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ɺʇʃʀɺ ʇɸʈɸʄɽʊʈɸ ʂʆʄʇʆʅʋɺɸʅʅʗ ʉʇʈʗɾɽʅʆɻʆ ʂʈʀʃɸ 

ʅɸ ɸɽʈʆɼʀʅɸʄɯʏʅɯ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 

 The topic of the article is the analysis of changes in the aerodynamic character-

istics of the joined-wing aircraft. The problem posed at the outset boils down to the 

calculation of the aerodynamic characteristics of aircraft models with different var-

iants of joined wings. 

The article has four main sections: 

- The first is an overview of the topic and analogues. 

- In the second section, the formulation of the problem is performed. 

- The third one presents the analyzed models and substantiated research hypothe-

sis. 

- In the fourth section, the results of the calculations and the conclusion are com-

bined. 

The work and conclusions about the analyzed material are summarized. 

 ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʢʦʤʧʦʥʦʚʢʠ ʩʦʧʨʷʞʝʥʥʦʛʦ ʢʨʳʣʘ ʢʦʥʝʯʥʦ-

ʛʦ ʫʜʣʠʥʝʥʠʷ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʥʘ ʝʛʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʛʣʦʚ ʘʪʘʢʠ, ʘʵʨʦʜʠ-

ʥʘʤʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʜʦʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʬʦʨʤʳ, ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʘ ʢʨʳʣʴʝʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ ʦʩʥʦʚʥʳʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟ-

ʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʦʧʨʷʞʝʥʥʦʛʦ ʢʨʳʣʘ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʠ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. 

ɺʩʪʫʧ 

ʅʘ ʟʦʨʽ ʘʝʨʦʥʘʚʪʠʢʠ ʣʶʜʠʥʘ ʙʫʣʘ ʦʙʤʝʞʝʥʘ ʣʠʰʝ ʩʚʦʻʶ ʬʘʥʪʘʟʽʻʶ. 

ʎʝʡ ʯʘʩ ʧʦʜʘʨʫʚʘʚ ʙʝʟʣʽʯ ʦʨʠʛʽʥʘʣʴʥʠʭ ʽʜʝʡ ʪʘ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ. ʅʘ ʞʘʣʴ, 

ʥʝ ʚʩʽ ʙʫʣʠ ʦʜʥʘʢʦʚʦ ʝʬʝʢʪʠʚʥʽ. ʆʜʥʽ ʙʫʣʠ ʟʦʚʩʽʤ ʥʝʨʦʙʦʯʽ, ʽʥʰʽ ʥʝ ʤʦʛʣʠ 

ʧʦʢʘʟʘʪʠ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʫ ʧʦʚʥʽʡ ʤʽʨʽ. ʋ ʨʝʟʫʣʴʪʘʪʽ, ʫ ʧʠʪʘʥʥʽ ʚʠʙʦʨʫ ʢʨʠʣʘ, 

ʘʚʽʘʙʫʜʫʚʘʥʥʷ ʟʫʧʠʥʠʣʦʩʷ ʥʘ ʨʽʰʝʥʥʽ, ʷʢʝ ʧʦʻʜʥʫʚʘʣʦ ʫ ʩʦʙʽ ʥʘʡʙʽʣʴʰʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘ ʥʘʡʤʝʥʰʠʭ ʚʠʪʨʘʪ ʥʘ ʨʦʟʨʘʭʫʥʦʢ ʽ ʙʫʜʽʚʥʠʮʪʚʦ ï ʧʨʷʤʦʤʫ 

ʢʨʠʣʽ. ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʧʨʦʛʨʝʩ ʟʘʙʝʟʧʝʯʠʚ ʚʽʜʢʨʠʪʪʷ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢ-

ʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ,  ʩʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ ʝʣʝʢʪʨʦʥʽʢʠ, ʱʦ ʜʘʚʘʣʠ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʦʢ ʩʢʣʘʜʥʠʭ  ʢʦʤʧʦʥʫʚʘʥʴ. ʂʦʥʢʫʨʝʥʮʽʷ ʚ ʛʘʣʫʟʽ ʘʚʽʘ-

ʮʽʡʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʧʦʩʪʘʚʠʣʦ ʧʝʨʝʜ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʘʤʠ ʣʽʪʘʢʽʚ ʟʘʜʘʯʫ ʧʽʜ-

ʚʠʱʝʥʥʷ ʧʘʣʠʚʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ɿʘʜʘʥʠʡ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʣʽʪʘʣʴʥʠʭ 
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ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʤʝʭʘʥʽʢʘ ʪʘ ʢʝʨʫʚʘʥʥʷ 

ʘʧʘʨʘʪʽʚ ʪʘʢʦʞ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʚʩʷ. ɿʘ ʮʠʭ ʫʤʦʚ ʧʝʨʝʜ ʽʥʞʝʥʝʨʘʤʠ ʧʦʩʪʽʡʥʦ 

ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʧʨʦ ʟʙʽʣʴʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʨʠʣʘ, ʟʤʝʥʰʝʥʥʷ ʤʘʩʦ-

ʛʘʙʘʨʠʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʧʦʣʽʧʰʝʥʥ ̫ʡʦʛʦ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʥʦʚʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʧʨʦʬʽʣʶ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʽ ʥʦʚʠʭ ʩʭʝʤ 

ʧʦʙʫʜʦʚʠ ʣʽʪʘʢʘ ʟʘ ʟʤʝʥʰʝʥʥ ̫ʚʠʪʨʘʪ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʆʜʥʠʤ ʽʟ ʭʘʨʘʢʪʝʨʥʠʭ ʧʨʠʢʣʘʜʽʚ ʽʥʥʦʚʘʮʽʡ ʚ ʘʝʨʦʜʠʥʘʤʽʮʽ ʩʪʘʣʠ ʚʽʥʛʣʝʪʠ, 

ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ ʜʦ 7% ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʽʥ-

ʜʫʢʪʠʚʥʦʛʦ ʦʧʦʨʫ, ʘʣʝ ʚʦʥʠ ʻ ʜʦʧʦʚʥʝʥʥʷʤ ʜʦ ʛʦʪʦʚʦʛʦ ʢʨʠʣʘ [1]. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʻ ʟʙʽʣʴʰʝʥʥʷ ʚʽʥʛʣʝʪʽʚ ʜʦ ʧʦʚʥʦʨʦʟʤʽʨ-

ʥʦʛʦ ʢʨʠʣʘ, ʘʙʦ ʽʥʘʢʰʝ, ʩʪʚʦʨʝʥʥʷ ʢʨʠʣʘ ʟ̔ ʟʘʢʨʠʪʠʤ ʢʦʥʪʫʨʦʤ, ʩʧʨʷʞʝʥʦʛʦ 

ʢʨʠʣʘ. ʊʝʦʨʝʪʠʯʥʦ ʪʘʢʝ ʨʽʰʝʥʥʷ ʧʦʚʠʥʥʦ ʟʙʽʣʴʰʫʚʘʪʠ ʩʪʽʡʢʽʩʪʴ, ʟʤʝʥʰʫʚʘ-

ʪʠ ʽʥʜʫʢʪʠʚʥʠʡ ʦʧʽʨ, ʩʠʣʫ ʽ ʢʽʣʴʢʽʩʪʴ ʟʘʚʠʭʨʝʥʴ, ʷʢʽ ʫʪʚʦʨʶʚʘʣʠʩʴ ʥʘ ʢʨʠʣʽ, 

ʘ ʪʘʢʦʞ ʟʘ ʪʘʢʫ ʩʘʤʝ ʧʣʦʫɦ ʢʨʠʣʘ ʟʤʝʥʰʫʚʘʪʠ ʛʘʙʘʨʠʪʠ ʣʽʪʘʢʘ. ʆʩʪʘʥʥʻ ʻ 

ʚʢʨʘʡ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ ʫ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ, ʘʜʞʝ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʽʩʥʫ-

ʶʪʴ ʦʙʤʝʞʝʥʥʷ ʥʘ ʨʦʟʤʘʭ ʢʨʠʣʘ [2]. 

ɻʦʣʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʪʘʢʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʾʾ ʚʽʜʥʦʩʥʫ 

ʩʢʣʘʜʥʽʩʪʴ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ, ʪʘʢʦʞ ʤʦʞʣʠʚʝ ʥʝʟʥʘʯʥʝ ʧʦʛʽʨʰʝʥʥʷ ʜʝʷʢʠʭ ʘʝ-

ʨʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ, ʚʥʘʩʣʽʜʦʢ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ, ʷʢʽ, ʪʠʤ ʥʝ 

ʤʝʥʰ, ʧʦʚʠʥʥʽ ʢʦʤʧʝʥʩʫʚʘʪʠʩʷ ʤʦʞʣʠʚʦʩʪʷʤʠ, ʧʦʚô̫ ʟʘʥʠʤʠ ʟ̔ ʨʘʮʽʦʥʘʣʴ-

ʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʩʪʦʨʫ, ʱʦ ʟʚʽʣʴʥʠʚʩʷ. 

ʇʨʠʢʣʘʜʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʦʣʫʯʝʥʦʛʦ ʢʨʠʣʘ ʫ ʥʘʰ ʯʘʩ ʥʝ ʙʘʛʘʪʦ. 

ʄʦʞʥʘ ʚʠʜʽʣʠʪʠ ʣʠʰʝ ʜʝʷʢʽ ʜʦʩʣʽʜʥʽ ʟʨʘʟʢʠ, ʱʦ ʩʪʚʦʨʶʚʘʣʠʩʷ ʫ ʨʽʟʥʠʡ ʯʘʩ 

ʫ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʩʚʽʪʫ. ʅʘʡʙʣʠʞʯʝ ʜʦ ʤʘʩʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʙʫʚ Ligeti 

Stratos ï ʥʘʜʣʝʛʢʠʡ ʣʽʪʘʣʴʥʠʡ ʘʧʘʨʘʪ ʽʟ ʟʯʣʝʥʦʚʘʥʠʤ ʢʨʠʣʦʤ, ʟʘ ʘʚʪʦʨʩʪʚʦʤ 

ʽʥʞʝʥʝʨʘ ʏʘʨʣʴʟʘ ʂ. ʃʽʛʝʪʽ [3], ʱʦ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 1. ɺʧʝʨʰʝ ʧʽʜʥʷʚʰʠʩʴ 

ʫ ʧʦʚʽʪʨʷ ʫ 1985 ʨʦʮʽ, ʣʽʪʘʢ, ʟʘ ʟʘʷʚʘʤʠ ʩʘʤʦʛʦ ʃʽʛʝʪʽ, ʜʦʩʷʛ ʯʠ ʧʝʨʝʚʠʱʠʚ 

ʚʩʽ ʦʯʽʢʫʚʘʥʽ ʣʴʦʪʥʦ-ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

ʈʠʩ. 1. ʃʽʪʘʣʴʥʠʡ ʘʧʘʨʘʪ çLigeti Stratosè 
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ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

ɺʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʢʦʤʧʦʥʫʚʘʥʥʷ ʣʽʪʘʢʘ ʽʟ ʩʧʨʷʞʝʥʠʤ ʢʨʠ-

ʣʦʤ ʥʘ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʨʭʥʽ 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʦʙʪʽʢʘʥʥʷ ʧʦʚʝʨʭʥʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ ʪʘ ʚʠ-

ʟʥʘʯʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʰʠʨʦʢʦ ʨʦʟʧʦ-

ʚʩʶʜʞʝʥʠʡ ʧʘʥʝʣʴʥʦ-ʚʠʭʨʦʚʠʡ ʤʝʪʦʜ (ʇɺʄ) [4], [5]. 

ɺʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʢʦʤʧʦʥʫʚʘʥʥʷ ʩʧʨʷʞʝʥʦʛʦ ʢʨʠʣʘ ʚʠ-

ʢʦʥʫʻʪʴʩʷ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʙʘʟʦʚʦʾ ʜʦʩʣʽʜʥʦʾ ʤʦʜʝʣʽ , ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʦʙʪʽʯʥʦʛʦ ʪʽʣʘ ʪʘ ʧʨʷʤʦʛʦ ʢʨʠʣʘ, ʱʦ ʥʘʚʝʜʝʥʽ ʫ [6]. ɻʝʦʤʝʪ-

ʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʟʦʚʦʾ ʤʦʜʝʣʽ ʥʘʚʝʜʝʥʽ ʥʠʞʯʝ ʫ ʪʘʙʣ. 1, ʘ ʟʦʚʥʽʰʥʽʡ 

ʚʠʛʣʷʜ ʥʘ ʨʠʩ. 2. 

 

ʈʠʩ. 2. ɹʘʟʦʚʘ ʜʦʩʣʽʜʥʘ ʤʦʜʝʣʴ. ʈʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʇɺʄ.  

ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ 

ʊʘʙʣʠʮʷ 1.  

ɻʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʟʦʚʦʾ ʤʦʜʝʣʽ 

ʂʨʠʣʦ 

ʈʦʟʤʘʭ ʢʨʠʣʘ l 0,762 ʤ 

ʍʦʨʜʘ ʢʨʠʣʘ b 0,127 ʤ 

ʇʣʦʱʘ ʢʨʠʣʘ S 0,097 ʤ
2
 

ʇʨʦʬʽʣʴ ʢʨʠʣʘ  NACA0012 

ɺʠʜʦʚʞʝʥʥʷ ʢʨʠʣʘ ɚ 6 

ʌʶʟʝʣʷʞ 

ɼʦʚʞʠʥʘ  lʌ 0,512 ʤ 

ɼʽʘʤʝʪʨ  Ïʌ 0,0874 ʤ 

ʌʦʨʤʫʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʘʨʘ-

ʤʝʪʨʽʚ ʩʧʨʷʞʝʥʦʛʦ ʢʨʠʣʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʚʠʤʦʛʘʤʠ: 
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ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʤʝʭʘʥʽʢʘ ʪʘ ʢʝʨʫʚʘʥʥʷ 

- ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʦʜʝʣʽ ʩʬʦʨʤʦʚʘʥʽ ʽʟ ʩʠʤʝʪʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʣʷ ʫʥʠʢ-

ʥʝʥʥʷ ʚʧʣʠʚʫ ʦʩʦʙʣʠʚʦʩʪʝʡ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʬʽʣʽʚ 

ʢʨʠʣʘ ʪʘ ʬʶʟʝʣʷʞʫ; 

- ʧʝʨʝʜʥʽ ʪʘ ʟʘʜʥʽ ʢʨʠʣʘ ʤʘʶʪʴ ʦʜʥʘʢʦʚʠʡ ʨʦʟʤʘʭ, ʱʦ ʜʦʨʽʚʥʶʻ ʨʦʟʤʘʭʫ 
ʢʨʠʣʘ ʙʘʟʦʚʦʾ ʤʦʜʝʣʽ; 

- ʭʦʨʜʘ ʧʝʨʝʜʥʴʦʛʦ ʪʘ ʟʘʜʥʴʦʛʦ ʢʨʠʣʘ ʜʦʨʽʚʥʶʻ İ ʭʦʨʜʽ ʙʘʟʦʚʦʛʦ ʢʨʠʣʘ; 

- ʩʫʢʫʧʥʘ ʧʣʦʱʘ ʜʚʦʭ ʢʨʠʣ ʜʦʨʽʚʥʶʻ ʧʣʦʱʽ ʙʘʟʦʚʦʛʦ ʢʨʠʣʘ; 

- ʧʦʣʦʞʝʥʥʷ ı ʭʦʨʜʠ ʧʝʨʝʜʥʴʦʛʦ ʢʨʠʣʘ ʧʦ ʚʽʩʽ ʍ ʜʦʨʽʚʥʶʻ 30% ʜʦʚʞʠʥʠ 

ʬʶʟʝʣʷʞʫ; 

- ʧʦʣʦʞʝʥʥʷ ı ʭʦʨʜʠ ʟʘʜʥʴʦʛʦ ʢʨʠʣʘ ʧʦ ʚʽʩʽ ʍ ʜʦʨʽʚʥʶʻ 70% ʜʦʚʞʠʥʠ 

ʬʶʟʝʣʷʞʫ; 

- ʧʦʣʦʞʝʥʥʷ ʢʨʠʣ ʧʦ ʚʠʩʦʪʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ, ʢʫʪʠ ʩʪʨʽʣʦʧʦʜʽʙʥʦʩʪʽ 
ʪʘ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʴ ʚ ʧʨʦʮʝʩʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʦʩʣʽ-

ʜʞʝʥʴ; 

- ʜʣʷ ʘʥʘʣʽʟʫ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʨʷʞʝʥʦʛʦ ʢʨʠʣʘ  ʧʨʠʡʥʷʪʝ 
ʢʦʤʧʦʥʫʚʘʥʥʷ ʽʟ ʩʪʨʽʣʦʧʦʜʽʙʥʠʤ ʧʝʨʝʜʥʽʤ ʢʨʠʣʦʤ, ʯʝʨʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʟʜʦʚʞʥʴʦʾ ʩʪʽʡʢʦʩʪʽ; 

- ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʢʦʤʧʦʥʫʚʘʥʥʷ ʚʠʢʦʥʫʶʪʴʩʷ ʜʣʷ ʨʦʟʨʘ-

ʭʫʥʢʦʚʠʭ ʫʤʦʚ, ʥʘʚʝʜʝʥʠʭ ʫ ʧʝʨʰʦʜʞʝʨʝʣʽ, ʘ ʩʘʤʝ 
6Re 3,1 10= Ö  ʪʘ 

M=0,1. 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʤʦʜʝʣʽ 

ʅʠʞʯʝ, ʫ ʪʘʙʣ. 2 ʥʘʚʝʜʝʥʽ ʪʠʧʦʚʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʦʜʝʣʽ, ʱʦ ʚʠʢʦʨʠʩʪʦ-

ʚʫʶʪʴʩʷ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʪʘ ʾʭ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʙʫʜʦʚʠ. 

ʊʘʙʣʠʮʷ 2.  

ʆʩʦʙʣʠʚʦʩʪʽ ʦʩʥʦʚʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ 

ˉ  

ʤʦ-

ʜʝʣʽ 

ʊʠʧ ʢʦʤ-

ʧʦʥʦʚʢʠ 

ʇʝʨʝʜʥʻ 

ʢʨʠʣʦ 

ɿʘʜʥʻ 

ʢʨʠʣʦ 

ʊʠʧ 

ʟôʻʜʥʘʥʥʷ 

ɿʦʙʨʘʞʝʥʥʷ 

j0y1v

y20 

ʊʘʥʜʝʤ ʉʪʨʽʣʦ-

ʧʦʜʽʙʥʝ 

ʍ=1,37725 

Y=0,874 

ʇʨʷʤʝ 

ʍ=3,42525 

Y=0 

ɿôʻʜʥʘʥʥʷ 

ʚʽʜʩʫʪʥʻ 

 

j0y10

y2v 

ʊʘʥʜʝʤ ʇʨʷʤʝ 

ʍ=1,37725 

Y=0 

ɿʚʦʨʦʪʥʦ-

ʩʪʨʽʣʦʧʦ-

ʜʽʙʥʝ 

ʍ=3,42525 

Y=0,874 

ɿôʻʜʥʘʥʥʷ 

ʚʽʜʩʫʪʥʻ 
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ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʧʨʦʜʫʚʦʢ ʙʫʣʠ ʦʧʨʘʮʴʦʚʘʥʽ ʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʠʩ. 4 ï 6. ʋ 

ʧʝʨʰʽʡ ʛʨʫʧʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʡʦʤʥʦʾ ʩʠʣʠ ʚʽʜ ʢʫʪʘ 

j0y10

y20 

ʊʘʥʜʝʤ ʉʪʨʽʣʦ-

ʧʦʜʽʙʥʝ 

ʍ=1,37725 

Y=0 

ɿʚʦʨʦʪʥʦ-

ʩʪʨʽʣʦʧʦ-

ʜʽʙʥʝ 

ʍ=3,42525 

Y=0 

ɿôʻʜʥʘʥʥʷ 

ʚʽʜʩʫʪʥʻ 

 

jjy1v

y20 

ʉʧʨʷʞʝʥʝ 

ʢʨʠʣʦ 

ʉʪʨʽʣʦ-

ʧʦʜʽʙʥʝ 

ʍ=1,37725 

Y=0,874 

ʇʨʷʤʝ 

ʍ=3,42525 

Y=0 

ʇʨʷʤʘ 

ʩʪʽʥʢʘ 

 

jjy10

y2v 

ʉʧʨʷʞʝʥʝ 

ʢʨʠʣʦ 

ʉʪʨʽʣʦ-

ʧʦʜʽʙʥʝ 

ʍ=1,37725 

Y=0 

ɿʚʦʨʦʪʥʦ-

ʩʪʨʽʣʦʧʦ-

ʜʽʙʥʝ 

ʍ=3,42525 

Y=0,874 

ʇʨʷʤʘ 

ʩʪʽʥʢʘ 

 

jry1v

y20 

ʉʧʨʷʞʝʥʝ 

ʢʨʠʣʦ 

ʉʪʨʽʣʦ-

ʧʦʜʽʙʥʝ 

ʍ=1,37725 

Y=0.874 

ʇʨʷʤʝ 

ʍ=3,42525 

Y=0 

ʆʢʨʫʛʣʝ-

ʥʘ ʩʪʽʥʢʘ 

 

jry10

y2v 

ʉʧʨʷʞʝʥʝ 

ʢʨʠʣʦ 

ʉʪʨʽʣʦ-

ʧʦʜʽʙʥʝ 

ʍ=1,37725 

Y=0 

ɿʚʦʨʦʪʥʦ-

ʩʪʨʽʣʦʧʦ-

ʜʽʙʥʝ 

ʍ=3,42525 

Y=0,874 

ʆʢʨʫʛ-

ʣʝʥʘ  

ʩʪʽʥʢʘ 
 

t0 ʊʘʥʜʝʤ ʇʨʷʤʝ 

ʍ=1,37725 

Y=0 

ʇʨʷʤʝ 

ʍ=3,42525 

Y=0 

ɿôʻʜʥʘʥ-

ʥʷ ʚʽʜʩʫʪ-

ʥ ̒  

t0y1v

y20 

ʊʘʥʜʝʤ ʇʨʷʤʝ 

ʍ=1,37725 

Y=0,874 

ʇʨʷʤʝ 

ʍ=3,42525 

Y=0 

ɿôʻʜʥʘʥ-

ʥʷ ʚʽʜʩʫʪ-

ʥ ̒  

t0y10

y2v 

ʊʘʥʜʝʤ ʇʨʷʤʝ 

ʍ=1,37725 

Y=0 

ʇʨʷʤʝ 

ʍ=3,42525 

Y=0,874 

ɿôʻʜʥʘʥ-

ʥʷ ʚʽʜʩʫʪ-

ʥ ̒
` 
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ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʤʝʭʘʥʽʢʘ ʪʘ ʢʝʨʫʚʘʥʥʷ 

ʘʪʘʢʠ, ʫ ʜʨʫʛʽʡ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʘʝʨʦʜʠʥʘʤʽʯʥʦʾ ʜʦʩʢʦʥʘʣʦʩʪʽ ʚʽʜ ʢʦ-

ʝʬʽʮʽʻʥʪʘ ʧʽʜʡʦʤʥʦʾ ʩʠʣʠ, ʫ ʪʨʝʪʽʡ ʟʘʣʝʞʥʽʩʪʴ ʢʨʠʪʝʨʽʶ ʤʘʢʩʠʤʘʣʴʥʦʾ ʜʘ-

ʣʴʥʦʩʪʽ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʡʦʤʥʦʾ ʩʠʣʠ. 
  

  

ʈʠʩ. 4. ɿʘʣʝʞʥʽʩʪʴ CYa(Ŭ) ʜʣʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ ʫ ʧʦʨʽʚʥʷʥʥʽ 

ʽʟ ʙʘʟʦʚʦʶ ʤʦʜʝʣʣʶ 

ɺʠʩʥʦʚʢʠ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʤʧʦʥʫʚʘʥʥʷ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘ-

ʨʘʪʫ ʟʘ ʩʭʝʤʦʶ ʩʧʨʷʞʝʥʝ ʢʨʠʣʦ ʫ ʜʦʩʣʽʜʞʝʥʽ ʚʠʟʥʘʯʝʥʽ ʥʝʩʫʯʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʢʦʤʧʦʥʫʚʘʥʥʷ, ʘʝʨʦʜʠʥʘʤʽʯʥʘ ʜʦʩʢʦʥʘʣʽʩʪʴ ʂ ʪʘ ʢʨʠʪʝʨʽʡ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʜʘʣʴʥʦʩʪʽ 
YaK C  ʜʣʷ ʧʨʠʡʥʷʪʦʛʦ ʜʽʘʧʘʟʦʥʫ ʢʫʪʽʚ ʘʪʘʢʠ. ɸʥʘʣʽʟ ʦʪʨʠʤʘ-

ʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʬʦʨʤʫʻ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

- ʩʧʦʩʽʙ ʩʧʨʷʞʝʥʥʷ ʧʝʨʝʜʥʴʦʛʦ ʪʘ ʟʘʜʥʴʦʛʦ ʢʨʠʣ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ 
ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʾ ʟʤʽʥʠ ʥʝʩʫʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢ ʮʝ ʧʦʭʦʜʠʪʴ 

ʽʟ ʧʦʨʽʚʥʷʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʢʦʝʬʽʮʽʻʥʪʫ ʧʽʜʽʡʤʘʣʴʥʦʾ ʩʠʣʠ ʚʽʜ ʢʫʪʘ ʘʪʘ-

ʢʠ CYa = f(Ŭ); 

- ʚʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʝʨʝʜʥʴʦʛʦ ʽ ʟʘʜʥʴʦʛʦ ʢʨʠʣ ʨʘʟʦʤ ʽʟ ʩʧʦʩʦʙʦʤ 
ʩʧʨʷʞʝʥʥʷ ʾʭ ʢʽʥʮʽʚʦʢ ʚʠʟʥʘʯʘʻ ʽʥʪʝʛʨʘʣʴʥʫ ʚʠʭʨʦʚʫ ʩʠʩʪʝʤʫ ʥʝʩʫʯʠʭ 

ʧʦʚʝʨʭʦʥʴ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʽʥʜʫʢʪʠʚʥʠʡ ʦʧʽʨ ʢʨʠʣʘ ʪʘ, ʚʽʜʧʦ-
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ʚʽʜʥʦ, ʥʘ ʨʽʚʝʥʴ ʘʝʨʦʜʠʥʘʤʽʯʥʦʾ ʜʦʩʢʦʥʘʣʦʩʪʽ ʪʘ ʢʨʠʪʝʨʽʡ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʜʘʣʴʥʦʩʪʽ; 

 

 

 

 

ʈʠʩ. 5. ɿʘʣʝʞʥʽʩʪʴ K(CYa) ʜʣʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ ʫ ʧʦʨʽʚʥʷʥʥʽ  

ʽʟ ʙʘʟʦʚʦʶ ʤʦʜʝʣʣʶ 
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ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʤʝʭʘʥʽʢʘ ʪʘ ʢʝʨʫʚʘʥʥʷ 
  

ʈʠʩ. 6. ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʪʝʨʽʶ ʤʘʢʩʠʤʘʣʴʥʦʾ ʜʘʣʴʥʦʩʪʽ  = f(CYa) 

- ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʤ ʽʟ ʪʦʯʢʠ ʟʦʨʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʘʝʨʦʜʠ-

ʥʘʤʽʯʥʦʾ ʜʦʩʢʦʥʘʣʦʩʪʽ ʻ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ jry10y2v, ʱʦ ʚʽʜʪʚʦʨʶʻ 

ʢʦʤʧʦʥʫʚʘʥʥʷ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ ʽʟ ʩʪʨʽʣʦʧʦʜʽʙʥʠʤ ʥʠʟʴʢʦ ʨʦʟʪʘʰʦʚʘ-

ʥʠʤ ʧʝʨʝʜʥʽʤ ʪʘ ʧʨʷʤʠʤ ʚʠʩʦʢʦ ʨʦʟʪʘʰʦʚʘʥʠʤ ʟʘʜʥʽʤ ʢʨʠʣʘʤʠ, ʷʢʽ ʧʦ-

ʻʜʥʫʶʪʴʩʷ ʢʽʥʮʽʚʢʦʶ ʪʫʥʝʣʴʥʦʛʦ ʪʠʧʫ. ɿʘʟʥʘʯʝʥʝ ʢʦʤʧʦʥʫʚʘʥʥʷ ʤʘʻ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʦʾ ʜʦʩʢʦʥʘʣʦʩʪʽ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʜʘ-

ʥʽ ʽʥʰʠʭ ʤʦʜʝʣʝʡ ʥʘ æʂʄɸʍ = +2,6 ʦʜ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʭʘʨʘʢʪʝʨʫ ʦʙʪʽʢʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʪʠʧʫ çʢʨʠʣʦè 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ, ʥʘʡʙʽʣʴʰ ʙʝʟʧʝʯʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʤʦʜʝʣʽ jry1vy20 ʽʟ ʦʙʝʨʥʝʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʢʨʠʣ ï ʧʝʨʝʜʥʻ ʩʪʨʽʣʦʧʦʜʽʙʥʝ 

ʢʨʠʣʦ ʨʦʟʪʘʰʦʚʘʥʦ ʫʛʦʨʽ, ʟʘʜʥʻ ʧʨʷʤʝ ʢʨʠʣʦ ʨʦʟʪʘʰʦʚʘʥʝ ʟʥʠʟʫ. ʈʦʟʛʣʷʥʫ-

ʪʠʡ ʚʘʨʽʘʥʪ ʢʦʤʧʦʥʫʚʘʥʥʷ ʤʘʻ ʜʝʱʦ ʤʝʥʰʝ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʘʝʨʦʜʠ-

ʥʘʤʽʯʥʦʾ ʜʦʩʢʦʥʘʣʦʩʪʽ (æʂʄɸʍ = +2,2 ʦʜ), ʧʨʦʪʝ ʫ ʨʘʟʽ ʧʦʣʴʦʪʫ ʥʘ ʢʨʠʪʠʯ-

ʥʦʤʫ ʢʫʪʽ ʘʪʘʢʠ ʚʽʜʨʠʚ ʧʦʪʦʢʫ ʙʫʜʝ ʤʘʪʠ ʤʽʩʮʝ ʥʘ ʧʦʯʘʪʢʫ ʥʘ ʩʪʨʽʣʦʧʦʜʽʙ-

ʥʦʤʫ ʢʨʠʣʽ ʪʘ ʪʫʨʙʫʣʝʥʪʥʝ ʧʦʚʽʪʨʷ ʥʝ ʧʦʪʨʘʧʠʪʴ ʥʘ ʟʘʜʥʻ ʢʨʠʣʦ, ʷʢʝ, ʫ 

ʩʚʦʶ ʯʝʨʛʫ ʟʘʙʝʟʧʝʯʠʪʴ ʘʚʪʦʤʘʪʠʯʥʝ ʟʤʝʥʰʝʥʥʷ ʢʫʪʘ ʘʪʘʢʠ ʪʘ ʧʝʨʝʭʽʜ ʣʽ-

ʪʘʢʘ ʜʦ ʨʝʞʠʤʫ ʩʪʘʣʦʛʦ ʦʙʪʽʢʘʥʥʷ. ʋ ʚʠʧʘʜʢʫ ʽʟ ʚʘʨʽʘʥʪʦʤ jry10y2v, ʥʝ 

ʟʚʘʞʘʶʯʠ ʥʘ ʜʝʱʦ ʢʨʘʱʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʻ ʨʠʟʠʢ ʧʦʪʨʘʧʣʷʥʥʷ ʟʽʨʚʘʥʦʛʦ 

ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʟ̔ ʧʝʨʝʜʥʴʦʛʦ ʢʨʠʣʘ ʥʘ ʧʨʷʤʝ ʟʘʜʥʻ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ 
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