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ɽʂʆʃʆɻʀʏɽʅ ɽʌɽʂʊ ʆʊ ʎɽʃʀʗ ʊɽʍʅʆʃʆɻʀʏɽʅ ʇʈʆʎɽʉ ʇʈʀ ʇʆʃʋʏɸɺɸʅɽ ʀ ʀɿʇʆʃɿ-

ɺɸʅɽ ʅɸ ɹʀʆɻɸɿ ʆʊ ɾʀɺʆʊʅʆɺʒɼʅɸ ʌɽʈʄɸ      89 

ɼʘʭʪʝʨʦʚʘ ɼ.,  ʅʠʢʦʣʦʚʘ ʀ. 

ʊɽʆʈɽʊʀʏʅʆ ʀɿʉʃɽɼɺɸʅɽ ʅɸ ʇʈɽʉʆɺʆ ʉʒɽɼʀʅɽʅʀɽ 93 

ʄʠʭʘʡʣʦʚʘ ɻ., ʂʝʣʝʚʝʜʞʠʝʚ ʇ. 

ɸʇʈʀʆʈʅʀ ʆʎɽʅʂʀ ɿɸ ʈɽʐɽʅʀʗʊɸ ʅɸ ɻʈɸʅʀʏʅɸ ɿɸɼɸʏɸ ʆʊ ʏɽʊɺʒʈʊʀ ʈɽɼ 98 

ʄʘʨʠʥʦʚʘ ʀʚ.,  ʀʣʠʝʚʘ ʅ. 

ʇʈɸɺʆʊʆ ʅɸ ɼʆʉʊʒʇ ɼʆ ʀʅʌʆʈʄɸʎʀʗ, ʉɺʒʈɿɸʅɸ ʉ ʆʇɸɿɺɸʅɽʊʆ ʅɸ ʆʂʆʃʅɸʊɸ 

ʉʈɽɼɸ 102 

ʈʘʡʢʦʚʘ ɺ., ʅʝʜʷʣʢʦʚʘ ɽ. 

ʀɿʉʃɽɼɺɸʅɽ ʀ ʇʈʀʃʆɾɽʅʀɽ ʅɸ ɺɸʂʋʋʄʅʆ ʄɽʊɸʃʀɿʀʈɸʅʀ ʋʃʊʈɸʌʀʃʊʈɸʎʀʆʅʅʀ 

ʇʆʃʀʄɽʈʅʀ ʄɽʄɹʈɸʅʀ 108 

ʇʝʪʨʦʚ ʍʨ. 

ɼʆʇʒʃʅɽʅʀɽ ʂʒʄ ʊɽʆʈʀʗʊɸ ɿɸ ʇʆʉʊʈʆɽʅʀɽ ʅɸ ɽɼʅʆʐɽɺɽʅ ʈɸɿɻʒʅɸʊ ʈʒʂɸɺ ɿɸ 

ɼɸʄʉʂʀ ʈʆʂʃʀ ʀ ɹʃʋɿʀ 113 

ʉʠʚʦʚʘ ʄ., ɻʘʥʝʚ ɺ. 

ʀʅʆɺɸʊʀɺɽʅ ʇʆɼʍʆɼ ɺ ʊɽʍʅʆʃʆɻʀʏʅɸʊɸ ʆɹʈɸɹʆʊʂɸ ʅɸ ɼɸʄʉʂʀ ʉɸʂɸ 119 

ʉʠʚʦʚʘ ʄ.,  ʉʲʙʝʚʘ ʄ.,  ɻʘʥʝʚ ɺ. 

ʇʈʆɽʂʊʀʈɸʅɽ ʅɸ ɼʀɿɸʁʅɽʈʉʂɸ ʂʆʃɽʂʎʀʗ ɼɸʄʉʂʆ ʆɹʃɽʂʃʆ ɺ ʉʊʀʃ ʂʆʃʆʈ ɹʃʆ-

ʂʀʅɻ 125 

ʂʘʨʘʧʝʪʢʦʚ ʉʪ., ʂʨʲʩʪʝʚ ɸ. 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʅʆ ʆʇʈɽɼɽʃʗʅɽ ʅɸ ɺʈɽʄɽʊʆ ɿɸ ʈɽɸʂʎʀʗ ʅɸ ɺʆɼɸʏ ʅɸ ʄʇʉ ɺ 

ɸɺɸʈʀʁʅɸ ʉʀʊʋɸʎʀʗ 133 

ʅʘʢʦʚ ɻ., ʀʚʘʥʦʚʘ ʅ., ʈʘʡʢʦʚʘ ɺ., ʉʪʘʤʘʪʦʚʩʢʘ ɺ. 

ɺʃʀʗʅʀɽ ʅɸ ʊɽʄʇɽʈɸʊʋʈɸʊɸ ɺʒʈʍʋ ɽʂʉʊʈɸʂʎʀʗʊɸ ʅɸ ɓ-ʂɸʈʆʊʀʅ ʆʊ ʄʆʈʂʆɺʀ ʉ 

ʅʗʂʆʀ ʆʈɻɸʅʀʏʅʀ ʈɸɿʊɺʆʈʀʊɽʃʀ 138 

ɼʝʥʝʚ ʀ. 

ɽɼʅɸ ɺʒɿʄʆɾʅʆʉʊ ɿɸ ɿɸɻʈʗɺɸʅɽ ʅɸ ɹɻɺ ʏʈɽɿ ʀɿʇʆʃɿɺɸʅɽ ʅɸ ʆʊʇɸɼʅɸ ʊʆʇʃʀʅɸ

 141 

ɻʝʦʨʛʠʝʚ ɻ., ʍʘʨʘʣʘʤʙʫʩ ɸ. 

ɸʅɸʃʀɿ ʅɸ ʉʊʈʋʂʊʋʈʅʆʊʆ ʀɿʄɽʅɽʅʀɽ ʅɸ ʊʒʂɸʅʀ ʉ ɽʃɸʉʊʆʄɽʈʅʀ ʅʀʐʂʀ 

ʇʈʀ ɸʇʈɽʊʋʈʅɸ ʆɹʈɸɹʆʊʂɸ 143 

ʍʨʠʩʪʦʚ ʊ. 

ɼʀɿɸʁʅɽʈʉʂʀ ʇʈʆɽʂʊ ʅɸ ʂʆʃɽʂʎʀʗ ɺɽʏɽʈʅʀ ʈʆʂʃʀ ʉ ʀɿʇʆʃɿɺɸʅɽ ʅɸ 3D ʉʇɽ-

ʎʀɸʃʀɿʀʈɸʅ ʉʆʌʊʋɽʈ ɿɸ ɺʀɿʋɸʃʀɿɸʎʀʗ 148 

ʗʥʢʦʚ ʈ., ʀʚʘʥʦʚʘ ʄ. 

ɼɺʀɾɽʅʀɽ ʅɸ ʊɺʒʈɼɸ ʏɸʉʊʀʎɸ ɺ ɻʈɸʅʀʏʅʀʗ ʉʃʆʁ ʅɸ ʉʊɸɹʀʃʀɿʀʈɸʅʆ ʊɽʏɽʅʀɽ 

ɺ ʍʆʈʀɿʆʅʊɸʃʅɸ ʈɸɺʅʀʅɸ 159 
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METHODS FOR MODELING RISK SITUATIONS IN INDUSTRIAL COMPANIES  
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IPF-Sliven, TU-Sofia, Bulgaria,   e-mail: ekaterinatancheva@abv.bg 

 

ABSTRACT: The report advocates the topic of risk management by using methods for model-

ing risk situations in industrial enterprises. Methods for modeling risk situations are consid-

ered, such as: sensitivity analysis; expected cash value analysis; modeling and simulation 

(Monte Carlo method).  

KEYWORDS: risk; modeling methods; sensitivity analysis; expected cash value analysis; 

modeling and simulation. 

 

ʄɽʊʆɼʀ ɿɸ ʄʆɼɽʃʀʈɸʅɽ ʈʀʉʂʆɺʀʊɽ ʉʀʊʋɸʎʀʀ ɺ ʇʈʆʄʀʐʃɽʅʀʊɽ 

ʂʆʄʇɸʅʀʀ 

 
ɽʢʘʪʝʨʠʥʘ ʊɸʅʏɽɺɸ-ʊʆɼʆʈʆɺɸ 

ʜʦʢʪʦʨʘʥʪ ʚ ʂʘʪʝʜʨʘ ñʇʝʜʘʛʦʛʠʢʘ ʠ ʤʝʥʠʜʞʤʲʥʪñ  

ʀʇʌ-ʉʣʠʚʝʥ, ʊʋ-ʉʦʬʠʷ, ɹʲʣʛʘʨʠʷ, e-mail: ekaterinatancheva@abv.bg 

 

ʈɽɿʖʄɽ: ɼʦʢʣʘʜʲʪ ʟʘʩʪʲʧʚʘ ʪʝʤʘʪʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʠʩʢʘ ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 

ʤʝʪʦʜʠ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʨʠʩʢʦʚʠ ʩʠʪʫʘʮʠʠ ʚ ʧʨʦʤʠʰʣʝʥʠ ʧʨʝʜʧʨʠʷʪʠʷ. ʈʘʟʛʣʝʞʜʘʪ 

ʩʝ ʤʝʪʦʜʠ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʨʠʩʢʦʚʠ ʩʠʪʫʘʮʠʠ, ʢʘʪʦ: ʘʥʘʣʠʟ ʥʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ; 

ʘʥʘʣʠʟ ʥʘ ʦʯʘʢʚʘʥʘʪʘ ʧʘʨʠʯʥʘ ʩʪʦʡʥʦʩʪ; ʤʦʜʝʣʠʨʘʥʝ ʠ ʩʠʤʫʣʘʮʠʷ (ʤʝʪʦʜ ʄʦʥʪʝ 

ʂʘʨʣʦ). 

ʂʃʖʏʆɺʀ ɼʋʄʀ: ʨʠʩʢ; ʤʝʪʦʜʠ ʟʘ ʤʦʜʝʣʠʨʘʥʝ; ʘʥʘʣʠʟ ʥʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ; 

ʘʥʘʣʠʟ ʥʘ ʦʯʘʢʚʘʥʘʪʘ ʧʘʨʠʯʥʘ ʩʪʦʡʥʦʩʪ; ʤʦʜʝʣʠʨʘʥʝ ʠ ʩʠʤʫʣʘʮʠʷ. 

  
ɺʲʚʝʜʝʥʠʝ 

ʈʠʩʢʲʪ ʝ ʥʝʟʘʤʝʥʠʤ ʢʦʤʧʦʥʝʥʪ ʦʪ ʜʝʡʥʦʩʪʪʘ ʥʘ ʚʩʷʢʘ ʪʲʨʛʦʚʩʢʘ ʩʪʨʫʢʪʫʨʘ, ʥʦ ʥʝʛʦʚʘʪʘ ʨʦʣʷ ʥʝ ʝ 

ʝʜʥʘʢʚʘ ʟʘ ʨʘʟʣʠʯʥʠʪʝ ʚʠʜʦʚʝ ʩʪʦʧʘʥʩʢʠ ʩʫʙʝʢʪʠ. ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʢʨʝʜʠʪʥʠʪʝ ʠ ʬʠʥʘʥʩʦʚʠ ʩʪʨʫʢʪʫ-

ʨʠ, ʧʦʚʝʯʝʪʦ ʦʪ ʯʠʠʪʦ ʜʝʡʥʦʩʪʠ ʩʝ ʦʩʥʦʚʘʚʘʪ ʥʘ ʩʠʪʫʘʮʠʠ ʩ ʧʦʚʠʰʝʥ ʨʠʩʢ, ʧʨʝʜʧʨʠʷʪʠʷʪʘ ʦʪ ʠʥ-

ʜʫʩʪʨʠʘʣʝʥ ʪʠʧ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʩ ʧʦ-ʧʨʝʜʧʘʟʣʠʚʦ ʦʪʥʦʰʝʥʠʝ ʢʲʤ ʥʝʛʦ. ʇʦʨʘʜʠ ʪʘʟʠ ʧʨʠʯʠʥʘ, 

ʢʘʢʪʦ ʠ ʧʦʨʘʜʠ ʩʣʦʞʥʦʩʪʪʘ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝʪʦ ʦʪ ʧʨʦʮʝʜʫʨʠ ʟʘ ʠʜʝʥʪʠʬʠʮʠʨʘʥʝ ʥʘ ʠʟʪʦʯʥʠʮʠ ʥʘ 

ʠʥʜʫʩʪʨʠʘʣʥʠ ʨʠʩʢʦʚʝ ʠ ʠʟʙʦʨ ʥʘ ʯʫʚʩʪʚʠʪʝʣʥʠ ʠʥʜʠʢʘʪʦʨʠ, ʦʙʭʚʘʪʲʪ ʥʘ ʘʥʘʣʠʟʘ ʥʘ ʨʠʩʢʦʚʠʪʝ 

ʩʠʪʫʘʮʠʠ ʚ ʠʥʜʫʩʪʨʠʷʪʘ ʚʩʝ ʦʱʝ ʝ ʩʣʘʙʦ ʬʦʨʤʘʣʠʟʠʨʘʥ. ɺʲʧʨʝʢʠ ʪʦʚʘ ʝ ʧʦʯʪʠ ʥʝʚʲʟʤʦʞʥʦ ʠʣʠ 

ʧʦʥʝ ʥʝʥʘʜʝʞʜʥʦ ʜʘ ʩʝ ʨʘʟʨʘʙʦʪʠ ʨʘʮʠʦʥʘʣʥʘ ʧʦʣʠʪʠʢʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʠʩʢʘ, ʦʩʥʦʚʘʥʘ ʩʘʤʦ ʥʘ 

ʠʥʪʫʠʮʠʷ ʠ ʚʝʨʙʘʣʥʠ ʨʘʟʩʲʞʜʝʥʠʷ, ʙʝʟ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʠʥʩʪʨʫʤʝʥʪʠ [1]. 

ʇʨʠ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʨʠʩʢʘ ʯʝʩʪʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʩʨʘʚʥʷʚʘʪ ʨʝʘʣʥʠ ʩʠʪʫʘʮʠʠ ʩ ʭʠʧʦʪʝʪʠʯʥʠ, 

ʢʦʝʪʦ ʟʥʘʯʠʪʝʣʥʦ ʫʩʣʦʞʥʷʚʘ ʘʥʘʣʠʟʘ ʥʘ ʨʠʩʢʦʚʠʪʝ ʩʠʪʫʘʮʠʠ, ʪʲʡ ʢʘʪʦ ʠʟʠʩʢʚʘ ʦʩʥʦʚʘ ʟʘ ʠʟʩʣʝʜʚʘ-

ʥʝ ʠ ʠʟʤʝʨʚʘʥʝ ʥʘ ʪʦʚʘ, ʢʦʝʪʦ ʥʝ ʝ ʙʠʣʦ. ʍʠʧʦʪʝʪʠʯʥʠ ʩʠʪʫʘʮʠʠ ʤʦʛʘʪ ʜʘ ʩʝ ʦʧʠʩʚʘʪ ʩ ʠʟʧʦʣʟʚʘʥʝ-

ʪʦ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣʠ, ʥʘʨʝʯʝʥʠ ʤʦʜʝʣʠ ʥʘ ʨʠʩʢʦʚʠ ʩʠʪʫʘʮʠʠ.ʊʦʚʘ ʝ ʦʩʥʦʚʘʪʘ ʟʘ ʢʦʣʠʯʝʩʪ-

ʚʝʥʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʠʩʢʘ.ʉʲʱʥʦʩʪʪʘ ʤʫ ʝ ʚ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʠʢʦʥʦʤʠʯʝʩʢʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝ-

ʣʠ ʟʘ ʧʨʦʛʥʦʟʠʨʘʥʝ ʥʘ ʩʠʪʫʘʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʠʨʘʱʠ ʩʝ ʩ ʨʠʩʢ ʠ ʥʝʩʠʛʫʨʥʦʩʪ, ʠ ʦʙʦʩʥʦʚʘʚʘʥʝ ʥʘ 

ʧʦʜʭʦʜʷʱʠ ʫʧʨʘʚʣʝʥʩʢʠ ʨʝʰʝʥʠʷ. ʄʦʜʝʣʲʪ ʝ ʦʧʨʦʩʪʝʥʦ ʦʧʠʩʘʥʠʝ ʥʘ ʨʝʘʣʝʥ ʦʙʝʢʪ ʠʣʠ ʧʨʦʮʝʩ, 

ʢʦʝʪʦ ʩʝ ʬʦʢʫʩʠʨʘ ʚʲʨʭʫ ʩʚʦʡʩʪʚʘ, ʢʦʠʪʦ ʩʘ ʚʘʞʥʠ ʟʘ ʠʟʩʣʝʜʦʚʘʪʝʣʷ, ʠ ʩʝ ʠʛʥʦʨʠʨʘʪ ʤʘʣʦʚʘʞʥʠʪʝ 

ʩʚʦʡʩʪʚʘ ʟʘ ʠʟʩʣʝʜʦʚʘʪʝʣʷ [2]. 

ʆʩʥʦʚʥʘʪʘ ʪʨʫʜʥʦʩʪ ʥʘ ʤʦʜʝʣʠʨʘʥʝʪʦ ʝ ʫʩʪʘʥʦʚʷʚʘʥʝ ʢʦʠ ʩʚʦʡʩʪʚʘ ʩʝ ʩʯʠʪʘʪ ʟʘ ʚʘʞʥʠ ʠ ʢʦʠ ʥʝ. 

ʇʨʠ ʧʨʘʚʠʣʥʦʪʦ ʦʧʠʩʘʥʠʝ ʥʘ ʚʘʞʥʠʪʝ ʩʚʦʡʩʪʚʘ ʩʝ ʛʘʨʘʥʪʠʨʘ ʘʜʝʢʚʘʪʥʦʩʪʪʘ ʥʘ ʤʦʜʝʣʘ, ʘ ʧʨʘʚʠʣʥʠ-

ʷʪ ʠʟʙʦʨ ʥʘ ʚʪʦʨʦʩʪʝʧʝʥʥʠ (ʠʛʥʦʨʠʨʘʥʠ) ʩʚʦʡʩʪʚʘ ʧʦʤʘʛʘ ʜʘ ʩʝ ʦʧʨʦʩʪʠ ʧʨʝʜʩʪʘʚʷʥʝʪʦ. ʄʦʜʝʣʲʪ 
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ʪʨʷʙʚʘ ʜʘ ʩʣʫʞʠ ʢʘʪʦ ʠʥʩʪʨʫʤʝʥʪ ʟʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ, ʪ.ʝ. ʪʨʷʙʚʘ ʜʘ ʠʟʷʩʥʷʚʘ ʥʘ ʚʟʝʤʘʱʠʷ ʨʝ-

ʰʝʥʠʝʪʦ ʢʘʢ ʤʦʞʝ ʜʘ ʩʝ ʨʘʟʚʠʝ ʧʨʦʮʝʩʲʪ, ʢʘʢʚʠ ʨʝʟʫʣʪʘʪʠ ʱʝ ʩʝ ʧʦʣʫʯʘʪ ʠ ʜʘ ʧʨʝʜʣʘʛʘ ʨʘʟʣʠʯʥʠ 

ʜʝʡʩʪʚʠʷ (ʥʘʧʨʠʤʝʨ, ʟʘ ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝ ʥʘ ʱʝʪʠ) [2]. 

ʇʦʚʝʯʝʪʦ ʦʪ ʤʦʜʝʣʠʪʝ, ʠʟʧʦʣʟʚʘʥʠ ʚ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʨʠʩʢʘ, ʩʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣʠ. ʊʝ ʧʦʟʚʦ-

ʣʷʚʘʪ ʜʘ ʩʝ ʦʧʠʰʘʪ ʩʲʱʝʩʪʚʝʥʠʪʝ ʘʩʧʝʢʪʠ ʥʘ ʠʟʫʯʘʚʘʥʠʷ ʧʨʦʮʝʩ ʠʣʠ ʷʚʣʝʥʠʝ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʠ ʚʨʲʟʢʠ ʠ ʩʣʝʜ ʪʦʚʘ ʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘʪ ʩ ʧʦʤʦʱʪʘ ʥʘ ʧʦʜʭʦʜʷʱʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʘʧʘʨʘʪ. 

ʆʩʦʙʝʥʦ ʚʘʞʥʦ ʝ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣʠ ʟʘ ʧʨʦʛʥʦʟʠʨʘʥʝ ʥʘ ʘʣʪʝʨʥʘʪʠʚʠ ʟʘ ʙʲʜʝ-

ʱʦ ʨʘʟʚʠʪʠʝ. ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ ʥʘ ʤʝʥʠʜʞʲʨʘ ʜʘ ʦʮʝʥʠ ʯʠʩʣʝʥʦ ʙʲʜʝʱʠʪʝ ʧʦʩʣʝʜʠʮʠ ʦʪ ʨʝʰʝʥʠʷ-

ʪʘ[2]. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʪʝ ʤʦʜʝʣʠ, ʠʟʧʦʣʟʚʘʥʠ ʚ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʨʠʩʢʘ, ʩʘ ʤʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʥʠ ʠ ʠʤʘʪ ʨʘʟ-

ʣʠʯʥʠ ʚʲʟʤʦʞʥʦʩʪʠ. ɿʘ ʨʘʟʣʠʯʥʠ ʩʠʪʫʘʮʠʠʩʝ ʠʟʧʦʣʟʚʘʪ ʩʧʝʮʠʬʠʯʥʠ ʠʥʩʪʨʫʤʝʥʪʠ (ʤʦʜʝʣʠ), ʪʲʡ 

ʢʘʪʦ ʚʩʝʢʠ ʤʦʜʝʣ ʝ ʫʥʠʢʘʣʝʥ ʧʦ ʩʚʦʡ ʥʘʯʠʥ, ʧʨʠ ʠʟʛʨʘʞʜʘʥʝʪʦ ʤʫ ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʟʭʦʞʜʘ ʦʪ ʩʚʦʡʩʪ-

ʚʘʪʘ ʥʘ ʩʘʤʠʷ ʤʦʜʝʣʠʨʘʱ ʦʙʝʢʪ. ʇʦʜʦʙʥʠ ʩʠʪʫʘʮʠʠ ʦʙʘʯʝ ʥʠ ʧʦʟʚʦʣʷʚʘʪ ʜʘ ʧʨʠʣʘʛʘʤʝ ʩʭʦʜʥʠ (ʘʢʦ 

ʥʝ ʝʜʥʠ ʠ ʩʲʱʠ) ʠʥʩʪʨʫʤʝʥʪʠ: ʠʤʘ ʥʷʢʦʠ ʦʙʱʠ ʧʦʜʭʦʜʠ ʟʘ ʤʦʜʝʣʠʨʘʥʝ (ʥʘʧʨʠʤʝʨ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 

ʩʪʦʭʘʩʪʠʯʥʠ ʜʠʬʝʨʝʥʮʠʘʣʥʠ ʫʨʘʚʥʝʥʠʷ ʠʣʠ ʜʨʫʛʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʠʥʩʪʨʫʤʝʥʪʠ). ɸʢʦ ʝ ʚʲʟʤʦʞʥʦ 

ʜʘ ʩʝ ʧʨʠʣʦʞʠ ʧʦʚʝʯʝ ʠʣʠ ʧʦ-ʤʘʣʢʦ ʩʪʘʥʜʘʨʪʝʥ ʧʦʜʭʦʜ, ʪʦʛʘʚʘ ʧʨʦʮʝʩʲʪ ʥʘ ʤʦʜʝʣʠʨʘʥʝ ʱʝ ʙʲʜʝ 

ʧʦ-ʣʝʩʝʥ (ʠʤʘ ʠʟʚʝʩʪʥʠ ʧʦʜʭʦʜʠ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʤʦʜʝʣ ʠ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʨʝʰʝʥʠʝ) [2]. 

ʄʝʪʦʜʠ ʥʘ ʤʦʜʝʣʠʨʘʥʝ: 

1. ɸʥʘʣʠʟ ʥʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ.  

2. ɸʥʘʣʠʟ ʥʘ ʦʯʘʢʚʘʥʘʪʘ ʧʘʨʠʯʥʘ ʩʪʦʡʥʦʩʪ.  

3. ʄʦʜʝʣʠʨʘʥʝ ʠ ʩʠʤʫʣʘʮʠʷ.  

 

1. ɸʥʘʣʠʟ ʥʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ  

ɸʥʘʣʠʟ ʥʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ (sensitivityanalysis) ʝ ʪʝʭʥʠʢʘ, ʠʟʧʦʣʟʚʘʥʘ ʟʘ ʠʜʝʥʪʠʬʠʮʠʨʘʥʝ ʥʘ ʚʣʠʷ-

ʥʠʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʝʜʥʘ ʥʝʟʘʚʠʩʠʤʘ ʧʨʦʤʝʥʣʠʚʘ ʚʲʨʭʫ ʢʦʥʢʨʝʪʥʘ ʟʘʚʠʩʠʤʘ ʧʨʦʤʝʥ-

ʣʠʚʘ ʧʨʠ ʜʘʜʝʥ ʥʘʙʦʨ ʦʪ ʚʝʨʦʷʪʥʦʩʪʠ. ʊʘʟʠ ʪʝʭʥʠʢʘ ʩʝ ʠʟʧʦʣʟʚʘ ʚ ʨʘʤʢʠʪʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠ ʛʨʘʥʠʮʠ, 

ʢʦʠʪʦ ʟʘʚʠʩʷʪ ʦʪ ʝʜʥʘ ʠʣʠ ʥʷʢʦʣʢʦ ʚʭʦʜʷʱʠ ʧʨʦʤʝʥʣʠʚʠ. ɸʥʘʣʠʟʲʪ ʥʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʝ ʠʥʩʪʨʫ-

ʤʝʥʪ, ʩ ʢʦʡʪʦ ʩʝ ʮʝʣʠ ʜʘ ʩʝ ʠʟʯʠʩʣʠ ʝʬʝʢʪʘ ʦʪ ʧʨʦʤʷʥʘʪʘ ʥʘ ʨʘʟʣʠʯʥʠ ʝʣʝʤʝʥʪʠ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ 

ʧʨʦʝʢʪ (ʙʠʟʥʝʩ) ʚʲʨʭʫ ʢʨʘʡʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʪ ʠʟʯʠʩʣʝʥʠʷʪʘ. ʎʝʣʪʘ ʥʘ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʘʥʘʣʠʟ ʥʘ 

ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʝ ʜʘ ʩʝ ʠʜʝʥʪʠʬʠʮʠʨʘʪ ʦʥʝʟʠ ʧʨʦʤʝʥʣʠʚʠ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʙʠʟʥʝʩʘ (ʩʨʦʢ, 

ʩʪʦʡʥʦʩʪ, ʝʬʝʢʪʠʚʥʦʩʪ ʠ ʜʨ.), ʯʠʠʪʦ ʦʪʢʣʦʥʝʥʠʷ (ʧʨʦʤʝʥʠ ʚ ʧʣʶʩ ʠʣʠ ʤʠʥʫʩ) ʚ ʩʨʘʚʥʝʥʠʝ ʩʲʩ ʠʟ-

ʯʠʩʣʝʥʠʷʪʘ ʧʦ ʜʝʪʝʨʤʠʥʠʨʘʥ ʧʲʪ ʤʦʛʘʪ ʜʘ ʦʢʘʞʘʪ ʥʘʡ-ʛʦʣʷʤʦ ʚʲʟʜʝʡʩʪʚʠʝ [3]. 

ʇʨʠ ʠʟʯʠʩʣʷʚʘʥʝ ʦʮʝʥʢʘʪʘ ʥʘ ʨʠʩʢʘ ʥʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ, ʘʥʘʣʠʟʲʪ ʥʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ 

ʧʦʢʘʟʚʘ ʧʨʦʤʷʥʘʪʘ ʥʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʢʦʷ ʜʝʡʥʦʩʪ ʚʣʠʷʝ ʥʘʡ-ʩʠʣʥʦ ʚʲʨʭʫ ʧʨʦʤʷʥʘʪʘ ʥʘ 

ʦʙʱʘʪʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ. ʇʨʠ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʦʮʝʥʢʘ ʥʘ ʨʠʩʢʘ ʥʘ ʩʪʦʡʥʦʩʪʪʘ, ʘʥʘʣʠʟʲʪ ʥʘ ʯʫʚʩʪ-

ʚʠʪʝʣʥʦʩʪʪʘ ʧʦʢʘʟʚʘ ʢʘʢ ʧʨʦʤʷʥʘʪʘ ʥʘ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʜʘʜʝʥʘ ʧʨʦʤʝʥʣʠʚʘ (ʢʦʣʠʯʝʩʪʚʦ, ʝʜʠʥʠʯʥʘ 

ʮʝʥʘ ʠ ʜʨ.) ʚʣʠʷʝ ʚʲʨʭʫ ʦʙʱʘʪʘ ʧʨʦʤʷʥʘ ʥʘ ʩʪʦʡʥʦʩʪʪʘ. ʇʨʠ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʦʮʝʥʢʘ ʥʘ ʨʠʩʢʘ ʥʘ 

ʝʬʝʢʪʠʚʥʦʩʪʪʘ, ʘʥʘʣʠʟʲʪ ʥʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʧʦʢʘʟʚʘ ʢʘʢ ʧʨʦʤʷʥʘʪʘ ʥʘ ʝʜʠʥ ʦʪ ʧʘʨʘʤʝʪʨʠʪʝ, ʢʦʠ-

ʪʦ ʷ ʬʦʨʤʠʨʘʪ ʚʣʠʷʝ ʚʲʨʭʫ ʦʙʱʘʪʘ ʩʪʦʡʥʦʩʪ.  

ɸʥʘʣʠʟʲʪ ʥʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʝ ʥʘʯʠʥ ʜʘ ʩʝ ʧʨʝʜʚʠʜʠ ʨʝʟʫʣʪʘʪʲʪ ʦʪ ʨʝʰʝʥʠʝʪʦ, ʘʢʦ ʩʠʪʫʘ-

ʮʠʷʪʘ ʩʝ ʦʢʘʞʝ ʨʘʟʣʠʯʥʘ ʦʪ ʦʩʥʦʚʥʠʪʝ ʧʨʦʛʥʦʟʠ [3]. 

ʉ ʧʦʤʦʱʪʘ ʥʘ ʪʦʟʠ ʘʥʘʣʠʟ ʩʝ ʫʩʪʘʥʦʚʷʚʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʥʘ ʦʮʝʥʢʘʪʘ ʥʘ ʧʨʦʝʢʪʘ ʩʧʨʷʤʦ 

ʚʲʟʤʦʞʥʠ ʠʟʤʝʥʝʥʠʷ ʚ ʥʘʡ-ʚʘʞʥʠʪʝ ʤʫ ʠʢʦʥʦʤʠʯʝʩʢʠ ʠ ʪʝʭʥʠʢʦ-ʠʢʦʥʦʤʠʯʝʩʢʠ ʧʘʨʘʤʝʪʨʠ: 

- ʆʮʝʥʢʘʪʘ ʩʝ ʧʨʝʜʩʪʘʚʷ ʦʙʠʢʥʦʚʝʥʦ ʯʨʝʟ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʥʷʢʦʡ ʦʩʥʦʚʝʥ ʧʦʢʘʟʘʪʝʣ: ï

ʥʝʪʥʘ ʥʘʩʪʦʷʱʘ ʩʪʦʡʥʦʩʪ ïʩʨʦʢ ʥʘ ʚʲʟʚʨʲʱʘʥʝ ʠ ʜʨ.; 

-  ʆʮʝʥʢʘʪʘ ʥʘ ʧʘʨʠʯʥʠʪʝ ʧʦʪʦʮʠ ʠ ʥʝʪʥʘʪʘ ʥʘʩʪʦʷʱʘ ʩʪʦʡʥʦʩʪ ʟʘʚʠʩʷʪ ʦʪ ʦʮʝʥʢʠʪʝ 

ʥʘ ʤʥʦʛʦ ʠʟʭʦʜʥʠ, "ʧʲʨʚʠʯʥʠ" ʧʨʦʤʝʥʣʠʚʠ: ïʦʙʝʤ ʥʘ ʧʨʦʜʘʞʙʠʪʝ ïʮʝʥʘ ï

ʩʝʙʝʩʪʦʡʥʦʩʪ ïʠʢʦʥʦʤʠʯʝʩʢʠ ʞʠʚʦʪ ʠ ʜʨ.;  
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- ʀʟʯʠʩʣʷʚʘʥʝ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʧʨʠʝʪʠʷ ʦʩʥʦʚʝʥ ʧʦʢʘʟʘʪʝʣ ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ ʧʘʨʠʯʥʠʪʝ 

ʧʦʪʦʮʠ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʪʝ ʦʮʝʥʢʠ ʟʘ ʥʘʡ-ʚʝʨʦʷʪʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʠʟʭʦʜʥʠʪʝ ʧʨʦ-

ʤʝʥʣʠʚʠ; 

- ʇʨʦʩʣʝʜʷʚʘ ʩʝ ʢʘʢʲʚ ʝʬʝʢʪ ʚʲʨʭʫ ʦʩʥʦʚʥʠʷ ʧʦʢʘʟʘʪʝʣ ʦʢʘʟʚʘʪ ʧʨʦʤʝʥʠʪʝ ʚʲʚ ʚʩʷ-
ʢʘ ʦʪ ʪʝʟʠ ʦʮʝʥʢʠ [3]. 

2. ɸʥʘʣʠʟ ʥʘ ʦʯʘʢʚʘʥʘʪʘ ʧʘʨʠʯʥʘ ʩʪʦʡʥʦʩʪ ɽʄV (ExpectedMonetaryValue)  

ɿʘ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʦʯʘʢʚʘʥʘʪʘ ʧʘʨʠʯʥʘ ʩʪʦʡʥʦʩʪ ʚ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʨʠʩʢʘ ʚ ʧʨʦʝʢʪʠ, ʪʨʷʙʚʘ ʜʘ ʩʝ 

ʠʟʚʲʨʰʘʪ ʩʣʝʜʥʠʪʝ ʩʪʲʧʢʠ:  

ʉʪʲʧʢʘ 1. ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʚʲʟʥʠʢʚʘʥʝ ʥʘ ʨʠʩʢ.  

ʉʪʲʧʢʘ 2. ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʧʘʨʠʯʥʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʥʘ ʨʠʩʢʘ, ʢʦʛʘʪʦ ʪʦʚʘ ʩʝ ʩʣʫʯʠ.  

ʉʪʲʧʢʘ 3. ʋʤʥʦʞʘʚʘʥʝ ʥʘ ʩʪʲʧʢʘ 1 ʠ ʩʪʲʧʢʘ 2. ʉʪʦʡʥʦʩʪʪʘ, ʢʦʷʪʦ ʩʝ ʧʦʣʫʯʠ ʩʣʝʜ ʠʟʚʲʨʰʚʘʥʝ ʥʘ 

ʉʪʲʧʢʘ 3 ʝ ʦʯʘʢʚʘʥʘʪʘ ʧʘʨʠʯʥʘ ʩʪʦʡʥʦʩʪ. ʊʘʟʠ ʩʪʦʡʥʦʩʪ ʝ ʧʦʣʦʞʠʪʝʣʥʘ ʟʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ (ʧʦʣʦ-

ʞʠʪʝʣʥʠ ʨʠʩʢʦʚʝ) ʠ ʦʪʨʠʮʘʪʝʣʥʘ ʟʘ ʟʘʧʣʘʭʠʪʝ (ʦʪʨʠʮʘʪʝʣʥʠʪʝ ʨʠʩʢʦʚʝ). ɽʄV ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ 

ʩ ʤʝʪʦʜʘ Ăʜʲʨʚʦ ʥʘ ʨʝʰʝʥʠʷʪʘñ. 

 Ăɼʲʨʚʦʪʦ ʥʘ ʨʝʰʝʥʠʷʪʘò ʝ ʛʨʘʬʠʯʝʥ ʤʝʪʦʜ ʟʘ ʠʟʙʦʨ ʥʘ ʘʣʪʝʨʥʘʪʠʚʘ ʯʨʝʟ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʥʠ ʠ ʚʟʘʠʤʥʦ ʩʚʲʨʟʘʥʠ ʨʝʰʝʥʠʷ ʠ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʪʷʭ. ʄʝʪʦʜʲʪ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʠʟʙʦʨ ʥʘ 

ʨʝʰʝʥʠʝ, ʢʦʛʘʪʦ ʟʘ ʚʩʷʢʘ ʘʣʪʝʨʥʘʪʠʚʘ ʥʘ ʨʝʰʝʥʠʷʪʘ ʩʘ ʠʟʚʝʩʪʥʠ, ʠʣʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʧʨʝʜʚʠʜʝʥʠ, 

ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʚʲʟʤʦʞʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʠ ʚʝʨʦʷʪʥʦʩʪʠʪʝ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʝʜʠʥ ʠʣʠ ʜʨʫʛ ʨʝʟʫʣʪʘʪ. 

ʄʝʪʦʜʲʪ ʩʲʱʦ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʧʨʠ ʠʟʙʦʨ ʠʟʤʝʞʜʫ ʚʟʘʠʤʥʦ ʠʟʢʣʶʯʚʘʱʠ ʩʝ ʚʘʨʠʘʥʪʠ ʟʘ ʠʟ-

ʧʲʣʥʝʥʠʝ ʥʘ ʧʨʦʝʢʪ [3]. 

3. ʄʦʜʝʣʠʨʘʥʝ ʠ ʩʠʤʫʣʘʮʠʷ  

ʇʦʜ ʩʠʤʫʣʘʮʠʷ ʥʘʡ-ʦʙʱʦ ʩʝ ʨʘʟʙʠʨʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʢʦʤʧʶʪʲʨʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠ 

ʤʦʜʝʣʠ ʥʘ ʩʣʦʞʥʠ ʩʠʩʪʝʤʠ ʦʪ ʨʝʘʣʥʠʷ ʩʚʷʪ. ʎʝʣʪʘ ʥʘ ʩʠʤʫʣʘʮʠʷʪʘ ʝ ʜʘ ʩʝ ʨʘʟʢʨʠʷʪ ʩʚʦʡʩʪʚʘʪʘ ʠ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠʪʝ ʥʘ ʠʟʫʯʘʚʘʥʘʪʘ ʩʠʩʪʝʤʘ, ʜʘ ʩʝ ʥʘʧʨʘʚʷʪ ʦʙʦʙʱʝʥʠʷ, ʠʟʚʦʜʠ ʠ ʧʨʝʜʚʠʞʜʘʥʠʷ, ʜʘ 

ʩʝ ʨʝʰʘʪ ʧʨʘʢʪʠʯʝʩʢʠ ʟʘʜʘʯʠ.  

ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʩʝ ʥʘʙʣʶʜʘʚʘ ʥʘʨʘʩʪʚʘʱ ʠʥʪʝʨʝʩ ʢʲʤ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʩʠʤʫʣʘʮʠʦʥʥʠ ʤʦ-

ʜʝʣʠ ʚ ʙʠʟʥʝʩʘ ï ʧʨʝʜʠʤʥʦ ʟʘ ʧʦʜʧʦʤʘʛʘʥʝ ʥʘ ʘʥʘʣʠʟʘ ʥʘ ʨʝʰʝʥʠʷʪʘ ʠ ʧʨʠ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ ʚ 

ʫʩʣʦʚʠʷ ʥʘ ʥʝʦʧʨʝʜʝʣʝʥʦʩʪ ʠ ʨʠʩʢ. ɺʭʦʜʷʱʠʪʝ ʧʨʦʤʝʥʣʠʚʠ (ʢʣʶʯʦʚʠ ʬʘʢʪʦʨʠ) ʥʘ ʩʪʦʭʘʩʪʠʯʥʠʪʝ 

ʤʦʜʝʣʠ ʩʘ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ, ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʢʦʠʪʦ ʥʝ ʩʝ ʧʦʜʜʘʚʘ ʥʘ ʢʦʥʪʨʦʣ ʦʪ ʩʪʨʘʥʘ ʥʘ ʣʠʮʘʪʘ, 

ʚʟʝʤʘʱʠ ʨʝʰʝʥʠʷ.  

ɿʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʩʠʤʫʣʘʮʠʷ ʩʲʩ ʩʪʦʭʘʩʪʠʯʥʠ ʤʦʜʝʣʠ ʥʘʡ-ʯʝʩʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʤʝʪʦʜʘ ʄʦʥʪʝ ʂʘʨʣʦ. 

ʊʦʚʘ ʝ ʫʥʠʚʝʨʩʘʣʝʥ ʤʝʪʦʜ ʟʘ ʩʠʤʫʣʘʮʠʷ, ʢʦʡʪʦ ʥʘʤʠʨʘ ʧʨʠʣʦʞʝʥʠʝ ʚ ʨʘʟʣʠʯʥʠ ʦʙʣʘʩʪʠ ʥʘ ʥʘʫʯʥʠ-

ʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʚ ʧʨʘʢʪʠʢʘʪʘ. 
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ʇʨʠʣʘʛʘʥʝʪʦ ʥʘ ñʄʦʥʪʝ ʂʘʨʣʦò ʩʠʤʫʣʘʮʠʷ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥ ʨʝʟʫʣ-

ʪʘʪ ʧʨʠ ʦʮʝʥʢʘ ʥʘ ʨʠʩʢʘ. ʈʝʟʫʣʪʘʪʲʪ ʩʝ ʧʨʝʜʩʪʘʚʷ ʚ ʪʘʙʣʠʯʥʘ ʬʦʨʤʘ ʠ ʛʨʘʬʠʯʥʦ, ʢʦʝʪʦ ʩʲʟʜʘʚʘ 

ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʦʥʘʛʣʝʜʷʚʘʥʝ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʦʮʝʥʢʘ ʠ ʘʥʘʣʠʟ ʥʘ ʨʠʩʢʘ. ɺ ʦʩʥʦʚʘʪʘ ʤʫ ʝ ʠʟʛʨʘʞʜʘ-

ʥʝʪʦ ʥʘ ʤʦʜʝʣ, ʢʦʡʪʦ ʦʪʨʘʟʷʚʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʥʘʙʦʨ ʦʪ Ăʚʭʦʜʥʠò ʚʝʣʠʯʠʥʠ ʠ ʥʘʙʦʨ ʦʪ Ăʠʟʭʦʜʥʠò 

ʚʝʣʠʯʠʥʠ. ʉʪʦʡʥʦʩʪʪʘ ʥʘ ʠʟʭʦʜʥʠʪʝ ʚʝʣʠʯʠʥʠ ʱʝ ʟʘʚʠʩʠ ʦʪ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʥʘʙʦʨ ʦʪ ʜʝʪʝʨʤʠʥʠʨʘʥʠ 

ʠ ʥʘʙʦʨ ʦʪ ʩʣʫʯʘʡʥʠ Ăʚʭʦʜʥʠò ʚʝʣʠʯʠʥʠ. ʅʘʣʠʯʠʝʪʦ ʠ ʨʘʚʥʠʱʝʪʦ ʥʘ ʨʠʩʢʘ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʥʘʣʠʯʠ-

ʝʪʦ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʩʣʫʯʘʡʥʠʪʝ ʚʝʣʠʯʠʥʠ.  ʀʟʛʨʘʜʝʥʠʷʪ ʟʘ ʥʫʞʜʠʪʝ ʥʘ ʩʠʤʫʣʘʮʠʷʪʘ ʤʦʜʝʣ 

ʪʨʷʙʚʘ ʜʘ ʝ ʚ ʩʲʩʪʦʷʥʠʝ ʜʘ ʠʟʯʠʩʣʠ ʩʪʦʡʥʦʩʪʪʘ ʥʘ Ăʠʟʭʦʜʥʠʪʝò ʚʝʣʠʯʠʥʠ, ʘʢʦ ʩʘ ʟʘʜʘʜʝʥʠ ʩʪʦʡʥʦʩ-

ʪʠʪʝ ʥʘ ʚʩʠʯʢʠ Ăʚʭʦʜʥʠò ʚʝʣʠʯʠʥʠ. 

ʋʧʨʘʚʣʷʝʤʠʪʝ ʚʭʦʜʥʠ ʚʝʣʠʯʠʥʠ (1) ( )XmXXX ,...,2,1=  ʩʘ ʪʝʟʠ, ʢʦʠʪʦ ʠʟʩʣʝʜʦʚʘʪʝʣʷʪ ʤʦʞʝ ʜʘ 

ʠʟʤʝʥʷ ʚ ʦʧʨʝʜʝʣʝʥʠ ʛʨʘʥʠʮʠ ʠ ʜʘ ʛʠ ʧʦʜʜʲʨʞʘ ʥʘ ʜʘʜʝʥʦ ʥʠʚʦ ʧʦ ʩʚʦʝ ʞʝʣʘʥʠʝ. ʅʝʫʧʨʘʚʣʷʝʤʠʪʝ 

ʚʭʦʜʥʠ ʚʝʣʠʯʠʥʠ ʩʝ ʜʝʣʷʪ ʥʘ ʢʦʥʪʨʦʣʠʨʫʝʤʠ ʠ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʠ (ʩʣʫʯʘʡʥʠ). ʂʦʥʪʨʦʣʠʨʫʝʤʠʪʝ 

ʚʝʣʠʯʠʥʠ (2) ( )ZqZZZ ,...,2,1=  ʩʘ ʪʝʟʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʤʝʨʚʘʪ, ʥʦ ʥʝ ʤʦʛʘʪ ʜʘ ʩʝ ʫʧʨʘʚʣʷʚʘʪ. 

ɸʢʦ ʬʘʢʪʦʨʲʪ Zq ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʠʟʤʝʨʚʘ ʠʣʠ ʘʢʦ ʤʝʪʦʜʠʪʝ ʟʘ ʠʟʤʝʨʚʘʥʝʪʦ ʤʫ ʩʘ ʤʥʦʛʦ ʩʣʦʞʥʠ ʠ 

ʩʢʲʧʠ, ʪʦʡ ʩʝ ʦʪʥʘʩʷ ʢʲʤ ʛʨʫʧʘʪʘ ʥʘ ʩʣʫʯʘʡʥʠʪʝ ʬʘʢʪʦʨʠ.  

ʅʝʢʦʥʪʨʦʣʠʨʫʝʤʠ (ʩʣʫʯʘʡʥʠ) ʚʝʣʠʯʠʥʠ ʤʦʛʘʪ ʜʘ ʠʤʘʪ ʨʘʟʣʠʯʥʘ ʬʠʟʠʯʥʘ ʧʨʠʨʦʜʘ ʠ ʨʘʟʣʠʯʝʥ ʥʘ-

ʯʠʥ ʥʘ ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʩʠʩʪʝʤʘʪʘ. ʊʘʢʠʚʘ ʬʘʢʪʦʨʠ ʥʘʧʨʠʤʝʨ ʩʘ ʠʟʤʝʥʝʥʠʷʪʘ ʥʘ ʥʘʪʦʚʘʨʚʘʥʠʷʪʘ, 

ʩʚʦʡʩʪʚʘʪʘ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʩʫʨʦʚʠʥʠ, ʤʘʪʝʨʠʘʣʠ ʠ ʜʨ.  

ɺʭʦʜʥʠʪʝ ʚʝʣʠʯʠʥʠ ʤʦʛʘʪ ʜʘ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʪ ʠ ʩʧʦʨʝʜ ʪʦʚʘ ʜʘʣʠ ʩʝ ʦʮʝʥʷʚʘʪ ʢʦʣʠʯʝʩʪʚʝʥʦ - ʤʦ-

ʛʘʪ ʜʘ ʩʝ ʠʟʤʝʨʚʘʪ, ʠʣʠ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʢʘʯʝʩʪʚʝʥʦ - ʥʝ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʤʝʨʚʘʪ.  

ʀʟʭʦʜʥʠʪʝ ʚʝʣʠʯʠʥʠ (3) ( )YpYYY ,...,2,1=  ʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʩʠʩʪʝʤʘʪʘ ʦʪ ʚʲʚʝʜʝʥʠʪʝ 

ʚʭʦʜʥʠ ʚʝʣʠʯʠʥʠ. ʊʝʟʠ ʚʝʣʠʯʠʥʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ  (4) ( )pxxxx ,...,2,1=  ʦʮʝʥʲʯʥʠ ʧʦʢʘʟʘʪʝʣʠ ʟʘ ʥʝʪ-

ʥʘ ʥʘʩʪʦʷʱʘ ʩʪʦʡʥʦʩʪ, ʚʪ̡ʨʝʰʥʘ ʥʦʨʤʘ ʥʘ ʚʲʟʚʨʲʱʘʝʤʦʩʪ, ʩʨʦʢ ʥʘ ʚʲʟʚʨʲʱʘʥʝ ʥʘ ʠʥʚʝʩʪʠʮʠʠʪʝ ʠ 

ʜʨ.  

ʉʲʱʝʩʪʚʫʚʘʪ ʨʘʟʥʦʦʙʨʘʟʥʠ ʧʨʦʛʨʘʤʥʠ ʧʨʦʜʫʢʪʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʠ ʟʘ ʢʦʣʠʯʝʩʪʚʝʥʘ ʦʮʝʥʢʘ ʥʘ ʨʠʩʢʘ. 

ʀʤʘ ʧʨʦʜʫʢʪʠ, ʢʦʠʪʦ ʩʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʩʠʤʫʣʘʮʠʦʥʥʠ ʤʦʜʝ-

ʣʠ Ăʄʦʥʪʝ ʂʘʨʣʦò. ʊʘʢʠʚʘ ʩʘ ʥʘʧʨʠʤʝʨ GPSS ʠ Simula, ʢʦʠʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʧʣʘʪʬʦʨʤʠ ʟʘ ʧʨʠʣʦ-

ʞʝʥʠʝ ʥʘ ʨʘʟʨʘʙʦʪʝʥʠ ʩʧʝʮʠʬʠʯʥʠ ʝʟʠʮʠ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʩʠʤʫʣʘʮʠʦʥʥʠ ʤʦʜʝʣʠ.  

ʇʨʦʜʫʢʪʲʪ Excel ʩʲʱʦ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʩʠʤʫʣʘʮʠʦʥʥʠ ʤʦʜʝʣʠ. ɺ ʩʲʚʨʝʤʝʥ-

ʥʠ ʫʩʣʦʚʠʷ ʚʩʝ ʧʦ-ʰʠʨʦʢʦ ʧʨʠʣʦʞʝʥʠʝ ʥʘʤʠʨʘʪ ʜʦʙʘʚʢʠʪʝ ʢʲʤ ʠʟʚʝʩʪʥʠ ʩʦʬʪʫʝʨʥʠ ʧʘʢʝʪʠ, ʢʘʪʦ 

ʥʘʧʨʠʤʝʨ: @Risk, CrystalBall, RiskSolver, RiskAnalyzer ʠ ʜʨ.  

ʇʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʢʦʤʧʶʪʲʨʝʥ ʝʢʩʧʝʨʠʤʝʥʪ ʩ ʤʝʪʦʜʘ Monte Carlo ʦʙʠʢʥʦʚʝʥʦ ʧʨʝʤʠʥʘʚʘ ʧʨʝʟ 

ʩʣʝʜʥʠʪʝ ʝʪʘʧʠ:  

ʘ) ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʤʦʜʝʣʘ ʠʣʠ ʘʣʛʦʨʠʪʲʤʘ, ʢʦʡʪʦ ʥʘʡ-ʜʦʙʨʝ ʦʪʨʘʟʷʚʘ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʠʟʩʣʝʜʚʘʥʘʪʘ 

ʩʠʩʪʝʤʘ; 

b) ʄʦʜʝʣʲʪ ʩʝ ʪʝʩʪʚʘ ʥʷʢʦʣʢʦ ʧʲʪʠ, ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʧʨʦʠʟʚʦʣʥʠ ʯʠʩʣʘ, ʟʘ ʜʘ ʩʝ ʧʦʣʫʯʠ ʨʝʟʫʣʪʘ-

ʪʲʪ ʦʪ ʤʦʜʝʣʘ (ʩʠʩʪʝʤʥʘ ʩʠʤʫʣʘʮʠʷ), ʘʢʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʤʦʜʝʣʠʨʘʪ ʝʬʝʢʪʠʪʝ ʥʘ ʥʝʦʧʨʝʜʝʣʝ-

ʥʦʩʪʪʘ, ʪʦʛʘʚʘ ʤʦʜʝʣʲʪ ʝ ʫʨʘʚʥʝʥʠʝ, ʢʦʝʪʦ ʦʪʨʘʟʷʚʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʚʭʦʜʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʠ ʨʝʟʫʣʪʘ-

ʪʘ. ʉʪʦʡʥʦʩʪʠʪʝ ʥʘ ʚʭʦʜʥʠʪʝ ʜʘʥʥʠ ʩʝ ʚʟʝʤʘʪ ʦʪ ʩʲʦʪʚʝʪʥʠʪʝ ʚʝʨʦʷʪʥʦʩʪʥʠ ʨʘʟʧʨʝʜʝʣʝʥʠʷ, ʢʦʠʪʦ 

ʦʪʨʘʟʷʚʘʪ ʝʩʪʝʩʪʚʦʪʦ ʥʘ ʥʝʩʠʛʫʨʥʦʩʪʪʘ ʥʘ ʪʝʟʠ ʧʘʨʘʤʝʪʨʠ; 

c) ɺʲʚ ʚʩʝʢʠ ʩʣʫʯʘʡ ʤʦʜʝʣʲʪ ʩʝ ʠʟʯʠʩʣʷʚʘ ʤʥʦʛʦʢʨʘʪʥʦ (ʯʝʩʪʦ ʜʦ 10 000 ʧʲʪʠ) ʩ ʨʘʟʣʠʯʥʠ ʚʭʦʜʥʠ 

ʜʘʥʥʠ, ʟʘ ʜʘ ʩʝ ʧʦʣʫʯʠ ʥʘʙʦʨ ʦʪ ʨʝʟʫʣʪʘʪʠ. ɿʘ ʜʘ ʩʝ ʧʦʣʫʯʠ ʠʥʬʦʨʤʘʮʠʷ ʢʘʪʦ ʩʨʝʜʥʠ ʩʪʦʡʥʦʩʪʠ, 

ʩʪʘʥʜʘʨʪʥʦ ʦʪʢʣʦʥʝʥʠʝ, ʜʦʚʝʨʠʪʝʣʥʠ ʠʥʪʝʨʚʘʣʠ, ʥʘʧʨʠʤʝʨ, ʨʝʟʫʣʪʘʪʠʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʦʙʨʘʙʦʪʝʥʠ 

ʩ ʧʦʤʦʱʪʘ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʤʝʪʦʜʠ [4]. 
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ʬʠʛ.2 ʉʭʝʤʘ ʥʘ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʤʝʪʦʜ ñʄʦʥʪʝ ʂʘʨʣʦñ [3] 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʠʩʢʦʚʝʪʝ ʩʝ ʧʨʦʤʝʥʷʪ ʥʝʧʨʝʢʲʩʥʘʪʦ, ʧʦʷʚʷʚʘʪ ʩʝ ʥʦʚʠ, ʥʷʢʦʠ ʦʯʘʢʚʘʥʠ ʨʠʩʢʦʚʝ ʥʝ ʩʝ ʤʘʪʝʨʠʘʣʠ-

ʟʠʨʘʪ. ɼʦʙʨʠʷʪ ʢʦʥʪʨʦʣ ʠ ʥʘʙʣʶʜʘʚʘʥʝ ʥʘ ʨʠʩʢʦʚʝʪʝ ʜʘʚʘ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʷʪʦ ʧʦʜʧʦʤʘʛʘ ʚʟʠʤʘʥʝʪʦ 

ʥʘ ʝʬʝʢʪʠʚʥʠ ʨʝʰʝʥʠʷ ʧʨʝʜʠ ʤʘʪʝʨʠʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʨʠʩʢʘ. ʂʦʥʪʨʦʣʲʪ ʥʘ ʨʠʩʢʘ ʤʦʞʝ ʜʘ ʚʢʣʶʯʚʘ 

ʠʟʙʦʨ ʥʘ ʘʣʪʝʨʥʘʪʠʚʥʘ ʩʪʨʘʪʝʛʠʷ, ʧʨʠʙʷʛʚʘʥʝ ʜʦ ʨʝʟʝʨʚʝʥ ʧʣʘʥ, ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʢʦʨʠʛʠʨʘʱʠ ʜʝʡʩʪ-

ʚʠʷ ʠʣʠ ʧʨʝʧʣʘʥʠʨʘʥʝ. ʈʲʢʦʚʦʜʠʪʝʣʷʪ ʥʘ ʧʨʦʤʠʰʣʝʥʦʪʦ ʧʨʝʜʧʨʠʷʪʠʝ ʠ ʨʲʢʦʚʦʜʠʪʝʣʷʪ ʥʘ ʝʢʠʧʘ ʟʘ 

ʨʠʩʢʘ ʪʨʷʙʚʘ ʧʝʨʠʦʜʠʯʥʦ ʜʘ ʧʦʣʫʯʘʚʘʪ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʧʣʘʥʘ ʟʘ ʩʧʨʘʚʷʥʝ ʩ ʨʠʩ-

ʢʦʚʝʪʝ ʩʠʪʫʘʮʠʠ ʠ ʥʘʣʠʯʠʝʪʦ ʥʘ ʥʝʦʯʘʢʚʘʥʠ ʚʣʠʷʥʠʷ ʟʘ ʜʘ ʚʟʠʤʘʪ ʩʲʦʪʚʝʪʥʠʪʝ ʤʝʨʢʠ ʚ ʭʦʜʘ ʥʘ 

ʨʘʙʦʪʘʪʘ. 

ʈʘʟʛʣʝʜʘʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʘʥʘʣʠʟʠ ʦʮʝʥʢʘ ʥʘ ʨʠʩʢʘ ʧʦʜʧʦʤʘʛʘʪ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʝʬʝʢʪʠʚʝʥʤʝʭʘʥʠʟʲʤ 

ʟʘ ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝ ʥʘ ʨʠʩʢʘ, ʦʨʠʝʥʪʠʨʘʥ ʢʲʤ ʨʝʰʝʥʠʷ ʥʘ ʧʨʦʙʣʝʤʠ ʟʘ ʩʪʘʙʠʣʠʟʠʨʘʥʝ ʠ ʨʘʟʚʠʪʠʝ 

ʥʘ ʧʨʦʤʠʰʣʝʥʠʪʝ ʧʨʝʜʧʨʠʷʪʠʷ. 
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Abstract. The oil industry has always had problems in its communications in regard to the 

various protocols or interfaces used by intelligent system manufacturers. Patented protocols 

limit the choice to certain producers, who often cannot meet the changing needs of oil com-

panies and computer systems. It is often necessary to convert protocols, thus increasing 

equipment prices and maintenance costs, and delaying projects. IFSF (International Fore-

court Standards Forum) is designed to meet the requirements of the OSI (Open Systems In-

terconnection Basic Reference Model) model, which has its own protocol for working with 

layer 7 and technical common implementation for layers 1 to 6. All existing standards have 

been adopted or adapted. The protocol is based on an open system architecture so that the 

devices can communicate with each other. In this way, it is not necessary for each device of 

different origin to be acquainted with the technical characteristics of the other devices. The 

communication layer is specified by IFSF separately for LonWorks and TCP/IP. Both op-

tions use established IT technologies, with some IFSF implementation recommendations.  

Keywords: communication standard, interface, protocol, intelligent systems, protocol 

standard, TSP/IP, IFSF, oil. 

 

 

1. INTRODUCTION  
The international IFSF standard was established in 1993, when the oil industry began to introduce 

computer systems into gas station architecture to integrate control devices, card payment systems and 

other IT applications (e.g. distribution, accounting and sales statistics). It was created by an European 

organization, including international oil companies, which supports the development and use of interna-

tional standards in the oil industry for the interoperability of gas station systems and devices. The oil in-

dustry has always had problems in its communications in regard to the various protocols or interfaces 

used by system manufacturers. Patented protocols limit the choice to certain producers, who often cannot 

meet the changing needs of oil companies and computer systems. 

Existing devices can commission IFSF using a protocol converter or PCD, a small computer that 

accepts the IFSF protocol and communicates with other devices using its proprietary protocol. The IFSF 

has two independent layers: a device request protocol layer and a communication protocol layer. The re-

quest protocol is independent of the communication layer. The specification of the communication proto-

col makes the connection to the transport layer [Mart²nez J. et all., 2008]. 

IFSF standards specify messages sent and received from each device type. Messages are designed 

to be extensible by defining individual fields by type and length. The messages are grouped in different 

databases for the logical part of each device. Each type of device (dispenser, tank level meter, etc.) de-

fines its own set of databases and fields. 

Solving the existing problems will significantly simplify the design, reliability, installation and op-

eration of level measuring systems and will improve the operation of control systems and fuel level. The 

aim is to design an architecture of an IFSF device with a TCP / IP interface for connection to a network 

technology platform for an automated leveling system and the ISFS standard [Malcolm N., Zhao W., 

2014]. 
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2. COMPONENTS 

The components selected to provide ISO (International Organization for Standardization) commu-

nication layers 1 to 6 use different physical layers: RS485, power lines, optical fibers, radio waves, infra-

red light, and more. The highest level of the network hierarchy is the domain. If different applications 

share messages, they can be divided into different areas. All devices in a gas station are installed in a do-

main - level one. The second level of addressing is the subnet. A subnet is a logical grouping of nodes 

from one or more channels. There may be up to 255 subnets per domain. The third level of addressing is 

the node. There may be up to 127 subnet nodes. Group addressing of facilities is not used [Kopetz H. et 

all., 2019]. 

The protocol offers four main communication services: ACKD, REQUEST/RESPONSE, 

UNACKD_RPT, UNACKD. 

The IFSF network built-in service is ACKD. It sends a message to the node and individual confir-

mations from each receiving node are expected to be returned. If the confirmations are not received, the 

transaction is performed again. The number of attempts and the waiting time are variable and are deter-

mined together with the network parameters by application level (layer 7 of the OSI model). The parame-

ters and values are determined for execution in the IFSF as follows: the priority slot first determines 

whether the message has priority over other messages and improves the response time of critical messag-

es. When retried, it is determined how many times the node will repeat without receiving confirmation. 

The selected layer one standard is in free topology at 78 Kbits. The protocol uses P-resistant CSMA (Car-

rier-sense multiple access-like Ethernet) and thus does not require other bus management. The embedded 

chip uses three processors, so communications in the bus controlled by two of them never interfere with 

the transfer of messages with the application layer. The message expects the use of a component for layer 

1 to 6, using explicit messages. The duration of such messages is determined by the Max_Block_Length 

data element. The block length range is 32 to 228, and BL (Block number) is included in confirmation 

messages [Malcolm N., Zhao W., 2018]. 

3. IFSF DEVICE ARCHITECTURE WITH TCP/IP  

There are four main components: 

Å IFSF application that will remain the same whether the communication is LON or TCP/IP. 

Å The IP stack is the interface to the network. It implements the various IP protocols and provides a 

connection management service that separates IP addresses from other protocol stacks; 

Å DHCP server, which is used to distribute IP addresses to devices on a network. It may be part of 

an IFSF device, or it may be a separate device; 

Å IFSF to IP converter module. It has the responsibility to look like an IFSF interface to the current 

IFSF application, receive all IFSF messages, place them in IP datagrams, and send them to remote devic-

es over a local network. The module has three main purposes - to send and receive messages through a 

proxy, to maintain a list of all active connections in the local network and packets of all data and control 

messages in TCP flows for the network module.  

4. SEQUENCE OF IFSF AND TCP\IP COMMUNICATION  

Before each IFSF communication can begin, the DHCP server must be configured with its own IP 

address and range of IP addresses to be accessible to clients. All other devices must have their node num-

bers when installed in the LNA (A low-noise amplifier) address. When communication begins, each 

TCP/IP stack will request an IP address from the DHCP server using UDP. Some devices may use static 

addresses. If so, each device must be able to be reprogrammed on the network as required. It is recom-

mended that static IP addressing not be used. The proxy server will create a "well known" port in the IP 

stack so that incoming messages can be received. Each application will send a periodic message to the 

IFSF interface. Upon receipt, it will register the application, use the IP stack to obtain a contact address 

with the TCP interface and enter its LNA/IP card. Unique port addresses will be allocated for each IFSF 

request. Thus, all configuration tasks are completed to enable all hosted IFSF applications to receive and 

send messages. To send messages, the IFSF interface will route periodic messages from each application 
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that hosts the proxy server. These messages will be transmitted using UDP datagrams, and all incoming 

will be viewed and recorded where necessary.  

Fig. 1. TCP connection after switching 

 

Internet Protocol (IP) has several types of services that need to be routed and routed to receive data, 

although these services only apply to frameworks that pass through a router to reach their destination. The 

ARP protocol is the mechanism that distributes IP addresses. It is not used for IFSF message transfer, so 

there is no setup option. The ICMP protocol reports errors to diagnose network problems, but it is also not 

used to transfer IFSF messages. The TCP protocol must be set to a maximum size that matches the size of 

the buffer received on the local host. The local host buffer must be able to handle multiple messages in 

order to use the environment. Good built-in mechanisms can save data without overflowing the buffer, 

causing retransmissions. This will also avoid sending the link segments that are so short that they lead to 

inefficient bandwidth usage. The UDP protocol does not yet have messaging options to be configured. 

DHCP also has no messaging options, but there is optional information that can be provided to the cus-

tomer when applying for an IP address. DNS server address and TFTP are not options. 

5. NETWORKING AND GRANTING ACCESS  

The method for sending messages between IFSF devices is solved and described. To connect a de-

vice to an IFSF computer for on-site or off-site communications requires some kind of name resolution 

mechanism. This is usually accomplished through a host file or DNS, or both. In a strict NT environment, 

WINS is used, but WINS is limited to NT machines only. In an environment where different types of op-

erating systems are used, DNS and host file are the only compatibility options. To use a host file, the host 

name to the IP address card must be manually placed in the receiving file. The change in the network en-

vironment must be reflected in each host file on each machine. For small networks, this is an easy task, 

but the larger the network, the harder it becomes. DNS is the solution for medium and large networks. It 

is difficult to set up a DNS server when there is only one point in place that needs to be applied to each 

device on the network.  
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6. RESEARCH AND IMPLEMENTATION OF THE SYSTEM  

This configuration uses a dispenser with a card reader controlled by a dual-control device. The allo-

cator has two independent IFSF applications, control allocators from a controlled card reader. The IFSF 

protocol converter is shown and bound by the innermost dotted line. This is a collection of applications 

that are responsible for implementing IFSF interaction with the protocol stack. 

Figure 1 shows the moment after switching on. The proxy server opens a UDP port for sending and 

receiving remote periodic messages. Connection controllers open a TCP port for receiving connection 

requests for each local IFSF device. Entries are made in a local LNA / IP table for each local application. 

The IFSF request of the dispenser sends a message to   controller1. If the converter module deter-

mines that there is no TCP connection between controller1 and the allocator application, it instructs the 

connection controller to send a TCP connection request message. 

The implementation allows the use of two different TCP protocol architectures (used to transfer 

IFSF messages), representing an oriented connection. The two possible TCP connection architectures 

created  

Fig. 2. TCP connection between two hosts 

 

between IFSF devices mainly contain a TCP/IP module and an address table. The table is used to translate 

the outgoing IFSF TCP connection message. The structure of the address table varies depending on the 

architecture. A single TCP connection between two hosts has only one TCP connection, regardless of the 

number of IFSF devices located on each host. Therefore, the address table needs to be more complex. In 

fact, the address table structure is a simple relational database consisting of two tables: 

Å IFSF table for devices; 

Å IFSF/TCP connection table. 

The table for TCP connections contains: 

1. IP address of the partner host; 

2. Port - contains the port number of the application that runs on the partner host; 

3. TCP SOCKET FD - contains a file descriptor of the local TCP connection - this is a reference to 

a TCP connection that should be used to transfer IFSF messages for a specific device;  

4. IFSF address - contains the IFSF address of a special IFSF receiving device. 



 

 

ISSN: 1311 2864, volume 37 (2), 2022          ISSN: 1311 2864, ʪʦʤ 37 (2), 2022 

Union of scientists in Bulgaria - branch Sliven                     ʉʲʶʟ ʥʘ ʫʯʝʥʠʪʝ ʚ ɹʲʣʛʘʨʠʷ - ʢʣʦʥ ʉʣʠʚʝʥ 

ʀʟʚʝʩʪʠʷ ʥʘ       Announcements of  

ʉʲʶʟʘ ʥʘ ʫʯʝʥʠʪʝ      Union of Scientists  

ʉʣʠʚʝʥ, ʪʦʤ 37 (2), 2022      Sliven, vol. 37 (2), 2022 

16 

 

Multiple TCP connections between two hosts have a structured address table, and this architecture 

is quite simple, as there is a special TCP connection between each of the two IFSF devices that must 

transfer IFSF messages. 

To provide IFSF functionality when using the TCP / IP protocol of fixed IFSF periodic messages, 

they must be extended with additional data. All data is transmitted to the network in bytes. 

7. CONCLUSIONS 

In the designed system with one dual-control device, it is allowed to use two different protocol ar-

chitectures for message transfer, containing TCP/IP module and address table. Very few system resources 

are consumed, and an unlimited number of devices can be connected to the network. There is no need to 

convert protocols, thus reducing the cost of equipment and maintenance costs. The system is designed to 

meet the requirements compatible with the OSI model and has its own protocol for working with layer 7 

and technical common implementation for layers 1 and from 2 to 6. The system architecture allows all 

devices to communicate with each other. Each device of different origin can be connected without know-

ing the technical characteristics of the other devices. The communication layer is specified by the IFSF 

for TCP/IP. 
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Abstract. The article presents an algorithm for selecting a braking resistor for a frequency 

inverter during dynamic braking. For the system driven by the induction motor and the fre-

quency inverter, we determine the maximum braking torque, the maximum power generated 

during braking, and the electrical power returned to the inverter. This energy recharges the 

DC bus capacitors of the inverter and if not converted to heat in the braking resistor can 

damage the inverter. Based on the obtained maximum value of the resistance of the resistor 

and its nominal power, we can correctly choose the braking resistor we need. 

Keywords: brake resistor, frequency inverter, dynamic braking 

 

1. ɺʒɺɽɼɽʅʀɽ 

ɸʩʠʥʭʨʦʥʥʠʪʝ ʜʚʠʛʘʪʝʣʠ ʩʘ ʥʘʤʝʨʠʣʠ ʰʠʨʦʢʦ ʧʨʠʣʦʞʝʥʠʝ ʚ ʠʥʜʫʩʪʨʠʷʪʘ ʧʦʨʘʜʠ ʩʚʦʷʪʘ 

ʧʨʦʩʪʘ ʠ ʥʘʜʝʞʜʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʦʩʪʘʥʘʣʠʪʝ ʚʠʜʦʚʝ ʝʣʝʢʪʨʠʯʝʩʢʠ ʜʚʠʛʘʪʝʣʠ. ʉ ʠʟ-

ʧʦʣʟʚʘʥʝʪʦ ʥʘ ʯʝʩʪʦʪʥʠ ʠʥʚʝʨʪʦʨʠ ʩʝ ʦʩʠʛʫʨʷʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʟʘʜʚʠʞʚʘʥʠʷ ʩ ʨʝ-

ʛʫʣʠʨʘʥʝ ʥʘ ʩʢʦʨʦʩʪʪʘ ʚ ʰʠʨʦʢʠ ʛʨʘʥʠʮʠ. ɺʩʠʯʢʦ ʪʦʚʘ ʫʪʚʲʨʞʜʘʚʘ ʣʠʜʝʨʩʢʘʪʘ ʧʦʟʠʮʠʷ ʥʘ ʘʩʠʥʭ-

ʨʦʥʥʠʪʝ ʜʚʠʛʘʪʝʣʠ ʚ ʩʲʚʨʝʤʝʥʥʠʪʝ ʩʠʩʪʝʤʠ ʟʘ ʝʣʝʢʪʨʦʟʘʜʚʠʞʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ 

ʤʘʰʠʥʠ, ʤʝʭʘʥʠʟʤʠ ʠ ʧʨʦʮʝʩʠ. 

 

2. ʀɿʃʆɾɽʅʀɽ 

ʄʥʦʛʦ ʦʪ ʧʨʠʣʦʞʝʥʠʷʪʘ ʥʘ ʯʝʩʪʦʪʥʠʪʝ ʠʥʚʝʨʪʦʨʠ ʠʟʠʩʢʚʘʪ ʜʠʥʘʤʠʯʥʦ ʩʧʠʨʘʥʝ, ʢʦʝʪʦ ʦʪ ʩʚʦʷ 

ʩʪʨʘʥʘ ʚʦʜʠ ʜʦ ʚʨʲʱʘʥʝ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ ʦʪ ʜʚʠʛʘʪʝʣʷ ʢʲʤ ʯʝʩʪʦʪʥʠʷ ʠʥʚʝʨʪʦʨ. ʊʘʟʠ ʝʥʝʨ-

ʛʠʷ ʧʨʝʟʘʨʝʞʜʘ ʢʦʥʜʝʥʟʘʪʦʨʠʪʝ ʥʘ ʧʦʩʪʦʷʥʥʦʪʦʢʦʚʘʪʘ ʟʘʭʨʘʥʚʘʱʘ ʰʠʥʘ ʠ ʚʦʜʠ ʜʦ ʧʦʚʠʰʘʚʘʥʝ ʥʘ 

ʥʘʧʨʝʞʝʥʠʝʪʦ Ⱬ ʥʘʜ ʜʦʧʫʩʪʠʤʠʪʝ ʩʪʦʡʥʦʩʪʠ. ɿʘ ʦʛʨʘʥʠʯʘʚʘʥʝ ʥʘʧʨʝʞʝʥʠʝʪʦ ʥʘ ʧʦʩʪʦʷʥʥʦʪʦʢʦʚʘʪʘ 

ʰʠʥʘ ʧʦʣʫʯʝʥʘʪʘ ʝʥʝʨʛʠʷ ʦʪ ʪʦʚʘʨʘ ʩʝ ʧʦʜʘʚʘ ʢʲʤ ʩʧʠʨʘʯʝʥ ʨʝʟʠʩʪʦʨ ʯʨʝʟ ʩʧʠʨʘʯʝʥ ʤʦʜʫʣ. 

ʅʘ ʬʠʛ.1 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʩʠʣʦʚʘʪʘ ʯʘʩʪ ʥʘ ʯʝʩʪʦʪʝʥ ʠʥʚʝʨʪʦʨ. ʇʨʦʤʝʥʣʠʚʦʪʦ ʥʘʧʨʝʞʝʥʠʝ ʥʘ 

ʪʨʠʬʘʟʥʘʪʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʤʨʝʞʘ ʩʝ ʠʟʧʨʘʚʷ ʯʨʝʟ ʠʟʧʨʘʚʠʪʝʣ ʨʝʘʣʠʟʠʨʘʥ ʩ ʧʦʤʦʱʪʘ ʥʘ ʰʝʩʪ ʜʠʦʜʘ ʠ 

ʢʦʥʜʝʥʟʘʪʦʨ. ʉʧʠʨʘʯʥʠʷ ʤʦʜʫʣ ʧʨʝʜʩʪʘʚʣʷʚʘ ʝʣʝʢʪʨʠʯʝʩʢʠ ʢʣʶʯ, ʢʦʡʪʦ ʧʨʝʚʢʣʶʯʚʘ ʥʘʧʨʝʞʝʥʠʝʪʦ 

ʥʘ ʧʦʩʪʦʷʥʥʠʷ ʪʦʢ ʢʲʤ ʨʝʟʠʩʪʦʨa Ὑ, ʢʲʜʝʪʦ ʨʝʛʝʥʝʨʘʪʠʚʥʘʪʘ ʝʥʝʨʛʠʷ ʩʝ ʨʘʟʩʝʡʚʘ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ 

ʪʦʧʣʠʥʘ. ʊʦʡ ʩʝ ʟʘʜʝʡʩʪʚʘ ʘʚʪʦʤʘʪʠʯʥʦ, ʢʦʛʘʪʦ ʥʘʧʨʝʞʝʥʠʝʪʦ ʥʘ ʧʦʩʪʦʷʥʥʦʪʦʢʦʚʘʪʘ ʟʘʭʨʘʥʚʘʱʘ 

ʰʠʥʘ ʧʨʝʚʠʰʠ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʜʘʜʝʥʘ ʩʪʦʡʥʦʩʪ, ʟʘʚʠʩʝʱʘ ʦʪ ʥʦʤʠʥʘʣʥʦʪʦ ʟʘʭʨʘʥʚʘʱʦ ʥʘʧʨʝʞʝ-

ʥʠʝ ʥʘ ʠʥʚʝʨʪʦʨʘ. IGBT ʧʨʝʦʙʨʘʟʫʚʘʪ ʧʦʩʪʦʷʥʥʦ ʟʘʭʨʘʥʚʘʱʦ ʥʘʧʨʝʞʝʥʠʝ ʚ ʧʨʦʤʝʥʣʠʚʦ ʥʘʧʨʝʞʝ-

ʥʠʝ ʩ ʦʧʨʝʜʝʣʝʥʘ ʛʦʣʝʤʠʥʘ ʠ ʯʝʩʪʦʪʘ [1]. 
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ʌʠʛ.1. ʉʭʝʤʘ ʥʘ ʩʠʣʦʚʘʪʘ ʯʘʩʪ ʥʘ ʯʝʩʪʦʪʝʥ ʠʥʚʝʨʪʦʨ 

 

ʉʧʠʨʘʯʥʠ ʨʝʟʠʩʪʦʨʠ ʩʘ ʥʝʦʙʭʦʜʠʤʠ: 

¶ ʚʠʥʘʛʠ, ʢʦʛʘʪʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʝʬʝʢʪʠʚʥʦ ʩʧʠʨʘʥʝ; 

¶ ʟʘ ʠʟʙʷʛʚʘʥʝ ʥʘ ʘʣʘʨʤʠ ʟʘ ʧʨʝʥʘʧʨʝʞʝʥʠʝ, ʢʦʛʘʪʦ ʘʩʠʥʭʨʦʥʥʠʷ ʜʚʠʛʘʪʝʣ ʝ ʧʨʠʩʲʝʜʠʥʝʥ 

ʢʲʤ ʥʝʙʘʣʘʥʩʠʨʘʥ ʪʦʚʘʨ; 

¶ ʢʦʛʘʪʦ ʪʦʚʘʨʲʪ ñʜʚʠʞʠñ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʧʦʜʝʤʥʠʢ ʠʣʠ ʘʩʘʥʩʴʦʨ; 

¶ ʚ ʧʨʠʣʦʞʝʥʠʷ ʩ ʚʝʨʪʠʢʘʣʥʦ ʠʣʠ ʭʦʨʠʟʦʥʪʘʣʥʦ ʜʚʠʞʝʥʠʝ. 

ɿʘ ʜʘ ʙʲʜʝ ʥʘʧʨʘʚʝʥ ʠʟʙʦʨ ʥʘ ʩʧʠʨʘʯʝʥ ʨʝʟʠʩʪʦʨ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʙʲʜʘʪ ʠʟʯʠʩʣʝʥʠ ʩʪʦʡʥʦʩ-

ʪʠʪʝ ʥʘ ʩʣʝʜʥʠʪʝ ʚʝʣʠʯʠʥʠ[2, 3]: 

Á ʄʘʢʩʠʤʘʣʝʥ ʩʧʠʨʘʯʝʥ ʤʦʤʝʥʪ 

ʄʘʢʩʠʤʘʣʥʠʷ ʩʧʠʨʘʯʝʥ ʤʦʤʝʥʪ ʩʝ ʦʧʨʝʜʝʣʷ ʩ ʠʟʨʘʟʘ: 

ὓ
ȟ

ὓ ȟ   (1) 

ʢʲʜʝʪʦ: ὲ ʝ ʥʘʯʘʣʥʘʪʘ ʩʢʦʨʦʩʪ ʥʘ ʟʘʙʘʚʷʥʝ; 

 ὲ ʝ ʢʨʘʡʥʘʪʘ ʩʢʦʨʦʩʪ ʥʘ ʟʘʙʘʚʷʥʝ; 

 ὸ ʝ ʞʝʣʘʥʦʪʦ ʚʨʝʤʝ ʟʘ ʟʘʙʘʚʷʥʝ;  

 ὐ  ʝ ʦʙʱʠʷʪ ʠʥʝʨʮʠʦʥʝʥ ʤʦʤʝʥʪ ʥʘ ʩʠʩʪʝʤʘʪʘ. 

Á ʄʘʢʩʠʤʘʣʥʘ ʤʦʱʥʦʩʪ ʧʨʠ ʩʧʠʨʘʥʝ 

ʄʘʢʩʠʤʘʣʥʘʪʘ ʤʦʱʥʦʩʪ ʥʘ ʩʧʠʨʘʥʝ ʩʝ ʦʧʨʝʜʝʣʷ ʩ ʠʟʨʘʟʘ: 

ὖ
ȟ

ȟὡȢ    (2) 

Á ʄʘʢʩʠʤʘʣʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʤʦʱʥʦʩʪ ʧʨʠ ʩʧʠʨʘʥʝ 

ʄʘʢʩʠʤʘʣʥʘʪʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʤʦʱʥʦʩʪ ʥʘ ʩʧʠʨʘʥʝ ʩʝ ʦʧʨʝʜʝʣʷ ʩ ʠʟʨʘʟʘ: 

 

ὖ ὖ Ὧὖ ρ – ὖ ȟ (3) 

 

ʢʲʜʝʪʦ: Ὧ ʝ ʢʦʝʬʠʮʠʝʥʪ, ʢʦʡʪʦ ʟʘʚʠʩʠ ʦʪ ʤʦʱʥʦʩʪʪʘ ʥʘ ʜʚʠʛʘʪʝʣʷ; 

 PM ʝ ʥʦʤʠʥʘʣʥʘʪʘ ʤʦʱʥʦʩʪ ʥʘ ʜʚʠʛʘʪʝʣʷ; 

 – ʝ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʧʦʣʝʟʥʦ ʜʝʡʩʪʚʠʝ ʥʘ ʨʝʜʫʢʪʦʨʘ. 

Á ʄʘʢʩʠʤʘʣʥʦ ʜʦʧʫʩʪʠʤʘ ʩʪʦʡʥʦʩʪ ʥʘ ʩʧʠʨʘʯʥʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ 

ʄʘʢʩʠʤʘʣʥʦ ʜʦʧʫʩʪʠʤʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ ʩʧʠʨʘʯʥʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʩʝ ʦʧʨʝʜʝʣʷ ʩ ʠʟʨʘʟʘ: 

Ὑ ȟ    (4) 

ʢʲʜʝʪʦ: Ὗ  ʝ ʥʘʧʨʝʞʝʥʠʝʪʦ ʥʘ ʧʦʩʪʦʷʥʥʦʪʦʢʦʚʘʪʘ ʰʠʥʘ ʥʘ ʠʥʚʝʨʪʦʨʘ; 
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 ὖ ʝ ʤʘʢʩʠʤʘʣʥʘʪʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʤʦʱʥʦʩʪ ʧʨʠ ʩʧʠʨʘʥʝ. 

ʉʪʦʡʥʦʩʪʪʘ ʥʘ ʨʝʟʠʩʪʦʨʘ ʩʝ ʠʟʙʠʨʘ ʦʪ ʩʪʘʥʜʘʨʪʥʠʷ ʨʝʜ ʩʧʠʨʘʯʥʠ ʩʲʧʨʦʪʠʚʣʝʥʠʷ ʠ ʥʝ ʪʨʷʙʚʘ 

ʜʘ ʙʲʜʝ ʧʦ-ʛʦʣʷʤʘ ʦʪ ʧʦʣʫʯʝʥʘʪʘ ʩʪʦʡʥʦʩʪ ʟʘ Ὑ . 

Á ʅʦʤʠʥʘʣʥʘ ʤʦʱʥʦʩʪ ʥʘ ʩʧʠʨʘʯʥʠʷʪ ʨʝʟʠʩʪʦʨ 

ʅʦʤʠʥʘʣʥʘʪʘ ʤʦʱʥʦʩʪ ʥʘ ʩʧʠʨʘʯʥʠʷʪ ʨʝʟʠʩʪʦʨ ʩʝ ʦʧʨʝʜʝʣʷ ʩ ʠʟʨʘʟʘ: 

ὖ ȟ    (5) 

ʢʲʜʝʪʦ: ὖ ʝ ʤʘʢʩʠʤʘʣʥʘʪʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʤʦʱʥʦʩʪ ʥʘ ʩʧʠʨʘʥʝ; 

 Ὢ e ʢʦʝʬʠʮʠʝʥʪ ʟʘʚʠʩʝʱ ʦʪ ʧʝʨʠʦʜʘ ʥʘ ʚʢʣʶʯʚʘʥʝ ʥʘ ʩʧʠʨʘʯʥʠʷ ʨʝʟʠʩʪʦʨ. 

ʅʘ ʬʠʛ.2 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʢʦʝʬʠʮʠʝʥʪʘ Ὢ ʠ ʧʝʨʠʦʜʘ ʥʘ ʩʧʠʨʘʥʝ ʥʘ ʘʩʠʥʭʨʦʥ-

ʥʠʷʪ ʜʚʠʛʘʪʝʣ ED %. 

 
ʌʠʛ.2. ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ █▓ ʦʪ ʧʝʨʠʦʜʘ ʥʘ ʚʢʣʶʯʚʘʥʝ 

 

ʀʟʙʦʨʘ ʥʘ ʩʧʠʨʘʯʝʥ ʨʝʟʠʩʪʦʨ ʩʝ ʧʨʘʚʠ ʢʘʪʦ ʩʝ ʚʟʝʤʘʪ ʚ ʧʨʝʜʚʠʜ ʧʦʣʫʯʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ: ʟʘ 

ʤʘʢʩʠʤʘʣʥʦ ʜʦʧʫʩʪʠʤʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ ʩʲʧʨʦʪʠʚʣʝʥʠʝʪʦ (Ὑ ), ʥʦʤʠʥʘʣʥʘʪʘ ʤʦʱʥʦʩʪ ʥʘ ʨʝʟʠʩʪʦʨʘ 

(ὖ) ʠ ʤʘʢʩʠʤʘʣʥʘʪʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʤʦʱʥʦʩʪ ʧʨʠ ʩʧʠʨʘʥʝ (ὖ). 

 

3. ʏʀʉʃɽʅʆ ʀɿʉʃɽɼɺɸʅɽ 

ʆʧʨʝʜʝʣʷʤʝ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʥʫʞʥʠʷʪ ʩʧʠʨʘʯʝʥ ʨʝʟʠʩʪʦʨ ʧʨʠ ʩʣʝʜʥʠʪʝ ʜʘʥʥʠ ʟʘ ʘʩʠʥʭʨʦʥʥʠʷ 

ʜʚʠʛʘʪʝʣ ʠ ʤʝʭʘʥʠʯʥʘʪʘ ʩʠʩʪʝʤʘ, ʢʦʷʪʦ ʪʦʡ ʟʘʜʚʠʞʚʘ: 

Á ʅʦʤʠʥʘʣʥʘ ʤʦʱʥʦʩʪ 3,0 kW; 

Á ʅʦʤʠʥʘʣʥʘ ʩʢʦʨʦʩʪ 1430 min-1; 

Á ʅʦʤʠʥʘʣʝʥ ʤʦʤʝʥʪ 20 N.m; 

Á ʅʦʤʠʥʘʣʥʦ ʟʘʭʨʘʥʚʘʱʦ ʥʘʧʨʝʞʝʥʠʝ 400V; 

Á ʉʧʠʨʘʯʝʥ ʤʦʤʝʥʪ 120% ʦʪ ʥʦʤʠʥʘʣʥʠʷ ʤʦʤʝʥʪ; 

Á ɺʨʝʤʝ ʥʘ ʮʠʢʲʣʘ 60 s; 

Á ʀʥʝʨʮʠʦʥʝʥ ʤʦʤʝʥʪ ʥʘ ʪʦʚʘʨʘ 1,2 kg/m2. 

1. ʆʧʨʝʜʝʣʷʤʝ ʥʝʦʙʭʦʜʠʤʦʪʦ ʚʨʝʤʝ ʟʘ ʩʧʠʨʘʥʝ 

ὸ
ς“ȢὐȢὲ

φπȢὓ

ς“ȢρȟςȢρτσπ

φπȢρȟςȢςπ
φȟςτ ίȢ 

2. ʆʧʨʝʜʝʣʷʤʝ ʮʠʢʲʣʘ ʟʘ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʟʘʜʘʜʝʥʠʷ ʩʧʠʨʘʯʝʥ ʤʦʤʝʥʪ 

ὉὈ
ὸ

Ὕ

φȟςτ

φπ
πȟρπτρπȟτϷ 

3. ʆʧʨʝʜʝʣʷʤʝ ʤʘʢʩʠʤʘʣʥʘʪʘ ʤʦʱʥʦʩʪ ʧʨʠ ʩʧʠʨʘʥʝ 
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ὖ
ὓ ὲ ὲ

ωȟυυ

ρȟςȢςπȢρτσπ

ωȟυυ
σφρρ ὡ 

4. ʆʧʨʝʜʝʣʷʤʝ ʤʘʢʩʠʤʘʣʥʘʪʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʤʦʱʥʦʩʪ ʧʨʠ ʩʧʠʨʘʥʝ 

ὖ ὖ ὯȢὖ σφρρπȟςȢσπππσπρρ ὡ 

5. ʆʧʨʝʜʝʣʷʤʝ ʤʘʢʩʠʤʘʣʥʦ ʜʦʧʫʩʪʠʤʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ ʩʧʠʨʘʯʥʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ 

Ὑ
Ὗ

ὖ

χφπ

σπρρ
ρωρȟψ ɱ 

 
 

ʀʟʙʠʨʘʤʝ ʩʧʠʨʘʯʝʥ ʨʝʟʠʩʪʦʨ ʩʲʩ ʩʪʦʡʥʦʩʪ 150 Ý. 

 

6. ʆʧʨʝʜʝʣʷʤʝ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʪʦʢʘ ʧʨʝʟ ʨʝʟʠʩʪʦʨʘ 

Ὅ
Ὗ

Ὑ

χφπ

ρυπ
υȟπφ ὃ 

7. ʆʧʨʝʜʝʣʷʤʝ ʥʦʤʠʥʘʣʥʘʪʘ ʤʦʱʥʦʩʪ ʥʘ ʩʧʠʨʘʯʥʠʷ ʨʝʟʠʩʪʦʨ 

ὖ
ὖ

Ὢ

σπρρ

χ
τσπ ὡ 

ʆʢʦʥʯʘʪʝʣʥʦ ʠʟʙʠʨʘʤʝ ʩʧʠʨʘʯʝʥ ʨʝʟʠʩʪʦʨ ʩ ʥʦʤʠʥʘʣʥʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ 150 Ý ʠ ʥʦʤʠʥʘʣʥʘ 

ʤʦʱʥʦʩʪ 450 W. 

4. ɿɸʂʃʖʏɽʅʀɽ 

ʀʟʙʨʘʥʠʷ ʩʧʠʨʘʯʥʠʷ ʨʝʟʠʩʪʦʨ ʩʲʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʝʥʠʷʪ ʘʣʛʦʨʠʪʲʤ ʛʘʨʘʥʪʠʨʘ ʥʘʜʝʞʜʥʘ ʨʘʙʦʪʘ 

ʥʘ ʯʝʩʪʦʪʥʠʷ ʠʥʚʝʨʪʦʨ ʙʝʟ ʧʨʝʥʘʧʨʝʞʝʥʠʝ ʥʘ ʧʦʩʪʦʷʥʥʦʪʦʢʦʚʘʪʘ ʟʘʭʨʘʥʚʘʱʘ ʰʠʥʘ ʧʨʠ ʫʢʘʟʘʥʠʷ 

ʮʠʢʲʣ ʥʘ ʧʫʩʢʘʥʝ ʠ ʩʧʠʨʘʥʝ ʥʘ ʜʚʠʛʘʪʝʣʷ. 

ʇʨʘʚʠʣʥʦ ʠʟʙʨʘʥʠʷʪ ʩʧʠʨʘʯʝʥ ʨʝʟʠʩʪʦʨ ʛʘʨʘʥʪʠʨʘ ʩʠʛʫʨʥʘʪʘ ʤʫ ʨʘʙʦʪʘ ʠ ʪʝʨʤʠʯʥʘʪʘ ʤʫ ʫʩ-

ʪʦʡʯʠʚʦʩʪ ʧʦ ʚʨʝʤʝ ʥʘ ʝʢʩʧʣʦʘʪʘʮʠʷʪʘ, ʪʦʚʘ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʦʩʠʛʫʨʷʚʘ ʥʦʨʤʘʣʥʦʪʦ ʬʫʥʢʮʠʦʥʠʨʘʥʝ 

ʥʘ ʩʧʠʨʘʯʥʠʷ ʤʦʜʫʣ. 
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Abstract. The aim of the paper is to present an electrical calculation of starting resistors on 

a DC motor using an analytical and graphical method. The purpose of calculating resistors is 

to determine the required value of resistance in ohms and the magnitude of the current flow-

ing through the resistor, as well as its change over time. Based on these data, the resistors 

that are included in the power circuits of the electric motors are calculated or selected from 

standard elements. By determining the resistance and the current, the electrical calculation of 

the resistances is decided. 

Keywords: starting resistances, DC motor, parallel excitation. 

 

1. INTRODUCTION   

The purpose of the resistors included in the power circuits of electric motors is to limit the magni-

tude of the current in these circuits to the permissible value or to ensure obtaining the required character-

istic (for example, ensuring the raising or lowering of a load at a certain speed). 

Resistors included in the excitation circuits of machines are intended to vary the voltage of DC gen-

erators, the angular velocity of DC motors or cosj of synchronous motors. 

The electrical calculation of the resistances is done using the equations of the electromechanical 

characteristics or the mechanical characteristics. 

2. STARTING  RESISTANCES 

If, when starting the motor, the static resistive torque is constant, which is often encountered in op-

eration, the current and torque peaks are chosen as usually the same for all stages, and the starting dia-

gram of the motor (Fig. 2) has the form a, b, c, d, e, f, g [1-6]. 

In fig. 1 shows a scheme for the inclusion of the starting resistances and the designations of the 

main quantities necessary for the calculation are given. The resistances R1, R2, etc. are called stage re-

sistances; the resistances r1, r2, etc. are called section resistances. 

 

 
 

Fig. 1. Circuit diagram of parallel excitation DC machine 
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Fig. 2. The starting diagram of a DC motor 

 

For all adjacent characteristics, the ratio of their resistances is a constant value. Considering, for ex-

ample, characteristics 3 and 2, can be written: 

                      

‗                                                                         (1) 

 

To calculate the resistances, two of the three values must be set: I1, I2, z, where z is the number of 

starting stages. 

The following considerations should be taken into account when selecting the quantities I1, I2, and 

z. 

In the case of relay-contact control, the number of starting stages is always less than the number of 

rheostats, since the starting mode is regulated by the control equipment and does not depend on the opera-

tor. In addition, each starting stage requires a separate contactor and relay, which increases the cost of 

control. Therefore, the number of starting stages in contact control of low power motors (up to 10 kW) is 

1-2; for engines with medium power (up to 50 kW) it is 2-3; for the engines with more power by 3-4 de-

grees. Too often, the resistance is calculated for a particular type of starter with a given number of stages. 

When reducing the number of stages, the smoothness of the launch is reduced (the ratio M1/M2 = ɚ in-

creases) [7]. 

 

3. FORCED AND NORMAL STARTING OF A  DC MOTOR  

Forced starting is used for hard working drives with a large number of inclusions per hour. In this 

case, a maximum saving of time for the transition process is required, therefore the peak current I1 is set, 

which is chosen as large as possible. The current I2 is determined by (3). In this case, I2 can be obtained 

significantly larger than the static load current. 

In normal starting, the switching current I2 should be set, which is selected 10 - 20% greater than 

the current corresponding to the static resistance moment [8, 9,10]. 

If the current I1 and the number of starting stages z are set - based on (1): 
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‗  or  Ὑ ὙȾ‗;     ‗ or  Ὑ ὙȾ‗ , etc. 

Then the motor resistance  ὶ ὙȾ‗,   

 

whence  Ὑ ὶ‗.   

 

On the other hand, the total resistance in the main circuit of the motor  

 

Ὑ      (where Un is nominal voltage) 

whence 

  

‗                                                      (2) 

 

and the switching current 

 

Ὅ Ὅ   ;      Ὅ Ὅ ὶὍ                   (3) 

 

If I 2 and z are known, by constructing the auxiliary characteristic 0 having abscissa I2 at zero angu-

lar velocity, we obtain analogously 

 

‗   

 

 and 

 

Ὅ Ὅ   Ὅ Ὅ                                                    (4) 

 

The number of stages can be determined if the currents I1 and I2 are known, by (2) 

 

ὤ                               (5) 

 

After determining I1, I2 and z, the resistances of each stage and section are calculated. 

 

4. ANALYTICAL  METHOD  
First, the resistance of the first stage is determined, and then the others: 

 

                        

Ὑ  Ƞ Ὑ  Ƞ

Ὑ  Ƞ Ὑ  Ƞ

Ὑ  Ƞ Ὑ Ȣữ
Ử
Ữ

Ử
ử

                       (6) 

 

Resistances of sections: 
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ὶ Ὑ Ὑ  Ƞ ὶ  Ƞ

ὶ Ὑ Ὑ  Ƞ ὶ  Ƞ

ὶ Ὑ ὶ  Ƞ ὶ  Ȣữ
Ử
Ữ

Ử
ử

                         (7) 

 

 

5. GRAPHICAL  METHOD  

This method is based on the characteristic equations in relative units. 

‫ ρ ὙὍ 

‫ ρ Ὑὓ 
In this method, at a given characteristic, the armature circuit resistance R corresponding to that 

characteristic can be found if it is measured on the scale of -the segment 1 ‫ ‫   on the ordinate at nomi-

nal current or moment (‫  is the angular velocity to the given characteristic at Ὅ ὓ ρ). 
From fig. 2 is determined: Ὑ- by measuring the section in; Ὑ- im; Ὑ- il; ὶ- ik; ὶ- mn; ὶ ï lm; 

ὶ-kl. 

To reduce the first starting shock of the torque developed by the motor, one or two advance stages 

are sometimes provided, which provide an initial torque less than the initial starting torque 

Characteristics shown in fig. 2 0 ʠ 0' are preliminary. The resistance of the preliminary stage is 

Ὑ
Ὗ

Ὅ
 

where Ὅ is the switching current of the motor with a prior extent. 

 

6. ɸ RESEARCH OF A DC MOTOR WITH PARALLEL EXCITATION  

ɸ DC motor with the following parameters was examined:  5 ςςπ6Ƞ  0 υυË7Ƞ  Î
ψυπ ρȾÍÉÎȠ ʂ πȟψωτ. The electrical calculation of the starting resistances is made for the number of 

starting stages z = 3, with forced switching and static resistance moment at launch  - πȟψ. 
The nominal current of the motor is: 

Ὅ
ὖȢρπ

Ὗ–
ςψπ ὃ 

The field current (Ὅ) is assumed to be 1.5% of the motor current: 

Ὅ πȟπρυ Ȣςψπτȟς ὃ. 

 

The nominal armature current of the motor is: 

Ὅ Ὅ Ὅ ςχυȟψ ὃ. 

 

The internal resistance of the motor is determined by: 

ὶ πȟυρ – πȟπυσ. 
 

The switching current is determined by the following formula, with a peak current set for forced 

start Ὅ ς: 

Ὅ Ὅ ὶὍ πȟωτφ. 
 

ANALYTICAL METHOD 

After calculating the:   

‗ ςȟρρ, 
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the section resistances are found by an equation (7): 

ὶ πȟςφσ; 
ὶ πȟρςτυ; 

ὶ πȟπυωȠ 
ὶ πȟπυσ; 
Ὑ πȟυ. 

 

Verification: 

     Ὑ πȟτ ɱ Ƞ 

     Ὑ πȟψ ɱ Ƞ 

 

     Ὑ πȟυὙ πȟτ ɱ Ƞ 
 

Thus, the sum of the resistances of the sections and the internal resistance of the motor coincides 

with the total resistance of the armature circuit, determined by (6). 

 

GRAPHICAL METHOD 

In fig. 3, the starting diagram is built in relative units according to the data of the engine under 

study. The stage resistances are: 

 

 
 

Fig. 3. The starting diagram of the engine 

 

Ὑ - the segment ae ï 25 mm ï 0,5; 

Ὑ - the segment ad ï 12 mm ï 0,24; 

Ὑ - the segment ac ï 6 mm ï 0,12; 

ὶ - the segment ab ï 3 mm ï 0,06. 

Resistances of sections: 

ὶ  - the segment de ï 13 mm ï 0,26; 

ὶ  - the segment cd ï 6 mm ï 0,12; 

ὶ - the segment bc ï 3 mm ï 0,06; 

ὶ - the segment ab ï 3 mm ï 0,06. 

             Sum - 25 mm = 0,5. 
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CONCLUSIONS 

1. An electrical calculation of the resistors is presented by an analytical and graphical method, by 

determining the value of the resistance in ohms and the magnitude of the current flowing through the re-

sistor, as well as its change over time. 

2. The results of the graphical method coincide with the results of the analytical calculation, and in 

the magnitude of the resistances of the individual sections, there is a difference from the analytical calcu-

lation, which is explained by the approximation of the graphical method. 
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Abstract. This scientific work of the authors is dedicated to the definition of risk, its assess-

ment, management, analysis and of course classification against the background of global 

turbulence and chaos. Scientific statements by world-famous scientists were used, such as: 

Frank Knight (scientific financier, who was the first to determine the causes of the World 

Economic Depression in 1928 in the United States) and the Bulgarian scientist Academic 

Prof. DSc Ivan Popchev, introduced in Bulgaria the science of decision making and risk man-

agement, as well as elements of the science of artificial intelligence. 

The authors analyze the security risk of automated systems or networks, which identifies vul-

nerabilities and information areas for negative impact. They study the likelihood of realizing 

information threats in specific resources and work environment and assess the existing con-

sequences of them (especially in the field of science and education).  

Keywords: risk, information, evaluation, chaos, security 
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,,ʊʫʨʙʦʣʝʥʪʥʦʩʪʪʘ, ʭʘʦʩʲʪ ʠ ʨʠʩʢʲʪ ʥʝʧʨʝʢʲʩʥʘʪʦ 

 ʥʘʨʘʩʪʚʘʪ ʠ ʬʦʨʤʠʨʘʪ ʥʦʚʘʪʘ ʥʦʨʤʘʣʥʦʩʪ ʥʘ ʩʚʝʪʘ, 

ʢʦʷʪʦ ʙʲʜʝʱʠʪʝ ʭʦʨʘ ʪʨʷʙʚʘ ʜʘ ʨʘʟʙʠʨʘʪ ʠ ʧʨʠʝʤʘʪò! 

ɸʢʘʜ. ʀʚʘʥ ʇʦʧʯʝʚ, ɹɸʅ [0] 

  

ʈʝʟʶʤʝ. ʊʦʟʠ ʥʘʫʯʝʥ ʪʨʫʜ ʥʘ ʘʚʪʦʨʠʪʝ ʝ ʧʦʩʚʝʪʝʥ ʥʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʧʦʥʷʪʠʝʪʦ ʨʠʩʢ, 

ʥʝʛʦʚʦʪʦ ʦʮʝʥʷʚʘʥʝ, ʫʧʨʘʚʣʝʥʠʝ, ʘʥʘʣʠʟ ʠ ʨʘʟʙʠʨʘ ʩʝ ʢʣʘʩʠʬʠʢʘʮʠʷ ʥʘ ʬʦʥʘ ʥʘ ʩʚʝʪʦʚ-

ʥʘʪʘ ʪʫʨʙʦʣʝʥʪʥʦʩʪ ʠ ʭʘʦʩ. ʀʟʧʦʣʟʚʘʥʠ ʩʘ ʥʘʫʯʥʠ ʧʦʩʪʘʥʦʚʢʠ ʦʪ ʩʚʝʪʦʚʥʦ ʠʟʚʝʩʪʥʠ 

ʫʯʝʥʠ, ʢʘʪʦ: ʌʨʘʥʢ ʅʘʡʪ (ʫʯʝʥ ʬʠʥʘʥʩʠʩʪ, ʢʦʡʪʦ ʧʨʲʚ ʦʧʨʝʜʝʣʷ ʧʨʠʯʠʥʠʪʝ ʟʘ ʉʚʝ-

ʪʦʚʥʘʪʘ ʠʢʦʥʦʤʠʯʝʩʢʘ ʜʝʧʨʝʩʠʷ ʦʪ 1928 ʛ. ʚ ʉɸʑ) ʠ ʙʲʣʛʘʨʩʢʠʷʪ ʫʯʝʥ ʘʢʘʜʝʤʠʢ 

ʧʨʦʬ. ʜ.ʪ.ʥ. ʀʚʘʥ ʇʦʧʯʝʚ, ʚʲʚʝʣ ʚ ɹʲʣʛʘʨʠʷ ʥʘʫʢʘʪʘ ʟʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ ʠ ʫʧʨʘʚʣʝ-

ʥʠʝʪʦ ʥʘ ʨʠʩʢʘ, ʢʘʢʪʦ ʠ ʝʣʝʤʝʥʪʠ ʦʪ ʥʘʫʢʘʪʘ ʟʘ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ.  

ɸʚʪʦʨʠʪʝ ʘʥʘʣʠʟʠʨʘʪ ʨʠʩʢʘ ʟʘ ʩʠʛʫʨʥʦʩʪʪʘ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʘʥʠʪʝ  ʩʠʩʪʝʤʠ ʠʣʠ 

ʤʨʝʞʠ, ʧʨʠ ʢʦʡʪʦ ʩʝ ʫʩʪʘʥʦʚʷʚʘʪ ʫʷʟʚʠʤʠʪʝ ʤʝʩʪʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʦʙʣʘʩʪʠ ʟʘ ʦʪ-

ʨʠʮʘʪʝʣʥʦ ʚʲʟʜʝʡʩʪʚʠʝ. ʊʝ ʠʟʩʣʝʜʚʘʪ, ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʠ ʟʘʧʣʘʭʠ ʧʨʠ ʢʦʥʢʨʝʪʥʠʪʝ ʨʝʩʫʨʩʠ ʠ ʨʘʙʦʪʥʘ ʩʨʝʜʘ ʠ ʦʮʝʥʷʚʘʪ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʦʪ ʪʷʭ (ʥʘʡ-ʚʝʯʝ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʥʘʫʢʘʪʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝʪʦ).     

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʨʠʩʢ, ʠʥʬʦʨʤʘʮʠʷ, ʦʮʝʥʷʚʘʥʝ, ʭʘʦʩ, ʩʠʛʫʨʥʦʩʪ. 
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ʈʠʩʢʲʪ ʧʨʝʜʩʪʘʚʣʷʚʘ ʚʝʨʦʷʪʥʦʩʪ ʟʘ ʥʘʩʪʲʧʚʘʥʝ ʚ ʦʧʨʝʜʝʣʝʥ ʠʥʪʝʨʚʘʣ ʦʪ ʚʨʝʤʝ ʥʘ ʩʲʙʠʪʠʷ, 

ʢʦʝʪʦ ʦʢʘʟʚʘʪ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʥʠʝ ʠ ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʨʘʙʦʪʘʪʘ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʘʥʠʪʝ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʠ ʩʠʩʪʝʤʠ (ɸʀʉ) ʠ/ʠʣʠ ʤʨʝʞʠ. ʊʦʡ ʝ ʚʲʟʤʦʞʥʦʩʪ (ʠʟʤʝʨʝʥʘ ʢʦʣʠʯʝʩʪʚʝʥʦ, ʯʨʝʟ ʚʝʨʦʷʪ-

ʥʦʩʪ) ʟʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʟʘʧʣʘʭʘ, ʪ.ʝ. ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʫʷʟʚʠʤʦʩʪʪʘ ʥʘ ɸʀʉ ʠʣʠ ʤʨʝʞʘ, ʟʘ 

ʜʘ ʩʝ ʢʦʤʧʨʦʤʝʪʠʨʘ ʚ ʥʷʢʘʢʚʘ ʩʪʝʧʝʥ ʩʠʛʫʨʥʦʩʪʪʘ [1, 4]. 

ʅʘʡ ʯʝʩʪʦ ʨʠʩʢʲʪ ʩʝ ʩʚʲʨʟʚʘ ʩ ʥʝʦʧʨʝʜʝʣʝʥʦʩʪʪʘ ʠ ʥʝʩʠʛʫʨʥʦʩʪʪʘ ʦʪʥʦʩʥʦ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ 

ʨʝʟʫʣʪʘʪʠ ʦʪ ʦʧʨʝʜʝʣʝʥʠ ʜʝʡʩʪʚʠʷ. ʉ ʥʝʛʦ ʩʝ ʦʪʯʠʪʘ ʚʲʟʤʦʞʥʦʩʪʪʘ ʜʘ ʩʝ ʩʧʝʯʝʣʠ ʠʣʠ ʟʘʛʫʙʠ ʧʨʠ 

ʜʘʜʝʥʘ ʩʲʚʢʫʧʥʦʩʪ ʦʪ ʩʲʙʠʪʠʷ. ʀʟʤʝʨʚʘʥʝʪʦ ʥʘ ʩʪʝʧʝʥʪʘ ʥʘ ʥʝʩʠʛʫʨʥʦʩʪ ʧʨʠ ʠʟʚʲʨʰʚʘʥʝʪʦ ʥʘ ʯʦ-

ʚʝʰʢʠʪʝ ʜʝʡʥʦʩʪʠ ʝ ʚʲʟʧʨʠʝʪʦ ʜʘ ʩʝ ʥʘʨʠʯʘ ʦʮʝʥʢʘ ʥʘ ʨʠʩʢʘ [7, 8, 9-12]. 

ʇʨʲʚ ʌʨʘʥʢ ʅʘʡʪ (ʘʤʝʨʠʢʘʥʩʢʠ ʧʨʦʬʝʩʦʨ ʠ ʬʠʥʘʥʩʠʩʪ, (1885 - 1972) ʦʧʨʝʜʝʣʷ ʧʨʘʢʪʠʯʝʩʢʘʪʘ 

ʨʘʟʣʠʢʘ ʤʝʞʜʫ ʢʘʪʝʛʦʨʠʠʪʝ ʨʠʩʢ ʠ ʥʝʦʧʨʝʜʝʣʝʥʦʩʪ [3]. ʇʨʠ ʨʠʩʢʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ 

ʚ ʛʨʫʧʘ ʝ ʠʟʚʝʩʪʥʦ ʯʨʝʟ ʘʧʨʠʦʨʥʠ ʠʟʯʠʩʣʝʥʠʷ ʠʣʠ ʦʪ ʠʟʫʯʘʚʘʥʝ ʥʘ ʩʪʘʪʠʩʪʠʢʘʪʘ ʥʘ ʧʨʝʜʰʝʩʪʚʘʱʠʷ 

ʦʧʠʪ. ʇʨʠ ʦʮʝʥʷʚʘʥʝ ʥʘ ʥʝʦʧʨʝʜʝʣʝʥʦʩʪʪʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠʪʝ (ʦʧʠʪʠʪʝ, ʪʝʢʫʱʦʪʦ ʧʦʚʝʜʝʥʠʝ ʥʘ 

ʩʲʦʪʚʝʪʥʘʪʘ ʩʠʩʪʝʤʘ ʠ ʜʨ.), ʪʦʚʘ ʥʝʱʦ ʣʠʧʩʚʘ [2].     

ʆʮʝʥʢʘʪʘ ʥʘ ʨʠʩʢʘ ʝ ʧʨʦʮʝʩ ʥʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʧʨʠʦʨʠʪʝʪʠʪʝ ʚ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʨʠʩʢʘ, ʯʨʝʟ 

ʦʮʝʥʷʚʘʥʝ ʠ ʩʨʘʚʥʷʚʘʥʝ ʥʘ ʥʠʚʦʪʦ ʥʘ ʨʠʩʢʘ ʩʧʨʷʤʦ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʦʧʨʝʜʝʣʝʥʠ ʩʪʘʥʜʘʨʪʠ, ʮʝʣʝʚʦ 

(ʧʨʠʝʤʣʠʚʦ) ʥʠʚʦ ʥʘ ʨʠʩʢʘ ʠʣʠ ʜʨʫʛʠ ʢʨʠʪʝʨʠʠ [6]. 

ʋʧʨʘʚʣʝʥʠʝ ʥʘ ʨʠʩʢʘ ʝ ʧʨʦʮʝʩ ʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʢʦʥʪʨʦʣ ʥʘ ʦʧʘʩʥʦʩʪʠʪʝ ʩ ʮʝʣ ʩʲʭʨʘʥʷ-

ʚʘʥʝ ʠ ʦʧʪʠʤʘʣʥʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʨʝʩʫʨʩʠʪʝ ʟʘ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʥʝʦʙʭʦʜʠʤʘʪʘ ʩʪʝʧʝʥ ʥʘ ʟʘʱʠʪʘ ʥʘ 

ʠʥʬʦʨʤʘʮʠʷʪʘ ʚ ɸʀʉ ʠʣʠ ʤʨʝʞʠ [4, 6, 9, 12]. 

ɸʥʘʣʠʟʲʪ ʥʘ ʨʠʩʢʘ ʟʘ ʩʠʛʫʨʥʦʩʪʪʘ ʥʘ ɸʀʉ ʠʣʠ ʤʨʝʞʘ ʝ ʧʨʦʮʝʩ, ʧʨʠ ʢʦʡʪʦ ʩʝ ʫʩʪʘʥʦʚʷʚʘʪ 

ʟʘʧʣʘʭʠʪʝ ʠ ʫʷʟʚʠʤʠʪʝ ʤʝʩʪʘ ʥʘ ɸʀʉ ʠʣʠ ʤʨʝʞʘʪʘ, ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʟʘʧʣʘʭʠʪʝ 

ʧʨʠ ʢʦʥʢʨʝʪʥʠʪʝ ʨʝʩʫʨʩʠ ʠ ʨʘʙʦʪʥʘ ʩʨʝʜʘ ʠ ʩʝ ʦʮʝʥʷʚʘʪ ʧʦʩʣʝʜʩʪʚʠʷʪʘ ʧʨʠ ʪʷʭʥʦʪʦ ʨʝʘʣʠʟʠʨʘʥʝ. 
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1. ʅʦʚʦ ʧʦʷʚʠʣʠ ʩʝ ʫʷʟʚʠʤʦʩʪʠ ʠ/ʠʣʠ ʟʘʧʣʘʭʠ ʢʲʤ ɸʀʉ ʠʣʠ ʤʨʝʞʘʪʘ; 

2. ʇʨʦʤʝʥʠ ʚ ʨʝʩʫʨʩʠʪʝ ʥʘ ɸʀʉ ʠʣʠ ʤʨʝʞʘʪʘ ʠ/ʠʣʠ ʚ ʥʠʚʦʪʦ ʥʘ  

3. ʂʣʘʩʠʬʠʢʘʮʠʷ ʟʘ ʩʠʛʫʨʥʦʩʪ ʥʘ ʠʥʬʦʨʤʘʮʠʷʪʘ. 

ɿʘ ʘʥʘʣʠʟ ʥʘ ʨʠʩʢʘ ʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʘʜʝʢʚʘʪʥʠ ʤʝʨʢʠ ʟʘ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʩʝ ʩʬʦʨʤʠʨʘ ʝʢʠʧ ʦʪ 

ʩʧʝʮʠʘʣʠʩʪʠ ʧʦ ʬʠʟʠʯʝʩʢʘ, ʧʝʨʩʦʥʘʣʥʘ, ʜʦʢʫʤʝʥʪʘʣʥʘ, ʢʦʤʧʶʪʲʨʥʘ ʢʦʤʫʥʠʢʘʮʠʦʥʥʘ ʠ ʢʨʠʧʪʦʛ-

ʨʘʬʩʢʘ ʩʠʛʫʨʥʦʩʪ ʠ ʧʦ ʟʘʱʠʪʘ ʦʪ ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʠ ʠʟʣʲʯʚʘʥʠʷ. ɺ ʪʦʟʠ ʝʢʠʧ ʤʦʛʘʪ ʜʘ ʩʝ ʧʨʠʚʣʠʯʘʪ 

ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʥʘ ʧʨʦʝʢʪʘʥʪʠʪʝ. ɿʘ ʩʣʦʞʥʠ ɸʀʉ ʠʣʠ ʤʨʝʞʠ ʧʨʠ ʚʲʟʤʦʞʥʦʩʪ ʩʝ ʠʟʧʦʣʟʚʘʪ ʘʚʪʦ-

ʤʘʪʠʟʠʨʘʥʠ ʩʨʝʜʩʪʚʘ ʟʘ ʦʮʝʥʢʘ ʥʘ ʨʠʩʢʘ. 

ɺʲʟʤʦʞʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʪ ʘʥʘʣʠʟʘ ʥʘ ʚʩʝʢʠ ʢʦʥʢʨʝʪʝʥ ʨʠʩʢ ʩʘ: 

1. ɽʣʠʤʠʥʠʨʘʥʝ ʥʘ ʨʠʩʢʘ - ʮʝʣʪʘ ʝ ʮʷʣʦʩʪʥʦ ʝʣʠʤʠʥʠʨʘʥʝ ʥʘ ʨʝʘʣʥʘ ʠʣʠ ʧʦʪʝʥ-

ʮʠʘʣʥʘ ʫʷʟʚʠʤʦʩʪ ʥʘ ɸʀʉ ʠʣʠ ʤʨʝʞʘʪʘ ʯʨʝʟ ʧʲʣʥʦ ʧʨʠʣʘʛʘʥʝ ʥʘ ʤʝʨʢʠ ʟʘ ʩʠʛʫʨʥʦʩʪ; 

2. ʇʨʝʜʦʪʚʨʘʪʷʚʘʥʝ ʟʘʛʫʙʘʪʘ ʥʘ ʬʠʟʠʯʝʩʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʨʝʩʫʨʩʠ - ʮʝʣʪʘ ʝ 

ʧʨʠʣʘʛʘʥʝ ʥʘ ʤʝʨʢʠ ʟʘ ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝ ʥʘ ʟʘʛʫʙʠʪʝ, ʜʦʢʦʣʢʦʪʦ ʪʦʚʘ ʝ ʚʲʟʤʦʞʥʦ ʦʪʯʠ-

ʪʘʡʢʠ, ʯʝ ʥʷʢʦʠ ʨʠʩʢʦʚʝ ʥʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʝʣʠʤʠʥʠʨʘʥʠ ʧʦʨʘʜʠ ʪʝʭʥʦʣʦʛʠʯʥʠ ʠʣʠ ʜʨʫ-

ʛʠ ʧʨʠʯʠʥʠ; 

3. ʆʛʨʘʥʠʯʘʚʘʥʝ ʟʘʛʫʙʘʪʘ ʥʘ ʬʠʟʠʯʝʩʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʨʝʩʫʨʩʠ - ʮʝʣʪʘ ʝ ʧʨʠ-

ʣʘʛʘʥʝ ʥʘ ʤʝʨʢʠ ʟʘ ʩʠʛʫʨʥʦʩʪ, ʦʛʨʘʥʠʯʘʚʘʱʠ ʟʘʛʫʙʠʪʝ ʜʦ ʧʨʠʝʤʣʠʚʦ ʥʠʚʦ; 

4. ʇʨʠʝʤʘʥʝ ʥʘ ʨʠʩʢʘ ʦʪ ʟʘʛʫʙʘ ʥʘ ʬʠʟʠʯʝʩʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʨʝʩʫʨʩʠ - ʢʦʛʘʪʦ 

ʟʘʛʫʙʘʪʘ ʥʝ ʝ ʛʦʣʷʤʘ, ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʟʘʛʫʙʘ ʝ ʤʘʣʢʘ ʠʣʠ ʮʝʥʘʪʘ ʥʘ ʥʝʦʙʭʦʜʠʤʠʪʝ ʤʝʨ-

ʢʠ ʟʘ ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝ ʥʘ ʟʘʛʫʙʠʪʝ ʝ ʤʥʦʛʦ ʛʦʣʷʤʘ. 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʘʥʘʣʠʟʘ ʥʘ ʨʠʩʢʘ ʩʝ ʦʬʦʨʤʷʪ ʚʲʚ ʚʠʜ ʥʘ ʆʧʠʩʘʥʠʝ ʥʘ ʩʧʝʮʠʬʠʯʥʠʪʝ ʟʘʧʣʘʭʠ, 
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ʫʷʟʚʠʤʦʩʪʠʪʝ ʥʘ ɸʀʉ ʠʣʠ ʤʨʝʞʘʪʘ, ʨʝʞʠʤʘ ʟʘ ʩʠʛʫʨʥʦʩʪ ʧʨʠ ʝʢʩʧʣʦʘʪʘʮʠʷ ʥʘ ʩʠʩʪʝʤʘʪʘ, 

ʠʟʠʩʢʚʘʥʠʷʪʘ ʢʲʤ ʬʠʟʠʯʝʩʢʘʪʘ ʠ ʪʝʭʥʠʯʝʩʢʘʪʘ ʩʨʝʜʘ. 

ɿʘ ʫʩʣʦʚʠʷ ʥʘ ʝʢʩʧʣʦʘʪʘʮʠʷ ʥʘ ɸʀʉ ʠʣʠ ʤʨʝʞʘ, ʢʦʠʪʦ ʥʝ ʩʘ ʩʚʲʨʟʘʥʠ ʩ ʢʦʥʢʨʝʪʥʘ ʛʣʦʙʘʣʥʘ 

ʩʨʝʜʘ ʟʘ ʩʠʛʫʨʥʦʩʪ (ʥʘʧʨʠʤʝʨ ʤʦʙʠʣʥʠ, ʧʦʣʝʚʠ ʠ ʜʨʫʛʠ ʫʩʣʦʚʠʷ), ʧʨʠ ʘʥʘʣʠʟʘ ʥʘ ʨʠʩʢʘ ʩʝ ʦʮʝʥʷʚʘʪ 

ʠ ʨʠʩʢʦʚʝʪʝ, ʩʚʲʨʟʘʥʠ ʩʲʩ ʩʨʝʜʘʪʘ, ʚ ʢʦʷʪʦ ɸʀʉ ʠʣʠ ʤʨʝʞʘʪʘ ʱʝ ʙʲʜʝ ʧʦʣʟʚʘʥʘ. 

2. ʋʇʈɸɺʃɽʅʀɽ ʅɸ ʈʀʉʂɸ. ʆɹʑʀ ʇʆʅʗʊʀʗ. 

ʆʩʥʦʚʥʘʪʘ ʮʝʣ ʥʘ ʨʘʮʠʦʥʘʣʥʦʪʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʪʘ ʩʠʛʫʨʥʦʩʪ ʠ ʟʘʱʠʪʘʪʘ ʥʘ 

ʢʣʘʩʠʬʠʮʠʨʘʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʚ ʩʲʦʪʚʝʪʥʠʪʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʠ ʝʜʠʥʠʮʠ ʝ ʜʘ ʩʝ ʤʠʥʠʤʠʟʠʨʘ ʨʠʩʢʘ, 

ʧʨʠ ʟʘʜʘʜʝʥʦ ʞʝʣʘʥʦ ʨʘʚʥʠʱʝ ʥʘ ʨʘʟʭʦʜʠʪʝ ʟʘ ʪʦʚʘ. ʆʪ ʪʫʢ ʩʣʝʜʚʘ, ʯʝ ʝʬʝʢʪʠʚʥʘʪʘ ʧʦʣʠʪʠʢʘ ʟʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʩʠʛʫʨʥʦʩʪ ʠ ʟʘʱʠʪʘ ʥʘ ʢʣʘʩʠʬʠʮʠʨʘʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʠʟʠʩʢʚʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʜʘ 

ʩʝ ʦʮʝʥʷʚʘ ʠ ʫʧʨʘʚʣʷʚʘ ʨʠʩʢʦʚʘʪʘ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ. 

ʋʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʨʠʩʢʘ ʚ ʘʚʪʦʤʘʪʠʟʠʨʘʥʠʪʝ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ ʠʣʠ ʤʨʝʞʠ ʝ 

ʧʨʦʮʝʩ ʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʢʦʥʪʨʦʣ ʥʘ ʟʘʧʣʘʭʠʪʝ ʩ ʮʝʣ - ʩʲʭʨʘʥʷʚʘʥʝ ʠ ʦʧʪʠʤʘʣʥʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 

ʢʘʜʨʠʪʝ, ʨʝʩʫʨʩʠʪʝ ʠ ʧʨʦʮʝʩʠʪʝ. ɺ ʩʲʚʨʝʤʝʥʥʘʪʘ ʫʧʨʘʚʣʝʥʩʢʘ ʧʨʘʢʪʠʢʘ ʪʦʟʠ ʧʨʦʮʝʩ ʩʝ ʜʝʢʦʤʧʦʟʠ-

ʨʘ ʥʘ ʧʝʪ ʬʘʟʠ: (1) ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʥʘ ʟʘʧʣʘʭʠʪʝ; (2) ʦʮʝʥʢʘ ʥʘ ʟʘʧʣʘʭʠʪʝ ʠ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʨʠʩʢʘ; 

(3) ʩʲʟʜʘʚʘʥʝ ʥʘ ʩʠʩʪʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʠʩʢʘ ʠ ʚʟʠʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ; (4) ʦʩʠʛʫʨʷʚʘʥʝ ʫʧʨʘʚʣʝ-

ʥʠʝʪʦ ʥʘ ʨʠʩʢʘ; (5) ʢʦʥʪʨʦʣ ʠ ʦʮʝʥʢʘ. ʅʘ ʧʨʘʢʪʠʢʘ ʪʝʟʠ ʬʘʟʠ ʩʝ ʨʝʘʣʠʟʠʨʘʪ ʪʘʢʘ, ʢʘʢʪʦ ʝ ʧʦʢʘʟʥʦ ʚ 

ʪʘʙʣʠʮʘ 1 ʧʦ-ʜʦʣʫ. 

ɼʝʡʥʦʩʪʪʘ ʧʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʠʩʢʘ ʩʝ ʩʲʩʪʦʠ ʚ ʪʦʚʘ ʜʘ ʩʝ ʦʮʝʥʠ ʥʝʛʦʚʠʷ ʨʘʟʤʝʨ, ʜʘ ʩʝ ʠʟʛʦʪ-

ʚʷʪ ʤʝʨʢʠ ʟʘ ʥʘʤʘʣʷʚʘʥʝʪʦ ʤʫ ʠ ʜʘ ʩʝ ʧʨʠʜʦʙʠʝ ʫʚʝʨʝʥʦʩʪ, ʯʝ ʨʠʩʢʲʪ ʝ ʦʛʨʘʥʠʯʝʥ ʜʦ ʧʨʠʝʤʣʠʚʠ 

ʨʘʟʤʝʨʠ. 

ʆʙʠʢʥʦʚʝʥʦ ʨʝʰʝʥʠʷʪʘ, ʩʚʲʨʟʘʥʠ ʩ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʨʠʩʢʘ ʚ ɸʀʉ ʠʣʠ ʤʨʝʞʠ ʩʝ ʙʘʟʠʨʘʪ ʚʲʨ-

ʭʫ ʦʮʝʥʢʠ, ʬʦʨʤʠʨʘʥʠ ʥʘ ʦʩʥʦʚʘ ʦʧʠʪ, ʧʨʦʬʝʩʠʦʥʘʣʥʘ ʢʚʘʣʠʬʠʢʘʮʠʷ, ʣʠʯʥʦʩʪʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʈʲʢʦʚʦʜʠʪʝʣʠʪʝ ʚʟʠʤʘʪ ʨʝʰʝʥʠʷʪʘ ʩʠ ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʩʚʦʷʪʘ ʧʨʦʥʠʮʘʪʝʣʥʦʩʪ ʦʪʥʦʩʥʦ ʜʝʡʩʪʚʠʝʪʦ ʥʘ 

ʦʩʥʦʚʥʠʪʝ ʬʘʢʪʦʨʠ, ʧʨʠʜʘʚʘʱʠ ʫʥʠʢʘʣʥʦʩʪ ʥʘ ʚʩʷʢʘ ʩʠʪʫʘʮʠʷ. ʇʦ ʚʨʝʤʝ ʥʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʦʩʥʦʚ-

ʥʠʪʝ ʩʠ ʟʘʜʲʣʞʝʥʠʷ ʪʝ ʥʘʩʦʯʚʘʪ ʚʥʠʤʘʥʠʝʪʦ ʩʠ ʚʲʨʭʫ ʟʘʱʠʪʘʪʘ ʥʘ ʢʣʘʩʠʬʠʮʠʨʘʥʘ ʠʥʬʦʨʤʘʮʠʷ, 

ʠʟʧʦʣʟʚʘʥʘ ʚ ʧʨʦʮʝʩʘ ʥʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʩʲʟʜʘʚʘʪ ʫʩʣʦʚʠʷ ʜʘ ʩʝ ʧʨʝʜʚʠʞʜʘ 

ʩʲʱʝʩʪʚʫʚʘʥʝʪʦ ʥʘ ʟʘʧʣʘʭʠ, ʜʘʞʝ ʚ ʦʙʣʘʩʪʠ, ʢʲʜʝʪʦ ʝ ʧʨʠʚʠʜʥʦ, ʯʝ ʪʘʢʠʚʘ ʥʝ ʩʲʱʝʩʪʚʫʚʘʪ. 

ʊʘʙʣʠʮʘ 1. ʌʘʟʠ ʥʘ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʨʠʩʢʘ [3] 

                  ʌɸɿʀ 

 

 

 

ɼɽʁʉʊɺʀʗ 

 

ʌʘʟʘ1 

ʀʜʝʥʪʠ-

ʬʠʢʘʮʠʷ 

ʥʘ ʟʘʧʣʘ-

ʭʠʪʝ 

 

ʌʘʟʘ2 

ʆʮʝʥʢʘ ʥʘ 

ʟʘʧʣʘʭʠʪʝ 

ʌʘʟʘ3 

ʀʟʛʨʘʞʜʘ 

ʥʝ ʥʘ ʩʠʩʪʝ-

ʤʘ ʟʘ ʢʦʥʪ-

ʨʦʣ 

ʌʘʟʘ4 

ʇʨʠʣʘʛʘ 

ʥʝ ʥʘ 

ʢʦʥʪʨʦʣ 

ʌʘʟʘ5 

ʆʮʝʥʢʘ ʥʘ 

ʨʝʟʫʣʪʘ-

ʪʠʪʝ 

 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʥʘ 

ʧʨʦʙʣʝʤʘ 
X     

ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʮʝʣʠʪʝ X X    

ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʚʲʟʤʦʞ-

ʥʦʩʪʠʪʝ 
X X X   

ɸʥʘʣʠʟ ʥʘ ʘʣʪʝʨʥʘʪʠ-

ʚʠʪʝ 
X X X   

ʉʨʘʚʥʷʚʘʥʝ ʥʘ ʨʝʟʫʣʪʘ-

ʪʠʪʝ 
  X   

ɺʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ   X   

ɺʲʟʣʘʛʘʥʝ ʥʘ ʟʘʜʘʯʠʪʝ    X  
ʈʝʘʣʠʟʘʮʠʷ ʥʘ ʨʝʰʝʥʠʷʪʘ X X X X X 

ʆʮʝʥʢʘ ʥʘ ʨʝʘʣʠʟʘʮʠʷʪʘ 

ʠ ʥʝʡʥʠʪʝ ʧʦʩʣʝʜʩʪʚʠʷ 
X X X X X 
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ʇʨʠ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʪʨʘʜʠʮʠʦʥʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘ ʜʝʡʥʦʩʪ ʩʝ ʩʨʝʱʘʪ ʜʚʘ ʚʠʜʘ ʨʠʩʢ: ʪʘʢʪʠ-

ʯʝʩʢʠ ʠ ʩʣʫʯʘʝʥ. 

ʊʘʢʪʠʯʝʩʢʠʷʪ ʨʠʩʢ ʩʝ ʩʚʲʨʟʚʘ ʩʲʩ ʩʲʱʝʩʪʚʫʚʘʥʝ ʥʘ ʟʘʧʣʘʭʠ ʧʨʠ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʜʘʜʝʥʘ ʦʨʛʘ-

ʥʠʟʘʮʠʦʥʥʘ ʜʝʡʥʦʩʪ. ʊʦʟʠ ʨʠʩʢ ʩʝ ʦʪʯʠʪʘ ʧʨʠ ʨʘʟʣʠʯʥʠ ʩʮʝʥʘʨʠʠ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʜʘʜʝʥ ʧʨʦʝʢʪ, ʚ 

ʮʝʣʠʷ ʩʧʝʢʪʲʨ ʦʪ ʜʝʡʥʦʩʪʠ. 

ʉʣʫʯʘʡʥʠʷʪ ʨʠʩʢ ʚʢʣʶʯʚʘ ʨʠʩʢʘ, ʢʦʡʪʦ ʩʲʱʝʩʪʚʫʚʘ ʧʨʠ ʚʩʠʯʢʠ ʦʧʝʨʘʮʠʠ ʠʟʢʣʶʯʚʘʡʢʠ ʪʘʢ-

ʪʠʯʝʩʢʠʷ. ʊʫʢ ʩʝ ʚʢʣʶʯʚʘ ʨʠʩʢʘ ʠ ʦʪ ʜʝʡʩʪʚʠʷʪʘ ʥʘ ʩʨʦʜʥʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʲʱʦ ʪʘʢʘ ʩʝ ʚʢʣʶʯʚʘ ʨʠʩ-

ʢʘ, ʦʪʥʘʩʷʱ ʩʝ ʧʨʷʢʦ ʜʦ ʚʩʠʯʢʠ ʫʯʘʩʪʥʠʮʠ ʚ ʜʘʜʝʥʘ ʜʝʡʥʦʩʪ, ʢʘʢʪʦ ʠ ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʥʘ ʜʝʡʥʦʩʪʪʘ 

ʚʲʨʭʫ ʦʙʢʨʲʞʘʚʘʱʘʪʘ ʩʨʝʜʘ. 

ʌʘʟʠʪʝ 1 ʠ 2 ʦʙʭʚʘʱʘʪ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʦʮʝʥʢʘʪʘ ʥʘ ʨʠʩʢʘ. ɺ ʥʘʯʘʣʦʪʦ ʚʩʝʢʠ ʯʣʝʥ ʥʘ ʦʨʛʘ-

ʥʠʟʘʮʠʷʪʘ ʠʜʝʥʪʠʬʠʮʠʨʘ ʨʠʩʢʦʚʝʪʝ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʩʨʝʱʥʘʪʠ ʧʨʠ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʧʨʦʝʢʪʘ. 

ʉʣʝʜ ʪʦʚʘ ʩʝ ʦʧʨʝʜʝʣʷ ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʥʘ ʚʩʷʢʘ ʦʪʜʝʣʥʘ ʟʘʧʣʘʭʘ ʧʨʠ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʧʨʦʝʢʪʘ. ʆʮʝʥ-

ʢʘʪʘ ʥʘ ʨʠʩʢʘ ʠʟʠʩʢʚʘ ʚʩʝʢʠ ʯʣʝʥ ʥʘ ʧʝʨʩʦʥʘʣʘ ʜʘ ʥʘʧʨʘʚʠ ʩʠʪʫʘʮʠʦʥʥʘ ʦʮʝʥʢʘ. ʊʷ ʜʘʚʘ ʫʚʝʨʝʥʦʩʪ 

ʚ ʩʦʙʩʪʚʝʥʠʪʝ ʩʠʣʠ ʩʨʝʜ ʩʣʫʞʠʪʝʣʠʪʝ ʠ ʪʘʢʘ ʩʝ ʦʩʠʛʫʨʷʚʘ ʧʨʝʜʧʨʠʝʤʘʥʝ ʥʘ ʩʚʦʝʚʨʝʤʝʥʥʠ, ʝʬʠʢʘʩ-

ʥʠ ʤʝʨʢʠ ʟʘ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ. 

ʈʠʩʢʲʪ ʩʝ ʧʦʷʚʷʚʘ ʪʘʤ, ʢʲʜʝʪʦ ʠʤʘ ʟʘʧʣʘʭʘ. ʂʨʘʪʲʢ ʧʨʝʛʣʝʜ ʥʘ ʥʘʡ-ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʪʝ ʟʘʧʣʘʭʠ 

ʧʦʢʘʟʚʘ, ʯʝ ʪʝ ʩʘ ʤʥʦʛʦ ʠ ʥʝ ʚʩʠʯʢʠ ʦʪ ʪʷʭ ʠʤʘʪ ʦʪʥʦʰʝʥʠʝ ʢʲʤ ʢʦʤʧʶʪʲʨʥʠʪʝ ʩʠʩʪʝʤʠ ʠ ʤʨʝʞʠ. 

ʂʘʪʦ ʧʨʘʚʠʣʦ ʥʘʣʠʯʠʝʪʦ ʥʘ ʝʜʥʘ ʠʣʠ ʜʨʫʛʘ ʟʘʧʣʘʭʘ ʝ ʩʣʝʜʩʪʚʠʝ ʥʘ ʩʣʘʙʦʩʪʠ ʚ ʟʘʱʠʪʘʪʘ ʥʘ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʘʪʘ ʩʠʩʪʝʤʘ, ʢʦʝʪʦ ʩʝ ʦʙʷʩʥʷʚʘ ʩ ʦʪʩʲʩʪʚʠʝʪʦ ʥʘ ʥʷʢʦʠ ʧʨʦʛʨʘʤʥʦ-ʪʝʭʥʠʯʝʩʢʠ ʩʨʝʜʩʪʚʘ ʟʘ 

ʩʠʛʫʨʥʦʩʪ, ʠʣʠ ʩ ʥʝʜʦʩʪʘʪʲʮʠ ʚ ʨʝʘʣʠʟʠʨʘʱʠʪʝ ʛʠ ʟʘʱʠʪʥʠ ʤʝʭʘʥʠʟʤʠ. ʇʦʜʣʝʞʘʱʠʪʝ ʥʘ ʘʥʘʣʠʟʠ-

ʨʘʥʝ ʚʠʜʦʚʝ ʟʘʧʣʘʭʠ ʩʣʝʜʚʘ ʜʘ ʩʝ ʠʟʙʠʨʘʪ ʥʘ ʙʘʟʘʪʘ ʥʘ ʦʧʠʪ, ʥʘʣʠʯʥʘʪʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥʘ ʠʥʬʦʨʤʘ-

ʮʠʷ ʠ ʥʘ ʟʜʨʘʚʠʷ ʨʘʟʫʤ, ʥʦ ʚ ʨʘʤʢʠʪʝ ʥʘ ʠʟʙʨʘʥʠʪʝ ʚʠʜʦʚʝ ʪʨʷʙʚʘ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʤʘʢʩʠʤʘʣʥʦ ʧʲʣʝʥ 

ʘʥʘʣʠʟ. ʎʝʣʝʩʲʦʙʨʘʟʥʦ ʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʷʪ ʥʝ ʩʘʤʦ ʩʘʤʠʪʝ ʟʘʧʣʘʭʠ, ʥʦ ʠ ʠʟʪʦʯʥʠʮʠʪʝ ʠʤ. ʊʦʚʘ ʤʦʞʝ 

ʜʘ ʧʦʤʦʛʥʝ ʧʨʠ ʠʟʙʦʨʘ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʠ ʩʨʝʜʩʪʚʘ ʟʘ ʟʘʱʠʪʘ. 

ʂʦʛʘʪʦ ʦʙʝʢʪ ʥʘ ʘʥʘʣʠʟʘ ʝ ʥʝ ʩʘʤʦ ʢʣʘʩʠʬʠʮʠʨʘʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ, ʘ ʦʱʝ ʢʦʤʧʦʥʝʥʪʠʪʝ ʥʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʪʘ ʩʠʩʪʝʤʘ, ʧʨʦʛʨʘʤʥʠʪʝ ʨʝʩʫʨʩʠ, ʧʦʜʜʲʨʞʘʱʘʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʠ ʧʝʨʩʦʥʘʣʘ, 

ʪʦʛʘʚʘ ʪʨʷʙʚʘ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʢʣʘʩʠʬʠʢʘʮʠʷ ʥʘ ʜʘʥʥʠʪʝ ʧʦ ʥʠʚʦ ʥʘ ʩʝʢʨʝʪʥʦʩʪ, ʢʘʪʦ ʩʝ ʦʧʨʝʜʝʣʷʪ 

ʤʝʩʪʘʪʘ ʟʘ ʪʷʭʥʦʪʦ ʩʲʭʨʘʥʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ, ʥʘʯʠʥʠʪʝ ʟʘ ʜʦʩʪʲʧ ʜʦ ʪʷʭ. ɺʘʞʥʦ ʝ ʜʘ ʩʝ ʩʠʩʪʝʤʘʪʠ-

ʟʠʨʘʪ ʦʙʝʢʪʠʪʝ ʟʘ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʦʮʝʥʢʘ ʥʘ ʚʨʝʜʠʪʝ ʦʪ ʥʘʨʫʰʘʚʘʥʝʪʦ ʥʘ ʟʘʱʠʪʘʪʘ ʥʘ ʠʥ-

ʬʦʨʤʘʮʠʷʪʘ. 

ʉʣʝʜ ʠʜʝʥʪʠʬʠʢʘʮʠʷʪʘ ʥʘ ʟʘʧʣʘʭʠʪʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʦʮʝʥʠ ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʦʩʲʱʝʩʪ-

ʚʷʚʘʥʝʪʦ ʠʤ. ʄʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʪʨʠʩʪʝʧʝʥʥʘ ʩʢʘʣʘ: ʥʠʩʢʘ, ʩʨʝʜʥʘ ʠ ʚʠʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪ. ʆʩʚʝʥ 

ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ, ʚʘʞʝʥ ʝ ʠ ʧʦʪʝʥʮʠʘʣʥʠʷ ʨʘʟʤʝʨ ʥʘ ʱʝʪʠʪʝ (ʩʲʱʦ ʚʠʩʦʢ, ʩʨʝʜʝʥ ʠ 

ʥʠʩʲʢ). ʅʘʧʨʠʤʝʨ ʧʦʞʘʨʠ ʩʝ ʩʣʫʯʚʘʪ ʨʷʜʢʦ, ʥʦ ʨʘʟʤʝʨʘ ʥʘ ʱʝʪʠʪʝ ʦʪ ʪʷʭ ʝ ʛʦʣʷʤ ʠ ʪ.ʥ. ʆʮʝʥʷʚʘʡʢʠ 

ʟʘʧʣʘʭʠʪʝ, ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʟʭʦʞʜʘ ʥʝ ʪʦʣʢʦʚʘ ʦʪ ʩʨʝʜʥʦʩʪʘʪʠʩʪʠʯʝʩʢʠʪʝ ʜʘʥʥʠ, ʥʦ ʠ ʜʘ ʩʝ ʦʪʯʠʪʘʪ 

ʩʧʝʮʠʬʠʯʥʠʪʝ ʦʩʦʙʝʥʦʩʪʠ ʥʘ ʢʦʥʢʨʝʪʥʘʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʘ ʝʜʠʥʠʮʘ ʠ 

ʧʝʨʩʦʥʘʣ. 

ʉʣʝʜʚʘʱʘʪʘ ʩʪʲʧʢʘ ʝ ʦʮʝʥʢʘʪʘ ʥʘ ʨʠʩʢʘ. ɿʘ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʦʮʝʥʢʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ 

ʪʘʢʲʚ ʧʨʦʩʪ ʤʝʪʦʜ ʢʘʪʦ ʫʤʥʦʞʝʥʠʝ ʥʘ ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʟʘʧʣʘʭʘ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʠ-

ʪʝ ʱʝʪʠ. ɺʲʟʤʦʞʥʠʪʝ ʚʘʨʠʘʥʪʠ ʩʘ ʥʠʩʲʢ, ʩʨʝʜʝʥ ʠ ʚʠʩʦʢ ʨʠʩʢ. ʇʦ ʪʘʟʠ ʩʢʘʣʘ ʤʦʞʝ ʜʘ ʩʝ ʦʮʝʥʠ 

ʧʨʠʝʤʣʠʚʦʩʪʪʘ ʥʘ ʨʠʩʢʘ ʠ ʩʲʦʪʚʝʪʥʦ, ʘʢʦ ʥʷʢʦʠ ʨʠʩʢʦʚʝ ʩʝ ʦʢʘʞʘʪ ʥʝʧʨʠʝʤʣʠʚʦ ʚʠʩʦʢʠ ʩʝ ʨʝʘʣʠ-

ʟʠʨʘʪ ʜʦʧʲʣʥʠʪʝʣʥʠ ʤʝʨʢʠ ʟʘ ʟʘʱʠʪʘ. 

ʌʘʟʠʪʝ 3, 4 ʠ 5 ʩʘ ʩʲʱʥʦʩʪʪʘ ʥʘ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʨʠʩʢʘ. ʏʨʝʟ ʪʷʭ ʨʲʢʦʚʦʜʠʪʝʣʠʪʝ ʥʘʤʠʨʘʪ 

ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʪʘ ʜʝʡʥʦʩʪ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʩ ʦʙʢʨʲʞʘʚʘʱʘʪʘ 

ʩʨʝʜʘ, ʢʘʪʦ ʩʝ ʝʣʠʤʠʥʠʨʘ ʠʟʣʠʰʥʠʷ ʨʠʩʢ. ʇʦ ʚʨʝʤʝ ʥʘ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʪʝʟʠ ʜʝʡʥʦʩʪʠ ʨʲʢʦʚʦʜʠʪʝ-

ʣʠʪʝ ʧʦʩʪʦʷʥʥʦ ʦʮʝʥʷʚʘ-ʚʲʟʤʦʞʥʠʪʝ ʟʘʧʣʘʭʠ ʠ ʧʨʝʮʝʥʷʚʘʪ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʦʩʲʱʝʩʪʚʷʚʘʥʠʷ ʢʦʥ-

ʪʨʦʣ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʦʩʠʛʫʨʷʚʘ ʠ ʥʝʦʙʭʦʜʠʤʘʪʘ ʙʘʟʘ ʟʘ ʧʨʦʮʝʩʘ ʥʘ ʦʙʫʯʝʥʠʝ ʥʘ ʮʝʣʠʷ ʧʝʨʩʦʥʘʣ. 

ɿʘ ʧʨʝʤʘʭʚʘʥʝʪʦ ʥʘ ʩʣʘʙʦʩʪʠ, ʩʲʟʜʘʚʘʱʠ ʨʝʘʣʥʘ ʦʧʘʩʥʦʩʪ ʟʘ ʩʠʛʫʨʥʦʩʪʪʘ, ʩʲʱʝʩʪʚʫʚʘʪ ʤʝʭʘ-
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ʥʠʟʤʠ ʩ ʨʘʟʣʠʯʥʘ ʩʪʝʧʝʥ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪ. ʅʘʧʨʠʤʝʨ, ʘʢʦ ʠʤʘ ʛʦʣʷʤʘ ʦʧʘʩʥʦʩʪ ʦʪ ʥʝʨʝʛʣʘʤʝʥʪʠʨʘʥ 

ʜʦʩʪʲʧ ʤʦʞʝ ʜʘ ʩʝ ʟʘʜʲʣʞʘʪ ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʜʘ ʠʟʙʠʨʘ-ʜʲʣʛʠ ʧʘʨʦʣʠ, ʜʘ ʟʘʜʝʡʩʪʚʘʪ ʧʨʦʛʨʘʤʘ ʟʘ 

ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʧʘʨʦʣʠ, ʠʣʠ ʜʘ ʙʲʜʝ ʚʥʝʜʨʝʥʘ ʠʥʪʝʛʨʠʨʘʥʘ ʩʠʩʪʝʤʘ ʟʘ ʘʚʪʝʥʪʠʬʠʢʘʮʠʷ ʥʘ ʦʩʥʦʚʘʪʘ 

ʥʘ ʠʥʪʝʣʠʛʝʥʪʥʠ ʢʘʨʪʠ. 

ʆʮʝʥʷʚʘʡʢʠ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʟʘʱʠʪʥʠʪʝ ʤʝʨʢʠ, ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʦʪʯʠʪʘʪ ʥʝ ʩʘʤʦ ʩʨʝʜʩʪʚʘʪʘ 

ʟʘ ʟʘʢʫʧʫʚʘʥʝʪʦ ʥʘ ʦʙʦʨʫʜʚʘʥʝʪʦ ʠ ʧʨʦʛʨʘʤʠʪʝ, ʥʦ ʠ ʨʘʟʭʦʜʠʪʝ ʟʘ ʚʥʝʜʨʷʚʘʥʝ, ʧʦʜʜʨʲʞʢʘ, ʦʙʫʯʝ-

ʥʠʝ ʠ ʧʨʝʢʚʘʣʠʬʠʢʘʮʠʷ ʥʘ ʧʝʨʩʦʥʘʣʘ. ɸʢʦ ʧʦ ʪʦʟʠ ʧʦʢʘʟʘʪʝʣ ʥʦʚʦʪʦ ʩʨʝʜʩʪʚʦ ʩʝ ʦʢʘʞʝ ʠʢʦʥʦʤʠ-

ʯʝʩʢʠ ʠʟʛʦʜʥʦ, ʤʦʞʝ ʜʘ ʙʲʜʝ ʜʦʧʫʩʥʘʪʦ ʟʘ ʧʦ-ʥʘʪʘʪʲʰʥʦ ʨʘʟʛʣʝʞʜʘʥʝ. 

ʂʦʛʘʪʦ ʥʝʦʙʭʦʜʠʤʠʪʝ ʤʝʨʢʠ ʩʘ ʧʨʠʝʪʠ, ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʨʦʚʝʨʠ ʪʷʭʥʘʪʘ ʜʝʡʩʪʚʝʥʦʩʪ, ʪ.ʝ. ʜʘ ʩʝ 

ʧʦʩʪʠʛʥʝ ʫʙʝʜʝʥʦʩʪ, ʯʝ ʦʩʪʘʪʲʯʥʠʷ ʨʠʩʢ ʝ ʩʪʘʥʘʣ ʧʨʠʝʤʣʠʚ. ɸʢʦ ʝ ʪʘʢʘ, ʪʦ ʤʦʞʝ ʜʘ ʟʘʧʦʯʥʝ ʧʨʦʮʝ-

ʜʫʨʘʪʘ ʧʦ ʩʝʨʪʠʬʠʢʘʮʠʷ, ʩʧʦʨʝʜ ʜʝʡʩʪʚʘʱʦʪʦ ʟʘʢʦʥʦʜʘʪʝʣʩʪʚʦ. ɸʢʦ ʥʝ, ʩʝ ʘʥʘʣʠʟʠʨʘʪ ʜʦʧʫʩʥʘʪʠʪʝ 

ʛʨʝʰʢʠ ʠ ʩʝ ʧʨʦʚʝʞʜʘ ʧʦʚʪʦʨʝʥ ʩʝʘʥʩ ʦʪʥʦʩʥʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʠʩʢʘ. 

3. ʈɽɸʃʀɿɸʎʀʗ ʅɸ ʌɸɿʀʊɽ 

3.1. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʥʘ ʟʘʧʣʘʭʠʪʝ. 

ʇʨʝʟ ʪʘʟʠ ʬʘʟʘ ʩʝ ʦʧʨʝʜʝʣʷʪ ʩʣʫʯʘʡʥʠʪʝ ʨʠʩʢʦʚʝ (ʨʝʘʣʥʠ ʠʣʠ ʧʦʪʝʥʮʠʘʣʥʠ, ʢʦʠʪʦ ʩʝ ʩʨʝʱʘʪ ʚ 

ʨʘʙʦʪʘʪʘ ʥʘ ɸʀʉ ʠʣʠ ʤʨʝʞʠʪʝ. ʉʣʫʯʘʡʥʠʪʝ ʨʠʩʢʦʚʝ ʧʨʠʩʲʩʪʚʘʪ ʧʨʠ ʚʩʠʯʢʠ ʚʠʜʦʚʝ ʦʨʛʘʥʠʟʘʮʠʦʥ-

ʥʘ ʜʝʡʥʦʩʪ, ʧʨʠ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʠʪʝ ʧʨʦʮʝʩ ʢʘʪʦ ʪʝ ʤʦʛʘʪ ʜʘ ʩʘ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ ʥʝʣʦ-

ʷʣʥʘʪʘ ʢʦʥʢʫʨʝʥʮʠʷ, ʥʝʦʪʦʨʠʟʠʨʘʥ ʜʦʩʪʲʧ ʠʣʠ ʜʨʫʛʠ ʥʝʟʘʢʦʥʥʠ ʜʝʡʩʪʚʠʷ. ʊʨʘʜʠʮʠʦʥʥʦ ʩʣʫʯʘʡʥʠ-

ʪʝ ʨʠʩʢʦʚʝ ʩʝ ʨʘʟʢʨʠʚʘʪ ʚ ʧʲʨʚʠʪʝ ʩʪʲʧʢʠ ʥʘ ʚʟʠʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ: ʧʝʨʠʦʜʠ ʟʘ ʠʥʚʝʩʪʠʨʘʥʝ, ʠʥʚʝʩ-

ʪʠʮʠʦʥʥʠ ʨʘʟʭʦʜ, ʩʪʨʘʪʝʛʠʠ ʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ ʧʦʚʝʜʝʥʠʝ, ʘʥʘʣʠʟ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ. ʂʣʶ-

ʯʦʚʘ ʝ ʩʧʦʩʦʙʥʦʩʪʪʘ ʨʲʢʦʚʦʜʠʪʝʣʠʪʝ ʥʘ ʦʨʛʘʥʠʟʘʮʠʠʪʝ ʜʘ ʨʘʟʢʨʠʚʘʪ ʥʘʣʠʯʠʝʪʦ ʥʘ ʩʣʫʯʘʡʥʠ ʨʠʩʢʦ-

ʚʝ. ɽʜʥʘ ʦʪ ʦʩʦʙʝʥʦʩʪʠʪʝ ʥʘ ʩʲʚʨʝʤʝʥʥʘʪʘ ʩʨʝʜʘ ʝ, ʯʝ ʩʣʫʯʘʡʥʠʪʝ ʨʠʩʢʦʚʝ ʩʝ ʛʝʥʝʨʠʨʘʪ ʦʪ ʥʝʧʨʝʜ-

ʚʠʜʝʥʠ ʦʙʩʪʦʷʪʝʣʩʪʚʘ, ʠʣʠ ʯʦʚʝʰʢʠ ʛʨʝʰʢʠ, ʧʦʷʚʷʚʘʪ ʩʝ ʠʟʥʝʥʘʜʚʘʱʦ ʠ ʚʥʝʟʘʧʥʦ, ʢʘʪʦ ʧʦʨʘʞʜʘʪ 

ʟʥʘʯʠʪʝʣʥʠ ʟʘʧʣʘʭʠ. ʌʘʢʪ ʝ, ʯʝ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʤʝʪʦʜʠ ʟʘ ʢʦʥʪʨʦʣ ʪʨʫʜʥʦ ʤʦʛʘʪ ʜʘ ʧʨʝʜʧʘʟʷʪ ʦʪ 

ʩʣʫʯʘʡʥʠʪʝ ʟʘʧʣʘʭʠ ʚ ʠʟʚʲʥʨʝʜʥʦ ʙʲʨʟʦ ʧʨʦʤʝʥʷʱʠʪʝ ʩʝ ʩʠʪʫʘʮʠʠ. ʊʦʚʘ ʥʘʣʘʛʘ ʧʨʠ ʫʧʨʘʚʣʝʥʠʝʪʦ 

ʥʘ ʨʠʩʢʘ ʜʘ ʠʜʝʥʪʠʬʠʮʠʨʘʪ ʩʣʫʯʘʡʥʠʪʝ ʟʘʧʣʘʭʠ, ʧʨʷʢʦ ʚʣʠʷʝʱʠ ʚʲʨʭʫ ʪʘʢʪʠʯʝʩʢʠʷ ʨʠʩʢ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʘʪʘ ʥʘ ʨʘʟʣʠʯʥʠ ʧʨʦʝʢʪʠ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʠ ʝʢʩʧʣʦʘʪʘʮʠʷ ʥʘ ʩʠʩʪʝʤʘ ʟʘ ʟʘʱʠʪʘ 

ʥʘ ʢʣʘʩʠʬʠʮʠʨʘʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ, ʨʲʢʦʚʦʜʠʪʝʣʠʪʝ ʧʲʨʚʦʥʘʯʘʣʥʦ ʪʨʷʙʚʘ ʜʘ ʘʥʘʣʠʟʠʨʘʪ ʩʣʦʞ-

ʥʦʩʪʪʘ ʥʘ ʢʦʥʮʝʧʮʠʷʪʘ, ʩʣʝʜ ʪʦʚʘ ʪʨʷʙʚʘ ʜʘ ʷ ʨʝʘʣʠʟʠʨʘʪ ʚ ʧʨʦʝʢʪ ʠ ʥʘʢʨʘʷ ʪʨʷʙʚʘ ʜʘ ʩʪʠʛʥʘʪ ʜʦ 

ʧʣʘʥʦʚʝ ʠ ʟʘʜʘʯʠ, ʢʘʪʦ ʩʝ ʩʲʦʙʨʘʟʷʪ ʩ ʚʩʠʯʢʠ ʚʲʟʤʦʞʥʠ ʨʘʟʚʠʪʠʷ. ʇʨʠ ʥʷʢʦʠ ʧʨʦʝʢʪʠ ʩʲʱʝʩʪʚʫʚʘ 

ʤʥʦʛʦ ʧʦ ʛʦʣʷʤ ʨʠʩʢ ʦʪ ʜʨʫʛʠ, ʧʨʠ ʢʦʝʪʦ ʩʝ ʦʪʯʠʪʘ, ʯʝ ʪʦʚʘ ʝ ʥʝʦʪʤʝʥʠʤʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʨʝʘʣʠʟʘʮʠ-

ʷʪʘ. ʈʲʢʦʚʦʜʠʪʝʣʠʪʝ ʩʲʱʦ ʪʘʢʘ ʨʘʟʢʨʠʚʘʪ ʟʘʧʣʘʭʠʪʝ, ʩʚʲʨʟʚʘʥʠ ʩʲʩ ʩʣʦʞʥʦʩʪʪʘ ʥʘ ʧʣʘʥʦʚʝʪʝ, ʧʦ-

ʨʘʜʠ ʢʦʝʪʦ ʪʝ ʩʝ ʜʝʢʦʤʧʦʟʠʨʘʪ ʜʦ ʥʘʡ-ʥʠʩʢʠ ʥʠʚʘ ʥʘ ʜʝʡʩʪʚʠʝ, ʢʦʠʪʦ ʩʘ ʨʘʟʙʠʨʘʝʤʠ ʠ ʷʩʥʠ. 

ʇʨʝʟ ʪʘʟʠ ʬʘʟʘ ʨʲʢʦʚʦʜʠʪʝʣʠʪʝ ʨʘʟʛʣʝʞʜʘʪ ʧʦʪʝʥʮʠʘʣʥʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠ ʥʘ ʟʘʧʣʘʭʠʪʝ, ʢʘʪʦ 

ʦʩʥʦʚʥʠʷʪ ʚʲʧʨʦʩ ʝ: ʢʘʢʚʦ ʝ ʥʘʡ ʚʝʨʦʷʪʥʦ ʜʘ ʩʝ ʩʣʫʯʠ ʟʘ ʜʘ ʩʝ ʢʦʤʧʨʦʤʝʪʠʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʪʘ 

ʩʠʛʫʨʥʦʩʪ? ʆʙʠʢʥʦʚʝʥʦ ʥʝʜʦʦʮʝʥʷʚʘʥʝʪʦ ʥʘ ʩʣʫʯʘʡʥʠ ʠ ʥʝʧʨʝʜʚʠʜʝʥʠ ʨʠʩʢʦʚʝ ʧʦ ʚʨʝʤʝ ʥʘ ʠʟʧʲʣ-

ʥʝʥʠʝ ʥʘ ʧʨʦʝʢʪʘ ʤʦʞʝ ʜʘ ʩʝ ʩʨʝʱʥʝ ʧʨʠ: ʦʮʝʥʢʘʪʘ ʧʨʝʜʠʤʩʪʚʘʪʘ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ 

ʦʪ ʬʠʥʘʥʩʦʚʘ ʠ ʠʢʦʥʦʤʠʯʝʩʢʘ ʛʣʝʜʥʘ ʪʦʯʢʘ; ʨʝʘʣʥʘʪʘ ʦʮʝʥʢʘ ʥʘ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʩʫʙʝʢʪʠʪʝ ʥʘ ʟʘʧʣʘ-

ʭʠʪʝ; ʥʘʤʠʨʘʥʝ ʩʣʘʙʠʪʝ ʤʝʩʪʘ; ʪʦʯʥʦʪʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʨʘʟʚʠʪʠʝ ʥʘ ʘʪʘʢʠʪʝ; ʠ 

ʜʝʪʘʡʣʥʦʪʦ ʠʟʫʯʘʚʘʥʝ ʥʘ ʥʠʩʢʠʪʝ ʥʠʚʘ ʥʘ ʦʨʛʘʥʠʟʘʮʠʷʪʘ. 

ʀʟʫʯʘʚʘʥʝʪʦ ʥʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʘʪʘʢʘ ʥʘ ɸʀʉ ʠʣʠ ʤʨʝʞʠ ʠʛʨʘʝ ʚʘʞʥʘ ʨʦʣʷ ʧʦ ʦʪʥʦʰʝʥʠʝ 

ʨʘʟʢʨʠʚʘʥʝ ʟʘʧʣʘʭʠʪʝ, ʩʚʲʨʟʘʥʠ ʩ ʪʘʢʪʠʯʝʩʢʠʷ ʨʠʩʢ. ʊʦʚʘ ʝ ʜʠʥʘʤʠʯʝʥ ʧʨʦʮʝʩ, ʚ ʢʦʡʪʦ ʧʦʩʪʦʷʥʥʦ 

ʩʝ ʛʝʥʝʨʠʨʘʪ ʜʘʥʥʠ ʟʘ ʠʟʛʦʪʚʷʥʝ ʥʘ ʦʮʝʥʢʘ ʥʘ ʨʠʩʢʘ. ʊʦʡ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʩʝ ʠʟʷʩʥʷʪ ʚʲʟʤʦʞ-

ʥʦʩʪʠʪʝ ʠ ʦʛʨʘʥʠʯʝʥʠʷʪʘ ʚ ʩʨʝʜʘʪʘ, ʧʦʪʝʥʮʠʘʣʥʠʪʝ ʟʘʧʣʘʭʠ, ʫʷʟʚʠʤʠʪʝ ʤʝʩʪʘ ʠ ʦʩʥʦʚʥʠʪʝ ʜʝʡʩʪ-

ʚʘʱʠʪʝ ʬʘʢʪʦʨʠ. 

ʋʩʧʝʭʲʪ ʥʘ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʪʘ ʜʝʡʥʦʩʪ ʟʘʚʠʩʠ ʦʪ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʩʨʝʜʘʪʘ ʠ 

ʚʲʪʨʝʰʥʠʷ ʢʣʠʤʘʪ, ʢʘʪʦ ʪʝʟʠ ʜʚʘ ʬʘʢʪʦʨʘ ʦʙʫʩʣʘʚʷʪ ʨʘʟʣʠʯʥʠʪʝ ʪʠʧʦʚʝ ʩʣʫʯʘʡʥʠ ʨʠʩʢʦʚʝ. ʂʦʛʘʪʦ 

ʩʫʙʝʢʪʲʪ ʥʘ ʟʘʧʣʘʭʘʪʘ ʠʟʧʦʣʟʚʘ ʢʘʪʦ ʩʚʦʝ ʧʨʝʜʠʤʩʪʚʦ ʩʨʝʜʘʪʘ, ʪʦ ʨʠʩʢʲʪ ʝ ʧʦʜʯʝʨʪʘʥʦ ʪʘʢʪʠʯʝʩʢʠ. 

ʉʨʝʜʘʪʘ ʠ ʢʣʠʤʘʪʲʪ ʚ ʦʨʛʘʥʠʟʘʮʠʷʪʘ ʤʦʛʘʪ ʜʘ ʧʦʨʦʜʷʪ ʩʠʪʫʘʮʠʠ, ʚ ʢʦʠʪʦ ʨʠʩʢʲʪ ʜʦʤʠʥʠʨʘ. ʆʪ ʪʘʟʠ 

ʛʣʝʜʥʘ ʪʦʯʢʘ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʧʣʘʥʦʚʝʪʝ ʟʘʚʠʩʠ ʦʪ ʪʦʚʘ, ʜʦ ʢʦʣʢʦ ʜʲʣʛʦ ʜʘʜʝʥʘ ʦʨʛʘʥʠʟʘʮʠʷ ʤʦʞʝ 
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ʜʘ ʩʲʱʝʩʪʚʫʚʘ ʚ ʪʝʟʠ ʩʨʝʜʘ ʠ ʢʣʠʤʘʪ. ɺ ʪʦʟʠ ʢʦʥʪʝʢʩʪ, ʥʘʡ-ʚʘʞʥʠʪʝ ʘʩʧʝʢʪʠ ʥʘ ʩʨʝʜʘʪʘ, ʢʦʠʪʦ 

ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʠʟʷʩʥʝʥʠ: ʜʝʡʩʪʚʠʷʪʘ ʥʘ ʩʫʙʝʢʪʠʪʝ ʥʘ ʟʘʧʣʘʭʠʪʝ, ʥʘʣʠʯʠʝʪʦ ʠ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʠʪʝ ʭʨʘʥʠʣʠʱʘ, ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʧʦʣʫʯʘʚʘʥʘʪʘ ʥʘ ʚʭʦʜʘ ʥʘ ʦʨʛʘʥʠʟʘʮʠʷʪʘ ʠʥʬʦʨʤʘʮʠʷ, 

ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʪʘ ʩʨʝʜʘ ʠ ʜʦʩʪʠʛʘʥʝʪʦ ʥʘ ʢʨʠʪʠʯʥʠ ʥʠʚʘ ʚ ʥʝʷ, ʦʩʦʙʝʥʦʩʪʠ ʥʘ ʜʦʩ-

ʪʲʧʘ. ʈʘʟʧʦʟʥʘʚʘʥʝʪʦ ʥʘ ʟʘʧʣʘʭʠʪʝ ʩʚʲʨʟʘʥʠ ʩ ʢʣʠʤʘʪʘ ʚ ʦʨʛʘʥʠʟʘʮʠʷʪʘ ʥʘʣʘʛʘ ʜʘ ʩʝ ʦʮʝʥʠ ʩʲʩʪʦ-

ʷʥʠʝʪʦ ʥʘ ʧʝʨʩʦʥʘʣʘ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʠʪʝ ʢʦʤʫʥʠʢʘʮʠʠ, ʤʦʨʘʣʘ, ʩʣʫʞʝʙʥʠʪʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ, ʦʨ-

ʛʘʥʠʟʘʮʠʦʥʥʠʪʝ ʮʝʥʥʦʩʪʠ ʠ ʢʫʣʪʫʨʘ. ʊʝʟʠ ʬʘʢʪʦʨʠ ʚʣʠʷʷʪ ʧʦ ʤʥʦʛʦ ʨʘʟʣʠʯʥʠ ʥʘʯʠʥʠ ʥʘ ʚʲʪʨʝʰ-

ʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʦʨʛʘʥʠʟʘʮʠʷʪʘ ʠ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʧʨʦʮʝʩʠ ʚ ʥʝʷ. 

ʇʝʨʩʦʥʘʣʲʪ ʥʘ ʦʨʛʘʥʠʟʘʮʠʷʪʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʪʦʯʥʠʢ ʥʘ ʟʘʧʣʘʭʠ. ɿʘ ʪʷʭʥʘʪʘ ʦʮʝʥʢʘ ʪʨʷʙʚʘ 

ʜʘ ʩʝ ʚʟʝʤʝ ʧʦʜ ʚʥʠʤʘʥʠʝ ʥʠʚʦʪʦ ʥʘ ʧʦʜʛʦʪʦʚʢʘ, ʚʲʪʨʝʰʥʦʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʭʦʨʘʪʘ, ʥʠʚʦ 

ʥʘ ʧʦʜʜʨʲʞʢʘ ʥʘ ʝʢʠʧʠʨʦʚʢʘʪʘ ʠ ʪʝʭʥʠʢʘʪʘ, ʩʲʩʪʦʷʥʠʝ ʥʘ ʜʫʭʘ, ʬʠʟʠʯʝʩʢʦʪʦ ʠ ʝʤʦʮʠʦʥʘʣʥʦ ʟʜʨʘʚʝ 

ʥʘ ʭʦʨʘʪʘ. ɿʘʧʣʘʭʠʪʝ ʚ ʪʘʟʠ ʩʬʝʨʘ ʤʦʛʘʪ ʜʘ ʜʦʚʝʜʘʪ ʜʦ ʢʦʤʧʨʦʤʝʪʠʨʘʥʝ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʪʘ ʩʠ-

ʛʫʨʥʦʩʪ, ʜʘʞʝ ʧʨʠ ʫʩʣʦʚʠʝ, ʯʝ ʚʩʠʯʢʠ ʫʩʣʦʚʠʷ ʟʘ ʪʨʫʜ ʩʘ ʩʲʟʜʘʜʝʥʠ. ʇʨʦʚʘʣʲʪ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʨʝ-

ʜʠʟʚʠʢʘʥ ʦʪ: ʥʝ ʜʦʙʨʦ ʬʠʟʠʯʝʩʢʦ ʠ ʝʤʦʮʠʦʥʘʣʥʦ ʟʜʨʘʚʝ ʥʘ ʧʝʨʩʦʥʘʣʘ, ʥʝʘʜʝʢʚʘʪʥʠ ʩʘʥʠʪʘʨʥʘ ʫʩ-

ʣʦʚʠʷ, ʣʦʰʦ ʦʙʩʣʫʞʚʘʥʝ ʠ ʩʣʘʙʦ ʣʦʛʠʩʪʠʯʥʦ ʧʣʘʥʠʨʘʥʝ. ʊʦʡ ʤʦʞʝ ʜʘ ʩʝ ʧʦʣʫʯʠ ʦʱʝ ʦʪ: ʣʦʰʘ ʚʲʪ-

ʨʝʰʥʘ ʢʦʤʫʥʠʢʘʮʠʷ, ʥʝʜʦʙʨʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʥʝʝʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʝʥʠʝ; ʢʨʘʪʢʦʪʨʘʡʥʦʩʪʪʘ ʥʘ 

ʟʘʜʘʯʠʪʝ (ʪ.ʝ ʧʦʷʚʘ ʥʘ ʩʤʫʪ ʩʨʝʜ ʧʝʨʩʦʥʘʣʘ ʧʦʨʘʜʠ ʦʪʩʣʘʙʚʘʥʝ ʥʘ ʤʦʪʠʚʘʮʠʷʪʘ), ʪʝʢʫʯʝʩʪʚʦ ʥʘ ʨʲ-

ʢʦʚʦʜʠʪʝʣʠʪʝ, ʥʝʜʦʩʪʠʛ ʥʘ ʦʧʠʪ, ʣʠʧʩʘ ʥʘ ʦʩʚʝʜʦʤʝʥʦʩʪ ʟʘ ʩʠʪʫʘʮʠʷʪʘ, ʣʠʧʩʘ ʥʘ ʥʝʦʙʭʦʜʠʤʠʪʝ 

ʫʤʝʥʠʷ ʚ ʨʲʢʦʚʦʜʩʪʚʦʪʦ ʥʘ ʦʨʛʘʥʠʟʘʮʠʷʪʘ. 

ʉʲʱʝʩʪʚʝʥʘ ʯʘʩʪ ʦʪ ʟʘʧʣʘʭʠʪʝ ʟʘ ʢʦʤʧʨʦʤʝʪʠʨʘʥʝ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʪʘ ʩʠʛʫʨʥʦʩʪ ʩʘ ʩʚʲʨʟʘ-

ʥʠ ʩ ʜʝʬʠʮʠʪʘ ʥʘ ʚʨʝʤʝ ʟʘ ʧʣʘʥʠʨʘʥʝ, ʧʦʜʛʦʪʦʚʢʘ ʠ ʠʟʧʲʣʥʝʥʠʝ. ʈʲʢʦʚʦʜʠʪʝʣʠʪʝ ʨʫʪʠʥʥʦ ʧʨʠʣʘ-

ʛʘʪ ʩʲʦʪʥʦʰʝʥʠʝʪʦ - 1/3 ʟʘ ʧʣʘʥʠʨʘʥʝ, ʩʧʨʷʤʦ 2/3 ʟʘ ʧʦʜʛʦʪʦʚʢʘ ʠ ʠʟʧʲʣʥʝʥʠʝ - ʩ ʮʝʣ ʜʘ ʜʘʜʘʪ ʤʘʢ-

ʩʠʤʫʤ ʚʨʝʤʝ ʥʘ ʧʦʜʯʠʥʝʥʠʪʝ ʟʘ ʨʘʙʦʪʘ. ʇʨʠ ʧʨʦʚʘʣ ʥʘ ʧʨʦʝʢʪʘ ʧʦʨʘʜʠ ʜʝʬʠʮʠʪ ʥʘ ʚʨʝʤʝ, ʦʙʠʢʥʦ-

ʚʝʥʦ ʩʝ ʩʲʢʨʘʱʘʚʘ ʩʫʙʦʨʜʠʥʘʮʠʷʪʘ. 

3.2. ʆʮʝʥʢʘ ʥʘ ʟʘʧʣʘʭʠʪʝ. 

ʇʨʝʟ ʪʘʟʠ ʬʘʟʘ ʩʝ ʟʘʚʲʨʰʚʘ ʦʮʝʥʢʘʪʘ ʥʘ ʨʠʩʢʘ. ʊʫʢ ʩʝ ʦʮʝʥʷʚʘ ʚʝʨʦʷʪʥʦʩʪʪʘ ʨʠʩʢʘ ʜʘ ʩʝ 

ʩʨʝʱʥʝ ʧʨʠ ʚʩʠʯʢʠ ʥʠʚʘ ʠʣʠ ʩʪʨʦʛʦ ʜʝʪʝʨʤʠʥʠʨʘʥʠ ʥʠʚʘ, ʚʲʚ ʚʠʜ ʥʘ ʝʜʠʥ ʠʣʠ ʧʦʚʝʯʝ ʩʣʫʯʘʡʥʠ 

ʠʥʮʠʜʝʥʪʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʧʨʝʜʠʟʚʠʢʘʥʠ ʦʪ ʨʘʟʣʠʯʥʠ ʟʘʧʣʘʭʠ. ʀʥʮʠʜʝʥʪʠʪʝ ʠʤʘʪ ʚʝʨʦʷʪ-

ʥʦʩʪʝʥ ʭʘʨʘʢʪʝʨ ʠ ʩʝ ʜʝʬʠʥʠʨʘʪ ʥʘ ʙʘʟʘʪʘ ʥʘ ʨʘʟʫʤʥʠ ʦʯʘʢʚʘʥʠʷ ʜʘ ʩʝ ʩʣʫʯʘʪ. ʂʨʘʡʥʠʷʪ ʨʝʟʫʣʪʘʪ ʝ 

ʦʮʝʥʢʘ ʥʘ ʨʠʩʢʘ ʟʘ ʚʩʷʢʘ ʦʪʜʝʣʥʘ ʟʘʧʣʘʭʘ ʠ ʦʮʝʥʢʘ ʥʘ ʦʙʱʠʷ ʨʠʩʢ ʟʘ ɸʀʉ ʠʣʠ ʤʨʝʞʠ, ʩʲʱʝʩʪʚʫ-

ʚʘʱ ʧʦʨʘʜʠ ʥʘʣʠʯʠʝ ʥʘ ʟʘʧʣʘʭʠ, ʢʦʠʪʦ ʥʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʝʣʠʤʠʥʠʨʘʥʠ. ʈʲʢʦʚʦʜʠʪʝʣʠʪʝ ʪʨʷʙʚʘ ʜʘ 

ʦʮʝʥʷʪ ʨʠʩʢʘ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʚʩʝʢʠ ʦʪʜʝʣʝʥ ʝʣʝʤʝʥʪ ʥʘ ɸʀʉ ʠʣʠ ʤʨʝʞʘ, ʢʘʢʪʦ ʠ ʜʘ ʦʮʝʥʷʪ ʚʲʟ-

ʜʝʡʩʪʚʠʝʪʦ ʠʤ ʚʲʨʭʫ ʦʙʢʨʲʞʘʚʘʱʘʪʘ ʩʨʝʜʘ. ʊʨʘʜʠʮʠʦʥʥʦ ʪʦʚʘ ʩʝ ʠʟʚʲʨʰʚʘ ʥʘ ʪʨʠ ʥʠʚʘ. 

ʅʘ ʧʲʨʚʦ ʥʠʚʦ ʨʲʢʦʚʦʜʠʪʝʣʠʪʝ ʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʠʪʝ ʝʜʠʥʠʮʠ ʠ ʪʝʭʥʠʪʝ ʩʣʫʞʠʪʝʣʠ ʧʦ ʩʠ-

ʛʫʨʥʦʩʪʪʘ ʦʮʝʥʷʚʘʪ ʚʩʷʢʘ ʟʘʧʣʘʭʘ ʟʘ ʙʲʜʝʱ ʠʥʮʠʜʝʥʪ ʩ ɸʀʉ ʠʣʠ ʤʨʝʞʘ, ʠʤʘʱ ʚʝʨʦʷʪʥʦʩʪʝʥ ʭʘʨʘʢ-

ʪʝʨ. ɺʝʨʦʷʪʥʦʩʪʥʠʷʪ ʭʘʨʘʢʪʝʨ ʧʨʝʜʧʦʣʘʛʘ, ʯʝ ʧʦ ʚʨʝʤʝ ʨʘʙʦʪʘ ʩ ɸʀʉ ʠʣʠ ʤʨʝʞʘʪʘ ʤʦʛʘʪ ʜʘ ʚʲʟ-

ʥʠʢʥʘʪ ʨʘʟʣʠʯʥʠ ʥʠʚʘ ʥʘ ʟʘʧʣʘʭʘ. ʇʦʢʘʟʘʥʘʪʘ ʪʘʙʣʠʮʘ ʜʘʚʘ ʢʦʥʮʝʥʪʨʠʨʘʥ ʠʟʨʘʟ ʥʘ ʧʝʪ ʩʪʝʧʝʥʠ ʥʘ 

ʪʘʢʘʚʘ ʚʝʨʦʷʪʥʦʩʪ (ʊʘʙʣʠʮʘ 2). 

ʅʘ ʥʠʚʦ ʚʪʦʨʦ ʩʝ ʘʥʘʣʠʟʠʨʘ ʩʝʨʠʦʟʥʦʩʪʪʘ ʥʘ ʧʦʪʝʥʮʠʘʣʥʠʪʝ ʟʘʧʣʘʭʠ. ʊʘʟʠ ʩʝʨʠʦʟʥʦʩʪ ʩʝ ʠʟ-

ʨʘʟʷʚʘ ʦʪ ʩʪʝʧʝʥʪʘ, ʚ ʢʦʷʪʦ ʝ ʚʲʟʤʦʞʥʦ ʜʘ ʩʝ ʧʦʣʫʯʠ ʢʦʤʧʨʦʤʝʪʠʨʘʥʝ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʪʘ ʩʠʛʫʨ-

ʥʦʩʪ ʦʪ: 

(ʘ) ʧʝʨʩʦʥʘʣʘ, 

(ʙ) ʭʘʨʜʫʝʨʘ ʠ ʩʦʬʪʫʝʨʘ, 

(ʚ) ʚʲʥʰʥʠ ʩʫʙʝʢʪʠ. 

ʉʝʨʠʦʟʥʦʩʪʪʘ ʥʘ ʟʘʧʣʘʭʠʪʝ ʩʝ ʦʧʨʝʜʝʣʷ ʯʨʝʟ ʚʟʘʠʤʥʦʪʦ ʩʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʪʷʭ ʠ ʥʘʣʠʯʥʘʪʘ 

ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʩʭʦʜʥʠ ʪʘʢʠʚʘ. ʇʦʢʘʟʘʥʘʪʘ ʚ ʪʘʙʣʠʮʘʪʘ 3 ʩʭʝʤʘ ʜʘʚʘ ʧʨʝʜʩʪʘʚʘ ʦʪʥʦʩʥʦ ʯʝʪʠʨʠ ʩʪʝ-

ʧʝʥʠ ʥʘ ʩʝʨʠʦʟʥʦʩʪ ʦʪ ʟʘʧʣʘʭʠʪʝ. 

ʅʘ ʪʨʝʪʦ ʥʠʚʦ ʨʲʢʦʚʦʜʠʪʝʣʠʪʝ ʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʠʪʝ ʝʜʠʥʠʮʠ ʠ ʪʝʭʥʠʪʝ ʱʘʙʦʚʝ ʝʣʠʤʠʥʠʨʘʪ 

ʥʝʦʧʨʝʜʝʣʝʥʦʩʪʪʘ ʦʪʥʦʩʥʦ ʟʘʧʣʘʭʠʪʝ ʦʪ ʠʥʮʠʜʝʥʪʠ, ʦʮʝʥʷʚʘʪ ʥʠʚʘʪʘ ʥʘ ʨʠʩʢ ʟʘ ʚʩʷʢʘ ʦʪʜʝʣʥʘ ʟʘʧ-
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ʣʘʭʘ ʠ ʦʮʝʥʷʚʘʪ ʮʷʣʦʩʪʥʠʷ ʨʠʩʢ ʟʘ ɸʀʉ ʠʣʠ ʤʨʝʞʘʪʘ. 

ʊʘʙʣʠʮʘ 2. ʆʮʝʥʢʘ ʥʘ ʟʘʧʣʘʭʠʪʝ [7, 10] 

ʏɽʉʊʆ ʉɽ ʉʃʋʏɺɸ ʀʃʀ ʇʆʉʊʆʗʅʅʆ 

ɽʜʠʥʠʯʝʥ ʧʨʦʙʣʝʤ ʉʣʫʯʚʘ ʩʝ ʤʥʦʛʦ ʯʝʩʪʦ ʧʨʠ ʧʝʨʩʦʥʘʣʘ ʥʘ ʦʨ-

ʛʘʥʠʟʘʮʠʷʪʘ 

ɺʝʨʠʛʘ ʦʪ ʧʨʦʙʣʝʤʠ ʇʦʩʪʦʷʥʥʦ ʩʝ ʩʣʫʯʚʘʪ ʧʦ ʚʨʝʤʝ ʠʟʧʲʣʥʝʥʠʝ 

ʥʘ ʧʨʦʝʢʪʘ 

ʅʘ ʦʪʜʝʣʝʥ ʯʣʝʥ ʥʘ ʢʦʣʝʢʪʠʚʘ ʆʯʘʢʚʘ ʩʝ ʜʘ ʤʫ ʩʝ ʩʣʫʯʠ ʤʥʦʛʦ ʯʝʩʪʦ ʧʦ ʚʨʝ-

ʤʝ ʧʨʦʝʢʪʘ 

ʅʘ ʚʩʠʯʢʠ ʯʣʝʥʦʚʝ ʥʘ ʢʦʣʝʢʪʠʚʘ ʇʦʩʪʦʷʥʥʦ ʩʝ ʩʣʫʯʚʘ ʧʦ ʚʨʝʤʝ ʠʟʧʲʣʥʝʥʠʝ 

ʧʨʦʝʢʪʘ 

ʏɽʉʊʆ ʉɽ ʉʃʋʏɺɸ ʀʃʀ ʄʅʆɻʆʂʈɸʊʅʆ 

ɽʜʠʥʠʯʝʥ ʧʨʦʙʣʝʤ ʉʣʫʯʚʘ ʩʝ ʥʷʢʦʣʢʦ ʧʲʪʠ ʧʨʠ ʧʝʨʩʦʥʘʣʘ ʥʘ 

ʦʨʛʘʥʠʟʘʮʠʷʪʘ 

ɺʝʨʠʛʘ ʦʪ ʧʨʦʙʣʝʤʠ ʉʣʫʯʚʘ ʩʝ ʥʘ ʨʘʚʥʠ ʠʥʪʝʨʚʘʣʠ, ʩ ʧʦʩʪʦʷʥʥʘ 

ʯʝʩʪʦʪʘ 

ʅʘ ʦʪʜʝʣʝʥ ʯʣʝʥ ʥʘ ʢʦʣʝʢʪʠʚʘ ʉʣʫʯʚʘ ʩʝ ʥʷʢʦʣʢʦ ʧʲʪʠ ʧʦ ʚʨʝʤʝ ʥʘ ʧʨʦʝʢʪʘ 

ʅʘ ʚʩʠʯʢʠ ʯʣʝʥʦʚʝ ʥʘ ʢʦʣʝʢʪʠʚʘ ʉʣʫʯʚʘ ʩʝ ʩʨʝʜʥʦ ʯʝʩʪʦ ʧʦ ʚʨʝʤʝ ʥʘ ʧʨʦʝʢʪʘ 

ʉʃʋʏɺɸ ʉɽ ʉʇʆʈɸɼʀʏʅʆ ʀʃʀ ʆʊ ɺʈɽʄɽ ʅɸ ɺʈɽʄɽ 

ɽʜʠʥʠʯʝʥ ʧʨʦʙʣʝʤ ʉʣʫʯʚʘ ʩʝ ʦʪ ʚʨʝʤʝ ʥʘ ʚʨʝʤʝ ʧʨʠ ʧʝʨʩʦʥʘʣʘ 

ʥʘ ʦʨʛʘʥʠʟʘʮʠʷʪʘ 

ɺʝʨʠʛʘ ʦʪ ʧʨʦʙʣʝʤʠ ʉʣʫʯʚʘ ʩʝ ʥʷʢʦʣʢʦ ʧʲʪʠ ʚ ʦʨʛʘʥʠʟʘʮʠʷʪʘ 

ʅʘ ʦʪʜʝʣʝʥ ʯʣʝʥ ʥʘ ʢʦʣʝʢʪʠʚʘ ʉʣʫʯʚʘ ʩʝ ʥʷʢʦʣʢʦ ʧʲʪʠ ï ʥʝ ʤʥʦʛʦ ʯʝʩʪʦ 

ʅʘ ʚʩʠʯʢʠ ʯʣʝʥʦʚʝ ʥʘ ʢʦʣʝʢʪʠʚʘ ʉʣʫʯʚʘ ʩʝ ʩʧʦʨʘʜʠʯʥʦ ʦʪ ʚʨʝʤʝ ʥʘ ʚʨʝʤʝ 

ʈʗɼʂʆ ʉɽ ʉʃʋʏɺɸ, ʅʆ ʄʆɾɽ ɼɸ ʉɽ ʇʆʗɺʀ ʇʆ ɺʉʗʂʆ ɺʈɽʄɽ 

ɽʜʠʥʠʯʝʥ ʧʨʦʙʣʝʤ ɺʲʟʤʦʞʥʦ ʝ ʜʘ ʩʝ ʧʦʷʚʠ ʧʦ ʚʨʝʤʝ ʥʘ ʢʘʨʠʝʨʘ-

ʪʘ, ʥʦ ʥʝ ʝ ʟʘʜʲʣʞʠʪʝʣʥʦ 

ɺʝʨʠʛʘ ʦʪ ʧʨʦʙʣʝʤʠ ʉʣʫʯʚʘ ʩʝ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ ʠʟʦʣʠʨʘʥʠ ʠʥʮʠ-

ʜʝʥʪʠ 

ʅʘ ʦʪʜʝʣʝʥ ʯʣʝʥ ʥʘ ʢʦʣʝʢʪʠʚʘ ʉʣʫʯʚʘ ʩʝ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ ʠʟʦʣʠʨʘʥʠ ʩʣʫʯʘʠ, 

ʥʦ ʥʝ ʩʝ ʦʯʘʢʚʘ ʧʦ ʚʨʝʤʝ ʥʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ 

ʧʨʦʝʢʪʘ 

ʅʘ ʚʩʠʯʢʠ ʯʣʝʥʦʚʝ ʥʘ ʢʦʣʝʢʪʠʚʘ ʉʣʫʯʚʘ ʩʝ ʨʷʜʢʦ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ ʠʟʦʣʠʨʘʥʠ 

ʠʥʮʠʜʝʥʪʠ 

ʄɸʃʂʆ ɺɽʈʆʗʊʅʆ, ʅʆ ʅɽ ɽ ʅɽɺʒɿʄʆɾʅʆ ɼɸ ʉɽ ʇʆʗɺʀ 

ɽʜʠʥʠʯʝʥ ʧʨʦʙʣʝʤ ʅʝ ʝ ʥʝʚʲʟʤʦʞʥʦ ʜʘ ʩʝ ʩʣʫʯʠ- ʜʦʧʫʩʢʘ ʩʝ, ʯʝ 

ʥʷʤʘ ʜʘ ʩʝ ʩʣʫʯʠ 

ɺʝʨʠʛʘ ʦʪ ʧʨʦʙʣʝʤʠ ʉʣʫʯʚʘ ʩʝ ʤʥʦʛʦ ʨʷʜʢʦ-ʠʥʮʠʜʝʥʪʥʦ 

ʅʘ ʦʪʜʝʣʝʥ ʯʣʝʥ ʥʘ ʢʦʣʝʢʪʠʚʘ ʅʝ ʝ ʥʝʚʲʟʤʦʞʥʦ ʜʘ ʩʝ ʩʣʫʯʠ- ʜʦʧʫʩʢʘ ʩʝ, ʯʝ 

ʥʷʤʘ ʜʘ ʩʝ ʩʣʫʯʠ ʚ ʧʨʦʝʢʪʘ 

ʅʘ ʚʩʠʯʢʠ ʯʣʝʥʦʚʝ ʥʘ ʢʦʣʝʢʪʠʚʘ ʉʣʫʯʚʘ ʩʝ ʤʥʦʛʦ ʨʷʜʢʦ, ʥʦ ʥʝ ʝ ʥʝʚʲʟʤʦʞʥʦ 
            

ʊʘʙʣʠʮʘ 3. ʉʪʝʧʝʥʠ ʥʘ ʟʘʧʣʘʭʘ ʦʪ ʠʥʮʠʜʝʥʪʠ 

1. ʂʘʪʘʩʪʨʦʬʘʣʥʠ - ʧʲʣʥʘ ʟʘʛʫʙʘ ʥʘ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʧʨʠʢʣʶʯʚʘʥʝ ʥʘ ʧʨʦʝʢʪʘ. ʉʣʫʯʘʠ ʥʘ 

ʩʤʲʨʪ ʠʣʠ ʧʝʨʤʘʥʝʥʪʥʘ ʥʝʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪ ʥʘ ʧʝʨʩʦʥʘʣʘ. ɿʘʛʫʙʘ ʥʘ ʝʢʠʧʠʨʦʚʢʘ. ʅʝʧʨʝʜ-

ʚʠʜʝʥʠ ʤʘʪʝʨʠʘʣʥʠ ʟʘʛʫʙʠ. 

2. ʂʨʠʪʠʯʥʠ - ʚʥʝʟʘʧʥʘ ʟʘʛʫʙʘ ʥʘ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʟʘʚʲʨʰʚʘʥʝ ʥʘ ʧʨʦʝʢʪʘ. ʇʝʨʤʘʥʝʥʪʥʘ 

ʥʝʩʧʦʩʦʙʥʦʩʪ ʚ ʨʘʤʢʠʪʝ ʥʘ 3 ʤʝʩʝʮʘ. ɻʦʣʷʤʘ ʟʘʛʫʙʘ ʥʘ ʝʢʠʧʠʨʦʚʢʘ ʠ ʥʝʩʠʛʫʨʥʦʩʪ. ʅʝʦʯʘʢ-

ʚʘʥʠ. 
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3. ʏʘʩʪʠʯʥʠ - ʟʘʛʫʙʘ ʥʘ ʚʲʟʤʦʞʥʦʩʪʠ. ɿʘʛʫʙʘ ʥʘ ʯʘʩʪ ʦʪ ʝʢʠʧʠʨʦʚʢʘʪʘ, ʪʝʭʥʠʢʘ ʠʣʠ ʧʦʣʝ ʟʘ 

ʜʝʡʩʪʚʠʝ. 

4. ʅʝʟʥʘʯʠʪʝʣʥʠ - ʤʘʣʢʦ ʠʣʠ ʥʝʟʥʘʯʠʪʝʣʥʦ ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʟʘʚʲʨʰʚʘ-

ʥʝ ʥʘ ʧʨʦʝʢʪʘ. ʄʘʣʢʠ ʟʘʛʫʙʠ ʚ ʨʘʤʢʠʪʝ ʥʘ ʬʠʨʤʘʪʘ. 

 

ʊʘʙʣʠʮʘ 4. ʄʘʪʨʠʮʘ ʟʘ ʦʮʝʥʢʘ ʥʘ ʨʠʩʢʘ 

    ʉʪʝʧʝʥ ʥʘ          

ʨʠʩʢ 

 

ʉʪʝʧʝʥ  

ʥʘ ʩʝʨʠʦʟʥʦʩʪ 

ɺʝʨʦʷʪʥʦʩʪ ʟʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʩʲʙʠʪʠʝʪʦ 

ʄʥʦʛʦ ʚʝ-

ʨʦʷʪʥʦ 
ɺʝʨʦʷʪʥʦ ʉʨʝʜʥʦ ʈʷʜʢʦ 

ʅʝʚʝʨʦʷʪ-

ʥʦ 

ɸ ɺ ʉ D ɽ 

ʂʘʪʘʩʪʨʦʬʘʣʥʘ ʄʥʦʛʦ ʛʦʣʷʤ ʄʥʦʛʦ ʛʦʣʷʤ 
ʄʥʦʛʦ ʛʦ-

ʣʷʤ 

ʄʥʦʛʦ ʛʦ-

ʣʷʤ 

ʄʥʦʛʦ ʛʦ-

ʣʷʤ 

ʂʨʠʪʠʯʥʘ ʄʥʦʛʦ ʛʦʣʷʤ ʄʥʦʛʦ ʛʦʣʷʤ ɻʦʣʷʤ ʉʨʝʜʝʥ ʄʘʣʲʢ 

ʏʘʩʪʠʯʥʘ ɻʦʣʷʤ ʉʨʝʜʝʥ ʉʨʝʜʝʥ ʄʘʣʲʢ ʄʘʣʲʢ 

ʅʝʟʥʘʯʠʪʝʣʥʘ ʉʨʝʜʝʥ ʄʘʣʲʢ ʄʘʣʲʢ ʄʘʣʲʢ ʄʘʣʲʢ 

 

ʆʮʝʥʷʚʘʥʝʪʦ ʥʘ ʨʠʩʢʘ ʟʘʧʦʯʚʘ ʩ ʪʝʩʪʚʘʥʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʧʨʝʜʥʠʪʝ ʥʠʚʘ, ʢʦʠʪʦ ʜʘʚʘʪ ʚʝ-

ʨʦʷʪʥʦʩʪʪʘ ʜʘ ʩʝ ʩʙʲʜʥʘʪ ʧʨʦʛʥʦʟʠʪʝ ʠ ʝʬʝʢʪʠʪʝ ʦʪ ʠʥʮʠʜʝʥʪʠʪʝ. ʊʫʢ ʨʝʰʝʥʠʷʪʘ ʟʘʚʠʩʷʪ ʧʦʚʝʯʝ ʦʪ 

ʥʘʪʨʫʧʘʥʠʷ ʦʧʠʪ ʠ ʠʥʪʫʠʪʠʚʥʠʷ ʘʥʘʣʠʟ. ʅʝʦʧʨʝʜʝʣʝʥʦʩʪʪʘ ʩʝ ʧʨʦʷʚʷʚʘ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʦʮʝʥʢʘʪʘ 

ʥʘ ʚʝʨʦʷʪʥʦʩʪʪʘ ʠ ʩʝʨʠʦʟʥʦʩʪʪʘ ʥʘ ʟʘʧʣʘʭʠʪʝ. ʊʷ ʝ ʨʝʟʫʣʪʘʪ ʦʪ ʥʝʧʲʣʥʦʪʘʪʘ, ʥʝʪʦʯʥʦʩʪʪʘ, ʧʨʦʪʠʚʦ-

ʨʝʯʠʚʦʩʪʪʘ ʠ ʥʝʧʨʝʜʚʠʜʠʤʦʩʪʪʘ ʥʘ ʩʠʪʫʘʮʠʠʪʝ. ʇʨʠ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʩʣʫʞʝʙʥʠʪʝ ʩʠ ʟʘʜʲʣʞʝʥʠʷ ʧʨʠ 

ʩʪʨʘʪʝʛʠʯʝʩʢʘ ʦʙʩʪʘʥʦʚʢʘ ʨʲʢʦʚʦʜʠʪʝʣʠʪʝ, ʧʨʠʪʝʞʘʚʘʱʠ ʨʝʩʫʨʩʠ ʦʪ ʥʘʭʦʜʯʠʚʦʩʪ ʠ ʠʟʦʙʨʝʪʘʪʝʣ-

ʥʦʩʪ, ʩʘ ʧʨʠʥʫʜʝʥʠ ʜʘ ʩʝ ʩʲʦʙʨʘʟʷʚʘʪ ʩ ʨʝʘʣʥʦʩʪʠʪʝ ʥʘ ʩʠʪʫʘʮʠʷʪʘ, ʢʦʠʪʦ, ʯʝʩʪʦ ʧʲʪʠ ʚ ʟʥʘʯʠʪʝʣʥʘ 

ʩʪʝʧʝʥ, ʛʠ ʟʘʜʲʣʞʘʚʘʪ ʜʘ ʜʝʡʩʪʚʘʪ ʧʨʠ ʫʚʝʣʠʯʘʚʘʱ ʩʝ ʨʠʩʢ ʦʪ ʛʨʝʰʢʠ ʠʣʠ ʥʝʫʩʧʝʭ. ʇʦʨʘʜʠ ʪʦʚʘ, ʯʝ 

ʦʙʩʪʘʥʦʚʢʘʪʘ ʩʝ ʧʨʦʤʝʥʷ ʤʥʦʛʦ ʙʲʨʟʦ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʥʘʨʘʩʪʚʘʥʝ ʨʠʩʢʦʚʝʪʝ ʟʘ ɸʀʉ ʠʣʠ ʤʨʝʞʘʪʘ, 

ʪʦʚʘ ʛʠ ʩʪʠʤʫʣʠʨʘ ʜʘ ʧʨʦʷʚʷʚʘʪ ʝʥʝʨʛʠʯʥʦʩʪ ʠ ʩʲʦʙʨʘʟʠʪʝʣʥʦʩʪ ʧʨʠ ʦʮʝʥʢʘ ʥʘ ʩʠʪʫʘʮʠʷʪʘ. ʇʦ-

ʜʦʣʫ, ʚ ʪʘʙʣʠʮʘʪʘ ʝ ʜʘʜʝʥʘ ʩʪʘʥʜʘʨʪʥʘʪʘ ʤʘʪʨʠʮʘ, ʢʦʷʪʦ ʯʝʩʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʦʮʝʥʢʘ ʥʘ ʩʪʝʧʝʥʪʘ ʥʘ 

ʨʠʩʢ (ʊʘʙʣʠʮʘ 4). ʈʘʟʣʠʯʥʠʪʝ ʩʪʝʧʝʥʠ ʥʘ ʨʠʩʢʘ ʟʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʪʘ ʩʠʛʫʨʥʦʩʪ ʟʘʚʠʩʷʪ ʦʪ ʩʲʯʝʪʘ-

ʥʠʝʪʦ ʥʘ ʩʪʝʧʝʥʠʪʝ ʥʘ ʩʝʨʠʦʟʥʦʩʪ ʥʘ ʧʦʩʣʝʜʠʮʠʪʝ ʦʪ ʨʠʩʢʘ ʠ ʚʝʨʦʷʪʥʦʩʪʠʪʝ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʟʘʧ-

ʣʘʭʠʪʝ. ʄʥʦʛʦ ʛʦʣʝʤʠʪʝ ʨʠʩʢʦʚʝ ʟʘ ʢʦʤʧʨʦʤʝʪʠʨʘʥʝ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʪʘ ʩʠʛʫʨʥʦʩʪ, ʚ ʩʣʫʯʘʡ, ʯʝ 

ʟʘʧʣʘʭʠʪʝ ʩʝ ʨʝʘʣʠʟʠʨʘʪ, ʚʲʟʥʠʢʚʘʪ ʦʩʥʦʚʥʦ ʧʨʠ ʨʘʟʣʠʯʥʠʪʝ ʩʪʝʧʝʥʠ ʥʘ ʚʝʨʦʷʪʥʦʩʪ ʟʘ ʨʝʘʣʠʟʘʮʠʷ 

ʥʘ ʢʘʪʘʩʪʨʦʬʘʣʥʠ ʧʦʩʣʝʜʠʮʠ, ʥʦ ʩʲʱʦ ʠ ʥʘ ʢʨʠʪʠʯʥʠ ʧʦʩʣʝʜʠʮʠ, ʢʦʛʘʪʦ ʚʝʨʦʷʪʥʦʩʪʪʘ ʝ ʜʦʩʪʘʪʲʯʥʦ 

ʚʠʩʦʢʘ. ʅʠʩʲʢ ʨʠʩʢ ʩʲʱʝʩʪʚʫʚʘ ʧʨʠ ʥʘʣʠʯʠʝ ʥʘ ʚʝʨʦʷʪʥʦʩʪ ʟʘ ʤʘʣʢʠ ʚʨʝʜʠ ʠ ʥʝʟʥʘʯʠʪʝʣʥʠ ʟʘʛʫʙʠ. 

4. ʀɿɻʈɸɾɼɸʅɽ ʅɸ ʉʀʉʊɽʄɸ ɿɸ ʂʆʅʊʈʆʃ ʅɸ ʈʀʉʂɸ 

ʇʨʝʟ ʪʘʟʠ ʬʘʟʘ ʩʝ ʠʟʛʨʘʞʜʘʪ ʢʦʥʪʨʦʣʥʠʪʝ ʤʝʭʘʥʠʟʤʠ ʠ ʩʝ ʩʲʟʜʘʚʘ ʩʠʩʪʝʤʘʪʘ ʟʘ ʚʟʠʤʘʥʝ ʥʘ 

ʨʝʰʝʥʠʷ, ʩʚʲʨʟʘʥʠ ʩ ʨʠʩʢʘ ʚ ɸʀʉ ʠʣʠ ʤʨʝʞʘ. ʉʣʝʜ ʦʮʝʥʢʘ ʥʘ ʚʩʷʢʘ ʟʘʧʣʘʭʘ, ʨʲʢʦʚʦʜʠʪʝʣʠʪʝ ʨʘʟ-

ʨʘʙʦʪʚʘʪ ʝʜʥʘ ʠʣʠ ʧʦʚʝʯʝ ʩʠʩʪʝʤʠ ʟʘ ʢʦʥʪʨʦʣ, ʢʦʠʪʦ ʜʘ ʝʣʠʤʠʥʠʨʘʪ ʩʘʤʠʪʝ ʟʘʧʣʘʭʠ ʠʣʠ ʥʘʤʘʣʷʪ 

ʨʠʩʢʘ ʟʘ ʠʥʮʠʜʝʥʪʠ. ʊʝʟʠ ʩʠʩʪʝʤʠ ʤʦʛʘʪ ʫʩʣʦʚʥʦ ʜʘ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʪ ʢʘʪʦ ʦʙʨʘʟʦʚʘʪʝʣʥʠ, ʬʠʟʠ-

ʯʝʩʢʠ ʠ ʧʨʝʚʘʥʪʠʚʥʠ. 

ʆʙʨʘʟʦʚʘʪʝʣʥʠʪʝ ʩʠʩʪʝʤʠ ʩʝ ʙʘʟʠʨʘʪ ʥʘ ʧʨʝʜʘʚʘʥʝ ʥʘ ʟʥʘʥʠʷ ʠ ʬʦʨʤʠʨʘʥʝ ʥʘ ʫʤʝʥʠʷ ʟʘ 

ʢʦʥʪʨʦʣ ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʜʠʚʠʜʫʘʣʝʥ ʠ ʢʦʣʝʢʪʠʚʝʥ ʪʨʝʥʠʨʦʚʲʯʝʥ ʧʨʦʮʝʩ, ʢʦʡʪʦ ʧʨʝʚʨʲʱʘ ʠʟʠʩʢʚʘ-

ʥʠʷʪʘ ʟʘ ʩʠʛʫʨʥʦʩʪ ʠ ʥʘʜʝʞʜʥʦʩʪ ʚ ʩʪʘʥʜʘʨʪʥʠ ʧʨʦʮʝʜʫʨʠ. 

ʌʠʟʠʯʝʩʢʠ, ʩʠʩʪʝʤʠʪʝ ʟʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʩʠʛʫʨʥʦʩʪ ʩʝ ʨʝʘʣʠʟʠʨʘʪ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ ʟʘʱʠ-

ʪʠ, ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ ʧʨʝʜʫʧʨʝʜʠʪʝʣʥʠ ʥʘʜʧʠʩʠ ʟʘ ʩʲʱʝʩʪʚʫʚʘʱʘ ʟʘʧʣʘʭʘ. ɺ ʦʪʜʝʣʥʠ ʩʣʫʯʘʠ ʩʝ ʥʘʟ-

ʥʘʯʘʚʘ ʥʘʜʟʠʨʘʚʘʱ ʧʝʨʩʦʥʘʣ, ʢʦʡʪʦ ʦʪʛʦʚʘʨʷ ʟʘ ʣʦʢʘʣʠʟʠʨʘʥʝ ʥʘ ʟʘʧʣʘʭʠʪʝ. 

ʇʨʝʚʘʥʪʠʚʥʠʪʝ ʩʠʩʪʝʤʠ ʟʘ ʩʠʛʫʨʥʦʩʪ ʦʩʠʛʫʨʷʚʘʪ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ, ʧʨʝʜʦʪʚʨʘʪʷʚʘʱʠ 

ʟʘʧʣʘʭʠʪʝ. 
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ʆʩʥʦʚʝʥ ʝʣʝʤʝʥʪ ʥʘ ʩʠʩʪʝʤʠʪʝ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʪʘ ʩʠʛʫʨʥʦʩʪ ʩʘ ʢʨʠʪʝʨʠʠʪʝ 

ʟʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ. ʊʝ ʪʨʷʙʚʘ ʜʘ ʩʘ: 

(ʘ) ʧʦʜʭʦʜʷʱʠ, ʪ.ʝ. ʪʨʷʙʚʘ ʜʘ ʧʨʝʤʘʭʚʘʪ ʨʠʩʢʘ, ʠʣʠ ʜʘ ʛʦ ʥʘʤʘʣʷʚʘʪ ʜʦ ʧʨʠʝʤʣʠʚʠ ʥʠʚʘ; 

(ʙ) ʦʩʲʱʝʩʪʚʠʤʠ, ʪ.ʝ. ʧʝʨʩʦʥʘʣʲʪ ʪʨʷʙʚʘ ʜʘ ʠʤʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʧʨʠʣʦʞʠ ʢʦʥʪʨʦʣʘ; 

(ʚ) ʧʨʠʝʤʣʠʚʠ, ʪ.ʝ. ʧʦʣʟʘʪʘ ʦʪ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʢʦʥʪʨʦʣʘ ʪʨʷʙʚʘ ʜʘ ʦʧʨʘʚʜʘʝ ʩʪʦʡʥʦʩʪʪʘ ʥʘ 

ʚʣʘʛʘʥʠʪʝ ʨʝʩʫʨʩʠ ʠ ʚʨʝʤʝ; 

(ʛ) ʧʨʠʣʦʞʠʤʠ, ʪ.ʝ. ʥʘʣʠʯʠʝ ʥʘ ʩʲʦʪʚʝʪʝʥ ʧʝʨʩʦʥʘʣ, ʝʢʠʧʠʨʦʚʢʘ, ʩʥʘʙʜʷʚʘʥʝ ʠ ʚʩʠʯʢʦ ʜʨʫ-

ʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʧʦ ʧʨʠʣʘʛʘʥʝʪʦ. 

5. ʀɿɺʆɼʀ  

ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʠʟʚʲʨʰʝʥʠʷ ʘʥʘʣʠʟ ʠ ʠʟʩʣʝʜʚʘʥʝ ʩʘ ʧʦʣʫʯʝʥʠ ʩʣʝʜʥʠʪʝ ʥʘʫʯʥʠ ʨʝʟʫʣʪʘʪʠ: 

1. ʆʮʝʥʷʚʘʥʝʪʦ ʥʘ ʨʠʩʢʘ ʟʘʧʦʯʚʘ ʩ ʪʝʩʪʚʘʥʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʧʨʝʜʥʠʪʝ ʥʠʚʘ ʥʘ ʥʝʛʦʚʦʪʦ 

ʧʨʦʛʥʦʟʠʨʘʥʝ. ʊʝʟʠ ʥʠʚʘ ʥʘ ʨʠʩʢʘ, ʪʨʷʙʚʘ ʜʘ  ʜʘʚʘʪ ʚʝʨʦʷʪʥʦʩʪʪʘ ʜʘ ʩʝ ʩʙʲʜʥʘʪ ʧʨʦʛʥʦʟʠʪʝ ʠ ʝʬʝʢ-

ʪʠʪʝ ʦʪ ʠʥʮʠʜʝʥʪʠʪʝ ʠ ʢʘʪʘʩʪʨʦʬʠʪʝ. 

2. ʆʙʨʘʟʦʚʘʪʝʣʥʠʪʝ ʩʠʩʪʝʤʠ ʟʘ ʦʮʝʥʢʘ ʥʘ ʨʠʩʢʘ ʦʪ ʥʠʩʢʘ ʩʪʝʧʝʥ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝʪʦ, ʩʝ ʙʘʟʠʨʘʪ 

ʥʘ ʧʨʝʜʘʚʘʥʝ ʥʘ ʟʥʘʥʠʷ ʠ ʬʦʨʤʠʨʘʥʝ ʥʘ ʫʤʝʥʠʷ ʟʘ ʢʦʥʪʨʦʣ ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʜʠʚʠʜʫʘʣʝʥ ʠ ʢʦʣʝʢʪʠ-

ʚʝʥ ʪʨʝʥʠʨʦʚʲʯʝʥ ʧʨʦʮʝʩ. 

3. ʌʠʟʠʯʝʩʢʠʪʝ ʩʠʩʪʝʤʠʪʝ ʟʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʩʠʛʫʨʥʦʩʪ ʩʝ ʨʝʘʣʠʟʠʨʘʪ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ ʟʘʱʠ-

ʪʠ, ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ ʧʨʝʜʫʧʨʝʜʠʪʝʣʥʠ ʥʘʜʧʠʩʠ ʟʘ ʩʲʱʝʩʪʚʫʚʘʱʘ ʟʘʧʣʘʭʘ ʟʘ ʭʦʨʘʪʘ ʚ ʪʝʭʥʠʷ ʝʞʝʜʥʝ-

ʚʝʥ ʪʨʫʜʦʚ ʧʨʦʮʝʩ. 
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ABSTRACT: The paper presents a study of an active bandpass filter in PSpice environment 

with a bandwidth of 100 Hz to 10 kHz. The main parameters of the filter are analytically cal-

culated. A model was created, confirming the calculated results.  
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ɺʲʚʝʜʝʥʠʝ 

ɽʣʝʢʪʨʦʥʥʠʪʝ ʬʠʣʪʨʠ ʩʘ ʩʭʝʤʠ ʠʣʠ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʠʪʦ ʦʙʨʘʙʦʪʚʘʪ ʚʭʦʜʥʠʷ ʩʠʛʥʘʣ, ʢʘʪʦ ʧʨʝʤʘʭʚʘʪ 

ʯʝʩʪʦʪʠ ʠʣʠ ʯʝʩʪʦʪʥʠ ʣʝʥʪʠ ʦʪ ʩʧʝʢʪʲʨʘ ʤʫ. [1] 

ɸʢʪʠʚʥʠʪʝ ʬʠʣʪʨʠ ʩʘ ʠʟʙʠʨʘʪʝʣʥʠ ʫʩʠʣʚʘʪʝʣʠ ʩ ʬʠʢʩʠʨʘʥʘ ʯʝʩʪʦʪʥʘ ʣʝʥʪʘ, ʢʦʠʪʦ ʩʝ ʨʝʘʣʠʟʠʨʘʪ ʩ 

ʧʘʩʠʚʥʠ ʯʝʩʪʦʪʥʦʟʘʚʠʩʠʤʠ RC ʛʨʫʧʠ, ʚʢʣʶʯʝʥʠ ʚ ʢʘʥʘʣʘ ʥʘ ʫʩʠʣʚʘʥʝʪʦ ʠ/ʠʣʠ ʚʝʨʠʛʘʪʘ ʥʘ ʆɺ ʥʘ 

ʘʢʪʠʚʝʥ ʝʣʝʤʝʥʪ (ʪʨʘʥʟʠʩʪʦʨ ʠʣʠ ʆʋ).[3, 4] 

ɸʢʪʠʚʥʠʪʝ ʬʠʣʪʨʠ ʩ ʦʧʝʨʘʮʠʦʥʥʠ ʫʩʠʣʚʘʪʝʣʠ (ɸʌ) ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ ʯʝʩʪʦʪʥʘʪʘ ʦʙʣʘʩʪ ʜʦ 1MHz. 

ʆʩʥʦʚʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ɸʏʍ ʥʘ ʬʠʣʪʨʠʪʝ ʩʘ: 

-ʃʝʥʪʘ ʥʘ ʧʨʦʧʫʩʢʘʥʝ - ʯʝʩʪʦʪʥʠʷʪ ʦʙʭʚʘʪ, ʚ ʢʦʡʪʦ ʬʠʣʪʲʨʲʪ ʧʨʦʧʫʩʢʘ (ʩʧʠʨʘ) ʩʠʛʥʘʣʠ ʩ ʢʦʝʬʠʮʠ-

ʝʥʪ ʥʘ ʧʨʝʜʘʚʘʥʝ, ʧʦ-ʛʦʣʷʤ ʠʣʠ ʨʘʚʝʥ ʥʘ ʝʜʠʥʠʮʘ (ʥʫʣʘ). 

-ʇʨʝʭʦʜʝʥ ʫʯʘʩʪʲʢ- ʯʝʩʪʦʪʥʘʪʘ ʦʙʣʘʩʪ ʤʝʞʜʫ ʣʝʥʪʘʪʘ ʥʘ ʧʨʦʧʫʩʢʘʥʝ ʠ ʣʝʥʪʘʪʘ ʥʘ ʧʦʪʠʩʢʘʥʝ. ʆʩ-

ʥʦʚʝʥ ʧʘʨʘʤʝʪʲʨ, ʩ ʢʦʡʪʦ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ, ʝ ʥʘʢʣʦʥʲʪ ʥʘ ɸʏʍ ʚ dB/oct.[5] 

-ʏʝʩʪʦʪʘ ʥʘ ʩʨʝʟʘ (ʛʨʘʥʠʯʥʘ ʯʝʩʪʦʪʘ)- ʪʦʚʘ ʝ ʯʝʩʪʦʪʘʪʘ ʚ ʧʨʝʭʦʜʥʠʷ ʫʯʘʩʪʲʢ, ʧʨʠ ʢʦʷʪʦ ʢʦʝʬʠʮʠʝʥ-

ʪʘ ʥʘ ʧʨʝʜʘʚʘʥʝ ʝ ʩ 3dB/oct ʧʦ-ʤʘʣʲʢ ʦʪ ʩʪʦʡʥʦʩʪʪʘ ʩʠ ʚ ʣʝʥʪʘʪʘ ʥʘ ʧʨʦʧʫʩʢʘʥʝ. 

-ʅʝʨʘʚʥʦʤʝʨʥʦʩʪ ʚ ʣʝʥʪʘʪʘ ʥʘ ʧʨʦʧʫʩʢʘʥʝ (ʧʦʪʠʩʢʘʥʝ). ʊʦʚʘ ʩʘ ʧʫʣʩʘʮʠʠʪʝ (ʦʪʢʣʦʥʝʥʠʷʪʘ) ʚ ɸʏʍ. 

ʀʟʤʝʨʚʘʪ ʩʝ ʚ dB ʩʧʨʷʤʦ ʩʨʝʜʥʦʪʦ ʥʠʚʦ. 

-ʂʘʯʝʩʪʚʝʥ ʬʘʢʪʦʨ - ʦʧʨʝʜʝʣʷ ʠʟʙʠʨʘʪʝʣʥʦʩʪʪʘ ʥʘ ʬʠʣʪʲʨʘ: 

 

ὗ
Ὢ

Ὢ Ὢ
ȟ (1) 

ʢʲʜʝʪʦ  

Ὢ Ὢ ὪzȢ 
 

(2) 

ʉʭʝʤʘ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ 

ʇʨʠʥʮʠʧʥʘʪʘ ʩʠʩʪʝʤʘ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʬʠʛ.1: 
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ʌʠʛ.1. ʇʨʠʥʮʠʧʥʘʪʘ ʩʠʩʪʝʤʘ ʥʘ ʘʢʪʠʚʝʥ ʣʝʥʪʦʚ ʬʠʣʪʲʨ 

 

 

ʎʝʣ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ 

ʎʝʣʪʘ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ ʜʘ ʩʝ ʧʨʦʝʢʪʠʨʘ ʘʢʪʠʚʝʥ ʣʝʥʪʦʚ ʬʠʣʪʲʨ ʩ ʯʝʩʪʦʪʝʥ ʦʙʭʚʘʪ ʦʪ 100 Hz ʜʦ 10 

kHz ʠ ʜʘ ʩʝ ʦʧʨʝʜʝʣʷʪ ʯʝʩʪʦʪʘʪʘ ʥʘ ʩʨʝʟʘ, ʫʩʠʣʚʘʥʝʪʦ ʠ Q-ʬʘʢʪʦʨʘ ʥʘ ʬʠʣʪʲʨʘ. 

 

ɸʥʘʣʠʪʠʯʥʠ ʨʝʟʫʣʪʘʪʠ ʦʪ ʠʟʩʣʝʜʚʘʥʝʪʦ 

ʇʨʠ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʩʲʦʪʚʝʪʥʠʪʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʠ ʝʣʝʤʝʥʪʠ ʩʲʩ ʩʣʝʜʥʠʪʝ ʩʪʦʡʥʦʩ-

ʪʠ: 

Ὑ Ὑ ρππὯɱȠ Ὑ ρὯɱȠ Ὑ Ὑ Ὑ ρπὯɱȠ Ὑ Ὑ ρυȟωὯɱȠ 
ὅ ὅ ρπὲὊȠ 

ʇʨʝʜʘʚʘʪʝʣʥʘʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʬʠʣʪʲʨʘ ʝ: 

ὑ ὴ
ὴ

ὴ ὴ
Ȣ 

 

(3) 

ʂʘʥʦʥʠʯʥʠʷʪ ʠʟʨʘʟ ʥʘ ʧʨʝʜʘʚʘʪʝʣʥʘ ʬʫʥʢʮʠʷ ʥʘ ʘʢʪʠʚʝʥ ʣʝʥʪʦʚ ʬʠʣʪʲʨ ʠʤʘ ʚʠʜʘ: 

ὑ ὴ
ὑ ὴ

ὴ ὴ ‫
ȟ 

 

(4) 

ʢʲʜʝʪʦ: 

‫ - ʲʛʣʦʚʘ ʯʝʩʪʦʪʘ ʥʘ ʧʦʣʶʩʘ; 

ὗ- ʢʘʯʝʩʪʚʝʥ ʬʘʢʪʦʨ ʥʘ ʧʦʣʶʩʘ; 

ὑ- ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʧʨʝʜʘʚʘʥʝ ʯʝʩʪʦʪʘʪʘ ʥʘ ʧʦʣʶʩʘ. 

ʀʟʯʠʩʣʷʚʘʪ ʩʝ ʧʨʦʤʝʥʣʠʚʠʪʝ: 
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‫
ρ

ὅὙ

ρ

ρπȢρπȢρυȟωȢρπ
φȟςψωȢρπ ί  

 

(5) 

ὗ
Ὑ

Ὑ
ρππȠ 

(6) 

ὑ
Ὑ

Ὑ
ρ 

 

(7) 

Ὢ
ρ

ς“‫
ρπππȟωχ ὌᾀȢ 

 

(8) 

5. ʇʨʦʚʝʨʢʘ ʥʘ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʪʘʪ ʚ ʧʨʦʛʨʘʤʥʘʪʘ ʩʨʝʜʘ MATLAB. 

ʇʨʠ ʤʦʜʝʣʠʨʘʥʝʪʦ ʥʘ ʬʠʣʪʲʨʘ ʚ ʩʨʝʜʘ ʥʘ PSpice ʩʝ ʠʟʧʦʣʟ-

ʚʘʪ ʦʧʝʨʘʮʠʦʥʥʠ ʫʩʠʣʚʘʪʝʣʠ, ʧʨʝʜʩʪʘʚʝʥʠ ʩ ʝʣʝʤʝʥʪʘ GAIN,  ʩ ʫʩʠʣʚʘʥʝ 

ʥʘ ʩʠʛʥʘʣʘ ρπ (ʬʠʛ.2) [2] 

ɿʥʘʢʲʪ ʤʠʥʫʩ ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ ʧʦʜʘʚʘʥʝ ʥʘ ʩʠʛʥʘʣʘ ʢʲʤ ʠʥʚʝʨʪʠ-

ʨʘʱʠʷ ʚʭʦʜ ʥʘ ʦʧʝʨʘʮʠʦʥʥʠʷ ʫʩʠʣʚʘʪʝʣ. 

 

ʌʠʛ. 2 ɽʣʝʤʝʥʪ GAIN 

 

ʇʨʠ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩ ʧʨʦʛʨʘʤʥʠʷ ʧʨʦʜʫʢʪ ʩʝ ʠʟʧʦʣʟʚʘ ʩʠʥʫʩʦʠʜʘʣʝʥ ʠʟʪʦʯʥʠʢ ʥʘ ʚʭʦʜʥʦ ʥʘʧʨʝʞʝ-

ʥʠʝ ʩ ʘʤʧʣʠʪʫʜʘ 1V.  

ʅʘ ʠʟʭʦʜʘ ʥʘ ʬʠʣʪʲʨʘ ʩʝ ʧʦʩʪʘʚʷ ʤʘʨʢʝʨ ʟʘ ʥʘʧʨʝʞʝʥʠʝ ʚ ʜʝʮʠʙʝʣʠ [dB]. 

ɺʭʦʜʲʪ ʥʘ ʩʭʝʤʘʪʘ ʩʝ ʤʘʨʢʠʨʘ ʩ ʝʪʠʢʝʪ 1, ʘ ʠʟʭʦʜʲʪ ʩ ʝʪʠʢʝʪ 2. 

ʇʨʠ ʩʠʤʫʣʘʮʠʷʪʘ ʩʝ ʠʟʙʠʨʘ ʩʣʝʜʥʠʷ ʨʝʞʠʤ: Analysis/Setup/AC Sweep ʩʲʩ ʩʣʝʜʥʠʪʝ ʧʘʨʘʤʝʪʨʠ 

(ʬʠʛ.3): 

 
ʌʠʛ. 3 ʇʘʨʘʤʝʪʨʠ ʥʘ ʨʝʞʠʤʘ 

 

 ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʘʥʘʣʠʟʘ ʚ Probe ʩʝ ʧʦʣʫʯʘʚʘ ʩʣʝʜʥʘʪʘ ʘʤʧʣʠʪʫʜʥʦ-ʯʝʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

(ʬʠʛ. 4): 
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ʌʠʛ. 4 ɸʤʧʣʠʪʫʜʥʦ-ʯʝʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʣʝʥʪʦʚʠʷ ʬʠʣʪʲʨ 

 

ɼʝʬʠʥʠʨʘʪ ʩʝ ʤʘʢʨʦʩʠʪʝ: 

Ὢ Ὢ ὧὩὲὸὩὶὪὶὩήὨὦ
ὺς

ὺρ
ȟσȠ 

ὦ ὦὥὲὨύὭὨὸὬ Ὠὦ
ὺς

ὺρ
ȟσȠ 

ὗ
Ὢ

ὦ
Ȣ 

ʉʠʤʫʣʘʮʠʦʥʥʠ ʨʝʟʫʣʪʘʪʠ: 

 

                       
 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʟʩʣʝʜʚʘʥʠʷʪ ʬʠʣʪʲʨ ʧʨʠʪʝʞʘʚʘ ʩʚʦʡʩʪʚʦʪʦ ʟʘ ʥʝʟʘʚʠʩʠʤʘ ʨʝʛʫʣʠʨʦʚʢʘ ʥʘ ʦʩʥʦʚʥʠʪʝ ʤʫ 

ʧʘʨʘʤʝʪʨʠ. ʏʝʩʪʦʪʘʪʘ Ὢ ʟʘʚʠʩʠ ʩʘʤʦ ʦʪ ʨʝʟʠʩʪʦʨʠʪʝ Ὑ ̉ Ὑ. ʂʘʯʝʩʪʚʝʥʠʷʪ ʬʘʢʪʦʨ ʥʘ ʧʦʣʶʩʘ ʟʘʚʠ-
ʩʠ ʝʜʠʥʩʪʚʝʥʦ ʦʪ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʩʲʧʨʦʪʠʚʣʝʥʠʝʪʦ Ὑ, ʘ ʢʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʧʨʝʜʘʚʘʥʝ ʯʝʩʪʦʪʘʪʘ ʥʘ 

ʧʦʣʶʩʘ ï ʦʪ Ὑ. 

ʉʲʟʜʘʜʝʥʠʷ ʤʦʜʝʣ ʚ ʩʨʝʜʘ ʥʘ PSpice ʧʦʪʚʲʨʞʜʘʚʘ ʠʟʯʠʩʣʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ. 
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ABSTRACT: In this article, a classification of energy storage technologies is made. Their main pa-
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ergy storage technologies is graphically presented. A comparative analysis was made. 
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ʉʈɸɺʅʀʊɽʃɽʅ ɸʅɸʃʀɿ ʅɸ ʊɽʍʅʆʃʆɻʀʀ ɿɸ ʉʒʍʈɸʅɽʅʀɽ ʅɸ ɽʅɽʈɻʀʗ 

 

ɽʚʛʝʥʠʷ ʇ. ɺɸʉʀʃɽɺɸ 

ʀʥʞʝʥʝʨʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠ ʬʘʢʫʣʪʝʪ ʉʣʠʚʝʥ, ʊʝʭʥʠʯʝʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ ʉʦʬʠʷ,  ɹʲʣʛʘʨʠʷ 

e-mail: evgeniya.vasileva@tu-sofia.bg 

 

ɺʲʚʝʜʝʥʠʝ 

ɽʣʝʢʪʨʠʯʝʩʢʘʪʘ ʝʥʝʨʛʠʷ ʩʝ ʨʘʟʛʣʝʞʜʘ ʢʘʪʦ ʝʜʥʘ ʦʪ ʥʘʡ-ʣʝʩʥʦ ʜʦʩʪʲʧʥʠʪʝ ʬʦʨʤʠ ʥʘ ʝʥʝʨʛʠʷ. 

ɽʣʝʢʪʨʠʯʝʩʪʚʦʪʦ ʚ ʩʚʦʷʪʘ ʬʦʨʤʘ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʩʲʭʨʘʥʷʚʘ. ɽʜʠʥʩʪʚʝʥʠʷʪ ʥʘʯʠʥ, ʧʦ ʢʦʡʪʦ ʤʦʞʝ ʜʘ 

ʙʲʜʝ ʩʲʭʨʘʥʝʥʦ, ʝ ʜʘ ʩʝ ʧʨʝʚʲʨʥʝ ʚ ʧʦ-ʩʪʘʙʠʣʥʘ ʝʥʝʨʛʠʡʥʘ ʬʦʨʤʘ, ʠ ʧʨʠ ʥʫʞʜʘ ʜʘ ʩʝ ʧʨʝʚʲʨʥʝ ʦʙ-

ʨʘʪʥʦ ʚ ʝʣʝʢʪʨʠʯʝʩʪʚʦ. 

ʉʠʩʪʝʤʠʪʝ ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʝʥʝʨʛʠʷ ʠʤʘʪ ʧʦʪʝʥʮʠʘʣ ʜʘ ʦʪʢʣʶʯʘʪ ʦʛʨʦʤʝʥ ʨʘʩʪʝʞ ʥʘ ʜʝʮʝʥ-

ʪʨʘʣʠʟʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʪʚʦ. 

ʆʩʥʦʚʝʥ ʝʣʝʤʝʥʪ ʚ  ʘʚʪʦʥʦʤʥʠʪʝ ʩʠʩʪʝʤʠʪʝ ʟʘ ʟʘʭʨʘʥʚʘʥʝ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠ ʦʪ ʨʘʟʣʠʯʥʠ ʘʣ-

ʪʝʨʥʘʪʠʚʥʠ ʠʟʪʦʯʥʠʮʠ ʝʥʝʨʛʠʷ ʩʘ ʘʢʫʤʫʣʘʪʦʨʥʠʪʝ ʙʘʪʝʨʠʠ  ʠ ʩʫʧʝʨʢʦʥʜʝʥʟʘʪʦʨʠʪʝ. 

ʉʧʦʨʝʜ ʪʝʭʥʠʯʝʩʢʦʪʦ ʩʠ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠʪʝ ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʝʥʝʨʛʠʷ ʤʦʛʘʪ ʜʘ ʩʝ ʢʣʘ-

ʩʠʬʠʮʠʨʘʪ ʚ ʪʨʠ ʢʘʪʝʛʦʨʠʠ: 

- ʅʘʧʲʣʥʦ ʨʘʟʚʠʪʠ ʪʝʭʥʦʣʦʛʠʠ: ɺʦʜʥʦ - ʧʦʤʧʝʥʦ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʝʥʝʨʛʠʷ ʠ ʦʣʦʚʥʦ-

ʢʠʩʝʣʠʥʥʘʪʘ ʙʘʪʝʨʠʷ, ʩʘ ʨʘʟʨʘʙʦʪʝʥʠ ʠ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʧʦʚʝʯʝ ʦʪ 100 ʛʦʜʠʥʠ. 

- ʈʘʟʨʘʙʦʪʝʥʠ ʪʝʭʥʦʣʦʛʠʠ: ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʝʥʝʨʛʠʷ ʩʲʩ ʩʛʲʩʪʝʥ ʚʲʟʜʫʭ, NiCd, NaS, ʣʠʪʠʝʚʦ-

ʡʦʥʥʠ ʙʘʪʝʨʠʠ, ʩʚʨʲʭʧʨʦʚʦʜʷʱʘ ʤʘʛʥʠʪʥʘ ʩʠʩʪʝʤʘ ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʝʥʝʨʛʠʷ, ʩʫʧʝʨ ʤʘʭʦʚʠʢ, ʢʦʥ-

ʜʝʥʟʘʪʦʨʠ, ʩʫʧʝʨʢʦʥʜʝʥʟʘʪʦʨʠ.  

- ʈʘʟʚʠʚʘʱʠ ʩʝ ʪʝʭʥʦʣʦʛʠʠ: ʛʦʨʠʚʥʘ ʢʣʝʪʢʘ, ʤʝʪʘ-ʚʲʟʜʫʰʥʘ ʙʘʪʝʨʠʷ, ʩʣʲʥʯʝʚʦ ʛʦʨʠʚʦ ʠ ʢʨʠʦ-

ʛʝʥʥʦ ʩʲʭʨʘʥʷʚʘʥʝ ʥʘ ʝʥʝʨʛʠʷ. ʊʝʟʠ ʪʝʭʥʦʣʦʛʠʠ ʩʘ ʚʩʝ ʦʱʝ ʩʘ ʩʣʘʙʦ ʨʘʟʚʠʪʠ. 

 
ʉʲʭʨʘʥʝʥʠʝ ʥʘ 

ʝʣʝʢʪʨʠʯʝʩʢʘ 

ʝʥʝʨʛʠʷ

ɽʣʝʢʪʨʦʭʠʤʠʯʥʦ 

ʩʲʭʨʘʥʝʥʠʝ

ʍʠʤʠʯʥʦ 

ʩʲʭʨʘʥʝʥʠʝ

ʄʝʭʘʥʠʯʥʦ 

ʩʲʭʨʘʥʝʥʠʝ

ʉʚʨʲʭʧʨʦʚʦʜʷʱʦ   

ʩʲʭʨʘʥʝʥʠʝ

ʂʨʠʦʛʝʥʥʦ 

ʩʲʭʨʘʥʝʥʠʝ

 
* ʩʫʧʝʨʤʘʭʦʚʠʢ  * ʚʦʜʦʨʦʜ  * ʩʫʧʝʨʢʦʥʜʝʥʟʘʪʦʨ  * ʩʲʭʨʘʥʝʥʠʝ ʥʘ 

ʤʘʛʥʠʪʥʘ ʝʥʝʨʛʠʷ 
 * ʉʲʭʨʘʥʝʥʠʝ ʥʘ 

ʝʥʝʨʛʠʷ ʯʨʝʟ 

ʚʪʝʯʥʝʥ ʚʲʟʜʫʭ 

* ʚʦʜʥʦ-ʧʦʤʧʝʥʘ  * ʙʠʦʛʦʨʠʚʦ  *ʙʘʪʝʨʠʠ   

* ʛʨʘʚʠʪʘʮʠʦʥʥʘ  * ʙʠʦʜʠʟʝʣ     

* ʩʛʲʩʪʝʥ ʚʲʟʜʫʭ       
* ʪʝʯʥʦ-ʙʫʪʘʣʥʘ       

 

ʌʠʛ. 1 ʂʣʘʩʠʬʠʢʘʮʠʷ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ 
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ʈʘʟʣʠʯʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʧʨʝʦʙʨʘʟʫʚʘʥʝ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʠʷ ʚ 

ʜʨʫʛʠ ʬʦʨʤʠ, ʩʝ ʨʘʟʛʣʝʞʜʘʪ ʢʘʪʦ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ ʠ ʤʦʛʘʪ ʜʘ 

ʙʲʜʘʪ ʛʨʫʧʠʨʘʥʠ ʧʦ ʥʘʯʠʥʘ ʧʦʢʘʟʘʥ ʥʘ ʬʠʛ. 1 [7]. 

ɽʣʝʢʪʨʠʯʝʩʢʘʪʘ ʝʥʝʨʛʠʷ ʛʝʥʝʨʠʨʘʥʘ ʦʪ ʨʘʟʣʠʯʥʠʪʝ ʚʲʟʦʙʥʦʚʷʝʤʠ ʝʥʝʨʛʠʡʥʠ ʠʟʪʦʯʥʠʮʠ, ʤʦʞʝ ʜʘ ʩʝ 

ʩʲʭʨʘʥʷʚʘ ʦʪ ʘʢʫʤʫʣʠʨʘʱʘʪʘ ʩʠʩʪʝʤʘ ʜʲʣʛʦ ʚʨʝʤʝ (ʜʝʩʝʪʢʠ ʜʥʠ), ʘ ʩʲʭʨʘʥʝʥʘʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʠʷ ʜʘ 

ʙʲʜʝ ʧʨʝʭʚʲʨʣʝʥʘ ʢʲʤ ʪʦʚʘʨʘ ʧʦ ʚʩʷʢʦ ʚʨʝʤʝ, ʜʦʢʘʪʦ ʠʟʭʦʜʷʱʠʷʪ ʪʦʢ ʤʦʞʝ ʤʥʦʛʦʢʨʘʪʥʦ ʜʘ ʥʘʜ-

ʚʠʰʘʚʘ ʪʦʢʘ ʥʘ ʟʘʨʝʞʜʘʥʝ ʠ ʜʘ ʦʩʠʛʫʨʷʚʘ ʟʘʭʨʘʥʚʘʥʝ ʥʘ ʪʦʚʘʨ, ʯʠʷʪʦ ʤʦʱʥʦʩʪ ʝ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦ-

ʚʠʩʦʢʘ ʦʪ ʠʥʩʪʘʣʠʨʘʥʠʪʝ ʤʦʱʥʦʩʪʠ ʥʘ  ʛʝʥʝʨʠʨʘʱʠʪʝ ʠʟʪʦʯʥʠʮʠ. 

ʀʟʣʦʞʝʥʠʝ 

 ɺʩʷʢʘ ʪʝʭʥʦʣʦʛʠʷ ʠʤʘ ʦʧʨʝʜʝʣʝʥʠ ʩʚʦʡʩʪʚʘ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʢʘʧʘʮʠʪʝʪ ʟʘ ʩʲʭʨʘʥʝʥʠʝ, 

ʤʦʱʥʦʩʪ, ʚʨʝʤʝ ʟʘ ʨʝʘʢʮʠʷ ʠ ʮʝʥʘ. ɻʨʫʧʠʨʘʥʝ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʢʘʧʘ-

ʮʠʪʝʪʘ ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʝ ʫʤʝʩʪʥʦ, ʪʲʡ ʢʘʪʦ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʠʟʢʣʶʯʚʘʥʝ ʥʘ ʪʝʟʠ ʨʘʟʤʝʨʠ, ʢʦʠ-

ʪʦ ʥʝ ʩʘ ʧʨʠʣʦʞʠʤʠ ʚʲʚ ʚʨʲʟʢʘ ʩʲʩ ʩʠʩʪʝʤʠʪʝ ʟʘ ʚʲʟʦʙʥʦʚʷʝʤʘ ʝʥʝʨʛʠʷ [2-6]. 

ʈʘʟʣʠʯʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʝʥʝʨʛʠʷ ʠʤʘʪ ʰʠʨʦʢ ʦʙʭʚʘʪ ʜʠʘʧʘʟʦʥ ʦʪ ʩʢʦʨʦʩʪʠ 

ʥʘ ʦʩʚʦʙʦʞʜʘʚʘʥʝ ʥʘ ʝʥʝʨʛʠʷ (ʩʢʦʨʦʩʪʠ ʥʘ ʨʘʟʨʝʞʜʘʥʝ), ʢʦʡʪʦ ʩʝ ʨʘʟʰʠʨʷʚʘ ʦʪ ʩʝʢʫʥʜʠ ʜʦ ʤʥʦʛʦ 

ʯʘʩʦʚʝ ʠ ʜʥʠ (ʬʠʛ. 3) [6]. 

 
ʌʠʛ. 3. ʊʠʧʠʯʝʥ ʢʘʧʘʮʠʪʝʪ ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʝʥʝʨʛʠʷ ʠ ʚʨʝʤʝʥʘ ʟʘ ʨʘʟʨʝʞʜʘʥʝ ʥʘ 

ʨʘʟʣʠʯʥʠ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʝʥʝʨʛʠʷ 

 

ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʪʝʭʥʠʷ ʢʘʧʘʮʠʪʝʪ ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʝʥʝʨʛʠʷ, ʝʥʝʨʛʠʷ ʩʲʭʨʘʥʷʚʘʥʠʷʪʘ ʤʦʛʘʪ ʜʘ 

ʙʲʜʘʪ ʢʘʪʝʛʦʨʠʟʠʨʘʥʠ ʢʘʪʦ ʢʨʘʪʢʦʩʨʦʯʥʠ ʠ ʜʲʣʛʦʩʨʦʯʥʠ ʭʨʘʥʠʣʠʱʘ ʟʘ ʝʥʝʨʛʠʷ. ʉʠʩʪʝʤʠʪʝ ʟʘ 

ʢʨʘʪʢʦʩʨʦʯʥʦ ʩʲʭʨʘʥʝʥʠʝ ʚʢʣʶʯʚʘʪ ʩʫʧʝʨʢʦʥʜʝʥʟʘʪʦʨ ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʝʥʝʨʛʠʷ (SCES), ʝʥʝʨʛʠʷ 

ʥʘ ʤʘʭʦʚʠʢʘ ʩʲʭʨʘʥʝʥʠʝ (FES) ʠ ʩʚʨʲʭʧʨʦʚʦʜʷʱʘ ʤʘʛʥʠʪʥʘ ʝʥʝʨʛʠʷ ʩʲʭʨʘʥʝʥʠʝ (SMES). 

ʉʠʩʪʝʤʠ ʟʘ ʜʲʣʛʦʩʨʦʯʥʦ ʩʲʭʨʘʥʝʥʠʝ ʤʦʞʝ ʜʘ ʩʝ ʧʦʜʨʘʟʜʝʣʠ ʥʘ ʠʟʧʦʤʧʚʘʥʘ ʚʦʜʥʦʝʣʝʢʪʨʠ-

ʯʝʩʢʘ ʝʥʝʨʛʠʷ ʩʲʭʨʘʥʝʥʠʝ (PHES), ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʝʥʝʨʛʠʷ ʧʦʜ ʩʛʲʩʪʝʥ ʚʲʟʜʫʭ (CAES), 

ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʝʥʝʨʛʠʷ ʦʪ ʙʘʪʝʨʠʠ (BES) ʠ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʚʦʜʦʨʦʜʥʘ ʝʥʝʨʛʠʷ (HES). 

ʇʨʠ ʩʣʦʞʥʠʪʝ ʩʠʩʪʝʤʠ ʠʟʛʨʘʜʝʥʠ ʥʘ  ʙʘʟʘʪʘ ʥʘ  ʚʲʟʦʙʥʦʚʷʝʤʠ ʝʥʝʨʛʠʡʥʠ ʠʟʪʦʯʥʠʮʠ ʥʝ ʤʦ-

ʞʝ ʣʝʩʥʦ ʜʘ ʩʝ ʨʝʛʫʣʠʨʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʠʷ. ʇʠʢʦʚʠ ʥʠʚʘ, ʛʝʥʝʨʠʨʘʥʠ ʦʪ ʝʣʝʢʪʨʦ-

ʮʝʥʪʨʘʣʠʪʝ ʤʦʞʝ ʜʘ ʥʝ ʩʲʚʧʘʜʘ ʩ ʧʠʢʦʚʦʪʦ ʪʲʨʩʝʥʝ.  

ʆʙʱʠ ʪʝʭʥʠʯʝʩʢʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʩʘ ʦʙʦʙʱʝʥʠ ʚ ʪʘʙʣʠʮʘ 1 [5, 8]. 

ʊʘʙʣʠʮʘ 1. ʆʩʥʦʚʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʝʥʝʨʛʠʷ 

ʊʝʭʥʦʣʦʛʠʷ ʟʘ ʩʲʭ-

ʨʘʥʝʥʠʝ ʥʘ ʝʥʝʨʛʠʷ 

ɽʥʝʨʛʠʡʥʘ 

ʧʣʲʪʥʦʩʪ, 

[Wh/kg] 

ɺʨʝʤʝ ʟʘ ʨʘʟʨʷʜ 
ʇʨʦʜʲʣʞʠʪʝʣʥʦʩʪ 

ʟʘ ʩʲʭʨʘʥʝʥʠʝ 

ɽʬʝʢʪʠʚʥʦʩʪ ʥʘ 

ʟʘʨʷʜ/ʨʘʟʨʷʜ, 

[%] 

ʉʫʧʝʨʤʘʭʦʚʠʢ 10-30 ms-15 min s-min 85-95 

ɺʦʜʥʦ-ʧʦʤʧʝʥʦ 0,5-1,5 1-24h+ ʯʘʩ-ʤʝʩʝʮ 65-87 

ʊʝʭʥʦʣʦʛʠʷ ʟʘ ʩʲʭ-

ʨʘʥʝʥʠʝ ʥʘ ʝʥʝʨʛʠʷ 

ɽʥʝʨʛʠʡʥʘ 

ʧʣʲʪʥʦʩʪ, 

[Wh/kg] 

ɺʨʝʤʝ ʟʘ ʨʘʟʨʷʜ 
ʇʨʦʜʲʣʞʠʪʝʣʥʦʩʪ 

ʟʘ ʩʲʭʨʘʥʝʥʠʝ 

ɽʬʝʢʪʠʚʥʦʩʪ ʥʘ 

ʟʘʨʷʜ/ʨʘʟʨʷʜ, 

[%] 
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ʉʲʩ ʩʛʲʩʪʝʥ ʚʲʟʜʫʭ 30-60 1-24h+ ʯʘʩ-ʤʝʩʝʮ 50-89 

ɻʦʨʠʚʥʘ ʢʣʝʪʢʘ 800-10000 s-24h ʯʘʩ-ʤʝʩʝʮ 20-35 

ɻʘʟʦʚʘ ʪʫʨʙʠʥʘ 33,300 s-24h ʯʘʩ-ʤʝʩʝʮ 40-50 

ʉʫʧʝʨʢʦʥʜʝʥʟʘʪʦʨ 2,5-1,5 ms-60 min s-ʯʘʩ 90-95 

ɹʘʪʝʨʠʷ PbO2 30-50 - - 75-90 

ɹʘʪʝʨʠʷ  NaS 150-240 s-ʯʘʩ s-ʯʘʩ 80-90 

ɹʘʪʝʨʠʷ NaNiCl2 100-120 s-ʯʘʩ s-ʯʘʩ 85-90 

ɹʘʪʝʨʠʷ Zn-Air  150-3000 s-24h+ ʯʘʩ-ʤʝʩʝʮ 50-55 

ɹʘʪʝʨʠʷ Li -ion 75-200 min- ʯʘʩ min-ʜʥʠ 85-90 

ʉʚʨʲʭ ʧʨʦʚʦʜʷʱʦ 

ʤʘʛʥʠʪʥʦ 

0,5-5 min- ʯʘʩ min- ʯʘʩ 95-98 

ʊʝʯʥʦ ʚʲʟʜʫʰʥʦ 97 ʯʘʩ-ʤʝʩʝʮ ʯʘʩ-ʤʝʩʝʮ 50-70 

 ʆʪ ʪʘʙʣ.1 ʩʝ ʚʠʞʜʘ, ʯʝ ʩʚʨʲʭʧʨʦʚʦʜʷʱʠʪʝ ʤʘʛʥʠʪʥʠ ʩʠʩʪʝʤʠ, ʤʘʭʦʚʠʮʠʪʝ, ʩʫʧʝʨʢʦʥʜʝʥʟʘ-

ʪʦʨʠʪʝ ʠ ʣʠʪʠʝʚʦ-ʡʦʥʥʠ ʙʘʪʝʨʠʠ ʠʤʘʪ ʤʥʦʛʦ ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʦʩʪ (ʧʦ-ʛʦʣʷʤʘ ʦʪ 90%). ʊʝ ʩʘ ʧʦʩ-

ʣʝʜʚʘʥʠ ʦʪ  ʚʦʜʥʦ-ʧʦʤʧʝʥʘʪʘ ʪʝʭʥʦʣʦʛʠʷ, ʩʲʭʨʘʥʝʥʠʝʪʦ ʥʘ ʩʛʲʩʪʝʥ ʚʲʟʜʫʭ ʠ ʙʘʪʝʨʠʠ ʩ ʝʬʝʢʪʠʚʥʦʩʪ 

ʦʪ 50%-90%. ʅʘʡ-ʥʠʩʢʘ ʝʬʝʢʪʠʚʥʦʩʪ ʠʤʘ ʛʦʨʠʚʥʘʪʘ ʢʣʝʪʢʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʌʫʥʜʘʤʝʥʪʘʣʥʠʪʝ ʧʨʦʤʝʥʠ ʚ ʨʘʙʦʪʘʪʘ ʠ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʝʥʝʨʛʠʡʥʠʪʝ ʩʠʩʪʝʤʠ ʥʘʣʘʛʘʪ ʠʟ-

ʧʦʣʟʚʘʥʝʪʦ ʥʘ ʧʦʚʝʯʝ ʫʩʪʨʦʡʩʪʚʘ ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʝʥʝʨʛʠʷ. ʊʝ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʨʘʟʣʠʯʥʠ 

ʮʝʣʠ ʢʘʪʦ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʥʘʧʨʝʞʝʥʠʝ ʠ ʯʝʩʪʦʪʘ, ʧʨʝʤʝʩʪʚʘʥʝ ʥʘ ʪʦʚʘʨʘ, ʢʘʢʪʦ ʠ ʜʲʣʛʦʩʨʦʯʥʦ ʙʘ-

ʣʘʥʩʠʨʘʥʝ ʥʘ ʪʲʨʩʝʥʝʪʦ ʠ ʧʨʝʜʣʘʛʘʥʝʪʦ 

ʉʠʩʪʝʤʠʪʝ ʟʘ ʩʲʭʨʘʥʝʥʠʝ  ʥʘ  ʝʥʝʨʛʠʷ ʩʪʘʚʘʪ ʚʩʝ ʧʦ-ʰʠʨʦʢʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠ ʠ ʩʝ ʧʦʷʚʷʚʘʪ 

ʧʦʚʝʯʝ ʠʥʦʚʘʪʠʚʥʠ ʪʝʭʥʦʣʦʛʠʠ. ʀʟʩʣʝʜʚʘʥʠʷ ʩʝ ʬʦʢʫʩʠʨʘʪ ʚʲʨʭʫ ʜʚʝ ʦʩʥʦʚʥʠ ʪʦʯʢʠ: ʥʘʤʠʨʘʥʝ ʥʘ 

ʥʦʚʠ ʭʠʤʠʢʘʣʠ ʠʣʠ ʪʦʧʦʣʦʛʠʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʲʭʨʘʥʷʚʘʪ ʧʦʚʝʯʝ ʝʥʝʨʛʠʷ ʥʘ ʝʜʠʥʠʮʘ ʦʙʝʤ ʠ ʥʘʤʘ-

ʣʷʚʘʥʝ ʥʘ ʩʪʨʦʠʪʝʣʥʠʪʝ ʨʘʟʭʦʜʠ, ʪʘʢʘ ʯʝ ʩʲʱʘʪʘ ʝʥʝʨʛʠʷ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʩʲʭʨʘʥʷʚʘ ʥʘ ʧʦ-ʥʠʩʢʘ ʮʝʥʘ. 
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Abstract. The report examines the device and principle of operation of cathode arresters. The 

main practical schemes for protection of the device are indicated. A possible (basic) configu-

ration of various protected objected has been made, according to the type of cathode arrester. 

ʂʝʫwords: cathode arresters, devices. 

 

Cathodic arresters or just arresters are gaining more and more popularity. They are characterized 

as fast-acting and reliable in protection from both phase-to-phase and single-phase short-circuits, suitable 

for all types of earthing systems (TT, TN-S, TN-C and IT), which are shown to provide a wide range of 

protection application.    

I. INTRODUCTION 

   The quality of the supply voltage affects the safe and stable operation of the electrical network. In 

addition to the predictable mechanical damage that occurred as a result of switching processes, there are 

other factors that have an adverse effect on the balance of the power system, including and lightning. 

   Lightning is a high-frequency electrical phenomenon that causes voltage peaks on all conductive 

elements, and especially on electrical loads and wires [Pet,2013], [Ang et Gech,2013]. The current that is 

formed when struck by lightning has a large amplitude and frequency. It causes various adverse effects, 

the most common of which are:   

Å melting or fire at the location of the lightning strike;  

¶ voltage spikes after a strike on overhead power lines; 

¶ increase in the ground potential from the passage of the lightning current into the ground, 

etc. 

   Voltage spikes are voltage pulses or a wave that is superimposed on the nominal network voltage 

[Zach, 1999]. There are four types of voltage spikes that can damage electrical installations and loads: 

¶ atmospheric voltage peaks; 

¶ peaks in the operating voltage; 

¶ transient peaks in the voltage with an industrial frequency; 

¶ voltage spikes caused by electrostatic discharge. 

Examples of atmospheric and commutation voltage are showen in fig. 1 

 
 Fig.1 Atmospheric and commutation voltage peaks 
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    To prevent malfunctions, damage or even destruction of electrical systems and devices caused by 

over voltages, the use of appropriate protective equipment is necessary. Protection from direct lightning 

strikes in a residential or industrial building is implemented by means of an external lightning protection 

system, consistent with its architectural plan. However, the external lightning protection system is not 

able to protect the electrical installations within the building and this necessitates the use of additional, 

secondary protection. 

  II.     OPERATING  PRINCIPLE  

   Cathodic arresters are a good and reliable solution for protecting consumers in low voltage net-

works. They are intended for the protection of electrical systems and consumers from transient overvolt-

ages and impulse currents caused by lightning or commutations in the network. They are activated in cas-

es when the voltage exceeds the maximum allowable operating value and it is necessary to lead it directly 

to earth (fig. 2). 

               
Fig. 2 Working principle of a cathodic arrester 

 

    Each cathode arrester contains at least one non-linear element (varistor or spark gap). Among the 

most widespread devices are cathode arresters containing a spark gap or gas discharge tube. They are de-

signed to dissipate the high energy of the current pulse, thereby providing equipotential bonding in the 

event of a direct lightning strike in the installation             (Fig. 3). 

  
 Fig.3 Cathode arrester with a spark gap 

     

   Cathodic arresters based on varistors limit the voltage and provide protection for installations 

where a lightning conductor is provided. It is characteristic of them that the high discharge capacity al-

lows them to withstand the high energy of the transient overvoltages that appear in the network 

[BGABB011006BG]. A schematic diagram of a cathode arrester with a varistor is shown in Fig.4. 
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Fig. 4 Cathode arrester with varistor 

 

   During normal operation, the cathodic arrester should not affect the system to which it is installed. 

When a surge occurs, the cathodic arrester reduces its impedance for a few nanoseconds and shunts the 

pulse, limiting the surge to acceptable values and preventing danger to downstream equipment. 

   According to the structural elements used for the device of the protective apparatus and the place 

of installation, three-level protection of the power supply is achieved. The individual protection levels can 

be classified into three types (Type 1, Type 2, Type 3), depending on the degree of discharge and residual 

voltage (Table 1).  

 

Cathodic arrester types according to riskʜ ʨʠʩʢʘ 

 Very high risk 

 

Cathodic arrester 

  Type 1 or Type 1+2 

 Medium risk 

 

Cathodic arrester 

  Type 2 

Precise protection 

 

Cathodic arrester 

  Type 3 

Table 1 Cathodic protection according to the type and installation of the device 

    

  III.  INSTALLATION OF CATHODE ARRESTERS ACCORDING TO GROUNDING 

SYSTEMS 

   Network systems differ mainly in whether conductors are directly or indirectly earthed, i.e. wheth-

er the PE conductor is independent or combined with the N conductor as a PEN conductor [Ordinance 

No. 3/9/2004]. Other characteristics of networks, such as the number of phases, type of voltage and cur-

rent also determine the type of protective device. Cathodic arresters provide secondary protection of near-

by consumers. In accordance with IEC 61643-1 and EN 61643-11 standards, they can be applied to TT, 

TN, IT type earthing systems. To ensure effective protection, adaptation to the respective network system 

is required. The selection of this type of protection is based on several technical characteristics such as 

voltage protection level, maximum discharge capacity, earthing system, operating voltage and the catego-

rization of the building according to the possibility of lightning strikes. According to the requirements 
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laid down in the international standards IEC 61312-1 and IEC 61024-1, table 2 shows a possible configu-

ration of various protected objects according to the catalog data of the equipment. 

 

Determining 

the category 

of the pro-

tected object 

 A house 

 

Apartm

ent

 

Part of an industrial building  

Lightning 

strike risk 

level 

ḡ ḡḡ ḡḡḡ ḡḡḡḡ 
Type 2 

10 ʢɸ ḡ ḡḡ ḡḡḡ ḡḡḡḡ 

Type 2 

40 ʢɸ 

Type 2 

65 ʢɸ 

Type 1 

25 ʢɸ 

+ 

Type 2 

40 ʢɸ 

Type 3 

25 ʢɸ 

 

Selection of 

cathodic 

arrester type 

Type1 

10 ʢɸ 

Type 2 

40 ʢɸ 

Type 1 

25 ʢɸ 

+ 

Type 2 

40 ʢɸ  

Type 3 

25 ʢɸ 

 

Table 2 Cathodic protection according to the type of building and the frequency of lightning strikes 

    

   Cathodic arresters of Type 1 are used in the protection of electrical installations against direct 

lightning strikes, protection of electrical installations in industrial and public buildings protected by light-

ning protection (lightning rod). They are intended to carry lightning current to earth, distributed through 

the power and grounding wires. During installation, the use of a fuse/circuit breaker whose breaking ca-

pacity must be equal to the maximum short-circuit current at the point of installation is foreseen [Sch, 

2012]. 

   Type 2 cathodic arrester is intended for secondary surge protection of "medium risk" equipment. 

A so-called cascade installation with respect to the incoming cathodic arresters is characteristic when the 

loads are at a distance of more than 30 m.  

   Type 3 cathodic arrester is intended for buildings and facilities exposed to a high degree of risk. 

IV .  CONCLUSIONS 

ü  Surge protectors are a mandatory element of modern electrical installations in industrial and do-

mestic buildings; 

ü Cathodic arresters protect consumers from accidental short but powerful energy pulses that occur 

as a result of natural phenomena (thunderstorms, lightning) or switching processes in the energy 

system; 

ü  In order for the surge protection system to be effective, it is necessary to build a cascading protec-

tion structure; 

ü In order to achieve maximum safety, the use of cathodic arresters is recommended even for build-

ings/sites with zero risk. 

 

REFERENCES: 

1. [Farhi, 1985] Theoretical electrical engineering part I, S. Papazov, S. Farhi TE1 



 

 

ʀʟʚʝʩʪʠʷ ʥʘ       Announcements of  

ʉʲʶʟʘ ʥʘ ʫʯʝʥʠʪʝ      Union of Scientists  

ʉʣʠʚʝʥ, ʪʦʤ 37 (2), 2022     Sliven, vol. 37 (2), 2022 

47 

 

2. [Zach, 1999] Electric networks, V. Zahariev, N. Genkov, Siela 1999; 

3. Ordinance No. 3/9/2004 on the arrangement of electrical systems and power lines; 

4. IEC 61312-1, Protection against lightning electromagnetic impulse - Part 1: General principles; 

5. IEC 61024-1, Protection of structures against lightning Part 1: General principles, First edition 

1990-03; 

6. [Pet,2013] Kunal Patel, Effect of Lightning on Building and Its Protection Measures, International 

Journal of Engineering and Advanced Technology (IJEAT) ISSN: 2249 ï 8958, Volume-2, Issue-6, 

August 2013; 

7. [Shn,2012] Schneider Electric, MKT BG-BT-12, Schneider Electric, 2012; 

8. [Ang et Gech, 2013] Kliment Angelov and Miroslav Gechev, QWS Surge Protectors Testing Using 

Random High-Voltage Pulses Modeling, ICEST, Macedonia, 2013; 

9. [IEC 60364-5-534] IEC 60364-5-534, Part 5, selection and erection of electrical equipment ï 

Section 534: Devices for protection against overvoltages. 

10. [Sim,2014] High-voltage surge arresters, Published by and copyright É 2014, Siemens AG Energy 

Sector Freyeslebenstrasse 1, 91058 Erlangen, Germany, 2014; 

11. [IEC 61643-1] IEC 61643-1 Surge protective devices connected to low-voltage power distribution 

systems ï Part 1 performance requirements and testing methods; 

12. [BGABB 0110 06 BG], Surge Protection ,ABB Lightning Protection Group 

13. [Mep, 2001] J Meppelink, E.G. Jordan., J. Trinkwald, " Protection of low power mains against 

pulse power of natural lightning using spark gap arresters ", International Conference on Pulsed Power 

Applications, Gelsenkirchen, March 29-30, 2001; 

 14. Methodological guide for assessing the risk of lightning strikes, according to BDS EN 62305-2, 

ISBN 978-954-91994-7-5, 1992; 

 15. [Shn, 2005] MKT-BG-BT-05, Schnieder Electric, 2005 

 

 

  



 

 

ISSN: 1311 2864, volume 37 (2), 2022          ISSN: 1311 2864, ʪʦʤ 37 (2), 2022 

Union of scientists in Bulgaria - branch Sliven                     ʉʲʶʟ ʥʘ ʫʯʝʥʠʪʝ ʚ ɹʲʣʛʘʨʠʷ - ʢʣʦʥ ʉʣʠʚʝʥ 

ʀʟʚʝʩʪʠʷ ʥʘ       Announcements of  

ʉʲʶʟʘ ʥʘ ʫʯʝʥʠʪʝ      Union of Scientists  

ʉʣʠʚʝʥ, ʪʦʤ 37 (2), 2022      Sliven, vol. 37 (2), 2022 

48 

 

USING THE LOGARITHMIC FREQUENCY CHARACTERISTICS FOR SYNTHESIS OF A 

LINEAR CONTINUOUS SYSTEM  

 

Evgeniya P. VASILEVA  * , Dimityr A. NYAGOLOV  

Faculty of engineering and pedagogy of Sliven, Technical University of Sofia , Bulgaria 

e-mail: evgeniya.vasileva@tu-sofia.bg *, d_nyagolov@abv.bg. * - corresponding author 

 

ABSTRACT: The article presents a synthesis of an open system by means of a sequential cor-

rection unit, in which the astatism of the system is preserved and certain parameters of the 

quality indicators of the transient processes are provided. The set mode error condition for a 

linear input signal is met. A logarithmic-amplitude frequency characteristic of the rectifier 

unit was built and the obtained result was verified in the MATLAB program environment 

KEYWORDS: synthesis, open system, sequential correction unit, astatism, logarithmic-

amplitude frequency characteristic, MATLAB. 
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ʅɸ ʃʀʅɽʁʅɸ ʅɽʇʈɽʂʒʉʅɸ ʉʀʉʊɽʄɸ 
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ɺʲʚʝʜʝʥʠʝ 

ʄʝʪʦʜʲʪ ʥʘ ʣʦʛʘʨʠʪʤʠʯʥʠʪʝ ʘʤʧʣʠʪʫʜʥʦ-ʯʝʩʪʦʪʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝ ʝʜʠʥ ʦʪ ʥʘʡ-

ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʩʠʥʪʝʟ ʥʘ ʣʠʥʝʡʥʠ ʝʜʥʦʤʝʨʥʠ ʩʠʩʪʝʤʠ ʟʘ ʘʚʪʦʤʘʪʠʯʥʦ ʫʧʨʘʚʣʝʥʠʝ. 

ʊʦʟʠ ʤʝʪʦʜ ʩʝ ʧʨʠʣʘʛʘ ʛʣʘʚʥʦ ʚ ʩʣʫʯʘʠʪʝ, ʢʦʛʘʪʦ ʩʝ ʧʨʝʜʚʠʞʜʘ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʩʧʝʮʠʘʣʥʦ ʧʨʦʝʢʪʠ-

ʨʘʥʦ ʫʧʨʘʚʣʷʚʘʱʦ ʫʩʪʨʦʡʩʪʚʦ ʩ ʥʝʧʨʝʢʲʩʥʘʪ ʭʘʨʘʢʪʝʨ ʥʘ ʬʫʥʢʮʠʦʥʠʨʘʥʝ. 

ʉʲʱʝʩʪʚʫʚʘʪ ʨʝʜʠʮʘ ʤʝʪʦʜʠ, ʚ ʢʦʠʪʦ ʣʦʛʘʨʠʪʤʠʯʥʠʪʝ ʯʝʩʪʦʪʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ 

ʩʠʥʪʝʟ ʥʘ ʠʤʧʫʣʩʥʠ ʩʠʩʪʝʤʠ ʠ ʥʘ ʩʠʩʪʝʤʠ ʩ ʪʠʧʦʚʠ ʧʨʦʤʠʰʣʝʥʠ ʨʝʛʫʣʘʪʦʨʠ. 

 

ʊʝʦʨʝʪʠʯʥʠ ʦʩʥʦʚʠ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ 

ʆʙʝʢʪ ʧʨʠ ʨʘʟʛʣʝʞʜʘʥʠʷ ʤʝʪʦʜ ʟʘ ʩʠʥʪʝʟ ʩʝ ʧʨʠʝʤʘ ʥʝʢʦʨʠʛʠʨʘʥʘʪʘ ʦʪʚʦʨʝʥʘ ʩʠʩʪʝʤʘ, ʧʘʨʘʤʝʪʨʠʪʝ 

ʥʘ ʢʦʷʪʦ ʩʘ ʠʟʙʠʨʘʥʠ ʧʦ ʪʘʢʲʚ ʥʘʯʠʥ, ʯʝ ʜʘ ʫʜʦʚʣʝʪʚʦʨʷʚʘʪ ʠʟʠʩʢʚʘʥʠʷʪʘ ʟʘ ʪʦʯʥʦʩʪ ʚ ʫʩʪʘʥʦʚʝʥ 

ʨʝʞʠʤ. ʊʦʚʘ ʦʙʠʢʥʦʚʝʥʦ ʦʟʥʘʯʘʚʘ, ʯʝ ʝ ʠʟʙʨʘʥ ʨʝʜʲʪ ʥʘ ʘʩʪʘʪʠʟʲʤ ʥʘ ʩʠʩʪʝʤʘʪʘ ʠ ʝ ʦʧʨʝʜʝʣʝʥʘ 

ʤʠʥʠʤʘʣʥʘʪʘ ʜʦʧʫʩʪʠʤʘ ʩʪʦʡʥʦʩʪ ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʫʩʠʣʚʘʥʝ ʥʘ ʦʪʚʦʨʝʥʘʪʘ ʩʠʩʪʝʤʘ. 

ʉʭʝʤʘ ʥʘ ʢʦʨʝʢʮʠʷ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʢʦʨʠʛʠʨʘʱʦ ʟʚʝʥʦ. 

 

Wk(p) Wʥʯ(p)

 
ʌʠʛ.1. ʂʦʨʝʢʮʠʷ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʢʦʨʠʛʠʨʘʱʦ ʟʚʝʥʦ 

 

ʇʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʥʘ ʦʧʝʨʘʮʠʠʪʝ ʧʨʠ ʩʠʥʪʝʟʘ: 

Å ʇʦʩʪʨʦʷʚʘ ʩʝ ʃɸʏʍ LHK(ɤ) ʥʘ ʥʝʢʦʨʠʛʠʨʘʥʘʪʘ ʦʪʚʦʨʝʥʘ ʩʠʩʪʝʤʘ 

Å ʇʦʩʪʨʦʷʚʘ ʩʝ ʞʝʣʘʥʘʪʘ ʃɸʏʍ Lɾ(ɤ) ʥʘ ʆʉ 

Å ʇʦʩʪʨʦʷʚʘ ʩʝ ʃɸʏʍ LK(ɤ) ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʪʦ ʢʦʨʠʛʠʨʘʱʦ ʟʚʝʥʦ 

LK(ɤ)= Lɾ(ɤ) - Lʅʂ(ɤ)     (1) 

mailto:evgeniya.vasileva@tu-sofia.bg
mailto:d_nyagolov@abv.bg
mailto:evgeniya.vasileva@tu-sofia.bg
mailto:d_nyagolov@abv.bg
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Å ʆʪ LK(ɤ) ʩʝ ʦʧʨʝʜʝʣʷ ʧʨʝʜʘʚʘʪʝʣʥʘʪʘ ʬʫʥʢʮʠʷ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʪʦ ʢʦʨʠʛʠʨʘʱʦ ʟʚʝʥʦ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʨʝʟʫʣʪʘʪʠ 

ʉʭʝʤʘ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ 

ʉʠʥʪʝʟʲʪ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʢʦʨʠʛʠʨʘʱʦ ʟʚʝʥʦ ʱʝ ʩʝ ʠʟʚʲʨʰʠ ʟʘ ʩʠʩʪʝʤʘʪʘ, ʧʦʢʘʟʘʥʘ ʥʘ ʬʠʛ.2 

ὡ̊ ˤὴ =
Ὧ

ὴ(Ὕ1ὴ+ 1)(Ὕ2ὴ+ 1)
 

‫0 ‫ 

 
ʌʠʛ.2. ɹʣʦʢ-ʩʭʝʤʘ ʥʘ ʥʝʢʦʨʠʛʠʨʘʥʘʪʘ  ʩʠʩʪʝʤʘ 

 

ʎʝʣ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ 

ʎʝʣʪʘ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ ʜʘ ʩʝ ʠʟʙʝʨʝ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʢʦʨʠʛʠʨʘʱʦ ʟʚʝʥʦ, ʢʦʝʪʦ ʧʨʠ ʟʘʧʘʟʚʘʥʝ ʥʘ 

ʘʩʪʘʪʠʟʤʘ ʥʘ ʩʠʩʪʝʤʘʪʘ ʜʘ ʦʩʠʛʫʨʠ ʧʦʢʘʟʘʪʝʣʠ ʟʘ ʢʘʯʝʩʪʚʦ ʥʘ ʧʨʝʭʦʜʥʠʪʝ ʧʨʦʮʝʩʠ: „ σπϷ, ὸ

πȢπυί ʠ ʛʨʝʰʢʘ ʚ ʫʩʪʘʥʦʚʝʥ ʨʝʞʠʤ ï ʧʦ-ʤʘʣʢʘ ʠʣʠ ʨʘʚʥʘ ʥʘ 0.01 ʧʨʠ ʣʠʥʝʝʥ ʚʭʦʜʝʥ ʩʠʛʥʘʣ ʦʪ 

ʚʠʜʘ ὶὸ ὺz ὸ, ʧʨʠ ʟʘʜʘʜʝʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ: Ὧ ςπππί , Ὕ πȢπρίȟὝ
πȢππρίȟὺ υπ. 
 

ʈʝʟʫʣʪʘʪʠ ʦʪ ʠʟʩʣʝʜʚʘʥʝʪʦ 

ɿʘ ʜʘ ʩʝ ʫʜʦʚʣʝʪʚʦʨʠ ʠʟʠʩʢʚʘʥʝʪʦ ʟʘ ʛʨʝʰʢʘʪʘ ʚ ʫʩʪʘʥʦʚʝʥ ʨʝʞʠʤ, ʥʝʦʙʭʦʜʠʤʦ ʝ ʢʦʝʬʠʮʠʝʥʪʲʪ ʥʘ 

ʫʩʠʣʚʘʥʝ ʥʘ ʦʪʚʦʨʝʥʘʪʘ ʩʠʩʪʝʤʘ ʜʘ ʙʲʜʝ ʥʘʡ-ʤʘʣʢʦ 5000. ʇʨʠʝʤʘ ʩʝ ʩʪʦʡʥʦʩʪ ʟʘ Ὧ υπππί . 

ʇʨʝʜʘʚʘʪʝʣʥʘʪʘ ʬʫʥʢʮʠʷ ʥʘ ʦʪʚʦʨʝʥʘʪʘ ʩʠʩʪʝʤʘ ʠʤʘ ʚʠʜʘ: 

 

ὡ̊ ˤὴ
Ὧ

ὴὝὴ ρ Ὕὴ ρ

υπππ

ὴπȢπρὴ ρ πȢππρὴ ρ
 

 

ɿʘ ʜʘ ʩʝ ʥʘʤʝʨʠ ὡ ὴ ʠ ʜʘ ʦʩʠʛʫʨʷʪ ʞʝʣʘʥʠʪʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʧʨʝʭʦʜʥʠʷ ʧʨʦ-

ʮʝʩ ʩʝ ʠʟʧʦʣʟʚʘ ʤʝʪʦʜʘ ʟʘ ʩʠʥʪʝʟ ʥʘ ʢʦʨʠʛʠʨʘʱʠʪʝ ʟʚʝʥʘ ʯʨʝʟ ʃɸʏʍ. 

 

1. ɾʝʣʘʥʘʪʘ ʧʨʝʭʦʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʝ ʥʘʤʠʨʘ ʧʦ ʩʣʝʜʥʠʷ ʥʘʯʠʥ: 

() () ()ɾ ʂ ʅʏW p W p W p= Ö  

() () ()ɾ ʂ ʅʏL L Lw w w= Ö  ʦʪ ʢʲʜʝʪʦ ʩʣʝʜʚʘ:  

() () ()www ʅʏɾK LLL -=  

 

2. ʇʦʩʪʨʦʷʚʘʥʝ ʥʘ ὒ̊ ˤ.ʥʘ ʦʪʚʦʨʝʥʘʪʘ ʩʠʩʪʝʤʘ ‫ 

ὡ̊ ˤὴ
υπππ

ὴπȢπρὴ ρ πȢππρὴ ρ

υπππ

πȢππππρὴ πȢπρρὴ ὴ
 

 

2.1. ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʩʧʨʷʛʘʱʠʪʝ ʯʝʩʪʦʪʠ: 

̒‫ ̐

ρ

Ὕ
ρππί ȟ ̒‫ ̐

ρ

Ὕ
ρπππί Ȣ 

2.2. ʇʦʩʪʨʦʷʚʘʥʝ ʥʘ ʘʩʠʤʧʪʦʪʠʯʥʘʪʘ ʃɸʏʍ: 

Ὧ υπππί ȟ‫ ρȟὒ ςπὰὫὯχτὨὄ 
3. ʇʦʩʪʨʦʷʚʘʥʝ ʥʘ ʃɸʏʍ ʥʘ ʞʝʣʘʥʘʪʘ ʩʠʩʪʝʤʘ ()wʞL : 

3.1. ʆʧʨʝʜʝʣʷʤʝ ʩʧʨʷʛʘʱʘʪʘ ʯʝʩʪʦʪʘ ʧʨʠ ʟʘʜʘʜʝʥʦʪʦ ʚʨʝʤʝ ʥʘ ʧʨʝʨʝʛʫʣʠʨʘʥʝ - ὸ πȢπυ 

ʉʪʦʡʥʦʩʪʪʘ ʥʘ b ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʛʨʘʬʠʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʟʘʜʘʜʝʥʦʪʦ ʧʨʝʨʝʛʫʣʠʨʘʥʝ, ʚ ʩʣʫ-

ʯʘʷ ‍ ςȟχ. 



 

 

ISSN: 1311 2864, volume 37 (2), 2022          ISSN: 1311 2864, ʪʦʤ 37 (2), 2022 

Union of scientists in Bulgaria - branch Sliven                     ʉʲʶʟ ʥʘ ʫʯʝʥʠʪʝ ʚ ɹʲʣʛʘʨʠʷ - ʢʣʦʥ ʉʣʠʚʝʥ 

ʀʟʚʝʩʪʠʷ ʥʘ       Announcements of  

ʉʲʶʟʘ ʥʘ ʫʯʝʥʠʪʝ      Union of Scientists  

ʉʣʠʚʝʥ, ʪʦʤ 37 (2), 2022      Sliven, vol. 37 (2), 2022 

50 

 

̒‫ ̑

‍Ȣ“

ὸ

ςȟχ“

πȟπυ
ρψτί  

 

ʀʟʙʠʨʘ  ʩʝ  ̒‫ ̑ ςππί . 

 

ʉʲʛʣʘʩʥʦ ʥʝʨʘʚʝʥʩʪʚʦʪʦ 3

2

10
w

w
²  ʠʟʙʠʨʘʤʝ ʜʠʘʧʘʟʦʥ 50< ɤ <1000 

4. ʇʦʩʪʨʦʷʚʘʥʝ ʥʘ ʃɸʏʍ ʥʘ ʢʦʨʠʛʠʨʘʱʦʪʦ ʟʚʝʥʦ()ʢL w  

() () ()K ɾ ʅʏL L Lw w w= -  

( ) ( )1 2; 40 20 20 /dB decw w ­- - - =-  

ɤ[s
-1

]1000100
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10,20,01
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L[dB]
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ὒ̊ ˤὴ 

‫2 

ὒ˓ ὴ 

‫1 

‫3 

‫4 

 
ʌʠʛ.3. ɸʩʠʤʧʪʦʪʠʯʥʘ ʃɸʏʍ ʥʘ ʦʪʚʦʨʝʥʘʪʘ ʩʠʩʪʝʤʘ 

ʉʣʝʜ ʧʦʩʪʨʦʷʚʘʥʝʪʦ ʥʘ ()ʢL w  ʦʧʨʝʜʝʣʷ ʩʝ ʧʨʝʜʘʚʘʪʝʣʥʘʪʘ ʬʫʥʢʮʠʷ ʥʘ ʢʦʨʠʛʠʨʘʱʦʪʦ ʟʚʝʥʦ. 

Ὕ
ρ

‫
πȢσίȠ  Ὕ

ρ

‫
πȢπςίȠ  Ὕ

ρ

‫
πȢπρίȠ  Ὕ

ρ

‫
πȢππρί 

ὡ ὴ
Ὕὴ ρ Ὕὴ ρ

Ὕὴ ρ Ὕὴ ρ

πȢπςὴ ρ πȢπρὴ ρ

πȢσὴ ρ πȢππρὴ ρ
 

5. ʇʨʦʚʝʨʢʘ ʥʘ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʪʘʪ ʚ ʧʨʦʛʨʘʤʥʘʪʘ ʩʨʝʜʘ MATLAB. 

ʉʲʩʪʘʚʷ ʩʝ ʧʨʝʜʘʚʘʪʝʣʥʘʪʘ ʬʫʥʢʮʠʷ ʥʘ ʟʘʪʚʦʨʝʥʘʪʘ ʩʠʩʪʝʤʘ ʩʣʝʜ ʢʦʝʪʦ ʩʝ ʠʟʯʝʨʪʘʚʘ ʧʨʝʭʦʜʥʠʷ 

ʧʨʦʮʝʩ. 

ὡ ὴ ὡ ὴὡ̊ ˤὴ 
 

ὡ ὴ
πȢπςὴ ρ πȢπρὴ ρ

πȢσὴ ρ πȢππρὴ ρ
ᶻ

υπππ

ὴπȢπρὴ ρ πȢππρὴ ρ
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W1=tf ([0.02 1],[0.3 1]); 

W2=tf ([0.01 1],[0.001 1]); 

W3=tf (500,[1 0]); 

W4=tf (1,[0.01 1]); 

W5=tf (1,[0.001 1]); 

Wcor= W1*W2*W3*W4*W5; 

cls=feedback(Wcor,1); 

figure(1) 

step(cls),grid 

figure(2) 

Wk=W1*W2; 

Wnk=W3*W4*W5; 

bodemag(Wk,'r',Wnk,'b',Wcor,'g'),grid 

 

 
ʌʠʛ.4 ʇʨʝʭʦʜʝʥ ʧʨʦʮʝʩ ʥʘ ʢʦʨʠ-

ʛʠʨʘʥʘʪʘ ʩʠʩʪʝʤʘ 

 

  

„
ώ ώ̔̒̓

ώ̔̒̓
ρzππϷ

ρȢςχρ

ρ
ρzππϷςχϷ 

ὸ πȢπς ί 
 

 
ʌʠʛ.5. ɸʏʍ ʥʘ ʥʝʢʦʨʠʛʠʨʘʥʘʪʘ ʩʠʩʪʝʤʘ (Wnk), ʢʦʨʠʛʠʨʘʱʦʪʦ ʟʚʝʥʦ (Wk) ʠ ʥʘ ʢʦʨʠʛʠʨʘʥʘʪʘ ʩʠʩʪʝ-

ʤʘ (Wcor) 

ɿʘʢʣʶʯʝʥʠʝ 

ʏʨʝʟ ʠʟʧʦʣʟʚʘʥʠʷ ʤʝʪʦʜʘ ʟʘ ʩʠʥʪʝʟ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʢʦʨʠʛʠʨʘʱʦ ʟʚʝʥʘ ʯʨʝʟ ʃɸʏʍ  ʠ ʧʦ-

ʣʫʯʝʥʠʪʝ ʚ ʨʝʟʫʣʪʘʪ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʢʘʯʝʩʪʚʦʪʦ, ʜʦʢʘʟʚʘʪ ʯʝ ʥʘʯʘʣʥʠʪʝ ʫʩʣʦʚʠʷ ʩʘ ʫʜʦʚʣʝʪʚʦʨʝʥʠ. 

ɺʨʝʤʝʪʦ ʥʘ ʧʨʝʨʝʛʫʣʠʨʘʥʝ ʩʣʝʜ ʢʦʨʝʢʮʠʷʪʘ ʝ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʤʘʣʢʦ ʦʪ ʟʘʜʘʜʝʥʦʪʦ, ʢʦʝʪʦ ʝ ʧʦʢʘʟʘ-

ʪʝʣ ʟʘ ʥʘʜʝʞʜʥʦʩʪʪʘ ʥʘ ʠʟʩʣʝʜʚʘʥʘʪʘ ʣʠʥʝʡʥʘ ʥʝʧʨʝʢʲʩʥʘʪʘ ʩʠʩʪʝʤʘʪʘ. 

ʉʲʟʜʘʜʝʥʠʷ ʤʦʜʝʣ ʚ ʩʨʝʜʘ ʥʘ Matlab ʧʦʪʚʲʨʞʜʘʚʘ ʠʟʯʠʩʣʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ. 
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COMPARATIVE ANALYSIS  OF EXPERIMENTAL SAM PLES FOR HARD ANODIZING AND 

CHROMING  

 

Zdravcheva G.1*,  Dimitrov V. 2, Dimitrova V. 3 

e-mail: galya_lalowa@abv.bg  (* - corresponding author) 

 

Abstract. The purpose of this study is to prepare samples from aluminum and steel for plat-

ing of wearing resistant coverage. The analysis was done after plating the coverage: for alu-

minum ï hard anodizing, for steel ï chrome plating. The roughness of the surfaces was meas-

ured before and after plating the coverage as well the thickness of the coverage after it had 

been plated. 

Keywords: Prepare aluminum and steel, hard anodizing, chrome plating. 
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ɸʅʆɼʀʈɸʅɽ ʀ ʍʈʆʄʀʈɸʅɽ 
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1. ɺʒɺɽɼɽʅʀɽ 
ʉʲʟʜʘʚʘʥʝʪʦ ʠ ʫʩʲʚʲʨʰʝʥʩʪʚʘʥʝʪʦ ʥʘ ʪʝʭʥʦʣʦʛʠʯʥʠʪʝ ʧʨʦʮʝʩʠ ʟʘ ʦʙʨʘʙʦʪʚʘʥʝ ʥʘ ʜʲʣʙʦʢʠ 

ʦʪʚʦʨʠ ʩʲʩ ʩʧʝʮʠʘʣʥʘ ʢʦʥʬʠʛʫʨʘʮʠʷ ʚ ʜʝʪʘʡʣʠ, ʧʦʜʣʦʞʝʥʠ ʥʘ ʠʥʪʝʥʟʠʚʥʦ ʠʟʥʦʩʚʘʥʝ, ʚ ʧʦʩʣʝʜʥʠʪʝ 

ʛʦʜʠʥʠ ʩʝ ʨʘʟʚʠʚʘ ʧʨʠʦʨʠʪʝʪʥʦ ʚ ʪʨʠ ʥʘʧʨʘʚʣʝʥʠʷ ï ʠʥʪʝʥʟʠʬʠʮʠʨʘʥʝ ʥʘ ʨʝʞʠʤʠʪʝ ʥʘ ʨʷʟʘʥʝ ʧʨʠ 

ʦʙʨʘʙʦʪʚʘʥʝ ʯʨʝʟ ʩʪʨʫʞʢʦʦʪʥʝʤʘʥʝ, ʦʧʪʠʤʠʟʠʨʘʥʝ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʧʨʦʮʝʩʠʪʝ ʥʘ ʨʘʟʤʝʨʥʦ ʝʣʝʢʪ-

ʨʦʭʠʤʠʯʥʦ ʘʥʦʜʥʦ ʦʙʨʘʙʦʪʚʘʥʝ (ɽʍɸʆ) ʠ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʨʝʞʠʤʠʪʝ ʟʘ ʥʘʥʘʩʷʥʝ ʥʘ ʠʟʥʦʩʦʫʩʪʦʡ-

ʯʠʚʠ ʝʣʝʢʪʨʦʭʠʤʠʯʥʠ ʧʦʢʨʠʪʠʷ ʚʲʨʭʫ ʦʙʨʘʙʦʪʝʥʠʪʝ ʧʦʚʲʨʭʥʠʥʠ. ʊʝʟʠ ʥʘʧʨʘʚʣʝʥʠʷ ʩʘ ʚʟʘʠʤʦʩ-

ʚʲʨʟʘʥʠ, ʩʣʝʜʚʘʪ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʪʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʜʝʪʘʡʣʠʪʝ ʠ ʩʝ ʠʟʫʯʘʚʘʪ ʠ ʘʥʘʣʠʟʠʨʘʪ 

ʧʘʨʘʣʝʣʥʦ. ʇʨʦʫʯʚʘʥʠʷʪʘ ʧʦʢʘʟʚʘʪ, ʯʝ ʩʨʝʜ ʪʷʭ ʥʘʡ-ʩʝʨʠʦʟʥʦ ʚʲʨʭʫ ʝʢʩʧʣʦʘʪʘʮʠʦʥʥʠʪʝ, ʪʝʭʥʦʣʦ-

ʛʠʯʥʠʪʝ ʠ ʠʢʦʥʦʤʠʯʝʩʢʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʧʨʦʮʝʩʘ ʦʢʘʟʚʘ ʚʣʠʷʥʠʝ ʥʘʥʘʩʷʥʝʪʦ ʥʘ ʧʦʢʨʠʪʠʷ. 

2. ʋʉʃʆɺʀʗ ʇʈʀ ʆɹɸʈɸɹʆʊɺɸʅɽ ʅɸ ʆɹʈɸɿʎʀ 

ɺʩʠʯʢʠ ʦʙʨʘʟʮʠ, ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʧʨʝʜʠ ʦʪʣʘʛʘʥʝ ʥʘ ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʠ ʧʦʢʨʠʪʠʷ, ʩʘ ʧʦʜʣʦʞʝʥʠ 

ʥʘ ɽʍɸʆ. ʎʝʣʪʘ ʝ ʜʘ ʙʲʜʘʪ ʦʩʠʛʫʨʝʥʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʥʠ ʠ ʢʘʯʝʩʪʚʝʥʠ ʧʦʢʘʟʘʪʝʣʠ ʘʥʘʣʦʛʠʯʥʠ ʥʘ 

ʪʝʟʠ, ʢʦʠʪʦ ʠʤʘʪ ʜʝʪʘʡʣʠ ʩ ʦʬʦʨʤʝʥʠ ʚ ʪʷʭ ʜʲʣʙʦʢʠ ʦʪʚʦʨʠ ʩʲʩ ʩʧʝʮʠʘʣʥʘ ʢʦʥʬʠʛʫʨʘʮʠʷ, ʧʦʣʫʯʝ-

ʥʠ ʯʨʝʟ ʨʘʟʤʝʨʥʦ ʝʣʝʢʪʨʦʭʠʤʠʯʥʦ ʘʥʦʜʥʦ ʦʙʨʘʙʦʪʚʘʥʝ.  

ʆʙʨʘʟʮʠʪʝ ʩʝ ʠʟʧʲʣʥʷʚʘʪ ʚ ʜʚʘ ʪʠʧʦʨʘʟʤʝʨʘ, ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʠʟʠʩʢʚʘʥʠʷʪʘ, ʨʘʟʤʝʨʠʪʝ ʠ ʪʝʭ-

ʥʦʣʦʛʠʯʥʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠ ʥʘ ʫʩʪaʥʦʚʲʯʥʠʪʝ ʝʣʝʤʝʥʪʠ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʫʨʝʜʙʠ: 

- ʜʠʘʤʝʪʲʨ Ï12; ʜʲʣʞʠʥʘ L=30mm,  

- ʜʠʘʤʝʪʲʨ Ï20; ʜʲʣʞʠʥʘ L=10mm. 

ʇʲʨʚʠʪʝ ʥʘʤʠʨʘʪ ʧʨʠʣʦʞʝʥʠʝ ʧʨʠ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʪʨʠʝʥʝ, ʣʠʥʝʡʥʦʪʦ ʠ ʤʘ-

ʩʦʚʦʪʦ ʠʟʥʦʩʚʘʥʝ ʥʘ ʧʦʢʨʠʪʠʷʪʘ, ʤʠʢʨʦʪʚʲʨʜʦʩʪʪʘ ʠ ʤʦʜʫʣʘ ʥʘ ʝʣʘʩʪʠʯʥʦʩʪ. ɺʪʦʨʠʪʝ ʩʝ ʠʟʧʦʣʟʚʘʪ 

ʧʨʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʝʥ ʘʥʘʣʠʟ, ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʬʘʟʦʚʠʷ ʩʲʩʪʘʚ ʠ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʪʝʢʩʪʫʨʦʚʘʥʦʩʪ 

ʥʘ ʧʦʢʨʠʪʠʷʪʘ, ʪʝʭʥʠʷʪ ʭʠʤʠʯʝʥ ʩʲʩʪʘʚ, ʤʝʪʘʣʦʛʨʘʬʠʷ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʜʝʙʝʣʠʥʘ. ʆʪ ʚʩʝʢʠ ʦʪ 

ʜʚʘʪʘ ʪʠʧʘ ʧʨʦʙʥʠ ʪʝʣʘ ʩʘ ʧʦʜʛʦʪʚʝʥʠ ʧʦ ʜʚʘ ʢʦʤʧʣʝʢʪʘ, ʩʲʦʪʚʝʪʥʦ ʠʟʨʘʙʦʪʝʥʠ ʦʪ ʢʦʥʩʪʨʫʢʮʠʦʥʥʘ 

mailto:galya_lalowa@abv.bg
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ʣʝʛʠʨʘʥʘ ʚʠʩʦʢʦʢʘʯʝʩʪʚʝʥʘ ʭʨʦʤʥʠʢʝʣʤʦʣʠʙʜʝʥʚʘʥʘʜʠʝʚʘ ʩʪʦʤʘʥʘ - 30ʍʅʄʌɸ ʠ ʣʝʛʠʨʘʥʘ ʘʣʫ-

ʤʠʥʠʝʚʘ ʩʧʣʘʚ ʩ ʚʠʩʦʢʠ ʤʝʭʘʥʠʯʥʠ ʧʦʢʘʟʘʪʝʣʠ EN AW-7075 (ISO AlZn5,5MgCu) / ɹɼʉ EN 573-3.  

ʆʙʨʘʟʮʠʪʝ ʩʘ ʦʙʨʘʙʦʪʝʥʠ ʯʨʝʟ ʧʲʨʚʠʯʥʦ ʨʘʟʤʝʨʥʦ ɽʍɸʆ ʩ ʮʝʣ ʧʦʜʣʘʛʘʥʝ ʚ ʧʦʩʣʝʜʩʪʚʠʝ ʥʘ 

ʝʣʝʢʪʨʦʭʠʤʠʯʥʦ ʢʘʪʦʜʥʦ ʦʪʣʘʛʘʥʝ (ɽʍʂʆ) ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʠ ʦʢʩʠʜʥʠ ʠ ʭʨʦʤʦʚʠ 

ʧʦʢʨʠʪʠʷ. 

ʀʟʤʝʨʚʘʥʠʷʪʘ ʥʘ ʢʘʯʝʩʪʚʝʥʠʪʝ ʧʦʢʘʟʘʪʝʣʠ ï ʛʨʘʧʘʚʦʩʪ ʠ ʜʝʙʝʣʠʥʘ ʥʘ ʧʦʢʨʠʪʠʷʪʘ ʩʘ ʨʝʘʣʠʟʠ-

ʨʘʥʠ ʩ ʠʟʤʝʨʚʘʪʝʣʥʠ ʠʥʩʪʨʫʤʝʥʪʠ - ɸccretech  Seimitsu ɽ-35-ɺ, Surftest SJ-410 Mitutoyo ʠ 

PosiTector 6000, ʚʘʨʠʘʥʪ 6.2 Standart Model. 

3. ʆʉʅʆɺʅʀ ʈɽɿʋʃʊɸʊʀ ʀ ʆɹʉʒɾɼɸʅʀʗ 

3.1 ʇʦʜʛʦʪʦʚʢʘ ʥʘ ʦʙʨʘʟʮʠ ʟʘ ʪʚʲʨʜʦ ʘʥʦʜʠʨʘʥʝ 

3.1.1 ʆʙʨʘʟʮʠ Ï12; L=30mm EN AW 7075 ɹɼʉ EN 573-3 ï ʬʠʛ.1 

- ʠʟʭʦʜʥʠ ʜʘʥʥʠ: 

 
ʌʠʛ.1. ʆʙʨʘʟʝʮ - Ï12; L=30mm 

 

- ʟʘʛʦʪʦʚʢʘ ʟʘ ʪʚʲʨʜʦ ʘʥʦʜʥʦ ʦʢʩʠʜʠʨʘʥʝ ʥʘ ʦʙʨʘʟʮʠ - Ï12; L=30mm ï ʬʠʛ.2 

 
ʌʠʛ.2. ɿʘʛʦʪʦʚʢʘ ʟʘ ʪʚʲʨʜʦ ʘʥʦʜʥʦ ʦʢʩʠʜʠʨʘʥʝ ʥʘ 

 oʙʨʘʟʮʠ - Ï12; L=30mm 

 

- ʠʟʤʝʨʚʘʥʝ ʥʘ ʛʨʘʧʘʚʦʩʪ ʧʨʝʜʠ ʪʚʲʨʜʦ ʘʥʦʜʥʦ ʦʢʩʠʜʠʨʘʥʝ ï ʩʭʝʤʘʪʘ ʥʘ ʠʟʤʝʨʚʘʥʝ ʝ ʧʦʢʘʟʘʥʘ 

ʥʘ ʬʠʛ.3, ʘ ʨʝʟʫʣʪʘʪʠʪʝ ʚ ʪʘʙʣʠʮʘ 1.  

 

 
ʌʠʛ.3. ʉʭʝʤʘ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʛʨʘʧʘʚʦʩʪʪʘ ʧʨʝʜʠ ʪʚʲʨʜʦ ʘʥʦʜʥʦ ʦʢʩʠʜʠʨʘʥʝ ʥʘ  

ʦʙʨʘʟʮʠ - Ï12; L=30mm 
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ʊʘʙʣʠʮʘ 1. ɻʨʘʧʘʚʦʩʪ ʧʨʝʜʠ ʪʚʲʨʜʦ ʘʥʦʜʥʦ ʦʢʩʠʜʠʨʘʥʝ ï ʦʙʨʘʟʮʠ Ï12; L=30mm 

ˉ ʇʨʝʜʠ ʧʦʢʨʠʪʠʝ - ʦʙʨʘʟʮʠ - Ï12; L=30mm 

Ra [Õm] Ra [Õm] Ra [Õm] Ra [Õm] 

ɸ-1 ɸ-2 ɺ-1 ɺ-2 

1 0,559 0,507 0,643 0,569 

2 0,331 0,259 0,344 0,304 

3 0,140 0,167 0,182 0,279 

4 0,237 0,128 0,331 0,298 

- ʦʪʣʘʛʘʥʝ ʥʘ ʪʚʲʨʜʦ ʘʥʦʜʥʦ ʦʢʩʠʜʥʦ ʧʦʢʨʠʪʠʝ ʚʲʨʭʫ ʦʙʨʘʟʮʠ - Ï12; L=30mm - 4 ʙʨʦʷ. 

- ʠʟʤʝʨʚʘʥʝ ʥʘ ʜʝʙʝʣʠʥʘ ʥʘ ʧʦʢʨʠʪʠʝʪʦ ï ʪʘʙʣʠʮʘ 2. 

 

ʊʘʙʣʠʮʘ 2. ɼʝʙʝʣʠʥʘ ʥʘ ʪʚʲʨʜʦ ʘʥʦʜʥʦ ʦʢʩʠʜʥʦ ʧʦʢʨʠʪʠʝ ï ʦʙʨʘʟʮʠ - Ï12; L=30mm 

ˉ ɼʝʙʝʣʠʥʘ ʥʘ ʧʦʢʨʠʪʠʝ - ʦʙʨʘʟʮʠ - Ï12; L=30mm 

ɺʨʝʤʝ t, min  ʉʪʨʘʥʘ 1 [Õm] ʉʪʨʘʥʘ 2 [Õm] 

1 30 40 40 

2 35 58-60 52-55 

3 30 50-55 55-60 

4 30 50-55 55-60 

 

- ʠʟʤʝʨʚʘʥʝ ʥʘ ʛʨʘʧʘʚʦʩʪ ʩʣʝʜ ʪʚʲʨʜʦ ʘʥʦʜʥʦ ʦʢʩʠʜʠʨʘʥʝ ʥʘ ʦʙʨʘʟʮʠ - Ï12; L=30mm, ʪʘʙʣ. 3.  

 

ʊʘʙʣʠʮʘ 3. ɻʨʘʧʘʚʦʩʪ ʩʣʝʜ ʪʚʲʨʜʦ ʘʥʦʜʥʦ ʦʢʩʠʜʠʨʘʥʝ ï ʦʙʨʘʟʮʠ - Ï12; L=30mm 

ˉ ʉʣʝʜ ʧʦʢʨʠʪʠʝ - ʦʙʨʘʟʮʠ - Ï12; L=30mm 

Ra [Õm] Ra [Õm] Ra [Õm] Ra [Õm] 

ɸ-1 ɸ-2 ɺ-1 ɺ-2 

1 0,769 0,718 0,864 0,858 

2 0,538 0,475 0,430 0,603 

3 0,554 0,589 0,753 0,604 

4 0,518 0,560 0,505 0,558 

 

- ʦʪ ʚʩʷʢʘ ʧʨʦʙʘ ʩʝ ʠʟʨʷʟʚʘʪ ʧʦ ʜʚʘ ʜʝʪʘʡʣʘ. 

 

3.1.2 ʆʙʨʘʟʮʠ Ï20; L=10mm EN AW 7075 ɹɼʉ EN 573-3 ï ʬʠʛ. 4 

- ʠʟʭʦʜʥʠ ʜʘʥʥʠ: 

 
ʌʠʛ.4. ʆʙʨʘʟʝʮ ï Ï20; L=10mm 

 

- ʟʘʛʦʪʦʚʢʘ ʟʘ ʪʚʲʨʜʦ ʘʥʦʜʥʦ ʦʢʩʠʜʠʨʘʥʝ ʥʘ ʦʙʨʘʟʮʠ ï Ï20; L=10mm ï ʬʠʛ.5 
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ʌʠʛ.5. ɿʘʛʦʪʦʚʢʘ ʟʘ ʪʚʲʨʜʦ ʘʥʦʜʥʦ ʦʢʩʠʜʠʨʘʥʝ ʥʘ 

 ʦʙʨʘʟʮʠ - Ï12; L=30mm 

 

- ʠʟʤʝʨʚʘʥʝ ʥʘ ʛʨʘʧʘʚʦʩʪ ʧʨʝʜʠ ʪʚʲʨʜʦ ʘʥʦʜʥʦ ʦʢʩʠʜʠʨʘʥʝ ï ʩʭʝʤʘʪʘ ʥʘ ʠʟʤʝʨʚʘʥʝ ʝ ʧʦʢʘʟʘʥʘ 

ʥʘ ʬʠʛ.6, ʘ ʨʝʟʫʣʪʘʪʠʪʝ ʚ ʪʘʙʣʠʮʘ 4.  

 
ʌʠʛ.6. ʉʭʝʤʘ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʛʨʘʧʘʚʦʩʪʪʘ ʧʨʝʜʠ ʪʚʲʨʜʦ ʘʥʦʜʥʦ ʦʢʩʠʜʠʨʘʥʝ  

ʥʘ ʦʙʨʘʟʮʠ ï Ï20; L=10mm 

 

ʊʘʙʣʠʮʘ 4. ɻʨʘʧʘʚʦʩʪ ʧʨʝʜʠ ʪʚʲʨʜʦ ʘʥʦʜʠʨʘʥʝ ï Ï20; L=10mm 

ˉ ʇʨʝʜʠ ʧʦʢʨʠʪʠʝ ʦʙʨʘʟʮʠ ï Ï20; L=10mm 

Ra [Õm] Ra [Õm] Ra [Õm] Ra [Õm] 

ɸ-1 ɸ-2 ɺ-1 ɺ-2 

1 0,203 0,160 0,386 1,507 

2 0,210 0,152 0,355 1,230 

3 0,344 0,194 0,465 1,285 

4 0,227 0,186 0,304 0,272 

 

- ʦʪʣʘʛʘʥʝ ʥʘ ʪʚʲʨʜʦ ʘʥʦʜʥʦ ʦʢʩʠʜʥʦ ʧʦʢʨʠʪʠʝ ʚʲʨʭʫ ʦʙʨʘʟʮʠ ï Ï20; L=10mm - 4 ʙʨʦʷ. 

- ʠʟʤʝʨʚʘʥʝ ʥʘ ʜʝʙʝʣʠʥʘ ʥʘ ʧʦʢʨʠʪʠʝʪʦ ï ʪʘʙʣʠʮʘ 5. 

 

ʊʘʙʣʠʮʘ 5. ɼʝʙʝʣʠʥʘ ʥʘ ʪʚʲʨʜʦ ʘʥʦʜʠʨʘʥʝ ʧʦʢʨʠʪʠʝ ï  Ï20; L=10mm 

ˉ ɼʝʙʝʣʠʥʘ ʥʘ ʧʦʢʨʠʪʠʝ - ʦʙʨʘʟʮʠ ï Ï20; L=10mm 

ɺʨʝʤʝ t, min  ʉʪʨʘʥʘ 1 [Õm] ʉʪʨʘʥʘ 2 [Õm] 

1 30 50 50 

2 30 57,7 58 

3 30 45 45 

4 35 46 48 
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- ʠʟʤʝʨʚʘʥʝ ʥʘ ʛʨʘʧʘʚʦʩʪ ʩʣʝʜ ʪʚʲʨʜʦ ʘʥʦʜʥʦ ʦʢʩʠʜʠʨʘʥʝ ʥʘ ʦʙʨʘʟʮʠ - Ï12; L=30mm ʪʘʙʣʠʮʘ 

6.  

ʊʘʙʣʠʮʘ 6. ɻʨʘʧʘʚʦʩʪ ʩʣʝʜ ʪʚʲʨʜʦ ʘʥʦʜʠʨʘʥʝ ï ʦʙʨʘʟʮʠ ï Ï20; L=10mm 

ˉ ʉʣʝʜ ʧʦʢʨʠʪʠʝ 

Ra [Õm] Ra [Õm] Ra [Õm] Ra [Õm] 

ɸ-1 ɸ-2 ɺ-1 ɺ-2 

1 0,454 0,540 0,465 1,692 

2 0,486 0,477 0,558 1,307 

3 0,673 0,671 1,529 1,184 

4 0,594 0,586 0,725 0,656 

 

 
ʌʠʛ.7. ʆʙʨʘʟʮʠ ʩ ʥʘʥʝʩʝʥʠ ʧʦʢʨʠʪʠʷ: 

ʘ) ʚ ʛʦʪʦʚ ʚʠʜ, ʙ) ʩʣʝʜ ʨʘʟʢʨʦʡ 

 

3.2 ʇʦʜʛʦʪʦʚʢʘ ʥʘ ʦʙʨʘʟʮʠ ʟʘ ʭʨʦʤʠʨʘʥʝ 

3.2.1 ʆʙʨʘʟʮʠ Ï12; L=30mm 30ʍʅʄʌɸ. ʈʘʟʤʝʨʠʪʝ ʠʤ ʩʘ ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʬʠʛ.1 ʠ ʬʠʛ.2. 

- ʠʟʤʝʨʚʘʥʝ ʥʘ ʛʨʘʧʘʚʦʩʪ ʧʨʝʜʠ ʭʨʦʤʠʨʘʥʝ - ʪʘʙʣʠʮʘ 7. 

 

ʊʘʙʣʠʮʘ 7. ɻʨʘʧʘʚʦʩʪ ʧʨʝʜʠ ʭʨʦʤʠʨʘʥʝ ï ʦʙʨʘʟʮʠ - Ï12; L=30mm 

ˉ ʇʨʝʜʠ ʧʦʢʨʠʪʠʝ 

Ra [Õm] Ra [Õm] Ra [Õm] Ra [Õm] 

ɸ-1 ɸ-2 ɺ-1 ɺ-2 

1 0,187 0,100 0,569 0,308 

2 0,324 0,179 0,473 0,272 

3 0,116 0,149 0,447 1,126 

4 0,120 0,105 0,199 0,195 

 

- ʭʨʦʤʠʨʘʥʝ ʥʘ ʦʙʨʘʟʮʠ - Ï12; L=30mm  - 4 ʙʨʦʷ. 

- ʠʟʤʝʨʚʘʥʝ ʥʘ ʜʝʙʝʣʠʥʘ ʥʘ ʧʦʢʨʠʪʠʝʪʦ ï ʪʘʙʣʠʮʘ 8. 

ʊʘʙʣʠʮʘ 8. ɼʝʙʝʣʠʥʘ ʩʣʝʜ ʭʨʦʤʠʨʘʥʝ ï ʦʙʨʘʟʮʠ - Ï12; L=30mm 

ˉ ɼʝʙʝʣʠʥʘ ʥʘ ʧʦʢʨʠʪʠʝ - ʦʙʨʘʟʮʠ - Ï12; L=30mm 

ɺʨʝʤʝ t, h ʉʪʨʘʥʘ 1 [Õm] ʉʪʨʘʥʘ 2 [Õm] 

1 8'30 122,6 210,5 

2 8'50 276 192,7 

3 8'20 205,4 162 

4 9'00 165,6 338,6 
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- ʠʟʤʝʨʚʘʥʝ ʥʘ ʛʨʘʧʘʚʦʩʪ ʩʣʝʜ ʭʨʦʤʠʨʘʥʝ ʦʙʨʘʟʮʠ - Ï12; L=30mm ʪʘʙʣʠʮʘ 9.  

ʊʘʙʣʠʮʘ 9. ɻʨʘʧʘʚʦʩʪ ʩʣʝʜ ʭʨʦʤʠʨʘʥʝ ï ʦʙʨʘʟʮʠ - Ï12; L=30mm 

ˉ ʉʣʝʜ ʧʦʢʨʠʪʠʝ ʦʙʨʘʟʮʠ - Ï12; L=30mm 

Ra [Õm] Ra [Õm] Ra [Õm] Ra [Õm] 

ɸ-1 ɸ-2 ɺ-1 ɺ-2 

1 0,073 0,096 0,335 0,411 

2 0,091 0,211 0,269 0,341 

3 0,092 0,089 0,984 0,421 

4 0,123 0,128 0,348 0,431 

- ʦʪ ʚʩʷʢʘ ʧʨʦʙʘ ʩʝ ʠʟʨʷʟʚʘʪ ʧʦ ʜʚʘ ʜʝʪʘʡʣʘ.  

 

3.2.2 ʆʙʨʘʟʮʠ Ï20; L=10mm 30ʍʅʄʌɸ. ʈʘʟʤʝʨʠʪʝ ʠʤ ʩʘ ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʬʠʛ.4 ʠ ʬʠʛ.5. 

- ʠʟʤʝʨʚʘʥʝ ʥʘ ʛʨʘʧʘʚʦʩʪ ʧʨʝʜʠ ʭʨʦʤʠʨʘʥʝ ï ʪʘʙʣʠʮʘ 10. 

 

ʊʘʙʣʠʮʘ 10. ɻʨʘʧʘʚʦʩʪ ʧʨʝʜʠ ʭʨʦʤʠʨʘʥʝ ï Ï20; L=10mm 

ˉ ʇʨʝʜʠ ʧʦʢʨʠʪʠʝ - ʦʙʨʘʟʮʠ ï Ï20; L=10mm 

Ra [Õm] Ra [Õm] Ra [Õm] Ra [Õm] 

ɸ-1 ɸ-2 ɺ-1 ɺ-2 

1 0,129 0,093 0,178 0,267 

2 0,170 0,167 0,212 0,549 

3 0,259 0,119 0,174 0,251 

4 0,165 0,164 0,178 0,373 

- ʦʪʣʘʛʘʥʝ ʥʘ ʪʚʲʨʜʦ ʭʨʦʤʦʚʦ ʧʦʢʨʠʪʠʝ ʚʲʨʭʫ ʦʙʨʘʟʮʠ ï Ï20; L=10mm - 4 ʙʨʦʷ. 

- ʠʟʤʝʨʚʘʥʝ ʥʘ ʜʝʙʝʣʠʥʘ ʥʘ ʧʦʢʨʠʪʠʝʪʦ ï ʪʘʙʣʠʮʘ 11. 

 

ʊʘʙʣʠʮʘ 11. ɼʝʙʝʣʠʥʘ ʥʘ ʧʦʢʨʠʪʠʝ ʩʣʝʜ ʭʨʦʤʠʨʘʥʝ ʥʘ ʦʙʨʘʟʮʠ ï  Ï20; L=10mm 

ˉ ɼʝʙʝʣʠʥʘ ʥʘ ʧʦʢʨʠʪʠʝ - ʦʙʨʘʟʮʠ ï Ï20; L=10mm 

ɺʨʝʤʝ t, h ʉʪʨʘʥʘ 1 [Õm] ʉʪʨʘʥʘ 2 [Õm] 

1 8'40 263,4 248,6 

2 8'50 266,1 263,5 

3 8'40 289,5 260 

4 8'50 263,8 246,3 

 

- ʠʟʤʝʨʚʘʥʝ ʥʘ ʛʨʘʧʘʚʦʩʪ ʩʣʝʜ ʭʨʦʤʠʨʘʥʝ ʥʘ ʦʙʨʘʟʮʠ - Ï12; L=30mm ʪʘʙʣʠʮʘ 12.  

ʊʘʙʣʠʮʘ 12. ɻʨʘʧʘʚʦʩʪ ʩʣʝʜ ʭʨʦʤʠʨʘʥʝ ï ʦʙʨʘʟʮʠ ï Ï20; L=10mm 

ˉ ʉʣʝʜ ʧʦʢʨʠʪʠʝ 

Ra [Õm] Ra [Õm] Ra [Õm] Ra [Õm] 

ɸ-1 ɸ-2 ɺ-1 ɺ-2 

1 0,083 0,065 0,692 0,344 

2 0,081 0,132 0,544 0,720 

3 0,073 0,06 0,379 0,366 

4 0,066 0,09 0,463 0,290 
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ʌʠʛ.8. ʍʨʦʤʠʨʘʥʠ ʦʙʨʘʟʮʠ 

4. ʀɿɺʆɼʀ 

ʆʙʦʙʱʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʧʦ ʫʩʨʝʜʥʝʥʠ ʜʘʥʥʠ ʦʪ ʦʪʜʝʣʥʠʪʝ ʦʧʠʪʠ, ʟʘ ʚʩʷʢʘ ʛʨʫʧʘ ʦʪ ʯʝʪʠʨʠ ʦʙ-

ʨʘʟʝʮʘ, ʦʪʥʦʩʥʦ ʛʨʘʧʘʚʦʩʪ ʧʨʝʜʠ ʠ ʩʣʝʜ ʧʦʢʨʠʪʠʝ ʩʘ ʧʦʢʘʟʘʥʠ ʚ ʪʘʙʣʠʮʘ 13. 

ʊʘʙʣʠʮʘ 13. ʆʙʦʙʱʝʥʠ ʨʝʟʫʣʪʘʪʠ ʟʘ ʛʨʘʧʘʚʦʩʪʪʘ 

 

 

ʌʠʛ.9. ɻʨʘʧʘʚʦʩʪ ʥʘ ʦʙʨʘʟʮʠ ʩ ʨʘʟʤʝʨʠ Ï12, L=30mm 
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ɸʥʘʣʠʟʲʪ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʚʠʟʫʘʣʠʟʠʨʘʥʠ ʛʨʘʬʠʯʥʦ ʥʘ ʬʠʛ.9 ʠ ʬʠʛ.10 ʧʦʪʚʲʨʞʜʘʚʘ, ʯʝ ʦʢʩʠʜ-

ʥʠʪʝ ʧʦʢʨʠʪʠʷ ʬʦʨʤʠʨʘʪ ʦʪʥʦʩʠʪʝʣʥʦ ʧʦ-ʛʨʫʙʠ ʧʦʚʲʨʭʥʠʥʠ ʩ ʚʣʦʰʝʥʘ ʛʨʘʧʘʚʦʩʪ ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ 

ʭʨʦʤʦʚʠʪʝ. ʊʦʚʘ ʜʦ ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʤʝʭʘʥʠʟʤʘ ʟʘ ʪʷʭʥʦʪʦ ʧʦʣʫʯʘʚʘʥʝ, ʭʘʨʘʢʪʝʨʠʟʠ-

ʨʘʱ ʩʝ ʩ ʦʪʥʝʤʘʥʝ ʥʘ ʤʘʪʝʨʠʘʣ ʦʪ ʧʦʚʲʨʭʥʦʩʪʪʘ ʠ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʜʝʙʝʣʘ ʧʦʨʝʩʪʘ ʩʪʨʫʢʪʫʨʘ, ʜʦʢʘʪʦ 

ʭʨʦʤʦʚʠʪʝ ʧʦʢʨʠʪʠʷ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʩ ʚʠʩʦʢʘ ʧʣʲʪʥʦʩʪ ʠ ʭʦʤʦʛʝʥʥʦʩʪ ʠ ʢʘʪʦ ʮʷʣʦ ʦʩʠʛʫʨʷʚʘʪ 

ʠʟʛʣʘʞʜʘʥʝ ʥʘ ʧʦʚʲʨʭʥʠʥʥʠʪʝ ʥʝʨʘʚʥʦʩʪʠ.  

 

ʌʠʛ.10. ɻʨʘʧʘʚʦʩʪ ʥʘ ʦʙʨʘʟʮʠ ʩ ʨʘʟʤʝʨʠ Ï20, L=10mm 

 

5. ɿɸʂʃʖʏɽʅʀɽ 

ʇʦʪʚʲʨʞʜʘʚʘ ʩʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝʪʦ, ʩʧʦʨʝʜ ʢʦʝʪʦ ʧʦʚʲʨʭʥʦʩʪʠʪʝ ʥʘ ʜʝʪʘʡʣʠʪʝ ʩʣʝʜ ʪʚʲʨʜʦ 

ʘʥʦʜʠʨʘʥʝ ʩʪʘʚʘʪ ʧʦ-ʛʨʫʙʠ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʝʟʠ ʥʘ ʠʟʭʦʜʥʠʪʝ ʟʘʛʦʪʦʚʢʠ, ʬʦʨʤʠʨʘʥʠ ʯʨʝʟ ʝʣʝʢʪʨʦ-

ʭʠʤʠʯʥʦ ʨʘʟʤʝʨʥʦ ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝ. ʇʦʨʘʜʠ ʪʦʚʘ ʠʟʭʦʜʥʘʪʘ ʛʨʘʧʘʚʦʩʪ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʜʦʩʪʘʪʲʯʥʦ 

ʥʠʩʢʘ, ʟʘ ʜʘ ʩʝ ʦʩʠʛʫʨʠ ʥʦʨʤʘʣʥʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʩʣʝʜ ʧʦʢʨʠʪʠʝʪʦ. ʇʨʠ ʭʨʦʤʠʨʘʥʝ ʢʘʪʦ ʮʷʣʦ 

ʛʨʘʧʘʚʦʩʪʪʘ ʥʘʤʘʣʷʚʘ ʩʧʨʷʤʦ ʠʟʭʦʜʥʘʪʘ.  

ʊʝʥʜʝʥʮʠʠʪʝ ʩʘ ʧʦ-ʷʨʢʦ ʠʟʨʘʟʝʥʠ ʧʨʠ ʦʙʨʘʟʮʠ ʩ ʨʘʟʤʝʨʠ Ï20, L=10mm ʧʦʨʘʜʠ ʧʦ-ʛʦʣʷʤʘʪʘ 

ʢʦʥʪʘʢʪʥʘ ʧʣʦʱ ʥʘ ʧʦʩʣʝʜʥʠʪʝ.  
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TESTLAND : VI . KINEMATICS OF FREE V ERTICAL MOVEMENT  

OF HEAVY BODY IN THE  FIELD ON THE GROUND  

 

Dimitar G. Stoyanov *, Maria V. Gramenova-ɸngelova 

Technical University - Sofia, Faculty of Engineering - Pedagogy - Sliven 

e-mail: dgstoyanov_ipf@abv.bg *, mgramenova@tu-sofia.bg 

 

Abstract: The work offers a set of test tasks on the topic "Kinematics of free vertical move-

ment of a body in the field of the ground". A rigid body on free vertical motion is considered. 

The kinematic dependences of free movement of a body, which are used in solving the test 

tasks, are presented. 

Keywords: kinematics, velocity, position, test tasks 

 

TESTLAND : VI. ʂʀʅɽʄɸʊʀʂɸ ʅɸ ʉɺʆɹʆɼʅʆ ɺɽʈʊʀʂɸʃʅʆ ɼɺʀɾɽʅʀɽ ʅɸ ʊɽɾ-

ʂʆ ʊʗʃʆ ɺ ʇʆʃɽʊʆ ʅɸ ɿɽʄʗʊɸ 

 

ɼʠʤʠʪʲʨ ɻ. ʉʪʦʷʥʦʚ *, ʄʘʨʠʷ ɺ. ɻʨʘʤʝʥʦʚʘ-ɸʥʛʝʣʦʚʘ 

ʊʝʭʥʠʯʝʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ ï ʉʦʬʠʷ, ʀʥʞʝʥʝʨʥʦ ï ʧʝʜʘʛʦʛʠʯʝʩʢʠ ʬʘʢʫʣʪʝʪ ï ʉʣʠʚʝʥ 

e-mail: dgstoyanov_ipf@abv.bg *, mgramenova@tu-sofia.bg 

 

1. ʋɺʆɼ 

ɺʩʝ ʧʦ-ʠʥʪʝʥʟʠʚʥʦ ʚ ʢʦʥʪʨʦʣʥʠ ʨʘʙʦʪʠ ʠ ʠʟʧʠʪʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʪʝʩʪʦʚʝ. ʊʦʚʘ ʩʪʘʚʘ, ʢʘʢʪʦ ʚ 

ʩʨʝʜʥʦʪʦ ʦʙʨʘʟʦʚʘʥʠʝ, ʧʨʠ ʢʘʥʜʠʜʘʪ-ʩʪʫʜʝʥʪʩʢʠ ʠʟʧʠʪʠ, ʪʘʢʘ ʠ ʚʲʚ ʚʠʩʰʝʪʦ ʦʙʨʘʟʦʚʘʥʠʝ.  

ɿʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʩ ʪʦʟʠ ʤʝʪʦʜ ʥʘ ʦʮʝʥʷʚʘʥʝ ʜʦʩʪʘʪʲʯʥʘ ʥʘʜʝʞʜʥʦʩʪ, ʪʝʩʪʲʪ ʪʨʷʙʚʘ ʜʘ ʩʲʜʲʨ-

ʞʘ ʛʦʣʷʤ ʙʨʦʡ ʚʲʧʨʦʩʠ ʠ ʟʘʜʘʯʠ, ʩ ʮʝʣ ʜʘ ʦʙʭʚʘʥʝ ʧʦʚʝʯʝ ʦʪ ʦʙʝʤʘ ʥʘ ʫʯʝʙʥʠʷ ʤʘʪʝʨʠʘʣ. ɿʘʪʦʚʘ ʝ 

ʚʘʞʥʦ ʜʘ ʠʤʘʤʝ ʚ ʥʘʣʠʯʥʦʩʪ ʛʦʣʷʤʦ ʤʥʦʛʦʦʙʨʘʟʠʝ ʦʪ ʪʠʧʦʚʠ ʟʘʜʘʯʠ, ʢʦʠʪʦ ʜʘ ʩʘ ʩʲʜʲʨʞʘʪʝʣʥʠ, ʩ 

ʣʝʩʥʦ ʨʘʟʙʠʨʘʥʝ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʟʘʜʘʯʘʪʘ ʠ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʧʨʝʩʤʷʪʘʥʝ ʙʝʟ ʢʘʣʢʫʣʘʪʦʨ ʥʘ ʠʥʪʝ-

ʨʝʩʫʚʘʱʘʪʘ ʥʠ ʚʝʣʠʯʠʥʘ. 

ɺ ʧʦʩʣʝʜʥʦ ʚʨʝʤʝ, ʧʦʨʘʜʠ ʝʧʠʜʝʤʠʷʪʘ Covid-19, ʩʝ ʥʘʣʘʛʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʪʝʩʪʦʚʠ ʟʘʜʘʯʠ ʠ 

ʠʟʧʠʪʥʠ ʪʝʩʪʦʚʝ ʥʘ ʝʣʝʢʪʨʦʥʥʠ ʨʝʩʫʨʩʠ ï BlackBoard, Google ʄeet ʠ ʪ.ʥ. ʇʦʨʘʜʠ ʦʛʨʘʥʠʯʝʥʠʪʝ 

ʚʲʟʤʦʞʥʦʩʪʠ ʥʘ ʨʝʜʘʢʪʦʨʘ ʥʘ ʪʝʩʪʦʚʝ ʥʘ ʪʝʟʠ ʨʝʩʫʨʩʠ, ʩʝ ʥʘʣʘʛʘ ʬʦʨʤʫʣʠʨʦʚʢʠʪʝ ʥʘ ʪʝʩʪʦʚʠʪʝ 

ʟʘʜʘʯʠ ʜʘ ʩʘ ʩʲʦʙʨʘʟʝʥʠ ʩ ʥʝʛʦ. ɺ ʩʣʫʯʘʷ ʩʝ ʠʟʧʦʣʟʚʘ ʝʣʝʢʪʨʦʥʥʘʪʘ ʧʣʘʪʬʦʨʤʘ BlackBoard. 

 

2. ʂʀʅɽʄɸʊʀʂɸ ɺ ʇʆʃɽʊʆ ʅɸ ʊɽɾɽʉʊʊɸ 

ɼʚʠʞʝʥʠʝʪʦ ʥʘ ʠʟʩʣʝʜʚʘʥʦʪʦ ʪʷʣʦ, (ʢʦʝʪʦ ʧʨʠʝʤʘʤʝ ʟʘ ʤʘʪʝʨʠʘʣʥʘ ʪʦʯʢʘ) ʱʝ ʦʧʠʩʚʘʤʝ ʦʪ-

ʥʦʩʥʦ ʦʪʧʨʘʚʥʘ ʩʠʩʪʝʤʘ, ʩʲʩʪʦʷʱʘ ʩʝ ʦʪ ʯʘʩʦʚʥʠʢ ʠ ʜʝʢʘʨʪʦʚʘ ʢʦʦʨʜʠʥʘʪʥʘ ʩʠʩʪʝʤʘ (ʂʉ), ʥʘ ʢʦʷʪʦ 

ʦʩʪʘ OZ ʝ ʚʝʨʪʠʢʘʣʥʘ, ʩ ʧʦʣʦʞʠʪʝʣʥʘ ʧʦʩʦʢʘ ʥʘʛʦʨʝ. ʆʩʠʪʝ OX ʠ OY ʣʝʞʘʪ ʭʦʨʠʟʦʥʪʘʣʥʦ, ʧʨʠ-

ʤʝʨʥʦ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʟʝʤʷʪʘ. [1, 3, 4, 6]. 

ʇʦʣʦʞʝʥʠʝʪʦ ʥʘ ʪʷʣʦʪʦ ʚ ʪʘʟʠ ʂʉ [2,5,7] ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ r
C

,  

 

kzjyixr
CCCC
Ö+Ö+Ö= . (1) 

 

ʉʢʦʨʦʩʪʪʘ ʥʘ ʤʘʪʝʨʠʘʣʥʘʪʘ ʪʦʯʢʘ ʧʨʠ ʜʚʠʞʝʥʠʝ V
C
ʩʝ ʦʧʨʝʜʝʣʷ ʧʦ ʩʣʝʜʥʘʪʘ ʟʘʚʠʩʠʤʦʩʪ 

 

dt

rd
V

CC
= . (2) 
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ʋʩʢʦʨʝʥʠʝʪʦ ʥʘ ʤʘʪʝʨʠʘʣʥʘʪʘ ʪʦʯʢʘ ʧʨʠ ʜʚʠʞʝʥʠʝ a
C

 ʩʝ ʦʧʨʝʜʝʣʷ ʧʦ ʟʘʚʠʩʠʤʦʩʪʪʘ 

 

2

2

dt

rd

dt

Vd
a

CC
C

== . (3) 

 

ʅʝʢʘ ʨʘʟʛʣʝʞʜʘʥʦʪʦ ʪʷʣʦ ʝ ʠʟʩʪʨʝʣʷʥʦ ʚʝʨʪʠʢʘʣʥʦ ʥʘʛʦʨʝ ʦʪ ʪʦʯʢʘ ʩ ʚʠʩʦʯʠʥʘ 0z  ʠ ʩ ʥʘʯʘʣʥʘ 

ʩʢʦʨʦʩʪ 0V
C
. ʇʨʝʜʧʦʣʘʛʘʤʝ, ʯʝ ʫʩʢʦʨʝʥʠʝʪʦ ʥʘ ʩʚʦʙʦʜʥʦ ʧʘʜʘʥʝ g

C
 ʝ ʧʦʩʪʦʷʥʥʘ ʚʝʣʠʯʠʥʘ  

 

gaz -= . (4) 

 

ʇʨʠ ʪʝʟʠ ʥʘʯʘʣʥʠ ʫʩʣʦʚʠʷ ʢʦʦʨʜʠʥʘʪʠʪʝ ʥʘ ʪʷʣʦʪʦ ʧʦ ʦʩʠʪʝ OX ʠ OY ʱʝ ʦʩʪʘʚʘʪ ʥʫʣʝʚʠ ʧʨʝʟ 

ʮʷʣʦʪʦ ʚʨʝʤʝ. ʇʨʦʤʝʥʠ ʱʝ ʠʤʘʤʝ ʩʘʤʦ ʧʨʠ ʚʝʣʠʯʠʥʠʪʝ ʧʦ ʦʩʪʘ OZ 

 

tgVVz Ö-= 0 , (5) 

 

2

2

00

tg
tVzz

Ö
-Ö+= . 

 

(6) 

 

3. ɸʅɸʃʀɿ ʅɸ ɼɺʀɾɽʅʀɽʊʆ 

ʊʫʢ ʱʝ ʦʧʨʝʜʝʣʠʤ ʥʷʢʦʠ ʭʘʨʘʢʪʝʨʥʠ ʤʦʤʝʥʪʠ ʦʪ ʜʚʠʞʝʥʠʝʪʦ. 

3.1. ʄʘʢʩʠʤʘʣʥʘ ʚʠʩʦʯʠʥʘ ʥʘ ʠʟʜʠʛʘʥʝ. 

 
ʌʠʛ.1. ɿʘʢʦʥ ʥʘ ʩʢʦʨʦʩʪʪʘ ʧʨʠ smV /2,390=  
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ʆʪ ʟʘʢʦʥʘ ʥʘ ʩʢʦʨʦʩʪʪʘ (5) ʚʠʞʜʘʤʝ, ʯʝ ʩʢʦʨʦʩʪʪʘ ʥʘ ʤʘʪʝʨʠʘʣʥʘʪʘ ʪʦʯʢʘ ʧʨʠ ʜʚʠʞʝʥʠʝ ʧʦʩ-

ʪʝʧʝʥʥʦ ʱʝ ʥʘʤʘʣʷʚʘ (ʬʠʛ.1) ʠ ʚ ʤʦʤʝʥʪʘ  mtt=  ʩʝ ʥʫʣʠʨʘ, ʪ.ʝ. 

0)( 0 =Ö-= mmz tgVtV , (7) 

ʦʪʢʲʜʝʪʦ 

.0

g

V
tm=  (8) 

 

ɺ ʩʣʝʜʚʘʱʠʪʝ ʤʦʤʝʥʪʠ ʩʣʝʜ mt  ʢʦʤʧʦʥʝʥʪʘʪʘ ʥʘ ʩʢʦʨʦʩʪʪʘ ʠʤʘ ʦʪʨʠʮʘʪʝʣʥʠ ʩʪʦʡʥʦʩʪʠ ï ʪʷ-

ʣʦʪʦ ʱʝ ʧʘʜʘ ʥʘʜʦʣʫ. ɺ ʤʦʤʝʥʪʘ mt  ʝ ʜʦʩʪʠʛʥʘʪʘ ʤʘʢʩʠʤʘʣʥʘʪʘ ʚʠʩʦʯʠʥʘ ʥʘ ʠʟʜʠʛʘʥʝ )( mtz . ʉʧʦ-

ʨʝʜ (6): 
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Ö
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Ö
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22
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00 , (9) 
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V
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2
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0
max . (10) 

 

3.2. ʀʟʜʠʛʘʥʝ ʚ ʧʲʨʚʘʪʘ ʩʝʢʫʥʜʘ. 

ɿʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʚʠʩʦʯʠʥʘ ʥʘ ʠʟʜʠʛʘʥʝ 0)( ztz -  ʚ ʦʧʨʝʜʝʣʝʥʠ ʤʦʤʝʥʪʠ ʝ ʜʦʩʪʘʪʲʯʥʦ ʚ (6) ʜʘ 

ʩʝ ʟʘʤʝʩʪʷʪ ʯʠʩʣʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʠ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʨʝʟʫʣʪʘʪʘ. 
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3.3. ʄʦʤʝʥʪ ʥʘ ʧʘʜʘʥʝ. 

ɸʢʦ ʚ (10) ʟʘʤʝʩʪʠʤ 0V  ʦʪ (8) 
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ʆʪ (13) ʩʣʝʜʚʘ, ʯʝ ʧʨʠ mtt Ö=2  ʪʷʣʦʪʦ ʧʦʧʘʜʘ ʚ ʩʪʘʨʪʦʚʘʪʘ ʧʦʟʠʮʠʷ (ʬʠʛ. 2). ʪ. ʝ. ʤʦʤʝʥʪʘ ʥʘ 

ʧʘʜʘʥʝ et  ʝ 
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ʌʠʛ.2. ɿʘʢʦʥ ʥʘ ʜʚʠʞʝʥʠʝʪʦ ʧʨʠ smV /2,390=  

ʉʢʦʨʦʩʪʪʘ ʥʘ ʤʘʪʝʨʠʘʣʥʘʪʘ ʪʦʯʢʘ ʚ ʤʦʤʝʥʪʘ ʥʘ ʧʘʜʘʥʝ )( ez tV  ʝ 

0
0

00

2
)( V

g

V
gVtgVtV eez -=
Ö

Ö-=Ö-= . (15) 

 

4. ʊɽʉʊʆɺʀ ɿɸɼɸʏʀ 

ʊʝʩʪʦʚʠʪʝ ʟʘʜʘʯʠ ʟʘ BlackBoard ʩʘ ʪʠʧ ʩ ʤʥʦʛʦʚʘʨʠʘʥʪʝʥ ʠʟʙʦʨ ʩ ʝʜʠʥ ʚʝʨʝʥ ʦʪʛʦʚʦʨ. ɿʝʤʥʦ-

ʪʦ ʫʩʢʦʨʝʥʠʝ ʠʤʘ ʛʦʣʝʤʠʥʘ 2/8,9 sm .  

4.1. ɺʘʨʠʘʥʪ 1 

ʍ.1 ʊʷʣʦ ʝ ʠʟʩʪʨʝʣʷʥʦ ʚʝʨʪʠʢʘʣʥʦ ʥʘʛʦʨʝ ʩ ʥʘʯʘʣʥʘ ʩʢʦʨʦʩʪ sm/2,39 . ʆʧʨʝʜʝʣʝʪʝ ʩʣʝʜ ʢʘʢʚʦ 

ʚʨʝʤʝ ʱʝ ʜʦʩʪʠʛʥʝ ʤʘʢʩʠʤʘʣʥʘ ʚʠʩʦʯʠʥʘ. 

 

ɸ) 2 s ɹ) 4 s ɺ) 6 s ɻ) 8 s 

 

 

4.2. ɺʘʨʠʘʥʪ 2 

ʍ.2 ʊʷʣʦ ʝ ʠʟʩʪʨʝʣʷʥʦ ʚʝʨʪʠʢʘʣʥʦ ʥʘʛʦʨʝ ʩ ʥʘʯʘʣʥʘ ʩʢʦʨʦʩʪ sm/2,39  ʦʪ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʟʝʤʷʪʘ. 

ʆʧʨʝʜʝʣʝʪʝ ʤʘʢʩʠʤʘʣʥʘʪʘ ʚʠʩʦʯʠʥʘ, ʥʘ ʢʦʷʪʦ ʱʝ ʩʝ ʠʟʜʠʛʥʝ. 

 

ɸ) 34,3 m ɹ) 58,8 m ɺ) 73,5 m ɻ) 78,4 m 

 

 

4.3. ɺʘʨʠʘʥʪ 3 

ʍ.3 ʊʷʣʦ ʝ ʠʟʩʪʨʝʣʷʥʦ ʚʝʨʪʠʢʘʣʥʦ ʥʘʛʦʨʝ ʩ ʥʘʯʘʣʥʘ ʩʢʦʨʦʩʪ sm/2,39  ʦʪ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʟʝʤʷʪʘ. 

ʆʧʨʝʜʝʣʝʪʝ ʚʠʩʦʯʠʥʘ, ʥʘ ʢʦʷʪʦ ʱʝ ʩʝ ʠʟʜʠʛʥʝ ʟʘ ʝʜʥʘ ʩʝʢʫʥʜʘ. 

 

ɸ) 34,3 m ɹ) 58,8 m ɺ) 73,5 m ɻ) 78,4 m 
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4.4. ɺʘʨʠʘʥʪ 4 

ʍ.4 ʊʷʣʦ ʝ ʠʟʩʪʨʝʣʷʥʦ ʚʝʨʪʠʢʘʣʥʦ ʥʘʛʦʨʝ ʩ ʥʘʯʘʣʥʘ ʩʢʦʨʦʩʪ sm/2,39  ʦʪ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʟʝʤʷʪʘ. 

ʆʧʨʝʜʝʣʝʪʝ ʚʠʩʦʯʠʥʘʪʘ, ʥʘ ʢʦʷʪʦ ʱʝ ʩʝ ʥʘʤʠʨʘ s1  ʧʨʝʜʠ ʧʘʜʘʥʝʪʦ ʤʫ. 

 

ɸ) 34,3 m ɹ) 58,8 m ɺ) 73,5 m ɻ) 78,4 m 

 

 

4.5. ɺʘʨʠʘʥʪ 5 

ʍ.5 ʊʷʣʦ ʝ ʠʟʩʪʨʝʣʷʥʦ ʚʝʨʪʠʢʘʣʥʦ ʥʘʛʦʨʝ ʩ ʥʘʯʘʣʥʘ ʩʢʦʨʦʩʪ sm/2,39  ʦʪ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʟʝʤʷ-

ʪʘ. ʆʧʨʝʜʝʣʝʪʝ ʩʣʝʜ ʢʘʢʚʦ ʚʨʝʤʝ ʱʝ ʧʘʜʥʝ ʥʘ ʟʝʤʷʪʘ. 

 

ɸ) 2 s ɹ) 4 s ɺ) 6 s ɻ) 8 s 

 

 

4.6. ɺʘʨʠʘʥʪ 6 

ʍ.6 ʊʷʣʦ ʝ ʠʟʩʪʨʝʣʷʥʦ ʚʝʨʪʠʢʘʣʥʦ ʥʘʛʦʨʝ ʩ ʥʘʯʘʣʥʘ ʩʢʦʨʦʩʪ sm/2,39  ʦʪ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʟʝʤʷʪʘ. 

ʆʧʨʝʜʝʣʝʪʝ ʩʢʦʨʦʩʪʪʘ ʚ ʤʦʤʝʥʪʘ ʥʘ ʧʘʜʘʥʝ ʥʘ ʟʝʤʷʪʘ. 

 

ɸ) 39,2 m/s ɹ) 19,6 m/s ɺ) -19,6 m/s ɻ) -39,2 m/s 

 

 

ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʤʦʞʝ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ʨʘʟʛʣʝʞʜʘʥʠʪʝ ʩʣʫʯʘʠ ʠ ʧʨʠʤʝʨʥʠ ʨʝʘʣʠʟʘʮʠʠ ʧʦʟʚʦ-

ʣʷʚʘʪ ʜʘ ʩʝ ʪʚʲʨʜʠ, ʯʝ ʩʲʱʝʩʪʚʫʚʘ ʜʦʩʪʘʪʲʯʥʦ ʛʦʣʷʤʦ ʤʥʦʛʦʦʙʨʘʟʠʝ ʦʪ ʢʘʟʫʩʠ. ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ 

ʧʦʣʟʚʘʥʝʪʦ ʥʘ ʪʘʢʲʚ ʢʣʘʩ ʟʘʜʘʯʠ ʟʘ ʪʝʩʪʦʚʝ. 
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MONITORING AND ANALYSIS OF CLIMATE DATA FOR THE REGION OF THE TOWN 

OF SLIVEN  

 

Konstantin V. KOSTOV  

Technical University of Sofia, Faculty of engineering and pedagogy of Sliven, Bulgaria 

ʝ-mail: konstankostov@tu-sofia.bg 

 

ABSTRACT: Data on average monthly temperatures, prevailing wind direction and speed, 

as well as cloudiness for the city of Sliven are presented and analysed. The study is for a pe-

riod of five years from 2017 to 2021 inclusive. The obtained results were compared with the 

published data in the specialized reference literature. The results are presented in a form 

suitable for carrying out analyses regarding climate changes in the region and can be used in 

the design of heating, ventilation, air conditioning and refrigeration installations. 

KEYWORDS:  average monthly temperature, wind direction and speed, cloudiness, climate 

data. 

 

ʄʆʅʀʊʆʈʀʅɻ ʀ ɸʅɸʃʀɿ ʅɸ ʂʃʀʄɸʊʀʏʅʀʊɽ ɼɸʅʅʀ ɿɸ ʈɽɻʀʆʅɸ ʅɸ ɻʈ. 

ʉʃʀɺɽʅ 

 

ʂʦʥʩʪʘʥʪʠʥ ɺ. ʂʆʉʊʆɺ 

ʊʝʭʥʠʯʝʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ ʚ ʉʦʬʠʷ, ʀʥʞʝʥʝʨʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠ ʬʘʢʫʣʪʝʪ ʚ ʉʣʠʚʝʥ, ɹʲʣʛʘʨʠʷ 

ʝ-mail: konstankostov@tu-sofia.bg 

ʋʚʦʜ 

ʇʦʟʥʘʚʘʥʝʪʦ ʥʘ ʢʣʠʤʘʪʘ ʠ ʥʝʛʦʚʠʪʝ ʦʩʦʙʝʥʦʩʪʠ ʟʘ ʜʘʜʝʥ ʨʝʛʠʦʥ, ʝ ʚʘʞʥʦ ʠ ʦʧʨʝʜʝʣʷʱʦ ʫʩʣʦ-

ʚʠʝ ʧʨʠ ʠʟʙʦʨʘ ʥʘ ʚʲʥʰʥʠ ʠʟʯʠʩʣʠʪʝʣʥʠ ʧʘʨʘʤʝʪʨʠ, ʢʦʛʘʪʦ ʩʝ ʧʨʦʝʢʪʠʨʘʪ ʦʪʦʧʣʠʪʝʣʥʠ, ʚʝʥʪʠʣʘ-

ʮʠʦʥʥʠ, ʢʣʠʤʘʪʠʯʥʠ ʠ ʭʣʘʜʠʣʥʠ ʠʥʩʪʘʣʘʮʠʠ. ʅʘʡ-ʛʦʣʷʤʦ ʟʥʘʯʝʥʠʝ ʟʘ ʪʝʟʠ ʠʥʩʪʘʣʘʮʠʠ ʠʤʘʪ ʚʲʥ-

ʰʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʦʜʚʠʞʥʦʩʪʪʘ ʥʘ ʚʲʟʜʫʭʘ, ʩʣʲʥʯʝʚʦʪʦ ʠʟʣʲʯʚʘʥʝ ʠ ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ ʥʘ 

ʚʲʟʜʫʭʘ. ʇʨʠ ʠʟʙʦʨʘ ʥʘ ʠʟʯʠʩʣʠʪʝʣʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʢʣʠʤʘʪʘ, ʩʲʛʣʘʩʥʦ [1], ʩʝ ʠʟ-

ʧʦʣʟʚʘ ʯʘʩʦʚʘ ʥʝʫʩʠʛʫʨʝʥʦʩʪ ʟʘ ʝʜʥʦʛʦʜʠʰʝʥ ʧʝʨʠʦʜ. ʅʝʫʩʠʛʫʨʝʥʦʩʪʪʘ, ʟʘ ʢʦʷʪʦ ʩʝ ʠʟʙʠʨʘʪ ʠʟʯʠʩ-

ʣʠʪʝʣʥʠʪʝ ʧʘʨʘʤʝʪʨʠ, ʟʘʚʠʩʠ ʦʪ ʚʠʜʘ ʥʘ ʧʨʦʝʢʪʠʨʘʥʘʪʘ ʠʥʩʪʘʣʘʮʠʷ ʠ ʥʝʡʥʦʪʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ. ɺ 

ʤʥʦʛʦ ʦʪ ʩʣʫʯʘʠʪʝ ʜʘʥʥʠʪʝ ʩ ʢʦʠʪʦ ʩʝ ʨʘʟʧʦʣʘʛʘ ʩʘ ʦʩʪʘʨʝʣʠ ï ʧʦʩʣʝʜʥʠʷʪ ʥʘʮʠʦʥʘʣʝʥ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʠ ʩʧʨʘʚʦʯʥʠʢ ʝ ʦʪ 1989, ʘ ʥʘʨʝʜʙʘʪʘ ʟʘ ʪʝʭʥʠʯʝʩʢʠ ʧʨʘʚʠʣʘ ʠ ʥʦʨʤʘʪʠʚʠ ʟʘ ʧʨʦʝʢʪʠʨʘʥʝ ʠʟʛ-

ʨʘʞʜʘʥʝ ʠ ʝʢʩʧʣʦʘʪʘʮʠʷ ʥʘ ʦʙʝʢʪʠʪʝ ʠ ʩʲʦʨʲʞʝʥʠʷʪʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʨʝʥʦʩ ʠ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ 

ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʝ ʦʪ 2005. ɺʲʧʨʝʢʠ ʛʦʣʝʤʠʷʪ ʙʨʦʡ ʥʘ ʤʝʪʝʦʨʦʣʦʛʠʯʥʠ ʩʪʘʥʮʠʠ ʚ ʩʪʨʘʥʘʪʘ, ʤʦʞʝ 

ʜʘ ʩʝ ʪʚʲʨʜʠ, ʯʝ ʠʥʬʦʨʤʘʮʠʷʪʘ ʝ ʪʨʫʜʥʦ ʜʦʩʪʲʧʥʘ.   

ʇʦʟʥʘʚʘʥʝʪʦ ʥʘ ʨʝʘʣʥʠʪʝ ʢʣʠʤʘʪʠʯʥʠ ʜʘʥʥʠ, ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʧʨʝʮʠʟʠʨʘ ʨʘʙʦʪʘʪʘ ʧʨʠ ʧʨʦʝʢ-

ʪʠʨʘʥʝʪʦ ʥʘ ʆɺʂ ʠʥʩʪʘʣʘʮʠʠʪʝ, ʢʘʢʪʦ ʠ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʧʨʠʣʦʞʠʤʦʩʪʪʘ ʥʘ ʚʩʷʢʘ ʝʜʥʘ ʦʪ ʪʷʭ [2]. 

ʅʘʪʨʫʧʚʘʥʝʪʦ ʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦʪʥʦʩʥʦ ʪʝʤʧʝʨʘʪʫʨʘʪʘ, ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ ʠ ʧʦʜʚʠʞʥʦʩʪ ʥʘ 

ʚʲʟʜʫʭʘ, ʟʘ ʨʝʛʠʦʥʘ ʥʘ ʛʨʘʜ ʉʣʠʚʝʥ, ʱʝ ʧʦʟʚʦʣʠ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʦʙʱʦʜʦʩʪʲʧʥʘ ʙʘʟʘ  ʜʘʥʥʠ ʚ ʧʦʣʟʘ 

ʥʘ ʠʥʞʝʥʝʨʠʪʝ ʠ ʧʨʦʝʢʪʘʥʪʠʪʝ. 

ʎʝʣ ʠ ʟʘʜʘʯʠ 

ʉ ʥʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʩʝ ʮʝʣʠ ʜʘ ʩʝ ʦʮʝʥʠ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʢʣʠʤʘʪʘ ʟʘ ʨʝ-

ʛʠʦʥʘ ʥʘ ʛʨʘʜ ʉʣʠʚʝʥ. 

ʄʘʪʝʨʠʘʣʠ ʠ ʤʝʪʦʜʠ 

ʇʨʦʚʝʜʝʥʠ ʩʘ ʥʝʧʨʝʢʲʩʥʘʪʠ ʠʟʤʝʨʚʘʥʠʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ, ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ ʠ ʧʦʜ-

ʚʠʞʥʦʩʪ ʥʘ ʚʲʟʜʫʭʘ, ʢʘʢʪʦ ʠ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʩʣʲʥʮʝʛʨʝʝʥʝʪʦ. ʀʟʤʝʨʚʘʥʠʷʪʘ ʩʘ ʧʨʦʚʝʜʝʥʠ ʚ 

ʨʘʡʦʥʘ ʥʘ ʀʥʞʝʥʝʨʥʦ ï ʧʝʜʘʛʦʛʠʯʝʩʢʠʷ ʬʘʢʫʣʪʝʪ ʛʨ. ʉʣʠʚʝʥ ʥʘ ʊʝʭʥʠʯʝʩʢʠʷ ʫʥʠʚʝʨʩʠʪʝʪ ʉʦʬʠʷ 

ʟʘ ʧʝʨʠʦʜʘ ʦʪ 2017 õ 2021ʛ. ʠ ʧʨʦʜʲʣʞʘʚʘʪ ʜʦ ʜʥʝʩ. ɿʘ ʨʝʛʠʩʪʨʠʨʘʥʝ ʥʘ ʜʘʥʥʠʪʝ ʠ ʪʷʭʥʘʪʘ ʦʙʨʘ-

ʙʦʪʢʘ, ʝ ʠʟʧʦʣʟʚʘʥʘ  ʘʚʪʦʤʘʪʠʯʥʘ ʤʝʪʝʦʨʦʣʦʛʠʯʥʘ ʩʪʘʥʮʠʷ  Technoline WS2307, ʢʦʷʪʦ ʝ ʧʦʢʘʟʘʥʘ 
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ʥʘ ʬʠʛ.1. ʅʝʧʨʝʢʲʩʥʘʪʠʷʪ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʠʤʘ ʩʚʦʠʪʝ ʧʨʝʜʠʤʩʪʚʘ, ʥʦ ʩʲʟʜʘʚʘ ʦʧʨʝʜʝ-

ʣʝʥʠ ʪʝʭʥʠʯʝʩʢʠ ʟʘʪʨʫʜʥʝʥʠʷ. ʀʟʤʝʨʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʚʝʣʠʯʠʥʠʪʝ ʩ ʧʦʤʦʱʪʘ ʥʘ ʩʦʬʪʫʝʨʘ ʥʘ 

ʤʝʪʝʦʨʦʣʦʛʠʯʥʘʪʘ ʩʪʘʥʮʠʷ ʩʝ ʟʘʧʠʩʚʘʪ ʚʲʚ ʬʘʡʣ (Microsoft excel format) ʥʘ ʠʥʪʝʨʚʘʣ ʦʪ ʝʜʥʘ ʤʠʥʫ-

ʪʘ. 

 

 
ʌʠʛ.1. ɸʚʪʦʤʘʪʠʯʥʘ ʤʝʪʝʦʨʦʣʦʛʠʯʥʘ ʩʪʘʥʮʠʷ  Technoline WS2307 

ʈʝʟʫʣʪʘʪʠ ʠ ʦʙʩʲʞʜʘʥʝ 

ʇʲʨʚʠʯʥʠʪʝ ʜʘʥʥʠ ʦʪ ʧʨʦʚʝʜʝʥʠʪʝ ʠʟʤʝʨʚʘʥʠʷ ʥʝ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ, ʧʦʨʘʜʠ ʦʛʨʦʤʥʠʷʪ ʙʨʦʡ ʥʘ 

ʟʘʧʠʩʘʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʚʝʣʠʯʠʥʠ. ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʪʷʭ ʚ ʪʘʙʣʠʮʘ 1 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ 

ʦʙʨʘʙʦʪʝʥʠʪʝ ʠ ʦʙʦʙʱʝʥʠ ʜʘʥʥʠ ʟʘ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʩʨʝʜʥʦ ʜʝʥʦʥʦʱʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ (ʟʘ 24 ʯʘʩʦʚ 

ʧʝʨʠʦʜ) ʟʘ ʨʘʟʛʣʝʞʜʘʥʠʪʝ ʛʦʜʠʥʠ ï ʦʪ 2017 ʜʦ 2021ʛ.  

ʊʘʙʣʠʮʘ 1, ʪʝʤʧʝʨʘʪʫʨʘ, ʦʉ 

  2017 2018 2019 2020 2021 ʩʨʝʜʥʦ ʤʝʩʝʯʥʦ 

ʷʥʫʘʨʠ -0,60 4,66 4,03 5,43 5,74 3,85 

ʬʝʚʨʫʘʨʠ 6,59 5,21 7,09 8,53 7,63 7,01 

ʤʘʨʪ 11,73 8,71 12,75 11,31 7,90 10,48 

ʘʧʨʠʣ 14,17 17,55 13,48 14,82 12,52 14,51 

ʤʘʡ 19,35 21,79 19,52 19,56 19,94 20,03 

ʶʥʠ 24,98 24,00 24,58 23,95 22,67 24,04 

ʶʣʠ 27,48 25,06 26,26 27,63 27,61 26,81 

ʘʚʛʫʩʪ 27,76 27,42 27,77 27,71 28,60 27,85 

ʩʝʧʪʝʤʚʨʠ 23,72 20,68 23,43 24,73 21,67 22,85 

ʦʢʪʦʤʚʨʠ 15,79 17,21 17,95 18,56 12,62 16,43 

ʥʦʝʤʚʨʠ 8,97 9,22 13,79 10,07 11,00 10,61 

ʜʝʢʝʤʚʨʠ 7,30 4,66 7,55 7,96 6,60 6,81 

ʩʨʝʜʥʦ ʛʦʜʠʰʥʦ 15,60 15,51 16,52 16,69 15,38 15,94 

 

ɻʨʘʬʠʯʥʦ ʦʧʠʪʥʠʪʝ ʜʘʥʥʠ ʩʘ ʧʦʢʘʟʘʥʠ ʥʘ ʬʠʛʫʨʘ 2. ʇʦʣʫʯʝʥʠʪʝ ʜʘʥʥʠ ʟʘ ʩʨʝʜʥʦʤʝʩʝʯʥʠʪʝ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʧʝʨʠʦʜʘ, ʩʣʝʜʚʘʪ ʩʚʦʷ ʣʦʛʠʯʝʥ ʭʦʜ, ʙʝʟ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʝʢʩʪʨʝʤʥʠ ʩʪʦʡʥʦʩʪʠ.  
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ɸʥʘʣʠʟʠʨʘʡʢʠ ʜʘʥʥʠʪʝ ʟʘ ʟʠʤʥʠʪʝ ʤʝʩʝʮʠ, ʩʝ ʥʘʙʣʶʜʘʚʘ ʪʝʥʜʝʥʮʠʷ ʟʘ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʩʨʝʜʥʦ 

ʤʝʩʝʯʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ. ʅʘʧʨʠʤʝʨ ʟʘ ʷʥʫʘʨʠ ʤʝʩʝʮ 2017 ʪʷ ʝ ʙʠʣʘ ï 0,6 ʦʉ, ʘ ʟʘ ʩʲʱʠʷ ʤʝʩʝʮ ʥʘ 

2021ʛ. +5,74 ʦʉ. ʑʦ ʩʝ ʦʪʥʘʩʷ ʜʘ ʦʩʨʝʜʥʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʟʘ ʦʪʜʝʣʥʠʪʝ ʛʦʜʠʥʠ ʠ ʧʦ ʤʝʩʝʮʠ, ʟʘ ʠʟʩ-

ʣʝʜʚʘʥʠʷʪ ʧʝʨʠʦʜ ʥʘʡ-ʪʦʧʣʘ ʝ ʙʠʣʘ 2020ʛ. ʩʲʩ ʩʨʝʜʥʘ ʛʦʜʠʰʥʘ ʪʝʤʧʝʨʘʪʫʨʘ + 16,69 ʦʉ. ʇʨʘʚʠ ʚʧʝ-

ʯʘʪʣʝʥʠʝ ʧʣʘʚʥʦʪʦ ʧʦʢʘʯʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʟʘ ʟʠʤʥʠʷʪ ʩʝʟʦʥ, ʟʘ ʠʟʩʣʝʜʚʘʥʠʷʪ ʧʝʨʠʦʜ ï ʟʠʤʠʪʝ 

ʩʘ ʚʩʝ ʧʦ-ʪʦʧʣʠ ʠ ʢʨʘʪʢʠ. ʇʨʠ ʦʙʨʘʙʦʪʢʘʪʘ ʥʘ ʜʘʥʥʠʪʝ ʦʙʘʯʝ ʩʝ ʥʘʙʣʶʜʘʚʘʪ, ʤʘʢʘʨ ʠ ʨʷʜʢʦ ʝʢʩʪ-

ʨʝʤʥʠ ʷʚʣʝʥʠʷ ʩʚʲʨʟʘʥʠ ʥʘʡ-ʚʝʯʝ ʩ ʢʲʩʥʠ ʩʪʫʜʦʚʝ ʧʨʝʟ ʘʧʨʠʣ ʠ ʤʘʡ ʤʝʩʝʮ. ɿʘ ʣʝʪʥʠʷʪ ʧʝʨʠʦʜ ʦʪ 

ʛʦʜʠʥʘʪʘ ʩʝ ʦʯʝʨʪʘʚʘ ʪʨʘʡʥʘ ʪʝʥʜʝʥʮʠʷ ʘʚʛʫʩʪ ʤʝʩʝʮ ʜʘ ʝ ʥʘʡ-ʪʦʧʣʠʷʪ ʤʝʩʝʮ.  ʉʨʝʜʥʦ ʛʦʜʠʰʥʘʪʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ʠʟʩʣʝʜʚʘʥʠʷʪ ʧʝʨʠʦʜ ʝ 15,94 ʦʉ, ʢʦʷʪʦ ʝ ʧʦ ï ʚʠʩʦʢʘ ʦʪ ʧʦʩʦʯʝʥʘʪʘ ʚ ʥʦʨʤʘʪʠʚʥʘʪʘ 

ʫʨʝʜʙʘ ʩʪʦʡʥʦʩʪ ʦʪ 12,4 ʦʉ. 

 

 
ʌʠʛ.2. ʀʟʤʝʥʝʥʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʟʘ ʠʟʩʣʝʜʚʘʥʠʷʪ ʧʝʨʠʦʜ 

 

ʊʘʙʣʠʮʘ 2, ʥʘʣʷʛʘʥʝ, hPa 

  2017 2018 2019 2020 2021 ʩʨʝʜʥʦ ʤʝʩʝʯʥʦ 

ʷʥʫʘʨʠ 742,77 730,13 735,47 745,40 737,06 738,17 

ʬʝʚʨʫʘʨʠ 743,55 738,41 743,00 739,81 742,59 741,47 

ʤʘʨʪ 739,00 722,76 740,22 739,71 740,35 736,41 

ʘʧʨʠʣ 739,28 690,40 739,22 740,13 739,35 729,68 

ʤʘʡ 738,35 737,92 736,16 738,42 737,71 737,71 

ʶʥʠ 737,98 735,90 714,23 735,12 738,40 732,33 

ʶʣʠ 737,33 711,63 736,81 737,54 713,40 727,34 

ʘʚʛʫʩʪ 739,00 727,05 739,34 734,24 737,74 735,47 

ʩʝʧʪʝʤʚʨʠ 738,55 679,08 740,25 739,53 740,85 727,65 

ʦʢʪʦʤʚʨʠ 728,63 742,66 741,22 739,39 696,26 729,63 

ʥʦʝʤʚʨʠ 653,97 744,10 739,32 745,97 741,10 724,89 

ʜʝʢʝʤʚʨʠ 740,26 741,39 740,10 740,45 737,88 740,02 

ʩʨʝʜʥʦ ʛʦʜʠʰʥʦ 731,56 725,12 737,11 739,64 733,56 733,40 
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ʌʠʛ.3 ʀʟʤʝʥʝʥʠʝ ʥʘ ʘʪʤʦʩʬʝʨʥʦʪʦ ʥʘʣʷʛʘʥʝ 

 

ɺ ʪʘʙʣʠʮʘ 2 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʜʘʥʥʠʪʝ ʟʘ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʘʪʤʦʩʬʝʨʥʦʪʦ ʥʘʣʷʛʘʥʝ ʚ ʛʨʘʜ ʉʣʠ-

ʚʝʥ, ʘ ʥʘ ʬʠʛʫʨʘ 3 ʨʝʟʫʣʪʘʪʠʪʝ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʛʨʘʬʠʯʥʦ. 

ɿʘ ʨʘʟʛʣʝʞʜʘʥʠʷʪ ʧʝʨʠʦʜ ʘʪʤʦʩʬʝʨʥʦʪʦ ʥʘʣʷʛʘʥʝ ʥʝ ʩʝ ʧʨʦʤʝʥʷ ʚ ʰʠʨʦʢʠ ʛʨʘʥʠʮʠ. ʀʟʢʣʶ-

ʯʝʥʠʝ ʧʨʘʚʷʪ ʧʨʝʭʦʜʥʠʪʝ ʤʝʩʝʮʠ ʤʝʞʜʫ ʟʠʤʘʪʘ ʠ ʣʷʪʦʪʦ, ʢʦʛʘʪʦ ʧʨʝʟ ʝʩʝʥʪʘ ʠ ʧʨʦʣʝʪʪʘ ʘʪʤʦʩʬʝ-

ʨʘʪʘ ʝ ʥʝʩʪʘʙʠʣʥʘ ʠ ʝ ʩʲʧʨʦʚʦʜʝʥʘ ʩ ʚʘʣʝʞʠ ʠ ʫʩʠʣʚʘʥʝ ʩʢʦʨʦʩʪʪʘ ʥʘ ʚʷʪʲʨʘ. ʇʨʘʚʠ ʚʧʝʯʘʪʣʝʥʠʝ 

ʦʙʘʯʝ, ʯʝ ʩʨʝʜʥʘʪʘ ʩʪʦʡʥʦʩʪ ʟʘ ʮʝʣʠʷ ʠʟʩʣʝʜʚʘʥ ʧʝʨʠʦʜ ʝ ʟʥʘʯʠʪʝʣʥʦ ʧʦ ʥʠʩʢʘ ʦʪ ʧʦʩʦʯʝʥʘʪʘ ʚ ʅʘ-

ʨʝʜʙʘ 15 ʟʘ  ʪʝʭʥʠʯʝʩʢʠ ʧʨʘʚʠʣʘ ʠ ʥʦʨʤʘʪʠʚʠ ʟʘ ʧʨʦʝʢʪʠʨʘʥʝ, ʠʟʛʨʘʞʜʘʥʝ ʠ ʝʢʩʧʣʦʘʪʘʮʠʷ ʥʘ ʦʙʝʢ-

ʪʠʪʝ ʠ ʩʲʦʨʲʞʝʥʠʷʪʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʨʝʥʦʩ ʠ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ. 

ʊʘʙʣʠʮʘ 3, ʚʷʪʲʨ, m/s 

  2017 2018 2019 2020 2021 ʩʨʝʜʥʦ ʤʝʩʝʯʥʦ 

ʷʥʫʘʨʠ 3,87 3,03 2,48 4,29 4,00 3,53 

ʬʝʚʨʫʘʨʠ 2,64 4,54 3,60 5,48 2,68 3,79 

ʤʘʨʪ 4,40 2,23 3,58 4,84 5,52 4,11 

ʘʧʨʠʣ 4,10 3,77 2,77 5,53 3,73 3,98 

ʤʘʡ 4,48 4,90 2,97 5,35 5,03 4,55 

ʶʥʠ 3,40 4,40 3,67 3,63 3,83 3,79 

ʶʣʠ 3,87 2,77 3,00 4,42 4,62 3,74 

ʘʚʛʫʩʪ 4,90 5,48 4,32 3,61 3,90 4,44 

ʩʝʧʪʝʤʚʨʠ 4,47 4,37 4,20 4,33 4,27 4,33 

ʦʢʪʦʤʚʨʠ 4,35 3,16 1,26 2,55 3,13 2,89 

ʥʦʝʤʚʨʠ 1,87 2,47 1,47 2,57 2,87 2,25 

ʜʝʢʝʤʚʨʠ 3,06 3,58 3,10 3,35 3,52 3,32 

ʩʨʝʜʥʦ ʛʦʜʠʰʥʦ 3,78 3,73 3,04 4,16 3,93 3,73 

 

ʉʨʝʜʥʘʪʘ ʩʢʦʨʦʩʪ ʥʘ ʚʷʪʲʨʘ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʚ ʪʘʙʣʠʮʘ 3, ʘ ʛʨʘʬʠʯʥʦ ʥʘ ʬʠʛʫʨʘ 4. 
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ɸʥʘʣʠʟʠʨʘʡʢʠ ʜʘʥʥʠʪʝ ʟʘ ʩʢʦʨʦʩʪʪʘ ʥʘ ʚʷʪʲʨʘ, ʧʨʘʚʠ ʚʧʝʯʘʪʣʝʥʠʝ, ʯʝ ʤʝʩʝʮʲʪ ʩ ʥʘʡ ʚʠʩʦʢʘ 

ʨʝʜʥʘ ʩʢʦʨʦʩʪ ʥʘ ʚʷʪʲʨʘ ʝ ʘʚʛʫʩʪ ʤʝʩʝʮ, ʢʦʡʪʦ ʝ ʠ ʥʘʡ-ʛʦʨʝʱʠʷʪ. ʉʲʯʝʪʘʚʘʥʝʪʦ ʥʘ ʪʝʟʠ ʜʚʝ ʷʚʣʝʥʠʷ 

ʜʦʧʲʣʥʠʪʝʣʥʦ ʫʩʣʦʞʥʷʚʘ ʦʙʩʪʘʥʦʚʢʘʪʘ ʧʨʝʟ ʣʷʪʦʪʦ, ʢʘʪʦ ʚʦʜʠ ʜʦ ʚʲʟʥʠʢʚʘʥʝ ʥʘ ʧʦʞʘʨʠ ʠ ʟʘʩʪʨʘ-

ʰʘʚʘ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʘʪʘ ʧʨʦʜʫʢʮʠʷ.  ʇʦʣʫʯʝʥʘʪʘ ʩʨʝʜʥʘ ʩʪʦʡʥʦʩʪ ʟʘ ʨʘʟʛʣʝʞʜʘʥʠʷʪ ʧʝʪ ʛʦʜʠʰʝʥ 

ʧʝʨʠʦʜ, ʝ 3,73 m/s. 

 

 
ʌʠʛ.4 ʀʟʤʝʥʝʥʠʝ ʥʘ ʩʢʦʨʦʩʪʪʘ ʥʘ ʚʷʪʲʨʘ 

 

ʇʨʠ ʦʙʦʙʱʘʚʘʥʝ ʥʘ ʜʘʥʥʠʪʝ ʧʨʘʚʠ ʚʧʝʯʘʪʣʝʥʠʝ, ʯʝ ʢʘʪʦ ʮʷʣʦ ʝʩʝʥʪʘ ʠ ʟʠʤʘʪʘ ʩʘ ʧʝʨʠʦʜʠʪʝ 

ʚ ʛʦʜʠʥʘʪʘ ʩ ʧʦ ï ʥʠʩʢʘ ʩʨʝʜʥʘ ʩʢʦʨʦʩʪ ʥʘ ʚʷʪʲʨʘ, ʥʦ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʩ ʝʢʩʪʨʝʤʥʠ ʷʚʣʝʥʠʷ ʟʘ 

ʥʷʢʦʣʢʦ ʜʥʠ ʩʲʩ ʩʢʦʨʦʩʪʠ ʥʘ ʚʷʪʲʨʘ ʦʪ 20m/s õ 40m/s.  ʇʦʩʦʯʝʥʘʪʘ ʚ   ʩʧʨʘʚʦʯʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ  

ʩʪʦʡʥʦʩʪ ʟʘ ʩʢʦʨʦʩʪʪʘ ʥʘ ʟʠʤʥʠʷʪ ʚʷʪʲʨ ʦʪ 5,5 m/s, ʝ ʧʦ ï ʚʠʩʦʢʘ ʦʪ ʧʦʣʫʯʝʥʠʪʝ ʜʘʥʥʠ ʧʨʠ ʠʟʤʝʨ-

ʚʘʥʠʷʪʘ ï 3,56 m/s. 

 

ɿɸʂʃʖʏɽʅʀɽ 

ʇʦʣʫʯʝʥʠʪʝ ʜʘʥʥʠ ʟʘ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʢʣʠʤʘʪʘ ʚ ʛʨʘʜ ʉʣʠʚʝʥ, ʙʠʭʘ ʩʧʦʩʦʙʩʪ-

ʚʘʣʠ ʜʘ ʩʝ ʧʨʝʮʠʟʠʨʘ ʨʘʙʦʪʘʪʘ ʧʨʠ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ ʆɺʂ ʠʥʩʪʘʣʘʮʠʠʪʝ, ʢʘʢʪʦ ʠ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ 

ʧʨʠʣʦʞʠʤʦʩʪʪʘ ʥʘ ʚʩʷʢʘ ʝʜʥʘ ʦʪ ʪʷʭ. ʇʨʘʚʠ ʚʧʝʯʘʪʣʝʥʠʝ, ʯʝ ʚʲʥʰʥʠʪʝ ʠʟʯʠʩʣʠʪʝʣʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘ 

ʚʲʟʜʫʭʘ ʧʦʩʦʯʝʥʠ ʚ ʥʦʨʤʘʪʠʚʥʘʪʘ ʠ ʩʧʨʘʚʦʯʥʘ ʣʠʪʝʨʘʪʫʨʘ ʩʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦ- ʥʠʩʢʠ ʢʘʪʦ ʩʪʦʡʥʦʩ-

ʪʠ. ʊʦʚʘ ʚʦʜʠ ʜʦ ʧʨʝʦʨʘʟʤʝʨʷʚʘʥʝ ʥʘ ʠʥʩʪʘʣʘʮʠʠʪʝ. ʇʦʟʦʚʘʚʘʡʢʠ ʩʝ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʜʘʥʥʠ, ʤʦʞʝ ʜʘ 

ʩʝ ʟʘʢʣʶʯʠ, ʯʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʟʘʪʦʧʣʷʥʝ ʥʘ ʢʣʠʤʘʪʘ, ʢʦʝʪʦ ʚʩʝ ʧʦʚʝʯʝ ʦʙʫʩʣʘʚʷ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 

ʘʣʪʝʨʥʘʪʠʚʥʠ ʠ ʚʲʟʦʙʥʦʚʷʝʤʠ ʝʥʝʨʛʠʡʥʠ ʠʟʪʦʯʥʠʮʠ. 

 

REFERENCES 

1. Ordinance ˉ15, of July 28, 2005 for technical rules and regulations for design, construction and 

operation of the sites and facilities for production, transfer and distribution of thermal energy; 

2. Minchev M., I. Kiryakov, E. Koleva, Z. Velchev, Study of the intensity of solar radiation in the city of 

Plovdiv, Domestic heating technology, issue 11, 2004, pp. 4 - 9, ISNN 1310 - 9405. 

 

 

  

0,00

1,00

2,00

3,00

4,00

5,00

6,00

ʷ
ʥ
ʫ
ʘ
ʨ
ʠ

ʬ
ʝ
ʚ
ʨ
ʫ
ʘ
ʨ
ʠ

ʤ
ʘ
ʨ
ʪ

ʘ
ʧ
ʨ
ʠ
ʣ

ʤ
ʘ
ʡ

ʶ
ʥ
ʠ

ʶ
ʣ
ʠ

ʘ
ʚ
ʛ
ʫ
ʩ
ʪ

ʩ
ʝ
ʧ
ʪ
ʝ
ʤ
ʚ
ʨ
ʠ

ʦ
ʢ
ʪ
ʦ
ʤ
ʚ
ʨ
ʠ

ʥ
ʦ
ʝ
ʤ
ʚ
ʨ
ʠ

ʜ
ʝ
ʢ
ʝ
ʤ
ʚ
ʨ
ʠ

ʩ
ʢ
ʦ
ʨ
ʦ
ʩ
ʪ
 
ʥ
ʘ
 
ʚ
ʷ
ʪ
ʲ
ʨ
ʘ
,
 

m
/s

ʉʨʝʜʥʘ ʩʢʦʨʦʩʪ ʥʘ ʚʷʪʲʨʘ

2017 2018 2019 2020 2021



 

 

ISSN: 1311 2864, volume 37 (2), 2022          ISSN: 1311 2864, ʪʦʤ 37 (2), 2022 

Union of scientists in Bulgaria - branch Sliven                     ʉʲʶʟ ʥʘ ʫʯʝʥʠʪʝ ʚ ɹʲʣʛʘʨʠʷ - ʢʣʦʥ ʉʣʠʚʝʥ 

ʀʟʚʝʩʪʠʷ ʥʘ       Announcements of  

ʉʲʶʟʘ ʥʘ ʫʯʝʥʠʪʝ      Union of Scientists  

ʉʣʠʚʝʥ, ʪʦʤ 37 (2), 2022      Sliven, vol. 37 (2), 2022 

70 

 

EXPERIMENTAL STUDY OF THE R EACTION TIME OF DRIVERS ON A TRAINER  

 

Petar GEORGIEV, Stanimir KARAPETKOV, Hristo UZUNOV*  

Faculty of Engineering and Pedagogy of Sliven, Technical university of Sofia, Bulgaria, 

e-mail: novak.novakov@abv.bg, skarapetkov@yahoo.com, 

hvuzunov@gmail.com *  (* -corresponding author) 

 

Abstract: Researching response time is an important part of preparing an auto technical expertise. The 

reaction time is a time interval during which the driver perceives objects or movements of objects in the 

surrounding road environment until the moment of the beginning of its impact on the controls - brake 

pedal, steering wheel, etc. Reaction time is a component of the study of the complete stopping distance of 

a motor vehicle involved in a road traffic accident (Traffic accident). It is a component that is influenced 

by many factors: size of the object, distance, visibility, illumination, road conditions, gender of the driver, 

age, physical condition, health condition, emotional state, ability to perceive dangers, use of substances 

that affect of perception and brain activity. Research the reaction time of different drivers can be used in 

creating safety measures related to the organization of road traffic, with the aim of reducing the proba-

bility of the occurrence of road accidents, which include: reducing the permissible maximum speed of 

traffic or creating conditions for reducing the risk of dangerous situations occurring for a certain road 

section. 

Keywords: Auto technical expertise, Road Traffic Organization, reaction time, full braking distance, con-

trols, emergency braking 
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1. ɺʒɺɽɼɽʅʀɽ 

ʀʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ ʝ ʩʣʦʞʝʥ ʧʨʦʮʝʩ ʠʟʠʩʢʚʘʱ, ʝʣʝʢʪʨʦʥʥʘ ʪʝʭʥʠʢʘ, ʢʦʷʪʦ 

ʜʘ ʦʪʯʝʪʝ ʚʨʝʤʝʪʦ, ʢʦʝʪʦ ʩʝ ʠʟʤʠʥʘʚʘ ʦʪ ʧʦʷʚʘʪʘ ʥʘ ʦʧʘʩʥʦʩʪ ʟʘ ʚʦʜʘʯʘ ʥʘ ʄʇʉ ʜʦ ʥʝʛʦʚʘʪʘ ʨʝʘʢ-

ʮʠʷ- ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʦʨʛʘʥʠʪʝ ʥʘ ʫʧʨʘʚʣʝʥʠʝ. ʊʦʚʘ ʝ ʩʚʲʨʟʘʥʦ ʩ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʠ ʧʦ 

ʧʦʣ ʠ ʚʲʟʨʘʩʪ ʣʠʮʘ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʥʘʙʣʶʜʝʥʠʷ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʚʲʨʰʚʘʪ ʚ ʜʚʝ ʩʨʝʜʠ: ʩʨʝʜʘ ʩ ʨʝʘʣʥʘ ʧʲʪʥʘ ʦʙ-

ʩʪʘʥʦʚʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʝʘʣʝʥ ʘʚʪʦʤʦʙʠʣ ʠʣʠ ʚʠʨʪʫʘʣʥʘ ʧʲʪʥʘ ʦʙʩʪʘʥʦʚʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʚʠʨ-

ʪʫʘʣʝʥ ʘʚʪʦʤʦʙʠʣ, ʩ ʨʝʘʣʥʠ ʦʨʛʘʥʠ ʥʘ ʫʧʨʘʚʣʝʥʠʝ (ʧʝʜʘʣʠ, ʚʦʣʘʥ, ʩʢʦʨʦʩʪʝʥ ʣʦʩʪ, ʧʲʪʝʧʦʢʘʟʘʪʝ-

ʣʠ), ʩʠʤʫʣʠʨʘʱ ʨʝʘʣʥʘ ʧʲʪʥʘ ʦʙʩʪʘʥʦʚʢʘ (ʪʨʝʥʘʞʦʨ) [1, 4]. 

ʆʪʯʠʪʘʥʝʪʦ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ ʩ ʨʝʘʣʝʥ ʘʚʪʦʤʦʙʠʣ ʝ ʧʦ- ʩʣʦʞʥʘ ʟʘʜʘʯʘ. ʆʧʨʝʜʝʣʷʥʝʪʦ ʥʘ 

ʧʦʷʚʘʪʘ ʥʘ ʦʧʘʩʥʦʩʪ ʚ ʧʲʪʥʘʪʘ ʦʙʩʪʘʥʦʚʢʘ ʝ ʩʣʦʞʝʥ ʧʨʦʮʝʩ, ʩʚʲʨʟʘʥ ʩ ʚʲʟʧʨʠʝʤʘʥʝʪʦ ʥʘ ʦʧʘʩʥʦʩʪ-

ʪʘ ʠ ʦʪʯʠʪʘʥʝʪʦ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ. ʇʦʷʚʘʪʘ ʥʘ ʦʧʘʩʥʦʩʪ ʥʝ ʚʠʥʘʛʠ ʝ ʩʚʲʨʟʘʥʘ ʩ ʨʘʟʧʦʣʦʞʝʥʠʝ-

ʪʦ ʥʘ ʦʙʝʢʪ ʚ ʪʨʘʝʢʪʦʨʠʷʪʘ (ʢʦʣʦʚʦʟʘ ʥʘ ʘʚʪʦʤʦʙʠʣʘ), ʢʦʡʪʦ ʟʘʜʲʣʞʘʚʘ ʚʦʜʘʯʘ ʜʘ ʥʘʤʘʣʠ ʩʢʦʨʦʩʪʪʘ 

ʠʣʠ ʜʘ ʠʟʚʲʨʰʠ ʤʘʥʝʚʨʘ.  

ʇʨʠ ʨʝʘʣʥʠʷ ʝʢʩʧʝʨʠʤʝʥʪ ʪʨʷʙʚʘ ʜʘ ʠʤʘ ʩʝʥʟʦʨʠ, ʢʦʠʪʦ ʜʘ ʨʝʛʠʩʪʨʠʨʘʪ ʦʧʘʩʥʦʩʪʪʘ ʧʨʠ ʥʝʡ-

ʥʘʪʘ ʧʦʷʚʘ ʠ ʜʘ ʩʝ ʟʘʜʝʡʩʪʚʘ ʭʨʦʥʦʤʝʪʲʨ, ʢʦʡʪʦ ʜʘ ʦʪʤʝʨʠ ʚʨʝʤʝʪʦ ʦʪ ʧʦʷʚʘʪʘ ʜʦ ʤʦʤʝʥʪʘ ʥʘ ʚʲʟ-

ʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʦʨʛʘʥʠʪʝ ʥʘ ʫʧʨʘʚʣʝʥʠʝ. ʉʣʦʞʥʦʩʪʪʘ ʥʘ ʪʦʟʠ ʧʨʦʮʝʩ ʩʝ ʩʲʩʪʦʠ ʚ ʪʦʚʘ, ʩʠʩʪʝʤʘʪʘ ʜʘ 

ʦʪʯʝʪʝ ʧʨʘʚʠʣʥʦ ʚʲʟʥʠʢʚʘʥʝʪʦ ʥʘ ʦʧʘʩʥʦʩʪ. ɸʢʦ ʚʨʝʤʝʪʦ ʩʝ ʟʘʩʠʯʘ ʩ ʭʨʦʥʦʤʝʪʲʨ, ʤʦʞʝ ʜʘ ʩʝ ʧʦʣʫ-

ʯʠ ʩʝʨʠʦʟʥʦ ʨʘʟʤʠʥʘʚʘʥʝ ʤʝʞʜʫ ʚʲʟʥʠʢʚʘʥʝʪʦ ʥʘ ʦʧʘʩʥʦʩʪ ʠ ʩʪʘʨʪʠʨʘʥʝʪʦ ʥʘ ʭʨʦʥʦʤʝʪʲʨʘ. 
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ɼʨʫʛʘ ʪʨʫʜʥʦʩʪ ʧʨʠ ʦʪʯʠʪʘʥʝ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ ʚ ʨʝʘʣʥʘ ʩʨʝʜʘ ʝ, ʯʝ ʩʨʝʜʘʪʘ ʝ ʜʠʥʘʤʠʯʥʘ 

ʠ ʥʝ ʧʦʟʚʦʣʷʚʘ ʧʦʚʪʘʨʷʥʝ ʥʘ ʩʠʪʫʘʮʠʠʪʝ, ʦʩʚʝʥ ʘʢʦ ʪʝ ʥʝ ʩʝ ʩʲʟʜʘʚʘʪ ʫʤʠʰʣʝʥʦ ʦʪ ʠʥʩʪʨʫʢʪʠʨʘʥʠ 

ʫʯʘʩʪʥʠʮʠ, ʩ ʮʝʣ ʧʨʦʚʦʢʠʨʘʥʝ ʥʘ ʨʝʘʢʮʠʷ ʧʨʠ ʪʝʩʪʚʘʥʠʷ ʚʦʜʘʯ. ɸʢʦ ʘʚʪʦʤʦʙʠʣʘ ʩʝ ʜʚʠʞʠ ʚ ʜʘʜʝʥ 

ʢʚʘʨʪʘʣ ʩ ʦʧʨʝʜʝʣʝʥ ʚʦʜʘʯ, ʪʦ ʧʨʠ ʩʤʷʥʘʪʘ ʥʘ ʚʦʜʘʯʘ ʩ ʜʨʫʛ ʠ ʜʚʠʞʝʥʠʝ ʚ ʩʲʱʠʷ ʢʚʘʨʪʘʣ, ʧʦ ʩʲʱʘ-

ʪʘ ʫʣʠʮʘ, ʚʝʨʦʷʪʥʦʩʪʪʘ ʜʘ ʩʝ ʧʦʣʫʯʠ ʩʠʪʫʘʮʠʷ ʥʘ ʦʧʘʩʥʦʩʪ, ʢʘʢʚʘʪʦ ʝ ʠʤʘʣ ʧʲʨʚʠʷ ʚʦʜʘʯ ʝ ʪʚʲʨʜʝ 

ʤʘʣʢʘ. ʊʦʚʘ ʠʟʢʣʶʯʠʪʝʣʥʦ ʤʥʦʛʦ ʟʘʪʨʫʜʥʷʚʘ ʦʪʯʠʪʘʥʝʪʦ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ, ʟʘʱʦʪʦ ʚ ʨʝʘʣʥʘʪʘ 

ʩʨʝʜʘ, ʦʧʘʩʥʘ ʩʠʪʫʘʮʠʷ ʤʦʞʝ ʜʘ ʥʝ ʥʘʩʪʲʧʠ ʚ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ ʤʥʦʛʦ ʜʲʣʛʦ ʚʨʝʤʝ. 

ʆʪʯʠʪʘʥʝʪʦ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ ʚ ʩʠʤʫʣʠʨʘʥʘ ʧʲʪʥʘ ʩʨʝʜʘ ʠʤʘ ʧʦ- ʛʦʣʝʤʠ ʧʨʝʜʠʤʩʪʚʘ ʟʘ 

ʩʲʙʠʨʘʥʝ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʘʥʥʠ ʟʘ ʚʨʝʤʝʪʦ ʥʘ ʨʝʘʢʮʠʷ. ʇʦʷʚʘʪʘ ʥʘ ʦʧʘʩʥʦʩʪ ʟʘ ʚʦʜʘʯʘ ʩʝ ʟʘʜʘʚʘ 

ʧʦ ʝʣʝʢʪʨʦʥʝʥ ʧʲʪ ʠ ʩʠʤʫʣʘʪʦʨʘ ʟʘʧʦʯʚʘ ʧʨʝʮʠʟʥʦ ʜʘ ʦʪʙʨʦʷʚʘ ʚʨʝʤʝʪʦ ʥʘ ʚʦʜʘʯʘ, ʜʦ ʚʲʟʜʝʡʩʪʚʠʝ-

ʪʦ ʤʫ ʚʲʨʭʫ ʦʨʛʘʥʠʪʝ ʟʘ ʫʧʨʘʚʣʝʥʠʝ. ʉʠʤʫʣʠʨʘʥʘʪʘ ʧʲʪʥʘ ʩʨʝʜʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʦʜʙʨʘʥʘ ʟʘ ʚʩʝʢʠ 

ʝʜʠʥ ʚʦʜʘʯ ʝʜʥʘ ʠ ʩʲʱʘ. ʊʦʚʘ ʤʥʦʛʦ ʫʣʝʩʥʷʚʘ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʢʘʪʦ ʜʘʚʘ ʚʲʟʤʦʞ-

ʥʦʩʪ ʟʘ ʧʨʝʮʠʟʥʦ ʨʝʛʠʩʪʨʠʨʘʥʝ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʚʲʟʨʘʩʪʪʘ, ʧʦʣʘ ʠ ʜʨʫʛʠ ʩʧʝ-

ʮʠʬʠʯʥʠ ʦʩʦʙʝʥʦʩʪʠ ʥʘ ʚʦʜʘʯʘ.  

ɼʨʫʛʦ ʮʝʥʥʦ ʧʨʝʜʠʤʩʪʚʦ ʥʘ ʩʠʤʫʣʘʪʦʨʘ ʝ, ʯʝ ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʨʘʚʷʪ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʠʟʩʣʝʜ-

ʚʘʥʠʷ ʥʘ ʚʦʜʘʯʠ, ʫʧʦʪʨʝʙʠʣʠ ʨʘʟʣʠʯʥʦ ʢʦʣʠʯʝʩʪʚʦ ʘʣʢʦʭʦʣ ʠʣʠ ʜʨʫʛʠ ʧʩʠʭʦʘʢʪʠʚʥʠ ʚʝʱʝʩʪʚʘ, ʙʝʟ 

ʪʦʚʘ ʜʘ ʜʦʚʝʜʝ ʜʦ ʫʚʨʝʞʜʘʥʝ ʥʘ ʭʦʨʘ, ʞʠʚʦʪʥʠ, ʘʚʪʦʤʦʙʠʣʠ ʠ ʧʨʝʜʤʝʪʠ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʟʘ ʚʨʝʤʝʪʦ ʥʘ ʨʝʘʢʮʠʷ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʪʘʢʘ ʧʦʜʙʨʘʥʠ, ʯʝ 

ʤʘʢʩʠʤʘʣʥʦ ʜʘ ʫʜʦʚʣʝʪʚʦʨʷʚʘʪ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʥʘʙʠʨʘʥʝʪʦ ʥʘ ʜʘʥʥʠʪʝ.  

ɺ Ăɸʚʪʦʪʝʭʥʠʯʝʩʢʘʪʘ ʝʢʩʧʝʨʪʠʟʘò ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ ʝ ʩʚʲʨʟʘʥʦ ʩʲʩ ʩʧʠʨʘʥʝ ʥʘ ʄʇʉ, ʜʦ 

ʩʲʩʪʦʷʥʠʝ ʥʘ ʧʦʢʦʡ. ʉʧʠʨʘʥʝʪʦ ʥʘʡ- ʯʝʩʪʦ ʝ ʘʚʘʨʠʡʥʦ- ʩʧʠʨʘʥʝ ʩ ʤʘʢʩʠʤʘʣʥʦ ʥʘʪʠʩʥʘʪ ʩʧʠʨʘʯʝʥ 

ʧʝʜʘʣ (ʤʘʢʩʠʤʘʣʥʦ ʩʧʠʨʘʯʥʦ ʟʘʢʲʩʥʝʥʠʝ). ʄʥʦʛʦ ʯʝʩʪʦ, ʪʦ ʝ ʩʲʧʨʦʚʦʜʝʥʦ ʠ ʩ ʦʩʪʘʚʷʥʝ ʥʘ ʩʣʝʜʠ ʦʪ 

ʪʨʠʝʥʝ ʧʦ ʧʲʪʥʘʪʘ ʥʘʩʪʠʣʢʘ ʦʪ ʛʫʤʠʪʝ.  

ɼʨʫʛ ʦʩʥʦʚʝʥ ʝʣʝʤʝʥʪ, ʢʦʡʪʦ ʩʝ ʠʟʩʣʝʜʚʘ ʝ ʬʠʟʠʯʝʩʢʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʚʦʜʘʯʘ, ʩʚʲʨʟʘʥʦ ʩ 

ʚʲʟʤʦʞʥʦʩʪʪʘ ʤʫ ʜʘ ʚʲʟʧʨʠʝʤʝ ʦʧʘʩʥʦʩʪʪʘ ʠ ʜʘ ʨʝʘʛʠʨʘ ʩʧʨʷʤʦ ʥʝʷ. 

 

2. ʊɽʍʅʀʏɽʉʂʀ ɸʅɸʃʀɿ ʀ ʆʇʈɽɼɽʃɽʅʀʗ, ʉɺʒʈɿɸʅʀ ʉ Ăɺʈɽʄɽʊʆ ʅɸ ʈɽ-

ɸʂʎʀʗò 

ɺʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ ʝ ʩʲʩʪʘʚʝʥʦ ʦʪ ʜʚʘ ʦʩʥʦʚʥʠ ʝʪʘʧʘ ʩʲʩ ʩʲʦʪʚʝʪʥʠʪʝ ʚʨʝʤʝʥʘ: 

ʇʲʨʚʠʷ ʝʪʘʧ ʝ ʪʘʢʘ ʥʘʨʝʯʝʥʦʪʦ Ăɺʨʝʤʝ ʟʘ ʚʲʟʧʨʠʝʤʘʥʝò ʥʘ ʦʧʘʩʥʦʩʪʪʘ. ʊʦʚʘ ʝ ʚʨʝʤʝʪʦ, ʟʘ ʢʦ-

ʝʪʦ ʚʦʜʘʯʲʪ ʚʲʟʧʨʠʝʤʘ ʩʠʛʥʘʣʘ ʟʘ ʦʧʘʩʥʦʩʪ ʠ ʨʝʰʘʚʘ, ʢʘʢʚʠ ʦʪʚʝʪʥʠ ʜʝʡʩʪʚʠʷ ʜʘ ʧʨʝʜʧʨʠʝʤʝ ʟʘ 

ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝ ʥʘ ʧʨʦʠʟʰʝʩʪʚʠʝ. ʊʦʟʠ ʝʪʘʧ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʩʝ ʩʲʩʪʦʠ ʦʪ ʩʣʝʜʥʠʪʝ ʚʨʝʤʝʥʘ: 

- ʉʝʪʠʚʥʦ ʚʨʝʤʝ: ʚʨʝʤʝʪʦ, ʟʘ ʢʦʝʪʦ ʯʦʚʝʰʢʠʪʝ ʦʨʛʘʥʠ (ʦʯʠ, ʫʰʠ) ʧʦʣʫʯʘʚʘʪ ʩʚʝʪʣʠʥʥʠ, ʟʚʫ-

ʢʦʚʠ, ʚʠʙʨʘʮʠʦʥʥʠ, ʪʦʧʣʠʥʥʠ ʠ ʜʨ. ʜʨʘʟʥʝʥʠʷ.  

- ɺʨʝʤʝ ʟʘ ʚʲʟʧʨʠʝʤʘʥʝ- ʪʦʚʘ ʝ ʚʨʝʤʝʪʦ, ʧʨʝʟ ʢʦʝʪʦ ʚʲʟʧʨʠʝʪʠʪʝ ʜʨʘʟʥʝʥʠʷ ʩʝ ʧʨʝʦʙʨʘʟʫʚʘʪ ʚ 

ʦʙʨʘʟʠ, ʟʚʫʢʦʚʠ ʩʠʛʥʘʣʠ ʠ ʫʩʝʱʘʥʠʷ ʟʘ ʦʧʘʩʥʦʩʪ.  

- ɺʨʝʤʝ ʥʘ ʦʪʛʦʚʦʨ- ʝ ʚʨʝʤʝʪʦ, ʢʦʝʪʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʤʦʟʲʢʘ ʜʘ ʩʲʟʜʘʜʝ ʜʚʠʛʘʪʝʣʝʥ ʠʤʧʫʣʩ 

ʚʲʚ ʚʦʜʘʯʘ ʥʘ ʙʘʟʘ ʚʲʟʧʨʠʝʪʠʪʝ ʩʠʛʥʘʣʠ ʟʘ ʦʧʘʩʥʦʩʪ.  

ɺʪʦʨʠʷ ʝʪʘʧ ʝ ʪʘʢʘ ʥʘʨʝʯʝʥʦʪʦ Ăɺʨʝʤʝ ʟʘ ʜʚʠʞʝʥʠʝò. ʊʦʚʘ ʝ ʚʨʝʤʝʪʦ, ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʚʦʜʘʯʘ 

ʜʘ ʜʦʩʪʠʛʘʥʝ ʦʨʛʘʥʠʪʝ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʄʇʉ (ʩʧʠʨʘʯʝʥ ʧʝʜʘʣ, ʚʦʣʘʥ, ʧʝʜʘʣ ʥʘ ʛʘʟʪʘ)ï ʥʘʧʨʠʤʝʨ: 

ʦʙʱʦʪʦ ʚʨʝʤʝ ʟʘ ʜʚʠʞʝʥʠʝ ʥʘ ʜʝʩʥʠʷ ʢʨʘʢ ʧʨʠ ʦʪʧʫʩʢʘʥʝʪʦ ʥʘ ʧʝʜʘʣʘ ʥʘ ʛʘʟʪʘ ʜʦ ʢʦʥʪʘʢʪʘ ʤʫ ʩʲʩ 

ʩʧʠʨʘʯʥʠʷ ʧʝʜʘʣ. ɺ ʪʝʭʥʠʯʝʩʢʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʩʲʱʝʩʪʚʫʚʘ ʢʣʘʩʠʬʠʢʘʮʠʷ ʥʘ Ăɺʨʝʤʝʪʦ ʥʘ ʨʝʘʢʮʠʷò, 

ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʧʦʷʚʘʪʘ ʥʘ ʦʧʘʩʥʦʩʪ ʠ ʚʲʟʤʦʞʥʦʩʪʪʘ ʥʘ ʚʦʜʘʯʘ ʜʘ ʨʝʘʛʠʨʘ: 

- ʆʯʘʢʚʘʥʘ- ʚʦʜʘʯʲʪ ʝ ʙʜʠʪʝʣʝʥ ʠ ʦʯʘʢʚʘ ʚʲʟʥʠʢʚʘʥʝʪʦ ʥʘ ʦʧʘʩʥʦʩʪ. ʆʙʱʦʪʦ ʚʨʝʤʝ ʟʘ ʨʝʘʢ-

ʮʠʷ ʝ 0,7 s, ʦʪ ʢʦʝʪʦ 0,5 s ʝ ʚʨʝʤʝʪʦ ʥʘ ʚʲʟʧʨʠʝʤʘʥʝ ʠ 0,2 s  ʚʨʝʤʝʪʦ ʟʘ ʜʚʠʞʝʥʠʝ; 

- ʅʝʦʯʘʢʚʘʥʘ- ʚ ʧʦʣʝʟʨʝʥʠʝʪʦ ʥʘ ʚʦʜʘʯʘ ʠʤʘ ʦʙʝʢʪʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʲʟʜʘʜʘʪ ʦʧʘʩʥʦʩʪ, ʥʦ 

ʧʲʪʥʘʪʘ ʦʙʩʪʘʥʦʚʢʘ ʥʝ ʧʨʝʜʧʦʣʘʛʘ ʪʦʚʘ. ɺʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ ʚ ʪʦʟʠ ʩʣʫʯʘʡ ʝ 1,25 s, ʦʪ ʢʦʝʪʦ 1,05 s ʝ 

ʚʨʝʤʝʪʦ ʥʘ ʚʲʟʧʨʠʝʤʘʥʝ ʠ 0,2 s- ʚʨʝʤʝʪʦ ʟʘ ʜʚʠʞʝʥʠʝ; 
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- ʀʟʥʝʥʘʜʘ- ʠʟʢʣʶʯʠʪʝʣʥʦ ʥʝʦʯʘʢʚʘʥʘ, ʠʟʥʝʥʘʜʚʘʱʘ ʩʠʪʫʘʮʠʷ, ʢʦʛʘʪʦ ʦʙʝʢʪʠʪʝ ʩʲʟʜʘʣʠ 

ʦʧʘʩʥʦʩʪʪʘ ʩʘ ʧʨʘʢʪʠʯʝʩʢʠ ʠʟʚʲʥ ʧʦʣʝʟʨʝʥʠʝʪʦ ʥʘ ʚʦʜʘʯʘ.  

ʇʲʣʥʠʷ ʩʧʠʨʘʯʝʥ ʧʲʪ  ʥʘ ʜʘʜʝʥʦ ʧʲʪʥʦ ʧʨʝʚʦʟʥʦ ʩʨʝʜʩʪʚʦ (ʇʇʉ) ʚ ʘʚʪʦʪʝʭʥʠʯʝʩʢʘʪʘ ʝʢʩʧʝʨ-

ʪʠʟʘ ʩʝ ʥʘʨʠʯʘ ʦʱʝ ʦʧʘʩʥʘ ʟʦʥʘ ʟʘ ʩʧʠʨʘʥʝ, ʠ ʧʨʝʜʩʪʘʚʣʷʚʘ ʦʙʱʦʪʦ ʠʟʤʠʥʘʪʦ ʨʘʟʩʪʦʷʥʠʝ ʦʪ ʤʘʩʦ-

ʚʠʷ ʤʫ ʮʝʥʪʲʨ ʦʪ ʤʦʤʝʥʪʘ ʥʘ ʧʨʝʜʧʨʠʝʤʘʥʝ ʥʘ ʘʚʘʨʠʡʥʦ ʩʧʠʨʘʥʝ (ʤʦʤʝʥʪʘ ʥʘ ʚʲʟʧʨʠʝʤʘʥʝ ʥʘ 

ʦʧʘʩʥʦʩʪʪʘ ʠʣʠ ʩʠʛʥʘʣʘ) ʜʦ ʦʢʦʥʯʘʪʝʣʥʦʪʦ ʤʫ ʩʧʠʨʘʥʝ (ʩʲʩʪʦʷʥʠʝ ʥʘ ʧʦʢʦʡ) ʬʠʛ. 1. 

 
ί ̉̈̍̉̎́̓ ̛̐ ̓̏  ̓́̃̓̏̍̏̂̉̌́ ̈  ́̑̃ ̆̍̆̓̏ ̎  ̗̠́̑̆́̋̉ ̎  ̘́̃̏̅́́ 

ί ̉̈̍̉̎́̓ ̛̐ ̓̏  ̓́̃̓̏̍̏̂̉̌́ ̈  ́̃̑̆̍̆̓̏ ̎  ́̒̑́̂̏̓̃́̎̆ ̎  ̘́̒̐̉̑́̎́̓́ ̒̉̒̓̆̍́ 

ί̎ ̉̈̍̉̎́̓ ̛̐ ̓̏  ̓́̃̓̏̍̏̂̉̌́ ̈  ́̃̑̆̍̆̓̏ ̎  ́̎́̑́̒̓̃́̎̆ ̎  ̛́̈́̋̒̎̆̎̉̆̓̏ 

ί ̉̈̍̉̎́̓ ̛̐ ̓̏  ̓́̃̓̏̍̏̂̉̌́ ̈  ́̃̑̆̍̆̓̏ ̎  ́̆̆̋̓̉̃̎̏̕ ̒̐̉̑́̎̆ 

ʌʠʛ.1. ɽʣʝʤʝʥʪʠ ʥʘ ʧʲʣʥʠʷ ʩʧʠʨʘʯʝʥ ʧʲʪ 

 

ɺʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ- Ô, ʝ ʢʦʤʧʦʥʝʥʪ ʦʪ ʬʦʨʤʫʣʘʪʘ ʟʘ ʧʲʣʝʥ ʩʧʠʨʘʯʝʥ ʧʲʪ ʥʘ ʇʇʉ.  

3 Ô Ôʩʧ πȟυϽÔʥ Ͻ6
6

ςϽÊ
 (1) 

ʇʦʣʫʯʝʥʠʷʪ ʠʟʨʘʟ ʠʤʘ ʠʟʢʣʶʯʠʪʝʣʥʦ ʚʘʞʥʦ ʟʥʘʯʝʥʠʝ ʚ ʝʢʩʧʝʨʪʥʘʪʘ ʧʨʘʢʪʠʢʘ ʠ ʩʲʜʝʙʥʘʪʘ 

ʧʨʘʢʪʠʢʘ [2, 3]. ɸʥʘʣʠʟʠʨʘʡʢʠ ʦʧʘʩʥʘʪʘ ʟʦʥʘ ʠ ʥʘʣʠʯʥʠʪʝ ʜʘʥʥʠ ʧʦ ʜʘʜʝʥʦʪʦ ʧʲʪʥʦ ʪʨʘʥʩʧʦʨʪʥʦ 

ʧʨʦʠʟʰʝʩʪʚʠʝ (ʇʊʇ), ʘʚʪʦʝʢʩʧʝʨʪʲʪ ʝ ʜʣʲʞʝʥ ʜʘ ʦʮʝʥʠ ʪʝʭʥʠʯʝʩʢʘʪʘ ʚʲʟʤʦʞʥʦʩʪ ʥʘ ʚʦʜʘʯʘ ʜʘ 

ʧʨʝʜʦʪʚʨʘʪʠ ʇʊʇ. 

 

3. ʀɿʉʃɽɼɺɸʅɽ ʅɸ ɺʈɽʄɽʊʆ ɿɸ ʈɽɸʂʎʀʗ ʉʒʉ ʉʀʄʋʃɸʊʆʈ- ʊʈɽʅɸɾʆʈ 

ɿʘ ʠʟʩʣʝʜʚʘʥʝ ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ ʝ ʠʟʧʦʣʟʚʘʥ ʩʠʤʫʣʘʪʦʨ- ʪʨʝʥʘʞʦʨ ʥʘ ʤʘʨʢʘʪʘ Ford, ʤʦʜʝʣ 

F12P, ʚʝʨʩʠʷ 8,2RC. 

ɺ ʝʢʩʧʝʨʠʤʝʥʪʘ ʫʯʘʩʪʚʘʪ ʣʠʮʘ ʥʘ ʚʲʟʨʘʩʪ ʦʪ 21 ʜʦ 60 ʛʦʜʠʥʠ, ʥʝ ʫʧʦʪʨʝʙʠʣʠ ʘʣʢʦʭʦʣ ʠ ʫʧʦʡ-

ʚʘʱʠ ʚʝʱʝʩʪʚʘ. 

ɿʘʜʘʯʘʪʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʝ ʫʯʘʩʪʥʠʮʠʪʝ ʜʘ ʫʧʨʘʚʣʷʚʘʪ ʘʚʪʦʤʦʙʠʣ ʚ ʠʟʚʲʥ ʥʘʩʝʣʝʥʦ ʤʷʩʪʦ ʠ 

ʧʨʠ ʧʦʷʚʘ ʥʘ ʟʥʘʢ STOP ʥʘ ʤʦʥʠʪʦʨʘ, ʪʝ ʜʘ ʧʨʝʜʧʨʠʝʤʘʪ ʘʚʘʨʠʡʥʦ ʩʧʠʨʘʥʝ, ʢʘʪʦ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʥʝ 

ʩʘ ʟʘʧʦʟʥʘʪʠ ʩ ʥʘʯʠʥʘ ʟʘ ʧʦʷʚʘʪʘ ʥʘ ʟʥʘʢʘ. 

ʉʠʤʫʣʘʪʦʨʘ ʦʪʯʠʪʘ ʪʨʠ ʚʨʝʤʝʥʘ ʟʘ ʀʟʥʝʥʘʜʚʘʱʘ, ʅʝʦʯʘʢʚʘʥʘ ʠ ʆʯʘʢʚʘʥʘ ʧʦʷʚʘ ʥʘ ʦʧʘʩʥʦʩʪ, 

ʢʦʠʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʘʥʥʠ ʠ ʘʥʘʣʠʟ (ʬʠʛ. 2). 

 

 
ʌʠʛ. 2. ɺʲʥʰʝʥ ʠʟʛʣʝʜ ʥʘ ʩʠʤʫʣʘʪʦʨʘ 
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ʊʘʙʣʠʮʘ 1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʜʘʥʥʠ ʦʪ ʧʨʦʚʝʜʝʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʲʩ Ăʉʠʤʫʣʘʪʦʨ- ʪʨʝʥʘʞʦʨò 

 ̄ ɺʲʟʨʘʩʪ  ʇʦʣ 
ɺʨʝʤʝ ʟʘ ʨʝʘʢʮʠʷ [s] 

ʀʟʥʝʥʘʜʘ ʅʝʦʯʘʢʚʘʥʘ ʆʯʘʢʚʘʥʘ 

1 41- 50ʛ. ʤʲʞ 1,13 1,03 0,87 

2 41- 50ʛ. ʤʲʞ 0,93 1 0,96 

3 31- 40ʛ. ʤʲʞ 1,4 1,03 0,96 

4 41- 50ʛ. ʞʝʥʘ 2,23 1,6 1,47 

5 31- 40ʛ. ʤʲʞ 2,23 1,44 1,23 

6 31- 40ʛ. ʤʲʞ 1,46 1,24 1,26 

7 41- 50ʛ. ʤʲʞ 2,23 1,2 1,16 

8 34ʛ. ʤʲʞ 1,30 1,13 0,80 

9 33ʛ. ʞʝʥʘ 2,16 3,00 2,40 

10 37ʛ. ʤʲʞ 2,2 1,06 1,03 

11 36ʛ. ʞʝʥʘ 2,2 1,53 1,27 

12 42ʛ. ʤʲʞ 1,35 1,4 1,2 

13 49ʛ. ʤʲʞ 1,77 1,2 1,09 

14 53ʛ. ʞʝʥʘ 2,23 1,4 1,23 

15 39ʛ. ʤʲʞ 1,26 0,97 0,9 

16 30ʛ. ʞʝʥʘ 2,43 1,5 1,36 

17 33ʛ. ʤʲʞ 0,87 1,13 1,03 

18 21ʛ. ʤʲʞ 1,5 0,96 0,93 

19 40ʛ. ʤʲʞ 2,03 1,3 1,6 

20 32ʛ. ʤʲʞ 1,13 0,95 0,92 

21 24ʛ. ʤʲʞ 1,4 1,03 1,06 

22 33ʛ. ʞʝʥʘ 1,73 2,44 1,4 

23 36ʛ. ʤʲʞ 1,3 1,13 1,03 

24 42ʛ. ʤʲʞ 1,36 1,7 1,2 

25 36ʛ. ʞʝʥʘ 2,26 1,77 1,5 

ʉʨʝʜʥʦ ʚʨʝʤʝ 1,68 1,37 1,19 

 

4. ɸʅɸʃʀɿʀ ʀ ʀɿɺʆɼʀ ʆʊ ʇʆʃʋʏɽʅʀʊɽ ʈɽɿʋʃʊɸʊʀ 

ɺ ʪʝʭʥʠʯʝʩʢʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ ʧʨʠ Ăʀʟʥʝʥʘʜʚʘʱʘò ʧʦʷʚʘ ʥʘ ʦʧʘʩʥʦʩʪ ʝ ʧʨʠʝ-

ʪʦ ʜʘ ʙʲʜʝ 1,5 s. ʇʦʣʫʯʝʥʘʪʘ ʩʪʦʡʥʦʩʪ ʧʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘ ʝ 1,68 s, ʢʦʝʪʦ ʝ ʩ 0,18 s ʧʦ- ʚʠʩʦʢʘ ʩʪʦʡ-

ʥʦʩʪ. 

ɺ ʪʝʭʥʠʯʝʩʢʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ ʧʨʠ Ăʅʝʦʯʘʢʚʘʥʘò ʧʦʷʚʘ ʥʘ ʦʧʘʩʥʦʩʪ ʝ ʧʨʠʝʪʦ 

ʜʘ ʙʲʜʝ 1,25 s. ʇʦʣʫʯʝʥʘʪʘ ʩʪʦʡʥʦʩʪ ʧʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘ ʝ 1,37 s, ʢʦʝʪʦ ʝ ʩ 0,12 s ʧʦ- ʚʠʩʦʢʘ ʩʪʦʡ-

ʥʦʩʪ. 

ɺ ʪʝʭʥʠʯʝʩʢʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ ʧʨʠ Ăʆʯʘʢʚʘʥʘò ʧʦʷʚʘ ʥʘ ʦʧʘʩʥʦʩʪ ʝ ʧʨʠʝʪʦ 

ʜʘ ʙʲʜʝ 0,7 s. ʇʦʣʫʯʝʥʘʪʘ ʩʪʦʡʥʦʩʪ ʧʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘ ʝ 1,19 s, ʢʦʝʪʦ ʝ ʩ 0,49 s ʧʦ- ʚʠʩʦʢʘ ʩʪʦʡʥʦʩʪ.  

ʈʘʟʣʠʢʘʪʘ ʤʝʞʜʫ ʩʨʝʜʥʦʪʦ ʚʨʝʤʝ, ʧʦʣʫʯʝʥʦ ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʠʪʝ ʠ ʪʦʚʘ ʦʪ ʪʝʭʥʠʯʝʩʢʘʪʘ ʣʠʪʝ-

ʨʘʪʫʨʘ ʟʘ Ăʆʯʘʢʚʘʥʘò ʧʦʷʚʘ ʥʘ ʦʧʘʩʥʦʩʪ ʤʦʞʝ ʜʘ ʩʝ ʦʙʷʩʥʠ ʩʲʩ ʩʣʝʜʥʠʪʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ: ʪʝʦʨʝ-

ʪʠʯʥʦʪʦ ʚʨʝʤʝ ʟʘ ʨʝʘʢʮʠʷ ʝ ʙʠʣʦ ʫʩʪʘʥʦʚʝʥʦ ʧʨʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʚ ʧʦʟʥʘʪʘ ʟʘ ʚʦʜʘʯʠʪʝ ʧʲʪʥʘ ʦʙʩʪʘ-

ʥʦʚʢʘ; ʚ ʦʧʠʪʠʪʝ ʩʘ ʫʯʘʩʪʚʘʣʠ ʜʦʙʨʝ ʧʦʜʛʦʪʚʝʥʠ ʚʦʜʘʯʠ; ʚʦʜʘʯʠʪʝ ʫʯʘʩʪʚʘʱʠ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩʲʩ 

ʩʠʤʫʣʘʪʦʨ, ʪʨʫʜʥʦ ʩʝ ʘʜʘʧʪʠʨʘʪ ʢʲʤ ʧʲʪʥʘʪʘ ʦʙʩʪʘʥʦʚʢʘ, ʢʦʷʪʦ ʩʝ ʧʨʝʜʣʘʛʘ; ʧʩʠʭʠʯʥʦʪʦ ʥʘʪʦʚʘʨ-
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ʚʘʥʝ ʥʘ ʚʦʜʘʯʠʪʝ ʫʯʘʩʪʚʘʱʠ ʚ ʦʧʠʪʘ ʩʲʩ ʩʠʤʫʣʘʪʦʨ ʝ ʧʦ- ʛʦʣʷʤʦ, ʠ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʪʦʚʘ ʨʝʘʛʠʨʘʪ ʧʦ- 

ʙʘʚʥʦ ʧʨʠ ʧʦʷʚʘ ʥʘ ʦʯʘʢʚʘʥʘ ʦʧʘʩʥʦʩʪ.  

ʉʨʘʚʥʝʥʠʝʪʦ ʤʝʞʜʫ ʚʨʝʤʝʥʘʪʘ ʧʨʠʝʪʠ ʚ ʪʝʭʥʠʯʝʩʢʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʠ ʚʨʝʤʝʥʘʪʘ ʧʦʣʫʯʝʥʠ ʦʪ 

ʝʢʩʧʝʨʠʤʝʥʪʠʪʝ ʩʲʩ ʩʠʤʫʣʘʪʦʨ ʧʦʢʘʟʚʘʪ, ʯʝ ʩʨʝʜʥʦʪʦ ʚʨʝʤʝ ʟʘ ʨʝʘʢʮʠʷ ʧʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ 

ʩʪʦʡʥʦʩʪʠ ʝ ʩ 0,26 s ʧʦ-ʛʦʣʷʤʦ ʦʪ ʧʨʠʝʪʦʪʦ ʚ ʪʝʭʥʠʯʝʩʢʘʪʘ ʣʠʪʝʨʘʪʫʨʘ. 

ɸʥʘʣʠʟ ʥʘ Ăɺʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷò ʩʧʦʨʝʜ ʚʲʟʨʘʩʪʪʘ ʠ ʧʦʣʘ, ʩʨʝʜʥʦ ʚʨʝʤʝ ʟʘ ʨʝʘʢʮʠʷ ʊʘʙʣʠʮʘ 2 

ʊʘʙʣʠʮʘ 2.  ʉʨʝʜʥʦ "ɺʨʝʤʝ ʟʘ ʨʝʘʢʮʠʷ", ʩʧʦʨʝʜ ʧʦʣ ʠ ʚʲʟʨʘʩʪ 

ɺʲʟʨʘʩʪ- ʛʦʜʠʥʠ  ʇʦʣ 
ʉʨʝʜʥʦ "ɺʨʝʤʝ ʟʘ ʨʝʘʢʮʠʷ" [s] 

ʀʟʥʝʥʘʜʘ ʅʝʦʯʘʢʚʘʥʘ ʆʯʘʢʚʘʥʘ 

21 õ 30 ʤʲʞ 1,45 1 1 

21 õ 30 ʞʝʥʘ 2,43 1,5 1,36 

31 õ  40 ʤʲʞ 1,52 1,14 1,08 

31 õ 40 ʞʝʥʘ 2,09 2,19 1,64 

41 õ  50 ʤʲʞ 1,46 1,26 1,08 

41 õ  50 ʞʝʥʘ 2,23 1,6 1,47 

51 õ  50 ʤʲʞ       

51 õ  60 ʞʝʥʘ 2,23 1,4 1,23 

 

ʆʪ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ (ʊʘʙʣʠʮʘ 2) ʩʝ ʚʠʞʜʘ, ʯʝ ʞʝʥʠʪʝ ʧʦʢʘʟʚʘʪ ʧʦ-ʛʦʣʝʤʠ ʚʨʝʤʝʥʘ ʟʘ ʨʝ-

ʘʢʮʠʷ ʦʪ ʤʲʞʝʪʝ (ʨʝʘʛʠʨʘʪ ʧʦ-ʢʲʩʥʦ ʥʘ ʧʦʷʚʠʣʘʪʘ ʩʝ ʦʧʘʩʥʦʩʪ). ʊʦʟʠ ʬʘʢʪ ʤʦʞʝ ʜʘ ʩʝ ʦʙʷʩʥʠ ʩ ʥʝ 

ʜʦʩʪʘʪʲʯʥʦ ʢʦʥʮʝʥʪʨʠʨʘʥʝ ʚʲʨʭʫ ʧʲʪʥʘʪʘ ʩʨʝʜʘ ʠʣʠ Ăʨʘʟʜʚʦʝʥʦò ʚʥʠʤʘʥʠʝ. 

ɺʲʚ ʚʲʟʨʘʩʪʦʚʘʪʘ ʛʨʫʧʘ 21 õ 30 ʛʦʜ., ʨʘʟʣʠʢʘʪʘ ʚʲʚ Ăɺʨʝʤʝ ʟʘ ʨʝʘʢʮʠʷò ʧʨʠ ʠʟʥʝʥʘʜʚʘʱʘ ʧʦʷ-

ʚʘ ʥʘ ʦʧʘʩʥʦʩʪ, ʤʝʞʜʫ ʤʲʞʝʪʝ ʠ ʞʝʥʠʪʝ ʝ 0,98 s; ʧʨʠ ʥʝʦʯʘʢʚʘʥʘ ʧʦʷʚʘ ʥʘ ʦʧʘʩʥʦʩʪ ʝ 0,42 s; ʘ ʧʨʠ 

ʦʯʘʢʚʘʥʘ ʧʦʷʚʘ ʥʘ ʦʧʘʩʥʦʩʪ ʝ 0,18 s. ʆʙʱʘʪʘ ʨʘʟʣʠʢʘ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ ʝ 0,53 s.  

ɺʲʚ ʚʲʟʨʘʩʪʦʚʘʪʘ ʛʨʫʧʘ 31 õ 40 ʛʦʜ., ʨʘʟʣʠʢʘʪʘ ʚʲʚ Ăɺʨʝʤʝ ʟʘ ʨʝʘʢʮʠʷò ʧʨʠ ʠʟʥʝʥʘʜʚʘʱʘ ʧʦʷ-

ʚʘ ʥʘ ʦʧʘʩʥʦʩʪ, ʤʝʞʜʫ ʤʲʞʝʪʝ ʠ ʞʝʥʠʪʝ ʝ 0,57 s; ʧʨʠ ʥʝʦʯʘʢʚʘʥʘ ʧʦʷʚʘ ʥʘ ʦʧʘʩʥʦʩʪ ʝ 1,05s; ʘ ʧʨʠ 

ʦʯʘʢʚʘʥʘ ʧʦʷʚʘ ʥʘ ʦʧʘʩʥʦʩʪ ʝ 0,56 s. ʆʙʱʘʪʘ ʨʘʟʣʠʢʘ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ ʝ 0,73s.  

ɺʲʚ ʚʲʟʨʘʩʪʦʚʘʪʘ ʛʨʫʧʘ 41 õ 50 ʛʦʜ., ʨʘʟʣʠʢʘʪʘ ʚʲʚ Ăɺʨʝʤʝ ʟʘ ʨʝʘʢʮʠʷò ʧʨʠ ʠʟʥʝʥʘʜʚʘʱʘ ʧʦʷ-

ʚʘ ʥʘ ʦʧʘʩʥʦʩʪ, ʤʝʞʜʫ ʤʲʞʝʪʝ ʠ ʞʝʥʠʪʝ ʝ 0,77 s; ʧʨʠ ʥʝʦʯʘʢʚʘʥʘ ʧʦʷʚʘ ʥʘ ʦʧʘʩʥʦʩʪ ʝ 0,34 s; ʘ ʧʨʠ 

ʦʯʘʢʚʘʥʘ ʧʦʷʚʘ ʥʘ ʦʧʘʩʥʦʩʪ ʝ 0,39 s. ʆʙʱʘʪʘ ʨʘʟʣʠʢʘ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ ʝ 0,5 s.  

ɸʥʘʣʠʟ ʥʘ Ăɺʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷò ʩʧʦʨʝʜ ʚʲʟʨʘʩʪʪʘ, ʩʨʝʜʥʦ ʚʨʝʤʝ ʟʘ ʨʝʘʢʮʠʷ ʊʘʙʣʠʮʘ 3. 

ʊʘʙʣʠʮʘ 3.  ʉʨʝʜʥʦ "ɺʨʝʤʝ ʟʘ ʨʝʘʢʮʠʷ", ʩʧʦʨʝʜ ʚʲʟʨʘʩʪʪʘ 

ɺʲʟʨʘʩʪ- ʛʦʜʠʥʠ  
ʉʨʝʜʥʦ "ɺʨʝʤʝ ʟʘ ʨʝʘʢʮʠʷ" [s] 

ʀʟʥʝʥʘʜʘ ʅʝʦʯʘʢʚʘʥʘ ʆʯʘʢʚʘʥʘ 

21 õ 30 1,94 1,25 1,18 

31 õ  40 1,81 1,67 1,36 

41 õ  50 1,85 1,43 1,28 

51 õ  60 2,23 1,4 1,23 

 

ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʊʘʙʣʠʮʘ 3, ʟʘ ʩʨʝʜʥʦ Ăɺʨʝʤʝ ʟʘ ʨʝʘʢʮʠʷò ʧʦʢʘʟʚʘʪ, ʯʝ ʧʦ- ʤʣʘʜʠʪʝ ʚʦ-

ʜʘʯʠ, ʫʧʨʘʚʣʷʚʘʪ ʘʚʪʦʤʦʙʠʣʘ ʚ ʧʦ-ʩʧʦʢʦʡʥʦ ʩʲʩʪʦʷʥʠʝ ʠ ʪʷʭʥʘʪʘ ʨʝʘʢʮʠʷ ʧʨʠ ʠʟʥʝʥʘʜʚʘʱʘ ʧʦʷʚʘ 

ʥʘ ʦʧʘʩʥʦʩʪ, ʠʟʠʩʢʚʘ ʧʦ-ʛʦʣʷʤʦ ʚʨʝʤʝ ʟʘ ʨʝʘʢʮʠʷ, ʩʨʘʚʥʝʥʦ ʩ ʧʦ- ʚʲʟʨʘʩʪʥʠʪʝ ʚʦʜʘʯʠ.  

ʇʨʠ ʥʝʦʯʘʢʚʘʥʘ ʧʦʷʚʘ ʥʘ ʦʧʘʩʥʦʩʪ, ʥʘʡ- ʤʣʘʜʠʪʝ ʚʦʜʘʯʠ ʚʲʟʧʨʠʝʤʘʪ ʧʦ- ʜʦʙʨʝ ʦʧʘʩʥʦʩʪʪʘ ʠ 

ʨʝʘʛʠʨʘ ʟʘ ʥʘʡ- ʢʨʘʪʢʦ ʚʨʝʤʝ ʟʘ ʨʘʟʣʠʢʘ ʦʪ ʧʦ- ʚʲʟʨʘʩʪʥʠʪʝ ʚʦʜʘʯʠ. ɺʦʜʘʯʠʪʝ ʚʲʚ ʚʲʟʨʘʩʪʦʚʘʪʘ 
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ʛʨʫʧʘ 41 õ  50 ʛʦʜ., ʜʘʚʘʪ ʧʦ- ʜʦʙʨʦ ʚʨʝʤʝ ʩ 0,24 s, ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʚʲʟʨʘʩʪʦʚʘʪʘ ʛʨʫʧʘ 31 õ  40 ʛʦʜ., 

ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʩʝ ʦʙʷʩʥʠ ʩ ʧʦ- ʦʪʛʦʚʦʨʥʦʪʦ ʠ ʢʦʥʮʝʥʪʨʠʨʘʥʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʄʇʉ.   

ʇʨʠ ʧʦʷʚʘ ʥʘ ʦʯʘʢʚʘʥʘ ʦʧʘʩʥʦʩʪ, ʧʦ- ʤʣʘʜʠʪʝ ʚʦʜʘʯʠ ʨʝʘʛʠʨʘʪ ʟʘ ʥʘʡ- ʢʨʘʪʢʦ ʚʨʝʤʝ ʚ ʩʨʘʚʥʝ-

ʥʠʝ ʩ ʧʦ- ʚʲʟʨʘʩʪʥʠʪʝ ʚʦʜʘʯʠ. ʀ ʧʨʠ ʪʦʟʠ ʚʠʜ ʨʝʘʢʮʠʷ (ʦʯʘʢʚʘʥʘ) ʩʝ ʟʘʙʝʣʷʟʚʘ, ʯʝ ʚʲʟʨʘʩʪʦʚʘʪʘ 

ʛʨʫʧʘ 41 õ  50 ʛʦʜ., ʜʘʚʘʪ ʧʦ- ʜʦʙʨʦ ʚʨʝʤʝ ʥʘ ʨʝʘʢʮʠʷ ʩ ʨʘʟʣʠʢʘ ʦʪ 0,08 s ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʚʲʟʨʘʩʪʦʚʘ-

ʪʘ ʛʨʫʧʘ  31 õ  40 ʛʦʜ. 

ʉʨʝʜʥʦʪʦ ʚʨʝʤʝ ʟʘ ʨʝʘʢʮʠʷ ʥʘ ʚʲʟʨʘʩʪʦʚʘʪʘ ʛʨʫʧʘ 21 õ 30 ʛʦʜ. ʝ 1,46 s. 

ʉʨʝʜʥʦʪʦ ʚʨʝʤʝ ʟʘ ʨʝʘʢʮʠʷ ʥʘ ʚʲʟʨʘʩʪʦʚʘʪʘ ʛʨʫʧʘ 31 õ 40 ʛʦʜ. ʝ 1,61 s. 

ʉʨʝʜʥʦʪʦ ʚʨʝʤʝ ʟʘ ʨʝʘʢʮʠʷ ʥʘ ʚʲʟʨʘʩʪʦʚʘʪʘ ʛʨʫʧʘ 41 õ 50 ʛʦʜ. ʝ 1,52 s. 

ʀʟʚʦʜʠ ʦʪ ʠʟʯʠʩʣʝʥʠʷʪʘ ʩ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʧʨʠ Ăʀʟʥʝʥʘʜʚʘʱʘò ʧʦʷʚʘ ʥʘ ʦʧʘʩʥʦʩʪ: 

- ʉ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ Ăɺʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷò ʥʘ ʚʦʜʘʯʘ ʩʝ ʫʚʝʣʠʯʘʚʘ ʠ Ăʆʧʘʩʥʘʪʘ ʟʦʥʘò ʥʘ ʘʚʪʦ-

ʤʦʙʠʣʘ. 

- ʇʦʣʦʞʝʥʠʝʪʦ ʥʘ ʘʚʪʦʤʦʙʠʣʘ ʚ ʤʦʤʝʥʪʘ ʥʘ ʥʘʩʪʲʧʚʘʥʝ ʥʘ ʦʧʘʩʥʦʩʪʪʘ ʥʝ ʩʝ ʧʨʦʤʝʥʷ (ʚʣʠʷʝ) 

ʦʪ Ăɺʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷò.  

- ʇʨʠ ʛʦʣʷʤʦ Ăɺʨʝʤʝ ʟʘ ʨʝʘʢʮʠʷò ʥʘʜ 2 s Ăʆʧʘʩʥʘʪʘ ʟʦʥʘò ʥʘ ʘʚʪʦʤʦʙʠʣʘ ʩʝ ʠʟʨʘʚʥʷʚʘ ʩ ʧʦ-

ʣʦʞʝʥʠʝʪʦ, ʚ ʢʦʝʪʦ ʥʘʩʪʲʧʚʘ ʦʧʘʩʥʦʩʪʪʘ ʟʘ ʚʦʜʘʯʘ. ɺ ʪʘʢʘʚʘ ʩʠʪʫʘʮʠʷ, ʚʦʜʘʯʲʪ ʥʷʤʘ ʪʝʭʥʠʯʝʩʢʘʪʘ 

ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʧʨʝʜʦʪʚʨʘʪʠ ʇʊʇ. 

- Ăɺʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷò ʥʘʜ 2,5 s, ʫʚʝʣʠʯʘʚʘ Ăʆʧʘʩʥʘʪʘ ʟʦʥʘò ʥʘ ʘʚʪʦʤʦʙʠʣʘ ʠ ʪʷ ʝ ʧʦ- ʛʦʣʷʤʘ 

ʦʪ ʧʦʣʦʞʝʥʠʝʪʦ, ʚ ʢʦʝʪʦ ʚʲʟʥʠʢʚʘ ʦʧʘʩʥʦʩʪʪʘ ʟʘ ʚʦʜʘʯʘ. ɺ ʪʘʢʘʚʘ ʩʠʪʫʘʮʠʷ ʚʦʜʘʯʘ ʥʷʤʘ ʚʲʟʤʦʞ-

ʥʦʩʪ ʜʘ ʧʨʝʜʦʪʚʨʘʪʠ ʇʊʇ ʩ ʧʨʝʜʧʨʠʝʤʘʥʝ ʥʘ ʘʚʘʨʠʡʥʦ ʩʧʠʨʘʥʝ.  

ʀʟʚʦʜʠ ʦʪ ʠʟʯʠʩʣʝʥʠʷʪʘ ʩ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʧʨʠ Ăʅʝʦʯʘʢʚʘʥʘò ʧʦʷʚʘ ʥʘ ʦʧʘʩʥʦʩʪ: 

 

ʀɿɺʆɼʀ 

1. ʀʟʚʲʨʰʝʥʦʪʦ ʠʟʩʣʝʜʚʘ ʧʦʢʘʟʚʘ ʝʜʥʦ ʜʦʙʨʦ ʩʲʚʧʘʜʝʥʠʝ ʤʝʞʜʫ ʫʩʪʘʥʦʚʝʥʠ ʧʦ-ʨʘʥʦ ʚʨʝʤʝʥʘ 

ʥʘ ʨʝʘʢʮʠʷ, ʢʦʝʪʦ ʝ ʧʦʢʘʟʘʪʝʣʥʦ ʟʘ ʢʦʨʝʢʪʥʦʩʪʪʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠʪʝ ʩʲʩ ʩʠʤʫʣʘʪʦʨ ʪʨʝʥʘʞʦʨ.    

2. ɸʥʘʣʠʟʘ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩʲʩ ʩʠʤʫʣʘʪʦʨ-ʪʨʝʥʘʞʦʨ ʧʦʢʘʟʚʘʪ, ʯʝ ʩʨʝʜʥʦʪʦ 

ʚʨʝʤʝ ʟʘ ʨʝʘʢʮʠʷ ʥʘ ʚʦʜʘʯʠʪʝ ï ʞʝʥʠ ʝ ʩ 0,59 s ʧʦ-ʛʦʣʷʤʦ ʦʪ ʪʦʚʘ ʥʘ ʤʲʞʝʪʝ. 

3. ʅʘʡ-ʥʠʩʢʦʪʦ ʩʨʝʜʥʦ ʚʨʝʤʝ ʟʘ ʨʝʘʢʮʠʷ ʝ ʘʥʘʣʠʟʠʨʘʥʦ ʧʨʠ ʚʲʟʨʘʩʪʦʚʘʪʘ ʛʨʫʧʘ 21 õ 30 ʛʦʜ., ʘ 

ʥʘʡ-ʚʠʩʦʢʦʪʦ ʩʝ ʧʦʣʫʯʘʚʘ ʧʨʠ ʚʲʟʨʘʩʪʦʚʘʪʘ ʛʨʫʧʘ 31 õ 40 ʛʦʜ. 
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AUTOMATING ENGINEERING WORK IN TECHNICAL EXPERT ANA LYSIS 
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Abstract: The engineering expert analysis of the accident and the conclusions resulting from the analysis 

are the basis of the court decisions. In these tasks, it is necessary to carry out complex calculation 

procedures using multiple iterations with a change of one, two or more kinematic quantities. Automating 

the calculation procedure leads to a reduction in the possibility of calculation error. The development of 

this website is the first step towards reducing these errors. The system is implemented in the form of a 

web application, using technologies such as HTML, CSS and JavaScript. The site contains a total of 5 

pages: Home, About the page, Scientific articles, Contacts and payment and Calculations. The 

Calculations page is intended for calculations using the ñMOMENTUM 360ò method, based on the law 

of conservation of momentum of the system of the two cars. To perform these calculations, functions are 

created, the results of which are saved in objects and presented in a table after pressing the "CALCUTE" 

button. The entered values are saved in LocalStorage. 

The developed web application for the work of the auto expert and the calculation according to the 

"MOMENTUM 360" method is a small part of a larger project that will make the work of many auto 

experts easier and more error-free. 

Keywords: ɸʚʪʦʪʝʭʥʠʯʝʩʢʘ ʝʢʩʧʝʨʪʠʟʘ, ʫʝʙ ʧʨʠʣʦʞʝʥʠʝ, ʤʝʪʦʜ  

  

ɸɺʊʆʄɸʊʀɿʀʈɸʅɽ ʅɸ ʀʅɾɽʅɽʈʅʀʗ ʊʈʋɼ ɺ ʊɽʍʅʀʏɽʉʂʀʗ ɽʂʉʇɽʈʊɽʅ ɸʅɸ-

ʃʀɿ 

 
1ʄʦʥʠʢʘ ʋɿʋʅʆɺɸ, 2*ʍʨʠʩʪʦ ʋɿʋʅʆɺ 

1ʂʘʪʝʜʨʘ Ăʂʦʤʧʶʪʲʨʥʠ ʩʠʩʪʝʤʠñ, ʊʋ-ʉʦʬʠʷ, ɹʲʣʛʘʨʠʷ, e-mail: monikauzunova@mail.bg 
2ʂʘʪʝʜʨʘ Ăʄʝʭʘʥʠʢʘ, ʤʘʰʠʥʦʩʪʨʦʝʥʝ ʠ ʪʦʧʣʦʪʝʭʥʠʢʘñ, ʀʇʌ-ʉʣʠʚʝʥ, ʊʋ-ʉʦʬʠʷ, ɹʲʣʛʘʨʠʷ, 

e-mail: huzunov@abv.bg (* -ʢʦʨʝʩʧʦʥʜʠʨʘʱ ʘʚʪʦʨ) 

 

1. ɺʒɺɽɼɽʅʀɽ 

ʉ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʜʝʩʝʪʠʣʝʪʠʷ ʢʦʤʧʶʪʲʨʲʪ ʟʘ-

ʝʤʘ ʩʚʦʝʪʦ ʥʝʦʪʤʝʥʥʦ ʤʷʩʪʦ ʚ ʦʙʱʝʩʪʚʦʪʦ. ʄʥʦʛʦ ʥʦʚʠ ʛʲʚʢʘʚʠ ʤʝʪʦʜʠ ʩʘ ʥʘʚʣʝʟʣʠ ʟʘ ʚʠʟʫʘʣʠʟʠ-

ʨʘʥʝ ʠ ʦʙʨʘʙʦʪʢʘ ʥʘ ʠʟʧʦʣʟʚʘʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ. ʀʥʪʝʨʥʝʪ ʧʨʝʜʦʩʪʘʚʷ ʚʲʟʤʦʞʥʦʩʪʪʘ ʜʘ ʩʝ ʧʦʣʫʯʘʚʘ 

ʙʲʨʟ ʜʦʩʪʲʧ ʜʦ ʜʘʥʥʠ, ʜʘʚʘʱʠ ʧʲʣʥʘ ʠʥʬʦʨʤʘʮʠʷ ʥʘ ʢʣʠʝʥʪʘ, ʙʝʟ ʜʘ ʛʦ ʦʛʨʘʥʠʯʘʚʘʪ ʚʲʚ ʚʨʝʤʝʪʦ. 

ʊʦʚʘ ʩʧʝʩʪʷʚʘ ʣʫʪʘʥʝʪʦ ʤʝʞʜʫ ʫʯʝʙʥʠʮʠ, ʩʧʨʘʚʦʯʥʠʮʠ, ʧʦʤʘʛʘʣʘ. ɺ ʜʥʝʰʥʦ ʚʨʝʤʝ Web-ʩʘʡʪʦʚʝ 

ʩʲʜʲʨʞʘʪ ʤʥʦʛʦ ʠʥʬʦʨʤʘʮʠʷ ʠ ʩʝ ʦʯʘʢʚʘʪ ʜʘ ʠʤʘʪ ʜʦʙʨʦ ʧʨʝʜʩʪʘʚʷʥʝ, ʥʦ ʥʝ ʠ ʜʘ ʨʘʟʩʝʡʚʘʪ ʩ ʪʨʫ-

ʜʝʥ ʠ ʙʘʚʝʥ ʠʥʪʝʨʬʝʡʩ. ʀʥʬʦʨʤʘʮʠʷʪʘ ʚ ʥʝʛʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʪʢʨʠʚʘ ʠ ʠʟʧʦʣʟʚʘ ʣʝʩʥʦ ʠ ʜʘ ʙʲʜʝ ʘʢ-

ʪʫʘʣʥʘ. ɽʜʠʥ ʨʘʟʙʠʨʘʝʤ ʠ ʜʠʥʘʤʠʯʝʥ Web-ʩʘʡʪ ʝ ʤʥʦʛʦ ʮʝʥʝʥ ʟʘ ʧʦʪʨʝʙʠʪʝʣʷ, ʢʦʡʪʦ ʠʩʢʘ ʣʝʩʥʦ ʠ 

ʙʲʨʟʦ ʜʘ ʜʦʩʪʠʛʥʝ ʜʦ ʪʲʨʩʝʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ. 

ʎʝʣʪʘ ʥʘ ʥʘʩʪʦʷʱʘʪʘ ʩʪʘʪʠʷ ʝ ʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ Web-ʩʘʡʪ, ʧʨʝʜʩʪʘʚʷʱ ʨʘʙʦ-

ʪʘʪʘ ʥʘ ʯʦʚʝʢ, ʟʘʥʠʤʘʚʘʱ ʩʝ ʩ ʘʚʪʦʪʝʭʥʠʯʝʩʢʠ ʝʢʩʧʝʨʪʠʟʠ, ʢʘʪʦ ʩʝ ʘʚʪʦʤʘʪʠʟʠʨʘʪ ʠʥʞʝʥʝʨʥʠʪʝ 

ʟʘʜʘʯʠ. 

ʀʥʞʝʥʝʨʥʠʷʪ ʝʢʩʧʝʨʪʝʥ ʘʥʘʣʠʟ ʥʘ ʇʊʇ ʝ ʚ ʦʩʥʦʚʘʪʘ ʥʘ ʟʘʢʣʶʯʝʥʠʝʪʦ ʦʪ ʠʟʛʦʪʚʷʥʝ ʥʘ ʩʲʜʝʙ-

ʥʘ ʘʚʪʦʪʝʭʥʠʯʝʩʢʘ ʝʢʩʧʝʨʪʠʟʘ. ʇʨʦʠʟʪʠʯʘʱʠʪʝ ʦʪ ʘʥʘʣʠʟʘ ʶʨʠʜʠʯʝʩʢʠ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʷʪ ʠʟʠʩʢʚʘ-

ʥʠʷ ʟʘ ʪʦʯʥʦʩʪ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ. ʇʦ ʩʲʱʝʩʪʚʦ ʮʝʣʪʘ ʥʘ ʘʚʪʦʪʝʭʥʠʯʝʩʢʘʪʘ 

ʝʢʩʧʝʨʪʠʟʘ ʝ ʠʟʷʩʥʷʚʘʥʝ ʥʘ ʚʩʠʯʢʠ ʦʙʩʪʦʷʪʝʣʩʪʚʘ ʥʘ ʚʲʟʥʠʢʚʘʥʝ, ʤʝʭʘʥʠʟʲʤ ʥʘ ʧʨʦʪʠʯʘʥʝ ʠ ʧʦʩʣʝ-

ʜʠʮʠ ʦʪ ʇʊʇ. ɺ ʩʚʝʪʦʚʥʘʪʘ ʝʢʩʧʝʨʪʥʘ ʧʨʘʢʪʠʢʘ ʩʘ ʫʪʚʲʨʜʝʥʠ ʤʥʦʞʝʩʪʚʦ ʧʨʦʛʨʘʤʥʠ ʧʨʦʜʫʢʪʠ, 
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ʧʨʠʣʘʛʘʱʠ ʠʟʚʝʩʪʥʠʪʝ ʚ ʥʘʫʢʘʪʘ ʤʝʪʦʜʠ ʟʘ ʠʟʩʣʝʜʚʘʥʝ. ʇʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʘʜʝʢʚʘʪʥʠ ʦʪ ʘʥʘʣʠʟʘ ʨʝ-

ʟʫʣʪʘʪʠ ʠʟʠʩʢʚʘ ʧʘʨʘʣʝʣʥʦ ʧʨʠʣʘʛʘʥʝ ʥʘ ʧʦʚʝʯʝ ʦʪ ʝʜʠʥ ʤʝʪʦʜ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʜʘʜʝʥ ʩʣʫʯʘʡ ʥʘ 

ʇʊʇ. ɺ ʪʦʟʠ Web-ʩʘʡʪ ʱʝ ʙʲʜʝ ʨʘʟʛʣʝʜʘʥ ʠ ʧʨʠʣʦʞʝʥ ʝʜʠʥ ʦʪ ʪʝʟʠ ʤʝʪʦʜʠ, ʢʘʪʦ ʚʭʦʜʥʠʪʝ ʜʘʥʥʠ 

ʩʲʦʪʚʝʪʩʪʚʘʪ ʥʘ ʥʷʢʦʣʢʦ ʦʪ ʧʦʟʥʘʪʠʪʝ ʤʝʪʦʜʠ ʟʘ ʠʟʩʣʝʜʚʘʥʝ. ɿʘ ʪʘʟʠ ʮʝʣ ʝ ʥʝʦʙʭʦʜʠʤʦ ʪʘʟʠ ʙʘʟʘ ʦʪ 

ʜʘʥʥʠ ʜʘ ʙʲʜʝ ʩʲʭʨʘʥʝʥʘ ʩ ʮʝʣ ʥʝʡʥʦʪʦ ʧʦʚʪʦʨʥʦ ʠʟʧʦʣʟʚʘʥʝ ʦʪ ʦʩʪʘʥʘʣʠʪʝ ʤʝʪʦʜʠ. 

2. ʄɸʊɽʈʀɸʃʀ ʀ ʄɽʊʆɼʀ 

ʉʠʩʪʝʤʘʪʘ ʧʨʝʜʩʪʘʚʣʷʚʘ ʫʝʙ-ʙʘʟʠʨʘʥʦ ʧʨʠʣʦʞʝʥʠʝ. ɿʘ ʦʬʦʨʤʷʥʝʪʦ ʥʘ ʠʥʪʝʨʬʝʡʩʘ ʠ ʩʪʠʣʘ ʥʘ 

ʧʨʠʣʦʞʝʥʠʝʪʦ ʩʘ ʠʟʧʦʣʟʚʘʥʠ HTML ʠ CSS. ɿʘ ʙʝʢ ʝʥʜʘ ʥʘ ʧʨʠʣʦʞʝʥʠʝʪʦ ʝ ʠʟʧʦʣʟʚʘʥ ʝʟʠʢʘ 

JavaScript. ʉʘʡʪʲʪ ʩʲʜʲʨʞʘ ʦʙʱʦ 5 ʩʪʨʘʥʠʮʠ, ʢʘʪʦ ʚʩʷʢʘ ʩʪʨʘʥʠʮʘ ʩʲʜʲʨʞʘ ʙʫʪʦʥʠ, ʯʨʝʟ ʢʦʠʪʦ ʤʦ-

ʞʝ ʜʘ ʩʝ ʜʦʩʪʠʛʥʝ ʜʦ ʚʩʷʢʘ ʜʨʫʛʘ ʩʪʨʘʥʠʮʘ, ʢʘʢʪʦ ʝ ʧʦʢʘʟʘʥʦ ʥʘ ʬʠʛʫʨʘ 1. 

 

 
ʌʠʛ. 1. ɸʨʭʠʪʝʢʪʫʨʘ 1 - ʚʨʲʟʢʘ ʤʝʞʜʫ ʦʪʜʝʣʥʠʪʝ ʩʪʨʘʥʠʮʠ 

 

ɹʝʢ ʝʥʜ ʝ ʩʲʨʚʲʨʥʘʪʘ ʯʘʩʪ ʥʘ ʫʝʙʩʘʡʪʘ. ʊʦʡ ʩʲʭʨʘʥʷʚʘ ʠ ʧʦʜʨʝʞʜʘ ʜʘʥʥʠʪʝ, ʘ ʩʲʱʦ ʪʘʢʘ ʩʝ 

ʛʨʠʞʠ ʟʘ ʥʦʨʤʘʣʥʘʪʘ ʨʘʙʦʪʘ ʥʘ ʫʝʙʩʘʡʪʘ ʦʪ ʩʪʨʘʥʘ ʥʘ ʢʣʠʝʥʪʘ. App.js ʬʘʡʣʘ ʝ ʩʚʲʨʟʘʥ ʩʲʩ ʚʩʠʯʢʠ 

html ʩʪʨʘʥʠʮʠ ʧʦʩʨʝʜʩʪʚʦʤ: 

<script src="app.js"></script>  

ɿʘ ʜʘ ʩʝ ʩʪʠʛʥʝ ʜʦ ʢʨʘʡʥʠʪʝ ʨʝʟʫʣʪʘʪʠ, ʩʝ ʧʨʘʚʷʪ ʠʟʯʠʩʣʝʥʠʷ, ʢʦʠʪʦ ʩʝ ʧʦʩʪʠʛʘʪ ʯʨʝʟ ʩʲʟʜʘ-

ʜʝʥʠʪʝ ʬʫʥʢʮʠʠ: calculateCarMassTotal(), calcMatrixA11andA12(), calcMatrixA21andA22(), 

calcDownhillSpeed(), calcUphillSpeed(), calcDet(), calcMatrixF1(), calcMatrixF2(), calcD1andD2(), 

D1orD2devidedByDet() ʠ parseToKmH(). 

ʉʲʟʜʘʜʝʥʠ ʩʘ ʥʷʢʦʣʢʦ if(){é}else{} ʮʠʢʣʠ, ʟʘ ʜʘ ʩʝ ʧʨʝʜʦʪʚʨʘʪʷʪ ʛʨʝʰʢʠ ʧʨʠ ʥʝʧʨʘʚʠʣʥʦ 

ʥʘʥʘʩʷʥʝ ʥʘ ʩʪʦʡʥʦʩʪʠ ʠʣʠ ʧʨʦʧʫʩʢʘʥʝ ʥʘ ʥʷʢʦʷ ʩʪʦʡʥʦʩʪ. ʇʨʠʤʝʨ ʝ ʧʨʝʜʩʪʘʚʝʥ ʚ ʪʦʟʠ ʬʨʘʛʤʝʥʪ 

ʦʪ ʢʦʜ: 

if ( 

    (!document.getElementById("zero1").checked && 

      !document.getElementById("one1").checked) || 

    (!document.getElementById("zero2").checked && 

      !document.getElementById("one2").checked) || 

    (carOneMassTotal == 0 && carTwoMassTotal == 0) || 

    (data.ang1before == 0 && data.ang2before == 0) || 

    calcD1 == 0 || 

    calcD2 == 0 

  ) { 

    alert("ʄʦʣʷ, ʚʲʚʝʜʝʪʝ ʧʨʘʚʠʣʥʘ ʠʥʬʦʨʤʘʮʠʷ ʠ ʦʪʙʝʣʝʞʝʪʝ ʚʩʠʯʢʠ ʧʦʣʝʪʘ!"); 

  } else {. . .} 
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ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʝ ʟʘʧʠʩʚʘʪ ʚ ʦʙʝʢʪʠʪʝ carOneMassTotal ʠ carTwoMassTotal, matrix21 ʠ 

matrix22, downOrUpHill ʠ secondDownOrUpHill, det, matrixF1 ʠ matrixF2, calcD1 ʠ calcD2, 

onebeforeMS, twobeforeMS, oneafterMS ʠ twoafterMS, onebeforeKmH, twobeforeKmH, oneafterKmH 

ʠ twoafterKmH. 

ʏʨʝʟ ʩʚʦʡʩʪʚʦʪʦ ʥʘ JavaScript ñinnerHTMLò ʨʝʟʫʣʪʘʪʠʪʝ ʧʦʣʫʯʝʥʠ ʟʘ onebeforeMS, 

twobeforeMS, oneafterMS ʠ twoafterMS, onebeforeKmH, twobeforeKmH, oneafterKmH ʠ 

twoafterKmH ʩʝ ʧʨʝʜʩʪʘʚʷʪ ʚ ʩʲʟʜʘʜʝʥʘʪʘ ʪʘʙʣʠʮʘ ʩʣʝʜ ʥʘʪʠʩʢʘʥʝ ʥʘ ʙʫʪʦʥʘ Ăʀɿʏʀʉʃʀñ. 

 

 
ʌʠʛ. 2. ɸʨʭʠʪʝʢʪʫʨʘ Ăʀʟʯʠʩʣʝʥʠʷñ ï ʚʨʲʟʢʘ ʩ LocalStorage 

LocalStorage ʝ ʩʚʦʡʩʪʚʦ, ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʥʘ ʩʘʡʪʦʚʝʪʝ ʠ ʧʨʠʣʦʞʝʥʠʷʪʘ ʥʘ JavaScript ʜʘ ʟʘʧʘʟ-

ʚʘʪ ʜʚʦʡʢʠ ʢʣʶʯ-ʩʪʦʡʥʦʩʪ ʚ ʫʝʙ ʙʨʘʫʟʲʨʘ ʙʝʟ ʩʨʦʢ ʥʘ ʚʘʣʠʜʥʦʩʪ. [4] ʊʦʚʘ ʦʟʥʘʯʘʚʘ, ʯʝ ʜʘʥʥʠʪʝ, 

ʩʲʭʨʘʥʝʥʠ ʚ ʙʨʘʫʟʲʨʘ, ʱʝ ʩʝ ʟʘʧʘʟʷʪ ʜʦʨʠ ʩʣʝʜ ʟʘʪʚʘʨʷʥʝ ʥʘ ʧʨʦʟʦʨʝʮʘ ʥʘ ʙʨʘʫʟʲʨʘ. ʊʦʚʘ ʩʚʦʡʩʪʚʦ 

ʥʘ JavaScript ʝ ʠʟʧʦʣʟʚʘʥʦ ʟʘ ʩʲʭʨʘʥʷʚʘʥʝ ʥʘ ʚʲʚʝʜʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʚ ʩʪʨʘʥʠʮʘʪʘ ʀɿʏʀʉʃɽʅʀʗ 

ʩʚʲʨʟʘʥʠ ʩ ʤʝʪʦʜʘ ĂMOMENTUM 360ñ, ʢʘʢʪʦ ʝ ʧʦʢʘʟʘʥʦ ʥʘ ʬʠʛʫʨʘ 2. 

ʌʫʥʢʮʠʷʪʘ ĂgetStorageData()ñ ʩʝ ʠʟʧʦʣʟʚʘ, ʟʘ ʜʘ ʩʝ ʚʟʝʤʘʪ ʟʘʧʠʩʘʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʚ 

localStorage-ʘ, ʟʘ ʜʘ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʠʟʯʠʩʣʝʥʠʷʪʘ. ʊʦʚʘ ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʚ ʩʣʝʜʥʠʷ 

ʬʨʘʛʤʝʥʪ ʦʪ ʢʦʜ: 

function getStorageData() { 

  const parsedData = {}; 

  // interate through all elements of the localStorage and parse the values 

  numberInputs.forEach((element) => { 

    parsedData[element.id] = JSON.parse(localStorage.getItem(element.id)); 

  });  

  return parsedData; 

} 

ʊʘʟʠ ʠʟʯʠʩʣʠʪʝʣʥʘ ʧʨʦʮʝʜʫʨʘ ʝ ʩʲʟʜʘʜʝʥʘ ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ ʤʝʪʦʜʘ ĂMOMENTUM 360ñ [1,2,3]. 

ɿʘʜʘʯʘʪʘ ʝ ʩʚʲʨʟʘʥʘ ʩ ʪʝʦʨʠʷʪʘ ʥʘ ʫʜʘʨʘ ʤʝʞʜʫ ʜʚʝ ʪʚʲʨʜʠ ʪʝʣʘ ʠ ʩʝ ʨʝʰʘʚʘ ʩʲʛʣʘʩʥʦ ʟʘʢʦʥʘ ʟʘ 

ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʜʚʠʞʝʥʠʝ ʟʘ ʚʨʝʤʝʪʦ ʥʘ ʫʜʘʨʘ, ʦʪ ʢʲʜʝʪʦ ʝ ʥʘʣʠʮʝ: 

άȢὠᴆ άȢὠᴆ άȢόᴆ άȢόᴆ (1) 

ʊʦʚʘ ʚʝʢʪʦʨʥʦ ʫʨʘʚʥʝʥʠʝ ʩʝ ʧʨʦʝʢʪʠʨʘ ʧʦ ʜʚʝ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠ ʦʩʠ, 

άȢὠȢÃÏÓ‌ άȢὠȢÃÏÓ‌ άȢόȢÃÏÓ‍ άȢόȢÃÏÓ‍ 

άȢὠȢÓÉÎ‌ άȢὠȢÓÉÎ‌ άȢόȢÓÉÎ‍ άȢόȢÓÉÎ‍ 
(2) 

ʢʲʜʝʪʦ: 

ά  ʠ ά  ʩʘ ʤʘʩʠʪʝ ʥʘ ʜʚʘʪʘ ʘʚʪʦʤʦʙʠʣʘ 

ό ʠ ό ʩʘ ʩʢʦʨʦʩʪʠʪʝ ʥʘ ʤʘʩʦʚʠʪʝ ʮʝʥʪʨʦʚʝ ʥʘ ʜʚʘʪʘ ʘʚʪʦʤʦʙʠʣʘ ʩʣʝʜ ʫʜʘʨʘ. 
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ʇʨʠ ʨʝʰʘʚʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ ʦʪ ʜʚʝ ʫʨʘʚʥʝʥʠʷ ʩ ʜʚʝ ʥʝʠʟʚʝʩʪʥʠ ʩʝ ʥʘʤʠʨʘʪ ʩʢʦʨʦʩʪʠʪʝ ʥʘ ʤʘ-

ʩʦʚʠʪʝ ʮʝʥʪʨʦʚʝ ʥʘ ʜʚʘʪʘ ʘʚʪʦʤʦʙʠʣʘ ʧʨʝʜʠ ʫʜʘʨʘ ὠ ʠ ὠ [1,2,3]. 

3. ʈɽɿʋʃʊɸʊʀ ʀ ʀɿɺʆɼʀ 

ʆʩʥʦʚʥʘʪʘ ʮʝʣ ʥʘ ʪʦʚʘ ʫʝʙ ʧʨʠʣʦʞʝʥʠʝ ʝ ʜʘ ʥʘʧʨʘʚʠ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʦʙʠʢʥʦʚʝʥʠʷʪ ʧʦʪʨʝʙʠ-

ʪʝʣ ʠ ʯʦʚʝʢʲʪ, ʢʦʡʪʦ ʧʨʝʜʣʘʛʘ ʫʩʣʫʛʘʪʘ. ɼʘʜʝʥʠ ʩʘ ʧʨʠʤʝʨʠ ʦʪ ʨʘʙʦʪʘʪʘ ʥʘ ʘʚʪʦʝʢʩʧʝʨʪ, ʢʘʢʪʦ ʠ 

ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʥʝʛʦʚʘʪʘ ʨʘʙʦʪʘ (ʬʠʛʫʨʠ 4 ʠ 5) ʠ ʢʦʥʪʘʢʪʠ, ʢʘʪʦ ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʠʤʘʪ ʚʲʟʤʦʞʥʦʩʪʪʘ 

ʜʠʨʝʢʪʥʦ ʜʘ ʠʟʧʨʘʪʷʪ ʟʘʧʠʪʚʘʥʝ ʢʲʤ ʥʝʛʦ. (ʬʠʛʫʨʘ 3) 

 
ʌʠʛ. 3. ʉʪʨʘʥʠʮʘ ʟʘ ʢʦʥʪʘʢʪʠ 

 

  

ʌʠʛ. 4. ʉʪʨʘʥʠʮʘ ʩ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʘʚʪʦʝʢʩʧʝʨʪʘ ʠ ʩʥʠʤʢʠ ʦʪ ʇʊʇ 

 

 

 
ʌʠʛ. 5. ʉʪʨʘʥʠʮʘ Ăʀʟʯʠʩʣʝʥʠʷñ 
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ɿʘ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʥʘʩʪʦʷʱʠʷʪ ʩʘʡʪ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʩʣʝʜʥʠʪʝ ʪʝʭʥʠʯʝʩʢʠ ʩʨʝʜʩʪʚʘ- HTML, 

CSS ʠ JavaScript [4]. ʆʙʲʨʥʘʪʦ ʝ ʦʩʦʙʝʥʦ ʚʥʠʤʘʥʠʝ ʥʘ ʜʠʟʘʡʥʘ ʥʘ ʩʘʡʪʘ- ʠʟʙʦʨʘ ʥʘ ʮʚʝʪʦʚʝ, ʧʨʝʜʩ-

ʪʘʚʷʥʝ ʥʘ ʛʨʘʬʠʯʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʠ ʪ. ʥ, ʩ ʢʦʠʪʦ ʩʘʡʪʲʪ ʫʣʘʚʷ ʦʢʦʪʦ ʠ ʟʘʜʲʨʞʘ ʚʥʠʤʘʥʠʝʪʦ.  

ʀʟʛʨʘʜʝʥʘ ʝ ʩʪʨʘʥʠʮʘ, ʚ ʢʦʷʪʦ ʝʜʠʥʩʪʚʝʥʦ ʧʨʠ ʥʘʥʘʩʷʥʝʪʦ ʥʘ ʜʘʜʝʥʠ ʠʟʚʝʩʪʥʠ ʩʪʦʡʥʦʩʪʠ ʩʝ 

ʠʟʚʲʨʰʚʘ ʧʨʝʩʤʷʪʘʥʝʪʦ ʥʘ ʩʠʩʪʝʤʘ ʦʪ ʜʚʝ ʧʦ-ʩʣʦʞʥʠ ʫʨʘʚʥʝʥʠʷ ʦʪʥʦʩʥʦ ʩʢʦʨʦʩʪʠʪʝ ʥʘ ʘʚʪʦʤʦʙʠ-

ʣʠ, ʢʘʢʪʦ ʝ ʧʦʢʘʟʘʥʦ ʥʘ ʬʠʛʫʨʘ 5. 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʪʝʟʠ ʠʟʯʠʩʣʝʥʠʷ ʩʝ ʧʨʝʜʩʪʘʚʷʪ ʚ ʫʜʦʙʥʘ ʠ ʣʝʩʥʦʨʘʟʙʠʨʘʝʤʘ ʪʘʙʣʠʮʘ, ʧʨʝʜʩ-

ʪʘʚʝʥʘ ʥʘ ʬʠʛ. 6, ʪʘʢʘ ʯʝ ʥʝ ʩʘʤʦ ʝʢʩʧʝʨʪʠ, ʘ ʠ ʦʙʠʢʥʦʚʝʥʠʪʝ ʧʦʪʨʝʙʠʪʝʣʠ ʜʘ ʤʦʛʘʪ ʜʘ ʷ ʨʘʟʙʝʨʘʪ.  

 

 
ʌʠʛ. 6. ʊʘʙʣʠʮʘ ʩ ʨʝʟʫʣʪʘʪʠ 

 

4. ɼʀʉʂʋʉʀʗ  

ʈʘʟʨʘʙʦʪʝʥʠʷʪ ʩʘʡʪ ʟʘ ʨʘʙʦʪʘʪʘ ʥʘ ʘʚʪʦʝʢʩʧʝʨʪʘ ʠ ʠʟʯʠʩʣʝʥʠʝʪʦ ʧʦ ʤʝʪʦʜ ĂMOMENTUM 

360ò ʝ ʝʜʥʘ ʤʘʣʢʘ ʯʘʩʪ ʦʪ ʧʦ-ʛʦʣʷʤ ʧʨʦʝʢʪ. ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʪʦʟʠ ʫʝʙ ʩʘʡʪ ʦʪ ʘʚʪʦʝʢʩʧʝʨʪʠ ʦʪ ʮʷ-

ʣʘʪʘ ʩʪʨʘʥʘ, ʙʠ ʤʦʛʣʦ ʜʘ ʥʘʤʘʣʠ ʛʨʝʰʢʠʪʝ, ʜʦʧʫʩʢʘʥʠ ʧʨʠ ʘʚʪʦʪʝʭʥʠʯʝʩʢʠʷ ʝʢʩʧʝʨʪʝʥ ʘʥʘʣʠʟ.   

ʀʟʧʲʣʥʝʥʘ ʝ ʦʩʥʦʚʥʘʪʘ ʮʝʣ ʥʘ ʧʨʦʝʢʪʘ ï ʩʲʟʜʘʜʝʥ ʝ ʩʘʡʪ, ʢʦʡʪʦ ʦʪʛʦʚʘʨʷ ʥʘ ʚʩʠʯʢʠ ʧʨʝʜʚʘʨʠ-

ʪʝʣʥʦ ʫʩʪʘʥʦʚʝʥʠ ʫʩʣʦʚʠʷ, ʯʨʝʟ ʢʦʝʪʦ ʝ ʧʦʩʪʠʛʥʘʪʦ ʘʚʪʦʤʘʪʠʟʠʨʘʥʝ ʥʘ ʠʥʞʝʥʝʨʥʠʷ ʪʨʫʜ ʧʨʠ ʨʝ-

ʰʘʚʘʥʝ ʥʘ ʠʥʞʝʥʝʨʥʘ ʟʘʜʘʯʘ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʘʚʪʦʪʝʭʥʠʯʝʩʢʘʪʘ ʝʢʩʧʝʨʪʠʟʘ. ʊʦʚʘ ʚʦʜʠ ʜʦ ʪʦʯʥʦʩʪ ʥʘ 

ʠʟʯʠʩʣʠʪʝʣʥʘ ʧʨʦʮʝʜʫʨʘ, ʜʦʩʪʦʚʝʨʥʦʩʪ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʠ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʩʨʘʚʥʠʪʝʣʥʠ ʘʥʘʣʠʟʠ ʩʣʝʜ 

ʧʲʣʥʦʪʦ ʦʢʦʤʧʣʝʢʪʦʚʘʥʝ. 

ʂʘʪʦ ʙʲʜʝʱʝ ʨʘʟʚʠʪʠʝ ʥʘ ʫʝʙ ʩʘʡʪʘ ʩʝ ʧʨʝʜʚʠʞʜʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʚʝʯʝ ʚʲʚʝʜʝʥʘʪʘ ʙʘʟʘ ʦʪ ʜʘʥ-

ʥʠ ʠ ʚʲʚʝʞʜʘʥʝ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʘ ʪʘʢʘʚʘ ʩ ʮʝʣ ʠʟʯʠʩʣʠʪʝʣʥʠ ʧʨʦʮʝʜʫʨʠ ʚ ʜʨʫʛʠ ʜʦʧʲʣʥʠʪʝʣʥʠ ʤʝ-

ʪʦʜʘ ʧʨʠ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʫʜʘʨ ʤʝʞʜʫ ʘʚʪʦʤʦʙʠʣʠ, ʢʘʢʪʦ ʠ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʩʨʘʚʥʠʪʝʣʥʠ ʘʥʘʣʠʟʠ ʦʪ 

ʠʟʭʦʜʥʠʪʝ ʚʝʣʠʯʠʥʠ ʧʨʠ ʘʚʪʦʤʘʪʠʟʠʨʘʥʝ ʥʘ ʠʟʧʦʣʟʚʘʥʠʪʝ ʤʝʪʦʜʠ. 
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Abstract: Experimental simulation modelling is the basis of the present work. It is used as an ef-

fective way to familiarize      and introduce students from heat engineering specialties to the spe-

cifics of combustion processes. The advantages of modelling and the possibilities of achieving 

optimal results in combustion processes by changing the geometric, initial, and boundary condi-

tions in an experimental program environment are presented. As a task in this report, the results 

of a computer simulation of a combustion process, with separate supply of the fuel and the oxi-

dizer in the conditions of a straight jet, are considered and presented. The task is also the basis 

of upcoming future dissertation research. 

Keywords: Numerical simulation, burning process, non-isothermal conditions, gas fuel, straight 

jet. 

 

       Introduction  

       Modelling of physical and chemical processes in the field of heat engineering is used as a successful 

method in the design of new equipment and systems, as well as for analysing and solving tasks related to 

improving the performance and energy efficiency of existing such devices. 

Engineering science is based on two fundamental methods ï experiment and mathematical analysis of 

the laws of nature and physical phenomena. With proper planning and correct conduct of the experiment, 

its main advantage is credibility and unequivocalness for a given case. In the second method, natural 

phenomena and processes are described by differential equations, which give the quantitative relation-

ships between physical parameters. Considering the complexity of the heat and mass exchange processes 

in the stoichiometry of the burning process, the use of numerical simulation has been proven to be quite a 

successful approach in the research and development of new combustion technologies. 

 From the technical point of view, combustion is the continuous oxidation of fuel by oxygen from the 

air, accompanied by an intense release of heat and light. Three conditions are necessary for a burning 

process to occur: 

- A chemical reaction to occur between the  

fuel and the oxidizer. 

      - There should be unity between thermodynamic and chemical equilibrium. 

      - That the system is isokinetic, the rates at which the fuel and oxidizer are supplied, the   course of 

the oxidation reaction and the removal of the burning process products are equal. 

        A basic concept in modelling is the concept of model. A model is understood as a simplified system, 

having a material or abstract character, which reflects only separate but important properties of the stud-

ied object, called the original. 

       With the help of the models, specific physical phenomena and processes occurring in the original can 

be studied, and the research itself (be it experimental or theoretical) takes place on or through the model. 

Therefore, the value of modelling as a scientific method is that the study of the original representing 

some complex system, through a simpler and more accessible object for research, reflecting the most im-

portant and most characteristic features of the original. In order to obtain specific results from this model, 

a numerical simulation is performed. This is the process of realization of the previously constructed mod-

el, during which specific values of the parameters characterizing the considered physic-chemical phe-

nomenon are obtained.  

mailto:nkrystev@tu-sofia.bg
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       In order to use the results of the model tests, there must be a complete similarity between the model 

and the original, which means to establish unconditional unambiguity of geometrical conditions, physical 

conditions, boundary conditions, initial conditions. For this purpose, before using the obtained results, it 

is necessary to check the model and the numerical simulation for correctness. These checks are known in 

the specialized literature as verification and validation. 

       The verification process is expressed in error estimation, which determines the accuracy of a calcula-

tion. This depends on the correct choice of convergence of the individual iterations, the correct choice of 

finite element mesh and their distribution on the object, the correct choice of mathematical equations and 

their solution sequence. The process of validation or validation of the model is a comparison of the re-

sults obtained from the numerical model with experimental data obtained under identical conditions. This 

determines whether the numerical model is adequate, i.e., sufficiently accurately describes the real pro-

cesses taking place in the burning chamber. 

       The aim of the present work is to investigate the possibility of influencing the burning process 

through computer simulation. The main characteristics of the burning process in the burning chamber of 

the device were studied. The obtained information would be useful from the point of view of regulation 

of the combustion process under real conditions. Also, it could be used in the educational process when 

training students in thermal engineering disciplines related to combustion processes and their modelling.  

Essence and consistency of the developed method. 

       In the present work, an experimental model of diffusion combustion of gaseous fuel under the condi-

tion of a straight jet has been developed and considered. The model simulation for the considered fuel 

process was carried out with the program product "Ansys/CFX".  

       In order for the correct application of the present numerical research in the educational process of 

students of the OKS Ă Master ñ, it is first necessary for the students to be well acquainted with the main 

theoretical features regarding the researched object, for the object itself not to have a complex geometric 

configuration, however possible and easy its validation. 

       The numerical simulation of the process of diffusion combustion of gas fuel includes the discretiza-

tion of the studied area on a finite element network. To determine the variable quantities (temperature, 

concentrations, mass flow rate, velocity, pressure...) for each of its nodes, a system of equations is solved 

based on: 

       Continuity equation:       

                                                      (1) 

        The equations of motion for turbulent flows: 
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where: Cɛ ï turbulence constant; k- turbulent kinetic energy; Ů- the dissipation rate of turbulent kinetic 

energy; ůk, ůŮ ï respectively Schmidt's criteria for turbulent kinetic energy, its dissipation rate; ůt - 

Prandtl (Schmidt) turbulence criteria. 

        Combustion equations, for a model without premixing and presence of heat exchange: 

                       ”ȢὌ Ȣɳ”ȢὺȢὌ Ȣɳ ȢɳὌ Ὓ                        (4) 
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 where: Keff ï effective thermal conductivity, including the turbulent properties of the reagents; H- the 

total enthalpy of the formed burning products; Sh ï includes volumetric heat sources.  

  Energy conservation equation: 
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where: cp is specific heat capacity; Ὕ - the thermodynamic temperature at zero velocity of the fluid (total 

(stagnation) temperature); K- thermal conductivity; W- source term accounting for viscous work; Q- vol-

umetric heat source; ʌ- viscous source term accounting for heat generation; Ὁ- kinetic energy. 

 

Model concept in ANSYS/CFX environment. 

        The object of research in the present work is the geometric model of tubular gas heaters, often used 

in practice, whose thermal performance is affected by complex factors, including the possibility of influ-

encing the combustion process. 

        The burner has a forced air supply. The fuel - technically pure propane (ὅὌ ) through a rotameter 

(9) is fed centrally into the combustion chamber (7) after a gas nozzle. The air required for combustion 

comes from a centrifugal fan (1). The air flow rate can be changed by means of a rotary throttle valve (2) 

mounted on the fan inlet. The burning process takes place in a cylindrical combustion chamber - a seam-

less steel tube with a diameter of D= 0.14 m and a length of L= 0.70 m. The flow rate of the air flow is 

determined by means of a previously tared measuring throttle (3) and a differential liquid pressure gauge 

(4). The gas flows axially from the tip (gas nozzle) of the central burner tube (8) and develops in the air 

flow. After mixing with air, it burns in conditions of a limited diffusion flame. Along the axis of the 

combustion chamber, the change in temperature is measured at certain distances (5). The pressure regula-

tor (10) guarantees a constant debit of gas supplied for combustion from the battery of bottles (11). 

 
fig.1. experimental scheme of the fuel installation.          

 

This process is well-studied theoretically and is present in various laboratory exercises in the discipline 

"Combustion technology and technologies". The obtained experimental results are well known and allow 

a quick and convenient validation of the numerical simulation results. 

         Geometric model. 

        The construction of the model is carried out quickly and easily by the "create - primitives" module, 

through a combination of three cylindrical bodies. It is assumed that the combustion chamber is a cylin-

drical steel tube with an outer diameter of D= 140 mm and a length of L= 700 mm. The geometric model 

was created in the Ansys Design Model module (fig.2). 
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fig.2. scheme of the geometric model. 

 

        Discretization of the geometric model. 

        It consists in creating a mesh of finite elements. The computational mesh consists of volumes of 

regular or irregular geometric shape with the same or different size of the elements. This is accomplished 

in the ICEM MESHING module. 

 

 
fig.3. discretization of the geometric model. 

         

For this purpose, areas are created with smaller element sizes. The total number of computational mesh 

elements is 116 030, with 22 205 nodal points located on the surface and the entire volume of the cylin-

drical bodies. The construction of a mesh of finite elements is carried out in an automatic way. 

 

Modelling of initial, physical and boundary conditions. 

        This is accomplished in the next Setup module. 

        Initial conditions. 

        For initial conditions, it is assumed that the incoming air stream for combustion has a mass flow rate 

of 0,043 kg/s and a temperature of 293,15 K. Its composition includes ὕ, O, ὔ , ὅὕ, NO and ὌO, i.e., 

it approaches the composition at real conditions. The gaseous fuel is propane C3H8, with minor amounts 

of water vapor, ὅὕ, and oxygen molecules. Gas fuel flow rate is 0.003 kg/s. This corresponds to a coef-

ficient of excess air Ŭ = 1,2. 

        Physical conditions.  

        For the creation of the physical model, the program allows the use of 3 possible domains - fluid, for 

a solid body and for a porous body. For our case, we choose for a fluid domain - Fluid Domain, and the 

selected fluids are assumed to be a reacting mixture EDM (Eddy Dissipation Model) is used to model the 

turbulence. It is the best applicable model in turbulent flows when the chemical reaction rate is relatively 

fast for the transfer processes in the flow. When the reactants are mixed at the molecular level, they in-

stantly form combustion products. The model assumes that the reaction rate can be directly related to the 

mixing time of the reactants. In turbulent flows, this mixing time is affected by the spreading properties, 

and therefore the velocity is proportional to the mixing time determined by the turbulent kinetic energy k 

and the dissipation Ů:                                               Rate ~                                       (6) 
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where: Rate ï speed of the chemical reaction; 

         

Boundary conditions. 

        In table 1, the boundary conditions of the computational algorithm are shown. 

ˉ Boundaries Boundary conditions 

Gas in F 10.8 LPG (C3H8) inlet Mass flow rate 0,003 kg/s 

Air in F21.8 Air inlet Area  Mass flow rate 0,043 kg/s 

Outflow F13.8 Burning products outlet (opening boundary) 

Area  

Relative pressure pr=1000 Pa 

F11.8, F12.8, F20.8, F9.8 Walls Water cooling, Heat transfer coefficient = 3000W/ά K 

          

Results of the numerical simulation. 

         In fig. 4 shows the temperature distribution along the boundary walls of the combustion chamber, 

with a saturated colour the areas with high temperature fields are clearly visible. In fig. 5 shows the dis-

tribution of the temperature in the fuel torch itself along its central longitudinal axis. A temperature gra-

dient is observed from the lower part (conditionally, according to the coordinate system) to the upper part 

of the cylindrical combustion chamber, which is due to the aerodynamic "lifting" of the torch, due to the 

heating and the change in the density of the combustion products. 

 

     
                                  fig. 4                                                                            fig. 5 

        The aerodynamic "lift" of the torch is expressed graphically in fig. 6 and fig. 7, comparing the tem-

perature variation along the axis of distances -0,1Y and +0,1Y, respectively.  

   

                                   fig. 6                                                                            fig. 7 

         As a premise, the theoretical fact is used that, in accordance with the Arrhenius law, the combustion 

process of the fuel-air mixture takes place at an increasing temperature along the flame axis with a maxi-

mum at the flame front. After reaching the zone with the maximum temperature, a comparatively con-
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stant character of the temperature along the axis of the combustion chamber is observed. This is ex-

pressed in the results of the computer simulation shown in fig. 8 and the comparison made from the ob-

tained values of the temperature field, in three consecutive natural experiments fig. 9. 

    
                                    fig. 8                                                                            fig. 9 

      Conclusion. 

¶ The temperature distribution that we observe during diffusion burning in a straight jet condition is 

a non-symmetric distribution of the flame along the axis as a result of aerodynamic "lifting". After  

realizing the maximum value, a relatively constant average temperature is established along the 

entire length of the combustion chamber, which is a sought-after characteristic when designing 

combustion devices with radiant heat exchange of the type of gas tube heaters. 

¶ Using experimental simulation modelling in training students of heat engineering specialties, it is 

possible to consider the diversity and specificity of combustion processes under different condi-

tions, which enriches their knowledge and improves the quality of the educational process. 

¶ Conducting experiments with model simulations is very convenient, because it is incomparably 

cheaper and safer, and very often the only possibility. 
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ABSTRACT: In this paper the influence of the environment in the processes of biogas collection in livestock 

farms is considered. Data related to the case of different input raw materials are shown. The results refer to a bi-

ogas plant located in the immediate vicinity of a pig farm and arable agricultural land adjacent to the same hold-

ing. Attention is paid to the carbon emissions from the cultivation of the agricultural areas from which the plant 

waste is used. Also emissions from the transportation of raw materials to the biogas plant, both plant and animal. 

In this case, they have little weight due to the proximity of the biogas plant to the arable land of the same owner. 

The impact of biogas systems on the environment depends to a large extent on the raw materials used, the ener-

gy efficiency in the biogas production chain, the free flow of methane and the condition of the system used for 

the use of biogas. Of great importance is the quality of the combustion process. In some cases, CO2, CO and 

NOx emissions in the fuel cycle can differ 3-4 times between two biogas systems providing equivalent energy 

power. 

KEYWORDS: carbon emissions, municipal wastewater treatment, biogas, methane 
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1. ɺʲʚʝʜʝʥʠʝ 

ʉʲʚʨʝʤʝʥʥʦʪʦ ʟʘʢʦʥʦʜʘʪʝʣʩʪʚʦ ʥʘʣʘʛʘ ʨʝʜʠʮʘ ʦʛʨʘʥʠʯʝʥʠʷ ʚʲʨʭʫ ʪʝʭʥʦʣʦʛʠʯʥʠʪʝ ʧʨʦʮʝʩʠ 

ʚʣʠʷʝʱʠ ʚʲʨʭʫ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ʅʘʣʘʛʘʪ ʩʝ ʩʘʥʢʮʠʠ ʥʘ ʦʧʨʝʜʝʣʝʥʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠ ʥʘʨʫʰʘʚʘʥʝ 

ʥʘ ʠʟʠʩʢʚʘʥʠʷʪʘ. ɺ ʜʨʫʛʠ ʩʣʫʯʘʡ ʩʝ ʥʘʣʘʛʘ ʜʦʧʣʘʱʘʥʝ ʥʘ ʚʲʛʣʝʨʦʜʥʠ ʝʤʠʩʠʠ. ʆʩʥʦʚʥʠʪʝ ʠʟʪʦʯʥʠ-

ʮʠʪʝ ʥʘ ʚʲʛʣʝʨʦʜʥʠ ʝʤʠʩʠʠ ʚ ʩʝʣʩʢʦʪʦ ʩʪʦʧʘʥʩʪʚʦ ʩʘ ʤʝʪʘʥ, ʜʚʫʘʟʦʪʝʥ ʦʢʩʠʜ ʠ ʚʲʛʣʝʨʦʜʝʥ ʦʢʩʠʜ. 

ʄʝʪʘʥʘ ʩʝ ʦʪʜʝʣʷ ʦʪ ʞʠʚʦʪʥʠʪʝ ʧʨʠ ʭʨʘʥʦʩʤʠʣʘʥʝʪʦ ʥʘ ʬʫʨʘʞʘ (ʢʘʪʦ ʥʘʡïʛʦʣʷʤ ʧʨʦʮʝʥʪ ʝ ʧʨʠ 

ʛʦʚʝʜʘ ʠ ʦʚʮʝ) ʠ ʧʨʠ ʩʲʭʨʘʥʝʥʠʝʪʦ ʥʘ ʦʙʦʨʩʢʠ ʪʦʨ (ʦʩʥʦʚʥʦ ʦʪ ʛʦʚʝʜʘ ʠ ʩʚʠʥʝ), ʜʚʫʘʟʦʪʥʠʷ ʦʢʩʠʜ 

ʩʝ ʦʪʜʝʣʷ ʦʩʥʦʚʥʦ ʧʨʠ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʭʠʤʠʯʝʩʢʠ ʪʦʨʦʚʝ, ʜʦʢʘʪʦ ʦʪʜʝʣʷʥʝ ʥʘ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ, 

ʦʩʥʦʚʥʦ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʧʨʠ ʧʨʦʤʷʥʘ ʥʘ  ʦʙʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʧʣʦʱʠ ʩ ʧʨʦʤʝʥʝʥʦ ʟʝʤʝʧʦʣʟʚʘʥʝ. ɿʘ 

ʧʝʨʠʦʜʘ ʦʪ 1990-2018 ʛʦʜʥʘ ʦʢʦʣʦ 12 % ʦʪ ʝʤʠʩʠʠʪʝ ʦʪ ʩʝʣʩʢʦʪʦ ʩʪʦʧʘʥʩʪʚʦ ʩʘ ʦʪ ʩʲʭʨʘʥʝʥʠʝʪʦ ʥʘ 

ʦʙʦʨʩʢʠ ʪʦʨ. ʇʦ-ʛʦʣʷʤʘ ʧʦʧʫʣʷʨʠʟʘʮʠʷ ʥʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʙʠʦʛʘʟʦʚʠʪʝ ʠʥʩʪʘʣʘʮʠʠ ʙʠ ʠʤʘʣʦ ʦʧʨʝ-

ʜʝʣʝʥʦ ʨʝʜʫʮʠʨʘʱ ʝʬʝʢʪ ʚʲʨʭʫ ʪʝʟʠ ʧʨʦʮʝʥʪʠ. ʀʤʘʡʢʠ ʚ ʧʨʝʜʚʠʜ ʠʟʤʠʥʘʣʠʷ ʧʝʨʠʦʜ ʜʦ 2020 ʛʦʜʠ-

ʥʘ, ʚ ʢʦʡʪʦ ʙʷʭʘ ʟʘʣʦʞʝʥʠ ʥʘʤʘʣʝʥʠʷ ʥʘ ʝʤʠʩʠʠʪʝ ʩ 20%, ʥʘʩʪʦʷʱʘʪʘ ʨʘʤʢʘ ʝ 40% ʜʦ 2030, ʢʘʪʦ 

ʠʤʘ ʧʨʝʜʣʦʞʝʥʠʝ ʟʘ 55%, ʩ ʞʝʣʘʥʠʝ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʥʫʣʝʚʠ ʥʝʪʥʠ ʝʤʠʩʠʠ ʜʦ 2050ʛ. ɺ ʧʝʨʠʦʜʘ ʜʦ 

2018 ʛʦʜʠʥʘ ʥʝ ʩʘ ʨʝʘʣʠʟʠʨʘʥʠ ʥʘʤʘʣʝʥʠʝ ʥʘ ʚʲʛʣʝʨʦʜʥʠʪʝ ʝʤʠʩʠʠ ʦʪ ʞʠʚʦʪʥʠʪʝ ʚ ʩʝʣʩʢʦʪʦ ʩʪʦ-

ʧʘʥʩʢʦ (ʦʪʜʝʣʝʥʠʷ ʤʝʪʘʥ ʦʪ ʭʨʘʥʦʩʤʠʣʘʥʝʪʦ ʥʘ ʞʠʚʦʪʥʠʪʝ ʠ ʦʪ ʩʲʭʨʘʥʝʥʠʝʪʦ ʥʘ ʦʙʦʨʩʢʠ ʪʦʨ). 

ʉʧʦʨʝʜ ʠʟʪʦʯʥʠʮʠ ʧʨʠ ʨʘʟʜʝʣʷʥʝʪʦ ʥʘ ʝʤʠʩʠʠʪʝ ʦʪ ʞʠʚʦʪʠʥʩʢʠ ʠ ʨʘʩʪʠʪʝʣʝʥ ʧʨʦʠʟʭʦʜ, ʩʨʝʜʥʦ ʟʘ 

ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ 83% ʩʘ ʝʤʠʩʠʠ ʦʪ ʞʠʚʦʪʠʥʩʢʠ ʧʨʦʜʫʢʪʠ [Nilsson M, Linne M, Dahl A]. ʆʩʥʦʚ-

ʥʠʷ ʘʢʮʝʥʪ ʥʘ ʥʘʩʪʦʷʱʘʪʘ ʨʘʙʦʪʘ ʝ ʦʨʠʝʥʪʠʨʘʥ ʢʲʤ ʘʥʘʣʠʟ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʩʲʩʪʘʚʣʷʚʘʱʠ ʥʘ ʝʤʠʩʠ-

ʠʪʝ, ʢʘʢʪʦ ʠ ʪʷʭʥʘʪʘ ʪʝʞʝʩʪ ʧʨʠ ʧʨʝʨʘʙʦʪʢʘʪʘ ʥʘ ʧʨʝʩʝʥ ʪʦʨ ʦʪ ʩʚʠʥʝʬʝʨʤʘ, ʧʰʝʥʠʯʝʥ ʠ ʩʣʲʥʯʦʛ-

ʣʝʜʦʚ ʩʠʣʘʞ. 
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2. ʀʟʣʦʞʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʘʪʘ ʨʘʙʦʪʘ ʝ ʧʦʢʘʟʘʥʦ ʨʘʟʣʠʯʥʦʪʦ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʥʘ ʦʪʜʝʣʥʠʪʝ ʪʝʭʥʦʣʦ-

ʛʠʯʥʠ ʧʨʦʮʝʩʠ ʩʚʲʨʟʘʥʠ ʩ ʜʦʙʠʚʘ ʥʘ ʙʠʦʛʘʟ. ʆʙʲʨʥʘʪʦ ʝ ʚʥʠʤʘʥʠʝ ʥʘ ʚʲʛʣʝʨʦʜʥʠʪʝ ʝʤʠʩʠʠ ʦʪ ʦʙ-

ʨʘʙʦʪʢʘ ʥʘ ʟʝʤʝʜʝʣʩʢʠʪʝ ʧʣʦʱʠ, ʦʪ ʢʦʠʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʨʘʩʪʠʪʝʣʥʠʪʝ ʦʪʧʘʜʲʮʠ. ʉʲʱʦ ʪʘʢʘ ʝʤʠʩʠʠ-

ʪʝ ʦʪ ʪʨʘʥʩʧʦʨʪʠʨʘʥʝ ʥʘ ʩʫʨʦʚʠʥʠʪʝ ʢʲʤ ʙʠʦʛʘʟʦʚʘʪʘ ʠʥʩʪʘʣʘʮʠʷ, ʢʘʢʪʦ ʨʘʩʪʠʪʝʣʥʠʪʝ, ʪʘʢʘ ʠ ʞʠ-

ʚʦʪʠʥʩʢʠʪʝ. ɺ ʢʦʥʢʨʝʪʥʠʷ ʩʣʫʯʘʡ ʪʝ ʠʤʘʪ ʥʝʛʦʣʷʤʘ ʪʝʞʝʩʪ, ʧʦʨʘʜʠ ʙʣʠʟʦʩʪʪʘ ʥʘ ʙʠʦʛʘʟʦʚʘʪʘ ʠʥʩ-

ʪʘʣʘʮʠʷ ʜʦ ʦʙʨʘʙʦʪʚʘʝʤʠʪʝ ʟʝʤʠ ʥʘ ʩʲʱʠʷ ʩʦʙʩʪʚʝʥʠʢ. [Uppenberg S et al]. ʆʪʯʝʪʝʥʘ ʝ ʫʧʦʪʨʝʙʘʪʘ 

ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʠ ʜʚʠʛʘʪʝʣʠ, ʢʘʢʪʦ ʟʘ ʭʦʤʦʛʝʥʠʟʠʨʘʥʝʪʦ ʥʘ ʚʭʦʜʥʠʷ ʤʘʪʝʨʠʘʣ ʚ ʧʨʠʝʤʥʠʷ ʙʫʥʢʝʨ, 

ʪʘʢʘ ʠ ʟʘ ʪʨʘʥʩʧʦʨʪʠʨʘʥʝʪʦ ʢʲʤ ʠ ʤʝʞʜʫ ʪʨʠʪʝ ʙʠʦʨʝʘʢʪʦʨʘ. ʇʨʝʩʤʷʪʘʥʝʪʦ ʥʘ ʝʤʠʩʠʠʪʝ ʝ ʥʘʧʨʘʚʝ-

ʥʦ ʧʦ ʤʝʪʦʜʠʢʘ, ʯʨʝʟ ʢʦʷʪʦ ʩʘ ʦʧʨʝʜʝʣʝʥʠ ʝʤʠʩʠʠʪʝ ʦʪ ʚʩʠʯʢʠ ʝʪʘʧʠ ʧʨʠ ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʝʪʦ ʥʘ 

ʩʫʨʦʚʠʥʠʪʝ [Methodology for calculating the reduction of greenhouse gas emissions from the whole life 

cycle of biofuels and liquid biomass fuels].  

ʉʲʛʣʘʩʥʦ ʪʘʟʠ ʤʝʪʦʜʠʢʘ ʦʙʱʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʦʪʜʝʣʷʥʠʪʝ ʝʤʠʩʠʠ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʩʤʝʪʥʝ ʧʦ 

ʟʘʚʠʩʠʤʦʩʪʪʘ:  

 

EB= ees +el + ep + etd + eu - esca - eccr - eee, 

ʢʲʜʝʪʦ: 

ees - ʝʤʠʩʠʠʪʝ ʦʪ ʦʪʛʣʝʞʜʘʥʝʪʦ ʠ ʜʦʙʠʚʘ ʥʘ ʟʝʤʝʜʝʣʩʢʠ ʢʫʣʪʫʨʠ; 

el - ʛʦʜʠʰʥʠʪʝ ʝʤʠʩʠʠ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚʲʚ ʚʲʛʣʝʨʦʜʥʠʪʝ ʟʘʧʘʩʠ, ʜʲʣʞʘʱʠ ʩʝ ʥʘ ʧʨʦʤʝ-

ʥʝʥ ʥʘʯʠʥʘ ʥʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʟʝʤʷ; 

ep - ʝʤʠʩʠʠʪʝ ʦʪ ʧʨʝʨʘʙʦʪʢʘʪʘ; 

etd - ʝʤʠʩʠʠʪʝ ʦʪ ʪʨʘʥʩʧʦʨʪ ʠ ʨʘʟʧʨʝʜʝʣʝʥʠʝ; 

eu - ʝʤʠʩʠʠʪʝ ʦʪ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʛʦʨʠʚʦʪʦ; ʉʪʦʡʥʦʩʪʪʘ ʥʘ ʪʦʟʠ ʝʣʝʤʝʥʪ ʩʣʝʜʚʘ ʜʘ ʩʝ ʧʨʠʝʤʝ 0 ʟʘ ʙʠ-

ʦʛʦʨʠʚʘ ʠ ʪʝʯʥʠ ʛʦʨʠʚʘ ʦʪ ʙʠʦʤʘʩʘ; 

esca - ʥʘʤʘʣʝʥʠʷʪʘ ʥʘ ʝʤʠʩʠʠ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʥʘʪʨʫʧʚʘʥʝ ʥʘ ʚʲʛʣʝʨʦʜ ʚ ʧʦʯʚʘʪʘ ʚʩʣʝʜʩʪʚʠʝ ʧʦʜʦʙ-

ʨʝʥʦ ʫʧʨʘʚʣʝʥʠʝ ʚ ʩʝʣʩʢʦʪʦ ʩʪʦʧʘʥʩʪʚʦ; 

eccs - ʥʘʤʘʣʝʥʠʷʪʘ ʥʘ ʝʤʠʩʠʠ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʫʣʘʚʷʥʝ ʠ ʩʲʭʨʘʥʝʥʠʝ ʚ ʛʝʦʣʦʞʢʠ ʬʦʨʤʘʮʠʠ; 

eee - ʥʘʤʘʣʝʥʠʷʪʘ ʥʘ ʝʤʠʩʠʠ ʚ ʨʝʟʫʣʪʘʪ ʦʪ ʜʦʧʲʣʥʠʪʝʣʥʦ ʧʦʣʫʯʝʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ ʚ ʢʦʛʝʥʝ-

ʨʘʮʠʦʥʝʥ ʨʝʞʠʤ. 

ɺ ʥʘʩʪʦʷʱʘʪʘ ʨʘʙʦʪʘ ʟʘ ʧʦ ʜʦʙʨʦ ʦʥʘʛʣʝʜʷʚʘʥʝ ʧʨʠ ʧʦʢʘʟʚʘʥʝ ʥʘ ʜʘʥʥʠʪʝ ʟʘ ʨʘʟʣʠʯʥʠʪʝ ʠʟ-

ʪʦʯʥʠʮʠ ʥʘ ʝʤʠʩʠʠ ʝ ʚʲʚʝʜʝʥʦ ʩʣʝʜʥʦʪʦ ʯʠʩʣʦʚʦ ʦʟʥʘʯʝʥʠʝ: 

1- ʦʪ ʦʙʨʘʙʦʪʢʘ; 

2- ʦʪ ʪʨʘʥʩʧʦʨʪ ʥʘ ʩʠʣʘʞ; 

3- ʦʪ ʪʨʘʥʩʧʦʨʪ ʥʘ ʪʦʨ; 

4- ʦʪ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʪʦʨ; 

5- ʦʪ ʧʦʪʨʝʙʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ; 

6- ʦʪ ʧʦʪʨʝʙʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ. 

 

 
ʌʠʛ. 1. ʂʦʣʠʯʝʩʪʚʘ ʝʤʠʩʠʠ ʉʆ2 
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ʌʠʛ. 2. ʂʦʣʠʯʝʩʪʚʘ ʝʤʠʩʠʠ ʉʆ 

 

ʀʟʧʦʣʟʚʘʥʠʪʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʧʠʩʘʥʠ ʚ ʤʝʪʦʜʠʢʘʪʘ [Blinge M] ʩʘ ʦʪʥʝʩʝʥʠ ʟʘ ʢʦʥʢʨʝʪʥʠʷ 

ʩʣʫʯʘʡ. ʂʦʣʠʯʝʩʪʚʘʪʘ ʠʟʧʦʣʟʚʘʥʦ ʜʠʟʝʣʦʚʦ ʛʦʨʠʚʦ ʧʨʠ ʦʙʨʘʙʦʪʢʠʪʝ ʦʪʛʦʚʘʨʷ ʥʘ ʮʠʪʠʨʘʥʠʪʝ ʢʫʣ-

ʪʫʨʠ [Bºrjesson, P¬l; Berglund, Maria]. ʊʨʘʥʩʧʦʨʪʠʨʘʥʝʪʦ ʥʘ ʩʫʨʦʚʠʥʠʪʝ ʢʲʤ ʙʫʥʢʝʨʘ-ʧʨʠʝʤʥʠʢ 

ʩʲʱʦ ʝ ʦʪʯʝʪʝʥʦ ʢʘʪʦ ʠʟʪʦʯʥʠʢ ʥʘ ʝʤʠʩʠʠ. ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʬʠʛ. 1, ʬʠʛ. 2 

ʠ ʬʠʛ. 3. ʇʨʘʚʠ ʚʧʝʯʘʪʣʝʥʠ ʯʝ ʛʣʘʚʥʠʪʝ ʠʟʪʦʯʥʠʮʠ ʥʘ ʚʲʛʣʝʨʦʜʥʠʪʝ ʝʤʠʩʠʠ ʩʘ ʦʪ ʦʙʨʘʙʦʪʢʘʪʘ ʥʘ 

ʟʝʤʝʜʝʣʩʢʠʪʝ ʧʣʦʱʠ, ʜʦʢʘʪʦ ʝʤʠʩʠʠʪʝ ʦʪ ʘʟʦʪʥʠ ʦʢʩʠʜʠ ʩʘ ʥʘʡ-ʤʥʦʛʦ ʧʨʠ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʪʦʨ-

ʪʘ (ʟʘ ʢʦʝʪʦ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʝʣʝʢʪʨʠʯʝʩʢʠ ʜʚʠʛʘʪʝʣʠ). ʅʘ ʬʠʛ. 4 ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ, ʯʝ ʟʘ ʧʦʜʛʨʷʚʘʥʝʪʦ 

ʥʘ ʩʫʙʩʪʨʘʪʘ ʚ ʦʧʨʝʜʝʣʝʥʠ ʤʦʤʝʥʪʠ ʩʘ ʥʝʦʙʭʦʜʠʤʠ ʟʥʘʯʠʪʝʣʥʠ ʢʦʣʠʯʝʩʪʚʘ ʪʦʧʣʠʥʘ (ʝʥʝʨʛʠʷ).  

 

 
ʌʠʛ. 3. ʂʦʣʠʯʝʩʪʚʘ ʝʤʠʩʠʠ NʆX 

 

 
ʌʠʛ. 4. ʀʟʧʦʣʟʚʘʥʘ ʝʥʝʨʛʠʷ ʧʨʠ ʨʘʟʣʠʯʥʠʪʝ ʠʟʪʦʯʥʠʮʠ ʥʘ ʝʤʠʩʠʠ 

https://portal.research.lu.se/portal/en/persons/paal-boerjesson(a83045ef-6e1e-425a-a100-74217ec4ed27).html
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3. ɿʘʢʣʶʯʝʥʠʝ 

ɺʲʟʜʝʡʩʪʚʠʝʪʦ ʥʘ ʙʠʦʛʘʟʦʚʠʪʝ ʩʠʩʪʝʤʠ ʚʲʨʭʫ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʟʘʚʠʩʠ ʜʦ ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʦʪ ʠʟ-

ʧʦʣʟʚʘʥʠʪʝ ʩʫʨʦʚʠʥʠ, ʝʥʝʨʛʠʡʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʚʲʚ ʚʝʨʠʛʘʪʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʛʘʟ, ʥʝʢʦʥʪ-

ʨʦʣʠʨʘʥʠʪʝ ʟʘʛʫʙʠ ʥʘ ʤʝʪʘʥ ʠ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʠʟʧʦʣʟʚʘʥʘʪʘ ʩʠʩʪʝʤʘ ʟʘ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʙʠʦʛʘʟʘ. ʆʪ 

ʛʦʣʷʤʦ ʟʥʘʯʝʥʠʝ ʝ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʛʦʨʠʚʥʠʷ ʧʨʦʮʝʩ. ɺ ʥʷʢʦʠ ʩʣʫʯʘʡ ʝʤʠʩʠʠʪʝ ʥʘ CO2, CO ʠ NOx ʚ 

ʛʦʨʠʚʥʠʷ ʮʠʢʲʣ ʤʦʛʘʪ ʜʘ ʩʝ ʨʘʟʣʠʯʘʚʘʪ ʚ 3ï4 ʧʲʪʠ ʤʝʞʜʫ ʜʚʝ ʩʠʩʪʝʤʠ ʟʘ ʙʠʦʛʘʟ, ʦʩʠʛʫʨʷʚʘʱʠ ʝʢ-

ʚʠʚʘʣʝʥʪʥʘ ʝʥʝʨʛʠʡʥʘ ʤʦʱʥʦʩʪ.  

ʅʘʡ-ʛʦʣʷʤʦ ʚʥʠʤʘʥʠʝ ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʙʲʨʥʝ ʥʘ ʩʚʦʙʦʜʥʦ ʦʪʜʝʣʷʥʝ ʥʘ ʙʠʦʛʘʟ ʚ ʘʪʤʦʩʬʝʨʘʪʘ ʠ ʪʦʚʘ ʜʘ 

ʥʝ ʩʝ ʜʦʧʫʩʢʘ. ʅʘʧʨʠʤʝʨ ʟʘʛʫʙʠʪʝ ʥʘ ʤʝʪʘʥ, ʩʲʦʪʚʝʪʩʪʚʘʱʠ ʥʘ 1% ʦʪ ʧʨʦʠʟʚʝʜʝʥʠʷ ʙʠʦʛʘʟ, ʦʟʥʘʯʘ-

ʚʘʪ, ʯʝ ʝʤʠʩʠʠʪʝ ʥʘ ʤʝʪʘʥ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʘʪʘ ʬʘʟʘ ʦʪʛʦʚʘʨʷʪ ʥʘ ʧʦʚʝʯʝ ʦʪ 85% ʦʪ ʝʤʠʩʠʠʪʝ ʚ 

ʛʦʨʠʚʥʠʷ ʮʠʢʲʣ. ʂʘʪʦ ʧʨʠ ʥʷʢʦʠ ʪʠʧʦʚʝ ʬʝʨʤʠ ʛʦʣʷʤʘ ʪʝʞʝʩʪ ʠʤʘ ʦʪʜʝʣʷʥʝʪʦ ʥʘ ʤʝʪʘʥ ʦʪ ʞʠʚʦʪ-

ʥʠʪʝ, ʩʲʧʲʪʩʪʚʘʱʦ ʭʨʘʥʦʩʤʠʣʘʥʝʪʦ. ɿʘ ʢʦʨʝʢʪʥʦʪʦ ʦʪʯʠʪʘʥʝ ʩʘ ʚʢʣʶʯʝʥʠʪʝ ʝʤʠʩʠʠ ʦʪ ʪʨʘʥʩʧʦʨʪ 

(ʥʘ ʩʫʨʦʚʠʥʠʪʝ ʠ ʙʠʦʪʦʨʘ), ʦʙʨʘʙʦʪʢʘʪʘ ʟʘ ʟʝʤʷʪʘ, ʝʥʝʨʛʠʷʪʘ ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʪʝʭʥʦʣʦʛʠʯʥʠʪʝ 

ʧʨʦʮʝʩʠ. 
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THEORETICAL STUDY OF PRESS JOINT  

 

Dimitrinka S. Dachterova* , Ina D. Nikolova 

e-mail: dimitrinka_sl@yahoo.com *, inanikolova@yahoo.com 

 
Abstract. Compression joints provide relative rigidity between the parts to be joined, due to the frictional forc-

es generated by pressing the contact surfaces to be joined without additional securing elements for the connec-

tion. They are widely used in mechanical engineering, and the study of the maximum magnitude of axial force 

that a joint can sustain without failure is important to ensure its normal functioning.  

Key words: compression joint, axial force. 
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1. ɺʒɺɽɼɽʅʀɽ 

ʇʨʝʩʦʚʠʪʝ ʩʲʝʜʠʥʝʥʠʷ ʦʩʠʛʫʨʷʚʘʪ ʦʪʥʦʩʠʪʝʣʥʘ ʥʝʧʦʜʚʠʞʥʦʩʪ ʤʝʞʜʫ ʩʲʝʜʠʥʷʚʘʥʠʪʝ ʯʘʩʪʠ, 

ʚʩʣʝʜʩʪʚʠʝ ʥʘ ʩʠʣʠʪʝ ʥʘ ʪʨʠʝʥʝ, ʧʦʨʦʜʝʥʠ ʦʪ ʧʨʠʪʠʩʢʘʥʝʪʦ ʥʘ ʩʲʝʜʠʥʷʚʘʥʠʪʝ ʢʦʥʪʘʢʪʥʠ ʧʦʚʲʨʭ-

ʥʠʥʠ ʙʝʟ ʜʦʧʲʣʥʠʪʝʣʥʠ ʦʩʠʛʫʨʠʪʝʣʥʠ ʝʣʝʤʝʥʪʠ ʟʘ ʚʨʲʟʢʘ, ʢʘʪʦ ʚʠʥʪʦʚʝ, ʰʧʦʥʢʠ,  ʢʣʠʥʦʚʝ, ʱʠʬ-

ʪʦʚʝ ʠ ʜʨ.  

ʇʨʠʪʠʩʢʘʥʝʪʦ ʝ ʩʣʝʜʩʪʚʠʝ ʦʪ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʩʛʣʦʙʢʘ ʩ ʛʘʨʘʥʪʠʨʘʥʘ ʩʪʝʛʥʘʪʦʩʪ ŭ ʤʝʞʜʫ ʩʲ-

ʝʜʠʥʷʚʘʥʠʪʝ ʯʘʩʪʠ.  ʆʙʠʢʥʦʚʝʥʦ ʧʨʝʩʦʚʘʪʘ ʚʨʲʟʢʘ ʝ ʩʲʝʜʠʥʝʥʠʝ ʥʘ ʜʚʘ ʝʣʝʤʝʥʪʘ, ʝʜʠʥʠʷʪ ʦʪ ʢʦʠʪʦ 

ʥʘʧʲʣʥʦ ʠʣʠ ʯʘʩʪʠʯʥʦ ʦʙʭʚʘʱʘ ʜʨʫʛʠʷ. ʅʘʡ-ʯʝʩʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʩʚʲʨʟʚʘʪ ʛʣʘʜʢʠ ʮʠʣʠʥʜʨʠʯʥʠ 

ʜʝʪʘʡʣʠ [1]. 

ʊʦʟʠ ʪʠʧ ʩʲʝʜʠʥʝʥʠʷ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʩ ʪʦʚʘ, ʯʝ ʦʙʭʚʘʱʘʱʘʪʘ ʯʘʩʪ ʝ ʩ ʧʦ-ʤʘʣʲʢ ʜʠʘʤʝʪʲʨ 

ʦʪ ʪʦʟʠ ʥʘ ʦʙʭʚʘʱʘʥʘʪʘ. ʇʨʠ ʩʛʣʦʙʷʚʘʥʝʪʦ ʚ ʩʣʝʜʩʪʚʠʝ ʥʘ ʝʣʘʩʪʠʯʥʠ ʜʝʬʦʨʤʘʮʠʠ ʚ ʩʧʨʝʛʥʘʪʠʪʝ 

ʧʦʚʲʨʭʥʠʥʠ ʠ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʦ ʩʲʩʝʜʩʪʚʦ ʩ ʪʷʭ ʪʝ ʩʝ ʧʨʠʪʠʩʢʘʪ, ʢʦʝʪʦ ʧʦʨʘʞʜʘ ʩʠʣʠʪʝ ʥʘ ʪʨʠʝʥʝ, 

ʢʦʠʪʦ ʛʘʨʘʥʪʠʨʘʪ ʥʝʧʦʜʚʠʞʥʦʩʪʪʘ. ɽʣʘʩʪʠʯʥʠʪʝ ʜʝʬʦʨʤʘʮʠʠ ʧʦʨʘʞʜʘʪ ʠ ʧʦʚʲʨʭʥʦʩʪʥʦ ʥʘʣʷʛʘʥʝ 

p, ʦʪ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʢʦʝʪʦ ʟʘʚʠʩʠ ʩʠʛʫʨʥʦʩʪʪʘ ʥʘ ʩʲʝʜʠʥʝʥʠʝʪʦ.  

ʇʨʝʩʦʚʠ ʩʲʝʜʠʥʝʥʠʷ ʤʦʛʘʪ ʜʘ ʩʝ ʧʦʣʫʯʘʪ ʯʨʝʟ ʥʘʜʣʲʞʥʦ ʠ ʯʨʝʟ ʥʘʧʨʝʯʥʦ ʧʨʝʩʦʚʘʥʝ. ʇʨʠ 

ʥʘʜʣʲʞʥʦʪʦ ʧʨʝʩʦʚʘʥʝ ʜʚʝʪʝ ʯʘʩʪʠ ʩʝ ʥʘʙʠʚʘʪ ʝʜʥʘ ʚ ʜʨʫʛʘ ʯʨʝʟ ʧʨʠʣʘʛʘʥʝ ʥʘ ʥʘʜʣʲʞʥʠ ʚʲʥʰʥʠ 

ʩʠʣʠ. ʇʨʠ ʥʘʧʨʝʯʥʦʪʦ ʧʨʝʩʦʚʘʥʝ ʦʙʭʚʘʱʘʱʠʷ ʝʣʝʤʝʥʪ ʩʝ ʟʘʛʨʷʚʘ ʟʘ ʜʘ ʩʝ ʫʚʝʣʠʯʠ ʜʠʘʤʝʪʲʨʘ ʥʘ 

ʦʪʚʦʨʘ ʤʫ ʠʣʠ ʦʙʭʚʘʱʘʥʠʷ ʝʣʝʤʝʥʪ ʩʝ ʠʟʩʪʫʜʷʚʘ, ʟʘ ʜʘ ʩʝ ʥʘʤʘʣʠ ʜʠʘʤʝʪʲʨʘ ʤʫ. ʉʣʝʜ ʪʦʚʘ ʜʚʝʪʝ 

ʯʘʩʪʠ ʩʝ ʩʲʝʜʠʥʷʚʘʪ ʩʨʘʚʥʠʪʝʣʥʦ ʣʝʩʥʦ. ʉʲʝʜʠʥʝʥʠʝʪʦ ʝ ʠʟʧʲʣʥʝʥʦ ʢʦʛʘʪʦ ʩʝ ʠʟʨʘʚʥʠ ʪʝʤʧʝʨʘʪʫ-

ʨʘʪʘ ʥʘ ʜʚʝʪʝ ʯʘʩʪʠ. ɺʲʟʤʦʞʥʦ ʜʘ ʩʝ ʩʲʟʜʘʜʝ ʧʨʝʩʦʚʦ ʩʲʝʜʠʥʝʥʠʝ ʠ ʧʨʠ ʝʜʥʦʚʨʝʤʝʥʥʦ ʟʘʛʨʷʚʘʥʝ ʥʘ 

ʛʣʘʚʠʥʘʪʘ ʠ ʠʟʩʪʫʜʷʚʘʥʝ ʥʘ ʚʘʣʘ. 

ɽʜʥʦ ʦʪ ʦʩʥʦʚʥʠʪʝ ʧʨʝʜʠʤʩʪʚʘ ʥʘ ʧʨʝʩʦʚʠʪʝ ʩʲʝʜʠʥʝʥʠʷ ʝ, ʯʝ ʤʦʛʘʪ ʜʘ ʧʨʝʜʘʚʘʪ ʛʦʣʝʤʠ ʧʦ 

ʩʪʦʡʥʦʩʪ ʩʠʣʠ, ʚʲʨʪʷʱʠ ʤʦʤʝʥʪʠ ʠ ʫʜʘʨʥʠ ʧʦ ʭʘʨʘʢʪʝʨ ʥʘʪʦʚʘʨʚʘʥʠʷ. ʀʤʘʪ ʧʨʦʩʪʘ ʢʦʥʩʪʨʫʢʮʠʷ, 

ʥʝ ʠʟʠʩʢʚʘʪ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʩʧʝʮʠʘʣʥʠ ʟʘʢʨʝʧʚʘʱʠ ʜʝʪʘʡʣʠ ʠ ʦʩʠʛʫʨʷʚʘʪ ʜʦʙʨʦ ʮʝʥʪʨʠʨʘʥʝ. ʆʩ-

ʥʦʚʥʠ ʥʝʜʦʩʪʘʪʲʮʠ ʩʘ ʩʣʦʞʥʠʷ ʤʦʥʪʘʞ ʠ ʟʘʚʠʩʠʤʦʩʪʪʘ ʥʘ ʥʦʩʝʱʘʪʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʩʲʝʜʠʥʝʥʠʝʪʦ 

ʦʪ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʩʪʝʛʥʘʪʦʩʪʪʘ, ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʪʨʠʝʥʝ ʠ ʨʘʙʦʪʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ 

ʠʟʤʝʥʷʪ ʚ ʰʠʨʦʢʠ ʛʨʘʥʠʮʠ. ʇʨʝʩʦʚʠʪʝ ʩʲʝʜʠʥʝʥʠʷ ʥʘʤʠʨʘʪ ʰʠʨʦʢʦ ʧʨʠʣʦʞʝʥʠʝ ʚ ʫʨʝʜʦʩʪʨʦʝʥʝʪʦ, 

ʚ ʦʙʱʦʪʦ ʠ ʩʧʝʮʠʘʣʥʦʪʦ ʤʘʰʠʥʦʩʪʨʦʝʥʝ, ʥʘʧʨ. ʟʘʢʨʝʧʚʘʥʝ ʥʘ ʪʲʨʢʘʣʷʱʠ ʣʘʛʝʨʠ, ʰʘʡʙʠ, ʟʲʙʥʠ 

ʢʦʣʝʣʘ ʠ ʜʨ. ʢʲʤ ʚʘʣʦʚʝ. 

2. ʀɿʉʃɽɼɺɸʅɽ ʅɸ ʇʈɽʉʆɺʆ ʉʒɽɼʀʅɽʅʀɽ 

ʆʩʥʦʚʥʘ ʚʝʣʠʯʠʥʘ ʧʨʠ ʧʨʝʩʦʚʠʪʝ ʩʲʝʜʠʥʝʥʠʷ ʝ ʧʨʝʜʧʠʩʘʥʘʪʘ ʠʣʠ ʪʝʦʨʝʪʠʯʥʘʪʘ ʩʪʝʛʥʘʪʦʩʪ ŭ, 

ʢʦʷʪʦ ʩʝ ʜʘʚʘ ʢʘʪʦ ʨʘʟʣʠʢʘ ʤʝʞʜʫ ʜʠʘʤʝʪʲʨʘ dB ʥʘ ʦʙʭʚʘʱʘʥʘʪʘ ʯʘʩʪ (ʚʘʣ) ʠ ʜʠʘʤʝʪʲʨʘ dʦ ʥʘ ʦʙʭ-

ʚʘʱʘʱʘʪʘ ʯʘʩʪ (ʦʪʚʦʨ) - ʬʠʛ. 1, ʢʘʢʪʦ ʩʣʝʜʚʘ:  

mailto:dimitrinka_sl@yahoo.com
mailto:dimitrinka_sl@yahoo.com
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ŭ = dB - do      (1) 

ɺ ʧʨʦʮʝʩʘ ʥʘ ʟʘʧʨʝʩʦʚʘʥʝ ʚʩʣʝʜʩʪʚʠʝ ʥʘ ʧʣʘʩʪʠʯʥʘʪʘ ʜʝʬʦʨʤʘʮʠʷ ʥʘ  ʤʠʢʨʦʥʝʨʘʚʥʦʩʪʠʪʝ ʧʦ 

ʢʦʥʪʘʢʪʥʠʪʝ ʧʦʚʲʨʭʥʠʥʠ ʩʝ ʟʘʛʣʘʞʜʘʪ. ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʪʦʚʘ ʜʝʡʩʪʚʠʪʝʣʥʘʪʘ ʩʪʝʛʥʘʪʦʩʪ ʥʘ ʩʲʝʜʠʥʝ-

ʥʠʝʪʦ ʩʝ ʦʢʘʟʚʘ ʧʦ-ʤʘʣʢʘ ʦʪ ʧʨʝʜʧʠʩʘʥʘʪʘ [2]. ʊʘʟʠ ʩʪʝʛʥʘʪʦʩʪ ʩʝ ʥʘʨʠʯʘ ʪʝʭʥʦʣʦʛʠʯʥʘ ŭʪ < ŭ. ʇʦ-

ʨʘʜʠ ʧʨʦʤʷʥʘʪʘ ʥʘ ʤʠʢʨʦʛʝʦʤʝʪʨʠʷʪʘ ʥʘ ʧʦʚʲʨʭʥʠʥʠʪʝ ʧʦʚʲʨʭʥʦʩʪʥʦʪʦ  ʥʘʣʷʛʘʥʝ ʤʦʞʝ ʜʘ ʥʘʤʘ-

ʣʝʝ ʜʦ ʪʦʣʢʦʚʘ, ʯʝ ʩʲʝʜʠʥʝʥʠʝʪʦ ʜʘ ʥʝ ʤʦʞʝ ʜʘ ʧʨʝʜʘʚʘ ʧʨʝʜʧʠʩʘʥʠʷ ʚʲʨʪʷʱ ʤʦʤʝʥʪ. 

 
ʌʠʛ. 1. ʉʲʟʜʘʚʘʥʝ ʥʘ ʧʨʝʩʦʚʦ ʩʲʝʜʠʥʝʥʠʝ 

 

ʊʝʭʥʦʣʦʛʠʯʥʘʪʘ ʩʪʝʛʥʘʪʦʩʪ ʟʘʚʠʩʠ ʦʪ ʟʘʛʣʘʞʜʘʥʝʪʦ ʥʘ ʤʠʢʨʦʥʝʨʘʚʥʦʩʪʠʪʝ ʧʦ ʧʦʚʲʨʭʥʠʥʠʪʝ 

ʥʘ ʦʙʭʚʘʱʘʱʘʪʘ ʠ ʦʙʭʚʘʱʘʥʘʪʘ ʯʘʩʪ, ʪ.ʝ. ʦʪ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʟʘʧʲʣʚʘʥʝ ʥʘ ʛʨʘʧʘʚʠʥʠʪʝ. ɺʨʲʟʢʘʪʘ 

ʤʝʞʜʫ ʪʝʭʥʦʣʦʛʠʯʥʘʪʘ ʩʪʝʛʥʘʪʦʩʪ, ʧʦʚʲʨʭʥʦʩʪʥʦʪʦ ʥʘʣʷʛʘʥʝ, ʨʘʟʤʝʨʠʪʝ ʥʘ ʩʲʝʜʠʥʷʚʘʥʠʪʝ ʯʘʩʪʠ ʠ 

ʤʘʪʝʨʠʘʣʠʪʝ, ʦʪ ʢʦʠʪʦ ʩʘ ʠʟʨʘʙʦʪʝʥʠ, ʩʝ ʜʘʚʘ ʩʲʩ  ʟʘʚʠʩʠʤʦʩʪʠʪʝ (2) ʠ (3): 

‏̓ ‏ ρȟςȢὙ Ὑ       ς 

ʢʲʜʝʪʦ Rz1 ʠ Rz2 ʩʘ ʤʘʢʩʠʤʘʣʥʠʪʝ ʚʠʩʦʯʠʥʠ ʥʘ ʤʠʢʨʦʥʝʨʘʚʥʦʩʪʠʪʝ (ʛʨʘʧʘʚʠʥʠ) ʥʘ ʩʲʝʜʠʥʷʚʘʥʠʪʝ 

ʧʦʚʲʨʭʥʦʩʪʠ (ʬʠʛ. 2). ʄʘʢʩʠʤʘʣʥʠʪʝ ʚʠʩʦʯʠʥʠʪʝ ʥʘ ʤʠʢʨʦʥʝʨʘʚʥʦʩʪʠʪʝ  ʩʝ ʟʘʜʘʚʘʪ ʚ ɛm, ʢʘʪʦ ʟʘ 

ʨʘʟʣʠʯʥʠʪʝ ʚʠʜʦʚʝ ʤʝʭʘʥʠʯʥʠ ʦʙʨʘʙʦʪʢʠ ʩʝ ʨʝʛʣʘʤʝʥʪʠʨʘʪ ʦʪ ʩʪʘʥʜʘʨʪʘ (ʪʘʙʣʠʮʘ 1). 

 
ʌʠʛ. 2. ɻʨʘʧʘʚʦʩʪ ʥʘ ʧʨʠʩʲʝʜʠʥʷʚʘʥʠʪʝ ʧʦʚʲʨʭʥʠʥʠ 

 
ʊʘʙʣʠʮʘ 1. ʉʪʦʡʥʦʩʪʠ ʟʘ Rz 

ɺʠʜ ʦʙʨʘʙʦʪʢʘ Rz, ɛm 

ʉʪʨʫʛʦʚʘʥʝ, ʛʨʫʙʦ 16 õ 40 

ʉʪʨʫʛʦʚʘʥʝ, ʯʠʩʪʦ 6 õ 16 

ʈʘʡʙʝʨʦʚʘʥʝ, ʯʠʩʪʦ 6 õ 10 

ʐʣʠʬʦʚʘʥʝ, ʯʠʩʪʦ 3 õ 6 

ʇʦʣʠʨʘʥʝ, ʩʨʝʜʥʦ 1 õ 2 

ʍʦʥʠʥʛʦʚʘʥʝ 0,2 õ 0,4 

ʉʫʧʝʨʬʠʥʠʰ  0,1 õ 0,16 
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‏̓ ὴȢὨ ᴼὴ ̓ ȟὖὥ       (3) 

ʢʲʜʝʪʦ p ʝ ʢʦʥʪʘʢʪʥʦʪʦ ʥʘʣʷʛʘʥʝ, d ʝ ʥʦʤʠʥʘʣʥʠʷ ʜʠʘʤʝʪʲʨ ʥʘ ʩʲʝʜʠʥʝʥʠʝʪʦ, ʧʦʩʦʯʝʥ ʚ ʪʝʭʥʠʯʝʩ-

ʢʘʪʘ ʜʦʢʫʤʝʥʪʘʮʠʷ, E1 ʠ E2 ʩʘ ʤʦʜʫʣʠ ʥʘ ʝʣʘʩʪʠʯʥʦʩʪ ʥʘ ʩʲʝʜʠʥʷʚʘʥʠʪʝ ʯʘʩʪʠ, ʘ c1 ʠ c2 ʩʘ ʢʦʝʬʠ-

ʮʠʝʥʪʠ, ʦʪʯʠʪʘʱʠ ʚʣʠʷʥʠʝʪʦ ʥʘ ʨʘʟʤʝʨʠʪʝ ʥʘ ʩʲʝʜʠʥʝʥʠʝʪʦ. ʄʦʜʫʣʠʪʝ ʥʘ ʝʣʘʩʪʠʯʥʦʩʪ ʩʝ ʦʧʨʝʜʝ-

ʣʷʪ ʦʪ ʩʧʨʘʚʦʯʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʟʘ ʨʘʟʣʠʯʥʠʪʝ ʤʘʪʝʨʠʘʣʠ. ʂʦʝʬʠʮʠʝʥʪʠʪʝ ʩ1 ʠ ʩ2 ʩʝ ʦʧʨʝʜʝʣʷʪ ʟʘʚʠ-

ʩʠʤʦʩʪʠʪʝ:  

̒
Ὠ Ὠ

Ὠ Ὠ
‡ 

τ 

̒
Ὠ Ὠ

Ὠ Ὠ
‡ 

ʢʲʜʝʪʦ ɡ1 , ɡ2 ʝ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʇʦʘʩʦʥ. ʆʧʨʝʜʝʣʷ ʩʝ ʦʪ ʩʧʨʘʚʦʯʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʟʘ ʩʲʦʪʚʝʪʥʠʷ ʚʠʜ 

ʤʘʪʝʨʠʘʣ.  

ʉʠʣʘʪʘ ʥʘ ʟʘʧʨʝʩʦʚʘʥʝ Fʟʘʧʨ.[N], ʩʠʣʘʪʘ ʥʘ ʦʪʧʨʝʩʦʚʘʥʝ Fʦʪʧʨ. [N]  ʠ ʤʘʢʩʠʤʘʣʥʘʪʘ ʦʩʦʚʘ ʩʠʣʘ 

FA [N] , ʢʦʷʪʦ ʩʲʝʜʠʥʝʥʠʝʪʦ ʤʦʞʝ ʜʘ ʧʦʥʝʩʝ, ʩʝ ʟʘʜʘʚʘʪ ʩʲʩ ʩʣʝʜʥʠʪʝ ʟʘʚʠʩʠʤʦʩʪʠ: 

Ὂ̈́̐̑Ȣ ‘̈ ́̐̑ȢȢȢȢ 

Ὂ̏̓̐Ȣ̑ ‘̏ ̓̐Ȣ̑ȢȢȢ       (5) 

Ὂ ‘ȢȢȢȢ 

 

ʢʲʜʝʪʦ l ʝ ʜʲʣʞʠʥʘʪʘ ʥʘ ʩʲʝʜʠʥʝʥʠʝʪʦ,  ʘ ɛ e ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʪʨʠʝʥʝ ʩʲʦʪʚʝʪʥʦ ʧʨʠ ʟʘʧʨʝʩʦʚʘʥʝ, 

ʧʨʠ ʦʪʧʨʝʩʦʚʘʥʝ ʠ ʧʨʠ ʧʦʢʦʡ. 

ɺʲʨʪʷʱʠʷʪ ʤʦʤʝʥʪ ʊ, ʢʦʡʪʦ ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ ʦʩʦʚʘʪʘ ʩʠʣʘ ʠ ʩʲʝʜʠʥʝʥʠʝʪʦ ʤʦʞʝ ʜʘ ʧʨʝʜʘʚʘ ʩʝ 

ʦʧʨʝʜʝʣʷ ʧʦ ʟʘʚʠʩʠʤʦʩʪʪʘ: 

˟ ὊȢ , Nm      (6) 

3. ʏʀʉʃɽʅ ʇʈʀʄɽʈ 

ɺʭʦʜʥʠ ʜʘʥʥʠ: 
1. ʩʛʣʦʙʢʘ ū45, H6/ r5 

2. ʜʲʣʞʠʥʘ ʥʘ ʩʲʝʜʠʥʝʥʠʝʪʦ: l=15 mm 

3. ʦʙʨʘʙʦʪʢʘ ʥʘ ʚʘʣʘ ʠ ʦʪʚʦʨʘ: ʩʫʧʝʨʬʠʥʠʰ 

ɼʘ ʩʝ ʦʧʨʝʜʝʣʠ ʦʩʦʚʘʪʘ ʩʠʣʘ FA, ʢʦʷʪʦ ʧʨʝʩʦʚʦʪʦ ʩʲʝʜʠʥʝʥʠʝ ʤʦʞʝ ʜʘ ʧʦʥʝʩʝ. ɼʘ ʩʝ  ʧʦʩʪʨʦʷʪ ʜʠʘʛʨʘʤʠʪʝ 

ʥʘ ʠʟʤʝʥʝʥʠʝ ʥʘ ʩʠʣʠʪʝ ʥʘ ʟʘʧʨʝʩʦʚʘʥʝ ʠ ʦʪʧʨʝʩʦʚʘʥʝ ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ ʜʲʣʞʠʥʘʪʘ ʥʘ ʨʘʙʦʪʥʠʷ ʫʯʘʩʪʲʢ 

(ʠʟʩʣʝʜʚʘʪ ʩʝ ʧʨʠ ʩʪʦʡʥʦʩʪʠ 3, 6, 9, 12 ʠ 15 mm). 

ɿʘ ʜʘ ʩʝ ʠʟʯʠʩʣʠ ʤʘʢʩʠʤʘʣʥʘʪʘ ʦʩʦʚʘ ʩʠʣʘ, ʢʦʷʪʦ ʩʲʝʜʠʥʝʥʠʝʪʦ ʤʦʞʝ ʜʘ ʧʦʥʝʩʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʙʲʜʝ 

ʠʟʯʠʩʣʝʥʦ ʧʦʚʲʨʭʥʦʩʪʥʦʪʦ ʥʘʣʷʛʘʥʝ p ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʧʨʝʜʧʠʩʘʥʘʪʘ ʩʪʝʛʥʘʪʦʩʪ ŭ. ʉʲʛʣʘʩʥʦ ʜʘʥʥʠʪʝ ʟʘ 

ʩʛʣʦʙʢʘʪʘ [3] ʤʘʢʩʠʤʘʣʥʠʷʪ ʨʘʟʤʝʨ ʥʘ ʚʘʣʘ ʝ dmax= d = 45 mm. ʉʛʣʦʙʢʘʪʘ ʝ ʩ ʛʘʨʘʥʪʠʨʘʥʘ ʩʪʝʛʥʘʪʦʩʪ ʚ 

ʩʠʩʪʝʤʘ Ăʦʩʥʦʚʝʥ ʦʪʚʦʨñ. ʉʪʝʧʝʥʪʘ ʥʘ ʪʦʯʥʦʩʪ ʥʘ ʚʘʣʘ ʝ 6, ʘ ʥʘ ʦʪʚʦʨʘ ï 5.  

ʉʨʝʜʥʘʪʘ ʩʪʝʛʥʘʪʦʩʪ (ʧʨʝʜʧʠʩʘʥʘʪʘ ʩʪʝʛʥʘʪʦʩʪ),  ʩʝ ʠʟʯʠʩʣʷʚʘ ʢʘʢʪʦ ʩʣʝʜʚʘ:  

Ὓ ‏ πȟυὛ Ὓ      (7) 

ʢʲʜʝʪʦ Ὓ  ʝ ʤʘʢʩʠʤʘʣʥʘʪʘ ʩʪʝʛʥʘʪʦʩʪ, ʘ Ὓ  - ʤʠʥʠʤʘʣʥʘʪʘ ʩʪʝʛʥʘʪʦʩʪ. 

ʄʠʥʠʤʘʣʥʘʪʘ ʠ ʤʘʢʩʠʤʘʣʥʘʪʘ ʩʪʝʛʥʘʪʦʩʪ ʩʝ ʦʧʨʝʜʝʣʷʪ ʧʦ ʩʣʝʜʥʠʪʝ ʟʘʚʠʩʠʤʦʩʪʠ: 

Ὓ Ὠ Ὀ ὩίὉὍ 
(8) 

Ὓ Ὠ Ὀ ὩὭὉὛ 
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ʢʲʜʝʪʦ dmax ʠ dmin ʩʘ ʩʲʦʪʚʝʪʥʦ ʤʘʢʩʠʤʘʣʥʠʷ ʠ ʤʠʥʠʤʘʣʥʠʷ ʜʠʘʤʝʪʲʨ ʥʘ ʚʘʣʘ; Dmin ʠ Dmax ʩʘ ʩʲʦʪ-

ʚʝʪʥʦ ʤʠʥʠʤʘʣʥʠʷ ʠ ʤʘʢʩʠʤʘʣʥʠʷ ʜʠʘʤʝʪʲʨ ʥʘ ʦʪʚʦʨʘ; ES ʠ EI ï ʛʦʨʥʦ ʠ ʜʦʣʥʦ ʛʨʘʥʠʯʥʦ ʦʪʢʣʦʥʝ-

ʥʠʝ ʥʘ ʦʪʚʦʨʘ;es  ʠ ei ï ʛʦʨʥʦ ʠ ʜʦʣʥʦ ʛʨʘʥʠʯʥʦ ʦʪʢʣʦʥʝʥʠʝ ʥʘ ʚʘʣʘ. ʅʘ ʬʠʛ. 3 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʜʦ-

ʧʫʩʢʦʚʘʪʘ ʟʦʥʘ ʥʘ ʩʛʣʦʙʢʘʪʘ. 

 

 

ʌʠʛ. 3. ɼʦʧʫʩʢʦʚʘ ʟʦʥʘ ʥʘ ʩʛʣʦʙʢʘ ū45, H6/ r5 

ɻʦʨʥʦʪʦ ʠ ʜʦʣʥʦʪʦ ʦʪʢʣʦʥʝʥʠʝ ʟʘ ʚʘʣʘ ʠ ʟʘ ʦʪʚʦʨʘ ʩʝ ʦʧʨʝʜʝʣʷʪ ʩ ʧʦʤʦʱʪʘ ʥʘ ʩʧʨʘʚʦʯʥʘʪʘ 

ʣʠʪʝʨʘʪʫʨʘ, ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʪʷʭ ʠʟʯʠʩʣʷʚʘʤʝ ʤʠʥʠʤʘʣʥʘʪʘ, ʤʘʢʩʠʤʘʣʥʘʪʘ ʠ ʩʨʝʜʥʘʪʘ ʩʪʝʛʥʘʪʦʩʪʠ:  

es = 45 ɛm ei = 34 ɛm 

ES = 16 ɛm EI = 0 ɛm  

Smax = dmax ï Dmin= es ï EI = 45 ï 0 = 45 ɛm 

Smin = dmin ï Dmax = ei ï ES = 34 ï 16 = 18 ɛm 

Sm= ŭ = 0,5(Smax + Smin) = 31,5 ɛm 

ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʧʦʣʫʯʝʥʘʪʘ ʩʪʦʡʥʦʩʪ ʟʘ ʪʝʭʥʦʣʦʛʠʯʥʘʪʘ ʩʪʝʛʥʘʪʦʩʪ ʤʦʞʝʤ ʜʘ ʠʟʯʠʩʣʠʤ ʧʨʝʜ-

ʧʠʩʘʥʘʪʘ ʩʪʝʛʥʘʪʦʩʪ. ɿʘ ʮʝʣʪʘ ʦʪ ʩʧʨʘʚʦʯʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʟʘ ʦʙʨʘʙʦʪʢʘ ʩʫʧʝʨʬʠʥʠʰ ʦʧʨʝʜʝʣʷʤʝ  

Rz1 = Rz2 = 0,13 ɛm. ʆʪ ʪʫʢ ʠʟʯʠʩʣʷʚʘʤʝ: 

‏̓ ‏ ρȟςὙ Ὑ σρȟρψȢρπ Í. 

 

ʀʟʯʠʩʣʷʚʘʤʝ ʢʦʝʬʠʮʠʝʥʪʠʪʝ C1 ʠ C2: 

ὅ
Ὠ Ὠ

Ὠ Ὠ
‡ πȟχ  

ὅ
Ὠ Ὠ

Ὠ Ὠ
‡ σȟρ  

ʆʧʨʝʜʝʣʷʤʝ ʤʦʜʫʣʲʪ ʥʘ ʝʣʘʩʪʠʯʥʦʩʪ ʦʪ ʩʧʨʘʚʦʯʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʠ ʠʟʯʠʩʣʷʚʘʤʝ ʧʦʚʲʨʭʥʦʩʪ-

ʥʦʪʦ ʥʘʣʷʛʘʥʝ: 

ὴ
‏̓

Ὠ
σψȟςȢρπὖὥ 

ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʧʦʣʫʯʝʥʘʪʘ ʩʪʦʡʥʦʩʪ ʟʘ p ʤʦʞʝʤ ʜʘ ʠʟʯʠʩʣʠʤ ʩʠʣʘʪʘ ʥʘ ʟʘʧʨʝʩʦʚʘʥʝ, ʩʠʣʘʪʘ ʥʘ ʦʪʧ-

ʨʝʩʦʚʘʥʝ. ʠ ʤʘʢʩʠʤʘʣʥʘʪʘ ʦʩʦʚʘ ʩʠʣʘ ʢʦʷʪʦ ʩʲʝʜʠʥʝʥʠʝʪʦ ʤʦʞʝ ʜʘ ʧʦʥʝʩʝ. 

 

4. ʈɽɿʋʃʊɸʊʀ 

ɺ ʪʘʙʣʠʮʘ 2 ʩʘ ʜʘʜʝʥʠ ʠʟʯʠʩʣʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʩʠʣʘʪʘ ʥʘ ʟʘʧʨʝʩʦʚʘʥʝ Ὂ̈́̐̑Ȣ, ʩʠʣʘʪʘ ʥʘ ʦʪʧ-

ʨʝʩʦʚʘʥʝ  Ὂ̏̓̐Ȣ̑ ʠ ʦʩʦʚʘʪʘ ʩʠʣʘ Ὂ ʟʘ ʨʘʟʣʠʯʥʠ ʜʲʣʞʠʥʠ ʥʘ ʨʘʙʦʪʥʠʷ ʫʯʘʩʪʲʢ. ʅʘ ʬʠʛ. 4 ʩʘ ʧʨʝʜʩʪʘ-

ʚʝʥʠ ʜʠʘʛʨʘʤʠʪʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʥʘ ʩʠʣʠʪʝ ʥʘ ʟʘʧʨʝʩʦʚʘʥʝ ʠ ʦʪʧʨʝʩʦʚʘʥʝ ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ ʜʲʣʞʠʥʘ-

ʪʘ ʥʘ ʨʘʙʦʪʥʠʷ ʫʯʘʩʪʲʢ. 

 



 

 

ISSN: 1311 2864, volume 35 (1), 2020                      ISSN: 1311 2864, ʪʦʤ 35 (1), 2020 

Union of scientists in Bulgaria - branch Sliven ʉʲʶʟ ʥʘ ʫʯʝʥʠʪʝ ʚ ɹʲʣʛʘʨʠʷ - ʢʣʦʥ ʉʣʠʚʝʥ 

ʀʟʚʝʩʪʠʷ ʥʘ       Announcements of  

ʉʲʶʟʘ ʥʘ ʫʯʝʥʠʪʝ      Union of Scientists  

ʉʣʠʚʝʥ, ʪʦʤ 37 (2), 2022     Sliven, vol. 37 (2), 2022 

95 

 

ʊʘʙʣʠʮʘ 2. ʉʪʦʡʥʦʩʪʠ ʥʘ ʩʠʣʘʪʘ ʥʘ ʟʘʧʨʝʩʦʚʘʥʝ, ʩʠʣʘʪʘ ʥʘ ʦʪʧʨʝʩʦʚʘʥʝ ʠ ʦʩʦʚʘʪʘ ʩʠʣʘ ʧʨʠ ʨʘʟʣʠʯʥʠ ʜʲʣ-

ʞʠʥʠ ʥʘ ʨʘʙʦʪʥʠʷ ʫʯʘʩʪʲʢ 

 

l, mm 3 6 9 12 15 

Ὂ̈́̐̑Ȣ, N 2267,02 4534,03 6801,05 9068,07 11335,09 

Ὂ̏̓̐Ȣ̑, N 1943,16 3886,32 5829,47 7772,63 9715,79 

Ὂ, N 1781,23 3562,46 5343,68 7124,91 8906,14 

Tɸ, Nm 40,08 80,16 120,23 160,31 200,39 

 

 

 
ʌʠʛ. 4 ɼʠʘʛʨʘʤʠ ʥʘ ʠʟʤʝʥʝʥʠʝ ʥʘ ʩʠʣʠʪʝ ʥʘ ʟʘʧʨʝʩʦʚʘʥʝ ʠ ʦʪʧʨʝʩʦʚʘʥʝ ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ ʜʲʣʞʠʥʘ-

ʪʘ ʥʘ ʨʘʙʦʪʥʠʷ ʫʯʘʩʪʲʢ 

5. ɿɸʂʃʖʏɽʅʀE 

ɺ ʥʘʩʪʦʷʱʘʪʘ ʩʪʘʪʠʷ ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʪʝʦʨʝʪʠʯʥʦ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʧʨʝʩʦʚʦ ʩʲʝʜʠʥʝʥʠʝ. ʆʧʨʝʜʝ-

ʣʝʥʠ ʩʘ ʩʠʣʘʪʘ ʟʘ ʟʘʧʨʝʩʦʚʘʥʝ, ʩʠʣʘʪʘ ʥʘ ʦʪʧʨʝʩʦʚʘʥʝ,  ʦʩʦʚʘʪʘ ʩʠʣʘ ʠ ʚʲʨʪʷʱʠʷ ʤʦʤʝʥʪ ʢʦʠʪʦ ʤʦ-

ʞʝ ʜʘ ʧʦʥʝʩʝ ʩʲʝʜʠʥʝʥʠʝʪʦ. ʆʪ ʥʘʧʨʘʚʝʥʠʷ ʯʠʩʣʝʥ ʝʢʩʧʝʨʠʤʝʥʪ ʝ ʚʠʜʥʦ, ʯʝ ʩ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ 

ʧʨʝʜʧʠʩʘʥʘʪʘ ʩʪʝʛʥʘʪʦʩʪ, ʜʲʣʞʠʥʘʪʘ ʥʘ ʨʘʙʦʪʥʠʷ ʫʯʘʩʪʲʢ ʩʝ ʫʚʝʣʠʯʘʚʘʪ ʠ ʩʠʣʠʪʝ ʟʘ ʟʘʧʨʝʩʦʚʘʥʝ ʠ 

ʦʪʧʨʝʩʦʚʘʥʝ, ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʩʲʟʜʘʚʘʥʝ ʠ ʨʘʟʝʜʠʥʷʚʘʥʝ ʥʘ ʩʲʝʜʠʥʝʥʠʝʪʦ.   
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PRIOR ESTIMATES FOR THE SOLUTIONS OF A FOURTH -ORDER BOUNDARY VALUE  

PROBLEM 

 

Gabriela M. Mihailova * , Petyo S. Kelvedzhiev 

e-mail: gabi_mihaylova1996@abv.bg*  (corresponding author), keleved@abv.bg 

 

ABSTRACT: This paper considers a two-point boundary value problem for general fourth-

order nonlinear ordinary differential equations solved with respect to the fourth derivative. 

Results are obtained guaranteeing a priori estimates for the possible C4 [0,1] -solutions and 

for their derivatives up to fourth order. They assume that a barrier-type condition is met. 

KEYWORDS: ordinary differential equations, boundary value problem, prior estimates, bar-

rier strips 
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ʈɽɿʖʄɽ: ɺ ʥʘʩʪʦʷʱʘʪʘ ʩʪʘʪʠʷ ʩʝ ʨʘʟʛʣʝʞʜʘ ʜʚʫʪʦʯʢʦʚʘ ʛʨʘʥʠʯʥʘ ʟʘʜʘʯʘ ʟʘ ʥʘʡ-

ʦʙʱʠ ʥʝʣʠʥʝʡʥʠ ʦʙʠʢʥʦʚʝʥʠ ʜʠʬʝʨʝʥʮʠʘʣʥʠ ʫʨʘʚʥʝʥʠʷ ʦʪ ʯʝʪʚʲʨʪʠ ʨʝʜ, ʨʝʰʝʥʠ ʩʧʨʷ-

ʤʦ ʯʝʪʚʲʨʪʘʪʘ ʧʨʦʠʟʚʦʜʥʘ. ʇʦʣʫʯʝʥʠ ʩʘ ʨʝʟʫʣʪʘʪʠ, ʛʘʨʘʥʪʠʨʘʱʠ ʘʧʨʠʦʨʥʠ ʦʮʝʥʢʠ ʟʘ 

ʝʚʝʥʪʫʘʣʥʠʪʝ ὅ πȟρ-ʨʝʝhʥʠʷ ʠ ʟʘ ʪʝʭʥʠʪʝ ʧʨʦʠʟʚʦʜʥʠ ʜʦ ʯʝʪʚʲʨʪʠ ʨʝʜ. ɺ ʪʷʭ ʩʝ 

ʧʨʝʜʧʦʣʘʛʘ, ʯʝ ʝ ʠʟʧʲʣʥʝʥʦ ʫʩʣʦʚʠʝ ʦʪ ʙʘʨʠʝʨʝʥ ʪʠʧ.  

ʂʃʖʏʆɺʀ ɼʋʄʀ: ʦʙʠʢʥʦʚʝʥʠ ʜʠʬʝʨʝʥʮʠʘʣʥʠ ʫʨʘʚʥʝʥʠʷ, ʛʨʘʥʠʯʥʘ ʟʘʜʘʯʘ, ʘʧʨʠʦʨʥʠ 

ʦʮʝʥʢʠ, ʙʘʨʠʝʨʥʠ ʠʚʠʮʠ 

 

1. ɺʲʚʝʜʝʥʠʝ 

ʅʘʩʪʦʷʱʘʪʘ ʩʪʘʪʠʷ ʝ ʧʦʩʚʝʪʝʥʘ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʘʜʘʯʘ 

ὼ Ὢὸȟὼȟὼȟὼȟὼ ȟ  ὸɴ πȟρȟ                                        (1) 

ὼ π ὃȟ ὼ ρ ὄȟ ὼπ ὅȟ ὼρ ὈȢ                              (2) 

ʊʫʢ Ὢὸȟὼȟὴȟήȟὶ ʝ ʩʢʘʣʘʨʥʘ ʬʫʥʢʮʠʷ, ʜʝʬʠʥʠʨʘʥʘ ʟʘ ὸȟὼȟὴȟήȟὶ  ɴ πȟρ Ὀ Ὀ Ὀ Ὀȟ ʢʲ-

ʜʝʪʦ ʤʥʦʞʝʩʪʚʘʪʘ ὈȟὈȟὈȟὈ Ṗᴙ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʦʛʨʘʥʠʯʝʥʠ, ʘ ὃȟὄȟὅȟὈᶰᴙȢ  
ʀʟʚʝʩʪʥʦ ʝ, ʯʝ ʘʧʨʠʦʨʥʠʪʝ ʦʮʝʥʢʠ ʩʘ ʝʬʝʢʪʠʚʝʥ ʠʥʩʪʨʫʤʝʥʪ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʨʘʟʨʝʰʠʤʦʩʪʪʘ 

ʥʘ ʨʘʟʣʠʯʥʠ ʛʨʘʥʠʯʥʠ ʟʘʜʘʯʠ [Agarwal, R. P., P. S. Kelevedjiev, 2020; Gao, C., 2007; Granas, A., R.B. 

Guenther, J.W. Lee, 1985; He, L., X. Dong, Z. Bai, Bo Chen, 2017; Kelevedjiev, P., 1994; Li , Z., Z. Bai, 

2019; Luo, H., Y. An, 2011; Ma, R.Y., H. Luo, 2004;  Ma, R.Y., Lu Zhang, R. Liu, 2015; Maksymiuk, J., 

J. Ciesielski, M. Starostka, 2019]. ʄʦʪʠʚʠʨʘʥʠ ʦʪ ʪʦʟʠ ʬʘʢʪ, ʪʫʢ ʧʦʣʫʯʘʚʘʤʝ ʨʝʟʫʣʪʘʪʠ, ʛʘʨʘʥʪʠʨʘʱʠ 

ʘʧʨʠʦʨʥʠ ʦʮʝʥʢʠ ʟʘ ʝʚʝʥʪʫʘʣʥʠʪʝ ὅ πȟρ-ʨʝʰʝʥʠʷ ʥʘ (1), (2) ʠ ʪʝʭʥʠʪʝ ʧʨʦʠʟʚʦʜʥʠ ʜʦ ʯʝʪʚʲʨʪʠ 

ʨʝʜ. ʆʩʥʦʚʥʦʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʚ ʪʷʭ ʝ: 

(H1)    ʉʲʱʝʩʪʚʫʚʘʪ ʢʦʥʩʪʘʥʪʠ Ὂȟὒ   Ὥ ρȟς , ʪʘʢʠʚʘ ʯʝ: 

                                               Ὂ Ὂ ὃ ὒ ὒ,       Ὂȟὒ ṖὈȟ 
Ὢὸȟὼȟὴȟήȟὶ π ̈ ́ὸȟὼȟὴȟήȟὶᶰπȟρ Ὀ Ὀ Ὀ ὒȟὒ ȟ                (3) 

Ὢὸȟὼȟὴȟήȟὶ π ̈ ́ὸȟὼȟὴȟήȟὶᶰπȟρ Ὀ Ὀ Ὀ ὊȟὊȢ                (4) 

 

ʆʩʚʝʥ ʪʦʚʘ ʱʝ ʢʘʟʚʘʤʝ, ʯʝ ʫʩʣʦʚʠʝʪʦ (H2) ʝ ʠʟʧʲʣʥʝʥʦ ʟʘ ʢʦʥʩʪʘʥʪʠʪʝ άȟὓȟὭ πȟσ, ʘʢʦ:  

(H2)                                                     ά  „ȟὓ „ṖὈ , 

ά  „ȟὓ „ṖὈ , 
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ά  „ȟὓ „ṖὈ , 

ά  „ȟὓ „ṖὈ 

ʠ ʬʫʥʢʮʠʷʪʘ Ὢὸȟὼȟὴȟήȟὶ ʝ ʥʝʧʨʝʢʲʩʥʘʪʘ ʚ ʤʥʦʞʝʩʪʚʦʪʦ πȟρ ὐ, ʢʲʜʝʪʦ: 

 ὐ ά  ɀ„ȟὓ „  ά  ɀ„ȟὓ „ ά  „ȟὓ „ ά  „ȟὓ „, ʘ „ π ʝ ʜʦʩʪʘ-
ʪʲʯʥʦ ʤʘʣʢʦ. 

ʀʚʠʮʠʪʝ πȟρ ὒȟὒ   ʠ  πȟρ ὊȟὊ  ʦʪ (H1) ʢʦʥʪʨʦʣʠʨʘʪ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʪʨʝʪʘʪʘ ʧʨʦʠʟ-

ʚʦʜʥʘ ʥʘ ʚʩʷʢʦ ʨʝʰʝʥʠʝ ὼɴ ὅ πȟρ ʥʘ (1), (2), ʊʝ ʩʝ ʷʚʷʚʘʪ ʩʚʦʝʦʙʨʘʟʥʠ ʙʘʨʠʝʨʠ ʟʘ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ  

ὼ ὸȟ ὸɴ πȟρȟ ʢʘʪʦ ʧʲʨʚʘʪʘ ʠʚʠʮʘ ʟʘʜʲʨʞʘ ʛʨʘʬʠʢʘʪʘ ʥʘ ὼ ὸ ʧʦʜ ʩʝʙʝ ʩʠ, ʘ ʚʪʦʨʘʪʘ ï ʥʘʜ ʩʝʙʝ 

ʩʠ. ʊʝʭʥʠʢʘʪʘ ʥʘ ʙʘʨʠʝʨʥʠʪʝ ʠʚʠʮʠ ʝ ʚʲʚʝʜʝʥʘ ʚ Kelevedjiev, P., 1994, ʠ ʧʨʠʣʘʛʘʥʘ ʚʧʦʩʣʝʜʩʪʚʠʝ ʦʪ 

ʨʝʜʠʮʘ ʘʚʪʦʨʠ, ʩʨʝʜ ʢʦʠʪʦ ʩʘ Gao, C., 2007; He, L., X. Dong, Z. Bai, Bo Chen, 2017; Li , Z., Z. Bai, 

2019; Luo, H., Y. An, 2011; Ma, R.Y., H. Luo, 2004;  Ma, R.Y., Lu Zhang, R. Liu, 2015.  

 

2. ɸʧʨʠʦʨʥʠ ʦʮʝʥʢʠ 

ʇʲʨʚʠʷʪ ʨʝʟʫʣʪʘʪ ʧʦʜʩʠʛʫʨʷʚʘ ʦʮʝʥʢʠ ʟʘ ʪʨʝʪʠʪʝ ʧʨʦʠʟʚʦʜʥʠ ʥʘ ʚʩʠʯʢʠ ὅ πȟρ-ʨʝʰʝʥʠʷ ʥʘ 

(1), (2). 

ʊʚʲʨʜʝʥʠʝ 1.  ʇʨʝʜʧʦʣʘʛʘʤʝ, ʯʝ ʝ ʚ ʩʠʣʘ (H1). ʊʦʛʘʚʘ ʟʘ ʚʩʷʢʦ ʨʝʰʝʥʠʝ ὼὸᶰὅ πȟρ ʥʘ (1), 
(2) ʝ ʚ ʩʠʣʘ ʘʧʨʠʦʨʥʘʪʘ ʦʮʝʥʢʘ Ὂ ὼ ὸ ὒȟ ὸɴ πȟρȢ 

ɼʦʢʘʟʘʪʝʣʩʪʚʦ. ɼʦʧʫʩʢʘʤʝ, ʯʝ ʤʥʦʞʝʩʪʚʦʪʦ  

Ὓ ὸɴ πȟρȡὒ ὼᴂᴂᴂὸ ὒ  

ʥʝ ʝ ʧʨʘʟʥʦ. ʊʦʛʘʚʘ ʦʪ ʥʝʧʨʝʢʲʩʥʘʪʦʩʪʪʘ ʥʘ ὼᴂᴂᴂὸ ʚ ʠʥʪʝʨʚʘʣʘ [0,1] ʠ ʦʪ ὼᴂᴂᴂπ ὒ ʩʣʝʜʚʘ, ʯʝ ʩʲ-

ʱʝʩʪʚʫʚʘ ‎ɴ Ὓ ʪʘʢʦʚʘ, ʯʝ: 

ὼ ‎ πȢ 
ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʪʲʡ ʢʘʪʦ ὼὸᶰὅ πȟρ ʝ ʨʝʰʝʥʠʝ ʥʘ ʜʠʬʝʨʝʥʮʠʘʣʥʦʪʦ ʫʨʘʚʥʝʥʠʝ (1) ʟʘ ʚʩʷʢʦ ὸɴ
πȟρ, ʚ ʯʘʩʪʥʦʩʪ ʟʘ ὸ ‎ ʠʤʘʤʝ 

ὼ ‎ Ὢ‎ȟὼ‎ȟὼ ‎ȟὼ ‎ȟὼ ‎ . 

ʉʝʛʘ ʢʘʪʦ ʠʤʘʤʝ ʧʨʝʜʚʠʜ, ʯʝ ‎ȟὼ‎ȟὼ‎ȟὼ ‎ȟὼ ‎ ᶰὛ Ὀ Ὀ Ὀ ὒȟὒ  ʠ ʠʟʧʦʣ-

ʟʚʘʤʝ (3), ʧʦʣʫʯʘʚʘʤʝ:  

ὼ ‎ πȢ 
ʇʦʣʫʯʝʥʦʪʦ ʧʨʦʪʠʚʦʨʝʯʠʝ ʧʦʢʘʟʚʘ, ʯʝ 

ὼ ὸ ὒ ʟʘ ὸɴ πȟρȢ 
ɸʥʘʣʦʛʠʯʥʦ, ʢʘʪʦ ʠʟʧʦʣʟʚʘʤʝ (4), ʫʩʪʘʥʦʚʷʚʘʤʝ 

Ὂ ὼ ὸ ʟʘ ὸɴ πȟρȢ 
 

ʉʣʝʜʚʘʱʦʪʦ ʪʚʲʨʜʝʥʠʝ ʧʦʜʩʠʛʫʨʷʚʘ ʘʧʨʠʦʨʥʠ ʦʮʝʥʢʠ ʟʘ ὼὸȟὼὸ ̉ ὼ ὸȢ 
ʊʚʲʨʜʝʥʠʝ 2. ʅʝʢʘ  ὼɴ ὅ πȟρ ʝ ʨʝʰʝʥʠʝ ʥʘ ʛʨʘʥʠʯʥʘʪʘ ʟʘʜʘʯʘ (1), (2). ʇʨʝʜʧʦʣʘʛʘʤʝ, ʯʝ ʝ ʚ 

ʩʠʣʘ (H1). ʊʦʛʘʚʘ: 

ȿὼὸȿ ÍÁØ ȿὊȿȟȿὒȿ ȿὄȿ ȿὅȿ ȿὈȿȟ   ὸɴ πȟρ, 

ȿὼὸȿ ÍÁØ ȿὊȿȟȿὒȿ ȿὄȿ ȿὅȿȟὸɴ πȟρ, 
ȿὼ ὸȿ ÍÁØ ȿὊȿȟȿὒȿ ȿὄȿȟὸɴ πȟρ. 

ɼʦʢʘʟʘʪʝʣʩʪʚʦ. ʆʪ ʪʝʦʨʝʤʘʪʘ ʥʘ ʃʘʛʨʘʥʞ ʟʘ ʩʨʝʜʥʠʪʝ ʩʪʦʡʥʦʩʪʠ, ʩʣʝʜʚʘ ʯʝ ʟʘ ʚʩʷʢʦ   ὸɴ
πȟρ, ʩʲʱʝʩʪʚʫʚʘ ‚ɴ ὸȟρ, ʪʘʢʦʚʘ ʯʝ: 

ὼ ρ ὼ ὸ ὼ ‚ ρ ὸȟ    ὸɴ ὸȟρ   
ὄ ὼ ὸ ὼ ‚ ρ ὸȟ    ὸɴ ὸȟρ 

ὼ ὸ ὼ ‚ ρ ὸ ὄ 
ȿὼ ὸȿ ȿὼ ‚ ρ ὸ ὄȿ 
ȿὼ ὸȿ ȿὼ ‚ ρ ὸȿ ȿὄȿ 

                

ȿὼ ὸȿ
) 

https://www.hindawi.com/71479120/
https://www.hindawi.com/91784748/
https://www.hindawi.com/23124013/
https://www.hindawi.com/62089486/
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ȿὼ ‚ȿȢȿρ
ὸȿ
ȿὄȿȢ 

ʆʪ  ὸɴ πȟρ ʩʣʝʜʚʘ, ʯʝ π ȿρ ὸȿ ρ. ʊʦʛʘʚʘ 

ȿὼ ‚ȿȢȿρ ὸȿ ȿὼ ‚ȿ, 
ʦʪʢʲʜʝʪʦ ʩʣʝʜʚʘ, ʯʝ (5) ʜʦʙʠʚʘ ʚʠʜʘ: 

ȿὼ ὸȿ ȿὼ ‚ȿ ȿὄȿȟὸɴ πȟρȢ 
ʅʦ, ʩʧʦʨʝʜ ʊʚʲʨʜʝʥʠʝ 1, 

Ὂ ὼ ὸ ὒ ʟʘ ʚʩʷʢʦ ὸɴ πȟρ 

ʠ ʚ ʯʘʩʪʥʦʩʪ Ὂ ὼ ‚ ὒ, ʪ.ʝ.  

ȿὼ ‚ȿ ÍÁØ ȿὊȿȟȿὒȿȢ 
ʉʣʝʜʦʚʘʪʝʣʥʦ 

ȿὼ ὸȿ ÍÁØ ȿὊȿȟȿὒȿ ȿὄȿȟὸɴ πȟρ.                                         (6) 

ʇʘʢ ʦʪ ʪʝʦʨʝʤʘʪʘ ʥʘ ʃʘʛʨʘʥʞ ʟʘ ʩʨʝʜʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʩʣʝʜʚʘ, ʯʝ ʟʘ ʚʩʷʢʦ ὸɴ πȟρ, ʩʲʱʝʩʪ-

ʚʫʚʘ –ɴ πȟὸ, ʪʘʢʦʚʘ ʯʝ: 

ὼὸ ὼ π ὼ –Ȣὸȟ    ὸɴ πȟρȟ 
ὼὸ ὅ ὼ –Ȣὸȟ    ὸɴ πȟρ, 

ȿὼὸȿ ȿὼ –ȿȢȿὸȿ ȿὅȿȟ   ὸɴ πȟρȢ 
ʅʦ π ȿὸȿ ρȢ  ʉʣʝʜʦʚʘʪʝʣʥʦ 

ȿὼὸȿ ȿὼ –ȿ ȿὅȿȟ   ὸɴ ὸȟρȟ 
ʠ ʢʘʪʦ ʠʟʧʦʣʟʚʘʤʝ (6), ʧʦʣʫʯʘʚʘʤʝ: 

ȿὼὸȿ
ÍÁØ ȿὊȿȟȿὒȿ
ȿὄȿ
ȿὅȿȟ   
ὸɴ
πȟρȢ                           

) 

ʆʪʥʦʚʦ ʧʨʠʣʘʛʘʤʝ ʪʝʦʨʝʤʘʪʘ ʥʘ ʃʘʛʨʘʥʞ, ʩʧʦʨʝʜ ʢʦʷʪʦ ʟʘ ʚʩʷʢʦ ὸɴ πȟρȟ ʩʲʱʝʩʪʚʫʚʘ ’ɴ
ὸȟρ, ʪʘʢʦʚʘ ʯʝ: 

ὼρ ὼὸ ὼ’ ρ ὸȟ    ὸɴ πȟρȟ   
Ὀ ὼὸ ὼ’ ρ ὸȟ     ὸɴ πȟρȟ 

ȿὼὸȿ ȿὼ’ȿȢȿρ ὸȿ ȿὈȿȟ     ὸɴ πȟρȢ 
ʅʦ π ȿρ ὸȿ ρȢ   ʉʣʝʜʦʚʘʪʝʣʥʦ 

ȿὼὸȿ ȿὼᴂ’ȿ ȿὈȿȟ     ὸɴ ὸȟρȟ 
ʦʪʢʲʜʝʪʦ, ʢʘʪʦ ʠʟʧʦʣʟʚʘʤʝ (7), ʧʦʣʫʯʘʚʘʤʝ: 

ȿὼὸȿ ÍÁØ ȿὊȿȟȿὒȿ ȿὄȿ ȿὅȿ ȿὈȿȟ   ὸɴ πȟρ. 

 

ʊʚʲʨʜʝʥʠʝ 3. ʇʨʝʜʧʦʣʘʛʘʤʝ, ʯʝ ʝ ʚ ʩʠʣʘ (H1), ʘ (H2) ʝ ʠʟʧʲʣʥʝʥʦ ʟʘ 

ὓ ÍÁØ ȿὊȿȟȿὒȿ ȿὄȿ ȿὅȿ ȿὈȿȟ     ά ὓȟ 
ὓ ÍÁØ ȿὊȿȟȿὒȿ ȿὄȿ ȿὅȿȟ   ά ὓȟ 
ὓ ÍÁØ ȿὊȿȟȿὒȿ ȿὄȿȟ    ά ὓȟ 

ά Ὂ, ὓ ὒ. 

ʊʦʛʘʚʘ ʩʲʱʝʩʪʚʫʚʘʪ ʢʦʥʩʪʘʥʪʠ ά  ʠ ὓ, ʪʘʢʠʚʘ ʯʝ  

ά  ὼ ὸ ὓ  ̈ ́ ὸɴ πȟρȢ 
ɼʦʢʘʟʘʪʝʣʩʪʚʦ. ʇʦʨʘʜʠ ʥʝʧʨʝʢʲʩʥʘʪʦʩʪʪʘ ʥʘ Ὢὸȟὼȟὴȟήȟὶ ʚ ʤʥʦʞʝʩʪʚʦʪʦ πȟρ  ὐ,  ʩʲ-

ʱʝʩʪʚʫʚʘʪ ʢʦʥʩʪʘʥʪʠ ά  ʠ ὓ, ʪʘʢʠʚʘ ʯʝ 

ά  Ὢὸȟὼȟὴȟήȟὶ ὓ  ̈ ́ ὸȟὼȟὴȟήȟὶᶰπȟρ ὐ. 
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ʊʲʡ ʢʘʪʦ ʩʧʦʨʝʜ ʊʚʲʨʜʝʥʠʝ 1 ʠ ʊʚʲʨʜʝʥʠʝ 2 ʠʤʘʤʝ    ὼὸȟὼὸȟὼ ὸȟὼ ὸ ᶰὐ ̈ ́ὸπȟρ, ʫʨʘʚ-
ʥʝʥʠʝʪʦ (1), ʥʠ ʜʘʚʘ 

ά  ὼ ὸ ὓ  ̈ ́ὸɴ πȟρ. 
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THE RIGHT OF ACCESS TO INFORMATION RELATED TO THE PROTECTION OF THE 

NATURE ENVIRONMENT  

 

Ivalina St. Marinova1*, Nadia Iv. Ilieva2 

e-mail: ivalinasvetlimarinova@abv.bg * (corresponding author); nadia_i_i@abv.bg 

 
Abstract: The environmental protection policy of the European Community is an extremely dynamically devel-

oping policy. Civil society and government bodies increasingly perceive the right of access to information on 

environmental issues not only as a right in itself, but also as a significant factor in achieving sustainable devel-

opment. The study is dedicated to the right of access to information related to environmental protection, and 

some features are examined in specific legal acts of the European Community with a mandatory nature for the 

member countries and opinions of a principled nature related to the problem of environmental protection. 

Keywords: access to environmental information, law of the European Union, jurisprudence of the Court of the 

European Union. 

 

ʇʈɸɺʆʊʆ ʅɸ ɼʆʉʊʒʇ ɼʆ ʀʅʌʆʈʄɸʎʀʗ, ʉɺʒʈɿɸʅɸ ʉ ʆʇɸɿɺɸʅɽʊʆ ʅɸ ʆʂʆʃ-

ʅɸʊɸ ʉʈɽɼɸ 
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ɺʲʚʝʜʝʥʠʝ 

ʇʨʘʚʥʠʷʪ ʨʝʞʠʤ ʥʘ ʠʥʬʦʨʤʘʮʠʷʪʘ ʟʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʝ ʩʨʝʜ ʚʘʞʥʠʪʝ ʧʨʘʚʥʠ ʩʨʝʜʩʪʚʘ ʟʘ 

ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʫʩʧʝʰʥʘ ʝʢʦʣʦʛʠʯʥʘ ʧʦʣʠʪʠʢʘ, ʘ ʜʦʩʪʲʧʲʪ ʜʦ ʪʘʢʘʚʘ ʠʥʬʦʨʤʘʮʠʷ ʝ ʧʦʢʘʟʘʪʝʣ ʟʘ 

ʜʝʤʦʢʨʘʪʠʟʘʮʠʷʪʘ ʥʘ ʦʙʱʝʩʪʚʝʥʠʪʝ ʧʨʦʮʝʩʠ ʚ ʦʪʜʝʣʥʠʪʝ ʜʲʨʞʘʚʠ-ʯʣʝʥʢʠ ʥʘ ɽʉ [ʇʝʥʯʝʚ, 2022]. 

ɽʚʨʦʧʝʡʩʢʘʪʘ ʠʥʪʝʛʨʘʮʠʷ ʥʘ ʈ ɹʲʣʛʘʨʠʷ ʚ ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʥʘʣʘʛʘ ʜʦʙʨʦʚʦʣʝʥ ʦʪʢʘʟ ʦʪ ʩʫʚʝʨʝʥʠʪʝʪ ʚ 

ʧʦʣʟʘ ʥʘ ʩʲʶʟʘ, ʢʦʡʪʦ ʠʤʘ ʩʚʦʷ ʧʨʘʚʥʘ ʩʠʩʪʝʤʘ - ʩʲʚʢʫʧʥʦʩʪ ʦʪ ʧʨʘʚʥʠ ʥʦʨʤʠ ʩ ʦʧʨʝʜʝʣʝʥʠ ʠʟʪʦʯ-

ʥʠʮʠ ʠ ʦʨʛʘʥʠ, ʢʦʠʪʦ ʩʝ ʧʨʠʝʤʘʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠ ʧʨʦʮʝʜʫʨʠ ʩʲʩ ʩʦʙʩʪʚʝʥ ʧʨʘʚʦʧʨʠʣʘʛʘʱ/ ʧʨʘʚʦ-

ʨʘʟʜʘʚʘʪʝʣʝʥ ʤʝʭʘʥʠʟʲʤ.  

ʂʦʥʪʨʦʣʲʪ ʥʘ ɽʚʨʦʨʝʡʩʢʠʷ ʩʲʶʟ ʧʦ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʜʠʨʝʢʪʠʚʠʪʝ ʧʦ ʦʢʦʣʥʘ ʩʨʝʜʘ ʩʝ ʦʩʲ-

ʱʝʩʪʚʷʚʘ ʦʩʥʦʚʥʦ ʯʨʝʟ: 1) ʬʦʨʤʘʣʥʘ ʧʨʦʚʝʨʢʘ ʦʪʥʦʩʥʦ ʚʲʚʝʞʜʘʥʝʪʦ ʥʘ ʜʘʜʝʥʘ ʜʠʨʝʢʪʠʚʘ ʚ ʧʨʘʚ-

ʥʘʪʘ ʩʠʩʪʝʤʘ ʥʘ ʩʪʨʘʥʠʪʝ- ʯʣʝʥʢʠ; 2) ʧʨʦʚʝʨʢʘ ʟʘ ʨʝʘʣʥʦʪʦ ʧʨʠʣʘʛʘʥʝ ʥʘ ʜʠʨʝʢʪʠʚʘʪʘ ʚ ʧʨʘʢʪʠʢʘʪʘ, 

ʢʦʷʪʦ ʩʝ ʠʟʚʲʨʰʚʘ ʧʨʝʜʠʤʥʦ ʥʘ ʙʘʟʘ ʧʝʨʠʦʜʠʯʥʠʪʝ ʜʦʢʣʘʜʠ ʧʦ ʧʨʠʣʘʛʘʥʝ ʥʘ ʜʠʨʝʢʪʠʚʘʪʘ ʦʪ ʩʪʨʘ-

ʥʠʪʝ ʯʣʝʥʢʠ ʠ ʘʥʘʣʠʟ ʥʘ ʞʘʣʙʠʪʝ, ʧʦʜʘʜʝʥʠ ʜʦ ʂʦʤʠʩʠʷʪʘ ʠʣʠ ʜʦ ʉʲʜʘ ʥʘ ɽʉ ʦʪʥʦʩʥʦ ʥʝʩʧʘʟʚʘʥʝ 

ʥʘ ʦʙʱʥʦʩʪʥʦʪʦ ʧʨʘʚʦ. ʅʘʡ-ʯʝʩʪʦ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʧʨʦʧʫʩʢʠ ʚ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʜʠʨʝʢʪʠʚʠʪʝ ʧʦ 

ʦʢʦʣʥʘ ʩʨʝʜʘ, ʢʦʠʪʦ ʂʦʤʠʩʠʷʪʘ ʩʲʦʙʱʘʚʘ ʩʘ: ʘ) ʦʪʣʘʛʘʥʝ ʥʘ ʚʲʚʝʞʜʘʥʝʪʦ ʥʘ ʜʠʨʝʢʪʠʚʘʪʘ ʚ ʥʘʮʠʦ-

ʥʘʣʥʦʪʦ ʧʨʘʚʦ; ʙ) ʩʘʤʦ ʯʘʩʪʠʯʥʦ ʚʲʚʝʞʜʘʥʝ; ʚ) ʧʨʠʝʤʘʥʝ ʥʘ ʜʠʨʝʢʪʠʚʠʪʝ ʢʘʪʦ ʧʨʝʧʦʨʲʢʠ, ʘ ʥʝ ʢʘʪʦ 

ʦʙʚʲʨʟʚʘʱ ʘʢʪ; ʛ) ʥʝʩʧʘʟʚʘʥʝ ʚ ʥʷʢʦʠ ʩʣʫʯʘʠ ʜʦʨʠ ʥʘ ʨʝʰʝʥʠʷʪʘ ʥʘ ʉʲʜʘ ʥʘ ɽʆ, ʢʦʥʩʪʘʪʠʨʘʱʠ 

ʥʘʨʫʰʝʥʠʷ ʦʪ ʩʪʨʘʥʘ ʥʘ ʜʲʨʞʘʚʘ- ʯʣʝʥʢʘ [ʄʠʥʢʦʚʘ, 2001].  

ʊʦʚʘ ʥʘʩʦʯʠ ʨʘʙʦʪʘʪʘ ʥʠ ʢʲʤ ʧʨʝʛʣʝʜ ʠ ʘʥʘʣʠʟ ʥʘ ʥʷʢʦʠ ʘʢʪʦʚʝ ʥʘ ɽʉ ʩʲʩ ʟʘʜʲʣʞʠʪʝʣʝʥ ʭʘ-

ʨʘʢʪʝʨ ʟʘ ʚʩʠʯʢʠ ʩʪʨʘʥʠ-ʯʣʝʥʢʠ, ʢʘʪʦ ʚʲʚ ʚʩʝʢʠ ʦʪ ʪʷʭ ʩʝ ʩʲʜʲʨʞʘʪ ʩʪʘʥʦʚʠʱʘ ʩ ʧʨʠʥʮʠʧʝʥ ʭʘʨʘʢ-

ʪʝʨ ʧʦ ʚʲʧʨʦʩʠ, ʩʚʲʨʟʘʥʠ ʩ ʜʦʩʪʲʧʘ ʜʦ ʠʥʬʦʨʤʘʮʠʷʪʘ ʟʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. 

 

ʆʙʱʝʩʪʚʝʥʠʷʪ ʜʦʩʪʲʧ ʜʦ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʚ ʘʢʪʦʚʝ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ ʩʲʩ 

ʟʘʜʲʣʞʠʪʝʣʝʥ ʭʘʨʘʢʪʝʨ ʟʘ ʩʪʨʘʥʠʪʝ-ʯʣʝʥʢʠ (ʜʦʢʪʦʨʘʥʪ ʀʚʘʣʠʥʘ ʄʘʨʠʥʦʚʘ) 

 

ʆʱʝ ʦʪ ʩʘʤʦʪʦ ʥʘʯʘʣʦ ʩʣʝʜʚʘ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ʟʜʨʘʚʦʩʣʦʚʥʘʪʘ ʠ ʙʣʘʛʦʧʨʠʷʪʥʘ ʦʢʦʣʥʘ 

ʩʨʝʜʘ ʝ ʙʣʘʛʦ, ʙʝʟ ʢʦʝʪʦ ʩʲʱʝʩʪʚʫʚʘʥʝʪʦ ʥʘ ʯʦʚʝʢʘ ʙʠ ʙʠʣʦ ʥʝʚʲʟʤʦʞʥʦ. ɺʩʝʢʠ ʛʨʘʞʜʘʥʠʥ ʝ ʟʘʠʥ-

ʪʝʨʝʩʫʚʘʥ ʜʘ ʨʘʟʧʦʣʘʛʘ ʩ ʪʦʯʥʘ ʠ ʦʙʝʢʪʠʚʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ [ʇʘʥʘ-

ʡʦʪʦʚʘ, 2003].  
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ɺ ʩʚʦʷ ʦʙʰʠʨʥʘ ʩʪʘʪʠʷ, ʦʟʘʛʣʘʚʝʥʘ Ăɻʣʦʙʘʣʥʘʪʘ ʝʢʩʧʣʦʟʠʷ ʥʘ ʟʘʢʦʥʠʪʝ ʟʘ ʩʚʦʙʦʜʘ ʥʘ ʠʥ-

ʬʦʨʤʘʮʠʷʪʘñ Ackerman ʠ Sandoval-Ballesteros ʧʦʩʦʯʚʘʪ Ăɺʲʧʨʝʢʠ ʯʝ ʩʝʢʨʝʪʥʦʩʪʪʘ ʠ Ăʚʲʪʨʝʰʥʘʪʘ 

ʠʥʬʦʨʤʘʮʠʷñ ʩʘ ʧʝʯʝʣʠʚʰʠ ʟʘ ʤʘʣʮʠʥʘ, ʟʜʨʘʚʝʪʦ ʥʘ ʧʘʟʘʨʥʠʪʝ ʦʪʥʦʰʝʥʠʷ ʚ ʜʲʣʛʦʩʨʦʯʝʥ ʧʣʘʥ ʟʘ-

ʚʠʩʠ ʦʪ ʧʦʩʪʦʷʥʥʠʷ ʧʦʪʦʢ ʦʪ ʥʘʜʝʞʜʥʘ ʠʥʬʦʨʤʘʮʠʷ [Ackerman, Sandoval-Ballesteros, 2006]. 

ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʚʘ ʜʝʣʦ C-619/19 (ʮʠʪʠʨʘʥʦ ʧʦ ʧʨʘʚʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ ñɸʧʠʩ 

6.0ò)1), ʦʙʨʘʟʫʚʘʥʦ ʧʦ ʧʨʝʶʜʠʮʠʘʣʥʦ ʟʘʧʠʪʚʘʥʝ, ʢʦʝʪʦ ʩʝ ʦʪʥʘʩʷ ʜʦ ʪʲʣʢʫʚʘʥʝʪʦ ʥʘ ʯʣʝʥ 4, ʧʘʨʘʛ-

ʨʘʬ 1, ʧʲʨʚʘ ʘʣʠʥʝʷ, ʙʫʢʚʘ ʜ) ʦʪ ɼʠʨʝʢʪʠʚʘ 2003/4/ɽʆ2) ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʧʘʨʣʘʤʝʥʪ ʠ ʥʘ ʉʲʚʝʪʘ ʦʪ 

28 ʷʥʫʘʨʠ 2003 ʛʦʜʠʥʘ ʦʪʥʦʩʥʦ ʦʙʱʝʩʪʚʝʥʠʷ ʜʦʩʪʲʧ ʜʦ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʠ ʟʘ ʦʪʤʷʥʘ 

ʥʘ ɼʠʨʝʢʪʠʚʘ 90/313/ɽʀʆ ʥʘ ʉʲʚʝʪʘ. 

ɿʘʧʠʪʚʘʥʝʪʦ ʝ ʦʪʧʨʘʚʝʥʦ ʚ ʨʘʤʢʠʪʝ ʥʘ ʩʧʦʨ ʤʝʞʜʫ Land Baden-W¿rttemberg (ʧʨʦʚʠʥʮʠʷ ɹʘ-

ʜʝʥ-ɺʶʨʪʝʤʙʝʨʛ) ʠ D. R., ʧʦ ʧʦʚʦʜ ʥʘ ʠʩʢʘʥʝ ʟʘ ʧʨʝʜʦʩʪʘʚʷʥʝ ʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, 

ʮʝʣʷʱʦ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʜʦʩʪʲʧ ʜʦ ʥʷʢʦʠ ʜʦʢʫʤʝʥʪʠ ʥʘ Staatsministerium Baden-W¿rttemberg (ɼʲʨ-

ʞʘʚʥʦ ʤʠʥʠʩʪʝʨʩʪʚʦ ʥʘ ʧʨʦʚʠʥʮʠʷ ɹʘʜʝʥ-ɺʶʨʪʝʤʙʝʨʛ) ʦʪʥʦʩʥʦ ʪʨʘʥʩʧʦʨʪʝʥ ʠ ʛʨʘʜʦʫʩʪʨʦʡʩʪʚʝʥ 

ʧʨʦʝʢʪ ʟʘ ʧʣʘʥʠʨʘʥʝ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʥʘʨʝʯʝʥ Ăʑʫʪʛʘʨʪ 21", ʚ Stuttgarter Schlossgarten (ʛʨʘʜʠ-

ʥʘʪʘ ʥʘ ʑʫʪʛʘʨʪʩʢʠʷ ʟʘʤʲʢ, ɻʝʨʤʘʥʠʷ). 

ɿʘ ʮʝʣʠʪʝ ʥʘ ʥʘʩʪʦʷʱʝʪʦ ʠʟʣʦʞʝʥʠʝ ʩʝ ʬʦʢʫʩʠʨʘʤʝ ʥʘ ʧʲʨʚʠʷ ʚʲʧʨʦʩ ʥʘ ʟʘʧʠʪʚʘʱʘʪʘ ʶʨʠʩ-

ʜʠʢʮʠʷ, ʘ ʠʤʝʥʥʦ: ʪʨʷʙʚʘ ʣʠ ʯʣʝʥ 4, ʧʘʨʘʛʨʘʬ 1, ʧʲʨʚʘ ʘʣʠʥʝʷ, ʙʫʢʚʘ ʜ) ʦʪ ɼʠʨʝʢʪʠʚʘ 2003/4 ʜʘ ʩʝ 

ʪʲʣʢʫʚʘ ʚ ʩʤʠʩʲʣ, ʯʝ ʧʦʥʷʪʠʝʪʦ Ăʚʲʪʨʝʰʥʘ ʢʦʤʫʥʠʢʘʮʠʷ" ʦʙʭʚʘʱʘ ʮʷʣʘʪʘ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʷʪʦ ʥʝ 

ʥʘʧʫʩʢʘ ʚʲʪʨʝʰʥʘʪʘ ʩʬʝʨʘ ʥʘ ʧʫʙʣʠʯʝʥ ʦʨʛʘʥ. 

ɺ ʜʠʩʧʦʟʠʪʠʚʘ ʥʘ ʨʝʰʝʥʠʝʪʦ ʉʲʜʲʪ ʝ ʧʦʩʪʘʥʦʚʠʣ ʩʣʝʜʥʦʪʦ:  

Ăʑʦ ʩʝ ʦʪʥʘʩʷ ʜʦ ʧʦʥʷʪʠʝʪʦ Ăʚʲʪʨʝʰʥʠ ʩʲʦʙʨʘʞʝʥʠʷ", ʩʣʝʜʚʘ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ɼʠʨʝʢʪʠʚʘ 

2003/4 ʥʝ ʛʦ ʦʧʨʝʜʝʣʷ ʠ ʥʝ ʩʲʜʲʨʞʘ ʧʨʝʧʨʘʱʘʥʝ ʢʲʤ ʧʨʘʚʦʪʦ ʥʘ ʜʲʨʞʘʚʠʪʝ -  ʯʣʝʥʢʠ ʚ ʪʦʚʘ ʦʪʥʦ-

ʰʝʥʠʝ. ɽʪʦ ʟʘʱʦ ʪʦ ʩʣʝʜʚʘ ʜʘ ʩʝ ʪʲʣʢʫʚʘʪ ʩʘʤʦʩʪʦʷʪʝʣʥʦ ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩʲʩ ʩʲʜʝʙʥʘʪʘ ʧʨʘʢʪʠʢʘ, 

ʧʦʩʦʯʝʥʘ ʚ ʪʦʯʢʘ 34 ʦʪ ʥʘʩʪʦʷʱʦʪʦ ʨʝʰʝʥʠʝ. 

ʑʦ ʩʝ ʦʪʥʘʩʷ, ʥʘ ʧʲʨʚʦ ʤʷʩʪʦ, ʜʦ ʪʝʨʤʠʥʘ Ăʩʲʦʙʱʝʥʠʝ", ʠʟʧʦʣʟʚʘʥ ʚ ʯʣʝʥ 4, ʧʘʨʘʛʨʘʬ 1, 

ʧʲʨʚʘ ʘʣʠʥʝʷ, ʙʫʢʚʘ ʜ) ʦʪ ɼʠʨʝʢʪʠʚʘ 2003/4, ʩʣʝʜʚʘ ʜʘ ʩʝ ʧʨʠʝʤʝ, ʢʘʢʪʦ ʦʪʙʝʣʷʟʚʘ ʛʝʥʝʨʘʣʥʠʷʪ ʘʜ-

ʚʦʢʘʪ ʚ ʪʦʯʢʠ 20 ʠ 21 ʦʪ ʟʘʢʣʶʯʝʥʠʝʪʦ ʩʠ, ʯʝ ʪʦ ʩʝ ʦʪʥʘʩʷ ʜʦ ʠʥʬʦʨʤʘʮʠʷ, ʘʜʨʝʩʠʨʘʥʘ ʦʪ ʘʚʪʦʨʘ ʜʦ 

ʘʜʨʝʩʘʪ, ʢʘʪʦ ʩʝ ʠʤʘ ʧʨʝʜʚʠʜ, ʯʝ ʪʦʟʠ ʘʜʨʝʩʘʪ ʤʦʞʝ ʜʘ ʙʲʜʝ ʢʘʢʪʦ ʘʙʩʪʨʘʢʪʥʦ ʦʙʨʘʟʫʚʘʥʠʝ, ʢʘʪʦ 

ʥʘʧʨʠʤʝʨ Ăʯʣʝʥʦʚʝʪʝ" ʥʘ ʘʜʤʠʥʠʩʪʨʘʮʠʷʪʘ ʠʣʠ Ăʫʧʨʘʚʠʪʝʣʝʥ ʩʲʚʝʪ" ʥʘ ʶʨʠʜʠʯʝʩʢʦ ʣʠʮʝ, ʪʘʢʘ ʠ 

ʩʧʝʮʠʬʠʯʥʦ ʣʠʮʝ, ʧʨʠʥʘʜʣʝʞʘʱʦ ʢʲʤ ʪʘʢʦʚʘ ʦʙʨʘʟʫʚʘʥʠʝ, ʥʘʧʨʠʤʝʨ ʧʨʝʜʩʪʘʚʠʪʝʣ ʠʣʠ ʩʣʫʞʠʪʝʣ. 

ʊʦʚʘ ʪʲʣʢʫʚʘʥʝ ʥʘ ʧʦʥʷʪʠʝʪʦ Ăʩʲʦʙʱʝʥʠʝ" ʩʝ ʧʦʪʚʲʨʞʜʘʚʘ ʦʪ ʢʦʥʪʝʢʩʪʘ, ʚ ʢʦʡʪʦ ʩʝ ʚʧʠʩʚʘ 

ʯʣʝʥ 4, ʧʘʨʘʛʨʘʬ 1, ʧʲʨʚʘ ʘʣʠʥʝʷ, ʙʫʢʚʘ ʜ) ʦʪ ɼʠʨʝʢʪʠʚʘ 2003/4. 

ɺʩʲʱʥʦʩʪ ʯʣʝʥ 4, ʧʘʨʘʛʨʘʬ 3, ʙʫʢʚʘ c) ʦʪ ʆʨʭʫʩʢʘʪʘ ʢʦʥʚʝʥʮʠʷ ʧʨʝʜʚʠʞʜʘ ʠʟʢʣʶʯʝʥʠʝ ʦʪ 

ʧʨʘʚʦʪʦ ʥʘ ʜʦʩʪʲʧ ʜʦ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ʢʦʛʘʪʦ ʠʩʢʘʥʝʪʦ ʩʝ ʦʪʥʘʩʷ ʜʦ ʤʘʪʝʨʠʘʣʠ, ʢʦ-

ʠʪʦ ʩʘ ʚ ʧʨʦʮʝʩ ʥʘ ʠʟʛʦʪʚʷʥʝ ʠʣʠ ʜʦ ʚʲʪʨʝʰʥʠ ʢʦʤʫʥʠʢʘʮʠʠ ʥʘ ʜʲʨʞʘʚʥʠʪʝ ʦʨʛʘʥʠ. ʊʘʢʘ ʪʘʟʠ ʨʘʟ-

ʧʦʨʝʜʙʘ ʨʘʟʛʨʘʥʠʯʘʚʘ ʧʦʥʷʪʠʝʪʦ Ăʤʘʪʝʨʠʘʣ" ʦʪ ʧʦʥʷʪʠʝʪʦ Ăʢʦʤʫʥʠʢʘʮʠʷ". 

ʂʘʢʪʦ ʦʪʙʝʣʷʟʚʘ ʛʝʥʝʨʘʣʥʠʷʪ ʘʜʚʦʢʘʪ ʚ ʪʦʯʢʠ 23 ʠ 24 ʦʪ ʟʘʢʣʶʯʝʥʠʝʪʦ ʩʠ, ʩʲʱʦʪʦ ʨʘʟʛʨʘ-

ʥʠʯʝʥʠʝ ʝ ʚʲʟʧʨʠʝʪʦ ʦʪ ʟʘʢʦʥʦʜʘʪʝʣʷ ʥʘ ʉʲʶʟʘ, ʢʦʡʪʦ ʝ ʪʨʘʥʩʧʦʥʠʨʘʣ ʯʣʝʥ 4, ʧʘʨʘʛʨʘʬ 3, ʙʫʢʚʘ c) 

ʦʪ ʆʨʭʫʩʢʘʪʘ ʢʦʥʚʝʥʮʠʷ ʩ ʜʚʝ ʦʪʜʝʣʥʠ ʨʘʟʧʦʨʝʜʙʠ. ʆʪ ʝʜʥʘ ʩʪʨʘʥʘ, ʯʣʝʥ 4, ʧʘʨʘʛʨʘʬ 1, ʧʲʨʚʘ ʘʣʠ-

ʥʝʷ, ʙʫʢʚʘ ʛ) ʦʪ ɼʠʨʝʢʪʠʚʘ 2003/4 ʩʲʜʲʨʞʘ ʠʟʢʣʶʯʝʥʠʝ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʤʘʪʝʨʠʘʣʠʪʝ ʚ ʧʨʦʮʝʩ ʥʘ 

ʠʟʛʦʪʚʷʥʝ ʠʣʠ ʥʝʟʘʚʲʨʰʝʥʠ ʜʦʢʫʤʝʥʪʠ ʠ ʜʘʥʥʠ, ʘ ʦʪ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʯʣʝʥ 4, ʧʘʨʘʛʨʘʬ 1, ʧʲʨʚʘ ʘʣʠ-

ʥʝʷ, ʙʫʢʚʘ ʜ) ʦʪ ʪʘʟʠ ʜʠʨʝʢʪʠʚʘ ʧʨʝʜʚʠʞʜʘ ʠʟʢʣʶʯʝʥʠʝ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʚʲʪʨʝʰʥʠʪʝ ʩʲʦʙʱʝʥʠʷ. 

ʉʣʝʜʦʚʘʪʝʣʥʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʨʠʜʘʜʝ ʨʘʟʣʠʯʝʥ ʩʤʠʩʲʣ ʥʘ ʧʦʥʷʪʠʷʪʘ Ăʩʲʦʙʱʝʥʠʝ" ʠ Ăʤʘʪʝʨʠʘʣ". ʇʦ-

ʩʧʝʮʠʘʣʥʦ, ʟʘ ʨʘʟʣʠʢʘ ʦʪ ʧʲʨʚʦʪʦ ʧʦʥʷʪʠʝ, ʚʪʦʨʦʪʦ ʥʝ ʩʝ ʦʪʥʘʩʷ ʥʝʧʨʝʤʝʥʥʦ ʜʦ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʷʪʦ 

ʠʤʘ ʦʧʨʝʜʝʣʝʥ ʘʜʨʝʩʘʪ. 

ʑʦ ʩʝ ʦʪʥʘʩʷ, ʥʘ ʚʪʦʨʦ ʤʷʩʪʦ, ʜʦ ʧʦʥʷʪʠʝʪʦ Ăʚʲʪʨʝʰʝʥ", ʦʪ ʯʣʝʥ 3, ʧʘʨʘʛʨʘʬ 1 ʦʪ ɼʠʨʝʢʪʠ-

ʚʘ 2003/4 ʩʣʝʜʚʘ, ʯʝ ʠʥʬʦʨʤʘʮʠʷʪʘ ʟʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ʜʦ ʢʦʷʪʦ ʪʘʟʠ ʜʠʨʝʢʪʠʚʘ ʮʝʣʠ ʜʘ ʜʘʜʝ ʜʦʩ-

ʪʲʧ, ʩʝ ʩʲʭʨʘʥʷʚʘ ʦʪ ʧʫʙʣʠʯʥʠʪʝ ʚʣʘʩʪʠ. ʉʲʛʣʘʩʥʦ ʯʣʝʥ 2, ʪʦʯʢʘ 3 ʦʪ ʧʦʩʦʯʝʥʘʪʘ ʜʠʨʝʢʪʠʚʘ ʪʘʢʲʚ ʝ 

ʩʣʫʯʘʷʪ ʩ ʠʥʬʦʨʤʘʮʠʷʪʘ, ʩ ʢʦʷʪʦ ʦʨʛʘʥʲʪ ʨʘʟʧʦʣʘʛʘ ʠ ʢʦʷʪʦ ʝ ʧʦʣʫʯʝʥʘ ʠʣʠ ʠʟʛʦʪʚʝʥʘ ʦʪ ʥʝʛʦ. 
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ʆʪʙʝʣʷʟʚʘ ʩʝ, ʯʝ ʧʫʙʣʠʯʥʠʪʝ ʦʨʛʘʥʠ, ʢʦʠʪʦ ʩʲʭʨʘʥʷʚʘʪ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ʤʦ-

ʛʘʪ ʜʘ ʩʝ ʨʘʟʧʦʨʝʞʜʘʪ ʩ ʥʝʷ, ʜʘ ʷ ʦʙʨʘʙʦʪʚʘʪ ʠ ʘʥʘʣʠʟʠʨʘʪ ʥʘ ʚʲʪʨʝʰʥʦ ʨʘʚʥʠʱʝ, ʢʘʢʪʦ ʠ ʜʘ ʨʝʰʘʪ 

ʜʘʣʠ ʜʘ ʷ ʦʧʦʚʝʩʪʷʪ. 

ʆʪ ʛʦʨʥʠʪʝ ʢʦʥʩʪʘʪʘʮʠʠ ʩʝ ʦʙʦʩʥʦʚʘʚʘ ʠʟʚʦʜʘ, ʯʝ ʥʝ ʚʩʷʢʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, 

ʩʲʭʨʘʥʷʚʘʥʘ ʦʪ ʧʫʙʣʠʯʝʥ ʦʨʛʘʥ, ʥʝʧʨʝʤʝʥʥʦ ʩʝ ʜʝʬʠʥʠʨʘ ʢʘʪʦ Ăʚʲʪʨʝʰʥʘ" ʪʘʢʘʚʘ. ʂʘʪʦ Ăʚʲʪʨʝʰ-

ʥʘñ ʙʠ ʤʦʛʣʘ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʩʘʤʦ ʠʥʬʦʨʤʘʮʠʷʪʘ, ʢʦʷʪʦ ʥʝ ʥʘʧʫʩʢʘ ʚʲʪʨʝʰʥʘʪʘ ʩʬʝʨʘ ʥʘ ʧʫʙʣʠʯʝʥ 

ʦʨʛʘʥ, ʧʦ-ʩʧʝʮʠʘʣʥʦ ʪʘʢʘʚʘ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʷʪʦ ʢʲʤ ʥʠʪʦ ʝʜʠʥ ʤʦʤʝʥʪ ʥʝ ʝ ʙʠʣʘ ʦʧʦʚʝʩʪʝʥʘ ʥʘ 

ʪʨʝʪʦ ʣʠʮʝ ʠʣʠ ʥʝ ʝ ʙʠʣʘ ʧʨʝʜʦʩʪʘʚʝʥʘ ʥʘ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʦʙʱʝʩʪʚʝʥʦʩʪʪʘ.  

ɼʝʣʦ C-616/17 (ʮʠʪ. ʧʦ ʧʨʘʚʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ ñɸʧʠʩ 6.0ò) ʝ ʩ ʧʨʝʜʤʝʪ ʧʨʝʶʜʠ-

ʮʠʘʣʥʦ ʟʘʧʠʪʚʘʥʝ, ʦʪʧʨʘʚʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʝ ʯʣʝʥ 267 ɼʌɽʉ3) ʦʪ Tribunal correctionnel de Foix (ʅʘ-

ʢʘʟʘʪʝʣʝʥ ʩʲʜ ʌʦʘ, ʌʨʘʥʮʠʷ). ʇʨʝʶʜʠʮʠʘʣʥʦʪʦ ʟʘʧʠʪʚʘʥʝ ʩʝ ʦʪʥʘʩʷ ʜʦ ʚʘʣʠʜʥʦʩʪʪʘ ʥʘ ʈʝʛʣʘʤʝʥʪ 

(ɽʆ) ˉ 1107/2009 ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʧʘʨʣʘʤʝʥʪ ʠ ʥʘ ʉʲʚʝʪʘ ʦʪ 21 ʦʢʪʦʤʚʨʠ 2009 ʛʦʜʠʥʘ4) ʦʪʥʦʩʥʦ 

ʧʫʩʢʘʥʝʪʦ ʥʘ ʧʘʟʘʨʘ ʥʘ ʧʨʦʜʫʢʪʠ ʟʘ ʨʘʩʪʠʪʝʣʥʘ ʟʘʱʠʪʘ ʠ ʟʘ ʦʪʤʷʥʘ ʥʘ ʜʠʨʝʢʪʠʚʠ 79/117/ɽʀʆ ʠ 

91/414/ɽʀʆ ʥʘ ʉʲʚʝʪʘ. ɿʘʧʠʪʚʘʥʝʪʦ ʝ ʦʪʧʨʘʚʝʥʦ ʚ ʨʘʤʢʠʪʝ ʥʘ ʥʘʢʘʟʘʪʝʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʦʙʨʘʟʫ-

ʚʘʥʦ ʩʨʝʱʫ ʛ-ʥ Blaise ʠ ʜʨʫʛʠ ʜʚʘʜʝʩʝʪ ʧʦʜʩʲʜʠʤʠ, ʧʦʨʘʜʠ ʠʟʚʲʨʰʝʥʦ ʚ ʩʲʫʯʘʩʪʠʝ ʧʦʚʨʝʞʜʘʥʝ ʠʣʠ 

ʨʘʟʚʘʣʷʥʝ ʥʘ ʯʫʞʜʦ ʠʤʫʱʝʩʪʚʦ. 

ʋʩʪʘʥʦʚʝʥʘ ʝ ʩʣʝʜʥʘʪʘ ʬʘʢʪʠʯʝʩʢʘ ʦʙʩʪʘʥʦʚʢʘ: 

Ăʅʘ 27 ʩʝʧʪʝʤʚʨʠ 2016 ʛ. ʛ-ʥ Blaise ʠ ʜʚʘʜʝʩʝʪ ʜʨʫʛʠ ʣʠʮʘ ʚʣʠʟʘʪ ʚ ʤʘʛʘʟʠʥʠ, ʨʘʟʧʦʣʦʞʝʥʠ ʚ 

ʜʝʧʘʨʪʘʤʝʥʪ ɸʨʠʝʞ (ʌʨʘʥʮʠʷ), ʠ ʧʦʚʨʝʞʜʘʪ ʙʠʜʦʥʠ ʟʘ ʭʝʨʙʠʮʠʜʠ, ʢʦʠʪʦ ʩʲʜʲʨʞʘʪ ʛʣʠʬʦʟʘʪ, ʢʘʢ-

ʪʦ ʠ ʩʪʲʢʣʝʥʠ ʚʠʪʨʠʥʠ. ʊʝʟʠ ʜʝʷʥʠʷ ʚʦʜʷʪ ʜʦ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʥʘʢʘʟʘʪʝʣʥʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʨʝʱʫ 

ʧʦʩʦʯʝʥʠʪʝ ʣʠʮʘ ʧʨʝʜ Tribunal correctionnel de Foix (ʅʘʢʘʟʘʪʝʣʝʥ ʩʲʜ ʌʦʘ, ʌʨʘʥʮʠʷ) ʥʘ ʦʩʥʦʚʘʥʠʝ 

ʥʘ ʠʟʚʲʨʰʝʥʦ ʚ ʩʲʫʯʘʩʪʠʝ ʧʦʚʨʝʞʜʘʥʝ ʠʣʠ ʨʘʟʚʘʣʷʥʝ ʥʘ ʯʫʞʜʦ ʠʤʫʱʝʩʪʚʦ. ʇʨʝʜ ʧʦʩʦʯʝʥʘʪʘ 

ʶʨʠʩʜʠʢʮʠʷ ʧʦʜʩʲʜʠʤʠʪʝ ʩʝ ʧʦʟʦʚʘʚʘʪ ʥʘ ʢʨʘʡʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪ ʠ ʥʘ ʧʨʠʥʮʠʧʘ ʥʘ ʧʨʝʜʧʘʟʥʠʪʝ 

ʤʝʨʢʠ, ʢʘʪʦ ʠʟʪʲʢʚʘʪ, ʯʝ ʜʝʡʩʪʚʠʷʪʘ ʠʤ ʩʘ ʮʝʣʝʣʠ ʜʘ ʠʟʦʩʪʨʷʪ ʚʥʠʤʘʥʠʝʪʦ ʥʘ ʩʲʦʪʚʝʪʥʠʪʝ ʤʘʛʘʟʠ-

ʥʠ ʠ ʥʘ ʪʝʭʥʠʪʝ ʢʣʠʝʥʪʠ ʟʘ ʦʧʘʩʥʦʩʪʠʪʝ, ʩʚʲʨʟʘʥʠ ʩ ʧʨʝʜʣʘʛʘʥʠʪʝ ʥʘ ʧʘʟʘʨʘ ʭʝʨʙʠʮʠʜʠ, ʩʲʜʲʨʞʘ-

ʱʠ ʛʣʠʬʦʟʘʪ; ʜʘ ʧʦʧʨʝʯʘʪ ʥʘ ʧʨʝʜʣʘʛʘʥʝʪʦ ʠʤ ʥʘ ʧʘʟʘʨʘ ʠ ʜʘ ʟʘʱʠʪʷʪ ʟʜʨʘʚʝʪʦ ʥʘ ʦʙʱʝʩʪʚʝʥʦʩʪʪʘ 

ʠ ʩʦʙʩʪʚʝʥʦʪʦ ʩʠ ʟʜʨʘʚʝ. ɿʘ ʜʘ ʩʝ ʧʨʦʠʟʥʝʩʝ ʧʦ ʦʩʥʦʚʘʪʝʣʥʦʩʪʪʘ ʥʘ ʪʦʟʠ ʜʦʚʦʜ, ʟʘʧʠʪʚʘʱʘʪʘ ʶʨʠʩ-

ʜʠʢʮʠʷ ʠʩʢʘ ʜʘ ʫʩʪʘʥʦʚʠ ʜʘʣʠ ʧʨʘʚʥʘʪʘ ʫʨʝʜʙʘ ʥʘ ʉʲʶʟʘ ʝ ʛʦʜʥʘ ʜʘ ʦʩʠʛʫʨʠ ʚ ʧʲʣʥʘ ʩʪʝʧʝʥ ʟʘʱʠ-

ʪʘʪʘ ʥʘ ʥʘʩʝʣʝʥʠʝʪʦ ʠ ʧʦʨʘʜʠ ʪʦʚʘ ʩʯʠʪʘ, ʯʝ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʨʦʠʟʥʝʩʝ ʧʦ ʚʘʣʠʜʥʦʩʪʪʘ ʥʘ ʈʝʛʣʘʤʝʥʪ 

ˉ 1107/2009 ʦʪ ʛʣʝʜʥʘ ʪʦʯʢʘ ʥʘ ʧʨʠʥʮʠʧʘ ʥʘ ʧʨʝʜʧʘʟʥʠʪʝ ʤʝʨʢʠ. 

ʇʨʠ ʪʝʟʠ ʫʩʣʦʚʠʷ Tribunal correctionnel de Foix (ʅʘʢʘʟʘʪʝʣʝʥ ʩʲʜ ʌʦʘ, ʌʨʘʥʮʠʷ) ʨʝʰʘʚʘ ʜʘ 

ʩʧʨʝ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ ʜʘ ʧʦʩʪʘʚʠ ʥʘ ʉʲʜʘ ʩʣʝʜʥʠʪʝ ʧʨʝʶʜʠʮʠʘʣʥʠ ʚʲʧʨʦʩʠ: 

Ă1) ʉʲʚʤʝʩʪʠʤ ʣʠ ʝ ʩ ʧʨʠʥʮʠʧʘ ʥʘ ʧʨʝʜʧʘʟʥʠʪʝ ʤʝʨʢʠ ʈʝʛʣʘʤʝʥʪ [ˉ 1107/2009], ʩʣʝʜ ʢʘʪʦ 

ʥʝ ʧʨʝʜʚʠʞʜʘ ʪʦʯʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘ ʪʦʚʘ ʢʘʢʚʦ ʧʨʝʜʩʪʘʚʣʷʚʘ ʘʢʪʠʚʥʦ ʚʝʱʝʩʪʚʦ, ʢʘʪʦ ʦʩʪʘʚʷ ʥʘ 

ʟʘʷʚʠʪʝʣʷ ʚʲʟʤʦʞʥʦʩʪʪʘ ʜʘ ʠʟʙʝʨʝ ʢʘʢʚʦ ʜʘ ʧʦʩʦʯʠ ʢʘʪʦ ʘʢʪʠʚʥʦ ʚʝʱʝʩʪʚʦ ʚ ʩʚʦʷ ʧʨʦʜʫʢʪ ʠ ʤʫ 

ʧʨʝʜʦʩʪʘʚʷ ʚʲʟʤʦʞʥʦʩʪʪʘ ʜʘ ʥʘʩʦʯʠ ʮʷʣʦʪʦ ʜʦʩʠʝ ʧʦ ʟʘʷʚʢʘʪʘ ʩʠ ʩʘʤʦ ʢʲʤ ʝʜʥʦ ʚʝʱʝʩʪʚʦ, ʤʘʢʘʨ 

ʧʫʩʥʘʪʠʷʪ ʦʪ ʥʝʛʦ ʥʘ ʧʘʟʘʨʘ ʢʨʘʝʥ ʧʨʦʜʫʢʪ ʜʘ ʩʲʜʲʨʞʘ ʥʷʢʦʣʢʦ ʚʝʱʝʩʪʚʘ? 

2) ɻʘʨʘʥʪʠʨʘʥʦ ʣʠ ʝ ʩʧʘʟʚʘʥʝʪʦ ʥʘ ʧʨʠʥʮʠʧʠʪʝ ʥʘ ʧʨʝʜʧʘʟʥʠʪʝ ʤʝʨʢʠ ʠ ʥʘ ʙʝʟʧʨʠʩʪʨʘʩʪ-

ʥʦʩʪ ʧʨʠ ʨʘʟʨʝʰʝʥʠʝʪʦ ʟʘ ʧʨʝʜʣʘʛʘʥʝ ʥʘ ʧʘʟʘʨʘ, ʢʦʛʘʪʦ ʠʟʧʠʪʚʘʥʠʷʪʘ, ʘʥʘʣʠʟʠʪʝ ʠ ʦʮʝʥʢʠʪʝ, ʥʝʦʙ-

ʭʦʜʠʤʠ ʟʘ ʨʘʟʛʣʝʞʜʘʥʝ ʥʘ ʜʦʩʠʝʪʦ, ʩʘ ʠʟʚʲʨʰʝʥʠ ʩʘʤʦ ʦʪ ʟʘʷʚʠʪʝʣʠʪʝ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʧʨʠʩ-

ʪʨʘʩʪʥʠ ʧʨʠ ʧʨʝʜʩʪʘʚʷʥʝʪʦ ʤʫ, ʙʝʟ ʜʘ ʩʝ ʠʟʚʲʨʰʚʘ ʥʠʢʘʢʲʚ ʥʝʟʘʚʠʩʠʤ ʥʘʩʨʝʱʝʥ ʘʥʘʣʠʟ ʠ ʙʝʟ ʜʘ 

ʙʲʜʘʪ ʧʫʙʣʠʢʫʚʘʥʠ ʜʦʢʣʘʜʠʪʝ ʦʪʥʦʩʥʦ ʟʘʷʚʣʝʥʠʷʪʘ ʟʘ ʨʘʟʨʝʰʝʥʠʝ ʧʦʜ ʧʨʝʜʣʦʛ ʦʧʘʟʚʘʥʝ ʥʘ ʧʨʦ-

ʤʠʰʣʝʥʘʪʘ ʪʘʡʥʘ? 

3) ʉʲʚʤʝʩʪʠʤ ʣʠ ʝ ʩ ʧʨʠʥʮʠʧʘ ʥʘ ʧʨʝʜʧʘʟʥʠʪʝ ʤʝʨʢʠ ʈʝʛʣʘʤʝʥʪ [ˉ 1107/2009], ʩʣʝʜ ʢʘʪʦ 

ʪʦʡ ʧʦ ʥʠʢʘʢʲʚ ʥʘʯʠʥ ʥʝ ʦʪʯʠʪʘ ʤʥʦʛʦʦʙʨʘʟʠʝʪʦ ʥʘ ʘʢʪʠʚʥʠʪʝ ʚʝʱʝʩʪʚʘ ʠ ʪʷʭʥʘʪʘ ʩʲʚʤʝʩʪʥʘ ʫʧʦʪ-

ʨʝʙʘ, ʧʦ-ʩʧʝʮʠʘʣʥʦ ʩʣʝʜ ʢʘʪʦ ʚ ʥʝʛʦ ʥʝ ʩʝ ʧʨʝʜʚʠʞʜʘ ʥʠʢʘʢʲʚ ʢʦʥʢʨʝʪʝʥ ʠ ʧʲʣʝʥ ʘʥʘʣʠʟ ʥʘ ʝʚʨʦ-

ʧʝʡʩʢʦ ʨʘʚʥʠʱʝ ʥʘ ʢʫʤʫʣʠʨʘʥʝʪʦ ʥʘ ʘʢʪʠʚʥʠ ʚʝʱʝʩʪʚʘ ʚ ʨʘʤʢʠʪʝ ʥʘ ʝʜʠʥ ʠ ʩʲʱ ʧʨʦʜʫʢʪ? 

4) ʉʲʚʤʝʩʪʠʤ ʣʠ ʝ ʩ ʧʨʠʥʮʠʧʘ ʥʘ ʧʨʝʜʧʘʟʥʠʪʝ ʤʝʨʢʠ ʈʝʛʣʘʤʝʥʪ [ˉ 1107/2009], ʩʣʝʜ ʢʘʪʦ ʚ 

ʛʣʘʚʠ 3 ʠ 4 ʦʩʚʦʙʦʞʜʘʚʘ ʦʪ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʘʥʘʣʠʟʠ ʟʘ ʪʦʢʩʠʯʥʦʩʪ (ʛʝʥʦʪʦʢʩʠʯʥʦʩʪ, ʧʨʝʛʣʝʜ ʥʘ 
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ʢʘʥʮʝʨʦʛʝʥʥʦʩʪʪʘ, ʧʨʝʛʣʝʜ ʥʘ ʥʘʨʫʰʝʥʠʷʪʘ ʥʘ ʬʫʥʢʮʠʠʪʝ ʥʘ ʝʥʜʦʢʨʠʥʥʘʪʘ ʩʠʩʪʝʤʘ) ʥʘ ʧʝʩʪʠʮʠʜ-

ʥʠʪʝ ʧʨʦʜʫʢʪʠ, ʢʦʠʪʦ ʩʘ ʧʫʩʥʘʪʠ ʥʘ ʧʘʟʘʨʘ ʠ ʚʣʠʷʷʪ ʥʘ ʠʟʣʦʞʝʥʠʪʝ ʥʘ ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʠʤ ʧʦʪʨʝʙʠ-

ʪʝʣʠ ʠ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ʢʘʪʦ ʥʘʣʘʛʘ ʠʟʚʲʨʰʚʘʥʝʪʦ ʩʘʤʦ ʥʘ ʦʙʱʠ ʠʟʧʠʪʚʘʥʠʷ, ʢʦʠʪʦ ʚʠʥʘʛʠ ʩʝ ʦʩʲ-

ʱʝʩʪʚʷʚʘʪ ʦʪ ʟʘʷʚʠʪʝʣʷ?".  

 

ʂʦʤʝʥʪʘʨ ʦʪʥʦʩʥʦ ʩʲʦʪʚʝʪʩʪʚʠʝʪʦ ʥʘ ʈʝʛʣʘʤʝʥʪ ˉ 1107/2009 ʩ ʧʨʠʥʮʠʧʘ ʥʘ ʧʨʝʜʧʘʟʥʠʪʝ 

ʤʝʨʢʠ (ʜ-ʨ ʅʘʜʷ ʀʣʠʝʚʘ) 

ʇʦ ʦʙʭʚʘʪʘ ʥʘ ʧʨʠʥʮʠʧʘ ʥʘ ʧʨʝʜʧʘʟʥʠʪʝ ʤʝʨʢʠ ʠ ʥʘ ʠʟʠʩʢʚʘʥʝʪʦ ʟʘ ʩʲʦʪʚʝʪʩʪʚʠʝ ʥʘ ʈʝʛʣʘ-

ʤʝʥʪ ˉ 1107/2009 ʩ ʥʝʛʦ, ʉʲʜʲʪ ʧʦʩʪʘʥʦʚʷʚʘ, ʯʝ ʢʦʛʘʪʦ ʧʨʠʝʤʘ ʧʨʘʚʠʣʘ, ʢʦʠʪʦ ʫʨʝʞʜʘʪ ʧʫʩʢʘʥʝʪʦ 

ʥʘ ʧʘʟʘʨʘ ʥʘ ʧʨʦʜʫʢʪʠ ʟʘ ʨʘʩʪʠʪʝʣʥʘ ʟʘʱʠʪʘ ʢʘʪʦ ʧʦʩʦʯʝʥʠʪʝ ʚ ʈʝʛʣʘʤʝʥʪ ˉ 1107/2009, ʟʘʢʦʥʦʜʘ-

ʪʝʣʷʪ ʥʘ ʉʲʶʟʘ ʝ ʜʣʲʞʝʥ ʜʘ ʜʝʡʩʪʚʘ ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʧʨʠʥʮʠʧʘ ʥʘ ʧʨʝʜʧʘʟʥʠʪʝ ʤʝʨʢʠ, ʟʘ ʜʘ ʦʩʠʛʫ-

ʨʠ ʚʠʩʦʢʘ ʩʪʝʧʝʥ ʥʘ ʟʘʢʨʠʣʘ ʥʘ ʯʦʚʝʰʢʦʪʦ ʟʜʨʘʚʝ ʩʲʛʣʘʩʥʦ ʯʣʝʥ 35 ʦʪ ʍʘʨʪʘʪʘ ʥʘ ʦʩʥʦʚʥʠʪʝ ʧʨʘʚʘ 

ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ, ʢʘʢʪʦ ʠ ʯʣʝʥ 9 ɼʌɽʉ ʠ ʯʣʝʥ 168, ʧʘʨʘʛʨʘʬ 1 ɼʌɽʉ. ɺʩʲʱʥʦʩʪ ʧʨʘʚʠʣʥʦʪʦ 

ʧʨʠʣʘʛʘʥʝ ʥʘ ʪʦʟʠ ʧʨʠʥʮʠʧ ʚ ʦʙʣʘʩʪʪʘ, ʚ ʢʦʷʪʦ ʩʝ ʧʨʠʣʘʛʘ ʩʲʱʠʷʪ ʨʝʛʣʘʤʝʥʪ, ʧʨʝʜʧʦʣʘʛʘ, ʥʘ ʧʲʨʚʦ 

ʤʷʩʪʦ, ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʧʦʪʝʥʮʠʘʣʥʠʪʝ ʦʪʨʠʮʘʪʝʣʥʠ ʧʦʩʣʝʜʠʮʠ ʟʘ ʟʜʨʘʚʝʪʦ ʦʪ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʘʢ-

ʪʠʚʥʠʪʝ ʚʝʱʝʩʪʚʘ ʠ ʧʨʦʜʫʢʪʠʪʝ ʟʘ ʨʘʩʪʠʪʝʣʥʘ ʟʘʱʠʪʘ, ʧʦʧʘʜʘʱʠ ʚ ʥʝʛʦʚʦʪʦ ʧʨʠʣʦʞʥʦ ʧʦʣʝ, ʠ ʥʘ 

ʚʪʦʨʦ ʤʷʩʪʦ, ʧʲʣʥʘ ʦʮʝʥʢʘ ʥʘ ʨʠʩʢʘ ʟʘ ʯʦʚʝʰʢʦʪʦ ʟʜʨʘʚʝ, ʦʩʥʦʚʘʥʘ ʥʘ ʥʘʡ-ʜʦʩʪʦʚʝʨʥʠʪʝ ʥʘʣʠʯʥʠ 

ʥʘʫʯʥʠ ʜʘʥʥʠ ʠ ʥʘ ʥʘʡ-ʘʢʪʫʘʣʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʪ ʤʝʞʜʫʥʘʨʦʜʥʠʪʝ ʥʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ (ʚʞ. ʧʦ ʘʥʘ-

ʣʦʛʠʷ ʨʝʰʝʥʠʷ ʦʪ 8 ʶʣʠ 2010 ʛ., Afton Chemical, C-343/09, EU:C:2010:419, ʪ. 60 ʠ ʦʪ 22 ʜʝʢʝʤʚʨʠ 

2010 ʛ., Gowan Com®rcio Internacional e Servi­os, C-77/09, EU:C:2010:803, ʪ. 75). 

ʊʲʡ ʢʘʪʦ, ʢʘʢʪʦ ʩʝ ʧʨʝʜʚʠʞʜʘ ʚ ʯʣʝʥ 1, ʧʘʨʘʛʨʘʬʠ 1 ʠ 2 ʦʪ ʈʝʛʣʘʤʝʥʪ ˉ 1107/2009, ʪʦʟʠ 

ʨʝʛʣʘʤʝʥʪ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʫʩʪʘʥʦʚʠ ʧʨʘʚʠʣʘ, ʫʨʝʞʜʘʱʠ ʨʘʟʨʝʰʘʚʘʥʝʪʦ ʥʘ ʧʨʦʜʫʢʪʠ ʟʘ ʨʘʩʪʠʪʝʣʥʘ 

ʟʘʱʠʪʘ ʠ ʦʜʦʙʨʷʚʘʥʝʪʦ ʥʘ ʘʢʪʠʚʥʠʪʝ ʚʝʱʝʩʪʚʘ, ʩʲʜʲʨʞʘʱʠ ʩʝ ʚ ʪʷʭ, ʩ ʦʛʣʝʜ ʧʫʩʢʘʥʝ ʥʘ ʧʘʟʘʨʘ, 

ʟʘʢʦʥʦʜʘʪʝʣʷʪ ʥʘ ʉʲʶʟʘ ʝ ʪʨʷʙʚʘʣʦ ʜʘ ʩʲʟʜʘʜʝ ʧʨʘʚʥʘ ʫʨʝʜʙʘ, ʢʦʷʪʦ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʥʘ ʢʦʤʧʝ-

ʪʝʥʪʥʠʪʝ ʦʨʛʘʥʠ, ʢʦʛʘʪʦ ʩʝ ʧʨʦʠʟʥʘʩʷʪ ʧʦ ʨʘʟʨʝʰʝʥʠʝʪʦ ʠ ʦʜʦʙʨʝʥʠʝʪʦ, ʜʘ ʨʘʟʧʦʣʘʛʘʪ ʩ ʜʦʩʪʘʪʲʯ-

ʥʦ ʜʘʥʥʠ, ʟʘ ʜʘ ʧʨʝʮʝʥʷʪ ʧʦ ʟʘʜʦʚʦʣʠʪʝʣʝʥ ʥʘʯʠʥ ʩʲʛʣʘʩʥʦ ʧʨʠʧʦʤʥʝʥʠʪʝ ʚ ʪʦʯʢʠ 43ð46 ʦʪ ʥʘʩ-

ʪʦʷʱʦʪʦ ʨʝʰʝʥʠʝ ʠʟʠʩʢʚʘʥʠʷ ʨʠʩʢʦʚʝʪʝ ʟʘ ʟʜʨʘʚʝʪʦ, ʧʨʦʠʟʪʠʯʘʱʠ ʦʪ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʪʝʟʠ ʘʢʪʠʚʥʠ 

ʚʝʱʝʩʪʚʘ ʠ ʧʨʦʜʫʢʪʠ ʟʘ ʨʘʩʪʠʪʝʣʥʘ ʟʘʱʠʪʘ. 

 ʇʦ ʚʲʧʨʦʩʘ ʟʘ ʠʜʝʥʪʠʬʠʮʠʨʘʥʝʪʦ ʥʘ ʘʢʪʠʚʥʠʪʝ ʚʝʱʝʩʪʚʘ ʚ ʜʘʜʝʥ ʧʨʦʜʫʢʪ ʟʘ ʨʘʩʪʠʪʝʣʥʘ 

ʟʘʱʠʪʘ ʚ ʜʠʩʧʦʟʠʪʠʚʘ ʥʘ ʨʝʰʝʥʠʝʪʦ ʉʲʜʲʪ ʧʦʩʪʘʥʦʚʷʚʘ ʩʣʝʜʥʦʪʦ: 

 Ăɺ ʪʦʚʘ ʦʪʥʦʰʝʥʠʝ ʙʝʟʩʧʦʨʥʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ʯʣʝʥ 3 ʦʪ ʪʦʟʠ ʨʝʛʣʘʤʝʥʪ, ʯʠʷʪʦ 

ʮʝʣ ʝ ʜʘ ʜʘʜʝ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘ ʠʟʚʝʩʪʝʥ ʙʨʦʡ ʧʦʥʷʪʠʷ ʟʘ ʮʝʣʠʪʝ ʥʘ ʧʦʩʦʯʝʥʠʷ ʨʝʛʣʘʤʝʥʪ, ʥʝ ʩʲʜʲʨ-

ʞʘ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘ ʧʦʥʷʪʠʝʪʦ Ăʘʢʪʠʚʥʦ ʚʝʱʝʩʪʚʦ" (ʪʫʢ ʙʠʭʤʝ ʜʦʙʘʚʠʣʠ, ʯʝ ʚʲʚ ʚʠʟʠʨʘʥʘʪʘ ʨʘʟʧʦ-

ʨʝʜʙʘ ʥʝ ʩʝ ʩʲʜʲʨʞʘ ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʥʘ ʧʦʥʷʪʠʷʪʘ Ăʘʥʪʠʜʦʪʠñ, Ăʩʠʥʝʨʛʠʩʪʠñ ʠ Ăʢʦʬʦʨʤʫʣʘʥʪʠñ). 

ɺʲʧʨʝʢʠ ʪʦʚʘ, ʦʪ ʝʜʥʘ ʩʪʨʘʥʘ, ʦʪ ʯʣʝʥ 2, ʧʘʨʘʛʨʘʬ 2 ʦʪ ʈʝʛʣʘʤʝʥʪ ˉ 1107/2009 ʩʣʝʜʚʘ, ʯʝ ʚʝʱʝʩʪ-

ʚʘ, ʚʢʣʶʯʠʪʝʣʥʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ, ʩ ʦʙʱʦ ʠʣʠ ʩʧʝʮʠʬʠʯʥʦ ʜʝʡʩʪʚʠʝ ʩʨʝʱʫ ʚʨʝʜʥʠ ʦʨʛʘʥʠʟʤʠ ʠʣʠ 

ʚʲʨʭʫ ʨʘʩʪʝʥʠʷ, ʯʘʩʪʠ ʦʪ ʨʘʩʪʝʥʠʷ ʠʣʠ ʨʘʩʪʠʪʝʣʥʠ ʧʨʦʜʫʢʪʠ,, ʪʨʷʙʚʘ ʜʘ ʩʝ ʩʯʠʪʘʪ ʟʘ Ăʘʢʪʠʚʥʠ ʚʝ-

ʱʝʩʪʚʘñ ʧʦ ʩʤʠʩʲʣʘ ʥʘ ʪʦʟʠ ʨʝʛʣʘʤʝʥʪ. ʉʣʝʜʦʚʘʪʝʣʥʦ, ʢʦʛʘʪʦ ʧʦʜʘʚʘ ʩʚʦʝʪʦ ʟʘʷʚʣʝʥʠʝ ʟʘ ʨʘʟʨʝʰʝ-

ʥʠʝ ʥʘ ʧʨʦʜʫʢʪ ʟʘ ʨʘʩʪʠʪʝʣʥʘ ʟʘʱʠʪʘ, ʟʘʷʚʠʪʝʣʷʪ ʝ ʜʣʲʞʝʥ ʜʘ ʧʦʩʦʯʠ ʚʩʷʢʦ ʚʝʱʝʩʪʚʦ, ʚʣʠʟʘʱʦ ʚ 

ʩʲʩʪʘʚʘ ʥʘ ʪʦʟʠ ʧʨʦʜʫʢʪ, ʢʦʝʪʦ ʦʪʛʦʚʘʨʷ ʥʘ ʢʨʠʪʝʨʠʠʪʝ, ʠʟʣʦʞʝʥʠ ʚ ʯʣʝʥ 2, ʧʘʨʘʛʨʘʬ 2 ʦʪ ʈʝʛʣʘ-

ʤʝʥʪ ˉ 1107/2009, ʪʘʢʘ ʯʝ, ʧʨʦʪʠʚʥʦ ʥʘ ʩʭʚʘʱʘʥʝʪʦ ʥʘ ʟʘʧʠʪʚʘʱʘʪʘ ʶʨʠʩʜʠʢʮʠʷ, ʪʦʡ ʥʷʤʘ ʚʲʟ-

ʤʦʞʥʦʩʪ ʜʘ ʠʟʙʝʨʝ ʧʦ ʩʚʦʝ ʫʩʤʦʪʨʝʥʠʝ ʢʦʷ ʩʲʩʪʘʚʢʘ ʦʪ ʧʦʩʦʯʝʥʠʷ ʧʨʦʜʫʢʪ ʪʨʷʙʚʘ ʜʘ ʩʝ ʩʯʠʪʘ ʟʘ 

ʘʢʪʠʚʥʦ ʚʝʱʝʩʪʚʦ ʟʘ ʮʝʣʠʪʝ ʥʘ ʨʘʟʛʣʝʞʜʘʥʝʪʦ ʥʘ ʪʦʚʘ ʟʘʷʚʣʝʥʠʝ. 

ʊʫʢ ʦʙʘʯʝ, ʙʠʭʤʝ ʜʦʙʘʚʠʣʠ, ʯʝ ʧʨʠʙʷʛʚʘʥʝʪʦ ʜʦ ʧʨʠʥʮʠʧʘ ʥʘ ʧʨʝʜʧʘʟʥʠʪʝ ʤʝʨʢʠ, ʦʧʨʝʜʝʣʝʥ 

ʧʦʜʨʦʙʥʦ ʚ ʯʣʝʥ 191 ʦʪ ɼʦʛʦʚʦʨʘ ʟʘ ʬʫʥʢʮʠʦʥʠʨʘʥʝʪʦ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ, ʠʟʠʩʢʚʘ ʘʥʘʣʠʟ ʥʘ 

ʨʠʩʢʘ, ʢʦʡʪʦ ʚʢʣʶʯʚʘ ʦʩʚʝʥ ʦʮʝʥʢʘ ʥʘ ʨʠʩʢʘ, ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʠʩʢʘ. ɺ ʪʦʟʠ ʩʤʠʩʲʣ ʦʪʛʦʚʦʨʲʪ ʥʘ 

ʪʨʝʪʠʷ ʧʦʩʪʘʚʝʥ ʚʲʧʨʦʩ Ăʉʲʚʤʝʩʪʠʤ ʣʠ ʝ ʩ ʧʨʠʥʮʠʧʘ ʥʘ ʧʨʝʜʧʘʟʥʠʪʝ ʤʝʨʢʠ ʈʝʛʣʘʤʝʥʪ [ˉ 

1107/2009], ʩʣʝʜ ʢʘʪʦ ʪʦʡ ʧʦ ʥʠʢʘʢʲʚ ʥʘʯʠʥ ʥʝ ʦʪʯʠʪʘ ʤʥʦʛʦʦʙʨʘʟʠʝʪʦ ʥʘ ʘʢʪʠʚʥʠʪʝ ʚʝʱʝʩʪʚʘ ʠ 

ʪʷʭʥʘʪʘ ʩʲʚʤʝʩʪʥʘ ʫʧʦʪʨʝʙʘ, ʧʦ-ʩʧʝʮʠʘʣʥʦ ʩʣʝʜ ʢʘʪʦ ʚ ʥʝʛʦ ʥʝ ʩʝ ʧʨʝʜʚʠʞʜʘ ʥʠʢʘʢʲʚ ʢʦʥʢʨʝʪʝʥ ʠ 

http://publications.europa.eu/resource/celex/12016E191
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ʧʲʣʝʥ ʘʥʘʣʠʟ ʥʘ ʝʚʨʦʧʝʡʩʢʦ ʨʘʚʥʠʱʝ ʥʘ ʢʫʤʫʣʠʨʘʥʝʪʦ ʥʘ ʘʢʪʠʚʥʠ ʚʝʱʝʩʪʚʘ ʚ ʨʘʤʢʠʪʝ ʥʘ ʝʜʠʥ ʠ 

ʩʲʱ ʧʨʦʜʫʢʪ?ñ ʧʦ ʥʘʰʝ ʤʥʝʥʠʝ ʝ ʦʪʨʠʮʘʪʝʣʝʥ. ɸʨʛʫʤʝʥʪʲʪ ʥʠ ʝ ʩʚʲʨʟʘʥ ʩ ʧʦʩʪʘʚʝʥʦʪʦ ʦʪ ʂʦʤʠ-

ʩʠʷʪʘ ʠʟʠʩʢʚʘʥʝ ʧʨʠʥʮʠʧʲʪ ʥʘ ʧʨʝʜʧʘʟʥʠʪʝ ʤʝʨʢʠ ʜʘ ʩʝ ʧʨʠʣʘʛʘ ʩʘʤʦ ʢʦʛʘʪʦ ʩʘ ʠʟʧʲʣʥʝʥʠ ʪʨʠʪʝ 

ʧʨʝʜʚʘʨʠʪʝʣʥʠ ʫʩʣʦʚʠʷ: 1) ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʧʦʪʝʥʮʠʘʣʥʦ ʥʝʙʣʘʛʦʧʨʠʷʪʥʠ ʚʲʟʜʝʡʩʪʚʠʷ; 2) ʦʮʝʥʢʘ 

ʥʘ ʥʘʣʠʯʥʠʪʝ ʥʘʫʯʥʠ ʜʘʥʥʠ; 3) ʩʪʝʧʝʥ ʥʘ ʥʘʫʯʥʘ ʥʝʩʠʛʫʨʥʦʩʪ. ʉʪʝʧʝʥʪʘ ʥʘ ʥʘʫʯʥʘ ʥʝʩʠʛʫʨʥʦʩʪ ʪʫʢ 

ʝ ʠʟʢʣʶʯʠʪʝʣʥʦ ʚʠʩʦʢʘ, ʪʲʡ ʢʘʪʦ ʥʝ ʩʝ ʠʟʚʲʨʰʚʘ ʦʮʝʥʢʘ ʥʘ ʨʠʩʢʘ ʥʘ ʜʚʝ ʚʘʞʥʠ ʦʙʩʪʦʷʪʝʣʩʪʚʘ ï 

ʦʧʘʩʥʦʩʪʪʘ ʦʪ ʢʫʤʫʣʠʨʘʥʝ (ʩʚʦʡʩʪʚʦʪʦ ʥʘ ʘʢʪʠʚʥʠʪʝ ʚʝʱʝʩʪʚʘ, ʢʦʠʪʦ ʩʘ ʚ ʩʲʩʪʘʚʘ ʥʘ ʪʲʨʛʦʚʩʢʠʷ 

ʧʨʦʜʫʢʪ ʧʨʠ ʧʦʚʪʦʨʥʦ ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʦʨʛʘʥʠʟʤʘ ʜʘ ʫʩʠʣʚʘʪ ʪʦʢʩʠʯʥʠʷ ʩʠ ʝʬʝʢʪ) ʠ ʩʠʥʝʨʛʠʟʲʤ 

(ʚʝʨʦʷʪʥʦʩʪʪʘ ʧʦʣʫʯʝʥʠʷ ʦʙʱ ʪʦʢʩʠʯʝʥ ʝʬʝʢʪ ʜʘ ʝ ʧʦ-ʛʦʣʷʤ ʦʪ ʩʫʤʘʪʘ ʥʘ ʠʥʜʠʚʠʜʫʘʣʥʠʪʝ ʝʬʝʢʪʠ 

ʥʘ ʦʪʜʝʣʥʠʪʝ ʘʢʪʠʚʥʠ ʚʝʱʝʩʪʚʘ, ʟʘ ʢʦʠʪʦ ʩʝ ʧʨʘʚʷʪ ʠʟʧʠʪʚʘʥʠʷʪʘ).  

ʇʦ ʪʚʲʨʜʷʥʦʪʦ ʦʩʚʦʙʦʞʜʘʚʘʥʝ ʦʪ ʟʘʜʲʣʞʝʥʠʝʪʦ ʜʘ ʩʝ ʠʟʚʲʨʰʘʪ ʠʟʩʣʝʜʚʘʥʠʷ ʟʘ ʢʘʥʮʝʨʦʛʝʥ-

ʥʦʩʪ ʠ ʪʦʢʩʠʯʥʦʩʪ ʟʘ ʮʝʣʠʪʝ ʥʘ ʧʨʦʮʝʜʫʨʘʪʘ ʟʘ ʨʘʟʨʝʰʘʚʘʥʝ ʉʲʜʲʪ ʟʘʢʣʶʯʘʚʘ, ʯʝ ʈʝʛʣʘʤʝʥʪʲʪ ʥʝ 

ʧʨʝʜʚʠʞʜʘ ʧʦʜʨʦʙʥʦ ʝʩʪʝʩʪʚʦʪʦ ʥʘ ʠʟʧʠʪʚʘʥʠʷʪʘ, ʘʥʘʣʠʟʠʪʝ ʠ ʠʟʩʣʝʜʚʘʥʠʷʪʘ, ʥʘ ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ 

ʩʝ ʧʦʜʣʦʞʘʪ ʧʨʦʜʫʢʪʠʪʝ ʟʘ ʨʘʩʪʠʪʝʣʥʘ ʟʘʱʠʪʘ, ʧʨʝʜʠ ʜʘ ʤʦʛʘʪ ʜʘ ʧʦʣʫʯʘʪ ʨʘʟʨʝʰʝʥʠʝ. ɺʩʲʱʥʦʩʪ, 

ʤʘʢʘʨ ʚ ʪʦʯʢʠ 3.6.3. ʠ 3.6.4. ʦʪ ʧʨʠʣʦʞʝʥʠʝ II ʢʲʤ ʧʦʩʦʯʝʥʠʷ ʨʝʛʣʘʤʝʥʪ ʠʟʨʠʯʥʦ ʜʘ ʩʝ ʠʟʙʨʦʷʚʘʪ 

ʦʧʨʝʜʝʣʝʥʠ ʠʟʧʠʪʚʘʥʠʷ, ʥʘ ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʦʜʣʦʞʘʪ ʘʢʪʠʚʥʠʪʝ ʚʝʱʝʩʪʚʘ, ʧʨʝʜʠ ʜʘ ʙʲʜʘʪ 

ʦʜʦʙʨʝʥʠ, ʩʲʱʠʷʪ ʨʝʛʣʘʤʝʥʪ ʥʝ ʩʲʜʲʨʞʘ ʩʭʦʜʥʠ ʨʘʟʧʦʨʝʜʙʠ ʟʘ ʪʲʨʛʦʚʩʢʠʪʝ ʧʨʦʜʫʢʪʠ ʟʘ ʨʘʩ-

ʪʠʪʝʣʥʘ ʟʘʱʠʪʘ. ʊʦʚʘ ʟʘʢʣʶʯʝʥʠʝ ʥʘ ʉʲʜʘ, ʧʦ ʥʘʰʝ ʤʥʝʥʠʝ, ʝ ʚʪʦʨʠʷʪ ʘʨʛʫʤʝʥʪ ʟʘ ʥʝʩʲʚʤʝʩʪʠ-

ʤʦʩʪʪʘ ʥʘ ʨʝʛʣʘʤʝʥʪʘ ʩ ʧʨʝʜʧʘʟʥʠʪʝ ʤʝʨʢʠ.  

ʇʨʠ ʨʘʟʛʣʝʞʜʘʥʝʪʦ ʥʘ ʟʘʷʚʣʝʥʠʝʪʦ ʟʘ ʨʘʟʨʝʰʝʥʠʝ ʥʘ ʧʨʦʜʫʢʪ ʟʘ ʨʘʩʪʠʪʝʣʥʘ ʟʘʱʠʪʘ ʢʦʤʧʝ-

ʪʝʥʪʥʠʪʝ ʦʨʛʘʥʠ ʪʨʷʙʚʘ ʜʘ ʧʨʦʚʝʨʷʪ ʜʘʣʠ ʜʦʢʘʟʘʪʝʣʩʪʚʘʪʘ, ʧʨʝʜʩʪʘʚʝʥʠ ʦʪ ʟʘʷʚʠʪʝʣʷ, ʥʘ ʧʲʨʚʦ 

ʤʷʩʪʦ ʩʨʝʜ ʢʦʠʪʦ ʩʘ ʠʟʧʠʪʚʘʥʠʷʪʘ, ʘʥʘʣʠʟʠʪʝ ʠ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʥʘ ʧʨʦʜʫʢʪʘ, ʩʘ ʜʦʩʪʘʪʲʯʥʠ, ʟʘ ʜʘ ʩʝ 

ʠʟʢʣʶʯʠ ʩ ʦʛʣʝʜ ʥʘ ʩʲʚʨʝʤʝʥʥʠʪʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠ ʧʦʟʥʘʥʠʷ ʚʲʟʤʦʞʥʦʩʪʪʘ ʧʦʩʦʯʝʥʠʷʪ ʧʨʦʜʫʢʪ 

ʜʘ ʧʨʦʷʚʷʚʘ ʪʘʢʘʚʘ ʢʘʥʮʝʨʦʛʝʥʥʦʩʪ ʠʣʠ ʪʦʢʩʠʯʥʦʩʪ. ɺ ʪʦʟʠ ʢʦʥʪʝʢʩʪ ʧʦʩʦʯʝʥʠʪʝ ʦʪ ʟʘʧʠʪʚʘʱʘʪʘ 

ʶʨʠʩʜʠʢʮʠʷ Ăʦʙʱʠ ʠʟʧʠʪʚʘʥʠʷ" ʥʝ ʩʘ ʜʦʩʪʘʪʲʯʥʠ, ʟʘ ʜʘ ʩʝ ʠʟʚʲʨʰʠ ʟʘʜʦʚʦʣʠʪʝʣʥʦ ʪʘʟʠ ʧʨʦʚʝʨʢʘ. 

ʇʦʜʢʨʝʧʷʤʝ ʠʟʨʘʟʝʥʦʪʦ ʦʪ ʟʘʧʠʪʚʘʱʘʪʘ ʶʨʠʩʜʠʢʮʠʷ ʩʲʤʥʝʥʠʝ ʦʪʥʦʩʥʦ ʩʲʚʤʝʩʪʠʤʦʩʪʪʘ ʩ 

ʧʨʠʥʮʠʧʘ ʥʘ ʧʨʝʜʧʘʟʥʠʪʝ ʤʝʨʢʠ ʥʘ ʧʦʚʝʨʠʪʝʣʥʦʩʪʪʘ, ʩ ʢʦʷʪʦ ʩʝ ʧʦʣʟʚʘʣʦ ʧʦʜʘʜʝʥʦʪʦ ʦʪ ʟʘʷʚʠʪʝʣʷ 

ʜʦʩʠʝ ʚ ʨʘʤʢʠʪʝ ʥʘ ʧʨʦʮʝʜʫʨʠʪʝ, ʫʩʪʘʥʦʚʝʥʠ ʩ ʈʝʛʣʘʤʝʥʪ ˉ 1107/2009. 

ɺʲʚ ʚʨʲʟʢʘ ʩ ʛʦʨʥʦʪʦ, ʉʲʜʘ ʧʦʩʪʘʥʦʚʷʚʘ, ʯʝ ʚ ʪʦʚʘ ʦʪʥʦʰʝʥʠʝ, ʤʘʢʘʨ ʜʘ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʠʟʢ-

ʣʶʯʠ, ʯʝ ʧʦʚʠʰʘʚʘʥʝʪʦ ʥʘ ʧʨʦʟʨʘʯʥʦʩʪʪʘ ʥʘ ʪʝʟʠ ʧʨʦʮʝʜʫʨʠ ʤʦʞʝ ʜʘ ʧʦʟʚʦʣʠ ʦʱʝ ʧʦ-ʜʦʙʨʘ ʧʨʝ-

ʮʝʥʢʘ ʥʘ ʨʠʩʢʘ ʟʘ ʟʜʨʘʚʝʪʦ, ʧʨʦʠʟʪʠʯʘʱ ʦʪ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʧʨʦʜʫʢʪ ʟʘ ʨʘʩʪʠʪʝʣʥʘ ʟʘʱʠʪʘ, ʢʘʪʦ ʩʝ 

ʧʦʟʚʦʣʠ ʥʘ ʟʘʠʥʪʝʨʝʩʦʚʘʥʘʪʘ ʦʙʱʝʩʪʚʝʥʦʩʪ ʜʘ ʠʟʪʲʢʥʝ ʜʦʚʦʜʠ ʩʨʝʱʫ ʧʨʝʜʦʩʪʘʚʷʥʝʪʦ ʥʘ ʧʦʠʩʢʘʥʦ-

ʪʦ ʦʪ ʟʘʷʚʠʪʝʣʷ ʦʜʦʙʨʝʥʠʝ ʠʣʠ ʨʘʟʨʝʰʝʥʠʝ, ʚʲʚ ʚʩʝʢʠ ʩʣʫʯʘʡ ʩʣʝʜʚʘ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ʧʦʩʦʯʝʥʠʷʪ 

ʨʝʛʣʘʤʝʥʪ ʚ ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʨʘʟʨʝʰʘʚʘ ʜʦʩʪʲʧʘ ʥʘ ʦʙʱʝʩʪʚʝʥʦʩʪʪʘ ʜʦ ʧʦʜʘʜʝʥʦʪʦ ʦʪ ʟʘʷʚʠʪʝʣʷ ʜʦ-

ʩʠʝ. ʇʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʧʨʦʮʝʜʫʨʘʪʘ ʟʘ ʦʜʦʙʨʝʥʠʝ ʥʘ ʘʢʪʠʚʥʦ ʚʝʱʝʩʪʚʦ ʯʣʝʥ 10 ʦʪ ʧʦʩʦʯʝʥʠʷ ʨʝʛ-

ʣʘʤʝʥʪ ʫʩʪʘʥʦʚʷʚʘ ʧʨʠʥʮʠʧʘ, ʯʝ ʆʨʛʘʥʲʪ ʥʝʟʘʙʘʚʥʦ ʧʨʝʜʦʩʪʘʚʷ ʥʘ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʦʙʱʝʩʪʚʝ-

ʥʦʩʪʪʘ ʦʙʦʙʱʝʥʦʪʦ ʜʦʩʠʝ ʧʦ ʯʣʝʥ 8, ʧʘʨʘʛʨʘʬ 1 ʦʪ ʩʲʱʠʷ ʨʝʛʣʘʤʝʥʪ, ʢʦʝʪʦ ʚʢʣʶʯʚʘ ʧʦ-ʩʧʝʮʠʘʣʥʦ 

ʦʙʦʙʱʝʥʠʪʝ ʜʦʩʠʝʪʘ ʠ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʦʪ ʟʘʷʚʠʪʝʣʷ ʨʝʟʫʣʪʘʪʠ ʦʪ ʠʟʧʠʪʚʘʥʠʷ ʠ ʠʟʩʣʝʜʚʘʥʠʷ. ʉʲʱʦ 

ʪʘʢʘ ʯʣʝʥ 12, ʧʘʨʘʛʨʘʬ 1 ʦʪ ʈʝʛʣʘʤʝʥʪ ˉ 1107/2009 ʧʨʝʜʚʠʞʜʘ ʧʦ-ʩʧʝʮʠʘʣʥʦ ʆʨʛʘʥʲʪ ʜʘ ʧʨʝʜʦʩ-

ʪʘʚʠ ʥʘ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʦʙʱʝʩʪʚʝʥʦʩʪʪʘ ʧʨʝʜʩʪʘʚʝʥʠʷ ʦʪ ʜʲʨʞʘʚʘʪʘ- ʯʣʝʥʢʘ ʜʦʢʣʘʜʯʠʢ ʧʨʦʝʢʪ ʥʘ 

ʜʦʢʣʘʜ ʟʘ ʦʮʝʥʢʘ. ʊʦʟʠ ʧʨʦʝʢʪ ʥʘ ʜʦʢʣʘʜ ʟʘ ʦʮʝʥʢʘ, ʢʦʡʪʦ ʩʲʛʣʘʩʥʦ ʯʣʝʥ 11, ʧʘʨʘʛʨʘʬ 1 ʠʤʘ ʟʘ ʮʝʣ 

ʜʘ ʩʝ ʦʮʝʥʠ ʜʘʣʠ ʘʢʪʠʚʥʦʪʦ ʚʝʱʝʩʪʚʦ ʤʦʞʝ ʜʘ ʦʪʛʦʚʘʨʷ ʥʘ ʢʨʠʪʝʨʠʠʪʝ ʟʘ ʦʜʦʙʨʝʥʠʝ, ʧʨʝʜʚʠʜʝʥʠ ʚ 

ʯʣʝʥ 4, ʟʘʜʲʣʞʠʪʝʣʥʦ ʚʢʣʶʯʚʘ ʘʥʘʣʠʟ ʥʘ ʧʦʜʘʜʝʥʦʪʦ ʦʪ ʟʘʷʚʠʪʝʣʷ ʜʦʩʠʝ.  

ʆʪ ʧʨʝʜʩʪʘʚʝʥʦʪʦ ʨʝʰʝʥʠʝ ʠ ʘʥʘʣʠʟ ʧʦ ʜʝʣʦ C-616/17  ʧʨʘʚʠʤ ʩʣʝʜʥʘʪʘ ʢʦʥʩʪʘʪʘʮʠʷ - ʚʲʚ 

ʚʨʲʟʢʘ ʩ ʪʘʢʘ ʟʘʜʘʜʝʥʠʪʝ ʧʨʝʶʜʠʮʠʘʣʥʠ ʚʲʧʨʦʩʠ ʬʦʨʤʘʣʥʦ ʥʝ ʩʝ ʫʩʪʘʥʦʚʷʚʘʪ ʦʙʩʪʦʷʪʝʣʩʪʚʘ, ʢʦʠʪʦ 

ʤʦʛʘʪ ʜʘ ʟʘʩʝʛʥʘʪ ʚʘʣʠʜʥʦʩʪʪʘ ʥʘ ʈʝʛʣʘʤʝʥʪ (ɽʆ) ˉ 1107/2009 ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʧʘʨʣʘʤʝʥʪ ʠ ʥʘ 

ʉʲʚʝʪʘ ʦʪ 21 ʦʢʪʦʤʚʨʠ 2009 ʛʦʜʠʥʘ ʦʪʥʦʩʥʦ ʧʫʩʢʘʥʝʪʦ ʥʘ ʧʘʟʘʨʘ ʥʘ ʧʨʦʜʫʢʪʠ ʟʘ ʨʘʩʪʠʪʝʣʥʘ ʟʘʱʠ-

ʪʘ ʠ ʟʘ ʦʪʤʷʥʘ ʥʘ ʜʠʨʝʢʪʠʚʠ 79/117/ɽʀʆ ʠ 91/414/ɽʀʆ ʥʘ ʉʲʚʝʪʘ. ʉʯʠʪʘʤʝ, ʯʝ ʝ ʥʘʣʠʮʝ ʠʟʚʝʩʪʥʘ 

ʥʝʷʩʥʦʪʘ ʚ ʥʷʢʦʠ ʛʣʘʚʠ ʥʘ ʈʝʛʣʘʤʝʥʪ [ˉ 1107/2009], ʥʘʧʨʠʤʝʨ ʘʥʘʣʠʟʠʪʝ ʟʘ ʪʦʢʩʠʯʥʦʩʪ ʠ ʦʮʝʥʢʘ 
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ʥʘ ʨʠʩʢʘ ʦʪ ʚʣʠʷʥʠʝʪʦ ʥʘ ʧʝʩʪʠʮʠʜʠʪʝ ʚʲʨʭʫ ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʠ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʥʝ ʩʘ ʟʘʜʲʣʞʠʪʝʣʥʠ, 

ʢʦʝʪʦ ʥʘʣʘʛʘ ʧʨʝʨʘʟʛʣʝʞʜʘʥʝ ʠ ʧʨʝʮʠʟʠʨʘʥʝ ʥʘ ʈʝʛʣʘʤʝʥʪʘ ʚ ʪʘʟʠ ʤʫ ʯʘʩʪ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʩʬʝʨʘʪʘ ʥʘ ʧʫʙʣʠʯʥʘʪʘ ʘʜʤʠʥʠʩʪʨʘʮʠʷ ʧʨʦʟʨʘʯʥʦʩʪʪʘ ʧʦʜʦʙʨʷʚʘ ʚʟʝʤʘʥʝʪʦ ʥʘ ʨʝʰʝʥʠʷ ʦʪ 

ʜʲʨʞʘʚʥʠʪʝ ʩʣʫʞʠʪʝʣʠ, ʢʘʪʦ ʛʠ ʧʨʘʚʠ ʧʦ-ʦʪʟʠʚʯʠʚʠ ʠ ʧʦ-ʦʪʛʦʚʦʨʥʠ ʢʲʤ ʦʙʱʝʩʪʚʝʥʦʩʪʪʘ ʠ ʢʦʥʪ-

ʨʦʣʠʨʘ ʢʦʨʫʧʮʠʷʪʘ, ʢʘʪʦ ʧʨʘʚʠ ʧʦ-ʪʨʫʜʥʦ ʩʢʨʠʚʘʥʝʪʦ ʥʘ ʥʝʟʘʢʦʥʥʠ ʩʧʦʨʘʟʫʤʝʥʠʷ ʠ ʜʝʡʩʪʚʠʷ 

(Ackerman, Sandoval-Ballesteros, 2006). 

ʅʘʧʨʘʚʝʥʠʷʪ ʘʥʘʣʠʟ ʜʦʢʘʟʚʘ, ʯʝ ʝʬʝʢʪʠʚʥʦʪʦ ʫʧʨʘʞʥʷʚʘʥʝ ʥʘ ʧʨʘʚʥʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠ ʥʘ 

ʩʪʨʘʥʠʪʝ -ʯʣʝʥʢʠ ʟʘ ʪʲʣʢʫʚʘʥʝ ʥʘ ʚʲʟʥʠʢʥʘʣʠ ʚʲʧʨʦʩʠ, ʩʚʲʨʟʘʥʠ ʩ ʜʦʩʪʲʧʘ ʜʦ ʠʥʬʦʨʤʘʮʠʷ ʟʘ 

ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ʦʪ ʝʜʥʘ ʩʪʨʘʥʘ, ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʧʨʝʜʦʪʚʨʘʪʷʪ ʙʲʜʝʱʠ ʩʦʮʠʘʣʥʦ-ʝʢʦʣʦʛʠʯʥʠ ʢʦʥʬ-

ʣʠʢʪʠ, ʘ ʦʪ ʜʨʫʛʘ, ʟʘʩʠʣʚʘ ʜʝʤʦʢʨʘʪʠʟʘʮʠʷʪʘ ʥʘ ʦʙʱʝʩʪʚʝʥʠʪʝ ʧʨʦʮʝʩʠ ʚ ʪʝʟʠ ʩʪʨʘʥʠ. ɻʘʨʘʥʪʠʨʘ-

ʥʠʷʪ ʜʦʩʪʲʧ ʜʦ ʠʥʬʦʨʤʘʮʠʷ ʚʦʜʠ ʜʦ ʦʪʢʨʠʪʦ ʠ ʧʨʦʟʨʘʯʥʦ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ, ʢʦʝʪʦ ʩʲʟʜʘʚʘ ʜʦ-

ʚʝʨʠʝ ʠ ʧʦʚʠʰʘʚʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʠ ʝʬʠʢʘʩʥʦʩʪʪʘ ʥʘ ʧʦʣʠʪʠʢʠʪʝ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʦʧʘʟʚʘʥʝʪʦ ʥʘ ʦʢʦʣ-

ʥʘʪʘ ʩʨʝʜʘ.  

ʇʦʜʦʙʥʠ ʥʘ ʨʘʟʛʣʝʜʘʥʠʪʝ ʚ ʠʟʣʦʞʝʥʠʝʪʦ ʧʨʝʶʜʠʮʠʘʣʥʠ ʟʘʧʠʪʚʘʥʠʷ ʙʝʟʩʧʦʨʥʦ ʩʘ ʥʝʦʙʭʦʜʠ-

ʤʠ, ʪʲʡ ʢʘʪʦ ʚ ʥʝʨʝʜʢʠ ʩʣʫʯʘʠ ʝ ʥʘʣʠʮʝ ʢʦʣʠʟʠʷ ʥʘ ʥʦʨʤʠ ʦʪ ʚʪʦʨʠʯʥʦʪʦ ʧʨʘʚʦ ʥʘ ɽʚʨʦʧʝʡʩʢʘʪʘ 

ʦʙʱʥʦʩʪ, ʦʪʥʘʩʷʱʦ ʩʝ ʜʦ ʦʙʱʝʩʪʚʝʥʠʷ ʜʦʩʪʲʧ ʜʦ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ 

ʛʘʨʘʥʪʠʨʘ ʧʨʘʚʠʣʥʦʪʦ ʠ ʫʥʠʬʠʮʠʨʘʥʦ ʧʨʠʣʘʛʘʥʝ ʥʘ ʝʚʨʦʧʝʡʩʢʦʪʦ ʧʨʘʚʦ ʧʨʠ ʨʘʟʨʝʰʘʚʘʥʝʪʦ ʥʘ 

ʚʲʟʥʠʢʥʘʣʠ ʩʧʦʨʦʚʝ ʠ ʠʥʬʦʨʤʠʨʘʥʦʪʦ ʫʯʘʩʪʠʝ ʥʘ ʦʙʱʝʩʪʚʦʪʦ ʥʘ ʨʘʥʥʠ ʝʪʘʧʠ ʦʪ ʦʙʩʲʞʜʘʥʝʪʦ ʠ 

ʚʟʝʤʘʥʝʪʦ ʥʘ ʝʢʦʣʦʛʠʯʥʠ ʨʝʰʝʥʠʷ. 
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RESEARCH AND APPLICATION OF VACUUM METALLISED ULTRAFILTRATION 

POLYMER MEMBRANES  

 
1*ɺʠʦʣʝʪʘ ʈʘʡʢʦʚʘ, 2ɽʣʠʩʘʚʝʪʘ ʅʝʜʷʣʢʦʚʘ 

e-mail: 1*v_slavova@mail.orbitel.bg (corresponding author), 2 enedyalkova@tu-sofia.bg 

 

Abstract. In the present work, the possibility of vacuum metallization of ultrafiltration 

polymer membranes was investigated. An aluminum target was used as the metallizing alloy. 

As a result of the metallization, the changes in the operational characteristics of these 

membranes have been traced. In order to achieve better adhesion between the polymer 

membrane and the metal coating, preliminary modification of the polymer surface of the 

membrane was carried out with a 30% alcohol solution of SnCl2.2H2O . The use of the 

metallized membranes in the diafiltration process in order to increase the specific enzyme 

activity of the urease enzyme extracted from soy flour has been proven. 

Keywords: Ultrafiltration polymer membranes, vacuum metallization, aluminum target, 30% 

alcohol solution of SnCl2.2H2O 
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1. ɺʒɺɽɼɽʅʀɽ 

ʉ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʝʪʦʜʘ ʚʘʢʫʫʤʥʘ ʤʝʪʘʣʠʟʘʮʠʷ ʩʝ ʮʝʣʠ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʤʘʪʝʨʠʘʣʠ, ʩʲʯʝʪʘʚʘʱʠ 

ʜʦʙʨʠʪʝ ʝʢʩʧʣʦʘʪʘʮʠʦʥʥʠ ʩʚʦʡʩʪʚʘ ʥʘ ʤʝʪʘʣʠʪʝ ʠ ʧʦʣʠʤʝʨʠʪʝ .ʊʦʚʘ ʝ ʧʨʦʜʠʢʪʫʚʘʥʦ ʦʪ ʥʘʨʘʩʪʚʘ-

ʥʝʪʦ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʤʝʪʘʣʠʟʠʨʘʥʠ ʧʦʣʠʤʝʨʠ ʠ ʨʘʟʰʠʨʷʚʘʥʝʪʦ ʥʘ ʦʙʣʘʩʪʪʘ ʥʘ ʪʷʭʥʦʪʦ ʧʨʠ-

ʣʦʞʝʥʠʝ. ɺ ʧʨʦʮʝʩʘ ʥʘ ʬʦʨʤʠʨʘʥʝ ʥʘ ʤʝʪʘʣʥʦʪʦ ʧʦʢʨʠʪʠʝ, ʢʘʢʪʦ ʠ ʟʘ ʥʝʛʦʚʠʪʝ ʙʲʜʝʱʠ ʩʚʦʡʩʪʚʘ ʦʪ 

ʟʥʘʯʝʥʠʝ ʩʘ ʨʝʜʠʮʘ ʪʝʭʥʦʣʦʛʠʯʥʠ ʬʘʢʪʦʨʠ, ʧʦ-ʚʘʞʥʠ ʦʪ ʢʦʠʪʦ ʩʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ 

ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʧʦʣʠʤʝʨʘ ʠ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʨʝʞʠʤʘ ʥʘ ʥʘʥʘʩʷʥʝ ʥʘ ʩʣʦʷ [1]. 

ʎʝʣʪʘ ʥʘ ʤʝʪʘʣʠʟʘʮʠʷʪʘ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʤʝʤʙʨʘʥʠʪʝ ʝ ʜʘ ʬʠʢʩʠʨʘ ʩʝʣʝʢʪʠʚʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ 

ʩʣʝʜ ʝʪʘʧʘ ʥʘ ʬʘʟʦʚʘ ʠʥʚʝʨʩʠʷ ʠ ʜʘ ʟʘʧʘʟʠ ʝʬʝʢʪʠʚʥʘʪʘ ʧʦʨʦʚʘ ʩʪʨʫʢʪʫʨʘ ʟʘ ʤʝʤʙʨʘʥʥʠʷ ʧʨʦʮʝʩ. 

ɺʘʢʫʫʤʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʥʘʥʘʩʷʥʝ ʥʘ ʧʦʢʨʠʪʠʷ ʩʝ ʦʩʥʦʚʘʚʘʪ ʥʘ ʠʟʧʘʨʷʚʘʥʝ (ʠʣʠ ʢʘʪʦʜʥʦ ʨʘʟʧ-

ʨʘʰʚʘʥʝ ʯʨʝʟ ʡʦʥʥʘ ʙʦʤʙʘʨʜʠʨʦʚʢʘ) ʥʘ ʤʝʪʘʣʠ ʠ ʢʦʥʜʝʥʟʠʨʘʥʝ ʥʘ ʧʘʨʠʪʝ ʥʘ ʪʝʟʠ ʤʝʪʘʣʠ ʚʲʨʭʫ 

ʤʝʤʙʨʘʥʠʪʝ. ʅʘʡ-ʦʙʱʦ ʢʦʥʜʝʥʟʘʮʠʦʥʥʠʷʪ ʧʨʦʮʝʩ ʧʨʦʪʠʯʘʱ ʚʲʨʭʫ ʤʝʤʙʨʘʥʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʠ 

ʬʦʨʤʠʨʘʱ ʤʝʪʘʣʥʦʪʦ ʧʦʢʨʠʪʠʝ ʤʦʞʝ ʜʘ ʩʝ ʨʘʟʛʣʝʞʜʘ ʢʘʪʦ ʩʲʩʪʘʚʝʥ ʦʪ ʩʣʝʜʥʠʪʝ ʦʪʜʝʣʥʠ ʝʪʘʧʠ: 

ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʟʘʨʦʜʠʰʠ, ʥʘʨʘʩʪʚʘʥʝ ʠ ʦʙʝʜʠʥʷʚʘʥʝ ʥʘ ʟʘʨʦʜʠʰʠʪʝ ʚ ʦʩʪʨʦʚʠ (ʧʲʨʚʠʯʥʘ ʢʦʘʣʠʩ-

ʮʝʥʮʠʷ), ʩʣʠʚʘʥʝ ʥʘ ʦʪʜʝʣʥʠʪʝ ʦʩʪʨʦʚʥʠ ʟʲʨʥʘ ʧʨʠ ʜʦʧʠʨʘʥʝʪʦ ʠʤ, ʦʙʨʘʟʫʚʘʥʝ ʥʘ Ăʤʨʝʞʝʩʪʦ" ʧʦʢ-

ʨʠʪʠʝ (ʚʪʦʨʠʯʥʘ ʢʦʘʣʠʩʮʝʥʮʠʷ), ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʧʣʲʪʥʦ ʧʦʢʨʠʪʠʝ ʠ ʧʦ-ʥʘʪʘʪʲʰʥʦ ʥʘʨʘʩʪʚʘʥʝ ʥʘ 

ʪʦʚʘ ʧʦʢʨʠʪʠʝ [2,3]. 

ʈʘʟʣʠʯʥʠʪʝ ʨʝʞʠʤʠ ʥʘ ʚʘʢʫʫʤʥʘ ʤʝʪʘʣʠʟʘʮʠʷ ( ʚʨʝʤʝʥʘʪʘ ʥʘ ʝʢʩʧʦʟʠʮʠʷ ) ʜʦʚʝʞʜʘʪ ʜʦ ʬʦʨʤʠ-

ʨʘʥʝʪʦ ʥʘ ʤʝʪʘʣʝʥ ʩʣʦʡ ʚʲʨʭʫ ʧʦʣʠʤʝʨʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘ ʤʝʤʙʨʘʥʘʪʘ, ʢʦʡʪʦ ʩʝ ʦʢʘʟʚʘ ʦʧʨʝʜʝʣʷʱ 

ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʤʝʤʙʨʘʥʠʪʝ, ʚ ʨʦʣʷʪʘ ʥʘ ʚʪʦʨʠ ʩʝʣʝʢʪʠʚʝʥ ʩʣʦʡ ʥʘ ʚʝʯʝ ʬʦʨʤʠʨʘʥʘʪʘ ʤʝʤ-

ʙʨʘʥʘ. ʀʟʙʨʘʥʠʪʝ ʚʨʝʤʝʥʘ ʥʘ ʝʢʩʧʦʟʠʮʠʷ ʠʤʘʪ ʟʘ ʮʝʣ ʜʘ ʩʲʟʜʘʜʘʪ ʤʝʪʘʣʥʦ ʧʦʢʨʠʪʠʝ, ʢʦʝʪʦ ʜʘ ʥʝ 

ʠʟʦʣʠʨʘ ʩʝʣʝʢʪʠʚʥʘʪʘ ʤʝʤʙʨʘʥʥʘ ʧʦʚʲʨʭʥʦʩʪ, ʘ ʩʘʤʦ ʜʘ ʧʦʜʦʙʨʠ ʥʝʡʥʘʪʘ ʫʩʪʦʡʯʠʚʦʩʪ ʠ ʧʨʝʜʘʜʝ 

ʥʦʚʠ ʩʚʦʡʩʪʚʘ ʥʘ ʤʝʤʙʨʘʥʠʪʝ. 
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2. ʄɽʊʆɼʀ ʀ ʄɸʊɽʈʀɸʃʀ  

ʄʝʤʙʨʘʥʠʪʝ ʧʦʜʣʦʞʝʥʠ ʥʘ ʤʝʪʘʣʠʟʘʮʠʷ ʩʘ ʧʦʣʫʯʝʥʠ ʦʪ 17,25 mass% ʇɸʅ, 0,25 mass% ʇɺʍ, 

0,50 mass% MgSO4 ʧʦ ʬʘʟʦʚʦ ï ʠʥʚʝʨʩʠʦʥʥʠʷ ʤʝʪʦʜ [4] ʠ ʩʘ ʚʘʢʫʤʥʦ ʤʝʪʘʣʠʟʠʨʘʥʠ ʩ (ʘʣʫʤʠʥʠʡ) ʩ 

ʚʨʝʤʝʥʘ ʥʘ ʨʘʟʧʨʘʰʚʘʥʝ ʦʪ 5, 15 ʠ 25 s. 

ʄʝʪʘʣʥʠʪʝ ʧʦʢʨʠʪʠʷ ʩʘ ʧʦʣʫʯʝʥʠ ʚʲʚ ʚʘʢʫʫʤʥʘ ʠʥʩʪʘʣʘʮʠʷ BUP-5 /ʈʫʩʠʷ/, ʢʘʪʦ ʝ ʨʘʟʧʨʘʰʚʘʥʘ 

ʧʣʦʩʢʘ ʤʠʰʝʥʘ ʦʪ ʞʝʣʷʟʦ-ʭʨʦʤ-ʥʠʢʝʣʦʚʘ ʩʧʣʘʚ ʩ ʨʘʟʤʝʨʠ ß 100 ʭ 10mm, ʧʨʠ ʨʘʟʩʪʦʷʥʠʝ ʤʠʰʝʥʘ / 

ʧʦʜʣʦʞʢʘ L M-N= 180mm ʠ ʩʧʝʮʠʬʠʯʥʘ ʤʦʱʥʦʩʪ ʥʘ ʨʘʟʧʨʘʰʚʘʥʝ Np=5.4W/ʩʤ
2. ʀʟʚʲʨʰʝʥʦ ʝ ʤʘʛ-

ʥʝʪʨʦʥʥʦ ʦʪʣʘʛʘʥʝ ʥʘ ʞʝʣʷʟʦ-ʭʨʦʤ-ʥʠʢʝʣʥʘ ʩʧʣʘʚ ʩ ʥʘʯʘʣʝʥ ʚʘʢʫʫʤ ʚ ʨʘʙʦʪʥʘʪʘ ʢʘʤʝʨʘ ʈʥ= 1.10-3 

Pa, ʨʘʙʦʪʥʘ ʛʘʟʦʚʘ ʩʨʝʜʘ ʦʪ Ar ʩ ʯʠʩʪʦʪʘ 99,99% ʠ ʨʘʙʦʪʥʦ ʥʘʣʷʛʘʥʝ ʚ ʢʘʤʝʨʘʪʘ Pp= 4.10-2 Pa. ʀʟ-

ʧʦʣʟʚʘʥʠ ʩʘ ʚʨʝʤʝʥʘ ʥʘ ʦʪʣʘʛʘʥʝ ʥʘ ʧʦʢʨʠʪʠʷʪʘ: 5, 15, 25 s. ʉʣʝʜ ʟʘʚʲʨʰʚʘʥʝ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʦʪʣʘ-

ʛʘʥʝ ʤʝʤʙʨʘʥʠʪʝ ʩʘ ʦʭʣʘʜʝʥʠ ʜʦ ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʲʚ ʚʘʢʫʫʤʥʘʪʘ ʢʘʤʝʨʘ ʚ ʩʨʝʜʘ ʦʪ Ar, ʩʣʝʜ 

ʢʦʝʪʦ ʩʘ ʠʟʚʘʜʝʥʠ ʥʘ ʚʲʟʜʫʭ. 

ʄʦʱʥʦʩʪʪʘ ʥʘ ʧʦʩʪʦʷʥʥʦʪʦʢʦʚʠʷ ʟʘʭʨʘʥʚʘʱ ʠʟʪʦʯʥʠʢ ʥʘ ʤʘʛʥʝʪʨʦʥʘ ʝ 8 kW ʩ ʧʣʘʚʥʦ ʠʟʤʝʥʝ-

ʥʠʝ ʥʘ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʪʦʢʘ ʦʪ 0õ10ɸ. ɿʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʨʘʙʦʪʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʤʝʪʘʣʠʟʠʨʘ-

ʥʠʪʝ ʤʝʤʙʨʘʥʠ ʝ ʠʟʧʦʣʟʚʘʥ ʣʘʙʦʨʘʪʦʨʝʥ ʤʦʜʫʣ ñ Sartorius ñ ʪʠʧ SM-165 ɸʥʛʣʠʷ. ɿa ʦʧʨʝʜʝʣʷʥʝ 

ʩʝʣʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʤʝʤʙʨʘʥʠʪʝ ʝ ʠʟʧʦʣʟʚʘʥ ʢʘʣʠʙʨʘʥʪʘ ñAlbuminò-ʯʦʚʝʰʢʠ ʩʝʨʫʤ /Mʤ=76000/ ʥʘ 

ʬʠʨʤʘ ñ Flukaò ʩ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʠʟʭʦʜʥʠʷ ʨʘʟʪʚʦʨ 1 g/l. ʉʝʧʘʨʠʨʘʱʘʪʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʤʝʤʙʨʘʥʘʪʘ, 

ʩʧʨʷʤʦ ʢʘʣʠʙʨʘʥʪʘ ʝ ʦʧʨʝʜʝʣʝʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦ ʧʨʠ ʜʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ ɚ=280 nm ʥʘ 

UV/VIS ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʲʨ ñUnikamò-8625- ʌʨʘʥʮʠʷ. 

ɿʘ ʫʩʧʝʰʥʘʪʘ ʚʘʢʫʫʤʥʘ ʤʝʪʘʣʠʟʘʮʠʷ ʥʘ ʤʝʤʙʨʘʥʠʪʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʤʝʤʙʨʘʥʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ ʜʘ ʙʲʜʝ ʘʢʪʠʚʠʨʘʥʘ. ʊʘʟʠ ʧʨʝʜʚʘʨʠʪʝʣʥʘ ʘʢʪʠʚʘʮʠʷ ʩ ʘʣʢʦʭʦʣʥʠ ʨʘʟʪʚʦʨʠ ʥʘ 

 [5]. 

3. ʈɽɿʋʃʊɸʊʀ ʀ ʆɹʉʒɾɼɸʅɽ 

ɺʣʠʷʥʠʝʪʦ ʥʘ ʥʝʦʨʛʘʥʠʯʥʠʪʝ ʩʦʣʠ ʚʲʨʭʫ ʚʟʘʠʤʥʘʪʘ ʨʘʟʪʚʦʨʠʤʦʩʪ ʥʘ ʚʝʱʝʩʪʚʘʪʘ, ʚ ʪʦʚʘ ʯʠʩʣʦ ʠ 

ʚʲʨʭʫ ʨʘʟʪʚʦʨʠʤʦʩʪʪʘ ʥʘ ʧʦʣʠʤʝʨʠʪʝ, ʦʪʜʘʚʥʘ ʝ ʧʨʠʚʣʠʯʘʣʦ ʚʥʠʤʘʥʠʝʪʦ ʥʘ ʠʟʩʣʝʜʦʚʘʪʝʣʠʪʝ. 

ʆʙʠʢʥʦʚʝʥʦ, ʜʦʙʘʚʷʥʝʪʦ ʥʘ ʩʦʣʠ ʚʦʜʠ ʜʦ ʧʦʥʠʞʘʚʘʥʝ ʠʣʠ ʜʦ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʚʠʩʢʦʟʠʪʝʪʘ ʥʘ ʨʘʟʪ-

ʚʦʨʠʪʝ, ʯʨʝʟ ʧʨʦʤʝʥʷ ʥʘ ʨʘʟʪʚʘʨʷʱʘʪʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʨʘʟʪʚʦʨʠʪʝʣʷ ʠʣʠ ʯʨʝʟ ʩʲʟʜʘʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢ-

ʩʠ ʚ ʩʠʩʪʝʤʘʪʘ ʦʪ ʪʠʧʘ ʧʦʣʠʤʝʨ-ʥʝʦʨʛʘʥʠʯʥʘ ʩʦʣ-ʨʘʟʪʚʦʨʠʪʝʣ. ʇʨʦʤʝʥʷʡʢʠ ʩʪʨʫʢʪʫʨʠʨʘʥʝʪʦ ʚ 

ʨʘʟʪʚʦʨʘ, ʩʦʣʠʪʝ ʚʣʠʷʷʪ ʠ ʥʘ ʩʢʦʨʦʩʪʪʘ ʥʘ ʫʪʘʠʪʝʣʥʠʷʪ ʧʨʦʮʝʩ ʠ ʩʲʦʪʚʝʪʥʦ ʩʝ ʬʦʨʤʠʨʘʪ ʤʝʤʙʨʘʥʠ 

ʩ ʨʘʟʣʠʯʥʠ ʪʨʘʥʩʧʦʨʪʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺ ʥʘʰʝʪʦ ʠʟʩʣʝʜʚʘʥʝ ʠʟʧʦʣʟʚʘʭʤʝ MgSO4, ʟʘ ʜʘ ʩʝ ʧʨʦʩ-

ʣʝʜʠ ʚʣʠʷʥʠʝʪʦ ʥʘ ʚʠʜʘ ʥʘ ʢʘʪʠʦʥʘ ʚʲʨʭʫ ʩʪʨʫʢʪʫʨʠʨʘʥʝʪʦ ʥʘ ʧʦʣʠʤʝʨʥʠʪʝ ʨʘʟʪʚʦʨʠ. ʄʘʛʥʝʟʠʝʚʘ-

ʪʘ ʩʦʣ ʝ ʩʝʜʝʤ ʭʠʜʨʘʪ, ʢʦʝʪʦ ʟʘʪʨʫʜʥʷʚʘ ʥʝʡʥʦʪʦ ʨʘʟʪʚʘʨʷʥʝ ʚ ɼʄʌɸ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʜ 2 

mass%. ʊʦʚʘ ʦʛʨʘʥʠʯʠ ʤʘʢʩʠʤʘʣʥʦ ʠʟʧʦʣʟʚʘʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʩʦʣʪʘ ʚ ʧʦʣʠʤʝʨʥʠʪʝ ʨʘʟʪʚʦʨʠ. 

ʇʨʠ ʤʦʜʠʬʠʢʘʮʠʷ ʥʘ ʇɸʅ ʩ ʇɺʍ ʠ MgSO4 ʩʝ ʧʦʣʫʯʘʚʘʪ ʤʝʤʙʨʘʥʠ ʩ ʥʠʩʢʘ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪ. 

ʌʦʨʤʠʨʘʪ ʩʝ ʧʦʨʠ ʩ ʨʘʟʣʠʯʝʥ ʨʘʟʤʝʨ, ʢʦʝʪʦ ʩʣʝʜʚʘ ʦʪ ʬʘʢʪʘ, ʯʝ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʪʘ ʧʣʘʚʥʦ ʥʘ-

ʨʘʩʪʚʘ ʥʘʜ 0,1 ʄʈʘ, ʪ.ʝ. ʧʦʩʪʝʧʝʥʥʦ ʩʝ ʚʢʣʶʯʚʘʪ ʚ ʝʢʩʧʣʦʘʪʘʮʠʷ ʧʦʨʠ ʩ ʧʦ-ʤʘʣʲʢ ʨʘʟʤʝʨ. 

ɽʜʥʦ ʦʪ ʫʩʣʦʚʠʷʪʘ ʟʘ ʧʦ-ʝʬʝʢʪʠʚʝʥ ʧʨʦʮʝʩ ʥʘ ʤʝʪʘʣʠʟʘʮʠʷ ʝ ʧʨʝʜʚʘʨʠʪʝʣʥʘʪʘ ʤʦʜʠʬʠʢʘʮʠʷ ʥʘ 

ʧʦʣʠʤʝʨʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʩ ʮʝʣ ʥʝʡʥʦʪʦ ʘʢʪʠʚʠʨʘʥʝ. ʇʦʨʘʜʠ ʪʦʚʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʙʷʭʘ ʠʟʩʣʝʜʚʘʥʠ 

ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʧʦʣʠʤʝʨʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʩ ʨʘʟʣʠʯʥʠ ʭʠʤʠʯʝʩʢʠ ʢʦʤʧʦʥʝʥʪʠ. ɺ ʥʘ-

ʰʠʷ ʝʢʩʧʝʨʠʤʝʥʪ ʠʟʧʦʣʟʚʘʭʤʝ 30 ï ʝʥ % ʘʣʢʦʭʦʣʝʥ ʨʘʟʪʚʦʨ ʥʘ SnCl2.2H2O - ʥʘʨ. ʤʦʜʠʬʠʮʠʨʘʱʘ 

ʩʠʩʪʝʤʘ.[6, 7, 8]. ɸʣʢʦʭʦʣʥʠʪʝ ʨʘʟʪʚʦʨʠ ʠʤʘʪ ʠʟʚʝʩʪʥʠ ʧʨʝʜʠʤʩʪʚʘ, ʢʦʠʪʦ ʩʝ ʩʲʩʪʦʷʪ ʚ ʧʦ ï ʣʝʩʥʦ-

ʪʦ ʠʤ ʧʨʠʛʦʪʚʷʥʝ ʠ ʚʲʚ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʝʜʥʦʚʨʝʤʝʥʥʦ ʩʝʥʩʠʙʠʣʠʟʠʨʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʧʦ-

ʣʠʤʝʨʠ. 

ʄʦʜʠʬʠʮʠʨʘʥʠʪʝ ʤʝʤʙʨʘʥʠ ʙʷʭʘ ʚʘʢʫʫʤʥʦ ʤʝʪʘʣʠʟʠʨʘʥʠ ʧʨʠ ʫʩʣʦʚʠʷʪʘ ʧʦʩʦʯʝʥʠ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘ 

ʠ ʩʘ ʠʟʩʣʝʜʚʘʥʠ ʦʩʥʦʚʥʠʪʝ ʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

2 2.2SnCl H O
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ʌʠʛ.1 ɺʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʘ ʤʝʤʙʨʘʥʠ ʩʲʩ ʩʲʩʪʘʚ 17,25 mass% ʇɸʅ, 0,25 mass% ʇɺʍ, 0,50 

mass% MgSO4 ʧʲʨʚʦʥʘʯʘʣʥʦ ʤʦʜʠʬʠʮʠʨʘʥʠ ʩ 30 % ʘʣʢʦʭʦʣʥʠ ʨʘʟʪʚʦʨʠ ʥʘ SnCl2.2H2O, ʚʘ-

ʢʫʫʤʥʦ ʤʝʪʘʣʠʟʠʨʘʥʠ. 

 

ɺ ʧʨʦʮʝʩʘ ʥʘ ʤʝʪʘʣʠʟʘʮʠʷ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʪʘ ʥʘ ʤʝʤʙʨʘʥʠʪʝ ʩʝ ʧʦʥʠʞʘʚʘ ʯʫʚʩʪʚʠʪʝʣʥʦ, 

ʪʘʢʘ ʯʝ ʚʘʢʫʫʤʥʦʪʦ ʤʝʪʘʣʠʟʠʨʘʥʝ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʢʦʨʝʢʮʠʷ ʥʘ ʩʝʣʝʢʪʠʚʥʠʷ ʩʣʦʡ ʥʘ ʤʝʤ-

ʙʨʘʥʥʘʪʘ ʩʪʨʫʢʪʫʨʘ. ʇʨʠʯʠʥʘʪʘ ʟʘ ʪʦʚʘ ʝ ʢʘʢʪʦ ʧʨʝʜʚʘʨʠʪʝʣʥʘʪʘ ʘʢʪʠʚʘʮʠʷ ʥʘ ʤʝʤʙʨʘʥʥʘʪʘ ʧʦʚʲʨ-
ʭʥʦʩʪ, ʪʘʢʘ ʠ ʚʨʝʤʝʥʘʪʘ ʟʘ ʝʢʩʧʦʟʠʮʠʷ ʧʨʠ ʥʘʥʘʩʷʥʝʪʦ ʥʘ ʤʝʪʘʣʥʦʪʦ ʧʦʢʨʠʪʠʝ (ʬʠʛ1). 

 
ʌʠʛ.2. ʉʝʣʝʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʠ ʩʧʨʷʤʦ Albumin ( ʧʨʠ 0,3 MPa ) ʥʘ ʧʦʣʠ-

ʤʝʨʥʠ ʤʝʤʙʨʘʥʠ ʩʲʩ ʩʲʩʪʘʚ 17,25 mass% ʇɸʅ, 0,25 mass% ʇɺʍ, 0,50 mass% MgSO4 ʧʲʨʚʦ-

ʥʘʯʘʣʥʦ ʤʦʜʠʬʠʮʠʨʘʥʠ ʩ ʘʣʢʦʭʦʣʥʠ ʨʘʟʪʚʦʨʠ ʥʘ SnCl2.2H2O, ʚʘʢʫʫʤʥʦ ʤʝʪʘʣʠʟʠʨʘʥʠ ʩ ʘʣʫ-

ʤʠʥʠʡ. 
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ɺʘʢʫʫʤʥʘʪʘ ʤʝʪʘʣʠʟʘʮʠʷ ʥʘ ʤʝʤʙʨʘʥʠʪʝ ʩʝ ʦʪʨʘʟʷʚʘ ʠ ʚʲʨʭʫ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʪʘ 

ʥʘ ʤʝʤʙʨʘʥʠʪʝ ʩʧʨʷʤʦ ʢʘʣʠʙʨʘʥʪʘ Albumin ( ʬʠʛ2 ). 

ɹʝʣʪʲʯʥʠʪʝ ʤʦʣʝʢʫʣʠ ʩʘ ʜʦʩʪʘʪʲʯʥʦ ʛʦʣʝʤʠ ( ʄʤ 76000 ), ʯʝ ʪʝ ʩ ʫʩʧʝʭ ʩʝ ʟʘʜʲʨʞʘʪ ʢʘʢʪʦ 

ʦʪ ʧʦʣʠʤʝʨʥʠʷ ʩʣʦʡ ʥʘ ʤʝʤʙʨʘʥʘʪʘ, ʪʘʢʘ ʠ ʦʪ ʦʪʣʦʞʝʥʠʷ ʤʝʪʘʣʠʟʠʨʘʥ ʩʣʦʡ. ʉʲʟʜʘʜʝʥʘʪʘ ʥʦʚʘ 

ʩʪʨʫʢʪʫʨʘ ʝ ʜʦʩʪʘʪʲʯʥʦ ʧʦʨʴʦʟʥʘ, ʯʝ ʪʷ ʤʦʞʝ ʜʘ ʚʣʠʷʝ ʩʘʤʦ ʚʲʨʭʫ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʪʘ ʥʘ ʧʨʦʮʝʩʘ 

ʩ ʧʦʥʠʞʝʥʠʝ ʥʘ ʜʠʬʫʟʠʦʥʥʠʷ ʢʘʧʘʮʠʪʝʪ. ʊʘʟʠ ʩʪʨʫʢʪʫʨʘ ʥʘ ʧʨʘʢʪʠʢʘ ʧʦʚʠʰʘʚʘ ʪʫʨʙʦʣʝʥʪʥʦʩʪʪʘ 

ʥʘʜ ʤʝʤʙʨʘʥʘʪʘ.  

ɽʜʥʠ ʦʪ ʥʘʡ-ʩʲʚʨʝʤʝʥʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʠʟʦʣʠʨʘʥʝ ʠ ʧʨʝʯʠʩʪʚʘʥʝ, ʩʘ ʤʝʤʙʨʘʥʥʠʪʝ ʤʝʪʦʜʠ ʠ ʚ 

ʯʘʩʪʥʦʩʪ ʙʘʨʦʤʝʤʙʨʘʥʥʠʪʝ. ʊʝ ʧʦʟʚʦʣʷʚʘʪ ʝʜʥʦʚʨʝʤʝʥʥʦʪʦ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʧʨʦʮʝʩʠʪʝ ʧʨʠ ʥʦʨ-

ʤʘʣʥʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʢʦʝʪʦ ʟʘʧʘʟʚʘ ʥʘʪʠʚʥʘʪʘ ʬʦʨʤʘ ʥʘ ʙʠʦʣʦʛʠʯʥʠʪʝ ʧʨʦʜʫʢʪʠ. 

ʄʝʤʙʨʘʥʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʟʘʤʝʩʪʚʘʪ ʢʣʘʩʠʯʝʩʢʠʪʝ ʤʝʪʦʜʠ ʥʘ ʨʘʟʜʝʣʷʥʝ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʧʨʦʩ-

ʪʦʪʦ ʘʧʘʨʘʪʫʨʥʦ ʦʬʦʨʤʣʝʥʠʝ. ʊʝʟʠ ʪʝʭʥʦʣʦʛʠʯʥʠ ʧʨʦʮʝʩʠ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘʪ ʙʝʟ ʬʘʟʦʚʠ ʧʨʝʭʦʜʠ ʠ 

ʧʨʠ ʩʨʘʚʥʠʪʝʣʥʦ ʥʠʩʢʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʨʠ ʢʦʝʪʦ ʩʝ ʟʘʧʘʟʚʘʪ ʥʘʪʠʚʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʨʘʟʜʝʣʷ-

ʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ. ɿʘ ʠʟʩʣʝʜʚʘʥʝ ʧʨʦʤʷʥʘʪʘ ʥʘ ʩʧʝʮʠʬʠʯʥʘʪʘ ʝʥʟʠʤʥʘ ʘʢʪʠʚʥʦʩʪ ʥʘ ʝʥʟʠʤʘ ʫʨʝʘʟʘ, 

ʠʟʚʣʝʯʝʥ ʦʪ ʩʦʝʚʦ ʙʨʘʰʥʦ ʚ ʨʝʞʠʤ ʥʘ ʫʣʪʨʘʬʠʣʪʨʘʮʠʷ ʠʟʧʦʣʟʚʘʭʤʝ ʩʲʱʠʪʝ ʤʝʤʙʨʘʥʠ, ʯʠʷʪʦ ʧʦ-

ʣʠʤʝʨʥʘ ʧʦʚʲʨʭʥʦʩʪ ʝ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʘʢʪʠʚʠʨʘʥʘ ʩ ʘʣʢʦʭʦʣʥʠʷ ʨʘʟʪʚʦʨ ʥʘ 2 2.2SnCl H O
 ʠ ʚʘʢʫʫʤ-

ʥʦ ʤʝʪʘʣʠʟʠʨʘʥʠ. 

 
ʌʠʛ. 3 ɽʤʠʩʠʷ ʥʘ ʦʪʜʝʣʝʥʠ ʢʦʤʧʦʥʝʥʪʠ ʚ ʧʨʦʮʝʩʘ ʜʠʘʬʠʣʪʨʘʮʠʷ, ʠʟʧʦʣʟʚʘʡʢʠ ʤʝʤʙʨʘʥʘ 

ʚʘʢʫʫʤʥʦ ʤʝʪʘʣʠʟʠʨʘʥʘ ʘʣʫʤʠʥʠʡ ʩ ʚʨʝʤʝ ʥʘ ʤʝʪʘʣʠʟʘʮʠʷ 25 s. 

 

ʅʘ ʬʠʛ. 3 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʟʘʚʠʩʠʤʦʩʪʪʘ ʥʘ ʝʤʠʩʠʷʪʘ ʥʘ ʦʪʜʝʣʝʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʚ ʭʦʜʘ ʥʘ ʧʨʦʮʝʩʘ 

ʜʠʘʬʠʣʪʨʘʮʠʷ, ʧʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʝʤʙʨʘʥʘ ʩ ʛʦʨʝ ʦʧʠʩʘʥʠʷ ʧʦʣʠʤʝʨʝʥ ʩʲʩʪʘʚ ʠ ʚʨʝʤʝ ʥʘ ʦʙ-

ʣʲʯʚʘʥʝ 25 s. ʆʪ ʛʨʘʬʠʯʥʘʪʘ ʟʘʚʠʩʠʤʦʩʪ ʩʝ ʚʠʞʜʘ, ʯʝ ʧʲʨʚʦʥʘʯʘʣʥʦ ʠʟʤʝʨʝʥʘʪʘ ʝʢʩʪʠʥʮʠʷ ʧʨʠ (ɚ = 

480nm) ʥʘ ʧʲʨʚʠʷ ʝʪʘʧ ʥʘ ʧʨʦʮʝʩʘ, ʧʨʝʟ ʤʝʤʙʨʘʥʘʪʘ ʩʘ ʧʨʝʤʠʥʘʣʠ ʦʩʥʦʚʥʠʪʝ ʢʦʣʠʯʝʩʪʚʘ ʥʠʩʢʦʤʦ-

ʣʝʢʫʣʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ, ʢʦʠʪʦ ʩʘ ʠʟʚʣʝʯʝʥʠ ʚ ʧʨʦʮʝʩʘ ʥʘ ʝʩʪʨʘʭʠʨʘʥʝ ʥʘ ʫʨʝʘʟʘʪʘ. 

ɺ ʩʣʝʜʚʘʱʠʪʝ ʝʪʘʧʠ ʥʘ ʜʠʘʬʠʣʪʨʘʮʠʷ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʝʜʥʘ ʧʦ-ʥʠʩʢʘ ʩʪʝʧʝʥ ʥʘ ʝʤʠʩʠʦʥʥʦ ʦʪʜʝʣʷ-

ʥʝ, ʢʦʝʪʦ ʧʨʝʜʧʦʣʘʛʘ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʘʢʪʠʚʥʦʩʪʪʘ ʥʘ ʫʨʝʘʟʘʪʘ. 

ʇʦʣʫʯʝʥʘʪʘ ʢʨʘʡʥʘ ʩʪʦʡʥʦʩʪ ʝ ʜʦʩʪʘʪʲʯʥʦ ʧʦʢʘʟʘʪʝʣʥʘ ʟʘ ʪʦʚʘ, ʯʝ ʚ ʧʦʩʣʝʜʥʠʷ ʝʪʘʧ ʥʘ ʜʠʘʬʠʣʪʨʘ-

ʮʠʷʪʘ ʚʲʚ ʬʠʣʪʨʘʪʘ ʝ ʦʩʪʘʥʘʣ ʩʘʤʦ ʝʥʟʠʤʘ ʫʨʝʘʟʘ. ʊʦʟʠ ʬʘʢʪ ʩʝ ʧʦʪʚʲʨʞʜʘʚʘ ʠ ʦʪ ʧʦʩʣʝʜʚʘʱʠʪʝ ʥʠ 

ʠʟʩʣʝʜʚʘʥʠʷ ʟʘ ʧʨʦʤʷʥʘʪʘ ʥʘ ʩʧʝʮʠʬʠʯʥʘʪʘ ʝʥʟʠʤʥʘ ʘʢʪʠʚʥʦʩʪ ʥʘ ʫʨʝʘʟʘʪʘ ʧʨʝʜʠ ʠ ʩʣʝʜ ʧʨʦʮʝʩʘ 

ʥʘ ʜʠʘʬʠʣʪʨʘʮʠʷʪʘ (ʬʠʛ.4). 
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ʌʠʛ.4. ʀʟʤʝʥʝʥʠʝ ʥʘ ʩʧʝʮʠʬʠʯʥʘʪʘ ʝʥʟʠʤʥʘ ʘʢʪʠʚʥʦʩʪ ʥʘ ʫʨʝʘʟʘ ʧʨʝʜʠ ʠ ʩʣʝʜ ʜʠʘʬʠʣʪʨʘ-

ʮʠʷʪʘ, ʠʟʧʦʣʟʚʘʡʢʠ ʤʝʤʙʨʘʥʘ ʚʘʢʫʫʤʥʦ ʤʝʪʘʣʠʟʠʨʘʥʘ ʩ ʘʣʫʤʠʥʠʡ ʩ ʚʨʝʤʝ ʥʘ ʤʝʪʘʣʠʟʘʮʠʷ 

25 s. 
 

ʉ ʧʨʦʮʝʩʘ ʜʠʘʬʠʣʪʨʘʮʠʷ ʠ ʫʪʘʷʚʘʥʝ ʮʝʣʠʤ ʜʘ ʠʟʦʣʠʨʘʤʝ ʠʥʟʠʤʘ ʫʨʝʘʟʘ ʦʪ ʜʨʫʛʠʪʝ ʝʥʟʠʤʠ, ʥʝ-

ʝʥʟʠʤʥʠ ʙʝʣʪʲʮʠ ʠ ʜʨʫʛʠ ʙʝʣʪʲʮʠ, ʩʲʜʲʨʞʘʱʠ ʩʝ ʚ ʩʦʝʚʦʪʦ ʙʨʘʰʥʦ. ɺ ʭʦʜʘ ʥʘ ʧʨʝʯʠʩʪʚʘʥʝʪʦ ʩʝ 

ʫʚʝʣʠʯʘʚʘ ʦʪʥʦʩʠʪʝʣʥʠʷ ʜʷʣ ʥʘ ʝʥʟʠʤʥʠʷ ʙʝʣʪʲʢ ʚ ʦʙʱʘʪʘ ʤʘʩʘ ʥʘ ʙʝʣʪʲʢʘ, ʪ. ʝ. ʧʦʚʠʰʘʚʘ ʩʝ ʥʝʛʦ-

ʚʘʪʘ ʩʧʝʮʠʬʠʯʥʘ ʘʢʪʠʚʥʦʩʪ [8]. 
 

4. ɿɸʂʃʖʏɽʅʀɽ 

Á ɼʦʢʘʟʘʥʘ ʝ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʚʘʢʫʫʤʥʦ ʤʝʪʘʣʠʟʠʨʘʥʝ ʥʘ ʧʦʣʠʤʝʨʥʠ ʤʝʤʙʨʘʥʠ ʩ ʯʠʩʪ ʘʣʫʤʠ-
ʥʠʡ ʚ ʨʝʞʠʤ ʥʘ ʤʘʛʥʝʪʨʦʥʥʦ ʨʘʟʧʨʘʰʚʘʥʝ. 

Á ʀʟʧʦʣʟʚʘʥʠʷʪ 30% - ʝʥ ʘʣʢʦʭʦʣʝʥ ʨʘʟʪʚʦʨ ʥʘ SnCl2.2H2O ʟʘ ʧʨʝʜʚʘʨʠʪʝʣʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʥʘ 

ʧʦʣʠʤʝʨʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʩʝ ʦʢʘʟʚʘ ʤʥʦʛʦ ʜʦʙʲʨ ʘʢʪʠʚʘʪʦʨ ʟʘ ʧʦʣʠʤʝʨʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʦʪ 

ʝʜʥʘ ʩʪʨʘʥʘ, ʘ ʦʪ ʜʨʫʛʘ ʩʪʨʘʥʘ ʧʦʜʧʦʤʘʛʘ ʘʜʭʝʟʠʷʪʘ ʤʝʞʜʫ ʤʝʪʘʣʘ ʠ ʧʦʣʠʤʝʨʘ 

Á ʋʩʪʘʥʦʚʝʥʦ ʝ ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ ʚʘʢʫʫʤʥʦ ʤʝʪʘʣʠʟʠʨʘʥʠʪʝ ʤʝʤʙʨʘʥʠ ʚ ʧʨʦʮʝʩʘ ʥʘ ʜʠʘʬʠʣʪ-

ʨʘʮʠʷ ʥʘ ʝʥʟʠʤʘ ʫʨʝʘʟʘ, ʟʘ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʩʧʝʮʠʬʠʯʥʘʪʘ ʝʥʟʠʤʥʘ ʘʢʪʠʚʥʦʩʪ ʥʘ ʪʦʟʠ ʝʥʟʠʤ. 
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SUPPLEMENT TO THE TH EORY OF CONSTRUCTION OF SINGLE-SEAM FLASH SLEEVE  

FOR WOMEN'S DRESSES AND BLOUSES 

 

Hristo M. Petrov 

Technical University of Sofia, College Sliven, Bulgaria, e-mail: petrov@tu-sofia.bg 

 
ABSTRACT: One of the main questions when sizing sleeves is finding the depth of the sleeve for a given sleeve 

width. There are different algorithms for determining the component lines and construction sections of the 

sleeve mesh, which are usually tailored to the type of article for which they are intended. In some of them, the 

depth depends on the circumference of the armhole, and in others - on its depth. What they have in common is 

that the sizing of the upper part of the mesh is done by setting such parameters that there is a proper propor-

tionality between them. For this purpose, the basic structures and their corresponding sleeves of women's out-

erwear were built for values of K that satisfy the set constraints. The research in the current development is 

aimed at increasing the efficiency of the algorithm for building the single-seam unfolded sleeve, taking into ac-

count the structural and technological features for compatibility with the base structure for the standard size 

groups. The goal is to give an estimate for the support that is obtained at each step when choosing one or anoth-

er curve of the sleeve oval, built for corresponding values of the two parameters - k and ʈS. An addition to the 

theory of the construction of unfolded single-seam sleeves for a certain group of women's shoulder products is 

proposed, which facilitates the calculation and construction activity. A study was made on the topology of a 

family of interconnected details, at fixed degrees of freedom with previously known characteristics regarding the 

shape and dimensions of their contours, technological compliance and fidelity to the compositional proposal. 

KEYWORDS: Women's clothing, size, basic construction, single-seam flared sleeve 

 

ɼʆʇʒʃʅɽʅʀɽ ʂʒʄ ʊɽʆʈʀʗʊɸ ɿɸ ʇʆʉʊʈʆɽʅʀɽ ʅɸ ɽɼʅʆʐɽɺɽʅ ʈɸɿɻʒʅɸʊ ʈʒ-

ʂɸɺ ɿɸ ɼɸʄʉʂʀ ʈʆʂʃʀ ʀ ɹʃʋɿʀ 

 

ʍʨʠʩʪʦ ʄ. ʇʝʪʨʦʚ 

ʊʝʭʥʠʯʝʩʢʠ ʋʥʠʚʝʨʩʠʪʝʪ ï ʉʦʬʠʷ, ʂʦʣʝʞ ï ʉʣʠʚʝʥ, ɹʲʣʛʘʨʠʷ, , e-mail: petrov@tu-sofia.bg 

 

1. ɺʲʚʝʜʝʥʠʝ 

ʇʨʠ ʨʘʤʝʥʥʠʷ ʪʠʧ ʠʟʜʝʣʠʷ ʝʜʠʥ ʦʪ ʥʘʡ-ʦʪʛʦʚʦʨʥʠʪʝ ʜʝʪʘʡʣʠ ʚ ʦʙʣʝʢʣʦʪʦ ʝ ʨʲʢʘʚʲʪ. ʆʪ ʥʝʛʦ-

ʚʦʪʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʦʬʦʨʤʷʥʝ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦ ʠʟʧʲʣʥʝʥʠʝ ʜʦ ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʟʘʚʠʩʠ ʚʲʥʰʥʠʷ ʚʠʜ ʠ 

ʫʜʦʙʩʪʚʦʪʦ ʧʨʠ ʥʦʩʝʥʝ ʥʘ ʠʟʜʝʣʠʝʪʦ. 

 
                     ʌʠʛ. 1. ʆʩʥʦʚʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʜʘʤʩʢʘ       ʌʠʛ. 2. ʆʩʥʦʚʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ  

                                 ʙʣʫʟʘ ʜʦ ʣʠʥʠʷ ʥʘ ʪʘʣʠʷʪʘ                        ʝʜʥʦʰʝʚʝʥ ʨʘʟʛʲʥʘʪ ʨʲʢʘʚ 
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ɺʩʝʢʠʜʥʝʚʥʠʪʝ ʜʘʤʩʢʠ ʙʣʫʟʠ ʠ ʨʦʢʣʠ ʩʝ ʠʟʨʘʙʦʪʚʘʪ ʦʪ ʥʘʡ-ʨʘʟʥʦʦʙʨʘʟʥʠ ʤʘʪʝʨʠʘʣʠ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪ ʦʪ ʩʝʟʦʥʘ, ʧʨʝʟ ʢʦʡʪʦ ʱʝ ʩʝ ʥʦʩʷʪ. ʅʘʡ-ʯʝʩʪʦ ʪʦʚʘ ʩʘ ʧʘʤʫʯʥʠ, ʩʠʥʪʝʪʠʯʥʠ, ʚʲʣʥʝʥʠ ʠʣʠ 

ʚʲʣʥʝʥ ʪʠʧ ʤʘʪʝʨʠʘʣʠ ʩ ʨʘʟʣʠʯʥʘ ʧʣʦʱʥʘ ʤʘʩʘ, ʩʧʣʠʪʢʘ ʠʣʠ ʧʣʝʪʢʘ. ʆʙʠʢʥʦʚʝʥʦ ʩʝ ʧʨʝʜʧʦʯʠʪʘ 

ʝʜʥʦʰʝʚʥʠʷ ʨʲʢʘʚ, ʢʘʪʦ ʦʩʥʦʚʥʦ ʠʟʠʩʢʚʘʥʝ ʢʲʤ ʥʝʛʦ ʝ ʜʘ ʩʝ ʧʦʣʫʯʠ ʩʚʲʨʟʘʥʦ ʩʲʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ 

ʦʙʠʢʦʣʢʘʪʘ ʥʘ ʨʲʢʘʚʥʘʪʘ ʠʟʚʠʚʢʘ ʠ ʦʚʘʣʘ ʥʘ ʨʲʢʘʚʘ.  

ʅʘ ʌʠʛ. 1 ʝ ʧʦʢʘʟʘʥʘ ʦʩʥʦʚʥʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʜʘʤʩʢʦ ʛʦʨʥʦ ʨʘʤʝʥʥʦ ʠʟʜʝʣʠʝ ʚ ʧʦʣʫʚʪʘʣʝʥ 

ʩʠʣʫʝʪ, ʟʘ ʝʜʠʥ ʦʪ ʥʘʡ-ʯʝʩʪʦ ʩʨʝʱʘʥʠʪʝ ʩʪʘʥʜʘʨʪʝʥ ʪʠʧʦʨʘʟʤʝʨ 164/88/96. ʊʷ ʝ ʧʦʩʪʨʦʝʥʘ ʩʘʤʦ  ʜʦ 

ʣʠʥʠʷ ʥʘ ʪʘʣʠʷʪʘ, ʢʘʪʦ ʧʨʠʙʘʚʢʘʪʘ ʟʘ ʩʚʦʙʦʜʘ ʧʦ ʣʠʥʠʷ ʥʘ ʛʲʨʜʠʪʝ ʝ 7,0 cm, ʘ ʧʦ ʣʠʥʠʷ ʥʘ ʪʘʣʠʷʪʘ 

5,5 cm. 

2. ʌʦʨʤʫʣʠʨʘʥʝ ʥʘ ʧʨʦʙʣʝʤʘ  

ɻʝʦʤʝʪʨʠʯʥʦʪʦ ʧʦʩʪʨʦʝʥʠʝ ʥʘ ʦʩʥʦʚʥʠʪʝ ʜʝʪʘʡʣʠ ʚ ʦʙʣʝʢʣʦʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘ  ʩʠʥʪʝʟʠʨʘʥʝʪʦ 

ʥʘ ʪʝʭʥʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʙʘʟʘʪʘ ʥʘ ʩʲʟʜʘʜʝʥʠ ʟʘ ʪʷʭ ʧʦʜʭʦʜʷʱʠ ʦʧʠʩʘʥʠʷ. ʆʙʨʘʪʥʠʷʪ ʧʨʦʮʝʩ ï 

ʘʥʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʪʝʟʠ ʜʝʪʘʡʣʠ, ʥʘʡ-ʯʝʩʪʦ ʦʪ ʥʷʢʦʣʢʦ ʨʘʟʣʠʯʥʠ ʪʝʭʥʠ ʦʙʨʘʟʠ, ʚʦʜʠ ʠʣʠ ʜʦ ʫʩʲʚʲʨ-

ʰʝʥʩʪʚʘʥʝ ʥʘ ʧʦʜʭʦʜʘ, ʠʣʠ ʜʦ ʥʦʚʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʪʷʭʥʦʪʦ ʩʲʟʜʘʚʘʥʝ. 

ʀʟʩʣʝʜʚʘʥʠʷʪʘ ʚ ʥʘʩʪʦʷʱʘʪʘ ʨʘʟʨʘʙʦʪʢʘ ʩʘ ʥʘʩʦʯʝʥʠ ʢʲʤ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ 

ʘʣʛʦʨʠʪʲʤʘ ʟʘ ʧʦʩʪʨʦʝʥʠʝ ʥʘ ʝʜʥʦʰʝʚʥʠʷ ʨʘʟʛʲʥʘʪ ʨʲʢʘʚ ʧʨʠ ʦʪʯʠʪʘʥʝ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʪʝ ʠ ʪʝʭ-

ʥʦʣʦʛʠʯʥʠ ʦʩʦʙʝʥʦʩʪʠ ʟʘ ʩʲʚʤʝʩʪʠʤʦʩʪ ʩ ʙʘʟʦʚʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʟʘ ʩʪʘʥʜʘʨʪʥʠʪʝ ʪʠʧʦʨʘʟʤʝʨʥʠ 

ʛʨʫʧʠ. 

1. ʀʟʤʝʥʝʥʠʝ ʠ ʜʦʧʲʣʥʝʥʠʝ ʢʲʤ ʛʝʦʤʝʪʨʠʯʥʦʪʦ ʧʦʩʪʨʦʝʥʠʝ ʥʘ ʨʲʢʘʚʘ 

ʊʫʢ ʚʥʠʤʘʥʠʝʪʦ ʧʦ-ʩʢʦʨʦ ʝ ʩʲʩʨʝʜʦʪʦʯʝʥʦ ʥʝ ʢʲʤ ʮʷʣʦʩʪʥʦʪʦ ʦʨʘʟʤʝʨʷʚʘʥʝ ʥʘ ʨʲʢʘʚʘ, ʘ ʢʲʤ 

ʥʘʯʠʥʘ ʥʘ ʨʘʟʛʲʥʘʪʦʪʦ ʤʫ ʢʦʥʩʪʨʫʠʨʘʥʝ. ʉʲʱʝʩʪʚʝʥʦ ʝ ʦʬʦʨʤʷʥʝʪʦ ʥʘ ʥʷʢʦʠ ʥʝʛʦʚʠ ʯʘʩʪʠ, ʢʦʠʪʦ 

ʩʝ ʦʪʣʠʯʘʚʘʪ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦ ʧʦʟʥʘʪʠʪʝ, ʥʦ ʩʝ ʧʦʩʪʠʛʘ ʩʲʱʠʷʪ ʨʝʟʫʣʪʘʪ. ʇʨʝʜʣʦʞʝʥʠʪʝ ʠʟʤʝʥʝʥʠʷ 

ʧʦʜʦʙʨʷʚʘʪ ʘʣʛʦʨʠʪʲʤʘ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʢʘʪʦ ʥʘʤʘʣʷʚʘʪ ʙʨʦʷ ʥʘ ʦʧʝʨʘʮʠʠʪʝ ʩ ʢʦʝʪʦ ʪʦ ʩʝ ʠʟʚʲʨʰʚʘ 

ʠ ʠʢʦʥʦʤʠʟʠʨʘʪ ʯʝʨʪʦʞʥʘʪʘ ʜʝʡʥʦʩʪ. ɻʝʦʤʝʪʨʠʯʥʦʪʦ ʧʦʩʪʨʦʝʥʠʝ (ʌʠʛ. 2) ʤʦʞʝ ʜʘ ʩʝ ʦʧʠʰʝ ʧʦ 

ʩʣʝʜʥʠʷ ʥʘʯʠʥ.  

 
         ʌʠʛ. 3. ʇʨʝʛʲʚʘʥʝ ʥʘ ʨʲʢʘʚʘ                      ʌʠʛ. 4. ʈʲʢʘʚʥʘ ʠʟʚʠʚʢʘ ʠ ʛʦʨʥʘ ʯʘʩʪ 
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ɸ ï ɻ = ɼɹ ʈʒʂ;   ɸ ï ɼ = ɼʈʒʂ;   ɼ ï ɼ1 = 2,0 cm;   ɻ ï ʃ = 0,5 ɻɼ1 ï 1,0;   ɸ ï ɸ1 = ʐʈʒʂ;   

ʚʝʨʪʠʢʘʣʥʘ ʧʨʘʚʘ ɸ1 ï ɻ1;   ɸ ï ɸ2 = 0,5 ʐʈʒʂ + 1,0;   ɻ ï ʘ = 0,25 ʐʇʄʋ (ʃɻ);    ɸ ï ʘ1 = 0,5 ɸɸ2;   ʘ1 

ï ʘ2 = 0,5 ʘ1ʘ;   ɸ2 ï 1 = 0,5 ɸ2ʘ2;   1 ï 2 º 1,0 cm ʠ 1,2  ̂ɸ2ʘ2;   ɸ1 ï ʂ = 0,25 ʐʇʄʋ (ʃɻ) + 0,5 cm;   ʂ 

ï 3 = 0,5 ʂɸ2;   3 ï 4 º 1,0 cm ʠ 3,4  ̂ʂɸ2.   

ʆʛʣʝʜʘʣʥʠʷʪ ʦʙʨʘʟ ʥʘ ʫʯʘʩʪʲʢʘ ʦʪ ʨʲʢʘʚʥʘʪʘ ʠʟʚʠʚʢʘ ʥʘ ʧʨʝʜʥʘʪʘ ʯʘʩʪ ʘ2ɻ3 ʩʧʨʷʤʦ ʘ2ɻ4
/ ʩʝ 

ʧʦʩʪʘʚʷ ʪʘʢʘ, ʯʝ ʚʝʨʪʠʢʘʣʥʘʪʘ ʣʠʥʠʷ ʘ2ɻ4
/ ʜʘ ʩʲʚʧʘʜʥʝ ʩ ʣʠʥʠʷʪʘ ʘɻ ʦʪ ʯʝʨʪʝʞʘ ʥʘ ʨʲʢʘʚʘ, Ý ʘɻ5;   

ɻ5 ï ɻ2 = ʐʈʒʂ;   ɻ1 ï ɻ3 = ɸ1ɸ2;     ɻ3 ï ʂ1 =  (0,8 · 1,0) cm (0,9 cm) ʠ ɻ3ʂ1 ʝ ʲʛʣʦʧʦʣʦʚʷʱʘ ʥʘ  ᷂

ɻ2ɻ3ʂ;   ɻ3 ï ʂ2 = 0,5 ɻ3ʂ + 1,0 cm;   ʛʣʘʜʢʘ ʣʠʥʠʷ ɻ2ʂ1ʂ2ʂ4ɸ22ʘ2ʘɻ5.        

ʃ ï ʃ1 = ɻɻ1 ï 1,0;   ʃ1 ï ʃ2 º ɻ1ɻ2 ï 0,5;   ɼ1 ï ɼ2 = 1,0 cm;   ɼ2 ï ɼ3 =  ʐʈʒʂ (ʃɼ);   ɼ1 ï 5   º 

0,5 cm;   ʃ1 ï ɼ4 ʠ ɼ4 ï 6 ʦʛʣʝʜʘʣʥʠ ʥʘ ʃ1ɼ3 ʠ ʥʘ ɼ35 ʩʧʨʷʤʦ ʤʠʩʣʝʥʘ ʚʝʨʪʠʢʘʣʥʘ ʧʨʘʚʘ ʦʪ ʪ. ʃ1;   

ɻ5 ï ɻ6 = 0,5 ɻ5ɻ2;   ʧʨʝʟ ʪ. ɻ6 ʩʝ ʧʨʝʢʘʨʚʘ ʚʝʨʪʠʢʘʣʥʘ ʧʨʘʚʘ Ý ɸ3 ʠ ɼ5 (ʪ. ɼ5 Í ɼ55);   ʤʠʩʣʝʥʘ 

ʧʨʘʚʘ ɼ5 ï ɼ6 = 0,5 (ʐʈʒʂ + ɼ4ɼ3);   ʛʣʘʜʢʘ ʣʠʥʠʷ ɻ2ʃ3ɼ6;   ʛʣʘʜʢʘ ʣʠʥʠʷ ɻ5ʃ3ɼ7 ʦʛʣʝʜʘʣʥʘ ʥʘ 

ɻ2ʃ3ɼ6 ʩʧʨʷʤʦ ɸ3ɼ5;   ɼ3 ï 7 = 0,5 ɼ35;   ʛʣʘʜʢʘ ʣʠʥʠʷ ɼ57ɼ7. 

ʇʨʝʜʥʘʟʥʘʯʝʥʠʝʪʦ ʥʘ ʣʠʥʠʷʪʘ ɸ3ɼ5 ʝ ʟʘ ʧʨʦʚʝʨʢʘ ʥʘ ʬʦʨʤʘʪʘ ʥʘ ʨʲʢʘʚʥʠʷ ʦʚʘʣ, ʥʘ 

ʩʲʝʜʠʥʠʪʝʣʥʠʷ ʰʝʚ ʠ ʥʘ ʣʠʥʠʷʪʘ ʥʘ ʜʲʣʞʠʥʘʪʘ (ʌʠʛ. 3). 

 

2. ʆʪʥʦʩʥʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʛʨʘʥʠʮʠʪʝ ʟʘ ʠʟʤʝʥʝʥʠʝ ʥʘ ʜʚʘʪʘ ʦʩʥʦʚʥʠ ʧʘʨʘʤʝʪʲʨʘ ï k ʠ 

ʇʉ. 

ɽʜʠʥ ʦʪ ʦʩʥʦʚʥʠʪʝ ʚʲʧʨʦʩʠ ʢʦʡʪʦ ʩʝ ʨʝʰʘʚʘ ʧʨʠ ʦʨʘʟʤʝʨʷʚʘʥʝ ʥʘ ʨʲʢʘʚʘ ʝ ʥʘʤʠʨʘʥʝʪʦ ʥʘ ʥʝ-

ʛʦʚʘʪʘ ʜʲʣʙʦʯʠʥʘ ʧʨʠ ʟʘʜʘʜʝʥʘ ʰʠʨʦʯʠʥʘ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʧʦʜʤʠʰʥʠʮʘʪʘ. ʊʫʢ ʱʝ ʙʲʜʝ ʨʘʟʛʣʝʜʘʥʦ 

ʧʦʩʪʨʦʝʥʠʝʪʦ ʩʘʤʦ ʥʘ ʛʦʨʥʘʪʘ ʯʘʩʪ ʦʪ ʨʘʟʛʲʥʘʪʠʷ ʨʲʢʘʚ, ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʩʲʱʝʩʪʚʝʥʠʪʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʥʘ ʧʦʩʪʨʦʝʥʘʪʘ ʨʲʢʘʚʥʘ ʠʟʚʠʚʢʘ, ʧʨʠ ʛʘʨʘʥʪʠʨʘʥʘ ʩʚʦʙʦʜʘ ʥʘ ʧʨʠʣʷʛʘʥʝ, ʚʢʣʶʯʠʪʝʣʥʦ ʠ 

ʧʨʠ ʜʠʥʘʤʠʢʘ ʥʘ ʯʦʚʝʰʢʦʪʦ ʪʷʣʦ. 

ʊʲʡ ʢʘʪʦ ʝʜʥʘ ʦʪ ʮʝʣʠʪʝ ʟʘ ʢʦʷʪʦ ʩʝ ʛʝʥʝʨʠʨʘ ʪʘʟʠ ʢʨʠʚʘ ʝ ʪʷ ʜʘ ʝ ʛʣʘʜʢʘ ʠ ʜʘ ʝ ʦʪ 

ʠʥʪʝʨʧʦʣʘʮʠʦʥʝʥ ʪʠʧ. ʇʦʩʪʨʦʝʥʠʝʪʦ ʟʘ ʠʟʛʣʘʞʜʘʥʝ ʩʝ ʠʟʚʲʨʰʚʘ ʢʘʪʦ ʣʠʥʠʷʪʘ  ʥʝ ʩʝ ʩʪʨʦʠ  ʢʘʪʦ 

ʩʲʩʪʘʚʥʠ ʢʨʠʚʠ, ʘ ʤʠʥʘʚʘ ʧʨʝʟ ʚʩʠʯʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʪʦʯʢʠ ʦʪ ɻ2 ʧʨʝʟ ɸ2 ʜʦ ɻ5 (ʚʞ. ʌʠʛ. 2). ʊʫʢ 

ʫʤʠʰʣʝʥʦ ʩ ʮʝʣ ʠʣʶʩʪʨʠʨʘʥʝ ʥʘ ʯʘʩʪʠʯʥʦ ʧʦʩʪʠʞʠʤʦ ʩʲʚʧʘʜʝʥʠʝ ʚ ʜʦʣʥʠʪʝ ʫʯʘʩʪʲʮʠ ʥʘ ʨʲʢʘʚʘ, 

ʩʘ ʧʦʢʘʟʘʥʠ ʜʚʘʪʘ ʩʝʛʤʝʥʪʘ ʦʪ ʨʲʢʘʚʥʘʪʘ ʠʟʚʠʚʢʘ ï ʩʲʦʪʚʝʪʥʦ ʢʲʤ ʧʨʝʜʥʘʪʘ ʯʘʩʪ ʈ1ɻ5 ʠ ʢʲʤ ʛʲʨʙʘ 

ʈɻ2. 

ʃʦʛʠʯʝʥ ʧʦʜʭʦʜ ʧʨʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʜʲʣʙʦʯʠʥʘʪʘ ʥʘ ʨʲʢʘʚʥʠʷ ʦʚʘʣ ʝ ʜʘ ʩʝ ʧʦʣʟʚʘ  

ʜʲʣʙʦʯʠʥʘʪʘ ʥʘ ʨʲʢʘʚʥʘʪʘ ʠʟʚʠʚʢʘ (Atanasova, R., 2004): ɼɹʈʒʂ = k ɼɹʈʒʂ ʀɿɺ, ʢʲʜʝʪʦ k ʝ 

ʢʦʝʬʠʮʠʝʥʪ, ʢʦʡʪʦ ʜʘʚʘ ʩʲʦʪʥʦʰʝʥʠʝʪʦ ʤʝʞʜʫ ʜʚʘʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠ ʫʯʘʩʪʲʢʘ ʠ k = ɸʆɻʆ / ʈʆɻʆ.  

ʇʦʩʪʨʦʝʥʠʪʝ ʜʚʝ ʢʨʠʚʠ (ʌʠʛ. 4) ʩʝ ʦʪʥʘʩʷʪ ʟʘ ʩʲʱʠʷ ʪʠʧʦʨʘʟʤʝʨ, ʥʦ ʟʘ ʜʚʝ ʛʨʘʥʠʯʥʠ 

ʩʪʦʡʥʦʩʪʠ ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ: k = 0,7 ʠ k = 1,0 ʠ ʟʘ ʪʨʘʜʠʮʠʦʥʥʦ ʫʜʘʯʥʘ ʧʨʠʙʘʚʢʘ ʟʘ ʩʚʦʙʦʜʘ ʢʲʤ 

ʰʠʨʦʯʠʥʘʪʘ ʥʘ ʛʦʨʥʘʪʘ ʯʘʩʪ ʦʪ ʨʲʢʘʚʘ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʤʠʰʥʠʮʘʪʘ ʇʉ = (4,0 õ 6,0) = 5,0 cm. 

ʎʝʣʪʘ ʝ ʜʘ ʩʝ ʜʘʜʝ ʦʮʝʥʢʘ ʟʘ ʥʘʜʜʨʲʞʢʘʪʘ, ʢʦʷʪʦ ʩʝ ʧʦʣʫʯʘʚʘ ʥʘ ʚʩʷʢʘ ʩʪʲʧʢʘ ʧʨʠ ʠʟʙʦʨ ʥʘ 

ʝʜʥʘ ʠʣʠ ʜʨʫʛʘ ʢʨʠʚʘ ʥʘ ʨʲʢʘʚʥʠʷ ʦʚʘʣ, ʧʦʩʪʨʦʝʥʘ ʟʘ ʩʲʦʪʚʝʪʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʜʚʘʪʘ ʧʘʨʘʤʝʪʲʨʘ ï k 

ʠ ʇʉ.  

ʆʯʝʚʠʜʥʦ ʝ, ʯʝ ʢʨʠʚʘʪʘ ʥʘ ʨʲʢʘʚʥʠʷ ʦʚʘʣ ʧʨʦʤʝʥʷ ʩʲʱʝʩʪʚʝʥʦ ʛʣʦʙʘʣʥʠʪʝ ʩʠ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ, ʚʲʧʨʝʢʠ ʯʝ ʚ ʦʪʜʝʣʥʠ ʥʝʡʥʠ ʯʘʩʪʠ ʪʷ ʫʜʦʚʣʝʪʚʦʨʷʚʘ ʜʦʩʪʘʪʲʯʥʦ ʪʝʭʥʦʣʦʛʠʯʥʠʪʝ ʠʟʠʩʢʚʘʥʠʷ ʟʘ 

ʥʝʧʨʝʢʲʩʥʘʪʦʩʪ, ʦʧʨʝʜʝʣʝʥʘ ʢʨʠʚʠʥʘ ʠ ʪ. ʥ. ʅʦ ʚ ʩʣʫʯʘʷ ʝ ʧʦ-ʚʘʞʥʦ ʜʘ ʩʝ ʜʘʜʝ ʦʮʝʥʢʘ ʥʘ ʨʘʟʣʠʢʘʪʘ 

ʚ ʜʲʣʞʠʥʠʪʝ ʥʘ ʜʚʝʪʝ ʢʨʠʚʠ ʠ ʜʘʣʠ ʪʘʟʠ ʨʘʟʣʠʢʘ ʝ ʧʦʣʦʞʠʪʝʣʥʘ ʠʣʠ ʥʝ. 

ʆʪ ʧʦʣʫʯʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʟʘ ʆʈʒʂ ʀɿɺ = 45,62 cm ʧʨʠ k = 0,7 ʠ ʆʈʒʂ = 44,52 cm,  ʥʘʜʜʨʲʞʢʘʪʘ 

ʅʈʒʂ = ʆʈʒʂ ï ʆʈʒʂ ʀɿɺ ʠʤʘ ʦʪʨʠʮʘʪʝʣʥʘ ʩʪʦʡʥʦʩʪ ʅʈʒʂ = ï 1,1, ʢʦʝʪʦ ʝ ʚ ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ ʪʝʭʥʦʣʦ-

ʛʠʯʥʦʪʦ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʠʟʜʝʣʠʝʪʦ.  

ʉ ʫʚʝʣʠʯʘʚʘʥʝʪʦ ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ ʜʦ 1,0 ʥʘʜʜʨʲʞʢʘʪʘ ʩʲʱʦ ʥʘʨʘʩʪʚʘ ʜʦ 8,03 cm, ʪʲʡ ʢʘʪʦ 

ʦʙʠʢʦʣʢʘʪʘ ʥʘ ʨʲʢʘʚʥʠʷ ʦʚʘʣ ʜʦʩʪʠʛʘ 53,65 cm, ʢʦʝʪʦ ʷ ʧʨʘʚʠ ʥʝʦʧʨʘʚʜʘʥʦ ʛʦʣʷʤʘ. ɺ ʪʘʢʠʚʘ ʩʣʫ-

ʯʘʠ ʥʦʨʤʘʣʥʠʷʪ ʧʦʜʭʦʜ ʝ ʜʘ ʩʝ ʩʪʨʦʠ ʙʘʟʦʚʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʨʲʢʘʚʘ ʩ ʧʦ-ʥʠʩʲʢ ʢʦʝʬʠʮʠʝʥʪ, ʘ ʧʨʠ 

ʤʦʜʝʣʠʨʘʥʝʪʦ ʜʘ ʩʝ ʦʪʚʦʨʠ ʨʲʢʘʚʘ ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʨʘʟʨʘʙʦʪʚʘʥʠʷ ʤʦʜʝʣʝʥ ʚʘʨʠʘʥʪ. 



 

 

ISSN: 1311 2864, volume 37 (2), 2022          ISSN: 1311 2864, ʪʦʤ 37 (2), 2022 

Union of scientists in Bulgaria - branch Sliven                     ʉʲʶʟ ʥʘ ʫʯʝʥʠʪʝ ʚ ɹʲʣʛʘʨʠʷ - ʢʣʦʥ ʉʣʠʚʝʥ 

ʀʟʚʝʩʪʠʷ ʥʘ       Announcements of  

ʉʲʶʟʘ ʥʘ ʫʯʝʥʠʪʝ      Union of Scientists  

ʉʣʠʚʝʥ, ʪʦʤ 37 (2), 2022      Sliven, vol. 37 (2), 2022 

114 

 

ʊʘʢʘ ʣʦʛʠʯʥʦ ʩʝ ʩʪʠʛʘ ʜʦ ʟʘʢʣʶʯʝʥʠʝʪʦ ʜʘ ʩʝ ʠʟʙʝʨʝ ʩʨʝʜʥʘ ʩʪʦʡʥʦʩʪ ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ, ʩ ʢʦʷ-

ʪʦ ʜʘ ʩʝ ʧʦʩʪʨʦʠ ʨʲʢʘʚʘ ʠ ʜʘ ʩʝ ʦʮʝʥʠ ʧʦʣʫʯʝʥʘʪʘ ʥʘʜʜʨʲʞʢʘ. ʊʦʚʘ ʧʨʝʜʧʦʣʘʛʘ ʜʘ ʩʝ ʚʲʚʝʜʝ ʦʢʦʣ-

ʥʦʩʪ ʥʘ ʧʦʩʦʯʝʥʘ ʩʪʦʡʥʦʩʪ ʠʣʠ ʠʥʪʝʨʚʘʣ ʥʘ ʚʘʨʠʨʘʥʝ ʟʘ ʥʘʜʜʨʲʞʢʘʪʘ, ʯʨʝʟ ʦʨʠʛʠʥʘʣʥʘʪʘ ʦʙʠʢʦʣʢʘ 

ʥʘ ʨʲʢʘʚʥʘʪʘ ʠʟʚʠʚʢʘ. ʅʝʢʘ ʪʘʟʠ ʩʪʦʡʥʦʩʪ ʝ ʩʨʝʜʥʘʪʘ ʥʘ ʨʘʟʛʣʝʞʜʘʥʠʷ ʪʫʢ ʠʥʪʝʨʚʘʣ, ʪ. ʝ. k = 0,85 ʩ 

ʠʥʪʝʨʚʘʣ ʥʘ ʠʟʤʝʥʝʥʠʝ k = (0,8 õ 0,9) ʠ ʩʪʲʧʢʘ ï 0,05. 

ʊʨʷʙʚʘ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ʠʟʢʣʶʯʠʪʝʣʥʦ ʨʷʜʢʦ ʩʝ ʨʘʙʦʪʠ ʩ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʜʘʜʝʥʘ ʘʙʩʦ-

ʣʶʪʥʘ ʩʪʦʡʥʦʩʪ ʥʘ ʥʘʜʜʨʲʞʢʘʪʘ. ʊʘʟʠ ʩʪʦʡʥʦʩʪ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʩʘʤʦ ʧʨʠ ʟʘʜʲʣʙʦʯʝʥʦ, ʜʝ-

ʪʘʡʣʥʦ ʘʥʘʣʠʟʠʨʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠ ʚ ʩʘʤʠʷ ʘʣʛʦʨʠʪʲʤ ʥʘ ʧʦʩʪʨʦʝʥʠʝ. ɽʩʪʝʩʪʚʝʥʦ 

ʦʙʠʢʦʣʢʘʪʘ ʥʘ ʨʲʢʘʚʘ ʩʝ ʩʪʨʦʠ ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʦʩʥʦʚʥʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʠʟʜʝʣʠʝʪʦ, ʦʪʥʘʩʷ ʩʝ ʟʘ 

ʩʲʦʪʚʝʪʥʠʷ ʪʠʧʦʨʘʟʤʝʨ ʠ ʝ ʟʘ ʧʣʦʱʝʥ ʪʝʢʩʪʠʣʝʥ ʤʘʪʝʨʠʘʣ ʩʲʩ ʩʲʱʠʪʝ ʢʘʯʝʩʪʚʝʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɿʘ ʪʲʢʘʥʠ ʩʲʩ ʩʨʘʚʥʠʪʝʣʥʦ ʥʘʡ-ʯʝʩʪʦ ʩʨʝʱʘʥʠʪʝ ʬʠʟʠʢʦʤʝʭʘʥʠʯʥʠ ʧʦʢʘʟʘʪʝʣʠ, ʧʨʝʜʥʘʟʥʘʯʝ-

ʥʠ ʟʘ ʢʣʘʩʠʯʝʩʢʠʷ ʠʟʜʝʣʠʷ ʦʪ ʪʦʟʠ ʪʠʧ (Kanchev, Ts., 2005), ʫʩʧʝʰʥʦ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘʚʠʩʠ-

ʤʦʩʪʪʘ 0,05 ʈʘʟʤʝʨʘ ¢ ʅʈʒʂ ¢ 0,1 ʈʘʟʤʝʨʘ. ʇʦ-ʚʠʩʦʢʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʥʘʜʜʨʲʞʢʘʪʘ ʩʝ ʧʨʝʧʦʨʲʯʚʘ 

ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʩʪʘʥʜʘʨʪʥʠ ʪʠʧʦʚʠ ʬʠʛʫʨʠ, ʥʦ ʩ ʧʦ-ʛʦʣʝʤʠ ʦʙʠʢʦʣʥʠ ʨʘʟʤʝʨʠ, ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ 

ʚʦʜʝʱʠʪʝ ʨʘʟʤʝʨʥʠ ʧʨʠʟʥʘʮʠ. 

        ʀʤʘ ʦʱʝ ʝʜʥʦ ʜʦʧʲʣʥʠʪʝʣʥʦ ʦʛʨʘʥʠʯʝʥʠʝ ï ʧʦ-ʜʦʙʨʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʝ ʦʪʥʘʩʷʪ ʟʘ ʫʩʣʦʚʥʦ ʧʨʠʝ-

ʪʠʪʝ ʬʠʛʫʨʠ ʩ ʥʦʨʤʘʣʥʘ ʧʲʣʥʦʪʘ, ʦʪ ʩʨʝʜʥʠʷ ʜʠʘʧʘʟʦʥ ʥʘ ʦʨʛʘʥʠʟʠʨʘʥʠʪʝ ʚ ʩʪʘʥʜʘʨʪʘ ʪʠʧʦʨʘʟʤʝʨ-

ʥʠ ʛʨʫʧʠ. ɺʲʚ ʚʩʠʯʢʠ ʦʩʪʘʥʘʣʠ ʩʣʫʯʘʠ ʣʠʥʠʷʪʘ ʧʦʪʝʥʮʠʘʣʥʦ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥʘ, ʥʦ ʧʨʝʧʦ-

ʨʲʯʠʪʝʣʥʦ ʝ ʪʦʚʘ ʜʘ ʠʟʚʲʨʰʚʘ ʚ ʧʨʦʮʝʩʘ ʥʘ ʬʦʨʤʠʨʘʥʝ ʥʘ ʝʣʝʤʝʥʪʠʪʝ ʥʘ ʨʲʢʘʚʘ ʧʨʠ ʥʝʛʦʚʘʪʘ ʚʲʪ-

ʨʝʰʥʘ ʨʘʟʨʘʙʦʪʢʘ. ʊʦʛʘʚʘ ʤʦʛʘʪ ʜʘ ʩʝ ʬʠʢʩʠʨʘʪ ʥʘʧʨ. ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʥʘʙʦʨʘ, ʙʨʦʷ, ʤʝʩʪʦʧʦʣʦʞʝ-

ʥʠʝʪʦ ʠ  ʜʲʣʙʦʯʠʥʘʪʘ ʥʘ ʯʫʧʢʠʪʝ ʠ ʜʨ. 

ʈʲʩʪ 164 ȹ 

ʈʘʟʤʝʨ 42 44 46 48 50 52 54 56 58 60 62 64 2.0 

ɼɻʈ (ʃɻ) 21,8 22,2 22,6 23,0 23,4 23,8 24,2 24,6 25,0 25,4 25,8 26,2 0,4 

ɼɻʈ (ʃʊ) 41,5 41,7 41,9 42,1 42,3 42,5 42,7 42,9 43,1 43,3 43,5 43,7 0,2 

ɼɻʈ (ʃʍ) 62,3 62,6 62,9 63,1 63,4 63,7 64,0 64,3 64,6 64,9 65,2 65,5 0,3 

ɼʀɿɼ 99,7 100,0 100,3 100,6 100,9 101,2 101,5 101,8 102,1 102,4 102,7 103,0 0,3 

ɼʇʈ ʏ (ʃʊ) 45,6 46,0 46,4 46,8 47,2 47,6 48,0 48,4 48,8 49,2 49,6 50,0 0,4 

d 4,1 4,3 4,5 4,7 4,9 5,1 5,3 5,5 5,7 5,9 6,1 6,3 0,2 

ʐɻʈ (ʃɻ) 16,8 17,6 18,4 19,2 20,0 20,8 21,6 22,4 23,2 24,0 24,8 25,6 0,8 

ʐʇʄʋ(ʃɻ) 12,6 13,0 13,4 13,8 14,2 14,6 15,0 15,4 15,8 16,2 16,6 17,0 0,4 

ʐʇʈ ʏ(ʃɻ) 19,6 20,4 21,2 22,0 22,8 23,6 24,4 25,2 26,0 26,8 27,6 28,4 0,8 

ʐɺʈ ʀɿɺ 6,70 6,84 6,98 7,12 7,26 7,40 7,54 7,68 7,82 7,96 8,10 8,24 0,14 

ɺɺʈ ʀɿɺ 2,23 2,28 2,33 2,37 2,42 2,46 2,51 2,56 2,61 2,65 2,70 2,75 0,05 

ʐʈ (ɻʈ) 14,5 14,5 14,5 14,5 14,5 14,5 14,5 14,5 14,5 14,5 14,5 14,5 0,0 

ʐʈ (ʇʈ ʏ) 13,9 13,9 13,9 13,9 13,9 13,9 13,9 13,9 13,9 13,9 13,9 13,9 0,0 

ʊʘʙʣʠʮʘ 1. ʇʨʝʜʚʘʨʠʪʝʣʥʠ ʠʟʯʠʩʣʝʥʠʷ ʟʘ ʦʩʥʦʚʥʠʪʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ɺ ʊʘʙʣ. 1 ʩʘ ʜʘʜʝʥʠ ʩʪʦʡʥʦʩʪʠʪʝ ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʥʠʪʝ ʠʟʯʠʩʣʝʥʠʷ ʥʘ ʦʩʥʦʚʥʠʪʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʟʘ ʪʠʧʦʚʠʪʝ ʬʠʛʫʨʠ ʦʪ 44 ʜʦ 64 ʨʘʟʤʝʨ ʠ ʟʘ ʩʨʝʜʥʘ ʚʠʩʦʯʠʥʘ ʥʘ ʪʷʣʦʪʦ ʈ = 164 

ɺ ʜʦʧʲʣʥʝʥʠʝ ʢʲʤ ʧʦʢʘʟʘʥʦʪʦ ʟʘ 44 ʨʘʟʤʝʨ ʪʫʢ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʙʘʟʦʚʠʪʝ ʯʝʨʪʝʞʠ ʥʘ ʦʱʝ ʜʚʝ 

ʩʨʘʚʥʠʪʝʣʥʦ ʯʝʩʪʦ ʩʨʝʱʘʥʠ  ʪʠʧʦʧʨʝʜʩʪʘʚʠʪʝʣʥʠ ʨʘʟʤʝʨʘ ʥʘ ʜʘʤʩʢʠʪʝ ʬʠʛʫʨʠ ï 50 ʠ 56 (ʌʠʛ. 5, 6 

ʠ 7). ʊʝ ʩʘ ʧʦʩʪʨʦʝʥʠ ʟʘ ʪʨʠ ʨʘʟʣʠʯʥʠ ʜʲʣʙʦʯʠʥʠ (ʩʲʦʪʚʝʪʩʪʚʘʱʠ ʥʘ k = 0,80, k= 0,85 ʠ k = 0,90) ʠ 

ʟʘ ʪʨʠ ʨʘʟʣʠʯʥʠ ʰʠʨʦʯʠʥʠ ʥʘ ʛʦʨʥʘʪʘ ʯʘʩʪ ʥʘ ʨʲʢʘʚʘ (ʇʉ = 4,0 cm, ʇʉ = 5,0 cm ʠ ʇʉ = 6,0 cm). ɿʘ 

ʦʩʪʘʥʘʣʠʪʝ ʪʠʧʦʚʠ ʬʠʛʫʨʠ ʘʣʛʦʨʠʪʲʤʲʪ ʥʘ ʠʟʯʠʩʣʠʪʝʣʥʠʷ ʠ ʥʘ ʯʝʨʪʦʞʥʠʷ ʘʧʘʨʘʪ ʝ ʘʥʘʣʦʛʠʯʝʥ, ʘ 

ʨʝʟʫʣʪʘʪʠʪʝ ʩʘ ʠʜʝʥʪʠʯʥʠ, ʧʦʨʘʜʠ ʢʦʝʪʦ ʠʟʯʠʩʣʝʥʠʷʪʘ ʩʘ ʜʘʜʝʥʠ ʚ ʪʘʙʣʠʮʘʪʘ, ʥʦ ʢʦʥʩʪʨʫʢʮʠʠʪʝ ʥʝ 

ʩʘ ʧʦʢʘʟʘʥʠ. 
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ʌʠʛ. 5. ʈʲʢʘʚʥʘ ʠʟʚʠʚʢʘ ʠ ʛʦʨʥʘ ʯʘʩʪ ʥʘ ʝʜʥʦʰʝʚʝʥ ʨʲʢʘʚ ʨʘʟʤʝʨ 44  

 

 
ʌʠʛ. 6. ʆʩʥʦʚʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʛʦʨʥʘ ʯʘʩʪ ʥʘ ʨʲʢʘʚ ʨʘʟʤʝʨ 50 

 

 
ʌʠʛ. 7. ʆʩʥʦʚʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʛʦʨʥʘ ʯʘʩʪ ʥʘ ʨʲʢʘʚ ʨʘʟʤʝʨ 56 

 

ɺ ʊʘʙʣ. 2 ʩʘ ʜʘʜʝʥʠ ʦʙʦʩʦʙʝʥʠ ʜʘʥʥʠ ʦʪʥʘʩʷʱʠ ʩʝ ʟʘ ʧʦʩʪʨʦʝʥʠʪʝ ʜʦ ʪʫʢ ʚʘʨʠʘʥʪʠ ʥʘ ʢʦʥʩʪ-

ʨʫʢʮʠʠ ʟʘ ʛʦʨʥʘʪʘ ʯʘʩʪ ʥʘ ʨʲʢʘʚʘ. 

ʊʘʟʠ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝ ʜʘ ʩʝ ʨʘʟʰʠʨʠ ʢʘʪʦ ʩʝ ʛʝʥʝʨʠʨʘʪ ʢʨʠʚʠ ʥʘ ʨʲʢʘʚʠ ʟʘ ʨʘʟʣʠʯʥʠ ʢʦʤʙʠ-

ʥʘʮʠʠ ʥʘ k ʠ ʇʩ, ʢʦʝʪʦ ʱʝ ʜʘʜʝ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʩʝ ʧʨʘʚʷʪ ʨʘʟʥʦʦʙʨʘʟʥʠ ʘʥʘʣʠʟʠ ʦʪʥʦʩʥʦ ʬʦʨʤʘʪʘ ʠ 

ʨʘʟʤʝʨʠʪʝ ʥʘ ʨʲʢʘʚʥʠʪʝ ʦʚʘʣʠ.  

ɸʣʛʦʨʠʪʲʤʲʪ ʙʠ ʙʠʣ ʩʣʝʜʥʠʷ: ʟʘ ʩʪʘʥʜʘʨʪʝʥ ʪʠʧʦʨʘʟʤʝʨ ʩʝ ʦʨʘʟʤʝʨʷʚʘ ʠ ʩʪʨʦʠ ʙʘʟʦʚʠʷ ʢʦʨ-

ʧʫʩ ʚ ʩʠʣʫʝʪ ʠ ʩ ʧʨʠʙʘʚʢʠ ʟʘ ʩʚʦʙʦʜʘ ʥʘ ʧʨʠʣʷʛʘʥʝ ʧʦ ʦʩʥʦʚʥʠʪʝ ʩʲʩʪʘʚʥʠ ʣʠʥʠʠ, ʩʲʦʪʚʝʪʩʪʚʘʱʠ 

ʥʘ ʤʦʜʝʣʥʠʷ ʚʘʨʠʘʥʪ ʥʘ ʠʟʜʝʣʠʝʪʦ. ʉʣʝʜʚʘ ʧʦʩʪʨʦʝʥʠʝ ʥʘ ʦʩʥʦʚʥʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʝʜʥʦʰʝʚʥʠʷ 
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ʨʘʟʛʲʥʘʪ ʨʲʢʘʚ ʟʘ ʢʦʡʪʦ ʦʯʘʢʚʘʥʝʪʦ ʝ ʜʘ ʩʝ ʧʦʣʫʯʠ ʞʝʣʘʥʘʪʘ ʥʘʜʜʨʲʞʢʘ ʧʨʠ ʧʦʜʭʦʜʷʱʦ ʧʦʜʙʨʘʥʠ 

k ʠ ʇʩ ʦʪ ʧʦʩʦʯʝʥʠʪʝ ʠʥʪʝʨʚʘʣʠ ʥʘ ʚʘʨʠʨʘʥʝ.  

 

ʈʲʩʪ 164 ȹ 

ʈʘʟʤʝʨ 44 50 56 6,0 

ɼɹ ʈ (ʀɿɺ) 18,44 20,27 22,07  

ʆʈ (ʀɿɺ) 45,62 49,46 53,51  

ʐʈʒʂ (ʃɼ) 12,0 12,6 13,2 0,6 

ʐʈʒʂ 17,05 19,0 20,95 1,95 

ɼʈʒʂ 55,3 56,2 57,1 0,9 
 

k 0,85 0,85 0,85 0,0 

ɼɹ ʈʒʂ 15,67 17,23 18,76  

ʇʉ 4,0 5,0 6,0 4,0 5,0 6,0 4,0 5,0 6,0 1,0 

ʐʈʒʂ 32,1 33,1 34,1 36,0 37,0 38,0 39,9 40,9 41,9 1,0 

ʆʈʒʂ 

ʆɺɸʃ 

48,14 49,00 49,66 53,40 54,16 54,93 58,68 59,44 60,24  

ʅʈʒʂ 2,52 3,38 4,04 3,94 4,70 5,47 5,17 5,93 6,73  
 

ʇʉ 5,0 5,0 5,0 0,0 

ʐʈʒʂ 33,1 37,0 40,9 3,9 

k  0,80 0,85 0,90 0,80 0,85 0,90 0,80 0,85 0,90 0,05 

ɼɹ ʈʒʂ 14,75 15,67 16,60 16,22 17,23 18,24 17,66 18,76 19,86  

ʆʈʒʂ 

ʆɺɸʃ 

47,31 49,00 50,38 52,51 54,16 55,85 57,68 59,44 61,30  

ʅʈʒʂ 1,69 3,38 4,76 2,89 4,70 6,39 4,17 5,93 7,79  

ʊʘʙʣ. 2. ʈʝʟʶʤʠʨʘʥʠ ʜʘʥʥʠ ʟʘ ʧʦʩʪʨʦʝʥʠʪʝ ʨʲʢʘʚʥʠ ʦʚʘʣʠ 

 

CONCLUSIONS 

1. ʇʨʝʜʣʦʞʝʥʦ ʝ ʜʦʧʲʣʥʝʥʠʝ ʢʲʤ ʪʝʦʨʠʷʪʘ ʟʘ ʧʦʩʪʨʦʝʥʠʝ ʥʘ ʨʘʟʛʲʥʘʪʠ ʝʜʥʦʰʝʚʥʠ ʨʲʢʘʚʠ ʟʘ 

ʦʧʨʝʜʝʣʝʥʘ ʛʨʫʧʘ ʜʘʤʩʢʠ ʨʘʤʝʥʥʠ ʠʟʜʝʣʠʷ, ʢʦʝʪʦ ʫʣʝʩʥʷʚʘ ʠʟʯʠʩʣʠʪʝʣʥʘʪʘ ʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʪʘ 

ʜʝʡʥʦʩʪ. 

2. ʅʘʧʨʘʚʝʥʦ ʝ ʠʟʩʣʝʜʚʘʥʝ ʚʲʨʭʫ ʪʦʧʦʣʦʛʠʷʪʘ ʥʘ ʬʘʤʠʣʠʷ ʚʟʘʠʤʦʩʚʲʨʟʘʥʠ ʜʝʪʘʡʣʠ, ʧʨʠ ʬʠʢ-

ʩʠʨʘʥʠ ʩʪʝʧʝʥʠ ʥʘ ʩʚʦʙʦʜʘ ʩ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʠʟʚʝʩʪʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʬʦʨʤʘ ʠ 

ʨʘʟʤʝʨʠ ʥʘ ʢʦʥʪʫʨʠʪʝ ʠʤ, ʪʝʭʥʦʣʦʛʠʯʥʦ ʩʲʦʪʚʝʪʩʪʚʠʝ ʠ ʚʷʨʥʦʩʪ ʩ ʢʦʤʧʦʟʠʮʠʦʥʥʦʪʦ ʧʨʝʜʣʦʞʝʥʠʝ. 
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INNOVATIVE APPROACH IN TECHNOLOGICAL PROCESSING OF LADIES' JACKETS  

 
Margaret  V. Sivova1, Vasil P. Ganev2* 

1College ï Sliven, Technical University-Sofia, Bulgaria, e-mail: margaretsivova@mail.ru 
2* FAMI, Technical University-Sofia, Bulgaria, e-mail: vgan3v@gmail.com (corresponding author) 

 
ABSTRACT: When implementing in the production of clothes with imitation of manual winding 

stitches at the end of the details or in the places of joining of two details, a special way of 

technological processing of the details and nodes is required. This presupposes that in the process of 

creating the working templates, the necessary technological option should be foreseen, respectively, 

what type of equipment will be used when performing the specific sewing operation. The goal of the 

development is the implementation in an assembly line of an author's collection of women's jackets in 

an ethnic style, using a special machine in the technological processing of the products. For the 

processing of the details with a festoon stitch, a machine for a double-ended hemming stitch row, 

performing special stitches for embroidery and decoration, brand SIMAC SI-27 (Italy) was used. The 

three types of stitches that can be made on this machine are overstitching. One of them also serves to 

connect the details. The SIMAC SI-27 sewing machine is suitable for processing various types of knits, 

jacquards and non-woven fabrics, as well as some woven fabrics. The machine works with both 

thread, preferably thicker to give the festoon look, and yarn. The application of a modern approach in 

the technological processing of the products allows breathing new life into the traditional folk costume 

and achieving a modern vision of the clothing, while at the same time preserving the characteristic 

shapes, details and motifs of the authentic garment. 

KEYWORDS: women's jacket, ethnic style, special sewing machines, technological pro-

cessing, decorative stitch. 

 

ʀʅʆɺɸʊʀɺɽʅ ʇʆɼʍʆɼ ɺ ʊɽʍʅʆʃʆɻʀʏʅɸʊɸ ʆɹʈɸɹʆʊʂɸ ʅɸ ɼɸʄʉʂʀ ʉɸʂɸ 

 

ʄʘʨʛʘʨʝʪ ɺ. ʉʠʚʦʚʘ1, ɺʘʩʠʣ ʇ. ɻʘʥʝʚ2* 

1 ʂʦʣʝʞïʉʣʠʚʝʥ, ʊʝʭʥʠʯʝʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ-ʉʦʬʠʷ, ɹʲʣʛʘʨʠʷ, e-mail: margaretsivova@mail.ru 
2* ʌʇʄʀ, ʊʝʭʥʠʯʝʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ-ʉʦʬʠʷ, ɹʲʣʛʘʨʠʷ, e-mail: vgan3v@gmail.com 

 

ɸʅʆʊɸʎʀʗ: ʇʨʠ ʧʨʦʝʢʪʠʨʘʥʝ ʥʘ ʦʙʣʝʢʣʘ ʩ ʜʠʟʘʡʥ ʠʤʠʪʘʮʠʷ ʥʘ ʨʲʯʥʠ ʦʙʪʦʯʚʘʱʠ ʙʦʜʦʚʝ ʧʦ 

ʢʨʘʷ ʥʘ ʜʝʪʘʡʣʠʪʝ ʠʣʠ ʚ ʤʝʩʪʘʪʘ ʥʘ ʩʲʝʜʠʥʷʚʘʥʝʪʦ ʠʤ, ʩʝ ʠʟʠʩʢʚʘ ʦʩʦʙʝʥ ʥʘʯʠʥ ʥʘ 

ʪʝʭʥʦʣʦʛʠʯʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʜʝʪʘʡʣʠʪʝ ʠ ʚʲʟʣʠʪʝ. ʊʦʚʘ ʧʨʝʜʧʦʣʘʛʘ ʦʱʝ ʚ ʧʨʦʮʝʩʘ ʥʘ ʦʬʦʨʤʷʥʝ 

ʥʘ ʨʘʙʦʪʥʠʪʝ ʰʘʙʣʦʥʠ ʜʘ ʙʲʜʝ ʧʨʝʜʚʠʜʝʥ ʥʝʦʙʭʦʜʠʤʠʷ ʪʝʭʥʦʣʦʛʠʯʝʥ ʚʘʨʠʘʥʪ, ʩʲʦʪʚʝʪʥʦ 

ʢʘʢʲʚ ʪʠʧ ʦʙʦʨʫʜʚʘʥʝ ʱʝ ʩʝ ʠʟʧʦʣʟʚʘ ʧʨʠ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʢʦʥʢʨʝʪʥʘʪʘ ʰʝʚʥʘ ʦʧʝʨʘʮʠʷ. ʆʙʝʢʪ 

ʥʘ ʨʘʟʨʘʙʦʪʢʘʪʘ ʝ ʚʥʝʜʨʷʚʘʥʝ ʚ ʧʦʪʦʯʥʘ ʣʠʥʠʷ ʥʘ ʢʦʣʝʢʮʠʷ ʜʘʤʩʢʠ ʩʘʢʘ ʚ ʝʪʥʠʯʝʩʢʠ ʩʪʠʣ, ʩ 

ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʩʧʝʮʠʘʣʥʘ ʤʘʰʠʥʘ ʚ ʪʝʭʥʦʣʦʛʠʯʥʘʪʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʠʟʜʝʣʠʷʪʘ. ɺ ʢʦʣʝʢʮʠʷʪʘ ʩʘ 

ʧʨʝʜʩʪʘʚʝʥʠ ʪʨʠ ʤʦʜʝʣʥʠ ʚʘʨʠʘʥʪʘ ʥʘ ʩʘʢʦ, ʨʘʟʨʘʙʦʪʝʥʠ ʚʲʨʭʫ ʦʙʱʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʦʩʥʦʚʘ 

ʥʘ ʩʘʢʦ ʚ ʧʦʣʫʚʪʘʣʝʥ ʩʠʣʫʝʪ, ʧʦʩʪʨʦʝʥʦ ʟʘ ʩʪʘʥʜʘʨʪʝʥ ʪʠʧʦʨʘʟʤʝʨ. ʄʦʜʝʣʠʪʝ ʩʘ ʚ 

ʢʣʘʩʠʯʝʩʢʠ ʩʪʠʣ, ʧʦʣʫʚʪʘʣʝʥ ʩʠʣʫʝʪ, ʩ ʧʨʠʢʘʯʝʥ ʝʜʥʦʰʝʚʝʥ ʨʲʢʘʚ, ʰʘʣ ʠʣʠ ʩʪʦʣʯʝ ʷʢʘ. 

ɺ ʤʝʩʪʘʪʘ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠ ʩʨʷʟʚʘʥʠʷ, ʧʦ ʙʦʨʜʦʚʘʪʘ ʣʠʥʠʷ, ʷʢʘʪʘ, ʧʦʜʛʲʚʘ 

ʠʟʜʝʣʠʷʪʘ ʩʘ ʦʙʰʠʪʠ ʩ ʬʝʩʪʦʥʝʥ ʙʦʜ. ɿʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʜʝʪʘʡʣʠʪʝ ʝ ʠʟʧʦʣʟʚʘʥʘ 

ʤʘʰʠʥʘ ʟʘ ʜʚʫʢʦʥʝʯʝʥ ʦʙʰʠʚʘʱ ʙʦʜʦʚ ʨʝʜ, ʠʟʧʲʣʥʷʚʘʱʘ ʩʧʝʮʠʘʣʥʠ ʰʝʚʦʚʝ ʟʘ ʙʨʦʜʠʨʘʥʝ 

ʠ ʜʝʢʦʨʘʮʠʷ, ʤʘʨʢʘ SIMAC SI-27 (ʀʪʘʣʠʷ). ʅʘ ʤʘʰʠʥʘʪʘ ʩʝ ʠʟʧʲʣʥʷʚʘʪ ʪʨʠ ʚʠʜʘ 

ʦʙʰʠʚʘʱʠ ʙʦʜʘ. ɽʜʠʥʠʷʪ ʦʪ ʪʷʭ ʩʣʫʞʠ ʠ ʟʘ ʩʲʝʜʠʥʷʚʘʥʝ ʥʘ ʜʝʪʘʡʣʠʪʝ. ʐʝʚʥʘʪʘ 

mailto:margaretsivova@mail.ru
mailto:vgan3v@gmail.com
mailto:margaretsivova@mail.ru
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ʤʘʰʠʥʘ SIMAC SI-27 ʝ ʧʦʜʭʦʜʷʱʘ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʧʣʝʪʠʚʘ, ʞʘʢʘʨʜ ʠ 

ʥʝʪʲʢʘʥ ʪʝʢʩʪʠʣ, ʘ ʩʲʱʦ ʪʘʢʘ ʠ ʥʷʢʦʠ ʪʲʢʘʥʠ ʧʣʘʪʦʚʝ. ʄʘʰʠʥʘʪʘ ʨʘʙʦʪʠ ʢʘʢʪʦ ʩ 

ʢʦʥʮʠ, ʟʘ ʧʨʝʜʧʦʯʠʪʘʥʝ ʧʦ-ʧʣʲʪʥʠ, ʟʘ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʦʬʦʨʤʠ ʚʲʥʰʥʠʷ ʚʠʜ ʥʘ ʬʝʩʪʦʥʘ, 

ʪʘʢʘ ʠ ʩ ʧʨʝʞʜʠ. ʇʨʠʣʘʛʘʥʝʪʦ ʥʘ ʩʲʚʨʝʤʝʥʝʥ ʧʦʜʭʦʜ ʚ ʪʝʭʥʦʣʦʛʠʯʥʘʪʘ ʦʙʨʘʙʦʪʢʘ ʥʘ 

ʠʟʜʝʣʠʷʪʘ ʧʦʟʚʦʣʷʚʘ ʚʜʲʭʚʘʥʝ ʥʘ ʥʦʚ ʞʠʚʦʪ ʥʘ ʪʨʘʜʠʮʠʦʥʥʘʪʘ ʥʘʨʦʜʥʘ ʥʦʩʠʷ ʠ 

ʧʦʩʪʠʛʘʥʝ ʥʘ ʤʦʜʝʨʥʘ ʚʠʟʠʷ ʥʘ ʦʙʣʝʢʣʘʪʘ ʢʘʪʦ ʝʜʥʦʚʨʝʤʝʥʥʦ ʩʝ ʩʲʭʨʘʥʷʚʘʪ 

ʭʘʨʘʢʪʝʨʥʠʪʝ ʬʦʨʤʠ, ʜʝʪʘʡʣʠ ʠ ʤʦʪʠʚʠ ʦʪ ʘʚʪʝʥʪʠʯʥʘʪʘ ʜʨʝʭʘ. 

ʂʃʖʏʆɺʀ ɼʋʄʀ: ʜʘʤʩʢʦ ʩʘʢʦ, ʝʪʥʠʯʝʩʢʠ ʩʪʠʣ, ʩʧʝʮʠʘʣʥʠ ʰʝʚʥʠ ʤʘʰʠʥʠ, ʪʝʭʥʦ-

ʣʦʛʠʯʥʘ ʦʙʨʘʙʦʪʢʘ, ʬʝʩʪʦʥʝʥ ʙʦʜ. 

 

 

ɺʒɺɽɼɽʅʀɽ 

ʄʦʜʘʪʘ, ʢʘʢʪʦ ʠ ʚʩʠʯʢʠ ʜʨʫʛʠ ʩʦʮʠʘʣʥʠ ʧʨʦʮʝʩʠ, ʝ ʮʠʢʣʠʯʥʘ, ʟʘʪʦʚʘ ʠ ʥʠʝ ʦʙʨʲʱʘʤʝ ʧʦʛʣʝʜ 

ʥʘʟʘʜ ʚʲʚ ʚʨʝʤʝʪʦ ʠ Ăʚʟʝʤʘʤʝñ ʦʪ ʥʘʰʠʪʝ ʧʨʝʜʮʠ ʤʦʪʠʚʠ ʠ ʪʝʭʥʠʢʠ ʟʘ ʠʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʦʙʣʝʢʣʦʪʦ 

ʩʠ. 

ʄʥʦʛʦ ʠʟʚʝʩʪʥʠ ʜʠʟʘʡʥʝʨʠ ʠʟʧʦʣʟʚʘʪ ʥʘʨʦʜʥʠʷ ʢʦʩʪʶʤ ʢʘʪʦ ʠʟʪʦʯʥʠʢ ʥʘ ʚʜʲʭʥʦʚʝʥʠʝ ʟʘ ʢʦ-

ʣʝʢʮʠʠʪʝ ʩʠ. ʊʝ ʨʘʙʦʪʷʪ ʦʢʨʠʣʝʥʠ ʦʪ ʩʠʣʫʝʪʥʠʪʝ ʬʦʨʤʠ, ʮʚʝʪʦʚʠ ʢʦʤʙʠʥʘʮʠʠ, ʦʨʥʘʤʝʥʪʠ ʠ ʘʚʪʝʥ-

ʪʠʯʥʠ ʰʝʚʠʮʠ. ɺʩʷʢʘ ʢʦʣʝʢʮʠʷ ʝ ʦʨʠʛʠʥʘʣʥʘ, ʚʧʝʯʘʪʣʷʚʘʱʘ ʩʲʩ ʩʚʦʷʪʘ ʥʝʦʙʠʢʥʦʚʝʥʘ ʢʨʘʩʦʪʘ. 

ɺ ʥʘʨʦʜʥʠʪʝ ʥʦʩʠʠ ʢʨʘʩʠʚʘʪʘ ʙʨʦʜʝʨʠʷ ʩʝ ʥʘʤʠʨʘ ʚ ʢʨʘʷ ʥʘ ʨʲʢʘʚʠʪʝ, ʦʢʦʣʦ ʰʠʷʪʘ ʠ ʩʣʲʥʯʝ-

ʚʠ̫ ʩʧʣʠʪ, ʙʣʠʟʦ ʜʦ ʧʦʷʩʘ, ʚʲʨʭʫ ʛʣʘʚʘʪʘ. ɼʥʝʩ ʤʠʩʪʠʯʥʠʪʝ ʰʝʚʠʮʠ ʧʨʠʩʲʩʪʚʘʪ ʚʲʨʭʫ ʙʣʫʟʠ, ʪʝ-

ʥʠʩʢʠ, ʪʫʥʠʢʠ, ʰʘʣʦʚʝ ʠ ʦʜʝʷʣʘ, ʙʠʞʫʪʘ, ʜʨʫʛʠ ʘʢʩʝʩʦʘʨʠ ʠ ʜʦʨʠ ʤʝʙʝʣʠ. ʇʦʩʪʦʷʥʥʦ ʧʨʦʤʝʥʷʱʠʪʝ 

ʩʝ ʤʦʜʥʠ ʪʝʯʝʥʠʷ ʜʦʧʨʠʥʝʩʦʭʘ ʥʘʨʦʜʥʘʪʘ ʰʝʚʠʮʘ ʜʘ ʩʝ ʧʦʷʚʠ ʧʦ ʤʦʜʥʠʪʝ ʧʦʜʠʫʤʠ ʚ ʜʠʟʘʡʥʘ ʥʘ 

ʩʲʚʨʝʤʝʥʥʠʪʝ ʪʦʘʣʝʪʠ. 

ʉʲʚʨʝʤʝʥʥʠ ʤʦʜʥʠ ʠʟʜʝʣʠʷ ʩ ʝʣʝʤʝʥʪʠ ʦʪ ʙʲʣʛʘʨʩʢʘʪʘ ʥʘʨʦʜʥʘ ʥʦʩʠʷ ʥʝ ʩʘ ʠʟʢʣʶʯʝʥʠʝ ʚ 

ʛʘʨʜʝʨʦʙʘ ʥʘ ʨʦʜʦʣʶʙʠʚʠʪʝ ʥʠ ʩʲʥʘʨʦʜʥʠʮʠ (ʌʠʛʫʨʘ 1õ3).  

 

  
ʌʠʛʫʨʘ 1 [2] ʌʠʛʫʨʘ 2 [3] 

 

ʊʦʘʣʝʪʠʪʝ, ʫʢʨʘʩʝʥʠ ʩ ʨʲʯʥʦ ʧʨʘʚʝʥʠ ʙʨʦʜʝʨʠʠ, ʩʪʠʣʠʟʠʨʘʥʠ ʝʣʝʤʝʥʪʠ ʠ ʬʦʣʢʣʦʨʥʠ ʤʦʪʠʚʠ 

ʧʨʝʜʠʟʚʠʢʚʘʪ ʛʦʨʜʦʩʪ, ʩʠʣʘ, ʩʚʦʙʦʜʘ, ʝʣʝʛʘʥʪʥʦʩʪ, ʫʥʠʢʘʣʥʦʩʪ ʠ ʥʝʧʦʚʪʦʨʠʤʦʩʪ ʚ ʧʨʠʪʝʞʘʪʝʣʠʪʝ 

ʠʤ. 
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ʌʠʛʫʨʘ 3 [4] 

 

ʇʨʠ ʚʥʝʜʨʷʚʘʥʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʦʙʣʝʢʣʘ ʩ ʠʤʠʪʘʮʠʷ ʥʘ ʨʲʯʥʠ ʦʙʪʦʯʚʘʱʠ ʙʦʜʦʚʝ ʧʦ ʢʨʘʷ 

ʥʘ ʜʝʪʘʡʣʠʪʝ ʠʣʠ ʚ ʤʝʩʪʘʪʘ ʥʘ ʩʲʝʜʠʥʷʚʘʥʝ ʥʘ ʜʚʘ ʜʝʪʘʡʣʘ, ʩʝ ʠʟʠʩʢʚʘ ʦʩʦʙʝʥ ʥʘʯʠʥ ʥʘ ʪʝʭʥʦʣʦ-

ʛʠʯʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʜʝʪʘʡʣʠʪʝ ʠ ʚʲʟʣʠʪʝ. ʊʦʚʘ ʧʨʝʜʧʦʣʘʛʘ ʦʱʝ ʚ ʧʨʦʮʝʩʘ ʥʘ ʦʬʦʨʤʷʥʝ ʥʘ ʨʘʙʦʪʥʠ-

ʪʝ ʰʘʙʣʦʥʠ ʜʘ ʙʲʜʝ ʧʨʝʜʚʠʜʝʥ ʥʝʦʙʭʦʜʠʤʠʷ ʪʝʭʥʦʣʦʛʠʯʝʥ ʚʘʨʠʘʥʪ, ʩʲʦʪʚʝʪʥʦ ʢʘʢʲʚ ʪʠʧ ʦʙʦʨʫʜ-

ʚʘʥʝ ʱʝ ʩʝ ʠʟʧʦʣʟʚʘ ʧʨʠ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʢʦʥʢʨʝʪʥʘʪʘ ʰʝʚʥʘ ʦʧʝʨʘʮʠʷ. 

ʆʙʝʢʪ ʥʘ ʨʘʟʨʘʙʦʪʢʘʪʘ ʝ ʚʥʝʜʨʷʚʘʥʝ ʚ ʧʦʪʦʯʥʘ ʣʠʥʠʷ ʥʘ ʘʚʪʦʨʩʢʘ ʢʦʣʝʢʮʠʷ ʜʘʤʩʢʠ ʩʘʢʘ ʚ ʝʪ-

ʥʠʯʝʩʢʠ ʩʪʠʣ ʩ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʦʙʰʠʚʘʱʘ (ʢʨʦʰʝʪ) ʤʘʰʠʥʘ ʚ ʪʝʭʥʦʣʦʛʠʯʥʘʪʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʠʟʜʝʣʠ-

ʪ̫ʘ. 

 

ɼʀɿɸʁʅɽʈʉʂʀ ʇʈʆɽʂʊ 

 

ɺ ʘʚʪʦʨʩʢʘʪʘ ʢʦʣʝʢʮʠʷ (ʌʠʛʫʨʘ 4) ʩʘ 

ʧʨʝʜʩʪʘʚʝʥʠ ʪʨʠ ʤʦʜʝʣʘ ʜʘʤʩʢʠ ʩʘʢʘ, ʨʘʟʨʘʙʦ-

ʪʝʥʠ ʚʲʨʭʫ ʝʜʥʘ ʦʙʱʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʦʩʥʦʚʘ ʥʘ 

ʩʘʢʦ ʚ ʧʦʣʫʚʪʘʣʝʥ ʩʠʣʫʝʪ [6], ʧʦʩʪʨʦʝʥʦ ʟʘ 

ʩʪʘʥʜʘʨʪʝʥ ʪʠʧʦʨʘʟʤʝʨ 164-88-96 ʧʦ ʦʙʤʝʨʥʠ 

ʜʘʥʥʠ ʩʲʛʣʘʩʥʦ ɹɼʉ 8371-89 [1]. 

 

 

ʊʨʠʪʝ ʤʦʜʝʣʘ ʩʘʢʘ ʧʨʠʪʝʞʘʚʘʪ ʩʣʝʜʥʠʪʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

 

 
ʌʠʛʫʨʘ 4 ɼʠʟʘʡʥʝʨʩʢʠ ʧʨʦʝʢʪ 

 ʄʦʜʝʣ 1 ï ɺʲʣʥʝʥʦ ʜʘʤʩʢʦ ʩʘʢʦ ʚ ʢʣʘʩʠʯʝʩʢʠ ʩʪʠʣ, ʧʦʣʫʚʪʘʣʝʥ ʩʠʣʫʝʪ, ʩ ʜʲʣʞʠʥʘ ʤʘʣʢʦ ʧʦʜ 

ʣʠʥʠʷ ʥʘ ʪʘʣʠʷʪʘ, ʩ Ĳ- ʪʠ ʧʨʠʢʘʯʝʥ ʝʜʥʦʰʝʚʝʥ ʩʠʣʥʦ ʨʘʟʢʨʦʝʥ ʧʨʠ ʧʦʜʛʲʚʘ ʨʲʢʘʚ, ʟʘʦʙʣʝʥʘ ʰʘʣ 

ʷʢʘ.  

ʄʦʜʝʣʲʪ ʝ ʠʟʨʘʙʦʪʝʥ ʦʪ ʥʝʪʲʢʘʥ ʪʝʢʩʪʠʣ ï ʧʣʘʪ COTTA, ʚ ʩʲʦʪʥʦʰʝʥʠʝ 95% VIRGIL ʠ 5% 

AKRIL ʚ ʤʦʜʥʠʷ ʟʘ ʩʝʟʦʥʘ ʥʝʫʪʨʘʣʥʦ ʩʠʚ ʮʚʷʪ, ʠʟʣʲʯʚʘʱ ʩʧʦʢʦʡʩʪʚʠʝ, ʫʚʝʨʝʥʦʩʪ ʠ ʝʬʠʨʥʦ ʥʘʩʪ-

ʨʦʝʥʠʝ. 

ʈʝʣʝʬʥʠʪʝ ʰʝʚʦʚʝ ʪʠʧ ʨʝʜʠʥʛʦʪ ʚ ʧʨʝʜʥʘʪʘ ʯʘʩʪ ʠ ʛʲʨʙʘ, ʩʨʝʜʥʠʷ ʰʝʚ ʥʘ ʛʲʨʙʘ ʩʘ ʦʙʰʠʪʠ, ʘ 

ʩʣʝʜ ʪʦʚʘ ʜʝʪʘʡʣʠʪʝ ʩʘ ʩʲʝʜʠʥʝʥʠ ʩ ʢʨʦʰʝʪʝʥ ʰʝʚ. ʇʦ ʙʦʨʜʦʚʘʪʘ ʣʠʥʠʷ, ʷʢʘʪʘ ʠ ʧʦʜʛʲʚʘ ʠʟʜʝʣʠʝʪʦ 

ʝ ʦʙʰʠʪʦ ʩ ʬʝʩʪʦʥʝʥ ʙʦʜ ʩ ʧʨʝʞʜʘ MASTER. 

 ʄʦʜʝʣ 2 ï ɺʲʣʥʝʥʦ ʜʘʤʩʢʦ ʩʘʢʦ ʚ ʢʣʘʩʠʯʝʩʢʠ ʩʪʠʣ, ʧʦʣʫʚʪʘʣʝʥ ʩʠʣʫʝʪ, ʩ ʜʲʣʞʠʥʘ ʧʦʜ 

ʣʠʥʠʷ ʥʘ ʭʘʥʰʘ, ʩ ʜʲʣʛʠ ʧʨʠʢʘʯʝʥʠ ʝʜʥʦʰʝʚʥʠ ʨʲʢʘʚʠ, ʷʢʘ ʪʠʧ ʩʪʦʣʯʝ.  

ʄʦʜʝʣʲʪ ʝ ʠʟʨʘʙʦʪʝʥ ʦʪ ʥʝʪʲʢʘʥ ʪʝʢʩʪʠʣ ï ʧʣʘʪ FLEET TR ï ʩ̡ ʩ ʩʣʝʜʥʠʷ ʩʲʩʪʘʚ: 50 % 

POLIESTER; 21 % MODAL; 19 % ACRYLIC ʠ 10 % POLIAMID ʚ ʢʣʘʩʠʯʝʩʢʠ ʥʝʫʪʨʘʣʝʥ ʥʶʘʥʩ 

Arctic Wolf. 
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ʇʨʝʜʚʘʨʠʪʝʣʥʦ ʧʨʝʟʨʘʤʝʥʠʪʝ ʰʝʚʦʚʝ ʚ ʧʨʝʜʥʘʪʘ ʯʘʩʪ ʠ ʛʲʨʙʘ ʩʘ ʦʙʰʠʪʠ ʩ ʬʝʩʪʦʥʝʥ ʙʦʜ. 

ʄʦʥʪʘʞʲʪ ʥʘ ʜʝʪʘʡʣʠʪʝ ʝ ʠʟʚʲʨʰʝʥ ʩ ʢʨʦʰʝʪʝʥ ʰʝʚ. ʇʦ ʙʦʨʜʦʚʘʪʘ ʣʠʥʠʷ, ʷʢʘʪʘ ʠ ʬʠʛʫʨʘʣʥʠʷ 

ʧʦʜʛʲʚ ʠʟʜʝʣʠʝʪʦ ʝ ʦʙʰʠʪʦ ʩ ʬʝʩʪʦʥʝʥ ʙʦʜ. 

 ʄʦʜʝʣ 3 ï ʋʜʲʣʞʝʥ ʞʘʢʝʪ ʙʝʟ ʟʘʢʦʧʯʘʚʘʥʝ ʚ ʢʣʘʩʠʯʝʩʢʠ ʩʪʠʣ, ʧʨʘʚ ʩʠʣʫʝʪ, ʩ ʜʲʣʞʠʥʘ ʜʦ 

ʩʨʝʜʘʪʘ ʥʘ ʙʝʜʨʦʪʦ, ʩ ʜʲʣʲʛ ʝʜʥʦʰʝʚʝʥ ʧʨʠʢʘʯʝʥ ʨʲʢʘʚ ʠ ʰʘʣ-ʷʢʘ.  

ʄʦʜʝʣʲʪ ʝ ʠʟʨʘʙʦʪʝʥ ʦʪ ʞʘʢʘʨʜʦʚ ʧʣʘʪ BOIL UN, ʩʲʩ ʩʣʝʜʥʠʷ ʩʲʩʪʘʚ: 50 % VIRGIL ʠ 50 % 

AKRIL IC ʚ ʤʦʜʝʥ ʟʘ ʩʝʟʦʥʘ ʬʣʦʨʘʣʝʥ ʜʝʩʝʥ, ʦʪ ʤʝʢʠ ʠ ʧʘʩʪʝʣʥʠ ʮʚʝʪʦʚʝ, ʥʘʧʦʤʥʷʱʠ ʟʘ ʣʝʪʥʠʪʝ 

ʫʭʘʥʠʷ. 

ʇʦ ʙʦʨʜʦʚʘʪʘ ʣʠʥʠʷ, ʷʢʘʪʘ ʠ ʧʦʜʛʲʚʠʪʝ ʠʟʜʝʣʠʝʪʦ ʝ ʦʙʰʠʪʦ ʩ ʬʝʩʪʦʥʝʥ ʙʦʜ. 

 

ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʅɸ ʉʇɽʎʀɸʃʅɸ ʆɹʐʀɺɸʑɸ (ʂʈʆʐɽʊ) ʄɸʐʀʅɸ ɿɸ ɼɽ-

ʂʆʈɸʊʀɺʅʀ ʐɽɺʆɺɽ 

ɿʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʜʝʪʘʡʣʠʪʝ ʩ ʪ. ʥʘʨ. ʬʝʩʪʦʥ ʙʦʜ, ʝ ʠʟʧʦʣʟʚʘʥʘ ʤʘʰʠʥʘ ʟʘ ʜʚʫʢʦʥʝʯʝʥ ʦʙʰʠʚʘʱ 

ʙʦʜʦʚ ʨʝʜ, ʠʟʧʲʣʥʷʚʘʱʘ ʩʧʝʮʠʘʣʥʠ ʰʝʚʦʚʝ ʟʘ ʙʨʦʜʠʨʘʥʝ ʠ ʜʝʢʦʨʘʮʠʷ, ʤʘʨʢʘ SIMAC SI-27 

(ʀʪʘʣʠʷ). ʅʘ ʥʝʷ ʤʦʛʘʪ ʜʘ ʩʝ ʦʙʰʠʚʘʪ ʜʝʪʘʡʣʠ ʠʣʠ ʮʝʣʠ ʠʟʜʝʣʠʷ ʩ ʬʝʩʪʦʥʝʥ ʙʦʜ (ʌʠʛʫʨʘ 5), ʘ ʦʩ-

ʚʝʥ ʪʦʚʘ ʠ ʜʘ ʩʝ ʩʲʝʜʠʥʷʚʘʪ ʜʝʪʘʡʣʠ [5]. 

 

 
 

 

 

  
ʌʠʛʫʨʘ 5 ʌʝʩʪʦʥ ʙʦʜʦʚʝ, ʠʟʧʲʣʥʝʥʠ ʥʘ ʨʲʢʘ ʠ ʥʘ ʤʘʰʠʥʘ SIMAC SI -27 

 

ʄʘʰʠʥʘʪʘ (ʌʠʛʫʨʘ 6) ʩʝ ʟʘʜʚʠʞʚʘ ʦʪ ʝʣʝʢʪʨʦʤʦʪʦʨ ʠ ʨʝʤʲʢ, ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʜʘʣʠ. 

 

 

ʘ)   ʙ) 

ʌʠʛʫʨʘ 6 ʆʙʱ ʠʟʛʣʝʜ ʥʘ ʢʨʦʰʝʪ-ʤʘʰʠʥʘ SIMAC SI -27 (ʘ) ʠ ʠʟʛʣʝʜ ʥʘ ʙʦʜʦʚʘ ʯʘʩʪ (ʙ) 

ʉʘʤʦʪʦ ʟʘʧʣʠʪʘʥʝ ʥʘ ʢʦʥʮʠʪʝ ʩʝ ʧʦʣʫʯʘʚʘ ʯʨʝʟ ʩʠʥʭʨʦʥʠʟʠʨʘʥʘʪʘ ʨʘʙʦʪʘ ʥʘ ʰʝʚʥʘʪʘ ʠʛʣʘ, 

ʚʦʜʘʯʘ ʠ ʧʣʝʪʘʯʥʘʪʘ ʠʛʣʘ. 

ʇʨʠ ʜʚʠʞʝʥʠʝ ʥʘ ʠʛʣʘʪʘ ʦʪ ʢʨʘʡʥʦ ʛʦʨʥʦ ʜʦ ʢʨʘʡʥʦ ʜʦʣʥʦ ʧʦʣʦʞʝʥʠʝ ʚʦʜʘʯʲʪ ʧʦʜʘʚʘ ʚʪʦʨʠʷ 

ʢʦʥʝʮ ʢʲʤ ʧʣʝʪʘʯʥʘʪʘ ʠʛʣʘ ʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʦʙʨʘʟʫʚʘ ʙʨʠʤʢʘʪʘ (ʌʠʛʫʨʘ 7). 

ɼʲʣʞʠʥʘʪʘ ʥʘ ʙʦʜʘ ʩʝ ʨʝʛʫʣʠʨʘ ʦʪ ʤʘʭʦʚʠʢʘ ʠ ʩʧʠʨʘʪʝʣʥʘʪʘ ʛʘʡʢʘ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʟʘʜʘʚʘ 

ʨʘʟʣʠʯʥʘ ʛʲʩʪʠʥʘ ʥʘ ʜʝʢʦʨʘʪʠʚʥʠʪʝ ʬʦʨʤʠ ʚ ʦʧʨʝʜʝʣʝʥ ʙʨʦʡ ʩʘʥʪʠʤʝʪʨʠ (ʌʠʛʫʨʘ 8). 
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ʌʠʛʫʨʘ 7 ɹʨʠʤʢʦʦʙʨʘʟʫʚʘʥʝ 

ʊʨʠʪʝ ʚʠʜʘ ʙʦʜʘ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʨʘʙʦʪʚʘʪ ʥʘ ʪʘʟʠ ʤʘʰʠʥʘ, ʩʘ ʦʙʰʠʚʘʱʠ.  

ɽʜʠʥʠʷʪ ʦʪ ʪʷʭ ʩʣʫʞʠ ʠ ʟʘ ʩʲʝʜʠʥʷʚʘʥʝ ʥʘ ʜʝʪʘʡʣʠʪʝ. ɿʘ ʮʝʣʪʘ ʜʚʘʪʘ ʜʝʪʘʡʣʘ, ʢʦʠʪʦ ʱʝ ʩʝ 

ʩʝ̡ʜʠʥʷʚʘʪ, ʩʝ ʩʨʝʱʘʪ ʠʣʠ ʣʠʮʝ ʩ ʣʠʮʝ, ʠʣʠ ʦʧʘʢʦ ʩ ʦʧʘʢʦ, ʩʧʦʨʝʜ ʪʦʚʘ ʢʦʷ ʯʘʩʪ ʥʘ ʩʲʝʜʠʥʠʪʝʣʥʠʷ 

ʰʝʚ ʱʝ ʦʩʪʘʥʝ ʚʲʨʭʫ ʣʠʮʝʚʘʪʘ ʯʘʩʪ ʥʘ ʠʟʜʝʣʠʝʪʦ. 

 

 

ʘ)   ʙ) 

ʌʠʛ. 8 ɺʠʜʠʤʘʪʘ ʯʘʩʪ ʦʪ ʟʘʜʚʠʞʚʘʱʠʷ ʤʝʭʘʥʠʟʲʤ (ʘ) ʠ ʣʦʩʪ ʟʘ ʠʟʙʦʨ ʥʘ ʙʨʦʷ ʥʘ ʙʦʜʦʚʝʪʝ (ʙ) 

ʐʝʚʥʘʪʘ ʤʘʰʠʥʘ SIMAC SI-27 ʝ ʧʦʜʭʦʜʷʱʘ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʧʣʝʪʠʚʘ, 

ʞʘʢʘʨʜ ʠ ʥʝʪʲʢʘʥ ʪʝʢʩʪʠʣ, ʘ ʩʲʱʦ ʪʘʢʘ ʠ ʥʷʢʦʠ ʪʲʢʘʥʠ ʧʣʘʪʦʚʝ. ɿʘ ʚʩʠʯʢʠ ʪʷʭ ʝ ʚʘʞʥʦ ʜʘ ʥʝ ʩʘ 

ʤʥʦʛʦ ʩʪʝʛʥʘʪʠ ʠʣʠ ʩʪʝʧʘʥʠ. ʀʛʣʘʪʘ ʪʨʷʙʚʘ ʩʧʦʢʦʡʥʦ ʜʘ ʤʦʞʝ ʜʘ ʧʨʝʤʠʥʘʚʘ ʧʨʝʟ ʧʣʘʪʘ ʠ ʜʘ 

ʧʨʦʢʘʨʚʘ ʢʦʥʝʮʘ.  

ʄʘʰʠʥʘʪʘ ʨʘʙʦʪʠ ʢʘʢʪʦ ʩ ʢʦʥʮʠ, ʟʘ ʧʨʝʜʧʦʯʠʪʘʥʝ ʧʦ-ʧʣʲʪʥʠ, ʟʘ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʦʬʦʨʤʠ 

ʚʲʥʰʥʠʷ ʚʠʜ ʥʘ ʬʝʩʪʦʥʘ, ʪʘʢʘ ʠ ʩ ʧʨʝʞʜʠ. ʊʝ ʪʨʷʙʚʘ ʜʘ ʠʟʜʲʨʞʘʪ ʥʘ ʦʧʨʝʜʝʣʝʥ ʦʧʲʥ ʠ ʜʘ ʠʤʘʪ 

ʜʦʙʲʨ ʩʫʢ. 

ɿʘ ʠʟʨʘʙʦʪʢʘ ʥʘ ʤʦʜʝʣʠʪʝ ʦʪ ʢʦʣʝʢʮʠʷʪʘ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʨʘʟʣʠʯʥʠ ʪʝʢʩʪʠʣʥʠ ʤʘʪʝʨʠʘʣʠ, ʥʦ ʚ 

ʨʦʣʷʪʘ ʥʘ ʰʝʚʝʥ ʢʦʥʝʮ ʝ ʫʧʦʪʨʝʙʝʥʘ ʧʨʝʞʜʘ MASTER ʚ ʨʘʟʣʠʯʥʠ ʮʚʝʪʦʚʝ, ʩʲʩ ʩʲʩʪʘʚ: 15% Merino 

Wool, 85% Polyacrylic fibre. ʊʘʟʠ ʧʨʝʞʜʘ ʝ ʧʦʜʭʦʜʷʱʘ ʟʘʨʘʜʠ ʜʦʙʨʠʷ ʩʫʢ, ʢʦʡʪʦ ʠʤʘ, ʠ ʥʫʞʥʘʪʘ 

ʟʜʨʘʚʠʥʘ ʧʨʠ ʦʧʲʥ, ʢʘʢʪʦ ʠ ʜʦʙʨʘʪʘ ʟʘʚʣʘʩʝʥʦʩʪ ʟʘ ʧʦïʜʦʙʨʦ ʦʬʦʨʤʷʥʝ ʥʘ ʬʠʛʫʨʘʣʥʠʷ ʰʝʚ.  

 

ɺ ʧʨʦʮʝʩʘ ʥʘ ʪʝʭʥʦʣʦʛʠʯʥʘ ʦʙʨʘʙʦʪʢʘ ʄʦʜʝʣ 1 ʧʨʝʤʠʥʘʚʘ ʧʨʝʟ ʩʣʝʜʥʠʪʝ ʝʪʘʧʠ (ʌʠʛʫʨʘ 9): 

1) ʆʙʰʠʚʘʥʝ ʥʘ ʪʝʭʥʦʣʦʛʠʯʥʦ ʧʨʠʩʲʝʜʠʥʷʚʘʥʠʪʝ ʜʝʪʘʡʣʠ ʧʦ ʢʦʥʪʫʨʘ ʥʘ ʨʝʜʠʥʛʦʪʥʦʪʦ 

ʩʨʷʟʚʘʥʝ. ɿʘ ʮʝʣʪʘ ʤʘʰʠʥʘʪʘ ʝ ʥʘʩʪʨʦʝʥʘ ʥʘ ʯʝʪʠʨʠ ʙʦʜʘ ʠ ʩʨʝʜʥʘ ʛʲʩʪʠʥʘ ʥʘ ʬʦʨʤʠʪʝ.  

2) ɺʩʠʯʢʠ ʰʝʚʦʚʝ ʩʝ ʧʦʜʣʘʛʘʪ ʥʘ ʚʣʘʛʦ-ʪʦʧʣʠʥʥʘ ʦʙʨʘʙʦʪʢʘ (ɺʊʆ) ï ʩ ʧʘʨʘ ʠ ʙʝʟ ʚʘʢʫʫʤ. 

3) ʄʘʰʠʥʘʪʘ ʩʝ ʥʘʩʪʨʦʡʚʘ ʥʘ ʜʚʘ ʙʦʜʘ ʠ ʩʝ ʠʟʤʠʥʘʚʘ ʩʲʝʜʠʥʠʪʝʣʝʥ ʙʦʜʦʚ ʨʝʜ, ʢʘʪʦ 

ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʜʝʪʘʡʣʠʪʝ ʩʘ ʩʨʝʱʥʘʪʠ ʣʠʮʝ ʩ ʣʠʮʝ.  

4) ʅʦʚʦʠʟʤʠʥʘʪʠʪʝ ʩʲʝʜʠʥʠʪʝʣʥʠ hʝʚʦʚʝ ʩʝ ʨʘʟʪʚʘʨʷʪ ʠ ʩʝ ʧʦʜʣʘʛʘʪ ʥʘ ɺʊʆ ʦʪʥʦʚʦ. 

5) ʇʨʝʤʠʥʘʚʘʥʝ ʢʲʤ ʩʛʣʦʙʷʚʘʥʝ ʥʘ ʠʟʜʝʣʠʝʪʦ ʥʘ ʦʚʝʨʣʦʛ ʠ ʫʥʠʚʝʨʩʘʣʥʘ ʤʘʰʠʥʘ ʟʘ ʝʜʥʦʣʠʥʝʝʥ 

ʜʚʫʢʦʥʝʯʝʥ ʙʦʜʦʚ ʨʝʜ. 
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ʌʠʛʫʨʘ 9 ɽʪʘʧ 1) ʦʪ ʠʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʩʘʢʦʪʦ 
 

ʅʘ ʌʠʛʫʨʘ 10 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʠʟʨʘʙʦʪʝʥʠʪʝ  ʦʪ ʤʘʪʝʨʠʘʣ ʚ ʧʦʪʦʯʥʘ ʣʠʥʠʷ ʜʠʟʘʡʥʝʨʩʢʠ ʧʨʦ-

ʝʢʪʠ ʥʘ ʜʘʤʩʢʦ ʩʘʢʦ ʄʦʜʝʣ 1, ʄʦʜʝʣ 2 ʠ ʄʦʜʝʣ 3. 

    
 

ʌʠʛʫʨʘ 10 ɼʠʟʘʡʥʝʨʩʢʠ ʤʦʜʝʣʠ, ʨʝʘʣʠʟʠʨʘʥʠ ʚ ʤʘʪʝʨʠʘʣ 

 

ɿɸʂʃʖʏɽʅʀɽ 

ɺʥʝʜʨʷʚʘʥʝʪʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʜʠʟʘʡʥʝʨʩʢʦ ʦʙʣʝʢʣʦ ʚ ʝʪʥʠʯʝʩʢʠ ʩʪʠʣ ʠ ʩʥʠʞʝʥʠʝ ʥʘ ʩʝ-

ʙʝʩʪʦʡʥʦʩʪʪʘ ʥʘ ʧʨʦʜʫʢʪʘ ʝ ʥʝʤʠʩʣʠʤʦ ʙʝʟ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʩʧʝʮʠʘʣʥʠ ʰʝʚʥʠ ʤʘʰʠʥʠ, ʢʦʠʪʦ ʫʩ-

ʧʝʰʥʦ ʟʘʤʝʥʷʪ ʨʲʯʥʠʷ ʪʨʫʜ ʥʘ ʠʟʢʫʩʥʘ ʙʨʦʜʠʨʘʯʢʘ.  

ʇʨʠʣʘʛʘʥʝʪʦ ʥʘ ʩʲʚʨʝʤʝʥʝʥ ʧʦʜʭʦʜ ʚ ʪʝʭʥʦʣʦʛʠʯʥʘʪʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʠʟʜʝʣʠʷʪʘ ʧʦʟʚʦʣʷʚʘ 

ʚʜʲʭʚʘʥʝ ʥʘ ʥʦʚ ʞʠʚʦʪ ʥʘ ʪʨʘʜʠʮʠʦʥʥʘʪʘ ʥʘʨʦʜʥʘ ʥʦʩʠʷ ʠ ʧʦʩʪʠʛʘʥʝ ʥʘ ʤʦʜʝʨʥʘ ʚʠʟʠʷ ʥʘ ʦʙʣʝʢʣʘ-

ʪʘ ʢʘʪʦ ʝʜʥʦʚʨʝʤʝʥʥʦ ʩʝ ʩʲʭʨʘʥʷʚʘʪ ʭʘʨʘʢʪʝʨʥʠʪʝ ʬʦʨʤʠ, ʜʝʪʘʡʣʠ ʠ ʤʦʪʠʚʠ ʦʪ ʘʚʪʝʥʪʠʯʥʘʪʘ ʜʨʝ-

ʭʘ. 

ʇʨʝʜʩʪʘʚʝʥʘʪʘ ʦʙʰʠʚʘʱʘ ʤʘʰʠʥʘ SIMAC SIï27 ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʪʘʢʲʚ ʜʠ-

ʟʘʡʥ ʥʘ ʠʟʜʝʣʠʷʪʘ, ʯʨʝʟ ʢʦʡʪʦ ʪʝ ʜʘ ʙʲʜʘʪ ʘʢʪʫʘʣʥʠ, ʤʦʜʥʠ ʠ ʝʜʥʦʚʨʝʤʝʥʥʦ ʩ ʪʦʚʘ ʠʟʣʲʯʚʘʱʠ ʥʘ-

ʮʠʦʥʘʣʥʘ ʠʜʝʥʪʠʯʥʦʩʪ. 
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DESIGN OF COLLECTION OF WOMENS CLOTHING WITH COL OR BLOCK STYLE  
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ABSTRACT: The report examines the process of creating a color blocking clothing 

collection. Color block, which arose in the 60s of the 20th century, is a style decision in 

clothing, which is based on the principle of harmoniously combining colors and shades in one 

ensemble. The style is irrevocably present on the fashion catwalks and is one of the trends in 

the color design of the suit with many popular fashion brands. Characteristic features of the 

style are the bright colors, the laconic cut, the absence of additional decorations and prints in 

the artistic shaping of the fabrics. An author's collection of women's casual wear "PLAY of 

COLORS" has been developed in color blocking style according to the prospective fashion 

trends for 2022. The aim of the collection, inspired by the colors of the rainbow, is to enable 

the modern young woman to reveal her individuality and stand out against the background of 

gray everyday life through the positive energy of colors using attractive and bold color 

combinations. The assortment line includes a wide range of products for the summer season 

in a semi-fitted silhouette: dresses, tank tops, skirts and trousers of different lengths. The 

colors used in the models are the main organizational means of the composition and occupy 

the leading place for expressing the main idea and attracting the attention of others. 

KEYWORDS: designer collection, color circle, color harmony, Color Block. 
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ɸʅʆʊɸʎʀʗ: ɺ ʜʦʢʣʘʜʘ ʝ ʨʘʟʛʣʝʜʘʥ ʧʨʦʮʝʩʲʪ ʥʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʢʦʣʝʢʮʠʷ ʦʙʣʝʢʣʦ ʚ 

ʩʪʠʣ ʢʦʣʦʨ ʙʣʦʢʠʥʛ. ʂʦʣʦʨ ʙʣʦʢ, ʚʲʟʥʠʢʥʘʣ ʧʨʝʟ 60-ʪʝ ʛʦʜʠʥʠ ʥʘ 20 ʚʝʢ, ʝ ʩʪʠʣʦʚʦ ʨʝ-

ʰʝʥʠʝ ʚ ʦʙʣʝʢʣʦʪʦ, ʚ ʦʩʥʦʚʘʪʘ ʥʘ ʢʦʝʪʦ ʣʝʞʠ ʧʨʠʥʮʠʧʘ ʟʘ ʭʘʨʤʦʥʠʯʥʦ ʢʦʤʙʠʥʠʨʘʥʝ 

ʥʘ ʮʚʝʪʦʚʝ ʠ ʥʶʘʥʩʠ ʚ ʝʜʠʥ ʘʥʩʘʤʙʲʣ. ʉʪʠʣʲʪ ʥʝʦʪʤʝʥʥʦ ʧʨʠʩʲʩʪʚʘ ʧʦ ʤʦʜʥʠʪʝ ʧʦ-

ʜʠʫʤʠ ʠ ʝ ʝʜʥʘ ʦʪ ʪʝʥʜʝʥʮʠʠʪʝ ʚ ʮʚʝʪʦʚʦʪʦ ʦʬʦʨʤʷʥʝ ʥʘ ʢʦʩʪʶʤʘ ʧʨʠ ʤʥʦʛʦ ʦʪ ʧʦ-

ʧʫʣʷʨʥʠʪʝ ʤʦʜʥʠ ʤʘʨʢʠ. ʍʘʨʘʢʪʝʨʥʠ ʯʝʨʪʠ ʥʘ ʩʪʠʣʘ ʩʘ: ʷʨʢʠ ʮʚʝʪʦʚʝ, ʣʘʢʦʥʠʯʥʘ 

ʢʨʦʡʢʘ, ʦʪʩʲʩʪʚʠʝ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʠ ʫʢʨʘʩʠ ʠ ʱʘʤʧʠ ʧʨʠ ʭʫʜʦʞʝʩʪʚʝʥʦʪʦ ʦʬʦʨʤʷʥʝ 

ʥʘ ʪʲʢʘʥʠʪʝ. ʈʘʟʨʘʙʦʪʝʥʘ ʝ ʘʚʪʦʨʩʢʘ ʢʦʣʝʢʮʠʷ ʜʘʤʩʢʦ ʝʞʝʜʥʝʚʥʦ ʦʙʣʝʢʣʦ ĂPLAY of 

COLORSñ ʚ ʩʪʠʣ ʢʦʣʦʨ ʙʣʦʢʠʥʛ ʩʲʦʙʨʘʟʥʦ ʧʝʨʩʧʝʢʪʠʚʥʠʪʝ ʤʦʜʥʠ ʪʝʥʜʝʥʮʠʠ ʟʘ 2022 

ʛʦʜʠʥʘ. ʎʝʣʪʘ ʥʘ ʢʦʣʝʢʮʠʷʪʘ, ʚʜʲʭʥʦʚʝʥʘ ʦʪ ʮʚʝʪʦʚʝʪʝ ʥʘ ʜʲʛʘʪʘ, ʝ ʜʘ ʩʝ ʜʘʜʝ ʚʲʟ-

ʤʦʞʥʦʩʪ ʤʦʜʝʨʥʘʪʘ ʤʣʘʜʘ ʞʝʥʘ ʜʘ ʨʘʟʢʨʠʝ ʩʚʦʷʪʘ ʠʥʜʠʚʠʜʫʘʣʥʦʩʪ ʠ ʜʘ ʩʝ ʦʪʢʨʦʠ 

ʥʘ ʬʦʥʘ ʥʘ ʩʠʚʦʪʦ ʝʞʝʜʥʝʚʠʝ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʣʦʞʠʪʝʣʥʘʪʘ ʝʥʝʨʛʠʷ ʥʘ ʮʚʝʪʦʚʝʪʝ 

ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʘʪʨʘʢʪʠʚʥʠ ʠ ʩʤʝʣʠ ʮʚʝʪʦʚʠ ʢʦʤʙʠʥʘʮʠʠ. ɸʩʦʨʪʠʤʝʥʪʥʠʷʪ ʨʝʜ 

ʚʢʣʶʯʚʘ ʰʠʨʦʢ ʩʧʝʢʪʲʨ ʦʪ ʠʟʜʝʣʠʷ ʟʘ ʣʝʪʥʠʷ ʩʝʟʦʥ ʚ ʧʦʣʫʚʪʘʣʝʥ ʩʠʣʫʝʪ: ʨʦʢʣʠ, ʧʦʪ-

ʥʠʮʠ, ʧʦʣʠ ʠ ʧʘʥʪʘʣʦʥʠ ʩ ʨʘʟʣʠʯʥʘ ʜʲʣʞʠʥʘ. ʎʚʝʪʦʚʝʪʝ, ʠʟʧʦʣʟʚʘʥʠ ʚ ʤʦʜʝʣʠʪʝ, ʩʝ 

ʷʚʷʚʘʪ ʛʣʘʚʥʦʪʦ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ ʩʨʝʜʩʪʚʦ ʥʘ ʢʦʤʧʦʟʠʮʠʷʪʘ ʠ ʟʘʝʤʘʪ ʚʦʜʝʱʦʪʦ 

ʤʷʩʪʦ ʟʘ ʠʟʨʘʟʷʚʘʥʝ ʥʘ ʦʩʥʦʚʥʘʪʘ ʠʜʝʷ ʠ ʧʨʠʚʣʠʯʘʥʝ ʥʘ ʚʥʠʤʘʥʠʝʪʦ ʥʘ ʦʢʦʣʥʠʪʝ. 

mailto:margaretsivova@mail.ru
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ʎʚʝʪʦʚʠʪʝ ʢʦʤʙʠʥʘʮʠʠ ʩʘ ʤʝʞʜʫ ʥʝʦʥʦʚʠ ʠ ʧʦ-ʤʝʢʠ ʮʚʝʪʦʚʝ, ʟʘ ʧʦ-ʛʦʣʷʤ ʢʦʥʪʨʘʩʪ. 

ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʧʨʘʢʪʠʯʝʩʢʦʪʦ ʧʨʠʣʘʛʘʥʝ ʥʘ ʮʚʝʪʥʠʪʝ ʩʭʝʤʠ (ʢʦʤʧʣʝʤʝʥʪʘʨʥʘ ʭʘʨ-

ʤʦʥʠʷ, ʘʥʘʣʦʛʦʚʘ ʠ ʢʦʥʪʨʘʩʪʥʘ ʪʨʠʘʜʘ) ʝ ʧʦʩʪʠʛʥʘʪʦ ʭʘʨʤʦʥʠʯʥʦ ʩʲʯʝʪʘʚʘʥʝ ʥʘ 

ʮʚʝʪʥʠʪʝ ʙʣʦʢʦʚʝ ʚʲʚ ʚʩʝʢʠ ʝʜʠʥ ʤʦʜʝʣ. ɿʘ ʄʦʜʝʣ 1ʦʪ ʢʦʣʝʢʮʠʷʪʘ ʝ ʨʘʟʨʘʙʦʪʝʥ ʧʲʣʝʥ 

ʢʦʤʧʣʝʢʪ ʢʦʥʩʪʨʫʢʪʦʨʩʢʘ ʜʦʢʫʤʝʥʪʘʮʠʷ. ʄʦʜʝʣ 1 ʝ ʨʝʘʣʠʟʠʨʘʥ ʚ ʤʘʪʝʨʠʘʣ. 

ʂʃʖʏʆɺʀ ɼʋʄʀ: ʜʠʟʘʡʥʝʨʩʢʘ ʢʦʣʝʢʮʠʷ, ʮʚʝʪʝʥ ʢʨʲʛ, ʮʚʝʪʦʚʘ ʭʘʨʤʦʥʠʷ, ʩʪʠʣ ʢʦ-

ʣʦʨ ʙʣʦʢʠʥʛ. 

 

ɺʒɺɽɼɽʅʀɽ 

ʂʦʣʦʨʠʪʲʪ ʝ ʩʲʱʝʩʪʚʝʥ ʢʦʤʧʦʥʝʥʪ ʥʘ ʭʫʜʦʞʝʩʪʚʝʥʠʷ ʦʙʨʘʟ, ʧʨʝʜʠʟʚʠʢʚʘʱ ʦʪʚʝʪʥʠ ʝʤʦʮʠʠ ʚ 

ʥʘʙʣʶʜʘʪʝʣʷ. ɺ ʦʙʱʦʪʦ ʭʫʜʦʞʝʩʪʚʝʥʦ ʦʬʦʨʤʷʥʝ ʠ ʟʨʠʪʝʣʥʦ ʚʲʟʧʨʠʝʤʘʥʝ ʥʘ ʢʦʩʪʶʤʘ ʮʚʝʪʲʪ ʟʘʝʤʘ 

ʧʦʜʦʙʘʚʘʱʦ ʤʷʩʪʦ, ʥʘʨʘʚʥʦ ʩ ʬʘʢʪʫʨʘʪʘ ʠ ʧʣʘʩʪʠʯʥʦʩʪʪʘ ʥʘ ʪʝʢʩʪʠʣʥʠʷ ʤʘʪʝʨʠʘʣ. ʍʘʨʤʦʥʠʯʥʦʪʦ 

ʩʲʯʝʪʘʚʘʥʝ ʥʘ ʮʚʝʪʦʚʝʪʝ ʝ ʪʷʩʥʦ ʩʚʲʨʟʘʥʦ ʩ ʬʦʨʤʘʪʘ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝʪʦ ʢʘʢʪʦ ʥʘ ʠʟʜʝʣʠʝʪʦ ʢʘʪʦ 

ʮʷʣʦ, ʪʘʢʘ ʠ ʥʘ ʥʝʛʦʚʠʪʝ ʩʲʩʪʘʚʥʠ ʝʣʝʤʝʥʪʠ. 

ɺ ʧʨʦʮʝʩʘ ʥʘ ʨʘʟʨʘʙʦʪʢʘ ʥʘ ʥʦʚ ʤʦʜʝʣ ʦʩʥʦʚʥʘʪʘ ʠʜʝʷ ʥʘ ʢʦʤʧʦʟʠʮʠʷʪʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʨʘʟʝ-

ʥʘ ʯʨʝʟ ʮʚʝʪʘ (ʠʣʠ ʩʲʯʝʪʘʥʠʝ ʥʘ ʥʷʢʦʣʢʦ ʮʚʷʪʘ), ʙʝʟ ʧʨʠʚʣʠʯʘʥʝ ʥʘ ʜʨʫʛʠ ʢʦʤʧʦʟʠʮʠʦʥʥʠ ʝʣʝʤʝʥ-

ʪʠ. 

ʂʦʣʦʨ ʙʣʦʢʠʥʛ (ʘʥʛʣ.: Color Block, ʙʛ.:Ăʮʚʝʪʝʥ ʙʣʦʢñ) ʝ ʩʪʠʣʦʚʦ ʨʝʰʝʥʠʝ ʚ ʦʙʣʝʢʣʦʪʦ, ʚ ʦʩ-

ʥʦʚʘʪʘ ʥʘ ʢʦʝʪʦ ʣʝʞʠ ʧʨʠʥʮʠʧʘ ʟʘ ʭʘʨʤʦʥʠʯʥʦ ʢʦʤʙʠʥʠʨʘʥʝ ʥʘ ʮʚʝʪʦʚʝ ʠ ʥʶʘʥʩʠ (ʥʝ ʧʦʚʝʯʝ ʦʪ 3-

4) ʚ ʝʜʠʥ ʘʥʩʘʤʙʲʣ.  

ʉʪʠʣʲʪ ʩʪʘʚʘ ʧʦʧʫʣʷʨʝʥ ʧʨʝʟ 60-ʪʝ ʠ 70-ʪʝ ʛʦʜʠʥʠ ʥʘ ʤʠʥʘʣʠʷ ʚʝʢ. ɺ ʢʦʣʝʢʮʠʷʪʘ ʩʠ ʝʩʝʥ-

ʟʠʤʘ 1965-1966 ʀʚ ʉʝʥ ʃʦʨʘʥ ʧʨʝʜʩʪʘʚʷ ʰʝʩʪ ʪʨʠʢʦʪʘʞʥʠ ʨʦʢʣʠ ʙʝʟ ʷʢʠ ʠ ʨʲʢʘʚʠ ʚ ɸ-ʩʠʣʫʝʪ (ʌʠ-

ʛʫʨʘ 1), ʚʜʲʭʥʦʚʝʥʠ ʦʪ ʧʨʦʠʟʚʝʜʝʥʠʷ ʥʘ ʭʦʣʘʥʜʩʢʠʷ ʭʫʜʦʞʥʠʢ-ʘʙʩʪʨʘʢʮʠʦʥʠʩʪ ʇʠʡʪ ʄʦʥʜʨʠʘʥ 

(ʌʠʛʫʨʘ 2). 

  

 
ʌʠʛʫʨʘ 1 ʈʦʢʣʠ çʄʦʥʜʨʠʘʥè, ʀʚ ʉʝʥ ʃʦʨʘʥ, 

1966 ʛ.[4] 

ʌʠʛʫʨʘ 2 ʇʠʪ ʄʦʥʜʨʠʘʥ. ʂʦʤʧʦʟʠʮʠʷ ʩ ʯʝʨ-

ʚʝʥʦ, ʩʠʥʴʦ ʠ ʞʲʣʪʦè, 1930 ʛ. [5] 
 

ʈʦʢʣʠʪʝ Ăʄʦʥʜʨʠʘʥñ, ʩʚʦʝʦʙʨʘʟʥʠ Ăʮʠʪʘʪʠñ ʦʪ ʢʘʨʪʠʥʠʪʝ ʥʘ ʭʫʜʦʞʥʠʢʘ, ʩʘ ʩ ʣʘʢʦʥʠʯʝʥ ʜʝ-

ʢʦʨ ʚʲʚ ʚʠʜ ʥʘ ʢʨʫʧʥʠ ʮʚʝʪʥʠ ʙʣʦʢʦʚʝ, ʩʲʝʜʠʥʝʥʠ ʩ ʥʝʟʘʙʝʣʝʞʠʤʠ ʰʝʚʦʚʝ.  

ʇʨʝʟ 70-ʪʝ ʛʦʜʠʥʠ ʥʘ 20 ʚʝʢ ʪʨʘʡʥʦ ʤʷʩʪʦ ʚ ʤʦʜʘʪʘ ʟʘʝʤʘʪ ʥʝ ʩʘʤʦ ʨʦʢʣʠʪʝ ʩ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ 

ʛʝʦʤʝʪʨʠʯʥʠ ʬʠʛʫʨʠ, ʥʦ ʠ ʮʷʣʦʩʪʥʠ ʘʥʩʘʤʙʣʠ, ʩʲʩʪʦʷʱʠ ʩʝ ʦʪ ʷʨʢʠ ʧʨʝʜʤʝʪʠ ʥʘ ʦʙʣʝʢʣʦʪʦ, ʢʲʤ 

ʢʦʠʪʦ ʩʘ ʜʦʙʘʚʝʥʠ ʠ ʘʢʩʝʩʦʘʨʠ. 
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ʌʠʛʫʨʘ 3 Valentino, Huishan Zhang, Tod's ʧʨʦʣʝʪ-ʣʪ̫ʦ 2022 [6] 

ʉʪʠʣʲʪ ʢʦʣʦʨ ʙʣʦʢʠʥʛ 

ʥʝʦʪʤʝʥʥʦ ʧʨʠʩʲʩʪʚʘ ʧʦ 

ʤʦʜʥʠʪʝ ʧʦʜʠʫʤʠ (ʌʠʛʫʨʘ 

3) ʠ ʝ ʝʜʥʘ ʦʪ ʪʝʥʜʝʥʮʠʠʪʝ ʚ 

ʮʚʝʪʦʚʦʪʦ ʦʬʦʨʤʷʥʝ ʥʘ ʢʦʩ-

ʪʶʤʘ ʧʨʠ ʤʥʦʛʦ ʦʪ ʧʦʧʫ-

ʣʷʨʥʠʪʝ ʤʦʜʥʠ ʤʘʨʢʠ. ʊʦʟʠ 

ʩʪʠʣ ʝ ʝʜʠʥ ʦʪ ʥʘʡ-ʣʝʩʥʠʪʝ 

ʥʘʯʠʥʠ ʟʘ ʧʨʝʚʨʲʱʘʥʝ ʥʘ 

ʦʙʨʘʟʘ ʚ ʷʨʲʢ ʠ ʟʘʧʦʤʥʷʱ 

ʩʝ. 

 

ʆʉʆɹɽʅʆʉʊʀ ʅɸ ʉʊʀʃɸ ʂʆʃʆʈ ɹʃʆʂʀʅɻ 

 

ɸ/ ʍʘʨʘʢʪʝʨʥʠ ʯʝʨʪʠ 

 ʗʨʢʠ ʮʚʝʪʦʚʝ ï ʧʨʠ ʩʲʟʜʘʚʘʥʝ ʥʘ ʙʣʦʢʦʚʝʪʝ ʯʝʩʪʦ ʩʝ ʧʨʠʣʘʛʘʪ ʥʘʩʠʪʝʥʠ, ʷʨʢʠ ʦʪʪʝʥʲʮʠ. 

ʊʨʘʜʠʮʠʦʥʥʠ ʩʘ ʪʨʠʪʝ ʧʲʨʚʠʯʥʠ ʮʚʷʪʘ ʥʘ ʮʚʝʪʥʠʷ ʢʨʲʛ - ʞʲʣʪ, ʯʝʨʚʝʥ ʠ ʩʠʥ, ʥʦ ʩʲʚʨʝʤʝʥʥʠʪʝ 

ʜʠʟʘʡʥʝʨʠ ʝʢʩʧʝʨʠʤʝʥʪʠʨʘʪ ʢʘʢʪʦ ʩʲʩ ʩʘʤʠʪʝ ʮʚʝʪʦʚʝ, ʪʘʢʘ ʠ ʩ ʦʪʪʝʥʲʮʠʪʝ ʠʤ; 

 ʃʘʢʦʥʠʯʥʘ ʢʨʦʡʢʘ ï ʜʨʝʭʠʪʝ ʚ ʩʪʠʣ ʢʦʣʦʨ ʙʣʦʢʠʥʛ ʩʘ ʩʘʤʦʜʦʩʪʘʪʲʯʥʠ. ʆʪʧʘʜʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʫʩʣʦʞʥʷʚʘʥʝ ʥʘ ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʯʨʝʟ ʩʲʟʜʘʚʘʥʝ ʥʘ ʥʘʯʫʧʝʥʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠ 

ʣʠʥʠʠ ʠ ʥʝʧʦʥʷʪʥʠ ʦʯʝʨʪʘʥʠʷ. ɺ ʨʦʣʷʪʘ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʦʩʥʦʚʘ ʩʝ ʠʟʙʠʨʘ ʢʣʘʩʠʯʝʩʢʠ ʚʘʨʠʘʥʪ ʥʘ 

ʦʙʣʝʢʣʦ ʚ ʧʨʘʚ ʠʣʠ ʧʦʣʫʚʪʘʣʝʥ ʩʠʣʫʝʪ; 

 ʆʪʩʲʩʪʚʠʝ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʠ ʫʢʨʘʩʠ ʠ ʬʫʨʥʠʪʫʨʘ; 

 ʆʪʩʲʩʪʚʠʝ ʥʘ ʦʨʥʘʤʝʥʪʠ /ʱʘʤʧʠ/ ʧʨʠ ʭʫʜʦʞʝʩʪʚʝʥʦʪʦ ʦʬʦʨʤʷʥʝ ʥʘ ʪʲʢʘʥʠʪʝ ï ʥʘʣʠʯʠʝʪʦ 

ʠʤ ʨʝʜʦʤ ʩ ʮʚʝʪʥʠʪʝ ʙʣʦʢʦʚʝ ʱʝ ʧʨʠʚʣʠʯʘ ʜʦʧʲʣʥʠʪʝʣʥʦ ʚʥʠʤʘʥʠʝʪʦ, ʢʦʝʪʦ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʱʝ 

ʩʲʟʜʘʚʘ ʫʩʝʱʘʥʝ ʟʘ ʙʝʟʚʢʫʩʠʮʘ ʥʘ ʦʙʨʘʟʘ. 

 

ɹ/ ʍʘʨʤʦʥʠʯʥʦ ʩʲʯʝʪʘʚʘʥʝ ʥʘ ʮʚʝʪʥʠʪʝ ʙʣʦʢʦʚʝ ʚ ʦʙʣʝʢʣʦʪʦ 

 

ɿʘ ʧʨʘʚʠʣʥʦʪʦ ʩʲʯʝʪʘʚʘʥʝ ʥʘ ʮʚʝʪʦʚʝʪʝ ʚ ʢʦʩʪʶʤʘ ʩʝ ʧʨʝʧʦʨʲʯʚʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʮʚʝʪʥʠʷ 

ʢʨʲʛ ʥʘ ʁʦ. ʀʪʲʥ [7, 8]. ʇʨʠ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʮʚʝʪʦʚʠ ʭʘʨʤʦʥʠʠ ʩʘ ʚʲʟʤʦʞʥʠ ʩʣʝʜʥʠʪʝ ʚʘʨʠʘʥʪʠ: 

 

 ʄʦʥʦʭʨʦʤʥʘ ʛʘʤʘ - ʚʠʜ ʭʘʨʤʦʥʠʷ, ʚ 

ʢʦʷʪʦ ʜʦʤʠʥʠʨʘ ʝʜʠʥ ʮʚʝʪʝʥ ʪʦʥ ʧʣʶʩ ʥʷʢʦʣʢʦ 

ʩʲʩʝʜʥʠ ʮʚʷʪʘ, ʚʲʟʧʨʠʝʤʘʥʠ ʢʘʪʦ ʦʪʪʝʥʲʮʠ ʥʘ 

ʦʩʥʦʚʥʠʷ (ʌʠʛʫʨʘ 4). 

    

ʌʠʛʫʨʘ 4 ʄʦʥʦʭʨʦʤʥʘ ʭʘʨʤʦʥʠʷ 
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 ʍʘʨʤʦʥʠʷ ʥʘ ʜʦʧʲʣʚʘʱʠʪʝ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʠ) ʮʚʝʪʦʚʝ ï ʪʝ ʩʘ ʨʘʟʧʦʣʦʞʝʥʠ 

ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʠʪʝ ʩʪʨʘʥʠ ʥʘ ʮʚʝʪʥʠʷ ʢʨʲʛ 

ʥʘ ʀʪʲʥ (ʌʠʛʫʨʘ 5). ʉʲʯʝʪʘʥʠʷʪʘ ʠʟʛʣʝʞʜʘʪ 

ʤʥʦʛʦ ʞʠʚʦ ʠ ʝʥʝʨʛʠʯʥʦ, ʦʩʦʙʝʥʦ ʧʨʠ 

ʤʘʢʩʠʤʘʣʥʘ ʥʘʩʠʪʝʥʦʩʪ ʥʘ ʮʚʝʪʘ. 

   

ʌʠʛʫʨʘ 5 ʂʦʤʧʣʝʤʝʥʪʘʨʥʘ ʭʘʨʤʦʥʠʷ 

 ʂʣʘʩʠʯʝʩʢʘ ʪʨʠʘʜʘ - ʦʙʨʘʟʫʚʘ ʩʝ ʦʪ ʪʨʠ 

ʨʘʚʥʦ ʦʪʜʘʣʝʯʝʥʠ ʧʦ ʮʚʝʪʥʠʷ ʢʨʲʛ ʥʘ ʀʪʲʥ 

ʮʚʷʪʘ. ʊʘʢʘʚʘ ʢʦʤʧʦʟʠʮʠʷ ʠʟʛʣʝʞʜʘ ʜʦʩʪʘʪʲʯʥʦ 

ʞʠʚʘ ʜʘʞʝ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʙʣʝʜʠ ʠ ʥʝ 

ʥʘʩʠʪʝʥʠ ʮʚʝʪʦʚʝ (ʌʠʛʫʨʘ 6). ɿʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ 

ʭʘʨʤʦʥʠʯʥʦʩʪ ʚ ʪʨʠʘʜʘʪʘ, ʝ ʥʝʦʙʭʦʜʠʤʦ ʝʜʠʥ 

ʮʚʷʪ ʜʘ ʩʝ ʚʟʝʤʝ ʟʘ ʛʣʘʚʝʥ, ʘ ʜʨʫʛʠʪʝ ʜʘ ʩʝ 

ʠʟʧʦʣʟʚʘʪ ʟʘ ʘʢʮʝʥʪʠ. 
  

ʌʠʛʫʨʘ 6 ʍʘʨʤʦʥʠʯʥʘ ʢʣʘʩʠʯʝʩʢʘ ʪʨʠʘʜʘ 

 ɸʥʘʣʦʛʦʚʘ ʭʘʨʤʦʥʠʷ - ʦʙʨʘʟʫʚʘ ʩʝ ʦʪ ʪʨʠ 

ʩʲʩʝʜʥʠ ʮʚʷʪʘ ʦʪ ʮʚʝʪʥʠʷ ʢʨʲʛ ʥʘ ʀʪʲʥ. ʊʘʟʠ 

ʭʘʨʤʦʥʠʷ ʝ ʥʘʡ-ʯʝʩʪʦ ʩʨʝʱʘʥʘʪʘ ʚ ʧʨʠʨʦʜʘʪʘ ʠ 

ʟʘʪʦʚʘ ʠʟʛʣʝʞʜʘ ʭʘʨʤʦʥʠʯʥʦ ʠ ʧʨʠʷʪʥʦ. ʇʨʠ 

ʧʨʠʣʘʛʘʥʝ ʥʘ ʪʘʟʠ ʩʭʝʤʘ ʩʣʝʜʚʘ ʜʘ ʩʝ ʠʟʙʝʨʝ 

ʝʜʠʥ ʮʚʷʪ ʟʘ ʛʣʘʚʝʥ, ʚʪʦʨʠ ï ʧʦʜʜʲʨʞʘʱ, ʘ 

ʪʨʝʪʠʷ ï ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʘʢʮʝʥʪ (ʌʠʛʫʨʘ 7).  

   

ʌʠʛʫʨʘ 7 ɸʥʘʣʦʛʦʚʘ ʭʘʨʤʦʥʠʷ 

 ʂʦʥʪʨʘʩʪʥʘ ʪʨʠʘʜʘ - ʧʨʝʜʩʪʘʚʣʷʚʘ 

ʚʘʨʠʘʥʪ ʥʘ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦ ʩʲʯʝʪʘʚʘʥʝ ʥʘ 

ʮʚʝʪʦʚʝ, ʥʦ ʚʤʝʩʪʦ ʧʨʦʪʠʚʦʧʦʣʦʞʝʥ ʮʚʷʪ ʩʝ 

ʠʟʧʦʣʟʚʘʪ ʩʲʩʝʜʥʠʪʝ ʥʘ ʥʝʛʦ ʮʚʝʪʦʚʝ (ʌʠʛʫʨʘ 

8). ʊʘʢʘʚʘ ʩʭʝʤʘ ʠʟʛʣʝʞʜʘ ʧʦʯʪʠ ʪʦʣʢʦʚʘ 

ʢʦʥʪʨʘʩʪʥʦ, ʥʦ ʥʝ ʪʦʣʢʦʚʘ ʥʘʧʨʝʛʥʘʪʦ. 

  

ʌʠʛʫʨʘ 8 ʍʘʨʤʦʥʠʯʥʘ ʢʦʥʪʨʘʩʪʥʘ ʪʨʠʘʜʘ 
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 ʇʨʘʚʦʲʛʲʣʥʘ ʩʭʝʤʘ ʥʘ ʭʘʨʤʦʥʠʷ - 

ʉʲʩʪʦʠ ʩʝ ʦʪ ʯʝʪʠʨʠ ʮʚʷʪʘ (ʌʠʛʫʨʘ 9), ʚʩʝʢʠ ʜʚʘ 

ʦʪ ʢʦʠʪʦ ʩʘ ʢʦʤʧʣʝʤʝʥʪʘʨʥʠ. ʊʘʟʠ ʩʭʝʤʘ ʜʘʚʘ 

ʥʘʡ-ʛʦʣʷʤ ʙʨʦʡ ʚʘʨʠʘʥʪʠ ʥʘ ʚʣʠʟʘʱʠʪʝ ʚ ʥʝʷ 

ʮʚʝʪʦʚʝ. ɿʘ ʜʘ ʤʦʞʝ ʧʦ-ʣʝʩʥʦ ʜʘ ʩʝ ʙʘʣʘʥʩʠʨʘ 

ʧʨʘʚʦʲʛʲʣʥʘʪʘ ʩʭʝʤʘ, ʝʜʠʥ ʮʚʷʪ ʪʨʷʙʚʘ ʜʘ ʩʝ 

ʠʟʙʝʨʝ ʟʘ ʜʦʤʠʥʠʨʘʱ, ʘ ʦʩʪʘʥʘʣʠʪʝ ï ʟʘ 

ʩʧʦʤʘʛʘʪʝʣʥʠ. 
 

ʌʠʛʫʨʘ 9 ʍʘʨʤʦʥʠʯʥʘ ʧʨʘʚʦʲʛʲʣʥʘ ʩʭʝʤʘ 

ɼʀɿɸʁʅɽʈʉʂʀ ʇʈʆɽʂʊ 

ʈʘʟʨʘʙʦʪʝʥʘ ʝ ʘʚʪʦʨʩʢʘ ʢʦʣʝʢʮʠʷ ʜʘʤʩʢʦ ʝʞʝʜʥʝʚʥʦ ʦʙʣʝʢʣʦ ʚ ʩʪʠʣ ʢʦʣʦʨ ʙʣʦʢʠʥʛ ʩʲʦʙʨʘʟʥʦ 

ʧʝʨʩʧʝʢʪʠʚʥʠʪʝ ʤʦʜʥʠ ʪʝʥʜʝʥʮʠʠ ʟʘ 2022 ʛʦʜʠʥʘ. 

ʂʦʣʝʢʮʠʷʪʘ, ʥʦʩʝʱʘ ʠʤʝʪʦ ĂPLAY of COLORSñ (Ăʀʛʨʘ ʥʘ ʮʚʝʪʦʚʝñ) ʝ ʚʜʲʭʥʦʚʝʥʘ ʦʪ ʮʚʝʪʦ-

ʚʝʪʝ ʥʘ ʜʲʛʘʪʘ. ʂʨʘʩʦʪʘʪʘ, ʢʦʷʪʦ ʧʨʠʪʝʞʘʚʘ ʚʩʝʢʠ ʝʜʠʥ ʮʚʷʪ ʝ ʥʝʦʩʧʦʨʠʤʘ, ʥʦ ʧʨʘʚʠʣʥʦʪʦ ʠʤ ʩʲʯʝ-

ʪʘʥʠʝ ʜʘʚʘ ʟʘʚʲʨʰʝʥʦʩʪ ʥʘ ʮʷʣʦʩʪʥʘʪʘ ʢʘʨʪʠʥʘ. ʎʝʣʪʘ ʥʘ ʢʦʣʝʢʮʠʷʪʘ ʝ ʜʘ ʩʝ ʜʘʜʝ ʚʲʟʤʦʞʥʦʩʪ ʤʦ-

ʜʝʨʥʘʪʘ ʤʣʘʜʘ ʞʝʥʘ ʜʘ ʨʘʟʢʨʠʝ ʩʚʦʷʪʘ ʠʥʜʠʚʠʜʫʘʣʥʦʩʪ ʠ ʜʘ ʩʝ ʦʪʢʨʦʠ ʥʘ ʬʦʥʘ ʥʘ ʩʠʚʦʪʦ ʝʞʝʜʥʝ-

ʚʠʝ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʣʦʞʠʪʝʣʥʘʪʘ ʝʥʝʨʛʠʷ ʥʘ ʮʚʝʪʦʚʝʪʝ ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʘʪʨʘʢʪʠʚʥʠ ʠ ʩʤʝʣʠ 

ʮʚʝʪʦʚʠ ʢʦʤʙʠʥʘʮʠʠ ʚ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʘʚʪʦʨʩʢʠ ʤʦʜʝʣʠ.  

ʎʚʝʪʦʚʦʪʦ ʦʬʦʨʤʷʥʝ ʥʘ ʠʟʜʝʣʠʷʪʘ ʠʟʛ-

ʨʘʞʜʘ ʷʨʲʢ ʦʙʨʘʟ, ʧʨʠʚʣʠʯʘʱ ʧʦʛʣʝʜʠʪʝ ʥʘ 

ʦʢʦʣʥʠʪʝ, ʚʲʚ ʚʠʜ ʥʘ ʥʘʩʠʪʝʥʘ ʮʚʝʪʥʘ ʧʘʣʠʪʨʘ, 

ʚ ʢʦʷʪʦ ʚʩʝʢʠ ʦʪʪʝʥʲʢ ʝ ʧʨʝʜʩʪʘʚʝʥ ʯʨʝʟ ʦʪʯʝʪ-

ʣʠʚ ʮʚʝʪʝʥ ʙʣʦʢ. ʆʙʣʝʢʣʦʪʦ ʚ ʢʦʣʝʢʮʠʷ ʦʣʠʮʝʪ-

ʚʦʨʷʚʘ ʩʚʦʝʦʙʨʘʟʝʥ ʧʦʜʠʫʤ, ʢʲʜʝʪʦ ʞʝʥʘʪʘ ʨʘʟ-

ʢʨʠʚʘ ʠʩʪʠʥʩʢʘʪʘ ʩʠ ʩʲʱʥʦʩʪ ʥʘ ʩʪʠʣʥʘ, ʢʨʝʘ-

ʪʠʚʥʘ, ʝʥʝʨʛʠʯʥʘ ʠ ʘʪʨʘʢʪʠʚʥʘ ʥʘʪʫʨʘ, ʠʟʣʲʯ-

ʚʘʱʘ ʧʦʟʠʪʠʚʠʟʲʤ ʠ ʦʪʣʠʯʥʦ ʥʘʩʪʨʦʝʥʠʝ.  

ʌʠʛʫʨʘ 10 ʦʪʨʘʟʷʚʘ ʪʚʦʨʯʝʩʢʦʪʦ ʪʲʨʩʝʥʝ 

ʥʘ ʜʠʟʘʡʥʝʨʘ ʠ ʩʲʟʜʘʚʘʥʝ ʥʘ ʘʪʤʦʩʬʝʨʘʪʘ ʥʘ 

ʢʦʣʝʢʮʠʷʪʘ. 

ɸʩʦʨʪʠʤʝʥʪʥʠʷʪ ʨʝʜ (ʌʠʛʫʨʘ 11) ʚʢʣʶʯʚʘ 

ʰʠʨʦʢ ʩʧʝʢʪʲʨ ʦʪ ʠʟʜʝʣʠʷ ʟʘ ʣʝʪʥʠʷ ʩʝʟʦʥ ʚ 

ʠʟʪʝʛʣʝʥ ʧʦʣʫʚʪʘʣʝʥ ʩʠʣʫʝʪ: ʨʦʢʣʠ, ʧʦʪʥʠʮʠ, 

ʧʦʣʠ ʠ ʧʘʥʪʘʣʦʥʠ ʩ ʨʘʟʣʠʯʥʘ ʜʲʣʞʠʥʘ.  

 
 

ʌʠʛʫʨʘ 10 ɸʪʤʦʩʬʝʨʘ-ʢʘʨʪʘ ʥʘ ʢʦʣʝʢʮʠʷʪʘ 

ĂPLAY of COLORSñ 
ʉʪʠʣʦʚʦʪʦ ʨʝʰʝʥʠʝ ʥʘ ʢʦʣʝʢʮʠʷʪʘ ʩʝ ʩʲʩʪʦʠ ʚ ʫʜʦʙʩʪʚʦʪʦ, ʢʦʤʬʦʨʪʘ ʥʘ ʦʙʣʝʢʣʘʪʘ, ʢʦʠʪʦ ʩʘ 

ʩʨʘʚʥʠʪʝʣʥʦ ʣʝʢʠ ʠ ʥʝ ʩʪʝʩʥʷʚʘʪ ʜʚʠʞʝʥʠʷʪʘ. ʊʦʚʘ ʝ ʧʦʣʫʯʝʥʦ ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ 

ʤʝʞʜʫ ʩʪʠʣʘ ʢʦʣʦʨ ʙʣʦʢʠʥʛ ʠ ʠʟʧʦʣʟʚʘʥʠʪʝ ʪʝʢʩʪʠʣʥʠ ʤʘʪʝʨʠʘʣʠ. ʂʦʣʝʢʮʠʷʪʘ ʝ ʭʘʨʤʦʥʠʯʥʘ, ʥʦ 

ʥʦʩʠ ʚ ʩʝʙʝ ʩʠ ʜʠʥʘʤʠʢʘ ʠ ʨʠʪʲʤ. ʄʦʜʝʣʠʪʝ ʩʘ ʧʦʜʭʦʜʷʱʠ ʢʘʢʪʦ ʟʘ ʝʞʝʜʥʝʚʠʝʪʦ, ʪʘʢʘ ʠ ʟʘ ʩʣʝʜʦ-

ʙʝʜʥʠ ʩʨʝʱʠ ʠʣʠ ʢʫʣʪʫʨʥʠ ʧʨʦʷʚʠ ʠ ʚ ʪʷʭ ʜʘʤʘʪʘ ʱʝ ʙʲʜʝ ʥʝʧʦʚʪʦʨʠʤʘ ʠ ʟʘʧʦʤʥʷʱʘ ʩʝ.  
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ʌʠʛʫʨʘ 11 ʊʚʦʨʯʝʩʢʠ ʝʩʢʠʟʠ ʥʘ ʤʦʜʝʣʠʪʝ ʦʪ ʢʦʣʝʢʮʠʷʪʘ 

ʂʦʤʧʦʟʠʮʠʦʥʥʦʪʦ ʨʝʰʝʥʠʝ ʥʘ ʤʦʜʝʣʠʪʝ ʝ ʠʟʛʨʘʜʝʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʩʣʝʜʥʠʪʝ ʭʫʜʦʞʝʩʪʚʝʥʠ 

ʠʟʨʘʟʥʠ ʩʨʝʜʩʪʚʘ: ʩʠʤʝʪʨʠʷ, ʘʩʠʤʝʪʨʠʷ, ʨʠʪʲʤ, ʧʦʜʦʙʠʝ, ʢʦʥʪʨʘʩʪ [3]. 

ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦʩʪʪʘ ʚ ʨʘʟʤʝʨʠʪʝ ʥʘ ʬʦʨʤʘʪʘ ʝ ʧʦʩʪʠʛʥʘʪʘ ʭʘʨʤʦʥʠʯʥʦʩʪ ʥʘ 

ʭʫʜʦʞʝʩʪʚʝʥʦʪʦ ʨʝʰʝʥʠʝ.  

ʀʟʧʦʣʟʚʘʥʦ ʝ ʧʨʦʪʠʚʦʧʦʩʪʘʚʷʥʝ ʤʝʞʜʫ ʜʚʝ ʬʦʨʤʠ ï ʤʘʣʢʘ (ʚ ʢʦʨʩʘʞʘ) ʠ ʛʦʣʷʤʘ (ʚ ʧʦʣʘʪʘ).  

ʎʚʝʪʦʚʝʪʝ, ʠʟʛʨʘʞʜʘʱʠ ʙʣʦʢʦʚʦ ʤʦʜʝʣʠʪʝ, ʩʝ ʷʚʷʚʘʪ ʛʣʘʚʥʦʪʦ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ ʩʨʝʜʩʪʚʦ ʥʘ 

ʢʦʤʧʦʟʠʮʠʷʪʘ ʠ ʟʘʝʤʘʪ ʚʦʜʝʱʦ ʤʷʩʪʦ ʟʘ ʠʟʨʘʟʷʚʘʥʝ ʥʘ ʦʩʥʦʚʥʘʪʘ ʠʜʝʷ ʠ ʧʨʠʚʣʠʯʘʥʝ ʥʘ ʚʥʠʤʘʥʠʝ-

ʪʦ ʥʘ ʦʢʦʣʥʠʪʝ. ʎʚʝʪʦʚʠʪʝ ʢʦʤʙʠʥʘʮʠʠ ʩʘ ʤʝʞʜʫ ʥʝʦʥʦʚʠ ʠ ʧʦ-ʤʝʢʠ ʮʚʝʪʦʚʝ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʧʦ-

ʛʦʣʷʤ ʢʦʥʪʨʘʩʪ. ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʧʨʘʢʪʠʯʝʩʢʦʪʦ ʧʨʠʣʘʛʘʥʝ ʥʘ ʮʚʝʪʥʠʪʝ ʩʭʝʤʠ (ʢʦʤʧʣʝʤʝʥʪʘʨʥʘ 

ʭʘʨʤʦʥʠʷ, ʘʥʘʣʦʛʦʚʘ ʠ ʢʦʥʪʨʘʩʪʥʘ ʪʨʠʘʜʘ) ʝ ʧʦʩʪʠʛʥʘʪʦ ʭʘʨʤʦʥʠʯʥʦ ʩ̡ ʯʝʪʘʚʘʥʝ ʥʘ ʮʚʝʪʥʠʪʝ ʙʣʦ-

ʢʦʚʝ ʚʲʚ ʚʩʝʢʠ ʝʜʠʥ ʤʦʜʝʣ. 

ʂʲʤ ʢʦʥʩʪʨʫʢʪʠʚʥʠʪʝ ʦʩʦʙʝʥʦʩʪʠ ʥʘ ʨʘʟʨʘʙʦʪʝʥʘʪʘ ʢʦʣʝʢʮʠʷ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʦʪʥʝʩʝʥʠ: 

 ʩʝʤʧʣʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʙʝʟ ʠʟʣʠʰʥʠ ʜʝʢʦʨʘʮʠʠ ʩ ʬʠʢʩʠʨʘʥʘ ʥʘ ʝʩʪʝʩʪʚʝʥʦʪʦ ʩʠ ʤʷʩʪʦ ʣʠʥʠʷ 

ʥʘ ʪʘʣʠʷʪʘ; 

 ʢʦʨʩʘʞ ʩ ʤʠʥʠʤʘʣʥʠ ʧʨʠʙʘʚʢʠ ʟʘ ʩʚʦʙʦʜʘ; 

 ʜʝʢʦʣʪʝ: ʢʨʲʛʣʦ, V-ʦʙʨʘʟʥʦ, ʢʚʘʜʨʘʪʥʦ, ʧʨʘʚʦʲʛʲʣʥʦ ʠʣʠ ʪʠʧñʘʤʝʨʠʢʘʥʩʢʦñ; 

 ʪʨʘʧʝʮʦʚʠʜʥʘ ʠʣʠ ʧʨʘʚʦʲʛʲʣʥʘ ʬʦʨʤʘ ʧʨʠ ʧʦʣʠʪʝ ʠ ʧʘʥʪʘʣʦʥʠʪʝ; 

 ʧʦʜʯʝʨʪʘʚʘʥʝ ʥʘ ʨʘʤʝʥʥʠʷ ʧʦʷʩ ʯʨʝʟ ʩʢʲʩʷʚʘʥʝ ʥʘ ʣʠʥʠʷʪʘ ʥʘ ʨʘʤʦʪʦ; 

 ʥʘʣʠʯʠʝ ʥʘ ʚʝʨʪʠʢʘʣʥʠ, ʭʦʨʠʟʦʥʪʘʣʥʠ ʠʣʠ ʜʠʘʛʦʥʘʣʥʠ ʣʠʥʠʠ ʥʘ ʩʨʷʟʚʘʥʝ ʥʘ ʬʦʨʤʘʪʘ ʥʘ 

ʦʙʣʝʢʣʦʪʦ; 

 ʘʩʠʤʝʪʨʠʷ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʪʦ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʯʘʩʪ ʦʪ ʤʦʜʝʣʠʪʝ, ʧʨʠʜʘʚʘʱʦ ʜʠʥʘʤʠʢʘ ʥʘ 

ʬʦʨʤʘʪʘ, ʢʦʷʪʦ ʜʦʧʲʣʥʠʪʝʣʥʦ ʝ ʧʦʜʯʝʨʪʘʥʘ ʠ ʮʚʝʪʦʚʦ. 

 

ʈɸɿʈɸɹʆʊɺɸʅɽ ʅɸ ʂʆʅʉʊʈʋʂʊʆʈʉʂɸʊɸ ɼʆʂʋʄɽʅʊɸʎʀʗ ɿɸ ʆʉʅʆɺʅʀʗ 

ʄʆɼɽʃ ʆʊ ʂʆʃɽʂʎʀʗʊɸ 

ɸʢʮʝʥʪ ʚ ʢʦʣʝʢʮʠʷʪʘ ʝ ʜʘʤʩʢʘʪʘ ʨʦʢʣʷ ʄʦʜʝʣ 1, ʧʨʝʜʩʪʘʚʝʥʘ ʯʨʝʟ ʝʩʢʠʟ ʥʘ ʌʠʛʫʨʘ 12 ʠ ʪʝʭ-

ʥʠʯʝʩʢʦ ʦʧʠʩʘʥʠʝ, ʟʘ ʢʦʷʪʦ ʝ ʨʘʟʨʘʙʦʪʝʥ ʢʦʤʧʣʝʢʪ ʢʦʥʩʪʨʫʢʪʦʨʩʢʘ ʜʦʢʫʤʝʥʪʘʮʠʷ (ʦʩʥʦʚʥʘ ʢʦʥʩʪ-

ʨʫʢʮʠʷ, ʤʦʜʝʣʥʘ ʢʦʥʩʪʨʫʢʮʠʷ, ʨʘʙʦʪʥʠ ʰʘʙʣʦʥʠ). 
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ʌʠʛʫʨʘ 12 ɼʠʟʘʡʥ 

ʥʘ ʨʦʢʣʷ ʄʦʜʝʣ 1 

 ʊʝʭʥʠʯʝʩʢʦ ʦʧʠʩʘʥʠʝ ʥʘ ʄʆɼɽʃ 1 

ɼʘʤʩʢʘ ʨʦʢʣʷ ʙʝʟ ʨʲʢʘʚ, ʠʟʨʘʙʦʪʝʥʘ ʦʪ ʞʦʨʞʝʪ ʚ ʪʨʠ ʮʚʷʪʘ ʚ ʩʪʠʣ ʢʦʣʦʨ ʙʣʦ-

ʢʠʥʛ, ʩ ʜʲʣʞʠʥʘ ʤʘʣʢʦ ʥʘʜ ʣʠʥʠʷ ʥʘ ʢʦʣʷʥʦʪʦ, ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʟʘ ʤʣʘʜʠ ʜʘʤʠ 

ʟʘ ʩʚʦʙʦʜʥʦʪʦ ʚʨʝʤʝ. 

ʈʦʢʣʷʪʘ ʝ ʚ ʧʦʣʫʚʪʘʣʝʥ ʩʠʣʫʝʪ, ʩ ʭʦʨʠʟʦʥʪʘʣʥʦ ʩʨʷʟʚʘʥʝ ʧʦ ʣʠʥʠʷʪʘ ʥʘ ʪʘʣʠʷ-

ʪʘ, ʢʦʝʪʦ ʷ ʨʘʟʜʝʣʷ ʥʘ ʜʚʝ ʯʘʩʪʠ ï ʢʦʨʩʘʞ ʠ ʧʦʣʘ. 

ʇʨʝʜʥʘʪʘ ʯʘʩʪ ʥʘ ʢʦʨʩʘʞʘ ʝ ʩ ʚʝʨʪʠʢʘʣʥʠ ʥʘʢʣʦʥʝʥʠ ʨʝʣʝʬʠ ʦʪ ʨʲʢʘʚʥʘʪʘ 

ʠʟʚʠʚʢʘ ʠ ʮʝʥʪʨʘʣʝʥ ʜʝʪʘʡʣ, ʦʬʦʨʤʷʱ ʜʲʣʙʦʢʦ V-ʦʙʨʘʟʥʦ ʜʝʢʦʣʪʝ. ʃʠʥʠʷʪʘ 

ʥʘ ʨʘʤʦʪʦ ʝ ʩʢʲʩʝʥʘ.  

ɻʨ̡ʙʲʪ ʥʘ ʢʦʨʩʘʞʘ ʝ ʩʲʩ ʩʨʝʜʝʥ ʰʝʚ, ʩ ʚʝʨʪʠʢʘʣʥʠ ʥʘʢʣʦʥʝʥʠ ʨʝʣʝʬʠ ʦʪ ʨʲ-

ʢʘʚʥʘʪʘ ʠʟʚʠʚʢʘ ʠ ʜʚʘ ʮʝʥʪʨʘʣʥʠ ʜʝʪʘʡʣʘ, ʦʬʦʨʤʷʱʠ V-ʦʙʨʘʟʥʦ ʜʝʢʦʣʪʝ.  

ʇʦʣʘʪʘ ʝ ʧʨʘʚʘ, ʩʪʝʩʥʝʥʘ ʪʠʧ ʤʦʣʠʚ, ʩ ʪʘʣʠʡʥʠ ʩʚʠʚʢʠ. 

ɿʘʢʦʧʯʘʚʘʥʝʪʦ ʥʘ ʨʦʢʣʷʪʘ ʝ ʩʲʩ ʩʢʨʠʪ ʮʠʧ ʚ ʩʨʝʜʥʠʷ ʰʝʚ ʥʘ ʛʲʨʙʘ. 

ɺ ʣʝʚʠʷ ʨʘʤʝʥʝʥ ʰʝʚ ʝ ʧʨʠʰʠʪ ʜʝʢʦʨʘʪʠʚʝʥ ʜʝʪʘʡʣ ʦʪ ʢʨʝʧ-ʞʦʨʞʝʪ ʩ ʜʲʣʞʠ-

ʥʘ ʧʦʜ ʣʠʥʠʷ ʥʘ ʢʦʣʷʥʦʪʦ, ʢʦʡʪʦ ʩʝ ʩʧʫʩʢʘ ʜʠʘʛʦʥʘʣʥʦ, ʤʠʥʘʚʘ ʧʦʜ ʩʚʦʙʦʜʥʦ 

ʩʪʦʷʱ ʢʦʣʘʥ ʠ ʦʬʦʨʤʷ ʢʨʘʩʠʚ ʥʘʙʦʨ. 

 

ɿʘ ʠʟʨʘʙʦʪʢʘ ʥʘ ʄʦʜʝʣ 1 ʝ ʧʨʝʜʣʦʞʝʥʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʪʨʠ ʮʚʷʪʘ ʞʦʨʞʝʪ ï ʩʘʪʠʥʠʨʘʥ ʚ ʩʠʥʴʦ, 

ʤʘʪʦʚ ʚ ʨʦʟʦʚʦ ʠ ʢʨʝʧ-ʞʦʨʞʝʪ ʚ ʧʨʘʩʢʦʚʝʥʦ.  

ʀʟʙʦʨʲʪ ʥʘ ʪʦʟʠ ʪʝʢʩʪʠʣʝʥ ʤʘʪʝʨʠʘʣ ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ ʩʣʝʜʥʠʪʝ ʘʨʛʫʤʝʥʪʠ [2]: 

 ɾʦʨʞʝʪʲʪ ʝ ʫʥʠʢʘʣʝʥ, ʢʨʘʩʠʚ ʤʘʪʝʨʠʘʣ, ʣʝʩʝʥ ʟʘ ʠʟʧʦʣʟʚʘʥʝ. ʇʨʠ ʧʨʘʚʠʣʥʘ ʛʨʠʞʘ ʪʦʡ 

ʠʟʜʲʨʞʘ ʜʲʣʛʦ ʚʨʝʤʝ, ʙʝʟ ʜʘ ʛʫʙʠ ʜʝʢʦʨʘʪʠʚʥʠʷ ʩʠ ʚʠʜ. ʊʦʡ ʧʨʝʜʩʪʘʚʣʷʚʘ ʪʲʥʢʘ, ʝʣʘʩʪʠʯʥʘ, ʧʣʲʪʥʘ 

ʠʣʠ ʧʦʣʫʧʨʦʟʨʘʯʥʘ ʪʲʢʘʥ ʩʲʩ ʟʲʨʥʝʩʪʘ ʪʝʢʩʪʫʨʘ, ʭʘʨʘʢʪʝʨʝʥ ʙʣʷʩʲʢ, ʣʝʢʦ ʛʨʘʧʘʚʘ ʧʦʚʲʨʭʥʦʩʪ, 

ʝʩʪʝʩʪʚʝʥʘ ʝʣʘʩʪʠʯʥʦʩʪ. 

 ɾʦʨʞʝʪʲʪ ʩʝ ʧʨʦʠʟʚʝʞʜʘ ʥʝ ʩʘʤʦ ʦʪ 100% ʢʦʧʨʠʥʘ, ʥʦ ʠ ʦʪ ʚʠʩʢʦʟʘ ʠ ʜʨʫʛʠ ʠʟʢʫʩʪʚʝʥʠ ʠ 

ʩʠʥʪʝʪʠʯʥʠ ʥʠʰʢʠ. ʏʝʩʪʦ ʚ ʩʲʩʪʘʚʘ ʤʫ ʩʘ ʜʦʙʘʚʝʥʠ ʩʠʥʪʝʪʠʯʥʠ ʚʣʘʢʥʘ (ʥʘʧʨʠʤʝʨ ʧʦʣʠʝʩʪʝʨ), 

ʮʝʣʷʱʠ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʝʩʪʝʪʠʯʝʩʢʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

 ʇʦ ʣʝʢʦʪʘ ʤʘʪʝʨʠʷʪʘ ʥʘʧʦʜʦʙʷʚʘ ʩʘʪʝʥ, ʧʦ ʙʣʷʩʲʢ - ʢʦʧʨʠʥʘ, ʧʦ ʝʣʘʩʪʠʯʥʦʩʪ ʠ ʪʚʲʨʜʦʩʪ - 

ʦʨʛʘʥʟʘ, ʥʦ ʢʘʪʦ ʮʷʣʦ ʝ ʫʥʠʢʘʣʥʘ ʠ ʥʝʧʦʚʪʦʨʠʤʘ.  

 ɽʜʠʥ ʦʪ ʥʘʡ-ʯʝʩʪʦ ʩʨʝʱʘʥʠʪʝ ʚʘʨʠʘʥʪʠ, ʧʦ-ʝʚʪʠʥ ʦʪ ʢʦʧʨʠʥʘʪʘ, ʥʦ ʥʝ ʧʦ-ʤʘʣʢʦ ʝʬʝʢʪʝʥ, ʝ 

ʞʦʨʞʝʪ ʩ ʚʠʩʢʦʟʘ. ʉʲʩʪʘʚʲʪ ʥʘ ʪʲʢʘʥʠʪʝ ʚʢʣʶʯʚʘ ʚʠʩʢʦʟʘ ʠ ʜʨʫʛʠ ʢʦʤʧʦʥʝʥʪʠ, ʢʘʪʦ ʧʦʣʠʝʩʪʝʨ, 

ʢʦʝʪʦ ʜʦʙʘʚʷ ʟʜʨʘʚʠʥʘ ʠ ʠʟʜʨʲʞʣʠʚʦʩʪ. 

ɺ ʨʦʣʷʪʘ ʥʘ ʙʘʟʦʚʘ ʦʩʥʦʚʘ ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʄʦʜʝʣ 1 ʝ ʠʟʧʦʣʟʚʘʥʘ ʠʟʭʦʜʥʘʪʘ 

ʤʦʜʝʣʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʩʘʷ [9] ʟʘ ʩʪʘʥʜʘʨʪʝʥ ʪʠʧʦʨʘʟʤʝʨ 164-92-100 ʧʦ ʦʙʤʝʨʥʠ ʜʘʥʥʠ ʩʲʛʣʘʩʥʦ 

ɹɼʉ 8371-89 [1].  

ɺʩʠʯʢʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠ ʯʝʨʪʝʞʠ ʩʘ ʠʟʧʲʣʥʝʥʠ ʚ ʫʥʠʚʝʨʩʘʣʥʘ CAD ʩʠʩʪʝʤʘ [10], ʢʦ̫ʪʦ ʝ ʧʦʜ-

ʭʦʜʷʱʘ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʚʲʚ ʚʩʠʯʢʠ ʝʪʘʧʠ ʥʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʪʘ ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʤʦʜʝʣʠʪʝ. 

ʅʘ ʌʠʛʫʨʘ 13 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʤʦʜʝʣʥʘʪʘ ʨʘʟʨʘʙʦʪʢʘ ʥʘ ʨʦʢʣʷʪʘ. 

ʅʘ ʌʠʛʫʨʘ 14 ʝ ʧʨʝʜʩʪʘʚʝʥ ʠʟʨʘʙʦʪʝʥʠʷʪ ʦʪ ʤʘʪʝʨʠʘʣ ʜʠʟʘʡʥʝʨʩʢʠ ʧʨʦʝʢʪ. 
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ʌʠʛʫʨʘ 13 ʄʦʜʝʣʠʨʘʥʝ ʥʘ ʨʦʢʣʷ ʄʦʜʝʣ 1 

 
ʌʠʛʫʨʘ 14 ɼʠʟʘʡʥʝʨʩʢʠ ʧʨʦʝʢʪ, ʨʝʘʣʠʟʠʨʘʥ 

ʚ ʤʘʪʝʨʠʘʣ 

 

ɿɸʂʃʖʏɽʅʀɽ 

ʉʪʠʣʲʪ ʢʦʣʦʨ ʙʣʦʢʠʥʛ ʝ ʠʩʪʠʥʩʢʘ ʥʘʭʦʜʢʘ ʟʘ ʜʘʤʠʪʝ, ʢʦʠʪʦ ʥʝ ʧʦʥʘʩʷʪ ʩʠʚʦʪʘʪʘ ʥʘ ʝʞʝʜʥʝ-

ʚʠʝʪʦ ʠ ʩʘ ʛʦʪʦʚʠ ʜʘ ʩʝ ʦʪʜʝʣʷʪ ʦʪ ʦʙʱʘʪʘ ʤʘʩʘ, ʟʘʷʚʷʚʘʡʢʠ ʟʘ ʩʚʦʷʪʘ ʠʥʜʠʚʠʜʫʘʣʥʦʩʪ.  

ɽʜʠʥʩʪʚʝʥʦ ʯʨʝʟ ʨʘʟʜʝʣʷʥʝ ʥʘ ʤʦʜʝʣʥʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʙʣʦʢʦʚʝ ʩ ʨʘʟʣʠʯʥʘ ʥʝʩʣʦʞʥʘ ʛʝʦ-

ʤʝʪʨʠʯʥʘ ʬʦʨʤʘ ʠ ʧʨʘʚʠʣʥʦʪʦ ʠʤ ʩʲʯʝʪʘʚʘʥʝ ʮʚʝʪʦʚʦ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʦʩʪʠʛʥʘʪ ʪʲʨʩʝʥʠʷ ʝʬʝʢʪ ʟʘ 

ʘʪʨʘʢʪʠʚʥʦʩʪ ʥʘ ʢʦʩʪʶʤʘ. ʆʙʣʝʢʣʦʪʦ ʚ ʩʪʠʣ ʢʦʣʦʨ ʙʣʦʢʠʥʛ ʤʦʞʝ ʫʜʘʯʥʦ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʩʲʟʜʘ-

ʚʘʥʝ ʥʘ ʧʦʜʭʦʜʷʱʠ ʦʧʪʠʯʥʠ ʠʣʶʟʠʠ. 

ʈʝʟʫʣʪʘʪ ʦʪ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʜʠʟʘʡʥʝʨʩʢʠʷ ʧʨʦʝʢʪ ʝ ʠʟʨʘʙʦʪʝʥʘʪʘ ʚ ʤʘʪʝʨʠʘʣ ʘʚʪʦʨʩʢʘ ʨʦʢ-

ʣ,̫ ʢʦʷʪʦ ʦʪʨʘʟʷʚʘ ʭʘʨʤʦʥʠʯʥʦʪʦ ʩʲʯʝʪʘʥʠʝ ʤʝʞʜʫ ʨʦʜʩʪʚʝʥʦ-ʢʦʥʪʨʘʩʪʥʠ ʮʚʝʪʦʚʝ ʯʨʝʟ ʢʦʤʙʠʥʠ-

ʨʘʥʝ ʥʘ ʪʨʠ ʮʚʷʪʘ ʞʦʨʞʝʪ ï ʩʘʪʠʥʠʨʘʥ ʚ ʩʠʥʴʦ, ʤʘʪʦʚ ʚ ʨʦʟʦʚʦ ʠ ʢʨʝʧ ʞʦʨʞʝʪ ʚ ʧʨʘʩʢʦʚʝʥʦ.  

 

REFERENCES: 

[1] BDS 8371-89: Obleklo shevno. Tipovi fugyri za jeni i tehnite razmerni priznaci, (1989). 

[2] Charalambus A., (2019), Tekstilno materialoznanie, Agencia Kompas, Sliven, s. 160, ISBN: 978-954-

8558-34-1. 

[3] Dimitrova-Popska, Proektirane na obleklo, ĂTehnikañ, Sofia, 2001. 

[4]<https://ru.wikipedia.org/wiki/ʄʦʥʜʨʠʘʥ_(ʧʣʘʪʴʝ)#cite_note-:1-1, 2022 (accessed .09.22). 

[5]<https://bg.wikipedia.org/wiki/ʇʠʡʪ_ʄʦʥʜʨʠʘʥ, 2022 (accessed .09.22). 

[6]<https://www.glamurnenko.ru/blog/modnye-trendy-sezona/#i-8, 2022 (accessed .09.22). 

[7]<https://mylitta.ru/5029-solor-block-trend.html, 2022 (accessed .09.22). 

[8]<https://obliqo.ru/stil-kolor-blok-v-odezhde/, 2022 (accessed .09.22). 

[9] Sivova M., V. Ganev, (2021), Design of sayan national costume through modern construction 

methods, Announcements of Union of scientists Sliven, vol. 36 (1), 97-102, ISSN: 1311. 

[10] Sivova M., (2017), Konstryirane i modelirane na obleklo s CAD sistemi, Agencia Kompas, Sliven, s. 

160, ISBN: 978-954-8558-31-0. 

 

  



 

 

ISSN: 1311 2864, volume 35 (1), 2020                      ISSN: 1311 2864, ʪʦʤ 35 (1), 2020 

Union of scientists in Bulgaria - branch Sliven ʉʲʶʟ ʥʘ ʫʯʝʥʠʪʝ ʚ ɹʲʣʛʘʨʠʷ - ʢʣʦʥ ʉʣʠʚʝʥ 

ʀʟʚʝʩʪʠʷ ʥʘ       Announcements of  

ʉʲʶʟʘ ʥʘ ʫʯʝʥʠʪʝ      Union of Scientists  

ʉʣʠʚʝʥ, ʪʦʤ 37 (2), 2022     Sliven, vol. 37 (2), 2022 

131  

 

EXPERIMENTAL DETERMINATION OF THE REACTION  TIME OF A VEHICLE DRIVER 

IN AN EMERGENCY SITUATION  

 

Stanimir Karapetkov  1, Angel Krastev2* 

e-mail: skarapetkov@tu-sofia.bg 1,  a_krastev@tu-sofia.bg 2* (corresponding author) 

 
Abstract: In the present work, an experimental system for investigating the driver's reaction time during emer-

gency braking in real conditions is described. For this purpose, a research methodology was developed and its 

implementation with experimental equipment implemented in a motor vehicle. 
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ɽʂʉʇɽʈʀʄɽʅʊɸʃʅʆ ʆʇʈɽɼɽʃʗʅɽ ʅɸ ɺʈɽʄɽʊʆ ɿɸ ʈɽɸʂʎʀʗ ʅɸ ɺʆɼɸʏ ʅɸ ʄʇʉ 

ɺ ɸɺɸʈʀʁʅɸ ʉʀʊʋɸʎʀʗ 

 

ʉʪʘʥʠʤʠʨ ʂʘʨʘʧʝʪʢʦʚ 1, ɸʥʛʝʣ ʂʨʲʩʪʝʚ 2* 
1ʊʋ ï ʉʦʬʠʷ, ʌʘʢʫʣʪʝʪ ʠ ʂʦʣʝʞ ï ʉʣʠʚʝʥ, e-mail: skarapetkov@tu-sofia.bg 

2* ʊʋ ï ʉʦʬʠʷ, ʂʦʣʝʞ ï ʉʣʠʚʝʥ, e-mail: a_krastev@tu-sofia.bg (ʢʦʨʝʩʧʦʥʜʠʨʘʱ ʘʚʪʦʨ) 

 
1. ɸʂʊʋɸʃʅʆʉʊ ʅɸ ʇʈʆɹʃɽʄɸ 

ɺʠʜʥʦ ʦʪ ʩʪʘʪʠʩʪʠʢʘʪʘ [8] ʟʘ ʧʝʨʠʦʜʘ 01.01.2022 ï 31.07.2022 ʥʘ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʩʪʨʘʥʘʪʘ ʩʘ 

ʥʘʩʪʲʧʠʣʠ 3556 ʪʝʞʢʠ ʧʲʪʥʦʪʨʘʥʩʧʦʨʪʥʠ ʧʨʦʠʟʰʝʩʪʚʠʷ (ʊʇʊʇ), ʧʨʠ ʢʦʠʪʦ ʩʘ ʟʘʛʠʥʘʣʠ 287 ʠ ʩʘ 

ʨʘʥʝʥʠ 4450 ʫʯʘʩʪʥʠʮʠ ʚ ʜʚʠʞʝʥʠʝʪʦ. ʅʘʡ ï ʤʥʦʛʦ ʊʇʊʇ ʩʘ ʥʘʩʪʲʧʠʣʠ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʠʟʚʲʨʰʝʥʠ 

ʥʘʨʫʰʝʥʠʷ ʦʪ ʚʦʜʘʯʠʪʝ ï 3468 (98% ʦʪ ʚʩʠʯʢʠ ʊʇʊʇ), ʧʨʠ ʢʦʠʪʦ ʩʘ ʟʘʛʠʥʘʣʠ 277 ʠ ʩʘ ʨʘʥʝʥʠ 4356 

ʫʯʘʩʪʥʠʮʠ ʚ ʜʚʠʞʝʥʠʝʪʦ ʧʦ ʧʲʪʠʱʘʪʘ. ʇʨʝʟ ʠʟʤʠʥʘʣʠʪʝ ʥʷʢʦʣʢʦ ʛʦʜʠʥʠ ʥʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʩʲʱʝʩʪ-

ʚʝʥʘ ʨʘʟʣʠʢʘ ʚ ʜʘʥʥʠʪʝ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʙʨʦʷ ʥʘ ʊʇʊʇ ʥʘʩʪʲʧʠʣʠ ʧʦ ʚʠʥʘ ʥʘ ʚʦʜʘʯʘ. ʆʪ ʪʫʢ ʩʣʝʜ-

ʚʘ ʜʘ ʩʝ ʢʘʞʝ, ʯʝ ʚ ʦʩʥʦʚʘʪʘ ʥʘ ʧʦ ï ʛʦʣʷʤʘʪʘ ʯʘʩʪ ʦʪ ʧʨʠʯʠʥʠʪʝ ʟʘ ʥʘʩʪʲʧʚʘʥʝ ʥʘ ʇʊʇ ʝ ʣʠʯʥʦʩʪ-

ʥʠʷ ʬʘʢʪʦʨ, ʘ ʠʤʝʥʥʦ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʚʦʜʘʯʘ. ʆʪ ʛʣʝʜʥʘ ʪʦʯʢʘ ʥʘ ʙʝʟʦ-

ʧʘʩʥʦʩʪʪʘ ʥʘ ʜʚʠʞʝʥʠʝʪʦ ʝʜʥʦ ʦʪ ʥʘʡ ï ʚʘʞʥʠʪʝ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʥʠ ʢʘʯʝʩʪʚʘ ʥʘ ʚʦʜʘʯʘ ʝ ʚʨʝʤʝʪʦ 

ʟʘ ʨʝʘʢʮʠʷ. 

ʎʝʣʪʘ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ ʥʘ ʚʦʜʘʯ ʥʘ 

ʄʇʉ ʚ ʘʚʘʨʠʡʥʘ ʩʠʪʫʘʮʠʷ. 

2. ʀɿʃʆɾɽʅʀɽ 

ɿʘ ʘʥʘʣʠʟʘ ʥʘ ʇʊʇ ʥʝʦʙʭʦʜʠʤ ʠ ʦʩʥʦʚʝʥ ʜʦʢʫʤʝʥʪ ʩʝ ʷʚʷʚʘ ʘʚʪʦʪʝʭʥʠʯʝʩʢʘʪʘ ʝʢʩʧʝʨʪʠʟʘ. 

ɽʜʠʥ ʦʪ ʠʟʭʦʜʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʧʨʠ ʠʟʯʠʩʣʝʥʠʷʪʘ ʝ ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ ʥʘ ʚʦʜʘʯʘ ʥʘ ʄʇʉ ʚ ʦʧʘʩʥʘ 

ʩʠʪʫʘʮʠʷ, ʢʦʝʪʦ ʚʣʠʷʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʠ ʝ ʦʪ ʟʥʘʯʝʥʠʝ ʧʨʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʨʘʟʩʪʦʷ-

ʥʠʝʪʦ ʥʘ ʜʚʠʞʝʥʠʝ ʜʦ ʩʧʠʨʘʥʝʪʦ ʤʫ. ʇʨʘʢʪʠʢʘʪʘ ʧʦʢʘʟʚʘ, ʯʝ ʪʦʟʠ ʧʘʨʘʤʝʪʲʨ ʩʝ ʦʧʨʝʜʝʣʷ ʥʝ ʝʢʩʧʝ-

ʨʠʤʝʥʪʘʣʥʦ, ʘ ʢʘʪʦ ʧʨʘʚʠʣʦ ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʪʘʙʣʠʯʥʠ ʩʪʦʡʥʦʩʪʠ, ʧʦʣʫʯʝʥʠ ʚ ʧʨʝʜʠʰʥʠ ʚʨʝʤʝ-

ʥʘ. ɺ ʨʘʟʣʠʯʥʠʪʝ ʝʚʨʦʧʝʡʩʢʠ ʩʪʨʘʥʠ ʜʦʧʫʩʪʠʤʠ ʥʦʨʤʠ ʦʪʥʦʩʥʦ ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ ʥʘ ʚʦʜʘʯʘ ʩʘ 

ʨʘʟʣʠʯʥʠ. ʉʧʦʨʝʜ ʘʚʪʦʨ [4] ʚ ʟʘʧʘʜʥʦʝʚʨʦʧʝʡʩʢʠʪʝ ʩʪʨʘʥʠ, ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ ʚ ʛʨʘʜʩʢʠ ʫʩʣʦʚʠʷ ʝ 

ʧʨʠʝʪʦ ʜʘ ʙʲʜʝ 0,75 s., ʘ ʠʟʚʲʥ ʛʨʘʜʘ ï 2,5 s., ʘ ʩʧʦʨʝʜ ʘʚʪʦʨʠʪʝ [4, 5, 6]. ʚ ʏʝʭʠʷ ʠ ʉʣʦʚʘʢʠʷ ʚʨʝʤʝ-

ʪʦ ʟʘ ʨʝʘʢʮʠʷʪʘ ʧʨʠ ʩʧʠʨʘʥʝ ʝ ʦʢʦʣʦ 0,6õ0,8 ʩʝʢ, ʟʘ ʨʘʟʩʝʷʥ ʰʦʬʴʦʨ ʩʝ ʫʚʝʣʠʯʘʚʘ ʜʦ 1,1õ1,7 s. ɺ 

ʨʘʟʨʘʙʦʪʢʘ[5] ʩʝ ʪʚʲʨʜʠ, ʯʝ ʚ ʋʢʨʘʡʥʘ ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ ʧʨʠ ʘʚʘʨʠʡʥʦ ʩʧʠʨʘʥʝ ʝ ʧʨʠʝʪʦ ʦʢʦʣʦ 

1,16 s., ʘ ʚ ʨʘʙʦʪʘ [2] ʝ ʫʩʪʘʥʦʚʝʥʦ, ʯʝ ʟʘ ʚʨʝʤʝ ʥʘ ʨʝʘʢʮʠʷ ʥʘ ʚʦʜʘʯʘ ʥʘ ʄʇʉ ʩʝ ʧʨʠʝʤʘ ʯʠʩʣʦʪʦ 

1,5 s.  

ʊʝʟʠ ʜʘʥʥʠ ʥʝ ʦʪʛʦʚʘʨʷʪ ʥʘ ʩʣʦʞʥʦʩʪʪʘ ʥʘ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʚʦʜʘʯʘ, ʟʘʚʠʩʝʱʦ ʦʪ ʛʦʣʷʤ ʙʨʦʡ 

ʧʨʦʤʝʥʣʠʚʠ (ʤʥʦʛʦ ʬʘʢʪʦʨʠ). ʊʦʚʘ ʧʨʘʚʠ ʥʘʣʦʞʠʪʝʣʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʚʨʝʤʝʪʦ 

ʟʘ ʨʝʘʢʮʠʷ ʥʘ ʚʦʜʘʯʘ ʩ ʦʪʯʠʪʘʥʝ ʥʘ ʥʷʢʦʠ ʦʪ ʤʥʦʞʝʩʪʚʦʪʦ ʬʘʢʪʦʨʠ. 

ɺ ʣʠʪʝʨʘʪʫʨʥʠʪʝ ʠʟʪʦʯʥʠʮʠ ʩʝ ʧʨʝʜʣʘʛʘʪ ʨʘʟʣʠʯʥʠ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ. ʉʧʦ-

ʨʝʜ ʘʚʪʦʨʠʪʝ ʥʘ [1,9] ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ ʚʢʣʶʯʚʘ ʩʣʝʜʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ: 

mailto:skarapetkov@tu-sofia.bg
mailto:a_krastev@tu-sofia.bg
mailto:skarapetkov@tu-sofia.bg
mailto:a_krastev@tu-sofia.bg
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¶ ɺʨʝʤʝʪʦ ʟʘ ʚʲʟʧʨʠʝʤʘʥʝ ʥʘ ʦʧʘʩʥʦʩʪʪʘ, ʢʦʷʪʦ ʚʢʣʶʯʚʘ ʩʣʝʜʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ: 

ʉʝʪʠʚʥʦ ʚʨʝʤʝ, ʚʨʝʤʝʪʦ ʟʘ ʢʦʝʪʦ ʚʦʜʘʯʲʪ ʫʩʝʱʘ ʯʨʝʟ ʩʝʪʠʚʘʪʘ ʩʠ ʩʠʛʥʘʣʘ ʟʘ ʦʧʘʩʥʦʩʪ /ʟʘʙʝʣʷʟʚʘ 

ʠʣʠ ʯʫʚʘ ʩʠʛʥʘʣʘ/. ʊʦʚʘ ʚʨʝʤʝ ʟʘʚʠʩʠ ʦʪ ʚʥʠʤʘʥʠʝʪʦ ʥʘ ʚʦʜʘʯʘ, ʥʝʛʦʚʘʪʘ ʩʲʩʨʝʜʦʪʦʯʝʥʦʩʪ, ʦʪ ʧʲʪ-

ʥʘʪʘ ʦʙʩʪʘʥʦʚʢʘ, ʦʩʚʝʪʝʥʦʩʪ, ʨʘʟʤʝʨʠ ʠ ʢʦʥʪʨʘʩʪ ʥʘ ʦʙʝʢʪʘ; ɺʨʝʤʝ ʟʘ ʚʲʟʧʨʠʝʤʘʥʝ ʥʘ ʦʙʝʢʪʘ ʠ 

ʦʮʝʥʢʘ ʥʘ ʦʧʘʩʥʦʩʪʪʘ. ɿʘʚʠʩʠ ʦʪ ʦʧʠʪʘ ʠ ʧʩʠʭʠʯʝʩʢʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʚʦʜʘʯʘ; ɺʨʝʤʝ ʟʘ ʨʝʰʝʥʠʝ 

ʢʘʢʚʠ ʜʝʡʩʪʚʠʷ ʜʘ ʧʨʝʜʧʨʠʝʤʝ. ɿʘʚʠʩʠ ʦʪ ʦʧʠʪʘ, ʩʲʩʨʝʜʦʪʦʯʝʥʦʩʪʪʘ, ʩʘʤʦʥʘʜʝʷʥʦʩʪʪʘ, ʯʫʚʩʪʚʦʪʦ 

ʟʘ ʧʨʝʜʧʘʟʣʠʚʦʩʪ ʥʘ ʚʦʜʘʯʘ;  

¶ ɺʨʝʤʝʪʦ ʟʘ ʜʚʠʞʝʥʠʝ ʘʚʪʦʨʲʪ ʨʘʟʜʝʣʷ ʥʘ ʜʚʝ ʠ ʛʦ ʧʨʠʝʤʘ ʩ ʦʧʨʝʜʝʣʝʥʠ ʩʪʦʡʥʦʩʪʠ: ɺʨʝʤʝ 

ʟʘ ʧʨʝʥʘʩʷʥʝ ʥʘ ʢʨʘʢʘ ʦʪ ʧʝʜʘʣʘ ʥʘ ʛʘʟʪʘ ʜʦ ʩʧʠʨʘʯʥʠʷ ʧʝʜʘʣ ʝ ʦʢʦʣʦ 0.2 s.; ɺʨʝʤʝ ʟʘ ʟʘʚʲʨʪʘʥʝ ʥʘ 

 

ɺ ʪʘʟʠ ʨʘʟʨʘʙʦʪʢʘ [1] ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ ʥʘ ʚʦʜʘʯʘ ʩʝ ʧʨʠʝʤʘ ʩ ʦʧʨʝʜʝʣʝʥʠ ʩʪʦʡʥʦʩʪʠ, ʟʘʚʠ-

ʩʝʱʠ ʦʪ ʩʲʩʪʦʷʥʠʝʪʦ ʠ ʚʲʟʨʘʩʪʪʘ ʥʘ ʚʦʜʘʯʘ ʥʘ ʄʇʉ ʠ ʦʪ ʭʘʨʘʢʪʝʨ ʥʘ ʦʧʘʩʥʦʩʪʪʘ. 

ɺ ʨʘʙʦʪʘ [2] ʩʘ ʧʦʩʦʯʝʥʠ ʩʣʝʜʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʟʘ ʚʨʝʤʝʪʦ ʥʘ ʨʝʘʢʮʠʷ: 

Å ɺʨʝʤʝ ʟʘ ʫʤʩʪʚʝʥʘ ʦʙʨʘʙʦʪʢʘ: ʪʦʚʘ ʝ ʚʨʝʤʝʪʦ, ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʚʦʜʘʯʘ ʥʘ ʄʇʉ ʜʘ ʫʩʝʪʠ 

ʚʲʟʥʠʢʥʘʣʠʷ ʩʠʛʥʘʣ ʠ ʜʘ ʚʟʝʤʝ ʨʝʰʝʥʠʝ ʟʘ ʦʪʛʦʚʦʨ. ɺʨʝʤʝʪʦ ʟʘ ʫʤʩʪʚʝʥʘ ʦʙʨʘʙʦʪʢʘ, ʘʚʪʦʨʲʪ ʨʘʟ-

ʜʝʣʷ ʥʘ ʯʝʪʠʨʠ ʧʦʜʝʪʘʧʘ: 

- ʋʩʝʱʘʥʝ: ʚʨʝʤʝʪʦ, ʥʝʦʙʭʦʜʠʤʦ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ ʩʝʥʟʦʨʥʠʷ ʚʭʦʜ (ʚʠʟʫʘʣʝʥ, ʩʣʫʭʦʚ ʩʠʛʥʘʣ 

ʠ ʜʨ.). 

- ɺʲʟʧʨʠʷʪʠʝ/ʨʘʟʧʦʟʥʘʚʘʥʝ: ʚʨʝʤʝʪʦ, ʥʝʦʙʭʦʜʠʤʦ ʟʘ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʟʥʘʯʝʥʠʝʪʦ ʥʘ ʫʩʝʱʘ-

ʥʝʪʦ (ʯʦʚʝʢ, ʘʚʪʦʤʦʙʠʣ ʠ ʜʨ.) 

- ʉʠʪʫʘʮʠʦʥʥʦ ʦʩʲʟʥʘʚʘʥʝ: ʚʨʝʤʝʪʦ, ʥʝʦʙʭʦʜʠʤʦ ʟʘ ʨʘʟʧʦʟʥʘʚʘʥʝ ʠ ʦʩʲʟʥʘʚʘʥʝ ʥʘ ʩʠʪʫʘʮʠ-

ʷʪʘ, ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʧʦʩʣʝʜʚʘʱʠ ʜʝʡʩʪʚʠʷ (ʦʩʲʟʥʘʚʘʥʝ ʢʘʢʚʦ ʩʝ ʩʣʫʯʚʘ ʠ ʢʘʢʚʦ ʱʝ ʩʝ ʩʣʫʯʠ ʩʣʝʜ 

ʪʦʚʘ). 

- ʀʟʙʦʨ ʥʘ ʨʝʘʢʮʠʷ ʠ ʧʨʦʛʨʘʤʠʨʘʥʝ: ʚʨʝʤʝʪʦ, ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʨʝʰʠ ʢʘʢʚʦ ʜʝʡʩʪʚʠʝ ʜʘ ʩʝ 

ʧʨʝʜʧʨʠʝʤʝ ʠ ʤʠʩʣʝʥʦ ʜʘ ʩʝ ʧʨʦʛʨʘʤʠʨʘ ʜʚʠʞʝʥʠʝʪʦ. 

Å ɺʨʝʤʝ ʟʘ ʜʚʠʞʝʥʠʝ. ɺʨʝʤʝ ʟʘ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʥʝʦʙʭʦʜʠʤʦʪʦ ʤʫʩʢʫʣʥʦ ʜʚʠʞʝʥʠʝ. 

Å ɺʨʝʤʝ ʟʘ ʨʝʘʢʮʠʷ ʥʘ ʫʩʪʨʦʡʩʪʚʦʪʦ. ʄʝʭʘʥʠʯʥʠʪʝ ʫʩʪʨʦʡʩʪʚʘ ʦʪʥʝʤʘʪ ʚʨʝʤʝ, ʟʘ ʜʘ ʩʝ ʟʘ-

ʜʝʡʩʪʚʘʪ, ʜʦʨʠ ʩʣʝʜ ʢʘʪʦ ʨʝʘʛʠʨʘʱʠʷʪ ʝ ʜʝʡʩʪʚʘʣ. 

ɺ ʨʘʙʦʪʘ [7] ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ ʥʘ ʚʦʜʘʯʘ tp ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʢʘʪʦ ʩʫʤʘ ʦʪ ʩʣʝʜʥʠʪʝ ʚʨʝʤʝʥʘ: 

ὸ  ï Ăʚʨʝʤʝ ʥʘ ʚʲʟʧʨʠʝʤʘʥʝñ ï ʚʨʝʤʝʪʦ ʦʪ ʧʦʷʚʘʪʘ ʥʘ ʦʧʘʩʥʦʩʪʪʘ ʚ ʟʨʠʪʝʣʥʦʪʦ ʧʦʣʝ ʥʘ ʚʦʜʘʯʘ ʜʦ 

ʚʲʟʧʨʠʝʤʘʥʝʪʦ ʠ ʨʘʟʧʦʟʥʘʚʘʥʝʪʦ ʠ ʦʪ ʚʦʜʘʯʘ (ʧʨʝʤʠʥʘʚʘʥʝ ʥʘ ʠʥʬʦʨʤʘʮʠʷʪʘ ʚ ʤʦʟʲʢʘ); ὸ  ï Ăʚʨʝ-

ʤʝ ʥʘ ʘʥʘʣʠʟʠʨʘʥʝñ ï ʚʨʝʤʝʪʦ ʦʪ ʚʲʟʧʨʠʝʤʘʥʝʪʦ ʜʦ ʚʟʝʤʘʥʝʪʦ ʥʘ ʨʝʰʝʥʠʝ ʟʘ ʚʠʜʘ ʥʘ ʨʝʘʢʮʠʷʪʘ; ὸ  

ï ñʚʨʝʤʝ ʥʘ ʤʦʪʦʨʥʘ ʨʝʘʢʮʠʷñ ï ʚʨʝʤʝʪʦ ʥʘ ʧʨʝʤʝʩʪʚʘʥʝ ʥʘ ʢʨʘʢʘ ʦʪ Ăʧʝʜʘʣʘ ʥʘ ʛʦʨʠʚʦʧʦʜʘʚʘʥʝʪʦñ 

ʥʘ Ăʧʝʜʘʣ ʥʘ ʩʧʠʨʘʯʢʘʪʘñ.  

ὸ ὸ  ï ʫʤʩʪʚʝʥʘ ʨʝʘʢʮʠʷ, ʘ ὸ  ï ʤʦʪʦʨʥʘ ʨʝʘʢʮʠʷ. 

ɺ ʨʘʙʦʪʘ [1] ʠ [9] ʩʘ ʜʝʬʠʥʠʨʘʥʠ ʧʦʥʷʪʠʷʪʘ Ăʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ ʥʘ ʚʦʜʘʯʘñ ʠ Ăʚʠʜʦʚʝʪʝ 

ʦʧʘʩʥʦʩʪʠñ, ʢʦʠʪʦ ʱʝ ʙʲʜʘʪ ʧʨʠʣʦʞʝʥʠ ʚ ʥʘʩʪʦʷʱʘʪʘ ʨʘʟʨʘʙʦʪʢʘ. 

Å ɺʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ ʥʘ ʚʦʜʘʯʘ ʧʨʝʜʩʪʘʚʣʷʚʘ ʠʥʪʝʨʚʘʣʲʪ ʦʪ ʚʨʝʤʝ ʦʪ ʤʦʤʝʥʪʘ ʥʘ ʚʲʟʧʨʠʝ-

ʤʘʥʝ ʦʪ ʚʦʜʘʯʘ ʥʘ ʩʠʛʥʘʣ ʟʘ ʦʧʘʩʥʦʩʪ ʜʦ ʤʦʤʝʥʪʘ ʥʘ ʥʘʯʘʣʦʪʦ ʥʘ ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʤʫ ʚʲʨʭʫ ʦʨʛʘʥʠʪʝ 

ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʄʇʉ ï ʩʧʠʨʘʯʝʥ ʧʝʜʘʣ, ʚʦʣʘʥ ʠ ʜʨ. ʉʠʛʥʘʣʲʪ ʟʘ ʦʧʘʩʥʦʩʪ ʥʘʡ-ʯʝʩʪʦ ʧʨʝʜʩʪʘʚʣʷ-

ʚʘ ʟʨʠʪʝʣʥʦ ʚʲʟʧʨʠʷʪʠʝ ï ʧʦʷʚʘ ʚ ʧʦʣʝʟʨʝʥʠʝʪʦ ʥʘ ʚʦʜʘʯʘ ʥʘ ʦʙʝʢʪ, ʩʲʟʜʘʚʘʱ ʦʧʘʩʥʦʩʪ ʟʘ ʜʚʠʞʝ-

ʥʠʝʪʦ ï ʧʝʰʝʭʦʜʝʮ, ʧʨʝʧʷʪʩʪʚʠʝ ʥʘ ʧʣʘʪʥʦʪʦ, ʜʨʫʛ ʘʚʪʦʤʦʙʠʣ ʠ ʪ.ʥ. ʉʠʛʥʘʣʲʪ ʟʘ ʦʧʘʩʥʦʩʪ ʤʦʞʝ ʜʘ 

ʙʲʜʝ ʩʲʱʦ ʩʣʫʭʦʚʦ ʚʲʟʧʨʠʷʪʠʝ ï ʩʧʫʢʚʘʥʝ ʥʘ ʛʫʤʘ, ʫʜʘʨ ʚ ʟʘʜʥʘʪʘ ʯʘʩʪ ʥʘ ʘʚʪʦʤʦʙʠʣʘ ʠʣʠ ʦʪʩʪʨʘ-

ʥʠ, ʠʟʧʘʜʘʥʝ ʥʘ ʪʦʚʘʨ, ʚʠʢ ʥʘ ʧʲʪʥʠʢ ʦʪ ʧʨʝʚʦʟʥʦʪʦ ʩʨʝʜʩʪʚʦ ʠ ʜʨ. 

Å ɺʠʜʦʚʝ ʦʧʘʩʥʦʩʪʠ:  

ʇʨʝʜʣʘʛʘʪ ʩʝ ʩʣʝʜʥʠʪʝ ʦʧʘʩʥʦʩʪʠ: 

- ʆʯʘʢʚʘʥʘ ï Ăʢʦʛʘʪʦ ʚʦʜʘʯʲʪ ʝ ʧʨʝʜʚʠʞʜʘʣ ʦʧʘʩʥʘ ʩʠʪʫʘʮʠʷ, ʦʯʘʢʚʘʣ ʝ ʪʘʢʘʚʘ, ʙʠʣ ʝ ʧʨʝ-

ʜʝʣʥʦ ʚʥʠʤʘʪʝʣʝʥ ʠ ʝ ʙʠʣ ʛʦʪʦʚ ʜʘ ʨʝʘʛʠʨʘ. ʊʦʚʘ ʚʨʝʤʝ ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ ʩʣʫʯʘʠ, ʢʦʛʘʪʦ ʚʦʜʘʯʲʪ 

ʚʠʞʜʘ ʠʣʠ ʧʨʝʜʧʦʣʘʛʘ ʢʦʡ ʦʙʝʢʪ ʙʠ ʩʲʟʜʘʣ ʦʧʘʩʥʦʩʪ ʟʘ ʜʚʠʞʝʥʠʝʪʦ.ñ 
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- ʅʝʦʯʘʢʚʘʥʘ ï ʦʙʩʪʘʥʦʚʢʘ, ʢʦʷʪʦ ʥʷʤʘ ʷʚʥʠ ʧʨʠʟʥʘʮʠ ʟʘ ʦʧʘʩʥʦʩʪ ʦʪ ʧʨʦʠʟʰʝʩʪʚʠʝ, ʥʦ ʚ 

ʧʦʣʝʟʨʝʥʠʝʪʦ ʥʘ ʚʦʜʘʯʘ ʝ ʠʤʘʣʦ ʦʙʝʢʪʠ ʠʣʠ ʝ ʠʤʘʣʦ ʛʦʣʷʤʘ ʚʝʨʦʷʪʥʦʩʪ ʜʘ ʩʝ ʧʦʷʚʷʪ ʪʘʢʠʚʘ, ʢʦʠʪʦ 

ʙʠʭʘ ʤʦʛʣʠ ʜʘ ʷ ʩʲʟʜʘʜʘʪ. 

- ʀʟʥʝʥʘʜʚʘʱʘ ï ʢʦʛʘʪʦ ʚ ʧʦʣʝʟʨʝʥʠʝʪʦ ʥʘ ʚʦʜʘʯʘ ʥʝ ʝ ʠʤʘʣʦ ʦʙʝʢʪʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʲʟʜʘ-

ʜʘʪ ʦʧʘʩʥʘ ʩʠʪʫʘʮʠʷ.  

3. ʄɽʊʆɼʀʂɸ ɿɸ ʆʇʈɽɼɽʃʗʅɽ ʅɸ ɺʈɽʄɽʊʆ ɿɸ ʈɽɸʂʎʀʗ ʅɸ ɺʆɼɸʏɸ 

ɺ ʥʘʩʪʦʷʱʘʪʘ ʨʘʟʨʘʙʦʪʢʘ ʩʝ ʧʨʝʜʣʘʛʘ ʩʣʝʜʥʘʪʘ ʤʝʪʦʜʠʢʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ 

ʚʨʝʤʝʪʦ ʥʘ ʨʝʘʢʮʠʷ ʥʘ ʚʦʜʘʯ ʥʘ ʄʇʉ. ʄʝʪʦʜʠʢʘʪʘ ʝ ʧʦʩʪʨʦʝʥʘ ʧʦ ʟʘʚʠʩʠʤʦʩʪʪʘ:  

           ◄̑ ◄̃ ◄̅  ̃ (1) 

ʢʲʜʝʪʦ: ◄̃ ï ʚʨʝʤʝʪʦ ʟʘ ʚʲʟʧʨʠʝʤʘʥʝ ʥʘ ʩʠʛʥʘʣʘ ʟʘ ʦʧʘʩʥʦʩʪ ʠ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʝ ʢʘʢʚʠ ʜʝʡʩʪʚʠʷ 

ʜʘ ʩʝ ʧʨʝʜʧʨʠʝʤʘʪ ʟʘ ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝ ʥʘ ʇʊʇ (ʫʤʩʪʚʝʥʘ ʨʝʘʢʮʠʷ); ◄̅  ̃ï ʚʨʝʤʝʪʦ ʟʘ ʜʚʠʞʝʥʠʝ ʥʘ  

ʚʦʜʘʯʘ ʜʦ ʜʦʩʪʠʛʘʥʝ ʥʘ ʦʨʛʘʥʠʪʝ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʄʇʉ (ʤʦʪʦʨʥʘ ʨʝʘʢʮʠʷ). 

ʇʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ  ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʚʨʝʤʝʪʦ ʥʘ ʨʝʘʢʮʠʷ ʥʘ ʚʦʜʘʯʘ ◄̑ ʩʘ 

ʚʲʚʝʜʝʥʠ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʧʨʝʜʝʣʝʥʠ ʩʣʝʜʥʠʪʝ ʚʨʝʤʝʥʘ: ὸ̆̋̒ - Ăʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʚʨʝʤʝñ- ʚʨʝ-

ʤʝʪʦ ʦʪ ʚʲʟʥʠʢʚʘʥʝ ʥʘ ʦʧʘʩʥʦʩʪʪʘ ʜʦ ʢʨʘʷ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʜʚʠʞʝʥʠʝ ʥʘ  ʚʦʜʘʯʘ ʜʦ ʜʦʩʪʠʛʘʥʝ ʥʘ ʦʨ-

ʛʘʥʠʪʝ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʄʇʉ; ◄̈́̂ - Ăʟʘʢʲʩʥʝʥʠʝ ʩ ʚʲʟʧʨʠʝʤʘʥʝʪʦ ʥʘ ʦʧʘʩʥʦʩʪʪʘñ - ʚʨʝʤʝʪʦ ʦʪ 

ʚʲʟʥʠʢʚʘʥʝʪʦ ʜʦ ʚʲʟʧʨʠʝʤʘʥʝʪʦ ʥʘ ʦʧʘʩʥʦʩʪʪʘ, ʢʦʝʪʦ ʩʝ ʦʧʨʝʜʝʣʷ ʩʲʩ ʩʧʝʮʠʘʣʠʟʠʨʘʥ ʫʨʝʜ; ɽʢʩʧʝ-

ʨʠʤʝʥʪʘʣʥʦ ʝ ʦʧʨʝʜʝʣʝʥʦ ʠ ʚʨʝʤʝʪʦ ◄̅  ̃ʦʪ ʬʦʨʤʫʣʘ (1). ʆʪ ʪʫʢ ʩʣʝʜʚʘ ʟʘʚʠʩʠʤʦʩʪʪʘ: 

                                              ◄̆̋̒ ◄̈́̂◄̃ ◄̅  ̃                         (2) 

ʊʦʛʘʚʘ ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ ʥʘ ʚʦʜʘʯʘ ʩʝ ʧʦʣʫʯʘʚʘ:  

                ◄̑ ◄̆̋̒ ◄̈́̂              (3) 

ɿʘʚʠʩʠʤʦʩʪʪʘ (2) ʧʦʟʚʦʣʷʚʘ ʘʥʘʣʠʪʠʯʥʦ ʦʧʨʝʜʝʣʷʥʝ ʠ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʫʤʩʪʚʝʥʘ ʨʝʘʢʮʠʷ ◄̃ 

(ʚʲʟʧʨʠʝʤʘʥʝ ʥʘ ʩʠʛʥʘʣʘ ʟʘ ʦʧʘʩʥʦʩʪ ʠ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʝ ʟʘ ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝ ʥʘ ʇʊʇ). 

ʊʘʟʠ ʤʝʪʦʜʠʢʘ ʱʝ ʙʲʜʝ ʧʨʠʣʦʞʝʥʘ ʟʘ ʥʷʢʦʣʢʦ ʛʨʫʧʠ ʚʦʜʘʯʠ ʦʪʛʦʚʘʨʷʱʠ ʥʘ ʦʧʨʝʜʝʣʝʥʠ ʢʨʠ-

ʪʝʨʠʠ, ʢʘʪʦ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʩʣʝʜ ʤʘʪʝʤʘʪʠʯʝʩʢʘ ʦʙʨʘʙʦʪʢʘ ʱʝ ʙʲʜʘʪ ʧʨʝʜʩʪʘʚʝʥʠ ʚ 

ʩʧʨʘʚʦʯʥʠʢ ʚ ʪʘʙʣʠʯʝʥ ʚʠʜ.   

4. ɽʂʉʇɽʈʀʄɽʅʊ 

4.1. ɽʂʉʇɽʈʀʄɽʅʊɸʃʅɸ ʋʉʊɸʅʆɺʂɸ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘʪʘ ʫʩʪʘʥʦʚʢʘ (ʩʠʩʪʝʤʘ) ʚʢʣʶʯʚʘ ʩʣʝʜʥʠʪʝ ʦʩʥʦʚʥʠ ʝʣʝʤʝʥʪʠ: 

- ʂʫʧʦʣʥʘ ʢʘʤʝʨʘ Dahua HDCVI HAC-

T3A21-Z-2712. (ʬʠʛ. 1): ʈʘʟʜʝʣʠʪʝʣʥʘ 

ʩʧʦʩʦʙʥʦʩʪ 2 ʄʈ (Full HD ï 1920 x 1080 

ʧʠʢʩʝʣʘ); ɺʘʨʠʦʬʦʢʘʣʥʘ ʣʝʱʘ 2,7 ï 12 

mm.(ʤʦʪʦʨʠʟʠʨʘʥʘ); ɿʨʠʪʝʣʝʥ ʲʛʲʣ 38 - 125 

(ʜʠʘʛʦʥʘʣ); ʂʘʜʲʨ/ʩʝʢʫʥʜʘ 25 ï 30 FPS. 
 

ʌʠʛ. 1. ʂʘʤʝʨʘ 

- ʎʠʬʨʦʚ ʚʠʜʝʦʨʝʢʦʨʜʝʨ Dahua 

. (ʬʠʛ. 2): ʆʧʝʨʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ ï ʚʛʨʘʜʝʥ 

Linux; H.265+/H265 ʚʠʜʝʦ ʢʦʤʧʨʝʩʠʷ ʩ ʜʚʦʝʥ 

ʧʦʪʦʢ; ʇʦʜʜʲʨʞʘ HDCVI/AHD/TVI/CVBS/IP 

ʚʠʜʝʦ ʚʭʦʜʦʚʝ; ʇʦʜʜʲʨʞʘ ʚʩʠʯʢʠ ʢʘʥʘʣʠ AI 

ʢʦʜʠʨʘʥʝ; IoT ʠ POS ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ. 
 

ʌʠʛ. 2. ɺʠʜʝʦʨʝʢʦʨʜʝʨ 

4.1.1. ɿʘʭʨʘʥʚʘʱ ʙʣʦʢ (ʬʠʛ. 3). ʇʨʝʜʥʘʟʥʘʯʝʥ ʝ ʜʘ ʦʩʠʛʫʨʷʚʘ ʙʝʟʧʨʦʙʣʝʤʥʘ ʨʘʙʦʪʘ ʥʘ 

ʚʠʜʝʦʨʝʢʦʨʜʝʨʘ, ʢʘʪʦ ʛʘʨʘʥʪʠʨʘ ʧʦʩʪʦʷʥʥʦ ʟʘʭʨʘʥʚʘʥʝ ʠ ʝʣʠʤʠʥʠʨʘ ʩʤʫʱʝʥʠʷʪʘ ʧʦ ʚʨʝʤʝ ʥʘ 

ʨʘʙʦʪʘ ʥʘ ʜʚʠʛʘʪʝʣʷ. 

4.1.2. ʉʦʬʪʫʝʨʝʥ ʧʨʦʜʫʢʪ ĂWondershare Filmorañ. ʉʦʬʪʫʝʨ ʟʘ ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʥʘ 

ʜʘʥʥʠʪʝ ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʘ (ʌʠʛʫʨʘ 4).  
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ʅʘ ʬʠʛ. 5 ʝ ʧʦʢʘʟʘʥʦ ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʢʦʤʧʦʥʝʥʪʠʪʝ ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘʪʘ ʩʠʩʪʝʤʘ ʚ ʣʝʢ 

ʘʚʪʦʤʦʙʠʣ ʌʦʣʢʩʚʘʛʝʥ ʇʘʩʘʪ, ʘ ʥʘ ʬʠʛ. 6 ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘʪʘ ʩʠʩʪʝʤʘ. 

 
ʌʠʛ. 3. ɿʘʭʨʘʥʚʘʱ ʙʣʦʢ 

 

  
ʌʠʛ. 4. Wondershare Filmora 

 

 
ʌʠʛ. 5. ʈʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʢʦʤʧʦʥʝʥʪʠʪʝ 

ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘʪʘ ʩʠʩʪʝʤʘ. 

 
ʌʠʛ. 6. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘʪʘ ʩʠʩʪʝʤʘ  
 
4.2 ɽʂʉʇɽʈʀʄɽʅʊ 

ɽʢʩʧʝʨʠʤʝʥʪʲʪ ʩʝ ʧʨʦʚʝʞʜʘ ʚ ʨʝʘʣʥʠ ʫʩʣʦʚʠʷ, ʢʘʪʦ ʩʝ ʩʠʤʫʣʠʨʘʪ ʨʘʟʣʠʯʥʠ ʧʦ ʚʠʜ ʦʧʘʩʥʦʩʪʠ. 

ɺ ʘʚʪʦʤʦʙʠʣʘ (ʬʠʛ. 5) ʝ ʚʥʝʜʨʝʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʩʠʩʪʝʤʘ (ʬʠʛ. 6), ʢʦʷʪʦ ʧʦʟʚʦʣʷʚʘ ʝʜʥʦʚʨʝʤʝʥ-

ʥʦ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʜʝʡʩʪʚʠʷʪʘ ʥʘ ʚʦʜʘʯʘ ʠ ʤʦʤʝʥʪʘ ʥʘ ʚʲʟʥʠʢʚʘʥʝ ʥʘ ʦʧʘʩʥʦʩʪʪʘ. ɺ ʦʧʨʝʜʝʣʝʥ 

ʫʯʘʩʪʲʢ ʚ ʨʝʘʣʥʠ ʫʩʣʦʚʠʷ ʚʲʟʥʠʢʚʘ ʦʧʘʩʥʦʩʪ, ʢʦʷʪʦ ʩʝ ʩʲʩʪʦʠ ʦʪ ʚʥʝʟʘʧʥʘ ʧʦʷʚʘ ʥʘ ʧʝʰʝʭʦʜʝʮ ʥʘ 

ʧʣʘʪʥʦʪʦ ʟʘ ʜʚʠʞʝʥʠʝ ʦʪ ʥʝʚʠʜʠʤʘ ʟʘ ʚʦʜʘʯʘ ʟʦʥʘ /ʢʨʘʡʧʲʪʥʦ ʜʲʨʚʦ/. ɼʘʥʥʠʪʝ ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩʝ 

ʟʘʧʠʩʚʘʪ ʚ ʟʘʧʠʩʚʘʱʦʪʦ ʫʩʪʨʦʡʩʪʚʦ.  ʉʣʝʜ ʧʨʠʢʣʶʯʚʘʥʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʜʘʥʥʠʪʝ ʦʪ ʚʠʜʝʦʨʝʢʦʨ-

ʜʝʨʘ ʩʝ ʧʨʝʭʚʲʨʣʷʪ ʥʘ ʧʨʝʥʦʩʠʤ ʜʠʩʢ. ɸʥʘʣʠʟʲʪ ʩʝ  ʠʟʚʲʨʰʚʘ ʩʲʩ ʩʦʬʪʫʝʨʝʥ ʧʨʦʜʫʢʪ ĂWondershare 

Filmorañ. ʊʦʡ ʧʦʟʚʦʣʷʚʘ  ʟʘʨʝʞʜʘʥʝ ʥʘ ʬʘʡʣʦʚʝʪʝ ʦʪ ʪʨʠʪʝ ʢʘʤʝʨʠ ʥʘʚʝʜʥʲʞ ʠ ʥʘʙʣʶʜʘʚʘʥʝ ʥʘ 

ʥʘʧʲʣʥʦ ʩʠʥʭʨʦʥʠʟʠʨʘʥʠʪʝ ʟʘʧʠʩʠ ʝʜʥʦʚʨʝʤʝʥʥʦ. ʉ ʛʦʣʷʤʘ ʧʨʝʮʠʟʥʦʩʪ ʤʦʞʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʥʘʯʘ-

ʣʦʪʦ ʥʘ ʚʲʟʥʠʢʚʘʥʝ ʥʘ ʦʧʘʩʥʦʩʪʪʘ ʠ ʥʘʯʘʣʦʪʦ ʥʘ ʤʦʪʦʨʥʘʪʘ ʨʝʘʢʮʠʷ ʥʘ ʚʦʜʘʯʘ. ʉʲʱʦ, ʩ ʛʦʣʷʤʘ 

ʪʦʯʥʦʩʪ ʤʦʞʝʤ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ◄̆̋̒ ʠ ʚʨʝʤʝʪʦ ʟʘ ʤʦʪʦʨʥʘ ʨʝʘʢʮʠʷ ◄̅ .̃ ʇʦ ʚʨʝʤʝ ʥʘ ʘʥʘʣʠʟʘ ʥʘ 

ʜʘʥʥʠʪʝ ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʩʦʬʪʫʝʨʘ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʩʝ ʨʝʛʠʩʪʨʠʨʘʪ ʚʨʝʤʝʥʘʪʘ ◄̆̋̒ ʠ ◄̅ .̃ 

 ɺ ʙʲʜʝʱʠ ʠʟʩʣʝʜʚʘʥʠʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘʪʘ ʫʩʪʘʥʦʚʢʘ ʱʝ ʙʲʜʝ ʥʘʜʛʨʘʜʝʥʘ ʩʲʩ 

ʩʧʝʮʠʘʣʠʟʠʨʘʥ ʫʨʝʜ, ʢʦʡʪʦ ʱʝ ʜʘʜʝ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʤʦʤʝʥʪʘ ʥʘ ʚʲʟʧʨʠʝʤʘʥʝ ʥʘ 

ʦʧʘʩʥʦʩʪʪʘ, ʚʩʣʝʜʩʪʚʠʝ ʥʘ ʢʦʝʪʦ ʩ ʛʦʣʷʤʘ ʪʦʯʥʦʩʪ ʱʝ ʤʦʞʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ◄̈́̂.   
¶ ʇʨʦʚʝʜʝʥ ʝ ʝʢʩʧʝʨʠʤʝʥʪ ʧʨʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʘʚʪʦʤʦʙʠʣʘ ʧʨʠ ʦʯʘʢʚʘʥʘ ʦʧʘʩʥʦʩʪ. ɺʦʜʘʯʲʪ 

ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʝ ʠʥʬʦʨʤʠʨʘʥ ʟʘ ʚʲʟʤʦʞʥʘ ʧʦʷʚʘ ʥʘ ʦʧʘʩʥʦʩʪ. ɽʢʩʧʝʨʠʤʝʥʪʲʪ ʝ ʧʨʦʚʝʜʝʥ ʚ ʥʘʩʝ-

ʣʝʥʦ ʤʷʩʪʦ ʥʘ ʫʯʘʩʪʲʢ ʩ ʤʘʣʢʘ ʠʥʪʝʥʟʠʚʥʦʩʪ ʥʘ ʜʚʠʞʝʥʠʝ. ʇʦ ʧʨʦʜʲʣʞʝʥʠʝʪʦ ʥʘ ʪʨʦʪʦʘʨʘ ʠʤʘ 

ʜʲʨʚʝʪʘ ʨʘʟʧʦʣʦʞʝʥʠ ʥʘ ʦʢʦʣʦ 10 ï 15 ʤ. ʝʜʥʦ ʦʪ ʜʨʫʛʦ. ʀʤʘ ʫʩʣʦʚʠʷ ʥʘ ʦʛʨʘʥʠʯʝʥʘ ʚʠʜʠʤʦʩʪ. 

ɺʦʜʘʯʲʪ ʝ ʥʘ ʚʲʟʨʘʩʪ 37 ʛʦʜʠʥʠ ʠ ʝ ʩ ʧʨʘʚʦʩʧʦʩʦʙʥʦʩʪ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʄʇʉ ʦʪ 19 ʛʦʜʠʥʠ.  

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩʘ ʩʣʝʜʥʠʪʝ: ὸ̆̋̒ πȟσς Ó; ὸ̅̃  πȟςπ Ó; ὸ̑ ὸ̈́̂πȟρς ίȢ  
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¶ ʇʨʦʚʝʜʝʥ ʝ ʝʢʩʧʝʨʠʤʝʥʪ ʧʨʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʘʚʪʦʤʦʙʠʣʘ ʧʨʠ ʠʟʥʝʥʘʜʚʘʱʘ ʦʧʘʩʥʦʩʪ. 

ɺʦʜʘʯʲʪ ʥʝ ʝ ʠʥʬʦʨʤʠʨʘʥ ʟʘ ʚʲʟʤʦʞʥʘ ʧʦʷʚʘ ʥʘ ʦʧʘʩʥʦʩʪ. ɽʢʩʧʝʨʠʤʝʥʪʲʪ ʝ ʧʨʦʚʝʜʝʥ ʚ ʥʘʩʝʣʝʥʦ 

ʤʷʩʪʦ ʥʘ ʫʯʘʩʪʲʢ ʩ ʤʘʣʢʘ ʠʥʪʝʥʟʠʚʥʦʩʪ ʥʘ ʜʚʠʞʝʥʠʝ. ʇʦ ʧʨʦʜʲʣʞʝʥʠʝʪʦ ʥʘ ʪʨʦʪʦʘʨʘ ʠʤʘ ʜʲʨʚʝʪʘ 

ʨʘʟʧʦʣʦʞʝʥʠ ʥʘ ʦʢʦʣʦ 10 ï 15 ʤ. ʝʜʥʦ ʦʪ ʜʨʫʛʦ. ʀʤʘ ʫʩʣʦʚʠʷ ʥʘ ʦʛʨʘʥʠʯʝʥʘ ʚʠʜʠʤʦʩʪ. ɺʦʜʘʯʲʪ ʝ ʥʘ 

ʚʲʟʨʘʩʪ 38 ʛʦʜʠʥʠ ʠ ʝ ʩ ʧʨʘʚʦʩʧʦʩʦʙʥʦʩʪ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʄʇʉ ʦʪ 20 ʛʦʜʠʥʠ.  

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩʘ ʩʣʝʜʥʠʪʝ: ὸ̆̋̒πȟχς ί; ὸ̅̃ πȟττ ί; ὸ̑ ὸ̈́̂πȟςψ ί.  

5. ʀɿɺʆɼʀ  

ʆʪ ʨʝʟʫʣʪʘʪʠʪʝ  ʥʘ ʧʨʦʚʝʜʝʥʠʷ ʝʢʩʧʝʨʠʤʝʥʪ ʝ ʥʘʧʨʘʚʝʥ ʘʥʘʣʠʟ, ʢʦʡʪʦ ʧʦʢʘʟʚʘ ʫʚʝʣʠʯʝʥʦ (ʚ 

ʧʲʪʠ) ʚʨʝʤʝ ʥʘ ʨʝʘʢʮʠʷ  ʥʘ ʚʦʜʘʯ ʥʘ ʄʇʉ ʧʨʠ ʦʧʘʩʥʠ (ʥʝʧʨʝʜʚʠʜʝʥʠ) ʩʠʪʫʘʮʠʠ. ɸʥʘʣʠʟʲʪ ʜʦʢʘʟʚʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʨʘʟʰʠʨʝʥʦ ʠ ʟʘʜʲʣʙʦʯʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ 

ʥʘ ʚʦʜʘʯʠ ʥʘ ʄʇʉ, ʟʘ ʨʘʟʣʠʯʥʠ ʧʦ ʧʨʠʟʥʘʮʠ ʛʨʫʧʠ ʚʦʜʘʯʠ, ʢʦʠʪʦ ʜʘ ʦʙʭʚʘʱʘʪ ʚʲʟʤʦʞʥʦ ʛʦʣʷʤ 

ʙʨʦʡ ʦʪ ʪʷʭ. 
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THE INFLUENCE OF TEMPERATURE ON EXTRACTION OF ɓ-CAROTEN FROM 

CARROTS WITH SOME ORGANIC SOLVENTS  

 

Gjore Nakov, Nastia V. Ivanova, Violeta O. Raikova, Viktorija Stamatovska 

 
Abstract. The aim of this paper is to determine the influence of the temperature maintained during the 

extraction (20 Üʉ, 40 Üʉ and 60 Üʉ) of ɓ-carotene from carrots, stored under different conditions (basement, 

refrigerator and freezer). The extraction was carried out with several different organic solvents: isopropanol 

(C3H8O); isobutanol (C4H10O); ethyl acetate (C4H8O2); butyl acetate (C6H12O2) and 1,2-dichloroethane 

(C2H4Cl2). It was found that as the extraction temperature increased, the amount of ɓ-carotene extracted also 

increased. The best extraction properties are shown by isopropanol, and the weakest by ethyl acetate. Regarding 

the place of storage, it was found that the highest content of ɓ-carotene was extracted from Nantski carrots 

when they were stored in the basement. The lowest content of ɓ-carotene was extracted from the same variety of 

carrots when stored in a freezer. 

ʂʝʫwords: extraction, ȁ-carotene, carrots, organic solvents 
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ɸʥʦʪʘʮʠʷ. ʎʝʣʪʘ ʥʘ ʪʦʟʠ ʜʦʢʣʘʜ ʝ ʜʘ ʩʝ ʫʩʪʘʥʦʚʠ ʚʣʠʷʥʠʝʪʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ, ʧʦʜʜʲʨʞʘʥʘ ʧʦ ʚʨʝ-

ʤʝ ʥʘ ʝʢʩʪʨʘʢʮʠʷʪʘ (20 Üʉ, 40 Üʉ ʠ 60 Üʉ) ʥʘ ɓ-ʢʘʨʦʪʠʥ ʦʪ ʤʦʨʢʦʚʠ, ʩʲʭʨʘʥʷʚʘʥʠ ʧʨʠ ʨʘʟʣʠʯʥʠ ʫʩʣʦʚʠʷ 

(ʤʘʟʘ, ʭʣʘʜʠʣʥʠʢ ʠ ʬʨʠʟʝʨ). ɽʢʩʪʨʘʢʮʠʷʪʘ ʝ ʧʨʦʚʝʜʝʥʘ ʩ ʥʷʢʦʣʢʦ ʨʘʟʣʠʯʥʠ ʦʨʛʘʥʠʯʥʠ ʨʘʟʪʚʦʨʠʪʝʣʷ: 

ʠʟʦʧʨʦʧʘʥʦʣ (C3H8O); ʠʟʦʙʫʪʘʥʦʣ (C4H10O); ʝʪʠʣʘʮʝʪʘʪ (C4H8O2); ʙʫʪʠʣʘʮʝʪʘʪ (C6H12O2) ʠ 1,2-

ʜʠʭʣʦʨʦʝʪʘʥ (C2H4Cl2). ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ ʩ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʝʢʩʪʨʘʢʮʠʷ, ʩʝ  ʫʚʝʣʠʯʘʚʘ 

ʠ ʢʦʣʠʯʝʩʪʚʦʪʦ ʝʢʩʪʨʘʭʠʨʘʥ ɓ-ʢʘʨʦʪʠʥ. ʅʘʡ-ʜʦʙʨʠ ʝʢʩʪʨʘʢʮʠʦʥʥʠ ʩʚʦʡʩʪʚʘ ʧʦʢʘʟʚʘ ʠʟʧʦʧʨʦʧʘʥʦʣʲʪ, 

ʘ ʥʘʡ-ʩʣʘʙʠ ï ʝʪʠʣʘʮʝʪʘʪʲʪ. ʇʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʤʷʩʪʦʪʦ ʥʘ ʩʲʭʨʘʥʝʥʠʝ ʝ ʫʩʪʘʥʦʚʝʥʦ, ʯʝ ʥʘʡ-ʚʠʩʦʢʦ 

ʩʲʜʲʨʞʘʥʠʝ ʥʘ ɓ-ʢʘʨʦʪʠʥ ʝ ʝʢʩʪʨʘʭʠʨʘʥʦ ʦʪ ʤʦʨʢʦʚʠʪʝ ʩʦʨʪ ʅʘʥʪʩʢʠ, ʢʦʛʘʪʦ ʪʝ ʩʘ ʩʲʭʨʘʥʷʚʘʥʠ ʚ 

ʤʘʟʘ. ʅʘʡ-ʥʠʩʢʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ɓ-ʢʘʨʦʪʠʥ ʝ ʝʢʩʪʨʘʭʠʨʘʥʦ ʦʪ ʩʲʱʠʷ ʩʦʨʪ ʤʦʨʢʦʚʠ, ʢʦʛʘʪʦ ʩʘ ʩʲʭʨʘʥʷ-

ʚʘʥʠ ʚʲʚ ʬʨʠʟʝʨ. 

ʂʣʶʯʦʚʠ ʜʫʤʠ : ʝʢʩʪʨʘʢʮʠʷ, ɓ-ʢʘʨʦʪʠʥ, ʤʦʨʢʦʚʠ, ʦʨʛʘʥʠʯʥʠ ʨʘʟʪʚʦʨʠʪʝʣʠ. 

  

        1. ɺʲʚʝʜʝʥʠʝ 

ʂʦʥʚʝʥʮʠʦʥʘʣʥʦʪʦ ʟʝʤʝʜʝʣʠʝ ʜʘʚʘ ʭʨʘʥʠ, ʚ ʢʦʠʪʦ ʩʝ ʩʲʜʲʨʞʘʪ ʥʝʨʝʛʫʣʠʨʫʝʤʠ ʢʦʣʠʯʝʩʪʚʘ ʥʘ 

ʥʠʪʨʘʪʠ, ʥʠʪʨʠʪʠ ʠ ʧʝʩʪʠʮʠʜʠ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ ʯʨʝʟ ʦʨʛʘʥʠʯʥʦʪʦ ʟʝʤʝʜʝʣʠʝ/ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝ ʧʨʦ-

ʠʟʚʝʞʜʘʪ ʭʨʘʥʠ, ʢʦʠʪʦ ʩʲʜʲʨʞʘʪ ʧʦʚʝʯʝ ʙʠʦʣʦʛʠʯʥʦ ʘʢʪʠʚʥʠ ʚʝʱʝʩʪʚʘ ʠ ʧʦ-ʤʘʣʢʦ ʠʣʠ ʚʲʦʙʱʝ ʥʝ 

ʩʲʜʲʨʞʘʪ ʥʠʪʨʘʪʠ, ʥʠʪʨʠʪʠ ʠ ʧʝʩʪʠʮʠʜʠ [Breza-Boruta et al., 2022]. ʇʣʦʜʦʚʝʪʝ ʠ ʟʝʣʝʥʯʫʮʠʪʝ ʩʘ 

ʚʘʞʥʘ ʯʘʩʪ ʦʪ ʝʞʝʜʥʝʚʥʦʪʦ ʭʨʘʥʝʥʝ ï ʦʩʠʛʫʨʷʚʘʪ ʦʩʥʦʚʥʠʪʝ ʭʨʘʥʠʪʝʣʥʠ ʚʝʱʝʩʪʚʘ, ʬʠʪʦʥʫʪʨʠʝʥʪʠ 

ʠ ʚʣʘʢʥʠʥʠ ʟʘ ʟʜʨʘʚʝʪʦ ʥʘ ʯʦʚʝʢʘ [Harris et al., 2022]. ʄʦʨʢʦʚʠʪʝ (Daucus carota L.) ʩʘ ʢʦʨʝʥʦʧ-

ʣʦʜʥʠ ʟʝʣʝʥʯʫʮʠ, ʢʦʠʪʦ ʩʝ ʦʪʛʣʝʞʜʘʪ ʠ ʢʦʥʩʫʤʠʨʘʪ ʧʦ ʮʝʣʠʷ ʩʚʷʪ. ʉʲʜʲʨʞʘʪ ʛʦʣʷʤʦ ʢʦʣʠʯʝʩʪʚʦ 

ʙʠʦʣʦʛʠʯʥʦ ʘʢʪʠʚʥʠ ʚʝʱʝʩʪʚʘ, ʢʘʪʦ ʚʠʪʘʤʠʥʠ (A, D, B, E, C ʠ K) ʠ ʤʠʥʝʨʘʣʠ (Ca, K, P, Na, Fe). ɺ 

100 g ʤʦʨʢʦʚʠ ʩʝ ʩʲʜʲʨʞʘʪ ʤʝʞʜʫ 6 ʠ 15 mg ʢʘʨʦʪʝʥʦʠʜʠ, ʛʣʘʚʥʦ ɓ-ʢʘʨʦʪʠʥ (2ï10 mg) [P. Singh et 

al., 2013].  

ɓ-ʢʘʨʦʪʠʥʲʪ (C40H56) ʝ ʚʪʦʨʠʯʝʥ ʤʝʪʘʙʦʣʠʪ, ʢʦʡʪʦ ʧʨʠʥʘʜʣʝʞʠ ʢʲʤ ʛʨʫʧʘʪʘ ʥʘ ʥʝʦʢʠʩʣʝʥʠʪʝ 

ʩʲʝʜʠʥʝʥʠʷ ʦʪ ʢʘʨʦʪʝʥʦʠʜʠʪʝ. ʊʦʡ ʧʨʝʜʩʪʘʚʣʷʚʘ ʧʦʣʠʝʥʦʚʦ ʩʲʝʜʠʥʝʥʠʝ, ʧʦʣʫʯʝʥʦ ʦʪ ʘʮʠʢʣʠʯʥʘ 

ʩʪʨʫʢʪʫʨʘ ʠ ʧʨʠʪʝʞʘʚʘ ʜʲʣʛʘ ʚʝʨʠʛʘ ʦʪ ʢʦʥʶʛʠʨʘʥʠ ʜʚʦʡʥʠ ʚʨʲʟʢʠ. ʀʟʦʤʝʨʠʟʘʮʠʷʪʘ ʥʘ ʪʝʟʠ ʜʚʦʡ-

ʥʠ ʚʨʲʟʢʠ ʩʝ ʧʦʜʧʦʤʘʛʘ ʦʪ ʚʠʩʦʢʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʦʜʝʱʘ ʜʦ ʠʟʩʚʝʪʣʷʚʘʥʝ ʥʘ ʧʦʣʫʯʝʥʠʷ ʮʚʷʪ, ʠʟ-

ʧʦʣʟʚʘʥ ʚ ʠʥʜʫʩʪʨʠʠʪʝ ʢʘʪʦ ʦʨʘʥʞʝʚʦ-ʯʝʨʚʝʥ ʭʨʘʥʠʪʝʣʝʥ ʦʮʚʝʪʠʪʝʣ [Singh & Sambyal, 2022]. 
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ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʷʪ ʤʝʪʦʜ ʝ ʰʠʨʦʢʦ ʠʟʧʦʣʟʚʘʥ ʟʘ ʘʥʘʣʠʟ ʥʘ ɓ-ʢʘʨʦʪʠʥ. ɺ ʧʦʚʝʯʝʪʦ ʩʣʫʯʘʠ 

ʠʤʘ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦʨʘʜʠ ʩʧʝʮʠʬʠʯʥʠʪʝ ʤʝʪʦʜʠ ʥʘ ʝʢʩʪʨʘʢʮʠʷ, ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʛʦʣʷʤʦ ʢʦʣʠʯʝʩʪʚʦ 

ʪʦʢʩʠʯʥʠ ʨʘʟʪʚʦʨʠʪʝʣʠ, ʢʦʠʪʦ ʩʣʝʜ ʪʦʚʘ ʝ ʪʨʫʜʥʦ ʜʘ ʙʲʜʘʪ ʫʥʠʱʦʞʝʥʠ [Biswas et al., 2011]. ʇʦʚʝ-

ʯʝʪʦ ʦʪ ʢʘʨʦʪʝʥʦʠʜʠʪʝ ʧʨʦʷʚʷʚʘʪ ʤʘʢʩʠʤʘʣʥʘ ʘʙʩʦʨʙʮʠʷ ʤʝʞʜʫ 400 ʠ 500 nm, ʩʣʝʜʦʚʘʪʝʣʥʦ ʦʩʠʛʫ-

ʨʷʚʘʪ ʞʲʣʪʝʥʠʢʘʚ, ʦʨʘʥʞʝʚ ʠ ʯʝʨʚʝʥʠʢʘʚ ʮʚʷʪ. ʈʘʟʣʠʯʥʠʪʝ ʮʚʝʪʦʚʝ ʚ ʢʦʠʪʦ ʫʯʘʩʪʚʘʪ ʤʦʛʘʪ ʜʘ ʙʲ-

ʜʘʪ: ʩʠʥʴʦ, ʣʠʣʘʚʦ ʠ ʟʝʣʝʥʦ ʯʨʝʟ ʢʦʤʧʣʝʢʩʠʨʘʥʝ ʩ ʧʨʦʪʝʠʥʠ [Mel®ndez-Mart²nez et al., 2010].  

ɽʩʪʝʩʪʚʝʥʦʪʦ ʠʟʚʣʠʯʘʥʝ ʥʘ ɓ-ʢʘʨʦʪʠʥ ʦʪ ʨʘʩʪʝʥʠʷ ʠ ʚʦʜʦʨʘʩʣʠ, ʢʦʠʪʦ ʩʲʜʲʨʞʘʪ ɓ-ʢʘʨʦʪʠʥ ʝ 

ʪʨʫʜʦʝʤʢʦ ʧʦʨʘʜʠ ʥʠʩʢʠʪʝ ʜʦʙʠʚʠ ʠ ʟʘʤʲʨʩʷʚʘʥʝʪʦ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ ʭʠʤʠʯʥʠʷʪ 

ʩʠʥʪʝʟ ʝ ʝʚʪʠʥ ʤʝʪʦʜ ʠ ʜʘʚʘ ʛʦʣʝʤʠ ʜʦʙʠʚʠ. ɺʲʧʨʝʢʠ ʪʦʚʘ, ʝʢʩʪʨʘʢʮʠʷʪʘ ʦʪ ʝʩʪʝʩʪʚʝʥʠ ʠʟʪʦʯʥʠʮʠ ʝ 

ʧʦ-ʧʨʝʜʧʦʯʠʪʘʥ ʤʝʪʦʜ ʚ ʩʨʘʚʥʝʥʠʝ ʩʲʩ ʭʠʤʠʯʥʠʷʪ ʩʠʥʪʝʟ ʥʘ ɓ-ʢʘʨʦʪʠʥ [Chang et al., 2015]. 

ʎʝʣʪʘ ʥʘ ʪʦʟʠ ʜʦʢʣʘʜ ʝ ʜʘ ʩʝ ʠʟʩʣʝʜʚʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʧʦ ʚʨʝʤʝ ʥʘ ʝʢʩʪʨʘʢʮʠʷ ʥʘ 

ɓ-ʢʘʨʦʪʠʥ ʦʪ ʤʦʨʢʦʚʠ - ʩʦʨʪ ʅʘʥʪʩʢʠ, ʠʟʚʣʝʯʝʥ ʯʨʝʟ ʪʚʲʨʜʦ-ʪʝʯʥʘ ʝʢʩʪʨʘʢʮʠʷ. ʂʘʪʦ ʝʢʩʪʨʘʛʝʥʪʠ ʩʘ 

ʠʟʧʦʣʟʚʘʥʠ ʦʨʛʘʥʠʯʥʠʪʝ ʨʘʟʪʚʦʨʠʪʝʣʠ: ʠʟʦʧʨʦʧʘʥʦʣ (C3H8O), ʠʟʦʙʫʪʘʥʦʣ (C4H10O), ʝʪʠʣʘʮʝʪʘʪ 

(C4H8O2), ʙʫʪʠʣʘʮʝʪʘʪ (C6H12O2) ʠ 1,2-ʜʠʭʣʦʨʦʝʪʘʥ (C2H4Cl2). ʀʟʩʣʝʜʚʘʥʘ ʝ ʠ ʧʨʦʤʷʥʘʪʘ ʚ ʩʲʜʲʨ-

ʞʘʥʠʝʪʦ ʥʘ ɓ-ʢʘʨʦʪʠʥ ʚ ʤʦʨʢʦʚʠʪʝ, ʩʲʭʨʘʥʷʚʘʥʠ ʧʨʠ ʨʘʟʣʠʯʥʠ ʫʩʣʦʚʠʷ: ʚ ʤʘʟʘ; ʚ ʭʣʘʜʠʣʥʠʢ (5 Üʉ); 

ʚʲʚ ʬʨʠʟʝʨ (-18 Üʉ). 

2. ʄʘʪʝʨʠʘʣʠ ʠ ʤʝʪʦʜʠ 

2.1. ʄʘʪʝʨʠʘʣʠ 

ɿʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʪʨʠ ʨʘʟʣʠʯʥʠ ʧʨʦʙʠ (ʦʙʦʟʥʘʯʝʥʠ ʢʘʪʦ ʧʨʦʙʘ ˉ1, 

ˉ2 ʠ ˉ3) ʦʪ ʤʦʨʢʦʚʠ (ʩʦʨʪ ʅʘʥʪʩʢʠ), ʦʪ ʪʨʠ ʨʘʟʣʠʯʥʠ ʩʝʤʝʧʨʦʠʟʚʦʜʠʪʝʣ.̫ ɿʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ 

ʪʚʲʨʜʦ-ʪʝʯʥʘʪʘ ʝʢʩʪʨʘʢʮʠʷ, ʢʘʪʦ ʝʢʩʪʨʘʛʝʥʪʠ ʙʷʭʘ ʠʟʧʦʣʟʚʘʥʠ: ʠʟʦʧʨʦʧʘʥʦʣ, ʠʟʦʙʫʪʘʥʦʣ, ʝʪʠʣʘʮʝ-

ʪʘʪ, ʙʫʪʠʣʘʮʝʪʘʪ ʠ 1,2 ʜʠʭʣʦʨʦʝʪʘʥ. 

2.2. ʊʚʲʨʜʦ-ʪʝʯʥʘ ʝʢʩʪʨʘʢʮʠʷ 

ɹʝʰʝ ʧʨʦʚʝʜʝʥʘ ʩʪʘʪʠʯʥʘ ʪʚʲʨʜʦ-ʪʝʯʥʘ ʝʢʩʪʨʘʢʮʠʷ ʩ ʧʦʤʦʱʪʘ ʥʘ ʨʘʟʣʠʯʥʠ ʦʨʛʘʥʠʯʥʠ ʨʘʟʪʚʦ-

ʨʠʪʝʣʠ. ʇʦ ʚʨʝʤʝ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʝʢʩʪʨʘʢʮʠʷ ʙʷʭʘ ʧʦʜʜʲʨʞʘʥʠ ʪʨʠ ʨʘʟʣʠʯʥʠ ʪʝʤʧʝʨʘʪʫʨʠ 20 Üʉ, 40 

Üʉ ʠ 60 Üʉ. ɺ ʦʪʜʝʣʥʠ ʙʝʭʝʨʦʚʠ ʯʘʰʠ ʙʷʭʘ ʧʦʩʪʘʚʝʥʠ ʧʦ 5,0 g ʦʪ ʧʨʦʙʘʪʘ. ʉʣʝʜ ʪʦʚʘ ʙʝ ʜʦʙʘʚʝʥ 

20,0 g ʦʪ ʩʲʦʪʚʝʪʥʠʷ ʨʘʟʪʚʦʨʠʪʝʣ. ɽʢʩʪʨʘʢʮʠʷʪʘ ʧʨʦʜʲʣʞʠ, ʢʘʪʦ ʥʘ ʚʩʝʢʠ 10 ʤʠʥʫʪʠ ʧʨʦʙʠʪʝ ʩʝ 

ʨʘʟʙʲʨʢʚʘʭʘ. ʉʣʝʜ ʠʟʪʠʯʘʥʝ ʥʘ ʚʨʝʤʝʪʦ, ʚʩʷʢʘ ʧʨʦʙʘ ʙʝʰʝ ʮʝʥʪʨʦʬʫʛʠʨʘʥʘ (10 min, 3000 min-1). 

ʇʦʣʫʯʝʥʠʪʝ ʝʢʩʪʨʘʢʪʠ ʙʷʭʘ ʧʦʜʣʦʞʝʥʠ ʥʘ ʘʥʘʣʠʟ, ʢʘʪʦ ʟʘ ʚʩʷʢʘ ʧʨʦʙʘ ʝ ʥʘʧʨʘʚʝʥʦ ʪʨʠʢʨʘʪʥʦ ʧʦʚ-

ʪʦʨʝʥʠʝ. 

2.3. ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ɓ-ʢʘʨʦʪʠʥ ʚ ʤʦʨʢʦʚʠ ʩ ʧʦʤʦʱʪʘ ʥʘ UV-VIS ʩʧʝʢʪ-

ʨʦʬʦʪʦʤʝʪʲʨ 

ɸʙʩʦʨʙʮʠʷʪʘ ʥʘ ʧʨʦʙʠʪʝ ʝʢʩʪʨʘʢʪʠ ʦʪ ʤʦʨʢʦʚʠ, ʩʲʜʲʨʞʘʱʠ ɓ-ʢʘʨʦʪʠʥ, ʝ ʠʟʤʝʨʝʥʘ ʧʨʠ 450 nm 

ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ UV-VIS ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʲʨ. ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ mg/100 g 

ʩʫʭʦ ʚʝʱʝʩʪʚʦ. ʅʘ ʬʠʛʫʨʘ 1 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʩʭʝʤʘ ʟʘ ʥʘʯʠʥʘ ʥʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ. ɿʘ 

ʚʠʟʫʘʣʥʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʩʥʠʤʢʘʪʘ ʝ ʠʟʧʦʣʟʚʘʥ ʩʦʬʪʫʝʨ ʥʘ BioRender.com. 

 
ʌʠʛ. 1. ʉʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘʪʘ ʯʘʩʪ 
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3. ʈʝʟʫʣʪʘʪʠ ʠ ʦʙʩʲʞʜʘʥʝ 

ɽʢʩʪʨʘʢʮʠʷʪʘ ʥʘ ɓ-ʢʘʨʦʪʠʥ ʦʪ ʧʨʠʨʦʜʥʠ ʠʟʪʦʯʥʠʮʠ ʥʘʡ-ʯʝʩʪʦ ʝ ʭʠʤʠʯʥʘ ʝʢʩʪʨʘʢʮʠʷ, ʧʨʠ ʢʦʷʪʦ 

ʩʝ ʠʟʧʦʣʟʚʘʪ ʩʠʣʥʠ ʨʘʟʪʚʦʨʠʪʝʣʠ, ʦʩʤʦʪʠʯʥʦ ʥʘʣʷʛʘʥʝ, ʪʝʨʤʠʯʥʘ ʦʙʨʘʙʦʪʢʘ ʠ ʭʦʤʦʛʝʥʠʟʠʨʘʥʝ ʥʘ 

ʠʟʪʦʯʥʠʮʠʪʝ, ʦʪ ʢʦʠʪʦ ʱʝ ʙʲʜʝ ʝʢʩʪʨʘʭʠʨʘʥ ɓ-ʢʘʨʦʪʠʥ [Singh & Sambyal, 2022]. 

ʂʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ɓ-ʢʘʨʦʪʠʥ, ʩʲʜʲʨʞʘʱʦ ʩʝ ʚ ʤʦʨʢʦʚʠʪʝ, ʩʲʭʨʘʥʷʚʘʥʠ ʚ ʤʘʟʘ ʠ ʝʢʩʪʨʘʭʠʨʘʥʠ 

ʧʨʠ 20 Üʉ, 40 Üʉ ʠ 60 Üʉ, ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʥʘ ʬʠʛʫʨʘ 2. ʅʘʡ-ʜʦʙʨʠ ʝʢʩʪʨʘʢʮʠʦʥʥʠ ʩʚʦʡʩʪʚʘ ʧʦʢʘʟʚʘ 

ʠʟʦʧʨʦʧʘʥʦʣʲʪ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ ʚʠʩʦʢʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʦʜʜʲʨʞʘʥʘ ʧʦ ʚʨʝʤʝ ʥʘ ʝʢʩʪʨʘʢʮʠʷʪʘ ʧʦ-

ʢʘʟʚʘ, ʯʝ ʚʣʠʷʝ ʚʲʨʭʫ ʩʘʤʘʪʘ ʝʢʩʪʨʘʢʮʠʷ, ʪʲʡ ʢʘʪʦ ʩ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʩʝ ʫʚʝʣʠʯʘʚʘ ʠ 

ʝʢʩʪʨʘʭʠʨʘʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ɓ-ʢʘʨʦʪʠʥ. ʉʨʝʜʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ɓ-ʢʘʨʦʪʠʥ ʝʢʩʪʨʘʭʠʨʘʥʦ ʦʪ ʤʦʨʢʦʚʠ, 

ʩʲʭʨʘʥʷʚʘʥʠ ʚʲʚ ʤʘʟʘ ʝ 5,90 Ñ 0,03 mg/100 g ʩʫʭʦ ʚʝʱʝʩʪʚʦ. ʇʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʩʨʝʜ-

ʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ɓ-ʢʘʨʦʪʠʥ ʝʢʩʪʨʘʭʠʨʘʥʦ ʦʪ ʪʝʟʠ ʤʦʨʢʦʚʠ ʧʨʠ ʝʢʩʪʨʘʢʮʠʷ ʥʘ 20 Üʉ, 40 Üʉ ʠ 60 Üʉ ʝ 

ʢʘʢʪʦ ʩʣʝʜʚʘ: 3,4Ñ0,07; 5,36Ñ0,10 ʠ 8,93Ñ0,04 mg/100 g ʩʫʭʦ ʚʝʱʝʩʪʚʦ. ʇʣʦʜʦʚʝʪʝ ʠ ʟʝʣʝʥʯʫʮʠʪʝ 

(ʜʠʥʠ, ʜʦʤʘʪʠ, ʤʘʣʠʥʠ, ʪʠʢʚʠ ʠ ʩʧʘʥʘʢ) ʩʘ ʙʦʛʘʪʠ ʥʘ ɓ-ʢʘʨʦʪʠʥ. ɺʲʧʨʝʢʠ ʪʦʚʘ, ʦʨʘʥʞʝʚʠʷʪ ʤʦʨʢʦʚ 

ʝ ʥʘʡ-ʜʦʙʨʠʷʪ ʠʟʪʦʯʥʠʢ ʥʘ ɓ-ʢʘʨʦʪʠʥ. ʍʨʘʥʠʪʝ, ʙʦʛʘʪʠ ʥʘ ɓ-ʢʘʨʦʪʠʥ ʠʤʘʪ ʞʲʣʪʦ-ʦʨʘʥʞʝʚ ʮʚʷʪ 

[Singh & Sambyal, 2022]. ʈʘʟʣʠʯʥʠʷʪ ʥʘʯʠʥ ʥʘ ʩʲʭʨʘʥʷʚʘʥʝ ʧʨʝʜʠʟʚʠʢʚʘ ʨʘʟʣʠʯʥʠ ʟʘʛʫʙʠ ʚ ʩʲʜʲʨ-

ʞʘʥʠʝʪʦ ʥʘ ɓ-ʢʘʨʦʪʠʥ ʚ ʤʦʨʢʦʚʠʪʝ. ʉʧʦʨʝʜ [Singh et al., 2013] ʟʘʛʫʙʠʪʝ ʦʪ ɓ-ʢʘʨʦʪʠʥ ʧʨʠ ʠʟʩʫʰʝ-

ʥʠʪʝ ʤʦʨʢʦʚʠ, ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʝʟʠ ʚ ʩʚʝʞʦ ʩʲʩʪʦʷʥʠʝ ʩʘ 46,28% (ʟʘ ʥʘʨʷʟʘʥʠ ʤʦʨʢʦʚʠ ʥʘ ʧʘʨʯʝʪʘ). 

ʉʧʦʨʝʜ ʩʲʱʠʪʝ ʘʚʪʦʨʠ ʟʘʛʫʙʘʪʘ ʥʘ ɓ-ʢʘʨʦʪʠʥ ʩʝ ʜʲʣʞʠ ʥʘ ʪʝʨʤʠʯʥʦʪʦ ʨʘʟʛʨʘʞʜʘʥʝ ʠ ʠʟʦʤʝʨʠʟʘ-

ʮʠʷ. 

 

 
 

ʌʠʛ. 2. ʂʦʣʠʯʝʩʪʚʦ ɓ-ʢʘʨʦʪʠʥ ʚ ʤʦʨʢʦʚʠ, ʩʲʭʨʘʥʷʚʘʥʠ ʚ ʤʘʟʘ ʠ ʝʢʩʪʨʘʭʠʨʘʥʠ ʧʨʠ ʨʘʟʣʠʯʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ (20 Üʉ, 40 Üʉ ʠ 60 Üʉ) 
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ʌʠʛ. 3. ʂʦʣʠʯʝʩʪʚʦ ɓ-ʢʘʨʦʪʠʥ ʚ ʤʦʨʢʦʚʠ, ʩʲʷʭʨʘʥʷʚʘʥʠ ʚ ʭʣʘʜʠʣʥʠʢ (5 Üʉ) ʠ ʝʢʩʪʨʘʭʠʨʘʥʠ ʧʨʠ 

ʨʘʟʣʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ (20 Üʉ, 40 Üʉ ʠ 60 Üʉ) 

 

ʅʘ ʬʠʛʫʨʘ 3 ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ɓ-ʢʘʨʦʪʠʥ ʚ ʤʦʨʢʦʚʠ, ʩʲʭʨʘʥʷʚʘʥʠ ʚ ʭʣʘʜʠʣʥʠʢ (5 

Üʉ) ʠ ʝʢʩʪʨʘʭʠʨʘʥʠ ʧʨʠ ʨʘʟʣʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 20 Üʉ, 40 Üʉ ʠ 60 Üʉ. ʉʨʝʜʥʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ɓ-

ʢʘʨʦʪʠʥ ʝʢʩʪʨʘʭʠʨʘʥʦ ʦʪ ʤʦʨʢʦʚʠ, ʩʲʭʨʘʥʷʚʘʥʠ ʚ ʭʣʘʜʠʣʥʠʢ ʝ 4,37 Ñ 0,06 mg/100 g ʩʫʭʦ ʚʝʱʝʩʪʚʦ. 

ʅʘʡ-ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ ʟʘ ɓ-ʢʘʨʦʪʠʥ ʩʘ ʧʦʣʫʯʝʥʠ, ʢʦʛʘʪʦ ʢʘʪʦ ʝʢʩʪʨʘʛʝʥʪ ʝ ʠʟʧʦʣʟʚʘʥ 

ʠʟʧʦʧʨʦʧʘʥʦʣ, ʘ ʝʢʩʪʨʘʢʮʠʷʪʘ ʝ ʧʨʦʚʝʞʜʘʥʘ ʧʨʠ 60 Üʉ (7,07 Ñ 0,02; 7,93 Ñ 0.05 ʠ 9,75Ñ 0.02 mg/100 

g ʩʫʭʦ ʚʝʱʝʩʪʚʦ, ʩʲʦʪʚʝʪʥʦ ʟʘ ʧʨʦʙʘ 1, 2 ʠ 3. ʇʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʩʨʝʜʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ 

ɓ-ʢʘʨʦʪʠʥ ʝʢʩʪʨʘʭʠʨʘʥʦ ʦʪ ʪʝʟʠ ʤʦʨʢʦʚʠ, ʧʨʠ ʝʢʩʪʨʘʢʮʠʷ ʥʘ 20 Üʉ, 40 Üʉ ʠ 60 Üʉ, ʝ ʢʘʢʪʦ ʩʣʝʜʚʘ: 

2,10Ñ0,03; 4,13Ñ0,06 ʠ 6,87Ñ0,02 mg/100 g ʩʫʭʦ ʚʝʱʝʩʪʚʦ. ʂʘʨʦʪʝʥʦʠʜʠʪʝ ʩʘ ʚʘʞʥʠ ʟʘ ʯʦʚʝʰʢʦʪʦ 

ʟʜʨʘʚʝ. ʅʘʡ-ʨʘʟʧʨʦʩʪʨʘʥʝʥʠ ʚ ʯʦʚʝʰʢʘʪʘ ʢʨʲʚ ʠ ʪʲʢʘʥʠ ʩʘ Ŭ ʠ ɓ-ʢʘʨʦʪʠʥ, ʣʫʪʝʠʥ, ʣʠʢʦʧʝʥ, ɓ-

ʢʨʠʧʪʦʢʩʘʥʪʠʥ [Natarajmurthy et al., 2016]. 

 
ʌʠʛ. 4. ʂʦʣʠʯʝʩʪʚʦ ɓ-ʢʘʨʦʪʠʥ ʚ ʤʦʨʢʦʚʠ, ʩʲʭʨʘʥʷʚʘʥʠ ʚʲʚ ʬʨʠʟʝʨ (-18 Üʉ) ʠ ʝʢʩʪʨʘʭʠʨʘʥʠ ʧʨʠ 

ʨʘʟʣʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ (20 Üʉ, 40 Üʉ ʠ 60 Üʉ) 
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ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ɓ-ʢʘʨʦʪʠʥ ʚ ʤʦʨʢʦʚʠ, ʩʲʭʨʘʥʷʚʘʥʠ ʚʲʚ ʬʨʠʟʝʨ (-18 Üʉ) ʠ ʝʢʩʪʨʘʭʠʨʘʥʠ ʧʨʠ 

ʨʘʟʣʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 20 Üʉ, 40 Üʉ ʠ 60 Üʉ, ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʥʘ ʬʠʛʫʨʘ 4. ʉʨʝʜʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ, ʠʟʚ-

ʣʝʯʝʥʦ ʦʪ ʪʨʠʪʝ ʨʘʟʣʠʯʥʠ ʧʨʦʙʠ, ʩʲʭʨʘʥʷʚʘʥʠ ʚʲʚ ʬʨʠʟʝʨ ʝ 3,74 Ñ0,04 mg/100 g ʩʫʭʦ ʚʝʱʝʩʪʚʦ. 

ʇʨʠ ʩʨʘʚʥʷʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʝʢʩʪʨʘʢʮʠʷ ʝ ʫʩʪʘʥʦʚʝʥʦ, ʯʝ ʩ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ 

ʩʝ ʫʚʝʣʠʯʘʚʘ ʠ ʢʦʣʠʯʝʩʪʚʦʪʦ ʝʢʩʪʨʘʭʠʨʘʥ ɓ-ʢʘʨʦʪʠʥ. ʇʦ ʦʪʥʦʰʝʥʠʝ ʥʝ ʦʨʛʘʥʠʯʥʠʪʝ ʨʘʟʪʚʦʨʠʪʝʣʠ, 

ʢʦʛʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʠʟʦʧʨʦʧʘʥʦʣ ʢʘʪʦ ʝʢʩʪʨʘʛʝʥʪ, ʢʦʣʠʯʝʩʪʚʦʪʦ ɓ-ʢʘʨʦʪʠʥ ʝ ʥʘʡ-ʚʠʩʦʢʦ. 

4. ʀʟʚʦʜʠ 

ʆʪ ʥʘʧʨʘʚʝʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʝ ʫʩʪʘʥʦʚʝʥʦ, ʯʝ ʤʦʨʢʦʚʠʪʝ ʩʲʭʨʘʥʷʚʘʥʠ ʚʲʚ ʤʘʟʘ ʠʤʘʪ ʥʘʡ-

ʚʠʩʦʢʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ɓ-ʢʘʨʦʪʠʥ, ʩʣʝʜ ʪʦʚʘ ʪʝʟʠ ʩʲʭʨʘʥʧʚʘʥʠ ʚ ʭʣʘʜʠʣʥʠʢ ʠ ʥʘʡ-ʥʠʩʢʦ 

ʩʲʜʲʨʞʘʥʠʝ ʥʘ ɓ-ʢʘʨʦʪʠʥ ʠʤʘ ʚ ʤʦʨʢʦʚʠʪʝ, ʩʲʨʭʷʚʘʥʠ ʚʲʚ ʬʨʠʟʝʨ. ʇʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʠʟʧʦʣʟʚʘʥʠʪʝ 

ʦʨʛʘʥʠʯʥʠ ʨʘʟʪʦʚʠʨʪʝʣʠ, ʥʘʡ-ʜʦʙʨʠ ʝʢʩʪʨʘʢʮʠʦʥʥʠ ʩʪʚʦʡʩʪʚʘ ʧʨʠʪʝʞʘʚʘ ʠʟʦʧʨʦʧʘʥʦʣʲʪ, ʘ ʥʘʡ-

ʣʦʰʠ ï ʝʪʠʣʘʮʝʪʘʪʲʪ. ʊʝʤʧʝʨʘʪʫʨʘʪʘ ʧʨʠ ʢʦʷʪʦ ʩʝ ʧʨʦʚʝʞʜʘ ʝʢʩʪʨʘʢʮʠʷʪʘ ʩʲʱʦ ʪʘʢʘ ʦʢʘʟʚʘ 

ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʝʢʩʪʨʘʭʠʨʘʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ɓ-ʢʘʨʦʪʠʥ, ʢʘʪʦ ʩ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʪʦ ʩʝ 

ʫʚʝʣʠʯʘʚʘ.  
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ABSTRACT: Heating domestic hot water in an industrial plant is a relatively large expense. There are different 

options for utilizing renewable energy for heating water, and this article examines an option for utilizing waste 

heat by means of a water-to-water heat pump. An analysis has been carried out regarding the amount of heat 

energy saved. Carbon dioxide emissions saved as a result of the introduced energy-saving measure have also 

been calculated. 
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ɽɼʅɸ ɺʒɿʄʆɾʅʆʉʊ ɿɸ ɿɸɻʈʗɺɸʅɽ ʅɸ ɹɻɺ, ʏʈɽɿ ʀɿʇʆʃɿɺɸʅɽ ʅɸ ʆʊʇɸɼʅɸ 

ʊʆʇʃʀʅɸ 

 

ʀʚʘʥ ʅ. ɼʝʥʝʚ 

ʊʝʭʥʠʯʝʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ ï ʉʦʬʠʷ, ʀʥʞʝʥʝʨʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠ ʬʘʢʫʣʪʝʪ ï ʉʣʠʚʝʥ 

e-mail: ivan_denev.eng@abv.bg 

 

ɺʲʚʝʜʝʥʠʝ 

ʅʘʤʘʣʷʚʘʥʝʪʦ ʥʘ ʝʥʝʨʛʠʡʥʠʪʝ ʨʘʟʭʦʜʠ ʚ ʧʨʦʤʠʰʣʝʥʠ ʧʨʝʜʧʨʠʷʪʠʷ ʝ ʦʪ ʦʩʥʦʚʥʦ ʟʥʘʯʝʥʠʝ ʟʘ 

ʚʩʝʢʠ ʨʲʢʦʚʦʜʠʪʝʣ ʠ ʝʥʝʨʛʝʪʠʢ. ʀʟʠʩʢʚʘʥʠʷʪʘ, ʧʦʩʪʘʚʝʥʠ ʦʪ [ɿʘʢʦʥʘ ʟʘ ʝʥʝʨʛʝʪʠʢʘʪʘ], ʢʘʢʪʦ ʠ ʩʣʝ-

ʜʝʥʝʪʦ ʟʘ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʝʥʝʨʛʦʩʧʝʩʪʷʚʘʱʠʪʝ ʤʝʨʢʠ ʦʪ ʩʪʨʘʥʘ ʥʘ ɸʛʝʥʮʠʷʪʘ ʟʘ ʫʩʪʦʡʯʠʚʦ ʝʥʝʨ-

ʛʠʡʥʦ ʨʘʟʚʠʪʠʝ ʧʦʩʪʘʚʷʪ ʚʩʷʢʦ ʝʜʥʦ ʧʨʦʤʠʰʣʝʥʦ ʧʨʝʜʧʨʠʷʪʠʝ ʧʨʝʜ ʢʘʟʫʩʘ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʝʥʝʨ-

ʛʠʡʥʠʪʝ ʤʫ ʨʘʟʭʦʜʠ.  

ɽʜʠʥ ʦʪ ʧʦʩʪʦʷʥʥʠʪʝ ʠ ʥʝ ʤʘʣʢʠ ʨʘʟʭʦʜʠ ʚʲʚ ʚʩʝʢʠ ʧʨʦʤʠʰʣʝʥ ʦʙʝʢʪ ʝ ʟʘʛʨʷʚʘʥʝʪʦ ʥʘ ʙʠʪʦ-

ʚʦ ʛʦʨʝʱʘʪʘ ʚʦʜʘ ʟʘ ʩʘʥʠʪʘʨʥʠʪʝ ʧʦʤʝʱʝʥʠʷ ʠ ʟʘ ʩʪʦʣʦʚʘʪʘ. ʏʝʩʪʦ ʩʨʝʱʘʥʦ ʨʝʰʝʥʠʝ ʥʘ ʧʦʜʦʙʝʥ 

ʢʘʟʫʩ ʝ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʩʣʲʥʯʝʚʘ ʝʥʝʨʛʠʷ [Solar Domestic Hot Water Systems, Russell H. Plante, in 

Solar Energy, Photovoltaics, and Domestic Hot Water., 2014] ʟʘ ʟʘʛʨʷʚʘʥʝ ʥʘ ʚʦʜʘʪʘ, ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝ 

ʥʘ ʩʣʲʥʯʝʚʠ ʢʦʣʝʢʪʦʨʠ. ɺ ʥʘʩʪʦʷʱʘʪʘ ʧʫʙʣʠʢʘʮʠʷ ʱʝ ʙʲʜʝ ʨʘʟʛʣʝʜʘʥ ʝʜʠʥ ʨʘʟʣʠʯʝʥ ʧʦʜʭʦʜ, ʯʨʝʟ 

ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʦʪʧʘʜʥʘ ʪʦʧʣʠʥʘ ʠ ʜʦ ʟʘʛʨʷʚʘʥʝʪʦ ʥʘ ʚʦʜʘʪʘ ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʨʤʦʧʦʤʧʘ ʚʦʜʘ ï ʚʦʜʘ. 

ʎʝʣ ʠ ʟʘʜʘʯʠ 

ʉ ʥʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʩʝ ʮʝʣʠ ʜʘ ʩʝ ʦʮʝʥʠ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʪʝʨʤʦʧʦʤʧʘ 

ʚʦʜʘ-ʚʦʜʘ ʟʘ ʟʘʛʨʷʚʘʥʝ ʥʘ ʙʠʪʦʚʦ ʛʦʨʝʱʘ ʚʦʜʘ, ʢʘʢʪʦ ʠ ʦʮʝʥʷʚʘʥʝ ʥʘ ʩʧʝʩʪʝʥʠʪʝ ʝʤʠʩʠʠ ʚʲʛʣʝʨʦ-

ʜʝʥ ʜʠʦʢʩʠʜ, ʩʣʝʜʩʪʚʠʝ ʦʪ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʪʘʟʠ ʝʥʝʨʛʦʩʧʝʩʪʷʚʘʱʘ ʤʷʨʢʘ. 

ʀʟʭʦʜʥʠ ʜʘʥʥʠ 

ʈʘʟʛʣʝʞʜʘʥʠʷʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥ ʦʙʝʢʪ ʨʘʙʦʪʠ ʙʝʟ ʧʨʝʢʲʩʚʘʥʝ ʥʘ ʪʨʠ ʩʤʝʥʝʥ ʨʝʞʠʤ. ɿʘ ʜʘ ʙʲʜʝ 

ʧʨʝʩʤʝʪʥʘʪʦ ʢʦʣʠʯʝʩʪʚʦʪʦ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ, ʥʝʦʙʭʦʜʠʤʘ ʟʘ ʟʘʛʨʷʚʘʥʝ ʥʘ ʙʠʪʦʚʘʪʘ ʛʦʨʝʱʘ ʚʦʜʘ ʩʝ 

ʚʟʝʤʘʪ ʧʦʜ ʚʥʠʤʘʥʠʝ ʙʨʦʷʪ ʥʘ ʨʘʙʦʪʥʠʮʠʪʝ, ʪʝʤʧʝʨʘʪʫʨʥʘʪʘ ʨʘʟʣʠʢʘ ʥʘ ʚʦʜʘʪʘ, ʢʘʢʪʦ ʠ ʥʦʨʤʘʪʘ ʟʘ 

ʨʘʟʭʦʜ ʥʘ ʪʦʧʣʘ ʚʦʜʘ ʟʘ ʚʩʝʢʠ ʨʘʙʦʪʥʠʢ.  

ʇʦʪʨʝʙʥʘʪʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʟʘ ɹɻɺ ʩʝ ʧʨʝʩʤʷʪʘ ʧʦ ʩʣʝʜʥʘʪʘ ʟʘʚʠʩʠʤʦʩʪ: 

 

ὗ
Ȣ̘ȢȢȢ ȢЎ

ȟὯὡὬ (1) 

ʂʲʜʝʪʦ: Q ï ʧʦʪʨʝʙʥʘʪʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʟʘ ʟʘʛʨʷʚʘʥʝ ʥʘ ɹɻɺ; 

Gʯ ï ʥʝʦʙʭʦʜʠʤʦ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʘ ʟʘ ʢʲʧʘʥʝ ʥʘ 1 ʯʦʚʝʢ; 

n ï ʙʨʦʷʪ ʥʘ ʨʘʙʦʪʥʠʮʠʪʝ ʚ ʝʜʥʘ ʩʤʷʥʘ; 

y ï ʙʨʦʡ ʥʘ ʩʤʝʥʠʪʝ ʚ ʧʨʝʜʧʨʠʷʪʠʝʪʦ; 

D - ʨʘʙʦʪʥʠ ʜʥʠ ʛʦʜʠʰʥʦ; 

mailto:ivan_denev.eng@abv.bg
mailto:ivan_denev.eng@abv.bg
https://www.sciencedirect.com/science/article/pii/B9780124201552000049
https://www.sciencedirect.com/book/9780124201552/solar-energy-photovoltaics-and-domestic-hot-water
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Cp ï ʩʧʝʮʠʬʠʯʝʥ ʪʦʧʣʠʥʝʥ ʢʘʧʘʮʠʪʝʪ ʥʘ ʚʦʜʘʪʘ; 

æt ï ʪʝʤʧʝʨʘʪʫʨʥʘ ʨʘʟʣʠʢʘ ʥʘ ʚʦʜʘʪʘ. 

ʀʟʭʦʜʥʠʪʝ ʜʘʥʥʠ ʟʘ ʨʘʟʛʣʝʞʜʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥ ʦʙʝʢʪ ʩʘ ʜʘʜʝʥʠ ʟʘ ʧʨʝʛʣʝʜʥʦʩʪ ʚ ʪʘʙʣʠʯʝʥ 

ʚʠʜ ʚ ʪʘʙʣ.1: 

 

ʈʘʙʦʪʥʠʮʠ, ʧʦʣʟʚʘʱʠ ʙʘʥʷ ʟʘ 1 

ʩʤʷʥʘ 6 ɹʨ. 

ɹʨʦʡ ʩʤʝʥʠ ʜʥʝʚʥʦ 3 ɹʨ. 

ʈʘʙʦʪʥʠ ʜʥʠ ʛʦʜʠʰʥʦ 240 ʜʥʠ 

ʅʝʦʙʭʦʜʠʤʘ ʚʦʜʘ ʟʘ ʢʲʧʘʝ ʥʘ 1 

ʯʦʚʝʢ 80 ʣ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʩʪʫʜʝʥʘʪʘ ʚʦʜʘ 10 ʦC 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʙʠʪʦʚʦ ʛʦʨʝʱʘ 

ʚʦʜʘ 40 ʦC 

ʊʝʤʧʝʨʘʪʫʨʥʘ ʨʘʟʣʠʢʘ 30 ʦC 

ʊʘʙʣʠʮʘ1 

 

ʇʨʠ ʪʘʢʘ ʧʨʝʜʦʩʪʘʚʝʥʠʪʝ ʜʘʥʥʠ ʠ ʠʟʧʦʣʟʚʘʡʢʠ ʟʘʚʠʩʠʤʦʩʪ (1), ʟʘ ʥʝʦʙʭʦʜʠʤʦʪʦ ʢʦʣʠʯʝʩʪʚʦ 

ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʟʘ ʟʘʛʨʷʚʘʥʝ ʥʘ ɹɻɺ ʩʝ ʧʦʣʫʯʘʚʘʪ Ein=12056 kWh/ʛʦʜ. 

ʈʘʟʯʝʪʲʪ ʟʘ ʨʘʟʧʦʣʘʛʘʝʤʘʪʘ ʦʪʧʘʜʥʘ ʪʦʧʣʠʥʘ ʦʪ ʦʭʣʘʞʜʘʥʝ ʥʘ ʘʧʘʨʘʪʠʪʝ, ʠʟʧʦʣʟʚʘʥʠ ʚ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʠʷ ʦʙʝʢʪ ʝ ʥʘʧʨʘʚʝʥ ʥʘ ʙʘʟʘ ʥʘ ʪʝʨʤʦʚʠʟʠʦʥʥʦ ʟʘʩʥʝʤʘʥʝ ʥʘ ʦʭʣʘʞʜʘʱʘʪʘ ʠ ʦʪʧʘʜʥʘʪʘ 

ʚʦʜʘ. ʅʘ ʬʠʛ. 1 ʝ ʧʦʢʘʟʘʥʘ ʪʝʨʤʦʚʠʟʠʦʥʥʦʪʦ ʟʘʩʥʝʤʘʥʝ. 

 

 
ʌʠʛ. 1 ʊʝʨʤʦʚʠʟʠʦʥʥʦ ʟʘʩʥʝʤʘʥʝ ʥʘ ʦʭʣʘʞʜʘʱʘ ʠ ʦʪʧʘʜʥʘ ʚʦʜʘ 
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ʈʝʟʫʣʪʘʪʠ ʠ ʦʙʩʲʞʜʘʥʝ 
ʇʦ ʜʘʥʥʠ ʦʪ ʧʨʝʜʧʨʠʷʪʠʝʪʦ, ʦʪʧʘʜʥʘʪʘ ʚʦʜʘ ʦʪ ʦʭʣʘʞʜʘʥʝ ʥʘ ʘʧʘʨʘʪʠʪʝ ʚʲʟʣʠʟʘ ʥʘ 84139 m3 

ʟʘ ʝʜʥʘ ʛʦʜʠʥʘ. ʅʘ ʪʘʙʣʠʮʘ 2 ʝ ʧʦʢʘʟʘʥʦ ʢʦʣʠʯʝʩʪʚʦʪʦ ʨʘʟʧʦʣʘʛʘʝʤʘ ʦʪʧʘʜʥʘ ʪʦʧʣʠʥʘ ʥʘ ʙʘʟʘ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʘʪʘ ʨʘʟʣʠʢʘ, ʧʦʣʫʯʝʥʘ ʦʪ ʪʝʨʤʦʚʠʟʠʷʪʘ ʠ ʥʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʦʪʧʘʜʥʘ ʚʦʜʘ. 

 

ʈʘʟʧʦʣʘʛʘʝʤʘ ʦʪʧʘʜʥʘ ʚʦʜʘ 84139000 ʣ 

ʊʝʤʧʝʨʘʪʫʨʥʘ ʨʘʟʣʠʢʘ 0,76 ʦC 

ʊʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʦʪ ʦʪ-

ʧʘʜʥʘʪʘ ʪʦʧʣʠʥʘ 74355 kWh 

ʊʘʙʣʠʮʘ 2 

 

ʂʘʢʪʦ ʩʝ ʚʠʞʜʘ ʦʪ ʥʘʧʨʘʚʝʥʠʷ ʨʘʟʯʝʪ ʈʘʟʧʦʣʘʛʘʝʤʘʪʘ ʪʦʧʣʠʥʘ, ʦʪ ʦʪʧʘʜʥʘʪʘ ʚʦʜʘ ʝ ʥʘʧʲʣʥʦ 

ʜʦʩʪʘʪʲʯʥʘ ʟʘ ʧʦʜʛʨʷʚʘʥʝ ʥʘ ɹɻɺ, ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʨʤʦʧʦʤʧʘ ʚʦʜʘ-ʚʦʜʘ. 

ʂʦʝʬʠʮʠʝʥʪʘ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʥʘ ʪʝʨʤʦʧʦʤʧʘʪʘ ʝ ʦʪ ʧʦʨʷʜʲʢʘ ʥʘ 4-5. ʊʦʚʘ ʦʟʥʘʯʘʚʘ, ʯʝ ʜʦ 

ʤʦʤʝʥʪʘ ʠʟʨʘʟʭʦʜʚʘʥʘʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʠʷ ʟʘ ʧʦʜʛʨʷʚʘʥʝ ʥʘ ɹɻɺ ʦʪ Ein=12056 kWh ʙʠ ʥʘʤʘʣʷʣʘ ʜʦ 

Eexp=3014 kWh. ʊʘʢʘ ʝʥʝʨʛʠʡʥʠʪʝ ʩʧʝʩʪʷʚʘʥʠʷ ʦʪ ʝʜʥʘ ʧʦʜʦʙʥʘ ʝʥʝʨʛʦʩʧʝʩʪʷʚʘʱʘ ʤʷʨʢʘ ʱʝ ʙʲʜʘʪ 

9042 kWh/ʛʦʜ.  

ʇʨʠ ʠʟʧʦʣʟʚʘʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ ʟʘ ʪʝʨʤʦʧʦʤʧʘʪʘ, ʢʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʝʢʦʣʦʛʠʯʝʥ ʝʢʚʠ-

ʚʘʣʝʥʪ, ʩʲʛʣʘʩʥʦ [ʅʘʨʝʜʙʘ ˉ ɽ-ʈɼ-04-2 ʦʪ 22.01.2016 ʛ. ʟʘ ʧʦʢʘʟʘʪʝʣʠʪʝ ʟʘ ʨʘʟʭʦʜ ʥʘ ʝʥʝʨʛʠʷ ʠ 

ʝʥʝʨʛʠʡʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʩʛʨʘʜʠʪʝ] ʠʤʘ ʩʪʦʡʥʦʩʪ 819 g CO2/kWh. ʉʣʝʜ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ 

ʩʧʝʩʪʝʥʠʪʝ ʝʤʠʩʠʠ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ ʩʝ ʧʦʣʫʯʘʚʘ: 

ɽʥʝʨʛʠʷ ʧʦ ʙʘʟʦʚʘ ʣʠʥʠʷ Ein * ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʝʢʦʣʦʛʠʯʝʥ ʝʢʚʠʚʘʣʝʥʪ ï ʢʨʘʡʥʘ ʝʥʝʨʛʠʷ 

ʩʣʝʜ ɽʉʄ Eexp * ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʝʢʦʣʦʛʠʯʝʥ ʝʢʚʠʚʘʣʝʥʪ = ʉʧʝʩʪʝʥʠ ʝʤʠʩʠʠ CO2; 

ʀʣʠ ʚ ʢʦʥʢʨʝʪʥʠʷ ʩʣʫʯʘʡ: 12056 kWh/ʛʦʜ. * 819 gCO2/kWh ï 3014 kWh/ʛʦʜ. *819 

gCO2/kWh = 7,41 tCO2/ʛʦʜ. 

 

ʀʟʚʦʜʠ 

ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʦʪʧʘʜʥʘ ʪʦʧʣʠʥʘ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥ ʧʨʦʮʝʩ ʤʦʞʝ ʜʘ ʙʲʜʝ ʜʦʩʪʘʪʲʯʥʘ ʟʘ 

ʟʘʛʨʷʚʘʥʝʪʦ ʥʘ ʙʠʪʦʚʘ ʛʦʨʝʱʘ ʚʦʜʘ ʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʜʘ ʙʲʜʘʪ ʨʝʜʫʮʠʨʘʥʠ ʝʥʝʨʛʠʡʥʠʪʝ ʨʘʟʭʦʜʠ ʥʘ 

ʝʜʥʘ ʧʨʦʤʠʰʣʝʥʘ ʩʠʩʪʝʤʘ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʣʝʩʥʦ ʩʝ ʧʦʩʪʠʛʘ ʢʘʢʪʦ ʥʘʤʘʣʝʥʠʝ ʥʘ ʨʘʟʭʦʜʘ ʥʘ ʝʣʝʢʪ-

ʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ, ʪʘʢʘ ʠ ʩʧʝʩʪʷʚʘʥʝ ʥʘ ʚʲʛʣʝʨʦʜʥʠ ʝʤʠʩʠʠ, ʯʠʝʪʦ ʪʲʨʛʫʚʘʥʝ ʩʪʘʚʘ ʚʩʝ ʧʦ-ʚʘʞʝʥ 

ʝʣʝʤʝʥʪ ʧʨʠ ʚʲʚʝʞʜʘʥʝʪʦ ʠ ʦʪʯʠʪʘʥʝʪʦ ʥʘ ʝʥʝʨʛʦʩʧʝʩʪʷʚʘʱʠ ʤʝʨʢʠ. 
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ANALYSIS OF STRUCTURAL MODIFICATION OF FABRICS WITH ELASTOMERIC FIL-

AMENTS IN APRETOUR PROCESSING 

 

Georgi Ivanov Georgiev, Andreas Haralambous 

Faculty of Engineering and Pedagogy- Sliven, Technical University - Sofia 

  

Abstract. Textile products after their manufacture of textile machinery are subjected to vari-

ous a processing treatments (ennobling) in order to improve their performance. The purpose 

of these treatments is to give a beautiful appearance, increased resistance to washing and 

wear, good touch, gloss, softness, drapability, resistance to rubbing and combined impacts, 

etc. 

Keywords: gloss, softness, drapability, resistance 

 

ɸʅɸʃʀɿ ʅɸ ʉʊʈʋʂʊʋʈʅʆʊʆ ʀɿʄɽʅɽʅʀɽ ʅɸ ʊʒʂɸʅʀ ʉ ɽʃɸʉʊʆʄɽʈʅʀ 

ʅʀʐʂʀ ʇʈʀ ɸʇʈɽʊʋʈʅɸ ʆɹʈɸɹʆʊʂɸ 

 

ɻʝʦʨʛʠ ʀʚ. ɻʝʦʨʛʠʝʚ, ɸʥʜʨʝʘʩ ʍʘʨʘʣʘʤʙʫʩ 

ʀʇʌ- ʉʣʠʚʝʥ, ʊʝʭʥʠʯʝʩʢʠ ʋʥʠʚʝʨʩʠʪʝʪ ï ʉʦʬʠʷ 

 

ʈʝʟʶʤʝ. ʊʝʢʩʪʠʣʥʠʪʝ ʠʟʜʝʣʠʷ ʩʣʝʜ ʪʷʭʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʩʫʨʦʚʦ ʩʝ ʧʦʜʣʘʛʘʪ ʥʘ 

ʨʘʟʣʠʯʥʠ ʘʧʨʝʪʫʨʥʠ ʦʙʨʘʙʦʪʢʠ ʩ ʮʝʣ ʧʦʚʠʰʘʚʘʥʝ ʢʘʯʝʩʪʚʦʪʦ ʠʤ. ʇʨʠ ʪʝʟʠ ʘʧʨʝʪʫʨʥʠ 

ʧʨʦʮʝʩʠ ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʪʝʢʩʪʠʣʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʩʪʨʫʢʪʫʨʥʠ ʠʟʤʝ-

ʥʝʥʠʷ, ʢʦʠʪʦ ʚ ʧʦʚʝʯʝʪʦ ʩʣʫʯʘʠ ʟʘʚʠʩʷʪ ʦʪ ʤʥʦʛʦ ʬʘʢʪʦʨʠ. ɺ ʥʘʩʪʦʷʱʘʪʘ ʨʘʙʦʪʘ ʟʘ 

ʜʘ ʩʝ ʠʟʩʣʝʜʚʘʪ ʠ ʘʥʘʣʠʟʠʨʘʪ ʪʝʟʠ ʧʨʦʤʝʥʠ ʩʘ ʥʘʧʨʘʚʝʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ  ʩ ʢʦʥʢʨʝʪʥʦ 

ʪʝʢʩʪʠʣʥʦ ʠʟʜʝʣʠʝ ʧʦʜʣʦʞʝʥʦ ʥʘ ʦʧʨʝʜʝʣʝʥʘ ʨʝʜʠʮʘ ʦʪ ʘʧʨʝʪʫʨʥʠ ʧʨʦʮʝʩʠ.   

 

ɺʲʚʝʜʝʥʠʝ. ʊʝʢʩʪʠʣʥʠʪʝ ʠʟʜʝʣʠʷ ʩʣʝʜ ʪʷʭʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʝʢʩʪʠʣʥʠʪʝ ʤʘʰʠʥʠ ʩʝ 

ʧʦʜʣʘʛʘʪ ʥʘ ʨʘʟʣʠʯʥʠ ʘʧʨʝʪʫʨʥʠ ʦʙʨʘʙʦʪʢʠ (ʦʙʣʘʛʦʨʦʜʷʚʘʥʝ) ʩ ʮʝʣ ʧʦʜʦʙʨʷʚʘʥʝ 

ʝʢʩʧʣʦʘʪʘʮʠʦʥʥʠʪʝ ʠʤ ʢʘʯʝʩʪʚʘ [1, 2, 3].  

ʎʝʣʪʘ ʥʘ  ʪʝʟʠ ʦʙʨʘʙʦʪʢʠ  ʝ ʜʘ ʩʝ ʧʨʠʜʘʜʝ ʢʨʘʩʠʚ ʚʲʥʰʝʥ ʚʠʜ, ʧʦʚʠʰʝʥʘ ʩʲʧʨʦʪʠʚʠʪʝʣʥʘ 

ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʧʨʘʥʝ ʠ ʠʟʥʦʩʚʘʥʝ, ʜʦʙʲʨ ʦʧʠʧ, ʛʣʘʥʮ, ʤʝʢʦʪʘ, ʜʨʘʧʠʨʫʝʤʦʩʪ, ʫʩʪʦʡʯʠʚʦʩʪ ʥʘ 

ʧʨʝʪʨʠʚʘʥʝ ʠ ʥʘ ʢʦʤʙʠʥʠʨʘʥʠ ʚʲʟʜʝʡʩʪʚʠʷ ʠ ʜʨ. 

 ʆʛʨʦʤʥʦʪʦ ʨʘʟʚʠʪʠʝ ʥʘ ʭʠʤʠʷʪʘ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʷʪʘ ʥʘ ʚʠʩʦʢʦʤʦʣʝʢʫʣʥʠʪʝ ʩʲʝʜʠʥʝʥʠʷ ʧʨʝʟ 

ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʜʘʜʝ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʩʝ ʨʘʟʰʠʨʷʪ ʤʥʦʛʦ ʤʝʪʦʜʠʪʝ ʥʘ ʦʙʣʘʛʦʨʦʜʷʚʘʥʝ ʥʘ 

ʪʝʢʩʪʠʣʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʧʨʠ ʪʷʭʥʘʪʘ ʦʢʦʥʯʘʪʝʣʥʘ ʦʙʨʘʙʦʪʢʘ.  

ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠ ʩʲʚʨʝʤʝʥʥʠ ʭʠʤʠʯʥʠ ʩʲʝʜʠʥʝʥʠʷ ʜʦʧʨʠʥʝʩʝ ʠʟʚʲʥʨʝʜʥʦ ʤʥʦʛʦ 

ʦʙʨʘʙʦʪʝʥʠʪʝ ʪʝʢʩʪʠʣʥʠ ʠʟʜʝʣʠʷ ʜʘ ʧʦʣʫʯʘʪ ʥʦʚʠ ʪʨʘʡʥʠ ʩʚʦʡʩʪʚʘ, ʧʦ-ʭʘʨʘʢʪʝʨʥʠ ʦʪ ʢʦʠʪʦ ʩʘ: 

 ʥʘʤʘʣʝʥʘ ʤʘʯʢʘʝʤʦʩʪ, ʭʠʜʨʦʬʦʙʥʦʩʪ, ʤʘʩʣʦ-ʦʪʙʣʲʩʢʚʘʥʝ, ʥʝʩʚʠʚʘʝʤʦʩʪ, ʙʠʦʫʩʪʦʡʯʠʚʦʩʪ, 

ʧʦʥʠʞʝʥʘ ʛʦʨʠʤʦʩʪ, ʘʥʪʠʩʪʘʪʠʯʥoʩʪ, ʙʘʢʪʝʨʠʮʠʜʝʥ ʠ ʧʨʦʪʠʚʦʟʘʤʲʨʩʷʚʘʱ ʝʬʝʢʪʠ ʜʨ.[1, 2, 3, 4]. 

ʇʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʥʦʚʠ ʪʨʘʡʥʠ ʩʚʦʡʩʪʚʘ ʥʘ ʪʝʢʩʪʠʣʥʠʪʝ ʠʟʜʝʣʠʷ ʦʩʥʦʚʥʦ ʧʨʦʠʟʣʠʟʘ ʦʪ ʩʣʦʞ-

ʥʘʪʘ ʩʪʨʫʢʪʫʨʥʘ ʧʨʦʤʷʥʘ, ʢʦʷʪʦ ʩʝ ʧʦʣʫʯʘʚʘ ʢʘʢʪʦ ʚ ʪʝʢʩʪʠʣʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʦʪ ʢʦʠʪʦ  ʩʝ ʩʲʩʪʦʡ 

ʠʟʜʝʣʠʝʪʦ, ʪʘʢʘ ʠ ʥʘ ʩʘʤʘʪʘ ʤʫ ʩʪʨʫʢʪʫʨʘ ʧʦ ʚʨʝʤʝ ʥʘ ʪʝʟʠ  ʘʧʨʝʪʫʨʥʠ ʧʨʦʮʝʩʠ. ʊʝʟʠ ʩʪʨʫʢʪʫʨʥʠ  

ʧʨʦʤʝʥʠ ʩʘ ʜʦʩʪʘ ʩʣʦʞʥʠ ʠ ʟʘʚʠʩʷʪ ʦʪ ʤʥʦʛʦ ʬʘʢʪʦʨʠ. ɿʘ ʜʘ ʩʝ ʠʟʩʣʝʜʚʘʪ ʠ ʘʥʘʣʠʟʠʨʘʪ ʪʝʟʠ ʧʨʦʤʝ-

ʥʠ ʩʘ ʥʘʧʨʘʚʝʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ  ʩ ʢʦʥʢʨʝʪʥʦ ʪʝʢʩʪʠʣʥʦ ʠʟʜʝʣʠʝ ʧʦʜʣʦʞʝʥʦ ʥʘ ʦʧʨʝʜʝʣʝʥʘ ʨʝʜʠʮʘ  

ʦʪ ʘʧʨʝʪʫʨʥʠ ʧʨʦʮʝʩʠ, ʢʦʠʪʦ ʩʝ ʧʨʝʜʩʪʘʚʷʪ ʚ ʥʘʩʪʦʷʱʠʷ ʜʦʢʣʘʜ.   

ʀʟʣʦʞʝʥʠʝ. ɽʢʩʧʝʨʠʤʝʥʪʠʪʝ ʩʘ ʧʨʦʚʝʜʝʥʠ ʚʲʚ ʮʝʭ ɸʧʨʝʪʫʨʘ  ʥʘ ʌʠʨʤʘ ,,ʄʠʨʦʣʠʦò ɽɸɼ, ʢʘ-

ʪʦ ʩʝ ʠʟʩʣʝʜʚʘʪ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʘʨʪʠʢʫʣʘ Ăɸʟʘʣʝʘʩñ, ʢʦʡʪʦ ʩʝ ʧʨʦʠʟʚʝʞʜʘ ʚ ʢʘʤʛʘʨʥʠʷ ʮʝʭ. ʊʦʟʠ 

ʘʨʪʠʢʫʣ ʝ ʧʨʦʠʟʚʝʜʝʥ ʚ ʩʧʣʠʪʢʘ ʂʝʧʲʨ 3/3, ʢʦʷʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʚ ʛʦʣʷʤʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚ ʨʘʟʣʠʯʥʠ 

ʚʠʜʦʚʝ ʧʣʘʪʦʚʝ. ʇʣʦʱʥʘʪʘ ʤʘʩʘ ʥʘ ʠʟʩʣʝʜʚʘʥʘʪʘ ʤʦʩʪʨʘ  ʚ ʩʫʨʦʚʦ ʝ 167,5 ʛ/ʤ2 ʘ ʚ ʛʦʪʦʚʦ - 206,6 
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ʛ/ʤ2. ʆʩʥʦʚʥʠʪʝ ʥʠʰʢʠ ʩʘ 11,2ʭ1 tex- ʇʝ-ʂ  ʠ 33,3x1tex (ʩʠʨʦʩʧʫʥ)-45/55/ɺ/ʇʝ, ʘ ʚʲʪʲʯʥʠʪʝ  31 ʭ 

1tex, 43/53/4-ɺ/ʇɽ/ɽʣʘʩʪʘʥ  

ʇʨʠ ʘʧʨʝʪʠʨʘʥʝʪʦ ʥʘ ʤʦʩʪʨʠ ʦʪ ʠʟʩʣʝʜʚʘʥʠʷ ʘʨʪʠʢʫʣ ʩʝ ʠʟʚʲʨʰʚʘʪ ʧʨʦʮʝʩʠʪʝ, ʜʘʜʝʥʠ ʚ ʪʘʙ-

ʣʠʮa 1.  

ʆʩʥʦʚʥʠʪʝ ʧʘʨʘʤʝʪʨʠ, ʢʦʠʪʦ ʩʝ ʧʨʦʤʝʥʷʪ ʧʨʠ ʨʘʟʣʠʯʥʠʪʝ ʦʙʨʘʙʦʪʢʠ ʠ ʚʣʠʷʷʪ ʚʲʨʭʫ ʩʪʨʫʢʪʫ-

ʨʘʪʘ ʥʘ ʪʲʢʘʥʪʘ ʩʘ ʛʲʩʪʠʥʠʪʝ ʠ ʧʣʦʱʥʘʪʘ ʤʘʩʘ.   

ɿʘ ʪʦʚʘ ʚ ʥʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʩʝ ʩʣʝʜʠ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʧʣʦʱʥʘʪʘ ʤʘʩʘ ʠ ʛʲʩʪʠʥʠʪʝ ʥʘ ʠʟʩ-

ʣʝʜʚʘʥʠʪʝ ʤʦʩʪʨʠ ʧʨʠ ʨʘʟʣʠʯʥʠʪʝ ʘʧʨʝʪʫʨʥʠ ʦʧʝʨʘʮʠʠ. ʅʘ ʪʘʙʣ. 2 ʠ ʥʘ ʛʨʘʬʠʢʘʪʘ ʩʝ ʜʘʚʘʪ ʧʦʣʫʯʝ-

ʥʠʪʝ ʨʝʟʫʣʪʘʪʠ. 

ʊʘʙʣʠʮʘ 1 ɸʧʨʝʪʫʨʥʠ ʧʨʦʮʝʩʠ ʧʨʝʤʠʥʘʚʘʱ ʘʨʪ.ɸʟʘʣʝʘʩ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʊʘʙʣʠʮʘ 2. ʀʟʤʝʥʝʥʠʝ ʥʘ ʧʣʦʱʥʘʪʘ ʤʘʩʘ ʧʨʠ ʨʘʟʣʠʯʥʠʪʝ ʘʧʨʝʪʫʨʥʠ ʦʧʝʨʘʮʠʠ 

ʆʧʝʨʘʮʠʠ ʐʠʨʠʥʘ ɺʭʦʜʷʱʘ ʀʟʭʦʜʷʱʘ 

ɻʲʩʪʠʥʠ ʇʣʦʱʥʘ 

ʤʘʩʘ 

ɻʲʩʪʠʥʠ ʇʣʦʱʥʘ 

ʤʘʩʘ   ʦʩʥʦʚʘ ʚʲʪʲʢ ʦʩʥʦʚʘ ʚʲʪʲʢ 

ʉʪʘʥ 195 249,1 270 158,71 262,6 273 167,57 

ʉʫʨʦʚʦ 185 262,6 273 167,57 269,9 274 169,13 

ʇʨʘʥʝ 180 269,9 277 169,13 285,8 275 177,16 

ʉʫʰ+ʪʝʨʤʦ 170 285,8 275 177,16 303,6 277 190,54 

ʄʝʞ.ʢʦʥʪʨʦʣ 160 303,6 277 190,54 303,6 277 190,54 

ʇʦʯʠʩʪʚʘʥʝ 160 303,6 277 190,54 303,6 277 190,54 

ʉʪʨʠʛʘʥʝ 160 303,6 277 90,54 303,6 277 190,54 

ʉʪʨʠʛʘʥʝ 160 303,6 277 190,54 301,6 278 180,52 

ʊʝʨʤʦ+ʦʤʝʢ. 161 301,8 278 180,52 307,5 278 184,76 

ʄʝʞ.ʢʦʥʪʨʦʣ 158 307,5 278 184,76 307,5 278 184,76 

ʉʥʝʨʦ 158 307,5 278 184,76 311,4 279 187,74 

ʂʝʩʝʣ 156 311,4 279 187,74 317,5 280 192,68 

ʌʦʨʤʫʣʘ 1 153 317,5 280 192,68 321,7 280 206,6 

ʆʊʂ 151 321,7 280 206,6 321,7 280 206,6 

  ̄       ʆʧʝʨʘʮʠʠ 

  1. ʅʘʢʘʪʘʚʘʥʝ ʠ  ʥʘʰʠʚʘʥʝ 

  2. ʇʨʘʥʝ+ʪʝʨʤʦ ʩʲʩ ʩʫʰʝʥʝ 

  3. ʄʝʞʜʠʥʝʥ ʢʦʥʪʨʦʣ 

  4. ʇʦʯʠʩʪʚʘʥʝ 

  5. ʉʪʨʠʛ. 1ʧ/ʣ 1ʧ/ʦ 

  6. ʉʪʨʠʛ. 1ʧ/ʣ 1ʧ/ʦ 

  7. ʊʝʨʤʦ+ʦʤʝʢʦʪʷʚʘʥʝ 

  8. ʄʝʞʜʠʥʝʥ ʢʦʥʪʨʦʣ 

  9. ɼʝʢʘʪʠʨ ʉʧʝʨʦʪʪʦ 

  10. ʂʝʩʝʣ ʜʝʢʘʪʠʨ 

  11. ʌʦʨʤʫʣʘ 1 

  12. ʆʊʂ 
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          ʌʠʛʫʨʘ 1 ʈʝʘʣʝʥ ʠʟʛʣʝʜ ʥʘ ʘʨʪ.ɸʟʘʣʝʘʩ 

 

ʇʨʠ ʠʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʢʦʥʢʨʝʪʥʠʷ ʘʨʪʠʢʫʣ Ăɸʟʘʣʝʘʩ ʩʣʝʜ ʧʨʝʤʠʥʘʚʘʥʝʪʦ ʥʘ ʚʩʠʯʢʠ ʘʧʨʝʪʫʨʥʠ 

ʦʧʝʨʘʮʠʠ, ʢʘʢʪʦ ʩʘ ʧʦ ʪʝʭʥʦʣʦʛʠʷ, ʩʪʘʥʘ ʷʩʥʦ, ʯʝ ʩʣʝʜ ʩʚʘʣʷʥʝʪʦ ʥʘ ʧʣʘʪʘ ʦʪ ʩʪʘʥʘ ʥʝʛʦʚʘʪʘ ʰʠʨʠ-

ʥʘ ʟʘʧʦʯʚʘ ʜʘ ʩʧʘʜʘ (195 ʩʤ) ʠ ʪʦʚʘ ʨʷʟʢʦ ʩʧʘʜʘʥʝ ʧʨʦʜʲʣʞʘʚʘ ʩʣʝʜ ʧʲʨʚʠʪʝ ʜʚʝ ʦʧʝʨʘʮʠʠ ʧʨʘʥʝ ʠ 

ʩʫʰʝʥʝ ʩ ʪʝʨʤʦ. ʅʘ ʧʲʨʚʠʷ ʤʝʞʜʠʥʝʥ ʢʦʥʪʨʦʣ ʰʠʨʠʥʘʪʘ ʥʘ ʧʣʘʪʘ ʝ ʚʝʯʝ 160 ʩʤ ʠ ʪʘʟʠ ʰʠʨʠʥʘ ʩʝ 

ʟʘʧʘʟʚʘ ʚ ʩʣʝʜʚʘʱʠʪʝ ʪʨʠ ʦʧʝʨʘʮʠʠ.  ʉʣʝʜ ʦʤʝʢʦʪʷʚʘʥʝ ʩ ʪʝʨʤʦ ʰʠʨʠʥʘʪʘ ʥʘ ʧʣʘʪʘ ʦʪʥʦʚʦ ʟʘʧʦʯʚʘ 

ʜʘ ʩʧʘʜʘ ʨʷʟʢʦ ʩ 2-3 ʩʤ ʥʘ ʦʧʝʨʘʮʠʷ, ʜʦʢʘʪʦ ʜʦʩʪʠʛʘ ʩʚʦʷʪʘ ʢʨʘʡʥʘ ʰʠʨʠʥʘ ʦʪ 151 ʩʤ ʥʘ ʆʊʂ. 

 ʇʨʠ ʧʣʦʱʥʘʪʘ ʤʘʩʘ ʥʝʱʘʪʘ ʩʪʦʷʪ ʪʦʯʥʦ ʦʙʨʘʪʥʦ- ʦʪ ʩʫʨʦʚʦ ʪʷ ʝ 167 ʛ/ʤ2 ʜʦ ʧʲʨʚʠʷ ʤʝʞʜʠʥʝʥ 

ʢʦʥʪʨʦʣ, ʢʦʛʘʪʦ ʚʝʯʝ ʝ 190 ʛ/ʤ2, ʧʣʦʱʥʘʪʘ ʤʘʩʘ ʥʘʨʘʩʪʚʘ ʠ ʪʫʢ, ʢʘʢʪʦ ʠ ʧʨʠ ʰʠʨʠʥʘʪʘ ʪʷ ʟʘʧʘʟʚʘ 

ʩʚʦʠʪʝ ʩʪʦʡʥʦʩʪʠ ʚ ʩʣʝʜʚʘʱʠʪʝ ʥʷʢʦʣʢʦ ʦʧʝʨʘʮʠʠ. ɼʦʢʘʪʦ ʧʣʘʪʲʪ ʥʝ ʤʠʥʝ ʦʤʝʢʦʪʷʚʘʥʝ ʩ ʪʝʨʤʦ ʠ 

ʧʣʦʱʥʘʪʘ ʤʘʩʘ ʦʪʥʦʚʦ ʟʘʧʦʯʚʘ ʜʘ ʥʘʨʘʩʪʚʘ, ʩʣʝʜ ʢʨʘʡʥʘʪʘ ʦʧʝʨʘʮʠʷ ʪʷ ʝ 206,6 ʛ/ʤ2. ʇʨʠ ʛʲʩʪʠʥʠʪʝ 

ʥʝʱʘʪʘ ʩʪʦʷʪ ʧʦ ʜʨʫʛ ʥʘʯʠʥ: ʚʲʪʲʯʥʘʪʘ ʛʴʩʪʠʥʘ ʦʪ ʩʫʨʦʚʦ ʜʦ ʆʊʂ ʩʲʚʩʝʤ ʣʝʢʦ ʧʨʦʤʝʥʷʪ ʩʚʦʡʪʝ 

ʩʪʦʡʥʦʩʪʠ, ʘ ʦʩʥʦʚʥʘʪʘ ʛʴʩʪʠʥʘ ʦʪ ʩʫʨʦʚʦ ʜʦ ʢʨʘʡʥʠʷ ʢʦʥʪʨʦʣ ʧʦʩʪʦʷʥʥʦ ʥʘʨʘʩʪʚʘʪ, ʚ ʥʘʯʘʣʦʪʦ ʪʷ 

ʝ 249,1 ʥ/ʜʤ ʥʘ ʆʊʂ ʝ 321,7 ʥ/ʜʤ. 

 

 

 

ɻʨʘʬʠʢʘ 1 

ʌʠʛ.2 ʇʨʦʤʷʥʘ ʥʘ ʥʠʰʢʠʪʝ ʧʦʜ ʤʠʢʨʦʩʢʦʧ  
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ʊʦʚʘ ʩʝ ʜʲʣʞʠ ʥʘ ʩʚʠʚʘʝʤʦʩʪʪʘ ʥʘ ʧʣʘʪʘ ʠ ʥʝʛʦʚʘʪʘ ʧʨʦʤʷʥʘ ʚ ʰʠʨʠʥʘʪʘ ʩʣʝʜ ʚʩʷʢʘ ʪʝʨʤʠʯʥʘ ʦʧʝ-

ʨʘʮʠʷ. 

ʇʨʦʤʷʥʘʪʘ ʥʘ ʚʲʪʲʯʥʠʪʝ ʠ ʦʩʥʦʚʥʠʪʝ ʥʠʰʢʠ ʩʝ ʚʠʞʜʘ ʠ ʦʪ ʥʘʧʨʘʚʝʥʠʪʝ ʤʠʢʨʦʩʢʦʧʩʢʠ  

 

ʩʥʠʤʢʠ (ʬʠʛ.1). ʅʘ ʩʫʨʦʚʦ ʥʠʰʢʠʪʝ ʩʘ ʧʦʜ ʥʘʧʨʝʞʝʥʠʷ, ʘ ʩʣʝʜ ʪʝʨʤʦʬʠʢʩʠʨʘʥʝʪʦ ʪʝ ʚʝʯʝ ʩʝ ʧʨʦ-

ʤʝʥʷʪ ʠ ʩʣʝʜ ʚʩʷʢʘ ʩʣʝʜʚʘʱʘ ʦʧʝʨʘʮʠʷʪʘ ʪʦʚʘ ʥʘʧʨʝʞʝʥʠʝ ʚ ʥʠʰʢʘʪʘ ʠʟʯʝʟʚʘ, ʜʦʢʘʪʦ ʥʘ ʆʊʂ ʪʝ 

ʚʝʯʝ ʩʘ ʚ ʩʧʦʢʦʡʥʦ ʩʲʩʪʦʷʥʠʝ. 

ʅʘ ʬʠʛʫʨʘ 2 ʩʝ ʚʠʞʜʘ ʠ ʧʨʦʤʷʥʘʪʘ ʥʘ ʩʘʤʠʷ ʧʣʘʪ ʩʣʝʜ ʧʨʝʤʠʥʘʚʘʥʝʪʦ ʦʪ ʢʦʥʢʨʝʪʥʠʪʝ ʘʧʨʝʪʫʨʥʠ 

ʦʙʨʘʙʦʪʢʠ.  

 

ʀʟʚʦʜʠ: ʅʘʧʨʘʚʝʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʧʦʢʘʟʚʘʪ ʯʝ ʦʩʥʦʚʥʠʪʝ ʩʪʨʫʢʪʫʨʥʠ ʠʟʤʝʥʝʥʠʷ ʥʘ ʢʘʤʛʘʨʥʠʪʝ 

ʪʲʢʘʥʠ ʩʝ ʧʨʦʷʚʷʚʘʪ ʚ ʧʝʨʠʦʜʘ ʦʪ ʩʚʘʣʷʥʝ ʥʘ ʪʲʢʘʥʪʘ ʦʪ ʩʪʘʥʘ ʠ ʧʦʩʣʝ ʧʨʠ ʧʨʘʥʝʪʦ ʠ ʬʠʩʢʠʨʘʥʝʪʦ 

ʥʘ ʧʣʘʪʘ. ʅʘ ʪʝʟʠ ʪʝʭʥʦʣʦʛʠʯʥʠ ʦʧʝʨʘʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʚʣʘʛʦ - ʪʦʧʣʠʥʥʘ ʦʙʨʘʙʦʪʢʘ ʩʝ ʫʩʪʘʥʦʚʷʚʘʪ 

ʦʩʥʦʚʥʠʪʝ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʦʩʥʦʚʥʠʪʝ ʠ ʚʲʪʲʯʥʠʪʝ ʥʠʰʢʠ. 

ɺʩʠʯʢʠ ʦʩʪʘʥʘʣʠ ʘʧʨʝʪʫʨʥʠ ʦʧʝʨʘʮʠʠ ʩʘ ʩʲʩʨʝʜʦʪʦʯʝʥʠ ʚʲʨʭʫ ʚʨʲʟʢʠʪʝ ʤʝʞʜʫ ʥʠʰʢʠʪʝ ʠ ʚʣʘʢʥʘ-

ʪʘ ʠ ʥʝ ʚʣʠʷʷʪ ʚ ʪʘʢʘʚʘ ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʚʲʨʭʫ ʥʘʧʨʝʯʥʠʪʝ ʨʘʟʤʝʨʠ ʠ ʧʣʦʱʥʘʪʘ ʤʘʩʘ ʥʘ ʧʣʘʪʘ. 
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DESIGN PROJECT OF EVENING DRESS COLLECTION USING 3D SPECIALIZED VISUAL-

IZATION SOFTWARE  

 

Tanyo I. Hristov 

Faculty of Engineering and Pedagogy - Sliven, Technical University - Sofia, e-mail: tanyo_@abv.bg 

 
ABSTRACT: The development examines the creation of a designer collection of evening dresses by 

using modern construction methods. The suggested author's collection of dresses is in line with the 

fashion trends for the spring-summer 2022 season. The collection includes 12 models. Most of the 

dresses are in fitted and semi-fitted silhouettes, cut along the waistline. The main model in the 

collection is represented by a technical description and a sketch. A set of construction documentation 

has been developed for it. In the role of structural basis, on which the model construction of Model 1 

was developed, the structural basis of a women's dress in a semi-fitted silhouette for a standard size 

was used. The development of the model was carried out according to the principles of constructive 

modeling of the first kind, namely without changing the shape and silhouette of the product - 

transforming folds along a straight contour, additional division of the details. All structural drawings 

are executed in a universal CAD system Auto CAD. The basic model is visualized in Morgan's 3D 

module - 3Dress. The stages the model needs to go through in order to be visualized are discussed. 

KEYWORDS: designer collection, clothing construction and modeling, 3D specialized clothing 

software, visualization, fashion trends. 

 

 

ɼʀɿɸʁʅɽʈʉʂʀ ʇʈʆɽʂʊ ʅɸ ʂʆʃɽʂʎʀʗ ɺɽʏɽʈʅʀ ʈʆʂʃʀ ʉ ʀɿʇʆʃɿɺɸʅɽ ʅɸ 3D 

ʉʇɽʎʀɸʃʀɿʀʈɸʅ ʉʆʌʊʋɽʈ ɿɸ ɺʀɿʋɸʃʀɿɸʎʀʗ 

 

ʊʘʥʴʦ ʀ. ʍʨʠʩʪʦʚ 

ʀʇʌ ï ʉʣʠʚʝʥ, ʊʝʭʥʠʯʝʩʢʠ ʋʥʠʚʝʨʩʠʪʝʪ ï ʉʦʬʠʷ, ɹʲʣʛʘʨʠʷ, e-mail: tanyo_@abv.bg 

 

ʈɽɿʖʄɽ: ɺ ʨʘʟʨʘʙʦʪʢʘʪʘ ʝ ʨʘʟʛʣʝʜʘʥʦ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ ʜʠʟʘʡʥʝʨʩʢʘ ʢʦʣʝʢʮʠʷ ʚʝ-

ʯʝʨʥʠ ʨʦʢʣʠ ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʩʲʚʨʝʤʝʥʥʠ ʤʝʪʦʜʠʢʠ ʟʘ ʢʦʥʩʪʨʫʠʨʘʥʝ. ʇʨʝʜʣʦʞʝʥʘ-

ʪʘ ʘʚʪʦʨʩʢʘ ʢʦʣʝʢʮʠʷ ʨʦʢʣʠ ʝ ʩʲʦʙʨʘʟʝʥʘ ʩ ʤʦʜʥʠʪʝ ʪʝʥʜʝʥʮʠʠ ʟʘ ʩʝʟʦʥ ʧʨʦʣʝʪ ï ʣʷ-

ʪʦ 2022 ʛ. ɺ ʢʦʣʝʢʮʠʷʪʘ ʩʘ ʚʢʣʶʯʝʥʠ 12 ʤʦʜʝʣʘ. ʇʦïʛʦʣʷʤʘ ʯʘʩʪ ʦʪ ʨʦʢʣʠʪʝ ʩʘ ʚʲʚ 

ʚʪʘʣʝʥ ʠ ʧʦʣʫʚʪʘʣʝʥ ʩʠʣʫʝʪ, ʩʨʷʟʘʥʠ ʧʦ ʣʠʥʠʷ ʥʘ ʪʘʣʠʷʪʘ. ʆʩʥʦʚʥʠʷʪ ʤʦʜʝʣ ʚ ʢʦʣʝʢ-

ʮʠʷʪʘ ʝ ʧʨʝʜʩʪʘʚʝʥ ʯʨʝʟ ʪʝʭʥʠʯʝʩʢʦ ʦʧʠʩʘʥʠʝ ʠ ʩʢʠʮʘ. ɿʘ ʥʝʛʦ ʝ ʨʘʟʨʘʙʦʪʝʥ ʢʦʤʧ-

ʣʝʢʪ ʢʦʥʩʪʨʫʢʪʦʨʩʢʘ ʜʦʢʫʤʝʥʪʘʮʠʷ. ɺ ʨʦʣʷʪʘ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʦʩʥʦʚʘ, ʚʲʨʭʫ ʢʦʷ-

ʪʦ ʝ ʨʘʟʨʘʙʦʪʝʥʘ ʤʦʜʝʣʥʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʄʦʜʝʣ 1, ʝ ʠʟʧʦʣʟʚʘʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘ 

ʦʩʥʦʚʘ ʥʘ ʜʘʤʩʢʘ ʨʦʢʣʷ ʚ ʧʦʣʫʚʪʘʣʝʥ ʩʠʣʫʝʪ ʟʘ ʩʪʘʥʜʘʨʪʝʥ ʪʠʧʦʨʘʟʤʝʨ. ʈʘʟʨʘʙʦʪ-

ʢʘʪʘ ʥʘ ʤʦʜʝʣʘ ʝ ʠʟʚʲʨʰʝʥʘ ʩʲʛʣʘʩʥʦ ʧʨʠʥʮʠʧʠʪʝ ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʤʦʜʝʣʠʨʘʥʝ ʦʪ 

ʧʲʨʚʠ ʚʠʜ, ʘ ʠʤʝʥʥʦ ʙʝʟ ʧʨʦʤʷʥʘ ʥʘ ʬʦʨʤʘʪʘ ʠ ʩʠʣʫʝʪʘ ʥʘ ʠʟʜʝʣʠʝʪʦ - ʪʨʘʥʩʬʦʨʤʠ-

ʨʘʥʝ ʥʘ ʩʚʠʚʢʠ ʧʦ ʧʨʘʚʦʣʠʥʝʝʥ ʢʦʥʪʫʨ, ʜʦʧʲʣʥʠʪʝʣʥʦ ʯʣʝʥʝʥʠʝ ʥʘ ʜʝʪʘʡʣʠʪʝ. ɺʩʠʯʢʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠ ʯʝʨʪʝʞʠ ʩʘ ʠʟʧʲʣʥʝʥʠ ʚ ʫʥʠʚʝʨʩʘʣʥʘ CAD ʩʠʩʪʝʤʘ Auto CAD. ʆʩʥʦʚ-

ʥʠʷʪ ʤʦʜʝʣ ʝ ʚʠʟʫʘʣʠʟʠʨʘʥ ʚ 3D ʤʦʜʫʣʘ ʥʘ Morgan ï 3Dress. ʈʘʟʛʣʝʜʘʥʠ ʩʘ ʝʪʘʧʠʪʝ, 

ʧʨʝʟ ʢʦʠʪʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʧʨʝʤʠʥʝ ʤʦʜʝʣʘ, ʟʘ ʜʘ ʩʝ ʚʠʟʫʘʣʠʟʠʨʘ.  

ʂʃʖʏʆɺʀ ɼʋʄʀ: ʜʠʟʘʡʥʝʨʩʢʘ ʢʦʣʝʢʮʠʷ, ʢʦʥʩʪʨʫʠʨʘʥʝ ʠ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʦʙʣʝʢʣʦ, 

3D ʩʧʝʮʠʘʣʠʟʠʨʘʥ ʩʦʬʪʫʝʨ ʟʘ ʦʙʣʝʢʣʦ, ʚʠʟʫʘʣʠʟʘʮʠʷ, ʤʦʜʥʠ ʪʝʥʜʝʥʮʠʠ. 

 

ɺʒɺɽɼɽʅʀɽ 

ʀʟʠʩʢʚʘʥʠʷʪʘ, ʧʦʩʪʘʚʝʥʠ ʧʨʝʜ ʩʲʚʨʝʤʝʥʥʠʷ ʤʦʜʝʥ ʜʠʟʘʡʥʝʨ, ʛʦ ʧʨʠʥʫʞʜʘʚʘʪ ʧʦʩʪʦʷʥʥʦ ʜʘ 

ʩʝ ʘʜʘʧʪʠʨʘ, ʟʘ ʜʘ ʤʦʞʝ ʙʲʨʟʦ ʜʘ ʦʪʛʦʚʘʨʷ ʥʘ ʧʨʦʤʝʥʷʱʠʷ ʩʝ ʧʘʟʘʨ. ʂʦʛʘʪʦ CAD ʩʝ ʧʦʷʚʷʚʘ ʟʘ 
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ʧʲʨʚʠ ʧʲʪ ʥʘ ʤʦʜʥʘʪʘ ʩʮʝʥʘ, ʤʘʣʮʠʥʘ ʩʘ ʜʠʟʘʡʥʝʨʠʪʝ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠʪʝ, ʢʦʠʪʦ ʚʲʟʧʨʠʝʤʘʪ ʪʘʟʠ 

ʥʦʚʘ ʪʝʭʥʦʣʦʛʠʷ. 

ɺ ʥʘʰʠ ʜʥʠ CAD ʩʠʩʪʝʤʠʪʝ ʧʨʠʩʲʩʪʚʘʪ ʚʲʚ ʚʩʝʢʠ ʝʪʘʧ ʦʪ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ ʦʙʣʝʢʣʦ ï ʜʠ-

ʟʘʡʥ, ʢʦʥʩʪʨʫʠʨʘʥʝ, ʤʦʜʝʣʠʨʘʥʝ, ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʨʘʙʦʪʥʠ ʰʘʙʣʦʥʠ, ʚʠʟʫʘʣʠʟʠʨʘʥʝ ʥʘ ʤʦʜʝʣʘ ʩʣʝʜ 

ʩʲʟʜʘʚʘʥʝ ʥʘ ʰʘʙʣʦʥʠʪʝ, ʨʘʟʤʥʦʞʘʚʘʥʝ ʥʘ ʜʝʪʘʡʣʠʪʝ ʠ ʧʣʘʥ ʥʘ ʥʘʩʪʠʣʘ. 

ʊʨʠʠʟʤʝʨʥʠʪʝ ʚʠʟʫʘʣʠʟʘʪʦʨʠ ʩʘ ʧʦʩʣʝʜʥʘʪʘ ʪʝʥʜʝʥʮʠʷ ʚ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʘʥʦʪʦ 

ʧʨʦʝʢʪʠʨʘʥʝ ʥʘ ʦʙʣʝʢʣʦ.  

ʊʨʠʠʟʤʝʨʥʦʪʦ ʢʦʥʩʪʨʫʠʨʘʥʝ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʥʘ ʙʘʟʘʪʘ ʥʘ ʪʨʠʠʟʤʝʨʥʦʪʦ ʬʦʨʤʦʦʙʨʘʟʫʚʘʥʝ 

ʥʘ ʦʙʣʝʢʣʦ ʚ ʪʨʠʠʟʤʝʨʥʠʪʝ ʩʠʩʪʝʤʠ ʟʘ 3D ʧʨʦʝʢʪʠʨʘʥʝ. ʅʘ ʙʘʟʘʪʘ ʥʘ ʮʠʬʨʦʚ ʪʨʠʠʟʤʝʨʝʥ ʤʦʜʝʣ ʥʘ 

ʯʦʚʝʰʢʦʪʦ ʪʷʣʦ (ʘʚʘʪʘʨ) ʧʦ ʦʧʨʝʜʝʣʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʘʣʛʦʨʠʪʲʤ ʩʝ ʧʦʩʪʨʦʷʚʘ ʪʨʠʠʟʤʝʨʥʘʪʘ ʬʦʨ-

ʤʘ ʥʘ ʦʙʣʝʢʣʦʪʦ. ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʜʠʟʘʡʥʝʨʩʢʦʪʦ ʨʝʰʝʥʠʝ ʥʘ ʤʦʜʝʣʘ ʠ ʧʨʠ ʦʪʯʠʪʘʥʝ ʥʘ ʩʚʦʡʩʪʚʘʪʘ 

ʥʘ ʪʝʢʩʪʠʣʥʠʷ ʤʘʪʝʨʠʘʣ, ʦʪ ʢʦʡʪʦ ʝ ʠʟʨʘʙʦʪʝʥʦ ʠʟʜʝʣʠʝʪʦ, ʩʝ ʠʟʙʠʨʘʪ ʤʝʩʪʘʪʘ ʥʘ ʜʝʢʦʨʘʪʠʚʥʦ - 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʪʝ ʰʝʚʦʚʝ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʪʝ ʰʝʚʦʚʝ ʠ ʩʚʠʚʢʠʪʝ. ʉʣʝʜ ʨʘʟʜʝʣʷʥʝ ʥʘ 3D ʤʦʜʝʣʘ ʥʘ 

ʪʨʠʠʟʤʝʨʥʠ ʜʝʪʘʡʣʠ ʩʝ ʨʝʘʣʠʟʠʨʘ ʘʣʛʦʨʠʪʲʤ ʟʘ ʨʘʟʛʲʚʘʥʝʪʦ ʥʘ ʦʙʝʤʥʠʪʝ ʜʝʪʘʡʣʠ ʚ ʜʚʫʠʟʤʝʨʥʠ. ʀ 

ʧʨʠ ʪ. ʥʘʨ. ʨʘʟʛʲʚʘʥʝ ʥʘ ʜʝʪʘʡʣʠʪʝ ʦʪʥʦʚʦ ʩʝ ʚʟʝʤʘʪ ʧʨʝʜʚʠʜ ʩʚʦʡʩʪʚʘʪʘ ʥʘ ʪʝʢʩʪʠʣʥʠʷ ʤʘʪʝʨʠʘʣ 

[1, 2]. 

ʇʦʨʘʜʠ ʛʦʣʷʤʘʪʘ ʩʠ ʩʪʦʡʥʦʩʪ, ʩʠʩʪʝʤʠʪʝ ʟʘ 3D ʧʨʦʝʢʪʠʨʘʥʝ ʠʤʘʪ ʩʲʚʩʝʤ ʦʛʨʘʥʠʯʝʥʦ ʧʨʘʢʪʠ-

ʯʝʩʢʦ ʧʨʠʣʦʞʝʥʠʝ. ʅʦ ʪʝ ʩʘ ʥʝʟʘʤʝʥʠʤʠ ʧʨʠ ʧʨʦʝʢʪʠʨʘʥʝ ʥʘ ʦʙʣʝʢʣʘ ʟʘ ʭʦʨʘ ʩ ʛʦʣʝʤʠ ʦʪʢʣʦʥʝʥʠʷ 

ʦʪ ʩʪʘʥʜʘʨʪʥʠʪʝ ʬʠʛʫʨʠ. ʀʟʧʦʣʟʚʘʪ ʩʝ ʠ ʧʨʠ ʧʨʦʝʢʪʠʨʘʥʝ ʥʘ ʦʙʣʝʢʣʘ ʩʲʩ ʩʧʝʮʠʘʣʥʦ ʧʨʝʜʥʘʟʥʘʯʝ-

ʥʠʝ ï ʟʘ ʩʧʦʨʪʠʩʪʠ, ʧʦʣʠʮʘʠ, ʧʦʞʘʨʥʠʢʘʨʠ. 

ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʢʦʥʪʨʦʣ ʥʘ ʜʠʟʘʡʥʘ ʠ ʪʦʯʥʦʩʪʪʘ ʥʘ ʢʦʥʩʪʨʫʢʮʠʷʪʘ, ʢʘʪʦ ʩʝ ʜʘ-

ʚʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʙʲʜʝ ʚʠʟʫʘʣʠʟʠʨʘʥʘ ʛʦʪʦʚʘʪʘ ʪʨʠʠʟʤʝʨʥʘ ʬʦʨʤʘ ʥʘ ʦʙʣʝʢʣʦʪʦ. ʅʷʢʦʠ ʦʪ ʪʨʠʠʟ-

ʤʝʨʥʠʪʝ ʚʠʟʫʘʣʠʟʘʪʦʨʠ ʧʦʟʚʦʣʷʚʘʪ ʚʠʟʫʘʣʠʟʘʮʠʷ ʚʲʨʭʫ ʜʚʠʞʝʱ ʩʝ ʤʘʥʝʢʝʥ [3]. 

ɼʀɿɸʁʅɽʈʉʂʀ ʇʈʆɽʂʊ ʅɸ ʂʆʃɽʂʎʀʗ ɺɽʏɽʈʅʀ ʈʆʂʃʀ 

ɺ ʢʦʣʝʢʮʠʷʪʘ (ʌʠʛʫʨʘ 1) ʩʘ ʚʢʣʶʯʝʥʠ 12 ʚʝʯʝʨʥʠ ʨʦʢʣʠ. ʎʚʝʪʦʚʝʪʝ ʟʘ ʩʝʟʦʥ ʧʨʦʣʝʪ ï ʣʷʪʦ 

2022 ʛ. ʩʘ ʧʘʩʪʝʣʥʠ ʥʶʘʥʩʠ, ʚʩʠʯʢʠ ʦʪʪʝʥʲʮʠ ʥʘ ʨʦʟʦʚʦ, ʛʦʨʯʠʮʘ, ʤʘʩʣʠʥʘ, ʣʶʣʷʢ, ʯʝʨʚʝʥʦ, ʩʨʝʙʨʦ 

ʠ ʟʣʘʪʦ, ʩ ʧʦʤʦʱʪʘ ʥʘ ʢʦʠʪʦ ʩʝ ʩʲʟʜʘʚʘʪ ʥʝʚʝʨʦʷʪʥʠ ʦʙʨʘʟʠ.  

 
ʬʠʛʫʨʘ 1 ɸʚʪʦʨʩʢʘ ʢʦʣʝʢʮʠʷ ʚʝʯʝʨʥʠ ʨʦʢʣʠ 

ʀɿɹʆʈ ʅɸ ʂʆʅʉʊʈʋʂʊʀɺʅɸ ʆʉʅʆɺɸ 

ʆʩʥʦʚʝʥ ʤʦʜʝʣ ʚ ʢʦʣʝʢʮʠʷʪʘ ʝ ʨʦʢʣʷʪʘ ʄʦʜʝʣ 1, ʧʨʝʜʩʪʘʚʝʥʘ ʯʨʝʟ ʪʝʭʥʠʯʝʩʢʦ ʦʧʠʩʘʥʠʝ ʠ 

ʪʝʭʥʠʯʝʩʢʘ ʩʢʠʮʘ ʥʘ ʌʠʛʫʨʘ 2, ʟʘ ʢʦʷʪʦ ʝ ʨʘʟʨʘʙʦʪʝʥ ʢʦʤʧʣʝʢʪ ʢʦʥʩʪʨʫʢʪʦʨʩʢʘ ʜʦʢʫʤʝʥʪʘʮʠʷ. 
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ʬʠʛʫʨʘ 2 ʊʝʭʥʠʯʝʩʢʘ ʩʢʠʮʘ ʥʘ 

ʄʦʜʝʣ 1 

ʊʝʭʥʠʯʝʩʢʦ ʦʧʠʩʘʥʠʝ ʥʘ ʄʦʜʝʣ 1: 

ɼʲʣʛʘ ʦʬʠʮʠʘʣʥʘ ʨʦʢʣʷ ʚ ʢʣʘʩʠʯʝʩʢʠ ʩʪʠʣ, ʟʘ ʚʩʝʢʠ ʩʝʟʦʥ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʟʘ ʝʣʝʛʘʥʪʥʠ ʜʘʤʠ ʦʪ ʨʘʟʣʠʯʥʠ ʚʲʟʨʘʩʪʦʚʠ ʛʨʫʧʠ. 

ʀʟʨʘʙʦʪʝʥʘ ʦʪ ʪʲʢʘʥʠ ʧʦʣʠʝʩʪʝʨʥʠ ʧʣʘʪʦʚʝ ʚ ʯʝʨʥʦ, 

ʧʨʠʪʝʞʘʚʘʱʠ ʚʠʩʦʢʠ ʭʠʛʠʝʥʠʯʥʠ ʠ ʝʢʩʧʣʦʘʪʘʮʠʦʥʥʠ ʩʚʦʡʩʪʚʘ.  

ʉʠʣʫʝʪʲʪ ʝ ʚʪʘʣʝʥ ʪʠʧ ʨʫʩʘʣʢʘ, ʩ ʜʲʣʞʠʥʘ ʜʦ ʣʠʥʠʷʪʘ ʥʘ ʧʦʜʘ.  

ʈʦʢʣʷʪʘ ʝ ʩ ʭʦʨʠʟʦʥʪʘʣʥʦ ʩʨʷʟʚʘʥʝ ʥʘ 2,0 cm ʥʘʜ ʜʝʡʩʪʚʠʪʝʣʥʘ-

ʪʘ ʣʠʥʠʷ ʥʘ ʪʘʣʠʷʪʘ.  

ʂʦʨʩʘʞʲʪ ʚ ʧʨʝʜʥʘʪʘ ʯʘʩʪ ʝ ʩ ʪʘʣʠʡʥʠ ʩʚʠʚʢʠ ʠ ʩʝʢʩʘʧʠʣʥʦ ʠʟ-

ʨʷʟʘʥʦ ʜʲʣʙʦʢʦ V-ʦʙʨʘʟʥʦ ʜʝʢʦʣʪʝ, ʛʘʨʥʠʨʘʥʦ ʩ ʣʫʢʩʦʟʥʘ ʯʝʨʥʘ 

ʜʘʥʪʝʣʘ. 

ʂʦʨʩʘʞʲʪ ʚ ʟʘʜʥʘʪʘ ʯʘʩʪ ʝ ʩʲʩ ʩʨʝʜʝʥ ʰʝʚ ʠ ʪʘʣʠʡʥʠ ʩʚʠʚʢʠ ʠ 

ʧʣʘʚʥʦ ʦʬʦʨʤʝʥʦ ʜʝʢʦʣʪʝ ʪʠʧ ʣʦʜʢʘ.  

ʇʦʣʘʪʘ ʝ ʩ ʪʨʠ ʧʨʝʜʥʠ ʠ ʯʝʪʠʨʠ ʟʘʜʥʠ ʜʝʪʘʡʣʘ ʩ ʜʲʣʞʠʥʠ ʜʦ 

ʩʨʝʜʘʪʘ ʥʘ ʙʝʜʨʦʪʦ. ɼʦʣʥʘʪʘ ʯʘʩʪ ʥʘ ʧʦʣʘʪʘ ʝ ʦʪ ʱʘʤʧʠʨʘʥ ʧʦ-

ʣʠʝʩʪʝʨʝʥ ʰʠʬʦʥ, ʢʦʡʪʦ ʝ ʧʣʠʩʠʨʘʥ. 

ɿʘʢʦʧʯʘʚʘʥʝʪʦ ʝ ʩʲʩ ʩʢʨʠʪ ʮʠʧ ʚ ʩʨʝʜʥʠʷ ʰʝʚ ʥʘ ʛʲʨʙʘ.  

ʈʲʢʘʚʥʠʪʝ ʠʟʚʠʚʢʠ ʚ ʛʦʨʥʘʪʘ ʩʠ ʯʘʩʪ ʩʘ ʜʝʢʦʨʠʨʘʥʠ ʩ ʣʫʢʩʦʟʥʘ 

ʯʝʨʥʘ ʜʘʥʪʝʣʘ. ɼʝʢʦʣʪʝʪʦ ʠ ʨʲʢʘʚʥʠʪʝ ʠʟʚʠʚʢʠ ʩʘ ʦʙʨʘʙʦʪʝʥʠ ʩ 

ʚʲʪʨʝʰʥʦ ʦʙʪʦʯʚʘʥʝ. 

 

ɺ ʨʦʣʷʪʘ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʦʩʥʦʚʘ, ʚʲʨʭʫ ʢʦʷʪʦ ʝ ʨʘʟʨʘʙʦʪʝʥʘ ʤʦʜʝʣʥʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ 

ʄʦʜʝʣ 1, ʝ ʠʟʧʦʣʟʚʘʥʘ ʆʂ ʥʘ ʜʘʤʩʢʘ ʨʦʢʣʷ ʚ ʧʦʣʫʚʪʘʣʝʥ ʩʠʣʫʝʪ ʦʪ [3] ʟʘ ʩʪʘʥʜʘʨʪʝʥ ʪʠʧʦʨʘʟʤʝʨ 

168-92-98. 

ʇʨʠʝʪʠ ʩʘ ʩʣʝʜʥʠʪʝ ʧʨʠʙʘʚʢʠ ʟʘ ʩʚʦʙʦʜʘ ʢʲʤ ʦʩʥʦʚʥʠʪʝ ʢʦʥʩʪʨʫʢʪʠʚʥʠ ʫʯʘʩʪʲʮʠ:  

 ʂʲʤ ʧʦʣʫʦʙʠʢʦʣʢʘʪʘ ʥʘ ʛʲʨʜʠʪʝ ï ʪʨʝʪʘ: 3,5 cm;  

  ʂʲʤ ʧʦʣʫʦʙʠʢʦʣʢʘʪʘ ʥʘ ʪʘʣʠʷʪʘ: 2,0õ4,0 cm;  

  ʂʲʤ ʧʦʣʫʦʙʠʢʦʣʢʘʪʘ ʥʘ ʭʘʥʰʘ: 1,5õ2,0 cm.  

 

ʄʆɼɽʃʀʈɸʅɽ ʅɸ ʄʆɼɽʃ 1  
ʅʘ ʬʠʛʫʨʘ 3: 

ʃʠʥʠʷʪʘ ʥʘ ʪʘʣʠʷʪʘ ʩʝ ʠʟʤʝʩʪʚʘ ʩ 2,0 cm ʥʘʜ ʜʝʡʩʪʚʠʪʝʣʥʘʪʘ ʣʠʥʠʷ ʥʘ ʪʘʣʠʷʪʘ.  

ʃʠʥʠʷʪʘ ʥʘ ʧʨʠʢʘʯʚʘʥʝ ʥʘ ʧʣʠʩʠʨʘʥʘʪʘ ʯʘʩʪ-ʧʦʣʘ ʦʪʩʪʦʠ ʥʘ 18,0 cm ʧʦʜ ʣʠʥʠʷʪʘ ʥʘ ʭʘʥʰʘ. 

ʃʠʥʠʷʪʘ ʥʘ ʜʲʣʞʠʥʘʪʘ ʦʪʩʪʦʠ ʥʘ 108,0 cm ʦʪ ʚʨʘʪʥʘʪʘ ʣʠʥʠʷ ʥʘ ʛʲʨʙʘ. 

 ɻʨʲʙ  
ʈʘʤʝʥʥʘʪʘ ʩʚʠʚʢʘ ʩʝ ʟʘʪʚʘʨʷ ʥʘʧʲʣʥʦ ʯʨʝʟ ʪʨʘʥʩʬʦʨʤʠʨʘʥʝ ʚ ʩʨʝʜʥʘʪʘ ʣʠʥʠʷ ʥʘ ʛʲʨʙʘ ʠ ʚ ʨʲ-

ʢʘʚʥʘʪʘ ʠʟʚʠʚʢʘ. ʋʯʘʩʪʲʮʠʪʝ ʩʝ ʦʬʦʨʤʷʪ ʩ ʛʣʘʜʢʠ ʢʨʠʚʠ ʩʲʛʣʘʩʥʦ ʯʝʨʪʝʞʘ.  

ɺʨʘʪʥʘʪʘ ʠʟʚʠʚʢʘ ʩʝ ʦʬʦʨʤʷ ʪʘʢʘ, ʯʝ ʰʠʨʦʯʠʥʘʪʘ ʥʘ ʨʘʤʦʪʦ ʜʘ ʙʲʜʝ 3,0 cm. 

 ʇʨʝʜʥʘ ʯʘʩʪ  

ʈʘʤʝʥʥʘʪʘ ʩʚʠʚʢʘ ʩʝ ʪʨʘʥʩʬʦʨʤʠʨʘ ʚ ʪʘʣʠʡʥʘʪʘ.  

ʐʠʨʦʯʠʥʘʪʘ ʥʘ ʨʘʤʦʪʦ ʝ 3,0 cm. 

ʆʬʦʨʤʷ ʩʝ ʜʲʣʙʦʢʦ V-ʦʙʨʘʟʥʦ ʜʝʢʦʣʪʝ ʯʨʝʟ ʩʚʲʨʟʚʘʥʝ ʩ ʧʨʘʚʘ ʣʠʥʠʷ ʥʘ ʪʦʯʢʘ ʩʨʝʜʘ ʧʨʝʜʥʘ 

ʯʘʩʪ ʠ ʰʠʨʦʯʠʥʘ ʨʘʤʦ. 

ʇʣʠʩʝʪʘʪʘ ʩʝ ʦʬʦʨʤʷʪ 1,0 cm ʥʘ 1,0 cm. 

 

ɺʀɿʋɸʃʀɿɸʎʀʗ ʅɸ ʄʆɼɽʃ 1 ʆʊ ʂʆʃɽʂʎʀʗʊɸ ɺ 3D ʄʆɼʋʃɸ ʅɸ MORGAN ï 

3DRESS 

ɺʠʟʫʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʜʘʜʝʥ ʤʦʜʝʣ ʚ 3Dress ʩʝ ʠʟʚʲʨʰʚʘ ʥʘ ʥʷʢʦʣʢʦ ʝʪʘʧʘ.  
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ʄʦʜʝʣʲʪ ʥʘ ʜʘʤʩʢʘʪʘ ʚʝʯʝʨʥʘ ʨʦʢʣʷ ʝ ʢʦʥʩʪʨʫʠʨʘʥ ʠ ʤʦʜʝʣʠʨʘʥ ʩʲʩ ʩʦʬʪʫʝʨʘ Auto CAD [4, 

5]. ʉʣʝʜ ʪʦʚʘ ʦʩʥʦʚʥʠʪʝ ʜʝʪʘʡʣʠ ʥʘ ʤʦʜʝʣʥʘʪʘ ʨʘʟʨʘʙʦʪʢʘ ʩʝ ʩʲʭʨʘʥʷʚʘʪ ʚʲʚ DXF ʬʦʨʤʘʪ. ʇʦ ʪʦʟʠ 

ʥʘʯʠʥ ʢʨʦʡʢʠʪʝ ʥʘ ʨʦʢʣʷʪʘ ʱʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʢʦʥʚʝʨʪʠʨʘʥʠ ʚ ʩʦʬʪʫʝʨʘ Morgan CAD (2D). ʉʣʝʜ 

ʢʘʪʦ ʜʝʪʘʡʣʠʪʝ ʥʘ ʤʦʜʝʣʘ ʩʝ ʦʪʚʦʨʷʪ ʚ Morgan CAD (2D), ʧʨʝʤʠʥʘʚʘʪ ʧʨʝʟ ʩʣʝʜʥʠʪʝ ʝʪʘʧʠ ʥʘ ʦʙ-

ʨʘʙʦʪʢʘ:  

 

 
ʬʠʛʫʨʘ 3 ʄʦʜʝʣʠʨʘʥʝ ʥʘ ʜʘʤʩʢʘ ʚʝʯʝʨʥʘ ʨʦʢʣʷ ʄʦʜʝʣ 1 

1. ɿʘʜʘʚʘ ʩʝ ʠʤʝ ʥʘ ʚʩʷʢʘ ʯʘʩʪ;  

2. ʇʨʠʩʲʝʜʠʥʷʚʘ ʩʝ ʨʲʩʪʦʨʘʟʤʝʨʥʘ ʪʘʙʣʠʮʘ, ʢʘʪʦ ʩʝ ʟʘʜʘʚʘ ʩʨʝʜʥʠʷ ʙʘʟʦʚ ʨʘʟʤʝʨ ʟʘ ʤʦʜʝʣʘ;  

3. ɿʘʜʘʚʘ ʩʝ ʠʤʝ ʥʘ ʧʣʘʪʘ, ʦʪ ʢʦʡʪʦ ʱʝ ʩʝ ʩʢʨʦʷʪ ʜʝʪʘʡʣʠʪʝ, ʘʢʦ ʠʤʘ ʥʷʢʦʣʢʦ ʚʠʜʘ ʧʣʘʪ, ʜʝ-

ʪʘʡʣʠʪʝ ʩʝ ʛʨʫʧʠʨʘʪ.  

4. ɿʘʜʘʚʘ ʩʝ ʧʦʩʦʢʘ ʥʘ ʧʨʘʚʠʪʝ ʥʠʰʢʠ;  

5. ɿʘʜʘʚʘʪ ʩʝ ʨʝʟʝʨʚʠʪʝ ʟʘ ʰʝʚ;  

6. ʇʦʩʪʘʚʷʪ ʩʝ ʢʣʲʮʢʠ (ʮʝʥʪʨʦʚʝ);  

7. ɿʘʜʘʚʘ ʩʝ ʢʦʠ ʜʝʪʘʡʣʠ ʱʝ ʠʤʘʪ ʦʩ ʥʘ ʩʠʤʝʪʨʠʷ;  

8. ʇʨʘʚʠ ʩʝ ʘʚʪʦʤʘʪʠʯʥʘ ʧʨʦʚʝʨʢʘ ʥʘ ʜʝʪʘʡʣʠʪʝ ʜʘʣʠ ʥʷʤʘʪ ʛʨʝʰʢʘ ʠ ʪ.ʥ. 

ʄʦʜʝʣʲʪ ʩʝ ʧʨʝʭʚʲʨʣʷ ʦʪ Morgan CAD (2D) ʢʲʤ 3Dress (3D), ʢʘʪʦ ʩʝ ʩʲʟʜʘʚʘ DXF AAMA 

ʬʘʡʣ (ʌʠʛʫʨʘ 4).  
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