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ʇɽʈɽʏɽʅʔ ʉʆʂʈɸʑɽʅʀʁ ʀ ʆɹʆɿʅɸʏɽʅʀʁ 

CAD ï  Computer Aided Design, ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ;  

ʉɸɽ ï  Computer aided engineering, ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʸ-

ʪʦʚ; 

DAC ï  Double Annular Combustor, ʜʚʦʡʥʘʷ ʢʦʣʴʮʝʚʘʷ ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ; 

ICAO ï International Civil  Aviation Organization, ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ 

ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ;  

RQL ï Rich Burn, Quick Mix , Lean Burn, ʙʦʛʘʪʦʝ ʛʦʨʝʥʠʝ, ʨʝʟʢʦʝ ʨʘʟʙʘʚʣʝʥʠʝ, 

ʙʝʜʥʦʝ ʛʦʨʝʥʠʝ; 

SAC ï  Single Annular Combustor, ʦʜʥʦʢʦʣʴʮʝʚʘʷ ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ; 

TALON ï  Technology for Advanced Low NOx, ʪʝʭʥʦʣʦʛʠʷ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ NOx; 

TAPS ï  Twin-Annular Premixing Swirler, ʜʚʫʭʢʦʣʴʮʝʚʦʡ ʟʘʚʠʭʨʠʪʝʣʴ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ 

ɺʈɼ ï  ʚʦʟʜʫʰʥʦ-ʨʝʘʢʪʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ; 

ɻʆʉʊ ï  ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʘʥʜʘʨʪ;  

ɻʊɼ ï  ʛʘʟʦʪʫʨʙʠʥʥʳʡ ʜʚʠʛʘʪʝʣʴ; 

ɻʊʋ ï  ʛʘʟʦʪʫʨʙʠʥʥʘʷ ʫʩʪʘʥʦʚʢʘ; 

ɾʊ ï  ʞʘʨʦʚʘʷ ʪʨʫʙʘ; 

ʂɼ ï  ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ; 

ʂʄʂ ï  ʢʝʨʘʤʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ; 

ʂʉ ï  ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ; 

ʊʈɼ ï ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ; 

ʊʈɼɼ ï  ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʡ ʜʚʫʭʢʦʥʪʫʨʥʳʡ ʜʚʠʛʘʪʝʣʴ. 

ʌʋ ï  ʬʨʦʥʪʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ. 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʘʟʚʠʪʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʛʨʘʞʜʘʥʩʢʦʡ 

ʘʚʠʘʮʠʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʫʩʣʦʚʠʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʈʦʩʩʠʠ, ʚʢʣʶʯʘʶʱʠʤ ʢʦʥʪʨʦʣʴ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʦʚ ʚ ʧʨʝʜʝʣʘʭ ʚʥʫʪ-

ʨʝʥʥʝʡ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ ʠ ʟʘ ʨʫʙʝʞʦʤ. ʈʘʟʚʠʪʠʝ ʚʦʟʜʫʰʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚʭʦʜʠʪ 

ʚ ʧʨʠʦʨʠʪʝʪʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʠʢʠ (ʋʢʘʟʳ ʇʨʝʟʠ-

ʜʝʥʪʘ ʈʌ ˉ899 ʦʪ 07.07.2011 ʛ., ˉ529 ʦʪ 18.06.2024 ʛ.) ʠ ʩʦʜʝʨʞʠʪʩʷ ʚ ʩʪʨʘʪʝʛʠʠ 

ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘʰʝʡ ʩʪʨʘʥʳ (ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ˉ145 ʦʪ 

28.02.2024 ʛ.). ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʫʟʢʦʬʶʟʝʣʷʞʥʳʭ ʠ ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʳʭ ʩʘʤʦʣʸʪʦʚ 

ʩʚʷʟʘʥʦ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʜʚʫʭʢʦʥʪʫʨʥʳʭ ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (ʊʈɼɼ). ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʦ ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ ʈʌ, ʨʝʰʝ-

ʥʠʝ ʢʦʪʦʨʦʡ ʩʚʷʟʘʥʦ ʩ ʨʘʟʚʠʪʠʝʤ ʚ ʩʪʨʘʥʝ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʂʘʤʝʨʘ ʩʛʦʨʘʥʠʷ 

(ʂʉ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʠ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʫʟʣʦʚ ʊʈɼɼ. ʈʘʙʦʪʘ ʂʉ 

ʚʣʠʷʝʪ ʥʘ ʵʢʦʥʦʤʠʯʥʦʩʪʴ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʨʝʩʫʨʩ ʜʚʠʛʘʪʝʣʷ. ʈʦʩʪ 

ʧʘʨʘʤʝʪʨʦʚ ʮʠʢʣʘ ʊʈɼɼ, ʪʘʢʠʭ ʢʘʢ ʩʪʝʧʝʥʴ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʛʘʟʘ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ (ˊʢS ʠ ʊʛ
*) ʫʩʣʦʞʥʷʝʪ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʂʉ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʝʤʫ ʢʦʥʩʪʨʫʢʮʠʶ. ʕʪʦ ʚʳʟʳʚʘʝʪ ʨʦʩʪ ʚʨʝʤʝʥʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ ʥʘ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʝ ʂʉ ʠ ʊʈɼɼ, ʘ ʪʘʢʞʝ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʘʭ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʵʪʠʭ ʚʦʧʨʦʩʦʚ ʥʝʦʙʭʦʜʠʤʳ ʥʦʚʳʝ ʙʦʣʝʝ ʪʦʯʥʳʝ ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʂʉ ʊʈɼɼ ʠ ʘʣʛʦʨʠʪʤʳ ʠʭ ʧʨʠʤʝʥʝʥʠʷ, ʦʙʦʙʱʘʶʱʠʝ ʦʧʳʪ ʚʝʜʫʱʠʭ ʜʚʠʛʘʪʝʣʝʩʪʨʦ-

ʠʪʝʣʴʥʳʭ ʢʦʤʧʘʥʠʡ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

(ʪʝʭʥʠʯʝʩʢʦʝ ʧʨʝʜʣʦʞʝʥʠʝ ʠ ʵʩʢʠʟʥʳʡ ʧʨʦʝʢʪ), ʢʦʛʜʘ ʦʙʲʸʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʝʢ-

ʪʠʨʫʝʤʦʤ ʠʟʜʝʣʠʠ ʤʠʥʠʤʘʣʝʥ ʠ ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʦʙʣʠʢ ʂʉ, ʦʙʝʩʧʝʯʠʚʘ-

ʶ ʠɦʡ ʜʦʩʪʠʞʝʥʠʝ ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴ-

ʪʘʪʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ICAO ʧʦ ʵʢʦʣʦʛʠʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʤʘʣʦʵʤʠʩʩʠʦʥʥʳʭ ʂʉ, ʩ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ 

ʛʦʨʝʥʠʷ, ʠʟ ʢʦʪʦʨʳʭ ʚ ʊʈɼɼ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

RQL (Rich Burn Ÿ Quick Mix  Ÿ Lean Burn, ʙʦʛʘʪʦʝ ʛʦʨʝʥʠʝ Ÿ ʨʝʟʢʦʝ ʨʘʟʙʘʚʣʝʥʠʝ 
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Ÿ ʙʝʜʥʦʝ ʛʦʨʝʥʠʝ) ʠ TAPS (Twin Annular Premixing Swirler, ʜʚʫʭʢʦʣʴʮʝʚʦʡ ʟʘ-

ʚʠʭʨʠʪʝʣʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ). ʂʉ RQL ʠ TAPS, ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠ-

ʦʥʥʳʭ, ʦʨʛʘʥʠʟʫʶʪ ʛʦʨʝʥʠʝ ʥʝ ʚ ʦʜʥʦʡ, ʘ ʚ ʜʚʫʭ ʟʦʥʘʭ ʛʦʨʝʥʠʷ. TAPS ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚ ʜʚʠʛʘʪʝʣʷʭ ʢʦʤʧʘʥʠʠ General Electric, ʘ RQL ï ʚ ʜʚʠʛʘʪʝʣʷʭ Rolls-Royce (ʂʉ ʪʠʧʘ 

Tiled Phase 5, ʩʝʛʤʝʥʪʥʘʷ ʬʘʟʘ 5) ʠ Pratt & Whitney (ʂʉ ʪʠʧʘ TALON, ʪʝʭʥʦʣʦʛʠʷ 

ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ NOx). ʇʦʵʪʦʤʫ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʂʉ 

ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʦʙʣʠʢʦʚ ʢʘʤʝʨ ʦʙʦʠʭ ʪʠʧʦʚ. ʕʪʠ ʦʙ-

ʣʠʢʠ ʜʦʣʞʥʳ ʦʪʨʘʞʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʢʦʥʮʝʧʮʠʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ, ʛʝʦʤʝʪʨʠʠ, 

ʨʘʟʤʝʨʘʭ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʫ-

ʝʤʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʪ ʚʳʧʦʣʥʠʪʴ ʦʮʝʥʢʫ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠ-

ʘʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʚʳʙʦʨ ʣʫʯʰʝʛʦ ʠʟ ʥʠʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʂʉ 

ʪʨʝʙʦʚʘʥʠʡ.  

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʪʝʤʘ ʜʠʩʩʝʨʪʘʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʨʘʟʨʘʙʦʪʢʫ 

ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʣʠʢʘ ʂʉ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ.  

ʇʝʨʚʳʝ ʧʦʧʳʪʢʠ ʩʦʟʜʘʥʠʷ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʯʸʪʘ ʂʉ ɻʊɼ ʠʤʝʣʠ ʤʝ-

ʩʪʦ ʚ ʥʘʯʘʣʝ 50-ʭ ʛʦʜʦʚ ʍʍ ʚʝʢʘ ʠ ʷʚʣʷʣʠʩʴ ʩʣʝʜʩʪʚʠʝʤ ʪʦʛʦ, ʯʪʦ ʫʞʝ ʧʝʨʚʳʝ ʨʝʘʢ-

ʪʠʚʥʳʝ ʜʚʠʛʘʪʝʣʠ Hans von Ohain ʠ Frank Whittle ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʂʉ ɻʊɼ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʨʦʙʣʝʤʥʳʭ ʫʟʣʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʝʛʦ ʨʘʙʦʪʦʩʧʦʩʦʙ-

ʥʦʩʪʴ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ, ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ ʠ ʜʦʚʦʜʢʠ ʂʉ ʛʘʟʦʪʫʨʙʠʥʥʦʡ ʪʝʭʥʠʢʠ ʚʥʝʩʣʠ ʤʥʦʛʠʝ ʟʘʨʫʙʝʞʥʳʝ ʠ ʦʪʝʯʝ-

ʩʪʚʝʥʥʳʝ ʫʯʸʥʳʝ, ʪʘʢʠʝ ʢʘʢ A.H. Lefebvre, D.B. Spalding, D.R. Ballal, B. Lewis, 

D.G. Lilley, A.K. Gupta, A.M. Mellor, ʅ.ɺ. ʀʥʦʟʝʤʮʝʚ, ɹ.ɺ. ʈʘʫʰʝʥʙʘʭ, ɻ.ʄ. ɻʦʨʙʫ-

ʥʦʚ, ɹ.ʇ. ʃʝʙʝʜʝʚ, ʖ.ʄ. ʄʘʡʟʝʣʴ, ɸ.ɺ. ʊʘʣʘʥʪʦʚ, ʖ.ʄ. ʇʯʸʣʢʠʥ, ɺ.ɽ. ɼʦʨʦʰʝʥʢʦ, 

ɸ.ɸ. ɻʦʨʙʘʪʢʦ, ɹ.ɻ. ʄʠʥʛʘʟʦʚ, ɺ.ʌ. ʍʘʨʠʪʦʥʦʚ, ɺ.ɸ. ʄʠʪʨʦʬʘʥʦʚ, ʌ.ɻ. ɹʘʢʠʨʦʚ ʠ 

ʤʥʦʛʠʝ ʜʨʫʛʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʘʤʘʨʩʢʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʛʦʨʝʥʠʷ ʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ: ʉ.ɺ. ʃʫʢʘʯʸʚ, ʖ.ʀ. ʎʳʙʠʟʦʚ, ɸ.ʄ. ʃʘʥ-

ʩʢʠʡ, ɺ.ɽ ʈʝʟʥʠʢ, ʖ.ʀ. ʂʦʚʳʣʦʚ, ʉ.ɻ. ʄʘʪʚʝʝʚ, ɸ.ʄ. ʎʳʛʘʥʦʚ, ɸ.ɸ. ɼʠʜʝʥʢʦ, 

ɺ.ʖ. ɸʙʨʘʰʢʠʥ, ʄ.ʖ. ʆʨʣʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 
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ʦʙʣʘʩʪʠ ʂʉ, ʨʘʙʦʪ ʩ ʦʧʠʩʘʥʠʝʤ ʢʦʥʢʨʝʪʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʯʸʪʘ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʦʙʣʠʢʘ ʂʉ ʥʝʤʥʦʛʦ. ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʠʥʩʪʚʦ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʧʨʦʝʢʪʠʨʦʚʦʯʥʳʭ ʨʘʩʯʸʪʦʚ ʂʉ ʦʩʥʦʚʘʥʦ ʥʘ ʜʘʥʥʳʭ ʠʟʜʝʣʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʚ ʣʫʯ-

ʰʝʤ ʩʣʫʯʘʝ ʢ IV ʧʦʢʦʣʝʥʠʶ ʊʈɼɼ, ʘ ʜʝʪʘʣʴʥʳʝ ʦʧʠʩʘʥʠʷ ʟʘʨʫʙʝʞʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʚ ʦʪʢʨʳʪʦʡ ʧʝʯʘʪʠ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʧʦʚʳhʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʘʚʠʘʮʠʦʥʥʳʭ ʊʈɼɼ ʜʣʷ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʟʘ ʩʯʸʪ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘ-

ʙʦʪʢʠ ʥʘ ʙʘʟʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ ʤʝʪʦʜʦʚ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʘ, 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʦʟʜʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ʟʘʜʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʤʠʨʦʚʳʤ ʩʪʘʥʜʘʨʪʘʤ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʆʧʨʝʜʝʣʠʪʴ ʘʣʛʦʨʠʪʤ ʨʘʟʨʘʙʦʪʢʠ ʦʙʣʠʢʘ ʢʘʤʝʨ rʩʛʦʨʘʥʠʷ ʊʈɼɼ ʥʘ ʙʘʟʝ 

ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ʝ yʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

2. ʀʩʩʣʝʜʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʊʈɼɼ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʥʳʤ ʧʦʢʦʣʝʥʠʷʤ ʜʚʠʛʘʪʝʣʝʡ ʠʟʤʝʥʝʥʠʡ ʠʭ ʪʝʨ-

ʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʝʦʤʝʪʨʠʠ ʢʘʤʝʨʳ 

ʩʛʦʨʘʥʠʷ ʊʈɼɼ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʝʸ ʦʙʣʠʢʘ.  

4. ʈʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʣʠʢʘ ʢʘʤʝʨ rʩʛʦʨʘʥʠʷ ʊʈɼɼ ʛʨʘʞ-

ʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʂʘʤʝʨʘ ʩʛʦʨʘʥʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ʊʈɼɼ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʙʣʠʢʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʊʈɼɼ ʥʘ 

ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ: 

1. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʣʠʢʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʦ-

ʪʦʪʠʧʘ ʩ ʫʯʸʪʦʤ ʭʘʨʘʢʪʝʨʘ ʧʨʦʪʝʢʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʡ, ʚ ʦʪʣʠ-

ʯʠʝ ʦʪ ʜʨʫʛʠʭ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʩʯʸʪ ʠ ʧʦʩʪʨʦʝʥʠʝ ʦʙʣʠʢʦʚ, ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʚʠʛʘʪʝʣʷʤ ʩ ʢʘʤʝʨʘʤʠ ʩʛʦʨʘʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʪʝʭʥʦʣʦʛʠʠ ʛʦ-

ʨʝʥʠʷ TAPS ʠ RQL. 
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2. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʣʠʢʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʘʩ-

ʰʪʘʙʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʟʚʝʩʪʥʳʭ ʧʦ ʧʫʙʣʠʢʘʮʠʷʤ ʤʝʪʦʜʦʚ, 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʩʪʨʦʝʥʠʝ ʦʙʣʠʢʦʚ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ. 

3. ʋʩʪʘʥʦʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʥʦʚʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʢʘʤʝʨ ʩʛʦ-

ʨʘʥʠʷ ʊʈɼɼ ʨʘʟʣʠʯʥʳʭ ʧʦʢʦʣʝʥʠʡ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʮʠʢʣʘ ʠ ʨʘʟʤʝʨʦʚ ʜʚʠʛʘʪʝʣʝʡ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

4. ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʣʠʢʘ ʢʘʤʝʨ rʩʛʦʨʘʥʠʷ ʊʈɼɼ ʥʘ ʵʪʘ-

ʧʘʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ ʠ ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʘ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʦʪ ʠʩʧʦʣʴʟʦ-

ʚʘʚʰʠʭʩʷ ʨʘʥʝʝ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʚʳʙʦʨʘ ʧʨʦʪʦʪʠʧʘ, ʦʮʝʥʢʦʡ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠʟʜʝʣʠʷ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘ-

ʜʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʨʴ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʘʩʩʳ ʩ ʧʦʤʦʱʴʶ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʣʠʢʦʚ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʊʈɼɼ V ʧʦʢʦʣʝʥʠʷ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠ ʧʦʩʪʨʦʝʥʠʷ ʦʙʣʠʢʦʚ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ, ʚʢʣʶʯʘʷ ʦʩʥʦʚ-

ʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʦ ʩʦʚʨʝʤʝʥʥʳʭ ʠʟʜʝʣʠʷʭ, ʠ ʧʦʟʚʦʣʷʶʱʝʛʦ ʫʩʢʦʨʠʪʴ ʚʳʙʦʨ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʝʰʝ-

ʥʠʡ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʩʦʟʜʘʚʘʝʤʦʤʫ ʠʟʜʝʣʠʶ. ɺ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʳ ʵʤ-

ʧʠʨʠʯʝʩʢʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʠʩʘʪʴ ʦʙʣʠʢ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʊʈɼɼ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʩ ʚʟʣʸʪʥʦʡ ʪʷʛʦʡ ʙʦʣʝʝ 50 ʢʅ, ˊkɆ>45 ʠ 

ʊʛ
*>1900 ʂ. 

ʉʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧ. 6 çʄʝʪʦʜʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʪʝʧʣʦʚʳʭ ʠ ʵʣʝʢʪʨʦʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʠʭ ʫʟʣʦʚ ʠ ʩʠʩʪʝʤ, 

ʚʢʣʶʯʘʷ ʤʝʪʦʜʳ ʠ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʩ ʧʦ-

ʤʦʱʴʶ ʕɺʄè ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ç2.5.15 ï ʊʝʧʣʦʚʳʝ, ʵʣʝʢʪʨʦʨʘʢʝʪʥʳʝ ʜʚʠ-

ʛʘʪʝʣʠ ʠ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚè. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠ ʨʝ-

ʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʝʪʦʜʦʣʦʛʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʩʙʦʨ ʠ 
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ʘʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʩʯʸʪʦʚ 

ʠ ʠʟʤʝʨʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʙʱʝʥʘʫʯʥʳʭ ʠ ʩʧʝʮʠʘʣʴʥʳʭ 

ʤʝʪʦʜʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʱʝʥʘʫʯʥʳʭ ʤʝʪʦʜʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ, ʩʠʥʪʝʟʘ, 

ʦʙʦʙʱʝʥʠʷ, ʘʙʩʪʨʘʛʠʨʦʚʘʥʠʝ, ʜʝʜʫʢʮʠʷ ʠ ʜʨ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʤʝʪʦʜʘ ʠʩʧʦʣʴʟʦʚʘʥ ʵʤʧʠʨʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʩʥʦʚʥʳʭ 

ʧʦʣʦʞʝʥʠʡ ʪʝʦʨʠʠ ʛʦʨʝʥʠʷ, ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ ʠ ʪʝʧʣʦʤʘʩʩʦʙʤʝʥʘ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʄʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʙʝʩʧʝʯʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʣʠʢʦʚ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʷʤ ʛʦʨʝʥʠʷ TAPS ʠ RQL ʊʈɼɼ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ.  

2. ɿʘʚʠʩʠʤʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʘʟʚʠʪʠʷ ʊʈɼɼ ʩʘʤʦʣʸʪʦʚ ʛʨʘʞ-

ʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ 

ʜʚʠʛʘʪʝʣʷ, ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʊʈɼɼ ʨʘʟʣʠʯ-

ʥʳʭ ʧʦʢʦʣʝʥʠʡ. 

3. ɸʣʛʦʨʠʪʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʣʠʢʦʚ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ʊʈɼɼ V ʧʦ-

ʢʦʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʘʭ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚʳʧʦʣʥʝʥʠʝ 

ʨʷʜʘ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʠʟʜʝʣʠʷʤ ʥʘ ʵʪʘʧʘʭ ʥʘʯʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʚʦʜʦʚ 

ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʢʦʨʨʝʢʪʥʦʡ ʧʦʩʪʘʥʦʚʢʦʡ ʟʘʜʘʯ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʭ ʧʨʘʚʦʤʝʨʥʦʩʪʴʶ, ʧʨʠʤʝʥʝʥʠʝʤ ʦʙʦʩʥʦʚʘʥʥʳʭ ʜʦʧʫʱʝ-

ʥʠʡ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʜʣʷ ʩʦʟʜʘʚʘʝʤʳʭ ʤʦʜʝʣʝʡ, ʪʦʞʜʝʩʪʚʝʥʥʦʩʪʴʶ ʧʦʣʫʯʝʥʥʳʭ ʨʝ-

ʟʫʣʴʪʘʪʦʚ.  

ʂʨʠʪʝʨʠʷʤʠ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʤʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʷʚʣʷʶʪʩʷ ʚʦʩ-

ʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʧʦʜʦʙʥʳʭ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʩʦʚʧʘʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ, ʝʸ ʥʘʫʯʥʳʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʇʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʜʚʠʛʘʪʝʣʝ-

ʩʪʨʦʝʥʠʷè (ʉʘʤʘʨʘ, 2021 ʛ), ɺʩʝʨʦʩʩʠʡʩʢʦʤ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʤ ʬʦʨʫʤʝ ʧʦ ʜʚʠʛʘ-

ʪʝʣʷʤ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʫʩʪʘʥʦʚʢʘʤ ʠʤʝʥʠ ʅ.ɼ. ʂʫʟʥʝʮʦʚʘ, ʧʦʩʚʷʱʝʥʥʦʤ 110-ʣʝ-
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ʪʠʶ ʇɸʆ çʆɼʂ-ʂʋɿʅɽʎʆɺè (ʉʘʤʘʨʘ, 2022 ʛ), IX ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢ-

ʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʘʜʝʤʠʯʝʩʢʠʝ ɾʫʢʦʚʩʢʠʝ ʯʪʝʥʠʷè (ɺʦʨʦʥʝʞ, 2022 ʛ.), 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʠʤʝʥʠ ʅ.ɼ. ʂʫʟʥʝʮʦʚʘ "ʇʝʨ-

ʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʷ" (ʉʘʤʘʨʘ, 2023 ʛ.,2025 ʛ.).  

ɺʥʝʜʨʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʚ ʚʠʜʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦ-

ʨʠʪʤʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ɸʆ çʄʝʪʘʣʣʠʩʪ-ʉʘʤʘʨʘè ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʜʣʷ 

ɻʊɼ, ʘ ʪʘʢʞʝ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʉʘʤʘʨʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ.ʇ. ʂʦʨʦʣʝʚʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʤʠ ʘʢʪʘʤʠ ʚʥʝʜʨʝʥʠʷ. 

ʇʫʙʣʠʢʘʮʠʠ. 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 10 ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ 5 ʩʪʘʪʝʡ ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ, 5 ʩʪʘʪʝʡ ʚ ʞʫʨʥʘʣʘʭ ʠ 

ʤʘʪʝʨʠʘʣʘʭ ʢʦʥʬʝʨʝʥʮʠʡ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 

ʯʝʪʳʨʸʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ 135 

ʥʘʠʤʝʥʦʚʘʥʠʡ ʠ ʧʷʪʠ ʧʨʠʣʦʞʝʥʠʡ. ʈʘʙʦʪʘ ʩʦʜʝʨʞʠʪ 190 ʩʪʨʘʥʠʮ ʤʘʰʠʥʦʧʠʩʥʦʛʦ 

ʪʝʢʩʪʘ, 161 ʨʠʩʫʥʦʢ, 14 ʪʘʙʣʠʮ. 
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ɻʃɸɺɸ 1 ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ɺʆʇʈʆʉɸ  

ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʂɸʄɽʈ ʉɻʆʈɸʅʀʗ ɸɺʀɸʎʀʆʅʅʓʍ ɻʊɼ 

1.1 ʇʦʨʷʜʦʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ  

ʠ ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʥʠʤ ʪʨʝʙʦʚʘʥʠʷ 

ʉʦʚʨʝʤʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʛʘʟʦʪʫʨʙʠʥʥʳʡ ʜʚʠʛʘʪʝʣʴ (ɻʊɼ) ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʣʦʞʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʠʟʜʝʣʠʝ, ʚʦʧʣʦʱʘʶʱʝʝ ʚ ʩʝʙʝ ʨʝʘʣʠʟʘʮʠʶ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʥʘʫʢʦʸʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʕʪʦ ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʦʜʥʦʤʫ ʠʟ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ 

ʜʚʠʛʘʪʝʣʷ ï ʝʛʦ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ (ʂʉ), ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʢʦʪʦʨʦʡ 

ʟʘʚʠʩʷʪ ʧʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʘʪʝʣʷ ʚ ʮʝʣʦʤ [1ï6]. ʆʪ ʜʨʫʛʠʭ ʦʩʥʦʚʥʳʭ 

ʯʘʩʪʝʡ ɻʊɼ, ʂʉ ʦʪʣʠʯʘʝʪʩʷ ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚ ʥʝʡ ʧʨʦʮʝʩʩʘʤʠ ʨʘʩʧʳʣʠʚʘʥʠʷ ʪʦʧ-

ʣʠʚʘ, ʝʛʦ ʩʤʝʰʝʥʠʝʤ ʩ ʚʦʟʜʫʭʦʤ ʠ ʛʦʨʝʥʠʝʤ ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ. ʀʭ ʜʝʪʘʣʴ-

ʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʪʩʫʪʩʪʚʫʝʪ, ʧʦʵʪʦʤʫ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʝ ʂʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʠʥʞʝʥʝʨʥʫʶ ʟʘʜʘʯʫ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʂʉ ʥʘʯʠʥʘʝʪʩʷ ʩ ʠʟʫʯʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ, ʩʦʜʝʨʞʘ-

ʱʝʛʦ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠʟʜʝʣʠʷ, ʜʦʧʫʩʢʠ ʥʘ ʥʠʭ ʠ ʥʝʢʦʪʦʨʳʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ [4ï6]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʟʘʜʘʥʠʠ ʟʘʜʘʶʪʩʷ 

ʪʨʝʙʦʚʘʥʠʷ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ, ʢʦʪʦʨʳʤ ʦʥʘ ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ.  

ʋʞʝ ʚ ʧʝʨʚʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ, ʩʦʟʜʘʥʥʳʭ ʌʨʵʥʢʦʤ ʋʠʪʪʣʦʤ ʠ ʍʘʥʩʦʤ ʬʦʥ 

ʆʭʘʡʥʦʤ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʍʍ ʚʝʢʘ ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ ʧʨʦʷʚʠʣʘ ʩʝʙʷ ʢʘʢ ʦʜʠʥ ʠʟ 

ʩʘʤʳʭ ʧʨʦʙʣʝʤʥʳʭ ʫʟʣʦʚ ʜʚʠʛʘʪʝʣʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʚʩʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʤʝʨʝ 

ʩʛʦʨʘʥʠʷ ʪʦʛʜʘ ʩʚʦʜʠʣʠʩʴ ʢ ʜʚʫʤ ʦʩʥʦʚʥʳʤ: ʧʦʚʳʰʝʥʠ ʁʵʥʝʨʛʠʠ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʟʘ 

ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʠ ʦʙʝʩʧʝʯʝʥʠʶ ʫʩʪʦʡ-

ʯʠʚʦʡ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʥʘ ʚʩʝʭ ʨʝʞʠʤʘʭ, ʠʭ ʚʳʧʦʣʥʝʥʠʝ ʚʳʟʳʚʘʣʦ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʟʘʪʨʫʜʥʝʥʠʷ ʚ ʩʚʷʟʠ ʩ ʦʪʢʘʟʘʤʠ ʬʦʨʩʫʥʦʢ, ʧʨʦʛʘʨʦʤ ʞʘʨʦʚʳʭ ʪʨʫʙ, ʜʦʛʦʨʘʥʠʝʤ 

ʪʦʧʣʠʚʘ ʥʘ ʪʫʨʙʠʥʝ ʠ ʪ.ʜ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʵʪʦ ʫʚʝʣʠʯʠʚʘʣʦ ʟʘʪʨʘʪ rʥʘ ʩʦʟʜʘʥʠʝ 

ʜʚʠʛʘʪʝʣʷ ʠ ʝʛʦ ʜʦʚʦʜʢʫ. 

ʂ ʢʦʥʮʫ 50-ʭ ʛʦʜʦʚ XX ʚʝʢʘ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʩʣʝʜʫʶʱʠʡ ʥʘʙʦʨ ʦʩʥʦʚʥʳʭ ʪʨʝ-

ʙʦʚʘʥʠʡ ʢ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ ɻʊɼ [1]: 
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ï ʤʠʥʠʤʘʣʴʥʳʝ ʛʘʙʘʨʠʪʳ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ; 

ï ʚʳʩʦʢʘʷ ʵʢʦʥʦʤʠʯʥʦʩʪʴ; 

ï ʟʘʚʝʨʰʝʥʠʝ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʜʦ ʩʦʧʣʦʚʦʛʦ ʘʧʧʘʨʘʪʘ ʪʫʨʙʠʥʳ; 

ï ʥʝʙʦʣʴʰʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʦʪʝʨʠ; 

ï ʫʩʪʦʡʯʠʚʦʝ ʛʦʨʝʥʠʝ ʥʘ ʚʩʝʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ; 

ï ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʧʫʩʢʘ ʧʨʠ ʣʶʙʳʭ ʨʝʞʠʤʘʭ ʧʦʣʸʪʘ. 

ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʢʦʣʠʯʝʩʪʚʦ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʤʝʨʝ 

ʩʛʦʨʘʥʠʷ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʣʦʩʴ [2, 3, 7]. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʫʢʣʦʥʥʳʤ ʨʦʩʪʦʤ 

ʧʘʨʘʤʝʪʨʦʚ ʮʠʢʣʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʤ ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʛʦ ʧʦʢʦʣʝʥʠʷ ɻʊɼ ʢ ʩʣʝʜʫʶ-

ʱʝʤʫ [5, 6, 8]. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ III  ʧʦʢʦʣʝʥʠʷ ʩʫʤʤʘʨʥʘʷ ʩʪʝʧʝʥʴ ʧʦ-

ʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʢʦʤʧʨʝʩʩʦʨʝ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 15 ʜʦ 20, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʛʘʟʘ ʥʘ ʚʭʦʜʝ ʚ ʪʫʨʙʠʥʫ ʥʘʭʦʜʠʣʘʩʴ ʥʘ ʫʨʦʚʥʝ 1300é1450 ʂ, ʪʦ ʜʣʷ ʥʦʚʝʡʰʠʭ 

ʜʚʠʛʘʪʝʣʝʡ V ʧʦʢʦʣʝʥʠʷ ʩʪʝʧʝʥʴ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʢʦʤʧʨʝʩʩʦʨʝ ʜʦʩʪʠʛʣʘ 50, 

ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʝ ʚ ʪʫʨʙʠʥʫ ï 1950 ʂ [9]. ʈʦʩʪ ʧʘʨʘʤʝʪʨʦʚ ʮʠʢʣʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʩʣʦʞʥʷʝʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʤʝʞʜʫ ʢʦʤʧʨʝʩʩʦʨʦʤ 

ʠ ʪʫʨʙʠʥʦʡ ʠ ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʂʉ. ɺ [4] ʧʨʠʚʦʜʠʪʩʷ ʠʩʯʝʨʧʳʚʘʶʱʠʡ ʧʝʨʝʯʝʥʴ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʝʙʦ-

ʚʘʥʠʡ ʢ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ, ʦʙʲʝʜʠʥʸʥʥʳʭ ʚ ʰʝʩʪʴ ʛʨʫʧʧ. ʇʝʨʚʘʷ ʛʨʫʧʧʘ, ʵʪʦ ʪʨʝʙʦ-

ʚʘʥʠ ̫ ʢ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʚʪʦʨʘʷ ï ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʜʦʧʫʩʪʠʤʦʝ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚ ʪʝʯʝʥʠʠ ʨʝʩʫʨʩʘ, ʪʨʝʪʴʷ ï ʪʨʝ-

ʙʦʚʘʥʠʷ ʢ ʧʨʦʯʥʦʩʪʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʯʝʪʚʸʨʪʘʷ ï ʢ ʧʦʢʘʟʘʪʝʣʷʤ ʢʦʥʪʨʦʣʝʧʨʠʛʦʜ-

ʥʦʩʪʠ, ʧʷʪʘʷ ï ʢ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ, ʘ ʰʝʩʪʘʷ ï ʢ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ 

ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ. ɺʩʝʛʦ ʚ [4] ʧʨʠʚʝʜʝʥʦ ʙʦʣʝʝ 30 ʧʦʢʘʟʘʪʝʣʝʡ, ʦʪʚʝʯʘ-

ʶʱʠʭ ʵʪʠʤ ʛʨʫʧʧʘʤ ʪʨʝʙʦʚʘʥʠʡ. ɺ ʨʘʙʦʪʝ [5] ʩʦʜʝʨʞʠʪʩʷ ʧʝʨʝʯʝʥʴ ʵʪʠʭ ʞʝ ʪʨʝʙʦ-

ʚʘʥʠʡ ʢ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ, ʥʦ ʩ ʜʝʣʝʥʠʝʤ ʠʭ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʦʙʱʠʝ, ʦʪʥʦʩʷʱʠʝʩʷ ʢʦ 

ʚʩʝʤʫ ʜʚʠʛʘʪʝʣʶ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ï ʢ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ ʢʘʢ ʫʟʣʫ. ʂ ʧʝʨʚʳʤ ʦʪʥʝ-

ʩʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʤʘʩʩʝ, ʥʘʜʸʞʥʦʩʪʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, ʘ ʢʦ ʚʪʦʨʦʡ ï ʧʦ ʤʠʥʠ-

ʤʘʣʴʥʳʤ ʛʘʙʘʨʠʪʥʳʤ ʨʘʟʤʝʨʘʤ, ʚʳʩʦʢʦʡ ʧʦʣʥʦʪʝ ʩʛʦʨʘʥʠʷ, ʤʠʥʠʤʘʣʴʥʳʤ ʧʦʪʝʨʷʤ 

ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʰʠʨʦʢʠʤ ʧʨʝʜʝʣʘʤ ʫʩʪʦʡʯʠʚʦʛʦ ʛʦʨʝʥʠʷ ʠ ʜʨ. ʀʟ ʧʝʨʝʯʥʝʡ ʪʨʝ-

ʙʦʚʘʥʠʡ ʢ ʢʘʤʝʨʘʤ ʩʛʦʨʘʥʠʷ [4, 5], ʦʪʨʘʞʘʶʱʠʤ ʪʦʯʢʫ ʟʨʝʥʠʷ ʧʦ ʵʪʦʤʫ ʚʦʧʨʦʩʫ 
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ʜʚʫʭ ʚʝʜʫʱʠʭ ʜʚʠʛʘʪʝʣʝʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ (ʇɸʆ çʆɼʂ-ʂʫʟʥʝʮʦʚè ʠ 

ɸʆ çʆɼʂ-ɸʚʠʘʜʚʠʛʘʪʝʣʴè), ʟʘʥʠʤʘʶʱʠʭʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦʤ 

ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ʩʘʤʦʣʸʪʦʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩ-

ʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʂʉ [6].  

ʆʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʦʮʝʥʠʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʣʥʦʪʳ ʩʛʦʨʘ-

ʥʠʷ ʪʦʧʣʠʚʘ: 

̄  1 1ϳ , 

ʛʜʝ 1 ï ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʚʳʜʝʣʠʚʰʝʝʩʷ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʚ ʨʘʙʦʯʝʤ ʦʙʲʤyʝ 

ʢʘʤʝʨʳ ʧʨʠ ʛʦʨʝʥʠʠ ʪʦʧʣʠʚʘ ʠ ʧʦʰʝʜʰʝʝ ʥʘ ʥʘʛʨʝʚ ʨʘʙʦʯʝʛʦ ʪʝʣʘ; 1  ï ʧʦʣʥʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʢʦʪʦʨʦʝ ʤʦʛʣʦ ʚʳʜʝʣʠʪʴʩʷ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. 

ʕʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʩʦʢʠʤ ʚʦ ʚʩʸʤ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʨʝʞʠ-

ʤʦʚ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʢʘ-

ʤʝʨʘʭ ʩʛʦʨʘʥʠʷ  ̄  πȟωυȣπȟωω, ʘ ʥʘ ʨʘʩʯʸʪʥʦʤ ʨʝʞʠʤʝ  ̄  πȟωωυȣπȟωωω. 

ʇʦʣʥʦʪʘ ʩʛʦʨʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ.  

ʄʘʣʳʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ: 

ЎÐ̋ᶻ  ̑̃
ᶻ  ̑̄

ᶻ, 

̄̅ ̆ʨʚ*  ʠ ʨʛ
* *  ï ʧʦʣʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ ʚ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ ʠ ʛʘʟʘ ʥʘ ʚʳ-

ʭʦʜʝ ʠʟ ʥʝʝ.  

ɼʣʷ ʫʜʦʙʩʪʚʘ ʦʮʝʥʢʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʢʘʤʝʨ 

ʩʛʦʨʘʥʠʷ ʧʨʠʥʷʪʦ ʦʧʝʨʠʨʦʚʘʪʴ ʚʝʣʠʯʠʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ (ʚ %): 

„̄ᶻ  ЎÐ̋ᶻ Ⱦ Ð̃ᶻ  ̑ ̃
ᶻ  ̑̄

ᶻȾ̑̃
ᶻ. 

ɺʝʣʠʯʠʥʘ ЎÐ̋ᶻ ʫʯʠʪʳʚʘʝʪ ʧʦʪʝʨʠ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʂʉ ʥʘ ʪʨʝʥʠʝ; ʪʫʨʙʫ-

ʣʝʥʪʥʳʝ ʧʦʪʝʨʠ (ʥʘ ʤʝʩʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʥʘ ʩʤʝʰʝʥʠʝ ʧʦʪʦʢʦʚ, ʚ ʮʠʨʢʫʣʷʮʠʦʥ-

ʥʳʭ ʪʝʯʝʥʠʷʭ ʠ ʪ.ʜ.), ʘ ʪʘʢʞʝ ʧʦʪʝʨʠ ʚ ʧʦʪʦʢʝ ʧʨʠ ʧʦʜʚʦʜʝ ʪʝʧʣʦʪʳ. ʇʝʨʚʳʝ ʜʚʘ 

ʚʠʜʘ ʥʘʟʳʚʘʶʪ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʧʦʪʝʨʷʤʠ. ʇʦ ʤʝʩʪʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʭ ʤʦʞʥʦ ʨʘʟ-

ʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ: ʧʦʪʝʨʠ ʚ ʜʠʬʬʫʟʦʨʝ, ʚ ʢʦʣʴʮʝʚʳʭ ʢʘʥʘʣʘʭ, ʥʘ 

ʚʪʝʢʘʥʠʝ ʚʦʟʜʫʭʘ ʚ ʦʪʚʝʨʩʪʠʷ ʞʘʨʦʚʦʡ ʪʨʫʙʳ ʠ ʵʣʝʤʝʥʪʳ ʬʨʦʥʪʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʥʘ ʩʤʝʰʝʥʠʝ ʩʪʨʫʡ. ɼʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʂʉ ɻʊɼ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ůʛ
*   6%. ʇʦʪʝʨʠ 
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ʪʝʧʣʘ ʚ ʦʢʨʫʞʘʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʪʝʧʣʘ, ʧʦʜʚʦʜʠ-

ʤʳʤ ʢ ʨʘʙʦʯʝʤʫ ʪʝʣʫ, ʚ ʂʉ ʊʈɼ ʩʦʩʪʘʚʣʷʶʪ ʜʦ 0,01 %.  

ʇʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʚ ʂʉ ʪʘʢʞʝ ʫʜʦʙʥʦ ʦʮʝʥʠʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʦʩʩʪʘʥʦʚʣʝ-

ʥʠʷ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ  

„̄z  ̑̄
ᶻ ̑̃ᶻϳ  

̑̃ᶻ ЎÐ̋ᶻ

̑̃z
 ρ  ЎÐ̋ᶻЎÐ̃ᶻϳ Ȣ  

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʂʉ ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩʦʩʪʘʚ-

ʣʷʝʪ 0,94...0,96.  

ɺʝʣʠʯʠʥʳ ʧʦʪʝʨʴ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʦʪʣʠʯʠʷ ʨʝʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʂʉ ʦʪ ʠʜʝ-

ʘʣʴʥʳʭ ʠ ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʝʸ ʩʦʚʝʨʰʝʥʩʪʚʘ.  

ɺʳʩʦʢʘʷ ʪʝʧʣʦʥʘʧʨʷʞʸʥʥʦʩʪʴ ʨʘʙʦʯʝʛʦ ʦʙʲʤyʘ: 

 ̊  1Ⱦ6̇Ð̃ᶻ , 

̄̅ ̆1  '̓1̊˝ ;ː ὗ̊˝ ï ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ, ɼʞ/ʢʛ, Vʞ ï ʚʥʫʪʨʝʥʥʠʡ ʦʙʲʤy 

ʞʘʨʦʚʦʡ ʪʨʫʙʳ, ʤ3; Gʪ ï ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʢʛ/ʯ. 

ɺʳʩʦʢʘʷ ʪʝʧʣʦʥʘʧʨʷʞʸʥʥʦʩʪʴ ʨʘʙʦʯʝʛʦ ʦʙʲʤyʘ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʨʘʟ-

ʤʝʨʳ ʠ ʤʘʩʩʫ ʂʉ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʢʘʤʝʨʘʭ ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ 

ʅ=4000é6500 ʢɼʞ/(ʤ3ϽʯϽʇʘ). 

ʆʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ʙʝʟ ʩʨʳʚʦʚ ʠ ʧʫʣʴʩʘʮʠʡ ʥʘ ʨʘʙʦʯʠʭ ʨʝʞʠ-

ʤʘʭ ʜʚʠʛʘʪʝʣʷ ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʦʪ ï55 ʜʦ +500ʉ ʜʦʩʪʠʛʘ-

ʝʪʩʷ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ ʚ ʟʦʥʝ ʛʦʨʝʥʠʷ. ʉʨʝʜʥʷ ̫ʩʢʦʨʦʩʪ ɹʜʚʠʞʝʥʠʷ 

ʧʦʪʦʢʘ ʚ ʂʉ ʚʳʰʝ, ʯʝʤ ʪʫʨʙʫʣʝʥʪʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ, 

ʧʦʵʪʦʤʫ ʫʜʝʨʞʘʥʠʝ ʬʘʢʝʣʘ ʚ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʟʦʥʳ ʛʦʨʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʫʩʪʘ-

ʥʦʚʢʠ ʣʦʧʘʪʦʯʥʳʭ ʟʘʚʠʭʨʠʪʝʣʝʡ ʠʣʠ ʧʣʦʭʦʦʙʪʝʢʘʝʤʳʭ ʪʝʣ ʚʦ ʬʨʦʥʪʦʚʦʤ ʫʩʪʨʦʡ-

ʩʪʚʝ ʞʘʨʦʚʦʡ ʪʨʫʙʳ.  

ʆʙʝʩʧʝʯʝʥʠʝ ʟʘʜʘʥʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʥʘ ʚʳʭʦʜʝ 

ʠʟ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ. ʆʮʝʥʠʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʣʷ ʪʝʤʧʝʨʘ-

ʪʫʨ ʛʘʟʘ (ʚ %): 

ɿ ˟ᶻ  ˟ᶻ ˟̒ ̑
ᶻϳ , 
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ʛʜʝ ˟ᶻ  ʠ ˟ᶻ  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʠ ʤʠʥʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʨ-

ʤʦʞʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʪʨʫʝʢ ʛʘʟʘ ʚ ʚʳʭʦʜʥʦʤ ʩʝʯʝʥʠʠ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ; 

 ˟̒ ̑
ᶻ ï ʩʨʝʜʥʷʷ (ʨʘʩʯʸʪʥʘʷ) ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʟʘ ʢʘʤʝʨʦʡ.  

ʕʪʦ ʪʨʝʙʦʚʘʥʠʝ ʩʚʷʟʘʥʦ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʧʨʦʯʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʣʦʧʘʪʦʢ 

ʪʫʨʙʠʥʳ. ɺ ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ 15 = ‏õ20 % ʠ ʙʦʣʝʝ. ɼʣʷ ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ ʚʳʨʘ-

ʞʝʥʠʝ ʜʣʷ ɿ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʚʠʜʝ:  

ʊmax)='‏
* ï ʊʩʨ

*)/(ʊʩʨ
* ï ʊʚ

*),  

ʛʜʝ ʊʚ
* ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ ʚ ʢʘʤʝʨʫ. 

ɹʳʩʪʨʳʡ ʠ ʥʘʜʸʞʥʳʡ ʟʘʧʫʩʢ. ʈʘʟʚʠʪʠʝ ʂʉ ʛʘʟʦʪʫʨʙʠʥʥʦʡ ʪʝʭʥʠʢʠ ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʩʞʠʛʘʥʠʠ ʦʙʝʜʥʥyʥʳʭ ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʳʭ ʩʤʝʩʝʡ, ʜʣʷ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʢʦʪʦ-

ʨʳʭ ʪʨʝʙʫʶʪʩʷ ʤʦʱʥʳʝ ʪʝʧʣʦʚʳʝ ʠʩʪʦʯʥʠʢʠ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʩʧʦʩʦʙʘ ʚʦʩʧʣʘʤʝʥʝ-

ʥʠʷ ʩʤʝʩʠ ʧʨʠ ʟʘʧʫʩʢʝ, ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦʟʥʠʢʘʝʪ ʨʷʜ ʧʨʦʙʣʝʤ, ʩʚʷ-

ʟʘʥʥʳʭ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʪʨʝʙʫʝʤʦʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʠʩʪʦʯʥʠʢʘ, ʤʝʩʪʘ ʝʛʦ ʨʘʩʧʦ-

ʣʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʩ ʩʦʟʜʘʥʠʝʤ ʦʧʨʝʜʝʣʸʥʥʳʭ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʩʦʩʪʘʚʘ 

ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ. ʈʝʰʝʥʠʝ ʵʪʠʭ ʧʨʦʙʣʝʤ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʦʩʥʦʚʥʦʤ 

ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʪʝʥʜʦʚʦʡ ʜʦʚʦʜʢʠ ʂʉ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʩʪʦʪʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʫʩʣʦʚʠʠ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʨʝʩʫʨʩʘ ʠ ʫʜʦʙʩʪʚʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʆʪʩʫʪʩʪʚʠʝ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʨʦʜʫʢʪʘʭ ʩʛʦʨʘʥʠʷ, ʥʘʛʘʨʦ- ʠ ʢʦʢʩʦʦʙʨʘʟʦ-

ʚʘʥʠʝ. ʆʮʝʥʠʚʘʝʪʩʷ ʪʘʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʢʘʢ ʠʥʜʝʢʩ ʵʤʠʩʩʠʠ, ʧʘʨʘʤʝʪʨʳ ʵʤʠʩʩʠʠ 

ʠ ʯʠʩʣʦ ʜʳʤʥʦʩʪʠ. ʅʦʨʤʠʨʦʚʘʥʠʝ ʵʤʠʩʩʠʠ ʥʝʩʛʦʨʝʚʰʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (HC), ʦʢʩʠʜʘ 

ʫʛʣʝʨʦʜʘ (CO), ʦʢʩʠʜʦʚ ʘʟʦʪʘ (NOʭ) ʠ ʜʳʤʘ ʦʪ ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʭ ʠ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨ-

ʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʛʨʘʞʜʘʥʩʢʠʭ ʩʘʤʦʣʪyʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪ ʀʂɸʆ (ʄʝʞʜʫʥʘʨʦʜʥʘ ̫ʦʨʛʘ-

ʥʠʟʘʮʠ ̫ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ) [10]. ɺʳʧʦʣʥʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʷʚʣʷ-

ʝʪʩʷ ʜʣʷ ʂʉ ɻʊɼ ʛʨʘʞʜʘʥʩʢʠʭ ʩʘʤʦʣʸʪʦʚ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʟʘʜʘʯ. 

ʇʦʤʠʤʦ ʵʪʠʭ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʂʉ ʤʦʛʫʪ ʚʳʜʚʠ-

ʛʘʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ: ʨʘʙʦʪʳ ʥʘ ʪʦʧʣʠʚʝ ʨʘʟʣʠʯʥʳʭ ʩʦʨʪʦʚ ʠʣʠ ʜʘʞʝ 

ʚʠʜʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʩʪʫʧʥʳʭ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʠʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ, ʨʝʩʫʨʩ ʠ ʪ.ʜ. 
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ɺʳʰʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʟʘʜʘʥʠʠ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʂʉ ʘʚʠʘʮʠʦʥ-

ʥʦʛʦ ɻʊɼ ʟʘʣʦʞʝʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʪʨʝʙʦʚʘʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘ-

ʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʠ ʥʘʜʸʞʥʦʩʪʠ ʨʘʙʦʪʳ ʚ ʧʨʦʮʝʩʩʝ ʜʣʠʪʝʣʴʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦ ʤʝʨʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ ʢʦʣʠʯʝʩʪʚʦ ʪʨʝʙʦʚʘ-

ʥʠʡ ʢ ʠʭ ʂʉ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʩʘʤʠ ʪʨʝʙʦʚʘʥʠʷ ʫʞʝʩʪʦʯʘʶʪʩʷ. ʕʪʦ ʚ ʟʥʘ-

ʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʩʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʪʠʭ ʠʟʜʝʣʠʡ, ʪʘʢ ʢʘʢ ʥʝʦʙʭʦ-

ʜʠʤʦ ʧʦʩʪʦʷʥʥʦ ʩʦʟʜʘʚʘʪʴ ʠ ʚʥʝʜʨʷʪʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʦ-ʩʭʝʤʥʳʤ ʨʝʰʝʥʠʷʤ, ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ, ʦʙʝʩʧʝʯʝʥʠʶ ʨʘʙʦʪʦ-

ʩʧʦʩʦʙʥʦʩʪʠ ʂʉ, ʧʨʠʤʝʥʝʥʠʶ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʨ. ɺ ʢʦʥʝʯ-

ʥʦʤ ʠʪʦʛʝ ʵʪʦ ʥʘʭʦʜʠʪ ʦʪʨʘʞʝʥʠʝ ʚ ʫʚʝʣʠʯʝʥʠʠ ʩʨʦʢʦʚ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʘʚʠʘʜʚʠʛʘ-

ʪʝʣʝʡ.  

ʊʘʢ, ʥʘ ʧʣʝʥʘʨʥʦʤ ʟʘʩʝʜʘʥʠʠ VI ʆʪʢʨʳʪʦʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ 

ʘʵʨʦʘʢʫʩʪʠʢʝ ʌɻʋʇ ʎɸɻʀ ʥʘʯʘʣʴʥʠʢ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʦʪʜʝʣʘ ʚʦʟʜʫʰʥʦ-ʨʝʘʢʪʠʚ-

ʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʎʀɸʄ ʜ.ʪ.ʥ. ʧʨʦʬʝʩʩʦʨ ɸ.ʉ. ʇʦʣʝʚ, ʨʘʩʩʢʘʟʳʚʘʷ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʦʙʣʠʢʘ ʜʚʠʛʘʪʝʣʝʡ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʘʤʦʣʪyʦʚ 2030-ʭ ʛʦʜʦʚ, ʦʪʤʝʪʠʣ, 

ʯʪʦ ʩʨʦʢ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʚʠʘʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʠ ï 10-16 ʣʝʪ, ʘ ʠʭ 

ʦʩʚʦʝʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʚ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ï ʝʱʝ ʩʪʦʣʴʢʦ ʞʝ [11]. ɺ.ʀ. ɹʘʙʢʠ-

ʥʳʤ, ʷʚʣʷʶʱʠʤʩʷ ʥʘ ʤʦʤʝʥʪ ʥʘʧʠʩʘʥʠʷ ʩʪʘʪʴʠ [12] ʛʝʥʝʨʘʣʴʥʳʤ ʜʠʨʝʢʪʦʨʦʤ 

ʎʀɸʄ, ʦʪʤʝʯʝʥʦ, ʯʪʦ ʜʚʠʛʘʪʝʣʴ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩʦʟʜʘʸʪʩʷ  

ʚ 1,5ï2 ʨʘʟʘ ʜʦʣʴʰʝ ʧʣʘʥʝʨʘ ʩʘʤʦʣʸʪʘ. 

ɺ [5] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʂʉ, ʢʘʢ ʣʙʁʦʛʦ ʦʩʥʦʚʥʦʛʦ ʫʟʣʘ ɻʊɼ, 

ʩʦʩʪʦʠʪ ʠʟ ʦʧʨʝʜʝʣʸʥʥʳʭ ʵʪʘʧʦʚ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʭ ɻʆʉʊ 

2.103-2013 çɽʜʠʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ʉʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠè 

[13]: 

ï ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ (ʊɿ); 

ï ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ; 

ï ʚʳʧʦʣʥʝʥʠʝ ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʘ; 

ï ʚʳʧʦʣʥʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ; 

ï ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 
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ɺʳʧʦʣʥʝʥʠʝ ʵʪʠʭ ʵʪʘʧʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʨʷʜʦʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʂʉ. 

ɼʣʷ ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ ʵʪʠ ʵʪʘʧʳ ʧʦʜʨʦʙʥʦ ʨʘʟʦʙʨʘʥʳ ʚ [14]. ɺ ʨʘʙʦʪʝ ʦʪʤʝʯʘʝʪʩʷ, 

ʯʪʦ ʚʳʙʦʨ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʦʙʦʩʥʦʚʘʥʠʝʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʝʸ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʚʦ-

ʜʠʪʩʷ ʥʘ ʵʪʘʧʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ. ʅʘ ʵʪʘʧʝ ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʘ ʧʨʦʚʦʜʷʪ 

ʨʘʟʨʘʙʦʪʢʫ ʠ ʘʥʘʣʠʟ ʚʘʨʠʘʥʪʦʚ ʚʦʟʤʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝ-

ʥʠʷ ʟʘʜʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɸ ʥʘ ʵʪʘʧʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ ʜʦʣʞʥ rʙʳʪʴ ʦʧʨʝʜʝ-

ʣʝʥʳ ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʜʘʶʱʠʝ ʧʦʣʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ 

ʫʩʪʨʦʡʩʪʚʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘ-

ʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʵʪʘʧʘʭ. ʀʟ ʧʨʠʚʝʜʥyʥʦʛʦ ʚʳʰʝ ʦʧʠʩʘʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʵʪʘʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʚʳʚʦʜ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʣʠʢʘ ʂʉ ʠ 

ʢʦʥʮʝʧʮʠʠ ʝʸ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʪʦ ʝʩʪʴ ʥʘ ʩʪʘʜʠʷʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʝʜʣʦʞʝʥʠ ̫ʠ ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʘ. ʇʦʜ ʦʙʣʠʢʦʤ 

ʂʉ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʝʸ ʛʝʦʤʝʪʨʠʠ ʠ ʨʘʟʤʝʨʘʭ, ʦʪʨʘʞʘʶʱʝʝ ʚʟʘ-

ʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʭʘʨʘʢʪʝʨ ʧʨʦʪʝʢʘʥʠʷ ʨʘʙʦʯʝʛʦ ʧʨʦ-

ʮʝʩʩʘ. ʕʪʦʪ ʪʝʨʤʠʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ [5, 15] ʠ ʨʷʜʝ ʜʨʫʛʠʭ ʧʫʙʣʠʢʘʮʠʡ.  

ʅʝʦʙʭʦʜʠʤʳʝ ʨʘʩʯʸʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʂʉ, ʚʳʧʦʣʥʷʶʪ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʵʪʘʧʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʀʭ ʧʨʠʥʷʪʦ ʜʝʣʠʪʴ ʥʘ ʜʚʘ ʚʠʜʘ [1, 3, 15, 16]: ʢʦʥ-

ʩʪʨʫʢʪʦʨʩʢʠʡ (ʧʨʦʝʢʪʠʨʦʚʦʯʥʳʡ) ʠ ʧʦʚʝʨʦʯʥʳʡ. ʇʝʨʚʳʡ ʚʠʜ ʚ ʦʩʥʦʚʥʦʤ ʨʝʘʣʠʟʫ-

ʝʪʩʷ ʥʘ ʵʪʘʧʘʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ ʠ ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʘ, ʠ ʠʥʦʛʜʘ ʥʦʩʠʪ 

ʥʘʟʚʘʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠ,̫ ʘ ʚʪʦʨʦʡ ï ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʧʨʦʝʢʪʘ. ʎʝʣʴ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ʨʘʩʯʸʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʦʙʱʠʭ 

ʨʘʟʤʝʨʦʚ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʠ ʝʸ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʘ 

ʧʦʚʝʨʦʯʥʳʡ ʨʘʩʯʸʪ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʢʘ-

ʤʝʨʳ ʩʛʦʨʘʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʝʸ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʳʭ ʪʨʝʙʦ-

ʚʘʥʠʡ. ʆʰʠʙʢʠ, ʜʦʧʫʱʝʥʥʳʝ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʥʘʭʦʜʷʪ ʚʳʨʘ-

ʞʝʥʠʝ ʚ ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʭʦʜʝ ʩʣʝ-

ʜʫʶʱʠʭ ʵʪʘʧʦʚ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʠʟʜʝʣʠʡ. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʪʘʨʘʶʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʝ ʨʘʩʯʸʪʥʳʝ ʤʝʪʦʜʳ, ʘʚʪʦʤʘʪʠʟʘʮʠ,ʁ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʝ ʠ ʧʘʨʘʣʣʝʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ.  
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1.2 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ɻʊɼ  

ʠ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʣʠʢʘ ʘʚʠʘʮʠʦʥ-

ʥʳʭ ʂʉ ʊʈɼɼ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʦʙʱʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʂʉ ɻʊɼ ʩ ʮʝʣʴʶ 

ʚʳʜʝʣʝʥʠʷ ʠʟ ʵʪʦʡ ʛʨʫʧʧʳ ʠʟʜʝʣʠʡ ʪʦʡ ʧʦʜʛʨʫʧʧʳ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʂʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʂʉ ʚʦʟʤʦʞʥʦ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʧʨʠʟʥʘʢʦʚ [1ï6, 16]. 

ʊʘʢ, ʧʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʠʩʧʦʣʥʝʥʠʶ ʚʳʜʝʣʷʶʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʢʘʤʝʨ ʩʛʦʨʘ-

ʥʠʷ: ʪʨʫʙʯʘʪʘʷ, ʪʨʫʙʯʘʪʦ-ʢʦʣʴʮʝʚʘʷ ʠ ʢʦʣʴʮʝʚʘʷ (ʨʠʩʫʥʦʢ 1.1). 

           

ʈʠʩʫʥʦʢ 1.1 ï ʉʭʝʤʳ ʪʨʫʙʯʘʪʦʡ (ʘ), ʪʨʫʙʯʘʪʦ-ʢʦʣʴʮʝʚʦʡ (ʙ) ʠ ʢʦʣʴʮʝʚʦʡ (ʚ) ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ:  

1, 5 ï ʢʦʨʧʫʩ; 2 ï ʞʘʨʦʚʘʷ ʪʨʫʙʘ; 3 ï ʟʘʚʠʭʨʠʪʝʣʴ; 4 ï ʬʦʨʩʫʥʢʘ;  

6 ï ʧʣʘʤʷ-ʧʝʨʝʧʫʩʢʥʦʡ ʧʘʪʨʫʙʦʢ 

ʋ ʪʨʫʙʯʘʪʦʡ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʢʘʞʜʘʷ ʞʘʨʦʚʘʷ ʪʨʫʙʘ ʠʤʝʝʪ ʩʚʦʡ ʢʦʨʧʫʩ. ʂʦ-

ʣʠʯʝʩʪʚʦ ʞʘʨʦʚʳʭ ʪʨʫʙ (ɾʊ) ʫ ʜʚʠʛʘʪʝʣʷ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 6 ʜʦ 20 ʠ ʙʦʣʝʝ. ɾʘʨʦʚʳʝ 

ʪʨʫʙʳ ʩʦʝʜʠʥʝʥʳ ʧʣʘʤʷ-ʧʝʨʝʧʫʩʢʥr ʤʠ ʧʘʪʨʫʙʢʘʤʠ, ʩʣʫʞʘʱʠʤʠ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʷ ʧʣʘʤʝʥʠ ʚ ʩʦʩʝʜʥʠʝ ʪʨʫʙʳ ʧʨʠ ʟʘʧʫʩʢʝ ʠʣʠ ʧʨʠ ʧʦʛʘʩʘʥʠʠ ʦʪʜʝʣʴʥʳʭ ʪʨʫʙ. ʂ 

ʜʦʩʪʦʠʥʩʪʚʘʤ ʪʨʫʙʯʘʪʦʡ ʢʘʤʝʨʳ ʦʪʥʦʩʷʪʩʷ: ʭʦʨʦʰʘ ̫ʢʦʤʧʦʥʫʝʤʦʩʪʴ ʩ ʮʝʥʪʨʦʙʝʞ-

ʥʳʤ ʢʦʤʧʨʝʩʩʦʨʦʤ, ʦʪʥʦʩʠʪʝʣʴʥʘ ̫ʧʨʦʩʪʦʪʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʜʦʚʦʜʢʠ ʠʟ-ʟʘ ʤʘ-

ʣʳʭ ʨʘʟʤʝʨʦʚ ʦʪʜʝʣʴʥʦʡ ʪʨʫʙʳ, ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʨʦʩʪʦʪʘ ʟʘʤʝʥʳ 

ʧʨʠ ʨʝʤʦʥʪʝ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʪʨʫʙʯʘʪʳʭ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ, ʧʨʠʚʝʜʰʠʤʠ ʢ ʧʨʝʢʨʘʱʝ-

ʥʠʶ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʷʚʣʷʶʪʩʷ: ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥ-

ʪʘʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʞʩyʪʢʦʩʪʠ ʤʝʞʜʫ ʢʦʨʧʫʩʘʤʠ ʢʦʤʧʨʝʩʩʦʨʘ ʠ ʪʫʨʙʠʥʳ ʠ ʟʥʘʯʠ-

ʪʝʣʴʥʘʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ ʚ ʦʢʨʫʞʥʦʤ ʥʘʧʨʘʚʣʝ-

ʥʠʠ. ʊʨʫʙʯʘʪʳʝ ʂʉ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʨʘʥʥʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ɻʊɼ ʪʘʢʠʭ ʢʘʢ: Rolls-
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Royce Nene ʠ Derwent, General Electric J-47; Allison J-33, ɺʂ-1 ʠ ʜʨ. ʊʨʫʙʯʘʪʘʷ ʂʉ 

ʜʚʠʛʘʪʝʣʷ ɺʂ-1 ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.2. 

          

ʈʠʩʫʥʦʢ 1.2 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʞʘʨʦʚʳʭ ʪʨʫʙ ʠ ʪʨʫʙʯʘʪʘ ̫ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ ʜʚʠʛʘʪʝʣ ̫ɺʂ-1 

 

ʋ ʪʨʫʙʯʘʪʦ-ʢʦʣʴʮʝʚʳʭ ʂʉ ʞʘʨʦʚʳʝ ʪʨʫʙʳ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʢʦʣʴ-

ʮʝʚʦʤ ʢʘʥʘʣʝ ʦʙʱʝʛʦ ʢʦʨʧʫʩʘ ʚʦʢʨʫʛ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ (ʨʠʩʫʥʦʢ 1.3).  

 

ʈʠʩʫʥʦʢ 1.3 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʞʘʨʦʚʳʭ ʪʨʫʙ ʚ ʪʨʫʙʯʘʪʦ-ʢʦʣʴʮʝʚʦʡ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ  

ʜʚʠʛʘʪʝʣʷ ʈ-11ʌ-300 

ʊʘʢʘʷ ʂʉ ʠʤʝʝʪ ʦʪ 7 ʜʦ 16 ʞʘʨʦʚʳʭ ʪʨʫʙ, ʩʦʝʜʠʥʝʥʥʳʭ ʧʣʘʤʷ-ʧʝʨʝʧʫʩʢʥrʤʠ 

ʧʘʪʨʫʙʢʘʤʠ. ɻʘʟʦʩʙʦʨʥʠʢ ʂʉ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʩʝʢʮʠʡ, ʩʦ-

ʩʪʘʚʣʷʶʱʠʭ ʨʘʟʜʝʣʴʥʳʝ ʚ ʢʦʣʴʮʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʣʦʩʪʠ ʛʦʨʝʥʠʷ ʟʘ ʞʘʨʦʚʳʤʠ 

ʪʨʫʙʘʤʠ ʠʣʠ ʚ ʚʠʜʝ ʦʙʱʝʛʦ ʜʣʷ ʚʩʝʭ ʞʘʨʦʚʳʭ ʪʨʫʙ ʧʘʪʨʫʙʢʘ. ʊʨʫʙʯʘʪʦ-ʢʦʣʴʮʝʚʳʝ 

ʂʉ ʠʤʝʶʪ ʪʘʢʠʝ ʘʚʠʘʮʠʦʥʥʳʝ ɻʊɼ, ʢʘʢ ʈʦʣʣʩ-ʈʦʡʩ çʉʧʝʡè, JT-8D, ʈ-11ʌ-300,  

ɼ-20, ɼ-30; ʇʉ-90 ʠ ʜʨ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʡ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʘʷ ʦʢʨʫʞʥʘʷ ʥʝʨʘʚʥʦ-

ʤʝʨʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʧʦʣʥʳʭ ʥʘʧʦʨʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʚʳʭʦʜʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʣʴ-

ʮʝʚʳʤʠ ʂʉ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʥʘʛʨʫʟʢʠ ʥʘ ʣʦʧʘʪʢʠ ʪʫʨʙʠʥʳ. ʏʘʩʪʠʯʥʦ ʵʪʘ ʥʝ-
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ʨʦʚʥʦʩʪʴ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʦʙʱʠʤ ʜʣʷ ʚʩʝʭ ʞʘʨʦʚʳʭ ʪʨʫʙ ʛʘʟʦʩʙʦʨ-

ʥʠʢʦʤ. ʇʦ ʪʘʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʢʘʢ ʚʦʟʤʦʞʥʦʩʪ ɹʜʦʩʪʠʞʝʥʠ ̫ʨʘʚʥʦʤʝʨʥʦʛʦ ʦʢʨʫʞ-

ʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʳʭʦʜʝ, ʩʣʦʞʥʦʩʪ ɹʜʦʚʦʜʢʠ, ʫʜʦʙʩʪʚʦ ɻʢʩʧʣʫ-

ʘʪʘʮʠʠ ʠ ʨʝʤʦʥʪʘ, ʪʨʫʙʯʘʪʦ-ʢʦʣʴʮʝʚʳʝ ʂʉ ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʤʝʞʜʫ ʪʨʫʙʯʘʪʤrʠ ʠ ʢʦʣʴʮʝʚʳʤʠ ʂʉ. 

ʂʦʤʧʦʥʦʚʢʘ ʚ ʚʠʜʝ ʢʦʣʴʮʝʚʦʡ ʂʉ ʠʤʝʝʪ ʦʜʥʫ ʞʘʨʦʚʫʶ ʪʨʫʙʫ, ʨʘʩʧʦʣʦʞʝʥ-

ʥʫʶ ʤʝʞʜʫ ʦʙʨʘʟʫʶʱʠʤʠ ʢʦʣʴʮʝʚʦʡ ʢʘʥʘʣ ʥʘʨʫʞʥʳʤ ʠ ʚʥʫʪʨʝʥʥʠʤ ʢʦʨʧʫʩʘʤʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʢʦʣʴʮʝʚʳʭ ʂʉ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʨʫʙʯʘʪʦ-ʢʦʣʴʮʝʚʳʤ ʷʚʣʷʶʪʩʷ 

ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʦʙʲʸʤʥʦʡ ʪʝʧʣʦʥʘʧʨʷʞʸʥʥʦʩʪʠ, ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʧʦʣʝ 

ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʚʳʭʦʜʝ ʧʨʠ ʤʝʥʴʰʠʭ ʧʦʪʝʨʷʭ ʪʝʧʣʘ, ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʜʣʠʥʝ ʠ 

ʤʘʩʩʝ ʂʉ, ʣʫʯʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʟʘʧʫʩʢʘ (ʠʟ-ʟʘ ʙʳʩʪʨʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘ-

ʤʝʥʠ ʧʦ ʚʩʝʤʫ ʦʙʲʸʤʫ) ʠ ʫʩʣʦʚʠʷʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʮʝʩʩʘ ʛʦʨʝ-

ʥʠʷ. ʅʝʜʦʩʪʘʪʢʠ ʢʦʣʴʮʝʚʳʭ ʂʉ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʨʫʜʥʦʩʪʠ ʟʘʤʝʥʳ ɾʊ ʚ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʩʣʦʞʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʝʤʦʥʪʘ, ʤʘʣʦʡ ʞʸʩʪʢʦʩʪʠ ʞʘʨʦʚʦʡ 

ʪʨʫʙʳ. ʂʦʣʴʮʝʚʳʝ ʂʉ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʜʚʠʛʘʪʝʣʷʭ GE90, PW1000G, ʅʂ-8, ɼ-36 ʠ 

ʤʥʦʛʠʭ ʜʨʫʛʠʭ (ʨʠʩʫʥʦʢ 1.4).  

 

ʈʠʩʫʥʦʢ 1.4 ï ʂʦʣʴʮʝʚʘʷ ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ NEWAC ʢʦʤʧʘʥʠʠ Avio Aero  

(ʦʪʜʝʣʝʥʠʝ GE Aviation) [17] 

ʇʦ ʢʦʤʧʦʥʦʚʢʝ ʚ ʩʦʩʪʘʚʝ ɻʊɼ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʤʦʛʫʪ ʨʘʟʜʝʣʷʪʴʩʷ ʥʘ ʠʥʜʠ-

ʚʠʜʫʘʣʴʥʳʝ ʠ ʚʩʪʨʦʝʥʥʳʝ. ʂ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʦʪʥʦʩʷʪ ʪʨʫʙʯʘʪʳʝ ʠ ʚʳʥʦʩʥʳʝ (ʦʪ-

ʜʝʣʴʥʳʝ). ʋ ʚʳʥʦʩʥʳʭ ʂʉ ʞʘʨʦʚʘʷ ʪʨʫʙʘ ʨʘʟʤʝʱʘʝʪʩʷ ʥʘ ʥʝʢʦʪʦʨʦʤ ʫʜʘʣʝʥʠʠ ʦʪ 

ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘ ʚ ʦʪʜʝʣʴʥʦʤ ʩʠʣʦʚʦʤ ʢʦʨʧʫʩʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʧʘʨʘʣʣʝʣʴʥʦ ʠʣʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ɻʊʋ (ʨʠʩʫʥʦʢ 1.5).  
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ʈʠʩʫʥʦʢ 1.5 ï ɻʘʟʦʚʘʷ ʪʫʨʙʠʥʘ Siemens SGT300 c ʚʳʥʦʩʥʳʤʠ ʢʘʤʝʨʘʤʠ ʩʛʦʨʘʥʠʷ 

 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʪʘʢʦʡ ʢʦʤʧʦʥʦʚʢʠ ʟʘʢʣʶʯʘʪʁʩʷ ʚ ʫʜʦʙʩʪʚʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ 

ʨʝʤʦʥʪʘ, ʢʘʯʝʩʪʚʝʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ ʟʘ 

ʩʯʸʪ ʜʣʠʥʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ ʠ 

ʤʘʩʩʫ, ʧʦʪʝʨʠ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʦʡ ʧʨʠʤʝʥʝʥʠʷ 

ʜʣʠʥʥʳʭ ʛʘʟʦʭʦʜʦʚ ʤʝʞʜʫ ʢʘʤʝʨʦʡ ʠ ʪʫʨʙʠʥʦʡ. ɺʩʪʨʦʝʥʥʳʝ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ 

ʠʤʝʶʪ ʦʙʱʠʡ ʢʦʨʧʫʩ ʩ ɻʊɼ ʠʣʠ ɻʊʋ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʪʨʫʙʯʘʪʦ-ʢʦʣʴʮʝʚʳʝ ʠ 

ʢʦʣʴʮʝʚʳʝ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ. 

ʇʦ ʚʠʜʘʤ ʩʞʠʛʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʂʉ ʜʝʣʷʪʩʷ ʥʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʜʣʷ ʩʞʠʛʘʥʠʷ 

ʪʦʣʴʢʦ ʞʠʜʢʦʛʦ ʠʣʠ ʪʦʣʴʢʦ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʪʦʧʣʠʚʘ, ʘ ʪʘʢʞʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʩʞʠʛʘʥʠʝ ʦʙʦʠʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ. 

ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʦʚ ʚʦʟʜʫʭʘ ʠ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʢʘʤʝʨʳ 

ʩʛʦʨʘʥʠʷ ʜʝʣʷʪʩʷ ʥʘ ʧʨʷʤʦʪʦʯʥʳʝ, ʚ ʢʦʪʦʨʳʭ ʚʦʟʜʫʭ ʠ ʛʘʟ ʜʚʠʞʫʪʩʷ ʚ ʦʜʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʧʨʦʪʠʚʦʪʦʯʥʳʝ, ʛʜʝ ʦʥʠ ʜʚʠʞʫʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝ-

ʥʠʷʭ. 

ʇʦ ʢʦʣʠʯʝʩʪʚʫ ʛʦʨʝʣʦʢ ʫ ʦʜʥʦʡ ʞʘʨʦʚʦʡ ʪʨʫʙʳ: ʦʜʥʦʬʦʨʩʫʥʦʯʥʳʝ ʠ ʤʥʦʛʦ-

ʬʦʨʩʫʥʦʯʥʳʝ (ʦʜʥʦ ʠ ʤʥʦʛʦʛʦʨʝʣʦʯʥʳʝ). ʀʥʦʛʜʘ ʧʦʜ ʤʥʦʛʦʬʦʨʩʫʥʦʯʥʦʡ ʢʘʤʝʨʦʡ 

ʩʛʦʨʘʥʠʷ ʧʦʥʠʤʘʶʪ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʬʦʨʩʫʥʢʘʤʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ. 
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ʂʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʩ ʜʚʫʤʷ ʟʦʥʘʤʠ ʛʦʨʝʥʠʷ ʪʘʢʞʝ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʘ 

ʚʠʜʘ: ʜʚʫʭʟʦʥʥʳʝ ʠ ʜʚʫʭʲʷʨʫʩʥʳʝ [18, 19]. ɺ ʧʝʨʚʳʭ ʟʦʥʳ ʛʦʨʝʥʠʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ (ʦʜʥʘ ʟʘ ʜʨʫʛʦʡ), ʘ ʚʦ ʚʪʦʨʳʭ ï ʧʘʨʘʣʣʝʣʴʥʦ (ʦʜʥʘ ʥʘʜ ʜʨʫʛʦʡ), 

ʧʦʵʪʦʤʫ ʠʭ ʝʱʸ ʥʘʟʳʚʘʶʪ ʢʘʤʝʨʘʤʠ ʩʛʦʨʘʥʠʷ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʠ ʧʘʨʘʣʣʝʣʴ-

ʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʟʦʥ ʛʦʨʝʥʠʷ. 

ɺ ʟʘʨʫʙʝʞʥʦʡ ʧʨʘʢʪʠʢʝ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʧʨʠʥʷʪʦ ʜʝʣʠʪʴ ʥʘ ʦʜʥʦʢʦʣʴʮʝʚʳʝ 

(ʘʥʛʣ. SAC ï Single Annular Combustor), ʜʚʫʭʢʦʣʴʮʝʚʳʝ (DAC ï Double Annular 

Combustor), ʘ ʪʘʢʞʝ ʧʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʛʦʨʝʥʠʷ [19]. ʉʦʚʨʝʤʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʛʦʨʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ RQL (ʘʥʛʣ. Rich-Burn, Quick-Mix, Lean-Burn 

Combustor ï ʛʦʨʝʥʠʝ ʙʦʛʘʪʦʡ ʩʤʝʩʠ, ʙʳʩʪʨʦʝ ʩʤʝʰʝʥʠʝ ʠ ʛʦʨʝʥʠʝ ʙʝʜʥʦʡ ʩʤʝʩʠ), 

TAPS (Twin-Annular Premixing Swirler ï ʜʚʫʭʢʦʣʴʮʝʚʦʡ ʟʘʚʠʭʨʠʪʝʣʴ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ) ʠ ʜʨ., ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨ-

ʤʘʪʠʚʦʚ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʩʧʦʩʦʙʘʭ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʢʘʤʝʨʳ ʩʛʦ-

ʨʘʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʊʈɼɼ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʶʪʩʷ 

ʢʦʣʴʮʝʚʳʝ ʧʨʷʤʦʪʦʯʥʳʝ ʚʩʪʨʦʝʥʥʳʝ ʂʉ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʞʠʜʢʦʤ ʪʦʧʣʠʚʝ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʦʙʣʠʢʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʦʩʥʦʚʥʳʝ ʵʣʝ-

ʤʝʥʪʳ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ. ɼʣʷ ʂʉ ɻʊɼ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʨʘʙʦʪʘʥʘ ʦʙʱʘʷ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ [4ï6], ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1.6. ʂʦʥʩʪʨʫʢʮʠʷ ʂʉ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʪʘʢʠʝ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʢʘʢ ʢʦʨʧʫʩ, ʜʠʬʬʫʟʦʨ, ʞʘʨʦʚʘʷ ʪʨʫʙʘ ʠ ʪʦʧʣʠʚʥʘʷ 

ʬʦʨʩʫʥʢʘ.  

ʂʦʨʧʫʩ ʂʉ ʷʚʣʷʝʪʩʷ ʝʸ ʚʥʝʰʥʝʡ ʪʚʸʨʜʦʡ ʦʙʦʣʦʯʢʦʡ, ʦʙʲʝʜʠʥʷʶʱʝʡ ʚʩʝ ʦʩ-

ʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ. 

ɼʠʬʬʫʟʦʨ ï ʵʪʦ ʦʩʥʦʚʥʦʡ ʵʣʝʤʝʥʪ ʂʉ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʢʦ-

ʨʦʩʪʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʦʤʧʨʝʩʩʦʨʘ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʢʦʨʦʩʪʥʦʛʦ ʥʘʧʦʨʘ ʚ ʜʘʚʣʝʥʠʝ 

ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʥʘ ʚʭʦʜʝ ʚ ɾʊ.  
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ʈʠʩʫʥʦʢ 1.6 ï ʉʭʝʤʘ ʂʉ ɻʊɼ ʠ ʝʸ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ: 

1 ï ʚʦʟʜʫʰʥʳʡ ʟʘʚʠʭʨʠʪʝʣʴ; 2 ï ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢ; 3 ï ʜʠʬʬʫʟʦʨ; 4 ï ʪʦʧʣʠʚʥʘʷ ʬʦʨʩʫʥʢʘ;  

5 ï ʛʦʣʦʚʢʘ (ʬʨʦʥʪʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ); 6 ï ʦʪʚʝʨʩʪʠʷ ʧʝʨʚʠʯʥʦʡ ʟʦʥʳ; 7 ï ʞʘʨʦʚʘʷ ʪʨʫʙʘ;  

8 ï ʱʝʣʴ ʜʣʷ ʦʭʣʘʞʜʘʶʱʝʡ ʟʘʚʝʩʳ; 9 ï ʚʥʝʰʥʠʡ ʢʦʣʴʮʝʚʦʡ ʢʘʥʘʣ; 10 ï ʚʥʫʪʨʝʥʥʠʡ ʢʦʣʴʮʝʚʦʡ 

ʢʘʥʘʣ; 11 ï ʦʪʚʝʨʩʪʠʷ ʟʦʥʳ ʨʘʟʙʘʚʣʝʥʠʷ; 12 ï ʢʦʨʧʫʩ;13 ï ʦʪʚʝʨʩʪʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʟʦʥʳ 

 

ɾʘʨʦʚʘʷ ʪʨʫʙʘ ï ʦʩʥʦʚʥʦʡ ʵʣʝʤʝʥʪ ʂʉ, ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʩʤʝʰʝʥʠʝ 

ʪʦʧʣʠʚʘ ʩ ʚʦʟʜʫʭʦʤ, ʚʦʩʧʣʘʤʝʥʝʥʠʝ ʠ ʛʦʨʝʥʠʝ ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʠ ʩʤʝʰʝ-

ʥʠʝ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʩʦ ʚʪʦʨʠʯʥʳʤ ʚʦʟʜʫʭʦʤ. ɺʢʣʶʯʘʝʪ ʌʋ (ʬʨʦʥʪʦʚʦʝ ʫʩʪʨʦʡ-

ʩʪʚʦ) ï ʧʝʨʝʜʥʶʶ ʯʘʩʪʴ ʩ ʤʝʩʪʘʤʠ ʫʩʪʘʥʦʚʢʠ ʬʦʨʩʫʥʦʢ, ʩʨʝʜʥʶʶ ʯʘʩʪʴ (ʜʣʷ ʩʤʝ-

ʰʝʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʘʟʦʚ ʠ ʚʦʟʜʫʭʘ) ʠ ʛʘʟʦʩʙʦʨʥʠʢ ʥʘ ʚʳʭʦʜʝ.  

ʊʦʧʣʠʚʥʘʷ ʬʦʨʩʫʥʢʘ ï ʦʩʥʦʚʥʦʡ ʵʣʝʤʝʥʪ ʂʉ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʨʘʩʧʳʣʠ-

ʚʘʥʠʷ ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ ʩ ʮʝʣʴʶ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʩʧʘʨʝʥʠʷ ʦʙʨʘʟʫʶ-

ʱʠʭʩʷ ʢʘʧʝʣʴ, ʩʤʝʰʠʚʘʥʠ ̫ʪʦʧʣʠʚʘ ʩ ʚʦʟʜʫʭʦʤ ʩ ʮʝʣʴʶ ʧʦʜʛʦʪʦʚʢʠ ʪʦʧʣʠʚʦʚʦʟ-

ʜʫʰʥʦʡ ʩʤʝʩʠ, ʬʦʨʤʠʨʦʚʘʥʠ ̫ʬʘʢʝʣʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠ ̫ʧʣʘʤʝʥʠ.  

ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʂʉ ʦʧʨʝʜʝʣʷʶʪ ʭʘʨʘʢʪʝʨ ʧʨʦʪʝʢʘʥʠ ̫ʝʸ ʨʘʙʦʯʝʛʦ ʧʨʦ-

ʮʝʩʩʘ, ʧʦʵʪʦʤʫ ʠʭ ʬʦʨʤʘ ʠ ʨʘʟʤʝʨʳ ʚʘʞʥʳ ʜʣʷ ʦʧʠʩʘʥʠʷ ʝʸ ʦʙʣʠʢʘ.  

ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʦʙʣʠʢ ʂʉ ʦʪʨʘʞʘʝʪ ʝʸ ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʧʨʝʜʝʣʸʥʥʦʤʫ ʧʦʢʦ-

ʣʝʥʠʶ ʜʚʠʛʘʪʝʣʝʡ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʝʩʧʝʯʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʥʘ ʝʛʦ 

ʫʨʦʚʥʝ. ʅʘ ʨʠʩʫʥʢʝ 1.7 ʚ ʚʠʜʝ ʧʨʠʤʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʚʦʣʶʮʠʷ ʤʥʦʛʦʬʦʨʩʫʥʦʯʥʳʭ 

ʂʉ ʜʚʠʛʘʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ çʅʂè [20]. 

 



24 

 

 

 

ʈʠʩʫʥʦʢ 1.7 ï ʕʚʦʣʶʮʠʷ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ çʅʂè [20] 

 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʢʘʢ ʚʦ ʚʨʝʤʷ ʨʘʟʚʠʪʠʷ ʜʚʠʛʘʪʝʣʝʡ ʠʟʤʝʥʷʣʘʩʴ ʬʦʨʤʘ ʠ ʨʘʟ-

ʤʝʨʳ ʢʘʤʝʨʳ, ʘ ʧʦ ʩʫʪʠ ï ʦʙʣʠʢ. 

1.3 ʉʠʩʪʝʤʘʪʠʟʘʮʠʷ ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʣʠʢʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʂʉ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʰʠʨʦʢʦʛʦ ʨʷʜʘ ʧʨʝʜʲʷʚʣʷʝ-

ʤʳʭ ʢ ʥʝʡ ʪʨʝʙʦʚʘʥʠʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʥʘ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʘʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʤ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʦʟʜʘʚʘʝʤʦʝ ʠʟʜʝʣʠʝ. 

ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʂʉ. ʀʭ ʧʨʠ-

ʤʝʥʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʦʙʲʸʤʘ ʩʪʝʥʜʦʚʳʭ ʨʘʙʦʪ ʠ 

ʚʨʝʤʝʥʠ ʥʘ ʜʦʚʦʜʢʫ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂʉ: ʠʥʪʝʛʨʘʣʴʥʳʡ, ʨʝʘʢʪʦʨʥʳʡ, ʩʪʨʫʡ-

ʥʳʡ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʦʜʥʦʤʝʨʥʳʡ, ʩʝʪʝʚʦʡ, ʤʦʜʫʣʴʥʳʡ. ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʳʡ ʠʟ 

ʥʠʭ ʧʦʜʨʦʙʥʝʝ. 

ʀʥʪʝʛʨʘʣʴʥʳʡ ʤʝʪʦʜ. ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʘ ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʙʦʪʘʭ [21,22]. ɺ ʜʘʥ-

ʥʦʤ ʩʣʫʯʘʝ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʂʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʦʜʝʣʝʡ, ʦʧʠ-

ʩʳʚʘʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʸ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ. ʄʝʪʦʜ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ 
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ʥʘ ʵʪʘʧʘʭ ʥʘʯʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʂʉ, ʪʘʢ ʠ ʜʣʷ ʘʥʘʣʠʟʘ ʝʸ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ 

ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʘʢʪʦʨʥʦʛʦ ʤʝʪʦʜʘ ʨʘʙʦʯʠʡ ʦʙʲʤy ʢʘʤʝʨʳ (ʨʠʩʫʥʦʢ 1.8) 

ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʦʙʣʘʩʪʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʨʝʘʢʪʦʨ: ʠʜʝʘʣʴ-

ʥʦʛʦ, ʥʝʧʦʣʥʦʛʦ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʩʤʝʰʝʥʠʷ ʠ ʪ.ʜ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦ-

ʚʘʪʴ ʧʨʦʮʝʩʩʳ ʛʦʨʝʥʠʷ, ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʘ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʦʮʝʥʢʠ ʧʨʦʪʝʢʘʥʠʷ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥ-

ʪʦʚ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʠ ʜʦʚʦʜʢʝ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ [23, 24].  

 

 

ʈʠʩʫʥʦʢ 1.8 ï ʈʝʘʣʠʟʘʮʠʷ ʨʝʘʢʪʦʨʥʦʛʦ ʤʝʪʦʜʘ [23]  

 

ɺ ʩʪʨʫʡʥʦʤ ʤʝʪʦʜʝ ʂʉ (ʨʠʩʫʥʦʢ 1.9) ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʠʩʪʝʤʘ ʩʪʨʫʡ ʦʩ-

ʥʦʚʥʦʛʦ ʧʦʪʦʢʘ, ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʪʨʫʡ ʧʦʜʚʦʜʘ ʚʦʟʜʫʭʘ ʥʘ ʦʭʣʘ-

ʞʜʝʥʠʝ ʩʪʝʥʦʢ ʞʘʨʦʚʦʡ ʪʨʫʙʳ ʠ ʚʪʦʨʠʯʥʦʛʦ ʚʦʟʜʫʭʘ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦ-

ʚʘʪʴ ʫʧʨʦʱʝʥʥʫʶ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʠ ʦʮʝʥʠʪʴ ʧʦʪʝʨʠ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʥʘ ʵʪʘʧʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ [25]. 

 

ʈʠʩʫʥʦʢ 1.9 ï ʉʭʝʤʘ ʨʝʘʣʠʟʘʮʠʷ ʩʪʨʫʡʥʦʛʦ ʤʝʪʦʜʘ 
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ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʦʜʥʦʤʝʨʥʦʛʦ ʤʝʪʦʜʘ ʂʉ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ 

ʚʠʜʝ ʩʠʩʪʝʤʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʫʯʘʩʪʢʦʚ [26]. ʅʘ 

ʢʘʞʜʦʤ ʠʟ ʵʪʠʭ ʫʯʘʩʪʢʦʚ ʧʨʦʮʝʩʩʳ ʦʧʠʩʳʚʘʶʪʩʷ ʦʜʥʦʤʝʨʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 

(ʨʠʩʫʥʦʢ 1.10). ʄʝʪʦʜ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘ-

ʜʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʧʦʚʝʨʦʯʥʳʭ ʨʘʩʯʪyʦʚ [27, 28]. 

 

ʈʠʩʫʥʦʢ 1.10 ï ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʦʜʥʦʤʝʨʥʳʡ ʤʝʪʦʜ [26] 

 

ɺ ʩʝʪʝʚʦʤ ʤʝʪʦʜʝ ʧʨʦʪʦʯʥʘʷ ʯʘʩʪʴ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʨʘʟʜʝʣʝʥʘ ʥʘ ʙʦʣʴʰʦʝ 

ʯʠʩʣʦ ʧʨʦʩʪʝʡʰʠʭ ʢʘʥʘʣʦʚ (ʨʠʩʫʥʦʢ 1.11), ʦʙʲʝʜʠʥʸʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʫʟʣʦʚ ʚ ʝʜʠ-

ʥʫʶ ʩʝʪʴ [29]. ɺ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦʚʳʝ ʩʚʷʟʠ 

ʤʝʞʜʫ ʫʟʣʘʤʠ. ʈʝʰʝʥʠʝ ʦʩʥʦʚʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʂʉ (ʩʦʭʨʘʥʝʥʠʷ 

ʤʘʩʩʳ, ʵʥʝʨʛʠʠ, ʠʤʧʫʣʴʩʘ) ʧʨʦʚʦʜʠʪʩʷ ʚ ʫʟʣʘʭ ʥʘ ʦʩʥʦʚʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʘ ʜʣʷ ʦʧʠ-

ʩʘʥʠ ̫ʪʝʯʝʥʠʡ ʚ ʵʣʝʤʝʥʪʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ. ʄʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʪʝʯʝʥʠʷ ʠ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʫʯʸʪʦʤ ʪʝʧʣʦʚʳʜʝʣʝ-

ʥʠʷ ʧʨʠ ʛʦʨʝʥʠʠ, ʦʮʝʥʠʚʘʪʴ ʧʦʪʝʨʠ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʪʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʩʪʝʥʦʢ. 

ʄʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ, ʪʘʢ ʠ ʚ ʧʦʚʝʨʦʯʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. 

 

ʈʠʩʫʥʦʢ 1.11 ï ʉʝʪʝʚʦʡ ʤʝʪʦʜ [29] 
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ɺ ʤʦʜʫʣʴʥʦʤ ʤʝʪʦʜʝ ʢʘʤʝʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʦʜʫʣʝʡ (ʨʠ-

ʩʫʥʦʢ 1.12), ʚʳʧʦʣʥʷʶʱʠʭ ʦʧʨʝʜʝʣʸʥʥʳʝ ʬʫʥʢʮʠʠ ʠ ʠʤʝʶʱʠʭ ʩʚʦʠ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʝ ʤʦʜʝʣʠ [30, 31]. ʀʟ ʥʘʙʦʨʘ ʤʦʜʫʣʝʡ ʬʦʨʤʠʨʫʝʪʩʷ ʤʦʜʝʣʴ ʂʉ. ɺ ʨʘʩʯʸʪʥʦʡ 

ʩʭʝʤʝ ʵʣʝʤʝʥʪʳ (ʚ ʢʦʣʠʯʝʩʪʚʝ 100 ʠ ʙʦʣʝʝ) ʩʦʝʜʠʥʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʨʷʜʢʦʤ 

ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʧʦ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʂʉ. ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʢʘʩʘʪʝʣʴʥʳʭ (ʤʝʪʦʜ ʅʴʶʪʦʥʘ). ʄʝʪʦʜ ʠʩʧʦʣʴʟʫʶʪ ʚ ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ.  

 

 

ʈʠʩʫʥʦʢ 1.12 ï ʄʦʜʫʣʴʥʳʡ ʤʝʪʦʜ [32] 

 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂʉ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʙʦʣʴ-

ʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʭ ʨʝʘʣʠʟʘʮʠʷ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʯʸʪʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʷ ʦ ʦʙʣʠʢʝ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʢʘʤʝʨʳ, ʘ ʪʘʢʞʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʩʫʱʝʩʪʚʫ-

ʶʱʠʭ ʠʟʜʝʣʠʷʭ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪ ɹʤʝʪʦʜr  ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʙʣʠʢʘ ʂʉ. ʆʜʠʥ ʠʟ ʧʝʨʚʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝ-

ʥʠʡ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʧʨʠʚʝʜʥy ʚ [1]. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʢʦʥʩʪʨʫʢ-

ʪʦʨʩʢʦʛʦ ʨʘʩʯʸʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʧʣʦʚʦʡ ʨʘʩʯʸʪ ʜʚʠʛʘʪʝʣʷ, ʠʟ ʢʦʪʦʨʦʛʦ ʙʝʨʫʪʩʷ ʧʘ-

ʨʘʤʝʪʨʳ ʥʘ ʚʭʦʜʝ ʚ ʂʉ, ʘ ʠʟ ʦʙʱʝʡ ʢʦʤʧʦʥʦʚʢʠ ʜʚʠʛʘʪʝʣʷ ï ʝʸ ʪʠʧ ʠ ʛʘʙʘʨʠʪʳ. ɺ 

ʢʘʯʝʩʪʚʝ ʮʝʣʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ʨʘʩʯʸʪʘ ʦʧʨʝʜʝʣʝʥʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʪʨʘʢʪʘ, ʢʦʣʠʯʝʩʪʚʘ ʠ ʨʘʟʤʝʨʦʚ ʦʪʚʝʨʩʪʠʡ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʨʴ ʧʦʣʥʦʛʦ ʜʘʚ-

ʣʝʥʠʷ. ʈʘʩʯʸʪ ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʦ ʨʘʙʦʯʝʤ ʧʨʦʮʝʩʩʝ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ, ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʨʝʤʝʥʠ ʥʘʧʠʩʘʥʠʷ ʧʨʠʚʝʜʥyʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ 
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ʪʦʤ ʯʠʩʣʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʜʚʠʛʘʪʝʣʝʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʘʥ-

ʥr ʡ ʘʣʛʦʨʠʪʤ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʂʉ, 

ʪʘʢ ʢʘʢ ʠʟʜʝʣʠʷ ʩʝʨʝʜʠʥʳ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʢʘʢ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʮʠʢʣʘ, ʪʘʢ ʠ ʧʦ ʦʙʝʩ-

ʧʝʯʠʚʘʝʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʚ ʢʦʨʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ.  

ɺ ʨʘʙʦʪʝ [16] ʧʨʠʚʦʜʠʪʩʷ ʤʝʪʦʜ ʧʦʣʥʦʛʦ ʨʘʩʯʸʪʘ ʂʉ, ʚʢʣʶʯʘʷ ʛʠʜʨʘʚʣʠʯʝ-

ʩʢʠʡ ʨʘʩʯʸʪ. ɺʢʨʘʪʮʝ ʝʛʦ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʩʣʝʜʫʶʱʠʤ ʧʦʣʦʞʝʥʠʷʤ. ʀʩʭʦʜʥʳʝ ʜʘʥ-

ʥʳʝ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʂʉ ʚʳʙʠʨʘʶʪʩʷ ʠʟ ʟʘʜʘʥʠʷ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ɻʊɼ: ʥʘʟʥʘ-

ʯʝʥʠʝ ʜʚʠʛʘʪʝʣʷ, ʪʦʧʣʠʚʦ, ʩʫʤʤʘʨʥʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ ʚʦʟ-

ʜʫʭʘ ʧʝʨʝʜ ʢʘʤʝʨʦʡ ʩʛʦʨʘʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʟʘ ʢʘʤʝʨʦʡ ʩʛʦʨʘʥʠʷ. ɺ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʟʘʜʘʥʠʝʤ ʧʨʠʥʠʤʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʥʦʪʳ ʩʛʦ-

ʨʘʥʠʷ ʥʘ ʨʘʩʯʸʪʥʦʤ ʨʝʞʠʤʝ, ʜʦʧʫʩʪʠʤʳʝ ʧʦʪʝʨʠ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʚʳʭʦʜʝ, ʧʨʝʜʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʥʢʠ ɾʊ, ʪʝʧʣʦʥʘʧʨʷʞʸʥ-

ʥʦʩʪʴ ʨʘʙʦʯʝʛʦ ʦʙʲʸʤʘ, ʘ ʪʘʢʞʝ ʢʦʤʧʦʥʦʚʦʯʥʳʝ ʜʘʥʥʳʝ. ɿʘʪʝʤ ʟʘʜʘʶʪʩʷ ʦʙʱʠʤ ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʤ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ, ʥʘʭʦʜʷʪ ʩʦʩʪʘʚ ʛʘʟʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʂʉ, ʝʛʦ ʪʝʧʣʦʸʤ-

ʢʦʩʪʴ ʠ ʧʦʣʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʥʘʭʦʜʷʪ ʧʨʦ-

ʭʦʜʥʦʝ ʩʝʯʝʥʠʝ ɾʊ ʠʩʭʦʜʷ ʠʟ ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʤʝʨʳ (ʥʘʧʨʠʤʝʨ, ʪʨʫʙʯʘʪʦ-ʢʦʣʴʮʝʚʘʷ 

ʠʣʠ ʢʦʣʴʮʝʚʘʷ). ɿʘʪʝʤ, ʦʧʠʨʘʷʩʴ ʥʘ ʟʥʘʯʝʥʠʝ ʪʝʧʣʦʥʘʧʨʷʞʸʥʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʶʪ ʨʘ-

ʙʦʯʠʡ ʦʙʲʸʤ ʂʉ, ʠ ʜʘʣʝʝ ʧʦ ʟʥʘʯʝʥʠʶ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ ɾʊ ï ʝʸ ʜʣʠʥʫ. ʅʘ ʦʩʥʦʚʘ-

ʥʠʠ ʪʝʦʨʠʠ ʛʦʨʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʜʣʠʥʫ ʟʦʥʳ ʛʦʨʝʥʠʷ (ʚ ʨʝʢʦʤʝʥʜʘʮʠʷʭ ʦʙʦʟʥʘʯʝʥʦ 

ʢʘʢ 60é70% ʦʙʱʝʡ ʜʣʠʥʳ). ʂʘʢ ʨʘʟʥʠʮʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʠʥʘ ʟʦʥʳ ʩʤʝʰʝʥʠʷ. ʇʦ 

ʜʣʠʥʘʤ ʟʦʥ ʛʦʨʝʥʠʷ ʠ ʩʤʝʰʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʦʜʚʦʜʘ ʚʦʟʜʫʭʘ ʧʦ 

ʜʣʠʥʝ ɾʊ. ɺʳʙʠʨʘʝʪʩʷ ʪʠʧ ʌʋ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ. ɼʘʣʝʝ ʦʧʨʝʜʝ-

ʣʷʶʪʩʷ ʨʘʟʤʝʨʳ ʢʦʨʧʫʩʘ ʂʉ ʥʘ ʦʩʥʦʚʘʥʠʠ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʪʦʨʠʯʥʦʛʦ ʚʦʟʜʫʭʘ 

ʠ ʚʳʙʨʘʥʥʦʡ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ɾʊ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʦʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʪʝʥʢʠ ɾʊ, ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʥʘʭʦʜʷʪ ʧʦʪʝʨʠ ʧʦʣ-

ʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʂʉ. ʂʘʯʝʩʪʚʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʘʤʝʨʳ ʧʨʦʚʝʨʷʝʪʩʷ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʜʦʚʦʜʢʠ ʥʘʪʫʨʥʦʛʦ ʦʙʨʘʟʮʘ. ɸʥʘʣʠʟ ʨʘʩʯʸʪʥʦʛʦ ʘʣʛʦ-

ʨʠʪʤʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʩʪʨʦʝʥʠʷ ʦʙʣʠʢʘ ʂʉ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʦʧʠʩʘʥʥʳʝ 

ʧʦʜʭʦʜʳ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʘʪʴ ʝʸ ʛʝʦʤʝʪʨʠʶ ʚ ʧʦʣʥʦʡ ʤʝʨʝ, ʘ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟ-
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ʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʣʠʰʴ ʥʝʢʦʪʦʨʳʭ ʜʣʠʥ ʠ ʜʠʘʤʝʪʨʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ, ʦʩʥʦʚʳ-

ʚʘʷʩʴ ʥʘ ʩʪʘʪʠʩʪʠʢʝ ʂʉ 70é80-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ʇʨʠ ʵʪʦʤ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʜʣʷ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ɻʊɼ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʠ ʥʝ ʥʘʧʨʘʚʣʝʥ 

ʢʦʥʢʨʝʪʥʦ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʦʙʣʠʢʘ ʂʉ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʸʤ 

ʧʦʜʭʦʜʳ ʦʪʥʦʩʷʪʩʷ ʪʘʢʞʝ ʢ ʪʨʘʥʩʧʦʨʪʥʳʤ, ʩʪʘʮʠʦʥʘʨʥʳʤ ʠ ʜʨʫʛʠʤ ʪʠʧʘʤ ɻʊɼ ʠ 

ɻʊʋ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʠʤʠ. 

ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠ ʚ [26]. ɺ ʨʘʙʦʪʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʘʚʪʦ-

ʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʣʠʢ ʂʉ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʥʘ ʦʩʥʦʚʝ ʩʨʝʜʥʝ-

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʩʯʸʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʚʘʨʠʘʥʪʘ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʪʦʪʠʧʘ. ʇʨʠ ʵʪʦʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʣʠʢʘ ʧʨʦʠʩʭʦ-

ʜʠʪ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʶʱʠʭ: 

ï ʢʦʥʬʠʛʫʨʘʮʠʶ ʥʘʨʫʞʥʦʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʦʙʦʣʦʯʝʢ ʞʘʨʦʚʦʡ ʪʨʫʙʳ;  

ï ʨʘʩʢʨʳʪʠʝ ʬʨʦʥʪʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ; 

ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʣʦʱʘʜʝʡ. 

ɺ [15] ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʳ ʥʘʫʯʥʳʝ ʦʩʥʦʚʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ 

ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʠ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ, 

ʥʦ ʦʪʩʫʪʩʪʚʫʝʪ ʫʧʦʤʠʥʘʥʠʝ ʦ ʢʦʥʢʨʝʪʥʳʭ ʠʟʜʝʣʠʷʭ, ʜʘʥʥʳʝ ʦ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʚ ʧʨʝʜʣʘʛʘʝʤʦʤ ʘʣʛʦʨʠʪʤʝ ʨʘʩʯʸʪʘ. 

ɺ [33] ʧʨʠʚʝʜʥy ʘʣʛʦʨʠʪʤ ʨʘʩʯʸʪʘ ʧʨʷʤʦʪʦʯʥʦʡ ʂʉ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ɸʆ çʆɼʂ-ʂʣʠʤʦʚè ʠ ʚʢʣʶʯʘʶʱʠʡ 36 ʬʦʨʤʫʣ. ʆʙʣʠʢ, 

ʧʦʣʫʯʘʝʤʳʡ ʚ ʭʦʜʝ ʨʘʩʯʸʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʠʛʘʪʝʣʷʤ IVʧʦʢʦʣʝʥʠʷ. 

ʈʘʙʦʪʳ [34ï36, 32], ʧʦʩʚʷʱʝʥʥʳʝ ʩʦʟʜʘʥʠʶ ʂʉ ɻʊɼ ʠ ɻʊʋ, ʩʦʜʝʨʞʘʪ ʦʧʠʩʘ-

ʥʠʝ ʤʝʪʦʜʦʚ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʘ ʚ ʨʘʙʦʪʝ [35] ʧʨʠʚʝʜʥy ʘʣʛʦʨʠʪʤ ʨʘʩʯʸʪʘ ʦʩʥʦʚ-

ʥʳʭ ʨʘʟʤʝʨʦʚ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ɻʊʋ. ɺ ʥʸʤ ʩʦʜʝʨʞʠʪʩʷ 66 ʬʦʨʤʫʣ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʧʦʩʪʨʦʠʪʴ ʦʙʣʠʢ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʩ ʫʯʸʪʦʤ ʨʘʟʤʝʨʦʚ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʦ 

ʩʪʘʪʠʩʪʠʢʘ ʥʘ ʢʦʪʦʨʦʡ ʦʩʥʦʚʘʥʳ ʵʪʠ ʧʦʩʪʨʦʝʥʠʷ ʥʝ ʚʩʝʛʜʘ ʫʯʠʪʳʚʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʂʉ. 

ʉʫʤʤʠʨʫʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʠ ʘʣ-

ʛʦʨʠʪʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʣʠʢʘ ʂʉ ʦʩʥʦʚʘʥʳ ʥʘ ʧʦʣʦʞʝʥʠʷʭ ʪʝʦʨʠʠ ʛʦʨʝʥʠʷ, ʛʠʜ-
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ʨʘʚʣʠʯʝʩʢʦʤ ʨʘʩʯʸʪʝ, ʩʪʘʪʠʩʪʠʢʝ ʧʦ ʜʘʥʥʳʤ ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʟʜʝʣʠʡ ʠ ʢʦʥʢʨʝʪ-

ʥʳʭ ʧʨʦʪʦʪʠʧʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʚʳʷʚʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʧʦʩʪʨʦ-

ʝʥʥʳʭ ʥʘ ʥʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ 

ʧʨʠʥʷʪ ʘʣʛʦʨʠʪʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ɺ.ɽ. ʈʝʟʥʠʢʦʤ, ʩ ʩʦʘʚʪʦʨʘʤʠ [4, 37]. ɺ ʥʸʤ ʬʦʨ-

ʤʠʨʦʚʘʥʠʝ ʦʙʣʠʢʘ ʂʉ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʙʘʟʝ ʜʘʥʥʳʭ ʧʨʦʪʦʪʠʧʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʤ-

ʧʠʨʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʇɸʆ 

çʆɼʂ-ʂʫʟʥʝʮʦʚè. ʄʝʪʦʜ, ʥʘ ʢʦʪʦʨʦʤ ʧʦʩʪʨʦʝʥ ʘʣʛʦʨʠʪʤ ʨʘʩʯʸʪʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘʩ-

ʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʪʝʤ, ʯʪʦ ʚ ʥʤy ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜʨʦʙʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘ-

ʥʠʝ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ.  

ʉʪʘʪʴʠ ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ, ʥʘʧʨʠʤʝʨ [38ï47] ʠ ʜʨ., ʧʦʩʚʷʱʸʥʥʳʝ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦʤʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ, ʚ ʮʝʣʦʤ ʦʪʨʘʞʘʶʪ ʪʘʢʠʝ ʞʝ ʧʦʜʭʦʜʳ, 

ʯʪʦ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʧʫʙʣʠʢʘʮʠʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ [40, 41] ʧʨʠʚʦʜʠʪʩʷ 

ʦʧʠʩʘʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʩʝʪʝʚʦʛʦ ʤʝʪʦʜʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ, ʘ ʚ ʨʘʙʦʪʝ 

[46] ï ʨʝʘʢʪʦʨʥʦʛʦ. ʆʜʥʘʢʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʦʪʩʫʪʩʪʚʫʶʪ ʯʸʪʢʠʝ ʫʢʘʟʘʥʠʷ ʥʘ ʪʦ, ʢʘʢ 

ʧʦʣʫʯʝʥʘ ʛʝʦʤʝʪʨʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʙʣʠʢʦʚ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʨʘʙʦʪ, ʚ ʢʦʪʦ-

ʨʳʭ ʦʧʠʩʳʚʘʶʪʩʷ ʦʙʱʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ, ʥʘʧʨʠʤʝʨ, 

ʢʘʢ ʵʪʦ ʩʜʝʣʘʥʦ ʚ [44]. ʆʜʥʘʢʦ ʨʘʙʦʪʳ ʩ ʦʧʠʩʘʥʠʝʤ ʧʦʜʨʦʙʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʚ 

ʨʘʩʯʸʪʘ ʦʙʣʠʢʦʚ ʂʉ ʠ ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʪʩʫʪʩʪʚʫʶʪ. ʏʘʱʝ ʫʢʘʟʳʚʘʝʪʩʷ 

ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʨʘʩʯʸʪʥʳʭ ʬʦʨ-

ʤʫʣ. 

ʅʘʠʙʦʣʝʝ ʧʦʣʥʦʝ ʦʧʠʩʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʜʝʣ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʝʤ ʂʉ ʟʘ ʨʫʙʝʞʦʤ ʢʘʤʝʨ ʧʨʠʚʦʜʠʪʩʷ ʚ ʨʘʙʦʪʝ [38]. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚʳʩʦʢʘʷ ʩʪʦ-

ʠʤʦʩʪʴ ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʠ ʧʦʚʳʰʝʥʥʘʷ ʩʣʦʞʥʦʩʪʴ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚʳʟʳʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤʫ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʶ ʂʉ. ʇʨʠ ʵʪʦʤ ʛʦʚʦʨʠʪʩʷ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʙʦʪ ʧʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʚʦʧʨʦʩʫ, ʯʘʩʪʦ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʤʦʜʝʣʠ ʛʦʨʝʥʠʷ ʠ ʪʝʧʣʦ-

ʤʘʩʩʦʙʤʝʥʘ, ʥʦ ʟʘʯʘʩʪʫʶ ʦʪʩʫʪʩʪʚʫʶʪ ʩʦʙʩʪʚʝʥʥʦ ʧʨʦʮʝʜʫʨʳ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤʳ 

ʂʉ ʠ ʝ yʨʘʟʤʝʨʦʚ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʥʠʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʤʧʠʨʠ-

ʯʝʩʢʠʝ ʠ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʕʪʠ ʤʝʪʦʜʳ ʩʦʜʝʨʞʘʪ ʬʦʨʤʫʣʳ, ʩʦʟʜʘʥʥʳʝ ʥʘ 



31 

 

 

ʦʩʥʦʚʝ ʧʦʥʠʤʘʥʠʷ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʩ ʵʤʧʠʨʠʯʝʩʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʠ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʯʸʪʫ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ. ɺ ʨʘʙʦʪʝ [38] ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʪʩʷ ʨʷʜ ʚʘʞʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʂʉ, ʘ ʪʘʢʞʝ ʦʙʦʩ-

ʥʦʚʳʚʘʶʪʩʷ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʠʭ ʢʦʵʬʬʠʮʠʝʥʪʳ. ʈʘʩʯʸʪʥʳʡ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʘʟʤʝʨʦʚ ʂʉ ʥʝ ʧʨʠʚʦʜʠʪʩʷ.  

ʋʧʦʤʠʥʘʥʠʝ ʦ ʤʝʪʦʜʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʬʦʨʤʝ ʠ ʨʘʟʤʝʨʘʭ ʂʉ 

ʩʦʜʝʨʞʠʪʩʷ ʠ ʚ ʨʘʙʦʪʝ ʩʦʪʨʫʜʥʠʢʦʚ ʦʜʥʦʛʦ ʠʟ ʦʪʜʝʣʝʥʠʡ GE Aviation [48]. ɼʣʷ ʩʥʠ-

ʞʝʥʠʷ ʚʨʝʤʝʥʠ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ ʝʛʦ ʥʘʜʸʞʥʦʩʪʠ, 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ ʥʘ ʙʘʟʝ ʦʮʠʬʨʦʚʢʠ ʜʘʥʥʳʭ ʧʦ ʢʦʥʩʪʨʫʢʮʠʷʤ, 

ʧʦʟʚʦʣʷʝʪ ʫʩʢʦʨʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʛʝʦʤʝʪʨʠʠ ʠ ʢʦʥʮʝʧʮʠʠ ʢʘʤʝʨʳ 

ʩʛʦʨʘʥʠʷ ʩ ʮʝʣʴʶ ʙʳʩʪʨʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʝʸ 3D-ʤʦʜʝʣʝʡ ʜʣʷ ʨʘʩʯʸʪʘ. ɺ ʢʦʥʝʯʥʦʤ 

ʠʪʦʛʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʵʪʦʡ ʧʨʦʮʝʜʫʨʳ. ʆʧʠʩʘʥʠʝ ʨʝʘʣʠʟʘʮʠʠ ʧʦ-

ʩʪʨʦʝʥʠʷ ʦʙʣʠʢʘ-ʦʪʩʫʪʩʪʚʫʝʪ. 

1.4 ɹʘʟʦʚʳʡ ʤʝʪʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʣʠʢʘ  

ʢʦʣʴʮʝʚʦʡ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʠ ʘʣʛʦʨʠʪʤ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ  

ʈʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜ ɺ.ɽ. ʈʝʟʥʠʢʘ ʠ ʝʛʦ ʩʦʘʚʪʦʨʦʚ ʧʦʜʨʦʙʥʝʝ, ʠʩʧʦʣʴʟʫʷ ʝʛʦ ʧʦ-

ʩʣʝʜʥʶʶ ʨʝʜʘʢʮʠʶ [4] ʠ ʩʦʭʨʘʥʠʚ ʦʙʦʟʥʘʯʝʥʠʷ ʠ ʥʘʠʤʝʥʦʚʘʥʠʷ ʦʨʠʛʠʥʘʣʘ.  

ʄʝʪʦʜ ʦʧʨʝʜʝʣʷʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʸʥʥʳʭ ʧʨʘʚʠʣ, ʩʧʦʩʦʙʦʚ ʠ 

ʧʨʠʸʤʦʚ, ʦʙʲʝʜʠʥʸʥʥʳʭ ʚ ʩʠʩʪʝʤʫ ʠ ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʘʩʯʸʪ ʛʝʦʤʝʪʨʠʠ ʤʥʦʛʦʬʦʨ-

ʩʫʥʦʯʥʦʡ ʢʦʣʴʮʝʚʦʡ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʝʪʦʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʤʝʪʫ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʝʪʦʜ ʦʪʥʦʩʠʪʩʷ ʢ 

ʛʨʫʧʧʝ ʤʝʪʦʜʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʂʉ ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ɺ.ɽ. ɼʦʨʦʰʝʥʢʦ ʟʘʚʠʩʠʤʦʩʪʷʭ ʧʦʣʥʦʪʳ ʩʛʦʨʘʥʠʷ ʦʪ ʧʘʨʘʤʝʪʨʘ ʬʦʨʩʠʨʦʚʘʥʠʷ ʢv:  

̄ Ὢ
Ὃ̃

ὴᶻȟὝᶻὠ̇
ȟ 

ʛʜʝ Gʚ ï ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ɾʊ; p*
2, T

*
2 ï ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʟʘ ʢʦʤ-

ʧʨʝʩʩʦʨʦʤ; Vʞ ï ʦʙʲʸʤ ɾʊ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʦʙʲʸʤʘ ʟʦʥʳ ʛʦʨʝʥʠʷ ʠ ʩʤʝʰʝʥʠʷ; 

̋  ̃
ᶻȟ ᶻ

̇
 ï ʧʘʨʘʤʝʪʨ ʬʦʨʩʠʨʦʚʘʥʠʷ. 
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ɸʣʛʦʨʠʪʤ ʨʘʩʯʸʪʘ ʛʝʦʤʝʪʨʠʠ ʢʦʣʴʮʝʚʦʡ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ (ʨʠʩʫʥʦʢ 1.13). 

 

ʈʠʩʫʥʦʢ 1.13 ï ʂ ʨʘʩʯʸʪʫ ʢʦʣʴʮʝʚʦʡ ʤʥʦʛʦʬʦʨʩʫʥʦʯʥʦʡ ʂʉ   

(ɸ ï ʥʦʤʝʨ ʪʦʯʢʠ ʢʦʥʪʫʨʘ ʂʉ) [4] 

 

ʀʟ ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʸʪʘ ʙʝʨʫʪʩʷ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ.  

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʠ H=0, M=0: 

ï ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʚʥʫʪʨʝʥʥʠʡ ʢʦʥʪʫʨ ʜʚʠʛʘʪʝʣʷ ï Ὃ̃Ƞ 

ï ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʟʘ ʢʦʤʧʨʝʩʩʦʨʦʤ ɺɼ ï ὴᶻȠ 

ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʟʘ ʢʦʤʧʨʝʩʩʦʨʦʤ ɺɼ ï 4ᶻȠ 

ï ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ï Ὃ̓ ̏̐ ̌̉ ̌ ̉‌; 

ï ʧʦʣʥʦʪʘ ʩʛʦʨʘʥʠʷ ʚ ʢʘʤʝʨʝ ï –̄Ƞ 

ï ʦʢʨʫʞʥʘʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ï ɗ; 

ï ʚʳʩʦʪʥʦʩʪʴ ʨʦʟʞʠʛʘ ʂʉ ï ʅ; 

ï ʧʦʪʝʨʠ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ï ̋‏ Ȣ̒ 

ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ: 

ï ʜʠʘʤʝʪʨ ʚʪʫʣʢʠ ʧʦʩʣʝʜʥʝʡ ʩʪʝʧʝʥʠ ʢʦʤʧʨʝʩʩʦʨʘ ɺɼ ï Ὀ̋ ; 

ï ʧʝʨʠʬʝʨʠʡʥʳʡ ʜʠʘʤʝʪʨ ʧʦʩʣʝʜʥʝʡ ʩʪʫʧʝʥʠ ʢʦʤʧʨʝʩʩʦʨʘ ɺɼ ï Ὀ̋Ƞ 

ï ʜʠʘʤʝʪʨ ʚʪʫʣʢʠ ʩʦʧʣʦʚʦʛʦ ʘʧʧʘʨʘʪʘ ʪʫʨʙʠʥʳ ɺɼ ï Ὀ˟ Ƞ 

ï ʧʝʨʠʬʝʨʠʡʥʳʡ ʜʠʘʤʝʪʨ ʩʝʯʝʥʠʷ ʩʦʧʣʦʚʦʛʦ ʘʧʧʘʨʘʪʘ ʪʫʨʙʠʥʳ ɺɼ ï Ὀ˟ Ƞ 

ï ʨʘʩʯʸʪʥʘʷ ʩʭʝʤʘ ʂʉ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʘʤʝʨʝ-ʧʨʦʪʦʪʠʧʫ. 
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ʈʘʩʯʸʪ ʂʉ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

ï ʨʘʩʩʯʠʪʚrʘʶʪʩʷ ʛʘʙʘʨʠʪʳ ʜʠʬʬʫʟʦʨʘ; 

ï ʨʘʩʩʯʠʪʚrʘʝʪʩʷ ʛʝʦʤʝʪʨʠʷ ʬʨʦʥʪʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ; 

ï ʨʘʩʩʯʠʪʳʚʘʪʁʩʷ ʦʙʲʤy ʠ ʛʘʙʘʨʠʪʳ ɾʊ; 

ï ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʜʣʠʥʘ ʛʘʟʦʩʙʦʨʥʠʢʘ; 

ï ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ ʂʉ; 

ï ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʚ ʂʉ; 

ï ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʩ ʂʉ. 

ɼʠʬʬʫʟʦʨ 

1. ʆʧʨʝʜʝʣʷʶʪ ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʧʦʩʣʝʜʥʝʡ ʩʪʫʧʝʥʠ ʢʦʤʧʨʝʩʩʦʨʘ ɺɼ: 

Ὀ̋ ̒̑
Ὀ̋ Ὀ̋

ς
Ȣ 

2. ʆʧʨʝʜʝʣʷʶʪ ʚʳʩʦʪʫ ʢʘʥʘʣʘ ʥʘ ʚʭʦʜʝ ʚ ʜʠʬʬʫʟʦʨ: 

Ὤ̃ ̖

Ὀ̋ Ὀ̋

ς
Ȣ 

3. ʈʘʩʩʯʠʪʳʚʘʶʪ ʢʨʠʪʠʯʝʩʢʫʶ ʩʢʦʨʦʩʪʴ ʥʘ ʚʭʦʜʝ ʚ ʜʠʬʬʫʟʦʨ: 

ύ̋ ̑ ς
Ὧ

Ὧ ρ
ὙὝᶻȢ 

4. ɼʣʷ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʟʘʜʘʶʪʩʷ ʧʨʠʚʝʜʥyʥʦʡ ʩʢʦʨʦʩʪʴʶ ʥʘ ʚʭʦʜʝ ʚ 

ʜʠʬʬʫʟʦʨ: 

‗̃ ̖ πȟςυȢ 

5. ʆʧʨʝʜʝʣʷʶʪ ʧʣʦʪʥʦʩʪʴ ʟʘʪʦʨʤʦʞʝʥʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ ʚ ʜʠʬʬʫʟʦʨ: 

”̃ ̖
ᶻ

̑ᶻ

Ὑ˟
Ȣz 

6. ɼʣʷ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ‗̃ ̖ ʨʘʩʩʯʠʪʳʚʘʶʪ (ʠʣʠ ʙʝʨʫʪ ʧʦ ʪʘʙʣʠʮʘʤ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ) ʬʫʥʢʮʠʶ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ: 

‐‗̃ ̖ ρ
Ὧ ρ

Ὧ ρ
‗̃ ̖ Ȣ 

7. ʆʧʨʝʜʝʣʷʶʪ ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ ʚ ʜʠʬʬʫʟʦʨ: 

”̃ ̖ ‐‗̃ ̖ ”̃ ̖
ᶻ. 



34 

 

 

8. ʆʧʨʝʜʝʣʷʶʪ ʧʣʦʱʘʜʴ ʜʠʬʬʫʟʦʨʘ ʥʘ ʚʭʦʜʝ: 

Ὂ̋
“

τ
Ὀ̋ Ὀ̋ Ȣ 

9. ʇʦ ʥʘʡʜʝʥʦʤʫ ʟʥʘʯʝʥʠʶ Ὂ̋ ʦʧʨʝʜʝʣʷʶʪ ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ ʚ 

ʜʠʬʬʫʟʦʨ: 

ύ̃ ̖

Ὃ̃

”̃ Ὂ̖̋
Ȣ 

10. ʆʧʨʝʜʝʣʷʶʪ ʧʨʠʚʝʜʸʥʥʫʶ ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ ʚ ʜʠʬʬʫʟʦʨ: 

‗̃ ̖

ύ̃ ̖

ύ̋  ̑
Ȣ 

11. ʉʨʘʚʥʠʚʘʶʪ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ‗̃  ̖ʩ ʟʘʜʘʥʥʳʤʠ (ʧʦ ʧ. 4) ʠ, ʝʩʣʠ ʦʥʠ 

ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ ʯʝʤ ʥʘ 0,01, ʧʨʠʥʠʤʘʶʪ: 

‗̃ ̖ ‗̃ Ȣ̖ 

ʠ ʨʘʩʯʸʪ ʧʦʚʪʦʨʷʶʪ ʩ ʧ. 4 ʧʦ ʧ. 11 ʜʦ ʩʦʚʧʘʜʝʥʠʷ ʚʝʣʠʯʠʥ ‗̃  ̖̉ ‗̃  ̖ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 

0,01; 

12. ʇʨʦʚʝʨʷʶʪ ʫʩʣʦʚʠʝ ʩʦʚʧʘʜʝʥʠʷ ‗̃  ̖̉ ‗̃ ̖  ʩ ʨʝʢʦʤʝʥʜʫʝʤʳʤʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ: 

πȟς ‗̃ ̖ πȟσυȢ 

13. ʅʘʭʦʜʷʪ ʦʙʲʸʤʥʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʢʘʤʝʨʫ: 

ὗ
Ὃ̃

”̃ ̖
Ȣ 

14. ʀʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʦʧʨʝʜʝʣʷʶʪ ʜʣʠʥʫ ʜʠʬʬʫʟʦʨʘ: 

ὒ̅ ρȟχυ
ὗ

ςπ
ϽὬ̃ Ȣ̖  

15. ʆʧʨʝʜʝʣʷʶʪ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʰʠʨʝʥʠʷ ʚ ʜʠʬʬʫʟʦʨʝ: 

ὲ̅ ρȟφυπȟρ
ὒ̅

Ὤ̃  ̖
Ȣ 

16. ʇʨʦʚʝʨʷʶʪ ʫʩʣʦʚʠʝ ʙʝʟʦʪʨʳʚʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʜʠʬʬʫʟʦʨʝ:  

ὲ̅ ̏ ̓̑ ρȟψ πȟρ
ὒ̅

Ὤ̃ ̖
Ȣ 
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17. ʈʘʩʩʯʠʪʳʚʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʚ ʜʠʬʬʫʟʦʨʝ: 

‚̅ ρȟφρ
ρ

ὲ̅
Ȣ 

18. ʆʧʨʝʜʝʣʷʶʪ ʩʢʦʨʦʩʪʥʦʡ ʥʘʧʦʨ ʥʘ ʚʭʦʜʝ ʚ ʜʠʬʬʫʟʦʨ: 

Ў̑̒̋

”̃ ύ̖̃ ̖

ς
Ȣ 

19. ʆʧʨʝʜʝʣʷʶʪ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʚ ʜʠʬʬʫʟʦʨʝ: 

Ў̑̒̋
ᶻ ‚̅Ў̑̒Ȣ̋ 

20. ʆʧʨʝʜʝʣʷʶʪ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʧʦʪʝʨʴ ʚ ʜʠʬʬʫʟʦʨʝ: 

‏̅
Ὧ

Ὧ ρ
‚̅‗̃ Ȣ̖ 

21. ʆʧʨʝʜʝʣʷʶʪ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʚʳʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʜʠʬʬʫʟʦʨʘ ʜʦ ʧʣʦʩʢʦʩʪ 

ʧʣʠʪʳ ʬʨʦʥʪʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ:  

ὒ πȟσς
ὗ

ςπ
ὒ̅Ȣ 

ʌʨʦʥʪʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ɼʣʷ 1-ʛʦ ʮʠʢʣʘ ʨʘʩʯʸʪʦʚ ʧʨʠʥʠʤʘʶʪ ʫʛʦʣ ʤʝʞʜʫ ʦʩʷʤʠ ʂʉ ʠ ʜʚʠʛʘʪʝʣʷ ‍ π 

(ʩʤ. ʨʠʩʫʥʦʢ 12). 

22. ʆʧʨʝʜʝʣʷʶʪ ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʧʣʠʪʳ ʬʨʦʥʪʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ: 

Ὀ̐  ̌̒ ̑ Ὀ̋ ̒̑ ςὒ̅ ὒ ὸὫ‍Ȣ 

ʇʨʠ Q Ò 10 
̍

̒
 ʨʘʩʩʯʠʪʳʚʘʶʪ ʨʘʟʤʝʨʳ ʵʣʝʤʝʥʪʦʚ ʬʦʨʩʫʥʦʯʥʦʡ ʧʣʠʪʳ ʧʦ 

ʬʦʨʤʫʣʘʤ (23)é(27). 

23. ʇʨʠʥʠʤʘʶʪ ʚʳʩʦʪʫ ʧʣʠʪʳ ʠʟ ʢʦʥʩʪʫʢʪʠʚʥʳʭ ʩʦʦʙʨʘʞʝʥʠʡ: 

Ὄ̐ ̌ πȟρ ̍Ȣ 

24. ʇʨʠʥʠʤʘʶʪ ʛʦʨʝʣʢʫ ʩ ʜʠʘʤʝʪʨʦʤ, ʨʘʚʥʳʤ: 

Ὠ̄ πȟπσ ̍Ȣ 

25. ʆʧʨʝʜʝʣʷʶʪ ʯʠʩʣʦ ʛʦʨʝʣʦʢ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʪʦʪʠʧʦʤ ʧʦ ʬʦʨʤʫʣʝ: 

ᾀ̄
ᾀ̄

Ὀ̐  ̌̒ ̑
Ὀ̐  ̌̒ Ȣ̑ 
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ɿʜʝʩʴ ᾀ̄ ρτπ ï ʯʠʩʣʦ ʛʦʨʝʣʦʢ ʚ ʢʘʤʝʨʝ-ʧʨʦʪʦʪʠʧʝ, ʠʥʜʝʢʩ 0 ï ʦʪʥʦʩʠʪʩʷ ʢ 

ʧʨʦʪʦʪʠʧʫ. 

26. ɺʳʩʦʪʫ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ ʚʦʟʜʫʭʘ ʚʦ ʬʨʦʥʪʦʚʦʤ ʫʩʪʨʦʡʩʪʚʝ 

ʧʨʠʥʠʤʘʶʪ ʠʟ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʦʦʙʨʘʞʝʥʠʡ: 

Ὄ̗ ̑ πȟπρυ ̍Ȣ 

27. ʆʧʨʝʜʝʣʷʶʪ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʷʨʫʩʘʤʠ ʛʦʨʝʣʦʢ: 

ЎὈ

ς

Ὀ Ὀ

ς
Ὠ̄ Ὄ̗ ̑ πȟππσȢ 

ʇʨʠ Q>10 ̍  ̒ ϳ  ʨʘʩʩʯʠʪʳʚʘʶʪ ʨʘʟʤʝʨʳ ʵʣʝʤʝʥʪʦʚ ʧʣʠʪʳ ʬʨʦʥʪʦʚʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʧʦ ʬʦʨʤʫʣʘʤ (28)ï(33). 

28. ʆʧʨʝʜʝʣʷʶʪ ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʨʘʟʤʝʨʦʚ: 

Ὧ̍
ὗ

ὗ

ὗ

ρπ
Ȣ 

29. ʈʘʩʩʯʠʪʳʚʘʶʪ ʚʳʩʦʪʫ ʧʣʠʪʳ ʬʨʦʥʪʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ: 

Ὄ̐ ̌ πȟρὯ̍Ȣ 

30. ʈʘʩʩʯʠʪʳʚʘʶʪ ʜʠʘʤʝʪʨ ʛʦʨʝʣʢʠ: 

Ὠ̄ πȟπσὯ̍Ȣ 

31. ʏʠʩʣʦ ʛʦʨʝʣʦʢ ʥʘʟʥʘʯʘʶʪ ʨʘʚʥʳʤ ʯʠʩʣʫ ʛʦʨʝʣʦʢ ʥʘ ʢʘʤʝʨʝ-ʧʨʦʪʦʪʠʧʝ: 

ᾀ̄ ᾀ̄ ρτπȢ 

32. ʈʘʩʩʯʠʪʳʚʘʶʪ ʚʳʩʦʪʫ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ ʚʦʟʜʫʭʘ ʚʦ 

ʬʨʦʥʪʦʚʦʤ ʫʩʪʨʦʡʩʪʚʝ: 

Ὄ̗ ̑ πȟπρυὯ̍Ȣ 

33. ʆʧʨʝʜʝʣʷʶʪ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʷʨʫʩʘʤʠ ʛʦʨʝʣʦʢ: 

ЎὈ

ς
πȟπτψὯ̍Ȣ 

34. ʈʘʩʩʯʠʪʳʚʘʶʪ ʜʠʘʤʝʪʨ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʨʫʞʥʦʛʦ ʷʨʫʩʘ ʛʦʨʝʣʦʢ: 

Ὀ Ὀ̐  ̌̒  ̑

ЎὈ

ς
Ȣ 
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35. ʈʘʩʩʯʠʪʳʚʘʶʪ ʜʠʘʤʝʪʨ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʷʨʫʩʘ ʛʦʨʝʣʦʢ: 

Ὀ Ὀ̐  ̌̒ ̑

ЎὈ

ς
Ȣ 

36. ʈʘʩʩʯʠʪʳʚʘʶʪ ʰʘʛ ʤʝʞʜʫ ʛʦʨʝʣʢʘʤʠ ʥʘʨʫʞʥʦʛʦ ʷʨʫʩʘ: 

ὸ
“Ὀ

ᾀ̄
Ȣ 

37. ʈʘʩʩʯʠʪʳʚʘʶʪ ʰʘʛ ʤʝʞʜʫ ʛʦʨʝʣʢʘʤʠ ʚʥʫʪʨʝʥʥʝʛʦ ʷʨʫʩʘ: 

ὸ
“Ὀ

ᾀ̄
Ȣ 

38. ɽʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʛʦʨʝʣʢʘʤʠ ʚʥʫʪʨʝʥʥʝʛʦ ʷʨʫʩʘ ʤʝʥʴʰʝ 2 ʤʤ, ʪʦ 

ʯʠʩʣʦ ʛʦʨʝʣʦʢ ʫʤʝʥʴʰʘʶʪ: 

ᾀ
“Ὀ

Ὠ̄ πȟππς
Ȣ 

ɾʘʨʦʚʘʷ ʪʨʫʙʘ 

39. ʆʧʨʝʜʝʣʷʶʪ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ ʚ ʢʘʤʝʨʝ: 

‌̋ ̒

Ὃ̃

ὒὋ̓ ̏̐̌
ȟ  

ʛʜʝ , ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʧʨʠʥʠʤʘʶʪ ʨʘʚʥʳʤ  

 , ρτȟψ ̋  ̖̄̃̏̈̅̔́̋ ̄̓̏̐̌̉̃́ϳ Ȣ 

40. ʆʧʨʝʜʝʣʷʶʪ ʚʝʣʠʯʠʥʫ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ: 

̑
̑ᶻ

̑ 
ᶻ Ȣ 

41. ʈʘʩʩʯʠʪʳʚʘʶʪ ʦʙʲʸʤ ʞʘʨʦʚʦʡ ʪʨʫʙʳ: 

ὠ̇ πȟππτρὗϽ
ρ
ςυυπ
‌̋ ̒

χππȟσςυ˟ᶻ
ᾀ̄ 
ᾀ̄

ρ

̑
ρ

σρ ̑

Ȣ 

42. ʆʧʨʝʜʝʣʷʶʪ ʚʳʩʦʪʫ ʞʘʨʦʚʦʡ ʪʨʫʙʳ: 

Ὄ πȟυσς
ὠ̇

Ὀ̐  ̌̒ ̑
Ȣ 
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43. ʆʧʨʝʜʝʣʷʶʪ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʣʠʪʳ ʜʦ ʩʝʯʝʥʠʷ ɾʊ, ʠʤʝʶʱʝʛʦ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʳʩʦʪʫ: 

ὒ πȟυὌ Ȣ 

44. ʆʧʨʝʜʝʣʷʶʪ ʜʣʠʥʫ ɾʊ (ʟʦʥʳ ʛʦʨʝʥʠʷ): 

ὒ̈ ̄ ρȟσυὌ Ȣ 

45. ʋʪʦʯʥʷʶʪ ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 

Ὧ̍
Ὄ

Ὄ

Ὄ

πȟς
ȟ 

ʛʜʝ Ὄ πȟσ ̍ ï ʚʳʩʦʪʘ ʞʘʨʦʚʦʡ ʪʨʫʙʳ ʚ ʢʘʤʝʨʝ-ʧʨʦʪʦʪʠʧʝ. 

ɻʘʟʦʩʙʦʨʥʠʢ 

46. ʆʧʨʝʜʝʣʷʝʤ ʪʝʤʧʝʨʘʪʫʨʫ ʛʘʟʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʂʉ ʙʝʟ ʫʯʪyʘ ʦʪʙʦʨʦʚ ʚʦʟʜʫʭʘ 

ʧʦ ʬʦʨʤʫʣʝ: 

˟ ̒  ̑̍
Ὄό –̄ ‌ὒὧ̑ ̃˟

ᶻ

ρ ‌̋ ὒ̒ ̒̑ ̒̑
  

ʠʣʠ ʧʦ ʛʨʘʬʠʢʫ ʥʘ ʨʠʩʫʥʢʝ 1.14. 

 

 

ʈʠʩʫʥʦʢ 1.14 ï ʅʦʤʦʛʨʘʤʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʂʉ  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ [4] 
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47. ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʩʭʦʜ ʥʘ ʦʭʣʘʞʜʝʥʠʝ ʪʫʨʙʠʥʳ ʦʧʨʝʜʝʣʷʶʪ ʧʦ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1.15: 

ὋӶ̖̏  ̌̓ Ὢ˟ᶻȢ 

 

ʈʠʩʫʥʦʢ 1.15 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʨʘʩʭʦʜʦʚ [4] ʥʘ ʦʭʣʘʞʜʝʥʠʝ ʪʫʨʙʠʥʳ ὋӶ̖̏  ̌̓  

ʠ ʛʘʟʦʩʙʦʨʥʠʢʘ ʢʘʤʝʨʳ ὋӶ̖̏  ̌̄  ̒ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ: ὋӶ̖̏  ̌̓ ; 2 ï ὋӶ̖̏  ̌̄ .̒ 

 

48. ʆʧʨʝʜʝʣʷʶʪ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʥʘ ʦʭʣʘʞʜʝʥʠʝ ʛʘʟʦʩʙʦʨʥʠʢʘ 

ʧʦ ʛʨʘʬʠʢʫ ʥʘ ʨʠʩʫʥʢʝ 1.15: 

ὋӶ̖̏  ̌̄ ̒ Ὢ˟
ᶻȢ 

49. ʆʧʨʝʜʝʣʷʶʪ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʚ ʟʦʥʝ ʛʦʨʝʥʠʷ: 

ὋӶ̈ ̄
ὒ‌̈ ̄Ὃ̓ ̏̐̌

Ὃ̃
ȟ  

ʛʜʝ ‌̈ ̄ 1,7é2,2 ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ ʚ ʟʦʥʝ ʛʦʨʝʥʠʷ; 

50. ʈʘʩʩʯʠʪʳʚʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʟʦʥʫ 

ʩʤʝʰʝʥʠʷ: 

ὋӶ̈ ̒ ρ ὋӶ̖̏  ̌̓ ὋӶ̖̏  ̌̄ ̒ ὋӶ̈ ̄ȢȢ 

51. ʇʨʠʥʠʤʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ ʧʣʦʱʘʜʝʡ ʦʪʚʝʨʩʪʠʡ ʚ 

ʞʘʨʦʚʦʡ ʪʨʫʙʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʪʦʪʠʧʦʤ: 

 Ὂ̏̓̃
Ὂ̋

ρȟςȠ 
 Ὂ̏̓̃
Ὂ̋ ̋

ρȟπȠ 
 ‘Ὂ̏̓̃
Ὂ̇

πȟρȢ 

52. ʆʧʨʝʜʝʣʷʶʪ ʧʦʜʦʛʨʝʚ ʚʦʟʜʫʭʘ ʚ ʢʘʤʝʨʝ (ʩ ʫʯʪyʦʤ ʦʪʙʦʨʦʚ) ʧʦ ʬʦʨʤʫʣʝ: 

˟ ̒  ̑̍
ᶻ

˟ᶻ
ρ

Ὄό –̄Ὃ̓ ̏̐̌

̒̑ ̒ Ὃ̑̃ ρ ὋӶ̖̏  ̌̓ Ὃ̓ ̏̐̌

  

ʠʣʠ ʧʦ ʛʨʘʬʠʢʫ. 
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53. ʈʘʩʩʯʠʪʳʚʘʶʪ ʙʝʟʨʘʟʤʝʨʥʳʡ ʧʘʨʘʤʝʪʨ ʩʤʝʰʝʥʠʷ: 

Ὅ̏̓̃

ὋӶ̈̒
Ὕᶻ

Ὕᶻ

ρ ὋӶ̖̏  ̌̄ ̒ ὋӶ̖̏  ̌̓
‘ɫὊ̏̓̃
Ὂ̇
ȟ
Ȣ 

54. ʆʧʨʝʜʝʣʷʶʪ ʢʦʵʬʬʠʮʠʝʥʪʳ Ὢʠ Ὢ: 

ʧʨʠ ̏̓̃
̋

 < 1,7 ʟʥʘʯʝʥʠʝ Ὢ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʠʥʷʪʦ ʨʘʚʥʳʤ ʝʜʠʥʠʮʝ;  

ʧʨʠ ̏̓̃
̋

ρȟχ ̏̎ ̠̠̏̏̐̑̆̅̆̌̆̓̒ ̉  ̜̠̈̃̑́̇̆̎̉ Ὢ ρ πȟςυ ̏̓̃

̋
ρȟχȠ  

ʘʥʘʣʦʛʠʯʥʦ ʧʨʠ ̏̓̃
 ̋̋

 < 0,7 ʟʥʘʯʝʥʠʝ Ὢʜʦʣʞʥʦ ʙʳʪʴ ʧʨʠʥʷʪʦ ʟʘ 1, 

ʘ ʧʨʠ ̏̓̃
 ̋̋

 >0,7 ʦʥʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ Ὢ ρ πȟρ ̏̓̃

 ̋̋
πȟχȢ 

55. ɼʣʷ ʧʝʨʚʦʛʦ ʮʠʢʣʘ ʨʘʩʯʸʪʦʚ ʟʘʜʘʶʪʩʷ: 

ὒ̄ ̒ πȟυȢ 

56. ʈʘʩʩʯʠʪʳʚʘʶʪ ʦʢʨʫʞʥʫʶ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʛʘʟʦʩʙʦʨʥʠʢʘ: 

ɡ̑ ̘́̒

ụ
Ụ
Ụ
ợ

ὋӶ̈ ̒
ρ ὋӶ̈ ̒ ὋӶ̖̏  ̌̄ ̒

ρ ρȟωτϽὍ̏̓̃
ȟ ȟ  ̄̒ὒ̄ ̒

ȟ
ρ

Ứ
ủ
ủ
Ủ

ρ ὋӶ̖̏  ̌̓

ρȟπυὋӶ̖̏  ̌̄ ̒ ὋӶ̖̏  ̌̓
ὪὪȢ 

57. ʉʨʘʚʥʠʚʘʶʪ ʨʘʩʯʸʪʥʳʝ ʠ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ Ū: ʝʩʣʠ ɡ̑ ̘́̒ɡ̅ ̏,̐ ʪʦ 

ʨʘʩʯʸʪ ʧʦ ʧ. 56 ʧʦʚʪʦʨʷʶʪ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚ ʜʣʠʥʫ ʛʘʟʦʩʙʦʨʥʠʢʘ ʥʘ 10%. 

58. ʈʘʩʯʸʪʳ ʧʦ ʧʧ. 56 ʠ 57 ʧʦʚʪʦʨʷʶʪ ʜʦ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ ɡ̑ ̘́̒ɡ̅ ̏,̐ 

ʠ ʚʳʯʠʩʣʷʶʪ ʜʣʠʥʫ ʛʘʟʦʩʙʦʨʥʠʢʘ: 

ὒ̄ ̒ ὒ̄ Ὄ̒ Ȣ 

59. ʆʧʨʝʜʝʣʷʶʪ ʜʣʠʥʫ ʂʉ: 

ὒ̋ ̒ ὒ̅ ὒ ὒ̈ ̄ ὒ̄ ̒Ȣ 

60. ʆʧʨʝʜʝʣʷʶʪ ʪʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ɓ ʦʩʠ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʢ ʦʩʠ ʜʚʠʛʘʪʝʣʷ: 

ὸὫ‍
Ὀ̓ ̒̑ Ὀ̋ ̒̑

ςὒ̋ ̒
Ȣ 

61. ɺʳʯʠʩʣʷʶʪ ʫʛʦʣ ʥʘʢʣʦʥʘ: 

‍ ὥὶὧὸὫ
Ὀ̓ ̒̑ Ὀ̋ ̒̑

ςὒ̋ ̒
Ȣ 
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62. ʈʘʩʩʯʠʪʳʚʘʶʪ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʢʦʥʪʫʨʘ ʢʘʤʝʨʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʠʩʫʥʢʦʤ 1.13 ʧʦ ʬʦʨʤʫʣʘʤ, ʧʨʠʚʝʜʥyʥʳʤ ʚ ʪʘʙʣʠʮʝ 1.1. 
 

ʊʘʙʣʠʮʘ 1.1 ï ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʢʘʤʝʨʳ 

 ̄

ʧ/ʧ 

ʆʧʨʝʜʝʣʷʝʤʘʷ ʚʝʣʠʯʠʥʘ  

ʠ ʬʦʨʤʫʣʘ 

 ̄

ʧ/ʧ 

ʆʧʨʝʜʝʣʷʝʤʘʷ ʚʝʣʠʯʠʥʘ  

ʠ ʬʦʨʤʫʣʘ 

63 ὼ ὼ π 91 d1=0,017 

64 ώ Ὀ̋ ςϳ  92 Ὠ πȟπρυ 

65 ώ Ὀ̋ ςϳ  93 Ὠ πȟππρχὗ 

66 ὼ ὼ ὼ ὼ ὒ̅ 94 Ὠ πȟππρυὗ 

67 Ὂ̜̖̃ ὲ̅Ὂ̋ 95 Ὑ Ὑ Ὠ 

68 Ὀ̋ ̒̑ Ὀ̋ ̒̑ ςὒ̅ϽὸὫ‍ 96 Ὑ Ὑ Ὠ 

69 Ὤ̃ ̜̖ Ὂ̜̖̃“Ὀ̋ ̒̑ϳ  97 ‌ ὥὶὧὸὫώ ώ ὼ ὼϳ  

70 ώ Ὀ̋ ̒̑ςϳ Ὤ̃ ̜ ς̖ϳ  98 ‌ ὥὶὧὧέί 

Ὑ

ὼ ὼ ώ ώ
 

71 ώ Ὀ̋ ̒̑ςϳ Ὤ̃ ̜ ς̖ϳ  99 ‌ ‌ ‌ 

72 ώ ώ πȟςὬ̃ ̜ ̖ 100 ὼ ὼ Ὑὧέί‌  

73 ώ ώ πȟςὬ̃ ̜ ̖ 101 ώ ώ ὙίὭὲ‌  

    

74 ὼ ὼ ὒ̅ ὒ 102 ‌ ὥὶὧὸὫώ ώ ὼ ὼϳ  

75 ώ Ὀ̋ ̒̑ςϳ ὼὸὫ‍πȟυὌ̐  ̌ 103 ‌ ὥὶὧὧέί 

Ὑ

ὼ ὼ ώ ώ
 

76 ώ Ὀ̋ ̒̑ςϳ ὼὸὫ‍πȟυὌ̐  ̌ 104 ‌ ‌ ‌ 

77 ὼ ὼ ὒ̅ ὒ ὒ 105 ὼ ὼ Ὑὧέί‌  

78 ώ ὼ Ὄ Ὄ̐ ̌ ςϳ  106 ώ ώ ὙίὭὲ‌  

79 ώ ώ Ὄ Ὄ̐ ̌ ςϳ  107 ὼ ὼ ὼ 

80 Ὑ πȟυὌ πȟυὌ̐ ̌  

πȟυὌ Ὄ̐ ̌ Ὄ Ὄ̐ ̌ϳ  

108 ώ ώ Ὠ 

81 ὼ ὼ ὼ 109 ώ ώ Ὠ 

82 ώ  ώ Ὑ 110 ὼ ὼ ὒ̋  ̒

83 ώ ώ Ὑ 111 ώ ώ Ὠ 

84 ὼ ὼ ὒ̋  ̒ 112 ώ ώ  

85 ώ Ὀ̓ ςϳ    
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 1.1 

 ̄

ʧ/ʧ 

˛̠̠̐̑̆̅̆̌̆̍́ ̘̃̆̌̉̉̎́  

 ̉̕ ̏̑̍̔̌́ 

 ̄

ʧ/ʧ 

˛̠̠̐̑̆̅̆̌̆̍́ ̘̃̆̌̉̉̎́  

 ̉̕ ̏̑̍̔̌́ 

86 ώ Ὀ̓ ςϳ   - 

87 ὼ ὼ ὒ̅ ὒ ὒ ̄  - 

88 ώ ώ ώ ώ  

ὒ ̄ ὒ

ὒ ̄ ὒ̄ ̒ ὒ
 

 - 

89 
ώ ώ ώ

ὒ ̄ ὒ

ὒ ̄ ὒ̄ ̒ ὒ
 

 - 

90 Ὤ̄ ̒ ώ ώ   - 

 

113. ʈʘʩʩʯʠʪʳʚʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ ʚ ɾʊ: 

‚̇ πȟρ
πȟφ

 ‘Ὂ̏̓̃
Ὂ̋ ̋

ȟȢ 

114. ʈʘʩʩʯʠʪʳʚʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʚ ʢʘʤʝʨʝ: 

‚̓̆̐̌

ρ

ς

Ὕᶻ

Ὕᶻ
ρ

Ὂ̋

Ὂ̇
Ȣ 

115. ʆʧʨʝʜʝʣʷʶʪ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʚ ʢʘʤʝʨʝ: 

‏̋ ̒ ‚̅ ‚̇ ‚̓̆̐̌

Ὧ

Ὧ ρ
‗̃ Ȣ̖ 

116. ɺʳʯʠʩʣʷʶʪ ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʂʉ: 

„̋ ̒ ρ ‏̋ Ȣ̒ 

ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʟʘʜʘʥʥʳʤ, ʠ ʚ ʩʣʫʯʘʝ ʙʦʣʴʰʦʛʦ 

ʨʘʩʭʦʞʜʝʥʠʷ ʨʘʩʯʸʪ ʧʦ ʧʧ. 113é116 ʧʨʦʚʦʜʠʪʩʷ ʚʥʦʚʴ, ʧʨʠ ʠʟʤʝʥʝʥʥʦʡ ʧʣʦʱʘʜʠ 

Ὂ̏̓.̃ ʀʟʤʝʥʝʥʠʝ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʩʣʝʜʫʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʪʦʣʴʢʦ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ 

ʨʘʩʭʦʞʜʝʥʠʠ ʟʘʜʘʥʥʦʡ „̋  ̒ʩ ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʨʘʩʯʸʪʝ. ɽʩʣʠ ʵʪʦ ʨʘʩʭʦʞʜʝʥʠʝ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 10%, ʪʦ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʩʯʸʪʘ ʤʦʞʥʦ ʥʝ 

ʧʨʦʠʟʚʦʜʠʪʴ, ʧʦʩʢʦʣʴʢʫ ʚʣʠʷʥʠʝ ̋‏  ̒ʥʘ ʦʩʥʦʚʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʘʤʝʨʳ –̄ ʤʦʞʝʪ 

ʙʳʪʴ ʤʝʥʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ, ʯʝʤ ʚʣʠʷʥʠʝ Ὂ̏̓ ̃ʥʘ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʚʳʭʦʜʝ ʠ 

ʪʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʩʪʝʥʦʢ ɾʂ. 
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ɺʝʩ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ 

117. ʆʧʨʝʜʝʣʷʶʪ ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʂʉ: 

Ὀ̋  ̒̒ ̑

Ὀ̋ ̒ ̑ Ὀ̓ ̒̑

ς
Ȣ 

118. ʆʮʝʥʠʚʘʶʪ ʚʝʩ ʢʘʤʝʨʳ: 

Ὃ̋ ̒ ρυπὒ̋ Ὀ̒̋  ̒̒ ̑̑
ᶻȟȢ 

ɺ [4] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʨʦʪʦʪʠʧʦʤ ʜʣʷ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦʩʣʫʞʠʣʘ ʢʘʤʝʨʘ 

ʩʛʦʨʘʥʠʷ ʜʚʠʛʘʪʝʣ ̫ʅʂ-8. 

ɹʣʦʢ ʩʭʝʤʘ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʨʠʩʫʥʦʢ 1.16): 

 

ʈʠʩʫʥʦʢ 1.16 ï ɹʣʦʢ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ɺ.ɽ. ʈʝʟʥʠʢʘ [4] 

ʀʟ ʧʨʠʚʝʜʸʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʩʯʸʪʘ ʚʠʜʥʦ, ʯʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʙʣʠʢʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʦʪʥʦʩʷʪʩʷ ʬʦʨʤʫʣʳ ʩ 1 ʧʦ 112. ʉ ʠʭ ʧʦʤʦ-

ʱʴʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʨʘʟʤʝʨʳ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʘʤʝʨʳ 

ʩʛʦʨʘʥʠʷ. ɸʚʪʦʨʳ [4] ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʨʘʩʯʸʪʘ ʷʚʣʷʝʪʩʷ ʦʙʱʠʤ 

ʜʣʷ ʣʶʙʦʛʦ ʪʠʧʘ ʂʉ (ʪʨʫʙʯʘʪʦʡ, ʪʨʫʙʯʘʪʦ-ʢʦʣʴʮʝʚʦʡ ʠ ʢʦʣʴʮʝʚʦʡ). ʇʨʠ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʠ ʧʦ ʢʦʥʢʨʝʪʥʦʤʫ ʧʨʦʪʦʪʠʧʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʴʰʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʥʘʢʦʧʣʝʥʥʦʛʦ ʧʨʠ ʜʦʚʦʜʢʝ, ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʘʣʛʦʨʠʪʤ ʨʘʩʯʸʪʘ, 
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ʦʩʥʘʱʸʥʥʳʡ ʢʦʥʢʨʝʪʥʳʤʠ ʯʠʩʣʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʢʘʟʘʥʥʦʛʦ, ʤʦʞʥʦ ʚʳʩʢʘʟʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʥʳʡ 

ʤʝʪʦʜ ʧʫʪʸʤ ʜʦʨʘʙʦʪʢʠ ʠ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʝʛʦ ʘʣʛʦʨʠʪʤ, ʤʦʞʝʪ ʙʳʪʴ ʘʜʘʧʪʠ-

ʨʦʚʘʥ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʙʣʠʢʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʊʈɼɼ V ʧʦʢʦʣʝʥʠʷ. 

ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 1 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʙʟʦʨʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʧʨʦʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʘʤʝʨ 

ʩʛʦʨʘʥʠʷ ʊʈɼɼ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʈʘʟʚʠʪʠʝ ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʦʩʪʦʤ ʯʠʩʣʘ ʪʨʝʙʦʚʘʥʠʡ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʠʭ ʂʉ ʠ ʫʞʝʩʪʦʯʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʥʦʨʤʘʪʠʚʦʚ. ʇʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʂʉ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʪʨʝʙʦʚʘʥʠʷ 6 ʛʨʫʧʧ, ʚʢʣʶʯʘʶʱʠʭ ʙʦ-

ʣʝʝ 30 ʨʘʟʣʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɺʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʂʉ ʦʩʣʦʞʥʷʝʪʩʷ ʨʦʩʪʦʤ 

ʧʘʨʘʤʝʪʨʦʚ ʮʠʢʣʘ ʊʈɼɼ (ʩʫʤʤʘʨʥʦʡ ʩʪʝʧʝʥʠ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘ ʚʭʦʜʝ ʚ ʪʫʨʙʠʥʫ), ʢʦʪʦʨʳʝ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʊʈɼɼ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʩʦ 

ʚʟʣʸʪʥʦʡ ʪʷʛʦʡ ʙʦʣʝʝ 50 ʢʅ ʜʦʩʪʠʛʣʠ ʟʥʘʯʝʥʠʡ ḱɆ>45 ʠ ʊʛ
*>1900 ʂ. 

2. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʂʉ, ʠʭ ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʨʘʙʦʯʠʡ 

ʧʨʦʮʝʩʩ ʧʦʩʪʦʷʥʥʦ ʧʨʝʪʝʨʧʝʚʘʪʁ ʠʟʤʝʥʝʥʠʷ, ʦʪʨʘʞʘʶʱʠʝʩʷ ʥʘ ʬʦʨʤʝ ʠ ʩʦʦʪʥʦʰʝ-

ʥʠʷʭ ʨʘʟʤʝʨʦʚ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʜʠʬʬʫʟʦʨʘ, ʌʋ, ɾʊ, ʛʘʟʦʩʙʦʨʥʠʢʘ), ʪʦ ʝʩʪʴ ʥʘ 

ʦʙʣʠʢʘʭ ʠʟʜʝʣʠʡ. 

3. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʷʜʘ ʤʝ-

ʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʫʱʝʛʦ 

ʠʟʜʝʣʠʷ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʦʙʣʠʢʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ. ɺ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʙʣʠʢʦʚ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝ-

ʪʦʜʳ, ʘʣʛʦʨʠʪʤʳ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʩʫʱʝʩʪʚʫʶ-

ʱʠʤ ʂʉ.  

4.ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ, ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʧʨʦʪʦʪʠʧʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ III  ʠ IV ʧʦʢʦʣʝʥʠʷʤ ʊʈɼɼ ʥʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪ ɹ

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʣʠʢʦʚ ʂʉ ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ ʧʦʩʣʝʜʥʝʛʦ ʧʦʢʦʣʝʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ 
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ʵʪʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʳ ʥʦʚʳʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʧʦʟʚʦʣʷʪ ʩʥʠ-

ʟʠʪʴ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʦʙʝʩʧʝʯʘʪ ʩʦʟʜʘʥʠʝ ʠʟʜʝʣʠʡ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʣʫʯʰʠʤ ʩʦʚʨʝʤʝʥʥʳʤ ʦʙʨʘʟʮʘʤ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʮʝʣʴ ʜʠʩʩʝʨʪʘʮʠʦʥ-

ʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ. 

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ʊʈɼɼ ʜʣʷ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ 

ʟʘ ʩʯʸʪ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʙʘʟʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ ʤʝʪʦʜʦʚ, ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʘ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʦʟʜʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ 

ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʜʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʤʠʨʦʚʳʤ ʩʪʘʥʜʘʨʪʘʤ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʙʭʦ-

ʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʆʧʨʝʜʝʣʠʪʴ ʘʣʛʦʨʠʪʤ ʨʘʟʨʘʙʦʪʢʠ ʦʙʣʠʢʘ ʂʉ ʊʈɼɼ ʥʘ ʙʘʟʝ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ 

ʤʝʪʦʜʦʚ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

2. ʀʩʩʣʝʜʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʊʈɼɼ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʥʳʤ ʧʦʢʦʣʝʥʠʷʤ ʜʚʠʛʘʪʝʣʝʡ ʠʟʤʝʥʝʥʠʡ ʠʭ ʪʝʨ-

ʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʝʦʤʝʪʨʠʠ ʢʘʤʝʨʳ 

ʩʛʦʨʘʥʠʷ ʊʈɼɼ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʝʸ ʦʙʣʠʢʘ.  

4. ʈʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʣʠʢʘ ʢʘʤʝʨ rʩʛʦʨʘʥʠʷ ʊʈɼɼ ʛʨʘʞ-

ʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 
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ɻʃɸɺɸ 2 ʀʉʉʃɽɼʆɺɸʅʀɽ ʈɸɿɺʀʊʀʗ ʂɸʄɽʈ ʉɻʆʈɸʅʀʗ ʊʈɼɼ  

ʀ ʆʇʈɽɼɽʃɽʅʀɽ ʅɸʇʈɸɺʃɽʅʀʁ ʈɸɿʈɸɹʆʊʂʀ ʄɽʊʆɼʆɺ ʌʆʈʄʀʈʆɺɸ-

ʅʀʗ ʀʍ ʆɹʃʀʂʆɺ 

2.1 ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʊʈɼɼ  

ʩʘʤʦʣʸʪʦʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ 

2.1.1 ʂʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʊʈɼɼ ʫʟʢʦʬʶʟʝʣʷʞʥʳʭ ʩʘʤʦʣʸʪʦʚ 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʣʠʢʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʂʉ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʨʘʟ-

ʚʠʪʠʝ ʵʪʦʛʦ ʦʩʥʦʚʥʦʛʦ ʫʟʣʘ ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩʘʤʦʣʸʪʦʚ ʛʨʘʞʜʘʥʩʢʦʡ 

ʘʚʠʘʮʠʠ, ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʷ ʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʙʨʘʪʴ 

ʜʘʥʥʳʝ ʦ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʮʠʢʣʘ ʠ ʛʝʦʤʝʪʨʠʠ ʵʪʠʭ ʠʟʜʝʣʠʡ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʝʨʘʨʭʠʠ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʩʘʤʦʣʸʪ ʥʘʭʦʜʠʪʩʷ ʥʘ ʙʦ-

ʣʝʝ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ, ʯʝʤ ʜʚʠʛʘʪʝʣʴ. ʇʨʠ ʵʪʦʤ ʦʥʠ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʦʪʥʦʰʝ-

ʥʠʷʤʠ ʧʦʜʯʠʥʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʚ ʦʙʱʝʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʘʚʠʘʮʠʦʥʥʳʝ 

ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʝ ʜʚʠʛʘʪʝʣʠ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʧʨʠʥʷʪʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʥʝ 

ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ (ʊʈɼɼ, ʊɺɼ ʠ ʪ.ʜ.), ʘ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʘ ʩʘʤʦʣʸʪʘʭ. ɺ ʧʦʩʣʝʜʥʝʤ 

ʩʣʫʯʘʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʚʘ ʧʦʜʭʦʜʘ: ʧʦ ʜʘʣʴʥʦʩʪʠ ʩʘʤʦʣʸʪʘ (ʜʘʣʴʥʝʤʘʛʠ-

ʩʪʨʘʣʴʥʳʝ, ʩʨʝʜʥʝʤʘʛʠʩʪʨʘʣʴʥʳʝ, ʙʣʠʞʥʝʤʘʛʠʩʪʨʘʣʴʥʳʝ ʠ ʨʝʛʠʦʥʘʣʴʥʳʝ) ʠ ʧʦ 

ʢʦʥʩʪʨʫʢʮʠʠ ʩʘʤʦʣʸʪʘ: ʫʟʢʦʬʶʟʝʣʷʞʥʳʝ (ʘʥʛʣ. narrow-body aircraft ʠʣʠ single-aisle 

aircraft) ʠ ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʳʝ (ʘʥʛʣ. wide-body aircraft ʠʣʠ twin-aisle aircraft). 

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʝʣʝʥʠʝ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʛʨʘʞʜʘʥʩʢʦʡ 

ʘʚʠʘʮʠʠ ʧʦ ʠʭ ʧʨʠʤʝʥʝʥʠʶ ʥʘ ʫʟʢʦ- ʠʣʠ ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʳʭ ʩʘʤʦʣʸʪʘʭ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʎʀɸʄ, ʥʘʧʨʠʤʝʨ ʚ [9].  

ɺ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʢ ʫʟʢʦʬʶʟʝʣʷʞʥʳʤ ʩʘʤʦʣʸʪʘʤ ʦʪʥʦʩʷʪ ʘʚʠʘʣʘʡʥʝʨʳ ʩ 

ʦʜʥʠʤ ʧʨʦʭʦʜʦʤ ʚ ʨʷʜʫ ʩʠʜʝʥʠʡ, ʰʠʨʠʥʦʡ ʬʶʟʝʣʷʞʘ ʤʝʥʝʝ 4 ʤ ʠ ʧʘʩʩʘʞʠʨʦʚʤʝ-

ʩʪʠʤʦʩʪʴ ʁʜʦ 300 ʯʝʣʦʚʝʢ. ʇʨʠ ʵʪʦʤ ʫʟʢʦʬʶʟʝʣʷʞʥʳʝ ʩʘʤʦʣʸʪʳ ʤʦʛʫʪ ʩʦʚʝʨʰʘʪʴ 

ʠ ʜʘʣʴʥʠʝ, ʪʨʘʥʩʘʥʪʣʘʥʪʠʯʝʩʢʠʝ ʧʝʨʝʣʸʪʳ. ɹʦʣʝʝ ʢʨʫʧʥʳʝ, ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʳʝ ʩʘ-

ʤʦʣʸʪʳ ʠʤʝʶʪ ʜʠʘʤʝʪʨ ʬʶʟʝʣʷʞʘ ʙʦʣʝʝ 5 ʤ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʭʦʜʦʚ ʚ ʨʷʜʫ ʜʚʘ ʠ 

ʙʦʣʝʝ.  
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʘʤʦʣʸʪʘʭ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʝ ʜʚʫʭʢʦʥʪʫʨʥʳʝ ʜʚʠʛʘʪʝʣʠ (ʊʈɼɼ) ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ, ʧʦʣʫʯʠʚʰʠʝ ʥʘʟʚʘʥʠʝ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʳʭ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʚʠʪʠʝ ʠʭ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ. ɼʝʣʝʥʠʝ ʜʚʠʛʘʪʝʣʝʡ ʧʦ ʠʭ ʧʨʠʤʝʥʝʥʠʶ, 

ʢʘʢ ʠ ʣʶʙʦʝ ʜʨʫʛʦʝ, ʷʚʣʷʝʪʩʷ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʫʩʣʦʚʥʳʤ, ʪʘʢ ʢʘʢ ʦʪʜʝʣʴʥʳʝ 

ʜʚʠʛʘʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʩʘʤʦʣʸʪʘʭ ʜʚʫʭ ʪʠʧʦʚ. ɺ ʦʩʥʦʚʥʦʤ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʳʝ ʜʚʠʛʘʪʝʣʠ ʩ ʪʷʛʦʡ ʚʳʰʝ 50 ʢʅ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʧʦʣʥʦʨʘʟ-

ʤʝʨʥʳʤ ɻʊɼ ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʘʣʦʨʘʟʤʝʨʥʳʭ, ʩ ʤʝʥʴʰʝʡ ʪʷʛʦʡ [49]. ʃʠʰʴ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʠʛʘʪʝʣʠ ʤʝʥʴʰʝʡ ʪʷʛʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʰʠʨʦʢʦ ʨʘʩʧʨʦ-

ʩʪʨʘʥʸʥʥʳʤ. 

2.1.1.1 ʂʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ Rolls-Royce 

ʇʝʨʚʳʤ ʩʝʨʠʡʥʳʤ ʊʈɼɼ ʜʣʷ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʩʪʘʣ Rolls-Royce  

RB.80 Conway [50, 51], ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʢ 1952 ʛ. (ʨʠʩʫʥʢʠ 2.1 ʠ 2.2). ʆʥ ʫʩʪʘʥʘʚʣʠ-

ʚʘʣʩʷ ʥʘ ʫʟʢʦʬʶʟʝʣʷʞʥʳʝ ʜʘʣʴʥʝʤʘʛʠʩʪʨʘʣʴʥʳʝ ʘʚʠʘʣʘʡʥʝʨʳ Vickers VC10, Boe-

ing 707-420, Douglas DC-8-40.  

 

ʈʠʩʫʥʦʢ 2.1 ï ɼʚʠʛʘʪʝʣʴ Rolls-Royce RB.80 Conway [52] 

 

ɼʚʠʛʘʪʝʣʴ ʦʩʥʘʱʘʣʩʷ ʪʨʫʙʯʘʪʦ-ʢʦʣʴʮʝʚʦʡ ʂʉ ʩ 10-  ʁɾʊ.  
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ʈʠʩʫʥʦʢ 2.2 ï ʉʭʝʤʘ ʜʚʠʛʘʪʝʣʷ RB.80 Conway ʠ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʝʛʦ ʪʨʘʢʪʫ [52] 

 

ɺ 1964 ʛ. ʙr ʣ ʚʧʝʨʚʳʝ ʟʘʧʫʱʝʥ ʊʈɼɼ Rolls-Royce Spey (ʨʠʩʫʥʦʢ 2.3), ʩʦʟʜʘʥ-

ʥʳʡ ʜʣʷ ʣʘʡʥʝʨʦʚ Hawker Siddeley Trident, BAC One-Eleven ʠ ʜʨ. ʄʦʜʠʬʠʢʘʮʠʠ 

ʜʚʠʛʘʪʝʣʷ ʧʨʠʤʝʥʷʣʠʩʴ ʠ ʚ ʚʦʝʥʥʦʡ ʘʚʠʘʮʠʠ. 

 

ʈʠʩʫʥʦʢ 2.3 ï ɼʚʠʛʘʪʝʣʠ Rolls-Royce Spay RB 163 (ʚʚʝʨʭʫ) ʠ ʄʢ 512 [53] 

 

ʂʘʤʝʨʘ ʩʛʦʨʘʥʠʷ ʪʨʫʙʯʘʪʦ-ʢʦʣʴʮʝʚʘʷ ʩ ʜʝʩʷʪʴʶ ɾʊ [53]. 

ʉ 1984 ʛ. ʥʘʭʦʜʠʪʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʝʤʝʡʩʪʚʦ Rolls-Royce RB.183 Tay, ʩʦ-

ʟʜʘʥʥʦʝ ʥʘ ʙʘʟʝ ʜʚʠʛʘʪʝʣʷ Spey, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʛʨʘʞʜʘʥʩʢʠʭ ʩʘʤʦʣʸʪʦʚ Boe-

ing 727-100, ʠ ʜʨ. ɺ 1991 ʛʦʜʫ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʝʨʚʳʝ ʥʘʟʝʤʥʳʝ ʠʩʧʳʪʘʥʠʷ Rolls-

Royce AE3007 (ʨʠʩʫʥʦʢ 2.4). ɼʚʠʛʘʪʝʣʴ ʠʤʝʝʪ ʦʙʱʠʡ ʛʘʟʦʛʝʥʝʨʘʪʦʨ ʩ ʪʫʨʙʦʚʘʣʴ-

ʥʳʤ ɸE1107 ʠ ʪʫʨʙʦʚʠʥʪʦʚʳʤ ɸɽ2100. ʋʩʪʘʥʦʚʣʝʥ ʥʘ ʩʘʤʦʣʸʪʳ Cessna Citation, 
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Embraer Legasy ʠ ʜʨ., ʘ ʪʘʢʞʝ ʥʘ ʥʝʢʦʪʦʨʳʝ ʚʦʝʥʥʳʝ ʩʘʤʦʣʸʪ.r ɺʦʝʥʥʦʝ ʦʙʦʟʥʘʯʝ-

ʥʠʝ ʉʐɸ ï F137. ɼʠʘʧʘʟʦʥ ʧʦ ʪʷʛʝ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 28,6 ʜʦ 

89 ʢʅ (ʤʦʜʠʬʠʢʘʮʠʷ GMA3014 ADV ʜʣʷ 80-130-ʤʝʩʪʥʦʛʦ ʩʘʤʦʣʪyʘ Regioliner RL 

92/RL 122). 

 

ʈʠʩʫʥʦʢ 2.4 ï ɼʚʠʛʘʪʝʣʴ ɸɽ3007 [54] 

ʅʘ ʜʚʠʛʘʪʝʣʝ ʫʩʪʘʥʦʚʣʝʥʘ ʢʦʣʴʮʝʚʘʷ ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ ʩ 16-ʶ ʪʦʧʣʠʚʥʳʤʠ 

ʬʦʨʩʫʥʢʘʤʠ [54]. ɼʚʠʛʘʪʝʣʴ ʠʟʥʘʯʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥ Allison Engine Company, ʧʨʠ-

ʥʘʜʣʝʞʘʱʝʡ General Motors. ɽʁ  ʞʝ ʩʦʟʜʘʥʳ ʧʦʩʣʝʜʥʠʝ ʤʦʜʠʬʠʢʘʮʠʠ GMA 3010, 

GMA 3012 ʠ 3014 (GMA-General Motors Allison). ʅʘ ʥʠʭ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʤʝʨʘ ʩʛʦ-

ʨʘʥʠʷ DAC (Dual Annular Combustor) ï ʩʤ. ʨʠʩʫʥʦʢ 2.5. 

 

ʈʠʩʫʥʦʢ 2.5 ï ɼʚʠʛʘʪʝʣʴ GMA 3014 ADV [55] 

ɺ 1995 ʛʦʜʫ ʬʠʨʤʳ Rolls-Royce ʠ BMW ʚ ʨʘʤʢʘʭ ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ 

BMW Rolls-Royce Aero Engines Gmbh ʚʳʧʦʣʥʠʣʠ ʟʘʧʫʩʢ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʜʚʠ-

ʛʘʪʝʣʷ ʥʦʚʦʛʦ ʩʝʤʝʡʩʪʚʘ BR700 (ʚʦʝʥʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ʚ ʉʐɸ F130) ï ʨʠʩʫʥʦʢ 2.6. 

ɼʠʘʧʘʟʦʥ ʪʷʛʠ ʩʝʤʝʡʩʪʚʘ ʜʚʠʛʘʪʝʣʝʡ 68,4 ï 81,2 ʢʅ. 
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ʈʠʩʫʥʦʢ 2.6 ï ɼʚʠʛʘʪʝʣʴ BR715 [56] 

ɼʚʠʛʘʪʝʣʴ ʦʩʥʘʱʸʥ ʢʦʣʴʮʝʚʦʡ ʂʉ [57], ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2.7. 

 

ʈʠʩʫʥʦʢ 2.7 ï ʂʉ ʜʚʠʛʘʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ BR700 

ʇʦʩʣʝʜʥʠʝ ʤʦʜʠʬʠʢʘʮʠʠ BR 700 ʦʩʥʘʱʝʥ r ʥʦʚʳʤʠ ʂʉ ʩʛʦʨʘʥʠʷ Tiled 

Phase 5 [58], ʥʘʧʨʠʤʝʨ, BR 700-710D5-21. ʕʪʦ ʂʉ ʩ ʧʣʠʪʦʯʥʦʡ (ʚ ʥʝʢʦʪʦʨʳʭ ʠʩʪʦʯ-

ʥʠʢʘʭ ʪʘʢʞʝ ʥʘʟʳʚʘʝʤʦʡ ʩʦʪʦʚʦʡ ʠʣʠ ʩʝʛʤʝʥʪʥʦʡ) ʢʦʥʩʪʨʫʢʮʠʝʡ ʞʘʨʦʚʦʡ ʪʨʫʙʳ. 

ʅʘ ʙʘʟʝ ʵʪʠʭ ʧʦʩʣʝʜʥʠʭ ʜʚʠʛʘʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʪʘʢʠʝ ʜʚʠʛʘʪʝʣʠ, 

ʢʘʢ Pearl 15 (ʨʠʩʫʥʦʢ 2.8), Pearl 700, Pearl 10X. ʅʘ ʥʠʭ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʦʚʳʝ 

ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ Tiled Phase 5 [59]. 

 

ʈʠʩʫʥʦʢ 2.8 ï ɼʚʠʛʘʪʝʣʴ Pearl 15 [60] 

ɺ ʥʘʩʪʦʷʚʰʝʝ ʚʨʝʤʷ ʬʠʨʤʘ Rolls-Royce ʨʘʙʦʪʘʝʪ ʥʘʜ ʤʦʜʠʬʠʢʘʮʠʝʡ ʜʚʠʛʘ-

ʪʝʣʷ UltraFan ʜʣʷ ʫʟʢʦʬʶʟʝʣʷʞʥʳʭ ʩʘʤʦʣʸʪʦʚ. 
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2.1.1.2 ʂʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ Pratt & Whitney 

ɺ 1958 ʛ. ʚ ʧʨʦʪʠʚʦʚʝʩ ʙʨʠʪʘʥʩʢʦʤʫ ʜʚʠʛʘʪʝʣʶ Rolls-Royce RB.80 Conway, 

ʘʤʝʨʠʢʘʥʩʢʘ ̫ʬʠʨʤʘ Pratt & Whitney ʩʦʟʜʘʣʘ ʊʈɼɼ Pratt & Whitney JT3D (ʨʠʩʫ-

ʥʦʢ 2.9) ʥʘ ʙʘʟʝ ʊʈɼ JT3ʉ. ɼʚʠʛʘʪʝʣʴ ʧʨʠʤʝʥʷʣʩʷ ʥʘ ʩʘʤʦʣʸʪʘʭ DC-8. ʉʝʤʝʡʩʪʚʦ 

ʜʚʠʛʘʪʝʣʝʡ ʨʘʟʚʠʚʘʣʦ ʪʷʛʫ ʦʪ 75 ʜʦ 85 ʢʅ. 

 

   
 

 

 

ʈʠʩʫʥʦʢ 2.9 ï ɼʚʠʛʘʪʝʣʴ JT3D [61] 

 

JT3D ʦʩʥʘʱʘʣʩʷ ʪʨʫʙʯʘʪʦ-ʢʦʣʴʮʝʚʦʡ ʂʉ ʩ 8-ʶ ʢʦʨʦʪʢʠʤʠ ɾʊ [53]. 

ɼʚʠʛʘʪʝʣʴ Pratt & Whitney JT8D (1963 ʛ.) ʙʳʣ ʩʦʟʜʘʥ ʥʘ ʙʘʟʝ ʊʈɼ JT8C. ɼʚʠ-

ʛʘʪʝʣʴ (ʨʠʩʫʥʦʢ 2.10) ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʥʘ Boeing 707,727,737, McDonnell DC-9, 

MD80, Sud Aviation Caravelle ʠ ʜʨ. ʊʷʛʘ ʜʚʠʛʘʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 54,5 ʜʦ 

96,5 ʢʅ. ʂʉ JT8D ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.11. ʆʥʘ ʪʨʫʙʯʘʪʦ-ʢʦʣʴʮʝʚʘʷ, ʩ ʜʝʚʷʪʴʶ ɾʊ 

[62]. 
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ʈʠʩʫʥʦʢ 2.10 ï ɼʚʠʛʘʪʝʣʴ JT8D [62] 

 

 

ʈʠʩʫʥʦʢ 2.11 ï ʂʉ ʜʚʠʛʘʪʝʣʷ JT8D 

 

PW2000 (ʧʝʨʚʦʥʘʯʘʣʴʥʦ JT10D, ʧʝʨʚʳʡ ʟʘʧʫʩʢ 1981 ʛ, ʚʦʝʥʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ 

F117) ï ʩʝʤʝʡʩʪʚʦ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ʫʟʢʦʬʶʟʝʣʷʞʥʳʭ ʩʘʤʦʣʸ-

ʪʦʚ ʩ ʪʷʛʦʡ ʦʪ 160 ʜʦ 190 ʢʅ. ʇʝʨʚʳʡ ʜʚʠʛʘʪʝʣʴ ʩʝʤʝʡʩʪʚʘ ʈW2037 (ʨʠʩʫʥʦʢ 2.12), 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʘ ʫʟʢʦʬʶʟʝʣʷʞʥʦʤ ʩʘʤʦʣʸʪʝ ʩʨʝʜʥʝʡ ʜʘʣʴʥʦʩʪʠ Boeing ï 757. 

 

ʈʠʩʫʥʦʢ 2.12 ï ɼʚʠʛʘʪʝʣʴ PW 2037 
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ʂʉ ʜʚʠʛʘʪʝʣ ̫ʢʦʣʴʮʝʚʘʷ, ʠʤʝʝʪ 24 ʬʦʨʩʫʥʢʠ ʩ ʧʥʝʚʤʦʨʘʩʧʳʣʦʤ [63]. 

ɼʚʠʛʘʪʝʣʴ PW6000 (ʨʠʩʫʥʦʢ 2.13), ʩʦʚʝʨʰʠʚʰʠʡ ʧʝʨʚʳʡ ʧʦʣʸʪ ʚ 2000 ʛ., ʨʘʟ-

ʨʘʙʦʪʘʥ ʜʣʷ ʫʟʢʦʬʶʟʝʣʷʞʥʦʛʦ ʩʘʤʦʣʸʪʘ Airbus A318. ʉʝʤʝʡʩʪʚʦ ʜʚʠʛʘʪʝʣʝʡ ʦʭʚʘ-

ʪʳʚʘʝʪ ʜʠʘʧʘʟʦʥ ʪʷʛʠ ʦʪ 82 ʜʦ 109 ʢʅ. 

 

ʈʠʩʫʥʦʢ 2.13 ï ɼʚʠʛʘʪʝʣʴ PW6000 (ʨʠʩʫʥʦʢ ʩ ʨʝʢʣʘʤʳ Pratt & Whitney Division) 

 

ʂʉ PW6000 ï ʢʦʣʴʮʝʚʘʷ [64], ʩ 2005 ʛ ʪʠʧʘ TALON II (Technology for Ad-

vanced Low NOx, Pratt & Whitney) [65, 66] (ʨʠʩʫʥʦʢ 2.14).  

 

ʈʠʩʫʥʦʢ 2.14 ï ʂʉ PW6000 [67] 

 

ɺ 1998 ʛʦʜʫ ʥʘ ʙʘʟʝ PW6000 ʙʳʣ ʩʦʟʜʘʥ ʦʧʳʪʥʳʡ ʜʚʠʛʘʪʝʣʴ PW 8000 ʩ ʨʝ-

ʜʫʢʪʦʨʦʤ ʤʝʞʜʫ ʚʝʥʪʠʣʷʪʦʨʦʤ ʠ ʢʦʤʧʨʝʩʩʦʨʦʤ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

ɼʚʠʛʘʪʝʣʴ ʠʤʝʣ ʩʪʝʧʝʥʴ ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ 11 ʠ ʩʫʤʤʘʨʥʫʶ ʩʪʝʧʝʥʴ ʧʦʚʳʰʝʥʠʷ ʜʘʚ-

ʣʝʥʠʷ ʦʢʦʣʦ 40. ʂʉ ʪʠʧʘ TALON ʩʝʛʤʝʥʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ.  

ɺ 2007 ʛʦʜʫ ʧʦʷʚʠʣʦʩʴ ʥʦʚʦʝ ʩʝʤʝʡʩʪʚʦ ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ʫʟʢʦʬʶʟʝʣʷʞʥʳʭ ʩʘ-

ʤʦʣʸʪʦʚ ï Pratt & Whitney PW1000G (ʦʥ ʞʝ GTF) ï ʨʝʜʫʢʪʦʨʥʳʡ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨ-

ʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʨʠʩʫʥʦʢ 2.15. ʊʷʛʘ ʜʚʠʛʘʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

67é160 ʢʅ [68]). 
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ʈʠʩʫʥʦʢ 2.15 ï ɼʚʠʛʘʪʝʣʴ PW1000G [69] 

 

ɼʚʠʛʘʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʩʘʤʦʣʸʪʘʭ Airbus A220, A320 neo, Embraer T-Jet 

E2. ʂʉ, ʠʩʧʦʣʴʟʫʶʱʘʷʩʷ ʥʘ ʜʚʠʛʘʪʝʣʝ-TALON X [70] ï ʩʤ. ʨʠʩʫʥʦʢ 2.16. 

 

 

ʈʠʩʫʥʦʢ 2.16 ï ʂʉ TALON X [70] 

 

ɺ 2012 ʛ. ʚʳʧʦʣʥʝʥ ʧʝʨʚʳʡ ʟʘʧʫʩʢ ʜʚʠʛʘʪʝʣʷ PW800, ʧʦʣʦʞʠʚʰʝʛʦ ʥʘʯʘʣʦ 

ʩʝʤʝʡʩʪʚʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩ ʪʷʛʦʡ ʦʪ 44 ʜʦ 85 ʢʅ. ʇʦ ʢʦʥʩʪʨʫʢʮʠʠ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʳ ʩʝʤʝʡʩʪʚʘ PW800 ʘʥʘʣʦʛʠʯʥʳ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘʤ ʩʝʤʝʡʩʪʚʘ 

PW1000G. ʅʘ ʜʚʠʛʘʪʝʣʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ TALON X [71]. ɼʚʠʛʘʪʝʣʴ 

ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʵʢʦʥʦʤʠʯʥʳʭ ʚ ʩʚʦʝʤ ʢʣʘʩʩʝ.  
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2.1.1.3 ʂʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ General Electric 

ɺ 1982 ʙʳʣ ʟʘʧʫʱʝʥ ʜʚʠʛʘʪʝʣʴ ʩʝʤʝʡʩʪʚʘ CF34, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘ ʙʘʟʝ ʚʦʝʥ-

ʥʦʛʦ TF34. ɼʚʠʛʘʪʝʣʠ ʩʝʤʝʡʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʘʤʦʣʸʪʘʭ ʠ ʙʠʟ-

ʥʝʩ-ʜʞʝʪʘʭ. ʊʷʛʘ ʜʚʠʛʘʪʝʣʝʡ ʦʪ 41 ʜʦ 90,6 ʢʅ. 

ʂʉ ï ʢʦʣʴʮʝʚʘʷ, ʥʝʦʙʳʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ [53]. ʀʤʝʝʪ 18 ʩʤʝʩʠʪʝʣʴʥʦ-ʚʠʭʨʝ-

ʚʳʭ ʧʨʝʜʢʘʤʝʨ ʩ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʣʦʧʘʩʪʥʳʤʠ ʟʘʚʠʭʨʠʪʝ-

ʣʷʤʠ. ʊʦʧʣʠʚʦ ʧʦʜʘʸʪʩʷ ʚ ʧʨʝʜʢʘʤʝʨʳ ʯʝʨʝʟ ʩʧʠʨʘʣʝʚʠʜʥʳʝ ʬʦʨʩʫʥʢʠ. ɿʘʪʝʤ ʪʦʧ-

ʣʠʚʦʚʦʟʜʫʰʥʘʷ ʩʤʝʩʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʭʦʜʠʪ ʜʚʘ ʟʘʚʠʭʨʠʪʝʣʷ, ʚ ʢʘʞʜʦʤ ʠʟ ʢʦ-

ʪʦʨʳʭ ʟʘʢʨʫʪʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ. ʊʘʢʘʷ ʩʭʝʤʘ ʫʣʫʯʰʘʝʪ ʤʝʣʢʦʩʪʴ 

ʨʘʩʧʳʣʠʚʘʥʠʷ ʠ ʩʥʠʞʘʝʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʘʤʝʨʳ 

ʩʛʦʨʘʥʠʷ. ʇʦʟʜʥʠʝ ʤʦʜʠʬʠʢʘʮʠʠ 10ɸ ʠ 10ɽ (ʨʠʩʫʥʦʢ 2.17), ʩʦʟʜʘʥʳ ʥʘ ʙʘʟʝ ʜʚʠʛʘ-

ʪʝʣʷ CFM56. 

 

ʈʠʩʫʥʦʢ 2.17 ï ɼʚʠʛʘʪʝʣʴ CF34-10E 

 

2.1.1.4 ʂʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ CFM International 

ʌʨʘʥʢʦ-ʘʤʝʨʠʢʘʥʩʢʦʝ ʦʙʲʝʜʠʥʝʥʠʝ CFM International (ʬʨʘʥʮʫʟʩʢʘʷ ʬʠʨʤʘ 

Safran Aircraft Engines ʠ ʘʤʝʨʠʢʘʥʩʢʘʷ GE Aerospace) c 1974 ʨʘʙʦʪʘʣʠ ʥʘʜ ʩʝʤʝʡ-

ʩʪʚʦʤ ʜʚʠʛʘʪʝʣʝʡ CFM 56, ʵʢʩʧʣʫʘʪʘʮʠʷ ʜʚʠʛʘʪʝʣʝʡ ʢʦʪʦʨʦʛʦ ʥʘʯʘʣʘʩʴ ʚ 1982 ʛ. 

ɼʠʘʧʘʟʦʥ ʪʷʛʠ ʜʚʠʛʘʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ ʦʪ 82 ʜʦ 150 ʢʅ. ɼʚʠʛʘʪʝʣʷ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ 

ʢʘʢ ʥʘ ʫʟʢʦʬʶʟʝʣʷʞʥʳʝ (Airbus A320, A318, ɸ321, Boeing 707, 737), ʘ ʪʘʢʞʝ ʰʠʨʦ-

ʢʦʬʶʟʝʣʷʞʥʳʭ (Airbus A340) ʠ ʚʦʝʥʥʳʭ ʩʘʤʦʣʸʪʘʭ. ɼʚʠʛʘʪʝʣʠ ʩʝʤʝʡʩʪʚʘ ʦʩʥʘʱʘ-

ʣʠʩʴ ʂʉ ʜʚʫʭ ʪʠʧʦʚ [72, 73].  
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ɹʦʣʴʰʠʥʩʪʚʦ ʚʘʨʠʘʥʪʦʚ CFM56 ʠʤʝʣʠ ʂʉ ʪʠʧʘ SAC (ʨʠʩʫʥʢʠ 2.18, 2.19). 

 

ʈʠʩʫʥʦʢ 2.18 ï ʉFM 56-5B [74] c ʂʉ ʪʠʧʘ SAC 

 

ʈʠʩʫʥʦʢ 2.19 ï ʂC CFM 56 ʪʠʧʘ SAC [72] 

 

ɺ 1989 ʛʦʜʫ ʢʦʤʧʘʥʠʷ CFMI ʨʘʟʚʝʨʥʫʣʘ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʜʚʫʭʲʷʨʫʩʥʦʡ 

(ʜʚʫʭʢʦʣʴʮʝʚʦʡ ʧʦ ʟʘʨʫʙʝʞʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ) ʂʉ ʪʠʧʘ DAC. ʆʥʘ ʠʤʝʝʪ ʜʚʝ ʨʘʟʥʝ-

ʩʸʥʥʳʝ ʧʦ ʚʳʩʦʪʝ ʟʦʥʳ ʛʦʨʝʥʠʷ, ʨʘʙʦʪʘ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʚʫʤʷ ʬʦʨʩʫʥʦʯ-

ʥʳʤʠ ʤʦʜʫʣʷʤʠ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ (ʦʩʥʦʚʥʦʡ) ʬʦʨʤʠʨʫʝʪ ʙʝʜʥʫʶ ʩʤʝʩʴ, ʘ ʚʪʦʨʦʡ 
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(ʧʠʣʦʪʥʳʡ) ï ʙʦʛʘʪʦʛʦ ʩʦʩʪʘʚʘ, ɺʢʣʶʯʝʥʠʝ ʟʦʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʜʚʠ-

ʛʘʪʝʣʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʚʳʙʨʦʩʳ ʥʝ ʪʦʣʴʢʦ ʦʢʩʠʜʦʚ ʘʟʦʪʘ (NOx), ʥʦ ʠ ʫʛʣʝ-

ʢʠʩʣʦʛʦ ʛʘʟʘ (CO2). ʇʝʨʚʳʝ ʜʚʠʛʘʪʝʣʠ ʩ DAC ʚʚʝʜʝʥʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ 1995 ʛʦʜʫ 

(ʤʦʜʠʬʠʢʘʮʠʠ CFM56-5B ʠ CFM56-7B c ʠʥʜʝʢʩʘʤʠ 2) - ʨʠʩʫʥʦʢ 2.20. 

.         

ʈʠʩʫʥʦʢ 2.20 ï ɼʚʠʛʘʪʝʣʴ CFM56-7ɺ ʩ ʂʉ ʪʠʧʘ SAC (ʩʣʝʚʘ) 

ʠ DAC (ʧʦ ʧʣʘʢʘʪʘʤ CFM) 

 

ʂʉ ʪʠʧʘ DAC ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2.21. 

 

ʈʠʩʫʥʦʢ 2.21 ï ʂʉ CFM56-7ɺ ʪʠʧʘ DAC [72] 

ʈʘʟʚʠʪʠʝʤ ʜʚʠʛʘʪʝʣʷ CFM56 ʩʪʘʣ ʜʚʠʛʘʪʝʣʴ CFM International LEAP-1 

(2013 ʛ.), ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 2.22. ʊʷʛʘ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ ʠʟʤʝʥʷʝʪʩʷ 

ʦʪ 137 ʜʦ 143 ʢʅ. ɼʚʠʛʘʪʝʣʠ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʩʘʤʦʣʸʪʘʭ Airbus A320 neo, Boeing 

737 MAX , ʉomac ʉ919. 
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ʈʠʩʫʥʦʢ 2.22 ï ɼʚʠʛʘʪʝʣʴ LEAP-1A (ʩʭʝʤʘ ʩ ʧʣʘʢʘʪʘ CFM) 

 

ɼʚʠʛʘʪʝʣʴ ʠʤʝʝʪ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ ʪʠʧʘ TAPS (Twin Annular Premixing 

Swirler) ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ ï TAPS II  [75]. ʕʪʦʪ ʥʦʚʳʡ ʪʠʧ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ (ʨʠʩʫ-

ʥʦʢ 2.23) ʥʘʯʘʣ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʢʦʤʧʘʥʠʝʡ GE ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ Tech 56. ʂʦʥ-

ʮʝʧʪʫʘʣʴʥʦ ʵʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʜʦʙʥʘ ʜʚʫʭʢʦʣʴʮʝʚʦʡ ʂʉ, ʪʘʢʞʝ ʠʤʝʝʪ ʜʚʝ ʟʦʥʳ ʩʛʦ-

ʨʘʥʠʷ. ʆʜʥʘʢʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʵʪʠ ʟʦʥʳ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʚʠʜʝ ʦʜʥʦʡ ʙʦʣʴʰʦʡ ʛʦ-

ʨʝʣʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʵʬʬʝʢʪʠʚʥʫʶ ʟʘʢʨʫʪʢʫ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʦʨʦʰʦ ʧʝʨʝʤʝ-

ʰʘʥʥʦʡ ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ. ɿʘ ʩʯʸʪ ʵʪʦʛʦ ʪʘʢʘʷ ʢʘʤʝʨʘ ʠʤʝʝʪ ʚʳʙʨʦʩʳ NO 

ʥʘ 46% ʤʝʥʴʰʝ, ʯʝʤ ʦʙʳʯʥʘʷ ʂʉ ʠ ʥʘ 22% ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ DAC.  

 

 

ʈʠʩʫʥʦʢ 2.23 ï ʂʉ ʜʚʠʛʘʪʝʣʷ LEAP-1 
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2.1.1.5 ʂʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ International Aero Engines 

ɺ 1989 ʛʦʜʫ ʙʳʣʦ ʥʘʯʘʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʚʠʛʘʪʝʣʷ V2500 (ʨʠʩʫʥʦʢ 2.24), ʩʦ-

ʟʜʘʥʥʦʛʦ ʢʦʥʩʦʨʮʠʫʤʦʤ International Aero Engines, ʦʙʲʝʜʠʥʠʚʰʠʤ ʫʩʠʣʠʷ Pratt & 

Whitney, Rolls-Royce, Japanese Aero Engine Corporation ʠ MTU. ʉʝʤʝʡʩʪʚʦ 

ʜʚʠʛʘʪʝʣʝʡ ʦʭʚʘʪʳʚʘʝʪ ʧʦ ʪʷʛʝ ʜʠʘʧʘʟʦʥ ʦʪ 97 ʜʦ 155 ʢʅ. 

 

ʈʠʩʫʥʦʢ 2.24 ï ɼʚʠʛʘʪʝʣʴ V2500 [76] 

 

ɼʚʠʛʘʪʝʣʝʤ ʦʩʥʘʱʝʥʳ ʩʘʤʦʣʸʪʳ Airbus A320 ʠ McDonnell Douglas MD90. ʂʉ 

ʜʚʠʛʘʪʝʣʷ ʢʦʣʴʮʝʚʘʷ [77], ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.25. 

 

 

ʈʠʩʫʥʦʢ 2.25 ʂʉ ʜʚʠʛʘʪʝʣʷ V2500 [5] 
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2.1.1.6 ʂʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ  

ʇʝʨʚʳʤ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʊʈɼɼ ʜʣʷ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʩʪʘʣ ɼ-20ʇ ʂɹ 

ʇ.ɸ. ʉʦʣʦʚʴʸʚʘ (1955 ʛ.) ï ʩʤ. ʨʠʩʫʥʦʢ 2.26. ɼʚʠʛʘʪʝʣʴ ʧʨʠʤʝʥʷʣʩʷ ʥʘ ʊʫ-124, ʪʷʛʘ 

ʧʦʨʷʜʢʘ 53 ʢʅ.  

 

 

ʈʠʩʫʥʦʢ 2.26 ï ɼʚʠʛʘʪʝʣʴ ɼ-20ʇ [78] 

 

ɼʚʠʛʘʪʝʣʴ ʠʤʝʣ ʪʨʫʙʯʘʪʦ-ʢʦʣʴʮʝʚʫʶ ʂʉ ʩ 12-ʶ ɾʊ [79]. 

ɿʘ ʥʠʤ ʧʦʩʣʝʜʦʚʘʣ ʜʚʠʛʘʪʝʣʴ ɼ-30 (1 ʩʝʨʠʷ, 1963 ʛ.) ï ʨʠʩʫʥʦʢ 2.27.  

 

ʈʠʩʫʥʦʢ 2.27 ï ɼʚʠʛʘʪʝʣʴ ɼ-30 [78, 80] 
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ʊʷʛʘ ʤʦʜʠʬʠʢʘʮʠʡ ʜʚʠʛʘʪʝʣʷ ʦʪ 66,7 ʜʦ 118 ʢʅ. ʂʉ ï ʪʨʫʙʯʘʪʦ-ʢʦʣʴʮʝʚʘʷ, 

12 ɾʊ [80, 81], ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.28. 

 

ʈʠʩʫʥʦʢ 2.28 ï ʂʉ ʜʚʠʛʘʪʝʣʷ ɼ-30 [80] 

 

ɼʚʠʛʘʪʝʣʴ ʚʳʧʫʩʢʘʣʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʩʝʨʠʷʤʠ, ʘ ʪʘʢʞʝ ʚ ʤʦʜʠʬʠʢʘʮʠʷʭ ɼ-

30ʂʇ (ʨʠʩʫʥʦʢ 2.29) ʠ ɼ-30ʂʋ. ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʥʘ ʊʫ-134, ʊʫ-154 ʠ ʜʨ. 

 

ʈʠʩʫʥʦʢ 2.29 ï ɼʚʠʛʘʪʝʣʴ ɼ-30ʂʇ2 [78, 81] 

 

ʉʣʝʜʫʶʱʠʤ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʊʈɼɼ ʩʪʘʣ ʜʚʠʛʘʪʝʣʴ ʅʂ-8 (1964 ʛ.). ʅʂ-8 (ʨʠ-

ʩʫʥʦʢ 2.30) ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʥʘ ʩʘʤʦʣʸʪ ʊʫ-154. ʊʷʛʘ 93é103 ʢʅ. 

 

ʈʠʩʫʥʦʢ 2.30 ï ɼʚʠʛʘʪʝʣʴ ʅʂ-8 [82] 
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ʂʉ ʢʦʣʴʮʝʚʘʷ, ʤʥʦʛʦʬʦʨʩʫʥʦʯʥʘʷ [82]. ʆʥʘ (ʨʠʩʫʥʦʢ 2.31) ʠʤʝʝʪ 139 ʬʦʨ-

ʩʫʥʦʢ, ʨʘʟʤʝʱʸʥʥʳʭ ʚ ʜʚʘ ʨʷʜʘ. ɺʦ ʚʥʝʰʥʝʤ ʨʷʜʫ 35 ʠʟ 70 ʬʦʨʩʫʥʦʢ ʧʦʜʘʶʪ ʪʦʧ-

ʣʠʚʦ ʪʦʣʴʢʦ ʥʘ ʨʝʞʠʤʝ ʤʘʣʦʛʦ ʛʘʟʘ, ʘ ʦʩʪʘʚʰʠʝʩʷ ʬʦʨʩʫʥʢʠ ʦʙʦʠʭ ʨʷʜʦʚ ï ʥʘ ʦʩ-

ʥʦʚʥʳʭ ʨʝʞʠʤʘʭ. ʇʦ ʩʫʪʠ ʵʪʦ ʜʚʫʭʟʦʥʥʘʷ ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ, ʩ ʧʠʣʦʪʥʦʡ ʟʦʥʦʡ ʛʦʨʝ-

ʥʠʷ ʜʣʷ ʨʝʞʠʤʦʚ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʠ ʦʩʥʦʚʥʦʡ-ʜʣʷ ʨʝʞʠʤʦʚ ʩ ʙʦʣʴʰʦʡ ʪʷʛʦʡ.  

 

ʈʠʩʫʥʦʢ 2.31 ï ʂʉ ʜʚʠʛʘʪʝʣʷ ʅʂ-8 

 

ɺ 1977 ʛʦʜʫ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʚʠʛʘʪʝʣʴ ɼ-36 (ʨʠʩʫʥʦʢ 2.32) ʜʣʷ ʫʟʢʦʬʶʟʝʣʷʞ-

ʥʦʛʦ ʩʘʤʦʣʸʪʘ ʗʂ-42. ʊʷʛʘ 63,7 ʢʅ. 

 

ʈʠʩʫʥʦʢ 2.32 ï ɼʚʠʛʘʪʝʣʴ ɼ-36 [78] 

 

ʂʉ ʜʚʠʛʘʪʝʣʷ ï ʢʦʣʴʮʝʚʘʷ [83], ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.33. 
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ʈʠʩʫʥʦʢ 2.33 ï ʂʉ ʜʚʠʛʘʪʝʣʷ ɼ-36 [83] 

 

ʉ 1985 ʙʳʣʘ ʥʘʯʘʪʘ ʨʘʟʨʘʙʦʪʢʘ ʜʚʠʛʘʪʝʣʷ ɼ-436 (ʨʠʩʫʥʦʢ 2.34) ʜʣʷ ʫʟʢʦʬʶ-

ʟʝʣʷʞʥʦʛʦ ʩʘʤʦʣʸʪʘ ʙʣʠʞʥʝʡ ʠ ʩʨʝʜʥʝʡ ʜʘʣʴʥʦʩʪʠ ʊʫ-334. ʊʷʛʘ ʦʪ 73 ʜʦ 88 ʢʅ. 

 

ʈʠʩʫʥʦʢ 2.34 ï ɼʚʠʛʘʪʝʣʴ ɼ-436ʊ [78] 

ɽʛʦ ʢʦʣʴʮʝʚʘʷ ʂʉ, ʠʟʦʙʨʘʞʸʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 2.35, ʠʤʝʝʪ 18 ʪʦʧʣʠʚʥʳʭ ʬʦʨ-

ʩʫʥʦʢ (ʠʟ ʥʠʭ 4-ʘʵʨʦʬʦʨʩʫʥʢʠ) ʠ ʜʚʘ ʚʦʩʧʣʘʤʝʥʠʪʝʣʷ [79]. 

 

ʈʠʩʫʥʦʢ 2.35 ï ʂʉ ʜʚʠʛʘʪʝʣʷ ɼ-436 [78] 
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ʂ 2008 ʛʦʜʫ ʩʦʚʤʝʩʪʥʳʤ ʧʨʝʜʧʨʠʷʪʠʝʤ ʧʨʠ ʫʯʘʩʪʠʠ ʇɸʆ çʆɼʂ-ʉʘʪʫʨʥè ʠ 

ʬʨʘʥʮʫʟʩʢʦʡ ʢʦʤʧʘʥʠʠ çSnecmaè ʨʘʟʨʘʙʦʪʘʥ ʜʚʠʛʘʪʝʣʴ SaM146 (ʨʠʩʫʥʦʢ 2.36) ʜʣʷ 

ʩʘʤʦʣʸʪʘ Sukhoi Superjet 100. ɼʚʠʛʘʪʝʣʴ ʩʦʟʜʘʥ ʥʘ ʙʘʟʝ CFM 56. ʊʷʛʘ ʦʪ 68 ʜʦ 79 ʢʅ. 

 

ʈʠʩʫʥʦʢ 2.36 ï ɼʚʠʛʘʪʝʣʴ SʘM146 [84] 

ʂʦʣʴʮʝʚʘʷ ʂʉ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 2.37 ʨʘʟʨʘʙʦʪʘʥʘ ʬʨʘʥʮʫʟʩʢʦʡ ʢʦʤʧʘ-

ʥʠʝʡ [84]. 

 

ʈʠʩʫʥʦʢ 2.37 ï ʂʉ ʜʚʠʛʘʪʝʣʷ SʘM146 [84] 
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ʉ 2008 ʛʦʜʘ ʚʝʜʸʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʜʚʠʛʘʪʝʣʷ ʇɼ-14, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʄʉ-

21 ʠ Sukhoi Superjet 100, ʪʷʛʦʡ ʦʢʦʣʦ 137 ʢʅ ï ʨʠʩʫʥʦʢ 2.38. ʂʉ ï ʢʦʣʴʮʝʚʘʷ. 

 

ʈʠʩʫʥʦʢ 2.38 ï ɼʚʠʛʘʪʝʣʴ ʇɼ-14 [85] 

 

2.1.2. ʂʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʊʈɼɼ ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʳʭ ʩʘʤʦʣʸʪʦʚ 

2.1.2.1. ʂʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ Pratt & Whitney  

ʇʝʨʚʳʤ ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʳʤ ʩʘʤʦʣʸʪʦʤ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʩʪʘʣ Boe-

ing 747. ʆʥ ʦʩʥʘʱʘʣʩʷ ʜʚʠʛʘʪʝʣʝʤ Pratt & Whitney JT9D (1966 ʛ.), ʪʷʛʘ ʤʦʜʠʬʠʢʘ-

ʮʠʡ ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 213 ʜʦ 243 ʢʅ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ JT9D (ʨʠʩʫʥʦʢ 2.39) ʩʪʘʣ 

ʧʝʨʚʳʤ ʜʚʠʛʘʪʝʣʝʤ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ ʜʣʷ ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʳʭ 

ʩʘʤʦʣʸʪʦʚ. 

ʂʉ ʜʚʠʛʘʪʝʣʷ ï ʢʦʣʴʮʝʚʘʷ [53]. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʛʦʣʦʚʥʘʷ ʯʘʩʪʴ ʢʘʤʝʨʳ ʩʛʦʨʘ-

ʥʠʷ ʦʙʲʝʜʠʥʝʥʘ ʩ ʢʦʨʧʫʩʦʤ ʜʠʬʬʫʟʦʨʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʦʧʦʨʘʤʠ ʚʘʣʦʚ ʠ ʦʙʱʫʶ ʜʣʠʥʫ ʜʚʠʛʘʪʝʣʷ. 

ʈʘʟʚʠʪʠʝʤ ʠ ʧʨʝʝʤʥʠʢʦʤ JT9D ʩʪʘʣ ʜʚʠʛʘʪʝʣʴ PW4000 (1984 ʛ.) ï ʨʠʩʫʥʦʢ 

2.40. ɼʚʠʛʘʪʝʣʷʤʠ ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ ʦʩʥʘʱʘʣʠʩʴ ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʳʝ ʩʘʤʦʣʸʪʳ Air-

bus 330 ʠ Boeing 777. 
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ʈʠʩʫʥʦʢ 2.39 ï ɼʚʠʛʘʪʝʣʴ JT9D-7F [53] 

 

 

 

ʈʠʩʫʥʦʢ 2.40 ï ɼʚʠʛʘʪʝʣ ɹPW 4168 [86, 87] 

 

ʊʨʠ ʩʝʨʠʠ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʜʥʦʤ ʛʘʟʦʛʝʥʝʨʘʪʦʨʝ. ʂʦʣʴʮʝʚʘʷ ʂʉ ʩ 

ʩʨʳʚʥʳʤ ʜʠʬʬʫʟʦʨʦʤ ʜʚʠʛʘʪʝʣʷ PW4090 ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.41. ɾʊ ʠʤʝʝʪ 24 

ʬʦʨʩʫʥʢʠ ʩ ʧʥʝʚʤʦʨʘʩʧʳʣʦʤ. 
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ʈʠʩʫʥʦʢ 2.41 ï ʂʉ PW4090 [88] ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ (1997 ʛ.) 

 

ɼʚʠʛʘʪʝʣʴ PW4098 (1999 ʛ.) ʙʳʣ ʦʩʥʘʱʸʥ ʂʉ TALON I [88], ʨʠʩʫʥʦʢ 2.42. 

 

ʈʠʩʫʥʦʢ 2.42 ï ʂʉ ʪʠʧʘ TALON I [88] 

  

ʅʘ ʜʚʠʛʘʪʝʣʷʭ PW4158 (2000 ʛ.) ʠ PW4168 (2001 ʛ.) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʤʝʨʳ 

ʩʛʦʨʘʥʠʷ TALON II  [88] ï ʨʠʩʫʥʦʢ 2.43. 

 

ʈʠʩʫʥʦʢ 2.43 ï ʂʉ ʪʠʧʘ TALON II  [88] 
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2.1.2.2 ʂʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ Rolls-Royce 

ɺ 1969 ʛ. ʙʳʣ ʚʳʧʦʣʥʝʥ ʟʘʧʫʩʢ ʜʚʠʛʘʪʝʣ ̫RB 211, ʧʦʣʦʞʠʚʰʠʡ ʥʘʯʘʣʦ ʮʝ-

ʣʦʤʫ ʩʝʤʝʡʩʪʚʫ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʜʚʫʭʢʦʥʪʫʨ-

ʥʦʩʪʠ (ʨʠʩʫʥʦʢ 2.44). ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʜʚʠʛʘʪʝʣʴ ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʜʣʷ ʩʨʝʜʥʝ ï ʠ 

ʜʘʣʴʥʝʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʦʛʦ ʩʘʤʦʣʸʪʘ Lockheed L-1011TriStar. ɺ 

ʧʦʩʣʝʜʩʪʚʠʠ ʜʚʠʛʘʪʝʣʴ ʧʨʠʤʝʥʷʣʩʷ ʥʘ ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʳʭ ʩʘʤʦʣʸʪʘʭ Boeing 747, 

Boeing 767 ʠ ʫʟʢʦʬʶʟʝʣʷʞʥʳʭ Boeing 757, ʊʫ-204. ʊʷʛʘ ʜʚʠʛʘʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ (ʨʠ-

ʩʫʥʢʠ 2.44é 2.46). ʩʦʩʪʘʚʣʷʝʪ ʦʪ 186 ʜʦ 269 ʢʅ. 

 

ʈʠʩʫʥʦʢ 2.44 ï ɼʚʠʛʘʪʝʣʴ RB211-22B 

 

 

 

 

ʈʠʩʫʥʦʢ 2.45 ï ɼʚʠʛʘʪʝʣʴ ʠ ʂʉ RB 211-524 [89, 90] 
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ʈʠʩʫʥʦʢ 2.46 ï ɼʚʠʛʘʪʝʣʴ RB211-535 [91] 

 

ɹʦʣʴʰʠʥʩʪʚʦ ʤʦʜʠʬʠʢʘʮʠʡ ʜʚʠʛʘʪʝʣʷ ʦʩʥʘʱʘʣʦʩʴ ʦʜʥʦʢʦʣʴʮʝʚʦʡ ʂʉ ʩ 18 

ʬʦʨʩʫʥʢʘʤʠ ʩ ʧʥʝʚʤʦʨʘʩʧʳʣʦʤ [53] ï ʩʤ. ʨʠʩʫʥʦʢ 2.47. 

 

ʈʠʩʫʥʦʢ 2.47 ï ʂʉ ʜʚʠʛʘʪʝʣʷ RB211 [53]: 1 ï ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʟʘʪʝʥʝʥʥʳʡ ʚʭʦʜ,  

2 ï ʦʭʣʘʞʜʝʥʠʝ ʩʪʝʥʦʢ, 3 ï ʬʦʨʩʫʥʢʘ ʩ ʚʦʟʜʫʰʥʳʤ ʨʘʩʧʳʣʦʤ 

 

ʅʝʢʦʪʦʨʳʝ ʤʦʜʠʬʠʢʘʮʠʠ (RB 211-524G, RB 211-524 H-T ʠ RB 211-535 E4) 

ʠʤʝʣʠ ʦʜʥʦʢʦʣʴʮʝʚʳʝ ʂʉ ʩ 24 ʬʦʨʩʫʥʢʘʤʠ. 

ɼʚʠʛʘʪʝʣʴ RB 211 ʧʦʩʣʫʞʠʣ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʩʝʤʝʡʩʪʚʘ ʜʚʠʛʘʪʝ-

ʣʝʡ Trent. ʈʘʟʨʘʙʦʪʢʘ ʊʈɼɼ Trent ʙʳʣʘ ʥʘʯʘʪʘ ʢʦʤʧʘʥʠʝʡ Rolls-Royce ʚʦ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʝ 1980-ʭ ʛʦʜʦʚ. ɼʚʠʛʘʪʝʣʠ ʧʨʝʜʥʘʟʥʘʯʘʣʠʩʴ ʜʣʷ ʩʨʝʜʥʝ- ʠ ʜʘʣʴʥʝʤʘʛʠ-

ʩʪʨʘʣʴʥʳʭ ʣʘʡʥʝʨʦʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ. 

ʇʝʨʚʳʤ ʜʚʠʛʘʪʝʣʝʤ ʥʦʚʦʡ ʩʝʨʠʠ ʩʪʘʣ ʜʚʠʛʘʪʝʣʴ Trent 700 (1990 ʛ.) ï ʨʠʩʫ-

ʥʦʢ 2.48. ʆʥ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʳʭ ʩʘʤʦʣʸʪʘʭ Airbus A330 ʠ 

A340, Boeing 777, 787. ʉʝʤʝʡʩʪʚʦ ʜʚʠʛʘʪʝʣʝʡ Trent 700 ʦʭʚʘʪʳʚʘʝʪ ʧʦ ʪʷʛʝ ʜʠʘʧʘʟʦʥ 

ʦʪ 300 ʜʦ 316 ʢʅ. ʂʉ ʢʦʣʴʮʝʚʦʛʦ ʪʠʧʘ ʩ 24 ʪʦʧʣʠʚʥʳʤʠ ʬʦʨʩʫʥʢʘʤʠ [92]. 
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ʈʠʩʫʥʦʢ 2.48 ï ɼʚʠʛʘʪʝʣʴ Trent 700 [92, 93] 

 

Trent 800, ʧʝʨʚʳʡ ʟʘʧʫʩʢ ʚ 1993 ʛ., ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʜʣʷ ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʦʛʦ 

ʣʘʡʥʝʨʘ Boeing 777 (ʨʠʩʫʥʦʢ 2.49). ʊʷʛʘ ʜʚʠʛʘʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘ-

ʟʦʥʝ ʦʪ 340 ʜʦ 413 ʢʅ. ʂʉ ʢʦʣʴʮʝʚʘʷ, ʩ 24 ʬʦʨʩʫʥʢʘʤʠ. 

 

 

ʈʠʩʫʥʦʢ 2.49 ï ɼʚʠʛʘʪʝʣʴ Trent 800 [94] 

 

ɺ 1999 ʛʦʜʫ ʙʳʣ ʩʦʟʜʘʥ ʜʚʠʛʘʪʝʣʴ Trent 500 (ʨʠʩʫʥʦʢ 2.50) ʜʣʷ ʙʦʣʴʰʠʭ ʤʦ-

ʜʠʬʠʢʘʮʠʡ Airbus ɸ340. ɼʚʠʛʘʪʝʣʴ ʧʦʣʫʯʝʥ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝʤ ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴ-

ʰʝʥʠʷ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ Trent 800 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʥʪʠʣʷʪʦʨʘ Trent 700. 
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ʈʠʩʫʥʦʢ 2.50 ï Trent 500 [95, 93] 

 

ʂʉ Trent 500 ï ʢʦʣʴʮʝʚʘʷ, ʩ 20 ʬʦʨʩʫʥʢʘʤʠ [95]. ɼʚʠʛʘʪʝʣʴ ʧʝʨʚʳʤ ʚ ʩʝʤʝʡ-

ʩʪʚʝ Trent ʧʦʣʫʯʠʣ ʂʉ Tiled Phase 5 ʷʯʝʠʩʪʦʡ (ʩʦʪʦʚʦʡ) ʢʦʥʩʪʨʫʢʮʠʠ, ʩ ʥʝʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʟʜʫʭʘ ʥʘ ʦʭʣʘʞʜʝʥʠʝ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʵʪʘ ʂʉ ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʥʘ ʚʩʝ 

ʧʦʩʣʝʜʥʠʝ ʜʚʠʛʘʪʝʣʠ ʩʝʤʝʡʩʪʚʘ. 

ɺ 2003 ʛ. ʙʳʣ ʟʘʧʫʱʝʥ ʜʚʠʛʘʪʝʣʴ Trent 900 (ʨʠʩʫʥʦʢ 2.51), ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘ 

ʙʘʟʝ Trent 800 ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʳʭ Boeing 747 ʠ Airbus A 

380. ʂʉ ʢʦʣʴʮʝʚʘʷ [54]. 

 

 

ʈʠʩʫʥʦʢ 2.51 ï ɼʚʠʛʘʪʝʣʴ Trent 900 (ʩ ʧʣʘʢʘʪʘ Rolls-Royce Trent 900) 

 

ɺ 2006 ʛʦʜʫ ʧʨʦʚʝʣʠ ʧʝʨʚʳʡ ʟʘʧʫʩʢ ʜʚʠʛʘʪʝʣʷ Trent 1000 (ʨʠʩʫʥʦʢ 2.52), ʢʦ-

ʪʦʨʳʡ ʷʚʣʷʣʩʷ ʢʦʥʢʫʨʝʥʪʦʤ GEnx ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʥʘ Boeing 787.ɼʚʠʛʘʪʝʣʴ ʩʦʟʜʘ-

ʚʘʣʩʷ ʥʘ ʦʩʥʦʚʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ Trent 900.  

https://www.google.com/url?sa=i&url=https%3A%2F%2Fit.pinterest.com%2Fpin%2F725220346218622330%2F&psig=AOvVaw2tsVQ9pVPiIsTuW0y8m4Of&ust=1758602591242000&source=images&cd=vfe&opi=89978449&ved=0CBgQjhxqFwoTCMDAyqjH648DFQAAAAAdAAAAABAE
https://www.google.com/url?sa=i&url=https%3A%2F%2Fit.pinterest.com%2Fpin%2F725220346218622330%2F&psig=AOvVaw2tsVQ9pVPiIsTuW0y8m4Of&ust=1758602591242000&source=images&cd=vfe&opi=89978449&ved=0CBgQjhxqFwoTCMDAyqjH648DFQAAAAAdAAAAABAE
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ʈʠʩʫʥʦʢ 2.52 ï Trent 1000 (ʩ Rolls-Royce Trent 1000 presentation) 

 

ʂʉ ʢʦʣʴʮʝʚʘʷ, 24 ʬʦʨʩʫʥʢʠ. ʂʘʢ ʠ ʥʘ ʜʚʠʛʘʪʝʣʷʭ Trent 500/800/900, ʥʘ Trent 

1000 ʠʩʧʦʣʴʟʫʝʪʩʷ ʂʉ ʪʠʧʘ Tiled Phase 5 [93], ʨʠʩʫʥʦʢ 2.53. 

 

      

ʈʠʩʫʥʦʢ 2.53 ï ʂʉ ʜʚʠʛʘʪʝʣʷ Trent Tiled Phase 5 [58] 

 

ɺ 2010 ʛ ʩʦʩʪʦʷʣʩʷ ʧʝʨʚʳʡ ʟʘʧʫʩʢ ʜʚʠʛʘʪʝʣʷ Trent XWB (ʨʠʩʫʥʦʢ 2.54), ʧʨʝʜ-

ʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ Airbus A350. ʕʪʦ ʩʘʤʳʝ ʤʦʱʥʳʝ ʜʚʠʛʘʪʝʣʠ ʚ ʩʝʤʝʡʩʪʚʝ Trent, ʩ 

ʪʷʛʦʡ 375ï431 ʢʅ. ɼʚʠʛʘʪʝʣʴ ʠʤʝʝʪ ʢʦʣʴʮʝʚʫʶ ʂʉ ʩ 20 ʬʦʨʩʫʥʢʘʤʠ, ʠʩʧʦʣʴʟʫʶ-

ʱʫʶ ʧʝʨʝʜʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʚʳʩʦʢʦʡ ʞʘʨʦʩʪʦʡʢʦʩʪʴʶ. 



73 

 

 

 

ʈʠʩʫʥʦʢ 2.54-ɼʚʠʛʘʪʝʣʴ Trent XWB [96] 

  

ɺ 2015 ʛ. ʚʧʝʨʚʳʝ ʟʘʧʫʰʝʥ ʜʚʠʛʘʪʝʣʴ Trent 7000 ʜʣʷ ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʦʛʦ 

Airbus A330 neo. ʂʦʥʩʪʨʫʢʮʠʷ ʦʩʥʦʚʘʥʘ ʥʘ Trent 1000 ʠ ʪʝʭʥʦʣʦʛʠʷʭ T/rent XWB 

(ʨʠʩʫʥʦʢ 2.55). ʂC ï ʢʦʣʴʮʝʚʘʷ ʩ 18 ʬʦʨʩʫʥʢʘʤʠ. 

 

 

ʈʠʩʫʥʦʢ 2.55 ï ɼʚʠʛʘʪʝʣʴ Trent 7000 [97] 

 

ɺ 2023 ʛʦʜʫ ʠʩʧʳʪʘʥ ʜʝʤʦʥʩʪʨʘʪʦʨ ʜʚʠʛʘʪʝʣʷ Rolls-Royce Ultra Fan, ʢʦʪʦʨʳʡ 

ʙʫʜʝʪ ʩʘʤʤr ʙʦʣʴʰʠʤ ʘʚʠʘʜʚʠʛʘʪʝʣʝʤ ʤʠʨʘ (ʨʠʩʫʥʦʢ 2.56). 
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ʈʠʩʫʥʦʢ 2.56 ï ɼʚʠʛʘʪʝʣʴ UltraFan (ʨʝʢʣʘʤʘ Rolls-Royce) 

 

2.1.2.3. ʂʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ General Electric 

ɼʚʠʛʘʪʝʣʴ ʜʣʷ ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʳʭ ʩʘʤʦʣʸʪʦʚ General Electric CF6 (1971 ʛ) 

ʨʘʟʨʘʙʦʪʘʥ ʥʘ ʙʘʟʝ ʜʚʠʛʘʪʝʣʷ c ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ TF39 (ʨʠʩʫʥʦʢ 

2.57), ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʚʦʝʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʘʤʦʣʸʪʘ. CF6 ʧʨʠʤʝʥʷʣʩʷ ʥʘ 

ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʦʤ ʣʘʡʥʝʨʝ McDonnell Douglas DC-10. ʊʷʛʘ ʜʚʠʛʘʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ 

ʠʟʤʝʥʷʝʪʩʷ ʦʪ 185 ʜʦ 310 ʢʅ. ʄʦʜʠʬʠʢʘʮʠʠ ʜʚʠʛʘʪʝʣʷ ʧʨʠʤʝʥʷʣʠʩʴ ʥʘ ʰʠʨʦʢʦʬʶ-

ʟʝʣʷʞʥʳʭ Airbus A 300, 310, ɸ 330, Boeing 747, ʘ ʪʘʢʞʝ ʧʦʜ ʥʘʠʤʝʥʦʚʘʥʠʝʤ F 103 

ʠ ʥʘ ʚʦʝʥʥʳʭ ʩʘʤʦʣʸʪʘʭ. 

 

ʈʠʩʫʥʦʢ 2.57 ï ɼʚʠʛʘʪʝʣʴ CF6 ʠ ʝʛʦ ʧʨʦʪʦʪʠʧ [53] 

 

ʂʉ ʢʦʣʴʮʝʚʦʛʦ ʪʠʧʘ ʩ 30 ʪʦʧʣʠʚʥʳʤʠ ʛʦʨʝʣʢʘʤʠ ʩ ʟʘʚʠʭʨʠʪʝʣʷʤʠ [53] ï ʨʠ-

ʩʫʥʦʢ 2.58. 
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ʈʠʩʫʥʦʢ 2.58 ï ʂʉ ʜʚʠʛʘʪʝʣʷ CF6-50 [53] 

 

ʆʜʥʦʡ ʠʟ ʧʦʩʣʝʜʥʠʭ ʤʦʜʠʬʠʢʘʮʠʡ ʜʚʠʛʘʪʝʣʷ ʷʚʣʷʝʪʩʷ CF6-80C2, ʧʦʢʘʟʘʥʥʘʷ 

ʥʘ ʨʠʩʫʥʢʝ 2.59. 

 

ʈʠʩʫʥʦʢ 2.59 ï ɼʚʠʛʘʪʝʣʴ CF6-80C2 [98] 

 

ɼʚʠʛʘʪʝʣʴ GE90 ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ 1990 ʛ. ʜʣʷ Boeing 777. ʊʷʛʘ ʜʚʠʛʘʪʝʣʝʡ 

ʩʝʤʝʡʩʪʚʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 343 ʜʦ 512 ʢʅ ï ʨʠʩʫʥʦʢ 2.60. 

 

ʈʠʩʫʥʦʢ 2.60 ï ɹʘʟʦʚʳʡ ʜʚʠʛʘʪʝʣʴ GE90-94 ʠ ʜʚʠʛʘʪʝʣʴ 

ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʷʛʦʡ GE90-115 [99] 
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ʅʘ GE90 ʧʨʠʤʝʥʝʥʳ ʂʉ DAC ï ʩʤ. ʨʠʩʫʥʦʢ 2.61. 

 

ʈʠʩʫʥʦʢ 2.61 ï ʂʉ ʜʚʠʛʘʪʝʣʷ GE90 [100] 

 

ɺ 2006 ʛ. ʦʩʫʱʝʩʪʚʣʸʥ ʧʝʨʚʳʡ ʟʘʧʫʩʢ ʜʚʠʛʘʪʝʣʷ GEnx ï ʨʠʩʫʥʦʢ 2.62. ɼʚʠʛʘ-

ʪʝʣʴ ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʜʣʷ Boeing 787. ʉʝʤʝʡʩʪʚʦ ʜʚʠʛʘʪʝʣʝʡ ʧʨʠʰʣʦ ʥʘ ʩʤʝʥʫ ʩʝ-

ʤʝʡʩʪʚʫ CF6. ʊʷʛʘ ʜʚʠʛʘʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ GEnx ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 295é338 ʢʅ.  

 

 

ʈʠʩʫʥʦʢ 2.62 ï ɼʚʠʛʘʪʝʣʴ GEnx-1B 

 

ɼʚʠʛʘʪʝʣʴ ʦʩʥʘʱʘʝʪʩʷ ʂʉ ʪʠʧʘ TAPS I (2008 ʛ.), ʦʜʥʦʢʦʣʴʮʝʚʦʡ ʩ ʜʚʦʡʥʳʤ 

ʟʘʢʨʫʯʝʥʥʳʤ ʧʦʪʦʢʦʤ ʠ ʜʚʫʤʷ ʟʦʥʘʤʠ ʛʦʨʝʥʠʷ ʟʘ ʛʦʨʝʣʢʦʡ [101] ï ʨʠʩʫʥʦʢ 2.63. 
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ʈʠʩʫʥʦʢ 2.63-ʂʉ ʜʚʠʛʘʪʝʣ ̫GEnx [102, 103] 

 

ɺ 2016 ʛ. ʚʳʧʦʣʥʝʥ ʧʝʨʚʳʡ ʟʘʧʫʩʢ ʜʚʠʛʘʪʝʣʷ GE9X (ʨʠʩʫʥʦʢ 2.64), ʥʘʭʦʜʷ-

ʱʝʛʦʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ Boeing 777X. ɼʚʠʛʘʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʘʣʴʪʝʨʥʘʪʠʚʫ ʜʚʠʛʘʪʝʣʶ Ultra Fan ʠ ʨʘʟʨʘʙʦʪʘʥ ʥʘ ʦʩʥʦʚʝ GE90. 

 

ʈʠʩʫʥʦʢ 2.64 ï ɼʚʠʛʘʪʝʣʴ GE9X (ʩ ʨʝʢʣʘʤʳ General Electric) 

 

ʂʉ ʪʠʧʘ TAPS III  [104] ï ʨʠʩʫʥʦʢ 2.65. ʗʚʣʷʝʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ TAPS 

II ʜʚʠʛʘʪʝʣʷ LEAP. ɺ ʂʉ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʢʦʥʝʯʥʠʢʠ ʪʦʧʣʠʚʥʳʭ ʬʦʨʩʫʥʦʢ, ʠʟʛʦ-

ʪʦʚʣʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʜʜʠʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʥʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 

ʢʫʧʦʣʘ ʂʉ ʠ ʚʥʫʪʨʝʥʥʠʝ ʠ ʚʥʝʰʥʠʝ ʯʘʩʪʠ ɾʊ ʠʟ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʢʝʨʘ-

ʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ (ʂʄʂ), ʫʚʝʣʠʯʠʚʘʶʱʠʝ ʨʝʩʫʨʩ ʠ ʩʥʠʞʘʶʱʠʝ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ 

ʥʘ ʦʭʣʘʞʜʝʥʠʝ ɾʊ. ʇʨʠ ʵʪʦʤ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʌʋ ʥʘʦʙʦʨʦʪ ʫʚʝʣʠʯʝʥ. ɿʘ ʩʯyʪ 

ʙʦʣʝʝ ʦʙʝʜʥʥyʥʦʛʦ ʛʦʨʝʥʠʷ, GE9X ʠʤʝʝʪ 30% ʟʘʧʘʩ ʧʦ ʩʪʘʥʜʘʨʪʘʤ ICAO CAEP / 8 

ʜʣʷ NOx. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʵʪʦʡ ʂʉ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʚʳʙʨʦʩʦʚ, ʠʥʞʝʥʝʨʳ GE 

ʩʦʛʣʘʩʦʚʘʣʠ ʩʠʩʪʝʤʫ ʛʦʨʝʥʠʷ ʩ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʜʣʷ ʚʩʝʭ ʜʚʠʛʘʪʝʣʝʡ GE ʩʪʝʧʝʥʴʶ 

ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʚʭʦʜʝ ʚ ʥʝʸ (60:1). 
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GE ʥʘʯʘʣʘ ʨʘʟʨʘʙʦʪʢʫ ʂʉ TAPS III ʚ 2011 ʛʦʜʫ, ʘ ʚ 2012 ʛʦʜʫ ʠʩʧʳʪʘʣʘ ʝʸ 

ʢʦʤʧʦʥʝʥʪʳ. ʀʩʧʳʪʘʥʠʷ 2014 ʛ. ʧʦʜʪʚʝʨʜʠʣʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ 

ʯʘʩʪʝʡ ʞʘʨʦʚʦʡ ʪʨʫʙʳ, ʚʧʝʨʚʳʝ ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʂʄʂ.  

 

 

ʈʠʩʫʥʦʢ 2.65 ï ʂʉ TAPS III  [104] 

2.1.2.4 ʂʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ Engine Alliance 

Engine Alliance ï ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚ ʉʐɸ, ʩʦʚʤʝʩʪ-

ʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʧʨʠ ʜʦʣʝʚʦʤ ʫʯʘʩʪʠʠ GE Aerospace ʠ Pratt & Whitney. ɺ 2004 ʛʦʜʫ 

ʚʳʧʫʱʝʥ ʧʝʨʚʳʡ ʜʚʠʛʘʪʝʣʴ ʵʪʦʛʦ ʘʣʴʷʥʩʘ ʩʝʤʝʡʩʪʚʘ GP7200 (ʨʠʩʫʥʦʢ 2.66) ʜʣʷ ʰʠ-

ʨʦʢʦʬʶʟʝʣʷʞʥʦʛʦ ɸ-380. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʠʤʝʥʷʣʦʩʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ 

ʜʚʠʛʘʪʝʣʷ GE90-115ɺ. ʊʷʛʘ ʩʝʤʝʡʩʪʚʘ ʜʚʠʛʘʪʝʣʝʡ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 332 ʜʦ 357 ʢʅ. ɼʚʠ-

ʛʘʪʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʘ ʩʘʤʦʣʸʪʘʭ Boeing 747 ʠ Airbus A380. 

 

ʈʠʩʫʥʦʢ 2.66 ï ɼʚʠʛʘʪʝʣʴ GP7200 [105] 

 

ʆʜʥʦʢʦʣʴʮʝʚʘʷ ʂʉ ʨʘʟʨʘʙʦʪʘʥʘ GE ʠ SNECMA ʥʘ ʦʩʥʦʚʝ ʂʉ CF6. 
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2.1.2.5 ʂʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ɼʚʠʛʘʪʝʣʴ ʅʂ-86 (1979 ʛ), ʧʨʝʜʥʘʟʥʘʯʘʣʩʷ ʜʣʷ ʀʣ-86. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʷʚʣʷʣʩʷ 

ʤʦʜʠʬʠʢʘʮʠʝʡ ʜʚʠʛʘʪʝʣʷ ʅʂ-8 (ʨʠʩʫʥʦʢ 2.67). ʂʉ-ʤʥʦʛʦʬʦʨʩʫʥʦʯʥʘʷ, ʢʦʣʴʮʝʚʘʷ 

[106], ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʘʥʘʣʦʛʠʯʥʘʷ ʂʉ ʅʂ-8. 

 

 

ʈʠʩʫʥʦʢ 2.67 ï ɼʚʠʛʘʪʝʣʴ ʅʂ-86 [106] 

 

ɼʚʠʛʘʪʝʣʴ ʇʉ-90, ʨʘʟʨʘʙʦʪʘʥ (1987 ʛ.) ʜʣʷ ʀʃ-96. ʘ ʪʘʢʞʝ ʜʣʷ ʫʟʢʦʬʶʟʝʣʷʞ-

ʥʳʭ ʊʫ-204 ʠ ʊʫ-214 ï ʩʤ. ʨʠʩʫʥʦʢ 2.68.  

 

ʈʠʩʫʥʦʢ 2.68 ï ɼʚʠʛʘʪʝʣʴ ʇʉ-90ɸ [107] 

 

ɼʚʠʛʘʪʝʣʴ ʦʩʥʘʱʸʥ ʂʉ ʩʛʦʨʘʥʠʷ ʩ 12-ʶ ɾʊ [107] ï ʨʠʩʫʥʦʢ 2.69. ʆʙʱʠʡ ʛʘ-

ʟʦʩʙʦʨʥʠʢ ʚʳʨʘʚʥʠʚʘʝʪ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʞʘʨʦʚʳʤʠ ʪʨʫʙʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʠʤʝʝʪ ʤʝʩʪʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʂʉ ï ʧʝʨʝʜʥʷʷ ʯʘʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʨʫʙʯʘʪʦ-ʢʦʣʴʮʝʚʦʡ, ʘ ʟʘʜʥʷʷ ï ʢʦʣʴʮʝʚʦʡ. 
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ʈʠʩʫʥʦʢ 2.69 ï ʂʉ ʜʚʠʛʘʪʝʣʷ ʇʉ-90ɸ [107] 

 

2.1.3 ɸʥʘʣʠʟ ʦʙʣʠʢʦʚ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʊʈɼɼ 

ʇʨʠʚʝʜʥyʥʳʡ ʚʳʰʝ ʦʙʟʦʨ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʨʘʟʚʠʪʠʝ ʂʉ ʪʫʨʙʦʚʝʥʪʠʣʷ-

ʪʦʨʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ʩʘʤʦʣʸʪʦʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ. ɽʩʣʠ ʜʚʠʛʘʪʝʣʠ ʧʨʠʥʷʪʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʦʧʨʝʜʝʣʸʥʥʳʤ ʧʦʢʦʣʝʥʠʷʤ, ʪʦ ʜʣʷ ʢʘ-

ʤʝʨ ʩʛʦʨʘʥʠʷ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʨʠʟʥʘʢʠ. ʇʨʠʚʝʜʥyʥʦʝ 

ʚʳʰʝ ʦʧʠʩʘʥʠʝ ʨʘʟʚʠʪʠʷ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʊʈɼɼ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʝʩʣʠ ʥʘ ʧʝʨʚʳʭ ʜʚʠ-

ʛʘʪʝʣʷʭ ʫʟʢʦʬʶʟʝʣʷʞʥʳʭ ʩʘʤʦʣʸʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʨʫʙʯʘʪʦ-ʢʦʣʴʮʝʚʳʝ ʂʉ (ɼ-

20ʇ, ɼ-30, RB.80 Conway, Rolls-Royce Spay, JT3D, JT8D), ʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʦ 

ʧʨʦʠʟʦʰʸʣ ʧʝʨʝʭʦʜ ʥʘ ʢʦʣʴʮʝʚʳʝ ʂʉ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʣʠʩʴ ʫʞʝ ʚ ʧʝʨʚʳʭ ʜʚʠʛʘʪʝ-

ʣʷʭ ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʳʭ ʩʘʤʦʣʸʪʦʚ. ʀʤʝʥʥʦ ʵʪʠʤ ʪʠʧʦʤ ʂʉ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʩʥʘʱʘʶʪʩʷ ʚʩʝ ʜʚʠʛʘʪʝʣʠ ʢʘʢ ʰʠʨʦʢʦ-, ʪʘʢ ʠ ʫʟʢʦʬʶʟʝʣʷʞʥʳʭ ʩʘʤʦʣʸʪʦʚ.  

ʇʝʨʚʳʤ ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʳʤ ʩʘʤʦʣʸʪʦʤ ʩʪʘʣ Boeing-747 (1969 ʛ.), ʜʣʷ ʢʦʪʦ-

ʨʦʛʦ ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʜʚʠʛʘʪʝʣʴ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ JT9D, ʟʘ 

ʢʦʪʦʨʳʤ ʧʦʩʣʝʜʦʚʘʣʠ CF6 (ʥʘ ʙʘʟʝ TF39 ʚʦʝʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʘʤʦʣʸʪʘ) ʠ RB 211. 

ɺʩʝ ʪʨʠ ʜʚʠʛʘʪʝʣʷ ʠʤʝʣʠ ʢʦʣʴʮʝʚʳʝ ʂʉ (ʩʤ. ʨʠʩʫʥʦʢ 2.70) ʠ ʦʜʥʦʨʷʜʥʦʝ ʨʘʩʧʦʣʦ-

ʞʝʥʠʝ ʬʦʨʩʫʥʦʢ.  



81 

 

 

                         

 

ʈʠʩʫʥʦʢ 2.70 ï ʂʉ (ʩʣʝʚʘ ʥʘʧʨʘʚʦ) JT9D, CF6, RB211 

 

ʂʉ RB211 ʠʤʝʣʘ 18 ʪʦʧʣʠʚʥʳʭ ʬʦʨʩʫʥʦʢ, ʩ ʦʜʥʦʨʷʜʥʳʤ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʥʘ ʨʘʥʥʠʭ ʤʦʜʠʬʠʢʘʮʠʷʭ ʠ 24 ʬʦʨʩʫʥʢʠ ʥʘ ʤʦʜʠʬʠʢʘʮʠʷʭ G ʠ H, ʂʉ CF6 ʠʤʝʣʘ 30 

ʬʦʨʩʫʥʦʢ, ʘ JT9D ï 20. ʀʥʪʝʨʝʩʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʚʭʦʜʝ 

ʠ ʚʳʭʦʜʝ ʜʘʥʥʳʭ ʂʉ, ʢʦʪʦʨʳʝ ʚʘʞʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʘʣʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ. 

ɼʣʷ ʨʘʥʥʠʭ JT9D ʩʫʤʤʘʨʥʘʷ ʩʪʝʧʝʥʴ ʧʦʚʳʰʝʥʠʷ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 22 ʜʦ 29,4; CF6 ï 

ʦʪ 16,8 ʜʦ 29,4; ʘ RB211 ï ʚ ʨʘʡʦʥʝ 25. ʇʦ ʪʝʤʧʝʨʘʪʫʨʝ ʛʘʟʘ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ ʥʘ 

ʨʘʥʥʠʭ ʤʦʜʠʬʠʢʘʮʠʷʭ ʜʦʩʪʠʛʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ: JT9D ï 

1075ʂ, CF6 ï 1473ʂ, RB211 ï 1550 ʂ. ɺ ʩʨʝʜʥʝʤ ʩʫʤʤʘʨʥʳʝ ʩʪʝʧʝʥʠ ʧʦʚʳʰʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʫ ʪʨʸʭ ʜʚʠʛʘʪʝʣʝʡ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳ, ʘ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʭʦʜʝ ʚ ʪʫʨʙʠʥʫ ʫ 

CF6 ʠ RB211 ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʫ JT9 (ʥʘ ʧʦʟʜʥʠʭ ʤʦʜʠʬʠʢʘʮʠʷʭ ʧʦʚʳʰʝʥʘ 

ʜʦ 1517 ʂ). ʉ ʫʯʸʪʦʤ ʪʨʸʭʚʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʘʤʳʤ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʠʟ ʪʨʸʭ 

ʜʚʠʛʘʪʝʣʝʡ ʙʳʣ RB211. 

ɺ 80-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʚʳʨʘʙʦʪʘʣʘʩʴ ʩʭʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ 

ʧʨʦʮʝʩʩʘ, ʠʥʦʛʜʘ ʥʘʟʳʚʘʝʤʘʷ ʪʠʧʠʯʥʦʡ (ʠʣʠ ʪʨʘʜʠʮʠʦʥʥʦʡ) ï (ʨʠʩʫʥʦʢ 2.71) [5]. 

ʀʥʦʛʜʘ ʧʝʨʚʠʯʥʫʶ ʟʦʥʫ (ʟʦʥʫ ʛʦʨʝʥʠʷ) ʨʘʟʜʝʣʷʶʪ ʥʘ ʜʚʝ ʟʦʥʳ ï ʮʠʨʢʫʣʷʮʠʠ 

ʠ ʜʦʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ (ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʟʦʥʫ). ɺ ʟʦʥʝ ʩʤʝʰʝʥʠʷ ʧʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ 

ʨʘʟʙʘʚʣʷʶʪʩʷ ʚʦʟʜʫʭʦʤ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʥʘ ʚʳʭʦʜʝ ʠʟ ʂʉ ʬʦʨʤʠʨʫʝʪʩʷ ʥʝʦʙʭʦ-

ʜʠʤʦʝ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʪʫʨʙʠʥʳ [5]. 
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ʈʠʩʫʥʦʢ 2.71 ï ʆʙʱʘʷ ʩʭʝʤʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʂʉ [5]: 1 - ʜʠʬʬʫʟʦʨ;  

2 ï ʢʦʣʴʮʝʚʳʝ ʢʘʥʘʣʳ; 3 ï ʢʦʨʧʫʩ ʂʉ; 4 ï ʞʘʨʦʚʘʷ ʪʨʫʙʘ; 5 ï ʦʪʚʝʨʩʪʠʷ ʧʝʨʚʠʯʥʦʡ ʟʦʥʳ;  

6 ï ʦʪʚʝʨʩʪʠʷ ʟʦʥʳ ʩʤʝʰʝʥʠʷ; 7 ï ʦʪʚʝʨʩʪʠʷ ʦʭʣʘʞʜʝʥʠʷ; 8 ï ʪʦʧʣʠʚʥʘʷ ʬʦʨʩʫʥʢʘ;  

9 ï ʬʨʦʥʪʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ; 10 ï ʩʚʝʯʘ ʟʘʞʠʛʘʥʠʷ 

 

ʇʦ ʤʝʨʝ ʫʞʝʩʪʦʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʛʘʟʦʪʫʨʙʠʥʥʳʤ ʜʚʠʛʘʪʝ-

ʣʷʤ, ʥʘ ʩʤʝʥʫ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʛʦʨʝʥʠʷ ʩʪʘʣʠ ʧʨʠʭʦʜʠʪʴ ʢʘʤʝʨʳ ʩ ʜʚʫʤʷ ʟʦʥʘʤʠ 

ʛʦʨʝʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʝʡ ʠʭ ʨʘʙʦʪʳ ʧʦ ʨʝʞʠʤʘʤ ʜʚʠʛʘʪʝʣʷ. ʂ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʂʉ 

ʪʘʢʦʛʦ ʪʠʧʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʤʥʦʛʦʬʦʨʩʫʥʦʯʥʳʝ ʂʉ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʅʂ-

8 ʠ ʅʂ-86 (ʨʠʩʫʥʦʢ 2.72).  

 

ʈʠʩʫʥʦʢ 2.72 ï ʄʥʦʛʦʬʦʨʩʫʥʦʯʥʘʷ ʂʉ ʅʂ-86 

 

ʆʪʝʯʝʩʪʚʝʥʥʳʤ ʦʪʚʝʪʦʤ ʥʘ ʧʦʷʚʣʝʥʠʝ ʟʘʨʫʙʝʞʥʳʭ ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʳʭ ʩʘ-

ʤʦʣʸʪʦʚ ʩʪʘʣ ʘʵʨʦʙʫʩ ʀʣ-86. ʀʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʚʨʝʤʝʥʠ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʜʣʷ ʥʝʛʦ ʘʙ-

ʩʦʣʶʪʥʦ ʥʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʙʳʣʦ ʨʝʰʝʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʦʜʠʬʠʢʘʮʠʶ ʩʫʱʝʩʪʚʫʶ-

ʱʝʛʦ ʜʚʠʛʘʪʝʣʷ ʅʂ-8, ʧʦʟʜʥʝʝ ʩʪʘʚʰʫʶ ʜʚʠʛʘʪʝʣʝʤ ʅʂ-86. ʆʥ ʠʤʝʣ ʙʦʣʝʝ ʥʠʟʢʫʶ 

ʩʪʝʧʝʥʴ ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʛʘʟʘ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ (1260-1280 ʂ). ʆʜ-

ʥʘʢʦ, ʵʪʦʪ ʜʚʠʛʘʪʝʣʴ ʫʥʘʩʣʝʜʦʚʘʣ ʦʪ ʅʂ-8 ʪʘʢʫʶ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʥʦʚʠʥʢʫ, ʢʘʢ 
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ʤʥʦʛʦʬʦʨʩʫʥʦʯʥʘʷ ʂʉ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʭʦʨʦʰʫʶ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʣʷ ʪʝʤʧʝʨʘ-

ʪʫʨ ʛʘʟʘ ʥʘ ʚʭʦʜʝ ʚ ʪʫʨʙʠʥʫ, ʚʳʩʦʢʫʶ ʥʘʜʸʞʥʦʩʪʴ ʠ ʙʝʟʜʳʤʥʦʩʪʴ. ɽʸ ʦʙʣʠʢ ʩʪʘʣ 

ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʩʣʝʜʫʶʱʠʭ ʜʚʠʛʘʪʝʣʝʡ ʅʂ, ʘ ʢʦʥʩʪʨʫʢʮʠʷ ï 

ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʧʦ ʟʘʣʦʞʝʥʥʳʤ ʚ ʥʝʡ ʪʝʭʥʠʯʝʩʢʠʤ ʨʝʰʝʥʠʷʤ ʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ. 

ʇʝʨʚʳʤ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ 

ʩʪʘʣ ʪʨʸʭʚʘʣʴʥʳʡ ɼ-18ʊ, ʧʦʷʚʠʚʰʠʡʩʷ ʧʦʟʜʥʝʝ, ʢʘʢ ʦʪʚʝʪ ʥʘ ʘʤʝʨʠʢʘʥʩʢʠʡ TF39. 

ʇʦ ʨʷʜʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʥ ʙʳʣ ʥʘ ʫʨʦʚʥʝ ʣʫʯʰʠʭ ʦʙʨʘʟʮʦʚ ʩʚʦʝʛʦ ʚʨʝʤʝʥʠ, ʦʜʥʘʢʦ 

ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʪʷʛʠ ʠ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʵʪʦʪ ʜʚʠʛʘʪʝʣʴ ʥʝ ʧʦʜʭʦʜʠʣ ʜʣʷ ʧʘʩʩʘʞʠʨ-

ʩʢʠʭ ʩʘʤʦʣʸʪʦʚ ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʦʣʴʢʦ ʥʘ ʩʚʝʨʭʪʷʞʸʣʳʭ ʪʨʘʥʩʧʦʨʪ-

ʥʳʭ ï ɸʅ-124 ʠ ɸʅ-225. ɽʛʦ ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ ʠʤʝʣʘ ʪʨʘʜʠʮʠʦʥʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ. 

ɿʘ ʨʫʙʝʞʦʤ ʩʭʝʤʘ ʂʉ ʅʂ-8 ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʟʞʝ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʂʉ 

DAC (ʩ 1995 ʛ.), ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʥʘ ʜʚʠʛʘʪʝʣʠ CFM 56-5B, CFM56-7B, ʘ 

ʪʘʢʞʝ GE90-94B, GE90-115B ʠ ʜʨ. (ʨʠʩʫʥʦʢ 2.73). ʊʘʢʘʷ ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ ʠʤʝʝʪ ʜʚʝ 

ʟʦʥʳ ʛʦʨʝʥʠʷ, ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʧʦ ʚʳʩʦʪʝ: ʧʠʣʦʪʥʫʶ ʠ ʦʩʥʦʚʥʫʶ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ 

ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ. 

 

ʈʠʩʫʥʦʢ 2.73 ï ʂʘʤʝʨʘ ʩʛʦʨʘʥʠʷ ʪʠʧʘ DAC GE90 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʩʤʝʥʫ DAC ʧʨʠʰʣʠ ʜʚʝ ʥʦʚʳʭ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʠ 

ʛʦʨʝʥʠʷ: RQL ʠ TAPS. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ RQL ʢʘʢ ʠ ʚ ʪʠʧʠʯʥʳʭ ʂʉ ʨʝʘʣʠʟʫʝʪʩʷ ʛʦʨʝ-

ʥʠʝ ʙʦʛʘʪʦʡ ʩʤʝʩʠ, ʥʦ ʟʘʪʝʤ ʩʣʝʜʫʝʪ ʙʳʩʪʨʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʠ ʛʦʨʝʥʠʝ ʙʝʜʥʦʡ 

ʩʤʝʩʠ. ʇʦ ʩʫʪʠ ʵʪʦ ʜʚʫʭʟʦʥʥʘʷ ʂʉ, ʥʦ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʟʦʥ. ʅʘ 

ʪʘʢʦʤ ʧʨʠʥʮʠʧʝ ʨʘʙʦʪʘʶʪ ʂʉ ʪʠʧʘ TALON,TALON II , TALON X ʬʠʨʤʳ Pratt & 

Whitney (PW4158, PW4168, PW6000, PW1000G ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʂʉ Tiled Phase 5 

ʬʠʨʤʳ Rolls-Royce (ʜʚʠʛʘʪʝʣʠ Trent 500/800/900/1000 ʠ ʜʨ.) ï ʨʠʩʫʥʦʢ 2.74.  
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ʘ)     ʙ) 

ʈʠʩʫʥʦʢ 2.74 ï ʂʘʤʝʨʳ ʩʛʦʨʘʥʠʷ TALON II  (ʘ) ʠ RR Tiled Phase 5 (ʙ) 

 

ʌʠʨʤʘ General Electric ʚ ʩʚʦʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʂʉ ʧʨʠʤʝʥʷʝʪ ʪʝʭʥʦʣʦʛʠʶ TAPS 

ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʩʤʝʰʝʥʠʝʤ ʪʦʧʣʠʚʘ ʩ ʚʦʟʜʫʭʦʤ ʜʦ ʠʭ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ɾʊ ʩ ʧʦ-

ʤʦʱʴʶ ʘʵʨʦʬʦʨʩʫʥʦʢ, ʨʘʟʤʝʱʸʥʥʳʝ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʚʦʟʜʫʰʥʳʭ ʟʘʚʠʭʨʠʪʝʣʷʭ (ʜʚʠ-

ʛʘʪʝʣʠ GEnx, LEAP-1, GE9X ʠ ʜʨ.). ʉʠʩʪʝʤʘ TAPS I ʧʦʢʦʣʝʥʠʷ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʥʘ 

ʜʚʠʛʘʪʝʣʝ GEnx (ʨʠʩʫʥʦʢ 2.75), ʢʦʪʦʨʳʡ ʙʳʣ ʨʘʟʚʠʪʠʝʤ GE90. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʟ-

ʜʫʭʘ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʣʦʩʴ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ (70 % ʧʨʦʭʦʜʠʣʦ 

ʯʝʨʝʟ ʩʤʝʩʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʠ 30 % ʥʘ ʦʭʣʘʞʜʝʥʠʝ). ʉʠʩʪʝʤʘ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ 

(TAPS II) ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʜʚʠʛʘʪʝʣʷ LEAP ʫʟʢʦʬʶʟʝʣʷʞʥʳʭ ʩʘʤʦʣʸʪʦʚ. 

ʅʘʠʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ (TAPS III) ʜʣʷ GE9X. 

ɽʸ ʦʩʦʙʝʥʥʦʩʪʴ ï h ʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʠʤʝʥʝ-

ʥʠʝ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʬʦʨʩʫʥʦʢ ʠ ʩʤʝʩʠʪʝʣʝʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʢʝʨʘʤʠʢʠ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʥʘ ʦʭʣʘʞʜʝʥʠʝ ʩʪʝʥʦʢ 

ʞʘʨʦʚʦʡ ʪʨʫʙʳ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʫʤʝʥʴʰʝʥʠʷ ʜʣʠʥʳ ʢʘ-

ʤʝʨʳ ʩʛʦʨʘʥʠʷ.  

 

ʈʠʩʫʥʦʢ 2.75 ï ʂʘʤʝʨʘ ʩʛʦʨʘʥʠʷ TAPS I GEnx 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ RQL ʠ TAPS ʠʟʤʝʥʷʝʪ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʟʜʫʭʘ ʚ 

ʂʉ ʠ ʝʸ ʦʙʣʠʢ ï ʨʠʩʫʥʦʢ 2.76.  
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ʈʠʩʫʥʦʢ 2.76 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʂʉ RQL (ʩʣʝʚʘ) ʠ TAPS [58] 

 

ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʨʛʘʥʠʟʘʮʠʷ ʛʦʨʝʥʠʷ ʙʝʜʥʦʡ ʩʤʝʩʠ ʧʨʠ ʧʨʦʯʠʭ 

ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʝʙʫʝʪ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʤʝʨʦʚ ʬʨʦʥʪʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ.  

ɺr ʧʦʣʥʝʥʥʳʡ ʘʥʘʣʠʟ ʨʘʟʚʠʪʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ʊʈɼɼ ʜʣʷ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘ-

ʮʠʠ, ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʪʠʧʘ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʣʦ-

ʵʤʠʩʩʠʦʥʥʳʭ ʂʉ: TAPS, TALON ʠ Tiled Phase 5. ɼʚʝ ʧʦʩʣʝʜʥʠʭ ʨʝʘʣʠʟʫʶʪ ʪʝʭ-

ʥʦʣʦʛʠʶ RQL. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠ ̫ʘʚʠʘʮʠ-

ʦʥʥʳʭ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʚʳʙʦʨʘ ʠʭ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʤʧʦ-

ʥʦʚʢʠ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʣʠʢʠ ʠʤʝʥʥʦ ʵʪʠʭ ʂʉ, ʢʘʢ ʧʨʦʰʝʜʰʠʭ 

ʧʨʦʚʝʨʢʫ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʦʜʪʚʝʨʜʠʚʰʠʭ ʩʚʦʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʠ ʦʙʝʩʧʝʯʠʚʰʠʭ ʚʳʧʦʣʥʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʥʠʤ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ɺʠʟʫʘʣʴʥʦ ʦʙʣʠʢʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʦʙʣʠʢʦʚ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʧʨʝʜʳʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ: 

ï ʥʘʣʠʯʠʝʤ ʫʛʣʘ ʥʘʢʣʦʥʘ ʦʩʠ ʂʉ ʢ ʦʩʠ ʜʚʠʛʘʪʝʣʷ; 

ï ʤʝʥʴʰʝʡ ʜʣʠʥʦʡ ʧʦ ʦʩʠ ʜʚʠʛʘʪʝʣʷ; 

ï ʫʚʝʣʠʯʝʥʥʳʤ ʨʘʟʤʝʨʦʤ ʬʨʦʥʪʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ; 

ï ʤʝʥʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʠʘʤʝʪʨʘ ʂʉ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʠʘ-

ʤʝʪʨʫ ʚʝʥʪʠʣʷʪʦʨʘ.  

ɼʣʷ ʦʮʝʥʢʠ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʥʝʦʙʭʦʜʠʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦ-

ʦʪʥʦʰʝʥʠʡ ʂʉ ʠ ʊʈɼɼ, ʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʙʣʠʢʦʚ ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʪʦʪʠʧʦʚ ʧʨʦ-

ʝʢʪʠʨʫʝʤʳʭ ʂʉ ï ʨʘʩʩʤʦʪʨʝʥʠʝ ʨʘʟʤʝʨʦʚ ʠʭ ʵʣʝʤʝʥʪʦʚ.  
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2.2 ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ  

ʠ ʊʈɼɼ ʩʘʤʦʣʸʪʦʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ 

2.2.1 ɿʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ  

ʠ ʊʈɼɼ ʫʟʢʦʬʶʟʝʣʷʞʥʳʭ ʩʘʤʦʣʸʪʦʚ  

ʉ ʧʦʟʠʮʠʡ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʦʟʜʘʥʠʝ ʂʉ ɻʊɼ ʧʨʝʜʧʦʣʘ-

ʛʘʝʪ ʚ ʥʘʯʘʣʝ ʩʦʟʜʘʥʠʝ ʝʸ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ 

ʥʘʪʫʨʥʦʛʦ ʠʟʜʝʣʠʷ ʠ ʝʛʦ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʣʠʢ ʂʉ, ʢʘʢ 

ʫʧʨʦʱʸʥʥʘʷ ʢʦʧʠʷ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ, ʧʦʟʚʦʣʷʝʪ ʫʞʝ ʥʘ ʥʘʯʘʣʴ-

ʥʳʭ ʵʪʘʧʘʭ ʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ ʠ ʧʦʚʳʩʠʪʴ ʝʛʦ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʟʘ ʩʯʸʪ ʚʳʙʦʨʘ ʚʝʨʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ʨʝʰʝʥʠʷ. ɺʝʜʴ ʠʤʝʥʥʦ ʥʘ 

ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʤʝʝʪʩʷ ʦʯʝʥʴ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʘ ʩʘʤʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʦʙʲʝʢʪʝ, ʚ 

ʧʣʘʥʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʜʦʩʪʘʪʦʯʥʦ ʫʩʣʦʚʥʦ ʠʣʠ ʦʪʩʫʪʩʪʚʫʝʪ. ʆʧʳʪ 

ʨʘʟʨʘʙʦʪʢʠ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʠʭ ʂʉ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʝʩʥʫʶ ʚʟʘʠʤʦʩʚʷʟʴ 

ʤʝʞʜʫ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ ʠʟʜʝʣʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʭ ʦʙʣʠʢʘʤʠ, ʠ ʨʘʟʣʠʯ-

ʥʳʤʠ ʚʠʜʘʤʠ ʜʘʥʥʳʭ ʧʦ ʥʠʤ, ʧʦʣʫʯʝʥʥʳʭ ʟʘʪʝʤ ʚ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʷʭ. ʕʪʦʪ 

ʦʧʳʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʤʢʘʭ ʧʦʥʷʪʠʷ ʦ ʮʠʬʨʦʚʦʤ ʜʚʦʡʥʠʢʝ, ʤʦʞʝʪ ʨʘʩʩʤʘʪ-

ʨʠʚʘʪʴʩʷ ʢʘʢ ʯʘʩʪʴ ʩʦʚʦʢʫʧʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ ʥʘ ɻʪʘʧʘʭ ʝʛʦ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ [108] ʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʠʟʜʝʣʠʡ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦ ʂʉ ʊʈɼɼ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʪʘʢʞʝ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʵʬʬʝʢ-

ʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʘʥʘʣʦʛ ʨʝʘʣʴʥʦʛʦ ʠʟʜʝʣʠʷ ʚ ʚʠʜʝ ʪʝʨʤʦʛʘʟʦʜʠʥʘ-

ʤʠʯʝʩʢʦʛʦ ʨʘʩʯʸʪʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʧʦʥʠʤʘʥʠʷ ʜʦʩʪʠʞʠ-

ʤʦʩʪʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʮʠʢʣʘ, ʘ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʠ ʚ ʧʣʘʥʝ ʦʮʝʥʢʠ 

ʨʘʟʤʝʨʦʚ ʠ ʤʘʩʩʳ ʩʦʟʜʘʚʘʝʤʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʕʪʦʪ ʨʘʩʯʸʪ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʙʘʟʦʡ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʜʚʠʛʘʪʝʣʷ ʠ ʝʛʦ ʵʣʝʤʝʥʪʦʚ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʢʘʢ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʫʞʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʠʪ ʦʮʝʥʢʫ 

ʥʝ ʪʦʣʴʢʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʟʜʘʚʘʝʤʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʥʦ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʣʝʪʘʪʝʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ ʦʩʥʘʱʘʝʤʦʛʦ ʠʤ [109, 110].  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʵʪʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʦʙʣʠʢʘ ʠ ʛʝʦʤʝʪʨʠʠ ʵʣʝʤʝʥʪʦʚ ʜʚʠʛʘʪʝʣʷ (ʢʦʤʧʨʝʩʩʦʨʘ, ʂʉ, ʪʫʨ-
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ʙʠʥʳ) ʤʠʥʠʤʘʣʴʥʳ ʠ ʚ ʦʩʥʦʚʥʦʤ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʥʘʠʙʦ-

ʣʝʝ ʭʘʨʘʢʪʝʨʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʜʚʠʛʘʪʝʣʷ. ʂʉ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʨʦ-

ʙʣʝʤʥʳʭ ʫʟʣʦʚ ʊʈɼɼ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʝʸ 

ʩʦʟʜʘʥʠʷ ʠ, ʦʩʦʙʝʥʥʦ ʥʘ ʥʘʯʘʣʴʥʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʩʩʠʚ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʢʘʤʝʨʘʤ ʩʛʦʨʘʥʠʷ ɻʊɼ. 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʜʦʩʪʠʛʥʫʪʳʭ ʫʨʦʚʥʝʡ ʧʘʨʘʤʝʪʨʦʚ ʮʠʢʣʘ ʊʈɼɼ ʛʨʘʞʜʘʥʩʢʦʡ 

ʘʚʠʘʮʠʠ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʂʉ, ʘ ʪʘʢʞʝ ʠʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʩ ʝʸ ʨʘʟʤʝ-

ʨʘʤʠ ʠ ʬʦʨʤʦʡ, ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʦʪʨʝʥʳ ʜʘʥʥʳʝ ʧʦ ʂʉ ʠ ʊʈɼɼ ʜʚʠʛʘʪʝ-

ʣʝʡ ʫʟʢʦ- ʠ ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʳʭ ʩʘʤʦʣʪyʦʚ [111ï113].  

ɺ ʥʘʯʘʣʝ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ 49 ʜʚʠʛʘʪʝʣʝʡ ʫʟʢʦʬʶʟʝʣʷʞʥʳʭ ʩʘʤʦʣʸʪʦʚ, ʪʘʢʠʭ 

ʢʘʢ ʅʂ-8, ɼ-30, JT8D, Rolls-RoyceSpay, Rolls-Royce BR700, V2500, PW2000, 

PW6000, SaM 146, PW1100G, ɼ-436, CF34-10, CFM56, CFM LEAP-1 ʠ ʜʨ. ɼʘʥʥʳʝ 

ʧʦ ʜʚʠʛʘʪʝʣʷʤ, ʚ ʚʠʜʝ ʧʘʨʘʤʝʪʨʦʚ ʮʠʢʣʘ, ʙʳʣʠ ʚʟʷʪʳ ʠʟ [114ï118, 119,132], ʧʨʠʚʝ-

ʜʥyʥʳʭ ʚ ʧʦʜʨʘʟʜʝʣʝ 2.1 ʠʩʪʦʯʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʠʟ ʨʝʢʣʘʤʳ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʜʚʠʛʘʪʝ-

ʣʝʡ. ʇʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʩʦʙʨʘʥʥʳʭ ʜʘʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʦʜ-

ʨʘʟʜʝʣʝ 2.2 ʨʘʙʦʪʳ, ʘ ʩʘʤʠ ʜʘʥʥʳʝ ʚ ʚʠʜʝ ʪʘʙʣʠʮ ʚ ʧʨʠʣʦʞʝʥʠʠ.  

ʅʘ ʨʠʩʫʥʢʝ 2.77 ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝ ʚʟʣʸʪʥʦʡ ʪʷʛʠ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʚʳʙʦʨʢʠ ʜʚʠʛʘʪʝʣʝʡ ʫʟʢʦʬʶʟʝʣʷʞʥʳʭ ʩʘʤʦʣʸʪʦʚ ʧʦ ʛʦʜʘʤ ʠʭ ʨʘʟʨʘʙʦʪʢʠ.  

 

ʈʠʩʫʥʦʢ 2.77 ï ʀʟʤʝʥʝʥʠʝ ʚʟʣʸʪʥʦʡ ʪʷʛʠ ʧʦ ʛʦʜʘʤ ʨʘʟʨʘʙʦʪʢʠ  

ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʫʟʢʦʬʶʟʝʣʷʞʥʳʭ ʩʘʤʦʣʸʪʦʚ 
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ɺʠʜʥʦ, ʯʪʦ ʚʟʣʸʪʥʘʷ ʪʷʛʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʚʠʛʘʪʝʣʝʡ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

ʦʪ 30 ʜʦ 165 ʢʅ ʠ ʫʚʝʣʠʯʠʣʘʩʴ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʊʈɼɼ ʧʨʠʤʝʨʥʦ ʚ 5,5 ʨʘʟ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʧʝʨʚʳʤʠ ʊʈɼɼ. ʇʨʠ ʵʪʦʤ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʛʦʜʦʤ ʨʘʟʨʘ-

ʙʦʪʢʠ ʜʚʠʛʘʪʝʣʷ, ʘ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʪʷ-

ʛʦʚʦʦʨʫʞʸʥʥʦʩʪʠ. ɼʣʷ ʦʮʝʥʢʠ ʨʘʩʭʦʜʘ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʯʝʨʝʟ ʚʥʫʪʨʝʥʥʠʡ ʢʦʥʪʫʨ 

ʊʈɼɼ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʨʘʩʭʦʜʘ ʠ ʩʪʝʧʝʥʠ ʜʚʫʭʢʦʥ-

ʪʫʨʥʦʩʪʠ ï ʨʠʩʫʥʢʠ 2.78, 2.79. 

 

ʈʠʩʫʥʦʢ 2.78 ï ʀʟʤʝʥʝʥʠʝ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʥʘ ʚʟʣʸʪʥʦʤ ʨʝʞʠʤʝ  

ʧʦ ʛʦʜʘʤ ʨʘʟʨʘʙʦʪʢʠ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʫʟʢʦʬʶʟʝʣʷʞʥʳʭ ʩʘʤʦʣʸʪʦʚ 

 

 

ʈʠʩʫʥʦʢ 2.79-ʀʟʤʝʥʝʥʠʝ ʩʪʝʧʝʥʠ ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ ʧʦ ʛʦʜʘʤ ʨʘʟʨʘʙʦʪʢʠ 

ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʫʟʢʦʬʶʟʝʣʷʞʥʳʭ ʩʘʤʦʣʸʪʦʚ 
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ɿʥʘʯʝʥʠʷ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʚʥʫʪʨʝʥʥʠʡ ʢʦʥʪʫʨ ʊʈɼɼ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩ-

ʭʦʜʫ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʂʉ ʠ ʚʘʞʥʳ ʜʣʷ ʨʘʩʯʸʪʘ ʝʸ ʦʙʣʠʢʘ.  

ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʂʉ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳ ʟʥʘʯʝʥʠʷ ʧʦʣʥʦʡ ʩʪʝʧʝʥʠ ʧʦʚʳ-

ʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʥʘ ʚʭʦʜʝ ʚ ʪʫʨʙʠʥʫ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʠʟʤʝʥʝ-

ʥʠʝ ʩʦʩʪʦʷʥʠʷ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʚ ʂʉ (ʨʠʩʫʥʢʠ 2.80, 2.81). ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʶʪ 

ʩʦʚʝʨʰʝʥʩʪʚʦ ʜʚʠʛʘʪʝʣʷ ʚ ʮʝʣʦʤ, ʘ ʪʘʢʞʝ ʫʨʦʚʝʥʴ ʚʳʜʚʠʛʘʝʤʳʭ ʜʣʷ ʂʉ ʪʨʝʙʦʚʘʥʠʡ 

(ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʨʝʩʫʨʩʥʳʭ ʠ ʪ.ʜ.). ɸʥʘʣʠʟ ʧʨʠʚʝʜʸʥʥʳʭ ʛʨʘʬʠʢʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʧʦʣʥʘʷ ʩʪʝʧʝʥʴ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʭʦʜʝ ʨʘʟʚʠʪʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʚʳʙʦʨʢʠ 

ʜʚʠʛʘʪʝʣʝʡ ʦʪ III  ʢ V ʧʦʢʦʣʝʥʠʶ ʠʟʤʝʥʠʣʘʩʴ ʧʦ ʧʨʝʜʝʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʧʨʠʤʝʨʥʦ 

ʚ 4 ʨʘʟʘ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʝ ʚ ʪʫʨʙʠʥʫ ʥʘ 700 ʂ ʠ ʙʦʣʝʝ.  

ʇʨʠ ʵʪʦʤ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʫʟʢʦʬʶʟʝʣʷʞʥʳʭ ʩʘʤʦ-

ʣʸʪʦʚ ʧʨʦʠʟʦʰʸʣ ʧʝʨʝʭʦʜ ʦʪ ʢʦʣʴʮʝʚʳʭ ʢʘʤʝʨ ʩ ʪʠʧʠʯʥʦʡ ʩʭʝʤʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘ-

ʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ (SAC), ʢ ʜʚʫʭʟʦʥʥʳʤ ʢʘʤʝʨʘʤ ʩʛʦʨʘʥʠʷ, ʚʥʘʯʘʣʝ ʢ DAC, ʘ ʟʘʪʝʤ ʢ 

SAC TAPS ʠ SAC RQL.  

 

ʈʠʩʫʥʦʢ 2.80 ï ʀʟʤʝʥʝʥʠʝ ʧʦʣʥʦʡ ʩʪʝʧʝʥʠ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʦ ʛʦʜʘʤ ʨʘʟʨʘʙʦʪʢʠ  

ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʫʟʢʦʬʶʟʝʣʷʞʥʳʭ ʩʘʤʦʣʸʪʦʚ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʠʣʦ ʚʳʧʦʣʥʠʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʥʦʨʤʘ-

ʪʠʚʳ ʧʦ ʵʢʦʣʦʛʠʠ ʠ ʜʦʩʪʠʯʴ ʥʝʦʙʭʦʜʠʤʳʭ ʫʨʦʚʥʝʡ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ. 
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ʈʠʩʫʥʦʢ 2.81 ï ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʭʦʜʝ ʚ ʪʫʨʙʠʥʫ ʧʦ ʛʦʜʘʤ ʨʘʟʨʘʙʦʪʢʠ  

ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʫʟʢʦʬʶʟʝʣʷʞʥʳʭ ʩʘʤʦʣʸʪʦʚ 
 

ʇʨʠʚʝʜʥyʥʝr ʛʨʘʬʠʢʠ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟ-

ʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʚ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʂʉ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʦʩʪʠʞʝʥʠʷ 

ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʨʦʚʥʝʡ ʧʦʣʥʦʡ ʩʪʝʧʝʥʠ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʜ 

ʪʫʨʙʠʥʦʡ. ɺʠʜʥʦ, ʯʪʦ ʂʉ ʚʳʧʦʣʥʝʥʥʳʝ ʧʦ ʪʝʭʥʦʣʦʛʠʷʤ TAPS ʠ RQL ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ ʧʘʨʘʤʝʪʨʦʚ ʮʠʢʣʘ, ʯʝʤ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʪʠʧʘ. 

ʅʘ ʨʠʩʫʥʢʝ 2.82 ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʩʪʝʧʝʥʴʶ ʧʦ-

ʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʢʦʤʧʨʝʩʩʦʨʝ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘ ʚʭʦʜʝ ʚ ʪʫʨʙʠʥʫ. ʇʦ ʥʝʤʫ ʦʨʠ-

ʝʥʪʠʨʫʷʩʴ ʥʘ ʟʘʜʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʮʠʢʣʘ ʤʦʞʥʦ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

ʚʳʙʨʘʪʴ ʧʨʦʪʦʪʠʧ ʚ ʚʠʜʝ ʢʦʥʢʨʝʪʥʦʡ ʂʉ. 

 

ʈʠʩʫʥʦʢ 2.82 ï ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʧʦʣʥʦʡ ʩʪʝʧʝʥʴʶ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ  

ʚ ʢʦʤʧʨʝʩʩʦʨʝ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘ ʚʭʦʜʝ ʚ ʪʫʨʙʠʥʫ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʷʜ ʧʨʠʚʝʜʥyʥʳʭ ʚʳʰʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦ-

ʚʦʡ ʜʣʷ ʚʳʙʦʨʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ï ʧʨʦʪʦʪʠʧʘ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʊʈɼɼ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʫʩʢʦʨʝʥʠʶ ʧʦʩʪʨʦʝʥʠ ̫ʦʙʣʠʢʘ ʧʨʦʝʢʪʠʨʫʝ-

ʤʦʡ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʠ ʝʸ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʝ. 

2.2.2 ɿʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ  

ʠ ʊʈɼɼ ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʳʭ ʩʘʤʦʣʸʪʦʚ 

ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ, ʠʟ-ʟʘ ʨʦʩʪʘ ʦʙʲʸʤʦʚ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ ʢʣʘʩʩ 

ʜʚʠʛʘʪʝʣʝʡ ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʳʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʘʤʦʣʸʪʦʚ ʷʚʣʷʣʩʷ ʣʠʜʝʨʦʤ ʧʦ 

ʥʘʣʠʯʠʶ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʠ ʠʭ ʚʥʝʜʨʝʥʠʶ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʳʭ ʩʘʤʦʣʸʪʦʚ ʚ ʨʘʙʦʪʝ 

ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʘʥʥʳʝ ʦʩʥʦʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩʘʤʦʣʸʪʦʚ ʵʪʦʛʦ 

ʢʣʘʩʩʘ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʭʩʷ ʥʘ ʥʠʭ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ: JT9D, ʉF6, RB211, ʅʂ-86, ɼ-18ʊ, 

ʇʉ-90, GEnx, GE90, GP7200, Trent, PW4000, ʠ ʜʨ., ʠʭ ʤʦʜʠʬʠʢʘʮʠʡ ʠ ʥʝʢʦʪʦʨʳʭ 

ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ (ʚʩʝʛʦ 54 ʰʪʫʢʠ). ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʝ ʞʝ ʠʩʪʦʯʥʠʢʠ, ʯʪʦ ʠ ʜʣʷ 

ʫʟʢʦʬʶʟʝʣʷʞʥʳʭ ʩʘʤʦʣʸʪʦʚ, ʘ ʪʘʢʞʝ ʩʘʡʪʳ ʬʠʨʤ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 

ʅʘ ʨʠʩʫʥʢʝ 2.83 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʪʷʛʠ ʥʘ ʚʟʣʸʪʥʦʤ ʨʝʞʠʤʝ, ʧʦ ʛʦʜʘʤ ʨʘʟ-

ʨʘʙʦʪʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʊʈɼɼ.  

 

ʈʠʩʫʥʦʢ 2.83 ï ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʚʟʣʸʪʥʦʡ ʪʷʛʠ ʧʦ ʛʦʜʘʤ ʨʘʟʨʘʙʦʪʢʠ  

ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʳʭ ʩʘʤʦʣʸʪʦʚ 


