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ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ ʜ.ʪ.ʥ., ʧʨʦʬ. ɻʨʫʟʠʥʩʴʢʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ, ɻʨʫʟʽʷ; 

ʊʦʧʘʣʜ̔̔ ɺʘʣʝʨʡ̔ ɸʥʘʪʦʣʽʡʦʚʠʯ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʊʘʰʢʝʥʪʩʢɹʦʛʦ 

ʘʚʪʦʤʦʙʣ̔ʴʥʦ-ʜʦʨʦʞʥʦɹʛʦ ʫʥʚ̔ʝʨʩʠʪʝʪʘ, ʤ. ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ; 

ɼʠʤʠʪʨʦʚ ɸʥʛʝʣ ï ʧʨʦʬ. ʪʝʭʥʽʯʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ, ʤ. ɺʘʨʥʘ, 

ɹʦʣʛʘʨʽʷ; 

ʈʦʣʘʥʜ ʃʘʭʤʘʡʝʨ ï ʜʦʢʪʦʨ-ʽʥʞ., ʪʝʭʥʽʯʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ, 

ʤ. ɻʘʥʥʦʚʝʨ, ʅʽʤʝʯʯʠʥʘ; 

ʆʣʝʢʩʡ̔ ɸʥʪʦʰʢʚ̔ ï ʜʦʢʪʦʨ ʬʽʣʦʩʦʬʽʾ, ʜʦʢʪʦʨ-ʽʥʞ., 

ɹʨʘʥʜʝʥʙʫʨʛʩʴʢʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʅʽʤʝʯʯʠʥʘ; 

Aleksander Wroblewski ï Prof. dr. hab. eng., ʇʦʣʴʱʘ; 

Yuliya Gorb ï Associate Professor, Department of Mathematics, 

University of Houston 
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ɸʣʴʦʢʩʘ ʄʠʢʦʣʘ ʄʠʢʦʣʘʡʦʚʠʯ ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ɸʚʪʦʤʦʙʽʣʽʚ ʽʤ. ɸ.ɹ. 

ɻʨʝʜʝʩʢʫʣʘ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʽʡ ʘʚʪʦʤʦʙʽʣʴʥʦ - ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɸʅɸʃɯɿ ʈɽɿʋʃʔʊɸʊɯɺ ʊɽʉʊʋɺɸʅʅʗ ɿʀʄʅʀʍ ʐʀʇʆɺɸʅʀʍ ʐʀʅ 

ʈʆɿʄɯʈʅʆʉʊɯ 205/55R16 ʅɸ ɻɸʃʔʄɯɺʅʋ ɭʌɽʂʊʀɺʅɯʉʊʔ 

 

 ɸʥʘʣʽʟ ʚʠʢʦʥʘʥʦ ʟʘ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʩʪʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʟʠʤʥʠʭ ʰʠʧʦʚʘʥʠʭ ʰʠʥ ʨʦʟʤʽʨʥʦʩʪʽ  205/55R16 , ʥʘʜʨʫʢʦʚʘʥʠʭ ʚ ʞʫʨʥʘʣʘʭ çɿʘ 

ʢʝʨʤʦʤè [1-4]. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʯʦʪʠʨʴʦʭ ʧʦʢʨʠʪʪʷʭ: ʣʴʦʜ, ʩʥʽʛ, 

ʤʦʢʨʠʡ ʪʘ ʩʫʭʠʡ ʘʩʬʘʣʴʪ. ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʝʤʘ 

ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʰʠʥ, ʷʢʽ ʦʜʥʘʢʦʚʦ ʜʦʙʨʝ ʛʘʣʴʤʫʚʘʣʠ ʥʘ ʫʩʽʭ ʧʦʢʨʠʪʪʷʭ. ʄʘʣʠ 

ʤʽʩʮʝ ʢʨʘʡʥʽ ʚʠʧʘʜʢʠ , ʢʦʣʠ ʥʘʡʢʨʘʱʘ ʰʠʥʘ ʥʘ ʣʴʦʜʫ ʚʠʷʚʠʣʘʩʴ ʥʘʡʛʽʨʰʦʶ ʥʘ 

ʩʫʭʦʤʫ ʘʩʬʘʣʴʪʽ [1]. ʅʝʜʘʣʝʢʦ ʚʽʜʽʡʰʣʘ ʰʠʥʘ ʽʟ ʜʨʫʛʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʥʘ ʣʴʦʜʫ ʪʘ 

ʧʝʨʝʜʦʩʪʘʥʥʽʤ ʟ ʦʜʠʥʘʜʮʷʪʠ ʢʦʤʧʣʝʢʪʽʚ ʪʝʩʪʦʚʘʥʠʭ ʰʠʥ, ʥʘ ʩʫʭʦʤʫ ʘʩʬʘʣʴʪʽ. 

ɿʜʠʚʫʚʘʣʠ ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʽ [4] ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʢʦʣʠ ʚʝʣʠʢʠʡ ʨʦʟʨʠʚ ʤʽʞ 

ʣʽʜʝʨʦʤ ʪʘ ʘʫʪʩʘʡʜʝʨʘʤʠ. ʎʴʦʛʦ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʫ ʧʫʙʣʽʢʘʮʽʷʭ [1-3]. ʈʽʟʥʠʮʷ 

ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʥʘ ʣʴʦʜʫ ʤʽʞ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʡʛʽʨʰʦʾ ʪʘ ʥʘʡʢʨʘʱʦʾ ʰʠʥ ʩʢʣʘʣʘ 

131,6% [4], ʥʘ ʩʥʽʛʫ -26,7% [1] , ʥʘ ʤʦʢʨʦʤʫ ʘʩʬʘʣʴʪʽ ï 17,1% [4], ʥʘ ʩʫʭʦʤʫ 

ʘʩʬʘʣʴʪʽ ï 10,7% [4]. 

 ʅʘʡʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʤʘʣʠ ʰʠʥʠ ʚʽʜʦʤʠʭ ʙʨʝʥʜʽʚ, ʚʠʛʦʪʦʚʣʝʥʽ ʫ ʩʘʤʽʡ 

ʢʨʘʾʥʽ ʧʨʦʧʠʩʢʠ ʬʽʨʤʠ. 

 ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʤ ʻ ʛʘʣʴʤʫʚʘʥʥʷ ʥʘ ʣʴʦʜʫ, ʪʦ ʥʘ 

ʘʚʪʦʤʦʙʽʣʴ ʩʣʽʜ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʟʠʤʥʽ ʰʠʧʦʚʘʥʽ ʰʠʥʠ ʨʦʟʤʽʨʥʦʩʪʽ 205/55R16  

ʚʽʜʦʤʠʭ ʙʨʝʥʜʽʚ, ʥʘʧʨʠʢʣʘʜ, Continental (ʅʽʤʝʯʯʠʥʘ), Nokian (ʌʽʥʣʷʥʜʽʷ). 
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ɸʚʪʦʤʦʙʽʣʴ ʂʨɸɿ-6322 ʷʚʣʷʻ ʩʦʙʦʶ ʙʘʛʘʪʦʮʽʣʴʦʚʠʡ ʙʦʨʪʦʚʠʡ 

ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ ʽʟ ʧʽʜʚʠʱʝʥʦʶ ʧʨʦʭʽʜʥʽʩʪʶ, ʟʙʽʣʴʰʝʥʦʶ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʶ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʙʫʢʩʠʨʫʚʘʥʥʷ, 

ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʫ ʪʘ ʧʘʩʘʞʠʨʽʚ. ʁʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʷ ʤʦʞʣʠʚʘ ʥʘ ʜʦʨʦʞʥʽʡ 

ʤʽʩʮʝʚʦʩʪʽ, ʪʘʤ ʜʝ ʚʽʜʩʫʪʥʷ ʘʩʬʘʣʴʪʦʚʘ ʜʦʨʦʛʘ, ʧʝʨʝʩʽʯʥʽʡ ʤʽʩʮʝʚʦʩʪʽ, ʚ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ. 

ɸʚʪʦʤʦʙʽʣʴ ʤʦʜʝʣʽ ʂʨɸɿ-6322 ʥʘ ʚʠʙʽʨ ʦʩʥʘʱʫʻʪʴʩʷ ʜʚʠʛʫʥʘʤʠ ʗʄɿ-

238ɼ-33 ʘʙʦ ʗʄɿ-238ɼɽ2-29, ʷʢʽ ʙʫʣʠ ʟ ʥʠʤ ʽʟ ʧʝʨʽʦʜʫ ʨʦʟʨʦʙʢʠ, ʘ ʪʘʢʦʞ 

ʩʫʯʘʩʥʽ Cummins L360-2, Ford-Ecotorq ʘʙʦ Deutz TCD 2013 LO6 4V, ʱʦ 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʦʾ ʤʦʜʝʣʽ 

ʘʚʪʦʤʦʙʽʣʽʚ ʂʨɸɿ [1, 2]. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʷ ʂʨɸɿ-

6322 ʽʟ ʨʽʟʥʠʤʠ ʩʠʣʦʚʠʤʠ ʘʛʨʝʛʘʪʘʤʠ ʥʘ ʡʦʛʦ ʧʘʣʠʚʥʦ-ʝʢʦʥʦʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʇʘʣʠʚʥʦ-ʝʢʦʥʦʤʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʻ ʦʜʥʽʻʶ ʽʟ ʦʩʥʦʚʥʠʭ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʚʪʦʤʦʙʽʣʷ, ʷʢʘ ʧʦʢʘʟʫʻ ʡʦʛʦ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ. 

ɼʞʝʨʝʣʦʤ ʚʠʪʨʘʪ ʧʘʣʠʚʘ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʘʚʪʦʤʦʙʽʣʽ ʂʨɸɿ-6322 ʻ 

ʜʚʠʛʫʥ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, ʷʢʠʡ ʧʝʨʝʪʚʦʨʶʻ ʟʛʦʨʷʥʥʷ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ ʥʘ 

ʝʬʝʢʪʠʚʥʫ ʨʦʙʦʪʫ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʤʠ ʨʦʟʛʣʷʥʠʤʦ ʪʨʠ ʜʚʠʛʫʥʠ, ʷʢʽ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ ʜʘʥʦʤʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʟʘʩʦʙʽ, ʘ ʩʘʤʝ ʗʄɿ-238ɼɽ2-29, 

Cummins L360-2, Deutz TCD 2013 L06 4V. 

ʆʪʞʝ ʧʘʣʠʚʥʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʜʚʠʛʫʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʠʪʦʤʦʶ ʚʠʪʨʘʪʦʶ 

ʧʘʣʠʚʘ ge (ʛ/ʢɺʪĿʛʦʜ). ʅʘ ʮʽ ʚʠʪʨʘʪʠ ʚʧʣʠʚʘʻ ʪʠʧ ʜʚʠʛʫʥʘ, ʩʪʫʧʽʥʴ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʜʚʠʛʫʥ, ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ [3]. 

ɺʟʘʛʘʣʽ ʧʠʪʦʤʫ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ [3] 

e N Ng g K Kw= Ö Ö,      (1) 

ʜʝ gN ï ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ, 
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ʛ/ʢɺʪĿʛʦʜ.; 

     KN ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʧʦʪʫʞʥʽʩʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ; 

     Kɤ ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʰʚʠʜʢʽʩʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ. 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʝʤʧʽʨʠʯʥʠʤʠ ʬʦʨʤʫʣʘʤʠ [3]. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʣʠʚʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʚʪʦʤʦʙʽʣʷ ʂʨɸɿ-

6322 ʟ ʨʽʟʥʠʤʠ ʩʠʣʦʚʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʦʙʨʘʥʦ ʩʴʦʤʫ ʧʝʨʝʜʘʯʫ, ʪʘʢ ʷʢ ʾʾ 

ʧʝʨʝʜʘʚʘʣʴʥʝ ʯʠʩʣʦ ʙʣʠʟʴʢʝ ʜʦ 1, ʘ ʚʦʩʴʤʘ ʧʝʨʝʜʘʯʘ ï ʧʨʠʩʢʦʨʶʶʯʘ. ʑʦ 

ʩʪʦʩʫʻʪʴʩʷ ʧʨʠʚʝʜʝʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʜʦʨʦʞʥʴʦʛʦ ʦʧʦʨʫ, ʪʦ ʨʦʟʨʘʭʫʥʢʠ ʙʫʜʝʤʦ 

ʚʝʩʪʠ ʣʠʰʝ ʜʣʷ ɣ = 0,018 ʪʘ ɣ = 0,03, ʪʦʤʫ ʱʦ ʽʥʰʽ ʦʧʦʨʠ ʥʘ ʩʴʦʤʽʡ ʧʝʨʝʜʘʯʽ 

ʘʚʪʦʤʦʙʽʣʴ ʥʝ ʧʦʜʦʣʘʻ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʜʚʠʛʫʥʘ, ʷʢ ʧʦʢʘʟʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʷʛʦʚʦʛʦ ʙʘʣʘʥʩʫ [4]. 

ɯʟ ʪʝʦʨʽʾ ʨʦʟʨʘʭʫʥʢʫ ʘʚʪʦʤʦʙʽʣʷ ʚʽʜʦʤʘ ʟʘʣʝʞʥʽʩʪʴ, ʷʢʘ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʧʨʠ 

ʥʦʤʽʥʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʚʦʥʘ ʜʦʨʽʚʥʶʻ gN = 214 ʛ/ʢɺʪĿʛʦʜ. 

ʐʣʷʭʦʚʽ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ, ʣ/100 ʢʤ, ʨʦʟʨʘʭʦʚʫʻʤʦ ʟʘ ʟʘʣʝʞʥʽʩʪʶ [3] 
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ʜʝ ɔʧï ʛʫʩʪʠʥʘ ʧʘʣʠʚʘ, ʢʛ/ʣ, ʜʣʷ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ ɔʧ =0,75; 

     V ï ʰʚʠʜʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ, ʢʤ/ʛʦʜ.; 

     Nei ï ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥ ʧʽʜ ʯʘʩ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʧʨʷʤʽʡ ʧʝʨʝʜʘʯʽ ʚ 

ʜʦʨʦʞʥʽʭ ʫʤʦʚʘʭ ʧʨʠ ʨʽʟʥʠʭ ʰʚʠʜʢʦʩʪʷʭ, ʢɺʪ. 

ɼʘʥʝ ʨʽʚʥʷʥʥʷ (2) ʥʘʟʠʚʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʧʨʠ ʩʪʘʣʦʤʫ 

ʨʫʩʽ. ʅʘ ʦʩʥʦʚʽ ʜʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʙʫʜʫʻʪʴʩʷ ʧʘʣʠʚʥʦ-ʝʢʦʥʦʤʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʜʣʷ ʩʪʘʣʦʛʦ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ, ʷʢʘ ʧʦʢʘʟʫʻ ʟʘʣʝʞʥʽʩʪʴ ʚʠʪʨʘʪ ʧʘʣʠʚʘ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʡʦʛʦ ʨʫʭʫ. 

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʠʤʦ ʫ ʚʠʛʣʷʜʽ 

ʛʨʘʬʽʢʽʚ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʘʣʝʞʥʦʩʪʽ ʚʠʪʨʘʪ ʧʘʣʠʚʘ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 

ʘʚʪʦʤʦʙʽʣʷ ʂʨɸɿ-6322 ʽʟ ʨʽʟʥʠʤʠ ʩʠʣʦʚʠʤʠ ʘʛʨʝʛʘʪʘʤʠ ʧʨʠ ʩʪʘʣʦʤʫ ʨʫʩʽ ʟʘ 

ʨʽʟʥʠʭ ʜʦʨʦʞʥʽʭ ʫʤʦʚ (ʨʠʩʫʥʢʠ 1 ï 2). 

 
ʈʠʩʫʥʦʢ 1 ï ʇʘʣʠʚʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʚʪʦʤʦʙʽʣʷ ʂʨɸɿ-6322 

ʽʟ ʨʽʟʥʠʤʠ ʩʠʣʦʚʠʤʠ ʘʛʨʝʛʘʪʘʤʠ ʪʘ ʧʨʠʚʝʜʝʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʜʦʨʦʞʥʴʦʛʦ ʦʧʦʨʫ ɣ = 0,018 



17 

 

 
ʈʠʩʫʥʦʢ 2 ï ʇʘʣʠʚʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʚʪʦʤʦʙʽʣʷ ʂʨɸɿ-6322 

ʽʟ ʨʽʟʥʠʤʠ ʩʠʣʦʚʠʤʠ ʘʛʨʝʛʘʪʘʤʠ ʪʘ ʧʨʠʚʝʜʝʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʜʦʨʦʞʥʴʦʛʦ ʦʧʦʨʫ ɣ = 0,03 

 

ʗʢ ʚʠʜʥʦ ʽʟ ʨʠʩʫʥʢʽʚ 1 ï 2, ʜʣʷ ʘʚʪʦʤʦʙʽʣʷ ʂʨɸɿ-6322 ʧʨʠ ɣ = 0,018 

ʥʘʡʤʝʥʰʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʙʫʜʝ ʽʟ ʜʚʠʛʫʥʦʤ Deutz TCD 2013 L06 4V ʥʘ ʚʩʴʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʦʩʪʝʡ. ʇʨʠ ɣ = 0,03 ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʧʨʘʢʪʠʯʥʦ ʨʽʚʥʘ ʤʽʞ 

ʜʚʠʛʫʥʘʤʠ Cummins L360-2 ʪʘ Deutz TCD 2013 L06 4V. 

ʆʪʞʝ, ʘʚʪʦʤʦʙʽʣʴ ʂʨɸɿ-6322 ʽʟ ʩʠʣʦʚʦʶ ʫʩʪʘʥʦʚʢʦʶ ʗʄɿ-238ɼɽ2-29 

ʤʘʪʠʤʝ ʥʘʡʛʽʨʰʫ ʧʘʣʠʚʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʽʜ ʯʘʩ ʨʫʭʫ ʟʘ ʨʽʟʥʠʭ ʜʦʨʦʞʥʽʭ 

ʫʤʦʚ, ʘ ʜʣʷ ʘʚʪʦʤʦʙʽʣʷ ʂʨɸɿ-6322 ʽʟ ʩʠʣʦʚʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ Cummins L360-2 ʪʘ 

Deutz TCD 2013 L06 4V ʧʘʣʠʚʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʽʜ ʯʘʩ ʨʫʭʫ ʟʘ ʨʽʟʥʠʭ 

ʜʦʨʦʞʥʽʭ ʫʤʦʚ ʤʘʪʠʤʫʪʴ ʤʘʡʞʝ ʦʜʥʘʢʦʚʽ ʟʥʘʯʝʥʥʷ. ʊʦʜʽ ʧʦʪʨʽʙʥʦ ʧʽʜʙʽʨ 

ʦʧʪʠʤʘʣʴʥʦʾ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʚʝʩʪʠ ʟʘ ʪʷʛʦʚʠʤ ʙʘʣʘʥʩʦʤ ʘʚʪʦʤʦʙʽʣʷ, ʟʥʘʯʝʥʥʷ 

ʷʢʦʛʦ ʙʫʜʫʪʴ ʢʨʘʱʠʤʠ ʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʽʟ ʜʚʠʛʫʥʦʤ Cummins L360-2 [4]. 
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4. ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʜʠʥʘʤʽʯʥʦʛʦ ʬʘʢʪʦʨʫ ʘʚʪʦʤʦʙʽʣʷ ʂʨɸɿ-6322 ʟ 

ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ / ʆ.ʉ. ɺʘʩʠʣʴʻʚ, ɸ.ɯ. ʂʨʠʚʦʨʦʪ, ʄ.ʆ. ʉʢʦʨʠʢ, 

ʄ.ʄ. ʐʧʠʣʴʢʘ // ɯʥʥʦʚʘʮʽʡʥʽ ʘʩʧʝʢʪʠ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ ʧʨʘʮʽ, ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ 

ʪʘ ʟʘʭʠʩʪʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ : ʤʘʪʝʨʽʘʣʠ Vɯɯɯ ɺʩʝʫʢʨ. ʥʘʫʢ.-ʧʨʘʢʪ. 

ɯʥʪʝʨʥʝʪ-ʢʦʥʬ. (ʇʦʣʪʘʚʘ, 23-24 ʙʝʨ. 2023 ʨ.). ï ʇʦʣʪʘʚʘ : ʇɼɸʋ, 2023. ï ʉ.182-

185. 
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ɺʦʡʪʢʽʚ ʉʪʘʥʽʩʣʘʚ ɺʦʣʦʜʠʤʠʨʦʚʠʯ, ʢ.ʪ.ʥ., ʛʝʥʝʨʘʣʴʥʠʡ ʢʦʥʩʪʨʫʢʪʦʨ,  

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʮʝʥʪʨ "ɸʚʪʦʧʦʣʽʧʨʦʤ", voytkivsv@ukr.net 

 

ɸʅɸʃɯɿ ɯ ɺʀɹɯʈ ʂʆʄʇʆʅʋɺɸʃʔʅʀʍ ʉʍɽʄ ɼʃʗ ʇʈʆɽʂʊʋɺɸʅʅʗ  

ʄʆɼʋʃʔʅʆ-ʋʅɯʌɯʂʆɺɸʅʀʍ ʇʆɺʅʆʇʈʀɺɯɼʅʀʍ ʂʆʃɯʉʅʀʍ ʐɸʉɯ 

 

ʆʜʥʠʤ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʩʪʚʦʨʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ-ʫʥʽʬʽʢʦʚʘʥʠʭ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʦʜʝʣʝʡ ʢʦʣʽʩʥʠʭ ʰʘʩʽ, ʙʘʟʦʚʠʭ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʚʠʨʦʙʥʠʮʪʚʘ 

ʘʚʪʦʤʦʙʽʣʽʚ ʨʽʟʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ï ʪʨʘʥʩʧʦʨʪʥʠʭ, 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʪʘ ʩʧʝʮʽʘʣʴʥʠʭ, ʟʦʢʨʝʤʘ, ʧʦʚʥʦʧʨʠʚʽʜʥʠʭ, ʷʚʣʷʻʪʴʩʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʛʦ ʛʽʙʨʠʜʥʦʛʦ ʪʷʛʦʚʦʛʦ ʧʨʠʚʦʜʫ (ʇʩʊʇʨ). ɼʦ ʡʦʛʦ 

ʩʢʣʘʜʫ, ʷʢ ʚʽʜʦʤʦ, ʚʭʦʜʠʪʴ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʘ ʫʩʪʘʥʦʚʢʘ (ɼɻʋ), ʪʷʛʦʚʽ 

ʘʢʫʤʫʣʷʪʦʨʥʽ ʙʘʪʘʨʝʾ (ɸʂɹ) ʪʘ ʪʷʛʦʚʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ (ɽɼ).  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʇʩʊʇʨ ʦʩʦʙʣʠʚʦ ʜʦʮʽʣʴʥʝ ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, 

ʦʩʥʦʚʥʦʶ ʬʫʥʢʮʽʻʶ ʷʢʠʭ ʷʚʣʷʻʪʴʩʷ ʥʝ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʘʥʪʘʞʽʚ ʘ ʚʠʢʦʥʘʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. ʇʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʽ ʨʦʙʦʯʽ ʤʝʭʘʥʽʟʤʠ 

ʪʘʢʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʩʧʝʮʽʘʣʴʥʦʛʦ ʘʙʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʧʦʪʨʝʙʫʶʪʴ 

ʩʠʩʪʝʤʠ ʧʨʠʚʦʜʫ ʾʭ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ, ʥʘʧʨʠʢʣʘʜ, ʚʦʜʷʥʠʭ ʪʘ ʛʽʜʨʘʚʣʽʯʥʠʭ 

ʥʘʩʦʩʽʚ ʪʦʱʦ. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʧʦʚʥʦʧʨʠʚʽʜʥʠʤʠ ʚʘʥʪʘʞʥʠʤʠ ʘʚʪʦʤʦʙʽʣʷʤʠ 

ʷʚʣʷʶʪʴʩʷ ʩʧʨʦʝʢʪʦʚʘʥʽ ʥʘ ʙʘʟʽ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʰʘʩʽ ʟ ʢʦʣʽʩʥʠʤʠ ʬʦʨʤʫʣʘʤʠ 

4ʭ2.2, 6ʭ2.2, 6ʭ4.2 ʪʘ ʧʦʚʥʦʧʨʠʚʽʜʥʠʭ ʰʘʩʽ 4ʭ4.1 ʽ 6ʭ6.1. 

ʇʨʦʝʢʪʫʚʘʥʥʷ ʪʘʢʠʭ ʙʘʟʦʚʠʭ ʢʦʣʽʩʥʠʭ ʰʘʩʽ ʧʦʚʠʥʥʦ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʥʘ 

ʦʩʥʦʚʽ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʫʥʽʬʽʢʘʮʽʾ ʾʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ: 

- ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʥʮʠʧʽʚ ʤʦʜʫʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʦʙôʻʢʪʽʚ 

ʘʙʦ ʡ, ʥʘʚʽʪʴ, ʩʠʩʪʝʤ; 

- ʟʘʩʪʦʩʫʚʘʥʥʷ, ʧʦ ʤʦʞʣʠʚʦʩʪʽ, ʤʽʥʽʤʽʟʦʚʘʥʦʾ ʥʦʤʝʥʢʣʘʪʫʨʠ ʦʩʥʦʚʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʰʘʩʽ, ʟʦʢʨʝʤʘ, ɼɻʋ ʦʜʥʽʻʾ ʙʘʟʦʚʦʾ ʤʦʜʝʣʽ, ʦʜʥʽʻʾ ʙʘʟʦʚʦʾ 

ʤʦʜʝʣʽ ʪʷʛʦʚʦʛʦ ɽɼ, ʤʘʢʩʠʤʘʣʴʥʦ-ʫʥʽʬʽʢʦʚʘʥʠʭ ʢʝʨʦʚʘʥʠʭ, ʢʝʨʦʚʘʥʦ-ʪʷʛʦʚʠʭ. 

ʪʷʛʦʚʠʭ ʪʘ ʪʷʛʦʚʦ-ʢʝʨʦʚʘʥʠʭ (ʟʘ ʧʦʪʨʝʙʠ) ʤʦʩʪʽʚ [1]; 

- ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʜʥʽʻʾ ʢʦʥʩʪʨʫʢʮʽʾ ʢʘʙʽʥʠ ʚʦʜʽʷ ʫ ʜʚʦʤʽʩʥʦʤʫ ʚʠʢʦʥʘʥʥʽ ʪʘ 

ʾʾ ʤʦʜʠʬʽʢʘʮʽʡ ʙʽʣʴʰʦʾ ʚʤʽʩʪʠʤʦʩʪʽ. 

ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʥʦʧʨʠʚʽʜʥʠʭ ʙʘʟʦʚʠʭ ʰʘʩʽ 

ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ (ʪʘʙʣ. 1) ʧʦʢʘʟʘʚ, ʱʦ ʾʭ ʩʠʣʦʚʽ ʘʛʨʝʛʘʪʠ ʤʘʶʪʴ 

ʧʦʪʫʞʥʽʩʪʴ ʫ ʤʝʞʘʭ 88-275 ʢɺʪ ʪʘ ʧʦʚʥʽ ʜʦʧʫʩʪʠʤʽ ʤʘʩʠ 6000-17400 ʢʛ. 

ʊʘʙʣʠʮʷ 1 ï ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʙʘʟʦʚʠʭ ʰʘʩʽ ʟ ʢʦʣʽʩʥʠʤʠ ʬʦʨʤʫʣʘʤʠ 

4ʭ4.1 ʽ 6ʭ6.1 

ʄʦʜʝʣʴ ɻɸɿ-66 
ʂʘʤɸɿ- 

4350 

ʂʨɸɿ-

5233ʅɽ 
ɿʠʃ-131 

ʋʨʘʣ-

375 

ʂʘʤɸɿ- 

4350 

ʂʦʣʽʩʥʘ ʬʦʨʤʫʣʘ 4ʭ4.1 6ʭ6.1 

ɼʦʧʫʩʪʠʤʘ ʧʦʚʥʘ ʤʘʩʘ, ʢʛ 6000 12000 17400 10500 14000 16000 

ʇʦʪʫʞʥʽʩʪʴ ɼɺʉ, ʢɺʪ 88 176 220-275 110 155 191 

ʇʠʪʦʤʘ ʧʦʪʫʞʥʽʩʪʴ, ʢɺʪ/ʪ 14,7 14,7 
12,6-

15,8 
9,2 11,1 11,9 

mailto:voytkivsv@ukr.net
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ʇʠʪʦʤʘ ʧʦʪʫʞʥʽʩʪʴ ʥʘʚʝʜʝʥʠʭ ʤʦʜʝʣʝʡ ʰʘʩʽ ʩʪʘʥʦʚʠʪʴ 12,6-15,8 ʢɺʪ/ʪ, ʘ 

ʰʘʩʽ 6ʭ6.1 ï 7,0-12,0 ʢɺʪ/ʪ. 

ɿ ʘʥʘʣʽʟʫ ʜʦʧʫʩʪʠʤʠʭ ʧʦʚʥʠʭ ʤʘʩ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʢʦʣʽʩʥʠʭ ʰʘʩʽ  

ʄʧ = 10000-16000 ʢʛ ʪʘ ʨʝʛʣʘʤʝʥʪʦʚʘʥʦʾ ʜʦʧʫʩʪʠʤʦʾ ʤʘʩʠ ʜʣʷ ʜʚʦʤʦʩʪʦʚʠʭ 

[ʄʧ] = 18000 ʢʛ ʽ [ʄʧ] = 24000 ʢʛ ʜʣʷ ʪʨʠʤʦʩʪʦʚʠʭ ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ 

ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʜʦʧʫʩʪʠʤʠʭ ʧʦʚʥʠʭ ʤʘʩ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʙʘʟʦʚʠʭ ʰʘʩʽ ʥʘ ʨʽʚʥʽ 8000-12000 ʢʛ ʜʣʷ ʰʘʩʽ 4ʭ4.1 ʪʘ 12000-

18000 ʢʛ ʜʣʷ ʰʘʩʽ 6ʭ6.1. 

ɿʘ ʫʤʦʚʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʫʥʽʬʽʢʘʮʽʾ ʢʝʨʦʚʘʥʦʛʦ, ʢʝʨʦʚʘʥʦ-ʪ̫ ʛʦʚʦʛʦ ʽ 

ʪʷʛʦʚʦʛʦ ʤʦʩʪʽʚ ʾʭ ʜʦʧʫʩʪʠʤʘ ʥʘʚʘʥʪʘʛʘ ʧʦʚʠʥʥʘ ʩʪʘʥʦʚʠʪʠ 6000 ʢɻʩ ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʰʠʥ ʚʽʜʧʦʚʽʜʥʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʥʝ ʤʝʥʰʝ 3000 ʢɻʩ. ɿ ʦʛʣʷʜʫ 

ʥʘ ʚʝʣʠʯʠʥʫ ʧʠʪʦʤʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʨʠʤʦʩʪʦʚʠʭ ʤʦʜʝʣʝʡ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʰʘʩʽ ʫ 

7,0-12,0 ʢɺʪ/ʪ ʥʝʦʙʭʽʜʥʘ ʩʫʤʘʨʥʘ ʧʦʪʫʞʥʽʩʪʴ ʪʷʛʦʚʠʭ ɽɼ ʧʦʚʠʥʥʘ ʩʪʘʥʦʚʠʪʠ 80-

120 ʢɺʪ ʪʘ 120-180 ʢɺʪ ʜʣʷ ʰʘʩʽ ʟ ʢʦʣʽʩʥʦʶ ʬʦʨʤʫʣʦʶ, ʚʽʜʧʦʚʽʜʥʦ, 4ʭ4.1 ʪʘ 

6ʭ6.1.  

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʤʦʞʣʠʚʽ ʪʨʠ ʚʘʨʽʘʥʪʠ ʨʦʟʤʽʱʝʥʥʷ ɼɻʋ: 

- ʚʟʜʦʚʞ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ ʩʠʤʝʪʨʽʾ ʰʘʩʽ ʧʽʜ ʢʘʙʽʥʦʶ ʚʦʜʽʷ; 

- ʧʦʧʝʨʝʢ ʨʘʤʠ ʰʘʩʽ ʩʧʝʨʝʜʫ ʢʘʙʽʥʠ ʚʦʜʽʷ; 

- ʧʦʧʝʨʝʢ ʨʘʤʠ ʰʘʩʽ ʧʦʟʘʜʫ ʢʘʙʽʥʠ ʚʦʜʽʷ (ʯʘʩʪʢʦʚʦ ʧʽʜ ʢʘʙʽʥʦʶ ʚʦʜʽʷ). 

 ɿ ʦʛʣʷʜʫ ʥʘ ʧʦʧʝʨʝʯʥʝ ʨʦʟʤʽʱʝʥʥʷ ɼɻʋ ʾʾ ʜʦʚʞʠʥʘ ʷʚʣʷʻʪʴʩʷ ʣʽʤʽʪʫʶʯʦʶ, 

ʪʦʤʫ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʽʡ ʰʠʨʠʥʽ ʢʘʙʽʥʠ ʫ 2,55 ʤ ʚʦʥʘ ʥʝ ʧʦʚʠʥʥʘ 

ʧʝʨʝʚʠʱʫʚʘʪʠ 2,4 ʤ. ɼʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʙʘʟʦʚʠʭ ʰʘʩʽ ʟʘ ʨʽʟʥʠʤʠ 

ʢʦʤʧʦʥʫʚʘʣʴʥʠʤʠ ʩʭʝʤʘʤʠ ʧʨʠʡʥʷʪʽ ɼɻʋ ʤʦʜʝʣʽ ʈ165-5 [2] ʥʦʤʽʥʘʣʴʥʦʶ 

ʧʦʪʫʞʥʽʩʪʶ 120 ʢɺʪ ʚʠʨʦʙʥʠʮʪʚʘ ʘʥʛʣʽʡʩʴʢʦʾ ʬʽʨʤʠ "F.G. Wilson Proprietary 

Limited", ʜʦʚʞʠʥʘ ʰʘʩʽ ï 6,0 ʤ, ʚʝʣʠʯʠʥʘ ʟʘʜʥʴʦʛʦ ʟʚʠʩʫ ï 1,2 ʤ; ʪʠʧʦʨʦʟʤʽʨ 

ʜʠʩʢʽʚ ʢʦʣʽʩ  - 14.00ʭ20".  

 

 

ʈʠʩ. 1 ɹʘʟʦʚʽ ʢʦʣʽʩʥʽ ʰʘʩʽ ʟ ʨʦʟʤʽʱʝʥʥʷʤ ɼɻʋ: 

ʘ) ʽ ʙ) ï ʚʟʜʦʚʞ ʨʘʤʠ, ʢʘʙʽʥʠ ʚʘʛʦʥʥʦʛʦ ʽ ʢʘʧʦʪʥʦʛʦ ʪʠʧʽʚ;  

ʚ) ï ʧʦʟʘʜʫ ʢʘʙʽʥʠ; ʛ) ï ʧʦʧʝʨʝʜʫ ʢʘʙʽʥʠ 

 

https://www.google.com/search?sca_esv=572205757&q=fg+wilson+f.g.+wilson+proprietary+limited&si=ALGXSlZZLz93Q5j8HVkpXyxpTaoqXw8cocmoi-DFAGsSj5diF4htblMfOVeFedd_Gf2NRvHORcWez9_cFMYX9BpKN402ZxA8PYYsfxp2oW-YDUEbsF2ujKXb83jGQRpKncRR-xCguS5GVx7Y50biVIVaqANTWwtrvCzcG9pZr6VMXhFXcbyrOvwMFZy7XD9vqHTFsXZATqjTwJfegnyMp_GOhvlWLMdf4sjVUB2-93SpyTNsbGZkdfn-hddE2VSx9d9qx8wx-3Qc&sa=X&ved=2ahUKEwiSkJiCw-uBAxX0FRAIHTEzALMQmxN6BAgIEAk
https://www.google.com/search?sca_esv=572205757&q=fg+wilson+f.g.+wilson+proprietary+limited&si=ALGXSlZZLz93Q5j8HVkpXyxpTaoqXw8cocmoi-DFAGsSj5diF4htblMfOVeFedd_Gf2NRvHORcWez9_cFMYX9BpKN402ZxA8PYYsfxp2oW-YDUEbsF2ujKXb83jGQRpKncRR-xCguS5GVx7Y50biVIVaqANTWwtrvCzcG9pZr6VMXhFXcbyrOvwMFZy7XD9vqHTFsXZATqjTwJfegnyMp_GOhvlWLMdf4sjVUB2-93SpyTNsbGZkdfn-hddE2VSx9d9qx8wx-3Qc&sa=X&ved=2ahUKEwiSkJiCw-uBAxX0FRAIHTEzALMQmxN6BAgIEAk
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ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʤʧʦʥʫʚʘʣʴʥʠʭ ʩʭʝʤ ʙʘʟʦʚʠʭ ʰʘʩʽ ʟ ʢʦʣʽʩʥʦʶ 

ʬʦʨʤʫʣʦʶ 4ʭ4.1 ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ ʧʦʢʘʟʥʠʢʠ: 

- ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʦʭʽʜʥʦʩʪʽ ʟʘ ʚʝʣʠʯʠʥʦʶ ʧʝʨʝʜʥʴʦʛʦ ʽ ʟʘʜʥʴʦʛʦ ʟʚʠʩʽʚ 

 

ï ç ð
ï ç

1
k k ;

L
= Ö         çç ð

çç

1
k k ;

L
= Ö                                     (1) 

 

ʜʝ ðk  ï ʨʦʟʤʽʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʤ; ï çL  ʽ ççL  ï ʚʝʣʠʯʠʥʘ, ʚʽʜʧʦʚʽʜʥʦ, 

ʧʝʨʝʜʥʴʦʛʦ ʽ ʟʘʜʥʴʦʛʦ ʟʚʠʩʽʚ, ʤ; 

- ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʭʽʜʥʦʩʪʽ ʟʘ ʚʝʣʠʯʠʥʘʤʠ ʢʦʣʽʩʥʦʾ ʙʘʟʠ ʽ ʜʦʨʦʞʥʴʦʛʦ 

ʧʨʦʩʚʽʪʫ ʫ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʢʦʣʽʩʥʦʾ ʙʘʟʠ 

 

êá ð
êá ð

1
k k ;

L h
= Ö

+
                                                  (2) 

 

ʜʝ êáL  ï ʚʝʣʠʯʠʥʘ ʢʦʣʽʩʥʦʾ ʙʘʟʠ, ʤ; ðh ï  ʜʦʨʦʞʥʽʡ ʧʨʦʩʚʽʪ ʫ ʩʝʨʝʜʥʽʡ 

ʯʘʩʪʠʥʽ ʢʦʣʽʩʥʦʾ ʙʘʟʠ, ʤ; 

- ʢʦʝʬʽʮʽʻʥʪ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʜʦʚʞʠʥʠ ʨʘʤʠ ʰʘʩʽ 

 

çäð ð
çäð

1
k k 1 ;

L

å õ
= Ö -æ ö

æ ö
ç ÷

                                                (3) 

 

ʜʝ çäðL  ï ʚʝʣʠʯʠʥʘ ʢʦʣʽʩʥʦʾ ʙʘʟʠ, ʤ; 

- ʫʟʘʛʘʣʴʥʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʭʥʽʯʥʦʾ ʜʦʩʢʦʥʘʣʦʩʪʽ ʰʘʩʽ 

 

( )óç ï ç çç êá çäðk 0,5 k k k k .= Ö + +                                              (4) 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʦʭʽʜʥʦʩʪʽ ʪʘ ʫʟʘʛʘʣʴʥʝʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʭʥʽʯʥʦʾ ʜʦʩʢʦʥʘʣʦʩʪʽ ʢʦʣʽʩʥʠʭ ʰʘʩʽ ʟ ʨʽʟʥʠʤʠ ʢʦʤʧʦʥʫʚʘʣʴʥʠʤʠ 

ʩʭʝʤʘʤʠ ʥʘʚʝʜʝʥʠʡ ʫ ʪʘʙʣ. 2. 

 

ʊʘʙʣʠʮʷ 2 ï ʂʦʝʬʽʮʽʻʥʪʠ ʧʨʦʭʽʜʥʦʩʪʽ ʪʘ ʪʝʭʥʽʯʥʦʾ ʜʦʩʢʦʥʘʣʦʩʪʽ  ʙʘʟʦʚʠʭ 

ʰʘʩʽ ʟ ʢʦʣʽʩʥʦʶ ʬʦʨʤʫʣʦʶ 4ʭ4.1 ʟ ʨʽʟʥʠʤʠ ʢʦʤʧʦʥʫʚʘʣʴʥʠʤʠ ʩʭʝʤʘʤʠ 

ʂʦʤʧʦʥʫʚʘʣʴʥʘ ʩʭʝʤʘ ʈʠʩ. 1ʘ ʈʠʩ. 1ʙ ʈʠʩ. 1ʚ ʈʠʩ. 1ʛ 

ʈʦʟʤʽʱʝʥʥʷ ɼɻʋ ʚʟʜʦʚʞ ʨʘʤʠ ʧʦʟʘʜʫ ʢʘʙʽʥʠ ʧʦʧʝʨʝʜʫ ʢʘʙʽʥʠ 

ʂʦʝʬʽʮʽʻʥʪʠ ʧʨʦʭʽʜʥʦʩʪʽ: 

- ï çk / ççk  0,68/ 0,83 0,96/ 0,83 1,32/ 0,83 0,56/ 0,83 

- êák  0,26 0,23 0,22 0,28 

ʂʦʝʬʽʮʽʻʥʪ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʦʾ 

ʜʦʚʞʠʥʠ ʨʘʤʠ, çäðk  0,47 0,45 0,49 

ʋʟʘʛʘʣʴʥʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, óçk  0,88 0,98 1,11 0,86 
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ɸʥʘʣʽʟ ʢʦʤʧʦʥʫʚʘʣʴʥʠʭ ʩʭʝʤ ʰʘʩʽ ʟ ʢʦʣʽʩʥʦʶ ʬʦʨʤʫʣʦʶ 4ʭ4.1 ʟʘ 

ʧʨʦʧʦʥʦʚʘʥʦʶ ʤʝʪʦʜʠʢʦʶ ʧʦʢʘʟʘʚ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʜʣʷ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʘʟʦʚʠʭ ʧʦʚʥʦʧʨʠʚʽʜʥʠʭ ʰʘʩʽ ʟ ʛʽʙʨʠʜʥʠʤ ʇʩʊʇʨ ʷʚʣʷʻʪʴʩʷ 

ʢʦʤʧʦʥʫʚʘʣʴʥʘ ʩʭʝʤʘ ʽʟ ʧʦʧʝʨʝʯʥʠʤ ʨʦʟʤʽʱʝʥʥʷʤ ɼɻʋ ʧʦʟʘʜʫ ʢʘʙʽʥʠ ʚʦʜʽʷ 

(ʨʠʩ. 1ʚ). ʑʝ ʾʾ ʦʜʥʽʻʶ ʧʝʨʝʚʘʛʦʶ ʷʚʣʷʻʪʴʩʷ ʧʨʦʩʪʽʰʠʡ ʜʦʩʪʫʧ ʜʣʷ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʧʦʪʦʯʥʦʛʦ ʨʝʤʦʥʪʫ ɼɻʋ, ʘʜʞʝ ʥʝ ʧʦʪʨʽʙʥʘ ʚʽʜʧʘʜʘʻ ʧʦʪʨʝʙʘ ʫ 

ʚʽʜʢʠʜʥʽʡ ʢʘʙʽʥʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʧʦʪʦʯʥʦʛʦ 

ʨʝʤʦʥʪʫ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʩʭʝʤ ʥʘ ʨʠʩ. 1ʘ ʽ 1ʙ). ʆʢʨʽʤ ʪʦʛʦ, ʮʷ ʩʭʝʤʘ 

ʟʘʙʝʟʧʝʯʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʚʦʭ ɼɻʋ, ʱʦ ʧʽʜʚʠʱʫʻ ʞʠʚʫʯʽʩʪʴ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ.  
 

ʃʽʪʝʨʘʪʫʨʘ 
 

1. ɺʦʡʪʢʽʚ ʉ. ɺ. ʉʠʩʪʝʤʘ. ʄʘʪʝʨʽʘʣʠ XLɯX ʥʘʫʢ.-ʪʝʭʥ. ʢʦʥʬ. ʧʽʜʨʦʟʜʽʣʽʚ 

ɺʽʥʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ  ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ (ʅʊʂʇ ɺʅʊʋ-2020). 18-

29 ʪʨʘʚʥʷ 2020 ʨʦʢʫ. ɿ. ʜʦʧ. ɺʽʥʥʠʮʷ: ɺʅʊʋ, 2020. ʉ. 3267-3269. 

2.  P165-5. URL: https://madek.ua/images/pdf/P165-5.pdf (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 

03.08.2023).  

 

ʋɼʂ 629.371.21(85) 

ʂʣʠʤʝʥʢʦ ɺʘʣʝʨʽʡ ɯʚʘʥʦʚʠʯ, ʜ. ʪ. ʥ., ʧʨʦʬʝʩʦʨ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʃʫʢʘʰʦʚ ɯʚʘʥ ɺʦʣʦʜʠʤʠʨʦʚʠʯ, ʟʘʚʽʜʫʚʘʯ ʣʘʙʦʨʘʪʦʨʽʾ, ʍʘʨʢʽʚʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʇɽʈʉʇɽʂʊɯɺʅʀ ʅɸʇʈʗʄʂɯ ʉʊɺʆʈɽʅʅʗ ʊɸ ʋɼʆʉʂʆʅɸʃɽʅʅʗ 

ɸɺʊʆʄʆɹɯʃɯɺ ʄɸʈʂɯ çʍɸɼɯè ɺ ʋʄʆɺɸʍ ʉʊɸʊʋʉɸ ʃɸɹʆʈɸʊʆʈɯɰ 

ʅɸʎɯʆʅɸʃʔʅʆɻʆ ʅɸɼɹɸʅʅʗ 

 

ʗʢ ʚʽʜʦʤʦ ʋʨʷʜ ʋʢʨʘʾʥʠ, 4 ʣʠʩʪʦʧʘʜʘ 2022 ʨʦʢʫ, ʧʨʠʡʥʷʚ ʨʽʰʝʥʥʷ ʟ ʤʝʪʦʶ 

ʟʙʝʨʝʞʝʥʥʷ ʫʥʽʢʘʣʴʥʠʭ ʥʘʫʢʦʚʠʭ ʦʙôʻʢʪʽʚ, ʷʢʽ ʤʘʶʪʴ ʚʠʥʷʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʚʽʪʯʠʟʥʷʥʦʾ ʪʘ ʩʚʽʪʦʚʦʾ ʥʘʫʢʠ, ʥʘʜʘʚ ʩʪʘʪʫʩ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʥʘʜʙʘʥʥʷ ʅʘʚʯʘʣʴʥʦ-

ʥʘʫʢʦʚʦ-ʚʠʧʨʦʙʫʚʘʣʴʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ ʰʚʠʜʢʽʩʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ (ʃʐɸ) ʽʤʝʥʽ ɺ. ʂ. 

ʅʽʢʽʪʽʥʘ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʴʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʟ 

ʨʦʟʚʠʪʢʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʪʚʦʨʯʦʩʪʽ ʪʘ ʥʘʮʽʦʥʘʣʴʥʦ-ʧʘʪʨʽʦʪʠʯʥʦʛʦ ʚʠʭʦʚʘʥʥʷ 

ʤʦʣʦʜʽ. ʅʘ ʧʨʦʪʷʟʽ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ ʪʫʪ ʩʪʚʦʨʶʚʘʣʠʩʴ ʽ ʩʪʚʦʨʶʶʪʴʩʷ ʩʪʫʜʝʥʪʘʤʠ 

ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʚʯʝʥʠʭ ʠ ʚʠʢʣʘʜʘʯʽʚ ʫʥʽʢʘʣʴʥʽ ʘʚʪʦʤʦʙʽʣʽ, ʷʢʽ ʚʩʪʘʥʦʚʣʶʶʪʴ 

ʨʝʢʦʨʜʠ ʰʚʠʜʢʦʩʪʽ ʪʘ ʽʥʰʽ ʜʦʩʷʛʥʝʥʥʷ ( ʥʘʧʨʠʢʣʘʜ çʍɸɼɯ-3è ʟʘʥʝʩʝʥʠʡ ʜʦ 

ʂʥʠʛʠ ʈʝʢʦʨʜʽʚ ɻʽʥʥʝʩʘ, ʘ çʍɸɼɯ-34è ï ʜʦ ʂʥʠʛʠ ʈʝʢʦʨʜʽʚ ʋʢʨʘʾʥʠ). 

ʉʪʫʜʝʥʪʩʴʢʝ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ʙʶʨʦ, ʷʢʝ ʜʽʻ ʫ ʃʐɸ,  ʨʦʟʨʦʙʣʷʻ ʫ 

ʩʚʦʾʭ ʧʨʦʝʢʪʘʭ ʥʘ ʙʘʟʽ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʜʦʩʷʛʥʝʥʴ ʪʘʢʽ ʨʦʟʨʦʙʢʠ ʷʢʽ ʱʝ 

ʥʝ ʚʠʨʦʙʣʷʣʠʩʴ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʨʦʟʨʦʙʣʶʻʪʴʩʷ ʧʨʦʝʢʪ ʪʘʢ çʟʚʘʥʦʾ 

ʝʣʝʢʪʨʦʬʦʨʤʫʣʠè ʜʝ ʩʪʘʚʠʪʴʩʷ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʰʦʩʝʡʥʦ-ʢʽʣʴʮʝʚʦʛʦ 

ʘʚʪʦʤʦʙʽʣʷ ʤʘʶʯʦʛʦ ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ ï ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ. ʃʐɸ ʤʘʻ ʟʥʘʯʥʠʡ 

ʜʦʩʚʽʜ ʩʪʚʦʨʝʥʥʷ ʨʝʢʦʨʜʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ, ʜʝ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ  
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ʰʦʩʝʡʥʦ-ʢʽʣʴʮʝʚʦʛʦ ʝʣʝʢʪʨʦʤʦʙʽʣʷ. ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʝʢʦʨʜʫ ʰʚʠʜʢʦʩʪʽ 

ʝʣʝʢʪʨʦʤʦʙʽʣʝʤ ʧʦʪʨʽʙʥʘ ʧʨʷʤʘ, ʨʽʚʥʘ  ʜʦʨʦʛʘ, ʘ ʜʣʷ ʫʯʘʩʪʽ ʫ ʟʤʘʛʘʥʥʷʭ 

ʢʽʣʴʮʝʚʠʭ - ʪʨʘʩʘ ʤʘʻ ʨʽʟʥʠʡ ʧʦʚʟʜʦʚʞʥʽʡ ʧʨʦʬʽʣʴ ʪʘ ʚʠʨʘʞʽ ʽ ʧʦʚʦʨʦʪʠ, ʱʦ 

ʦʩʣʦʞʥʶʻ  ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ. ʂʨʽʤ ʪʦʛʦ ʜʞʝʨʝʣʦ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʩʪʨʫʤʫ ʨʝʢʦʨʜʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʩʪʘʥʦʚʠʣʦ 8-10 ʩʚʠʥʮʝʚʦ-ʢʠʩʣʦʪʥʠʭ ʘʙʦ 

ʩʨʽʙʥʦ-ʮʠʥʢʦʚʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ, ʷʢʽ ʤʘʣʠ ʟʥʘʯʥʽ ʛʘʙʘʨʠʪʠ ʪʘ ʚʘʛʫ. ʉʫʯʘʩʥʝ 

ʜʞʝʨʝʣʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʚʠʢʦʥʫʻ ʣʽʪʽʡ-ʽʦʥʥʽ ʙʘʪʘʨʝʾ, ʱʦ ʤʘʶʪʴ ʥʝʟʥʘʯʥʽ 

ʛʘʙʘʨʠʪʠ ʪʘ ʟʥʘʯʥʦ ʤʝʥʰʫ ʚʘʛʫ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʝʣʝʢʪʨʦʬʦʨʤʫʣʠ 

ʧʣʘʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʽʪʽʡ-ʽʦʥʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ ʪʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʤʘʩʦʚʦ 

ʚʠʨʦʙʣʷʝʤʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ  çʊʝʩʣʘè ʘʙʦ çʅʠʩʩʘʥ-ʃʽʬè. ʄʦʞʣʠʚʦ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʠʩʪʝʤʫ ʧʝʨʝʪʚʦʨʶʚʘʥʥʷ ʠ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ʚʽʜ 

ʩʝʨʽʡʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʬʦʨʤʫʚʘʥʥʷ ʝʣʝʢʪʨʦʬʦʨʤʫʣʠ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʥʫʚʘʪʠ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʚʽʜ ʝʣʝʢʪʨʦʤʦʙʽʣʷ çʅʠʩʩʘʥ-ʃʽʬè 

ʧʦʪʫʞʥʽʩʪʶ 98 ʢɺʪ, ʘ ʫ ʧʦʜʘʣʴʰʦʤʫ ʧʣʘʥʫʻʤʦ ʚʩʪʘʥʦʚʠʪʠ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʚʽʜ 

ʝʣʝʢʪʨʦʤʦʙʽʣʷ çʊʝʩʣʘè, ʧʦʪʫʞʥʽʩʪʶ 200 ʢɺʪ. ʎʝ ʙʫʜʝ ʷʢ ʨʦʟʚʠʪʦʢ ʥʘʧʨʷʤʢʫ 

ʨʦʙʽʪ ʟ ʝʣʝʢʪʨʦʬʦʨʤʫʣʘʤʽ, ʪʦʤʫ ʱʦ ʮʝʡ ʥʘʧʨʷʤʦʢ ʜʫʞʝ ʚʘʞʣʠʚʠʡ ʟ ʤʝʪʦʶ 

ʟʘʭʠʩʪʫ ʦʪʦʯʫʶʯʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʘ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʥʘ ʧʨʠʨʦʜʫ. ʐʘʩʽ ʤʘʡʙʫʪʥʽʡ ʝʣʝʢʪʨʦʬʦʨʤʫʣʠ ʧʣʘʥʫʻʪʴʩʷ 

ʚʠʛʦʪʦʚʠʪʠ ʤʦʜʫʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʷʢʝ ʫʞʝ ʥʝʦʜʥʦʨʘʟʦʚʦ ʚʠʢʦʥʫʚʘʣʦʩʴ ʧʦ 

ʢʨʝʩʣʝʥʥʷʤ ʧʦʧʝʨʝʜʥʴʦ ʟʙʫʜʦʚʘʥʠʭ ʬʦʨʤʫʣ çʍɸɼɯ-31è, çʍɸɼɯ-33è ʪʘ çʍɸɼɯ-

35è. ʊʘʢ ʷʢ ʮʽ ʚʘʨʽʘʥʪʠ ʚʠʢʦʥʫʚʘʣʠʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʚʠʤʦʛʘʤʠ ʬʝʜʝʨʘʮʽʾ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʩʧʦʨʪʫ ʋʢʨʘʾʥʠ (ʌɸʋ) ʪʘ ʤʘʶʪʴ ʪʨʘʜʠʮʽʡʥʫ ʢʦʤʧʦʥʦʚʢʫ ʜʣʷ 

ʬʦʨʤʫʣ ɽ8. ɺʘʞʣʠʚʦ ʥʘʙʨʘʪʠ ʪʘʢʫ ʢʽʣʴʢʽʩʪʴ  ʣʽʪʽʡ-ʽʦʥʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ ʪʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʾʭ ʟʘʨʷʜ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʘʧʘʩʫ ʝʥʝʨʛʽʾ ʜʦʩʪʘʣʦ ʥʘ ʚʩʶ ʛʦʥʢʫ (ʮʝ 

ʜʠʩʪʘʥʮʽʷ 50 ʢʽʣʦʤʝʪʨʽʚ Ñ 1 ʢʽʣʦʤʝʪʨ). ʉʣʽʜʦʤ ʟʘ ʩʪʫʜʝʥʪʩʴʢʠʤ ʧʨʦʝʢʪʥʦ-

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʤ ʙʶʨʦ ʣʘʙʦʨʘʪʦʨʽʾ ʰʚʠʜʢʽʩʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʍʘʨʢʽʚʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʴʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʜʝʶ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʰʦʩʝʡʥʦ-ʢʽʣʴʮʝʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʝʣʝʢʪʨʠʯʥʠʤ ʜʚʠʛʫʥʦʤ, ʫ 2016 ʨʦʮʽ 

ʧʽʜʪʨʠʤʘʣʘ ʽ ʘʚʪʦʤʦʙʽʣʴʥʘ ʬʝʜʝʨʘʮʽʷ ʋʢʨʘʾʥʠ, ʩʪʚʦʨʠʚʰʠ çʂʆʄɯʉɯʖ 

ɸɺʊʆʄʆɹɯʃʔʅʆɰ ʌɽɼɽʈɸʎɯɰ ʋʂʈɸɰʅʀ ɿ ʇʀʊɸʅʔ ʈʆɿɺʀʊʂʋ 

ɽʃɽʂʊʈʀʏʅʆɻʆ ʊʈɸʅʉʇʆʈʊʋ ʊɸ ʊʈɸʅʉʇʆʈʊʅʀʍ ɿɸʉʆɹɯɺ ʅɸ 

ɸʃʔʊɽʈʅɸʊʀɺʅʀʍ ɼɾɽʈɽʃɸʍ ɽʅɽʈɻɯɰè (ʂɽʊ.FAU). ʌʝʜʝʨʘʮʽʷ ʥʘʜʘʣʘ ʮʽʡ 

ʂʦʤʽʩʽʾ ʧʦʚʥʦʚʘʞʝʥʥʷ ʱʦʜʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʽʾ ʨʝʛʣʘʤʝʥʪʫʶʯʠʭ ʜʦʢʫʤʝʥʪʽʚ ʌɸʋ ʱʦʜʦ ʝʣʝʢʪʨʠʯʥʠʭ ʪʘ ʽʥʰʠʭ 

ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣʘʭ ʝʥʝʨʛʽʾ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟ 

ʤʝʪʦʶ ʩʧʨʠʷʥʥʷ ʧʨʦʚʝʜʝʥʥʶ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʟʤʘʛʘʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʫ ʪʘ ʪʨʘʥʩʧʦʨʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʶ ʙʝʟʧʝʢʠ ʧʨʠ ʟʘʥʷʪʪʷʭ ʘʚʪʦʤʦʙʽʣʴʥʠʤ ʩʧʦʨʪʦʤ ʚ 

ʋʢʨʘʾʥʽ. ʋ ʧʝʨʩʧʝʢʪʠʚʽ ʧʘʨʘʣʝʣʴʥʦ ʟ ʧʨʦʝʢʪʦʤ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ ʜʣʷ 

ʢʽʣʴʮʝʚʠʭ ʧʝʨʝʛʦʥʽʚ, ʤʦʞʝ ʩʪʘʪʠ ʥʠʟʢʘ ʧʨʦʝʢʪʽʚ ʧʦ ʩʪʚʦʨʝʥʥʶ ʢʦʤʘʥʜʠ, ʷʢʘ 

ʚʽʟʴʤʝ ʫʯʘʩʪʴ ʫ ʤʽʞʥʘʨʦʜʥʠʭ ʟʤʘʛʘʥʥʷʭ ʬʦʨʤʫʣʘ çʉʪʫʜʝʥʪè, ʘ ʪʘʢʦʞ ʫ ʢʣʘʩʽ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʤʽʞʥʘʨʦʜʥʠʭ ʟʤʘʛʘʥʴ çShell Eco-marathonè. ʊʘʢʘ ʩʧʨʦʙʘ 

ʚʞʝ ʙʫʣʘ - ʚʩʪʘʥʦʚʠʪʠ ʝʣʝʢʪʨʠʯʥʠʡ ʜʚʠʛʫʥ ʥʘ ʻʢʦʤʦʙʽʣʴ çʍɸɼɯ-34è, 

ʧʣʘʥʫʚʘʣʘʩʷ ʫʯʘʩʪʴ ʢʦʤʘʥʜʠ ʥʘʰʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚ ʤʘʡʙʫʪʥʽʭ ʟʤʘʛʘʥʥʷʭ çShell 
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Eco-marathonè ʚ ʢʣʘʩʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ. ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʫ ʧʣʘʥʘʭ ʨʦʙʽʪ ʃʐɸ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʶ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ ʟ ʮʽʻʶ ʤʝʪʦʶ ʧʣʘʥʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʝʚʦʛʦ ʧʘʣʠʚʥʦʛʦ ʝʣʝʤʝʥʪʫ ʷʢ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʫ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʨʦʝʢʪʘʭ ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ ʧʨʠʡʤʘʶʯʠʭ ʫʯʘʩʪʴ ʫ çShell Eco-

marathonè ʚ ʢʣʘʩʽ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʚʦʜʥʝʚʠʤ ʧʘʣʠʚʥʠʤ ʝʣʝʤʝʥʪʦʤ. ʉʫʤʽʩʥʦ ʟ 

ʥʽʤʝʮʴʢʠʤʠ ʧʘʨʪʥʝʨʘʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʝʢʪ ʧʦ ʚʩʪʘʥʦʚʣʝʥʥʶ ʨʝʢʦʨʜʫ 

ʰʚʠʜʢʦʩʪʽ ʥʘ ʘʚʪʦʤʦʙʽʣʽ ʟ ʛʘʟʦʪʫʨʙʽʥʥʠʤ ʜʚʠʛʫʥʦʤ, ʷʢʠʡ ʧʨʘʮʶʻ ʥʘ ʚʦʜʥʽ. 

ʇʨʦʪʦʪʠʧʦʤ ʪʘʢʦʛʦ ʜʚʠʛʫʥʘ ʤʦʞʝ ʩʪʘʪʠ ʛʘʟʦʚʘ ʪʫʨʙʽʥʘ ɻʊɼ350 ʚʽʜ ʛʝʣʽʢʦʧʪʝʨʘ 

ʄɯ-2 ʜʦ ʷʢʦʾ ʪʨʝʙʘ ʩʪʚʦʨʠʪʠ ʦʨʠʛʽʥʘʣʴʥʫ ʩʠʩʪʝʤʫ ʞʠʚʣʝʥʥʷ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʚʦʜʝʥʴ. ʆʩʴ ʪʘʢʠ ʧʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʢʠ ʨʦʙʽʪ ʣʘʙʦʨʘʪʦʨʽʾ ʰʚʠʜʢʽʩʥʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ ʽʤʝʥʽ ɺ. ʂ. ʅʽʢʽʪʽʥʘ ʤʘʶʯʦʾ ʩʪʘʪʫʩ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʥʘʜʙʘʥʥʷ.                   

 

ʂʦʣʽʩʥʠʢ ɺʣʘʜʠʩʣʘʚ ʆʣʝʢʩʘʥʜʨʦʚʠʯ, ʘʩʧʽʨʘʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʇʆʈɯɺʅʗʃʔʅʀʁ ɸʅɸʃɯɿ ʆɼʅʆʊʈʋɹʅʀʍ ɻɸɿʆɺʀʍ, ɻɯɼʈɸɺʃɯʏʅʀʍ 

ʊɸ ɽʃɽʂʊʈʆʄɸɻʅɯʊʅʀʍ ɸʄʆʈʊʀɿɸʊʆʈɯɺ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʽ ʟʤʽʥʦʶ ʥʘʧʨʘʚʣʝʥʥʷ ʨʦʟʚʠʪʢʫ 

ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘ ʨʦʟʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʥʝ ʟʤʽʥʥʠʤ 

ʟʘʣʠʰʘʻʪʴʩʷ ʚʠʤʦʛʠ ʚʦʜʽʾ ʜʦ ʢʦʤʬʦʨʪʫ ʪʘ ʙʝʟʧʝʢʠ ʢʝʨʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʤ 

ʟʘʩʦʙʦʤ. ɿ ʨʦʟʰʠʨʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʚʠʥʠʢʣʘ ʱʝ ʦʜʥʘ ʟʘʜʘʯʘ, 

ʟʙʽʣʴʰʠʪʠ ʜʘʣʴʥʽʩʪʴ ʭʦʜʫ ʝʣʝʢʪʨʦʤʦʙʽʣʶ ʥʘ ʦʜʥʦʤʫ ʟʘʨʷʜʽ. ʊʦʤʫ ʚ ʩʚʦʾ 

ʜʠʩʝʨʪʘʮʽʡʥʽ ʨʦʙʦʪ ʷ ʚʠʨʽʰʠʚ ʟʥʷʪʠʩʷ ʮʽʻʶ ʧʨʦʙʣʝʤʫ, ʘ ʩʘʤʝ ʢʦʥʚʝʨʪʫʚʘʪʠ 

ʪʝʧʣʦ ʚʽʜ ʨʦʙʦʪʠ ʘʤʦʨʪʠʟʘʪʦʨʘ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʟʘʨʷʜʫ ʝʣʝʢʪʨʦʤʦʙʽʣʷ. 

ɼʣʷ ʮʴʦʛʦ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʧʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʽʟʥʠʭ 

ʪʠʧʽʚ ʘʤʦʨʪʠʟʘʪʦʨʽʚ, ʘ ʩʘʤʝ: 

 ʈʦʟʛʣʷʥʫʪʠ ʢʦʥʩʪʨʫʢʮʽʶ, ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ, ʧʣʶʩʠ ʪʘ ʤʽʥʫʩʠ ʦʜʥʦʪʨʫʙʥʠʭ 

ʘʤʦʨʪʠʟʘʪʦʨʽ; 

 ʈʦʟʛʣʷʥʫʪʠ ʢʦʥʩʪʨʫʢʮʽʶ, ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ, ʧʣʶʩʠ ʪʘ ʤʽʥʫʩʠ ʛʽʜʨʘʚʣʽʯʥʠʭ 

ʘʤʦʨʪʠʟʘʪʦʨʽ; 

 ʈʦʟʛʣʷʥʫʪʠ ʢʦʥʩʪʨʫʢʮʽʶ, ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʘʤʦʨʪʠʟʘʪʦʨʽʚ. 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʷʢʠʡ ʪʠʧ ʘʤʦʨʪʠʟʘʪʦʨʘ ʥʘʡʙʽʣʴʰ 

ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ. 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʷ ʟʨʦʙʠʚ ʚʠʩʥʦʚʦʢ, ʱʦ ʩʘʤʠʡ ʧʽʜʭʦʜʷʱʽʡ ʪʠʧ 

ʘʤʦʨʪʠʟʘʪʦʨʽʚ ʜʣʷ ʮʽʻʾ ʟʘʜʘʯʽ ʻ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʘʤʦʨʪʠʟʘʪʦʨʠ. 

 

ʃ̔ ʪʝʨʘʪʫʨʘ 

1. ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ: https://automotolife.com/services/elektromagnitnaya-

podveska-avtomobilya  

2. ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ: https://hodovik.com/novosti/gidravlicheskie-i-

gazogidravlicheskie- amortizatory.html  

3. ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ: https://www.autoezda.com/hodovaja/134-

amodno.html.  

https://automotolife.com/services/elektromagnitnaya-podveska-avtomobilya
https://automotolife.com/services/elektromagnitnaya-podveska-avtomobilya
https://hodovik.com/novosti/gidravlicheskie-i-gazogidravlicheskie-%20amortizatory.html
https://hodovik.com/novosti/gidravlicheskie-i-gazogidravlicheskie-%20amortizatory.html
https://www.autoezda.com/hodovaja/134-amodno.html
https://www.autoezda.com/hodovaja/134-amodno.html
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ʃʝʦʥʪʴʻʚ ɼʤʠʪʨʦ ʄʠʢʦʣʘʡʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ 

ʽʤ. ɸ.ɹ. ɻʨʝʜʝʩʢʫʣʘ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʽʡ ʘʚʪʦʤʦʙʽʣʴʥʦ - ʜʦʨʦʞʥʽʡ 

ʫʥʽʚʝʨʩʠʪʝʪ 

ʉʽʥʝʣʴʥʽʢ ɼʘʥʠʣʦ ɹʦʛʜʘʥʦʚʠʯ, ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʽʤ. ɸ.ɹ. ɻʨʝʜʝʩʢʫʣʘ, 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʽʡ ʘʚʪʦʤʦʙʽʣʴʥʦïʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ,  

+38 (068) 728 48 32, danilsin1997@gmail.com 

 

ʑʆɼʆ ɺʇʃʀɺʋ ʂʆʆʈɼʀʅɸʊʀ ʎɽʅʊʈʋ ʊʗɾɯʅʅʗ ɺɸʅʊɸɾʋ ʅɸ 

ʇɽʈɽʈʆɿʇʆɼɯʃ ɺɽʈʊʀʂɸʃʔʅʀʍ ʈɽɸʂʎɯʁ  

ɺ ʆʇʆʈɸʍ ʇʈʀʏɽʇɸ ɿ ʎɽʅʊʈɸʃʔʅʀʄʀ ʆʉʗʄʀ 

 

ʈʦʟʪʘʰʫʚʘʥʥʷ ʚʘʥʪʘʞʫ ʚ ʤʝʞʘʭ ʧʨʠʯʝʧʘ ʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʦʩʢʽʣʴʢʠ ʮʝ 

ʚʧʣʠʚʘʻ ʥʘ ʧʦʣʦʞʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʫ ʪʷʞʽʥʥʷ ʧʨʠʯʝʧʘ ʪʘ ʚʽʜʧʦʚʽʜʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʧʦʜʽʣ ʚʝʨʪʠʢʘʣʴʥʠʭ ʨʝʘʢʮʽʡ ʤʽʞ ʦʩʷʤʠ, ʱʦ ʜʽʶʪʴ ʤʽʞ ʰʠʥʘʤʠ 

ʢʦʣʽʩ ʧʨʠʯʝʧʘ ʪʘ ʧʦʚʝʨʭʥʝʶ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ [1-4]. ɺʧʣʠʚ ʭʘʨʘʢʪʝʨʫ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʘʥʪʘʞʫ ʚ ʤʝʞʘʭ ʢʫʟʦʚʘ ʧʨʠʯʝʧʘ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʨʘʭʫʥʦʢ 

ʫʤʦʚʥʦʾ ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʫ ʤʘʩ ʧʨʠʯʝʧʘ va , ʷʢʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʟʥʘʯʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ (1) ʢʦʣʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʘʥʪʘʞʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝ 

ʩʠʤʝʪʨʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʨʝʘʢʮʽʡ ʥʘ ʦʩʷʭ ʧʨʠʯʝʧʘ. ʈʽʚʥʷʥʥʷ (1) 

ʚʨʘʭʦʚʫʻ ʦʩʥʦʚʥʽ ʢʦʦʨʜʠʥʘʪʠ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚʘʥʪʘʞʫ 1x , 1pL , 2pL  ʚ 

ʤʝʞʘʭ ʧʨʠʯʝʧʘ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʮʝʥʪʨʘ ʪʷʞʽʥʥʷ ʚʘʥʪʘʞʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʫʤʦʚʥʦʾ ʢʦʦʨʜʠʥʘʪʠ va  ʜʦʟʚʦʣʷʻ ʧʦʨʽʚʥʷʪʠ ʾʾ ʟ ʨʝʘʣʴʥʦʶ ʢʦʦʨʜʠʥʘʪʦʶ ʮʝʥʪʨʫ 

ʮʝʥʪʨʘ ʪʷʞʽʥʥʷ ʧʨʠʯʝʧʘ a  ʽ ʥʘ ʦʩʥʦʚʽ ʾʭ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʦʜʥʘ ʦʜʥʽʡ ʚʠʟʥʘʯʠʪʠ 

ʪʝʦʨʝʪʠʯʥʠʡ ʧʝʨʝʨʦʟʧʦʜʽʣ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʚʽʜʧʦʚʽʜʥʠʤʠ ʦʩʷʤ ʧʨʠʯʝʧʘ ʟ 

ʮʝʥʪʨʘʣʴʥʠʤʠ ʦʩʷʤʠ. 
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ʜʝ 1pL  ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʧʝʨʝʜʥʴʦʶ ʩʪʽʥʢʦʶ ʧʨʠʯʝʧʘ ʪʘ ʮʝʥʪʨʦʤ ʪʷʞʽʥʥʷ ʧʝʨʰʦʛʦ 

ʚʘʥʪʘʞʫ, ʤʤ; 

2pL  ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʧʝʨʝʜʥʴʦʶ ʩʪʽʥʢʦʶ ʧʨʠʯʝʧʘ ʪʘ ʮʝʥʪʨʦʤ ʪʷʞʽʥʥʷ ʜʨʫʛʦʛʦ 

ʚʘʥʪʘʞʫ, ʤʤ; 

1BP  ï ʤʘʩʘ ʧʝʨʰʦʛʦ ʚʘʥʪʘʞʫ, ʢʛ; 

2BP  ï ʤʘʩʘ ʜʨʫʛʦʛʦ ʚʘʥʪʘʞʫ, ʢʛ; 

1zR  ï ʨʝʘʢʮʽʷ ʦʧʦʨʠ ʥʘ ʧʝʨʰʫ ʚʽʩʴ ʧʨʠʯʝʧʘ, H; 

1x  ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʧʦʯʘʪʢʫ ʟʯʽʧʥʦʛʦ ʧʨʠʩʪʨʦʶ ʜʦ ʧʝʨʝʜʥʴʦʾ ʩʪʽʥʢʠ, ʤʤ; 

l ï ʢʽʣʴʢʽʩʪʴ ʦʩʝʡ; 
c

pP  ï ʚʘʛʘ ʧʨʠʯʝʧʘ ʟ ʮʝʥʪʨʘʣʴʥʠʤʠ ʦʩʷʤʠ ʚ ʩʧʦʨʷʜʞʝʥʦʤʫ ʩʪʘʥʽ, H. 
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ɺʠʩʥʦʚʢʠ 

ʗʢ ʧʦʢʘʟʫʶʪʴ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʢʦʦʨʜʠʥʘʪʠ va  ʪʘ 

ʨʝʘʣʴʥʦʾ ʢʦʦʨʜʠʥʘʪʠ a  ʤʦʞʥʘ ʧʨʠʙʣʠʟʥʦ ʚʠʟʥʘʯʠʪʠ ʭʘʨʘʢʪʝʨ ʧʝʨʝʨʦʟʧʦʜʽʣʫ 

ʚʘʛʠ ʫ ʚʽʜʩʦʪʢʘʭ ʤʽʞ ʦʩʷʤʠ ʧʨʠʯʝʧʘ ʟ ʮʝʥʪʨʘʣʴʥʠʤʠ ʦʩʷʤʠ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ 

ʧʠʪʘʥʥʷʤ ʧʽʜ ʯʘʩ ʝʩʢʽʟʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʠʯʝʧʽʚ ʪʘʢʦʛʦ ʪʠʧʫ. 
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ʃʝʦʥʪʴʻʚ ʉʝʨʛʽʡ ʄʠʢʦʣʘʡʦʚʠʯ, ʘʩʧʽʨʘʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 
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ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʘʙʦ ʥʘʧʨʠʢʣʘʜ ʧʥʝʚʤʘʪʠʯʥʠʭ ʧʨʠʚʦʜʘʭ ʛʘʣʴʤ, ʱʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʙʝʟʧʝʢʫ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʯʦʛʦ 

ʧʨʦʮʝʩʫ ʧʝʨʝʪʽʢʘʥʥʷ ʧʦʚʽʪʨʷ ʚ ʣʘʥʢʘʭ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʨʠʚʦʜʘ, ʷʢ ʧʦʢʘʟʫʻ 

ʘʥʘʣʽʟ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ [1-5], ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪʥʠʭ ʬʫʥʢʮʽʡ ʜʝʷʢʽ ʟ ʷʢʠʭ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʤʽʩʪʷʪʴ 
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ʪʘʢʠʡ ʧʘʨʘʤʝʪʨ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ʆʟʥʘʡʦʤʣʝʥʥʷ ʟ ʧʠʪʘʥʥʷʤ, ʱʦ ʩʪʦʩʫʻʪʴʩʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ  

ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ ʥʘʩʣʽʜʦʢ ʨʝʘʣʽʟʘʮʽʾ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʧʝʨʝʪʽʢʘʥʥʷ ʧʦʚʽʪʨʷ ʚ 

ʣʘʥʢʘʭ ʧʨʠʚʦʜʘ, ʧʦʢʘʟʘʚ, ʱʦ ʮʴʦʤʫ ʧʠʪʘʥʥʶ ʥʝ ʧʨʠʜʽʣʷʣʦʩʷ ʜʦʩʪʘʪʥʴʦ ʫʚʘʛʠ, ʘ 

ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʽʣʘ (ʧʦʚʽʪʨʷ) ʦʙʤʝʞʝʥʘ ʪʘ ʥʝ 

ʦʩʚʽʪʣʝʥʘ ʚ ʩʫʯʘʩʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ. ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ 

ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʧʦʢʘʟʘʚ, ʱʦ ʚʦʥʠ ʧʦ ʨʽʟʥʦʤʫ 

ʤʦʜʝʣʶʶʪʴ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʘʣʝ ʚʩʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʝʢʩʧʦʥʝʥʮʽʡʥʦʤʫ 

ʟʘʢʦʥʽ. ʉʧʽʚʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʽʩʥʫʶʯʠʤʠ ʤʝʪʦʜʘʤʠ 

ʧʦʢʘʟʘʣʦ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ 

ʪʦʤʫ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʧʥʝʚʤʘʪʠʯʥʠʭ ʧʨʠʚʦʜʘʭ ʧʦʪʨʝʙʫʻ ʫʪʦʯʥʝʥʥʷ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ. 
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ʪʷʛʦʚʦʾ ʩʠʣʠ ʚ ʧʣʷʤʽ ʢʦʥʪʘʢʪʫ ʰʠʥʠ ʢʦʣʝʩʘ ʟ ʧʦʚʝʨʭʥʝʶ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ. 

ɸ ʷʢ ʧʦʢʘʟʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʨʦʟʛʦʥʫ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʝʣʝʢʪʨʠʯʥʠʤ 

ʧʨʠʚʦʜʦʤ ʢʦʣʽʩ ʪʦ ʚʦʥʘ ʩʫʪʪʻʚʦ ʢʨʘʱʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʜʠʥʘʤʽʢʠ ʨʦʟʛʦʥʫ 

ʘʚʪʦʤʦʙʽʣʽʚ ʫ ʷʢʠʭ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʥʘʩʣʽʜʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ. ɿ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʚʽʜʦʤʦ, ʱʦ 

ʟʘʜʘʯʘ ʧʦʢʨʘʱʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʘʛʘʪʦʚʽʩʥʦʾ ʪʝʭʥʽʢʠ ʻ ʥʝ ʧʨʦʩʪʦʶ 

ʦʩʢʽʣʴʢʠ ʥʝʦʙʭʽʜʥʦ ʫʟʛʦʜʠʪʠ ʪʷʛʦʚʽ ʧʦʢʘʟʥʠʢʠ ʦʢʨʝʤʠʭ ʦʩʝʡ ʪʘʢʦʛʦ ʘʚʪʦʤʦʙʽʣʷ 

ʽʟ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʡʦʛʦ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘ ʜʣʷ 

ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʽ ʤʝʪʦʜʠ, ʱʦ ʥʘ ʩʪʘʜʽʾ ʩʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʚʽʩʥʦʾ ʪʝʭʥʽʢʠ ʜʦʟʚʦʣʷʪʴ 

ʦʮʽʥʠʪʠ ʾʾ ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʧʽʜʽʙʨʘʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʤʽʞ 

ʚʘʛʦʚʠʤʠ, ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʪʘ ʟʯʽʧʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʘʚʪʦʤʦʙʽʣʷ. 
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ɼʣʷ ʚʝʜʝʥʥʷ ʩʧʝʮʠʬʽʯʥʠʭ ʙʦʡʦʚʠʭ ʜʽʡ ʧʦʪʨʽʙʥʽ ʚʽʡʩʴʢʦʚʽ ʢʦʣʽʩʥʽ ʤʘʰʠʥʠ 

(ɺʂʄ), ʷʢʽ ʟʘ ʨʽʚʥʝʤ ʾʭ ʧʽʜʛʦʪʦʚʢʠ ʟʜʘʪʥʽ ʚʠʨʽʰʫʚʘʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ. 

ʑʝ ʫ 1980 ï ʭ ʨʦʢʘʭ XX ʩʪʦʣʽʪʪʷ ʢʦʤʧʘʥʽʷ Chenowth (ʉʐɸ) ʧʦʯʘʣʘ 

ʨʦʟʨʦʙʢʫ ʰʚʠʜʢʦʛʦ ñʙʘʛʽò, ʱʦ ʙʫʚ ʟʜʘʪʥʠʡ ʥʝʩʪʠ ʟʥʘʯʥʫ ʤʘʩʫ ʦʟʙʨʦʻʥʥʷ ʪʘ 

ʙʦʡʦʚʦʛʦ ʝʢʽʧʽʨʫʚʘʥʥʷ. ʋ 1982 ʨʦʮʽ ʟô̫ ʚʠʚʩʷ ʘʚʪʦʤʦʙʽʣʴ Fast Attack Vehicle 

(FAV), ʷʢʽ ʙʫʣʠ ʟʘʜʽʷʥʽ ʚ ʚʽʡʥʽ ʚ ʂʫʚeʡʪʽ ʥʘ ʧʦʯʘʪʢʫ 1990 ï ʭ ʨʨ. ʪʘ ʦʪʨʠʤʘʣʠ 

ʥʘʟʚʫ Desert Patrol Vihicle (DPV). ɹʦʡʦʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ DPV ʚʠʷʚʠʣʦ ʨʷʜ 

mailto:ovurij069@gmail.com
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ʥʝʜʦʣʽʢʽʚ, ʘ ʩʘʤʝ ï ʟʘʤʘʣʫ ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ ʪʘ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ ʤʘʰʠʥʠ. 

ɿô̫ ʚʠʣʠʩʷ ʤʘʰʠʥʠ Light Strike Vihicle (LSV), ʷʢʽ ʤʘʣʠ ʥʘ ʦʟʙʨʦʻʥʥʽ ʜʝʢʽʣʴʢʘ 

ʢʫʣʝʤʝʪʽʚ ʨʽʟʥʦʛʦ ʢʘʣʽʙʨʫ ʪʘ ʧʨʦʪʠʪʘʥʢʦʚʽ ʫʩʪʘʥʦʚʢʠ AT4.  

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ LSV ʧʨʠʚʽʚ ʜʦ ʧʦʷʚʠ ʪʨʝʪʴʦʛʦ ʧʦʢʦʣʽʥʥʷ ñʙʘʛʽò ʜʣʷ 

ʟʙʨʦʡʥʠʭ ʩʠʣ ï Advanced Light Strike Vehicle (ALSV). 

Volkswagen KDF Type 82 (ʅʽʤʝʯʯʠʥʘ) ʤʘʚ ʚʽʜʢʨʠʪʠʡ ʢʫʟʦʚ ʟ ʧʣʠʩʢʠʤʠ 

ʧʘʥʝʣʷʤʠ ʟ ʨʝʙʨʘʤʠ ʞʦʨʩʪʢʦʩʪʽ, ʤʽʞʢʦʣʽʩʥʠʡ ʩʘʤʦʙʣʦʢʫʶʯʠʡ ʜʠʬʝʨʝʥʮʽʘʣ, 

ʟʙʽʣʴʰʝʥʠʡ ʢʣʽʨʝʥʩ (ʜʦ 290 ʤʤ). ʃʦʙʦʚʝ ʩʢʣʦ ʩʢʣʘʜʘʣʦʩʷ. ɺʽʥ ʧʝʨʝʚʦʟʠʚ 

ʙʦʻʧʨʠʧʘʩʠ, ʦʩʦʙʦʚʠʡ ʩʢʣʘʜ, ʧʨʠʟʥʘʯʘʚʩʷ ʜʣʷ ʝʚʘʢʫʘʮʽʾ ʧʦʨʘʥʝʥʠʭ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʷʢ ʧʝʨʝʩʫʚʥʘ ʤʘʡʩʪʝʨʥʷ ʘʙʦ ʚʠʢʦʥʫʚʘʚ ʬʫʥʢʮʽʾ  ʰʪʘʙʥʦʛʦ 

ʘʚʪʦʤʦʙʽʣʷ (ʤʘʚ ʟʘʢʨʠʪʠʡ ʢʫʟʦʚ KDF-38).  

ʋ 1950 ï ʨʨ. XX ï ʛʦ ʩʪʦʣʽʪʪʷ ʚ ʉʐɸ ʥʘ ʙʘʟʽ Volkswagen Beatle, ʟô̫ ʚʠʣʠʩʷ 

ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ, ʷʢʽ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʯʘʩ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ ʢʚʘʜʨʦʮʠʢʣʽʚ. ʊʘʢ, 

ʥʘ ʾʭ ʙʘʟʽ ʜʣʷ ʧʘʪʨʫʣʶʚʘʥʥʷ ʪʘ ʚʝʜʝʥʥʷ ʙʦʡʦʚʠʭ ʜʽʡ ʚ ʧʫʩʪʝʣʴʥʽʡ ʤʽʩʮʝʚʦʩʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ DPV ʪʘ LSV. 

ɺʽʡʥʘ ʚ ʋʢʨʘʾʥʽ ʟ ʚʠʩʦʢʦʤʦʙʽʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʥʘ ʤʦʪʦ ï ʪʘ ʢʚʘʜʨʘʮʠʢʣʘʭ 

ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʜʘʻ ʜʝʷʢʽ ʧʝʨʝʚʘʛʠ ʥʘʜ 

ʚʦʨʦʛʦʤ ʚ ʜʽʷʭ ʚʦʾʥʽʚ ʩʠʣ ʩʧʝʮʽʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ (ʉʉʆ) ɿʙʨʦʡʥʠʭ ʉʠʣ ʋʢʨʘʾʥʠ 

(ɿʉʋ). 

ɺʠʩʦʢʦʤʦʙʽʣʴʥʘ ʪʘʢʪʠʢʘ ʪʘ ʧʝʨʩʦʥʘʣʴʥʽ ɺʂʄ ʚʠʚʦʜʷʪʴ ʜʽʷʣʴʥʽʩʪʴ ʛʨʫʧ ʥʘ 

ʥʦʚʠʡ ʨʽʚʝʥʴ ʙʦʡʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ. ɺʝʜʝʥʥʷ ʙʦʡʦʚʠʭ ʜʽʡ ʚ ʫʤʦʚʘʭ 

ʤʝʨʝʞʝʮʝʥʪʨʠʯʥʦʾ ʚʽʡʥʠ ʧʦʚô̫ ʟʘʥʝ ʟ ʧʦʥʷʪʪʷʤ ʚʽʜʩʫʪʥʦʩʪʽ ʣʽʥʽʾ ʬʨʦʥʪʫ, ʷʢ 

ʪʘʢʦʚʦʾ, ʰʚʠʜʢʦʶ ʟʤʽʥʦʶ ʪʘʢʪʠʯʥʦʾ ʦʙʩʪʘʥʦʚʢʠ, ʽʥʰʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʪʘʢʠʤʠ ʷʢ 

ʫʩʧʽʭ ʫ ʩʢʨʠʪʥʦʩʪʽ, ʚʠʩʦʢʽʡ ʰʚʠʜʢʦʩʪʽ ʪʘ ʤʦʙʽʣʴʥʦʩʪʽ, ʟʜʘʪʥʽʩʪʶ ʜʦ ʚʝʜʝʥʥʷ 

ʧʨʠʮʽʣʴʥʦʛʦ ʚʦʛʥʶ ʘʙʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʫʩʠʣʴ ʪʘ ʱʽʣʴʥʦʩʪʽ ʚʦʛʥʶ ʩʪʨʽʣʝʮʴʢʦʾ 

ʟʙʨʦʾ ʥʘ ʦʙʤʝʞʝʥʽʡ ʜʽʣʷʥʮʽ ʪʘ ʰʚʠʜʢʠʡ ʚʽʜʭʽʜ. 

ʈʘʟʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʧʦʚʽʪʨʷʥʠʭ ʟʘʩʦʙʽʚ ʨʦʟʚʽʜʢʠ 

(ʢʚʘʜʨʦʢʦʧʪʝʨʽʚ), ʘ ʪʘʢʦʞ ʨʝʘʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʟʘʣʧʦʚʦʛʦ ʚʦʛʥʶ ʪʘ 

ʘʨʪʠʣʝʨʽʡʩʴʢʠʭ ʩʠʩʪʝʤ ʪʘʢʽ ɺʂʄ ʟʜʘʪʥʽ ʚʠʨʽʰʫʚʘʪʠ ʢʦʥʢʨʝʪʥʽ ʣʦʢʘʣʴʥʽ ʙʦʡʦʚʽ 

ʟʘʚʜʘʥʥʷ ʜʣʷ ʟʥʠʱʝʥʥʷ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʦʙô̒ ʢʪʽʚ ʧʨʦʪʠʚʥʠʢʘ, ʥʘʩʘʤʧʝʨʝʜ 

ʢʦʤʘʥʜʥʠʭ ʧʫʥʢʪʽʚ, ʩʢʣʘʜʽʚ ʟ ʙʦʻʧʨʠʧʘʩʘʤʠ ʪʦʱʦ. 

ɺʦʜʥʦʯʘʩ ɺʂʄ ʢʘʪʝʛʦʨʽʾ L ʟ 1-2 ʦʟʙʨʦʻʥʠʤʠ ʪʘ ʝʢʽʧʽʨʦʚʘʥʠʤʠ 

ʦʧʝʨʘʪʦʨʘʤʠ, ʨʫʯʥʠʤʠ ʛʨʘʥʘʪʦʤʝʪʘʤʠ ʪʠʧʫ ɸɻʉ-17 ʘʙʦ ʧʝʨʝʥʦʩʥʠʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ ʪʠʧʫ Stinger, TOW-FF (TOW Fire-and-Forget, ʪʦʙʪʦ TOW çʟʨʦʙʠʚ 

ʧʦʩʪʨʽʣ ʪʘ ʟʘʙʫʚè) ʯʠ Javelin ʤʘʶʯʠ ʚʣʘʩʥʫ ʚʘʛʫ ʜʦ 200 ʢʛ, ʟʘʧʘʩ ʭʦʜʠ ʫ 500 ʢʤ 

ʥʘ ʦʜʥʽʡ ʟʘʧʨʘʚʮʽ, ʤʦʞʣʠʚʽʩʪʴ ʢʨʽʧʣʝʥʥʷ ʢʦʨʠʩʥʦʛʦ ʚʘʥʪʘʞʫ ʥʘ ʟʦʚʥʽʰʥʽʭ 

ʢʨʦʥʰʪʝʡʥʘʭ ʪʝʞ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʩʧʝʮʠʬʽʯʥʽ ʟʘʚʜʘʥʥʷ ʩʫʯʘʩʥʦʛʦ ʙʦʶ.  

ɺʂʄ ʢʘʪʝʛʦʨʽʾ ʄ1G ʟ ʚʘʛʦʶ ʫ 500-700 ʢʛ, ʟʘʧʘʩʦʤ ʭʦʜʠ ʫ 500 ʢʤ ʥʘ ʦʜʥʽʡ 

ʟʘʧʨʘʚʮʽ ʪʘ ʦʙʩʷʛʦʤ ʜʚʠʛʫʥʘ ʫ 1200ʩʤ3 ʤʦʞʫʪʴ ʥʝʩʪʠ ʥʘ ʟʦʚʥʽʰʥʽʭ ʢʨʦʥʰʪʝʡʥʘʭ 

ʚʘʥʪʘʞ ʚʞʝ ʜʦ 150 ʢʛ ʪʘ ʧʝʨʝʩʫʚʘʪʠʩʷ ʧʦ ʤʽʩʮʝʚʦʩʪʽ ʟʽ ʰʚʠʜʢʽʩʪʶ ʙʽʣʴʰʝ ʥʽʞ 

120 ʢʤ ʛ-1, ʱʦ ʥʘʜʘʻ ʥʘʤ ʟʤʦʛʫ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʦʙʠʜʚʽ ɺʂʄ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʧʨʠʢʣʘʜʽʚ ʢʦʣʠ ʮʠʚʽʣʴʥʽ ʘʚʪʦ ï ʪʘ ʤʦʪʦʪʝʭʥʽʢʘ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʝʚʥʦʾ 

ʟʤʽʥʠ ʪʘʢʪʠʢʠ ʪʘ ʭʦʜʫ ʙʦʡʦʚʠʭ ʜʽʡ, ʘ ʩʘʤʝ: ʧʨʦʚʝʜʝʥʥʶ ʨʦʟʚʽʜʢʠ, ʝʚʘʢʫʘʮʽʾ 
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ʧʦʨʘʥʝʥʠʭ ʟ ʧʦʣʷ ʙʦʶ, ʢʦʨʠʛʫʚʘʥʥʷ ʚʦʛʥʶ ʪʘ ʚʠʨʽʰʝʥʥʷ ʽʥʰʠʭ ʙʦʡʦʚʠʭ ʟʘʚʜʘʥʴ 

ʥʘ ʚʘʞʢʦʜʦʩʪʫʧʥʽʡ ʤʽʩʮʝʚʦʩʪʽ ʟʘ ʨʽʟʥʠʭ ʧʦʛʦʜʥʠʭ ʫʤʦʚ. 

 

ʈʠʞʠʭ ʃʝʦʥʽʜ ʆʣʝʢʩʘʥʜʨʦʚʠʯ., ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ 

ʽʤ. ɸ.ɹ. ɻʨʝʜʝʩʢʫʣʘ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʽʡ ʘʚʪʦʤʦʙʽʣʴʥʦ - ʜʦʨʦʞʥʽʡ 

ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺʀɹɯʈ ɯ ʆɹɻʈʋʅʊʋɺɸʅʅʗ ʇɸʈɸʄɽʊʈɯɺ ʂʈʆʂʆɺʆɻʆ 

ɽʃɽʂʊʈʆɼɺʀɻʋʅɸ ɼʃʗ ʄʆɼʋʃʗʊʆʈɸ ɸɹʉ 

 

ʇʝʨʝʤʽʱʝʥʥʷ ʟʘʧʽʨʥʦ-ʨʝʛʫʣʶʶʯʦʛʦ ʝʣʝʤʝʥʪʘ (ɿʈɽ) ʚ ʤʦʜʫʣʷʪʦʨʽ ɸɹʉ ʟʘ 

ʦʜʠʥ ʢʨʦʢ ʢʨʦʢʦʚʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʂɽɼ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ ʢʫʪʫ ʧʦʚʦʨʦʪʫ ʨʦʪʦʨʘ 

ʂɽɼ (Ŭ), ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

hʂʃ1=
     
 

180

ʏʰ ʇaÖ Ö

¯
,         (1) 

 

ʜʝ Ŭ ï ʢʫʪ ʧʦʚʦʨʦʪʫ ʨʦʪʦʨʘ ʂɽɼ; 

    ʏʐ ï ʩʝʨʝʜʥʽʡ ʨʘʜʽʫʩ ʟʫʙʯʘʩʪʦʛʦ ʢʦʣʝʩʘ ʨʦʪʦʨʘ ʂɽɼ, ʤʤ. 

 ʇʦʚʥʠʡ ʭʽʜ ɿʈɽ hʂʃ ʚʠʟʥʘʯʘʻʪʴʩʷ: 

 

   hʂʃ= hʂʃ1Ā Zʇ ,     (2) 

 

ʜʝ Zʇ ï ʜʠʩʢʨʝʪʥʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ɿʈɽ. 

 ʏʘʩ ʦʜʥʦʛʦ ʢʨʦʢʫ ʂɽɼ tʂʃ1 ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʟʘʣʝʞʥʽʩʪʶ: 

 

                                 tʂʃ1= ʂʃ

ʇ

t

Z
,      (3) 

 

ʜʝ tʂʃ ï ʯʘʩ ʧʦʣʥʦʛʦ ʭʦʜʫ  ɿʈɽ, ʩ. 

 ʈʦʙʦʯʘ ʯʘʩʪʦʪʘ  ʂɽɼ fʈ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

   Fʈ =  
1

1

ʂʃt
.      (4) 

 

 ʇʨʠʩʢʦʨʝʥʥʷ ʨʫʭʦʤʠʭ ʜʝʪʘʣʝʡ  ɿʈɽ  ʘɼ ʟʘ ʫʤʦʚʠ ʨʦʙʦʪʠ ʂɽɼ ʟ ʧʦʩʪʽʡʥʦʶ 

ʯʘʩʪʦʪʦʶ  ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʟʘʣʝʞʥʽʩʪʶ: 

 

   ɸɼ= 1

2

1

2 ʂʃ

ʂʃ

h

t
 ;      (5) 

 

 ʉʪʘʪʠʯʥʠʡ ʤʦʤʝʥʪ ʂɽɼ ʚʠʙʠʨʘʻʪʴʩʷ ʚ ʥʘʩʪʫʧʥʦʤʫ ʧʦʨʷʜʢʫ. 

ʄʦʤʝʥʪ ʦʧʦʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʄʅ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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   ʄʅ= FʦʙĀʏʐ  ,     (6) 

 

ʜʝ Fʦʙ ï ʟʘʛʘʣʴʥʠʡ ʦʧʽʨ ʧʝʨʝʤʽʱʝʥʥʷ ʨʫʭʦʤʠʭ ʜʝʪʘʣʝʡ ɿʈɽ, ʅ. 

 ʉʪʘʪʠʯʥʠʡ ʤʦʤʝʥʪ ʂɽɼ ʄɼ ʚʠʙʠʨʘʻʪʴʩʷ ʟʘʣʝʞʥʦ: 

 

   ʄɼ=
0,4

ʅʄ  .      (7) 

 

 ʇʽʩʣʷ ʚʠʙʦʨʫ ʂɽɼ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʽʨʠʪʠ ʨʦʟʨʘʭʦʚʘʥʠʡ ʧʨʠʚʦʜ 

ʤʦʜʫʣʷʪʦʨʘ ɸɹʉ ʥʘ ʨʝʟʦʥʘʥʩ. 

 ʎʝʡ ʝʬʝʢʪ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʥʝʩʧʦʜʽʚʘʥʦʛʦ ʧʘʜʽʥʥʷ ʤʦʤʝʥʪʫ ʥʘ 

ʜʝʷʢʠʭ ʰʚʠʜʢʦʩʪʷʭ. ʎʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʨʦʧʫʩʢʫ ʢʨʦʢʽʚ ʪʘ ʚʪʨʘʪʠ 

ʩʠʥʭʨʦʥʥʦʩʪʽ. ʊʘʢʝ ʷʚʠʱʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʨʦʙʦʯʘ ʯʘʩʪʦʪʘ 

ʢʨʦʢʽʚ ʟʙʽʛʘʻʪʴʩʷ ʟʽ ʩʚʦʻʶ ʨʝʟʦʥʘʥʩʥʦʶ ʯʘʩʪʦʪʦʶ ʨʦʪʦʨʘ ʂɽɼ. 

 ʈʝʟʦʥʘʥʩʥʘ ʯʘʩʪʦʪʘ Fo ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

  Fo= (NɼĀʊʅ / (IR + IL))Ā0,5/4ʇ,    (8) 

 

ʜʝ    Nɼ ï ʯʠʩʣʦ ʧʦʚʥʠʭ ʢʨʦʢʽʚ ʥʘ ʦʙʦʨʦʪ; 

    ʊʅ ï ʤʦʤʝʥʪ ʫʪʨʠʤʘʥʥʷ ʜʣʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʩʧʦʩʦʙʫ ʢʝʨʫʚʘʥʥʷ ʪʘ ʩʪʨʫʤʫ 

ʬʘʟ,ʅĀʤ; 

 IR ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʨʦʪʦʨʘ, ʢʛĀʤ2; 

 IL ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ, , ʢʛĀʤ2; 

 ɿʘ ʦʧʠʩʘʥʦʶ ʤʝʪʦʜʠʢʦʶ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʰʚʠʜʢʦʜʽʾ ʤʦʜʫʣʷʪʦʨʘ (ʧʽʜ 

ʰʚʠʜʢʦʜʽʻʶ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ ʯʘʩ ʧʦʚʥʦʛʦ ʭʦʜʫ ɿʈɽ) ʥʘ ʥʝʦʙʭʽʜʥʠʡ ʤʦʤʝʥʪ ʥʘ 

ʚʘʣ ʂɽɼ ʟʘ ʽʥʰʠʭ ʨʽʚʥʠʭ ʫʤʦʚ. 

 

ʏʦʨʥʠʡ ʉʝʨʛʽʡ ʃʝʦʥʽʜʦʚʠʯ, ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʽʤ. ɸ.ɹ. ɻʨʝʜʝʩʢʫʣʘ, 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʽʡ ʘʚʪʦʤʦʙʽʣʴʥʦïʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ  

 

ɸʅɸʃɯɿ ʂʆʅʉʊʈʋʂʎɯɰ ʇɯɼɺɯʉʆʂ ɸɺʊʆʄʆɹɯʃɯɺ ʂɸʊɽɻʆʈɯɰ ʄ1 ʊɸ 

ɺʇʃʀɺ ɰʍ ʅɸ ʄɸʅɽɺʈʋɺɸʅʅʗ 

 

ʆʜʥʽʻʶ ʽʟ ʜʦʩʠʪʴ ʚʘʞʣʠʚʠʭ ʩʢʣʘʜʦʚʠʭ ʘʚʪʦʤʦʙʽʣʷ ʻ ʡʦʛʦ ʭʦʜʦʚʘ ʯʘʩʪʠʥʘ. 

ɺʦʥʘ ʧʝʨʰʘ ʩʧʨʠʡʤʘʻ ʜʽʶ ʝʣʝʤʝʥʪʽʚ ʜʦʨʦʛʠ ʥʘ ʘʚʪʦʤʦʙʽʣʴ ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʥʝʩʫʯʦʾ ʯʘʩʪʠʥʠ, ʧʝʨʝʜʥʴʦʛʦ ʪʘ ʟʘʜʥʴʦʛʦ ʤʦʩʪʽʚ, ʧʽʜʚʽʩʢʠ ʽ ʢʦʣʽʩ. 

ʈʦʙʦʪʘ ʧʽʜʚʽʩʢʠ ʧʦʣʷʛʘʻ ʚ ʧʝʨʝʪʚʦʨʝʥʥʽ ʝʥʝʨʛʽʾ ʫʜʘʨʫ ʧʨʠ ʥʘʾʟʜʽ ʥʘ 

ʥʝʨʽʚʥʦʩʪʽ ʜʦʨʦʛʠ ʚ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʘ. ʇʨʫʞʥʠʡ ʝʣʝʤʝʥʪ 

ʟʤʝʥʰʫʻ ʩʠʣʫ ʫʜʘʨʫ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʢʫʟʦʚ, ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʣʘʚʥʽʩʪʴ ʭʦʜʫ ʽ 

ʢʦʤʬʦʨʪ ʟʙʽʣʴʰʫʶʪʴʩʷ. ʆʜʥʘʢ ʤʘʣʦ ʧʦʤ'ʷʢʰʠʪʠ ʫʜʘʨ, ʪʨʝʙʘ ʱʝ ʧʦʛʘʩʠʪʠ 

ʢʦʣʠʚʘʥʥʷ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʧʨʫʞʥʽ ʝʣʝʤʝʥʪʠ, ʘ ʮʠʤ ʟʘʡʤʘʶʪʴʩʷ ʘʤʦʨʪʠʟʘʪʦʨʠ. 

ʇʽʜʚʽʩʢʘ ʪʘʢʦʞ ʧʦʚʠʥʥʘ ʧʝʨʝʜʘʚʘʪʠ ʰʪʦʚʭʘʶʯʝ ʟʫʩʠʣʣʷ ʚʽʜ ʢʦʣʽʩ ʥʘ ʢʫʟʦʚ 

ʘʚʪʦʤʦʙʽʣʷ ʽ ʧʨʦʪʠʜʽʷʪʠ ʙʦʢʦʚʠʤ ʟʫʩʠʣʣʷʤ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʥʘ ʧʦʚʦʨʦʪʘʭ. ʎʠʤ ʽ 
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ʟʘʡʤʘʶʪʴʩʷ ʰʪʘʥʛʠ ʧʽʜʚʽʩʢʠ ʫ ʚʠʧʘʜʢʫ ʟ ʧʨʫʞʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʘʙʦ ʩʘʤʽ 

ʨʝʩʦʨʠ, ʷʢʱʦ ʚʦʥʠ ʻ. ʆʪʞʝ, ʦʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʧʽʜʚʽʩʢʠ ï ʮʝ ʟʙʽʣʴʰʫʚʘʪʠ 

ʢʦʤʬʦʨʪ (ʧʣʘʚʥʽʩʪʴ ʭʦʜʫ), ʩʪʽʡʢʽʩʪʴ ʚ ʨʫʩʽ (ʟʜʘʪʥʽʩʪʴ ʧʨʦʪʠʜʽʷʪʠ ʟʘʥʝʩʝʥʥʷʤ ʽ 

ʧʝʨʝʢʠʜʘʥʥʶ) ʽ ʧʨʦʭʽʜʥʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ [1]. ɺʩʽ ʮʽ ʚʠʤʦʛʠ ʚʭʦʜʷʪʴ ʚ 

ʩʫʧʝʨʝʯʥʽʩʪʴ ʦʜʥʘ ʟ ʦʜʥʦʶ, ʪʦʤʫ ʢʦʥʩʪʨʫʢʪʦʨʠ ʟʤʫʰʝʥʽ ʡʪʠ ʥʘ ʢʦʤʧʨʦʤʽʩʠ. 

ʅʘʧʨʠʢʣʘʜ, ʟʘʥʘʜʪʦ ʤ'ʷʢʘ ʧʽʜʚʽʩʢʘ ʧʦʛʽʨʰʫʻ ʩʪʽʡʢʽʩʪʴ, ʘ ʥʘʜʪʦ ʞʦʨʩʪʢʘ ï ʟʥʠʞʫʻ 

ʢʦʤʬʦʨʪ ʽ ʟʤʝʥʰʫʻ ʨʝʩʫʨʩ ʚʫʟʣʽʚ. ʎʝ, ʘ ʪʘʢʦʞ ʥʝʷʢʽʩʥʠʡ ʩʪʘʥ ʜʦʨʦʞʥʴʦʛʦ 

ʧʦʢʨʠʪʪʷ ʚ ʋʢʨʘʾʥʽ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʧʽʜʚʽʩʢʘ ʘʚʪʦʤʦʙʽʣʷ ʧʝʨʝʥʦʩʠʪʴ 

ʚʝʣʠʢʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʷ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʙʝʟʧʝʢʫ ʨʫʭʫ, ʘ ʪʘʢʦʞ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʝʨʝʜʯʘʩʥʦʛʦ ʚʠʭʦʜʫ 

ʟ ʣʘʜʫ ʩʘʤʦʾ ʧʽʜʚʽʩʢʠ ʯʠ ʾʾ ʝʣʝʤʝʥʪʽʚ. ʊʘʢʠʡ ʩʪʘʥ ʨʝʯʝʡ, ʚʠʤʘʛʘʻ ʙʽʣʴʰ 

ʜʝʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʽʜʚʽʩʦʢ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʘ 

ʪʘʢʦʞ ʚʨʘʭʫʚʘʥʥʷ ʮʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʠ ʢʫʧʽʚʣʽ ʘʚʪʦʤʦʙʽʣʷ ʯʠ ʪʝʭʥʽʯʥʦʤʫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʽʚ ʧʽʜʚʽʩʢʠ. 

ʄʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʜʦ ʚʠʤʦʛ ʟ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʚʠʢʦʥʘʥʥʷ ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ ʽ ʨʫʣʴʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʟʤʽʥʠ ʾʭ ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʚʧʣʠʚʫ ʥʘ ʙʝʟʧʝʢʫ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʧʨʠʩʚʷʯʝʥʦ 

ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʧʨʘʢʪʠʯʥʠʭ ʧʨʘʮʴ ʪʘ ʥʦʨʤʘʪʠʚʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ. 

ʇʨʠ ʮʴʦʤʫ, ʝʣʝʤʝʥʪʘʤ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ, ʟʦʢʨʝʤʘ ʧʽʜʚʽʩʮʽ, ʧʨʠʜʽʣʝʥʦ ʟʥʘʯʥʦ 

ʤʝʥʰʝ ʫʚʘʛʠ. ɹʽʣʴʰʦʶ ʤʽʨʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʚʽʩʢʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʚʯʝʥʥʷ 

ʢʦʣʠʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʨʝʩʫʨʩ ʥʝ ʪʽʣʴʢʠ ʩʘʤʦʾ ʧʽʜʚʽʩʢʠ, ʘ ʪʘʢʦʞ 

ʘʚʪʦʤʦʙʽʣʷ ʪʘ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʚʦʜʽʾʚ ʽ ʧʘʩʘʞʠʨʽʚ [2]. ʇʨʘʢʪʠʯʥʦ 

ʥʝʚʠʚʯʝʥʠʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʧʠʪʘʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʧʽʜʚʽʩʢʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʘʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ, ʷʢ ʢʝʨʦʚʘʥʽʩʪʴ ʽ 

ʩʪʽʡʢʽʩʪʴ. 

ʇʽʜʚʽʩʢʘ ʻ ʦʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʩʠʩʪʝʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʢʫ ʨʫʭʫ, 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ ʘʚʪʦʤʦʙʽʣʷ ʽ ʚʩʽʭ ʡʦʛʦ ʘʛʨʝʛʘʪʽʚ ʽ ʚʫʟʣʽʚ, 

ʢʦʤʬʦʨʪʘʙʝʣʴʥʽʩʪʴ ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ ʧʘʩʘʞʠʨʽʚ, ʘ ʪʘʢʦʞ ʟʙʝʨʝʞʝʥʥʷ ʚʘʥʪʘʞʽʚ 

ʧʨʠ ʾʭ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ. ʈʦʙʦʪʘ ʟ ʥʝʩʧʨʘʚʥʦʶ ʧʽʜʚʽʩʢʦʶ ʟʥʠʞʫʻ ʜʦʚʛʦʚʽʯʥʽʩʪʴ 

ʘʚʪʦʤʦʙʽʣʷ ʙʽʣʴʰ ʥʽʞ ʚ 1,5 ʨʘʟʠ [3]. ʅʘʡʧʦʰʠʨʝʥʽʰʘ ʧʝʨʝʜʥʷ ʧʽʜʚʽʩʢʘ ʣʝʛʢʦʚʦʛʦ 

ʧʝʨʝʜʥʴʦʧʨʠʚʽʜʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ï ʪʠʧʫ çʄʘʢʬʝʨʩʦʥè. ɺʦʥʘ ʦʪʨʠʤʘʣʘ ʩʚʦʻ 

ʧʦʰʠʨʝʥʥʷ ʯʝʨʝʟ 

ʧʨʦʩʪʦʪʫ, ʧʨʘʢʪʠʯʥʽʩʪʴ ʽ ʥʠʟʴʢʫ ʚʘʨʪʽʩʪʴ. ɼʘʥʠʡ ʪʠʧ ʧʽʜʚʽʩʢʠ ʤʘʻ ʚʩʴʦʛʦ ʦʜʠʥ 

ʚʘʞʽʣʴ, ʧʨʫʞʠʥʥʠʡ ʙʣʦʢ, ʘʤʦʨʪʠʟʘʪʦʨ ʽ ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʱʝ ʡ ʩʪʘʙʽʣʽʟʘʪʦʨ 

ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ. ʆʩʢʽʣʴʢʠ ʘʤʦʨʪʠʟʘʪʦʨ ʤʘʻ ʪʝʣʝʩʢʦʧʽʯʥʠʡ ʪʠʧ ʽ ʨʫʭʘʻʪʴʩʷ 

ʚʚʝʨʭ ʪʘ ʚʥʠʟ ï ʟʚʽʜʩʠ ʡ ʥʘʟʚʘ "ʭʠʪʥʘ ʩʚʽʯʢʘ". 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʜʘʥʠʡ ʪʠʧ ʧʽʜʚʽʩʢʠ ʚʚʘʞʘʻʪʴʩʷ ʧʨʠʤʽʪʠʚʥʠʤ, ʚʪʽʤ ʻ 

ʦʜʥʠʤ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ, ʦʩʢʽʣʴʢʠ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʥʘ ʘʚʪʦʤʦʙʽʣʽ 

ʙʶʜʞʝʪʥʦʛʦ ʩʝʛʤʝʥʪʫ. ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʥʝʜʦʣʽʢʽʚ ʤʦʞʥʘ ʥʘʟʚʘʪʠ 

ʧʦʛʘʥʫ ʢʽʥʝʤʘʪʠʢʫ, ʘʜʞʝ ʢʫʪ ʥʘʭʠʣʫ ʢʦʣʝʩʘ ʜʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʧʣʦʱʠʥʠ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʨʫʭʫ ʧʽʜʚʽʩʢʠ, ʱʦ ʧʦʛʘʥʦ ʚʧʣʠʚʘʻ ʥʘ ʢʝʨʦʚʘʥʽʩʪʴ 

ʘʚʪʦʤʦʙʽʣʷ. ɼʘʥʠʡ ʪʠʧ ʧʽʜʚʽʩʢʠ ʪʘʢʦʞ ʧʦʛʘʥʦ ʚʧʣʠʚʘʻ ʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʢʫʟʦʚʫ 

ʘʚʪʦʤʦʙʽʣʷ, ʘʜʞʝ ʘʤʦʨʪʠʟʘʪʦʨ ʩʚʦʻʶ ʚʝʨʭʥʴʦʶ ʦʧʦʨʦʶ ʢʨʽʧʠʪʴʩʷ ʜʦ ʩʪʘʢʘʥʫ 

ʙʨʠʟʢʦʚʠʢʘ, ʪʦʤʫ ʢʦʣʝʩʦ ʧʝʨʝʜʘʻ ʫʜʘʨʠ ʚʽʜ ʜʦʨʦʛʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʢʫʟʦʚ. 
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ɼʚʦʚʘʞʽʣʴʥʘ ʧʽʜʚʽʩʢʘ ʤʽʩʪʠʪʴ ʜʚʘ ʢʫʣʴʦʚʠʭ ʰʘʨʥʽʨʘ ʥʘ ʢʦʣʝʩʦ. ʗʢ 

ʟʨʦʟʫʤʽʣʦ ʽʟ ʥʘʟʚʠ, ʜʘʥʠʡ ʪʠʧ ʧʽʜʚʽʩʢʠ ʤʘʻ ʜʚʘ ʚʘʞʝʣʷ: ʜʦʚʛʠʡ ï ʥʠʞʥʽʡ, ʪʘʢ 

ʢʦʨʦʪʢʠʡ ï ʚʝʨʭʥʽʡ. ʊʘʢʘ ʢʽʥʝʤʘʪʠʢʘ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʦʣʦʞʝʥʥʷ ʢʦʣʝʩʘ 

ʱʦʜʦ ʟʤʽʥʠ ʢʫʪʘ ʥʘʭʠʣʫ, ʘ ʮʝ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʨʽʚʝʥʴ 

ʟʯʝʧʣʝʥʥʷ ʽʟ ʜʦʨʦʛʦʶ. ɼʘʥʠʡ ʪʠʧ ʧʽʜʚʽʩʢʠ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʘʚʪʦʤʦʙʽʣʴ 

ʩʝʨʝʜʥʴʦʛʦ ʢʣʘʩʫ. ʍʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʚʘʨʪʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘʜʞʝ 

ʤʘʻ ʙʘʛʘʪʦ ʨʫʭʦʤʠʭ ʟôʻʜʥʘʥʴ, ʷʢʽ ʚʠʭʦʜʷʪʴ ʟ ʣʘʜʫ. 
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ʜʝ ne ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʚʘʣʘ ʜʚʠʛʫʥʘ; 

uʪʨ ï ʧʝʨʝʜʘʚʘʣʴʥʝ ʯʠʩʣʦ ʪʨʘʥʩʤʽʩʽʾ; 

hʪʨ ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʪʨʘʥʩʤʽʩʽʾ; 

rʢ ï ʨʘʜʽʫʩ ʢʦʯʝʥʥʷ ʢʦʣʝʩʘ. 

 (ʧʨʠ ʮʴʦʤʫ ʜʦʧʫʩʢʘʶʪʴ, ʱʦ rʢå rʜ). 

ʊʦʙʪʦ ʰʚʠʜʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ ʨʦʟʨʘʭʦʚʘʥʘ ʟ ʧʨʠʧʫʱʝʥʥʷʤ, ʱʦ ʚʝʜʫʯʠ 

ʢʦʣʝʩʘ ʥʝ ʧʨʦʙʫʢʩʦʚʫʶʪʴ. ʈʘʜʽʫʩ ʢʦʯʝʥʥʷ ʢʦʣʝʩʘ ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʟʘ 

ʬʦʨʤʫʣʦʶ [3] 
 

( )ʢ ʢʩ ʙ
1r r s= Ö -,                                             (2) 

 

ʜʝ rʢʩ ï ʨʘʜʽʫʩ ʢʦʯʝʥʥʷ ʢʦʣʝʩʘ ʫ ʚʽʣʴʥʦʤʫ ʨʝʞʠʤʽ ʡʦʛʦ ʢʦʯʝʥʥʷ. 

ʈʘʜʽʫʩ ʢʦʯʝʥʥʷ ʢʦʣʝʩʘ ʫ ʚʽʣʴʥʦʤʫ ʨʝʞʠʤʽ ʟʥʘʯʥʦ ʤʝʥʰʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʜʠʥʘʤʽʯʥʦʛʦ ʨʘʜʽʫʩʫ ʢʦʣʝʩʘ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʰʠʥ ʩʧʨʘʚʝʜʣʠʚʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ rʢʩårʩårʜ. ʊʦʙʪʦ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʱʝ ʚʠʢʣʘʜʝʥʦʛʦ, ʰʚʠʜʢʽʩʪʴ 

ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʧʨʠ ʚʝʣʠʢʦʾ ʧʠʪʦʤʦʾ ʩʠʣʽ ʥʘ ʚʝʜʫʯʠʭ ʢʦʣʝʩʘʭ ʤʦʞʣʠʚʦ 

ʦʙʯʠʩʣʶʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ 
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ʉʢʣʘʜʥʦʱʽ ʫ ʚʠʟʥʘʯʝʥʥʽ ʨʘʜʽʫʩʘ ʢʦʯʝʥʥʷ (2) ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 

ʘʚʪʦʤʦʙʽʣʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʙʫʢʩʦʚʫʚʘʥʥʷ ʚʝʜʫʯʠʭ ʢʦʣʽʩ ʟʘ ʬʦʨʤʫʣʦʶ (3) 

ʚʠʢʣʠʢʘʻ ʚʽʜʩʫʪʥʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʢʦʝʬʽʮʽʻʥʪʫ ʙʫʢʩʫʚʘʥʥʷ ʢʦʣʽʩ sʙ ʫ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʠʣʠ ʪʷʛʠ ʥʘ ʚʝʜʫʯʠʭ ʢʦʣʝʩʘʭ. ɸʣʝ, ʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʚʠʟʥʘʯʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʫ ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʟʯʝʧʣʝʥʥʷ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʫ 

ʙʫʢʩʫʚʘʥʥʷ ʢʦʣʽʩ sʙ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʦʢʨʠʪʪʷ ʜʦʨʦʛʠ ʪʘ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ. ɼʣʷ 

ʚʠʧʘʜʢʫ ʨʦʟʛʦʥʫ ʥʘ ʪʚʝʨʜʠʡ ʪʘ ʩʫʭʽʡ ʦʧʦʨʥʦʾ ʧʦʚʝʨʭʥʽ ʬʫʥʢʮʽʶ jx=f(sʙ), 

ʤʦʞʣʠʚʦ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʪʠʧʦʚʦʾ ʬʫʥʢʮʽʾ ʱʦ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. 

ʄʘʢʩʠʤʘʣʴʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʧʨʠ ʚʽʜʧʦʚʽʜʥʦʾ ʯʘʩʪʦʪʽ 

ʦʙʝʨʪʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʢʨʠʪʠʯʥʦʤʫ ʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʙʫʢʩʫʚʘʥʥʷ sʙʢʨ ʪʘ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʽ ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ jxmax. ʊʦʙʪʦ 

ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʡ ʨʦʟʛʽʥ ʘʚʪʦʤʦʙʽʣʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʷʢʱʦ ʚʝʜʫʯʝ ʢʦʣʝʩʦ ʢʦʪʠʪʴʩʷ 

ʫ ʩʪʽʡʢʠʡ ʦʙʣʘʩʪʽ. ʊʦʤʫ ʜʣʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ 

ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦʩʪʘʪʥʴʦ ʚʠʟʥʘʯʠʪʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʟʘʣʝʞʥʦʩʪʽ 

sʙ=f(jx) ʩʘʤʝ ʫ ʮʽʡ ʦʙʣʘʩʪʽ, ʪʦʙʪʦ ʧʨʠ ʟʤʽʥʽ ʢʦʝʬʽʮʽʻʥʪʫ ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʟʯʝʧʣʝʥʥʷ 

jx ʫ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0 ʜʦ jxmax, ʫ ʷʢʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʙʫʢʩʫʚʘʥʥʷ sʙ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0 

ʜʦ sʙʢʨ. 
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ɸ, ɺ ï ʦʙʣʘʩʪʴ ʢʦʯʝʥʥʷ ʚʝʜʫʯʦʛʦ ʢʦʣʝʩʘ, ʚʽʜʧʦʚʽʜʥʦ ʩʪʽʡʢʘ ʪʘ ʥʝʩʪʽʡʢʘ; sʙʢʨ ï ʢʨʠʪʠʯʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʙʫʢʩʫʚʘʥʥʷ; jxmax ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʯʝʧʣʝʥʥʷ 

ʈʠʩ. 1. ɿʦʙʨʘʞʝʥʥʷ ʪʠʧʦʚʦʾ jx ï s ʜʽʘʛʨʘʤʠ 

 

ʎʽʡ ʽʥʪʝʨʚʘʣ ʬʫʥʢʮʽʾ jx=f(sʙ) ʤʦʞʣʠʚʦ ʦʧʠʩʘʪʠ ʧʦʣʽʥʦʤʦʤ ʜʨʫʛʦʾ ʩʪʝʧʝʥʽ 

ʚʠʜʫ 
 

2

ʙ ʙx
a s b s cj =- Ö + Ö +,                                           (4) 

 

a, b, c ï ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʣʽʥʦʤʫ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʣʽʥʦʤʫ ʪʨʝʙʘ ʚʠʟʥʘʯʠʪʠ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ 

ʪʘ ʩʢʣʘʩʪʠ ʪʨʠ ʨʽʚʥʷʥʥʷ. ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʢʦʦʨʜʠʥʘʪʠ 

ʭʘʨʘʢʪʝʨʥʠʭ ʪʦʯʦʢ. ʂʦʦʨʜʠʥʘʪʠ ʜʚʦʭ ʪʦʯʦʢ ʚʠʟʥʘʯʝʥʽ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ jx 

ï s ʜʽʘʛʨʘʤʽ : (0; 0) ʪʘ (sʙʢʨ; jxmax). ʂʦʦʨʜʠʥʘʪʠ ʪʨʝʪʴʦʾ ʪʦʯʢʠ ʢʨʠʚʦʾ ʨʘʮʽʦʥʘʣʴʥʦ 

ʚʠʟʥʘʯʠʪʠ ʷʢ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʟʯʝʧʣʝʥʥʷ jx0,5s ʧʨʠ 

ʢʦʝʬʽʮʽʻʥʪʽ ʙʫʢʩʫʚʘʥʥʷ ʨʽʚʥʦʤʫ 0,5sʙʢʨ, ʪʦʙʪʦ (0,5sʙʢʨ; jx0,5s).  

ɼʣʷ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ: jx= jxmax ʽ sʙ= sʙʢʨ ʨʽʚʥʷʥʥʷ (4) ʧʨʠʡʤʝ ʚʠʜ 
 

2

max ʙʢʨ ʙʢʨx
a s b s cj =- Ö + Ö -.                               (5) 

ɼʣʷ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ: jx= jx0,5s ʽ sʙ=0,5sʙʢʨ ʨʽʚʥʷʥʥʷ (4) ʧʨʠʡʤʝ ʚʠʜ 
 

( )
2

0,5

max ʙʢʨ ʙʢʨ

max

0,5 0,5x s

x

x

a s b s c
j

Öj =- Ö + Ö -
j

.                        (6) 

 

ɼʣʷ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ: jx= 0 ʽ sʙ=0 ʨʽʚʥʷʥʥʷ (4) ʧʨʠʡʤʝ ʚʠʜ 
 

( )
2

ʙ ʙ
0 0,5 ( 0) 0,5 ( 0)

x
a s b s cj = =- Ö Ö = + Ö Ö = -.                        (7) 

 

ɿʽ ʨʽʚʥʷʥʥʷ (7) ʚʠʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʧʦʣʽʥʦʤʫ ʩ=0. ɿ ̔ʩʫʤʽʩʥʦʛʦ 

ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʴ (5) ʽ (7) ʚʠʩʣʦʚʠʤʦ ʢʦʝʬʽʮʽʻʥʪ ʧʦʣʽʥʦʤʫ ʘ. 
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ʙʢʨ max

2

ʙʢʨ

x
b s

a
s

Ö -j
= .                                            (8) 

 

ɺʠʩʣʦʚʠʤʦ ʢʦʝʬʽʮʽʻʥʪ ʧʦʣʽʥʦʤʫ ʘ ʟ ʨʽʚʥʷʥʴ (6) ʽ (7)  
 

ʙʢʨ 0,5

2

ʙʢʨ

0,5

0,25

x s
b s

a
s

Ö -j
= .                                       (9) 

 

ʇʨʠʨʽʚʥʷʚ ʧʨʘʚʽ ʯʘʩʪʠʥʠ ʚʠʨʘʟʽʚ (8) ʽ (9) ʦʪʨʠʤʘʻʤʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ 

ʧʦʣʽʥʦʤʫ b 
 

0,5 max

max ʙʢʨ

4 1x s x

x

b
s

jå õj
= Ö - Öæ ö

jç ÷
.                                      (10) 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ (10) ʟʽ (8) ʦʪʨʠʤʘʻʤʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʣʽʥʦʤʫ ʘ. 
 

0,5 max

2

max ʙʢʨ

4 2x s x

x

a
s

jå õj
= Ö -æ ö

jç ÷
.                                 (11) 

 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ sʙ=f(jx) ʟʘʧʠʰʝʤʦ ʧʦʣʽʥʦʤ (5), ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʱʦ ʩ=0, ʫ ʚʠʛʣʷʜʽ ʢʚʘʜʨʘʪʥʦʛʦ ʨʽʚʥʷʥʥʷ 
 

2

ʙ ʙ
0

x
a s b sÖ - Ö +j =.                                    (12) 

 

ʇʨʠʚʝʜʝʤʦ ʨʽʚʥʷʥʥʷ (12) ʜʦ ʚʠʜʫ 
 

2

ʙ ʙ
0s ʨ s q+ Ö + =,                                    (13) 

 

ʜʝ 
b

p
a

=-, xq
a

j
=  - ʢʦʝʬʽʮʽʻʥʪʠ ʢʚʘʜʨʘʪʥʦʛʦ ʨʽʚʥʷʥʥʷ. 

ʈʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ ʤʘʻ ʜʚʘ ʢʦʨʥʽ, ʘʣʝ ʬʽʟʠʯʥʠʡ ʩʝʥʩ ʤʘʻ ʪʽʣʴʢʠ ʦʜʠʥ 
 

2

ʙ
0,5 0,25s p p q=- - -.                                   (14) 

 

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʣʽʥʦʤʘ ʪʘ ʧʝʨʝʪʚʦʨʝʥʴ ʦʪʨʠʤʫʻʤʦ 

ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʙʫʢʩʫʚʘʥʥʷ ʚʽʜ ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʟʯʝʧʣʝʥʥʷ sʙ=f(jx). 
 

2 2

0,5 0,50,5

max

max maxmax

ʙ ʙʢʨ

0,5 0,5

max max

0,25 4 1 4 24 1

0,5

4 2 4 2

x s x sx s

x x

x xx

x s x s

x x

s s

å õj jå õ å õjæ ö- Öj - - Öj- æ ö æ ö
æ öj jj ç ÷ ç ÷= Ö Ö Ö-æ öj j
æ ö- -

j jæ ö
ç ÷

. (15) 
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ɼʣʷ ʫʤʦʚʠ ʨʦʟʛʦʥʫ ʘʚʪʦʤʦʙʽʣʷ ʧʦ ʩʫʭʽʡ ʪʚʝʨʜʠʡ ʦʧʦʨʥʦʾ ʧʦʚʝʨʭʥʽ 

ʤʦʞʣʠʚʦ ʧʨʠʡʥʷʪʠ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ 
 

0,5

max

0,75x s

x

j
=

j
.                                             (16) 

 

ʇʨʠ ʧʨʠʡʤʘʥʥʷ ʧʨʠʧʫʱʝʥʥʷ (16) ʟʘʣʝʞʥʽʩʪʴ (15) ʩʧʨʦʩʪʠʪʴʩʷ ʪʘ ʧʨʠʡʤʝ 

ʚʠʛʣʷʜ 
 

( )ʙ ʙʢʨ max
1

x x
s s= - j -j.                                  (17) 

 

ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʙʫʢʩʫʚʘʥʥʷ ʚʽʜ 

ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʟʯʝʧʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ (17) ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʥʘ ʨʠʩʫʥʢʫ 2. ɻʨʘʬʽʢ ʧʦʙʫʜʦʚʘʥʦ ʜʣʷ ʰʠʥʠ ʫ ʷʢʽʡ ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʟʯʝʧʣʝʥʥʷ jxmax= 1,2 ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʠ ʢʨʠʪʠʯʥʦʤʫ ʢʦʝʬʽʮʽʻʥʪʽ ʙʫʢʩʫʚʘʥʥʷ 

sʙʢʨ=0,2. 

ɸʨʛʫʤʝʥʪ ʬʫʥʢʮʽʾ (17) ʢʦʝʬʽʮʽʻʥʪ ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʟʯʝʧʣʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʷʢ ʚʽʜʥʦʰʝʥʥʷ 
 

2

2

x

x

z

R

R
j = ,                                                        (18) 

 

ʜʝ Rx2, Rz2 ï ʧʦʪʦʯʥʽ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʧʦʚʟʜʦʚʞʥʴʦʾ ʪʘ ʥʦʨʤʘʣʴʥʦʾ 

ʨʝʘʢʮʽʡ ʥʘ ʚʝʜʫʯʠʭ ʢʦʣʝʩʘʭ. 

ʇʽʜ ʯʘʩ ʨʦʟʛʦʥʫ ʜʨʘʛʩʪʝʨʘ ʧʦʚʟʜʦʚʞʥʷ ʨʝʘʢʮʽʷ ʥʘ ʟʘʜʥʽʭ ʚʝʜʫʯʠʭ ʢʦʣʝʩʘʭ 

ʟʤʽʥʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʟʤʽʥʽ ʤʦʤʝʥʪʫ ʜʚʠʛʫʥʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʪʦʪʠ ʦʙʝʨʪʽʚ 

ʪʘ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʯʠʩʣʘ ʪʨʘʥʩʤʽʩʽʾ. ʅʘ ʨʠʩʫʥʢʫ 3 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʟʥʘʯʝʥʥʷ ʨʘʜʽʫʩʘ ʢʦʯʝʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪʫ ʙʫʢʩʫʚʘʥʥʷ ʚʝʜʫʯʠʭ ʢʦʣʽʩ ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʨʦʟʛʦʥʫ ʜʨʘʛʩʪʝʨʘ. 
 

0

0,05

0,1

0,15

0,2

0,25

0 0,5 1 1,5

sʙ

jx

sʙʢʨ

jxmax=1,2

( )ʙ ʙʢʨ max
1

x x
s s= - j -j

 
 

ʈʠʩ. 2. ʊʝʦʨʝʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʙʫʢʩʫʚʘʥʥʷ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʫ 

ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʟʯʝʧʣʝʥʥʷ 
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ʈʠʩ. 3. ɿʤʽʥʘ ʨʘʜʽʫʩʘ ʢʦʯʝʥʥʷ ʢʦʣʝʩʘ ʽ ʢʦʝʬʽʮʽʻʥʪʫ ʡʦʛʦ ʙʫʢʩʫʚʘʥʥʷ ʧʨʠ ʨʦʟʛʦʥʽ 

ʘʚʪʦʤʦʙʽʣʷ 

 

ɹʦʣʜʦʚʩʴʢʠʡ ɺʦʣʦʜʠʤʠʨ ʄʠʢʦʣʘʡʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʄ.ɭ. ɾʫʢʦʚʩʴʢʦʛʦ çʍɸɯè  

 

ʈʆɿɺʀʊʆʂ ʊʈɸʅʉʇʆʈʊʅʆɰ ɯʅʌʈɸʉʊʈʋʂʊʋʈʀ ɼʃʗ  

ɽʂʉʇʃʋɸʊɸʎɯɰ ɽʃɽʂʊʈʀʏʅʀʍ ɸɺʊʆʄʆɹɯʃɯɺ ɺ ʋʂʈɸɰʅɯ 

 

ʈʦʟʚʠʪʦʢ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʣʷ ʝʣʝʢʪʨʠʯʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʚ 

ʋʢʨʘʾʥʽ ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʽʚ, ʱʦ ʚ 

ʧʽʜʩʫʤʢʫ ʧʨʠʟʚʝʜʝ ʜʦ ʟʤʝʥʰʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʪʘ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʽʤʧʦʨʪʫ ʥʘʬʪʠ.  

ɽʣʝʢʪʨʠʯʥʽ ʘʚʪʦʤʦʙʽʣʽ ʻ ʚʞʝ ʜʦʩʠʪʴ ʧʦʰʠʨʝʥʠʤ ʪʨʘʥʩʧʦʨʪʥʠʤ ʟʘʩʦʙʦʤ, 

ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ ʽ ʚ ʥʘʡʙʣʠʞʯʽ ʨʦʢʠ ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ ʪʽʣʴʢʠ ʥʘ 

ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɺʽʜʧʦʚʽʜʥʦ ʧʦʪʨʽʙʥʦ ʧʦʩʪʽʡʥʦ ʨʦʟʚʠʚʘʪʠ ʪʨʘʥʩʧʦʨʪʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʪʘ 

ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʤʝʪʦʜʠ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. 

ʋʢʨʘʾʥʘ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟʜʽʡʩʥʠʣʘ ʢʽʣʴʢʘ ʢʨʦʢʽʚ ʫ ʥʘʧʨʷʤʢʫ ʩʧʨʠʷʥʥʷ 

ʧʦʜʘʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʪʘ ʩʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ.  

ʆʩʴ ʜʝʷʢʽ ʟ ʮʠʭ ʢʨʦʢʽʚ: 

1. ʄʝʨʝʞʘ ʟʘʨʷʜʥʠʭ ʩʪʘʥʮʽʡ. 

ʋʢʨʘʾʥʘ ʨʦʟʰʠʨʶʻ ʤʝʨʝʞʫ ʟʘʨʷʜʥʠʭ ʩʪʘʥʮʽʡ ʜʣʷ ʝʣʝʢʪʨʠʯʥʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʷʢʽ ʜʦʩʪʫʧʥʽ ʜʣʷ ʛʨʦʤʘʜʩʴʢʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ.  

ʎʝ ʦʭʦʧʣʶʻ ʥʝ ʪʽʣʴʢʠ ʚʝʣʠʢʽ ʤʽʩʪʘ, ʘʣʝ ʽ ʘʚʪʦʤʘʛʽʩʪʨʘʣʽ ʪʘ ʦʩʥʦʚʥʽ 

ʤʘʨʰʨʫʪʠ. 

2. ɼʝʨʞʘʚʥʽ ʧʽʣʴʛʠ ʪʘ ʧʽʜʪʨʠʤʢʘ. 

ʋʨʷʜ ʋʢʨʘʾʥʠ ʥʘʜʘʻ ʜʝʨʞʘʚʥʽ ʧʽʣʴʛʠ ʪʘ ʧʽʜʪʨʠʤʢʫ ʜʣʷ ʚʣʘʩʥʠʢʽʚ 

ʝʣʝʢʪʨʠʯʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʱʦ ʩʪʠʤʫʣʶʻ ʧʦʢʫʧʢʫ ʪʘʢʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. 

3. ʅʦʨʤʘʪʠʚʠ. 
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ʋʢʨʘʾʥʘ ʨʦʟʨʦʙʣʷʻ ʚʽʜʧʦʚʽʜʥʽ ʥʦʨʤʘʪʠʚʠ ʜʣʷ ʩʧʨʠʷʥʥʷ ʨʦʟʚʠʪʢʫ ʨʠʥʢʫ 

ʝʣʝʢʪʨʠʯʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʣʷ ʥʠʭ.  

ʎʝ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʧʨʘʚʠʣʘ ʧʨʦ ʟʘʨʷʜʥʽ ʩʪʘʥʮʽʾ ʪʘ ʙʝʟʧʝʢʫ. 

4. ʇʨʦʛʨʘʤʠ ʥʘʚʯʘʥʥʷ ʪʘ ʦʩʚʽʪʠ. 

ʆʩʚʽʪʥʽ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʨʦʛʨʘʤʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʦʩʚʽʯʝʥʦʩʪʽ 

ʛʨʦʤʘʜʩʴʢʦʩʪʽ ʱʦʜʦ ʧʝʨʝʚʘʛ ʝʣʝʢʪʨʠʯʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʾʭʥʴʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

5. ʋʯʘʩʪʴ ʫ ʤʽʞʥʘʨʦʜʥʠʭ ʽʥʽʮʽʘʪʠʚʘʭ. 

ʋʢʨʘʾʥʘ ʧʨʠʻʜʥʘʣʘʩʷ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʽʥʽʮʽʘʪʠʚ ʟ ʧʽʜʪʨʠʤʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʣʝʢʪʨʠʯʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʦʪʨʠʤʫʚʘʪʠ ʬʽʥʘʥʩʦʚʫ ʪʘ ʪʝʭʥʽʯʥʫ 

ʧʽʜʪʨʠʤʢʫ. 

ʎʽ ʟʘʭʦʜʠ ʧʦʢʠ ʱʦ ʣʠʰʝ ʧʝʨʰʠʡ ʢʨʦʢ ʥʘ ʰʣʷʭʫ ʜʦ ʧʦʚʥʦʮʽʥʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʣʷ ʝʣʝʢʪʨʠʯʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʚ ʋʢʨʘʾʥʽ.  

ʑʦʙ ʩʧʨʠʷʪʠ ʧʝʨʝʭʦʜʫ ʥʘ ʙʽʣʴʰ ʯʠʩʪʠʡ ʚʠʜ ʪʨʘʥʩʧʦʨʪʫ, ʚʘʞʣʠʚʦ 

ʧʨʦʜʦʚʞʫʚʘʪʠ ʽʥʚʝʩʪʫʚʘʪʠ ʚ ʨʦʟʰʠʨʝʥʥʷ ʤʝʨʝʞʽ ʟʘʨʷʜʥʠʭ ʩʪʘʥʮʽʡ, ʧʽʜʚʠʱʫʚʘʪʠ 

ʩʚʽʜʦʤʽʩʪʴ ʛʨʦʤʘʜʩʴʢʦʩʪʽ ʪʘ ʩʪʚʦʨʶʚʘʪʠ ʩʪʠʤʫʣʠ ʜʣʷ ʚʣʘʩʥʠʢʽʚ ʘʚʪʦʤʦʙʽʣʽʚ 

ʧʝʨʝʡʪʠ ʥʘ ʝʣʝʢʪʨʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ. 

 

ɺʦʣʢʦʚ ɺʦʣʦʜʠʤʠʨ ʇʝʪʨʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʚʪʦʤʦʙʽʣʴʥʦ ï ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, volf-949@ukr.net. 

ɻʨʠʮʫʢ ɯʛʦʨ ɺʘʣʝʨʽʡʦʚʠʯ, ʜ. ʪ. ʥ., ʧʨʦʬʝʩʦʨ, ʍʝʨʩʦʥʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʦʨʩʴʢʘ 

ʘʢʘʜʝʤʽʷ, e-mail: gritsuk_iv@ukr.net 

ɺʦʣʢʦʚʘ ʊʝʪʷʥʘ ɺʽʢʪʦʨʦʚʥʘ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʚʪʦʤʦʙʽʣʴʥʦ ï ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, wolf949@ukr.net. 

 

ɸʃʔʊɽʈʅɸʊʀɺʅɯ ʊɽʍʅʆʃʆɻɯɰ ɺ ʊɽʍʅɯʏʅɯʁ ɽʂʉʇʃʋɸʊɸʎɯɰ 

ɸɺʊʆʄʆɹɯʃɯɺ 

 

ɯʩʥʫʶʯʘ ʩʠʩʪʝʤʘ ʊʆ ʽ ʨʝʤʦʥʪʫ ʩʬʦʨʤʫʚʘʣʘʩʷ ʥʘ ʙʘʟʽ ʩʧʨʦʱʝʥʦʾ ʤʦʜʝʣʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ: ʘʚʪʦʤʦʙʽʣʴ ʚ ʦʩʥʦʚʥʦʤʫ ʧʨʘʮʶʻ 

ʟ ʧʨʠʚôʷʟʢʦʶ ʜʦ ʚʣʘʩʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʇʨʠ ʮʴʦʤʫ ʚʩʷ ʦʙʩʣʫʛʦʚʫʶʯʘ ʽ 

ʨʝʤʦʥʪʥʘ ʙʘʟʘ ʙʫʣʘ ʟʦʩʝʨʝʜʞʝʥʘ ʚ ʨʘʤʢʘʭ ʢʦʥʢʨʝʪʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʽ ʚʩʽ ʚʠʜʠ ʪʝʭʥʽʯʥʠʭ ʚʧʣʠʚʽʚ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʥʠʤ 

ʩʘʤʠʤ. ʋ ʽʩʥʫʶʯʦʾ ʩʠʩʪʝʤʠ ʊʆ ʽ ʨʝʤʦʥʪʫ ʥʝʛʥʫʯʢʽʩʪʴ ʚ ʯʘʩʪʠʥʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʣʽʥʽʾ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʦʜʥʦʤʘʥʽʪʥʦʩʪʽ ʧʽʜʭʦʜʫ 

ʜʦ ʘʚʪʦʤʦʙʽʣʽʚ ʨʽʟʥʦʛʦ ʚʽʢʫ: ʧʝʨʝʣʽʢ ʦʧʝʨʘʮʽʡ ʽ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʊʆ ʽʜʝʥʪʠʯʥʽ ʽ ʜʣʷ 

ʥʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ, ʽ ʜʣʷ ʘʚʪʦʤʦʙʽʣʷ ʧʝʨʝʜ ʡʦʛʦ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʤ ʨʝʤʦʥʪʦʤ ʽ 

ʩʧʠʩʘʥʥʷʤ. ʉʫʪʥʽʩʪʴ ʮʽʻʾ ʩʠʩʪʝʤʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʥʦʩʠʪʴ ʧʨʦʬʽʣʘʢʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʧʣʘʥʦʤ, ʘ ʨʝʤʦʥʪ - ʟʘ 

ʧʦʪʨʝʙʦʶ. 

ʇʦʩʪʫʧʦʚʠʡ ʨʦʟʚʠʪʦʢ ʥʦʚʠʭ ʚʠʜʽʚ ʧʝʨʝʚʝʟʝʥʴ ʧʨʠʚʦʜʠʚ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʯʘʩʫ ʧʝʨʝʙʫʚʘʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʜʘʣʝʢʦ ʚʽʜ ʦʩʥʦʚʥʦʾ ʚʠʨʦʙʥʠʯʦʾ ʙʘʟʠ ʽ 

ʚʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʧʽʜʚʠʱʫʚʘʣʘʩʷ ʨʦʣʴ ʧʨʦʬʽʣʘʢʪʠʯʥʦʛʦ ʊʆ ʘʚʪʦʤʦʙʽʣʽʚ. ʊʦʤʫ 

ʩʪʚʦʨʝʥʥʷ ʛʥʫʯʢʦʾ çʘʜʘʧʪʠʚʥʦʾè ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʽʯʥʠʤ 
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ʩʪʘʥʦʤ ʘʚʪʦʤʦʙʽʣʷ ʟ ʝʣʝʤʝʥʪʘʤʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʢʦʞʥʦʛʦ 

ʢʦʥʢʨʝʪʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʩʪʘʣʦ ʧʝʨʰʦʯʝʨʛʦʚʠʤ ʟʘʚʜʘʥʥʷʤ.  

ʉʫʯʘʩʥʽ ʙʦʨʪʦʚʽ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʚ 

ʫʤʦʚʘʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ (ɯʊS) ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ 

ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʘʚʪʦʤʦʙʽʣʷ, ʙʝʟʧʝʨʝʨʚʥʝ ʘʚʪʦʤʘʪʠʯʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, 

ʱʦ ʭʘʨʘʢʪʝʨʠ-ʟʫʶʪʴ ʩʪʘʥ ʘʚʪʦʤʦʙʽʣʷ, ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʘ ʩʘʤʝ ï ʢʦʥʪʨʦʣʴ 

ʩʧʨʘʚʥʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ ʽ ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʽ ʟʘʧʦʙʽʛʘʥʥʷ 

ʨʦʟʚʠʪʢʫ ʚʽʜʤʦʚ ʫ ʡʦʛʦ ʨʦʙʦʪʽ ʽ ʚ ʢʽʥʮʝʚʦʤʫ ʨʘʭʫʥʢʫ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʊʆ ʽ ʈ ʘʚʪʦʤʦʙʽʣʷ ʟʘ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ. ʆʟʥʘʯʝʥʽ 

ʩʠʩʪʝʤʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʢʣʘʜʥʠʡ ʢʦʤʧʣʝʢʩ ʙʦʨʪʦʚʠʭ ʽ ʩʪʘʮʽʦʥʘʨʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʽ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ [1]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ, 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʽ ʚʠʟʥʘʯʝʥʥʷ ʢʦʜʽʚ ʥʝʩʧʨʘʚʥʦʩʪʽ ʊɿ ʫ ʢʦʤʧʣʝʢʩʽ ʦʙʣʘʜʥʘʥʥʷ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʙôʻʜʥʘʥʽ ʥʘʚʽʛʘʮʽʡʥʦ-ʟʚôʷʟʢʦʚʽ ʽ ʜʽʘʛʥʦʩʪʠʯʥʽ ʙʣʦʢʠ, ʷʢʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦ ʧʦʚôʷʟʘʥʽ ʟ ʨʦʟʛʘʣʫʞʝʥʦʶ ʤʝʨʝʞʝʶ ʰʪʘʪʥʠʭ ʽ ʜʦʜʘʪʢʦʚʠʭ 

ʜʘʪʯʠʢʽʚ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ ʽ ʩʠʩʪʝʤ ʊɿ. ʇʨʠ ʮʴʦʤʫ 

ʚʟʘʻʤʦʜʽʷ ʙʦʨʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʊɿ ʽ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʧʦʚʠʥʥʘ ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʚ ʨʘʤʢʘʭ ʻʜʠʥʦʾ ʽʜʝʦʣʦʛʽʾ ʤʦʙʽʣʴʥʦʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʊɿ. 

ɼʣʷ ʚʪʽʣʝʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʪʝʭʥʦʣʦʛʽʾ (ʘʜʘʧʪʠʚʥʦʾ ʩʠʩʪʝʤʠ) ʊʆ ʽ ʈ 

ʘʚʪʦʤʦʙʽʣʽʚ ʚ ʍʅɸɼʋ ʨʦʟʨʦʙʣʝʥʽ ʯʦʪʠʨʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʽ 

ʢʦʤʧʣʝʢʩʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʘʚʪʦʤʦʙʽʣʷ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ 

ʦʩʥʦʚʽ ʟʘʛʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ çɸʚʪʦʤʦʙʽʣʴ - ʚʦʜʽʡ - ʫʤʦʚʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ï ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʷ (ʪʨʘʥʩʧʦʨʪʥʘ ʽ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ)è, ʷʢʘ ʚʢʣʶʯʘʻ ʩʠʩʪʝʤʥʫ ʚʟʘʻʤʦʜʽʶ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʤʦʥʽʪʦʨʠʥʛʫ: ʘʚʪʦʤʦʙʽʣʷ ʟ ʚʦʜʽʻʤ ʽ ʙʦʨʪʦʚʠʤ ʽʥʬʦʨʤʘʮʽʡʥʠʤ ʢʦʤʧʣʝʢʩʦʤ 

(ɹɯʥʂ); ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ (ʜʦʨʦʞʥʽ, ʪʨʘʥʩʧʦʨʪʥʽ, 

ʘʪʤʦʩʬʝʨʥʦ-ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʽ ʢʫʣʴʪʫʨʘ ʧʨʘʮʽ); ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʽ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ (ʨʠʩ. 1).  
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ʈʠʩ. 1 ï ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʥʦʾ ʚʟʘʻʤʦʜʽʾ ʜʦʩʣʽʜʞʫʻʤʦʡ ʩʠʩʪʝʤʠ  

ʚ ʫʤʦʚʘʭ ITS 

 

ɺ ʧʨʦʮʝʩʽ ʧʨʦʚʝʜʝʥʥʷ ʩʠʥʪʝʟʫ ʽ ʘʥʘʣʽʟʫ, ʬʦʨʤʫʚʘʥʥʷ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ 

ʩʭʝʤ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʘʚʪʦʤʦʙʽʣʷ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ 

ʯʘʩʪʠʥʘʭ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʢʦʥʘʥʥʷ: ʡʦʛʦ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʟʙʠʨʘʥʥʷ ʜʘʥʠʭ ʧʨʦ ʡʦʛʦ 

ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ, ʧʨʦʚʝʜʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʡʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ, ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ 

ʘʚʪʦʤʦʙʽʣʷ, ʧʝʨʝʚʽʨʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʪʘʥʫ ʊɿ, ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʨʬʦʣʦʛʽʯʥʠʡ  

ʘʥʘʣʽʟ [2]. 

ʆʩʦʙʣʠʚʽʩʪʴ ʟʘʟʥʘʯʝʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʜʦʩʣʽʜʞʫʻʤʽʡ 

ʩʠʩʪʝʤʽ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʦʩʥʦʚʥʦʾ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʬʦʨʤʫʣʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʘʚʪʦʤʦʙʽʣʽ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʜʽʣʝʥʦ ʜʝʢʽʣʴʢʘ 

ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʥʝʾ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ - 

ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʦʟʥʘʢ, ʟʘ ʢʦʞʥʦʶ ʟ ʢʦʪʨʠʭ ʙʫʣʦ ʧʦʧʝʨʝʜʥʴʦ ʩʢʣʘʜʝʥʦ 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʚʥʠʡ ʧʝʨʝʣʽʢ ʨʽʟʥʠʭ ʚʽʜʧʦʚʽʜʥʠʭ ʚʘʨʽʘʥʪʽʚ (ʘʣʴʪʝʨʥʘʪʠʚ) 

ʪʝʭʥʽʯʥʦʛʦ ʚʠʨʘʞʝʥʥʷ ʥʘʚʝʜʝʥʠʭ ʦʟʥʘʢ [3]. ɼʣʷ ʢʦʞʥʦʾ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʦʟʥʘʢʠ 

ʥʘʚʦʜʷʪʴʩʷ ʭʘʨʘʢʪʝʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʡ, ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʾ 

ʘʚʪʦʤʦʙʽʣʷ, ʩʢʣʘʜʦʚʠʭ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ, ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʦʱʦ, ʚʽʜ ʷʢʠʭ 

ʟʘʣʝʞʠʪʴ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʜʦʩʷʛʥʝʥʥʷ ʦʩʥʦʚʥʦʾ ʤʝʪʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʻʤʦʡ ʩʠʩʪʝʤʠ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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ʅʘʧʨʠʢʣʘʜ ʢʽʣʴʢʽʩʪʴ ʤʦʞʣʠʚʠʭ ʩʭʝʤ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ 

ʘʚʪʦʤʦʙʽʣʽʚ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʚʦʨʝʥʦʾ 

ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʤʘʪʨʠʮʽ ʩʢʣʘʜʘʻ: 

- ʜʣʷ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ: N = 8 Ŀ 4 Ŀ 7 Ŀ 9 Ŀ 4 Ŀ 3 Ŀ 6 Ŀ 4 Ŀ 10 Ŀ 3 Ŀ 4 Ŀ 4 Ŀ 4 Ŀ 

2 Ŀ 2 Ŀ 2 Ŀ 2 Ŀ 2 Ŀ 2 Ŀ 2 Ŀ 2 Ŀ 2 Ŀ 4 Ŀ 4 Ŀ 4 Ŀ 6 = 4,749 Ŀ 1013; 

- ʜʣʷ ʘʚʪʦʙʫʩʫ: N = 8 Ŀ 4 Ŀ 7 Ŀ 5 Ŀ 4 Ŀ 10 Ŀ 3 Ŀ 4 Ŀ 4 Ŀ 4 Ŀ 2 Ŀ 2 Ŀ 2 Ŀ 2 Ŀ 2 Ŀ 2 Ŀ 2 Ŀ 

2 Ŀ 2 Ŀ 4 Ŀ 4 Ŀ 4 Ŀ 6 = 1,691 Ŀ 1012; 

- ʜʣʷ ʚʘʥʪʘʞʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ (ʊɿ): N = 8 Ŀ 4 Ŀ 7 Ŀ 10 Ŀ 7 Ŀ 4 Ŀ 10 Ŀ 3 Ŀ 4 Ŀ 4 Ŀ 

4 Ŀ 2 Ŀ 2 Ŀ 2 Ŀ 2 Ŀ 2 Ŀ 2 Ŀ 2 Ŀ 2 Ŀ 2 Ŀ 4 Ŀ 4 Ŀ 4 Ŀ 6 = 2,368 Ŀ 1013, 

ʘ ʜʣʷ ʦʜʥʦʛʦ ʚʘʨʽʘʥʪʫ ʘʚʪʦʤʦʙʽʣʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʤʘʪʨʠʮʽ ʚ 

ʯʘʩʪʠʥʽ ʦʩʥʘʱʝʥʥʷ ʡʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ, ʟʦʚʥʽʰʥʽʭ 

ʤʝʨʝʞ, ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʘʚʪʦʤʦʙʽʣʷ ʽ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ: N1 = 768. ɼʣʷ 

ʘʥʘʣʦʛʽʯʥʦʛʦ ʚʘʨʽʘʥʪʘ ʧʨʠ ʜʦʜʘʪʢʦʚʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʤʘʪʨʠʮʽ ʚ 

ʯʘʩʪʠʥʽ ʜʚʠʛʫʥ ʘʚʪʦʤʦʙʽʣʷ: N11 = 12288. 

ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ 

ʘʚʪʦʤʦʙʽʣʽʚ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʞʥʘ ʟ ʚʠʜʽʣʝʥʠʭ ʩʭʝʤ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ 

ʝʬʝʢʪʠʚʥʠʡ ʩʧʦʩʽʙ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʾ ʜʽʻʚʦʩʪʽ ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ, ʷʢʽ ʥʘ ʩʴʦʛʦʜʥʽ 

ʩʢʣʘʜʘʶʪʴ ʦʩʥʦʚʫ ʽʩʥʫʶʯʦʛʦ ʧʘʨʢʫ ʣʝʛʢʦʚʠʭ, ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʽ ʘʚʪʦʙʫʩʽʚ 

ʋʢʨʘʾʥʠ. 
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ʫʧʦʨʩʢʫʚʘʥʥʷʤ ʧʘʣʠʚʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʟʤʽʥʦʶ ʪʨʠʚʘʣʦʩʪʽ 
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(ɽʄʌ) ʚʽʜ ʙʣʦʢʫ ʫʧʨʘʚʣʽʥʥʷ ʜʚʠʛʫʥʦʤ. ɼʣʷ ʪʦʛʦ ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʩʫʚʦʨʫ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʚʝʣʠʯʠʥʦʶ ʪʨʠʚʘʣʦʩʪʽ ʢʝʨʫʶʯʦʛʦ ʩʠʛʥʘʣʫ ʽ ʢʽʣʴʢʽʩʪʶ ʧʘʣʠʚʘ, 
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ʱʦ ʧʦʜʘʻʪʴʩʷ ʬʦʨʩʫʥʢʦʶ, ʥʝʦʙʭʽʜʥʦ ʩʬʦʨʤʫʚʘʪʠ ʦʜʥʘʢʦʚʽ ʫʤʦʚʠ ʧʨʦʪʽʢʘʥʥʷ 

ʧʨʦʮʝʩʽʚ ʚʧʦʨʩʢʫʚʘʥʥʷ ʧʘʣʠʚʘ ʚ ʢʦʞʥʦʤʫ ʨʦʙʦʯʦʤʫ ʮʠʢʣʽ, ʪʘʢʽ ʷʢ: ʧʝʨʝʧʘʜ 

ʪʠʩʢʫ ʥʘ ʢʣʘʧʘʥʽ ʬʦʨʩʫʥʢʠ, ʨʽʚʝʥʴ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ ʬʦʨʩʫʥʢʠ, 

ʚʧʣʠʚʘʻ ʥʘ ʩʪʘʪʠʯʥʫ ʽ ʜʠʥʘʤʽʯʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʬʦʨʩʫʥʢʠ. 

ʇʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʷ ʫ ʥʘʩʣʽʜʦʢ ʟʥʦʰʫʚʘʥʥʷ ʟʤʽʥʶʶʪʴʩʷ 

ʟʘʟʦʨʠ ʚ ʟʯʣʝʥʫʚʘʥʥʷʭ ʜʝʪʘʣʝʡ ʢʣʘʧʘʥʽʚ ʬʦʨʩʫʥʦʢ, ʯʝʨʝʟ ʩʪʘʨʽʥʥʷ ʤʘʪʝʨʽʘʣʽʚ 

ʟʤʽʥʶʶʪʴʩʷ ʞʦʨʩʪʢʽʩʪʴ ʧʨʫʞʠʥ ʪʘ ʦʧʽʨ ʽ ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʢʦʪʫʰʦʢ. ɼʨʽʙʥʽ ʪʚʝʨʜʽ 

ʯʘʩʪʢʠ, ʱʦ ʥʝ ʟʘʪʨʠʤʫʶʪʴʩʷ ʬʽʣʴʪʨʦʤ, ʟʘʙʨʫʜʥʶʶʪʴ ʚʥʫʪʨʽʰʥʽ ʦʙôʻʤʠ 

ʬʦʨʩʫʥʦʢ, ʘ ʚʘʞʢʽ ʬʨʘʢʮʽʾ ʧʘʣʠʚʘ ʦʩʽʜʘʶʪʴ ʫ ʚʠʛʣʷʜʽ ʧʣʽʚʢʠ ʥʘ ʧʦʚʝʨʭʥʷʭ 

ʨʦʟʧʠʣʶʶʯʠʭ ʦʪʚʦʨʽʚ, ʟʤʝʥʰʫʶʯʠ ʾʭʥʽ ʧʨʦʭʽʜʥʽ ʧʝʨʝʪʠʥʠ. ʋ ʥʘʩʣʽʜʦʢ ʮʠʭ 

ʧʨʦʮʝʩʽʚ ʧʦʛʽʨʰʫʻʪʴʩʷ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʬʦʨʩʫʥʦʢ, ʨʝʟʫʣʴʪʘʪʦʤ ʯʦʛʦ ʻ ʧʦʨʫʰʝʥʥʷ 

ʚʠʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʛʫʥʘ. ʆʪʞʝ, ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʧʝʨʽʦʜʠʯʥʦ 

ʜʽʘʛʥʦʩʪʫʚʘʪʠ ʬʦʨʩʫʥʢʠ ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʾʭʥʴʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʶʪʴ ʙʝʟʨʦʟʙʽʨʥʽ ʤʝʪʦʜʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ɽʄʌ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ ʦʮʽʥʠʪʠ ʩʪʘʪʠʯʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʬʦʨʩʫʥʢʠ, ʷʢʘ ʷʚʣʷʻ 

ʩʦʙʦʶ ʢʽʣʴʢʽʩʪʴ ʧʘʣʠʚʘ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʬʦʨʩʫʥʢʦʶ ʚ ʦʜʠʥʠʮʶ ʯʘʩʫ, ʚ ʫʤʦʚʘʭ 

ʧʦʚʥʦʛʦ ʚʽʜʢʨʠʪʪʷ ʾʾ ʟʘʧʽʨʥʦʛʦ ʝʣʝʤʝʥʪʘ ʽ ʥʦʨʤʦʚʘʥʦʛʦ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʥʘ 

ʢʣʘʧʘʥʽ. ʆʜʥʘʢ ʫ ʟʚ'ʷʟʢʫ ʟ ʽʤʧʫʣʴʩʥʠʤ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ ɽʄʌ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʚʽʜʢʨʠʪʪʷ ʪʘ ʟʘʢʨʠʪʪʷ ʢʣʘʧʘʥʘ ʬʦʨʩʫʥʢʠ, 

ʟʚʘʞʘʶʯʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʷʢʠʭ ʨʝʘʣʴʥʘ ʪʨʠʚʘʣʽʩʪʴ ʚʽʜʢʨʠʪʦʛʦ ʩʪʘʥʫ ɽʄʌ ʥʝ 

ʟʙʽʛʘʻʪʴʩʷ ʟ ʙʘʞʘʥʦʶ, ʨʦʟʨʘʭʦʚʘʥʦʶ ʝʣʝʢʪʨʦʥʥʠʤ ʙʣʦʢʦʤ ʫʧʨʘʚʣʽʥʥʷ ʜʚʠʛʫʥʦʤ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʮʠʢʣʦʚʦʾ ʧʦʜʘʯʽ ʧʘʣʠʚʘ ʥʘ ʧʦʪʦʯʥʦʤʫ ʨʝʞʠʤʽ 

ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ. ʎʽ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʦʮʽʥʶʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʥʘʤʽʯʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ɽʄʌ. ʅʘ ʧʨʘʢʪʠʮʽ ʰʠʨʦʢʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʦ 

ʫʷʚʣʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʷʢ ʢʽʣʴʢʦʩʪʽ ʧʘʣʠʚʘ, ʱʦ ʧʦʜʘʻʪʴʩʷ 

ʬʦʨʩʫʥʢʦʶ, ʟʘ ʦʜʠʥʠʯʥʠʡ ʽʤʧʫʣʴʩ ʢʝʨʫʚʘʥʥʷ ʪʨʠʚʘʣʽʩʪʶ 2,5 ʤʩ. ʊʘʢʝ ʟʥʘʯʝʥʥʷ 

ʽʤʧʫʣʴʩʫ ʫʧʨʘʚʣʽʥʥʷ ʚʠʙʨʘʥʦ ʥʘ ʪʽʡ ʧʽʜʩʪʘʚʽ, ʱʦ ʻ ʧʦʨʽʚʥʷʥʥʠʤ ʟʘ ʚʝʣʠʯʠʥʦʶ ʟ 

ʪʨʠʚʘʣʽʩʪʶ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʨʦʙʦʪʠ ɽʄʌ, ʪʦʤʫ ʾʭʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʟʤʽʥʘ 

ʩʪʘʻ ʣʝʛʢʦ ʚʠʷʚʣʝʥʦʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʠʥʘʤʽʯʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ɽʄʌ ʜʦʟʚʦʣʷʻ 

ʦʮʽʥʠʪʠ ʾʭ ʽʥʝʨʮʽʡʥʽʩʪʴ, ʷʢʘ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʘ ʧʨʠ ʨʦʙʦʪʽ ʜʚʠʛʫʥʘ ʥʘ ʨʝʞʠʤʘʭ 

ʤʘʣʠʭ ʮʠʢʣʦʚʠʭ ʧʦʜʘʯ, ʢʦʣʠ ʟʘʧʽʟʥʝʥʥʷ ʚʽʜʢʨʠʪʪʷ ʪʘ ʟʘʢʨʠʪʪʷ ʢʣʘʧʘʥʘ ʬʦʨʩʫʥʢʠ 

ʱʦʜʦ ʧʦʯʘʪʢʫ ʪʘ ʟʘʢʽʥʯʝʥʥʷ ʢʝʨʫʶʯʦʛʦ ʽʤʧʫʣʴʩʫ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʪʦʯʥʽʩʪʴ 

ʜʦʟʫʚʘʥʥʷ ʮʠʢʣʦʚʦʾ ʧʦʜʘʯʽ. 

ʅʘʷʚʥʽʩʪʴ ʪʠʤʯʘʩʦʚʠʭ ʟʘʪʨʠʤʦʢ ʫ ʨʦʙʦʪʽ ʕʄʌ ʚʠʢʣʠʢʘʥʦ ʪʠʤ, ʱʦ ʟ 

ʧʦʜʘʯʽ ʥʘ ʦʙʤʦʪʢʫ ʢʣʘʧʘʥʘ ʬʦʨʩʫʥʢʠ ʽʤʧʫʣʴʩʫ ʥʘʧʨʫʛʠ ʪʷʛʦʚʝ ʟʫʩʠʣʣʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʘ ʧʨʠʡʤʘʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʽʜʨʘʟʫ, ʘ ʯʝʨʝʟ ʜʝʷʢʠʡ 

ʧʨʦʤʽʞʦʢ ʯʘʩʫ. ʇʨʠ ʧʨʠʧʠʥʝʥʥʽ ʧʦʜʘʯʽ ʢʝʨʫʶʯʦʛʦ ʽʤʧʫʣʴʩʫ ʪʷʛʦʚʝ ʟʫʩʠʣʣʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʘ ʪʘʢʦʞ ʤʠʪʪʻʚʦ ʥʝ ʟʚʝʨʪʘʻʪʴʩʷ ʚ ʥʫʣʴ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ 

ʝʢʩʧʦʥʝʥʮʽʡʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʪʽʢʘʥʥʷ ʢʨʠʚʠʭ ʩʪʨʫʤʫ ʚ ʣʘʥʮʶʟʽ ʫʧʨʘʚʣʽʥʥʷ 

ɽʄʌ ʧʨʠ ʾʾ ʟʘʤʠʢʘʥʥʽ ʪʘ ʨʦʟʤʠʢʘʥʥʽ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʦʜʘʣʴʰʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʘ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʬʦʨʩʫʥʦʢ. 

ʆʩʥʦʚʥʠʡ ʤʘʪʝʨʽʘʣ. ʎʠʢʣʦʚʘ ʧʦʜʘʯʘ ʧʘʣʠʚʘ ʪʦʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʶ 

ʢʣʘʧʘʥʥʦʶ ʬʦʨʩʫʥʢʦʶ [3] ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 
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        ,                           (1) 

 

ʜʝ - ʪʨʠʚʘʣʽʩʪʴ ʚʽʜʢʨʠʪʦʛʦ ʩʪʘʥʫ ʢʣʘʧʘʥʘ ʬʦʨʩʫʥʢʠ (ʪʨʠʚʘʣʽʩʪʴ 

ʚʧʦʨʩʢʫʚʘʥʥʷ),  ï ʱʽʣʴʥʽʩʪʴ ʧʘʣʠʚʘ, ï ʪʠʩʢ ʧʘʣʠʚʘ ʚ ʘʢʫʤʫʣʷʪʦʨʽ, ï ʪʠʩʢ 

ʧʦʚʽʪʨʷ ʫ ʚʧʫʩʢʥʦʤʫ ʢʦʣʝʢʪʦʨʽ,   ï ʝʬʝʢʪʠʚʥʠʡ ʧʨʦʭʽʜʥʠʡ ʧʝʨʝʪʠʥ 

ʨʦʟʧʠʣʶʚʘʯʘ ʬʦʨʩʫʥʢʠ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʧʽʜʡʦʤʫ ʢʣʘʧʘʥʘ (ʛʦʣʢʠ 

ʬʦʨʩʫʥʢʠ). 

ɺ ʨʝʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʚ ʦʩʥʦʚʫ ʘʣʛʦʨʠʪʤʫ ʢʝʨʫʚʘʥʥʷ ʬʦʨʩʫʥʢʘʤʠ 

ʧʦʢʣʘʜʝʥʘ ʩʧʨʦʱʝʥʘ ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʮʠʢʣʦʚʦʾ ʧʦʜʘʯʽ ʧʦ ʩʪʘʪʠʯʥʽʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʬʦʨʩʫʥʢʠ ʽ ʪʨʠʚʘʣʦʩʪʽ ʢʝʨʫʶʯʦʛʦ ʽʤʧʫʣʴʩʫ. ʋ ʮʽʡ ʤʦʜʝʣʽ 

ʧʨʠʡʤʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʡ ʝʬʝʢʪʠʚʥʠʡ ʧʨʦʭʽʜʥʠʡ ʧʝʨʝʪʠʥ ʨʦʟʧʠʣʶʚʘʯʘ ʬʦʨʩʫʥʢʠ, 

ʘ ʪʨʠʚʘʣʽʩʪʴ ʚʽʜʢʨʠʪʦʛʦ ʩʪʘʥʫ ʢʣʘʧʘʥʘ ʬʦʨʩʫʥʢʠ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʦʶ 

ʪʨʠʚʘʣʦʩʪʽ ʢʝʨʫʶʯʦʛʦ ʽʤʧʫʣʴʩʫ, ʷʢʫ ʚʠʟʥʘʯʘʶʪʴ ʟʘ  ʧʨʠʥʮʠʧʦʤ ʙʘʟʦʚʦʾ ʪʘ 

ʢʦʨʠʛʫʚʘʣʴʥʦʾ ʤʘʪʨʠʮʴ. ɿʘ ʮʽʻʶ ʤʦʜʝʣʣʶ ʮʠʢʣʦʚʘ ʧʦʜʘʯʘ ʧʘʣʠʚʘ 

 

,                                                (2)  

 

ʜʝ - ʩʪʘʪʠʯʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʬʦʨʩʫʥʢʠ, - ʪʨʠʚʘʣʽʩʪʴ ʢʝʨʫʶʯʦʛʦ 

ʽʤʧʫʣʴʩʫ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʬʦʨʩʫʥʢʫ.  

ɺʽʜʦʤʦ, ʱʦ ʧʝʨʝʣʽʪ ʢʣʘʧʘʥʘ ʟʘʧʽʟʥʶʻʪʴʩʷ ʫ ʯʘʩʽ ʧʨʠ ʧʽʜʡʦʤʽ ʥʘ ʚʝʣʠʯʠʥʫ 

 ʽ ʦʧʫʩʢʘʥʥʽ ʥʘ ï . ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʪʨʠʚʘʣʽʩʪʴ ʚʽʜʢʨʠʪʦʛʦ ʩʪʘʥʫ 

ʢʣʘʧʘʥʘ ʬʦʨʩʫʥʢʠ  ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʝʨʫʶʯʦʛʦ 

ʽʤʧʫʣʴʩʫ , ʧʦʜʘʚʘʥʦʛʦ ʥʘ ʦʙʤʦʪʢʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʘ ʬʦʨʩʫʥʢʠ, ʙʦ 

 

,  ʘʙʦ   ,                           (3) 

 

ʜʝ ï ʚʨʘʭʦʚʫʻ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʝʨʫʶʯʦʛʦ ʽʤʧʫʣʴʩʫ  

ʨʝʘʣʴʥʦʤʫ ʯʘʩʦʚʽ ʚʧʦʨʩʢʫʚʘʥʥʷ .   

ɺʠʭʦʜʠʪʴ, ʱʦ ʫ ʬʦʨʤʫʣʫ (2) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʦʨʤʫʣʠ (3) ʪʨʝʙʘ ʚʥʝʩʪʠ 

ʢʦʨʝʢʮʽʶ. ʊʦʜʽ 

 

.                                  (4) 

 

ʅʝʚʽʜʧʦʚʽʜʥʽʩʪʴ  ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʰʣʷʭʦʤ ʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʣʠʚʘʥʥʷ 

ʬʦʨʩʫʥʦʢ. ʇʽʜ ʜʠʥʘʤʽʯʥʠʤ ʧʨʦʣʠʚʘʥʥʷʤ ʨʦʟʫʤʽʶʪʴ ʪʘʢʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ 

ʬʦʨʩʫʥʦʢ, ʢʦʣʠ ʚ ʨʘʤʧʽ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʧʦʩʪʽʡʥʠʡ ʪʠʩʢ ʧʘʣʠʚʘ, ʘ ʢʣʘʧʘʥʠ 

ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʥʘ ʢʦʨʦʪʢʠʡ ʯʘʩ ʧʨʠ ʧʦʜʘʯʽ ʥʘ ʦʙʤʦʪʢʠ ʬʦʨʩʫʥʦʢ ʢʝʨʫʶʯʠʭ 

ʽʤʧʫʣʴʩʽʚ ʪʨʠʚʘʣʽʩʪʶ . ʊʘʢʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʬʦʨʩʫʥʦʢ ʚʽʜʧʦʚʽʜʘʻ ʨʝʞʠʤʫ 

ʾʭʥʴʦʾ ʨʦʙʦʪʠ ʥʘ ʜʚʠʛʫʥʽ. ʗʢʱʦ  ï ʢʽʣʴʢʽʩʪʴ ʧʘʣʠʚʘ, ʥʘʢʦʧʠʯʝʥʘ ʫ 

ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʧʦʩʫʜʠʥʽ ʟʘ ʯʘʩ ʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʣʠʚʘʥʥʷ,  ï ʢʽʣʴʢʽʩʪʴ 

ʫʧʦʨʩʢʫʚʘʥʴ (ʮʠʢʣʦʚʠʭ ʧʦʜʘʯ), ʟʨʦʙʣʝʥʠʭ ʟʘ ʯʘʩ ʧʨʦʣʠʚʘʥʥʷ, ʪʦ ʮʠʢʣʦʚʘ ʧʦʜʘʯʘ 

, ʦʙʯʠʩʣʝʥʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʣʠʚʘʥʥʷ 
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.                                             (5) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʠʥʘʤʽʯʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ɽʄʌ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʾʭ 

ʽʥʝʨʮʽʡʥʽʩʪʴ, ʷʢʘ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʘ ʧʨʠ ʨʦʙʦʪʽ ʜʚʠʛʫʥʘ ʥʘ ʨʝʞʠʤʘʭ ʤʘʣʠʭ 

ʮʠʢʣʦʚʠʭ ʧʦʜʘʯ, ʢʦʣʠ ʟʘʧʽʟʥʝʥʥʷ ʚʽʜʢʨʠʪʪʷ ʪʘ ʟʘʢʨʠʪʪʷ ʢʣʘʧʘʥʘ ʬʦʨʩʫʥʢʠ ʱʦʜʦ 

ʧʦʯʘʪʢʫ ʪʘ ʟʘʢʽʥʯʝʥʥʷ ʢʝʨʫʶʯʦʛʦ ʽʤʧʫʣʴʩʫ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʪʦʯʥʽʩʪʴ 

ʜʦʟʫʚʘʥʥʷ ʮʠʢʣʦʚʦʾ ʧʦʜʘʯʽ. 

ʅʘʷʚʥʽʩʪʴ ʪʠʤʯʘʩʦʚʠʭ ʟʘʪʨʠʤʦʢ ʫ ʨʦʙʦʪʽ ʕʄʌ ʚʠʢʣʠʢʘʥʦ ʪʠʤ, ʱʦ ʟ 

ʧʦʜʘʯʽ ʥʘ ʦʙʤʦʪʢʫ ʢʣʘʧʘʥʘ ʬʦʨʩʫʥʢʠ ʽʤʧʫʣʴʩʫ ʥʘʧʨʫʛʠ ʪʷʛʦʚʝ ʟʫʩʠʣʣʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʘ ʧʨʠʡʤʘʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʽʜʨʘʟʫ, ʘ ʯʝʨʝʟ ʜʝʷʢʠʡ 

ʧʨʦʤʽʞʦʢ ʯʘʩʫ. ʇʨʠ ʧʨʠʧʠʥʝʥʥʽ ʧʦʜʘʯʽ ʢʝʨʫʶʯʦʛʦ ʽʤʧʫʣʴʩʫ ʪʷʛʦʚʝ ʟʫʩʠʣʣʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʘ ʪʘʢʦʞ ʤʠʪʪʻʚʦ ʥʝ ʟʚʝʨʪʘʻʪʴʩʷ ʚ ʥʫʣʴ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ 

ʝʢʩʧʦʥʝʥʮʽʡʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʪʽʢʘʥʥʷ ʢʨʠʚʠʭ ʩʪʨʫʤʫ ʚ ʣʘʥʮʶʟʽ ʫʧʨʘʚʣʽʥʥʷ 

ɽʄʌ ʧʨʠ ʾʾ ʟʘʤʠʢʘʥʥʽ ʪʘ ʨʦʟʤʠʢʘʥʥʽ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʤʘʢʝʪ ̔ ʩʠʩʪʝʤʠ 

ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʫʧʦʨʩʢʫʚʘʥʥʷ ʙʝʥʟʠʥʫ ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʩʪʘʪʠʯʥʦʛʦ 

ʡ ʜʠʥʘʤʽʯʥʦʛʦ ʨʝʞʠʤʽʚ ʧʨʦʣʠʚʘʥʥʷ ʬʦʨʩʫʥʦʢ, ʷʢʽ ʥʝʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʜʚʠʛʫʥʽ. 

ʅʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ çʯʘʩ-ʧʝʨʝʪʠʥè ʢʣʘʧʘʥʘ ɽʄʌ ʪʘ 

ʧʦʢʘʟʘʥʦ ʪʠʤʯʘʩʦʚʽ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʬʦʨʩʫʥʢʠ ʧʨʠ ʧʦʜʘʯʽ ʥʘ ʾʾ ʦʙʤʦʪʢʫ 

ʽʤʧʫʣʴʩʫ ʢʝʨʫʚʘʥʥʷ ʪʨʠʚʘʣʽʩʪʶ Űʂ . ɿ ʨʠʩ. 1 ʚʠʜʥʦ, ʱʦ ʚʝʩʴ ʧʨʦʮʝʩ 

ʫʧʦʨʩʢʫʚʘʥʥʷ ʧʘʣʠʚʘ ʤʦʞʥʘ ʨʦʟʙʠʪʠ ʥʘ ʥʘʩʪʫʧʥʽ ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ: ʯʘʩ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʢʣʘʧʘʥʘ ʬʦʨʩʫʥʢʠ Űʩʧʨ., ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʘʩʫ ʟ ʤʦʤʝʥʪʫ 

ʧʦʯʘʪʢʫ ʽʤʧʫʣʴʩʫ ʫʧʨʘʚʣʽʥʥʷ ʜʦ ʤʦʤʝʥʪʫ ʪʦʨʢʘʥʥʷ ʛʦʣʢʠ Űʪʨ ʽ ʯʘʩʫ ʧʽʜʡʦʤʫ 

ʛʦʣʢʠ Űʧ ʯʘʩ ʟ ʤʦʤʝʥʪʫ ʧʦʚʥʦʛʦ ʚʽʜʢʨʠʪʪʷ ʢʣʘʧʘʥʘ ʜʦ ʟʘʢʽʥʯʝʥʥʷ ʽʤʧʫʣʴʩʫ 

ʫʧʨʘʚʣʽʥʥʷ Űʧʚ, ʯʘʩ ʚʽʜʧʫʩʢʘʥʥʷ ʢʣʘʧʘʥʘ ʬʦʨʩʫʥʢʠ Űʚʽʜ., ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʘʩʫ 

ʟʘʣʠʧʘʥʥʷ Űʟ ʪʘ ʯʘʩʫ ʦʧʫʩʢʘʥʥʷ ʛʦʣʢʠ Űʚʽʜ.. 

ɼʣʷ ʦʮʽʥʢʠ ʜʠʥʘʤʽʯʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʬʦʨʩʫʥʦʢ ʟʘ ʦʪʨʠʤʘʥʠʤʠ 

ʯʘʩʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʙʦʪʠ ɽʄʌ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʨʝʘʣʴʥʠʡ ʯʘʩ ʚʽʜʢʨʠʪʦʛʦ 

ʩʪʘʥʫ ʢʣʘʧʘʥʘ Űʧʚ ʟʘ ʬʦʨʤʫʣʦʶ:  

 

Űʧʚ = Űʂ ï Űʩʧʨ. + Űʚʽʜ .        (6) 
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Űʂ ï ʪʨʠʚʘʣʽʩʪʴ ʢʝʨʫʶʯʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜ ʙʣʦʢʫ ʫʧʨʘʚʣʽʥʥʷ ʜʚʠʛʫʥʦʤ; Űʪʨ ï ʯʘʩ 

ʪʦʨʢʘʥʥʷ; Űʧ ï ʯʘʩ ʧʽʜʡʦʤʫ ʛʦʣʢʠ; Űʧʚ - ʯʘʩ ʟ ʤʦʤʝʥʪʫ ʧʦʚʥʦʛʦ ʚʽʜʢʨʠʪʪʷ ʢʣʘʧʘʥʘ 

ʜʦ ʟʘʢʽʥʯʝʥʥʷ ʽʤʧʫʣʴʩʫ ʫʧʨʘʚʣʽʥʥʷ; Űʩʧʨ. - ʯʘʩ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ; Űʟ - ʯʘʩ 

ʟʘʣʠʧʘʥʥʷ; Űʦʧ ï ʯʘʩ ʦʧʫʩʢʘʥʥʷ ʛʦʣʢʠ; Űʚʽʜ. ï ʯʘʩ ʚʽʜʧʫʩʢʘʥʥʷ 

ʈʠʩʫʥʦʢ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ çʯʘʩ-ʧʝʨʝʪʠʥè ʢʣʘʧʘʥʘ ɽʄʌ  

ʪʘ ʪʠʤʯʘʩʦʚʽ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ 

 

ɸʥʘʣʽʟʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʧʝʨʝʚʽʨʦʢ ʧʝʚʥʽʡ ʢʽʣʴʢʦʩʪʽ ʢʦʤʧʣʝʢʪʽʚ ʬʦʨʩʫʥʦʢ,  ʟ 

ʨʽʟʥʠʤ ʥʘʧʨʘʮʶʚʘʥʥʷʤ, ʤʦʞʣʠʚʦ ʩʢʘʟʘʪʠ ʥʘʩʪʫʧʥʝ, ʱʦ ʩʪʘʪʠʯʥʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʝʨʝʚʽʨʷʻʤʠʭ ʬʦʨʩʫʥʦʢ, ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʤʽʥʶʻʪʴʩʷ 

ʥʝʟʥʘʯʥʦ ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ, ʪʦʜʽ ʷʢ ʟʤʽʥʘ ʜʠʥʘʤʽʯʥʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽʩʪʦʪʥʦ ʽ ʥʝʨʽʚʥʦʤʽʨʥʦ, ʱʦ ʟʥʠʞʫʻ ʝʥʝʨʛʝʪʠʯʥʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʜʚʠʛʫʥʘ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʨʝʞʠʤʘʭ ʤʘʣʠʭ ʮʠʢʣʦʚʠʭ ʧʦʜʘʯ ʽ ʧʽʜʪʚʝʨʜʞʫʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʫ ʧʨʦʮʝʩʽ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ɽʄʌ. 

ɺʠʩʥʦʚʢʠ. ʗʢ ʧʦʢʘʟʘʥʦ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ, ʦʮʽʥʠʪʠ ʜʠʥʘʤʽʯʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʧʘʣʠʚʥʠʭ ʬʦʨʩʫʥʦʢ ʟ ʤʽʥʽʤʫʤʦʤ ʪʨʫʜʦʚʠʭ ʽ ʪʠʤʯʘʩʦʚʠʭ ʚʠʪʨʘʪ ʤʦʞʣʠʚʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʙʝʟʨʦʟʙʽʨʥʦʛʦ ʤʝʪʦʜʫ, ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʟʥʷʪʪʽ ʦʩʮʠʣʦʛʨʘʤ ʧʘʜʽʥʥʷ 

ʥʘʧʨʫʛʠ ʥʘ ʦʙʤʦʪʢʘʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ ʬʦʨʩʫʥʢʠ, ʚʠʟʥʘʯʝʥʥʷ ʧʦ ʥʠʭ ʪʠʤʯʘʩʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʬʦʨʩʫʥʢʠ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʚʽʜʢʨʠʪʦʛʦ ʩʪʘʥʫ 

ʢʣʘʧʘʥʘ ʟ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʮʴʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ. ʇʦʻʜʥʘʥʥʷ ʪʘʢʦʛʦ 

ʤʝʪʦʜʫ ʟ ʽʩʥʫʶʯʠʤ ʩʧʦʩʦʙʦʤ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ɽʄʌ ʟʘ ʧʦʢʘʟʘʥʥʷʤʠ ʜʘʪʯʠʢʘ 

ʪʠʩʢʫ ʧʘʣʠʚʘ ʥʘ ʥʘʛʥʽʪʘʣʴʥʽʡ ʤʘʛʽʩʪʨʘʣʽ ʩʠʩʪʝʤʠ ʧʘʣʠʚʦʧʦʜʘʯʽ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ ʩʪʘʪʠʯʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʦʜʘʯʽ, ʜʦʟʚʦʣʠʪʴ 

ʢʦʤʧʣʝʢʩʥʦ ʦʮʽʥʠʪʠ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʧʘʣʠʚʥʠʭ ʬʦʨʩʫʥʦʢ ʪʘ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʾʭ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ.  
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ʈʆɿɺʀʊʆʂ  ʆɹʃɸɼʅɸʅʅʗ  ɼʃʗ  ɼɯɸɻʅʆʉʊʀʂʀ ʍʆɼʆɺʆɰ 

ʏɸʉʊʀʅʀ ɸɺʊʆʄʆɹɯʃʗ 

 

ʍʦʜʦʚʘ ʯʘʩʪʠʥʘ ʘʚʪʦʤʦʙʽʣʷ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʤʘʣʦ ʟʘʭʠʱʝʥʠʭ ʯʘʩʪʠʥ 

ʘʚʪʦ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʥʘʰʦʛʦ ʢʣʽʤʘʪʫ ʽ ʨʽʚʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʦʨʽʛ. ʇʽʩʣʷ 

ʧʝʚʥʦʛʦ ʧʨʦʙʽʛʫ ʚ ʤʘʰʠʥʽ ʧʦʯʠʥʘʶʪʴ ʧʨʦʩʪʫʧʘʪʠ ʩʪʫʢʠ, ʩʢʨʠʧʠ ʽ ʩʢʨʝʛʦʪʽʥʥʷ - 

ʮʝ ʻ ʚʽʨʥʠʤ ʽʥʜʠʢʘʪʦʨʦʤ ʪʦʛʦ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʽʨʠʪʠ ʭʦʜʦʚʫ ʯʘʩʪʠʥʫ, ʪʘʢ ʷʢ 

ʾʾ ʥʝʩʧʨʘʚʥʽʩʪʴ ʩʪʘʚʠʪʴ ʧʽʜ ʟʘʛʨʦʟʫ ʙʝʟʧʝʢʫ ʣʶʜʠʥʠ. ɺʽʨʥʠʤ ʨʽʰʝʥʥʷʤ ʙʫʜʝ 

ʟʚʝʨʥʫʪʠʩʷ ʥʘ ʩʪʘʥʮʽʶ ʪʝʭʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʣʷ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ 

ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ. 

 

 
ʈʠʩ.1 ï ʍʦʜʦʚʘ ʯʘʩʪʠʥʘ ʘʚʪʦ 

 

ɼʽʘʛʥʦʩʪʠʢʘ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ ʘʚʪʦʤʦʙʽʣʷ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʫʧʝʚʥʠʪʠʩʷ ʫ ʚʣʘʩʥʽʡ ʙʝʟʧʝʮʽ. ɼʽʘʛʥʦʩʪʠʢʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʷʢ ʜʣʷ ʥʦʚʦʾ 

ʤʘʰʠʥʠ, ʪʘʢ ʽ ʜʣʷ ʤʘʰʠʥʠ ʟ ʧʨʦʙʽʛʦʤ. ʅʘ ʩʪʘʥʮʽʶ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠʩʷ, ʷʢʱʦ ʚʠʷʚʣʝʥʦ ʥʘʩʪʫʧʥʽ ʦʟʥʘʢʠ:  

1. ʧʨʦʙʣʝʤʠ ʟ ʧʽʜʚʽʩʢʦʶ - ʰʫʤ ʽ ʩʪʫʢʽʪ ʧʨʠ ʨʫʩʽ; 
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2. ʥʝʩʧʨʘʚʥʽʩʪʴ ʨʫʣʴʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ - ʥʝʩʪʽʡʢʽʩʪʴ ʥʘ ʚʠʩʦʢʠʭ 

ʰʚʠʜʢʦʩʪʷʭ; 

3. ʧʦʨʫʰʝʥʥʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ ï ʫ ʤʘʰʠʥʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʥʘʭʠʣ ʚ ʩʪʦʨʦʥʫ; 

4. ʥʝʩʧʨʘʚʥʽʩʪʴ ʚ ʛʘʣʴʤʽʚʥʠʭ ʢʦʣʦʜʢʘʭ ï ʟʙʽʣʴʰʝʥʥʷ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ. 

ɼʽʘʛʥʦʩʪʠʢʘ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ ʘʚʪʦ ʧʦʪʨʽʙʥʘ ʜʣʷ ʩʚʦʻʯʘʩʥʦʛʦ ʚʠʷʚʣʝʥʥʷ 

ʧʨʦʙʣʝʤ, ʟʙʝʨʝʞʝʥʥʷ ʞʠʪʪʷ ʚʦʜʽʷ ʽ ʧʽʰʦʭʦʜʽʚ. 

ɼʦ 1994 ʨʦʢʫ ʚ ʩʚʽʪʦʚʽʡ ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ 

ʨʽʟʥʽ ʩʠʩʪʝʤʠ, ʩʪʘʥʜʘʨʪʠ ʽ ʧʨʦʪʦʢʦʣʠ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ, ʷʢʽ ʫʤʦʚʥʦ ʤʦʞʥʘ 

ʥʘʟʚʘʪʠ ʩʠʩʪʝʤʘʤʠ ʩʽʤʝʡʩʪʚʘ OBD-I (On Board Diagnostic). ʇʨʦʮʝʜʫʨʘ 

ʟʯʠʪʫʚʘʥʥʷ ʢʦʜʽʚ ʩʠʩʪʝʤ OBD-I ʥʘʛʘʜʫʚʘʣʘ ʘʟʙʫʢʫ ʄʦʨʟʝ: ʢʦʨʦʪʢʽ ʽʤʧʫʣʴʩʠ 

(ʪʨʠʚʘʣʽʩʪʶ 0,2 ʩ) ʧʦʟʥʘʯʘʣʠ ʦʜʠʥʠʮʽ, ʘ ʜʦʚʛʽ (1,2 ʩ) - ʜʝʩʷʪʢʠ. ʇʘʫʟʠ ʤʽʞ 

ʽʤʧʫʣʴʩʘʤʠ ʫ ʩʝʨʝʜʠʥʽ ʦʜʥʦʛʦ ʢʦʜʫ, ʱʦ ʩʪʘʥʦʚʠʪʴ 0,3 ʩ, ʘ ʩʘʤʽ ʢʦʜʠ (ʷʢʱʦ ʾʭ 

ʜʝʢʽʣʴʢʘ) ʨʦʟʜʽʣʷʶʪʴʩʷ çʧʦʨʦʞʥʽ ʧʘʫʟʘʤʠ ʚ 1,8-2 ʩè. ʂʦʜʠ ʜʽʘʛʥʦʩʪʠʢʠ OBD-I 

ʙʫʣʠ ʜʚʦʟʥʘʯʥʠʤʠ. 

ʇʦʯʠʥʘʶʯʠ ʟ 1996 ʨʦʢʫ ʚʩʽ ʘʚʪʦʤʦʙʽʣʽ ʽ ʥʝʚʝʣʠʢʽ ʚʘʥʪʘʞʽʚʢʠ, ʚʠʨʦʙʣʝʥʽ 

ʜʣʷ ʧʨʦʜʘʞʫ ʚ ʉʐɸ, ʦʙʣʘʜʥʫʶʪʴʩʷ ʻʜʠʥʦʶ ʩʠʩʪʝʤʦʶ ʩʘʤʦʜʽʘʛʥʦʩʪʠʢʠ OɺD-II, 

ʘ ʟ 2000 ʨʦʢʫ, ʟʛʽʜʥʦ ʟ ʜʠʨʝʢʪʠʚʦʶ 98 / 69EG, ʚʩʽ ʥʦʚʽ ʘʚʪʦʤʦʙʽʣʽ ʟ ʙʝʥʟʠʥʦʚʠʤʠ 

ʜʚʠʛʫʥʘʤʠ ʽ ʚ ɭʚʨʦʧʽ ʜʽʘʛʥʦʩʪʫʶʪʴʩʷ ʪʽʣʴʢʠ ʟ ʮʴʦʛʦ ʩʪʘʥʜʘʨʪʫ. 

ʆʜʥʘʢ ʷʢʱʦ ʜʣʷ ʟʯʠʪʫʚʘʥʥʷ ʜʘʥʠʭ ʚ ʧʦʧʝʨʝʜʥʽʡ ʩʠʩʪʝʤʽ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ 

ʪʽʣʴʢʠ ʩʧʝʮʽʘʣʴʥʽ ʜʠʣʝʨʩʴʢʽ ʩʢʘʥʝʨʠ, ʪʦ OBD-II -ʩʫʤʽʩʥʠʡ ʘʚʪʦʤʦʙʽʣʴ ʤʦʞʝ 

ʪʝʩʪʫʚʘʪʠʩʷ ʫʥʽʚʝʨʩʘʣʴʥʠʤ OBD-II -ʩʢʘʥʝʨʦʤ. 

ʋʩʢʣʘʜʥʝʥʥʷ ʩʠʩʪʝʤ ʽ ʾʭ ʧʝʨʝʥʘʩʠʯʝʥʽʩʪʴ ʝʣʝʢʪʨʦʥʽʢʦʶ ʧʨʠʟʚʝʣʠ ʜʦ 

ʫʩʢʣʘʜʥʝʥʥʷ ʤʝʪʦʜʽʚ ʜʽʘʛʥʦʩʪʠʢʠ ʥʝʩʧʨʘʚʥʦʩʪʝʡ, ʘ ʚʠʤʦʛʠ ʜʦ ʪʝʭʥʽʯʥʦʛʦ 

ʧʝʨʩʦʥʘʣʫ ʽ ʜʦ ʷʢʦʩʪʽ ʟʘʩʪʦʩʦʚʫʚʘʥʦʛʦ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʥʘʯʥʦ 

ʟʨʦʩʣʠ. 

ɼʦ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ ʘʚʪʦʤʦʙʽʣʷ ʚʽʜʥʦʩʷʪʴʩʷ ʢʦʣʝʩʘ, 

ʨʘʤʘ, ʟʘʜʥʷ ʽ ʧʝʨʝʜʥʷ ʧʽʜʚʽʩʢʠ. ʗʢʱʦ ʚʠ ʧʦʙʘʯʠʣʠ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʥʦʨʤʠ ʚ 

ʥʘʩʪʫʧʥʠʭ ʜʝʪʘʣʷʭ, ʾʭ ʧʦʪʨʽʙʥʦ ʪʝʨʤʽʥʦʚʦ ʟʘʤʽʥʠʪʠ: ʦʧʦʨʥʽ ʧʨʫʞʠʥʠ, ʙʘʣʦʥʠ 

ʧʥʝʚʤʦʧʽʜʚʽʩʢʠ, ʩʘʡʣʝʥʪ ʙʣʦʢʠ, ʣʶʬʪʠ, ʛʘʣʴʤʽʚʥʫ ʩʠʩʪʝʤʫ: ʢʦʣʦʜʢʠ, ʜʠʩʢʠ, 

ʛʫʤʫ. 

ʉʘʤʝ ʭʦʜʦʚʘ ʯʘʩʪʠʥʘ ʷʚʣʷʻ ʩʦʙʦʶ ʥʘʙʽʨ ʟ ʙʝʟʣʽʯ ʝʣʝʤʝʥʪʽʚ, ʽ ʙʝʟ 

ʥʝʦʙʭʽʜʥʠʭ ʟʥʘʥʴ ʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʷʢʽʩʥʫ ʧʝʨʝʚʽʨʢʫ ʩʪʘʥʫ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ ʜʣʷ 

ʥʝʧʨʦʬʝʩʽʦʥʘʣʘ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ ʚʠʢʦʥʘʪʠ ʚʜʦʤʘ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʢʨʘʱʝ ʤʽʩʮʝ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʽʘʛʥʦʩʪʠʢʠ ʰʘʩʽ ï 
ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʡ ʘʚʪʦʩʝʨʚʽʩ. ʋ ʩʝʨʚʽʩʽ ʻ ʩʧʝʮʽʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʪʘʢʝ ʷʢ 
ʚʽʙʨʦʩʪʝʥʜʠ, ʢʦʥʪʨʟʘʭʦʜʠ, ʜʝʪʝʢʪʦʨʠ ʣʶʬʪʫ ʽ ʙʘʛʘʪʦ ʽʥʰʦʛʦ. 

ʇʨʦʬʝʩʽʡʥʽ ʤʝʭʘʥʽʢʠ ʟ ʚʝʣʠʢʠʤ ʜʦʩʚʽʜʦʤ ʤʦʞʫʪʴ ʥʝ ʪʽʣʴʢʠ ʚʠʢʦʥʘʪʠ 
ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʪʝʩʪʠ ʽ ʧʝʨʝʚʽʨʢʠ, ʘʣʝ ʪʘʢʦʞ ʧʽʩʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʥʘʜʘʪʠ 
ʜʦʢʣʘʜʥʠʡ ʟʚʽʪ ʧʨʦ ʩʪʘʥ ʰʘʩʽ, ʜʘʪʠ ʩʚʦʾ ʨʝʢʦʤʝʥʜʘʮʽʾ ʽ, ʟʘ ʙʘʞʘʥʥʷʤ 
ʚʦʜʽʷ, ʧʽʜʛʦʪʫʚʘʪʠ ʧʨʦʧʦʟʠʮʽʶ ʜʣʷ ʨʝʤʦʥʪʫ. 

ʇʝʨʝʚʽʨʢʘ ʘʤʦʨʪʠʟʘʪʦʨʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ, ʱʦ 

ʚʠʟʥʘʯʘʻ ʩʪʫʧʽʥʴ ʟʥʦʩʫ. ɸʤʦʨʪʠʟʘʪʦʨʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʝʨʝʚʽʨʝʥʽ ʥʘ 

ʛʝʨʤʝʪʠʯʥʽʩʪʴ. 
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ʈʠʩ.2 ï ʇʝʨʝʚʽʨʢʘ ʘʚʪʦ ʥʘ ʉʊʆ 

 

ʆʢʨʽʤ ʩʪʘʥʫ ʘʤʦʨʪʠʟʘʪʦʨʽʚ ʜʽʘʛʥʦʩʪʫʻʪʴʩʷ ʩʪʘʥ ʝʣʘʩʪʠʯʥʦʩʪʽ ʪʘ ʩʪʫʧʽʥʴ 

ʟʥʦʩʫ ʧʨʫʞʠʥ ʽ ʧʨʫʞʠʥʥʠʭ ʦʧʦʨ, ʧʽʜʰʠʧʥʠʢʽʚ ʤʘʪʦʯʠʥ ʢʦʣʽʩ, ʢʦʣʦʜʦʢ, ʦʧʦʨ, 

ʜʠʩʢʽʚ, ʙʘʨʘʙʘʥʽʚ, ʰʣʘʥʛʽʚ, ʟʘʟʦʨʽʚ ʥʘ ʚʪʫʣʢʘʭ ʧʽʜʚʽʩʢʠ, ʢʦʣʦʜʦʢ, ʰʘʨʥʽʨʽʚ, 

ʩʪʨʠʞʥʽʚ ʽ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ. 

ʂʦʨʦʙʢʘ ʧʝʨʝʜʘʯ ʥʝ ʧʦʚʠʥʥʘ ʤʘʪʠ ʥʝʧʨʠʨʦʜʥʠʭ ʰʫʤʽʚ ʽ ʣʶʬʪʽʚ. 

ɸʥʘʣʦʛʽʯʥʘ ʧʝʨʝʚʽʨʢʘ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʧʝʨʝʜʥʴʦʤʫ ʽ ʟʘʜʥʴʦʤʫ ʤʦʩʪʘʭ. ʆʢʨʽʤ 

ʮʴʦʛʦ ʧʨʦʚʦʜʠʪʴʩʷ ʚʽʟʫʘʣʴʥʠʡ ʦʛʣʷʜ ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʷ. ɺʽʜ ʚʠʙʨʘʥʦʾ ʚʘʤʠ 

ʩʣʫʞʙʠ ʉʊʆ ʜʽʘʛʥʦʩʪʠʢʘ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʷʢ ʤʝʭʘʥʽʯʥʦ, ʪʘʢ ʽ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦ.  

ʄʘʰʠʥʥʘ ʜʽʘʛʥʦʩʪʠʢʘ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʚʥʽʩʪʶ 

ʘʚʪʦʤʘʪʠʯʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʝʥʜʽʚ ʽ ʪʝʩʪʝʨʽʚ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ. ʋʯʘʩʪʴ 

ʤʝʭʘʥʽʢʘ ʚ ʦʛʣʷʜʽ ʤʽʥʽʤʘʣʴʥʘ, ʪʘʢ ʷʢ ʦʙʣʘʜʥʘʥʥʷ ʧʨʦʚʦʜʠʪʴ ʧʝʨʝʚʽʨʢʫ 

ʩʘʤʦʩʪʽʡʥʦ, ʽ ʚʠʷʚʣʷʻ ʥʘʚʽʪʴ ʥʘʡʤʝʥʰʽ ʧʨʦʙʣʝʤʠ ʘʙʦ ʟʤʽʥʠ ʚ ʩʪʘʥʽ ʝʣʝʤʝʥʪʽʚ 

ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ. ʈʷʜ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʩʪʝʥʜʽʚ ʽ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʪʝʩʪʝʨʽʚ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʪʘʥʜʘʨʪʥʽʡ ʜʽʘʛʥʦʩʪʠʮʽ, ʘʣʝ ʤʝʭʘʥʽʢʠ ʟ ʚʝʣʠʢʠʤ ʜʦʩʚʽʜʦʤ 

ʪʘʢʦʞ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʦʛʣʷʜʽ. 

 
ʈʠʩ.3 ï ʉʪʝʥʜ  ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʘʚʪʦ 

 

ʈʝʛʫʣʷʨʥʘ ʜʽʘʛʥʦʩʪʠʢʘ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ ʜʘʻ ʘʚʪʦʤʦʙʽʣʽʩʪʫ ʯʽʪʢʝ ʫʷʚʣʝʥʥʷ 

ʧʨʦ ʩʪʘʥ ʢʦʞʥʦʛʦ ʟ ʾʾ ʝʣʝʤʝʥʪʽʚ, ʽ ʜʦʟʚʦʣʷʻ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʠʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ 

ʟʘʤʽʥʽ ʟʥʦʰʝʥʦʾ ʜʝʪʘʣʽ. ʊʘʢʠʤ ʯʠʥʦʤ ʥʝ ʪʽʣʴʢʠ ʧʦʧʝʨʝʜʞʘʶʪʴʩʷ ʩʝʨʡʦʟʥʽ 
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ʧʨʦʙʣʝʤʠ, ʘʣʝ ʽ ʝʢʦʥʦʤʣʷʪʴʩʷ ʢʦʰʪʠ, ʷʢʽ ʜʦʚʝʜʝʪʴʩʷ ʚʽʜʜʘʪʠ ʥʘ ʨʝʤʦʥʪ ʚʩʽʻʾ 

ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ. 

ʃʽʪʝʨʘʪʫʨʘ 

 

1.ʈʝʤʦʥʪ ʪʘ ʜʽʘʛʥʦʩʪʠʢʘ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ ʘʚʪʦ. 

https://magnatauto.com/blog/diagnostika-ta-remont-hodovoi-chastini-

avtomobilya 

2.ɼʽʘʛʥʦʩʪʠʢʘ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ ʘʚʪʦ. 

https://avtotachki.com/uk/chto-takoe-diagnostika-hodovoj-chasti/ 

3.ɯʩʪʦʨʽʷ ʨʦʟʚʠʪʢʫ ʢʦʤʧôʶʪʝʨʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʘʚʪʦ. 

http://autokolo.com/avtonovosti/obzor/istoriya-razvitiya-kompyuternoj-

diagnostiki.html 

4.ʂʦʤʧʶʪʝʨʥʘ ʜʽʘʛʥʦʩʪʠʢʘ ʘʚʪʦ. 

https://ru.wikipedia.org/wiki/ʂʦʤʧʴʶʪʝʨʥʘʷ_ʜʠʘʛʥʦʩʪʠʢʘ_ʘʚʪʦʤʦʙʠʣʷ 

5.ɯʩʪʦʨʽʷ ʨʦʟʚʠʪʢʫ ʢʦʤʧôʶʪʝʨʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʘʚʪʦ. 

https://pskovdiagnostic.ucoz.ru/publ/istorija_razvitija_avtomobilnoj_diagnostik
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ʄʘʢʘʨʦʚ ɺʦʣʦʜʠʤʠʨ ɸʥʜʨʽʡʦʚʠʯ ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ɺʽʥʥʠʮʷ, e-mail: makarov@vntu.edu.ua. 

ʉʘʚʝʥʦʢ ɼʤʠʪʨʦ ɺʘʣʝʨʽʡʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ɼʦʥʙʘʩʴʢʘ ʥʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ 

ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, d.v.savenok@donnaba.edu.ua 

ʂʫʟʴʤʽʥ ɺʽʢʪʦʨ ʉʪʝʧʘʥʦʚʠʯ, ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ, ɼʦʥʙʘʩʴʢʘ ʥʘʮʽʦʥʘʣʴʥʘ 

ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, v. s.kuzmin@donnaba.edu.ua 

 

ʅɸʇʈʗʄʂʀ ʈʆɿɺʀʊʂʋ ʉʀʉʊɽʄʀ ʄʆʊʀɺɸʎɯɰ ʇʈɸʎɯɺʅʀʂɯɺ 

ʇɯɼʇʈʀɭʄʉʊɺ ɸɺʊʆʉɽʈɺɯʉʋ 

 

ɺ ʩʠʩʪʝʤʽ ʤʦʪʠʚʘʮʽʾ ʧʨʘʮʽʚʥʠʢʽʚ ʧʨʠ ʪʝʭʥʽʯʥʦʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ (ʊʆ) ʪʘ 

ʨʝʤʦʥʪʽ ʘʚʪʦʤʦʙʽʣʽʚ ʚʠʥʘʛʦʨʦʜʘ ï ʮʝ ʚʩʝ ʪʝ, ʱʦ ʣʶʜʠʥʘ ʚʚʘʞʘʻ ʮʽʥʥʠʤ ʜʣʷ ʩʝʙʝ: 

ʦʧʣʘʪʘ ʧʨʘʮʽ, ʨʝʘʣʽʟʘʮʽʷ ʪʚʦʨʯʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʫ  ʨʦʟʚʠʪʢʫ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛ, 

ʚʠʟʥʘʥʥʷ ʾʾ ʚʢʣʘʜʫ ʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʉʠʩʪʝʤʫ ʤʦʪʠʚʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʶʚʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚʦʥʘ ʥʦʩʠʣʘ 

ʢʦʤʧʣʝʢʩʥʠʡ ʭʘʨʘʢʪʝʨ, ʪʦʙʪʦ ʚʨʘʭʦʚʫʚʘʣʘ ʽ ʤʘʪʝʨʽʘʣʴʥʫ, ʽ ʥʝʤʘʪʝʨʽʘʣʴʥʫ 

ʩʢʣʘʜʦʚʽ. ʇʨʠʯʦʤʫ ʩʠʩʪʝʤʫ ʥʝʦʙʭʽʜʥʦ ʙʫʜʫʚʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʦʜʥʽ ʤʝʪʦʜʠ 

ʥʝ ʨʦʟʛʣʷʜʘʣʠʩʷ ʷʢ ʟʘʤʽʥʘ ʽʥʰʠʤ, ʘ ʜʦʧʦʚʥʶʚʘʣʠ ʾʭ. 

ʄʘʪʝʨʽʘʣʴʥʘ ʘʙʦ ʝʢʦʥʦʤʽʯʥʘ (ʟʘ ʽʥʰʠʤ ʚʠʟʥʘʯʝʥʥʷʤ) ʤʦʪʠʚʘʮʽʷ 

ʧʝʨʝʜʙʘʯʘʻ ʚʠʧʣʘʪʠ, ʮʽʥʥʽ ʧʦʜʘʨʫʥʢʠ. ʎʝ ʚ ʦʩʥʦʚʥʦʤʫ ʪʘʢʽ ʤʝʪʦʜʠ [1, 2]: ʦʧʣʘʪʘ 

ʧʨʘʮʽ ʟʘ ʚʠʢʦʥʘʥʫ ʨʦʙʦʪʫ; ʧʨʝʤʽʾ ʽ ʜʦʧʣʘʪʠ ʟʘ ʨʘʮʽʦʥʘʣʽʟʘʮʽʶ ʪʘ ʨʦʟʚʠʪʦʢ 

ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ ʧʽʜʧʨʠʻʤʩʪʚʘ; ʫʯʘʩʪʴ ʫ ʨʦʟʧʦʜʽʣʽ ʧʨʠʙʫʪʢʽʚ; ʦʧʣʘʪʘ 

ʥʘʚʯʘʥʥʷ ʚ ʟʘʢʣʘʜʘʭ ʦʩʚʽʪʠ; ʜʦʧʣʘʪʘ ʟʘ ʩʪʘʞ; ʥʘʜʘʥʥʷ ʥʘ ʧʽʣʴʛʦʚʠʭ ʫʤʦʚʘʭ 

ʩʦʮʽʘʣʴʥʠʭ ʧʦʩʣʫʛ. 

ʄʘʪʝʨʽʘʣʴʥʝ ʟʘʦʭʦʯʝʥʥʷ ʨʦʙʠʪʴ ʤʦʪʠʚʘʮʽʶ ʧʨʘʮʽ ʨʝʟʫʣʴʪʘʪʠʚʥʦʶ ʣʠʰʝ ʟʘ 

ʫʤʦʚʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʩʪʘʥʥʴʦʾ ʷʢ ʩʠʩʪʝʤʠ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʘʢʠʭ ʧʨʠʥʮʠʧʘʭ: 

mailto:makarov@vntu.edu.ua
mailto:d.v.savenok@donnaba.edu.ua
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ʢʦʤʫʥʽʢʘʮʽʷ, ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ ʪʘ ʟʛʦʜʘ ʤʽʞ ʧʨʘʮʽʚʥʠʢʘʤʠ ʽ ʘʜʤʽʥʽʩʪʨʘʮʽʻʶ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʱʦʜʦ ʟʘʛʘʣʴʥʠʭ ʧʨʠʥʮʠʧʽʚ ʩʠʩʪʝʤʠ ʤʦʪʠʚʘʮʽʾ; 

ʦʙˇʨʫʥʪʦʚʘʥʘ ʩʠʩʪʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʦʙʩʷʛʽʚ ʚʠʢʦʥʘʥʠʭ ʨʦʙʽʪ ʪʘ ʾʭ ʦʮʽʥʢʠ; 

ʟʨʦʟʫʤʽʣʽ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʽ ʢʨʠʪʝʨʽʾ ʚʠʤʽʨʶʚʘʥʴ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʘʮʽ ʽ ʾʾ 

ʚʠʢʦʥʘʚʩʴʢʦʛʦ ʨʽʚʥʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʧʦʩʣʫʛ ʟ ʊʆ ʪʘ ʨʝʤʦʥʪʫ ʘʚʪʦʤʦʙʽʣʽʚ; 

ʧʨʘʚʠʣʴʥʦ ʚʠʟʥʘʯʝʥʽ, ʨʦʟʨʘʭʦʚʘʥʽ ʥʦʨʤʘʪʠʚʠ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ, ʢʦʥʪʨʦʣʴ 

ʟʘ ʾʭ ʩʪʘʥʦʤ ʪʘ ʩʚʦʻʯʘʩʥʝ ʢʦʨʝʛʫʚʘʥʥʷ; 

ʯʽʪʢʝ ʫʟʛʦʜʞʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʤʦʪʠʚʘʮʽʾ ʟ ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʶ ʜʽʷʣʴʥʦʩʪʽ 

ʧʨʘʮʽʚʥʠʢʽʚ; 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʦʭʦʯʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʜʦʜʘʪʢʦʚʦʛʦ, ʟʘ ʚʥʝʩʦʢ ʧʨʘʮʽʚʥʠʢʘ ʚ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʅʝ ʤʘʪʝʨʽʘʣʴʥʽ (ʥʝ ʝʢʦʥʦʤʽʯʥʽ) ʤʝʪʦʜʠ ʧʝʨʝʜʙʘʯʘʶʪʴ ʩʪʠʤʫʣʶʚʘʥʥʷ, 

ʩʧʦʥʫʢʘʥʥʷ ʧʨʘʮʽʚʥʠʢʘ ʜʦ ʨʦʙʦʪʠ ʽʥʰʠʤʠ ʟʘʩʦʙʘʤʠ, ʬʦʨʤʘʤʠ: ʧʽʜʚʠʱʝʥʥʷ 

ʨʽʚʥʷ ʧʨʘʮʽ, ʾʾ ʟʙʘʛʘʯʝʥʥʷ; ʧʨʦʩʫʚʘʥʥʷ ʧʦ ʩʣʫʞʙʽ; ʫʯʘʩʪʴ ʚ ʨʦʟʨʦʙʮʽ ʽ ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʦʛʨʘʤ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛ; ʫʯʘʩʪʴ ʫ 

ʧʨʠʡʥʷʪʪʽ ʽ ʚʧʨʦʚʘʜʞʝʥʥʽ ʨʽʰʝʥʴ ʧʦ ʨʦʟʚʠʪʢʫ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ. 

ʅʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʘʚʪʦʩʝʨʚʽʩʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʬʝʨʠ ʜʽʷʣʴʥʦʩʪʽ ʜʦʮʽʣʴʥʦ 

ʤʦʪʠʚʫʚʘʪʠ ʪʘʢʽ ʚʠʜʠ ʜʽʷʣʴʥʦʩʪʽ ʧʨʘʮʽʚʥʠʢʽʚ [1, 3, 4]: 

ʦʨʛʘʥʽʟʘʮʽʷ ʨʦʙʽʪ ʧʦ ʚʠʚʯʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʧʨʦʪʽʢʘʥʥʷ 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ ʟʘʣʫʯʝʥʥʷʤ ʰʠʨʦʢʦʛʦ ʢʨʫʛʫ ʧʨʘʮʽʚʥʠʢʽʚ, 

ʷʢʽ ʤʘʶʪʴ ʚʽʜʥʦʰʝʥʥʷ ʘʙʦ ʟʜʽʡʩʥʶʶʪʴ ʪʦʡ ʯʠ ʽʥʰʠʡ ʧʨʦʮʝʩ; 

ʨʦʟʨʦʙʢʘ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʧʦ ʧʽʜʚʠʱʝʥʥʶ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ ʘʚʪʦʤʦʙʽʣʽʚ ʚʠʢʦʥʘʚʮʷʤʠ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛ; 

ʨʦʙʦʪʘ ʥʘʜ ʧʨʝʩʪʠʞʝʤ ʧʽʜʧʨʠʻʤʩʪʚʘ ʽ ʚʠʢʦʥʘʚʮʽʚ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ: 

ʧʦʰʠʨʝʥʥʷ ʽʤʽʜʞʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʝʜʽʡʥʠʤʠ ʟʘʩʦʙʘʤʠ ʪʘ ʯʝʨʝʟ ʨʦʙʦʪʫ ʥʘ ʨʠʥʢʫ 

ʩʧʦʞʠʚʘʯʽʚ; 

ʩʪʚʦʨʝʥʥʷ ʜʦʙʨʦʟʠʯʣʠʚʦʾ ʘʪʤʦʩʬʝʨʠ ʚ ʢʦʣʝʢʪʠʚʽ: ʬʦʨʤʫʚʘʥʥʷ ʙʘʥʢʽʚ 

ʧʨʦʙʣʝʤ, ʧʨʦʚʝʜʝʥʥʷ ʛʫʨʪʢʽʚ ʷʢʦʩʪʽ, ʢʦʣʝʢʪʠʚʥʽ ʦʙʛʦʚʦʨʝʥʥʷ ʰʣʷʭʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛ ʘʚʪʦʩʝʨʚʽʩʫ; 

ʢʫʣʴʪʠʚʫʚʘʥʥʷ ʜʦʙʨʦʟʠʯʣʠʚʦʛʦ ʩʧʽʣʢʫʚʘʥʥʷ ʧʦʟʘ ʨʦʙʦʯʠʤ ʯʘʩʦʤ, 

ʜʝʢʣʘʨʫʚʘʥʥʷ ʪʘ ʜʦʪʨʠʤʘʥʥʷ ʧʦʟʠʪʠʚʥʠʭ ʮʽʥʥʦʩʪʝʡ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʈʦʟʨʦʙʢʘ ʽ ʨʝʘʣʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʤʦʪʠʚʘʮʽʾ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ï ʮʝ 

ʫʧʨʘʚʣʽʥʩʴʢʘ ʬʫʥʢʮʽʷ ʡʦʛʦ ʢʝʨʽʚʥʠʮʪʚʘ. ʇʨʘʮʽʚʥʠʢʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʧʨʦʚʦʜʷʪʴ ʘʥʘʣʽʟ ʚʩʽʭ ʩʢʣʘʜʦʚʠʭ ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛ ʪʘ 

ʬʦʨʤʫʶʪʴ ʩʪʠʤʫʣʠ ʜʦ ʧʨʘʮʽ, ʷʢʽ ʙʫʜʫʪʴ ʩʧʦʥʫʢʘʪʠ ʧʨʘʮʽʚʥʠʢʽʚ ʟ ʧʦʚʥʦʶ 

ʚʽʜʜʘʯʦʶ ʧʨʘʮʶʚʘʪʠ ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ. ʇʦʚʠʥʝʥ ʙʫʪʠ ʩʪʚʦʨʝʥʠʡ ʽ 

ʜʦʚʛʦʪʝʨʤʽʥʦʚʠʡ ʚʧʣʠʚ ʥʘ ʧʨʘʮʽʚʥʠʢʘ ʟ ʤʝʪʦʶ ʬʦʨʤʫʚʘʥʥʷ ʫ ʥʴʦʛʦ 

ʤʦʪʠʚʘʮʽʡʥʦʾ ʦʩʥʦʚʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʾ, ʧʨʦʬʝʩʽʡʥʦʛʦ ʟʨʦʩʪʘʥʥʷ. 

ʆʩʥʦʚʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʤʦʪʠʚʘʮʽʾ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʘʚʪʦʩʝʨʚʽʩʫ 

ʜʦʩʣʽʜʥʠʢʠ ʨʦʟʛʣʷʜʘʶʪʴ [3, 4]: 

ʬʦʨʤʫʚʘʥʥʷ ʫ ʧʨʘʮʽʚʥʠʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ ʨʦʟʫʤʽʥʥʷ ʩʫʪʥʦʩʪʽ ʽ ʟʥʘʯʝʥʥʷ 

ʤʦʪʠʚʘʮʽʾ ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛ: ʩʢʦʨʦʯʝʥʥʷ ʧʝʨʝʨʚ ʧʨʠ ʚʠʢʦʥʘʥʥʽ 
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ʦʧʝʨʘʮʽʡ ʊʆ ʪʘ ʨʝʤʦʥʪʫ ʘʚʪʦʤʦʙʽʣʽʚ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʚʪʦʤʦʙʽʣʷ ʥʦʨʤʘʪʠʚʥʠʤ ʟʥʘʯʝʥʥʷʤ ʪʦʱʦ; 

ʩʪʚʦʨʝʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ ʧʩʠʭʦʣʦʛʽʯʥʦʛʦ ʢʣʽʤʘʪʫ ʚ ʢʦʣʝʢʪʠʚʽ ʜʣʷ 

ʩʧʽʣʢʫʚʘʥʥʷ, ʦʙʛʦʚʦʨʝʥʥʷ ʧʨʦʙʣʝʤ ʧʽʜʧʨʠʻʤʩʪʚʘ; 

ʬʦʨʤʫʚʘʥʥʷ ʫ ʢʝʨʽʚʥʠʢʽʚ ʣʽʜʝʨʩʴʢʠʭ ʪʘ ʜʝʤʦʢʨʘʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ 

ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ ʽ ʢʘʜʨʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʪʘ ʤʝʭʘʥʽʟʤʽʚ, 

ʧʝʨʝʜʙʘʯʝʥʠʭ ʩʠʩʪʝʤʦʶ ʤʦʪʠʚʘʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʆʪʞʝ ʚ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʝʡ, ʤʝʭʘʥʽʟʤʫ ʪʘ ʩʠʩʪʝʤʠ ʤʦʪʠʚʘʮʽʾ 

ʢʝʨʽʚʥʠʮʪʚʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʘʜʨʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ ʚʠʷʚʠʪʠ ʪʘ 

ʩʪʚʦʨʠʪʠ ʜʣʷ ʩʝʙʝ ʽ ʧʽʜʣʝʛʣʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʤʦʪʠʚʠ ʜʣʷ ʩʧʦʥʫʢʘʥʥʷ ʜʦ ʜʽʷʣʴʥʦʩʪʽ 

ʰʣʷʭʦʤ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʩʦʙʠʩʪʠʭ ʮʽʣʝʡ ʽ ʮʽʣʝʡ 

ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʠʭ ʧʦʢʘʟʥʠʢʽʚ (ʪʘʙʣ. 1) ʩʪʚʦʨʶʻʪʴʩʷ 

ʧʨʦʮʝʜʫʨʘ ʾʭ ʦʮʽʥʢʠ. 

ʆʙʩʷʛʠ ʧʦʩʣʫʛ, ʜʦʭʦʜʽʚ ʥʘ ʦʜʥʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʨʦʙʽʪʥʠʢʘ ʟʘ ʧʝʚʥʠʡ 

ʧʝʨʽʦʜ (ʨʽʢ, ʢʚʘʨʪʘʣ, ʤʽʩʷʮʴ) ʽ ʾʭ ʜʠʥʘʤʽʢʫ, ʘ ʪʘʢʦʞ ʩʝʨʝʜʥʻ ʯʠʩʣʦ ʜʥʽʚ, 

ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʦʜʥʠʤ ʚʠʨʦʙʥʠʯʠʤ ʨʦʙʽʪʥʠʢʦʤ ʟʘ ʪʦʡ ʞʝ ʧʝʨʽʦʜ, 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʽʩʥʫʶʯʠʤʠ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʤʝʪʦʜʠʢʘʤʠ ʪʘ ʧʨʦʛʨʘʤʘʤʠ. 

ɺʦʥʠ ʻ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʱʦʨʽʯʥʠʭ ʘʥʘʣʽʟʫ ʽ ʟʚʽʪʽʚ. 

ʊʘʙʣʠʮʷ 1 - ʇʦʢʘʟʥʠʢʠ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʫʜʦʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ  

ʅʘʧʨʷʤʦʢ ʦʮʽʥʢʠ ʇʦʢʘʟʥʠʢʠ 
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ʉʪʨʫʢʪʫʨʘ 

ʪʨʫʜʦʚʠʭ 

ʨʝʩʫʨʩʽʚ

 

ʏʠʩʝʣʴʥʽʩʪʴ ʚʠʨʦʙʥʠʯʠʭ ʨʦʙʽʪʥʠʢʽʚ 

 ʈʦʟʧʦʜʽʣ ʨʦʙʽʪʥʠʢʽʚ ʟʘ ʢʚʘʣʽʬʽʢʘʮʽʡʥʠʤʠ ʨʽʚʥʷʤʠ 

 ʉʝʨʝʜʥʽʡ ʪʘʨʠʬʥʠʡ ʨʦʟʨʷʜ ʚʠʨʦʙʥʠʯʠʭ ʨʦʙʽʪʥʠʢʽʚ 

 ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʧʨʘʮʽ ʨʦʙʽʪʥʠʢʽʚ 

ʆʙʩʷʛ ʧʦʩʣʫʛ ʥʘ ʦʜʥʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʨʦʙʽʪʥʠʢʘ  

ʆʙʩʷʛ ʜʦʭʦʜʽʚ ʥʘ ʦʜʥʦʛʦ ʨʦʙʽʪʥʠʢʘ ʽ ʡʦʛʦ ʜʠʥʘʤʽʢʘ 

ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʦʙʦʯʦʛʦ ʯʘʩʫ 

ʉʝʨʝʜʥʻ ʯʠʩʣʦ ʜʥʽʚ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʨʦʙʽʪʥʠʢʦʤ ʟʘ ʨʽʢ 

ʆʧʝʨʘʪʠʚʥʠʡ ʯʘʩ ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ (ʨʽʢ, ʢʚʘʨʪʘʣ, ʤʽʩʷʮʴ) 

ʉʝʨʝʜʥʻ ʯʠʩʣʦ ʛʦʜʠʥ, ʚʠʪʨʘʯʝʥʠʭ ʨʦʙʽʪʥʠʢʦʤ ʥʘ 

ʤʦʜʝʨʥʽʟʘʮʽʶ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ  

ʇʦʣʽʧʰʝʥʥʷ 

ʷʢʦʩʪʽ ʧʦʩʣʫʛ 

ʂʽʣʴʢʽʩʪʴ ʨʝʢʣʘʤʘʮʽʡ ʥʘ ʥʘʜʘʥʽ ʧʦʩʣʫʛʠ ʽ ʾʭʥʷ ʜʠʥʘʤʽʢʘ 

ʇʠʪʦʤʘ ʚʘʛʘ ʥʝʷʢʽʩʥʠʭ ʧʦʩʣʫʛ ʽ ʾʭʥʷ ʜʠʥʘʤʽʢʘ 

ɺʠʪʨʘʪʠ ʥʘ 

ʨʦʙʽʪʥʠʢʽʚ 

ɿʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʘ ʨʦʙʽʪʥʠʢʽʚ ʟʘ ʨʽʢ 

ɺʠʪʨʘʪʠ ʥʘ ʦʜʥʦʛʦ ʨʦʙʽʪʥʠʢʘ ʽ ʾʭ ʜʠʥʘʤʽʢʘ 

ɺʠʪʨʘʪʠ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʾ ʨʦʙʽʪʥʠʢʽʚ  

ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ 

ʧʨʦʛʨʘʤ 

ɺʠʪʨʘʪʠ ʥʘ ʦʢʨʝʤʽ ʥʘʧʨʷʤʢʠ ʡ ʧʨʦʛʨʘʤʠ ʜʽʷʣʴʥʦʩʪʽ 

ʩʣʫʞʙ ʫʧʨʘʚʣʽʥʥʷ ʪʨʫʜʦʚʠʤ ʧʦʪʝʥʮʽʘʣʦʤ 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʛʨʘʤ ʧʦ ʧʽʜʚʠʱʝʥʥʶ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʽ 

ʨʦʙʦʪʠ ʨʦʙʽʪʥʠʢʽʚ ʽ ʧʽʜʧʨʠʻʤʩʪʚʘ  

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʙʦʯʦʛʦ ʯʘʩʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʟʘʛʘʣʴʥʦʚʽʜʦʤʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʦʧʝʨʘʪʠʚʥʦʛʦ ʯʘʩʫ : 
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      (1) 

 

ʜʝ   ï ʯʘʩ ʥʘ ʚʠʢʦʥʘʥʥʷ ʜʦʧʦʤʽʞʥʠʭ ʨʦʙʽʪ (ʦʪʨʠʤʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, 

ʽʥʩʪʨʫʤʝʥʪʫ ʪʦʱʦ) ʪʘ ʯʘʩ ʧʨʦʩʪʦʾʚ; 

 ï ʟʘʛʘʣʴʥʠʡ ʯʘʩ, ʚʠʪʨʘʯʝʥʠʡ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʧʦʩʣʫʛʠ ʟ ʊʆ ʽ ʨʝʤʦʥʪʫ. 
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ɿɸʉʊʆʉʋɺɸʅʅʗ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ɺ ʉʀʉʊɽʄɸʍ 

ɿɺʆʈʆʊʅʆɻʆ ɿɺ'ʗɿʂʋ ɿ ɺʆɼɯɭʄ ɸɺʊʆʄʆɹɯʃʗ 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ [1] ʪʘ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʟ ʚʦʜʽʻʤ ʤʦʞʝ ʚʥʝʩʪʠ ʩʫʪʪʻʚʠʡ ʚʥʝʩʦʢ ʚ ʧʦʢʨʘʱʝʥʥʷ 

ʙʝʟʧʝʢʠ, ʪʨʠʚʘʣʦʩʪʽ ʩʣʫʞʙʠ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ [2]. ʈʦʟʛʣʷʥʝʤʦ 

ʜʝʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

1. ʇʦʧʝʨʝʜʞʝʥʥʷ ʧʦʣʦʤʦʢ ï ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʫ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʜʘʥʠʭ ʪʘ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʤʦʜʝʣʽ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʤʦʞʣʠʚʽ 

ʧʦʣʦʤʢʠ ʘʙʦ ʧʨʦʙʣʝʤʠ ʟ ʘʚʪʦʤʦʙʽʣʝʤ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʦʜʽʷʤ ʪʘ ʩʝʨʚʽʩʥʠʤ ʮʝʥʪʨʘʤ 

ʧʨʠʡʤʘʪʠ ʟʘʭʦʜʠ ʜʣʷ ʫʩʫʥʝʥʥʷ ʧʨʦʙʣʝʤ, ʱʝ ʜʦ ʪʦʛʦ, ʷʢ ʚʦʥʠ ʩʪʘʥʫʪʴ 

ʢʨʠʪʠʯʥʠʤʠ. ʅʘʧʨʠʢʣʘʜ, ʘʥʦʤʘʣʴʥʽ ʪʠʩʢʫ ʚ ʢʦʣʝʩʘʭ ʘʙʦ ʥʘʜʤʽʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʜʚʠʛʫʥ ʤʦʞʫʪʴ ʩʚʽʜʯʠʪʠ ʧʨʦ ʤʦʞʣʠʚʽ ʧʨʦʙʣʝʤʠ. ʉʠʩʪʝʤʠ ʤʦʞʫʪʴ ʩʧʦʚʽʱʘʪʠ 

ʚʦʜʽʷ ʧʨʦ ʪʘʢʽ ʘʥʦʤʘʣʽʾ, ʜʘʚʘʪʠ ʧʦʨʘʜʠ ʜʣʷ ʫʩʫʥʝʥʥʷ ʾʭ ʪʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ 

ʚʽʜʚʽʜʘʪʠ ʩʝʨʚʽʩʥʠʡ ʮʝʥʪʨ. 

2. ʆʧʪʠʤʽʟʘʮʽʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ï ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ 

ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʛʨʘʬʽʢ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʟʘʤʽʥʠ ʜʝʪʘʣʝʡ ʘʚʪʦʤʦʙʽʣʷ ʥʘ 

http://moodle.nati.org.ua/mod/book/tool/print/index.php?id=5272
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ʦʩʥʦʚʽ ʨʝʘʣʴʥʠʭ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʜʘʥʠʭ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʩʫʨʩʠ 

ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʪʘ ʟʥʠʞʫʚʘʪʠ ʚʠʪʨʘʪʠ ʥʘ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʅʘ ʦʩʥʦʚʽ 

ʮʠʭ ʜʘʥʠʭ, ʩʠʩʪʝʤʘ ʤʦʞʝ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʛʨʘʬʽʢ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

ʱʦʙ ʫʥʠʢʥʫʪʠ ʥʝʛʘʡʥʠʭ ʨʝʤʦʥʪʽʚ ʽ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʠʪʨʘʪʠ ʥʘ ʧʣʘʥʦʚʝ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

3. ʉʠʩʪʝʤʠ ʜʦʧʦʤʦʛʠ ʚʦʜʽʻʚʽ: ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʤʦʞʝ ʩʪʚʦʨʠʪʠ ʩʠʩʪʝʤʠ, 
ʷʢʽ ʥʘʜʘʶʪʴ ʨʝʢʦʤʝʥʜʘʮʽʾ ʚʦʜʽʷʤ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʾʭʥʴʦʛʦ ʩʪʠʣʶ ʚʦʜʽʥʥʷ, 

ʟʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʴʥʦʛʦ ʘʙʦ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʥʘ ʜʦʨʦʟʽ. 

ʅʘʧʨʠʢʣʘʜ, ʚʦʥʘ ʤʦʞʝ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʟʤʽʥʠʪʠ ʩʧʦʩʽʙ ʛʘʣʴʤʫʚʘʥʥʷ ʘʙʦ 

ʧʨʠʩʢʦʨʝʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʴʥʦʛʦ. 

ʊʘʢʦʞ, ʚʦʥʘ ʤʦʞʝ ʥʘʜʘʚʘʪʠ ʧʦʨʘʜʠ ʱʦʜʦ ʙʝʟʧʝʯʥʦʛʦ ʚʦʜʽʥʥʷ ʪʘ ʚʠʢʦʥʘʥʥʷ 

ʧʨʘʚʠʣ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ. 

4. ɺʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ: ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʤʦʞʥʘ 

ʩʪʚʦʨʠʪʠ ʤʦʜʝʣʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʚ ʨʦʙʦʪʽ ʘʚʪʦʤʦʙʽʣʷ. ʎʝ ʚʢʣʶʯʘʻ ʚ 

ʩʝʙʝ ʚʠʷʚʣʝʥʥʷ ʥʝʟʚʠʯʘʡʥʠʭ ʰʫʤʽʚ, ʚʽʙʨʘʮʽʡ ʯʠ ʟʤʽʥ ʫ ʩʧʦʞʠʚʘʥʥʽ ʧʘʣʴʥʦʛʦ, ʱʦ 

ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʤʦʞʣʠʚʽ ʧʨʦʙʣʝʤʠ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʚ ʩʠʩʪʝʤʽ ʚʠʥʠʢʘʶʪʴ 

ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽ ʢʦʣʠʚʘʥʥʷ ʦʙʝʨʪʽʚ ʜʚʠʛʫʥʘ, ʩʠʩʪʝʤʘ ʤʦʞʝ ʩʧʦʚʽʩʪʠʪʠ ʚʦʜʽʷ ʧʨʦ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʚʽʨʠʪʠ ʜʚʠʛʫʥ. 

5. ʆʧʪʠʤʽʟʘʮʽʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʪʨʘʪ ʧʘʣʴʥʦʛʦ: ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ 
ʤʦʞʝ ʚʜʦʩʢʦʥʘʣʠʪʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʩʧʦʞʠʚʘʥʥʷʤ ʧʘʣʴʥʦʛʦ, ʘʥʘʣʽʟʫʶʯʠ 

ʜʽʘʛʥʦʩʪʠʯʥʽ ʜʘʥʽ ʪʘ ʜʦʧʦʤʘʛʘʶʯʠ ʚʦʜʽʷʤ ʧʽʜʪʨʠʤʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʨʽʚʝʥʴ 

ʝʬʝʢʪʠʚʥʦʩʪʽ. ɺʽʥ ʤʦʞʝ ʥʘʜʘʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʚʦʜʽʷʤ ʱʦʜʦ ʦʧʪʠʤʘʣʴʥʠʭ 

ʨʝʞʠʤʽʚ ʨʫʭʫ ʜʣʷ ʝʢʦʥʦʤʽʾ ʧʘʣʴʥʦʛʦ, ʥʘʧʨʠʢʣʘʜ, ʷʢ ʫʥʠʢʘʪʠ ʛʦʩʪʨʠʭ 

ʧʨʠʩʢʦʨʝʥʴ ʯʠ ʟʘʡʚʦʾ ʰʚʠʜʢʦʩʪʽ. 

6. ʄʦʥʽʪʦʨʠʥʛ ʟʥʦʩʫ ʢʦʤʧʦʥʝʥʪʽʚ: ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʤʦʞʝ ʚʠʷʚʣʷʪʠ ʟʥʦʩ 
ʢʦʥʢʨʝʪʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʘʚʪʦʤʦʙʽʣʷ, ʪʘʢʠʭ ʷʢ ʛʘʣʴʤʽʚʥʽ ʜʠʩʢʠ, ʰʠʥʠ, 

ʘʤʦʨʪʠʟʘʪʦʨʠ ʪʦʱʦ, ʽ ʥʘʜʘʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʾʭʥʴʦʾ ʟʘʤʽʥʠ. ʅʘʧʨʠʢʣʘʜ, 

ʩʠʩʪʝʤʘ ʤʦʞʝ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʟʘʤʽʥʫ ʛʘʣʴʤʽʚʥʠʭ ʢʦʣʦʜʦʢ ʥʘ ʦʩʥʦʚʽ ʟʥʦʩʫ ʪʘ 

ʩʪʠʣʶ ʚʦʜʽʥʥʷ. 

7. ʅʘʚʯʘʥʥʷ ʩʠʩʪʝʤ ʥʘ ʧʨʠʢʣʘʜʽ ʨʝʘʣʴʥʠʭ ʩʠʪʫʘʮʽʡ: ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ 

ʤʦʞʝ ʥʘʚʯʘʪʠ ʩʠʩʪʝʤʠ ʥʘ ʧʨʠʢʣʘʜʽ ʜʽʡʩʥʠʭ ʩʠʪʫʘʮʽʡ ʥʘ ʜʦʨʦʟʽ, ʜʝ ʘʚʪʦʤʦʙʽʣʴ 

ʚʠʷʚʠʚ ʘʥʦʤʘʣʽʾ ʘʙʦ ʜʝ ʚʦʜʽʡʠ ʜʦʧʫʩʪʠʣʠ ʧʦʤʠʣʢʠ. ʎʝ ʧʦʢʨʘʱʫʻ ʨʝʘʢʮʽʶ 

ʩʠʩʪʝʤʠ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʘʚʪʦʤʦʙʽʣʴ ʤʘʚ ʧʨʦʙʣʝʤʠ ʟ ʩʠʩʪʝʤʦʶ 

ʛʘʣʴʤʫʚʘʥʥʷ, ʩʠʩʪʝʤʘ ʤʦʞʝ ʘʥʘʣʽʟʫʚʘʪʠ, ʷʢ ʚʦʜʽʡ ʨʝʘʛʫʚʘʚ ʥʘ ʮʶ ʧʨʦʙʣʝʤʫ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʽ ʜʘʥʽ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʨʝʘʢʮʽʾ ʩʠʩʪʝʤʠ ʚ ʧʦʜʽʙʥʠʭ ʩʠʪʫʘʮʽʷʭ 

ʫ ʤʘʡʙʫʪʥʴʦʤʫ. 

8. ɸʚʪʦʥʦʤʥʠʡ ʨʝʤʦʥʪ: ʋ ʤʘʡʙʫʪʥʴʦʤʫ, ʩʠʩʪʝʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 
ʤʦʞʫʪʴ ʥʘʜʘʚʘʪʠ ʜʝʪʘʣʴʥʽ ʽʥʩʪʨʫʢʮʽʾ ʚʣʘʩʥʠʢʘʤ ʘʚʪʦʤʦʙʽʣʽʚ, ʷʢ ʩʘʤʦʩʪʽʡʥʦ 

ʚʠʨʽʰʠʪʠ ʜʝʷʢʽ ʧʨʦʙʣʝʤʠ ʘʙʦ ʚʠʢʦʥʘʪʠ ʧʨʦʩʪʠʡ ʨʝʤʦʥʪ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ 

ʩʠʩʪʝʤʘ ʚʠʷʚʣʷʻ, ʱʦ ʚ ʙʘʛʘʞʥʠʢʫ ʘʚʪʦʤʦʙʽʣʷ ʨʦʟʪʘʰʦʚʘʥʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ 

ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʚʠʛʫʥʘ, ʚʦʥʘ ʤʦʞʝ ʥʘʜʘʪʠ ʚʢʘʟʽʚʢʠ ʱʦʜʦ 

ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʚʘʥʪʘʞʫ ʘʙʦ ʽʥʰʦʛʦ ʨʽʰʝʥʥʷ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʘʥʘʣʽʟʫ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʜʘʥʠʭ ʩʪʘʻ ʢʣʶʯʦʚʠʤ ʝʪʘʧʦʤ ʚ 
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ʧʽʜʚʠʱʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʝʢʦʥʦʤʽʾ ʨʝʩʫʨʩʽʚ ʜʣʷ ʚʣʘʩʥʠʢʽʚ ʪʘ ʦʧʝʨʘʪʦʨʽʚ 

ʘʚʪʦʧʘʨʢʽʚ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʩʫʯʘʩʥʽ ʘʚʪʦʤʦʙʽʣʽ ʦʙʣʘʜʥʘʥʽ ʨʽʟʥʠʤʠ 

ʜʘʪʯʠʢʘʤʠ ʽ ʩʠʩʪʝʤʘʤʠ, ʷʢʽ ʧʦʩʪʽʡʥʦ ʟʙʠʨʘʶʪʴ ʜʘʥʽ ʧʨʦ ʩʪʘʥ ʘʚʪʦʤʦʙʽʣʷ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʽ ʜʘʥʽ, ʘʥʘʣʽʪʠʢʘ ʪʘ ʩʠʩʪʝʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʤʦʞʫʪʴ 

ʥʘʜʘʚʘʪʠ ʟʥʘʯʫʱʽ ʧʝʨʝʚʘʛʠ ʫ ʧʣʘʥʫʚʘʥʥʽ ʽ ʚʠʢʦʥʘʥʥʽ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʘʚʪʦ, ʘ 

ʪʘʢʦʞ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʨʝʤʦʥʪ ʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʎʝ ʪʘʢʦʞ ʜʦʧʦʤʘʛʘʻ 

ʚʦʜʽʷʤ ʪʘ ʦʧʝʨʘʪʦʨʘʤ ʘʚʪʦʧʘʨʢʽʚ ʧʣʘʥʫʚʘʪʠ ʩʚʦʾ ʚʠʪʨʘʪʠ ʪʘ ʨʝʩʫʨʩʠ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦ, ʱʦ ʨʦʙʠʪʴ ʘʚʪʦʤʦʙʽʣʴʥʫ ʽʥʜʫʩʪʨʽʶ ʙʽʣʴʰ ʩʪʽʡʢʦʶ ʪʘ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʶ. 
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ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɸʅɸʃɯɿ ʇʆɿɼʆɺɾʅʔʆɰ ʉʊɯʁʂʆʉʊɯ ʊʈʀɺɯʉʅʆɻʆ ɸɺʊʆʄʆɹɯʃʗ ʅɸ 

ʈʆʃʀʂʆɺʆʄʋ ʉʊɽʅɼɯ ʉʍɽʄʀ ç1+1è 

 

ʈʦʣʠʢʦʚʽ ʩʪʝʥʜʠ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʪʨʠʚʽʩʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ (ʊɸ) ʟ'ʷʚʠʣʠʩʷ 

ʧʦʥʘʜ ʧ'ʷʪʜʝʩʷʪ ʨʦʢʽʚ ʪʦʤʫ, ʢʦʣʠ ʱʝ ʥʝ ʙʫʣʦ ʫʩʪʘʣʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʘʤʠʭ ʊɸ. 

ɺʽʜʦʤʽ ʦʩʥʦʚʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʩʭʝʤʠ ʩʪʝʥʜʽʚ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʊɸ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 

ʨʠʩ. 1. ʊʫʪ q ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

 
˿ͻ͔ͣ͊ ͔ͫͭͤ͒ͯ ˤ͙͙ͪͦ͋ͤ͟ ˽͔͔͍͎͙ͪ͊Σ ͔͙ͤ͒ͦ͜͟͡ 

1 

̅ͪͣ͊͜ ICΣ 
̆ˢ˨˱ 

q ͒ ͦ мΣмΦ ˤ͙ͫͦ͊͟ ͔ͣͭ͊ͦ͡Ίͣͤͫͭ͜ΈΣ 
͍͙͍ͨ͡ ͡Όͺ͍ͭ͜ ͍ ͍ͨ͒ͫ͜͜ͼ͜ ͤ͊ Ύͫͭ͟͜Έ 
͔͔͍͙ͨͪͪ͜͟ 

2 

˸ˢ˹ˢ ͔ͫͪ͜͝ R200 
˿͔ͨͼ͍͊ͦ͊ͤ͘͜͜͜͡ ͔͙ͫͭͤ͒Σ ͨͦͭͪ͋ͤ͊͜ 
ͺͫ͊͜͟ͼ͜Ύ ͍͊ͭͦͣͦ͋͜͡ΎΣ ͍͙ͫͦ͊͟ 
͔ͣͭ͊ͦ͡Ίͣͤͫͭ͜Έ 

 

 

https://uk.wikipedia.org/wiki/%20Штучний_інтелект
mailto:mia2005.62@ukr.net
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3 

BREKON BS 
q ͒ ͦ лΣуΦ ˹͙͘Έ͊͟ ͙͍ͨͪͦ͒ͯͭͤͫͭ͟͜ΈΣ 
͔͙͔ͤͨͪ͒͊ͭͤ ͒͡Ύ ͙͍͙ͭͪͫͤ͜ͻ 
͍͍͊ͭͦͣͦ͋͜͜͡ 

4 

̆ˢ˨˱ ͊ΦͫΦ ммстлуп 
q ͋ ͜͡Έ΄͔ нΣлΦ ˹͙͘Έ͊͟ 
͔ͣͭ͊ͦ͡Ίͣͤͫͭ͜ΈΣ ͔ͤ͒ͦͫͭ͊ͭͤΎ 
͚ͫͭͫͭ͜͟͜Έ ͍͊ͭͦͣͦ͋͜͡Ύ 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʠ ʨʦʣʠʢʦʚʠʭ ʩʪʝʥʜʽʚ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʊɸ 

ʇʨʦʚʝʜʝʥʽ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʢʦʥʩʪʨʫʢʮʽʷ ʩʪʝʥʜʫ ʟ 

ʦʙʧʠʨʘʥʥʷʤ ʢʦʞʥʦʛʦ ʢʦʣʝʩʘ ʚʽʟʢʘ ʥʘ ʦʜʠʥʦʯʥʠʡ ʨʦʣʠʢ (ʩʭʝʤʘ 4, ʥʘʟʚʝʤʦ ʾʾ 

ç1+1è) ʜʦʟʚʦʣʷʻ ʧʝʨʝʚʠʱʠʪʠ ʥʝʦʙʭʽʜʥʽ ʟʥʘʯʝʥʥʷ q ʜʣʷ ʢʦʣʽʩ ʟʘʜʥʴʦʛʦ ʤʦʩʪʘ ʽ 

ʧʽʜʚʠʱʠʪʠ q ʜʣʷ ʢʦʣʽʩ ʩʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ. 

ʇʨʠ ʧʝʨʝʚʽʨʮʽ, ʪʷʛʦʚʠʭ ʽ ʛʘʣʴʤʽʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʊɸ ʥʘ ʦʜʥʦʨʦʣʠʢʦʚʦʤʫ 

ʩʪʝʥʜʽ ʚʠʥʠʢʘʻ ʟʘʜʘʯʘ ʫʪʨʠʤʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʚ ʧʦʣʦʞʝʥʥʽ ʩʪʽʡʢʦʾ ʨʽʚʥʦʚʘʛʠ. ɼʣʷ 

ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʥʘʧʨʷʤʦʢ ʩʘʤʦʚʠʾʟʜʫ, ʨʦʟʛʣʷʥʫʪʠ ʤʦʞʣʠʚʽ ʩʧʦʩʦʙʠ 

ʫʪʨʠʤʘʥʥʷ ʊɸ ʚʽʜ ʩʘʤʦʚʠʾʟʜʫ, ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʮʠʭ ʩʧʦʩʦʙʽʚ, ʦʙˇʨʫʥʪʫʚʘʪʠ 

ʥʝʦʙʭʽʜʥʽ ʦʙʤʝʞʝʥʥʷ ʨʝʞʠʤʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʜʦʜʘʪʢʦʚʽ ʚʠʤʦʛʠ ʜʦ ʢʦʥʩʪʨʫʢʮʽʾ 

ʩʪʝʥʜʫ. ɸ ʪʘʢʦʞ ʨʦʟʨʦʙʠʪʠ ʜʦʜʘʪʢʦʚʽ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʫʪʨʠʤʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ 

ʚ ʧʦʣʦʞʝʥʥʽ ʩʪʽʡʢʦʾ ʨʽʚʥʦʚʘʛʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʦʣʦʞʝʥʥʷ ʊɸ, ʱʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʧʨʠ ʧʝʨʝʚʽʨʢʘʭ ʥʘ 

ʨʦʣʠʢʦʚʠʭ ʩʪʝʥʜʘʭ ç1+1è (ʨʠʩ. 2). 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʠ ʨʽʟʥʠʭ ʧʦʣʦʞʝʥʴ ʊɸ ʥʘ ʩʪʝʥʜʽ ç1+1è 
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1. ʇʝʨʝʚʽʨʢʘ ʛʘʣʴʤ ʧʝʨʝʜʥʽʭ ʢʦʣʽʩ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʢʦʞʥʝ ʢʦʣʝʩʦ 

ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʜʚʘ ʨʦʣʠʢʘ, ʽ ʟʘʚʜʘʥʥʷ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʽʜʦʤʦʛʦ ʚʠʧʘʜʢʫ. 

2. ʂʦʞʥʝ ʟ ʢʦʣʽʩ ʚʽʟʢʘ ʊɸ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʧʦʦʜʠʥʦʢʽ ʨʦʣʠʢʠ (ʨʠʩ. 2ʘ). ʎʝ 

ʩʪʘʪʠʯʥʝ ʧʦʣʦʞʝʥʥʷ, ʢʦʣʠ ʨʦʣʠʢʠ ʟʘʛʘʣʴʤʦʚʘʥʽ, ʘ ʢʦʣʝʩʘ ʘʚʪʦʤʦʙʽʣʷ ʥʝʨʫʭʦʤʽ. 

ʊʘʢ ʷʢ Ŭ3 ʟʥʘʯʥʦ ʙʽʣʴʰʝ Ŭʩ, ʘ Gʩ ʽ Gʟ ʧʨʠʙʣʠʟʥʦ ʨʽʚʥʽ, ʩʣʽʜ ʦʯʽʢʫʚʘʪʠ ʚʠʾʟʜʫ 

ʘʚʪʦʤʦʙʽʣʷ ʥʘʟʘʜ. ɯ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʽʡʢʝ ʧʦʣʦʞʝʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʧʨʠʢʣʘʩʪʠ 

ʩʠʣʫ Ɇʍ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ ʧʝʨʝʤʽʱʝʥʥʶ ʘʚʪʦʤʦʙʽʣʷ ʥʘʟʘʜ. 

3. ɺʠʤʽʨʶʚʘʥʥʷ ʪʷʛʦʚʦʾ ʩʠʣʠ (ʧʦʪʫʞʥʦʩʪʽ) ʥʘ ʢʦʣʝʩʘʭ ʘʚʪʦʤʦʙʽʣʷ (ʨʠʩ. 

2ʙ). ɿ ʙʦʢʫ ʢʦʣʽʩ ʚʽʟʢʘ ʊɸ ʧʨʠʢʣʘʜʝʥʠʡ ʜʦ ʨʦʣʠʢʽʚ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʄʂ, ʷʢʠʡ 

ʜʦʣʘʻ ʤʦʤʝʥʪ, ʧʨʠʢʣʘʜʝʥʠʡ ʜʦ ʨʦʣʠʢʫ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ, ʽ ʦʧʽʨ ʢʦʯʝʥʥʷ 

ʢʦʣʽʩ ʧʦ ʨʦʣʠʢʘʭ. 

ʂʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʢʦʯʝʥʥʶ ʢʦʣʽʩ ʧʦ ʨʦʣʠʢʘʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʨʪʷ ʚ 

ʧʽʜʰʠʧʥʠʢʘʭ ʩʪʝʥʜʫ ʧʨʠʡʤʘʻʤʦ ʨʽʚʥʠʤ 0,04...0,05 [1, 2]. ʋ ʛʨʘʥʠʯʥʦʤʫ ʚʠʧʘʜʢʫ 

ʤʦʤʝʥʪ ʦʧʦʨʫ ʜʦʨʽʚʥʶʻ ʢʨʫʪʥʦʤʫ ʤʦʤʝʥʪʫ ʄʂ, ʪʦʙʪʦ ʪʘʥʛʝʥʮʽʡʥʽ ʩʠʣʠ Fʩ ʽ Fʟ 

ʜʦʨʽʚʥʶʶʪʴ ʄʂ/r, ʜʝ r ï ʩʪʘʪʠʯʥʠʡ ʨʘʜʽʫʩ ʢʦʣʽʩ ʚʽʟʢʘ ʊɸ. ʊʘʢ ʷʢ ʢʦʝʬʽʮʽʻʥʪ 

ʦʧʦʨʫ ʢʦʯʝʥʥʷ ʢʦʣʽʩ ʧʦ ʨʦʣʠʢʘʭ ʥʝʚʝʣʠʢʠʡ, ʘ ʜʣʷ ʧʝʨʝʜʥʴʦʛʦ ʢʦʣʝʩʘ ʚʽʥ ʱʝ 

ʤʝʥʰʝ (ʧʨʠʙʣʠʟʥʦ ʚ ʪʨʠ ʨʘʟʠ), ʪʦ ʚʪʨʘʪʠ ʥʘ ʢʦʯʝʥʥʷ ʢʦʣʽʩ ʧʦ ʦʧʦʨʥʠʭ 

ʝʣʝʤʝʥʪʘʭ ʚ ʨʦʟʨʘʭʫʥʦʢ ʥʝ ʙʝʨʝʤʦ. ʊʦʜʽ ʟʥʘʯʝʥʥʷ ʩʠʣʠ, ʷʢʘ ʧʦʚʠʥʥʘ ʟʘʧʦʙʽʛʪʠ 

ʚʠʾʟʜʫ ʘʚʪʦʤʦʙʽʣʷ ʥʘʟʘʜ ʩʢʣʘʜʝ: 

 

                     (1) 

 

4. ɺʽʣʴʥʝ ʢʦʯʝʥʥʷ ʢʦʣʽʩ ʚʽʟʢʘ ʧʦ ʨʦʣʠʢʘʤ ʩʪʝʥʜʘ (ʧʝʨʝʚʽʨʢʘ ʪʨʘʥʩʤʽʩʽʾ). ɺ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʪʘʥʛʝʥʮʽʘʣʴʥʽ ʩʠʣʠ Fʩ ʽ Fʟ ʜʦʨʽʚʥʶʶʪʴ ʜʦʙʫʪʢʫ ʥʦʨʤʘʣʴʥʠʭ ʩʠʣ 

Nʩ ʽ Nʟ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ ʢʦʯʝʥʥʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʥʘʯʝʥʥʷ ʩʠʣʠ, ʱʦ ʫʪʨʠʤʫʻ 

ʊɸ ʚʽʜ ʚʠʾʟʜʫ ʥʘʟʘʜ, ʩʢʣʘʜʝ ʧʨʦʤʽʞʥʝ ʟʥʘʯʝʥʥʷ ʤʽʞ ʚʠʧʘʜʢʘʤʠ 2 ʽ 3. ʈʦʟʛʽʥ 

ʢʦʣʽʩ ʚʽʟʢʘ ʟ ʙʦʢʫ ʩʪʝʥʜʫ ʜʘʻ ʪʘʢʝ ʞ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʩʠʣʠ ɆX. 

5. ɺʠʾʟʜ ʘʚʪʦʤʦʙʽʣʷ ʟʽ ʩʪʝʥʜʫ ʚʧʝʨʝʜ. ɸʥʘʣʽʟ ʧʦʢʘʟʫʻ: ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʄʂ ʩʠʣʘ, ʱʦ ʫʪʨʠʤʫʻ ʊɸ ʚʽʜ ʚʠʾʟʜʫ ʥʘʟʘʜ, ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 

ʥʫʣʷ ʽ, ʥʘʚʽʪʴ, ʟʤʽʥʶʻ ʩʚʽʡ ʟʥʘʢ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʚʽʣʴʥʦʛʦ ʚʠʾʟʜʫ 

ʚʧʝʨʝʜ ʟʽ ʩʪʝʥʜʫ ʙʝʟ ʚʠʰʪʦʚʭʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ. 

6. ʇʝʨʝʚʽʨʢʘ ʛʘʣʴʤ ʚʽʟʢʘ ʘʚʪʦʤʦʙʽʣʷ (ʨʠʩ. 2ʚ). ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʪʘʥʛʝʥʮʽʘʣʴʥʽ ʩʠʣʠ Fʩ ʽ Fʟ ʩʧʨʷʤʦʚʘʥʽ ʥʘʟʘʜ, ʾʭ ʟʥʘʯʝʥʥʷ ʜʫʞʝ ʚʝʣʠʢʝ. 

ʅʘʧʨʠʢʣʘʜ, Fʟ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʚʝʣʠʯʠʥʫ Gʟ ʚ ʜʚʘ ʽ ʙʽʣʴʰʝ ʨʘʟʽʚ, ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʝʣʠʯʠʥʠ ʢʫʪʘ Ŭ3. 

ɼʝʢʽʣʴʢʘ ʟʥʠʞʫʻ ʮʶ ʚʝʣʠʯʠʥʫ ʪʘʥʛʝʥʮʽʘʣʴʥʘ ʩʠʣʘ ʅ ʚ ʢʦʥʪʘʢʪʽ 

ʧʝʨʝʜʥʴʦʛʦ ʢʦʣʝʩʘ ʟ ʦʧʦʨʥʦʶ ʧʦʚʝʨʭʥʝʶ. ʊʘʢ, ʧʨʠ ʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ 

ʟʯʝʧʣʝʥʥʷ ɣ=0,5...0,6, ʩʠʣʘ ʅ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 20 ʢʅ. ʆʜʥʘʢ, ʧʨʠ ʧʝʨʝʚʽʨʮʽ 

ʩʪʦʷʥʢʦʚʦʛʦ ʛʘʣʴʤʘ ʟʥʘʯʝʥʥʷ ʩʠʣʠ ʅ ʧʨʠ ʮʴʦʤʫ ʙʫʜʝ ʙʣʠʟʴʢʝ ʜʦ ʥʫʣʷ, ʘ 

ʚʝʣʠʯʠʥʫ Ɇʍ ʟʥʘʡʜʝʤʦ ʟ ʚʠʨʘʟʫ: 

 

.  (2) 

 



57 

 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʝʣʠʯʠʥʘ ʩʠʣʠ Ɇʍ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʫʪʽʚ Ŭʩ ʽ Ŭʟ ʘ ʩʘʤʝ, ʚʽʜ ʨʽʟʥʠʮʽ . ʉʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ 

ʚʝʣʠʯʠʥʫ ʮʽʻʾ ʩʠʣʠ ʤʦʞʥʘ, ʷʢʱʦ ʧʝʨʝʚʽʨʢʫ ʛʘʣʴʤʽʚʥʠʭ ʽ ʪʷʛʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʨʦʚʦʜʠʪʠ ʟʘ ʩʝʨʝʜʥʴʦʶ ʽ ʟʘʜʥʴʦʶ ʦʩʷʤʠ ʊɸ ʦʢʨʝʤʦ, ʦʙʝʨʪʘʶʯʠ ʾʭ ʚ ʨʽʟʥʽ ʙʦʢʠ. 

ʆʜʥʘʢ ʚʩʝ ʦʧʠʩʘʥʝ ʥʝ ʚʠʢʣʶʯʘʻ ʥʝʙʝʟʧʝʢʠ ʩʘʤʦʚʠʾʟʜʫ, ʦʩʦʙʣʠʚʦ ʧʨʠ 

ʨʽʟʢʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ ʚ ʘʚʘʨʽʡʥʦʤʫ ʨʝʞʠʤʽ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʩʪʨʘʭʫʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ, ʱʦ ʧʦʚʥʽʩʪʶ ʚʠʢʣʶʯʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʘʤʦʚʠʾʟʜʫ 

ʘʚʪʦʤʦʙʽʣʷ. 

 

ʃʽʪʝʨʘʪʫʨʘ 
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ʆʎɯʅʂɸ ɽʌɽʂʊʀɺʅʆʉʊɯ ʊɽʍʅɯʏʅʆɻʆ ɿɸɹɽɿʇɽʏɽʅʅʗ 

ɺʀʈʆɹʅʀʏʆɻʆ ʇʈʆʎɽʉʋ ʇɯɼʇʈʀɭʄʉʊɺɸ ɸɺʊʆʉɽʈɺɯʉʋ  

 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʧʽʜʧʨʠʻʤʩʪʚ ʘʚʪʦʩʝʨʚʽʩʫ ʧʦʚʠʥʥʦ 

ʚʽʜʙʫʚʘʪʠʩʴ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ, ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ  

ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ. 

ɺʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ ʻ ʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʦʮʽʥʢʠ ʩʪʘʥʫ 

ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ, ʧʦʨʷʜʢʫ ʫʪʨʠʤʘʥʥʷ, ʨʦʟʚʠʪʢʫ. 

ʇʽʜʧʨʠʻʤʩʪʚʘ ʘʚʪʦʩʝʨʚʽʩʫ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʦʩʥʦʚʥʦʾ ʤʝʪʠ: ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʷʢʽʩʥʠʭ ʧʦʩʣʫʛ ʽ ʚʠʨʽʰʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʪʽ ʟʘʚʜʘʥʴ ʧʦʚʠʥʥʽ 

ʧʣʘʥʫʚʘʪʠ ʩʚʦʶ ʜʽʷʣʴʥʽʩʪʴ ʟʘ ʪʘʢʠʤʠ ʦʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ [1, 2]: 

ʚʠʚʯʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʨʠʥʢʫ ʧʦʩʣʫʛ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʠʤʦʛ ʪʘ ʦʯʽʢʫʚʘʥʴ 

ʩʧʦʞʠʚʘʯʽʚ, ʟʘʜʦʚʦʣʝʥʥʷ ʾʭ ʧʦʧʠʪʫ ʥʘ ʥʦʤʝʥʢʣʘʪʫʨʫ ʪʘ ʦʙʩʷʛʠ ʧʦʩʣʫʛ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʨʢʫ ʘʚʪʦʤʦʙʽʣʽʚ ʚ ʩʝʛʤʝʥʪʽ ʨʠʥʢʫ ʧʽʜʧʨʠʻʤʩʪʚʘ; 

ʘʥʘʣʽʟ ʨʽʚʥʷ ʟʘʜʦʚʦʣʝʥʦʩʪʽ ʦʯʽʢʫʚʘʥʴ ʩʧʦʞʠʚʘʯʽʚ ʨʽʚʥʝʤ ʷʢʦʩʪʽ ʧʦʩʣʫʛ 

ʘʚʪʦʩʝʨʚʽʩʫ ʪʘ ʨʽʚʥʝʤ ʮʽʥ ʥʘ ʾʭ ʚʠʨʦʙʥʠʮʪʚʦ; 

ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʧʠʪʫ ʩʧʦʞʠʚʘʯʽʚ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ, ʟʘʧʘʩʥʽ 

ʯʘʩʪʠʥʠ ʽ ʘʢʩʝʩʫʘʨʠ ʜʦ ʘʚʪʦʤʦʙʽʣʽʚ. 
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ɼʣʷ ʧʽʜʧʨʠʻʤʩʪʚʘ ʘʚʪʦʩʝʨʚʽʩʫ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ ʨʦʟʰʠʨʝʥʥʷ ʚʠʨʦʙʥʠʯʦʾ ʙʘʟʠ ʜʣʷ 

ʟʙʽʣʴʰʝʥʥʷ ʥʦʤʝʥʢʣʘʪʫʨʠ ʪʘ ʦʙʩʷʛʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛ. ɿʘʟʥʘʯʝʥʝ ʧʦʪʨʝʙʫʻ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽ ʟʙʽʣʴʰʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʨʦʙʥʠʯʦʾ ʙʘʟʠ. 

ʅʘʧʨʷʤʢʠ ʨʦʟʰʠʨʝʥʥʷ ʚʠʨʦʙʥʠʯʦʾ ʙʘʟʠ ʧʦʚʠʥʥʽ ˇʨʫʥʪʫʚʘʪʠʩʴ ʥʘ 

ʨʝʟʫʣʴʪʘʪʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʥʦʚʽʪʥʽʭ ʛʘʣʫʟʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʾʭ ʪʝʭʥʽʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚʠʚʯʝʥʥʷ, ʦʮʽʥʢʠ, ʘʥʘʣʽʟʫ ʩʪʘʥʫ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʢʨʘʱʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʛʘʣʫʟʽ ʪʘ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ï ʢʦʥʢʫʨʝʥʪʘʭ. 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʨʦʙʥʠʯʦʛʦ 

ʧʨʦʮʝʩʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʘʚʪʦʩʝʨʚʽʩʫ ʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛ ʧʦʚʠʥʥʦ ʙʘʟʫʚʘʪʠʩʴ ʥʘ ʪʘʢʠʭ ʜʽʷʭ, ʟʘʭʦʜʘʭ [3, 4]:  

ʘʥʘʣʽʟ ʨʠʥʢʫ ʧʦʩʣʫʛ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʦ 

ʦʩʚʦʻʥʥʶ ʥʦʚʠʭ ʚʠʜʽʚ ʧʦʩʣʫʛ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘʧʨʷʤʢʽʚ ʪʘ ʦʙʩʷʛʽʚ ʨʦʟʚʠʪʢʫ 

ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ;  

ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʽʦʨʠʪʝʪʥʦʩʪʽ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʪʘ 

ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛ ʟʘ ʚʠʙʨʘʥʦʶ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦʶ 

ʥʦʤʝʥʢʣʘʪʫʨʦʶ; 

ʨʦʟʨʘʭʫʥʢʠ ʥʝʦʙʭʽʜʥʠʭ ʬʽʥʘʥʩʦʚʠʭ ʪʘ ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʠʪʨʘʪ ʥʘ ʨʦʟʨʦʙʢʫ, 

ʚʧʨʦʚʘʜʞʝʥʥʷ, ʦʩʚʦʻʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʪʝʭʥʽʯʥʦʛʦ, ʢʘʜʨʦʚʦʛʦ, 

ʥʦʨʤʘʪʠʚʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʴ ʟʘ ʚʩʽʤʘ ʚʠʙʨʘʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʨʦʟʚʠʪʢʫ; 

ʨʦʟʨʘʭʫʥʢʠ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ ʟʘ ʚʩʽʤʘ ʚʘʨʽʘʥʪʘʤʠ ʨʦʟʚʠʪʢʫ ʚʠʨʦʙʥʠʮʪʚʘ ʽ 

ʩʢʣʘʜʘʥʥʷ ʮʽʣʴʦʚʦʾ ʧʨʦʛʨʘʤʠ ʪʘ ʧʣʘʥʽʚ ʨʦʟʚʠʪʢʫ ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛ ʘʚʪʦʩʝʨʚʽʩʫ.  

ʇʨʽʦʨʠʪʝʪʥʠʤ, ʢʨʘʱʠʤ ʚʠʟʥʘʻʪʴʩʷ ʥʘʧʨʷʤʦʢ ʨʦʟʚʠʪʢʫ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ 

ʝʢʦʥʦʤʽʯʥʠʤ ʝʬʝʢʪʦʤ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʣʘʥʦʚʠʭ ʨʽʰʝʥʴ.  

ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ, ʢʦʤʧʣʝʢʩʥʠʡ ʘʙʦ ʟʤʽʰʘʥʠʡ ʤʝʪʦʜʠ [1, 4]. 

ɼʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʤʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ ʦʮʽʥʢʫ ʧʨʦʮʝʩʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʦʜʠʥʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʘʨʘʤʝʪʨʽʚ ʚʠʨʦʙʥʠʮʪʚʘ, ʥʘʧʨʠʢʣʘʜ, ʧʦʢʘʟʥʠʢ ʚʠʪʨʘʪ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʦʜʠʥʠʮʽ ʧʦʩʣʫʛʠ : 

 

,      (1) 

 

ʜʝ   ï ʧʦʢʘʟʥʠʢʘ ʚʠʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʦʜʠʥʠʮʽ ʧʦʩʣʫʛʠ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʽ; 

 ï ʟʥʘʯʝʥʥʷ ʙʘʟʦʚʦʛʦ ʧʦʢʘʟʥʠʢʘ ʚʠʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ 

ʦʜʠʥʠʮʽ ʧʦʩʣʫʛʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʨʤ, ʧʣʘʥʫ, ʢʨʘʱʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. 

ʂʦʤʧʣʝʢʩʥʠʡ ʤʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ 

ʧʨʦʮʝʩʫ ʘʙʦ ʚʠʨʦʙʣʝʥʦʾ ʧʦʩʣʫʛʠ: ʩʦʙʽʚʘʨʪʽʩʪʴ, ʯʘʩ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛʠ 

ʘʚʪʦʩʝʨʚʽʩʫ ʪʦʱʦ. 

ɿʤʽʰʘʥʠʡ ʤʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʦʜʠʥʠʯʥʠʭ, ʪʘʢ ʽ 

ʢʦʤʧʣʝʢʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʦʮʽʥʢʠ ʧʨʦʮʝʩʽʚ, ʷʚʠʱ, ʷʢʦʩʪʽ ʧʦʩʣʫʛ. ʅʘʧʨʠʢʣʘʜ, 
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ʷʢʽʩʪʴ ʨʝʤʦʥʪʫ ʜʚʠʛʫʥʘ ʦʮʽʥʶʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʠʤ ʧʦʢʘʟʥʠʢʦʤ: ʧʦʪʫʞʥʽʩʪʴ 

ʜʚʠʛʫʥʘ ʽ ʦʜʠʥʦʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ: ʪʠʩʢ ʤʘʩʪʠʣ, ʢʦʤʧʨʝʩʽʷ. 

ɽʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ  ʚʽʜ ʦʩʚʦʻʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛ ʟ ʥʦʚʠʤ 

ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

      ,      

(2) 

 

ʜʝ   ï ʧʨʠʙʫʪʢʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʘʚʪʦʩʝʨʚʽʩʫ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʦʛʦ 

ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ; 

 ï ʚʠʪʨʘʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʧʦʚôʷʟʘʥʽ ʟ ʚʠʪʨʘʪʘʤʠ ʥʘ ʧʦʰʫʢ, 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʚʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʘ.  

ʂʨʽʤ ʝʢʦʥʦʤʽʯʥʦʛʦ ʝʬʝʢʪʫ ʚʽʜ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʽ ʜʫʞʝ 

ʚʘʞʣʠʚʽ ʚʠʜʠ ʝʬʝʢʪʽʚ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ [2, 3]: 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʝʬʝʢʪ ï ʦʥʦʚʣʝʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʩʫʯʘʩʥʠʭ, 

ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ, ʝʬʝʢʪʠʚʥʽʩʪʴ, ʷʢʽʩʪʴ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʥʘʜʽʡʥʽʩʪʴ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ; 

ʨʝʩʫʨʩʥʠʡ ʝʬʝʢʪ ï ʟʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ, ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʨʝʩʫʨʩʽʚ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʧʦʩʣʫʛ; 

ʩʦʮʽʘʣʴʥʠʡ ʝʬʝʢʪ ï  ʧʨʝʩʪʠʞʥʽʩʪʴ ʨʦʙʦʪʠ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʚʠʩʦʢʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʟʙʽʣʴʰʝʥʥʷ ʛʘʨʘʥʪʽʡ 

ʥʝ ʚʪʨʘʪʠʪʠ ʨʦʙʦʪʫ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ; 

ʝʢʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ ï ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ ʜʦʨʦʛʘʭ, 

ʟʤʝʥʰʝʥʥʷ ʰʫʤʫ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʨʦʙʽʪ ʪʦʱʦ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1 ï ʌʦʨʤʫʚʘʥʥʷ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʘʚʪʦʩʝʨʚʽʩʫ 

ɺʠʚʯʝʥʥʷ, ʦʮʽʥʢʘ, ʘʥʘʣʽʟ ʩʪʘʥʫ ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 
ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʘʚʪʦʩʝʨʚʽʩʫ 

ʇ̔ ʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʟʘ 

ʨʘʭʫʥʦʢ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʪʘ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʽ. 

ʇ̔ ʜʚʠʱʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʟʘ ʨʘʭʫʥʦʢ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʩʠʩʪʝʤʠ ʾʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ 

ʨʝʤʦʥʪʫ 

ʈʦʟʚʠʪʦʢ ʪʝʭʥʽʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ ʫʤʦʚʘʭ ʟʤʽʥʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛ. 

ʄʦʜʝʨʥʽʟʘʮʽʷ ʚʠʨʦʙʥʠʯʦʾ 

ʙʘʟʠ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʈʦʟʰʠʨʝʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʨʦʮʝʩʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʨʦʟʰʠʨʝʥʥʷ ʥʦʤʝʥʢʣʘʪʫʨʠ 

ʧʦʩʣʫʛ 

ʄʦʞʣʠʚʽ ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 
ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ  

ʘʚʪʦʩʝʨʚʽʩʫ 
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ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʷʢʽʩʥʠʭ ʧʦʩʣʫʛ, ʧʨʠʙʫʪʢʦʚʦʩʪʽ, 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʦ ʧʦʚʠʥʥʝ ʧʦʩʪʽʡʥʦ 

ʫʜʦʩʢʦʥʘʣʶʚʘʪʠ, ʨʦʟʚʠʚʘʪʠ ʩʚʦʾ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʨʦʙʥʠʯʦʾ ʙʘʟʠ. 
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ɺ ʟʚôʷʟʢʫ ʟ ʞʦʨʩʪʢʦʶ ʢʦʥʢʫʨʝʥʮʽʻʶ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʧʨʠʡʥʷʪʥʠʭ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʇɸʊ ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʤʠ 

ʨʝʩʫʨʩʘʤʠ, ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ ʘʚʪʦʤʦʙʽʣʽʚ. ʅʝʦʙʭʽʜʥʦ 

ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʟʘʧʘʩʽʚ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛ ʘʚʪʦʩʝʨʚʽʩʫ. 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʽ, ʱʦ ʥʘʜʘʻ ʧʦʩʣʫʛʠ ʟ ʊʆ ʽ ʨʝʤʦʥʪʫ ʘʚʪʦʤʦʙʽʣʽʚ (ʨʠʩ. 1), ʚʢʣʶʯʘʻ 

ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʫ ʟʘʧʘʩʽʚ ʦʢʨʝʤʠʭ ʨʝʩʫʨʩʽʚ: ʟʘʧʘʩʥʠʭ ʯʘʩʪʠʥ, ʘʛʨʝʛʘʪʽʚ, 

ʤʘʪʝʨʽʘʣʽʚ, ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʪʦʯʥʦʾ 

ʩʠʪʫʘʮʽʾ ʷʢ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ, ʪʘʢ ʽ ʥʘ ʨʠʥʢʫ ʧʦʩʣʫʛ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʚ ʨʝʛʽʦʥʽ. 
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ʈʠʩʫʥʦʢ 1 ï ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʨʝʤʦʥʪʫ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʨʝʩʫʨʩʘʤʠ 

ʌʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʽʚʝʥʴ ʥʘʷʚʥʠʭ ʟʘʧʘʩʽʚ ʤʘʪʝʨʽʘʣʽʚ, ʤʦʞʫʪʴ 

ʙʫʪʠ ʨʦʟʜʽʣʝʥʽ ʥʘ ʪʘʢʽ ʛʨʫʧʠ [1, 2, 3]. 

1-ʘ ʛʨʫʧʘ ʬʘʢʪʦʨʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʽʚʝʥʴ ʽ ʩʪʘʥ ʨʠʥʢʫ ʨʝʩʫʨʩʽʚ. ɺ ʮʶ ʛʨʫʧʫ 

ʚʭʦʜʷʪʴ: ʨʦʟʛʘʣʫʞʝʥʽʩʪʴ ʨʠʥʢʫ ʨʝʩʫʨʩʽʚ, ʨʽʚʝʥʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʷʢʦʩʪʽ ʨʝʩʫʨʩʽʚ 

ʜʦʛʦʚʽʨʥʠʤ ʫʤʦʚʘʤ, ʜʦʪʨʠʤʘʥʥʷ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ ʛʨʘʬʽʢʽʚ ʧʦʩʪʘʚʢʠ, 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʽʣʴʢʦʩʪʽ ʪʘ ʥʦʤʝʥʢʣʘʪʫʨʠ ʨʝʩʫʨʩʽʚ  ʟʘʟʥʘʯʝʥʠʤ ʚ ʜʦʛʦʚʦʨʘʭ. 

2-ʘ ʛʨʫʧʘ ʬʘʢʪʦʨʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻ ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʧʨʦʮʝʩʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʩʫʨʩʽʚ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽʩʪʶ ʧʦʧʠʪʫ ʥʘ ʧʦʩʣʫʛʠ ʟ ʊʆ ʽ ʨʝʤʦʥʪʫ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʧʨʦʛʥʦʟʥʠʤ ʨʦʟʨʘʭʫʥʢʘʤ, ʩʪʘʙʽʣʴʥʠʤ ʚʠʢʦʥʘʥʥʷʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ 

ʚʠʨʦʙʥʠʯʦʾ ʧʨʦʛʨʘʤʠ. 

3-ʷ ʛʨʫʧʘ ʬʘʢʪʦʨʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʝʢʦʥʦʤʽʢʦ-ʚʠʨʦʙʥʠʯʦʶ ʩʠʪʫʘʮʽʻʶ ʚ 

ʨʝʛʽʦʥʽ ʽ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ. ɼʦ ʮʽʻʾ ʛʨʫʧʠ ʚʽʜʥʦʩʷʪʴʩʷ ʪʘʢʽ ʬʘʢʪʦʨʠ, ʷʢ ʢʨʠʟʦʚʽ 

ʷʚʠʱʘ ʚ ʢʨʘʾʥʽ, ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʬʽʥʘʥʩʦʚʦʾ ʩʪʽʡʢʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʦʱʦ. 

4-ʘ ʛʨʫʧʘ ʬʘʢʪʦʨʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝʜʦʩʢʦʥʘʣʽʩʪʶ ʚʠʨʦʙʥʠʯʦʾ ʙʘʟʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘ: ʟʘʪʨʘʪʥʽ, ʟʘʩʪʘʨʽʣʽ ʪʝʭʥʦʣʦʛʽʾ, ʟʘʩʪʘʨʽʣʝ ʫʩʪʘʪʢʫʚʘʥʥʷ. 

5-ʘ ʛʨʫʧʘ ʬʘʢʪʦʨʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝʜʦʩʢʦʥʘʣʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ 

ʚʠʨʦʙʥʠʮʪʚʘ ʊʆ ʽ ʨʝʤʦʥʪʫ ʘʚʪʦʤʦʙʽʣʽʚ: ʥʠʟʴʢʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʜʠʩʮʠʧʣʽʥʘ, ʥʠʟʴʢʘ 

ʷʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ, ʥʝʷʢʽʩʥʽ ʤʘʪʝʨʽʘʣʠ, ʚʽʜʩʫʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʪʦʱʦ. 

ɺʧʣʠʚ ʥʘʚʝʜʝʥʠʭ ʬʘʢʪʦʨʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚ ʧʨʦʮʝʩʘʭ 

ʧʦʩʪʘʯʘʥʥʷ ʨʝʩʫʨʩʽʚ. ʅʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʩʪʚʦʨʶʻʪʴʩʷ ʘʙʦ ʜʝʬʽʮʠʪ ʨʝʩʫʨʩʽʚ : 

  

, ʟʘ ʫʤʦʚʠ:    (1) 

 

ɸʥʘʣʽʟ ʧʨʦʮʝʩʫ ʊʆ ʽ ʨʝʤʦʥʪʫ 
ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʧʦʢʘʟʥʠʢʽʚ 
ʟʘʙʝʟʧʝʯʝʥʥʷ ʡʦʛʦ ʨʝʩʫʨʩʘʤʠ  

ɺʠʷʚʣʝʥʥʷ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ 
ʥʘ ʩʠʩʪʝʤʫ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʨʝʩʫʨʩʘʤʠ 

ɺʠʚʯʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʪʘ ʩʪʫʧʝʥʶ 
ʚʧʣʠʚʫ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ 
ʬʘʢʪʦʨʽʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ 
ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʨʝʩʫʨʩʘʤʠ 

ʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 
ʧʽʜʧʨʠʻʤʩʪʚʘ ʨʝʩʫʨʩʘʤʠ ʥʘ ʦʩʥʦʚʽ 

ʣʦʛʽʩʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ 

ɸʥʘʣʽʟ ʣʦʛʽʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 
ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʊʆ 
ʪʘ ʨʝʤʦʥʪʫ ʘʚʪʦʤʦʙʽʣʽʚ ʨʝʩʫʨʩʘʤʠ 

ɺʧʨʦʚʘʜʞʝʥʥʷ  ʩʠʩʪʝʤʠ, ʘʥʘʣʽʟ 

ʧʦʢʘʟʥʠʢʽʚ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ 

ʢʦʨʝʛʫʚʘʥʥʷ  ʩʢʣʘʜʦʚʠʭ ʩʠʩʪʝʤʠ 

ʌʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʧʦʢʘʟʥʠʢʽʚ 
ʪʘ ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʽʟʘʮʽʾ  
ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 
ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʩʫʨʩʘʤʠ 

ɸʥʘʣʽʟ ʩʠʩʪʝʤ ʪʘ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʟʘʧʘʩʽʚ ʤʘʪʝʨʽʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ ʟʘ ʚʠʜʘʤʠ 
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ʘʙʦ ʾʭ ʥʘʜʣʠʰʦʢ  : 

 

, ʟʘ ʫʤʦʚʠ:    (2) 

 

ʜʝ   ï ʥʘʷʚʥʽ, ʦʪʨʠʤʘʥʽ ʨʝʩʫʨʩʠ;  

     ï ʥʦʨʤʦʚʘʥʽ, ʧʦʪʨʽʙʥʽ ʨʝʩʫʨʩʠ.   

ɼʝʬʽʮʠʪ ʨʝʩʫʨʩʽʚ ʧʦʨʫʰʫʻ ʭʽʜ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛ. 

ɺ ʦʙʦʭ ʩʠʪʫʘʮʽʷʭ ʚʘʞʣʠʚʦ ʦʮʽʥʠʪʠ ʩʪʫʧʽʥʴ ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ ʪʘ ʚʠʟʥʘʯʠʪʠ 

ʤʝʭʘʥʽʟʤʠ ʬʦʨʤʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛ ʟʘʧʘʩʽʚ ʨʝʩʫʨʩʽʚ, 

ʚʠʷʚʠʪʠ ʧʨʠʯʠʥʠ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʷʢ ʜʝʬʽʮʠʪʫ, ʪʘʢ ʽ ʥʘʜʣʠʰʢʫ. 

ʇʨʦʮʝʩ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʨʝʩʫʨʩʘʤʠ ʽ 

ʥʘ ʨʽʚʝʥʴ ʟʘʧʘʩʽʚ ʥʦʩʠʪʴ ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ.  ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʧʣʠʚʫ ʚʽʜʭʠʣʝʥʴ ʚ ʧʦʩʪʘʯʘʥʥʽ ʥʝʦʙʭʽʜʥʠʭ ʨʝʩʫʨʩʽʚ ʧʦʪʨʽʙʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʚʪʨʘʪʠ ʜʦʭʦʜʽʚ ʚʽʜ ʜʽʾ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ.  

ʇʨʠ ʜʝʬʽʮʠʪʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʩʣʽʜʢʽʚ 

ʢʦʣʠʚʘʥʴ ʚ ʧʦʩʪʘʯʘʥʥʽ ʨʝʩʫʨʩʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʪʘʢʽ  ʟʘʭʦʜʠ: 

1. ɿʥʠʟʠʪʠ ʦʙʩʷʛʠ ʧʦʩʣʫʛ ʟʘ ʚʠʜʘʤʠ ʜʦ ʨʽʚʥʷ, ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʽʚʥʷʤ ʟʘʧʘʩʽʚ 

ʨʝʩʫʨʩʽʚ. ɸʣʝ ʟʥʠʞʝʥʥʷ ʦʙʩʷʛʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʠʟʚʝʜʝ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ: ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽ, ʩʦʙʽʚʘʨʪʦʩʪʽ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʜʦʭʦʜʽʚ ʪʦʱʦ.  

2. ɿʘʤʽʥʠʪʠ ʦʜʠʥ ʚʠʜ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʨʝʩʫʨʩʫ ʥʘ ʽʥʰʠʡ. ɸʣʝ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʷʢ ʧʨʘʚʠʣʦ, ʭʦʯʫʪʴ ʫʢʣʘʜʘʪʠ ʜʦʛʦʚʦʨʠ ʥʘ 

ʧʦʩʪʘʯʘʥʥʷ ʦʨʠʛʽʥʘʣʴʥʠʭ ʟʘʧʘʩʥʠʭ ʯʘʩʪʠʥ ʽ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ ʟʘʚʦʜʽʚ ʚʠʨʦʙʥʠʢʽʚ. 

ʅʝ ʚʠʢʦʥʘʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʫʤʦʚʠ ʯʘʩʪʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʊʆ ʽ 

ʨʝʤʦʥʪʫ ʘʚʪʦʤʦʙʽʣʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʜʦʨʦʛʠʭ ʨʝʩʫʨʩʽʚ ʧʨʠʟʚʦʜʠʪʴ ʯʘʩʪʦ 

ʜʦ ʥʝʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʦʩʣʫʛ, ʽ ʥʝ ʟʘʚʞʜʠ ʧʨʠʡʥʷʪʥʝ ʟ 

ʝʢʦʥʦʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

3. ɿʤʽʥʠʪʠ ʥʦʤʝʥʢʣʘʪʫʨʫ ʧʦʩʣʫʛ. ɿʤʽʥʘ ʥʦʤʝʥʢʣʘʪʫʨʠ ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ 

ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʚʠʪʨʘʪʠ, ʧʦʚôʷʟʘʥʽ ʟ ʧʝʨʝʭʦʜʦʤ ʥʘ ʽʥʰʫ ʥʦʤʝʥʢʣʘʪʫʨʫ ʧʦʩʣʫʛ, 

ʟʚʫʞʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʬʫʥʢʮʽʡ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʚʪʨʘʪʫ ʩʪʘʪʫʩʫ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʠʧʫ.  ɿʚʫʞʫʚʘʪʠ ʥʦʤʝʥʢʣʘʪʫʨʫ ʧʦʩʣʫʛ ʧʽʜʧʨʠʻʤʩʪʚʫ ʥʝ ʙʘʞʘʥʦ. 

ʅʝʦʙʭʽʜʥʦ ʚʠʨʽʰʫʚʘʪʠ ʧʠʪʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʧʦʩʪʘʯʘʥʥʷ ʨʝʩʫʨʩʽʚ ʥʘ 

ʦʩʥʦʚʽ ʣʦʛʽʩʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ. 

ʅʘʜʣʠʰʦʢ ʨʝʩʫʨʩʽʚ ʪʘʢʦʞ ʥʝʛʘʪʠʚʥʝ ʷʚʠʱʝ. ʇʨʠ ʥʘʜʣʠʰʢʫ ʟʙʽʣʴʰʫʶʪʴʩʷ 

ʚʠʪʨʘʪʠ ʥʘ ʾʭ ʟʙʝʨʽʛʘʥʥʷ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʯʘʩ ʦʙʝʨʪʘʥʥʷ ʦʙʽʛʦʚʠʭ ʢʦʰʪʽʚ, ʤʦʞʝ 

ʚʠʥʠʢʥʫʪʠ ʧʨʦʙʣʝʤʘ ʥʝʩʪʘʯʽ ʦʙʽʛʦʚʠʭ ʢʦʰʪʽʚ ʪʦʱʦ. 

ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʚʠʨʦʙʥʠʯʦʾ ʧʨʦʛʨʘʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʧʣʘʥʫ ʧʦʩʪʘʯʘʥʥʷ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʥʦʨʤʘʪʠʚʥʠʡ ʟʘʧʘʩ ʨʝʩʫʨʩʫ   ̔  

ʬʘʢʪʠʯʥʦ ʧʦʩʪʘʚʣʝʥʠʡ ʟʘʧʘʩ  ʨʝʩʫʨʩʽʚ    ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʦ ʟʙʽʛʘʣʠʩʷ. 

ɺʝʣʠʯʠʥʘ ʟʘʧʘʩʫ -ʛʦ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʨʝʩʫʨʩʫ  ʥʘ ʧʦʯʘʪʦʢ ʧʣʘʥʦʚʦʛʦ 

ʧʝʨʽʦʜʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ, ʙʫʜʝ ʩʢʣʘʜʘʪʠ: 
 

 =  ,     (3) 
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ʜʝ        ï ʚʠʪʨʘʪʠ  -ʛʦ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʨʝʩʫʨʩʫ ʥʘ ʚʠʢʦʥʘʥʥʷ ʚʠʨʦʙʥʠʯʦʾ 

ʧʨʦʛʨʘʤʠ ʟ ʊʆ ʽ ʨʝʤʦʥʪʫ ʘʚʪʦʤʦʙʽʣʽʚ; 

 ï ʚʠʪʨʘʪʠ  -ʛʦ ʨʝʩʫʨʩʫ ʥʘ ʥʘʣʘʛʦʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ; 

 ï ʩʪʨʘʭʦʚʽ ʟʘʧʘʩʠ   -ʛʦ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʨʝʩʫʨʩʫ. 

ɺʠʟʥʘʯʝʥʽ ʽ ʦʧʪʠʤʽʟʦʚʘʥʽ ʟʘʧʘʩʠ ʟʘ ʫʤʦʚʠ ʤʽʥʽʤʽʟʘʮʽʾ ʚʪʨʘʪ ʚʽʜ ʜʝʬʽʮʠʪʫ ʽ 

ʥʘʜʣʠʰʢʫ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʟʘʙʝʟʧʝʯʠʪʴ ʝʬʝʢʪʠʚʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʧʦʩʣʫʛ ʟ 

ʊʆ ʪʘ ʨʝʤʦʥʪʫ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ. 
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ʆʈɻɸʅɯɿɸʎɯʗ ʉʀʉʊɽʄʀ ʄʆʅɯʊʆʈʀʅɻʋ ʇʈʆʎɽʉʋ ɺʀʈʆɹʅʀʎʊɺɸ 

ʇʆʉʃʋɻ ʅɸ ʇɯɼʇʈʀɭʄʉʊɺɯ ɸɺʊʆʉɽʈɺɯʉʋ  

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʷʢʽʩʥʠʭ ʧʦʩʣʫʛ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʘʚʪʦʩʝʨʚʽʩʫ 

ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʚʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ, 

ʦʨʛʘʥʽʟʘʮʽʾ ʪʨʫʜʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛ ʘʚʪʦʩʝʨʚʽʩʫ ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʧʽʜʧʨʠʻʤʩʪʚʘ.  ʊʘʢʘ 

ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʚʢʣʶʯʘʪʠ ʚʘʞʣʠʚʫ ʩʢʣʘʜʦʚʫ ï ʤʦʥʽʪʦʨʠʥʛ ʧʨʦʪʽʢʘʥʥʷ ʚʩʽʭ 

ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʷʢʦʩʪʽ ʢʽʥʮʝʚʦʾ ʧʦʩʣʫʛʠ. 

ʈʽʚʝʥʴ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛ ʟ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʪʘʢʠʤʠ ʦʩʥʦʚʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ [1, 2, 3]: 

mailto:mastepansm@gmail.com
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ʦʨʛʘʥʽʟʘʮʽʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʣʘʩʥʠʭ ʢʦʰʪʽʚ, ʧʦʪʨʽʙʥʠʭ ʽ ʤʦʞʣʠʚʠʭ 

ʽʥʚʝʩʪʠʮʽʡ, ʥʝʦʙʭʽʜʥʠʭ ʢʨʝʜʠʪʽʚ ʥʘ ʨʦʟʚʠʪʦʢ ʟʘʛʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʦʩʣʫʛ ʪʘ ʡʦʛʦ ʦʢʨʝʤʠʭ ʩʢʣʘʜʦʚʠʭ ʧʨʦʮʝʩʽʚ; 

ʨʽʚʝʥʴ ʪʘ ʨʘʮʽʦʥʘʣʴʥʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ 

ʧʽʜʧʨʠʻʤʩʪʚʘ; 

ʥʘʷʚʥʽʩʪʴ ʩʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ 

ʦʢʨʝʤʠʭ ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ; 

ʦʨʛʘʥʽʟʘʮʽʷ ʫʧʨʘʚʣʽʥʥʷ ʟʘʛʘʣʴʥʠʤ ʚʠʨʦʙʥʠʯʠʤ ʧʨʦʮʝʩʦʤ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ 

ʡʦʛʦ ʩʢʣʘʜʦʚʠʤʠ ʦʢʨʝʤʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ; 

ʨʽʚʝʥʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʘʥʜʘʨʪʘʤʠ, ʥʦʨʤʘʤʠ ʪʘ 

ʥʦʨʤʘʪʠʚʘʤʠ ʽ ʜʦʪʨʠʤʘʥʥʷ ʾʭ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ; 

ʦʨʛʘʥʽʟʘʮʽʷ ʽ ʨʝʘʣʽʟʘʮʽʷ ʟʘʭʦʜʽʚ ʧʦ ʟʥʠʞʝʥʥʶ ʩʦʙʽʚʘʨʪʦʩʪʽ, ʟʙʽʣʴʰʝʥʥʶ 

ʧʨʠʙʫʪʢʽʚ ʪʘ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛ ʟ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʪʘ ʨʝʤʦʥʪʫ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ. 

ʌʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʬʘʢʪʦʨʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʧʣʠʚʫ ʪʘ ʾʭ 

ʘʥʘʣʽʟʫ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘ, 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʡʦʛʦ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ. 

 ʉʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʨʽʚʥʷ ʽ ʩʪʘʥʫ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛ (ʨʠʩ. 

1) ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʘʚʪʦʩʝʨʚʽʩʫ, ʤʝʪʦʶ ʷʢʦʾ ʻ ʧʦʣʽʧʰʝʥʥʷ ʧʨʦʮʝʩʽʚ ʽ ʧʦʢʘʟʥʠʢʽʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʦʚʠʥʥʦ ʚʢʣʶʯʘʪʠ ʪʘʢʽ ʦʩʥʦʚʥʽ ʝʪʘʧʠ [4]: 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʩʢʣʘʜʫ ʪʘ ʟʘʚʜʘʥʴ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʦʮʝʩʫ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛ: ʚʠʷʚʣʝʥʥʷ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʤʦʥʽʪʦʨʠʥʛʫ, ʧʝʨʝʣʽʢ 

ʧʘʨʘʤʝʪʨʽʚ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʦʮʽʥʶʚʘʪʠ ʧʨʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ; 

ʬʦʨʤʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ: 

ʧʝʨʝʣʽʢ ʧʦʪʨʽʙʥʠʭ ʪʘ ʽʩʥʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ, ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ, ʟʘʩʦʙʽʚ 

ʦʙʯʠʩʣʝʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʦʪʨʠʤʘʥʦʾ ʧʨʠ ʤʦʥʽʪʦʨʠʥʛʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ; 

ʦʨʛʘʥʽʟʘʮʽʷ ʤʝʪʦʜʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʚʩʽʭ 

ʩʢʣʘʜʦʚʠʭ ʟʘʛʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛ ʟ ʬʽʢʩʘʮʽʻʶ ʤʽʩʮʴ, ʪʝʨʤʽʥʽʚ, 

ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʟʘ ʧʨʦʚʝʜʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʦʢʨʝʤʠʭ ʩʢʣʘʜʦʚʠʭ ʧʨʦʮʝʩʫ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛ; 

ʦʨʛʘʥʽʟʘʮʽʷ ʢʦʥʪʨʦʣʴʥʠʭ ʦʧʝʨʘʮʽʡ ï ʦʨʛʘʥʽʟʘʮʽʷ ʢʦʥʪʨʦʣʶ ʧʨʦʪʽʢʘʥʥʷ 

ʦʢʨʝʤʠʭ ʧʨʦʮʝʩʽʚ: ʩʚʦʻʯʘʩʥʽʩʪʴ ʧʦʩʪʘʯʘʥʥʷ ʽ ʷʢʽʩʪʴ, ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʟʘʧʘʩʥʠʭ ʯʘʩʪʠʥ, ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʦʢʨʝʤʠʭ 

ʦʧʝʨʘʮʽʡ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ ʘʚʪʦʤʦʙʽʣʽʚ ʥʦʨʤʘʪʠʚʥʠʤ ʟʥʘʯʝʥʥʷʤ, 

ʨʽʚʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʚʪʦʤʦʙʽʣʷ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ, ʢʦʥʪʨʦʣʴ 

ʷʢʦʩʪʽ ʢʽʥʮʝʚʦʾ ʧʦʩʣʫʛʠ ʘʚʪʦʩʝʨʚʽʩʫ; 

ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ï ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʽʚʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʽ 

ʧʨʦʪʽʢʘʥʥʷ ʦʢʨʝʤʠʭ ʩʢʣʘʜʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛ, ʘʥʘʣʽʟ ʷʢʦʩʪʽ ʢʽʥʮʝʚʦʾ 

ʧʦʩʣʫʛʠ, ʚʠʷʚʣʝʥʥʷ ʧʨʠʯʠʥ ʥʝʷʢʽʩʥʦʛʦ ʧʨʦʪʽʢʘʥʥʷ ʦʢʨʝʤʠʭ ʧʨʦʮʝʩʽʚ, ʨʦʟʨʦʙʢʘ 

ʟʘʧʦʙʽʞʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ ʧʦ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ 

ʷʢʽʩʥʠʭ ʧʦʩʣʫʛ ʘʚʪʦʩʝʨʚʽʩʫ; 
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ʦʨʛʘʥʽʟʘʮʽʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ï ʨʦʟʨʦʙʢʘ ʤʝʭʘʥʽʟʤʽʚ ʧʝʨʝʜʘʚʘʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʚ ʩʠʩʪʝʤʫ ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʯʠʤ ʧʨʦʮʝʩʦʤ 

ʜʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʦʢʨʝʤʠʭ ʩʢʣʘʜʦʚʠʭ ʪʘ ʟʘʛʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʘʚʪʦʩʝʨʚʽʩʫ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʦʨʛʘʥʽʟʘʮʽʾ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛ ʘʚʪʦʩʝʨʚʽʩʫ 

 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ, ʧʦʚʠʥʥʘ ʚʢʣʶʯʘʪʠ ʪʘʢʽ ʦʩʥʦʚʥʽ ʝʪʘʧʠ: 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ ʽ ʦʢʨʝʤʠʭ ʡʦʛʦ ʯʘʩʪʠʥ; ʨʦʟʨʦʙʢʘ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʨʦʚʝʜʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ; ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʚʜʘʥʴ 

ʩʪʨʫʢʪʫʨʥʠʤ ʧʽʜʨʦʟʜʽʣʘʤ ʚ ʧʨʦʮʝʩʽ ʜʽʷʣʴʥʦʩʪʽ; ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʚʠʙʽʨ 

ʥʘʧʨʷʤʢʽʚ ʜʽʷʣʴʥʦʩʪʽ ʟʘ ʷʢʠʤʠ ʥʝʦʙʭʽʜʥʦ ʚʝʩʪʠ ʤʦʥʽʪʦʨʠʥʛ, ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʧʘʨʘʤʝʪʨʽʚ ʽ ʧʦʢʘʟʥʠʢʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ; ʚʠʟʥʘʯʝʥʥʷ ʦʙôʻʢʪʽʚ, ʩʢʣʘʜʦʚʠʭ 

ʯʘʩʪʠʥ ʤʦʥʽʪʦʨʠʥʛʫ; ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʷ ʟʙʠʨʘʥʥʷ, ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʪʘ 

ʨʦʟʨʘʭʫʥʢʽʚ ʽʥʬʦʨʤʘʮʽʾ; ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʘ ʢʽʥʮʝʚʦʾ 

ʧʦʩʣʫʛʠ; ʨʦʟʨʦʙʢʘ ʧʨʦʮʝʜʫʨ, ʘʣʛʦʨʠʪʤʽʚ, ʤʝʪʦʜʽʚ, ʤʦʜʝʣʝʡ ʜʣʷ ʦʙʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾ; ʧʝʨʝʜʙʘʯʠʪʠ ʤʝʭʘʥʽʟʤʠ ʽ ʧʦʨʷʜʦʢ ʾʭ ʢʦʨʝʛʫʚʘʥʥʷ ʧʨʠ ʨʦʟʚʠʪʢʫ 

ʪʝʭʥʦʣʦʛʽʡ; ʨʦʟʨʦʙʠʪʠ ʧʨʦʮʝʜʫʨʠ ʢʦʨʝʛʫʚʘʥʥʷ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ 

ʧʨʦʮʝʩʽʚ. 

ʈʽʚʝʥʴ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛʠ ʘʚʪʦʩʝʨʚʽʩʫ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʢʦʤʧʣʝʢʩʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʦʮʽʥʢʠ ʷʢʦʩʪʽ, ʫʟʘʛʘʣʴʥʝʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʷʢʦʩʪʽ ʧʦʩʣʫʛʠ ʘʚʪʦʩʝʨʚʽʩʫ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʠʟʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʚʘʛʦʤʦʩʪʽ: 

ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛʠ, ʚʠʪʨʘʪʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʤʘʪʝʨʽʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʧʦʩʣʫʛʠ, ʯʘʩ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛʠ, ʨʽʚʝʥʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʪʦʱʦ. 

ʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ: ʚʠʙʽʨ ʦʙôʻʢʪʽʚ, ʨʦʟʨʦʙʢʘ ʧʦʨʷʜʢʫ, 

ʩʭʝʤ, ʪʝʨʤʽʥʽʚ, ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ, ʤʝʪʦʜʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʮʝʩʫ 

ʆʮʽʥʢʘ ʪʘ ʘʥʘʣʽʟ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛ  

 

ʈʦʟʨʦʙʢʘ ʟʘʭʦʜʽʚ ʧʦ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ  
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ɺʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʟʘʭʦʜʽʚ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʾʭ ʫ ʚʠʨʦʙʥʠʮʪʚʦ 

ʧʦʩʣʫʛ ʪʘ ʘʥʘʣʽʟ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʂʦʥʪʨʦʣʴ ʩʪʘʥʫ ʦʢʨʝʤʠʭ ʩʢʣʘʜʦʚʠʭ ʟʘʛʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ 

ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛ ʘʚʪʦʩʝʨʚʽʩʫ ʤʦʥʽʪʦʨʠʥʛʦʤ ʾʭ ʧʨʦʮʝʩʫ 
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ʂʦʤʧʣʝʢʩʥʠʡ ʧʦʢʘʟʥʠʢ ʷʢʦʩʪʽ  ʜʦʨʽʚʥʶʻ ʩʝʨʝʜʥʴʦʤʫ ʟʚʘʞʝʥʦʤʫ 

ʟʥʘʯʝʥʥʶ ʚʽʜʥʦʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʧʦʩʣʫʛʠ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

 ,       (1) 

 

ʜʝ  ï ʢʦʝʬʽʮʽʻʥʪ ʚʘʛʦʤʦʩʪʽ i-ʛʦ ʧʦʢʘʟʥʠʢʘ ʥʘʜʘʥʦʾ ʧʦʩʣʫʛʠ ʘʚʪʦʩʝʨʚʽʩʫ 

(ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʝʪʦʜʦʤ ʝʢʩʧʝʨʪʥʦʛʦ ʦʧʠʪʫʚʘʥʥʷ); 

 ï ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʚʠʨʦʙʣʝʥʦʾ ʧʦʩʣʫʛʠ ʚ ʙʘʣʘʭ ʟʘ ʦʢʨʝʤʠʤ 

ʧʦʢʘʟʥʠʢʦʤ ʘʙʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ i-ʾ ʧʦʩʣʫʛʠ; 

 ï ʙʘʟʦʚʠʡ ʧʦʢʘʟʥʠʢ ʷʢʦʩʪʽ i-ʛʦ ʚʠʜʫ ʧʦʩʣʫʛʠ (ʥʦʨʤʘʪʠʚʥʠʡ, ʧʣʘʥʦʚʠʡ, 

ʩʝʨʝʜʥʽʡ ʚ ʛʘʣʫʟʽ) ʟʘ ʪʠʤ ʞʝ ʧʦʢʘʟʥʠʢʦʤ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ i-ʾ ʧʦʩʣʫʛʠ; 

 ï ʢʽʣʴʢʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ i-ʾ ʧʦʩʣʫʛʠ. 

ʗʢ̔ʩʪɹ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʣʫʛ ʘʚʪʦʩʝʨʚʽʩʫ ʧʦʚʠʥʥʽ   ʙʫʪʠ   

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʢʨʝʤʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠʩʴ ʚʠʨʦʙʥʠʢʦʤ ʽ ʦʮʽʥʶʚʘʪʠʩʷ ʩʧʦʞʠʚʘʯʝʤ. 
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ɿɸʃɽɾʅɯʉʊʔ ɿʄɯʅʀ ɽʃɽʂʊʈʆʇʈʆɺɯɼʅʆʉʊɯ ɸʅʊʀʌʈʀɿʋ ɺɯɼ 

ʊɽʄʇɽʈɸʊʋʈʀ  

 

ʈʦʟʚʠʪʦʢ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʪʝʭʥʽʢʠ ʚ ʥʘʧʨʷʤʢʫ ʚʠʧʫʩʢʫ ʘʚʪʦʤʦʙʽʣʽʚ, 

ʧʽʜʚʠʱʝʥʥʷ ʾʭʥʴʦʾ ʷʢʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ, ʦʜʥʦʯʘʩʥʦ ʚʠʤʘʛʘʶʪʴ ʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʷʢʽʩʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɼʣʷ ʚʩʝʩʝʟʦʥʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʩʠʩʪʝʤʘʭ ʨʽʜʠʥʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʚʠʛʫʥʽʚ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʷʢ ʚʽʪʯʠʟʥʷʥʽ, ʪʘʢ ʽ ʟʘʢʦʨʜʦʥʥʽ ʟʨʘʟʢʠ. ɺʩʝʩʝʟʦʥʥʘ 

ʦʭʦʣʦʜʞʫʚʘʣʴʥʘ ʨʽʜʠʥʘ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʚʠʛʫʥʘ, 

ʱʦ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʚʠʟʥʘʯʘʻ ʥʘʜʽʡʥʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʡʦʛʦ ʩʠʩʪʝʤ. ɯ 

ʚʽʜʧʦʚʽʜʥʦ ʷʢ ʙʫʜʴ-ʷʢʠʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʧʘʨʘʤʝʪʨ ʤʘʻ ʧʦʪʨʝʙʫ ʚ ʧʝʨʽʦʜʠʯʥʽʡ 

ʜʽʘʛʥʦʩʪʠʮʽ ʡ ʢʦʥʪʨʦʣʽ ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ.  
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ʆʜʥʠʤ ʟ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ ʤʦʞʝ ʙʫʪʠ 

ʧʠʪʦʤʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʘʥʪʠʬʨʠʟʫ, ʱʦ, ʷʢ ʚʽʜʦʤʦ, ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ. 

ɺʠʤʽʨ ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʨʽʜʠʥ (ʧʘʣʠʚ, ʦʣʠʚ, 

ʨʦʟʯʠʥʽʚ, ʨʦʟʯʠʥʽʚ ʧʨʠʩʘʜʦʢ) ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ  ʟʘʟʥʘʯʝʥʠʭ ʨʽʜʠʥʘʭ. ɽʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʘʷʚʥʽʩʪʴ ʫ ʮʠʭ ʨʽʜʠʥʘʭ ʚʽʣʴʥʠʭ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʦʢ, ʟʜʘʪʥʠʭ 

ʧʝʨʝʩʫʚʘʪʠʩʷ ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ   (ʝʣʝʢʪʨʦʥʽʚ, ʽʦʥʽʚ, ʟʘʨʷʜʞʝʥʠʭ 

ʢʦʣʦʾʜʥʠʭ ʯʘʩʪʦʢ). 

ʇʠʪʘʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʶ ʨʽʜʠʥ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʥʘʫʢʦʚʦʶ 

ʛʨʦʤʘʜʩʴʢʽʩʪʶ ʜʦʩʠʪʴ ʜʘʚʥʦ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ 

ʩʪʘʥʜʘʨʪʥʠʭ ʨʦʟʯʠʥʽʚ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʚʝʜʝʥʽ ʚ ʜʞʝʨʝʣʽ [1] 

ʧʦʢʘʟʫʶʪʴ ʱʦ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʜʠʥʠ ʧʨʦʚʽʜʥʽʩʪʴ ʪʘʢ ʩʘʤʦ 

ʟʨʦʩʪʘʻ. ʋ ʜʞʝʨʝʣʽ [2] ʦʧʠʩʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʡ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʤʽʥʠ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʯʠʩʪʠʭ ʽ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ʨʽʟʥʠʭ ʦʣʠʚ ʧʨʠ ʨʽʟʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʦʙʠ. ɺʠʩʥʦʚʢʦʤ ʘʚʪʦʨʘ ʩʪʘʣʦ ʪʚʝʨʜʞʝʥʥʷ ʧʨʦ ʪʝ, ʱʦ ʧʨʠ 

ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʦʣʠʚ ʟʨʦʩʪʘʻ. ʋ ʜʞʝʨʝʣʽ [3] 

ʛʦʚʦʨʠʪʴʩʷ ʧʨʦ ʪʝ, ʱʦ ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ (ʥʘʧʨʠʢʣʘʜ, ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ ʚ ʟʘʟʦʨʽ ʢʦʥʜʝʥʩʘʪʦʨʘ) ʫ ʨʽʜʠʥʘʭ ʚʠʥʠʢʘʶʪʴ ʜʠʧʦʣʽ, ʷʢʽ ʟʘʚʞʜʠ ʦʨʽʻʥʪʦʚʘʥʽ 

ʧʦ ʥʘʧʨʷʤʢʫ ʜʽʾ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. ʊʝʧʣʦʚʠʡ ʨʫʭ ʧʝʨʝʰʢʦʜʞʘʻ ʦʨʽʻʥʪʘʮʽʾ 

ʜʠʧʦʣʷ ʥʝʟʥʘʯʥʦ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʥʝʧʦʣʷʨʥʠʭ 

ʨʝʯʦʚʠʥ, ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ.  

ʆʜʥʘʢ ʚ ʘʥʪʠʬʨʠʟʘʭ ʧʨʠʩʫʪʥʽ ʧʦʣʷʨʥʽ ʨʝʯʦʚʠʥʠ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʝʣʝʢʪʨʠʯʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʦʭʦʣʦʜʞʫʚʘʣʴʥʠʭ ʨʽʜʠʥ 

ʧʦʚʠʥʥʘ ʟʙʽʣʴʰʫʚʘʪʠʩʷ, ʘ ʟʽ ʟʥʠʞʝʥʥʷʤ - ʟʤʝʥʰʫʚʘʪʠʩʷ. ʎʝ ʧʦʚ'ʷʟʘʥʝ ʟ ʪʠʤ, ʱʦ 

ʧʦʣʷʨʠʟʘʮʽʷ ʧʦʣʷʨʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʘʥʪʠʬʨʠʟʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʡ ʦʨʽʻʥʪʘʮʽʡʥʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ.  

ʇʨʠ ʦʨʽʻʥʪʘʮʽʡʥʽʡ ʜʝʬʦʨʤʘʮʽʾ ʧʨʘʛʥʝʥʥʷ ʜʠʧʦʣʷ ʟʘʡʥʷʪʠ ʧʝʚʥʠʡ 

ʥʘʧʨʷʤʦʢ ʥʘʪʨʘʧʣʷʻ ʥʘ ʦʧʽʨ, ʩʪʚʦʨʶʚʘʥʠʡ ʪʝʧʣʦʚʠʤ ʨʫʭʦʤ ʤʦʣʝʢʫʣ. 

ʆʨʽʻʥʪʫʚʘʥʥʷ ʚ ʥʘʧʨʷʤʢʫ ʩʠʣʦʚʠʭ ʣʽʥʽʡ ʪʠʤ ʚʘʞʯʝ, ʯʠʤ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʘ. 

ʊʝʧʣʦʚʠʡ ʨʫʭ ʧʨʘʛʥʝ ʧʦʨʫʰʠʪʠ ʚʧʦʨʷʜʢʦʚʘʥʽʩʪʴ ʜʠʧʦʣʽʚ ʽ ʧʝʨʝʰʢʦʜʠʪʠ ʾʤ, 

ʟʦʨʽʻʥʪʫʚʘʪʠʩʷ ʚ ʥʘʧʨʷʤʢʫ ʩʠʣʦʚʠʭ ʣʽʥʽʡ. ʇʨʠ ʚʠʥʠʢʘʶʯʽʡ ʩʪʘʪʠʯʥʽʡ ʨʽʚʥʦʚʘʟʽ 

ʧʦʣʷʨʠʟʘʮʽʷ ʨʝʯʦʚʠʥʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʠʩʣʘ ʡ ʤʦʤʝʥʪʫ ʜʠʧʦʣʽʚ, ʘ ʪʘʢʦʞ ʚʽʜ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʨʫʭʫ.  

ɿ ʦʛʣʷʜʫ ʥʘ ʚʩʝ ʚʠʱʝʩʢʘʟʘʥʝ, ʝʣʝʢʪʨʠʯʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʦʭʦʣʦʜʞʫʚʘʣʴʥʠʭ 

ʨʽʜʠʥ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʨʠ ʷʢʽʡ ʟʜʽʡʩʥʶʶʪʴʩʷ ʚʠʤʽʨʠ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ  ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ 

ʨʽʜʠʥʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʙʫʣʠ ʚʟʷʪʽ ʚʽʪʯʠʟʥʷʥʠʡ ʘʥʪʠʬʨʠʟ çʊʦʩʦʣ ɸ-40è ʬʽʨʤʠ 

çɺɸʄʇ è ʽ ʟʘʢʦʨʜʦʥʥʠʡ ʘʥʪʠʬʨʠʟ çG11è ʬʽʨʤʠ çSHELLè. ʎʽ ʦʭʦʣʦʜʞʫʚʘʣʴʥʽ 

ʨʽʜʠʥʠ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 5 ʜʦ 80ʦʉ. ʋ ʧʨʦʮʝʩʽ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʨʘʟʢʠ ʥʘʛʨʽʚʘʣʠ ʡ ʧʨʦʚʦʜʠʣʠ ʚʠʤʽʨʠ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʙ ʚʽʪʯʠʟʥʷʥʦʛʦ ʘʥʪʠʬʨʠʟʫ ʬʽʨʤʠ çɺɸʄʇè ʧʦʢʘʟʘʣʦ, ʱʦ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 5 ï 15ʦʉ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʚʠʱʝ 50ʦʉ ʧʦʯʠʥʘʻʪʴʩʷ ʨʽʟʢʝ ʡ ʩʪʨʽʤʢʝ ʟʨʦʩʪʘʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ 
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ʟʨʘʟʢʘ ʟʘʢʦʨʜʦʥʥʦʛʦ ʘʥʪʠʬʨʠʟʫ ʬʽʨʤʠ çSHELLè ʪʘʢ ʩʘʤʦ ʧʦʢʘʟʘʣʦ, ʱʦ 

ʟʥʠʞʝʥʥʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 5 ï 10ʦʉ, ʘ ʟʨʦʩʪʘʥʥʷ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʩʣʷ ʧʦʜʦʣʘʥʥʷ ʚʽʜʤʽʪʢʠ ʚ 57 ʦʉ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʛʨʘʬʽʢʠ 

ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʘʥʪʠʬʨʠʟʽʚ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʙʠ, ʷʢʽ 

ʥʘʦʯʥʦ ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʨʦʩʪʘʥʥʷ  ʧʨʦʚʽʜʥʦʩʪʽ ʟʘ ʧʘʨʘʙʦʣʽʯʥʠʤ ʟʘʢʦʥʦʤ ʫ 

ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 5 ʜʦ 80 ʦʉ (ʨʠʩ. 1). 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɿʘʣʝʞʥʽʩʪʴ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʘʥʪʠʬʨʠʟʽʚ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

 

ʆʧʠʩʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʘʥʪʠʬʨʠʟʫ çʊʦʩʦʣ ɸ-40è ʬʽʨʤʠ 

çɺɸʄʇè ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʥʘ ʧʦʣʽʥʦʤʽʘʣʴʥʠʤ  ʨʽʚʥʷʥʥʷʤ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ:  

 
6829 101103101 --- Ö+Ö-Ö= xxy  

 

ɿʘʣʝʞʥʽʩʪʴ ʟʨʦʩʪʘʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ ʧʨʦʙʠ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʾʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʜʣʷ ʘʥʪʠʬʨʠʟʫ çG11è ʬʽʨʤʠ çShellè ʪʘʢ ʩʘʤʦ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʧʦʣʽʥʦʤʘ 

ʜʨʫʛʦʛʦ ʩʪʫʧʝʥʷ:  

 
78210 109101106 --- Ö+Ö-Ö= xxy  

 

ʊʘʢʠʤ ʯʠʥʦʤ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ 

ʘʥʪʠʬʨʠʟʽʚ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʧʦʣʽʥʦʤʽʘʣʴʥʦʶ 
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ʟʘʣʝʞʥʽʩʪʶ ʡ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ.  ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ 

ʟʤʽʥʠ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʘʥʪʠʬʨʠʟʽʚ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʙʠ, ʥʘʦʯʥʦ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʨʦʩʪʘʥʥʷ  ʧʨʦʚʽʜʥʦʩʪʽ ʟʘ ʧʘʨʘʙʦʣʽʯʥʠʤ ʟʘʢʦʥʦʤ. ɺʠʤʽʨ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʘʥʪʠʬʨʠʟʽʚ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʧʨʠ ʬʽʢʩʦʚʘʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ, ʱʦ ʜʦʨʽʚʥʶʻ 20ʦʉ.  ʎʝ ʧʦʚ'ʷʟʘʥʝ ʟ ʪʠʤ, ʱʦ ʜʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʻ 

ʤʽʥʽʤʘʣʴʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʧʨʠ ʷʢʽʡ ʧʨʦʪʷʛʦʤ 5 ʭʚ. ʟ ʚʠʧʨʦʙʫʚʘʥʠʭ ʧʨʦʙ 

ʘʥʪʠʬʨʠʟʽʚ ʚʠʜʘʣʷʶʪʴʩʷ ʧʫʭʠʨʮʽ ʧʦʚʽʪʨʷ, ʱʦ ʫʪʚʦʨʷʪʴʩʷ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʡ 

ʧʦʧʘʜʘʶʪʴ ʧʨʠ ʟʘʧʦʚʥʝʥʥʽ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʶ ʨʽʜʠʥʦʶ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʢʦʤʽʨʢʠ, 

ʘ ʪʘʢʦʞ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ. 
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ʆʎɯʅʂɸ ɺɯɼʅʆʉʅʆɻʆ ɿʅʆʉʋ ʌʈʀʂʎɯʁʅʀʍ ʇʆɺɽʈʍʆʅʔ 

ɻɸʃʔʄɯɺʅʀʍ ʄɽʍɸʅɯɿʄɯɺ ʃɽɻʂʆɺʀʍ ɸɺʊʆʄʆɹɯʃɯɺ  

 

ɺʘʞʣʠʚʠʤ ʜʣʷ ʦʮʽʥʢʠ ʨʝʩʫʨʩʫ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʣʝʛʢʦʚʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʧʫʩʪʠʤʦʛʦ 

ʚʽʜʥʦʩʥʦʛʦ ʟʥʦʩʫ ʦʢʨʝʤʠʭ ʜʝʪʘʣʝʡ ʽ ʩʧʨʷʞʝʥʴ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ [1].  

ʆʩʢʽʣʴʢʠ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʣʴʥʘ ʯʘʩʪʠʥʘ ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ ʘʚʪʦʤʦʙʽʣʷ, 

ʷʢʦʶ ʻ ʛʘʣʴʤʽʚʥʠʡ ʤʝʭʘʥʽʟʤ, ʧʨʘʮʶʻ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʟʥʦʰʫʚʘʥʥʷ, ʪʦ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʟʥʦʩʫ ʩʧʨʷʞʝʥʠʭ ʜʝʪʘʣʝʡ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʪʝʨʪʷ, ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʠʤʠ ʤʦʞʥʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʚʽʜʥʦʩʥʠʡ 

ʟʥʦʩ ʩʧʨʷʞʝʥʥʷ, ʨʦʟʛʣʷʥʝʤʦ, ʜʦ ʷʢʦʾ ʟʤʽʥʠ ʚʟʘʻʤʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʟʥʦʰʫʚʘʥʥʷ ʾʭ ʧʦʚʝʨʭʦʥʴ. 

ɺʽʜʦʤʦ, ʱʦ ʚʝʣʠʯʠʥʘ ʟʥʦʩʫ ʧʨʦʧʦʨʮʽʡʥʘ ʯʘʩʫ ʟʥʦʰʫʚʘʥʥʷ,  
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ʜʝ ki ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʰʚʠʜʢʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʛʘʣʴʤʽʚʥʦʛʦ ʜʠʩʢʫ 

ʘʙʦ ʬʨʠʢʮʽʡʥʦʾ ʥʘʢʣʘʜʢʠ; 

Q ï ʧʨʠʪʠʩʢʥʘ ʩʠʣʘ ʬʨʠʢʮʽʡʥʦʾ ʥʘʢʣʘʜʢʠ ʜʦ ʛʘʣʴʤʽʚʥʦʛʦ ʜʠʩʢʫ; 

ɤ - ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʛʘʣʴʤʽʚʥʦʛʦ ʜʠʩʢʘ; 

R, r  ï ʟʦʚʥʽʰʥʽʡ ʽ ʚʥʫʪʨʽʰʥʽʡ ʨʘʜʽʫʩʠ ʛʘʣʴʤʽʚʥʦʛʦ ʜʠʩʢʫ; 

a ï ʢʫʪ ʦʙʤʝʞʝʥʥʷ ʬʨʠʢʮʽʡʥʦʾ ʥʘʢʣʘʜʢʠ, 

ɟi ï ʨʘʜʽʫʩ ʨʦʟʪʘʰʫʚʘʥʥʷ iïʦʾ ʬʨʠʢʮʽʡʥʦʾ ʧʦʚʝʨʭʥʽ; 

iT  - ʯʘʩ ʟʥʦʰʫʚʘʥʥʷ iïʦʾ ʬʨʠʢʮʽʡʥʦʾ ʧʦʚʝʨʭʥʽ (ʯʘʩ ʛʘʣʴʤʫʚʘʥʥʷ ʜʦ ʤʦʤʝʥʪʫ 

ʙʣʦʢʫʚʘʥʥʷ ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʷ). 

ʏʘʩ ʟʥʦʰʫʚʘʥʥʷ ʬʨʠʢʮʽʡʥʠʭ ʧʦʚʝʨʭʦʥʴ ʥʘ ʤʦʤʝʥʪ ʛʘʣʴʤʫʚʘʥʥʷ ʙʝʟ 

ʙʣʦʢʫʚʘʥʥʷ ʢʦʣʽʩ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʤ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ aJ  ï ʧʦʯʘʪʢʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʪʘ kr  ï ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʨʘʜʽʫʩʘ 

ʰʠʥʠ ʢʦʣʝʩʘ. 

ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʦʩʴʦʚʽ ʛʘʣʴʤʽʚʥʽ ʩʠʣʠ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʧʦʚôʷʟʘʥʽ 

ʟ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 21, KK  ʽ ʪʠʩʢʫ 

ʛʘʣʴʤʽʚʥʦʾ ʨʽʜʠʥʠ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʥʪʫʨʘʭ, ʪʦ ʰʣʷʭ, ʟʘ ʷʢʦʛʦ ʚʽʜʙʫʜʝʪʴʩʷ 

ʟʥʦhʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ (ʛʘʣʴʤʽʚʥʠʡ ʰʣʷʭ) ʙʫʜʝʤʦ ʚʠʟʥʘʯʘʪʠ ʟ ʟʘʣʝʞʥʦʩʪʽ 
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ʜʝ ä iI  ï ʩʫʤʘʨʥʠʡ ʽʥʝʨʮʽʡʥʠʡ ʤʦʤʝʥʪ ʦʙʝʨʪʦʚʠʭ ʤʘʩ ʥʘ ʦʩʷʭ; 

am  ï ʤʘʩʘ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ; 

aJ  ï ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʛʘʣʴʤʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ; 

0K  ï ʢʦʝʬʽʮʽʻʥʪ ʦʙʪʽʯʥʦʩʪʽ ʢʫʟʦʚʘ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ; 

wF  ï ʧʣʦʱʘ ʣʦʙʦʚʦʛʦ ʦʧʦʨʫ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ, 

1p  ï ʪʠʩʢ, ʩʪʚʦʨʶʚʘʥʠʡ ʚ ʢʦʥʪʫʨʘʭ ʧʝʨʝʜʥʽʭ ʢʦʣʽʩ; 

 - ʪʠʩʢ, ʩʪʚʦʨʶʚʘʥʠʡ ʚ ʢʦʥʪʫʨʘʭ ʟʘʜʥʽʭ ʢʦʣʽʩ. 

ʊʝʦʨʝʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʟʥʦʩʫ ʧʦʚʝʨʭʦʥʴ ʩʧʨʷʞʝʥʥʷ çʜʠʩʢï

ʬʨʠʢʮʽʡʥʘ ʥʘʢʣʘʜʢʘè ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ Chevrolet Aveo, ʦʜʝʨʞʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʠʱʝ ʧʦʜʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʧʦʢʘʟʘʥʦ ʫ ʚʠʛʣʷʜʽ ʛʽʩʪʦʛʨʘʤ (ʨʠʩ. 1, 

ʨʠʩ. 2). 
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ʈʠʩʫʥʦʢ 1 - ɼʽʘʛʨʘʤʘ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʥʦʩʥʦʛʦ ʟʥʦʩʫ ʬʨʠʢʮʽʡʥʠʭ ʧʦʚʝʨʭʦʥʴ  

ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʧʝʨʝʜʥʴʦʾ ʦʩʽ 

 

ɹʫʜʝʤʦ ʦʮʽʥʶʚʘʪʠ ʨʝʩʫʨʩ ʟʘ ʚʽʜʥʦʩʥʠʤ ʟʥʦʩʦʤ ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʪʝʨʪʷ [2] ʚ ʦʜʥʦʡʤʝʥʥʠʭ ʪʦʯʢʘʭ ʚʠʤʽʨʫ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʛʘʣʴʤʘ j- ʦʾ ʦʩʽ ʣʝʛʢʦʚʦʛʦ 

ʘʚʪʦʤʦʙʽʣʷ 

 

,                                                             (3) 

 

ʜʝ U1 ï ʟʥʦʩ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʜʠʩʢʘ ʛʘʣʴʤʽʚʥʦʛʦ ʤʝʭʘʥʽʟʤʫ; 

U2 ï ʟʥʦʩ ʬʨʠʢʮʽʡʥʦʾ ʧʦʚʝʨʭʥʽ ʢʦʣʦʜʢʠ ʛʘʣʴʤʽʚʥʦʛʦ ʤʝʭʘʥʽʟʤʫ; 

D1 ïʨʝʩʫʨʩ ʛʘʣʴʤʽʚʥʦʛʦ ʜʠʩʢʫ;  

D2 ïʨʝʩʫʨʩ ʬʨʠʢʮʽʡʥʦʾ ʥʘʢʣʘʜʢʠ. 

 

 
ʈʠʩʫʥʦʢ 2 - ɼʽʘʛʨʘʤʘ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʥʦʩʥʦʛʦ ʟʥʦʩʫ ʬʨʠʢʮʽʡʥʠʭ ʧʦʚʝʨʭʦʥʴ  

ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟʘʜʥʴʦʾ ʦʩʽ 
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ɸʥʘʣʽʟ ʛʽʩʪʦʛʨʘʤ (ʜʠʚ. ʨʠʩ.1 ʽ ʨʠʩ. 2) ʧʦʢʘʟʫʻ, ʱʦ ʟʘ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ Chevrolet Aveo, ʛʘʣʴʤʽʚʥʽ ʩʠʩʪʝʤʠ ʷʢʠʭ 

ʦʙʣʘʜʥʘʥʦ ɸɹʉ, ʚʽʜʥʦʩʥʠʡ ʟʥʦʩ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʧʝʨʝʜʥʴʦʾ ʦʩʽ 

ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 22,5-26,1%, ʪʦʜʽ, ʷʢ ʚʽʜʥʦʩʥʠʡ ʟʥʦʩ ʛʘʣʴʤ ʟʘʜʥʴʦʾ ʦʩʽ 

ʩʪʘʥʦʚʠʪʴ 21,0ï22,5%, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʟʘ ʜʘʥʠʭ ʫʤʦʚ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʘʡʙʽʣʴʰʠʡ ʚʽʜʥʦʩʥʠʡ ʟʥʦʩ ʛʘʣʴʤ ʧʝʨʝʜʥʴʦʾ ʦʩʽ ʘʚʪʦʤʦʙʽʣʷ ʩʪʘʥʦʚʠʪʴ 4,44 ʪʘ 

4,76 ï ʜʣʷ ʟʘʜʥʴʦʾ ʦʩʽ. 
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ɸʅɸʃɯɿ ʇɯɼʍʆɼɯɺ ɼʆ ʂɽʈʋɺɸʅʅʗʄ ʊɽʈʄɯʅʆʄ 

ɽʂʉʇʃʋɸʊɸʎɯɰ ɸɺʊʆʄʆɹɯʃʗ 

 

ɸʚʪʦʤʦʙʽʣʴ ʩʴʦʛʦʜʥʽ ʻ ʧʨʦʜʫʢʪʦʤ ʩʧʦʞʠʚʘʥʥʷ ʘʙʦ ʧʨʝʜʤʝʪʦʤ ʧʦʧʠʪʫ ʷʢ 

ʬʽʟʠʯʥʠʭ ʦʩʽʙ, ʪʘʢ ʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʘʚʪʦʤʦʙʽʣʴ 

ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʧʦ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ ʜʦʨʽʛ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ, ʪʦʙʪʦ ʚ 

ʟʦʚʥʽʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʩʧʦʞʠʚʘʥʥʷ ʡʦʛʦ ʷʢʦʩʪʽ, ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʷʢʦʛʦ 

ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ ʜʝʨʞʘʚʥʠʤʠ ʥʦʨʤʘʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. ʊʦʤʫ ʥʦʤʝʥʢʣʘʪʫʨʘ 

ʚʠʤʦʛ ʜʦ ʘʚʪʦʤʦʙʽʣʷ ʘʙʦ ʡʦʛʦ ʷʢʦʩʪʽ, ʷʢ ʜʦ ʪʝʭʥʽʯʥʦʛʦ ʚʠʨʦʙʫ, ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ 

ʚ ʢʽʣʴʢʽʩʥʦʤʫ ʪʘ ʚ ʷʢʽʩʥʦʤʫ ʚʠʤʽʨʽ. ɿʙʘʣʘʥʩʫʚʘʪʠ ʯʠʤʘʣʫ ʢʽʣʴʢʽʩʪʴ ʢʨʠʪʝʨʽʾʚ 

(ʥʝʨʽʜʢʦ ʩʫʧʝʨʝʯʣʠʚʠʭ) ʤʦʞʝ ʪʽʣʴʢʠ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʦʙ'ʻʜʥʫʻ ʥʘʫʢʦʚʽ 

ʧʨʠʥʮʠʧʠ ʪʝʦʨʽʾ ʫʭʚʘʣʝʥʥʷ ʨʽʰʝʥʴ ʽ ʩʫʯʘʩʥʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ. 

ʈʦʟʨʦʙʢʠ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʽ ʟʘ ʢʦʨʜʦʥʦʤ ʚʝʜʫʪʴʩʷ ʚʞʝ ʧʦʥʘʜ 20 ʨʦʢʽʚ. ʋ 

ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʥʠʥʽ ʚʚʝʜʝʥʦ ʧʦʥʷʪʪʷ - ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʞʠʪʪʻʚʠʤ ʮʠʢʣʦʤ 

ʧʨʦʜʫʢʪʫ Product Lifecycle Management (PLM). ɹʫʢʚʘʣʴʥʦ PLM ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 
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"ʪʝʭʥʦʣʦʛʽʷ ʫʧʨʘʚʣʽʥʥʷ ʞʠʪʪʻʚʠʤ ʮʠʢʣʦʤ ʧʨʦʜʫʢʪʫ" [1]. ʎʝ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-

ʪʝʭʥʽʯʥʘ ʩʠʩʪʝʤʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʫʧʨʘʚʣʽʥʥʷ ʚʩʽʻʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʧʨʦʜʫʢʪ ʽ 

ʧʨʦ ʧʨʦʮʝʩʠ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ, ʚʽʜ ʤʦʤʝʥʪʫ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʨʝʙ ʩʫʩʧʽʣʴʩʪʚʘ ʚ 

ʧʝʚʥʦʤʫ ʧʨʦʜʫʢʪʽ ʽ ʜʦ ʫʪʠʣʽʟʘʮʽʾ ʚʠʨʦʙʫ ʧʽʩʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʪʦʙʪʦ ʧʨʦʪʷʛʦʤ 

ʫʩʴʦʛʦ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ (ɯɾʎ). ɼʦ ʧʦʯʘʪʢʫ 1990-ʭ ʨʨ. ʻʜʠʥʦʾ 

ʜʫʤʢʠ ʩʝʨʝʜ ʝʢʩʧʝʨʪʽʚ ʱʦʜʦ ʪʦʛʦ, ʷʢ ʩʣʽʜ ʨʦʟʫʤʽʪʠ ʢʘʪʝʛʦʨʽʶ "ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ 

ʚʠʨʽʙ" ʟ ʧʦʛʣʷʜʫ ʽʥʞʝʥʝʨʥʠʭ ʨʽʰʝʥʴ ʥʝ ʨʦʟʛʣʷʜʘʣʦʩʷ. ʇʦʩʪʫʧʦʚʦ ʮʷ ʽʥʬʦʨʤʘʮʽʷ 

ʩʪʘʣʘ ʬʦʨʤʘʣʽʟʦʚʫʚʘʪʠʩʷ, ʷʢ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʪʝʭʥʽʯʥʫ ʜʦʩʢʦʥʘʣʽʩʪʴ ʚʠʨʦʙʫ. 

ɺʠʥʠʢʘʻ ʪʝʨʤʽʥ "ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ ʧʨʦ ʚʠʨʽʙ" (PDM) [2]. 

ʅʠʥʽ ʛʘʣʫʟʴ ʪʝʭʥʦʣʦʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʞʠʪʪʻʚʠʤ ʮʠʢʣʦʤ ʚʠʨʦʙʫ ʧʦʩʪʽʡʥʦ 

ʨʦʟʰʠʨʶʻʪʴʩʷ ʷʢ ʟʘ ʩʪʫʧʝʥʝʤ ʦʭʦʧʣʝʥʥʷ, ʪʘʢ ʽ ʟʘ ʷʢʽʩʪʶ ʧʨʦʧʦʥʦʚʘʥʠʭ ʨʽʰʝʥʴ. 

ʊʝʨʤʽʥ PLM ʩʴʦʛʦʜʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʦʧʠʩʫ ʧʽʜʭʦʜʽʚ ʜʦ ʩʪʫʧʝʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʫ, ʘ ʩʘʤʝ: 

- ʬʦʨʤʫʚʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʙʘʟʠ ʜʘʥʠʭ ʫʩʽʻʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʩʪʦʩʫʻʪʴʩʷ 

ʚʠʨʦʙʫ; 

- ʫʧʨʘʚʣʽʥʥʷ (ʢʦʨʠʛʫʚʘʥʥʷ) ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʚʠʨʽʙ ʫ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ; 

- ʮʽʣʝʩʧʨʷʤʦʚʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʥʘʥʩʦʚʦʛʦ ʢʘʧʽʪʘʣʫ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ 
ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʚʠʨʦʙʫ. 

ʋ ʤʽʨʫ ʨʦʟʚʠʪʢʫ PLM-ʪʝʭʥʦʣʦʛʽʡ ʟʤʽʥʶʚʘʣʠʩʷ ʽ ʧʽʜʭʦʜʠ ʜʦ ʧʦʥʷʪʪʷ - 

ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʚʠʨʦʙʫ. ɹʣʠʟʴʢʦ ʪʨʠʜʮʷʪʠ ʨʦʢʽʚ ʪʦʤʫ ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʚʠʨʦʙʫ 

ʚʠʟʥʘʯʘʣʠ ʥʘ ʦʩʥʦʚʽ ʧʨʦʻʢʪʥʠʭ ʽ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʨʦʙʽʪ, ʦʩʢʽʣʴʢʠ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʟʘʩʦʙʠ ʙʫʣʠ ʩʢʦʥʮʝʥʪʨʦʚʘʥʽ ʪʽʣʴʢʠ ʥʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ 

ʧʨʦʻʢʪʫʚʘʥʥʽ ʚʠʨʦʙʫ. ʅʘʧʨʠʢʽʥʮʽ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʮʝʡ ʧʽʜʭʽʜ ʚʢʣʶʯʠʚ ʫ ʩʝʙʝ ʽ 

ʧʝʨʝʣʽʢ ʦʧʝʨʘʮʽʡ, ʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʨʦʙʫ, ʪʦʙʪʦ 

ʚ ʨʦʟʚʠʪʢʫ ʡʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʥʠʢʘʻ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ 

ʧʨʦʮʝʩʘʤʠ ʜʦʩʣʽʜʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʨʦʙʽʪ ʪʘ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʩʪʘʥ ʚʠʨʦʙʫ ʚ 

ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʉʬʝʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ PLM-ʩʠʩʪʝʤ ʨʦʟʰʠʨʶʻʪʴʩʷ ʚʠʩʦʢʠʤʠ ʪʝʤʧʘʤʠ. 

ʅʘʨʘʟʽ PLM-ʩʠʩʪʝʤʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʪʘʢʠʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ, ʚ ʷʢʠʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʙʘʟ ʜʘʥʠʭ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʚʠʨʦʙʦʤ, ʤʦʞʝ 

ʟʘʙʝʟʧʝʯʠʪʠ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙ'ʻʢʪʘ. PLM-

ʩʠʩʪʝʤʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʽʜ ʯʘʩ ʫʧʨʘʚʣʽʥʥʷ ʩʢʣʘʜʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ ʚ ʪʘʢʠʭ ʛʘʣʫʟʷʭ, ʷʢ: ʘʚʽʘʙʫʜʫʚʘʥʥʷ, ʩʫʜʥʦʙʫʜʫʚʘʥʥʷ, 

ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʷ. ʅʘʚʝʜʝʤʦ ʥʝʚʽʜ'ʻʤʥʽ ʝʣʝʤʝʥʪʠ PLM-ʩʠʩʪʝʤ: 

- ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʨʦʟʨʦʙʦʢ; 

- ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

- ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʽʯʥʠʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʽ ʨʝʤʦʥʪʦʤ ʚʠʨʦʙʽʚ; 

- ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʛʨʘʤ ʛʘʨʘʥʪʽʡʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; 

- ʬʦʨʤʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʚʠʤʦʛ ʷʢʦʩʪʽ; 

- ʫʧʨʘʚʣʽʥʥʷ ʽʥʪʝʛʨʘʮʽʻʶ ʤʝʭʘʥʽʢʠ, ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ; 

- ʬʦʨʤʫʚʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ; 

- ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ; 
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- ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʽ ʥʦʤʝʥʢʣʘʪʫʨʦʶ ʚʠʨʦʙʽʚ; 

- ʫʧʨʘʚʣʽʥʥʷ ʥʦʨʤʘʪʠʚʥʠʤʠ ʚʽʜʧʦʚʽʜʥʦʩʪʷʤʠ ʩʪʘʥʜʘʨʪʘʤ ʚʠʨʦʙʥʠʢʘ ʽ 
ʩʝʨʝʜʦʚʠʱʘ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʄʦʞʥʘ ʚʠʦʢʨʝʤʠʪʠ ʰʽʩʪʴ ʦʩʥʦʚʥʠʭ ʢʣʶʯʦʚʠʭ ʟʘʚʜʘʥʴ PLM-ʩʠʩʪʝʤ ʫ 

ʤʝʞʘʭ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ: ʚʽʜ ʨʦʟʨʦʙʣʝʥʥʷ ʡʦʛʦ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʜʦ ʫʪʠʣʽʟʘʮʽʾ [2]: 

- ʬʦʨʤʫʚʘʥʥʷ ʙʘʟʠ ʜʘʥʠʭ ʟʘ ʤʦʜʝʣʷʤʠ ʘʚʪʦʤʦʙʽʣʽʚ, ʤʦʞʣʠʚʠʤʠ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚʘʭ (ɸʊʇ ʘʙʦ ʚʠʜ ʧʝʨʝʚʝʟʝʥʴ); 

- ʢʝʨʫʚʘʥʥʷ ʪʝʨʤʽʥʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʷ ʪʘ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʡʦʛʦ 
ʦʙʩʣʫʛʦʚʫʻ; 

- ʢʝʨʫʚʘʥʥʷ ʧʨʦʛʨʘʤʘʤʠ ʨʦʟʚʠʪʢʫ ʪʘ ʧʨʦʝʢʪʥʠʤʠ ʨʦʟʨʦʙʢʘʤʠ 

ʤʦʜʠʬʽʢʘʮʽʡ ʽ ʤʦʜʝʣʴʥʦʛʦ ʨʷʜʫ ʘʚʪʦʤʦʙʽʣʷ; 

- ʦʧʪʠʤʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʊʆ ʽ ʈ ʘʚʪʦʤʦʙʽʣʷ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʪʝʨʤʽʥʫ 
ʝʢʩʧʣʫʘʪʘʮʽʾ; 

- ʫʧʨʘʚʣʽʥʥʷ ʢʨʠʪʝʨʽʷʤʠ ʷʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ; 

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʭʦʨʦʥʠ ʜʦʚʢʽʣʣʷ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʧʽʜ ʯʘʩ 
ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʷ. 

ʅʝʦʙʭʽʜʥʠʤ ʝʣʝʤʝʥʪʦʤ PLM-ʩʠʩʪʝʤʠ ʻ ʧʨʦʛʨʘʤʥʦ-ʧʨʦʝʢʪʥʝ ʫʧʨʘʚʣʽʥʥʷ. 

ʎʷ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʛʘʣʫʟʴ ʤʘʻ ʚʠʨʦʙʣʷʪʠ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʫʭʚʘʣʝʥʥʷ 

ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʨʽʰʝʥʥʷ ʱʦʜʦ ʦʙʩʷʛʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʘʚʪʦʤʦʙʽʣʽʚ ʽ ʪʝʨʤʽʥʽʚ ʾʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿʘʛʘʣʦʤ ʧʨʦʮʝʩʠ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʘʚʪʦʤʦʙʽʣʷ (ɾʎɸ) ʤʘʶʪʴ ʙʫʪʠ 

ʩʪʨʫʢʪʫʨʦʚʘʥʽ, ʪʦʙʪʦ ʨʦʟʙʠʪʽ ʥʘ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʙʣʦʢʠ ʘʙʦ ʝʪʘʧʠ, ʱʦ 

ʜʘʩʪʴ ʟʤʦʛʫ ʢʦʥʪʨʦʣʶʚʘʪʠ ʚʠʪʨʘʪʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʘʚʪʦʤʦʙʽʣʷ, 

ʧʣʘʥʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽ ʚʠʨʦʙʥʠʯʽ ʧʦʪʫʞʥʦʩʪʽ, ʢʝʨʫʚʘʪʠ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʧʦʪʦʢʘʤʠ. ʊʽʩʥʘ ʽʥʪʝʛʨʘʮʽʷ ʧʨʦʮʝʩʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ, 

ʚʠʨʦʙʥʠʮʪʚʘ, ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʘʚʪʦʤʦʙʽʣʽʚ ʻ ʟʘʧʦʨʫʢʦʶ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʡʦʛʦ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʧʨʦʪʷʛʦʤ ʫʩʽʭ ʝʪʘʧʽʚ ɾʎɸ. ɿʘʟʥʘʯʠʤʦ, ʱʦ 

ʟʨʦʩʪʘʶʯʘ ʢʦʥʢʫʨʝʥʮʽʷ ʥʘ ʨʠʥʢʫ ʚʠʨʦʙʥʠʮʪʚʘ ʘʚʪʦʤʦʙʽʣʽʚ ʧʨʠʟʚʝʣʘ ʜʦ 

ʧʦʤʽʪʥʦʛʦ ʧʦʩʠʣʝʥʥʷ ʚʠʤʦʛ, ʱʦ ʚʠʩʫʚʘʶʪʴʩʷ ʩʝʨʝʜʦʚʠʱʝʤ ʩʧʦʞʠʚʘʥʥʷ ʽ 

ʩʝʨʝʜʦʚʠʱʝʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦ ʾʭʥʴʦʾ ʷʢʦʩʪʽ. ʎʝʡ ʘʩʧʝʢʪ ʜʦʚʦʣʽ ʚʝʣʠʢʠʡ, ʚʽʥ 

ʦʭʦʧʣʶʻ ʜʦʩʣʽʜʞʝʥʥʷ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʦʧʠʪʫ (ʤʘʨʢʝʪʠʥʛ), ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ 

ʨʦʟʨʦʙʣʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ, ʤʘʪʝʨʽʘʣʴʥʦ-ʪʝʭʥʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʨʦʟʨʦʙʣʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʚʣʘʩʥʝ ʚʠʨʦʙʥʠʮʪʚʦ, ʚʠʧʨʦʙʫʚʘʥʥʷ, ʩʝʨʪʠʬʽʢʘʮʽʶ, ʝʢʩʧʣʫʘʪʘʮʽʶ, ʊʆ ʽ 

ʈ, ʫʪʠʣʽʟʘʮʽʶ ʪʦʱʦ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʥʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʪʝʨʤʽʥʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʚ 

ʨʘʤʢʘʭ PLM-ʩʠʩʪʝʤ ʘʚʪʦʤʦʙʽʣʷ) ʚʘʞʢʦ ʧʽʜʜʘʚʘʪʠ ʩʫʤʥʽʚʫ. ʆʩʥʦʚʥʠʤʠ 

ʢʝʨʦʚʘʥʠʤʠ ʙʣʦʢʘʤʠ ʘʙʦ ʝʪʘʧʘʤʠ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʻ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʚʠʨʦʙʥʠʮʪʚʦ, 

ʪʝʭʥʽʯʥʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʪʘ ʫʪʠʣʽʟʘʮʽʷ ʘʙʦ ʨʝʮʠʢʣʽʥʛ ʘʚʪʦʤʦʙʽʣʷ [3]. ʂʦʤʧʣʝʢʩʥʝ 

ʨʦʟʚ'ʷʟʘʥʥʷ ʮʠʭ ʟʘʚʜʘʥʴ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʦʮʝʩʽʚ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʢʽʣʴʢʽʩʥʠʭ ʽ ʷʢʽʩʥʠʭ, ʥʝʨʽʜʢʦ 

ʚʟʘʻʤʦʚʠʢʣʶʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʢʨʠʪʝʨʽʾʚ) [4]. 

ʅʘ ʝʪʘʧʽ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʷ ʦʩʥʦʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʱʦ 
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ʚʧʣʠʚʘʻ ʥʘ ʟʤʽʥʫ ʩʫʢʫʧʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʚʪʦʤʦʙʽʣʷ, ʻ ʧʨʦʙʽʛ ʘʙʦ ʪʝʨʤʽʥ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʫʤʦʚʘʭ 

ʦʙʤʝʞʝʥʴ, ʱʦ ʥʘʢʣʘʜʘʶʪʴʩʷ ʟʦʚʥʽʰʥʽʤʠ ʟʚ'ʷʟʢʘʤʠ ʩʠʩʪʝʤ ʚʠʱʦʛʦ ʨʽʚʥʷ 

(ʝʢʦʣʦʛʽʯʥʠʭ ʽ ʩʦʮʽʘʣʴʥʠʭ) ʘʚʪʦʤʦʙʽʣʷ ʜʘʩʪʴ ʟʤʦʛʫ: ʧʨʦʛʥʦʟʫʚʘʪʠ ʨʘʮʽʦʥʘʣʴʥʫ 

ʩʪʨʫʢʪʫʨʫ ʧʘʨʢʫ ʘʚʪʦʤʦʙʽʣʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ ʘʙʦ ʨʝʛʽʦʥʫ ʟʘ ʢʣʘʩʘʤʠ, ʪʠʧʘʤʠ ʽ 

ʤʘʨʢʘʤʠ ʟʘʣʝʞʥʦ ʚʽʜ ʮʽʣʝʡ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ; ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʚʽʢʦʚʫ ʩʪʨʫʢʪʫʨʫ ʧʘʨʢʫ ʝʢʩʧʣʫʘʪʦʚʘʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʊʆ ʽ ʨʝʤʦʥʪʫ; ʧʨʦʛʥʦʟʫʚʘʪʠ ʦʙʩʷʛʠ ʩʧʠʩʘʥʥʷ 

ʟʥʦʰʝʥʠʭ ʽ ʥʝʝʬʝʢʪʠʚʥʠʭ ʟʘ ʩʫʢʫʧʥʽʩʪʶ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ, ʪʦʙʪʦ 

ʚʭʽʜʥʽ ʧʦʪʦʢʠ ʚ ʩʠʩʪʝʤʫ ʫʪʠʣʽʟʘʮʽʾ ʘʚʪʦʤʦʙʽʣʽʚ. 
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ʧʠʪʦʤʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʥʦʩʽʾʚ, ʚʠʪʨʘʪʠ ʥʘ ʩʪʚʦʨʝʥʥʷ, ʝʢʩʧʣʫʘʪʘʮʽʶ, ʨʝʤʦʥʪ 

ʪʘ ʨʝʛʝʥʝʨʘʮʽʶ ʤʘʰʠʥ ʪʘ ʾʭ ʝʣʝʤʝʥʪʽʚ. 

ʇʦʩʪʫʧʦʚʠʡ ʨʦʟʚʠʪʦʢ ʥʦʚʠʭ ʚʠʜʽʚ ʧʝʨʝʚʝʟʝʥʴ ʧʨʠʟʚʽʚ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ 

ʧʝʨʝʙʫʚʘʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʜʘʣʝʢʦ ʚʽʜ ʦʩʥʦʚʥʦʾ ʚʠʨʦʙʥʠʯʦʾ ʙʘʟʠ, ʽ, ʚʥʘʩʣʽʜʦʢ 

ʮʴʦʛʦ, ʧʽʜʚʠʱʠʣʘʩʴ ʨʦʣʴ ʧʨʦʬʽʣʘʢʪʠʯʥʦʛʦ ʊʆ ʘʚʪʦʤʦʙʽʣʽʚ. ʊʦʤʫ ʩʪʚʦʨʝʥʥʷ 

ʛʥʫʯʢʦʾ çʘʜʘʧʪʠʚʥʦʾè ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ 

ʘʚʪʦʤʦʙʽʣʷ ʟ ʝʣʝʤʝʥʪʘʤʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ 

ʘʚʪʦʤʦʙʽʣʷ ʩʪʘʣʦ ʧʝʨʰʦʯʝʨʛʦʚʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʇʽʜ ʘʜʘʧʪʠʚʥʦʶ ʩʠʩʪʝʤʦʶ ʊʆ ʽ ʈ ʘʚʪʦʤʦʙʽʣʽʚ ʨʦʟʫʤʽʻʪʴʩʷ ʩʠʩʪʝʤʘ, ʷʢʘ 

ʟʘʚʜʷʢʠ ʟʤʽʥʽ ʩʚʦʻʾ ʩʪʨʫʢʪʫʨʠ ʽ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ, ʤʦʞʝ ʧʨʠʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʦ 

ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʽʭ ʽ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ. ʈʽʚʝʥʴ, ʷʢʦʛʦ ʜʦʩʷʛʣʘ ʩʫʯʘʩʥʘ ʪʝʭʥʽʯʥʘ 

ʜʽʘʛʥʦʩʪʠʢʘ (ʊɼ), ʜʦʟʚʦʣʷʻ ʧʨʠ ʪʝʭʥʽʯʥʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʽʚ ʨʝʘʣʽʟʫʚʘʪʠ 

ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʽ ʟʘʚʜʘʥʥʷ ʱʦʜʦ ʚʠʷʚʣʝʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʚʪʦʤʦʙʽʣʽʚ. 

ʊʆ ʽ ʈ ʫʤʦʚʥʦ ʥʘʟʠʚʘʶʪʴ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʪʝʭʥʽʯʥʠʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ 

(ɯʊʆ). ɺʠʜ ʨʦʙʽʪ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʟʥʘʯʘʶʪʴ ʥʘ ʦʩʥʦʚʽ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ 

ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʜʘʥʠʭ. 

ʋ ʟʚôʷʟʢʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʘ ʘʚʪʦʤʦʙʽʣʷʭ ʩʢʣʘʜʥʠʭ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ 

ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ, ʚʙʫʜʦʚʘʥʦʾ ʙʦʨʪʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʨʦʟʚʠʪʢʫ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʥʘʚʽʛʘʮʽʾ ʽ ʤʦʙʽʣʴʥʦʛʦ ʟʚ'ʷʟʢʫ, ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʟ'ʷʚʠʣʘʩʷ ʤʦʞʣʠʚʽʩʪʴ ʥʝ ʪʽʣʴʢʠ ʢʦʥʪʨʦʣʶʚʘʪʠ ʛʝʦʛʨʘʬʽʯʥʝ ʧʦʣʦʞʝʥʥʷ ʊɿ ʽ 

ʟʜʽʡʩʥʶʚʘʪʠ ʟʚôʷʟʦʢ ʟ ʜʠʩʧʝʪʯʝʨʦʤ ʧʽʜʧʨʠʻʤʩʪʚ ɸʊ, ʘʣʝ ʽ ʟʜʽʡʩʥʶʚʘʪʠ 

ʜʠʩʪʘʥʮʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʟ ʦʮʽʥʢʦʶ ʨʽʚʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʚʪʦʤʦʙʽʣʷ, ʱʦ 

ʮʽʣʢʦʤ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʽ ʟʘʚʜʘʥʥʷ ʧʦ ʚʠʷʚʣʝʥʥʶ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʚʪʦʤʦʙʽʣʷ.  

ʅʘʷʚʥʘ ʩʠʩʪʝʤʘ ʊʆ ʽ ʨʝʤʦʥʪʫ ʩʬʦʨʤʫʚʘʣʘʩʷ ʥʘ ʙʘʟʽ ʩʧʨʦʱʝʥʦʾ ʤʦʜʝʣʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ:  

ʎʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʜʦʟʚʦʣʠʪʴ ʧʝʨʝʡʪʠ ʜʦ ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ (ʘʜʘʧʪʠʚʥʦʾ) 

ʩʠʩʪʝʤʽ ʊʆ ʽ ʈ ʘʚʪʦʤʦʙʽʣʽʚ. 

ɺ ʘʜʘʧʪʠʚʥʽʡ ʩʠʩʪʝʤʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʞʝ ʧʨʦʚʦʜʠʪʠʩʷ ʥʘ ʧʽʜʩʪʘʚʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʦʙʢʠ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʭʝʤʠ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷʤ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ ʘʚʪʦʤʦʙʽʣʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ɸʉʋ.  

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ 

ʟʤʽʥʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʚʪʦʤʦʙʽʣʷ ʻ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ʎʝ ʢʘʣʝʥʜʘʨʥʽ ʜʘʪʠ ʽ ʟʥʘʯʝʥʥʷ 

ʥʘʧʨʘʮʶʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʬʽʢʩʦʚʘʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʧʘʨʘʤʝʪʨʽʚ, ʘ ʪʘʢʦʞ ʽʥʰʘ ʽʥʬʦʨʤʘʮʽʷ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʮʝʥʪʨʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʽ 

ʦʪʨʠʤʘʥʘ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧ'ʶʪʝʨʠʟʦʚʘʥʠʭ ʟʘʩʦʙʽʚ ʜʽʘʛʥʦʩʪʠʢʠ. ɺʩʷ ʮʷ ʽʥʬʦʨʤʘʮʽʷ 

ʧʝʨʝʜʘʻʪʴʩʷ ɸʉʋ ʜʣʷ ʦʙʨʦʙʢʠ ʽ ʮʝ ʻ ʦʩʥʦʚʦʶ ʬʦʨʤʫʚʘʥʥʷ ʤʘʩʠʚʫ ʥʦʨʤʘʪʠʚʥʦ-

ʜʦʚʽʜʢʦʚʦʾ ʽ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʫ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ʉʘʤʝ ʪʦʤʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʊɽɸ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʽ 

ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ. 
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ʆʩʥʦʚʦʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʘʜʘʧʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʻ ʙʘʟʘ ʜʘʥʠʭ ʧʨʦ 

ʘʚʪʦʤʦʙʽʣʴ. ɺʦʥʘ ʷʚʣʷʻ ʩʠʩʪʝʤʫ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʪʘʙʣʠʮʴ. ʋ ʥʽʡ ʨʦʟʤʽʱʫʻʪʴʩʷ 

ʽʥʬʦʨʤʘʮʽʷ ʨʽʟʥʦʛʦ ʨʦʜʫ ʽ ʪʦʤʫ ʚʦʥʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʘʤʠ 

ʜʘʥʠʭ ï Microsoft Access, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʝ ʩʪʚʦʨʝʥʥʷ ʽ 

ʢʦʨʠʛʫʚʘʥʥʷ ʙʘʟʠ ʜʘʥʠʭ.  

ʊʝʭʥʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʯʘʩʥʦʾ ʩʠʩʪʝʤʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 

ʜʽʘʛʥʦʩʪʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʮʝʥʪʨʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʟʘʩʦʙʠ ɸʉʋ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ ʘʚʪʦʤʦʙʽʣʽʚ. 

ʇʝʨʰʠʡ ʝʪʘʧ ʤʦʥʽʪʦʨʠʥʛʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ - ʮʻ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʜʣʷ ʩʪʘʥʜʘʨʪʥʠʭ ʮʠʢʣʽʚ ʨʫʭʫ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʝʷʢʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʧʘʣʠʚʥʦʾ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʽ 

ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʨʫʭʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʩʠʩʪʝʤʠ çʜʚʠʛʫʥ-ʢʘʪʘʣʽʪʠʯʥʠʡ ʥʝʡʪʨʘʣʽʟʘʪʦʨè ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʮʽʻʾ ʤʝʪʠ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʟʘʩʥʦʚʘʥʘ ʥʘ ʤʝʪʦʜʽ ʙʘʣʘʥʩʫ ʦʙʩʷʛʫ. ʄʦʜʝʣʴ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ ʝʢʦʥʦʤʽʶ ʧʘʣʠʚʘ, ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ ʽ ʝʢʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʡʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʨʝʞʠʤ ʨʦʙʦʪʠ, ʪʠʧ ʧʘʣʠʚʘ ʽ 

ʧʘʨʘʤʝʪʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʻ 

ʬʘʢʪʠʯʥʽ ʜʘʥʽ ʦʧʝʨʘʮʽʾ ʜʚʠʛʫʥʘ, ʦʪʨʠʤʘʥʽ ʟ ʮʠʣʽʥʜʨʘ ʜʘʪʯʠʢʘ ʪʠʩʢʫ; ʧʘʨʘʤʝʪʨʠ 

ʜʚʠʛʫʥʘ ʚ ʩʪʘʮʽʦʥʘʨʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ, ʦʪʨʠʤʘʥʠʭ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʭ; ʙʦʨʪʦʚʠʡ ʜʽʘʛʥʦʩʪʠʢʠ (ɹɼ) ʩʠʩʪʝʤʥʽ ʜʘʥʽ ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ 

ʨʝʞʠʤʽʚ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. ʅʘʙʽʨ ʜʘʥʠʭ ʚ ʮʠʣʽʥʜʨʽ ʨʦʙʦʯʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʽʣʘ, ʝʢʦʥʦʤʽʷ ʧʘʣʠʚʘ, ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ ʽ ʝʢʦʣʦʛʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʞʠʤʽʚ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʩʦʙʫ ʚ ʮʠʢʣʽ ʨʫʭʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ. ɽʢʦʥʦʤʽʢʘ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʧʘʣʠʚʘ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʚ ʮʠʢʣʽ ʚʦʜʽʥʥʷ ʥʘʚʝʜʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɼʨʫʛʠʡ ʝʪʘʧ ʤʦʥʽʪʦʨʠʥʛʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʻ ʦʮʽʥʢʘ ʙʝʟʧʝʢʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʢʦʣʠ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʫʩʽ ʥʘ 

ʨʝʘʣʴʥʦʤʫ ʤʘʨʰʨʫʪʽ. ʎʝ ʤʦʞʣʠʚʦ ʟʘ ʜʦʧʦʤʦʛʦʶ OBD ʜʘʥʠʭ ʽ ʧʦʪʦʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ (GPS ʜʘʥʠʭ). ʅʘʙʽʨ ʜʘʥʠʭ ʨʝʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʨʰʨʫʪʫ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʪʦʯʥʠʤʠ ʜʘʥʠʤʠ ʧʨʦ 

ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. ʎʝ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʨʝʘʣʴʥʠʭ ʩʠʣ ʦʧʦʨʫ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʧʦ ʤʘʨʰʨʫʪʫ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ çʜʦʨʦʞʥʽʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙè, ʝʢʦʣʦʛʽʯʥʘ 

ʙʝʟʧʝʢʘ ʦʮʽʥʶʻʪʴʩʷ, ʢʦʣʠ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʫʩʽ ʟʘ ʧʝʚʥʠʤ 

ʤʘʨʰʨʫʪʦʤ. 

ɺ ʮʽʣʦʤʫ ʚʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʽʩʥʫʚʘʥʥʷ ʽ ʩʪʚʦʨʝʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ ʊʆ ʽ 

ʈ ʜʦʟʚʦʣʷʻ ʧʽʜʢʨʝʩʣʠʪʠ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʠʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʨʦʛʨʝʩʠʚʥʠʭ ʩʠʩʪʝʤ ʊʆ ʽ ʈ.  

ɺʠʩʥʦʚʢʠ. ʈʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ 

ʧʨʦʮʝʩʽʚ ʻ, ʧʦ-ʧʝʨʰʝ, ʫʤʦʚʦʶ ʧʝʨʝʭʦʜʫ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʜʦ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʧʽʜʩʪʘʚʽ 
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ʛʥʫʯʢʠʭ çʘʜʘʧʪʠʚʥʠʭè ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʟ ʽʥʜʠʚʽʜʫʘʣʴʥʦʶ ʢʦʨʝʢʮʽʻʶ 

ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʪʘ ʦʙʩʷʛʽʚ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʄʦʥʽʪʦʨʠʥʛ ʷʢʦʩʪʽ ʨʫʭʫ ʽ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʪʝʭʥʽʯʥʽʡ ʩʣʫʞʙʽ ʦʪʨʠʤʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʘʣʠʰʢʦʚʫ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʽ ʩʚʦʻʯʘʩʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʧʨʦʬʽʣʘʢʪʠʯʥʽ 

ʚʧʣʠʚʠ ʥʘ ʦʩʥʦʚʽ ʾʭ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ. ɼʣʷ ʜʠʩʧʝʪʯʝʨʘ (ʩʫʙ'ʻʢʪʘ 

ʫʧʨʘʚʣʽʥʥʷ) ʚʠʧʝʨʝʜʞʘʶʯʘ ʜʽʘʛʥʦʩʪʠʢʘ ʊɿ ʻ ʦʜʥʽʻʶ ʟ ʪʝʭʥʦʣʦʛʽʡ ʧʦʧʝʨʝʜʞʝʥʥʷ 

ʚʪʨʘʪ ʯʘʩʫ. 
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ɸʅɸʃɯɿ ɸɺʊʆʄɸʊʀɿʆɺɸʅʀʍ ʉʀʉʊɽʄ ɼɯɸɻʅʆʉʊʀʂʀ 

ʃɽɻʂʆɺʀʍ ɸɺʊʆʄʆɹɯʃɯɺ 

 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʠʢʠ (ɸʉɼ) - ʮʝ ʢʦʤʧʣʝʢʩʥʽ ʪʝʭʥʽʯʥʽ 

ʨʽʰʝʥʥʷ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʚʠʷʚʣʝʥʥʷ 

ʤʦʞʣʠʚʠʭ ʧʨʦʙʣʝʤ ʯʠ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʚ ʨʦʙʦʪʽ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ. 

ʆʩʥʦʚʥʘ ʤʝʪʘ ɸʉɼ ʧʦʣʷʛʘʻ ʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ 

ʚʠʷʚʣʝʥʥʷ ʤʦʞʣʠʚʠʭ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʚ ʨʦʙʦʪʽ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʩʠʩʪʝʤ, ʱʦ 

ʚʢʣʶʯʘʶʪʴ ʜʚʠʛʫʥ, ʙʘʪʘʨʝʶ, ʝʣʝʢʪʨʦʥʥʽ ʢʦʤʧʦʥʝʥʪʠ ʪʦʱʦ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʧʨʦʙʣʝʤʠ, ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʙʝʟʧʝʢʫ 

ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʽʚ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [1]. 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʪʠʧʠ ʩʝʥʩʦʨʽʚ, 

ʜʘʪʯʠʢʽʚ ʪʘ ʘʥʘʣʽʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʟʙʦʨʫ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʪʘ, ʚ ʨʘʟʽ ʧʦʪʨʝʙʠ, ʥʘʜʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʚʦʜʽʷʤ ʘʙʦ ʪʝʭʥʽʯʥʠʤ 

ʩʣʫʞʙʘʤ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʯʠ ʨʝʤʦʥʪʫ. 

ɸʉɼ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘ ʨʽʟʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ [2]. ʂʣʘʩʠʬʽʢʘʮʽ ̫ʟʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʣʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʤʦʞʝ 

ʚʠʛʣʷʜʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ: 

1. ɿʘ ʧʨʠʟʥʘʯʝʥʥʷʤ: 

- ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʠʢʠ ʜʚʠʛʫʥʘ: ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʤʦʥʽʪʦʨʠʥʛ ʨʦʙʦʪʠ 
ʜʚʠʛʫʥʘ, ʚʢʣʶʯʘʶʯʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʚʠʷʚʣʝʥʥʷ 

ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʪʘ ʢʦʥʪʨʦʣʴ ʚʠʢʠʜʽʚ; 

- ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʠʢʠ ʰʘʩʽ: ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʩʪʘʥ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ, 
ʛʘʣʴʤ, ʩʠʩʪʝʤ ʩʪʽʡʢʦʩʪʽ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʙʝʟʧʝʢʫ ʪʘ ʢʝʨʦʚʘʥʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ; 

- ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʠʢʠ ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʝʣʝʢʪʨʠʢʠ: ʩʧʨʷʤʦʚʘʥʽ ʥʘ 
ʚʠʷʚʣʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʫ ʩʠʣʦʚʠʭ ʢʘʙʝʣʷʭ, ʩʝʥʩʦʨʘʭ, 

ʘʢʢʫʤʫʣʷʪʦʨʘʭ ʪʘ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʘʭ; 

- ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʠʢʠ ʙʝʟʧʝʢʠ: ʚʢʣʶʯʘʶʪʴ ʩʠʩʪʝʤʠ ʧʦʧʝʨʝʜʞʝʥʥʷ 
ʧʨʦ ʟʽʪʢʥʝʥʥʷ, ʩʠʩʪʝʤʠ ʥʘʜʟʚʠʯʘʡʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʪʘ ʽʥʰʽ ʩʠʩʪʝʤʠ, 

ʱʦ ʧʽʜʚʠʱʫʶʪʴ ʙʝʟʧʝʢʫ ʘʚʪʦʤʦʙʽʣʷ ʪʘ ʧʘʩʘʞʠʨʽʚ; 

- ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʴʥʦʛʦ: 

ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʴʥʦʛʦ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ; 

- ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʠʢʠ ʛʽʙʨʠʜʥʠʭ ʪʘ ʝʣʝʢʪʨʠʯʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ: 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ ʛʽʙʨʠʜʥʠʭ 

ʪʘ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 
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2. ɿʘ ʩʧʦʩʦʙʦʤ ʧʽʜʢʣʶʯʝʥʥʷ: 

- ʚʙʫʜʦʚʘʥʽ ʩʠʩʪʝʤʠ: ʽʥʪʝʛʨʦʚʘʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʘʚʪʦʤʦʙʽʣʴ ʽ 

ʢʦʥʪʨʦʣʶʶʪʴ ʨʦʙʦʪʫ ʨʽʟʥʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʦʙʽʣʷ; 

- ʧʽʜʢʣʶʯʝʥʽ ʩʠʩʪʝʤʠ: ʟʘʟʚʠʯʘʡ ʟʘʩʥʦʚʘʥʽ ʥʘ ʜʦʜʘʪʢʦʚʠʭ ʩʝʥʩʦʨʘʭ ʪʘ 
ʧʨʠʩʪʨʦʷʭ, ʷʢʽ ʤʦʞʥʘ ʧʽʜʢʣʶʯʠʪʠ ʜʦ ʘʚʪʦʤʦʙʽʣʷ. 

3. ɿʘ ʩʪʫʧʝʥʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ: 

- ʘʚʪʦʥʦʤʥʽ ʩʠʩʪʝʤʠ: ʇʨʘʮʶʶʪʴ ʘʚʪʦʥʦʤʥʦ ʪʘ ʚʠʜʘʶʪʴ ʚʦʜʽʶ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʘʚʪʦʤʦʙʽʣʷ; 

- ʩʠʩʪʝʤʠ ʟ ʚʽʜʜʘʣʝʥʠʤ ʤʦʥʽʪʦʨʠʥʛʦʤ: ʧʝʨʝʜʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʥʘ 
ʚʽʜʜʘʣʝʥʽ ʩʝʨʚʝʨʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ. 

4. ɿʘ ʟʚ'ʷʟʢʦʤ ʟ ʚʦʜʽʻʤ: 

- ʩʠʩʪʝʤʠ, ʷʢʽ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʚʦʜʽʻʤ: ʚʽʜʦʙʨʘʞʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʥʘ 
ʙʦʨʪʦʚʦʤʫ ʢʦʤʧ'ʶʪʝʨʽ ʘʙʦ ʚʦʜʽʡʩʴʢʦʤʫ ʤʽʩʮʽ; 

- ʩʠʩʪʝʤʠ ʙʝʟ ʚʟʘʻʤʦʜʽʾ ʟ ʚʦʜʽʻʤ: ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʽʜʜʘʣʝʥʦʛʦ 
ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʟʚʽʪʥʦʩʪʽ. 

ɼʣʷ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ɸʉɼ ̒ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʩʫʯʘʩʥʠʭ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɺʦʥʠ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʙʝʟʧʝʢʠ, ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ [1]. ʆʩʴ 

ʜʝʷʢʽ ʘʩʧʝʢʪʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ɸʉɼ ʜʣʷ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ: 

- ʧʦʧʝʨʝʜʞʝʥʥʷ ʪʘ ʜʽʘʛʥʦʩʪʠʢʘ ʧʦʤʠʣʦʢ ï ɸʉɼ ʤʦʞʫʪʴ ʥʘʜʘʚʘʪʠ 

ʚʦʜʽʷʤ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʦʞʣʠʚʽ ʥʝʩʧʨʘʚʥʦʩʪʽ ʪʘ ʧʦʤʠʣʢʠ ʚ ʘʚʪʦʤʦʙʽʣʽ, 

ʜʦʧʦʤʘʛʘʶʯʠ ʚʯʘʩʥʦ ʚʠʷʚʠʪʠ ʧʨʦʙʣʝʤʠ ʪʘ ʫʥʠʢʥʫʪʠ ʩʝʨʡʦʟʥʠʭ ʧʦʣʦʤʦʢ. ʎʝ 

ʩʧʨʠʷʻ ʙʝʟʧʝʮʽ ʪʘ ʚʠʧʨʘʚʣʷʥʥʶ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʜʦ ʪʦʛʦ, ʷʢ ʚʦʥʠ ʟôʷʚʣʷʪʴʩʷ; 

- ʚʽʜʜʘʣʝʥʝ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ï ʟʘʚʜʷʢʠ ʟ'ʻʜʥʘʥʥʶ ʘʚʪʦʤʦʙʽʣʽʚ ʟ 

ʭʤʘʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʪʘ ʩʝʨʚʽʩʥʠʤʠ ʮʝʥʪʨʘʤʠ, ɸʉɼ ʤʦʞʫʪʴ ʚʽʜʜʘʣʝʥʦ 

ʜʽʘʛʥʦʩʪʫʚʘʪʠ ʩʪʘʥ ʘʚʪʦʤʦʙʽʣʷ ʪʘ ʧʝʨʝʜʘʚʘʪʠ ʮʶ ʽʥʬʦʨʤʘʮʽʶ ʪʝʭʥʽʯʥʠʤ 

ʩʣʫʞʙʘʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʣʘʥʫʚʘʪʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪ; 

- ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ ï ʜʝʷʢʽ ɸʉɼ ʚʢʣʶʯʘʶʪʴ ʩʠʩʪʝʤʠ ʘʢʪʠʚʥʦʾ ʙʝʟʧʝʢʠ, 

ʷʢʽ ʤʦʞʫʪʴ ʨʝʘʛʫʚʘʪʠ ʥʘ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʽ ʩʠʪʫʘʮʽʾ, ʪʘʢʽ ʷʢ ʩʠʩʪʝʤʠ 

ʢʦʥʪʨʦʣʶ ʩʪʽʡʢʦʩʪʽ ʪʘ ʩʠʩʪʝʤʠ ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʨʦ ʟʽʪʢʥʝʥʥʷ; 

- ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʘʣʴʥʦʛʦ ï ɸʉɼ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʢʦʥʪʨʦʣʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʴʥʦʛʦ, ʱʦ ʜʦʧʦʤʘʛʘʻ 

ʚʦʜʽʷʤ ʝʢʦʥʦʤʠʪʠ ʛʦʨʶʯʝ ʧʘʣʴʥʝ ʪʘ ʟʥʠʞʫʚʘʪʠ ʚʠʢʠʜʠ; 

- ʦʥʦʚʣʝʥʥʷ ʪʘ ʚʽʜʜʘʣʝʥʽ ʧʘʪʯʽ ï ʜʝʷʢʽ ɸʉɼ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ 

ʚʽʜʜʘʣʝʥʽ ʦʥʦʚʣʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʧʘʪʯʽ ʜʣʷ 

ʚʠʧʨʘʚʣʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʧʨʦʙʣʝʤ; 

- ʤʦʥʽʪʦʨʠʥʛ ʢʦʤʧʦʥʝʥʪʽʚ ï ɸʉɼ ʤʦʞʫʪʴ ʤʦʥʽʪʦʨʠʪʠ ʨʦʙʦʪʫ ʨʽʟʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʘʚʪʦʤʦʙʽʣʷ, ʚʢʣʶʯʘʶʯʠ ʜʚʠʛʫʥ, ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ, ʛʘʣʴʤʽʚʥʫ 

ʩʠʩʪʝʤʫ ʪʘ ʽʥʰʽ, ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʽʜʭʠʣʝʥʴ ʪʘ ʥʝʟʚʠʯʘʡʥʦʩʪʝʡ; 

- ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʝʨʚʽʩʫ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ï ɸʉɼ ʜʦʧʦʤʘʛʘʶʪʴ 

ʩʝʨʚʽʩʥʠʤ ʮʝʥʪʨʘʤ ʧʣʘʥʫʚʘʪʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʪʘ 

ʥʘʜʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʚʯʘʩʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ; 

- ʩʧʦʞʠʚʯʘ ʚʟʘʻʤʦʜʽʷ ï ʽʥʪʝʨʬʝʡʩʠ ɸʉɼ ʤʦʞʫʪʴ ʥʘʜʘʚʘʪʠ 
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ʽʥʬʦʨʤʘʮʽʶ ʚʦʜʽʷʤ ʯʝʨʝʟ ʙʦʨʪʦʚʽ ʢʦʤʧ'ʶʪʝʨʠ, ʩʤʘʨʪʬʦʥʠ ʘʙʦ ʛʦʣʦʩʦʚʽ ʩʠʩʪʝʤʠ 

ʚ ʘʚʪʦʤʦʙʽʣʷʭ. 

ʋʩʽ ʮʽ ʘʩʧʝʢʪʠ ʨʦʙʣʷʪʴ ɸʉɼ ʥʝʟʘʤʽʥʥʦʶ ʯʘʩʪʠʥʦʶ ʩʫʯʘʩʥʠʭ ʣʝʛʢʦʚʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʩʧʨʠʷʶʯʠ ʷʢ ʾʭʥʽʡ ʙʝʟʧʝʮʽ, ʪʘʢ ʽ ʨʦʟʚʠʪʢʫ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʽʥʜʫʩʪʨʽʾ. 

ʋ ʥʘʡʙʣʠʞʯʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ, ʚʧʨʦʚʘʜʞʝʥʥʷ ɸʉɼ ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʛʽʙʨʠʜʥʠʭ ʪʘ ʝʣʝʢʪʨʠʯʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʦʙʽʮʷʻ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʠʭ ʟʤʽʥ ʫ ʩʬʝʨʽ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʎʝ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʽ 1.  

 

ʊʘʙʣʠʮʷ 1 ï ɿʤʽʥʠ ʫ ʩʬʝʨʽ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʮʽ 

ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ ʨʘʭʫʥʦʢ ʚʧʨʦʚʘʜʞʝʥʥʷ ɸʉɼ 

ʅʘʧʨʷʤ ʄʦʞʣʠʚʦʩʪʽ 

ʉʧʨʦʱʝʥʥʷ ʪʘ 

ʰʚʠʜʢʽʩʪʴ 

ʜʽʘʛʥʦʩʪʠʢʠ 

ɸʉɼ ʜʦʟʚʦʣʷʶʪʴ ʘʚʪʦʩʝʨʚʽʩʘʤ ʰʚʠʜʢʦ ʪʘ ʪʦʯʥʦ ʚʠʷʚʣʷʪʠ 

ʧʨʦʙʣʝʤʠ ʫ ʝʣʝʢʪʨʠʯʥʠʭ ʪʘ ʛʽʙʨʠʜʥʠʭ ʘʚʪʦʤʦʙʽʣʷʭ. 

ʅʘʧʨʠʢʣʘʜ, ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʙʘʪʘʨʝʡ ʤʦʞʫʪʴ ʥʘʜʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʾʭʥʽʡ ʩʪʘʥ ʪʘ ʧʦʧʝʨʝʜʠʪʠ ʧʨʦ ʤʦʞʣʠʚʫ 

ʥʝʩʧʨʘʚʥʽʩʪʴ, ʱʦ ʚʘʞʣʠʚʦ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ 

ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʤʦʙʽʣʷ. 

ɺʽʜʜʘʣʝʥʝ 

ʜʽʘʛʥʦʟʫʚʘʥʥʷ 

ɸʉɼ ʤʦʞʫʪʴ ʥʘʜʩʠʣʘʪʠ ʜʘʥʽ ʚʠʨʦʙʥʠʢʘʤ ʘʙʦ ʘʚʪʦʩʝʨʚʽʩʘʤ 

ʜʣʷ ʚʽʜʜʘʣʝʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ 

ʚʽʜʜʘʣʝʥʝ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʚʠʨʦʙʥʠʢʠ ʤʦʞʫʪʴ ʦʪʨʠʤʫʚʘʪʠ ʜʘʥʽ ʧʨʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʪʘʨʝʡ ʪʘ ʧʨʦʧʦʥʫʚʘʪʠ ʧʦʢʨʘʱʝʥʽ ʨʽʰʝʥʥʷ 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʾʭʥʴʦʾ ʪʨʠʚʘʣʦʩʪʽ ʩʣʫʞʙʠ. 

ʈʦʟʚʠʪʦʢ ʥʦʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ 

ɸʚʪʦʤʦʙʽʣʴʥʽ ʚʠʨʦʙʥʠʢʠ ʩʪʠʤʫʣʶʶʪʴʩʷ ʚʧʨʦʚʘʜʞʫʚʘʪʠ 

ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʪʘ ʥʘʜʽʡʥʽ ʢʦʤʧʦʥʝʥʪʠ ʪʘ ʩʠʩʪʝʤʠ. 

ʅʘʧʨʠʢʣʘʜ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɸʉɼ ʤʦʞʫʪʴ ʨʦʟʨʦʙʣʷʪʠʩʷ 

ʥʦʚʽ ʘʢʫʤʫʣʷʪʦʨʠ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʟʙʝʨʽʛʘʪʠ ʙʽʣʴʰʝ ʝʥʝʨʛʽʾ ʪʘ 

ʤʘʪʠ ʜʦʚʰʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ. 

ɿʤʝʥʰʝʥʥʷ 

ʚʠʪʨʘʪ ʥʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ɸʉɼ ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʛʽʙʨʠʜʥʠʭ ʪʘ ʝʣʝʢʪʨʠʯʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. ɺʦʥʠ ʜʦʧʦʤʘʛʘʶʪʴ 

ʧʦʧʝʨʝʜʞʘʪʠ ʩʝʨʡʦʟʥʽ ʥʝʩʧʨʘʚʥʦʩʪʽ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʽʣʴʰ 

ʪʦʯʥʫ ʜʽʘʛʥʦʩʪʠʢʫ, ʱʦ ʚʝʜʝ ʜʦ ʤʝʥʰʦʛʦ ʯʘʩʫ ʪʘ ʟʫʩʠʣʴ, 

ʚʠʪʨʘʯʝʥʠʭ ʥʘ ʨʝʤʦʥʪ 

 

ʋʟʘʛʘʣʴʥʶʶʯʠ, ɸʉɼ ʤʘʶʪʴ ʧʦʪʝʥʮʽʘʣ ʨʝʚʦʣʶʮʽʦʥʽʟʫʚʘʪʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʪʘ ʨʦʟʨʦʙʢʫ ʛʽʙʨʠʜʥʠʭ ʪʘ ʝʣʝʢʪʨʠʯʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʩʧʨʠʷʶʯʠ ʟʙʽʣʴʰʝʥʥʶ 

ʾʭʥʴʦʾ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʩʣʫʞʙʠ. ɺʦʥʠ ʜʦʟʚʦʣʷʪʴ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʪʘ 

ʧʦʢʨʘʱʠʪʠ ʟʘʛʘʣʴʥʫ ʷʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. 

 

ʃʽʪʝʨʘʪʫʨʘ 

1. ʊʝʭʥʽʯʥʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʘʚʪʦʤʦʙʽʣʽʚ : ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ 

/ ɭ. ʖ. ʌʦʨʥʘʣʴʯʠʢ, ʄ. ʉ. ʆʣʽʩʢʝʚʠʯ, ʆ. ʃ. ʄʘʩʪʠʢʘʰ, ʈ. ɸ. ʇʝʣʴʦ. ï ʃʴʚʽʚ : 

ɸʬʽʰʘ, 2004. ï 492 ʩ. 
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2. ɯʥʬʦʨʤʘʮʽʡʥʠʡ ʤʦʜʫʣʴ HaynesPro WorkshopData Electronics 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] - ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://dline.com.ua/informacijnyj-

modul-haynespro-workshopdata-electronics. 

 

ɹʦʣʜʦʚʩʴʢʠʡ ɺʦʣʦʜʠʤʠʨ ʄʠʢʦʣʘʡʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʄ.ɭ. ɾʫʢʦʚʩʴʢʦʛʦ çʍɸɯè  

 

ʇɯɼɺʀʑɽʅʅʗ ʗʂʆʉʊɯ ɺʀɻʆʊʆɺʃɽʅʅʗ ɼɽʊɸʃɽʁ  

ɺɼʆʉʂʆʅɸʃɽʅʅʗʄ ʉʀʉʊɽʄʀ ʂʆʅʊʈʆʃʖ ʊʆʏʅʆʉʊɯ 

ʄɽʊɸʃʆʈɯɿɸʃʔʅʀʍ ɺɽʈʉʊɸʊɯɺ 

 

ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʛʝʦʤʝʪʨʠʯʥʦʾ ʪʦʯʥʦʩʪʽ 

ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʪʘ 

ʪʦʯʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʘʚʪʦʤʦʙʽʣʽʚ.  

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʚʞʠʪʠ ʢʽʣʴʢʘ ʢʨʦʢʽʚ: 

ɸʥʘʣʽʟ ʽʩʥʫʶʯʦʾ ʩʠʩʪʝʤʠ: ʉʧʦʯʘʪʢʫ ʚʘʞʣʠʚʦ ʨʝʪʝʣʴʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ 

ʽʩʥʫʶʯʫ ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʶ ʛʝʦʤʝʪʨʠʯʥʦʾ ʪʦʯʥʦʩʪʽ ʚʝʨʩʪʘʪʽʚ. ʎʝ ʜʦʧʦʤʦʞʝ 

ʚʠʟʥʘʯʠʪʠ ʧʦʪʦʯʥʽ ʥʝʜʦʣʽʢʠ ʪʘ ʦʙʣʘʩʪʽ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʧʦʢʨʘʱʝʥʥʷ. 

ɺʠʙʽʨ ʩʫʯʘʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ: ʅʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʥʝʦʙʭʽʜʥʦ ʧʦʩʪʫʧʦʚʦ 

ʦʥʦʚʣʶʚʘʪʠ ʚʠʤʽʨʶʚʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ. ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʪʘʢʽ ʷʢ ʣʘʟʝʨʥʽ ʪʘ 

ʦʧʪʠʯʥʽ ʩʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʥʴ, ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʪʘ 

ʥʘʜʽʡʥʽʩʪʴ ʚʠʤʽʨʽʚ. 

ʂʘʣʽʙʨʫʚʘʥʥʷ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ: ʇʨʘʚʠʣʴʥʝ ʢʘʣʽʙʨʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʻ ʢʣʶʯʦʚʠʤ ʝʪʘʧʦʤ. ɺʦʥʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʥʘʣʘʰʪʦʚʘʥʽ ʟ 

ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ. 

ʄʦʥʽʪʦʨʠʥʛ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ: ʉʠʩʪʝʤʫ ʧʝʨʝʚʽʨʢʠ ʪʦʯʥʦʩʪʽ ʚʝʨʩʪʘʪʽʚ 

ʧʦʪʨʽʙʥʦ ʧʦʩʪʽʡʥʦ ʤʦʥʽʪʦʨʠʪʠ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʪʠ. ʈʝʛʫʣʷʨʥʘ ʧʝʨʝʚʽʨʢʘ ʪʘ 

ʧʽʜʪʨʠʤʢʘ ʩʠʩʪʝʤʠ ʜʦʧʦʤʦʞʫʪʴ ʟʘʧʦʙʽʛʪʠ ʟʥʝʦʩʦʙʣʝʥʠʤ ʧʦʣʦʤʢʘʤ ʪʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʩʪʽʡʥʫ ʪʦʯʥʽʩʪʴ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ: ɹʘʞʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʢʦʥʪʨʦʣʶ. ʉʠʩʪʝʤʠ ʟʙʦʨʫ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʤʦʞʫʪʴ 

ʩʧʨʦʩʪʠʪʠ ʧʨʦʮʝʩ ʢʦʥʪʨʦʣʶ ʪʘ ʥʘʜʘʚʘʪʠ ʨʝʘʣʴʥʠʡ ʯʘʩ ʟʚʽʪʥʦʩʪʽ. 

ʅʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ: ʇʝʨʩʦʥʘʣ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʢʦʥʪʨʦʣʴ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʪʦʯʥʦʩʪʽ, ʤʘʻ ʥʝʦʙʭʽʜʥʽ ʥʘʚʠʯʢʠ ʪʘ ʟʥʘʥʥʷ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʟ ʩʠʩʪʝʤʦʶ 

ʢʦʥʪʨʦʣʶ ʪʦʯʥʦʩʪʽ. 

ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ: ʅʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ 

ʢʦʥʪʨʦʣʶ ʛʝʦʤʝʪʨʠʯʥʦʾ ʪʦʯʥʦʩʪʽ ʚ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ. ʎʝ ʤʦʞʝ 

ʜʦʧʦʤʦʛʪʠ ʟʤʝʥʰʠʪʠ ʚʽʜʭʠʣʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʪʦʯʥʦʩʪʽ ʪʘ ʧʦʢʨʘʱʠʪʠ ʟʘʛʘʣʴʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʝʨʩʪʘʪʽʚ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ Six Sigma ʪʘ Lean Manufacturing: ɺʧʨʦʚʘʜʞʝʥʥʷ 

ʤʝʪʦʜʽʚ Six Sigma ʪʘ Lean Manufacturing ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʧʨʦʮʝʩʽʚ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʚʽʜʭʠʣʝʥʴ. 

https://dline.com.ua/informacijnyj-modul-haynespro-workshopdata-electronics
https://dline.com.ua/informacijnyj-modul-haynespro-workshopdata-electronics
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ɺʟʘʻʤʦʜʽʷ ʟ ʚʠʨʦʙʥʠʢʘʤʠ ʦʙʣʘʜʥʘʥʥʷ: ʇʦʪʨʽʙʥʦ ʩʧʽʚʧʨʘʮʶʚʘʪʠ ʟ 

ʚʠʨʦʙʥʠʢʘʤʠ ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʷʚʥʦʩʪʽ ʦʥʦʚʣʝʥʴ 

ʪʘ ʧʦʢʨʘʱʝʥʴ ʜʣʷ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʦʯʥʦʩʪʽ. 

ʅʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʩʠʩʪʝʤʫ ʟʚʽʪʥʦʩʪʽ ʧʨʦ ʨʝʟʫʣʴʪʘʪʠ ʢʦʥʪʨʦʣʶ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʪʦʯʥʦʩʪʽ ʚʝʨʩʪʘʪʽʚ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʮʠʭ ʟʘʭʦʜʽʚ ʜʦʧʦʤʦʞʝ 

ʧʦʢʨʘʱʠʪʠ ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʶ ʛʝʦʤʝʪʨʠʯʥʦʾ ʪʦʯʥʦʩʪʽ ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ 

ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ. 

 

ɺʦʡʪʢʽʚ ʉʪʘʥʽʩʣʘʚ ɺʦʣʦʜʠʤʠʨʦʚʠʯ, ʢ.ʪ.ʥ., ʛʝʥʝʨʘʣʴʥʠʡ ʢʦʥʩʪʨʫʢʪʦʨ,  

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʮʝʥʪʨ "ɸʚʪʦʧʦʣʽʧʨʦʤ", voytkivsv@ukr.net 
 

ʂʆʅʎɽʇʎɯʗ ʉʊɺʆʈɽʅʅʗ ʊʀʇʆʈʆɿʄɯʈʅʆɻʆ ʈʗɼʋ   

ʄʆɼʋʃʔʅʆ-ʋʅɯʌɯʂʆɺɸʅʀʍ ʇʆɺʅʆʇʈʀɺɯɼʅʀʍ ʂʆʃɯʉʅʀʍ ʐɸʉɯ  
 

ʆʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʟʘʚʜʘʥʴ ʚʽʪʯʠʟʥʷʥʦʾ ʘʚʪʦʤʦʙʽʣʴʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʷʚʣʷʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷ ʪʠʧʦʨʦʟʤʽʨʥʦʛʦ ʨʷʜʫ ʤʘʢʩʠʤʘʣʴʥʦ-

ʫʥʽʬʽʢʦʚʘʥʠʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʦʜʝʣʝʡ ʢʦʣʽʩʥʠʭ ʰʘʩʽ, ʙʘʟʦʚʠʭ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʽ ʚʠʨʦʙʥʠʮʪʚʘ ʘʚʪʦʤʦʙʽʣʽʚ ʨʽʟʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ï 

ʪʨʘʥʩʧʦʨʪʥʠʭ, ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʪʘ ʩʧʝʮʽʘʣʴʥʠʭ, ʟʦʢʨʝʤʘ, ʧʦʚʥʦʧʨʠʚʽʜʥʠʭ.  

ɸʥʘʣʽʟ ʢʦʥʩʪʨʫʢʮʽʡ ʧʦʚʥʦʧʨʠʚʽʜʥʠʭ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʰʘʩʽ ʟ ʢʦʣʽʩʥʠʤʠ 

ʬʦʨʤʫʣʘʤʠ 4ʭ4.1 ʽ 6ʭ6.1, ʷʢʽ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʥʘ ʜʘʥʠʡ ʯʘʩ, ʧʦʢʘʟʫʻ, ʱʦ 

ʥʦʤʝʥʢʣʘʪʫʨʘ ʾʭ ʤʦʜʝʣʝʡ ʜʫʞʝ ʚʝʣʠʢʘ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʷ 1 ï ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʙʘʟʦʚʠʭ ʰʘʩʽ ʟ ʢʦʣʽʩʥʠʤʠ ʬʦʨʤʫʣʘʤʠ 

4ʭ4.1 ʽ 6ʭ6.1 

ʄʦʜʝʣʴ 
ɻɸɿ-66 ʂʘʤɸɿ- 

4350 

ʂʨɸɿ-

5233ʅɽ 

ɿʠʃ-

131 

ʋʨʘʣ-

375 

ʂʘʤɸɿ- 

4350 

ʂʨɸɿ-

6322 

ʂʦʣʽʩʥʘ ʬʦʨʤʫʣʘ 4ʭ4.1 6ʭ6.1 

ɼʦʚʞʠʥʘ, ʤ 5,655 7,95 8,7 6,9 7,35 7,85 10,1 

ʄʦʥʪʘʞʥʘ ʜʦʚʞʠʥʘ ʨʘʤʠ, ʤ 3,313 4,98 4,5-5,35 3,6 3,9 4,98 6,32 

ɼʦʧʫʩʪʠʤʘ ʧʦʚʥʘ ʤʘʩʘ, ʢʛ 6000 12000 17400 10500 14000 16000 
23000-

31500 

ɺʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ, ʢʛ 2000 5300 7900 3500 5000 7500 
11400-

20700 

ʊʠʧ ʢʘʙʽʥʠ ɺʘʛʦʥʥʘ (ɺ) ʂʘʧʦʪʥʘ (ʂ) ɺ ʂ 

ʇʦʪʫʞʥʽʩʪʴ ɼɺʉ, ʢɺʪ 88 176 220-275 110 155 191 220-275 

ʇʠʪʦʤʘ ʧʦʪʫʞʥʽʩʪʴ, ʢɺʪ/ʪ 14,7 14,7 
12,6-

15,8 
9,2 11,1 11,9 7,0-12,0 

ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʰʘʩʽ ʟ ʢʦʣʽʩʥʠʤʠ ʬʦʨʤʫʣʘʤʠ 4ʭ4.1 

ʽ 6ʭ6.1 ʧʦʢʘʟʫʻ ʱʦ: 

- ʜʦʧʫʩʪʠʤʽ ʧʦʚʥʽ ʤʘʩʠ ʰʘʩʽ ʩʢʣʘʜʘʶʪʴ 6000-18000 ʢʛ, ʦʢʨʽʤ ʰʘʩʽ ʂʨɸɿ-

6322 [1], ʧʦʚʥʘ ʤʘʩʘ ʷʢʦʛʦ ʩʷʛʘʻ 23000-31500 ʢʛ; 

- ʤʦʥʪʘʞʥʘ ʜʦʚʞʠʥʘ ʨʘʤ ʰʘʩʽ ʟ ʬʦʨʤʫʣʦʶ 4ʭ4.1 ʩʪʘʥʦʚʠʪʴ 3,32-5,35 ʤ, ʘ 

ʫ ʰʘʩʽ 6ʭ6.1 ï 3,6-5,32 ʤ; 

- ʧʠʪʦʤʘ ʧʦʪʫʞʥʽʩʪʴ ʰʘʩʽ ʟ ʬʦʨʤʫʣʦʶ 4ʭ4.1 ʩʪʘʥʦʚʠʪʴ 12,6-15,8 ʢɺʪ/ʪ, ʘ 
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ʰʘʩʽ 6ʭ6.1 ï 7,0-12,0 ʢɺʪ/ʪ. 

ʇʨʦʧʦʥʦʚʘʥʘ ʢʦʥʮʝʧʮʽʷ ʩʪʚʦʨʝʥʥʷ ʪʠʧʦʨʦʟʤʽʨʥʦʛʦ ʨʷʜʫ ʙʘʟʦʚʠʭ ʢʦʣʽʩʥʠʭ 

ʰʘʩʽ ʧʝʨʝʜʙʘʯʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ: 

- ʧʨʠʥʮʠʧʽʚ ʤʦʜʫʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟ ʤʝʪʦʶ ʤʘʢʩʠʤʘʣʴʥʦʾ ʫʥʽʬʽʢʘʮʽʾ 
ʫʩʽʭ ʪʠʧʦʨʦʟʤʽʨʽʚ ʰʘʩʽ; 

- ʧʦʩʣʽʜʦʚʥʦʛʦ ʛʽʙʨʠʜʥʦʛʦ ʪʷʛʦʚʦʛʦ ʧʨʠʚʦʜʫ ʥʘ ʦʩʥʦʚʽ ʜʠʟʝʣʴ-

ʛʝʥʝʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ (ɼɻʋ) ʪʘ ʪʷʛʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʜʚʠʛʫʥʽʚ (ɽɼ);  

- ʢʝʨʦʚʘʥʦ-ʪʷʛʦʚʠʭ ʽ ʪʷʛʦʚʠʭ ʪʘ ʪʷʛʦʚʦ-ʢʝʨʦʚʘʥʠʭ ʤʦʩʪʽʚ ʽʥʪʝʛʨʘʣʴʥʦ-

ʙʘʣʢʦʚʦʛʦ ʪʠʧʫ ʘʙʦ ʨʦʟʨʽʟʥʦʛʦ ʪʠʧʫ ʟ ʥʝʟʘʣʝʞʥʦʶ ʧʽʜʚʽʩʢʦʶ ʢʦʣʽʩ [2]. 

ɿʘ ʫʤʦʚʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʫʥʽʬʽʢʘʮʽʾ ʢʝʨʦʚʘʥʦ-ʪʷʛʦʚʦʛʦ ʽ ʪʷʛʦʚʠʭ ʤʦʩʪʽʚ ʾʭ 

ʜʦʧʫʩʪʠʤʘ ʥʘʚʘʥʪʘʛʘ ʧʦʚʠʥʥʘ ʩʪʘʥʦʚʠʪʠ 6000 ʢɻʩ. 

ʉʠʩʪʝʤʘ ʤʦʜʫʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʘʟʦʚʠʭ ʢʦʣʽʩʥʠʭ ʰʘʩʽ (4ʭ4.1 ʪʘ 6ʭ6.1) 

ʧʝʨʝʜʙʘʯʘʻ ʥʘʩʪʫʧʥʫ ʩʫʢʫʧʥʽʩʪʴ ʦʩʥʦʚʥʠʭ ʤʦʜʫʣʽʚ (ʨʠʩ. 1): 

- ʤʦʜʫʣʷ ʢʘʙʽʥʠ ʚʦʜʽʷ, ʢʝʨʦʚʘʥʦ-ʪʷʛʦʚʦʛʦ ʤʦʩʪʘ ʪʘ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ 

(ʄʂʄʉ); 

- ʤʦʜʫʣʽʚ ʟʘʜʥʽʭ ʯʘʩʪʠʥ ʰʘʩʽ ʫ ʜʚʦʭ ʚʘʨʽʘʥʪʘʭ ï ʟ ʦʜʥʠʤ (ʄʊʄ-1) ʪʘ 

ʜʚʦʤʘ (ʄʊʄ-2) ʪʷʛʦʚʠʤʠ ʤʦʩʪʘʤʠ. 

 
                                 ʘ                                                       ʙ 

ʈʠʩ. 1 ɹʘʟʦʚʽ ʤʦʜʫʣʽ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʢʦʣʽʩʥʠʭ ʰʘʩʽ: 

ʘ) ï ʤʦʜʫʣʴ ʢʘʙʽʥʠ ʚʦʜʽʷ, ʢʝʨʦʚʘʥʦ-ʪʷʛʦʚʦʛʦ ʤʦʩʪʘ ʪʘ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ;  

ʙ) ï ʤʦʜʫʣʽ ʟʘʜʥʽʭ ʯʘʩʪʠʥ ʰʘʩʽ ʟ ʦʜʥʠʤ ʪʘ ʜʚʦʤʘ ʪʷʛʦʚʠʤʠ ʤʦʩʪʘʤʠ; 

1 ï ʚʽʜʩʽʢ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ (ɼɻʋ); 2 ï ʚʽʜʩʽʢ ʪʷʛʦʚʠʭ  

ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ (ɸʂɹ); 3 ï ʩʠʩʪʝʤʘ ʞʦʨʩʪʢʦʛʦ ʟôʻʜʥʘʥʥʷ  

ʤʦʜʫʣʽʚ ʧʝʨʝʜʥʴʦʾ ʪʘ ʟʘʜʥʴʦʾ ʯʘʩʪʠʥʠ ʰʘʩʽ 

ʄʦʜʫʣʴ ʧʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ ʰʘʩʽ ʄʂʄʉ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʠʡ ʚ ʦʜʥʦʤʫ ʽʟ 

ʪʨʴʦʭ ʚʘʨʽʘʥʪʽʚ (ʨʠʩ. 2): 

- ʟ ʛʽʙʨʠʜʥʦʶ ʪʷʛʦʚʦʶ ʩʠʣʦʚʦʶ ʫʩʪʘʥʦʚʢʦʶ (ɼɻʋ + ɸʂɹ + ʪʷʛʦʚʠʡ ɽɼ); 

- ʟ ʜʠʟʝʣʴ-ʝʣʝʢʪʨʠʯʥʦʶ ʪʷʛʦʚʦʶ ʫʩʪʘʥʦʚʢʦʶ (ɼɻʋ + ʪʷʛʦʚʠʡ ɽɼ); 

- ʟ ʝʣʝʢʪʨʠʯʥʠʤ ʪʷʛʦʚʠʤ ʧʨʠʚʦʜʦʤ (ʪʷʛʦʚʽ ɸʂɹ + ʪʷʛʦʚʠʡ ɽɼ).  

 
                                 ʘ                              ʙ                                   ʚ 

ʈʠʩ. 2 ɺʘʨʽʘʥʪʠ ʚʠʢʦʥʘʥʥʷ ʤʦʜʫʣʽʚ ʄʂʄʉ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʢʦʣʽʩʥʠʭ ʰʘʩʽ: 

ʘ) ï ʤʦʜʫʣʴ ʟ ʧʦʩʣʽʜʦʚʥʦʶ ʛʽʙʨʠʜʥʦʶ ʩʠʣʦʚʦʶ ʫʩʪʘʥʦʚʢʦʶ;  

ʙ) ï ʤʦʜʫʣʴ ʟ ʜʠʟʝʣʴ-ʝʣʝʢʪʨʠʯʥʦʶ ʩʠʣʦʚʦʶ ʫʩʪʘʥʦʚʢʦʶ;  
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ʚ) ï ʤʦʜʫʣʴ ʟ ʝʣʝʢʪʨʠʯʥʦʶ ʩʠʣʦʚʦʶ ʫʩʪʘʥʦʚʢʦʶ 

ʄʦʜʫʣʽ ʟʘʜʥʽʭ ʯʘʩʪʠʥ ʰʘʩʽ ʄʊʄ-1 ʪʘ ʄʊʄ-2 ʪʝʞ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʛʦʪʦʚʣʝʥʽ ʫ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʘʭ ʟʘ ʜʦʚʞʠʥʦʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʚʦʨʝʥʥʷ 

ʪʠʧʦʨʦʟʤʽʨʥʦʛʦ ʨʷʜʫ ʙʘʟʦʚʠʭ ʰʘʩʽ ʟ ʢʦʣʽʩʥʠʤʠ ʬʦʨʤʫʣʘʤʠ 4ʭ4.1 ʽ 6ʭ6.1 (ʨʠʩ. 

3). 

ʇʨʦʧʦʥʦʚʘʥʽ ʙʘʟʦʚʽ ʰʘʩʽ, ʦʙʣʘʜʥʘʥʽ ɼɻʋ ʧʦʪʫʞʥʽʩʪʶ 160 ʢɺʪ ʪʘ ʪʷʛʦʚʠʤʠ 

ɽɼ ʩʫʤʘʨʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 120,0 ʢɺʪ (ʜʣʷ ʰʘʩʽ 4ʭ4.1) ʽ 180,0 ʢɺʪ (ʜʣʷ ʰʘʩʽ 

6ʭ6.1), ʟʘʙʝʟʧʝʯʘʪʴ ʩʪʚʦʨʝʥʥʷ ʚʘʨʽʘʥʪʽʚ ʰʘʩʽ ʟ ʜʦʧʫʩʪʠʤʠʤʠ ʧʦʚʥʠʤʠ ʤʘʩʘʤʠ ʫ 

ʜʽʘʧʘʟʦʥʽ 9000-12000 ʢʛ ʽ 12000-18000 ʢʛ ʜʣʷ ʰʘʩʽ ʟ ʢʦʣʽʩʥʦʶ ʬʦʨʤʫʣʦʶ, 

ʚʽʜʧʦʚʽʜʥʦ, 4ʭ4.1 ʽ 6ʭ6.1 ʪʘ ʧʠʪʦʤʦʶ ʧʦʪʫʞʥʽʩʪʶ 8,85-15,0 ʢɺʪ/ʪ. 

 
                                            ʘ                                           ʙ 

ʈʠʩ. 3 ʊʠʧʦʨʦʟʤʽʨʥʠʡ ʨʷʜ ʙʘʟʦʚʠʭ ʢʦʣʽʩʥʠʭ ʰʘʩʽ: 

ʘ ï ʟ ʢʦʣʽʩʥʦʶ ʬʦʨʤʫʣʦʶ 4ʭ4.1; ʙ ï ʟ ʢʦʣʽʩʥʦʶ ʬʦʨʤʫʣʦʶ 6ʭ6.1 

ʇʨʦʧʦʥʦʚʘʥʘ ʢʦʥʮʝʧʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʪʘʢʦʞ 

ʤʘʢʩʠʤʘʣʴʥʦ-ʫʥʽʬʽʢʦʚʘʥʠʭ ʙʘʟʦʚʠʭ ʰʘʩʽ ʟ ʜʠʟʝʣʴ-ʝʣʝʢʪʨʠʯʥʠʤ ʘʙʦ ʩʫʯʘʩʥʠʤ 

ʝʣʝʢʪʨʠʯʥʠʤ ʪʷʛʦʚʠʤ ʧʨʠʚʦʜʘʤʠ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʤʦʞʫʪʴ ʧʨʦʝʢʪʫʚʘʪʠʩʷ 

ʘʚʪʦʤʦʙʽʣʽ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʫʤʦʚʘʭ. 

ɿʦʢʨʝʤʘ, ʚ ʤʽʩʪʘʭ ʪʘ ʽʥʰʠʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʘʭ ʜʦʮʽʣʴʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʚʘʥʪʘʞʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ.  

ʆʢʨʽʤ ʪʦʛʦ, ɼɻʋ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʧʦʩʣʽʜʦʚʥʠʤ ʛʽʙʨʠʜʥʠʤ ʪʷʛʦʚʠʤ ʧʨʠʚʦʜʦʤ 

ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʠʡ 

ʧʨʠʚʽʜ ʙʫʜʴ-ʷʢʠʭ ʨʦʙʦʯʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʦʙʣʘʜʥʘʥʠʭ ʚʽʜʧʦʚʽʜʥʠʤʠ ɽɼ. ʇʨʦ ʪʘʢʠʡ 

ʥʘʧʨʷʤ ʨʦʟʚʠʪʢʫ ʪʷʛʦʚʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʟʦʢʨʝʤʘ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ, ʡʜʝʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʽ [3].  

 ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʨʽʚʝʥʴ ʫʥʽʬʽʢʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʡ ʙʘʟʦʚʠʭ ʰʘʩʽ, 

ʩʧʨʦʝʢʪʦʚʘʥʠʭ ʟʘ ʧʨʦʧʦʥʦʚʘʥʦʶ ʢʦʥʮʝʧʮʽʻʶ, ʮʽʣʢʦʤ ʤʦʞʝ ʩʷʛʘʪʠ 80-95 %, ʱʦ 

ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʴ ʦʙʩʷʛʠ ʬʽʥʘʥʩʫʚʘʥʥʷ ʥʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʦʩʚʦʻʥʥʷ ʾʭ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʘ ʪʘʢʦʞ ʩʧʨʠʷʪʠʤʝ ʩʫʪʪʻʚʦʤʫ ʩʧʨʦʱʝʥʥʶ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘ 

ʨʘʭʫʥʦʢ ʦʜʥʦʪʠʧʥʦʩʪʽ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʩʫʪʪʻʚʦʛʦ ʟʤʝʥʰʝʥʥʷ 

ʥʦʤʝʥʢʣʘʪʫʨʠ ʟʘʧʘʩʥʠʭ ʯʘʩʪʠʥ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʧʦʪʦʯʥʠʭ ʨʝʤʦʥʪʽʚ. 
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ɼʫʜʫʢʘʣʦʚ ʖʨʽʡ ɺʦʣʦʜʠʤʠʨʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, ncc_delcam@khadi.kharkov.ua 
ɹʦʙʨʫʩʝʥʢʦ ʆʣʝʢʩʽʡ ʆʣʝʛʦʚʠʯ, ʩʪʫʜʝʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 
ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 
ʌʨʦʣʦʚ ʉʝʨʛʽʡ ɭʚʛʝʥʦʚʠʯ, ʩʪʫʜʝʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-
ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʉʊʈʋʂʊʋʈʅɯ ʈɯɺʅɯ ɯʅʊɽʃɽʂʊʋɸʃɯɿɸʎɯɰ ʈʆɹʆʊʀɿʆɺɸʅʀʍ 

ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʆɹôɭʂʊɯɺ 

 

ɺʽʜʦʤʦ, ʱʦ ʤʥʦʞʠʥʠ ʟʘʛʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʙôʻʢʪʽʚ (ʈʊʆ), ʩʪʨʫʢʪʫʨ ʾʭ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʚʠʟʥʘʯʘʪʁʴʩʷ ʬʫʥʢʮʽʷʤʠ, ʘ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʬʫʥʢʮʽʷʤʠ ʽ ʩʪʨʫʢʪʫʨʘʤʠ ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʦʤʘʥʽʪʥʦ .ʁ 

ʉʪʨʫʢʪʫʨʘ ʬʫʥʢʮʽʡ, ʱʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʩʠʩʪʝʤʦʶ ʘʙʦ ʾʾ ʦʢʨʝʤʠʤʠ ʤʦʜʫʣʷʤʠ ʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʙʣʦʢʘʤʠ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ, ʘ 

ʩʪʨʫʢʪʫʨʠ ʤʦʜʫʣʽʚ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʽʚ ï ʚʽʜ ʩʪʫʧʝʥʷ ʾʭ ʪʝʭʥʽʟʘʮʽʾ: ʨʫʯʥʽ 

(ʤ'ʷʟʦʚʽ) ʜʽʾ, ʤʝʭʘʥʽʟʘʮʽʷ ʦʧʝʨʘʮʽʡ, ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʽ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʷ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ɺ ʨʝʤʦʥʪʥʠʭ ʈʊʆ ʥʘʡʙʽʣʴʰʦʶ ʤʽʨʦʶ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʝʨʰʽ ʜʚʘ ʨʽʚʥʷ 

ʪʝʭʥʽʟʘʮʽʾ: ʨʫʯʥʝ ʪʘ ʤʝʭʘʥʽʟʦʚʘʥʝ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʥʝ 

ʟʥʘʡʰʣʘ ʰʠʨʦʢʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʚʽʪʴ ʥʘ ʘʚʪʦʨʝʤʦʥʪʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʟ ̔ ʟʥʝʦʩʦʙʣʝʥʠʤʠ ʦʨʛʘʥʽʟʘʮʽʡʥʠʤʠ ʬʦʨʤʘʤʠ ʢʘʧʽʪʘʣʴʥʦʛʦ 

ʨʝʤʦʥʪʫ. ʅʘ ʥʘʰ ʧʦʛʣʷʜ, ʮʝ ʧʦʚ'ʷʟʘʥʦ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʟʽ ʩʢʣʘʜʥʽʩʪʶ ʦʨʛʘʥʽʟʘʮʽʾ 

ʨʝʤʦʥʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʥʝʦʙʭʽʜʥʽʩʪʶ ʡʦʛʦ ʩʧʝʮʽʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʩʫʧʨʦʚʦʜʞʝʥʥʷ. ʈʽʰʝʥʥʷʤ ʮʽʻʾ ʧʨʦʙʣʝʤʠ  ʤʦʞʝ ʩʪʘʪʠ ʧʝʨʝʭʽʜ 

ʥʘ ʥʘʩʪʫʧʥʠʡ ʨʽʚʝʥʴ ʪʝʭʥʽʟʘʮʽʾ ʽ ʬʦʨʤʫʚʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʽʟʦʚʘʥʠʭ ʈʊʆ. 

ʇʨʠ ʩʠʥʪʝʟʽ ʜʣʷ ʢʦʞʥʦʾ ʨʝʘʣʽʟʦʚʘʥʦʾ ʬʫʥʢʮʽʾ ʈʊʆ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʩʪʘʚʣʝʥʽ 

ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʝʣʝʤʝʥʪʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 

mailto:ncc_delcam@khadi.kharkov.ua
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ʟʘʛʘʣʴʥʫ ʩʠʩʪʝʤʥʦ-ʧʨʦʮʝʩʥʫ ʤʦʜʝʣʴ ʈʊʆ ʽ ʾʾ ʦʢʨʝʤʠʭ ʤʦʜʫʣʽʚ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʙʣʦʢʽʚ. ʄʦʜʝʣʴ ʚʽʜʦʙʨʘʞʘʻ ʽʻʨʘʨʭʽʶ ʈʊʆ ʜʦ ʨʽʚʥʷ ʘʚʪʦʨʝʤʦʥʪʥʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʢʣʶʯʥʦ. ʋ ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʚʠʜʫ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʩʪʨʫʢʪʫʨʠ, ʷʢʽ 

ʨʝʘʣʽʟʫʶʪʴʩʷ ʚ ʈʊʆ ʥʘ ʢʦʞʥʦʤʫ ʽʻʨʘʨʭʽʯʥʦʤʫ ʨʽʚʥʽ ʟʘʛʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʙʫʜʫʪʴ 

ʨʽʟʥʽ, ʱʦ ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʧʣʘʪʬʦʨʤ. 

ʊʘʢ, ʥʘ ʨʽʚʥʽ ʘʚʪʦʨʝʤʦʥʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ 

ʽʥʪʝʣʝʢʪʫʘʣʽʟʦʚʘʥʠʭ ʟʘʩʦʙʽʚ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʈʊʆ ʧʦʣʷʛʘʶʪʴ ʚ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʦ ʾ ʧʽʜʛʦʪʦʚʢʠ ʨʝʤʦʥʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʨʝʘʣʽʟʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʄʦʞʣʠʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʽʟʦʚʘʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʽ ʢʦʤʧʣʝʢʩʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ ʧʨʦʝʢʪʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ ʘʙʦ ʫʧʨʘʚʣʽʥʥʷʤ ʩʢʣʘʜʥʠʤʠ 

ʦʧʝʨʘʮʽʷʤʠ. ʊʘʢʦʞ ʽʩʥʫʻ ʧʦʪʨʝʙʘ ʚ ʽʥʪʝʣʝʢʪʫʘʣʽʟʦʚʘʥʠʭ ʜʦʧʦʤʽʞʥʠʭ 

ʧʽʜʩʠʩʪʝʤʘʭ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʟʘʩʦʙʽʚ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥ ɹ ʤʘʪʝʨʽʘʣʴʥʦ-

ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʤʦʥʪʥʦ-ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʪʦʱʦ. 

ɼʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥ ̔ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥ ̔ʢʦʤʧʣʝʢʩʠ, 

ʽʥʪʝʣʝʢʪʫʘʣʽʟʦʚʘʥ ̔ ʉɸʇʈ ʊʇ, ʉɸʇʈ ʊʇʇ, ʘ ʪʘʢʦʞ ʟʘʩʦʙʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʚʠʢʦʥʘʥʥʷ ʜʦʧʦʤʽʞʥʠʭ ʬʫʥʢʮʽʡ. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʚʥʦʪʠ ʦʭʦʧʣʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʽʚʥ ̔ʪʝʭʥʽʟʘʮʽʾ  ʛʨʫʧʠ 

ʬʫʥʢʮʽʡ. ʊʨʘʜʠʮʽʡʥʦ ʨʦʟʨʽʟʥʷʶʪʴ ʯʘʩʪʢʦʚʠʡ ʽ ʧʦʚʥʠʡ ʨʽʚʝʥʴ, ʘ ʷʢʱʦ ʟʘʜʽʷʥʽ ʚʩʽ 

ʛʨʫʧʠ ï ʪʦ ʚʢʘʟʫʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʠʡ ʨʽʚʝʥʴ. ʆʪʞʝ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʚʥʦʪʠ 

ʦʭʦʧʣʝʥʥʷ ʙʝʟʣʽʯʽ ʬʫʥʢʮʽʡ ʤʦʞʫʪʴ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʽ ʪʘʢʽ ʨʽʚʥʽ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ: 

ï ʧʦʚʥʘ ʘʙʦ ʯʘʩʪʢʦʚʘ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʷ ʥʘ ʦʜʥʦʤʫ ʽʻʨʘʨʭʽʯʥʦʤʫ ʨʽʚʥʽ, ʱʦ 

ʦʭʦʧʣʶʻ ʪʨʽʘʜʫ ʬʫʥʢʮʽʡ ʧʦʚʥʦʪʠ ʦʩʥʦʚʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʮʠʢʣʫ ʚʧʣʠʚʽʚ,  

ʚʢʣʶʯʘʶʯʠ ʦʩʥʦʚʥʽ, ʜʦʧʦʤʽʞʥʽ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʽ (ʫʧʨʘʚʣʽʥʩʴʢʽ) 

ʬʫʥʢʮʽʾ; 

ï ʧʦʚʥʘ ʘʙʦ ʯʘʩʪʢʦʚʘ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʷ ʥʘ ʦʜʥʦʤʫ ʽʻʨʘʨʭʽʯʥʦʤʫ ʨʽʚʥʽ, ʱʦ 

ʦʭʦʧʣʶʻ ʪʨʽʘʜʫ ʬʫʥʢʮʽʡ ʮʠʢʣʫ ʨʦʟʚʠʪʢʫ, ʚʢʣʶʯʘʶʯʠ ʧʽʜʛʦʪʦʚʯʽ, ʦʩʥʦʚʥʽ 

(ʮʽʣʴʦʚʽ) ʽ ʟʘʢʣʶʯʥʽ ʬʫʥʢʮʽʾ ʟʘ ʯʘʩʦʤ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ; 

ï ʢʦʤʧʣʝʢʩʥʘ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʷ ʥʘ ʦʜʥʦʤʫ ʽʻʨʘʨʭʽʯʥʦʤʫ ʨʽʚʥʽ, ʱʦ 

ʦʭʦʧʣʶʻ ʪʨʽʘʜʫ ʬʫʥʢʮʽʡ ʧʦʚʥʦʪʠ ʦʩʥʦʚʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʮʠʢʣʫ ʚʧʣʠʚʽʚ 

ʨʝʤʦʥʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʦʭʦʧʣʶʻ ʪʨʽʘʜʫ ʬʫʥʢʮʽʡ ʮʠʢʣʫ ʨʦʟʚʠʪʢʫ; 

ï ʢʦʤʧʣʝʢʩʥʦ-ʽʥʪʝʛʨʦʚʘʥʘ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʷ, ʱʦ ʦʭʦʧʣʶʻ ʢʦʤʧʣʝʢʩʥʫ 

ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʶ ʥʘ ʦʜʥʦʤʫ ʽʻʨʘʨʭʽʯʥʦʤʫ ʨʽʚʥʽ ʽ ʪʨʽʘʜʫ ʬʫʥʢʮʽʡ ʽʻʨʘʨʭʽʾ, ʱʦ 

ʚʢʣʶʯʘʶʪʴ ʬʫʥʢʮʽʾ ʥʘʜʩʠʩʪʝʤʠ, ʩʠʩʪʝʤʠ ʽ ʧʽʜʩʠʩʪʝʤ. 

ʊʘʢ, ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ, ʷʢʘ ʚʠʢʦʥʫʻʪʴʩʷ  ʥʘ ʽʥʪʝʣʝʢʪʫʘʣʽʟʦʚʘʥʦʤʫ 

ʈʊʆ, ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʨʽʚʥʽ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ.  
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ʊʘʙʣʠʮ ̫ï ʈʚ̔ʥ̔ ʥ̔ʪʝʣʝʢʪʫʘʣʟ̔ʘʮ̔ʾ ʜʣʷ ʈʊʆ  

ʈʽʚʝʥʴ 

 

ʌʫʥʢʮʽʾ ʆʧʠʩ ʬʫʥʢʮʽʡ ʜʣʷ ʝʣʝʤʝʥʪʽʚ 

ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ 

1.ʏʘʩʪʢʦʚʘ  

ʜʣʷ 

ʦʩʥʦʚʥʦʛʦ 

ʮʠʢʣʫ 

ʆʩʥʦʚʥʦʛʦ  ʮʠʢʣʫ ʫʧʨʦʩʥʦʩʥ fF )0(

)(,  

2. ʏʘʩʪʢʦʚʘ 

ʜʣʷ  

ʦʧʝʨʘʪʠʚʥʦʛ

ʦ  ʮʠʢʣʫ 

ɼʦʧʦʤʽʞʥʽ  ʧʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʶ 

ʦʩʥʦʚʥʦʛʦ ʮʠʢʣʫ 

ʫʧʨʜʦʧʜʦʧʫʧʨʦʩʥʦʩʥ fFfF )0(

)(

)0(

)( ,,,  

3. ʏʘʩʪʢʦʚʘ 

ʜʣʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦ

ʾ ʦʧʝʨʘʮʽʾ 

ʂʦʥʪʨʦʣʴ ʩʪʘʥʫ, 

ʫʧʨʘʚʣʽʥʥʷ, ʘʜʘʧʪʘʮʽʷ 
ʫʧʨʫʧʨʫʧʨ

ʫʧʨʜʦʧʜʦʧʫʧʨʦʩʥʦʩʥ

fF

fFfF

)0(

)(

)0(

)(

)0(

)(

,

,,,,
 

4.ʇʦʚʥʘ ʜʣʷ  

ʪʝʭʥʦʣʦʛʽʯʥʦ

ʾ  ʦʧʝʨʘʮʽʾ 

ʇʽʜʛʦʪʦʚʯʦ-ʟʘʢʣʶʯʥʽ, 

ʧʝʨʝʥʘʣʘʜʢʘ, 

ʪʨʘʥʩʬʦʨʤʘʮʽʷ 
ʫʧʨʫʧʨʫʧʨ

ʫʧʨʧʟʧʟʫʧʨʦʩʥʦʩʥ

fF

fFfF

)0(

)(

)0(

)(

)0(

)(

,

,,,,
 

5. 

ʂʦʤʧʣʝʢʩʥʘ 

ʂʦʤʧʣʝʢʩ 

ʽʥʪʝʣʝʢʪʫʘʣʽʟʦʚʘʥʦʾ 

ʦʙʨʦʙʢʠ, ʧʽʜʛʦʪʦʚʢʠ ʽ 

ʫʧʨʘʚʣʽʥʥʷ 

ʫʧʨʫʧʨʫʧʨʫʧʨʫʧʨʫʧʨ

ʫʧʨʧʟʧʟʫʧʨʦʩʥʦʩʥ

fFfF

fFfF

)1(

)(

)1()0(

)(

)0(

)(

)0(

)(

,,,

,,,,

++
 

6. 

ʂʦʤʧʣʝʢʩʥʦ-

ʽʥʪʝʛʨʦʚʘʥʘ 

 

ɯʥʪʝʛʨʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩ 

ʽʥʪʝʣʝʢʪʫʘʣʽʟʦʚʘʥʦʾ 

ʦʙʨʦʙʢʠ, ʧʽʜʛʦʪʦʚʢʠ ʽ 

ʫʧʨʘʚʣʽʥʥʷ ʫʧʨʫʧʨʫʧʨ

ʫʧʨʫʧʨʫʧʨʫʧʨʫʧʨʫʧʨ

ʫʧʨʧʟʧʟʫʧʨʦʩʥʦʩʥ

fF

fFfF

fFfF

)2(

)(

)2(

)1(

)(

)1()0(

)(

)0(

)(

)0(

)(

,

,,,,

,,,,

++

++  

 

ʊʨʽʘʜʠ ʤʥʦʞʠʥ ʚʩʪʘʥʦʚʣʶʶʪʴ ʬʫʥʢʮʽʾ ʦʩʥʦʚʥʦʛʦ ʮʠʢʣʫ ʦʩʥF , ʜʦʧʦʤʽʞʥʽ  

ʧʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʶ ʦʩʥʦʚʥʦʛʦ ʮʠʢʣʫ ʜʦʧF , ʬʫʥʢʮʽʾ ʧʦ ʢʦʥʪʨʦʣʶ ʩʪʘʥʫ, 

ʫʧʨʘʚʣʽʥʥʷ, ʘʜʘʧʪʘʮʽʾ ʫʧʨF , ʘ ʪʘʢʦʞ ʧʽʜʛʦʪʦʚʯʦ-ʟʘʢʣʶʯʥʽ ʬʫʥʢʮʽʾ, ʧʝʨʝʥʘʣʘʜʢʠ ʽ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʧʟF  ʥʘ ʜʦʚʽʣʴʥʦʤʫ ʽʻʨʘʨʭʽʯʥʦʤʫ ʨʽʚʥʽ (stj) ʚ ʤʦʤʝʥʪ ʯʘʩʫ ti.  

ʊʘʢʦʞ ʤʦʞʣʠʚʦ ʫʪʚʦʨʝʥʥʷ ʪʨʽʘʜʠ ʪʨʽʘʜ ʜʣʷ  fʦʩʥ, fʧʟ ʽ fʫʧʨ ʰʘʨʫ (0), ʜʣʷ 

ʥʘʩʪʫʧʥʦʛʦ ʰʘʨʫ (ï1), ʘʞ ʜʦ ʩʘʤʦʛʦ ʥʠʞʥʴʦʛʦ ʪʝʭʥʽʯʥʦ ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʰʘʨʫ              

(ï min). 

ʆʪʞʝ, ʧʽʜ ʯʘʩ ʩʠʥʪʝʟʫ ʜʣʷ ʢʦʞʥʦʾ ʬʫʥʢʮʽʾ ʚ ʤʥʦʞʠʥʘʭ Fʦʩʥ, Fʧʟ  ʠ Fʫʧʨ  

ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʚʽʜʧʦʚʽʜʥʽ ʨʽʚʥʽ ʪʝʭʥʽʟʘʮʽʾ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʫʧʝʥʷ ʪʝʭʥʽʟʘʮʽʾ ʤʥʦʞʠʥ ʬʫʥʢʮʽʡ ʫʧʨʘʚʣʽʥʥʷ ʽ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ fʫʧʨi ʥʘ ʰʘʨʘʭ (0), (ï1)é(ïmin) ʚʩʝʨʝʜʝʥʽ ʜʦʚʽʣʴʥʦʛʦ ʽʻʨʘʨʭʽʯʥʦʛʦ 

ʨʽʚʥʷ (stj).   

ɺ ʧʨʦʮʝʩʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʝʘʣʽʟʫʶʪʴʩʷ ʬʫʥʢʮʽʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ (ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʥʘʚʯʘʥʥʷ). ʊʘʢ, ʽʥʬʦʨʤʘʮʽʡʥʘ ʤʦʜʝʣʴ 

ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʛʝʦʤʝʪʨʠʯʥʫ ʤʦʜʝʣʴ ʽ ʪʝʭʥʽʯʥʽ ʫʤʦʚʠ ʧʨʠʜʘʪʥʦʩʪʽ 
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ʜʝʪʘʣʽ, ʘ ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ï ʝʣʝʢʪʨʦʥʥʝ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʚ̔ ʜʥʦʚʣʝʥʥʷ ʘʙʦ ʨʝʤʦʥʪʫ. ʊʘʢʝ 

ʽʥʬʦʨʤʘʮʽʡʥʝ ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʜʦʟʚʦʣʠʪʴ ʧʨʠʡʥʷʪʠ ʧʨʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʨʘʚʠʣʴʥʽ 

ʨʽʰʝʥʥʷ ʽ ʟʘʙʝʟʧʝʯʠʪʴ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʜʣʷ ʈʊʆ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʠʩʪʝʤʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʽʟʦʚʘʥʠʭ ʬʫʥʢʮʽʡ ʈʊʆ 

ʜʘʣʦ ʟʤʦʛʫ ʚʠʷʚʠʪʠ ʧʦʚʥʫ ʩʫʢʫʧʥʽʩʪʴ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ  ʟʙʽʣʴʰʝʥʥʷ ʩʪʫʧʝʥʷ 

ʪʝʭʥʽʟʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷ ʽʻʨʘʨʭʽʾ, ʬʘʟ ʨʦʟʚʠʪʢʫ ʽ ʩʫʢʫʧʥʦʩʪʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ. 

 

ɿʘʭʘʨʯʫʢ ʆʣʝʛ ɺʽʢʪʦʨʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʃʫʮʴʢʠʡ ʅʊʋ, 

Zaharchukov205@gmail.com 

ʉʦʙʢʦ ʄʘʢʩʠʤ ʇʝʪʨʦʚʠʯ, ʤʘʛʽʩʪʨʘʥʪ, ʃʫʮʴʢʠʡ ʅʊʋ 

ʇʨʦʥʝʚʠʯ ɺʽʪʘʣʽʡ ɺʦʣʦʜʠʤʠʨʦʚʠʯ, ʤʘʛʽʩʪʨʘʥʪ, ʃʫʮʴʢʠʡ ʅʊʋ 

ʊʘʥʶʢ ʉʝʨʛʽʡ ɸʥʘʪʦʣʽʡʦʚʠʯ, ʤʘʛʽʩʪʨʘʥʪ, ʃʫʮʴʢʠʡ ʅʊʋ 

 

ɽʂʆʅʆʄɯʏʅɸ ɼʆʎɯʃʔʅɯʉʊʔ ɺɯɼʅʆɺʃɽʅʅʗ ɼɽʊɸʃɽʁ 

ʊʈɸʅʉʇʆʈʊʅʀʍ ɿɸʉʆɹɯɺ 

 

 ʇʽʜ ʯʘʩ ʨʝʤʦʥʪʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʚʠʥʠʢʘʻ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʟʥʦʰʝʥʽ 

ʜʝʪʘʣʽ ʤʦʞʣʠʚʦ ʚʽʜʥʦʚʠʪʠ ʜʦ ʥʦʤʽʥʘʣʴʥʠʭ ʘʙʦ ʨʝʤʦʥʪʥʠʭ ʨʦʟʤʽʨʽʚ ʽʟ ʧʦʚʪʦʨʥʠʤ 

ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷʤ. ɺʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ï ʮʝ ʢʦʤʧʣʝʢʩ ʦʧʝʨʘʮʽʡ ʧʦ ʫʩʫʥʝʥʥʶ 

ʦʩʥʦʚʥʠʭ ʜʝʬʝʢʪʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʦʚʝʨʥʫʪʠ ʨʦʙʦʪʦʟʜʘʪʥʽʩʪʴ ʪʘ ʧʘʨʘʤʝʪʨʠ 

ʚʩʪʘʥʦʚʣʝʥʽ ʟʘʚʦʜʦʤïʚʠʛʦʪʽʚʥʠʢʦʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʝʥʠʭ ʜʝʪʘʣʝʡ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʽʰʝ, ʯʠʤ ʟʘʤʽʥʘ ʥʦʚʠʤʠ. ʅʘ ʩʴʦʛʦʜʥʽ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʜʦʩʣʽʜʞʝʥʦ 

ʪʝʭʥʦʣʦʛʽʾ ʨʝʤʦʥʪʫ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʤʘʡʞʝ ʫʩʽʭ ʜʝʪʘʣʝʡ ʊɿ, ʷʢʽ ʚʠʛʦʪʦʚʣʝʥʽ ʽʟ 

ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʊɿ ʻ ʝʢʦʥʦʤʽʯʥʘ ʩʢʣʘʜʦʚʘ ï 

ʝʢʦʥʦʤʽʷ ʢʦʰʪʽʚ ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʚʽʜ 30 ʜʦ 80 % ʚʘʨʪʦʩʪʽ ʥʦʚʠʭ ʜʝʪʘʣʝʡ. 

ʄʘʪʝʨʽʘʣʴʥʽ, ʪʨʫʜʦʚʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ ʨʝʩʫʨʩʠ ʧʨʠ ʚʽʜʥʦʚʣʝʥʥʽ ʜʝʪʘʣʝʡ ʚ 10é100 

ʨʘʟʽʚ ʤʝʥʰʽ, ʥʽʞ ʧʨʠ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʽ. ʊʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʚʠʨʦʙʥʠʯʽ ʨʦʙʦʪʠ ʧʽʜ ʯʘʩ 

ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʚ 4é6 ʨʘʟʽʚ ʤʝʥʰʽ [1]. 

ɺʽʜʥʦʚʣʶʚʘʣʴʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʥʘ ʩʴʦʛʦʜʥʽ ʥʝ ʤʘʻ ʽʥʰʦʾ ʝʢʦʣʦʛʽʯʥʦʾ 

ʘʣʴʪʝʨʥʘʪʠʚʠ. ʈʝʘʣʽʟʘʮʽʷ ʢʦʥʮʝʧʮʽʾ ʧʨʦʤʠʩʣʦʚʦʾ ʨʝʥʦʚʘʮʽʾ ʙʽʣʴʰʦʩʪʽ ʪʝʭʥʽʯʥʠʭ 

ʚʠʨʦʙʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʊɿ, ʱʦ ʩʧʦʞʠʚʘʶʪʴ ʙʣʠʟʴʢʦ ʪʨʝʪʠʥʠ ʩʚʽʪʦʚʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʯʦʨʥʠʭ ʤʝʪʘʣʽʚ, ʜʦʟʚʦʣʠʪʴ ʚʠʨʽʰʠʪʠ ʙʘʛʘʪʦ ʟʘʚʜʘʥʴ ʟ ʧʨʦʙʣʝʤ 

ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ, ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʦʪʝʧʣʽʥʥʷ. 

ɼʝʷʢʽ ʚʠʨʦʙʥʠʢʠ ʜʝʪʘʣʝʡ ʊɿ ʚʧʨʦʚʘʜʞʫʶʪʴ ʪʘ ʧʨʘʢʪʠʢʫʶʪʴ ʧʨʦʛʨʘʤʠ 

ʟʘʤʽʥʠ ʟʥʦʰʝʥʠʭ ʜʝʪʘʣʝʡ ʥʘ ʥʦʚʽ ʘʙʦ ʚʽʜʥʦʚʣʝʥʽ. ʂʦʥʮʝʨʥʠ Boʩsh, VAG, Ford, 

Renault, ZF, ʉaterpillar, TRW, Detroit Diesel ʪʘ ʽʥ. ʤʘʶʪʴ ʚ ʩʚʦʻʤʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ 

ʨʝʤʦʥʪʥʽ ʟʘʚʦʜʠ ʧʦ ʚʽʜʥʦʚʣʝʥʥʽ ʩʧʨʘʮʴʦʚʘʥʠʭ ʜʝʪʘʣʝʡ ɼɺɿ, ʪʨʘʥʩʤʽʩʽʡ, ʭʦʜʦʚʠʭ 

ʯʘʩʪʠʥ, ʤʝʭʘʥʽʟʤʽʚ ʢʝʨʫʚʘʥʥʷ ʪʘ ʽʥ [2-4].  

 ʇʨʠ ʚʠʙʦʨʽ ʩʧʦʩʦʙʫ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʊɿ ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʭ 

ʻ ʝʢʦʥʦʤʽʯʥʠʡ ʢʨʠʪʝʨʽʡ [6]: 
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, 

 ʜʝ  ï ʚʠʪʨʘʪʠ ʥʘ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ, ʛʨʥ. 

  ï ʢʦʝʬʽʮʽʻʥʪ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʚʽʜʥʦʚʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ. 

ʂʨʠʪʝʨʽʡ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʚʽʜʥʦʚʣʝʥʦʾ ʧʦʚʝʨʭʥʽ: 

 
 ʜʝ  ï ʢʦʝʬʽʮʽʻʥʪ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ; 

  ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʪʨʠʚʘʣʦʩʪʽ; 

  ï ʢʦʝʬʽʮʽʻʥʪ ʟʯʝʧʣʝʥʥʷ; 

  ï ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʬʘʢʪʠʯʥʫ ʨʦʙʦʪʦʟʜʘʪʥʽʩʪʴ 

ʚʽʜʥʦʚʣʝʥʦʾ ʜʝʪʘʣʽ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 ʂʦʝʬʽʮʽʻʥʪʠ , , ,  ʤʦʞʥʘ ʟʥʘʡʪʠ ʚ ʜʦʚʽʜʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ. 

 ɺʠʪʨʘʪʠ ʥʘ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ: 

, 

 ʜʝ  ï ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʦʜʠʥʠʮʽ ʧʣʦʱʽ ʩʧʨʘʮʴʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ 

ʜʝʪʘʣʽ, ʛʨʥ/ʩʤ2; 

  ï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ, ʷʢʘ ʚʽʜʥʦʚʣʶʻʪʴʩʷ, ʩʤ2; 

  ï ʢʦʝʬʽʮʽʻʥʪ ʽʥʬʣʷʮʽʾ. 

 ʉʦʙʽʚʘʨʪʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ  ʟʥʦʝhʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʜʝʷʢʠʤʠ 

ʤʝʪʦʜʘʤʠ ʩʪʘʥʦʚʣʷʪʴ: ʥʘʧʣʘʚʣʝʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ ʉʆ2 ï 3,6é4,8 ʛʨʥ/ ʩʤ2; 

ʚʽʙʨʦʜʫʛʦʚʝ ʥʘʧʣʘʚʣʝʥʥʷ ï 4,8é6 ʛʨʥ/ʩʤ2; ʥʘʧʣʘʚʣʝʥʥʷ ʧʽʜ ʰʘʨʦʤ ʬʣʶʩʫ ï 

7,2é8,4 ʛʨʥ/ʩʤ2; ʜʫʛʦʚʘ ʤʝʪʘʣʽʟʘʮʽʷ ï 4,8é7,2 ʛʨʥ/ʩʤ2; ʧʣʘʟʤʦʚʝ ʥʘʧʠʣʝʥʥʷ ï 

6é8,4 ʛʨʥ/ʩʤ2; ʭʨʦʤʫʚʘʥʥʷ ï 2,4é5,4 ʛʨʥ/ʩʤ2; ʥʘʩʪʘʣʶʚʘʥʥʷ ï 2é 6 ʛʨʥ/ʩʤ2; 

ʨʫʯʥʝ ʥʘʧʣʘʚʣʝʥʥʷ ï 2,4é3,6 ʛʨʥ/ʩʤ2; ʢʣʝʾ ʪʘ ʝʧʦʢʩʠʜʥʽ ʢʦʤʧʦʟʠʮʽʾ ï 1,8é3,6 

ʛʨʥ/ʩʤ2; ʤʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ ʧʽʜ ʨʝʤʦʥʪʥʠʡ ʨʦʟʤʽʨ ï 0,6é1,2 ʛʨʥ/ʩʤ2; 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʜʝʪʘʣʝʡ ï 2,4é6 ʛʨʥ/ʩʤ2. 

 ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʊɿ ʻ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ 

ʩʧʦʩʦʙʦʤ ʧʽʜʪʨʠʤʘʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʧʨʠ ʷʢʦʤʫ ʝʢʦʥʦʤʽʷ 

ʢʦʰʪʽʚ ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʚʽʜ 30 ʜʦ 80 % ʚʽʜ ʚʘʨʪʦʩʪʽ ʥʦʚʠʭ ʜʝʪʘʣʝʡ. 
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https://www.renaultgroup.com/en/news-on-air/news/greenstories-100-circular-economy-groupe-renault-shows-its-ongoing-commitment/
http://autoexpert.com.ua/stati/avtokomponenty/3908-bosch.-regeneraciya-po-ukrainski.html


91 

 

ɸʬʦʥʽʥ ɺʘʣʝʥʪʠʥ ʄʠʢʦʣʘʡʦʚʠʯ, ʟʘʩʥʦʚʥʠʢ, ʇʨʠʚʘʪʥʘ ʬʽʨʤʘ çʇʈʆʄɽʅɽʈɻʆè 

ɺʦʨʦʙʡʦʚ ɼʤʠʪʨʦ ɺʦʣʦʜʠʤʠʨʦʚʠʯ, ʛʦʣʦʚʥʠʡ ʢʦʥʩʪʨʫʢʪʦʨ, ʇʨʠʚʘʪʥʘ ʬʽʨʤʘ 

çʇʈʆʄɽʅɽʈɻʆè 

ʂʫʣʴʙʘʯʥʠʡ ɭʚʛʝʥ ɯʚʘʥʦʚʠʯ, ʩʪʫʜʝʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-

ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, kulbacniy@gmail.com 

 

ɺʀɹɯʈ ʈɸʎɯʆʅɸʃʔʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ɺʇʋʉʂʅʆɻʆ ʊʈɸʂʊʋ ɼʃʗ 

ʇʆʃɯʇʐɽʅʅʗ ʋʄʆɺ ʅɸʇʆɺʅɽʅʅʗ ʎʀʃɯʅɼʈɯɺ ɼʀɿɽʃʗ  

 

ʆʩʦʙʣʠʚʽʩʪʶ V-ʧʦʜʽʙʥʠʭ ʜʚʠʛʫʥʽʚ, ʟʦʢʨʝʤʘ 6-ʪʠ ʮʠʣʽʥʜʨʦʚʠʭ, ʻ ʧʨʦʙʣʝʤʘ 

ʧʦʚʽʪʨʦʧʦʩʪʘʯʘʥʥʷ ʦʩʪʘʥʥʽʭ ʮʠʣʽʥʜʨʽʚ, ʷʢʘ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʠʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʥʘʧʦʚʥʝʥʥʷ ʮʠʣʽʥʜʨʽʚ ʩʚʽʞʠʤ ʧʦʚʽʪʨʷʤ, ʟʥʠʞʝʥʥʷʤ 

ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ ʪʘ ʧʦʛʽʨʰʝʥʥʷʤ ʾʭ  ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ. 

ʆʜʥʠʤ ʟ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʤʦʜʝʨʥʽʟʘʮʽʷ ʚʧʫʩʢʥʦʾ 

ʩʠʩʪʝʤʠ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʧʦʚʽʪʨʷʥʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʫ, ʷʢʠʡ ʩʧʦʣʫʯʘʻ ʚʧʫʩʢʥʽ ʢʦʣʝʢʪʦʨʠ ʪʘ ʜʦʟʚʦʣʷʻ ʧʦʣʽʧʰʠʪʠ ʫʤʦʚʠ 

ʥʘʧʦʚʥʝʥʥʷ ʢʨʘʡʥʽʭ ʮʠʣʽʥʜʨʽʚ (ʣʽʚʦʛʦ ʪʘ ʧʨʘʚʦʛʦ ʨʷʜʽʚ). 

ʈʦʟʚʠʪʦʢ ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʟʦʢʨʝʤʘ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚôʷʟʢʦʾ ʪʫʨʙʫʣʝʥʪʥʦʾ ʪʝʯʽʾ ʫ ʥʝʩʪʘʮʽʦʥʘʨʥʽʡ ʪʨʠʚʠʤʽʨʥʽʡ 

ʧʦʩʪʘʥʦʚʮʽ, ʜʦʟʚʦʣʷʻ ʥʘ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʦʤʫ ʨʽʚʥʽ ʜʦʩʣʽʜʞʫʚʘʪʠ ʧʨʦʮʝʩʠ ʪʝʯʽʾ 

ʧʦʚʽʪʨʷ ʫ ʚʧʫʩʢʥʽʡ ʩʠʩʪʝʤʽ ɼɺɿ ʪʘ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʨʦʟʨʦʙʣʷʪʠ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʩʠʩʪʝʤʠ ʧʦʚʽʪʨʦʧʦʩʪʘʯʘʥʥʷ. 

ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʧʨʦʮʝʩ ʪʝʯʽʾ ʧʦʚʽʪʨʷ ʫ ʚʧʫʩʢʥʦʤʫ ʢʦʣʝʢʪʦʨʽ               

V-ʧʦʜʽʙʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ 6ʏ 15/15.  

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʘ ʩʬʦʨʤʦʚʘʥʘ ʛʝʦʤʝʪʨʽʷ ʪʘ ʧʨʦʪʦʯʥʘ 

ʯʘʩʪʠʥʘ ʰʪʘʪʥʦʛʦ ʪʘ ʚʘʨʽʘʥʪʽʚ ʤʦʜʝʨʥʽʟʦʚʘʥʦʛʦ ʚʧʫʩʢʥʦʛʦ ʢʦʣʝʢʪʦʨʘ. ʆʧʠʩʘʥʽ 

ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʪʘ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʫ ʥʝʩʪʘʮʽʦʥʘʨʥʽʡ ʪʨʠʚʠʤʽʨʥʽʡ 

ʧʦʩʪʘʥʦʚʮʽ. 

ɻʝʦʤʝʪʨʽʷ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʰʪʘʪʥʦʛʦ ʚʧʫʩʢʥʦʛʦ ʢʦʣʝʢʪʦʨʘ ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʫ 1, ʘ ʤʦʜʝʨʥʽʟʦʚʘʥʦʛʦ ï ʥʘ ʨʠʩʫʥʢʫ 2. 

 

  

 
 

ʈʠʩʫʥʦʢ 1 ï ɻʝʦʤʝʪʨʽʷ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʰʪʘʪʥʦʛʦ ʚʧʫʩʢʥʦʛʦ ʢʦʣʝʢʪʦʨʘ 
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ʈʠʩʫʥʦʢ 2 ï ɻʝʦʤʝʪʨʽʷ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʤʦʜʝʨʥʽʟʦʚʘʥʦʛʦ  

ʚʧʫʩʢʥʦʛʦ ʢʦʣʝʢʪʦʨʘ 

 

ɼʘʣʽ ʙʫʣʘ ʩʬʦʨʤʦʚʘʥʘ ʧʦʯʘʪʢʦʚʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʽʪʢʘ, ʷʢʘ ʦʧʠʩʫʻ 

ʛʝʦʤʝʪʨʽʶ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʰʪʘʪʥʦʛʦ ʪʘ ʚʘʨʽʘʥʪʽʚ ʤʦʜʝʨʥʽʟʦʚʘʥʦʛʦ ʚʧʫʩʢʥʦʛʦ 

ʢʦʣʝʢʪʦʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 3.  

 

 

ʈʠʩʫʥʦʢ 3 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʽʪʢʘ 

 

ɼʣʷ ʦʧʠʩʫ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʘ ʚʭʦʜʽ ʫ ʚʧʫʩʢʥʠʡ ʢʦʣʝʢʪʦʨ ʟʘʜʘʚʘʚʩʷ ʪʠʧ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ï ʧʘʨʘʤʝʪʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʪʠʩʢ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ), 

ʘ ʥʘ ʚʠʭʦʜʽ ï ʢʦʣʠʚʘʥʥʷ ʪʠʩʢʫ, ʷʢʝ ʚʠʥʠʢʘʻ ʧʨʠ ʚʽʜʢʨʠʪʪʽ-ʟʘʢʨʠʪʪʽ ʚʧʫʩʢʥʠʭ 

ʢʣʘʧʘʥʽʚ (ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʨʦʙʦʯʦʛʦ 

ʧʨʦʮʝʩʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʫ ʛʘʟʦʦʙʤʽʥʫ).  

ʇʫʣʴʩʘʮʽʾ ʪʠʩʢʫ ʥʘ ʚʠʭʦʜʽ ʟʘʜʘʚʘʣʠʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʨʷʜʢʫ ʨʦʙʦʪʠ 

ʮʠʣʽʥʜʨʽʚ (1ʃ-1ʇ-2ʃ-2ʇ-3ʃ-3ʇ).  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʮʽʥʝʥʦ ʟʤʽʥʫ ʰʚʠʜʢʦʩʪʝʡ 

ʪʘ ʪʠʩʢʫ ʧʦʚʽʪʨʷ ʚ ʧʨʦʮʝʩʽ ʪʝʯʽʾ ʫ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ ʚʧʫʩʢʥʠʭ ʢʦʣʝʢʪʦʨʽʚ 

ʰʪʘʪʥʦʾ ʪʘ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʡ ʧʫʣʴʩʘʮʽʾ ʪʠʩʢʫ ʥʘ ʚʭʦʜʽ ʫ ʚʧʫʩʢʥʽ 

ʢʦʣʝʢʪʦʨʠ ʧʨʠ ʨʦʙʦʪʽ ʜʚʠʛʫʥʘ ʥʘ ʨʝʞʠʤʽ ʥʦʤʽʥʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟôʻʜʥʫʶʯʦʛʦ ʧʘʪʨʫʙʢʘ ʤʽʞ ʜʽʣʷʥʢʘʤʠ 

ʚʧʫʩʢʥʠʭ ʢʦʣʝʢʪʦʨʽʚ 3ʃ ʪʘ 3ʇ ʮʠʣʽʥʜʨʽʚ ʻ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʪʘ ʜʦʟʚʦʣʷʻ 

ʟʙʽʣʴʰʠʪʠ ʚʠʪʨʘʪʫ ʧʦʚʽʪʨʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 5-9%. 
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ɹʘʣʘʢʘ ʄʘʢʩʠʤ ʄʠʢʦʣʘʡʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, balaka.mm@knuba.edu.ua  

ʃʠʩʘʢ ʉʝʨʛʽʡ ɯʚʘʥʦʚʠʯ, ʚʠʢʣʘʜʘʯ, ɺʉʇ ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʙʫʜʽʚʝʣʴʥʠʡ ʬʘʭʦʚʠʡ 

ʢʦʣʝʜʞ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ 

ʄʽʱʫʢ ɼʤʠʪʨʦ ʆʣʝʢʩʘʥʜʨʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ 

ʈʻʧʽʥ ɺʣʘʜʠʩʣʘʚ ʖʨʽʡʦʚʠʯ, ʚʠʢʣʘʜʘʯ, ɺʉʇ ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʙʫʜʽʚʝʣʴʥʠʡ ʬʘʭʦʚʠʡ 

ʢʦʣʝʜʞ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ 

 

ʇʈʆɹʃɽʄʀ ʊɸ ʇɽʈʉʇɽʂʊʀɺʀ ɿɸʉʊʆʉʋɺɸʅʅʗ 

ɸʃʔʊɽʈʅɸʊʀɺʅʀʍ ɺʀɼɯɺ ʇɸʃʀɺɸ ʅɸ ɸɺʊʆʊʈɸʅʉʇʆʈʊɯ 

 

ʅʠʥʽ ʩʚʽʪʦʚʽ ʥʘʫʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʮʝʥʪʨʠ ʘʚʪʦʤʦʙʽʣʝʙʫʜʽʚʥʠʭ ʬʽʨʤ 

ʧʨʦʚʦʜʷʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʥʘʧʨʷʤʢʫ ʟʥʠʞʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʠʚ ʥʘʬʪʦʚʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ (ʙʝʥʟʠʥʫ, ʜʠʟʧʘʣʠʚʘ) ʪʘ ʾʭ ʟʘʤʽʥʫ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ ʚʠʜʘʤʠ, ʱʦ ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ, ʦʩʢʽʣʴʢʠ ʥʦʚʽ ʚʠʜʠ ʧʘʣʠʚʘ ʜʣʷ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʟʛʦʨʷʥʥʷ ʤʘʪʠʤʫʪʴ ʧʦʢʨʘʱʝʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʦʢʘʟʥʠʢʠ ʪʘ ʚʠʨʽʰʫʚʘʪʠʤʫʪʴ 

ʝʢʦʣʦʛʽʯʥʫ ʙʝʟʧʝʢʫ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ ʨʦʟʨʦʙʣʝʥʥʷ ʥʘʮʽʦʥʘʣʴʥʠʭ 

ʢʦʥʮʝʧʮʽʡ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ, ʩʪʚʦʨʝʥʥʷ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʚʠʛʫʥʽʚ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ [1ï4]. 

ʉʝʨʝʜ ʚʘʞʣʠʚʠʭ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʘʣʠʚ ʽ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʽ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ: 

ï ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʡ ʦʢʨʝʤʠʭ 
ʩʠʩʪʝʤ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ, ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʘ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʨʦʙʦʪʠ; 

ï ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʚʠʜʽʚ ʽ ʩʦʨʪʽʚ ʧʘʣʠʚ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʾʭ 
ʨʝʩʫʨʩʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ [4]; 

ï ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ ʧʘʣʠʚ ʟʛʽʜʥʦ ʟ ʪʝʥʜʝʥʮʽʷʤʠ 
ʨʦʟʚʠʪʢʫ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ, ʥʘʬʪʦʧʝʨʝʨʦʙʥʦʾ ʪʘ ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ; 

ï ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʜʣʷ ʟʥʠʞʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʧʘʣʠʚʘ 
ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ [5]. 

ʇʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦ 

ʘʢʪʠʚʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ ʚʠʢʠʜʘʤʠ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʟ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤʠ 

ʛʘʟʘʤʠ ʽ ʧʘʨʘʤʠ ʧʘʣʠʚʘ. ɺʠʢʠʜʠ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʪʘ 

ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʨʝʩʧʽʨʘʪʦʨʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʣʝʛʝʥʝʚʦʾ ʥʝʜʦʩʪʘʪʥʦʩʪʽ, 

ʙʨʦʥʭʽʪʫ ʘʙʦ ʨʦʟʣʘʜʫ ʥʝʨʚʦʚʦʾ ʩʠʩʪʝʤʠ. ɿʘʙʨʫʜʥʝʥʝ ʧʦʚʽʪʨʷ ʚʧʣʠʚʘʻ ʪʘʢʦʞ ʽ ʥʘ 

ʨʫʡʥʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʘʤôʷʪʦʢ ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ, ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʨʦʟʽʾ ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ ʥʘʚʢʦʣʠʰʥʽʭ ʦʙôʻʢʪʽʚ. 

ɼʦ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʚʽʜʥʦʩʷʪʴʩʷ ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʛʘʟʠ ʪʘ ʢʘʨʪʝʨʥʽ ʛʘʟʠ, 

ʧʘʨʠ ʧʘʣʠʚʘ ʟ ʙʘʢʫ ʽ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ. ʆʩʥʦʚʥʘ ʯʘʩʪʢʘ ʚʠʢʠʜʽʚ 

ʧʦʪʨʘʧʣʷʻ ʜʦ ʘʪʤʦʩʬʝʨʠ ʟ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤʠ ʛʘʟʘʤʠ, ʱʦ ʩʪʘʥʦʚʠʪʴ 55 % ʦʙ. 

(ʨʠʩ. 1), ʘ ʟ ʢʘʨʪʝʨʥʠʤʠ ʛʘʟʘʤʠ ʪʘ ʧʘʨʘʤʠ ʧʘʣʠʚ ï 45 % ʦʙ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʽ ʚʠʜʠ ʧʘʣʠʚʘ ʧʨʦʪʠ ʧʘʣʠʚ ʥʘʬʪʦʚʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʤʘʶʪʴ 

ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ: ʚʠʨʦʙʥʠʯʽ ʚʠʪʨʘʪʠ, ʜʦʩʪʫʧʥʽʩʪʴ ʜʣʷ ʩʧʦʞʠʚʘʯʘ, ʚʧʣʠʚ ʥʘ 
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ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ 

ʜʦ ʧʨʦʮʝʩʫ ʞʠʚʣʝʥʥʷ ʥʦʚʠʤʠ ʚʠʜʘʤʠ ʧʘʣʠʚʘ ʪʘ ʙʝʟʧʝʢʘ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 

 
 ʘ  ʙ 

 

ʈʠʩʫʥʦʢ 1 ï ʉʢʣʘʜ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ ʙʝʥʟʠʥʦʚʠʭ (ʘ) ʽ ʜʠʟʝʣʴʥʠʭ (ʙ) ʜʚʠʛʫʥʽʚ: 

N2 ï ʘʟʦʪ; O2 ï ʢʠʩʝʥʴ; H2O ï ʧʘʨʘ; CO2, CO ï ʚʫʛʣʝʢʠʩʣʠʡ ʽ ʯʘʜʥʠʡ ʛʘʟ; NOx ï 

ʦʢʩʠʜʠ ʘʟʦʪʫ; SO2 ï ʜʽʦʢʩʠʜ ʩʽʨʢʠ; Pb ï ʩʚʠʥʝʮʴ; HC ï ʚʫʛʣʝʚʦʜʥʽ; PM ï ʩʘʞʘ 

 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʦʩʥʦʚʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ 

ʚʠʜʽʚ ʧʘʣʠʚ ʻ ʨʽʚʝʥʴ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʘʭ, ʚʠʪʨʘʪʠ ʥʘ 

ʚʠʨʦʙʥʠʮʪʚʦ ʧʘʣʠʚʘ ʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʧʝʨʝʦʙʣʘʜʥʘʥʥʷ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʟʛʦʨʷʥʥʷ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʶ ʧʘʣʠʚʥʦʾ ʘʧʘʨʘʪʫʨʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʽ ʚʠʜʠ ʧʘʣʠʚʘ ʧʨʘʢʪʠʯʥʦ ʥʝ ʤʘʶʪʴ ʘʙʦ ʤʽʩʪʷʪʴ ʚ ʥʝʟʥʘʯʥʽʡ 

ʢʽʣʴʢʦʩʪʽ ʧʝʨʚʠʥʥʽ ʰʢʽʜʣʠʚʽ ʨʝʯʦʚʠʥʠ, ʯʝʨʝʟ ʱʦ ʝʤʽʩʽʷ ʪʦʢʩʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ ʟʥʘʯʥʦ ʥʠʞʯʘ. ʉʪʦʩʦʚʥʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʟ ʜʚʠʛʫʥʘʤʠ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘ ʚʦʜʥʽ [6], ʪʦ ʚʦʥʠ ʧʨʘʢʪʠʯʥʦ ʯʠʩʪʽ ʜʣʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺ ʥʠʭ ʟʘʤʽʩʪʴ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ ʚ ʘʪʤʦʩʬʝʨʫ 

ʚʠʢʠʜʘʻʪʴʩʷ çʯʠʩʪʘ ʚʦʜʘè. ʆʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʶ ʚ ʷʢʦʩʪʽ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʚʠʜʫ ʧʘʣʠʚʘ ʻ ʟʙʝʨʽʛʘʥʥʷ ʥʘ ʪʨʘʥʩʧʦʨʪʽ. ʆʜʥʘʢ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʦʚʪʦʨʥʦʛʦ ʝʥʝʨʛʦʥʦʩʽʷ ʫ ʚʠʛʣʷʜʽ ʛʽʜʨʠʜʥʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ [2, 7] ʥʝ ʧʦʪʨʝʙʫʻ 

ʦʩʦʙʣʠʚʦʛʦ ʜʦʛʣʷʜʫ: ʛʽʜʨʠʜʥʠʡ ʘʢʫʤʫʣʷʪʦʨ ʰʚʠʜʢʦ ʟʘʨʷʜʞʘʻʪʴʩʷ ʚʦʜʥʝʤ, ʤʘʻ 

ʥʠʟʴʢʫ ʩʦʙʽʚʘʨʪʽʩʪʴ ʪʘ ʪʨʠʚʘʣʠʡ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʚôʷʟʫʻʪʴʩʷ 

ʧʨʦʙʣʝʤʘ ʙʝʟʧʝʢʠ ʚʦʜʥʝʚʦʛʦ ʧʘʣʠʚʘ ʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʦʧʫʩʪʠʤʠʡ ʝʥʝʨʛʦʟʘʧʘʩ 

ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʠʭ ʪʠʩʢʽʚ ʜʣʷ ʢʦʧʨʠʤʦʚʘʥʦʛʦ ʚʦʜʥʶ ʘʙʦ 

ʢʨʽʦʛʝʥʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʩʢʨʘʧʣʝʥʦʛʦ ʚʦʜʥʶ. ʊʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ ʥʘ ʚʦʜʥʽ 

ʤʦʞʝ ʢʦʥʢʫʨʫʚʘʪʠ ʟʽ ʟʚʠʯʘʡʥʠʤʠ ʘʚʪʦ- ʽ ʝʣʝʢʪʨʦʤʦʙʽʣʷʤʠ. 

ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ ʻ ʢʦʤʧʨʠʤʦʚʘʥʠʡ ʧʨʠʨʦʜʥʠʡ ʛʘʟ, 

ʷʢʠʡ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʜʚʠʛʫʥʘʭ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʽ ʤʘʻ ʧʝʨʝʚʘʛʠ 

ʷʢ ʧʽʜʚʠʱʝʥʠʡ ʥʘ 35é40 % ʤʦʪʦʨʝʩʫʨʩ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʝʥʟʠʥʦʚʠʤʠ ʜʚʠʛʫʥʘʤʠ, 

ʟʙʽʣʴʰʝʥʠʡ ʫ 2é3 ʨʘʟʠ ʨʝʩʫʨʩ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʣʠʚʠ ʽ ʥʘ 30é40 % ʪʝʨʤʽʥ ʩʣʫʞʙʠ 

ʩʚʽʯʦʢ ʟʘʧʘʣʶʚʘʥʥʷ. ʈʘʟʦʤ ʟ ʪʠʤ, ʟʤʝʥʰʫʻʪʴʩʷ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫ 

ʥʘ 9é14 % ʚʥʘʩʣʽʜʦʢ ʟʥʘʯʥʦʾ ʤʘʩʠ (ʜʦ 90 ʢʛ) ʙʘʣʦʥʽʚ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ (ʜʦ 

20 ʄʇʘ) ʦʙôʻʤʦʤ 50 ʣ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʪʨʠʚʘʣʽʩʪʴ ʨʦʟʛʦʥʫ ʥʘ 24...30 % ʪʘ 

ʟʥʠʞʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʥʘ 5...6 % ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʛʽʨʰʝʥʥʷ ʪʷʛʦʚʦ-

ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʚʪʦʤʦʙʽʣʷ. ʆʩʦʙʣʠʚʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʨʘʧʣʝʥʦʛʦ 
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ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʻ ʜʫʞʝ ʥʠʟʴʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʽʥʥʷ ï ʤʽʥʫʩ 162 ʦʉ, ʱʦ ʩʪʚʦʨʶʻ 

ʧʝʚʥʽ ʩʢʣʘʜʥʦʩʪʽ ʧʨʠ ʚʠʜʦʙʫʚʘʥʥʽ ʪʘ ʟʙʝʨʽʛʘʥʥʽ [2]. ɼʣʷ ʟʙʝʨʽʛʘʥʥʷ ʥʘ ʙʦʨʪʫ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʩʣʽʜ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʩʧʝʮʽʘʣʴʥʽ ʢʨʽʦʛʝʥʥʽ ʙʘʣʦʥʠ, ʱʦ ʤʘʪʠʤʫʪʴ 

ʧʦʜʚʽʡʥʫ ʦʙʦʣʦʥʢʫ ï ʚʥʫʪʨʽʰʥʶ ʟ ʣʝʛʦʚʘʥʦʾ ʩʪʘʣʽ, ʟʦʚʥʽʰʥʶ ʟ ʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ, 

ʧʨʦʩʪʽʨ ʤʽʞ ʷʢʠʤʠ ʚʘʢʫʫʤʦʚʘʥʠʡ ʯʠ ʟʘʧʦʚʥʝʥʠʡ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. 

ʉʢʨʘʧʣʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʡʦʛʦ ʦʙôʻʤ ʫ 600 ʨʘʟʽʚ, ʤʘʩʫ 

ʙʘʣʦʥʘ ï ʫ 3é4 ʨʘʟʠ, ʘ ʦʙôʻʤ ʙʘʣʦʥʘ ï ʚ 1,5...2 ʨʘʟʠ ʚʽʜʧʦʚʽʜʥʦ [4]. 

ʆʜʥʘʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʛʘʟʦʧʦʜʽʙʥʠʭ ʧʘʣʠʚ ʫ ʜʚʠʛʫʥʘʭ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʟʛʦʨʷʥʥʷ ʧʦʪʨʝʙʫʚʘʪʠʤʝ ʤʦʜʝʨʥʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʚʠʛʫʥʘ, ʧʝʨʝʦʙʣʘʜʥʘʥʥʷ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʽ ʩʫʨʦʚʦʛʦ ʜʦʪʨʠʤʘʥʥʷ ʧʨʘʚʠʣ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʗʢ ʚʘʨʽʘʥʪ, ʨʝʬʦʨʤʫʣʶʚʘʥʥʷ ʜʠʟʧʘʣʠʚʘ, ʱʦ ʧʦʣʷʛʘʻ ʫ ʤʦʜʠʬʽʢʘʮʽʾ ʩʢʣʘʜʫ 

ʥʘ ʥʘʬʪʦʧʝʨʝʨʦʙʥʦʤʫ ʟʘʚʦʜʽ, ʜʦʟʚʦʣʠʪʴ ʟʥʠʟʠʪʠ ʚʠʢʠʜʠ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʪʘ 

ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʩʘʞʽ ʟ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤʠ ʛʘʟʘʤʠ ʙʝʟ ʤʦʜʝʨʥʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ [3]. ɿʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʙʫʜʝ 

ʤʝʥʰʠʤ, ʥʽʞ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʜʚʠʛʫʥʽʚ ʯʠ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ, ʘ ʦʪʨʠʤʘʥʠʡ ʝʬʝʢʪ ï ʧʦʤʽʪʥʠʤ 

ʜʣʷ ʚʩʽʭ ʪʠʧʽʚ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ. 
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ʋʉʊɸʅʆɺʂɸ ɼʃʗ ɺʀʇʈʆɹʋɺɸʅʅʗ ɼɺʀɻʋʅɯɺ 

 ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʩʪʚʦʨʝʥʥʽ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ ʜʚʠʛʫʥʽʚ, ʷʢʽ ʚ ʷʢʦʩʪʽ ʧʘʣʴʥʦʛʦ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʨʽʟʥʽ 

ʛʘʟʦʧʦʜʽʙʥʽ ʧʘʣʠʚʘ, ʘ ʪʘʢʦʞ ʩʪʠʩʥʫʪʝ ʧʦʚʽʪʨʷ. 

ɺ ʷʢʦʩʪʽ ʧʘʣʴʥʦʛʦ ʧʨʦʧʦʥʫʝʪʩʷ ʚʦʜʝʥʴ. ɺʦʜʝʥʴ ï ʙʝʟʙʘʨʚʥʠʡ ʛʘʟ, ʱʦ ʥʝ ʤʘʻ 

ʟʘʧʘʭʫ, ʻ ʥʘʡʣʝʛʰʠʤ ʪʘ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʝʣʝʤʝʥʪʦʤ ʥʘ ʧʣʘʥʝʪʽ. ʊʠʤ ʥʝ ʤʝʥʰ, 

ʚʽʥ ʥʝ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ ʧʨʠʨʦʜʽ ʚ ʷʢʦʩʪʽ ʦʢʨʝʤʦʛʦ ʝʣʝʤʝʥʪʘ, ʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʢʦʚʘʣʝʥʪʥʠʭ ʟ'ʻʜʥʘʥʥʷʭ ʟ ʙʽʣʴʰʽʩʪʶ ʥʝʤʝʪʘʣʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʙʦ ʤʦʣʝʢʫʣʷʨʥʦʾ 

ʬʦʨʤʽ (ʚʦʜʘ, ʥʘʬʪʫ, ʙʽʦʤʘʩʘ). ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʶ ʷʢ 

ʧʘʣʠʚʦ ʚʽʥ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʽʜʦʢʨʝʤʣʝʥʠʡ ʚʽʜ ʩʚʦʾʭ ʘʪʦʤʘʨʥʠʭ ʩʧʦʣʫʢ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʮʝʩʽʚ ʢʦʥʚʝʨʩʽʾ, ʚʢʣʶʯʘʶʯʠ ʧʘʨʦʚʝ ʨʝʬʦʨʤʫʚʘʥʥʷ ʪʘ ʝʣʝʢʪʨʦʣʽʟ. 

ʂʽʥʮʝʚʝ ʩʪʘʥ ʚʦʜʥʶ, ʘʙʦ ʚʦʜʝʥʴ, ʚʠʜʽʣʝʥʠʡ ʟ ʡʦʛʦ ʟ'ʻʜʥʘʥʴ, ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ 

ʪʨʠ ʢʘʪʝʛʦʨʽʾ: ʢʦʨʠʯʥʝʚʠʡ, ʩʠʥʽʡ ʪʘ ʟʝʣʝʥʠʡ ʚʦʜʝʥʴ. ʂʦʨʠʯʥʝʚʠʡ ʚʦʜʝʥʴ 

ʥʘʜʭʦʜʠʪʴ ʟ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʘʙʦ ʚʫʛʽʣʣʷ ʟ ʚʠʜʽʣʝʥʥʷʤ CO2 ʚ ʷʢʦʩʪʽ ʧʦʙʽʯʥʦʛʦ 

ʧʨʦʜʫʢʪʫ. ʉʠʥʽʤ ʚʚʘʞʘʻʪʴʩʷ, ʢʦʣʠ ʚʠʜʽʣʷʻʪʴʩʷ CO2 ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʦ ʟ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʚ ʧʨʦʮʝʩʽ, ʟʘ ʨʘʭʫʥʦʢ ʫʣʦʚʣʶʚʘʥʥʷ   ̔ ʟʙʝʨʽʛʘʥʥʷ ʚʫʛʣʝʮʶ. 

ɿʨʝʰʪʦʶ, ʥʘʟʚʘ "ɿʝʣʝʥʠʡ ʚʦʜʝʥʴ" ʜʘʻʪʴʩʷ, ʢʦʣʠ ʚʽʥ ʥʘʜʭʦʜʠʪʴ ʟ ʧʦʥʦʚʣʶʚʘʥʠʭ 

ʜʞʝʨʝʣ - ʚʽʪʨʦʚʠʭ, ʩʦʥʷʯʥʠʭ, ʛʽʜʨʦ - ʛʝʦʪʝʨʤʘʣʴʥʠʭ. ɿʝʣʝʥʠʡ ʚʦʜʝʥʴ  ̒ʢʽʥʮʝʚʦʶ 

ʤʝʪʦʶ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʢʨʘʾʥ, ʦʩʢʽʣʴʢʠ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʥʝ ʚʠʨʦʙʣʷʶʪʴ 

ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. 

ɺ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʶ ʚʦʜʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʜʦʙʘʚʢʘ, ʪʽʣʴʢʠ ʚ ʭʦʜʽ 

ʚʠʧʨʦʙʫʚʘʥʴ. ʂʦʥʪʨʦʣʴ ʢ̫ʦʩʪʽ ʚʦʜʥʶ ʥʝʦʙʭʽʜʥʠʡ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʨʦʙʦʪʫ ʧʘʣʠʚʥʠʡ ʩʠʩʪʝʤʠ.  

ɼʦʜʘʚʘʥʥʷ ʚʦʜʥʶ  ̒ ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʙʝʥʟʠʥʦʚʦʛʦ ʜʚʠʛʫʥʘ ʚ ʝʢʦʥʦʤʽʯʥʠʭ ʫʤʦʚʘʭ. 

ɻʽʙʨʠʜʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʙʣʦʢ  ʫʧʨʘʚʣʽʥʥʷ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʪʦʛʦ ʱʦʙ 
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ʢʝʨʫʚʘʪʠ ʧʦʜʘʯʝʶ ʽʩʢʨʠ, ʫʧʦʨʩʢʫʚʘʥʥʷʤ ʽ ʢʽʣʴʢʽʩʪʶ ʚʦʜʥʶ ʪʘ ʙʝʥʟʠʥʫ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ ʧʦʩʪʽʡʥʦʤʫ ʯʠʩʣʽ ʦʙʦʨʦʪʽʚ ʜʚʠʛʫʥʘ - 1400 ʭʚ-1, 

ʷʢʝ ʧʨʝʜʩʪʘʚʣʷʻ ʦʙʦʨʦʪʠ ʜʚʠʛʫʥʘ ʫ ʪʠʧʦʚʠʭ ʤʽʩʴʢʠʭ ʫʤʦʚʘʭ ʽʟ ʟʥʠʞʝʥʦʶ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʨʫʭʫ. ɼʚʽ ʦʙ'ʻʤʥʽ ʯʘʩʪʢʠ ʚʦʜʥʶ ʚ ʟʘʛʘʣʦʤ ʟʙʦʨʽ 0%  ̔ 3% ʙʫʣʠ 

ʜʦʩʷʛʥʫʪʦ ʰʣʷʭʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʫʧʦʨʩʢʫʚʘʥʥʷ ʚʦʜʥʶ ʚ ʚʽʜʧʦʚʽʜʥʦ ʟ 

ʚʠʪʨʘʪʦʶ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ. ʇʨʠ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ ʜʦʜʘʚʘʥʥʷ ʚʦʜʥʶ ʚʠʪʨʘʪʘ 

ʙʝʥʟʠʥʫ ʙʫʣʦ ʙ ʟʤʝʥʰʝʥʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʛʦ, ʱʦʙ ʢʦʝʬʽʮʽʻʥʪʠ ʥʘʜʣʠʰʢʫ 

ʧʦʚʽʪʨʷ ʟʙʝʨʽʛʘʣʠʩʷ ʥʘ ʨʽʚʥʽ 1,2  ̔ 1,4, ʚʽʜʧʦʚʽʜʥʦ. ɼʣʷ ʟʘʜʘʥʦʶ ʬʨʘʢʮʽʾ 

ʟʤʽʰʫʚʘʥʥʷ ʚʦʜʥʶ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʚʠʛʫʥʘ, ʷʢʘ 

ʙʫʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʚʧʫʩʢʥʠʭ ʢʦʣʝʢʪʦʨʘʭ ʘʙʩʦʣʶʪʥʠʤ ʪʠʩʢʦʤ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʢʨʠʪʪʷ ʜʨʦʩʝʣʴʥʦ ʾ ʟʘʩʣʽʥʢʠ. ɼʣʷ ʚʩʽʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʧʨʠʡʥʷʪʦ ʨʝʞʠʤ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʽʩʢʨʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ. ʆʯʽʢʫʚʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʚʠʥʥʽ ʧʦʢʘʟʘʪʠ, 

ʱʦ ʩʝʨʝʜʥʽʡ ʝʬʝʢʪʠʚʥʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʧʽʜʚʠʱʫʚʘʚʩʷ ʧʽʩʣʷ ʜʦʜʘʚʘʥʥʷ ʚʦʜʥʶ 

ʣʠʰʝ ʟʘ ʫʤʦʚ ʤʘʣʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʆʜʥʘʢ ʧʨʠ ʚʠʩʦʢʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʥʘ 

ʛʽʙʨʠʜʥʠʡ ʚʦʜʥʝʚʦ-ʙʝʥʟʠʥʦʚʠʡ ʜʚʠʛʫʥ ʙʫʜʝ ʚʠʭʦʜʠʪʠ ʟʽ  ʟʤʝʥʰʝʥʠʤ 

ʝʬʝʢʪʠʚʥʠʤ ʢʨʫʪʥʠʤ ʤʦʤʝʥʪʦʤ, ʥʽʞ ʧʨʠ ʟʚʠʯʘʡʥʦʤʫ ʙʝʥʟʠʥʦʚʦʤʫ ʧʘʣʠʚʽ. 

ʊʝʧʣʦʚʠʡ ʂʂɼ ʛʘʣʴʤʘ ʜʚʠʛʫʥʘ ʙʫʜʝ ʪʘʢʦʞ ʯʽʪʢʦ ʧʽʜʚʠʱʝʥʠʡ. ʂʦʝʬʽʮʽʻʥʪ 

ʚʘʨʽʘʮʽʾ ʟʘʟʥʘʯʝʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʝʬʝʢʪʠʚʥʦʛʦ ʪʠʩʢʫ ʛʽʙʨʠʜʥʦʛʦ ʜʚʠʛʫʥʘ ʙʫʜʝ 

ʟʥʠʞʝʥʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʚʠʛʫʥʘ. ɺ ʮʽʣʦʤʫ, ʚʧʣʠʚ ʜʦʜʘʚʘʥʥʷ 

ʚʦʜʥʶ ʥʘ ʧʦʢʨʘʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʛʦʨʷʥʥʷ ʪʘ ʚʠʢʠʜʽʚ ʜʚʠʛʫʥʘ ʙʫʜʝ ʙʽʣʴʰ 

ʚʠʨʘʞʝʥʠʤ ʧʨʠ ʥʠʟʴʢʠʭ ʦʙʦʨʦʪʘʭ ʜʚʠʛʫʥʘ, ʥʽʞ ʟʘ ʚʠʩʦʢʠʭ. 

ʊʘʢʦʞ ʧʨʦʚʦʜʠʣʠʩʴ ʨʘʟʨʘʭʫʥʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʚ ʷʢʠʭ ʢʦʥʪʨʦʣʶʚʘʚʩʷ ʯʘʩ 

ʫʧʦʨʩʢʫʚʘʥʥʷ, ʧʦʜʘʯʘ ʧʦʚʽʪʨʷ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʦʜʥʶ ʪʘ ʙʝʥʟʠʥʫ. ɼʚʠʛʫʥ 

ʧʨʘʮʶʚʘʚ ʧʨʠ ʦʙʦʨʦʪʘʭ 790 ʭʚ-1 ʽ 1400 ʭʚ-1 , ʱʦʙ ʤʦʞʥʦ ʙʫʣʦ ʧʦʙʘʯʠʪʠ ʮʠʢʣʽʯʥʽ 

ʟʤʽʥʠ ʜʚʠʛʫʥʘ. ʏʘʩ ʟʘʧʘʣʝʥʥʷ ʪʘ ʩʪʫʧʽʥʴ ʩʪʠʩʥʝʥʥʷ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ ʪʝʭʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʫʥʘ ɸ ʩʘʤʝ ï ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʨʤʽʥʽʚ ʟʘʧʘʣʝʥʥʷ, ʧʘʜʘʣʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʜʚʠʛʫʥʘ, ʪʦʜʽ ʷʢ ʩʪʫʧʽʥʴ ʩʪʠʩʥʝʥʥʷ ʧʦʢʨʘʱʫʚʘʣʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. 

ʄʦʜʠʬʽʢʘʮʽʷ ʚʧʫʩʢʥʦʛʦ ʢʦʣʝʢʪʦʨʘ ʜʚʠʛʫʥʘ ʧʽʜ ʩʪʚʦʨʝʥʥʷ ʚʠʭʦʨʫ, ʩʪʚʦʨʝʥʥʷ 

ʟʘʢʨʫʯʝʥʦʛʦ ʧʦʪʦʢʫ ʟ ʢʫʪʦʤ ʚʭʦʜʫ 20 ʛʨʘʜʫʩʽʚ ʟʤʝʥʰʠʣʘ ʪʨʠʚʘʣʽʩʪʴ ʛʦʨʽʥʥʷ  ̔

ʟʤʝʥʰʠʣʘ ʮʠʢʣʽʯʥʽ ʟʤʽʥʠ ʟ ʦʧʪʠʤʘʣʴʥʠʤ ʟʘʚʠʭʨʝʥʥʷʤ ʧʦʪʦʢʫ. 

ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʤʝʪʦʜʽ, ʥʘʚʝʜʝʥʦʤʫ ʥʠʞʯʝ, ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʘ 

ʫʩʪʘʥʦʚʢʘ (ʨʠʩʫʥʦʢ 1), ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʯʦʪʠʨʠʪʘʢʪʥʠʡ ʜʚʠʛʫʥ ʟ ʧʦʚʽʪʨʷʥʠʤ 

ʦʭʦʣʦʜʞʝʥʥʷʤ, ʽʩʢʨʘ ʧʦʜʘʻʪʴʩʷ ʟ ʤʦʜʠʬʽʢʦʚʘʥʦʶ ʛʦʣʦʚʢʠ ʙʣʦʢʫ ʮʠʣʽʥʜʨʽʚ ʪʠʧʫ 

L. ʆʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʫʥʘ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 1. ɺʦʜʝʥʴ 

ʧʦʜʘʻʪʴʩʷ ʧʨʠ ʪʠʩʢʫ 5 ʙʘʨ. ɼʚʠʛʫʥ ʧʨʘʮʶʻ ʟ ʰʠʨʦʢʦ ʚʽʜʢʨʠʪʠʤ ʜʨʦʩʝʣʝʤ, ʚ 

ʫʤʦʚʘʭ ʟʙʽʜʥʝʥʦʾ ʩʫʤʽʰʽ ʪʘ ʟ ʨʽʟʥʦʾ ʩʪʫʧʽʥʴ ʩʪʠʩʥʝʥʥʷ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʧʨʠ ʧʦʩʪʽʡʥʠʭ ʦʙʦʨʦʪʘʭ ʜʚʠʛʫʥʘ 1600 ʭʚ-1. ʊʠʩʢ ʚ 

ʮʠʣʽʥʜʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʢʨʠʚʦʰʠʧʘ, ʚʠʤʽʨʶʻʪʴʩʷ 

ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʤ ʜʘʪʯʠʢʦʤ ʪʠʩʢʫ (Kistler 6052-C)  ̔ʢʦʜʝʨʦʤ ʚʘʣʘ (Kistler 2618-

B). ʄʘʩʦʚʠʡ ʚʠʪʨʘʪʘ ʚʦʜʥʝʚʦʛʦ ʧʘʣʠʚʘ ʚʠʤʽʨʶʻʪʴʩʷ ʟ ʜʦʧʦʤʦʛʦʶ 

ʚʠʪʨʘʪʦʤʝʪʨʽʚ Aalborg-GFC67 ʪʘ Aalborg-GFM77. ʊʝʤʧʝʨʘʪʫʨʘ ʚʩʤʦʢʪʫʚʘʥʦʛʦ 

ʧʦʚʽʪʨʷ ʚʠʪʨʠʤʫʻʪʴʩʷ ʧʦʩʪʽʡʥʦ ʚ 30 ʧʨʦ ʉ. ʏʘʩ ʟʘʧʘʣʶʚʘʥʥʷ  ̔ ʪʨʠʚʘʣʽʩʪʴ 
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ʫʧʦʨʩʢʫʚʘʥʥʷ ʫʧʨʘʚʣʷʶʪʴʩʷ ʝʣʝʢʪʨʦʥʥʠʤ ʙʣʦʢʦʤ ʫʧʨʘʚʣʽʥʥʷ Motec-M4. ʊʠʩʢ 

ʧʦʚʽʪʨʷ ʥʘ ʚ ʭʦʜʽ ʚʠʤʽʨʶʻʪʴʩʷ ʜʘʪʯʠʢʦʤ ʘʙʩʦʣʶʪʥʦʛʦ ʪʠʩʢʫ. ɺʧʦʨʩʢʫʻʪʴʩʷ 

ʚʦʜʝʥʴ ʤʘʻ ʯʠʩʪʦʪʫ ʚ 99,9%. ʆʩʥʦʚʥʽ ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʚʠʛʫʥʘ ʚʢʘʟʘʥʽ 

ʚ ʪʘʙʣʠʮʽ 1.  

 

ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ  

ʊʘʙʣʠʮʷ 1 - ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ 

ɼʽʘʤʝʪʨ ʦʪʚʦʨʠ ʮʠʣʽʥʜʨʘ 85,7 ʤʤ 

ʍʽʜ ʧʦʨʰʥʷ 82,6 ʤʤ 

ʄʘʢʩʠʤʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ 8,82 ʢɺʪ 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ 25 ʅʤ 

ʄʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 3600 ʦʙ/ʭʚ 

 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʚʝʩʪʠ 50 ʧʦʩʣʽʜʦʚʥʠʭ ʮʠʢʣʽʚ ʛʦʨʽʥʥʷ ʟ 3600 ʽʤʧʫʣʴʩʘʤʠ ʟʘ 

ʮʠʢʣ ʛʦʨʽʥʥʷ. ʇʦʪʽʤ, ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ 50 ʮʠʢʣʽʚ ʟʛʦʨʷʥʥʷ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ 

ʧʦ ʧʦʨʷʜʢʫ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʚʧʣʠʚʫ ʮʠʢʣʽʯʥʠʭ ʚʘʛʘʥʴ ʥʘ ʚʥʫʪʨʽʰʥʴʦ ʮʠʣʽʥʜʨʦʚʝ   

ʛʦʨʽʥʥʷ  ̔ʚʢʘʟʘʥʽ ʧʘʨʘʤʝʪʨʠ ʜʚʠʛʫʥʘ . 

 

 

 

 



99 

 

ɺʦʨʦʥʢʦʚ ʆʣʝʢʩʘʥʜʨ ɯʚʘʥʦʚʠʯ, ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ 

ɼʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-

ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, dralexadi@gmail.com 

ɻʦʥʯʘʨʦʚ ʉʝʨʛʽʡ ɺʦʣʦʜʠʤʠʨʦʚʠʯ, ʘʩʧʽʨʘʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, ruoc.1Juru8@ gmail.com 

 ɼʘʪʯʝʥʢʦ ʉʝʨʛʽʡ ɺʘʩʠʣʴʦʚʠʯ, ʩʪʫʜʝʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, datchenko177@gmail.com 

 

ʇɯɼɺʀʑɽʅʅʗ      ʇʆʊʋɾʅʆʉʊɯ        ʄʆʊʆʈɻɽʅɽʈɸʊʆʈɸ 

 

ʋ ʟʚ'ʷʟʢʫ ʟ ʩʠʪʫʘʮʽʻʶ, ʱʦ ʩʢʣʘʣʘʩʷ ʚ ʋʢʨʘʾʥʽ, ʛʦʩʪʨʦ ʧʦʩʪʘʣʦ ʧʠʪʘʥʥʷ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʦʪʦʨʛʝʥʝʨʘʪʦʨʽʚ. ɼʣʷ ʮʠʭ ʮʽʣʝʡ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʘʚʪʦʤʦʙʽʣʴʥʽ ʜʚʠʛʫʥʠ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ ʪʘ ʣʽʪʨʘʞʫ. ʇʦʪʫʞʥʽʩʪʴ ʤʦʪʦʨʛʝʥʝʨʘʪʦʨʽʚ 

ʧʽʜʙʠʨʘʻʪʴʩʷ ʽʟ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʩʧʦʞʠʚʘʯʽʚ ʪʘ ʽʩʥʫʶʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ 

ʝʣʝʢʪʨʠʯʥʠʭ ʣʽʥʽʡ. 

 ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʙʝʥʟʠʥʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʻ: ʮʽʥʘ ʥʘ ʙʝʥʟʠʥʦʚʠʡ 

ʜʚʠʛʫʥ  ʙʫʜʝ ʥʘʙʘʛʘʪʦ ʥʠʞʯʦʶ, ʥʽʞ ʥʘ ʜʠʟʝʣʴʥʠʡ, ʧʨʦʩʪʦʪʘ ʚ ʨʦʙʦʪʽ ʪʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ (ʚʝʣʠʢʘ ʙʘʟʘ ʟʘʧʘʩʥʠʭ ʯʘʩʪʠʥ), ʚʘʛʘ ʙʝʥʟʠʥʦʚʠʭ ʜʚʠʛʫʥʽʚ, ʯʘʩʪʦ 

ʥʠʞʯʘ, ʥʽʞ ʫ ʜʠʟʝʣʴʥʠʭ. ɹʝʥʟʠʥʦʚʠʡ ʛʝʥʝʨʘʪʦʨ ʤʘʻ ʨʽʚʝʥʴ ʰʫʤʫ ʥʠʞʯʝ. ʂʨʽʤ 

ʪʦʛʦ, ʚʟʠʤʢʫ ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʤʽʱʫʚʘʪʠ ʡʦʛʦ ʚ ʪʝʧʣʦʤʫ ʧʨʠʤʽʱʝʥʥʽ, ʷʢ 

ʜʠʟʝʣʴʥʠʡ ʛʝʥʝʨʘʪʦʨ, ʥʝ ʧʦʪʨʝʙʫʻ ʩʧʝʮʽʘʣʴʥʠʭ ʟʠʤʦʚʠʭ ʧʘʣʠʚ.  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʚ ʧʨʠʡʥʷʪʠʡ ʯʦʪʠʨʠʪʘʢʪʥʠʡ 2ʏ 7,6/6,15 ʜʚʦʮʠʣʽʥʜʨʦʚʠʡ 

ʜʚʠʛʫʥ ʆʜʥʘʢ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ ʧʦʪʫʞʥʦʩʪʽ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ 

ʦʩʥʘʩʪʠʪʠ ʫʩʪʘʥʦʚʢʫ ʥʘʜʜʫʚʦʤ. ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʣʘ ʫ ʚʠʙʦʨʽ 

ʢʦʤʧʨʝʩʦʨʘ ʜʣʷ ʮʴʦʛʦ ʜʚʠʛʫʥʘ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʫʨʙʦʥʘʜʜʫʚʫ ʥʝ ʨʦʟʛʣʷʜʘʣʦʩʷ ʯʝʨʝʟ ʡʦʛʦ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʽ 

ʩʢʣʘʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʪʽʢʘʥʥʷ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ. 

ʄʝʪʦʜʠ ʥʘʜʜʫʚʫ ɼɺɿ. 

 

ʆʩʥʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘʜʜʫʚʫ ʻ ʥʘʩʪʫʧʥʽ  (ʨʠʩʫʥʦʢ 1): 

ʉʠʩʪʝʤʠ ʥʘʜʜʫʚʫ ʤʦʞʥʘ ʢʚʘʣʽʬʽʢʫʚʘʪʠ ʧʦ : 

- ʚʠʜʫ ʧʨʠʚʦʜʫ ʥʘʛʥʽʪʘʯʘ; 

- ʪʠʧʫ ʟʚ'ʷʟʢʫ ʤʽʞ ʥʘʜʜʫʚʥʠʤ ʘʛʨʝʛʘʪʦʤ ʪʘ ʜʚʠʛʫʥʦʤ; 

- ʢʦʥʩʪʨʫʢʮʽʾ ʥʘʛʥʽʪʘʯʘ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʢʨʝʤʦ ʢʦʞʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ. 

ʇʨʠʚʽʜ ʥʘʛʥʽʪʘʯʘ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ: 

- ʚʽʜ ʩʪʦʨʦʥʥʴʦʛʦ ʜʞʝʨʝʣʘ (ʜʦʧʦʤʽʞʥʠʡ ʜʚʠʛʫʥ, ʝʣʝʢʪʨʦʜʚʠʛʫʥ); 

- ʚʽʜ ʩʘʤʦʛʦ ʜʚʠʛʫʥʘ (ʧʦʪʫʞʥʽʩʪʴ ʚʽʜʙʠʨʘʻʪʴʩʷ ʚʽʜ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ) - 

ʤʝʭʘʥʽʯʥʠʡ ʥʘʜʜʫʚ; 

mailto:datchenko177@gmail.com
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- ʚʽʜ ʪʫʨʙʽʥʠ, ʱʦ ʥʘʚʦʜʠʪʴʩʷ ʚʠʧʫʩʢʥʠʤʠ ʛʘʟʘʤʠ - ʪʫʨʙʦʥʘʜʜʫʚ; 

- ʙʝʟ ʥʘʛʥʽʪʘʯʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʤʽʥʥʠʢʘ ʪʠʩʢʫ ï ʩʧʦʩʽʙ çʂʦʤʧʨʝʢʩè. 

   ʊʠʧ ʟʚ'ʷʟʢʫ ʤʽʞ ʥʘʜʜʫʚʥʠʤ ʘʛʨʝʛʘʪʦʤ ʪʘ ʜʚʠʛʫʥʦʤ ʪʘ ʩʧʦʩʽʙ ʚʽʜʙʦʨʫ 

ʧʦʪʫʞʥʦʩʪʽ: 

- ʥʘʛʥʽʪʘʯ ʟ'ʻʜʥʘʥʠʡ ʟ ʚʘʣʦʤ ʜʚʠʛʫʥʘ, ʪʫʨʙʽʥʘ ʚʽʜʩʫʪʥʷ, ʚʽʜʙʽʨ ʧʦʪʫʞʥʦʩʪʽ 

ʚʽʜ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ - ʤʝʭʘʥʽʯʥʠʡ ʥʘʜʜʫʚ; 

- ʥʘʛʥʽʪʘʯ ʟ'ʻʜʥʘʥʠʡ ʟ ʪʫʨʙʽʥʦʶ, ʥʘʜʜʫʚʥʠʡ ʘʛʨʝʛʘʪ ʚʽʣʴʥʠʡ, ʪʦʙʪʦ ʥʝ ʤʘʻ 

ʤʝʭʘʥʽʯʥʦʛʦ  ʟʚ'ʷʟʢʫ ʟ ʜʚʠʛʫʥʦʤ, ʚʽʜʙʽʨ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ - 

ʚʽʣʴʥʠʡ ʪʫʨʙʦʥʘʜʜʫʚ; 

- ʥʘʛʥʽʪʘʯ, ʪʫʨʙʽʥʘ ʽ ʢʦʣʽʥʯʘʩʪʠʡ ʚʘʣ ʜʚʠʛʫʥʘ ʤʝʭʘʥʽʯʥʦ ʧʦʚ'ʷʟʘʥʽ, ʚʽʜʙʽʨ 

ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ ï ʢʦʤʙʽʥʦʚʘʥʠʡ ʜʚʠʛʫʥ; 

- ʥʘʛʥʽʪʘʯ ʟ'ʻʜʥʘʥʠʡ ʟ ʢʦʣʽʥʯʘʩʪʠʤ ʚʘʣʦʤ ʜʚʠʛʫʥʘ, ʚʽʜʙʽʨ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ 

ʚʘʣʫ ʪʫʨʙʽʥʠ ï ʛʝʥʝʨʘʪʦʨ ʛʘʟʫ. 

         ɺʽʜʦʤʽ ʜʚʘ ʪʠʧʠ ʥʘʛʥʽʪʘʯʽʚ, ʱʦ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ  

ʷʢ ʟʘ ʢʦʥʩʪʨʫʢʮʽʻʶ, ʪʘʢ ʽ ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ, ʷʢʽ ʚʦʥʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ. ʎʝ ʪʘʢʽ ʪʠʧʠ ʢʦʤʧʨʝʩʦʨʽʚ: 

- ʣʦʧʘʪʢʦʚʽ ʥʘʛʥʽʪʘʯʽ: ʨʘʜʽʘʣʴʥʽ, ʦʩʴʦʚʽ ʘʙʦ ʥʘ ʧʽʚʦʩʴʦʚʽ; 

- ʦʙ'ʻʤʥʽ ʥʘʛʥʽʪʘʯʽ: ʧʦʨʰʥʝʚʽ ʪʘ ʨʦʪʦʨʥʽ, ʥʘʧʨʠʢʣʘʜ ʧʦʚʽʪʨʦʜʫʚʢʘ ʪʠʧʫ 

çʈʫʪè, ʛʚʠʥʪʦʚʠʡ ʢʦʤʧʨʝʩʦʨ ʪʘ ʽʥʰʽ. 

        ɼʣʷ ʚʠʙʦʨʫ ʪʠʧʫ ʥʘʛʥʽʪʘʯʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʥʘʜʜʫʚ ʜʣʷ ɼɺɿ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʥʫʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʤʧʨʝʩʦʨʽʚ, ʾʭ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. 

 

    ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʨʽʟʥʠʭ ʚʠʜʽʚ ʢʦʤʧʨʝʩʦʨʽʚ: 

1.ʃʦʧʘʪʢʦʚʽ ʥʘʛʥʽʪʘʯʽ 

1.1.ɺʽʜʮʝʥʪʨʦʚʠʡ ʢʦʤʧʨʝʩʦʨ 

1.2.ʈʦʪʦʨʥʠʡ ʘʙʦ ʨʦʪʦʨʥʦ-ʣʦʧʘʪʝʚʠʡ ʢʦʤʧʨʝʩʦʨ                                                                                   

1.3.ʆʩʴʦʚʽ ʢʦʤʧʨʝʩʦʨʠ                                                                                                                                                  

1.4 ʆʩʝʮʝʥʪʨʦʙʽʞʥʽ ʢʦʤʧʨʝʩʦʨʠ 
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2.ʆʙ'ʻʤʥʽ ʥʘʛʥʽʪʘʯʽ 

2.1 ʈʦʪʦʨʥʦ-ʰʝʩʪʝʨʥʠʡ ʢʦʤʧʨʝʩʦʨ Roots                                                                        

2.2 ɻʚʠʥʪʦʚʠʡ ʢʦʤʧʨʝʩʦʨ                                                                                            

2.3 ʈʦʪʦʨʥʦ-ʧʣʘʩʪʠʥʯʘʩʪʠʡ ʢʦʤʧʨʝʩʦʨ                                                                            

2.4 ʂʦʤʧʨʝʩʦʨ ʽʟ ʢʽʣʴʮʝʚʠʤ ʧʦʨʰʥʝʤ                                                                                 

2.5 ʉʧʽʨʘʣʴʥʠʡ ʥʘʛʥʽʪʘʯ                                                                                               

2.6 ʇʦʨʰʥʝʚʠʡ ʢʦʤʧʨʝʩʦʨ 

     ɸʥʘʣʽʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʘʟʫʻ, ʱʦ ʜʦʩʠʪʴ ʚʠʩʦʢʠʡ ʂʂɼ ʫ ʧʦʨʰʥʝʚʦʛʦ 

ʢʦʤʧʨʝʩʦʨʘ ʜʦʩʷʛʘʻʪʴʩʷ ʣʠʰʝ ʟʘ ʚʠʩʦʢʦʛʦ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʽ ʟʘ 

ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪʘʭ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ. 

      ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʛʣʷʥʫʪʦ ʨʽʟʥ ̔ ʚʠʜʠ ʥʘʛʥʽʪʘʯʽʚ. ɿ ʜʘʥʠʭ ʪʘʙʣʠʮʽ 1 

ʤʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʟʘ ʩʫʢʫʧʥʽʩʪʶ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʝʬʝʢʪʠʚʥʠʤ ʚʘʨʽʘʥʪʦʤ ʤʦʞʝ 

ʙʫʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʨʰʥʝʚʦʛʦ ʢʦʤʧʨʝʩʦʨʘ. 

 

      ʊʘʙʣʠʮʷ 1 - ɿʽʩʪʘʚʣʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʨʝʩʦʨʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ. 

 
 ̄

ʧ/ʧ 

ʊʠʧ  

ʢʦʤʧʨʝʩʦʨʘ 

ʉʪʫʧʽʥʴ 

ʧʽʜʚʠʱʝʥʥ

 ̫

ʪʠʩʢʫ 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʨʦʟʤʽʨʘʤʠ 

ʆʢʨʫʞʥʘ 

ʰʚʠʜʢʽʩʪ

ʴ, 

ʤ/ʩ 

 

ʂʂɼ 

1 ʇʦʨʰʥʝʚʠʡ ɺʠʩʦʢʘ 

ʜʦ 1:30 

ʅʝʚʝʣʠʢʘ ʅʠʟʴʢʘ 

u < 10 

ɺʠʩʦʢʠʡ 

2  

ʊʠʧʘ ʈʫʪʩ 

ʉʝʨʝʜʥʷ 

ʚʽʜ 1:3 ʜʦ 

1:4 

 

ʇʦʤʽʨʥʘ 

ʇʦʤʽʨʥʘ 

u = 

20é30 

 

ʉʝʨʝʜʥʽ

ʡ 

3  

 

ɻʚʠʥʪʦʚʠʡ 

ʉʝʨʝʜʥʷ 

ʜʦ 

ʚʠʩʦʢʦʶ 

ʚʽʜ 1:3 ʜʦ 

1:5 

 

- 

ʉʝʨʝʜʥʷ 

u = 100 ... 

150 

 

ɺʠʩʦʢʠʡ 

4  

ʈʘʜʽʘʣʴʥʠʡ 

ʉʝʨʝʜʥʷ 

ʜʦ 

ʚʠʩʦʢʦʶ 

ʚʽʜ 1:3,5 

ʜʦ 

1:12 

 

ɺʝʣʠʢʘ 

ɼʫʞʝ 

ʚʠʩʦʢʘ 

u = 250 ... 

450 (700) 

 

- 

5  

ʆʩʴʦʚʠʡ 

ʅʠʟʴʢʘ 

ʚʽʜ 1:1,2 

ʜʦ 

1:1,6 

 

ɼʫʞʝ ʚʝʣʠʢʘ 

ɺʠʩʦʢʘ 

u = 200 ... 

400 

 

ɺʠʩʦʢʠʡ 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʦʨʰʥʝʚʦʛʦ ʢʦʤʧʨʝʩʦʨʘ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʜʚʠʛʫʥʘ,  ʜʦʟʚʦʣʠʪʴ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʥʝʚʨʽʚʥʦʚʘʞʝʥʦʩʪʽ ʜʚʦʮʠʣʽʥʜʨʦʚʦʛʦ 

ʜʚʠʛʫʥʘ, ʟʘ ʨʘʭʫʥʦʢ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘʛʥʽʪʘʯʘ, ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʨʽʚʥʦʚʘʞʫʶʯʠʭ ʚʘʣʽʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʥʠʟʠʪʠ ʤʘʩʫ ʜʚʠʛʫʥʘ ʪʘ ʧʽʜʚʠʱʠʪʠ 

ʥʘʜʽʡʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ. 
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ɻʦʨʘ ʄʠʢʦʣʘ ɼʤʠʪʨʦʚʠʯ, ʘʩʧʽʨʘʥʪ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, 

ʟʘʚʽʜʫʚʘʯ ʩʝʢʪʦʨʫ ʣʘʙʦʨʘʪʦʨʽʾ ɼʇ çɼʝʨʞʘʚʪʦʪʨʘʥʩʅɼɯʧʨʦʻʢʪè, mgora@insat.org.ua 

 

ʇʆʃɯʇʐɽʅʅʗ ʇʆʂɸɿʅʀʂɯɺ ʉʋʏɸʉʅʆɻʆ ɹɽʅɿʀʅʆɺʆɻʆ 

ɼɺʀɻʋʅɸ ɺ ʈɽɾʀʄɸʍ ʇʆɺʅʀʍ ʅɸɺɸʅʊɸɾɽʅʔ 

ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʂʀʉʅɽɺʄɯʉʅʆɻʆ ɻɸɿʋ  

 

ɺʽʜʦʤʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʜʚʠʛʫʥʘ ʟ ʽʩʢʨʦʚʠʤ 

ʟʘʧʘʣʶʚʘʥʥʷʤ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʥʘ ʟʙʘʛʘʯʝʥʽʡ ʩʫʤʽʰʽ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʩʧʨʠʷʻ 

ʧʦʛʽʨʰʝʥʥʶ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʧʘʣʠʚʥʦʾ ʝʢʦʥʦʤʽʯʥʦʩʪʽ. 

ʈʘʟʦʤ ʟ ʪʠʤ ʧʽʜʚʠʱʠʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʽ ʚʧʣʠʚʘʪʠ ʥʘ ʝʢʦʣʦʛʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʪʘ ʧʘʣʠʚʥʫ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʜʚʠʛʫʥʘ ʤʦʞʣʠʚʦ ʟʤʽʥʦʶ ʩʢʣʘʜʫ 

ʧʦʚʽʪʨʷʥʦʛʦ ʟʘʨʷʜʫ, ʟʦʢʨʝʤʘ ʧʽʜʚʠʱʝʥʥʷʤ ʚ ʥʴʦʤʫ ʢʠʩʥʶ. ʎʝ ʤʦʞʣʠʚʦ, ʢʦʣʠ 

ʯʘʩʪʠʥʫ ʧʦʚʽʪʨʷ ʟʘʤʽʩʪʠʪʠ ʛʘʟʦʤ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʢʠʩʥʶ. ʊʘʢʠʤ ʛʘʟʦʤ ʻ ʟʘʢʠʩ 

ʘʟʦʪʫ, ʚ ʷʢʦʤʫ ʢʠʩʝʥʴ ʟʘ ʦʙôʻʤʦʤ ʩʢʣʘʜʘʻ 33 %, ʱʦ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʧʦʚʽʪʨʷʤ (21 %).  

ɼʦʙʘʚʢʘ ʟʘʢʠʩʫ ʘʟʦʪʫ ʜʦ ʧʦʚʽʪʨʷʥʦʛʦ ʟʘʨʷʜʫ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʦʜʥʦʯʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʚʝʣʠʯʠʥ ʝʥʝʨʛʝʪʠʯʥʠʭ, ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ 

ʧʘʣʠʚʥʦʾ ʝʢʦʥʦʤʽʯʥʦʩʪʽ. ɿʘʣʝʞʥʦ ʚʽʜ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʜʦʙʘʚʢʘ ʟʘʢʠʩʫ ʘʟʦʪʫ ʜʦ 

ʧʦʚʽʪʨʷʥʦʛʦ ʟʘʨʷʜʫ ʜʚʠʛʫʥʘ ʟ ʽʩʢʨʦʚʠʤ ʟʘʧʘʣʶʚʘʥʥʷʤ ʧʦʣʽʧʰʫʻ: 

ï ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʜʚʠʛʫʥʘ ʚ ʨʝʞʠʤʽ ʧʦʚʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʚʽʪʨʷʥʦʛʦ ʟʘʨʷʜʫ ʟ ʚʠʱʠʤ ʚʤʽʩʪʦʤ ʢʠʩʥʶ ʽ ʚʽʜʧʦʚʽʜʥʦ ʟ 

ʙʽʣʴʰʦʶ ʧʦʜʘʯʝʶ ʙʝʥʟʠʥʫ; 

ï ʧʘʣʠʚʥʫ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʙʝʟ ʧʦʛʽʨʰʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʧʝʨʝʭʦʜʦʤ ʚʽʜ ʨʦʙʦʪʠ ʥʘ ʟʙʘʛʘʯʝʥʠʭ ʙʝʥʟʦʧʦʚʽʪʨʷʥʠʭ ʩʫʤʽʰʘʭ ʜʦ ʨʦʙʦʪʠ 

ʜʚʠʛʫʥʘ ʥʘ ʩʪʝʭʽʦʤʝʪʨʠʯʥʽʡ ʽ ʥʘʚʽʪʴ ʟʙʽʜʥʝʥʽʡ ʩʫʤʽʰʽ; 

ï ʫʤʦʚʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʢʘʪʘʣʽʪʠʯʥʦʛʦ ʥʝʡʪʨʘʣʽʟʘʪʦʨʘ ʧʨʠ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʤʫ ʩʢʣʘʜʽ ʩʫʤʽʰʽ ʙʝʟ ʧʦʛʽʨʰʝʥʥʷ ʧʘʣʠʚʥʦʾ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʽ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

 ɺ ʜʦʧʦʚʽʜʽ ʙʫʜʫʪʴ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ 

ʚʝʣʠʯʠʥʠ ʜʦʙʘʚʢʠ ʟʘʢʠʩʫ ʘʟʦʪʫ ʜʦ ʧʦʚʽʪʨʷʥʦʛʦ ʟʘʨʷʜʫ ʥʘ ʝʥʝʨʛʝʪʠʯʥʽ, 

ʝʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʪʘ ʧʘʣʠʚʥʫ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʧʨʠ ʨʽʟʥʦʤʫ ʩʢʣʘʜʽ 

ʙʝʥʟʦʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʩʫʯʘʩʥʦʛʦ ʜʚʠʛʫʥʘ ʟ ʩʠʩʪʝʤʦʶ ʚʧʦʨʩʢʫʚʘʥʥʷ ʧʘʣʠʚʘ, 

ʢʘʪʘʣʽʪʠʯʥʠʤ ʥʝʡʪʨʘʣʽʟʘʪʦʨʦʤ ʪʘ ʟʚʦʨʦʪʥʠʤ ʟʚôʷʟʢʦʤ. 
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ɻʨʠʮʫʢ ɯʛʦʨ ɺʘʣʝʨʽʡʦʚʠʯ ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʫʜʥʦʚʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʍʝʨʩʦʥʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷ, ʤ. ʍʝʨʩʦʥ, e-

mail: gritsuk_iv@ukr.net. 

ʊʫʨʽʮʘ ɺʘʩʠʣʴ ʄʠʢʦʣʘʡʦʚʠʯ ï ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ 

ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ ʇʝʨʚʦʤʘʡʩʴʢʠʡ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ 

ʐʧʠʨʢʦ ɸʥʪʦʥ ʖʨʽʡʦʚʠʯ - ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ 

ʇʝʨʚʦʤʘʡʩʴʢʠʡ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ 

ʐʧʘʢʦʚ ʈʫʩʣʘʥ ɯʚʘʥʦʚʠʯ - ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ 

ʇʝʨʚʦʤʘʡʩʴʢʠʡ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ 

ʌʝʜʦʨʦʚ ɼʤʠʪʨʦ ɺʦʣʦʜʠʤʠʨʦʚʠʯ - ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ 

ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ ʇʝʨʚʦʤʘʡʩʴʢʠʡ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ 

 

ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ɽʂʉʇʃʋɸʊɸʎɯɰ ɽʅɽʈɻɽʊʀʏʅʆɰ 

ʋʉʊɸʅʆɺʂʀ ʉʋɼʅɸ çAIDACOSMAè ɿɸ ʈɸʍʋʅʆʂ ɺʀʂʆʈʀʉʊɸʅʅʗ 

ɻɸɿʆɺʀʍ ʇɸʃʀɺ ɺ ʋʄʆɺɸʍ ʇʆʈʊʆɺʆɰ ɯʅʌʈɸʉʊʈʋʂʊʋʈʀ 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʂʣʶʯʦʚʠʤ ʥʘʧʨʷʤʢʦʤ ʜʝʨʞʘʚʥʦʾ ʧʨʦʛʨʘʤʠ 

ʨʦʟʚʠʪʢʫ ʻ ʾʾ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʘ ʙʝʟʧʝʢʘ, ʷʢʘ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʫʥʽʢʘʣʴʥʠʭ ʦʙ'ʻʢʪʽʚ ʤʦʨʩʴʢʦʾ ʪʝʭʥʽʢʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʤʦʨʩʴʢʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʜʝʥ ʛʘʟʦʤʦʪʦʨʥʠʤ ʧʘʣʠʚʦʤ - 

ʟʨʽʜʞʝʥʠʤ ʧʨʠʨʦʜʥʠʤ ʛʘʟʦʤ (ʜʘʣʽ - ʉʇɻ) ʥʘ ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʚʦʜʥʠʭ 

ʰʣʷʭʘʭ. ʎʝ ʘʢʪʫʘʣʴʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʩʪʫʧʫ ʚ ʩʠʣʫ ʚʠʤʦʛʠ ʄʽʞʥʘʨʦʜʥʦʾ 

ʢʦʥʚʝʥʮʽʾ ʱʦʜʦ ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʦʨʛʘʥʽʚ (ʜʘʣʽ - ʄɸʈʇʆʃ), ʞʦʨʩʪʢʦ 

ʦʙʤʝʞʫʶʯʠʭ ʧʦʢʠ ʪʽʣʴʢʠ ʚ ʨʷʜʽ ʨʝʛʽʦʥʽʚ ʢʽʣʴʢʦʩʪʽ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʚ 

ʘʪʤʦʩʬʝʨʽ ʩʫʜʦʚʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʫʩʪʘʥʦʚʘʤʠ. ʅʘʩʪʫʧʥʽ, ʪʨʘʜʠʮʽʡʥʽ ʩʦʨʪʦʚʽ 

ʝʥʝʨʛʦʥʦʩʽʾ ʚ ʮʠʭ ʨʝʛʽʦʥʘʭ ʥʝ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʫʜʥʘʤʠ. ʋ ʷʢʦʩʪʽ 

ʟʘʤʽʥʠ ʪʨʘʜʠʮʽʡʥʠʤ ʚʠʜʘʤ ʥʘʬʪʦʚʦʛʦ ʧʘʣʠʚʘ ʚʠʩʪʫʧʘʻ ʧʨʠʨʦʜʥʠʡ ʛʘʟ. ɿ-ʟʘ ʡʦʛʦ 

ʤʘʣʦʾ ʱʽʣʴʥʦʩʪʽ ʚ ʧʨʠʨʦʜʥʦʤʫ ʩʪʘʥʽ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʘʭ ʚʽʥ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʪʠʩʥʫʪʦʤʫ (ʢʦʤʧʨʠʤʦʚʘʥʦʤʫ) ʘʙʦ ʟʨʽʜʞʝʥʦʤʫ ʚʠʛʣʷʜʽ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʙʘʛʘʪʦʢʨʘʪʥʦ ʟʙʽʣʴʰʠʪʠ ʡʦʛʦ ʱʽʣʴʥʽʩʪʴ, ʘʣʝ ʩʪʚʦʨʶʻ ʤʘʩʫ ʟʫʩʪʨʽʯʥʠʭ 

ʧʨʦʙʣʝʤ. ʋ ʨʽʜʢʦʤʫ ʩʪʘʥʽ ʧʨʠʨʦʜʥʠʡ ʛʘʟ ʧʝʨʝʭʦʜʠʪʴ ʜʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʦʧʘʣʝʥʥʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ -162 Áʉ ʽ ʧʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚʽʥ ʧʦʚʠʥʝʥ ʟʙʝʨʽʛʘʪʠ ʜʦ 

ʤʦʤʝʥʪʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʨʠʦʛʝʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʟʦʣʷʮʽʾ 

ʢʨʠʦʛʝʥʥʠʭ ʻʤʥʦʩʪʝʡ - ʩʭʦʚʠʱ. ɻʫʩʪʠʥʘ ʉʇɻ ʩʪʘʥʦʚʠʪʴ 0,42é0,49 ʪ / ʤ3, ʱʦ 

ʙʽʣʴʰʝ ʥʽʞ ʫ 600 ʨʘʟʽʚ ʚʠʱʝ ʪʘʢʠʭ ʫ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʚ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʟʘʧʠʪʘʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʧʝʨʝʚʦʜʫ ʥʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʚʠʜʠ ʧʘʣʠʚ ʤʘʶʪʴ ʧʝʨʰʦʯʝʨʛʦʚʝ ʟʥʘʯʝʥʥʷ, ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ 

ʧʘʣʠʚʥʦʾ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʜʫʘʣʴʥʠʭ ʜʚʠʛʫʥʽʚ ʻ ʦʩʥʦʚʥʦʶ ʫʤʦʚʦʶ ʫʩʧʽʭʫ ʫ ʩʧʨʘʚʽ 

ʨʦʟʰʠʨʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʟʦʚʠʭ ʧʘʣʠʚ. ɺʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʦʣʦʞʝʥʴ 
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ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʠʩʪʝʤ ʞʠʚʣʝʥʥʷ ʩʫʜʥʦʚʠʭ ʜʚʠʛʫʥʽʚ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʟʦʚʠʭ 

ʧʘʣʠʚ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ ʤʝʪʦʶ ʜʦʩʷʛʥʝʥʥʷ ʥʘʡʢʨʘʱʦʾ ʧʘʣʠʚʥʦʾ 

ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʽ ʻ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʩʴʦʛʦʜʥʽʰʥʴʦʛʦ ʤʦʨʩʴʢʦʛʦ 

ʜʚʠʛʫʥʦʙʫʜʫʚʘʥʥʷ. 

ɼʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʚʠʤʦʛ ɼʦʜʘʪʢʘ VI ʄɸʈʇʆʃ 73/78 ʧʘʣʠʚʥʘ ʩʠʩʪʝʤʘ 

ʩʫʜʥʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʝʨʝʨʦʙʣʝʥʘ ʪʘʢ, ʱʦʙ ʚʠʜʠ HSFO- ʽ LSFO-ʧʘʣʠʚʘ ʙʫʣʠ 

ʧʦʚʥʽʩʪʶ ʚʽʜʦʢʨʝʤʣʝʥʽ [1-6]. ʋ ʯʠʩʣʽ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʧʘʣʠʚ ʥʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘ ʥʘʡʙʣʠʞʯʝ ʤʘʡʙʫʪʥʻ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʧʨʠʨʦʜʥʠʡ ʛʘʟ. 

ʄʦʪʦʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʘʟʫ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʚ ʷʢʦʩʪʽ ʧʘʣʠʚʘ ʜʣʷ 

ʜʚʠʛʫʥʽʚ ʤʘʡʞʝ ʙʝʟ ʧʝʨʝʨʦʙʦʢ ʙʘʟʦʚʠʭ ʤʦʜʝʣʝʡ. ʇʨʠ ʮʴʦʤʫ ʧʦʪʫʞʥʽʩʪʴ 

ʫʩʪʘʥʦʚʢʠ ʤʦʞʝ ʙʫʪʠ ʟʙʝʨʝʞʝʥʘ, ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʟʙʽʣʴʰʝʥʘ, ʘ ʚʤʽʩʪ ʪʦʢʩʠʯʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ ʟʤʝʥʰʝʥʦ [1-6].  

ʇʨʠʨʦʜʥʠʡ ʛʘʟ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʧʘʣʠʚʘ ʥʘ 

ʩʫʜʘʭ-ʛʘʟʦʚʦʟʘʭ. ʇʝʨʝʚʦʟʠʪʴʩʷ ʥʘ ʥʠʭ ʉʇɻ ʚ ʥʝʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʷʭ (0,15é0,18 

% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʤʽʩʪʢʦʩʪʽ ʪʘʥʢʽʚ ʥʘ ʜʦʙʫ) ʧʦʩʪʽʡʥʦ ʚʠʧʘʨʦʚʫʻʪʴʩʷ. ʁʦʛʦ 

ʫʪʠʣʽʟʘʮʽʷ ʤʦʞʣʠʚʘ ʜʚʦʤʘ ʰʣʷʭʘʤʠ - ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʛʘʟ ʤʦʞʥʘ ʧʦʚʪʦʨʥʦ 

ʟʨʽʜʞʫʚʘʪʠ, ʱʦ ʚʠʤʘʛʘʻ ʨʦʟʤʽʱʝʥʥʷ ʥʘ ʩʫʜʥʽ ʩʧʝʮʽʘʣʴʥʦʛʦ ʭʦʣʦʜʠʣʴʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʽ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ ʛʘʟʫ ʥʘ ʾʾ ʨʦʙʦʪʫ, ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʷʢʦʩʪʽ 

ʧʘʣʠʚʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ ʩʫʜʥʘ. ɿ ʜʦʩʚʽʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʚʦʧʘʣʠʚʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʥʘ ʩʫʜʘʭ ʉʇɻ ʚʽʜʦʤʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ 

ʛʘʟʫ ʚ ʷʢʦʩʪʽ ʧʘʣʠʚʘ ʜʦʟʚʦʣʷʻ ʧʦʚʥʽʩʪʶ ʚʠʢʣʶʯʠʪʠ ʚʠʢʠʜʠ ʩʽʨʢʠ, ʢʘʨʜʠʥʘʣʴʥʦ 

ʟʥʠʟʠʪʠ ʚʠʢʠʜʠ NOX - ʥʘ 90 % ʽ ʽʩʪʦʪʥʦ ʟʥʠʟʠʪʠ ʚʠʢʠʜʠ CO2 - ʥʘ 30 %. ʎʝ 

ʨʦʙʠʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʚ ʷʢʦʩʪʽ ʧʘʣʠʚʘ ʧʨʠʚʘʙʣʠʚʠʤ ʨʽʰʝʥʥʷʤ ʽ 

ʜʣʷ ʩʫʜʽʚ, ʷʢʽ ʥʝ ʻ ʛʘʟʦʚʦʟʘʤʠ, ʦʩʦʙʣʠʚʦ ʩʫʜʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʚ ʟʦʥʘʭ 

ʦʩʦʙʣʠʚʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ [1-6]. 

ɺʠʤʦʛʠ ʜʦ ʜʚʦʧʘʣʠʚʥʠʤʠ ʜʠʟʝʣʽʚ ʽ ʜʦ ʧʘʣʠʚʥʠʭ ʩʠʩʪʝʤ ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ 

ʚʢʣʶʯʝʥʽ ʚ ʛʣ. 9 ʯ. IX çʄʝʭʘʥʽʟʤʠè ʇʨʘʚʠʣ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʧʦʙʫʜʦʚʠ ʤʦʨʩʴʢʠʭ 

ʩʫʜʝʥ. ʎʽ ʚʠʤʦʛʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʘʟ ʥʘ ʩʫʜʥʽ, ʘʣʝ ʥʝ ʩʪʦʩʫʶʪʴʩʷ 

ʩʠʩʪʝʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʟʙʝʨʽʛʘʥʥʷ ʛʘʟʫ ʥʘ ʩʫʜʥʽ, ʱʦ ʥʝ ʻ ʛʘʟʦʚʦʟʽʚ. ɼʣʷ 

ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʟʫ ʥʘ ʤʦʨʩʴʢʠʭ ʩʫʜʘʭ, ʷʢʽ ʥʝ ʻ ʛʘʟʦʚʦʟʘʤʠ, 

ʥʝʦʙʭʽʜʥʝ ʜʦʦʧʨʘʮʶʚʘʥʥʷ ʽʩʥʫʶʯʠʭ ʇʨʘʚʠʣ ʈʝʛʽʩʪʨʫ [1-6]. ʅʠʥʽ, ʢʦʣʠ ʤʦʨʩʴʢʽ 

ʜʚʠʛʫʥʠ ʉʇɻ DF ʧʨʘʮʶʶʪʴ ʽʟ ʧʨʠʨʦʜʥʠʤ ʛʘʟʦʤ ʷʢ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ, 

ʜʦʩʷʛʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʮʽʣʽ: ʚʠʢʠʜʠ CO2 ʟʤʝʥʰʫʶʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 15é30 % 

ʟʘʚʜʷʢʠ ʤʝʥʰʦʤʫ ʚʤʽʩʪʫ ʚʫʛʣʝʮʶ ʚ ʧʨʠʨʦʜʥʦʤʫ ʛʘʟʽ ʧʦʨʽʚʥʷʥʦ ʟ ʨʽʜʢʠʤ 

ʧʘʣʠʚʦʤ; ʚʠʢʠʜʠ NOX ʩʢʦʨʦʯʫʶʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 85%, ʟʘʚʜʷʢʠ ʧʨʦʮʝʩʫ 

ʩʧʘʣʶʚʘʥʥʷ, ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʜʚʠʛʫʥʘʭ DF; ʚʠʢʠʜʠ SOX ʤʘʡʞʝ ʚʠʢʣʶʯʘʶʪʴʩʷ, 

ʦʩʢʽʣʴʢʠ ʧʨʠʨʦʜʥʠʡ ʛʘʟ ʥʝ ʤʽʩʪʠʪʴ ʩʽʨʢʠ; ʚʠʨʦʙʥʠʮʪʚʦ ʯʘʩʪʠʥʦʢ ʧʨʘʢʪʠʯʥʦ 

ʚʽʜʩʫʪʥʻ ʯʝʨʝʟ ʝʬʝʢʪʠʚʥʝ ʩʧʘʣʶʚʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʧʘʣʠʚʘ ʤʘʡʞʝ ʙʝʟ 

ʟʘʣʠʰʢʽʚ; ʚʠʢʦʨʠʩʪʘʥʥʷ ʉʇɻ ʷʢ ʧʘʣʠʚʘ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʚʠʢʠʜʠ, 

ʜʦʪʨʠʤʫʶʯʠʩʴ ʧʨʘʚʠʣ ʚʠʢʠʜʽʚ ʪʘ ʟʥʠʟʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʚʽʜ 20 % ʜʦ 

35 %. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʧʨʘʢʪʠʯʥʽ 

ʧʝʨʝʜʫʤʦʚʠ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ 

ʩʫʜʥʦʚʦʛʦ ʜʚʠʛʫʥʘ ʛʘʟʦʚʠʤ ʧʘʣʠʚʦʤ. ʇʘʩʘʞʠʨʩʴʢʝ ʩʫʜʥʦ ʧʨʘʮʶʻ ʚʽʜ ʯʦʪʠʨʴʦʭ 
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ʦʩʥʦʚʥʠʭ ʜʚʠʛʫʥʽʚ, ʱʦ ʟʜʘʪʥʽ ʧʨʘʮʶʚʘʪʠ ʦʜʥʦʯʘʩʥʦ ʽ ʥʘ ʚʘʞʢʦʤʫ ʧʘʣʠʚʽ ʽ ʥʘ 

ʧʨʠʨʦʜʥʦʤʫ ʛʘʟʽ. ʇʨʠʨʦʜʥʠʡ ʛʘʟ (ʷʢ ʤʦʪʦʨʥʝ ʧʘʣʠʚʦ) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʫʜʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʣʷ ʟʘʭʦʜʫ ʽ ʚʠʭʦʜʫ ʟ ʧʦʨʪʫ, ʫ ʧʦʨʪʫ ʙʽʣʠ 

ʧʨʠʯʘʣʴʥʦʾ ʩʪʽʥʢʠ, ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʛʦ, ʱʦʙ ʚʠʢʠʜʠ ʚʠʧʦʚʽʜʘʣʠ ʽ ʙʫʣʠ 

ʚʩʪʘʥʦʚʣʝʥʽ ʧʨʘʚʠʣʘʤʠ [7-9]. ɺʦʜʥʦʯʘʩ ʧʨʠʨʦʜʥʠʡ ʛʘʟ ʤʦʞʝ ʧʦʜʘʚʘʪʠʩʷ ʟ 

ʙʝʨʝʛʦʚʠʭ ʣʘʥʦʢ, ʷʢ ʫ ʛʘʟʦʧʦʜʽʙʥʦʤʫ (ʉʇɻ / ʉʇɻ), ʪʘʢ ʽ ʚ ʨʽʜʢʦʤʫ (ɿʇɻ) ʩʪʘʥʘʭ 

[7-9]. 

ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ ʧʘʣʠʚʘ ʫ ʛʘʟʦʚʦʤʫ ʩʪʘʥʽ ʜʣʷ ʩʫʜʥʦʚʦʛʦ 

ʜʚʠʛʫʥʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1 [7-9]. ʇʦʩʪʘʯʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʥʘ ʙʦʨʪʫ (ʧʽʜ ʯʘʩ 

ʨʦʙʦʪʠ ʚ ʧʦʨʪʫ) ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʪʘ ʚʽʜʩʪʝʞʫʻʪʴʩʷ ʩʪʘʥʜʘʨʪʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʩʫʜʥʘ: ʩʠʩʪʝʤʦʶ ʧʦʜʘʯʽ ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ (FGS), ʷʢʘ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʚ'ʷʟʘʥʘ ʟ 

ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʪʦʙʪʦ: ʩʠʩʪʝʤʘ ʚʠʷʚʣʝʥʥʷ ʛʘʟʫ; ʩʠʩʪʝʤʘ ʚʠʷʚʣʝʥʥʷ ʚʠʪʦʢʽʚ 

ʛʘʟʦʚʦʾ ʪʨʫʙʠ; ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʜʚʠʛʫʥʦʤ; ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʢʦʪʣʦʤ ʪʦʱʦ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʮʠʢʣʫ, ʧʨʠʨʦʜʥʠʡ ʛʘʟ (ʫ ʨʽʜʢʦʤʫ ʯʠ 

ʛʘʟʦʧʦʜʽʙʥʦʤʫ ʩʪʘʥʽ) ʥʘʜʭʦʜʠʪʴ ʥʘ ɸɿʉ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʧʘʣʫʙʽ 3 - ʟʙʦʢʫ 

ʩʫʜʥʘ ʚʽʜ ʧʦʨʪʫ [7-9]. ʋʩʽ ʥʘʟʝʤʥʽ ʢʦʣʝʢʪʦʨʠ ʜʣʷ ʨʽʜʠʥ ʽ ʛʘʟʽʚ ʪʘ ʚʝʥʪʠʣʷʮʽʡʥʘ 

ʣʽʥʽʷ ʥʘʜʭʦʜʷʪʴ ʥʘ ʩʫʜʥʦʚʫ ʤʘʛʽʩʪʨʘʣʴ [7-9].  

ʋʩʽ ʪʨʫʙʦʧʨʦʚʦʜʠ ʚʝʜʫʪʴ ʜʦ ʧʨʠʤʽʱʝʥʥʷ ʛʘʟʦʚʠʭ ʢʣʘʧʘʥʽʚ (GVU), ʢʫʜʠ 

ʧʦʜʘʻʪʴʩʷ ʛʘʟ, ʢʦʥʜʠʮʽʦʥʦʚʘʥʠʡ ʚʠʧʘʨʥʠʢʦʤ LNG / LNG ʪʘ ʥʘʛʨʽʚʘʯʝʤ 

ʛʦʨʶʯʦʛʦ ʛʘʟʫ. ʋʩʽ ʛʘʟʦʧʨʦʚʦʜʠ, ʚʢʣʶʯʘʶʯʠ ʛʘʟʦʧʨʦʚʦʜʠ, ʧʦʚʠʥʥʽ ʤʘʪʠ ʪʠʧ 

ʧʦʜʚʽʡʥʦʛʦ ʢʘʙʣʫʢʘ. ɺʦʥʠ ʧʨʦʭʦʜʷʪʴ ʤʘʰʠʥʥʝ ʚʽʜʜʽʣʝʥʥʷ ʟ ʜʚʠʛʫʥʘʤʠ ʪʘ ʟʦʥʦʶ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ [7-9]. ʂʦʞʥʝ ʧʨʠʤʽʱʝʥʥʷ ɻɺʋ ʦʙʣʘʜʥʘʥʝ ʪʘʢʠʤ 

ʦʙʣʘʜʥʘʥʥʷʤ [7-9]: ʟʘʧʽʨʥʘ ʘʨʤʘʪʫʨʘ ʟ ʛʘʟʦʤ ʚʨʫʯʥʫ; ʦʯʠʱʫʚʘʯ ʟ'ʻʜʥʘʥʴ; 

ʛʘʟʦʚʠʡ ʬʽʣʴʪʨ; ʚʠʪʨʘʪʦʤʽʨ; ʨʝʛʫʣʷʪʦʨ ʪʠʩʢʫ ʧʘʣʠʚʥʦʛʦ ʛʘʟʫ; ʙʣʦʢ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʽʜʢʣʶʯʝʥʥʷ ʧʦʜʘʯʽ ʛʘʟʫ; ʚʝʥʪʠʣʷʮʽʡʥʽ ʢʣʘʧʘʥʠ; ʯʠʩʣʝʥʥʽ 

ʜʘʪʯʠʢʠ / ʤʘʥʦʤʝʪʨʠ ʪʠʩʢʫ; ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʫ. ɺʧʫʩʢʥʠʡ ʦʪʚʽʨ 

ʚʠʧʘʨʥʠʢʘ ʉʇɻ / ʉʇɻ ʦʩʥʘʱʝʥʠʡ ʫʣʴʪʨʘʟʚʫʢʦʚʠʤ ʚʠʤʠʢʘʯʝʤ, ʚʩʪʘʥʦʚʣʝʥʠʤ 

ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʨʠʩʫʪʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʨʽʜʠʥʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʽ ʪʘ ʧʦʜʘʥʥʷ 

ʩʠʛʥʘʣʫ, ʱʦ ʩʪʦʩʫʻʪʴʩʷ ʨʦʙʦʪʠ ʢʣʘʧʘʥʽʚ ɻɺʋ [7-9]. 

ʋʩʽ ʛʥʫʯʢʽ ʣʽʥʽʾ ʦʩʥʘʱʝʥʽ ʟʘʧʦʙʽʞʥʠʤʠ ʢʣʘʧʘʥʘʤʠ, ʷʢʽ ʥʘʛʥʽʪʘʶʪʴ ʛʘʟ ʜʣʷ 

ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʢʠʜʽʚ ʚ ʘʪʤʦʩʬʝʨʫ [7-9]. ɿʘʧʨʘʚʥʽ ʩʪʘʥʮʽʾ ʤʘʶʪʴ ʭʦʣʦʜʦʩʪʽʡʢʽ 

ʢʘʧʝʣʴʥʠʮʽ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʧʽʜ ʰʣʘʥʛʦʚʠʤʠ ʟ'ʻʜʥʘʥʥʷʤʠ ʢʦʞʥʦʾ ʨʽʜʠʥʠ, ʘ 

ʪʘʢʦʞ ʩʪʝʞʘʪʴ ʟʘ ʚʠʪʦʢʦʤ ʨʽʜʠʥʠ ʪʘ ʩʧʨʘʮʴʦʚʫʶʪʴ ʧʨʠ ʚʠʷʚʣʝʥʥʽ ʨʽʜʠʥʠ. 

ɯʥʝʨʪʥʠʡ ʛʘʟ (N2) ʧʦʪʨʽʙʝʥ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʷʢ ʜʣʷ ʦʯʠʱʝʥʥʷ, ʪʘʢ ʽ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʽʥʝʨʮʽʾ ʥʘ ʚʩʽʭ ʜʽʣʷʥʢʘʭ ʪʨʫʙʦʧʨʦʚʦʜʫ ʫʩʪʘʥʦʚʢʠ. ɻʘʟ N2 ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʢʘʤʝʨʽ ʟʙʝʨʽʛʘʥʥʷ N2 ʥʘ ʧʘʣʫʙʽ 2. 

ʊʠʩʢ ʫ ʨʝʟʝʨʚʫʘʨʘʭ ʢʦʥʪʨʦʣʶʻʪʴʩʷ, ʽ ʷʢʱʦ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʯʝʨʝʟ 

ʚʠʪʽʢ ʘʙʦ ʘʢʪʠʚʘʮʽʶ, ʛʝʥʝʨʫʻʪʴʩʷ ʪʨʠʚʦʛʘ [7-9]. ʅʘ ʧʘʣʫʙʽ (01) ʘʙʦ ʚ ʧʦʨʪʫ, ʢʦʣʠ 

ʩʫʜʥʦ ʧʨʘʮʶʻ ʥʘ ʛʘʟʽ (ʉʇɻ / ɿʇɻ), ʫ ʤʘʰʠʥʥʦʤʫ ʚʽʜʜʽʣʝʥʥʽ ʪʘʢʦʞ ʻ ʜʚʘ 

ʢʦʤʧʣʝʢʪʠ ʘʚʘʨʽʡʥʠʭ ʨʝʟʝʨʚʫʘʨʽʚ N2. ɺʦʥʠ ʘʢʪʠʚʫʶʪʴʩʷ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʣʠʰʝ ʜʣʷ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʽ ʟʘʟʚʠʯʘʡ ʟʙʝʨʽʛʘʶʪʴʩʷ ʧʦʚʥʽʩʪʶ ʟʘʧʦʚʥʝʥʠʤʠ 

[7-9]. ɼʦ ʢʦʞʥʦʛʦ ʚʠʭʦʜʫ ʟʘʧʦʙʽʞʥʦʛʦ ʢʣʘʧʘʥʘ ɻɺʋ ʪʘ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʦʪʚʦʨʽʚ 

ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʛʦʣʦʚʥʘ ʚʝʥʪʠʣʷʮʽʡʥʘ ʣʽʥʽʷ. ʋ ʨʘʟʽ ʥʝʙʝʟʧʝʢʠ ʩʠʨʦʚʠʥʘ ʙʫʜʝ 
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ʟʙʝʨʽʛʘʪʠʩʷ ʚ ʙʝʟʧʝʯʥʦʤʫ ʤʽʩʮʽ ʥʘʜ ʧʘʣʫʙʦʶ. ʉʠʩʪʝʤʠ ʛʘʟʦʧʦʩʪʘʯʘʥʥʷ ʪʘʢʦʞ 

ʚʢʣʶʯʘʶʪʴ ʧʽʜʩʠʩʪʝʤʠ ʛʣʠʙʦʢʦʛʦ ʪʘ ʥʠʟʴʢʦʛʦ ʚʩʤʦʢʪʫʚʘʥʥʷ [7-9].  

 

ʈʠʩʫʥʦʢ 1 ï ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ ʩʫʜʥʦʚʦʛʦ ʜʚʠʛʫʥʘ 

ʛʘʟʦʚʠʤ ʧʘʣʠʚʦʤ [7-9]: 1 ï ʧʽʜôʻʜʥʘʥʥʷ ʦʩʥʦʚʥʦʾ ʩʪʘʥʮʽʾ ʛʘʟʦʧʦʩʪʘʯʘʥʥʷ;  2 ï 

ʧʨʠʤʽʱʝʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʙʣʦʢʫʚʘʥʥʷ; 3 ï ʛʘʟʦʚʘ ʚʝʥʪʠʣʷʮʽʡʥʘ ʢʽʤʥʘʪʘ ʩʫʜʥʘ; 4 

ï ʧʨʠʤʽʱʝʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʙʣʦʢʫʚʘʥʥʷ; 5 ï ʧʨʠʤʽʱʝʥʥʷ ʛʘʟʦʚʦʛʦ ʢʣʘʧʘʥʘ; 6 ï 

ʛʘʟʦʚʠʡ ʥʘʛʨʽʚʘʯ ʧʘʣʠʚʥʠʡ; 7 ï ʚʠʧʘʨʥʠʢ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʩʪʠʩʥʫʪʦʛʦ; 8 ï 

ʨʘʤʧʘ ʛʘʟʦʚʘ; 9 ï ʙʣʦʢ ʢʣʘʧʘʥʘ ʛʘʟʦʚʦʛʦ; 10 - ʙʘʢ ʦʭʦʣʦʜʞʝʥʥʷ ʚʦʜʠ 

ʚʘʢʫʫʤʥʦʛʦ ʥʘʩʦʩʘ ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ; 11 ï ʦʩʥʦʚʥʠʡ ʚʘʢʫʫʤʥʠʡ 

ʥʘʩʦʩ; 12 ï ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ ʚʘʢʫʫʤʥʠʤ ʥʘʩʦʩʦʤ; 13 ï ʧʨʠʤʽʱʝʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ 

ʙʣʦʢʫʚʘʥʥʷ; 14 ï ʩʪʘʥʮʽʷ ʛʘʟʦʧʦʩʪʘʯʘʥʥʷ (ʥʘ ʧʨʘʚʦʤʫ ʙʦʨʪʫ ʩʫʜʥʘ); 15 ï 

ʜʦʧʦʤʽʞʥʠʡ ʛʘʟʦʚʠʡ ʢʦʪʝʣ; 16 ï ʛʦʣʦʚʥʠʡ ˉ2 ʜʚʦʭʧʘʣʠʚʥʠʡ ʜʚʠʛʫʥ; 17 ï 

ʩʧʦʣʫʯʝʥʥʷ ʟ ʚʩʤʦʢʪʫʶʯʠʤʠ ʚʠʪʷʞʥʠʤʠ ʚʝʥʪʠʣʷʪʦʨʘʤʠ 
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ʆʩʦʙʣʠʚʦʩʪʽ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ ʛʦʣʦʚʥʦʛʦ ʜʚʠʛʫʥʘ ʩʫʜʥʘ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʟʦʚʠʭ ʧʘʣʠʚ ʚ ʫʤʦʚʘʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʣʷʛʘʶʪʴ ʚ ʥʘʩʪʫʧʥʦʤʫ. 

ʂʦʣʠ ʧʘʩʘʞʠʨʩʴʢʝ ʩʫʜʥʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʦʨʪʫ, ʞʠʚʣʝʥʥʷ ʛʘʟʦʚʠʤ ʧʘʣʠʚʦʤ ʤʦʞʝ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ ʟʦʚʥʽʰʥʽʤʠ ʢʦʥʪʝʡʥʝʨʘʤʠ. ɺ ʷʢʦʩʪʽ ʢʦʥʪʝʡʥʝʨʽʚ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʪʝʭʥʽʯʥʠʭ ʨʝʛʣʘʤʝʥʪʽʚ, ʧʣʘʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʛʘʟʫ ʚʽʜʧʦʚʽʜʥʦʾ ʤʽʩʪʢʦʩʪʽ ʪʘ (ʘʙʦ) ʟʘʧʨʘʚʥʦʾ ʙʘʨʞʽ [7-9]. 

ʂʨʽʤ ʪʦʛʦ, ʉɽʋ ʧʝʨʝʜʙʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʥʘ ʉʇɻ / ɿʇɻ ʟ ʜʚʦʭ 

ʥʝʚʝʣʠʢʠʭ ʚʣʘʩʥʠʭ ʮʠʩʪʝʨʥ ʜʣʷ ʛʘʨʘʥʪʫʚʘʥʥʷ ʚʭʦʜʫ ʪʘ ʚʠʭʦʜʫ ʩʫʜʥʘ ʟ ʧʦʨʪʫ 

(ʘʙʦ ʚ ʤʝʞʘʭ ʝʢʦʣʦʛʽʯʥʦʾ ʟʦʥʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʫʜʥʘ). ʅʘ ʙʦʨʪʫ ʩʫʜʥʘ ʧʽʜʛʦʪʦʚʢʫ 

(ʦʯʠʱʝʥʥʷ) ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʧʘʣʠʚʘ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʟʜʽʡʩʥʶʚʘʪʠ ʚʣʘʩʥʦʶ ʛʘʟʦʚʦʶ 

ʘʨʤʘʪʫʨʦʶ ʛʨʫʧʠ ɻɺʋ. ɸʣʝ ʜʦʩʪʘʪʥʽʭ ʟʘʧʘʩʽʚ ʉʇɻ / ʉʇɻ ʜʣʷ ʪʨʠʚʘʣʦʾ ʨʦʙʦʪʠ 

ʜʚʦʧʘʣʠʚʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ (ˉ 2) ʫ ʧʦʨʪʫ ʤʦʞʝ ʙʫʪʠ ʥʝʜʦʩʪʘʪʥʴʦ. 

ɽʥʝʨʛʽʶ ʽʟ ʟʦʚʥʽʰʥʴʦʛʦ ʨʝʟʝʨʚʫʘʨʘ (ʤʝʨʝʞʽ) ʫ ʨʽʟʥʠʭ ʧʦʨʪʘʭ ʥʘ ʤʘʨʰʨʫʪʘʭ ʨʫʭʫ 

ʩʫʜʥʘ ʤʦʞʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʉʇɻ / ʉʇɻ, ʬʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ ʷʢʦʛʦ ʤʦʞʝ 

ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʝʪʘʣʦʥʥʦʛʦ ʩʢʣʘʜʫ ʚ ʨʽʟʥʠʭ ʧʦʨʪʘʭ [7-9]. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʟʦʧʦʜʽʙʥʦʛʦ 

ʧʘʣʠʚʘ (ʟ ʨʽʟʥʠʤ ʬʨʘʢʮʽʡʥʠʤ ʩʢʣʘʜʦʤ ʉʇɻ / ʉʇɻ) ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ AIDAprima ʚ 

ʧʦʨʪʘʭ ʧʨʠ ʧʦʜʘʯʽ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʜʞʝʨʝʣ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʧʝʮʽʘʣʴʥʽ 

ʟʘʩʦʙʠ ʧʽʜʛʦʪʦʚʢʠ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʧʘʣʠʚʘ ʚ ʬʦʨʤʘ ʜʦʜʘʪʢʦʚʦʛʦ ʘʛʨʝʛʘʪʫ 

ʧʽʜʛʦʪʦʚʢʠ ʧʘʣʠʚʥʦʛʦ ʛʘʟʫ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʚʽʜʦʢʨʝʤʠʪʠ ʨʦʙʦʪʫ ʛʘʟʦʚʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʩʫʜʥʘ DG No.2 ʧʽʜ ʯʘʩ ʡʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʜʦ / ʟ ʧʦʨʪʫ ʚʽʜ ʚʣʘʩʥʠʭ 

ʮʠʩʪʝʨʥ ʽ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ - ʢʦʣʠ ʚʽʥ ʟʫʧʠʥʷʻʪʴʩʷ ʚ ʧʦʨʪʫ. ʎʝ, ʧʦ-ʧʝʨʰʝ, 

ʟʘʙʝʟʧʝʯʠʪʴ ʜʠʚʝʨʩʠʬʽʢʘʮʽʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʟʘʙʝʟʧʝʯʠʪʴ ʥʘʜʽʡʥʫ ʨʦʙʦʪʫ ʩʫʜʥʘ [7-9]. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʦ ʜʦʜʘʪʢʦʚʠʡ ʙʣʦʢ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʧʘʣʠʚʘ, ʷʢʠʡ ʩʣʽʜ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʫʜʥʘ ʚ ʧʦʨʪʫ ʽʟ ʟʦʚʥʽʰʥʴʦʾ ʛʘʟʦʚʦʾ 

ʤʝʨʝʞʽ [7-9]. ʉʇɻ ʧʨʠ ʨʦʙʦʪʽ ʚ ʧʦʨʪʫ ʚʠʧʘʨʦʚʫʻʪʴʩʷ ʚʦʜʥʦ-ʛʣʽʢʦʣʝʚʠʤ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʦʤ, ʘ ʪʘʢʦʞ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʥʘʛʨʽʚʘʻʪʴʩʷ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʶ 

ʚʦʜʦʶ LT.  

 

 

ʈʠʩʫʥʦʢ 2 ï ɹʣʦʢ ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ: 1 ï ʚʭʽʜʥʘ ʟʘʧʦʨʥʘ ʘʨʤʘʪʫʨʘ;  

2 ï ʬʽʣʴʪʨ ʦʯʠʱʝʥʥʷ ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ; 3 -.ʙʣʦʢ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; 4 ï 
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ʛʘʟʦʚʠʡ ʨʝʜʫʢʪʦʨ; 5 ï ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ ʟ  ʛʘʟʦʚʠʤ  ʣʽʯʠʣʴʥʠʢʦʤ; 6 ï ʙʣʦʢ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; 7 ï ʟʘʧʽʨʥʘ ʘʨʤʘʪʫʨʘ; 8 ï ʛʘʟʦʚʠʡ ʥʘʩʦʩ;  

9 ï ʛʘʟʦʚʠʡ ʥʘʩʦʩ; 10 ï ʪʝʧʣʦʦʙʤʽʥʥʠʢ; 11 ï ʛʘʟʦʚʠʡ ʢʣʘʧʘʥ; 12 ï ʥʘʩʦʩ ʛʘʟʦʚʠʡ; 13 

ï ʦʩʪʦʚ ʙʣʦʢʘ ʛʘʟʦʚʦʛʦ ʢʣʘʧʘʥʘ 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ 

ʧʦʜʘʯʽ ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ ʜʣʷ ʜʦʜʘʪʢʦʚʦʛʦ ʙʣʦʢʫ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʧʘʣʠʚʘ, ʷʢʫ ʩʣʽʜ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʫʜʥʘ ʚ ʧʦʨʪʫ ʚʽʜ ʛʘʟʦʚʦʾ ʤʝʨʝʞʽ [7-9]. 

ʉʠʩʪʝʤʘ ʚʦʜʷʥʦʛʦ ʛʣʽʢʦʣʶ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʧʨʠ ʙʽʣʴʰ ʥʠʞʯʠʤ ʪʠʩʢʦʤ, ʥʽʞ 

ʩʠʩʪʝʤʘ ʧʘʣʠʚʥʦʛʦ ʛʘʟʫ, ʱʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʨʠʟʠʢ ʧʦʪʨʘʧʣʷʥʥʷ ʚʦʜʷʥʦʛʦ ʛʣʽʢʦʣʶ 

ʚ ʩʠʩʪʝʤʫ ʧʘʣʠʚʥʦʛʦ ʛʘʟʫ. ɹʫʜʴ-ʷʢʠʡ ʧʘʣʠʚʥʠʡ ʛʘʟ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʫ ʩʠʩʪʝʤʫ 

ʚʦʜʷʥʦʛʦ ʛʣʽʢʦʣʶ, ʙʫʜʝ ʤʽʩʪʠʪʠʩʷ ʚ ʨʦʟʰʠʨʶʚʘʣʴʥʦʤʫ ʙʘʢʫ ʜʣʷ ʥʘʛʨʽʚʫ ʚʦʜʠ 

ʚʠʧʘʨʥʠʢʘ ʉʇɻ, ʷʢʠʡ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʪʘ ʩʠʛʥʘʣʽʟʫʻʪʴʩʷ. ɺʠʧʘʨʥʠʢ ʉʇɻ 

ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʤʝʨʟʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʤʠʢʘʯʘ ʧʦʪʦʢʫ ʜʣʷ 

ʥʠʟʴʢʦʾ ʚʠʪʨʘʪʠ ʚʦʜʷʥʦʛʦ ʛʣʽʢʦʣʶ (110 ʤ3/ʛʦʜ) ʪʘ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ 

ʥʠʟʴʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ (- 5 ÁC) [7-9]. ʆʙʠʜʚʘ ʩʠʛʥʘʣʠ ʘʢʪʠʚʫʶʪʴ ʚʽʜʢʣʶʯʝʥʥʷ 

ʩʠʩʪʝʤʠ ʧʘʣʠʚʥʦʛʦ ʛʘʟʫ. ɽʣʝʢʪʨʠʯʥʘ ʥʝʩʧʨʘʚʥʽʩʪʴ ʧʨʘʮʶʶʯʦʛʦ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ 

ʥʘʩʦʩʘ ʚʠʧʘʨʥʠʢʘ ʉʇɻ ʧʨʠʟʚʝʜʝ ʜʦ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʠʢʘʥʥʷ ʥʘ ʨʝʟʝʨʚʥʠʡ 

ʥʘʩʦʩ. ɹʘʡʧʘʩʥʘ ʣʽʥʽʷ ʚʠʧʘʨʥʠʢʘ ʤʘʻ ʥʦʨʤʘʣʴʥʦ ʟʘʢʨʠʪʠʡ ʢʣʘʧʘʥ ʟ ʢʽʥʮʝʚʠʤ 

ʚʠʤʠʢʘʯʝʤ ʜʣʷ ʟʘʢʨʠʪʦʛʦ ʧʦʣʦʞʝʥʥʷ, ʷʢʠʡ ʙʣʦʢʫʻʪʴʩʷ ʟ ʙʝʨʝʛʦʚʠʤʠ ʢʣʘʧʘʥʘʤʠ 

ʧʦʜʘʯʽ ʨʽʜʢʦʛʦ ʛʘʟʫ [7-9]. 

 
ʈʠʩʫʥʦʢ 3 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʧʦʜʘʯʽ ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ [7-9]: A ï 

ʧʽʜʽʛʨʽʚʘʯ ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ; B ï ʚʠʧʘʨʥʠʢ ʧʘʣʠʚʘ; C ï ʛʣʽʢʦʣʝʚʠʡ 

ʚʦʜʦʥʘʛʨʽʚʘʯ; D ï ʮʠʨʢʫʣʷʮʽʡʥʽ ʥʘʩʦʩʠ ʧʦʜʘʯʽ ʛʘʨʷʯʦʾ ʚʦʜʠ ʜʦ ʙʣʦʢʫ ʛʘʟʦʚʦʛʦ 

ʢʣʘʧʘʥʘ; E ï ʚʠʧʘʨʥʠʢ ʉʇɻ ʟʘ ʨʘʭʫʥʦʢ ʥʘʛʨʽʚʘʥʥʷ ʚʦʜʦʶ ʫ 

ʨʦʟʰʠʨʶʚʘʣʴʥʦʤʫ ʪʘʥʢʫ; F ï ʧʨʽʩʥʘ ʚʦʜʘ 

ɺʠʩʥʦʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ ʛʦʣʦʚʥʦʛʦ 

ʜʚʠʛʫʥʘ ʩʫʜʥʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʟʦʚʠʭ ʧʘʣʠʚ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʘʣʠʚʦʤ 

ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʪʝʧʣʦʚʽ ʪʘ ʚʠʪʨʘʪʥʽ ʧʘʨʘʤʝʪʨʠ ʜʚʠʛʫʥʘ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʛʘʟʦʚʠʤ 

ʧʘʣʠʚʦʤ ʩʫʜʥʦʚʦʛʦ ʜʚʠʛʫʥʘ ʜʦʟʚʦʣʷʻ ʡʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʫʤʦʚʘʭ ʧʦʨʪʫ ʙʝʟ 

ʧʦʛʽʨʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʡʦʛʦ ʚ ʯʘʩʪʠʥʽ ʧʦʢʘʟʥʠʢʽʚ ʧʦʪʫʞʥʦʩʪʽ ʽ ʧʘʣʠʚʥʦʾ 

ʝʢʦʥʦʤʽʯʥʦʩʪʽ. 



109 

 

ʃ̔ ʪʝʨʘʪʫʨʘ 

 

1. U.S. Energy Information Administration / Monthly Energy Review / 

November 2017, DOE/EIA-0035(2017/11). 

2. Regulation 14.3.1 of MARPOL Annex VI and regulation 1.11.2 of MARPOL 

Annex I (The Baltic Sea area). 

3. Regulation 14.3.1 of MARPOL Annex VI and regulation 1.14.6 of MARPOL 

Annex V (The North Sea area). 

4. 2013 Guidelines for calculation of reference lines for use with energy 

efficiency design index (EEDI) Resolution MEPC., Annex 14: [ɽʣʝʢʪʨʦʥʥʠʡ 

ʨʝʩʫʨʩ]. ï 2013. ï ˉ231 (65) ï 12 ʩ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

www.bimco.org/News/2013/05/17_Updated_EEDICalc.aspx?RenderSearch=true/ 

(ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 09.09.2013). 

5. Gas Entec//Solutions for gas engineering//LNG Fuel Tank Application, 2017: 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. URL: http://gasentec.com/ 

bbs/board.php?bo_table=sub06_01&wr_id=2. (ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 06.02.2020). 

6. Wartsila Solutions for Marine and Oil & Gas Markets: [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. 

URL: https://www.wartsila.com/oil-gas/why-us/wartsila-solutions-for-marine-and-

oil-gas-markets. (ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 28.12.2019). 

7. AIDAprima Technical Operating Manual IMO: 9636955 Issue 1 - April 2017, 

Produced by Worldwide Marine Technology Limited / www.wmtmarine.com. 

info@wmtmarine.com. - 966 ʨ. 

8. https://vesselregister.dnvgl.com/VesselRegister/vesseldetails.html? 

vesselid=G117060. 

9. https://www.balticshipping.com/vessel/imo/9636955 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:info@wmtmarine.com
https://vesselregister.dnvgl.com/VesselRegister/vesseldetails.html?%20vesselid=G117060
https://vesselregister.dnvgl.com/VesselRegister/vesseldetails.html?%20vesselid=G117060
https://www.balticshipping.com/vessel/imo/9636955


110 

 

ɻʨʠʮʫʢ ɯʛʦʨ ɺʘʣʝʨʽʡʦʚʠʯ ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʫʜʥʦʚʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʍʝʨʩʦʥʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷ, ʤ. ʍʝʨʩʦʥ, e-

mail: gritsuk_iv@ukr.net. 

ʈʦʤʘʥʮʦʚ ɸʥʜʨʽʡ ɺʦʣʦʜʠʤʠʨʦʚʠʯ ï ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ 

ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ ʇʝʨʚʦʤʘʡʩʴʢʠʡ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ 

ʉʪʫʧʘʢʦʚ ɼʝʥʠʩ ʆʣʝʛʦʚʠʯ - ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ 

ʇʝʨʚʦʤʘʡʩʴʢʠʡ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ 

ʊʢʘʯʝʥʢʦ ʖʨʽʡ ɸʥʘʪʦʣʽʡʦʚʠʯ - ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ 

ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ ʇʝʨʚʦʤʘʡʩʴʢʠʡ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ 

ʊʢʘʯʫʢ ɼʤʠʪʨʦ ɺʽʪʘʣʽʡʦʚʠʯ - ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ 

ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ ʇʝʨʚʦʤʘʡʩʴʢʠʡ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ 

 

ʆʉʆɹʃʀɺʆʉʊɯ ʈɽɸʃɯɿɸʎɯɰ ɿɸɼɸʏɯ ʇɯɼɺʀʑɽʅʅʗ ʆʇɽʈɸʊʀɺʅʆɰ 

ɻʆʊʆɺʅʆʉʊɯ ɽʅɽʈɻɽʊʀʏʅʆɰ ʋʉʊɸʅʆɺʂʀ ʇʆʈʊʆɺʆɻʆ ɹʋʂʉʀʈʋ 

ʐʃʗʍʆʄ ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʁʆɻʆ ʊɽʇʃʆɺʆɰ ʇɯɼɻʆʊʆɺʂʀ 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʆʜʥʝ ʟ ʤʦʞʣʠʚʠʭ ʬʦʨʤʫʣʶʚʘʥʴ ʧʦʥʷʪʪʷ 

çʦʧʝʨʘʪʠʚʥʘ ʛʦʪʦʚʥʽʩʪʴè ʧʦʣʷʛʘʻ ʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʦʙ'ʻʢʪʽʚ, 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʠʭ ʚʠʥʠʢʘʻ ʚ ʜʦʚʽʣʴʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʧʽʩʣʷ ʷʢʦʛʦ 

ʧʦʪʨʽʙʥʦ ʙʝʟʚʽʜʤʦʚʥʘ ʨʦʙʦʪʘ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ. ɼʦ ʮʴʦʛʦ 

ʤʦʤʝʥʪʫ ʪʘʢʽ ʦʙ'ʻʢʪʠ ʤʦʞʫʪʴ ʧʝʨʝʙʫʚʘʪʠ ʷʢ ʚ ʨʝʞʠʤʽ ʯʝʨʛʫʚʘʥʥʷ, ʪʘʢ ʽ ʚ ʨʝʞʠʤʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ - ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʽʥʰʠʭ ʨʦʙʦʯʠʭ ʬʫʥʢʮʽʡ. ɺ ʦʙʦʭ ʨʝʞʠʤʘʭ 

ʤʦʞʣʠʚʝ ʚʠʥʠʢʥʝʥʥʷ ʚʽʜʤʦʚ ʽ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʦʙ'ʻʢʪʘ [1-4]. ɼʣʷ 

ʛʦʣʦʚʥʦʛʦ ʩʫʜʥʦʚʦʛʦ ʜʚʠʛʫʥʘ ʩʫʪʴ ʧʦʥʷʪʪʷ ʧʦʣʷʛʘʻ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʟʘʧʫʩʢʫ ɼɺɿ ʽ ʧʨʠʡʦʤʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʩʪʘʥʽ (ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʨʦʩʦʚʦʾ ʪʝʧʣʦʪʠ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ 

ʛʘʟʽʚ, ʥʘʢʦʧʠʯʝʥʦʾ ʪʝʧʣʦʚʠʤ ʘʢʫʤʫʣʷʪʦʨʦʤ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ) ʚ ʧʨʦʮʝʩʽ ʡʦʛʦ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʾ ʨʦʙʦʪʠ ʚ ʨʝʞʠʤʽ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʽ ʟʘʧʫʩʢʫ [4]. ɼʦ 

ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ çʦʧʝʨʘʪʠʚʥʦʾ 

ʛʦʪʦʚʥʦʩʪʽè, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʧʦʢʘʟʥʠʢʠ ʧʦʪʫʞʥʦʩʪʽ (ʚʢʣʶʯʘʶʯʠ 

ʧʠʪʦʤʽ), ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʆʜʥʘʢ ʧʦʣʽʧʰʝʥʥʷ ʥʘʟʚʘʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʻ ʩʝʨʡʦʟʥʦʶ ʧʨʦʙʣʝʤʦʶ ʽ ʦʙʫʤʦʚʣʝʥʦ ʥʠʟʢʦʶ ʬʘʢʪʦʨʽʚ [1, 3]. 

ɯʩʪʦʪʥʫ ʨʦʣʴ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʪʝʭʥʽʢʠ ʛʨʘʻ ʯʘʩ, 

ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʨʠʚʝʜʝʥʥʷ ʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʚ ʨʦʙʦʯʠʡ ʩʪʘʥ, ʧʽʜʛʦʪʦʚʯʽ 

ʦʧʝʨʘʮʽʾ, ʧʨʦʛʨʽʚ ʽ ʧʫʩʢ ʜʚʠʛʫʥʘ. ʆʩʥʦʚʥʦʶ ʩʢʣʘʜʦʚʦʶ ʮʴʦʛʦ ʯʘʩʫ ʻ ʪʨʠʚʘʣʽʩʪʴ 

ʧʫʩʢʫ ʜʚʠʛʫʥʘ ʽ ʧʽʜʛʦʪʦʚʢʘ ʜʦ ʥʴʦʛʦ, ʷʢʘ, ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʠʟʥʘʯʘʻ ʟʜʘʪʥʽʩʪʴ ʤʘʰʠʥ ʚʠʢʦʥʫʚʘʪʠ ʩʚʦʾ ʬʫʥʢʮʽʾ 

[1 - 4]. ʉʢʘʟʘʥʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʽʩʥʫʚʘʥʥʷ ʩʫʧʝʨʝʯʥʦʩʪʽ ʤʽʞ ʙʝʟʘʣʴʪʝʨʥʘʪʠʚʥʦʶ 

ʩʴʦʛʦʜʥʽ ʧʦʪʨʝʙʦʶ ʣʶʜʩʪʚʘ ʧʨʦʜʦʚʞʫʚʘʪʠ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʇɼɺɿ ʜʣʷ 

ʩʚʦʾʭ ʧʦʪʨʝʙ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʽ ʟʥʘʯʥʠʤʠ ʚʪʨʘʪʘʤʠ ʝʥʝʨʛʽʾ ʟ ʾʭ ɺɻ, ʰʢʽʜʣʠʚʠʤ 
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ʚʧʣʠʚʦʤ ɺɻ ʥʘ ʣʶʜʠʥʫ ʽ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ (ʅʉ), ʘ ʪʘʢʦʞ ʩʢʣʘʜʥʽʩʪʶ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʨʦʙʦʯʽ ʪʝʤʧʝʨʘʪʫʨʠ ʩʝʨʝʜʦʚʠʱ ʚ ʧʨʦʮʝʩʽ ʟʫʧʠʥʢʠ ʙʫʢʩʠʨʘ ʧʽʜ ʯʘʩ 

ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ - ʟ ʽʥʰʦʛʦ [1 - 4]. 

ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʨʦʙʦʪʠ ʙʫʣʦ ʨoʟʨoʙʠʪʠ ʢoʤʧʣʝʢʩ ʟʘʭoʜiʚ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦʾ ʛʦʪʦʚʥʦʩʪʽ ʛʦʣʦʚʥʦʛʦ ʜʚʠʛʫʥʘ Caterpillar 3512ʉ ʩʫʜʥʘ-

ʙʫʢʩʠʨʫ ʧʨʦʝʢʪʫ ʊ2440 çANTARESè ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʙ'ʻʢʪʦʤ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʙʫʚ ʧʨoʮʝʩ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʛʦʣʦʚʥʦʛʦ ʜʚʠʛʫʥʘ 

Caterpillar 3512ʉ ʩʫʜʥʘ-ʙʫʢʩʠʨʫ ʧʨʦʝʢʪʫ ʊ2440 çANTARESè ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʡʦʛʦ ʦʧʝʨʘʪʠʚʥʦʾ ʛʦʪʦʚʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʠʭ 

ʧʨʦʮʝʩʽʚ ʧʨʦʛʨʽʚʫ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ ʊɿ ʽ ɽʋ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʽ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʝʧʣʦʚʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʤʦʞʣʠʚʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ. ʆʩʥʦʚʥʽ ʤʦʞʣʠʚʽ ʨʽʰʝʥʥʷ, ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʫʞʝ ʚʽʜʦʤʠʤʠ, ʱʦ ʘʚʪʦʨʠ ʚʙʘʯʘʶʪʴ ʜʦʮʽʣʴʥʠʤʠ ʚ ʧʦʨʷʜʢʫ 

ʧʝʨʩʧʝʢʪʠʚ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ ʧʨʦʛʨʽʚʫ, ʷʢ ʩʘʤʦʛʦ ɼɺɿ, ʪʘʢ ʽ ʊɿ ʽ ɽʋ [1-4]:  

- ʢʝʨʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʚʧʣʠʚʦʤ ʫ ʬʽʢʩʦʚʘʥʠʭ ʤʝʞʘʭ ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ 

ʧʨʦʮʝʩʫ ʧʝʨʝʜʧʫʩʢʦʚʦʛʦ ʽ ʧʽʩʣʷʧʫʩʢʦʚʦʛʦ ʧʨʦʛʨʽʚʫ ɼɺɿ, ʊɿ ʽ ɽʋ ʚ 

ʙʘʛʘʪʦʩʝʢʮʽʡʥʦʤʫ ʊɸ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚ ʊɿ ʽ ɽʋ ʜʣʷ ʧʽʜʽʛʨʽʚʫ ʜʚʠʛʫʥʘ ʡ 

ʧʽʜʪʨʠʤʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ɹʊɸ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʘʙʦ ʨʝʢʫʧʝʨʘʮʽʷ ʝʥʝʨʛʽʾ ʚ ʊɿ ʽ ɽʋ 

ʜʣʷ ʧʽʜʽʛʨʽʚʫ ʜʚʠʛʫʥʘ ʡ ʧʽʜʪʨʠʤʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʊɸ. 

ɺ ʥʘʧʨʷʤʢʫ ʩʪʚʦʨʝʥʥʷ ʽ ʨʝʘʣʽʟʘʮʽʾ ʤʦʞʣʠʚʠʭ ʨʽʰʝʥʴ, ʘʚʪʦʨ [1-4] ʚʙʘʯʘʻ 

ʜʦʮʽʣʴʥʠʤ ʚ ʧʦʨʷʜʢʫ ʧʝʨʩʧʝʢʪʠʚ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ ʧʨʦʛʨʽʚʫ ɼɺɿ, ʘ ʩʘʤʝ 

ʢʦʥʩʪʨʫʢʮʽʾ ʡʦʛʦ ʪʝʧʣʦʚʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ, ʤʦʞʣʠʚʦ 

ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʥʘʩʪʫʧʥʝ: 

ʊʝʧʣʦʚʠʡ ʘʢʫʤʫʣʷʪʦʨ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ (ʧʘʪʝʥʪ ˉ 70814 UA) [3, 4] 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʘʢʫʫʤʦʚʘʥʦʛʦ ʢʦʨʧʫʩʫ 1 (ʨʠʩ. 1), ʟʥʽʤʥʦʾ ʢʨʠʰʢʠ 2, ʱʦ ʤʘʻ 

ʚʭʽʜʥʽ 3, 4, 5, 6 ʽ ʚʠʭʽʜʥʽ 7, 8, 9, 10 ʦʪʚʦʨʠ, ʚ ʷʢʽ ʚʩʪʘʥʦʚʣʝʥʽ ʚʧʫʩʢʥʠʡ 

ʪʨʫʙʦʧʨʦʚʽʜ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ 11, ʚʧʫʩʢʥʽ 12, 13 ʽ ʚʠʧʫʩʢʥʽ 15 , 16, 17 

ʪʨʫʙʦʧʨʦʚʦʜʠ ʙʣʦʢʽʚ, ʚʧʫʩʢʥʠʡ 14 ʽ ʚʠʧʫʩʢʥʠʡ 18 ʪʨʫʙʦʧʨʦʚʦʜʠ ʨʽʜʠʥʥʦʛʦ 

ʪʝʧʣʦʥʦʩʽʷ. ɼʦ ʚʧʫʩʢʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ 11 ʧʨʠʤʠʢʘʻ 

ʧʦʚʽʪʨʷʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ 51, ʷʢʠʡ ʟʘʙʝʟʧʝʯʝʥʠʡ ʥʘʛʥʽʪʘʶʯʠʤ ʥʘʩʦʩʦʤ 47 ʽ 

ʟʘʧʽʨʥʠʤ ʢʣʘʧʘʥʦʤ 41. ʋʩʝʨʝʜʠʥʽ ʢʦʨʧʫʩʫ ʟʥʘʭʦʜʷʪʴʩʷ ʙʣʦʢʠ ʩʝʢʮʽʡ 19, 20, 21, 

ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʦʘʢʩʽʘʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʢʘʧʩʫʣ, ʟʘʧʦʚʥʝʥʠʭ 

ʬʘʟʦʧʝʨʝʭʽʜʥʠʤ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʤ ʤʘʪʝʨʽʘʣʦʤ 22 ʟ ʢʽʣʴʮʝʚʠʤʠ ʟʘʟʦʨʘʤʠ 23 

ʜʣʷ ʧʨʦʭʦʜʫ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ (ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʛʘʟʠ ɼɺɿ). ʂʨʽʤ ʮʴʦʛʦ ʚ 

ʙʣʦʮʽ ʩʝʢʮʽʾ 21 ʚʩʪʘʥʦʚʣʝʥʽ ʥʘʛʨʽʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ 24 ʨʽʜʠʥʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʙʣʦʢʫ 

ʩʝʢʮʽʾ ʟ ʙʽʣʴʰ ʥʠʟʴʢʠʤ ʜʽʘʧʘʟʦʥʦʤ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɺʩʷ ʢʦʥʩʪʨʫʢʮʽʷ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʟʤʦʥʪʦʚʘʥʘ ʥʘ ʟʥʽʤʥʽʡ ʢʨʠʰʮʽ 2, ʷʢʘ ʟʘʢʨʽʧʣʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʦʣʪʦʚʠʭ ʟ'ʻʜʥʘʥʴ 25 ʜʦ ʝʣʝʤʝʥʪʽʚ ʢʨʽʧʣʝʥʥʷ ʢʦʨʧʫʩʫ 26, ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ 

ʩʘʤʦʤʫ ʢʦʨʧʫʩʽ. ɺʠʧʫʩʢʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ 50 ʟ 

ʜʘʪʯʠʢʦʤ 45 ʨʦʙʦʯʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʻʜʥʘʥʠʡ ʜʦ ʟʤʽʰʫʚʘʣʴʥʦʾ ʢʘʤʝʨʽ 44, ʜʦ 

ʷʢʦʾ ʧʽʜʭʦʜʷʪʴ ʚʠʧʫʩʢʥʽ ʪʨʫʙʦʧʨʦʚʦʜʠ ʙʣʦʢʽʚ 15, 16, 17 ʽ ʧʦʚʽʪʨʷʥʠʡ 
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ʪʨʫʙʦʧʨʦʚʽʜ 51. ɺʠʧʫʩʢʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ 18 ʨʽʜʠʥʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʟ ʜʘʪʯʠʢʦʤ 

ʨʦʙʦʯʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 46 ʧʨʠʻʜʥʘʥʠʡ ʜʦ ʥʘʛʨʽʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ 24 ʨʽʜʠʥʥʦʛʦ 

ʪʝʧʣʦʥʦʩʽʷ ʙʣʦʢʫ ʩʝʢʮʽʾ ʟ ʙʽʣʴʰ ʥʠʟʴʢʠʤ ʜʽʘʧʘʟʦʥʦʤ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ, 

ʚʩʪʘʥʦʚʣʝʥʠʤ ʫ ʙʣʦʮʽ ʩʝʢʮʽʾ 21, ʷʢʽ ʧʨʠʻʜʥʘʥʽ ʜʦ ʚʧʫʩʢʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ 

ʨʽʜʠʥʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ 14 ʽʟ ʥʘʛʥʽʪʘʶʯʠʤ ʥʘʩʦʩʦʤ 49 ʽ ʟʘʧʽʨʥʠʤ ʢʣʘʧʘʥʦʤ 37 

(ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘʛʨʽʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʩʝʨʝʜʠʥʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʘʧʩʫʣ ʫʤʦʚʥʦ 

ʥʝ ʧʦʢʘʟʘʥʦ). ʈʝʛʫʣʶʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʱʦ ʧʦʜʘʻʪʴʩʷ, ʚ ʟʤʽʰʫʚʘʣʴʥʫ ʢʘʤʝʨʫ 

44 ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʜʦ ʚʠʧʫʩʢʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ 50 

ʜʦʟʚʦʣʷʻ ʥʘʷʚʥʽʩʪʴ ʥʘ ʧʝʨʝʧʫʩʢʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʟʘʧʽʨʥʠʭ ʢʣʘʧʘʥʽʚ 27, 28, 29, 

30, 31, 32, 33, 35, 38, 39, 40, 41, 42, 43, ʘ ʘʚʪʦʥʦʤʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʧʝʨʝʟʘʨʷʜʢʫ 

(ʚʣʘʩʥʠʡ ʧʽʜʽʛʨʽʚ) ʙʣʦʢʫ ʩʝʢʮʽʾ 21 ʟ ʙʽʣʴʰ ʥʠʟʴʢʠʤ ʜʽʘʧʘʟʦʥʦʤ ʨʦʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ ʙʣʦʢʽʚ ʩʝʢʮʽʡ 19, 20 ʟ ʙʽʣʴʰ ʚʠʩʦʢʠʤ ʜʽʘʧʘʟʦʥʦʤ ʨʦʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʜʦʟʚʦʣʷʻ ʥʘʷʚʥʽʩʪʴ ʧʝʨʝʧʫʩʢʥʦʛʦ 52 ʪʨʫʙʦʧʨʦʚʦʜʫ ʟ ʥʘʛʥʽʪʘʶʯʠʤ 

ʥʘʩʦʩʦʤ 48 ʽ ʟʘʧʽʨʥʠʭ ʢʣʘʧʘʥʽʚ 34 ʽ 36 [3, 4]. 

 
ʈʠʩʫʥʦʢ 1 - ʊʝʧʣʦʚʠʡ ʘʢʫʤʫʣʷʪʦʨ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ (ʧʘʪʝʥʪ ˉ 70814 

UA) 

ʄʝʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʘʣʠʚʘ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ ʫ ʙʽʣʴʰ ʰʠʨʦʢʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ, ʧʽʜʪʨʠʤʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ ʚ ʩʠʩʪʝʤʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠ ʟʘʛʣʫʰʝʥʦʤʫ ɼɺɿ ʚ ʤʝʞʘʭ ʪʝʤʧʝʨʘʪʫʨ çʛʘʨʷʯʦʛʦ ʧʨʦʛʨʽʚʫè 

(50 - 70 ʆʉ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʤʦʛ ʽ ʟʘʚʦʜʩʴʢʦʾ ʽʥʩʪʨʫʢʮʽʾ) ʧʨʠ 

ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, ʘʙʦ, ʷʢʱʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ (ʦʣʠʚʠ ʽ ʧʘʣʠʚʘ) ʜʚʠʛʫʥʘ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʚʩʪʘʥʦʚʣʝʥʠʤ 
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ʚʠʱʝ ʚʠʤʦʛʘʤ, ʘ ʪʘʢʦʞ ʦʜʥʦʯʘʩʥʦʛʦ ʧʽʜʪʨʠʤʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ, ʱʦ 

ʥʘʜʭʦʜʠʪʴ ʚ ɼɺɿ ʧʘʨʘʣʝʣʴʥʦ ʧʦ ʜʚʦʤ ʧʦʪʦʢʘʤ, ʷʢ ʛʘʟʦʧʦʚʽʪʨʷʥʦʤʫ, ʪʘʢ ʽ 

ʨʽʜʢʦʤʫ, ʧʨʠʯʦʤʫ ʟ ʬʽʢʩʦʚʘʥʦʶ ʦʜʥʘʢʦʚʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʪʦʢʽʚ ʟ ʙʽʣʴʰ 

ʚʫʟʴʢʠʤ ʜʽʘʧʘʟʦʥʦʤ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʥʘʙʣʠʞʝʥʠʭ ʜʦ ʨʦʙʦʯʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ɼɺɿ [1-4]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʊɸ ʜʦʟʚʦʣʠʪʴ [1-4]: 

ʘ) ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʥʘ ʧʨʦʛʨʽʚ ɼɺɿ ʚ ʭʦʣʦʜʥʫ ʧʦʨʫ ʨʦʢʫ, ʪʠʤ 

ʩʘʤʠʤ ʧʽʜʚʠʱʫʶʯʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ; 

ʙ) ʜʦʩʷʛʪʠ ʙʽʣʴʰʦʾ ʟʨʫʯʥʦʩʪʽ ʚ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ ʫ ʙʽʣʴʰ 

ʰʠʨʦʢʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ; 

ʚ) ʧʽʜʪʨʠʤʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ ʚ ʩʠʩʪʝʤʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠ ʟʘʛʣʫʰʝʥʦʤʫ ɼɺɿ ʚ ʤʝʞʘʭ ʪʝʤʧʝʨʘʪʫʨ çʛʘʨʷʯʦʛʦ ʧʨʦʛʨʽʚʫè 

(50 é 70 ʆʉ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʤʦʛ ʡ ʟʘʚʦʜʩʴʢʦʾ ʽʥʩʪʨʫʢʮʽʾ) 

ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, ʘʙʦ, ʷʢʱʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ (ʦʣʠʚʠ ʽ ʧʘʣʠʚʘ) ʜʚʠʛʫʥʘ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʚʩʪʘʥʦʚʣʝʥʠʤ 

ʚʠʱʝ ʚʠʤʦʛʘʤ; 

ʛ) ʦʜʥʦʯʘʩʥʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚ ɼɺɿ 

ʧʘʨʘʣʝʣʴʥʦ ʧʦ ʜʚʦʤ ʧʦʪʦʢʘʤ, ʷʢ ʛʘʟʦʧʦʚʽʪʨʷʥʦʤʫ, ʪʘʢ ʽ ʚ ʨʽʜʠʥʥʦʤʫ, ʧʨʠʯʦʤʫ ʟ 

ʬʽʢʩʦʚʘʥʦʶ ʦʜʥʘʢʦʚʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʪʦʢʽʚ ʟ ʙʽʣʴʰ ʥʠʟʴʢʠʤ ʜʽʘʧʘʟʦʥʦʤ 

ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʥʘʙʣʠʞʝʥʠʭ ʜʦ ʨʦʙʦʯʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ɼɺɿ; 

ʜ) ʘʚʪʦʥʦʤʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʧʝʨʝʟʘʨʷʜʢʫ (ʚʣʘʩʥʠʡ ʧʽʜʽʛʨʽʚ) ʩʝʢʮʽʾ ʙʣʦʢʫ ʟ 

ʙʽʣʴʰ ʥʠʟʴʢʠʤ ʜʽʘʧʘʟʦʥʦʤ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ ʩʝʢʮʽʡ ʙʣʦʢʫ ʟ ʙʽʣʴʰ 

ʚʠʩʦʢʠʤ ʜʽʘʧʘʟʦʥʦʤ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʋ ʙʘʟʦʚʽʡ ʚʝʨʩʽʾ ʥʝʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʨʤʦʦʙʨʦʙʢʫ ʪʘ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʥʘʣʝʞʥʠʡ ʪʝʧʣʦʚʠʡ ʩʪʘʥ ʩʫʜʥʦʚʦʛʦ ʜʚʠʛʫʥʘ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʦʮʝʩʽʚ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ [1-4]. ʅʝ ʧʝʨʝʜʙʘʯʝʥʦ ʥʘʢʦʧʠʯʝʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚ 

ʝʣʝʤʝʥʪʘʭ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʜʚʠʛʫʥʘ ʩʫʜʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʰʚʠʜʢʽʩʪʴ ʩʫʜʥʘ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʘʣʝ ʟʤʝʥʰʫʶʪʴʩʷ ʚʠʪʨʘʪʠ ʥʘ 

ʧʘʣʠʚʦ ʪʘ ʟʘʛʘʣʴʥʠʡ ʦʙʩʷʛ (ʨʦʟʤʽʨ) ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʪʦʱʦ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʨʥʽʟʘʮʽʷ ʩʪʦʩʫʻʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʫ 

ʩʠʩʪʝʤʽ ʦʭʦʣʦʜʞʝʥʥʷ, ʪʦʙʪʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʙʘʛʘʪʦʩʝʢʮʽʡʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʘʢʫʤʫʣʷʪʦʨʘ ʚʩʪʘʥʦʚʣʝʥʠʡ ʧʘʨʘʣʝʣʴʥʦ ʟ ʚʠʪʷʞʥʠʤ ʪʨʫʙʦʧʨʦʚʦʜʦʤ ʫ 

ʧʘʨʘʣʝʣʴʥʦʤʫ ʧʦʪʦʮʽ ʟ ʛʣʫʰʥʠʢʦʤ, ʽ ʡʦʛʦ ʤʦʞʥʘ ʚʠʤʢʥʫʪʠ (ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ) 

ʰʣʷʭʦʤ ʧʨʦʧʫʩʢʘʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ ʯʝʨʝʟ ʙʘʡʧʘʩ ʫ ʚʠʭʣʦʧʥʦʤʫ 

ʪʨʫʙʦʧʨʦʚʦʜʽ. ʂʨʽʤ ʪʦʛʦ, ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʝʣʝʢʪʨʦʥʘʩʦʩʠ, ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ 

ʢʣʘʧʘʥʠ, ʬʘʟʦʧʝʨʝʭʽʜʥʽ ʪʝʧʣʦʚʽ ʘʢʫʤʫʣʷʪʦʨʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʧʨʠʩʢʦʨʝʥʘ ʪʝʧʣʦʚʘ ʧʽʜʛʦʪʦʚʢʘ ʩʫʜʥʦʚʦʛʦ ʜʚʠʛʫʥʘ ʙʝʟ ʡʦʛʦ ʧʫʩʢʫ; ʫ ʚʠʭʣʦʧʥʽʡ 

ʩʠʩʪʝʤʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʢʣʘʧʘʥʽʚ, ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʥʘʩʦʩʘ ʪʘ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ 

ʛʘʟʽʚ ʘʢʫʤʫʣʶʻʪʴʩʷ ʫ ʘʢʫʤʫʣʷʪʦʨʽ ʪʝʧʣʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ. ʋ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʨʥʽʟʘʮʽʷ ʥʝ ʫʩʢʣʘʜʥʶʻ ʧʨʦʮʝʩ ʤʦʥʪʘʞʫ ʪʘ ʨʦʟʙʠʨʘʥʥʷ, ʯʘʩ 

ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʦʜʥʘʢʦʚʠʡ ʜʣʷ ʙʘʟʦʚʦʛʦ ʪʘ 

ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʚʘʨʽʘʥʪʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʫ ʤʦʜʝʨʥʽʟʘʮʽʶ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ 

ʧʨʦʧʦʥʫʶʪʴ ʧʨʦʚʝʩʪʠ ʧʽʜ ʯʘʩ ʯʝʨʛʦʚʠʭ ʧʣʘʥʦʚʠʭ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ, ʱʦ 

ʜʦʟʚʦʣʠʪʴ ʫʥʠʢʥʫʪʠ ʧʦʜʘʣʴʰʠʭ ʧʨʦʩʪʦʾʚ ʩʫʜʥʘ [3, 4]. 
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ʄʘʪʝʨʽʘʣʠ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʪʝʧʣʘ ʜʣʷ ʩʝʢʮʽʡ ʥʘʢʦʧʠʯʝʥʥʷ ʪʝʧʣʘ (ʜʠʚ. ʈʠʩ. 

1) ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 1 [3, 4]. 

 

ʊʘʙʣʠʮʷ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʾʭ 

ʧʦʩʝʢʮʽʡʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʫ ʪʝʧʣʦʚʦʤʫ ʘʢʫʤʫʣʷʪʦʨʽ [3, 4] 

ʉʢʣʘʜ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʘ 

ʩʝʢʮʽʷʤʠ ʥʘ ʨʠʩ. 1 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ 

(ʧʣʘʚʣʝʥʥʷ-

ʢʨʠʩʪʘʣʽʟʘʮʽʷ), ʂ 

ʉʝʢʮʽʷ 

ʪʝʧʣʦʚʦʛʦ 

ʘʢʫʤʫʣʷʪʦʨʘ 

ʥʘ ʨʠʩ. 1 

ʉʠʩʪʝʤʘ ʤʘʪʝʨʽʘʣʽʚ ʟ ʬʪʦʨʠʜʽʚ ʥʘʪʨʽʷ, 

ʢʘʣʽʷ, ʣʽʪʽʷ ʽ ʙʘʨʽʷ (ʩʢʣʘʜ ʟʨʘʟʢʘ 10,34NaF 

+ 39,73Kf + 3BaF2 + 2Sn) 

621 1 

ɻʽʜʨʦʢʩʠʜ ʥʘʪʨʽʷ NaOH 573 1 

ʉʢʣʘʜ ʤʘʪʝʨʽʘʣʽʚ: ʘʮʝʪʘʪ-ʥʽʪʨʘʪʥʘʷ ʩʫʤʽʰ 

(ʩʢʣʘʜ: 39KNO3 + 61CH3CJJK) 
483 2 

ʉʠʩʪʝʤʘ ʙʽʥʘʨʥʘ ʝʚʪʝʢʪʠʯʥʘ ʥʽʪʨʘʪʽʚ 

ʢʘʣʽʷ ʽ ʣʽʪʽʷ 
40 3 

ʇʦʣʽʝʪʠʣʝʥ ʚʠʩʦʢʦʾ ʛʫʩʪʠʥʠ ʥʠʟʴʢʦʛʦ 

ʪʠʩʢʫ 
408 3 

ʉʠʩʪʝʤʘ ʤʘʪʝʨʽʘʣʽʚ ʟ ʛʘʣʦʛʝʥʽʜʽʚ ʢʘʣʽʷ ʽ 

ʘʣʶʤʽʥʽʷ ʪʘ ʡʦʜʠʜʫ ʛʘʬʥʽʷ (ʩʢʣʘʜ: 

30,1KCl + AlCl3 + 47,8HfJ4) 

371 3 

 

ʉʠʩʪʝʤʘ ʦʭʦʣʦʜʞʝʥʥʷ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʟ ʧʽʜʩʠʩʪʝʤʦʶ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʠʭʣʦʧʥʠʭ ʛʘʟʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʢʫʤʫʣʷʪʦʨʘ 

ʪʝʧʣʘ ʟ ʬʘʟʦʚʠʤ ʧʝʨʝʭʦʜʦʤ ʚʢʣʶʯʝʥʘ ʷʢ ʥʝʚʽʜ'ʻʤʥʘ ʯʘʩʪʠʥʘ ʩʠʩʪʝʤʠ 

ʦʭʦʣʦʜʞʝʥʥʷ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʽ ʚʠʢʦʥʫʻ ʯʘʩʪʠʥʫ ʡʦʛʦ ʬʫʥʢʮʽʡ, 

ʪʦʙʪʦ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʠʡ ʥʘʛʨʽʚ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʜʦ ʨʦʙʦʯʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʫʪʨʠʤʫʻ ʡʦʛʦ ʚ ʤʝʞʘʭ, ʚʠʟʥʘʯʝʥʠʭ ʧʨʦʮʝʩʦʤ ʨʦʙʦʪʠ ʽ 

ʢʦʥʩʪʨʫʢʮʽʻʶ ʜʚʠʛʫʥʘ. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʚ ʮʽʣʦʤʫ ʧʦʣʷʛʘʻ ʚ ʥʘʢʦʧʠʯʝʥʥʽ ʝʥʝʨʛʽʾ 

ʪʝʧʣʦʚʦʛʦ ʜʠʤʦʭʦʜʫ. ʛʘʟ (ʚʠʭʣʦʧʥʠʡ ʛʘʟ), ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ 

ʧʘʣʠʚʘ ʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʦʨʠʩʥʠʭ ʨʦʙʽʪ, ʘʣʝ ʚʠʢʠʜʘʻʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʫ 

ʟ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤʠ ʛʘʟʘʤʠ [1-4]. 

ʊʘʢʠʤ ʯʠʥʦʤ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʽ ʨʦʟʨʦʙʣʝʥʠʡ ʚʘʨʽʘʥʪ ʢoʤʧʣʝʢʩʫ 

ʟʘʭoʜiʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦʾ ʛʦʪʦʚʥʦʩʪʽ ʛʦʣʦʚʥʦʛʦ ʜʚʠʛʫʥʘ Caterpillar 

3512ʉ ʩʫʜʥʘ-ʙʫʢʩʠʨʫ ʧʨʦʝʢʪʫ ʊ2440 çANTARESè ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ 

ʦʩʥʦʚʽ ʙʘʛʘʪʦʩʝʢʮʽʡʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ. 

ɺʠʩʥʦʚʢʠ. ɹʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʥʘʡʙʽʣʴʰ ʩʫʪʪʻʚʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʩʫʯʘʩʥʦʛʦ ʙʫʢʩʠʨʘ çANTARESè ʽ ʩʫʜʥʦʚʦʛʦ ʜʚʠʛʫʥʘ ʤʦʜʝʣʽ 3512ʉ 

ʬʽʨʤʠ Caterpillar. ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʟʨʦʙʣʝʥʦ ʨʷʜ ʟʘʭʦʜʽʚ ʱʦʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦʾ ʛʦʪʦʚʥʦʩʪʽ ʛʦʣʦʚʥʦʛʦ ʜʚʠʛʫʥʘ Caterpillar 3512ʉ ʩʫʜʥʘ- 

ʙʫʢʩʠʨʫ ʧʨʦʝʢʪʫ ʊ2440 çANTARESè ʟʘ ʨʘʭʫʥʦʢ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ 

ʦʭʦʣʦʜʞʝʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʨʥʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ, ʱʦ 

ʚʠʢʣʠʢʘʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʧʽʜʚʠʱʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦʾ ʛʦʪʦʚʥʦʩʪʽ ʩʫʜʥʦʚʦʛʦ 
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ʜʚʠʛʫʥʘ, ʜʣʷ ʧʦʚʥʦʮʽʥʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʩʫʜʥʦʤ 

ʧʦʨʪʦʚʦʛʦ ʢʣʘʩʫ ʟʘ ʨʘʭʫʥʦʢ ʚʩʪʘʥʦʚʣʝʥʥʷ ʙʘʛʘʪʦʩʝʢʮʽʡʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʘʢʫʤʫʣʷʪʦʨʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʚ ʩʠʩʪʝʤʫ ʦʭʦʣʦʜʞʝʥʥʷ. ɺ ʮʽʣʦʤʫ ʚʩʽ ʮʽʣʽ, ʱʦ 

ʩʪʘʚʠʣʠʩʴ ʚ ʨʦʙʦʪʽ ʜʦʩʷʛʥʫʪʽ. 
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ɸʅɸʃɯɿ ʈʆɿɺʀʊʂʋ ʇɯɼʍʆɼɯɺ ɼʆ ʄʆɼɽʃʖɺɸʅʅʗ ɿʐʍ 

ɸɺʊʆʄʆɹɯʃʔʅʆɻʆ ɼʀɿɽʃʗ ʋ ɺɯʊʏʀɿʅʗʅʆʄʋ 

ɼɺʀɻʋʅʆɹʋɼʋɺɸʅʅɯ 

        ʉʫʪʪʻʚʦʶ ʧʝʨʝʚʘʛʦʶ ʜʠʟʝʣʽʚ, ʷʢʽ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʟʘʥʦʚʦ, ʧʝʨʝʜ ʽʩʥʫʶʯʠʤʠ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʞʝ ʥʘʢʦʧʠʯʝʥʦʛʦ ʜʦʩʚʽʜʫ ʪʘ ʚʪʽʣʝʥʥʷ ʡʦʛʦ ʫ ʤʝʪʘʣ.  

ʅʦʚʠʤ, ʽ ʧʦʢʠ ʱʦ ʦʩʪʘʥʥʽʤ, ʥʘʧʨʷʤʢʦʤ ʜʠʟʝʣʝʙʫʜʫʚʘʥʥʷ ʋʢʨʘʾʥʠ ʻ ʩʪʚʦʨʝʥʥʷ 

ʤʘʣʦʣʽʪʨʘʞʥʠʭ ʜʠʟʝʣʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚʠʩʦʢʦʦʙʝʨʪʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ [1,2]. 

ʆʩʪʘʥʥʽ ʨʦʟʨʦʙʢʠ ʧʨʠʟʫʧʠʥʝʥʽ ʥʘ ʩʪʚʦʨʝʥʥʽ ʰʝʩʪʠʮʠʣʽʥʜʨʦʚʠʭ ʜʠʟʝʣʽʚ 

6ɼʊʅɸ1 ʪʘ 6ɼʊʅɸ2 (ʨʠʩ.1) ʜʣʷ ʚʽʪʯʠʟʥʷʥʠʭ ʘʚʪʦʙʫʩʽʚ ʤʘʣʦʛʦ ʢʣʘʩʫ ʢʘʪʝʛʦʨʽʾ 

ʄ3, ʧʦʚʥʦʶ ʤʘʩʦʶ ʚʽʜ 5 ʜʦ 8 ʪʦʥʥ, ʽ ʚʘʥʪʘʞʽʚʦʢ ʚʽʡʩʴʢʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 
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               ʈʠʩʫʥʦʢ 1  ï ʇʦʟʜʦʚʞʥʽʡ ʧʝʨʝʨʽʟ ʜʠʟʝʣʷ 6ɼʊʅɸ1: 
1  ï ʤʝʭʘʥʽʟʤ ʟʯʝʧʣʝʥʥʷ; 2 ï ʤʘʭʦʚʠʢ; 3  ï ʧʽʜʚʽʩʢʘ ʢʦʨʽʥʥʦʾ ʦʧʦʨʠ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ; 4 ï 

ʧʦʟʠʩʪʦʨʥʠʡ ʧʽʜʽʛʨʽʚʘʯ ʢʦʨʽʥʥʦʾ ʦʧʦʨʠ; 5 ï  ʦʭʦʣʦʜʞʫʚʘʯ ʤʘʩʣʘ; 6 ï ʤʘʩʣʦʟʘʙʽʨʥʠʡ ʚʽʜʩʽʢ; 7 ï 

ʧʦʟʠʩʪʦʨʥʽ ʧʽʜʽʛʨʽʚʘʯʽ ʤʘʩʣʘ ʫ ʤʘʩʣʦʟʘʙʽʨʥʦʤʫ ʚʽʜʩʽʢʫʽ; 8 ï ʜʝʤʧʬʝʨ ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ; 9 ï 

ʚʝʥʪʠʣʷʪʦʨ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ  

ʉʪʚʦʨʝʥʥʷ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ ʮʠʭ ʜʠʟʝʣʽʚ ʙʫʣʦ ʨʦʟʧʦʯʘʪʦ ʫ 2017 ʨʦʮʽ, ʘ ʾʭ 

ʧʦʧʝʨʝʯʥʽ ʪʘ ʧʦʟʜʦʚʞʥʽ ʧʝʨʝʨʽʟʠ ʚʠʢʦʥʘʥʽ ʪʽʣʴʢʠ ʫ ʮʴʦʤʫ ʨʦʮʽ. ɺʠʤʦʛʠ 

ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʭ ʜʠʟʝʣʽʚ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ.1. 

ʊʘʙʣʠʮʷ 1 - ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʟʝʣʽʚ 6ɼʊʅɸ1 ʪʘ 6ɼʊʅɸ2 
 ̄

ʟ/ʧ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʚʠʟʥʘʯʝʥʽ ʟʘ 

ʤʝʪʦʜʠʢʦʶ ɻʆʉʊ 14846-81, 

ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ. 

 

ʧʘʨʘʤʝʪʨʫ 

ʄʘʨʢʘ ʜʠʟʝʣʷ 

(ʚʽʡʩʴʢʦʚʝ ʧʨʠʟʥʘʯʝʥʥʷ ï ʣʽʪʝʨʘ "ʄ"  / ʮʠʚʽʣʴʥʝ 

ʧʨʠʟʥʘʯʝʥʥʷ ï ʙʝʟ ʣʽʪʝʨʠ) 

6ɼʊʅɸ1ʄ/6ɼʊʅɸ1 6ɼʊʅɸ2ʄ/6ɼʊʅɸ2 

1 2 3 4 

1 ʇʦʟʥʘʯʝʥʥʷ 6 ʏʅɸ-1 8,8/8,2 6 ʏʅɸ-2 8,8/8,2 

2 ʏʠʩʣʦ ʮʠʣʽʥʜʨʽʚ 6 6 

3 ʈʦʟʪʘʰʫʚʘʥʥʷ ʮʠʣʽʥʜʨʽʚ ʈʷʜʥʝ ʈʷʜʥʝ 

4 ʈʦʙʦʯʠʡ ʦʙôʻʤ ʜʠʟʝʣʷ, ʩʤ3 2988 2988 

5 ɼʽʘʤʝʪʨ ʮʠʣʽʥʜʨʘ, ʤʤ 88 88 

6 ʍʽʜ ʧʦʨʰʥʷ, ʤʤ 82 82 

7 ɺʽʜʥʦʰʝʥʥʷ S/D 0,93 0,93 

8 ʉʪʫʧʽʥʴ ʩʪʠʩʢʘʥʥʷ 18 18 

9 ʂʘʤʝʨʘ ʟʛʦʨʷʥʥʷ ʅʝʨʦʟʜʽʣʝʥʘ, 

ʚʽʜʢʨʠʪʘ 

ʅʝʨʦʟʜʽʣʝʥʘ, 

ʚʽʜʢʨʠʪʘ 

1 2 3 4 

10 ʉʠʩʪʝʤʘ ʧʘʣʠʚʦʧʦʜʘʯʽ ɹʝʟʧʦʩʝʨʝʜʥʴʦʾ ʜʽʾ ʊʠʧʫ Common Rail 

11 ʉʧʦʩʽʙ ʥʘʧʦʚʥʝʥʥʷ ʮʠʣʽʥʜʨʽʚ ʧʦʚʽʪʨʷʤ ʊʫʨʙʦʥʘʜʜʫʚ, ʨʝʛʫʣʶʻʪʴʩʷ ʊʫʨʙʦʥʘʜʜʫʚ, ʨʝʛʫʣʶʻʪʴʩʷ 

ʂʦʤʙʽʥʦʚʘʥʠʡ ʥʘʜʜʫʚ, 

ʨʝʛʫʣʶʻʪʴʩʷ 

ʂʦʤʙʽʥʦʚʘʥʠʡ ʥʘʜʜʫʚ, 

ʨʝʛʫʣʶʻʪʴʩʷ 

12 ʉʧʦʩʽʙ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʥʘʧʦʚʥʝʥʥʷ 

ʆʭʦʣʦʜʞʫʚʘʯ ʧʦʚʽʪʨʷ ʜʣʷ 

ʥʘʜʜʫʚʫ 

ʆʭʦʣʦʜʞʫʚʘʯ ʧʦʚʽʪʨʷ ʜʣʷ 

ʥʘʜʜʫʚʫ 

13 ʂʽʣʴʢʽʩʪʴ ʢʣʘʧʘʥʽʚ ʥʘ ʮʠʣʽʥʜʨ 2 4 

14 ʂʽʣʴʢʽʩʪʴ ʪʘ ʩʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʨʦʟʧʦʜʽʣʴʥʠʭ ʚʘʣʽʚ 
ʆʜʠʥ, ʚʝʨʭʥʻ ʨʦʟʪʘʰʫʚʘʥʥʷ ʆʜʠʥ, ʚʝʨʭʥʻ ʨʦʟʪʘʰʫʚʘʥʥʷ 
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15 ʅʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʢɺʪ (ʢ.ʩ.) 110(150) 129(175) 

16 ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʢ.ʚ. ʧʨʠ ʥʦʤʽʥʘʣʴʥʽʡ 

ʧʦʪʫʞʥʦʩʪʽ, ʭʚ-1 
3800/4200 3800/4200 

17 ʄʘʢʩʠʤʘʣʴʥʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ, ʅÖʤ 365 405 

18 ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʢ.ʚ. ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʢʨʫʪʥʦʤʫ ʤʦʤʝʥʪʽ, ʭʚ-1 
1600-2200 1600-2000 

19 ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʢ.ʚ. ʥʘ ʨʝʞʠʤʽ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ, ʭʚ-1 

ʄʽʥ̔ʤ. 800 

ʄʘʢʩʠʤ. 4100/4500 

ʄʽʥʽʤ. 600 

ʄʘʢʩʠʤ. 4100/4500 

20 ʄʽʥʽʤʘʣʴʥʘ ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ 

ʛ/(ʢɺʪÖʛʦʜ)( ʛ/(ʢ.ʩ.Öʛʦʜ)) 
230(170) 210(150) 

21 ɽʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ Euro-3/Euro-4 Euro-3/Euro-4 

 

 

       ɺʠʨʽʰʝʥʥʶ ʟʘʜʘʯʽ ʧʦʰʫʢʫ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʨʽʙʥʦʛʦ ʧʝʨʝʙʽʛʫ 

ʟʦʚʥʽʰʥʽʭ ʰʚʠʜʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʠʟʝʣʽʚ 6ɼʊʅɸ1 ʪʘ 6ɼʊʅɸ2 ʯʝʨʝʟ ʘʥʘʣʽʟ 

ʚʞʝ ʽʩʥʫʶʯʦʛʦ ʜʦʩʚʽʜʫ  ̔  ʧʨʠʩʚʷʯʝʥʽ  ʪʝʟʠ ʮʽʻʾ ʜʦʧʦʚʽʜʽ. 

       ʇʝʨʰʠʤ ʚʽʪʯʠʟʥʷʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʨʦʙʦʪʠ ʟʦʚʥʽʰʥʴʦ ʥʘʚʘʥʪʘʞʝʥʦʛʦ 

ʜʠʟʝʣʷ ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ  ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʾ 

ʯʘʩʪʦʪʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʜʦ ʯʘʩʪʦʪʠ ʥʦʤʽʥʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʻ ʨʦʙʦʪʘ [3]. ʉʘʤʝ ʮʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʜʫʚʘʣʦ ʧʦʷʚʽ ʜʝʚôʷʪʠ ʨʝʛʫʣʶʚʘʣʴʥʠʭ ʫʧʦʨʽʚ ʫ 

ʝʣʝʢʪʨʦʛʽʜʨʦʤʝʭʘʥʽʯʥʦʤʫ ʨʝʛʫʣʷʪʦʨʽ ʥʘʡʙʽʣʴʰ ʩʫʯʘʩʥʦʛʦ ʪʘʥʢʦʚʦʛʦ ʜʠʟʝʣʷ 6ʊɼ-

2ɽ.  ʇʦʷʚʽ ʞ 20 ʨʦʢʽʚ ʧʦʩʧʽʣʴ, ʘ ʩʘʤʝ ʫ 2007 ʨʦʮʽ [4], ʚʽʪʯʠʟʥʷʥʦʾ ʩʠʩʪʝʤʠ 

Common Rail ʥʝ ʧʦʱʘʩʪʠʣʦ ʧʽʪʠ ʜʘʣʽ ʻʜʠʥʦʛʦ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ʽʟ-ʟʘ ʟʥʘʯʥʦʾ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʚʽʜʩʪʘʣʦʩʪʽ ʜʚʠʛʫʥʦʙʫʜʽʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʋʢʨʘʾʥʽ. çɿʦʣʦʪʫ 

ʩʝʨʝʜʠʥʫè (ʨʠʩ.2,3) ʤʽʞ ʤʝʭʘʥʽʯʥʠʤ ʽ ʝʣʝʢʪʨʦʥʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʽʙʥʦʾ ɿʐʍ ʚʽʪʯʠʟʥʷʥʠʭ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʠʟʝʣʽʚ ʩʝʨʽʡ  

ʈʠʩʫʥʦʢ 2 ï  ɿʐʍ ʵʬʝʢʪʠʚʥʦʛʦ ʢʨʫʪʥʦʛʦ 

ʤʦʤʝʥʪʫ ʜʠʟʝʣʷ 4ʏʅ 8,6/8,8: 

1 ï ʩ ʤʝʭʘʥʽʯʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ (ʇʅɺʊ ï 

Bosch VE) ; 2 - ʟ ʩʠʩʪʝʤʦʶ Common Rail 

 

ʈʠʩʫʥʦʢ 4 ï ɼʠʤʣʝʥʥʷ ʜʠʟʝʣʷ 6ʊɼ-2ɽ ʥʘ 

ʨʝʞʠʤʽ ʚʽʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ 
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ʈʠʩʫʥʦʢ 3 ïɿʐʍ ʵʬʝʢʪʠʚʥʦʛʦ ʢʨʫʪʥʦʛʦ 

ʤʦʤʝʥʪʫ ʜʠʟʝʣʷ4ɼʊʅɸ1ʽʟ ʩʠʩʪʝʤʦʶHPM: 
1 - ʘʙʩʦʣʶʪʥʘ; 2 - ʧʦ ʧʦʯʘʪʢʫ ʜʠʤʣʝʥʥ̫ ; 3 ï

 ʵʢʩʧʣʫʘʪʘʮʽʡʥʘ, ʘʜʘʧʪʦʚʘʥʘ ʜʦ ʊɿ; 4 - ʥʝ 

ʧʨʠʩʪʦʩʦʚʘʥʘ ʜʦ ʊɿ  

 

 

 
ʈʠʩʫʥʦʢ 5 ï ɺʠʤʽʨʶʚʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʜʠʤʣʝʥʥʷ ʜʠʟʝʣʷ 4ɼʊʅɸ1 ʥʘ ʨʝʞʠʤʽ 

ʚʽʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ 
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4ɼʊʅɸ1 ʪʘ 6ɼʊʅɸ1 ʨʝʘʣʽʟʦʚʘʥʦ (ʚʠʢʣʶʯʥʦ ʜʣʷ ʚʽʪʯʠʟʥʷʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ) 

ʩʪʚʦʨʝʥʥʷʤ ʩʠʩʪʝʤʠ HPM  [5]. ʉʘʤʝ ʮʷ ʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʠʣʘ ʪʘʢʠʡ ʧʝʨʝʙʽʛ ɿʐʍ 

ʜʠʟʝʣʷ 4ɼʊʅɸ1, ʷʢʠʡ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʜʠʟʝʣʷ 6ʊɼ-2ɽ (ʨʠʩ.4) , ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ 

ʟʘ ɼʉʊʋ 4276:2004 [6] ʧʦʢʘʟʘʚ ʨʝʟʫʣʴʪʘʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʠʤʣʝʥʥʷ 67%  (ʨʠʩ.5) 

ʧʨʠ ʥʦʨʤʽ 72,5%.  ʇʨʠ ʮʴʦʤʫ ɿʐʍ ʜʠʟʝʣʷ 4ɼʊʅɸ1 ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ 

ʤʦʜʝʣʣʶ ʚʠʧʫʩʢʥʠʢʘ ʘʩʧʽʨʘʥʪʫʨʠ ʢʘʬʝʜʨʠ ɼɺɿ ʍʅɸɼʋ ʆʚʯʠʥʥʽʢʦʚʘ ʆ.ʆ. [5]. 

ɺʠʩʥʦʚʦʢ 

     ɸʥʘʣʽʟ ʤʘʡʞʝ 40-ʨʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʧʽʜʭʦʜʽʚ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ɿʐʍ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʜʠʟʝʣʷ  ʧʦʢʘʟʫʻ, ʱʦ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʩʪʚʦʨʝʥʥʷ ʚʽʪʯʠʟʥʷʥʠʭ 

ʰʝʩʪʠʮʠʣʽʥʜʨʦʚʠʭ ʜʠʟʝʣʽʚ 6ɼʊʅɸ1 ʪʘ 6ɼʊʅɸ2 ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʾʭ ʤʘʡʙʫʪʥʽʭ 

ɿʐʍ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʤʦʜʝʣʴ ʆʚʯʠʥʥʽʢʦʚʘ ʆ.ʆ. 

 

ʃʽʪʝʨʘʪʫʨʘ 

 

1.  ɻʨʠʮʶʢ ʆ.ɺ. ʅʦʚʠʡ ʥʘʧʨʷʤʦʢ ʫ ʜʠʟʝʣʝʙʫʜʫʚʘʥʥʽ ʋʢʨʘʾʥʠ / ʆ.ɺ.ɻʨʠʮʶʢ, ɯ.ɺ. 
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çʍʇɯè, 2011ï ˉ1. ï ʉ.48-53. 

2. ʊʝʭʥiʢʦ-ʝʢʦʥʦʤʽʯʥʝ ʦʙʛʨʫʥʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʝʨʞʘʚʥʦʾ ʧʽʜʪʨʠʤʢʠ ʫ 

ʚʠʢʦʥʘʥʥʽ ʽʥʥʦʚʘʮʽʡʥʦ-ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʨʦʝʢʪʫ çʈʦʟʨʦʙʣʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ 

ʚʠʨʦʙʥʠʮʪʚʦ ʤʘʣʦʣʽʪʨʘʞʥʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʜʠʟʝʣʷ ʧʦʪʫʞʥʽʩʪʶ 100-175 ʢ.ʩ. 

ʧʦʜʚʽʡʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ (ʉʣʦʙʦʞʘʥʩʴʢʠʡ ʜʠʟʝʣʴ)è: ʤʦʥʦʛʨʘʬʽʷ; ʟʘ ʨʝʜ. 

ʌ.ɯ.ɸʙʨʘʤʯʫʢʘ, ʆ.ɺ. ɻʨʠʮʶʢʘ ʪʘ ɯ.ɸ. ɼʤʠʪʨʽʻʚʘ. ï ʍʘʨʢʽʚ: ʍʅɸɼʋ, 2012. ï 164 

ʩ. 

3. ɻʨʠʮʶʢ ʆ.ɺ. ʄʝʭʘʥʽʟʤ ʚʧʣʠʚʫ ʧʫʩʢʦʚʦʛʦ ʧʦʚʽʪʨʷ ʥʘ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ 

ʜʚʫʭʪʘʢʪʥʦʛʦ ʚʠʩʦʢʦʦʙʝʨʪʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʠʟʝʣʷ ʧʨʠ ʡʦʛʦ ʧʫʩʢʽ / ʆ.ɺ. 

ɻʨʠʮʶʢ, ɺ.ɿ. ɼʫʙʨʦʚʩʴʢʠʡ // ɼʚʠʛʫʥʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ. ï ʍʘʨʢʽʚ: ʚʠʜʘʚʥ-

ʚʦ çɺʀʑɸ ʐʂʆʃɸè. 1988. ï ɺʠʧ. 47. ï ʉ. 23-28. 

4. ɻʨʠʮʶʢ ʆ.ɺ. ʈʝʟʫʣʴʪʘʪʠ ʙʝʟʤʦʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʜʠʟʝʣʴʥʦʾ 

ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʾ ʬʦʨʩʫʥʢʠ / ʆ.ɺ.ɻʨʠʮʶʢ, ɻ.ʆ. ʑʝʨʙʘʢʦʚ, 

ʆ.ʄ.ɺʨʫʙʣʝʚʩʴʢʠʡ, ɸ.ɺ.ɼʝʥʽʩʦʚ// ɼʚʠʛʫʥʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ï ʍʘʨʢʽʚ: 

ʅʊʋ çʍʇɯè, 2008ï ˉ2. ï ʉ.91-97. 

5. ʆʚʯʠʥʥʽʢʦʚ ʆ. ʆ. ʇʦʢʨʘʱʝʥʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʚʳʩʦʢʦʦʙʝʨʪʦʚʦʛʦ ʘʚʪʦʤʦʙʣ̔ʴʥʦʛʦ 

ʜʠʟʝʣʷ ʰʣʷʭʦʤ ʨʘʮ̔ʦʥʘʣʴʥʦʛʦ ʫʧʨʘʚʣʥ̔ʥ̫  ʧʘʣʠʚʦʧʦʜʘʯʝʶ: ʜʠʩ. ʥʘ ʟʜʦʙʫʪʪʷ 

ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥ̫ ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ: ʩʧʝʮ. 05.05.03 çɼʚʠʛʫʥʠ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ 

ʫʩʪʘʥʦʚʢʠè / ʆ.ʆ. ʆʚʯʠʥʥʽʢʦʚ. ï ʍʘʨʢ̔ʚ. 2016. ï 209 ʩ. 

6. ɼʉʊʋ 4276:2004. ʅʦʨʤʠ ʽ ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʴ ʜʠʤʥʦʩʪʽ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ 

ʛʘʟʽʚ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʜʠʟʝʣʷʤʠ ʘʙʦ ʛʘʟʦʜʠʟʝʣʷʤʠ. ï ʂʠʾʚ: ʅʘʮʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ. 

ï 14 ʩ. 



 120 

ɭʬʨʝʤʦʚ ɸʥʜʨʽʡ ʆʣʝʢʩʘʥʜʨʦʚʠʯ, ʘʩʧʽʨʘʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 
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ʈʆɿʈʆɹʂɸ ɺʀʄɯʈʖɺɸʃʔʅʆɻʆ ʂʆʄʇʃɽʂʉʋ ʇʆ ɼʆʉʃɯɼɾɽʅʅʖ 

ʍɺʀʃʔʆɺʀʍ ʗɺʀʑ ʋ ɺʇʋʉʂʅʆʄʋ ʂʆʃɽʂʊʆʈɯ ɼʀɿɽʃʔʅʆɻʆ ɼɺʀɻʋʅɸ 

 

 ʇʦʪʫʞʥʽʩʥʽ, ʝʢʦʥʦʤʽʯʥʽ ʡ ʝʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʦʨʰʥʝʚʠʭ ʜʚʠʛʫʥʽʚ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʦʩʢʦʥʘʣʽʩʪʶ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʛʘʟʦʚʠʭ ʩʠʩʪʝʤ ɼɺɿ. ɼʦ ʮʠʭ ʩʠʩʪʝʤ ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʚʽʜʥʦʩʷʪʴʩʷ 

ʩʠʩʪʝʤʠ ʚʧʫʩʢʫ (ʚʧʫʩʢʥʠʡ ʪʨʘʢʪ ʽ ʩʠʩʪʝʤʘ ʛʘʟʦʨʦʟʧʦʜʽʣʫ) ʽ ʚʠʧʫʩʢʫ, 

ʨʝʮʠʨʢʫʣʷʮʽʾ  ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ ʽ ʽʥʰ. 

ɺʧʫʩʢʥʠʡ ʪʨʘʢʪ ʜʚʠʛʫʥʘ ʩʣʫʞʠʪʴ ʜʣʷ ʧʽʜʚʝʜʝʥʥʷ ʩʚʽʞʦʛʦ ʟʘʨʷʜʫ (ʧʦʚʽʪʨʷ) 

ʜʦ ʮʠʣʽʥʜʨʽʚ. ɺʧʫʩʢʥʠʡ ʪʨʘʢʪ ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʟʘʙʽʨʥʠʢ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ, 

ʚʧʫʩʢʥʽ ʪʨʫʙʦʧʨʦʚʦʜʠ, ʧʦʚʽʪʨʷʥʠʡ ʬʽʣʴʪʨ, ʘʛʨʝʛʘʪ ʥʘʜʜʫʚʘʥʥʷ (ʧʨʠ ʥʘʷʚʥʦʩʪʽ), 

ʚʧʫʩʢʥʠʡ ʢʦʣʝʢʪʦʨ, ʚʧʫʩʢʥʽ ʧʘʪʨʫʙʢʠ ʡ ʚʧʫʩʢʥʽ ʢʘʥʘʣʠ ʛʦʣʦʚʢʠ ʮʠʣʽʥʜʨʽʚ.  

ʇʘʨʘʤʝʪʨʠ ʚʧʫʩʢʥʦʛʦ ʪʨʘʢʪʫ ʚʧʣʠʚʘʶʪʴ  ʥʘ ʧʦʢʘʟʥʠʢʠ ʥʘʧʦʚʥʝʥʥʷ 

ʮʠʣʽʥʜʨʽʚ ʜʚʠʛʫʥʘ. ɿʘ ʨʘʭʫʥʦʢ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ʪʨʫʙʦʧʨʦʚʦʜʽʚ 

ʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʧʫʩʢʥʦʛʦ ʪʨʘʢʪʫ ʤʦʞʥʘ ʜʦʤʦʛʪʠʩʷ ʟʥʘʯʥʦ ʙʽʣʴʰʦʛʦ 

ʥʘʧʦʚʥʝʥʥʷ ʮʠʣʽʥʜʨʽʚ, ʥʘʧʨʠʢʣʘʜ, ʰʣʷʭʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʬʦʨʤʠ ʚʠʛʠʥʽʚ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʚʠʧʫʩʢʥʦʾ ʩʠʩʪʝʤʠ. 

 ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʫʩʢʥʦʾ ʩʠʩʪʝʤʠ ʜʠʟʝʣʽʚ, ʘ ʪʘʢʦʞ ʩʠʩʪʝʤ ʥʘʜʜʫʚʫ 

ʥʝʤʦʞʣʠʚʦ ʙʝʟ ʩʪʚʦʨʝʥʥʷ ʥʘʜʽʡʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʪʝʥʜʽʚ ʦʩʥʘʱʝʥʠʭ 

ʩʫʯʘʩʥʦʶ ʚʠʤʽʨʶʚʘʣʴʥʦʶ ʪʘ ʨʝʻʩʪʨʫʶʯʦʶ ʘʧʘʨʘʪʫʨʦʶ, ʘ ʪʘʢ ʩʘʤʦ 

ʥʘʣʘʛʦʜʞʝʥʠʭ ʤʝʪʦʜʠʢ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʘʥʠʭ.  

 ɼʣʷ ʮʴʦʛʦ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʜʚʠʛʫʥʽʚ ʢʘʬʝʜʨʠ ɼɺʉ ʍʅɸɼʋ ʙʫʣʦ ʩʪʚʦʨʝʥʦ 

ʤʦʪʦʨʥʫ ʚʠʧʨʦʙʫʚʘʣʴʥʫ ʫʩʪʘʥʦʚʢʫ ʟ ʜʠʟʝʣʝʤ 4ʏʅ 12/14. 

 ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʣʘʩʷ ʟʘ ʾʾ ʚʧʣʠʚʦʤ ʥʘ ʪʦʧ-ʣʠʚʥʫ 

ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʪʘ ʦʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʜʠʟʝʣʷ, ʷʢʽ ʫ ʮʽʡ ʨʦʙʦʪʽ 

ʦʮʽʥʶʚʘʣʠʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʥʘʧʦʚʥʝʥʥʷ. 

 ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʤʦʜʝʨʥʽʟʦʚʘʥʦ 

ʥʘʷʚʥʠʡ ʫ ʣʘʙʦʨʘʪʦʨʽʾ ʢʘʬʝʜʨʠ ɼɺʉ ʍʅɸɼʋ ʤʦʪʦʨʥʠʡ ʩʪʝʥʜ ʟ ʜʚʠʛʫʥʦʤ 4ʏʅ 

12/14. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʩʪʝʥʜʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. 

 

 

ʈʠʩʫʥʦʢ 1 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʩʪʝʥʜʫ 
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 ʈʝʻʩʪʨʘʮʽʷ ʟʤʽʥʠ ʪʠʩʢʽʚ ʫ ʚʧʫʩʢʥʽʡ ʩʠʩʪʝʤʽ ʜʠʟʝʣʷ ʫ ʚʩʽʭ ʢʦʥʪʨʦʣʴʥʠʭ 

ʪʦʯʢʘʭ ʧʨʦʚʦʜʠʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʜʘʪʯʠʢʽʚ ʪʠʩʢʫ ʬʽʨʤʠ 

ñMotorolaò ʩʝʨʽʾ MPX5000, ʱʦ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʤʦʥʦʣʽʪʥʽ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ 

ʧʨʠʣʘʜʠ, ʦʩʥʘʱʝʥʽ ʟʘʩʦʙʘʤʠ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ, ʢʘʣʽʙʨʫʚʘʥʥʷ ʪʘ 

ʧʨʠʚʝʜʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʟʥʘʯʝʥʥʷʤ, ʱʦ ʩʧʨʦʱʫʻ ʽʥʪʝʨʬʝʡʩ ʟʽ 

ʩʪʘʥʜʘʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. 

 

 ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʪʯʠʢʽʚ ʪʠʩʢʫ ʩʝʨʽʾ MPX5000: 

- ʙʘʟʦʚʠʡ ʝʣʝʤʝʥʪ ï ʪʝʥʟʦʜʘʪʯʠʢ (X-duser); 

- ʚʙʫʜʦʚʘʥʘ ʩʭʝʤʘ ʥʦʨʤʘʣʽʟʘʮʽʾ ʩʠʛʥʘʣʫ - ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʚʽʜ 0.2 ʜʦ 4.7 ɺ; 

- ʚʙʫʜʦʚʘʥʝ ʢʘʣʽʙʨʫʚʘʥʥʷ; 

- ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʽʷ ʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 0 ʜʦ 85 ÁC; 

- ʦʜʥʦʚʭʦʜʦʚʘ ʪʘ ʜʠʬʝʨʝʥʮʽʡʥʘ ʢʦʥʬʽʛʫʨʘʮʽʾ; 

- ʤʽʮʥʠʡ ʝʧʦʢʩʠʜʥʠʡ ʢʦʨʧʫʩ; 

- ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ - 5 ɺ; 

- ʤʘʣʝ ʩʧʦʞʠʚʘʥʥʷ ʩʪʨʫʤʫ-7 ʤɸ; 

- ʟʤʽʱʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ - 0.2 ɺ; 

- ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ ʚʽʜʛʫʢʫ - 1.0 ʤʩʝʢ; 

- ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʧʦʢʘʟʘʥʴ; 

- ʤʘʣʽ ʛʘʙʘʨʠʪʠ ʪʘ ʚʘʛʘ ʜʘʪʯʠʢʘ ʫ ʟʙʦʨʽ ʟ ʚʭʽʜʥʠʤʠ ʧʦʨʪʘʤʠ; 

- ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʽ ʪʝʤʧʝʨʘʪʫʨ ʟʙʝʨʽʛʘʥʥʷ. 

 

ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʘʪʯʠʢʽʚ ʪʠʩʢʫ ʫ ʚʧʫʩʢʥʽʡ ʩʠʩʪʝʤʽ ʜʠʟʝʣʷ ʥʘʚʝʜʝʥʦ 

ʥʘ ʨʠʩʫʥʢʫ 2. 

 

ʈʠʩʫʥʦʢ 2 ï ɺʩʪʘʥʦʚʣʝʥʥʷ ʜʘʪʯʠʢʽʚ ʪʠʩʢʫ ʫ ʚʧʫʩʢʥʽʡ ʩʠʩʪʝʤʽ ʜʠʟʝʣʷ 

 

ʈʦʟʨʦʙʣʝʥʠʡ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ: 

- ʧʝʨʝʚʽʨʢʫ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ; 

- ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʧʝʨʝʚʽʨʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ  

ʥʘʣʘʰʪʦʚʘʥʦʛʦ ʚʧʫʩʢʫ ʟʘʙʝʟʧʝʯʫʻ ʨʝʟʦʥʘʥʩʥʠʡ ʥʘʜʜʫʚ ʥʘ ʜʠʟʝʣʷʭ ʟ 

ʛʘʟʦʪʫʨʙʽʥʥʠʤ ʥʘʜʜʫʚʦʤ ʧʨʠ ʾʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʟʘ ʰʚʠʜʢʽʩʥʦʶ ʽ 

ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

- ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʩʠʩʪʝʤʠ ʽ ʤʦʞʣʠʚʦʩʪʽ ʾʾ 

ʫʩʪʘʥʦʚʢʠ ʥʘ ʨʽʟʥʽ ʪʠʧʠ ʜʠʟʝʣʽʚ. 
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ʂʦʨʦʛʦʜʩʴʢʠʡ ɺʦʣʦʜʠʤʠʨ ɸʥʘʪʦʣʽʡʦʚʠʯ, ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ ʢʘʬ. ɼɺɿ, 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, 

korohodskiy@ukr.net  

ʋʩʦʚ ʆʣʝʢʩʘʥʜʨ ʆʣʝʢʩʘʥʜʨʦʚʠʯ, ʩʪʫʜʝʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, ad1m22uoo@stud.khadi.kharkov.ua  

ʄʘʪʠʩʢʦ ʆʣʝʢʩʽʡ ʆʣʝʢʩʘʥʜʨʦʚʠʯ, ʘʩʧʽʨʘʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, nebitnekrashen2017@gmail.com  

ʍʦʤʫʪʦʚ ʄʘʢʩʠʤ ɸʥʘʪʦʣʽʡʦʚʠʯ, ʘʩʧʽʨʘʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, m.a.homutov@gmail.com  

ɾʫʨʘʚʝʣʴ ʆʣʝʛ ɸʥʘʪʦʣʽʡʦʚʠʯ, ʩʪʫʜʝʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, ad6t20zoa@stud.khadi.kharkov.ua 

 

ɺʀɿʅɸʏɽʅʅʗ ɺʇʃʀɺʋ ʂʆʅʉʊʈʋʂʊʀɺʅʀʍ ʆʉʆɹʃʀɺʆʉʊɽʁ 

ʅɸɼʇʆʈʐɽɺʆɻʆ ʆɹôɭʄʋ ɼɺʆʊɸʂʊʅʆɻʆ ɼɺʀɻʋʅɸ ʅɸ  

ɯʅʊɽʅʉʀɺʅɯʉʊʔ ʈʋʍʋ ʈʆɹʆʏʆɻʆ ʊɯʃɸ ɺ ʂɸʄɽʈɯ ɿɻʆʈʗʅʅʗ  

 

ʆʜʥʠʤ ʽʟ ʝʬʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʧʦʣʽʧʰʝʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ [1] ʜʚʦʪʘʢʪʥʠʭ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ (ɼɺɿ) ʟ ʽʩʢʨʦʚʠʤ 

ʟʘʧʘʣʶʚʘʥʥʷʤ ʻ ʧʝʨʝʭʽʜ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʜʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʷ [2].  

ʅʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʷ 

(ɺʉʋ) ʫ ʜʚʦʪʘʢʪʥʦʤʫ ɼɺɿ ʟ ʽʩʢʨʦʚʠʤ ʟʘʧʘʣʶʚʘʥʥʷʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʧʦʨʩʢʫʚʘʥʥʷ ʧʘʣʠʚʘ (ɹɺʇ) ʚ ʮʠʣʽʥʜʨ. ɿʘʩʪʦʩʫʚʘʥʥʷ ɺʉʋ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɹɺʇ ʫ ʜʚʦʪʘʢʪʥʦʤʫ ɼɺɿ ʟ ʽʩʢʨʦʚʠʤ ʟʘʧʘʣʶʚʘʥʥʷʤ ʜʦʟʚʦʣʷʻ 

ʦʨʛʘʥʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʷ ʙʝʟ ʚʪʨʘʪ ʧʘʣʠʚʘ ʫ ʚʠʧʫʩʢʥʫ ʩʠʩʪʝʤʫ ʚ 

ʧʝʨʽʦʜ ʛʘʟʦʦʙʤʽʥʫ [3].  

ʆʨʛʘʥʽʟʘʮʽʷ ɺʉʋ ʜʦʟʚʦʣʷʻ ʜʦ 2 ʨʘʟʽʚ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ ʟʘ ʨʘʭʫʥʦʢ 

ʧʽʜʚʠʱʝʥʥʷ ʽʥʜʠʢʘʪʦʨʥʦʛʦ ʂʂɼ ʪʘ ʜʦʜʘʪʢʦʚʦ ʧʽʜʚʠʱʠʪʠ ʝʢʦʥʦʤʽʯʥʽʩʪʴ (ʜʦ 30 %) 

ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʣʶʯʝʥʥʷ ʚʪʨʘʪ ʧʘʣʠʚʘ ʧʨʠ ʧʨʦʜʫʚʮʽ ʮʠʣʽʥʜʨʘ [4]. ʇʨʠ ʮʴʦʤʫ, 

ʦʨʛʘʥʽʟʘʮʽʷ ʟʛʦʨʷʥʥʷ ʨʦʟʰʘʨʦʚʘʥʦʛʦ ʟʙʽʜʥʝʥʦʛʦ ʧʘʣʠʚʦʧʦʚʽʪʨʷʥʦʛʦ ʟʘʨʷʜʫ ʪʘʢʦʞ 

ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʚʤʽʩʪʫ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʘʭ [5].  

ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʢʣʶʯʘʻ ʚʨʘʭʫʚʘʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ ʢʘʤʝʨʽ ʟʛʦʨʷʥʥʷ ʻ ʘʢʪʫʘʣʴʥʠʤ.  

ʄʝʪʦʶ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʥʘʜʧʦʨʰʥʝʚʦʛʦ ʦʙôʻʤʫ ʜʚʦʪʘʢʪʥʦʛʦ ʜʚʠʛʫʥʘ 1ɼ 8,2/8,7 ʟ ʽʩʢʨʦʚʠʤ 

ʟʘʧʘʣʶʚʘʥʥʷʤ ʪʘ ʚʥʫʪʨʽʰʥʽʤ ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʷʤ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʫ 

ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ ʢʘʤʝʨʽ ʟʛʦʨʷʥʥʷ.  

ɼʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʟʘʚʜʘʥʴ:  

Å ʫʪʦʯʥʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ 

ʥʘʜʧʦʨʰʥʝʚʦʤʫ ʦʙôʻʤʽ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʥʘʧʽʚʨʦʟʜʽʣʝʥʦʾ ʩʠʤʝʪʨʠʯʥʦʾ ʢʘʤʝʨʠ 

ʟʛʦʨʷʥʥʷ ʥʘ ʪʘʢʪʘʭ ʩʪʠʩʢʫ ʪʘ ʨʦʟʰʠʨʝʥʥʷ;  

Å ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ ʥʘʜʧʦʨʰʥʝʚʦʤʫ ʦʙôʻʤʽ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʣʦʱʽ ʚʠʪʠʩʢʫʚʘʯʘ;  

Å ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ ʥʘʜʧʦʨʰʥʝʚʦʤʫ ʦʙôʻʤʽ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʟʦʨʫ ʤʽʞ ʜʥʠʱʝʤ ʧʦʨʰʥʷ ʪʘ ʚʠʪʠʩʢʫʚʘʯʝʤ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ ʫ 

ɺʄʊ.  

mailto:korohodskiy@ukr.net
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ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ ʥʘʜʧʦʨʰʥʝʚʦʤʫ ʦʙôʻʤʽ ʜʚʠʛʫʥʘ ʤʦʞʣʠʚʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʚ ʤʦʜʝʣʷʭ ʧʨʦʮʝʩʽʚ ɺʉʋ [6] ʪʘ ʟʛʦʨʷʥʥʷ [7].  

ɿ ʮʽʻʶ ʤʝʪʦʶ ʧʨʦʚʝʜʝʥʦ ʫʪʦʯʥʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 

ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ ʥʘʜʧʦʨʰʥʝʚʦʤʫ ʦʙôʻʤʽ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʥʘʧʽʚʨʦʟʜʽʣʝʥʦʾ 

ʩʠʤʝʪʨʠʯʥʦʾ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ ʥʘ ʪʘʢʪʘʭ ʩʪʠʩʢʫ ʪʘ ʨʦʟʰʠʨʝʥʥʷ.  

ʄʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʨʘʜʽʘʣʴʥʫ, ʦʩʴʦʚʫ ʪʘ ʩʫʤʘʨʥʫ ʰʚʠʜʢʽʩʪʴ 

ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ ʥʘʜʧʦʨʰʥʝʚʦʤʫ ʦʙôʻʤʽ ʜʚʦʪʘʢʪʥʦʛʦ ʜʚʠʛʫʥʘ 1ɼ 8,2/8,7, 

ʚʨʘʭʦʚʫʶʯʠ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ ʪʘ ʜʥʠʱʘ ʧʦʨʰʥʷ.  

ɼʣʷ ʜʚʦʪʘʢʪʥʦʛʦ ʜʚʠʛʫʥʘ ʟ ʽʩʢʨʦʚʠʤ ʟʘʧʘʣʶʚʘʥʥʷʤ ʡ ʥʘʧʽʚʨʦʟʜʽʣʝʥʦʶ 

ʩʠʤʝʪʨʠʯʥʦʶ ʢʘʤʝʨʦʶ ʟʛʦʨʷʥʥʷ ʟʤʽʥʫ ʥʘʜʧʦʨʰʥʝʚʦʛʦ ʦʙôʻʤʫ ʫʤʦʚʥʦ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʟʤʽʥʫ ʦʙôʻʤʫ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʚʠʪʠʩʢʫʚʘʯʘ ʽ ʜʥʠʱʝʤ ʧʦʨʰʥʷ Vʚ 

ʪʘ ʟʤʽʥʦʶ ʦʙôʻʤʫ ʤʽʞ ʧʣʦʱʠʥʦʶ ʧʦʚʝʨʭʥʽ ʛʦʨʣʦʚʠʥʠ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ ʽ ʜʥʠʱʝʤ 

ʧʦʨʰʥʷ Vʢ (ʨʠʩ. 1, 2):  

 

.
ɺʂ

dV dV dV
B K

= +      (1) 

 

 

  
 

ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʥʘʜʧʦʨʰʥʝʚʦʛʦ ʦʙ'ʻʤʫ ʜʚʠʛʫʥʘ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʨʦʙʦʯʦʛʦ 

ʪʽʣʘ ʚ ʮʠʣʽʥʜʨʽ ʥʘ ʪʘʢʪʽ ʩʪʠʩʢʫ 

 

ʈʠʩ. 2. ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʥʘʜʧʦʨʰʥʝʚʦʛʦ ʦʙ'ʻʤʫ ʜʚʠʛʫʥʘ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʨʦʙʦʯʦʛʦ 

ʪʽʣʘ ʚ ʮʠʣʽʥʜʨʽ ʥʘ ʪʘʢʪʽ ʨʦʟʰʠʨʝʥʥʷ 

 

ʊʘʢ ʷʢ ʪʠʩʢ ʪʘ ʱʽʣʴʥʽʩʪʴ ʟʘʨʷʜʫ r ʥʘ ʪʘʢʪʽ ʩʪʠʩʢʫ ʡ ʥʘ ʪʘʢʪʽ ʨʦʟʰʠʨʝʥʥʷ ʚ 

ʥʘʜʧʦʨʰʥʝʚʦʤʫ ʦʙ'ʻʤʽ ʧʨʦʪʷʛʦʤ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ dt 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ, ʪʦ ʥʘ ʪʘʢʪʽ ʩʪʠʩʢʫ ʚʥʘʩʣʽʜʦʢ ʚʽʜʥʦʩʥʦ ʙʽʣʴʰʦʾ 
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ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʫ Vʚ (dVʚ / Vʚ), ʥʽʞ ʦʙôʻʤʫ Vʢ (dVʢ / Vʢ), ʯʘʩʪʠʥʘ 

ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʟ ʧʦʨʦʞʥʠʥʠ Vʚ ʧʝʨʝʤʽʩʪʠʪʴʩʷ ʫ ʧʦʨʦʞʥʠʥʫ Vʢ (ʨʠʩ. 1). ʅʘ ʪʘʢʪʽ 

ʨʦʟʰʠʨʝʥʥʷ, ʥʘʚʧʘʢʠ, ʚʥʘʩʣʽʜʦʢ ʚʽʜʥʦʩʥʦ ʙʽʣʴʰʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʙʽʣʴʰʝʥʥʷ 

ʦʙôʻʤʫ  

Vʚ (dVʚ / Vʚ), ʥʽʞ ʦʙôʻʤʫ Vʢ (dVʢ / Vʢ), ʥʘʧʨʷʤʦʢ ʨʫʭʫ ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʛʦ ʪʽʣʘ 

ʩʧʨʷʤʦʚʘʥʦ ʟ ʧʦʨʦʞʥʠʥʠ Vʢ ʜʦ ʧʦʨʦʞʥʠʥʠ Vʚ (ʨʠʩ. 2).  

 

ʘʙʦ    

( ) ( ) ( )
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ʂʽʣʴʢʽʩʪʴ ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʛʦ ʪʽʣʘ, ʱʦ ʧʝʨʝʪʽʢʘʻ ʧʨʦʪʷʛʦʤ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ 

ʧʨʦʤʽʞʢʫ ʯʘʩʫ dt ʟ ʧʦʨʦʞʥʠʥʠ Vʚ ʚ ʧʦʨʦʞʥʠʥʫ Vʢ (ʪʘʢʪ ʩʪʠʩʢʫ) (ʨʠʩ. 1), ʘʙʦ ʟ 

ʧʦʨʦʞʥʠʥʠ Vʢ ʚ ʧʦʨʦʞʥʠʥʫ Vʚ (ʪʘʢʪ ʨʦʟʰʠʨʝʥʥʷ) (ʨʠʩ. 2) ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʯʝʨʝʟ ʱʽʣʴʥʽʩʪʴ ʟʘʨʷʜʫ r, ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʪʽʢʘʥʥʷ Wʚʢ ʪʘ ʧʣʦʱʫ 

ʢʘʥʘʣʫ fʢ, ʱʦ ʟ'ʻʜʥʫʻ ʯʘʩʪʠʥʫ ʥʘʜʧʦʨʰʥʝʚʦʛʦ ʦʙôʻʤʫ ʧʽʜ ʚʠʪʠʩʢʫʚʘʯʝʤ ʪʘ 

ʜʥʠʱʝʤ ʧʦʨʰʥʷ ʟ ʯʘʩʪʠʥʦʶ ʥʘʜʧʦʨʰʥʝʚʦʛʦ ʦʙôʻʤʫ ʤʽʞ ʛʦʨʣʦʚʠʥʦʶ ʢʘʤʝʨʠ 

ʟʛʦʨʷʥʥʷ ʪʘ ʜʥʠʱʝʤ ʧʦʨʰʥʷ.   

 

( ) .d V f W d
BK K BK

rÖ =rÖ Ö Ö t     (3) 

 

ʊʦʜʽ ʨʘʜʽʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʪʽʢʘʥʥʷ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʫ ʧʦʨʦʞʥʠʥʫ ʧʽʜ 

ʛʦʨʣʦʚʠʥʦʶ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ ʥʘ ʪʘʢʪʽ ʩʪʠʩʢʫ ʪʘ ʫ ʧʦʨʦʞʥʠʥʫ ʤʽʞ ʧʦʚʝʨʭʥʝʶ 

ʚʠʪʠʩʢʫʚʘʯʘ ʽ ʜʥʠʱʘ ʧʦʨʰʥʷ ʥʘ ʪʘʢʪʽ ʨʦʟʰʠʨʝʥʥʷ:  
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ʇʣʦʱʘ ʢʘʥʘʣʫ Kf  ʧʨʠʡʥʷʪʦ ʟʘ ʧʣʦʱʫ ʧʦʚʝʨʭʥʽ ʩʪʽʥʢʠ ʫʤʦʚʥʦʛʦ ʮʠʣʽʥʜʨʘ 

ʟ ʚʠʩʦʪʦʶ S, ʱʦ ʜʦʨʽʚʥʶʻ ʚʽʜʩʪʘʥʽ ʚʽʜ ʜʥʠʱʘ ʧʦʨʰʥʷ ʜʦ ʚʠʪʠʩʢʫʚʘʯʘ ʪʘ 
ʨʘʜʽʫʩʦʤ ʨʽʚʥʠʤ ʨʘʜʽʫʩʫ ʛʦʨʣʦʚʠʥʠ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ Rɻ (ʨʠʩ. 2).  

 

2
ɻ

f S R
K
= Ö ÖpÖ     (5) 

 

ʉʫʤʘʨʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ Wʩʫʤ ʚ ʥʘʜʧʦʨʰʥʝʚʦʤʫ ʦʙôʻʤʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʘʜʽʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʪʽʢʘʥʥʷ ʟʘʨʷʜʫ Wʚʢ ʪʘ 

ʦʩʴʦʚʦʾ ʰʚʠʜʢʽʩʪʴ ʟʘʨʷʜʫ WO:  
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2 2.
ʉʋʄ ɺʂ ʆ

W W W= +      (6) 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ ʥʘʜʧʦʨʰʥʝʚʦʤʫ 

ʦʙôʻʤʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʧʣʦʱʽ ʚʠʪʠʩʢʫʚʘʯʘ Sʚʠʪ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʟʘʟʦʨʽ  

ŭ = 0,0004 ʤ ʤʽʞ ʜʥʠʱʝʤ ʧʦʨʰʥʷ ʪʘ ʚʠʪʠʩʢʫʚʘʯʝʤ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ ʫ ɺʄʊ ʡ 

ʧʦʩʪʽʡʥʦʶ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ n = 3000 ʭʚ-1 ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 

3.  
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ɺʄʊ

Sʚʠʪ= 0,7 Sʧʦʨʰ

Sʚʠʪ= 0,6 Sʧʦʨʰ

Sʚʠʪ= 0,5 Sʧʦʨʰ

Sʚʠʪ= 0,4 Sʧʦʨʰ

Sʚʠʪ= 0,65 Sʧʦʨʰ

 
ʈʠʩ. 3. ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ ʥʘʜʧʦʨʰʥʝʚʦʤʫ ʦʙôʻʤʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʣʦʱʽ ʚʠʪʠʩʢʫʚʘʯʘ Sʚʠʪ/Sʧʦʨʰ (ŭ = 0,0004 ʤ; n = 3000 ʭʚ-1 ï const)  
 

ɿʤʽʥʘ ʧʣʦʱʽ ʚʠʪʠʩʢʫʚʘʯʘ Sʚʠʪ ʚʽʜʥʦʩʥʦ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʜʥʠʱʘ ʧʦʨʰʥʷ 

Sʧʦʨʰ ʚʽʜ Sʚʠʪ = 0,4ĿSʧʦʨʰ ʜʦ Sʚʠʪ = 0,7ĿSʧʦʨʰ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʟʤʽʥʫ ʦʩʴʦʚʦʾ 

ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʯʦʛʦ ʪʽʣʘ WO. ʇʨʠ ʧʝʨʝʩʫʚʘʥʥʽ ʧʦʨʰʥʷ ʚʽʜ ʅʄʊ ʜʦ ɺʄʊ 

ʟʥʘʯʝʥʥʷ ʦʩʴʦʚʦʾ ʰʚʠʜʢʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜ 0 ʜʦ 13,3 ʤ/ʩ (75 ʛʨʘʜ. ʧ.ʢ.ʚ. ʜʦ 

ɺʄʊ) ʪʘ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 0 ʚ ɺʄʊ. ʇʨʘʢʪʠʯʥʦ ʧʦʜʽʙʥʽ ʟʥʘʯʝʥʥʷ ʦʩʴʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʧʦʨʰʥʷ ʥʘ ʪʘʢʪʽ ʨʦʟʰʠʨʝʥʥʷ ʚʽʜ 

ɺʄʊ ʜʦ ʅʄʊ.  

ɿʥʘʯʝʥʥʷ ʨʘʜʽʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ Wʚʢ ʧʝʨʝʪʽʢʘʥʥʷ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʫ 

ʧʦʨʦʞʥʠʥʫ ʧʽʜ ʛʦʨʣʦʚʠʥʦʶ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ ʥʘ ʪʘʢʪʽ ʩʪʠʩʢʫ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʧʣʦʱʽ ʚʠʪʠʩʢʫʚʘʯʘ ʟʨʦʩʪʘʻ. ʄʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ Wʚʢ = 62,1 ʤ/ʩ ʧʨʠ  

Sʚʠʪ = 0,7ĿSʧʦʨʰ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘ 7 ʛʨʘʜ. ʧ.ʢ.ʚ. ʜʦ ɺʄʊ. ɿʽ ʟʤʝʥʰʝʥʥʷʤ 

ʧʣʦʱʽ ʚʠʪʠʩʢʫʚʘʯʘ ʜʦ Sʚʠʪ = 0,4ĿSʧʦʨʰ ʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʨʘʜʽʘʣʴʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ Wʚʢ = 26,2 ʤ/ʩ (7 ʛʨʘʜ. ʧ.ʢ.ʚ. ʜʦ ɺʄʊ).  

ɿʥʘʯʝʥʥʷ ʩʫʤʘʨʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ Wʩʫʤ ʜʦ 75 ʛʨʘʜ. ʧ.ʢ.ʚ. ʜʦ 

ɺʄʊ ʥʝ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʦʩʴʦʚʦʾ ʰʚʠʜʢʽʩʪʴ WO. ʇʨʠ ʥʘʙʣʠʞʝʥʥʽ 
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ʧʦʨʰʥʷ ʜʦ ɺʄʊ ʩʫʤʘʨʥʘ ʰʚʠʜʢʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʥʘ ʱʦ ʚʧʣʠʚʘʻ ʩʢʣʘʜʦʚʘ 

ʨʘʜʽʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ. ʄʘʢʩʠʤʘʣʴʥʘ ʩʫʤʘʨʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʨʽʚʥʷʥʥʘ ʨʘʜʽʘʣʴʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ. ʇʨʘʢʪʠʯʥʦ ʧʦʜʽʙʥʽ ʟʥʘʯʝʥʥʷ Wʚʢ ʪʘ Wʩʫʤ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘ ʪʘʢʪʽ ʨʦʟʰʠʨʝʥʥʷ ʩʠʤʝʪʨʠʯʥʦ ɺʄʊ.  

ɺʨʘʭʦʚʫʶʯʠ ʪʝʥʜʝʥʮʽʾ ʟʤʽʥʠ ʩʫʤʘʨʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ Wʩʫʤ ʨʦʙʦʯʦʛʦ ʪʽʣʘ 

ʷʢ ʥʘ ʪʘʢʪʽ ʩʪʠʩʢʫ, ʪʘʢ ʡ ʥʘ ʪʘʢʪʽ ʨʦʟʰʠʨʝʥʥʷ ʧʨʠ ʟʤʽʥʽ ʧʣʦʱʽ ʚʠʪʠʩʢʫʚʘʯʘ Sʚʠʪ 

ʪʘ ʜʽʘʧʘʟʦʥ ʚʽʜ 75 ʛʨʘʜ. ʧ.ʢ.ʚ. ʜʦ ɺʄʊ ʜʦ ʧʦʣʦʞʝʥʥʷ ʧʦʨʰʥʷ ʚ ɺʄʊ, ʜʝ ʥʝ 

ʟʤʝʥʰʫʻʪʴʩʷ ʨʽʚʝʥʴ ʰʚʠʜʢʦʩʪʽ, ʫ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʨʘʮʽʦʥʘʣʴʥʘ ʧʣʦʱʘ 

ʚʠʪʠʩʢʫʚʘʯʘ ʩʢʣʘʜʘʪʠʤʝ ʚʽʜ Sʚʠʪ = 0,65ĿSʧʦʨʰ ʪʘ ʙʽʣʴʰʝ.  

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ ʥʘʜʧʦʨʰʥʝʚʦʤʫ 

ʦʙôʻʤʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʟʦʨʫ ŭ ʤʽʞ ʜʥʠʱʝʤ ʧʦʨʰʥʷ ʪʘ ʚʠʪʠʩʢʫʚʘʯʝʤ ʢʘʤʝʨʠ 

ʟʛʦʨʷʥʥʷ ʫ ɺʄʊ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʧʣʦʱʽ ʚʠʪʠʩʢʫʚʘʯʘ (Sʚʠʪ = 0,65ĿSʧʦʨʰ) ʪʘ  

n = 3000 ʭʚ-1 ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.   
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Wʩʫʤ, ʩʪʠʩʢ Wʩʫʤ, ʨʦʟʰʠʨʝʥʥʷ

ɺʄʊ

ŭ = 0,0001 ʤ

ŭ = 0,0002 ʤ

ŭ = 0,0004 ʤ

ŭ = 0,0006 ʤ

 
ʈʠʩ. 4. ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ ʥʘʜʧʦʨʰʥʝʚʦʤʫ ʦʙôʻʤʽ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʟʦʨʫ ŭ ʤʽʞ ʜʥʠʱʝʤ ʧʦʨʰʥʷ ʪʘ ʚʠʪʠʩʢʫʚʘʯʝʤ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ ʫ 

ɺʄʊ  

(Sʚʠʪ = 0,65ĿSʧʦʨʰ; n = 3000 ʭʚ-1 ï const)   

 

ɿʤʝʥʰʝʥʥʷ ʟʘʟʦʨʫ ŭ ʤʽʞ ʜʥʠʱʝʤ ʧʦʨʰʥʷ ʪʘ ʚʠʪʠʩʢʫʚʘʯʝʤ ʢʘʤʝʨʠ 

ʟʛʦʨʷʥʥʷ ʫ ɺʄʊ ʚʽʜ 6 ʜʦ 1 ʤʤ ʩʧʨʷʻ ʟʙʽʣʴʰʝʥʥʶ ʷʢ ʨʘʜʽʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʧʝʨʝʪʽʢʘʥʥʷ ʨʦʙʦʯʦʛʦ ʪʽʣʘ (ʜʦ Wʚʢ = 114 ʤ/ʩ) ʫ ʧʦʨʦʞʥʠʥʫ ʧʽʜ ʛʦʨʣʦʚʠʥʦʶ 

ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ ʥʘ ʪʘʢʪʽ ʩʪʠʩʢʫ, ʪʘʢ ʡ ʩʫʤʘʨʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ 

Wʩʫʤ. ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʨʫʭʫ ʟʘʨʷʜʫ ʥʘ ʪʘʢʪʽ ʩʪʠʩʥʝʥʥʷ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ 

ʬʦʨʤʫʚʘʥʥʷ ʧʘʣʠʚʦʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʧʽʜ ʯʘʩ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʷ ʟ 
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ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʧʦʨʩʢʫʚʘʥʥʷ ʧʘʣʠʚʘ.  

ʇʨʠ ʮʴʦʤʫ ʟʤʝʥʰʝʥʥʷ ʟʘʟʦʨʫ ŭ ʪʘʢʦʞ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʨʘʜʽʘʣʴʥʦʾ Wʚʢ 

ʪʘ ʩʫʤʘʨʥʦʾ Wʩʫʤ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʥʘ ʪʘʢʪʽ ʨʦʟʰʠʨʝʥʥʷ ʟ ʩʝʨʝʜʠʥʠ 

ʥʘʜʧʦʨʰʥʝʚʦʛʦ ʦʙôʻʤʫ ʜʦ ʧʦʨʦʞʥʠʥʠ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʚʠʪʠʩʢʫʚʘʯʘ ʪʘ ʜʥʠʱʝʤ 

ʧʦʨʰʥʷ, ʱʦ ʩʧʨʠʷʻ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʨʫʭʫ ʟʘʨʷʜʫ ʚ ʧʨʦʮʝʩʽ ʟʛʦʨʷʥʥʷ ʪʘ 

ʜʦʦʢʠʩʥʝʥʥʷ ʥʝʟʛʦʨʽʣʠʭ ʯʘʩʪʦʢ ʧʘʣʠʚʘ, ʧʽʜʚʠʱʫʶʯʠ ʧʘʣʠʚʥʫ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʪʘ 

ʟʥʠʞʫʶʯʠ ʚʠʢʠʜʠ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʟ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤʠ ʛʘʟʘʤʠ.  

ɺʠʙʽʨ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʟʦʨʫ ʤʽʞ ʜʥʠʱʝʤ ʧʦʨʰʥʷ ʪʘ ʚʠʪʠʩʢʫʚʘʯʝʤ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʚʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʜʚʠʛʫʥʽʚ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʧʝʨʝʙʽʛʫ ʧʨʦʮʝʩʽʚ ʟʛʦʨʷʥʥʷ ï ʧʽʜʚʦʜʫ ʢʠʩʥʶ ʚ ʟʦʥʫ ʛʦʨʽʥʥʷ ʪʘ 

ʚʽʜʚʦʜʫ ʚʽʜ ʬʨʦʥʪʫ ʧʦʣʫʤôʷ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ.   

ʋ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʨʘʮʽʦʥʘʣʴʥʠʡ ʟʘʟʦʨ ŭ ʤʽʞ ʜʥʠʱʝʤ ʧʦʨʰʥʷ ʪʘ 

ʚʠʪʠʩʢʫʚʘʯʝʤ ʩʢʣʘʜʘʪʠʤʝ 4 ʤʤ.  

 

ɺʠʩʥʦʚʢʠ 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫʪʦʯʥʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʚʠʟʥʘʯʝʥʥʷ ʨʘʜʽʘʣʴʥʦʾ, ʦʩʴʦʚʦʾ ʪʘ ʩʫʤʘʨʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ 

ʥʘʜʧʦʨʰʥʝʚʦʤʫ ʦʙôʻʤʽ ʜʣʷ ʥʘʧʽʚʨʦʟʜʽʣʝʥʦʾ ʩʠʤʝʪʨʠʯʥʦʾ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ ʥʘ 

ʪʘʢʪʘʭ ʩʪʠʩʢʫ ʪʘ ʨʦʟʰʠʨʝʥʥʷ.  

ɺʠʟʥʘʯʝʥʽ ʟʥʘʯʝʥʥʷ ʨʘʜʽʘʣʴʥʦʾ, ʦʩʴʦʚʦʾ ʪʘ ʩʫʤʘʨʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 

ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ ʥʘʜʧʦʨʰʥʝʚʦʤʫ ʦʙôʻʤʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʧʣʦʱʽ 

ʚʠʪʠʩʢʫʚʘʯʘ (Sʚʠʪ = 0,4 - 0,7ĿSʧʦʨ)h ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ ʥʘ ʪʘʢʪʘʭ ʩʪʠʩʢʫ ʪʘ 

ʨʦʟʰʠʨʝʥʥʷ.  

ʋ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʚʠʟʥʘʯʝʥʘ ʨʘʮʽʦʥʘʣʴʥʘ ʧʣʦʱʘ ʚʠʪʠʩʢʫʚʘʯʘ, ʷʢʘ 

ʩʢʣʘʜʘʪʠʤʝ Sʚʠʪ = 0,65ĿSʧʦʨʰ.  

ɺʠʟʥʘʯʝʥʽ ʟʥʘʯʝʥʥʷ ʨʘʜʽʘʣʴʥʦʾ, ʦʩʴʦʚʦʾ ʪʘ ʩʫʤʘʨʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 

ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ ʥʘʜʧʦʨʰʥʝʚʦʤʫ ʦʙôʻʤʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʟʘʟʦʨʫ (ŭ = 1 - 6 

ʤʤ) ʤʽʞ ʜʥʠʱʝʤ ʧʦʨʰʥʷ ʪʘ ʚʠʪʠʩʢʫʚʘʯʝʤ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ ʫ ɺʄʊ ʥʘ ʪʘʢʪʘʭ 

ʩʪʠʩʢʫ ʪʘ ʨʦʟʰʠʨʝʥʥʷ.  

ʋ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʚʠʟʥʘʯʝʥʦ ʨʘʮʽʦʥʘʣʴʥʠʡ ʟʘʟʦʨ ŭ ʤʽʞ ʜʥʠʱʝʤ 

ʧʦʨʰʥʷ ʪʘ ʚʠʪʠʩʢʫʚʘʯʝʤ, ʷʢʠʡ ʩʢʣʘʜʘʪʠʤʝ 4 ʤʤ.  
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ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ, ʟʦʢʨʝʤʘ ʜʣʷ ʽʩʥʫʶʯʠʭ ʜʠʟʝʣʴʥʠʭ ʜʚʠʛʫʥʽʚ, ʷʢʽ 

ʙʫʜʫʪʴ ʧʝʨʝʦʙʣʘʜʥʘʥʽ ʥʘ ʛʘʟʦʚʽ.  

ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʦʜʥʝʚʠʭ ʧʘʣʠʚ ʙʫʣʘ 

ʧʨʦʚʝʜʝʥʘ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʥʘ ʤʦʪʦʨʥʦʤʫ ʩʪʝʥʜʽ. ʉʭʝʤʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʫ ʥʘ ʙʘʟʽ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ɼ21ɸ1 ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʡʦʛʦ ʨʦʙʦʪʠ ʧʨʦʜʫʢʪʘʭ ʢʦʥʚʝʨʩʽʾ ʤʝʪʘʥʦʣʫ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1., 

ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʩʪʝʥʜʫ ï ʥʘ ʨʠʩ. 2. ɼʚʠʛʫʥ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʫ ʤʽʛ 

ʧʨʘʮʶʚʘʪʠ ʚ ʪʨʴʦʭ ʨʝʞʠʤʘʭ: ʧʦʜʘʯʘ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ ʚ ʟʨʽʜʞʝʥʽʡ ʬʘʟʽ ʯʝʨʝʟ 

ʬʦʨʩʫʥʢʠ; ʧʦʜʘʯʘ ʧʨʦʜʫʢʪʽʚ ʢʦʥʚʝʨʩʽʾ ʤʝʪʘʥʦʣʫ ʯʝʨʝʟ ʛʘʟʦʚʠʡ ʨʝʜʫʢʪʦʨ; ʧʦʜʘʯʘ 

ʤʝʪʘʥʦʣʫ ʚ ʟʨʽʜʞʝʥʽʡ ʬʘʟʽ ʯʝʨʝʟ ʬʦʨʩʫʥʢʠ.  

ʄʝʪʘʥʦʣ ʧʦʜʘʚʘʚʩʷ ʟ ʧʘʣʠʚʥʦʛʦ ʙʘʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʘʣʠʚʥʦʛʦ ʥʘʩʦʩʫ ʯʝʨʝʟ ʨʝʛʫʣʷʪʦʨ ʪʠʩʢʫ ʧʘʣʠʚʘ. ɼʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʚʽʜʥʦʩʥʦ 

ʥʠʟʴʢʦ ʾʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʤʝʪʘʥʦʣʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʧʦʜʘʯʽ ʨʝʛʫʣʷʪʦʨ ʪʠʩʢʫ 

ʧʘʣʠʚʘ ʟʘʙʝʟʧʝʯʫʚʘʚ ʧʦʜʘʯʫ ʤʝʪʘʥʦʣʫ ʧʽʜ ʪʠʩʢʦʤ 0,5 ʄʇʘ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʝʛʫʣʶʚʘʥʥʷ ʤʝʪʘʥʦʣʴʥʦ-ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʥʘ ʜʚʠʛʫʥ ʙʫʚ ʟʤʦʥʪʦʚʘʥʠʡ 

ʜʨʦʩʝʣʴʥʠʡ ʧʘʪʨʫʙʦʢ ʟ ʜʨʦʩʝʣʴʥʦʶ ʟʘʩʣʽʥʢʦʶ. ʇʜ̔ʽʛʨʽʚ ʤʝʪʘʥʦʣʫ ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʢʦʥʚʝʨʩʽʾ ʟʜʽʡʩʥʶʚʘʚʩʷ ʚʽʜ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ ʘʙʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʨʽʜʠʥʥʠʡ ʧʽʜʽʛʨʽʚʘʯ ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ ʧʽʜ ʯʘʩ ʧʫʩʢʫ 

ʭʦʣʦʜʥʦʛʦ ʜʚʠʛʫʥʘ ʪʘ ʧʨʠ ʡʦʛʦ ʧʨʦʛʨʽʚʘʥʥʽ. 

 
ʅʝʡʪʨʘʣʽʟʘʪʦʨ

ɻʘʟʦʚʠʡ

ʨʝʜʫʢʪʦʨ

ʊʝʨʤʦʭʽʤʽʯʥʠʡ

ʨʝʘʢʪʦʨ

ʈʽʜʠʥʥʠʡ

ʧʽʜʽʛʨʽʚʘʯ

ʦʭʦʣʦʜʞʫʶʯʦʾ

ʨʽʜʠʥʠ

ʄʝʪʘʥʦʣ

ɺʽʜʧʨʘʮʴʦʚʘʥʽ

ʛʘʟʠ

ɹʘʢ ʟ

ʘʥʪʠʬʨʠʟʦʤ

ɻʣʫʰʥʠʢ

ʇʨʦʜʫʢʪʠ

ʢʦʥʚʝʨʩʽʾ

ʤʝʪʘʥʦʣʫ

ʇʦʚʽʪʨʷ

ɹʘʢ ʟ

ʤʝʪʘʥʦʣʦʤ

ʇʘʣʠʚʥʠʡ

ʝʣʝʢʪʨʠʯʥʠʡ

ʥʘʩʦʩ

ʈʝʛʫʣʷʪʦʨ

ʪʠʩʢʫ ʧʘʣʠʚʘ

ʊʝʧʣʦʽʟʦʣʷʮʽʷ

ʄʝʪʘʥʦʣ ʚ

ʟʨʽʜʞʝʥʽʡ

ʬʘʟʽ

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʫ ʥʘ ʙʘʟʽ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ 

ɼ21ɸ1 ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʡʦʛʦ ʨʦʙʦʪʠ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʦʜʥʝʚʠʭ 

ʧʘʣʠʚʘʭ    
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1 ï ʪʝʨʤʦʭʽʤʽʯʥʠʡ ʨʝʘʢʪʦʨ; 2 ï ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʜʚʠʛʫʥʘ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ; 3 ï ʜʠʟʝʣʴʥʠʡ ʜʚʠʛʫʥ ɼ21ɸ1; 4 ï ʛʘʟʦʚʠʡ ʨʝʜʫʢʪʦʨ 

ʈʠʩʫʥʦʢ 2 ï ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʩʪʝʥʜʫ ʥʘ ʙʘʟʽ ʜʚʠʛʫʥʘ ɼ21ɸ1 ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʦʜʥʝʚʠʭ ʩʫʤʽʰʘʭ    

 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʭʦʣʦʜʥʦʛʦ ʧʫʩʢʫ ʜʚʠʛʫʥʘ ʚ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʚʽʜ ʧʨʦʜʫʢʪʽʚ 

ʢʦʥʚʝʨʩʽʾ ʤʝʪʘʥʦʣʫ ʧʝʨʝʜ ʛʘʟʦʚʠʤ ʨʝʜʫʢʪʦʨʦʤ ʙʫʚ ʟʤʦʥʪʦʚʘʥʠʡ ʨʽʜʠʥʥʠʡ 

ʧʽʜʽʛʨʽʚʘʯ ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ Webasto Thermo Top C (5 ʢɺʪ). ʈʽʜʠʥʥʠʡ 

ʧʽʜʽʛʨʽʚʘʯ ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ ʚʽʜʢʣʶʯʘʚʩʷ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤʠ 

ʛʘʟʘʤʠ ʪʝʤʧʝʨʘʪʫʨʠ 300 Áʉ. ʊʝʨʤʦʢʘʪʘʣʽʪʠʯʥʠʡ ʨʝʘʢʪʦʨ ʢʦʥʚʝʨʩʽʾ ʤʝʪʘʥʦʣʫ 

ʚʩʪʘʥʦʚʣʶʚʘʚʩʷ ʫ ʚʠʧʫʩʢʥʠʡ ʩʠʩʪʝʤʽ ʜʠʟʝʣʷ ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʚʽʜ 

ʚʠʧʫʩʢʥʦʛʦ ʢʦʣʝʢʪʦʨʘ. 

ʄʝʪʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʧʦʨʽʚʥʷʥʥʷ ʦʩʥʦʚʥʠʭ 

ʧʦʪʫʞʥʽʩʥʠʭ ʪʘ ʧʘʣʠʚʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʦʙʣʘʜʥʘʥʦʛʦ 

ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ʧʨʠ ʡʦʛʦ ʨʦʙʦʪʽ ʥʘ ʜʠʟʝʣʴʥʦʤʫ ʧʘʣʠʚʽ ʪʘ ʧʨʦʜʫʢʪʘʭ 

ʢʦʥʚʝʨʪʘʮʽʾ ʤʝʪʘʥʦʣʫ. ɼʣʷ ʦʮʽʥʢʠ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʦʛʦ ʝʬʝʢʪʫ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʤʦʪʦʨʥʦʤʫ ʩʪʝʥʜʽ ʜʚʠʛʫʥʘ ɼ21ɸ1. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʾ ʰʚʠʜʢʽʩʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ D21A1, ʢʦʥʚʝʨʪʦʚʘʥʦʛʦ ʥʘ ʜʠʟʝʣʴʥʝ ʧʘʣʠʚʦ, ʤʝʪʘʥʦʣʴʥʝ 

ʧʘʣʠʚʦ ʪʘ ʘʣʴʪʝʨʥʘʪʠʚʥʫ ʚʦʜʥʝʚʫ ʧʘʣʠʚʥʫ ʩʫʤʽʰ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.  
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ʇʨʦʜʫʢʪʠ ʢʦʥʚʝʨʩʽʾ ʤʝʪʘʥʦʣʫ

(1 ʢʛ ʤʝʪʘʥʦʣʫ/6,45 ʢʛ ʧʦʚʽʪʨʷ)

 
ʈʠʩʫʥʦʢ 3 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ N ʚʽʜ ʯʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʚʠʛʫʥʘ n ʜʣʷ ʨʽʟʥʠʭ ʤʦʪʦʨʥʠʭ ʧʘʣʠʚ 
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ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʝʨʝʚʝʜʝʥʥʷ ʜʠʟʝʣʴʥʠʭ ʜʚʠʛʫʥʽʚ ʥʘ 

ʨʦʙʦʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʜʫʢʪʽʚ ʢʦʥʚʝʨʩʽʾ ʤʝʪʘʥʦʣʫ  ̒ ʜʦʩʠʪʴ ʚʠʛʽʜʥʠʤ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʜʚʠʛʫʥʘ ʥʘ ʨʝʞʠʤʽ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʡʦʛʦ ʰʚʠʜʢʽʩʥʦʛʦ ʨʝʞʠʤʫ. ɺ ʩʝʨʝʜʥʴʦʤʫ, ʚʝʣʠʯʠʥʘ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʚʽʜ 

ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʚʠʛʫʥʘ ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʠʟʝʣʴʥʠʤ ʧʘʣʠʚʦʤ ʧʨʠ ʨʦʙʦʪʽ ʥʘ 

100 % ʧʨʦʜʫʢʪʽʚ ʢʦʥʚʝʨʪʘʮʽʾ ʤʝʪʘʥʦʣʫ ʧʽʜʚʠʱʠʣʘʩʴ ʥʘ 82 %. ɿ ʚʨʘʭʫʚʘʥʥʷʤ 

ʪʦʛʦ, ʱʦ ʮʽʥʘ ʤʝʪʘʥʦʣʫ ʩʢʣʘʜʘʻ, ʚ ʩʝʨʝʜʥʴʦʤʫ, 10-20 % ʚʽʜ ʚʘʨʪʦʩʪʽ ʜʠʟʝʣʴʥʦʛʦ 

ʧʘʣʠʚʘ, ʧʝʨʝʚʝʜʝʥʥʷ ʜʠʟʝʣʴʥʠʭ ʜʚʠʛʫʥʽʚ ʥʘ ʨʦʙʦʪʫ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʫ ʚʦʜʥʝʚʫ 

ʧʘʣʠʚʥʫ ʩʫʤʽʰ ʻ ʝʢʦʥʦʤʽʯʥʦ ʜʦʩʠʪʴ ʚʠʛʽʜʥʠʤ. 

 

ʂʨʠʰʪʦʧʘ ʉʚʷʪʦʩʣʘʚ ɯʛʦʨʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬ., ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ, auto.ifntung@ukr.net 

ʄʠʩʽʚ ʆʣʝʛ ʆʣʝʛʦʚʠʯ, ʘʩʧʽʨʘʥʪ, ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

ɻʨʽʰʪʦʨ ʊʘʨʘʩ ʊʘʨʘʩʦʚʠʯ, ʘʩʧʽʨʘʥʪ, ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

ʉʦʣʷʨʯʫʢ ɯʚʘʥ ʄʠʭʘʡʣʦʚʠʯ, ʘʩʧʽʨʘʥʪ, ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʇʆʂɸɿʅʀʂɯɺ ʈʆɹʆʊʀ ʇɽʈɽʆɹʃɸɼʅɸʅʆɻʆ ʅɸ 

ʇɯʈʆʃɯɿʅʀʁ ɻɸɿ ɼʀɿɽʃʔʅʆɻʆ ɼɺʀɻʋʅɸ  

 

ʎʽʣʴ ʨʦʙʦʪʠ ï ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʠʜʽʚ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʘʭ 

ʜʠʟʝʣʴʥʠʭ ʜʚʠʛʫʥʽʚ ʪʘ ʜʚʠʛʫʥʽʚ ʢʦʥʚʝʨʪʦʚʘʥʠʭ ʥʘ ʛʘʟʦʚʝ ʧʽʨʦʣʽʟʥʝ ʧʘʣʠʚʦ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʚʢʘʟʘʥʦʾ ʮʽʣʽ ʚʠʥʦʩʷʪʴʩʷ ʪʘʢʽ ʟʘʜʘʯʽ: ʨʦʟʨʦʙʠʪʠ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʨʦʟʨʘʭʫʥʢʫ ʚʠʢʠʜʽʚ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʘʭ 

ʜʠʟʝʣʴʥʠʭ ʜʚʠʛʫʥʽʚ ʪʘ ʜʚʠʛʫʥʽʚ ʢʦʥʚʝʨʪʦʚʘʥʠʭ ʥʘ ʧʽʨʦʣʽʟʥʫ ʛʘʟʦʚʫ ʩʫʤʽʰ; 

ʚʩʪʘʥʦʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʚʠʢʠʜʽʚ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʘʭ 

ʜʚʠʛʫʥʘ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʜʠʟʝʣʴʥʦʤʫ ʧʘʣʠʚʽ ʪʘ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʧʽʨʦʣʽʟʥʽʡ ʛʘʟʦʚʽʡ 

ʩʫʤʽʰʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʚʠʛʫʥʘ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʨʦʟʨʘʭʫʥʢʠ ʚʠʢʠʜʽʚ 

ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʘʭ ʪʘ ʪʝʤʧʝʨʘʪʫʨ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ ʫ ʢʘʤʝʨʽ 

ʟʛʦʨʘʥʥʷ ʜʠʟʝʣʴʥʠʭ ʜʚʠʛʫʥʘʭ, ʢʦʥʚʝʨʪʦʚʘʥʠʭ ʥʘ ʧʽʨʦʣʽʟʥʝ ʛʘʟʦʚʝ ʧʘʣʠʚʦ ʥʘ 

ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ. ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʽʚ ˇʨʫʥʪʫʚʘʣʘʩʴ ʥʘ ʦʩʥʦʚʥʠʭ 

ʟʘʩʘʜʘʭ ʪʝʨʤʽʯʥʦʾ ʪʝʦʨʽʾ: ʢʽʣʴʢʽʩʪʴ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʶ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʛʦʨʽʥʥʷ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʘʟʦʪʫ ʽ ʢʠʩʥʶ ʚ ʧʨʦʜʫʢʪʘʭ ʟʛʦʨʘʥʥʷ; 

ʢʽʣʴʢʽʩʪʴ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʦʜʫʢʪʽʚ 

ʟʛʦʨʘʥʥʷ; ʫʪʚʦʨʝʥʥʷ ʜʽʦʢʩʠʜʽʚ ʘʟʦʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʰʝ ʚ ʫʤʦʚʘʭ ʙʽʣʴʰ 

ʙʽʜʥʦʾ ʧʘʣʠʚʥʦ-ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ; ʦʢʠʩʣʝʥʥʷ ʘʟʦʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ 

ʣʘʥʮʶʛʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʪʘ ʚ ʟʦʥʽ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʘʥʥʷ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʠʡʥʷʪʽ 

ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʧʨʠʧʫʱʝʥʥʷ: ʢʽʣʴʢʽʩʪʴ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʽʤʽʯʥʦʾ 

ʧʨʠʨʦʜʠ ʧʘʣʠʚʘ; ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʠʩʢʠ ʚ ʟʦʥʽ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʘʥʥʷ ʦʜʥʘʢʦʚʽ ʫ ʚʩʽʭ 

ʪʦʯʢʘʭ ʢʘʤʝʨʠ ʟʛʦʨʘʥʥʷ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ ʮʠʢʣʫ; ʧʨʦʜʫʢʪʠ ʟʛʦʨʘʥʥʷ ʦʜʥʦʨʽʜʥʽ ʟʘ 

ʩʦʩʪʘʚʦʤ. 
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ʄʝʪʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʘ ʧʝʨʝʚʽʨʢʘ ʨʦʟʨʦʙʣʝʥʦʾ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʢʠʜʽʚ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʘʭ 

ʜʠʟʝʣʴʥʠʭ ʜʚʠʛʫʥʽʚ, ʢʦʥʚʝʨʪʦʚʘʥʠʭ ʥʘ ʧʽʨʦʣʽʟʥʝ ʛʘʟʦʚʝ ʧʘʣʠʚʦ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ 

ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʚ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ 

ʫʥʽʚʝʨʩʠʪʝʪʽ ʥʘʬʪʠ ʽ ʛʘʟʫ ʙʫʣʦ ʧʝʨʝʦʙʣʘʜʥʘʥʦ ʜʣʷ ʨʦʙʦʪʠ ʥʘ ʧʽʨʦʣʽʟʥʽʡ ʛʘʟʦʚʽʡ 

ʩʫʤʽʰʽ ʜʠʟʝʣʴʥʠʡ ʜʚʠʛʫʥ ʤʦʜʝʣʽ X17DTL ʘʚʪʦʤʦʙʽʣʷ ʆʧʝʣʴ ɸʩʪʨʘ (ʨʠʩ. 1).  

ɼʣʷ ʧʝʨʝʚʝʜʝʥʥʷ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ʘʚʪʦʤʦʙʽʣʷ ʆʧʝʣʴ ɸʩʪʨʘ ʥʘ ʛʘʟ ʙʫʣʦ 

ʚʠʢʦʥʘʥʦ ʥʘʩʪʫʧʥʝ: ʟʥʠʞʝʥʘ ʩʪʝʧʽʥʴ ʩʪʠʩʢʫ ʜʚʠʛʫʥʘ; ʟʤʦʥʪʦʚʘʥʦ ʛʘʟʦʚʫ 

ʘʧʘʨʘʪʫʨʫ ʽʪʘʣʽʡʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ; ʚʩʪʘʥʦʚʣʝʥʘ ʦʨʠʛʽʥʘʣʴʥʘ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʘ 

DIS-ʩʠʩʪʝʤʘ ʟʘʧʘʣʝʥʥʷ ʚʣʘʩʥʦʾ ʨʦʟʨʦʙʢʠ; ʦʧʪʠʤʽʟʦʚʘʥʘ ʨʦʙʦʪʘ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʜʚʠʛʫʥʦʤ. ʂʦʨʦʪʢʘ ʪʝʭʥʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʨʝʦʙʣʘʜʥʘʥʦʛʦ 

ʜʚʠʛʫʥʘ ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣ. 1. 

 

   
                      ʘ)                                           ʙ)                                          ʚ) 

ʈʠʩʫʥʦʢ 1 ï ɼʠʟʝʣʴʥʠʡ ʣʝʛʢʦʚʠʡ ʘʚʪʦʤʦʙʽʣʴ ʆʧʝʣʴ ɸʩʪʨʘ ʢʦʥʚʝʨʪʦʚʘʥʠʡ ʥʘ 

ʧʽʨʦʣʽʟʥʫ ʛʘʟʦʚʫ ʩʫʤʽʰ: ʘ ï ʜʠʟʝʣʴʥʠʡ ʜʚʠʛʫʥ ʤʦʜʝʣʽ X17DTL; ʙ ï ʜʝʤʦʥʪʦʚʘʥʘ 

ʛʦʣʦʚʢʘ ʙʣʦʢʘ ʧʝʨʝʦʙʣʘʜʥʘʥʦʛʦ ʜʚʠʛʫʥʘ; ʚ ï ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ ʧʝʨʝʦʙʣʘʜʥʘʥʠʡ 

ʜʚʠʛʫʥ ʛʦʣʦʚʢʘ ʙʣʦʢʘ  

 

ʊʘʙʣʠʮʷ 1 ï ʂʦʨʦʪʢʘ ʪʝʭʥʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʨʝʦʙʣʘʜʥʘʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ 

ʜʚʠʛʫʥʘ ʤʦʜʝʣʽ X17DTL ʘʚʪʦʤʦʙʽʣʷ ʆʧʝʣʴ ɸʩʪʨʘ 

ʅʘʟʚʘ ʧʘʨʘʤʝʪʨʘ ɿʥʘʯʝʥʥʷ 

ɹʘʟʦʚʠʡ ʜʚʠʛʫʥ ɼʠʟʝʣʴʥʠʡ, ʟ ʝʣʝʢʪʨʦʥʥʦʶ ʩʠʩʪʝʤʦʶ 

ʚʧʨʠʩʢʫʚʘʥʥʷ Bosch EDC 15M 

ʂʦʥʚʝʨʪʦʚʘʥʠʡ ʜʚʠʛʫʥ ɻʘʟʦʚʠʡ, ʟ ʩʠʩʪʝʤʦʶ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʨʦʙʢʠ ɯʌʅʊʋʅɻ 

ʈʦʙʦʯʠʡ ʦʙôʻʤ ʜʚʠʛʫʥʘ, ʩʤ3 1669 

ʅʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʢɺʪ (ʢ.ʩ.) 50 (68) 

ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʚʘʣʘ ʧʨʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽʡ ʧʦʪʫʞʥʦʩʪʽ, ʦʙ./ʭʚ. 

 

4500 

ʉʪʝʧʽʥʴ ʩʪʠʩʢʫ ʙʘʟʦʚʦʛʦ ʜʠʟʝʣʴʥʦʛʦ 

ʜʚʠʛʫʥʘ  

22,0 

ʉʪʝʧʽʥʴ ʩʪʠʩʢʫ ʢʦʥʚʝʨʪʦʚʘʥʦʛʦ 

ʛʘʟʦʚʦʛʦ ʜʚʠʛʫʥʘ 

13,1 
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ʅʘ ʨʠʩ. 2 ʟʦʙʨʘʞʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʠʢʠʜʽʚ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ 

ʛʘʟʘʭ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ʤʦʜʝʣʽ X17DTL ʘʚʪʦʤʦʙʽʣʷ ʆʧʝʣʴ ɸʩʪʨʘ ʧʨʠ ʨʦʙʦʪʽ 

ʥʘ ʜʠʟʝʣʴʥʦʤʫ ʧʘʣʠʚʽ ʪʘ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʧʽʨʦʣʽʟʥʽʡ ʩʫʤʽʰʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ. ʊʘʢ, ʧʨʠ ʨʦʙʦʪʽ ʙʘʟʦʚʦʛʦ ʜʚʠʛʫʥʘ ʤʦʜʝʣʽ 

X17DTL ʘʚʪʦʤʦʙʽʣʷ ʆʧʝʣʴ ɸʩʪʨʘ ʥʘ ʜʠʟʝʣʴʥʦʤʫ ʧʘʣʠʚʽ ʧʨʠ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ 900 ʦʙ./ʭʚ. ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʥʝʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ 

ʚʠʢʠʜʽʚ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʘʭ ʟ 760 ppm ʜʦ 620 ppm ʧʨʠ ʨʦʙʦʪʽ 

ʢʦʥʚʝʨʪʦʚʘʥʦʛʦ ʜʚʠʛʫʥʘ ʥʘ ʧʽʨʦʣʽʟʥʽʡ ʩʫʤʽʰʽ, ʘʙʦ ʥʘ 19,5 %. ɸʣʝ ʧʨʠ ʨʦʙʦʪʽ 

ʙʘʟʦʚʦʛʦ ʜʚʠʛʫʥʘ ʤʦʜʝʣʽ X17DTL ʥʘ ʜʠʟʝʣʴʥʦʤʫ ʧʘʣʠʚʽ ʥʘ ʚʠʩʦʢʽʡ ʯʘʩʪʦʪʽ 

ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ 4500 ʦʙ./ʭʚ. ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʫʪʪʻʚʦ ʚʠʱʝ 

ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʘʭ ʟ 630 ppm ʜʦ 470 ppm 

ʧʨʠ ʨʦʙʦʪʽ ʢʦʥʚʝʨʪʦʚʘʥʦʛʦ ʜʚʠʛʫʥʘ ʥʘ ʧʽʨʦʣʽʟʥʽʡ ʩʫʤʽʰʽ, ʘʙʦ ʥʘ 25,4 %. 

 

400

NOx,

500
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900
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2100 33001500 4500n, ȃǶ./ȊǷ.900 2700
 

ïïïïïï ʨʦʙʦʪʘ ʜʚʠʛʫʥʘ ʥʘ ʜʠʟʝʣʴʥʦʤʫ ʧʘʣʠʚʽ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ;  

ï ï ï ï  ʨʦʙʦʪʘ ʜʚʠʛʫʥʘ ʥʘ ʜʠʟʝʣʴʥʦʤʫ ʧʘʣʠʚʽ, ʪʝʦʨʝʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ;  

ééé ʨʦʙʦʪʘ ʜʚʠʛʫʥʘ ʥʘ ʛʘʟʦʚʦʤʫ ʧʽʨʦʣʽʟʥʦʤʫ ʧʘʣʠʚʽ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ 

ʟʘʣʝʞʥʽʩʪʴ;  

ï é ï  ʨʦʙʦʪʘ ʜʚʠʛʫʥʘ ʥʘ ʛʘʟʦʚʦʤʫ ʧʽʨʦʣʽʟʥʦʤʫ ʧʘʣʠʚʽ, ʪʝʦʨʝʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ;  

ʈʠʩʫʥʦʢ 2 ï ɿʘʣʝʞʥʦʩʪʽ ʚʠʢʠʜʽʚ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʘʭ 

ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ʤʦʜʝʣʽ X17DTL ʘʚʪʦʤʦʙʽʣʷ ʆʧʝʣʴ ɸʩʪʨʘ ʧʨʠ ʨʦʙʦʪʽ ʥʘ 

ʜʠʟʝʣʴʥʦʤʫ ʧʘʣʠʚʽ ʪʘ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʧʽʨʦʣʽʟʥʽʡ ʩʫʤʽʰʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ n 

 

ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʩʠʩʪʝʤ 

ʞʠʚʣʝʥʥʷ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ ʜʣʷ ʨʦʙʦʪʠ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʧʘʣʠʚʘʭ ʪʘ ʟʥʠʟʠʪʠ ʚʠʢʠʜʠ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʘʭ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʚʠʛʫʥʽʚ. 
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ʂʫʟʴʤʝʥʢʦ ɸʥʘʪʦʣʽʡ ʇʝʪʨʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮ. ʢʘʬʝʜʨʠ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʟʛʦʨʷʥʥʷ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, 

kuzmatolja@gmail.com, (095) 25-57-649 

ʉʦʣʦʜʢʠʡ ɭʚʛʝʥ ɯʛʦʨʦʚʠʯ, ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 

evgenijsolodkij98@gmail.com,  (066) 08-34-089  

ʉʪʦʷʥʦʚ ɹʦʛʜʘʥ ɼʤʠʪʨʦʚʠʯ ʩʪʫʜʝʥʪ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ                        

ʛʨ. ɸɼ-61-22, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ,  

bogdanstoyanov357@gmail.com, (098) 86-11-567 

ʂʫʣʴʤʠʥʩʴʢʠʡ ʆʣʝʢʩʘʥʜʨ ʆʣʝʢʩʘʥʜʨʦʚʠʯ ʩʪʫʜʝʥʪ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ                        

ʛʨ. ɸɼ-61-22, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ,  

samsung56101999@gmail.com, (050) 59-27-354 
 

 

ʆʉʅʆɺʅɯ ʊɽʅɼɽʅʎɯɰ ʉʊɺʆʈɽʅʅʗ ʊɸ ɼʆʉʃɯɼɾɽʅʅʗ 

ʉʋʏɸʉʅʀʍ ɺɯʊʏʀɿʅʗʅʀʍ ʐɺʀɼʂʆʍɯɼʅʀʍ ɼʀɿɽʃɯɺ 

ʈʆɿʄɯʈʅʆʉʊɯ 8,8/8,2 ʑʆ ʇɽʈɽʂʈʀɺɸʖʊʔ ɼɯɸʇɸɿʆʅ 

ʇʆʊʋɾʅʆʉʊɯ 25-150 ʂɺʊ. 

 

 

ʇʦʝʪʘʧʥʝ ʧʦʩʠʣʶʚʘʥʥʷ ʚʠʤʦʛ ʜʦ ʧʘʣʠʚʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʽ ʝʢʦʣʦʛʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʠʟʝʣʽʚ ʩʣʫʞʠʪʴ ʩʪʠʤʫʣʶʶʯʠʤ ʯʠʥʥʠʢʦʤ ʜʣʷ ʾʭ 

ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʦʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʻ ʝʚʦʣʶʮʽʡʥʠʡ 

ʰʣʷʭ ʨʦʟʚʠʪʢʫ ʽʩʥʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʧʨʦʩʪʽ ʪʘ ʜʝʰʝʚʽ ʫ ʚʧʨʦʚʘʜʞʝʥʥʽ 

ʨʽʰʝʥʥʷ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʧʦʜʘʣʴʰʦʤʫ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʠʟʝʣʷ [1].  

ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʧʘʣʠʚʥʦʾ ʘʧʘʨʘʪʫʨʠ ʚʽʪʯʠʟʥʷʥʠʭ ʰʚʠʜʢʦʭʽʜʥʠʭ ʜʠʟʝʣʴʥʠʭ ʜʚʠʛʫʥʽʚ 

ʨʦʟʤʽʨʥʦʩʪʽ 8,8/8,2 ʧʦʪʫʞʥʽʩʪʥʦʛʦ ʨʷʜʫ 25-150 ʢɺʪ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ 

ʢʦʥʢʫʨʫʚʘʥʥʷ ʟ ʟʘʢʦʨʜʦʥʥʠʤʠ ʘʥʘʣʦʛʘʤʠ.  

ʍʘʨʢʽʚʩʴʢʘ ʰʢʦʣʘ ʜʚʠʛʫʥʦʙʫʜʫʚʘʥʥʷ ʤʘʻ ʙʝʟʮʽʥʥʠʡ ʜʦʩʚʽʜ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʭ ʪʘ ʜʦʩʣʽʜʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʨʦʙʽʪ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ 

ʚʠʩʦʢʦʦʙʝʨʪʦʚʠʭ ʤʘʣʦʣʽʪʨʘʞʥʠʭ ʜʠʟʝʣʽʚ ʩʝʨʽʡ 4ɼʊʅɸ, ɼɸ10,  ʽ ʮʽʣʢʦʤ 

ʧʽʜʛʦʪʦʚʣʝʥʘ ʜʦ ʩʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʦʛʦ ʻʜʠʥʦʛʦ ʫʥʠʬʽʢʦʚʘʥʦʛʦ ʧʦʪʫʞʥʽʩʥʦʛʦ 

ʨʷʜʫ ʚʽʪʯʠʟʥʷʥʠʭ ʜʠʟʝʣʽʚ ʧʝʨʰʦʯʝʨʛʦʚʦʾ ʧʦʪʨʝʙʠ ʚ ʜʽʘʧʘʟʦʥʽ 25-150 ʢɺʪ ʚ 

ʨʦʟʤʽʨʥʦʩʪʽ ʮʠʣʽʥʜʨʫ 8,8/8,2.  

ɺ ʜʘʥʠʡ ʯʘʩ ʧʨʦʚʽʜʥʽ ʩʚʽʪʦʚʽ ʬʽʨʤʠ ʨʦʟʨʦʙʠʣʠ ʽ ʚʩʽʣʷʢʦ ʚʜʦʩʢʦʥʘʣʶʶʪʴ  

ʜʠʟʝʣʴʥʫ ʧʘʣʠʚʥʫ ʘʧʘʨʘʪʫʨʫ ʟ ʝʣʝʢʪʨʦʥʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ, ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʝ 

ʢʝʨʫʚʘʥʥʷ ʷʢʦʶ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʷʢʽʩʥʫ ʽ ʢʽʣʴʢʽʩʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʘʣʠʚʦʧʦʜʘʯʽ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʟʚ'ʷʟʘʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʮʠʢʣʦʚʦʾ ʧʦʜʘʯʽ, ʢʫʪʘ 

ʚʠʧʝʨʝʜʞʝʥʥʷ ʫʧʦʨʩʢʫʚʘʥʥʷ ʧʘʣʠʚʘ ʟ ʦʜʥʦʯʘʩʥʦʶ ʦʧʪʠʤʽʟʘʮʽʻʶ 

ʦʜʥʦʩʪʘʜʽʡʥʦʛʦ, ʩʪʫʧʽʥʯʘʩʪʦʛʦ ʘʙʦ ʙʘʛʘʪʦʩʪʘʜʽʡʥʦʛʦ ʫʧʦʨʩʢʫʚʘʥʥʷ [2]. 

ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʜʚʠʛʫʥʦʙʫʜʫʚʘʥʥʷ ʜʦ ʢʨʠʪʝʨʽʾʚ ʜʦʩʢʦʥʘʣʦʩʪʽ 

ʧʘʣʠʚʥʦʾ ʘʧʘʨʘʪʫʨʠ ʜʠʟʝʣʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: ʧʦʢʘʟʥʠʢʠ ʝʢʦʥʦʤʽʯʥʦʩʪʽ, 

ʧʦʪʫʞʥʦʩʪʽ, ʰʫʤʥʦʩʪʽ ʨʦʙʦʪʠ ɼɺɿ, ʚʝʣʠʯʠʥʠ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʟ 
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ʚʽʜʧʨʘʮʴʦʚʘʥʠʤʠ ʛʘʟʘʤʠ, ʜʠʥʘʤʽʯʥʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ, ʥʘʜʽʡʥʦʩʪʽ ʟʘʧʫʩʢʫ, 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʠʩʪʦʩʫʚʘʥʥʷ, ʦʙʤʝʞʝʥʥʽ ʧʦ ʪʠʩʢʫ ʚ ʮʠʣʽʥʜʨʽ ʜʠʟʝʣʷ, ʞʦʨʩʪʢʦʩʪʽ 

ʟʛʦʨʷʥʥʷ, ʪʝʧʣʦʚʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʽʚ ʧʝʨʝʜ ʪʫʨʙʠʥʦʶ, 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʧʘʣʠʚ. 

ʅʘʚʽʪʴ ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʧʘʣʠʚ ʨʽʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦ-

ʙʣʝʤ ʟʘʚʞʜʠ ʧʦʚôʷʟʘʥʝ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʧʘʣʠʚʥʦʾ ʘʧʘʨʘʪʫʨʠ. ʊʘʢ, ʟʘ ʜʘʥʠʤʠ 

ʬʽʨʤʠ Bosch [3], ʚʠʢʦʥʘʥʥʷ ʥʦʨʤ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʟ 

ʚʽʜʧʨʘʮʴʦʚʘʥʠʤʠ ʛʘʟʘʤʠ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʠʟʝʣʽʚ, Euro-IV ʚ ʮʽʣʦʤʫ 

ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ 10-ʤʘ ʦʩʥʦʚʥʠʤʠ ʟʘʭʦʜʘʤʠ, ʟ ʷʢʠʭ ʰʽʩʪʴ ʥʘʣʝʞʠʪʴ ʜʦ ʧʘʣʠʚʥʦʾ 

ʘʧʘʨʘʪʫʨʠ. ɺ ʨʦʙʦʪʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʩʫʯʘʩʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʘʣʠʚʥʦʾ ʘʧʘʨʘʪʫʨʠ 

ʜʠʟʝʣʽʚ ʘʥʘʣʦʛʽʚ, ʟ ʯʦʛʦ ʧʨʦʩʣʽʜʫʚʘʚ ʚʠʩʥʦʚʦʢ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʦʪʫʞʥʽʩʪʥʦʛʦ ʨʷʜʫ ʧʘʣʠʚʥʦʾ ʘʧʘʨʘʪʫʨʠ ʟ ʝʣʝʢʪʨʦʥʥʠʤ 

ʢʝʨʫʚʘʥʥʷʤ. ʉʭʝʤʘ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 

ʈʠʩʫʥʦʢ 1 - ʉʠʩʪʝʤʘ ʟ ʝʣʝʢʪʨʦʥʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʪʠʧʫ ʉR: 

1-ʧʘʣʠʚʥʠʡ ʙʘʢ; 2-ʬʽʣʴʪʨ ʛʨʫʙʦʾ ʦʯʠʩʪʢʠ; 3-ʈʇʅ; 

4- ʝʣʝʢʪʨʠʯʥʠʡ ʇʅ; 5- ʬʽʣʴʪʨ ʪʦʥʢʦʾ ʦʯʠʩʪʢʠ; 6-ʇʅɺʊ; 7- ʨʝʛʫʣʷʪʦʨ 

ʪʠʩʢʫ; 8-ʘʢʫʤʫʣʷʪʦʨ; 9-ʜʘʪʯʠʢ ʪʠʩʢʫ ʧʘʣʠʚʘ; 10-15- ʥʘʙʽʨ ʜʘʪʯʠʢʽʚ ɽʉʂɼ; 16 ï 

ɽɹʂ ɽʉʂɼ; 17- ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʘ ʬʦʨʩʫʥʢʘ. 

 

ɼʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʧʦʪʫʞʥʽʩʥʦʛʦ ʨʷʜʫ ʜʠʟʝʣʽʚ ʚʠʢʦʥʘʥʦ 

ʨʦʟʨʘʭʫʥʦʢ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʘʣʠʚʦʧʦʜʘʯʽ, ʘ ʪʘʢʦʞ ʚʠʙʽʨ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʘʣʠʚʥʦʾ ʘʧʘʨʘʪʫʨʠ ʟʘ ʤʝʪʦʜʠʢʦʶ ʥʘʚʝʜʝʥʦʶ ʚ [4] . 

ɸ ʩʘʤʝ, ʨʦʟʨʘʭʫʥʢʘʤʠ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʷʚʣʝʥʠʭ ʧʦʪʫʞʥʽʩʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʨʷʜʫ ʜʠʟʝʣʽʚ ʜʽʘʤʝʪʨ ʧʣʫʥʞʝʨʘ ʇʅɺʊ ʤʘʻ ʩʢʣʘʜʘʪʠ ʚʽʜ 5,5 ʜʦ 6,5 

ʤʤ, ʢʽʣʴʢʽʩʪʴ ʨʦʟʧʠʣʶʶʯʠʭ ʦʪʚʦʨʽʚ ʬʦʨʩʫʥʢʠ ï 4é5, ʘ ʾʭ ʜʽʘʤʝʪʨ ï 0,18é0,28 
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ʤʤ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʠʟʝʣʽ ʧʦʪʫʞʥʽʩʪʥʦʛʦ ʨʷʜʫ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʙʣʘʜʥʘʥʽ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʧʘʣʠʚʥʦʾ ʘʧʘʨʘʪʫʨʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ, ʪʘ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʣʘʩʫ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʜʘʨʪʫ.   

ɹʫʜʴ-ʷʢʝ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʜʠʟʝʣʽʚ ʧʦʪʫʞʥʽʩʥʦʛʦ ʨʷʜʫ, 

ʧʦʯʠʥʘʶʯʠ ʟ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʥʠʭ ʦʜʥʦʮʠʣʽʥʜʨʦʚʠʭ  ʚʽʜʩʽʢʽʚ ʽ ʧʦʜʘʣʴʰʠʭ 

ʧʝʨʰʠʭ ʨʦʟʛʦʨʥʫʪʠʭ ʟʨʘʟʢʽʚ,  ʧʦʪʨʝʙʫʻ ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʧʨʦʚʝʜʝʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʚʠʧʨʦʙʫʚʘʥʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʙôʻʢʪʠʚʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʾʭ ʢʽʣʴʢʽʩʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ɺʠʤʦʛʠ ʜʦ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʦʙʦʚôʷʟʢʦʚʠʤʠ, ʪʦʙʪʦ 

ʧʨʦʧʠʩʘʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʽ ʪʝʭʥʽʯʥʠʤʠ ʚʠʤʦʛʘʤʠ, ʪʘʢ ʽ ʦʩʦʙʣʠʚʠʤʠ, ʘʣʝ ʫ 

ʚʩʷʢʦʤʫ ʚʠʧʘʜʢʫ ʚʞʝ ʪʨʝʙʘ ʤʘʪʠ ʚʽʜʧʨʘʮʴʦʚʘʥʫ ʫʥʽʬʽʢʦʚʘʥʫ ʩʫʯʘʩʥʫ 

ʚʠʤʽʨʶʚʘʣʴʥʫ ʩʠʩʪʝʤʫ. 

ʉʭʝʤʘ ʪʘʢʦʾ (ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ) ʩʠʩʪʝʤʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2 

[5]. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

 

ɺʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʣʘʥʦʢ: 

-  ʜʚʠʛʫʥ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ (ɼɺɿ); 

-  ʜʘʪʯʠʢʠ (ɼ); 

-  ʧʨʦʤʽʞʥʽ ʣʘʥʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʩʠʩʪʝʤ (ʇʃɺʉ); 

- ʚʠʭʽʜʥʽ ʧʨʠʩʪʨʦʾ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ (ɺʇɺʉ).    

ɹʘʟʫʶʯʠʩʴ ʥʘ ʚʠʱʝʟʘʟʥʘʯʝʥʽʡ ʽʥʬʦʨʤʘʮʽʾ ʚ ʍʅɸɼʋ ʩʪʚʦʨʝʥʦ ʤʦʪʦʨʥʠʡ 

ʩʪʝʥʜ (ʣʘʙʦʨʘʪʦʨʽʷ ʢʘʬʝʜʨʠ ɼɺɿ), ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʝʢʦʥʦʤʽʯʥʽ, 

ʝʢʦʣʦʛʽʯʥʽ ʪʘ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʽ ʥʘʜʽʡʥʦʩʪʽ ʜʚʠʛʫʥʽʚ ʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʧʦʪʫʞʥʽʩʪʥʦʛʦ ʨʷʜʫ. ʉʭʝʤʘ ʜʘʥʦʛʦ ʩʪʝʥʜʫ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.3. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʩʪʝʥʜʽ ʧʦ ʜʦʩʣʽʜʞʝʥʥʶ 

ʤʘʣʦʣʽʪʨʘʞʥʠʭ ʜʠʟʝʣʽʚ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʢʘʬ. ɼɺɿ ʍʅɸɼʋ 
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ʆʪʞʝ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʣʠ ʟʤʦʛʫ ʚʠʢʦʥʘʪʠ ʚʠʙʽʨ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ 

ʩʭʝʤʠ ʧʘʣʠʚʥʦʾ ʘʧʘʨʘʪʫʨʠ ʜʣʷ ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʧʦʪʫʞʥʽʩʥʦʛʦ ʨʷʜʫ 

ʚʠʩʦʢʦʦʙʝʨʪʦʚʦʛʦ ʤʘʣʦʣʽʪʨʘʞʥʦʛʦ ʜʠʟʝʣʷ ʙʘʛʘʪʦʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ.  

ʇʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʘʣʠʚʥʦʾ ʘʧʘʨʘʪʫʨʠ ʜʣʷ ʮʴʦʛʦ 

ʧʦʪʫʞʥʽʩʪʥʦʛʦ ʨʷʜʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʠʥʮʠʧʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʩʪʚʦʨʝʥʥʷ ʦʙôʻʢʪʽʚ 

ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʟʝʣʽʚ ʧʦʪʫʞʥʽʩʥʦʛʦ ʨʷʜʫ ʪʘ ʫʥʽʬʽʢʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ. ʈʦʟʨʦʙʣʝʥʦ ʜʦʩʣʽʜʥʠʡ ʩʪʝʥʜ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʜʚʠʛʫʥʽʚ ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʨʷʜʫ. 
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ɼɺʀɻʋʅɯɺ ɿɸ ʈɸʍʋʅʆʂ ʄʆʅɯʊʆʈɯʅɻʋ ʈʆɹʆʊʀ ʇɸʃʀɺʅʆɰ 

ʉʀʉʊɽʄʀ 

 

ʆʜʥʽʻʶ ʟ ʧʨʠʯʠʥ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʻ 

ʚʠʥʠʢʥʝʥʥʷ ʧʨʦʙʣʝʤ ʚ ʨʦʙʦʪʽ ʧʘʣʠʚʥʦʾ ʘʧʘʨʘʪʫʨʠ ʜʚʠʛʫʥʘ. ɿʘʚʠʩʘʥʥʷ ʛʦʣʢʠ 

ʬʦʨʩʫʥʢʠ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʘʞʢʠʭ ʥʘʩʣʽʜʢʽʚ, ʘʞ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʜʚʠʛʫʥʘ. ʋ 

ʨʘʤʢʘʭ ʥʘʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʣʘʥʫʻʪʴʩʷ ʨʦʟʨʦʙʠʪʠ ʩʠʩʪʝʤʫ ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʟʘʧʦʙʽʛʪʠ ʚʠʥʠʢʥʝʥʥʶ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʟʘ ʨʘʭʫʥʦʢ ʤʦʥʽʪʦʨʠʥʛʫ ʪʠʩʢʫ ʧʘʣʠʚʘ 

ʚ ʤʘʛʽʩʪʨʘʣʽ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ.  

ɺ ʭʦʜʽ ʨʦʙʦʪʠ ʥʘʤʠ ʨʦʟʨʦʙʣʝʥʦ ʩʭʝʤʫ ʥʘʚʝʜʝʥʫ ʥʘ ʨʠʩ 1. ʉʠʩʪʝʤʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʝʨʝʭʽʜʥʠʢʘ ʱʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʬʦʨʩʫʥʢʫ ʽ ʜʦ ʷʢʦʛʦ ʜʦʜʘʻʪʴʩʷ 
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ʜʘʪʯʠʢ ʪʠʩʢʫ, ʜʘʪʯʠʢ ʧʦʣʦʞʝʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ, ʪʘ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ ʱʦ 

ʟʙʠʨʘʻ ʪʘ ʦʙʨʦʙʣʷʻ ʽʥʬʦʨʤʘʮʽʶ. ʂʨʽʤ ʮʴʦʛʦ, ʜʦ ʩʠʩʪʝʤʠ ʤʦʞʝ ʙʫʪʠ ʧʽʜôʻʜʥʘʥʦ 

ʜʘʪʯʠʢ ʪʠʩʢʫ ʫ ʧʘʣʠʚʥʽʡ ʨʘʤʧʽ, ʷʢʱʦ ʪʘʢʘ ʧʨʠʩʫʪʥʷ ʫ ʢʦʥʩʪʨʫʢʮʽʾ ʧʘʣʠʚʥʦʾ 

ʩʠʩʪʝʤʠ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ 

ʊʘʢʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ ʨʽʟʥʽ ʪʠʧʠ ʜʚʠʛʫʥʽʚ ʟ ʨʽʟʥʠʤʠ 

ʪʠʧʘʤʠ ʧʘʣʠʚʥʠʭ ʩʠʩʪʝʤ. ʅʘ ʥʘʰ ʧʦʛʣʷʜ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʦʶ ʚʦʥʘ ʻ ʜʣʷ 

ʜʠʟʝʣʴʥʠʭ ʜʚʠʛʫʥʽʚ ʟ ʤʝʭʘʥʽʯʥʦʶ ʧʘʣʠʚʥʦʶ ʩʠʩʪʝʤʦʶ. 

ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʽʜʝ ʨʦʙʦʪʘ ʥʘʜ ʩʠʩʪʝʤʦʶ ʟʙʦʨʫ ʜʘʥʠʭ ʜʣʷ 

ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ʟ ʤʝʭʘʥʽʯʥʦʶ ʧʘʣʠʚʥʦʶ ʘʧʘʨʘʪʫʨʦʶ. ɺ ʤʝʭʘʥʽʯʥʽʡ ʩʠʩʪʝʤʽ 

ʧʦʜʘʚʘʥʥʷ ʧʘʣʠʚʘ ʜʠʟʝʣʴʥʠʭ ʜʚʠʛʫʥʽʚ ʪʠʩʢ ʦʙʤʝʞʫʻʪʴʩʷ 100ʄʇʘ, ʪʦʤʫ 

ʧʣʘʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʪʯʠʢʠ ʪʠʩʢʫ ʪʠʧʫ Bosch 0281002522. ʎʽ ʜʘʪʯʠʢʠ 

ʧʣʘʥʫʻʪʴʩʷ ʧʽʜʢʣʶʯʠʪʠ ʜʦ ʤʽʢʨʦ ʢʦʥʪʨʦʣʝʨʘ ʪʠʧʫ Arduino Mega 2560. ɼʣʷ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʨʦʙʦʪʠ ʜʦ ʩʠʩʪʝʤʠ ʪʘʢʦʞ ʜʦʜʘʻʪʴʩʷ ʤʘʛʥʽʪʥʠʡ ʜʘʪʯʠʢ ʧʦʚʦʨʦʪʫ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ.  

ɼʘʥʽ ʧʣʘʥʫʻʪʴʩʷ ʟʙʠʨʘʪʠ ʥʘ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ. ʆʪʨʠʤʘʥʥʷ 

ʮʠʭ ʜʘʥʠʭ ʜʦʟʚʦʣʠʪʴ ʫ ʧʦʜʘʣʴʰʦʤʫ ʩʪʚʦʨʠʪʠ ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʽʥʛʫ ʜʣʷ ʧʘʣʠʚʥʦʾ 

ʩʠʩʪʝʤʠ ʜʚʠʛʫʥʘ ʷʢʘ ʙʫʜʝ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʷʚʣʷʪʠ ʚʠʭʽʜ ʟ ʣʘʜʫ ʧʘʣʠʚʥʦʾ ʩʠʩʪʝʤʠ. 
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ʄʘʥʦʡʣʦ ɺʦʣʦʜʠʤʠʨ ʄʘʢʩʠʤʦʚʠʯ, ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ ʢʘʬ. ɼɺɿ, 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ,  

volodim r̔.m.manoylo@gemail.com 

ʉʦʣʦʜʢʠʡ ɭʚʛʝʥ ɯʛʦʨʦʚʠʯ, ʘʩʧʽʨʘʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-

ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ,  evgenijsolodkij98@gmail.com   

ʌʝʜʦʨʯʝʥʢʘ ʄʠʢʦʣʠ ʉʝʨʛʽʡʦʚʠʯʘ, ʤʘʛʽʩʪʨ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, kolianfedorchenko@gmail.com  

ʇʽʛʘʨʻʚ ɼʝʥʽʩ ʆʣʝʛʦʚʠʯ, ʤʘʛʽʩʪʨ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-

ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, denispigarev07@gmail.com  

 

ʐʃʗʍʀ ɽʂʆʃʆɻɯɿɸʎɯɰ ɼʀɿɽʃɯɺ ɿɸʉʊʆʉʋɸʅʅʗʄ 

ɿʆɺʅɯʐʅʔʆɰ ʅɽʁʊʈɸʃɯɿɸʎɯɰ ɺɯɼʇʈɸʎʔʆɺɸʅʀʍ ɻɸɿɯɺ 

 

ʇʦʩʪʽʡʥʝ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʩʦʙʽʚ ʟ ɼɺɿ ʚʠʤʘʛʘʻ 

ʛʦʩʪʨʦʾ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʧʦʙʽʛʪʠ ʙʝʟʧʝʨʝʨʚʥʽʡ ʝʢʦʣʦʛʽʯʥʽʡ ʥʝʙʝʟʧʝʮʽ. 

ɿʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ (ʪʦʢʩʠʜʽʚ) ʟ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤʠ 

ʛʘʟʘʤʠ (ɺɻ) ɼɺɿ ʤʦʞʣʠʚʦ ʷʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʨʦʮʝʩʽ ʾʭ ʫʪʚʦʨʝʥʥʷ, ʪʦʙʪʦ ʚ ʭʦʜʽ 

ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ, ʪʘʢ ʽ ʰʣʷʭʦʤ ʚʧʣʠʚʫ ʥʘ ʟʘʟʥʘʯʝʥʽ ʨʝʯʦʚʠʥʠ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʫ 

ɺɻ. 

ɼʦʩʚʽʜ ʩʚʽʜʯʠʪʴ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʯʠʤ ʧʨʦʮʝʩʦʤ 

ɼɺɿ, ʚʢʣʶʯʘʶʯʠ ʡ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ, ʤʦʞʥʘ ʢʘʨʜʠʥʘʣʴʥʦ ʟʥʠʟʠʪʠ ʾʭʥʽʡ ʨʽʚʝʥʴ 

ʪʦʢʩʠʯʥʦʩʪʽ. ʊʘʢʠʡ ʥʘʧʨʷʤ ʝʢʦʣʦʛʽʟʘʮʽʾ ʥʘʟʠʚʘʶʪʴ ʚʥʫʪʨʽʰʥʴʦʶ ʥʝʡʪʨʘʣʽʟʘʮʽʻʶ 

ʪʦʢʩʠʜʽʚ. 

ʆʜʥʘʢ ʥʦʨʤʠ ʪʦʢʩʠʯʥʦʩʪʽ ɼɺɿ ʩʪʘʶʪʴ ʚʩʝ ʞʦʨʩʪʢʽʰʠʤʠ, ʱʦ ʚʠʤʘʛʘʻ 

ʧʨʠʜʽʣʷʪʠ ʥʘʡʙʽʣʴʰʫ ʫʚʘʛʫ ʽ ʟʦʚʥʽʰʥʽʡ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʟ ɺɻ. 

ʄʦʚʘ ʡʜʝ ʧʨʦ ʟʤʝʥʰʝʥʥʷ ʪʦʢʩʠʯʥʦʩʪʽ ʩʘʤʠʭ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʰʣʷʭʦʤ ʾʭ 

ʦʢʠʩʣʝʥʥʷ ʘʙʦ ʦʥʦʚʣʝʥʥʷ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ ʭʽʤʽʯʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ, ʱʦ 

ʧʝʨʝʪʚʦʨʶʶʪʴ ʪʦʢʩʠʜʠ ʫ ʥʝ ʰʢʽʜʣʠʚʽ ʧʨʦʜʫʢʪʠ ʧʦʚʥʦʛʦ ʟʛʦʨʷʥʥʷ. ʊʘʢʦʞ 

ʩʪʘʚʠʪʴʩʷ ʟʘʜʘʯʘ ʟʘʙʝʟʧʝʯʠʪʠ ʚʣʦʚʣʶʚʘʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ (ʊʏ), ʱʦ 

ʚʠʢʠʜʘʶʪʴʩʷ ʟ ɺɻ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ɺ ʦʙʦʭ ʛʣʦʙʘʣʴʥʠʭ ʥʘʧʨʷʤʢʘʭ ʝʢʦʣʦʛʽʟʘʮʽʾ ɼɺɿ ï ʚʥʫʪʨʽʰʥʴʦʾ ʪʘ 

ʟʦʚʥʽʰʥʴʦʾ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʪʦʢʩʠʜʽʚ ï ʚʝʣʠʢʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʢʦʤʧôʶʪʝʨʥʽ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ (ʂʉʂ) ɼɺɿ. ɼʦʮʽʣʴʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʟʥʠʞʝʥʥʷ ʪʦʢʩʠʯʥʦʩʪʽ ʚʠʢʠʜʽʚ ɼɺɿ ʟʘ ʨʘʭʫʥʦʢ 

ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʚʠʩʚʽʪʣʝʥʘ ʚ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣʘʭ ʜʦʩʠʪʴ 

ˇʨʫʥʪʦʚʥʦ. ʆʩʦʙʣʠʚʦʾ ʫʚʘʛʠ ʟʘʩʣʫʛʦʚʫʻ ʚʠʨʽʰʝʥʥʷ ʩʢʣʘʜʥʠʭ ʧʨʦʙʣʝʤ 

ʟʦʚʥʽʰʥʴʦʾ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ɺɻ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʢʝʨʫʚʘʥʥʷ. 

ɺ ʦʩʥʦʚʽ ʢʦʤʧôʶʪʝʨʥʠʭ ʙʣʦʢʽʚ ʢʝʨʫʚʘʥʥʷ ʨʽʚʥʝʤ ʪʦʢʩʠʯʥʦʩʪʽ ʚʠʢʠʜʽʚ ɼɺɿ 

ʂɹʂ ʣʝʞʘʪʴ ʟʘʩʦʙʠ, ʱʦ ʟʥʠʞʫʶʪʴ ʰʢʽʜʣʠʚʽʩʪʴ ɺɻ, ʪʦʙʪʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʟʦʚʥʽʰʥʶ ʥʝʡʪʨʘʣʽʟʘʮʽʶ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ ʜʚʠʛʫʥʽʚ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ 

ʥʝʡʪʨʘʣʽʟʘʪʦʨʠ ɺɻ, ʚʣʦʚʣʶʚʘʯʽ ʊʏ ʪʘ ʨʝʮʠʨʢʫʣʷʮʽʡʥʽ ʟʘʭʦʜʠ. 

ɸʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʠʪʴ, ʱʦ ʻʜʠʥʦʛʦ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʨʽʰʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ ʱʦʜʦ 
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ʜʠʟʝʣʽʚ ʥʝʤʘʻ. ʅʘʧʨʠʢʣʘʜ, ʤʝʪʦʜʠ ʚʧʣʠʚʫ ʥʘ ʨʦʙʦʯʠʡ ʧʨʦʮʝʩ, ʱʦ ʩʧʨʠʷʶʪʴ 

ʟʥʠʞʝʥʥʶ ʢʽʣʴʢʦʩʪʽ Nʆʭ ʫ ɺɻ, ʷʢ ʚʽʜʦʤʦ, ʚʠʢʣʠʢʘʶʪʴ ʟʙʽʣʴʰʝʥʥʷ ʚʠʢʠʜʫ ʊʏ 

(ʩʘʞʽ), ʉʆ, CnHm, ʽ ʥʘʚʧʘʢʠ. ɸʥʘʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʚʠʥʠʢʘʶʪʴ ʽ ʧʨʠ ʫʩʪʘʥʦʚʮʽ ʫ 

ʩʠʩʪʝʤʽ ʚʠʧʫʩʢʫ ʜʠʟʝʣʽʚ ʟʘʩʦʙʽʚ ʦʯʠʱʝʥʥʷ ɺɻ. ɿʚʽʜʩʠ ʚʠʩʥʦʚʦʢ: ʪʝʭʥʽʯʥʽ 

ʨʽʰʝʥʥʷ ʪʨʝʙʘ ʧʨʠʡʤʘʪʠ ʢʦʤʧʣʝʢʩʥʦ; ʚʦʥʠ ʧʦʚʠʥʥʽ ʩʪʦʩʫʚʘʪʠʩʷ ʜʚʠʛʫʥʘ, 

ʟʘʩʦʙʽʚ ʦʯʠʱʝʥʥʷ ɺɻ ʪʘ ʩʢʣʘʜʫ ʧʘʣʠʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ (ʚʤʽʩʪ ʩʽʨʢʠ, 

ʥʘʧʨʠʢʣʘʜ, ʮʝʪʘʥʦʚʝ ʯʠʩʣʦ). 

ʊʘʢʠʡ ʚʠʩʥʦʚʦʢ (ʧʨʠʡʥʷʪʥʠʡ ʽ ʜʣʷ ʫʤʦʚ ʋʢʨʘʾʥʠ) ʧʦʢʣʘʜʝʥʦ ʚ ʦʩʥʦʚʫ 

ʧʨʦʛʨʘʤ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥ (ʢʦʤʧʣʝʢʩʥʘ ʩʠʩʪʝʤʘ ʟʥʠʞʝʥʥʷ ʪʦʢʩʠʯʥʦʩʪʽ ɼɺɿ). 

ʆʩʥʦʚʦʶ ʩʣʫʞʠʪʴ ʙʘʟʦʚʘ ʩʠʩʪʝʤʘ ʟʥʠʞʝʥʥʷ ʪʦʢʩʠʯʥʦʩʪʽ ʪʘ ʜʠʤʥʦʩʪʽ ɺɻ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʘʪʘʣʽʪʠʯʥʦʛʦ ʥʝʡʪʨʘʣʽʟʘʪʦʨʘ-ʛʣʫʰʥʠʢʘ ʽ ʩʘʞʦʚʦʛʦ ʬʽʣʴʪʨʘ, 

ʦʙʣʘʜʥʘʥʠʭ ʧʦʩʣʽʜʦʚʥʦ ʥʘ ʚʠʧʫʩʢʫ ʜʠʟʝʣʷ. ʊʘʢʘ ʩʭʝʤʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʦʩʦʙʣʠʚʦʩʪʷʭ ɺɻ ʜʠʟʝʣʷ. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʪʦʤʫ, ʱʦ ʜʦ ʩʢʣʘʜʫ ʊʏ ʚʭʦʜʷʪʴ 

ʘʝʨʦʟʦʣʽ ʧʘʣʠʚʘ ʡ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ (ʟʘ ʜʝʷʢʠʤʠ ʦʮʽʥʢʘʤʠ ï ʜʦ 50 %), ʘ ʪʘʢʦʞ 

ʩʘʞʘ,ʥʘ ʧʦʚʝʨʭʥʽ ʪʘ ʫʩʝʨʝʜʠʥʽ ʷʢʦʾ ʩʦʨʙʫʶʪʴʩʷ ʦʩʥʦʚʥʽ ʤʘʩʠ ʢʘʥʮʝʨʦʛʝʥʥʠʭ 

ʨʝʯʦʚʠʥ (ʙʝʥʟ-ʘ-ʧʽʨʝʥ). ʊʦʤʫ ʡ ʧʦʪʨʽʙʥʠʡ ʢʘʪʘʣʽʪʠʯʥʠʡ ʥʝʡʪʨʘʣʽʟʘʪʦʨ, ʦʩʢʽʣʴʢʠ 

ʩʘʤʝ ʫ ʥʴʦʤʫ ʙʫʜʫʪʴ ʜʦʦʢʠʩʣʶʚʘʪʠʩʷ (ʜʦʧʘʣʶʚʘʪʠʩʷ) ʧʨʦʜʫʢʪʠ ʥʝʧʦʚʥʦʛʦ 

ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ (ʉʆ, CnHm, ʘʣʴʜʝʛʽʜʠ), ʢʨʘʧʣʽ ʧʘʣʠʚʘ ʪʘ ʤʘʩʣʘ ʫ ʩʢʣʘʜʽ ɺɻ 

ʜʠʟʝʣʷ. ʏʘʩʪʠʥʢʠ ʞ ʩʘʞʽ ʧʦʚʠʥʝʥ ʚʣʦʚʣʶʚʘʪʠ ʬʽʣʴʪʨ. ʌʫʥʢʮʽʾ ʬʽʣʴʪʨʘ ʪʘ 

ʥʝʡʪʨʘʣʽʟʘʪʦʨʘ ʤʦʞʫʪʴ ʙʫʪʠ ʩʫʤʽʱʝʥʽ ʥʘʥʝʩʝʥʥʷʤ, ʥʘʧʨʠʢʣʘʜ, ʢʘʪʘʣʽʟʘʪʦʨʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʬʽʣʴʪʨʫʶʯʠʡ ʝʣʝʤʝʥʪ. 

ʈʦʟʨʦʙʢʘ ʩʘʞʦʚʦʛʦ ʬʽʣʴʪʨʘ ʟ ʧʨʠʩʪʨʦʻʤ ʨʝʛʝʥʝʨʘʮʽʾ ʚʠʷʚʠʣʘʩʷ ʙʽʣʴʰ 

ʩʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ, ʷʢʫ ʚʠʨʽʰʫʚʘʪʠʤʫʪʴ ʜʚʦʤʘ ʰʣʷʭʘʤʠ: ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʝʣʝʢʪʨʦʬʽʣʴʪʨʽʚ ʪʘ ʨʽʟʥʠʭ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʠʧʨʦʙʫʚʘʥʥʷ ʟʘʩʚʽʜʯʠʣʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʣʝʢʪʨʦʬʽʣʴʪʨʽʚ ʧʨʠ ʦʯʠʱʝʥʥʽ ɺɻ ʚʽʜ ʊʏ, ʟʘʣʝʞʥʦ ʚʽʜ ʨʝʞʠʤʫ 

ʨʦʙʦʪʠ ʜʠʟʝʣʷ, ʥʘ ʨʽʚʥʽ 30...80%. ʆʜʥʘʢ, ʧʠʪʘʥʥʷ ʨʝʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʬʽʣʴʪʨʽʚ 

ʟʘʣʠʰʘʶʪʴʩʷ ʽ ʧʦʪʨʝʙʫʶʪʴ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 
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ʄʽʱʝʥʢʦ ʄʠʢʠʪʘ ʊʠʤʦʬʽʡʦʚʠʯ, ʘʩʧʽʨʘʥʪ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʊɽʅɼɽʅʎɯɰ ʉɺɯʊʆɺʆɻʆ ʈʆɿɺʀʊʂʋ 

ʇɸʊɽʅʊʋɺɸʅʅʗ ʈʆɿʈʆɹʆʂ ɺ ɻɸʃʋɿɯ ɸɺʊʆʄʆɹɯʃɽɹʋɼʋɺɸʅʅʗ 

 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ (ɼɺɿ) ʧʦʩʪʽʡʥʦ 

ʥʘʟʜʦʛʘʥʷʻ ʚʠʤʦʛʠ, ʷʢʽ ʜʦ ʥʠʭ ʩʪʘʚʠʪʴ ʩʫʯʘʩʥʠʡ ʪʝʭʥʦʛʝʥʥʠʡ ʩʚʽʪ. ʉʪʘʪʠʩʪʠʢʘ 

ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʫ ʩʚʽʪʽ ʧʘʪʝʥʪʽʚ ʟʘ ʥʘʧʨʷʤʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʚʢʘʟʫʻ ʥʘ ʥʘʩʪʫʧʥʽ ʜʘʥʽ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ European Patent Office (EPO) 

(ɭʚʨʦʧʝʡʩʴʢʠʡ ʧʘʪʝʥʪʥʠʡ ʦʬʽʩ) [1] ʚ ʧʝʨʽʦʜ ʟ 2010 ʨʦʢʫ ʧʦ 2022 ʨʽʢ ʫ ʩʚʽʪʽ ʙʫʣʦ 

ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʨʷʜ ʧʘʪʝʥʪʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʨʦʟʚʠʪʦʢ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʽʪʥʽʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ. ɺ ʪʘʙʣʠʮʽ 1 ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʟʚʝʜʝʥʽ ʜʘʥʽ ʟʘ ʥʘʧʨʷʤʘʤʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ (ʉʋ) ʘʚʪʦʤʦʙʽʣʽʚ, 

ʘ ʩʘʤʝ: ʙʝʥʟʠʥʦʚʽ ʜʚʠʛʫʥʠ, ʜʠʟʝʣʴʥʽ ʜʚʠʛʫʥʠ, ʛʽʙʨʠʜʥʽ ʘʚʪʦʤʦʙʽʣʽ (ʛʽʙʨʠʜʥʽ 

ʩʠʣʦʚʽ ʫʩʪʘʥʦʚʢʠ), ʝʣʝʢʪʨʦʤʦʙʽʣʽ (ʝʣʝʢʪʨʠʯʥʽ ʩʠʣʦʚʽ ʫʩʪʘʥʦʚʢʠ), ʚʦʜʥʝʚʽ 

ʘʚʪʦʤʦʙʽʣʽ.  

 

ʊʘʙʣʠʮʷ 1 ï ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʧʘʪʝʥʪʽʚ ʟʘ ʥʘʧʨʷʤʘʤʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʘʚʪʦʤʦʙʽʣʽʚ 

ʈʽʢ 

ɹʝʥʟʠʥʦʚʽ 

ʜʚʠʛʫʥʠ 

ɼʠʟʝʣʴʥʽ 

ʜʚʠʛʫʥʠ 

ɻʽʙʨʠʜʥʽ 

ʘʚʪʦʤʦʙʽʣʽ ɽʣʝʢʪʨʦʤʦʙʽʣʽ 

ɺʦʜʥʝʚʽ 

ʘʚʪʦʤʦʙʽʣʽ 

2010 8487 11733 8744 46372 465 

2011 7973 11497 9470 48865 468 

2012 8549 12158 11478 56397 442 

2013 9785 13967 13327 63908 418 

2014 11654 17775 14206 81216 553 

2015 12604 18298 14461 92168 469 

2016 12705 18325 15064 103181 561 

2017 13813 19328 17320 123405 874 

2018 14957 21143 19329 160155 952 

2019 14128 20449 21815 160898 1330 

2020 14453 21516 24168 164461 1722 

http://kamazkamaz.kz/dvigateli
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ʈʽʢ 

ɹʝʥʟʠʥʦʚʽ 

ʜʚʠʛʫʥʠ 

ɼʠʟʝʣʴʥʽ 

ʜʚʠʛʫʥʠ 

ɻʽʙʨʠʜʥʽ 

ʘʚʪʦʤʦʙʽʣʽ ɽʣʝʢʪʨʦʤʦʙʽʣʽ 

ɺʦʜʥʝʚʽ 

ʘʚʪʦʤʦʙʽʣʽ 

2021 14562 22772 23433 179475 2449 

2022 13012 20654 23709 176613 3057 

 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʥʘʡʙʽʣʴʰʘ 

ʢʽʣʴʢʽʩʪʴ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʫ ʩʚʽʪʽ ʧʘʪʝʥʪʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʚ 

ʛʘʣʫʟʽ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʷ, ʥʘ ʧʨʦʪʷʟʽ ʫʩʴʦʛʦ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʝʨʽʦʜʫ, 

ʧʨʠʧʘʜʘʻ ʥʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ. 

ʇʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʟʥʘʯʥʠʡ ʾʭ ʢʽʣʴʢʽʩʥʠʡ ʚʽʜʨʠʚ ʚʽʜ ʽʥʰʠʭ ʥʘʧʨʷʤʽʚ, ʥʝʟʚʘʞʘʶʯʠ 

ʥʘ ʩʪʨʽʤʢʠʡ ʩʧʘʜ ʫ 2022-2023 ʨʦʢʘʭ. ʅʘʩʪʫʧʥʠʤʠ ʟʘ ʢʽʣʴʢʽʩʪʶ ʧʘʪʝʥʪʽʚ ʻ 

ʥʘʧʨʷʤʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʉʋ ʛʽʙʨʠʜʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʜʠʟʝʣʴʥʠʭ ʜʚʠʛʫʥʽʚ. 

ʆʜʥʘʢ, ʟʘ ʧʝʨʽʦʜ 2019-2023 ʨʦʢʠ ʢʽʣʴʢʽʩʪʴ ʧʘʪʝʥʪʽʚ, ʱʦʜʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʉʋ 

ʛʽʙʨʠʜʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʟʙʽʣʴʰʠʣʘʩʴ ʧʦʨʽʚʥʷʥʦ ʟ ʢʽʣʴʢʽʩʪʶ ʧʘʪʝʥʪʽʚ ʥʘ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʜʠʟʝʣʴʥʠʭ ʜʚʠʛʫʥʽʚ. ʅʘʩʪʫʧʥʫ ʣʘʥʢʫ ʧʦ ʢʽʣʴʢʦʩʪʽ ʧʘʪʝʥʪʽʚ 

ʟʘʡʤʘʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʙʝʥʟʠʥʦʚʠʭ ʜʚʠʛʫʥʽʚ. ɯ ʦʩʪʘʥʥʽʤ ʧʦ ʯʠʩʝʣʴʥʦʩʪʽ ʧʘʪʝʥʪʽʚ 

ʻ ʥʘʧʨʷʤʦʢ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʦʜʥʝʚʠʭ ʉʋ ʘʚʪʦʤʦʙʽʣʽʚ. 

 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʧʘʪʝʥʪʽʚ 

 

ɸʥʘʣʽʟ ʜʘʥʠʭ ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣʠʮʽ 1 ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʩʪʫʧʥʝ: 

1) ʫ ʧʝʨʽʦʜ 2010-2016 ʨʦʢʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʘʪʝʥʪʽʚ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ 

ʧʦ ʥʘʧʨʷʤʢʫ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʉʋ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʩʪʘʥʦʚʠʚ ï 70301 ʧʘʪʝʥʪ, ʱʦ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʟʥʘʯʝʥʥʽ ʧʝʨʝʚʠʱʫʻ ʧʦʢʘʟʥʠʢ ʢʽʣʴʢʦʩʪʽ ʧʘʪʝʥʪʽʚ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʟʘ 

ʮʠʤ ʥʘʧʨʷʤʦʤ ʫ 2010 ʨʦʮʽ ʚ 1,51 ʨʘʟʠ ï ʮʝʡ ʧʦʢʘʟʥʠʢ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ ʪʝʤʧ 

ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʘʪʝʥʪʽʚ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʟʘ ʥʘʧʨʷʤʢʦʤ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʚ ʟʘʟʥʘʯʝʥʠʡ ʧʝʨʽʦʜ; ʚ ʥʘʧʨʷʤʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʙʝʥʟʠʥʦʚʠʭ 

ʜʚʠʛʫʥʽʚ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʧʘʪʝʥʪʽʚ ï 10251 ʧʘʪʝʥʪ, 

ʱʦ ʚ ʩʝʨʝʜʥʴʦʤʫ ʟʥʘʯʝʥʥʽ ʧʝʨʝʚʠʱʫʻ ʧʦʢʘʟʥʠʢ ʢʽʣʴʢʦʩʪʽ ʧʘʪʝʥʪʽʚ 
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ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʟʘ ʮʠʤ ʥʘʧʨʷʤʦʤ ʫ 2010 ʨʦʮʽ ʚ 1,21 ʨʘʟʠ ï ʮʝʡ ʧʦʢʘʟʥʠʢ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʷʢ ʪʝʤʧ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʘʪʝʥʪʽʚ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʟʘ ʥʘʧʨʷʤʢʦʤ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʙʝʥʟʠʥʦʚʠʭ ʜʚʠʛʫʥʽʚ ʚ ʟʘʟʥʘʯʝʥʠʡ ʧʝʨʽʦʜ; ʩʝʨʝʜʥʽʡ ʧʦʢʘʟʥʠʢ 

ʢʽʣʴʢʦʩʪʽ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʧʘʪʝʥʪʽʚ ʚ ʥʘʧʨʷʤʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʙʝʥʟʠʥʦʚʠʭ 

ʜʚʠʛʫʥʽʚ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ  ʢʽʣʴʢʽʩʪʽ ʧʘʪʝʥʪʽʚ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʧʦ ʥʘʧʨʷʤʢʫ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʻ ʤʝʥʰʠʤ ʫ 6,86 ʨʘʟʠ; ʫ ʧʦʨʽʚʥʷʥʥʽ ʪʝʤʧʽʚ 

ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʧʘʪʝʥʪʽʚ ʟʘ ʚʢʘʟʘʥʠʡ ʧʝʨʽʦʜ ʜʣʷ ʙʝʥʟʠʥʦʚʠʭ 

ʜʚʠʛʫʥʽʚ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʚʽʜʩʣʽʜʢʦʚʫʻʪʴʩʷ ʧʝʨʝʚʠʱʝʥʥʷ ʫ 1,25 ʨʘʟʠ ʪʝʤʧʫ 

ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʘʪʝʥʪʽʚ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʧʦ ʥʘʧʨʷʤʢʫ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʙʝʥʟʠʥʦʚʠʤʠ ʜʚʠʛʫʥʘʤʠ. 

2) ʫ ʧʝʨʽʦʜ 2017-2022 ʨʦʢʠ  

- ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʘʪʝʥʪʽʚ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʧʦ ʥʘʧʨʷʤʢʫ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʩʪʘʥʦʚʠʚ ï 160835 ʧʘʪʝʥʪʽʚ, ʱʦ ʚ 2,29 ʨʘʟʠ 

ʧʝʨʝʚʠʱʫʻ ʧʦʢʘʟʥʠʢ ʧʦʧʝʨʝʜʥʴʦʛʦ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʝʨʽʦʜʫ, ʽ ʚ ʩʝʨʝʜʥʴʦʤʫ 

ʟʥʘʯʝʥʥʽ ʧʝʨʝʚʠʱʫʻ ʧʦʢʘʟʥʠʢ ʢʽʣʴʢʦʩʪʽ ʧʘʪʝʥʪʽʚ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʟʘ ʮʠʤ 

ʥʘʧʨʷʤʦʤ ʫ 2017 ʨʦʮʽ (ʪʝʤʧ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʘʪʝʥʪʽʚ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʟʘ 

ʥʘʧʨʷʤʢʦʤ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʚ ʟʘʟʥʘʯʝʥʠʡ ʧʝʨʽʦʜ)  ʚ 1,3 ʨʘʟʠ, ʷʢʠʡ 

ʧʦʨʽʚʥʷʥʦ ʧʦʢʘʟʥʠʢʦʤ ʧʝʨʽʦʜʫ  2010-2016 ʨʦʢʽʚ ʟʥʠʟʠʚʩʷ ʫ 1,16 ʨʘʟʠ;  ʚ ʥʘʧʨʷʤʽ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʙʝʥʟʠʥʦʚʠʭ ʜʚʠʛʫʥʽʚ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ 

ʧʘʪʝʥʪʽʚ ï 14154 ʧʘʪʝʥʪ, ʱʦ ʚ 1,38 ʨʘʟʠ ʧʝʨʝʚʠʱʫʻ ʧʦʢʘʟʥʠʢ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʝʨʽʦʜʫ, ʽ ʚ ʩʝʨʝʜʥʴʦʤʫ ʟʥʘʯʝʥʥʽ ʧʝʨʝʚʠʱʫʻ ʧʦʢʘʟʥʠʢ ʢʽʣʴʢʦʩʪʽ 

ʧʘʪʝʥʪʽʚ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʟʘ ʮʠʤ ʥʘʧʨʷʤʦʤ ʫ 2017 ʨʦʮʽ (ʪʝʤʧ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʧʘʪʝʥʪʽʚ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʟʘ ʥʘʧʨʷʤʢʦʤ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʙʝʥʟʠʥʦʚʠʭ ʜʚʠʛʫʥʽʚ ʚ 

ʟʘʟʥʘʯʝʥʠʡ ʧʝʨʽʦʜ) ʚ 1,02 ʨʘʟʠ, ʷʢʠʡ ʧʦʨʽʚʥʷʥʦ ʧʦʢʘʟʥʠʢʦʤ ʧʝʨʽʦʜʫ  2010-2016 

ʨʦʢʽʚ ʟʥʠʟʠʚʩʷ ʫ 1,18 ʨʘʟʽʚ; ʩʝʨʝʜʥʽʡ ʧʦʢʘʟʥʠʢ ʢʽʣʴʢʦʩʪʽ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ 

ʧʘʪʝʥʪʽʚ ʚ ʥʘʧʨʷʤʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʙʝʥʟʠʥʦʚʠʭ ʜʚʠʛʫʥʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʽʣʴʢʽʩʪʶ 

ʧʘʪʝʥʪʽʚ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʧʦ ʥʘʧʨʷʤʢʫ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʻ ʤʝʥʰʠʤ 

ʚ 11,36 ʨʘʟʽʚ; ʫ ʧʦʨʽʚʥʷʥʥʽ ʪʝʤʧʽʚ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʧʘʪʝʥʪʽʚ 

ʟʘ ʚʢʘʟʘʥʠʡ ʧʝʨʽʦʜ ʜʣʷ ʙʝʥʟʠʥʦʚʠʭ ʜʚʠʛʫʥʽʚ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʚʽʜʩʣʽʜʢʦʚʫʻʪʴʩʷ 

ʧʝʨʝʚʠʱʝʥʥʷ ʫ 1,27 ʨʘʟʠ ʪʝʤʧʫ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʘʪʝʥʪʽʚ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʧʦ 

ʥʘʧʨʷʤʢʫ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʙʝʥʟʠʥʦʚʠʤʠ ʜʚʠʛʫʥʘʤʠ; 

ʊʘʢʠʤ ʯʠʥʦʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ ʩʧʘʜʫ ʪʝʤʧʫ ʟʨʦʩʪʘʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʫ ʩʚʽʪʽ ʧʘʪʝʥʪʽʚ ʟʘ ʦʙʦʤʘ ʥʘʧʨʷʤʘʤʠ, ʪʘʢʠʤʠ ʷʢ 

ʙʝʥʟʠʥʦʚʽ ʪʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ, ʦʜʥʘʢ ʥʘʡʙʽʣʴʰ ʩʪʽʡʢʘ ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʥʠʞʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʥʦʚʠʭ ʧʘʪʝʥʪʽʚ, ʷʢ ʩʚʽʜʯʘʪʴ ʜʘʥʽ, ʣʠʰʘʻʪʴʩʷ ʟʘ ʥʘʧʨʷʤʦʤ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʙʝʥʟʠʥʦʚʠʭ ʜʚʠʛʫʥʽʚ. 

 

ʃʽʪʝʨʘʪʫʨʘ 

 

1. European Patent Office (EPO). URL: https://www.epo.org/en. (ʜʦʩʪʫʧ 

20.10.2023). 
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ʅʽʢʽʪʯʝʥʢʦ ɯʛʦʨ ʄʠʢʦʣʘʡʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, igor.nikitchenko@gmail.com 

ʉʦʟʠʢʽʥ ʄʠʭʘʡʣʦ ɺʘʩʠʣʴʦʚʠʯ, ʘʩʧʽʨʘʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʄʘʭʠʥʝʥʢʦ ɹʦʛʜʘʥ ɻʝʥʥʘʜʽʡʦʚʠʯ, ʩʪʫʜʝʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʈʆɿʈɸʍʋʅʆʂ ʈʆɹʆʏʆɻʆ ʇʈʆʎɽʉʋ ɻɯɹʈʀɼʅʆɰ ʉʀʃʆɺʆɰ 

ʇʅɽɺʄɸʊʀʏʅʆɰ ʋʉʊɸʅʆɺʂʀ ʅɸ ɹɸɿɯ ɼɺʀɻʋʅɸ 4ʏ 7,5/7,35 

 

ʈʦʟʨʦʙʣʝʥʘ ʨʘʥʽʰʝ ʥʘ ʢʘʬʝʜʨʽ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʧʥʝʚʤʦʜʚʠʛʫʥʘ 

ʧʦʩʪʽʡʥʦ ʚʜʦʩʢʦʥʘʣʶʻʪʴʩʷ, ʜʦʧʦʚʥʶʶʯʠʩʴ ʥʦʚʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʚʜʦʩʢʦʥʘʣʝʥʦʾ ʤʦʜʝʣʽ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʦʢ ɼɺɿ 4ʏ 7,5/7,35, 

ʥʘ ʙʘʟʽ ʷʢʦʛʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʪʚʦʨʠʪʠ ʢʦʤʙʽʥʦʚʘʥʫ ʝʥʝʨʛʦʫʩʪʘʥʦʚʢʫ. 

ʊʝʦʨʝʪʠʯʥʘ ʽʥʜʠʢʘʪʦʨʥʘ ʜʽʘʛʨʘʤʘ ʧʥʝʚʤʦʜʚʠʛʫʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɯʥʜʠʢʘʪʦʨʥʘ ʜʽʘʛʨʘʤʘ ʧʦʨʰʥʝʚʦʛʦ ʧʥʝʚʤʦʜʚʠʛʫʥʘ. 

 

ʉʫʤʽʩʥʘ ʨʦʙʦʪʘ ʧʥʝʚʤʦʜʚʠʛʫʥʘ ʽ ɼɺɿ ʫ ʩʢʣʘʜʽ ʢʦʤʙʽʥʦʚʘʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʧʦʢʘʟʫʻ, ʱʘ ʥʘ ʦʙʝʨʪʘʭ 800-1000 ʭʚ-1 ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʥʝʚʤʦʜʚʠʛʫʥ. ɼʣʷ ʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ɼɺɿ. 
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ʐʚʠʜʢʽʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʤʙʽʥʦʚʘʥʦʾ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʟʦʙʨʘʞʝʥʘ ʥʘ 

ʨʠʩ. 2. 

 

 
 

ʈʠʩʫʥʦʢ 2. ʐʚʠʜʢʽʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ  

ʢʦʤʙʽʥʦʚʘʥʦʾ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ 

 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʦʛʦ ʦʙôʻʜʥʘʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ɼɺɿ ʽ ʧʥʝʚʤʦʜʚʠʛʫʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣ ̔ʢʦʤʙʥ̔ʦʚʘʥʦ ʾʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʽ ʧʨʦʚʝʜʝʥʠʡ 

ʨʦʟʨʘʭʫʥʦʢ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʜʦʟʚʦʣʠʚ ʦʪʨʠʤʘʪʠ ʥʘʩʪʫʧʥʽ ʧʦʢʘʟʥʠʢʠ 

ʧʥʝʚʤʦʜʚʠʛʫʥʘ ʂʉʋ: 

- ʜ̔ ʡʩʥʘ ʽʥʜʠʢʘʪʦʨʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʥʝʚʤʦʜʚʠʛʫʥʘ iN  = 4,202 ʢɺʪ. 

- ʝʬʝʢʪʠʚʥʠʡ ʘʜʽʘʙʘʪʠʯʥʠʡ ʂʂɼ ʧʥʝʚʤʦʜʚʠʛʫʥʘ 
ʘʜ
ʝh  = 0,331.  

- ʝʬʝʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʥʝʚʤʦʜʚʠʛʫʥʘ eN  = 2,973 ʢɺʪ. 

- ʝʬʝʢʪʠʚʥʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʧʥʝʚʤʦʜʚʠʛʫʥʘ eʄ  = 45,21 ʅ ʤ.Ö  

 

ɺʠʟʥʘʯʝʥʦ ʚʠʭʽʜʥ ̔ ʝʥʝʨʛʝʪʠʯʥ ̔ ʧʘʨʘʤʝʪʨʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. 

ʄʘʢʩʠʤʘʣʴʥʝ ʪʷʛʦʚʝ ʟʫʩʠʣʣʷ ʥʘ ʚʝʜʫʯʠʭ ʢʦʣʝʩʘʭ, ʩʪʚʦʨʶʚʘʥʝ ʧʥʝʚʤʘʪʠʯʥʠʤ 

ʜʚʠʛʫʥʦʤ ʟʘʙʝʟʧʝʯʫʻ: 

- ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʥʘ ʧʝʨʰʽʡ ʧʝʨʝʜʘʯʽ Vmax = 8.1 ʢʤ/ʛʦʜ; 

- ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʥʘ ʧôʷʪʽʡ ʧʝʨʝʜʘʯʽ Vmax  = 32 ʢʤ/ʛʦʜ. 
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ʄʆʅɯʊʆʈʀʅɻ ʊɽʄʇɽʈɸʊʋʈ ʆʍʆʃʆɼɾʋʖʏʆɰ ʈɯɼʀʅʀ ɼɺʀɻʋʅɸ 

ʊʈɸʅʉʇʆʈʊʅʆɻʆ ɿɸʉʆɹʋ ɿ ʋʊʀʃɯɿɸʎɯɭʖ ʊɽʇʃʆʊʀ 

ɺɯɼʇʈɸʎʔʆɺɸʅʀʍ ɻɸɿɯɺ ʊɽʇʃʆɺʀʄ ɸʂʋʄʋʃʗʊʆʈʆʄ 

 

ʉʠʩʪʝʤʘ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ ʜʚʠʛʫʥʘ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ (ʊɿ), ʷʢʠʡ ʧʨʘʮʶʻ ʥʘ ʟʨʽʜʞʝʥʦʤʫ ʛʘʟʦʚʦʤʫ ʧʘʣʠʚʽ ʟ 

ʫʪʠʣʽʟʘʮʽʻʶ ʪʝʧʣʦʪʠ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ ʪʝʧʣʦʚʠʤ ʘʢʫʤʫʣʷʪʦʨʦʤ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʫ (ʊɸʌʇ) ʽ ʤʦʥʽʪʦʨʠʥʛʦʤ ʪʝʧʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʭʦʜʠʪʴ ʜʦ ʩʠʩʪʝʤ 

ʨʝʛʫʣʶʚʘʥʥʷ ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ (ɼɺɿ). 

ʉʪʘʥʜʘʨʪʥʘ ʩʠʩʪʝʤʘ ʦʭʦʣʦʜʞʝʥʥʷ ʜʚʠʛʫʥʘ ʊɿ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʢʦʥʪʫʨʽʚ, 

ʧʦʤʧʠ, ʪʝʨʤʦʩʪʘʪʫ, ʨʘʜʽʘʪʦʨʫ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ  ̔ ʨʘʜʽʘʪʦʨʘ ʧʽʯʢʠ ʜʣʷ 

ʦʙʽʛʨʽʚʫ ʩʘʣʦʥʫ, ʧʽʜʪʨʠʤʫ ̒ʪʝʤʧʝʨʘʪʫʨʫ ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ ʚ ʟʘʜʘʥʠʭ ʤʝʞʘʭ 

ʧ̔ ʜ ʯʘʩ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ  ̔ʚ ʧʨʦʮʝʩʽ ʧʨʦʛʨʽʚʫ ʥʘ ʭʦʣʦʩʪʦʤʫ ʭʦʜʽ. 

ʆʜʥʠʤ ʟ ʥʝʜʦʣʽʢʽʚ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʻ ʪʝ, ʱʦ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʟʫʧʠʥʝʥʦʤʫ ʜʚʠʛʫʥʽ ʊɿ ʪʝʤʧʝʨʘʪʫʨʘ ʦʭʦʣʦʜʞʫʶʯʦʾ 

ʨʽʜʠʥʠ ʰʚʠʜʢʦ ʟʥʠʞʫʻʪʴʩʷ, ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʧʦʩʪʽʡʥʦʾ ʨʦʙʦʯʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʜʚʠʛʫʥʘ ʊɿ, ʧʦʪʨʽʙʥʦ ʧʦʩʪʽʡʥʦ ʘʙʦ ʧʝʨʽʦʜʠʯʥʦ ʧʨʦʛʨʽʚʘʪʠ 

ʩʠʩʪʝʤʫ, ʪʦʙʪʦ ʟʘʧʫʩʢʘʪʠ ʜʚʠʛʫʥ ʊɿ ʜʣʷ ʨʦʙʦʪʠ ʥʘ ʭʦʣʦʩʪʦʤʫ ʭʦʜʽ ʪʘ ʚ ʨʝʞʠʤʽ 

ʧʨʦʛʨʽʚʫ ʙʝʟ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇ̔ ʜ ʯʘʩ ʧʨʦʛʨʽʚʫ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʜʚʠʛʫʥʘ ʊɿ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʜʢʝ ʧʘʣʠʚʦ (ʙʝʥʟʠʥ) ʜʣʷ ʧʽʜʽʛʨʽʚʫ ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ  ̔

ʧʝʨʝʚʝʜʝʥʥʷ ʜʚʠʛʫʥʘ ʥʘ ʞʠʚʣʝʥʥʷ ʟʨʽʜʞʝʥʠʤ ʛʘʟʦʚʠʤ ʧʘʣʠʚʦʤ, ʮʝ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʚʠʛʫʥʘ ʊɿ, ʯʝʨʝʟ ʚʠʢʠʜʠ ʚ ʧʦʚʽʪʨʷ 

ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ ʟ ̔ʰʢʽʜʣʠʚʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʢʨʽʤ ʮʴʦʛʦ ʰʪʘʪʥʘ ʩʠʩʪʝʤʘ 

ʦʭʦʣʦʜʞʝʥʥʷ ʜʚʠʛʫʥʘ ʊɿ ʥʝ ʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʧʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʚʠʛʫʥʘ ʊɿ,  ̔  ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʚ ʮʽʣʦʤʫ [1-4]. 

ʉʠʩʪʝʤʘ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ ʜʚʠʛʫʥʘ ʊɿ, 

ʧʨʘʮʶʶʯʦʛʦ ʥʘ ʟʨʽʜʞʝʥʦʤʫ ʛʘʟʦʚʦʤʫ ʧʘʣʠʚʽ ʤʽʩʪʠʪʴ ʥʝʜʦʣʽʢ ï ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʽʣʴʢʠ ʰʪʘʪʥʠʭ ʜʘʪʯʠʢʽʚ ɼɺɿ, ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʜʚʠʛʫʥʘ ʊɿ, ʪʘ ʚʚʽʤʢʥʝʥʥʷ ʩʠʩʪʝʤʠ ʧʝʨʝʜʧʫʩʢʦʚʦʛʦ 

ʧʨʦʛʨʽʚʫ ʥʘ ʦʩʥʦʚʽ ʊɸʌʇ ʟʘʡʤʘʻ ʪʨʠʚʘʣʠʡ ʯʘʩ, ʮʝ ʻ ʥʝ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʤ ʟʘ 

ʨʘʭʫʥʦʢ ʚʪʨʘʪ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟ ʩʠʩʪʝʤʠ  ̔ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʧʝʨʝʜʧʫʩʢʦʚʦʾ 

ʧʽʜʛʦʪʦʚʢʠ ʜʚʠʛʫʥʘ ʊɿ ʜʣʷ ʧʫʩʢʫ ʥʘ ʟʨʽʜʞʝʥʦʤʫ ʛʘʟʦʚʦʤʫ ʧʘʣʠʚʽ [1-4]. 

ɹʘʞʘʥʦ ʩʪʚʦʨʠʪʠ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʫ ʩʠʩʪʝʤʫ, ʚ ʷʢʽʡ ʟʘ ʨʘʭʫʥʦʢ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʾ, ʤʦʞʣʠʚʦ ʙʫʣʦ ʙ ʟʤʝʥʰʠʪʠ ʯʘʩ ʚʚʽʤʢʥʝʥʥʷ ʩʠʩʪʝʤʠ 

ʧʝʨʝʜʧʫʩʢʦʚʦʛʦ ʧʨʦʛʨʽʚʫ ʜʚʠʛʫʥʘ ʊɿ ʥʘ ʦʩʥʦʚʽ ʊɸʌʇ,  ʪʘ ʩʢʦʨʦʪʠʪʠ ʚʪʨʘʪʠ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟ ʩʠʩʪʝʤʠ ʧʝʨʝʜʧʫʩʢʦʚʦʛʦ ʧʨʦʛʨʽʚʫ, ʽ ʟ ʦʛʣʷʜʫ ʥʘ ʮʝ ʩʢʦʨʦʪʠʪʠ 

ʯʘʩ ʧʨʦʛʨʽʚʫ ʪʘ ʟʘʧʫʩʢʫ ʜʚʠʛʫʥʘ ʊɿ ʥʘ ʟʨʽʜʞʝʥʦʤʫ ʛʘʟʦʚʦʤʫ ʧʘʣʠʚʽ, ʘ ʪʘʢʦʞ 
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ʦʙʣʘʜʥʘʪʠ ʩʠʩʪʝʤʫ ʜʦʜʘʪʢʦʚʠʤʠ ʜʘʪʯʠʢʘʤʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʟʘ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ 

ʪʝʧʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʚʠʛʫʥʘ ʊɿ [1-4]. 

ʄʦʞʣʠʚʦ ʮʝ ʚʠʨʽʰʠʪʠ ʟ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ ʜʚʠʛʫʥʘ ʊɿ, ʷʢʠʡ ʧʨʘʮʶʻ ʥʘ ʟʨʽʜʞʝʥʦʤʫ ʛʘʟʦʚʦʤʫ ʧʘʣʠʚʽ, 

ʟ ʫʪʠʣʽʟʘʮʽʻʶ ʪʝʧʣʦʪʠ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ (ɺɻ) ʪʝʧʣʦʚʠʤ ʘʢʫʤʫʣʷʪʦʨʦʤ (ʊɸ), 

ʪʘ ʤʦʥʽʪʦʨʠʥʛʦʤ ʪʝʧʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʚʠʛʫʥʘ ʊɿ, ʷʢʠʡ ʦʙʣʘʜʥʘʥʦ ʊɸ, 

ʝʣʝʢʪʨʠʯʥʠʤ ʚʦʜʷʥʠʤ ʥʘʩʦʩʦʤ, ʢʣʘʧʘʥʘʤʠ ʚʠʤʠʢʘʥʥʷ ʊɸ, ʛʘʟʦʚʠʤ ʨʝʜʫʢʪʦʨʦʤ, 

ʜʨʦʩʝʣʝʤ, ʪʝʧʣʦʦʙʤʽʥʥʠʢʦʤ, ʨʘʜʽʘʪʦʨʦʤ, ʙʣʦʢʘʤʠ ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʪʦʶ ʜʚʠʛʫʥʘ 

ʊɿ ʪʘ ʛʘʟʦʚʦʶ ʩʠʩʪʝʤʦʶ ʞʠʚʣʝʥʥʷ, ʛʘʟʦʚʠʤ ʨʝʜʫʢʪʦʨʦʤ ʚʠʧʘʨʥʠʢʦʤ, ʩʠʩʪʝʤʦ  ʁ

ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ ʜʚʠʛʫʥʘ ʊɿ ʽ ʢʝʨʫʚʘʥʥʷ 

ʧʫʩʢʦʤ, ʙʣʦʢʦʤ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʧʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʚʠʛʫʥʘ ʊɿ, ʢʦʤʫʥʽʢʘʮʽʡʥʠʤ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤ ʢʦʥʪʨʦʣʝʨʦʤ (ʪʨʝʢʝʨ), ʮʝʥʪʨ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʦʾ ʩʣʫʞʙʠ ʷʢʠʡ 

ʚʭʦʜʠʪʴ ʜʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʙʣʦʢʫ ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʦʶ. ʉʠʩʪʝʤʘ ʤʽʩʪʠʪʴ 

ʜʦʜʘʪʢʦʚʽ ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʽ ʨʦʟʤʽʱʝʥʦ ʫ ʧʘʪʨʫʙʢʘʭ ʩʠʩʪʝʤʠ 

ʦʭʦʣʦʜʞʝʥʥʷ ʜʚʠʛʫʥʘ ʊɿ, ʛʘʟʦʚʦʛʦ ʨʝʜʫʢʪʦʨʘ, ʚʠʧʫʩʢʥʦʤʫ ʢʦʣʝʢʪʦʨʽ ɼɺɿ, ʽ 

ʜʦʜʘʪʢʦʚʠʡ ʜʘʪʯʠʢ ʢʝʨʫʚʘʥʥʷ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʚʦʜʷʥʦʛʦ ʥʘʩʦʩʫ 

ʩʠʩʪʝʤʠ ʧʝʨʝʜʧʫʩʢʦʚʦʛʦ ʧʨʦʛʨʽʚʫ ʜʚʠʛʫʥʘ ʊɿ. ʅʘ (ʨʠʩ. 1) ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ 

ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ  ̔ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʧʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʚʠʛʫʥʘ ʊɿ 

ʧʨʘʮʶʶʯʦʛʦ ʥʘ ʟʨʽʜʞʝʥʦʤʫ ʛʘʟʦʚʦʤʫ ʧʘʣʠʚʽ [1-4].  

 

 
 

ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʧʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʚʠʛʫʥʘ ʊɿ: 

1 ï ʜʚʠʛʫʥ ʊɿ; 2 ï ʪʨʘʥʩʤʽʩʽʷ; 3 ï ʛʣʫʰʥʠʢ; 4 ï ʨʝʛʫʣʶʚʘʣʴʥʘ ʟʘʩʣʽʥʢʘ;  

5 ï ʩʝʨʚʦʧʨʠʚʽʜ; 6 ï ʪʝʧʣʦʚʠʡ ʘʢʫʤʫʣʷʪʦʨ; 7 ï ʚʠʭʣʦʧʥʘ ʪʨʫʙʘ; 8 ï ʢʣʘʧʘʥ;  

9 ï ʪʨʫʙʦʧʨʦʚʦʜʠ; 10 ï ʢʣʘʧʘʥ; 11 ï ʝʣʝʢʪʨʦʥʘʩʦʩ; 12 ï ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ 

ʧʝʨʝʜʧʫʩʢʦʚʦʛʦ ʧʨʦʢʘʯʫʚʘʥʥʷ ʦʣʠʚʠ; 13 ï ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʦʶ 

ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʦʶ ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ ʜʚʠʛʫʥʘ ʊɿ; 14 - ʙʣʦʢ 

ʢʝʨʫʚʘʥʥʷ ʧʫʩʢʦʤ ʜʚʠʛʫʥʘ ʊɿ; 15 - ʙʣʦʢ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʜʘʪʯʠʢʽʚ 
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ʪʝʤʧʝʨʘʪʫʨʠ; 16 ï ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ ʪʝʧʣʦʚʠʤ ʘʢʫʤʫʣʷʪʦʨʦʤ; 17 ï ʪʨʝʢʝʨ;  

18 - ʜʠʩʧʝʪʯʝʨʩʴʢʠʡ ʮʝʥʪʨ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʦʾ ʩʣʫʞʙʠ; 19 ï ʜʨʦʩʝʣʴ;  

20 ï ʦʙʽʛʨʽʚʘʯ ʩʘʣʦʥʫ (ʧʽʯʢʘ); 21 ï ʨʝʜʫʢʪʦʨ ʚʠʧʘʨʥʠʢ; 22 ï ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ 

ʛʘʟʦʚʦʶ ʩʠʩʪʝʤʦʶ ʞʠʚʣʝʥʥʷ; 23 ï ʨʘʜʽʘʪʦʨ; 24 ï ʙʣʦʢ ʮʠʣʽʥʜʨʽʚ; 25 ï ʜʘʪʯʠʢ 

ʪʝʤʧʝʨʘʪʫʨʠ; 26 ï ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ; 27 ï ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ; 28 ï ʜʘʪʯʠʢ 

ʪʝʤʧʝʨʘʪʫʨʠ; 29 ï ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ; 30 ï ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ ʊɸ;  

31 ï ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ ɺɻ; 32 ï ʜʘʪʯʠʢ ʢʝʨʫʚʘʥʥʷ ʥʘʩʦʩʦʤ;  

ʂɹʋ ï ʢʦʤʧʣʝʢʩʥʠʡ ʙʣʦʢ ʫʧʨʘʚʣʽʥʥ;̫ ɼ2, ɼ3 ï ʰʪʘʪʥʽ ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʜʚʠʛʫʥʘ ʊɿ  

 

ɺʠʩʥʦʚʦʢ.  ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʜʦʟʚʦʣʠʪʴ, ʟʘ ʨʘʭʫʥʦʢ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʦʤ ʊɿ ʧʨʘʮʶʶʯʠʤ ʥʘ 

ʟʨʽʜʞʝʥʦʤʫ ʛʘʟʦʚʦʤʫ ʧʘʣʠʚʽ  ̔ ʩʠʩʪʝʤʦʶ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ ʜʚʠʛʫʥʘ ʊɿ ʦʙʣʘʜʥʘʥʦʛʦ ʊɸ ʟ ʜʦʧʦʤʦʛʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʦʚʪʦʨʥʦ - ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʊɿ ʟʙʽʣʴʰʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʘ  ̔ʜʦʩʷʛʪʠ ʟʨʫʯʥʦʩʪʽ ʫ ʧʨʦʮʝʩʽ ʫʪʠʣʽʟʘʮʽʾ ʪʝʧʣʦʪʠ ɺɻ ʚʽʜ ʊɸ 

ʧ̔ ʜ ʯʘʩ ʟʘʙʝʟʧʝʯʝʥʥ ̫ʧʝʨʝʜʧʫʩʢʦʚʦʛʦ ʧʨʦʛʨʽʚʫ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʜʚʠʛʫʥʘ 

ʊɿ, ʛʘʟʦʚʦʛʦ ʨʝʜʫʢʪʦʨʘ ʚʠʧʘʨʥʠʢʘ, ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ, ʜʨʦʩʝʣʷ, ʙʝʟ ʬʘʢʪʠʯʥʦʛʦ 

ʟʘʧʫʩʢʫ ʜʚʠʛʫʥʘ ʊɿ. ɸ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʦʢʨʝʤʠʭ ʟʦʥ 

ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʜʚʠʛʫʥʘ ʊɿ, ʟʤʝʥʰʠʪʠ ʚʪʨʘʪʠ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟ ʩʠʩʪʝʤʠ 

ʧʝʨʝʜʧʫʩʢʦʚʦʛʦ ʧʨʦʛʨʽʚʫ  ʥʘ ʦʩʥʦʚʽ ʊɸʌʇ  ̔ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʧʨʦʛʨʽʚʫ ʪʘ ʟʘʧʫʩʢʫ 

ʜʚʠʛʫʥʘ ʊɿ ʥʘ ʛʘʟʦʚʦʤʫ ʧʘʣʠʚʽ, ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʧʝʨʝʜʧʫʩʢʦʚʦʛʦ ʧʨʦʛʨʽʚʫ. 
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ʠʥʩʪʠʪʫʪ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʢʦʨʘʙʣʝʩʪʨʦʝʥʠʷ; 
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ʏʝʙʘʥʝʥʢʦ ɺʽʪʘʣʽʡ ɺʽʪʘʣʽʡʦʚʠʯ, ʇʝʨʚʦʤʘʡʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʢʦʨʘʙʣʝʩʪʨʦʝʥʠʷ;  

ʗʥʢʦʚʩʴʢʠʡ ɼʝʥʠʩ ʆʣʝʢʩʘʥʜʨʦʚʠʯ, ʇʝʨʚʦʤʘʡʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʢʦʨʘʙʣʝʩʪʨʦʝʥʠʷ; 
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ʆʇʊʀʄɯɿɸʎɯʗ ɻɽʆʄɽʊʈʀʏʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ʇʈʆʊʆʏʅʆɰ 

ʏɸʉʊʀʅʀ ɻɸɿʆʇʆɼɸʖʏʆɻʆ ʄʆɼʋʃʗ ʄɸʃʆʆɹʆʈʆʊʅʆɻʆ 

ɻɸɿʆɼʀɿɽʃʔʅʆɻʆ ɼɺʀɻʋʅɸ 

 

ʋ 2018 ʨʦʮʽ ʄʽʞʥʘʨʦʜʥʘ ʤʦʨʩʴʢʘ ʦʨʛʘʥʽʟʘʮʽʷ ʧʨʠʡʥʷʣʘ ʘʤʙʽʪʥʫ ʧʨʦʛʨʘʤʫ 

ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʜʦ 2050 ʨʦʢʫ ʚʜʚʽʯʽ, ʧʦʨʽʚʥʷʥʦ ʟ ʨʽʚʥʝʤ 

2008 [1]. ʗʢ ʧʨʦʤʽʞʥʠʡ ʝʪʘʧ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʮʽʣʝʡ ʚʠʨʦʙʥʠʢʠ 

ʩʫʜʥʦʚʠʭ ʜʚʦʪʘʢʪʥʠʭ ʤʘʣʦʦʙʦʨʦʪʥʠʭ ʜʚʠʛʫʥʽʚ ʨʦʟʛʣʷʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʥʠʭ ʛʘʟʦʚʠʭ ʧʘʣʠʚ ʥʘ ʦʩʥʦʚʽ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʘʙʦ ʧʨʦʧʘʥ-

ʙʫʪʘʥʦʚʠʭ ʩʫʤʽʰʝʡ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʨʠʙʣʠʟʥʦ ʥʘ 30% ʩʢʦʨʦʪʠʪʠ ʚʠʢʠʜʠ ʜʽʦʢʩʠʜʫ 

ʚʫʛʣʝʮʶ (CO2), ʘ ʪʘʢʦʞ ʧʦʚʥʽʩʪʶ ʚʠʢʣʶʯʠʪʠ ʚʠʢʠʜʠ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ ʩʽʨʢʠ 

(SOʭ), ʥʘ 90% ʟʥʠʟʠʪʠ ʚʠʢʠʜʠ ʦʢʩʠʜʽʚ ʘʟʦʪʫ (NOʭ) ʽ ʥʘ 30% ʟʥʠʟʠʪʠ ʚʠʢʠʜʠ 

ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ [2]. ɺʽʜʩʫʪʥʽʩʪʴ ʨʽʜʢʠʭ ʬʨʘʢʮʽʡ ʫʥʝʤʦʞʣʠʚʣʶʻ ʨʦʟʨʽʜʞʝʥʥʷ 

ʦʣʽʾ ʚ ʟʦʥʽ ʨʦʙʦʪʠ ʧʦʨʰʥʝʚʠʭ ʢʽʣʝʮʴ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʣʽʧʰʝʥʥʷ ʫʤʦʚ 

ʟʤʘʱʝʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʝʩʫʨʩ ʜʚʠʛʫʥʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʛʘʟʽ, ʤʦʞʝ ʙʫʪʠ 

ʟʙʽʣʴʰʝʥʠʡ ʚ 1,3...1,5 ʨʘʟʠ, ʚ ʩʪʽʣʴʢʠ ʞ ʟʥʠʞʝʥʦ ʚʠʪʨʘʪʠ ʥʘ ʾʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʪʘ ʨʝʤʦʥʪ. 

ʆʜʥʘʢ ʰʠʨʦʢʦʤʫ ʚʧʨʦʚʘʜʞʝʥʥʶ ʪʝʭʥʦʣʦʛʽʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʟʦʚʠʭ ʧʘʣʠʚ 

ʧʝʨʝʰʢʦʜʞʘʻ ʨʷʜ ʦʙʤʝʞʝʥʴ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʙʦʯʦʛʦ 

ʧʨʦʮʝʩʫ ʫ ʜʚʦʪʘʢʪʥʠʭ ʜʚʠʛʫʥʚʭ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʧʦʚʥʦʶ ʤʽʨʦʶ ʟʘʩʪʦʩʫʚʘʪʠ 

ʜʣʷ ʥʠʭ ʥʘʷʚʥʠʡ ʜʦʩʚʽʜ, ʥʘʢʦʧʠʯʝʥʠʡ ʫ ʯʦʪʠʨʠʪʘʢʪʥʠʭ ʩʫʜʥʦʚʠʭ ʜʚʠʛʫʥʘʭ. ʅʘ 

ʧʦʪʦʯʥʠʡ ʤʦʤʝʥʪ, ʥʘʤʽʪʠʣʠʩʷ ʜʚʘ ʧʨʠʥʮʠʧʦʚʦ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ï ʧʦʜʘʯʘ ʛʘʟʦʚʦʛʦ 

ʧʘʣʠʚʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʨʦʙʦʯʠʡ ʮʠʣʽʥʜʨ ʥʘ ʧʦʯʘʪʢʫ ʪʘʢʪʫ ʩʪʠʩʥʝʥʥʷ ʧʽʜ 

ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʠʤ ʪʠʩʢʦʤ ʽ ʚʧʦʨʩʢʫʚʘʥʥʷ ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ ʧʽʜ ʚʠʩʦʢʠʤ ʪʠʩʢʦʤ ʚ 

ʢʘʤʝʨʫ ʟʛʦʨʷʥʥʷ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʟʘʡʤʘʥʥʷ ʟʘʧʘʣʴʥʦʾ ʧʦʨʮʽʾ ʨʽʜʢʦʛʦ ʧʘʣʠʚʘ [2-4]. 

ʂʦʞʥʦʤʫ ʟ ʮʠʭ ʤʝʪʦʜʽʚ ʚʣʘʩʪʠʚʽ ʧʝʨʝʚʘʛʠ ʪʘ ʧʝʚʥʠʡ ʥʘʙʽʨ ʥʝʜʦʣʽʢʽʚ [5]. 

ɼʚʠʛʫʥʠ ʦʙʣʘʜʥʘʥʽ ʩʠʩʪʝʤʘʤʠ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ ʤʘʶʪʴ ʧʨʦʩʪʽʰʫ 

ʢʦʥʩʪʨʫʢʮʽʶ, ʙʽʣʴʰ ʙʝʟʧʝʯʥʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘʣʝ ʤʘʶʪʴ ʩʫʪʪʻʚʽʡ ʥʝʜʦʣʽʢ 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʚʝʣʠʢʦʶ ʚʽʨʦʛʽʜʥʽʩʪʶ ʚʠʥʠʢʥʝʥʥʷ ʜʝʪʦʥʘʮʽʡʥʦʛʦ ʟʛʦʨʷʥʥʷ, 

ʦʩʦʙʣʠʚʦ ʧʨʠ ʟʤʽʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʤ ʯʘʩʦʤ 

ʧʝʨʝʙʫʚʘʥʥʷ ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ ʫ ʨʦʙʦʯʦʤʫ ʮʠʣʽʥʜʨʽ, ʷʢʝ ʧʦʜʘʻʪʴʩʷ ʥʘ ʧʦʯʘʪʢʫ 

ʧʨʦʮʝʩʫ ʩʪʠʩʢʘʥʥʷ, ʢʦʣʠ ʪʠʩʢ ʮʠʢʣʫ ʥʝ ʧʝʨʝʚʠʱʫʻ 1,6 ʄʇʘ [3]. ʎʝ ʜʦʟʚʦʣʷʻ 

ʩʫʪʪʻʚʦ ʩʧʨʦʩʪʠʪʠ ʩʠʩʪʝʤʫ ʧʦʜʘʯʽ, ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʩʪʠʩʢʘʥʥʷ ʛʘʟʦʚʦʛʦ 

ʧʘʣʠʚʘ ʫ ʩʠʩʪʝʤʽ ʧʦʜʘʯʽ, ʦʜʥʘʢ ʚʝʜʝ ʜʦ ʪʦʛʦ, ʱʦ ʧʽʜ ʯʘʩ ʜʦʩʠʪʴ ʪʨʠʚʘʣʦʛʦ 
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ʩʪʠʩʢʘʥʥʷ ʛʘʟʦʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʚ ʥʽʡ ʫʪʚʦʨʶʶʪʴʩʷ ʧʝʨʦʢʩʠʜʠ, ʷʢʽ ʻ 

ʧʝʨʚʠʥʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʱʦ ʧʨʦʚʦʢʫʶʪʴ ʚʠʥʠʢʥʝʥʥʷ ʦʩʝʨʝʜʢʽʚ ʜʝʪʦʥʘʮʽʡʥʦʛʦ 

ʟʛʦʨʷʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʤʽʱʝʥʥʷ ʧʨʦʮʝʩʫ ʧʦʜʘʯʽ ʛʘʟʫ ʜʦ ʨʦʙʦʯʦʛʦ ʮʠʣʽʥʜʨʘ, ʻ 

ʩʫʪʪʻʚʠʤ ʟʘʭʦʜʦʤ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʽʨʦʛʽʜʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʜʝʪʦʥʘʮʽʾ 

[6]. 

ʈʘʥʽʰʝ ʘʚʪʦʨʘʤʠ [6, 7] ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʢʨʽʤ ʚʞʝ ʨʝʘʣʽʟʦʚʘʥʠʭ 

ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʽʥʰʽ ʧʽʜʭʦʜʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʧʦʜʘʯʝʶ 

ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ ʚ ʨʦʙʦʯʠʡ ʮʠʣʽʥʜʨ ʧʽʜ ʪʠʩʢʦʤ 4,0...6,0 ʄʇʘ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʧʦʻʜʥʫʚʘʪʠ ʫ ʩʦʙʽ ʧʝʨʝʚʘʛʠ ʦʙʦʭ ʧʨʘʢʪʠʯʥʦ ʨʝʘʣʽʟʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʽ ʟʥʘʯʥʦ 

ʩʢʦʨʦʪʠʪʠ ʚʣʘʩʪʠʚʽ ʾʤ ʥʝʜʦʣʽʢʠ. ɿʦʢʨʝʤʘ, ʷʢ ʝʬʝʢʪʠʚʥʠʡ ʤʝʪʦʜ ʙʦʨʦʪʴʙʠ ʟ 

ʜʝʪʦʥʘʮʽʡʥʠʤ ʟʛʦʨʷʥʥʷʤ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʚ ʜʚʠʛʫʥʘʭ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ, ʻ ʩʢʦʨʦʯʝʥʥʷ 

ʯʘʩʫ ʧʝʨʝʙʫʚʘʥʥʷ ʛʘʟʦʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʚ ʨʦʙʦʯʦʤʫ ʮʠʣʽʥʜʨʽ ʜʚʠʛʫʥʘ ʥʘ ʪʘʢʪʽ 

ʩʪʠʩʥʝʥʥʷ [7]. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʮʝʡ ʯʘʩ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʩʢʫ, ʧʽʜ ʷʢʠʤ ʛʘʟʦʚʝ ʧʘʣʠʚʦ 

ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʛʘʟʦʧʦʜʘʶʯʦʛʦ ʤʦʜʫʣʶ ʽ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʡʦʛʦ ʚʠʪʦʢʫ ʯʝʨʝʟ 

ʧʨʦʪʦʯʥʫ ʯʘʩʪʠʥʫ ʮʴʦʛʦ ʧʨʠʩʪʨʦʶ [8]. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʦʜʘʯʽ 

ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ ʚ ʨʦʙʦʯʠʡ ʮʠʣʽʥʜʨ ʧʽʜ ʪʠʩʢʘʤʠ ʚ ʜʽʘʧʘʟʦʥʽ 1,0...6,0 ʄʇʘ, ʙʫʣʘ 

ʨʦʟʨʦʙʣʝʥʘ ʪʨʠʚʠʤʽʨʥʘ ʤʦʜʝʣʴ ʤʦʜʫʣʷ ʛʘʟʦʧʦʩʪʘʯʘʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ SolidWorks 

[8]. ʄʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʡ ʨʫʭʫ ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ ʽ ʧʘʨʘʤʝʪʨʠ 

ʡʦʛʦ ʚʠʪʦʢʫ ʚ ʨʦʙʦʯʠʡ ʮʠʣʽʥʜʨ ʚ ʫʤʦʚʘʭ ʟʤʽʥʥʦʛʦ ʧʨʦʪʠʪʠʩʢʫ ʥʘ ʪʘʢʪʽ 

ʩʪʠʩʥʝʥʥʷ (ʨʠʩ. 1). 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɿʤʽʥʠ ʚʠʪʨʘʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʟʨʽʟʽ ʩʦʧʣʦʚʦʛʦ ʢʘʥʘʣʫ 

ʛʘʟʦʧʦʜʘʶʯʦʛʦ ʤʦʜʫʣʷ, ʪʨʘʻʢʪʦʨʽʾ ʪʘ ʨʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʝʡ ʚʟʜʦʚʞ ʛʘʟʦʚʦʛʦ 

ʪʨʘʢʪʫ 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʪʨʠʚʠʤʽʨʥʽʡ ʧʦʩʪʘʚʮʽ 
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ʜʦʟʚʦʣʷʻ, ʚʘʨʽʶʶʯʠ ʦʢʨʝʤʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ 

ʛʘʟʦʚʦʛʦ ʤʦʜʫʣʷ ʽ ʪʠʩʢ ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ ʧʝʨʝʜ ʥʠʤ, ʦʪʨʠʤʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ 

ʧʦʪʦʢʫ ʥʘ ʚʠʭʦʜʽ ʟ ʩʦʧʣʦʚʦʛʦ ʢʘʥʘʣʫ ʚ ʨʦʙʦʯʠʡ ʮʠʣʽʥʜʨ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ 

ʧʨʦʪʠʪʠʩʢʫ ʚ ʨʦʙʦʯʦʤʫ ʮʠʣʽʥʜʨʽ. ʇʨʠʢʣʘʜ ʤʦʜʝʣʶʚʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷ 

ʪʨʘʻʢʪʦʨʽʡ ʛʘʟʦʚʠʭ ʧʦʪʦʢʽʚ ʽ ʨʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʽ (ʫ ʜʦʣʷʭ ʚʽʜ ʯʠʩʣʘ ʄʘʭʘ) ʚ 

ʛʘʟʦʧʦʜʘʶʯʦʤʫ ʤʦʜʫʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1. ʇʦʢʘʟʘʥʦ ʟʤʽʥʫ ʰʚʠʜʢʦʩʪʽ 

ʧʦʪʦʢʫ ʚʟʜʦʚʞ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ. 

ʇʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʦʧʪʠʤʽʟʘʮʽʷ ʧʨʦʬʽʣʶ ʚʠʭʽʜʥʦʾ 

ʯʘʩʪʠʥʠ ʢʘʥʘʣʫ ʜʦʟʚʦʣʷʻ ʚ 1,45é1,55 ʨʘʟʠ ʟʙʽʣʴʰʠʪʠ ʡʦʛʦ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ 

ʽ ʟʨʫʰʠʪʠ ʦʙʣʘʩʪʴ ʧʦʜʘʯʽ ʧʦʚʥʦʾ ʮʠʢʣʦʚʦʾ ʧʦʨʮʽʾ ʙʣʠʞʯʝ ʜʦ ɺʄʊ, ʩʢʦʨʦʪʠʚʰʠ 

ʯʘʩ ʧʦʜʘʯʽ ʟ 0,03 ʜʦ 0,0167 ʩ, ʪʦʙʪʦ ʚ 1,8 ʨʘʟʠ (ʜʣʷ ʧʝʨʝʨʽʟʫ 500 ʤʤ2). ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʪʦʯʢʘ ʧʝʨʝʭʦʜʫ ʭʘʨʘʢʪʝʨʫ ʚʠʪʦʢʫ ʟ ʟʘʢʨʠʪʠʯʥʦʛʦ ʫ ʜʦʢʨʠʪʠʯʥʠʡ 

ʟʩʫʚʘʻʪʴʩʷ ʙʣʠʞʯʝ ʜʦ ɺʄʊ. ɿʤʽʥʘ ʨʝʞʠʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʢʦʣʠ ʧʦʨʰʝʥʴ 

ʧʨʦʭʦʜʠʪʴ 90% ʩʚʦʛʦ ʭʦʜʫ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʘʥʘʣʫ ʩʪʘʥʜʘʨʪʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʧʦʨʰʥʝʤ 73% ʨʦʙʦʯʦʛʦ ʭʦʜʫ. ʋ 

ʪʦʡ ʞʝ ʯʘʩ ʤʦʤʝʥʪ ʧʦʯʘʪʢʫ ʧʦʜʘʯʽ ʟʨʫʰʫʻʪʴʩʷ ʙʣʠʞʯʝ ʜʦ ɺʄʊ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ 

ʯʘʩʪʢʘ ʭʦʜʫ ʩʪʠʩʥʝʥʥʷ ʛʘʟʦʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʩʢʦʨʦʯʫʻʪʴʩʷ ʥʘ 45é48%.  
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ʈʆɿʈʆɹʂɸ ɿɸɻɸʃʔʅʆɻʆ  ɺʀɼʋ  ʂʃɸʇɸʅʅʆɻʆ ʄɽʍɸʅɯɿʄʋ ɿ 

ɻɯɼʈɸɺʃɯʏʅʀʄ ʇʈʀɺʆɼʆʄ ʂʃɸʇɸʅɯɺ 

 

ʄʝʭʘʥʽʟʤ ɻʈʄ  ʤʘʻ ʪʘʢʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ. 

ʂʨʠʰʢʘ ʮʠʣʽʥʜʨʘ ʤʘʻ ʧʣʦʩʢʫ ʢʦʥʩʪʨʫʢʮʽʶ ʫ ʚʠʛʣʷʜʽ ʧʣʠʪʠ ʪʦʚʱʠʥʦʶ 22 

ʤʤ. ɺ ʢʨʠʰʮʽ ʮʠʣʽʥʜʨʘ ʚʠʢʦʥʘʥʘ ʨʦʟʪʦʯʢʘ ʧʽʜ ʮʠʣʽʥʜʨ ʜʽʘʤʝʪʨʦʤ 92 ʤʤ ʽ ʜʚʽ 

ʨʦʟʪʦʯʢʠ ʧʽʜ ʢʦʨʧʫʩʠ ʚʧʫʩʢʥʦʛʦ ʽ ʚʠʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʽʚ. ʈʦʟʪʦʯʢʠ ʧʽʜ ʢʣʘʧʘʥʠ 

ʨʦʟʪʘʰʦʚʘʥʽ ʧʽʜ ʢʣʘʧʘʥʘʤʠ ʧʽʜ ʢʫʪʦʤ 30 0 ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ. ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ 

ʜʦʟʚʦʣʷʻ ʜʝʱʦ ʟʙʽʣʴʰʠʪʠ ʜʽʘʤʝʪʨʠ ʛʦʣʦʚʦʢ ʢʣʘʧʘʥʽʚ ʽ ʧʽʜʚʠʱʠʪʠ ʾʭ ʧʨʦʧʫʩʢʥʫ 

ʩʧʨʦʤʦʞʥʽʩʪʴ. ʂʨʽʤ ʪʦʛʦ, ʚʦʥʘ ʜʦʟʚʦʣʷʻ ʨʦʟʪʘʰʫʚʘʪʠ ʝʣʝʤʝʥʪʠ ʧʨʠʚʦʜʘ, ʷʢʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʘʜ ʢʨʠʰʢʦʶ. ɺ ʢʨʠʰʮʽ ʪʘʢʦʞ ʨʦʟʪʘʰʦʚʘʥʽ ʦʪʚʦʨʠ ʜʣʷ ʝʣʝʤʝʥʪʽʚ 

ʢʨʽʧʣʝʥʥʷ ʢʦʨʧʫʩʽʚ ʢʣʘʧʘʥʽʚ ʜʦ ʢʨʠʰʢʠ. 
 

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʛʘʣʴʥʠʾ ʚʠʜ ʢʣʘʧʘʥʥʦʛʦ ʤʝʭʘʥʽʟʤʘ ʟ ʛʽʜʨʘʚʣʽʯʥʠʤ ʧʨʠʚʦʜʦʤ 

ʢʣʘʧʘʥʽʚ 
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ʂʦʨʧʫʩ ʢʣʘʧʘʥʘ ʤʘʻ ʬʦʨʤʫ ʩʪʘʢʘʥʘ ʟʽ ʰʪʫʮʝʨʦʤ ʧʽʜʚʦʜʘ ʩʪʠʩʥʝʥʦʛʦ 

ʧʦʚʽʪʨʷ ʜʦ ʮʠʣʽʥʜʨʘ. ʅʠʞʥʷ ʯʘʩʪʠʥʘ ʢʦʨʧʫʩʫ ʩʣʫʛʫʻ ʩʽʜʣʦʤ ʢʣʘʧʘʥʘ. ɺ ʩʝʨʝʜʥʽʡ 

ʯʘʩʪʠʥʽ ʢʦʨʧʫʩʫ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘʧʨʷʤʥʘ ʢʣʘʧʘʥʘ ʜʽʘʤʝʪʨʦʤ 20 ʤʤ. ɺʝʨʭʥʷ 

ʯʘʩʪʠʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʢʣʘʧʘʥʥʦʾ ʧʨʫʞʠʥʠ, ʷʢʘ ʧʨʠʪʠʩʢʘʻ 

ʢʣʘʧʘʥ ʜʦ ʩʽʜʣʘ. ʂʦʨʧʫʩ ʢʣʘʧʘʥʘ ʧʨʠʢʨʽʧʣʶʪ̒ʴʩʷ ʜʦ ʢʨʠʰʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʠʪʠʩʢʘʯʘ ʚʠʣʯʘʩʪʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ʇʨʠʪʠʩʢʘʯ ʦʜʥʠʤ ʙʦʢʦʤ ʩʧʠʨʘʻʪʴʩʷ ʥʘ 

ʮʠʣʽʥʜʨʠʯʥʫ ʧʽʜʩʪʘʚʢʫ, ʘ ʜʨʫʛʠʤ ʙʦʢʦʤ ʜʽʻ ʥʘ ʟʘʧʣʝʯʠʢʠ ʢʦʨʧʫʩʫ ʢʣʘʧʘʥʘ. 

ʇʨʠʪʠʩʢʘʯ ʟʘʪʷʛʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʧʠʣʴʢʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ. ʋʱʽʣʴʥʝʥʥʷ 

ʢʦʨʧʫʩʫ ʢʣʘʧʘʥʘ ʟʘʙʝʟʧʝʯʫʻ ʤʽʜʥʘ ʧʨʦʢʣʘʜʢʘ. ʂʽʣʴʢʽʩʪʴ ʢʣʘʧʘʥʥʠʭ ʩʪʘʢʘʥʽʚ 

ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʢʣʘʧʘʥʽʚ ï ʚʽʩʽʤ ʥʘ ʜʚʠʛʫʥ. ɺʝʨʭʥʷ ʯʘʩʪʠʥʘ ʢʦʨʧʫʩʫ ʢʣʘʧʘʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʽ ʢʨʽʧʣʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʮʠʣʽʥʜʨʘ ʧʨʠʚʦʜʫ ʽ 

ʟʦʣʦʪʥʠʢʦʚʦʛʦ ʧʝʨʝʤʠʢʘʯʘ. 

ʂʣʘʧʘʥ  ʛʨʠʙʢʦʚʦʛʦ ʪʠʧʫ ʤʘʻ ʥʘʩʪʫʧʥʫ ʢʦʥʩʪʨʫʢʮʽʶ. ɻʦʣʦʚʢʘ ʢʣʘʧʘʥʘ 

ʜʽʘʤʝʪʨʦʤ 25 ʤʤ ʤʘʻ ʢʦʥʽʯʥʫ ʫʱʽʣʴʥʶʶʯʫ ʬʘʩʢʫ ʧʽʜ ʢʫʪʦʤ 450. ʉʪʨʠʞʝʥʴ 

ʢʣʘʧʘʥʘ ʜʽʘʤʝʪʨʦʤ 6 ʤʤ ʤʘʻ ʨʦʟʰʠʨʝʥʫ ʯʘʩʪʠʥʫ ʜʽʘʤʝʪʨʦʤ 20 ʤʤ, ʷʢʘ ʩʣʫʛʫʻ ʚ 

ʷʢʦʩʪʽ ʥʘʧʨʷʤʥʦʾ ʢʣʘʧʘʥʘ. ʋ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʢʣʘʧʘʥʘ ʥʘʨʽʟʘʥʘ ʨʽʟʴʙʘ ʧʽʜ ʛʘʡʢʫ, 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʤʦʞʥʘ ʨʝʛʫʣʶʚʘʪʠ ʧʦʧʝʨʝʜʥʻ ʟʘʪʷʛʫʚʘʥʥʷ ʧʨʫʞʠʥʠ ʢʣʘʧʘʥʘ. 

ɻʽʜʨʘʚʣʽʯʥʠʡ ʮʠʣʽʥʜʨ ʧʨʠʚʦʜʫ ʢʣʘʧʘʥʘ ʨʦʟʤʽʱʫʻʪʴʩʷ ʤʽʞ ʢʦʨʧʫʩʦʤ 

ʢʣʘʧʘʥʘ ʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʧʝʨʝʤʠʢʘʯʝʤ. ɺʽʥ ʤʘʻ ʚʠʛʣʷʜ ʪʦʚʩʪʦʩʪʽʥʥʦʾ ʪʨʫʙʢʠ 

ʟ ʚʥʫʪʨʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ 18 ʤʤ. ʋʩʝʨʝʜʠʥʽ ʮʠʣʽʥʜʨʘ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʧʣʫʥʞʝʨ, 

ʷʢʠʡ ʧʽʜ ʜʽʻʶ ʪʠʩʢʫ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʫʭʫ ʢʣʘʧʘʥ. ʇʣʫʥʞʝʨ ʤʘʻ 

ʫʱʽʣʴʥʶʶʯʽ ʢʽʣʴʮʷ. ʍʽʜ ʧʣʫʥʞʝʨʘ ʩʢʣʘʜʘʻ 6 ʤʤ. ʍʽʜ ʧʣʫʥʞʝʨʘ ʟ ʦʜʥʦʛʦ ʙʦʢʫ 

ʦʙʤʝʞʫʻ ʧʨʦʩʪʘʚʢʘ ʟ ʽʥʰʦʛʦ ʩʽʜʣʦ ʢʣʘʧʘʥʘ. ʋʱʽʣʴʥʝʥʥʷ ʛʽʜʨʦʮʠʣʽʥʜʨʘ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʽʜʥʽ ʢʽʣʴʮʷ.[9] 

ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʧʝʨʝʤʠʢʘʯ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʦʜʘʚʘʥʥʷ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ 

ʧʽʜ ʚʝʣʠʢʠʤ ʪʠʩʢʦʤ ʫ ʥʘʜʧʣʫʥʞʝʨʥʫ ʧʦʨʦʞʥʠʥʫ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʮʠʣʽʥʜʨʘ 

ʧʨʠʚʦʜʫ ʢʣʘʧʘʥʘ ʽ ʩʚʦʻʯʘʩʥʦʛʦ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʾʾ ʚʽʜ ʪʠʩʢʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜ 

ʤʦʤʝʥʪʫ ʧʦʜʘʯʽ ʨʽʜʠʥʠ ʫ ʥʘʜʧʣʫʥʞʝʨʥʫ ʧʦʨʦʞʥʠʥʫ ʽ ʾʾ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʪʠʩʢʫ 

ʙʫʜʫʪʴ ʟʘʣʝʞʘʪʠ ʬʘʟʠ ʧʦʚʽʪʨʦʨʦʟʧʦʜʽʣʝʥʥʷ ʽ ʪʨʠʚʘʣʽʩʪʴ ʟʥʘʭʦʜʞʝʥʥʷ ʢʣʘʧʘʥʘ ʫ 

ʚʽʜʢʨʠʪʦʤʫ ʩʪʘʥʽ. 

ʈʦʟʛʣʷʜʘʣʠʩʷ ʜʝʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʧʝʨʝʤʠʢʘʯʽʚ [1-4]. ʋʤʦʚʥʦ ʾʭ ʤʦʞʥʘ 

ʨʦʟʜʽʣʠʪʠ ʥʘ ʢʣʘʧʘʥʥʽ ʽ ʟʦʣʦʪʥʠʢʦʚʽ. ʇʝʨʝʚʘʛʦʶ ʢʣʘʧʘʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʻ ʤʘʣʠʡ 

ʭʽʜ ʫʧʨʘʚʣʷʶʯʦʛʦ ʦʨʛʘʥʫ ʽ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʽ ʧʨʦʭʽʜʥʽ ʧʝʨʝʨʽʟʠ. ʅʝʜʦʣʽʢʦʤ ʻ 

ʟʥʘʯʥʽ ʧʝʨʝʩʪʘʥʦʚʯʽ ʟʫʩʠʣʣʷ. ɿʦʣʦʪʥʠʢʦʚʽ ʧʨʠʩʪʨʦʾ ʛʽʜʨʘʚʣʽʯʥʦ ʨʦʟʚʘʥʪʘʞʝʥʽ ʽ 

ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʠʭ ʟʫʩʠʣʴ ʥʘ ʧʝʨʝʩʪʘʥʦʚʢʫ ʟʦʣʦʪʥʠʢʘ, ʘʣʝ ʤʘʶʪʴ ʟʥʘʯʥʦ 

ʙʽʣʴʰʠʡ ʭʽʜ. ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʚ ʷʢʦʩʪʽ ʫʧʨʘʚʣʷʶʯʦʛʦ ʝʣʝʤʝʥʪʘ 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʰʚʠʜʢʦʜʽʶʯʠʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪ ʧʨʷʤʦʾ ʜʽʾ ʟ 

ʥʝʚʝʣʠʢʠʤ ʧʝʨʝʩʪʘʥʦʚʯʠʤ ʟʫʩʠʣʣʷʤ, ʘ ʚʠʤʦʛʠ ʜʦ ʰʚʠʜʢʦʜʽʾ ʩʠʩʪʝʤʠ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʢʣʘʧʘʥʽʚ ʜʣʷ ʧʥʝʚʤʦʜʚʠʛʫʥʘ ( nʥ = 500...1500 ʭʚ-1) ʤʝʥʰ 

ʞʦʨʩʪʢʽ ʥʽʞ ʜʦ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ɼɺɿ ( nʥ =  5000...6000 ʭʚ-1), ʟʘ ʦʩʥʦʚʫ ʚʟʷʪʠʡ 

ʟʦʣʦʪʥʠʢʦʚʠʡ ʧʝʨʝʤʠʢʘʯ ʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʢʝʨʫʚʘʥʥʷʤ. ɿʘʛʘʣʴʥʠʡ ʚʠʜ ʪʘʢʦʛʦ 

ʧʝʨʝʤʠʢʘʯʘ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 2. 

ɿʦʣʦʪʥʠʢ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʪʠʧʫ ʜʽʘʤʝʪʨʦʤ 8 ʤʤ ʨʦʟʤʽʱʫʻʪʴʩʷ ʚ ʢʦʨʧʫʩʽ ʟ 

ʥʝʚʝʣʠʢʠʤ ʟʘʟʦʨʦʤ ʽ ʤʘʻ ʜʚʽ ʧʨʦʪʦʯʢʠ ʜʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʽ ʦʜʥʫ 
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ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʫ ʧʨʦʪʦʯʢʫ ʧʦʩʝʨʝʜʠʥʽ. ʇʽʜʚʝʜʝʥʥʷ ʽ ʚʽʜʚʝʜʝʥʥʷ ʨʽʜʠʥʠ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʜʚʘ ʰʪʫʮʝʨʠ. 

ʇʝʨʝʤʠʢʘʯ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɺ ʧʦʯʘʪʢʦʚʦʤʫ ʧʦʣʦʞʝʥʥʽ, ʢʦʣʠ 

ʥʘʧʨʫʛʘ ʥʝ ʧʦʜʘʻʪʴʩʷ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪ, ʟʦʣʦʪʥʠʢ ʧʝʨʝʢʨʠʚʘʻ ʦʪʚʦʨʠ ʧʽʜʚʦʜʫ 

ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʜʦ ʛʽʜʨʦʮʠʣʽʥʜʨʘ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʦʪʚʦʨʠ ʟʣʠʚʥʦʾ ʤʘʛʽʩʪʨʘʣʽ 

ʛʽʜʨʦʩʠʩʪʝʤʠ ʚʽʜʢʨʠʪʽ. ʇʨʠ ʮʴʦʤʫ ʢʣʘʧʘʥ ʧʥʝʚʤʦʜʚʠʛʫʥʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʟʘʢʨʠʪʦʤʫ ʩʪʘʥʽ. ʇʨʠ ʧʦʜʘʚʘʥʥʽ ʥʘʧʨʫʛʠ ʜʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʘ ʩʝʨʜʝʯʥʠʢ 

ʚʪʷʛʫʻʪʴʩʷ, ʩʪʠʩʢʘʻ ʧʨʫʞʠʥʫ ʽ ʧʝʨʝʤʽʱʫʻ ʟʦʣʦʪʥʠʢ ʚ ʧʦʣʦʞʝʥʥʷ, ʚ ʷʢʦʤʫ ʦʪʚʦʨʠ 

ʚʽʜʚʝʜʝʥʥʷ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʟʘʢʨʠʪʽ, ʘ ʦʪʚʦʨʠ ʛʽʜʨʘʚʣʽʯʥʦʾ ʤʘʛʽʩʪʨʘʣʽ ʚʠʩʦʢʦʛʦ 

ʪʠʩʢʫ ʚʽʜʢʨʠʪʽ. ʇʨʠ ʮʴʦʤʫ ʧʦʨʰʝʥʴ ʛʽʜʨʦʮʠʣʽʥʜʨʘ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʽ ʚʽʜʢʨʠʚʘʻ 

ʢʣʘʧʘʥ ʧʥʝʚʤʦʜʚʠʛʫʥʘ. ʇʦʚʥʠʡ ʭʽʜ ʟʦʣʦʪʥʠʢʘ ʩʢʣʘʜʘʻ 4 ʤʤ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ɿʦʣʦʪʥʠʢʦʚʠʡ ʧʝʨʝʤʠʢʘʯ ʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʢʝʨʫʚʘʥʥʷʤ 

 

ɽʣʝʢʪʨʦʤʘʛʥʽʪ ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʥʘ ʧʣʘʩʪʠʥʽ, ʷʢʘ ʧʨʠʻʜʥʫʻʪʴʩʷ ʜʦ ʢʦʨʧʫʩʫ 

ʟʦʣʦʪʥʠʢʘ ʯʦʪʠʨʤʘ ʰʧʠʣʴʢʘʤʠ ʄ6, ʷʢʽ ʩʪʷʛʫʶʪʴ ʢʦʨʧʫʩ ʟʦʣʦʪʥʠʢʘ, 

ʛʽʜʨʦʮʠʣʽʥʜʨ ʽ ʢʦʨʧʫʩ ʢʣʘʧʘʥʘ ʧʥʝʚʤʦʜʚʠʛʫʥʘ. 

ʆʙôʻʜʥʘʥʥʷ ʢʣʘʧʘʥʥʦʛʦ ʚʫʟʣʘ, ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʮʠʣʽʥʜʨʘ ʽ ʧʝʨʝʤʠʢʘʯʘ ʟ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʧʨʠʚʦʜʦʤ ʚ ʦʜʠʥ ʘʛʨʝʛʘʪ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʧʦʨʽʚʥʷʥʦ 

ʢʦʤʧʘʢʪʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʟ ʥʝʟʥʘʯʥʦʶ ʤʘʩʦʶ ʜʝʪʘʣʝʡ, ʱʦ ʨʫʭʘʶʪʴʩʷ 

ʧʦʩʪʫʧʘʣʴʥʦ ʪʘ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʜʦʚʞʠʥʫ ʢʘʥʘʣʽʚ ʛʽʜʨʘʚʣʽʯʥʦʾ ʩʠʩʪʝʤʠ. ʎʽ 

ʟʘʭʦʜʠ ʩʧʨʠʷʶʪʴ ʧʽʜʚʠʱʝʥʥʶ ʰʚʠʜʢʦʜʽʾ ʫʩʴʦʛʦ ʤʝʭʘʥʽʟʤʫ ʧʨʠʚʦʜʫ ʢʣʘʧʘʥʽʚ 3. 
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ʆɹɻʈʋʅʊʋɺɸʅʅʗ ʇɸʈɸʄɽʊʈɯɺ ʇʆʉʃɯɼʆɺʅʆɰ 

ɻɯɹʈʀɼʅʆɰ ʉʀʃʆɺʆɰ ʋʉʊɸʅʆɺʂʀ ʃɽɻʂʆɺʆɻʆ ɸɺʊʆʄʆɹɯʃʗ 

 

ɿʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤʠ ʛʘʟʘʤʠ 

ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ (ɼɺɿ), ʜʝʬʽʮʠʪ ʥʘʬʪʦʚʠʭ ʧʘʣʠʚ ʽ ʛʣʦʙʘʣʴʥʝ 

ʧʦʪʝʧʣʽʥʥʷ, ʻ ʢʣʶʯʦʚʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʩʪʠʤʫʣʶʶʪʴ ʧʦʰʫʢ ʤʝʪʦʜʽʚ ʽ 

ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɼɺɿ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʭʦʜʫ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʥʘ ʝʣʝʢʪʨʠʯʥʽ ʘʙʦ ʛʽʙʨʠʜʥʽ 

ʩʠʣʦʚʽ ʫʩʪʘʥʦʚʢʠ, ʷʢʽ ʢʦʤʙʽʥʫʶʪʴ ʫ ʩʦʙʽ ɼɺɿ ʪʘ ʝʣʝʢʪʨʠʯʥʠʡ ʜʚʠʛʫʥ. 

ɺʽʜʦʤʦ, ʱʦ ʛʽʙʨʠʜʥʽ ʫʩʪʘʥʦʚʢʠ ʩʧʦʞʠʚʘʶʪʴ ʥʘ 30-50% ʤʝʥʰʝ ʧʘʣʠʚʘ, 

ʧʦʨʽʚʥʷʥʦ ʟ ɼɺɿ ʟʽ ʩʭʦʞʦʶ ʧʦʪʫʞʥʽʩʪʶ, ʷʢ ʥʘʩʣʽʜʦʢ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ 

ʚʠʢʠʜʽʚ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ, ʷʢʠʡ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʛʘʟʽʚ, ʱʦ ʩʧʨʠʯʠʥʷʻ 

ʧʘʨʥʠʢʦʚʠʡ ʝʬʝʢʪ. 

ʆʜʠʥ ʟ ʧʦʪʝʥʮʽʡʥʠʭ ʩʧʦʩʦʙʽʚ ʧʝʨʝʭʦʜʫ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʥʘ ʝʣʝʢʪʨʠʯʥʠʡ 

ʧʨʠʚʽʜ ʚ ʋʢʨʘʾʥʽ - ʮʝ ʧʝʨʝʦʙʣʘʜʥʘʥʥʷ ʚʞʠʚʘʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. ɼʦʩʚʽʜ 

ʻʚʨʦʧʝʡʩʴʢʠʭ ʪʘ ʘʤʝʨʠʢʘʥʩʴʢʠʭ ʩʪʘʨʪʘʧʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʚʘʨʪʽʩʪʴ ʢʦʥʚʝʨʪʘʮʽʾ 

ʚʞʠʚʘʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʝʣʝʢʪʨʠʯʥʠʡ ʧʨʠʙʣʠʟʥʦ ʚʜʚʽʯʽ ʤʝʥʰʝ, ʥʽʞ ʮʽʥʘ ʥʦʚʦʛʦ 

ʝʣʝʢʪʨʦʤʦʙʽʣʷ. ʋ ʢʦʥʪʝʢʩʪʽ ʥʠʟʴʢʦʾ ʩʧʦʞʠʚʯʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʮʝ ʻ 

ʟʥʘʯʫʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ. 

ʄʦʜʝʨʥʽʟʘʮʽʷ ʥʘ ʛʽʙʨʠʜʥʠʡ ʩʠʣʦʚʠʡ ʧʨʠʚʽʜ ʻ ʜʦʮʽʣʴʥʦʶ ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ ʫ 

ʢʫʟʦʚʽ "ʫʥʽʚʝʨʩʘʣ", ʪʘʢʠʭ, ʷʢ Chevrolet Lacetti. ʊʘʢʠʡ ʘʚʪʦʤʦʙʽʣʴ ʤʘʻ ʜʦʩʪʘʪʥʴʦ 

ʤʽʩʮʷ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʦʭʦʣʦʜʞʫʚʘʥʦʾ ʪʷʛʦʚʦʾ ʙʘʪʘʨʝʾ ʟ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʪʘ 

ʽʥʚʝʨʪʦʨʦʤ. ɺʚʘʞʘʻʤʦ, ʱʦ ʝʢʦʥʦʤʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʻ ʢʦʥʚʝʨʪʘʮʽʷ ʚʞʠʚʘʥʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʟ ʝʢʩʧʣʫʘʪʘʮʽʻʶ ʙʣʠʟʴʢʦ 10 ʨʦʢʽʚ. 

ʇʨʠ ʘʧʛʨʝʡʜʽ ʽʩʥʫʶʯʦʾ ʩʠʣʦʚʦʾ ʩʠʩʪʝʤʠ ʘʚʪʦʤʦʙʽʣʷ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʭʝʤʫ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʤʽʥʽʤʘʣʴʥʽ ʟʤʽʥʠ ʚ ʙʘʟʦʚʽʡ ʡʦʛʦ 

ʢʦʥʩʪʨʫʢʮʽʾ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʥʘʡʙʽʣʴʰʠʡ ʧʦʪʝʥʮʽʘʣ ʜʝʤʦʥʩʪʨʫʻ ʧʦʩʣʽʜʦʚʥʘ 

ʩʭʝʤʘ, ʱʦ ʤʘʻ ʧʨʦʩʪʝ ʢʝʨʫʚʘʥʥʷ, ʧʝʨʝʜʙʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʝʟ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ, ʘ ʪʘʢʦʞ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʷʛʦʚʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʜʚʠʛʫʥʘ, ʷʢ ʜʣʷ ʧʨʠʚʦʜʫ ʧʝʨʝʜʥʴʦʾ ʦʩʽ, ʪʘʢ ʽ ʜʣʷ ʟʘʜʥʴʦʾ. 
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ʇʘʨʘʤʝʪʨʠ ʛʽʙʨʠʜʥʦʾ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʙʫʣʠ ʦʙʨʘʥʽ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʽ ʥʘ 

ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʽʟʥʠʭ ʘʩʧʝʢʪʽʚ, ʚʢʣʶʯʘʶʯʠ ʨʦʙʦʯʠʡ 

ʧʨʦʮʝʩ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, ʜʠʥʘʤʽʢʫ ʧʨʠʩʢʦʨʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʪʘ 

ʧʘʨʘʤʝʪʨʠ ʛʽʙʨʠʜʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜ ʯʘʩ ʪʝʩʪʽʚ ʟʘ ʻʚʨʦʧʝʡʩʴʢʠʤ ʚʠʧʨʦʙʫʚʘʣʴʥʠʤ 

ʮʠʢʣʦʤ NEDC, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʛʨʘʤʥʝ ʩʝʨʝʜʦʚʠʱʝ MATLAB [2]. ɺʠʭʽʜʥʽ 

ʜʘʥʽ ʜʣʷ ʦʙʯʠʩʣʝʥʴ ʧʦʜʘʶʪʴʩʷ ʚ ʪʘʙʣʠʮʽ 1. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ɼɺɿ ʫ 

ʛʽʙʨʠʜʥʽʡ ʩʠʣʦʚʽʡ ʫʩʪʘʥʦʚʮʽ ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ, ʱʦ ʥʘʡʤʝʥʰʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ 

ʩʪʘʥʦʚʠʪʴ 242 ʛʨ/(ʢɺʪĀʛʦʜ) ʥʘ ʨʝʞʠʤʽ ʟʦʚʥʽʰʥʴʦʾ ʰʚʠʜʢʽʩʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʠ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ 2200 ʭʚ-1, ʧʨʠ ʮʴʦʤʫ ʧʦʪʫʞʥʽʩʪʴ ɼɺɿ 

ʩʪʘʥʦʚʠʪʴ 34 ʢɺʪ. 

 

ʊʘʙʣʠʮʷ 1 ï ɺʠʭʽʜʥʽ ʜʘʥʽ  

ʄʘʩʘ ʘʚʪʦʤʦʙʽʣʷ m, ʢʛ  1300 

ʉʪʘʪʠʯʥʠʡ ʨʘʜʽʫʩ ʢʦʣʝʩ  rst, ʤ 0,2794 

ɺʠʩʦʪʘ ʘʚʪʦʤʦʙʽʣʷ ɺr, ʤ 1,445 

ʐʠʨʠʥʘ ʘʚʪʦʤʦʙʽʣʷ ʅr, ʤ 1,725 

ʂʦʝʬʽʮʽʻʥʪ ʟʘʧʦʚʥʝʥʥʷ ʣʦʙʦʚʦʾ ʧʣʦʱʽ ʘʚʪʦʤʦʙʽʣʷ Ŭ 0,78 

ʅʦʤʽʥʘʣʴʥʘ ʝʬʝʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ Neʜ ʥ, ʢɺʪ 86 

ʅʦʤʽʥʘʣʴʥʘ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʪʷʛʦʚʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ 

nʝʜʥ, ʭʚ-1 

1860 

ʄʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʪʷʛʦʚʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ 

nʝʜmax, ʭʚ-1 

7000 

ʂʂɼ ʪʨʘʥʩʤʽʩʽʾ ɖʪ 0,9 

ʇʦʚʥʝ ʧʝʨʝʜʘʪʦʯʥʝ ʚʽʜʥʦʰʝʥʥʷ ʚʽʜ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʜʦ ʢʦʣʽʩ 

ʘʚʪʦʤʦʙʽʣʷ u0 

4,13 

 

ʇʘʨʘʤʝʪʨʠ ɼɺɿ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʚ ʨʝʞʠʤʽ ʥʘʡʢʨʘʱʦʾ ʧʘʣʠʚʥʦʾ 

ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴ ʧʘʨʘʤʝʪʨʠ ʛʝʥʝʨʘʪʦʨʘ ʩʪʨʫʤʫ, ʷʢʠʡ ʦʙʠʨʘʻʪʴʩʷ ʜʣʷ 

ʛʽʙʨʠʜʥʦʾ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʙʠʨʘʥʦ ʛʝʥʝʨʘʪʦʨ ʧʦʪʫʞʥʽʩʪʶ 3 

0ʢɺʪ, ʷʢʠʡ ʩʧʨʦʝʢʪʦʚʘʥʠʡ ʜʣʷ ʨʦʙʦʪʠ ʟ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ 2200 ʭʚ-1 ʪʘ ʤʘʻ 

ʂʂɼ ɖʛ = 0,9. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʙʫʣʠ 

ʧʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʩʝʨʝʜʥʶ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʚʠʪʨʘʪʫ 

ʧʘʣʠʚʘ ɼɺɿ, (ʈʠʩ.1). ʇʨʠ ʟʤʽʥʽ ʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ ʟʘʣʠʰʘʣʠʩʷ 

ʥʝʟʤʽʥʥʠʤʠ. 

ɿʤʝʥʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʘʢʫʤʫʣʷʪʦʨʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ 

ʘʚʪʦʤʦʙʽʣʷ, ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ ʤʘʩʠ ʽ ʟʙʽʣʴʰʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚ ʙʘʛʘʞʥʦʤʫ 

ʚʽʜʩʽʢʫ. ʇʨʦʪʝ, ʟʛʽʜʥʦ ʨʠʩ.1, ʮʷ ʟʤʽʥʘ ʩʧʨʠʯʠʥʷʻ ʟʙʽʣʴʰʝʥʥʷ ʩʝʨʝʜʥʴʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʟ 7 ʣ/100 ʢʤ ʜʦ 9 ʣ/100 ʢʤ. ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ, 

ʱʦ ʧʨʠ ʮʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʥʝ ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ ʚʧʣʠʚ ʟʙʽʣʴʰʝʥʥʷ ʚʘʛʠ ʘʢʫʤʫʣʷʪʦʨʘ 

ʧʨʠ ʡʦʛʦ ʟʙʽʣʴʰʝʥʥʽ ʻʤʥʦʩʪʽ. ʗʢʱʦ ʮʝʡ ʬʘʢʪʦʨ ʚʨʘʭʫʚʘʪʠ, ʪʦ ʝʢʦʥʦʤʽʯʥʠʡ 

ʚʠʛʨʘʰ ʚʽʜ ʟʙʽʣʴʰʝʥʥʷ ʻʤʥʦʩʪʽ ʙʘʪʘʨʝʾ ʤʦʞʝ ʙʫʪʠ ʤʝʥʰ ʚʠʨʘʟʥʠʤ. 
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ʆʜʥʠʤ ʽʟ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʤʝʪʦʜʽʚ ʧʦʢʨʘʱʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʴʥʦʛʦ ʚ 

ʢʦʥʪʝʢʩʪʽ ʛʽʙʨʠʜʥʦʛʦ ʧʨʠʚʦʜʫ ʻ ʨʝʢʫʧʝʨʘʮʽʷ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʝʢʫʧʝʨʘʮʽʾ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʴʥʦʛʦ ʟ 

8,1 ʣ/100 ʢʤ ʜʦ 7,1 ʣ/100 ʢʤ. ʇʨʦʪʝ, ʮʝʡ ʤʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ ʟʥʘʯʥʫ ʤʦʜʝʨʥʽʟʘʮʽʶ 

ʙʘʟʦʚʦʾ ʩʠʩʪʝʤʠ ʛʘʣʴʤʫʚʘʥʥʷ, ʱʦ ʤʦʞʝ ʩʪʚʦʨʠʪʠ ʧʨʦʙʣʝʤʠ. 

ɿʙʽʣʴʰʝʥʥʷ ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʤʽʥʠ ʻʤʥʦʩʪʽ ʘʢʫʤʫʣʷʪʦʨʘ (æCb) (ʨʠʩ.1) 

ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʩʝʨʝʜʥʶ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʚʠʪʨʘʪʫ ʧʘʣʴʥʦʛʦ. ʈʦʟʨʘʭʫʥʢʠ 

ʩʚʽʜʯʘʪʴ, ʱʦ ʧʨʠ æCb = 0,4 ʢɺʪĿʛʦʜ ʚʠʪʨʘʪʘ ʧʘʣʴʥʦʛʦ ʤʘʢʩʠʤʘʣʴʥʘ. 

ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ ʨʦʟʛʣʷʜʘʪʠ ʙʽʣʴʰ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ æCb, ʘ ʩʘʤʝ æCb = 0,8 

ʢɺʪĿʛʦʜ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʢʦʥʚʝʨʪʘʮʽʾ ʩʠʣʦʚʦʾ 

ʫʩʪʘʥʦʚʢʠ ʘʚʪʦʤʦʙʽʣʷ ɼɺɿ ʥʘ ʧʦʩʣʽʜʦʚʥʠʡ ʛʽʙʨʠʜʥʠʡ ʩʠʣʦʚʠʡ ʧʨʠʚʽʜ. 

ɺʠʟʥʘʯʝʥʦ ʧʘʨʘʤʝʪʨʠ ʪʷʛʦʚʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʽʚ ʛʽʙʨʠʜʥʦʾ 

ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ: 

- ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ ɼɺɿ n = 2200 ʭʚ-1; 

-ʧʦʪʫʞʥʽʩʪʴ ɼɺɿ Ne = 34 ʢɺʪ; 

-ʧʠʪʦʤʘ ʝʬʝʢʪʠʚʥʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ɼɺɿ ge = 242 ʛ/(ʢɺʪȚʛʦʜ); 

- ʤʘʢʩʠʤʘʣʴʥʘ ʻʤʥʽʩʪʴ ɸʂɹ ʉbmax = 1,3 ʢɺʪȚʛʦʜ; 

-ʨʦʙʦʯʠʡ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʻʤʥʦʩʪʽ ɸʂɹ æʉb=0,8 ʢɺʪȚʛʦʜ. 

 

 
ʈʠʩʫʥʦʢ 1 - ɺʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʛʽʙʨʠʜʥʦʾ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʥʘ ʩʝʨʝʜʥʴʦ-

ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ 
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ANALYSIS OF MODELING METHODS FOR CREATING A RODLESS 

INTERNAL COMBUSTION ENGINE WITH CYLINDER DEACTIVATION  

 

Introduction.  

Today, one of the most significant stimuli for the development of the automotive 

industry is the tightening of safety standards, which includes the environmental safety 

of vehicles. Over the past 40 years, engineers and researchers at leading automakers, 

together with the chemists who determine fuel technologies, have achieved many 

significant results 

The development of a fundamentally new design of an internal combustion 

engine, despite its novelty, relies on already known operating processes and design 

solutions. Therefore, it is necessary to distinguish between the issues that require in-

depth study and those whose solution can be obtained on the basis of already known 

results and methods from related engineering and scientific branches.  

Improvement of the working process requires new designs of individual 

components and mechanisms in the internal combustion engine. As a rule, 

automakers rarely depart far from the established designs and introduce 

fundamentally new elements in limited quantities. This makes it possible to reduce 

time and money spent on improvement and development of the engine design and 

move to mass production in a shorter period of time. 

One of the design schemes that create prospects for the realization of 

compression ratio control or cylinder deactivation by stopping the pistons is an 

engine with a crank-crank mechanism (CCM) of piston motion conversion [1]. 

In this paper the aim was to analyze and determine those modeling methods that 

meet the objectives of a comprehensive study in a minimum time of the design and 

operational processes occurring in a new crankless engine, up to the implementation 
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of its control system and obtaining an assessment of the resulting effect of 

improvements. 

Problem statement. When creating an internal combustion engine, the first 

important point is the working process in the engine cylinder. In principle, the 

scheme of the engine in the crank-crank mechanism is a conventional piston engine, 

which has lower mechanical losses and due to other kinematics slightly improved 

working process. Therefore, an in-depth study of the working process, for example, 

its modeling by methods of digital hydrodynamics or with the help of multizone 

models of turbulent combustion does not seem necessary. In addition, such methods 

are rather resource-intensive both in terms of computing power and modeling time. 

Basic material. The exception may be cases when on the basis of design 

development a result has been achieved that makes it possible to realize a 

fundamentally new variant of the operating process. This is possible in the 

implementation of the engine with a variable compression ratio to realize ignition 

from the compression of a homogeneous gasoline mixture. Such ignition was 

observed during experimental studies in the two-stroke version of the crankless 

engine with variable compression ratio. A deeper study of the combustion process 

with compression ignition has been most actively studied during the last 20-25 years 

[2; 3]. But the realization of such methods of mixture ignition is usually considered 

on the basis of already worked out design solutions. Its modeling in an engine of 

fundamentally new design seems inexpedient. 

However, one important aspect of the development of modern complex 

technical systems is the availability of such computer models that will allow the 

control system of an unconventional engine to be developed in the shortest possible 

time. This requires high-level dynamic models that have an acceptable simulation 

speed. High level models cannot always fully meet the research objectives. For 

example, engine models used for modeling in the design of vehicle control systems 

produce only the external performance of the internal combustion engine, such as 

effective power, effective torque, and fuel consumption. In the case of cylinder 

deactivation, the model must be based on the performance of a single cylinder, and in 

the considered variant of the study of working processes in the mechanisms of the 

engine with the CCM it is necessary to know the pressure in the cylinder, inertia 

forces, etc. Thus, descending to modeling at a lower level, for research and design 

purposes it is reasonable to stop at the description of working processes in the 

cylinder by a system of differential equations continuous in time [4]. Such a classical 

variant can be a compromise, allows to implement simulation modeling and meets the 

above requirements. 

The second point to be emphasized is the study of working processes in a 

technical system, which is the engine. Obviously, when considering new designs, it is 

important to understand the interaction of individual elements, the forces that arise, 

and the time frames of interaction processes. For example, when the cylinder is 

disconnected by stopping the piston there will be a break in the kinematic connection 

in the CCM and it is important to know the time during which the transient process of 

stopping the piston or its connection will take place.  
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Modern mathematical methods and software products allow to perform 

geometric modeling of parts and units of the mechanism and to calculate by finite 

element methods the stresses and deformations occurring in the unit. But modeling of 

kinematic linkage breaking in available products is problematic. In addition, 

combining different systems within a single model is also often impossible. The finite 

element method is a low-level method. It is very specialized and resource-intensive. 

Of course, it can be used for topological optimization of a part or for strength 

analysis. But for strength analysis, it is necessary to obtain information on the effects 

of forces beforehand. For the study of the system as a whole, it is not reasonable to 

consider this method. In this case, it is better to use solid modeling systems. In this 

case, the amount of computational work is reduced due to the simplification of 

models. 

Based on the set objectives, in particular, the assessment of the resulting effect 

and the creation of conditions for the development of the management system, the 

model should be comprehensive and simulation. Such models can be created in the 

Matlab Simulink environment. An important feature of this software is the integration 

of a large number of mathematical methods for solving general and specialized 

engineering and scientific problems.  

The application of such products allows modeling at different levels the working 

processes in all systems of interest. Thus, simulation models of a 4-cylinder engine 

with a crank-coupling mechanism, the drive of the cylinder shutoff mechanism, the 

interaction of parts in the lock of the shutoff mechanism, etc. were obtained. Such 

models already at the preliminary stage of research allowed to evaluate a number of 

important points in the operation of mechanisms and systems.  

An important aspect of modeling is the assessment of model adequacy. The 

more complex the model is, the more difficult it is to obtain universal dependencies 

working in all conditions.  

It is necessary to pay attention to the fact that in order to obtain an adequate 

model, identification should be carried out on data reflecting different modes of 

operation of the modeling object. In addition, the part of data not involved in 

identification should be used for model verification. Thus, identification and 

optimization methods are an integral part of the methodology of engine development 

of a promising design. 

It is necessary to dwell separately on the application of artificial intelligence. 

Artificial neural networks themselves are one of the types of models that require the 

application of identification methods. Here it does not make sense to single out any 

separate methods related to training or types of networks. Different artificial neural 

networks can be used in different tasks, from feedforward networks to deep RNN or 

convolutional networks, and different methods underlying the algorithms are used in 

training: back propagation of error, reinforcement learning and others. The important 

thing is that artificial neural networks in principle, solving their typical problems of 

regression and classification, can be applied to increase the speed of computation in 

modeling and debugging of high-level models in the process of preparation and 

development of the control system as surrogate models of engine systems.  
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The list of methods listed above is naturally not exhaustive and represents, in 

our opinion, the basis that allows us to achieve an acceptable result quite quickly in 

the development of a new design engine with cylinder deactivation: to create 

simulation models for research and debugging of individual assemblies and 

mechanisms and combine them into a common engine model to evaluate the 

effectiveness of the development and creation of the engine control system. 

Conclusion  

The conducted analysis allowed us to identify the main methods promising 

for modeling of the developed engine of a new design with cylinder deactivation: for 

obtaining simulation models, research and debugging of individual assemblies and 

mechanisms, obtaining a top-level model of the engine to assess the effectiveness of 

development and creation of a control system. 
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THEORETICAL STUDIES OF TWO -STROKE ENGINE WITH 

ADJUSTABLE COMPRESSION RATIO  

 

Introduction.  Environmental issues and economic aspects of internal 

combustion engines have a great influence on the development of their design. 

Competition with other energy sources is also accelerating development. However, 

the closest competitor, electric engines, must be tied to the electric grid or have a 

reliable low-cost battery as part of the vehicle. The problem is still far from solved. 

But work in this direction is a stimulus for development, particularly of promising 

internal combustion engine designs. Two-stroke engines with spark ignition 

compared to four-stroke engines have high liter power and good mass-size indicators, 

have almost an order of magnitude less NOὼ emission, are cheaper to manufacture 

and maintain. However, these engines are characterized by increased fuel 

consumption and significant emissions of CO and especially CH, which is associated 

with the peculiarities of gas exchange and imperfect combustion process, especially 

at idle and low loads, when the filling of the cylinder with fresh charge decreases, and 

the amount of residual gases increases. It is possible to improve economic and at the 

same time toxic indicators of a two-stroke gasoline engine by improving the 

combustion process in partial modes by adjusting the compression ratio. 

Problem Statement. The task of theoretical study of a two-stroke engine with 

crank-chamber blowdown is to reveal the influence of compression ratio control ‐ὼ 
on the indicator and effective engine performance at its operation in partial modes.  

To solve this problem it is necessary to develop a method of calculation of the 

engine, allowing to determine the parameters of the working cycle, taking into 

account the mode of operation of the internal combustion engine and the compression 

ratio in the cylinder.  

Basic material. Existing methods with a certain reliability allow to carry out the 

calculation of the engine working process, but for this purpose the initial data of such 

calculation should be correctly determined [1; 2]. In a two-stroke engine with crank-
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chamber blowdown such initial data can be the excess blowdown air ratio ‰0 and the 

blowdown pressure ὴk. The value of these values can be determined from the design 

of the blowdown compressor. The influence of ‐ὼ on the variation of ‰0 and ὴk must 

be taken into account. 

These methods of calculation of the blowdown compressor do not allow to study 

the regularities of influence of various design factors on its parameters (performance, 

power consumption, etc.) and to study the features of the engine operating process 

depending on the parameters of the blowdown compressor, so they can not be 

sufficiently used in the design and development work.  

Thus, for the possibility of research and fulfillment of appropriate design 

calculations of two-stroke engine with variable compression ratio it is necessary to 

develop a methodology for calculating the purge compressor and obtained equations 

that allow to carry out qualitative and quantitative assessment of the influence of 

various factors on the indicators of the working process of the engine.  

The calculation of the blowdown compressor of a two-stroke engine with a 

variable compression ratio required a separate very labor-intensive calculation and 

experimental study of the parameters of the gas exchange system. In our case, we 

proceeded from the experimental data of existing two-stroke internal combustion 

engines.  

The main parameters characterizing the working process of the purge 

compressor are its capacity, indicator work and average indicator pressure.  

To determine these parameters, we replaced the indicator diagram of the real 

blowdown compressor with the diagram of the so-called design cycle, observing the 

condition of equality of the areas of these diagrams. 

In the calculated indicator diagram shown in Fig. 1 with dashed lines, the inlet 

process (solid line ὨὨǋὥk) is replaced by two lines - the expansion polytropy ὨὨǋ with 
the exponent ὲ2k and the dashed line Ὠǋὥǋk of constant mean inlet pressure ὴa'k.  

The crank chamber recharging process at the ὥkὥǋ section is caused by the 

pressure difference ὴvp in the inlet pipe and in the crank chamber ὴ (ὴ < ὴvp). At the 

end of the recharging process, the mixture ejection process takes place. This process 

begins when the pressure ὴ = ὴvpn reaches equality (point ὥǋ) and ends when the inlet 
window closes (point ὥkx). The mixture pressure in the crank chamber during the 

ejection process (point ὥǋὥkx) due to hydraulic losses in the inlet window is higher 

than in the inlet pipe and is variable. The variable nature of hydraulic losses during 

back ejection is explained by the fact that during this period the piston velocity and 

the cross-sectional area of the window change. 
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                                    Inlet window             Purge window 

 
- - - calculated; --- actual 

Figure 1 - Indicator diagram of the blowdown compressor 

 

The gas exchange process considered above can have three special cases 

depending on the choice of gas distribution phases. In the case of optimum timing, 

the inlet window closes at the moment of pressure equality ὴ = ὴvpn (point ὥkx 

coincides with point ὥǋ) and the filling of the crank chamber with fresh charge 
reaches its maximum value. If the window height is less than the optimum height 

(point ὥkx lies on the curve ὥkὥǋ), the crank chamber is undercharged because ὴaq x 

< ὴvn. If the height of the inlet window is greater than the optimum value as shown 

in Fig. 3.1, the mixture will be pushed out of the crank chamber into the inlet pipe at 

the section ὥǋὥkx.  

The compression ὥǋὦ and reverse expansion ὧὨ in the calculated indicator 

diagram are assumed to be exactly the same as in the actual indicator diagram of the 

blowdown compressor. 

Purge compressor capacity. Since in the described engine the piston acts as 

both a normal piston and a blowdown compressor piston, it is more convenient to use 

not the second capacity of the blowdown compressor, which is usually used in 

compressor technology, but its cycle capacity, i.e. per one revolution of the 

crankshaft. 

                                                        (1) 

where ὠk -  is the volume of mixture delivered by the purge compressor to the 

cylinder per cycle (or one crankshaft revolution); ὠhk - is the total volume described 

by the piston per stroke (purge compressor displacement); ‰0 - purge air excess ratio 

(or crank chamber fill factor). 

For the crank chamber, the described volume 

                                                    (2)  

where Ὀ - is the cylinder diameter of the blowdown compressor; Ὓ - is the total stroke 

of the piston.                                         
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Indicator work . Let us determine the indicator work of the purge compressor 

Liq for one crankshaft revolution. 

                         (3) 

Average indicator pressure 

                          (4) 

Indicator power 

                                                                (5) 

 

Conclusion. The obtained analytical dependences allow to estimate the 

influence of compression ratio control on power and economic indicators of the 

engine in conditions of variable modes, and also can be used for practical calculations 

of internal combustion engines. 
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IMPROVING DIAGNOSTIC METHODS FOR SHIP DIESEL ENGINES 

TO MEET INTERNATIONAL MARITIME ORGA NIZATION (IMO) 

CARBON REDUCTION REQUIREMENTS  

 

Introduction  

The International Maritime Organization (IMO) has adopted a series of 

measures and strategies aimed at reducing greenhouse gas emissions and 

decarbonizing the maritime industry. The essence of the latest IMO requirements for 

decarbonizing marine engines is to reduce emissions of carbon dioxide (CO2) and 

other greenhouse gases. 

In April 2018, the IMO adopted an initial strategy [1] to reduce greenhouse gas 

emissions from ships, which includes the following main objectives: 

- reducing the amount of CO2 emissions by at least 40% by 2030 and 

striving for 70% by 2050 compared to 2008 levels;  
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- reducing the total volume of greenhouse gas emissions from 

international shipping by at least 50% by 2050 compared to 2008 levels; 

- aiming full decarbonization of maritime transport in this century [2]. 

To achieve these goals, the IMO proposes the use of various technological and 

operational measures, such as improving the energy efficiency of engines, using 

alternative energy sources such as liquefied natural gas (LNG) or hydrogen, and 

encouraging innovation in new technologies that enhance the efficiency of marine 

engines [1, 2]. 

Performance analysis and diagnostics of marine engines are essential for 

improving operational efficiency and decarbonization of marine engines. During 

performance analysis, key parameters such as MIP, IPower, Pmax, Pcomp, etc., are 

determined, analyzed, compared with sea trial data, and adjusted according to the 

chosen operational strategy. 

Various diagnostic systems from different manufacturers are used for 

conducting performance analysis, such as PremetÈ XL by LEHMANN & MICHELS 

GmbH, Doctor Analysis by Icon Research Ltd., EPM-XPplus by IMES GmbH, 

MarPrime by Maridis GmbH, and D4.0H by Depas Lab. (ONMU) [3]. However, it 

should be noted that even the most advanced systems only determine a small portion 

of the parameters required for accurate and quality diagnosis of the critical 

components of the engine. 

To expand the volume of analyzed information, a digital twin of the engine, 

such as Blitz-PRO [4], can be used. The digital twin is an advanced online model that 

is precisely tuned to the engine using data obtained from diagnostic systems. The 

digital twin allows for analyzing a wide range of parameters, thus enabling qualitative 

and reliable diagnosis of the technical condition of the engine components and 

monitoring emissions in accordance with the current requirements of the International 

Maritime Organization (IMO) [1, 2]. 

The safe operation of a vessel and its compliance with the latest International 

Maritime Organization (IMO) standards for decarbonization depend on the 

continuous and reliable operation of main and auxiliary engines. Such conditions can 

be ensured through periodic performance analysis and diagnostics of the engine's key 

components responsible for the quality of the working process. Performance analysis 

allows for optimizing the operation of cylinders, evenly distributing the load between 

them, and timely identifying dangerous trends in the engine's technical condition. 

Parameter analysis also helps reduce the overall vibration levels of the engines, 

achieve fuel consumption close to the rated values, and improve the overall energy 

efficiency of the vessel in accordance with IMO requirements. 

Some defects can be identified through the analysis of indicator diagrams 

P(ÁCA) and the main parameters of the working process calculated from them, such 

as Pmax, Pcomp, MIP, ignition angles, and fuel ignition delay periods. Examples of 

such defects can include deviations in MIP, Pmax, or end compression pressure, as 

well as increased ignition delay periods, and others. 

The analysis of one of the most typical defects in cylinder operation - reduction 

in end compression pressure (Pcomp) - is associated with ambiguities. The reduction 

in Pcomp can be caused by several diverse reasons, such as wear of cylinder liners, 
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wear, breakage, and/or sticking of piston rings, valve leakage, or malfunctioning 

valves timing. All these causes will result in the same consequence - a decrease in the 

parameter Pcomp, followed by Pmax and MIP [3]. Thus, the true cause of the defect 

may remain uncertain. 

Similarly, to the defect of decreased Pcomp, some other defects that manifest 

on the P(ÁCA) diagrams can be caused by various reasons. A typical example is 

malfunctions in the high-pressure fuel equipment operation. These defects often 

occur during continuous engine operation. For example, late combustion process, 

which is determined by the phases of fuel ignition points on the P(ÁCA) diagram, can 

be a result of late fuel injection and/or wear of precision components in the high-

pressure fuel equipment, leading to a decrease in fuel pressure before the injectors at 

the moment of injection. Therefore, determining operational defects based solely on 

the analysis of P(ÁCA) diagrams may not be accurate. 

Measurements and analysis of diagrams in the high-pressure fuel system before 

the injectors could provide comprehensive diagnostic information. However, such 

measurements do not comply with the strategy of non-destructive testing and cannot 

be carried out on marine engines in operational conditions due to the risk of fuel leaks 

when installing high-pressure sensors. Such measurements using non-standard 

devices are prohibited by most marine certification societies [5, 6]. 

An alternative to direct measurements is the use of vibration sensors on a 

magnetic platform. Such sensors can be quickly installed in a chosen location, 

reducing the overall measurement time and allowing for quasi-stationary engine 

operation conditions. Vibration diagrams and P(ÁCA) diagrams should be recorded in 

parallel and analyzed together. The proposed method is suitable for analyzing defects 

in the high-pressure fuel equipment and the gas distribution mechanism. The use of 

magnetic vibration sensors fully complies with the modern strategy of non-

destructive testing of marine engines. 

The P(ÁCA) diagrams and vibration diagrams, initially recorded as functions of 

time, are transformed into functions of crankshaft angle using an analytical algorithm 

for determining TDC: P(t, ms) -> P(ÁCA) [3, 6]. 

Conclusion 

The analysis of emissions concentrations of CO2, NO, and soot during 

advanced marine diesel engine diagnostics using the D4.0HT system and Blitz-PRO 

online service showed that earlier fuel injection timing resulted in decreased CO2 

specific emissions and soot, but increased concentration of nitrogen oxides (NO). 

These findings suggest that careful consideration of fuel injection timing can 

influence emissions performance in accordance with current IMO requirements. 

Numerical analysis of these values can aid in the selection of an appropriate 

operational strategy that takes into account current IMO requirements, engine power, 

and fuel consumption rate, thereby optimizing engine performance and emissions 

control. 
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CORRELATION ANALYSIS OF PHYSICOCHEMICAL, RHEOLOGICAL 

AND TRIBOLOGICAL PROPERTIES OF USED LUBRICANTS  

 

Literature introduction  

 

Nowadays, with the development of technology, the importance of protecting 

machines from undesired effects is increasing. One such factor is friction, which 

results in tribological wear. Particularly exposed to this effect are kinematic pairs, 

between which there is a precise fit. It goes without saying, therefore, that a car 

engine, for example, must be provided with adequate lubrication to prevent it from 

wearing out too quickly. Various types of engine oils are used to protect the engine 

unit. Each is characterised by slightly different properties, so that the user can match 

the lubricant to the engine requirements as closely as possible. 

The basic parameter determining the properties of lubricants is viscosity. The 

value of this parameter varies during the service process. Factors such as oxidation, 
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which increases viscosity, or dilution of the lubricant with fuel or refrigerant, which 

results in a decrease in viscosity, contribute to this [1]. Manufacturers of engine oils 

have adapted the classification of lubricants according to SAE, however, as research 

has shown, despite the same designation, they show different viscosity characteristics 

in a range not covered by catalogue data [2]. 

Another parameter that varies during the life of the engine oil is the amount of 

water it contains. It depends on the driving style - whether it is urban, mixed or the 

vehicle is used on long-distance journeys. Starting the engine at low temperatures and 

driving short distances contributes to an increase in water content, as the drive unit is 

not warmed up sufficiently to evaporate this water [3]. Due to the different nature of 

the molecular structure of water and lubricant, this results in an emulsion that exhibits 

poorer protective properties. The presence of water in the powertrain carries 

additional risks, i.e. the formation of corrosion [4]. 

Another parameter describing the properties of lubricants is density. It is 

sensitive to the content of wear products in the lubricant, which gives a basis for 

drawing conclusions about the effect of the condition of the engine unit on the 

lubricant. An approach to considering engine oils with respect to viscosity, water 

content and density was demonstrated in their work by Landowski and Baran [5]. 

In terms of analysing the properties of lubricants, researchers are also 

interested in referring to laboratory tests using a four-ball apparatus. As the literature 

review shows, despite the same viscosity class designation, lubricants distributed by 

different manufacturers show different lubricating properties [6]. Therefore, 

supplementing physicochemical and rheological tests performed on a group of 

collected engine oils with tribological tests is justified. 

Comprehensive tests with engine oils are conducted to obtain data for 

developing an assessment of the condition of the lubricant that has been subjected to 

the operating process. The paper consists of several sections including a literature 

review, a description of the research methods used together with the results obtained 

and the conclusions drawn from the research. 

 

Research methodology 

 

The test subjects were samples of engine oils in service. Each sample was 

described by its viscosity class and the name of the manufacturer by which it was 

produced. Additional information assigned to the individual samples was: oil mileage 

[km], type of fuel used to power the engine, engine displacement [dm3], engine 

nominal power [kW], car mileage at oil drain [km]. Based on the collected data, each 

sample was assigned a dependent sample belonging to the control group containing 

fresh oils. 

Laboratory tests were carried out using common test methods described in the 

standards. Viscosity was determined using a Mini AV-X apparatus. The measurement 

temperature was 40ÁC (EN ISO 3104:1996) and 75ÁC (reference temperature for 

tribological tests). For the measurement of water content, samples with a volume of 

1cm3 were fed into the Cou-Lo Aquamax KF apparatus (EN ISO 12937:2000). The 

density of the samples was determined at 15ÁC (EN ISO 3675:1998) and 75ÁC 
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(reference temperature relative to tribological tests) using an areometer with a range 

of 0.8-1.0 g-ml-1. 

The tests using the four-ball apparatus were based on EN ISO 20623:2018. A 

single test run was 3600s at a rotational spindle speed of 1200rpm, and a force of 

392N was applied to the kinematic node. The initial temperature of the lubricant was 

75ÁC. After three test runs for each sample, microscopic inspection of the balls 

comprising the kinematic node was carried out. 

 

Results 

 

 The data obtained as a result of the research was placed in a table, which was 

implemented in StatisticaÊ. Then, using the correlation matrix, correlation graphs 

were plotted for each variable. 

 The result of the analysis found a correlation of r=0.7898 and r=0.7964 for the 

density determination at 15ÁC and 75ÁC and the fresh/used oil determination, 

respectively. The correlation plot showed a decreasing characteristic, indicating that 

fresh oils have a lower density compared to the density of used oils. 

 Another correlation with a value of r=0.8306 indicates a relationship between 

the fresh/used oil designation and the wear diameter measured on the balls 

comprising the kinematic node. The characteristics of the correlation plot are also 

decreasing, indicating that the wear marks of fresh oil are smaller than those of used 

oil. 

 As the analysis shows, the size of the wear marks was also influenced by the 

density values read for the individual samples at 15ÁC and 75ÁC. The correlation 

values r were r=0.83914 and r=84598, respectively. Both correlation plots have an 

increasing characteristic, which indicates that as the density of the lubricant tested 

increases, the diameter of the wear marks measured on the balls of the kinematic joint 

also increases. 

  For the other parameter combinations of the lubricants tested, no significant 

correlation was found between them. 

 

Conclusions 

 

 The tests and analyses carried out made it possible to determine the correlation 

between the properties of the lubricants tested. Despite the expected correlation 

between viscosity values and tribological tests, it was not observed in the selected test 

group. A similar result was obtained for water content. The only correlation between 

physico-chemical and tribological tests was observed in the density - wear diameter 

comparison. 

 Another conclusion of the study is that fresh oils protect the kinematic node 

better than oils already in service. This underlines the importance of timely lubricant 

replacement in power units. 
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ʇʀʊɸʅʅʗ ʏʀʉɽʃʔʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ ʇʆʐʀʈɽʅʅʗ 

ɿɸɹʈʋɼʅɽʅʔ ɿ ʊʆʏʂʀ ɿʆʈʋ ɺʀʂʆʈʀʉʊɸʅʅʗ ɻɯʉ ʊɽʍʅʆʃʆɻɯʁ 

 

        ɿʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʫ ʤʽʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ 

ʩʪʘʥʦʚʠʪʴ ʛʦʣʦʚʥʫ ʟʘʛʨʦʟʫ ʜʣʷ ʤʝʰʢʘʥʮʽʚ ʚʝʣʠʢʠʭ ʤʽʩʪ. ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ 

ʜʞʝʨʝʣ ʮʴʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʻ ʘʚʪʦʪʨʘʥʩʧʦʨʪ. ʇʦʚʽʪʨʷ ʥʘʜ ʚʝʣʠʢʠʤʠ 

ʤʝʛʘʧʦʣʽʩʘʤʠ ʤʽʩʪʠʪʴ ʫ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʙʽʣʴʰʝ ʘʝʨʦʟʦʣʽʚ ʽ ʚ ʢʽʣʴʢʘ ʨʘʟʽʚ ʙʽʣʴʰʝ 

ʰʢʽʜʣʠʚʠʭ ʛʘʟʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʨʝʛʽʦʥʘʤʠ ʙʝʟ ʽʥʪʝʥʩʠʚʥʦʛʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ. ɼʦ 

70% ʫʩʽʭ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ, ʷʢʽ ʩʧʨʠʯʠʥʷʶʪʴ ʮʝ ʟʘʙʨʫʜʥʝʥʥʷ, ʧʨʠʧʘʜʘʻ ʥʘ 

ʘʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ. 

        ʆʩʦʙʣʠʚʦ ʥʝʙʝʟʧʝʯʥʦʶ ʻ ʪʘ ʦʙʩʪʘʚʠʥʘ, ʱʦ ʜʞʝʨʝʣʘ ʚʠʢʠʜʽʚ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ 

ʨʽʚʥʽ ʦʯʝʡ ʣʶʜʝʡ, ʦʩʢʽʣʴʢʠ ʘʚʪʦʤʦʙʽʣʽ ʾʟʜʷʪʴ ʧʦ ʜʦʨʦʛʘʭ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʨʽʚʥʽ 

ʤʝʰʢʘʥʮʽʚ ʤʽʩʪʘ. ɺʝʣʠʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʚ 3ʙʝʩʧʦʩʝʨʝʜʥʽʡ 

ʙʣʠʟʴʢʦʩʪʽ ʚʽʜ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ, ʦʩʚʽʪʥʽʭ ʟʘʢʣʘʜʽʚ ʪʘ ʣʽʢʘʨʝʥʴ ʩʪʚʦʨʶʻ 

ʦʩʥʦʚʥʫ ʧʨʦʙʣʝʤʫ ʜʣʷ ʧʦʰʠʨʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʚʽʜ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ. 

         ʎʷ ʧʨʦʙʣʝʤʘ ʚʠʤʘʛʘʻ ʥʝʛʘʡʥʦʛʦ ʫʚʘʛʠ ʪʘ ʧʨʠʡʥʷʪʪʷ ʜʽʻʚʠʭ ʟʘʭʦʜʽʚ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʪʘ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ ʚ ʤʽʩʪʘʭ, ʱʦ ʻ ʢʣʶʯʦʚʠʤ 

ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʞʠʪʪʷ ʤʝʰʢʘʥʮʽʚ ʪʘ ʟʙʝʨʝʞʝʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʇʦʙʫʜʦʚʘ ʦʙʣʘʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ɻɯʉ 

          ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʽʜʛʦʪʦʚʢʠ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʤʽʩʮʝʚʦʩʪʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʣʴʻʬʫ ʪʘ ʩʧʦʨʫʜ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʘʥʥʽ ʟ ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣ 

https://jurnaltribologi.mytribos.org/v4/JT-V4-10-20.pdf%20-%20available%20online%2015.05.2023
https://jurnaltribologi.mytribos.org/v4/JT-V4-10-20.pdf%20-%20available%20online%2015.05.2023
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open street map ʪʘ google earth. ɿ ʨʝʩʫʨʩʫ google earth ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʘʥʥʽ 

ʱʦʜʦ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʤʽʩʮʝʚʦʩʪʽ, ʘ ʨʝʩʫʨʩʫ open street map ʙʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʘʥʥʽ ʧʦ ʨʦʟʤʽʱʝʥʥʶ ʩʧʦʨʫʜ ʥʘ ʤʽʩʮʝʚʦʩʪʽ. 

ʇʨʠʚ'ʷʟʢʘ ʩʧʦʨʫʜ ʜʦ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʝʢʩʧʦʨʪ ʜʘʥʠʭ ʜʦ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ 

ʟʜʽʡʩʥʶʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʢʫ QGIS. 

 
ʈʠʩʫʥʦʢ 2.1 ʄʦʜʝʣʴ ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʤ ʍʘʨʢʽʚ ʫ ʜʦʜʘʪʢʫ QGIS 

 

         ʅʘ ʙʘʟʽ ʦʪʨʠʤʘʥʦʾ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ (ʨʠʩ 2.2 ï 2.3) ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʩʽʪʢʦʚʫ 

ʤʦʜʝʣʴ ʽʟ ʨʦʟʤʽʨʘʤʠ ʦʙʣʘʩʪʽ 6ʭ6ʭ0.3 ʢʤ, ʪʘ ʦʙʻʤʦʤ ʩʽʪʢʠ ʫ 12 ʤʣʥ. ʢʦʤʽʨʦʢ (ʨʠʩ. 

2.4). ʄʽʥʽʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʢʦʤʽʨʢʠ ʩʪʘʥʦʚʠʚ 1 ʤ. 

 
ʈʠʩʫʥʦʢ 2.2 ɺʠʩʦʪʠ ʤʽʩʮʝʚʦʩʪʽ ʫ ʚʠʜʽʣʝʥʦʤʫ ʮʝʥʪʨʽ ʽ ʥʘʚʢʦʣʦ ʡʦʛʦ 


