʪʘʥʠʝ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʠʥʬʝʢʮʠʦʥʥʦʤ 

ʬʦʥʝ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʬʦʥʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʠʜʳ ʬʫʟʘ-

ʨʠʝʚ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʨʝʛʠʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ 

ʫʩʣʦʚʠʷʭ ʎʝʥʪʨʘʣʴʥʦʛʦ ʏʝʨʥʦʟʝʤʴʷ ʣʠʜʠʨʫʶʱʠʤʠ 

ʧʦ ʯʘʩʪʦʪʝ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʥʘ ʟʝʨʥʝ ʧʰʝʥʠʮʳ ʷʚʣʷ-

ʶʪʩʷ ʚʠʜʳ Fusarium poae, F. sporotrihioides ʠ F. eq-

uiseti [4, ʩ. 46-50]. ʇʨʝʜʩʪʘʚʣʷʣʦ ʠʥʪʝʨʝʩ ʠʟʫʯʠʪʴ 

ʨʘʟʚʠʪʠʝ ʟʘʙʦʣʝʚʘʥʠʡ, ʚʳʟʳʚʘʝʤʳʤʠ ʵʪʠʤʠ ʚʠʜʘʤʠ 

ʛʨʠʙʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʴ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʦʩʪʦʷʣʘ ʚ ʦʮʝʥʢʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʨʪʦʚ ʦʟʠʤʦʡ 

ʧʰʝʥʠʮʳ ʢ ʚʦʟʙʫʜʠʪʝʣʶ ʬʫʟʘʨʠʦʟʘ ʢʦʣʦʩʘ ï ʛʨʠʙʫ 

Fusarium poae. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦ-

ʚʘʣʠʩʴ ʨʘʩʪʝʥʠʷ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʩʦʨʪʦʚ ɹʝʟʝʥ-

ʯʫʢʩʢʘʷ 380, ɹʦʛʜʘʥʢʘ, ʄʠʨʦʥʦʚʩʢʘʷ 808, ʄʦʩʢʦʚ-

ʩʢʘʷ 39, ʇʦʙʝʜʘ 50, ʇʦʚʦʣʞʩʢʘʷ 86 ʠ ʊʚʦʨʝʮ. ɺ ʬʘʟʫ 

ʮʚʝʪʝʥʠʷ ʢʦʣʦʩʴʷ ʠʥʦʢʫʣʠʨʦʚʘʣʠ ʚʦʜʥʦʡ ʩʫʩʧʝʥ-

ʟʠʝʡ ʢʦʥʠʜʠʡ ʛʨʠʙʘ Fusarium poae, ʢʦʥʮʝʥʪʨʘʮʠʷ 

105 ʩʧʦʨ ʚ ʦʜʥʦʤ ʤʠʣʣʠʣʠʪʨʝ. ɼʣʷ ʧʨʝʜʦʭʨʘʥʝʥʠʷ 

ʚʳʩʳʭʘʥʠʷ ʚʣʘʛʠ ʢʦʣʦʩʴʷ ʥʘ ʦʜʥʠ ʩʫʪʢʠ ʟʘʢʨʳʚʘʣʠ 

ʧʘʢʝʪʘʤʠ ʠʟ ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʧʣʝʥʢʠ. ʇʦ ʠʩʪʝʯʝʥʠʠ 

ʵʪʦʛʦ ʩʨʦʢʘ ʧʘʢʝʪʳ ʩʥʠʤʘʣʠ. ʏʝʨʝʟ 15 ʠ 30 ʩʫʪʦʢ ʧʦ-

ʩʣʝ ʠʥʦʢʫʣʷʮʠʠ ʦʮʝʥʠʚʘʣʠ ʨʘʟʚʠʪʠʝ ʟʘʙʦʣʝʚʘʥʠʷ. 

ʈʘʙʦʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʨʪʦʚ ʦʟʠʤʦʡ 

ʧʰʝʥʠʮʳ ʢ ʚʦʟʙʫʜʠʪʝʣʶ ʬʫʟʘʨʠʦʟʫ ʢʦʣʦʩʘ ʧʨʦʚʦ-

ʜʠʣʘʩʴ ʩʦʛʣʘʩʥʦ ʨʫʢʦʚʦʜʩʪʚʫ ʃ.ʂ. ɸʥʧʠʣʦʛʦʚʦʡ ʠ 

ɻ.ɺ. ɺʦʣʢʦʚʦʡ [2, 28 ʩ.]. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ 

15-ʝ ʩʫʪʢʠ ʧʦʩʣʝ ʠʥʦʢʫʣʷʮʠʠ ʥʘʠʙʦʣʴʰʝʝ (22,5 ï 

27,5 %) ʨʘʟʚʠʪʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʥʘ ʩʦʨ-

ʪʘʭ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʄʦʩʢʦʚʩʢʘʷ 39, ʇʦʙʝʜʘ 50 ʠ 

ʇʦʚʦʣʞʩʢʘʷ 86 (ʪʘʙʣʠʮʘ). ʅʝʩʢʦʣʴʢʦ ʥʠʞʝ (ʥʘ 12,5 

ï 17,5 %) ʧʦʨʘʞʘʣʠʩʴ ʢʦʣʦʩʴʷ ʥʘ ʩʦʨʪʘʭ ɹʝʟʝʥ-

ʯʫʢʩʢʘʷ 380 ʠ ɹʦʛʜʘʥʢʘ. ʄʝʥʝʝ ʜʨʫʛʠʭ ʙʳʣʠ ʧʦʨʘ-

ʞʝʥʳ ʩʦʨʪʘ ʄʠʨʦʥʦʚʩʢʘʷ 808 ʠ ʊʚʦʨʝʮ (ʥʘ 7,5 %). 

ʏʝʨʝʟ 30 ʩʫʪʦʢ ʧʦʩʣʝ ʠʥʦʢʫʣʷʮʠʠ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ 

ʬʫʟʘʨʠʦʟʥʦʡ ʠʥʬʝʢʮʠʠ ʥʘ ʢʦʣʦʩʴʷʭ ʠʩʧʳʪʳʚʘʝʤʳʭ 

ʩʦʨʪʦʚ ʧʰʝʥʠʮʳ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʦʩ. ʅʘʠʙʦʣʝʝ 

ʚʳʩʦʢʠʤ (50,0 ï 57,5 %) ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʙʳʣ ʫ ʩʦʨ-

ʪʦʚ ɹʝʟʝʥʯʫʢʩʢʘʷ 380 ʠ ʄʦʩʢʦʚʩʢʘʷ 39. ʋ ʩʦʨʪʦʚ 

ʇʦʙʝʜʘ 50 ʠ ʇʦʚʦʣʞʩʢʘʷ 86 ʧʦʨʘʞʝʥʠʝ ʨʘʩʪʝʥʠʡ 

ʬʫʟʘʨʠʦʟʦʤ ʢʦʣʦʩʘ ʩʦʩʪʘʚʠʣʦ 42,5 ï 47,5 %. ʉʦʨʪʘ 

ʄʠʨʦʥʦʚʩʢʘʷ 808, ɹʦʛʜʘʥʢʘ ʠ ʊʚʦʨʝʮ ʧʦʨʘʞʘʣʠʩʴ ʚ 

ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. ʈʘʟʚʠʪʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʥʘ ʢʦʣʦ-

ʩʴʷʭ ʵʪʠʭ ʩʦʨʪʦʚ ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 32,5 ʜʦ 37,5 %. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʫʶ ʫʩʪʦʡʯʠ-

ʚʦʩʪʴ ʢ ʚʦʟʙʫʜʠʪʝʣʶ ʬʫʟʘʨʠʦʟʫ ʢʦʣʦʩʘ ʩʦʨʪʘ ʊʚʦ-

ʨʝʮ. ɺ ʥʘʯʘʣʝ ʧʨʦʷʚʣʝʥʠʷ ʙʦʣʝʟʥʠ ʠ ʯʝʨʝʟ 30 ʩʫʪʦʢ 

ʧʦʩʣʝ ʠʥʦʢʫʣʷʮʠʠ ʧʦʨʘʞʝʥʠʝ ʢʦʣʦʩʴʝʚ ʵʪʦʛʦ ʩʦʨʪʘ 

ʙʳʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʤ, ʯʝʤ ʥʘ ʜʨʫʛʠʭ ʩʦʨʪʘʭ.  

ʊʘʙʣʠʮʘ  

ʈʘʟʚʠʪʠʝ ʬʫʟʘʨʠʦʟʥʦʡ ʠʥʬʝʢʮʠʠ ʢʦʣʦʩʘ ʥʘ ʩʦʨʪʘʭ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʯʝʨʝʟ 15 ʠ 30 ʩʫʪʦʢ  

ʧʦʩʣʝ ʠʥʦʢʫʣʷʮʠʠ ʛʨʠʙʦʤ Fusarium poae 

 ̄ʧ/ʧ ʉʦʨʪ 
ʈʘʟʚʠʪʠʝ ʬʫʟʘʨʠʦʟʥʦʡ ʠʥʬʝʢʮʠʠ ʢʦʣʦʩʘ, % 

ʥʘ 15-ʝ ʩʫʪʢʠ ʥʘ 30-ʝ ʩʫʪʢʠ 

1 ɹʝʟʝʥʯʫʢʩʢʘʷ 380 12,5 57,5 

2 ʄʦʩʢʦʚʩʢʘʷ 39 22,5 50,0 

3 ʇʦʙʝʜʘ 50 27,5 47,5 

4 ʇʦʚʦʣʞʩʢʘʷ 86 25,0 42,5 

5 ʄʠʨʦʥʦʚʩʢʘʷ 808 7,5 37,5 

6 ɹʦʛʜʘʥʢʘ 17,5 35,0 

7 ʊʚʦʨʝʮ 7,5 32,5 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʶʪ ʦ ʨʘʟʣʠʯʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʩʦʨʪʦʚ 

ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʢ ʚʦʟʙʫʜʠʪʝʣʶ ʬʫʟʘʨʠʦʟʘ ʢʦʣʦʩʘ 

ï ʛʨʠʙʫ Fusarium poae. ɺʳʷʚʣʝʥ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠ-

ʚʳʡ ʩʦʨʪ ï ʊʚʦʨʝʮ, ʤʝʥʝʝ ʜʨʫʛʠʭ ʧʦʨʘʞʘʝʤʳʡ ʵʪʠʤ 

ʟʘʙʦʣʝʚʘʥʠʝʤ. ɹʣʠʟʢʠʤʠ ʢ ʥʝʤʫ ʙʳʣʠ ʩʦʨʪʘ ɹʦʛ-

ʜʘʥʢʘ ʠ ʄʠʨʦʥʦʚʩʢʘʷ 808. ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʮʝʣʷʭ ʩʝʣʝʢʮʠʠ ʥʘ ʠʤ-

ʤʫʥʠʪʝʪ ʢ ʚʦʟʙʫʜʠʪʝʣʷʤ ʬʫʟʘʨʠʦʟʘ ʢʦʣʦʩʘ, ʘ ʪʘʢʞʝ 

ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ï ʧʨʠ ʚʳʙʦʨʝ ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʩʦʨ-

ʪʦʚ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ. 
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AN OVERVIEW OF THE MOST HARMFUL DISEASES OF WHEAT, PREVALENT IN THE 

TAMBOV REGION  

 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʝʜʩʪʘʚʣʝʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʥʘʠʙʦʣʝʝ ʚʨʝʜʦʥʦʩʥʳʭ ʙʦʣʝʟʥʝʡ ʧʰʝʥʠʮʳ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʊʘʤʙʦʚ-

ʩʢʦʡ ʦʙʣʘʩʪʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʚʦʟʙʫʜʠʪʝʣʠ ʢʦʨʥʝʚʳʭ ʛʥʠʣʝʡ, ʩʥʝʞʥʦʡ ʧʣʝʩʝʥʠ, ʬʫʟʘʨʠʦʟʦʚ ʟʝʨʥʘ ʠ ʢʦ-

ʣʦʩʘ, ʪʚʸʨʜʦʡ ʠ ʧʳʣʴʥʦʡ ʛʦʣʦʚʥʠ, ʙʫʨʦʡ ʠ ʩʪʝʙʣʝʚʦʡ ʨʞʘʚʯʠʥʳ, ʩʝʧʪʦʨʠʦʟʘ, ʤʫʯʥʠʩʪʦʡ ʨʦʩʳ. ʇʦʪʝʨʠ 

ʫʨʦʞʘʷ ʧʰʝʥʠʮʳ ʦʪ ʵʪʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ 10 ʜʦ 70 %. ʇʦʢʘʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʥ-

ʪʨʦʣʷ ʨʘʟʚʠʪʠʷ ʵʪʠʭ ʧʘʪʦʛʝʥʦʚ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʩʝʣʝʢʮʠʠ ʥʘ ʠʤʤʫʥʠʪʝʪ ʠ ʭʠʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʨʘʩ-

ʪʝʥʠʡ.  

Abstract 
A brief overview of the most harmful diseases of wheat, common in the Tambov region. These include patho-

gens of root rot, snow mold, fusarium grain and ear, covered and loose smut, brown and stem rust, septoria, 

powdery mildew. Wheat crop losses from these diseases can range from 10 to 70 %. The need to control the 

development of these pathogens using methods of selection for immunity and chemical plant protection is shown.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʰʝʥʠʮʘ, ʚʦʟʙʫʜʠʪʝʣʠ ʙʦʣʝʟʥʝʡ, ʚʨʝʜʦʥʦʩʥʦʩʪʴ, ʫʨʦʞʘʡ, ʩʝʣʝʢʮʠʷ, ʟʘʱʠʪʘ ʨʘʩʪʝ-

ʥʠʡ. 

Key words: wheat, pathogens, harmfulness, crop, selection, plant protection. 
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ɺ ʎʝʥʪʨʘʣʴʥʦ-ʏʝʨʥʦʟʸʤʥʦʤ ʨʝʛʠʦʥʝ ʈʦʩʩʠʠ, ʚ 

ʪʦʤ ʯʠʩʣʝ, ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʧʰʝʥʠʮʘ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʦʡ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʢʫʣʴʪʫʨʦʡ. ʇʰʝʥʠʮʘ 

ʦʟʠʤʘʷ ʟʘʥʠʤʘʝʪ ʙʦʣʝʝ 50 % ʚʩʝʛʦ ʟʝʨʥʦʚʦʛʦ ʢʣʠʥʘ. 

ʇʣʦʱʘʜʠ ʧʦʩʝʚʘ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ, ʥʦ ʦʥʘ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʢʘʯʝ-

ʩʪʚʦʤ ʟʝʨʥʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʦʨʪʘ ʵʪʠʭ ʢʫʣʴʪʫʨ ʦʙ-

ʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʫʨʦ-

ʞʘʡʥʦʩʪʴʶ. ʅʦ ʥʘ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʦʢʘʟʳʚʘʶʪ 

ʚʣʠʷʥʠʝ ʤʥʦʛʠʝ ʬʘʢʪʦʨʳ. ʆʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ 

ʧʦʨʘʞʝʥʠʝ ʨʘʩʪʝʥʠʡ ʚʠʜʘʤʠ ʧʘʪʦʛʝʥʦʚ. ʅʝ ʚʩʝ ʠʟ 

ʥʠʭ ʠʤʝʶʪ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʊʘʤʙʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʥʦ ʪʝ ʠʟ ʥʠʭ, ʜʣʷ ʢʦʪʦʨʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʨʝʛʠʦʥʘ ʦʢʘʟʘʣʠʩʴ ʙʣʘʛʦʧʨʠʷʪʥʳ, ʝʞʝ-

ʛʦʜʥʦ ʥʘʥʦʩʷʪ ʦʱʫʪʠʤʳʡ ʫʱʝʨʙ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢ ʪʘʢʠʤ 

ʟʘʙʦʣʝʚʘʥʠʷʤ ʧʰʝʥʠʮʳ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʢʦʨʥʝʚʳʝ 

ʛʥʠʣʠ. ɺ ʎʝʥʪʨʘʣʴʥʦʤ ʏʝʨʥʦʟʝʤʴʝ ʠʭ ʚʳʟʳʚʘʶʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʨʠʙʳ ʠʟ ʨʦʜʘ Fusarium [4, ʩ. 546-

553]. ɼʦʤʠʥʠʨʫʶʱʠʤʠ ʚʠʜʘʤʠ ʷʚʣʷʶʪʩʷ Fusarium 

equiseti, F. poae ʠ F. sporotrihioides. ʕʪʠ ʞʝ ʚʠʜʳ, 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʠʢʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʯʘʱʝ 

ʚʩʝʛʦ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʥʘ ʟʝʨʥʝ ʠ ʢʦʣʦʩʝ ʧʰʝʥʠʮʳ 

[1, ʩ. 7-8; 2, 5, ʩ. 239-241; 6, ʩ. 24-26]. ʉʣʝʜʫʝʪ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ ʬʫʟʘʨʠʦʟ ʢʦʣʦʩʘ ʠ ʟʝʨʥʘ 

ʥʦʩʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʢʨʳʪʳʡ ʭʘʨʘʢʪʝʨ, ʙʝʟ 

ʧʨʦʷʚʣʝʥʠʷ ʚʠʟʫʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ. ɺʨʝʜʦʥʦʩʥʦʩʪʴ 

ʵʪʠʭ ʧʘʪʦʛʝʥʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʢʘʢ ʚ ʩʥʠʞʝʥʠʠ ʫʨʦ-

ʞʘʡʥʦʩʪʠ ʠʟ-ʟʘ ʧʦʨʘʞʝʥʠʷ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʨʘʩ-

ʪʝʥʠʡ, ʪʘʢ ʠ ʚ ʢʦʥʪʘʤʠʥʘʮʠʠ ʟʝʨʥʘ ʨʘʟʣʠʯʥʳʤʠ ʤʠ-

ʢʦʪʦʢʩʠʥʘʤʠ, ʦʧʘʩʥʳʤʠ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ. 

ʂʨʦʤʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʠʜʦʚ ʛʨʠʙʦʚ, ʥʘ ʢʦʨ-

ʥʷʭ, ʣʠʩʪʴʷʭ ʠ ʩʝʤʝʥʘʭ ʧʰʝʥʠʮʳ ʚʩʪʨʝʯʘʶʪʩʷ ʜʨʫ-

ʛʠʝ ʚʠʜʳ ʬʫʟʘʨʠʝʚ: Fusarium acuminatum, F. 

avenaceum, F. culmorum, F. graminearum, F. 

langsethiaʝ, F. oxysporum, F. proliferatum, F. sambuci-

num, F. semitectum, F. solani, F. subglutinans, F. 

tricinctum ʠ Microdochium nivale [2, ʩ. 74-76; 10, 22 

ʩ.]. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ (Fusarium avenaceum, F. 

culmorum ʠ Microdochium nivale) ʚʳʟʳʚʘʶʪ ʩʥʝʞ-

ʥʫʶ ʧʣʝʩʝʥʴ ʥʘ ʧʦʩʝʚʘʭ ʦʟʠʤʳʭ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ. 

ʆʧʘʩʥʦʩʪʴ ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʧʦʣʥʦʡ ʠʣʠ 

ʯʘʩʪʠʯʥʦʡ ʛʠʙʝʣʠ ʨʘʩʪʝʥʠʡ. ʇʦʩʝʚʳ ʦʟʠʤʦʡ ʧʰʝ-

ʥʠʮʳ, ʩʠʣʴʥʦ ʧʦʨʘʞʝʥʥʳʝ ʩʥʝʞʥʦʡ ʧʣʝʩʝʥʴʶ, ʚʝʩ-

ʥʦʡ ʧʨʠʭʦʜʠʪʩʷ ʧʝʨʝʩʝʚʘʪʴ ʧʰʝʥʠʮʝʡ ʷʨʦʚʦʡ, ʷʯ-

ʤʝʥʝʤ ʠʣʠ ʜʨʫʛʠʤʠ ʢʫʣʴʪʫʨʘʤʠ. ʅʦ ʪʘʢʦʝ ʷʚʣʝʥʠʝ 

ʦʪʤʝʯʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʜʢʦ. ʉʠʣʴʥʦʝ ʨʘʟʚʠʪʠʝ 

ʚʦʟʙʫʜʠʪʝʣʝʡ ʩʥʝʞʥʦʡ ʧʣʝʩʝʥʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʛʦʜʳ 

ʩ ʟʘʤʝʜʣʝʥʥʳʤ ʩʭʦʜʦʤ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ï ʧʨʠ 

ʥʘʩʪʫʧʣʝʥʠʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʨʘʩʪʝʥʠʷ 

ʥʘʯʠʥʘʶʪ ʚʝʛʝʪʠʨʦʚʘʪʴ, ʥʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʚʝʪʘ 

ʙʳʩʪʨʦ ʨʘʩʭʦʜʫʶʪ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ. ʀʟ-ʟʘ 

ʵʪʦʛʦ ʠʭ ʠʤʤʫʥʠʪʝʪ ʦʩʣʘʙʣʷʝʪʩʷ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʧʨʦʠʩʭʦʜʠʪ ʟʘʨʘʞʝʥʠʝ ʧʘʪʦʛʝʥʦʤ. ʇʦʩʣʝʜʥʠʝ ʜʚʘ 

ʜʝʩʷʪʠʣʝʪʠʷ, ʚʚʠʜʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʛʦ ʩʥʝʞ-

ʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʝʛʦ ʙʳʩʪʨʦʛʦ ʪʘʷʥʠʷ ʚʝʩʥʦʡ, ʧʨʦʷʚ-

ʣʝʥʠʝ ʩʥʝʞʥʦʡ ʧʣʝʩʝʥʠ ʚ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʦʪ-

ʤʝʯʘʝʪʩʷ ʵʧʠʟʦʜʠʯʝʩʢʠ, ʥʘ ʥʝʙʦʣʴʰʠʭ ʧʣʦʱʘʜʷʭ.  
ɽʱʝ ʦʜʥʠʤ ʚʨʝʜʦʥʦʩʥʳʤ ʟʘʙʦʣʝʚʘʥʠʝʤ ʚ ʨʝʛʠ-

ʦʥʝ ʷʚʣʷʝʪʩʷ ʪʚʸʨʜʘʷ ʛʦʣʦʚʥʷ (Tilletia caries Tul.). 
ʕʪʦʪ ʚʦʟʙʫʜʠʪʝʣʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ 
ʥʘ ʧʦʩʝʚʘʭ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ. ʆʧʘʩʥʦʩʪʴ ʜʘʥʥʦʛʦ 

ʧʘʪʦʛʝʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ ʩʪʦʣʴʢʦ ʚ ʩʥʠʞʝʥʠʠ ʫʨʦ-
ʞʘʡʥʦʩʪʠ (ʥʘ 10 ï 15 %), ʩʢʦʣʴʢʦ ʚ ʢʦʥʪʘʤʠʥʘʮʠʠ 
ʟʝʨʥʘ ʪʝʣʠʦʩʧʦʨʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʘʣʢʘʣʦʠʜ ʪʨʠ-
ʤʝʪʠʣʘʤʠʥ, ʪʦʢʩʠʯʥʳʡ ʜʣʷ ʪʝʧʣʦʢʨʦʚʥʳʭ ʞʠʚʦʪ-
ʥr ʭ ʠ ʯʝʣʦʚʝʢʘ. ɿʝʨʥʦ ʧʰʝʥʠʮʳ, ʩʠʣʴʥʦ ʟʘʨʘʞʝʥ-
ʥʦʝ ʩʧʦʨʘʤʠ ʛʦʣʦʚʥʠ, ʥʝʧʨʠʛʦʜʥʦ ʥʘ ʧʠʱʝʚʳʝ ʠ ʬʫ-
ʨʘʞʥʳʝ ʮʝʣʠ.  
ɺʦʟʙʫʜʠʪʝʣʴ ʧʳʣʴʥʦʡ ʛʦʣʦʚʥʠ (Ustilago tritici  

Jens) ʯʘʱʝ ʚʩʝʛʦ ʚʩʪʨʝʯʘʝʪʩʷ ʥʘ ʧʦʩʝʚʘʭ ʷʨʦʚʦʡ 
ʧʰʝʥʠʮʳ. ɼʘʥʥʳʡ ʧʘʪʦʛʝʥ ʨʘʟʚʠʚʘʝʪʩʷ ʜʚʘ ʚʝʛʝʪʘ-
ʮʠʦʥʥʳʭ ʧʝʨʠʦʜʘ. ɺ ʧʝʨʚʳʡ ʛʦʜ ʧʨʦʠʩʭʦʜʠʪ ʟʘʨʘ-
ʞʝʥʠʝ ʮʚʝʪʢʘ ʧʰʝʥʠʮʳ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ï ʬʦʨʤʠʨʦ-
ʚʘʥʠʝ ʤʠʮʝʣʠʷ ʚʥʫʪʨʠ ʟʘʨʦʜʳʰʘ ʩʝʤʝʥʠ. ʅʘ ʚʪʦʨʦʡ 
ʛʦʜ ï ʧʨʠ ʚʳʩʝʚʝ ʧʦʨʘʞʝʥʥʳʭ ʩʝʤʷʥ, ʠʟ ʥʠʭ ʚʳʨʘʩ-
ʪʘʝʪ ʨʘʩʪʝʥʠʝ, ʫ ʢʦʪʦʨʦʛʦ ʚʤʝʩʪʦ ʢʦʣʦʩʘ ʬʦʨʤʠʨʫ-
ʝʪʩʷ ʯʸʨʥʘʷ ʧʳʣʷʱʘʷ ʤʘʩʩʘ ʩʧʦʨ ʛʦʣʦʚʥʠ. ʇʦʜ ʜʝʡ-
ʩʪʚʠʝʤ ʚʝʪʨʘ ʦʥʠ ʨʘʟʣʝʪʘʶʪʩʷ ʠ ʟʘʨʘʞʘʶʪ ʥʦʚʳʝ 
ʮʚʝʪʢʠ ʧʰʝʥʠʮʳ. ɺ ʩʣʫʯʘʝ ʩ ʧʳʣʴʥʦʡ ʛʦʣʦʚʥʝʡ, 
ʢʦʥʪʘʤʠʥʘʮʠʠ ʟʝʨʥʘ ʪʝʣʠʦʩʧʦʨʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ 
ʷʜʦʚʠʪʳʝ ʚʝʱʝʩʪʚʘ, ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʇʨʠ ʧʦʨʘʞʝʥʠʠ 
ʜʘʥʥʳʤ ʧʘʪʦʛʝʥʦʤ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥ-
ʥʦʝ ʩʥʠʞʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʪʝʥʠʡ. 
ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʨʝʛʠʦʥʝ ʠʤʝʝʪ 

ʚʦʟʙʫʜʠʪʝʣʴ ʙʫʨʦʡ ʨʞʘʚʯʠʥʳ ʧʰʝʥʠʮʳ (Puccinia 
triticina Eriks.). ʕʪʦ ʟʘʙʦʣʝʚʘʥʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʘʢ-
ʪʠʯʝʩʢʠ ʢʘʞʜʳʡ ʛʦʜ. ʀʩʢʣʶʯʝʥʠʷʤʠ ʟʘ ʧʦʩʣʝʜʥʠʝ 
ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʩʪʘʣʠ 2010 ʠ 2019 ʛʦʜʳ, ʢʦʛʜʘ ʚ ʧʝ-
ʨʠʦʜ ʢʫʱʝʥʠʝ ï ʢʦʣʦʰʝʥʠʝ (ʤʘʡ ʠ ʠʶʥʴ) ʩʣʦʞʠ-
ʣʠʩʴ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʘʪʦʛʝʥʘ ʫʩʣʦ-
ʚʠʷ ï ʧʦʯʚʝʥʥʘʷ ʠ ʚʦʟʜʫʰʥʘʷ ʟʘʩʫʭʘ. ʅʦ ʧʨʠ ʚʳʩʦ-
ʢʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʠ ʝʛʦ 
ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʟʘ ʫʢʘʟʘʥʥʳʡ ʧʝʨʠʦʜ 
ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʦʧʘʩʥʦʩʪʴ ʵʧʠʬʠʪʦʪʠʡ 
ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʥʘ ʧʦʩʝʚʘʭ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ. 
ʈʘʩʪʝʥʠʷ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ ʩʠʣʴʥʦ ʧʦʨʘʞʘʶʪʩʷ ʚʦʟ-
ʙʫʜʠʪʝʣʝʤ ʙʫʨʦʡ ʨʞʘʚʯʠʥʳ ʝʩʣʠ ʪʝ ʞʝ ʤʝʪʝʦʨʦʣʦ-
ʛʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʩ ʪʨʝʪʴʝʡ ʜʝʢʘʜʳ 
ʤʘʷ ʜʦ ʢʦʥʮʘ ʠʶʥʷ [8, 186 ʩ.]. ʇʦʪʝʨʠ ʫʨʦʞʘʡʥʦʩʪʠ 
ʜʦʩʪʠʛʘʶʪ 20 ï 30 %. ʈʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʦʟʙʫʜʠ-
ʪʝʣʴ ʩ ʧʦʤʦʱʴʶ ʫʨʝʜʦʩʧʦʨ, ʢʦʪʦʨʳʝ ʧʝʨʝʥʦʩʷʪʩʷ 
ʚʦʟʜʫʰʥʳʤʠ ʪʝʯʝʥʠʷʤʠ. ɺ ʪʝʯʝʥʠʠ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ 
ʧʝʨʠʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝʩʢʦʣʴʢʦ ʛʝʥʝʨʘʮʠʡ ʧʘʪʦʛʝʥʘ. 
ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʦʯʘʛʠ 
ʧʦʨʘʞʝʥʠʷ ʟʘ ʢʦʨʦʪʢʠʡ ʩʨʦʢ ʦʭʚʘʪʳʚʘʶʪ ʚʩʝ ʧʦʣʝ. 
ʂʘʢ ʧʨʘʚʠʣʦ, ʧʫʩʪʫʣʳ ʨʞʘʚʯʠʥʳ ʩʥʘʯʘʣʘ ʧʦʷʚʣʷ-
ʶʪʩʷ ʥʘ ʥʠʞʥʠʭ ʣʠʩʪʴʷʭ, ʟʘʪʝʤ ï ʥʘ ʚʝʨʭʥʠʭ, ʚʢʣʶ-
ʯʘʷ ʬʣʘʛ-ʣʠʩʪ. ɺʨʝʜʦʥʦʩʥʦʩʪʴ ʟʘʙʦʣʝʚʘʥʠʷ ʩʦʩʪʦʠʪ 
ʚ ʩʥʠʞʝʥʠʠ ʘʩʩʠʤʠʣʷʮʠʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʩʪʴʝʚ 
ʠ ʠʭ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤ ʫʩʳʭʘʥʠʠ. ɿʘ ʩʯʝʪ ʦʛʨʘʥʠʯʝ-
ʥʠʷ ʧʦʩʪʫʧʣʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʟʝʨʥʦʚʢʫ 
ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʝʝ ʚʝʩ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 
ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝʥʠʡ.  
ɼʨʫʛʦʝ ʘʥʘʣʦʛʠʯʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ ï ʩʪʝʙʣʝʚʘʷ 

ʨʞʘʚʯʠʥʘ ʧʰʝʥʠʮʳ (Puccinia graminis Pers. f. Sp. 
tritici) ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʦʧʘʩʥʳʤ ʟʘʙʦʣʝʚʘʥʠʝʤ, ʯʝʤ 
ʙʫʨʘʷ. ʕʪʦʪ ʚʦʟʙʫʜʠʪʝʣʴ ʧʦʨʘʞʘʝʪ ʧʨʝʠʤʫʱʝ-
ʩʪʚʝʥʥʦ ʩʪʝʙʣʠ ʨʘʩʪʝʥʠʡ ʠ ʯʘʩʪʠʯʥʦ ʣʠʩʪʴʷ. ʇʫ-
ʩʪʫʣʳ ʧʘʪʦʛʝʥʘ ʨʘʟʨʳʚʘʶʪ ʩʪʝʙʝʣʴ ʠ ʫʩʠʣʠʚʘʶʪ ʠʩ-
ʧʘʨʝʥʠʝ ʚʣʘʛʠ. ʅʘʨʫʰʘʝʪʩʷ ʚʦʜʥʳʡ ʙʘʣʘʥʩ ʨʘʩʪʝ-
ʥʠʷ. ʇʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʚʣʘʛʘ ʥʝ ʜʦʭʦʜʷʪ ʜʦ 
ʢʦʣʦʩʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʱʫʧʣʦʝ, ʥʝʧʦʣʥʦ-
ʚʝʩʥʦʝ ʟʝʨʥʦ. ʇʨʠ ʩʠʣʴʥʦʤ ʧʦʨʘʞʝʥʠʠ ʧʦʩʝʚʦʚ 
ʧʰʝʥʠʮʳ ʚʦʟʙʫʜʠʪʝʣʝʤ ʩʪʝʙʣʝʚʦʡ ʨʞʘʚʯʠʥʳ ʧʦ-
ʪʝʨʠ ʫʨʦʞʘʷ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 60 ï 70 %. ɺ ʫʩʣʦʚʠʷʭ 
ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʵʪʦ ʟʘʙʦʣʝʚʘʥʠʝ ʧʨʦʷʚʣʷʝʪʩʷ 
ʨʝʜʢʦ, ʵʧʠʬʠʪʦʪʠʡ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʥʝ 
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ʦʪʤʝʯʝʥʦ. ɺ 2016 ʛʦʜʫ ʥʘʙʣʶʜʘʣʘʩʴ ʚʩʧʳʰʢʘ ʨʘʟ-
ʚʠʪʠʷ ʜʘʥʥʦʛʦ ʧʘʪʦʛʝʥʘ ʥʘ ʧʦʩʝʚʘʭ ʦʟʠʤʦʡ ʠ ʷʨʦʚʦʡ 
ʧʰʝʥʠʮʳ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʫʨʦʞʘʡʥʦ-
ʩʪʠ ʥʝ ʙʳʣʦ ï ʩʠʣʴʥʦʝ ʧʦʨʘʞʝʥʠʝ ʨʘʩʪʝʥʠʡ ʧʨʠ-
ʰʣʦʩʴ ʥʘ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʟʝʨʥʦ ʚ ʢʦʣʦʩʝ ʫʞʝ ʩʬʦʨʤʠ-
ʨʦʚʘʣʦʩʴ.  
ʇʦʤʠʤʦ ʨʞʘʚʯʠʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʧʦʩʝʚʳ 

ʧʰʝʥʠʮʳ ʝʞʝʛʦʜʥʦ ʧʦʨʘʞʘʶʪʩʷ ʚʦʟʙʫʜʠʪʝʣʷʤʠ 
ʩʝʧʪʦʨʠʦʟʘ ï Septoria tritici  Rob. et Desm. ʠ Stagono-
spora nodorum [Berk.] Castellani ʘ E.G. Germano 
(ʩʠʥ. Septoria nodorum (Berk.) Berk). ʅʘ ʦʟʠʤʦʡ 
ʧʰʝʥʠʮʝ ʩʝʧʪʦʨʠʦʟ ʥʘʯʠʥʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʦʩʝʥʥʠʡ 
ʧʝʨʠʦʜ ʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʨʠ ʚʦʟʦʙʥʦʚʣʝʥʠʠ ʚʝʛʝʪʘ-
ʮʠʠ ʨʘʩʪʝʥʠʡ ʚʝʩʥʦʡ. ɿʘʙʦʣʝʚʘʥʠʝ ʤʦʞʝʪ ʧʦʨʘʞʘʪʴ 
ʣʠʩʪʴʷ, ʩʪʝʙʝʣʴ ʠ ʢʦʣʦʩ. ʅʘʠʙʦʣʝʝ ʦʪʯʸʪʣʠʚʦ ʧʘʪʦ-
ʛʝʥ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʣʠʩʪʴʷʭ ï ʥʘ ʥʠʭ ʦʙʨʘʟʫʶʪʩʷ 
ʩʚʝʪʣʦ-ʙʫʨʳʝ ʧʷʪʥʘ ʩ ʯʝʨʥʳʤʠ, ʤʝʣʢʠʤʠ ʧʠʢʥʠ-
ʜʘʤʠ. ʅʘ ʨʘʟʚʠʪʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷ-
ʥʠʝ ʦʢʘʟʳʚʘʶʪ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ. ʇʨʠ ʚʳʧʘʜʝʥʠʠ 
ʯʘʩʪʳʭ, ʠʥʪʝʥʩʠʚʥʳʭ ʦʩʘʜʢʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ 
ʩʠʣʴʥʳʤ ʚʝʪʨʦʤ, ʩʪʝʧʝʥʴ ʧʦʨʘʞʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʝʤ 
ʜʦʩʪʠʛʘʝʪ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ. ʉʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴ-
ʰʝʝ ʨʘʟʚʠʪʠʝ ʩʝʧʪʦʨʠʦʟʘ ʦʪʤʝʯʝʥʦ ʧʨʠ ʧʦʩʝʚʝ ʧʰʝ-
ʥʠʮʳ ʧʦ ʟʝʨʥʦʚʳʤ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤ, ʧʦʚʝʨʭʥʦʩʪ-
ʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ, ʧʨʠʤʝʥʝʥʠʠ ʧʦʚʳʰʝʥʥʳʭ 
ʜʦʟ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ [3, ʩ.192-193]. ɺʨʝʜʦʥʦʩ-
ʥʦʩʪʴ ʟʘʙʦʣʝʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʫʤʝʥʴʰʝʥʠʠ ʩʦʜʝʨʞʘ-
ʥʠʷ ʭʣʦʨʦʬʠʣʣʘ, ʘʩʩʠʤʠʣʷʮʠʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 
ʣʠʩʪʴʝʚ, ʠʭ ʨʘʥʥʝʤ ʫʩʳʭʘʥʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʞʘ-
ʝʪʩʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝʥʠʡ. ʇʦʪʝʨʠ ʫʨʦʞʘʷ 
ʟʝʨʥʘ ʜʦʩʪʠʛʘʶʪ 30 % ʠ ʙʦʣʝʝ [7, ʩ. 18-20].  
ɺ ʦʪʜʝʣʴʥʳʝ ʛʦʜʳ ʥʘ ʧʦʩʝʚʘʭ ʧʰʝʥʠʮʳ ʩʠʣʴ-

ʥʦʛʦ ʨʘʟʚʠʪʠʷ ʜʦʩʪʠʛʘʝʪ ʚʦʟʙʫʜʠʪʝʣʴ ʤʫʯʥʠʩʪʦʡ 
ʨʦʩʳ (Erysiphe graminis DC. f. tritici  Em. Marchal). 
ʇʘʪʦʛʝʥ ʩʧʦʩʦʙʝʥ ʧʦʨʘʞʘʪʴ ʚʩʝ ʥʘʜʟʝʤʥʳʝ ʦʨʛʘʥʳ 
ʨʘʩʪʝʥʠʡ. ʅʘ ʥʠʭ ʧʦʷʚʣʷʝʪʩʷ ʙʝʣʳʝ ʧʷʪʥʘ, ʧʨʝʜ-
ʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʤʫʯʥʠʩʪʳʡ, ʧʘʫʪʠʥʠʩʪʳʡ ʥʘʣʸʪ, 
ʩʦʩʪʦʷʱʠʡ ʠʟ ʤʠʮʝʣʠʷ ʛʨʠʙʘ. ʇʦʟʜʥʝʝ ʥʘ ʛʨʠʙʥʠʮʝ 
ʦʙʨʘʟʫʶʪʩʷ ʢʣʝʡʩʪʦʪʝʪʠʠ, ʚ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʶʪʩʷ 
ʩʫʤʢʠ ʩ ʩʫʤʢʦʩʧʦʨʘʤʠ. ʇʨʠ ʵʪʦʤ ʮʚʝʪ ʧʷʪʝʥ ʤʝʥʷ-
ʝʪʩʷ ʩ ʙʝʣʦʛʦ ʥʘ ʢʦʨʠʯʥʝʚʳʡ. ɺʦʟʙʫʜʠʪʝʣʴ ʨʘʟʚʠʚʘ-
ʝʪʩʷ ʚ ʪʝʯʝʥʠʠ ʚʩʝʡ ʚʝʛʝʪʘʮʠʠ ʨʘʩʪʝʥʠʡ. ʅʘ ʠʥʪʝʥ-
ʩʠʚʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦʝ 
ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʧʦʛʦʜʥʳʝ ʬʘʢʪʦʨʳ [9, ʩ. 38-39]. 
ɺʨʝʜʦʥʦʩʥʦʩʪʴ ʤʫʯʥʠʩʪʦʡ ʨʦʩʳ, ʢʘʢ ʠ ʫʢʘʟʘʥʥʳʭ 
ʚʳʰʝ ʣʠʩʪʦʚʳʭ ʙʦʣʝʟʥʝʡ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʥʠʞʝʥʠʠ 
ʘʩʩʠʤʠʣʷʮʠʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʩʪʴʝʚ ʠ ʨʘʟʨʫʰʝ-
ʥʠʠ ʭʣʦʨʦʬʠʣʣʘ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʥ-
ʥʝʝ ʦʪʤʠʨʘʥʠʝ ʣʠʩʪʴʝʚ ʠ ʩʥʠʞʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 
ʧʦʩʝʚʦʚ. ʇʦʪʝʨʠ ʫʨʦʞʘʡʥʦʩʪʠ ʦʪ ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ 
ʩʦʩʪʘʚʣʷʶʪ 10 ï 15 % ʠ ʙʦʣʝʝ.  
ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, 

ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʧʰʝʥʠʮʘ ʧʦʨʘ-
ʞʘʝʪʩʷ ʤʥʦʛʠʤʠ ʚʠʜʘʤʠ ʧʘʪʦʛʝʥʦʚ. ɼʦʩʪʘʪʦʯʥʦ ʯʘ-
ʩʪʦ ʥʘ ʦʜʥʦʤ ʨʘʩʪʝʥʠʠ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ 
ʚʠʜʦʚ ʚʦʟʙʫʜʠʪʝʣʝʡ ʙʦʣʝʟʥʝʡ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʨʝ-
ʰʝʥʠʷ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʷʚʣʷʝʪʩʷ ʩʝʣʝʢʮʠʷ ʥʘ ʠʤʤʫ-
ʥʠʪʝʪ. ʅʦ ʩʦʟʜʘʥʠʝ ʬʦʨʤ ʧʰʝʥʠʮʳ, ʦʜʥʦʚʨʝʤʝʥʥʦ 
ʫʩʪʦʡʯʠʚʳʭ ʢʦ ʤʥʦʛʠʤ ʚʠʜʘʤ ʬʠʪʦʧʘʪʦʛʝʥʦʚ, ʷʚʣʷ-
ʝʪʩʷ ʚʝʩʴʤʘ ʪʨʫʜʥʦʡ ʟʘʜʘʯʝʡ. ʇʦʵʪʦʤʫ ʜʣʷ ʢʦʥʪʨʦʣʷ 
ʨʘʟʚʠʪʠʷ ʵʪʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʝʪʩʷ 
ʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ 
ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʘʟʣʠʯʥʳʭ ʬʫʥ-
ʛʠʮʠʜʦʚ. ʅʦ ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʝʜʧʦʩʝʚʥʦʝ ʦʙʝʟʟʘʨʘʞʠ-

ʚʘʥʠʝ ʩʝʤʷʥ ʠ ʦʙʨʘʙʦʪʢʫ ʧʦʩʝʚʦʚ ʭʠʤʠʯʝʩʢʠʤʠ ʧʨʝ-
ʧʘʨʘʪʘʤʠ, ʥʘ ʨʘʩʪʝʥʠʷʭ ʧʰʝʥʠʮʳ ʯʘʩʪʦ ʥʘʙʣʶʜʘ-
ʝʪʩʷ ʧʨʦʷʚʣʝʥʠʝ, ʭʦʪʷ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʪʝʭ ʠʣʠ 
ʠʥʳʭ ʙʦʣʝʟʥʝʡ. ʇʦʩʣʝʜʥʝʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠ-
ʯʠʠ ʫ ʧʘʪʦʛʝʥʦʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢ 
ʧʨʠʤʝʥʷʝʤʳʤ ʧʨʝʧʘʨʘʪʘʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʫʱʝ-
ʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʠ ʩʦʚʝʨ-
ʰʝʥʩʪʚʦʚʘʥʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩ-
ʪʝʥʠʡ.  
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FACTOR ANALYSIS OF DATA GROUP VARIABILITY  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʠʟʫʯʘʝʪʩʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʛʨʫʧʧʳ ʜʘʥʥʳʭ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʠʟ ʢʫʨʩʦʚ ʥʘʮʠʦʥʘʣʴʥʳʭ ʚʘʣʶʪ 

(ʪʝʥʛʝ ʠ ʨʫʙʣʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʦʣʣʘʨʫ ʠ ʝʚʨʦ) ʠ ʮʝʥʳ ʙʘʨʨʝʣʷ ʥʝʬʪʠ ʤʘʨʢʠ Brent ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʩʥʠʞʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʢʘʢ ʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ. 

ɸnnotation 

The article studies the variability of a data group formed from national currencies (tenge and ruble against 

the dollar and the euro) and the price of a barrel of Brent crude oil using the dimensional reduction method as a 

factor analysis. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʥʦʛʦʤʝʨʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ, ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʤʘʪ-

ʨʠʮʘ, ʜʠʩʧʝʨʩʠʷ, ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ. 

Keywords: multivariate statistical analysis, factor analysis, correlation matrix, variance, principal compo-

nent method. 

 

ʀʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʤʥʦʛʦʤʝʨʥʦʛʦ ʩʪʘ-

ʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠʤʝʥʝʥʠʝ ʩʥʠʞʝʥʠʷ ʨʘʟ-

ʤʝʨʥʦʩʪʠ (ʢʘʢ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ ʬʘʢʪʦʨʥʳʡ ʘʥʘ-

ʣʠʟ), ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʤ ʚʦʟʤʦʞʥʦʩʪʴ ʚʩʢʨʳʪʴ ʣʦʛʠ-

ʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʩʣʦʞʥʦʛʦ ʷʚʣʝʥʠʷ, ʦʪʜʝʣʠʪʴ 

ʚʟʘʠʤʦʟʘʚʠʩʠʤʳʝ ʠ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʝ ʧʨʠʟʥʘʢʠ ʦʪ 

ʥʝʟʘʚʠʩʠʤʳʭ, ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪ ʥʝʩʫʱʝʩʪʚʝʥʥʳʭ, 

ʦʙʦʩʥʦʚʘʪʴ ʚʳʙʦʨ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠʟʥʘ-

ʢʦʚ, ʦʮʝʥʠʪʴ ʝʝ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ [1]. 

ʆʩʥʦʚʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʷʚʣʝʥʠʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʙ-

ʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʨʘʟʥʦʨʦʜ-

ʥʦʩʪʴ ʠ ʠʟʤʝʥʯʠʚʦʩʪʴ, ʤʦʛʫʪ ʦʧʠʩʳʚʘʪʴʩʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʧʘʨʘʤʝʪʨʦʚ ʠʣʠ ʬʘʢʪʦ-

ʨʦʚ. ʇʨʠʩʪʫʧʘʷ ʢ ʬʘʢʪʦʨʥʦʤʫ ʘʥʘʣʠʟʫ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ ʩʫʱʝ-

ʩʪʚʫʝʪ ʢʘʢʘʷ-ʪʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʟʫʯʝʥʠʷ ʤʳ ʚʳʙʨʘʣʠ 

ʛʨʫʧʧʫ ʜʘʥʥʳʭ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʠʟ: 

ʘ) ʢʫʨʩʦʚ ʥʘʮʠʦʥʘʣʴʥʳʭ ʚʘʣʶʪ ʈʝʩʧʫʙʣʠʢʠ ʂʘ-

ʟʘʭʩʪʘʥ ʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ï ʪʝʥʛʝ ʠ ʨʫʙʣʷ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʜʦʣʣʘʨʫ ʠ ʝʚʨʦ ʟʘ ʧʝʨʚʦʝ ʧʦʣʫʛʦʜʠʝ 

2019 ʛʦʜʘ, ʪ.ʝ. ʟʘ 181 ʜʥʝʡ [2,3,4,5];  

ʙ) ʮʝʥʳ ʙʘʨʨʝʣʷ ʥʝʬʪʠ ʤʘʨʢʠ Brent ʚ ʜʦʣʣʘʨʘʭ 

ʟʘ ʪʦʪ ʞʝ ʧʝʨʠʦʜ [6]. 

ʌʨʘʛʤʝʥʪʳ ʫʧʦʤʷʥʫʪʦʡ ʛʨʫʧʧʳ ʜʘʥʥʳʭ ʧʨʠʚʝ-

ʜʝʥʳ ʥʠʞʝ: 

01.01 ï 31.01 

 

 

ɼʘʪʘ ʊʝʥʛʝ/$ ʈʫʙʣʴ/$ ʊʝʥʛʝ/ʝʚʨʦ ʈʫʙʣʴ/ʝʚʨʦ 

ɼʦʣʣʘʨ/ʙʘʨʨʝʣʴ 

Brent 

01) 383.43 69.4706 438.94 79.4605 53.80 

02) 383.43 69.4706 438.73 79.4605 55.03 

03) 381.54 69.4706 434.90 79.4605 55.69 

é 

01.02 ï 28.02 

01) 381.10 65.3577 437.24 75.2006 62.86 

02) 381.71 65.6601 437.55 75.148 62.75 

03) 381.75 65.6601 437.64 75.148 62.75 

é 

01.03 ï 31.03 

01) 376.37 65.8895 428.63 74.9691 64.90 

02) 377.16 65.8145 429.03 74.8048 65.07 

03) 377.16 65.8145 429.01 74.8048 65.07 

é 

01.04 ï 30.04 

01) 379.45 64.7347 426.22 72.723 69.01 

02) 379.30 65.4176 425.47 73.4967 69.37 

03) 378.91  65.4726 424.83 73.3162 69.31 

é 

01.05 ï 31.05 

01) 380.29 64.6314 425.91 72.3096 72.18 

02) 380.41 64.6314 426.08 72.3096 70.75 

03) 382.00 64.6314 427.43 72.3096 70.85 

é 

01.06 ï 30.06 

01) 383.31 65.3834 427.34 72.8436 61.99  

02) 383.28 65.3834 427.33 72.8436 61.21 

03) 383.94 65.3834 428.60 72.8436 61.28 
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ʅʘʣʠʯʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʚʘʣʶʪʥʳʤʠ ʢʫʨ-

ʩʘʤʠ ʪʝʥʛʝ ʠ ʨʫʙʣʷ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʣʣʘʨʘ ʠ ʝʚʨʦ), 

ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʮʝʥʦʡ ʥʝʬʪʠ (ʢʦʪʠʨʫʝʤʦʡ ʚ ʜʦʣ-

ʣʘʨʘʭ), ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʙʱʝʠʟʚʝʩʪʥʦ. ʊʝʤ ʥʝ ʤʝ-

ʥʝʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ 

ʫʧʦʤʷʥʫʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦ-

ʜʦʚ ʤʥʦʛʦʤʝʨʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ.  

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʥʳʝ 

ʦʙʦʟʥʘʯʝʥʠʷ: 

V1 ï ʢʫʨʩ ʪʝʥʛʝ ʚ ʜʦʣʣʘʨʘʭ; 

V2 ï ʢʫʨʩ ʨʫʙʣʷ ʚ ʜʦʣʣʘʨʘʭ; 

V3 ï ʢʫʨʩ ʪʝʥʛʝ ʚ ʝʚʨʦ; 

V4 ï ʢʫʨʩ ʨʫʙʣʷ ʚ ʝʚʨʦ; 

V5 ï ʮʝʥʘ ʙʘʨʨʝʣʷ ʥʝʬʪʠ ʤʘʨʢʠ Brent ʚ ʜʦʣʣʘ-

ʨʘʭ. 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʥ 

ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ IBM SPSS_Statistics_17.0. ʉʪʘʪʠ-

ʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ 

ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ˉ1. 

ʊʘʙʣʠʮʘ ˉ1 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ 

 V1 V2 V3 V4 V5 

ʉʨʝʜʥʝʝ 379.25 65.34 428.49 73.84 65.95 

ʉʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 2.26 1.33 3.54 1.88 4.37 

 

ʅʘʠʙʦʣʴʰʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʟʘ ʨʘʩʩʤʦʪʨʝʥʥʳʡ 

ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʫ ʧʝʨʝʤʝʥʥʦʡ V5 (ʮʝʥʘ ʙʘʨʨʝʣʷ 

ʥʝʬʪʠ ʤʘʨʢʠ Brent ʚ ʜʦʣʣʘʨʘʭ): ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦ-

ʥʝʥʠʝ 4.37 ʝʜʠʥʠʮ. ʄʠʥʠʤʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʫ ʧʝ-

ʨʝʤʝʥʥʳʭ V2 ʠ V4 (ʢʫʨʩʳ ʨʫʙʣʷ ʚ ʜʦʣʣʘʨʘʭ ʠ ʚ 

ʝʚʨʦ): ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ 1.33 ʠ 1.88 ʝʜʠʥʠʮ. 

ʉ ʮʝʣʴʶ ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʧʝʨʝʤʝʥ-

ʥʳʤʠ ʚ ʪʘʙʣʠʮʝ ˉ2 ʧʨʠʚʦʜʠʪʩʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ 

ʤʘʪʨʠʮʘ (ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʥʘʯʠʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʜʯʝʨʢʥʫʪ).   

ʊʘʙʣʠʮʘ ˉ2  

ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ  

 V1 V2 V3 V4 V5 

V1 1 -0.224 0.392 -0.291 -0.129 

V2  1 0.290 0.957 -0.598 

V3   1 0.466 -0.716 

V4    1 -0.687 

V5     1 

 

ɸʥʘʣʠʟ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʪʘʙʣʠʮʳ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʧʝʨʝʤʝʥʥʳʝ V1 ʠ V5 

ʷʚʣʷʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʤʠ. ʊ.ʝ., 

ʟʘ ʜʘʥʥʳʡ ʧʝʨʠʦʜ ʚʘʣʶʪʥʳʡ ʢʫʨʩ ʪʝʥʛʝ ʢ ʜʦʣʣʘʨʫ 

ʙʳʣ ʠʥʚʘʨʠʘʥʪʝʥ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʮʝʥʝ ʙʘʨʨʝʣʷ 

ʥʝʬʪʠ Brent. ɼʨʫʛʠʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʘʣʶʪʥʳʝ ʧʦ-

ʢʘʟʘʪʝʣʠ ʠ ʮʝʥʘ ʙʘʨʨʝʣʷ ʥʝʬʪʠ ʷʚʣʷʶʪʩʷ ʪʝʩʥʦ ʚʟʘ-

ʠʤʦʟʘʚʠʩʠʤʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʘʨ-

ʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʧʦʢʘʟʳʚʘʝʪ ʩʪʝʧʝʥʴ 

ʪʝʩʥʦʪʳ ʩʚʷʟʠ ʤʝʞʜʫ ʘʥʘʣʠʟʠʨʫʝʤʳʤʠ ʧʝʨʝʤʝʥ-

ʥʳʤʠ ʧʨʠ ʦʧʦʩʨʝʜʦʚʘʥʥʦʤ ʚʣʠʷʥʠʠ ʜʨʫʛʠʭ ʧʝʨʝ-

ʤʝʥʥʳʭ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʩʣʝʜʫʝʪ ʙʳʪʴ ʚʥʠʤʘʪʝʣʴ-

ʥʳʤ ʧʨʠ ʘʥʘʣʠʟʝ ʧʘʨʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ.  

ɼʣʷ ʘʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʛʨʫʧʧʳ ʜʘʥʥʳʭ ʧʨʠʤʝ-

ʥʝʥ ʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝ-

ʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ ˉ3 ʠ ˉ4. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʤ ʧʘʢʝʪʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʜʣʷ ʚʳ-

ʷʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʬʘʢʪʦʨʦʚ ʧʨʠʤʝʥʷʝʪʩʷ 

ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ ˉ3, ʧʦʣʥʘʷ (100%-ʥʘʷ) 

ʜʠʩʧʝʨʩʠʷ ʚʩʝʭ ʧʝʨʝʤʝʥʥʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ 5-ʶ ʬʘʢ-

ʪʦʨʘʤʠ. ʅʦ, ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʠʟʤʝʥʯʠʚʦʩʪʠ (87.32 %) 

ʧʝʨʝʤʝʥʥʳʭ ʦʙʲʷʩʥʷʶʪʩʷ ʜʚʫʤʷ ʛʣʘʚʥʳʤʠ ʬʘʢʪʦ-

ʨʘʤʠ. 

ʇʨʠ ʵʪʦʤ ʥʘ ʜʦʣʶ 1-ʛʦ ʬʘʢʪʦʨʘ ʧʨʠʭʦʜʠʪʩʷ 

57.662% ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ ʚʩʝʭ ʧʝʨʝʤʝʥʥʳʭ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʥʘ ʜʦʣʶ 2-ʛʦ ʬʘʢʪʦʨʘ ï ʪʦʣʴʢʦ 29.659%. 

ʇʦʵʪʦʤʫ, ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʠʤ ʨʝʟʫʣʴʪʘʪʳ 

ʪʘʙʣʠʮʳ ˉ4. 

ʊʘʙʣʠʮʘ ˉ3 

ʇʦʣʥʘʷ ʦʙʲʷʩʥʝʥʥʘʷ ʜʠʩʧʝʨʩʠʷ 

ʌʘʢʪʦʨʳ 

ʅʘʯʘʣʴʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʉʫʤʤʳ ʢʚʘʜʨʘʪʦʚ ʥʘʛʨʫʟʦʢ ʠʟʚʣʝʯʝʥʠʷ 

ʀʪʦʛʦ % ɼʠʩʧʝʨʩʠʠ ʂʫʤʫʣʷʪʠʚʥʳʡ % ʀʪʦʛʦ % ɼʠʩʧʝʨʩʠʠ ʂʫʤʫʣʷʪʠʚʥʳʡ % 

1 2.883 57.662 57.662 2.883 57.662 57.662 

2 1.483 29.659 87.320 1.483 29.659 87.320 

3 0.413 8.256 95.576    

4 0.219 4.372 99.948    

5 0.003 0.052 100.000    

 

ʄʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ ʚʘʣʶʪ-

ʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʢʨʦʤʝ ʢʫʨʩʘ ʪʝʥʛʝ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʜʦʣʣʘʨʫ) ʦʧʨʝʜʝʣʷʣʠʩʴ ʚ ʦʩʥʦʚʥʦʤ ʠʟʤʝʥʯʠʚʦ-

ʩʪʴʶ ʥʝʬʪʷʥʳʭ ʮʝʥ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚʳ-

ʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 
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ʧʝʨʝʤʝʥʥʳʤʠ V2, V4 (ʚʘʣʶʪʥʳʝ ʢʫʨʩʳ ʨʫʙʣʷ), V5 

(ʮʝʥʘ ʥʝʬʪʠ) ʠ ʚʳʷʚʣʝʥʥʳʤ 1-ʤ ʬʘʢʪʦʨʦʤ: 0.867, 

0,939, -0.878.  

ʊʘʙʣʠʮʘ ˉ4 

ʄʘʪʨʠʮʘ ʢʦʤʧʦʥʝʥʪ 

ʇʝʨʝʤʝʥʥʳʝ 
ʂʦʤʧʦʥʝʥʪʳ  

1 ʬʘʢʪʦʨ 2 ʬʘʢʪʦʨ 

V1  -0.044 0.911 

V2  0.867 -0.357 

V3  0.690 0.604 

V4  0.939 -0.310 

V5  -0.878 -0.256 

 

ʇʝʨʚʳʡ ʬʘʢʪʦʨ, ʦʙʲʷʩʥʷʶʱʠʡ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʧʝʨʝʤʝʥʥʳʭ, ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʟʘ 

çʫʜʝʣʴʥʳʡ ʚʝʩè ʚʣʠʷʥʠʷ ʥʝʬʪʷʥʳʭ ʮʝʥ ʧʨʠ ʬʦʨʤʠ-

ʨʦʚʘʥʠʠ ʚʘʣʶʪʥʳʭ ʢʫʨʩʦʚ. 

ʅʘ ʜʦʣʶ ʚʪʦʨʦʛʦ ʬʘʢʪʦʨʘ, ʢʘʢ ʤʳ ʟʥʘʝʤ ʠʟ ʪʘʙ-

ʣʠʮʳ ˉ3, ʧʨʠʭʦʜʠʪʩʷ 29.659% ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ 

ʚʩʝʭ ʧʝʨʝʤʝʥʥʳʭ. ɺʪʦʨʦʡ ʬʘʢʪʦʨ ʫʩʣʦʚʥʦ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ, ʢʘʢ çʫʜʝʣʴʥʳʡ ʚʝʩè ʠʥʳʭ ʧʨʠʯʠʥ ʚ ʩʪʨʫʢ-

ʪʫʨʝ ʚʘʣʶʪʥʳʭ ʢʫʨʩʦʚ. ʉ ʜʘʥʥʳʤ ʬʘʢʪʦʨʦʤ ʪʝʩʥʦ 

ʩʚʷʟʘʥʘ ʧʝʨʝʤʝʥʥʘʷ V1 ï ʢʫʨʩ ʪʝʥʛʝ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʜʦʣʣʘʨʫ, ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʨʨʝʣʷʮʠʠ 0.911. 

ʉʫʪʴ ʚʳʷʚʣʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʥʝ ʤʝʥʷ-

ʶʪʩʷ ʠ ʧʨʠ ʠʩʢʣʶʯʝʥʠʠ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʥʝʬʪʷʥʳʭ 

ʮʝʥ, ʪ.ʝ. ʧʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʛʨʫʧʧʳ ʜʘʥ-

ʥʳʭ ʙʝʟ ʧʝʨʝʤʝʥʥʦʡ V5 (ʪʘʙʣʠʮʘ ˉ5).  

ʊʘʙʣʠʮʘ ˉ5 

ʇʦʣʥʘʷ ʦʙʲʷʩʥʝʥʥʘʷ ʜʠʩʧʝʨʩʠʷ ʙʝʟ ʧʝʨʝʤʝʥʥʦʡ V5 

ʌʘʢʪʦʨʳ 
ʅʘʯʘʣʴʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʉʫʤʤʳ ʢʚʘʜʨʘʪʦʚ ʥʘʛʨʫʟʦʢ ʠʟʚʣʝʯʝʥʠʷ 

ʀʪʦʛʦ % ɼʠʩʧʝʨʩʠʠ ʂʫʤʫʣʷʪʠʚʥʳʡ % ʀʪʦʛʦ % ɼʠʩʧʝʨʩʠʠ ʂʫʤʫʣʷʪʠʚʥʳʡ % 

1 2.226 55.644 55.644 2.226 55.644 55.644 

2 1.380 34.497 90.141 1.380 34.497 90.141 

3 0.392 9.795 99.936    

4 0.003 0.064 100    

  

ɺ ʟʘʢʣʶʯʝʥʠʠ ʤʦʞʥʦ ʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʚ ʧʝʨʚʦʤ ʧʦʣʫʛʦʜʠʠ 2019 ʛʦʜʘ ʢʫʨʩ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʚʘʣʶʪʳ ʪʝʥʛʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʦʣʣʘʨʫ ʷʚʣʷʣʩʷ ʩʪʘ-

ʪʠʩʪʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʥʝʬʪʷʥʳʭ ʮʝʥ.  
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NEW SUPERCOMPUTER TECHNOLOGIES AND APPLICATIONS  

 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʫʜʝʣʝʥʦ ʚʥʠʤʘʥʠʝ ʚʦʧʨʦʩʘʤ ʧʨʠʤʝʥʝʥʠʷ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʠʣʦʞʝʥʠʡ. 

ʉʫʧʝʨʢʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʠʣʦʞʝʥʠʷ (ʉʂʊ) ʩʝʛʦʜʥʷ ʦʢʘʟʳʚʘʶʪ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʥʘʫʢʫ, 

ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʦʙʱʝʩʪʚʦ ʠ ʛʦʩʫʜʘʨʩʪʚʦ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚʘʞʥʝʡʰʝʡ ʩʦʩʪʘʚʣʷʶ-

ʱʝʡ, ʥʦ ʠ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ ʘʢʪʫʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʤʥʦʛʠʭ ʛʦʩʫʜʘʨʩʪʚ, ʚʳʧʦʣʥʷʷ ʠʥʪʝʛʨʠʨʫʶ-

ʱʫʶ ʨʦʣʴ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʣʠʜʝʨʩʪʚʦ ʚ ʛʣʦʙʘʣʴʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʢʦʥʢʫʨʝʥʮʠʠ. 

ɸbstract 

The article focuses on the application of supercomputer technologies and applications. Supercomputer tech-

nology and applications (SCT) today has a significant impact on science, industry, society and the state. They are 

not only the most important component, but also form the basis of actual directions of development of many States, 

performing an integrating role and providing leadership in global economic competition. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʫʧʝʨʢʦʤʧʴʶʪʝʨ, ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʥʦʚʳʝ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. 

Keywords: supercomputer, supercomputer applications, new supercomputer technologies, software. 

 

çSome supercomputers are needed to extract in-

formation from raw data gathered from data farms on 

the ground or in the cloud. For example, businesses can 

analyze data collected from their cash registers to help 

control inventory or spot market trends. 

But high performance computing has so far re-

mained exclusively the province of an elite cadre of sci-

entists at major universities and federal research labor-

atories and within a few of our largest firms, where 

large and complex research initiatives are being pur-

sued. Some efforts have recently been made to broaden 

the supercomputer user base through shared access, al-

lowing even small users to participate. But these efforts 

fall far short of what will be needed if high-perfor-

mance computing is to become an integral part of the 

industrial infrastructureè[3, ʉ. 55]. 

There are three basic barriers to wider use of su-

percomputers by industry: the scarcity of appropriate 

skills, the lack of appropriate software, and the per-

ceived high cost of supercomputer access. 

çSupercomputers are sophisticated tools, and 

making the most of them requires expertise; this is par-

ticularly critical for high-performance computing be-

cause there is a shortage of the powerful application 

tools that have accumulated for conventional comput-

ers. Expertise in the handling of numerically intensive 

problems is also essential. Because supercomputers 

process large volumes of data and generate large vol-

umes of output, users must be skilled in the design of 

algorithms and complex modelsè [2, ʉ. 67]. 

Supercomputer developers are strong contributors 

to this problem. Vendors focus on achieving ever 

higher levels of performance (for example, more and 

more millions of instructions or operations per second) 

for high-level scientific and engineering users. And 

they generally provide systems software that is as so-

phisticated as the hardware. But broadening access will 

https://doi.org/10.24411/2520-6990-2019-10936
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require greater consideration of how improved perfor-

mance can best be channeled into productive applica-

tions by a wide range of users; software must be more 

use friendly. 
Supercomputers are expensive-fully configured 

systems still cost several million dollars-which discour-
ages many potential users. Specialized facilities, 
maintenance (often from onsite vendor personnel), op-
erator skills, and end-user experience are all required to 
take advantage of these complex systems. 

The term "supercomputing" refers to the pro-
cessing of massively complex or data-laden problems 
using the concentrated compute resources of multiple 
computer systems working in parallel (i.e. a "super-
computer"). Supercomputing involves a system work-
ing at the maximum potential performance of any com-
puter, typically measured in Petaflops. 
çSupercomputing enables problem solving and 

data analysis that would be simply impossible, too 
time-consuming or costly with standard computers, e.g. 
fluid dynamics calculations. Today, big data presents a 
compelling use case. A supercomputer can discover in-
sights in vast troves of otherwise impenetrable infor-
mationè[2, ʉ. 45]. 

To develop the supercomputing industry compre-
hensively, it is necessary to take into account all its 
components, namely: 

* supercomputer systems and high performance 
environments; 

* parallel application development technologies; 
* supercomputer codesign technologies; 
* distributed resource infrastructure integration 

technologies; 
* subject-oriented packages and services 
High-performance computing (HPC) plays an im-

portant role in promoting scientific discovery, address-
ing grand-challenge problems, and promoting social 
and economic development. Over the past several dec-
ades, has put significant effort into improving its own 
HPC through a series of key projects under its national 
research and development program. Development of 
supercomputing systems has advanced parallel applica-
tions in various fields, along with related software and 
hardware technology, and helped advance technologi-
cal innovation and social development. 

Today's supercomputers can not only perform cal-
culation after calculation with blazing speed, they pro-
cess vast amounts of data in parallel by distributing 
computing chores to thousands of CPUs. Supercomput-
ers are found at work in research facilities, government 
agencies and businesses performing mathematical cal-
culations as well as collecting, collating, categorizing 
and analyzing data. 

Some supercomputers are needed to extract infor-
mation from raw data gathered from data farms on the 
ground or in the cloud. For example, businesses can an-
alyze data collected from their cash registers to help 
control inventory or spot market trends. 

Supercomputers were originally used in applica-
tions related to national security, including nuclear 
weapons design and cryptography. Today they are also 
routinely employed by the aerospace, petroleum, and 
automotive industries. In addition, supercomputers 
have found wide application in areas involving engi-

neering or scientific research, as, for example, in stud-
ies of the structure of subatomic particles and of the 
origin and nature of the universe. Supercomputers have 
become an indispensable tool in weather forecasting: 
predictions are now based on numerical models. 

 Modern supercomputers use similar chips, 
memory, and storage as personal computers, but in-
stead of a few processors they have tens of thousands. 
What distinguishes supercomputers is scale. 
Chinaôs Sunway TaihuLight, which is currently 

the fastest supercomputer in the world, boasts 
10,648,600 cores with a maximum performance of 
more than 93,014.6 teraFLOPS.  

Even a smaller supercomputer, such as the San Di-
ego Supercomputer Center's Comet, has 247 terabytes 
of memoryðnearly 4000 times that of a well-equipped 
laptop.  

Another advantage of supercomputers is their abil-
ity to excel at parallel computing, which is when two or 
more processors run simultaneously and divide the 
workload of a task, reducing the time it takes to com-
plete. The US, China, Japan, and the European Union 
have all declared the first ñexascaleò computerðwith 
more than 1,000 petaflops of computing powerðas the 
next big milestone in large-scale computing. 

The 54th edition of the TOP500 saw China and the 
US maintaining their dominance of the list, albeit in dif-
ferent categories. Meanwhile, the aggregate perfor-
mance of the 500 systems, based on the High Perfor-
mance Linpack (HPL) benchmark, continues to rise and 
now sits at 1.65 exaflops. The entry level to the list has 
risen to 1.14 petaflops, up from 1.02 petaflops in the 
previous list in June 2019. 

The number of TOP500 installations in China con-
tinues to rise and now sits at 227, up from 219 six 
months ago. Meanwhile, the share of US-based system 
remains near its all-time low at 118. However, systems 
in the US are on average significantly larger, which 
translated to a 37.8 percent share of the listôs aggregate 
performance. China is close behind with a 31.9 percent 
performance share. However, compared to six months 
ago, this performance gap has shrunk. The June 2019 
list had the US with a 38.4 percent of the listôs aggre-
gate performance and China with 29.9 percent. 

The Lassen supercomputer is ranked number 10, 
delivering 18.2 petaflops. Installed at Lawrence Liver-
more National Laboratory, Lassen is the unclassified 
counterpart to the classified Sierra system and shares 
the same IBM Power9/NVIDIA V100 GPU architec-
ture. 

The most powerful new supercomputer on the list 
is AiMOS, which shows up at position 24, turning in an 
HPL result of 8.0 petaflops. The IBM-built system is 
installed at the Rensselaer Polytechnic Institute Center 
for Computational Innovations (CCI), and like Summit, 
Sierra, and Lassen, it is equipped with Power9 CPUs 
and NVIDIA V100 GPUs.  
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NEW RESEARCH AND DEVELOPMENT IN PHOTONICS AND NANOPHOTONICS  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʨʘʟʚʠʪʠʝ ʬʦʪʦʥʠʢʠ ʠ ʥʘʥʦʬʦʪʦʥʠʢʠ - ʦʪʨʘʩʣʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʧʦʷʚʠʚ-

ʰʝʡʩʷ ʚ ʥʘʯʘʣʝ 2000-ʭ ʛʦʜʦʚ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʦʩʦʙʝʥʥʦʩʪʴ ʦʪʢʨʳʪʠʷ ʥʦʚʳʭ ʧʨʠʢʣʘʜʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʧʠʩʘʥʳ ʢʣʶʯʝʚʳʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʠ ʟʘʨʫʙʝʞʥʳʝ ʫʯʘʩʪʥʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʙʩʫʞʜʝʥʳ ʥʝ-

ʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʝʢʫʱʝʡ ʥʘʫʯʥʦʡ ʧʦʣʠʪʠʢʠ. 

Abstract 

The article analyzes the development of photonics and nanophotonics - a branch of nanotechnology that 

appeared in the early 2000s, which has the peculiarity of discovering new applied possibilities. In addition, the 

key domestic and foreign research participants are described and some results of the current scientific policy are 

discussed. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʥʦʬʦʪʦʥʠʢʘ, ʬʦʪʦʥʠʢʘ, ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʝ ʧʦʣʝ, ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʤʘ-

ʪʝʨʠʘʣʳ, ʢʚʘʥʪʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

Keywords: nanophotonics, photonics, interdisciplinary field, nanostructured materials, quantum technolo-

gies 

 

The rate of growth and spread of nanotechnology 

(NT) is not only due to the already developed and put 

into practice areas (for example, semiconductor or car-

bon nanostructures), but also appearing again branches. 

One of them is nanophotonics, which is associated with 

the interaction of light with nanostructured materials. 

Her appearance as a research front in the early 2000s 

coincided with the dominance of NT at the state level 

by dozens of states. The driver of the development of 

nanophotonics was the discovered new opportunities in 

solar panels and LEDs, medical diagnostics and ther-

apy, for ultra-secure communications, data storage, as 

well as in the military sphere. 

In this regard, the study of new developments and 

research in the field of photonics and nanophotonics is 

gaining importance. 

In the United States, government support for nano-

photonics and photonics research has a long history. 

Back in the 1950s research began on lasers, which were 

funded from defense programs, and until the 1980s. 

The state was the main source of funding for laser re-

search. 

The governmentôs interest in supporting nanopho-

tonics appeared only after the start of the global eco-

nomic crisis of 2008ï2009. 

Despite the fact that the importance of the devel-

opment of nanophotonics was reflected in a significant 

number of documents, including those addressed to the 

US government, nanophotonics was not included in the 

number of national technological programs, but was 

recognized as a technology that ensured the develop-

ment of strategic areas such as brain research , big data, 

development of new manufacturing technologies. In 

the promotion of photonics research, the alliances of 

scientific societies with industrial firms began to play 

an increasing role. 

Russia almost missed the stage of development of 

modern computer technology. Separate systems that 

were produced for specialized purposes require im-

ported components, and are clearly uncompetitive out-

side of military contracts. Thus, it can be noted that in 

the field of photonics in the Russian Federation it is 

quite difficult today to move towards the development 

of blocks for the modernization of modern technology. 

At the same time, laying the systems of a new architec-

ture, relying on the presence of a certain amount of 

competencies in quantum and optical technologies, it is 

possible to enter international cooperation, with the 

concentration in the Russian Federation of several key 

technologies to create the corresponding centers of 

competence on their basis. 

Russian scientific developments in new areas, as a 

rule, were initially concentrated, primarily in the center, 

and only subsequently spread to the regions. For a long 

https://doi.org/10.24411/2520-6990-2019-10937
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time, the main channel for promoting science in the re-

gions was the institutions of the academic system, but 

since 2006, the main driving force for promoting re-

search has gradually turned into a modernized univer-

sity sector. 
According to researchers, universities increased 

their combined contribution to publications and re-
search from 55.2% in 2000ï2008. up to 72.5% in 2009ï
2018 At the same time, the contribution of regional uni-
versities increased from 20.4 to 34.7%. The growth was 
especially noticeable after the launch of the ñProject 5-
100ò in 2013 (12 of the 21 participants were provincial 
universities). In general, in the field of nanotechnology, 
non-capital cities were dominated by Yekaterinburg, 
Novosibirsk, and Nizhny Novgorod, in which the lead-
ing institutes of the SB RAS, the Ural Branch of the 
Russian Academy of Sciences and the Nizhny Novgo-
rod Scientific Center of the Russian Academy of Sci-
ences are concentrated. In the development of nanopho-
tonics, Krasnoyarsk, Saratov, and Ulyanovsk have 
good positions. The universities located in them (SFU, 
SSU, UlSU) are among the most productive scientific 
organizations. Consequently, the policy of deconcen-
tration of research in the field of nanophotonics and 
photonics, judging by bibliometric indicators, already 
brings certain results. 

Today, the RAS ranks third in the global ranking 
of scientific productivity after the Chinese Academy of 
Sciences and the National Center for Scientific Re-
search of France, and two Russian universities are in 
the first hundred world universities. Moreover, in re-
cent years, ITMO has risen to 19th place, overtaking 
Moscow State University (49th place). The Russian 
Federation remains in the top ten states in scientific 
publications on nanophotonics, which proves its suffi-
cient international competitiveness. The citation pa-
rameters of the works of Russian researchers on this 
topic are not so optimistic. However, they are better 
than citation indicators for nanotechnology develop-
ments in general, which is due, inter alia, to more inten-
sive international cooperation. 

In July 2019, in St. Petersburg, the IV conference 
on nanophotonics and metamaterials METANANO 
2019 was held, which was organized by the staff of the 
International Research Center for Nanophotonics and 
Metamaterials and the Physics and Technology Faculty 
of ITMO University. In 2-19, the event brought to-
gether 400 researchers from America, Europe, Africa 
and Asia. Fundamental research in the field of photon-
ics and nanophotonics and business-oriented projects in 
the field of radio-frequency bionanotechnologies, tech-
nologies and solar energy were discussed, as well as the 
opportunity to create new collaborations. 

Researchers are currently working on the develop-
ment of quantum light sources. Currently, in this area 
throughout the world you can see a lot of activity. One 
of the key problems is to use quantum light sources, for 
example, to ensure the safety of quantum communica-
tions, and to develop optical quantum computing. 

The practical application is related to the quantum 
distribution of keys (a key transfer method that uses 
quantum phenomena to guarantee secure communica-
tion). Thus, a significant contribution in this direction 
of improving nanophotonics can be made. 

In general, nanophotonics is a fairly young direc-
tion, which has many prospects. From a scientific point 
of view, this is a lively interdisciplinary field that pro-
vides great opportunities for young researchers to work 
on different topics, expand their knowledge and explore 
narrower aspects. 

Thus, we can conclude the following. 
Photonics today is one of the locomotives of inno-

vative development of the global economy. This area 
has strong state support in India and China, photonics 
technology is actively developed in Brazil and South 
Africa. Active state management of the development of 
photonics (tax policy, state orders, export support, sup-
port for domestic producers, stimulation of investments 
in the industry, etc.) is carried out in all leading coun-
tries in the development and production of photonics 
technologies and products. Long-term cooperation of 
the Laser Association with its Chinese counterparts in-
dicates that China supports the proposed cooperation in 
the field of nanophotonics and photonics. Given the 
global economic development trends, it can be noted 
that other BRICS countries will also be interested in ac-
celerated development of highly efficient photonics and 
nanophotonics technologies. The development of mu-
tually beneficial cooperation and business ties in the 
high-tech industry is important for the goals of the 
BRICS countries, and the proposed topic is one of the 
few that are actively developing in all the states of this 
association. 

In general, the Russian Federation has achieved 
quite high international positions in nanophotonics, its 
research and development has been integrated into the 
world, researchers have the opportunity to participate 
in joint works at the forefront of science (for example, 
in the study of the principles of light control using 
metasurfaces). Nevertheless, Russian research centers 
have not been able to obtain the status of central nerv-
ous system at the international level, the number of au-
tonomous highly cited publications is still relatively 
small. The practice of formal registration of affiliations 
in Russian publications is preserved (part-time re-
searchers, ñhidden emigrantsò, etc.), which distorts sta-
tistics and complicates the analysis of real scientific co-
operation. But with all the disadvantages, the study of 
the effectiveness of scientific activity using biblio-
metric methods for evaluating publications contributes 
to a reasoned scientific policy and the formation of an 
objective basis for scientific diplomacy. 
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INFORMATION TECHNOLOGIES AS A TOOL FOR MANAGEMENT OF EDUCATIONAL 

PROCESSES 

 

ɸʥʥʦʪʘʮʠʷ 

ʆʙʩʫʞʜʘʝʪʩʷ ʨʦʣʴ ʠ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʦʜʘ ʧʨʠʤʝʥʝʥʠʷ ʀʂʊ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʢʘʢ ʫʯʠʪʝʣʝʤ, ʪʘʢ ʠ 

ʦʙʫʯʘʶʱʠʤʠʩʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʛʣʷʜʥʦ, ʜʦʩʪʫʧʥʦ ʠ ʠʥʪʝʨʝʩʥʦ ʧʨʦʨʘʙʦʪʘʪʴ 

ʰʠʨʦʢʠʡ ʢʨʫʛ ʚʦʧʨʦʩʦʚ ʢʘʩʘʶʱʠʝʩʷ ʢ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʠ ʦʙʦʙʱʝʥʠʝ ʠʟʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʤʝʪʦʜ 

ʧʨʦʚʝʜʝʥʠʝ ʠʪʦʛʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʧʨʦʚʝʨʢʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

Abstract 

The role and content of the ICT application method prepared by both teachers and students are discussed. 

The article discusses the possibility of clearly, accessible and interesting to work out a wide range of issues related 

to this article and the synthesis of the studied material, as well as the method of conducting final control and 

verification of the results. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʤʝʪʦʜʳ 

ʦʙʫʯʝʥʠʷ, ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ, ʩʨʝʜʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

Key words: innovative computer technologies, computer modeling, teaching methods, educational process, 

programming environment. 

  

ʂʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʤʦʛʘʶʪ ʜʠʬʬʝ-

ʨʝʥʮʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ, ʩʪʠʤʫʣʠʨʦʚʘʪʴ 

ʪʨʫʜʥʳʭ ʫʯʝʥʠʢʦʚ ʚ ʧʦʜʛʦʪʦʚʢʝ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʝ 

ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʟʘʥʷʪʠʷʭ.  

ʈʘʩʪʫʱʠʡ ʠʥʪʝʨʝʩ ʢ ʤʝʪʦʜʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 

ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʙʳʣ ʚʳʟʚʘʥ ʪʝʤ, ʯʪʦ ʦʥ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʝ, ʠ ʚ ʦʩʦʙʝʥʥʦʩʪʠ 

ʚ ʬʠʟʠʢʝ, ʭʠʤʠʠ, ʙʠʦʣʦʛʠʠ, ʢʠʙʝʨʥʝʪʠʢʝ, ʚʦ ʤʥʦʛʠʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢʘʭ [1,2]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʣʴʟʷ ʥʘʟʚʘʪʴ ʦʙʣʘʩʪʴ ʯʝ-

ʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʥʝ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠʩʴ ʙʳ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [2,3]. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ï ʵʬʬʝʢʪʠʚʥʦʝ ʩʨʝʜʩʪʚʦ ʧʦ-

ʟʥʘʥʠʷ ʧʨʠʨʦʜʳ. ʧʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜ-

ʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ: 

¶ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

¶ ʠʩʩʣʝʜʦʚʘʪʝʣʷ, ʧʝʨʝʜ ʢʦʪʦʨʳʤ ʧʦʩʪʘʚʣʝʥʘ 
ʢʦʥʢʨʝʪʥʘʷ ʟʘʜʘʯʘ; 

¶ ʤʦʜʝʣʠ, ʩʦʟʜʘʚʘʝʤʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨ-
ʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ ʠ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦ-

ʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ ʦʙʫʯʘʶ-

ʱʠʭʩʷ ʢ ʧʨʦʮʝʩʩʫ ʠʟʫʯʝʥʠʷ ʬʠʟʠʢʠ, ʪʘʢ ʢʘʢ ʬʦʨʤʠ-

ʨʫʶʪʩʷ ʥʦʚʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʠʦʙʨʝʪʝʥʠʷ ʥʦʚʳʭ 

ʟʥʘʥʠʡ. ʀʂʊ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʰʘʪʴ ʠʥʪʝʨʝʩ ʢ ʬʠ-

ʟʠʢʝ, ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʝʤʦʥʩʪʨʘʮʠʠ ʬʠʟʠ-

ʯʝʩʢʠʡ ʷʚʣʝʥʠʡ ʯʝʨʝʟ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʝ. ʋʯʠʪʝʣʴ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʀʂʊ, ʧʦʣʫʯʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʩʪʠ ʫʨʦʢ ʙʦʣʝʝ ʥʘʛʣʷʜʥʳʤ, ʜʠ-

ʥʘʤʠʯʥʳʤ ʠ ʟʘʭʚʘʪʳʚʘʶʱʠʤ. 

1. ʉʪʦʠʪ ʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʥʦʚʘʮʠʦʥʥʳʝ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ 

ʬʠʟʠʢʠ? 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʝʩʪʴ ʜʚʝ ʛʣʘʚʥʳʝ ʧʨʦʙʣʝʤʳ 

ʚ ʧʨʝʧʦʜʘʚʘʥʠʠ ʬʠʟʠʢʠ: 

¶ ɼʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʠʟʠʯʝ-
ʩʢʠʭ ʷʚʣʝʥʠʡ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʘʥʳ ʚ 

ʫʩʣʦʚʠʷʭ ʥʳʥʝʰʥʝʛʦ ʢʘʙʠʥʝʪʘ ʬʠʟʠʢʠ. ʅʘʧʨʠʤʝʨ, 

ʤʠʢʨʦʤʠʨ ʠʣʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ ʩ ʧʨʠʙʦʨʘʤʠ, 

ʢʦʪʦʨʳʭ ʢʘʢ ʧʨʘʚʠʣʦ ʥʠʢʦʛʜʘ ʠ ʥʝ ʙʳʣʦ. ʀʟ-ʟʘ ʦʪ-

ʩʫʪʩʪʚʠʷ ʫʩʣʦʚʠʡ, ʦʙʫʯʘʶʱʠʝ ʠʩʧʳʪʳʚʘʶʪ ʧʨʦ-

ʙʣʝʤʳ ʩ ʧʦʥʠʤʘʥʠʝʤ ʪʝʤʳ, ʪʘʢ ʢʘʢ ʥʝ ʤʦʛʫʪ 

ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʚ ʛʦ-

ʣʦʚʝ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʢʦʤʧʴʶʪʝʨ ʩʧʦʩʦʙʝʥ ʨʝʰʠʪʴ 

ʵʪʫ ʧʨʦʙʣʝʤʫ. ɹʣʘʛʦʜʘʨʷ ʢʦʤʧʴʶʪʝʨʥʦʤʫ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʶ ʤʳ ʤʦʞʝʤ ʧʦʢʘʟʘʪʴ, ʢʘʢ ʧʨʦʪʝʢʘʝʪ ʪʦʪ ʠʣʠ 

ʠʥʦʡ ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʪʘʢʞʝ ʠʟʤʝʥʠʪʴ ʩʚʦʡ-

ʩʪʚʘ ʧʨʦʮʝʩʩʘ. 

¶ ʌʠʟʠʢʫ ʥʝʣʴʟʷ ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ ʵʢʩʧʝʨʠ-
ʤʝʥʪʦʚ. ʊʘʢ ʢʘʢ ʬʠʟʠʢʘ ʥʘʫʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ, ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʦʜʠʪʴ ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ. ʉʥʦʚʘ ʚʦʟʚʨʘʱʘ-

ʝʤʩʷ ʢ ʧʨʦʙʣʝʤʝ ʫʢʦʤʧʣʝʢʪʦʚʘʥʥʦʩʪʠ ʰʢʦʣʴʥʳʭ 

ʢʘʙʠʥʝʪʦʚ. ʂʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʧʦʩʦʙʥʳ 

ʧʨʦʚʦʜʠʪʴ ʪʨʫʜʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʤ 

ʥʫʞʥʳ ʙʦʣʝʝ ʩʣʦʞʥʦʝ ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘ-

ʥʠʝ. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ, ʦʙʫʯʘʶʱʠʝʩʷ ʤʦʛʫʪ ʧʦ-ʩʚʦʝʤʫ 

ʫʩʤʦʪʨʝʥʠʶ ʤʦʛʫʪ ʤʝʥʷʪʴ ʠʩʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʦʧʳʪʦʚ, ʥʘʙʣʶʜʘʪʴ ʢʘʢ ʤʝʥʷʝʪʩʷ ʬʠʟʠʯʝʩʢʦʝ ʷʚʣʝ-

ʥʠʝ, ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʫʚʠʜʝʥʥʦʛʦ, ʜʝʣʘʪʴ ʚʳʚʦʜʳ. 
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2. ʇʨʦʜʚʠʞʝʥʠʝ ʀʂʊ ʚ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ 

ʬʠʟʠʢʠ 

ɿʘʜʘʯʠ: ʏʪʦʙʳ ʢʘʯʝʩʪʚʝʥʥʦ ʧʨʝʧʦʜʘʚʘʪʴ ʦʩ-

ʥʦʚʥʳʝ ʧʨʝʜʤʝʪʳ ʰʢʦʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʩ ʧʦʤʦ-

ʱʴʶ ʀʂʊ ʥʝʦʙʭʦʜʠʤʦ: 

- ʚʣʘʜʝʪʴ ʜʠʜʘʢʪʠʯʝʩʢʠʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ ʢʦʤ-

ʧʴʶʪʝʨʘ; 

- ʟʥʘʪʴ ʤʝʪʦʜʳ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʴʶʪʝʨʘ ʚ ʧʨʦ-

ʮʝʩʩʝ ʧʨʝʧʦʜʘʚʘʥʠʷ; 

- ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʴʶʪʝʨ ʢʘʢ ʩʨʝʜʩʪʚʦ ʢʦʥ-

ʪʨʦʣʷ ʠ ʩʘʤʦʢʦʥʪʨʦʣʷ ʦʩʚʦʝʥʠʷ  

 ʫʯʘʱʠʤʠʩʷ ʠʟʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; 

- ʛʨʘʤʦʪʥʦ ʩʦʯʝʪʘʪʴ ʀʂʊ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ ʦʙʫʯʝʥʠʷ; 

- ʧʨʠʤʝʥʷʪʴ ʀʂʊ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʚʦʨʯʝ-

ʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʇʨʦʮʝʩʩ ʦʨʛʘʥʠʟʘʮʠʠ ʀʂʊ-ʥʘʚʳʢʦʚ ʧʝʜʘʛʦʛʘ 

ʧʨʦʪʝʢʘʝʪ ʚ ʪʨʠ ʩʪʘʜʠʠ: 

1. ʜʦʩʪʠʞʝʥʠʝ ʥʘʯʘʣʴʥʦʛʦ ʵʪʘʧʘ: ʟʥʘʥʠʡ, 

ʥʘʚʳʢʦʚ ʠ ʦʧʳʪʘ ʚ ʧʨʠʤʝʥʝʥʠʝ ʀʂʊ ʦʙʱʝʛʦ ʧʨʦ-

ʬʠʣʷ; 

2. ʫʩʚʦʝʥʠʝ ʢʦʥʢʨʝʪʥʦ-ʥʘʮʝʣʝʥʥʦʛʦ ʟʥʘʯʝ-

ʥʠʷ: ʩʦʟʜʘʥʠʝ ʛʦʪʦʚʥʦʩʪʠ ʢ ʚʚʝʜʝʥʠʶ ʚ ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʠ ʨʝʩʫʨʩʦʚ, ʩʦʟʜʘʥʥʳʭ ʚ ʩʦʛʣʘʩʦʚʘʥʠʠ ʩ ʧʨʠʪʷʟʘʥʠ-

ʷʤʠ ʢ ʩʦʜʝʨʞʘʥʠʶ ʠ ʤʝʪʦʜʠʢʝ ʜʨʫʛʦʛʦ ʫʯʝʙʥʦʛʦ 

ʧʨʝʜʤʝʪʘ. 

3. ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʥʘʜʦʙʥʦʩʪʠ ʚ ʨʘʟʨʘʙʦʪʢʝ 
ʣʠʯʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ 

(ʕʆʈ), ʪ.ʝ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣ ʫʯʝʙʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚ, ʦʮʝʥʠʚʘʪʴ ʠʭ, ʧʨʝʜʧʦʣʦʞʠʪʴ ʠʪʦʛ ʠʭ ʧʨʠ-

ʤʝʥʝʥʠʷ, ʧʨʦʠʟʚʦʜʠʪʴ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʧʦ ʠʭ ʧʨʠʤʝʥʝʥʠʶ. 

ʏʪʦʙ ʩʙʝʨʝʯʴ ʵʥʪʫʟʠʘʟʤ ʢ ʪʝʤʝ ʠ ʨʘʟʨʘʙʦʪʘʪʴ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʡ ʫʯʝʙʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʩʢʠʡ ʧʨʦ-

ʮʝʩʩ, ʤʥʦʡ ʚ ʟʘʜʘʯʘʭ ʜʝʪʘʣʴʥʦ ʫʧʦʪʨʝʙʣʷʶʪʩʷ ʩʧʨʘ-

ʚʦʯʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʭʝʤʳ, ʢʦʪʦʨʳʝ ʧʦʤʦ-

ʛʘʶʪ ʩʬʦʨʤʠʨʦʚʳʚʘʪʴ ʫ ʩʪʫʜʝʥʪʦʚ ʥʘʠʙʦʣʝʝ ʚʳʩʦ-

ʢʠʡ ʫʨʦʚʝʥʴ ʩʘʤʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʤʝʥʠʡ ʠ 

ʥʘʚʳʢʦʚ ï ʨʘʟʙʦʨʘ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʧʦʣʫʯʘʝʤʳʭ 

ʜʘʥʥʳʭ. ʊʘʢ ʞʝ ʥʝʦʙʭʦʜʠʤʦ ʥʘʧʨʘʚʠʪʴ ʠʥʪʝʨʝʩ, ʯʪʦ 

ʥʦʚʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʶ ʧʦʤʦʛʘʶʪ ʩʦ-

ʝʜʠʥʷʪʴ ʩʧʨʘʚʦʯʥʦïʢʦʤʤʫʥʠʢʘʪʠʚʥʳʝ, ʣʠʯʥʦʩʪʥʦ 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩ ʩʧʦʩʦʙʘʤʠ ʩʦʟʠʜʘʪʝʣʴ-

ʥʦʡ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʀʂʊ ʥʘ ʟʘʥʷʪʠʷʭ ʧʦʟʚʦʣʷʝʪ 

ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʷ ʥʘ ʫʩʚʦʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʙʣʘʛʦʜʘʨʷ 

ʥʘʛʣʷʜʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ, ʪʘʢʞʝ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʢʦʥʪʨʦʣʴ ʟʥʘʥʠʡ ʫʯʘʱʠʭʩʷ ʠʥ-

ʪʝʨʘʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ. ʀʂʊ ʫʚʝʣʠʯʠʚʘʝʪ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʦʙʫʯʝʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦ-

ʪʝʥʮʠʘʣ ʫʯʘʱʠʭʩʷ: ʧʦʟʥʘʚʘʪʝʣʴʥʳʡ, ʥʨʘʚʩʪʚʝʥʥʳʡ, 

ʩʦʟʠʜʘʪʝʣʴʥʳʡ, ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʡ, ʘ ʪʘʢʞʝ ʩʦʜʝʡ-

ʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʨʘʟʫʤʘ ʠ ʠʥʬʦʨʤʘʪʠʚʥʦʡ ʢʫʣʴ-

ʪʫʨʳ ʩʪʫʜʝʥʪʦʚ. 

ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʚ 

ʦʙʫʯʝʥʠʷ 

ʀʂʊ ʧʨʠʤʝʥʷʶʪ ʩ ʨʘʟʣʠʯʥʦʡ ʮʝʣʴʶ ʠ ʥʘ ʨʘʟ-

ʥʳʭ ʵʪʘʧʘʭ ʟʘʥʷʪʠʷ:  

Å ʥʘʛʣʷʜʥʦ-ʠʣʣʶʩʪʨʘʪʠʚʥʦʝ ʨʘʟʲʷʩʥʝʥʠʝ ʤʘ-

ʪʝʨʠʘʣʘ; 

Å ʥʝʟʘʚʠʩʠʤʦʝ ʚʦʩʧʠʪʘʥʠʝ, ʦʪʨʠʮʘʥʠʝʤ ʜʝʷ-
ʪʝʣʴʥʦʩʪʠ ʧʝʜʘʛʦʛʘ; 

Å ʥʝʟʘʚʠʩʠʤʦʝ ʚʦʩʧʠʪʘʥʠʝ ʩ ʧʦʜʜʝʨʞʢʦʡ ʧʝ-
ʜʘʛʦʛʘ-ʢʦʥʩʫʣʴʪʘʥʪʘ; 

Å ʚʳʙʦʨʦʯʥʘʷ ʧʦʜʤʝʥʘ (ʬʨʘʛʤʝʥʪ, ʯʘʩʪʠʯʥʦʝ 
ʚʥʝʜʨʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ) 

Å ʚʥʝʜʨʝʥʠʝ ʪʨʝʥʠʥʛʦʚ; 

Å ʚʥʝʜʨʝʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠ ʢʦʥʪʨʦʣʠ-
ʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ; 

Å ʠʩʧʦʣʥʝʥʠʝ ʜʦʤʘʰʥʠʭ ʠ ʢʨʝʘʪʠʚʥʳʭ ʟʘʜʘʯ; 

Å ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʴʶʪʝʨʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʡ, 
ʛʨʘʬʠʢʦʚ; 

Å ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʛʨʘʤʤ, ʠʟʦʙʨʘʞʘʶʱʠʭ ʵʢʩ-
ʧʝʨʠʤʝʥʪʳ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ; 

Å ʚʥʝʜʨʝʥʠʝ ʠʛʨʦʚʳʭ ʠ ʠʥʪʝʨʝʩʥʳʭ ʧʨʦ-
ʛʨʘʤʤ; 

Å ʚʥʝʜʨʝʥʠʝ ʩʧʨʘʚʦʯʥʦ-ʩʩʳʣʦʯʥʳʭ ʧʦʨʷʜ-

ʢʦʚ; 

Å ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠ ʧʨʦ-
ʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ; 

Å ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ï ʠʥʥʦʚʘʮʠʦʥ-

ʥʘʷ ʬʦʨʤʘ ʫʯʝʙʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʦʡ ʚʦʩʧʦʣʥʠ-

ʣʘʩʴ ʤʝʪʦʜʠʢʘ ʦʙʫʯʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʰʢʦʣʝ. ʉ 

ʪʝʭ ʧʦʨ ʢʘʢ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʷʚʠ-

ʣʦʩʴ, ʦʥʦ ʙʳʩʪʨʦ ʚʦʰʣʦ ʚ ʩʦʩʪʘʚ ʚʩʝʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʧʦ ʦʩʥʦʚʥʳʤ ʰʢʦʣʴʥʳʤ 

ʧʨʦʛʨʘʤʤʘʤ. ʆʩʥʦʚʘʥʥʳʝ ʥʘ ʨʝʘʣʠʩʪʠʯʥʳʭ ʬʠ-

ʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʠ 

ʷʚʣʝʥʠʡ, ʫʯʝʙʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʤʦʜʝʣʠ ʚʦʩʧʨʠ-

ʥʠʤʘʶʪʩʷ ʢʘʢ ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʩʨʝʜʩʪʚʦ ʠʣʣʶʩʪʨʘ-

ʮʠʠ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʦʞʝʪ: 

¶ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʥʘ ʫʨʦʚʥʝ, ʜʦʩʪʫʧʥʦʤ ʧʦʥʠ-

ʤʘʥʠʶ, ʠʩʢʣʶʯʘʷ ʦʙʨʘʱʝʥʠʝ ʢ ʥʝʨʝʜʢʦ ʙʦʣʴʰʦʤʫ 

ʦʧʠʩʘʥʠʶ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʝʪʘʣʝʡ ʠ ʘʥʘʣʠʟʫ 

ʩʣʦʞʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʢʣʘʜʦʢ; ʘʢʮʝʥʪʠʨʦ-

ʚʘʪʴ, ʙʣʘʛʦʜʘʨʷ ʫʧʨʦʱʝʥʥʦʡ ʬʦʨʤʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʷʚʣʝʥʠʷ ʠ ʵʬʬʝʢʪʘʤ ʤʫʣʴʪʠʤʝʜʠʘ, ʚʥʠʤʘʥʠʝ ʥʘ 

ʛʣʘʚʥʦʤ (ʩʫʱʝʩʪʚʝʥʥʦʤ) ʚ ʝʛʦ ʩʦʜʝʨʞʘʥʠʠ; 

¶ ʠʟʫʯʘʪʴ ʷʚʣʝʥʠʝ ʚ ñʯʠʩʪʦʤò ʚʠʜʝ, ʪʦʯʥʦ 
ʚʦʩʧʨʦʠʟʚʦʜʷ ʪʨʝʙʫʝʤʳʝ ʫʩʣʦʚʠʷ ʝʛʦ ʧʨʦʪʝʢʘʥʠʷ; 

¶ ʥʘʙʣʶʜʘʪʴ ʷʚʣʝʥʠʝ ʚ ʜʠʥʘʤʠʢʝ (ʪ.ʝ. ʬʠʢʩʠ-
ʨʦʚʘʪʴ ʝʛʦ ʨʘʟʚʠʪʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ); 

¶ ʩʦʧʨʦʚʦʞʜʘʪʴ ʨʘʙʦʪʫ ʤʦʜʝʣʠ ʚʠʟʫʘʣʴʥʦʡ 
ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʟʘʢʦʥʦʤʝʨʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʧʘʨʘ-

ʤʝʪʨʘʤʠ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʚ ʬʦʨʤʝ ʜʠʥʘʤʠʯ-

ʥʳʭ ʛʨʘʬʠʢʦʚ, ʜʠʘʛʨʘʤʤ, ʩʭʝʤ. 

¶ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʧʝʨʘʮʠʠ, ʥʝʚʦʟʤʦʞʥʳʝ ʚ 
ʨʝʘʣʴʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ: ʠʟʤʝʥʷʪʴ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʤʘʩʰʪʘʙʳ ʧʨʦʪʝʢʘʥʠʷ ʷʚʣʝʥʠʷ; 

ʟʘʜʘʚʘʪʴ ʠ ʠʟʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨʳ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠ-

ʩʪʝʤʳ ʦʙʲʝʢʪʦʚ, ʥʝ ʦʧʘʩʘʷʩʴ ʟʘ ʝʝ ʩʦʩʪʦʷʥʠʝ, ʘ 

ʪʘʢʞʝ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʩʦʭʨʘʥʥʦʩʪʴ ʩʨʝʜʳ ʦʢʨʫʞʝ-

ʥʠʷ. 

ʉʦʩʨʝʜʦʪʦʯʝʥʠʝ ʚʥʠʤʘʥʠʷ ʥʘ ʦʙʦʙʱʝʥʥʳʭ 

ʧʣʘʥʘʭ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʫʯʘʱʠʭʩʷ ʩ ʢʦʤʧʴ-

ʶʪʝʨʥʳʤʠ ʤʦʜʝʣʷʤʠ ʦʙʫʯʝʥʠʷ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ 

ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʫʯʘʱʠʤʩʷ ʠʟʚʣʝʢʘʪʴ 

ʥʘʠʙʦʣʝʝ ʧʦʣʥʫʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, 

ʟʘʣʦʞʝʥʥʫʶ ʚ ʥʠʭ ʨʘʟʨʘʙʦʪʯʠʢʦʤ. 
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ʈʘʟʨʘʙʦʪʢʘ ʫʨʦʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʂʊ ʪʨʝ-

ʙʫʝʪ ʦʪ ʫʯʠʪʝʣʷ ʤʥʦʛʦ ʚʨʝʤʝʥʠ, ʪʝʨʧʝʥʠʷ ʠ ʥʘʩʪʦʡ-

ʯʠʚʦʩʪʠ. ɽʩʪʝʩʪʚʝʥʥʦ, ʩʠʤʫʣʷʮʠʷ ʨʘʟʣʠʯʥʳʭ ʷʚʣʝ-

ʥʠʡ ʥʠʢʘʢ ʥʝ ʟʘʤʝʥʷʝʪ ʨʝʘʣʴʥʳʝ, çʞʠʚʳʝè ʵʢʩʧʝʨʠ-

ʤʝʥʪʳ ʠ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʥʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʥʠʤʠ 

ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʩʤʳʩʣ ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʥʘ ʙʦ-

ʣʝʝ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. 

ɿɸʂʃʖʏɽʅʀɽ 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʩʦʙʩʪʚʝʥʥʦʤ ʦʧʳʪʝ, ʤʦʛʫ ʩ 

ʫʚʝʨʝʥʥʦʩʪʴʶ ʩʢʘʟʘʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ 

ʫʩʣʦʚʠʠ ʧʨʘʚʠʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʜʠʜʘʢʪʠʯʝ-

ʩʢʦʡ ʨʦʣʠ ʠ ʤʝʩʪʘ ʥʘ ʫʨʦʢʝ, ʦʮʝʥʢʠ ʦʧʪʠʤʘʣʴʥʦʩʪʠ 

ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʟʳʚʘʝʪ ʥʝ-

ʧʦʜʜʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʫ ʦʙʫʯʘʶʱʠʭʩʷ. ʀʂʊ ʧʦʟʚʦ-

ʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʨʝʤʷ ʫʨʦʢʘ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ, 

ʙʳʩʪʨʦ ʫʩʪʘʥʦʚʠʪʴ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʩʦ ʦʙʫʯʘʶʱʠ-

ʤʠʩʷ, ʧʨʝʦʜʦʣʝʪʴ ʩʫʙʲʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʢʠ. ʀʥʬʦʨ-

ʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʠʥʬʦʨʤʠʨʦ-

ʚʘʥʠʶ ʫʨʦʢʘ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʫʯʝʥʠʷ, ʜʘʶʪ ʫʨʦʢʫ 

ʜʠʥʘʤʠʯʥʦʝ ʢʘʯʝʩʪʚʦ ʠ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ 

ʧʦʥʠʤʘʥʠʝ ʦʙʫʯʘʶʱʠʤʠʩʷ ʩʫʪʠ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝ-

ʥʠʡ, ʫʤʝʥʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʪʘʚʠʪʴ ʟʘʜʘʯʫ ʠ ʥʘʭʦ-

ʜʠʪʴ ʧʫʪʠ ʝʝ ʨʝʰʝʥʠʷ, ʚʳʜʚʠʛʘʪʴ ʛʠʧʦʪʝʟʳ ʠ ʧʨʦʚʝ-

ʨʷʪʴ ʠʭ ʦʧʳʪʥʳʤ ʧʫʪʝʤ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʀʂʊ ʥʘ ʫʨʦʢʘʭ ʬʠ-

ʟʠʢʠ ʨʘʩʢʨʳʚʘʝʪ ʥʦʚʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʦʙʫʯʝʥʠʠ, 

ʧʦʤʦʛʘʝʪ ʨʘʟʚʠʚʘʪʴ ʢʨʝʘʪʠʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʫ-

ʯʘʶʱʠʭʩʷ, ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʧʦʟʥʘʚʘʪʝʣʴʥʫʶ ʜʝʷ-

ʪʝʣʴʥʦʩʪʴ ʠ ʧʦʚʳʰʘʪʴ ʤʦʪʠʚʘʮʠʶ ʢ ʦʙʫʯʝʥʠʶ ʠ, ʪʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʨʛʘʥʠʟʘʮʠʠ ñʗ-ʢʦʥ-

ʮʝʧʮʠʠò ʨʝʙʝʥʢʘ ʠ ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʨʦʩʪʘ 

ʝʛʦ ʧʝʨʩʦʥʳ ʠ ʩʪʨʘʪʝʛʠʠ ʙʫʜʫʱʝʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ 

ʞʠʟʥʠ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʚ ʨʘʙʦʪʝ ʠʟʫʯʝʥʠʝ ʠ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʦʨʛʘʥʠʟʘʮʠʷ ʢʣʶʯʝʚʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ, ʦʙʫ-

ʯʘʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʠ ʚʥʝ ʫʯʝʙʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ;  

2. ʫʚʝʣʠʯʝʥʠʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ ʢ ʦʙʫʯʝ-
ʥʠʶ ʦʙʫʯʘʶʱʠʭʩʷ;  

3. ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ 

ʧʦʟʚʦʣʷʝʪ ʩʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʤʦʨʘʣʴʥʦ ʫʩʪʘʨʝʚʰʝʝ 

ʠʣʠ ʥʝʜʦʩʪʘʶʱʝʝ ʣʘʙʦʨʘʪʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦ 

ʬʠʟʠʢʝ.  

4. ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ 
ʨʘʟʚʠʚʘʪʴ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʠ ʣʦʛʠʯʝʩʢʦʝ ʤʳʰʣʝ-
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ʯʠʪʴ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɸʥʜʨʝʝʚ ɺ.ʀ. ʕʚʨʠʩʪʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠ-
ʨʦʚʘʥʠʝ ʫʯʝʙʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. - 

ʄ. ɺʳʩʰʘʷ ʰʢʦʣʘ,1981,-240 ʩ 

2. ʉʪʘʨʦʜʫʙʮʝʚ ɺ.ɸ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʣʝʢʮʠʷʭ ʧʦ 

ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʤ ʜʠʩʮʠʧʣʠʥʘʤ. ʀʥʬʦʨʤʘʪʠʢʘ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ. 2003. - ʉ.204-220. 

3. ɹʘʙʘʥʩʢʠʡ ʖ.ʂ. ʄʝʪʦʜʳ ʦʙʫʯʝʥʠʷ ʚ ʩʦʚʨʝ-
ʤʝʥʥʦʡ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʰʢʦʣʝ. - ʄ., 1985. - 

ʉ.33-66. 

  



40 PHYSICS AND MATHEMATICS / ζColloquium - journal Ȼ#26(50),2019  

ʌʦʤʠʥ ɸʣʝʢʩʘʥʜʨ ʀʚʘʥʦʚʠʯ 

ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ ʈʦʩʩʠʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ  

ʠʤ. ɸ.ʅ. ʂʦʩʳʛʠʥʘ, (ʊʝʭʥʦʣʦʛʠʠ. ɼʠʟʘʡʥ. ʀʩʢʫʩʩʪʚʦ), ʈʌ, ʛ. ʄʦʩʢʚʘ  

ʊʠʪʘʨʝʥʢʦ ɺʝʨʘ ʀʚʘʥʦʚʥʘ 

ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ ʄʦʩʢʦʚʩʢʦʛʦ ʘʚʠʘʮʠʦʥʥʦʛʦ ʠʥʩʪʠʪʫʪʘ  

(ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ), ʈʌ, ʛ. ʄʦʩʢʚʘ 

 

ʆɹ ɸʅɸʃʆɻɸʍ ʇʈɽʆɹʈɸɿʆɺɸʅʀʁ ʃɸʇʃɸʉɸ ʉɽʄɽʁʉʊɺɸ ʂɸʅʆʅʀʏɽʉʂʀʍ ʉʀʉʊɽʄ 

ʋʈɸɺʅɽʅʀʁ 

 

Fomin Alexander Ivanovich 

Cand. Fiz.-Mat. associate Professor, Russian state University. A.N. Kosygina  

(Technologies. Design. Art), Russia, Moscow  

Titarenko Vera Ivanovna 

Cand. Fiz.-Mat. associate Professor, Moscow aviation Institute  

(National research University), Russian Federation, Moscow 

 

ON ANALOGUES OF LAPLACE TRANSFORMATIONS FAMILIES OF CANONICAL SYSTEMS OF 

EQUATIONS 

 

ɸʥʥʦʪʘʮʠʷ 

ɼʦʢʘʟʳʚʘʝʪʩʷ ʪʝʦʨʝʤʘ ʦ ʧʘʨʘʤʝʪʨʘʭ ʣʠʥʝʡʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʨʘʥʩʣʷʪʦʨʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, 

ʩʚʷʟʳʚʘʶʱʝʛʦ ʢʘʥʦʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʪʝʦʨʝʤʘ ʦʙ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʚʳʧʦʣʥʝ-

ʥʠʠ ʢʦʪʦʨʳʭ ʪʨʘʥʩʣʷʪʦʨ ʨʝʘʣʠʟʫʝʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʠʟʦʤʦʨʬʠʟʤ. ɼʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʳʝ ʦʧʝʨʘʪʦʨʳ ʤʥʦʛʦʤʝʨʥʳʭ ʘʥʘʣʦʛʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʘʧʣʘʩʘ ʷʚʣʷʶʪʩʷ ʣʠʥʝʡʥʳʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-

ʥʳʤʠ ʪʨʘʥʩʣʷʪʦʨʘʤʠ ʩʝʤʝʡʩʪʚʘ ʢʘʥʦʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʫʶʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʠʟʦʤʦʨ-

ʬʠʟʤʳ. 

Abstract 

We prove a theorem on the parameters of a first-order linear differential translator linking canonical systems 

of differential equations and a theorem on the conditions under which the translator implements a differential 

isomorphism. It is proved that the differential operators of multidimensional analogues of Laplace transformations 

are linear differential translators of a family of canonical systems that implement differential isomorphisms. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʪʨʘʥʩʣʷʪʦʨ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʛʦʤʦʤʦʨʬʠʟʤ, ʢʘʥʦʥʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʃʘʧʣʘʩʘ. 

Keywords: differential translator, differential homomorphism, canonical system of equations, Laplace trans-

form. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʥʦ ʠʟ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʪʩʢʦʡ ʧʩʠʭʦʣʦʛʠʠ, ʢʦʪʦ-

ʨʳʤ ʷʚʣʷʝʪʩʷ ʛʝʥʝʪʠʯʝʩʢʘʷ ʧʩʠʭʦʣʦʛʠʷ. ʉʦʟʜʘʪʝʣʝʤ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʩʯʠʪʘʝʪʩʷ ɾʘʥ ʇʠʘʞʝ - h ʚʝʡ-

ʮʘʨʩʢʠʡ ʫʯʝʥʳʡ ʠ ʬʠʣʦʩʦʬ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʩʠʭʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʠ ʧʨʦ-

ʠʩʭʦʞʜʝʥʠʝ ʠʥʪʝʣʣʝʢʪʘ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʥʷʪʠʡ: ʚʨʝʤʷ, ʧʨʦʩʪʨʘʥʩʪʚʦ, ʦʙʲʝʢʪ ʠ ʜʨ. ɻʝʥʝʪʠʯʝʩʢʘʷ ʧʩʠ-

ʭʦʣʦʛʠʷ ʠʟʫʯʘʝʪ ʜʝʪʩʢʫʶ ʣʦʛʠʢʫ, ʦʩʦʙʝʥʥʦʩʪʠ ʤʳʰʣʝʥʠʷ ʨʝʙʝʥʢʘ, ʤʝʭʘʥʠʟʤʳ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʝʨʝʭʦʜ ʬʦʨʤ ʤʳʰʣʝʥʠʷ ʦʪ ʧʨʦʩʪʳʭ ʢ ʩʣʦʞʥʳʤ. 

Abstract 

The article deals with one of the scientific directions of the study of child psychology, which is genetic psy-

chology. The creator of this area is Jean Piaget - a Swiss scientist and philosopher. The subject of the study of 

genetic psychology is the development and origin of the intellect, the formation of concepts: time, space, object, 

etc. Genetic psychology studies children's logic, the child's thinking features, the mechanisms of cognitive activity, 

the transition of forms of thinking from simple to complex. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʜʘʛʦʛʠʢʘ ʨʘʥʥʝʛʦ ʜʝʪʩʪʚʘ, ʇʠʘʞʝ, ʛʝʥʝʪʠʯʝʩʢʘʷ ʧʩʠʭʦʣʦʛʠʷ 
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ʢʦʤʧʣʝʢʩʥʦʝ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʝ ʠʟʫʯʝʥʠʝ ʠʥʪʝʣ-

ʣʝʢʪʘ, ʢʘʢ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ ʩʦ-

ʩʪʘʚʣʷʶʱʠʭ: ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ, ʛʥʦʩʝʦʣʦʛʠʯʝʩʢʦʛʦ, 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ, ʣʦʛʠʯʝʩʢʦʛʦ ʠ ʩʦʮʠʦʣʦʛʠʯʝ-

ʩʢʦʛʦ. ʇʠʘʞʝ ʩʯʠʪʘʣ, ʯʪʦ ʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚ 

ʧʩʠʭʦʣʦʛʠʠ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟ-

ʚʠʪʠʷ ʧʦʟʥʘʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʟʚʠʪʠʠ ʨʝ-

ʙʝʥʢʘ, ʤʦʛʫʪ ʜʘʪʴ ʦʪʚʝʪʳ ʥʘ ʚʘʞʥʳʝ ʚʦʧʨʦʩʳ ʪʝʦ-

ʨʠʠ ʧʦʟʥʘʥʠʷ: ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝ-

ʭʦʜ ʦʪ ʥʝʟʥʘʥʠʡ ʢ ʟʥʘʥʠʷʤ, ʦʪ ʣʦʞʥʳʭ ʢ ʠʩʪʠʥʥʳʤ 

ʟʥʘʥʠʷʤ; ʤʦʛʫʪ ʣʠ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʘʣʘʥʪʳ ʠ ʚʟʛʣʷʜʳ 

ʩ ʨʦʞʜʝʥʠʷ, ʠʣʠ ʦʥʠ ʧʨʠʭʦʜʷʪ ʪʦʣʴʢʦ ʩ ʦʧʳʪʦʤ. 

ʇʠʘʞʝ ʨʘʩʩʤʘʪʨʠʚʘʣ ʠʥʪʝʣʣʝʢʪ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ 

ʠʟ ʩʧʦʩʦʙʦʚ ʘʜʘʧʪʘʮʠʠ ʢ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ɺʩʝ 

ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʠʩʧʳʪʳʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʩʦʟʜʘʥʠʠ ʢʦʤʬʦʨʪʥʦʡ ʜʣʷ ʩʝʙʷ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ. 

ɺʣʠʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠʚʦʜʠʪ ʢ ʩʙʦʶ ʚ ʦʨ-

ʛʘʥʠʟʤʝ. ʏʪʦʙʳ ʟʘʥʦʚʦ ʜʦʩʪʠʯʴ ʛʘʨʤʦʥʠʠ, ʦʨʛʘ-

ʥʠʟʤʫ ʥʫʞʥʦ ʚʩʝʛʜʘ ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʚʠʞʝʥʠʝ, ʯʪʦʙʳ 

ʚʦʟʤʝʩʪʠʪʴ ʨʘʟʙʘʣʘʥʩʠʨʦʚʢʫ. ʂ ʧʨʠʤʝʨʫ, ʚʥʝʰʥʝʝ 

ʧʦʚʨʝʞʜʝʥʠʝ, ʪʘʢʦʝ ʢʘʢ ʧʦʨʝʟ ʥʘ ʥʦʛʝ, ʘʢʪʠʚʠʨʫʝʪ 

ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʚ ʠʪʦʛʝ ʚʦʩʩʪʘʥʦʚʠʪ ʢʦʞʥʳʝ ʧʦ-

ʢʨʦʚʳ ʥʘ ʨʘʥʝ. ʇʠʘʞʝ ʚʳʥʦʩʠʪ ʩʪʨʝʤʣʝʥʠʝ ʢ ʨʘʚʥʦ-

ʚʝʩʠʶ ʥʘ ʚʝʨʭʥʶʶ ʩʪʫʧʝʥʴ, ʥʝ ʪʦʣʴʢʦ ʢʦʛʥʠʪʠʚ-

ʥʦʛʦ, ʘ ʨʘʟʚʠʪʠʷ ʚ ʮʝʣʦʤ. ʇʦʷʚʣʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ 

ʜʘʝʪ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʘʩʧʝʢʪʘʭ ʨʘʟʚʠʪʠʷ ʧʩʠʭʠʢʠ ʠ ʨʘ-

ʟʫʤʘ. ʂʦʛʥʠʪʠʚʥʫʶ ʘʜʘʧʪʘʮʠʶ ʦʙʨʘʟʫʶʪ ʜʚʘ ʧʨʦʪʠ-

ʚʦʧʦʣʦʞʥʳʭ ʧʨʦʮʝʩʩʘ ï ʘʩʩʠʤʠʣʷʮʠʷ ʠ ʘʢʢʦʤʦʜʘ-

ʮʠʷ. ʍʦʪʷ ʵʪʠ ʜʚʘ ʷʚʣʝʥʠʷ ʠʤʝʶʪ ʨʘʟʥʳʝ ʥʘʧʨʘʚ-

ʣʝʥʥʦʩʪʠ, ʦʥʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʠ ʚʟʘʠʤʥʦ 

ʜʦʧʦʣʥʷʶʪ ʘʩʧʝʢʪʳ ʧʦʚʝʜʝʥʠʷ.  

ɸʩʩʠʤʠʣʷʮʠʶ ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʩ ʫʩʚʘʠʚʘʥʠʝʤ 

ʝʜʳ: ʢʘʞʜʘʷ ʧʨʦʙʣʝʤʥʘʷ ʩʠʪʫʘʮʠʷ ʨʝʰʘʝʪʩʷ ʫʞʝ 

ʠʤʝʶʱʠʤʠʩʷ ʜʝʡʩʪʚʠʷʤʠ ʠʣʠ ʢʦʛʥʠʪʠʚʥʳʤʠ ʩʭʝ-

ʤʘʤʠ. ɺ ʧʨʦʮʝʩʩʝ ʯʪʝʥʠʷ ʤʦʞʥʦ ʧʨʦʥʘʙʣʶʜʘʪʴ ʘʩ-

ʩʠʤʠʣʷʮʠʶ ʠʥʬʦʨʤʘʮʠʠ. ɼʝʪʠ ʤʦʛʫʪ çʭʚʘʪʘʪʴè ʨʘʟ-

ʥʳʝ ʧʨʝʜʤʝʪʳ, ʧʦʣʴʟʫʷʩʴ ʩʭʝʤʦʡ ʩʭʚʘʪʳʚʘʥʠʷ. ʉ 

ʧʦʤʦʱʴʶ ʘʩʩʠʤʠʣʷʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʫʩʪʦʡʯʠ-

ʚʦʩʪʴ ʠ ʩʦʭʨʘʥʥʦʩʪʴ ʢʦʛʥʠʪʠʚʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʩʣʫ-

ʯʘʝ ʘʢʢʦʤʦʜʘʮʠʠ ʠʟʤʝʥʷʝʪʩʷ ʩʭʝʤʘ, ʧʨʠʤʝʥʷʝʤʘʷ ʢ 

ʥʦʚʦʡ ʦʙʩʪʘʥʦʚʢʝ ʠʣʠ ʮʝʣʠ; ʦʥʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʠʪʴ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ. ɼʝʪʠ ʫʯʘʪʩʷ ʧʨʦ-

ʪʷʛʠʚʘʪʴ ʨʫʢʠ ʠ ʧʘʣʴʮʳ ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʝʜʤʝʪʘ ʧʦ-

ʩʚʦʝʤʫ, ʙʫʜʴ ʪʦ ʙʫʤʘʛʘ ʠʣʠ ʤʷʯ (ʩʭʝʤʘ ʩʭʚʘʪʳʚʘʥʠʷ 

ʧʨʝʪʝʨʧʝʣʘ ʘʢʢʦʤʦʜʘʮʠʶ). ʋʨʘʚʥʦʚʝʩʠʚ ʘʢʢʦʤʦʜʘ-

ʮʠʶ ʠ ʘʩʩʠʤʠʣʷʮʠʶ, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʫʣʫʯʰʝʥʥʦʡ 

ʘʜʘʧʪʘʮʠʠ, ʥʦ ʵʪʦ ʷʚʣʝʥʠʝ ʥʝʪʦʯʥʦ ʠ ʚʨʝʤʝʥʥʦ, ʦʥʦ 

ʩʥʦʚʘ ʩʤʝʥʠʪʩʷ ʥʘʨʫʰʝʥʥʳʤ ʨʘʚʥʦʚʝʩʠʝʤ. ʅʝ ʚʩʝ-

ʛʜʘ ʧʦʣʫʯʘʝʪʩʷ ʜʦʩʪʠʛʥʫʪʴ ʨʘʚʥʦʚʝʩʠʷ ʠ ʪʦʛʜʘ, ʢʘ-

ʢʦʝ-ʣʠʙʦ ʠʟ ʵʪʠʭ ʷʚʣʝʥʠʡ ʩʪʘʥʦʚʠʪʩʷ ʧʨʝʦʙʣʘʜʘʶ-

ʱʠʤ. ʇʝʨʝʚʝʩ ʯʘʰʠ ʚʝʩʦʚ ʚ ʩʪʦʨʦʥʫ ʘʩʩʠʤʠʣʷʮʠʠ, 

ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ, ʥʘʙʣʶʜʘʷ ʟʘ ʠʛʨʦʡ ʜʝʪʝʡ. ɹʨʫ-

ʩʦʢ ʜʝʨʝʚʘ ʜʣʷ ʨʝʙʝʥʢʘ ʤʦʞʝʪ ʣʝʛʢʦ ʧʨʝʚʨʘʪʠʪʩʷ ʚ 

ʢʫʢʣʫ, ʩʘʤʦʣʝʪ ʠʣʠ ʤʘʰʠʥʫ. ʏʘʱʝ ʚʩʝʛʦ ʘʢʢʦʤʦʜʘ-

ʮʠʶ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚ ʧʦʜʨʘʞʘʥʠʠ ʠ ʩʨʘʚʥʝʥʠʠ 

ʩʚʦʝʛʦ ʧʦʚʝʜʝʥʠʷ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ. ɼʝʪʩʢʠʡ ʨʘʟʫʤ ʧʦʩʪʨʦʝʥ ʥʘ ʦʩʥʦʚʝ ʜʝʡʩʪʚʠʡ 

ʠ ʦʧʳʪʦʚ ʜʝʡʩʪʚʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʝʜʤʝʪʘʤʠ. 

ʉʫʙʲʝʢʪʫ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʟʥʘʪʴ ʦʙʲʝʢʪ, ʥʝʦʙʭʦ-

ʜʠʤʦ ʨʘʙʦʪʘʪʴ ʩ ʥʠʤ ʟʘʦʜʥʦ: ʩʭʚʘʪʠʪʴ, ʦʱʫʧʘʪʴ, 

ʧʨʠʙʣʠʟʠʪʴ, ʫʜʘʣʠʪʴ, ʧʝʨʝʤʝʩʪʠʪʴ ʠ ʪ. ʜ. ʅʘʢʦʧʣʝʥ-

ʥʳʡ ʦʧʳʪ ʦʪʣʦʞʠʪʴʩʷ ʫ ʨʝʙʝʥʢʘ ʚ ʢʘʯʝʩʪʚʝ ʩʭʝʤʳ 

ʜʝʡʩʪʚʠʡ (ʦʜʥʦ ʠʟ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʧʦʥʷʪʠʡ ʢʦʥ-

ʮʝʧʮʠʠ ʇʠʘʞʝ). ɼʘʥʥʦʝ ʧʦʥʷʪʠʝ, ʪʦʯʥʦ ʛʦʚʦʨʷ, ʵʪʦ 

ʪʝ ʦʙʱʠʝ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʷʶʪʩʷ ʚʚʠʜʫ 

ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʭ ʧʦʚʪʦʨʝʥʠʷ. ʀʥʘʯʝ ʞʝ, ʜʘʚʘʷ ʙʦ-

ʣʝʝ ʦʙʱʝʝ ʧʦʥʷʪʠʝ ʩʭʝʤʳ ʜʝʡʩʪʚʠʡ, ʛʦʚʦʨʷʪ, ʯʪʦ 

ʵʪʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʩʪʘʜʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʨʦʚʥʷʭ ʫʤʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ. ʅʘ ʥʝʢʦʪʦʨʦʡ ʪʘʢʦʡ 

ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʩʭʝʤʘ ʜʝʡʩʪʚʠʡ ʩʪʘʥʦʚʠʪʩʷ ʦʧʝʨʘ-

ʮʠʝʡ (ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ), ʦʪʩʶʜʘ ʥʘʟʚʘʥʠʝ 

ʢʦʥʮʝʧʮʠʠ ʇʠʘʞʝ - ʦʧʝʨʘʮʠʦʥʥʘʷ. ʆʧʝʨʘʮʠʷ ï ʵʪʦ 

ʠʥʪʝʨʠʦʨʠʟʠʨʦʚʘʥʥʦʝ (ʚʥʫʪʨʝʥʥʝʝ) ʧʨʝʜʤʝʪʥʦʝ 

ʜʝʡʩʪʚʠʝ, ʩʪʘʚʰʝʝ ʦʙʨʘʪʠʤʳʤ ʠ ʦʙʨʘʟʫʶʱʝʝ ʩ ʜʨʫ-

ʛʠʤʠ ʩʠʩʪʝʤʫ. 

ʋʞʝ ʧʨʠ ʞʠʟʥʠ ʫ ʥʘʩ ʩʢʣʘʜʳʚʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ 

ʤʳʩʣʠʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʜʘʣʝʝ ʟʘʚʠʩʠʪ 

ʦʪ ʧʦʣʫʯʝʥʥʦʛʦ ʦʧʳʪʘ ʠ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ 

ʦʥʘ ʤʝʥʷʝʪʩʷ. ɸʩʩʠʤʠʣʷʮʠʷ ʠ ʘʢʢʦʤʦʜʘʮʠʷ ʧʦʟʚʦ-

ʣʷʶʪ ʫʤʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʝʧʨʝʨʳʚʥʦ ʠ ʧʨʝ-

ʝʤʩʪʚʝʥʥʦ ʨʘʟʚʠʚʘʪʴʩʷ, ʘ ʩʚʦʝʦʙʨʘʟʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ 

ʤʳʩʣʠʪʝʣʴʥʦʛʦ ʘʢʪʘ ʧʦʤʦʛʘʝʪ ʚʳʜʝʣʠʪʴ ʩʪʘʜʠʠ ʠʥ-

ʪʝʣʣʝʢʪʘ. ʉʦʛʣʘʩʥʦ ʇʠʘʞʝ, ʨʘʟʚʠʪʠʝ ʧʩʠʭʠʢʠ ï ʵʪʦ 

ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʞʜʫ ʜʦ-

ʤʠʥʠʨʫʶʱʠʤʠ ʩʪʘʜʠʷʤʠ, ʢʦʪʦʨʳʝ ʥʘʩʪʨʘʠʚʘʶʪʩʷ 

ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʧʦʨʷʜʢʫ ʩ ʨʘʟʥʦʡ 

ʩʢʦʨʦʩʪʴʶ (ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʫʯʝʥʠʷ ʙʦʛʘʪʦʛʦ ʠʣʠ 

ʩʢʫʜʥʦʛʦ ʦʧʳʪʘ). 

ʇʠʘʞʝ ʚʳʜʝʣʠʣ ʪʨʠ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʠʥʪʝʣ-

ʣʝʢʪʘ: ʩʝʥʩʦʤʦʪʦʨʥʘʷ, ʢʦʥʢʨʝʪʥʦ-ʦʧʝʨʘʮʠʦʥʘʣʴʥʘʷ 

(ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʘʷ) ʠ ʬʦʨʤʘʣʴʥʦ-ʦʧʝʨʘʮʠʦʥʘʣʴʥʘʷ. 

ɺʩʝ ʧʝʨʠʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʘʢ ʩ ʧʦʣʦʞʠʪʝʣʴ-

ʥʦʡ, ʪʘʢ ʠ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʩʪʦʨʦʥʳ. 

ʀʟʫʯʝʥʠʝ ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʤʳʰʣʝʥʠʷ ʇʠʘʞʝ 

ʥʘʯʠʥʘʝʪ ʩ ʧʝʨʚʳʭ ʜʚʫʭ ʣʝʪ ʞʠʟʥʠ ʠ ʟʘʢʣʶʯʘʝʪʩʷ 

ʦʥʦ ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ ʠ ʧʨʝʜʤʝʪʥʦʤ ʘʥʘʣʠʟʝ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ ʨʝʙʝʥʢʘ. ɿʜʝʩʴ ʙʝʨʝʪ ʩʚʦʝ ʥʘʯʘʣʦ ʧʝʨʠʦʜ ʩʝʥ-

ʩʦʤʦʪʦʨʥʦʛʦ ʨʘʟʚʠʪʠʷ. ʇʠʘʞʝ ʩʘʤ ʷʚʣʷʣʩʷ ʚʦʩʧʠʪʘ-

ʪʝʣʝʤ ʜʚʫʭ ʜʦʯʝʢ ɾʘʢʣʠʥ ʠ ʃʶʩʴʝʥ, ʘ ʪʘʢʞʝ ʩʳʥʘ 

ʃʦʨʘʥʘ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʙʣʶʜʘʣ ʟʘ ʠʭ ʨʘʟʚʠ-

ʪʠʝʤ, ʪʝʤ ʩʘʤʳʤ ʚʳʜʝʣʷʷ ʰʝʩʪʴ ʵʪʘʧʦʚ ʩʝʥʩʦʤʦʪʦʨ-

ʥʦʛʦ ʨʘʟʚʠʪʠʷ. ʅʘ ʢʘʞʜʦʤ ʠʟ ʥʠʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʝʨʝʭʦʜ ʚʨʦʞʜʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠ ʩʝʥʩʦʨʥʦʛʦ ʧʦ-

ʚʝʜʝʥʠʷ (ʢ ʧʨʠʤʝʨʫ, ʩʦʩʘʪʝʣʴʥʳʡ ʨʝʬʣʝʢʩ) ʢ ʬʦʨ-

ʤʘʤ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ. ʇʝʨʠʦʜ ʦʪ 

ʨʦʞʜʝʥʠʷ ʨʝʙʝʥʢʘ ʜʦ ʧʦʣʫʪʦʨʘ ï ʜʚʫʭ ʣʝʪ ʤʦʞʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʨʘʟʚʠʚʘʶʱʠʤʠʩʷ ʯʫʚʩʪʚʘʤʠ ʠ 

ʜʚʠʛʘʪʝʣʴʥʳʤ ʘʧʧʘʨʘʪʦʤ: ʦʥ ʥʘʯʠʥʘʝʪ ʩʤʦʪʨʝʪʴ, 

ʩʣʫʰʘʪʴ, ʪʨʦʛʘʪʴ, ʥʶʭʘʪʴ ʚʚʠʜʫ ʧʨʦʷʚʣʝʥʠʷ ʠʥʪʝ-

ʨʝʩʘ ʢ ʦʢʨʫʞʘʶʱʝʤʫ ʤʠʨʫ. 

ɺʳʜʝʣʷʶʪ ʧʦʜʧʝʨʠʦʜʳ ʩʝʥʩʦʤʦʪʦʨʥʦʛʦ ʠʥʪʝʣ-

ʣʝʢʪʘ: ʦʪ ʩʝʤʠ ʜʦ ʜʝʚʷʪʠ ʤʝʩʷʮʝʚ, ʢʦʛʜʘ ʤʘʣʳʰ 

ʥʘʙʣʶʜʘʝʪ ʟʘ ʩʚʦʠʤ ʩʦʙʩʪʚʝʥʥʳʤ ʪʝʣʦʤ; ʧʦʩʣʝ ʜʝ-

ʚʷʪʦʛʦ ʤʝʩʷʮʘ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʩʪʘʥʦʚʣʝʥʠʝ ʦʙʲ-

ʝʢʪʠʚʘʮʠʠ ʩʭʝʤʳ ʠʥʪʝʣʣʝʢʪʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʅʘ 

ʜʘʥʥʦʤ ʵʪʘʧʝ, ʠʥʪʝʣʣʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ, ʢʦʛʜʘ ʨʝʙʝ-

ʥʦʢ ʥʘʯʠʥʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʝʡʩʪʚʠʷ 

ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʜʦʩʪʠʛʥʫʪʴ ʮʝʣʠ. 

ɺ ʢʦʥʮʝ ʧʝʨʚʦʛʦ ʧʦʜʧʝʨʠʦʜʘ ʜʝʪʴʤʠ ʦʪʢʨʳʚʘʝʪʩʷ 

ʤʥʦʞʝʩʪʚʦ ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʦʙʩʪʚʝʥʥʳʤʠ ʜʝʡʩʪʚʠ-

ʷʤʠ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ - ʝʩʣʠ ʧʦʜʪʷʥʫʪʴ ʧʝʣʝʥʢʫ, ʜʦ-

ʩʪʘʥʝʰʴ ʥʘʭʦʜʷʱʫʶʩʷ ʪʘʤ ʤʘʰʠʥʢʫ. ʅʘʯʠʥʘʝʪ ʧʦ-

ʷʚʣʷʪʴʩʷ ʚʠʜʠʤʦʩʪʴ ʥʝʟʘʚʠʩʠʤʦʛʦ ʠ ʧʦʩʪʦʷʥʥʦʛʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ. ʉʚʦʡʩʪʚʦ çʧʦʩʪʦ-

ʷʥʥʦʩʪʠè ʧʨʝʜʤʝʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʘʣʝʝ 
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ʵʪʦʪ ʦʙʲʝʢʪ ʜʣʷ ʨʝʙʝʥʢʘ ʧʦʣʫʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘ 

ʥʝʟʘʚʠʩʠʤʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ. ʅʝʢʦʛʜʘ ʧʨʦʧʘʚʰʠʡ 

ʦʙʲʝʢʪ ʚʨʦʜʝ "ʧʝʨʝʩʪʘʚʘʣ ʩʫʱʝʩʪʚʦʚʘʪʴ" ʜʣʷ ʨʝ-

ʙʝʥʢʘ, ʪʝʧʝʨʴ ʦʥ ʘʢʪʠʚʥʦ ʠʱʝʪ ʧʨʝʜʤʝʪ ʧʝʨʝʜ ʩʚʦ-

ʠʤʠ ʛʣʘʟʘʤʠ. 

ɼʨʫʛʘʷ ʟʥʘʯʠʤʘʷ ʧʝʨʝʤʝʥʘ ï ʙʦʨʴʙʘ ʩ ʵʛʦʮʝʥ-

ʪʨʠʟʤʦʤ ʠ ʙʝʩʩʦʟʥʘʪʝʣʴʥʦʩʪʴʶ. ʄʣʘʜʝʥʝʮ ʪʝʧʝʨʴ 

ʦʪʣʠʯʘʝʪ ʩʝʙʷ ʦʪ ʦʩʪʘʣʴʥʳʭ. ʇʠʘʞʝ ʦʪʚʦʜʠʣ ʚʘʞ-

ʥʫʶ ʨʦʣʴ ʧʨʦʮʝʩʩʘʤ ʚʟʨʦʩʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʨʘʟʚʠʪʠʷ. ʅʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʥ-

ʪʝʣʣʝʢʪ ʤʘʣʳʰʘ ʨʘʟʚʠʚʘʣʩʷ ʥʘʜʦ ʩʘʤʦʤʫ çʦʙ-

ʱʘʪʴʩʷè ʩ ʦʢʨʫʞʘʶʱʠʤ ʤʠʨʦʤ, ʫʧʨʘʚʣʷʪʴ ʦʙʲʝʢ-

ʪʘʤʠ, ʵʪʦ ʜʘʝʪ ʧʨʝʦʙʨʘʟʦʚʘʪʴʩʷ ʠ ʧʦʩʪʝʧʝʥʥʦ ʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʪʴʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʩʪʨʫʢʪʫʨʘʤ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʧʝʨʠʦʜʝ ʩʧʦʩʦʙʥʦʩʪʴ ʠʥʪʝʣ-

ʣʝʢʪʘ ʨʝʙʝʥʢʘ ʚʳʭʦʜʠʪ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ. ʅʘ ʵʪʦʤ 

ʵʪʘʧʝ ʚʧʝʨʚʳʝ ʨʘʟʚʠʚʘʝʪʩʷ ʩʠʤʚʦʣʠʯʝʩʢʦʝ ʤʳʰʣʝ-

ʥʠʝ, ʬʦʨʤʠʨʫʶʪʩʷ ʩʝʤʠʦʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, ʪʘʢʠʝ, 

ʢʘʢ ʷʟʳʢ ʠ ʫʤʩʪʚʝʥʥʳʝ ʦʙʨʘʟʳ. ʅʘʯʠʥʘʶʪ ʩʢʣʘʜʳ-

ʚʘʪʴʩʷ ʤʳʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʥʘʛʣʷʜʥʦʩʪʴ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʡ ʧʨʝʜʤʝʪʦʚ; ʨʝʙʝʥʦʢ ʜʘʝʪ ʠʤ ʥʘʟʚʘʥʠʷ. 

ʇʝʨʠʦʜ ʢʦʥʢʨʝʪʥʦ-ʦʧʝʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠ-

ʪʠʷ ʚʳʜʝʣʷʝʪ ʩʣʝʜʫʶʱʠʝ ʧʦʜʧʝʨʠʦʜʳ: ʧʦʜʛʦʪʦʚʢʘ; 

ʩʪʘʥʦʚʣʝʥʠʝ ʢʦʥʢʨʝʪʥʦʡ ʦʧʝʨʘʮʠʠ; ʨʘʙʦʪʘ ʢʦʥʢʨʝʪ-

ʥʦʡ ʦʧʝʨʘʮʠʠ. 

ʉʥʘʯʘʣʘ ʤʳʩʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʠʤʝʝʪ ʩʫʙʲʝʢ-

ʪʠʚʥʳʝ ʥʝʣʦʛʠʯʥʳʝ ʯʝʨʪʳ. ʊʦ ʝʩʪʴ, ʵʪʦʪ ʪʠʧ ʤʳʰ-

ʣʝʥʠʷ ʠ ʝʛʦ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʫʯʘʣʠʩʴ ʇʠʘʞʝ ʥʘ 

ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʪʚʦʨʯʝʩʢʦʛʦ ʧʫʪʠ ʠ ʧʦʣʫʯʠʣʠ 

ʥʘʟʚʘʥʠʝ - ʵʛʦʮʝʥʪʨʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ. 

ʇʨʦʩʣʝʜʠʚ, ʢʘʢ ʩʢʣʘʜʳʚʘʣʘʩʴ ʚ ʨʘʟʚʠʪʠʠ ʦʨʛʘ-

ʥʠʟʤʦʚ ʩʠʩʪʝʤʘ ʣʦʛʠʢʠ, ʇʠʘʞʝ ʜʘʚʘʣ ʜʝʪʷʤ, ʦʪ ʯʝ-

ʪʳʨʝʭ ʣʝʪ ʠ ʜʘʣʝʝ, ʥʘʫʯʥʳʝ ʟʘʜʘʯʢʠ, ʥʘʟʚʘʥʳʝ ʧʦʟʜ-

ʥʝʝ çʟʘʜʘʯʘʤʠ ʇʠʘʞʝè (ʪʝʩʪʳ ʥʘ ʩʦʭʨʘʥʥʦʩʪʴ ʨʘ-

ʚʝʥʩʪʚ). 

ɺ ʜʦʰʢʦʣʴʥʦʤ ʚʦʟʨʘʩʪʝ ʦʙʲʝʢʪ ʦʮʝʥʠʚʘʝʪʩʷ 

ʢʘʢ ʙʦʣʴʰʦʝ ʮʝʣʦʝ. ɼʝʪʠ ʬʦʢʫʩʠʨʫʶʪʩʷ ʥʘ ʪʦʤ, ʯʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʟʜʝʩʴ ʠ ʩʝʡʯʘʩ, ʥʝ ʤʦʛʫʪ ʚ ʵʪʦʪ ʞʝ ʤʦ-

ʤʝʥʪ ʨʘʟʤʳʰʣʷʪʴ ʦ ʪʦʤ, ʢʘʢ ʧʨʝʜʤʝʪ ʚʳʛʣʷʜʝʣ 

ʨʘʥʴʰʝ; ʥʝ ʚʠʜʷʪ, ʯʪʦ ʧʨʦʠʟʚʝʜʝʥʥʳʝ ʜʝʡʩʪʚʠʷ ʚ 

ʧʨʠʥʮʠʧʝ ʦʙʨʘʪʠʤʳ; ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴʩʷ ʥʘ ʬʘʢʪʝ 

ʥʝ ʤʦʛʫʪ ʧʨʠʥʷʪʴ ʢ ʩʚʝʜʝʥʠʶ ʥʝʩʢʦʣʴʢʦ ʧʘʨʘʤʝʪʨʦʚ 

ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ʉʦʮʠʫʤ ʞʝ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʠʣʠ ʦʩʣʘʙʠʪʴ 

ʙʳʩʪʨʦʪʫ ʧʨʦʭʦʜʘ ʵʪʘʧʦʚ ʨʘʟʚʠʪʠʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝ-

ʧʝʥʠ ʠʟ-ʟʘ ʪʦʛʦ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʣʠ ʦʥʠ ʝʤʫ ʧʦʜʭʦʜʷ-

ʱʠʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʨʘʟʚʠʪʠʷ, ʟʘʜʘʯ ʜʣʷ ʨʝʰʝʥʠʷ ʠ ʪ. 

ʜ. ʆʪʜʘʚʘʷ ʛʦʪʦʚʳʝ ʟʥʘʥʠʷ, ʥʝ ʧʦʣʫʯʠʪʴ ʥʫʞʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ; ʜʚʠʞʝʥʠʝ ʚʧʝʨʝʜ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ 

ʩʦʙʩʪʚʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʟʥʘʚʘʪʝʣʴʥʦʩʪʠ. ʊʘʢʞʝ ʨʘʟʚʠʪʠʶ ʤʳʰʣʝʥʠʷ ʩʧʦ-

ʩʦʙʩʪʚʫʶʪ ʤʦʤʝʥʪʳ ʦʙʩʫʞʜʝʥʠʡ ʠ ʩʧʦʨʦʚ ʩʚʦʝʡ 

ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ. 

ʇʝʨʝʭʦʜʷ ʢ ʢʦʥʢʨʝʪʥʦ-ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʤʫ 

ʵʪʘʧʫ ʤʳʰʣʝʥʠʷ, ʧʝʨʝʩʪʨʘʠʚʘʶʪʩʷ ʚʩʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʩʠʭʠʢʠ ʯʝʣʦʚʝʢʘ, ʥʦʨʤʳ ʤʦʨʘʣʠ ʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ 

ʩ ʣʶʜʴʤʠ. 

ʀ ʚʩʸ ʞʝ ʢʘʞʜʘʷ ʠʟ ʵʪʠʭ ʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ 

ʢʦʥʢʨʝʪʥʘ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʢ ʨʝʘʣʴʥʦʤʫ, ʦʩʷ-

ʟʘʝʤʦʤʫ ʧʨʝʜʤʝʪʫ ʠ ʜʝʡʩʪʚʠʶ ʩ ʥʠʤ, ʧʦʜʯʠʥʝʥʘ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʙʩʪʘʥʦʚʢʝ, ʚ ʢʦʪʦʨʦʡ ʢʦʤʬʦʨʪʥʦ ʨʝ-

ʙʝʥʢʫ. 

ʉʪʘʜʠʷ ʬʦʨʤʘʣʴʥʦ-ʦʧʝʨʘʮʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢ-

ʪʫʨʳ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʙʝʥʢʘ ʨʘʟʤʳʰ-

ʣʷʪʴ ʥʘ ʪʝʤʳ ʨʘʟʣʠʯʥʦʡ ʪʝʤʘʪʠʢʠ ʙʝʟ ʦʩʦʙʳʭ ʟʘ-

ʪʨʫʜʥʝʥʠʡ. ʌʦʨʤʘʣʴʥʳʡ ʤʳʩʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ - 

ʦʩʥʦʚʥʦʡ ʵʣʝʤʝʥʪ ʣʦʛʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʚʟʨʦʩ-

ʣʦʛʦ, ʥʘ ʥʝʤ ʦʩʥʦʚʳʚʘʶʪʩʷ ʵʣʝʤʝʥʪʘʨʥʳʝ ʥʘʫʯʥʳʝ 

ʟʥʘʥʠʷ, ʜʝʜʫʢʮʠʷ ʠ ʛʠʧʦʪʝʟʳ. ɺʦʟʤʦʞʥʦʩʪʴ ʯʝʣʦ-

ʚʝʢʘ ʧʨʠʭʦʜʠʪʴ ʢ ʫʤʦʟʘʢʣʶʯʝʥʠʷʤ ʧʦ ʟʘʢʦʥʘʤ ʵʣʝ-

ʤʝʥʪʘʨʥʦʡ ʣʦʛʠʢʠ, ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʚʳʜʚʠʞʝʥʠʶ ʛʠ-

ʧʦʪʝʟ ʠ ʧʨʦʚʝʨʢʠ ʠʭ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʜʝʣʘʪʴ ʚʳ-

ʚʦʜ, ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʘʙʩʪʨʘʢʪʥʦʛʦ ʤʳʰʣʝʥʠʷ. 

ʏʘʩʪʦ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʟʘʩʣʫʛʠ ʫ ʜʝʪʝʡ ʧʦʜ-

ʨʦʩʪʢʦʚʦʛʦ ʚʦʟʨʘʩʪʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʚʳʚʝʜʝ-

ʥʠʠ ʢʦʝ-ʢʘʢʠʭ ʧʨʦʩʪʳʭ ʟʘʢʦʥʦʚ ʬʠʟʠʢʠ. ɺ ʪʘʢʠʭ ʩʠ-

ʪʫʘʮʠʷʭ ʨʝʙʷʪʘ ʥʘ ʜʦʦʧʝʨʘʮʠʦʥʥʦʤ ʫʨʦʚʥʝ ʜʝʡ-

ʩʪʚʫʶʪ ʙʝʩʧʦʨʷʜʦʯʥʦ, ʨʘʩʩʯʠʪʳʚʘʷ ʥʘ ʩʯʘʩʪʣʠʚʳʡ 

ʩʣʫʯʘʡ; ʜʝʪʠ ʢʦʥʢʨʝʪʥʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʙʦʣʝʝ ʩʦ-

ʙʨʘʥʳ, ʧʨʦʙʫʷ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ. ʈʝʙʝʥʦʢ ʧʦ-

ʩʣʝʜʥʝʡ ʩʪʘʜʠʠ, ʩʜʝʣʘʚ ʥʝʢʦʪʦʨʳʝ ʧʦʧʳʪʢʠ, ʧʨʝ-

ʢʨʘʱʘʝʪ ʠʭ ʠ ʥʘʯʠʥʘʝʪ ʟʘʜʫʤʳʚʘʪʴʩʷ ʥʘʜ ʩʦʩʪʘʚʣʝ-

ʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʨʘʚʠʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ. ɿʘʪʝʤ ʦʥ 

ʧʨʠʩʪʫʧʘʝʪ ʢ ʠʭ ʧʨʦʚʝʨʢʝ, ʘʥʘʣʠʟʠʨʫʝʪ ʠʭ, ʠʟʫʯʘʝʪ 

ʦʰʠʙʢʠ ʠ ʫʩʧʝʭʠ. ʊʘʢʦʡ ʧʦʨʷʜʦʢ ʜʝʡʩʪʚʠʡ - ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʘʷ ʧʨʦʙʘ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʠʩʭʦʜʘ 

ʩʦʙʳʪʠʷ ï ʦʩʥʦʚʘʥ ʥʘ ʥʦʚʦʡ ʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ, 

ʢʦʪʦʨʫʶ ʇʠʘʞʝ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣ ʩ ʧʦʤʦʱʴʶ ʧʨʦʧʦ-

ʟʠʮʠʦʥʘʣʴʥʦʛʦ ʷʟʳʢʘ. 

ʇʦʜʨʦʩʪʢʠ ʧʨʦʷʚʣʷʶʪ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʥʠʤʘʥʠʷ 

ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʪʝʦʨʠʡ, ʧʨʠʦʙʱʘʶʪʩʷ ʢ ʚʟʛʣʷʜʫ ʥʘ 

ʤʠʨ ʚʟʨʦʩʣʦʛʦ ʯʝʣʦʚʝʢʘ, ʚʳʭʦʜʷʪ ʟʘ ʨʘʤʢʠ ʧʦʣʫʯʝʥ-

ʥʦʛʦ ʦʧʳʪʘ. ʈʘʩʩʫʞʜʘʷ ʛʠʧʦʪʝʪʠʯʝʩʢʠ, ʧʦʜʨʦʩʪʦʢ 

ʚʭʦʜʠʪ ʚ ʦʙʣʘʩʪʴ ʚʦʟʤʦʞʥʳʭ ʠʩʭʦʜʦʚ; ʠʜʝʘʣʳ ʧʨʠ 

ʵʪʦʤ ʯʘʱʝ ʦʢʘʟʳʚʘʶʪʩʷ ʦʰʠʙʦʯʥʳʤʠ. ʊʦʣʴʢʦ ʦʱʫ-

ʱʘʷ ʥʘ ʩʝʙʝ ʥʦʚʫʶ ʩʦʮʠʘʣʴʥʫʶ ʨʦʣʴ ʚʟʨʦʩʣʦʛʦ, 

ʧʦʜʨʦʩʪʢʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʪʨʫʜʥʦʩʪʷʤʠ, ʥʘʯʠʥʘʶʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʘʟʥʳʝ ʩʠʪʫʘʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʥʘʩʪʫʧʘʝʪ ʟʘʚʝʨʰʘʶʱʠʡ ʵʪʘʧ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝ-

ʮʝʥʪʨʘʮʠʠ ʚ ʥʦʚʦʡ ʦʙʩʪʘʥʦʚʢʝ. 

ʇʠʘʞʝ ʚʳʷʚʠʣ ʥʝʢʦʪʦʨʳʝ ʟʘʪʨʫʜʥʝʥʠʷ, ʢʘʩʘʶ-

ʱʠʝʩʷ ʨʘʟʚʠʪʠʷ ʠʥʪʝʣʣʝʢʪʘ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʚ 

ʧʝʨʠʦʜ, ʢʦʛʜʘ ʧʦʜʨʦʩʪʦʢ ʚʟʨʦʩʣʝʝʪ. ɺʦ ʚʨʝʤʷ ʩʪʘ-

ʥʦʚʣʝʥʠʷ ʞʠʟʥʝʥʥʦʡ ʩʭʝʤʳ, ʚ ʚʦʟʨʘʩʪʝ ʦʪ ʧʷʪʥʘ-

ʜʮʘʪʠ ʜʦ ʜʚʘʜʮʘʪʠ ʣʝʪ, ʧʦʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʢʦʛʥʠ-

ʪʠʚʥʦʛʦ ʤʳʰʣʝʥʠʷ, ʢʦʪʦʨʫʶ ʢʘʞʜʳʡ ʠʥʜʠʚʠʜ ʧʨʠ-

ʤʝʥʷʝʪ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ, ʩʦʛʣʘʩʥʦ 

ʪʨʝʙʫʝʤʳʤ ʟʘʜʘʯʘʤ, ʘ ʪʘʢʞʝ ʩʢʣʘʜʳʚʘʝʪʩʷ ʥʝʢʦʪʦ-

ʨʘʷ ʩʭʝʤʘ ʜʣʷ ʨʘʟʣʠʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɼʝʪʩʢʘʷ ʧʩʠʭʦʣʦʛʠʷ ʚ ʥʘʰʝ ʚʨʝʤʷ ʠʤʝʝʪ ʨʘʟ-

ʥʦʛʦ ʨʦʜʘ ʪʨʫʜʥʦʩʪʠ. ɺʦʧʨʦʩʳ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ, 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʡ ʠ ʤʝʪʦʜʦʚ ʠʭ 

ʚʥʝʜʨʝʥʠʷ ʚ ʜʦʰʢʦʣʴʥʦʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʫʯʨʝ-

ʞʜʝʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʚʝʜʫʱʠʤʠ ʧʩʠʭʦʣʦʛʘʤʠ ʚ ʧʨʦʰʣʦʤ, ʜʘʶʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʫʯʝʥʳʤ ʨʝʰʘʪʴ ʩʝʨʴʝʟʥʳʝ ʧʨʦʙʣʝʤʳ ʩʦʚʨʝ-

ʤʝʥʥʦʩʪʠ ʚ ʧʩʠʭʦʣʦʛʠʠ. 
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APPROACH TO THE ASSESSMENT OF CHARACTERISTICS REFLECTING THE FEATURES OF 

FUNCTIONING OF A MULTI -CHANNEL RADIO COMMUNICATION NETWORK  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʧʦʢʘʟʘʪʝʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʝʪʠ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʨʘʜʠʦ-

ʩʚʷʟʠ ʚ ʫʩʣʦʚʠʷʭ ʜʝʩʪʨʫʢʪʠʚʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʇʨʠʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʠ 

ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʨʘʜʠʦʩʚʷʟʠ. 

Abstract 

The article discusses the approach to assessing the stability index of a multichannel radio network under 

conditions of destructive impacts. The calculations of the morphological parameters of a multichannel radio com-

munication network are presented. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʪʴ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʨʘʜʠʦʩʚʷʟʠ, ʫʩʪʦʡʯʠʚʦʩʪʴ, ʩʚʷʟʥʦʩʪʴ, ʚʘʞʥʦʩʪʴ 

Keywords: multichannel radio network, stability, connectivity, importance 

 

ʉʝʪʴ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʨʘʜʠʦʩʚʷʟʠ ʷʚʣʷʝʪʩʷ ʧʦ-

ʣʝʚʦʡ ʯʘʩʪʴʶ ʮʠʬʨʦʚʦʡ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʠ ʚʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ ʩʨʝʜʩʪʚʘ ʠ ʣʠʥʠʠ ʨʘʜʠʦʨʝʣʝʡʥʦʡ, ʪʨʦʧʦʩʬʝʨ-

ʥʦʡ ʠ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ. ʊʘʢʘʷ ʩʝʪʴ ʩʦʩʪʦʠʪ ʠʟ ʥʝ-

ʩʢʦʣʴʢʠʭ ʵʰʝʣʦʥʦʚ, ʧʦʜ ʢʦʪʦʨʳʤʠ ʧʦʥʠʤʘʝʪʩʷ ʩʦ-

ʚʦʢʫʧʥʦʩʪʴ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ ʠ ʢʦʤ-

ʧʣʝʢʩʦʚ, ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʨʝʜʝ 

(ʢʦʩʤʠʯʝʩʢʦʡ, ʚʦʟʜʫʰʥʦʡ, ʤʦʨʩʢʦʡ ʠ ʥʘʟʝʤʥʦʡ): 

ʥʘʟʝʤʥʳʡ ʵʰʝʣʦʥ ï ʫʟʣʳ ʠ ʣʠʥʠʠ ʩʚʷʟʠ, ʥʘʟʝʤʥʳʝ 

ʨʝʪʨʘʥʩʣʷʪʦʨʳ, ʩʪʘʥʮʠʠ ʜʦʩʪʫʧʘ, ʚʦʟʠʤʳʝ ʠ ʥʦʩʠ-

ʤʳʝ ʩʨʝʜʩʪʚʘ ʩʚʷʟʠ; ʚʦʟʜʫʰʥʳʡ ʵʰʝʣʦʥ ï ʩʠʩʪʝʤʘ 

ʨʝʪʨʘʥʩʣʷʪʦʨʦʚ ʥʘ ʣʝʪʥʦ-ʧʦʜʲʝʤʥʳʭ ʩʨʝʜʩʪʚʘʭ; 

ʤʦʨʩʢʦʡ ʵʰʝʣʦʥ ï ʩʨʝʜʩʪʚʘ ʩʚʷʟʠ ʙʝʨʝʛʦʚʦʛʦ ʠ ʢʦ-

ʨʘʙʝʣʴʥʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ; ʢʦʩʤʠʯʝʩʢʠʡ ʵʰʝʣʦʥ ï ʩʠ-

ʩʪʝʤʘ ʨʝʪʨʘʥʩʣʷʪʦʨʦʚ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʧʫʪʥʠʢʘʭ 

ɿʝʤʣʠ. 

ʅʘʠʙʦʣʴʰʫʶ ʫʛʨʦʟʫ ʜʣʷ ʩʨʝʜʩʪʚ ʩʚʷʟʠ, ʠ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʩʝʪʠ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʨʘʜʠʦ-

ʩʚʷʟʠ, ʙʫʜʫʪ ʧʨʝʜʩʪʘʚ ʚʥʝʰʥʠʝ ʜʝʩʪʨʫʢʪʠʚʥʳʝ ʬʘʢ-

ʪʦʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʥʫʶ ʧʨʠʨʦʜʫ: ʚʦʟ-

ʜʝʡʩʪʚʠʝ ʧʨʝʜʥʘʤʝʨʝʥʥʳʭ ʠ ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʳʭ ʧʦ-

ʤʝʭ ʥʘ ʨʘʜʠʦʣʠʥʠʠ ʩʝʪʠ; ʚʦʟʜʝʡʩʪʚʠʝ ʦʛʥʝʚʳʭ 

ʩʨʝʜʩʪʚ ʥʘʟʝʤʥʦʛʦ, ʚʦʟʜʫʰʥʦʛʦ ʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʙʘ-

ʟʠʨʦʚʘʥʠʷ (ʩʨʝʜʩʪʚ ʬʠʟʠʯʝʩʢʦʛʦ ʧʦʨʘʞʝʥʠʷ). 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʦʟʨʘʩʪʘʶʱʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʩʝʪʠ 

ʧʦ ʜʨʫʛʠʤ ʧʦʢʘʟʘʪʝʣʷʤ (ʤʦʙʠʣʴʥʦʩʪʴ, ʜʦʩʪʫʧʥʦʩʪʴ, 

ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʠ ʪ.ʜ.), ʫʩʪʦʡʯʠʚʦʩʪʴ ʷʚʣʷʝʪʩʷ ʚʘʞ-

ʥʝʡʰʠʤ ʪʨʝʙʦʚʘʥʠʝʤ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝ-

ʯʠʚʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʝʩʪʘ-

ʙʠʣʠʟʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ. ʇʦʜ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʩʝʪʠ 

ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʪʠ ʩʚʷʟʠ ʚʳʧʦʣʥʷʪʴ 

ʩʚʦʠ ʬʫʥʢʮʠʠ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ʯʘʩʪʠ ʵʣʝʤʝʥʪʦʚ 

https://doi.org/10.24411/2520-6990-2019-10929
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ʩʝʪʠ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ 

ʬʘʢʪʦʨʦʚ [1].  

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʠʥʪʝʛʨʘʣʴʥʦʝ ʩʚʦʡʩʪʚʦ, ʢʦʪʦ-

ʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʞʠʚʫʯʝʩʪʴ, ʧʦʤʝʭʦʫʩʪʦʡʯʠ-

ʚʦʩʪʴ, ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ ʠ ʪʝʭʥʠʯʝʩʢʫʶ ʥʘʜʝʞ-

ʥʦʩʪʴ [1-3]. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʧʨʦʷʚʣʝʥʠʷ ʜʝʩʪʘ-

ʙʠʣʠʟʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʙʲʝʢʪʦ-

ʚʫʶ (ʵʣʝʤʝʥʪʥʫʶ), ʩʪʨʫʢʪʫʨʥʫʶ ʠ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʘʷ 

ʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʩʣʦʚʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʪʠ ʩʚʷʟʠ, ʤʦʞʝʪ ʭʘ-

ʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʞʠʚʫʯʝʩʪʴʶ, ʥʘʜʝʞʥʦʩʪʴʶ ʠ/ʠʣʠ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴʶ. 

ʂʨʦʤʝ ʪʦʛʦ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʦʞʝʪ ʧʦʥʠʤʘʪʴʩʷ 

ʢʘʢ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʝʪʠ 

ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʚʩʝʭ ʬʘʢʪʦʨʦʚ, ʪ.ʝ. ʧʦʨʘ-

ʞʝʥʠʷ, ʧʦʜʘʚʣʝʥʠʷ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʥʘʜʝʞʥʦʩʪʠ [4]. 

ɼʣʷ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʙʠʣʴʥʦʡ ʩʝʪʠ ʄʂʈʉ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʝʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʫʶ ʤʦ-

ʜʝʣʴ [5, 6].  

ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʘʢʪʫʘʣʴʥʘʷ ʟʘʜʘʯʘ ʧʦ ʨʘʟ-

ʨʘʙʦʪʢʝ ʤʦʜʝʣʠ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʙʠʣʴʥʦʡ 

ʩʝʪʠ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʨʘʜʠʦʩʚʷʟʠ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ, 

ʫʯʠʪʳʚʘʶʱʝʡ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʝʪʠ. 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʷʚʣʷʝʪʩʷ ʥʝʦʨʠʝʥ-

ʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʝʛʦ ʵʣʝʤʝʥ-

ʪʦʚ. ʅʘ ʦʩʥʦʚʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʢʘʞ-

ʜʳʡ ʵʣʝʤʝʥʪ ʩʝʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʩʚʦʠʤʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤʠ (ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ), ʪʘʢʠʤʠ 

ʢʘʢ ʣʠʥʠʠ ʠ ʫʟʣʳ ʩʚʷʟʠ. 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʝʪʠ ʤʥʦʛʦʢʘ-

ʥʘʣʴʥʦʡ ʨʘʜʠʦʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʩʪʘʚ 

ʵʣʝʤʝʥʪʦʚ, ʠʭ ʚʟʘʠʤʦʩʚʷʟʴ ʠ ʧʦʢʘʟʘʪʝʣʠ ʫʩʪʦʡʯʠʚʦ-

ʩʪʠ, ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ 

ʩʚʷʟʥʦʩʪʴ ʠ ʚʝʩ ʵʣʝʤʝʥʪʦʚ ʩʝʪʠ. 

ʅʘ ʦʩʥʦʚʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʢʘ-

ʟʘʪʝʣʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʝʪʠ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʨʘʜʠʦ-

ʩʚʷʟʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ [5]: 

( )( )
2

ʋ.ʉʝʪʴ ʋ.ʉʨ

1 1 1 1 1

= Ŭ 1 1 1 1 ŭ 1 ɓ 
J I RN

kr kijn kijn

n

n j i k r

ʈ P
= = = = =

ë ûè øå õî î
ì üé ùæ ö- - -

ç ÷î îê úí ý
- -ä Ô ÔÔ Ô , (1) 

ʛʜʝ Ŭn  ï ʚʘʞʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʩʚʷʟʠ; 

ɓ
kijn

 ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʩʪʫʧʥʦʩʪʠ ʢ ʵʣʝʤʝʥʪʘʤ 

ʩʝʪʠ; ŭ
kr

 ï ʥʘʣʠʯʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ 

ʩʝʪʠ; 
ʋ.ʉʨ

kijn
P  ï ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʩʝʪʠ, ʢʦʪʦ-

ʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʪʜʝʣʴʥʦʡ ʩʪʘʥ-

ʮʠʠ, ʪʘʢ ʠ ʫʟʣʦʚʳʭ ʠ ʨʝʪʨʘʥʩʣʷʮʠʦʥʥʳʭ ʧʫʥʢʪʦʚ; 

1,i I=  ï ʠʥʪʝʨʚʘʣʳ ʣʠʥʠʠ ʩʚʷʟʠ; 1,j J=  ïʣʠ-

ʥʠʠ ʧʝʨʝʜʘʯʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʚʷʟʠ ʩʝʪʠ; 1,n N=  

ï ʢʦʣʠʯʝʩʪʚʦ ʥʘʧʨʘʚʣʝʥʠʡ ʩʚʷʟʠ ʚ ʩʝʪʠ; R ï ʨʝʩʫʨʩ 

ʩʨʝʜʩʪʚ ʩʝʪʠ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʧʦʣʦʞʠʤ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʠ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʠ ʤʥʦʛʦʢʘʥʘʣʴ-

ʥʦʡ ʨʘʜʠʦʩʚʷʟʠ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʚʘʞʥʦʩʪʠ ʥʘʧʨʘʚʣʝ-

ʥʠʡ ʩʚʷʟʠ, ʩʚʷʟʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʩʝʪʠ ʠ ʫʩʪʦʡʯʠʚʦ-

ʩʪʠ ʩʨʝʜʩʪʚ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʨʘʜʠʦʩʚʷʟʠ (ʦʪʜʝʣʴ-

ʥʦʡ ʩʪʘʥʮʠʠ, ʫʟʣʦʚʳʭ ʠ ʨʝʪʨʘʥʩʣʷʮʠʦʥʥʳʭ ʧʫʥʢ-

ʪʦʚ). 

ɺʘʞʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʩʚʷʟʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦ-

ʣʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢʦ 

ʚʩʝʡ ʥʘʛʨʫʟʢʠ ʩʝʪʠ: 

1 1 1

Ŭ = /
n nM MN

n nm nm

m n m

C C
= = =

ä ää , (2) 

ʛʜʝ 

1

Ŭ =1
N

n

n=

ä . 

ʇʦʜ ʩʚʷʟʥʦʩʪʴʶ ʵʣʝʤʝʥʪʦʚ ʩʝʪʠ ʙʫʜʝʤ ʧʦʥʠ-

ʤʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʣʠʯʠʷ ʚʟʘʠʤʦʩʚʷʟʝʡ ʦʜʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʩʚʷʟʥʦʩʪʠ 
kr
ŭ  ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʩʣʝʜʫʶʱʠʝ ʟʥʘ-

ʯʝʥʠʷ: 

 

ŭ
ộkrỚ
=

ừ
Ử
Ừ

Ử
ứ 1, ʧʨʠ k=r;

l
ộkrỚ

L
ộkỚ
, ʧʨʠ ʥʘʣʠʯʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ k ʠ r ʩʨʝʜʩʪʚʘʤʠ;

0 , ʧʨʠ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ,

 

 

ʛʜʝ 
kr

l  ï ʯʠʩʣʦ ʥʘʧʨʘʚʣʝʥʠʷ ʩʚʷʟʠ ʦʪ k-ʦʛʦ ʢ 

r-ʤʫ ʩʨʝʜʩʪʚʫ ʩʚʷʟʠ; 
k

L  ï ʦʙʱʝʝ ʯʠʩʣʦ ʥʘʧʨʘʚʣʝ-

ʥʠʡ ʩʚʷʟʠ (ʧʫʪʝʡ, ʤʘʨʰʨʫʪʦʚ), ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʦʪ 

i-ʦʛʦ ʩʨʝʜʩʪʚʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʜʝʣʴʥʦʛʦ ʩʨʝʜʩʪʚʘ 

(ʣʠʥʠʠ, ʫʟʣʘ ʩʚʷʟʠ) 
ʋ.ʉʨ

kijn
P  ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʦʩʦʙʝʥʥʦʩʪʠ ʄʂʈʉ: ʧʝʨʝʜʘʯʘ ʠ ʨʝʪʨʘʥʩʣʷʮʠʷ ʨʘ-

ʜʠʦʚʦʣʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, 

ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʪ ʤʥʦʛʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʇʨʠ 

ʵʪʦʤ ʩʫʱʝʩʪʚʫʶʪ ʨʝʪʨʘʥʩʣʷʮʠʦʥʥʳʝ ʧʫʥʢʪʳ, ʫʟʣʦ-

ʚʳʝ ʩʪʘʥʮʠʠ, ʠʣʠ ʫʟʝʣ ʨʘʜʠʦʨʝʣʝʡʥʦʡ (ʪʨʦʧʦʩʬʝʨ-

ʥʦʡ, ʢʦʩʤʠʯʝʩʢʦʡ) ʩʚʷʟʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʪʜʝʣʴʥʦʡ 

ʩʪʘʥʮʠʠ ʠʣʠ ʛʨʫʧʧʳ ʩʪʘʥʮʠʠ.  

ʊʦʛʜʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʪʜʝʣʴʥʦʡ ʩʪʘʥʮʠʠ, ʫʟʣʦ-

ʚʳʭ ʠ ʨʝʪʨʘʥʩʣʷʮʠʦʥʥʳʭ ʧʫʥʢʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʠ-

ʞʝʧʨʠʚʝʜʝʥʥʳʤʠ ʬʦʨʤʫʣʘʤʠ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʦʪʜʝʣʴʥʦʡ ʩʪʘʥʮʠʠ [3, 6]: 
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ʫ.ʉʊ ʞ.ʉʊ ʊʅ.ʉʊ ɼʈʕɺ=P P P P , (3) 

 

ʛʜʝ ʞ.ʉʊP  ï ʢʦʵʬʬʠʮʠʝʥʪ ʞʠʚʫʯʝʩʪʠ ʩʪʘʥʮʠʠ; 

ʊʅ.ʉʊP  ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʭʥʠʯʝʩʢʦʡ ʥʘʜʝʞʥʦʩʪʠ 

ʩʪʘʥʮʠʠ; ɼʈʕɺP  ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ ʨʘ-

ʜʠʦʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʉʪʘʥʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʧʘʨʘʣʣʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʳʭ ʙʣʦʢʦʚ (ʙʣʦʢ ʘʥʪʝʥʥ ʠ ʬʠʜʝʨʥʳʭ ʪʨʘʢʪʦʚ, ʙʣʦʢ 

ʫʩʠʣʠʪʝʣʝʡ ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʯʠ, ʙʣʦʢ ʧʨʠʝʤʥʠʢʦʚ, 

ʙʣʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ, ʙʣʦʢ ʵʣʝʢʪʨʦʧʠʪʘ-

ʥʠʷ): 

( )ʊʅ ʊʆ ʨʘʙ

1

=1 =1 1
ʌɹN

i

i

P P P
=

- - -Ô , (4) 

ʛʜʝ ʌɹ=1,i N  ï ʯʠʩʣʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦ-

ʢʦʚ; 
ʊʅP  ï ʧʦʢʘʟʘʪʝʣʴ ʪʝʭʥʠʯʝʩʢʦʡ ʥʘʜʝʞʥʦʩʪʠ 

ʩʨʝʜʩʪʚʘ; ʊʆP  ï ʧʦʢʘʟʘʪʝʣʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʪʢʘʟʘ 

ʩʨʝʜʩʪʚʘ; 
i

ʨʘʙP  ï ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʙʣʦʢʦʚ. 

ʇʦʢʘʟʘʪʝʣʴ ʞʠʚʫʯʝʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ 

[7]: 

ʅ ʅ ʇɾ ʧʦʨ ʆʄʉ ʋ ʉ ʋ ʉ=1 =1 (1 )ʈ P ʈ P ʈ- - -  (5) 

ʛʜʝ 
ʧʦʨP  ï ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʨʘʞʝʥʠʷ ʩʨʝʜʩʪʚʘ; 

ʆʄʉʈ  ï ʚʝʨʦʷʪʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝ-

ʥʠʷ ʩʨʝʜʩʪʚʘ; 
ʅʋ ʉP  ï ʚʝʨʦʷʪʥʦʩʪʴ ʫʥʠʯʪʦʞʝʥʠʷ 

ʩʨʝʜʩʪʚʘ ʩʚʷʟʠ; 
ʅ ʇʋ ʉʈ  ï ʚʝʨʦʷʪʥʦʩʪʴ ʫʥʠʯʪʦʞʝ-

ʥʠʷ ʩʨʝʜʩʪʚʘ ʧʦʨʘʞʝʥʠʷ. 

ʆʪʩʶʜʘ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʜʝʣʴʥʦʡ 

ʩʪʘʥʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ: 

( )
ʌɹ

ʅ ʅ ʇʋʉ.ʉʊ ʆʄʉ ʋ ʉ ʋ ʉ ʨʘʙ ɼʈʕɺ

1

= 1 (1 ) 1 1
N

i

i

ʈ ʈ P ʈ P P
=

è ø
è øé ù- - - -ê ú

ê ú
Ô , (6) 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʫʟʣʦʚʳʝ (ʨʝʪʨʘʥʩʣʷʮʠʦʥʥʳʝ) 

ʧʫʥʢʪʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩ ʪʨʝʭ ʧʦʟʠʮʠʡ [7]: 

1. ʉʪʘʥʮʠʠ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʮʝʥʪʨʝ, ʚʳʧʦʣʥʷʶʪ 

ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ: 

ʮ

ʫ.ʮ ʫ.ʉʊ

1

=1 (1 )
K

k

k

ʈ ʈ
=

- -Ô , (7) 

ʛʜʝ ʫ.ʮʈ  ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʫʥʢʪʘ; 

ʫ.ʉʊ

k
ʈ  ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʥʮʠʠ, 

ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʧʫʥʢʪʝ; 1,k K=  ï ʯʠʩʣʦ 

ʩʪʘʥʮʠʡ ʥʘ ʧʫʥʢʪʝ. 

2. ʉʪʘʥʮʠʠ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʨʠ ʚʳʧʦʣ-

ʥʝʥʠʠ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ (ʨʝʪʨʘʥʩʣʷʮʠʷ): 

ʮ

ʫ.ʮ ʫ.ʉʊ

1

=
R

k

k

ʈ ʈ
=

Ô , (8) 

ʛʜʝ { }ʮ ʮR KÍ  ï ʯʠʩʣʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʨʘ-

ʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ (ʩʪʘʥʮʠʡ). 

3. ʅʘ ʧʨʘʢʪʠʢʝ ʚʩʪʨʝʯʘʶʪʩʷ ʩʣʫʯʘʠ ʢʦʤʙʠʥʠ-

ʨʦʚʘʥʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ. ʀʟ ʦʙʱʝʛʦ ʯʠʩʣʘ 

ʩʪʘʥʮʠʠ ʂ, ʚʭʦʜʷʱʠʭ ʚ ʮʝʥʪʨ, R ʩʪʘʥʮʠʡ ʬʫʥʢʮʠʦ-

ʥʠʨʫʶʪ ʚʟʘʠʤʦʩʚʷʟʘʥʦ: 

ʮ ʮ ʮ

ʫ.ʮ ʫ.ʉʊ ʫ.ʉʊ

-

=1- 1- (1- )
k k

R K R

ʈ ʈ ʈ
å õå õ
æ öæ öæ öæ ö
ç ÷ç ÷
Ô Ô , (9) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʴ (1) ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦ-

ʩʪʠ ʤʦʙʠʣʴʥʦʡ ʩʝʪʠ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʨʘʜʠʦʩʚʷʟʠ ʚ 

ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʬʘʢʪʦ-

ʨʦʚ ʦʪʨʘʞʘʝʪ ʚʟʘʠʤʦʩʚʷʟʴ ʧʦʢʘʟʘʪʝʣʷ ʚʦʟʜʝʡʩʪʚʠʷ ʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʠ, ʚʢʣʶʯʘʶʱʠʭ ʢʦʣʠ-

ʯʝʩʪʚʦ ʥʘʧʨʘʚʣʝʥʠʡ ʩʚʷʟʠ, ʣʠʥʠʡ ʩʚʷʟʠ ʠ ʠʥʪʝʨʚʘ-

ʣʦʚ ʩʚʷʟʠ, ʠʭ ʩʚʷʟʥʦʩʪʴ ʠ ʚʝʩ ʚ ʩʝʪʠ. ɺ ʜʘʥʥʦʡ ʨʘ-

ʙʦʪʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ ʝʝ ʢʦʤʧʦʥʝʥ-

ʪʦʚ (ʩʚʷʟʥʦʩʪʴ, ʚʘʞʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʣʝʤʝʥʪʦʚ 

ʩʝʪʠ) ʚ ʬʦʨʤʫʣʘʭ [2-9]. ɼʘʣʴʥʝʡʰʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʤʦʜʝʣʠ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʝʪʠ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ 

ʨʘʜʠʦʩʚʷʟʠ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩ ʫʯʝʪʦʤ ʧʨʦʮʝ-

ʜʫʨʳ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʴʶ ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝ-

ʤʦʡ. 
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Abstract 

The article describes a method for constructing and using a superhigh-frequency synthesizer for use in fre-

quency conversion devices using volume-acoustic waves. 
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Key words: Microwave, converter, synthesizer, VCO. 

 

ɼʣʷ ʛʝʥʝʨʘʮʠʠ ʩʚʝʨʭʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʦʙʳʯʥʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʩʧʦʩʦʙ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʥʮʠʧʝ ʩʦ-

ʯʝʪʘʥʠʷ ʩʭʝʤʳ ʩʠʥʪʝʟʘʪʦʨʘ ʯʘʩʪʦʪʳ ʩ ʛʝʥʝʨʘʪʦʨʦʤ, 

ʫʧʨʘʚʣʷʝʤʳʡ ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʢʚʘʨʮʝʚʦʛʦ ʟʘ-

ʜʘʶʱʝʛʦ ʛʝʥʝʨʘʪʦʨʘ. ɼʣʷ ʵʪʦʛʦ ʠʟʦʙʨʝʪʝʥʦ ʤʥʦʞʝ-

ʩʪʚʦ ʩʭʝʤ ʩʦʯʝʪʘʥʠʷ ʵʪʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥ-

ʪʦʚ, ʦʜʥʘʢʦ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʚʝʨʭʚʳʩʦʢʠʭ ʯʘʩʪʦʪ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʚʳʩʦʢʦʜʦʙʨʦʪʥʳʝ 

ʨʝʟʦʥʘʪʦʨʠ[1, ʩ. 328]. 

ʈʘʟʚʠʪʠʝ ʧʨʠʝʤʥʦ - ʧʨʝʦʙʨʘʟʫʶʱʠʭ ʩʠʩʪʝʤ 

ʧʨʠʚʝʣʦ ʢ ʧʦʠʩʢʫ ʨʘʟʚʠʪʠʷ ʨʝʰʝʥʠʡ ʜʣʷ ʉɺʏ - ʫʩʪ-

ʨʦʡʩʪʚ, ʠʤʝʶʱʠʭ ʤʘʣʳʝ ʨʘʟʤʝʨʳ, ʚʳʩʦʢʫʶ ʧʨʦʠ-

ʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ. ʇʨʠʤʝʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʭʝʤ ʦʧʦʨʥʦʛʦ ʛʝ-

ʥʝʨʘʪʦʨʘ, ʪʘʢʠʭ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʥʦ - ʘʢʫʩʪʠʯʝʩʢʠʝ 

ʚʦʣʥʳ ʠʣʠ ʢʚʘʨʮʝʚʳʡ ʟʘʜʘʶʱʝʛʦ ʵʣʝʤʝʥʪ ʥʝ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʫʩʣʦ-

ʞʥʷʝʪ ʧʝʨʝʩʪʨʦʡʢʫ ʯʘʩʪʦʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʛʨʘʥʠ-

ʯʝʥʠʶ ʧʨʠʤʝʥʝʥʠʷ ʨʘʜʠʦʫʩʪʨʦʡʩʪʚ, ʥʘʧʨʠʤʝʨ 

ʦʛʨʘʥʠʯʝʥʠʷ ʤʥʦʛʦʢʘʥʘʣʴʥʦʩʪʠ. 

ʋʩʪʨʦʡʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʦʙʲʝʤʥʦ - ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʚʦʣʥ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʠ ʠʟʙʠʨʘʪʝʣʴʥʦ-

ʩʪʠ ʩʠʛʥʘʣʦʚ ʧʨʠʝʤʥʦ-ʧʨʝʦʙʨʘʟʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ. ɼʣʷ ʘʧʧʘʨʘʪʫʨʳ, ʨʘʙʦʪʘʶʱʝʡ ʚ ʜʠʘʧʘʟʦʥʝ 2 õ 

20 ɻɻʮ ʩʣʦʞʥʦ ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʦʩ-

ʥʦʚʝ ʇɸɺ ʠ LC-ʢʦʤʧʦʥʝʥʪ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʉɺʏ - ʘʢʫʩʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʥʢʦʧʣʝʥʦ-

ʯʥʳʭ ʧôʝʟʦʢʨʠʩʪʘʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʪʦʣʱʠʥʘ ʢʦ-

ʪʦʨʳʭ ʩʨʘʚʥʠʤʘ ʩ ʜʣʠʥʦʡ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ. ʆʧʦ-

ʨʥʳʝ ʟʘʜʘʶʱʠʝ ʛʝʥʝʨʘʪʦʨʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

ʩʣʝʜʫʶʱʠʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ: [2, ʩ. 36] 

1. ɻʋʅ - ʛʝʥʝʨʘʪʦʨ, ʫʧʨʘʚʣʷʝʤʳʡ ʥʘʧʨʷʞʝ-

ʥʠʝʤ. ʋʩʪʨʦʡʩʪʚʦ ʨʘʙʦʪʘʝʪ ʚ ʜʠʘʧʘʟʦʥʝ 1 õ 8 ɻɻʮ, 

ʧʨʠʤʝʥʷʷ ʨʘʟʚʷʟʢʫ ʥʘ ʫʩʠʣʠʪʝʣʝ ʥʘ ʧʦʣʝʚʳʭ ʪʨʘʥ-

ʟʠʩʪʦʨʘʭ ʠ ʜʠʦʜʘʭ ɻʘʥʥʘ. ʊʘʢʦʡ ʚʠʜ ʛʝʥʝʨʘʪʦʨʘ 

ʧʨʠʤʝʥʷʝʪʩʷ ʩ ʮʝʣʴʶ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʛʨʫʟʦʢ 

ʠ ʚʦʟʤʦʞʥʦʛʦ ʚʣʠʷʥʠʷ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

2. ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʨʝʟʦʥʘʪʦʨʳ - ʛʝʥʝʨʘʪʦʨʳ, 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʧʦ ʯʘʩʪʦʪʝ. ʊʘʢʦʡ ʚʠʜ ʪʨʝʙʫʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʜʦʙʨʦʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ 

ʜʝʣʠʪʝʣʝʡ ʠ ʫʤʥʦʞʠʪʝʣʝʡ ʯʘʩʪʦʪʳ, ʧʨʠ ʫʤʝʥʴʰʝ-

ʥʠʠ ʛʘʙʘʨʠʪʦʚ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ. 

3. ʂʚʘʨʮʝʚʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʛʝʪʝʨʦʜʠʥʥʦʛʦ ʪʠʧʘ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ 

ʙʦʨʪʦʚʳʭ ʠ ʥʘʟʝʤʥʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ ʠ ʪʨʝʙʫʝʪ ʜʦʧʦ-

ʣʥʠʪʝʣʴʥʳʭ ʤʝʨ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʠʛʥʘʣʘ 

(ʚʠʙʨʦʟʘʱʠʪʘ ʪ.ʜ.). 

4. ɻʝʥʝʨʘʪʦʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦ - ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʚʦʣʥʘʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʦ-ʛʘʙʘʨʠʪ-

ʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʥʦ ʰʫʤʦʚʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʧʦʚʳʰʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ, ʯʪʦ ʜʝʣʘʝʪ ʥʝ-

ʚʦʟʤʦʞʥʳʤ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʉɺʏ - ʧʨʠʙʦʨʘʭ. 
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ, ʠʤʝʶʱʝʝ ʚ ʩʚʦʝʤ 

ʩʦʩʪʘʚʝ ʠʩʪʦʯʥʠʢ ʦʧʦʨʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʧʨʠʤʝʥʷʷ ʨʝ-

ʟʦʥʘʪʦʨ ʥʘ ʦʙʲʝʤʥʦ - ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥʘʭ (ʆɸɺ). 

ʊʘʢʦʡ ʚʠʜ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʢʦʣʝʙʘ-

ʥʠʡ ʥʝ ʩʦʟʜʘʝʪ ʚʟʘʠʤʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝ-

ʢʨʳʪʠʷ, ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʩʧʣʦʰʥʳʝ ʤʦʥʦʣʠʪ-

ʥʳʝ ʩʭʝʤʳ ʤʘʣʦʰʫʤʷʱʠʭ ʦʧʦʨʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʢʦʥʩʪʨʫʢʮʠʡ ʧʣʝʥʦʯ-

ʥʳʭ ʨʝʟʦʥʘʪʦʨʦʚ, ʦʜʥʘʢʦ ʣʫʯʰʠʡ ʩʨʝʜʠ ʥʠʭ ʩ 

ʙʨʵʛʛʦʚʩʢʠʤʠ ʦʪʨʘʞʘʪʝʣʝʤ, ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣʷ ʠʟʦʣʷʮʠʠ ʪʦʥʢʦʧʣʝʥʦʯʥʦʛʦ ʦʪʨʘʞʘʪʝʣʷ ʦʪ ʧʦʜ-

ʣʦʞʢʠ. ʊʘʢʠʝ ʨʝʟʦʥʘʪʦʨʳ ʚ ʦʩʥʦʚʥʦʤ ʚʳʧʦʣʥʝʥʳ 

ʥʘ ʦʩʥʦʚʝ ʧʣʝʥʦʢ ʤʦʣʠʙʜʝʥʘ ʠ ʘʣʶʤʠʥʠʷ, ʘ ʚ ʢʘʯʝ-

ʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʧʲʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʦʢʩʠʜ ʮʠʥʢʘ. ʕʣʝʢʪʨʦʜʳ ʨʝʟʦʥʘʪʦʨʘ ʪʘʢʞʝ 

ʚʳʧʦʣʥʷʶʪʩʷ ʠʟ ʘʣʶʤʠʥʠʷ. ʆʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 5 

ʧʘʨ ʩʣʦʝʚ ʤʦʣʠʙʜʝʥʘ ʠ ʘʣʶʤʠʥʠʷ. ʉʠʣʴʥʦ ʥʘ ʜʦʙ-

ʨʦʪʥʦʩʪʴ ʚʣʠʷʝʪ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝ-

ʥʦʢ ʘʣʶʤʠʥʠʷ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʠʤʧʝʜʘʥʩ-

ʥʳʤ ʩʣʦʝʤ ʨʝʟʦʥʘʪʦʨʘ ʠ ʝʝ ʧʦʚʳʰʝʥʠʝ ʥʝʞʝʣʘ-

ʪʝʣʴʥʦ. 

 ʌʘʟʦʚʳʝ ʰʫʤʳ ʩʠʥʪʝʟʘʪʦʨʘ ʯʘʩʪʦʪ ʢʨʦʤʝ ʦʧʦ-

ʨʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʥʮʠʧʘ ʧʦʩʪʨʦʝʥʠʷ 

ʩʘʤʦʛʦ ʩʠʥʪʝʟʘʪʦʨʘ, ʪʦ ʝʩʪʴ ʦʪ ʢʦʣʴʮʘ ʘʚʪʦʥʘ-

ʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ (ʌɸʇʏ), ʠʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʯʘ-

ʩʪʦʪʳ ʫʧʨʘʚʣʷʶʱʝʛʦ ʛʝʥʝʨʘʪʦʨʘ ʚ ʢʨʫʛʫ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʥʦʞʝʥʠʶ ʯʘʩʪʦʪʳ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʷ ʦʧʦʨʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

ʌʘʟʦʚʳʝ ʰʫʤʳ ʛʝʥʝʨʘʪʦʨʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʰʫ-

ʤʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʫʩʠʣʠʪʝʣʷ ʠ ʜʦʙʨʦʪʥʦʩ-

ʪʴʶ ʨʝʟʦʥʘʪʦʨʘ. ɺʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʪʘʢʠʭ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʢʨʫʪʠʟʥʘ ʬʘʟʦʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ (ʨʠʩ. 1.). ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʩʭʝʤʘ 

ʚʢʣʶʯʝʥʠʷ ʩ ʩʦʩʪʘʚʣʝʥʠʝʤ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ ʦʪʜʝ-

ʣʴʥʳʭ ʨʝʟʦʥʘʪʦʨʦʚ. [3, ʩ. 32] 
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ʈʠʩ. 2. ʉɺʏ - ʩʠʥʪʝʟʘʪʦʨ ʩ ʆɸɺ 

 

ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʚʝʩʪʠ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʩʭʝʤʫ ʆɸɺ ʦʧʦʨʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ RLC-

ʢʦʤʧʦʥʝʥʪʦʚ (ʨʠʩ. 3). 

 
ʈʠʩ. 3. ɽʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʘ ʆɸʍ - ʛʝʥʝʨʘʪʦʨʫ 

 

ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ 

ʬʦʨʤʫʣʘʤ [4, c. 260] 

ὅ ὅ , (1) 

ὒ  (2) 

Ὑ   (3) 

R L C

C
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ʛʜʝ ʛʜʝ Ὢ ʠ Ὢ - ʯʘʩʪʦʪʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʛʦ ʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʦʚ; Ὃ  - 

ʟʥʘʯʝʥʠʝ ʘʢʪʠʚʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘ ʯʘʩʪʦʪʝ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ [5, ʩ. 1615]. 

ʕʢʚʠʚʘʣʝʥʪʥʫʶ ʩʭʝʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʘʪ-

ʨʠʚʘʪʴ ʢʘʢ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʝʪ ʩʪʝʧʝʥʴʶ 

ʩʚʦʙʦʜʳ, ʢʦʪʦʨʘʷ ʢʦʣʝʙʣʝʪʩʷ ʩ ʘʤʧʣʠʪʫʜʦʡ ʤʝʭʘʥʠ-

ʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʝ ʧʨʦʷʚʣʷʶʪʩʷ ʥʝ-

ʣʠʥʝʡʥʳʝ ʨʝʟʦʥʘʥʩʥʳʝ ʩʚʦʡʩʪʚʘ, ʪʦ ʝʩʪʴ ʨʝʟʦʥʘʪʦʨ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʣʠʥʝʡʥʫʶ ʩʠʩʪʝʤʫ ʩ ʩʠ-

ʤʤʝʪʨʠʯʥʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʢʨʠʚʦʡ. 

ɺ ʩʧʝʢʪʨ ʚʳʭʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʠʥʪʝʟʘʪʦʨʘ ʯʘ-

ʩʪʦʪ ʚʭʦʜʷʪ ʩʧʣʦʰʥʳʝ ʙʦʢʦʚʳʝ ʧʦʣʦʩʳ, ʧʨʦʷʚʣʷʶ-

ʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʘʤʧʣʠʪʫʜʥʦʛʦ ʠ ʬʘʟʦ-

ʚʦʛʦ ʰʫʤʘ ɻʋʅ. ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʰʫʤʦʚʦʡ ʩʧʝʢʪʨ 

ʩʠʥʪʝʟʘʪʦʨʘ ʚʥʦʩʠʪ ʬʘʟʦʚʳʡ ʰʫʤ, ʩʧʝʢʪʨʘʣʴʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʜʠʩʧʝʨʩʠʠ ʢʦʪʦʨʦʛʦ ʧʨʠʤʝʨʥʦ ʥʘ 20 ʜɹ 

ʚʳʰʝ, ʯʝʤ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʘʤʧʣʠʪʫʜʥʦʛʦ. 

ʅʘ ʚʠʜ ʚʳʭʦʜʥʦʛʦ ʩʧʝʢʪʨʘ ʚʣʠʷʶʪ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ 

ʩʠʥʪʝʟʘʪʦʨʘ, ʥʦ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʷʚʣʷʝʪʩʷ 

ʰʫʤ ʦʧʦʨʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

ʇʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʩʠʩʪʝʤʳ ʌɸʇʏ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʥʪʝʟʘʪʦʨʘ, ʠ 

ʦʧʨʝʜʝʣʷʝʪ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʬʘʟʦʚʳʭ ʬʣʫʢʪʫʘʮʠʡ 

ʦʧʦʨʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʚʳʭʦʜ 

ʩʠʥʪʝʟʘʪʦʨʘ. 

ʆʪ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʟʘʚʠʩʷʪ ʧʘʨʘʤʝʪʨʳ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʪʝʟʘʪʦʨʘ, ʪʘʢʠʝ ʢʘʢ: 

Å ʚʠʜ ʰʫʤʦʚʦʛʦ ʩʧʝʢʪʨʘ; 

Å ʫʨʦʚʝʥʴ ʧʘʨʘʟʠʪʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʩʦʩʪʘʚʣʷʶ-

ʱʠʭ ʩʧʝʢʪʨʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʤʦʜʫʣʷʮʠʝʡ ʦʩʥʦʚ-

ʥʳʭ ʢʦʣʝʙʘʥʠʡ ʯʘʩʪʦʪʘʤʠ ʦʪ ɻʋʅ. 

Å ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʩʠʩʪʝʤʳ ʌɸʇʏ. 

Å ɺʨʝʤʝʥʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʧʝʨʝʥʘʩ-

ʪʨʦʡʢʝ ʯʘʩʪʦʪʳ. 

ɺ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʝ ʨʝʟʦʥʘʪʦʨ ʚʦʟʙʫʞʜʘʝ-

ʪʩʷ ʥʘ ʦʜʥʦʡ ʠʟ ʚʳʙʨʘʥʥʳʭ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ. ɺʦ-

ʟʤʦʞʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʧʝʨʝʥʘʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ ʟʘ 

ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʝʤʢʦʩʪʠ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʢʣʶ-

ʯʝʥʥʦʡ ʚ ʢʨʫʛ, ʚ ʢʦʪʦʨʦʤ ʧʨʠʩʫʪʩʪʚʫʝʪ ʨʝʟʦʥʘʪʦʨ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʩʤʝʱʝʥʠʝ ʯʘʩʪʦʪʳ, 

ʪʦʯʥʦʡ ʧʦʜʩʪʨʦʡʢʠ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʯʘʩʪʦʪʳ ʉɺʏ 

- ʛʝʥʝʨʘʪʦʨʘ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʉɺʏ - ʫʩʪʨʦʡʩʪʚ, ʚʘʞʥʳ ʨʝʘ-

ʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʠ ʩʢʦ-

ʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʚ ʢʨʠʩʪʘʣʣʠʯʝ-

ʩʢʠʭ ʧʣʘʩʪʠʥʢʘʭ ʠ ʤʘʪʝʨʠʘʣʘʭ ʪʦʥʢʠʭ ʧʣʝʥʦʢ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʪ 

ʫʩʣʦʚʠʡ ʦʩʘʞʜʝʥʠʷ ʠ ʪʦʣʱʠʥʳ ʧʣʝʥʦʢ, ʘ ʪʘʢʞʝ ʦʪ 

ʤʘʪʝʨʠʘʣʘ ʧʦʜʣʦʞʢʠ. ʏʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʘʷ ʜʦʙʨʦ-

ʪʥʦʩʪʴ ʛʝʥʝʨʘʪʦʨʦʚ ʦʙʲʝʤʥʦ - ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʘʢʫʩʪʠʯʝʩʢʦʡ ʜʦʙʨʦʪʥʦʩ-

ʪʴʶ ʤʘʪʝʨʠʘʣʘ ʧʦʜʣʦʞʢʠ. 

ɺʳʚʦʜʳ 

ʉɺʏ - ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʆɸɺ ʠʤʝʶʪ ʨʷʜ ʧʦʪʝʥ-

ʮʠʘʣʴʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʘʥʘʣʦʛʠʯʥʳʤʠ ʉɺʏ - 

ʫʩʪʨʦʡʩʪʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʠʥʳʭ ʧʨʠʥʮʠʧʘʭ. ɼʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʦʟʜʘ-

ʥʠʝ ʚʳʩʦʢʦ ʜʦʙʨʦʪʥʳʭ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʘʢʫʩʪʠʯʝ-

ʩʢʠʭ ʨʝʟʦʥʘʪʦʨʦʚ ʠ ʬʠʣʴʪʨʦʚ, ʧʦʠʩʢ ʙʦʣʝʝ ʧʦʜʭʦʜʷ-

ʱʠʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʪʨʫʢʪʫʨ, ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʱʠʭʩʷ ʤʘʣʳʤʠ ʧʦʪʝʨʷʤʠ ʧʨʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʉɺʏ, ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʘʢʚʩʪʦʝʣʝʢʪʨʦʥʥʦʠ ʥʝʣʠʥʝʡʥʦʩʪʠ ʠ ʥʘʭʦʞʜʝ-

ʥʠʷ ʫʩʣʦʚʠʡ ʛʝʥʝʨʘʮʠʠ ʫʟʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ 

ʚ ʨʝʟʦʥʘʪʦʨʘʭ ʥʘ ʦʩʥʦʚʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʧʦʣʫʧʨʦʚʦ-

ʜʥʠʢʦʚ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʦʙ ʦʮʝʥʢʝ ʨʘʩʭʦʞʜʝʥʠʡ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ 

ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʩʣʫʞʘʪ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʝ ʦʞʠʜʘʥʠʷ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ ʜʚʫʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʡ. ʇʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟʳ ʥʝʩʫ-

ʱʝʩʪʚʝʥʥʦʩʪʠ ʨʘʩʭʦʞʜʝʥʠʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʢʨʠʪʝʨʠʷʤ ʌʠʰʝʨʘ ʠ ʉʪʴʶ-

ʜʝʥʪʘ.  

Abstract 

The article discusses the issue of assessing the differences of measurement results obtained by two different 

methods. The criteria for evaluation of accuracy of measurement are expectations and standard deviations of two 

measuring methods. Checking insignificance divergence measurement results held hypotheses on the criteria of 

Fisher and Student. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, ʥʝʩʫʱʝʩʪʚʝʥʥʦʩʪʴ 

ʨʘʩʭʦʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. 

Keywords: expectation, standard deviation, insignificant difference measurements. 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʚʫʭ ʤʝʪʦʜʦʚ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʨʘʚʥʝʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ (ʢ ʧʨʠʤʝʨʫ, ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʷʤʳʤʠ ʠ ʢʦʩʚʝʥʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ). 

ʇʨʠ ʵʪʦʤ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʷʚʣʷʶʪʩʷ ʣʠ 

ʩʨʘʚʥʠʚʘʝʤʳʝ ʚʳʙʦʨʦʯʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʞʠʜʘ-

ʥʠʷ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ (ʉʂʆ) 

ʦʮʝʥʢʘʤʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʛʝʥʝʨʘʣʴʥʳʭ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʭ ʦʞʠʜʘʥʠʡ ʠ ʉʂʆ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʜʦʣʞʥʳ ʙʳʪʴ 

ʧʨʦʚʝʨʝʥʳ ʜʚʝ ʛʠʧʦʪʝʟʳ: 

1) ʛʠʧʦʪʝʟʘ ʦ ʥʝʩʫʱʝʩʪʚʝʥʥʦʩʪʠ ʨʘʩʭʦʞʜʝʥʠʡ 

ʤʝʞʜʫ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ 1S  ʠ 

2S ; 

2) ʛʠʧʦʪʝʟʘ ʦ ʥʝʩʫʱʝʩʪʚʝʥʥʦʩʪʠ ʨʘʩʭʦʞʜʝʥʠʡ 

ʤʝʞʜʫ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʦʞʠʜʘʥʠʷʤʠ 1m  ʠ 2m  

ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ 1S  ʠ 2S  ʥʝ-

ʩʫʱʝʩʪʚʝʥʥʳ. 

ʇʨʠ ʤʘʣʦʤ ʯʠʩʣʝ ʠʟʤʝʨʝʥʠʡ ʨʘʩʭʦʞʜʝʥʠʷ 

ʤʝʞʜʫ 1m  ʠ 2m , ʘ ʪʘʢʞʝ ʤʝʞʜʫ 1S  ʠ 2S  ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʠʟʥʘʥʳ ʩʪʘʪʠʯʝʩʢʠ ʥʝʩʫʱʝʩʪʚʝʥʥʳʤʠ, ʜʘʞʝ 

ʧʨʠ ʠʭ ʙʦʣʴʰʠʭ ʬʘʢʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʷʭ. ɺ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʚʳʧʦʣʥʝʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʟʤʝʨʝʥʠʡ 

ʠʥʦʛʜʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʇʦʵʪʦʤʫ ʚʳ-

ʙʦʨ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʯʠʩʣʘ ʠʟʤʝʨʝʥʠʡ ʚʦʟʤʦʞʝʥ ʩ 

ʫʯʝʪʦʤ ʩʦʦʪʥʦʰʝʥʠʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠ ʩʣʫʯʘʡʥʳʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʵʪʘʧʝ ʧʨʝʜʚʘʨʠʪʝʣʴ-

ʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

Cʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʠ ʩʣʫ-

ʯʘʡʥʦʡ ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʤʦʞʝʪ ʢʦʣʝʙʘʪʴʩʷ ʚ ʧʨʝʜʝ-

ʣʘʭ 3,0é8,0, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ 

ʫʯʝʪʘ [1]. ʇʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʨʘʚʥʦʤ 

ʪʨʝʤ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ n=10. 

ʕʪʦ ʜʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʨʝ-

ʟʫʣʴʪʘʪʘ ʠʟʤʝʨʝʥʠʡ ʥʘ 20% [3]. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠ-

ʯʝʥʠʝ ʯʠʩʣʘ ʠʟʤʝʨʝʥʠʡ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʪʘʢ ʢʘʢ 

ʜʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʨʝ-

ʟʫʣʴʪʘʪʘ.  

ɸʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʟʤʝʨʝ-

ʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʝʨʚʳʤ ʤʝʪʦʜʦʤ ʧʦ ʨʝʟʫʣʴʪʘ-

ʪʘʤ ʜʝʩʷʪʠ ʠʟʤʝʨʝʥʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʝ ʦʞʠʜʘʥʠʝ 1m  ʠ ʉʂʆ 1S  ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠ-

ʯʠʥʳ: 
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ɸʥʘʣʦʛʠʯʥʦ, ʥʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩʦ ʚʪʦʨʳʤ ʤʝʪʦʜʦʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʝʩʷʪʠ ʠʟ-

ʤʝʨʝʥʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ 

2m  ʠ ʉʂʆ 2S  ʪʦʡ ʞʝ ʩʘʤʦʡ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠ-
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ʇʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟ ʦ ʥʝʩʫʱʝʩʪʚʝʥʥʦʩʪʠ ʨʘʩʭʦʞ-

ʜʝʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. 

ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ 

1m  ʠ 2m , 1S  ʠ 2S  ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʫʯʝʪʦʤ ʪʨʝ-

ʙʦʚʘʥʠʷ 5% ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦʩʪʠ 

ʨʘʩʭʦʞʜʝʥʠʡ. ʇʨʦʚʝʨʢʘ ʧʝʨʚʦʡ ʛʠʧʦʪʝʟʳ ï ʩʨʘʚʥʝ-

ʥʠʝ ʜʠʩʧʝʨʩʠʡ ï ʦʩʥʦʚʘʥʘ ʥʘ ʢʨʠʪʝʨʠʠ ʩʫʱʝʩʪʚʝʥ-

ʥʦʩʪʠ ʨʘʩʭʦʞʜʝʥʠʡ (ʢʨʠʪʝʨʠʡ ʌʠʰʝʨʘ) ʧʨʠ 

21 SS <  



6

3 

ζColloquium - journal Ȼ#2 6(50),2019 / TECHNICAL SCIENCE 63 

 

.
2
1

2
2

S

S
F =  

ɼʣʷ ʯʠʩʣʘ ʠʟʤʝʨʝʥʠʡ 1021 ==nn  ʠ ʯʠʩʣʘ 

ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ 921 ==ff  ʧʦ [2] ʟʘʜʘʝʤʩʷ 

ʫʨʦʚʥʝʤ ʟʥʘʯʠʤʦʩʪʠ 0,05, ʧʨʠ ʵʪʦʤ F=3,195. 

ʊʦʛʜʘ ʜʦʧʫʩʪʠʤʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʧʦ ʉʂʆ 

 

( ) .787,01 1112 SFSSS ¢-=-  

ʇʨʠ 21 SS >  

.44,0
1

1 1121 S
F

SSS ¢ö
÷

õ
æ
ç

å
-=-  

ʇʨʦʚʝʨʢʘ ʚʪʦʨʦʡ ʛʠʧʦʪʝʟʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʨʘʚ-

ʥʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʞʠʜʘʥʠʡ 1m  ʠ 2m . ɼʘʥ-

ʥʘʷ ʛʠʧʦʪʝʟʘ ʧʨʦʚʝʨʷʝʪʩʷ, ʝʩʣʠ ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ 

1S  ʠ 2S  ʥʝʩʫʱʝʩʪʚʝʥʥʦ. 

ʂʨʠʪʝʨʠʡ ʩʫʱʝʩʪʚʝʥʥʦʩʪʠ ʨʘʩʭʦʞʜʝʥʠʡ (ʢʨʠ-

ʪʝʨʠʡ ʉʪʴʶʜʝʥʪʘ) 
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ʇʨʠ 1021 ==nn  ʢʦʵʬʬʠʮʠʝʥʪ ʉʪʴʶʜʝʥʪʘ 

ʨʘʚʝʥ t=2,101. ʇʦʵʪʦʤʫ ʛʠʧʦʪʝʟʘ ʥʝ ʙʫʜʝʪ ʧʦʜʪʚʝʨ-

ʞʜʘʪʴʩʷ, ʝʩʣʠ 

 

.7,0 2
2

2
112 SSmm +>-  

ɼʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ 10<21 nn = , ʤʦʞʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʩʦʦʪʥʦʰʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠ-

ʮʘʭ 1, 2 ʠ ʥʘ ʨʠʩʫʥʢʘʭ 1, 2, 3. 

ʊʘʙʣʠʮʘ 1 

ʋʩʣʦʚʠʷ ʥʝʩʫʱʝʩʪʚʝʥʥʦʩʪʠ ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʜʠʩʧʝʨʩʠʡ. 

ʂʦʣʠʯʝʩʪʚʦ ʠʟʤʝ-

ʨʝʥʠʡ 

nnn == 21  

ʏʠʩʣʦ ʩʪʝ-

ʧʝʥʝʡ ʩʚʦ-

ʙʦʜʳ, 

1-n  

ʂʦʵʬʬʠʮʠʝʥʪ 

ʌʠʰʝʨʘ 

ʋʩʣʦʚʠʝ ʥʝʩʫʱʝʩʪʚʝʥʥʦʩʪʠ ʨʘʩʭʦʞʜʝʥʠʡ ʤʝʞʜʫ 

ʦʮʝʥʢʘʤʠ ʜʠʩʧʝʨʩʠʡ 

ʧʨʠ 21 SS <  ʧʨʠ 21 SS >  

10 9 3,18 112 78,0 SSS ¢-  121 44,0 SSS ¢-  

9 8 3,44 112 85,0 SSS ¢-  121 46,0 SSS ¢-  

8 7 3,79 112 95,0 SSS ¢-  121 49,0 SSS ¢-  

7 6 4,28 112 07,1 SSS ¢-  121 52,0 SSS ¢-  

6 5 5,05 112 25,1 SSS ¢-  121 55,0 SSS ¢-  

5 4 6,39 112 53,1 SSS ¢-  121 60,0 SSS ¢-  

 

ʊʘʙʣʠʮʘ 2  

ʋʩʣʦʚʠʷ ʥʝʩʫʱʝʩʪʚʝʥʥʦʩʪʠ ʨʘʩʭʦʞʜʝʥʠʡ ʤʝʞʜʫ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʦʞʠʜʘʥʠʷʤʠ. 

ʂʦʣʠʯʝʩʪʚʦ ʠʟʤʝ-

ʨʝʥʠʡ 

nnn == 21  

ʏʠʩʣʦ ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ, 

221 -+nn  

ʂʦʵʬʬʠʮʠʝʥʪ 

ʉʪʴʶʜʝʥʪʘ 

ʋʩʣʦʚʠʝ ʥʝʩʫʱʝʩʪʚʝʥʥʦʩʪʠ ʨʘʩʭʦʞʜʝʥʠʡ 

ʤʝʞʜʫ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʦʞʠʜʘʥʠʷʤʠ 

10 18 2,101 .70,0 2
2

2
112 SSmm +¢-  

9 16 2,120 .75,0 2
2

2
112 SSmm +¢-  

8 14 2,145 .81,0 2
2

2
112 SSmm +¢-  

7 12 2,179 .89,0 2
2

2
112 SSmm +¢-  

6 10 2,228 .00,1 2
2

2
112 SSmm +¢-  

5 8 2,306 .15,1 2
2

2
112 SSmm +¢-  
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ʈʠʩʫʥʦʢ 1 ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 112 /)( SSS - ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠʟʤʝʨʝʥʠʡ 

 

 

ʈʠʩʫʥʦʢ 2 ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 121 /)( SSS -  ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠʟʤʝʨʝʥʠʡ. 

 

 

ʈʠʩʫʥʦʢ 3 ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 
2
2

2
112 / SSmm +-  ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠʟʤʝʨʝʥʠʡ. 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʪʦʤ, ʯʪʦ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʟʤʝʨʝ-

ʥʠʡ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʦʚʦʜʠʪʴ ʠʭ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠ-

ʯʝʩʪʚʝ ʠ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ. ɺʧʦʣʥʝ ʜʦʧʫʩʪʠʤʦ ʥʝ-

ʩʢʦʣʴʢʦ ʠʟʤʝʨʝʥʠʡ ʧʨʦʚʦʜʠʪʴ ʧʦ ʦʜʥʦʡ ʤʝʪʦʜʠʢʝ, ʘ 

ʝʱʝ ʥʝʩʢʦʣʴʢʦ ʧʦ ʜʨʫʛʦʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ 

ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ 

ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝ-

ʩʪʚʦ ʩʣʦʞʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʥʠʭ 

ʤʝʪʦʜʠʢ. 
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