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ɺɺɽɼɽʅʀɽ 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʚʘʣʦʚʦʛʦ ʧʨʦʜʫʢʪʘ (ʢʘʢ ʨʝ-

ʟʫʣʴʪʘʪʘ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ) ʩʦʟʜʘʸʪʩʷ ʚ ʨʘʤʢʘʭ ʬʠʨʤ, ʦʨʛʘʥʠ-

ʟʘʮʠʡ, ʫʯʨʝʞʜʝʥʠʡ, ʧʨʝʜʧʨʠʷʪʠʡ, ʧʨʦʝʢʪʦʚ, ʧʨʦʝʢʪʥʳʭ ʧʨʦʛʨʘʤʤ, ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʳʭ, ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʘʛʝʥʪʩʪʚ ʠ ʦʙʨʘʟʦʚʘʥʠʡ, 

ʪʨʘʥʩʥʘʮʠʦʥʘʣʴʥʳʭ ʢʦʨʧʦʨʘʮʠʡ, ʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʭ 

ʦʙʲʝʜʠʥʝʥʠʡ ʠ ʢʦʤʧʦʟʠʮʠʡ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. ɺʩʝ ʵʪʠ 

ʦʙʲʝʢʪʳ ʚʤʝʩʪʝ ʩʦ ʩʚʷʟʘʥʥʳʤʠ ʩ ʥʠʤʠ ʚʩʝʚʦʟʤʦʞʥʳʤʠ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʤʠ ʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʩʠʩʪʝʤʘʤʠ, ʫʩʪʨʦʡʩʪʚʘʤʠ ʦʙʲʝʜʠʥʷʶʪ 

ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʘʥʠʡ: ʚʦ-ʧʝʨʚʳʭ, ʦʥʠ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ
1
, 

ʚʦ-ʚʪʦʨʳʭ, ʚʢʣʶʯʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʣʶʜʝʡ, ʚ-ʪʨʝʪʴʠʭ, ʩʫʱʝ-

ʩʪʚʝʥʥʘʷ ʜʦʣʷ ʠʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʷʚʣʷʝʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ, ʪʦ ʝʩʪʴ ʩʦ-

ʟʜʘʥʥʦʡ ʯʝʣʦʚʝʢʦʤ. ʆʙʲʝʜʠʥʷʷ ʧʦʜʦʙʥʳʝ ʦʙʲʝʢʪʳ ʧʦ ʧʝʨʝʯʠʩʣʝʥʥʳʤ 

ʦʩʥʦʚʘʥʠʷʤ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠʭ ʢ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʩʠʩʪʝ-

ʤʘʤ (ʆʊʉ), ʦʧʨʝʜʝʣʷʷ ʆʊʉ ʢʘʢ ʩʣʦʞʥʫʶ ʠʩʢʫʩʩʪʚʝʥʥʫʶ (ʩʦʟʜʘʚʘʝʤʫʶ 

ʣʶʜʴʤʠ) ʩʠʩʪʝʤʫ, ʚʢʣʶʯʘʶʱʫʶ ʣʶʜʝʡ, ʠ, ʙʳʪʴ ʤʦʞʝʪ, ʪʝʭʥʠʯʝʩʢʠʝ ʠ 

ʧʨʠʨʦʜʥʳʝ ʵʣʝʤʝʥʪʳ
2
. 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʮʝʣʝʚʦʛʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʷ ʆʊʉ ʧʨʠʚʦʜʠʪ ʢ ʚʳʚʦʜʫ, ʯʪʦ 

ʦʥʠ ʥʝ ʧʨʠʥʦʩʷʪ ʧʦʣʴʟʳ ʦʜʥʠʤ ʣʠʰʴ ʩʚʦʠʤ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ, ʠʭ ʮʝʣʴ 

(ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ, ʧʦʣʝʟʥʦʩʪʴ, ʮʝʥʥʦʩʪʴ) ʜʦʩʪʠʛʘʝʪʩʷ ʯʝʨʝʟ ʠʭ ʬʫʥʢʮʠʠ, 

ʨʝʘʣʠʟʫʝʤʳʝ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʠʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ
3
. ʊʘʢ ʢʘʢ ʆʊʉ ʷʚʣʷ-

ʶʪʩʷ ʩʣʦʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʴ ʪʘʢʞʝ ʥʦʩʠʪ ʩʣʦʞʥʳʡ ʭʘ-

ʨʘʢʪʝʨ. ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʆʊʉ ʠʤʝʝʪ ʩʤʳʩʣ ʛʦʚʦʨʠʪʴ ʦ ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʂɼ), ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ [15] ʢʘʢ 

ʜʝʷʪʝʣʴʥʦʩʪʴ, ʦʙʣʘʜʘʶʱʘʷ ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʦʡ, ʩ 

                                                           
1 ʉʠʩʪʝʤʘ ï çʩʦʚʦʢʫʧʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʪʥʦʰʝʥʠʷʭ ʠ ʩʚʷʟʷʭ ʜʨʫʛ ʩ ʜʨʫ-
ʛʦʤ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʮʝʣʦʩʪʥʦʩʪʴ, ʝʜʠʥʩʪʚʦè [117, C. 610]. çʉʠʩʪʝʤʘ 
(ʠʩʢʫʩʩʪʚʝʥʥʘʷ) [204, ʉ. 9] - ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʦʨʛʘʥʠʟʦʚʘʥ-
ʥʘʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʜʝʢʣʘʨʠʨʦʚʘʥʥʳʭ ʮʝʣʝʡ. é ʉʠʩʪʝʤʘ (ʚ ʧʨʠ-
ʢʣʘʜʥʦʤ ʩʤʳʩʣʝ) ʯʘʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʨʦʜʫʢʪ (ʜʝʷʪʝʣʴʥʦʩʪʠ) ʠʣʠ ʢʘʢ ʩʝʨʚʠʩ, 
ʢʦʪʦʨʳʡ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪè. ʉʣʦʞʥʘʷ ʩʠʩʪʝʤʘ (Complex System) [271] ï ʦʪʢʨʳʪʘʷ 
ʩʠʩʪʝʤʘ ʩ ʧʦʩʪʦʷʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʠ ʢʦʥʢʫʨʠʨʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʇʦʩʪʦʷʥ-
ʥʘʷ ʵʚʦʣʶʮʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʨʦʠʩʭʦʜʷʪ ʙʣʘʛʦʜʘʨʷ ʠʭ ʚʥʫʪʨʝʥʥʠʤ ʫʩʣʦʚʠʷʤ ʠ 
ʚʣʠʷʥʠʶ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʇʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʠ ʩʚʷʟʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʪʨʫʜʥʳ ʜʣʷ 
ʦʧʠʩʘʥʠʷ, ʧʦʥʠʤʘʥʠʷ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ. ʆʪʢʨʳʪʦʩʪʴ ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ ʩʚʦ-
ʙʦʜʥʦʝ ʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʫʯʘʩʪʠʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝ-
ʤʝʥʪʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. 
2 ʆʧʨʝʜʝʣʝʥʠʝ ʆʊʉ ʨʘʩʰʠʨʷʝʪ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ [90], ʵʨʛʘʪʠ-
ʯʝʩʢʠʭ ʠ ʩʦʮʠʦʪʝʭʥʠʯʝʩʢʠʭ [150] ʩʠʩʪʝʤ. 
3 ɼʝʷʪʝʣʴʥʦʩʪʴ - ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʯʝʣʦʚʝʢʘ. 
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ʤʥʦʞʝʩʪʚʝʥʥʳʤʠ ʠ/ʠʣʠ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʩʫʙʲʝʢʪʦʤ, ʪʝʭʥʦʣʦʛʠʝʡ, ʨʦʣʴʶ 

ʧʨʝʜʤʝʪʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʝʛʦ ʮʝʣʝʚʦʤ ʢʦʥʪʝʢʩʪʝ. 

ʎʝʥʥʦʩʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʆʊʉ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ (ɾʎ) ï ʧʝʨʠʦ-

ʜʘ ʚʨʝʤʝʥʠ ʦʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʘʤʳʩʣʘ ʥʦʚʦʡ ʆʊʉ ʜʦ ʧʨʝʢʨʘʱʝʥʠʷ ʝʸ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ʇʨʠʯʸʤ ʚ ɾʎ ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʦʩʥʦʚʥʘʷ ʬʘʟʘ, ʚ ʪʝʯʝ-

ʥʠʝ ʢʦʪʦʨʦʡ ʆʊʉ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʝʘʣʠʟʫʝʪ ʮʝʣʝʚʫʶ 

ʥʦʩʪʴ - ʚʳʧʦʣʥʷʝʪ ʩʚʦʸ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ, ʜʦʩʪʠʛʘʝʪ ʮʝʣʴ, ʩʦʟʜʘʸʪ ʮʝʥ-

ʥʦʩʪʴ. ʂʨʦʤʝ ʦʩʥʦʚʥʦʡ ʬʘʟʳ ʥʝʚʦʟʤʦʞʥʦ ʠʟʙʝʞʘʪʴ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʠ 

ʧʦʩʣʝʜʫʶʱʠʭ ʬʘʟ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʮʝʣʝʚʘʷ ʂɼ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʥʦ 

ʥʝʦʙʭʦʜʠʤʦ ʥʝʩʪʠ ʠʟʜʝʨʞʢʠ, ʯʪʦʙʳ ʩʬʦʨʤʠʨʦʚʘʪʴ ʆʊʉ, ʧʦʜʜʝʨʞʠʚʘʪʴ ʝʸ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʟʘʚʝʨʰʠʪʴ ʦʙʷʟʘʪʝʣʴʩʪʚʘ. ʇʦʵʪʦʤʫ ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ ʠ 

ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʆʊʉ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʩʝ ʬʘʟʳ, ʚʝʩʴ 

ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʠ ʆʊʉ, ʠ ʝʸ ʂɼ. ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ (ʠʣʠ ʣʶʙʦʛʦ ʝʶ ʵʣʝʤʝʥʪʘ) ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ [15] ʢʘʢ ʟʘʚʝʨʰʸʥʥʳʡ 

ʧʨʦʮʝʩʩ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʬʠʢʩʘʮʠʶ ʩʧʨʦʩʘ ʠ ʦʩʦʟʥʘʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ, 

ʮʝʣʝʧʦʣʘʛʘʥʠʝ, ʩʪʨʫʢʪʫʨʠʟʘʮʠʶ ʮʝʣʝʡ ʠ ʟʘʜʘʯ, ʚʳʙʦʨ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʚʳʧʦʣʥʝʥʠʝ ʜʝʡʩʪʚʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʦʣʦʛʠʝʡ, ʧʦʣʫ-

ʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ, ʦʮʝʥʠʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʠ ʨʝʬʣʝʢʩʠʶ. 

ʊʝʩʥʘʷ ʩʚʷʟʴ ʂɼ ʩ ʨʝʘʣʠʟʫʶʱʝʡ ʝʸ ʆʊʉ ʟʘʩʪʘʚʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʆʊʉ 

ʠ ʂɼ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʠ ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʥʝ ʪʦʣʴʢʦ (ʪʦʯʥʝʝ, 

ʥʝ ʩʪʦʣʴʢʦ) ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ, ʥʦ, ʚ ʧʝʨʚʫʶ ʦʯʝ-

ʨʝʜʴ, ʚʳʧʦʣʥʷʝʤʦʡ ʝʶ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. ɺʩʸ ʵʪʦ ʜʝʪʝʨʤʠʥʠ-

ʨʫʝʪ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʘ) ʚ ʚʳʜʝ-

ʣʝʥʠʠ, ʘʥʘʣʠʟʝ, ʬʦʨʤʘʣʠʟʘʮʠʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʙʱʠʭ / ʦʙʱʝʩʠʩʪʝʤʥʳʭ 

ʩʚʦʡʩʪʚ, ʦʩʦʙʝʥʥʦʩʪʝʡ, ʘʩʧʝʢʪʦʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʂɼ ʠ ʆʊʉ; ʙ) ʨʘʟʨʘ-

ʙʦʪʢʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝ-

ʤʳ ʫʧʨʘʚʣʝʥʠʷ ɾʎ ʆʊʉ ʚ ʮʝʣʦʤ ʙʣʠʟʢʘ ʪʝʦʨʠʠ ʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʪʝʦ-

ʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ (ʊʋʆʉ) [31, 32, 34, 84, 90, 

159], ʪʝʦʨʠʠ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʠʛʨ (ʊʀʀ) [44, 46] ʠ ʪʝʦʨʠʠ ʢʦʥʪʨʘʢʪʦʚ 

(ʊʂ) [154, 197, 214, 244, 258]. 

ʃʶʜʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ ʆʊʉ. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʆʊʉ ʠ ʞʠʟʥʝʥʥʳʝ ʮʠʢʣʳ ʵʣʝʤʝʥʪʦʚ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦ-

ʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʛʨʫʧʧ ʣʶʜʝʡ, ʨʝʘʣʠʟʫʶʱʠʭ ʥʝʢʦʪʦ-

ʨʫʶ ʢʦʤʧʣʝʢʩʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʩʣʝʜʫʷ ʦʧʨʝʜʝʣʸʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ; ʚ 

ʪʝʨʤʠʥʘʭ ʊʋʆʉ ï ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʤʥʦʛʦʵʣʝʤʝʥʪʥʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ 

ʩʠʩʪʝʤʫ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʥʘ ʩʦʚʤʝʩʪʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʚʠʜʝ ʪʝʭʥʦʣʦʛʠʠ. 

ʆʜʥʘʢʦ ʚ ʊʋʆʉ ʪʝʭʥʦʣʦʛʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʧʨʝʜʤʝʪ ʫʧʨʘʚʣʝʥʠʷ, ʪ.ʢ. ʧʦʩʪʫʣʠʨʫʝʪʩʷ ʝʸ ʥʝʠʟʤʝʥʥʦʩʪʴ ʠ ʠʟʚʝʩʪʥʦʩʪʴ 
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ʚʩʝʤ ʫʯʘʩʪʥʠʢʘʤ ʩʠʩʪʝʤʳ. ʊʘʢʞʝ ʚ ʊʋʆʉ, ʚ ʊʀʀ ʠ ʚ ʊʂ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʩʩʣʝʜʫʝʪʩʷ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʩʠʩʪʝʤʳ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʪʘʢ ʢʘʢ ʘʥʘʣʠʟ 

ʠʟʜʝʨʞʝʢ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ɾʎ ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ ʧʨʠ ʠʟʚʝʩʪʥʦʡ ʬʠʢʩʠʨʦ-

ʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ).  

ʋʧʨʘʚʣʝʥʠʝ ʩʣʦʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʚ ʮʝʣʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʠʙʝʨ-

ʥʝʪʠʢʦʡ ʠ ʪʝʦʨʠʝʡ ʩʠʩʪʝʤ [92, 95, 214, 244, 258], ʘ ʫʧʨʘʚʣʝʥʠʝ ʞʠʟʥʝʥ-

ʥʳʤʠ ʮʠʢʣʘʤʠ ʠ ʪʝʭʥʦʣʦʛʠʝʡ - ʩʠʩʪʝʤʦʪʝʭʥʠʢʦʡ [55, 73, 77, 103, 202, 

204, 205, 239, 260]. ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʠʭ ʦʪʨʘʩʣʷʭ ʟʘʯʘʩʪʫʶ ʥʦʩʷʪ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʤʦʜʝʣʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʩʠʩʪʝʤ ʷʚʣ̫-

ʶʪʩʷ ʩʣʠʰʢʦʤ ʦʙʱʠʤʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠ ʥʝ ʫʯʠʪʳʚʘʶʪ 

ʘʢʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʫʯʘʩʪʥʠʢʦʚ ʆʊʉ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʘʢ ʧʦ ʨʘʟʣʠʯʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʊʋʆʉ ʠ ʊʂ, ʢʠʙʝʨʥʝʪʠʢʝ, ʪʝʦʨʠʠ ʩʠʩʪʝʤ, ʩʠʩʪʝʤʦʪʝʭʥʠʢʝ, 

ʪʘʢ ʠ ʧʦ ʩʤʝʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ (ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠʩʩʣʝʜʦʚʘ-

ʥʠʝ ʦʧʝʨʘʮʠʡ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʜʨ. - ʩʤ. ʦʙʟʦʨʳ ʥʠʞʝ), ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʪʩʫʪʩʪʚʫʝʪ ʮʝʣʦʩʪʥʘʷ ʢʘʨʪʠʥʘ ʬʦʨʤʘʣʴʥʳʭ ʤʦʜʝʣʝʡ 

ʠ ʤʝʪʦʜʦʚ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ɾʎ ʵʣʝʤʝʥʪʦʚ ʂɼ 

ʆʊʉ. 

ɸʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʂɼ ʆʊʉ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʟʘʜʘʯʫ ʦʩ-

ʥʦʚʥʫʶ ʫʧʨʘʚʣʝʥʠʷ ʆʊʉ ʢʘʢ ʩʦʛʣʘʩʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʦʚʦʢʫʧʥʦʩʪʴʶ 

ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʵʣʝʤʝʥʪʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʨʝʘʣʠʟʫʝʤʦʡ 

ʵʪʦʡ ʆʊʉ, ʘ ʪʘʢʞʝ ʩʨʝʜʩʪʚʘ ʝʸ ʨʝʰʝʥʠʷ: 

ʘ) ʩʦʛʣʘʩʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʝʘʣʠʟʘʮʠʝʡ ʎɾ ʂɼ ʆʊʉ; 

ʙ) ʫʧʨʘʚʣʝʥʠʝ ʩʦʟʜʘʥʠʝʤ, ʦʩʚʦʝʥʠʝʤ ʠ ʤʦʜʝʨʥʠʟʘʮʠʝʡ ʪʝʭʥʦʣʦʛʠʠ
4
 

ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʆʊʉ; 

ʚ) ʩʦʛʣʘʩʦʚʘʥʠʝ ʠʥʪʝʨʝʩʦʚ ʩʫʙʲʝʢʪʦʚ ʩ ʫʯʸʪʦʤ ʪʝʭʥʦʣʦʛʠʠ ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʆʊʉ; 

ʛ) ʫʧʨʘʚʣʝʥʠʝ ʩʦʩʪʘʚʦʤ ʘʢʪʠʚʥʳʭ ʨʝʩʫʨʩʦʚ
5
, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʝʘ-

ʣʠʟʘʮʠʶ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʆʊʉ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʠʟʣʘʛʘʝʤʳʝ ʥʠʞʝ, ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. 

1. ʇʨʦʙʣʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʆʊʉ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʚ ʬʦʨʤʝ ʩʦʛʣʘʩʦʚʘʥ-

ʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ɾʎ ʵʣʝʤʝʥʪʦʚ ʢʦʤ-

                                                           
4 ʊʝʭʥʦʣʦʛʠʷ ï [22] ʩʠʩʪʝʤʘ ʫʩʣʦʚʠʡ, ʢʨʠʪʝʨʠʝʚ, ʬʦʨʤ, ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʧʦʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦʛʦ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ. 
5 ɸʢʪʠʚʥʳʝ ʨʝʩʫʨʩʳ ï ʯʝʣʦʚʝʯʝʩʢʠʝ ʨʝʩʫʨʩʳ. 
ʈʝʩʫʨʩʳ [22]- ʚʩʸ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʝʣʝʚʳʤ ʦʙʨʘʟʦʤ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚʩʸ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʪ-
ʩʷ ʧʨʠ ʮʝʣʝʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʠʣʠ ʣʶʜʝʡ; 
- ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠʟʤʝʨʷʝʤʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʢʘʢʦʡ-ʣʠʙʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝ-
ʢʘ ʠʣʠ ʣʶʜʝʡ; 
- ʫʩʣʦʚʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʩ ʧʦʤʦʱʴʶ ʦʧʨʝʜʝʣʸʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʠʪʴ ʞʝʣʘʝʤʳʡ 
ʨʝʟʫʣʴʪʘʪ. 
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ʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʨʝʘʣʠʟʫʝʤʦʡ ʵʪʦʡ ʆʊʉ. ɺʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʛʨʫʧʧʳ ʟʘʜʘʯ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ: ʘ) ʩʦʛʣʘʩʦʚʘʥ-

ʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʝʘʣʠʟʘʮʠʝʡ ɾʎ ʂɼ ʆʊʉ; ʙ) ʫʧʨʘʚʣʝʥʠʝ ʩʦʟʜʘʥʠʝʤ ʠ 

ʦʩʚʦʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʂɼ; ʚ) ʩʦʛʣʘʩʦʚʘʥʠʝ ʠʥʪʝʨʝʩʦʚ ʩʫʙʲʝʢʪʦʚ ʂɼ ʩ 

ʫʯʸʪʦʤ ɾʎ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʠ; ʛ) ʫʧʨʘʚʣʝʥʠʝ ʩʦʩʪʘʚʦʤ ʘʢ-

ʪʠʚʥʳʭ ʨʝʩʫʨʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʝʘʣʠʟʘʮʠʶ ɾʎ ʂɼ ʆʊʉ. 

2. ʈʘʩʩʤʦʪʨʝʥʘ ʧʨʦʮʝʩʩʥʘʷ ʤʦʜʝʣʴ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʤʦ-

ʜʝʣʴ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ ʠʝʨʘʨʭʠʠ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʂɼ 

ʆʊʉ. 

3. ʆʧʠʩʘʥʘ ʚʝʨʦʷʪʥʦʩʪʥʘʷ ʤʦʜʝʣʴ ʦʩʚʦʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʂɼ (ʚʢʣʶ-

ʯʘʶʱʘʷ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʤʦʜʝʣʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʥʘʫʯʝ-

ʥʠʷ ʢʘʢ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ) ʠ ʝʸ ʩʚʦʡʩʪʚʘ ïʩʭʦʜʠʤʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʩʚʦʝʥʠʷ
6
 ʠ 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʛʨʘʥʠʯʥʳʭ ʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʝʛʦ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ. ʈʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ ʂɼ ʚ ʬʦʨʤʝ çʪʠʧʦ-

ʚʳʭ ʨʝʰʝʥʠʡè (ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʙʠʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ ʫʩʣʦʚʠʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ), ʧʨʠʚʝʜʝʥʳ ʘʣʛʦʨʠʪʤʳ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʪʝʭʥʦʣʦʛʠʠ. 

4. ʇʨʠʚʝʜʝʥʳ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʪʠʧʦʚʳʭ 

ʨʝʰʝʥʠʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʦʩʚʦʝʥʠʠ ʪʝʭʥʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʟʘʜʘʯʠ ʦʙ ʦʧʪʠ-

ʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ ʧʝʨʝʭʦʜʘ ʦʪ ʨʘʟʨʘʙʦʪʢʠ ʠ ʦʩʚʦʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʢ ʝʸ 

ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʫʩʣʦʚʠʷʭ ʠʟʚʝʩʪʥʳʭ ʠ ʘʧʨʠʦʨʠ ʥʝʠʟ-

ʚʝʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʚ ʪ.ʯ. ʜʣʷ ʩʣʫʯʘʷ ʦʩʚʦʝʥʠʷ ʪʝʭʥʦ-

ʣʦʛʠʠ çʧʘʨʪʠʦʥʥʦʛʦè ʧʨʦʠʟʚʦʜʩʪʚʘ. 

5. ɿʘʜʘʯʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʥʪʝʨʝʩʦʚ ʩʫʙʲʝʢʪʦʚ ʨʘʩʩʤʦʪʨʝʥʳ ʩ ʫʯʸʪʦʤ 

ʩʧʝʮʠʬʠʢʠ ɾʎ ʆʊʉ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠʭ ʂɼ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ: 

- ʜʣʷ ʤʥʦʛʦʵʣʝʤʝʥʪʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʩʚʦʡʩʪʚ (ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʨʝʟʫʣʴʪʘʪʘ 

ʠʣʠ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʳ) ʧʦʩʪʨʦ-

ʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʚ ʚʳʙʨʘʥʥʦʤ ʢʣʘʩʩʝ ʩʠʩʪʝʤʫ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦ-

ʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʝʰʘʶʱʝʛʦ ʧʨʘʚʠʣʘ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʠ 

ʧʨʝʜʣʦʞʠʪʴ ʘʣʛʦʨʠʪʤ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʘ ʨʝʰʘʶʱʝʛʦ ʧʨʘʚʠʣʘ; 

-  ʧʨʝʜʣʦʞʠʪʴ ʤʦʜʝʣʴ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʝʪʝʚʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʠ-

ʩʪʝʤʳ (ɼʉʆʊʉ) ʠ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ɼʉʆʊʉ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʘʡʜʝʥ rʦʧʪʠ-

ʤʘʣʴʥʳʝ ʢʦʤʧʝʥʩʘʪʦʨʥʳʝ ʩʠʩʪʝʤ rʩʪʠʤʫʣʠʨʦʚʘʥʠʷ, ʜʝʢʦʤʧʦʟʠʨʫʶʱʠʝ 

ʟʘʜʘʯʫ ʧʦ ʘʛʝʥʪʘʤ ʠ ʧʦ ʧʝʨʠʦʜʘʤ ʚʨʝʤʝʥʠ ʧʨʠ ʣʶʙʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʂɼ 

ʠ ʧʨʠ ʣʶʙʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ ʜʘʣʴʥʦʚʠʜʥʦʩʪʝʡ ʘʛʝʥʪʦʚ. 

                                                           
6 ɿʜʝʩʴ ʠ ʜʘʣʝʝ, ʫʯʠʪʳʚʘʷ ʩʣʦʞʠʚʰʫʶʩʷ ʪʝʨʤʠʥʦʣʦʛʠʶ ʪʝʦʨʠʠ ʥʘʫʯʝʥʠʷ, ʙʫʜʝʤ ʠʩʧʦʣʴ-
ʟʦʚʘʪʴ ʪʝʨʤʠʥʳ çʥʘʫʯʝʥʠʝè ʠ çʦʩʚʦʝʥʠʝ (ʪʝʭʥʦʣʦʛʠʠ)è ʢʘʢ ʵʢʚʠʚʘʣʝʥʪʥʳʝ, ʢʦʛʜʘ ʵʪʦ ʥʝ 
ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʥʦʯʪʝʥʠʷʤ, ɺ ʯʘʩʪʥʦʩʪʠ, çʫʨʦʚʝʥʴ ʥʘʫʯʝʥʠʷè ʠ çʫʨʦʚʝʥʴ ʦʩʚʦʝʥʠʷè, çʢʨʠ-
ʚʘʷ ʥʘʫʯʝʥʠʷè ʠ çʢʨʠʚʘʷ ʦʩʚʦʝʥʠʷè. 
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6. ʈʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʘʚʦʤ ʘʢʪʠʚʥʳʭ ʨʝʩʫʨʩʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʝʘʣʠʟʘʮʠʶ ɾʎ ʆʊʉ, ʢʦʪʦʨʘʷ ʩʚʝʜʝʥʘ ʢ ʜʚʫʤ ʧʦʜʟʘʜʘ-

ʯʘʤ: ʘ) ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʨʝʩʫʨʩʦʚ ʠ ʙ) 

ʫʧʨʘʚʣʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʴʶ ʘʢʪʠʚʥʳʭ ʨʝʩʫʨʩʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʯʝʩʪʴ ʥʝ-

ʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʂɼ, ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʩʧʨʦʩʘ ʥʘ ʝʸ 

ʨʝʟʫʣʴʪʘʪʳ ʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʪʨʘʬʠʢʘ ʘʢʪʠʚʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʧʦʣʫʯʠʪʴ 

ʦʧʪʠʤʘʣʴʥʫʶ ʠ ʥʘʠʣʫʯʰʫʶ ʛʘʨʘʥʪʠʨʦʚʘʥʥʫʶ ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʯʠʩ-

ʣʝʥʥʦʩʪʴʶ ʨʝʩʫʨʩʦʚ. 

ʂʥʠʛʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʇʝʨʚʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʬʦʨʤʘʣʠʟʘʮʠʠ ʧʨʦʙʣʝʤ ʠ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ 

ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤʠ ʮʠʢʣʘʤʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʜʭʦʜʦʚ ʤʝʪʦʜʦʣʦʛʠʠ ʢʦʤʧʣʝʢʩʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ʄʦʜʝʣʠ ʠ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ 

ʫʧʨʘʚʣʝʥʠʷ ʨʝʰʝʥʳ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʛʣʘʚʘʭ (2-5). 

ɺʪʦʨʘʷ ʛʣʘʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʳ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚ-

ʣʝʥʠʷ ʨʝʘʣʠʟʘʮʠʝʡ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘ-

ʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʆʧʠʩʘʥʘ ʧʨʦʮʝʩʩʥʘʷ ʤʦʜʝʣʴ ʂɼ, ʢʘʯʝ-

ʩʪʚʝʥʥʦ ʦʪʨʘʞʘʶʱʘʷ ʨʝʘʣʠʟʘʮʠʶ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʉʕɼʘ, ʘ ʪʘʢʞʝ 

ʤʦʜʝʣʴ ʨʝʘʣʠʟʘʮʠʠ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʆʊʉ 

ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʧʣʘʥʠʨʦ-

ʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʂɼ ʠ ʟʘʪʨʘʪ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʩʦʚʦʢʫʧʥʦʩʪʝʡ ʵʣʝʤʝʥʪʦʚ 

ʂɼ. 

ʊʨʝʪʴʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʤʦʜʝʣʷʤ ʠ ʤʝʪʦʜʘʤ ʫʧʨʘʚʣʝʥʠʷ ʩʦʟʜʘʥʠʝʤ ʠ 

ʦʩʚʦʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʇʨʠʚʝʜʝʥʳ ʚʝʨʦʷʪʥʦʩʪʥʘʷ ʤʦʜʝʣʴ ʦʩʚʦʝʥʠʷ ʪʝʭʥʦ-

ʣʦʛʠʠ ʂɼ ʠ ʤʦʜʝʣʴ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ ʂɼ, ʜʦ-

ʢʘʟʘʥʳ ʫʪʚʝʨʞʜʝʥʠʷ ʦ ʩʚʦʡʩʪʚʘʭ ʤʦʜʝʣʝʡ, ʧʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳ-

ʨʘʞʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʝʣʝʡ. ʈʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣʴ çʪʠʧʦʚʳʭ 

ʨʝʰʝʥʠʡè, ʜʦʢʘʟʘʥʳ ʫʪʚʝʨʞʜʝʥʠʷ ʠ ʪʝʦʨʝʤʳ ʦ ʝ yʦʧʪʠʤʘʣʴʥʳʭ ʩʚʦʡ-

ʩʪʚʘʭ. ʆʧʠʩʘʥʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ ʦʪ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʦʩʚʦʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʢ ʝʸ ʧʨʦʜʫʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʠ ʠʟʚʝʩʪʥʳʭ 

ʠ ʧʨʠ ʥʝʠʟʚʝʩʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

ʏʝʪʚʸʨʪʘʷ ʛʣʘʚʘ ʩʦʜʝʨʞʠʪ ʦʧʠʩʘʥʠʝ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ ʩʦʛʣʘʩʦʚʘʥʠʷ 

ʠʥʪʝʨʝʩʦʚ ʩʫʙʲʝʢʪʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩ ʫʯʸʪʦʤ ʠʭ ʞʠʟʥʝʥʥʳʭ 

ʮʠʢʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ. ʆʧʠʩʘʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʚ ʚʳʙʨʘʥʥʦʤ ʢʣʘʩʩʝ ʩʠʩʪʝʤʘ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ (ʥʘ ʦʩʥʦʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʝʰʘʶʱʝʛʦ ʧʨʘʚʠʣʘ ʦʪ-

ʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ) ʚ ʤʥʦʛʦʧʝʨʠʦʜʥʦʡ ʤʦʜʝʣʠ ʢʦʥʪʨʘʢʪʦʚ ʩ ʠʟʤʝ-

ʥʝʥʠʝʤ ʩʚʦʡʩʪʚ ʤʦʜʝʣʠ. ɼʣʷ ʤʦʜʝʣʠ ʤʥʦʛʦʵʣʝʤʝʥʪʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʝʪʝʚʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠʚʝʜʝʥʳ ʫʪʚʝʨʞʜʝʥʠʷ ʦ ʚʠʜʝ ʦʧʪʠ-

ʤʘʣʴʥʦʡ ʢʦʤʧʝʥʩʘʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ, ʜʝʢʦʤʧʦʟʠʨʫʶʱʝʡ 
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ʠʛʨʫ ʧʦ ʘʛʝʥʪʘʤ ʠ ʧʦ ʧʝʨʠʦʜʘʤ ʚʨʝʤʝʥʠ ʧʨʠ ʣʶʙʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʂɼ ʠ 

ʧʨʠ ʣʶʙʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ ʜʘʣʴʥʦʚʠʜʥʦʩʪʝʡ ʘʛʝʥʪʦʚ. 

ʇʷʪʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʤʦʜʝʣʷʤ ʠ ʤʝʪʦʜʘʤ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʘʚʦʤ ʘʢ-

ʪʠʚʥʳʭ ʨʝʩʫʨʩʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʴʶ ʘʢʪʠʚ-

ʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʚʠʜʝ ʦʧʪʠʤʘʣʴʥʳʭ ʠ ʥʘʠʣʫʯʰʠʭ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʭ ʩʪʨʘ-

ʪʝʛʠʡ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʩʪʘʥʦʚʦʢ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʠ ʠ ʘʣʛʦʨʠʪʤ 

ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʘʚʦʤ ʘʢʪʠʚʥʳʭ ʨʝʩʫʨʩʦʚ ʟʘ ʩʯʸʪ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪ-

ʨʦʚ ʠʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. 

ɺ ʟʘʚʝʨʰʝʥʠʝ ʢʘʞʜʦʡ ʠʟ ʛʣʘʚ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

.  
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ɻʃɸɺɸ 1. ʇʈʆɹʃɽʄʓ ʋʇʈɸɺʃɽʅʀʗ 

ɾʀɿʅɽʅʅʓʄʀ ʎʀʂʃɸʄʀ 

ʆʈɻɸʅʀɿɸʎʀʆʅʅʆ-ʊɽʍʅʀʏɽʉʂʀʍ ʉʀʉʊɽʄ 

 

ɻʣʘʚʘ 1 ʧʦʩʚʷʱʝʥʘ ʧʦʩʪʘʥʦʚʢʝ ʠ ʬʦʨʤʘʣʠʟʘʮʠʠ ʧʨʦʙʣʝʤ ʩʦʛʣʘʩʦ-

ʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤʠ ʮʠʢʣʘʤʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ (ʆʊʉ); ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʨʝʟʫʣʴʪʘʪʦʚ ʛʣʘʚʳ ʷʚʣʷʝʪʩʷ ʤʝʪʦ-

ʜʦʣʦʛʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [15], ʘ ʪʘʢʞʝ ʨʘʙʦʪʳ [11, 12, 20 - 22, 

24]. 

ɺ ʨʘʟʜʝʣʝ 1.1 ʦʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʂɼ), ʚʳʧʦʣʥʷʝʤʦʡ ʆʊʉ, ʪʘʢ ʢʘʢ 

ʠʤʝʥʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʂɼ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʨʝʘʣʠʟʫ-

ʶʪ ʩʚʦʸ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ - ʩʦʟʜʘʶʪ ʮʝʥʥʦʩʪʴ/ʧʦʣʝʟʥʦʩʪʴ. 

ʆʙʱʝʩʠʩʪʝʤʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʆʊʉ ʢʘʢ ʧʨʝʜʤʝʪʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦ-

ʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚ ʨʘʟʜʝʣʝ 1.2. ʆʩʦʙʝʥʥʦʩʪʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚ ʚʠʜʝ ʣʦ-

ʛʠʯʝʩʢʦʡ ʮʝʧʦʯʢʠ ʪʝʟʠʩʦʚ 1-4 (ʪʘʙʣʠʮʘ 1.2), ʠʟ ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ ʪʝʟʠʩ 5: 

(ʆʨʛʘʥʠʟʘʮʠʷ ʠ) ʋʧʨʘʚʣʝʥʠʝ ʆʊʉ ʜʦʣʞʥʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʚ ʬʦʨʤʝ ʩʦ-

ʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʞʠʟʥʝʥʥʳʭ 

ʮʠʢʣʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝ̫-

ʪʝʣʴʥʦʩʪʠ. 

ʈʘʟʜʝʣ 1.3 ʧʨʦʜʦʣʞʘʝʪ ʮʝʧʦʯʢʫ ʪʝʟʠʩʦʚ ʠ ʟʘʚʝʨʰʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝʤ 

ʩʨʝʜʩʪʚ ʠʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʆʊʉ, ʢʦʪʦʨʳʤʠ 

ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʥʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ: ʩʠʥʪʝʟ (ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʝʡ; 

ʫʧʨʘʚʣʝʥʠʝ ʩʦʩʪʘʚʦʤ ʨʝʩʫʨʩʦʚ) ʠ ʢʦʥʢʨʝʪʠʟʘʮʠʷ (ʢʘʣʝʥʜʘʨʥʦ-ʩʝʪʝʚʦʝ 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʥʘʟʥʘʯʝʥʠʝ ʨʝʩʫʨʩʦʚ; ʩʦʛʣʘʩʦʚʘʥʠʝ ʠʥʪʝʨʝʩʦʚ ʩʫʙʲʝʢ-

ʪʦʚ). ʊʘʢʞʝ ʬʠʢʩʠʨʫʝʪʩʷ, ʯʪʦ ʫʧʨʘʚʣʝʥʠʝ ʚʩʝʡ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʴʶ ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʫʙʲʝʢʪ ʚʳʰʝʩʪʦʷʱʝʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʇʨʦʙʣʝʤʘ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤʠ ʮʠʢʣʘʤʠ ʆʊʉ 

ʦʢʦʥʯʘʪʝʣʴʥʦ ʬʦʨʤʘʣʠʟʫʝʪʩʷ ʚ ʨʘʟʜʝʣʝ 1.4 ʢʘʢ ʨʝʟʶʤʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥ-

ʥʦʡ ʚ ʨʘʟʜʝʣʘʭ 1.2-1.3 ʮʝʧʦʯʢʠ ʪʝʟʠʩʦʚ 1-8 (ʨʠʩʫʥʦʢ 1.10). ʇʨʝʜʣʘʛʘʝʪʩʷ 

ʩʠʩʪʝʤʘ ʬʦʨʤʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʝʣʝʡ ʂɼ, ʚʢʣʶʯʘʷ ʧʨʠʯʠʥʥʦ-

ʩʣʝʜʩʪʚʝʥʥʫʶ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʂɼ (ʨʠʩʫʥʦʢ 1.11), ʧʝ-

ʨʝʯʝʥʴ ʬʫʥʢʮʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʝʡʩʪʚʠʷ (ʪʘʙʣʠʮʘ 1.4) ʠ ʠʭ 

ʩʪʨʫʢʪʫʨʫ (ʨʠʩʫʥʦʢ 1.12), ʘ ʪʘʢʞʝ ʘʛʨʝʛʠʨʦʚʘʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʬʘʟʘʤʠ ɾʎ ʂɼ (ʨʠʩʫʥʦʢ 1.13). 

ɺ ʩʠʣʫ ʚʳʷʚʣʝʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 1.4 ʦʩʦʙʦʡ ʨʦʣʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦ-

ʛʠʝʡ ʂɼ ʝʡ ʧʦʩʚʷʱʸʥ ʦʪʜʝʣʴʥʳʡ ʨʘʟʜʝʣ 1.5, ʚ ʢʦʪʦʨʦʤ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʨʠ ʢʣʶʯʝʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʆʊʉ, ʘ 

ʠʤʝʥʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʘʜʘʧʪʠʚʥʦʩʪʴ, ʮʠʢʣʠʯʥʦʩʪʴ ʠ ʨʝʛʫʣʷʨʥʦʩʪʴ ʠʭ 
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ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʨʠʚʦʜʠʪʩʷ ʧʨʦʮʝʩʩʥʘʷ ʤʦʜʝʣʴ ʢʦʤʧʣʝʢʩ-

ʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʘʥʘʣʠʟ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ, 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ, ʚʢʣʶʯʘʶʱʘʷ ʣʦʛʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʪʝʭʥʦʣʦʛʠʝʡ (ʨʠʩʫʥʦʢ 1.15) ʠ 

ʧʨʦʮʝʩʩʥʳʝ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʠ ʢʦʤʧʣʝʢʩʥʳʤʠ (ʨʠ-

ʩʫʥʢʠ 1.16 ʠ 1.17) ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʭʥʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ 

ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ ʂɼ ʠ ʨʝʘʣʠʟʘʮʠʠ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʂɼ 

(ʨʠʩʫʥʦʢ 1.18). 

ɺ ʨʘʟʜʝʣʝ 1.6 ʥʘ ʦʩʥʦʚʘʥʠʠ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʩʦʛʣʘʩʦ-

ʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤʠ ʮʠʢʣʘʤʠ ʆʊʉ ʠ ʩʠʩʪʝʤʳ ʬʦʨʤʘʣʴʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʝʣʝʡ ʂɼ (ʨʘʟʜʝʣ 1.4), ʘ ʪʘʢʞʝ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭ-

ʥʦʣʦʛʠʝʡ ʂɼ (ʨʘʟʜʝʣ 1.5) ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʟʘʜʘʯʠ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚ-

ʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤʠ ʮʠʢʣʘʤʠ ʆʊʉ. ʊʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʚʷʟʴ ʧʨʦʙʣʝʤ 

ʠ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤʠ ʮʠʢʣʘʤʠ 

ʆʊʉ ʩʦ ʩʤʝʞʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʟʥʘʥʠʡ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʪʝʦʨʠʝʡ ʘʢʪʠʚʥʳʭ 

ʩʠʩʪʝʤ ʠ ʪʝʦʨʠʝʡ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʘ ʪʘʢʞʝ 

ʩʠʩʪʝʤʦʪʝʭʥʠʢʦʡ, ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʦʧʝʨʘʮʠʡ ʠ ʜʨʫʛʠʤʠ ʦʪʨʘʩʣʷʤʠ ʥʘʫʢʠ. 

ɹʘʟʦʚʘʷ ʤʦʜʝʣʴ ʩʪʨʫʢʪʫʨʥʦʛʦ ʵʣʝʤʝʥʪʘ ʂɼ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʬʦʨʤʘʣʠʟʤʝ 

ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

 

1.1. ʆʊʉ ʠ ʢʦʤʧʣʝʢʩʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʷ ʯʝʣʦʚʝʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ (ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʘʷ ʘʢ-

ʪʠʚʥʦʩʪʴ) ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʝ, ʘ ʝʸ ʢʦʤʧʣʝʢʩʥʳʤʠ ʩʫʙʲʝʢ-

ʪʘʤʠ ʷʚʣʷʶʪʩʷ ʆʊʉ. ʎʝʣʝʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʩʫʙʲʝʢʪʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ, (ʦʯʝ-

ʚʠʜʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʣʶʙʦʛʦ ʩʫʙʲʝʢʪʘ ʙʝʟ ʮʝʣʠ ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ) 

ʜʝʣʘʝʪ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʫ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʢ ʦʪʜʝʣʴʥʳʤʠ 

ʩʫʙʲʝʢʪʘʤʠ, ʪʘʢ ʠ ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʷʤʠ. 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʢʦʤʧʣʝʢʩʥʳʝ ʩʫʙʲʝʢʪʳ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʦʙʦʙʱʠʤ ʠ ʚʳʜʝʣʠʤ ʠʭ ʦʙʱʝʩʠʩʪʝʤʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʝʛʦ 

ʩʬʦʨʤʫʣʠʨʫʝʤ ʧʝʨʝʯʝʥʴ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʙʦʩʥʦ-

ʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ. 

ʂʘʪʝʛʦʨʠʶ ʫʧʨʘʚʣʝʥʠʷ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʢʘʢ [15, 24] ʢʦʤʧʣʝʢʩʥʫ  ʁʜʝ-

ʷʪʝʣʴʥʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʫ  ʁ ʚʦʟʜʝʡʩʪʚʠʝ ʩʫʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʥʘ 

ʫʧʨʘʚʣʷʝʤʫʶ ʩʠʩʪʝʤʫ - ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠʟʚʘʥʥʫ  ʁʦʙʝʩʧʝʯʠʪʴ ʝy 

(ʝʛʦ) ʧʦʚʝʜʝʥʠʝ
7
, ʧʨʠʚʦʜʷʱʝʝ ʢ ʜʦʩʪʠʞʝʥʠʶ ʮʝʣʝʡ

8
 ʩʫʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ. 

                                                           
7 ʇʦʚʝʜʝʥʠʝ (ʩʠʩʪʝʤʳ)- ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ (ʚʦ ʚʨʝʤʝʥʠ), ʭʦʪʷ ʙʳ ʯʘʩʪʠʯʥʦ ʥʘʙʣʶʜʘʝʤʦʝ, 
ʧʦʜʜʘʶʱʝʝʩʷ ʠʟʤʝʨʝʥʠʶ, ʦʙʲʝʢʪʠʚʥʦʡ ʬʠʢʩʘʮʠʠ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʡ (ʩʠʩʪʝʤʳ). 
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ɼʘʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ, ʚʦ-ʧʝʨʚʳʭ, ʷʚʥʦ çʦʪʜʝʣʷʝʪè ʩʫʙʲʝʢʪ ʦʪ ʫʧʨʘʚ-

ʣʷʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʚʦ-ʚʪʦʨʳʭ, ʜʦʧʫʩʢʘʝʪ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʮʝʣʝʡ ʫʧʨʘʚʣʷʶ-

ʱʝʛʦ ʩʫʙʲʝʢʪʘ ʠ ʮʝʣʝʡ ʫʧʨʘʚʣʷʝʤʦʛʦ ʦʙʲʝʢʪʘ (ʆʊʉ ʚ ʮʝʣʦʤ ʠʣʠ ʝʸ ʵʣʝ-

ʤʝʥʪʦʚ - ʧʦʜʩʠʩʪʝʤ ʠ/ʠʣʠ ʚʭʦʜʷʱʠʭ ʚ ʆʊʉ ʠʥʜʠʚʠʜʦʚ), ʚ-ʪʨʝʪʴʠʭ, 

ʜʝʢʣʘʨʠʨʫʝʪ ʦʙʷʟʘʪʝʣʴʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ʫʧʨʘʚʣʷʝʤʦʛʦ ʦʙʲʝʢʪʘ 

ʚʦ ʚʨʝʤʝʥʠ (ʩʦʭʨʘʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʜʠʥʘʤʠʢʠ). 

ʊʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʷʚʥʦ ʬʠʢʩʠʨʫʝʪ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʘ ʜʦʩʪʠʞʝ-

ʥʠʷ ʮʝʣʠ ʩʫʙʲʝʢʪʦʤ: 

 ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ - ʚʳʧʦʣʥʝʥʠʝʤ ʩʘʤʠʤ ʩʫʙʲʝʢʪʦʤ ʜʝʡʩʪʚʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʮʝʣʠ; 

 ʆʧʦʩʨʝʜʦʚʘʥʥʦ ï ʫʧʨʘʚʣʝʥʠʝʤ ï ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʥʝʢʦʪʦʨʳʡ 

ʫʧʨʘʚʣʷʝʤʳʡ ʦʙʲʝʢʪ ʠʣʠ ʩʠʩʪʝʤʫ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʚʝʜʝʥʠʷ ʦʙʲʝʢʪʘ ʠʣʠ ʩʠʩʪʝʤʳ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʠʩʭʦʜʥʘʷ ʮʝʣʴ. 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʮʝʣʝʧʦʣʘʛʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ ʚʩʝ 

ʆʊʉ ʥʘ ʜʚʘ ʢʣʘʩʩʘ (ʠʣʠ ʛʨʫʧʧʳ): 

ʂʣʘʩʩ I. ʆʊʉ ʩ ʟʘʜʘʥʥʳʤʠ ʠʟʚʥʝ ʮʝʣʷʤʠ; 

ʂʣʘʩʩ II. ʆʊʉ, ʬʦʨʤʠʨʫʶʱʠʝ ʮʝʣʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

ʂ ʧʝʨʚʦʤʫ ʢʣʘʩʩʫ (ʛʨʫʧʧʝ) ʦʪʥʦʩʷʪʩʷ ʪʘʢʠʝ ʆʊʉ, ʢʘʢ ʬʠʨʤʳ, ʦʨʛʘ-

ʥʠʟʘʮʠʠ, ʧʨʝʜʧʨʠʷʪʠʷ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʝ ʘʛʝʥʪʩʪʚʘ ʠ 

ʦʨʛʘʥʳ, ʧʨʦʝʢʪʥʳʝ ʛʨʫʧʧʳ ʠ ʘʥʘʣʦʛʠʯʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʫʙʲʝʢʪʳ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ, ʩʦʟʜʘʚʘʝʤʳʝ ʠ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʝ ʚ ʠʥʪʝʨʝʩʘʭ ʚʥʝʰʥʠʭ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʥʠʤ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʣʠʮ (ʩʦʙʩʪʚʝʥʥʠʢʦʚ/ʘʢʮʠʦʥʝʨʦʚ, 

ʧʨʘʚʠʪʝʣʴʩʪʚ, ʤʫʥʠʮʠʧʘʣʠʪʝʪʦʚ ʠ ʪ.ʜ.). 

ɺʪʦʨʦʡ ʢʣʘʩʩ (ʛʨʫʧʧʘ) ʚʢʣʶʯʘʝʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʣʶʜʝʡ, ʢʘʢ ʠʥʜʠʚʠ-

ʜʦʚ, ʞʠʟʥʴ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʜʣʷ ʥʠʭ ʩʘʤʦʮʝʥʥʦʡ ʠ ʧʦʪʦʤʫ ʷʚʣʷʝʪʩʷ ʠʭ 

ʢʦʥʝʯʥʦʡ ʠ ʚʥʫʪʨʝʥʥʝ ʧʦʨʦʞʜʸʥʥʦʡ ʮʝʣʴʶ. ʊʘʢʞʝ çʚʥʫʪʨʝʥʥʠʤʠè ʮʝʣʷ-

ʤʠ ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ ʪʘʢʠʝ ʩʫʙʲʝʢʪʳ ʢʘʢ ʩʝʤʴʷ, ʧʣʝʤʷ, ʵʪʥʦʩ, ʛʦʩʫʜʘʨ-

ʩʪʚʦ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʘʤʦʮʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ. ʆʪ-

ʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʆʊʉ ʢʣʘʩʩʘ II ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʚʳʙʦʨʘ (ʚ ʪʦʤ ʯʠʩʝʣ ʛʨʫʧʧʦʚʦʛʦ) ʮʝʣʝʡ; 

ʧʦʜʯʸʨʢʠʚʘʷ ʵʪʦ ʩʚʦʡʩʪʚʦ, ʙʫʜʝʤ ʫʩʣʦʚʥʦ ʥʘʟʳʚʘʪʴ ʆʊʉ ʢʣʘʩʩʘ II çʘʢ-

ʪʠʚʥʳʤʠ ʆʊʉè. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʩʨʝʜʠ ʵʣʝʤʝʥʪʦʚ ʣʶʙʦʡ ʆʊʉ ʢʣʘʩʩʘ I ʚʩʝʛʜʘ ʥʘʡʜʫʪʩʷ 

ʪʘʢʠʝ, ʨʦʣʴ ʢʦʪʦʨʳʭ ʠʛʨʘʶʪ ʆʊʉ ʢʣʘʩʩʘ II. ʇʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʩʦʛʣʘʩʥʦ 

ʜʘʥʥʦʤʫ ʚʳʰʝ ʦʧʨʝʜʝʣʝʥʠʶ ʆʊʉ ʚ ʝʸ ʩʦʩʪʘʚ ʦʙʷʟʘʥʳ ʚʭʦʜʠʪʴ ʣʶʜʠ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ çʦʩʥʦʚʥʳʤè ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʆʊʉ ʢʣʘʩʩʘ II. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʣʷ ʚʩʝʭ ʩʠʩʪʝʤ ʢʣʘʩʩʘ I ʭʘʨʘʢʪʝʨʥʘ ʧʨʦʙʣʝʤʘ ʩʦʛʣʘʩʦʚʘʥʠʷ 

                                                                                                                                           
8 ʎʝʣʴ [53] ð ʠʜʝʘʣʴʥʳʡ ʠʣʠ ʨʝʘʣʴʥʳʡ ʧʨʝʜʤʝʪ ʩʦʟʥʘʪʝʣʴʥʦʛʦ ʠʣʠ ʙʝʩʩʦʟʥʘʪʝʣʴʥʦʛʦ 
ʩʪʨʝʤʣʝʥʠʷ ʩʫʙʲʝʢʪʘ; ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʥʘ ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʤʝʨʝʥʥʦ ʥʘʧʨʘʚʣʝʥ ʧʨʦ-
ʮʝʩʩ; ʧʨʝʜʚʦʩʭʠʱʘʝʤʳʡ/ʞʝʣʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
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çʚʥʫʪʨʝʥʥʠʭè ʮʝʣʝʡ, ʧʨʠʩʫʱʠʭ ʆʊʉ ʢʣʘʩʩʘ II, ʩ çʚʥʝʰʥʠʤʠè ʮʝʣʷʤʠ, 

ʢʦʪʦʨʳʝ ʝʡ ʩʣʝʜʫʝʪ ʜʦʩʪʠʯʴ ʚ ʨʦʣʠ ʵʣʝʤʝʥʪʘ ʆʊʉ ʢʣʘʩʩʘ I. ʇʨʦʙʣʝʤʘ 

ʩʦʛʣʘʩʦʚʘʥʠʷ çʚʥʝʰʥʠʭè ʠ çʚʥʫʪʨʝʥʥʠʭè ʮʝʣʝʡ ʩʫʙʲʝʢʪʘ ʜʦʣʞʥʘ ʨʝ-

ʰʘʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠʩʪʦʯʥʠʢʦʚ ʠʣʠ ʧʨʠʯʠʥ ʮʝʣʝʧʦʣʘʛʘʥʠʷ, ʢʘʢʦ-

ʚʳʤʠ ʷʚʣʷʶʪʩʷ ʠʥʪʝʨʝʩʳ ʠʣʠ ʧʨʝʜʧʦʯʪʝʥʠʷ ʩʫʙʲʝʢʪʘ. 

ʆʧʠʨʘʷʩʴ ʥʘ ʦʧʨʝʜʝʣʝʥʠʷ, ʜʘʥʥʳʝ ʚ [94, 99]
9
, ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ çʠʥ-

ʪʝʨʝʩʳè ʩʫʙʲʝʢʪʘ ʂɼ ʢʘʢ ʧʨʠʯʠʥʫ ʙʫʜʫʱʠʭ ʜʝʡʩʪʚʠʡ, ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʥʝʢʦʪʦʨʦʤ ʨʝʟʫʣʴʪʘʪʝ (ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʳ ʜʝʡʩʪʚʠʷ), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʪʦʨʳʤ ʩʫʙʲʝʢʪ ʩʪʘʚʠʪ ʮʝʣʴ. ʊʦʛʜʘ ʘʥʘʣʠʟʠʨʫʝʤʘʷ ʧʨʦ-

ʙʣʝʤʘ ʩʦʛʣʘʩʦʚʘʥʠʷ ʮʝʣʝʡ ʩʚʦʜʠʪʩʷ ʢ ʟʘʜʘʯʝ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʥʪʝʨʝʩʦʚ 

ʩʫʙʲʝʢʪʦʚ
10

. 

ʕʪʘ ʟʘʜʘʯʘ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʠʟʫʯʘʝʪʩʷ ʪʘʢʠʤʠ ʨʘʟʜʝʣʘʤʠ 

ʥʘʫʢʠ ʢʘʢ ʪʝʦʨʠʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʪʝʦʨʠʷ ʠʛʨ, ʪʝʦʨʠʷ ʘʢʪʠʚʥʳʭ ʩʠ-

ʩʪʝʤ, ʪʝʦʨʠʷ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʪʝʦʨʠʷ ʢʦʥʪʨʘʢ-

ʪʦʚ (ʩʤ. ʦʙʟʦʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʜʝʣʦʚ ʟʥʘʥʠʡ ʚ [90]), ʠ ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʆʊʉ ʥʠʞʝ. 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠʤʝʥʥʦ ʢʣʘʩʩʘ I ʧʨʝʜʩʪʘʚʣʷ-

ʶʪ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʢʘʢ ʦʙʲʝʢʪʳ ʫʧʨʘʚʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ, ʝʩʣʠ ʥʝ ʦʛʦʚʦʨʝʥʦ ʦʩʦʙʦ, ʦʛʨʘʥʠʯʠʤʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʆʊʉ ʢʣʘʩ-

ʩʘ I, ʦʜʥʘʢʦ ʙʫʜʝʤ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʨʦʣʠ ʯʘʩʪʠ ʵʣʝʤʝʥʪʦʚ ʆʊʉ ʚʩʝʛʜʘ ʠʛ-

ʨʘʶʪ ʘʢʪʠʚʥʳʝ ʆʊʉ ʢʣʘʩʩʘ II
11
. ʊʦ ʝʩʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤ 

ʆʊʉ, ʬʦʨʤʠʨʫʝʤʳʝ ʠʣʠ ʩʫʱʝʩʪʚʫʶʱʠʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʠʣʠ ʩʦ-

ʟʜʘʥʠʷ ʚʳʛʦʜ ʚ ʠʥʪʝʨʝʩʘʭ ʚʥʝʰʥʠʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʠʤ ʟʘʠʥʪʝʨʝʩʦʚʘʥ-

ʥʳʭ ʣʠʮ. ʆʧʨʝʜʝʣʝʥʠʝ ʆʊʉ ʢʣʘʩʩʘ I ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʧʨʦ-

ʩʪʨʘʥʸʥʥʦʤʫ ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʪʝʨʤʠʥʫ Enterprise System [239] 

ï ʧʨʝʜʧʨʠʷʪʠʝ ʢʘʢ ʩʠʩʪʝʤʘ, ʧʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʪʝʨʤʠʥ çʧʨʝʜʧʨʠʷ-

ʪʠʝè ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʆʊʉ ʢʣʘʩʩʘ I, ʚ ʪʝʭ ʩʣʫʯʘʷʭ, 

                                                           
9 ʀʥʪʝʨʝʩ [99] (ʦʪ ʣʘʪ. interest - ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ, ʚʘʞʥʦ), ʚ ʩʦʮʠʦʣʦʛʠʠ - ʨʝʘʣʴʥʘʷ ʧʨʠ-
ʯʠʥʘ ʩʦʮʠʘʣʴʥʳʭ ʜʝʡʩʪʚʠʡ, ʣʝʞʘʱʘʷ ʚ ʦʩʥʦʚʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʧʦʙʫʞʜʝʥʠʡ - ʤʦʪʠʚʦʚ, 
ʠʜʝʡ ʠ ʪ. ʧ. - ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʥʠʭ ʠʥʜʠʚʠʜʦʚ, ʩʦʮʠʘʣʴʥʳʭ ʛʨʫʧʧ. ʉʦʜʝʨʞʘʥʠʝ ʠ ʭʘʨʘʢʪʝʨ 
ʠʥʪʝʨʝʩʘ ʩʚʷʟʘʥʳ ʢʘʢ ʩʦ ʩʪʨʦʝʥʠʝʤ ʠ ʜʠʥʘʤʠʢʦʡ ʤʦʪʠʚʦʚ ʠ ʧʦʪʨʝʙʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ, ʪʘʢ 
ʠ ʩ ʭʘʨʘʢʪʝʨʦʤ ʬʦʨʤ ʠ ʩʨʝʜʩʪʚ ʦʩʚʦʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʤʠ ʦʥ ʚʣʘʜʝʝʪ. 
ʀʥʪʝʨʝʩ [94] - ʥʫʞʜʳ, ʧʦʪʨʝʙʥʦʩʪʠ. 
10 ʇʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʧʨʦʙʣʝʤʫ ʩʦʛʣʘʩʦʚʘʥʠʷ ʮʝʣʝʡ ʠ ʠʥʪʝʨʝʩʦʚ ʥʘ ʧʨʠʤʝʨʝ ʜʚʫʭ ʩʫʙʲʝʢ-
ʪʦʚ, ʫʩʣʦʚʥʦ ʥʘʟʦʚʸʤ ʠʭ çɸè ʠ çɹè, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ ʨʦʣʠ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ ʆʊʉ 
çɺè ʢʣʘʩʩʘ I. ʇʫʩʪʴ ʚ ʨʘʤʢʘʭ ʩʚʦʝʡ ʨʦʣʠ ʚ ʆʊʉ çɺè ʩʫʙʲʝʢʪ çɹè ʬʦʨʤʠʨʫʝʪ ʮʝʣʴ ʜʣʷ 
ʨʦʣʠ, ʚʳʧʦʣʥʷʝʤʦʡ ʩʫʙʲʝʢʪʦʤ çɸè. ʕʪʘ ʮʝʣʴ ʷʚʣʷʝʪʩʷ çʚʥʝʰʥʝʡè ʜʣʷ ʩʫʙʲʝʢʪʘ çɸè, 
ʢʦʪʦʨʳʡ, ʙʫʜʫʯʠ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʆʊʉ ʢʣʘʩʩʘ II, ʚʩʝʛʜʘ ʠʤʝʝʪ çʩʚʦʠ ʚʥʫʪʨʝʥʥʠʝè ʮʝʣʠ. 
ʊʦʛʜʘ ʜʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ çʚʥʝʰʥʠʭè ʠ çʚʥʫʪʨʝʥʥʠʭè ʮʝʣʝʡ ʩʫʙʲʝʢʪʘ çɸè ʥʝʦʙʭʦʜʠʤʦ ʩʦ-
ʛʣʘʩʦʚʘʥʠʝ ʠʥʪʝʨʝʩʦʚ ʩʫʙʲʝʢʪʘ çɸè ʩ ʠʥʪʝʨʝʩʘʤʠ ʩʫʙʲʝʢʪʘ çɹè. 
11 ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʚʳʰʝʧʨʠʚʝʜʸʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʢ ʆʊʉ ʢʣʘʩʩʘ II 
ʥʘʪʘʣʢʠʚʘʝʪʩʷ ʥʘ ʤʝʪʦʜʠʯʝʩʢʫʶ ʩʣʦʞʥʦʩʪʴ ʦʪʜʝʣʝʥʠʷ ʩʫʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʦʪ ʦʙʲʝʢ-
ʪʘ. 
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ʢʦʛʜʘ ʵʪʦ ʙʦʣʝʝ ʫʤʝʩʪʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʥʪʝʢʩʪʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠʤʝʥʠ-

ʪʝʣʴʥʦ ʢ ʆʊʉ, ʠʤʝʶʱʠʤ ʙʠʟʥʝʩ-ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ. 

ɻʦʚʦʨʷ ʦʙ ʫʧʨʘʚʣʝʥʠʠ ʆʊʉ, ʥʝʦʙʭʦʜʠʤʦ çʥʘʭʦʜʠʪʴʩʷ ʚʥʝè ʆʊʉ, ʦʪ-

ʜʝʣʷʷ ʩʫʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ ʦʪ ʦʙʲʝʢʪʘ - ʆʊʉ. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʫʧʨʘʚ-

ʣʝʥʠʷ ʆʊʉ - ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʝ yʧʦʚʝʜʝʥʠʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʥʝʦʙʭʦ-

ʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ, ʢʘʢ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʩʦʩʪʦʷʥʠʡ ʆʊʉ, ʢʘʢ ʟʘ ʩʯʸʪ 

ʵʪʦʛʦ ʜʦʩʪʠʛʘʶʪʩʷ ʢʦʥʝʯʥʳʝ (ʠʪʦʛʦʚʳʝ) ʮʝʣʠ. 

ɸʥʘʣʠʟ ʦʙʱʝʩʪʚʝʥʥʦ-ʠʩʪʦʨʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ 

ʠʤʝʥʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʆʊʉ, ʨʝʘʣʠʟʫʝʤʘʷ ʠʤʠ ʜʝʷʪʝʣʴʥʦʩʪʴ (ʚ ʦʙ-

ʱʝʤ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʥʘʷ), ʬʦʨʤʠʨʫʝʪ ʨʝʟʫʣʴʪʘʪ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʮʝʥʥʦʩʪʴ / ʧʦʣʝʟʥʦʩʪʴ ʜʣʷ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʣʠʮ. ʆʊʉ ʢʣʘʩʩʘ I, ʢʘʢ ʢʦʤ-

ʧʣʝʢʩʥʳʝ ʩʫʙʲʝʢʪ rʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʠʞʝʥʠʝ ʮʝʣʝʡ ʠ 

ʧʦʣʫʯʝʥʠʝ ʚʳʛʦʜ ʪʦʣʴʢʦ ʦʜʥʠʤ ʩʚʦʠʤ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʆʊʉ ʠ ʣʶʙʳʭ ʠʥʳʭ ʩʫʙʲʝʢʪʦʚ ʪʨʝʙʫʝʪ ʣʠʰʴ ʟʘʪʨʘʪ ʨʝ-

ʩʫʨʩʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʮʝʣʠ ʜʦʩʪʠʛʘʶʪʩʷ, ʘ ʚʳʛʦʜʳ ʩʦʟʜʘʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘ-

ʪʝ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʫʶ ʩʫʙʲʝʢʪʳ ʨʝʘʣʠʟʫʶʪ ʚ ʪʝʯʝʥʠʝ ʩʚʦʠʭ ʞʠʟʥʝʥ-

ʥʳʭ ʮʠʢʣʦʚ. ʊʦ ʝʩʪʴ ʆʊʉ, ʷʚʣʷʶʪʩʷ ʣʠʰʴ ʚʳʥʫʞʜʝʥʥʳʤ, ʪʨʝʙʫʶʱʠʤ 

ʟʘʪʨʘʪ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʩʨʝʜʩʪʚʦʤ ʨʝʘʣʠʟʘʮʠʠ ʠʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʜʦ-

ʩʪʠʛʘʶʱʝʡ ʢʦʥʝʯʥʳʝ ʮʝʣʠ ʠ ʬʦʨʤʠʨʫʶʱʝʡ ʮʝʣʝʚʳʝ ʚʳʛʦʜʳ (ʩʤ. ʨʠʩʫ-

ʥʦʢ 1.1), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʮʝʣʴ ʆʊʉ ʢʣʘʩʩʘ I ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʮʝʣʴ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ, ʚʳʧʦʣʥʷʝʤʦʡ ʵʪʦʡ ʆʊʉ. 

ʆʧʨʝʜʝʣʸʥʥʳʡ ʜʫʘʣʠʟʤ ʧʘʨʳ çʜʝʷʪʝʣʴʥʦʩʪʴ-ʆʊʉè ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ 

ʟʘʥʷʪʴ ʠʥʫʶ ʧʦʟʠʮʠʶ, ʘʜʝʢʚʘʪʥʫʶ ʆʊʉ ʢʣʘʩʩʘ II. ɸ ʠʤʝʥʥʦ, ʧʦʜʦʙʥʘʷ 

ʆʊʉ ʷʚʣʷʝʪʩʷ ʩʘʤʦʜʦʩʪʘʪʦʯʥʳʤ ʮʝʣʝʧʦʣʘʛʘʶʱʠʤ ʩʫʙʲʝʢʪʦʤ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ ʠ ʨʝʘʣʠʟʫʝʪ ʥʝʢʦʪʦʨʳʤ ʦʙʨʘʟʦʤ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʜʦʩʪʠʛʘʷ ʢʦʥʝʯʥʳʡ 

ʨʝʟʫʣʴʪʘʪ. ʆʜʥʘʢʦ, ʥʝ ʠʩʩʣʝʜʫʷ, ʢʘʢ ʨʝʘʣʠʟʫʝʪʩʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʠ ʢʘʢ ʜʦ-

ʩʪʠʛʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪ, ʤʳ ʥʝ ʤʦʞʝʤ ʦʙʦʩʥʦʚʘʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʧʦʚʝʜʝ-

ʥʠʝ ʆʊʉ, ʪʦ ʝʩʪʴ ʥʝ ʤʦʞʝʤ ʫʧʨʘʚʣʷʪʴ ʧʦʩʣʝʜʥʝʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʰʘʷ 

ʟʘʜʘʯʫ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʆʊʉ - ʩʫʙʲʝʢʪʘʤʠ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ (ʵʣʝʤʝʥʪʳ ʩʫʙʲʝʢʪʦʚ ʠ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʫʙʲʝʢʪʦʚ ʚ ʦʙʱʝʤ ʩʣʫ-

ʯʘʝ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʪʘʢʠʤʠ ʩʫʙʲʝʢʪʘʤʠ), ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʤʝ-

ʩʪʝ ʩ ʆʊʉ ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʩʫʱʝʩʪʚʣʷʝʤʫʶ ʠʤʠ ʢʦʤʧʣʝʢʩʥʫʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ. 
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ʈʠʩ. 1.1. ʆʊʉ ʢʣʘʩʩʘ I ʠ ʢʦʤʧʣʝʢʩʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʚ ʮʝʧʦʯʢʝ ʩʦʟʜʘʥʠʷ ʮʝʥʥʦʩʪʠ 

 

ʊʝʟʠʩ ʦ ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʦʙʱʝʧʨʠʥʷʪʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨ-

ʪʦʚ ʩʝʨʠʠ ISO9000 ʩʠʩʪʝʤ ʢʘʯʝʩʪʚʘ: ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʫʩʧʝʭʘ 

ʦʨʛʘʥʠʟʘʮʠʡ ʠʩʧʦʣʴʟʦʚʘʪʴ çʧʨʦʮʝʩʩʥʳʡ ʧʦʜʭʦʜè, ʬʦʢʫʩʠʨʫʷʩʴ ʥʘ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ [49, 75, 102]. 

çʇʨʦʮʝʩʩè, ʙʫʜʫʯʠ ʦʩʥʦʚʥʳʤ ʧʦʥʷʪʠʝʤ ʮʝʣʦʡ ʩʝʨʠʠ ʩʪʘʥʜʘʨʪʦʚ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ [48] ʢʘʢ çʩʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʠ (ʠʣʠ) ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʫʶʱʠʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʚʭʦʜʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʥʘʤʝʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘè. ʊʦ ʝʩʪʴ çʧʨʦʮʝʩʩʥʳʡ ʧʦʜʭʦʜè ʬʘʢʪʠʯʝʩʢʠ 

ʦʟʥʘʯʘʝʪ ʨʘʩʩʤʦʪʨʝʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʝʸ ʨʝʛʣʘʤʝʥʪʘʮʠʶ ʠ ʦʧʪʠʤʠʟʘʮʠʶ. 

ʆʜʥʘʢʦ çʧʨʦʮʝʩʩʥʳʡ ʧʦʜʭʦʜè ʥʝ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʫʧʨʘʚ-

ʣʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʥʝ ʫʯʠʪʳʚʘʝʪ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʘʩʧʝʢʪʦʚ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʩʪʘʚʣʝʥʳ ʚ ʮʝʥʪʨ ʚʥʠʤʘʥʠʷ ʤʝʪʦʜʦʣʦʛʠʠ ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʄʂɼ (ʪʘʙʣʠʮʘ 1.1). 
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ʊʘʙʣʠʮʘ 1.1. ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʣʦʛʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʧʨʦʮʝʩʩʥʦʛʦ ʧʦʜʭʦʜʘ ISO9000 

 

ʆʩʥʦʚʘʥʠʝ 

ʩʨʘʚʥʝʥʠʷ 

ʄʝʪʦʜʦʣʦʛʠ ̫

ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʇʨʦʮʝʩʩʥʳʡ ʧʦʜʭʦʜ ʩʠʩʪʝʤ 

ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ, ISO9000 

ʉʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʗʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ, ʂɼ ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʪʩʷ ʢʘʢ ʩʠʩʪʝʤʘ, ʧʨʝʜʤʝʪ ʄʂɼ ï ʧʘʨʘ 

<ʂɼ vs ʆʊʉ> 

ʇʨʦʜʝʢʣʘʨʠʨʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ 

ʚʦʩʴʤʠ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʦʚ 

ʆʩʥʦʚʥʦʡ ʵʣʝʤʝʥʪ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʉʪʨʫʢʪʫʨʥʳʡ ʵʣʝʤʝʥʪ ʜʝʷʪʝʣʴʥʦʩʪʠ  ʇʨʦʮʝʩʩ - ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥ-

ʥʳʭ ʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʚʠʜʦʚ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʝʦʙʨʘʟʫʶʱʠʭ ʚʭʦʜʳ ʚ 

ʚʳʭʦʜʳ. 

ʅʝʦʧʨʝʜʝʣʸʥ-

ʥʦʩʪʴ
12

 

ʗʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʳʭ ʘʩʧʝʢʪʦʚ ʂɼ 

ʅʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʚʩʝ. ɼʘʞʝ ʥʝ 

ʫʧʦʤʠʥʘʝʪʩʷ ʚ ʩʪʘʥʜʘʨʪʘʭ. 

ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ ʗʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʨʘʩʩʤʘʪ- ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ ʧʨʦʮʝʩʩʦʚ ʥʝ ʨʘʩ-

                                                           
12 ʅʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʚ [22] ʚʚʦʜʠʪʩʷ ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʫʧʣʝʥʠʷ ʚ ʭʦʜʝ ʂɼ ʪʘʢʠʭ ʩʦʙʳʪʠʡ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʂɼ ʠ ʥʘ 
ʝʸ ʨʝʟʫʣʴʪʘʪ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʩʪʫʧʠʪʴ, ʘ ʤʦʛʫʪ ʠ ʥʝ ʥʘʩʪʫʧʠʪʴ. ʉʣʝʜʩʪʚʠʝʤ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʂɼ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ 
ʘʧʨʠʦʨʠ ʧʨʝʜʩʢʘʟʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʟʫʣʴʪʘʪʘ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʤʦʤʝʥʪ ʝʛʦ ʧʦʣʫʯʝʥʠʷ ʠ ʫʩʠʣʠʷ (ʨʝʩʫʨʩʳ), ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʜʣʷ 
ʵʪʦʛʦ ʟʘʪʨʘʯʝʥʳ. 
ʉʣʝʜʫʷ ʠʜʝʷʤ F. Knight [211], ʚ [22] ʨʘʟʜʝʣʷʶʪʩʷ ʠʟʤʝʨʠʤʘʷ ʠ ʠʩʪʠʥʥʘʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ. ʀʟʤʝʨʠʤʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ 
ʂɼ - ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʫʧʣʝʥʠʷ ʦʧʠʩʳʚʘʝʤʳʭ ʥʝʢʦʪʦʨʳʤʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʩʦʙʳʪʠʡ. ɼʣʷ ʘʥʘʣʠʟʘ ʪʘʢʠʭ ʩʦʙʳʪʠʡ ʤʦʛʫʪ 
ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʤʝʪʦʜʳ (ʥʘʧʨʠʤʝʨ, ʚʝʨʦʷʪʥʦʩʪʥʳʝ/ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ), ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʠʟʤʝʨʝ-
ʥʠʷʭ ʠʣʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʢʦʥʘʭ (ʚʤʝʩʪʝ ʩ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʦ ʥʝʠʟʤʝʥʥʦʩʪʠ ʫʩʣʦʚʠʡ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ). ʀʩʪʠʥʥʘʷ ʥʝʦʧʨʝ-
ʜʝʣʝʥʥʦʩʪʴ ʂɼ - ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʫʧʣʝʥʠʷ ʫʥʠʢʘʣʴʥʳʭ (ʠʣʠ ʨʝʜʢʦ ʧʦʚʪʦʨʷʶʱʠʭʩʷ) ʩʦʙʳʪʠʡ, ʢʦʪʦʨʳʝ ʥʝ ʦʙʲʷʩʥʷʶʪʩʷ ʠʟʚʝʩʪ-
ʥʳʤʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ. ɺ ʫʧʨʘʚʣʝʥʠʠ ʧʨʦʝʢʪʘʤʠ ʠʩʪʠʥʥʫʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ ʥʝʧʨʝʜʚʠʜʝʥʥʳʤʠ ʨʠʩʢʘʤʠ. 



18 

ʆʩʥʦʚʘʥʠʝ 

ʩʨʘʚʥʝʥʠʷ 

ʄʝʪʦʜʦʣʦʛʠ ̫

ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʇʨʦʮʝʩʩʥʳʡ ʧʦʜʭʦʜ ʩʠʩʪʝʤ 

ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ, ISO9000 

ʨʠʚʘʝʤʳʭ ʘʩʧʝʢʪʦʚ ʂɼ ʩʤʘʪʨʠʚʘʝʪʩʷ. ʄʥʦʛʦ ʛʦʚʦʨʠʪʩʷ ʦ çʥʝ-

ʧʨʝʨʳʚʥʳʭ ʫʣʫʯʰʝʥʠʷʭè, ʥʦ ʧʨʦʮʝʩʩʳ 

ʩʦʟʜʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʥʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ. 

ʊʝʭʥʦʣʦʛʠʷ ʀʩʩʣʝʜʦʚʘʥʘ ʨʦʣʴ ʪʝʭʥʦʣʦʛʠʠ, ʨʘʟʨʘʙʦ-

ʪʘʥʳ ʤʦʜʝʣʠ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʂɼ, 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʠ ʦʧʨʝʜʝʣʷʶʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʂɼ. 

ʈʦʣʴ ʪʝʭʥʦʣʦʛʠʠ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʩ-

ʩʦʚ ʥʝ ʠʩʩʣʝʜʫʝʪʩʷ. 

ʋʧʨʘʚʣʝʥʠʝ 

ʠ ʦʨʛʘʥʠʟʘʮʠʷ 

ʢʘʢ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʨʛʘʥʠʟʘ-

ʮʠʠ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʚ ʄʂɼ: ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʢʦʤʧʦʥʝʥʪʳ ʦʨʛʘʥʠʟʘʮʠʠ ʠ 

ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ çʫʥʠʚʝʨʩʘʣʴʥʳʡ 

ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷè; ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʂɼ ʩʦʩʪʦʠʪ ʠʟ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥ-

ʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ 

ʫʧʨʘʚʣʷʶʱʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʋʧʨʘʚʣʝʥʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʷ (ʢʘʢ ʧʨʦ-

ʮʝʩʩʳ) ʥʝ ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʨʘʩ-

ʩʤʦʪʨʝʥʠʷ, ʜʘʞʝ ʥʝ ʦʧʨʝʜʝʣʷʶʪʩʷ. 

ʄʦʜʝʣʠ ʃʦʛʠʯʝʩʢʘʷ, ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʘʷ, 

ʧʨʦʮʝʩʩʥʘʷ 

ʈʘʟʣʠʯʥʳʝ ʬʦʨʤʘʣʠʟʤʳ, ʦʧʠʩʳʚʘʶ-

ʱʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʮʝʣʝʚʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʫʶ, ʦʨʛʩʪʨʫʢʪʫʨʳ 

ʠ ʪ.ʜ. ʄʦʜʝʣʠ ɾʎ ʧʨʦʮʝʩʩʘ ʚ ʷʚʥʦʤ 

ʚʠʜʝ ʦʪʩʫʪʩʪʚʫʶʪ. 
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ɺ ʄʂɼ [15] ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʠʩʩʣʝʜʦʚʘ-

ʥʘ ʝʸ ʧʨʠʨʦʜʘ ʢʘʢ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ. ʂʦʤʧʣʝʢʩʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ (ʂɼ) 

ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʦʙʣʘʜʘʶʱʘʷ ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʚʥʫʪʨʝʥʥʝʡ 

ʩʪʨʫʢʪʫʨʦʡ, ʩ ʤʥʦʞʝʩʪʚʝʥʥʳʤʠ ʠ/ʠʣʠ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʩʫʙʲʝʢʪʦʤ, ʪʝʭʥʦ-

ʣʦʛʠʝʡ, ʨʦʣʴʶ ʧʨʝʜʤʝʪʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʝʛʦ ʮʝʣʝʚʦʤ ʢʦʥʪʝʢʩʪʝ. ɺʳʷʚʣʝʥʳ 

ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʙʱʝʩʠʩʪʝʤʥʳʝ (ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʣʶʙʳʭ ʦʪʨʘʩʣʝʡ ʯʝʣʦʚʝ-

ʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ) ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʂɼ ʚʦ ʚʨʝʤʝʥʠ: 

ʝʸ ʩʪʨʫʢʪʫʨʘ, ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ, ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʬʦʨ-

ʤʫʣʠʨʦʚʘʥʳ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʫʪʚʝʨʞʜʝʥʠʡ ʠ ʦʧʠʩʘʥʳ ʩʠʩʪʝʤʦʡ ʬʦʨ-

ʤʘʣʴʥʳʭ ʤʦʜʝʣʝʡ [20, 33]. 

ʇʨʝʜʤʝʪʦʤ ʤʝʪʦʜʦʣʦʛʠʠ ʂɼ ʷʚʣʷʝʪʩʷ ʜʠʘʣʝʢʪʠʯʝʩʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫ-

ʶʱʘʷ ʧʘʨʘ çʢʦʤʧʣʝʢʩʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ vs ʆʊʉè, ʧʨʠ ʵʪʦʤ ʆʊʉ ʧʦ ʦʪʥʦ-

ʰʝʥʠʶ ʢ ʂɼ ʤʦʞʝʪ ʠʛʨʘʪʴ ʨʦʣʠ ʠ ʩʫʙʲʝʢʪʘ, ʠ ʩʨʝʜʩʪʚʘ, ʠ ʦʙʲʝʢʪʘ [15]; 

ʤʝʪʦʜʦʣʦʛʠʷ ʂɼ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʪʝʭʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʠ ʂɼ, ʦʙʨʘʟʫʶʱʠʝ ʧʘʨʫ, ʠʤʝʶʪ ʩʘʤʳʡ ʦʙʱʠʡ ʚʠʜ.  

ɹʘʟʦʚʳʤ ʢʦʥʩʪʨʫʢʪʦʤ ʄʂɼ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʳʡ ʵʣʝʤʝʥʪ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ (ʉʕɼ) ï ʬʦʨʤʘʣʴʥʳʡ ʦʙʲʝʢʪ, ʦʧʠʩʳʚʘʶʱʠʡ ʵʣʝʤʝʥʪ ʂɼ: ʧʨʦʮʝʩʩʫ-

ʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ (ʧʦʪʨʝʙʥʦʩʪʠ, ʮʝʣʴ, ʟʘʜʘʯʠ, ʪʝʭʥʦʣʦʛʠʶ, ʜʝʡʩʪʚʠʝ, 

ʨʝʟʫʣʴʪʘʪ); ʧʨʝʜʤʝʪ ʠ ʩʫʙʲʝʢʪ (ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ - ʆʊʉ); ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ; ʚ 

ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ ʜʦʩʪʠʞʝʥʠʝ 

ʦʧʨʝʜʝʣʸʥʥʦʡ ʮʝʣʠ / ʧʦʣʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʸʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʝʡ. ʕʣʝʤʝʥʪʘʨʥʘʷ ʦʧʝʨʘʮʠʷ -ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʵʣʝʤʝʥʪʘ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ, ʠʤʝʶʱʝʡ ʝʜʠʥʩʪʚʝʥʥʫʶ ʮʝʣʴ, ʥʝ ʜʦʧʫʩʢʘʶʱʝʡ ʠʣʠ ʥʝ ʪʨʝʙʫʶʱʝʡ 

ʜʘʣʴʥʝʡʰʝʡ ʜʝʪʘʣʠʟʘʮʠʠ, ʠ ʫ ʢʦʪʦʨʦʡ ʚʩʝ ʩʪʘʜʠʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠ/ʠʣʠ 

ʚʩʝ ʧʨʦʮʝʩʩʫʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʨʦʤʝ ʜʝʡʩʪʚʠʷ, ʚʳʨʦʞʜʝʥʳ. ɺ ʧʨʘʢʪʠ-

ʯʝʩʢʦʤ ʩʤʳʩʣʝ ʉʕɼʳ ʦʙʦʙʱʘʶʪ ʧʨʝʜʧʨʠʷʪʠʷ, ʫʯʨʝʞʜʝʥʠʷ, ʬʠʨʤʳ, ʧʦʜ-

ʨʘʟʜʝʣʝʥʠʷ, ʧʨʦʝʢʪʥʳʝ ʢʦʤʘʥʜʳ, ʮʝʥʪʨʳ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ ʠʭ ʂɼ. 

ʉʪʨʫʢʪʫʨʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʉʕɼʘʤʠ ʟʘʜʘʶʪʩʷ ʣʦʛʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ 

(ʦʪʨʘʞʘʶʱʠʤʠ ʠʝʨʘʨʭʠʠ ʮʝʣʝʡ ʵʣʝʤʝʥʪʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ) ʠ ʧʨʠʯʠʥʥʦ-

ʩʣʝʜʩʪʚʝʥʥʳʤʠ ʤʦʜʝʣʷʤʠ (ʦʧʠʩʳʚʘʶʱʠʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ 

ʉʕɼʘʤʠ), ʧʨʦʮʝʩʩʥʳʝ ʤʦʜʝʣʠ (ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʝʤ ʨʘʟʜʝʣʝ ʛʣʘʚʳ 2) ʦʙʦʙʱʘʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʉʕ-

ɼʦʚ.  

ɹʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ, ʤʦʜʝʣʠ ʠ ʧʦʜʭʦʜʳ 

ʄʂɼ [15] ʜʣʷ ʢʦʥʮʝʧʪʫʘʣʠʟʘʮʠʠ ʧʨʦʙʣʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʆʊʉ. 

 

1.2. ʆʩʦʙʝʥʥʦʩʪʠ ʆʊʉ ʢʘʢ ʧʨʝʜʤʝʪʘ ʫʧʨʘʚʣʝʥʠʷ 
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ʇʦʜʭʦʜʳ ʠ ʤʦʜʝʣʠ ʄʂɼ [15] ʧʦʟʚʦʣʷʶʪ ʦʙʦʙʱʠʪʴ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʦʩʦʙʝʥʥʦʩʪʠ ʆʊʉ ʢʘʢ ʦʙʲʝʢʪʘ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚ ʠʪʦʛʝ ʩʬʦʨ-

ʤʫʣʠʨʦʚʘʪʴ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʝʟʠʩʦʚ ʫʪʦʯʥʸʥʥʦʝ ʦʧʠʩʘʥʠʝ 

ʧʨʝʜʤʝʪʘ ʫʧʨʘʚʣʝʥʠʷ. ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʝʩʣʠ ʥʝ ʦʛʦʚʦʨʝ-

ʥʦ ʦʩʦʙʦ, ʪʝʨʤʠʥ ʫʧʨʘʚʣʝʥʠʝ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ, ʩʯʠ-

ʪʘʷ ʦʨʛʘʥʠʟʘʮʠʶ ʦʜʥʠʤ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩʦʛʣʘʩʥʦ [15, 20, 33]. 

ɺ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʧʝʨʚʠʯʥʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʠʷ ʂɼ, 

ʢʦʪʦʨʫʶ ʦʩʫʱʝʩʪʚʣʷʝʪ ʆʊʉ, ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ ʪʝʟʠʩ 1: ʪʘʢ ʢʘʢ ʮʝʣʴ ʆʊʉ 

ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʮʝʣʴ ʚʳʧʦʣʥʷʝʤʦʡ ʝʶ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʦ ʜʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ - ʩʫʙʲʝʢʪʘʤʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʫʧʨʘʚʣʷʪʴ ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ ʠʤʠ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. 

ʂʦʤʧʣʝʢʩʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʦʩʪʦʠʪ  ʠʟ ʬʨʘʢʪʘʣʴʥʦʡ ʠʝʨʘʨʭʠʠ ʵʣʝʤʝʥ-

ʪʦʚ [15], ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ (ʨʠʩʫʥʦʢ 1.2) ʩʫʙʲʝʢʪʦʤ, 

ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪ ʵʣʝʤʝʥʪ ʂɼ ʠ ʨʦʣʴ ʢʦʪʦʨʦʛʦ ʠʛʨʘʝʪ ʆʊʉ, ʧʦʪʨʝʙʥʦ-

ʩʪʷʤʠ (ʟʘʜʘʶʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʝʟʫʣʴʪʘʪʫ), ʮʝʣʷʤʠ ʠ ʟʘʜʘʯʘʤʠ (ʦʧʨʝʜʝ-

ʣʷʶʱʠʤʠ ʞʝʣʘʪʝʣʴʥʳʡ, ʧʨʝʜʚʦʩʭʠʱʘʝʤʳʡ ʦʙʨʘʟ ʨʝʟʫʣʴʪʘʪʘ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ), ʪʝʭʥʦʣʦʛʠʝʡ (ʩʠʩʪʝʤʦʡ ʫʩʣʦʚʠʡ, ʢʨʠʪʝʨʠʝʚ, ʬʦʨʤ, ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ, ʬʦʨʤʠʨʫʝʤʦʡ ʠʟ ʚʝ-

ʱʝʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʟʥʘʥʠʡ ʠ ʠʥʬʦʨʤʘʮʠʠ), ʧʨʝʜʤʝʪʦʤ (ʥʘʜ ʢʦʪʦʨʳʤ 

ʚʳʧʦʣʥʷʝʪʩʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠ ʚ ʨʦʣʠ ʢʦʪʦʨʦʛʦ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʆʊʉ, ʣʶʜʠ, 

ʠʥʬʦʨʤʘʮʠʷ ʠ ʟʥʘʥʠʷ, ʚʝʱʝʩʪʚʝʥʥʳʝ ʦʙʲʝʢʪʳ), ʜʝʡʩʪʚʠʝʤ, ʨʝʟʫʣʴʪʘʪʦʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʂɼ ʥʝʦʙʭʦʜʠʤʳ: 

ʘ) ʆʊʉ (ʠʣʠ ʠʥʜʠʚʠʜ ʢʘʢ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ), ʚʳʧʦʣʥʷʶʱʠʝ ʨʦʣʴ ʩʫʙʲ-

ʝʢʪʘ ʵʣʝʤʝʥʪʘ ʂɼ; 

ʙ) ʚʝʱʝʩʪʚʝʥʥʳʝ ʦʙʲʝʢʪʳ ʠ ʟʥʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʶ; 

ʚ) ʆʊʉ, ʠʣʠ ʣʶʜʠ, ʠʣʠ ʚʝʱʝʩʪʚʝʥʥʳʝ ʦʙʲʝʢʪʳ, ʠʣʠ ʟʥʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʩʦʩʪʘʚʣʷʶʪ ʧʨʝʜʤʝʪ ʵʣʝʤʝʥʪʘ ʂɼ. 

ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʆʊʉ, ʣʶʜʠ, ʚʝʱʝʩʪʚʝʥʥʳʝ ʦʙʲʝʢʪʳ, ʟʥʘʥʠʷ ʩʦʩʪʘʚʣʷ-

ʶʪ ʨʝʩʫʨʩʳ ʂɼ. 

ʕʪʠ ʩʦʦʙʨʘʞʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʝʟʠʩ 2: ʂɼ ʷʚʣʷʝʪʩʷ 

ʬʨʘʢʪʘʣʴʥʦʡ ʠʝʨʘʨʭʠʝʡ ʵʣʝʤʝʥʪʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʩʚʷʟʘʥ ʩ: 

1. ʚʳʰʝʩʪʦʷʱʠʤ ʧʦ ʮʝʣʝʚʦʡ ʠʝʨʘʨʭʠʠ ʵʣʝʤʝʥʪʦʤ ʂɼ, ʧʦʜʮʝʣʴ ʢʦʪʦ-

ʨʦʛʦ ʨʝʘʣʠʟʫʝʪ ʜʘʥʥʳʡ ʵʣʝʤʝʥʪ ʂɼ;  
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2. ʥʠʞʝʩʪʦʷʱʠʤʠ ʧʦ ʮʝʣʝʚʦʡ ʠʝʨʘʨʭʠʠ ʵʣʝʤʝʥʪʘʤʠ ʂɼ, ʢʦʪʦʨʳʝ ʨʝʘ-

ʣʠʟʫʶʪ ʧʦʜʮʝʣʠ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʂɼ; 

3. ʨʝʩʫʨʩʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʚʳʧʦʣʥʝʥʠʝ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʂɼ. 

ʀʟ ʥʘʣʠʯʠʷ ʵʪʠʭ ʩʚʷʟʝʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘ ʤʥʦʞʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʂɼ ʤʦ-

ʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʙʠʥʘʨʥʳʝ ʦʪʥʦʰʝʥʠʷ ʜʚʫʭ ʚʠʜʦʚ: çʮʝʣʴ-ʧʦʜʮʝʣʴè 

(ʦʥʠ ʞʝ - ʧʦʜʯʠʥʸʥʥʦʩʪʴ, ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ), ʦʪʨʘʞʘʶʱʠʝ ʧʝʨʚʳʝ ʜʚʝ ʩʚʷ-

ʟʠ, ʠ çʧʦʪʨʝʙʠʪʝʣʴ ï ʧʦʩʪʘʚʱʠʢè ʨʝʩʫʨʩʦʚ, ʦʪʨʘʞʘʶʱʠʝ ʪʨʝʪʴʶ ʩʚʷʟʴ. 

ʂʦʤʧʣʝʢʩʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠ ʝʸ ʢʦʤʧʦʥʝʥʪʳ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴ ʚ ʪʝʯʝʥʠʝ ʠʭ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʦʩʪʳʤ ʩʦʦʙʨʘʞʝ-

ʥʠʝʤ: ʧʝʨʠʦʜʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʂɼ, ʬʘʢʪʠʯʝʩʢʠ ʩʦʟʜʘʥʠʷ 

ʧʦʣʝʟʥʦʩʪʠ, ʮʝʥʥʦʩʪʠ (ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʧʦ 

ʥʘʟʥʘʯʝʥʠʶ) ʚʩʝʛʜʘ ʧʨʝʜʰʝʩʪʚʫʝʪ ʧʝʨʠʦʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʣʠ ʧʦʜʛʦʪʦʚʢʠ 

ʂɼ (ʩʦʟʜʘʥʠʷ ʨʝʩʫʨʩʦʚ), ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʠʭʦʜʠʪʩʷ ʥʝʩʪʠ ʠʟʜʝʨʞʢʠ. 

ɺʤʝʩʪʝ ʩ ʵʪʠʤ, ʟʘ ʧʝʨʠʦʜʦʤ ʨʝʘʣʠʟʘʮʠʠ ʂɼ (ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ) ʩʣʝ-

ʜʫʝʪ ʧʝʨʠʦʜ ʟʘʚʝʨʰʝʥʠʷ/ʨʝʬʣʝʢʩʠʠ (ʚ ʪ.ʯ. - ʫʪʠʣʠʟʘʮʠʠ ʨʝʩʫʨʩʦʚ), ʢʦʪʦ-

ʨʳʡ ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʠʟʜʝʨʞʝʢ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʪʨʠ ʬʘʟʳ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʠ ʩʬʦʨʤʫʣʠʨʦ-

ʚʘʪʴ ʪʝʟʠʩ 3: ʂʦʤʧʣʝʢʩʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ (ʝʸ ʵʣʝʤʝʥʪʳ) ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʝʸ ʨʝʩʫʨʩʳ ʩʫʱʝʩʪʚʫʶʪ ʚʦ ʚʨʝʤʝʥʠ ʚ ʪʝʯʝʥʠʝ ʪʨʸʭ ʬʘʟ (ʨʠʩʫʥʦʢ 1.3): 
 ʌʘʟʘ 1. ʋʩʣʦʚʥʦ ʥʘʟʦʚʸʤ ʝʸ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʡ/ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ {ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʩʫʨʩʘ ʧʦ ʥʘʟʥʘʯʝʥʠʶ / ʨʝʘʣʠʟʘʮʠʠ 

ʂɼ}, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ {ʨʝʩʫʨʩ ʩʦʟʜʘʸʪʩʷ / ʂɼ ʧʨʦʝʢʪʠʨʫʝʪʩʷ}, ʪʘʢ ʢʘʢ ʜʦ 

ʥʘʯʘʣʘ ɾʎ {ʨʝʩʫʨʩ / ʂɼ} ʥʝ ʩʫʱʝʩʪʚʫʝʪ; 

 ʌʘʟʘ 2. ʌʘʟʘ {ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʘ / ʨʝʘʣʠʟʘʮʠʠ ʂɼ}, ʚ ʪʝʯʝʥʠʝ 

ʢʦʪʦʨʦʡ ʠʟʚʣʝʢʘʝʪʩʷ ʧʦʣʴʟʘ ʠʣʠ ʩʦʟʜʘʸʪʩʷ ʮʝʥʥʦʩʪʴ; 

 ʌʘʟʘ 3. ɿʘʚʝʨʰʘʶʱʘʷ/ʨʝʬʣʝʢʩʠʠ ʬʘʟʘ, ʩʣʝʜʫʶʱʘʷ ʟʘ {ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʨʝʩʫʨʩʘ ʧʦ ʥʘʟʥʘʯʝʥʠʶ / ʨʝʘʣʠʟʘʮʠʝʡ ʂɼ}, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʨʝʩʫʨʩ 

ʫʪʠʣʠʟʠʨʫʝʪʩʷ / ʧʨʦʠʩʭʦʜʠʪ ʨʝʬʣʝʢʩʠʷ ʂɼ, ʪʘʢ ʢʘʢ ʧʦ ʟʘʚʝʨʰʝʥʠʠ ɾʎ 

ʨʝʩʫʨʩ / ʂɼ ʧʨʝʢʨʘʱʘʝʪ ʩʚʦʸ ʩʫʱʝʩʪʚʦʚʘʥʠʝ. 

ʌʘʟʳ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʤʦʛʫʪ ʮʠʢʣʠʯʝʩʢʠ ʧʦʚʪʦʨʷʪʴʩʷ, ʩʤʝʥʷʷ ʜʨʫʛ 

ʜʨʫʛʘ, ʪʘʢʞʝ ʬʘʟʳ ʜʦʧʫʩʢʘʶʪ ʜʝʪʘʣʠʟʘʮʠʶ ʥʘ ʩʪʘʜʠʠ ʠ ʵʪʘʧʳ [15, 24]. 

ɺʩʝ ʦʙʲʝʢʪʳ, ʚʢʣʶʯʘʝʤʳʝ ʚ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʂɼ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ, 

ʦʧʠʩʳʚʘʶʪʩʷ ʤʦʜʝʣʴʶ ʩʪʨʫʢʪʫʨʥʦʛʦ ʵʣʝʤʝʥʪʘ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʉʕɼ), ʷʚʣʷ-

ʶʱʝʛʦʩʷ ʙʘʟʦʚʳʤ ʚ ʤʝʪʦʜʦʣʦʛʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [15, 147]. 

ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʂɼ ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʬʨʘʢʪʘʣʴʥʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʘ ʝʸ ʵʣʝʤʝʥʪʳ, ʪʨʝʙʫʶʱʠʝ ʨʘʩʩʤʦʪʨʝʥʠʷ - ʨʘʟʥʦʨʦʜʥʳ. ʉ ʜʨʫ-

ʛʦʡ ï ʵʣʝʤʝʥʪʳ ʠ ʂɼ, ʠ ʝʸ ʢʦʥʪʝʢʩʪʘ ʩʫʱʝʩʪʚʫʶʪ ʚʦ ʚʨʝʤʝʥʠ ʚ ʚʠʜʝ ʞʠʟ-

ʥʝʥʥʳʭ ʮʠʢʣʦʚ. ʇʦʵʪʦʤʫ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʂɼ ʆʊʉ ʥʝʦʙ-

ʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦʨʦʜʥʳʭ ɾʎ ï 
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ʵʣʝʤʝʥʪʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʠʭ ʧʨʦʮʝʩʩʫʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʚʷʟʘʥʥʳʭ ʩ 

ʥʠʤʠ ʵʣʝʤʝʥʪʦʚ (ʨʠʩʫʥʦʢ 1.3). 

 

 
 

ʈʠʩ. 1.3. ʂʦʤʧʣʝʢʩʥʘ ̫ʜʝʷʪʝʣʴʥʦʩʪʴ ʠ ʬʘʟʳ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

 

ɺʳʷʚʠʤ ʥʘʙʦʨ ʢʣʘʩʩʦʚ ɾʎ, ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʘʜʝʢʚʘʪʥʦ-

ʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ (ʤʦʜʝʣʠʨʦʚʘʥʠʷ) ʂɼ ʠ ʆʊʉ, ʜʣʷ ʵʪʦʛʦ ʧʝʨʝʯʠʩʣʠʤ ʞʠʟ-

ʥʝʥʥʳʝ ʮʠʢʣʳ ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʠ ʩʫʙʲʝʢʪʦʚ, ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʩʚʷʟʘʥ-

ʥʳʭ ʩ ʂɼ, ʚʳʷʚʠʤ ʪʝ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʜʨʫʛʠʝ ʠʣʠ ʩʦʚʧʘʜʘʶʪ ʩ ʥʠʤʠ (ʩʤ. 

ʪʘʙʣ. 1.2). 
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ʊʘʙʣʠʮʘ 1.2. ɸʥʘʣʠʟ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ 

 

ɾʎ ʂʦʤʤʝʥʪʘʨʠʡ 

ɾʎ ʨʝʩʫʨʩʘ. 

(ʆʊʉ, ʠʣʠ ʧʝʨʩʦ-

ʥʘʣʘ, ʠʣʠ ʚʝʱʝ-

ʩʪʚʝʥʥʦʛʦ ʦʙʲʝʢ-

ʪʘ, ʠʣʠ ʟʥʘʥʠʡ, 

ʠʥʬʦʨʤʘʮʠʠ). 

ɾʎ ʈʝʩʫʨʩʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʢʣʶʯʘʝʪ ʪʨʠ ʬʘʟʳ (ʩʤ. ʪʝʟʠʩ 4). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɾʎ ʨʝʩʫʨʩʘ ʩʚʦʜʠʪʩʷ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʥʝ-

ʩʢʦʣʴʢʠʭ ʵʣʝʤʝʥʪʦʚ ʂɼ ï ʩʦʟʜʘʥʠʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʫʪʠʣʠʟʘʮʠʷ, ʧʦʵʪʦʤʫ ɾʎ 

ʨʝʩʫʨʩʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ʢʦʤʧʦʟʠʮʠʷ ʥʝʩʢʦʣʴʢʠʭ ʵʣʝʤʝʥʪʦʚ ʂɼ, 

ʘ ʢʦʤʧʦʟʠʮʠʷ ʵʣʝʤʝʥʪʦʚ ʂɼ = ʵʣʝʤʝʥʪ ʂɼ. 

ɺʳʚʦʜ: ɾʎ ʨʝʩʫʨʩʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ (ʧʨʦʤʦʜʝʣʠʨʦʚʘʥ) ʢʘʢ ɾʎ 

ʵʣʝʤʝʥʪʘ ʂɼ (ʩʤ. ʨʠʩʫʥʦʢ 1.4 ʥʠʞʝ). 

ɾʎ ʂɼ 

 

ʂɼ ʚ ʮʝʣʦʤ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʵʣʝʤʝʥʪʘ ʂɼ, ʧʦʵʪʦʤʫ ɾʎ ʂɼ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ɾʎ ʵʣʝʤʝʥʪʘ ʂɼ. 

ɾʎ ʵʣʝʤʝʥʪʘ ʂɼ ʀʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʦʩʥʦʚʥʦʡ ʵʣʝʤʝʥʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʂɼ ï ɾʎ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ï ɾʎ ʉʕɼʘ. 

ɾʎ ʩʫʙʲʝʢʪʘ 

 

ʆʊʉ ʠʣʠ ʠʥʜʠʚʠʜ, ʢʘʢ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ çʨʝʩʫʨʩʘ (ʠʟ ʩʧʠʩʢʘ ʧ.1 ʜʘʥʥʦʡ ʪʘʙ-

ʣʠʮʳ)è ʩʪʘʥʦʚʠʪʩʷ ʩʫʙʲʝʢʪʦʤ ʂɼ, ʬʠʢʩʠʨʦʚʘʚ ʩʧʨʦʩ ʠ ʧʨʠʥʷʚ ʨʝʰʝʥʠʝ ʨʝʘ-

ʣʠʟʦʚʳʚʘʪʴ ʂɼ. ʇʦʵʪʦʤʫ ɾʎ ʩʫʙʲʝʢʪʘ ʩʦʚʧʘʜʘʝʪ ʩ ʬʘʟʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɾʎ 

çʨʝʩʫʨʩʘè, ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ɾʎ ʩʫʙʲʝʢʪʘ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ. 

ɾʎ ʧʦʪʨʝʙʥʦʩʪʠ, 

ʮʝʣʝʡ ʠ ʟʘʜʘʯ 

 

ʇʦʪʨʝʙʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʚʥʝʰʥʝʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʂɼ, ʢʦʪʦʨʫʶ ʦʥʘ ʚʳʟʳʚʘʝʪ, 

ʠ ʧʨʝʜʰʝʩʪʚʫʝʪ ʝʡ: ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ ʙʫʜʫʱʠʡ ʩʫʙʲʝʢʪ ʬʠʢʩʠʨʫʝʪ ʧʦʪʨʝʙʥʦʩʪʴ, 

ʦʥ ʨʝʘʣʠʟʫʝʪ ɾʎ ʂɼ, ʯʪʦʙʳ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʧʦʪʨʝʙʥʦʩʪʴ. 

ɽʩʣʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʩʘʤʦ ʧʦ ʩʝʙʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ, ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʤʦʜʝʣʠʨʦʚʘʪʴ. ʅʦ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦ-

ʪʨʝʙʥʦʩʪʠ ï ʵʪʦ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʧʦʵʪʦʤʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦ-
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ɾʎ ʂʦʤʤʝʥʪʘʨʠʡ 

ʪʨʝʙʥʦʩʪʠ ï ʵʪʦ ʤʦʜʝʣʴ ɾʎ ʂɼ. 

ɽʩʣʠ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʥʦʩʪʠ ʥʝʠʥʪʝʨʝʩʝʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʥ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʥʘʯʘʣʴʥʦʝ ʩʦʙʳʪʠʝ ɾʎ ʂɼ, ʢʦʪʦʨʘʷ ʵʪʦʡ ʧʦʪʨʝʙʥʦʩʪʠ 

ʦʪʚʝʯʘʝʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɾʎ ʧʦʪʨʝʙʥʦʩʪʠ ʚʩʝʛʜʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ɾʎ 

ʂɼ. ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʬʦʨʤʠʨʫʶʪʩʷ ʠ ʜʦʩʪʠʛʘʶʪʩʷ ʚ ʨʘʤʢʘʭ ɾʎ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʂɼ, ʧʦʵʪʦʤʫ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ɾʎ ʮʝʣʝʡ ʠ 

ʟʘʜʘʯ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ɾʎ ʪʝʭʥʦʣʦʛʠʠ 

 

ʆʨʛʘʥʠʟʦʚʘʥʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʟʥʘʥʠʡ/ʠʥʬʦʨʤʘʮʠʠ ʠ ʚʝʱʝʩʪʚʝʥʥʳʭ ʦʙʲʝʢ-

ʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʭʥʦʣʦʛʠʶ. ʇʦʵʪʦʤʫ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ, ʘʥʘʣʦʛʠʯʥʳʭ 

ʧ.4, ʩʣʝʜʫʝʪ, ʯʪʦ ɾʎ ʪʝʭʥʦʣʦʛʠʠ ʩʦʚʧʘʜʘʝʪ ʩ ʬʘʟʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɾʎ çʨʝ-

ʩʫʨʩʘè, ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ɾʎ ʪʝʭʥʦʣʦʛʠʠ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ɾʎ ʧʨʝʜʤʝʪʘ 

 

ʃʶʙʦʡ ʠʟ çʨʝʩʫʨʩʦʚ (ʠʟ ʩʧʠʩʢʘ ʧ. 1 ʜʘʥʥʦʡ ʪʘʙʣʠʮʳ)è ʤʦʞʝʪ ʠʛʨʘʪʴ ʨʦʣʴ 

ʧʨʝʜʤʝʪʘ ʂɼ, ʧʦʵʪʦʤʫ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʘʥʘʣʦʛʠʯʥʳʭ ʧ. 4 ʩʣʝʜʫʝʪ, ʯʪʦ ɾʎ 

ʧʨʝʜʤʝʪʘ ʩʦʚʧʘʜʘʝʪ ʩ ʬʘʟʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɾʎ çʨʝʩʫʨʩʘè, ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ɾʎ ʧʨʝʜʤʝʪʘ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ɾʎ ʨʝʟʫʣʴʪʘʪʘ ʈʝʟʫʣʴʪʘʪ ʷʚʣʷʝʪʩʷ ʢʦʥʝʯʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʧʨʝʜʤʝʪʘ, ʧʦʵʪʦʤʫ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ɾʎ ʨʝʟʫʣʴʪʘʪʘ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 
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ʀʟ ʪʘʙʣʠʮʳ 1.2 ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ɾʎ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʠ ʝʸ ʩʠʩʪʝʤʥʦʛʦ ʢʦʥʪʝʢʩʪʘ ʜʦʩʪʘʪʦʯʥʦ ʬʦʨʤʘʣʠʟʤʘ ɾʎ ʉʕɼʘ, 

ʨʘʩʰʠʨʝʥʥʦʛʦ ʬʘʟʦʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʢʦʤʧʣʝʢʩ-

ʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʨʠʩʫʥʦʢ 1.5). 

ɾʎ ʚʩʝʭ ʦʙʲʝʢʪʦʚ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʩʚʷʟʘʥʥʳʭ ʩ ʂɼ, ʧʨʝʜʩʪʘʚʠʤʳ ʚ ʚʠ-

ʜʝ ɾʎ ʉʕɼʦʚ ʠʣʠ ʷʚʣʷʶʪʩʷ ʠʭ ʯʘʩʪʴʶ: 

 ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʩʫʙʲʝʢʪʘ ʠ ʧʨʝʜʤʝʪʘ (ʠ ʨʝ-

ʟʫʣʴʪʘʪʘ) ʤʦʜʝʣʠʨʫʝʪʩʷ ʢʘʢ ɾʎ ʨʝʩʫʨʩʦʚ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ɾʎ ʉʕɼʦʚ; 

 ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʧʦʪʨʝʙʥʦʩʪʠ, ʮʝʣʝʡ, ʟʘʜʘʯ, ʜʝʡʩʪʚʠʷ ʤʦ-

ʜʝʣʠʨʫʝʪʩʷ ʢʘʢ ɾʎ ʉʕɼʦʚ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʠʩʪʦʨʠʯʝʩʢʠ ʢʦʥʮʝʧʮʠʷ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ, ʧʝʨʚʦʥʘ-

ʯʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʠʩʪʝʤʘʤ, ʩʣʦʞʥʳʤ ʠʟʜʝʣʠʷʤ ʠ 

ʧʨʦʛʨʘʤʤʥʳʤ ʧʨʦʜʫʢʪʘʤ [201, 202, 204], ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʨʘʩʰʠ-

ʨʝʥʘ ʥʘ ʦʨʛʘʥʠʟʘʮʠʠ [127], ʘ ʪʘʢʞʝ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʠ ʟʥʘʥʠʷ. ʇʨʘʢʪʠʯʝʩʢʘʷ 

ʟʥʘʯʠʤʦʩʪʴ ʪʝʟʠʩʘ 4 ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʦʙʦʙʱʘʝʪ ʥʘ ʩʠʩʪʝʤʥʦʤ 

ʫʨʦʚʥʝ ʢʦʥʮʝʧʮʠʶ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ 

ʩʚʦʜʠʪ ʠʭ ʢ ɾʎ ʵʣʝʤʝʥʪʘ ʂɼ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘ ʤʥʦʞʝʩʪʚʝ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ (ʪʘʙʣʠʮʘ 1.2) ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʥʝʢʦʪʦʨʳʝ ʢʣʘʩʩʳ, ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʯʝʛʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʝ 

ʩʦʦʙʨʘʞʝʥʠʝ. ɺʩʝ ʦʙʲʝʢʪʳ, ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚ ʧʧ. 2-8, ʷʚʣʷʶʪʩʷ ʚ ʦʧʨʝʜʝ-

ʣʸʥʥʦʤ ʩʤʳʩʣʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ, ʝʜʠʥʠʯʥʳʤʠ, ʫʥʠʢʘʣʴʥʳʤʠ: ʦʥʠ ʦʪʥʦ-

ʩʷʪʩʷ ʢ ʢʦʥʢʨʝʪʥʳʤ ʵʢʟʝʤʧʣʷʨʘʤ ʵʣʝʤʝʥʪʦʚ ʂɼ ʠʣʠ ʠʭ ʧʨʦʮʝʩʩʫʘʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʠʭ ʦʙʲʝʢʪʦʚ, ʨʝʩʫʨʩʳ (ʧ. 1) ʤʦʛʫʪ ʪʘʢʞʝ ʙʳʪʴ ʫʥʠ-

ʢʘʣʴʥʳʤʠ, ʥʦ ʤʦʛʫʪ ʠ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʛʨʫʧʧʳ ʵʢʟʝʤʧʣʷʨʦʚ, ʦʙʣʘʜʘʶ-

ʱʠʭ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ï ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʧʫʣʳ ʨʝʩʫʨʩʦʚ. ɼʝʷ-

ʪʝʣʴʥʦʩʪʴ, ʦʩʫʱʝʩʪʚʣʷʝʤʘʷ ʥʘʜ ʥʠʤʠ, ʪʘʢʞʝ ʦʜʥʦʨʦʜʥʘ, ʧʦʵʪʦʤʫ ʜʣʷ 

ʢʦʤʧʘʢʪʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʝʢʦʪʦʨʳʝ ʵʣʝʤʝʥʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘʜ ʵʢʚʠ-

ʚʘʣʝʥʪʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ. ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʪʘʢʠʝ ʵʣʝʤʝʥʪʳ ʂɼ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʧʨʘʚʣʝʥʠʶ ʩʦʩʪʘʚʦʤ, ʧʫʣʘʤʠ, ʨʝʩʫʨʩʦʚ 

(ʚʢʣʶʯʘʷ ʠʭ ʩʦʟʜʘʥʠʝ) ï ʣʶʜʩʢʠʭ, ʟʘʧʘʩʦʚ, ʤʘʪʝʨʠʘʣʦʚ, ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ ʠ ʜʨʫʛʠʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʬʦʨʤʫʣʠʨʫʝʤ ʪʝʟʠʩ 4: ɾʠʟʥʝʥʥʳʝ ʮʠʢʣʳ ʵʣʝʤʝʥʪʦʚ 

ʂɼ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʤʝʩʪʝ ʩ ɾʎ ʆʊʉ ʠ ɾʎ ʨʝʩʫʨʩʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ɾʎ ʉʕɼʦʚ, ʯʘʩʪʴ ʢʦʪʦʨʳʭ 

ʨʝʰʘʝʪ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʘʚʦʤ ʨʝʩʫʨʩʦʚ (ʠʭ ʦʩʦʙʝʥʥʦʩʪʴ ï çʛʨʫʧʧʦ-

ʚʦʡè ʧʨʝʜʤʝʪ ʉʕɼʘ). 
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ʈʠʩ. 1.5. ʉʚʷʟʠ ʤʝʞʜʫ ɾʎ ʢʦʤʧʦʥʝʥʪʦʚ ʂɼ 
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ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʦʙʲʝʜʠʥʠʤ ʪʝʟʠʩʳ 1-4 ʚ ʬʦʨʤʘʪʝ ʪʘʙʣʠʮʳ (ʩʤ. 

ʪʘʙʣʠʮʫ 1.3). 

 

ʊʘʙʣʠʮʘ 1.3. ʃʦʛʠʢʘ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʆʊʉ 

ʊʝʟʠʩ 1 ʊʘʢ ʢʘʢ ʮʝʣʴ ʆʊʉ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʮʝʣʴ ʚʳʧʦʣʥʷʝʤʦʡ ʝʶ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʦ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ 

ʆʊʉ - ʩʫʙʲʝʢʪʘʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ - ʥʝʦʙʭʦʜʠʤʦ ʫʧʨʘʚʣʷʪʴ 

ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ ʠʤʠ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. 

ʊʝʟʠʩ 2 ʂɼ ʷʚʣʷʝʪʩʷ ʬʨʘʢʪʘʣʴʥʦʡ ʠʝʨʘʨʭʠʝʡ ʵʣʝʤʝʥʪʦʚ, ʢʘʞʜʳʡ 

ʝy ʵʣʝʤʝʥʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥ ʩ: 

1. ʚʳʰʝʩʪʦʷʱʠʤ ʧʦ ʮʝʣʝʚʦʡ ʠʝʨʘʨʭʠʠ ʵʣʝʤʝʥʪʦʤ ʂɼ, 

ʧʦʜʮʝʣʴ ʢʦʪʦʨʦʛʦ ʨʝʘʣʠʟʫʝʪ ʜʘʥʥʳʡ ʵʣʝʤʝʥʪ ʂɼ; 

2. ʥʠʞʝʩʪʦʷʱʠʤʠ ʧʦ ʮʝʣʝʚʦʡ ʠʝʨʘʨʭʠʠ ʵʣʝʤʝʥʪʘʤʠ ʂɼ, 

ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʫʶʪ ʧʦʜʮʝʣʠ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʂɼ; 

3. ʨʝʩʫʨʩʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʚʳʧʦʣʥʝʥʠʝ ʜʘʥʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʂɼ. 

ʊʝʟʠʩ 3 ʂʦʤʧʣʝʢʩʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʝʸ ʨʝʩʫʨʩʳ 

ʩʫʱʝʩʪʚʫʶʪ ʚʦ ʚʨʝʤʝʥʠ ʚ ʪʝʯʝʥʠʝ ʪʨʸʭ ʬʘʟ, ʪ.ʝ. ʠʭ ɾʎ 

ʩʦʩʪʦʷʪ ʠʟ ʪʨʸʭ ʬʘʟ. 

ʊʝʟʠʩ 4 ɾʠʟʥʝʥʥʳʝ ʮʠʢʣʳ ʵʣʝʤʝʥʪʦʚ ʂɼ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʤʝʩʪʝ 

ʩ ɾʎ ʆʊʉ ʠ ɾʎ ʨʝʩʫʨʩʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʚʦ-

ʢʫʧʥʦʩʪʴʶ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ɾʎ ʉʕɼʦʚ, ʯʘʩʪʴ ʢʦʪʦʨʳʭ 

ʨʝʰʘʝʪ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʘʚʦʤ ʨʝʩʫʨʩʦʚ. 

 

ʊʝʟʠʩʳ 1-4 ʚʤʝʩʪʝ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʦʥʷʪʠʷ ʫʧʨʘʚʣʝʥʠʝ, ʜʘʥʥʳʤ 

ʚʳʰʝ, ʧʦʟʚʦʣʷʶʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʝʟʠʩ 5: (ʆʨʛʘʥʠʟʘʮʠʷ ʠ) ʋʧʨʘʚʣʝ-

ʥʠʝ ʆʊʉ ʜʦʣʞʥʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʚ ʬʦʨʤʝ ʫʧʨʘʚʣʝʥʠʷ ʩʦʚʦʢʫʧʥʦ-

ʩʪʴʶ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʉʕɼʦʚ. 

 

1.3. ʉʨʝʜʩʪʚʘ ʠ ʩʫʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤʠ ʮʠʢʣʘʤʠ ʆʊʉ 

 

ʉʪʨʫʢʪʫʨʠʨʫʝʤ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʚ ʚʠʜʝ ʪʝʟʠʩʘ 5 ʧʨʦʙʣʝʤ r

ʫʧʨʘʚʣʝʥʠʷ ʆʊʉ ʠ ʟʘʬʠʢʩʠʨʫʝʤ ʩʨʝʜʩʪʚʘ ʝʸ ʨʝʰʝʥʠʷ. 

ʋʧʨʘʚʣʝʥʠʝ ʆʊʉ ï ʵʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʚʝʜʝʥʠʝ ʚʩʝʡ ʤʥʦʛʦ-

ʫʨʦʚʥʝʚʦʡ ʠʝʨʘʨʭʠʠ ʉʕɼʦʚ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪ ʂɼ, çʜʝ-

ʪʝʨʤʠʥʘʥʪʳ ʨʝʟʫʣʴʪʘʪʘè. 

ʈʝʟʫʣʴʪʘʪ ʜʝʷʪʝʣʴʥʦʩʪʠ [15, 146] ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʩʫ-

ʱʝʩʪʚʣʝʥʠʷ ʩʫʙʲʝʢʪʦʤ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʛʣʘʩʥʦ ʪʝʭʥʦʣʦ-
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ʛʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝʭʥʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʜʝʪʝʨʤʠʥʘʥʪʦʚ 

ʨʝʟʫʣʴʪʘʪʘ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʄʥʦʛʦʫʨʦʚʥʝʚʦʡ ʠʝʨʘʨʭʠʠ ʉʕɼʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʝʨʘʨʭʠʷ ʩʫʙʲ-

ʝʢʪʦʚ, ʢʦʪʦʨʦʡ ʩʚʦʡʩʪʚʝʥʥʦ ʩʣʝʜʫʶʱʝʝ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʩʠʩʪʝʤʥʦʝ 

ʧʨʦʪʠʚʦʨʝʯʠʝ. ʆʥʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʤ ʥʝʩʦʚʧʘʜʝʥʠʠ ʠʥʪʝʨʝ-

ʩʦʚ ʠ çʚʥʫʪʨʝʥʥʠʭè ʮʝʣʝʡ ʩʫʙʲʝʢʪʘ ʢʘʢ ʘʢʪʠʚʥʦʡ ʆʊʉ (ʢʣʘʩʩʘ II) ʠ 

çʚʥʝʰʥʠʭè ʜʣʷ ʥʝʛʦ ʮʝʣʝʡ
13

 ʨʦʣʠ ʩʫʙʲʝʢʪʘ ʂɼ, ʢʦʪʦʨʫʶ ʦʥ ʠʛʨʘʝʪ ʚ 

ʩʦʩʪʘʚʝ ʆʊʉ ʩ ʟʘʜʘʥʥʳʤʠ ʠʟʚʥʝ ʮʝʣʷʤʠ (ʢʣʘʩʩʘ I). ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʨʦʙʣʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʆʊʉ ʥʝʩʦʚʧʘʜʝʥʠʝ ʠʥʪʝʨʝʩʦʚ ʩʫʙʲʝʢʪʦʚ ʚʳʟʳ-

ʚʘʝʪ ʥʘʨʫʰʝʥʠʷ ʨʝʘʣʠʟʘʮʠʠ ʩʫʙʲʝʢʪʦʤ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʵʣʝʤʝʥʪʦʚ 

ʂɼ (ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʬʦʨʤʝ ʦʪʢʘʟʘ ʦʪ ʚʳʧʦʣʥʝʥʠʷ ʨʦʣʠ ʩʫʙʲʝʢʪʘ ʝʱʸ 

ʜʦ ʥʘʯʘʣʘ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʂɼ). ʏʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʨʦʞʜʘʝʪ 

ʪʨʝʥʜ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʨʘʟʣʠʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʂɼ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʝʩʦʚʧʘʜʘʶʱʠʤ ʮʝʣʷʤ ʩʫʙʲʝʢʪʦʚ. 

ʈʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʠʣʠ, ʥʘʧʨʦʪʠʚ, ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ɾʎ ʉʕɼʦʚ ʷʚʣʷ-

ʝʪʩʷ ʚʪʦʨʳʤ ʜʝʪʝʨʤʠʥʘʥʪʦʤ ʨʝʟʫʣʴʪʘʪʘ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɺ ʪʝʯʝʥʠʝ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʂɼ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩʦʙʳʪʠʷ ʥʝ-

ʦʧʨʝʜʝʣʸʥʥʦʩʪʠ, ʪʘʢʞʝ ʚʣʠʷʶʱʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪ. ʀʩʪʠʥʥʘʷ ʥʝʦʧʨʝʜʝ-

ʣʸʥʥʦʩʪʴ ʂɼ ʥʘʨʫʰʘʝʪ ʠʩʧʦʣʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʵʪʦʤʫ ʧʨʠ ʨʘʟʨʘ-

ʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʚʘʨʠʘʥʪʳ ʨʝʘʢʮʠʠ ʥʘ 

ʠʩʪʠʥʥʫʶ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʠ ʢʨʠʪʝʨʠʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʦʙʳʪʠʡ ʠʩ-

ʪʠʥʥʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ, ʪʨʝʙʫʶʱʠʭ ʤʦʜʝʨʥʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ (ʪʘʢ 

ʢʘʢ ʫʩʪʨʘʥʝʥʠʶ ʧʦʜʣʝʞʠʪ ʪʦʣʴʢʦ ʠʟʤʝʨʠʤʘʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ, ʯʪʦ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʸʪ ʚʢʣʶʯʝʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʶ ʩʮʝʥʘʨʠʝʚ ʨʝʘʢʮʠʠ 

ʥʘ ʠʟʤʝʨʠʤʫʶ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ). ʅʘʩʪʫʧʣʝʥʠʝ ʩʦʙʳʪʠʡ ʠʩʪʠʥʥʦʡ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʜʝʣʘʝʪ ʪʝʭʥʦʣʦʛʠʶ ʂɼ ʥʝʘʜʝʢʚʘʪʥʦʡ ʩʢʣʘʜʳʚʘʶ-

ʱʠʤʩʷ ʫʩʣʦʚʠʷʤ, ʧʦʵʪʦʤʫ ʨʝʘʢʮʠʝʡ ʥʘ ʪʘʢʠʝ ʩʦʙʳʪʠʷ ʷʚʣʷʝʪʩʷ ʠʟʤʝ-

ʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ. ʀʟ-ʟʘ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʩʪʫʧʣʝʥʠʷ (ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ 

ɾʎ ʣʶʙʦʛʦ ʉʕɼʘ) ʩʦʙʳʪʠʡ ʠʩʪʠʥʥʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʨʘʟʨʘʙʦʪ-

ʢʘ/ʤʦʜʝʨʥʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʠ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʤʥʦʛʦʢʨʘʪʥʦ ï ʧʝʨ-

ʚʦʥʘʯʘʣʴʥʦ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ, ʜʘʣʝʝ - ʚ ʭʦʜʝ ʢʦʥʢʨʝʪʠʟʘʮʠʠ, ʠ ʨʝʘʣʠʟʘ-

ʮʠʠ ʂɼ. ʉʦʙʳʪʠʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʪʨʝʪʴʠʤ 

ʜʝʪʝʨʤʠʥʘʥʪʦʤ ʨʝʟʫʣʴʪʘʪʘ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʊʦ ʝʩʪʴ, ʨʝʟʫʣʴʪʘʪ ʂɼ ʜʝʪʝʨʤʠʥʠʨʫʝʪʩʷ: 

1. ʪʝʭʥʦʣʦʛʠʝʡ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʩʮʝʥʘʨʠʠ ʨʝʘʢʮʠʠ ʥʘ 

ʠʟʤʝʨʠʤʫʶ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʠ ʧʨʘʚʠʣʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʦʙʳʪʠʡ 

ʠʩʪʠʥʥʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ; 

                                                           
13 ʎʝʣʝʧʦʣʘʛʘʥʠʝ ʠ ʢʣʘʩʩʳ ʆʊʉ, ʘ ʪʘʢʞʝ ʠʩʪʦʯʥʠʢ ʜʘʥʥʦʛʦ ʥʝʩʦʚʧʘʜʝʥʠʷ ʦʙʩʫʞʜʘ-
ʣʠʩʴ ʚ ʨʘʟʜʝʣʝ 1.1. 
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2. ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʨʝʘʣʠʟʘʮʠʠ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʂɼ; 

3. ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʦʙʳʪʠʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ - ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʣʠʷʥʠʷ ʥʘ ʨʝʟʫʣʴʪʘʪ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʩʨʝʜʩʪʚʦʤ ʚʣʠʷʥʠʷ ʥʘ ʝʛʦ ʜʝ-

ʪʝʨʤʠʥʘʥʪʳ. 

1. ʅʘʯʥʸʤ ʩ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʪʝʭʥʦʣʦʛʠʶ ʂɼ. ʊʝʭʥʦʣʦʛʠʷ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʚ [15] ʢʘʢ ʩʠʩʪʝʤʘ ʫʩʣʦʚʠʡ, ʢʨʠʪʝʨʠʝʚ, ʬʦʨʤ, ʤʝʪʦʜʦʚ ʠ 

ʩʨʝʜʩʪʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ, ʬʦʨʤʠʨʫ-

ʝʤʘʷ ʠʟ ʨʝʩʫʨʩʦʚ - ʚʝʱʝʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʟʥʘʥʠʡ ʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʉʨʝʜʩʪʚʘʤʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʪʝʭʥʦʣʦʛʠʶ ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʢʦʤʧʦʥʝʥʪʳ 

ʫʧʨʘʚʣʝʥʠʷ ʢʘʢ ʩʠʥʪʝʟ ʠ ʢʦʥʢʨʝʪʠʟʘʮʠʷ (ʩʤ. ʧʦʜʨʦʙʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚ ʨʘʟʜʝʣʝ 7.2 ʤʦʥʦʛʨʘʬʠʠ [15]). ʉʠʥʪʝʟ 

ʚʢʣʶʯʘʝʪ, ʥʘʧʨʠʤʝʨ, ʩʦʟʜʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ, ʨʝʛʣʘʤʝʥʪʦʚ, ʧʨʘʚʠʣ ʚʳ-

ʧʦʣʥʝʥʠʷ ʜʝʡʩʪʚʠʡ, ʠʥʩʪʨʫʤʝʥʪʦʚ, ʦʙʦʨʫʜʦʚʘʥʠʷ, ʟʜʘʥʠʡ, ʥʘʡʤ ʠ 

ʦʙʫʯʝʥʠʝ ʩʦʪʨʫʜʥʠʢʦʚ. ʂʦʥʢʨʝʪʠʟʘʮʠʷ ʢʘʩʘʝʪʩʷ ʢʘʢ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʭ/ʟʥʘʥʠʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢ ʠ ʥʘʟʥʘʯʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʵʢʟʝʤʧʣʷ-

ʨʦʚ ʨʝʩʫʨʩʦʚ ʥʘ ʨʦʣʠ ʩʫʙʲʝʢʪʦʚ ʠ ʚʝʱʝʩʪʚʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦ-

ʣʦʛʠʠ (ʚ ʯʘʩʪʥʦʩʪʠ ï ʢʦʥʢʨʝʪʠʟʘʮʠʶ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ 

ʚ ʚʠʜʝ ʢʘʣʝʥʜʘʨʥʦ-ʩʝʪʝʚʳʭ ʧʣʘʥʦʚ/ʛʨʘʬʠʢʦʚ, ʥʘʟʥʘʯʝʥʠʝ ʩʦʪʨʫʜʥʠʢʦʚ 

ʥʘ ʢʦʥʢʨʝʪʥʳʝ ʨʦʣʠ ʩʫʙʲʝʢʪʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʥʘʟʥʘʯʝʥʠʝ ʢʦʥʢʨʝʪʥʳʭ 

ʝʜʠʥʠʮ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪ.ʧ.). 

ʉʠʥʪʝʟ ʠ ʢʦʥʢʨʝʪʠʟʘʮʠʷ ʨʘʟʣʠʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʧʨʠʟʥʘʢʦʤ: 

 ʩʠʥʪʝʟ, ʙʫʜʫʯʠ ʚʳʧʦʣʥʝʥ ʦʜʥʦʢʨʘʪʥʦ, ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʳ-

ʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

 ʢʦʥʢʨʝʪʠʟʘʮʠʷ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʘ ʚʳʧʦʣʥʷʪʴʩʷ ʚ ʢʘʞʜʦʤ 

ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ. 

ʉʪʨʫʢʪʫʨʠʨʫʝʤ ʩʠʥʪʝʟ ʧʦ ʦʩʥʦʚʘʥʠʶ, ʚʝʱʝʩʪʚʝʥʥʳʤ ʠʣʠ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʚʘʝʤʳʡ ʢʦʤʧʦʥʝʥʪ ʪʝʭʥʦʣʦʛʠʠ: 

a. ʩʦʟʜʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ/ʟʥʘʥʠʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦ-

ʛʠʠ ʚ ʚʠʜʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ; 

b. ʩʦʟʜʘʥʠʝ ʧʫʣʦʚ ʚʝʱʝʩʪʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʦ-

ʣʝʡ ʩʫʙʲʝʢʪʦʚ ʠ ʚʝʱʝʩʪʚʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ (ʧʦʥʠʤʘʷ, 

ʯʪʦ ʠʭ ʩʦʟʜʘʥʠʶ ʚʩʝʛʜʘ ʧʨʝʜʰʝʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ). 

ʊʘʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʦʪʚʝʯʘʝʪ ʦʙʱʝʧʨʠʥʷʪʦʡ ʧʨʘʢʪʠʢʝ, ʢʦʛʜʘ ʩʥʘʯʘ-

ʣʘ ʩʦʟʜʘʶʪʩʷ ʠ ʦʧʪʠʤʠʟʠʨʫʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʪʝʭʥʦʣʦʛʠʠ 

(ʤʝʪʦʜʳ, ʘʣʛʦʨʠʪʤʳ, ʧʨʘʚʠʣʘ, ʨʝʛʣʘʤʝʥʪʳ, ʩʧʝʮʠʬʠʢʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠ ʚʝʱʝʩʪʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ), ʧʦʩʣʝ ʯʝʛʦ ʫʞʝ ʩʦʟʜʘʶʪʩʷ ʚʝʱʝʩʪʚʝʥʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ (ʧʫʣʳ ʚʝʱʝʩʪʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ). 
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ʉʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʘʥʘʣʦʛʠʯʥʦ ʢʦʥʢʨʝʪʠʟʘʮʠʶ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ, 

ʧʦʪʦʤʫ ʯʪʦ ʥʘ ʧʨʘʢʪʠʢʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʥʘʟʥʘʯʝʥʠʝ ʨʝʩʫʨʩʦʚ ʧʨʦʠʟ-

ʚʦʜʠʪʩʷ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʛʦ ʠʪʝʨʘʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʪʘʢ ʢʘʢ ʢʘʣʝʥʜʘʨʥʦ-

ʩʝʪʝʚʳʝ ʧʣʘʥʳ ʠ ʛʨʘʬʠʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʳ ʨʝʩʫʨʩʘʤʠ. ʇʨʠ 

ʵʪʦʤ ʩʘʤ ʧʨʦʮʝʩʩ ʥʦʩʠʪ ʭʘʨʘʢʪʝʨ ʩʪʨʦʛʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ʨʝʛʣʘʤʝʥʪʦʚ, ʥʘʨʫʰʘʝʤʳʭ ʩʦʙʳʪʠʷʤʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ, ʘ ʨʝ-

ʛʣʘʤʝʥʪʳ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʠʩʘʥʳ ʨʘʥʝʝ ʚ ʭʦʜʝ ʩʦʟʜʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʤʦʜʝʣʝʡ (ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ) ʩ ʫʯʸʪʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʝʜʩʪʚʘʤʠ ʚʣʠʷʥʠʷ ʥʘ ʨʝʟʫʣʴʪʘʪ ʂɼ ʯʝʨʝʟ ʚʦʟ-

ʜʝʡʩʪʚʠʝ ʥʘ ʪʝʭʥʦʣʦʛʠʶ ʷʚʣʷʶʪʩʷ ʩʠʥʪʝʟ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʥʘ ʩʦ-

ʩʪʘʚʥʳʝ ʯʘʩʪʠ (a) ʠ (b), ʠ ʢʦʥʢʨʝʪʠʟʘʮʠʷ. 

2. ʉʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʂɼ ʤʦʞʝʪ ʥʘʨʫʰʘʪʴʩʷ ʠʟ-

ʟʘ ʥʝʩʦʚʧʘʜʝʥʠʷ ʮʝʣʝʡ/ʠʥʪʝʨʝʩʦʚ ʩʫʙʲʝʢʪʦʚ, ʧʦʵʪʦʤʫ ʩʨʝʜʩʪʚʦʤ 

ʫʩʪʨʘʥʝʥʠʷ ʜʘʥʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʠʝ ʠʥʪʝʨʝʩʦʚ ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʮʝʣʝʡ ʩʫʙʲʝʢʪʦʚ. ʉʦʛʣʘʩʦʚʘʥʠʝ ʠʥʪʝʨʝʩʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʧʨʝʜʝʣʸʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʫʙʲʝʢʪʘʤʠ, ʫʧʦʨʷ-

ʜʦʯʠʚʘʥʠʝ ʩʫʙʲʝʢʪʦʚ, ʪʦ ʝʩʪʴ ʩʦʛʣʘʩʦʚʘʥʠʝ ʠʥʪʝʨʝʩʦʚ ʷʚʣʷʝʪʩʷ ʦʨʛʘ-

ʥʠʟʘʮʠʝʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʧʨʘʚʣʝʥʠʝʤ. ʉʦʛʣʘʩʦʚʘʥʠʝ ʠʥʪʝʨʝʩʦʚ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʥʘʟʥʘʯʝʥʠʠ ʢʦʥʢʨʝʪʥʳʭ ʵʢʟʝʤʧʣʷʨʦʚ ʨʝʩʫʨʩʦʚ ʥʘ 

ʨʦʣʠ ʩʫʙʲʝʢʪʦʚ, ʪʦ ʝʩʪʴ ʚ ʭʦʜʝ ʢʦʥʢʨʝʪʠʟʘʮʠʠ
14

. ʇʨʠ ʵʪʦʤ ʚʳʧʦʣʥʷʝʪ-

ʩʷ ʪʘʢʞʝ ʢʘʣʝʥʜʘʨʥʦ-ʩʝʪʝʚʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʥʘʟʥʘʯʝʥʠʝ ʨʝʩʫʨʩʦʚ ʠ 

ʜʨʫʛʠʝ ʘʥʘʣʦʛʠʯʥʳʝ ʘʢʪʠʚʥʦʩʪʠ. ʉʦʛʣʘʩʦʚʘʥʠʝ ʠʥʪʝʨʝʩʦʚ ʢʘʢ ʢʦʤʧʦ-

ʥʝʥʪ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʢʦʥʢʨʝ-

ʪʠʟʘʮʠʠ, ʘ ʩ ʜʨʫʛʦʡ ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚʣʠ̫-

ʶʱʠʤ ʥʘ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ɾʎ ʂɼ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʱʸ ʦʜʥʠʤ 

ʩʨʝʜʩʪʚʦʤ ʚʣʠʷʥʠʷ ʥʘ ʨʝʟʫʣʴʪʘʪ ʂɼ ʷʚʣʷʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʠʝ ʠʥʪʝʨʝʩʦʚ 

ʩʫʙʲʝʢʪʦʚ ʠ ʜʨʫʛʠʝ ʘʢʪʠʚʥʦʩʪʠ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʢʦʥʢʨʝʪʠʟʘʮʠʠ. 

3. ʉʨʝʜʩʪʚ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʦʙʳʪʠʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʥʝ ʩʫʱʝ-

ʩʪʚʫʝʪ. ʅʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʣʠʰʴ 

ʩʤʷʛʯʝʥʦ, ʫʯʪyʦʤ ʠʟʤʝʨʠʤʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʚ ʨʘʤʢʘʭ ʩʠʥʪʝʟʘ ʠ 

ʢʦʥʢʨʝʪʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʦʧʝʨʘʪʠʚʥʳʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ ʥʘʩʪʫʧʣʝʥʠʷ 

                                                           
14 ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ ʢʦʥʢʨʝʪʠʟʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʨʝʘʣʠʟʘʮʠʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʥʪʝʨʝ-
ʩʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʝʭʘʥʠʟʤ ʩʦʛʣʘʩʦʚʘʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ï ʩʦʟʜʘ-
ʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ. ʕʪʘ ʞʝ ʩʭʝʤʘ ʩʧʨʘʚʝʜʣʠʚʘ ʠ ʜʣʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʢʦʤ-
ʧʦʥʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ. ʇʦʜʨʦʙʥʝʝ ʚʦʧʨʦʩ ʩʦʟʜʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʥʘ ʦʜʥʠʭ ʵʪʘʧʘʭ 
ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ, ʘ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʜʨʫʛʠʭ, ʦʙʩʫʞʜʘʝʪʩʷ ʥʠʞʝ ï ʧʨʠ ʬʦʨʤʫʣʠʨʦ-
ʚʘʥʠʠ ʪʝʟʠʩʘ 7. 
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ʩʦʙʳʪʠʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʠ ʨʝʘʛʠʨʦʚʘʥʠʝʤ ʥʘ ʥʠʭ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ 

ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʂɼ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʬʦʨʤʫʣʠʨʫʝʤ ʪʝʟʠʩ 6: ʇʨʦʙʣʝʤʘ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʆʊʉ ʚ ʬʦʨʤʝ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ɾʎ ʉʕɼʦʚ ʤʦʞʝʪ ʨʝʰʘʪʴʩʷ ʧʫʪʸʤ ʨʝʘʣʠʟʘʮʠʠ ʩʣʝ-

ʜʫʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ (ʢʦʤʧʦʥʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ): 

 ʩʠʥʪʝʟʘ ʚ ʩʦʩʪʘʚʝ: 

Á ʩʦʟʜʘʥʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ ʚ ʚʠʜʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ (ʚ ʪʦʤ ʯʠʩʣʝ ʨʝʩʫʨʩʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ 

ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʥʪʝʨʝʩʦʚ); 

Á ʩʦʟʜʘʥʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʫʣʦʚ ʚʝʱʝʩʪʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ 
ʦʙʝʩʧʝʯʝʥʠʷ ʨʦʣʝʡ ʩʫʙʲʝʢʪʦʚ ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ; 

 ʢʦʥʢʨʝʪʠʟʘʮʠʠ ʚ ʩʦʩʪʘʚʝ ʤʝʭʘʥʠʟʤʦʚ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʥʪʝʨʝʩʦʚ 

ʩʫʙʲʝʢʪʦʚ ʵʣʝʤʝʥʪʦʚ ʂɼ ʠ ʜʨʫʛʠʭ ʘʢʪʠʚʥʦʩʪʝʡ, ʪʘʢʠʭ ʢʘʢ ʢʘʣʝʥʜʘʨʥʦ-

ʩʝʪʝʚʦʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʥʘʟʥʘʯʝʥʠʝ ʨʝʩʫʨʩʦʚ. 

ɺʩʝ ʢʦʤʧʦʥʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʜʦʣʞʥʳ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʠ ʨʝʘʣʠʟʦ-

ʚʳʚʘʪʴʩʷ ʩ ʫʯʸʪʦʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʪʨʘʥʝʥʠʷ ʠʟʤʝʨʠʤʦʡ ʥʝʦʧʨʝʜʝ-

ʣʸʥʥʦʩʪʠ - ʚʢʣʶʯʝʥʠʷ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʩʮʝʥʘʨʠʝʚ ʨʝʘʢʮʠʠ ʥʘ ʠʟʤʝʨʠ-

ʤʫʶ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʜʦʧʫʩʢʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʩʠʥʪʝʟʘ ʠʟ-ʟʘ ʥʘʩʪʫʧʣʝʥʠʷ ʩʦʙʳʪʠʡ ʠʩ-

ʪʠʥʥʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ. ʊʘʢʞʝ ʢʦʤʧʦʥʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʜʦʣʞʥʳ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ çʢʦʥʪʨʦʣʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠè - ʦʧʝʨʘʪʠʚ-

ʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩʦʙʳʪʠʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʠ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ 

ʥʠʭ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʂɼ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʆʊʉ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʩʘʤʠ ʦʧʨʝʜʝʣʷʶʪ ʮʝʣʠ ʂɼ ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ ʩʚʦʠʤ ʠʥʪʝʨʝʩʘʤ, ʧʦʵʪʦʤʫ ʩʘʤʠ ʩʧʝʮʠʬʠʮʠʨʫʶʪ ʪʨʝʙʦ-

ʚʘʥʠʷ ʢ ʨʝʟʫʣʴʪʘʪʫ ʂɼ, ʩʘʤʠ ʩʦʟʜʘʶʪ ʪʝʭʥʦʣʦʛʠʶ ʩʚʦʝʡ ʂɼ ʠ ʚ ʵʪʦʤ 

ʩʤʳʩʣʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʩʘʤʦʫʧʨʘʚʣʝʥʠʝ. 

ɿʘʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʢʦʤʧʦʥʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ 

ʚʣʠʷʶʪ ʥʘ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʵʣʝʤʝʥʪʦʚ ʂɼ ʠ ʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʨʠ ʬʦʨʤʫʣʠʨʦʚʘʥʠʠ ʪʝʟʠʩʘ 4 

ʚʳʰʝ). ʇʨʠʯʸʤ ʩʠʥʪʝʟ ʠ ʢʦʥʢʨʝʪʠʟʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʦʛʣʘʩʦʚʘʥ-

ʥʦʩʪʴ ʧʦ ʨʘʟʣʠʯʥʳʤ ʦʩʥʦʚʘʥʠʷʤ, ʘ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ï ʥʘʨʫʰʘʝʪ ʩʦ-

ʛʣʘʩʦʚʘʥʥʦʩʪʴ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʧʦʨʷʜʦʢ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʆʊʉ 

ʠ ʩʦʦʪʥʝʩʸʤ ʢʦʤʧʦʥʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʩ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʩʘʤʦʡ 

ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʩʤ. ʨʠʩʫʥʦʢ 1.6). 

ʅʘ ʵʪʘʧʝ ʘʥʘʣʠʟʘ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʩʫʙʲʝʢʪ ʂɼ ʘʥʘʣʠʟʠʨʫʝʪ ʚʥʝʰ-

ʥʠʡ ʜʣʷ ʥʝʛʦ ʩʧʨʦʩ (ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ) ʠ ʩʠʪʫʘʮʠʶ ʚ ʮʝʣʦʤ, 



34 

ʦʧʳʪ ʩʚʦʝʡ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʩʚʦʠ ʦʙʱʠʝ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʧʦ ʫʜʦʚʣʝʪʚʦʨʝʥʠʶ ʩʧʨʦʩʘ. ʌʘʢʪʠʯʝʩʢʠ ʧʨʠ ʵʪʦʤ ʧʦʪʝʥʮʠʘʣʴʥʳʡ 

ʩʫʙʲʝʢʪ ʩʦʧʦʩʪʘʚʣʷʝʪ ʩʚʦʠ çʚʥʫʪʨʝʥʥʠʝè ʠʥʪʝʨʝʩʳ ʩ çʚʥʝʰʥʠʤʠè, 

ʚʳʨʘʞʝʥʥʳʤʠ ʚ ʩʧʨʦʩʝ. ɽʩʣʠ ʠʥʪʝʨʝʩʳ ʦʢʘʟʳʚʘʶʪʩʷ ʩʦʛʣʘʩʦʚʘʥʥʳʤʠ, 

ʦʥ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ ʚʳʧʦʣʥʷʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠ ʥʘʯʠʥʘʝʪ ʨʝʘʣʠʟʦ-

ʚʳʚʘʪʴ ɾʎ: ʩʪʨʫʢʪʫʨʠʨʫʝʪ ʮʝʣʴ ʠ ʟʘʜʘʯʠ. ʇʨʠ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ 

ʠʥʪʝʨʝʩʦʚ ʧʨʦʠʩʭʦʜʠʪ ʦʪʢʘʟ ʦʪ ʚʳʧʦʣʥʝʥʠʷ ʨʦʣʠ ʩʫʙʲʝʢʪʘ ʂɼ. 

ʅʘ ʵʪʘʧʝ ʩʠʥʪʝʟʘ ʩʦʟʜʘʸʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʂɼ - ʣʦʛʠʯʝʩʢʘʷ ʠ ʧʨʠ-

ʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʘʷ ʤʦʜʝʣʠ ʂɼ, ʬʦʨʤʠʨʫʶʪʩʷ ʨʝʩʫʨʩʳ, ʪʦ ʝʩʪʴ ʩʠʥʪʝ-

ʟʠʨʫʝʪʩʷ ʙʫʜʫʱʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ï ʝʸ ʪʝʭʥʦʣʦʛʠʷ, ʝʸ ʵʣʝʤʝʥʪʳ, ʩʚʷʟʠ 

ʤʝʞʜʫ ʥʠʤʠ ʠ ʪ.ʜ., ʚʩʸ ʵʪʦ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦ-

ʜʝʣʝʡ. ʅʠ ʩʫʙʲʝʢʪʳ, ʥʠ ʨʝʩʫʨʩʳ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʢʘ ʝʱʸ ʥʝ ʥʘʟʥʘʯʝ-

ʥʳ. 

ʅʘ ʵʪʘʧʝ ʢʦʥʢʨʝʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʥʘʯʘʣʘ ʫʪʦʯʥʝʥʠʝ ʧʨʠ-

ʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ ʚ ʚʠʜʝ ʢʘʣʝʥʜʘʨʥʦ-ʩʝʪʝʚʳʭ ʧʣʘ-

ʥʦʚ/ʛʨʘʬʠʢʦʚ, ʘ ʧʦʪʦʤ - ʟʘʧʨʦʩ ʠ ʧʦʣʫʯʝʥʠʝ ʨʝʩʫʨʩʦʚ ʜʣʷ ʥʘʟʥʘʯʝʥʠʷ 

ʩʫʙʲʝʢʪʦʚ ʥʠʞʝʩʪʦʷʱʠʭ ʉʕɼʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʥʠʞʝʩʪʦʷ-

ʱʠʭ ʦʧʝʨʘʮʠʡ ï ʥʘʧʦʣʥʝʥʠʝ ʨʦʣʝʡ ʩʫʙʲʝʢʪʦʚ ʠ ʨʝʩʫʨʩʦʚ ʢʦʥʢʨʝʪʥʳʤʠ 

ʵʢʟʝʤʧʣʷʨʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʢʦʥʢʨʝʪ-

ʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʫʙʲʝʢʪʘʤʠ ʚʳʰʝʩʪʦʷʱʠʭ ʠ ʥʠʞʝʩʪʦʷʱʠʭ ʉʕɼʦʚ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʩ ʨʝʩʫʨʩʘʤʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ - ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦʛʣʘʩʦ-

ʚʘʥʠʝ ʠʥʪʝʨʝʩʦʚ ʩʫʙʲʝʢʪʦʚ. 

ɺ ʭʦʜʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʫʙʲʝʢʪ ʂɼ ʢʦʥʪʨʦʣʠʨʫʝʪ ʥʘʩʪʫʧʣʝʥʠʝ 

ʫʩʣʦʚʠʡ (ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʩʪʫʧʣʝʥʠʝ ʩʦʙʳʪʠʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ) ʩʦ-

ʛʣʘʩʥʦ ʪʝʭʥʦʣʦʛʠʠ ʂɼ, ʠʥʠʮʠʠʨʫʝʪ ʚʳʧʦʣʥʝʥʠʝ ʜʝʡʩʪʚʠʡ ʥʠʞʝʩʪʦʷ-

ʱʠʭ ʵʣʝʤʝʥʪʦʚ ʂɼ. 
ʊʘʢʞʝ ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʫʙʲʝʢʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʘʛʠʨʦʚʘ-

ʥʠʝ (ʚ ʚʠʜʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ) ʥʘ ʩʦʙʳʪʠʷ ʠʩʪʠʥʥʦʡ ʥʝʦʧʨʝ-

ʜʝʣʸʥʥʦʩʪʠ. 
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ʈʠʩ. 1.6. ɸʢʪʠʚʥʦʩʪʠ ʩʫʙʲʝʢʪʘ ʚ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ʂɼ [15]  
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ɺ ʟʘʚʝʨʰʝʥʠʝ ʩʫʙʲʝʢʪ ʂɼ ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʝʬʣʝʢʩʠʶ ʠ ʦʮʝʥʠʚʘʝʪ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʛʣʘʩʦʚʘʥʠʝ ʠʥʪʝʨʝʩʦʚ ʩʫʙʲʝʢʪʦʚ 

ʚʳʧʦʣʥʷʝʪʩʷ ʢʘʢ ʥʘ ʵʪʘʧʝ ʘʥʘʣʠʟʘ, ʪʘʢ ʠ ʥʘ ʵʪʘʧʝ ʢʦʥʢʨʝʪʠʟʘʮʠʠ. ɺ 

ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʩʫʙʲʝʢʪ ʩʦʛʣʘʩʫʝʪ ʩʚʦʠ çʚʥʫʪʨʝʥʥʠʝè 

ʠʥʪʝʨʝʩʳ ʩ ʚʳʨʘʞʝʥʥʳʤʠ ʚ ʚʠʜʝ ʩʧʨʦʩʘ çʚʥʝʰʥʠʤʠè ʜʣʷ ʥʝʛʦ ʠʥʪʝ-

ʨʝʩʘʤʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʨʦʣʠ ʩʫʙʲʝʢʪʘ ʵʣʝʤʝʥʪʘ ʂɼ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ 

ʩʫʙʲʝʢʪ ʟʘʜʘʸʪ ʩʧʨʦʩ ʠ ʯʝʨʝʟ ʥʝʛʦ çʚʥʝʰʥʠʝè ʠʥʪʝʨʝʩʳ ʜʣʷ ʧʦʪʝʥʮʠ-

ʘʣʴʥʳʭ ʩʫʙʲʝʢʪʦʚ ʥʠʞʝʩʪʦʷʱʠʭ ʧʦ ʮʝʣʝʚʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʧʦ ʣʦʛʠʯʝ-

ʩʢʦʡ ʤʦʜʝʣʠ ʵʣʝʤʝʥʪʦʚ ʂɼ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʩʫʙʲʝʢʪ ʠʛʨʘʝʪ ʨʦʣʴ 

ʘʛʝʥʪʘ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʘʢʪʠʚʥʳʡ ʚʳʙʦʨ (ʷʚʣʷʷʩʴ ʧʨʠ ʵʪʦʤ, ʚʦʦʙʱʝ 

ʛʦʚʦʨʷ, çʫʧʨʘʚʣʷʝʤʳʤ ʦʙʲʝʢʪʦʤè), ʘ ʚʦ ʚʪʦʨʦʤ ï ʨʦʣʴ ʮʝʥʪʨʘ (ʚ ʪʝʨ-

ʤʠʥʘʭ ʪʝʦʨʠʠ ʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʠ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥ-

ʥʳʤʠ ʩʠʩʪʝʤʘʤʠ), ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ ʫʧʨʘʚʣʝʥʠʝ ʠ ʦʧʨʝʜʝʣʷʶʱʝʛʦ 

ʪʝʭʥʦʣʦʛʠʶ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʥʪʝʨʝʩʦʚ. ɼʘʥʥʘʷ ʜʚʦʡʩʪʚʝʥʥʦʩʪʴ ʦʪʨʘʞʘ-

ʝʪ ʬʨʘʢʪʘʣʴʥʳʝ ʠ ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʨʫʢʪʫʨʳ ʂɼ. 

ɺʩʝ ʢʦʤʧʦʥʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʶʪʩʷ, ʙʝʟʫʩʣʦʚʥʦ, ʚʘʞʥʳʤʠ, ʦʜ-

ʥʘʢʦ ʩʦʟʜʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ ʚ ʚʠʜʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦ-

ʜʝʣʝʡ (ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʠʭ ʚ ʘʢʪʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ) ʠʤʝʝʪ ʠʩʢʣʶʯʠ-

ʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʚ ʭʦʜʝ ʥʝʛʦ ʬʦʨʤʠʨʫʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʚʩʝʭ 

ʦʩʪʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʩʝʨʳʝ ʰʪʨʠʭʦʚʳʝ ʩʪʨʝʣʢʠ ʥʘ ʨʠʩʫʥʦʢ 1.6). 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʣʠʰʴ ʨʝʘʣʠʟʫʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦ-

ʠʩʭʦʜʷʪ ʩʦʙʳʪʠʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ, ʯʪʦ ʬʠʢʩʠʨʫʝʪ ʨʝʟʫʣʴʪʘʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥ-

ʪʦʚ ʠ ʂɼ ʚ ʮʝʣʦʤ ʬʘʢʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʩʦʙʳʪʠʡ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʠʤʝʥʥʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ ʥʘ 

ʵʪʘʧʝ ʩʠʥʪʝʟʘ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʩʦʦʙʨʘʞʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʪʝʟʠʩ 

7: ʇʨʦʙʣʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʨʝʰʘʝʪʩʷ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʥʘ ʚʩʝʭ ʬʘʟʘʭ ʠ 

ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʂɼ. ʈʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪʠʚ-

ʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʂɼ ʦʢʘʟʳʚʘʝʪ ʩʦʟʜʘʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʚ ʘʢʪʫ-

ʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʤʧʦʥʝʥʪʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ï ʩʠʥʪʝʟʘ ʠ ʢʦʥʢʨʝʪʠʟʘʮʠʠ) ʚ ʚʠʜʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦ-

ʜʝʣʝʡ ʥʘ ʵʪʘʧʝ ʩʠʥʪʝʟʘ. ʂʦʤʧʦʥʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ, ʙʫʜʫʯʠ ʩʦʟʜʘʥʥʳʤʠ 

ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ, çʘʚʪʦʤʘʪʥʦè ʨʝʘʣʠʟʫʶʪʩʷ ʥʘ ʜʨʫʛʠʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦ-

ʛʦ ʮʠʢʣʘ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʠʥʪʝʨʝʩʥʳʭ ʩʣʫʯʘʷʭ ʜʝʷ-

ʪʝʣʴʥʦʩʪʴ ʆʊʉ ʥʦʩʠʪ ʮʠʢʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ʉʦʚʝʨʰʝʥʥʦ ʝʩʪʝʩʪʚʝʥ-

ʥʳʤʠ ʷʚʣʷʶʪʩʷ ʮʠʢʣʳ, ʩʚʷʟʘʥʥʳʝ, ʥʘʧʨʠʤʝʨ, ʩ ʤʥʦʛʦʢʨʘʪʥʳʤ ʧʦʚʪʦ-
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ʨʝʥʠʝʤ: ʦʜʥʦʡ ʪʠʧʦʚʦʡ ʦʧʝʨʘʮʠʠ; ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʠ ʠʣʠ ʠʟʜʝʣʠʷ, 

ʠʣʠ ʦʢʘʟʘʥʠʝʤ ʦʧʨʝʜʝʣʸʥʥʦʡ ʫʩʣʫʛʠ; ʨʘʙʦʯʝʡ ʩʤʝʥʳ ʠʣʠ ʨʘʙʦʯʝʛʦ 

ʜʥʷ; ʦʪʯʸʪʥʦʛʦ/ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʝʨʠʦʜʘ. ʏʘʩʪʦ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʩʫʙʲʝʢʪ 

ʬʠʢʩʠʨʫʝʪ ʩʧʨʦʩ, ʩʦʛʣʘʩʫʝʪ ʩʚʦʠ ʠʥʪʝʨʝʩʳ ʩ çʚʥʝʰʥʠʤʠ ʠʥʪʝʨʝʩʘʤʠè, 

ʦʩʦʟʥʘʸʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʥʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʬʦʨʤʠʨʫʝʪ ʪʝʭʥʦʣʦʛʠʶ, 

ʧʦʪʦʤ ʦʥ ʤʥʦʛʦʢʨʘʪʥʦ ʨʝʘʣʠʟʫʝʪ ʝʸ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʧʦʚʪʦʨʷʶʱʠʭ-

ʩʷ ʮʠʢʣʦʚ ʂɼ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʥʦʚʦʛʦ ʙʠʟʥʝʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʨʝʜʤʝʪ ʙʠʟʥʝʩʘ, ʦʨʛʘʥʠʟʫʝʪʩʷ ʬʠʨʤʘ, ʢʦʪʦʨʘʷ ʚ ʪʝʯʝʥʠʝ ʢʘʢ ʤʦʞʥʦ 

ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʠʦʜʦʚ ʨʝʘʣʠʟʫʝʪ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ ʪʝʭʥʦʣʦʛʠʠ. ʉʦʪʨʫʜʥʠʢ ʧʨʠ ʧʨʠʸʤʝ ʥʘ ʨʘʙʦʪʫ ʦʜʥʦʢʨʘʪʥʦ ʧʨʠʥʠ-

ʤʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʚʳʧʦʣʥʷʪʴ ʚʦʟʣʘʛʘʝʤʳʝ ʥʘ ʥʝʛʦ ʦʙʷ-

ʟʘʥʥʦʩʪʠ, ʧʦʩʣʝ ʯʝʛʦ ʤʥʦʛʦʢʨʘʪʥʦ ʚʳʧʦʣʥʷʝʪ ʠʭ. ʊʝʭʥʦʣʦʛʠʷ ʦʩʪʘʸʪʩʷ 

ʥʝʠʟʤʝʥʥʦʡ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʸ ʤʦʜʝʨʥʠ-

ʟʘʮʠʠ, ʧʦʩʣʝ ʢʦʪʦʨʦʡ ʩʥʦʚʘ ʧʨʦʜʦʣʞʘʝʪʩʷ ʮʠʢʣʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʂɼ 

ʩ ʧʦʩʪʦʷʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ. 

ʇʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʧʦʚʪʦʨʝʥʠʠ ʮʠʢʣʦʚ ʩʫʙʲʝʢʪ ʦʩʫʱʝʩʪʚʣʷʝʪ, ʪʝʤ 

ʥʝ ʤʝʥʝʝ, ʠ ʘʥʘʣʠʟ, ʠ ʩʠʥʪʝʟ (ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚ ʚʠʜʝ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʪʝʢʫʱʠʡ ʠʣʠ ʩʣʝʜʫʶʱʠʡ ʧʝʨʠʦʜ), ʘ ʪʘʢʞʝ ʨʝʬʣʝʢʩʠʶ 

(ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʦʮʝʥʠʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʂɼ ʟʘ ʧʝʨʠʦʜ), ʨʝʘʣʠʟʫʷ 

ʚʩʝ ʵʪʘʧʳ ɾʎ ʂɼ (ʩʤ. ʨʠʩʫʥʦʢ 1.7). 

 

 
 

ʈʠʩ. 1.7. ʎʠʢʣʠʯʥʦʩʪʴ ʘʢʪʠʚʥʦʩʪʝʡ 

ʩʫʙʲʝʢʪʘ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

 

ʉʠʥʪʝʟ ʠ ʢʦʥʢʨʝʪʠʟʘʮʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʘʨʘʣʣʝʣʴʥʦ 

ʨʝʘʣʠʟʘʮʠʠ, ʘ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʘʢʪʠʚʥʦʩʪʠ ʨʝʬʣʝʢʩʠʠ ʠ ʘʥʘʣʠʟʘ ʬʘʢʪʠ-

ʯʝʩʢʠ ʦʙʲʝʜʠʥʷʶʪʩʷ, ʟʘʤʳʢʘʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʡ ʮʠʢʣ. ʇʨʝʜʧʦʣʦʞʝʥʠʝ 

ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʮʠʢʣʦʚ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʱʝʧʨʠʥʷʪʦʤʫ ʧʨʠʥʮʠʧʫ 

ñgoing concernò, ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʝʤʦʤʫ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʣʶʙʦʛʦ 
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ʙʠʟʥʝʩʘ: ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʬʠʨʤʘ ʦʩʫʱʝʩʪʚʣʷʣʘ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠ ʚ 

ʧʨʝʜʳʜʫʱʠʝ ʧʝʨʠʦʜʳ, ʠ ʙʫʜʝʪ ʵʪʦ ʜʝʣʘʪʴ ʚ ʧʦʩʣʝʜʫʶʱʠʝ. 

ʄʥʦʛʦʢʨʘʪʥʦʝ ʧʦʚʪʦʨʝʥʠʝ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, 

ʯʪʦ ʦʜʥʘʞʜʳ ʩʦʟʜʘʥʥʳʝ ʚ ʚʠʜʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʢʦʤʧʦʥʝʥ-

ʪʳ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʫʣʳ ʨʝʩʫʨʩʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦ ï ʜʣʷ ʵʪʦ-

ʛʦ ʤʦʜʝʨʥʠʟʠʨʫʶʪʩʷ ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʚ ʘʢʪʫʘʣʴʥʦʤ ʩʦ-

ʩʪʦʷʥʠʠ. ʇʦʵʪʦʤʫ ʚ ʮʝʣʷʭ ʩʦʭʨʘʥʝʥʠʷ ʦʙʱʥʦʩʪʠ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ 

ʢʦʤʧʦʥʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ, ʥʘ ʢʦʪʦʨʳʝ ʜʝʢʦʤʧʦʟʠʨʫʝʪʩʷ ʩʠʥʪʝʟ, ʥʝ çʩʦ-

ʟʜʘʥʠʝʤè, ʘ çʫʧʨʘʚʣʝʥʠʝʤè, ʘ ʠʤʝʥʥʦ: 

Á ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʝʡ ï ʧʦʥʠʤʘʷ ʧʦʜ ʵʪʠʤ ʂɼ ʧʦ ʩʦʟʜʘʥʠʶ 

ʠ ʧʦʜʜʝʨʞʘʥʠʶ ʚ ʘʢʪʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʫʪʸʤ ʤʦʜʝʨʥʠʟʘʮʠʡ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʝʩʫʨʩʦʚ; 

Á ʫʧʨʘʚʣʝʥʠʝ ʩʦʩʪʘʚʦʤ ʨʝʩʫʨʩʦʚ - ʧʦʥʠʤʘʷ ʧʦʜ ʵʪʠʤ ʂɼ ʧʦ ʩʦ-

ʟʜʘʥʠʶ ʠ ʧʦʜʜʝʨʞʘʥʠʶ ʚ ʘʢʪʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʫʣʦʚ ʚʝʱʝʩʪʚʝʥʥʳʭ 

ʨʝʩʫʨʩʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʦʣʝʡ ʩʫʙʲʝʢʪʦʚ ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦ-

ʛʠʠ. 

ʈʠʩʫʥʦʢ 1.8 ʠʣʣʶʩʪʨʠʨʫʝʪ ʫʪʦʯʥʸʥʥʫʶ (ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʬʦʨ-

ʤʫʣʠʨʦʚʘʥʥʦʡ ʚ [15]) ʜʝʢʦʤʧʦʟʠʮʠʶ ʢʦʤʧʦʥʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩ ʚʳ-

ʜʝʣʝʥʠʝʤ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʥʘ ʥʠʞʥʝʤ ʫʨʦʚʥʝ ʠʝʨʘʨʭʠʠ. 

 

 
 

ʈʠʩ. 1.8. ɼʝʪʘʣʠʟʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʥʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ 

 

ʋʧʨʘʚʣʝʥʠʝ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʨʝʙʫʝʪ ʫʪʦʯʥʝʥʠʷ ʧʦʥʷʪʠʡ 

ʩʫʙʲʝʢʪʘ ʠ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʩʫʙʲʝʢʪʘ ʵʣʝʤʝʥʪʘ ʂɼ, ʘ ʪʘʢʞʝ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʵʪʠʤʠ ʧʦʥʷʪʠʷʤʠ. ɺ [15] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʣʶʙʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʜʝ-

ʷʪʝʣʴʥʦʩʪʴ, ʢʨʦʤʝ ʠʩʧʦʣʥʝʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘ-
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ʮʠʡ, ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝʤ, ʪʦ ʝʩʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʫʙʲʝʢʪʘ ʢʘʞʜʦʛʦ 

ʉʕɼʘ (ʉʕɼN ʥʘ ʨʠʩʫʥʢʝ 1.9) ʟʘʢʣʶʯʘʝʪʩʷ ʚ: 

 ʫʧʨʘʚʣʝʥʠʠ ʧʦʜʯʠʥʸʥʥʳʤʠ ʠ ʥʠʞʝʩʪʦʷʱʠʤʠ ʧʦ ʣʦʛʠʯʝʩʢʦʡ - 

ʮʝʣʝʚʦʡ ʩʪʨʫʢʪʫʨʝ ʉʕɼʘʤʠ (ʉʕɼN,1 é ʉʕɼN,M), ʧʨʠ ʵʪʦʤ ʦʥ ʚʳʩʪʫʧʘ-

ʝʪ ʚ ʨʦʣʠ ʩʫʙʲʝʢʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʧʨʘʚʣʝʥʠʷ; 

 ʠʩʧʦʣʥʝʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ (ʝʩʣʠ ʚ 
ʩʦʩʪʘʚ ʜʘʥʥʦʛʦ ʉʕɼʘ ʚʭʦʜʷʪ ʵʣʝʤʝʥʪʘʨʥʳʝ ʦʧʝʨʘʮʠʠ). 

ʉʫʙʲʝʢʪ ʣʶʙʦʛʦ ʉʕɼʘ (ʥʘʧʨʠʤʝʨ, ʉʕɼN) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʫʧʨʘʚʣʷʝʪ ʥʠʞʝʩʪʦʷʱʠʤʠ ʉʕɼʘʤʠ ʠ ʠʭ ʩʫʙʲʝʢʪʘʤʠ (ʉʕ-

ɼN,1, é, ʉʕɼN,M), ʚʭʦʜʷʱʠʤʠ ʚ ʜʘʥʥʳʡ ʉʕɼ (ʉʕɼN), ʠ ʦʧʦʩʨʝʜʦʚʘʥʥʦ, 

ʯʝʨʝʟ ʩʫʙʲʝʢʪʳ ʜʨʫʛʠʭ ʉʕɼʦʚ (ʥʘʧʨʠʤʝʨ, ʯʝʨʝʟ ʩʫʙʲʝʢʪʘ ʉʕɼm) ï 

ʚʩʝʤʠ ʥʠʞʝʩʪʦʷʱʠʤʠ ʧʦ ʮʝʣʝʚʦʡ ʠʝʨʘʨʭʠʠ ʉʕɼʘʤʠ (ʉʕ-

ɼm,1, é, ʉʕɼm,K ʠ ʥʠʞʝʩʪʦʷʱʠʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʠʤ). ɺ ɻʪʦʤ ʩʤʳʩ-

ʣʝ ʫʧʨʘʚʣʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʉʕ-

ɼʦʚ ʷʚʣʷʝʪʩʷ ʠ ʠʝʨʘʨʭʠʯʝʩʢʠʤ, ʠ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤ. 

 

 
 

ʈʠʩ. 1.9. ʉʪʨʫʢʪʫʨʘ ʠʝʨʘʨʭʠʠ ʉʕɼʦʚ 

 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʫʙʲʝʢʪ ʣʶʙʦʛʦ ʉʕɼʘ ʚʩʝʛʜʘ ʚ ʦʧʨʝʜʝʣʸʥ-

ʥʦʤ ʩʤʳʩʣʝ ʦʩʫʱʝʩʪʚʣʷʝʪ çʩʘʤʦʫʧʨʘʚʣʝʥʠʝè: ʥʘ ʵʪʘʧʝ ʩʠʥʪʝʟʘ ʩʫʙʲ-

ʝʢʪ ʉʕɼʘ ʬʦʨʤʠʨʫʝʪ ʣʦʛʠʯʝʩʢʫʶ ʠ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʫʶ ʤʦʜʝʣʠ 

ʜʘʥʥʦʛʦ ʉʕɼʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ (ʚʭʦʜʷʱʠʭ ʚ ʩʦ-

ʩʪʘʚ ʜʘʥʥʦʛʦ ʉʕɼʘ), ʘ ʥʘ ʵʪʘʧʝ ʢʦʥʢʨʝʪʠʟʘʮʠʠ ʥʘʟʥʘʯʘʝʪ ʨʝʩʫʨʩʳ ʵʣʝ-

ʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʩʚʦʸ 

ʙʫʜʫʱʝʝ ʧʦʚʝʜʝʥʠʝ. ʊʦ ʝʩʪʴ ʚʳʧʦʣʥʷʝʪ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʘʤʦʤʫ ʩʝʙʝ 

ʜʝʡʩʪʚʠʷ, ʧʦʜʧʘʜʘʶʱʠʝ ʧʦʜ ʦʧʨʝʜʝʣʝʥʠʝ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʵʪʦʤ ʪʘʢʞʝ 

ʧʨʦʷʚʣʷʝʪʩʷ ʥʝʢʦʪʦʨʘʷ ʜʚʦʡʩʪʚʝʥʥʦʩʪʴ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ: ʩʦʟʜʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʷʚʣʷʝʪʩʷ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʘ ʩ ʜʨʫʛʦʡ ï 
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ʚʣʠʷʝʪ ʥʘ ʙʫʜʫʱʝʝ ʧʦʚʝʜʝʥʠʝ ʩʫʙʲʝʢʪʘ ʚ ʧʝʨʠʦʜ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʠʤ 

ʜʝʡʩʪʚʠʡ ʩʦʛʣʘʩʥʦ ʪʝʭʥʦʣʦʛʠʠ, ʚ ʧʝʨʠʦʜ ʨʝʘʣʠʟʘʮʠʠ ʩʚʦʝʛʦ ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʧʨʘʚʣʝʥʠʝ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʉʕɼʦʚ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪ ʠʣʠ (ʘ) ʩʫʙʲʝʢʪ ʚʳʰʝʩʪʦʷʱʝʛʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʉʕɼʘ 

(ʩʫʙʲʝʢʪ ʉʕɼN ʥʘ ʨʠʩʫʥʢʝ 1.9), ʠʣʠ (ʙ) ʩʫʙʲʝʢʪ ʥʝʢʦʪʦʨʦʛʦ çʚʥʝʰʥʝ-

ʛʦè ʉʕɼʘ, ʚʳʰʝʩʪʦʷʱʝʛʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢʦ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʉʕ-

ɼʦʚ. ʌʘʢʪʠʯʝʩʢʠ ʵʪʦʪ çʚʥʝʰʥʠʡè ʉʕɼ ʦʙʲʝʜʠʥʠʪ ʚʩʶ ʫʧʨʘʚʣʷʝʤʫʶ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʪʦʨʘʷ ʘʣʴʪʝʨʥʘʪʠʚʘ (ʙ) ʩʚʦʜʠʪʩʷ ʢ 

ʧʝʨʚʦʡ (ʘ), ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʥʦʡ ʨʠʩʫʥʢʦʤ 1.9. ʕʪʠ ʩʦʦʙʨʘʞʝʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʝʟʠʩ 8: ʫʧʨʘʚʣʝʥʠʝ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʴʶ 

ʉʕɼʦʚ ʷʚʣʷʝʪʩʷ ʠ ʠʝʨʘʨʭʠʯʝʩʢʠʤ, ʠ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤ, ʠ ʚ ʮʝʣʦʤ ʝʛʦ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʫʙʲʝʢʪ ʚʳʰʝʩʪʦʷʱʝʛʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʉʕɼʘ (ʢʘʢ ʦʪ-

ʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʦʥ ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪ ʠ ʩʘʤʦʫʧʨʘʚʣʝʥʠʝ, ʨʝʘʣʠʟʫʷ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʩʝʙʝ ʜʝʡʩʪʚʠʷ, ʧʦʜʧʘʜʘʶʱʠʝ ʧʦʜ ʦʧʨʝʜʝʣʝʥʠʝ ʫʧʨʘʚʣʝ-

ʥʠʷ). 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʦʙʣʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʆʊʉ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʩʫʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʂɼ ʚ ʮʝʣʦʤ ʷʚʣʷʝʪʩʷ ʠʣʠ ʥʝʢʦʪʦʨʘʷ ʫʧʨʘʚʣʷ-

ʶʱʘʷ ʧʦʜʩʠʩʪʝʤʘ ʠʩʭʦʜʥʦʡ ʆʊʉ, ʠʣʠ ʆʊʉ, ʚʥʝʰʥʷʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʠʩʭʦʜʥʦʡ ʆʊʉ, ʩʫʙʲʝʢʪ ʢʦʪʦʨʦʡ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʮʝʣʠ ʠʩʭʦʜʥʦʡ ʆʊʉ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʘʞʜʦʡ ʯʘʩʪʥʦʡ ʆʊʉ (ʢʦʪʦʨʳʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʦʩʪʘʚ-

ʣʷʶʪ ʠʩʭʦʜʥʫʶ ʆʊʉ) ʫʧʨʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʫʙʲʝʢʪ. 

ʀʟ ʪʝʟʠʩʘ 8 ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʘʢʪʠʚʥʳʭ ʆʊʉ (ʆʊʉ ʢʣʘʩʩʘ II, ʩʤ. 

ʨʘʟʜʝʣ 1.1), ʦʪʩʫʪʩʪʚʫʶʪ ʩʫʙʲʝʢʪʳ ʫʧʨʘʚʣʝʥʠʷ, ʪ.ʝ. ʘʢʪʠʚʥʳʝ ʆʊʉ 

çʥʝʫʧʨʘʚʣʷʝʤʳ ʠʟʚʥʝè; ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʦʥʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʩʘʤʦ-

ʫʧʨʘʚʣʝʥʠʝ. 
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1.4. ʌʦʨʤʘʣʠʟʘʮʠʷ ʧʨʦʙʣʝʤ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʞʠʟʥʝʥʥʳʤʠ ʮʠʢʣʘʤʠ ʆʊʉ 

 

ʈʝʟʶʤʠʨʫʝʤ ʪʝʟʠʩʳ 1-8 ʠ ʟʘʬʠʢʩʠʨʫʝʤ ʧʨʦʙʣʝʤ rʩʦʛʣʘʩʦʚʘʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤʠ ʮʠʢʣʘʤʠ ʆʊʉ, ʨʠʩʫʥʦʢ 1.10 ʠʣʣʶʩʪʨʠʨʫʝʪ 

ʩʪʨʫʢʪʫʨʫ ʪʝʟʠʩʦʚ. 

ʊʝʟʠʩʳ 1-4 ʧʦʟʚʦʣʠʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʦʩʪʘʥʦʚʢʫ ʧʨʦʙʣʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʆʊʉ ʚ ʚʠʜʝ ʪʝʟʠʩʘ 5: ʫʧʨʘʚʣʝʥʠʝ ʆʊʉ ʜʦʣʞʥʦ ʨʝʘʣʠʟʦ-

ʚʳʚʘʪʴʩʷ ʚ ʬʦʨʤʝ ʫʧʨʘʚʣʝʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʞʠʟ-

ʥʝʥʥʳʭ ʮʠʢʣʦʚ ʵʣʝʤʝʥʪʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʀʟ ʪʝʟʠʩʘ 5 

ʙʳʣ ʧʦʣʫʯʝʥ ʪʝʟʠʩ 6, ʟʘʬʠʢʩʠʨʦʚʘʚʰʠʡ ʢʦʤʧʦʥʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʢʘʢ 

ʩʨʝʜʩʪʚʘ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʫʧʨʘʚʣʝʥʠʷ ʆʊʉ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʨʝʘʣʠ-

ʟʘʮʠʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʝʟʠʩʘ 6 ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʪʝʟʠʩʳ 7 ʠ 8, ʦʧʨʝʜʝ-

ʣʠʚʰʠʝ ʧʦʨʷʜʦʢ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʫʙʲʝʢʪʦʚ, ʝʛʦ ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ. 

ʆʙʲʝʜʠʥʠʤ ʪʝʟʠʩʳ ʠ ʟʘʬʠʢʩʠʨʫʝʤ ʧʨʦʙʣʝʤr ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤʠ ʮʠʢʣʘʤʠ ʆʊʉ ʚ ʮʝʣʦʤ: 

i. ʋʧʨʘʚʣʝʥʠʝ ʆʊʉ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʬʦʨʤʝ ʫʧʨʘʚʣʝʥʠʷ ʩʦʚʦʢʫʧ-

ʥʦʩʪʴʶ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ɾʎ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʤʧʣʝʢʩʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʨʝʘʣʠʟʫʝʤʦʡ ʵʪʦʡ ʆʊʉ (ɾʎ ʉʕɼʦʚ ʦʙʦʙʱʘʶʪ ʪʘʢʞʝ 

ɾʎ ʚʩʝʭ ʧʨʦʮʝʩʩʫʘʣɹ ʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʨʝʩʫʨʩʦʚ). 

ii. ʉʨʝʜʩʪʚʘʤʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʫʧʨʘʚʣʝʥʠʷ ʆʊʉ ʷʚʣʷʶʪʩʷ ʢʦʤ-

ʧʦʥʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ: ʩʠʥʪʝʟ (ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʝʡ; ʫʧʨʘʚʣʝʥʠʝ 

ʩʦʩʪʘʚʦʤ ʨʝʩʫʨʩʦʚ) ʠ ʢʦʥʢʨʝʪʠʟʘʮʠʷ (ʩʦʛʣʘʩʦʚʘʥʠʝ ʠʥʪʝʨʝʩʦʚ ʩʫʙʲʝʢ-

ʪʦʚ ʠ ʜʨʫʛʠʝ ʘʢʪʠʚʥʦʩʪʠ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʢʦʥʢʨʝʪʠʟʘʮʠʠ). 

iii.  ʇʨʦʙʣʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʆʊʉ ʜʦʣʞʥʳ ʨʝʰʘʪʴʩʷ ʩ ʫʯʸʪʦʤ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʠ ʫʩʪʨʘʥʝʥʠʷ ʠʟʤʝʨʠʤʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ - ʚʢʣʶʯʝʥʠʝʤ ʚ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʩʮʝʥʘʨʠʝʚ ʨʝʘʢʮʠʠ ʥʘ ʠʟʤʝʨʠʤʫʶ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ, ʘ 

ʪʘʢʞʝ ʜʦʧʫʩʢʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʝ-

ʰʝʥʠʷ ʠʟ-ʟʘ ʥʘʩʪʫʧʣʝʥʠʷ ʩʦʙʳʪʠʡ ʠʩʪʠʥʥʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʚ ʪʝ-

ʯʝʥʠʝ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʵʣʝʤʝʥʪʦʚ ʂɼ. 

iv. ʋʧʨʘʚʣʝʥʠʝ ʆʊʉ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʥʘ ʚʩʝʭ ʬʘʟʘʭ 
ʠ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʜʥʘʢʦ ʨʝʰʘʶʱʝʝ ʚʣʠ-

ʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʂɼ ʦʢʘʟʳʚʘʝʪ ʫʧʨʘʚʣʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʝʡ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʝʭʥʦʣʦʛʠʝʡ ʫʧʨʘʚʣʝʥʠʷ) ʥʘ ʵʪʘʧʝ ʩʠʥʪʝʟʘ. 

ɽʱʸ ʨʘʟ ʧʦʜʯʝʨʢʥʸʤ, ʯʪʦ ʢʦʤʧʦʥʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ, ʙʫʜʫʯʠ ʩʦʟʜʘʥʥʳ-

ʤʠ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ, ʨʝʘʣʠʟʫʶʪʩʷ çʘʚʪʦʤʘʪʥʦè ʥʘ ʜʨʫʛʠʭ ʵʪʘʧʘʭ ʞʠʟ-

ʥʝʥʥʦʛʦ ʮʠʢʣʘ. 

v. ʋʧʨʘʚʣʝʥʠʝ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʉʕɼʦʚ ʷʚʣʷʝʪʩʷ ʠ ʠʝʨʘʨʭʠʯʝ-

ʩʢʠʤ, ʠ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤ, ʠ ʚ ʮʝʣʦʤ ʝʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʫʙʲʝʢʪ ʚʳʰʝ-
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ʩʪʦʷʱʝʛʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʉʕɼʘ (ʦʥ ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪ ʠ ʩʘʤʦʫʧʨʘʚʣʝ-

ʥʠʝ). 
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ʈʠʩ. 1.10. ʉʪʨʫʢʪʫʨʘ ʪʝʟʠʩʦʚ ʧʨʦʙʣʝʤʘʪʠʢʠ ʫʧʨʘʚʣʝʥʠʷ ʆʊʉ 
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ʈʘʩʩʤʦʪʨʠʤ ʨʷʜ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʬʦʨʤʘʣʴʥʦ ʦʧʠʩʳʚʘʶʪ ʧʦʚʝ-

ʜʝʥʠʝ ʫʧʨʘʚʣʷʝʤʦʡ ʩʠʩʪʝʤʳ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʂɼ ʩ ʫʯʸʪʦʤ 

ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ - ʧʨʦʮʝʩʩ ʨʝʘʣʠʟʘʮʠʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʉʕɼʘ ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ. 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʫʶ ʮʝʧʦʯʢʫ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʨʝʟʫʣʴʪʘʪʘ ʂɼ, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘʮʠʠ ʨʠʩʫʥʦʢ 1.11. ʇʨʷ-

ʤʦʫʛʦʣʴʥʠʢʠ ʩ ʟʘʢʨʫʛʣʸʥʥʳʤʠ ʫʛʣʘʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʦʤʧʦʥʝʥʪʳ 

ʫʧʨʘʚʣʝʥʠʷ (a, b, e) ʠ ʜʝʡʩʪʚʠʷ (h), ʚʳʧʦʣʥʷʝʤʳʝ ʩʫʙʲʝʢʪʦʤ. 

ʂʨʫʛʘʤʠ ʦʪʨʘʞʝʥʳ ʩʦʩʪʦʷʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ ʚ ʚʠʜʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ (c, g, ʚʝʨʭʥʠʡ ʨʷʜ) ʠ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʝʥ-

ʥʳʭ ʨʝʩʫʨʩʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʶʪʩʷ ʩʫʙʲʝʢʪʳ, ʧʨʝʜʤʝʪʳ ʠ ʚʝʱʝ-

ʩʪʚʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʪʝʭʥʦʣʦʛʠʠ (d, f, ʥʠʞʥʠʡ ʨʷʜ). ʉʧʣʦʰʥʳʝ 

ʩʪʨʝʣʢʠ ʧʦʢʘʟʳʚʘʶʪ ʩʚʷʟʠ ʪʠʧʘ çʚʭʦʜ-ʚʳʭʦʜè, ʘ ʩʝʨʳʝ ʰʪʨʠʭʦʚʳʝ 

ʩʪʨʝʣʢʠ ʦʪʨʘʞʘʶʪ ʫʧʨʘʚʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʭʥʦʣʦʛʠʡ. ɺʥʠʟʫ ʧʝ-

ʨʝʯʠʩʣʝʥʳ ʬʘʟʳ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʢʦʤʧʦʥʝʥ-

ʪʳ ʫʧʨʘʚʣʝʥʠʷ ʩʫʙʲʝʢʪʘ ʉʕɼʘ. 

ʇʦʣʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʂɼ ʦʙʫʩʣʦʚʣʝʥʦ ʟʘʚʝʨʰʝʥʠʝʤ ʜʝʡʩʪʚʠʷ (h) 

ʥʘ ʬʘʟʝ ʨʝʘʣʠʟʘʮʠʠ (ʧʨʘʚʘʷ ʯʘʩʪʴ ʨʠʩʫʥʢʘ 1.11). ɼʝʡʩʪʚʠʝ ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ, ʝʩʣʠ ʥʝ ʥʘʟʥʘʯʝʥʳ ʨʝʩʫʨʩʳ, ʥʝ ʩʬʦʨʤʠʨʦʚʘʥ ʧʨʝʜ-

ʤʝʪ (f), ʥʝ ʧʦʜʛʦʪʦʚʣʝʥʳ ʧʣʘʥʳ, ʨʝʛʣʘʤʝʥʪʳ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʘʨʪʳ ʠ 

ʪ.ʜ. (g), ʥʝ ʩʦʛʣʘʩʦʚʘʥʳ ʠʥʪʝʨʝʩʳ ʩʫʙʲʝʢʪʦʚ ʥʠʞʝʩʪʦʷʱʠʭ ʉʕɼʦʚ (e). 

ʊʦ ʝʩʪʴ, ʥʝ ʟʘʚʝʨʰʝʥʘ ʢʦʥʢʨʝʪʠʟʘʮʠʷ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʢʨʝʪʠʟʘʮʠʠ 

ʪʨʝʙʫʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʦʟʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ - ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʤʦʜʝʣʠ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʙʩʪʨʘʢʪʥʦʡ ʬʦʨʤʝ (c) ʠ ʨʝʩʫʨʩʳ ʚ 

ʩʦʩʪʘʚʝ ʧʫʣʦʚ (d). ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʠ ʧʫʣʳ ʨʝʩʫʨʩʦʚ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʘʢ-

ʪʠʚʥʦʩʪʝʡ (a) ʠ (b). 

ʇʨʠ ʤʥʦʛʦʢʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʝ ʤʦʜʝʣʠ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ ʠ ʨʝʩʫʨʩʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦ-

ʚʪʦʨʥʦ, ʯʪʦ ʦʪʨʘʞʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʪʨʝʣʢʠ ʥʘ ʨʠʩʫʥʢʝ 1.11 ʦʪ 

(g) ʢ (a) ʠ ʦʪ (f) ʢ (b). 

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʘʷ ʮʝʧʦʯʢʘ ʧʦʣʫʯʝʥʠʷ ʨʝ-

ʟʫʣʴʪʘʪʘ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʧʦʚʝʜʝʥʠʝ ʉʕɼʘ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝ-

ʥʠʝʤ ʝʛʦ ʩʦʩʪʦʷʥʠʡ, ʦʧʠʩʳʚʘʝʤʳʭ: 

 ʇʘʨʘʤʝʪʨʘʤʠ ʩʫʙʲʝʢʪʘ (ʚʳʙʨʘʥʥʳʤ ʠʤ ʜʝʡʩʪʚʠʝʤ). 

 ʇʘʨʘʤʝʪʨʘʤʠ ʨʝʩʫʨʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʶ ʠ ʩʦ-

ʩʪʘʚʣʷʶʱʠʤʠ ʧʨʝʜʤʝʪ ʂɼ. 

 ʇʘʨʘʤʝʪʨʘʤʠ ʥʠʞʝʩʪʦʷʱʠʭ ʩʫʙʲʝʢʪʦʚ. 
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 ʇʘʨʘʤʝʪʨʘʤʠ15
 ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ. 

ʀʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ʉʕɼʘ ʚʳʟʚʘʥʳ ʚʳʧʦʣʥʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ 

ʫʧʨʘʚʣʝʥʠʷ (a, b, e) ʠ ʜʝʡʩʪʚʠʷ (h), ʩʦʧʨʦʚʦʞʜʘʝʤʳʭ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʩʦʙʳʪʠʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ. 

                                                           
15 ʊʝʨʤʠʥ çʧʘʨʘʤʝʪʨʳè ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ 
ʚʠʜʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʝʩʴʤʘ ʫʩʣʦʚʥʦ, ʪʘʢ ʢʘʢ ʩʧʝʮʠʬʠʢʘʮʠʠ 
ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ ʥʘʩʪʦʣʴʢʦ ʦʙʰʠʨʥʳ, ʯʪʦ ʢ çʧʘʨʘʤʝʪʨʘʤè ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 
ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʧʦʣʥʦʩʪʴʶ. 
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ɹʫʜʝʤ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʫʧʨʘʚ-

ʣʝʥʠʷ (a, b, e) ʠ ʜʝʡʩʪʚʠʷ (h) ʨʝʘʣʠʟʘʮʠʝʡ ʬʫʥʢʮʠʡ
16
, ʢʦʪʦʨʳʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.4. 

ʆʧʨʝʜʝʣʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ (ʊʌ) - ʘʥʘʣʦʛ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʦʡ ʬʫʥʢʮʠʠ, - ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʳʧʦʣʥʝʥʠʝ ʜʝʡʩʪʚʠʷ ʥʘ 

ʜʘʥʥʦʤ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ; ʫʧʨʘʚʣʝʥʠʝ ʩʦʩʪʘʚʦʤ ʨʝʩʫʨʩʦʚ ʙʫʜʝʤ ʧʨʝʜ-

ʩʪʘʚʣʷʪʴ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ ʵʚʦʣʶʮʠʠ ʧʫʣʦʚ ʨʝʩʫʨʩʦʚ (ʌʇ). ʆʩʪʘʣʴʥʳʝ 

ʬʫʥʢʮʠʠ ʧʨʝʜʩʪʘʚʠʤ ʬʫʥʢʮʠʝʡ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʥʪʝʨʝʩʦʚ ʩʫʙʲʝʢʪʦʚ ʠ 

ʜʨʫʛʠʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʘʢʪʠʚʥʦʩʪʝʡ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʢʦʥʢʨʝʪʠʟʘ-

ʮʠʠ (ʌʉ) ʠ ʬʫʥʢʮʠʝʡ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ (ʌʋ). 

ɺʚʝʜʸʥʥʳʝ ʬʫʥʢʮʠʠ ʬʦʨʤʘʣʠʟʫʶʪ ʨʝʘʣʠʟʘʮʠʶ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʉʕɼʘ. ɺ ʜʘʥʥʦʡ ʥʦʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʠʤʝʝʪ ʩʤʳʩʣ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʧʝʮʠʬʠʢʘʮʠʶ ʪʝʭʥʦʣʦʛʠʠ ʚ ʫʟʢʦʤ ʩʤʳʩʣʝ, ʦʧʨʝ-

ʜʝʣʷʶʱʫʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʝʡʩʪʚʠʝ ï ʮʝʣʝʚʦʡ ʵʪʘʧ ɾʎ ʂɼ, ʥʘ ʢʦ-

ʪʦʨʦʤ ʬʦʨʤʠʨʫʝʪʩʷ ʨʝʟʫʣʴʪʘʪ ʂɼ, ʘ ʟʥʘʯʠʪ ʮʝʥʥʦʩʪʴ/ʧʦʣʝʟʥʦʩʪʴ. 

ʂʦʤʧʦʟʠʮʠʷ ʚʩʝʭ ʬʫʥʢʮʠʡ ʊʌ, ʌʇ, ʌʉ ʠ ʌʋ ʩʧʝʮʠʬʠʮʠʨʫʝʪ ʪʝʭʥʦ-

ʣʦʛʠʶ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ, ʦʧʠʩʳʚʘʶʱʫʶ ʚʝʩʴ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʂɼ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʬʫʥʢʮʠʠ ʊʌ, ʌʇ, ʌʉ, ʌʋ 

ʢʘʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ, ʠ, ʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʢʘʢ ʚʳʭʦʜʳ ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ. 

ʌʫʥʢʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ ʧʦʜʜʘʸʪʩʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʜʦ-

ʩʪʘʪʦʯʥʦ ʦʛʨʘʥʠʯʝʥʥʦ, ʯʪʦ ʩʦʟʜʘʸʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʤʝʪʦʜʠʯʝʩʢʫʶ 

ʩʣʦʞʥʦʩʪʴ ʦʧʝʨʠʨʦʚʘʥʠʷ ʝʶ. ʇʨʠʯʠʥʦʡ ʷʚʣʷʶʪʩʷ ʩʚʦʡʩʪʚʝʥʥʳʝ ʵʪʦʤʫ 

ʢʦʤʧʦʥʝʥʪʫ ʫʧʨʘʚʣʝʥʠʷ ʵʚʨʠʩʪʠʢʠ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʝʛʦ ʦʩʥʦʚʥʦʝ ʩʦ-

ʜʝʨʞʘʥʠʝ. ʇʦʵʪʦʤʫ ʚ ʪʘʙʣʠʮʝ ʘʨʛʫʤʝʥʪʳ ʬʫʥʢʮʠʠ ʥʝ ʧʘʨʘʤʝʪʨʠʟʦʚʘ-

ʥr . 

 

ʊʘʙʣʠʮʘ 1.4. ʌʫʥʢʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ (a, b, e) ʠ ʜʝʡʩʪʚʠʷ (h) 

 ɸʨʛʫʤʝʥʪʳ ʌʫʥʢʮʠʷ 

                                                           
16 ʌʫʥʢʮʠʷ (ʩʠʩʪʝʤʳ) ʩʦʛʣʘʩʥʦ [150]: 
ʘ) çɺʳʭʦʜè, ʨʝʟʫʣʴʪʘʪ (ʜʝʷʪʝʣʴʥʦʩʪʠ) ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʜʦʩʪʠʞʝʥʠʝ ʮʝ-
ʣʝʡ ʩʠʩʪʝʤʳ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʤʝʪʴ ʬʫʥʢʮʠʠ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʚʦʟʤʦʞ-
ʥʦʩʪʷʤʠ ʬʦʨʤʠʨʦʚʘʪʴ çʚʳʭʦʜè, ʨʝʟʫʣʴʪʘʪ ʧʨʠ ʥʝ ʤʝʥʝʝ ʯʝʤ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʧʦʚʝʜʝ-
ʥʠʷʭ ʝʸ ʵʣʝʤʝʥʪʦʚ. 
ʙ) ɸʢʪʠʚʥʦʩʪʴ, ʟʘʜʘʯʘ, ʜʝʡʩʪʚʠʝ, ʚʳʧʦʣʥʷʝʤʦʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʛʦ çʚʳʭʦ-
ʜʘè, ʨʝʟʫʣʴʪʘʪʘ. 
ʚ) ʐʠʨʦʢʘʷ ʦʙʣʘʩʪʴ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚʢʣʶʯʘʶʱʘʷ ʨʘʟʣʠʯʥʳʝ ʩʚʷʟʘʥʥʳʝ ʜʠʩʮʠʧʣʠʥʳ (ʚ 
ʯʘʩʪʥʦʩʪʠ, ʠʥʞʝʥʝʨʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʬʠʥʘʥʩʳ, ʫʧʨʘʚʣʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨ-
ʩʘʤʠ ʠ ʪʜ.) 
ʛ) ʌʫʥʢʮʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚʭʦʜʥʦʛʦ ʧʦʪʦʢʘ ʩʠʩʪʝʤʳ ʚ ʚʳʭʦʜʥʦʡ ʩ 
ʟʘʜʘʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. 
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ʊʌ 1. ʇʘʨʘʤʝʪʨʳ ʩʫʙʲʝʢʪʘ 

2. ʇʘʨʘʤʝʪʨʳ ʥʘʟʥʘʯʝʥʥʳʭ ʨʝʩʫʨʩʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʶ 

3. ʇʘʨʘʤʝʪʨʳ ʥʠʞʝʩʪʦʷʱʠʭ ʩʫʙʲʝʢʪʦʚ 

4. ʇʘʨʘʤʝʪʨʳ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʜʝʡ-

ʩʪʚʠʡ 

5. ʇʘʨʘʤʝʪʨʳ ʚʥʝʰʥʝʡ ʩʨʝʜʳ 

ʇʘʨʘʤʝʪʨʳ ʨʝ-

ʟʫʣʴʪʘʪʘ (ʮʝʥʥʦ-

ʩʪʠ/ʧʦʣʝʟʥʦʩʪʠ) 

ʌʉ 1. ʇʘʨʘʤʝʪʨʳ ʩʦʩʪʦʷʥʠʷ ʧʫʣʦʚ ʨʝʩʫʨ-

ʩʦʚ ʥʘ ʜʘʥʥʦʤ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ 

2. ʇʘʨʘʤʝʪʨʳ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʩʦ ʩʪʦʨʦʥʳ ʩʫʙʲʝʢʪʘ 

3. ʇʘʨʘʤʝʪʨʳ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʩʦʛʣʘ-

ʩʦʚʘʥʠʷ 

4. ʇʘʨʘʤʝʪʨʳ ʚʥʝʰʥʝʡ ʩʨʝʜʳ 

ʇʘʨʘʤʝʪʨʳ ʥʘʟʥʘ-

ʯʝʥʥʳʭ ʥʠʞʝʩʪʦ-

ʷʱʠʭ ʩʫʙʲʝʢʪʦʚ ʠ 

ʨʝʩʫʨʩʦʚ, ʦʙʝʩʧʝ-

ʯʠʚʘʶʱʠʭ ʪʝʭʥʦ-

ʣʦʛʠʶ 

ʌʇ 1. ʇʘʨʘʤʝʪʨʳ ʩʦʩʪʦʷʥʠʷ ʧʫʣʦʚ ʨʝʩʫʨ-

ʩʦʚ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ 

2. ʇʘʨʘʤʝʪʨʳ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʩʦ ʩʪʦʨʦʥʳ ʩʫʙʲʝʢʪʘ 

3. ʇʘʨʘʤʝʪʨʳ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʨʝʩʫʨ-

ʩʦʚ 

4. ʇʘʨʘʤʝʪʨʳ ʚʥʝʰʥʝʡ ʩʨʝʜʳ 

ʇʘʨʘʤʝʪʨʳ ʩʦʩʪʦ-

ʷʥʠʷ ʧʫʣʦʚ ʨʝʩʫʨ-

ʩʦʚ ʥʘ ʜʘʥʥʦʤ 

ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ 

ʌʋ  ʇʘʨʘʤʝʪʨʳ ʢʦʤ-

ʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦ-

ʛʠʠ, ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʳʭ ʚ ʚʠʜʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʤʦʜʝʣʝʡ ï ʊʌ, 

ʌʇ, ʌʉ, ʌʀ. 

 

ʂʨʦʤʝ ʪʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʝʸ ʚʳʭʦʜʦʚ ʩʠʤʚʦʣʠʯʝʩʢʠ ʫʢʘʟʘ-

ʥʘ ʩʘʤʘ ʬʫʥʢʮʠʷ ʌʋ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʦ ʠ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦ-

ʚʳʭ ʘʧʨʠʦʨʠ ʥʝʠʟʚʝʩʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʋʩʣʦʚʥʘʷ ʬʦʨʤʘʣʠʟʘʮʠʷ ʵʪʦʡ 

ʬʫʥʢʮʠʠ ʠ ʩʚʷʟʘʥʥʳʝ ʟʘʜʘʯʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʟʜʝʣʝ 1.5 ʥʠʞʝ. 

ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ ʚʩʝ 

ʦʩʪʘʣʴʥʳʝ ʬʫʥʢʮʠʠ (ʊʌ, ʌʉ, ʌʇ) ʭʦʨʦʰʦ ʬʦʨʤʘʣʠʟʫʝʤʳ. ʆʥʠ ʩʦ-

ʩʪʘʚʣʷʶʪ ʝʩʪʝʩʪʚʝʥʥʫʶ ʢʦʤʧʦʟʠʮʠʶ ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʚʳʭʦʜʥʳʝ ʟʥʘ-

ʯʝʥʠʷ ʦʜʥʦʡ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʚʭʦʜʥʳʤʠ ʜʣʷ ʜʨʫʛʦʡ. ɹʫʜʝʤ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʵʪʫ ʢʦʤʧʦʟʠʮʠʶ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʬʫʥʢʮʠʡ (ʊʌ, 
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ʌʉ, ʌʇ), ʢʦʛʜʘ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ, ʠ ʥʘʟʳʚʘʪʴ ʝʸ çʨʘʩʰʠʨʝʥʥʦʡ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡè, ʈʊʌ. 

ɺʚʝʜʸʥʥʳʝ ʬʫʥʢʮʠʠ ʦʙʨʘʟʫʶʪ ʩʪʨʫʢʪʫʨʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʨʠ-

ʩʫʥʢʦʤ 1.12, ʨʘʩʩʤʦʪʨʠʤ ʝʸ ʚ çʭʨʦʥʦʣʦʛʠʯʝʩʢʦʤè ʧʦʨʷʜʢʝ ʚʳʧʦʣʥʝ-

ʥʠʷ ɾʎ ʂɼ (ʩ ʧʦʤʝʪʢʘʤʠ ʙʫʢʚʘʤʠ ʩʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ 1.11): 

(j). ʉʦʛʣʘʩʦʚʘʥʠʝ ʠʥʪʝʨʝʩʦʚ ʥʘ ʵʪʘʧʝ ʘʥʘʣʠʟʘ ʦʟʥʘʯʘʝʪ ʧʨʠʥʷʪʠʝ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʩʫʙʲʝʢʪʦʤ ʨʝʰʝʥʠʷ ʠ ʚʳʙʦʨ ʠʤ ʜʝʡʩʪʚʠʷ, ʚ ʨʝʟʫʣʴʪʘ-

ʪʝ ʯʝʛʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʫʙʲʝʢʪʘ. 

(a). ʉʦʟʜʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ ʚ ʚʠʜʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʤʦʜʝʣʝʡ ʦʟʥʘʯʘʝʪ ʩʠʥʪʝʟ ʬʫʥʢʮʠʡ ʊʌ, ʌʉ, ʌʂ, ʌʇ ï ʬʠʢʩʘʮʠʶ ʧʘ-

ʨʘʤʝʪʨʦʚ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʚʠʜʝ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ. 

(b). ʉʦʟʜʘʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʩʦʩʪʘʚʦʤ ʨʝʩʫʨʩʦʚ ʦʟʥʘʯʘʝʪ ʚʳʙʦʨ 

ʩʫʙʲʝʢʪʦʤ ʟʥʘʯʝʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʫʣʳ ʨʝʩʫʨʩʦʚ. 

ʕʪʦʪ ʚʳʙʦʨ ʩʦʚʤʝʩʪʥʦ ʩ (ʥʝʫʧʨʘʚʣʷʝʤʦʡ ʩʫʙʲʝʢʪʦʤ) ʨʝʘʣʠʟʘʮʠʝʡ ʩʦ-

ʙʳʪʠʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʨʝʩʫʨʩʦʚ, ʜʝʪʝʨʤʠʥʠʨʫʝʪ ʩʦʛʣʘʩʥʦ ʬʫʥʢʮʠʠ 

ʌʇ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʡ ʧʫʣʦʚ ʨʝʩʫʨʩʦʚ. 

(e) ʉʦʛʣʘʩʦʚʘʥʠʝ ʠʥʪʝʨʝʩʦʚ (ʠ ʜʨʫʛʠʝ ʘʢʪʠʚʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʢʘ-

ʣʝʥʜʘʨʥʦ-ʩʝʪʝʚʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʥʘʟʥʘʯʝʥʠʝ ʨʝʩʫʨʩʦʚ) ʦʟʥʘʯʘʝʪ ʢʦʥ-

ʢʨʝʪʠʟʘʮʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʩʫʙʲʝʢʪʘʤʠ, ʨʝʩʫʨʩʘʤʠ ʠ ʪʝ-

ʢʫʱʠʤ ʤʦʤʝʥʪʦʤ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʨʝʘʣʠʟʘʮʠʝʡ ʩʚʷʟʘʥʥʦʡ ʩ ʵʪʠʤ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠ ʢʦʥʢʨʝʪʠʟʘʮʠʠ. ʉʪʘʥʦʚʷʪʩʷ ʠʟʚʝʩʪ-

ʥʳ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʥʠʞʝʩʪʦʷʱʠʭ ʩʫʙʲʝʢʪʦʚ ʠ ʥʘʟʥʘʯʝʥʥʳʭ ʨʝ-

ʩʫʨʩʦʚ. ʉʫʙʲʝʢʪ ʧʨʠ ʵʪʦʤ ʨʝʘʣʠʟʫʝʪ ʨʝʛʣʘʤʝʥʪ, ʧʨʝʜʧʠʩʳʚʘʝʤʳʡ ʪʝʭ-

ʥʦʣʦʛʠʝʡ, ʠ ʚʳʙʠʨʘʝʪ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʅʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʘ ʧʦʩʣʝ ʰʘʛʘ 

(e) ʙʫʜʝʪ ʦʛʨʘʥʠʯʝʥʘ ʪʦʣʴʢʦ ʥʝʠʟʚʝʩʪʥʦʩʪʴʶ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʜʝʡʩʪʚʠʷ. 

(h). ʇʦ ʟʘʚʝʨʰʝʥʠʶ ʜʝʡʩʪʚʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ 

ʜʝʡʩʪʚʠʷ ʧʨʠʤʫʪ ʢʦʥʢʨʝʪʥʦʝ ʟʥʘʯʝʥʠʝ, ʠ ʨʝʟʫʣʴʪʘʪ ʦʢʘʞʝʪʩʷ ʩʬʦʨʤʠ-

ʨʦʚʘʥʥʳʤ ʧʦʣʥʦʩʪʴʶ. 
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ʈʠʩ. 1.12. ʉʪʨʫʢʪʫʨʘ ʬʫʥʢʮʠʡ ʨʝʘʣʠʟʘʮʠʠ ɾʎ 

ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʘ 

 

ʈʠʩʫʥʦʢ 1.12 ʠʣʣʶʩʪʨʠʨʫʝʪ, ʚʦ-ʧʝʨʚʳʭ, ʩʪʨʫʢʪʫʨʥʳʝ ʩʚʷʟʠ ʬʫʥʢ-

ʮʠʡ, ʚʦ-ʚʪʦʨʳʭ, ʚʣʠʷʥʠʝ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ (ʣʝʚʘʷ ʯʘʩʪʴ) ʠ ʫʧʨʘʚʣʝ-

ʥʠʷ (ʧʨʘʚʘʷ ʯʘʩʪʴ) ʥʘ ʧʦʚʝʜʝʥʠʝ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʚʦ-ʪʨʝʪʴʠʭ, ʪʝ-

ʟʠʩ ʦ ʪʦʤ, ʯʪʦ ʜʝʪʝʨʤʠʥʘʥʪʘʤʠ ʨʝʟʫʣʴʪʘʪʘ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ 

(ʬʫʥʢʮʠʠ ʌʊ, ʌʉ, ʌʇ), ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʠ ʟʥʘʯʝ-

ʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ, ʚ-ʯʝʪʚʸʨʪʳʭ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ 

ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʂɼ ʦʢʘʟʳʚʘʝʪ ʫʧʨʘʚʣʝ-

ʥʠʝ ʪʝʭʥʦʣʦʛʠʝʡ (ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʦʟʜʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ 

ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʵʪʘʧʝ ʩʠʥʪʝʟʘ). 

ʅʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ ʂɼ, ʧʦʵʪʦʤʫ ʧʘ-

ʨʘʤʝʪʨʳ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʚʭʦʜʷʪ ʚ ʢʘʯʝʩʪʚʝ ʘʨʛʫʤʝʥʪʦʚ ʬʫʥʢʮʠʡ 

ʊʌ, ʌʉ, ʌʇ. ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʥʝʦʧʨʝʜʝʣʸʥʥʦ-

ʩʪʠ (ʩʣʝʜʫʷ [15]): 

 ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʜʝʡʩʪʚʠʷ, ʚʳʟʚʘʥʥʘʷ ʩʦʙʳʪʠʷʤʠ, ʧʨʦʠʩʭʦ-

ʜʷʱʠʤʠ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʜʝʡʩʪʚʠʷ ʜʘʥʥʦʛʦ ʮʠʢʣʘ (ʩʦʩʪʦʷʥʠʡ ʘʧʨʠ-
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ʦʨʠ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʡ, ʥʦ ʘʧʦʩʪʝʨʠʦʨʠ ʥʘʙʣʶʜʘʝʤʦʡ, çʚʥʝʰʥʝʡ ʩʨʝ-

ʜʳè); 

 ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʩʦʛʣʘʩʦʚʘʥʠʷ, ʚʳʟʚʘʥʥʘʷ ʩʦʙʳʪʠʷʤʠ, ʧʨʦʠʩ-

ʭʦʜʷʱʠʤʠ ʧʨʠ ʩʦʛʣʘʩʦʚʘʥʠʠ ʠʥʪʝʨʝʩʦʚ ʩʫʙʲʝʢʪʦʚ ʠ ʜʨʫʛʠʭ ʘʢʪʠʚʥʦ-

ʩʪʷʭ ʢʦʥʢʨʝʪʠʟʘʮʠʠ; 

 ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʨʝʩʫʨʩʦʚ, ʚʳʟʚʘʥʥʘʷ ʩʦʙʳʪʠʷʤʠ ʥʝʦʧʨʝʜʝ-

ʣʸʥʥʦʩʪʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʩʦʩʪʦʷʥʠʷ ʧʫʣʦʚ ʨʝʩʫʨʩʦʚ ʥʝ ʪʝʢʫʱʝʤ ʞʠʟ-

ʥʝʥʥʦʤ ʮʠʢʣʝ. 

ʉʦʙʳʪʠʷ ʠʟʤʝʨʠʤʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʚʩʝʭ ʚʠʜʦʚ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʥʝʟʘʚʠʩʠʤʳʤʠ (ʵʪʦ ʩʣʝʜʫʝʪ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʫʙʲʝʢʪʘ: ʝʩʣʠ ʩʫʙʲʝʢʪ ʥʘʙʣʶʜʘʝʪ ʥʝʢʦʪʦʨʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ, ʦʥ ʝʸ 

ʫʯʪʸʪ, ʧʦʩʣʝ ʯʝʛʦ çʦʩʪʘʪʦʯʥʘʷè ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʩʥʦʚʘ ʩʪʘʥʝʪ ʥʝʟʘ-

ʚʠʩʠʤʦʡ), ʪʦ ʝʩʪʴ ʧʘʨʘʤʝʪʨʳ ʚʩʝʭ ʚʠʜʦʚ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʥʝʟʘʚʠʩʠ-

ʤʳ. ʅʝʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʦʟʥʘʯʘʝʪ ʜʦʧʫʩʪʠʤʦʩʪʴ ʠʭ ʥʝʟʘʚʠʩʠʤʦʛʦ ʫʩʪʨʘʥʝʥʠʷ. ʇʨʠʯʸʤ ʠʟ ʧʨʝʜ-

ʧʦʣʦʞʝʥʠʷ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʙʲʝʢʪʘ ʧʦʩʣʝʜʫʝʪ ʪʘʢʞʝ ʥʝʟʘʚʠʩʠ-

ʤʦʩʪʴ ʠʭ ʟʥʘʯʝʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʨʦʤʝʞʫʪʢʘʭ ʚʨʝʤʝʥʠ ʠ ʨʘʟʣʠʯʥʳʭ 

ɾʎ, ʪʦ ʝʩʪʴ ʤʘʨʢʦʚʩʢʦʝ ʩʚʦʡʩʪʚʦ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʧʨʦ-

ʮʝʩʩʳ, ʦʪʨʘʞʘʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʟʤʝʨʠʤʦʡ ʥʝʦʧʨʝʜʝʣʸʥ-

ʥʦʩʪʠ, çʥʝʦʧʨʝʜʝʣʸʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠè, ʤʦʜʝʣʠʨʫʷ ʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʤʠ ʩʣʫʯʘʡʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʚʳʧʦʣʥʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʦʧʦ-

ʩʪʘʚʣʝʥʠʠ ʩ ʬʘʟʘʤʠ ɾʎ ʂɼ (ʨʠʩʫʥʦʢ 1.13 ʠʣʣʶʩʪʨʠʨʫʝʪ ʦʙʱʫʶ ʩʭʝ-

ʤʫ ʨʝʘʣʠʟʘʮʠʠ ɾʎ ʂɼ ʚ ʢʦʤʧʘʢʪʥʦʡ ʘʛʨʝʛʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ). 

ɺ ʦʪʚʝʪ ʥʘ ʚʥʝʰʥʶʶ ʧʦʪʨʝʙʥʦʩʪʴ (ʢʦʪʦʨʘʷ ʬʠʢʩʠʨʫʝʪʩʷ ʠ ʦʩʦ-

ʟʥʘʸʪʩʷ ʩʫʙʲʝʢʪʦʤ) ʩʦʟʜʘʸʪʩʷ ʪʝʭʥʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ ʩʧʝʮʠʬʠʮʠʨʫʝʪʩʷ ʚ 

ʚʠʜʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ - ʨʘʩʰʠʨʝʥ-

ʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ. 

ʆʜʥʘʞʜʳ ʩʦʟʜʘʥʥʘʷ ʨʘʩʰʠʨʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʤʦ-

ʞʝʪ ʤʥʦʛʦʢʨʘʪʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʂɼ ʠ ʧʦʣʫʯʝʥʠʷ ʨʝ-

ʟʫʣʴʪʘʪʘ ʠ ʧʦʣʝʟʥʦʩʪʠ. ʕʪʦ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ 

ʩʣʦʞʘʪʩʷ ʫʩʣʦʚʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʥʘ ʩʪʘʥʝʪ ʥʝʘʜʝʢʚʘʪ-

ʥʘ ʠʤ, ʪʦ ʝʩʪʴ ʫʩʣʦʚʠʷ, ʚʳʭʦʜʷʱʠʝ ʟʘ ʨʘʤʢʠ ʝʸ ʧʘʨʘʜʠʛʤʳ. ɺʦʟʥʠʢʥʦ-

ʚʝʥʠʝ ʪʘʢʠʭ ʫʩʣʦʚʠʡ ʚ [15] ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʥʘʩʪʫʧʣʝʥʠʝ ʩʦʙʳʪʠʡ 

ʠʩʪʠʥʥʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ. ʅʝʘʜʝʢʚʘʪʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʪʨʝʙʫʝʪ ʝʸ 

ʟʘʤʝʥʳ, ʪʦ ʝʩʪʴ, ʩʦʙʳʪʠʝ ʠʩʪʠʥʥʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʚʳʟʳʚʘʝʪ ʩʤʝʥʫ 

ʧʘʨʘʜʠʛʤʳ ʪʝʭʥʦʣʦʛʠʠ. 
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ʈʠʩ. 1.13. ɸʛʨʝʛʠʨʦʚʘʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʬʘʟʘʤʠ ɾʎ ʂɼ 
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ʉʤʝʥʘ ʧʘʨʘʜʠʛʤʳ ʚʳʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʨʘʩʰʠʨʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʡ ʬʫʥʢʮʠʠ, ʧʨʝʢʨʘʱʝʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ 

ʵʪʦʛʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʜʚʫʭ çʢʦʥʪʫʨʘʭè ʨʝʘʣʠʟʘʮʠʠ 

ʂɼ, çʟʘʤʳʢʘʝʤʳʭè ʬʫʥʢʮʠʷʤʠ ʦʮʝʥʠʚʘʥʠʷ ʠ ʨʝʬʣʝʢʩʠʠ, ʢʦʥʪʨʦʣʷ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ, ʘʥʘʣʠʟʘ (ʧʨʘʚʘʷ ʯʘʩʪʴ ʨʠʩʫʥʢʘ 1.13).ʇʦʚʪʦʨʝʥʠʝ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʂɼ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʨʘʩʰʠʨʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʠ ʚ ʨʘʤʢʘʭ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴ ʢʘʢ çʚʥʫʪʨʝʥʥʠʡ ʢʦʥʪʫʨè. ɺ ʨʘʤʢʘʭ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʫʨʘ 

ʨʝʘʣʠʟʫʝʪʩʷ ʂɼ ʠ ʢʦʤʧʦʥʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʪ ʩʦʙʳʪʠʷ ʠʟʤʝ-

ʨʠʤʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ, ʥʦ ʦʥʠ ʫʯʪʝʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ. 

ʅʘʩʪʫʧʣʝʥʠʝ ʩʦʙʳʪʠʷ ʠʩʪʠʥʥʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʘʜʝʢʚʘʪʥʦʩʪʠ ʨʘʩʰʠʨʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʠ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʠ ʝʸ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʫʪʸʤ ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭ-

ʥʦʣʦʛʠʝʡ. 

ʇʦʩʣʝ ʦʙʥʦʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦ-

ʣʦʛʠʠ, çʟʘʤʳʢʘʥʠʷ ʚʥʝʰʥʝʛʦ ʢʦʥʪʫʨʘè, ʧʨʦʜʦʣʞʘʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʂɼ 

ʧʨʠ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʘʨʘʜʠʛʤʝ ʚʦ çʚʥʫʪʨʝʥʥʝʤ ʢʦʥʪʫʨʝè. 

ɺʳʧʦʣʥʝʥʥʘʷ ʬʦʨʤʘʣʠʟʘʮʠ ̫ʧʨʦʙʣʝʤ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ɾʎ ʆʊʉ, ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʜʝʣʝʡ (ʨʠʩʫʥʦʢ 1.12) ʠ ʟʘʬʠʢ-

ʩʠʨʦʚʘʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ (ʨʠʩʫʥʦʢ 1.11 ʠ 1.13) 

ʢʦʤʧʦʥʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʛʦʚʦʨʠʪʴ ʦʙ ʦʩʦʙʦʡ ʨʦʣʠ ʫʧʨʘʚ-

ʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ, ʧʦʵʪʦʤʫ ʨʘʩʩʤʦʪʨʠʤ ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʝʡ ʙʦ-

ʣʝʝ ʜʝʪʘʣʴʥʦ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ ʢʘʢ ʦʪʜʝʣʴʥʫʶ ʧʨʦʙʣʝʤʫ. 

 

1.5. ʇʨʦʙʣʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʝʡ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

 
1.5.1. ʆʩʦʙʝʥʥʦʩʪʠ ʆʊʉ 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ ʂɼ 

 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʦʪʣʠʯʘʝʪʩʷ ʥʝ-

ʩʢʦʣʴʢʠʤʠ ʪʨʝʥʜʘʤʠ, ʥʘʣʘʛʘʶʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷ ʠ ʬʦʨʤʠʨʫʶʱʠʤʠ 

ʦʧʨʝʜʝʣʸʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʬʠʨʤ, ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʭ 

ʘʛʝʥʪʩʪʚ ʠ ʜʨʫʛʠʭ ʩʫʙʲʝʢʪʦʚ ʥʘʮʠʦʥʘʣʴʥʳʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʭʦʟʷʡ-

ʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʵʪʠ ʪʨʝʥʜʳ ʠ ʩʣʝʜʫʶʱʠʝ ʠʟ ʥʠʭ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʠʭ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 
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ʈʘʟʚʠʪʠʝ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʢʦʥʦʤʠʢʦʡ 

(ʩʝʪʝʚʳʝ, ʨʘʩʰʠʨʝʥʥʳʝ ʠ ʚʠʨʪʫʘʣʴʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʛʣʦʙʘʣʴʥʦʝ ʧʨʦ-

ʠʟʚʦʜʩʪʚʦ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʘʢ ʩʝʨʚʠʩ, Internet of Things; ʦʙʟʦʨʳ ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ, ʥʘʧʨʠʤʝʨ, ʚ [10, 

15]) ʧʨʠʚʝʣʠ ʢ ʛʣʫʙʦʢʦʡ ʠʥʪʝʛʨʘʮʠʠ, ʢʘʢ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʪʘʢ 

ʠ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ï ʥʝʜʦʩʪʘʪʦʯʥʦ ʩʚʷʟʘʪʴ ʜʘʪʯʠʢʠ, ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ 

ʤʝʭʘʥʠʟʤʳ ʠ ʢʦʥʪʨʦʣʣʝʨʳ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʮʝʥʪʨʦʚ ʠʣʠ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʠʭ ʩʢʣʘʜʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʩ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʮʝʭʦʚʦʛʦ ʫʨʦʚʥʷ ʠ ʫʨʦʚʥʷ ʧʨʝʜ-

ʧʨʠʷʪʠʷ. ʀʥʪʝʛʨʘʮʠʷ ʩʪʘʣʘ ʛʣʦʙʘʣʴʥʦʡ, ʦʩʦʙʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʘ 

ʪʘʢʘʷ ʬʦʨʤʘ ʦʨʛʘʥʠʟʘʮʠʠ, ʢʘʢ ʨʘʩʰʠʨʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ï ʩʦʚʦʢʫʧ-

ʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʬʠʨʤ, ʦʙʲʝʜʠʥʸʥʥʳʝ ʝʜʠʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ-

ʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʩʚʷʟʷʤʠ ʙʝʟ ʶʨʠʜʠʯʝʩʢʦʛʦ ʠ ʘʢʮʠʦʥʝʨʥʦʛʦ ʦʙʲʝʜʠ-

ʥʝʥʠʷ. ɺ ʨʘʩʰʠʨʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʦʩʥʦʚʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ
17

. ʩʚʷʟʠ, ʘ ʥʝ ʬʦʨʤʘ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʠʣʠ ʘʢʮʠʦʥʝʨʥʳʡ ʢʘʧʠʪʘʣ. 

ɺ ʩʬʝʨʝ ʫʧʨʘʚʣʝʥʠʷ ʚʩʸ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʩʪʘʥʦʚʷʪʩʷ ʠʜʝʠ 

ʩʤʝʥʳ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʧʘʨʘʜʠʛʤ, ʟʘʤʝʥʳ ʞʸʩʪʢʠʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʦʨʛʩʪʨʫʢʪʫʨ ʧʣʘʪʬʦʨʤʘʤʠ ʠ çʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʜʦʤʘʤʠè [169] (ʧʫ-

ʣʘʤʠ ʦʜʥʦʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ), ʨʦʩʪʘ ʟʥʘʯʝʥʠʷ ʛʠʙʢʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʨʝʘ-

ʛʠʨʦʚʘʥʠʷ ʥʘ ʠʟʤʝʥʷʶʱʠʝʩʷ ʫʩʣʦʚʠʷ [120]. ɺʩʸ ʵʪʦ ʦʟʥʘʯʘʝʪ ʧʝʨʝʥʦʩ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʩʚʷʟʝʡ ʠʟ ʞʸʩʪʢʠʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʦʧʝ-

ʨʘʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʷʟʠ. 

ʇʨʠʤʝʨʦʤ ʨʘʩʰʠʨʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʷʚʣʷʝʪʩʷ ʢʦʤʧʘʥʠʷ Boeing, 

ʚʳʧʫʩʢʘʶʱʘʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʛʨʘʞʜʘʥʩʢʦʝ ʚʦʟʜʫʰʥʦʝ ʩʫʜʥʦ Boeing-787 

[41], 60 % ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʪʦʨʦʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠʤʝʨʥʦ 20 ʪʳʩʷʯʘ-

ʤʠ ʩʫʙʧʦʜʨʷʜʯʠʢʦʚ ʧʦ ʚʩʝʤʫ ʤʠʨʫ (ʗʧʦʥʠʷ, ʀʪʘʣʠʷ ʠ ʜʨ.), ʨʘʙʦʪʘʶ-

ʱʠʤʠ ʚ ʝʜʠʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʮʝʧʦʯʢʝ, ʟʘʜʘʚʘʝʤʦʡ ʛʦʣʦʚʥʦʡ ʢʦʤ-

ʧʘʥʠʝʡ. 

ɺ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ï ʧʨʦʠʟʚʦʜʩʪʚʝ, 

ʫʧʨʘʚʣʝʥʠʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ (ʬʠʨʤʘʤʠ, ʦʨ-

ʛʘʥʠʟʘʮʠʷʤʠ, ʧʨʦʝʢʪʘʤʠ) ʢ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʩʪʘʣʘ ʧʦʧʫʣʷʨʥʦʡ 

                                                           
17 ʅʘʧʦʤʥʠʤ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ ʦʧʨʝʜʝʣʝʥʘ ʩʦʛʣʘʩʥʦ [22] ʢʘʢ ʩʠʩʪʝʤʘ ʫʩʣʦʚʠʡ, ʢʨʠʪʝ-
ʨʠʝʚ, ʬʦʨʤ, ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ. 
ʋʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʝʡ ʂɼ ʦʧʨʝʜʝʣʝʥʦ ʚ ʨʘʟʜʝʣʝ 1.3 ʢʘʢ ʢʦʤʧʣʝʢʩʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 
ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʧʦʜʜʝʨʞʘʥʠʶ ʚ ʘʢʪʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʫʪʸʤ ʤʦʜʝʨʥʠʟʘʮʠʡ ʠʥʬʦʨ-
ʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʝʩʫʨʩʦʚ. 
ʇʦʥʷʪʠʝ ʆʊʉ ʩʦʦʪʚʝʪʩʚʫʝʪ ʪʝʨʤʠʥʫè ʧʨʝʜʧʨʠʷʪʠʝè, ʚ ʢʦʥʪʝʢʩʪʝ ʨʘʟʜʝʣʘ 1.5 ʪʝʨ-
ʤʠʥ ʧʨʝʜʧʨʠʷʪʠʝ ʟʚʫʯʠʪ ʙʦʣʝʝ ʝʩʪʝʩʪʚʝʥʥʦ, ʧʦʵʪʦʤʫ ʧʦʥʷʪʠʷ ʆʊʉ ʠ ʧʨʝʜʧʨʠʷʪʠʝ 
ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʵʢʚʠʚʘʣʝʥʪʥʳʝ. 
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ʢʦʥʮʝʧʮʠʷ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ. ʂʦʥʮʝʧʮʠʷ ɾʎ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ 

ʪʘʢʞʝ ʠ ʢ ʦʨʛʘʥʠʟʘʮʠʷʤ, ʙʠʟʥʝʩʘʤ, ʧʨʦʝʢʪʥʳʤ ʧʨʦʛʨʘʤʤʘʤ, ʩʦʪʨʫʜ-

ʥʠʢʘʤ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʘʢʪʠʚʘʤ, ʪʝʭʥʦʣʦʛʠʷʤ, ʟʥʘʥʠʷʤ. ʕʪʘ ʢʦʥ-

ʮʝʧʮʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʦʜʨʦʙʥʦ ʦʙ-

ʩʫʞʜʘʝʪʩʷ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ ʛʣʘʚʳ ʠ ʚ [10, 11, 12, 15, 24]. 

ɺʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʪʨʝʥʜ ([120]) ʦʙʲʷʚʣʝʥʠʷ ʨʷʜʘ ʥʘʮʠʦʥʘʣʴʥʳʭ 

ʧʨʦʛʨʘʤʤ (ʥʘʧʨʠʤʝʨ, Industry 4.0 ʚ ɻʝʨʤʘʥʠʠ ʠʣʠ Smart Manufacturing 

ʚ ʉʐɸ), ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʟʜʘʥʠʝ ʫ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʚʤʝʱʘʪʴ: 

 ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ, ʩ ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʝʡ ʧʨʦʜʫʢʮʠʠ, ʩʚʦʡʩʪʚʝʥʥʦʡ ʧʦʟʘʢʘʟʥʦʤʫ ʠʣʠ 

ʜʘʞʝ ʨʝʤʝʩʣʝʥʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ; 

 ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʩʦʟʜʘʚʘʪʴ/ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ 
ʪʝʭʥʦʣʦʛʠʶ ʩ ʨʝʛʫʣʷʨʥʳʤ, ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʤ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʳʤ, ʮʠʬʨʦʚʠʟʠʨʦʚʘʥʥʳʤ, ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. 

ʀʤʝʝʪ ʩʤʳʩʣ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʜʠʥʘʤʠʯʥʦʩʪʴ ʤʝʥʷʶʱʝʡʩʷ ʧʦʣʠʪʠ-

ʯʝʩʢʦʡ, ʵʢʦʥʦʤʠʯʝʩʢʦʡ, ʩʦʮʠʘʣʴʥʦʡ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʚ ʢʦʪʦ-

ʨʦʡ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʧʨʝʜʧʨʠʷʪʠʷ, ʘ ʪʘʢʞʝ ʜʠʥʘʤʠʢʫ ʩʧʨʦʩʘ ʥʘ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʜʫʢʪʳ ʠ ʫʩʣʫʛʠ. 

ʀʪʘʢ, ʩʦʚʨʝʤʝʥʥʘʷ ʤʠʨʦʚʘʷ ʭʦʟʷʡʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ - ʆʊʉ, ʢʦʪʦʨʳʝ 

ʩʦʟʜʘʶʪʩʷ, ʨʝʘʣʠʟʫʶʪ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʩʚʦʝʡ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ ʠ ʟʘʢʘʥʯʠʚʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ, ʩʣʦʞʥʳʤ ʦʙʨʘʟʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫ-

ʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʬʦʨʤʠʨʫʶʪ ʥʦʚʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʩʪʘ-

ʥʦʚʷʩʴ ʠʭ ʵʣʝʤʝʥʪʘʤʠ. ʊʘʢʠʤ ʨʘʩʰʠʨʝʥʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ 

ʩʚʦʡʩʪʚʝʥʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠʯʥʦʡ ʥʝʦʧʨʝʜʝ-

ʣʸʥʥʦʩʪʠ, ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʜʘʧʪʠʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʫʨʦʚʥʝ ʩʦ-

ʟʜʘʥʠʷ ʠ ʠʟʤʝʥʝʥʠʡ ʪʝʭʥʦʣʦʛʠʡ (ʩʦʯʝʪʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʙʳʩʪʨʦ ʠ 

ʵʬʬʝʢʪʠʚʥʦ ʩʦʟʜʘʚʘʪʴ ʠʣʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʩ ʨʝʛʫʣʷʨ-

ʥʦʡ, ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʡ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ, ʮʠʬʨʦʚʠʟʠʨʦʚʘʥʥʦʡ, 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ). ɹʫʜʝʤ ʫʩʣʦʚʥʦ 

ʥʘʟʳʚʘʪʴ çʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʘʜʘʧʪʠʚʥʦʩʪʴʶè ʵʪʦ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʩʚʦʡ-

ʩʪʚʦ ʪʘʢʠʭ ʆʊʉ. 

ʆʪʜʝʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʪʝʤʘ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʂɼ ʆʊʉ ʜʝʪʝʨʤʠʥʠʨʫʝʪʩʷ ʚ ʩʫʱʝʩʪʚʝʥʥʦʡ ʩʪʝ-

ʧʝʥʠ ʪʝʭʥʦʣʦʛʠʝʡ ʠ ʟʘʚʠʩʠʪ ʪʘʢʞʝ ʦʪ ʨʝʘʣʠʟʫʶʱʝʡʩʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦ-

ʩʪʠ ([15]). ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʷʚʣʷʶʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 
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ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʥʠʞʝʥʠʝ ʚʣʠʷʥʠʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ, ʦʩʫʱʝʩʪʚʣʷʶʱʠ-

ʝʩʷ ʚ ʚʠʜʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʠ ʨʝʛʣʘʤʝʥʪʘʮʠʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ (ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʂɼ, ʩʤ. ʛʣʘʚʫ 4 ʤʦʥʦʛʨʘʬʠʠ [15]). ʐʠ-

ʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʧʦʜʭʦʜʳ ʨʝʠʥʞʠʥʠʨʠʥʛʘ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ, ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʩʪʘʥʜʘʨʪʦʚ 

ISO9000, ʤʝʪʦʜʳ Lean ʠ ʜʨʫʛʠʝ ʘʥʘʣʦʛʠʯʥʳʝ ʠʤ (ʩʤ., ʥʘʧʨʠʤʝʨ, ʦʙʟʦ-

ʨr  ʚ [10, 16]). ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʠ ʨʝʛʣʘʤʝʥʪʘʮʠʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʘʨʪʳ ʦʩʥʦʚʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩ-

ʩʦʚ, ʥʦ ʪʘʢʞʝ ʠ ʣʦʛʠʩʪʠʢʠ, ʩʦʜʝʨʞʘʥʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʬʠʥʘʥʩʦʚ, 

ʢʘʜʨʦʚ ʠ ʜʨʫʛʠʝ [10, 139]. ʆʙʱʝʧʨʠʥʷʪʳʤ ʷʚʣʷʝʪʩʷ ʜʝʪʘʣʴʥʦʝ ʧʣʘʥʠ-

ʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʢʣʘʩʩʘ ERP, ʩʝʡʯʘʩ ʥʠ ʚ 

ʈʦʩʩʠʠ, ʥʠ ʚ ʤʠʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ ʧʨʝʜʧʨʠʷʪʠʡ, ʥʝ ʠʩʧʦʣʴʟʫʶʱʠʭ 

ERP-ʩʠʩʪʝʤʳ. ɺ ʪʝʨʤʠʥʘʭ [15] ʵʪʠ ʪʨʝʥʜʳ ʦʟʥʘʯʘʶʪ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʵʣʝʤʝʥʪʦʚ ʰʪʘʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʷʚʣʷʶʪʩʷ 

çʨʝʛʫʣʷʨʥʳʤʠè, ʪʦ ʝʩʪʴ ʧʨʦʠʩʭʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʪʦʪʘʣʴʥʘʷ ʨʝʛʫʣʷʨʠ-

ʟʘʮʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɽʱʸ ʦʜʥʦʡ ʦʙʱʝʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʝ ʫʣʫʯʰʝʥʠʷ ʦʧʝʨʘʮʠ-

ʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ: ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʪʘʢʠʝ ʧʦʜʭʦʜʳ 

ʢʘʢ TQM, çʤʝʪʦʜ ʊʦʡʦʪʘè, ç6 ʩʠʛʤè, 7S Framework McKinsey (ʩʤ., 

ʥʘʧʨʠʤʝʨ, ʦʙʟʦʨ ʚ [11]). ʆʩʥʦʚʥʳʝ ʠʜʝʠ ʵʪʠʭ ʧʦʜʭʦʜʦʚ ʟʘʢʣʶʯʘʶʪʩʷ, 

ʚʦ-ʧʝʨʚʳʭ, ʚ ʚʦʚʣʝʯʝʥʠʠ ʚʩʝʛʦ ʧʝʨʩʦʥʘʣʘ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦ-

ʮʝʩʩʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚʦ-ʚʪʦʨʳʭ, ʚ ʥʝʧʨʝʨʳʚʥʳʭ ʫʣʫʯʰʝʥʠʷʭ ʚ ʭʦʜʝ 

ʰʪʘʪʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ. ʊʦ ʝʩʪʴ ʚ ʭʦʜʝ ʨʝʬʣʝʢʩʠʚ-

ʥʦʡ ʬʘʟʳ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʂɼ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ, ʘ ʥʘ ʬʘʟʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʪʝʭʥʦʣʦʛʠʶ 

ʚʥʦʩʷʪʩʷ ʫʣʫʯʰʘʶʱʠʝ ʠʟʤʝʥʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʫʞʝ ʥʘ ʩʣʝʜʫʶʱʝʤ 

ʮʠʢʣʝ, ʠ ʚʩʸ ʵʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʬʦʥʝ ʰʪʘʪʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʨʝʜʧʨʠʷʪʠʷ-ʆʊʉ. ɺʘʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʪʝʭʥʦʣʦʛʠʷ ʦʩʪʘʸʪʩʷ 

ʥʝʠʟʤʝʥʥʦʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʭʦʜʝ ʢʘʞʜʦʡ ʬʘʟʳ ʨʝʘʣʠʟʘʮʠʠ, ʪʦ ʝʩʪʴ 

ʨʝʘʣʠʟʫʝʪʩʷ çʨʝʛʫʣʷʨʥʘʷè ʜʝʷʪʝʣʴʥʦʩʪʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʚʘʞʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ: ʩʦʯʝʪʘʥʠʝ ʯʘʩʪʳʭ ʠʟʤʝʥʝ-

ʥʠʡ/ʫʣʫʯʰʝʥʠʡ ʪʝʭʥʦʣʦʛʠʠ, ʚʳʧʦʣʥʷʝʤʦʡ ʥʘ ʬʘʟʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩ ʨʝʛʫʣʷʨʥʦʩʪʴʶ ʠ ʥʝʠʟʤʝʥʥʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʠ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʚ ʭʦʜʝ ʬʘʟʳ ʨʝʘʣʠʟʘʮʠʠ. ʈʠʩʫʥʦʢ 1.7, ʚʳʰʝ, ʠʣʣʶʩʪʨʠʨʫ-

ʝʪ ʵʪʫ ʦʩʦʙʝʥʥʦʩʪʴ ʠ ʧʦʜʯʸʨʢʠʚʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʴ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʘʢʪʠʚʥʦʩʪʝʡ ʩʫʙʲʝʢʪʘ ʂɼ: ʠʟʤʝʥʝʥʠʷ/ʫʣʫʯʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ (ʫʨʦʚʝʥʴ 

ç1è ʥʘ ʨʠʩʫʥʢʝ 1.7), ʧʨʦʠʩʭʦʜʷʪ ʧʘʨʘʣʣʝʣʴʥʦ ʨʝʘʣʠʟʘʮʠʠ ʂɼ (ʫʨʦʚʝʥʴ 
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ç2è), ʠ ʚʤʝʩʪʝ ʩʦ ʚʩʝʤ ʵʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʥʘʩʪʫʧʣʝʥʠʷ ʩʦ-

ʙʳʪʠʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʘʢʮʠʠ ʥʘ ʥʠʭ (ʫʨʦʚʝʥʴ 

ç0è). ʅʘʧʦʤʥʠʤ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʵʪʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʦʯʝʪʘ-

ʥʠʝ ʪʨʝʥʜʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ çʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʡ ʘʜʘʧʪʠʚʥʦʩʪʠè. 

 

1.5.2. ʄʦʜʝʣʴ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ 

 

ʌʦʨʤʘʣʠʟʫʝʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦ-

ʚʨʝʤʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʚʠʜʝ ʤʦʜʝʣʠ, ʧʦʜʯʸʨʢʠʚʘʶʱʝʡ ʦʪʤʝʯʝʥ-

ʥʳʝ ʚʳʰʝ ʪʨʝʥʜʳ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʝʡ. ʀʩʧʦʣʴʟʫʝʤ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʙʘʟʦʚʫʶ ʧʨʦʮʝʩʩʥʫʶ 

ʤʦʜʝʣʴ
18

 ʉʕɼʘ - ʤʦʜʝʣʴ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʂɼ ʚ ʚʠʜʝ ʪʨʸʭ ʬʘʟ: ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʷ ʂɼ, ʨʝʘʣʠʟʘʮʠʠ ʂɼ ʠ ʨʝʬʣʝʢʩʠʠ. ʋʯʠʪʳʚʘʷ ʚʳʧʦʣʥʝʥʥʫʶ 

ʚʳʰʝ ʚ ʨʘʟʜʝʣʘʭ 1.3-1.4 ʜʝʪʘʣʠʟʘʮʠʶ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʘʢʪʠʚʥʦʩʪʝʡ 

ʩʫʙʲʝʢʪʘ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ɾʎ ʂɼ (ʨʠʩʫʥʦʢ 1.8), ʩʬʦʨʤʠʨʫʝʤ ʪʨʝʙʫʝ-

ʤʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʦʜʝʣʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʂɼ - ʧʨʦʮʝʩʩʥʦʡ ʤʦʜʝ-

ʣʠ - ʚ BPMN-ʥʦʪʘʮʠʠ [160] (ʨʠʩʫʥʦʢ 1.14). 

ɺ ʪʝʯʝʥʠʝ ʬʘʟʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʦʟʜʘʸʪʩʷ/ʤʦʜʝʨʥʠʟʠʨʫʝʪʩʷ ʪʝʭ-

ʥʦʣʦʛʠʷ ʂɼ ʠ ʩʦʙʩʪʚʝʥʥʦ ʆʊʉ, ʘʢʪʠʚʥʦʩʪʷʤʠ ʩʫʙʲʝʢʪʘ ʥʘ ʜʘʥʥʦʡ ʬʘ-

ʟʝ ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʥʝʥʪʳ ʦʨʛʘʥʠʟʘʮʠʠ: 

 

                                                           
18 ɹʘʟʦʚʘʷ ʧʨʦʮʝʩʩʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʣʦʞʝʥʘ ʠ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʛʣʘʚʝ 5 ʤʦʥʦ-
ʛʨʘʬʠʠ [22], ʘ ʪʘʢʞʝ ʢʨʘʪʢʦ ʦʧʠʩʘʥʘ ʚ ʨʘʟʜʝʣʝ 2.1 ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. 
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ʈʠʩ. 1.14. ʄʦʜʝʣʴ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʂɼ ʆʊʉ 



 

59 

 ʘʥʘʣʠʟ (1 - ʬʠʢʩʘʮʠʷ ʩʧʨʦʩʘ, ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʚʥʝʰʥʠʭ 

ʫʩʣʦʚʠʡ ʠ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ); 
 ʩʠʥʪʝʟ (2 - ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʝʡ: ʩʦʟʜʘʥʠʝ ʠ ʜʘʣʴʥʝʡʰʝʝ 

ʧʦʜʜʝʨʞʘʥʠʝ ʚ ʘʢʪʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʣʦʛʠʯʝʩʢʦʡ, ʧʨʠʯʠʥʥʦ-

ʩʣʝʜʩʪʚʝʥʥʦʡ ʠ ʧʨʦʮʝʩʩʥʦʡ ʤʦʜʝʣʝʡ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʡ ʥʠʞʝʩʪʦʷ-

ʱʠʭ ʵʣʝʤʝʥʪʦʚ. 3 - ʫʧʨʘʚʣʝʥʠʝ ʩʦʩʪʘʚʦʤ ʨʝʩʫʨʩʦʚ: ʬʦʨʤʠʨʦʚʘ-

ʥʠʝ/ʤʦʜʝʨʥʠʟʘʮʠʷ ʨʝʩʫʨʩʦʚ.); 

 ʢʦʥʢʨʝʪʠʟʘʮʠʷ (4 - ʢʘʣʝʥʜʘʨʥʦ-ʩʝʪʝʚʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʥʘʟʥʘ-

ʯʝʥʠʝ ʨʝʩʫʨʩʦʚ, 5 - ʩʦʛʣʘʩʦʚʘʥʠʝ ʠʥʪʝʨʝʩʦʚ ʩʫʙʲʝʢʪʦʚ). 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʪʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʘ, ʦʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʧʦʣ-

ʥʝʥʠʷ ʂɼ ʚ ʭʦʜʝ ʬʘʟʳ ʨʝʘʣʠʟʘʮʠʠ, ʩʫʙʲʝʢʪ ʧʨʠ ʵʪʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ (6) ʠ ʚʳʧʦʣʥʷʝʪ ʜʝʡʩʪʚʠʷ (7). ɿʘʚʝʨʰʘʝʪ ʞʠʟʥʝʥʥʳʡ 

ʮʠʢʣ ʬʘʟʘ ʨʝʬʣʝʢʩʠʠ ï ʦʮʝʥʠʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʂɼ (8). 

ʀʟ ʩʚʦʡʩʪʚʘ ʮʠʢʣʠʯʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʜʥʦʢʨʘʪʥʦ 

ʟʘʬʠʢʩʠʨʦʚʘʚ ʩʧʨʦʩ ʚ ʭʦʜʝ ʘʥʘʣʠʟʘ (1) ʠ ʩʦʟʜʘʚ ʢʦʤʧʦʥʝʥʪʳ ʪʝʭʥʦʣʦ-

ʛʠʠ (2), ʩʫʙʲʝʢʪ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʥʦʛʦʢʨʘʪʥʦ ʨʝʘʣʠʟʫʝʪ ʨʘʩʰʠʨʝʥʥʫʶ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ï ʚʳʧʦʣʥʷʝʪ ʧʨʦʜʫʢʪʠʚʥʳʝ ʜʝʡʩʪʚʠʷ (ʥʘ 

ʨʠʩʫʥʢʝ 1.14 ʛʨʫʧʧʘ ʵʣʝʤʝʥʪʦʚ 3-7, ʚʳʜʝʣʝʥʥʘʷ ʟʘʪʝʤʥʝʥʠʝʤ). ʀʤʝʥ-

ʥʦ ʵʪʠ ʜʝʡʩʪʚʠʷ ʬʦʨʤʠʨʫʶʪ ʨʝʟʫʣʴʪʘʪ ʂɼ ʠ ʧʦʵʪʦʤʫ ʷʚʣʷʶʪʩʷ ʮʝʣʝ-

ʚʳʤʠ. 

ʀʟ ʩʚʦʡʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʘʜʘʧʪʠʚʥʦʩʪʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʪʝʭʥʦʣʦ-

ʛʠʷ ʂɼ ʆʊʉ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʤʝʥʷʝʪʩʷ, ʤʦʜʝʨʥʠʟʠʨʫʝʪʩʷ (2), ʦʯʝʚʠʜ-

ʥʦ, ʯʪʦ ʤʦʜʝʨʥʠʟʘʮʠʠ (2) ʧʨʝʜʰʝʩʪʚʫʝʪ ʦʮʝʥʠʚʘʥʠʝ ʧʨʝʜʳʜʫʱʝʡ ʨʝʘ-

ʣʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ (8). 

ʀʟ ʩʚʦʡʩʪʚʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʆʊʉ (ʮʠʢʣʠʯʝʩʢʦ-

ʛʦ ʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʂɼ) ʩʣʝʜʫʝʪ, ʯʪʦ ʢʦʥʪʨʦʣʴ ʥʝʦʧʨʝʜʝ-

ʣʸʥʥʦʩʪʠ, ʨʝʬʣʝʢʩʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʘ-

ʨʘʣʣʝʣʴʥʦ ʨʝʘʣʠʟʘʮʠʠ ʂɼ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.7: ʚ ʪʝʯʝʥʠʝ 

ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʮʠʢʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʬʣʝʢʩʠʷ ʂɼ, ʚʳʧʦʣʥʝʥʥʦʡ ʥʘ 

ʧʨʝʜʳʜʫʱʝʤ ʮʠʢʣʝ, ʠ ʤʦʜʝʨʥʠʟʠʨʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ 

ʧʨʠʤʝʥʝʥʘ ʥʘ ʩʣʝʜʫʶʱʝʤ ʮʠʢʣʝ. 

ʀʟ ʩʚʦʡʩʪʚʘ ʨʝʛʫʣʷʨʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ 

ʵʣʝʤʝʥʪʦʚ ʂɼ ʥʝ ʤʝʥʷʝʪʩʷ ʚ ʭʦʜʝ ʪʦʛʦ ʮʠʢʣʘ, ʚ ʢʦʪʦʨʦʤ ʦʥʠ ʨʝʘʣʠʟʫ-

ʶʪʩʷ, ʠʟʤʝʥʝʥʠʝ/ʤʦʜʝʨʥʠʟʘʮʠʷ ʠʭ ʪʝʭʥʦʣʦʛʠʠ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ 

ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʠʟ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʮʠʢʣʦʚ: ʨʘʩʰʠʨʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʥʝʠʟʤʝʥʥʘ ʚ ʭʦʜʝ ʝ yʚʳʧʦʣʥʝʥʠʷ. 

ʀʟ ʩʚʦʡʩʪʚʘ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʂɼ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ 

ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩʦʙʳʪʠʷ ʠʟʤʝʨʠʤʦʡ ʠ ʠʩʪʠʥ-
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ʥʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ. ɺʳʰʝ ʚ ʨʘʟʜʝʣʘʭ 1.3 - 1.4 ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, 

ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʫʧʣʝʥʠʷ ʩʦʙʳʪʠʡ ʠʟʤʝʨʠʤʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ 

ʜʦʣʞʥʘ ʙʳʪʴ ʫʯʪʝʥʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ, ʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦ, ʪʘʢʠʝ ʩʦʙʳʪʠʷ ʥʝ ʥʘʨʫʰʘʶʪ ʨʝʘʣʠʟʘʮʠʶ ɾʎ ʂɼ, ʯʪʦ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʤʥʦʛʦʢʨʘʪʥʦʤʫ ʚʳʧʦʣʥʝʥʠʶ ʨʘʩʰʠʨʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʠ (3é8 ʦʪ ʪʦʯʢʠ b ʜʦ ʪʦʯʢʠ c ʥʘ ʨʠʩʫʥʢʝ 1.14). ʅʘʧʨʦʪʠʚ, ʩʦ-

ʙʳʪʠʷ ʠʩʪʠʥʥʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʦʪʨʘʞʘʶʪ ʥʘʩʪʫʧʣʝʥʠʝ ʫʩʣʦʚʠʡ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʪʝʭʥʦʣʦʛʠʷ ʩʪʘʥʦʚʠʪʩʷ ʥʝʘʜʝʢʚʘʪʥʦʡ, ʯʪʦ ʚʳʟʳʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʸ ʤʦʜʝʨʥʠʟʘʮʠʠ ï ʧʝʨʝʭʦʜ ʢ ʪʦʯʢʝ çaè ʠ ʚʳʧʦʣʥʝʥʠʝ 

ʘʢʪʠʚʥʦʩʪʠ (2) - ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ. 

 

1.5.3. ʄʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ 

 

ʋʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʝʡ (ʩʦʛʣʘʩʥʦ ʨʘʟʜʝʣ 1.3) ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʦ-

ʟʜʘʥʠʝ, ʤʦʜʝʨʥʠʟʘʮʠʶ ʠ ʦʩʚʦʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ [18, 22] 

ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ ʂɼ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦ-

ʝʥʘ, ʠʩʭʦʜʷ ʠʟ ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ ʤʦʜʝʣʝʡ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ [22] ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʠ ʬʘʢʪʠʯʝʩʢʠ ʬʠʢʩʠʨʫʝʪʩʷ 

çʫʪʚʝʨʞʜʝʥʠʝʤ ʦ ʩʦʩʪʘʚʝ ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠè 

[15] - ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʭʥʦʣʦʛʠʠ ʢʘʞʜʦʛʦ ʉʕɼʘ ʷʚʣʷʶʪʩʷ: 

 ʣʦʛʠʯʝʩʢʘʷ, ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʘʷ ʠ ʧʨʦʮʝʩʩʥʘʷ ʤʦʜʝʣʠ; 

 ʪʝʭʥʦʣʦʛʠʠ ʥʠʞʝʩʪʦʷʱʠʭ ʵʣʝʤʝʥʪʦʚ19
: 

Á ʪʝʭʥʦʣʦʛʠʠ ʉʕɼʦʚ 

Á ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʉʕɼʘ ʥʘʟʦʚʸʤ ʣʦʛʠʯʝʩʢʫʶ, ʧʨʠ-

ʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʫʶ ʠ ʧʨʦʮʝʩʩʥʫʶ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʥʠʞʝʩʪʦʷʱʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʋʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʙʫʜʝʪ ʦʟʥʘʯʘʪʴ ʩʦʟʜʘʥʠʝ ʠ 

ʧʦʜʜʝʨʞʘʥʠʝ ʝʸ ʚ ʘʜʝʢʚʘʪʥʦʤ ʚʥʝʰʥʠʤ ʫʩʣʦʚʠʷʤ ʩʦʩʪʦʷʥʠʠ. 

ʊʘʢ ʢʘʢ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʭʥʦʣʦʛʠʠ ʉʕɼʘ ʷʚʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ 

(ʥʠʞʝʩʪʦʷʱʠʭ ʧʦ ʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ) ʉʕɼʦʚ, ʪʝʭʥʦʣʦʛʠʷ ʬʨʘʢ-

ʪʘʣʴʥʘ, ʢʘʢ ʠ ʢʦʤʧʣʝʢʩʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʝʷʪʝʣʴ-

ʥʦʩʪʴ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʪʝʭʥʦʣʦʛʠʝʡ ʪʘʢʞʝ ʬʨʘʢʪʘʣʴʥʘ - ʨʝʘʣʠʟʫʝʪʩʷ 

ʯʝʨʝʟ ʨʝʢʫʨʨʝʥʪʥʦʝ ʦʙʨʘʱʝʥʠʝ çʢ ʩʘʤʦʡ ʩʝʙʝè (ʨʠʩʫʥʦʢ 1.15). 

                                                           
19 ʊʘʢʞʝ ʯʘʩʪʥʳʤʠ ʩʣʫʯʘʷʤʠ ʥʠʞʝʩʪʦʷʱʠʭ ʵʣʝʤʝʥʪʦʚ ʉʕɼʘ ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʥʝʥʪʳ 
ʫʧʨʘʚʣʝʥʠʷ ï ʫʧʨʘʚʣʝʥʠʝ ʧʫʣʘʤʠ ʨʝʩʫʨʩʦʚ, ʢʘʣʝʥʜʘʨʥʦ-ʩʝʪʝʚʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʥʘʟʥʘ-
ʯʝʥʠʝ ʨʝʩʫʨʩʦʚ, ʩʦʛʣʘʩʦʚʘʥʠʝ ʠʥʪʝʨʝʩʦʚ ʩʫʙʲʝʢʪʦʚ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʨʝʬʣʝʢ-
ʩʠʷ/ʦʮʝʥʠʚʘʥʠʝ. 
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ʈʠʩ. 1.15 ʃʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʪʝʭʥʦʣʦʛʠʝʡ 

 

ʕʣʝʤʝʥʪʳ çʋʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʝʡè ʜʝʢʦʤʧʦʟʠʨʫʶʪʩʷ ʚ ʵʣʝ-

ʤʝʥʪʳ ʥʠʞʝʩʪʦʷʱʝʛʦ ʫʨʦʚʥʷ ʠ ʦʙʨʘʟʫʶʪ ʬʨʘʢʪʘʣʴʥʫʶ ʠʝʨʘʨʭʠʶ. 

ʕʣʝʤʝʥʪʳ çʋʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡè ʠ çʋʧʨʘʚʣʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʝʡ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡè ʟʘʚʠʩʷʪ ʦʪ ʩʧʝʮʠʬʠʢʠ ʧʨʝʜ-

ʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʢʦʥʢʨʝʪʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ. ʅʘ ʩʠʩʪʝʤʥʦʤ ʫʨʦʚʥʝ ʦʥʠ ʥʝ ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʝʡ ʜʝʪʘʣʠ-

ʟʘʮʠʠ. ʊʝʭʥʦʣʦʛʠʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʧʦ ʵʪʦʤʫ ʦʩʥʦʚʘʥʠʶ ʠ ʥʘʟʚʘʪʴ ʵʣʝʤʝʥ-

ʪʘʨʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʭʥʦʣʦʛʠʠ (ʕʂʊ), ʦʩʪʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʪʝʭʥʦʣʦʛʠʠ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʢʦʤʧʣʝʢʩʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʭʥʦʣʦʛʠʠ 

(ʂʂʊ). 

ʈʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʕʂʊ, ʥʘʯʠʥʘʷ ʩ 

ʩʦʟʜʘʥʠʷ ʕʂʊ. ʉʦʟʜʘʥʠʝ ʕʂʊ ʵʚʨʠʩʪʠʯʥʦ, ʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝ ʧʦʜ-

ʜʘʸʪʩʷ ʜʝʪʘʣʠʟʘʮʠʠ ʠʣʠ ʬʦʨʤʘʣʠʟʘʮʠʠ (ʝʩʣʠ ʵʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʦʟʜʘ-

ʥʠʝ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʘ ʥʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʰʘʙʣʦʥʘ ʯʘ-

ʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʠʟʚʝʩʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ). ʇʦʵʪʦʤʫ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʦʣʴʢʦ ʦʜʥʠʤ ʵʣʝʤʝʥʪʦʤ ï ʵʣʝʤʝʥʪʘʨʥʦʡ ʦʧʝʨʘʮʠʝʡ 

(ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʵʚʨʠʩʪʠʢʠ ʥʝ ʠʤʝʝʪ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʦʩʥʦʚʘʥʠʷ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʝʩʩʤʳʩʣʝʥʥʦ). ʆʜʥʘʢʦ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʣʶʙʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʚʢʣʶʯʘʝʪ ʬʘʟʫ ʨʝʬʣʝʢʩʠʠ, ʩʫʱʝʩʪʚʫʝʪ ʦʥʘ ʠ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʕʂʊ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʮʝʥʠʚʘʥʠʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ 

ʕʂʊ ʨʘʟʣʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ - ʩʦʩʪʦʷʥʠʷʤ ʚʥʝʰʥʝʡ ʩʨʝ-

ʜʳ. ʊʘʢʞʝ ʵʚʨʠʩʪʠʢʝ ʧʨʝʜʰʝʩʪʚʫʝʪ ʧʨʠʥʷʪʠʝ ʩʫʙʲʝʢʪʦʤ ʨʝʰʝʥʠʷ ʦ 

ʚʳʧʦʣʥʝʥʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
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ʊʦʛʜʘ ɾʎ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʩʦʟʜʘʥʠʶ ʕʂʊ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʧʨʦʮʝʩʩʥʦʡ ʤʦʜʝʣʴʶ, ʧʨʠʚʝʜʸʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1.16, ʚ ʩʦʩʪʘʚʝ ʦʩʥʦʚ-

ʥʳʭ ʬʘʟ: 

1. ʌʘʟʘ ʘʥʘʣʠʟʘ. ʉʫʙʲʝʢʪ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʜʝ-

ʷʪʝʣʴʥʦʩʪʴ.  

2. ʌʘʟʘ ʵʚʨʠʩʪʠʢʠ. ʉʫʙʲʝʢʪ ʛʝʥʝʨʠʨʫʝʪ ʵʚʨʠʩʪʠʢʫ ï ʚʘʨʠʘʥʪ 

ʕʂʊ. 

3. ʌʘʟʘ ʨʝʬʣʝʢʩʠʠ. ʉʫʙʲʝʢʪ ʧʨʦʚʝʨʷʝʪ ʚʘʨʠʘʥʪ ʕʂʊ ʥʘ ʩʦʦʪʚʝʪ-

ʩʪʚʠʝ ʮʝʣʠ-ʪʨʝʙʦʚʘʥʠʷʤ-ʩʧʨʦʩʫ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ï ʩʦʩʪʦʷʥʠʷʭ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ɺ ʩʣʫʯʘʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ 

ʬʘʟʝ 2 ʠ ʧʦʚʪʦʨʷʝʪ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʧʦʣʫʯʝʥ ʘʜʝʢʚʘʪʥʳʡ ʚʘ-

ʨʠʘʥʪ. 

 

 
 

ʈʠʩ. 1.16. ʇʨʦʮʝʩʩʥʘʷ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʕʂʊ 

 

ʇʨʦʚʝʨʢʠ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʚ ʚʠʜʝ ʤʳʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ; 

ʤʦʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ, ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʠʣʠ 

ʬʠʟʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ; ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʨʦʚʝʨʢʠ ʚʳʧʦʣʥʷʶʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦ, ʠ ʚ ʭʦʜʝ ʚʳ-

ʧʦʣʥʝʥʠʷ ʦʜʥʦʛʦ ʘʢʪʘ ʧʨʦʚʝʨʢʠ ʦʮʝʥʠʚʘʝʪʩʷ ʘʜʝʢʚʘʪʥʦʩʪʴ ʕʂʊ ʦʜʥʦ-

ʤʫ ʩʦʩʪʦʷʥʠʶ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (ʩʣʦʞʠʚʰʝʤʫʩʷ ʚ ʜʘʥʥʦʤ ʮʠʢʣʝ). ʌʘʟʘ 

ʨʝʬʣʝʢʩʠʠ ʟʘʚʝʨʰʘʝʪʩʷ, ʢʦʛʜʘ ʤʝʪʨʠʢʘ ʟʘʚʝʨʰʸʥʥʦʩʪʠ ʧʨʦʚʝʨʦʢ 

(ʥʘʧʨʠʤʝʨ, ʜʦʣʷ ʠʣʠ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝ-

ʜʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʦʚʝʨʢʘ ʚʳʧʦʣʥʝʥʘ) ʜʦʩʪʠʛʣʘ ʘʧʨʠʦʨʠ ʟʘʜʘʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ. 

ʆʙʦʙʱʠʤ ʧʦʣʫʯʝʥʥʫʶ ʧʨʦʮʝʩʩʥʫʶ ʤʦʜʝʣʴ ʥʘ ʩʣʫʯʘʡ ʫʧʨʘʚʣʝʥʠʷ 

ʢʦʤʧʣʝʢʩʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʭʥʦʣʦʛʠʠ ï ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʵʪʦ ʪʝʭ-

ʥʦʣʦʛʠʷ ʉʕɼʘ (ʨʠʩʫʥʦʢ 1.17). 

ʌʘʟʳ ʘʥʘʣʠʟʘ (1) ʠ ʨʝʬʣʝʢʩʠʠ (3) ʙʫʜʫʪ ʠʤʝʪʴ ʪʫ ʞʝ ʬʦʨʤʫ, ʯʪʦ ʠ 

ʚ ʩʣʫʯʘʝ ʫʧʨʘʚʣʝʥʠʷ ʕʂʊ, ʪʘʢ ʢʘʢ ʥʝʪ ʦʩʥʦʚʘʥʠʡ ʜʣʷ ʦʙʨʘʪʥʦʛʦ. 

ʌʘʟʘ ʩʠʥʪʝʟʘ (ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʥʘʯʘʣʝ ʜʘʥʥʦʛʦ ʨʘʟ-

ʜʝʣʘ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ) ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ 
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ʩʦʙʦʡ ʥʝʢʦʪʦʨʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʡ ʢʦʤʙʠʥʘʮʠʶ
20

 (2), 

ʫʟʣʘʤʠ ʢʦʪʦʨʦʡ ʙʫʜʫʪ ʵʣʝʤʝʥʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʕʂʊ (ʘ) 

ʠʣʠ ʪʝʭʥʦʣʦʛʠʝʡ ʉʕɼʘ (ʙ). ʉʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʢʦʤʙʠʥʘʮʠʠ ʟʘʚʠʩʷʪ ʦʪ 

ʩʧʝʮʠʬʠʢʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʥʘ ʦʙʱʝʩʠʩʪʝʤʥʦʤ ʫʨʦʚʥʝ ʥʝ ʧʦʟ-

ʚʦʣʷʶʪ ʚʳʜʝʣʠʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢʠʝ-ʣʠʙʦ ʝʱʸ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. 

 

 
 

ʈʠʩ. 1.17. ʇʨʦʮʝʩʩʥʘʷ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ 

ʢʦʤʧʣʝʢʩʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʪʝʭʥʦʣʦʛʠʠ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʪʝʭʥʦʣʦʛʠʝʡ ʚ ʦʙ-

ʱʝʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩʥʦʡ ʤʦʜʝʣʴʶ (ʨʠʩʫʥʦʢ 1.17), ʘ ʚ 

ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʕʂʊ ï ʤʦʜʝʣʴʶ ʨʠʩʫʥʦʢ 1.16. 

ʋʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʝʡ ʚʢʣʶʯʘʝʪ ʥʝ ʪʦʣʴʢʦ ʩʦʟʜʘʥʠʝ ʵʪʠʭ ʢʦʤ-

ʧʦʥʝʥʪʦʚ, ʥʦ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʠʭ ʚ ʘʜʝʢʚʘʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʭʦʜʝ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʜʣʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦ-

ʜʠʤʘ ʤʦʜʝʣʴ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʢʘʢ ʩʦʟʜʘʥʠʝ, ʪʘʢ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʠ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʦʡ ʤʦʜʝʣʠ (ʨʠʩʫʥʦʢ 1.18), ʫʩʣʦʚʥʦ 

ʥʘʟʦʚʸʤ ʝʸ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ, ʦʙʲʝʜʠʥʠʤ ʤʦʜʝʣʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʂɼ ʆʊʉ (ʨʠʩʫʥʦʢ 1.14) ʠ ʧʨʦʮʝʩʩʥʫʶ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠ-

ʝʡ (ʨʠʩʫʥʢʠ 1.16-1.17). 

ʀʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʠʣʣʶʩʪʨʠʨʫʝʪ ʦʩʥʦʚʥʫʶ ʟʘʢʦʥʦʤʝʨ-

ʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ ʚʤʝʩʪʝ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʩʦʙ-

ʩʪʚʝʥʥʦ ʂɼ - ʤʥʦʞʝʩʪʚʝʥʥʫʶ ʮʠʢʣʠʯʥʦʩʪʴ. ɺʦ-ʧʝʨʚʳʭ, ʚ ʭʦʜʝ ʩʦʟʜʘ-

ʥʠʷ ʠʣʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʩʣʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʩʠʥʪʝʟʘ 

(2) ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʥʦʛʦʢʨʘʪʥʘʷ ʧʨʦʚʝʨʢʘ ʪʝʭʥʦʣʦʛʠʠ (3). ɺ ʩʣʫʯʘʝ 

ʥʝʫʜʘʯʥʦʡ ʧʨʦʚʝʨʢʠ ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʚʨʘʪ ʢ ʩʠʥʪʝʟʫ (ʦʪ d ʢ b). ʇʨʠ 

ʫʩʧʝʰʥʦʡ ʟʘʚʝʨʰʝʥʠʠ ʧʨʦʚʝʨʦʢ ʪʝʭʥʦʣʦʛʠʷ ʤʥʦʛʦʢʨʘʪʥʦ ʠʩʧʦʣʴʟʫʝʪ-

                                                           
20 ʉʦʩʪʘʚ ʠ ʩʚʷʟʠ ʤʝʞʜʫ ʫʟʣʘʤʠ ʚ ʩʪʨʫʢʪʫʨʝ (2) ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ ʫʩʣʦʚʥʦ. 
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ʩʷ ʚ ʮʠʢʣʝ c Ÿ 4 Ÿ e Ÿ c Ÿ 4 é. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ 

(ʥʘʧʨʠʤʝʨ, ʩʧʨʦʩʘ) ʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ ʩʪʘʪ ɹʥʝʘʜʝʢʚʘʪʥʦʡ ʠʤ, ʯʪʦ ʚʳ-

ʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʸ ʤʦʜʝʨʥʠʟʘʮʠʠ ï ʚʦʟʚʨʘʪ ʦʪ çeè ʢ çaè. ʀ ʚʩʝ 

ʵʪʠ ʮʠʢʣʳ ʚʤʝʩʪʝ ʦʙʨʘʟʫʶʪ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʵʣʝ-

ʤʝʥʪʘ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

 

 
 

ʈʠʩ. 1.18. ʀʥʪʝʛʨʠʨʦʚʘʥʥʘʷ
21

 ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ ʂɼ 

ʠ ʨʝʘʣʠʟʘʮʠʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʂɼ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʙʣʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ ʢʦʤʧʣʝʢʩʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʧʨʘʚʣʝʥʠʠ ʤʥʦʞʝʩʪʚʝʥʥʳʤʠ ʚʟʘʠʤʦʩʚʷ-

ʟʘʥʥʳʤʠ ʮʠʢʣʘʤʠ (ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʴʶ ʨʠ-

ʩʫʥʦʢ 1.18), ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʷʜʨʦ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ɾʎ ʆʊʉ. 

ʀʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʘʚʠʪʴ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ, ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ 

ʤʝʪʦʜʳ, ʚʢʣʶʯʘʷ ʩʦʟʜʘʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ 

ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ ʚ ʘʢʪʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʂɼ (ʛʣʘʚʘ 3 ʜʘʥʥʦʡ ʨʘʙʦʪʳ). 

 

1.6. ɿʘʜʘʯʠ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʞʠʟʥʝʥʥʳʤʠ ʮʠʢʣʘʤʠ ʆʊʉ 

 

1.6.1 ʇʝʨʝʯʝʥʴ ʟʘʜʘʯ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʞʠʟʥʝʥʥʳʤʠ ʮʠʢʣʘʤʠ ʆʊʉ 

 

                                                           
21 ʊʘʢ ʢʘʢ ʜʣʷ ʮʝʣʝʡ ʪʝʢʫʱʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʘʟʘ ʘʥʘʣʠʟʘ ʠʤʝʝʪ ʚʪʦʨʦʩʪʝʧʝʥʥʦʝ 
ʟʥʘʯʝʥʠʝ, ʦʥʘ ʧʦʢʘʟʘʥʘ ʩʦʚʤʝʱʸʥʥʦʡ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʦʡ çaè ʚ ʚʠʜʝ ç(1)è, ʘʥʘʣʦ-
ʛʠʯʥʦ ʬʘʟʘ ʨʝʬʣʝʢʩʠʠ ʠ ʢʦʥʪʨʦʣʴ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ï ʩʦʚʤʝʱʝʥʳ ʩ ʪʦʯʢʦʡ çeè ʠ 
ʦʪʨʘʞʝʥʳ ʚ ʚʠʜʝ ç(8,9)è. ʅʦʤʝʨʘ 1-9 ʥʘ ʜʘʥʥʦʤ ʨʠʩʫʥʢʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʤʝʨʘʤ 
ʙʣʦʢʦʚ ʨʠʩʫʥʢʘ 1.15. 
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ʇʨʠʚʝʜʝʥʥʘʷ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ ʬʦʨʤʘʣʠʟʘʮʠ ̫ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤʦʡ ʚ ʨʘʙʦʪʝ ʧʨʦʙʣʝʤ rʢʘʢ ʫʧʨʘʚʣʝʥʠʝ ʩʦʚʦʢʫʧʥʦʩʪʴ ʁʚʟʘʠʤʦʩʚʷ-

ʟʘʥʥʳʭ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʵʣʝʤʝʥʪʦʚ ʂɼ ʆʊʉ ʧʦʟʚʦʣʷʝʪ ʟʘʬʠʢʩʠʨʦ-

ʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ: 

1. ʆʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʝʥʥʳʤ, ʠʤʝʶʱʠʤ ʠʝʨʘʨ-

ʭʠʯʝʩʢʫʶ ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ ʠ ʩʦʩʪʦʠʪ ʠʟ ʉʕɼʦʚ (ʩʪʨʫʢʪʫʨʘ ʉʕ-

ɼʦʚ ʟʘʜʘʸʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʂɼ ʆʊʉ). 

2. ʂʘʞʜʳʡ ʩʦʩʪʘʚʣʷʶʱʠʡ ʵʣʝʤʝʥʪ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʉʕɼ, 

ʚʢʣʶʯʘʝʪ ʣʶʜʝʡ, ʧʨʦʷʚʣʷʶʱʠʭ ʩʚʦʠ ʘʢʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ (ʩʧʦʩʦʙʥʦʩʪʴ 

ʢ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʙʩʪʚʝʥʥʳʤʠ 

ʧʨʝʜʧʦʯʪʝʥʠʷʤʠ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʝʜʧʨʠʥʠʤʘʪʴ ʥʝʢʦ-

ʪʦʨʳʝ ʜʝʡʩʪʚʠʷ [90]). 

3. ʂʘʞʜʳʡ ʩʦʩʪʘʚʣʷʶʱʠʡ ʵʣʝʤʝʥʪ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʉʕɼ, ʚ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʪʝʭʥʦʣʦʛʠʝʡ ʠ ʜʦʣʞʝʥ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʪʝʯʝʥʠʝ ʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. 

ʅʘʣʠʯʠʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʉʕ-

ɼʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʥʘʢʣʘʜʳʚʘʝʪ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʦʝ ʫʩʣʦʚʠʝ: ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʪʦʣʴʢʦ ʫʯʠʪʳʚʘʪʴ ʩʚʷʟʠ ʤʝʞʜʫ 

ʵʣʝʤʝʥʪʘʤʠ (ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ), ʥʦ ʠ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʠʭ. ʇʦʜʯʸʨʢʠ-

ʚʘʷ ʵʪʫ ʦʩʦʙʝʥʥʦʩʪʴ, ʙʫʜʝʤ ʛʦʚʦʨʠʪʴ ʦ ʩʦʛʣʘʩʦʚʘʥʥʦʤ ʫʧʨʘʚʣʝʥʠʠ 

ʞʠʟʥʝʥʥʳʤʠ ʮʠʢʣʘʤʠ ʚ ʩʤʳʩʣʝ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ɾʎ ʚ 

ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ
22
. ʉʦʛʣʘʩʦʚʘʥʠʝ, ʢʘʢ ʧʨʠʚʝʜʝʥʠʝ ʚ ʥʘʜʣʝʞʘʱʝʝ ʩʦ-

ʩʪʦʷʥʠʝ ʠ/ʠʣʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʚʷʟʝʡ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʦʨʛʘʥʠ-

ʟʘʮʠʠ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʧʨʠʥʮʠʧ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʩʠʩʪʝʤʘ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʠ ʧʣʘʥʳ ʪʘʢʦʚʳ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʧʣʘʥʦʚ ʚʳʛʦʜʥʘ ʚʩʝʤ 

ʩʫʙʲʝʢʪʘʤ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʚ ʪʝʦʨʠʠ ʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʠ 

ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ [31, 90]. 

ʉʦʛʣʘʩʦʚʘʥʥʦʩʪʴ (ʚ ʪʦʤ ʯʠʩʣʝ ʫʧʨʘʚʣʝʥʠʷ) ʪʨʝʙʫʝʪ ʚʳʙʦʨʘ ʦʩʥʦ-

ʚʘʥʠʡ, ʧʦ ʢʦʪʦʨʳʤ ʦʥʘ ʜʦʩʪʠʛʘʝʪʩʷ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ɾʎ ʉʕɼʦʚ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʦʩʥʦʚʘʥʠʡ ʝʩʪʝʩʪʚʝʥʥʦ ʚʳʙʨʘʪʴ ʚʦ-

ʧʝʨʚʳʭ, ʚʩʝ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʉʕɼʘ, ʘ ʠʤʝʥʥʦ ʘ) ʩʫʙʲʝʢʪ; 

ʙ) ʧʨʦʮʝʩʩʫʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʧʦʪʨʝʙʥʦʩʪʠ, ʮʝʣʠ ʠ 

ʟʘʜʘʯʠ; ʪʝʭʥʦʣʦʛʠ;̫ ʜʝʡʩʪʚʠʝ; ʨʝʟʫʣʴʪʘʪ) ʠ ʚ) ʧʨʝʜʤʝʪ; ʚʦ-ʚʪʦʨʳʭ, 

                                                           
22 115] - 1. ʯʪʦ ʠ ʯʪʦ ʩ ʯʝʤ. ʇʨʠʚʝʩʪʠ ʚ ʩʚʷʟʴ, ʚ ʩʦʛʣʘʩʠʝ, ʚ ʥʘʜʣʝ-
ʞʘʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ, ʫʩʪʘʥʦʚʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʯʝʤ-ʥʠʙʫʜʴ, ʫʩʪʨʘʥʠʚ ʨʘʟ-
ʥʦʛʣʘʩʠʷ, ʧʨʦʪʠʚʦʨʝʯʠʷ. ʉʦʛʣʘʩʦʚʘʪʴ ʠʥʪʝʨʝʩʳ ʨʘʟʥʳʭ ʩʪʦʨʦʥ. ʉʦʛʣʘʩʦʚʘʪʴ ʨʘʩʧʠ-
ʩʘʥʠʝ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʩ ʧʨʠʙʳʪʠʝʤ ʧʘʨʦʭʦʜʦʚ. 2. ʯʪʦ ʩ ʢʝʤ-ʯʝʤ. é 

94] - ʯʪʦ ʠ ʯʪʦ ʩ ʯʝʤ. ʇʨʠʚʝʩʪʠ ʚ ʥʘʜʣʝʞʘʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ, ʩʦ-
ʦʪʚʝʪʩʪʚʠʝ ʩ ʯʝʤ-ʥ. 
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ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʂɼ. ʆʩʥʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʛʨʫʧʧʠʨʦʚʘʥʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʬʦʨʤʘʣʠʟʘʮʠʠ ʧʨʦʙʣʝʤʳ (ʧʨʝʜʳʜʫʱʠʝ ʨʘʟʜʝʣʳ ʜʘʥ-

ʥʦʡ ʛʣʘʚʳ), ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʠʪ ʧʝʨʝʯʝʥʴ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ 

ï ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.5. 

 

ʊʘʙʣʠʮʘ 1.5. ʆʩʥʦʚʘʥʠʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʠ ʛʨʫʧʧʳ ʟʘʜʘʯ ʫʧʨʘʚʣʝ-

ʥʠʷ 

ʆʩʥʦʚʘʥʠʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ɻʨʫʧʧʳ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ 

ʉʫʙʲʝʢʪʳ ʂɼ, ʠʭ ʠʥʪʝʨʝʩʳ ʉʦʛʣʘʩʦʚʘʥʠʝ ʠʥʪʝʨʝʩʦʚ ʩʫʙʲʝʢʪʦʚ 

ʂɼ ʩ ʫʯʸʪʦʤ ɾʎ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʭ 

ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʇʦʪʨʝʙʥʦʩʪʴ, ʮʝʣʴ, ʟʘʜʘʯʠ, ʜʝʡ-

ʩʪʚʠʝ, ʨʝʟʫʣʴʪʘʪ ʂɼ, ʚʨʝʤʷ ʜʦ-

ʩʪʠʞʝʥʠʷ ʮʝʣʠ 

ʉʦʛʣʘʩʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʝʘʣʠ-

ʟʘʮʠʝʡ ɾʎ ʂɼ ʆʊʉ 

ʄʝʪʦʜʳ /ʩʧʦʩʦʙʳ ʜʦʩʪʠʞʝʥʠʷ 

ʮʝʣʠ ʂɼ 

ʋʧʨʘʚʣʝʥʠʷ ʩʦʟʜʘʥʠʝʤ ʠ ʦʩʚʦʝʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʡ ʂɼ 

ʉʨʝʜʩʪʚʘ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ 

ʂɼ - ʨʝʩʫʨʩʳ 

ʋʧʨʘʚʣʝʥʠʝ ʩʦʩʪʘʚʦʤ ʘʢʪʠʚʥʳʭ 

ʨʝʩʫʨʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʝʘʣʠ-

ʟʘʮʠʶ ɾʎ ʂɼ ʆʊʉ ʇʨʝʜʤʝʪ ʂɼ 

 

ʈʠʩʫʥʦʢ 1.19 ʠʣʣʶʩʪʨʠʨʫʝʪ ʞʠʟʥʝʥʥʳʝ ʮʠʢʣʳ ʧʨʦʮʝʩʩʫʘʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʂɼ, ʥʘ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʧʦ ʢʦʪʦʨʳʤ ʚʣʠʷʶʪ ʟʘʜʘʯʠ 

ʫʧʨʘʚʣʝʥʠʷ. 
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ʈʠʩ. 1.19. ɺʣʠʷʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʥʘ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʂɼ 

 

ʇʨʷʤʦʫʛʦʣʴʥʠʢʘʤʠ ʩ ʟʘʢʨʫʛʣʸʥʥʳʤʠ ʫʛʣʘʤ ʦʙʦʟʥʘʯʝʥʳ ʞʠʟʥʝʥ-

ʥʳʝ ʮʠʢʣʳ, ʧʦʜʣʝʞʘʱʠʝ ʩʦʛʣʘʩʦʚʘʥʠʶ, ʘ ʩʪʨʝʣʢʘʤʠ ï ʢʦʤʧʦʥʝʥʪʳ 

ʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʦʛʣʘʩʦʚʘʥʠʝ. 

ʅʘ ʨʠʩʫʥʢʝ 1.19 ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʩʦʢʨʘʱʝʥʠʷ ʟʘʜʘʯ 

ʫʧʨʘʚʣʝʥʠʷ: 

 ʋ_ɾʎ - ʉʦʛʣʘʩʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʝʘʣʠʟʘʮʠʝʡ ɾʎ ʂɼ ʆʊʉ; 

 ʋʊ - ʋʧʨʘʚʣʝʥʠʷ ʩʦʟʜʘʥʠʝʤ ʠ ʦʩʚʦʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʂɼ; 

 ʉʀ - ʉʦʛʣʘʩʦʚʘʥʠʝ ʠʥʪʝʨʝʩʦʚ ʩʫʙʲʝʢʪʦʚ ʂɼ ʩ ʫʯʸʪʦʤ ɾʎ ʠ 
ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʠ; 

 ʋʈ - ʋʧʨʘʚʣʝʥʠʝ ʩʦʩʪʘʚʦʤ ʘʢʪʠʚʥʳʭ ʨʝʩʫʨʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 
ʨʝʘʣʠʟʘʮʠʶ ɾʎ ʂɼ ʆʊʉ. 

ʉʭʝʤʘ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ (ʨʠʩʫʥʦʢ 1.19) ʧʦʜ-

ʯʸʨʢʠʚʘʝʪ ʜʚʘ ʘʩʧʝʢʪʘ: 

ɺʦ-ʧʝʨʚʳʭ, ʮʝʥʪʨʘʣʴʥʫʶ ʨʦʣʴ ɾʎ ʩʪʨʫʢʪʫʨʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʪʦʤ 

ʩʤʳʩʣʝ, ʯʪʦ ʦʩʪʘʣʴʥʳʝ ʞʠʟʥʝʥʥʳʝ ʮʠʢʣʳ ʥʝ ʪʦʣʴʢʦ ʩʦʛʣʘʩʦʚʳʚʘʶʪʩʷ 

ʩ ʥʠʤ, ʥʦ ʪʘʢʞʝ ʠ ʩʦʛʣʘʩʦʚʘʥʠʝ ʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ 

ɾʎ ʉʕɼʘ. 

ɺʦ-ʚʪʦʨʳʭ, ʮʝʥʪʨʘʣʴʥʫʶ ʨʦʣʴ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʮʝʩʩʘ ʩʦʟʜʘʥʠʝ ʠ 

ʤʦʜʝʨʥʠʟʘʮʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʦʛʣʘʩʦʚʘʥʠʠ ɾʎ, ʟʘʢʣʶ-

ʯʘʶʱʫʶʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʦʮʝʩʩ ʉʂʊ ʧʨʠʤʝʥʷʝʪʩʷ ʚʦ ʚʩʝʭ ʩʦʛʣʘʩʦʚʘʥʠ-

ʷʭ ʚʩʝʭ ɾʎ. 

ʉʦʦʪʥʝʩʸʤ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʫʶ ʧʦʩʪʘʥʦʚʢʫ ʧʨʦʙʣʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʠ ʧʝʨʝʯʝʥʴ ʯʘʩʪʥʳʭ ʟʘʜʘʯ ʩ ʦʙʣʘʩʪʷʤʠ ʟʥʘʥʠʡ, ʨʘʩʩʤʘʪʨʠʚʘʶʱʠʤʠ 

ʩʭʦʜʥʳʝ ʧʨʦʙʣʝʤʳ (ʨʘʟʜʝʣ 1.6.2) ʠ ʦʧʠʰʝʤ ʙʘʟʦʚʫʶ ʤʦʜʝʣʴ (ʨʘʟʜʝʣ 

1.6.3). 

 

1.6.2. ʉʚʷʟʴ ʧʨʦʙʣʝʤ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʞʠʟʥʝʥʥʳʤʠ ʮʠʢʣʘʤʠ ʆʊʉ ʩʦ ʩʤʝʞʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʟʥʘʥʠʡ 

 

ʈʘʩʩʤʦʪʨʠʤ ʩʭʦʜʩʪʚʘ ʠ ʦʪʣʠʯʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʦʩʪʘʥʦʚʢʠ 

ʧʨʦʙʣʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʆʊʉ ʦʪ ʧʦʜʭʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʤʝʞʥʳʭ 

ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ; ʚʳʷʚʠʤ ʠʟʚʝʩʪʥʳʝ ʤʦʜʝʣʠ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʨʝʰʝʥʠʷ 

ʪʝʭ ʠʣʠ ʠʥʳʭ ʟʘʜʘʯ, ʥʘʤʝʪʠʤ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʥʝʜʦ-

ʩʪʘʶʱʠʭ ʤʝʪʦʜʦʚ (ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚ ʢʨʘʪʢʦʡ ʬʦʨʤʝ ʩʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʳ 1.6 ʠ 1.7). 
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ʋʧʨʘʚʣʝʥʠʝ ʩʣʦʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʢʦʪʦʨʳʭ ʷʚ-

ʣʷʶʪʩʷ ʆʊʉ, ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʝʜʤʝʪʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʙʝʨʥʝʪʠʢʠ ʠ ʪʝʦ-

ʨʠʠ ʩʠʩʪʝʤ (ʥʘʧʨʠʤʝʨ, [47, 73, 109, 113, 126, 133, 153, 163, 196, 251, 

252, 266, 273]), ʘ ʫʧʨʘʚʣʝʥʠʝ ʞʠʟʥʝʥʥʳʤʠ ʮʠʢʣʘʤʠ ʠ ʪʝʭʥʦʣʦʛʠ-

ʝʡ - ʩʠʩʪʝʤʦʪʝʭʥʠʢʠ (ʚ ʯʘʩʪʥʦʩʪʠ, [55, 103, 183, 239, 248, 260, 261, 

271]). ʆʜʥʘʢʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʦʩʷʪ, ʚ ʦʩʥʦʚʥʦʤ, ʢʘʯʝʩʪʚʝʥ-

ʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʤʦʜʝʣʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʩʠʩʪʝʤ ʦʙʣʘʜʘʶʪ ʚʳ-

ʩʦʢʠʤ ʫʨʦʚʥʝʤ ʦʙʱʥʦʩʪʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠ ʥʝ ʫʯʠʪʳ-

ʚʘʶʪ ʘʢʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʫʯʘʩʪʥʠʢʦʚ ʆʊʉ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʙʣʝʤʳ. 

ɼʘʥʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʆʊʉ ʚ ʮʝʣʦʤ ʪʘʢʞʝ 

ʙʣʠʟʢʘ ʪʝʦʨʠʠ ʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʠ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥ-

ʥʳʤʠ ʩʠʩʪʝʤʘʤʠ (ʊʋʆʉ, ʩʤ. [32, 34, 90] ʠ ʜʨʫʛʠʝ ʨʘʙʦʪʳ ʚ ʵʪʦʡ ʦʙʣʘ-

ʩʪʠ), ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʷʤ ʧʨʝʜʤʝʪʦʚ: ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʦʩʪʘʥʦʚʢʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥ-

ʥʦʡ ʩʠʩʪʝʤʳ ʚ ʊʋʆʉ. ʇʦʩʪʘʥʦʚʢʘ çʦʙʱʝʡ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷè ʚ ʊʋ-

ʆʉ [90] ʦʧʠʩʳʚʘʝʪ ʩʪʨʫʢʪʫʨʫ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʮʝʥʪʨʘ, ʘʛʝʥʪʘ ʠ 

ʫʧʨʘʚʣʷʝʤʦʛʦ ʘʛʝʥʪʦʤ ʦʙʲʝʢʪʘ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʠ ʦʜʥʦʨʘʟʦʚʳʡ ʠ ʤʥʦʛʦ-

ʢʨʘʪʥʦ ʧʦʚʪʦʨʷʶʱʠʡʩʷ ʨʝʞʠʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʆʊʉ.  
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ʊʘʙʣʠʮʘ 1.6. ʉʚʷʟʴ ʧʨʦʙʣʝʤʳ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤʠ ʮʠʢʣʘʤʠ ʆʊʉ ʩ ʊʋʆʉ 
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ʈʝʘʣʠʟʘʮʠʷ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʂɼ ʆʊʉ  +  + + 

ʋʧʨʘʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʭʥʦʣʦʛʠʡ   +   

ʉʦʛʣʘʩʦʚʘʥʠʝ ʠʥʪʝʨʝʩʦʚ ʩʫʙʲʝʢʪʦʚ    +  

ʋʧʨʘʚʣʝʥʠʝ ʩʦʩʪʘʚʦʤ ʨʝʩʫʨʩʦʚ +     
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ʊʘʙʣʠʮʘ 1.7. ʉʚʷʟʴ ʧʨʦʙʣʝʤʳ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥ-

ʥʳʤʠ ʮʠʢʣʘʤʠ ʆʊʉ ʩʦ ʩʤʝʞʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʥʘʫʢʠ 

 ʉʤʝʞʥʳʝ ʦʙʣʘʩʪʠ ʉʧʝʮʠʬʠʯʝʩʢʠʝ 

ʬʘʢʪʦʨʳ 

ʇʨʦʙʣʝʤʘ ʩʦʛʣʘ-

ʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚ-

ʣʝʥʠʷ ɾʎ ʆʊʉ ʚ 

ʮʝʣʦʤ 

ʊʋʆʉ, ʪʝʦʨʠʷ ʩʠ-

ʩʪʝʤ, ʩʠʩʪʝʤʦʪʝʭʥʠʢʘ 

ʉʦʟʜʘʥʠʝ ʠ ʠʟʤʝʥʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ. 

ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ ʵʣʝ-

ʤʝʥʪʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʈʝʘʣʠʟʘʮʠʷ ʞʠʟ-

ʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʵʣʝʤʝʥʪʘ ʂɼ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʧʝ-

ʨʘʮʠʡ, ʊʋʆʉ, ʪʝʦʨʠʷ 

ʩʠʩʪʝʤ, ʩʠʩʪʝʤʦʪʝʭ-

ʥʠʢʘ 

ɿʘʚʠʩʠʪ ʦʪ ʩʧʝʮʠʬʠʢʠ 

ʆʊʉ. 

ʋʧʨʘʚʣʝʥʠʷ ʢʦʤ-

ʧʦʥʝʥʪʘʤʠ ʪʝʭʥʦ-

ʣʦʛʠʡ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʧʝ-

ʨʘʮʠʡ, ʩʠʩʪʝʤʦʪʝʭ-

ʥʠʢʘ 

ɿʘʜʘʯʘ ʥʦʚʘʷ. 

ʉʦʛʣʘʩʦʚʘʥʠʝ 

ʠʥʪʝʨʝʩʦʚ ʩʫʙʲ-

ʝʢʪʦʚ 

ʊʋʆʉ, ʪʝʦʨʠʷ 

ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʠʛʨ, 

ʪʝʦʨʠʷ ʢʦʥʪʨʘʢʪʦʚ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʷʟʠ 

ʤʝʞʜʫ ʘʛʝʥʪʘʤʠ. 

ʀʟʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ. 

ʋʧʨʘʚʣʝʥʠʝ ʩʦ-

ʩʪʘʚʦʤ ʨʝʩʫʨʩʦʚ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʧʝ-

ʨʘʮʠʡ, ʫʧʨʘʚʣʝʥʠʝ 

ʟʘʧʘʩʘʤʠ ʠ ʯʝʣʦʚʝʯʝ-

ʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ, 

ʊʋʆʉ. 

ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ ʨʝʩʫʨ-

ʩʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʦ-

ʪʨʫʜʥʠʢʦʚ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʊʋʆʉ ʩʚʷʟʳʚʘʝʪ ʩ ʮʝʥʪʨʦʤ çʜʚʘ ʪʠʧʘ ʜʝʡʩʪʚʠʡ. ɺʦ-

ʧʝʨʚʳʭ, ʟʘʜʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. ɺʦ-ʚʪʦʨʳʭ, 

ʜʝʡʩʪʚʠʷ ʧʨʠ ʟʘʜʘʥʥʦʤ ʤʝʭʘʥʠʟʤʝ, ʢʦʪʦʨʳʝ ʩʚʦʜʷʪʩʷ ʢ ʚʳʧʦʣʥʝʥʠʶ 

ʟʘʜʘʥʥʳʭ ʧʨʦʮʝʜʫʨ ʧʦ ʦʙʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʠ ʠ ʚʳʨʘʙʦʪʢʝ ʫʧʨʘʚʣʷ-

ʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɼʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ ʩʚʷʟʘʥʳ ʩ 

ʧʝʨʝʜʘʯʝʡ ʚ ʮʝʥʪʨ ʠʥʬʦʨʤʘʮʠʠ ʠ ʚʳʙʦʨʦʤ ʩʚʦʠʭ ʩʦʩʪʦʷʥʠʡè ([32], 

ʩʪʨ. 99). 

ʉʦʩʪʘʚʥʳʤʠ ʯʘʩʪʷʤʠ ʤʝʭʘʥʠʟʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪ-

ʩʷ çʮʝʣʝʚʳʝ ʬʫʥʢʮʠʠ ʩʠʩʪʝʤʳ (ʮʝʥʪʨʘ) ʠ ʝʸ ʵʣʝʤʝʥʪʦʚ, ʦʛʨʘʥʠʯʝʥʠʷ 

ʤʝʭʘʥʠʟʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʟʘʢʦʥ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʧʨʠʥʷʪʘʷ ʚ ʩʠ-

ʩʪʝʤʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʮʝʥʪʨʘ ʠ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʜʫʨʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ, ʧʨʠ-



 

71 

ʤʝʥʷʝʤʳʝ ʮʝʥʪʨʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʵʣʝʤʝʥʪʘʭè ([32], 

ʩʪʨ. 52). 

ɺʦ ʚʩʸʤ ʵʪʦʤ ʧʦʩʪʘʥʦʚʢʘ ʊʋʆʉ ʚ ʮʝʣʦʤ ʙʣʠʟʢʘ ʤʦʜʝʣʠ ʉʕɼʘ. 

ʆʜʥʘʢʦ ʚ ʊʋʆʉ ʧʦʩʪʫʣʠʨʫʝʪʩʷ ʥʝʠʟʤʝʥʥʦʩʪʴ ʠ ʠʟʚʝʩʪʥʦʩʪʴ ʚʩʝʤ 

ʫʯʘʩʪʥʠʢʘʤ ʪʝʭʥʦʣʦʛʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʛʝʥʪʘ ʠ ʫʧʨʘʚʣʷʝʤʦʛʦ ʠʤ ʦʙʲ-

ʝʢʪʘ (ʥʘʧʨʠʤʝʨ, ʨʘʟʜʝʣ 1.2 [90]), ʯʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʧʦʩʪʘʥʦʚʢʘ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʊʋʆʉ. 

ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʝʱʸ ʦʜʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ ʜʘʥ-

ʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʦʪ ʊʋʆʉ: ʝʩʣʠ ʪʝʭʥʦʣʦʛʠʷ ʠʟʚʝʩʪʥʘ ʠ ʟʘʜʘʥʘ, ʪʦ ʥʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʘʢ ʢʘʢ 

ʘʥʘʣʠʟ ʠʟʜʝʨʞʝʢ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʡ/ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʬʘʟʳ ɾʎ ʥʝ ʠʤʝ-

ʝʪ ʩʤʳʩʣʘ. ʇʦʵʪʦʤʫ ʚ ʊʋʆʉ ʧʦʯʪʠ ʥʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ʄʦʞʥʦ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʊʋʆʉ 

ʬʘʢʪʠʯʝʩʢʠ ʨʝʰʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ ʵʪʘʧʘ ʢʦʥʢʨʝʪʠʟʘʮʠʠ ʠ ʥʝ 

ʚʢʣʶʯʘʝʪ ʟʘʜʘʯ ʩʦʟʜʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʢʦʤʧʦʥʝʥʪʦʚ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʘʚʦʤ ʨʝʩʫʨʩʦʚ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʠʭ ʚʳ-

ʙʦʨʘ ʥʘ ʵʪʘʧʝ ʢʦʥʢʨʝʪʠʟʘʮʠʠ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʳ ʊʋ-

ʆʉ ʤʦʛʫʪ ʠ ʜʦʣʞʥʳ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ, ʥʦ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚ ʧʦʣʥʦʡ 

ʤʝʨʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʦʩʪʘʥʦʚʢʝ ʧʨʦʙʣʝʤʳ ʩʦʛʣʘʩʦ-

ʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤʠ ʮʠʢʣʘʤʠ ʆʊʉ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ, ʚ ʢʘʢʠʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠʩʩʣʝʜʫʶʪʩʷ ʦʪʜʝʣʴ-

ʥʳʝ ʟʘʜʘʯʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʦʩʪʘʥʦʚʢʠ, ʠ ʢʘʢʠʝ ʠʟ ʠʟʚʝʩʪʥʳʭ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʭ ʨʝʰʝʥʠʷ. 

ɿʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ ʥʘ ʦʧʠʩʘʪʝʣʴʥʦʤ ʫʨʦʚʥʝ ʨʝʰʘʝʪ-

ʩʷ ʤʝʪʦʜʘʤʠ ʠ ʩʨʝʜʩʪʚʘʤʠ ʩʠʩʪʝʤʦʪʝʭʥʠʢʠ (systems engineering, 

ʥʘʧʨʠʤʝʨ, [11, 150, 201, 202, 204, 205, 261]). ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʡ ʬʦʨʤʫ-

ʣʠʨʦʚʢʝ ʟʘʜʘʯʠ ʷʚʣʷʪʁʩʷ ʥʦʚʳʤʠ ʠ ʧʦʪʨʝʙʫʪʁ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʘʜʝʢ-

ʚʘʪʥʦʡ ʬʦʨʤʘʣʠʟʘʮʠʠ, ʘ ʧʦʩʣʝ - ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʠ 

ʤʝʪʦʜʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʄʂɼ ʦʩʦʙʝʥʥʦʩʪʝʡ ʂɼ ʠ 

ʧʨʦʮʝʩʩʦʚ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʜʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʜʦʣʞʥʳ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʠ ʤʦʜʝʣʠ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦ-

ʩʪʝʡ, ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʨʘʟʣʠʯʥʳʭ ʨʘʟʜʝʣʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʝʨʘʮʠʡ [40, 269]. ɿʘʜʘ-

ʯʠ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥ rʚ ʛʣʘʚʝ 3, ʘ ʚ ʨʘʟʜʝʣʝ 3.2 ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ 

ʠʟʚʝʩʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟ ʙʣʠʟʢʠʭ ʦʙʣʘʩʪʝʡ ʥʘʫʢʠ. 

ɿʘʜʘʯʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʥʪʝʨʝʩʦʚ ʩʫʙʲʝʢʪʦʚ ʠʩʩʣʝʜʫʝʪʩʷ ʚ ʊʋʆʉ 

[90], ʘ ʪʘʢʞʝ, ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ, - ʚ ʪʝʦʨʠʠ ʢʦʥʪʨʘʢʪʦʚ [96, 154, 

214] ʠ ʚ ʪʝʦʨʠʠ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʠʛʨ [44, 46]. ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʟʘʜʘʯʠ ʚ 

ʨʘʤʢʘʭ ʧʦʩʪʘʥʦʚʢʠ ʧʨʦʙʣʝʤʳ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳ-
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ʤʠ ʮʠʢʣʘʤʠ ʆʊʉ ʦʪʣʠʯʘʪʁʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥ-

ʥʦʩʪʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

(ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ) ʩʚʷʟʝʡ ʤʝʞʜʫ ʘʛʝʥʪʘʤʠ, ʨʘʩʩʤʦʪʨʝʥʠʷ ʟʘʜʘ-

ʯʠ ʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝ-

ʥʷʶʱʠʭʩʷ ʪʝʭʥʦʣʦʛʠʡ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ [16]. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʦʛʨʘ-

ʥʠʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʠʟ 

ʫʧʦʤʷʥʫʪʳʭ ʦʙʣʘʩʪʝʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʦʩʪʘ-

ʥʦʚʢʝ ʠ ʟʘʩʪʘʚʣʷʶʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʧʝʮʠʬʠʯʝʩʢʠʝ [19]. ɿʘʜʘʯʠ ʜʝ-

ʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥ rʚ ʛʣʘʚʝ 4, ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʛʣʘʚʳ 4 

ʧʨʠʚʝʜʝʥʳ ʠʟʚʝʩʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ɿʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʘʚʦʤ ʨʝʩʫʨʩʦʚ ʦʪʥʦʩʷʪʩʷ ʢ ʦʙʣʘʩʪʠ 

ʫʧʨʘʚʣʝʥʠʷ ʟʘʧʘʩʘʤʠ ʠ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ. ɺ ʩʠʣʫ ʟʥʘʯʠʪʝʣʴ-

ʥʦʛʦ ʧʨʠʢʣʘʜʥʦʛʦ ʚʣʠʷʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ ʥʘ ʬʠʥʘʥʩʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʬʠʨʤ ʜʣʷ ʠʭ ʨʝʰʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʩʪʘʥʦʚʢʘʭ ʨʘʟʨʘʙʦʪʘʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʣʠʪʝʨʘʪʫʨʝ, ʥʘʯʠʥʘʷ ʩ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʩʪʘʪʝʡ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʳ 

ʜʚʘʜʮʘʪʦʛʦ ʚʝʢʘ [189, 272] ʠ ʚʢʣʶʯʘʷ ʩʦʚʨʝʤʝʥʥʳʝ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʝ 

ʫʯʝʙʥʠʢʠ, ʨʫʢʦʚʦʜʩʪʚʘ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʤʦʥʦʛʨʘʬʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ 

[107, 152, 178]. ɺ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʪʘʪʝʡ ʠʟʣʦʞʝʥʳ ʨʘʟʥʦʦʙʨʘʟ-

ʥʳʝ ʚʘʨʠʘʥʪʳ ʧʦʩʪʘʥʦʚʦʢ. ʅʘʧʨʠʤʝʨ, ʚ [250] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ 

ʥʘʟʥʘʯʝʥʠʷ ʩʦʪʨʫʜʥʠʢʦʚ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘ ʤʥʦʞʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦ-

ʝʢʪʦʚ ʩ ʫʯʸʪʦʤ ʩʣʦʞʥʦʩʪʠ ʢʘʞʜʦʛʦ ʧʨʦʝʢʪʘ ʠ ʥʘʣʠʯʠʷ ʨʝʩʫʨʩʦʚ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʡ ʢʚʘʣʠʬʠʢʘʮʠʠ, ʘ ʚ [132] - ʚʳʙʦʨ ʩʪʨʘʪʝʛʠʡ ʦʧʨʝʜʝʣʝʥʠʷ 

ʫʨʦʚʥʝʡ ʥʝʩʥʠʞʘʝʤʳʭ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʟʘʧʘʩʦʚ ʠ ʚʦʧʨʦʩʳ ʫʧʨʘʚʣʝ-

ʥʠʷ ʟʘʢʘʟʘʤʠ ʥʦʚʳʭ ʧʘʨʪʠʡ ʟʘʧʘʩʦʚ ʚ ʫʩʣʦʚʠʷʭ ʩʣʫʯʘʡʥʦʡ ʧʦʪʨʝʙʥʦ-

ʩʪʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʧʝʮʠʬʠʢʘ ʜʘʥʥʦʡ ʧʦʩʪʘʥʦʚʢʠ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ʨʝʩʫʨʩʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ, ʩʦʪʨʫʜʥʠʢʦʚ), ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʰʝʥʠʡ. ɿʘʜʘʯʘ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʛʣʘʚʝ 5, ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʛʣʘʚʳ 5 ʧʨʠʚʝʜʝʥʳ ʠʟʚʝʩʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʩʪʘ-

ʥʦʚʢʘ ʧʨʦʙʣʝʤʳ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤʠ ʮʠʢʣʘʤʠ 

ʆʊʉ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʪʝʦʨʠʝʡ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝ-

ʤʘʤʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʦʧʝʨʘʮʠʡ, ʘ ʩ ʜʨʫʛʦʡ ʪʨʝʙʫʝʪ ʤʦʜʝʣʠʨʦʚʘʥʠ ̫ʠ 

ʠʩʩʣʝʜʦʚʘʥʠ ̫ʩʦʯʝʪʘʥʠʷ ʩʣʝʜʫʶʱʠʭ ʘʩʧʝʢʪʦʚ: 

1. ʨʘʩʩʤʦʪʨʝʥʠʠ ʢʣʶʯʝʚʳʭ ʦʙʲʝʢʪʦʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ (ʆʊʉ, 
ʵʣʝʤʝʥʪʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʠʭ ʧʨʦʮʝʩʩʫʘʣʴʥʳʭ ʢʦʤʧʦ-

ʥʝʥʪʦʚ) ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʠʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ; 



 

73 

2. ʚʢʣʶʯʝʥʠʠ ʚ ʧʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʧʨʦʩʦʚ ʩʦʟʜʘʥʠʷ ʠ ʠʟ-

ʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʫʯʠʪʳʚʘʶʱʝʡ ʠʟʤʝʨʠʤʫʶ ʠ ʠʩ-

ʪʠʥʥʫʶ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʧʦʩʣʝʜʥʝʡ, ʘ ʪʘʢʞʝ ʚʦʧʨʦʩʦʚ ʩʦʛʣʘʩʦʚʘʥʠʷ 

ʠʥʪʝʨʝʩʦʚ ʩʫʙʲʝʢʪʦʚ ʆʊʉ ʩ ʫʯʸʪʦʤ ʪʝʭʥʦʣʦʛʠʡ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʠ; 

3. ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʢʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʩʫʙʲʝʢʪʦʚ ʵʣʝʤʝʥʪʦʚ ʂɼ; 

4. ʘʥʘʣʠʟʝ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʂɼ ï ʬʨʘʢʪʘʣʴʥʦʡ ʠʝʨʘʨʭʠʠ 

ʉʕɼʦʚ. 

ʇʨʠ ʵʪʦʤ ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʭʥʦʣʦʛʠʡ (ʩʦʟʜʘʥʠʷ 

ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʚ ʘʢʪʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʚʠʜʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ) ʷʚʣʷʝʪʩʷ ʦʨʠʛʠʥʘʣʴʥʦʡ ʠ ʧʦʪʦʤʫ 

ʪʨʝʙʫʝʪ ʦʩʦʙʝʥʥʦʛʦ ʚʥʠʤʘʥʠʷ. 

 

1.6.3. ɹʘʟʦʚʘʷ ʤʦʜʝʣʴ ʉʕɼʘ ʚ ʬʦʨʤʘʣʠʟʤʝ 

ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

 

ʉʫʱʝʩʪʚʝʥʥʘʷ ʩʚʷʟʴ ʧʨʦʙʣʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʆʊʉ ʩ ʪʝʦʨʠʝʡ ʫʧʨʘʚ-

ʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʦʧʨʝʜʝʣʷʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʭʦʜʦʚ ʠ ʬʦʨʤʘʣʠʟʤʦʚ ʵʪʦʡ ʪʝʦʨʠʠ ʜʣʷ ʨʝʰʝʥʠʷ 

ʠʩʩʣʝʜʫʝʤʦʡ ʧʨʦʙʣʝʤʳ, ʧʦʵʪʦʤʫ ʩʬʦʨʤʫʣʠʨʫʝʤ ʤʦʜʝʣʴ ʙʘʟʦʚʦʡ ʆʊʉ, 

ʙʘʟʦʚʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʚ ʪʝʨʤʠʥʘʭ ʊʋʆʉ), ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʡ ʙʫʜʝʤ ʧʨʝʜʩʪʘʚʣʷʪʴ ɾʎ ʉʕɼʘ.  

ʊʦʛʜʘ ʚ ʪʝʨʤʠʥʘʭ ʊʋʆʉ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʚ 

ʮʝʣʦʤ ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴʩʷ ʬʨʘʢʪʘʣʴʥʦʡ ʠʝʨʘʨʭʠʝʡ ʙʘʟʦʚʳʭ ʆʊʉ (ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʉʕɼʘʤ). 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʙʘʟʦʚʘʷ ʆʊʉ ʩʧʝʮʠʬʠʮʠʨʦʚʘʥʘ ʚ ʦʙʱʝʤ ʚʠʜʝ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʛʣʘʚ 2 ï 4 ʙʘʟʦʚʘʷ ʤʦʜʝʣʴ ʢʦʥʢʨʝʪʠʟʠʨʫʝʪ-

ʩʷ ʜʝʪʘʣʷʤʠ, ʚʘʞʥʳʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ. ɹʘʟʦʚʘʷ ʆʊʉ 

ʷʚʣʷʝʪʩʷ: 

 ʤʥʦʛʦʵʣʝʤʝʥʪʥʦʡ - ʢʘʞʜʳʡ ʘʛʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʫʙʲʝʢʪʘ 

ʥʠʞʝʩʪʦʷʱʝʛʦ ʵʣʝʤʝʥʪʘ ʥʠʞʝʩʪʦʷʱʝʛʦ ʉʕɼʘ ʠʣʠ ʥʠʞʝʩʪʦʷʱʝʡ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʦʧʝʨʘʮʠʠ; 
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 ʜʠʥʘʤʠʯʝʩʢʦʡ - ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʠʩʢʨʝʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʚʨʝʤʝʥʠ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʦ ʚ ʊʋʆʉ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʆʊʉ; 

 ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʥʘ ʩʦʚʤʝʩʪʥʫʶ ʂɼ ʚ ʚʠʜʝ ʪʝʭʥʦʣʦʛʠʠ, ʟʘ-

ʜʘʚʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʛʨʘʬʦʤ ï ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʦʡ 

ʤʦʜʝʣʴʶ ʉʕɼʘ ʠ  ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ ʢʘʞʜʦʛʦ ʠʟ 

ʵʣʝʤʝʥʪʦʚ ʉʕɼʘ; 

 ʩ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴʶ; 

 ʩ ʧʦʣʥʦʡ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʴʶ ʫʯʘʩʪʥʠʢʦʚ, ʪ.ʢ. ʚ ʫʩʣʦ-

ʚʠʷʭ ʨʘʟʚʠʪʦʡ ʵʢʦʥʦʤʠʢʠ: ʘ) ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʧʦʣ-

ʥʫʶ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʴ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʦʜʥʦʛʦ ʘʛʝʥʪʘ, ʘ ʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦ ʠ ʚʩʝʭ (çʩʝʢʨʝʪʳ ʥʝʚʦʟʤʦʞʥʦ ʜʦʣʛʦ ʭʨʘʥʠʪʴè); ʙ) 

ʪʝʭʥʦʣʦʛʠʷ ʠ ʠʟʜʝʨʞʢʠ ʢʦʥʢʨʝʪʥʦʛʦ ʘʛʝʥʪʘ ʥʝ ʚʘʞʥʳ, ʮʝʥʪʨ ʠ 

ʜʨʫʛʠʝ ʘʛʝʥʪʳ ʤʦʛʫ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʪʠʧʦʚʳʝ çʨʳʥʦʯʥʳʝè 

ʪʝʭʥʦʣʦʛʠʶ ʠ ʠʟʜʝʨʞʢʠ; ʚ) ʧʨʦʟʨʘʯʥʦʩʪʴ ɽRʈ-ʩʠʩʪʝʤ ʜʝʣʘʝʪ 

ʜʦʩʪʫʧʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʦ ʂɼ ʚʩʝʭ ʥʠʞʝʩʪʦʷʱʠʭ ʩʫʙʲʝʢʪʦʚ. 

ɼʣʷ ʦʪʨʘʞʝʥʠʷ ʤʥʦʛʦʫʨʦʚʥʝʚʦʩʪʠ ʠʝʨʘʨʭʠʠ ʉʕɼʦʚ ʙʫʜʝʤ ʜʦʧʫʩ-

ʢʘʪʴ ʨʘʩʩʤʦʪʨʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʫʙʲʝʢʪʘ ʂɼ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʢʘʢ 

ʘʛʝʥʪʘ ʦʜʥʦʡ ʚ ʆʊʉ, ʠ ʢʘʢ ʮʝʥʪʨ ʚ ʜʨʫʛʦʡ ʆʊʉ ʥʠʞʝʩʪʦʷʱʝʛʦ ʫʨʦʚʥʷ. 

ʇʦʨʷʜʦʢ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʘʟʦʚʦʡ ʆʊʉ. 

ɸ. ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʧʝʨʚʦʛʦ ʠ ʢʘʞʜʦʛʦ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʝʨʠʦ-

ʜʘ ʜʠʩʢʨʝʪʥʦʛʦ ʚʨʝʤʝʥʠ t : 

i. ʎʝʥʪʨ ʧʦʣʫʯʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ï ʠʣʠ ʚʩʣʝʜʩʪʚʠʝ ʨʝʘ-

ʣʠʟʘʮʠʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʩʬʦʨʤʠʨʦʚʘʚʰʝʡ ʩʧʨʦʩ, 

ʠʣʠ ʢʘʢ ʧʣʘʥ ʧʦ ʨʝʟʫʣʴʪʘʪʫ ʚ ʢʦʥʪʨʘʢʪʝ ʦʪ ʚʳʰʝʩʪʦʷʱʝʛʦ ʉʕɼʘ. ɺ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʦʪʨʝʙʥʦʩʪʴ, ʚʦ-ʧʝʨʚʳʭ, ʠʥʠʮʠʠʨʫʝʪ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ 

ʂɼ, ʢʦʛʜʘ ʩʫʙʲʝʢʪ, ʮʝʥʪʨ, ʘʢʪʫʘʣʠʟʠʨʫʝʪ ʝʸ ʚʧʝʨʚʳʝ. ɺʦ-ʚʪʦʨʳʭ, ʝʩʣʠ 

ʧʦʪʨʝʙʥʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ɾʎ, ʮʝʥʪʨ ʨʝʘʛʠʨʫʝʪ ʥʘ 

ʵʪʦ ʚʥʝʩʝʥʠʝʤ ʢʦʨʨʝʢʪʠʚ ʚ ʚʳʧʦʣʥʝʥʠʝ ʂɼ.  

ii. ʎʝʥʪʨ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʧʨʝʜʳ-

ʜʫʱʠʭ ʧʝʨʠʦʜʘʭ ɾʎ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʦʥʝʩʸʥʥʳʭ ʟʘʪʨʘʪʘʭ ʧʨʠʥʠʤʘʝʪ 

ʨʝʰʝʥʠʝ ʦ ʧʨʦʜʦʣʞʝʥʠʠ ʠʣʠ ʧʨʝʢʨʘʱʝʥʠʠ ʂɼ. ʇʨʠ ʧʨʦʜʦʣʞʝʥʠʠ ï 

ʚʳʙʠʨʘʝʪ ʠ çʩʯʠʪʳʚʘʝʪè ʠʣʠ ʫʪʦʯʥʷʝʪ ʪʝʭʥʦʣʦʛʠʶ ʘ_ʉʕɼʘ - ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʡ ʛʨʘʬ ʠ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʤʝʥʪʦʚ/ʘʛʝʥʪʦʚ. 

iii.  ɼʣʷ ʘʛʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʥʠʞʝʩʪʦʷʱʠʝ ʉʕɼʳ, ʮʝʥʪʨ ʬʦʨ-

ʤʠʨʫʝʪ ʢʦʥʪʨʘʢʪʳ, ʚʢʣʶʯʘʶʱʠʝ ʧʣʘʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ. 

iv. ɸʛʝʥʪʦʚ, ʨʝʘʣʠʟʫʶʱʠʭ ʵʣʝʤʝʥʪʘʨʥʳʝ ʦʧʝʨʘʮʠʠ, ʮʝʥʪʨ ʬʦʨʤʠ-

ʨʫʝʪ ʢʦʥʪʨʘʢʪʳ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠ 

ʧʨʝʜʤʝʪʘʤʠ (ʧʦʣʫʯʘʷ ʥʝʦʙʭʦʜʠʤʳʝ ʨʝʩʫʨʩʳ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʫ-

ʣʦʚ ʨʝʩʫʨʩʦʚ). 

ɹ. ɺ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ t: 
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v. ʈʝʘʣʠʟʫʝʪʩʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ (ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ/ʠʣʠ ʪʝʭʥʦʣʦ-

ʛʠʠ ʠ/ʠʣʠ ʩʫʙʲʝʢʪʦʚ - ʘʛʝʥʪʦʚ). 

vi. ɸʛʝʥʪʳ ʨʝʘʣʠʟʫʶʪ ʜʝʡʩʪʚʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʧʦʣʫʯʝʥʠʶ ʨʝʟʫʣʴ-

ʪʘʪʘ. 

 ɼʣʷ ʘʛʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʥʠʞʝʩʪʦʷʱʠʝ ʉʕɼʳ, ʨʝʘʣʠ-

ʟʘʮʠʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʧʦʣʫʯʝʥʠʶ ʨʝ-

ʟʫʣʴʪʘʪʘ ʩ ʥʝʢʦʪʦʨʳʤʠ ʚʝʨʦʷʪʥʦʩʪʷʤʠ. 

 ɼʣʷ ʘʛʝʥʪʦʚ, ʨʝʘʣʠʟʫʶʱʠʭ ʵʣʝʤʝʥʪʘʨʥʳʝ ʦʧʝʨʘʮʠʠ, ʨʝʘʣʠ-

ʟʘʮʠʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʠʣʠ ʢ ʜʦʧʦʣʥʠʪ. ʟʘʪʨʘ-

ʪʘʤ ʮʝʥʪʨʘ ʠʣʠ ʢ ʧʨʝʢʨʘʱʝʥʠʶ ʂɼ. 

vii.  ʎʝʥʪʨ ʧʦʣʫʯʘʝʪ ʜʦʭʦʜ ʦʪ ʨʝʟʫʣʴʪʘʪʘ ʠ ʥʝʩʸʪ ʠʟʜʝʨʞʢʠ ʥʘ ʢʦʤ-

ʧʝʥʩʘʮʠʶ ʟʘʪʨʘʪ ʘʛʝʥʪʘʤ ʩʦʛʣʘʩʥʦ ʢʦʥʪʨʘʢʪʘʤ. 

viii.  ɺ ʩʣʫʯʘʝ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʘʢʪʠʚʥʦʩʪʝʡ 

i ï vii  ʠʣʠ ʨʝʘʣʠʟʘʮʠʠ, ʟʘʚʝʨʰʘʶʱʝʡʩʷ ʥʝʫʩʧʝʭʦʤ, ʮʝʥʪʨ ʚʳʥʫʞʜʝʥʥʦ 

ʧʝʨʝʭʦʜʠʪ ʢ ʩʣʝʜʫʶʱʝʤʫ ʧʝʨʠʦʜʫ ʚʨʝʤʝʥʠ t + 1 ʜʣʷ ʧʦʚʪʦʨʘ ʥʝ-

ʫʩʧʝʰʥʳʭ ʘʢʪʠʚʥʦʩʪʝʡ ʠʣʠ ʩʦʚʩʝʤ ʧʨʝʢʨʘʱʘʝʪ ʂɼ. ʅʘ ʨʠʩʫʥʢʝ 1.20 

ʵʪʠ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʨʘʞʝʥʳ ʰʣʶʟʘʤʠ (ʨʦʤʙʘʤʠ) ʩ ʚʳʭʦʜʘʤʠ, ʧʦʤʝ-

ʯʝʥʥʳʤʠ ʩʠʤʚʦʣʦʤ Ĭ. 

ɺ. ʇʝʨʠʦʜ ʚʨʝʤʝʥʠ t ʟʘʚʝʨʰʘʝʪʩʷ. ʎʝʥʪʨ ʘʥʘʣʠʟʠʨʫʝʪ ʨʝʟʫʣʴʪʘʪʳ 

ʠ ʟʘʪʨʘʪʳ  ʠ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ ʦ ʧʨʦʜʦʣʞʝʥʠʠ ʂɼ (ʦ ʧʝʨʝʭʦʜʝ ʢ 

ʩʣʝʜʫʶʱʝʤʫ ʧʝʨʠʦʜʫ t + 1, ʢ ʧ. ɸ) ʠʣʠ ʦ ʧʨʝʢʨʘʱʝʥʠʠ ʂɼ. 

 

ʆʪʤʝʪʠʤ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʙʘʟʦʚʦʡ ʆʊʉ, ʢʦʪʦʨʳʝ 

ʫʯʠʪʳʚʘʶʪʩʷ ʚ ʢʦʥʢʨʝʪʥʳʭ ʧʦʩʪʘʥʦʚʢʘʭ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʚ ʛʣʘʚʘʭ 

2-4): 

 ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʙʘʟʦʚʦʡ ʆʊʉ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʪʝʯʝ-

ʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʵʪʘʧʦʚ ɾʎ. ʕʪʘʧ ɾʎ - ʥʝʧʨʝʨʳʚʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʦʚ ʚʨʝʤʝʥʠ, ʜʣʷ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʪʝʭ-

ʥʦʣʦʛʠʷ ʟʘʜʘʸʪʩʷ ʮʝʥʪʨʦʤ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʧʝʨʚʦʛʦ ʧʝʨʠʦ-

ʜʘ ʵʪʘʧʘ ʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ɻ ʪʘʧʘ. ʎʝʥʪʨ ʧʨʠʥʠʤʘ-

ʝʪ ʨʝʰʝʥʠʷ ʦ ʧʝʨʝʭʦʜʝ ʦʪ ʦʜʥʦʛʦ ɻ ʪʘʧʘ ʢ ʜʨʫʛʦʤʫ. ɼʣʠʪʝʣʴʥʦʩʪʴ 

ʵʪʘʧʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʘʧʨʠʦʨʠ ʥʝ ʬʠʢʩʠʨʦʚʘʥʘ. 

 ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʮʝʥʪʨʘ ʟʘʜʘʸʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʝ ʚʩʝʭ 

ʵʪʘʧʦʚ ʠ ʧʝʨʠʦʜʦʚ ɾʎ. 

 ɺʘʨʠʘʥʪʳ ʚʣʠʷʥʠʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ: 

Á ʅʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʠʟʚʝʩʪʥʦʡ ʮʝʥʪʨʫ. 

ʎʝʥʪʨ ʥʝʩʸʪ ʨʠʩʢʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ: ʤʦʞʝʪ ʚʳʙʨʘʪ ɹʚʘʨʠ-

ʘʥʪ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʦʣʫʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʳʛʦʜʳ ʠʣʠ 

ʧʦʥʝʩʪʠ ʠʟʜʝʨʞʢʠ. 

Á ʅʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʂɼ 
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ʘʛʝʥʪʘʤʠ. ʈʠʩʢʠ ʥʝʩʫʪ ʘʛʝʥʪʳ: ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʝʟʫʣʴʪʘʪ, 

ʪʨʝʙʫʝʤʳʡ ʦʪ ʥʠʭ ʚ ʨʘʤʢʘʭ ʪʝʭʥʦʣʦʛʠʠ (ʚʦʟʤʦʞʥʦ, ʩ ʪʦʯʥʦ-

ʩʪʴʶ ʜʦ ʧʦʧʘʜʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʜʦʧʫʩʪʠʤʳʝ ʠʥʪʝʨʚʘ-

ʣʳ). ʅʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʬʘʢʪʠʯʝʩʢʠ ʫʯʪʝʥʘ ʚ ʫʩʨʝʜʥʸʥʥʳʭ 

ʟʘʪʨʘʪʘʭ ʘʛʝʥʪʦʚ. 

 
ɺ ʪʘʙʣʠʮʝ 1.8 ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʬʦʨʤʘʣʠʟʤʳ ʄʂɼ ʠ ʊʋʆʉ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʤʦʜʝʣʠ ʙʘʟʦʚʦʡ ʆʊʉ. 

 

ʊʘʙʣʠʮʘ 1.8. ʉʦʦʪʚʝʪʩʪʚʠʝ ʧʦʜʭʦʜʦʚ ʄʂɼ ʠ ʊʋʆʉ 

ʧʨʠ ʦʧʠʩʘʥʠʠ ɾʎ ʉʕɼʘ 

ʌʦʨʤʘʣʠʟʤ ʄʂɼ ʌʦʨʤʘʣʠʟʤ ʊʋʆʉ 

ɾʠʟʥʝʥʥʳʡ ʎʠʢʣ ʉʕɼʘ 

(ʥʘʟʦʚʸʤ ʘ_ʉʕɼ) 

ɹʘʟʦʚʘʷ ʆʉ 

ʉʫʙʲʝʢʪ ʘ_ʉʕɼʘ ʎʝʥʪʨ 

ʉʫʙʲʝʢʪʳ ʥʠʞʝʩʪʦʷʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʂɼ. 

ɸʛʝʥʪʳ ʜʚʫʭ ʪʠʧʦʚ ʘ) ʩʫʙʲʝʢʪʳ ʥʠ-

ʞʝʩʪʦʷʱʠʭ ʉʕɼʦʚ (ʠʛʨʘʶʱʠʝ ʪʘʢʞʝ 

ʨʦʣʠ ʮʝʥʪʨʦʚ ʚ ʥʠʞʝʩʪʦʷʱʠʭ 

ʥ_ʉʕɼʘʭ / ʆʉ); ʙ) ʨʝʘʣʠʟʫʶʱʠʝ ʵʣʝ-

ʤʝʥʪʘʨʥʳʝ ʦʧʝʨʘʮʠʠ ʚ ʩʦʩʪʘʚʝ 

ʘ_ʉʕɼʘ. 

ɾʎ ï ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝ-

ʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʨʝʘʣʠʟʫʝʪʩʷ ʂɼ, ʦʧʠʩʳʚʘ-

ʝʤʘʷ ʉʕɼʦʤ, ʩʪʨʫʢʪʫʨʠ-

ʨʫʝʪʩʷ ʥʘ ʬʘʟʳ, ʵʪʘʧʳ ʠ 

ʩʪʘʜʠʠ. 

ɾʎ - ʫʧʦʨʷʜʦʯʝʥʥʘʷ, ʘʧʨʠʦʨʠ ʢʦʥʝʯ-

ʥʘʷ ʠʣʠ ʘʧʨʠʦʨʠ ʙʝʩʢʦʥʝʯʥʘʷ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʦʚ ʜʠʩʢʨʝʪʥʦʛʦ 

ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʬʫʥʢʮʠ-

ʦʥʠʨʫʝʪ ʆʉ. 

ʎʝʣʴ ʩʫʙʲʝʢʪʘ ʘ_ʉʕɼʘ ï 

ʮʝʣʴ ʂɼ. 

ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʮʝʥʪʨʘ ʟʘʜʘʸʪʩʷ ʥʘ 

ʤʥʦʞʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʭʦʜʘ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʡ ʩʝʪʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ 

ɾʎ. 

ʃʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʟʘʜʘʸʪ 

ʮʝʣʝʚʫʶ ʩʪʨʫʢʪʫʨʫ ʉʕɼʘ. 

ʃʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʟʘʜʘʸʪ ʩʦʩʪʘʚ ʙʘ-

ʟʦʚʦʡ ʆʉ. 

ɼʝʡʩʪʚʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʵʣʝʤʝʥʪʦʚ ʂɼ ʦʧʨʝʜʝʣʷ-

ʶʪʩʷ ʧʨʠʯʠʥʥʦ-

ʩʣʝʜʩʪʚʝʥʥʦʡ ʤʦʜʝʣʴʶ ʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ ʵʣʝʤʝʥʪʦʚ 

ʂɼ. 

ʊʝʭʥʦʣʦʛʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʛʝʥʪʦʚ 

ʟʘʜʘʸʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʛʨʘʬʦʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ ʘʛʝʥ-

ʪʦʚ. 
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ʆʩʥʦʚʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʝʨʚʦʡ ʛʣʘʚʳ ʷʚʣʷʶʪʩʷ: 

I. ʌʦʨʤʘʣʠʟʘʮʠʷ ʧʨʦʙʣʝʤ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ: 

 ʋʧʨʘʚʣʝʥʠʝ ʆʊʉ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʬʦʨʤʝ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ 
ʫʧʨʘʚʣʝʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ 

ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʨʝʘʣʠʟʫʝʤʦʡ 

ʵʪʦʡ ʆʊʉ (ɾʎ ʉʕɼʦʚ ʦʙʦʙʱʘʶʪ ʪʘʢʞʝ ɾʎ ʚʩʝʭ ʧʨʦʮʝʩʩʫʘʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʨʝʩʫʨʩʦʚ). 

 ʉʨʝʜʩʪʚʘʤʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʆʊʉ ʷʚʣʷʶʪʩʷ 
ʢʦʤʧʦʥʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ: ʩʠʥʪʝʟ (ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʝʡ; ʫʧʨʘʚʣʝ-

ʥʠʝ ʩʦʩʪʘʚʦʤ ʨʝʩʫʨʩʦʚ) ʠ ʢʦʥʢʨʝʪʠʟʘʮʠʷ (ʩʦʛʣʘʩʦʚʘʥʠʝ ʠʥʪʝʨʝʩʦʚ 

ʩʫʙʲʝʢʪʦʚ). 

 ʇʨʦʙʣʝʤ rʫʧʨʘʚʣʝʥʠʷ ʆʊʉ ʜʦʣʞʥ rʨʝʰʘʪʴʩʷ ʩ ʫʯʸʪʦʤ ʫʩʪʨʘ-

ʥʝʥʠʷ ʠʟʤʝʨʠʤʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ - ʚʢʣʶʯʝʥʠʝʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʩʮʝʥʘʨʠʝʚ ʨʝʘʢʮʠʠ ʥʘ ʠʟʤʝʨʠʤʫʶ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʜʦʧʫʩ-

ʢʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʠʟ-ʟʘ 

ʥʘʩʪʫʧʣʝʥʠʷ ʩʦʙʳʪʠʡ ʠʩʪʠʥʥʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʞʠʟ-

ʥʝʥʥʳʭ ʮʠʢʣʦʚ ʵʣʝʤʝʥʪʦʚ ʂɼ. 

 ʋʧʨʘʚʣʝʥʠʷ ʆʊʉ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʥʘ ʚʩʝʭ ʬʘ-

ʟʘʭ ʠ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʜʥʘʢʦ ʨʝʰʘʶʱʝʝ 

ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʂɼ ʦʢʘʟʳʚʘʝʪ ʫʧʨʘʚ-

ʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʝʡ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʘʤʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʫʧʨʘʚʣʝ-

ʥʠʷ) ʥʘ ʵʪʘʧʝ ʩʠʥʪʝʟʘ. ɽʱʸ ʨʘʟ ʧʦʜʯʝʨʢʥʸʤ, ʯʪʦ ʢʦʤʧʦʥʝʥʪʳ ʫʧʨʘʚ-

ʣʝʥʠʷ, ʙʫʜʫʯʠ ʩʦʟʜʘʥʥʳʤʠ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ, ʨʝʘʣʠʟʫʶʪʩʷ çʘʚʪʦʤʘʪʥʦè 

ʥʘ ʜʨʫʛʠʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. 

 ʋʧʨʘʚʣʝʥʠʝ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʵʣʝʤʝʥʪʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʷʚʣ̫-

ʝʪʩʷ ʠʝʨʘʨʭʠʯʝʩʢʠʤ ʠ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤ, ʠ ʚ ʮʝʣʦʤ ʝʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʩʫʙʲʝʢʪ ʚʳʰʝʩʪʦʷʱʝʛʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʵʣʝʤʝʥʪʘ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ (ʦʥ ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪ ʠ ʩʘʤʦʫʧʨʘʚʣʝʥʠʝ). 

II.  ʆʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʯʥʷ ʟʘʜʘʯ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟ-

ʥʝʥʥʳʤʠ ʮʠʢʣʘʤʠ ʆʊʉ, ʪʨʝʙʫʶʱʠʭ ʨʘʟʨʘʙʦʪʢʠ ʦʨʠʛʠʥʘʣʴʥʳʭ ʤʦʜʝ-

ʣʝʡ ʠ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ, ʯʝʤʫ ʧʦʩʚʷʱʝʥʳ ʩʣʝʜʫʶʱʠʝ ʛʣʘʚʳ ʨʘʙʦʪʳ: 

A. ʄʦʜʝʣʠ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʣʠʟʘʮʠʝʡ ʞʠʟʥʝʥʥʳʭ 

ʮʠʢʣʦʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʛʣʘʚʝ 

2. 

B. ʄʦʜʝʣʷʤ ʠ ʤʝʪʦʜʘʤ ʫʧʨʘʚʣʝʥʠʷ ʩʦʟʜʘʥʠʝʤ ʠ ʦʩʚʦʝʥʠʝʤ ʪʝʭ-

ʥʦʣʦʛʠʡ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʧʦʩʚʷʱʝʥʘ ʛʣʘʚʘ 3. 
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C. ɺ ʛʣʘʚʝ 4 ʨʘʩʩʤʦʪʨʝʥʳ ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʳ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʥʪʝ-

ʨʝʩʦʚ ʩʫʙʲʝʢʪʦʚ ʂɼ ʩ ʫʯʸʪʦʤ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʭ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. 

D. ʄʦʜʝʣʠ ʠ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʘʚʦʤ ʘʢʪʠʚʥʳʭ ʨʝʩʫʨʩʦʚ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʝʘʣʠʟʘʮʠʶ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʠʟʣʘʛʘʶʪʩʷ ʚ ʛʣʘʚʝ 5. 
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ɻʃɸɺɸ 2. ʋʇʈɸɺʃɽʅʀɽ ʈɽɸʃʀɿɸʎʀɽʁ 

ɾʀɿʅɽʅʅʓʍ ʎʀʂʃʆɺ 

ʆʈɻɸʅʀɿɸʎʀʆʅʅʆ-ʊɽʍʅʀʏɽʉʂʀʍ ʉʀʉʊɽʄ 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʛʣʘʚʝ 2 ʤʦʜʝʣʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 

ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʣʠʟʘʮʠʝʡ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʆʊʉ (ʩʠ-

ʩʪʝʤʦʡ ɾʎ ʉʕɼʦʚ) ï ʠʝʨʘʨʭʠʝʡ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʙʘʟʦʚʳʭ ʆʊʉ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ. ɼʘʥʥʳʝ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʩʨʝʜʩʪʚʘʤʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦ-

ʛʦ ʠ ʯʠʩʣʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʞʠʟʥʝʥʥʳʤʠ ʮʠʢʣʘʤʠ ʆʊʉ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘʜʘʯ, ʩʬʦʨʤʫʣʠʨʦʚʘʥ-

ʥʳʭ ʚ ʛʣʘʚʝ 1. 

ʇʨʦʮʝʩʩʥʘʷ ʤʦʜʝʣʴ ʩʦʩʪʘʚʣʷʝʪ ʘʣʛʦʨʠʪʤʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʥʪʝʛʨʠʨʫʝʪ ʠʭ, ʬʘʢʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʷʷ ʩʦʙʦʡ 

çʫʥʠʚʝʨʩʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷè ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʠ 

ʚr ʧʦʣʥʷʶʱʝʡ ʝʸ ʆʊʉ. ɺ ʨʘʟʜʝʣʝ 2.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʦʮʝʩʩʥʘʷ ʤʦʜʝʣʴ 

ʂɼ, ʦʪʨʘʞʘʶʱʘʷ ʨʝʘʣʠʟʘʮʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʤʝʩʪʦ ʢʦʤʧʦʥʝʥʪʦʚ ʫʧʨʘʚʣʝ-

ʥʠʷ ʠ ʧʨʦʙʣʝʤ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ʂɼ. 

ɸʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ ʠʝʨʘʨ-

ʭʠʠ ʙʘʟʦʚʳʭ ʆʊʉ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ɾʎ ʉʕɼʦʚ, ʬʘʢʪʠʯʝʩʢʠ ʨʝʰʘʶ-

ʱʘʷ ʟʘʜʘʯʫ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʝʨʘʨʭʠʝʡ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʙʘʟʦʚʳʭ ʆʊʉ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʟʜʝʣʝ 2.2. 

ɺ ʨʘʟʜʝʣʝ 2.3 ʦʧʠʩʘʥ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʦ-

ʜʝʣʝʡ. 

 

2.1. ʇʨʦʮʝʩʩʥʘʷ ʤʦʜʝʣʴ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʆʊʉ 

 

ɺʳʧʦʣʥʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʚ ʚʠʜʝ ʩʦʟʜʘʥʠʷ, ʨʝʘʣʠʟʘʮʠʠ ʠ ʵʚʦʣʶʮʠʠ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʙʨʘʟʫʶʱʠʭ 

ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʠ ʬʨʘʢʪʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ. ɹʫʜʫʯʠ ʩʦʟʜʘʥʥʳʤʠ, ʵʣʝ-

ʤʝʥʪʳ ʂɼ ʨʝʘʣʠʟʫʶʪʩʷ ʠ ʵʚʦʣʶʮʠʦʥʠʨʫʶʪ ʚʦ ʚʨʝʤʝʥʠ, ʧʦʵʪʦʤʫ ʨʘʩ-

ʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩʥʳʝ ʤʦʜʝʣʠ ʉʕɼʦʚ - ʤʦʜʝʣʠ ʨʝʘʣʠʟʘʮʠʠ ʠʭ ʞʠʟʥʝʥ-

ʥʳʭ ʮʠʢʣʦʚ, ʤʦʜʝʣʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʵʚʦʣʶʮʠʶ ʵʣʝʤʝʥʪʦʚ ʂɼ, ʠʭ 

ʧʦʚʝʜʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ. 

ʈʘʟʨʘʙʦʪʢʘ ʣʶʙʦʡ ʤʦʜʝʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʯʣʝʥʝʥʠʝ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʚʦʡʩʪʚ ʠʟʫʯʘʝʤʦʛʦ ʷʚʣʝʥʠʷ ʠʣʠ ʧʨʝʜʤʝʪʘ ʠ ʦʪ-

ʨʘʞʝʥʠʝ ʠʭ ʩ ʧʦʤʦʱʴʶ ʢʘʢʦʛʦ-ʣʠʙʦ ʠʥʩʪʨʫʤʝʥʪʘ ʦʧʠʩʘʥʠʷ. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʘʢʮʝʥʪ ʜʝʣʘʝʪʩʷ ʥʘ ʦʙʱʝʩʠʩʪʝʤʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʤʝʥʥʦ ʧʨʦ-
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ʮʝʩʩʫʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʦʮʝʩʩʦʚ ʨʝʘ-

ʣʠʟʘʮʠʠ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ. ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʘʟʳ ʠ ʩʪʘʜʠʠ ɾʎ ʂɼ, ʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ 

ʦʥʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʠ ʜʝʪʘʣʠʟʠʨʫʶʪʩʷ. 

ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ ʂɼ (ʦʧʨʝʜʝʣʝʥʠʝ ʙʳʣʦ ʜʘʥʦ ʚʦ çɺʚʝʜʝʥʠʠè) 

ʬʘʢʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ çʨʘʟʚʸʨʪʳʚʘʥʠʝ ʚʦ ʚʨʝʤʝʥʠè ʧʨʦʮʝʩ-

ʩʫʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʧʦʪʨʝʙʥʦʩʪʴ ï ʮʝʣʴ ï ʟʘʜʘʯʠ ï 

ʪʝʭʥʦʣʦʛʠʷ ï ʜʝʡʩʪʚʠʝ ï ʨʝʟʫʣʴʪʘʪ [79, 89]).  

ʅʘʣʠʯʠʝ ʦʙʱʝʩʠʩʪʝʤʥʳʭ ʩʚʦʡʩʪʚ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʉʕɼʦʚ
23

 

(ʩʚʦʡʩʪʚʝʥʥʳʭ ɾʎ ʣʶʙʳʭ ʵʣʝʤʝʥʪʦʚ ʂɼ) ʧʦʟʚʦʣʷʝʪ ʦʙʦʙʱʠʪʴ ʠʭ ʚ 

ʚʠʜʝ ʪʘʙʣʠʮʳ ʬʘʟ, ʩʪʘʜʠʡ ʠ ʵʪʘʧʦʚ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʂɼ. ɺʳʧʦʣʥʝ-

ʥʠʝ ɾʎ ʣʶʙʦʛʦ ʉʕɼʘ ʩʘʤʦ ʧʦ ʩʝʙʝ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʴʶ: ʬʘʟʳ, ʩʪʘʜʠʠ ʠ ʵʪʘʧʳ ʷʚʣʷʶʪʩʷ ʵʣʝʤʝʥʪʘʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʉ 

ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʧʦʣʥʝʥʠʝ ɾʎ ʷʚʣʷʝʪʩʷ ʉʕɼʦʤ
24
, ʩʦʩʪʦʷʱʠʤ ʠʟ 

ʥʠʞʝʩʪʦʷʱʠʭ ʦʧʝʨʘʮʠʡ ʠ ʉʕɼʦʚ, ʘ ʧʨʦʮʝʩʩʥʘʷ ʤʦʜʝʣʴ ï ʧʨʠʯʠʥʥʦ-

ʩʣʝʜʩʪʚʝʥʥʦʡ ʤʦʜʝʣʴʶ ʉʕɼʘ çɺʳʧʦʣʥʝʥʠʝ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʉʕɼʘè. 

ʇʦʵʪʦʤʫ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʚʳʧʦʣʥʝʥʠʷ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ʂɼ ʠʩʧʦʣʴʟʫʝʪʩʷ BPMN-ʥʦʪʘʮʠ ̫(ʨʠʩʫʥʢʠ 2.1 ï 2.5, ʪʘʙʣʠʮʘ 

2.1), ʘ ʩʘʤʘ ʤʦʜʝʣʴ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩʥʦʡ [15]. 

                                                           
23 ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʛʣʘʚʳ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʠ ʤʦʜʝʣʠʨʫʝʤʳʡ ʵʣʝʤʝʥʪ ʜʝʷʪʝʣʴʥʦʩʪʠ 
ʙʫʜʝʤ ʠʤʝʥʦʚʘʪʴ çɸ-ʉʕɼè, ʘ ʪʘʢʞʝ ï ʘʛʝʥʪ; ʚʳʰʝʩʪʦʷʱʠʡ ʧʦ ʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫ-
ʨʝ ʉʕɼ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ɺ-ʉʕɼ, ʘ ʥʠʞʝʩʪʦʷʱʠʝ ʵʣʝʤʝʥʪʳ (ʉʕɼʳ ʠ ʦʧʝʨʘʮʠʠ) ʙʫʜʝʤ 
ʥʘʟʳʚʘʪʴ ʅ-ʉʕɼʳ ʠ ʅ-ʆʧ. 
24 ʅʘ ʧʨʘʢʪʠʢʝ ʨʝʘʣʠʟʘʮʠʷ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʠʟʜʝʣʠʡ, ʩʠʩʪʝʤ ʯʘʩʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪ-
ʩʷ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʥʳʭ ʧʨʦʛʨʘʤʤ [11, 16], ʩʦʩʪʦʷʱʠʭ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʠʟ ʚʟʘʠʤʦʩʚʷ-
ʟʘʥʥʳʭ ʧʨʦʝʢʪʦʚ, ʧʦʜʧʨʦʛʨʘʤʤ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʘʢʪʠʚʥʦʩʪʝʡ, ʫʧʨʘʚʣʷʝʤʳʭ ʩʢʦʦʨʜʠ-
ʥʠʨʦʚʘʥʦ ʠ ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʣʫʯʝʥʠʝ ʚʳʛʦʜ/ʧʦʣʴʟʳ, ʢʦʪʦʨʫʶ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 
ʠʥʳʤ ʩʧʦʩʦʙʦʤ [186, 255]. ʉʪʨʫʢʪʫʨʘ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʚ ʚʠʜʝ ʬʘʟ, ʵʪʘʧʦʚ ʠ ʢʦʥ-
ʪʨʦʣʴʥʳʭ ʨʫʙʝʞʝʡ ʤʦʞʝʪ ʟʘʜʘʚʘʪʴʩʷ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, ʥʘʧʨʠʤʝʨ 
ISO/IEC/IEEE 15288 [204] ʠʣʠ ʦʪʨʘʩʣʝʚʳʤʠ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʵʪʦ 
ʩʜʝʣʘʥʦ ʢʦʤʧʘʥʠʝʡ ʇɸʆ çʆɸʂè ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʘʚʠʘʮʠʦʥʥʳʤ ʧʨʦʛʨʘʤʤʘʤ [64, 67]. 
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ʊʘʙʣʠʮʘ 2.1 ʌʘʟʳ, ʩʪʘʜʠʠ ʠ ʵʪʘʧʳ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʌʘʟʘ ʉʪʘʜʠʷ 
ʅʦʤʝʨ ʠ  

ʥʘʟʚʘʥʠʝ ʵʪʘʧʘ 
ʉʦʜʝʨʞʘʥʠʝ ʵʪʘʧʘ 

ɸʢʪʠʚʥʦʩʪʠ 

ʩʫʙʲʝʢʪʘ 
ʇ
ʈ
ʆ
ɽ
ʂ
ʊ
ʀ
ʈ
ʆ
ɺ
ɸ
ʅ
ʀ
ɽ

 

I. ʌʠʢʩʘʮʠʷ 

ʩʧʨʦʩʘ ʠ 

ʦʩʦʟʥʘʥʠʝ 

ʧʦʪʨʝʙʥʦʩʪʠ 

1. ʌʠʢʩʘʮʠʷ 

ʩʧʨʦʩʘ ʠ ʦʩʦʟʥʘ-

ʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ 

ɺʳʰʝʩʪʦʷʱʠʡ ʉʕɼ ʠʣʠ ʚʥʝʰʥʷʷ ʩʨʝʜʘ 

ʬʦʨʤʠʨʫʝʪ ʩʧʨʦʩ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʵʣʝ-

ʤʝʥʪʘ ʂɼ. ʉʫʙʲʝʢʪ ʬʠʢʩʠʨʫʝʪ ʩʧʨʦʩ, 

ʦʩʦʟʥʘʸʪ ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʧʨʠʥʠʤʘʝʪ ʨʝ-

ʰʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ɸʥʘʣʠʟ ʩʧʨʦʩʘ, 

ʚʦʟʤʦʞʥʦʩʪʝʡ, 

ʚʥʝʰʥʠʭ ʫʩʣʦ-

ʚʠʡ ʠ ʧʨʝʜʰʝ-

ʩʪʚʫʶʱʝʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ 

II. ʎʝʣʝʧʦʣʘ

ʛʘʥʠʝ ʠ 

ʩʪʨʫʢʪʫʨʠ-

ʨʦʚʘʥʠʝ 

ʮʝʣʝʡ ʠ ʟʘ-

ʜʘʯ 

2. ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝ-

ʣʠ 

ʇʦʪʨʝʙʥʦʩʪʴ ʩʪʨʫʢʪʫʨʠʨʫʝʪʩʷ, ʧʨʦʚʝ-

ʨʷʝʪʩʷ, ʷʚʣʷʝʪʩʷ ʣʠ ʦʥʘ ʠʟʚʝʩʪʥʦʡ, ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʝʷʪʝʣʴʥʦʩʪʴ - ʨʝʛʫ-

ʣʷʨʥʦʡ. ɽʩʣʠ ʂɼ ʨʝʛʫʣʷʨʥʘ, ʵʪʘʧ ʩʚʦ-

ʜʠʪʩʷ ʢ ʠʟʚʣʝʯʝʥʠʶ ʠʥʬʦʨʤʘʮʠʠ ʦ ʣʦ-

ʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʭʨʘʥʠʣʠʱʘ. ʀʥʘʯʝ ʬʦʨʤʠʨʫʝʪʩʷ ʩʪʨʫʢ-

ʪʫʨʘ ʮʝʣʝʡ. ʎʝʣʠ ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʚ 

ʪʝʨʤʠʥʘʭ ʦʞʠʜʘʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʝʟʫʣʴʪʘʪʦʚ ʵʣʝʤʝʥʪʦʚ ʂɼ. ʇʨʦʚʝʨʷʝʪ-

ʩʷ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ / ʤʦʜʠʬʠʮʠʨʫ-

ʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʮʝʣʝʡ. ʂʘʞʜʦʡ ʮʝʣʠ 

ʉʕɼʘ ʩʪʘʚʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʦʣʴ 

ʩʫʙʲʝʢʪʘ ʠ ʪʝʭʥʦʣʦʛʠʷ (ʨʝʟʫʣʴʪʘʪ ʫʞʝ 

ʧʦʩʪʘʚʣʝʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʥʝʝ) ï ʩʧʝ-

ʉʠʥʪʝʟ  

ʜʝʷʪʝʣʴʥʦʩʪʠ 
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ʮʠʬʠʮʠʨʫʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʙʲʝʢ-

ʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ. ʈʝʟʫʣʴʪʘʪ ʵʪʘʧʘ: ʣʦ-

ʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ - ʩʪʨʫʢʪʫʨʘ ʉʕɼʘ ʚ 

ʚʠʜʝ ʧʝʨʝʯʥʷ ʥʠʞʝʩʪʦʷʱʠʭ ʉʕɼʦʚ ʠ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ  

III.  ʌʦʨʤʠʨ

ʦʚʘʥʠʝ ʪʝʭ-

ʥʦʣʦʛʠʠ 

3. ʇʨʦʚʝʨʢʘ ʛʦ-

ʪʦʚʥʦʩʪʠ ʪʝʭʥʦ-

ʣʦʛʠʠ ʠ ʜʦʩʪʘʪʦʯ-

ʥʦʩʪʠ ʨʝʩʫʨʩʦʚ 

ʇʨʦʚʝʨʷʝʪʩʷ ʥʘʣʠʯʠʝ ʫʞʝ ʠʟʚʝʩʪʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ ʉʕɼʘ: ʝʛʦ 

ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ, ʪʝʭ-

ʥʦʣʦʛʠʡ ʚʩʝʭ ʥʠʞʝʩʪʦʷʱʠʭ ʉʕɼʦʚ ʠ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ.  

ʇʨʦʚʝʨʷʝʪʩʷ ʣʦʛʠʯʝʩʢʘʷ ʩʦʛʣʘʩʦʚʘʥ-

ʥʦʩʪʴ ʉʕɼʘ ʠ ʧʫʣʦʚ ʨʝʩʫʨʩʦʚ ï ʥʘʣʠ-

ʯʠʝ ʠ ʜʦʩʪʘʪʦʯʥʦʩʪʴ ʨʝʩʫʨʩʦʚ ʜʣʷ 

ʥʘʟʥʘʯʝʥʠʷ ʩʫʙʲʝʢʪʦʚ ʥʠʞʝʩʪʦʷʱʠʭ 

ʉʕɼʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʥʠ-

ʞʝʩʪʦʷʱʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ ʩ 

ʫʯʪyʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʨʝʩʫʨ-

ʩʦʚ ʧʘʨʘʣʣʝʣʴʥʦ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʜʨʫ-

ʛʠʭ ʉʕɼʦʚ. ʈʝʟʫʣʴʪʘʪ ʵʪʘʧʘ: ʧʦʜʪʚʝʨ-

ʞʜʝʥʠʝ ʛʦʪʦʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ, 

ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʥʘʣʠʯʠʷ ʥʝʦʙʭʦʜʠʤʳʭ 

ʨʝʩʫʨʩʦʚ ʠ ʧʝʨʝʭʦʜ ʢ ʵʪʘʧʫ 7 ʠʣʠ ʚʳ-
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ʧʦʣʥʝʥʠʝ ʵʪʘʧʦʚ 4, 5 ʠ 6 ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ  

4. ʉʦʟʜʘʥʠʝ ʧʨʠ-

ʯʠʥʥʦ-

ʩʣʝʜʩʪʚʝʥʥʦʡ ʤʦ-

ʜʝʣʠ 

ʆʧʨʝʜʝʣʷʶʪʩʷ ʠ ʦʧʠʩʳʚʘʶʪʩʷ ʧʨʠʯʠʥ-

ʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʮʝʣʷ-

ʤʠ/ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʠʞʝʩʪʦʷʱʠʭ ʵʣʝʤʝʥ-

ʪʦʚ (ʉʕɼʦʚ ʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ). 

ʆʧʠʩʳʚʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʩʦʙʳʪʠʷ ʥʝ-

ʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʠ ʧʨʘʚʠʣʘ ʨʝʘʛʠʨʦʚʘ-

ʥʠʷ ʥʘ ʥʠʭ (ʚʳʧʦʣʥʷʝʤʳʝ ʉʕɼʳ ʠʣʠ 

ʵʩʢʘʣʘʮʠʷ ʥʘ ʚʳʰʝʩʪʦʷʱʠʡ ʫʨʦʚʝʥʴ). 

ʈʝʟʫʣʴʪʘʪ ʵʪʘʧʘ: ʧʨʠʯʠʥʥʦ-

ʩʣʝʜʩʪʚʝʥʥʘʷ ʤʦʜʝʣʴ ʉʕɼʘ 

5. ʉʦʟʜʘʥʠʝ ʪʝʭ-

ʥʦʣʦʛʠʠ ʥʠʞʝʩʪʦ-

ʷʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ɼʣʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʦʧʝʨʘʮʠʠ, ʚ ʩʠʣʫ ʝʸ 

ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʷ ʚʥʫʪʨʝʥ-

ʥʝʡ ʩʪʨʫʢʪʫʨʳ, ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʷ ʠ ʦʧʠʩʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ 

ʩʧʝʮʠʬʠʯʝʥ ʠ ʧʦʵʪʦʤʫ ʥʝ ʜʦʧʫʩʢʘʝʪ 

ʦʙʱʝʛʦ ʦʧʠʩʘʥʠʷ. ɼʣʷ ʚʩʝʭ ʥʠʞʝʩʪʦʷ-

ʱʠʭ ʉʕɼʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʶʪ 

ʛʦʪʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʨʝʢʫʨʩʠʚʥʦ ʚʳ-

ʧʦʣʥʷʶʪʩʷ ʵʪʘʧʳ ʩ 1-ʛʦ ʧʦ 6-ʡ ʠʭ ʞʠʟ-

ʥʝʥʥʳʭ ʮʠʢʣʦʚ. ʈʝʟʫʣʴʪʘʪ ʵʪʘʧʘ: ʪʝʭ-
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ʥʦʣʦʛʠʠ ʥʠʞʝʩʪʦʷʱʠʭ ʉʕɼʦʚ ʠ ʵʣʝ-

ʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ 

6. ʌʦʨʤʠʨʦʚʘʥʠʝ 

/ ʤʦʜʝʨʥʠʟʘʮʠʷ 

ʨʝʩʫʨʩʦʚ 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʩʫʨʩʦʚ 

ʧʦʨʦʞʜʘʶʪʩʷ ʮʝʣʠ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʠʭ 

ʛʝʥʝʨʘʮʠʶ, ʚʳʧʦʣʥʷʶʪʩʷ ʉʕɼʳ, ʦʙʝʩ-

ʧʝʯʠʚʘʶʱʠʝ ʩʦʟʜʘʥʠʝ ʠʣʠ ʤʦʜʝʨʥʠʟʘ-

ʮʠʶ ʧʫʣʦʚ ʨʝʩʫʨʩʦʚ. ʈʝʟʫʣʴʪʘʪ ʵʪʘʧʘ: 

ʥʝʦʙʭʦʜʠʤʳʝ ʧʫʣʳ ʨʝʩʫʨʩʦʚ 

7. ʂʘʣʝʥʜʘʨʥʦʝ ʠ 

ʨʝʩʫʨʩʥʦʝ ʧʣʘʥʠ-

ʨʦʚʘʥʠʝ 

ʌʦʨʤʠʨʫʝʪʩʷ ʢʘʣʝʥʜʘʨʥʦ-ʩʝʪʝʚʦʡ ʛʨʘ-

ʬʠʢ. ʇʨʦʚʝʨʷʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ 

ʢʣʶʯʝʚʳʭ ʩʨʦʢʦʚ ʧʦʪʨʝʙʥʦʩʪʠ. ʇʨʦʚʝ-

ʨʷʝʪʩʷ ʚʨʝʤʝʥʥʘʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʢʘ-

ʣʝʥʜʘʨʥʦ-ʩʝʪʝʚʦʛʦ ʛʨʘʬʠʢʘ ʠ ʧʫʣʘ ʨʝ-

ʩʫʨʩʦʚ ʩ ʫʯʸʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʩʫʨʩʦʚ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ. ʇʨʠ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʚʳʧʦʣ-

ʥʷʝʪʩʷ ʚʦʟʚʨʘʪ ʢ ʵʪʘʧʘʤ 2ï4 ʠʣʠ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʵʩʢʘʣʠʨʦʚʘʥʠʝ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʩʨʦʢʠ 

ʩʫʙʲʝʢʪʫ ʚʳʰʝʩʪʦʷʱʝʛʦ ʉʕɼʘ. ʈʝʟʫʣʴ-

ʪʘʪ ʵʪʘʧʘ: ʢʘʣʝʥʜʘʨʥʦ-ʩʝʪʝʚʦʡ ʧʣʘʥ ʠ 

ʛʨʘʬʠʢ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ 

ʂʦʥʢʨʝʪʠʟʘʮʠʷ 

ʜʝʷʪʝʣʴʥʦʩʪʠ 
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8. ʆʧʪʠʤʠʟʘʮʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʩʫʨʩʦʚ 

ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʜʠʥʘʤʠ-

ʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ. ʈʝʟʫʣʴʪʘʪ 

ʵʪʘʧʘ: ʦʧʪʠʤʘʣʴʥʳʡ ʢʘʣʝʥʜʘʨʥʦ-

ʩʝʪʝʚʦʡ ʧʣʘʥ ʠ ʛʨʘʬʠʢ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʩʫʨʩʦʚ 

9. ʅʘʟʥʘʯʝʥʠʝ 

ʩʫʙʲʝʢʪʦʚ ʠ ʦʧʨʝ-

ʜʝʣʝʥʠʝ ʦʪʚʝʪ-

ʩʪʚʝʥʥʦʩʪʠ 

ʌʠʢʩʠʨʫʝʪʩʷ ʤʘʪʨʠʮʘ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ 

(ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʩʫʙʲʝʢʪʘʤʠ ʉʕ-

ɼʦʚ ʠ ʧʝʨʩʦʥʘʣʦʤ). ʌʘʢʪʠʯʝʩʢʠ ʥʘʟʥʘ-

ʯʝʥʠʝ ʩʫʙʲʝʢʪʦʚ ʦʟʥʘʯʘʝʪ ʬʦʨʤʠʨʦʚʘ-

ʥʠʝ ʩʧʨʦʩʘ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʥʠʞʝʩʪʦʷʱʠʭ 

ʉʕɼʦʚ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ï ʨʝʢʫʨʨʝʥʪ-

ʥʦʝ ʦʙʨʘʱʝʥʠʝ ʢ ʦʧʠʩʳʚʘʝʤʦʤʫ ʟʜʝʩʴ 

ʧʨʦʮʝʩʩʫ ʚʳʧʦʣʥʝʥʠʷ ɾʎ ʥʠʞʝʩʪʦʷ-

ʱʠʭ ʉʕɼʦʚ: ʚʳʧʦʣʥʷʶʪʩʷ ʚʩʝ ʩʪʘʜʠʠ 

ʬʘʟʳ çʇʨʦʝʢʪʠʨʦʚʘʥʠʝè. ʈʝʟʫʣʴʪʘʪ 

ʵʪʘʧʘ: ʤʘʪʨʠʮʘ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʢʦʪʦ-

ʨʘʷ ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʉʕɼʘ 

ʜʝʪʝʨʤʠʥʠʨʫʝʪ ʝʛʦ ʦʨʛʩʪʨʫʢʪʫʨʫ  

10. ʅʘʟʥʘʯʝʥʠʝ 

ʨʝʩʫʨʩʦʚ 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʝʭʥʦʣʦʛʠʷʤ ʵʣʝʤʝʥ-

ʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘʧʨʦʩ 

ʠ ʥʘʟʥʘʯʝʥʠʝ ʪʨʝʙʫʝʤʳʭ ʜʣʷ ʚʳʧʦʣʥʝ-

ʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʨʝʩʫʨʩʦʚ. ʈʝʟʫʣʴʪʘʪ 
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ʵʪʘʧʘ: ʤʘʪʨʠʮʘ ʥʘʟʥʘʯʝʥʠʡ ʨʝʩʫʨʩʦʚ 

ʵʣʝʤʝʥʪʘʨʥʳʤ ʦʧʝʨʘʮʠʷʤ  

ʈ
ɽ
ɸ
ʃ
ʀ
ɿ
ɸ
ʎ
ʀ
ʗ

 

IV. ɺʳʧʦʣʥ

ʝʥʠʝ ʜʝʡ-

ʩʪʚʠʡ ʠ ʧʦ-

ʣʫʯʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʘ 

11. ɺʳʧʦʣʥʝʥʠʝ 

ʜʝʡʩʪʚʠʡ ʠ ʧʦʣʫ-

ʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠʯʠʥʥʦ-

ʩʣʝʜʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ ʤʥʦʛʦʢʨʘʪʥʦ ʠ 

ʧʦʩʪʦʷʥʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʧʨʝʜ-

ʫʩʣʦʚʠʡ ʥʘʯʘʣʘ ʜʝʡʩʪʚʠʡ ʥʠʞʝʩʪʦʷʱʠʭ 

ʉʕɼʦʚ ʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ ʠ ʠʭ 

ʟʘʧʫʩʢ. ɺʳʧʦʣʥʝʥʠʝ ʥʠʞʝʩʪʦʷʱʠʭ ʵʣʝ-

ʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ. ɿʘʧʫʩʢ ʚʳʧʦʣʥʝ-

ʥʠʷ ʥʠʞʝʩʪʦʷʱʠʭ ʉʕɼʦʚ. ʈʝʟʫʣʴʪʘʪ 

ʵʪʘʧʘ: ʚʳʧʦʣʥʝʥʠʝ ʜʝʡʩʪʚʠʡ ʉʕɼʘ ʠ 

ʧʦʣʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ  

ɺʳʧʦʣʥʝʥʠʝ 

ʜʝʡʩʪʚʠʡ 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ 

ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʈ
ɽ
ʌ
ʃ
ɽ
ʂ
ʉ
ʀ
ʗ

 V. ʆʮʝʥʠʚʘ

ʥʠʝ ʨʝʟʫʣʴ-

ʪʘʪʘ ʠ ʨʝ-

ʬʣʝʢʩʠʷ 

12. ʆʮʝʥʠʚʘʥʠʝ 

ʨʝʟʫʣʴʪʘʪʘ ʠ ʨʝ-

ʬʣʝʢʩʠʷ 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʟʫʣʴ-

ʪʘʪʘ ʩ ʪʨʝʙʫʝʤʳʤʠ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ 

ʦʙʲʸʤʦʚ ʨʝʩʫʨʩʦʚ ʩ ʟʘʜʘʥʥʳʤʠ. ʇʨʦʝʢ-

ʪʠʨʦʚʘʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʦʨʨʝʢʪʠʨʦʚ-

ʢʘʤ ʮʝʣʝʡ, ʪʝʭʥʦʣʦʛʠʠ ʠ ʪ. ʜ. 

ʆʮʝʥʠʚʘʥʠʝ 

ʜʝʷʪʝʣʴʥʦʩʪʠ 
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ʌʘʢʪʠʯʝʩʢʠ ʧʨʦʮʝʩʩʥʘʷ ʤʦʜʝʣʴ (ʨʠʩʫʥʢʠ 2.1 ï 2.5) ʷʚʣʷʝʪʩʷ 

BPMN-ʬʦʨʤʘʣʠʟʘʮʠʝʡ ʦʙʱʝʩʠʩʪʝʤʥʳʭ ʩʚʦʡʩʪʚ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʂɼ, ʢʨʘʪʢʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 2.1, ʧʦʜʨʦʙʥʦ ʧʨʦʮʝʩʩʥʘʷ 

ʤʦʜʝʣʴ ʵʣʝʤʝʥʪʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʧʠʩʘʥʘ ʚ [142, 143, 145] ʠ ʚ ʛʣʘʚʝ 5 

[15]. 

ʈʝʘʣʠʟʘʮʠʷ ʵʣʝʤʝʥʪʘ ʂɼ ʚʢʣʶʯʘʝʪ ʚʩʝ ʬʘʟʳ ʠ ʩʪʘʜʠʠ ʝʛʦ ʞʠʟʥʝʥ-

ʥʦʛʦ ʮʠʢʣʘ
25

 (ʨʠʩʫʥʦʢ 1.7), ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʶʪʩʷ ʪʘʢʞʝ ʵʣʝ-

ʤʝʥʪʳ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʕʪʠ ʬʘʟʳ ʠ 

ʩʪʘʜʠʠ ʦʪʨʘʞʝʥʳ ʚ ʧʨʦʮʝʩʩʥʦʡ ʤʦʜʝʣʠ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʫʶ ʫʩʣʦʚʥʦ ʥʘʟʦʚʸʤ çʦʩʥʦʚʥʦʡ ʮʝʧʦʯʢʦʡè (ʵʣʝʤʝʥʪʳ 

ʩ ʥʦʤʝʨʘʤʠ 1-12 ʥʘ ʨʠʩʫʥʦʢ 2.1), ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʩʪʚʝʥʥʦ ʧʨʦʜʫʢʪʠʚʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ.  

ʅʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʩʚʦʡʩʪʚʝʥʥʘ ʣʶʙʦʡ ʂɼ, ʧʦʵʪʦʤʫ ʧʨʦʮʝʩʩʥʘʷ 

ʤʦʜʝʣʴ ʪʘʢʞʝ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʵʣʝʤʝʥʪʳ, ʦʪʨʘʞʘʶʱʠʝ ʬʠʢʩʘʮʠʶ 

ʩʦʙʳʪʠʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʠ ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ ʥʠʭ, ʥʘʟʦʚʸʤ ʠʭ çʮʝ-

ʧʦʯʢʦʡ ʨʝʘʢʮʠʠ ʥʘ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴè (ʵʣʝʤʝʥʪʳ ʩ ʥʦʤʝʨʘʤʠ 13-14 ʥʘ 

ʨʠʩʫʥʢʝ 2.1). 

ʌʨʘʢʪʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʉʕɼʦʚ ʚ ʬʦʨʤʘʣʠʟʤʝ ʧʨʦʮʝʩʩʥʦʡ ʤʦʜʝʣʠ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʨʝʢʫʨʩʠʚʥʦʤ ʦʙʨʘʱʝʥʠʠ ʧʨʦʮʝʩʩʘ ʚʳʧʦʣʥʝʥʠʷ ɾʎ 

ʉʕɼʘ ʢ ʩʘʤʦʤʫ ʩʝʙʝ, ʦʪʨʘʞʸʥʥʦʤ ʵʣʝʤʝʥʪʦʤ 9-ʙ (ʨʠʩʫʥʢʠ 2.1 ʠ 2.4), ʚ 

ʜʨʫʛʦʡ ʬʦʨʤʝ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʨʠʩʫʥʢʦʤ 2.6. 

ʀʤʝʝʪ ʩʤʳʩʣ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʥʦʡ ʤʦʜʝʣʠ ʦʙʱʝʩʠʩʪʝʤʥʦʡ 

ʷʚʣʷʝʪʩʷ ʠ ʩʘʤʘ ʠʥʪʝʛʨʠʨʫʶʱʘʷ ʩʪʨʫʢʪʫʨʘ, ʠ ʚʩʝ ʠʥʪʝʨʬʝʡʩʳ ʤʝʞʜʫ 

ʵʣʝʤʝʥʪʘʤʠ (ʚʭʦʜʳ-ʚʳʭʦʜʳ) ʠ ʚʥʫʪʨʝʥʥʠʝ ʤʝʭʘʥʠʟʤʳ ʨʝʘʣʠʟʘʮʠʠ 

ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʵʣʝʤʝʥʪʦʚ, ʪʦ ʝʩʪʴ, ʦʥʠ ʠʜʝʥʪʠʯʥʳ ʜʣʷ ɾʎ ʣʶʙʳʭ 

ʉʕɼʦʚ. 

ʉʧʝʮʠʬʠʯʝʩʢʠʤʠ, ʪʦ ʝʩʪʴ ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʜʣʷ ʨʘʟʥʳʭ ʉʕɼʦʚ, 

ʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʤʝʭʘʥʠʟʤʳ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ 1, 2-ʘ, 7, 8, 12 ʠ 

ʧʨʘʚʠʣʘ ʨʝʘʢʮʠʠ ʥʘ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ. ʆʧʠʩʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʪʠʭ 

ʦʧʝʨʘʮʠʡ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʢʘʢ ʚ ʝʩʪʝʩʪʚʝʥʥʦ-ʷʟʳʢʦʚʦʡ ʬʦʨʤʝ, ʪʘʢ ʠ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʦʨʤʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʆʩʪʘʣʴʥʳʝ ʙʣʦʢʠ ʠ ʦʧʝʨʘ-

ʮʠʠ ʥʦʩʷʪ ʦʙʱʝʩʠʩʪʝʤʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʦʧʠʩʘʥʳ ʚ ʪʘʙʣʠʮʝ 2.1. 

 

                                                           
25 ʇʨʦʩʪʝʡʰʠʤ ʩʣʫʯʘʝʤ ɾʎ ʩʣʫʞʠʪ ɾʎ ʵʣʝʤʝʥʪʘʨʥʦʡ ʦʧʝʨʘʮʠʠ, ʦʜʥʘʢʦ ʵʪʦʪ ʞʠʟ-
ʥʝʥʥʳʡ ʮʠʢʣ ʚʳʨʦʞʜʝʥ: ʦʥ ʥʝ ʜʝʪʘʣʠʟʠʨʫʝʪʩʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʝʜʠʥʩʪʚʝʥʥʦʡ 
ʩʪʘʜʠʠ. ɽʛʦ ʦʙʱʝʩʠʩʪʝʤʥʘʷ ʧʨʦʮʝʩʩʥʘʷ ʤʦʜʝʣʴ ʪʨʠʚʠʘʣʴʥʘ ï ʦʥʘ ʩʦʩʪʦʠʪ ʠʟ ʝʜʠʥ-
ʩʪʚʝʥʥʦʛʦ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʠ ʥʝ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʦʧʠʩʘʥʠʷ, ʘ ʬʦʨʤʘʣʴ-
ʥʦʝ ʚʳʨʘʞʝʥʠʝ ʧʨʦʮʝʩʩʥʦʡ ʤʦʜʝʣʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʦʧʝʨʘʮʠʠ ʩʦʚʧʘʜʘʝʪ ʩ ʝʸ ʧʨʠʯʠʥʥʦ-
ʩʣʝʜʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʩʤ. [22], ʨʘʟʜʝʣ 3.4). 
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ʈʠʩ.2.6. ʌʨʘʢʪʘʣʴʥʦʩʪʴ ʉʕɼʦʚ ʚ ʬʦʨʤʘʣʠʟʤʝ ʧʨʦʮʝʩʩʥʦʡ ʤʦʜʝʣʠ 

 

ɺ ʛʣʘʚʝ 1 ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ, ʯʪʦ ʟʘʜʘʯʠ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚ-

ʣʝʥʠʷ ʜʦʣʞʥʳ ʨʝʰʘʪʴʩʷ ʠʤʝʥʥʦ ʥʘ ʬʘʟʝ ʩʠʥʪʝʟʘ (ʨʠʩʫʥʦʢ 1.6) ï ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ. ʊʘʢ ʢʘʢ ʩʦʟʜʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʂɼ 

ʨʝʘʣʠʟʫʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝʤ ʵʪʘʧʦʚ 2é6  ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʵʣʝʤʝʥʪʘ 

ʂɼ (ʪʘʙʣʠʮʘ 2.1 ʠ ʥʘ ʨʠʩʫʥʢʘʭ 2.4 ʠ 2.1), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘʜʘʯʠ ʜʦʣʞ-

ʥʳ ʨʝʰʘʪʴʩʷ ʚ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʵʪʘʧʦʚ 2-6 ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʂɼ. 

ɿʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠ ̫ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʭʥʦʣʦʛʠʡ ʂɼ ʨʝʰʘʝʪʩʷ ʚ ʭʦʜʝ 

ʩʦʟʜʘʥʠʷ ʣʦʛʠʯʝʩʢʦʡ ʠ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʦʡ ʤʦʜʝʣʝʡ (ʵʣʝʤʝʥʪʳ 2 

ʠ 4 ʥʘ ʨʠʩʫʥʢʝ 2.4) ʠ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ 

(ʣɻʝʤʝʥʪ 5-ʙ ʥʘ ʨʠʩʫʥʢʝ 2.4). ɿʘʜʘʯʠ ʩʦʛʣʘʩʦʚʘʥʠ ̫ʠʥʪʝʨʝʩʦʚ ʩʫʙʲʝʢ-

ʪʦʚ ʩ ʫʯʸʪʦʤ ʪʝʭʥʦʣʦʛʠʡ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʜʨʫʛʠʝ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ 

ʢʦʥʢʨʝʪʠʟʘʮʠʠ, ʨʝʰʘʶʪʩʷ
26

 ʚ ʭʦʜʝ ʩʦʟʜʘʥʠʷ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʦʡ 

ʤʦʜʝʣʠ (ʵʣʝʤʝʥʪ 4 ʥʘ ʨʠʩʫʥʢʝ 2.4) ʠ/ʠʣʠ ʧʨʠ ʩʦʟʜʘʥʠʠ/ʠʟʤʝʥʝʥʠʠ ʧʫ-

ʣʦʚ ʨʝʩʫʨʩʦʚ (ʵʣʝʤʝʥʪ 6 ʥʘ ʨʠʩʫʥʢʝ 2.4). ɿʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʘʚʦʤ 

                                                           
26 ʍʦʪʷ ʜʘʥʥʳʝ ʟʘʜʘʯʠ ʨʝʰʘʶʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʷ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ ʠ/ʠʣʠ  
ʩʦʟʜʘʥʠʠ ʧʫʣʦʚ ʨʝʩʫʨʩʦʚ, ʩʘʤʠ ʢʦʤʧʦʥʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʣʠʟʫʶʪʩʷ ʠʥʳʤ ʦʙʨʘʟʦʤ: 
ʢʘʣʝʥʜʘʨʥʦ-ʩʝʪʝʚʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʝʘʣʠʟʫʝʪʩʷ ʢʘʢ ʵʪʘʧ 7, ʘ ʩʦʛʣʘʩʦʚʘʥʠʝ ʠʥʪʝʨʝʩʦʚ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʭʦʜʝ ʵʪʘʧʦʚ 5(5-ʘ), 9(9-ʘ) ʠ 10. 
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ʘʢʪʠʚʥʳʭ ʨʝʩʫʨʩʦʚ ʨʝʰʘʝʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ/ʠʟʤʝʥʝʥʠʠ ʧʫʣʦʚ ʨʝʩʫʨʩʦʚ 

(ʵʣʝʤʝʥʪ 6 ʥʘ ʨʠʩʫʥʢʝ 2.4). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩʥʘʷ ʤʦʜʝʣʴ ʟʘʜʘʸʪ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʡ ʰʘʙ-

ʣʦʥ ʠʣʠ ʦʩʥʦʚʫ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʉʕɼʘ 

ʠ ʠʥʪʝʛʨʠʨʫʝʪ ʢʦʤʧʦʥʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʟʘʜʘʯʠ, 

ʦʧʨʝʜʝʣʷʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝ-

ʤʝʥʪʦʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʝʘʣʠʟʫʶʱʝʡ ʝʛʦ ʆʊʉ. 

 

2.2. ʄʦʜʝʣʴ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʚ ʠʝʨʘʨʭʠʠ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʆʊʉ 

 

2.2.1. ʂʘʯʝʩʪʚʝʥʥʘʷ ʤʦʜʝʣʴ ʨʝʘʣʠʟʘʮʠʠ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ 

ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʆʊʉ 

 

ʇʨʝʜʤʝʪʦʤ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʝʘʣʠʟʘ-

ʮʠʠ ʂɼ ʢʘʢ ʩʠʩʪʝʤʳ ï ʮʝʣʦʩʪʥʦʡ ʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʝʸ 

ʵʣʝʤʝʥʪʦʚ. ʉʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʫʝʤʦʤʫ ʚ ʨʘʙʦʪʝ 

(ʩʤ. ʩʥʦʩʢʫ 1 ʚʦ ʚʚʝʜʝʥʠʠ), ʧʦʩʪʨʦʝʥʠʝ ʪʘʢʦʡ ʤʦʜʝʣʠ ʪʨʝʙʫʝʪ ʘʥʘʣʠʟʘ 

ʪʨʸʭ ʢʦʤʧʦʥʝʥʪʦʚ: 1) ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ, 2) ʠʭ ʩʚʷʟʝʡ ʠ 3) ʮʝʣʝʧʦʣʘ-

ʛʘʥʠʷ. 

ɸʥʘʣʠʟ ʵʣʝʤʝʥʪʦʚ ʂɼ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʚ ʄʂɼ [15] ʠ ʨʘʩʩʤʦʪʨʝʥ-

ʥʘʷ ʚʳʰʝ ʩʠʩʪʝʤʘ ʤʦʜʝʣʝʡ ʵʣʝʤʝʥʪʦʚ ʂɼ, ʧʦʟʚʦʣʷʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʥʠʭ: 

 ʦʧʨʝʜʝʣʸʥ ʪʠʧʦʚʦʡ ʵʣʝʤʝʥʪ ʤʦʜʝʣʠ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 
ï ʉʕɼ; 

 ʨʘʩʩʤʦʪʨʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʤʦʜʝʣʠ ʢʘʢ ʩʨʝʜʩʪʚʘ ʢʦʤʧʣʝʢʩʠʨʦ-

ʚʘʥʠʷ ʪʠʧʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʮʝʣʴʶ ʦʧʠʩʘʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ï 

ʩʣʦʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʂɼ; 

 ʬʨʘʢʪʘʣʴʥʳʝ ʠ ʨʝʢʫʨʩʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʤʦʜʝʣʝʡ ʂɼ ʧʦʜʪʚʝʨ-

ʞʜʘʶʪ ʦʪʩʫʪʩʪʚʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʦʭʚʘʪʫ ʤʦʜʝʣʠʨʫʝʤʳʭ ʷʚʣʝʥʠʡ; 

 ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʧʦʚʝʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʂɼ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠ-

ʝʤ ʥʘʩʪʫʧʣʝʥʠʷ ʩʦʙʳʪʠʡ ʚʥʝʰʥʝʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʣʝʤʝʥʪʘʤ ʥʝ-

ʦʧʨʝʜʝʣʸʥʥʦʩʪʠ; 

 ʧʨʦʮʝʩʩʥʳʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʘʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʂɼ ʚʦ 

ʚʨʝʤʝʥʠ, ʬʦʨʤʘʣʠʟʤʳ ʧʦʨʦʞʜʝʥʠʷ ʉʕɼʦʚ ʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʚʠʪʠʷ ʂɼ ʢʘʢ ʩʠ-

ʩʪʝʤʳ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʚ ʣʦʛʠʯʝʩʢʦʡ ʠ ʧʨʠʯʠʥʥʦ-

ʩʣʝʜʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʘʭ, ʚʩʝ ʉʕɼʳ ʷʚʣʷʶʪʩʷ ʦʜʥʦʪʠʧʥʳʤʠ, ʪʘʢ ʢʘʢ 

ʜʦʧʫʩʢʘʶʪ ʝʜʠʥʦʦʙʨʘʟʥʦʝ ʦʧʠʩʘʥʠʝ (ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʚʭʦʜʷʱʠʭ ʚ ʠʭ 
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ʩʦʩʪʘʚ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʝʪ 

ʙʳʪʴ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʚʩʝ ʵʣʝʤʝʥʪʳ ʂɼ ʦʙʣʘʜʘʶʪ ʝʜʠʥʳʤ ʥʘʙʦʨʦʤ 

ʦʙʱʝʩʠʩʪʝʤʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ 

ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʦʜʥʦʪʠʧʥʳʭ ʤʦʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ï ʉʕɼʦʚ. ʉʕɼʳ ʚ 

ʪ.ʯ. ʦʧʠʩʳʚʘʶʪ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʟ ʝʸ ʵʣʝʤʝʥʪʦʚ, ʪʦ ʝʩʪʴ ʬʘʢʪʠʯʝʩʢʠ ʦʨʛʘʥʠʟʘ-

ʮʠʦʥʥʳʡ ʠ ʫʧʨʘʚʣʷʶʱʠʡ ʘʩʧʝʢʪʳ ʂɼ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦʜʫʢʪʠʚ-

ʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʮʝʣʝʚʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʨʝʘʣʠʟʫʝʪʩʷ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ, ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘ-

ʶʪʩʷ ʢʘʢ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʉʕɼʦʚ (ʨʠʩʫʥʦʢ 2.7). 

 

 
 

ʈʠʩ.2.7. ʆʙʱʝʩʠʩʪʝʤʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʉʕɼʘ 

 

ɸʥʘʣʠʟ ʩʚʷʟʝʡ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʂɼ (ʘ ʪʘʢʞʝ ʩ ʚʥʝʰʥʝʡ ʩʨʝ-

ʜʦʡ) ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʧʦʣʥʠʪʴ, ʧʦʣʴʟʫʷʩʴ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ 

ʚ ʩʠʩʪʝʤʦʪʝʭʥʠʢʝ [202, 260, 261] ʧʦʥʷʪʠʝʤ ʠʥʪʝʨʬʝʡʩ, ʢʦʪʦʨʳʡ ʦʧʨʝ-

ʜʝʣʸʥ ʚ [260] ʢʘʢ çʪʦʯʢʘ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷè ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʵʣʝ-

ʤʝʥʪʦʚ ʩʠʩʪʝʤʳ. ɺ ʨʘʟʜʝʣʝ 3.3 ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʜʝʢʦʤʧʦʟʠʮʠʷ 

ʮʝʣʝʡ ʂɼ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʘʥʠʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʂɼ - ʣʦʛʠʯʝ-

ʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʉʕɼʦʚ. ʕʪʘ ʩʪʨʫʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʯʠʩʣʠʪʴ ʠ ʧʨʦ-

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʦʪʥʦʰʝʥʠʡ, ʩʚʷʟʝʡ ʠ ʚʟʘʠʤʦ-
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ʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʂɼ. ɺʘʨʠʘʥʪʳ ʠʣʣʶʩʪʨʠʨʫʶʪʩʷ ʨʠʩʫʥ-

ʢʦʤ 2.8, ʥʘ ʢʦʪʦʨʦʤ ʚʝʨʰʠʥʳ ʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ - ʉʕɼʳ, ʩʧʣʦʰ-

ʥʳʝ ʧʨʷʤʳʝ ʩʪʨʝʣʢʠ ï ʦʪʥʦʰʝʥʠʷ çʮʝʣʴ-ʧʦʜʮʝʣʴè ʠ çʚʳʰʝʩʪʦʷʱʠʡ 

ʉʕɼ ï ʥʠʞʝʩʪʦʷʱʠʡ ʉʕɼè, ʰʪʨʠʭʦʚʳʝ ʠ ʧʫʥʢʪʠʨʥʳʝ ʩʪʨʝʣʢʠ ï 

ʥʘʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ ʉʕɼʘʤʠ. 

 

 
ʈʠʩ.2.8. ɺʘʨʠʘʥʪʳ ʦʪʥʦʰʝʥʠʡ, ʩʚʷʟʝʡ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʂɼ 

 

ɺʘʨʠʘʥʪ 1- ʩʚʷʟʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʂɼ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʷʭ çʥʠʞʝʩʪʦʷʱʠʡ-ʚʳʰʝʩʪʦʷʱʠʡè, ʥʘʧʨʠʤʝʨ, 

ʥʘ ʨʠʩʫʥʢʝ 2.8 - ʤʝʞʜʫ s ʠ b, ʠʣʠ z ʠ d, ʠʣʠ v ʠ d. ʅʘ ʨʘʟʥʳʭ ʬʘʟʘʭ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʂɼ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʪʘʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦ-ʨʘʟʥʦʤʫ: 

 ɺ ʪʝʯʝʥʠʝ ʬʘʟʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʫʙʲʝʢʪ ʚʳʰʝʩʪʦʷʱʝʛʦ ʉʕɼʘ 
ʬʦʨʤʠʨʫʝʪ ʩʧʨʦʩ, ʠʥʠʮʠʠʨʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʫʙʲʝʢʪʘ ʥʠʞʝʩʪʦʷʱʝʛʦ 

ʉʕɼʘ ʠ ʨʝʘʣʠʟʘʮʠʶ ʩʦʙʩʪʚʝʥʥʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʠʞʝʩʪʦʷʱʝʛʦ ʉʕɼʘ 

(ʧʨʦʮʝʜʫʨʳ ʚ ʚʠʜʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ 9-ʘ ʠ 10 ʥʘ ʨʠʩʫʥʢʝ 2.5). 

 ɺ ʪʝʯʝʥʠʝ ʬʘʟʳ ʨʝʘʣʠʟʘʮʠʠ ʩʫʙʲʝʢʪ ʚʳʰʝʩʪʦʷʱʝʛʦ ʉʕɼʘ ʠʥʠ-

ʮʠʠʨʫʝʪ ʚʳʧʦʣʥʝʥʠʝ ʜʝʡʩʪʚʠʡ ʥʠʞʝʩʪʦʷʱʝʛʦ ʉʕɼʘ (ʵʣʝʤʝʥʪʘʨʥʳʝ 

ʦʧʝʨʘʮʠʠ 11-ʘ ʠ 11-ʙ ʥʘ ʨʠʩʫʥʢʝ 2.5). 

 ɺ ʪʝʯʝʥʠʝ ʬʘʟʳ ʨʝʬʣʝʢʩʠʠ ʩʫʙʲʝʢʪ ʚʳʰʝʩʪʦʷʱʝʛʦ ʉʕɼʘ ʤʦʞʝʪ 
ʟʘʧʨʘʰʠʚʘʪʴ ʠ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʪ ʥʠʞʝʩʪʦʷʱʝʛʦ ʉʕɼʘ. 

 ʇʘʨʘʣʣʝʣʴʥʦ ʚ ʪʝʯʝʥʠʝ ʚʩʝʭ ʬʘʟ ʩʫʙʲʝʢʪ ʥʠʞʝʩʪʦʷʱʝʛʦ ʉʕɼʘ 
ʤʦʞʝʪ ʵʩʢʘʣʠʨʦʚʘʪʴ ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʩʚʷʟʠ ʩ ʩʦʙʳʪʠʷʤʠ ʥʝʦʧʨʝʜʝʣʸʥ-

ʥʦʩʪʠ ʧʨʦʙʣʝʤʳ ʚʳʰʝʩʪʦʷʱʝʤʫ ʉʕɼʫ (ʵʣʝʤʝʥʪʘʨʥʘʷ ʦʧʝʨʘʮʠʷ 14 ʥʘ 

ʨʠʩʫʥʢʝ 2.1). 
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ʆʙʱʝʩʠʩʪʝʤʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

çʧʨʷʤʘʷ ʩʚʷʟʴè ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ (ʜʚʫʥʘ-

ʧʨʘʚʣʝʥʥʳʝ ʰʪʨʠʭʦʚʳʝ ʩʪʨʝʣʢʠ ʥʘ ʨʠʩʫʥʢʝ 2.8). 

ɺʘʨʠʘʥʪ 2 - çʦʧʦʩʨʝʜʦʚʘʥʥʳʝè ʩʚʷʟʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ, ʷʚʣʷʶ-

ʱʠʤʠʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤʠ ʥʠʞʝʩʪʦʷʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʦʜʥʦʛʦ ʚʳ-

ʰʝʩʪʦʷʱʝʛʦ ʉʕɼʘ, ʥʘʧʨʠʤʝʨ, ʥʘ ʨʠʩʫʥʢʝ 2.8- ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ z, w, 

v ʠ d. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʪʘʢʦʡ ʩʚ̫-

ʟʠ, ʚ ʪʝʯʝʥʠʝ ʬʘʟ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʝʬʣʝʢʩʠʠ ʦʪʩʫʪʩʪʚʫʝʪ. ʅʘ ʬʘʟʝ 

ʨʝʘʣʠʟʘʮʠʠ ʦʥʠ ʢʦʩʚʝʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ: ʩʫʙʲʝʢʪ ʚʳʰʝʩʪʦʷʱʝʛʦ 

ʉʕɼʘ ʩʠʥʭʨʦʥʠʟʠʨʫʝʪ ʚʳʧʦʣʥʝʥʠʝ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʩʦʙʣʶʜʝʥʠʷ 

ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʳʰʝʩʪʦʷʱʝʛʦ ʉʕɼʘ. ɺ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʪʘʢʠʝ ʵʣʝʤʝʥʪʳ ʂɼ ʦʙʤʝʥʠʚʘʶʪʩʷ ʠʥʬʦʨʤʘʮʠʝʡ ʯʝʨʝʟ ʥʝʢʦʪʦ-

ʨʳʡ ʨʝʩʫʨʩ ʦʙʤʝʥʘ. 

ɺʘʨʠʘʥʪ 3 - ʩʚʷʟʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ, ʥʝ ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʧʝʨʝ-

ʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʦʪʥʦʰʝʥʠʷʭ, ʥʘʧʨʠʤʝʨ, s ʠ a ʠʣʠ x ʠ d. ʕʣʝʤʝʥʪʳ 

ʂɼ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ çʜʘʣʴʥʝʡ ʩʚʷʟʠè, ʥʘ ʦʙʱʝʩʠʩʪʝʤʥʦʤ ʫʨʦʚʥʝ ʩʚʷʟʘ-

ʥʳ ʜʦʩʪʘʪʦʯʥʦ ʩʣʘʙʦ. ɺʦ-ʧʝʨʚʳʭ, ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʢʣʶʯʘʝʪ ʚʦʟ-

ʤʦʞʥʳʡ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʯʝʨʝʟ ʥʝʢʦʪʦʨʳʡ ʨʝʩʫʨʩ ʦʙʤʝʥʘ. ɺʦ-ʚʪʦʨʳʭ, 

ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʜʠʥ ʠʟ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʚʳʰʝʩʪʦʷʱʠʤ ʧʦ ʦʪʥʦʰʝ-

ʥʠʶ ʢ ʜʨʫʛʦʤʫ, ʥʦ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʫʨʦʚʥʝʡ ʠʝʨʘʨʭʠʠ (ʧʨʠʤʝʨ - x ʠ d, 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2.8 ʧʫʥʢʪʠʨʥʳʤʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʤʠ ʩʪʨʝʣʢʘʤʠ), 

ʧʦʷʚʣʷʝʪʩʷ ʚʘʨʠʘʥʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʵʩʢʘʣʠʨʫʶʱʠʭ ʩʦʦʙ-

ʱʝʥʠʡ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʉʕɼʘʤʠ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘ ʦʙʱʝʩʠʩʪʝʤʥʦʤ ʫʨʦʚʥʝ ʩʚʷʟʠ ʤʝʞʜʫ 

ʵʣʝʤʝʥʪʘʤʠ ʂɼ ʥʦʩʷʪ ʭʘʨʘʢʪʝʨ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʦʦʙʱʝʥʠ-

ʷʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠ/ʠʣʠ ʯʝʨʝʟ ʥʝʢʦʪʦʨʳʡ ʦʙʱʠʡ ʨʝʩʫʨʩ ʦʙʤʝʥʘ. 

ʀʝʨʘʨʭʠʷ ʠ ʬʨʘʢʪʘʣʴʥʦʩʪʴ ʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ 

ʧʦʨʦʞʜʝʥʠʠ ʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʂɼ, ʥʦ ʜʘʣʝʝ, ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ 

ʂɼ, ʠʝʨʘʨʭʠʷ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʤʝʥ. ʀʥʬʦʨʤʘ-

ʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʩʚʷʟʝʡ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦʙ ʦʧʨʝʜʝʣʸʥʥʦʡ ʘʚʪʦ-

ʥʦʤʥʦʩʪʠ ʉʕɼʦʚ ʠ ʦ çʤʷʛʢʠʭè ʩʚʷʟʷʭ ʤʝʞʜʫ ʥʠʤʠ, ʦʙ çʠʩʯʝʟʥʦʚʝʥʠʠ 

ʠʝʨʘʨʭʠʠ ʉʕɼʦʚè, ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʝʸ ʚ çʧʦʜʨʘʟʫʤʝʚʘʝʤʫʶè, çʚʠʨʪʫ-

ʘʣʴʥʫʶè ʬʦʨʤʫ. ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʂɼ ʠʝʨʘʨʭʠʷ ʧʨʦʷʚʣʷʝʪʩʷ 

ʣʠʰʴ ʚ ʪʦʤ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʤʝʥ (ʩʦʦʙʱʝʥʠʷ-

ʤʠ) ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʚ ʧʘʨʘʭ, ʦʧʨʝʜʝʣʸʥʥʳʭ ʣʦ-

ʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʂɼ. 

ɸʥʘʣʠʟ ʮʝʣʝʧʦʣʘʛʘʥʠʷ. ʉʠʩʪʝʤʘ ʮʝʣʝʧʦʣʘʛʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʂɼ 

ʦʧʠʩʳʚʘʝʪʩʷ ʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ, ʧʦʵʪʦʤʫ ʥʝ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʦʛʦ ʘʥʘʣʠʟʘ. 
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ɺʳʧʦʣʥʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʣʝ-

ʤʝʥʪʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʷʚʣʷʶʪ ʩʚʦʡʩʪʚʘ ʤʫʣʴʪʠʘ-

ʛʝʥʪʥʳʭ ʩʠʩʪʝʤ [196, 232, 243], ʨʠʩʫʥʦʢ 2.9. 

 

 
 

ʈʠʩ. 2.9. ʉʭʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ 

ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʡ, ʫʧʨʘʚʣʷʶʱʠʡ ʩʣʦʡ ʂɼ (ʨʠʩʫʥʦʢ 2.9) ʤʦʞʝʪ 

ʙʳʪʴ ʫʩʣʦʚʥʦ ʥʘʟʚʘʥ ʩʣʦʝʤ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʘ ʦʧʝʨʘʮʠʦʥʥʳʡ ʩʣʦʡ 

ʂɼ ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʣʦʝʤ. 

ʉʕɼʳ ʚ ʵʪʦʤ ʬʦʨʤʘʣʠʟʤʝ ʠʛʨʘʶʪ ʨʦʣʴ ʘʚʪʦʥʦʤʥʳʭ ʦʜʥʦʪʠʧʥʳʭ 

ʘʛʝʥʪʦʚ (ʚ ʪʝʨʤʠʥʘʭ ʤʫʣʴʪʠʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ). ʀʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ 

ʘʛʝʥʪʦʚ - ʉʕɼʦʚ - ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʝʜʠʥʦʡ ʩʭʝʤʝ ʨʝʘʣʠʟʘʮʠʠ ʞʠʟʥʝʥ-

ʥʦʛʦ ʮʠʢʣʘ ʂɼ ʩʦʛʣʘʩʥʦ ʧʨʦʮʝʩʩʥʦʡ ʤʦʜʝʣʠ ʉʕɼʘ. ʉʧʝʮʠʬʠʢʘ ʘʛʝʥ-

ʪʦʚ - ʦʩʦʙʝʥʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʢʦʥʢʨʝʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ - ʟʘʜʘʶʪʩʷ ʣʦ-

ʛʠʯʝʩʢʦʡ ʠ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʦʡ  ʩʪʨʫʢʪʫʨʘʤʠ ʢʘʞʜʦʛʦ ʉʕɼʘ 

(ʤʦʜʝʣʠ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʟʜʝʣʘʭ 3.3 ʠ 3.4 ʤʦʥʦʛʨʘʬʠʠ [15]). 

ʃʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪ ʮʝʣʝʧʦʣʘʛʘʥʠʝ ʩʦʚʦʢʫʧʥʦ-

ʩʪʠ ʘʛʝʥʪʦʚ-ʉʕɼʦʚ ʚ ʮʝʣʦʤ. ʃʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʠʥʠʤʘʝʪ ʬʦʨʤʫ 

çʚʠʨʪʫʘʣʴʥʦʡ ʠʝʨʘʨʭʠʠè ʚ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʘʛʝʥʪʦʚ-ʉʕɼʦʚ, ʢʦʪʦʨʳʝ 

ʩʚʷʟʘʥʳ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʯʝʨʝʟ ʤʝʭʘʥʠʟʤʳ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ ʠ 
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ʥʦʨʤʘʪʠʚʥʦʡ, ʘʧʨʠʦʨʥʦʡ, ʦʧʝʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʂɼ ʯʝʨʝʟ ʦʙ-

ʱʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʨʝʩʫʨʩ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʘʛʝʥʪʦʚ-ʉʕɼʦʚ ʤʦʞʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝ-

ʤʝʥʠ ï ʦʜʥʠ ʘʛʝʥʪʳ ʤʦʛʫʪ ʧʦʨʦʞʜʘʪʴ ʥʦʚʳʭ ʘʛʝʥʪʦʚ, ʜʨʫʛʠʝ - ʧʨʝ-

ʢʨʘʱʘʪʴ ʩʚʦʸ ʩʫʱʝʩʪʚʦʚʘʥʠʝ, ʤʦʛʫʪ ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʛʝʥʪʦʚ. ʇʦʨʦʞʜʝʥʠʝ ʠ ʧʨʝʢʨʘʱʝʥʠʝ ʩʫʱʝʩʪʚʦʚʘ-

ʥʠʷ ʘʛʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩʦʛʣʘʩʥʦ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʘʤ ʵʣʝʤʝʥʪʦʚ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ, ʦʧʠʩʳʚʘʝʤʳʤ ʧʨʦʮʝʩʩʥʳʤʠ ʤʦʜʝʣʷʤʠ ʉʕɼʦʚ. ɸʛʝʥʪʳ-

ʉʕɼʳ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʦʙʳʪʠʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ, ʯʘʩʪʴ ʢʦ-

ʪʦʨʳʭ ʛʝʥʝʨʠʨʫʝʪʩʷ ʘʛʝʥʪʘʤʠ-ʉʕɼʘʤʠ, ʜʨʫʛʠʝ ʩʦʙʳʪʠʷ ï ʚʥʝʰʥʝʡ 

ʩʨʝʜʦʡ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʘʛʝʥʪʦʚ-ʉʕɼʦʚ ʦʪʨʘʞʘʝʪ ʦʙʱʝʩʠʩʪʝʤʥʫʶ ʯʘʩʪʴ 

ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ çʩʚʷʟʳʚʘʝʪè (ʦʨʛʘʥʠʟʫʝʪ) ʵʣʝʤʝʥ-

ʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ, ʬʦʨʤʠʨʫʝʪ ʩʦʙʩʪʚʝʥʥʦ ʢʦʤʧʣʝʢʩʥʫʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ. ʉʧʝʮʠʬʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʮʝʣʝʚʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ 

ʩʦʩʪʘʚ ʉʕɼʦʚ. 

ɸʜʝʢʚʘʪʥʦʡ ʤʝʪʘʬʦʨʦʡ ʘʛʝʥʪʘ-ʉʕɼʘ ʷʚʣʷʝʪʩʷ ʥʝʢʠʡ çʘʚʪʦʤʘʪè, 

ʢʦʪʦʨʳʡ ʩʯʠʪʳʚʘʝʪ çʧʨʦʛʨʘʤʤʫè (ʪʝʭʥʦʣʦʛʠʶ ʚ ʚʠʜʝ ʣʦʛʠʯʝʩʢʦʡ, 

ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʦʡ ʠ ʧʨʦʮʝʩʩʥʦʡ ʤʦʜʝʣʠ) ʠʟ ʥʝʢʦʪʦʨʦʛʦ çʭʨʘʥʠ-

ʣʠʱʘè (ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʂɼ) ʠ ʠʩʧʦʣʥʷʝʪ çʧʨʦʛʨʘʤʤʫè ʩ ʫʯʸ-

ʪʦʤ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ - ʩʦʙʳʪʠʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ. ʉʦ-

ʛʣʘʩʥʦ ʪʝʭʥʦʣʦʛʠʠ çʉʕɼ-ʘʚʪʦʤʘʪè ʤʦʞʝʪ ʧʦʨʦʞʜʘʪʴ ʜʨʫʛʠʝ çʉʕɼʳ-

ʘʚʪʦʤʘʪʳè, ʧʦ ʟʘʚʝʨʰʝʥʠʠ çʧʨʦʛʨʘʤʤʳè ʩʫʱʝʩʪʚʦʚʘʥʠʝ çʉʕɼʘ-

ʘʚʪʦʤʘʪʘè ʧʨʝʢʨʘʱʘʝʪʩʷ. ʆʪʜʝʣʴʥʳʝ çʉʕɼ-ʘʚʪʦʤʘʪʳè ʬʦʨʤʠʨʫʶʪ 

çʧʨʦʛʨʘʤʤʳè ʜʣʷ ʜʨʫʛʠʭ çʉʕɼ-ʘʚʪʦʤʘʪʦʚè (ʩʦʟʜʘʶʪ ʪʝʭʥʦʣʦʛʠʠ ʂɼ), 

ʜʨʫʛʠʝ ʚʳʧʦʣʥʷʶʪ ʦʨʛʘʥʠʟʘʮʠʶ ʨʝʩʫʨʩʦʚ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ çʉʕɼ-

ʘʚʪʦʤʘʪʦʚè ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʸʤ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʩʯʠʪʳ-

ʚʘʥʠʷ / ʟʘʧʠʩʠ ʥʦʨʤʘʪʠʚʥʦʡ, ʘʧʨʠʦʨʥʦʡ, ʦʧʝʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʠʟ/ʚ çʭʨʘʥʠʣʠʱʝè. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘ ʬʦʨʤʘʣʴʥʦʤ ʫʨʦʚʥʝ ʜʠʥʘʤʠʯʝʩʢʠ ʤʝʥʷʶʱʘʷʩʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʂɼ (çʉʕɼ-ʘʚʪʦʤʘʪʦʚè) ʦʜʠʥʘʢʦʚʦ ʫʩʪʨʦʝʥ-

ʥʳʭ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʣʦʛʠʯʝʩʢʦʡ, ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʦʡ ʠ ʧʨʦʮʝʩʩ-

ʥʦʡ ʤʦʜʝʣʷʤ), ʥʦ ʨʝʘʣʠʟʫʶʱʠʭ ʨʘʟʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (çʧʨʦʛʨʘʤʤʳè) 

ʦʧʠʩʳʚʘʝʪ ʢʦʤʧʣʝʢʩʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʮʝʣʦʤ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʝʸ ʦʨʛʘ-

ʥʠʟʘʮʠʦʥʥʳʡ ʠ ʫʧʨʘʚʣʷʶʱʠʡ çʩʣʦʡè. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʮʝʣʝʚʘʷ ʜʝ̫-

ʪʝʣʴʥʦʩʪɹ , ʬʦʨʤʠʨʫʶʱʘʷ ʪʨʝʙʫʝʤʳʡ ʨʝʟʫʣʴʪʘʪ, ʦʪʨʘʞʘʝʪʩʷ ʩʧʝʮʠʬʠ-

ʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ, ʢʘʞʜʘ ̫ ʠʟ ʢʦʪʦʨʳʭ 

ʘʩʩʦʮʠʠʨʦʚʘʥʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʣʦʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʂɼ (çʉʕɼʦʤ-

ʘʚʪʦʤʘʪʦʤè). ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʬʦʨʤʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʠʞʝ 
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ʚ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣʴ ʨʝʘʣʠʟʘʮʠʠ ɾʎ ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʬʫʥʢ-

ʮʠʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʥʠʞʝ ʤʦʜʝʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ 

ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʝʘʣʠʟʘʮʠʠ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʵʣʝʤʝʥʪʦʚ ʂɼ, 

ʧʦʵʪʦʤʫ ʦʥʘ ʜʦʣʞʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʪʨʘʞʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ ʂɼ, 

ʠʟʣʦʞʝʥʥʳʝ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ ʠ ʚ ʤʦʥʦʛʨʘʬʠʠ [15] ʜʣʷ ʦʧʠʩʘ-

ʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʂɼ (ʣʦʛʠʯʝʩʢʫʶ, ʧʨʠʯʠʥʥʦ-

ʩʣʝʜʩʪʚʝʥʥʫʶ ʠ ʧʨʦʮʝʩʩʥʳʝ ʤʦʜʝʣʠ ʉʕɼʦʚ; ʘʛʨʝʛʠʨʦʚʘʥʥʦʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʨʘʟʜʝʣ 1.4; ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʤʦ-

ʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ ʂɼ ʠ ʨʝʘʣʠʟʘʮʠʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʂɼ, 

ʨʘʟʜʝʣ 1.5.3; ʢʘʯʝʩʪʚʝʥʥʫ  ʁʤʦʜʝʣʴ ʨʝʘʣʠʟʘʮʠʠ ɾʎ ʆʊʉ, ʨʘʟʜʝʣ 2.2). 

 

2.2.2 çʇʨʠʢʣʘʜʥʳʝè ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʦʜʝʣʠ ʨʝʘʣʠʟʘʮʠʠ 

ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʆʊʉ 

 

ʉʦʛʣʘʩʦʚʘʥʠʝ ʧʣʘʥʦʚ ʨʝʘʣʠʟʘʮʠʠ ʂɼ ʆʊʉ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʛʥʦ-

ʟʠʨʦʚʘʥʠʷ ʝʸ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʤʠʤʦ ʪʦʛʦ, ʯʪʦ 

ʩʣʫʞʠʪ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ, 

ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ. ʃʶʙʳʝ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʨʠʥʠʤʘʶʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʷʚʥʦʛʦ ʠʣʠ ʧʦʜʨʘʟʫʤʝʚʘʝʤʦʛʦ ʧʨʝʜʩʢʘʟʘʥʠʷ ʙʫʜʫʱʝʛʦ ʧʦʚʝʜʝʥʠʷ 

ʫʧʨʘʚʣʷʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʦʞʠʜʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʠ ʩʨʘʚʥʝʥʠʷ ʩ ʪʨʝʙʫ-

ʝʤʳʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʦʩʥʦ-

ʚʦʡ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ï ʬʠʨʤʘʤʠ, ʧʨʦʝʢʪʘʤʠ, ʧʨʦʝʢʪʥʳʤʠ 

ʧʨʦʛʨʘʤʤʘʤʠ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ, ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʤʠ 

ʘʛʝʥʪʩʪʚʘʤʠ ʠ ʦʨʛʘʥʘʤʠ, ʪʨʘʥʩʥʘʮʠʦʥʘʣʴʥʳʤʠ ʢʦʨʧʦʨʘʮʠʷʤʠ, ʠʭ ʧʦʜ-

ʨʘʟʜʝʣʝʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʠʭ ʨʘʟʣʠʯʥʳʤʠ ʦʙʲʝʜʠʥʝʥʠʷʤʠ - ʪʦ ʝʩʪʴ ʚʩʝʤ 

ʪʝʤ, ʯʪʦ ʧʨʠʥʷʪʦ ʢʨʘʪʢʦ ʥʘʟʳʚʘʪʴ ʙʠʟʥʝʩʦʤ. ʇʦʵʪʦʤʫ ʨʘʩʩʤʦʪʨʠʤ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ, ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʙʠʟʥʝʩʘ, ʠ ʙʫʜʝʤ 

ʫʯʠʪʳʚʘʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʟʘʜʘʯʝ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʂɼ ʆʊʉ [21] ʩ ʵʪʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ. 

ɺ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ 2.2.1 ʨʝʘʣʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ ʙʳʣʘ ʬʦʨʤʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʜʠʥʘʤʠʯʝʩʢʠ ʤʝʥʷʶʱʝʡʩʷ ʩʦʚʦʢʫʧʥʦ-

ʩʪʠ ʦʜʥʦʨʦʜʥʳʭ ʉʕɼʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʪʨʘʞʘʝʪ ʚʳʧʦʣʥʝʥʠʝ 

ɾʎ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʂɼ. ʕʪʦʪ ʬʦʨʤʘʣʠʟʤ ʝʩʪʝʩʪʚʝʥʥʳʤ 

ʦʙʨʘʟʦʤ ʦʪʨʘʞʘʝʪ ʢʦʤʧʣʝʢʩʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ - ʙʠʟʥʝʩ - ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʨʫʧʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ ʢʦʦʧʝʨʘʮʠʠ ʠ 

ʫʧʨʘʚʣʝʥʠʝʤ ʜʝʩʷʪʢʘʤʠ ʪʳʩʷʯ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʚʪʦʥʦʤʥʳʭ ʙʠʟʥʝʩ-
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ʵʣʝʤʝʥʪʦʚ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʷʚʣʷʶʱʠʭʩʷ ʧʨʝʜʧʨʠʷʪʠʷʤʠ [11]. ʉʦʩʨʝʜʦ-

ʪʦʯʠʪʴ ʫʧʨʘʚʣʝʥʠʝ ʪʘʢʦʡ ʩʠʩʪʝʤʦʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʢʦʤʧʣʝʢʩʥʳʭ ʩʠ-

ʩʪʝʤ, ʚ ʦʜʥʦʤ ʮʝʥʪʨʝ ʠ ʦʨʛʘʥʠʟʦʚʘʪʴ ʝʛʦ ʚ ʜʠʨʝʢʪʠʚʥʦʡ ʧʘʨʘʜʠʛʤʝ 

ʥʝʚʦʟʤʦʞʥʦ. ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʦʣʞʥʳ ʦʭʚʘʪʳʚʘʪʴ ʚʩʶ ʠʝʨʘʨʭʠ-

ʯʝʩʢʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʘʛʝʥʪʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʩ-

ʧʨʝʜʝʣʸʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʝʜʠʥʳʭ ʙʠʟ-

ʥʝʩ-ʮʝʣʝʡ. ʅʝʦʙʭʦʜʠʤʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʠʭ ʵʣʝʤʝʥʪʳ 

ʣʦʢʘʣʴʥʦ ʚ ʦʙʣʘʩʪʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʢʘʞʜʦʛʦ ʨʫʢʦʚʦʜʠʪʝʣʷ ʠ ʚ ʪʦ ʞʝ 

ʚʨʝʤʷ ʫʚʷʟʳʚʘʪʴ ʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ ʠʝʨʘʨʭʠʶ ʪʘʢ, ʯʪʦʙʳ ʚʳʭʦʜʥʳʝ 

ʜʘʥʥʳʝ ʦʜʥʠʭ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʢ ʚʭʦʜʥʳʝ ʜʣʷ ʜʨʫʛʠʭ. ʕʪʦ 

ʧʦʟʚʦʣʠʪ ʚ ʨʘʤʢʘʭ ʢʘʞʜʦʡ ʣʦʢʘʣʴʥʦʡ ʤʦʜʝʣʠ ʦʧʝʨʠʨʦʚʘʪʴ ʦʙʦʟʨʠʤʳ-

ʤʠ ʦʙʲʸʤʘʤʠ ʜʘʥʥʳʭ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʝʜʠʥʳʡ ʨʝʟʫʣʴʪʘʪ. ɺʤʝʩʪʝ ʩ ʪʝʤ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʛʣʘʩʦʚʳʚʘʪʴ ʣʦʢʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ï ʧʣʘʥʳ ʨʝʘʣʠʟʘʮʠʠ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ï ʣʦʢʘʣʴʥʳʝ ʤʦʜʝʣʠ. 

ʇʨʝʜʧʨʠʷʪʠʷ, ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʨʝʘʣʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʪʣʠʯʘʶʪʩʷ ʜʫʘʣʠʟʤʦʤ ʠ ʦʧʨʝʜʝʣʸʥʥʳʤ ʚʥʫʪʨʝʥʥʠʤ 

ʧʨʦʪʠʚʦʨʝʯʠʝʤ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ 

ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʪʘʢʞʝ ʢʘʢ ʩʠʩʪʝʤʳ, ʩʦʩʪʦ̫ -

ʱʠʝ ʠʟ ʩʠʩʪʝʤ [150], ʧʦʵʪʦʤʫ ʜʣʷ ʠʭ ʧʦʚʝʜʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʥʝʦʧʨʝʜʝ-

ʣʸʥʥʦʩʪʴ, ʩʣʘʙʘʷ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʠ ʪʨʫʜʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʧʨʝʜʧʨʠʷʪʠʷ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʘʤʠ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʙʠʟʥʝʩʘ ʠ ʵʢʦʥʦʤʠʢʠè, ʯʪʦ ʜʝʣʘʝʪ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʫ ʦʮʝʥʠʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ (ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʨʘʤʢʘʭ ʥʘʣʦʛʦʚʦʛʦ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʫʯʸʪʘ) ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʟʘʜʘʯʘ ʦʪʥʦʩʠʪʩʷ ʢ ʩʬʝʨʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʭʦ-

ʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ, ʚ ʦʩʥʦʚʝ ʯʝʛʦ ʣʝʞʠʪ ʜʝʷʪʝʣʴ-

ʥʦʩʪʴ ʣʶʜʝʡ, ʠʭ ʘʢʪʠʚʥʳʡ ʚʳʙʦʨ ʥʘ ʙʘʟʝ ʩʫʙʲʝʢʪʠʚʥʳʭ ʧʨʝʜʧʦʯʪʝʥʠʡ. 

ʇʦʵʪʦʤʫ çʪʦʯʥʳʭè ʘʧʨʠʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʜʝʥʠʷ ʧʨʦʛʥʦʟʠʨʫ-

ʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʦʜʥʦʟʥʘʯʥʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʭ ʟʘʢʦ-

ʥʘʭ (ʪʘʢʠʭ, ʢʘʢ ʟʘʢʦʥʳ ʬʠʟʠʢʠ ʠʣʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ) ʠʣʠ ʦʙʲ-

ʝʢʪʠʚʥʳʭ ʠʟʤʝʨʝʥʠʷʭ, ʧʨʦʩʪʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ɺʤʝʩʪʦ ʵʪʦʛʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʨʠʭʦʜʠʪʩʷ ʦʩʥʦʚʳʚʘʪʴ ʥʘ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʠʟ ʥʦʨʤʘʪʠʚʥʳʭ ʠ ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ ʜʦʢʫʤʝʥʪʦʚ ʠʣʠ ʠʟ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʠʭ ʦʮʝʥʦʢ, ʘ ʪʘʢʞʝ ʠʟ çʩʫʙʲʝʢʪʠʚʥʳʭè ʠ çʵʢʩʧʝʨʪʥʳʭè ʦʮʝʥʦʢ, ʯʘ-

ʩʪʦ ʠʤʝʶʱʠʭ ʭʘʨʘʢʪʝʨ ʧʣʘʥʦʚ. ʇʨʠʯʸʤ ʧʦʩʣʝʜʥʠʝ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ 

ʙʳʚʘʶʪ ʝʜʠʥʩʪʚʝʥʥʦʡ ʧʨʠʛʦʜʥʦʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʝʡ ʦ 

ʙʫʜʫʱʝʤ ʧʦʚʝʜʝʥʠʠ ʧʨʝʜʧʨʠʷʪʠʷ. ʂʘʢ ʩʦʮʠʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʧʨʝʜʧʨʠ-

ʷʪʠʷ ʦʙʣʘʜʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʝʬʣʝʢʩʠʝʡ ʧʦʚʝʜʝʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʩʫʙʲ-

ʝʢʪʠʚʥʳʝ ʵʢʩʧʝʨʪʥʳʝ ʦʮʝʥʢʠ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʦʩʦʙʝʥʥʦ ʟʥʘʯʠʤʳʤʠ, 
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ʪʘʢ ʢʘʢ ʵʪʠ ʦʮʝʥʢʠ ʚʣʠʷʶʪ ʥʘ ʧʦʚʝʜʝʥʠʝ ʦʮʝʥʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ (ʧʨʝʞ-

ʜʝ ʚʩʝʛʦ, ʝʩʣʠ ʵʪʠ ʦʮʝʥʢʠ ʷʚʣʷʶʪʩʷ ʧʣʘʥʘʤʠ). ʊʦ ʝʩʪʴ, ʥʝʦʙʭʦʜʠʤʦ ʥʝ 

ʪʦʣʴʢʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ, ʥʦ ʠ ʘʛʨʝʛʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘ-

ʮʠʶ ʦ ʙʠʟʥʝʩʝ - ʂɼ ʆʊʉ - ʚ ʚʠʜʝ ʤʥʝʥʠʡ ʠ ʩʫʞʜʝʥʠʡ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʤʝʥʝʜʞʝʨʦʚ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ. 

ʉʦʛʣʘʩʦʚʘʥʠʝ ʧʣʘʥʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠ ̫ ʨʝʟʫʣʴʪʘʪʘ ʠ 

ʵʬʬʝʢʪʘ ʚ ʠʥʪʝʨʝʩʘʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʪʨʝ-

ʙʫʝʪ ʨʝʰʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʚ ʦʧʝʨʘʪʠʚʥʦʤ ʨʝʞʠʤʝ ï ʧʦ 

ʤʝʨʝ ʨʝʘʣʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ï ʪʦ ʝʩʪʴ, ʚʦ-ʧʝʨʚʳʭ, ʨʝʛʫʣʷʨʥʦ, ʚʦ-

ʚʪʦʨʳʭ, ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʥʘ ʤʦʤʝʥʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʥʦʟʘ ʯʘʩʪʴ 

ʵʣʝʤʝʥʪʦʚ ʂɼ ʫʞʝ ʟʘʚʝʨʰʝʥʘ, ʜʨʫʛʘʷ ʯʘʩʪʴ ʨʝʘʣʠʟʫʝʪʩʷ, ʪʨʝʪʴʷ ʙʫʜʝʪ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʚ ʙʫʜʫʱʝʤ. ʇʦʵʪʦʤʫ ʚ ʭʦʜʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʥʦʟʘ 

ʥʝʦʙʭʦʜʠʤʦ ʢʦʨʨʝʢʪʥʦ ʩʦʯʝʪʘʪʴ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʠ ʥʝʦʧʨʝʜʝʣʸʥ-

ʥʳʝ ʜʘʥʥʳʝ, ʫʯʠʪʳʚʘʷ ʢʘʞʜʳʡ ʨʘʟ ʚʥʦʚʴ ʧʦʣʫʯʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. 

ɺʘʞʥʦ ʧʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʪʴ çʤʦʥʦʪʦʥʥʦʩʪʴè ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʪʦʤ 

ʩʤʳʩʣʝ, ʯʪʦ ʧʨʠ ʩʣʝʜʫʶʱʝʤ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʦʛʥʦʟʘ ʯʘʩʪʴ ʜʘʥʥʳʭ, 

ʙʳʚʰʠʭ ʥʝʦʧʨʝʜʝʣʸʥʥʳʤʠ ʧʨʠ ʧʨʝʜʳʜʫʱʝʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ, ʩʪʘʥʦ-

ʚʷʪʩʷ ʬʘʢʪʠʯʝʩʢʠʤʠ - ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤʠ, ʪʦ ʝʩʪʴ ʢʘʞʜʳʡ ʧʦʩʣʝ-

ʜʫʶʱʠʡ ʧʨʦʛʥʦʟ ʜʦʣʞʝʥ çʫʪʦʯʥʷʪʴè ʧʨʝʜʳʜʫʱʠʡ. 

ɽʱʸ ʦʜʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʵʣʝʤʝʥʪʦʚ ʂɼ ʚ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʂɼ, ʯʪʦ ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʳʭ ʤʦʜʝʣʠʨʫʶ-

ʱʠʭ ʤʝʭʘʥʠʟʤʦʚ ʜʣʷ ʫʯʸʪʘ ʵʪʦʛʦ ʬʘʢʪʦʨʘ ʚ ʭʦʜʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

ʂʦʤʧʣʝʢʩʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʆʊʉ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʯʝʪʘʥʠʝʤ 

 ʅʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʪʝʭʥʦʣʦʛʠʠ ʂɼ ʠ/ʠʣʠ ʩʫʙʲ-

ʝʢʪʦʚ. ʈʝʘʣʠʟʘʮʠʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʜʥʦʤʫ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʠʩʭʦʜʦʚ: ʘ) ʦʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʵʣʝʤʝʥʪʘ 

ʂɼ; ʙ) ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʜʦʣʞʝʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʝʢʨʘʱʝʥʠʷ ʵʣʝʤʝʥʪʘ ʂɼ; ʚ) ʟʘʜʝʨʞʢʘ ʚ ʩʨʦʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʵʣʝʤʝʥʪʘ 

ʂɼ; ʛ) ʫʚʝʣʠʯʝʥʠʝ ʠʟʜʝʨʞʝʢ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʵʣʝʤʝʥʪʘ ʂɼ. ʇʨʠ ʵʪʦʤ 

ʨʠʩʢʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʥʝʩʸʪ ʩʫʙʲʝʢʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʉʕɼʘ. 

 ʈʝʛʫʣʷʨʠʟʘʮʠʠ (ʨʘʟʜʝʣ 1.5.1), ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ ʨʝʛʣʘʤʝʥʪʘʮʠʠ 
ʂɼ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ ʜʝʡʩʪʚʠʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʉʕɼʦʚ ʢʦʥʝʯʥʳ ʠʣʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʲʝʜʠʥʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʧʦʧʘʨʥʦ ʥʝʧʝʨʝʩʝ-

ʢʘʶʱʠʭʩʷ ʧʦʜʤʥʦʞʝʩʪʚ, ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʷ 

ʥʝʨʘʟʣʠʯʠʤʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ. ʅʘʧʨʠʤʝʨ, ʩʦʪʨʫʜʥʠʢʠ ʚʳ-

ʧʦʣʥʷʶʪ ʦʧʝʨʘʮʠʠ ʠʟ ʘʧʨʠʦʨʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʠ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʥʘʙʦʨʘ, ʧʦʜʨʷʜʯʠʢʠ ʧʦʩʪʘʚʣʷʶʪ ʠʤʝʥʥʦ ʪʦʪ ʥʘʙʦʨ ʢʦʤʧʣʝʢʪʫʶʱʠʭ 
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ʠʟʜʝʣʠʡ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪʩʷ ʟʘʢʘʟʯʠʢʫ, ʧʨʠʯʸʤ ʚʳʙʨʘʥʥʳʭ ʠʟ ʘʧʨʠʦʨʠ 

ʦʧʨʝʜʝʣʸʥʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ. 

 ʐʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʶ-

ʱʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʩ ʣʶʙʳʤ ʪʨʝʙʫʝʤʳʤ ʫʨʦʚʥʝʤ ʜʝʪʘʣʴʥʦʩʪʠ ʩʥʘʯʘʣʘ 

ʧʣʘʥʠʨʦʚʘʪʴ, ʘ ʧʦʩʣʝ - ʦʪʨʘʞʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʬʘʢʪʠʯʝʩʢʠʝ ʘʩʧʝʢ-

ʪʳ ʂɼ, ʧʨʠʯʸʤ ʚʩʝ ʵʪʦ ʚ ʨʘʤʢʘʭ ʚʩʝʡ ʆʊʉ, ʥʘʧʨʠʤʝʨ, ʚʩʝʡ ʢʦʦʧʝʨʘʮʠʠ 

ʧʨʝʜʧʨʠʷʪʠʡ ʧʨʦʠʟʚʦʜʷʱʠʭ ʢʦʥʢʨʝʪʥʳʡ ʦʙʨʘʟʝʮ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ 

ʪʝʭʥʠʢʠ ʠʣʠ ʩʦʟʜʘʶʱʝʡ ʢʨʫʧʥʳʡ ʢʘʧʠʪʘʣʴʥʳʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʡ 

ʢʦʤʧʣʝʢʩ. 

ɺʳʰʝʧʨʠʚʝʜʸʥʥʳʝ ʩʦʦʙʨʘʞʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʨʝ-

ʙʦʚʘʥʠʷ ʢ ʤʦʜʝʣʠ ʨʝʘʣʠʟʘʮʠʠ ɾʎ ʂɼ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʸ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷʤ ï ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʂɼ 

ʆʊʉ: 

 ʄʦʜʝʣʴ ʜʦʣʞʥʘ ʦʧʠʨʘʪʴʩʷ ʥʘ ʦʧʠʩʘʥʠʝ ʂɼ ʆʊʉ ʚ ʚʠʜʝ ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʳ, ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʠʩʪʝʤ - ʜʠʥʘʤʠʯʝʩʢʠ ʤʝ-

ʥʷʶʱʝʡʩʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʜʥʦʨʦʜʥʳʭ ʉʕɼʦʚ (ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ 

ʪʳʩʷʯ), ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʪʨʘʞʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ɾʎ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʛʦ ʵʣʝʤʝʥʪʘ ʂɼ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʨʝʜʧʨʠʷʪʠʝʤ. 

 ʄʦʜʝʣʴ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ ʩʚʷʟʠ ʠ ʬʨʘʢʪʘʣʴʥʦʩʪʴ ʞʠʟʥʝʥʥʳʭ 

ʮʠʢʣʦʚ ʂɼ ʧʨʝʜʧʨʠʷʪʠʡ -ʉʕɼʦʚ: ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʠʝʨʘʨʭʠʠ, ʟʘʜʘʚʘʝ-

ʤʳʝ ʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ, ʩʝʪʝʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʷʟʠ, ʧʨʝʜʩʪʘʚ-

ʣʷʝʤʳʝ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʦʡ ʤʦʜʝʣʴʶ, ʩʪʨʫʢʪʫʨʳ ʞʠʟʥʝʥʥʳʭ ʮʠʢ-

ʣʦʚ, ʟʘʜʘʚʘʝʤʳʝ ʧʨʦʮʝʩʩʥʦʡ ʤʦʜʝʣʴʶ. 

 ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʜʦʧʫʩʢʘʪʴ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʥʦʨʤʘʪʠʚʥʳʭ ʠ ʨʝʛʣʘʤʝʥʪʠʨʫʶ-

ʱʠʭ ʜʦʢʫʤʝʥʪʦʚ, ʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ, ʘ ʪʘʢʞʝ ʠʟ çʩʫʙʲʝʢʪʠʚ-

ʥʳʭè ʠ çʵʢʩʧʝʨʪʥʳʭè ʧʣʘʥʦʚ ʠ ʦʮʝʥʦʢ ʨʫʢʦʚʦʜʠʪʝʣʝʡ; ʫʯʠʪʳʚʘʪʴ 

ʨʝʬʣʝʢʩʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʧʦʚʝʜʝʥʠʷ ʤʦʜʝʣʠʨʫʝʤʳʭ ʩʠʩʪʝʤ. 

 ʄʦʜʝʣʴ ʜʦʣʞʥʘ ʧʦʟʚʦʣʷʪʴ ʚʳʧʦʣʥʷʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ (ʤʥʦʛʦ-

ʢʨʘʪʥʦʝ ʧʝʨʠʦʜʠʯʝʩʢʦʝ) ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʩʦʯʝʪʘʪʴ ʥʝʦʧʨʝʜʝʣʸʥʥʳʝ ʠ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ, ʦʙʝʩʧʝʯʠʚʘʪʴ çʤʦʥʦʪʦʥʥʦʩʪʴ ʠ ʧʨʝʝʤ-

ʩʪʚʝʥʥʦʩʪʴè ʧʨʦʛʥʦʟʘ ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʧʨʠ ʩʣʝʜʫʶʱʝʤ ʬʦʨʤʠʨʦʚʘ-

ʥʠʠ ʧʨʦʛʥʦʟʘ ʯʘʩʪʴ ʜʘʥʥʳʭ, ʙʳʚʰʠʭ ʥʝʦʧʨʝʜʝʣʸʥʥʳʤʠ ʧʨʠ ʧʨʝʜʳʜʫ-

ʱʝʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ, ʩʪʘʥʦʚʷʪʩʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤʠ. 

 ʄʦʜʝʣʴ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ ʩʦʯʝʪʘʥʠʝ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʂɼ, 

ʢʦʥʝʯʥʦʩʪʠ ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ ʜʝʡʩʪʚʠʡ ʉʕɼʦʚ ʠ ʧʦʣʥʦʡ ʠʥʬʦʨ-

ʤʠʨʦʚʘʥʥʦʩʪʠ ʩʫʙʲʝʢʪʦʚ ʚʳʰʝʩʪʦʷʱʠʭ ʉʕɼʦʚ ʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʠʞʝ-

ʩʪʦʷʱʠʭ. 
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ʌʘʢʪʠʯʝʩʢʠ ʤʦʜʝʣ ɹʜʦʣʞʥʘ ʷʚʣʷʪʴʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ ʦʙʦʩʥʦʚʘʥʥʦ-

ʛʦ ʩʦʛʣʘʩʦʚʘʥʠʷ ʧʣʘʥʦʚ ʨʝʘʣʠʟʘʮʠʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʞʠʟʥʝʥʥʳʭ ʮʠʢ-

ʣʦʚ ʵʣʝʤʝʥʪʦʚ ʂɼ, ʬʦʨʤʠʨʫʝʤʳʭ ʠʭ ʩʫʙʲʝʢʪʘʤʠ (ʧʣʘʥʦʚ ʬʫʥʢʮʠʦʥʠ-

ʨʦʚʘʥʠʷ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʬʦʨʤʠʨʫʝʤʳʭ ʤʝʥʝʜʞʝʨʘʤʠ). 

ʀʟʚʝʩʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʩʤʝʞʥʳʝ ʨʘʙʦʪʳ. ʊʨʘʜʠʮʠʦʥʥʦ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʧʨʠʥʘʜʣʝʞʘʪ ʪʝʦʨʠʠ ʩʠʩʪʝʤ ʠ ʩʠʩʪʝʤ-

ʥʦ-ʠʥʞʝʥʝʨʥʦʡ ʦʙʣʘʩʪʠ. ʅʘʯʠʥʘʷ ʩ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ ʦʙʟʦʨʝ [187] ʨʘ-

ʙʦʪ, ʜʝʣʘʣʠʩʴ ʧʦʧʳʪʢʠ ʝʱʸ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʨʘʙʦʪʢʠ ʦʮʝʥʠʪʴ 

Lifecycle Cost ï ʟʘʪʨʘʪʳ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʩʦʟʜʘʚʘʝ-

ʤʦʡ ʩʠʩʪʝʤʳ ʠʣʠ ʠʟʜʝʣʠʷ. ʇʦʟʜʥʝʝ ʧʦʷʚʠʣʠʩʴ ʨʘʙʦʪʳ, ʥʘʧʨʠʤʝʨ 

[218, 220, 270], ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʤʘʰʠʥ-

ʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʜʨʫʛʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ. ʄʝʪʦʜʠʢʠ ʦʮʝʥʢʠ 

ʩʪʦʠʤʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʥʦʨʤʘʪʠʚ-

ʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʪʘʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʢʘʢ ʅʘʮʠʦʥʘʣʴʥʦʝ ʘʵʨʦʢʦʩʤʠʯʝ-

ʩʢʦʝ ʘʛʝʥʪʩʪʚʦ ʉʐɸ (NASA) [229] ʠ ʆʬʠʩ ʢʦʥʪʨʦʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʨʘʩʭʦʜʦʚ ʉʐɸ (GAO) [181], ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʝʜʫʱʠʭ ʬʠʨʤ, 

ʢʘʢ ʥʘʧʨʠʤʝʨ [162]. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʧʨʦʙʣʝʤʘ ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʚʝʜʝʥʠʷ (ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ʚʦ ʚʨʝʤʝʥʠ) ʦʙʲʝʢʪʦʚ / ʩʠʩʪʝʤ, ʩʦ-

ʩʪʦʷʱʠʭ ʠʟ ʤʥʦʞʝʩʪʚʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʦʙʣʝʤʘ ʥʝ ʷʚ-

ʣʷʝʪʩʷ ʥʦʚʦʡ, ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʚʷʱʝʥʦ 

ʨʘʟʨʘʙʦʪʢʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ ʜʘʥʥʦʡ ʠ ʩʤʝʞʥʳʭ ʦʙʣʘʩʪʷʭ: 

ï ʦʧʠʩʘʥʠʶ ʩʦʙʩʪʚʝʥʥʦ ʩʠʩʪʝʤ [92, 163], ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʠʭ ʧʦ-

ʚʝʜʝʥʠʷ ʠ ʩʚʦʡʩʪʚ (ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʚʠʜʘʤ ʩʠʩʪʝʤʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ [77, 175]), ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʘʣʠʟʤʘ ʤʫʣʴʪʠʘʛʝʥʪʥʳʭ 

ʩʠʩʪʝʤ [196, 232, 243], ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʠʩʪʝʤ 

[148, 194, 195, 213, 227]; 

ï ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʩʝʪʝʚʳʭ ʩʪʨʫʢʪʫʨ, ʥʘʧʨʠʤʝʨ, [235], ʚ ʯʘʩʪʥʦ-

ʩʪʠ, ʘʧʧʘʨʘʪ ʪʝʦʨʠʠ ʛʨʘʬʦʚ, ʜʘʚʥʦ ʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʧʠʩʘ-

ʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ, ʩʦʮʠʘʣʴʥʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ 

ʜʨʫʛʠʭ ʩʝʪʝʡ (ʩʤ. ʦʙʟʦʨʳ ʚ ʨʘʙʦʪʘʭ [207, 235]), ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ 

ʠ ʧʨʦʛʨʘʤʤʘʤʠ [29, 45, 71] ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʨʝʩʫʨʩʦʚ, ʧʣʘ-

ʥʠʨʦʚʘʥʠʶ ʩʨʦʢʦʚ, ʫʧʨʘʚʣʝʥʠʶ ʨʠʩʢʘʤʠ ʧʨʦʝʢʪʦʚ; 

ï ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʩʝʪʝʡ ʠ ʠʭ ʧʨʠʣʦʞʝʥʠʡ ʚ ʦʙʣʘ-

ʩʪʷʭ ʪʨʘʥʩʧʦʨʪʘ, ʵʣʝʢʪʨʦʩʝʪʝʡ, ʣʦʛʠʩʪʠʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ 

ʤʥʦʛʠʭ ʜʨʫʛʠʭ [210]; 

ï ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʬʠʨʤʳ (ʩʤ., ʚ ʯʘʩʪʥʦʩʪʠ, ʦʙ-

ʟʦʨʥʫʶ ʨʘʙʦʪʫ [60] ʠ ʙʠʙʣʠʦʛʨʘʬʠʶ ʢ ʥʝʡ), ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʦʨʛʘʥʠʟʘ-

ʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ([52, 74, 111, 127]), 
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ï ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ (ʧʨʝʞʜʝ ʚʩʝ-

ʛʦ, [90, 159]), ʦʧʠʩʳʚʘʶʱʝʡ ʠ ʠʟʫʯʘʶʱʝʡ ʰʠʨʦʢʠʡ ʢʨʫʛ ʧʨʦʙʣʝʤ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʣʘʥʠʨʦʚʘʥʠʝʤ, ʢʦʥʪʨʦʣʝʤ, ʫʧʨʘʚʣʝʥʠʝʤ ʩʪʨʫʢʪʫʨʦʡ ʪʘ-

ʢʠʭ ʩʠʩʪʝʤ. ɺ ʪʝʨʤʠʥʘʭ ʜʘʥʥʦʡ ʪʝʦʨʠʠ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʨʝʘʣʠʟʫʶʱʠʭ ʵʣʝʤʝʥʪʳ ʂɼ, ʦʪʚʝʯʘʝʪ ʨʘʩʰʠʨʝʥʠʶ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ 

ʜʠʥʘʤʠʢʦʡ, ʤʥʦʞʝʩʪʚʦʤ ʘʛʝʥʪʦʚ, ʠʝʨʘʨʭʠʝʡ [57, 76, 84] ʠ ʜʨʫʛʠʤʠ 

ʬʘʢʪʦʨʘʤʠ. 

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʡ ʧʦʩʪʘʥʦʚʢʠ, ʦʪʣʠʯʘʶʱʝʡ ʝʸ ʦʪ ʠʟ-

ʚʝʩʪʥʳʭ, ʷʚʣʷʝʪʩʷ ʚʣʦʞʝʥʥʳʡ, ʬʨʘʢʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʵʣʝʤʝʥʪʦʚ ʤʦ-

ʜʝʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ: ʙʦʣʴʰʠʥʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʜʦʣʞʥʳ, ʩ ʦʜʥʦʡ ʩʪʦ-

ʨʦʥʳ, ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʠʤʝʶʱʠʝ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ ʉʕɼʳ ʠ 

ʜʝʢʦʤʧʦʟʠʨʫʝʤʳʝ ʥʘ ʵʣʝʤʝʥʪʳ ʥʠʞʝʩʪʦʷʱʝʛʦ ʫʨʦʚʥʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʧʨʠ ʚʟʛʣʷʜʝ ʩ ʚʳʰʝʩʪʦʷʱʝʛʦ ʫʨʦʚʥʷ ʠʝʨʘʨʭʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢ-

ʪʫʨr ʵʪʠʭ ʞʝ ʵʣʝʤʝʥʪʦʚ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʠʟʚʝʩʪʥʳʭ 

ʨʝʟʫʣʴʪʘʪʘʭ ʠ ʦʪʤʝʯʝʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʠ, ʨʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʴ ʨʝʘʣʠʟʘ-

ʮʠʠ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʙʝʩʧʝ-

ʯʠʚʘʶʱʫʶ ʩʦʛʣʘʩʦʚʘʥʠʝ ʧʣʘʥʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠ ̫ʨʝ-

ʟʫʣʴʪʘʪʘ ʠ ʵʬʬʝʢʪʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʵʣʝʤʝʥʪʦʚ 

ʂɼ. 

 

2.2.3. ʌʦʨʤʘʣʠʟʘʮʠʷ ʟʘʜʘʯʠ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʨʝʘʣʠʟʘʮʠʝʡ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʆʊʉ (ʩʠʩʪʝʤʦʡ ɾʎ ʉʕɼʦʚ) 

 

ʉʬʦʨʤʫʣʠʨʫʝʤ ʪʝʧʝʨʴ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚ-

ʣʝʥʠʷ ʨʝʘʣʠʟʘʮʠʝʡ ɾʎ ʆʊʉ ʚ ʪʝʨʤʠʥʘʭ ʊʋʆʉ. ʆʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʠʝʨʘʨʭʠʷ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʂɼ, ʢʦ-

ʪʦʨʳʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤ r (ʆʊʉ). 

ʂʘʞʜʘʷ ʠʟ ʆʊʉ - ʤʥʦʛʦʵʣʝʤʝʥʪʥʘʷ, ʩ ʦʜʥʠʤ ʮʝʥʪʨʦʤ, ʩ ʦʛʨʘʥʠʯʝʥʠʷ-

ʤʠ ʥʘ ʩʦʚʤʝʩʪʥʫʶ ʂɼ ʚ ʬʦʨʤʝ ʪʝʭʥʦʣʦʛʠʠ ʂɼ, ʜʠʥʘʤʠʯʝʩʢʘʷ. 

ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʪʘʢʦʡ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʆʊʉ [84] ʟʘʜʘ-

ʸʪʩʷ ʠʝʨʘʨʭʠʝʡ ʮʝʣʝʡ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ 

ʆʊʉ (ʨʠʩʫʥʦʢ 2.10). ʅʝʢʦʪʦʨʳʝ ʠʟ ʮʝʣʝʡ ʂɼ ʥʝ ʜʦʧʫʩʢʘʶʪ (ʠʣʠ ʥʝ 

ʪʨʝʙʫʶʪ) ʜʘʣʴʥʝʡʰʝʡ ʜʝʢʦʤʧʦʟʠʮʠʠ, ʦʙʦʟʥʘʯʠʤ ʠʭ ʤʥʦʞʝʩʪʚʦ ʢʘʢ 

ɸ = {Ŭ
1
, é, Ŭ

n
} , n Ó 2. ʊʘʢʠʝ ʮʝʣʠ Ŭ

i
 ʜʦʩʪʠʛʘʶʪʩʷ ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʦʧʝ-

ʨʘʮʠʷʤʠ, ʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ (ɸʕ), ʨʝʘʣʠʟʫʶʱʠʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʦʧʝ-

ʨʘʮʠʠ, ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʘʛʝʥʪʘʤʠ (ʩʩʳʣʘʷʩʴ ʥʘ ʢʦʥʢʨʝʪʥʳʡ ʵʢʟʝʤʧʣʷʨ 

ʢʘʢ ʥʘ Ŭ
i
-ʘʛʝʥʪ). ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʮʝʣʝʡ (ʠʭ ʤʥʦʞʝʩʪʚʦ 

ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ɋ = {ɤ
1
, é, ɤ

u
} , u Ó 2) ʬʦʨʤʠʨʫʶʪʩʷ ʉʕɼʳ, ʧʨʝʜ-

ʩʪʘʚʣʷʝʤʳʝ ʪʘʢʞʝ ʚ ʬʦʨʤʝ ʆʊʉ. ʉʫʙʲʝʢʪʦʚ ʉʕɼʦʚ, ʚʳʩʪʫʧʘʶʱʠʭ ʚ 

ʨʦʣʠ ʮʝʥʪʨʦʚ ʪʘʢʠʭ ʆʊʉ (ɤ
i
-ʧʦʜʩʠʩʪʝʤ), ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ, ʩʣʝʜʫʷ [84], 
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ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʮʝʥʪʨʘʤʠ, ʧ-ʮʝʥʪʨʘʤʠ ʠʣʠ ɤ
i
-ʮʝʥʪʨʘʤʠ. ʉʦʛʣʘʩʥʦ 

ʄʂɼ (ʪʘʢʞʝ ʩʭʝʤʘ ʨʠʩʫʥʢʘ 2.9) ʘʛʝʥʪʳ ʚʳʧʦʣʥʷʶʪ ʩʦʙʩʪʚʝʥʥʦ ʮʝʣʝ-

ʚʫʶ ʢʦʤʧʣʝʢʩʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧ-ʮʝʥʪʨʳ ʦʩʫʱʝʩʪʚ-

ʣʷʶʪ ʫʧʨʘʚʣʝʥʠʝ (ʚʢʣʶʯʘʷ ʦʨʛʘʥʠʟʘʮʠʶ) ʂɼ ï ʬʦʨʤʠʨʫʶʪ ʉʕɼʳ ʠ 

ʨʝʘʣʠʟʫʶʪ ʠʭ ʞʠʟʥʝʥʥʳʝ ʮʠʢʣʳ, ʩʣʝʜʫʷ çʫʥʠʚʝʨʩʘʣʴʥʦʤʫ ʘʣʛʦʨʠʪʤʫ 

ʫʧʨʘʚʣʝʥʠʷè - ʧʨʦʮʝʩʩʥʦʡ ʤʦʜʝʣʠ (ʨʘʟʜʝʣ 2.1). 

 

 
 

ʈʠʩ. 2.10 ʀʝʨʘʨʭʠʷ ʮʝʣʝʡ ʠ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ: 

ʘʛʝʥʪʦʚ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʮʝʥʪʨʦʚ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʝʨʘʨʭʠ ̫ʮʝʣʝʡ ʂɼ ʦʧʨʝʜʝʣʷʝʪ ʠʝʨʘʨʭʠʠ ʩʫʙʲʝʢ-

ʪʦʚ ʠ ʉʕɼʦʚ, ʠʝʨʘʨʭʠʠ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʦʜʩʠʩʪʝʤ (ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʆʊʉ ʚ ʮʝʣʦʤ ʚ ʪʝʨʤʠʥʘʭ ʄʂɼ). 

ʈʘʩʩʤʦʪʨʠʤ ʦʜʥʫ ʠʟ ʧʦʜʩʠʩʪʝʤ, ɼʉʆʊʉ, ʦʪʚʝʯʘʶʱʫʶ ʥʝʢʦʪʦʨʦ-

ʤʫ ʉʕɼʫ. ʇʫʩʪʴ N = {1, 2, é, n} - ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʘʛʝʥʪʦʚ, n Ó 2. 

ʇʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʘʷ ʤʦʜʝʣʴ ʉʕɼʘ ʦʧʠʩʳʚʘʝʪʩʷ ʩʝʪʴʶ G = (N, E) ʩ 

ʧʨʘʚʠʣʴʥʦʡ ʥʫʤʝʨʘʮʠʝʡ [29], ʚʝʨʰʠʥʳ ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʛʝʥ-

ʪʘʤ, ʘ ʤʥʦʞʝʩʪʚʦ ʜʫʛ E  NĬN ʦʪʨʘʞʘʝʪ çʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝè ʩʚʷʟʠ 

ʤʝʞʜʫ ʜʝʡʩʪʚʠʷʤʠ ʘʛʝʥʪʦʚ. ʏʝʨʝʟ N(i) = { j  ɴN | (j; i)  ɴE} ʦʙʦʟʥʘʯʠʤ 

ʤʥʦʞʝʩʪʚʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ i-ʛʦ ʘʛʝʥʪʘ ʚ ʩʝʪʠ G, i  ɴN.ʉʯʠʪʘʝʤ, ʯʪʦ 

ʩʝʪʴ ʠʤʝʝʪ M0  N - ʤʥʦʞʝʩʪʚʦ ʚʭʦʜʦʚ ʠ ʝʜʠʥʩʪʚʝʥʥʳʡ ʚʳʭʦʜ ï n-ʶ 

ʚʝʨʰʠʥʫ, ʦʪʣʠʯʘʶʱʫʶʩʷ ʪʝʤ, ʯʪʦ ʢʦʥʝʯʥʦʡ (ʥʘʧʨʠʤʝʨ, ʨʳʥʦʯʥʦʡ) 

ʮʝʥʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʪʦʣʴʢʦ ʨʝʟʫʣʴʪʘʪ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʳʭʦʜʘ ʩʝʪʠ ï 

ʨʝʟʫʣʴʪʘʪ ɼʉʆʊʉ ʚ ʮʝʣʦʤ, ʢʦʪʦʨʳʡ ʧʨʠʥʦʩʠʪ ʮʝʥʪʨʫ ʜʦʭʦʜ. 

ʏʝʨʝʟ Mk ʦʙʦʟʥʘʯʠʤ ʤʥʦʞʝʩʪʚʦ ʚʝʨʰʠʥ, ʚ ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʜʫʛʠ 

ʪʦʣʴʢʦ ʠʟ ʚʝʨʰʠʥ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʤʥʦʞʝʩʪʚʘʤ {Mj}, 

j  ɴ{0; 1; é; k - 1}; ʯʠʩʣʦ k ʥʘʟʳʚʘʝʤ ʨʘʥʛʦʤ ʚʝʨʰʠʥʳ, ʧʨʠʥʘʜʣʝʞʘ-

ʱʝʡ ʤʥʦʞʝʩʪʚʫ Mk. 
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ʈʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʜʘʥʥʦʡ ʆʊʉ ʚ ʪʝʯʝʥʠʝ 

t  ɴ{1; 2; é; T} ʧʝʨʠʦʜʦʚ ʜʠʩʢʨʝʪʥʦʛʦ ʚʨʝʤʝʥʠ, ʛʜʝ T ï ʛʦʨʠʟʦʥʪ ʚʨʝ-

ʤʝʥʠ. ɺ ʧʝʨʠʦʜʝ t i-ʡ ʘʛʝʥʪ ʚʳʙʠʨʘʝʪ ʩʚʦʸ ʜʝʡʩʪʚʠʝ yi(t)  ɴYi, ʛʜʝ Yi ï

ʤʥʦʞʝʩʪʚʦ ʝʛʦ ʚʦʟʤʦʞʥʳʭ ʜʝʡʩʪʚʠʡ, ʚʢʣʶʯʘʶʱʝʝ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ 

ʠʟ ʜʦʧʫʩʪʠʤʳʭ ʜʝʡʩʪʚʠʡ ʦʪʢʘʟ ʦʪ ʫʯʘʩʪʠʷ ʚ ʆʊʉ. ɼʝʡʩʪʚʠʝ i-ʛʦ ʘʛʝʥʪʘ 

ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʨʝʟʫʣʴʪʘʪʫ ʜʝʷʪʝʣʴʥʦʩʪʠ zi(t)  ɴZi, ʛʜʝ Zi - ʤʥʦʞʝʩʪʚʦ 

ʚʦʟʤʦʞʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ (ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ Yi ʠ Zi ï ʧʦʜʤʥʦʞʝʩʪʚʘ 

ʢʦʥʝʯʥʦʤʝʨʥʦʛʦ ʝʚʢʣʠʜʦʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʣʠ ʤʥʦʞʝʩʪʚʘ ʥʘʪʫʨʘʣʴʥʳʭ 

ʯʠʩʝʣ). ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ yD(t) ʚʝʢʪʦʨ ʜʝʡʩʪʚʠʡ ʘʛʝʥʪʦʚ ʠʟ ʤʥʦʞʝʩʪʚʘ 

D  N; ʯʝʨʝʟ zD(t) ï ʚʝʢʪʦʨ ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʛʝʥʪʦʚ ʠʟ ʵʪʦʛʦ 

ʤʥʦʞʝʩʪʚʘ; ʯʝʨʝʟ y-i = (y1, é, yi-1, yi+1, é, yn) ï ʚʝʢʪʦʨ ʜʝʡʩʪʚʠʡ ʚʩʝʭ 

ʘʛʝʥʪʦʚ, ʢʨʦʤʝ i-ʛʦ. 

ʉʚʷʟʴ ʨʝʟʫʣʴʪʘʪʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʛʝʥʪʘ ʩ ʝʛʦ ʜʝʡʩʪʚʠʝʤ ʠ ʠʩʧʦʣʴ-

ʟʫʝʤʳʤʠ ʠʤ ʚ ʧʨʦʮʝʩʩʝ ʵʪʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʘʛʝʥ-

ʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ çʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡè Qi
t
: 

( )

 
t t

i k i

k N i

Y Z Z, ʪ. ʝ. zi(t) = Qi
t
(yi[1* t]; zN(i)[1* t]) (ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʩ 

ʧʦʤʦʱʴʶ ʥʦʪʘʮʠʠ ɝ[1* t] ʦʙʦʟʥʘʯʘʝʤ ʥʘʙʦʨʳ ʚʩʝʭ ʟʥʘʯʝʥʠʡ ʚʝʣʠʯʠʥʳ 

ɝ(Ű) ʜʣʷ Ű = 1,t). ɼʣʷ ʚʩʝʭ i  ɴM0 ʠʤʝʝʪ ʤʝʩʪʦ N(i) = , ʧʦʵʪʦʤʫ ʧʦʣʦ-

ʞʠʤ zi(t) = t

iQ (yi[1* t]; z0[1* t]), z0 ï ʠʟʚʝʩʪʥʳʡ L-ʤʝʨʥʳʡ ʚʝʢʪʦʨ çʚʭʦ-

ʜʦʚè ʩʝʪʠ (ʦʪʨʘʞʘʶʱʠʡ ʩʚʷʟʠ ʜʘʥʥʦʛʦ ʉʕɼʘ ʩ ʜʨʫʛʠʤʠ ʉʕɼʘʤʠ ʚ 

ʦʙʱʝʡ ʠʝʨʘʨʭʠʠ). 

ɿʘʜʘʯʫ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʩʤʦʪʨʠʤ ʠ ʨʝʰʠʤ ʚ ʜʚʫʭ ʧʦʩʪʘʥʦʚʢʘʭ, ʢʦ-

ʛʜʘ ʚʝʨʥʳ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʇ1 ʠʣʠ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʇ2. 

ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʇ1. ʎʝʥʪʨ ʥʘʙʣʶʜʘʝʪ ʪʦʣʴʢʦ ʟʥʘʯʝʥʠʝ ʚʳʭʦʜʘ 

ʩʝʪʠ zn(t), ʥʦ ʬʫʥʢʮʠʠ Qi
t
(Ā) ʚʟʘʠʤʥʦ ʦʜʥʦʟʥʘʯʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʡ-

ʩʪʚʠʡ ʩʘʤʦʛʦ ʘʛʝʥʪʘ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʝʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʚ ʪʝʢʫʱʝʤ 

ʧʝʨʠʦʜʝ. ʊ. ʝ. ʧʨʠ ʟʘʜʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʰʝʩʪʚʝʥ-

ʥʠʢʦʚ ʘʛʝʥʪʘ ʚ ʪʝʢʫʱʝʤ ʧʝʨʠʦʜʝ zN(i)(t) (ʠ ʠʟʚʝʩʪʥʳʭ yi[1*( t ï 1)] ʠ 

zN(i)[1*( t ï 1)] ʚ ʧʨʝʜʳʜʫʱʠʭ ʧʝʨʠʦʜʘʭ) ʪʝʢʫʱʝʝ ʜʝʡʩʪʚʠʝ ʘʛʝʥʪʘ yi(t) 

ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪ ʨʝʟʫʣʴʪʘʪ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ zi(t), ʠ ʥʘʦʙʦʨʦʪ ï 

ʟʥʘ̫ ʜʝʡʩʪʚʠʷ yi[1*( t ï 1)], ʨʝʟʫʣʴʪʘʪ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʛʝʥʪʘ zi(t) ʠ ʨʝ-

ʟʫʣʴʪʘʪʳ ʝʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ zN(i)(t), ʤʦʞʥʦ ʦʜʥʦʟʥʘʯʥʦ ʚʦʩʩʪʘʥʦ-

ʚʠʪʴ ʝʛʦ ʜʝʡʩʪʚʠʝ ʚ ʪʝʢʫʱʝʤ ʧʝʨʠʦʜʝ. 

ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʇ2: ʎʝʥʪʨ ʥʘʙʣʶʜʘʝʪ ʬʘʢʪʠʯʝʩʢʠʝ ʜʝʡʩʪʚʠʷ 

ʘʛʝʥʪʦʚ ʚ ʪʝʢʫʱʝʤ ʧʝʨʠʦʜʝ. 
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ɺ ʣʶʙʦʡ ʧʦʩʪʘʥʦʚʢʝ ʚʳʙʦʨ ʜʝʡʩʪʚʠʷ yi(t) ʪʨʝʙʫʝʪ ʦʪ i-ʛʦ ʘʛʝʥʪʘ 

ʟʘʪʨʘʪ, ʟʘʚʠʩʷʱʠʭ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʪ ʜʝʡʩʪʚʠʡ ʚʩʝʭ ʘʛʝʥʪʦʚ ʚ ʆʊʉ, 

ci
t
(yN[1* t]) ï ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ ʟʘʪʨʘʪ, ci

t
( ): 1 

t

k

k N

Y . 

ʀʪʘʢ, ʪʝʭʥʦʣʦʛʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ i-ʛʦ ʘʛʝʥʪʘ ʦʧʠʩʳʚʘʝʪʩʷ ʢʦʨʪʝ-

ʞʝʤ (N(i), ci
t
( ), Qi

t
( ), t  ɴ{1;  2; é; T}).  

ʉʝʪʴ G ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ Qi
t
(Ā) ʜʣʷ ʢʘʞʜʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ʜʝʡʩʪʚʠʡ yN[1* t] ʟʘʜʘʶʪ ʝʜʠʥʩʪʚʝʥʥʫʶ ʪʨʘʝʢʪʦʨʠʶ ʚʳʭʦʜʘ ʩʝʪʠ, ʙʫ-

ʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʪʘʢʫʶ ʪʨʘʝʢʪʦʨʠʶ ʢʘʢ zn
t
(yN[1* t]). 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚʝʨʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʇ1, ʪʦʛʜʘ i-ʡ ʘʛʝʥʪ ʚ ʧʝ-

ʨʠʦʜʝ t ʙʫʜʝʪ ʧʦʣʫʯʘʪʴ ʚʦʟʥʘʛʨʘʞʜʝʥʠʝ (ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ) ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʨʝʘʣʠʟʦʚʘʚʰʝʛʦʩʷ ʟʥʘʯʝʥʠʷ ʚʳʭʦʜʘ ʩʝʪʠ ůi
t
(zn[1* t]): (Zn)

t
 Ÿ 1 . 

ɺ ʩʣʫʯʘʝ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʇ2 ʮʝʥʪʨ ʧʦʩʪʨʦʠʪ 

ʬʫʥʢʮʠʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʘʙʣʶʜʘʝʤʳʭ ʜʝʡʩʪʚʠʡ ʘʛʝʥʪʦʚ 

ůi
t
(yN[1* t]): 1 

t

k

k N

Y . 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʮʝʥʪʨ, ʟʥʘʷ ʩʝʪʴ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʠ 

ʬʫʥʢʮʠʠ ʟʘʪʨʘʪ ʘʛʝʥʪʦʚ ʩʥʘʯʘʣʘ ʩʦʦʙʱʘʝʪ ʠʤ ʬʫʥʢʮʠʠ ʩʪʠʤʫʣʠʨʦʚʘ-

ʥʠʷ {ůN
ˍ
} 1,T  ʥʘ ʚʩʝ ʧʦʩʣʝʜʫʶʱʠʝ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ (ʮʝʥʪʨ ʪʝʤ 

ʩʘʤʳʤ ʦʩʫʱʝʩʪʚʣʷʝʪ çʧʨʦʛʨʘʤʤʥʦʝ ʫʧʨʘʚʣʝʥʠʝè), ʥʝ ʠʤʝʷ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʤʝʥʷʪʴ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʚ ʜʘʣʴʥʝʡʰʝʤ. ʉʝʪʴ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʬʫʥʢʮʠʠ ʠ ʬʫʥʢʮʠʠ ʟʘʪʨʘʪ ʚʩʝʭ ʘʛʝʥʪʦʚ ʚ ʢʘʞʜʦʤ ʧʝʨʠʦʜʝ ʷʚʣʷʶʪʩʷ 

ʜʣʷ ʥʠʭ ʦʙʱʠʤ ʟʥʘʥʠʝʤ. ɿʥʘʷ ʪʝʢʫʱʫʶ ʠʩʪʦʨʠʶ ʠʛʨʳ (ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʚʳʙʨʘʥʥʳʭ ʚ ʧʨʝʜʳʜʫʱʠʭ ʧʝʨʠʦʜʘʭ ʜʝʡʩʪʚʠʡ ʚʩʝʭ ʘʛʝʥʪʦʚ ʠ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʠ) ʠ ʬʫʥʢʮʠʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʚʩʝʭ ʘʛʝʥʪʦʚ, ʧʦ-

ʩʣʝʜʥʠʝ ʚʳʙʠʨʘʶʪ ʦʜʥʦʢʨʘʪʥʦ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʥʝʟʘʚʠʩʠʤʦ ʩʚʦʠ ʜʝʡ-

ʩʪʚʠʷ ʚ ʵʪʦʤ ʧʝʨʠʦʜʝ. ʇʫʩʪʴ ʘʛʝʥʪʳ ʜʘʣʴʥʦʚʠʜʥʳ, ʠ, ʚʳʙʠʨʘʷ 

ʜʝʡʩʪʚʠʝ yi(t) ʠ ʧʨʦʛʥʦʟʠʨʫʷ ʩʚʦʠ ʜʝʡʩʪʚʠʷ yi(Ű), Ű  ɴ{ t + 1; é; T}, i-ʡ 

ʘʛʝʥʪ ʩʪʨʝʤʠʪʩʷ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʩʚʦʶ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ: 

Fi({ůi
Ű
}Ű = t ,T ; yN[1*T]) = ;; 1

T

i i i N

t

 f *t y            (2.1) 

ʛʜʝ ŭi(Ā) Ó 0 - ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʣʴʥʦʚʠʜʥʦʩʪʝʡ ʘʛʝʥʪʘ, fi
t
(Ā) - ʮʝʣʝʚʘʷ 

ʬʫʥʢʮʠʷ ʘʛʝʥʪʘ ʚ ʧʝʨʠʦʜʝ t, ʨʘʚʥʘʷ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʚʦʟʥʘʛʨʘʞʜʝʥʠʝʤ 

ʠ ʟʘʪʨʘʪʘʤʠ i  ɴN, t = 1,T : 

fi
t
(ůi

t
; yN[1* t]) = - ʩi

t
(yN[1* t]) +

[ ]) , ʝʩʣʠ ʚʝʨʥʦ ʇ1;

[ ] ,       ʝʩʣʠ ʚʝʨʥʦ ʇ2.

( 1

1

n N

t

i

t

i N

 z y * t

 y * t
 

ʆʧʠʩʘʥʥʘʷ ʤʦʜʝʣʴ - ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʥʦʞʝʩʪʚʘ ʘʛʝʥʪʦʚ N (ʩ ʠʭ ʠʥ-

ʪʝʨʝʩʘʤʠ ʠ ʧʨʝʜʧʦʯʪʝʥʠʷʤʠ), ʩʝʪʠ G ʠ ʥʘʙʦʨʘ {Qi
t
(Ā)} ʪʝʭʥʦʣʦʛʠʯʝ-
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ʩʢʠʭ ʬʫʥʢʮʠʡ ï ʥʘʟʦʚʸʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʝʪʝʚʦʡ ʆʊʉ (ɼʉʆʊʉ). 

ɼʉʆʊʉ ʷʚʣʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʤ ʦʙʦʙʱʝʥʠʝʤ ʤʦʜʝʣʠ çʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʭ ʮʝʧʦʯʝʢè ʥʘ ʩʣʫʯʘʡ ʩʝʪʝʚʦʡ ʩʪʨʫʢʪʫʨʳ [19], ʘ ʪʘʢʞʝ ʯʘʩʪ-

ʥʳʤ ʩʣʫʯʘʝʤ ʤʥʦʛʦʵʣʝʤʝʥʪʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ [85]. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʡ ʠ ʩʪʨʫʢʪʫʨʳ ʪʨʘʜʠʮʠʦʥʥʦ ʦʧʠʩʳ-

ʚʘʶʪʩʷ ʬʦʨʤʘʣʠʟʤʘʤʠ ʪʝʦʨʠʠ ʛʨʘʬʦʚ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʝʪʝʚʳʝ ʤʦʜʝ-

ʣʠ ʫʜʘʯʥʦ ʚʳʨʘʞʘʶʪ çʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝè ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʵʣʝʤʝʥʪʘʤʠ ʂɼ, ʨʝʘʣʠʟʫʶʪ ʦʧʠʩʘʪʝʣʴʥʫʶ ʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʫʶ ʬʫʥʢ-

ʮʠʠ (ʦʪ ʧʨʠʯʠʥ ʢ ʩʣʝʜʩʪʚʠʷʤ), ʦʙʲʷʩʥʠʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ (ʦʪ ʩʣʝʜ-

ʩʪʚʠʡ ʢ ʧʨʠʯʠʥʘʤ) ʠ ʥʦʨʤʘʪʠʚʥʫʶ ʬʫʥʢʮʠʶ (ʦʪ ʧʨʠʯʠʥ ʢ ʦʧʪʠʤʘʣʴ-

ʥʳʤ ʩʣʝʜʩʪʚʠʷʤ ʠʣʠ ʦʧʪʠʤʘʣʴʥʳʝ ʧʨʠʯʠʥʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʪʨʝʙʫʝʤʳʤ ʩʣʝʜʩʪʚʠʷʤ). ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʂɼ (ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʤ. ʨʘʟʜʝʣ 1.5.3) ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʨʘʟʣʠʯʥʳʤʠ ʢʣʘʩʩʘʤʠ ʤʦʜʝʣʝʡ, 

ʦʪʨʘʞʘʶʱʠʤʠ ʩʦʜʝʨʞʘʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʂɼ, ʩʨʝʜʠ ʥʠʭ: 

 ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ [6]; 

 ʩʝʤʘʥʪʠʯʝʩʢʠʝ, ʣʦʛʠʯʝʩʢʠʝ ʠ ʙʘʡʝʩʦʚʳ ʩʝʪʠ: ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʣʦ-

ʛʠʯʝʩʢʠʝ ʩʝʪʠ (PLN ï Probabilistic Logic Network) [8, 182], ʤʘʨʢʦʚʩʢʠʝ 

ʣʦʛʠʯʝʩʢʠʝ ʩʝʪʠ (Markov Logic Networks) [242], ʙʠʥʘʨʥʳʝ ʥʝʡʨʦʥʥʳʝ 

ʩʝʪʠ [68, 69, 212]; 

 ʤʦʜʝʣʠ ʩʭʝʤ ʠ ʩʝʪʝʡ [97]; 

 ʤʦʜʝʣʠ ʟʥʘʥʠʡ: ʧʨʦʜʫʢʮʠʦʥʥʳʝ, ʩʝʪʝʚʳʝ (ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʩʝʪʠ, 
ʦʥʪʦʣʦʛʠʠ), ʬʨʝʡʤʦʚʳʝ ʠ ʜʨ. ï ʩʤ. ʦʙʟʦʨʳ ʚ [157, 188]; 

 ʤʦʜʝʣʠ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʚ ʪʝʨʤʠʥʘʭ ʙʠʙʣʠʦʤʝʪʨʠʠ ʠ ʩʝʪʝʡ ʮʠʪʠ-

ʨʦʚʘʥʠʷ [221]; 

 ʤʦʜʝʣʠ ʜʠʬʬʫʟʠʠ, ʠʥʥʦʚʘʮʠʡ, ʵʧʠʜʝʤʠʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʘʟʚʠʪʠʷ 

ʥʘʫʯʥʳʭ ʠʜʝʡ [268]; 

 ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ [72] ʠ/ʠʣʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ [12, 223]; 

 ʤʦʜʝʣʠ ʦʮʝʥʢʠ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ [223, 

233], ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ [86] ʠ ʪ.ʧ.)  ʜʣʷ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ 

ʥʘʙʦʨʘ ʟʥʘʯʝʥʠʡ ʯʘʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ 

ʦʙʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʠʠ ʘʥʘʣʠʟʘ ʫʨʦʚʥʝʡ ʛʦʪʦʚʥʦʩʪʠ 

ʪʝʭʥʦʣʦʛʠʡ (TRL ï Technologies Readiness Level) ʠ ʫʨʦʚʥʝʡ ʠʭ ʛʦʪʦʚ-

ʥʦʩʪʠ ʢ ʠʥʪʝʛʨʘʮʠʠ (IRL ï Integration Readiness Level) ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʚʩʝ ʯʘʱʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʟʘʜʘʯʠ ʤʘʢʩʠʤʠʟʘʮʠʠ ʫʨʦʚʥʷ ʩʠ-

ʩʪʝʤʥʦʡ ʛʦʪʦʚʥʦʩʪʠ (SRL ï Systems Readiness Level) ʧʨʠ ʦʛʨʘʥʠʯʝʥʠ-

ʷʭ ʥʘ TRL ʠ IRL [246, 247]. 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ůD
t
 ʚʝʢʪʦʨ-ʬʫʥʢʮʠʶ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʘʛʝʥʪʦʚ ʠʟ 

ʤʥʦʞʝʩʪʚʘ D  N ʚ ʧʝʨʠʦʜʝ ʚʨʝʤʝʥʠ t =1,T. ʈʘʩʩʤʦʪʨʠʤ ʧʦʚʪʦʨʷʶ-
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ʱʫʶʩʷ ʠʛʨʫ ʘʛʝʥʪʦʚ ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʦʚ ʦʪ 1 ʜʦ T. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ 

E({ůD
Ű
}; 1,T) ʤʥʦʞʝʩʪʚʦ ʪʨʘʝʢʪʦʨʠʡ ʜʝʡʩʪʚʠʡ yN[1*T] ï ʤʥʦʞʝʩʪʚʦ 

ʨʝʰʝʥʠʡ ʠʛʨʳ ʘʛʝʥʪʦʚ (ʨʘʚʥʦʚʝʩʠʡ), ʨʝʘʣʠʟʫʝʤʳʭ ʩʠʩʪʝʤʦʡ ʩʪʠʤʫʣʠ-

ʨʦʚʘʥʠʷ {ůD
Ű
}.  

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʮʝʥʪʨ ʧʦʣʥʦʩʪʴʶ ʜʘʣʴʥʦʚʠʜʝʥ (ʩʪʝʧʝʥʴ ʝʛʦ 

ʜʘʣʴʥʦʚʠʜʥʦʩʪʠ ʨʘʚʥʘ T). 

ʊʦʛʜʘ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ɼʉʆʊʉ - ʢʨʠʪʝʨʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚ-

ʣʝʥʠʷ (ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ) ɼʉʆʊʉ - ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ 

ʜʦʭʦʜʦʤ ʮʝʥʪʨʘ ʠ ʝʛʦ ʩʫʤʤʘʨʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʚʩʝʭ 

ʘʛʝʥʪʦʚ: 

ʌ({ůN
t
}; 1t ,T ) = 

(1 { }; =1, )
1

1max 1; ( ( [ ))]
t

N N

T
t

n N
y E t T

t
*T  

t * ty  z  

ʛʜʝ h
t
(zn

t
)  0 - ʜʦʭʦʜ ʮʝʥʪʨʘ ʚ ʧʝʨʠʦʜʝ t, ŭ(Ā) Ó 0 ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʣʴ-

ʥʦʚʠʜʥʦʩʪʝʡ ʮʝʥʪʨʘ, ʘ ʬʫʥʢʮʠʷ ה(Ā) ʠʤʝʝʪ ʚʠʜ: 

zi)ה
t
(yN[1* t])) = h

t
(zn

t
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1

1

( ( [ )), ʝʩʣʠ ʚʝʨʥʦ ʇ1;
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ɺʳʯʠʩʣʝʥʠʝ ʚ ʚʳʨʘʞʝʥʠʠ ʜʣʷ ʌ(Ā) ʤʘʢʩʠʤʫʤʘ ʧʦ ʤʥʦʞʝʩʪʚʫ ʨʘʚ-

ʥʦʚʝʩʠʡ E(Ā) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʠʧʦʪʝʟʝ ʙʣʘʛʦʞʝʣʘʪʝʣʴʥʦʩʪʠ: ʠʟ ʤʥʦʞʝ-

ʩʪʚʘ ʨʘʚʥʦʚʝʩʠʡ E(Ā) ʘʛʝʥʪʳ ʚʳʙʝʨʫʪ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʦʝ ʜʣʷ ʮʝʥʪʨʘ. 

ɽʩʣʠ ʛʠʧʦʪʝʟʘ ʙʣʘʛʦʞʝʣʘʪʝʣʴʥʦʩʪʠ ʥʝ ʩʦʙʣʶʜʘʝʪʩʷ, ʩʣʝʜʫʝʪ ʧʦʣʴʟʦ-

ʚʘʪʴʩʷ ʧʨʠʥʮʠʧʦʤ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʠ ʙʨʘʪʴ ʤʠʥʠʤʫʤ 

ʩʨʝʜʠ ʪʨʘʝʢʪʦʨʠʡ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʤʥʦʞʝʩʪʚʫ ʨʘʚʥʦʚʝʩʠʡ E(Ā). 

ɺ ʛʣʘʚʝ 4 ʜʣʷ ʩʣʫʯʘʝʚ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʢʘʞʜʦʛʦ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʡ 

ʇ1 ʠ ʇ2 ʩʬʦʨʤʠʨʦʚʘʥʳ ʢʦʤʧʝʥʩʘʪʦʨʥʳʝ ʩʠʩʪʝʤʳ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ, 

ʜʝʢʦʤʧʦʟʠʨʫʶʱʠʝ ʟʘʜʘʯʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ɼʉʆʊʉ ʧʦ ʘʛʝʥ-

ʪʘʤ ʠ ʧʝʨʠʦʜʘʤ. ʕʪʠ ʩʠʩʪʝʤʳ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʪʘʢʞʝ ʨʘʟʜʝʣʷʶʪ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ɾʎ ʆʊʉ ʥʘ ʪʝʦʨʝʪʠʢʦ-

ʠʛʨʦʚʳʝ ʟʘʜʘʯʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʘʢʪʠʚʥʦʩʪʴ ʫʯʘʩʪʥʠʢʦʚ ʂɼ, ʠ ʦʧʪʠʤʠ-

ʟʘʮʠʦʥʥʳʝ ʟʘʜʘʯʠ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʚʳʜʝʣʷʷ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʛʨʫʧʧʫ 

ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʠʟʘʮʠʷ 

ʦʪʚʝʯʘʝʪ ʧʝʨʝʯʥʶ ʟʘʜʘʯ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤʠ 

ʮʠʢʣʘʤʠ ʆʊʉ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʤʫ ʚ ʨʘʟʜʝʣʝ 1.6. 

ɺ ʠʪʦʛʝ ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ɼʉʆʊʉ ʩʚʦʜʠʪʩʷ ʢ ʟʘʜʘʯʝ ʦʧʪʠʤʘʣʴ-

ʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ ʜʚʫʭ ʧʦʩʪʘʥʦʚʢʘʭ: ɸ. ɽʩʣʠ ʚʝʨʥʦ ʇ1, ʥʘʡʪʠ ʧʣʘʥ 

ʧʦ ʨʝʟʫʣʴʪʘʪʫ ʩʝʪʠ x[1* t]. ɹ. ɽʩʣʠ ʚʝʨʥʦ ʇ2, ʥʘʡʪʠ ʧʣʘʥ ʧʦ ʜʝʡʩʪʚʠʷʤ 

ʘʛʝʥʪʦʚ yN[1* t]: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ɾʎ ʵʣʝʤʝʥʪʦʚ 

ʂɼ ʆʊʉ ʩʚʦʜʠʪʩʷ ʢ ʟʘʜʘʯʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠ/ʠʣʠ ʜʝʡʩʪʚʠʡ ʚ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʭ ʜʠ-

ʥʘʤʠʯʝʩʢʠʭ ʆʊʉ. ɼʣʷ ʟʘʜʘʯʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ, ʧʦʵʪʦʤʫ ʚʳʜʝʣʠʤ ʦʙ-

ʱʝʩʠʩʪʝʤʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʵʣʝʤʝʥʪʦʚ 

ʂɼ ʆʊʉ, ʦʪʨʘʟʠʤ ʠʭ ʚ ʬʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʦʛʨʘʥʠʯʝʥʠʷʭ ɼʉʆʊʉ, 

ʩʠʥʪʝʟʠʨʫʝʤ ʤʦʜʝʣʴ ʠ ʫʢʘʞʝʤ ʘʣʛʦʨʠʪʤ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʫʯʠʪʳʚʘʶʱʠʡ 

ʵʪʠ ʦʙʱʝʩʠʩʪʝʤʥʳʝ ʬʘʢʪʦʨʳ, ʧʨʠʩʫʱʠʝ ɾʎ ʂɼ ʆʊʉ. 

 

2.2.4. ɸʣʛʦʨʠʪʤ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʚ ʠʝʨʘʨʭʠʠ ɾʎ ʉʕɼʦʚ  

 

ʉʦʚʦʢʫʧʥʦʩʪʴ ɾʎ ʉʕɼʦʚ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ ʩʦ ʩʣʦʞʥʦʡ ʚʥʫʪ-

ʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʦʡ: ʩʣʦʞʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʚʷʟʷʤʠ ʤʝʞʜʫ ʵʣʝ-

ʤʝʥʪʘʤʠ ʠ ʠʝʨʘʨʭʠʝʡ ʫʧʨʘʚʣʝʥʠʷ (ʉʕɼʘʤʠ / ʧʦʜʩʠʩʪʝʤʘʤʠ). ʕʪʘ ʦʩʦ-

ʙʝʥʥʦʩʪʴ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʜʠʢʪʫʝʪ ʦʙʱʫʶ ʩʪʨʫʢʪʫʨʫ ʘʣʛʦʨʠʪʤʘ 

ʧʣʘʥʠʨʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 2.11). 

 

 
 

ʈʠʩ. 2.11. ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʘʣʛʦʨʠʪʤʘ ʧʣʘʥʠʨʦʚʘʥʠʷ 
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ʉʫʙʲʝʢʪ ʢʘʞʜʦʛʦ ʉʕɼʘ (ʧ-ʮʝʥʪʨ ʢʘʞʜʦʡ ʧʦʜʩʠʩʪʝʤʳ) ʦʩʫʱʝʩʪʚ-

ʣʷʝʪ ʧʣʘʥʠʨʦʚʘʥʠʝ ʚ ʧʨʝʜʝʣʘʭ ʉʕɼʘ (ʧʦʜʩʠʩʪʝʤʳ): 

 ʩʦʙʠʨʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʠʞʝʩʪʦʷʱʠʭ ʵʣʝʤʝʥ-

ʪʘʭ - ʉʕɼʘʭ ʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʷʭ; 

 ʦʙʨʘʙʘʪʳʚʘʝʪ ʝʸ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʝʭʥʦʣʦʛʠʠ ʉʕɼʘ; 

 ʩʦʛʣʘʩʦʚʳʚʘʝʪ ʧʣʘʥʳ ʩ ʩʫʙʲʝʢʪʘʤʠ ʥʠʞʝʩʪʦʷʱʠʭ ʉʕɼʦʚ; 

 ʪʨʘʥʩʣʠʨʫʝʪ ʨʝʟʫʣʴʪʘʪʳ ʩʫʙʲʝʢʪʫ ʚʳʰʝʩʪʦʷʱʝʛʦ ʉʕɼʘ, ʩʣʝʜʫʷ 

ʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʠʝʨʘʨʭʠʠ ɻ. 

ʇʨʠ ʵʪʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʤʝʥ ʧʨʦʠʩʭʦʜʠʪ, ʩʣʝʜʫʷ ʠʝʨʘʨʭʠʠ 

ʧʦʜʯʠʥʸʥʥʦʩʪʠ ʉʕɼʦʚ ï ʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ / ʠʝʨʘʨʭʠʠ ɻ, ʘ ʦʙʲʝʜʠ-

ʥʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠʯʠʥ-

ʥʦ-ʩʣʝʜʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ / ʩʝʪʠ G. 

ʄʦʜʝʣʴ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ɾʎ ʂɼ ʆʊʉ ʠ 

ʘʣʛʦʨʠʪʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʦʣʞʥʳ ʘʜʝʢʚʘʪʥʦ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʦʙ-

ʱʝʩʠʩʪʝʤʥʳʝ ʬʘʢʪʦʨʳ. 

ʄʦʜʝʣʴ ʜʦʣʞʥʘ ʦʧʠʩʳʚʘʪ ɹ ʧʨʘʢʪʠʢʫ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤʠ 

ʮʠʢʣʘʤʠ ʆʊʉ [10, 11, 12, 64, 67]. ʋʧʨʘʚʣʝʥʠʝ ʞʠʟʥʝʥʥʳʤʠ ʮʠʢʣʘʤʠ 

ʥʘ ʧʨʘʢʪʠʢʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʬʦʨʤʝ ʧʨʦʝʢʪʥʳʭ ʠʣʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ, ʢʦʪʦʨʳʝ ʩʪʨʫʢʪʫʨʠʨʫʶʪʩʷ ʚ ʚʠʜʝ ʬʘʟ ʠ 

ʵʪʘʧʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʜʝʣʷʶʱʠʭ ʠʭ ʢʦʥʪʨʦʣʴʥʳʭ ʨʫʙʝʞʝʡ (ʂʈ). ʂʘʞʜrʡ 

ʠʟ ɻʪʘʧʦʚ ʩʦʩʪʦʠʪ ʠʟ ʧʨʦʝʢʪʦʚ ʠ ʜʝʡʩʪʚʠʡ/ʨʘʙʦʪ, ʚʳʧʦʣʥʷʝʤʳʭ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦ ʠ/ʠʣʠ ʧʘʨʘʣʣʝʣʴʥʦ (ʥʘʧʨʠʤʝʨ, ʩʪʨʫʢʪʫʨʘ ʘʚʠʘʮʠʦʥʥʦʡ 

ʧʨʦʛʨʘʤʤʳ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʇɸʆ çʆɸʂè [64, 67]). ʂʦʥʪʨʦʣʴʥʳʝ ʨʫʙʝ-

ʞʠ ʦʪʨʘʞʘʶʪ ʫʩʣʦʚʠʷ, ʥʘʣʘʛʘʝʤʳʝ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʂɼ ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ʦʜʥʦʛʦ ʵʪʘʧʘ ʢ ʜʨʫʛʦʤʫ, ʥʘʧʨʠʤʝʨ, ʟʘ-

ʚʝʨʰʝʥʠʝ ʵʪʘʧʘ ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʥʪʨʦʣʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʜʦʩʪʠʞʝʥʠʝ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʫʨʦʚʥʷ ʟʨʝʣʦʩʪʠ, ʟʘʚʝʨʰʝʥʠʝ ʠʥʪʝʛʨʘʮʠʠ 

ʠ ʜʨ. 

ʇʨʠ ʫʩʧʝʰʥʦʤ ʧʨʦʭʦʞʜʝʥʠʠ ʂʈ ʧʣʘʥʳ ʧʨʦʛʨʘʤʤʳ (ʚʢʣʶʯʘʷ, 

ʵʪʘʧʳ, ʧʨʦʝʢʪʳ, ʜʝʡʩʪʚʠʷ/ʨʘʙʦʪʳ) ʥʝ ʠʟʤʝʥʷʶʪʩʷ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʦʟʚʨʘʪ ʢ ʧʨʝʜʳʜʫʱʠʤ ʵʪʘʧʘʤ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ɾʎ 

ʠ/ʠʣʠ ʵʩʢʘʣʘʮʠʷ ʧʨʦʙʣʝʤ ʥʘ ʚʳʰʝʩʪʦʷʱʠʡ ʫʨʦʚʝʥʴ (ʉʕɼ ʚʳʰʝʩʪʦʷ-

ʱʝʛʦ ʫʨʦʚʥʷ), ʠ/ʠʣʠ ʠʟʤʝʥʝʥʠʝ ʧʣʘʥʦʚ ʧʨʦʛʨʘʤʤʳ. ɿʥʘʯʠʤʘʷ ʜʦʣʷ 

ʧʦʚʪʦʨʦʚ ʵʪʘʧʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ʦʪʤʝʯʘʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ 

ʨʘʙʦʪʝ [158], ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʝʚʳʰʝʥʠʷʤ ʙʶʜʞʝʪʦʚ 

ʧʨʦʛʨʘʤʤ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ ʠʟʜʝʣʠʡ ʠ ʩʠʩʪʝʤ [241]. 

ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʮʝʧʦʯʢʠ ʠʤʝʶʱʠʭ ʩʣʦʞʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʵʪʘʧʦʚ, ʜʦʧʫʩʢʘʶʱʠʭ ʚʦʟʚʨʘʪʳ ʠ ʧʦʚʪʦʨʳ, ʦʙʦʙʱʘʝʪ ʧʨʦ-

ʮʝʩʩʥʫʶ ʤʦʜʝʣʴ ʉʕɼʘ (ʨʠʩʫʥʦʢ 2.1) ʠ ʤʦʜʝʣʠ, ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʜʣʷ 

ʦʪʨʘʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʘʣʠʟʘʮʠʠ ʂɼ: ʘʛʨʝʛʠʨʦʚʘʥʥʦʝ 
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ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ (ʨʘʟʜʝʣ 1.4); ʠʥʪʝʛʨʠʨʦʚʘʥ-

ʥʫʶ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ ʂɼ ʠ ʨʝʘʣʠʟʘʮʠʠ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ʂɼ (ʨʘʟʜʝʣ 1.5.3) ʠ ʢʘʯʝʩʪʚʝʥʥʫʶ ʤʦʜʝʣʴ ʨʝʘʣʠʟʘʮʠʠ ɾʎ ʆʊʉ 

(ʨʘʟʜʝʣ 2.2). ʈʠʩʫʥʦʢ 2.12 ʠʣʣʶʩʪʨʠʨʫʝʪ ʦʙʦʙʱʸʥʥʫʶ ʤʦʜʝʣʴ ʨʝʘʣʠ-

ʟʘʮʠʠ ɾʎ ʉʕɼʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʨʦʝʢʪʥʫʶ/ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʧʨʦ-

ʛʨʘʤʤʫ. 

ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʨʠʩʫʥʢʘ ʚ ʩʚʦʙʦʜʥʦʤ ʬʦʨʤʘʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʪʨʫʢʪʫʨʘ ʉʕɼʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʨʦʝʢʪʥʫʶ / ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʧʨʦ-

ʛʨʘʤʤʫ ʚ ʮʝʣʦʤ ʩ ʫʯʸʪʦʤ ʝʸ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ. ɼʘʥ-

ʥʳʡ ʉʕɼ ʜʝʢʦʤʧʦʟʠʨʫʝʪʩʷ (ʚ ʨʘʤʢʘʭ ʦʙʦʙʱʸʥʥʦʡ ʧʨʦʮʝʩʩʥʦʡ ʤʦʜʝ-

ʣʠ) ʥʘ ʵʪʘʧʳ 1, 2, é, n, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ (ʚ ʨʘʤʢʘʭ ʧʨʠʯʠʥʥʦ-

ʩʣʝʜʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ) ʜʝʢʦʤʧʦʟʠʨʫʶʪʩʷ ʥʘ ʉʕɼʳ ʠ ʵʣʝʤʝʥʪʘʨʥʳʝ 

ʦʧʝʨʘʮʠʠ ʩʣʝʜʫʶʱʝʛʦ, ʥʠʞʝʩʪʦʷʱʝʛʦ ʫʨʦʚʥʷ, ʦʙʨʘʟʫʶʱʠʝ ʧʘʨʘʣ-

ʣʝʣʴʥʦ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʉʕɼʳ ʥʠʞʝʩʪʦʷʱʝʛʦ ʫʨʦʚʥʷ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʜʝʢʦʤʧʦʟʠʨʦʚʘʥʳ, ʦʙʨʘʟʫʷ ʠʝʨʘʨʭʠ-

ʯʝʩʢʫʶ ʬʨʘʢʪʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

 

 
 

ʈʠʩ. 2.12. ʆʙʦʙʱʸʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʜʝʣʝʡ ʨʝʘʣʠʟʘʮʠʠ ɾʎ ʉʕɼʘ 

 

ɺ ʣʝʚʦʡ ʯʘʩʪʠ ʨʠʩʫʥʢʘ 2.12 ʧʦʢʘʟʘʥʳ ʤʦʜʝʣʠ ʂɼ, ʩʪʨʝʣʢʠ ʦʪʨʘ-

ʞʘʶʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ ʤʝʞʜʫ ʤʦʜʝʣʷʤʠ: ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʦʜʥʠʭ ʤʦʜʝʣʝʡ ʷʚʣʷʶʪʩʷ ʚʭʦʜʥʳʤʠ ʜʣʷ ʜʨʫʛʠʭ. ʅʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʚ 

ʠʣʣʶʩʪʨʠʨʫʶʪ ʪʘʢʞʝ ʨʝʢʫʨʩʠʚʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʦʜʝʣʝʡ ʠ ʬʨʘʢ-

ʪʘʣʴʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʉʕɼʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʩʦʦʙʨʘʞʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʜʦʧʫʱʝ-

ʥʠʝ ʦ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ (ʵʪʘʧʦʚ ɾʎ, ʧʨʦʝʢʪʦʚ, ʜʝʡʩʪʚʠʡ/ʨʘʙʦʪ): 

ɼʦʧʫʱʝʥʠʝ ɼ1: ɺʥʝʧʣʘʥʦʚʳʝ, ʘʧʨʠʦʨʠ ʥʝʦʧʨʝʜʝʣʸʥʥʳʝ, ʦʪʢʣʦ-

ʥʝʥʠʷ ʦʪ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʭ ʩʨʦʢʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʝʡʩʪʚʠʡ ʠ ʧʦʣʫ-

ʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʝʟʘʚʠʩʠʤʳʤʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 
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ʆʙʦʩʥʦʚʘʥʠʝʤ ʜʦʧʫʱʝʥʠʷ ʩʣʫʞʠʪ ʩʣʝʜʫʶʱʝʝ ʩʦʦʙʨʘʞʝʥʠʝ. ɺ 

ʩʣʫʯʘʝ ʚʳʷʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʳʭ ʪʘʢʠʭ ʦʪʢʣʦʥʝʥʠʡ ʩʫʙʲʝʢʪʳ ʂɼ (ʤʝ-

ʥʝʜʞʤʝʥʪ) ʩʢʦʨʨʝʢʪʠʨʫʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʦʨʤʘʪʠʚʳ ʠ ʧʣʘʥʳ, ʧʦ-

ʩʣʝ ʯʝʛʦ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʚʳʭ ʥʦʨʤʘʪʠʚʦʚ ʩʪʘʥʫʪ ʩʥʦʚʘ ʥʝʟʘʚʠʩʠʤʳ-

ʤʠ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʪʘʢʠʭ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʜʝʡʩʪʚʠʡ ʚʳʪʝʢʘʝʪ ʠʟ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ ʩʫʙʲʝʢʪʦʚ (ʤʝʥʝʜʞʝʨʦʚ) ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝ 

ʩʫʟʠʪʴ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʂɼ (ʩʚʦʝʛʦ ʙʠʟʥʝʩʘ). ɺʦʟʤʦʞʥʦʩʪʠ (ʚʝʨʦʷʪ-

ʥʦʩʪʠ) ʫʩʧʝʰʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʂʈ ʠ ʠʪʦʛʦʚʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʜʝʡʩʪʚʠʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʪʦʡ ʞʝ ʧʨʠʯʠʥʝ ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠ-

ʤʳʤʠ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʩʣʫʯʘʝʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʚʦ-

ʢʫʧʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʂɼ ʘʜʝʢʚʘʪʥʳʤʠ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ɼʦʧʫʱʝʥʠʝ ɼ2 

ʦ çʤʘʣʦʩʪʠè ʥʝʦʧʨʝʜʝʣʸʥʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʩʪʦʷʥʠʡ 

ʵʣʝʤʝʥʪʦʚ ʂɼ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʟʚʝʩʪʥʳʭ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ, ʚ ʨʘʤʢʘʭ 

ʢʦʪʦʨʦʛʦ ʧʦʚʝʜʝʥʠʝ ʵʣʝʤʝʥʪʘ ʂɼ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʩʫʤʤʦʡ ʠʟʚʝʩʪ-

ʥʦʛʦ ʚʝʢʪʦʨʘ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʠ çʤʘʣʦʛʦè
27

 ʩʣʫʯʘʡʥʦʛʦ ʚʝʢʪʦʨʘ, ʦʪ-

ʨʘʞʘʶʱʝʛʦ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʂɼ. ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ 

ʵʪʦʤ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʧʝʨʠʨʦʚʘʥʠʷ ʩʨʝʜʥʠʤʠ ʟʥʘ-

ʯʝʥʠʷʤʠ ʚʝʢʪʦʨʦʚ ʩʦʩʪʦʷʥʠʡ ʵʣʝʤʝʥʪʦʚ ʂɼ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʦ ʭʦʨʦʰʦ 

ʠʟʚʝʩʪʥʦʤʫ çʤʝʪʦʜʫ ʜʠʥʘʤʠʢʠ ʩʨʝʜʥʠʭè (ʥʘʧʨʠʤʝʨ, [40]). ʈʘʩʰʠʨʠʤ 

ʜʘʥʥʳʡ ʤʝʪʦʜ ʩʮʝʥʘʨʥʳʤ ʧʦʜʭʦʜʦʤ (ʥʘʧʨʠʤʝʨ, [170]), ʢʦʪʦʨʳʡ ʰʠ-

ʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘ-

ʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʚ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʠʩʪʠʥʥʘʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ 

ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʘ ï ʚ ʵʢʦʥʦʤʠʢʝ, ʚ ʩʦʮʠʘʣʴʥʦʡ, ʧʦʣʠʪʠʯʝʩʢʦʡ 

ʩʬʝʨʝ. ɺ ʦʩʥʦʚʝ ʧʦʜʭʦʜʘ ʣʝʞʠʪ ʵʢʩʧʝʨʪʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʮʝʥʘʨʠʝʚ 

ʧʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʜʣʷ ʨʘʩʯʸʪʦʚ ʠ 

ʧʨʦʛʥʦʟʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʮʝʥʘʨʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʧʦ ʩʫʪʠ ʩʫʙʲ-

ʝʢʪʠʚʥʳʤ, ʵʚʨʠʩʪʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʥʘʥʠʡ ʩʦ ʚʩʝʤʠ 

ʧʨʠʩʫʱʠʤʠ ʝʤʫ ʥʝʜʦʩʪʘʪʢʘʤʠ. ʆʜʥʘʢʦ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʠʥʩʪʨʫʤʝʥ-

ʪʘʣʴʥʦʝ ʦʙʲʝʢʪʠʚʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʝʚʦʟʤʦʞʥʦ, ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝ-

ʥʷʝʪʩʷ ʠʤʝʥʥʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ. 

ɺ ʩʠʣʫ ʩʧʝʮʠʬʠʢʠ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʢʘʞ-

ʜʳʡ ʵʣʝʤʝʥʪ ʂɼ ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʘʜʝʢʚʘʪʥʦ ʧʨʝʜʩʪʘʚʣʝʥ 

ʢʘʢ ʵʣʝʤʝʥʪʘʨʥʳʡ ʠ ʥʝʩʪʨʫʢʪʫʨʠʨʫʝʤʳʡ, ʘ ʚ ʜʨʫʛʦʤ ï ʤʦʞʝʪ ʠ ʜʦʣ-

ʞʝʥ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥ ʢʘʢ ʢʦʤʧʣʝʢʩʥʳʡ (ʉʕɼ) ʠ ʦʙʣʘʜʘʶʱʠʡ ʩʣʦʞʥʦʡ 

                                                           
27 ʇʦʥʷʪʠʝ çʤʘʣʦʩʪʠè ʣʝʛʢʦ ʤʦʞʝʪ ʙʳʪʴ ʬʦʨʤʘʣʠʟʦʚʘʥʦ ʟʘʜʘʥʠʝʤ ʢʨʠʪʝʨʠʷ ʦʪʥʦ-
ʩʠʪʝʣʴʥʦ ʛʨʘʥʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʦʚ ʠʟʚʝʩʪʥʳʭ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʠ 
ʩʣʫʯʘʡʥʳʭ ʚʝʢʪʦʨʦʚ, ʠ ʵʪʦ ʙʫʜʝʪ ʩʜʝʣʘʥʦ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʩʪʨʦʛʠʭ 
ʫʪʚʝʨʞʜʝʥʠʡ. ɺ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʠʥʪʫʠʪʠʚʥʦ 
ʧʦʥʷʪʥʦʝ ʦʧʨʝʜʝʣʝʥʠʡ. 
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ʚʥʫʪʨʝʥʥʝʡ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʇʦʵʪʦʤʫ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʠʥʮʠʧ ʦʙʦʙʱʝʥʠʷ ʠ ʘʙʩʪʨʘʛʠʨʦʚʘʥʠʷ
28
, ʷʚʣʷʶʱʠʡʩʷ ʦʜʥʠʤ ʠʟ ʦʩ-

ʥʦʚʥʳʭ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [15]. ʉʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʵʪʦʤʫ ʧʨʠʥʮʠʧʫ ʚ ʦʜʥʠʭ ʩʣʫʯʘʷʭ ʧʣʘʥ ʠʣʠ ʧʨʦʛʥʦʟ ʩʦʩʪʦʷʥʠʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʵʣʝʤʝʥʪʘ ʂɼ ʠ/ʠʣʠ ʝʛʦ ʨʝʟʫʣʴʪʘʪʦʚ ʙʫʜʝʪ ʟʘʜʘʚʘʪʴʩʷ ʢʘʢ 

ʵʢʩʧʝʨʪʥʦʝ ʤʥʝʥʠʝ ʩʫʙʲʝʢʪʘ ʂɼ, ʚ ʜʨʫʛʠʭ ï ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʥʘ ʦʩʥʦ-

ʚʘʥʠʠ ʧʣʘʥʦʚ/ʧʨʦʛʥʦʟʦʚ ʥʠʞʝʩʪʦʷʱʠʭ ʵʣʝʤʝʥʪʦʚ ʂɼ, ʩʣʝʜʫʷ ʩʪʨʫʢʪʫ-

ʨʝ ʘʣʛʦʨʠʪʤʘ (ʨʠʩʫʥʦʢ 2.11) ʢʘʢ ʩʦʛʣʘʩʦʚʘʥʥʳʡ ʧʣʘʥ ʨʝʘʣʠʟʘʮʠʠ 

ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʂɼ. 

ʇʨʦʙʣʝʤʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʝʘʣʠʟʘʮʠʠ ɾʎ ʆʊʉ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦ-

ʟʜʘʥʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ 

ʨʘʟʥʦʨʦʜʥʳʭ ï ʬʘʢʪʠʯʝʩʢʠʭ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ, ʥʝʦʧʨʝʜʝʣʸʥʥʳʭ ʠ 

ʩʫʙʲʝʢʪʠʚʥʳʭ ï ʜʘʥʥʳʭ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ (ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ) ʠʝʨʘʨʭʠʯʝʩʢʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʂɼ ʩ ʠʟ-

ʤʝʥʷʶʱʝʡʩʷ ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʦʩʪʘʚʦʤ ʩ ʮʝʣʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴ-

ʪʘʪʘ ʠ ʵʬʬʝʢʪʘ ʂɼ (ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʢʨʫʧʥʳʭ ʧʨʝʜ-

ʧʨʠʷʪʠʡ ʩʚʷʟʘʥʦ ʩ ʢʦʦʧʝʨʘʮʠʝʡ ʠʟ ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʘʚʪʦʥʦʤʥʳʭ ʙʠʟʥʝʩ-ʵʣʝʤʝʥʪʦʚ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʷʚʣʷʶʱʠʭʩʷ ʧʨʝʜʧʨʠ-

ʷʪʠʷʤʠ [11, 140] ï ʢʦʨʧʦʨʘʮʠʡ, ʬʠʨʤ, ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʨʘʙʦʯʠʭ ʛʨʫʧʧ). 

ɺ ʮʝʣʷʭ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʝ ʢʘʞʜʦʛʦ Ŭ-ʛʦ 

ʵʣʝʤʝʥʪʘ ʂɼ (ʉʕɼʘ ʠ/ʠʣʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʦʧʝʨʘʮʠʠ) ʙʫʜʝʤ ʦʧʠʩʳʚʘʪʴ 

ʚʝʢʪʦʨʦʤ xŬ(t) = (jŬ(t); rŬ(t); zŬ(t); lŬ(t))
T
, ʛʜʝ, jŬ(t) ï ʪʨʫʜʦʸʤʢʦʩʪʴ, ʨʝʘʣʠ-

ʟʦʚʘʥʥʘʷ ʢ ʤʦʤʝʥʪʫ t; rŬ(t) ï ʨʝʩʫʨʩʦʸʤʢʦʩʪʴ (ʚʩʝʭ ʠʥʳʭ ʨʝʩʫʨʩʦʚ, 

ʢʨʦʤʝ ʪʨʫʜʦʚʳʭ), ʟʘʪʨʘʯʝʥʥʘʷ ʢ ʤʦʤʝʥʪʫ t. ʉʦʟʜʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ zŬ(t) 

ʠʣʠ ʦʙʲʝʤ ʮʝʥʥʦʩʪʠ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʩʢʘʣʷʨʥʳʤ ʠ ʘʜʜʠʪʠʚʥʳʤ (ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʦʤʫ ʦʩʚʦʝʥʥʦʤʫ ʦʙʲʸʤʫ ʚ 

ʦʜʥʦʠʤʸʥʥʦʤ ʤʝʪʦʜʝ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤ, ʨʘʩʩʤʦʪʨʝʥʥʦʤʫ ʚ ʨʘʟʜʝʣʝ 

4.3, ʘ ʪʘʢʞʝ ʠʟʤʝʨʝʥʠʶ ʧʨʦʠʟʚʝʜʸʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠʣʠ ʦʢʘʟʳʚʘʝʤʳʭ 

ʫʩʣʫʛ ʚ ʥʦʨʤʦʯʘʩʘʭ ʠʣʠ ʜʝʥʝʞʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ), lŬ(t) - ʢʦʣʠʯʝʩʪʚʦ ʧʝ-

ʨʠʦʜʦʚ ʚʨʝʤʝʥʠ ʩ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʚʳʧʦʣʥʝʥʠʷ ʵʣʝʤʝʥʪʘ ʂɼ. ʇʨʝʜʧʦ-

ʣʘʛʘʝʤ, ʯʪʦ ʢʘʞʜʳʡ ʵʪʘʧ ɾʎ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʠ-

ʦʜʦʚ ʚʨʝʤʝʥʠ t, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʠʣʠ ʧʝʨʝʭʦʜ ʢ ʩʣʝʜʫʶʱʝʤʫ 

ʵʪʘʧʫ, ʠʣʠ ʧʦʚʪʦʨʝʥʠʝ ʜʘʥʥʦʛʦ ʠʣʠ ʚʦʟʚʨʘʪ ʢ ʧʨʝʜʳʜʫʱʝʤʫ ʵʪʘʧʫ (ʩʦ-

ʛʣʘʩʥʦ ʧʨʦʮʝʩʩʥʦʡ ʤʦʜʝʣʠ, ʨʘʟʜʝʣ 2.1). ɿʘʚʝʨʰʝʥʠʝ ʨʝʘʣʠʟʘʮʠʠ Ŭïʛʦ 

ʵʣʝʤʝʥʪʘ ʂɼ ʦʟʥʘʯʘʝʪ ʜʦʩʪʠʞʝʥʠʝ ʮʝʣʠ ʵʣʝʤʝʥʪʘ, ʧʦʵʪʦʤʫ ʤʦʤʝʥʪ 

                                                           
28 ʇʨʠʥʮʠʧ ʦʙʦʙʱʝʥʠʷ ʠ ʘʙʩʪʨʘʛʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʜʨʦʙʥʦʛʦ 
ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʘʛʨʝʛʠʨʦʚʘʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʠ ʨʘʩʩʤʦʪʨʝʥʠʷ ʠʟʫʯʘʝʤʳʭ ʷʚʣʝʥʠʡ ʠ ʧʨʦ-
ʮʝʩʩʦʚ. ɸʙʩʪʨʘʛʠʨʦʚʘʥʠʝ ʦʪ ʢʘʢʠʭ-ʪʦ ʜʝʪʘʣʝʡ ʠʣʠ, ʥʘʧʨʦʪʠʚ, ʧʦʤʝʱʝʥʠʝ ʠʭ ʚ ʬʦʢʫʩ 
ʘʥʘʣʠʟʘ ʟʘʚʠʩʠʪ ʚ ʣʶʙʦʤ ʥʘʫʯʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʮʝʣʝʡ ʠʩʩʣʝʜʦʚʘʪʝʣʷ 
(ʦʪ ʧʨʝʜʤʝʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ). 
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(ʢʦʥʝʮ ʧʝʨʠʦʜʘ) ʚʨʝʤʝʥʠ tŬ ʟʘʚʝʨʰʝʥʠʷ ʵʣʝʤʝʥʪʘ ʂɼ ʬʦʨʤʘʣʠʟʫʝʤ ʢʘʢ 

ʤʦʤʝʥʪ, ʢʦʛʜʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʟʫʣʴʪʘʪʘ ʚʧʝʨʚʳʝ ʩʪʘʣʠ ʧʨʠʥʘʜʣʝ-

ʞʘʪʴ ʥʝʢʦʪʦʨʦʤʫ ʘʧʨʠʦʨʠ ʟʘʜʘʥʥʦʤʫ ʤʥʦʞʝʩʪʚʫ ʮʝʣʝʚʳʭ ʟʥʘʯʝʥʠʡ 

z(tŬ)  ɴZʮŬ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʩʦʩʪʦʷʥʠʝ ʵʣʝʤʝʥʪʘ ʙʫʜʝʪ 

ʨʘʚʥʦ xŬ(tŬ). ʅʝʚʦʟʤʦʞʥʦʩʪʴ ʟʘʚʝʨʰʝʥʠʷ ʵʣʝʤʝʥʪʘ ʂɼ ʜʦʩʪʠʞʝʥʠʝʤ 

ʮʝʣʠ (z(tŬ)  ɴZʮŬ) ʩʚʷʟʳʚʘʝʤ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʠʣʠ ʦʪʢʘʟʦʤ ʦʪ ʚʳʧʦʣʥʝʥʠʷ ʂɼ [15]. 

ɼʘʥʥʳʡ ʥʘʙʦʨ ʨʘʟʤʝʨʥʦʩʪʝʡ ʥʝ ʷʚʣʷʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞ-

ʥʳʤ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʝʮʠʬʠʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʂɼ ʤʦʞʝʪ ʙʳʪʴ 

ʠʟʤʝʥʸʥ, ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʦʧʝʨʠʨʦʚʘʥʠʷ ʩ ʚʝʢʪʦʨʦʤ ʩʦʩʪʦʷʥʠʷ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʥʠʞʝ, ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʪʩʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʟʜʝʣʝ 

2.3 ʙʫʜʝʪ ʠʟʣʦʞʝʥ ʧʨʠʤʝʨ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʤʦʜʝʣʝʡ ʨʝʘʣʠ-

ʟʘʮʠʠ, ʧʦʪʨʝʙʦʚʘʚʰʠʡ ʨʘʩʰʠʨʝʥʠʷ ʥʘʙʦʨʘ ʨʘʟʤʝʨʥʦʩʪʝʡ ʚʝʢʪʦʨʘ ʩʦ-

ʩʪʦʷʥʠʡ ʵʣʝʤʝʥʪʦʚ ʂɼ. 

ʇʦʚʝʜʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʂɼ (ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝ-

ʤʝʥʠ) ʥʦʩʠʪ ʥʝʦʧʨʝʜʝʣʸʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʥʝʦʧʨʝʜʝ-

ʣʸʥʥʳʭ ʤʦʤʝʥʪʘʭ tŬ ʟʘʚʝʨʰʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʂɼ ʠ ʵʪʘʧʦʚ ʠʭ ɾʎ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʚ ʥʝʦʧʨʝʜʝʣʸʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʟʘʪʨʘʪ ʨʝʩʫʨʩʦʚ ʠ ʪʨʫʜʦʸʤʢʦ-

ʩʪʠ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ zŬ(tŬ) ZʮŬ. 

ɼʘʥʥʳʝ ʦʙ ʵʣʝʤʝʥʪʘʭ ʂɼ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʝʪʩʷ ʘʣʛʦ-

ʨʠʪʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʪʣʠʯʘʶʪʩʷ ʨʘʟʥʦʨʦʜʥʦʩʪʴʶ ʠ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝ-

ʥʴʶ ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʠ ʦʧʨʝʜʝʣʸʥʥʦʩʪʠ. ʅʘ ʧʨʘʢʪʠʢʝ ʘʧʨʠʦʨʥʳʝ ʜʘʥ-

ʥʳʝ ʤʦʛʫʪ ʟʘʜʘʚʘʪʴʩʷ ʚ ʚʠʜʝ ʥʦʨʤʘʪʠʚʥʳʭ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʠʣʠ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ ʚ ʚʠʜʝ ʪʦʯʝʯʥʳʭ ʟʥʘʯʝʥʠʡ, ʜʦʧʫʩʪʠʤʳʭ ʠʥ-

ʪʝʨʚʘʣʦʚ ʠʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ (ʧʘʨʘʤʝʪʨʠʟʠʨʦʚʘʥʥʳʭ ʠʣʠ ʪʘʙʣʠʯʥʳʭ), 

ʚ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ï ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ʀʩʪʦʯʥʠʢʘʤʠ 

ʜʘʥʥʳʭ ʩʣʫʞʘʪ ʧʣʘʥʦʚʳʝ, ʥʦʨʤʘʪʠʚʥʳʝ ʠʣʠ ʜʠʨʝʢʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʘ ʪʘʢʞʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʥʘ ʦʩʥʦʚʝ ʠʩʪʦʨʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʠ ʩʫʙʲʝʢʪʠʚʥʳʝ ʵʢʩʧʝʨʪʥʳʝ ʦʮʝʥʢʠ ʤʝʥʝʜʞʝʨʦʚ. ʊʦ ʝʩʪʴ, 

ʙ¸ʣʴʰʘʷ ʯʘʩʪʴ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʬʦʨʤʠʨʫ-

ʝʪʩʷ (ʠʣʠ ʢʘʢ ʤʠʥʠʤʫʤ ʧʨʦʚʝʨʷʝʪʩʷ) ʣʶʜʴʤʠ, ʧʦʵʪʦʤʫ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʳʚʘʪʴ, ʯʪʦ ʨʘʟʤʝʨʥʦʩʪʴ ʬʦʨʤʠʨʫʝʤʳʭ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʦʣʞʥʳ ʠʤʝʪʴ çʨʘʟʫʤʥʳʝè ʟʥʘʯʝʥʠʷ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ʚʦ-ʧʝʨʚʳʭ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʂɼ, ʚʦ-ʚʪʦʨʳʭ, ʨʘʟʥʦʦʙʨʘ-

ʟʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʡʩʪʚʠʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʣʘʶʪ ʨʘʟʤʝʨʥʦʩʪʴ ʟʘʜʘʯʠ 

ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʦʡ. 

ɺʤʝʩʪʝ ʩ ʵʪʠʤ, ʚ ʩʠʣʫ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʂɼ, ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠ-

ʷʥʠʷ ʠʥʜʠʚʠʜʦʚ ʠ ʠʭ ʘʢʪʠʚʥʦʛʦ ʚʳʙʦʨʘ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʂɼ, ʥʝʦʙʭʦʜʠ-

ʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʠ ʧʦʜʭʦʜ,r ʩʣʘʙʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢ ʬʫʥʢʮʠ-
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ʷʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʜʨʫʛʠʤ ʜʝʪʘʣʷʤ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʤʦ-

ʜʝʣʝʡ. 

ʉʮʝʥʘʨʠʡ ʨʝʘʣʠʟʘʮʠʠ Ŭ-ʛʦ ʵʣʝʤʝʥʪʘ ʂɼ ʦʧʨʝʜʝʣʠʤ ʢʘʢ ʦʙʲʝʢʪ 

ʚʠʜʘ ɆŬ={<ɛŬf; mŬf>; f=1,2,..., F}, ʥʘʙʦʨ ʜʚʦʝʢ <ɛŬf; mŬf>, ʛʜʝ mŬf ï ʚʘʨʠ-

ʘʥʪʳ ʨʝʘʣʠʟʘʮʠʠ ʵʣʝʤʝʥʪʘ ʂɼ ï ʝʛʦ ʩʦʩʪʦʷʥʠʝ ʥʘ ʤʦʤʝʥʪʘ ʟʘʚʝʨʰʝʥʠʷ 

xŬ(tŬ), ʘ ɛŬf ï ʠʭ ʚʝʩʘ ʪʘʢʠʝ, ʯʪʦ 
1

1
F

f

f

. ɺʝʢʪʦʨʳ mŬf ʠʤʝʶʪ ʪʫ ʞʝ 

ʨʘʟʤʝʨʥʦʩʪʴ ʠ ʩʝʤʘʥʪʠʢʫ, ʯʪʦ ʠ xŬ(t) ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʢʘʢ ʥʝʢʦʪʦ-

ʨʳʝ çʫʩʪʦʡʯʠʚʳʝè ʛʨʫʧʧʳ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚʳʧʦʣʥʝʥʠʷ ʂɼ. ɺ ʨʘʤʢʘʭ 

ʪʝʦʨʝʪʠʢʦ-ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ ʟʥʘʯʝʥʠʷ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʡ Ŭïʛʦ 

ʵʣʝʤʝʥʪʘ ʂɼ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʢʘʢ ʨʝʘʣʠʟʘʮʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ 

xŬ(tŬ), ʘ ʚʝʢʪʦʨ mŬf ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʥʦʤʫ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʩʣʫ-

ʯʘʡʥʦʛʦ ʚʝʢʪʦʨʘ xŬ(tŬ), ʢʦʛʜʘ ʩʣʫʯʘʡʥʳʡ ʥʦʤʝʨ ʚʘʨʠʘʥʪʘ ʧʨʠʥʷʣ ʟʥʘ-

ʯʝʥʠʝ f, ʪʦ ʝʩʪʴ mŬf = E[xŬ(tŬ)|f]. 

ʉʮʝʥʘʨʠʠ ʚ ʧʨʝʜʣʦʞʝʥʥʦʤ ʬʦʨʤʘʪʝ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʤʦʛʫʪ ʙʳʪʴ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʢʘʢ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʩʣʫʯʘʡʥʳʭ ʮʝʣʳʭ ʚʝʣʠʯʠʥ f  ɴF, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʧʦʨʦʞʜʘʝʪ ʝʜʠʥ-

ʩʪʚʝʥʥʫʶ ʨʝʘʣʠʟʘʮʠʶ xŬ(tŬ) = mŬf. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʚʘʨʠʘʥʪʦʚ F 

çʪʦʯʥʦʩʪʴè ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʤʦʞʝʪ ʙʳʪʴ ʩʜʝʣʘʥʘ 

ʩʢʦʣʴ ʫʛʦʜʥʦ ʚʳʩʦʢʦʡ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʛʨʘʥʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ F ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʨʘʟʤʝʨʥʦʩʪʴ 

ʟʘʜʘʯʠ ʠ, ʪʝʤ ʩʘʤʳʤ ʜʦʩʪʠʛʘʪʴ ʢʦʤʧʨʦʤʠʩʩʘ çʪʦʯʥʦʩʪʴ-ʨʘʟʤʝʨʥʦʩʪʴè. 

ʅʘ ʧʨʘʢʪʠʢʝ ʢʘʢ ʧʨʘʚʠʣʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʮʝʥʘʨʠʠ ʠʟ ʝʜʠʥʩʪʚʝʥʥʦʛʦ 

ʚʘʨʠʘʥʪʘ F=1, ʪʘʢ ʢʘʢ ʟʘʜʘʯʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʝʘʣʠʟʘʮʠʠ ɾʎ ʵʣʝ-

ʤʝʥʪʦʚ ʂɼ ʥʦʩʠʪ ʭʘʨʘʢʪʝʨ ʩʦʛʣʘʩʦʚʘʥʠʷ ʧʣʘʥʦʚ, ʘ ʨʝʘʣʠʟʫʝʤʳʡ ʧʣʘʥ 

ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʤʥʦʞʝʩʪʚʝʥʥʳʤ (ʨʝʟʝʨʚʥʳʝ ʚʘʨʠʘʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟ-

ʨʘʙʦʪʘʥʳ, ʥʦ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʙʨʘʥʥʳʡ 

ʧʦ ʢʘʢʠʤ-ʣʠʙʦ ʢʨʠʪʝʨʠʷʤ ʧʣʘʥ). ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʫʜʫʪ 

ʧʦʣʫʯʝʥʳ ʠʤʝʥʥʦ ʜʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʙʦʪ [13, 20] 

 

2.2.5. ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʤʦʜʝʣʴ ʧʣʘʥʠʨʦʚʘʥʠʷ 
ʚʳʧʦʣʥʝʥʠʷ ɾʎ ʂɼ ʆʊʉ 

 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ (ʰʘʛ a, ʨʠʩʫʥʦʢ 2.11). 

ɸʜʝʢʚʘʪʥʳʤ ʧʣʘʥʦʤ ʨʝʟʫʣʴʪʘʪʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ ʚʦ ʤʥʦʛʠʭ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʣʫʯʘʷʭ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʪʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʩʮʝʥʘʨʠʡ 

Ɇɓ, ʚ ʢʦʪʦʨʦʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʜʘʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠʪʦʛʦʚʳʭ 

ʟʥʘʯʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʝʨʘʮʠʠ mɓf ʠ ʠʭ ʚʝʩʘ ɛf (ʯʘʱʝ ʚʩʝʛʦ ʩʦʩʪʦʷ-

ʱʠʡ ʠʟ ʦʜʥʦʛʦ ʚʘʨʠʘʥʪʘ F=1). ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʘʢʦʛʦ ʧʣʘʥʘ ʷʚʣʷʝʪʩʷ 

ʵʚʨʠʩʪʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʝʡ, ʥʝ ʪʨʝʙʫʝʪ ʠ ʥʝ ʜʦʧʫʩʢʘʝʪ ʬʦʨʤʘʣʠʟʘʮʠʠ. ɺ 
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ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʧʣʘʥ ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʟʘʪʨʘʪ ʪʨʫʜʦʚʳʭ ʠ ʜʨʫʛʠʭ ʨʝʩʫʨʩʦʚ. ʕʪʦ ʚʘʞʥʦ ʪʘʢʞʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʫʣʘʤ ʨʝʩʫʨʩʦʚ ï ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʟʘʜʘʯ ʩʦʛʣʘʩʦʚʘʥʥʦ-

ʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʘʚʦʤ ʘʢʪʠʚʥʳʭ ʨʝʩʫʨʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʝʘʣʠ-

ʟʘʮʠʶ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʛʣʘʚʝ 5). 

ʈʘʩʩʤʦʪʨʠʤ ʩ ʵʪʠʭ ʧʦʟʠʮʠʡ ʧʨʦʮʝʩʩ ʚʳʧʦʣʥʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʦʧʝʨʘʮʠʠ (ʠʥʜʝʢʩ ɓ, ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʦʧʝʨʘʮʠʠ, ʙʫʜʝʤ ʦʧʫʩʢʘʪʴ, ʢʦʛʜʘ 

ʵʪʦ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʜʥʦʟʥʘʯʥʦʤʫ ʧʦʥʠʤʘʥʠʶ). 

ɼʠʥʘʤʠʢʘ ʚʳʧʦʣʥʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʦʧʝʨʘʮʠʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ: 

ʥ

ʥ

ʥ

ʥ

ʥ ʥ 0 ʥ ʥ

1 ;  1 ;  ;  ;

1 ;  1 ;  ;  ;

1 ;  ;  1 ;  ;  ;

1 1 ;

0;    ;    0;    0;

j

r

z

j t j t Q r t x t D t t t

r t r t Q j t x t D t t t

z t z t Q j t r t x t D t t t

l t l t t t

j t r t r z t l t

           (2.2) 

ʉʠʩʪʝʤʘ (2.2) ʦʪʨʘʞʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʦʧʝʨʘʮʠʠ Q(Ā) 

ʠ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʶ D(t) = (dj(t); dr(t))
T
 ʪʝʢʫʱʝʡ ʜʦʩʪʫʧʥʦʩʪʠ (ʠ/ʠʣʠ 

ʥʘʟʥʘʯʝʥʠʷ) ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʨʝʩʫʨʩʦʚ (ʩʧʝʮʠ-

ʘʣʠʩʪʦʚ ʪʨʝʙʫʝʤʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ, ʦʙʦʨʫʜʦʚʘʥʠʷ, ʤʘʪʝʨʠʘʣʦʚ, ʢʦʤ-

ʧʣʝʢʪʫʶʱʠʭ ʠ ʜʨ.). ʕʣʝʤʝʥʪʘʨʥʘʷ ʦʧʝʨʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʤʦʤʝʥʪʘ 

ʥʘʯʘʣʘ tʥ ʜʦ ʘʧʨʠʦʨʠ ʥʝʠʟʚʝʩʪʥʦʛʦ ʤʦʤʝʥʪʘ tɓ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ z(tɓ) > Zʮɓ (ʩʢʘʣʷʨʥʳʡ ʵʢʚʠʚʘʣʝʥʪ ʦʙʱʝʛʦ ʫʩʣʦʚʠʷ 

z(tɓ)  Zʮɓ). ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʣʷ ʩʪʘʨʪʘ ʦʧʝʨʘʮʠʠ ʥʝʦʙʭʦʜʠʤʳ 

ʥʘʯʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʨʝʩʫʨʩʦʚ r0. ʂʦʤʧʦʥʝʥʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʬʫʥʢ-

ʮʠʠ Qj(Ā), Qr(Ā) ʠ Qz(Ā) ʟʘʚʠʩʷʪ ʦʪ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʦʧʝʨʘʮʠʠ x(t) ʠ 

ʦʪ D(t), ʬʫʥʢʮʠʠ Qj(Ā), Qr(Ā) ʠ Qz(Ā) ʠʟʚʝʩʪʥʳ ʠʣʠ ʠʟ ʨʝʛʣʘʤʝʥʪʠʨʫʶ-

ʱʠʭ ʜʦʢʫʤʝʥʪʦʚ (ʥʘʧʨʠʤʝʨ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ) ʜʣʷ ʪʠʧʦʚʳʭ ʨʘ-

ʙʦʪ, ʠʣʠ ʟʘʜʘʶʪʩʷ ʵʢʩʧʝʨʪʥʦ ʜʣʷ ʨʝʜʢʦ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ. 

ɼʦʩʪʫʧʥʦʩʪʴ ʨʝʩʫʨʩʦʚ D(t) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʪ ʤʦʜʝʣʠʨʫʝʪʩʷ 

ʬʫʥʢʮʠʷʤʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ, ʥʘʧʨʠʤʝʨ:  

a. ʬʫʥʢʮʠʷ D(t) ʙʠʥʘʨʥʘ ʠ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ {1; 0}, ʦʪʨʘʞʘʶ-

ʱʠʝ ʩʣʫʯʘʠ çʨʝʩʫʨʩʳ ʜʦʩʪʫʧʥʳ ʚ ʪʨʝʙʫʝʤʦʤ ʦʙʲʸʤʝ, ʨʘʙʦʪʘ ʤʦʞʝʪ 

ʚʳʧʦʣʥʷʪʴʩʷè ʠʣʠ çʨʝʩʫʨʩʳ ʥʝʜʦʩʪʫʧʥʳ, ʨʘʙʦʪʘ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷè;  

b. ʬʫʥʢʮʠʷ D(t) ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ ʧʨʦʮʝʥʪʘ ʜʦʩʪʫʧʥʦʩʪʠ ʨʝ-

ʩʫʨʩʦʚ ʠ ʨʘʙʦʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ-

ʩʪʴʶ. 
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ɺʦʧʨʦʩʘʤ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ ʧʦʩʚʷʱʝʥʘ ʛʣʘʚʘ 5, ʚ ʜʘʥʥʦʤ 

ʨʘʟʜʝʣʝ ʨʘʩʧʠʩʘʥʠʝ ʜʦʩʪʫʧʥʦʩʪʠ ʨʝʩʫʨʩʦʚ D(t) ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʠʟʚʝʩʪ-

ʥʦʡ ʬʫʥʢʮʠʝʡ ʦʪ t. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʢʦʤʧʦʥʝʥʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ 

ʤʦʛʫʪ ʙʳʪʴ (ʢʫʩʦʯʥʦ) ʣʠʥʝʘʨʠʟʦʚʘʥʳ, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʝ: 

 Qj(r(t); x(t-1); D(t); t-tʥ) = ajdj(t), ʛʜʝ aj ʠʤʝʝʪ ʩʤʳʩʣ ʥʦʨʤʘʪʠʚʥʦʡ 

ʯʠʩʣʝʥʥʦʩʪʠ ʪʨʝʙʫʝʤʦʛʦ ʧʝʨʩʦʥʘʣʘ, dj(t) ʤʦʞʝʪ ʜʦʧʫʩʢʘʪʴ ʣʶʙʫʶ ʠʟ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʳʰʝ ʠʥʪʝʨʧʨʝʪʘʮʠʡ, ñaò ʠʣʠ ñbò, ʘ ajdj(t) ʚ ʮʝʣʦʤ ï 

ʧʦʥʝʩʸʥʥʳʝ ʥʘ ʧʝʨʠʦʜʝ t ʪʨʫʜʦʟʘʪʨʘʪʳ; 

 Qr(j(t); x(t-1); D(t); t-tʥ) = ardr(t), ʛʜʝ ar ï ʥʦʨʤʘʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʨʝʩʫʨʩʦʚ, dr(t) ʤʦʞʝʪ ʜʦʧʫʩʢʘʪʴ ʣʶʙʫʶ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʳʰʝ 

ʠʥʪʝʨʧʨʝʪʘʮʠʡ, ñaò ʠʣʠ ñbò, ʘ ardr(t) - ʧʦʥʝʩʸʥʥʳʝ ʥʘ ʧʝʨʠʦʜʝ t ʟʘʪʨʘ-

ʪʳ ʨʝʩʫʨʩʦʚ; 

 Qz(j(t); r(t); x(t-1); D(t); t-tʥ) = ajzajdj(t) + arzr(t) + ɝt, ʛʜʝ a0z, ajz ʠ arz 

ï ʥʦʨʤʘʪʠʚʳ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʠ ʜʨʫʛʠʭ ʨʝʩʫʨʩʦʚ, ɝt ï ʩʣʫ-

ʯʘʡʥʳʡ ʧʨʦʮʝʩʩ, ʦʪʨʘʞʘʶʱʠʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʢʘʞ-

ʜʦʤ ʧʝʨʠʦʜʝ t ʩ ʥʫʣʝʚʳʤ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʠ ʜʠʩʧʝʨʩʠʝʡ ʪʘʢʦʡ, ʯʪʦ 

ůɝ<< a0z; ajz; arz (ʩʦʛʣʘʩʥʦ ʜʦʧʫʱʝʥʠʶ ɼ2). 

ʊʦʛʜʘ ʚʳʨʘʞʝʥʠʷ (2.2) ʧʨʠʤʫʪ ʚʠʜ: 

0

0

ʥ

;

;

;

;

j j

r r

r zj j j zr r r t

j t a hd t

r t r a d t

z t a r a a d t a a d t

l t t t

 

ʛʜʝ 

ʥ ʥ ʥ

;  ; 
t t t

j j r r t i

i t i t i t

d t d i d t d i , 
j

d ʠ 
r

d - ʠʟ-

ʚʝʩʪʥʳʝ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ, ʘ t - ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ʩ ʥʫʣʝʚʳʤ ʩʨʝʜ-

ʥʠʤ ʠ ʜʠʩʧʝʨʩʠʝʡ ůɝ
2
t. 

ɺ ʫʩʣʦʚʠʷʭ ʜʦʧʫʱʝʥʠʷ ɼ2 ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ tɓ ʚʳʧʦʣʥʝʥʠʷ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʦʧʝʨʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʢʘʢ ʮʝʣʦʯʠʩʣʝʥʥʦʝ ʨʝ-

ʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ t ʥʝʨʘʚʝʥʩʪʚʘ 
ʮ 0r zj j j zr r r

Z a r a a d t a a d t  

(ʥʝʩʣʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʜʘʥʥʦʝ ʥʝʨʘʚʝʥʩʪʚʦ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝ-

ʰʝʥʠʝ: ʚʩʝ ʢʦʵʬʬʠʮʠʝʥʪʳ a*, Zʮɓ, r0 ʧʦʣʦʞʠʪʝʣʴʥʳ, ʘ ʦʙʝ ʬʫʥʢʮʠʠ j
d

(Ā) ʠ 
r

d (Ā) ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʪ). ʊʦʛʜʘ ʚʘʨʠʘʥʪ ʩʮʝʥʘʨʠʷ (ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʦʧʝʨʘʮʠʠ ʥʘ ʤʦʤʝʥʪ ʝʸ ʟʘʚʝʨʰʝʥʠʷ) ʧʨʠʤʝʪ ʟʥʘʯʝʥʠʝ: 
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mɓf = (aj
j

d (tɓ); r0 + ar
r

d (tɓ); Zʮɓ; tɓ)
T
             (2.3) 

ɺʳʨʘʞʝʥʠʷ (2.3) ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ, ʚʦ-ʧʝʨʚʳʭ, ʜʣʷ ʚʳʯʠʩʣʝ-

ʥʠʷ ʟʥʘʯʝʥʠʡ ʚʘʨʠʘʥʪʦʚ ʩʮʝʥʘʨʠʝʚ ʨʝʘʣʠʟʘʮʠʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘ-

ʮʠʡ, ʘ ʚʦ-ʚʪʦʨʳʭ - ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʟʥʘʯʝʥʠʡ ʥʝʦʙʭʦʜʠʤʳʭ ʦʙʲʸʤʦʚ 

ʧʫʣʦʚ ʨʝʩʫʨʩʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ. 

ʇʦʣʫʯʝʥʠʝ ʦʪ ʩʫʙʲʝʢʪʦʚ ʥʠʞʝʩʪʦʷʱʠʭ ʉʕɼʦʚ ʠ ʩʦʛʣʘʩʦʚʘʥʠʝ 

ʧʣʘʥʦʚʳʭ ʦʮʝʥʦʢ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʉʕɼʦʚ 
(ʰʘʛ b / e, ʨʠʩʫʥʦʢ 2.11) ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʝʥʯʝʩʢʠʤ 

ʜʝʡʩʪʚʠʝʤ, ʧʦʵʪʦʤʫ ʥʝ ʪʨʝʙʫʝʪ ʨʘʩʩʤʦʪʨʝʥʠʷ. 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʝʪʷʭ (ʰʘʛ c, ʨʠʩʫʥʦʢ 2.11). 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʜʫʨʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʥʘ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʝ-

ʪʷʭ - ʧʘʨʘʣʣʝʣʴʥʦ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʣʘʥʦʚ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ.  

ʆʙʲʝʜʠʥʸʥʥʘʷ ʦʮʝʥʢʘ mŬ ʢʦʤʧʦʟʠʮʠʠ ʥʝʩʢʦʣʴʢʠʭ (i = 1,2, é, IŬ) 

ʵʣʝʤʝʥʪʦʚ ʂɼ ʧʦʣʫʯʠʪʩʷ ʚ ʚʠʜʝ: 

 ɼʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʵʣʝʤʝʥʪʦʚ - ʩʫʤʤʳ ʦʮʝʥʦʢ 

ʵʣʝʤʝʥʪʦʚ: 

1

I

i

i

m m                 (2.4) 

 ɼʣʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʠʟ IŬ ʵʣʝʤʝʥʪʦʚ 

ʂɼ ʨʝʘʣʠʟʫʝʪʩʷ ʦʜʠʥ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ í) - ʚʟʚʝʰʝʥʥʦʡ ʩʫʤʤʳ ʦʮʝʥʦʢ 

ʵʣʝʤʝʥʪʦʚ: 

1

I

i i

i

m m                 (2.5) 

 ɼʣʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʙʝʟʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʨʝʘʣʠʟʫʶʪʩʷ 
ʚʩʝ IŬ ʵʣʝʤʝʥʪʦʚ ʂɼ): 

1

I

i

i

j t j t , 
1

I

i

i

r t r t , 
1

I

i

i

z t z t , 

1,...,

max
i

i I

t t                 (2.6) 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʧʨʦʭʦʞʜʝʥʠʷ ʵʪʘʧʦʚ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ (ʰʘʛ d, 

ʨʠʩʫʥʦʢ 2.11). 

ʈʘʩʩʤʦʪʨʠʤ ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʨʦʭʦʞʜʝʥʠʷ ʵʪʘʧʦʚ ɾʎ ʢʘʢ ʟʘʜʘʯʫ 

ʚʳʯʠʩʣʝʥʠʷ ʚʝʩʘ ʧʫʪʠ ʚ ʛʨʘʬʝ (ʩʤ. ʨʠʩʫʥʦʢ 2.13) ʠʟ ʥʫʣʝʚʦʡ ʚʝʨʰʠʥʳ 

ʚ ʪʝʨʤʠʥʘʣʴʥʫʶ. 

ʇʝʨʝʥʫʤʝʨʫʝʤ ʚʩʝ ʂʈ ʠ ʵʪʘʧʳ, ʦʙʦʟʥʘʯʠʤ ʤʥʦʞʝʩʪʚʦ ʵʪʘʧʦʚ ʠ ʂʈ 

ʢʘʢ N = {0, 1, 2, é, n} (ʨʠʩʫʥʦʢ 2.13). 
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ʈʠʩ. 2.13. ʆʙʦʙʱʸʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʭʦʞʜʝʥʠʷ ʵʪʘʧʦʚ 

ɾʎ -  ʧʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ s(t) 

 

ʅʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʉʕɼʘ ʚʳʨʘʞʘʝʪʩʷ ʚ ʥʝʦʧʨʝʜʝʣʸʥ-

ʥʳʭ ʤʦʤʝʥʪʘʭ ti ʟʘʚʝʨʰʝʥʠʷ ʵʪʘʧʦʚ ʠ ʧʨʦʭʦʞʜʝʥʠʷ ʂʈ ʠ ʩʨʦʢʘʭ ʟʘ-

ʚʝʨʰʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʧʨʦʝʢʪʦʚ, ʨʘʙʦʪ/ʜʝʡʩʪʚʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʵʪʘʧʳ 

(ʥʠʞʝʩʪʦʷʱʠʭ ʵʣʝʤʝʥʪʦʚ ʂɼ); ʚ ʥʝʦʧʨʝʜʝʣʸʥʥʦʤ ʠʩʭʦʜʝ ʧʨʦʭʦʞʜʝʥʠʠ 

ʂʈ ï ʥʝʦʧʨʝʜʝʣʸʥʥʦʡ ʬʫʥʢʮʠʠ ʧʝʨʝʭʦʜʘ s(t) Ÿ s(t+1); ʢʘʢ ʩʣʝʜʩʪʚʠʝ ï 

ʚ ʥʝʦʧʨʝʜʝʣʸʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʜʝʡʩʪʚʠʡ y(t), ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʣʫʯʝ-

ʥʠʷ ʪʨʝʙʫʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʵʪʘʧʦʚ z(ti)  ɴZʮi.  

ʇʨʦʮʝʩʩ ʩʪʘʨʪʫʝʪ ʠʟ ʩʦʩʪʦʷʥʠʷ 0. ʇʝʨʝʡʜʷ ʚ ʩʦʩʪʦʷʥʠʝ i ï 1, ʧʨʦ-

ʮʝʩʩ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʤ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʠʦʜʦʚ ʚʨʝʤʝʥʠ Ű, ʧʨʠ 

ʵʪʦʤ ʚʳʧʦʣʥʷʶʪʩʷ ʜʝʡʩʪʚʠʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʠʣʠ ʥʝ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪ 

ʪʨʝʙʫʝʤʳʡ ʨʝʟʫʣʴʪʘʪ, ʠʣʠ ʥʝ ʩʪʘʥʝʪ ʧʦʥʷʪʥʘ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʜʦ-

ʩʪʠʞʝʥʠʷ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩ ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʩʪʦʷʥʠʝ i (ʫʩʧʝʰʥʦʝ 

ʧʨʦʭʦʞʜʝʥʠʝ i-ʛʦ ʂʈ) ʠʣʠ ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʚʨʘʪ ʚ ʩʦʩʪʦʷʥʠʝ iï1 ʠ ʧʦ-

ʚʪʦʨʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʪʝʢʫʱʝʛʦ ʵʪʘʧʘ i ʠʣʠ ʚʦʟʚʨʘʪ ʥʘ j ʵʪʘʧʦʚ ʥʘʟʘʜ ʠ 

ʠʭ ʧʦʚʪʦʨʥʦʝ ʚʳʧʦʣʥʝʥʠʝ. ɺ ʬʠʥʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ n ʧʨʦʮʝʩʩ ʦʩʪʘʸʪʩʷ 

ʥʘʚʩʝʛʜʘ. ʄʦʤʝʥʪ ʟʘʚʝʨʰʝʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʵʪʘʧʘ n ʠ 

ɾʎ ʉʕɼʘ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ tŬ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʝʤʘʥʪʠʢʝ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʨʝʙʨʘ ʛʨʘʬʘ ʠʟ i - 1-

ʭ ʚʝʨʰʠʥ ʚ i-ʝ ʠʤʝʶʪ ʚʝʩʘ, ʢʦʪʦʨʳʝ ʙʫʜʝʤ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʧʣʘ-

ʥʳ ʵʪʘʧʦʚ. ɺʝʩʘ ʦʩʪʘʣʴʥʳʭ ʨʸʙʝʨ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʦʟʚʨʘʪʘʤ ʢ ʧʨʝʜʳ-

ʜʫʱʠʤ ʩʪʘʜʠʷʤ ɾʎ (ʠʟ i-ʡ ʚʝʨʰʠʥʳ ʚ i - j-ʶ, ʛʜʝ 0 Ò j < i), ʠ ʨʘʚʥʳ 

ʥʫʣʶ. 

ʇʫʩʪʴ ʇi ï ʚʝʩ ʧʫʪʠ ʠʟ i-ʡ ʚʝʨʰʠʥʳ ʚ ʪʝʨʤʠʥʘʣʴʥʫʶ n-ʶ, ʠʤʝʶ-

ʱʠʡ ʪʫ ʞʝ ʨʘʟʤʝʨʥʦʩʪʴ, ʯʪʦ ʠ mi. ʉʦʜʝʨʞʘʪʝʣʴʥʦ ʇi ʦʟʥʘʯʘʝʪ ʧʣʘʥ 

ʨʝʘʣʠʟʘʮʠʠ ʚʩʝʭ ʵʪʘʧʦʚ, ʥʘʯʠʥʘʷ ʩ i+1-ʛʦ ʜʦ ʢʦʥʝʯʥʦʛʦ n-ʛʦ ʚʢʣʶʯʠ-

ʪʝʣʴʥʦ. ʊʦʛʜʘ ʜʣʷ ʇi ʩʧʨʘʚʝʜʣʠʚʘ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ: 
0

 

ʇ (, )ʇ ;  ʜʣʷ 

ʇ  

0       

 0.                                          n

i i i j

j i

m i nk ij
             (2.7) 
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ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʝʩʘ ʇi ʷʚʣʷʶʪʩʷ ʣʠʥʝʡʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ 

ʧʣʘʥʦʚ ʵʪʘʧʦʚ ɾʎ mi.  

ʇʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʇi. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʨʝʰʝʥʠʷ ʠ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʝʛʦ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʜʦʢʘʟʳʚʘʝʪʩʷ ʤʝʪʦʜʦʤ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʦʡ ʠʥʜʫʢʮʠʠ ʯʝʨʝʟ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ (2.7) ʚʩʝʭ ʥʝʠʟʚʝʩʪʥʳʭ ʇi ʢʨʦʤʝ ʇ0, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳ-

ʨʘʞʘʷ ʇi ʯʝʨʝʟ ʇ0 ʠ mi. ʅʝʩʣʦʞʥʦ ʪʘʢʞʝ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʨʝʰʝʥʠʝ ʜʣʷ ʇ0 

ʠʤʝʝʪ ʚʠʜ ʇ0 = 0,

1

n

i i

i

m , ʛʜʝ ɜi,j ï ʵʣʝʤʝʥʪ i-ʡ ʩʪʨʦʢʠ j-ʛʦ ʩʪʦʣʙʮʘ 

ʤʘʪʨʠʮʳ (E-K)
-1
, E ï ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ, ʘ ʤʘʪʨʠʮʘ K ʠʤʝʝʪ ʚʠʜ: 

(0,0) (0,1) 0 0

(1, 1) (1,0) (1,1) 0

( , ) ( , ) ( ,0) ( ,1) 0
.

... ... ... ... ...

( 2, 1)

( 1, 1 ) ( 1,0)

k k

k k k

k g g k g i k g k g
K

k G

k G G k G

 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʇ0 ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʧʣʘʥʦʚʦʡ ʦʮʝʥʢʠ mŬ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɾʎ ʉʕɼʘ ʚ ʮʝʣʦʤ ʯʝʨʝʟ ʦʮʝʥʢʠ 

ʵʪʘʧʦʚ mi: 

m  h= ʇ0 = 
0,

1

n

i i

i

m                (2.8) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʨʘʞʝʥʠʝ (2.3) ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʥʘ ʵʣʝ-

ʤʝʥʪʘʨʥʦʡ ʦʧʝʨʘʮʠʠ, ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʡ ʢʦʤʧʦʟʠʮʠʡ ʧʣʘʥʦʚ ʥʝʩʢʦʣʴʢʠʭ ʵʣʝʤʝʥʪʦʚ ʂɼ (2.4 - 2.6), ʚʳʨʘʞʝ-

ʥʠʷ (2.7 - 2.8) ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɾʎ ʉʕɼʘ ʩʦʩʪʘʚʣʷʶʪ 

ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʦʩʥʦʚʫ ʤʦʜʝʣʠ ʨʝʘʣʠʟʘʮʠʠ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʆʊʉ ʠ ʚʤʝʩʪʝ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʘʣʛʦʨʠʪʤʘ (ʨʠʩʫ-

ʥʦʢ 2.11) ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʚʳʧʦʣʥʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʂɼ. 

 

2.3. ʇʨʠʣʦʞʝʥʠʷ ʤʦʜʝʣʝʡ ʨʝʘʣʠʟʘʮʠʠ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʮʝʩʩʥʳʭ ʤʦ-

ʜʝʣʝʡ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ 

ʆʊʉ ʥʘ ʧʨʠʤʝʨʝ ʛʨʫʧʧʳ ʢʦʤʧʘʥʠʡ [141], ʙʠʟʥʝʩ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥ ʩ 
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ʢʦʥʩʘʣʪʠʥʛʦʤ ʠ ʩʠʩʪʝʤʥʦʡ ʠʥʪʝʛʨʘʮʠʝʡ ʚ ʩʬʝʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ (ʫʩʣʦʚʥʦ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʝʸ ʀʥʪʝʛʨʘʪʦʨ). 

ɺ ʩʦʩʪʘʚʝ ʀʥʪʝʛʨʘʪʦʨʘ ʨʘʙʦʪʘʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʜʦʯʝʨʥʠʭ ʢʦʤʧʘʥʠʡ, ʰʪʘʪ ʚʩʝʭ ʢʦʤʧʘʥʠʡ ʛʨʫʧʧʳ ʥʘʩʯʠʪʳʚʘʝʪ ʩʚʳʰʝ 

3 000 ʯʝʣʦʚʝʢ ï ʩʠʩʪʝʤʥʳʭ ʘʨʭʠʪʝʢʪʦʨʦʚ, ʘʥʘʣʠʪʠʢʦʚ, ʢʦʥʩʫʣʴʪʘʥʪʦʚ, 

ʠʥʞʝʥʝʨʦʚ ʠ ʧʨʦʛʨʘʤʤʠʩʪʦʚ. ʆʩʥʦʚʥʦʡ ʦʬʠʩ ʨʘʩʧʦʣʦʞʝʥ ʚ ʄʦʩʢʚʝ, 

ʦʬʠʩʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ ï ʚ ʧʷʪʠ ʛʦʨʦʜʘʭ ï ʨʝʛʠ-

ʦʥʘʣʴʥʳʭ ʮʝʥʪʨʘʭ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʙʠʟʥʝʩ ʀʥʪʝʛʨʘʪʦʨʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥ ʚ ʚʠʜʝ ʧʨʦʝʢ-

ʪʦʚ ʧʦ ʪʠʧʘʤ ʩʝʨʚʠʩʦʚ, ʦʙʲʝʜʠʥʷʝʤʳʭ ʚ ʣʠʥʠʠ ʙʠʟʥʝʩʘ, ʘ ʚ ʜʨʫʛʦʤ 

ʨʘʟʨʝʟʝ ï ʧʦ ʠʥʜʫʩʪʨʠʷʤ ʢʣʠʝʥʪʦʚ ʠ ʢʣʠʝʥʪʘʤ. ɺʩʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʀʥ-

ʪʝʛʨʘʪʦʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʨʦʝʢʪʦʚ ʢʘʢ ʫʜʦʙʥʦʡ ʜʣʷ ʫʧʨʘʚʣʝ-

ʥʠʷ ʬʦʨʤʦʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʆʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʧʨʦʝʢ-

ʪʦʚ: 

 ʢʦʤʤʝʨʯʝʩʢʠʡ ï ʜʝʷʪʝʣʴʥʦʩʪʴ, ʦʩʫʱʝʩʪʚʣʷʝʤʘʷ ʚ ʠʩʧʦʣʥʝʥʠʝ 

ʦʙʷʟʘʪʝʣʴʩʪʚ ʧʦ ʜʦʛʦʚʦʨʫ ʩ ʟʘʢʘʟʯʠʢʦʤ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʬʠʥʘʥʩʦ-

ʚʦʛʦ ʨʝʟʫʣʴʪʘʪʘ; 

 ʧʨʝʩʝʡʣ-ʧʨʦʝʢʪ ï ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʩʙʳʪʦʚʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, 

ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʟʘʢʣʶʯʝʥʠʝ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʜʦʛʦʚʦʨʘ ʩ ʟʘʢʘʟʯʠʢʦʤ; 

 ʤʘʨʢʝʪʠʥʛʦʚʳʡ ï ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩ ʮʝʣʴʶ ʨʘʟʚʠ-

ʪʠ̫ ʢʦʤʤʝʨʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ ʩ ʟʘʢʘʟʯʠʢʦʤ ʠʣʠ ʧʨʦʜʚʠʞʝʥʠ ̫ʩʝʨʚʠ-

ʩʦʚ ʠʣʠ ʧʨʦʜʫʢʪʦʚ ʀʥʪʝʛʨʘʪʦʨʠ; 

 ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ï ʜʝʷʪʝʣʴʥʦʩʪʴ ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʩʝʨ-

ʚʠʩʦʚ, ʧʨʦʜʫʢʪʦʚ ʠʣʠ ʠʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʝʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʙʫʜʫʱʠʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʝʢʪʘʭ. 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʙʠʟʥʝʩʦʤ ʚʥʫʪʨʠ ʀʥʪʝʛʨʘʪʦʨʘ ʚʳʜʝʣʷʶʪʩʷ ʮʝʥ-

ʪʨʳ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ (ʎʆ) ʨʘʟʥʳʭ ʚʠʜʦʚ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʫʱʝʩʪʚʦʚʘ-

ʥʠʷ, ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʢʦʤʧʣʝʢʩʥʳʝ ʩʠʩʪʝʤʳ, ʧʨʝʜʧʨʠʷ-

ʪʠ,̫ ʆʊʉ. ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʎʆ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʢʘʢ ʦʙʲʝʢʪʳ 

ʫʧʨʘʚʣʝʥʠʷ ʀʥʪʝʛʨʘʪʦʨʦʤ, ʧʝʨʝʯʠʩʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.2. 

 

ʊʘʙʣʠʮʘ 2.2. ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʮʝʥʪʨʦʚ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ 

 

ʆʙʦʟʥʘ-

ʯʝʥʠʝ 

ʉʦʜʝʨʞʘʥʠʝ 

ʇʨ ʇʨʦʝʢʪ ï ʧʨʦʝʢʪʳ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʚʠʜʦʚ 

ʇʂʇ ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʚʷʟʘʥʥʳʭ ʧʨʝʩʝʡʣ-ʧʨʦʝʢʪʦʚ ʠ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ (ʇʂʇ) 

ʎʆ-ʉ ʉʝʨʚʠʩ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʚʠʜʘ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦ-

ʢʫʧʥʦʩʪʴ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ ʠ ʤʥʦʞʝʩʪʚʦ 
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ʇʂʇ1,é, ʇʂʇN = <ʀʥʚʝʩʪʠʮʠʦʥʥʳʝ ʧʨʦʝʢʪʳ + ʇʂʇ1,é, 

ʇʂʇN>  

ʃɹ ʃʠʥʠʷ ʙʠʟʥʝʩʘ (ʛʨʫʧʧʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʙʣʠʟʢʠʭ ʩʝʨʚʠ-

ʩʦʚ): <ʀʥʚʝʩʪʠʮʠʦʥʥʳʝ ʧʨʦʝʢʪʳ + ʇʂʇ1,é, ʇʂʇN>  

ʂʂ ɻʨʫʧʧʳ ʧʨʦʝʢʪʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʦʪʜʝʣʴʥʳʤ ʢʨʫʧʥʳʤ 

ʢʣʠʝʥʪʘʤ (ʂʂ): <ʄʘʨʢʝʪʠʥʛʦʚʳʝ ʧʨʦʝʢʪʳ + ʇʂʇ1,é, 

ʇʂʇN>  

 

ɾʠʟʥʝʥʥʳʝ ʮʠʢʣʳ ʮʝʥʪʨʦʚ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʳ ʩʦ-

ʛʣʘʩʥʦ ʪʘʙʣʠʮʝ 2.3. 

 

ʊʘʙʣʠʮʘ 2.3. ʉʪʨʫʢʪʫʨʘ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʮʝʥʪʨʦʚ ʦʪʚʝʪ-

ʩʪʚʝʥʥʦʩʪʠ. 

 

ʅʘʟʚʘʥʠʝ ʩʪʘʜʠʠ ʚ 

ʙʠʟʥʝʩ-ʪʝʨʤʠʥʘʭ 

ʅʘʟʚʘʥʠʝ ʩʪʘʜʠʠ 

ʚ ʪʝʨʤʠʥʘʭ ʄʂɼ 

ʎʝʣʴ ʩʪʘʜʠʠ 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʌʠʢʩʘʮʠʷ ʩʧʨʦʩʘ ʠ 

ʦʩʦʟʥʘʥʠʝ ʧʦʪʨʝʙʥʦ-

ʩʪʠ 

ʆʧʨʝʜʝʣʠʪʴ ʙʠʟʥʝʩ-

ʧʝʨʩʧʝʢʪʠʚʳ ʎʆ 

ʇʦʜʛʦʪʦʚʢʘ ʠ ʬʦʨ-

ʤʠʨʦʚʘʥʠʝ ʙʠʟʥʝʩʘ 

ʎʝʣʝʧʦʣʘʛʘʥʠʝ ʠ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ 

ʮʝʣʝʡ ʠ ʟʘʜʘʯ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʝʭ-

ʥʦʣʦʛʠʠ 

ʉʦʟʜʘʪʴ ʠʥʬʨʘʩʪʨʫʢ-

ʪʫʨʫ ʙʠʟʥʝʩʘ ʎʆ ï 

ʰʪʘʪ ʦʙʫʯʝʥʥʳʭ ʩʦ-

ʪʨʫʜʥʠʢʦʚ, ʪʝʭʥʦʣʦ-

ʛʠʠ ʨʘʙʦʪʳ, ʪʝʭʥʠʯʝ-

ʩʢʠʝ ʩʨʝʜʩʪʚʘ ʠ ʪ.ʜ. 

ʂʦʤʤʝʨʯʝʩʢʘʷ ɺʳʧʦʣʥʝʥʠʝ ʜʝʡ-

ʩʪʚʠʡ ʠ ʧʦʣʫʯʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʘ 

ʈʝʘʣʠʟʦʚʘʪʴ ʙʠʟʥʝʩ-

ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʚʠʜʝ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʝʢ-

ʪʦʚ ʠ ʧʦʣʫʯʠʪʴ ʬʠ-

ʥʘʥʩʦʚʳʡ ʨʝʟʫʣʴʪʘʪ 

ɿʘʢʨʳʪʠʝ ʆʮʝʥʠʚʘʥʠʝ ʨʝʟʫʣʴ-

ʪʘʪʘ ʠ ʨʝʬʣʝʢʩʠʷ 

ʅʘʢʦʧʠʪʴ ʠ ʩʦʭʨʘ-

ʥʠʪʴ ʦʧʳʪ ʠ ʟʥʘʥʠʷ. 

 

ʎʆ ʥʝ ʪʦʣʴʢʦ ʦʪʚʝʯʘʶʪ ʦʧʨʝʜʝʣʝʥʠʶ ʆʊʉ, ʥʦ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʉʕɼʘʤ, ʩʪʨʫʢʪʫʨʠʨʫʝʤʳʤ ʚ ʚʠʜʝ ʉʕɼʦʚ ʥʠʞʝʩʪʦʷʱʠʭ ʫʨʦʚʥʝʡ 

(ʥʘʧʨʠʤʝʨ, ʦʪʨʘʩʣʝʚʳʝ ʧʦʜʩʠʩʪʝʤʳ ʚ ʩʦʩʪʘʚʝ ʩʦʟʜʘʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʜʧʨʦʝʢʪʳ ʦʪʨʘʩʣʝʚʳʭ ʨʘʙʦʯʠʭ ʛʨʫʧʧ ʚʥʫʪʨʠ ʨʘ-

ʙʦʯʝʡ ʛʨʫʧʧʳ ʧʨʦʝʢʪʘ ʚ ʮʝʣʦʤ), ʠʣʣʶʩʪʨʘʪʠʚʥʳʡ ʧʨʠʤʝʨ ʧʨʠʚʝʜʸʥ ʥʘ 

ʨʠʩʫʥʢʝ 2.14. 
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ʈʠʩ. 2.14. ʇʨʠʤʝʨ ʉʕɼʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʠʥʠʠ ʙʠʟʥʝʩʘ 

 

ʀʥʪʝʛʨʘʪʦʨ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝʘʣʠʟʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʢʦʤʤʝʨʯʝ-

ʩʢʠʭ ʧʨʦʝʢʪʦʚ (ʥʘʧʨʠʤʝʨ, ʚ ʘʧʨʝʣʝ 2014 ʛ. ʠʭ ʙʳʣʦ ʦʢʦʣʦ 750, ʘ ʚ ʩʝʥ-

ʪʷʙʨʝ 2018 ʛ. ï ʙʦʣʝʝ 800), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʩʪʦʷʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʪʨʝʙʫʶʪ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʎʆ, ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʫʧʨʘʚʣʷʝʪʩʷ ʨʫʢʦʚʦʜʠ-

ʪʝʣʝʤ, ʢʦʪʦʨʳʡ ʥʝʩʸʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʨʝʟʫʣʴʪʘʪʳ ʙʠʟʥʝʩʘ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʛʦ ʎʆ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʎʆ ʥʘʭʦʜʷʪʩʷ ʚ ʩʣʦʞʥʦʡ ʠʝʨʘʨʭʠʯʝ-

ʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʦʙʣʝʤʫ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ ʢʨʘʡʥʝ ʚʘʞʥʦʡ ʜʣʷ ʫʩʧʝʭʘ ʀʥʪʝʛʨʘʪʦʨʘ. ʇʨʠ ʵʪʦʤ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʎʆ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʥʦ ʪʘʢʞʝ ʛʘʨʤʦʥʠʟʠʨʦʚʘʪʴ ʦʧʝʨʘʮʠʦʥʥʫʶ ʜʝʷʪʝʣʴ-

ʥʦʩʪʴ ʩʦ ʩʙʳʪʦʚʦʡ. ɸ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʨʝʬʣʝʢʩʠʚʥʳʭ 

ʚʟʘʠʤʦʩʚʷʟʝʡ ʵʪʦ ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʷʪʴ ʚ ʚʠʜʝ ʝʜʠʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʨʠʚʝʜʝʥʠʝʤ ʠʭ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʦʙʲʸʤʘʤʠ ʧʨʦʜʘʞ ʠ ʮʝʥʘʤ ʥʘ ʤʥʦʞʝʩʪʚʝ ʎʆ. 

ʇʨʦʮʝʩʩʥʘʷ ʤʦʜʝʣʴ (ʨʘʟʜʝʣ 2.2), ʦʧʨʝʜʝʣʷʶʱʘʷ ʫʥʠʚʝʨʩʘʣʴʥʳʡ 

ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘʤʠ ʂɼ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʡ ʨʝʛʣʘʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʮʝʥʪʨʘʤʠ ʦʪʚʝʪʩʪʚʝʥʥʦ-

ʩʪʠ. ʇʨʦʮʝʩʩʥʘ ̫ʤʦʜʝʣ ɹʷʚʣʷʝʪʩʷ: 

 ʠʥʩʪʨʫʤʝʥʪʦʤ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʨʝʛʣʘʤʝʥʪʘʮʠʠ ʂɼ, ʪʦ 
ʝʩʪʴ ʬʠʢʩʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʂɼ; 

 ʰʘʙʣʦʥʦʤ, ʦʪʨʘʞʘʶʱʠʤ ʚʩʝ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʦʙʱʝʩʠʩʪʝʤʥʳʝ 

ʘʩʧʝʢʪʳ ɾʎ ʂɼ (ʵʪʘʧʳ, ʩʪʘʜʠʠ, ʬʘʟʳ, ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʠ ʚʟʘʠʤʦʩʚʷʟʠ) 

ʠ ʛʘʨʘʥʪʠʨʫʶʱʠʤ ʪʝʤ ʩʘʤʳʤ ʫʯʸʪ ʵʪʠʭ ʘʩʧʝʢʪʦʚ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ 

ʨʝʛʣʘʤʝʥʪʘʭ ʫʧʨʘʚʣʝʥʠʷ; 
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 ʢʨʠʪʝʨʠʝʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʦʪʜʝʣʠʪ ɹʩʪʘʥʜʘʨʪʠʟʠʨʫʝʤʫ ,ʁ ʪʠʧʦ-

ʚʫ ,ʁ çʨʝʛʫʣʷʨʥʫ èʁ
29

 ʜʝʷʪʝʣʴʥʦʩʪ ɹʦʪ ʜʨʫʛʠʭ ʚʠʜʦʚ ʂɼ. 

ʀʥʪʝʛʨʘʪʦʨ ʢʘʢ ʙʠʟʥʝʩ-ʩʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ ʝʩʪʝʩʪʚʝʥʥʦʡ ʠʥʝʨʮʠʦʥ-

ʥʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʦʩʥʦʚʥʳʤ ʧʨʠʥʮʠʧʦʤ ʫʧʨʘʚʣʝʥʠʷ ʮʝʥʪʨʘʤʠ ʦʪʚʝʪ-

ʩʪʚʝʥʥʦʩʪʠ ʠ ʀʥʪʝʛʨʘʪʦʨʦʤ ʚ ʮʝʣʦʤ ʷʚʣʷʝʪʩʷ çʧʨʦʛʥʦʟ ʧʨʦʪʠʚ ʧʣʘʥʘè, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʝʰʝʥʠʷ ʧʨʠʥʠʤʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʦʧʦ-

ʩʪʘʚʣʝʥʠʷ ʧʨʦʛʥʦʟʘ ʙʠʟʥʝʩ-ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʧʣʘʥʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫ-

ʱʝʩʪʚʣʷʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʦʘʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʠ ʦʮʝʥʠʚʘʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʘʣʠʟʘʮʠʠ 

ɾʎ ʮʝʥʪʨʦʚ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ (ʟʘʪʨʘʪʳ ʠ ʜʦʭʦʜʳ, ʚʨʝʤʷ ʟʘʚʝʨʰʝʥʠʷ 

ʩʪʘʜʠʡ), ʘ ʪʘʢʞʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʧʣʘʥʦʚ ʤʝʞʜʫ ʩʫʙʲʝʢʪʘʤʠ ʎʆ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʙʘʟʝ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ʨʝʘʣʠʟʘʮʠʠ ɾʎ ʂɼ ï ʩʦʦʪʥʦ-

ʰʝʥʠʡ (2.3 - 2.8). 

ʌʘʢʪʠʯʝʩʢʠ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʀʥʪʝʛʨʘʪʦʨʦʤ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩ-

ʥʦʚʘʥʠʠ ʤʦʜʝʣʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʦʚ ʜʘʥʥʦʡ 

ʛʣʘʚʳ. 

ʈʝʟʫʣʴʪʘʪʠʚʥʦʩʪ ɹʫʧʨʘʚʣʝʥʠʷ ʚ ʩʣʫʯʘʝ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʪʦʨʷʝʤʳʭ 

ʮʠʢʣʦʚ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʟʤʝʨʷʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʩʬʦʨʤʠʨʦʚʘʥʥr ʤʠ ʥʘ ʦʩʥʦʚʝ ʜʦʣʠ ʩʣʫʯʘʝʚ ʜʦʩʪʠ-

ʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʠʣʠ ʥʝʢʦʪʦʨʦʡ ʩʫʤʤʘʨʥʦʡ/ʩʨʝʜʥʝʡ ʪʦʯʥʦ-

ʩʪʠ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ. ʊʘʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʤʦʞʝʪ ʙʳʪʴ çʧʦʛʨʝʰ-

ʥʦʩʪʴ ʧʨʦʛʥʦʟʘè, ʢʦʪʦʨʘʷ ʚ ʩʠʣʫ ʨʝʬʣʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ 

ʵʣʝʤʝʥʪʘʤʠ ʂɼ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʝ ʩʪʦʣʴʢʦ ʤʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʘʢ 

ʪʘʢʦʚʦʡ, ʩʢʦʣʴʢʦ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘʤʠ ʂɼ ʚ ʮʝ-

ʣʦʤ. 

ʅʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʠʩʪʦʨʠʠ ʧʦʟʚʦʣʷʝʪ ʘʧʦʩʪʝʨʠʦʨʠ ʦʮʝʥʠʪʴ 

ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʀʥʪʝʛʨʘʪʦʨʦʤ. ʅʘ ʦʩʥʦʚʝ ʥʘʢʦʧʣʝʥʥʳʭ ʠʩʪʦʨʠʯʝ-

ʩʢʠʭ ʜʘʥʥʳʭ ʙʳʣ ʚʳʧʦʣʥʝʥ ʘʧʦʩʪʝʨʠʦʨʥʳʡ ʘʥʘʣʠʟ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦ-

ʟʦʚ / ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʧʣʘʥʦʚ: ʩʦʧʦʩʪʘʚʣʝʥʳ ʧʨʦʛʥʦʟʳ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʎʆ ʩ ʬʘʢʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʦʨʠ-

ʟʦʥʪʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ï ʬʠʥʘʥʩʦʚʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʟʘ ʛʦʜ ʜʣʷ ʜʚʫʭ ʣʠ-

ʥʠʡ ʙʠʟʥʝʩʘ ʥʘ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʪʘʜʠʠ ɾʎ. ʇʨʠʤʝʨʳ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʨʘʩʭʦʞʜʝʥʠʷ ʧʨʦʛʥʦʟʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʬʘʢʪʠʯʝʩʢʠʭ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠ-

ʩʫʥʢʘʭ 2.15 ʠ 2.16 ʚ ʬʦʨʤʝ ʛʨʘʬʠʢʦʚ. 

ɻʨʘʬʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʟʤʝʥʝʥʠʝ ʨʘʩʭʦʞʜʝʥʠʷ ʧʨʦʛʥʦʟʘ ʠ ʬʘʢʪʘ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʦʤʝʨʘ ʤʝʩʷʮʘ, ʚ ʢʦʪʦʨʦʤ ʩʜʝʣʘʥ ʧʨʦʛʥʦʟ (ʧʦ ʛʦʨʠ-

ʟʦʥʪʘʣʠ). ɺ ʥʘʯʘʣʝ ʧʝʨʚʦʛʦ ʤʝʩʷʮʘ ʛʦʜʘ ʠʥʪʝʨʚʘʣ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

                                                           
29 ʈʘʟʜʝʣʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʚʠʜʳ çʨʝʛʫʣʷʨʥʦʡè, çʨʝʧʣʠʢʘʪʠʚʥʦʡè ʠ 
çʢʨʝʘʪʠʚʥʦʡè ʂɼ ʠ ʦʙʩʫʞʜʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʪʠʭ ʚʠʜʦʚ ʚʳʧʦʣʥʝʥʦ ʚ ʛʣʘʚʝ 4 ʤʦʥʦ-
ʛʨʘʬʠʠ [22], ʪʝʤʘ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʂɼ ʦʙʩʫʞʜʝʥʘ ʪʘʢʞʝ ʚ ʨʘʟʜʝʣʝ 1.5.1. 
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ʩʦʩʪʘʚʣʷʝʪ 12 ʤʝʩʷʮʝʚ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʦʜʥʦʛʦ ʤʝʩʷʮʘ ʢ ʥʘʯʘʣʫ 12-ʛʦ 

ʤʝʩʷʮʘ ʛʦʜʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʙʳʚʘʝʪ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʦʛʥʦʟʘ. ʅʘ ʢʘʞ-

ʜʦʤ ʠʟ ʛʨʘʬʠʢʦʚ ʠʟʦʙʨʘʞʝʥʦ ʠʟʤʝʥʝʥʠʝ ʨʘʩʭʦʞʜʝʥʠʡ ʜʣʷ ʪʨʸʭ ʛʦʜʦ-

ʚʳʭ ʧʝʨʠʦʜʦʚ (ʰʪʨʠʭʦʚʳʝ ʠ ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ), ʫʩʨʝʜʥʸʥʥʳʡ ʛʨʘʬʠʢ 

(ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ ʣʠʥʝʡʥʳʡ ʪʨʝʥʜ (ʪʦʥʢʘʷ ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ). 

ʌʠʥʘʥʩʦʚʳʡ ʨʝʟʫʣʴʪʘʪ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʢʘʢ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʧʦʣʫ-

ʯʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ ʠ ʟʘʪʨʘʪʘʤʠ ʜʣʷ ʚʩʝʭ ʎʆ (ʧʨʦʝʢʪʦʚ), ʦʪʥʦʩʷʱʠʭ-

ʩʷ ʢ ʜʘʥʥʦʡ ʣʠʥʠʠ ʙʠʟʥʝʩʘ. ʈʝʘʣʠʟʘʮʠʷ ʠ ʟʘʪʨʘʪʳ ʧʨʦʛʥʦʟʠʨʦʚʘʣʠʩʴ ʠ 

ʩʦʛʣʘʩʦʚʳʚʘʣʠʩʴ ʤʝʞʜʫ ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ ʎʆ ʩʦʛʣʘʩʥʦ ʩʦʦʪʥʦʰʝʥʠʷʤ 

(2.3 - 2.8). ɼʣʷ ʧʨʠʚʝʜʝʥʠʷ ʢ ʝʜʠʥʦʤʫ ʤʘʩʰʪʘʙʫ ʨʘʩʭʦʞʜʝʥʠʷ ʥʦʨʤʠ-

ʨʦʚʘʥʳ ʢʘʢ |űt - űʬʘʢʪ|/(max
t

{|űt - űʬʘʢʪ|}), ʛʜʝ űʬʘʢʪ ï ʬʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝ-

ʥʠʝ ʬʠʥʘʥʩʦʚʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʧʦ ʠʪʦʛʘʤ ʛʦʜʘ, űt ï ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʥʘ t-ʤ ʤʝʩʷʮʝ ʛʦʜʘ. 

 

 
 

ʈʠʩ. 2.15. ʇʨʠʤʝʨ ʛʨʘʬʠʢʦʚ ʠʟʤʝʥʝʥʠʷ ʨʘʩʭʦʞʜʝʥʠʷ 

ʧʨʦʛʥʦʟʘ ʠ ʬʘʢʪʘ, çʣʠʥʠʷ ʙʠʟʥʝʩʘ 1è 
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ʈʠʩ. 2.16. ʇʨʠʤʝʨ ʛʨʘʬʠʢʦʚ ʠʟʤʝʥʝʥʠʷ ʨʘʩʭʦʞʜʝʥʠʷ 

 ʧʨʦʛʥʦʟʘ ʠ ʬʘʢʪʘ, çʣʠʥʠʷ ʙʠʟʥʝʩʘ 2è 

 

ɼʣʷ ʚʩʝʭ ʎʆ ʨʘʩʭʦʞʜʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʛʦʨʠʟʦʥ-

ʪʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʳ /ʩʦʛʣʘʩʦʚʘʥʥʳʝ ʧʣʘʥʳ ʥʝ ʠʤʝʶʪ ʩʠ-

ʩʪʝʤʘʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ. ʀʟ ʫʨʘʚʥʝʥʠʡ ʣʠʥʠʡ ʪʨʝʥʜʘ ʥʘ ʛʨʘʬʠʢʘʭ ʚʠʜ-

ʥʦ, ʯʪʦ ʣʠʥʝʡʥʘʷ ʤʦʜʝʣʴ ʫʤʝʥʴʰʝʥʠʷ ʨʘʩʭʦʞʜʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʘʜʝʢʚʘʪʥʦʡ (ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ R
2
). ɼʘ-

ʣʝʝ, ʣʠʥʠʷ ʪʨʝʥʜʘ ʧʝʨʝʩʝʢʘʝʪ ʦʩʴ ʚʨʝʤʝʥʠ ʚ ʪʦʯʢʘʭ ʦʪ 12,4 ʜʦ 13 ʤʝʩʷ-

ʮʝʚ, ʪ. ʝ. ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʘʩʭʦʞʜʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʥʫʣʝʚʳʤ ʦʢʦʣʦ 

ʪʦʯʢʠ 13, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʮʫ 12-ʛʦ ʤʝʩʷʮʘ ʠ ʠʥʪʝʨʚʘʣʫ ʧʨʦʛʥʦʟʘ, 

ʨʘʚʥʦʤʫ ʥʫʣʶ.  

ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ ʦʞʠʜʘʝʤʳʡ ʚʳʚʦʜ: ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʛʦʨʠ-

ʟʦʥʪʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʘʤ ʧʦ ʩʝʙʝ ʧʦʜ-

ʪʚʝʨʞʜʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʚ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ 

ʤʦʜʝʣʷʭ. ɺʢʣʶʯʝʥʠʝ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʎʆ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʢʦʥʪʫʨ 

ʜʝʣʘʝʪ ʧʨʦʛʥʦʟ ʠ ʫʧʨʘʚʣʝʥʠʝ ʎʆ ʚ ʮʝʣʦʤ ʨʝʬʣʝʢʩʠʚʥʳʤ. ʋʤʝʥʴʰʝʥʠʝ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʠʥʪʝʨʚʘʣʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʦʪʩʫʪ-

ʩʪʚʠʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʧʦʢʘʟʳʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʦʜʝʣʝʡ ʢ 

ʨʝʬʣʝʢʩʠʠ ʚ ʢʦʥʪʫʨʝ <ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʫʧʨʘʚʣʷʝʤʳʡ ʎʆ>. ʆʪʥʦʩʠ-

ʪʝʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʥʝ ʧʨʝʚʳʰʘʶʪ 10é12% ʥʘ ʪʨʸʭʤʝ-

ʩʷʯʥʦʤ ʛʦʨʠʟʦʥʪʝ ʠ 40é50% ʥʘ ʧʦʣʫʛʦʜʦʚʦʤ, ʯʪʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʭʦ-

ʨʦʰʠʤ ʨʝʟʫʣʴʪʘʪʦʤ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʩʠʩʪʝʤʝ 

ʩʚʦʡʩʪʚʝʥʥʘ ʜʦʩʪʘʪʦʯʥʦ ʩʫʱʝʩʪʚʝʥʥʘʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ, ʷʚʣʷʶʱʘʷʩʷ 

Y = ï 0,0696x+ 0,8634 

R2=0,8025 

1,0 

0,8 

0,6 

0,4 

0,2 

0,0 
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ʝʩʪʝʩʪʚʝʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʙʠʟʥʝʩʘ ʠ ʚʳʟʚʘʥʥʘʷ ʥʘʣʠʯʠʝʤ ʦʪʜʝʣʴʥʳʭ 

ʩʜʝʣʦʢ ʩ ʚʳʩʦʢʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴʶ. 

ʅʘ ʨʠʩʫʥʢʝ 2.17 ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʧʨʦʛʥʦʟʦʚ ʬʠʥʘʥʩʦʚʳʭ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʝʢʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ (ʧʦ ʤʝʩʷ-

ʮʘʤ), ʧʨʦʛʥʦʟʳ ʥʦʨʤʠʨʦʚʘʥʳ ʘʥʘʣʦʛʠʯʥʦ ʛʨʘʬʠʢʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ 

ʥʘ ʨʠʩʫʥʢʘʭ 2.15 ʠ 2.16. 

ʅʘʣʠʯʠʝ ʚʦʣʘʪʠʣʴʥʳʭ ʧʨʦʝʢʪʦʚ (ʨʠʩʫʥʦʢ 2.17) ʭʦʨʦʰʦ ʩʦʛʣʘʩʫ-

ʝʪʩʷ ʩ ʣʠʥʝʡʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʩʭʦʞʜʝʥʠʡ ʧʨʦʛʥʦʟʘ ʠ ʬʘʢʪʘ: ʚ ʪʝ-

ʯʝʥʠʝ ʢʘʞʜʦʛʦ ʤʝʩʷʮʘ ʟʘʚʝʨʰʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʝ ʯʠʩʣʦ ʧʨʦ-

ʝʢʪʦʚ, ʧʦ ʟʘʚʝʨʰʘʶʱʠʤʩʷ ʧʨʦʝʢʪʘʤ ʧʨʦʛʥʦʟʥʳʝ ʟʥʘʯʝʥʠʷ ʙʣʠʟʢʠ ʢ 

ʬʘʢʪʠʯʝʩʢʠʤ - ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʦʩʪʘʶʱʝʤʫʩʷ ʜʦ ʟʘʚʝʨʰʝʥʠʷ ʚʨʝʤʝʥʠ (ʨʠʩʫʥʢʠ 2.15 ʠ 2.16). 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʘʣʛʦʨʠʪ-

ʤʠʯʝʩʢʠʭ ʠ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʷʭ, ʚʢʣʶʯʘʝʪ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʎʆ ʠ ʜʨʫ-

ʛʠʭ ʩʦʪʨʫʜʥʠʢʦʚ ʀʥʪʝʛʨʘʪʦʨʘ ʚ ʢʦʥʪʫʨ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʪʨʝ-

ʙʫʝʪ ʦʪ ʥʠʭ ʦʧʨʝʜʝʣʸʥʥʳʭ ʪʨʫʜʦʟʘʪʨʘʪ, ʩʦʚʦʢʫʧʥʳʝ ʠʟʜʝʨʞʢʠ 

ʀʥʪʝʛʨʘʪʦʨʘ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʩʦʩʪʘʚʣʷʶʪ ʥʝ ʙʦʣʝʝ 5 % ʦʪ ʟʘʪʨʘʪ ʥʘ ʧʝʨʩʦʥʘʣ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʝʩʴʤʘ ʘʜʝʢʚʘʪʥʦʡ ʚʝʣʠʯʠʥʦʡ. 

 

 
 

 

 

ʈʠʩ. 2.17. ʇʨʠʤʝʨ ʠʟʤʝʥʝʥʠʷ ʧʨʦʛʥʦʟʦʚ ʬʠʥʘʥʩʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʝʢʪʦʚ 

 

ʆʩʥʦʚʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʪʦʨʦʡ ʛʣʘʚʳ ʷʚʣʷʶʪʩʷ: 

I. ʇʨʦʮʝʩʩʥʘʷ ʤʦʜʝʣʴ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʟʘʜʘʸʪ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʡ ʰʘʙʣʦʥ ʠʣʠ ʦʩʥʦʚʫ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʉʕɼʘ ʠ ʠʥʪʝʛʨʠʨʫʝʪ ʢʦʤʧʦʥʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʟʘʜʘʯʠ, ʦʧʨʝʜʝʣʷʷ ʪʝʤ ʩʘʤʳʤ ʫʥʠʚʝʨʩʘʣʴʥʳʡ 

1          2          3          4          5           6          7          8          9         10       11       12  

ˤ͔ͪͣΎΣ ͔ͣͫ 
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ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʝʘ-

ʣʠʟʫʶʱʝʡ ʝʛʦ ʆʊʉ. 

II.  ʌʦʨʤʘʣʠʟʘʮʠʷ ʟʘʜʘʯʠ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʣʠʟʘʮʠʝʡ 
ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʆʊʉ (ʩʠʩʪʝʤʦʡ ɾʎ ʉʕɼʦʚ) ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ. 

III.  ʄʦʜʝʣʴ ʨʝʘʣʠʟʘʮʠʠ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʆʊʉ ʚ ʩʦʩʪʘʚʝ ʚʳʨʘʞʝ-

ʥʠʡ (2.3 - 2.8), ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʦʩʥʦʚʫ ʤʦʜʝʣʠ ʠ 

ʚʤʝʩʪʝ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʘʣʛʦʨʠʪʤʘ (ʨʠʩʫʥʦʢ 2.12) ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʩʦʛʣʘʩʦʚʘʥʠʷ ʧʣʘʥʦʚ ʚʳʧʦʣʥʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʩʦʚʦ-

ʢʫʧʥʦʩʪʝʡ ʵʣʝʤʝʥʪʦʚ ʂɼ.   
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ɻʃɸɺɸ 3. ʋʇʈɸɺʃɽʅʀɽ ʊɽʍʅʆʃʆɻʀɽʁ 

ʂʆʄʇʃɽʂʉʅʆʁ ɼɽʗʊɽʃʔʅʆʉʊʀ 

ʆʈɻɸʅʀɿɸʎʀʆʅʅʆ-ʊɽʍʅʀʏɽʉʂʀʍ ʉʀʉʊɽʄ 

 

ɸʥʘʣʠʟ ʧʨʦʙʣʝʤʘʪʠʢʠ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤʠ 

ʮʠʢʣʘʤʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʛʣʘʚʝ 

1, ʧʦʟʚʦʣʠʣ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʜʘʯʠ, ʧʝʨʚʦʦʯʝʨʝʜ-

ʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʩʦʟʜʘʥʠʝʤ ʠ ʦʩʚʦʝʥʠʝʤ ʪʝʭʥʦʣʦ-

ʛʠʡ ʂɼ ʆʊʉ. ʄʦʜʝʣʠ ʠ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʠʟʣʦʞʝʥʳ ʚ ʜʘʥ-

ʥʦʡ ʛʣʘʚʝ. 

ʈʘʟʜʝʣ 3.1 ʧʦʩʚʷʱʸʥ ʬʦʨʤʘʣʠʟʘʮʠʠ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦ-

ʛʠʝʡ ʂɼ. 

ʆʙʟʦʨ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ ʩʤʝʞʥʳʭ ʦʙʣʘʩʪʝʡ ʟʥʘʥʠʡ ʚʳʧʦʣʥʝʥ ʚ 

ʨʘʟʜʝʣʝ 3.2. 

ɹʘʟʦʚʘʷ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʚ ʨʘʟʜʝʣʝ 3.3, ʛʜʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʚʦʡʩʪʚʘ ʵʪʦʡ ʤʦʜʝʣʠ, ʧʦ-

ʣʫʯʝʥʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʨʠʚʦʡ ʦʩʚʦʝʥʠʷ ʠ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʩʨʝʜʥʠʭ 

ʚʨʝʤʸʥ ʦʩʚʦʝʥʠʷ. 

ʈʘʟʜʝʣ 3.4 ʧʦʩʚʷʱʸʥ ʤʦʜʝʣʷʤ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʪʝʭʥʦʣʦʛʠʠ, ʨʘʩʩʤʦʪʨʝʥʳ ʧʘʨʘʣʣʝʣʴʥʳʝ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʚʘʨʠʘʥ-

ʪʳ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʠ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ï çʥʘʫʯʝʥʠʷ ʥʘʫʯʝ-

ʥʠʶè - çʩʣʦʞʥʦʛʦ ʦʩʚʦʝʥʠʷè. 

ʄʦʜʝʣʠ ʦʧʪʠʤʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ ʂɼ ʦʧʠʩʘʥʳ ʚ ʨʘʟ-

ʜʝʣʝ 3.5, ʢʘʢ ʠ ʤʦʜʝʣ ɹʪʠʧʦʚʳʭ ʨʝʰʝʥʠʡ, ʵʥʪʨʦʧʠʡʥʘ ̫ʤʦʜʝʣ,ɹ ʤʦʜʝʣ ɹ

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʝʪʝʡ ʠ ʤʦʜʝʣʠ ʧʝʨʝʭʦʜʘ ʦʪ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʢ 

ʝʸ ʧʨʦʜʫʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ. 

ɺ ʨʘʟʜʝʣʝ 3.6 ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʧʨʠʢʣʘʜʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʧʠʩʘʥʥʳʭ ʚ ʛʣʘʚʝ ʤʦʜʝʣʝʡ. 

 

3.1. ʌʦʨʤʘʣʠʟʘʮʠʷ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ 

 

ɿʘʜʘʯʫ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ ʂɼ ʆʊʉ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ [18], ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 1.5 

(ʨʠʩʫʥʦʢ 1.19). 
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ʋʪʦʯʥʠʤ ʦʧʨʝʜʝʣʝʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ
30

 ʂɼ, ʜʣʷ ʯʝʛʦ 

ʨʘʩʰʠʨʠʤ ʠ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʩʝʤʘʥʪʠʢʫ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ (ʨʠ-

ʩʫʥʦʢ 1.19), ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʂɼ: 

 ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʂɼ ʠʣʠ ʝʸ ʤʦʜʝʨʥʠʟʘʮʠʶ (ʙʣʦʢ 

2 ʥʘ ʨʠʩʫʥʢʝ 1.19); 

 ʪʝʩʪʠʨʦʚʘʥʠʝ ʠʣʠ ʦʩʚʦʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʂɼ: ʦʙʲʝʢʪʠʚʥʦʝ (ʢʦ-

ʛʜʘ ʪʝʭʥʦʣʦʛʠʷ ʥʦʚʘʷ) ʠʣʠ ʩʫʙʲʝʢʪʠʚʥʦʝ (ʢʦʛʜʘ ʪʝʭʥʦʣʦʛʠʷ ʩʫʱʝʩʪʚʫ-

ʝʪ, ʘ ʩʫʙʲʝʢʪ ʝʸ ʦʩʚʘʠʚʘʝʪ/ʦʙʫʯʘʝʪʩʷ) ï ʮʠʢʣ, ʚʢʣʶʯʘʶʱʠʡ ʙʣʦʢ 3 ʥʘ 

ʨʠʩʫʥʢʝ 1.19; 

 ʧʦʩʣʝʜʫʶʱʝʝ ʤʥʦʛʦʢʨʘʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʂɼ ï ʮʠʢʣ 

c Ÿ 4 Ÿ e Ÿ c Ÿ 4 é; 

 ʚʳʷʚʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ - ʧʝʨʝ-

ʭʦʜ ʦʪ e ʢ a. 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʠʭ ʦʙʲʝʜʠʥʷʝʪ ʝʜʠʥʦʝ ʦʩʥʦʚʘʥʠʝ - ʠʭ ʧʨʝʜʤʝʪʦʤ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ 

ʂɼ, ʚʩʝ ʦʥʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʟʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʂɼ, ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʩʦʩʪʦʷʥʠʡ ʪʝʭʥʦʣʦʛʠʠ ʠʣʠ ʝ yʦʪʥʦʰʝʥʠʡ ʩ ʩʫʙʲʝʢʪʦʤ ʂɼ. ʇʦʵʪʦʤʫ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʚʩʝʭ ʵʪʠʭ ʚʠʜʦʚ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʝʡ ʂɼ. 

ʉʦʜʝʨʞʘʪʝʣʴʥʦ, ʪʝʭʥʦʣʦʛʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʮʝʥʘʨʠʠ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʩʫʙʲʝʢʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ (ʩʦʩʪʦʷʥʠʡ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ). 

ʂʘʞʜʘʷ ʠʟ ʦʧʝʨʘʮʠʡ-çʵʚʨʠʩʪʠʢè ʩʦʟʜʘʥʠʷ ʠ ʧʨʦʚʝʨʢʠ ʪʝʭʥʦʣʦʛʠʡ 

(ʙʣʦʢʠ 2 ʠ 3 ʨʠʩʫʥʦʢ 1.19) ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ï ʟʘʚʠʩʠʪ ʦʪ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ - ʠ ʥʘ ʦʙʱʝʩʠʩʪʝʤʥʦʤ ʫʨʦʚʥʝ ʥʝ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ 

ʦʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ. ʇʦʵʪʦʤʫ ʚ ʠʥʪʝʨʝʩʘʭ ʟʘʜʘʯʠ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʵʪʠ ʦʧʝʨʘʮʠʠ ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʪʩʷ ʠʟʚʝʩʪʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʚʳʧʦʣʥʝʥʠʷ ʠ ʨʘʩʭʦʜʫʝʤʳʤʠ ʨʝʩʫʨʩʘ-

ʤʠ (ʚ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ, ʩʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʟʘʢʦʥʘ-

ʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ). ʊʘʢʞʝ ʩʯʠʪʘʝʤ, ʯʪʦ ʵʪʠ ʦʧʝʨʘʮʠʠ ʚʳʧʦʣʥʷʶʪʩʷ 

ʥʝʟʘʚʠʩʠʤʦ, ʘ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ ʨʝʘʣʠʟʫʶʪʩʷ ʯʝʨʝʟ ʟʘʜʘʥʥʳʝ ʧʨʠ-

ʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʧʨʦʮʝʩʩʘʤʠ ʩʦʟʜʘʥʠʷ ʦʪ-

ʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ; ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʩʯʠʪʘʝʤ ʧʝʨʝʯʥʠ 

ʵʣʝʤʝʥʪʦʚ ʂɼ, ʣʦʛʠʯʝʩʢʠʝ ʠ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʤʦʜʝʣʠ. 

                                                           
30 ʅʘʧʦʤʥʠʤ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ ʦʧʨʝʜʝʣʝʥʘ ʚʦ ʚʚʝʜʝʥʠʠ ʩʦʛʣʘʩʥʦ [15] ʢʘʢ ʩʠʩʪʝʤʘ 
ʫʩʣʦʚʠʡ, ʢʨʠʪʝʨʠʝʚ, ʬʦʨʤ, ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʜʦʩʪʠʞʝʥʠʷ ʧʦ-
ʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ. 
ʋʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʝʡ ʂɼ ʦʧʨʝʜʝʣʝʥʦ ʚ ʨʘʟʜʝʣʝ 1.3 ʢʘʢ ʢʦʤʧʣʝʢʩʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 
ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʧʦʜʜʝʨʞʘʥʠʶ ʚ ʘʢʪʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʫʪʸʤ ʤʦʜʝʨʥʠʟʘʮʠʡ ʠʥʬʦʨ-
ʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʝʩʫʨʩʦʚ. 
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ɺʳʧʦʣʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʂɼ, ʦʧʠʩʳʚʘʝʤʳʭ ʠʥʪʝʛʨʠʨʦʚʘʥ-

ʥʦʡ ʤʦʜʝʣʴʶ ʨʠʩʫʥʦʢ 1.19, ʙʫʜʝʤ ʧʨʝʜʩʪʘʚʣʷʪʴ, ʩʣʝʜʫʷ [18, 22 - 23], 

ʢʘʢ ʧʨʦʮʝʩʩ ʩ ʜʠʩʢʨʝʪʥʳʤ ʚʨʝʤʝʥʝʤ, ʢʦʛʜʘ ʥʘ ʢʘʞʜʦʤ ʧʝʨʠʦʜʝ ʚʨʝʤʝ-

ʥʠ ʚʳʧʦʣʥʷʝʪʩʷ ʦʜʠʥ ʵʣʝʤʝʥʪ ʂɼ (ʦʜʠʥ ʠʟ ʙʣʦʢʦʚ ç1-2-3-4è ʠʥʪʝʛʨʠ-

ʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ), ʧʨʠ ʵʪʦʤ ʩʦʩʪʦʷʥʠʝ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʧʨʠʥʠʤʘʝʪ 

ʦʜʥʦ ʠ ʪʦʣʴʢʦ ʦʜʥʦ ʟʥʘʯʝʥʠʝ ʠʟ ʢʦʥʝʯʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ, ʝʩʣʠ ʩʦʩʪʦʷʥʠʝ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʥʘ ʢʘʢʦʤ-ʪʦ 

ʧʝʨʠʦʜʝ ʚʧʝʨʚʳʝ ʧʨʠʥʠʤʘʝʪ ʥʝʢʦʪʦʨʦʝ ʟʥʘʯʝʥʠʝ, ʪʦ ʚʦʟʥʠʢʘʝʪ ʩʦʙʳ-

ʪʠʝ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ, ʪʨʝʙʫʶʱʝʝ ʟʘʪʨʘʪ ʥʘ ʩʦʟʜʘʥʠʝ ʠʣʠ ʘʜʘʧʪʘʮʠʶ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʵʪʠʤ ʫʩʣʦʚʠʷʤ. ʂʦʛʜʘ ʩʦʩʪʦʷʥʠʝ ʚʥʝʰ-

ʥʝʡ ʩʨʝʜʳ ʧʦʚʪʦʨʥʦ ʧʨʠʥʠʤʘʝʪ ʵʪʦ ʟʥʘʯʝʥʠʝ ʥʘ ʦʜʥʦʤ ʠʟ ʙʦʣʝʝ ʧʦʟʜ-

ʥʠʭ ʧʝʨʠʦʜʦʚ, ʟʘʪʨʘʪ ʥʘ ʦʩʚʦʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʪʨʝʙʫʝʪʩʷ. ʅʝʦʧʨʝʜʝ-

ʣʸʥʥʦʩʪʴ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʩʫʙʲʝʢʪ ʥʝ ʤʦʞʝʪ ʚʣʠʷʪʴ 

ʥʘ ʚʳʙʦʨ ʝʸ ʦʯʝʨʝʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ 

ʠʩʧʦʣʴʟʫʝʤ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ ʩʦʩʪʦʠʪ ʠʟ K ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʦʜʥʦ ʠ ʪʦʣʴʢʦ ʦʜʥʦ ʠʟ ʢʦ-

ʪʦʨʳʭ ʚʥʝʰʥʷʷ ʩʨʝʜʘ ʧʨʠʥʠʤʘʝʪ ʥʘ ʢʘʞʜʦʤ ʧʝʨʠʦʜʝ ʜʠʩʢʨʝʪʥʦʛʦ ʚʨʝ-

ʤʝʥʠ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʥʷʪʳʭ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʧʝʨʠʦʜʘʭ ʟʥʘʯʝʥʠʡ. 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ pk ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʚʥʝʰʥʝʡ ʩʨʝʜʳ 

ʧʨʠʤʝʪ k-ʝ ʟʥʘʯʝʥʠʝ (ʦʯʝʚʠʜʥʦ, 
1

1
K

k

k

p ). 

ʉʦʩʪʦʷʥʠʷ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

t  ɴ{0, 1, é} ʙʫʜʝʤ ʦʧʠʩʳʚʘʪʴ K-ʤʝʨʥʳʤ ʚʝʢʪʦʨʦʤ-ʩʪʨʦʢʦʡ 

xkt = (x1t, x2t, é, xkt , é, xKt), ʢʘʞʜʳʡ xkt ʠʟ ʵʣʝʤʝʥʪʦʚ ʢʦʪʦʨʦʛʦ ʧʨʠʥʠ-

ʤʘʝʪ ʟʥʘʯʝʥʠʷ 0 ʠʣʠ 1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʝʩʣʠ ʚʥʝʰʥʷʷ ʩʨʝʜʘ ʝʱʸ ʥʝ 

ʧʨʠʥʠʤʘʣʘ ʠʣʠ ʭʦʪʷ ʙʳ ʦʜʠʥ ʨʘʟ ʧʨʠʥʠʤʘʣʦ k-ʝ ʟʥʘʯʝʥʠʝ. ʉʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ k-ʡ ʵʣʝʤʝʥʪ ʚʝʢʪʦʨʘ xt ʤʦʞʝʪ ʧʝʨʝʭʦʜʠʪʴ ʠʟ ʩʦʩʪʦʷʥʠʷ 0 ʚ 1, 

ʥʦ ʥʝ ʥʘʦʙʦʨʦʪ. ɺ ʨʘʤʢʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩ ʨʝʘʣʠʟʘ-

ʮʠʠ ʨʘʟʣʠʯʥʳʭ ʬʘʟ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʪʝʭʥʦʣʦʛʠʠ ʦʧʠʩʳʚʘʝʪʩʷ ʪʝʤ, 

ʩʢʦʣʴʢʦ ʠ ʢʘʢʠʝ ʟʥʘʯʝʥʠʷ ʠʟ ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʨʠʥʠ-

ʤʘʣʦ ʩʦʩʪʦʷʥʠʝ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʘ ʢʘʢʠʝ ʝʱʸ ʥʝʪ. 

ʋʨʦʚʝʥʴ ʟʨʝʣʦʩʪʠ, ʛʦʪʦʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʙʫʜʝʤ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʚʝʣʠʯʠʥʦʡ Lt = 
1

K

kt k

k

x p , 

0 Ò Lt Ò 1 (ʠʣʠ, ʥʘʦʙʦʨʦʪ, 1 - Lt). ɺʝʣʠʯʠʥʘ Lt ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʦʣʝ ʩʦ-

ʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (ʚʟʷʪʳʭ ʩ ʚʝʨʦʷʪʥʦʩʪʷʤʠ ʠʭ ʥʘʩʪʫʧʣʝʥʠʷ), ʜʣʷ 

ʢʦʪʦʨʳʭ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʚʝʨʝʥʘ ʠʣʠ ʘʜʘʧʪʠʨʦʚʘʥʘ ʚ ʪʝʯʝʥʠʝ ʧʨʝʜʰʝ-
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ʩʪʚʫʶʱʠʭ t ʧʝʨʠʦʜʦʚ, ʪʘʢʞʝ Lt ʨʘʚʥʘ ʚʝʨʦʷʪʥʦʩʪʠ ʪʦʛʦ, ʯʪʦ ʥʘ ʩʣʝʜʫ-

ʶʱʝʤ ʧʝʨʠʦʜʝ (t + 1) ʩʦʩʪʦʷʥʠʝ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʧʨʠʤʝʪ ʦʜʥʦ ʠʟ ʟʥʘ-

ʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʫʞʝ ʧʨʠʥʠʤʘʣʦ ʨʘʥʝʝ. ɼʣʷ ʦʙʦʟʥʘʯʝʥʠʷ Lt ʙʫʜʝʤ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʪʝʨʤʠʥ ʫʨʦʚʝʥʴ ʦʩʚʦʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʠʣʠ, ʩʣʝʜʫʷ 

ʪʨʘʜʠʮʠʷʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʥʘʫʯʝʥʠʷ [83], ʫʨʦʚʝʥʴ ʥʘʫʯʝʥʠʷ, 

ʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ ʥʘʟʳʚʘʪʴ ʢʨʠʚʦʡ 

ʦʩʚʦʝʥʠ.̫ ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʨʤʠʥ çʢʨʠʚʘʷ ʥʘʫʯʝʥʠʷè ʚ ʩʭʦʞʠʭ 

ʩʤʳʩʣʘʭ ʯʨʝʟʚʳʯʘʡʥʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʝ ʠ ʧʨʘʢʪʠʢʝ, 

ʥʘʯʠʥʘʷ ʩ çʢʨʠʚʳʭ ʟʘʙʳʚʘʥʠʷè ɻ. ʕʙʙʠʥʛʘʫʟʘ [172], ʧʩʠʭʦʣʦʛʠʠ ʚʩʝʛʦ 

XX ʚʝʢʘ (ʩʤ., ʥʘʧʨʠʤʝʨ, ʢʣʘʩʩʠʯʝʩʢʠʝ ʩʪʘʪʴʠ [198, 263, 264, 267] ʠ 

ʤʦʥʦʛʨʘʬʠʠ [4]), ʤʦʜʝʣʝʡ ʊ. ʈʘʡʪʘ [275] ʠ ʝʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʝʡ 

[167, 171, 192] (ʦʧʠʩʳʚʘʶʱʠʭ ʩʥʠʞʝʥʠʝ ʚʨʝʤʝʥʥʭr ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟ-

ʚʦʜʩʪʚʦ ʝʜʠʥʠʮʳ ʧʨʦʜʫʢʮʠʠ ʩ ʨʦʩʪʦʤ ʦʩʫʱʝʩʪʚʣʸʥʥʳʭ ʦʙʲʸʤʦʚ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ), ʜʦ ʤʦʜʝʣʝʡ ʦʙʫʯʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

ʇʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ ʚ ʜʘʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥ ʩ ʜʨʫʛʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ: ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʩʝʨʠʡ ʫʞʝ ʠʟʚʝʩʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ, ʧʨʝʨʳʚʘʶʱʠʭʩʷ ʥʘʩʪʫʧʣʝʥʠʷʤʠ ʥʦʚʳʭ (ʚʧʝʨʚʳʝ ʥʘʙʣʶʜʘʝ-

ʤʳʭ) ʩʦʩʪʦʷʥʠʡ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʪʘʢʠʭ ʩʝʨʠʡ (ʦʪ ʦʜʥʦʛʦ ʚʧʝʨʚʳʝ 

ʥʘʙʣʶʜʘʝʤʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʦ ʩʣʝʜʫʶʱʝʛʦ ʪʘʢʦʛʦ ʞʝ) ʦʪʚʝʯʘʝʪ ʩʭʝʤʝ 

ɹʝʨʥʫʣʣʠ ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩ ʧʘʨʘʤʝʪ-

ʨʦʤ, ʨʘʚʥʳʤ ʫʨʦʚʥʶ ʦʩʚʦʝʥʠʷ. ɺ ʪʝʯʝʥʠʝ ʢʘʞʜʦʡ ʪʘʢʦʡ ʩʝʨʠʠ ʵʪʦʪ 

ʧʘʨʘʤʝʪʨ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʩʪʦʷʥʝʥ ʠ ʩʢʘʯʢʦʦʙʨʘʟʥʦ 

ʤʝʥʷʝʪʩʷ ʚ ʢʦʥʝʯʥʦʡ ʪʦʯʢʝ ʩʝʨʠʠ ï ʚ ʤʦʤʝʥʪ ʥʘʙʣʶʜʝʥʠʷ ʥʦʚʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ. ʊʦʛʜʘ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʤʘʪʦʞʠʜʘʥʠʝ ʜʣʠʥʳ ʪʝʢʫ-

ʱʝʡ ʩʝʨʠʠ (ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʤʦʤʝʥʪʘ ʥʘʙʣʶʜʝʥʠʷ ʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʥʝ ʚʢʣʶʯʘʷ ʝʛʦ) ʨʘʚʥʦ Lt (1 - Lt)
-1
. ɼʣʠʥʘ ʩʝʨʠʠ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʢʦʣʠʯʝʩʪʚʫ ʧʦʚʪʦʨʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʫʨʦʚʥʷ 

ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ/ʥʘʫʯʝʥʠʷ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʪʚʝʯʘʝʪ ʚʝʣʠʯʠʥʝ 

çʠʟʜʝʨʞʝʢè (ʥʘʧʨʠʤʝʨ, ʚʨʝʤʝʥʥʭr), ʪʨʝʙʫʝʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʯʝ-

ʨʝʜʥʦʛʦ ʧʨʠʨʘʱʝʥʠʷ ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ, ʬʘʢʪʠʯʝʩʢʠ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʦʨʮʠʠ ʥʦʚʳʭ ʟʥʘʥʠʡ. ʇʦʵʪʦʤʫ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʤʘʪʦʞʠʜʘʥʠʝ ʜʣʠʥʳ ʩʝʨʠʠ ʥʘʨʷʜʫ ʩ ʫʨʦʚʥʝʤ ʦʩʚʦʝʥʠʷ ʜʣʷ ʦʧʠʩʘ-

ʥʠʷ ʧʨʦʮʝʩʩʘ ʦʩʚʦʝʥʠʷ ʠ ʦʙʦʟʥʘʯʘʪʴ ʝʛʦ Nt = Lt (1 - Lt)
-1
 ʜʣʷ Lt < 1. 

ɽʩʪʝʩʪʚʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʩ ʮʝʣʴʶ 

ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʙʳʩʪʨʦʛʦ ʠʣʠ ʥʘʠʤʝʥʝʝ ʨʝʩʫʨʩʦʸʤʢʦʛʦ ʜʦʩʪʠʞʝʥʠʷ 

ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʠʣʠ ʦʩʚʦʝʥʠʷ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʦʧʪʠʤʠʟʠʨʫʝʤʳʤʠ ʠ/ʠʣʠ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦ-

ʛʫʪ ʙʳʪʴ ʨʝʩʫʨʩʳ ʠʣʠ ʚʨʝʤʷ. 
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ɿʥʘʥʠʷ ʩʫʙʲʝʢʪʘ ʦ ʚʥʝʰʥʝʡ ʩʨʝʜʝ ʠ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ ʚʣʠʷʥʠʷ ʥʘ 

ʥʝʸ ʤʦʛʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʝʮʠʬʠʢʠ ʂɼ ʨʘʟʣʠʯ-

ʥʳʤʠ ʩʦʯʝʪʘʥʠʷʤʠ ʬʘʢʪʦʨʦʚ, ʧʨʠʚʝʜʸʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 3.1. 

 

ʊʘʙʣ. 3.1. ɺʘʨʠʘʥʪʳ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ 

ʀʟʚʝʩʪʥʳ ʣʠ 

ʩʫʙʲʝʢʪʫ ʧʝʨʝ-

ʯʝʥʴ ʚʦʟʤʦʞ-

ʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ 

ʠ ʚʝʨʦʷʪʥʦʩʪʠ 

ʠʭ ʥʘʩʪʫʧʣʝ-

ʥʠʷ 

ʄʦʞʝʪ ʣʠ 

ʩʫʙʲʝʢʪ 

ʫʧʨʘʚʣʷʪʴ 

ʚʳʙʦʨʦʤ 

ʩʦʩʪʦʷʥʠʷ 

ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ 

ʇʝʨʝʯʝʥʴ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʠʭ 

ʥʘʩʪʫʧʣʝʥʠʷ 

ʅʝ ʠʟʤʝʥʷʶʪʩʷ 
ʄʦʛʫʪ 

ʠʟʤʝʥʷʪʴʩʷ 

ʀʟʚʝʩʪʥʳ 
ʄʦʞʝʪ 

ʫʧʨʘʚʣʷʪʴ 

ʇʦʩʪʘʥʦʚʢʘ ʪʨʠʚʠʘʣʴʥʘ 

ʅʝʠʟʚʝʩʪʥʳ ʉʦʯʝʪʘʥʠʝ ʥʝʩʦʚʤʝʩʪʥʦ 

ʀʟʚʝʩʪʥʳ ʅʝ ʤʦʞʝʪ 

ʫʧʨʘʚʣʷʪʴ 

ʇʦʩʪʘʥʦʚʢʘ 1 ʇʦʩʪʘʥʦʚʢʘ 3 

ʅʝʠʟʚʝʩʪʥʳ ʇʦʩʪʘʥʦʚʢʘ 2 ʇʦʩʪʘʥʦʚʢʘ 4 

 

ʂʦʛʜʘ ʩʫʙʲʝʢʪ ʟʥʘʝʪ ʧʝʨʝʯʝʥʴ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ ʠ ʤʦʞʝʪ ʚʳʙʠʨʘʪʴ ʦʯʝʨʝʜʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʩʪʨʦʢʘ 1 ʚ ʪʘʙʣʠʮʝ), 

ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʪʨʠʚʠʘʣʴʥʦʡ: ʩʫʙʲʝʢʪ ʫʧʦʨʷʜʦʯʠʚʘʝʪ ʩʦ-

ʩʪʦʷʥʠʷ, ʥʘʯʠʥʘʷ ʩ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʛʦ, ʧʦ ʫʙʳʚʘʥʠʶ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʝʨʝʙʠʨʘʝʪ ʠʭ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ. 

ʊʘʢʦʡ ʘʣʛʦʨʠʪʤ ʤʠʥʠʤʠʟʠʨʫʝʪ ʠ ʚʨʝʤʷ, ʠ ʟʘʪʨʘʪʳ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʪʨʝ-

ʙʫʝʤʦʛʦ ʫʨʦʚʥʷ. 

ʉʦʯʝʪʘʥʠʝ, ʢʦʛʜʘ ʩʦʩʪʦʷʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʥʝʠʟʚʝʩʪʥʳ ʩʫʙʲʝʢʪʫ, 

ʥʦ ʦʥ ʤʦʞʝʪ ʫʧʨʘʚʣʷʪʴ ʠʭ ʚʳʙʦʨʦʤ (ʩʪʨʦʢʘ 2 ʚ ʪʘʙʣʠʮʝ), ʷʚʣʷʝʪʩʷ 

ʥʝʩʦʚʤʝʩʪʥʳʤ. 

ʆʩʪʘʣʴʥʳʝ ʩʦʯʝʪʘʥʠʷ ʜʘʶʪ ʯʝʪʳʨʝ ʚʘʨʠʘʥʪʘ ʧʦʩʪʘʥʦʚʢʠ: çʟʘʜʘʯʘ 

1è - çʟʘʜʘʯʘ 4è. ɺʦ ʚʩʝʭ ʥʠʭ ʨʝʘʣʠʟʘʮʠʷ ʦʯʝʨʝʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʝ-

ʦʧʨʝʜʝʣʸʥʥʘ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʫʙʲʝʢʪʘ. 

ɽʩʣʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠʩʪʠʥʥʘʷ (ʫ ʩʫʙʲʝʢʪʘ ʥʝʪ 

ʦʩʥʦʚʘʥʠʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʢʘʢʠʤʠ-ʣʠʙʦ ʟʘʢʦʥʦʤʝʨʥʦ-

ʩʪʷʤʠ ʠ/ʠʣʠ ʦʛʨʘʥʠʯʝʥʠʷʤ), ʪʦ ʟʘʜʘʯʘ ʚʳʨʦʞʜʘʝʪʩʷ. 

ɺ ʩʣʫʯʘʝ ʠʟʤʝʨʠʤʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʩʫʙʲʝʢʪ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ, ʥʝʯʸʪʢʠʝ, ʠʥʪʝʨʚʘʣʴʥʳʝ ʠʣʠ ʢʘʢʠʝ-ʣʠʙʦ ʠʥʳʝ 
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ʠʟʚʝʩʪʥʳʝ ʤʦʜʝʣʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʩ ʠʭ ʧʦʤʦʱʴʶ ʫʩʪʨʘʥʷʪʴ ʥʝʦʧʨʝ-

ʜʝʣʸʥʥʦʩʪʴ [95]. 

çʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 1è ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʩʣʦʚʠʷʤʠ, ʢʦʛʜʘ ʧʝʨʝ-

ʯʝʥʴ ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʩʪʫʧʣʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (K ʠ {pk}) 

ʧʦʩʪʦʷʥʥʳ ʠ ʠʟʚʝʩʪʥʳ ʩʫʙʲʝʢʪʫ. ʕʪʘ ʟʘʜʘʯʘ ʚʦʟʥʠʢʘʝʪ ʚʩʝʛʜʘ, ʠ ʧʦ-

ʵʪʦʤʫ ʫʩʣʦʚʥʦ ʥʘʟʦʚʸʤ ʝʸ ʙʘʟʦʚʦʡ. ʇʝʨʚʦʥʘʯʘʣʴʥʳʡ ʩʠʥʪʝʟ ʪʝʭʥʦʣʦ-

ʛʠʠ ʂɼ ʩʫʙʲʝʢʪ ʚʩʝʛʜʘ ʚʳʧʦʣʥʷʝʪ, ʦʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʦʧʨʝʜʝʣʸʥʥʳʡ 

ʧʝʨʝʯʝʥʴ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʟʘʜʘʚʘʝʤʳʡ ʩʧʨʦʩʦʤ ʥʘ ʨʝʟʫʣʴʪʘ-

ʪʳ ʂɼ, ʠ ʧʨʦʮʝʩʩ ʧʨʦʚʝʨʦʢ (ʙʣʦʢ 3 ʥʘ ʨʠʩʫʥʢʝ 1.19) ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

çʧʦʩʪʘʥʦʚʢʝ 1è. ɹʘʟʦʚʘʷ ʧʦʩʪʘʥʦʚʢʘ ʤʦʞʝʪ ʬʦʨʤʫʣʠʨʦʚʘʪʴʩʷ ʢʘʢ ʨʘʩ-

ʯʸʪ ʢʨʠʚʦʡ ʫʨʦʚʥʷ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ (ʪ.ʥ. ʢʨʠʚʘʷ ʦʩʚʦʝʥʠʷ) 

ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʵʪʦʛʦ ʫʨʦʚʥʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʠ ʨʝʩʫʨʩʦʚ. 

ɸʥʘʣʦʛʠʯʥʦ çʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 4è ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʦʟʥʠʢʘʝʪ 

ʧʨʠ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ, 

ʯʪʦ ʦʪʨʘʞʘʝʪ ʝʩʪʝʩʪʚʝʥʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʵʪʦʤʫ ʩʣʫ-

ʯʘʶ ʦʪʚʝʯʘʝʪ ʧʨʦʜʫʢʪʠʚʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʨʘʩʰʠʨʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʡ ʬʫʥʢʮʠʠ (ʙʣʦʢ 4 ʨʠʩʫʥʦʢ 1.19). ʕʪʘ ʧʦʩʪʘʥʦʚʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʝʠʟʚʝʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʪ.ʝ. ʪʝʤ, ʯʪʦ ʧʝʨʝʯʝʥʴ ʠ 

ʚʝʨʦʷʪʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ K, ʠ/ʠʣʠ ʭʦʪʷ ʙʳ 

ʥʝʢʦʪʦʨʳʝ ʠʟ ʚʝʨʦʷʪʥʦʩʪʝʡ {pk} ʥʝʠʟʚʝʩʪʥʳ ʩʫʙʲʝʢʪʫ ʠʣʠ ʤʦʛʫʪ ʠʟʤʝ-

ʥʷʪʴʩʷ. çʇʦʩʪʘʥʦʚʢʠ 2 ʠ 3è - ʧʨʦʤʝʞʫʪʦʯʥʳʝ, ʦʥʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ 

ʠʣʠ ʥʝ ʚʦʟʥʠʢʘʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʝʮʠʬʠʢʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʘ 

ʩ ʬʦʨʤʘʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ - ʷʚʣʷʶʪʩʷ ʚʘʨʠʘʮʠʷʤʠ çʧʦʩʪʘʥʦʚʢʠ 4è. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʥʠʡ ʩʫʙʲʝʢʪʘ ʂɼ ʦ ʚʥʝʰʥʝʡ 

ʩʨʝʜʝ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʚʝ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦ-

ʣʦʛʠʝʡ ï ʙʘʟʦʚʫʶ ʧʦʩʪʘʥʦʚʢʫ ʠ ʧʦʩʪʘʥʦʚʢʫ (ç4è) ʩ ʥʝʠʟʚʝʩʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

ʊʝʭʥʦʣʦʛʠʷ ʂɼ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʬʨʘʢʪʘʣʴʥʳʤ ʦʙʲʝʢʪʦʤ, ʜʣʷ 

ʝʛʦ ʩʪʨʫʢʪʫʨʠʟʘʮʠʠ ʚ ʨʘʟʜʝʣʝ 1.5 ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʵʣʝʤʝʥʪʘʨʥʳʝ ʠ 

ʢʦʤʧʣʝʢʩʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʂʦʤʧʣʝʢʩʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʪʝʭʥʦʣʦʛʠʠ 

ʬʦʨʤʠʨʫʶʪʩʷ ʧʫʪʸʤ ʠʥʪʝʛʨʘʮʠʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʢʦʤ-

ʧʦʥʝʥʪʦʚ, ʧʦʵʪʦʤʫ ʨʘʩʩʤʦʪʨʠʤ ʤʝʭʘʥʠʟʤ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʕʂʊ (ʠ 

ʂʂʊ) ʚ ʂʂʊ. ʀʥʪʝʛʨʘʮʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʂʂʊ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʣʦʛʠʯʝʩʢʦʡ ʠ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʤ ʩʪʨʫʢʪʫ-

ʨʘʤ ʂɼ [15, 18]. 

ʃʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʂɼ ʦʧʨʝʜʝʣʷʝʪʩʷ [15] ʚ ʚʠʜʝ ʢʦʥʝʯʥʦʛʦ 

ʘʮʠʢʣʠʯʝʩʢʦʛʦ ʛʨʘʬʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʩʪʨʫʢʪʫʨʫ ʮʝʣʝʡ ʵʣʝʤʝʥʪʦʚ ʂɼ ʠ 

ʪʦʪ ʬʘʢʪ, ʯʪʦ ʢʘʞʜʳʡ ʉʕɼ (ʠ ʂɼ ʚ ʮʝʣʦʤ, ʢʘʢ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ) ʜʝ-

ʢʦʤʧʦʟʠʨʦʚʘʥ ʥʘ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʥʠʞʝʩʪʦʷʱʠʭ ʉʕɼʦʚ ʠ ʵʣʝʤʝʥʪʘʨ-

ʥʳʭ ʦʧʝʨʘʮʠʡ. ʂʨʦʤʝ ʩʪʨʫʢʪʫʨʳ ʮʝʣʝʡ ʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜ-
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ʩʪʘʚʣʷʝʪ ʪʘʢʞʝ çʫʧʨʘʚʣʝʥʯʝʩʢʫʶè ʠʝʨʘʨʭʠʶ ʧʦʜʯʠʥʸʥʥʦʩʪʠ ʠ ʦʪʚʝʪ-

ʩʪʚʝʥʥʦʩʪʠ ʩʫʙʲʝʢʪʦʚ ʉʕɼʦʚ ʟʘ ʨʝʟʫʣʴʪʘʪʳ ï ʟʘ ʜʦʩʪʠʞʝʥʠʝ ʮʝʣʝʡ. 

ʃʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʉʕɼʘ ʦʪʨʘʞʘʝʪ ʧʝʨʝʯʝʥʴ 

ʧʦʜʮʝʣʝʡ ʥʠʞʝʩʪʦʷʱʠʭ ʵʣʝʤʝʥʪʦʚ ʂɼ. ʇʦʵʪʦʤʫ ʥʘ ʦʙʱʝʩʠʩʪʝʤʥʦʤ 

ʫʨʦʚʥʝ ʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʣʶʙʳʭ ʉʕɼʦʚ ʵʢʚʠʚʘʣʝʥʪʳ: ʣʦʛʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʵʣʝʤʝʥʪʘ ʂɼ, ʥʝ ʦʙʣʘʜʘʝʪ ʢʘʢʠʤʠ-ʣʠʙʦ ʦʙʱʝʩʠʩʪʝʤʥʳʤʠ ʦʪ-

ʣʠʯʠʷʤʠ ï ʢʘʢ ʠ ʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʣʶʙʦʛʦ ʉʕɼʘ ʝʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʚʝʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ. 

ʇʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʘʷ ʤʦʜʝʣʴ ʉʕɼʘ ʦʧʠʩʳʚʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʞʝʩʪʦʷʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʂɼ, ʪʦ ʝʩʪʴ ʟʘʜʘʸʪ ʧʦʨʷ-

ʜʦʢ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʢʘʞʜʦʛʦ ʠʟ ʵʣʝʤʝʥʪʦʚ ʂɼ. ʆʥʘ ʷʚʣʷʝʪʩʷ ʧʨʠ-

ʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʟʘʜʘʥʥʦʡ ʥʘ ʤʥʦʞʝʩʪʚʝ ʮʝʣʝʡ. 

ʉʪʨʫʢʪʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʛʨʘʬʦʤ
31
, ʚʝʨʰʠʥʳ 

ʢʦʪʦʨʦʛʦ ʦʪʨʘʞʘʶʪ ʮʝʣʠ ʵʣʝʤʝʥʪʦʚ ʂɼ (ʠʣʠ ʩʘʤʠ ʵʣʝʤʝʥʪʳ), ʘ ʤʥʦ-

ʞʝʩʪʚʦ ʜʫʛ - ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʦʪʥʦʰʝʥʠʷ 

ʤʝʞʜʫ ʮʝʣʷʤʠ. ɻʨʘʬ ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʨʷʜʦʤ ʩʚʦʡʩʪʚ, ʩʣʝʜʫʶʱʠʭ ʠʟ 

ʪʦʛʦ, ʯʪʦ ʚʝʨʰʠʥʘʤʠ ʝʛʦ ʷʚʣʷʶʪʩʷ ʮʝʣʠ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʚʳʰʝʩʪʦʷ-

ʱʠʤ ʉʕɼʦʤ ʵʣʝʤʝʥʪʦʚ ʂɼ: 

 ɻʨʘʬ ʩʦʜʝʨʞʠʪ ʝʜʠʥʩʪʚʝʥʥʫʶ ʢʦʥʝʯʥʫʶ ʚʝʨʰʠʥʫ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʫʶ ʢʦʥʝʯʥʦʡ ʮʝʣʠ ʛʨʫʧʧʳ ʵʣʝʤʝʥʪʦʚ ʂɼ. 

 ɻʨʘʬ ʷʚʣʷʝʪʩʷ ʩʚʷʟʥʳʤ, ʪʘʢ ʢʘʢ ʟʘʜʘʥʠʝ ʧʦʜʮʝʣʝʡ, ʥʝ ʷʚʣʷʶ-

ʱʠʭʩʷ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʢʦʥʯʝʥʦʡ ʮʝʣʠ, ʣʠʰʝʥʦ ʩʤʳʩ-

ʣʘ. 

 ɻʨʘʬ ʥʝ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʮʠʢʣʳ, ʪʘʢ ʢʘʢ ʜʝʢʦʤʧʦʟʠʮʠʷ ʮʝʣʝʡ 
ʥʘ ʧʦʜʮʝʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʜʥʦʢʨʘʪʥʦʝ ʜʦʩʪʠʞʝʥʠʝ ʣʶʙʦʡ ʠʟ ʧʦʜʮʝ-

ʣʝʡ. ɽʩʣʠ ʢʘʢʘʷ-ʣʠʙʦ ʧʦʜʮʝʣʴ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʢʦʥʝʯʥʦʝ (ʜʝ-

ʢʦʤʧʦʟʠʮʠʷ ʮʝʣʠ ʥʘ ʙʝʩʢʦʥʝʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʮʝʣʝʡ ʥʝ ʠʤʝʝʪ 

ʩʤʳʩʣʘ) ʯʠʩʣʦ ʨʘʟ, ʵʪʦ ʩʣʝʜʫʝʪ ʦʪʨʘʞʘʪʴ ʢʘʢ ʥʝʩʢʦʣʴʢʦ ʧʦʜʮʝʣʝʡ. 

 ʅʫʤʝʨʘʮʠʷ ʚʝʨʰʠʥ ʛʨʘʬʘ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʦʡ [29]. çʇʨʘʚʠʣʴ-

ʥʦʩʪʴè ʥʫʤʝʨʘʮʠʠ ʚʝʨʰʠʥ ʛʨʘʬʘ ʦʪʨʘʞʘʝʪ ʘʧʨʠʦʨʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʦ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʷʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʠʞʝʩʪʦʷʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʊʘʢʦʡ ʛʨʘʬ ʙʫʜʝʪ ʫʩʣʦʚʥʦ ʥʘʟʳʚʘʪʴ çʙʠʥʘʨʥʦʡè ʩʝʪʴʶ, ʪ.ʝ. ʣʶʙʦʡ 

ʝʸ ʵʣʝʤʝʥʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʦʠʤʠ ʙʠʥʘʨʥʳʤʠ ʨʝʟʫʣʴʪʘʪʦʤ - ʬʘʢʪʦʤ 

ʜʦʩʪʠʞʝʥʠʷ ʠʣʠ ʥʝ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ, ʫʩʣʦʚʥʘʷ ʪʨʘʢʪʦʚʢʘ ʢʦʪʦʨʦʛʦ: 

ʮʝʣʴ ʵʣʝʤʝʥʪʘ ʂɼ ʜʦʩʪʠʛʥʫʪʘ ʠ ʨʝʟʫʣʴʪʘʪ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ 

ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʂɼ, ʠʣʠ ʨʝʟʫʣʴʪʘʪ ʥʝ ʧʨʠʛʦʜʝʥ ʜʣʷ ʵʪʦʛʦ. 

                                                           
31 ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʠ ʬʦʨʤʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 
ʛʨʘʬʦʤ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦʛʦ ʛʨʘʬʘ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʟʜʝʣʘʭ 3.5.3 ʠ 4.5 ʥʠʞʝ. 
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ɹʠʥʘʨʥʘʷ ʩʝʪʴ ʪʘʢʞʝ ʟʘʜʘʸʪ ʬʘʢʪʠʯʝʩʢʠ ʧʨʝʜʫʩʣʦʚʠʷ ʚʳʧʦʣʥʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʂɼ, ʚ ʚʠʜʝ ʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ-ʧʨʝʜʫʩʣʦʚʠʡ, ʘʨʛʫʤʝʥʪʘʤʠ 

ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʚʝʨʰʠʥ ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʧʨʝʜʰʝ-

ʩʪʚʝʥʥʠʢʦʚ. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤʠ ʧʨʠʤʝʨʘʤʠ ʬʫʥʢʮʠʡ-ʧʨʝʜʫʩʣʦʚʠʡ 

ʷʚʣʷʶʪʩʷ ʢʦʥʲʶʥʢʮʠʷ (ʢʦʛʜʘ ʜʣʷ ʥʘʯʘʣʘ ʚʳʧʦʣʥʝʥʠʷ ʵʣʝʤʝʥʪʘ ʥʝʦʙ-

ʭʦʜʠʤʦ ʜʦʩʪʠʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʩʝʤʠ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤʠ ʧʨʝʜ-

ʰʝʩʪʚʝʥʥʠʢʘʤʠ), ʠ ʜʠʟʲʶʥʢʮʠʷ (ʢʦʛʜʘ ʜʣʷ ʥʘʯʘʣʘ ʚʳʧʦʣʥʝʥʠʷ ʵʣʝ-

ʤʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʪʠʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʭʦʪʷ ʙʳ ʦʜʥʠʤ ʠʟ ʝʛʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ). 

ʅʘʙʦʨ ʩʚʦʡʩʪʚ ʙʠʥʘʨʥʦʡ ʩʝʪʠ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʠ ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʧʝʨʝʯʥʷ ʟʘʜʘʯ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʦʩʪʘʚʝ ʘ) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ, ʙ) ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʢʦʥʲ-

ʶʥʢʪʠʚʥʦʛʦ ʠ ʚ) ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʜʠʟʲʶʥʢʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʩʣʦʞʥʦʛʦ ʚʘʨʠʘʥʪʘ ʢʦʤʧʣʝʢʩʠ-

ʨʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʪʴ ʩʣʫʯʘʡ ʛ) ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʥʝʥʪʘ 

ʪʝʭʥʦʣʦʛʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʩʦʟʜʘʥʠʝʤ ʩʦʙʩʪʚʝʥʥʦ ʪʝʭʥʦʣʦʛʠʠ ʝʛʦ 

ʩʦʟʜʘʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʡ ʧʨʠ çʧʠʦʥʝʨʥʳʭè ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʘʟʨʘʙʦʪ-

ʢʘʭ, ʘ ʪʘʢʞʝ ʩʣʫʯʘʡ ʜ) ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʥʝʥʪʘ ʪʝʭʥʦʣʦʛʠʠ ʦʜʥʦʚʨʝʤʝʥ-

ʥʦʛʦ ʥʝʩʢʦʣʴʢʠʤʠ ʩʫʙʲʝʢʪʘʤʠ ʩ ʧʦʣʥʳʤ ʦʙʤʝʥʦʤ ʠʥʬʦʨʤʘʮʠʝʡ. ɺ 

ʢʘʞʜʦʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʫʨʦ-

ʚʝʥʴ ʦʩʚʦʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʪʝʭʥʦʣʦʛʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʨʝʤʝʥʠ ʠ ʨʝʩʫʨʩʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʙʣʝʤʘʪʠʢʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ ʂɼ ʠʩ-

ʯʝʨʧʳʚʘʝʪʩʷ ʜʚʫʤʷ ʧʦʩʪʘʥʦʚʢʘʤʠ ʟʘʜʘʯʠ (ʙʘʟʦʚʦʡ ʠ ʩ ʥʝʠʟʚʝʩʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ) ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʭʥʦʣʦʛʠʠ 

ʂɼ ʠ ʥʝʩʢʦʣʴʢʠʤʠ ʧʦʩʪʘʥʦʚʢʘʤʠ ʟʘʜʘʯʠ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠʯʸʤ ʚʩʝ ʦʥʠ ʚʧʠʩʳʚʘʶʪʩʷ ʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ 

ʤʦʜʝʣʴ (ʨʠʩʫʥʦʢ 1.19), ʨʘʩʩʤʦʪʨʝʥʠʶ ʵʪʠʭ ʧʦʩʪʘʥʦʚʦʢ ʟʘʜʘʯ ʧʦʩʚʷ-

ʱʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʟʜʝʣʳ ʛʣʘʚʳ. 

 

3.2. ʆʙʟʦʨ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ ʠʟ ʩʤʝʞʥʳʭ ʦʙʣʘʩʪʝʡ ʟʥʘʥʠʡ 

 

ɺ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦ-

ʣʦʛʠʝʡ ʬʦʨʤʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʦʚʪʦʨʝʥʠʝ 

ʮʠʢʣʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʨʠʩʫʥʦʢ 1.19. ʊʘʢʠʝ ʟʘʜʘʯʠ ʚʩʪʨʝʯʘ-

ʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʟʥʘʥʠʡ: ʠʩʧʳʪʘʥʠʝ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʘʥʘʣʠʟ 

ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʜʨ., ʛʜʝ ʧʦʣʫʯʝʥʦ ʙʦʣʴ-

ʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨʳ 

ʠʟʚʝʩʪʥʳʭ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʳ ʦʧʠʩʘʥʠʷ ʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʘʥʘʣʦʛʠʯʥʳʭ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ: 



140 

 ʠʩʧʳʪʘʥʠʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʠ ʧʨʦʚʝʨʢʘ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [2, 61, 

65, 193]; 

 ʤʘʩʩʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʦʚʳʰʝʥʠʝ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʭʦʜʝ 
ʦʩʚʦʝʥʠʷ [167, 184, 185, 190 - 192, 203, 206, 275]; 

 ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ [9, 110, 128 - 130, 156, 

216, 278]; 

 ʫʧʨʘʚʣʝʥʠʝ ʟʥʘʥʠʷʤʠ ʠ ʠʟʚʣʝʯʝʥʠʝ/ʧʨʠʦʙʨʝʪʝʥʠʝ ʟʥʘʥʠʡ, ʘ 

ʪʘʢʞʝ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ (machine learning) [27, 38, 165, 217, 234, 

237, 257, 259, 274]; 

 ʠʪʝʨʘʪʠʚʥʦʝ ʥʘʫʯʝʥʠʝ ʚ ʧʝʜʘʛʦʛʠʢʝ, ʧʩʠʭʦʣʦʛʠʠ, ʬʠʟʠʦʣʦʛʠʠ 
ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ: ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʢʣʘʩʩʠʯʝʩʢʠʝ (ʩʤ. 

[4, 36, 198, 263 - 265] ʠ ʦʙʟʦʨ ʚ [83]) ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʤʦʜʝʣʠ ʥʘʫʯʝʥʠʷ 

ï ʩʤ. ʦʙʟʦʨʳ ʚ [56, 70, 112, 125, 131, 171, 206, 256, 267]; 

 ʪʝʩʪʠʨʦʚʘʥʠʝ ʟʥʘʥʠʡ ʦʙʫʯʘʝʤʳʭ ʚ ʧʝʜʘʛʦʛʠʢʝ [54, 56, 106, 119, 

267]. 

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʟʘʜʘʯʠ, ʢʘʢ ʠ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ, 

ʦʪʣʠʯʘʶʪʩʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʜʣʷ ʠʭ ʦʧʠʩʘʥʠʷ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʤʦʜʝʣʠ ʠ/ʠʣʠ ʘʧʧʘ-

ʨʘʪ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʀʩʧʳʪʘʥʠʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ (ʚ ʯʘʩʪʥʦʩʪʠ, ʘʚʠʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ) ʚ [2] ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʫʟʣʳ ʢʦ-

ʪʦʨʦʡ ʦʧʠʩʳʚʘʶʪ ʠʩʧʳʪʘʥʠʷ ʵʣʝʤʝʥʪʦʚ, ʙʣʦʢʦʚ ʠ ʩʠʩʪʝʤ. ʇʦʩʪʫʣʠʨʫ-

ʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ (ʠʣʠ ʣʦʛʠʩʪʠʯʝʩʢʘʷ) ʟʘʚʠʩʠʤʦʩʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟʜʝʣʠʷ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʩʧʳʪʘ-

ʥʠʡ, ʧʨʠ ʵʪʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʧʦʨʮʠ-

ʦʥʘʣʴʥʘ ʦʙʥʘʨʫʞʝʥʥʦʡ ʥʝʥʘʜʸʞʥʦʩʪʠ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ɺʳ-

ʯʠʩʣʷʶʪʩʷ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʠʩʧʳʪʘʥʠʡ ʥʘ ʢʘʞʜʦʤ ʫʨʦʚʥʝ 

ʠʝʨʘʨʭʠʠ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʪʨʘʪʳ. ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ 

ʩʠʩʪʝʤʳ (ʠʟʜʝʣʠʷ) ʚ ʮʝʣʦʤ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ ʩʫʤʤʝ ʚʨʝʤʸʥ ʠʩʧʳ-

ʪʘʥʠʡ ʥʘ ʢʘʞʜʦʤ ʫʨʦʚʥʝ ʠʝʨʘʨʭʠʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʚʝʩʪʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡ-

ʥʳʭ ʚʝʣʠʯʠʥ ʯʝʨʝʟ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʞʠʜʘʥʠʷ ʠ ʜʠʩʧʝʨʩʠʠ ʟʘʧʠʩʳʚʘ-

ʝʪʩʷ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʩʧʳʪʘʥʠʡ. ʇʦʩʪʫʣʠʨʦʚʘʥʠʝ ʟʘʚʠ-

ʩʠʤʦʩʪʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʠʩʧʳʪʘʥʠʡ ʚʳʛʣʷʜʠʪ ʥʝ ʦʯʝʥʴ ʦʙʦʩʥʦʚʘʥʥʳʤ, ʘ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ 

ʠʩʧʳʪʘʥʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ ʧʫʪʸʤ ʧʨʦʩʪʦʛʦ ʩʫʤʤʠʨʦʚʘʥʠʷ 

ʩʨʝʜʥʠʭ ʚʨʝʤʸʥ ï ʩʠʣʴʥʦ ʫʧʨʦʱʸʥʥʳʤ, ʭʦʪʷ ʦʙʱʘʷ ʩʭʝʤʘ ʧʦʩʪʘʥʦʚʢʠ 

ʟʘʜʘʯʠ ʟʘʩʣʫʞʠʚʘʝʪ ʪʦʛʦ, ʯʪʦʙʳ ʙʳʪʴ ʚʟʷʪʦʡ ʟʘ ʦʩʥʦʚʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝ-

ʛʦ ʨʘʟʚʠʪʠʷ ʠ ʢʦʨʨʝʢʪʥʦʛʦ ʫʪʦʯʥʝʥʠʷ. 
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ʊʝʤʘ ʧʦʚʳʰʝʥʠ ̫ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ 

ʦʩʚʦʝʥʠʷ ʦʙʩʫʞʜʘʝʪʩʷ ʵʢʦʥʦʤʠʩʪʘʤʠ ʩ ʨʘʟʚʠʪʠʝʤ ʤʘʰʠʥʥʦʛʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʚ ʜʝʚʷʪʥʘʜʮʘʪʦʤ ʚʝʢʝ, ʥʦ ʪʦʣʴʢʦ ʚ 1936 ʛʦʜʫ ʊ. ʈʘʡʪ ʦʧʠʩʘʣ 

[275] ʵʬʬʝʢʪ ʩʥʠʞʝʥʠʷ ʠʟʜʝʨʞʝʢ (ʧʨʝʞʜʝ ʚʩʝʛʦ, ʪʨʫʜʦʟʘʪʨʘʪ) ʥʘ ʝʜʠ-

ʥʠʮʫ ʧʨʦʜʫʢʮʠʠ ʧʨʠ ʨʦʩʪʝ ʦʙʲʸʤʘ ʚr ʧʫʩʢʘ ʠ ʧʦʩʪʫʣʠʨʦʚʘʣ ʵʢʩʧʦʥʝʥ-

ʮʠʘʣʴʥʫʶ ʤʦʜʝʣʴ ʢʨʠʚʦʡ ʦʙʫʯʝʥʠʷ. ɺ ʨʫʩʩʢʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦ 

ʤʝʥʝʜʞʤʝʥʪʫ ʠ ʵʢʦʥʦʤʠʢʝ ʵʪʘ ʤʦʜʝʣʴ ʥʘʟʳʚʘʝʪʩʷ çʢʨʠʚʦʡ ʈʘʡʪʘè. ɺ 

1968 ʛʦʜʫ ɹ. ʍʝʥʜʝʨʩʦʥ ʠʟ ʢʦʥʩʘʣʪʠʥʛʦʚʦʡ ʢʦʤʧʘʥʠʠ Boston 

Consulting Group [155] ʦʙʦʙʱʠʣ ʤʦʜʝʣʴ ʈʘʡʪʘ ʚ ʨʘʙʦʪʝ [191]. ɺ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷʭ [190] Boston Consulting Group, ʚʳʧʦʣʥʝʥʥʳʭ ʚ 1970-ʭ ʛʦʜʘʭ, 

ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʵʬʬʝʢʪʳ ʩʥʠʞʝʥʠʷ ʫʜʝʣʴʥʳʭ ʠʟʜʝʨʞʝʢ/ʪʨʫʜʦʟʘʪʨʘʪ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʦʪ 

10 ʜʦ 25 ʧʨʦʮʝʥʪʦʚ ʧʨʠ ʫʜʚʦʝʥʠʠ ʦʙʲʸʤʘ ʚʳʧʫʱʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʕʪʘ ʪʝʤʘ ʩʦʭʨʘʥʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʅʘʧʨʠʤʝʨ, 

ʚʝʜʫʱʘʷ ʘʵʨʦʢʦʩʤʠʯʝʩʢʘʷ ʢʦʤʧʘʥʠʷ Boeing ʚ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʧʨʘʢʪʠ-

ʢʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʫʯʠʪʳʚʘʝʪ ʠ ʜʘʞʝ ʧʣʘʥʠʨʫʝʪ ʵʬʬʝʢʪ ʩʥʠ-

ʞʝʥʠʷ ʫʜʝʣʴʥʳʭ ʠʟʜʝʨʞʝʢ (ʧʨʝʞʜʝ ʚʩʝʛʦ, ʪʨʫʜʦʚʳʭ ʠ ʚʨʝʤʝʥʥʳʭ) ʚ 

ʭʦʜʝ ʦʩʚʦʝʥʠʷ ʥʦʚʳʭ ʤʦʜʝʣʝʡ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ [185, 203], ʯʝʤ ʠʥʦ-

ʛʜʘ ʜʘʞʝ ʚʳʟʳʚʘʝʪ ʜʠʩʢʫʩʩʠʠ ʦ ʧʨʘʚʦʤʝʨʥʦʩʪʠ ʦʪʨʘʞʝʥʠʷ ʪʘʢʠʭ ʧʣʘ-

ʥʠʨʫʝʤʳʭ ʵʬʬʝʢʪʦʚ ʚ ʦʬʠʮʠʘʣʴʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʦʪʯʸʪʥʦʩʪʠ. 

ɿʘʜʘʯʠ ʠʩʧʳʪʘʥʠʷ ʠʟʜʝʣʠʡ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝ-

ʣʝʡ ʪʘʢʞʝ ʯʘʩʪʦ ʩʪʘʚʷʪʩʷ ʢʘʢ ʟʘʜʘʯʠ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʥʘʧʨʠʤʝʨ [61, 65]. 

ɺʝʩʴʤʘ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ Model Checking ʠ ʝʛʦ 

ʚʘʨʠʘʥʪ Statistical Model Checking [216], ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʠʩʪʝʤ, ʠ ʩʣʦʞʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩ-

ʧʝʯʝʥʠʷ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʠʩʪʝʤ ʩ ʢʦ-

ʥʝʯʥʳʤ ʤʥʦʞʝʩʪʚʦʤ ʩʦʩʪʦʷʥʠʡ, ʯʴʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩʧʝʮʠ-

ʬʠʮʠʨʫʶʪʩʷ ʣʦʛʠʯʝʩʢʠʤʠ ʚʳʨʘʞʝʥʠʷʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ 

ʤʝʨʫ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʚʦʡʩʪʚ ʩʠʩʪʝʤʳ ʪʨʝʙʫʝʤʳʤ ʟʥʘʯʝʥʠʷʤ. ɿʘʜʘʯʘ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʢʘʢ ʧʨʦʚʝʨʢʘ 

ʛʠʧʦʪʝʟʳ, ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʣʠ ʩʚʦʡʩʪʚʘ ʟʘʜʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʅʘʣʠ-

ʯʠʝ ʦʧʠʩʘʥʠʡ ʩʠʩʪʝʤʳ ʚ ʣʦʛʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʷʭ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʵʪʠ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʝʩʪʦʚ ʚ 

ʩʣʦʞʥʳʝ. 

ɼʨʫʛʠʤ ʧʦʧʫʣʷʨʥʳʤ ʤʝʪʦʜʦʤ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ 

ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʮʠʠ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ 

(Regression Testing) [129]. ʈʝʛʨʝʩʩʠʦʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ 

ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʝʛʦ ʢʘʯʝʩʪʚʘ ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʠ ʤʦʜʝʨʥʠʟʘ-
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ʮʠʡ. ʅʘʙʦʨʳ ʪʝʩʪʦʚ ʚʩʝʛʜʘ ʨʘʩʪʫʪ ʚ ʦʙʲʸʤʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʷ ʨʘʟʚʠʪʠʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʜʝʣʘʝʪ ʯʨʝʟʤʝʨʥʦ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʚʳʧʦʣ-

ʥʝʥʠʝ ʚʩʝʛʦ ʥʘʙʦʨʘ ʪʝʩʪʦʚ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʠʟʤʝʥʝʥʠʷ. ɺ ʨʘʤʢʘʭ ʨʝʛʨʝʩ-

ʩʠʦʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ ʧʨʠʸʤʳ ʢʘʢ ʤʠʥʠʤʠʟʘʮʠʷ, 

ʦʪʙʦʨ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠʦʨʠʪʝʪʦʚ ʪʝʩʪʦʚ, ʨʝʘʣʠʟʫʝʤʳʝ ʚ ʚʠʜʝ ʬʦʨ-

ʤʘʣʴʥʳʭ ʧʨʦʮʝʜʫʨ. ʄʠʥʠʤʠʟʘʮʠʷ ʥʘʙʦʨʘ ʪʝʩʪʦʚ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʫʩʪʨʘ-

ʥʝʥʠʝ ʠʟʙʳʪʦʯʥʳʭ ʪʝʩʪʦʚʳʭ ʧʨʠʤʝʨʦʚ. ʆʪʙʦʨ ʪʝʩʪʦʚʦʛʦ ʧʨʠʤʝʨʘ 

ʥʘʧʨʘʚʣʝʥ ʥʘ ʚʳʜʝʣʝʥʠʝ ʪʝʩʪʦʚ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ʧʦ-

ʩʣʝʜʥʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ. ʇʨʠʦʨʠʪʝʟʘʮʠʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʫʧʦʨʷʜʦʯʠʚʘ-

ʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʝʩʪʦʚ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʘʢʩʠʤʘʣʴʥʦ 

ʙʳʩʪʨʦ ʦʙʥʘʨʫʞʠʚʘʪʴ ʦʰʠʙʢʠ. 

ʊʘʢʞʝ ʩʨʝʜʠ ʧʦʧʫʣʷʨʥʳʭ ʤʝʪʦʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʪʝʩʪʠʨʦ-

ʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʝʡ (Model-Based Testing) [110], ʨʘʟʣʠʯʥʳʝ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʧʨʦʮʝʜʫʨʳ ʪʝʩʪʠʨʦʚʘʥʠʷ [267], ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ [226], 

ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʢʠʙʝʨ-ʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [130] ʠ 

ʜʨʫʛʠʝ. 

ʆʙʱʠʝ ʧʦʜʭʦʜʳ ʢ ʪʝʩʪʠʨʦʚʘʥʠʶ ʠʟʣʦʞʝʥʳ ʚ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴ-

ʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʪʘʚʰʠʭ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʨʘʙʦʪ ï ʩʤ., ʥʘʧʨʠʤʝʨ, [11], ʘ 

ʪʘʢʞʝ ʦʩʥʦʚʥʦʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʦʥ-ʣʘʡʥ-ʠʩʪʦʯʥʠʢʝ ʧʨʦʛʨʘʤʤʥʦʡ 

ʠʥʜʫʩʪʨʠʠ SWEBOK V3 [156]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʧʨʦʮʝʩʩ ʠʟʚʣʝʯʝʥʠʷ/ʧʨʠʦʙʨʝʪʝʥʠʷ ʟʥʘʥʠʡ, ʚʩʝ 

ʦʥʠ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʨʝʘʣʠʟʫʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

ʘʥʘʣʠʟʘ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʧʨʠʚʝʜʸʤ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ. 

ʊʘʢ ʚ [274] ʧʨʝʜʣʦʞʝʥ ʦʙʱʠʡ ʘʣʛʦʨʠʪʤ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝ-

ʰʝʥʠʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʤʝʰʘʥʥʳʭ ʜʘʥ-

ʥʳʭ (ʥʝʧʨʝʨʳʚʥʳʭ ʠ ʧʦʨʷʜʢʦʚʳʭ). ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʜʘʥʥʳʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʩʦʙʳʪʠʷ ʠ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ 

ʥʠʤʠ ʦʙʣʘʩʪʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠʟʥʘʢʦʚ. ɸʣʛʦʨʠʪʤ ʚʳʷʚʣʷʝʪ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʧʘʪʪʝʨʥʳ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ. ʇʘʪʪʝʨʥʳ ʧʦʜʜʘʶʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, 

ʜʣʷ ʥʠʭ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʠ ʩʦʟʜʘʪʴ 

ʧʨʘʚʠʣʘ/ʤʦʜʝʣʠ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 

ɺ ʨʘʙʦʪʝ [226] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʛʣʘʩʦ-

ʚʘʥʥʳʭ ʧʣʘʥʦʚ ʟʘʜʘʯ ʜʣʷ ʛʨʫʧʧʳ ʘʚʪʦʥʦʤʥʳʭ ʘʛʝʥʪʦʚ ï ʧʦʜʚʠʞʥʳʭ 

ʨʦʙʦʪʦʚ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʢʘʯʘʶʱʝʡʩʷ ʧʣʦʩʢʦʩʪʠ, ʠ ʟʘʜʘʯʘ ʢʦʪʦ-

ʨʳʭ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʧʣʦʩʢʦʩʪʴ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʝʜʣʘʛʘʶʪʩʷ 

ʤʝʪʦʜʠʢʘ ʛʨʫʧʧʦʚʦʛʦ ʦʙʫʯʝʥʠʷ ʘʚʪʦʤʘʪʦʚ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʮʠʢʣʠʯʝ-
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ʩʢʦʤ ʛʝʥʝʨʠʨʦʚʘʥʠʠ ʦʙʫʯʘʶʱʠʭ ʩʠʛʥʘʣʦʚ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʟʘʢʨʝʧ-

ʣʝʥʠʠ çʥʘʚʳʢʦʚè. 

ʈʘʙʦʪʘ [165] ʧʦʩʚʷʱʝʥʘ ʤʝʪʦʜʘʤ ʦʙʦʙʱʝʥʠʷ ʟʥʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ 

ʠʟ ʵʤʧʠʨʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ. ɿʥʘʥʠʝ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʘʣʛʦʨʠʪʤʦʤ ʢʣʘ-

ʩʪʝʨʠʟʘʮʠʠ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʦʙʥʘʨʫʞʝʥʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ 

ʩʦʙʳʪʠʡ. ɸʣʛʦʨʠʪʤ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʚʝʨʦʷʪʥʦʩʪʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 

ʤʝʨʫ, ʛʨʫʧʧʠʨʫʝʪ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʠ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʝ ʜʠʩʢʨʝʪʥʳʝ 

ʜʘʥʥʳʝ ʚ ʭʦʜʝ ʜʚʫʭ ʬʘʟ: ɺʦ ʚʨʝʤʷ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʢʣʘʩʪʝʨʘ ʚʳʧʦʣʥʷ-

ʝʪʩʷ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʙʣʠʞʘʡʰʠʤʠ ʩʦʩʝʜʷʤʠ 

ʜʣʷ ʚʳʙʦʨʘ ʢʨʠʪʝʨʠʷ ʦʙʲʝʜʠʥʝʥʠʷ ʦʙʨʘʟʮʦʚ ʚ ʢʣʘʩʪʝʨʳ. ɺʦ ʚʨʝʤʷ 

ʫʪʦʯʥʝʥʠʷ ʢʣʘʩʪʝʨʘ ʦʙʨʘʟʮʳ ʧʝʨʝʛʨʫʧʧʠʨʫʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʘ ʧʦʢʨʳʪʠʷ ʩʦʙʳʪʠʡ, ʢʦʪʦʨʳʡ ʚʳʙʠʨʘʝʪ ʧʦʜʤʥʦʞʝʩʪʚʘ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʠ ʨʝʣʝʚʘʥʪʥʳʭ ʩʦʙʳʪʠʡ. 

ɺ ʩʪʘʪʴʝ [257] ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʠ ʜʝʪʝʨʤʠʥʠʨʦ-

ʚʘʥʥʳʝ ʟʥʘʥʠʷ ʜʦʧʦʣʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ ʠ ʫʣʫʯʰʘʶʪ ʜʨʫʛ ʜʨʫʛʘ, ʚʚʦʜʠʪ-

ʩʷ ʩʪʦʭʘʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʠʦʙʨʝʪʸʥʥʳʭ ʟʥʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʜʠʬʬʫʟʠ-

ʦʥʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. 

ʈʘʙʦʪʘ [234] ʧʦʩʚʷʱʝʥʘ ʦʧʪʠʤʘʣʴʥʦʤʫ ʙʘʡʝʩʦʚʩʢʦʤʫ ʘʛʝʥʪʫ-

ʘʣʛʦʨʠʪʤʫ ʤʦʜʝʣʠʨʫʶʱʝʤʫ ʧʨʦʮʝʩʩ ʠʟʚʣʝʯʝʥʠʷ ʟʥʘʥʠʡ ʚ ʭʦʜʝ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʩʨʝʜʦʡ ʩʦ ʩʯʸʪʥʳʤ ʤʥʦ-

ʞʝʩʪʚʦʤ ʩʦʩʪʦʷʥʠʡ, ʚ ʦʩʥʦʚʫ ʘʣʛʦʨʠʪʤʘ ʧʦʣʦʞʝʥʘ ʪʝʦʨʠʷ ʠʥʜʫʢʪʠʚ-

ʥʦʛʦ ʚʳʚʦʜʘ ʉʦʣʦʤʦʥʦʚʘ (Solomonoff's Theory of Inductive Inference). 

ɺ ʨʘʙʦʪʝ [38] ʧʨʝʜʣʦʞʝʥʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ, ʚ ʚʠʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢʦʥʮʝʧʮʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʚ ʮʝʥʥʦʩʪʠ, ʜʣʷ ʨʘʥʞʠʨʦʚʘʥʠʷ ʦʪʚʝʪʦʚ ʚ ʫʥʠʚʝʨʩʘʣʴʥʳʭ 

ʛʠʙʨʠʜʥʳʭ ʚʦʧʨʦʩʥʦ-ʦʪʚʝʪʥʳʭ ʩʠʩʪʝʤʘʭ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟʳ ʟʥʘʥʠʡ ʩʠʩʪʝʤʳ.  

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ [27] ʷʚʣʷʶʪʩʷ ʙʘʟʳ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦ-

ʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʘ ʧʨʝʜʤʝʪʦʤ - ʧʨʦʮʝʩʩ ʠʟʚʣʝʯʝʥʠʷ 

ʟʥʘʥʠʡ ʠʟ ʪʘʢʠʭ ʙʘʟ ʜʘʥʥʳʭ. ʈʘʩʧʨʝʜʝʣʸʥʥʦʩʪʴ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ, 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʥʠʭ ʜʘʥʥʳʭ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ 

ʩʣʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʧʨʠʤʝ-

ʥʝʥʠʝ ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʜʦʩʪʠʞʝʥʠʶ ʧʦʩʪʘʚʣʝʥ-

ʥʦʡ ʮʝʣʠ. ʈʘʟʨʘʙʦʪʘʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʤʥʦʛʦʘʛʝʥʪʥʦʡ ʩʠʩʪʝ-

ʤʳ ʠʟʚʣʝʯʝʥʠʷ ʟʥʘʥʠʡ ʠʟ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʛʝʪʝʨʦʛʝʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ. 

ʆʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʨʦʣʠ ʘʛʝʥʪʦʚ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʄʦʜʝʣʠ ʠʪʝʨʘʪʠʚʥʦʛʦ ʥʘʫʯʝʥʠʷ [83] ʚ ʧʝʜʘʛʦʛʠʢʝ, ʧʩʠʭʦʣʦʛʠʠ, 

ʬʠʟʠʦʣʦʛʠʠ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ ʦʧʠʩʳʚʘʶʪ ʧʨʦʮʝʩʩ ʠʪʝʨʘʪʠʚʥʦʛʦ 

ʥʘʫʯʝʥʠʷ ï ʤʥʦʛʦʢʨʘʪʥʦʝ ʧʦʚʪʦʨʝʥʠʝ ʦʙʫʯʘʝʤʦʡ ʩʠʩʪʝʤʦʡ (ʞʠʚʦʡ ʠʣʠ 

ʥʝʞʠʚʦʡ ï ʪʝʭʥʠʯʝʩʢʦʡ ʠʣʠ ʢʠʙʝʨʥʝʪʠʯʝʩʢʦʡ) ʜʝʡʩʪʚʠʡ, ʧʨʦʙ, ʧʦʧʳ-
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ʪʦʢ ʠ ʪ.ʜ. ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʮʝʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ 

ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʷʭ (çʥʘʫʯʝʥʠʝè ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ï ʧʨʦʮʝʩʩ ʠ ʨʝʟʫʣʴʪʘʪ 

ʧʨʠʦʙʨʝʪʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʦʧʳʪʘè, ʩʤ. [66]). ɺ ʦʙʟʦʨʥʦʡ ʨʘʙʦʪʝ 

[83] ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʝʩʷʪʢʠ ʠʟʚʝʩʪʥʳʭ ʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʤʦʜʝ-

ʣʝʡ ʠʪʝʨʘʪʠʚʥʦʛʦ ʥʘʫʯʝʥʠʷ, ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʦʙʱʘʷ ʤʦʜʝʣʴ, ʦʙʦʙ-

ʱʘʶʱʘʷ ʩʚʦʡʩʪʚʘ ʦʪʜʝʣʴʥʳʭ ʤʦʜʝʣʝʡ. ʆʙʦʙʱʘʶʱʘʷ ʤʦʜʝʣʴ ʦʧʠʩʳʚʘ-

ʝʪ ʩʠʩʪʝʤʫ, ʦʩʫʱʝʩʪʚʣʷʶʱʫʶ ʥʘʫʯʝʥʠʝ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʩʦʩʪʦʷʱʫʶ ʠʟ ʢʦʥʝʯʥʦʛʦ ʥʘʙʦʨʘ ʵʣʝʤʝʥʪʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ʥʘʫʯʝʥʠʷ. ʅʘʫʯʝʥʠʝ ʩʠʩʪʝ-

ʤʳ ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʝʡ ʦʪ ʯʘʩʪʥʳʭ ʵʢʩʧʦ-

ʥʝʥʪ. ʆʛʨʘʥʠʯʝʥʠʝʤ ʠ ʦʪʜʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʥʘʫʯʝʥʠʷ ʠ ʦʙʦʙʱʘʶʱʝʡ 

ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ, ʚʦ-ʧʝʨʚʳʭ, ʧʦʩʪʫʣʠʨʦʚʘʥʠʝ ʟʘʢʦʥʦʚ ʥʘʫʯʝʥʠʷ, ʚʦ-

ʚʪʦʨʳʭ, ʦʪʩʫʪʩʪʚʠʝ ʦʙʦʩʥʦʚʘʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʤʦ-

ʜʝʣʝʡ ʵʣʝʤʝʥʪʦʚ ʚ ʤʦʜʝʣʴ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʡ ʥʘʫʯʝ-

ʥʠʝ. 

ɺ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʷʭ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʤʝʪʦ-

ʜʳ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʠʠ ʪʝʩʪʦʚ Item Response Theory (IRT) [119, 267], 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʣʘʪʝʥʪʥʳʭ (ʥʝʥʘʙʣʶʜʘʝʤʳʭ) ʧʘʨʘ-

ʤʝʪʨʦʚ ʠʩʧʳʪʫʝʤʳʭ ʠ ʟʘʜʘʥʠʡ ʪʝʩʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝ-

ʣʝʡ ʠʟʤʝʨʝʥʠʷ. ʄʦʜʝʣʴ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʣʘʪʝʥʪʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ ʠ ʥʘʙʣʶʜʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʠʷ ʪʝʩʪʘ ʚ IRT 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʫʩʣʦʚʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʦʙʫ-

ʯʘʝʤʳʤʠ ʟʘʜʘʥʠʡ ʪʝʩʪʘ. ʇʨʠ ʵʪʦʤ ʫʩʣʦʚʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʜʘʸʪʩʷ ʣʦ-

ʛʠʩʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ ʠʣʠ ʬʫʥʢʮʠʝʡ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʦʜʝʣʠ ʈʘʰʘ [54] ʠ ɹʠʨʥʙʘʫ-

ʤʘ [106, 119] ʚ ʢʦʪʦʨʳʭ ʚʳʙʠʨʘʶʪʩʷ ʢʦʥʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʚ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ. 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ ʢʨʘʪʢʦʛʦ ʦʙʟʦʨʘ ʠʟʚʝʩʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʤʦʞʥʦ 

ʩʢʘʟʘʪʴ, ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʝ ʠʣʠ ʠʥʳʝ ʵʣʝ-

ʤʝʥʪʳ çʮʠʢʣʘ ʧʨʦʚʝʨʦʢè ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦʡ ʬʦʨʤʝ: ʚʦ-ʧʝʨʚʳʭ, 

ʙʝʟ ʫʯʸʪʘ ʨʝʢʫʨʩʠʚʥʦʩʪʠ ʠ ʬʨʘʢʪʘʣʴʥʦʩʪʠ ʪʘʢʠʭ ʮʠʢʣʦʚ; ʚʦ-ʚʪʦʨʳʭ, 

ʧʦʩʪʫʣʠʨʫʷ ʙʘʟʦʚʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ 

ʠʣʠ ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟʜʝʣʠʷ 

ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʩʧʳʪʘʥʠʡ ʚ [2] ʠʣʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʠʣʠ 

ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʨʦʚʥʷ ʥʘʫʯʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʚ [83]), ʢʦʪʦ-

ʨʳʝ ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʪʨʝʙʫʶʱʠʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ. ʈʝʟʫʣʴʪʘʪʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ [24], 

ʧʦʟʚʦʣʠʣʠ ʦʙʦʙʱʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦʛʦ ʮʠʢʣʘ ʠ ʦʪʨʘʟʠʪʴ ʠʭ ʚ ʝʜʠʥʦʡ 

ʦʙʱʝʩʠʩʪʝʤʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ (ʨʘʟʜʝʣ 1.5, ʨʠʩʫʥʦʢ 1.19), 



 

145 

ʢʦʪʦʨʘʷ ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʦʙʦʙʱʘʝʪ, ʜʝʪʘʣʠʟʠʨʫʝʪ ʠ ʫʪʦʯʥʷʝʪ ʠʟʚʝʩʪ-

ʥʳʝ ʤʦʜʝʣʠ. 

 

3.3. ʄʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʩʦʟʜʘʥʠʝʤ ʠ ʦʩʚʦʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ 

 

3.3.1. ɸʥʘʣʠʟ ʩʚʦʡʩʪʚ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʩʦʟʜʘʥʠʝʤ ʠ ʦʩʚʦʝʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʠ ʂɼ ʚ ʙʘʟʦʚʦʡ ʧʦʩʪʘʥʦʚʢʝ 

 

ʀʩʩʣʝʜʫʝʤ ʩʚʦʡʩʪʚʘ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʤ ʪʝʭʥʦʣʦ-

ʛʠʠ ʠ ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ Lt ʚ ʙʘʟʦʚʦʡ ʧʦʩʪʘʥʦʚʢʝ [18, 22], ʢʦʛʜʘ K ʠ ʚʩʝ 

{ pk} ʠʟʚʝʩʪʥʳ ʩʫʙʲʝʢʪʫ ʂɼ. 

ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ (ʚʝʢʪʦʨ xt) ʷʚʣʷʝʪʩʷ ʤʘʨʢʦʚʩʢʦʡ ʮʝʧʴʶ ʩ ʢʦʥʝʯ-

ʥʳʤ ʤʥʦʞʝʩʪʚʦʤ ʩʦʩʪʦʷʥʠʡ, ʥʦʤʝʨʘ ʢʦʪʦʨʳʭ yt ʦʙʨʘʟʫʝʤ ʠʟ ʵʣʝʤʝʥ-

ʪʦʚ ʚʝʢʪʦʨʘ-ʩʪʨʦʢʠ xt ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʧʨʘʚʠʣʫ: 
1

1

2
K

k

t kt

k

y x ; ʪʦʛʜʘ yt 

ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʤʘʨʢʦʚʩʢʦʡ ʮʝʧʴʶ ʠ ʧʨʠʥʠʤʘʝʪ ʣʶʙʳʝ ʮʝʣʦʯʠʩʣʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʦʪ 0 ʜʦ I = 
1

1

2
K

k

k

=2
K
 - 1 ʚʢʣʶʯʠʪʝʣʴʥʦ. 

ʉʬʦʨʤʠʨʫʝʤ ʤʘʪʨʠʮʫ ʇ = { íj; i = 0, 1, é, I; j = 0, 1, é, I}   ʧʝʨʝ-

ʭʦʜʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ty . ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t = 0 

ʧʨʦʮʝʩʩ ty  ʥʘʭʦʜʠʪʩʷ 0-ʤ ʩʦʩʪʦʷʥʠʠ  y0  = 0 (xk0 = 0 ʜʣʷ ʚʩʝʭ k), ʩ ʚʝʨʦ-

ʷʪʥʦʩʪʴʶ 1. ʀʟ ʩʦʩʪʦʷʥʠʷ ç0è ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʧʝʨʝʡʪʠ ʪʦʣʴʢʦ ʚ ʩʦʩʪʦ-

ʷʥʠʷ ʩ ʥʦʤʝʨʘʤʠ 12k  ʩ ʚʝʨʦʷʪʥʦʩʪʷʤʠ pk, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʩʦʩʪʦʷʥʠʝ 

ç1è - ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ p1, ʚ ʩʦʩʪʦʷʥʠʝ ç2è - ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ p2, ʚ ʩʦʩʪʦ-

ʷʥʠʝ ç4è - ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ p3 ʠ ʪ.ʜ.; ʦʩʪʘʚʘʪʴʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ç0è ʧʨʦ-

ʮʝʩʩ ʥʝ ʤʦʞʝʪ. ʀʟ ʩʦʩʪʦʷʥʠʷ ç1è ʧʨʦʮʝʩʩ ʥʝ ʤʦʞʝʪ ʚʝʨʥʫʪʴʩʷ ʚ ʩʦʩʪʦ-

ʷʥʠʝ ç0è, ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ p1 ʦʥ ʤʦʞʝʪ ʦʩʪʘʪʴʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ç1è, ʘ ʩ 

ʚʝʨʦʷʪʥʦʩʪʷʤʠ pk ʧʝʨʝʡʪʠ ʚ ʩʦʩʪʦʷʥʠʷ 2
k-1

 + 1 ʜʣʷ ʢʘʞʜʦʛʦ 1 k K . 

ɺʳʯʠʩʣʠʤ ʵʣʝʤʝʥʪʳ i-ʡ ʩʪʨʦʢʠ ʤʘʪʨʠʮʳ ʇ ʧʨʠ 0 i I . ɹʫʜʝʤ 
ʦʙʦʟʥʘʯʘʪʴ ʬʫʥʢʮʠʶ, ʚʳʜʝʣʷʶʱʫʶ ʟʥʘʯʝʥʠʝ k-ʛʦ ʨʘʟʨʷʜʘ ʚ ʜʚʦʠʯʥʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʯʠʩʣʘ i ʢʘʢ b(i,k), ʧʨʠʯʸʤ ʩʘʤʳʡ ʤʣʘʜʰʠʡ ʨʘʟʨʷʜ ʩʯʠ-

ʪʘʝʤ ʧʝʨʚʳʤ, ʪʦ ʝʩʪʴ i = 
1

1

2
K

k

k

b i,k . ɼʣʷ i-ʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʩʦʭʨʘʥʝʥʠʷ ʩʦʩʪʦʷʥʠ ̫ʥʘ ʩʣʝʜʫʶʱʝʤ ʧʝʨʠʦʜʝ ʨʘʚʥʘ íi = 
1

K

k

k

b i,k p ; 

ʧʝʨʝʭʦʜ ʚ ʣʶʙʦʝ ʩʦʩʪʦʷʥʠʝ ʩ ʥʦʤʝʨʦʤ j < i ʥʝʚʦʟʤʦʞʝʥ (íj = 0); ʠ ʜʣʷ 

ʢʘʞʜʦʛʦ k, ʜʣʷ ʢʦʪʦʨʦʛʦ xk = 0 ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʚ ʩʦʩʪʦʷʥʠʝ 
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12ki  ʨʘʚʥʘ pk, ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩ ʥʦʤʝʨʘʤʠ, ʙʦʣʴʰʠʤʠ, 

ʯʝʤ i ʚʝʨʦʷʪʥʦʩʪʠ ʪʘʢʞʝ ʨʘʚʥʳ 0. 

ɿʘʧʠʰʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ʧʝʨʝʭʦʜʥʳʭ ʚʝʨʦʷʪ-

ʥʦʩʪʝʡ: 

1

0, 2 , 1 2

, 0 1 0 1

, 2 1 2  ʠ 

n

K

ij k

k

n

n

j i n , ,..., K ,

b i,k p j i, i , ,...,I , j , ,...,I

p j i , n , , ...,K j I

. 

ʊʦʛʜʘ ʤʘʪʨʠʮʘ Ʉ ʧʝʨʝʭʦʜʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʤʘʨʢʦʚʩʢʦʡ ʮʝʧʠ yt 

(ʚʝʨʭʥʝ)ʪʨʝʫʛʦʣʴʥʘʷ, ʘ ʩʦʩʪʦʷʥʠʝ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʥʦʤʝʨʦʤ 

I = 2
K
 - 1 - ʧʦʛʣʦʱʘʶʱʝʝ: ÍI = 1 ʠ ́Ij = 0 j Í I. 

ʆʙʦʟʥʘʯʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʩʪʦʷʥʠʡ ʧʨʦʮʝʩʩʘ yt 

ʯʝʨʝʟ qit = Pr(yt = i), ʚ ʚʝʢʪʦʨʥʦʡ ʥʦʪʘʮʠʠ: qt = (q0t, q1t, é, qit, é, qIt); ʚ 

ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t = 0 ʨʘʩʧʨʝʜʝʣʝʥʠʝ q0 = (1, 0, é, 0), ʪʦʛʜʘ 

qt = qt-1Ʉ ʜʣʷ ʣʶʙʦʛʦ t > 0 ʠ qt = e0Ʉ
t
= (1,0,0,é,0)Ʉ

t
. ɿʜʝʩʴ ʠ ʜʘʣʝʝ 

ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʯʝʨʝʟ ei ʚʝʢʪʦʨ-ʩʪʨʦʢʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʘʟʤʝʨʥʦ-

ʩʪʠ, ʫ ʢʦʪʦʨʦʛʦ ʚʩʝ ʵʣʝʤʝʥʪʳ, ʢʨʦʤʝ i-ʛʦ ʨʘʚʥʳ 0, ʘ i-ʳʡ ʵʣʝʤʝʥʪ ʨʘʚʝʥ 

1. 

ʈʘʟʜʝʣʠʤ ʚʩʝ ʩʦʩʪʦʷʥʠʷ ʧʨʦʮʝʩʩʘ yt ʥʘ ʛʨʫʧʧʳ ʧʦ ʢʦʣʠʯʝʩʪʚʫ 

ʝʜʠʥʠʮ ʚ ʜʚʦʠʯʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʥʦʤʝʨʘ ʩʦʩʪʦʷʥʠʷ, ʪʦ ʝʩʪʴ ʧʦ

1

K

k

b i,k . ʕʪʠ ʛʨʫʧʧʳ ʦʙʣʘʜʘʶʪ ʜʚʫʤʷ ʩʚʦʡʩʪʚʘʤʠ, ʩʣʝʜʫʶʱʠʤʠ ʦʜʥʦ 

ʠʟ ʜʨʫʛʦʛʦ: 1) ʣʶʙʦʝ ʩʦʩʪʦʷʥʠʝ ʠʟ l-ʡ ʛʨʫʧʧʳ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ 

ʠʟ 0-ʛʦ ʩʦʩʪʦʷʥʠʷ ʟʘ l ʰʘʛʦʚ; 2) ʣʶʙʦʝ ʩʦʩʪʦʷʥʠʝ ʠʟ l-ʡ ʛʨʫʧʧʳ ʤʦʞʝʪ 

ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʪʦʣʴʢʦ ʠʟ ʩʦʩʪʦʷʥʠʡ (l ï 1) - ʦʡ ʛʨʫʧʧʳ. ʊʘʢʠʭ ʛʨʫʧʧ 

ʙʫʜʝʪ K + 1, ʪ.ʢ. l ʤʝʥʷʝʪʩʷ ʦʪ 0 ʜʦ K. 

ʋʪʚʝʨʞʜʝʥʠʝ 3.1. ɺʝʨʦʷʪʥʦʩʪʴ qit ʣʶʙʦʛʦ ʩʦʩʪʦʷʥʠʷ 0 i I  ʠʟ lï

ʦʡ ʛʨʫʧʧʳ ʧʨʠ ʣʶʙʳʭ t > 1 ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ qit < l!t
l-1

v
t-l+1
, ʛʜʝ 

0 < ɜ < 1 ï ʥʝʢʦʪʦʨʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘ ̫ʢʦʥʩʪʘʥʪʘ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʫʪʚʝʨʞʜʝʥʠʷ 3.1. 

ʈʘʩʩʤʦʪʨʠʤ ʩʦʩʪʦʷʥʠʷ ʠʟ 1-ʡ ʛʨʫʧʧʳ, ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ qit  = pk
t
, 

ʛʜʝ k - ʥʦʤʝʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʳ, ʪʦʛʜʘ ʩʧʨʘʚʝʜʣʠ-

ʚʦ  qit < 1!t
0
v1

t
, ʛʜʝ v1 = max{ pk}  < 1. 

ʇʫʩʪʴ qit < l!t
l-1

v
t-l+1

 ʜʣʷ ʚʩʝʭ ʩʦʩʪʦʷʥʠʡ l-ʦʡ ʛʨʫʧʧʳ. ʕʚʦʣʶʮʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʩʪʦʷʥʠʡ ʦʧʠʩʳʚʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ
1

1 1

0

i

it ji jt ii it

j

q q q . ʊʦʛʜʘ ʜʣʷ ʣʶʙʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʟ l+1-ʡ ʛʨʫʧʧʳ 
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ʧʨʠ t < l; qit ſ 0, ʘ ʧʨʠ t Ó l 
1 1

1 1

0 0 0 0

t l i i t l

it ii ji jt ji ii jt

j j

q q q . 

ʇʦʣʫʯʠʤ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ qit. 
1 1

1

1

0 0 0 0

! 1
i t l i t l

l t l

it ji ii jt ji ii l

j j

q q l t  

1
1

0 0

! 1
i t l

l t l

ji ii l

j

l t  

1

11 ! max ; 1 !
t ll l t l

ii l lt l t l l t , 

ʛʜʝ vl+1 = max{ vl; max
i

{ íi}} , ʤʘʢʩʠʤʫʤ ʙʝʨʸʪʩʷ ʧʦ ʚʩʝʤ ʩʦʩʪʦʷʥʠʷʤ i, 

ʧʨʠʥʘʜʣʝʞʘʱʠʤ (l + 1)-ʦʡ ʛʨʫʧʧʝ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʚʩʝʭ ʩʦʩʪʦʷʥʠʡ (l + 1)-ʦʡ ʛʨʫʧʧʳ ʚʳʧʦʣʥʝʥʦ 

qit < (l+1)!t
l
vl+1

t-l
. 

ʆʙʦʟʥʘʯʠʤ v = max
i

{ íi}, ʪʦʛʜʘ vl =Ò v ʜʣʷ ʚʩʝʭ l, ʩʣʝʜʦʚʘʪʝʣʴʥʦ 

qit < (l+1)!t
l
v

t-l
. 

ʊʦʛʜʘ ʠʟ ʧʨʠʥʮʠʧʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʠʥʜʫʢʮʠʠ ʧʦʩʣʝʜʫʝʪ ʩʧʨʘʚʝʜ-

ʣʠʚʦʩʪʴ ʫʪʚʝʨʞʜʝʥʠʷ ʜʣʷ ʚʩʝʭ i-ʭ ʩʦʩʪʦʷʥʠʡ ʢʨʦʤʝ I-ʛʦ. ʋʪʚʝʨʞʜʝʥʠʝ 

3.1 ʜʦʢʘʟʘʥʦ. 

ʋʪʚʝʨʞʜʝʥʠʝ 3.1 ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʠ ʚʩʝʭ ʩʦʩʪʦʷʥʠʡ, ʢʨʦ-

ʤʝ I-ʛʦ, ʫʤʝʥʴʰʘʶʪʩʷ ʧʦ ʚʨʝʤʝʥʠ ʥʝ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ t
l-1

v
t-l+1
, ʦʪʢʫʜʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦ-

ʩʪʝʡ ʩʦʩʪʦʷʥʠʡ ʧʨʦʮʝʩʩʘ yt ʩʫʱʝʩʪʚʫʝʪ ʠ ʝʜʠʥʩʪʚʝʥʥʦ 

s = (0,0,é,0,1) = eI, ʦʥʦ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʤʘʪʨʠʯʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ s = sʇ (ʠʣʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 
0

I

i ji j

i

s s ). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʦʜʝʣʴ ʦʩʚʦʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ 

ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ï ʢʦʛʜʘ ʚʩʝ ʚʦʟʤʦʞʥʳʝ 

ʩʦʩʪʦʷʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʧʨʦʚʝʨʝʥʳ, ʪʦ ʝʩʪʴ ʥʘ ʜʣʠʪʝʣʴʥʦʤ ʧʝʨʠʦʜʝ 

ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʣʶʙʦʛʦ ʥʘʧʝʨʸʜ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ (ʩʢʦʣʴ ʫʛʦʜʥʦ ʙʣʠʟ-

ʢʦʛʦ ʢ ʝʜʠʥʠʮʝ) ʦʩʚʦʝʥʠʷ. 

ʀʩʩʣʝʜʫʝʤ ʢʨʠʚʫʶ ʦʩʚʦʝʥʠ ̫- ʧʦʚʝʜʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘ-

ʥʠʷ ʧʨʦʮʝʩʩʘ
1

K

t kt k

k

L x p . ʀʩʧʦʣʴʟʫʝʤ ʩʠʤʚʦʣʠʯʝʩʢʫʶ ʟʘʧʠʩʴ E[Ā] ʜʣʷ 

ʦʙʦʟʥʘʯʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʞʠʜʘʥʠʡ. 

ɺʦ-ʧʝʨʚʳʭ, ʠʟ ʫʪʚʝʨʞʘʜʝʥʠʷ 3.1:  Ů > 0, lim
t

{ Pr(|Lt - 1| > Ů)}  = 0. 
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ʊʘʢʞʝ ʚ ʩʠʣʫ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʮʝʩʩʘ Lt ʝʛʦ ʧʨʠʨʘʱʝʥʠʷ ʚʩʝʛʜʘ ʥʝ-

ʦʪʨʠʮʘʪʝʣʴʥʳ: ȹLt = Lt - Lt-1 Ó 0, ʧʨʠʯʸʤ ʠ ʟʥʘʯʝʥʠʷ Lt, ʠ ʧʨʠʨʘʱʝʥʠʷ 

ȹLt ʥʝʦʪʨʠʮʘʪʝʣʴʥʳ ʠ ʥʝ ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ. ʇʨʦʮʝʩʩ Lt ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʤʘʨʢʦʚʩʢʦʡ ʮʝʧʴʶ, ʪʦ ʝʩʪʴ ʜʣʷ ʣʶʙʦʛʦ t Lt ʠ ȹLt - ʥʝʟʘʚʠʩʠʤʳʝ ʩʣʫ-

ʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ. ʊʦʛʜʘ
32

: 

1 1 1

1 1 1 1
K K K

t t

k kt k k k k

k k

t

k

E L p E x p p p p      (3.1). 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʳʨʘʞʝʥʠʝ (3.1) ʜʣʷ E[Lt] ʪʘʢʞʝ ʤʦʞʥʦ ʧʦʣʫ-

ʯʠʪʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʩʪʦʷʥʠʡ qt:

1

0

1

I K

t

t

i

i

k

k

tE qb i,k pL e , ʛʜʝ ɓ ï ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ, ʵʣʝʤʝʥ-

ʪʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʚʝʣʠʯʠʥʳ
1

K

k

k

b i,k p , ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʷʚʣʷʶʪʩʷ ʜʠʘʛʦʥʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʤʘʪʨʠʮʳ ʇ. 

ʊʘʢ ʢʘʢ ȹLt = Lt - Lt-1 Ó 0, ʧʝʨʚʳʝ ʨʘʟʥʦʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

E[Lt] ʩʪʨʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʳ ʜʣʷ ʚʩʝʭ t. ʇʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ m-ʭ 

ʨʘʟʥʦʩʪʝʡ, ʜʣʷ ʵʪʦʛʦ ʩʥʘʯʘʣʘ ʚʳʯʠʩʣʠʤ ʧʝʨʚʳʝ ʠ ʚʪʦʨʳʝ: 

1 12

1 1 1

1 1 1 1 1 0
K K K

t t t

k k k k k k

k k

t

k

E L p p p p p p , 

1 2 22 2 2 3

1 1 1

1 1 1 0
K K K

t t t

k k k k kt k

k k k

E L p p p p p p  

ʇʨʦʜʦʣʞʘʷ, ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ:
1 1

1

1 1
K

m t mm m

k k

k

tE L p p . 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʥʦʩʪʠ ʟʥʘʯʝʥʠʡ ʢʨʠʚʦʡ ʦʩʚʦʝʥʠʷ ʜʣʷ 

ʣʶʙʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ t ʦʙʨʘʟʫʶʪ ʟʥʘʢʦʧʝʨʝʤʝʥʥʫʶ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʴ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʡ ʫʙʳʚʘʶʪ ʧʦ ʤʦʜʫʣʶ 

|ȹ
m
E[Lt]| > |ȹ

m+1
E[Lt]|. 

ʊʘʢʞʝ, ʜʣʷ ʧʝʨʚʳʭ ʨʘʟʥʦʩʪʝʡ ʩʧʨʘʚʝʜʣʠʚʦ 1 ï E[Lt] > ȹE[Lt]. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʟ (3.1) ʩʣʝʜʫʝʪ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʜʣʠʥʳ ʩʝʨʠʠ: 
1

1

1

1 1 1
K

t

t kt k

k

tN E L E L p p . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʨʘʚʝʜʣʠʚʦ ʩʣʝʜʫʶʱʝʝ ʫʪʚʝʨʞʜʝʥʠʝ. 

                                                           
32 ʋʨʦʚʝʥʴ ʦʩʚʦʝʥʠʷ Lt ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʨʦʷʪʥʦʩʪʠ ʪʦʛʦ, ʯʪʦ ʚʥʝʰʥʷʷ ʩʨʝʜʘ ʥʘ 
(t + 1)-ʦʤ ʰʘʛʝ ʧʨʠʤʝʪ ʫʞʝ ʚʩʪʨʝʯʘʚʰʝʝʩʷ ʟʥʘʯʝʥʠʝ; ʵʪʘ ʚʝʨʦʷʪʥʦʩʪʴ ʦʮʝʥʠʚʘʝʪʩʷ 
ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʚ ʪʝʯʝʥʠʝ t ʰʘʛʦʚ ʚʢʣʶʯʠʪʝʣʴʥʦ. 
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ʋʪʚʝʨʞʜʝʥʠʝ 3.2. ʂʨʠʚʘʷ ʦʩʚʦʝʥʠʷ E[Lt] ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ: 

 ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ t = 0 ʝʸ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦ ʥʫʣʶ: E[L0] = 0; 

 ʦʥʘ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ: ȹE[Lt] > 0; 

 ʧʝʨʚʳʝ ʨʘʟʥʦʩʪʠ ʦʛʨʘʥʠʯʝʥʳ ʥʝʨʘʚʝʥʩʪʚʦʤ 1 ï E[Lt] > ȹE[Lt]; 

 ʩʢʦʨʦʩʪʴ ʝʸ ʨʦʩʪʘ ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʝʪ: ȹ
2
E[Lt] < 0 ʠ ȹ

3
E[Lt] > 0; 

 ʦʥʘ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʩʪʨʝʤʠʪʩʷ ʢ ʝʜʠʥʠʮʝ. 

 

3.3.2. ɸʧʧʨʦʢʩʠʤʘʮʠʠ ʢʨʠʚʦʡ ʦʩʚʦʝʥʠ ̫ʪʝʭʥʦʣʦʛʠʠ ʂɼ 

 

ʈʘʩʩʤʦʪʨʠʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʨʠʚʦʡ ʦʩʚʦʝʥʠ ̫E[Lt] (ʩʤ. ʚʳʨʘʞʝ-

ʥʠʝ (3.1) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚʦʟʤʦʞ-

ʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ P = { pk; k = 1,K ; 
1

K

k

k

p  = 1}. 

ʈʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ P. ʆʙʦʟʥʘʯʠʤ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʚʳʢʣʘʜʦʢ pk = ŭ = 1 / K, 

ʪʦʛʜʘ 

1

1 1 1 1 1 exp
K

t t

k

tE L    ï  t            (3.2) 

ʛʜʝ ɔ = ln(1 + 1/(K - 1)) - ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ - ʩʢʦ-

ʨʦʩʪʴ ʦʩʚʦʝʥʠ ̫[83]. 

ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʢʨʠʚʘʷ (3.2) ʷʚʣʷʝʪʩʷ ʭʨʝʩʪʦʤʘʪʠʡʥʦʡ ʜʣʷ ʪʝʦ-

ʨʠʠ ʥʘʫʯʝʥʠʷ (ʩʤ. ʦʙʟʦʨ rʚ [83, 131] ʠ ʧʠʦʥʝʨʩʢʫʶ ʨʘʙʦʪʫ [198]), ʝ y

ʨʘʟʥʦʩʪʥʳʡ ʘʥʘʣʦʛ ʠʤʝʝʪ ʚʠʜ 

E[Lt] = E[Lt-1] + ɔ (1 - E[Lt-1])= ɔ + (1 ï ɔ) E[Lt-1]). 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ ʦʥʘ ʷʚʣʷʝʪʩʷ 

ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

ʉʨʝʜʥʷʷ ʜʣʠʥʘ ʩʝʨʠʠ ʚ ʩʣʫʯʘʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʢʩ-

ʧʦʥʝʥʮʠʘʣʴʥʦ ʨʘʩʪʸʪ Nt = exp(ɔt) - 1, ʯʪʦ ʠʥʪʫʠʪʠʚʥʦ ʦʯʝʚʠʜʥʦ: ʩ ʨʦ-

ʩʪʦʤ ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ ʧʨʠ ʚʩʸ ʙʦʣʴʰʝʡ ʜʦʣʝ çʦʩʚʦʝʥʥʳʭè ʩʦʩʪʦʷʥʠʡ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʟʥʘʥʠʡ ʪʨʝʙʫʝʪ ʚʩʸ ʙʦʣʴʰʠʭ ʫʩʠʣʠʡ 

ʜʣʷ çʧʦʠʩʢʘè ʥʦʚʳʭ ʩʦʩʪʦʷʥʠʡ. 

ʈʘʟʥʦʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ Nt ʠʤʝʝʪ ʧʨʦʩʪʦʡ ʚʠʜ 

Nt+1 = exp(ɔ)Nt +exp(ɔ) - 1 - ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʩʝʨʠʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʨʘʩ-

ʪʸʪ. 

ʇʨʠ K  1 ʩʢʦʨʦʩʪʴ ʦʩʚʦʝʥʠʷ 

ɔ = ln(1 + 1/ (K - 1)) å 1 / (K - 1) å 1 / K, ʠ 

E[Lt] å 1 ï exp(-t/K)               (3.3) 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʝ ʢʨʠʚʳʝ ʥʘʫʯʝʥʠʷ ʪʠʧʘ 

(3.2) ʠʣʠ (3.3) ʷʚʣʷʶʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʜʣʷ ʪʝʦʨʠʠ ʥʘʫʯʝʥʠʷ (ʩʤ. ʦʙ-

ʟʦʨ ʚ [83]). ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ ʚ ʨʘʟʜʝʣʝ 3.5 (ʘ ʪʘʢ-

ʞʝ ʚ [23]), ʠʤʝʥʥʦ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʩʪʦʷ-

ʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʤʘʢʩʠʤʠʟʠʨʫʝʪ ʦʞʠʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʷ 

ʦʩʚʦʝʥʠʷ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ (n, ŭ) - ʩ ʥʝʩʢʦʣʴʢʠʤʠ (n) ʦʜʠʥʘʢʦʚʦ ʚʳʩʦʢʦʚʝʨʦ-

ʷʪʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʠ ʦʩʪʘʣʴʥʳʤʠ (K - n) ʦʜʠʥʘʢʦʚʦ ʤʘʣʦʚʝʨʦʷʪʥʳ-

ʤʠ (ŭ  1 / K) ʩʦʩʪʦʷʥʠʷʤʠ: 

1 ( ) , 1 ; , 1k kP p K n / n k ,n p k n ,K           (3.4). 

ʀʤʝʝʪ ʩʤʳʩʣ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʚʝʨʦʷʪʥʦʩʪʠ ʧʝʨʚʦʡ 

ʛʨʫʧʧʳ ʩʦʩʪʦʷʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚʪʦʨʦʡ ʛʨʫʧʧʳ: 

ʩʣʫʯʘʡ, ʢʦʛʜʘ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʣʠʯʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʘʧʧʨʦʢʩʠʤʠʨʫ-

ʝʪʩʷ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ (ʩʤ. ʚʳʰʝ) ʠʣʠ ʟʘʰʫʤʣʸʥʥʳʤ ʨʘʚ-

ʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʠʞʝ. ʊʦ 

ʝʩʪʴ(1 ï ŭ(K - n))/n >>  ŭ, ʘ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ŭK << 1. ʅʘʡʜʸʤ ʢʨʠʚʫʶ 

ʦʩʚʦʝʥʠʷ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʫʯʘʷ: 

1 1

1 1
1 1 1

tn K
t

k k n

t

( K n ) ( K n )
E L

n n
, 

ʪʦ ʝʩʪʴ
1

1 1 1 1

t
t

t

( K n )
E L ( K n ) K n

n n
. 

ʇʨʠ ʙʦʣʴʰʠʭ t (ʪʘʢ ʢʘʢ 1/K  ʠ n < N, ʪʦ (1 -1/n) < (1 - ŭ)) ʩʣʫ-

ʯʘʡ (3.4) ʩʪʨʝʤʠʪʩʷ ʢ ʧʨʝʜʳʜʫʱʝʤʫ (ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ): 

E[Lt] å 1 ï(K - n)ŭ(1 - ŭ)
t
. 

ʇʨʠ ʤʘʣʳʭ t ʧʦʣʫʯʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ: 

1
1 1 ( ) 1

t

t

( K n )
E L K n

n n
 

çɿʘʰʫʤʣʸʥʥʦʝ ʨʘʚʥʦʤʝʨʥʦʝè ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʘ 

çʙʦʣʴʰʦʤè ʤʥʦʞʝʩʪʚʝ ʦʙʣʘʩʪʝʡ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝ-

ʜʳ: 

1

; 1, 2, ..., ; 1; 1; 1
K

k k k

k

P p k K p p K             (3.5) 

ʇʨʠ ʤʘʣʳʭ t ʢʨʠʚʘʷ ʦʩʚʦʝʥʠʷ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙ-

ʨʘʟʦʤ: 

2

1 1 1

1 1 1 1
K K K

t

k k k k k

k k k

tE L p p p tp t p            (3.6) 
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ʪʦ ʝʩʪʴ ʣʠʥʝʡʥʦ ʨʘʩʪʸʪ ʧʦ ʚʨʝʤʝʥʠ t ʩʦ ʩʢʦʨʦʩʪʴʶ 
2

1

K

k

k

p . 

ʇʨʠ ʙʦʣʴʰʠʭ t ʚʦʟʤʦʞʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʧʦʚʝʜʝʥʠʷ ʢʨʠʚʦʡ ʦʩʚʦʝ-

ʥʠʷ. ɽʩʣʠ ʚʩʝ ʦʙʣʘʩʪʠ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʧʨʠʤʝʨ-

ʥʦ ʵʢʚʠʚʘʣʝʥʪʥʳ ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʟʣʠʯʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʪʦ ʝʩʪʴ 

pk å 1/K; k = 1,K, ʪʦʛʜʘ ʩʧʨʘʚʝʜʣʠʚʘ ʦʮʝʥʢʘ (3.2), ʧʦʣʫʯʝʥʥʘʷ ʜʣʷ ʨʘʚ-

ʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɽʩʣʠ ʠʤʝʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ (n), 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʙʣʘʩʪʝʡ, ʪʦ ʘʜʝʢʚʘʪʥʦʡ ʷʚʣʷʝʪʩʷ ʘʧ-

ʧʨʦʢʩʠʤʘʮʠʷ: E[Lt] å 1 ï (1 ï n/K)(1 -1/K)
t
. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ (3.2), (3.3) ʠ (3.6) , ʘ ʪʘʢ-

ʞʝ ʩʚʦʡʩʪʚʘ ʢʨʠʚʦʡ ʦʩʚʦʝʥʠ ̫E[Lt] ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʤʦʜʝʣʠ, ʚ ʥʝʢʦʪʦ-

ʨʦʤ ʩʤʳʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʥʦʛʠʤ ʠʟʚʝʩʪʥʳʤ ʤʦʜʝʣʷʤ ʥʘʫʯʝʥʠʷ (ʚ 

ʯʘʩʪʥʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʚ ʨʘʟʜʝʣʘʭ 4.2 ʠ 6.7 ʨʘʙʦʪʳ [83]). ʆʜʥʘʢʦ 

ʠʟʚʝʩʪʥʳʝ ʤʦʜʝʣʠ ʧʦʩʪʫʣʠʨʫʶʪ ʩʘʤ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʢʨʠʚʦʡ ʥʘʫʯʝʥʠʷ 

ʠʣʠ ʫʨʘʚʥʝʥʠʷ, ʝʛʦ ʦʧʠʩʳʚʘʶʱʠʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʝʜʣʘʛʘʝʤʘʷ ʤʦ-

ʜʝʣʴ ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩ ʥʘʫʯʝʥʠʷ - ʨʘʟʨʘʙʦʪʢʠ, ʘ ʫʨʘʚʥʝʥʠʷ ʠ ʩʚʦʡ-

ʩʪʚʘ ʢʨʠʚʦʡ ʥʘʫʯʝʥʠʷ ʩʣʝʜʫʶʪ ʠʟ ʘʥʘʣʠʟʘ ʤʦʜʝʣʠ. 

 

3.3.3. ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʦʩʚʦʝʥʠ ̫ʪʝʭʥʦʣʦʛʠʠ 

 

ʇʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝ-

ʤʦʛʦ ʫʨʦʚʥʷ Lʪʨʝʙ  ɴ(0; 1) ʦʩʚʦʝʥʠʷ (ʛʦʪʦʚʥʦʩʪʠ, ʟʨʝʣʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ), 

ʪʦ ʝʩʪʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ t, ʢʦʛʜʘ 
1

K

t kt k ʪʨʝʙ

k

L x p L

. 

ɼʣʷ ʵʪʦʛʦ ʠʩʩʣʝʜʫʝʤ ʧʦʚʝʜʝʥʠʝ ʧʨʦʮʝʩʩʘ yt  ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝ-

ʨʦʷʪʥʦʩʪʝʡ ʝʛʦ ʩʦʩʪʦʷʥʠʡ qit = Pr(yt = i). ɺʳʰʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʥʘʯʘʣʴ-

ʥʦʝ (ʧʨʠ t = 0) ʨʘʩʧʨʝʜʝʣʝʥʠʝ q0 = (1, 0, é, 0) ʠ qt = qt-1Ʉ ʜʣʷ ʣʶʙʦʛʦ 

t > 0, qt = e0 Ʉ
t
= (1, 0, 0, é, 0) Ʉ

t
. 

ʄʘʪʨʠʮʘ Ʉ ʷʚʣʷʝʪʩʷ (ʚʝʨʭʥʝ)ʪʨʝʫʛʦʣʴʥʦʡ, ʦʪʢʫʜʘ ʩʣʝʜʫʶʪ ʩʚʦʡ-

ʩʪʚʘ ʤʘʪʨʠʮʳ Ʉ
t
: 

 ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ Ʉ (ʦʙʦʟʥʘʯʠʤ ʝʛʦ ʯʝʨʝʟ ȹʇ) ʷʚʣʷʝʪʩʷ 

ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʜʠʘʛʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ȹʇ = 
1

I

ii

i

; 

 Ʉt
 - ʪʘʢʞʝ (ʚʝʨʭʥʝ)ʪʨʝʫʛʦʣʴʥʘʷ (ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʣʝʜʫʝʪ ʠʟ 

ʬʦʨʤʫʣʳ ʫʤʥʦʞʝʥʠʷ ʤʘʪʨʠʮ); 

 ʜʠʘʛʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ Ʉt
 ʷʚʣʷʶʪʩʷ ʩʪʝʧʝʥʷʤʠ ʜʠʘ-

ʛʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ Ʉ, ʪʦ ʝʩʪʴ ˊ
t
ii = ( íi)

t
; 
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 ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ Ʉt
 ʷʚʣʷʝʪʩʷ ʩʪʝʧʝʥʴʶ ʦʧʨʝʜʝʣʠʪʝʣʷ Ʉ, 

ʪʦ ʝʩʪʴ ȹʇ
t
 = (ȹʇ)

t
 = (

1

I

ii

i

)
t
. 

ʉʬʦʨʤʠʨʫʝʤ çʤʘʩʢʫè - ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ r ʪʦʡ ʞʝ ʨʘʟʤʝʨʥʦʩʪʠ, ʯʪʦ 

ʠ ʚʝʢʪʦʨ-ʩʪʨʦʢʘ qt, ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʧʨʘʚʠʣʫ: 

ʪʨʝʙ

1

1

ʪʨʝʙ

1

1,   ʝʩʣʠ 

2 0 1

0,  ʝʩʣʠ 

K

k K
k k

i K
k

k

k

b i,k p L

r i b i,k , ,...,I

b i,k p L

. 

ʊʘʢʦʡ ʚʝʢʪʦʨ-ʤʘʩʢʘ çʚʳʜʝʣʷʝʪè ʩʦʩʪʦʷʥʠʷ ʧʨʦʮʝʩʩʘ yt, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ ʫʨʦʚʥʷʤ ʦʩʚʦʝʥʠʷ ʥʠʞʝ ʪʨʝʙʫʝʤʦʛʦ. ʊʦʛʜʘ ʚ ʢʘʞʜʳʡ ʤʦ-

ʤʝʥʪ ʚʨʝʤʝʥʠ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʦʩʚʦʝʥʠʷ ʜʦʩʪʠʛ ʠʣʠ ʧʨʝ-

ʚʳʩʠʣ ʟʘʜʘʥʥʳʡ ʫʨʦʚʝʥʴ ʙʫʜʝʪ ʨʘʚʥʘ Pr(Lt Ó Lʪʨʝʙ) = 1 - qtr ʠʣʠ 

Pr(Lt < Lʪʨʝʙ) = qtr. ɺʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ tʜʦʩʪ ʜʦʩʪʠ-

ʞʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ ʧʨʝʚʳʰʘʝʪ ʪʝʢʫʱʠʡ 

Pr(tʜʦʩʪ > t) = qtr ʠʣʠ ʚʝʨʦʷʪʥʦʩʪʴ, ʯʪʦ ʫʨʦʚʝʥʴ ʫʞʝ ʜʦʩʪʠʛʥʫʪ  

Pr(tʜʦʩʪ Ò t) = 1 - qtr. ʆʯʝʚʠʜʥʦ, r I = 0, ʪʦʛʜʘ ʠʟ ʫʪʚʝʨʞʜʝʥʠʷ 3.1 ʩʣʝʜʫʝʪ, 

ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʠ Pr(Lt < Lʪʨʝʙ) = Pr(tʜʦʩʪ > t) ʤʘʞʦʨʠʨʫʶʪʩʷ ʬʫʥʢʮʠʝʡ 

! l t ll t , ʧʦʣʫʯʘʝʤ: 

ʜʦʩʪ

0 0

Pr !
I I

l t l

i t i

i i

t t rq rl t . 

ʀʩʧʦʣʴʟʫʝʤ ʚʳʨʘʞʝʥʠʝ qt = e0 Ʉ
t
, ʪʦʛʜʘ Pr(tʜʦʩʪ > t) = qtr = e0 Ʉ

t
r. 

ʊʘʢ ʢʘʢ Pr(tʜʦʩʪ > t -1) = Pr(tʜʦʩʪ = t) + Pr(tʜʦʩʪ > t), ʪʦ 

Pr(tʜʦʩʪ = t) = Pr(tʜʦʩʪ > t -1) - Pr(tʜʦʩʪ > t). 

ɼʣʷ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʩʧʨʘʚʝʜʣʠʚʦ ʚʳʨʘʞʝʥʠʝ: 

ʜʦʩʪ ʜʦʩʪ ʜʦʩʪ ʜʦʩʪ

0 0

Pr Pr 1 Pr > 
t t

t t t t t t t t t . 

ʊʘʢ ʢʘʢ Pr(tʜʦʩʪ > t) ʤʘʞʦʨʠʨʫʶʪʩʷ 
0

!
I

l t l

i

i

r l t , ʪʦ ʧʨʠ t Ÿ Ð ʨʷʜ 

tPr(tʜʦʩʪ > t) ʩʭʦʜʠʪʩʷ, ʠ ʝʛʦ ʩʫʤʤʘ ʜʦʩʪ

0

Pr
t

t t t  ʢʦʥʝʯʥʘ, ʪʦʛʜʘ  

ʜʦʩʪ ʜʦʩʪ ʜʦʩʪ ʜʦʩʪ

0 0

Pr Pr 1 Pr > 
t t

t t t t t t t t t  

ʜʦʩʪ ʜʦʩʪ ʜʦʩʪ

0 0 0

1 Pr Pr Pr > 
t t t

t t t t t t t t . 

ʆʪʢʫʜʘ ʧʦʣʫʯʘʝʤ: 
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1
ʜʦʩʪ ʜʦʩʪ 0 0 0

0 0 0

Pr t t

t t t

t t t e r e r e E r     (3.7)
 

ʛʜʝ ɽ - ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ ʪʦʡ ʞʝ ʨʘʟʤʝʨʥʦʩʪʠ, ʯʪʦ ʠ ʤʘʪʨʠʮʘ ʇ. 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ (ɽ ï ʇ)
-1
 ʩʣʝʜʫʝʪ ʠʟ ʪʦʛʦ, ʯʪʦ 

ʤʘʪʨʠʮʘ (ɽ ï ʇ) (ʚʝʨʭʥʝ)ʪʨʝʫʛʦʣʴʥʘʷ, ʚʩʝ ʝʸ ʜʠʘʛʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ 

ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʠʟ ʚʳʨʘʞʝʥʠʷ ʜʣʷ íj ʚʳʰʝ, ʠ ʠʭ ʧʨʦʠʟʚʝʜʝʥʠʝ 

ʙʦʣʴʰʝ ʥʫʣʷ. 

ɺʳʰʝʧʨʠʚʝʜʸʥʥʳʝ ʩʦʦʙʨʘʞʝʥʠʷ ʠʣʣʶʩʪʨʠʨʫʶʪ ʫʪʚʝʨʞʜʝʥʠʝ 3.3, 

ʯʪʦ ʜʣʷ ʣʶʙʦʡ ʤʘʨʢʦʚʩʢʦʡ ʮʝʧʠ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʧʝʨʚʦʛʦ ʜʦʩʪʠʞʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʠʟ ʟʘʜʘʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʨʘʚʥʦʜʦʩʪ ʜʦʩʪ

0

Pr
t

t t t . ɽʩʣʠ 

ʜʘʥʥʳʡ ʨʷʜ ʩʭʦʜʠʪʩʷ, ʪʦ
1

ʜʦʩʪ 0t e E r . 

ɺʳʨʘʞʝʥʠʝ (3.7) ʘʥʘʣʠʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʝʪ ʟʥʘʯʝʥʠʷ ʜʦʩʪt  ʚ ʦʙ-

ʱʝʤ ʩʣʫʯʘʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚʦʟʤʦʞʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ { pk; k = 1,2,é,K}  (pk ʚʭʦʜʷʪ ʚ ʚʳʨʘʞʝʥʠʝ 

(3.7) ʯʝʨʝʟ ʤʘʪʨʠʮʫ ʇ) ʠ ʦʪ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ (Lʪʨʝʙ ʫʯʠʪʳ-

ʚʘʝʪʩʷ ʯʝʨʝʟ ʚʝʢʪʦʨ m). ʆʜʥʘʢʦ ʚʳʨʘʞʝʥʠʝ (3.7) ʥʝ ʷʚʣʷʝʪʩʷ ʥʘʛʣʷʜ-

ʥʳʤ ï ʥʠ ʚʝʨʦʷʪʥʦʩʪʠ pk, ʥʠ ʫʨʦʚʝʥʴ Lʪʨʝʙ ʚ ʷʚʥʦʤ ʚʠʜʝ ʚ ʥʝʛʦ ʥʝ ʚʭʦ-

ʜʷʪ. ʂʨʦʤʝ ʪʦʛʦ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʤʘʪʨʠʮʳ ʇ (2
K
 Ĭ 2

K
) 

ʟʘʪʨʫʜʥʷʝʪ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʠ ʥʘʛʣʷʜʥʳʝ ʚʳ-

ʨʘʞʝʥʠʷ, ʨʘʩʩʤʦʪʨʠʤ ʦʜʠʥ ʠʟ ʥʠʭ - ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

{ pk = 1/K = ŭ; k = 1,2,é,K}  ʚʝʨʦʷʪʥʦʩʪʝʡ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰ-

ʥʝʡ ʩʨʝʜʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʤʝʩʪʦ ʤʘʨʢʦʚʩʢʦʡ ʮʝʧʠ yt, ʧʨʠʥʠʤʘʶʱʝʡ 

ʟʥʘʯʝʥʠʷ i = 0,1,éI, ʨʘʩʩʤʦʪʨʠʤ ʮʝʧʴ ty , ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʡ ʦʪʚʝʯʘʶʪ 

ʢʦʣʠʯʝʩʪʚʫ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʪʝʭʥʦʣʦʛʠʷ ʫʞʝ 

ʧʨʦʚʝʨʝʥʘ, ʪʦ ʝʩʪʴty  ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ ʦʪ 0 ʜʦ K. ʊʦʛʜʘ Lt =ŭ ty , ʘ 

ʧʝʨʝʭʦʜʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʠʤʫʪ ʚʠʜ: 

0          ʧʨʠ  ʠʣʠ 1

1 ʧʨʠ 1   ʜʣʷ 0, 1, ..., .

                 ʧʨʠ                     

ij

j i j i

i j i i K

i j i

 

ʊʦʛʜʘ ʤʘʪʨʠʮʘ (E - ʇ) ʷʚʣʷʝʪʩʷ (ʚʝʨʭʥʝ)ʪʨʝʫʛʦʣʴʥʦʡ, ʣʝʥʪʦʯʥʦʡ, ʩ 

ʵʣʝʤʝʥʪʘʤʠ: 
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0           ʧʨʠ  ʠʣʠ 1

1      ʧʨʠ                    ʜʣʷ 0, 1, ..., .

1     ʧʨʠ 1              

ij

j i j i

i j i i K

i j i

 

ʆʙʨʘʪʥʘʷ ʤʘʪʨʠʮʘ (E - ʇ)
-1
 - ʪʘʢʞʝ (ʚʝʨʭʥʝ)ʪʨʝʫʛʦʣʴʥʘʷ ʩ ʵʣʝʤʝʥ-

ʪʘʤʠ: 

1

0               ʧʨʠ           

1   ʧʨʠ    ʜʣʷ 0, 1, ..., .

1               ʧʨʠ          

ij

j i

i i j K i K

j K

 

ʆʧʝʨʘʮʠʷ (1,0,0,é,0)(E - ʇ)
-1
r çʚʳʨʝʟʘʝʪè ʠʟ ʤʘʪʨʠʮʳ (E - ʇ)

-1
 

ʧʝʨʚʫʶ ʩʪʨʦʢʫ ʠ ʩʫʤʤʠʨʫʝʪ ʪʝ ʵʣʝʤʝʥʪʳ ʵʪʦʡ ʩʪʨʦʢʠ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʪʨʝʙ

1

K

k k

k

x p L . ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʩʫʤʤʠʨʫʶʪʩʷ ʧʝʨʚʳʝ 

Lʪʨʝʙ/ŭ = KLʪʨʝʙ ʵʣʝʤʝʥʪʦʚ, ʪʦʛʜʘ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ 

ʫʨʦʚʥʷ Lʪʨʝʙ ʨʘʚʥʦ:
ʪʨʝʙ ʪʨʝʙ

ʪʨʝʙ

1 1 1
ʜʦʩʪ

0 0 1

1

KL KL K

i i j K L

t i K K i K j . 

ʇʦʣʫʯʠʤ ʢʦʤʧʘʢʪʥʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʜʦʩʪt  ʧʨʠ K >> 1: 

ʪʨʝʙʪʨʝʙ ʪʨʝʙ

ʪʨʝʙ

1 1
ʜʦʩʪ

1 1
0 0 0

1

ʪʨʝʙ
0

1 1

1 1

ln 1 ln 1

KLKL KL

i i

KL

K
t K K K K dx

K i K i K x

K K x K L

 

ʪ.ʝ. 

ʜʦʩʪ ʪʨʝʙln 1t K L                (3.8) 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚʳʨʘʞʝʥʠʝ (3.8) ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʠʙʣʠʞʸʥʥʳʤ ʨʝʰʝ-

ʥʠʝʤ Ĕt  ʫʨʘʚʥʝʥʠʷ (ʩʤ. ʚʳʨʘʞʝʥʠʝ (3.2)) ʪʨʝʙ1 1
Ĕt

tE L   L , ʜʣʷ 

ʢʦʪʦʨʦʛʦ 
ʪʨʝʙ ʪʨʝʙ

ʪʨʝʙ

ln 1 ln 1
ln 1

ln 1

L L
Ĕt K L  

ɺ ʧʨʠʣʦʞʝʥʠʠ ʇ.1 ʨʘʩʩʤʦʪʨʝʥ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʜʦʩʪʠʞʝʥʠʷ çʘʙ-

ʩʦʣʶʪʥʦʛʦè ʫʨʦʚʥʷ ʦʩʚʦʝʥʠ ̫Lt = 1 ʠ ʧʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʨʝʜʥʝ-

ʛʦ ʚʨʝʤʝʥʠ ʝʛʦ ʜʦʩʪʠʞʝʥʠʷ: 

1 2

1

1

1

1 ; ;...; 1

1
j

k

I k
k

L i

k i i i j

T p             (3.9) 
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ʀʪʘʢ, ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʚʦʡʩʪʚʘ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝ-

ʥʠʷ ʢʦʤʧʦʥʝʥʪʦʤ ʪʝʭʥʦʣʦʛʠʠ, ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʠ 

ʦʩʚʦʝʥʠ ̫ʚ ʙʘʟʦʚʦʡ ʧʦʩʪʘʥʦʚʢʝ. 

 

3.3.4. ʈʘʩʰʠʨʝʥʠʝ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ 

ʩʦʟʜʘʥʠʝʤ ʠ ʦʩʚʦʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʂɼ 

 

ʈʘʩʰʠʨʠʤ ʙʘʟʦʚʫʶ ʤʦʜʝʣʴ ʵʬʬʝʢʪʘʤʠ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ ʠ ʙʦʣʝʝ ʩʣʦʞʥʦʛʦ ʦʩʚʦʝʥʠʷ. 

ʂʘʢ ʠ ʚ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʥʝʰʥʷʷ ʩʨʝʜʘ ʚ ʢʘʞ-

ʜʦʤ ʧʝʨʠʦʜʝ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʦʜʥʦ ʠʭ K ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʥʝʟʘ-

ʚʠʩʠʤʦ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʟʥʘʯʝʥʠʡ, ʠ ʚʩʝ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʩʪʫʧʣʝʥʠʷ ʩʦ-

ʩʪʦʷʥʠʡ { pk} ʠʟʚʝʩʪʥʳ, ʧʨʠʯʸʤ 
1

1
K

k

k

p . 

ʆʩʚʦʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʚʥʝʰʥʝʡ ʩʨʝʜʳ 

ʧʨʦʠʩʭʦʜʠʪ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ.  

ʇʨʠ 1-ʤ ʥʘʩʪʫʧʣʝʥʠʠ k-ʛʦ ʩʦʩʪʦʷʥʠʷ ʦʩʚʦʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ-

ʤʝʥʠʪʝʣʴʥʦ ʢ ʩʦʩʪʦʷʥʠʶ k ʧʨʦʠʩʭʦʜʠʪ (xkt = 1) ʩ ʠʟʚʝʩʪʥʦʡ ʚʝʨʦʷʪʥʦ-

ʩʪʴʶ 0 Ò p k Ò 1, ʘ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 1 - p k ʦʩʚʦʝʥʠʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ 

(xkt = 0), ʪʦ ʝʩʪʴ Pr(xkt+1 = 1| xkt = 0) = pkp k. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʦʩʚʦʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ k-ʤ ʩʦʩʪʦʷʥʠʠ ʧʨʦʠʟʦ-

ʰʣʦ, ʥʘ ʢʘʞʜʦʤ ʩʣʝʜʫʶʱʝʤ ʧʝʨʠʦʜʝ ʚʨʝʤʝʥʠ ʦʩʚʦʝʥʠʝ ʠʟʤʝʥʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ɽʩʣʠ ʚʥʝʰʥʷʷ ʩʨʝʜʘ ʧʨʠʥʷʣʘ ʩʦʩʪʦʷʥʠʝ, ʦʪʣʠʯʥʦʝ ʦʪ k, ʦʩʚʦʝʥʠʝ 

ʥʝ ʤʝʥʷʝʪʩʷ xkt+1 = xkt. 

ɽʩʣʠ ʚʥʝʰʥʷʷ ʩʨʝʜʘ ʧʨʠʥʷʣʘ ʩʦʩʪʦʷʥʠʝ k, ʪʦ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 

0 Ò p k Ò 1 ʦʩʚʦʝʥʠʝ çʟʘʙʳʚʘʝʪʩʷè (ʦʯʝʚʠʜʥʦ, ʵʬʬʝʢʪ çʟʘʙʳʚʘʥʠʷè ʚ 

ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʵʢʚʠʚʘʣʝʥʪʝʥ ʵʬʬʝʢʪʫ ʵʚʦʣʶʮʠʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ) 

xkt+1 = 0, ʘ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 1 - p k ʥʝ ʤʝʥʷʝʪʩʷ xkt+1 = xkt, ʪʦ ʝʩʪʴ 

Pr(xkt+1 = 0| xkt = 1) = pkp k. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ k-ʤ 

ʩʦʩʪʦʷʥʠʠ E[xkt] ʨʘʚʥʦ ʚʝʨʦʷʪʥʦʩʪʠ ʪʦʛʦ, ʯʪʦ xkt = 1, Pr(xkt = 1), ʪʦʛʜʘ 

E[xkt+1] = Pr(xkt+1 = 1) = Pr(xkt+1 = 1| xkt = 1)Pr(xkt = 1) + 
+ Pr(xkt+1 = 1| xkt = 0)Pr(xkt = 0) = 

= (1 - pkp k)E[xkt] + pkp k(1 - E[xkt]) = pkp k + (1 - pkp k - pkp k)E[xk

t] 

ʋʯʠʪʳʚʘʷ E[xk0] ſ 0, ʧʦʣʫʯʠʤ  

1 1
t

k
kt k k k

k k

p
E x p p p

p p
. 
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ʊʦʛʜʘ ʢʨʠʚʘʷ ʦʩʚʦʝʥʠʷ ʧʦʣʫʯʠʪʩʷ ʚ ʚʠʜʝ 

1

1 1
K

t
k

t k k k k

k k k

p
E L p p p p

p p
.          (3.10) 

ʃʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ ʢʦʛʜʘ ʦʩʚʦʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 1 

ʧʨʠ ʧʝʨʚʦʤ ʞʝ ʥʘʩʪʫʧʣʝʥʠʠ ʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ (p k = 1), ʘ ʟʘʙʳʚʘʥʠʷ 

ʥʝ ʧʨʦʠʩʭʦʜʠʪ (p k = 0) ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʨʠʚʦʡ ʦʩʚʦʝʥʠʷ ʚ ʨʘʩʰʠ-

ʨʝʥʥʦʡ ʤʦʜʝʣʠ ʩʚʦʜʠʪʩʷ ʢ ʙʘʟʦʚʦʤʫ. 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʢʦʥʝʯʥʳʝ ʨʘʟʥʦʩʪʠ ʢʨʠʚʦʡ ʦʩʚʦʝʥʠʷ E[Lt]. 

ɸʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʜʣʷ ʢʨʠʚʦʡ ʦʩʚʦʝʥʠʷ ʙʘʟʦʚʦʡ 

ʤʦʜʝʣʠ, ʥʝʩʣʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ m-ʭ ʨʘʟʥʦʩʪʝʡ: 

1 11

1

1 1
K

t mm mm m

t k k k k k k k

k

E L p p p p p p p . 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ  k pk(p k + p k) < 1 ʜʣʷ ʢʨʠʚʦʡ ʦʩʚʦʝʥʠʷ ʚ ʨʘʩʰʠ-

ʨʝʥʥʦʡ ʤʦʜʝʣʠ ʩʧʨʘʚʝʜʣʠʚʳ ʩʚʦʡʩʪʚʘ ʢʨʠʚʦʡ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ (ʋʪʚʝʨ-

ʞʜʝʥʠʝ 3.2): 

 ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ t = 0 ʝʸ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦ ʥʫʣʶ: E[L0] = 0; 

 ʦʥʘ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ: ȹE[Lt] > 0; 

 ʩʢʦʨʦʩʪʴ ʝʸ ʨʦʩʪʘ ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʝʪ: ȹ2
E[Lt] < 0 ʠ ȹ

3
E[Lt] > 0; 

 ʝʸ ʢʦʥʝʯʥʳʝ ʨʘʟʥʦʩʪʠ ʜʣʷ ʣʶʙʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ t ʦʙʨʘʟʫʶʪ 

ʟʥʘʢʦʧʝʨʝʤʝʥʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʡ ʫʙʳʚʘʶʪ ʧʦ 

ʤʦʜʫʣʶ |ȹ
m
E[Lt]| > |ȹ

m+1
E[Lt]|; 

 
1

K
k

t k
t

k k k

p
limE L p

p p
. 

ɺ ʩʣʫʯʘʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʦʜʠʥʘʢʦʚʳʭ ʚʝʨʦʷʪʥʦ-

ʩʪʝʡ ʥʘʫʯʝʥʠʷ ʠ ʟʘʙʳʚʘʥʠʷ ʜʣʷ ʚʩʝʭ ʩʦʩʪʦʷʥʠʡ ( k p k = p  ʠ 

p k = p ) ʢʨʠʚʘʷ ʦʩʚʦʝʥʠʷ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʵʢʩʧʦʥʝʥʪʦʡ: 

1

1 1
1 1 1 1

t tK

t

k

p p p p
E L p p

p p K K p p K
. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʩʣʫʯʘʡ ʥʘʨʫʰʝʥʠʷ ʫʩʣʦʚʠʷ 

pk(p k + p k) < 1. 

ʇʫʩʪʴ ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʦʪʦʨʦʝ ʩʦʩʪʦʷʥʠʝ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (ʙʫʜʝʤ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʝʛʦ ʥʦʤʝʨ k = 1), ʜʣʷ ʢʦʪʦʨʦʛʦ p1(p 1 + p 1) > 1. ʊʘʢ 

ʢʘʢ p 1 Ò 1 ʠ p 2 Ò 1, ʪʦ ʜʦʣʞʥʦ ʙʳʪʴ p1 > 1/2, ʦʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʫʩʣʦʚʠʝ pk(p k + p k) < 1 ʤʦʞʝʪ ʥʘʨʫʰʘʪʴʩʷ ʥʝ ʙʦʣʝʝ ʯʝʤ ʜʣʷ ʦʜʥʦ-

ʛʦ ʩʦʩʪʦʷʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʆʪʩʶʜʘ ʪʘʢʞʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ 

ʥʘʩʪʫʧʣʝʥʠʷ ʵʪʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʦʣʴʰʝ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʩʪʫʧʣʝʥʠʷ ʚʩʝʭ 

ʦʩʪʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʤʝʩʪʝ ʚʟʷʪʳʭ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʩʝ ʢʦʥʝʯʥʳʝ ʨʘʟ-
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ʥʦʩʪʠ ʦʙʨʘʟʫʶʪ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʝ ʧʦ ʚʨʝʤʝʥʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʘ 

ʢʨʠʚʘʷ ʦʩʦʚʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʢʦʪʦʨʳʡ çʟʘʪʫʭʘʶʱʠʡ ʢʦʣʝʙʘʪʝʣʴ-

ʥʳʡ ʧʨʦʮʝʩʩè (ʪʘʢ ʢʘʢ |ȹ
m
E[Lt]| > |ȹ

m+1
E[Lt]| ʦʩʪʘʸʪʩʷ ʩʧʨʘʚʝʜʣʠʚʳʤ). 

ʇʝʨʝʡʜʸʤ ʢ ʦʧʠʩʘʥʠʶ ʤʦʜʝʣʝʡ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʪʝʭʥʦʣʦʛʠʠ. 

 

3.4. ʄʦʜʝʣʠ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ 

 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʩʚʦʡʩʪʚʘ ʧʨʦʮʝʩʩʦʚ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʯʘʩʪʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ [18], ʦʧʠʩʳʚʘʝʤʳʭ ʢʘʞʜʳʡ ʚ ʨʘʤʢʘʭ ʙʘʟʦ-

ʚʦʡ ʤʦʜʝʣʠ (ʨʘʟʜʝʣ 3.3). ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ ʢʦʤʧʣʝʢ-

ʩʠʨʦʚʘʥʠʷ: ɸ) ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʢʦʥʲʶʥʢʪʠʚʥʦʛʦ, ɹ) ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʜʠʟʲʶʥʢʪʠʚʥʦʛʦ, ɺ) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ, ɻ) ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩ ʧʦʣʥʳʤ 

ʦʙʤʝʥʦʤ ʠʥʬʦʨʤʘʮʠʝʡ, ɼ) ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʥʝʥʪʘ ʪʝʭʥʦʣʦʛʠʠ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ ʩ ʩʦʟʜʘʥʠʝʤ ʩʦʙʩʪʚʝʥʥʦ ʪʝʭʥʦʣʦʛʠʠ ʝʛʦ ʩʦʟʜʘʥʠʷ - çʩʣʦʞʥʦʛʦ 

ʦʩʚʦʝʥʠʷè. 

ɼʣʷ ʵʪʦʛʦ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʥʝʩʢʦʣʴʢʠʤʠ ʢʦʤʧʦ-

ʥʝʥʪʘʤʠ ʪʝʭʥʦʣʦʛʠʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʲʝʜʠʥʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʉʦʩʪʦʷʥʠʷ ʯʘʩʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʫʶʪ ʤʘʨʢʦʚʩʢʠʝ ʮʝʧʠ (ʠ ʦʙʣʘʜʘʶʪ 

ʩʚʦʡʩʪʚʘʤʠ, ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʚ ʨʘʟʜʝʣʝ 3.3). ʊʦʛʜʘ ʧʦʚʝʜʝʥʠʝ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʧʨʦʮʝʩʩʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʤʘʨʢʦʚʩʢʦʡ ʮʝʧʴʶ ʥʘ ʤʥʦʞʝʩʪʚʝ 

ʩʦʩʪʦʷʥʠʡ, ʨʘʚʥʦʤ ʧʨʦʠʟʚʝʜʝʥʠʶ ʤʥʦʞʝʩʪʚ ʩʦʩʪʦʷʥʠʡ ʯʘʩʪʥʳʭ ʧʨʦ-

ʮʝʩʩʦʚ. ɸʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʚ ʨʘʟʜʝʣʝ 3.3, ʚʚʝʜʸʤ 

K -ʤʝʨʥʳʡ ʧʨʦʮʝʩʩ (
1

M
m

m

K K ) 1 2( , , , , , )t t t kt Kt
x x x ... x ... x , ʢʘʞʜʳʡ 

ʵʣʝʤʝʥʪ ʢʦʪʦʨʦʛʦ xkt ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ 0 ʠʣʠ 1 ʠ ʦʪʨʘʞʘʝʪ ʬʘʢʪ ʚʳ-

ʧʦʣʥʝʥʠʷ ʧʨʦʚʝʨʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʘ 

ʪʘʢʞʝ ʧʨʦʮʝʩʩty , ʦʪʨʘʞʘʶʱʠʡ ʥʦʤʝʨ ʩʦʩʪʦʷʥʠʷ ʧʨʦʮʝʩʩʘtx. ʆʙʘ 

ʧʨʦʮʝʩʩʘ tx  ʠ ty  ʷʚʣʷʶʪʩʷ ʤʘʨʢʦʚʩʢʠʤʠ ʮʝʧʷʤʠ, ʤʘʪʨʠʮʘ ʧʝʨʝʭʦʜʥʳʭ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ty  ʷʚʣʷʝʪʩʷ (ʚʝʨʭʥʝ)ʪʨʝʫʛʦʣʴʥʦʡ, ʠ ʜʣʷ ty  ʩʧʨʘʚʝʜʣʠʚʳ 

ʫʪʚʝʨʞʜʝʥʠʝ 3.1 (ʦʙ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʤ ʧʦʚʝʜʝʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝ-

ʨʦʷʪʥʦʩʪʝʡ ʩʦʩʪʦʷʥʠʡty ) ʠ 3.3 (ʦ ʩʨʝʜʥʝʤ ʚʨʝʤʝʥʠ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥ-

ʥʦʛʦ ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ). 

 

3.4.1. ʄʦʜʝʣʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ. 

 

ɸ. ɽʩʣʠ ʮʝʣʴʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʚʩʝʭ 

ʯʘʩʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ (ʢʦʥʲʶʥʢʮʠʷ ʚʩʝʭ ʄ ʯʘʩʪʥʳʭ ʢʦʤ-
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ʧʦʥʝʥʪʦʚ), ʪʦ ʫʨʦʚʝʥʴ Lt
1éM

 ʦʩʚʦʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʨʘʚʝʥ ʚʝʨʦʷʪʥʦʩʪʠ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʦʯʝʨʝʜʥʦʤ ʠʩʧʳʪʘʥʠʠ ʥʠ 

ʚ ʦʜʥʦʤ ʠʟ ʯʘʩʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʝ ʙʫʜʝʪ ʧʦʣʫʯʝʥʦ ʝʱʸ ʥʝ ʧʨʦʚʝʨʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʪʦ ʝʩʪʴ ʨʘʚʝʥ ʧʨʦʠʟʚʝʜʝʥʠʶ ʫʨʦʚʥʝʡ ʨʘʟ-

ʨʘʙʦʪʘʥʥʦʩʪʠ ʯʘʩʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɸ ʵʪʘ ʚʝʨʦʷʪʥʦʩʪʴ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʝʡ Lt
m
 ʚʩʝʭ ʯʘʩʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭ-

ʥʦʣʦʛʠʠ, ʪʦ ʝʩʪʴ: 1...

1

M
M m

t t

m

L L ʠ 

1...

11 1

1 1
M M K

t
M m m m

t t k k

km m

E L E L p p           (3.11) 

ʌʦʨʤʫʣʫ (3.7) ʜʣʷ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ 

ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʝʩʣʦʞʥʦ ʨʘʩʰʠʨʠʪʴ ʥʘ ʩʣʫʯʘʡ 

M ʵʣʝʤʝʥʪʦʚ: 

 ʜʦʩʪ  ʜʦʩʪ  ʜʦʩʪ

0 0

0

0 1

Pr Pr max

1 1

ɸ ɸ m
m

t t

M
t

m m

t m

t t t t t

e r

         (3.12) 

ɽʩʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦ-

ʣʦʛʠʠ ʦʜʠʥʘʢʦʚʳ, ʪʦ 

1
 ʜʦʩʪ 0 0

0 0 1

1 1 1
M

M mmt m t
ɸ M

t t m

t e r C e r  

1
1 1

0 0 0

0 0 2 0

1 1
M

m Mm Mt m t t

M

t t m t

M e r C e r e r . 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʝʣʠʯʠʥ  ʜʦʩʪɸt  ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʚʦʟʨʘʩʪʘʶʱʠʭ M, ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʝʨʚʳʭ ʨʘʟʥʦʩʪʝʡ 

1

0 0

0

1
M

t t
M

t

t e r e r  ʠ ʚʪʦʨʳʭ ʨʘʟʥʦʩʪʝʡ

2 2
2

0 0

0

1
M

t t
M

t

t e r e r . ʆʪʢʫʜʘ ʚʠʜʥʦ, ʯʪʦ  ʜʦʩʪɸt  ʨʘʩʪʸʪ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ M, ʦʜʥʘʢʦ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʧʦ M ʫʙʳʚʘʝʪ. ʊʘʢʞʝ ʧʝʨʚʳʝ 

ʨʘʟʥʦʩʪʠ ʦʛʨʘʥʠʯʝʥʳ ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ: 

2

ʜʦʩʪ ʜʦʩʪ0 0 0 0

0 0 0

1t t t t
M

t t t

t e r e r e r t e r t . 

ɹ. ɽʩʣʠ ʚʩʝ ʯʘʩʪʥʳʝ ʧʨʦʮʝʩʩʳ ʨʝʘʣʠʟʫʶʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʠ ʧʘʨʘʣ-

ʣʝʣʴʥʦ, ʘ ʮʝʣʴʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʝ ʤʝʥʝʝ 
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ʯʝʤ ʦʜʥʦʛʦ ʠʟ ʯʘʩʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʜʠʟʲʶʥʢʮʠʷ ʄ ʯʘʩʪʥʳʭ ʢʦʤʧʦ-

ʥʝʥʪʦʚ), ʪʦʛʜʘ ʜʦʣʷ çʥʝʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠè ʢʦʤʧʣʝʢʩʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʨʘʚʥʘ ʜʦʣʝ ʥʝʧʨʦʚʝʨʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ çʢʦʤʧʣʝʢʩʥʦʡè ʚʥʝʰʥʝʡ ʩʨʝʜʳ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 1

1

1 1
M

_M m
t t

m

L L  ʠ 

1_

11

1 1
M K

t
M m m

t k k

km

E L p p            (3.13) 

ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ M ʵʣʝ-

ʤʝʥʪʦʚ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʠʪʩʷ: 

 ʜʦʩʪ  ʜʦʩʪ  

0 0

0

0 1

Pr Pr minɹ ɹ m ʜʦʩʪ
m

t t

M
t

m m

t m

t t t t t

e r

         (3.14) 

ɽʩʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʩʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʜʠʥʘʢʦʚʳ, ʪʦ 

 ʜʦʩʪ 0 0

0 01

M
M

t t
ɹ m m

t tm

t e r e r . 

ɼʣʷ ʩʣʫʯʘʝʚ ɸ ʠ ɹ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʦʜʠʥʘ-

ʢʦʚʳʭ ʯʘʩʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʠʤ ʩʦʦʪʥʦʰʝʥʠʝ 
1

1 1
 ʜʦʩʪ ʜʦʩʪ  ʜʦʩʪ0

0 2

1 1
M

mm Mm t
ɸ ɹM

t m

t Mt C e r t , 

ʛʜʝ ʜʦʩʪt  - ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʟʘʚʝʨʰʝʥʠʷ ʢʘʞʜʦʛʦ ʯʘʩʪʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

 ʜʦʩʪɸt  - ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʟʘʚʝʨʰʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʚʩʝʭ M ʯʘʩʪʥʳʭ ʧʨʦʮʝʩ-

ʩʦʚ,  ʜʦʩʪɹt - ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʟʘʚʝʨʰʝʥʠʷ ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ ʠʟ M ʯʘʩʪʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. 

ʊʘʢʞʝ ʩʧʨʘʚʝʜʣʠʚʘ ʦʮʝʥʢʘ: ʜʦʩʪ  ʜʦʩʪ  ʜʦʩʪ ʜʦʩʪ1 ɹ ɸMt M t t Mt  

ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʩʣʫʯʘʝʚ ɸ ʠ ɹ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʜʚʫʭ 

ʦʜʠʥʘʢʦʚʳʭ ʯʘʩʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʦʩʪ ʜʦʩʪ  ʜʦʩʪ2ɸ ɹt t t , ʪʦ ʝʩʪʴ, ʩʨʝʜʥʠʝ 

ʚʨʝʤʝʥʘ ʩʦʦʪʥʦʩʷʪʩʷ ʢʘʢ ʜʦʩʪt = (  ʜʦʩʪ  ʜʦʩʪɸ ɹt t )/2. 

ɺ. ʇʫʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʟʜʘʶʪʩʷ ʜʚʘ ʢʦʤʧʦʥʝʥʪʘ ʪʝʭʥʦʣʦʛʠʠ, 

ʧʨʠʯʸʤ ʚʪʦʨʦʡ ʥʘʯʠʥʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʝʨʚʦ-

ʛʦ. ɼʘʥʥʳʡ ʩʣʫʯʘʡ ʦʧʠʩʳʚʘʝʪʩʷ ʜʚʫʤʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʤʘʨʢʦʚʩʢʠʤʠ 

ʮʝʧʷʤʠ, ʚʪʦʨʘʷ ʮʝʧʴ ʩʪʘʨʪʫʝʪ ʠʟ ʠʟʚʝʩʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʪʦʪ ʤʦʤʝʥʪ, 

ʢʦʛʜʘ ʩʦʩʪʦʷʥʠʝ ʧʝʨʚʦʡ ʜʦʩʪʠʛʣʦ ʟʘʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʚʨʝʤʝʥʠ ʟʘʚʝʨʰʝʥʠʷ ʩʦʟʜʘʥʠʷ ʪʘʢʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʪʝʭ-

ʥʦʣʦʛʠʠ (ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʛʜʘ ʩʦʟʜʘʥʠʝ ʚʪʦʨʦʛʦ ʤʦʞʝʪ 
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ʙʳʪʴ ʥʘʯʘʪʦ ʪʦʣʴʢʦ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʩʦʟʜʘʥʠʷ ʧʝʨʚʦʛʦ) - ʚʨʝʤʝʥʠ 

ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʚʪʦʨʦʡ ʮʝʧʴʶ - ʨʘʚʥʦ ʩʚʸʨʪʢʝ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʡ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚʨʝʤʝʥʠ ʦʙʝʠʭ ʮʝʧʝʡ. ʀʩʧʦʣʴʟʫʷ ʵʪʫ ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʴ, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ çʠʥʪʝʛʨʘʣʴʥʫʶè ʢʨʠʚʫʶ ʦʩʚʦʝʥʠʷ ʠ ʧʦ-

ʣʫʯʠʪʴ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ ʢʘʢ ʩʫʤʤʫ ʩʨʝʜʥʠʭ ʚʨʝʤʸʥ 

ʨʘʟʨʘʙʦʪʢʠ ʯʘʩʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɻ. ʇʫʩʪʴ ʩʦʟʜʘʥʠʝ ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʪʝʭʥʦʣʦʛʠʠ ʚʳʧʦʣʥʷʝʪʩʷ 

ʧʘʨʘʣʣʝʣʴʥʦ ʠ ʥʝʟʘʚʠʩʠʤʦ ʚ ʨʘʤʢʘʭ ʥʝʩʢʦʣʴʢʠʭ (M) ʧʨʦʮʝʩʩʦʚ ʩ ʧʦʣ-

ʥʳʤ ʦʙʤʝʥʦʤ ʠʥʬʦʨʤʘʮʠʝʡ. ʊʦʛʜʘ ʟʘ ʦʜʠʥ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʧʨʦʠʟʚʦ-

ʜʠʪʩʷ M ʥʝʟʘʚʠʩʠʤʳʭ ʧʨʦʚʝʨʦʢ, ʧʦʵʪʦʤʫ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

1

1

1 1
K

Mt||M

t k k

k

E L p p             (3.15) 

ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ M ʵʣʝʤʝʥʪʦʚ ʨʘʚʥʦ: 

1

0 0

0 0

Pr Mt M
ʜʦʩʪ ʜʦʩʪ

t t

t t t e r e E r          (3.16) 

ʅʝʪʨʫʜʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʩʣʫʯʘʝʚ ʢʨʠʚʳʭ ʦʩʚʦʝʥʠʷ ï 

(3.11), (3.13) ʠ (3.15) - ʩʧʨʘʚʝʜʣʠʚʳ ʚʩʝ ʧʦʟʠʮʠʠ ʫʪʚʝʨʞʜʝʥʠʷ 3.2. 

 

3.4.2. ʄʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʥʝʥʪʘ ʪʝʭʥʦʣʦʛʠʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʩʦʟʜʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʝʛʦ ʩʦʟʜʘʥʠʷ 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʦʩʚʦʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʩʘʤʠʤ 

ʝʸ ʩʦʟʜʘʥʠʝʤ [18, 23]. ʊʦ ʝʩʪʴ ʢʦʛʜʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʦʚʝʨʦʢ 

ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʤʝʥʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʝʢʦʪʦʨʦʡ ʜʨʫʛʦʡ 

ʢʨʠʚʦʡ ʦʩʚʦʝʥʠʷ. ʇʫʩʪʴ ʧʨʦʮʝʩʩ 
1

K

t kt k

k

L x p  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʟʨʘʙʦʪ-

ʢʫ/ʦʩʚʦʝʥʠʝ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʘ ʧʨʦʮʝʩʩ 
1

J

t jt j

j

L x q  ʦʧʠʩʳʚʘʝʪ 

ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʝʡ ʩʦʟʜʘʥʠʷ ʵʪʦʡ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ (çʩʣʦʞʥʦʛʦ 

ʦʩʚʦʝʥʠʷè). ɹʫʜʝʤ ʩʯʠʪʘʪʴ ʧʨʦʮʝʩʩʳ Lt ʠ tL  ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠ-

ʤʳʤʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʊʦ ʝʩʪʴ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʧʨʦʚʝʨʢʘ 

ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ tL , ʘ ʩ ʚʝʨʦ-

ʷʪʥʦʩʪʴʶ 1 - tL  ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʦʢʘʟʳʚʘʝʪʩʷ çʧʨʦʧʫʱʝʥè ʜʣʷ ʩʦʟʜʘ-

ʥʠʷ ʪʝʭʥʦʣʦʛʠʠ: ʩʦʩʪʦʷʥʠʝ ʥʝ ʪʝʩʪʠʨʫʝʪʩʷ ʠ ʧʨʦʮʝʩʩʳ xkt ʥʝ ʠʟʤʝʥʷʶʪ 

ʩʦʩʪʦʷʥʠʷ
33
, ʪʦʛʜʘ: 

                                                           
33 ʄʦʞʥʦ ʵʪʫ ʞʝ ʤʦʜʝʣʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʪʦ, ʯʪʦ ʧʨʦʚʝʨʢʠ ʚʳʧʦʣʥʷʶʪʩʷ ʚ 
ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʘ ʪʝʭʥʦʣʦʛʠʶ ʜʣʷ ʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʩ 
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1

1

1

                   ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 1

1    ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 

J

kt jt j

j

kt kt J

kt kt k jt j

j

x x q ,

E x x

x x p x q ,

 

ʆʪʢʫʜʘ E[xkt+1|xkt] = xkt + ɻtpk(1 - xkt), 

ʛʜʝ
1 1

1 1
J

t

t j j

j

J

j jt

j

ɻ E q qq x . 

ʇʝʨʝʭʦʜʷ ʦʪ ʫʩʣʦʚʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʞʠʜʘʥʠʡ ʢ ʙʝʟʫʩʣʦʚʥʳʤ, 

ʧʦʣʫʯʠʤ ʨʘʟʥʦʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳ-

ʯʠʩʣʷʪʴ E[xkt]  ʜʣʷ ʚʩʝʭ t Ó 0: 

E[xkt+1] = E[xkt] + ɻtpk(1 - E[xkt])            (3.17) 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ Ɋt = 1 - E[xkt] (ʠʣʠ E[xkt] = 1 - Ɋt), ʪʦʛʜʘ ʩ ʫʯʸʪʦʤ 

ʚʚʝʜʸʥʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ E[xkt+1] = 1 - Ɋt+1 = Ɋtɻtpk + 1 - Ɋt, ʦʪʢʫʜʘ 

Ɋt+1 = Ɋt(1 - ɻtpk). 

ʊʘʢ ʢʘʢ Ɋ0 = 1, ʪʦ ʧʦʣʫʯʘʝʤ
1

0

1
t

kt ɻp , ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ: 

1 1

10 0

1 1 1 1 1jk

t t J

t k k

j

k jE ɻ qp p qx p . 

01 1

01

1

1

1

1 1

11 1

K K

t k kt k k

k k

K

k k k

k

t

t J

j j

j

L p x p p

p p p

E E ɻ

q q

          (3.18) 

ʀʟʫʯʠʤ ʚʳʨʘʞʝʥʠʝ (3.17). ɺʳʯʠʩʣʠʚ ʧʝʨʚʳʝ ʨʘʟʥʦʩʪʠ: 

ȹE[xkt] = Ɋtɻtpk, ʟʘʤʝʪʠʤ, ʯʪʦ ȹE[xkt]|t=0 = 0 ʜʣʷ ʣʶʙʳʭ ʟʥʘʯʝʥʠʡ pk, ʪʘʢ 

ʢʘʢ ɻ0 = 0, ʘ ʪʘʢʞʝ ȹE[xkt] > 0 ʜʣʷ ʣʶʙʳʭ t > 0. ʊʦ ʝʩʪʴ E[xkt] ʨʘʩʪʸʪ 

ʧʨʠ t > 1 , ʯʪʦ ʠʥʪʫʠʪʠʚʥʦ ʦʯʝʚʠʜʥʦ. 

ɺʳʯʠʩʣʠʤ ʠ ʠʩʩʣʝʜʫʝʤ ʚʪʦʨʳʝ ʨʘʟʥʦʩʪʠ: 
2

1

1 11 1

t t tkt k k k

k k k t

t t t

t t t t t t tk t k

x p p p

p

E ɻ ɻ

ɻ p ɻ p pɻ ɻ p

ɻ

ɻɻ
     (3.19) 

                                                                                                                                      
ʥʝʢʦʪʦʨʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʥʝʢʦʪʦʨʳʤ "ʤʝʪʘʧʨʦʮʝʩʩʦʤ". ɺ ʣʦʛʠʩʪʠʯʝ-
ʩʢʦʡ ʤʦʜʝʣʠ ʵʪʘ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʚʥʘ ʫʨʦʚʥʶ ʥʘʫʯʝʥʠʷ ʚ ʩʘʤʦʤ ʧʨʦʮʝʩʩʝ, ʚ ʛʠʧʝʨʙʦʣʠ-
ʯʝʩʢʦʡ - ʚʝʨʦʷʪʥʦʩʪʠ çʦʰʠʙʢʠè ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʦʧʦʨʮʠʦ-
ʥʘʣʴʥʦʩʪʠ Õ. 
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ʇʨʝʞʜʝ ʚʩʝʛʦ, ʩʧʨʘʚʝʜʣʠʚʦ 0

2

1 0kt t kx pE ɻ . ʆʜʥʘʢʦ, ɻt 

ʤʦʥʦʪʦʥʥʦ ʨʘʩʪʸʪ ʦʪ 0, ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʧʨʠʙʣʠʞʘʷʩʴ ʢ 1 ʧʨʠ tŸÐ. 

ʊʦʛʜʘ 
22 0tkt t kpE x  ʠ 

2 0kt txE . 

ʊʘʢ ʢʘʢ ʢʨʠʚʘʷ ʥʘʫʯʝʥʠʷ 
1

k

K

k

k

t tE xL p E  ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ 

ʢʦʤʙʠʥʘʮʠʝʡ ʧʨʦʮʝʩʩʦʚ E[xkt] ʩʦ ʩʪʨʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘʤʠ, ʪʦ ʜʣʷ ʧʝʨʚʳʭ ʠ ʚʪʦʨʳʭ ʨʘʟʥʦʩʪʝʡ ʢʨʠʚʦʡ ʦʩʚʦʝʥʠʷ ʩʧʨʘʚʝʜ-

ʣʠʚʳ ʫʪʚʝʨʞʜʝʥʠʷ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʜʣʷ E[xkt]. ɸ ʠʤʝʥʥʦ: 

 E[Lt]|t=0 = 0; 

 æE[Lt]|t=0 = 0 ʠ æE[Lt] > 0 ʜʣʷ ʚʩʝʭ t > 0, ʪʦ ʝʩʪʴ ʢʨʠʚʘʷ ʦʩʚʦʝʥʠʷ 

ʨʘʩʪʸʪ ʧʦ t ʦʪ ʥʫʣʷ, ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʧʨʠʙʣʠʞʘʷʩʴ ʢ ʝʜʠʥʠʮʝ; 

 æ2
E[Lt]|t=0 > 0, æ

2
E[Lt]|tŸÐ < 0 ʠ æ

2
E[Lt]|tŸÐ Ÿ 0-, ʪʦ ʝʩʪʴ ʜʣʷ t, 

ʤʝʥʴʰʠʭ ʥʝʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ (ʪʦʯʢʠ ʧʝʨʝʛʠʙʘ), ʢʨʠʚʘʷ ʦʩʚʦʝʥʠʷ 

ʩʪʨʦʛʦ ʚʳʧʫʢʣʘ, ʘ ʧʨʠ ʙ·ʣʴʰʠʭ t ï ʩʪʨʦʛʦ ʚʦʛʥʫʪʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ çʩʣʦʞʥʦʛʦ ʦʩʚʦʝʥʠʷè. ʇʫʩʪʴ ʠʤʝʶʪʩʷ ʨʘʚʥʦ-

ʤʝʨʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ 1 ; 1,kP p / K k K , ʠ 1 ; 1,jQ q / J j J . ʊʦʛʜʘ, ʦʙʦ-

ʟʥʘʯʠʚ ɖ = 1/J, ʧʦʣʫʯʠʤ 

1

1

1 1

1

1 1 1 1 1 (1 )
J

t t
t

t

j

J

j jt

j

G J Jq xE J  

ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʨʠʚʘʷ ʦʩʚʦʝʥʠʷ ʠʤʝʝʪ ʚʠʜ: 
1

0

1 (1 11 )
t

tE L             (3.20) 

ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʝ (3.19) ʜʣʷ ʚʪʦʨʳʭ ʨʘʟʥʦʩʪʝʡ, ʤʦʞʥʦ ʧʦʣʫ-

ʯʠʪʴ ʦʮʝʥʢʫ ʪʦʯʢʠ ʧʝʨʝʛʠʙʘ t  ʢʨʠʚʦʡ ʦʩʚʦʝʥʠʷ (3.20) ʜʣʷ çʩʣʦʞʥʳʭè 

ʪʝʭʥʦʣʦʛʠʡ (ʜʣʷ ʢʦʪʦʨʳʭ K  1, J  1 ʠ K < J): 

20 25 0 5t KJ , K , K . 

ɿʘʧʠʰʝʤ (3.20) ʚ ʚʠʜʝ 
1

0

]e p1 (e -xp[ x )ln 1t

k

E L , ʛʜʝ 

ű = ln(1 + 1/(J ï 1)), ʪʦʛʜʘ 

1

0

1

2

1 (1 ) 1 (11 )t

k
t

tL LE E  = 

= E[Lt-1] + (1 - E[Lt-1])ŭ(1 ï (1 - ɖ)
t-1

) = ɓt + ( 1 ï ɓt) E[Lt-1], 

ʛʜʝ ɓt = ŭ(1 ï (1 - ɖ)
t-1

) = ŭ(1 ï exp(- ű(t - 1)). 
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ʊ.ʝ. ʢʨʠʚʘʷ ʦʩʚʦʝʥʠʷ (3.20) ʷʚʣʷʝʪʩʷ çʦʙʦʙʱʝʥʠʝʤè ʢʨʠʚʦʡ ʦʩʚʦ-

ʝʥʠʷ (3.2), ʚ ʢʦʪʦʨʦʡ ʢʦʵʬʬʠʮʠʝʥʪʳ {ɓt}  ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʟʥʦʩʪ-

ʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʥʦʤʝʨʘ ʧʝʨʠʦʜʘ (ʚʨʝʤʝʥʠ). 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ çʩʣʦʞʥʦʛʦ ʦʩʚʦʝʥʠʷè, ʘ 

ʠʤʝʥʥʦ ʧʨʦʮʝʩʩʳ, ʚ ʢʦʪʦʨʳʭ ʚʝʨʦʷʪʥʦʩʪʴ ʫʩʧʝʰʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭ-

ʥʦʣʦʛʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʚʧʝʨʚʳʝ ʚʩʪʨʝʪʠʚʰʠʭʩʷ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ ʥʝ ʨʘʚʥʘ ʪʦʞʜʝʩʪʚʝʥʥʦ ʝʜʠʥʠʮʝ ʠ ʟʘʚʠʩʠʪ ʥʝ ʦʪ ʩʦʩʪʦʷʥʠʷ ʘʥʘ-

ʣʦʛʠʯʥʦʛʦ çʚʥʝʰʥʝʛʦè ʧʨʦʮʝʩʩʘ (ʩʤ. ʚʳʨʘʞʝʥʠʝ (3.18)), ʘ ʦʪ ʫʞʝ ʜʦ-

ʩʪʠʛʥʫʪʦʛʦ ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ ʚ ʩʘʤʦʤ ʧʨʦʮʝʩʩʝ. ʇʨʠʯʸʤ ʟʘʚʠʩʠʤʦʩʪʴ 

ʵʪʘ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʚʦʟʨʘʩʪʘʶʱʝʡ (ʩʤ. ʥʠʞʝ ʤʦʜʝʣʴ ʣʦʛʠʩʪʠʯʝʩʢʦʡ 

ʢʨʠʚʦʡ ʥʘʫʯʝʥʠʷ), ʪʘʢ ʠ ʫʙʳʚʘʶʱʝʡ (ʩʤ. ʥʠʞʝ ʤʦʜʝʣʴ ʛʠʧʝʨʙʦʣʠʯʝ-

ʩʢʦʡ ʢʨʠʚʦʡ ʥʘʫʯʝʥʠʷ). ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʣʘʩʩ ʧʨʦʮʝʩʩʦʚ ʥʘʫʯʝʥʠʷ 

ʥʘʟʦʚʸʤ ʫʩʣʦʚʥʦ ʘʚʪʦʥʘʫʯʝʥʠʝʤ. 

ʃʦʛʠʩʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʥʘʫʯʝʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʚʘʞʥʳʡ ʯʘʩʪʥʳʡ 

ʩʣʫʯʘʡ çʩʣʦʞʥʦʛʦ ʦʩʚʦʝʥʠʷè: ʚ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʧʨʘʢʪʠʯʝ-

ʩʢʠʭ ʩʠʪʫʘʮʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʦʚʝʨʦʢ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʫʨʦʚʥʶ ʦʩʚʦʝʥʠʷ ɻt =  E[Lt]. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʦʚʦʡ, ʥʘʧʨʠʤʝʨ, ʘʚʠʘʢʦʩʤʠʯʝ-

ʩʢʦʡ ʠʣʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʪʝʭʥʠʢʠ, ʠʣʠ ʚʚʦʜʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʥʘ ʧʝʨʚʳʭ ʵʪʘʧʘʭ ʠʟʜʝʣʠʝ ʠʣʠ ʢʦʤ-

ʧʣʝʢʩ ʠʩʧʳʪʳʚʘʝʪʩʷ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ ʥʘʙʦʨʝ ʨʝʞʠʤʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ 

(ʩʪʝʥʜʦʚʳʝ ʠ ʥʘʟʝʤʥʳʝ ʠʩʧʳʪʘʥʠʷ, ʨʘʙʦʪʘ ʥʘ ʭʦʣʦʩʪʦʤ ʭʦʜʫ ʠ ʪ.ʜ.). 

ʇʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʦʧʳʪʘ ʜʠʘʧʘʟʦʥ ʨʝʞʠʤʦʚ ʨʘʩʰʠʨʷʝʪʩʷ ʜʦ ʧʦʣʥʦ-

ʛʦ ʤʥʦʞʝʩʪʚʘ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʨʝʞʠʤʦʚ ʠ ʫʩʣʦʚʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʢ ʰʪʘʪʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʘʣʴʥʦʤʫ 

ʧʨʝʜʧʦʣʦʞʝʥʠʶ ʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ çʩʢʦʨʦʩʪʠ ʦʩʚʦʝʥʠʷè ʜʦʩʪʠʛ-

ʥʫʪʦʤʫ ʫʨʦʚʥʶ. 

ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʘʩʪʥʦʤʫ ʩʣʫʯʘʶ ʤʦʜʝʣʠ ʘʚʪʦʥʘʫʯ-

ʝʥʠʷ - ʢʦʛʜʘ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ tL  çʩʦʚʧʘʜʘʝʪè ʩ ʧʨʦʮʝʩ-

ʩʦʤ ʝʸ ʦʩʚʦʝʥʠʷ Lt. 

ʇʝʨʝʧʠʰʝʤ ʨʘʟʥʦʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ (3.17), ʚ ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʥʸʥʥʦʡ 

ʬʦʨʤʝ ʠ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʝʛʦ: 

æE[xkt+1] = ɻtpk(1 - E[xkt])             (3.21) 

ɽʩʣʠ ʚʩʝ ʩʦʩʪʦʷʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʨʘʚʥʦʚʝʨʦʷʪʥʳ (pk = ŭ = 1 / K), 

ʪʦ ʠʟ (3.21) ʩʣʝʜʫʝʪ ʨʘʟʥʦʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ
2 2

1 1kt ktt t t ktx xE xE ɻ ɻ ɻ E . 

ʉʫʤʤʠʨʫʷ ʜʘʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʧʦ k, ʧʦʣʫʯʠʤ 
2

1 1 tt tt ttE L Lɻ K ɻ E ɻ EL           (3.22) 
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ɺ ʩʣʫʯʘʝ ɻt =  E[Lt] ʨʘʟʥʦʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ 

ʧʨʠʤʝʪ ʬʦʨʤʫ (ʘʥʘʣʦʛʠʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʣʷ ʤʦʜʝʣʠ ʩ ʥʝʧʨʝʨʳʚʥʳʤ 

ʚʨʝʤʝʥʝʤ ʙʳʣ ʧʦʣʫʯʝʥ ʚ [217]): 

1 1t t tL LE E EL             (3.23) 

ʋʨʘʚʥʝʥʠʝ (3.23) ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʩʪʥʳʤ ʘʥʘʣʦʛʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-

ʥʦʛʦ ʫʨʘʚʥʝʥʠʷ dx/dt = ɓ x (1 - x), ʛʜʝ ɓ = ɛŭ, ʨʝʰʝʥʠʝʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷ-

ʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʘʷ ʜʣʷ ʪʝʦʨʠʠ ʥʘʫʯʝʥʠʷ (ʩʤ. ʦʙʟʦʨ ʚ [83]) ʣʦʛʠʩʪʠʯʝ-

ʩʢʘʷ ʢʨʠʚʘʷ ʚ ʜʠʩʢʨʝʪʥʦʡ ʬʦʨʤʝ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʚʠʜ: 

1

1
1 ( 1) exp( )

tE L

t

            (3.24) 

ʆʥʘ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʦʪ ɚ > 0 (ʧʨʠ t = 0) ʜʦ 1 (ʧʨʠ t Ÿ +Ð). 

ʊʘʢ ʢʘʢ ʨʝʰʝʥʠʷʤʠ ʘʥʘʣʦʛʠʯʥʳʭ ʨʘʟʥʦʩʪʥʳʭ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-

ʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʶʪʩʷ ʨʘʟʥʳʝ ʧʦ ʚʠʜʫ ʬʫʥʢʮʠʠ, ʣʦʛʠ-

ʩʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʚ ʜʠʩʢʨʝʪʥʦʡ ʬʦʨʤʝ (3.24) ʥʝ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ 

(3.23) ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʫʝʤ ʬʫʥʢʮʠʶ (3.24) ʠ ʥʘʡʜʸʤ 

ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ, ʬʫʥʢʮʠʷ (3.24) ʢʦʨʨʝʢʪʥʦ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪ ʨʝ-

ʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (3.23). 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʚʳʢʣʘʜʦʢ ʚʚʝʜʸʤ ʢʦʤʧʘʢʪʥʦʝ ʦʙʦʟʥʘ-

ʯʝʥʠʝ ʬʫʥʢʮʠʠ (3.24) ʚ ʚʠʜʝ xt = (1 + ba
t
)
-1
. 

ɺʦ-ʧʝʨʚʳʭ, ʧʦʢʘʞʝʤ, ʯʪʦ ʧʨʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʤ ʫʤʝʥʴʰʝʥʠʠ ʜʠʩ-

ʢʨʝʪʘ ʚʨʝʤʝʥʠ (ʦʙʦʟʥʘʯʠʤ ʝʛʦ ȹt) ʨʘʟʥʦʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶ-

ʱʝʝ (3.24) ʧʝʨʝʭʦʜʠʪ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʚʠʜʘ dx/dt = ɓ x (1 - x). 

ʉ ʫʯʸʪʦʤ ʦʙʦʟʥʘʯʝʥʠʡ xt+æt = (1 + ba
t+æt

)
-1
, ʧʨʝʦʙʨʘʟʫʝʤ ʵʪʦ ʚʳʨʘ-

ʞʝʥʠʝ. ʇʨʠ 0t  (ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʧʨʠ ln(a)ȹt<<1) ʢʦʨʨʝʢʪʥʳʤʠ ʙʫ-

ʜʫʪ ʩʣʝʜʫʶʱʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ: 

1 1 1

1 11 1
t t tt ttt

ba ba ba ln a tb
x

a ln a t
 

1

1

1 1 1
1 1

1 11 1

t t

t t
t t

ba ba ln a t
ba baba ba ln a t

 

2

1

1 1
1

t

t
t

t t t

ba
ln a t ln a t.x x

ba
x

ba
 

ʊʦ ʝʩʪʴ xt+æt = xt + xt(1 - xt)ln(a)ȹt ʧʨʠ ʫʩʣʦʚʠʠ ln(a)ȹt  << 1. 

ʆʪʢʫʜʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʣʝʜʫʝʪ 1t t t
t t

x
a

x
xln

t
x , ʯʪʦ 

ʜʦʢʘʟʳʚʘʝʪ ʪʨʝʙʫʝʤʦʝ ʫʪʚʝʨʞʜʝʥʠʝ. 
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ʆʯʝʚʠʜʥʦ, ʧʨʠ ln(a)<<1 ʠ ȹt = 1 ʚʩʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʩʪʘʶʪʩʷ 

ʢʦʨʨʝʢʪʥʳʤʠ, ʧʦʵʪʦʤʫ ʨʘʟʥʦʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʣʦʛʠʩʪʠ-

ʯʝʩʢʫʶ ʢʨʠʚʫʶ ʚ ʜʠʩʢʨʝʪʥʦʡ ʬʦʨʤʝ (3.24), ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʚʳʨʘ-

ʞʝʥʠʝʤ ʚʠʜʘ (3.23). 

ɺ ʩʠʣʫ ʚʚʝʜʸʥʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ 

ln(a) = ɓ = ɛ ŭ= ɛ / K, ʪʦʛʜʘ ʫʩʣʦʚʠʶ ln(a)<<1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ɛ / K<<1. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ çʙʦʣʴʰʦʡè ʨʘʟʤʝʨʥʦʩʪʠ K ʤʥʦʞʝʩʪʚʘ ʩʦʩʪʦʷʥʠʡ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ (3.24) ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʨʘʟ-

ʥʦʩʪʥʳʤ ʫʨʘʚʥʝʥʠʝʤ (3.23). 

ʃʦʛʠʩʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʥʘʫʯʝʥʠʷ (3.24) ʷʚʣʷʝʪʩʷ ʭʨʝʩʪʦʤʘʪʠʡʥʦʡ 

ʜʣʷ ʪʝʦʨʠʠ ʥʘʫʯʝʥʠʷ [83]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ 

ʩʣʦʞʥʦʛʦ ʦʩʚʦʝʥʠʷ ʦʥʘ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝ-

ʜr  ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʜʦʩʪʠʛʥʫʪʦʤʫ ʫʨʦʚʥʶ ʦʩʚʦʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʠ ʧʨʦʮʝʩʩʘ ʧʨʦʚʝʨʦʢ ʩʦʩʪʦʷʥʠʡ ʩʨʝʜʳ ʧʨʠ çʙʦʣʴʰʦʡè ʨʘʟʤʝʨʥʦʩʪʠ 

ʤʥʦʞʝʩʪʚʘ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢʨʠʚʘʷ ʥʘʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ï ʩʤ. 

(3.24), ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʩʝʨʠʠ ʠʤʝʝʪ ʚʠʜ Nt+1 = ɚ(1 - ɚ)
-1
exp(ɓt). ʠ ʧʦʨʦʞ-

ʜʘʝʪʩʷ ʚʝʩʴʤʘ ʢʦʤʧʘʢʪʥʳʤ ʨʘʟʥʦʩʪʥʳʤ ʫʨʘʚʥʝʥʠʝʤ Nt+1 = exp(ɓ)Nt. 

ɻʠʧʝʨʙʦʣʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʥʘʫʯʝʥʠʷ. ɺ ʜʨʫʛʦʤ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʘʚ-

ʪʦʥʘʫʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʦʚʝʨʦʢ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ ʤʦʞʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ: 

ɻt =  (1 - E[Lt])
a
, ʛʜʝ a > 0. ʅʘ ʧʨʘʢʪʠʢʝ ʵʪʦ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʢʦʛʥʠʪʠʚʥʳʭ (ʚ ʪ.ʯ. ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ) ʠ/ʠʣʠ çʚʳʯʠʩʣʠʪʝʣʴʥʳʭè ʚʦʟʤʦʞʥʦʩʪʷʭ 

ʦʙʫʯʘʶʱʝʛʦʩʷ ʩʫʙʲʝʢʪʘ. 

ɸʥʘʣʦʛʠʯʥʦ ʨʘʩʩʤʦʪʨʝʥʥʦʤʫ ʚʳʰʝ ʩʣʫʯʘʶ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ 

ʥʘʫʯʝʥʠʷ ʜʣʷ ʨʘʚʥʦʚʝʨʦʷʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʧʦʣʫʯʠʤ 

ʨʘʟʥʦʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ. ɺʳʨʘʞʝʥʠʝ (3.22) ʩʧʨʘ-

ʚʝʜʣʠʚʦ ʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ; ʧʦʜʩʪʘʚʠʚ ʚ ʥʝʛʦ ɻt =  (1 - E[Lt])
a
, ʧʦʣʫ-

ʯʠʤ: 

1

1

1 1t t

a

ttL LE Lɻ E E           (3.25) 

ʋʨʘʚʥʝʥʠʝ (3.25) ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʩʪʥʳʤ ʘʥʘʣʦʛʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-

ʥʦʛʦ ʫʨʘʚʥʝʥʠʷ dx/dt = ɓ (1 - x)
1+a
, ʛʜʝ ɓ =ɛŭ, ʨʝʰʝʥʠʝʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷ-

ʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʘʷ ʜʣʷ ʪʝʦʨʠʠ ʥʘʫʯʝʥʠʷ (ʩʤ. ʦʙʟʦʨ ʚ [83] ʠ ʧʠʦʥʝʨʩʢʠʝ 

ʨʘʙʦʪʳ [263, 264]) ʛʠʧʝʨʙʦʣʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʥʘʫʯʝʥʠʷ ʢʘʢ ʬʫʥʢʮʠʷ ʥʝ-

ʧʨʝʨʳʚʥʦʛʦ ʚʨʝʤʝʥʠ. ɻʠʧʝʨʙʦʣʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʚ ʜʠʩʢʨʝʪʥʦʡ ʬʦʨʤʝ 

ʠʤʝʝʪ ʚʠʜ 
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1

1
1

1
/ atE L

a t
             (3.26) 

ʆʥʘ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʦʪ ʥʫʣʷ (ʧʨʠ t = 0) ʜʦ 1 (ʧʨʠ t Ÿ +Ð). 

ʂʘʢ ʠ ʚ ʧʨʠʤʝʨʝ ʩ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ, ʚʚʝʜʷ ʢʦʤʧʘʢʪʥʳʝ ʦʙʦ-

ʟʥʘʯʝʥʠʷ 
1

1
1

1
t / a

x
a t

, ʣʝʛʢʦ ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʦʛʠʯʥʳʝ ʚʳʢʣʘʜʢʠ 

ʧʨʠ ɓ<<1 ʠ aɓ<<1 ʠ ʧʦʣʫʯʠʪʴ xt+1 = xt + (1 - xt)
a+1

. 

ʋʩʣʦʚʠʝ ɓ<<1 ʨʘʚʥʦʩʠʣʴʥʦ ɛ ŭ = ɛ / K<<1, ʧʦʵʪʦʤʫ ʛʠʧʝʨʙʦʣʠʯʝ-

ʩʢʘʷ ʢʨʠʚʘʷ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʨʘʟʥʦʩʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (3.25) ʧʨʠ 

çʙʦʣʴʰʦʡè ʨʘʟʤʝʨʥʦʩʪʠ K ʤʥʦʞʝʩʪʚʘ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

ʉʨʝʜʥʷʷ ʜʣʠʥʘ ʩʝʨʠʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʚʥʘ Nt = (1 + aɓt)
1/a

 - 1. 

ʈʘʟʥʦʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʩʨʝʜʥʝʡ ʜʣʠʥʳ ʩʝʨʠʠ: 

Nt+1 = [(Nt +1)
a
 + aɓ]

1/a
. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ a = 1 ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʚʠʜ Nt+1 = Nt + ɓ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʠʧʝʨʙʦʣʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʥʘʫʯʝʥʠʷ (3.26) (ʝʸ ʨʘʟ-

ʥʦʩʪʥʳʡ ʘʥʘʣʦʛ: E[Lt] = E[Lt-1] + ɓ (1 - E[Lt-1]
1+a
) ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ çʩʣʦʞʥʦʛʦ ʦʩʚʦʝʥʠʷè, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʤ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʩʪʦʷʥʠʡ 

ʧʨʠʨʦʜʳ ʠ ʫʙʳʚʘʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʨʦʚʝʨʦʢ ʩʦʩʪʦʷʥʠʡ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʩ ʨʦʩʪʦʤ ʜʦʩʪʠʛʥʫʪʦʛʦ ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ. 

ɸʚʪʦʥʘʫʯʝʥʠʝ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʚʨʝʤʝʥʠ. ʈʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʴ ʘʚ-

ʪʦʥʘʫʯʝʥʠʷ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʚʨʝʤʝʥʠ - ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʜʣʷ ʫʨʦʚʥʷ ʥʘʫʯʝʥʠʷ z(t)  ɴ[0; 1], t Ó 0: 

( ) (1 ) ( )z t z p z               

(3.27) 

ʩ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ z(0) =   [0; 1), ʛʜʝ  > 0, p (Ā): [0; 1]  (0; A] ï 

ʥʝʧʨʝʨʳʚʥʘʷ ʬʫʥʢʮʠʷ, ʛʜʝ 0 < A < + Ð (ʝʩʣʠ p  ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ 

ʚʝʨʦʷʪʥʦʩʪʴ, ʪʦ A = 1). 

ʀʟ ʚʚʝʜʸʥʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ: 

ʘ) ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (3.27) ʩʫʱʝʩʪʚʫʝʪ ʠ ʝʜʠʥʩʪʚʝʥʥʦ; 

ʙ) ʟʘʚʠʩʠʤʦʩʪʴ z(t) ʷʚʣʷʝʪʩʷ ʩʪʨʦʛʦ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʱʝʡ,

0 ( )t z t ; 

ʚ) ʝʩʣʠ z(0) = 0, ʪʦ  t Ó 0 z(t) Ò 1 ï exp(-ɔAt); 

ʛ) ʟʘʚʠʩʠʤʦʩʪʴ z(t) ʷʚʣʷʝʪʩʷ ʟʘʤʝʜʣʝʥʥʦ-ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ, ʪ.ʝ. 

lim ( ) 1, lim ( ) 0
t t

z t z t . 
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ɺʘʨʴʠʨʫʷ p (z), ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʢʨʠʚʳʝ ʘʚʪʦʥʘʫʯʝ-

ʥʠʷ. ʏʘʩʪʥʳʤʠ ʩʣʫʯʘʷʤʠ ʷʚʣʷʶʪʩʷ ʤʥʦʛʠʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʢʣʘʩ-

ʩʳ ʢʨʠʚʳʭ ʥʘʫʯʝʥʠʷ, ʘ ʠʤʝʥʥʦ: 

1) ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʢʨʠʚʘʷ (çʚʳʨʦʞʜʝʥʥʳʡ ʩʣʫʯʘʡè - ʘʚʪʦʥʘʫʯ-

ʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ): 

p (z)  1, (ʠʤʝʝʪ ʤʝʩʪʦ ʦʙʳʯʥʦʝ ʥʘʫʯʝʥʠʝ):  = 0; ( ) (1 )z t z ; 

z(t) = 1 ï exp(-ɔt). 

2) ʃʦʛʠʩʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ: 

p (z) = z,  > 0; ( ) (1 )z t z z ; z(t) = (1 +(ɚ
-1
ï 1)exp(-ɔt))

-1
. 

2) ɻʠʧʝʨʙʦʣʠʯʝʩʢʘʷ ʢʨʠʚʘʷ: 

p (z)  (1 ï z)
a
, a > 0,  = 0; 

1
( ) (1 )

a
z t z ; z(t) = 1 - (1 + aɔt)

-1/a
. 

ʄʦʜʝʣʴ ʘʚʪʦʥʘʫʯʝʥʠʷ (3.27) ʜʦʧʫʩʢʘʝʪ ʨʷʜ ʨʘʩʰʠʨʝʥʠʡ ï ʧʝʨʝʭʦʜ 

ʢ ʤʦʜʝʣʷʤ ʥʘʫʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʠ ʢ ʤʦʜʝʣʷʤ ʛʨʫʧʧʦʚʦʛʦ 

ʥʘʫʯʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʴ ʥʘʫʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ (Learning-by-

Doing), ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʦʙʫʯʘʝʤʳʡ ʩʫʙʲʝʢʪ ʤʦʞʝʪ ʚʳʙʠʨʘʪʴ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ w(t) Ó 0 ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʦʙʲʝʤ ʨʘʙʦʪʳ, ʚʳʧʦʣʥʷʝʤʳʡ ʚ 

ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʯʠʩʣʦ ʩʦʩʪʦʷʥʠʡ ʧʨʠʨʦʜʳ, ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʚ ʝʜʠʥʠ-

ʮʫ ʚʨʝʤʝʥʠ, ʠ ʪ.ʜ.). ʆʙʲʝʤ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ W(t) = 
0

( )
t

w d  ʤʦʞʥʦ 

ʫʩʣʦʚʥʦ ʩʯʠʪʘʪʴ ʪʝʤ çʦʧʳʪʦʤè, ʢʦʪʦʨʳʡ ʥʘʢʦʧʠʣ ʩʫʙʲʝʢʪ, ʝʛʦ çʵʬ-

ʬʝʢʪʠʚʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʚʨʝʤʝʥʝʤè [87]. 

ʇʦʜʩʪʘʚʣʷʷ ʚ (3.27) ʚʤʝʩʪʦ p (z) ʠʥʪʝʥʩʠʚʥʦʩʪʴ w(t), ʧʦʣʫʯʠʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ 

( ) (1 ) ( )z t z w t               (3.28) 

ʨʝʰʝʥʠʝʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ çʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷè ʢʨʠʚʘʷ ʥʘʫʯʝʥʠʷ 

zw(t) = 1 ï exp(-W(t))             (3.29) 

ɽʩʣʠ ʩʯʠʪʘʪʴ, ʩʣʝʜʫʷ [87], ʯʪʦ (3.29) ï ʚʝʨʦʷʪʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʘ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t (ʜʦʣʷ ʫʩʧʝʰʥʳʭ ʜʝʡʩʪʚʠʡ ʩʫʙʲʝʢʪʘ), ʪʦ 

ʢʫʤʫʣʷʪʠʚʥʳʡ ʦʞʠʜʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʣʝʜʫʶʱʠʤ 

ʚʳʨʘʞʝʥʠʝʤ  

W+(t) = 
0

)( ()w

t

wz d  = 
0 0

1 )ex ))( (p(
t

w d w d          (3.30) 

ɽʩʣʠ ʟʘʜʘʥ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ T Ó 0 ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʦʙʲʝʤ ʨʘʙʦʪ 

W0, ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʚʳʧʦʣʥʠʪʴ ʩʫʙʲʝʢʪ, ʪʦ ʠʟ (3.28 - 3.30) ʧʦʣʫʯʘʝʤ, 

ʯʪʦ ʟʘʜʘʯʘ ʤʘʢʩʠʤʠʟʘʮʠʠ ʦʞʠʜʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʧʨʠʤʝʪ ʚʠʜ ʟʘʜʘʯʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 
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W+(T) 
0( ), ( )

max
w W T W

. 

ɸʥʘʣʦʛʠʯʥʳʝ ʟʘʜʘʯʠ (ʚ ʪ.ʯ. ʩ ʫʯʝʪʦʤ ʟʘʪʨʘʪ ʩʫʙʲʝʢʪʘ ʠ ʪ.ʧ.), ʪʨʘʢ-

ʪʫʝʤʳʝ ʢʘʢ ʟʘʜʘʯʠ ʦʙ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ ʥʘʫʯʝʥʠʷ ʩʫʙʲʝʢʪʘ, ʨʘʩ-

ʩʤʘʪʨʠʚʘʶʪʩʷ ʚ [23, 87]. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʥʘʩʪʦʷʱʝʛʦ ʨʘʟʜʝʣʘ ʦʧʠʰʝʤ ʚ ʪʝʨʤʠʥʘʭ ʘʚʪʦʥʘʫʯ-

ʝʥʠʷ ʧʨʦʮʝʩʩ ʛʨʫʧʧʦʚʦʛʦ ʥʘʫʯʝʥʠʷ [87]. 

ɼʦ ʩʠʭ ʧʦʨ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʥʘʫʯʝʥʠʷ ʩʫʙʲʝʢʪʘ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ 

ʩʫʙʲʝʢʪ ʫʯʠʪʩʷ ʪʦʣʴʢʦ çʥʘ ʩʦʙʩʪʚʝʥʥʦʤ ʦʧʳʪʝè. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʢʦʣ-

ʣʝʢʪʠʚʘʭ ʠʤʝʝʪ ʤʝʩʪʦ ʦʙʤʝʥ ʦʧʳʪʦʤ, ʠ ʩʫʙʲʝʢʪʳ, ʥʘʙʣʶʜʘʷ ʟʘ ʜʝʷ-

ʪʝʣʴʥʦʩʪʴʶ ʜʨʫʛʠʭ (ʠʭ ʫʩʧʝʭʘʤʠ ʠ ʪʨʫʜʥʦʩʪʷʤʠ), ʤʦʛʫʪ ʪʘʢʞʝ ʧʨʠʦʙ-

ʨʝʪʘʪʴ ʦʧʳʪ (ʩʤ. ʤʦʜʝʣʠ ʚ [87]). ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʪʨʘʟʠʪʴ ʵʪʦʪ ʵʬʬʝʢʪ, 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘʢʦʧʣʝʥʥʳʡ ʩʫʙʲʝʢʪʦʤ çʦʧʳʪè pʟʘʚʠʩʠʪ ʦʪ 

ʫʨʦʚʥʝʡ ʥʘʫʯʝʥʠʷ ʜʨʫʛʠʭ ʩʫʙʲʝʢʪʦʚ. 

ʇʫʩʪʴ ʠʤʝʝʪʩʷ n ʩʫʙʲʝʢʪʦʚ. ʆʙʦʟʥʘʯʘʷ ʯʝʨʝʟ i ʥʦʤʝʨ ʩʫʙʲʝʢʪʘ, 

ʯʝʨʝʟ zi ï ʫʨʦʚʝʥʴ ʝʛʦ ʥʘʫʯʝʥʠʷ, ʯʝʨʝʟ z = (z1, z2, é , zn) ï ʚʝʢʪʦʨ ʫʨʦʚ-

ʥʝʡ ʥʘʫʯʝʥʠʷ, ʟʘʧʠʰʝʤ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʩʫʙʲʝʢʪʦʚ ʘʥʘʣʦʛ ʫʨʘʚʥʝʥʠʷ 

(3.27): 

( ) (1 ) ( ), 1,
i i i i

z t z p i nz             (3.31) 

ɺʣʠʷʥʠʝ ʩʫʙʲʝʢʪʦʚ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʚ ʤʦʜʝʣʠ (3.31) ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʣʠʯʥʳʤ: 

- ʝʩʣʠ 
( )

i

j

p

z

z
 > 0, ʪʦ i-ʳʡ ʩʫʙʲʝʢʪ ʧʝʨʝʥʠʤʘʝʪ ʦʧʳʪ j-ʛʦ ʩʫʙʲʝʢʪʘ; 

- ʝʩʣʠ
( )

i

j

p

z

z
 < 0, ʪʦ ʦʧʳʪ j-ʛʦ ʩʫʙʲʝʢʪʘ çʤʝʰʘʝʪè i-ʤʫ ʩʫʙʲʝʢʪʫ; 

- ʝʩʣʠ
( )

i

j

p

z

z
 ſ 0, ʪʦ ʧʨʠʦʙʨʝʪʝʥʠʝ ʦʧʳʪʘ j-ʳʤ ʩʫʙʲʝʢʪʦʤ ʥʝ ʚʣʠʷ-

ʝʪ ʥʘ i-ʛʦ ʩʫʙʲʝʢʪʘ. 

ɼʣʷ ʤʦʜʝʣʠ (3.31) ʟʘʜʘʯʘ ʦ ʦʧʪʠʤʘʣʴʥʦʤ ʩʦʚʤʝʩʪʥʦʤ ʥʘʫʯʝʥʠʠ 

ʛʨʫʧʧʳ ʩʫʙʲʝʢʪʦʚ ʤʦʞʝʪ ʩʪʘʚʠʪʴʩʷ ʠ ʨʝʰʘʪʴʩʷ ʘʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʢʘʢ 

ʵʪʦ ʜʝʣʘʝʪʩʷ ʜʣʷ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʚ [87]. 

 

3.5. ʄʦʜʝʣʠ ʦʧʪʠʤʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ 

 

3.5.1. ʄʦʜʝʣʴ ʪʠʧʦʚʳʭ ʨʝʰʝʥʠʡ 

 

ʈʘʩʩʤʦʪʨʠʤ ʩʫʙʲʝʢʪʘ (ʘʛʝʥʪʘ), ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʝʪ ʚ ʧʨʦʮʝʩʩʝ 

ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʝ ʠʣʠ ʠʥʳʝ ʨʝʰʝʥʠʷ [18, 23]. ʇʫʩʪʴ ʵʬʬʝʢʪʠʚ-
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ʥʦʩʪʴ ʨʝʰʝʥʠʡ x  ɴ[0; 1] ʘʛʝʥʪʘ ʦʧʠʩʳʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ f(x, ɗ), ʟʘʚʠ-

ʩʷʱʝʡ ʦʪ ʨʝʘʣʠʟʦʚʘʚʰʝʛʦʩʷ ʟʥʘʯʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ 

ɗ  ɴ[0; 1], ʧʨʠʯʸʤ arg 
[0;1]

max
x

 f(x, ɗ) = ɗ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʡ ʬʫʥʢʮʠʠ ʷʚʣʷ-

ʝʪʩʷ f(x, ɗ) = 1 ï (x - ɗ)
2
. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʘʛʝʥʪ ʨʘʟʣʠʯʘʝʪ K ʟʥʘʯʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʚʥʝh-

ʥʝʡ ʩʨʝʜʳ, ʨʝʘʣʠʟʫʶʱʠʭʩʷ ʩ ʚʝʨʦʷʪʥʦʩʪʷʤʠ {pk}, k = 1,K . ʈʘʟʦʙʴʸʤ 

ʝʜʠʥʠʯʥʳʡ ʦʪʨʝʟʦʢ
34

 ʥʘ K ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʦʪʨʝʟʢʦʚ ȹk ʩ ʜʣʠʥʘʤʠ 

{ pk} ʠ ʛʨʘʥʠʮʘʤʠ [
1

0

k

i

i

p ; 
0

k

i

i

p ], ʩʯʠʪʘʷ p0 = 0. 

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʦʮʝʩʩ ʦʩʚʦʝʥʠ ̫ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: ʚ ʢʘʞ-

ʜʳʡ ʜʠʩʢʨʝʪʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʨʝʘʣʠʟʫʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʩʦʩʪʦʷʥʠʝ 

ʚʥʝʰʥʝʡ ʩʨʝʜ rɗ  ɴȹk; ʝʩʣʠ ʩʦʩʪʦʷʥʠʝ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʨʝʘʣʠʟʫʝʪʩʷ 

ʧʦʚʪʦʨʥʦ, ʪʦ ʘʛʝʥʪ ʧʨʠʥʠʤʘʝʪ ʦʧʪʠʤʘʣʴʥʦʝ ʧʨʠ ʵʪʦʤ ʩʦʩʪʦʷʥʠʠ ʚʥʝh-

ʥʝʡ ʩʨʝʜʳ ʨʝʰʝʥʠʝ x
*
(ɗ) (x

*
(ɗ) = arg max

jx
 f(x, )); ʝʩʣʠ ʥʝʢʦʪʦʨʦʝ 

(ʥʘʧʨʠʤʝʨ, j-ʝ) ʩʦʩʪʦʷʥʠʝ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʧʝʨʚʳʡ ʨʘʟ, ʪʦ 

ʘʛʝʥʪ ʧʨʠʥʠʤʘʝʪ ʧʨʦʠʟʚʦʣʴʥʦʝ ʨʝʰʝʥʠʝ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʪʨʝʟʢʘ 

(ȹj). ɼʘʥʥʳʡ ʧʨʠʥʮʠʧ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʫʩʣʦʚʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʜʝʣʠ ʈ. ɸʫʤʘʥʥʘ, ʢʦʪʦʨʳʡ ʚ [134] ʨʘʟʜʝʣʷʣ ʧʨʠʥʷʪʠʝ 

ʨʝʰʝʥʠʡ, ʦʧʪʠʤʘʣʴʥʳʭ ʚ ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ (act-rationality), ʠ ʧʨʠʥʷ-

ʪʠʝ ʨʝʰʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʧʨʘʚʠʣʘʤʠ 

(rule-rationality). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʦʜʝʣʴ ʦʪʨʘʞʘʝʪ 

ʠʜʝʦʣʦʛʠʶ ʪʠʧʦʚʳʭ ʨʝʰʝʥʠʡ [39], ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʫʶ ʚ ʪ.ʯ. ʚ ʩʠʪʫʘ-

ʮʠʦʥʥʦʤ ʠ ʘʜʘʧʪʠʚʥʦʤ ʫʧʨʘʚʣʝʥʠʠ [98, 101]. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʬʫʥʢʮʠʷ f(Ā, ɗ) ʨʘʚʥʦʤʝʨʥʦ l-ʣʠʧʰʠʮʝʚʘ (l > 0, 

ʠʥʘʯʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʨʝʰʝʥʠʡ) ʧʦ ʧʝʨʚʦʡ ʧʝʨʝʤʝʥʥʦʡ 

ʧʨʠ ʣʶʙʳʭ ʩʦʩʪʦʷʥʠʷʭ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʪʦʛʜʘ ʦʮʝʥʢʘ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʦʞʠʜʘʝʤʦʡ ʦʰʠʙʢʠ (ʚʳʯʠʩʣʷʝʤʦʡ ʢʘʢ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʴʶ ʧʨʠʥʷʪʦʛʦ ʨʝʰʝʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

[39, 93]) ʧʨʠʥʠʤʘʝʤʳʭ ʠʤ ʨʝʰʝʥʠʡ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʙʫʜʝʪ ʠʤʝʪʴ 

ʚʠʜ (ʩʤ. ʪʘʢʞʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʨʠʚʦʡ ʦʩʚʦʝʥʠʷ ʚʳʰʝ): 
1

(1 )
K

t

k k

k

p p l

. 

                                                           
34 ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʥʠʞʝ ʚ ʨʘʟʜʝʣʘʭ 3.5.1 ʠ 3.5.2 ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʥʝʩʝʥʳ 
ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʪʝʨʤʠʥʦʚ ʥʘ ʤʦʜʝʣʴ ʨʘʟʙʠʝʥʠʡ ʧʨʦʩʪʨʘʥʩʪʚʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʦʙʳ-
ʪʠʡ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʚʝʨʦʷʪʥʦʩʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʊʘʢʘʷ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠ-
ʪʝʣʴʥʦ ʙʦʣʝʝ çʙʦʛʘʪʦʡè ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʜʠʥʠʯʥʳʤ ʦʪʨʝʟʢʦʤ. 
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ɿʘʬʠʢʩʠʨʦʚʘʚ ʧʨʦʠʟʚʦʣʴʥʦʝ ʮʝʣʦʝ K Ó 1 ʠ ʤʠʥʠʤʘʣʴʥʳʡ ʧʦʨʦʛ ɟ: 

0 < ɟ Ò 1 / K ʨʘʟʣʠʯʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʩʬʦʨʤʫʣʠʨʫʝʤ 

ʟʘʜʘʯʫ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʙʠʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦ-

ʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (ʝʜʠʥʠʯʥʦʛʦ ʦʪʨʝʟʢʘ) ʥʘ K ʧʦʜʤʥʦʞʝʩʪʚ: 

Q({ pk},  t) = 
2

1

( ) (1 )
K

t

k k

k

p p l  

1

{ }: 1

min
K

k k

k

p p

          (3.32) 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʥʝʥʫʣʝʚʦʛʦ ʧʦʨʦʛʘ ɟ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʴʶ ʫʡʪʠ ʦʪ ʪʨʠʚʠʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ p1 = 1, pj = 0, j = 2,K . 

ɺ ʩʣʫʯʘʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (pk = 1 / K) ʢʨʠʪʝʨʠʡ ʟʘʜʘʯʠ 

(3.32) ʧʨʠʤʝʪ ʚʠʜ 

Q0(K, t) = l/K(1 - 1/K)
t
             (3.33) 

ɿʘʜʘʯʘ (3.32) ʤʦʞʝʪ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴʩʷ ʢʘʢ ʟʘʜʘʯʘ ʧʦʠʩʢʘ ʦʧʪʠ-

ʤʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʪʠʧʦʚʳʭ ʨʝʰʝʥʠʡ, ʤʠʥʠʤʠʟʠʨʫʶʱʠʭ ʦʞʠʜʘʝʤʫʶ 

ʦʰʠʙʢʫ ʧʨʠʥʠʤʘʝʤʳʭ ʚ ʟʘʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʨʝʰʝʥʠʡ. 

ʋʪʚʝʨʞʜʝʥʠʝ 3.4.  ɟɴ(0;1/K]  ɱt(ɟ) ʪʘʢʦʝ, ʯʪʦ  Ű > t(ɟ) ʨʘʚʥʦ-

ʤʝʨʥʦʝ ʨʘʟʙʠʝʥʠʝ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ 

Q({ pk},  Ű) 

1

{ }: 1

min
K

k k

k

p p

             (3.34) 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʫʪʚʝʨʞʜʝʥʠʷ 3.4 ʧʨʠʚʝʜʝʥʦ ʚ ʧʨʠʣʦʞʝʥʠʠ ʇ.2. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (3.34) ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʩʪʘʥʪʳ 

ʃʠʧʰʠʮʘ l. 

ʇʨʠʤʝʨ 3.1. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ Q(p, t) ʧʨʠ K = 2 ʧʨʠʚʝʜʸʥ ʥʘ 

ʨʠʩʫʥʢʝ 3.1. 
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ʈʠʩ. 3.1. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ Q(p, t) ʚ ʧʨʠʤʝʨʝ 3.1 

 

ʄʦʞʥʦ ʦʙʦʙʱʠʪʴ ʨʝʟʫʣʴʪʘʪ ʫʪʚʝʨʞʜʝʥʠʷ 3.4 ʥʘ ʩʣʝʜʫʶʱʠʡ ʩʣʫ-

ʯʘʡ. ʇʫʩʪʴ ʉk(x) ï çʧʦʪʝʨʠè ʘʛʝʥʪʘ ʧʨʠ ʧʝʨʚʦʡ ʨʝʘʣʠʟʘʮʠʠ k-ʛʦ ʩʦʩʪʦ-

ʷʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (ʟʘʪʨʘʪʳ ʥʘ ʥʘʭʦʞʜʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

ʥʘ ʦʪʨʝʟʢʝ ʜʣʠʥʦʡ x). ɿʘʜʘʯʘ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ (ʚ ʩʤʳʩʣʝ ʤʠʥʠ-

ʤʫʤʘ ʦʞʠʜʘʝʤʳʭ ʧʦʪʝʨʴ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t) ʨʘʟʙʠʝʥʠʷ ʤʥʦʞʝʩʪʚʘ 

ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (ʝʜʠʥʠʯʥʦʛʦ ʦʪʨʝʟʢʘ) ʥʘ K 

ʧʦʜʤʥʦʞʝʩʪʚ ʠʤʝʝʪ ʚʠʜ 

Qʉ({ pk},  t) = 
1

( ) (1 )
K

t

k k k k

k

C p p p  

1

{ }: 1

min
K

k k

k

p p

          (3.35) 

ʉʣʝʜʩʪʚʠʝ 3.1. ɽʩʣʠ ʬʫʥʢʮʠʠ Ck( ) ʧʨʠʥʠʤʘʶʪ ʩʪʨʦʛʦ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʳʝ ʧʝʨʚʫʶ ʠ ʚʪʦʨʫʶ ʧʨʦʠʟʚʦʜ-

ʥʳʝ ʧʨʠ k = 1,K , ʪʦ ɟɴ(0;1/K]  ɱt(ɟ) ʪʘʢʦʝ, ʯʪʦ  Ű > t(ɟ) ʝʜʠʥʩʪʚʝʥ-

ʥʳʤ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ (3.35) ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʟʙʠʝʥʠʝ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʩʣʝʜʩʪʚʠʷ 3.1 ʧʨʠʚʝʜʝʥʦ ʚ ʧʨʠʣʦʞʝʥʠʠ ʇ.2. 

ʇʫʩʪʴ ʪʝʧʝʨʴ ʚ ʩʣʫʯʘʝ ʧʦʚʪʦʨʥʦʡ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʨʝʘʣʠʟʘʮʠʡ k-ʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʘʛʝʥʪ ʧʦʣʫʯʘʝʪ çʚʳʠʛʨʳʰè Hk(pk). ɿʘʜʘʯʘ 

ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ (ʚ ʩʤʳʩʣʝ ʤʘʢʩʠʤʠʟʘʮʠʠ ʦʞʠʜʘʝʤʦʡ ʧʦʣʝʟʥʦʩʪʠ 

(çʨʘʟʥʦʩʪʠè ʤʝʞʜʫ çʚʳʠʛʨʳʰʝʤè ʠ çʟʘʪʨʘʪʘʤʠè) ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t) 

ʨʘʟʙʠʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (ʝʜʠʥʠʯ-

ʥʦʛʦ ʦʪʨʝʟʢʘ) ʥʘ K ʧʦʜʤʥʦʞʝʩʪʚ ʠʤʝʝʪ ʚʠʜ 

QH({ pk},  t) 

1

{ }: 1

max
K

k k

k

p p

             (3.36) 

ʛʜʝ QH({ pk},  t) = 
1

{[1 (1 ) ] ( ) ( )(1 ) }
K

t t

k k k k k k k

k

p p H p C p p . 

ʊʝʦʨʝʤʘ 3.1 (ʦʙ ʦʧʪʠʤʘʣʴʥʳʭ ʪʠʧʦʚʳʭ ʨʝʰʝʥʠʷʭ). ɽʩʣʠ ʬʫʥʢʮʠʷ 

Hk( ) ʪʘʢʦʚʘ, ʯʪʦ ʬʫʥʢʮʠʷ x Hk(x) ʩʪʨʦʛʦ ʚʦʛʥʫʪʘ ʧʨʠ x  ɴ[0; 1], ʘ ʬʫʥʢ-

ʮʠʷ Ck( ) ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ ʩʣʝʜʩʪʚʠʷ 3.1, k = 1,K , ʪʦ 

 ɟ  ɴ(0; 1/K]  ɱt(ɟ) ʪʘʢʦʝ, ʯʪʦ  Ű > t(ɟ) ʝʜʠʥʩʪʚʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʟʘ-

ʜʘʯʠ (3.36) ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʟʙʠʝʥʠʝ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤʳ 3.1. ɺ ʩʠʣʫ ʫʩʣʦʚʠʡ ʪʝʦʨʝʤʳ ʠ ʩʣʝʜʩʪʚʠʷ 

3.1, ʢʘʞʜʦʝ ʠʟ ʩʣʘʛʘʝʤʳʭ ʚ ʢʨʠʪʝʨʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (3.36) ʷʚʣʷʝʪʩʷ 

ʩʪʨʦʛʦ ʚʦʛʥʫʪʦʡ ʬʫʥʢʮʠʝʡ (ʢʘʢ ʨʘʟʥʦʩʪʴ ʩʪʨʦʛʦ ʚʦʛʥʫʪʦʡ ʠ ʩʪʨʦʛʦ 

ʚʳʧʫʢʣʦʡ ʬʫʥʢʮʠʡ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, QH({ pk},  t) ʷʚʣʷʝʪʩʷ ʚʦʛʥʫʪʦʡ 

ʬʫʥʢʮʠʝʡ {pk}. ɸʥʘʣʦʛʠʯʥʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʫ ʫʪʚʝʨʞʜʝʥʠʷ 3.4, ʤʦʞʥʦ 
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ʧʦʢʘʟʘʪʴ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʦʜʠʥʘʢʦʚʳʝ ʟʥʘʯʝʥʠʷ {pk}. 

ʊʝʦʨʝʤʘ 3.1 ʜʦʢʘʟʘʥʘ. 

ʋʪʚʝʨʞʜʝʥʠʝ 3.4 ʛʣʘʩʠʪ, ʯʪʦ ʜʣʷ ʣʶʙʦʛʦ ʧʦʨʦʛʘ ʥʘʡʜʸʪʩʷ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ, ʥʘʯʠʥʘʷ ʩ ʢʦʪʦʨʦʛʦ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʫʜʝʪ ʤʠ-

ʥʠʤʠʟʠʨʦʚʘʪʴ ʦʞʠʜʘʝʤʫʶ ʦʰʠʙʢʫ ʧʨʠʥʠʤʘʝʤʳʭ ʘʛʝʥʪʦʤ ʨʝʰʝʥʠʡ. 

ɺʦʟʥʠʢʘʝʪ ʟʘʢʦʥʦʤʝʨʥʳʡ ʚʦʧʨʦʩ, ʚʝʨʥʦ ʣʠ çʦʙʨʘʪʥʦʝè ʫʪʚʝʨʞʜʝʥʠʝ, 

ʯʪʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʫ-

ʝʪ ʧʦʨʦʛ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʤʝʥʥʦ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴ-

ʥʦ. ʉʣʝʜʫʶʱʝʝ ʫʪʚʝʨʞʜʝʥʠʝ ʜʘʸʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʦʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦ-

ʧʨʦʩ. 

ʋʪʚʝʨʞʜʝʥʠʝ 3.5.  t  Ó [2K ï 3/2 + 22( 1)K K ]  ɱɟ(t) Ò 1/K ʪʘ-

ʢʦʝ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ Q({ pk},  t) 

1

{ ( )}: 1

min
K

k k

k

p t p

 ʷʚʣʷʝʪʩʷ 

ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʟʙʠʝʥʠʝ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʫʪʚʝʨʞʜʝʥʠʷ 3.5 ʪʨʠʚʠʘʣʴʥʦ, ʪ.ʢ. ʣʝʛʢʦ ʫʙʝʜʠʪʴ-

ʩʷ, ʯʪʦ ʚ ʨʘʤʢʘʭ ʝʛʦ ʫʩʣʦʚʠʡ ʧʨʠ ɟ(t) = 1/K ʚʳʧʦʣʥʝʥʦ çʫʩʣʦʚʠʝ ʚʳ-

ʧʫʢʣʦʩʪʠè: 

2 (1 ï K)
2
 ï 4 t (1 ï 1/K) / K + t (t ï 1) / K

2
 Ó 0. 

ɼʦ ʩʠʭ ʧʦʨ ʯʠʩʣʦ K ʧʦʧʘʨʥʦ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝ-

ʜr  ʙʳʣʦ ʬʠʢʩʠʨʦʚʘʥʦ. ʀʩʩʣʝʜʫʝʤ, ʢʘʢ ʦʪ ʵʪʦʛʦ ʯʠʩʣʘ ʟʘʚʠʩʠʪ ʦʞʠʜʘ-

ʝʤʘʷ ʦʰʠʙʢʘ, ʪ.ʝ. ʨʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

K. ɺ ʩʠʣʫ ʫʪʚʝʨʞʜʝʥʠʷ 3.4 ʠ ʪʝʦʨʝʤʳ 3.1 ʜʦʩʪʘʪʦʯʥʦ ʦʛʨʘʥʠʯʠʪʴʩʷ 

ʢʣʘʩʩʦʤ ʨʘʚʥʦʤʝʨʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ. 

ʇʨʠʤʝʨ 3.2. ʅʘ ʨʠʩʫʥʢʝ 3.2 ʧʨʠʚʝʜʸʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ (3.33) 

ʧʨʠ t = 50; K* = 51. 

 

 
ʈʠʩ. 3.2. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ Q(K, t = 50) ʧʨʠʤʝʨʘ 3.2 
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ʀʟ ʘʥʘʣʠʟʘ ʚʳʨʘʞʝʥʠʷ (3.33) ʩʣʝʜʫʝʪ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʩʣʝʜʫʶʱʝʛʦ 

ʫʪʚʝʨʞʜʝʥʠʷ. 

ʋʪʚʝʨʞʜʝʥʠʝ 3.6. ɼʣʷ ʣʶʙʦʛʦ t Ó 0 ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ 

ʥʘʠʭʫʜʰʝʝ (ʤʘʢʩʠʤʠʟʠʨʫʶʱʝʝ ʦʰʠʙʢʫ ) ʟʥʘʯʝʥʠʝ K*(t) = t + 1. 

ʄʠʥʠʤʫʤ ʦʰʠʙʢʠ (3.33) ʙʫʜʝʪ ʜʦʩʪʠʛʘʪʴʩʷ ʣʠʙʦ ʧʨʠ ʤʘʣʳʭ, ʣʠʙʦ 

ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ K, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʤʠʤʦ ʚʝʣʠ-

ʯʠʥʳ ʦʰʠʙʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʨʠʪʝʨʠʠ, 

ʥʘʧʨʠʤʝʨ, ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʢʦʛʥʠʪʠʚʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʘʛʝʥʪʘ, ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ ʦʪ ʯʠʩʣʘ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʜʨ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʜʦ ʩʠʭ ʧʦʨ ʤʳ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʞʠʜʘʝʤʫʶ ʦʰʠʙʢʫ (ʩʤ. ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʠʟʘʮʠʠ ʚ 

ʟʘʜʘʯʝ (3.32)). 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʫʨʦʚʝʥʴ ʦʩʚʦʝʥʠʷ ï ʚʝʨʦ-

ʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʫʞʝ ʠʟʚʝʩʪʥʦʝ ʘʛʝʥʪʫ ʩʦʩʪʦʷʥʠʝ ʚʥʝh-

ʥʝʡ ʩʨʝʜʳ. 

ɼʣʷ ʟʘʜʘʯʠ ʤʘʢʩʠʤʠʟʘʮʠʠ ʦʞʠʜʘʝʤʦʛʦ ʫʨʦʚʥʷ ʦʩʚʦʝʥʠ ̫

L({ pk},  ) = 1 - 
1

(1 )
K

k k

k

p p  

1

{ }: 1

max
K

k k

k

p p

          (3.37) 

ʤʦʞʥʦ ʜʦʢʘʟʘʪʴ (ʟʘʧʠʩʘʚ ʫʩʣʦʚʠʷ ʚʳʧʫʢʣʦʩʪʠ ʩʣʘʛʘʝʤʳʭ) ʩʣʝʜʫʶʱʠʡ 

ʘʥʘʣʦʛ ʫʪʚʝʨʞʜʝʥʠʷ 3.4. 

ʋʪʚʝʨʞʜʝʥʠʝ 3.7. ɟɴ(0;1/K]  ɱt(ɟ) = 2/ɟ -1 ʪʘʢʦʝ, ʯʪʦ  Ű > t(ɟ) 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ (3.37) ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʟʙʠʝ-

ʥʠʝ. 

ɺ ʩʣʫʯʘʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʞʠʜʘʝʤʦʛʦ 

ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ ʦʪ K ʠʤʝʝʪ ʚʠʜ
35

: 

L(K, t) = 1 ï (1 ï 1/K)
t
             (3.38) 

ʀʟ ʚʳʨʘʞʝʥʠʷ (3.38) ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʣʶʙʦʛʦ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ 

ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ ʫʙʳʚʘʝʪ ʩ ʨʦʩʪʦʤ ʯʠʩʣʘ K 

(ʩʤ. ʪʘʢʞʝ ʨʠʩʫʥʦʢ 3.3), ʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʰʠʙʢʠ ʦʪ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʠʤʝʝʪ, ʚ ʩʠʣʫ ʫʪʚʝʨʞʜʝʥʠʷ 3.6, ʪʦʯʢʫ ʤʘʢʩʠʤʫʤʘ. ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ, ʘ 

ʧʦʯʝʤʫ ʥʝʣʴʟʷ ʚʳʙʨʘʪʴ K = 1, ʪʦ ʝʩʪʴ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʚʩʝʛʦ 

ʦʜʥʦ ʩʦʩʪʦʷʥʠʝ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʊʘʢʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʦʜʥʘʢʦ, ʧʨʠʚʝ-

ʜʸʪ ʚʦʦʙʱʝ ʢ ʦʪʩʫʪʩʪʚʠʶ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʠʟʫʯʘʝʤʦʡ ʩʠʩʪʝʤʳ 

ʦʪ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʇʦʵʪʦʤʫ ʨʘʟʫʤʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʚʝ-

ʜʝʥʠʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʘʧʨʠʦʨʠ ʠʟʚʝʩʪʥʦ ʯʠʩʣʦ K0 ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (ʪʨʝʙʫʶʱʠʭ ʢʘʯʝʩʪʚʝʥʥʦ ʦʪ-

                                                           
35 ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʚ ʨʘʟʜʝʣʝ 3.5 ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʢʨʠʚʦʡ ʦʩʚʦʝʥʠʷ ʠ ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ ʚʤʝ-
ʩʪʦ ʦʙʦʟʥʘʯʝʥʠʷ E[L(Ā)], ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʚ ʨʘʟʜʝʣʘʭ 3.3 ʠ 3.4 ʨʘʥʝʝ, ʦʧʫʩʢʘʝʤ ʩʠʤʚʦʣ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʠ ʠʩʧʦʣʴʟʫʝʤ L(Ā) ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʟʘʧʠʩʠ. 
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ʣʠʯʥʳʭ ʨʝʘʢʮʠʡ ʦʪ ʘʛʝʥʪʘ). ʕʪʦ ʯʠʩʣʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʤʦʞʝʪ ʦʧʨʝ-

ʜʝʣʷʪʴʩʷ ʠʩʭʦʜʷ ʠʟ ʦʙʲʝʢʪʠʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʣʠ ʨʝʪʨʦʩʧʝʢʪʠʚ-

ʥʳʭ ʜʘʥʥʳʭ (ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʠʟʤʝʨʠʤʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ), ʠʣʠ ʦʧʨʝʜʝʣʷʪʴʩʷ ʵʚʨʠʩʪʠʯ-

ʵʚʨʠʩʪʠʯʥʦ/ʵʢʩʧʝʨʪʥʦ (ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʠʩʪʠʥʥʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ ʯʠʩ-

ʣʦ ʚ ʷʚʥʦʤ ʚʠʜʝ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʩʥʠʟʫ ʥʘ ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝ-

ʥʠʝ ʯʠʩʣʘ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ: K Ó K0, ʠ ʜʦʣʞʥʦ 

ʙʳʪʴ ʩʦʛʣʘʩʦʚʘʥʦ ʩ ʚʝʣʠʯʠʥʦʡ çʧʦʨʦʛʘè ɟÒ1/K0. 

ʇʨʠʤʝʨ 3.3. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ (3.38) ʧʨʠʚʝʜʸʥ ʥʘ ʨʠʩʫʥʢʝ 3.3. 

 

 
ʈʠʩ. 3.3. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ L(K, t) ʚ ʧʨʠʤʝʨʝ 3.3 

 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʪʝʧʝʨʴ, ʢʘʢʠʝ ʬʘʢʪʦʨʳ ʤʦʛʫʪ ʩʜʝʨʞʠʚʘʪʴ ʥʝ-

ʦʛʨʘʥʠʯʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ K. çɽʩʪʝʩʪʚʝʥʥʳʝè ʦʛʨʘʥʠʯʝʥʠʷ 

ʥʘ K: 

- ʠʟ pk Ó  ʩʣʝʜʫʝʪ, ʯʪʦ K  1 / ; 

- ʠʟ ʫʪʚʝʨʞʜʝʥʠʷ 3.7 ʩʣʝʜʫʝʪ, ʯʪʦ t(ɟ) Ó 2K - 1; 

- ʝʩʣʠ  - çʧʦʨʦʛè ʨʘʟʣʠʯʝʥʠʷ ʘʛʝʥʪʦʤ ʟʥʘʯʝʥʠʡ ʮʝʣʝʚʦʡ ʬʫʥʢ-

ʮʠʠ, ʪʦ K  l / . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʮʠʦʥʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʟʙʠʝʥʠʝ ʤʥʦʞʝʩʪʚʘ 

ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʥʘ ʪʘʢʦʝ ʯʠʩʣʦ ʨʘʚʥʦʚʝʨʦʷʪʥʳʭ 

çʩʠʪʫʘʮʠʡè (ʜʣʷ ʢʦʪʦʨʳʭ ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʡ ʘʛʝʥʪʦʤ 

ʠʱʫʪʩʷ ʦʧʪʠʤʘʣʴʥʳʝ ʠʣʠ ʪʠʧʦʚʳʝ ʨʝʰʝʥʠʷ), ʢʦʪʦʨʦʝ ʧʨʝʚʳʰʘʣʦ ʙʳ 

ʦʛʨʘʥʠʯʝʥʠʝ K0 ʩʥʠʟʫ, ʦʙʣʘʜʘʣʦ ʙʳ ʨʘʟʫʤʥʳʤ ʢʦʤʧʨʦʤʠʩʩʦʤ ʤʝʞʜʫ 
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ʦʞʠʜʘʝʤʦʡ ʦʰʠʙʢʦʡ ʠ ʫʨʦʚʥʝʤ ʦʩʚʦʝʥʠʷ (ʚ ʟʘʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝ-

ʥʠ) ʠ ʫʜʦʚʣʝʪʚʦʨʷʣʦ ʙʳ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʷʤ ʩʚʝʨʭʫ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʧʦʩʪʘʥʦʚʢʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ (çʫʧʨʘʚʣʝʥʯʝ-

ʩʢʦʡè) ʟʘʜʘʯʠ. ʇʫʩʪʴ ʪʨʝʙʫʝʪʩʷ ʧʨʠ ʟʘʜʘʥʥʳʭ K0, l ʠ ɟ ʜʦʩʪʠʯʴ ʢ ʤʦ-

ʤʝʥʪʫ ʚʨʝʤʝʥʠ  ʪʨʝʙʫʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ Lʪʨʝʙ, ʦʙʝʩʧʝ-

ʯʠʚ ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʦʞʠʜʘʝʤʦʡ ʦʰʠʙʢʠ ʥʝ ʙʦʣʝʝ Ů. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʪʨʝʙʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ ʫʪʚʝʨʞʜʝʥʠʷ 3.4 ʩʦʚʤʝʩʪʥʘ, ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ 

ʮʝʣʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ K, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʝ ʥʝʨʘ-

ʚʝʥʩʪʚ (ʩʤ. ʪʘʢʞʝ ʚʳʨʘʞʝʥʠʷ (3.33) ʠ (3.38)): 

0

ʪʨʝʙ

1 ,

11 (1 ) ,

1(1 ) .

K K

L
K

l
K K

             (3.39) 

ʀʟ ʨʝʟʫʣʴʪʘʪʘ ʫʪʚʝʨʞʜʝʥʠʷ 3.6 ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ K0  K*( ) ʜʦʩʪʘ-

ʪʦʯʥʦ ʧʨʦʚʝʨʠʪʴ, ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʣʠ ʩʠʩʪʝʤʝ (3.39) ʟʥʘʯʝʥʠʝ K = K0 

(ʚʳʙʠʨʘʪʴ ʙ·ʣʴʰʠʝ ʟʥʘʯʝʥʠʷ K, ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ, ʪ.ʢ. ʵʪʦ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ ʠ ʩʥʠʟʠʪ ʫʨʦʚʝʥʴ ʦʩʚʦʝʥʠʷ, ʠ ʫʚʝʣʠʯʠʪ ʚʝʣʠʯʠʥʫ ʦʞʠʜʘʝʤʦʡ 

ʦʰʠʙʢʠ); ʘ ʧʨʠ K0 > K*( ) ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʘʪʴ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʘ K. 

 

3.5.2. ʕʥʪʨʦʧʠ ̫ʧʨʦʮʝʩʩʘ ʦʩʚʦʝʥʠ ̫ʪʝʭʥʦʣʦʛʠʠ 

 

ɹʫʜʝʤ ʦʧʠʩʳʚʘʪʴ ʧʨʦʮʝʩʩ ʦʩʚʦʝʥʠʷ çʘʛʨʝʛʠʨʦʚʘʥʦè - ʩʯʠʪʘʪʴ, ʯʪʦ 

ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʤʦʛʫʪ ʠʤʝʪʴ ʤʝʩʪʦ ʜʚʘ ʩʦʙʳʪʠʷ ï ʨʝʘʣʠʟʫ-

ʝʪʩʷ ʠʟʚʝʩʪʥʦʝ ʠʣʠ ʥʝʠʟʚʝʩʪʥʦʝ ʘʛʝʥʪʫ ʩʦʩʪʦʷʥʠʝ ʚʥʝʰʥʝʡ ʩʨʝʜʳ 

(ʧʝʨʚʦʝ ï ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ L({ pk},  t), ʦʧʨʝʜʝʣʷʝʤʦʡ ʚʳʨʘʞʝʥʠʝʤ (3.37)). 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʚʫʭ ʚʦʟʤʦʞʥʳʭ ʩʦʙʳʪʠʡ ʵʥʪʨʦʧʠʷ ʙʫʜʝʪ ʨʘʚʥʘ 

S(t, { pk})  = - L({ pk},  t) ln (L({ pk},  t)) ï

- (1 - L({ pk},  t)) ln (1 - L({ pk},  t))             (3.40) 

ʀʩʩʣʝʜʫʝʤ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʪʨʦʧʠʠ (3.40) ʦʪ {pk}, K ʠ t, ʪ.ʝ. ʨʘʩ-

ʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʤʠʥʠʤʠʟʘʮʠʠ ʵʥʪʨʦʧʠʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t. 

ʊʝʦʨʝʤʘ 3.2 (ʦʙ ʵʥʪʨʦʧʠʠ). ɟɴ(0;1/K]  ɱt(ɟ) = 2/ɟ -1 ʪʘʢʦʝ, ʯʪʦ 

 Ű > t(ɟ) ʝʜʠʥʩʪʚʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʤʠʥʠʤʠʟʘʮʠʠ ʵʥʪʨʦʧʠʠ 

S(t, { pk}) ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʟʙʠʝʥʠʝ. 

S(t, { pk})  Ÿ

1

{ }: 1

min
K

k k

k

p p

             (3.41) 

ʉʧʨʘʚʝʜʣʠʚʦʩʪʴ ʪʝʦʨʝʤʳ 3.2 ʩʣʝʜʫʝʪ ʠʟ ʪʦʛʦ, ʯʪʦ ʵʥʪʨʦʧʠʷ (3.40) 

ʤʠʥʠʤʘʣʴʥʘ, ʢʦʛʜʘ ʤʘʢʩʠʤʘʣʴʥʘ ʦʜʥʘ ʠʟ ʚʝʨʦʷʪʥʦʩʪʝʡ L({ pk},  t) ʠʣʠ 
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(1 - L({ pk},  t)). ɸ, ʚ ʩʠʣʫ ʫʪʚʝʨʞʜʝʥʠʷ 3.7, ʠʤʝʥʥʦ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʤʘʢʩʠʤʠʟʠʨʫʝʪ ʚʝʣʠʯʠʥʫ (3.37). 

ʈʝʟʫʣʴʪʘʪ ʪʝʦʨʝʤʳ 3.2 ʩʦʜʝʨʞʘʪʝʣʴʥʦ ʥʝʪʨʠʚʠʘʣʝʥ ï ʠʤʝʥʥʦ ʤʘʢ-

ʩʠʤʘʣʴʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʥʘʯʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ (ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ) ʥʝ ʪʦʣʴ-

ʢʦ ʤʠʥʠʤʠʟʠʨʫʝʪ ʦʰʠʙʢʫ ʠ ʤʘʢʩʠʤʠʟʠʨʫʝʪ ʫʨʦʚʝʥʴ ʥʘʫʯʝʥʠʷ 

(ʫʪʚʝʨʞʜʝʥʠʷ 3.4 ʠ 3.7 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʥʦ ʠ ʤʠʥʠʤʠʟʠʨʫʝʪ ʵʥʪʨʦʧʠʶ 

ʩʦʩʪʦʷʥʠʡ çʦʙʫʯʝʥʥʦʩʪʠè ʘʛʝʥʪʘ. 

ʋʪʚʝʨʞʜʝʥʠʝ 3.8. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʪʨʦʧʠʠ (3.40) ʥʝ ʟʘ-

ʚʠʩʠʪ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ { pk} ʠ ʨʘʚʥʦ ln(2). 

ʉʧʨʘʚʝʜʣʠʚʦʩʪʴ ʫʪʚʝʨʞʜʝʥʠʷ 3.8 ʩʣʝʜʫʝʪ ʠʟ ʪʦʛʦ, ʯʪʦ ʤʘʢʩʠʤʫʤ 

ʧʦ ʚʨʝʤʝʥʠ ʚʳʨʘʞʝʥʠʷ (3.40) ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ L({ pk},  t) = 1 - L({ pk},  t), 

ʪʦ ʝʩʪʴ ʢʦʛʜʘ ʨʘʚʥʦʚʝʨʦʷʪʥʳ ʩʦʙʳʪʠʷ ʨʝʘʣʠʟʘʮʠʠ ʠʟʚʝʩʪʥʦʛʦ ʠ ʥʦʚʦʛʦ 

ʜʣʷ ʘʛʝʥʪʘ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

ɼʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʪʨʦʧʠʠ S(t, K) ʦʪ 

ʚʨʝʤʝʥʠ ʠ K ʪʘʢʦʚʘ: 

S(t, K) = 
1 1

t tt t

t t

K K K K
ln

K K
-

1 1
t t

t t

K K
ln

K K
 

 

 
 

ʈʠʩ. 3.4. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ S(t, K) ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʨʠ K = 25 (tS(K) å 17) 

 

ʄʘʢʩʠʤʫʤ ʵʥʪʨʦʧʠʠ S(t, K) ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

tS(K) = -ln(2)/ln(1-1/K). ʆʪʤʝʪʠʤ, ʯʪʦ ʠʟ ʚʳʨʘʞʝʥʠʷ ʜʣʷ tS(K) ʩʣʝʜʫʝʪ 

tS(K)  t(ɟ), ʪ.ʝ. ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦ ʧʨʠ ʚʨʝʤʝʥʘʭ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʠʭ ʭʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘ-

ʝʪʩʷ ʤʘʢʩʠʤʫʤ ʵʥʪʨʦʧʠʠ. 
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ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ ʚʳʧʦʣʥʷʝʪʩʷ ʦʙʱʠʡ ʧʨʠʥʮʠʧ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʜʝʪʝʨʤʠʥʠʟʤʘ [3, 116] ï ʠʤʝʝʪʩʷ ʪʦʯʢʘ ʤʘʢʩʠ-

ʤʫʤʘ ʵʥʪʨʦʧʠʠ (ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʵʥʪʨʦʧʠʷ ʨʘʚʥʘ ʥʫʣʶ ï 

ʩʠʩʪʝʤʘ ʧʦʣʥʦʩʪʴʶ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʘ, ʠ ʣʶʙʦʝ ʩʦʩʪʦʷʥʠʝ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ, ʨʝʘʣʠʟʫʶʱʝʝʩʷ ʚ ʧʝʨʚʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʙʫʜʝʪ ʥʦʚʳʤ ʜʣʷ 

ʘʛʝʥʪʘ; ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʵʥʪʨʦʧʠʷ ʪʘʢʞʝ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ). 

 

 
 

ʈʠʩ. 3.5. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ S(t, K)  

 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʵʥʪʨʦʧʠʶ s(t, {pk}) ʧʨʦʮʝʩʩʘ ʥʘʫʯʝʥʠʷ ʚ çʜʝ-

ʪʘʣʴʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠè - ʢʘʢ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ 

ʦʜʥʦʤ ʠʟ 2
K
 ʩʦʩʪʦʷʥʠʡ (ʩʦʩʪʦʷʥʠʝ ʵʪʦʡ ʩʠʩʪʝʤʳ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t 

ʦʧʠʩʳʚʘʝʪʩʷ K-ʤʝʨʥʳʤ ʙʠʥʘʨʥʳʤ ʚʝʢʪʦʨʦʤ xt, ʩʤ. ʚ ʨʘʟʜʝʣ 3.1).  

ʋʪʚʝʨʞʜʝʥʠʝ 3.9.  ɟɴ(0;1/K]  ɱt(ɟ) ʪʘʢʦʝ, ʯʪʦ  Ű > t(ɟ) ʝʜʠʥ-

ʩʪʚʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ (3.42) ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʟʙʠʝʥʠʝ. 

s(t, {pk})  = - 
1

(1 (1 ) ) 1 (1 )
K

t t

k k

k

p ln p

1

{ }: 1

min
K

k k

k

p p

         (3.42) 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʫʪʚʝʨʞʜʝʥʠʷ 3.9 ʩʣʝʜʫʝʪ ʪʝʭʥʠʢʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚ 

ʫʪʚʝʨʞʜʝʥʠʷ 3.4 ʠ ʪʝʦʨʝʤʳ 3.1 (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʢʘʟʘʪʴ 

ʩʪʨʦʛʫʶ ʚʳʧʫʢʣʦʩʪʴ ʧʦ p ʬʫʥʢʮʠʠ (1 ï (1 - p)
t
)ln(1/(1 ï (1 - p)

t
)) ʧʨʠ 

çʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭè t) ʠ ʦʧʫʩʢʘʝʪʩʷ. 
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3.5.3. ʄʦʜʝʣʴ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʝʪʝʚʳʭ ʆʊʉ 

 

ʈʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʴ ʩʝʪʝʚʦʡ ʆʊʉ, ʚʚʝʜʸʥʥʫʶ ʚ ʨʘʟʜʝʣʝ 2.2.3. 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤʠ ʧʨʠʤʝʨʘʤʠ ʣʦʛʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʷʚʣʷʶʪʩʷ ʢʦʥʲʶʥʢʮʠʷ (ʢʦʛʜʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʛʝʥʪʦʤ ʨʝʟʫʣʴ-

ʪʘʪʘ ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʪʠʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʩʝʤʠ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥ-

ʥʳʤʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ):min( ) min { }
i jN i

j N i
Q z z , ʠ ʜʠʟʲʶʥʢʮʠʷ (ʢʦʛʜʘ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʛʝʥʪʦʤ ʨʝʟʫʣʴʪʘʪʘ ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʪʠʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ 

ʭʦʪʷ ʙʳ ʦʜʥʠʤ ʠʟ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ):
max( ) max { }
i jN i

j N i
Q z z . 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚ [19], ʝʩʣʠ ʩʫʙʲʝʢʪʫ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʤʫ ʫʧʨʘʚ-

ʣʝʥʠʝ ɼʉʆʊʉ (ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʝʛʦ ʮʝʥʪʨʦʤ), ʠʟʚʝʩʪʥʳ ʛʨʘʬ G, ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ {Qi( )} ʠ ʟʘʪʨʘʪʳ {ci} ʚʩʝʭ ʘʛʝʥʪʦʚ, ʪʦ ʦʥ ʤʦ-

ʞʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ - ʜʣʷ ʢʘʞʜʦʡ ʚʝʨʰʠʥʳ i ʛʨʘʬʘ 

G: 

1. ʥʘʡʪʠ ʬʫʥʢʮʠʶ Qi(yW(i)), ʦʧʨʝʜʝʣʷʶʱʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʟʫʣʴ-

ʪʘʪʘ zi ʜʝʷʪʝʣʴʥʦʩʪʠ i-ʛʦ ʘʛʝʥʪʘ ʦʪ ʚʝʢʪʦʨʘ yW(i) ʜʝʡʩʪʚʠʡ ʚʩʝʭ ʧʨʝʜ-

ʰʝʩʪʚʝʥʥʠʢʦʚ i-ʛʦ ʘʛʝʥʪʘ (ʜʘʥʥʫʶ ʬʫʥʢʮʠʶ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʩʯʠʪʘʪʴ 

ʘʛʨʝʛʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ i-ʛʦ ʘʛʝʥʪʘ; ʜʣʷ n-ʛʦ ʘʛʝʥʪʘ ʵʪʦ ʙʫʜʝʪ 

ʘʛʨʝʛʠʨʦʚʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ɼʉʆʊʉ ʚ ʮʝʣʦʤ); 

2. ʥʘʡʪʠ ʤʥʦʞʝʩʪʚʦ 

Ai = {( yW(i))  ɴ{0; 1}
|W(i)| 

| Q
i
(yW(i)) = 1}           (3.43) 

ʚʝʢʪʦʨʦʚ ʜʝʡʩʪʚʠʡ ʘʛʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʜʦʩʪʠʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ 

i-ʛʦ ʘʛʝʥʪʘ; 

3. ʥʘʡʪʠ ʤʥʦʞʝʩʪʚʦ 

*

iA  = Arg 
( )
min

iW i

j
y A

j W i

c              (3.44) 

ʚʝʢʪʦʨʦʚ ʜʝʡʩʪʚʠʡ ʘʛʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʜʦʩʪʠʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ 

i-ʛʦ ʘʛʝʥʪʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʩʫʤʤʘʨʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʘʛʝʥʪʦʚ 

Ci = ci + 
( )
min

iW i

j
y A

j W i

c              (3.45) 

ɺ ʩʣʫʯʘʝ ʢʦʥʲʶʥʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʤʥʦʞʝʩʪʚʘ 

(3.43) ʠ (3.44) ʠʤʝʶʪ ʚʠʜ An
*
 = An = N. ɺ ʩʣʫʯʘʝ ʜʠʟʲʶʥʢʪʠʚʥʳʭ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ An
*
 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʞʝʩʪʚʦ ʚʝʨʰʠʥ 

ʛʨʘʬʘ G, ʣʝʞʘʱʠʭ ʥʘ ʢʨʘʪʯʘʡʰʝʤ (ʧʦ ʩʫʤʤʝ ʟʘʪʨʘʪ) ʧʫʪʠ ʦʪ ʣʶʙʦʛʦ ʠʟ 

ʚʭʦʜʦʚ ʩʝʪʠ ʜʦ ʝ yʚʳʭʦʜʘ, ʘ ʚʝʣʠʯʠʥʘ Cn ʨʘʚʥʘ çʜʣʠʥʝè ʵʪʦʛʦ ʧʫʪʠ. ɺ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʠ ʢʘ-

ʣʝʥʜʘʨʥʦ-ʩʝʪʝʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ [7, 29, 35, 45, 63]. 
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ɺ [19] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʯʸʪ ʮʝʥʪʨʦʤ ʠʥʪʝʨʝʩʦʚ ʘʛʝʥʪʦʚ ʠ ʧʦʙʫʞʜʝ-

ʥʠʝ ʧʦʩʣʝʜʥʠʭ ʢ ʚʳʙʦʨʫ ʪʨʝʙʫʝʤʳʭ ʜʝʡʩʪʚʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʦʩʪʘʪʦʯ-

ʥʦ ʧʨʦʩʪʦ (ʚ ʨʘʤʢʘʭ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʩʝʪʝʚʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ 

ʩʪʨʫʢʪʫʨ [86] ʠ ʪʝʦʨʝʤ ʦ ʜʝʢʦʤʧʦʟʠʮʠʠ ʠʛʨʳ ʘʛʝʥʪʦʚ [19, 233]), ʧʦ-

ʵʪʦʤʫ ʠʤʝʝʪ ʩʤʳʩʣ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ ʟʘʜʘʯʫ çʧʣʘʥʠʨʦʚʘʥʠʷè, 

ʨʝʰʘʝʤʫʶ ʮʝʥʪʨʦʤ ʠ ʟʘʢʣʶʯʘʶʱʫʶʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʤʥʦʞʝʩʪʚ (3.44). 

ʂʨʦʤʝ ʪʦʛʦ, ʚ [19] ʧʨʠʚʝʜʝʥʳ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʘʛʨʝʛʠʨʫʝʤʦ-

ʩʪʠ ɼʉʆʊʉ, ʪ.ʝ. ʚʦʟʤʦʞʥʦʩʪʠ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʝʪʝʚʦʡ 

ʩʪʨʫʢʪʫʨʳ ʝʜʠʥʩʪʚʝʥʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʦʧʨʝʜʝʣʷʝʤʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ (ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ ʠʩʭʦʜʥʦʡ ʩʝʪʠ). 

ʄʦʜʝʣʴ ɼʉʆʊʉ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʣʥʦʝ ʟʥʘʥʠʝ ʮʝʥʪʨʦʤ ʩʝʪʠ G, ʘ 

ʪʘʢʞʝ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. ʆʜʥʘʢʦ, ʨʝʟʫʣʴʪʘʪ ʨʘʟʨʘʙʦʪʢʠ 

ʪʝʭʥʦʣʦʛʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʩʪʠ ʜʝʡʩʪʚʠʡ ʚ ʫʩʣʦʚʠʷʭ ʘʧʨʠʦʨʥʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʘʢ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʘʢ ʠ ʟʥʘʥʠʡ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ (ʟʥʘʯʝʥʠʷ ʨʝʟʫʣʴ-

ʪʘʪʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʛʝʥʪʘ), ʪ. ʝ. ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʠ/ʠʣʠ ʣʦʛʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʪʝʭʥʦʣʦʛʠʡ. 

ʇʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʩʪʨʘʥʝʥʠʠ ʵʪʦʡ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ (ʩ ʫʯʸʪʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʪʨʘʪ) ʟʘ ʩʯʸʪ ʮʝʣʝʥʘ-

ʧʨʘʚʣʝʥʥʳʭ ʜʝʡʩʪʚʠʡ ʮʝʥʪʨʘ, ʠʟʤʝʥʷʶʱʠʭ ʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʩʪʨʫʢʪʫʨʝ ɼʉʆʊʉ ʠ ʩʠʥʪʝʟʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ï 

ɼʉʆʊʉ, ʧʦʟʚʦʣʷʶʱʝʡ ʜʦʩʪʠʯʴ ʮʝʣʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ 

ʨʘʟʨʘʙʦʪʢʫ ʪʝʭʥʦʣʦʛʠʠ ʠ ʝ yʨʝʘʣʠʟʘʮʠʶ (ʫʧʨʘʚʣʝʥʠʝ ʩʪʦʠʤʦʩʪʴʶ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ɾʎ). 

ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʫʯʝʥʠʷ ʚ ʨʘʤʢʘʭ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʡ ʩʝʪʠ. ʋʧʨʘʚʣʝʥʠʝ (ʧʨʠ ʟʘʜʘʥʥʦʤ çʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʛʨʘʬʝè) 

ʤʦʞʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʨʝʩʫʨʩʦʚ, ʚʳʜʝʣʝʥʥʳʭ 

ʮʝʥʪʨʦʤ ʘʛʝʥʪʫ, ʟʘʚʠʩʠʪ ʯʠʩʣʦ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʘʥʘʣʠʟʠʨʫ-

ʝʤʳʭ ʠʤ ʚ ʝʜʠʥʠʮʫ ʬʠʟʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚʨʝʤʷ 

ʘʥʘʣʠʟʘ ʣʶʙʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʦʜʠʥʘʢʦʚʦ. 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʟʘʜʘʯʘ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1) ʇʦʩʪʨʦʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʛʨʘʬ; 

2) ʈʝʰʠʪʴ ʜʣʷ ʢʘʞʜʦʡ ʝʛʦ ʚʝʨʰʠʥʳ ʟʘʜʘʯʫ ʨʘʟʙʠʝʥʠʷ ʤʥʦʞʝʩʪʚʘ 
ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʥʘ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʥʝʧʝʨʝʩʝ-

ʢʘʶʱʠʭʩʷ ʧʦʜʤʥʦʞʝʩʪʚ, ʦʮʝʥʠʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʢʘʞʜʦʛʦ 

ʧʦʜʤʥʦʞʝʩʪʚʘ (ʩʤ. ʨʘʟʜʝʣ 3.5.1, ʚ ʩʠʣʫ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʟʙʠʝʥʠʝ). 
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3) ʌʠʢʩʠʨʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʫʯʝʥʠʷ ʘʛʝʥʪʦʚ-

ʚʝʨʰʠʥ ʦʪ ʨʝʩʫʨʩʦʚ. 

4) ʅʘʡʪʠ ʟʘʚʠʩʠʤʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʩʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 
ʛʨʘʬʘ ʦʪ ʨʝʩʫʨʩʦʚ (ʩʤ. ʚ ʪ.ʯ. ʚʳʨʘʞʝʥʠʷ (3.43 - 3.45)). 

5) ʈʝʰʠʪʴ ʟʘʜʘʯʫ ʫʧʨʘʚʣʝʥʠʷ (ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʤʝʞʜʫ 

ʚʝʨʰʠʥʘʤʠ). 

ʈʘʩʩʤʦʪʨʠʤ ʨʷʜ ʤʦʜʝʣʝʡ, ʨʝʘʣʠʟʫʶʱʠʭ ʧʦʩʣʝʜʥʠʡ ʧʫʥʢʪ. ʆʙʦ-

ʟʥʘʯʠʤ ʯʝʨʝʟ u  1 çʨʝʩʫʨʩè - ʜʦʣʶ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, çʧʨʦ-

ʚʝʨʷʝʤʳʭè ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. 

ʉʦʛʣʘʩʥʦ (3.2) ʟʘʚʠʩʠʤʦʩʪʴ ʫʨʦʚʥʷ ʥʘʫʯʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʩʣʫ-

ʯʘʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ ʠʤʝʝʪ ʚʠʜ L(t) = 1 ï exp(- u t), ʘ ʜʣʷ ʤʘʪʦʞʠʜʘʥʠʷ ʚʨʝʤʝʥʠ Ű ʜʦ-

ʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʥʘʫʯʝʥʠʷ Lʪʨʝʙ  ɴ[0; 1) ʧʨʠ K >> 1 ʩʧʨʘ-

ʚʝʜʣʠʚʘ ʘʧʧʨʦʢʩʠʤʘʮʠʷ (3.8), ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʘʟʜʝʣʝ 3.3.3: 

Ű(u) = - ln(1 ï Lʪʨʝʙ)/u. 

ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʪʝʦʨʝʤʦʡ 5.1 ʚ [7], ʩ ʫʯʸʪʦʤ ʚʳʧʫʢʣʦʩʪʠ (3.8) ʧʦ u, 

ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʩʣʝʜʫʶʱʝʝ ʫʪʚʝʨʞʜʝʥʠʝ, ʯʪʦ ʜʣʷ 

ʣʶʙʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʩʫʨʩʦʚ ʦʪ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʦʝ ʠʭ 

ʟʥʘʯʝʥʠʝ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʥʝ ʤʝʥʴʰʝʤʫ ʚʨʝʤʝʥʠ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦ-

ʛʦ ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ. 

ʇʫʩʪʴ ʨʘʟʨʘʙʦʪʢʘ/ʦʩʚʦʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʪʨʝʙʫʝʪ ʦʪ ʘʛʝʥʪʘ ʟʘʪʨʘʪ 

c(u K), ʢʦʪʦʨʳʝ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʩʪʨʦʛʦ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʱʝʡ ʚʳ-

ʧʫʢʣʦʡ ʬʫʥʢʮʠʝʡ ʯʠʩʣʘ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, çʧʨʦʚʝʨʷʝʤʳʭè ʚ 

ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ (ʧʦʩʣʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʝʣʴʥʦ ʠʥʪʝʨ-

ʧʨʝʪʠʨʦʚʘʪʴʩʷ ʢʘʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʟʘʪʨʘʯʠʚʘʝʤʳʭ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʳʭ ʨʝʩʫʨʩʦʚ). 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷ ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʠ ʧʘʨʘʣʣʝʣʴ-

ʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʡ (ʩʤ. ʪʘʢʞʝ ʨʘʟʜʝʣ 3.4.1). 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʡ. ʇʫʩʪʴ n ʪʝʭʥʦʣʦ-

ʛʠʡ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʩʠʤʚʦʣʦʤ i 1,n, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ (ʚ ʧʦʨʷʜʢʝ ʠʭ ʥʫʤʝʨʘʮʠʠ), ʘ ʪʨʝʙʫʝʤʳʡ ʫʨʦʚʝʥʴ ʦʩʚʦʝʥʠʷ Lʪʨʝʙ 

ʦʜʠʥʘʢʦʚ ʜʣʷ ʚʩʝʭ ʥʠʭ. ʊʦʛʜʘ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʚʩʝ-

ʛʦ ʢʦʤʧʣʝʢʩʘ ʪʝʭʥʦʣʦʛʠʡ, ʨʘʚʥʦ ʩʫʤʤʝ ʚʨʝʤʸʥ ʨʘʟʨʘʙʦʪʢʠ ʦʪʜʝʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ: 

Tmax(u1, é, un) = - ln(1 - Lʪʨʝʙ) 
1

1n

i i
u

           (3.46) 

ʄʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʝ çʟʘʪʨʘʪʳè ʧʨʠ ʵʪʦʤ ʨʘʚʥʳ 

ʩmin(u1, é, un) = c(
1,

max
i n

 { ui Ki})             (3.47) 
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ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʤʠʥʠʤʠʟʘʮʠʠ ʚʨʝʤʝʥʠ (3.46) ʧʨʠ ʟʘʜʘʥʥʦʤ ʦʛʨʘ-

ʥʠʯʝʥʠʠ C ʩʚʝʨʭʫ ʥʘ ʟʘʪʨʘʪʳ (3.47) ʠʤʝʝʪ ʚʠʜ: 

ui = 

1

1,

( )

max{ }
i

i n

c C

K
              (3.48) 

ʊʦ ʝʩʪʴ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʢʘʞʜʦʡ ʠʟ ʪʝʭʥʦʣʦʛʠʡ ʚʳʜʝʣʷʝʪʩʷ ʦʜʥʦ ʠ 

ʪʦ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʩʫʨʩʘ. 

ʀʟ ʚʳʨʘʞʝʥʠʡ (3.46) ʠ (3.48) ʧʦʣʫʯʘʝʤ, ʯʪʦ ʢʦʤʧʣʝʢʩ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʝʜʩʪʘʚʠʤ ʚ ʘʛʨʝʛʠʨʦʚʘʥʥʦʤ ʚʠʜʝ ʦʜʥʦʡ ʪʝʭʥʦ-

ʣʦʛʠʝʡ ʩʦ ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʢʠ ʦʪ ʢʦʣʠʯʝ-

ʩʪʚʘ ʨʝʩʫʨʩʘ: 

T(ʉ) = - ln(1 - Lʪʨʝʙ) n 1,

1

max{ }

( )

i
i n

K

c C
            (3.49) 

ʆʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ï ʧʦʠʩʢʘ ʤʠʥʠʤʘʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʠ Cmin ʩʚʝʨʭʫ 

ʥʘ ʟʘʪʨʘʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʟʨʘʙʦʪʢʫ ʢʦʤʧʣʝʢʩʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʟʘ ʟʘʜʘʥʥʦʝ ʚʨʝʤʷ T, ï ʠʤʝʝʪ ʨʝʰʝʥʠʝ (3.50): 

Cmin = c(-
ʪʨʝʙ

1,

1 ln(1 ) max{ }
i

i n

L n K
T

)           (3.50) 

ʇʘʨʘʣʣʝʣʴʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʡ. ʇʫʩʪʴ n ʪʝʭʥʦʣʦʛʠʡ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ. ʊʦʛʜʘ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʨʘʟʨʘ-

ʙʦʪʢʠ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʪʝʭʥʦʣʦʛʠʡ, ʨʘʚʥʦ ʤʘʢʩʠʤʫʤʫ ʚʨʝʤʸʥ ʨʘʟʨʘ-

ʙʦʪʢʠ ʦʪʜʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ: 

Tmin(u1, é, un) = 
ʪʨʝʙ

1,

ln(1 )

min{ }
i

i n

L

u
            (3.51) 

ʄʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʝ çʟʘʪʨʘʪʳè ʧʨʠ ʵʪʦʤ ʨʘʚʥʳ 

ʩmax(u1, é, un) = 
1

 
i

n

i

i

c u K             (3.52) 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʤʠʥʠʤʠʟʘʮʠʠ ʚʨʝʤʝʥʠ (3.51) ʧʨʠ ʟʘʜʘʥʥʦʤ ʦʛʨʘ-

ʥʠʯʝʥʠʠ C ʩʚʝʨʭʫ ʥʘ ʟʘʪʨʘʪʳ (3.52) ʠʤʝʝʪ ʚʠʜ: 

ui = - 
*

minT ln(1 - Lʪʨʝʙ),             (3.53) 

ʛʜʝ 
*

minT  - ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ 

*

ʪʨʝʙ min

1

ln( )  1
i

n

i

c T KL  = ʉ            (3.54) 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʦʧʪʠʤʘʣʴʥʦʤ ʨʝʰʝʥʠʠ (3.53) ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʢʘʞ-

ʜʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʳʜʝʣʷʝʪʩʷ ʦʜʥʦ ʠ ʪʦ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʩʫʨʩʘ, ʠ ʨʘʟʨʘ-
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ʙʦʪʢʘ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʡ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʯʝʨʝʟ ʚʨʝʤʷ 
*

minT

.ʈʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ (ʧʦʠʩʢʘ ʤʠʥʠʤʘʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ Cmin 

ʩʚʝʨʭʫ ʥʘ ʟʘʪʨʘʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʟʨʘʙʦʪʢʫ ʢʦʤʧʣʝʢʩʘ ʧʘʨʘʣ-

ʣʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʟʘ ʟʘʜʘʥʥʦʝ ʚʨʝʤʷ T) ʜʘʸʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (3.54), ʚ 

ʢʦʪʦʨʦʝ ʩʣʝʜʫʝʪ ʧʦʜʩʪʘʚʠʪʴ 
*

minT  = T. 

ʀʟ ʚʳʨʘʞʝʥʠʡ (3.51) ʠ (3.53) ʧʦʣʫʯʘʝʤ, ʯʪʦ ʢʦʤʧʣʝʢʩ ʧʘʨʘʣʣʝʣʴ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʝʜʩʪʘʚʠʤ ʚ ʘʛʨʝʛʠʨʦʚʘʥʥʦʤ ʚʠʜʝ ʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠ-

ʝʡ. ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʢʠ 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʨʝʩʫʨʩʘ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʧʦʣʫʯʝʥʦ ʚ ʩʣʫʯʘʝ ʣʠʥʝʡʥʦʡ 

ʬʫʥʢʮʠʠ ʟʘʪʨʘʪ c( ): 

T(ʉ) = - ln(1 - Lʪʨʝʙ) 1

n

i

i

K

C
            (3.55) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʣʫʯʘʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʝʪʝʚʦ-

ʛʦ ʛʨʘʬʠʢʘ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʩʣʝʜʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʩʥʘʯʘʣʘ 

ʜʝʢʦʤʧʦʟʠʨʦʚʘʥ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʠ ʧʘʨʘʣʣʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʜʦ-

ʧʫʩʢʘʶʱʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʝʩʫʨʩʦʚ ʠ ʠʤʝʶʱʠʝ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʘʛʨʝʛʠʨʦʚʘʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

(ʩʤ. ʚʳʨʘʞʝʥʠʷ (3.49) ʠ (3.55)). ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚʝʩʴ ʩʝʪʝʚʦʡ ʛʨʘʬʠʢ ʤʦ-

ʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʧʨʦʩʪʦʤ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʘʛʨʝʛʠʨʦʚʘʥʥʦʤ ʚʠʜʝ. 

 

3.5.4 ɿʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ ʦʪ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ 

ʢ ʝʸ ʧʨʦʜʫʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʥʝʰʥʝʡ ʩʨʝʜʳ 

 

ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʟʜʝʣʝ 3.3 ʩʚʦʡʩʪʚʘ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚ-

ʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ, ʨʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ [23] ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʟʘ-

ʚʝʨʰʝʥʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʙʣʦʢ 3 ʥʘ ʨʠʩʫʥʢʝ 1.19) ʠ ʧʝʨʝʭʦʜʝ ʢ ʨʝʘ-

ʣʠʟʘʮʠʠ ʧʨʦʜʫʢʪʠʚʥʦʡ ʩʪʘʜʠʠ ɾʎ ʂɼ (ʮʠʢʣ e-c ʥʘ ʨʠʩʫʥʢʝ 1.19).  

ʈʘʩʩʤʦʪʨʠʤ ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʩ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʥʝʦʧʨʝʜʝ-

ʣʸʥʥʦʩʪʴʶ, ʚ ʢʦʪʦʨʦʡ ʚ ʢʘʞʜʦʤ ʧʝʨʠʦʜʝ ʚʥʝʰʥʷʷ ʩʨʝʜʘ ʧʨʠʥʠʤʘʝʪ 

ʦʜʥʦ ʠʟ K ʟʥʘʯʝʥʠʡ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʨʫʛʠʭ ʧʝʨʠʦʜʦʚ ʩ ʚʝʨʦʷʪʥʦʩʪʷʤʠ 

{ pk}.  ʉʫʙʲʝʢʪ ʚ ʢʘʞʜʦʤ ʧʝʨʠʦʜʝ ʤʦʞʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʦʜʥʫ ʠʟ ʜʚʫʭ 

ʩʪʨʘʪʝʛʠʡ: ʚʳʧʦʣʥʷʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʂɼ (u(t) = 0) ʠʣʠ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʂɼ, ʠʩʧʦʣʴʟʫʷ ʪʝʭʥʦʣʦʛʠʶ (u(t) = 1). ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ 

ʩʫʙʲʝʢʪʘ ű(t; u(t); Ā) ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʨʘʥʥʦʡ ʠʤ ʩʪʨʘʪʝʛʠʠ ʠ ʦʪ ʩʦʩʪʦʷ-

ʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʠʥʷʣʘ ʚʥʝʰʥʷʷ ʩʨʝʜʘ ʚ ʜʘʥʥʦʤ ʧʝʨʠʦʜʝ: 

ʘ). ɽʩʣʠ ʩʫʙʲʝʢʪ ʧʨʠʥʷʣ ʨʝʰʝʥʠʝ ʚʳʧʦʣʥʷʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʝʭ-

ʥʦʣʦʛʠʠ, ʦʥ ʠʥʚʝʩʪʠʨʫʝʪ ʚ ʩʦʟʜʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʩʚʦʝʡ ʂɼ, ʯʪʦʙʳ ʧʦ-
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ʣʫʯʠʪʴ ʚʳʛʦʜʳ ʚ ʙʫʜʫʱʝʤ, ʦʪ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ. ɺ 

ʢʘʞʜʦʤ ʧʝʨʠʦʜʝ ʵʬʬʝʢʪ ʦʪ ʂɼ ʜʣʷ ʩʫʙʲʝʢʪʘ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥ ʠ ʦʪʨʠ-

ʮʘʪʝʣʝʥ - ʦʥ ʥʝʩʸʪ ʟʘʪʨʘʪʳ - cd ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʠ-

ʥʷʣʘ ʚʥʝʰʥʷ ̫ʩʨʝʜʘ. 

ʙ). ɽʩʣʠ ʩʫʙʲʝʢʪ ʧʨʠʥʷʣ ʨʝʰʝʥʠʝ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʂɼ ʠ ʧʦʣʫʯʘʪʴ 

ʚʳʛʦʜʳ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ, ʪʦ ʟʥʘʯʝʥʠʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ 

ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

ɽʩʣʠ ʚʥʝʰʥʷʷ ʩʨʝʜʘ ʧʨʠʥʷʣʘ ʦʜʥʦ ʠʟ ʠʟʚʝʩʪʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʜʣʷ 

ʢʦʪʦʨʦʛʦ ʪʝʭʥʦʣʦʛʠʷ ʫʞʝ ʦʩʚʦʝʥʘ, ʙʫʜʝʤ ʫʩʣʦʚʥʦ ʦʙʦʟʥʘʯʘʪʴ ʪʘʢʦʡ 

ʠʩʭʦʜ ɝt = 1, ʩʫʙʲʝʢʪ ʧʦʣʫʯʘʝʪ ʚʳʛʦʜʫ v. 

ɽʩʣʠ ʚʥʝʰʥʷʷ ʩʨʝʜʘ ʧʨʠʥʷʣʘ ʥʝʠʟʚʝʩʪʥʦʝ ʩʦʩʪʦʷʥʠʝ (ɝt = 0), ʯʪʦ 

ʧʦʪʨʝʙʦʚʘʣʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ, ʪʦ ʩʫʙʲʝʢʪ ʥʝʩʸʪ ʟʘʪʨʘʪʳ cp, 

ʥʝ ʧʦʣʫʯʘʷ ʚʳʛʦʜʳ (ʦʯʝʚʠʜʥʦ, ʠʤʝʝʪ ʩʤʳʩʣ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ 

ʩʣʫʯʘʡ cp > cd, ʝʩʣʠ ʵʪʦ ʥʝ ʪʘʢ, ʬʘʟʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʝ ʠʤʝʝʪ ʵʢʦʥʦ-

ʤʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ). 

ʆʙʲʝʜʠʥʠʤ ʚʩʝ ʪʨʠ ʩʣʫʯʘʷ: 

ű(t; 1;ɝt) = [vɝt ï cp(1 - ɝt)]u(t) + cd(1 - u(t)). 

ʇʝʨʝʭʦʜʷ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʷʤ (ʫʯʠʪʳʚʘʷ E[ɝt] = Lt-1) ʟʘ-

ʧʠʰʝʤ ʮʝʣʝʚʫ  ʁʬʫʥʢʮʠ ʁʌ(t1; t2) ʩʫʙʲʝʢʪʘ ʥʘ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ ʦʪ 

t1 ʜʦ t2 : 
1

2

11 2 1ʌ , ( (1 )) (1 )(   ) t p t d

t

t

t

t ut v L c L t c u t  

ʊʦʛʜʘ ʟʘʜʘʯʘ ʧʨʠʥʷʪʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʦ ʟʘʚʝʨʰʝʥʠʠ ʬʘ-

ʟʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʭʦʜʝ ʢ ʬʘʟʝ ʨʝʘʣʠʟʘʮʠʠ ɾʎ ʂɼ ʩʪʘʚʠʪʩʷ ʚ 

ʚʠʜʝ ʧʦʠʩʢʘ {u(t)}, ʦʧʪʠʤʠʟʠʨʫʶʱʠʭ ʌ(t1, t2): 
2

1

2 1 11, ( (1 ))ʌ(  (1 ) m) axt p t d
u t

t

t

t

v L c L ut c tt t u  

ʇʫʩʪʴ ʩʫʙʲʝʢʪ ʤʦʞʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʥʘ 

ʢʘʞʜʦʤ ʧʝʨʠʦʜʝ t = 1,T  ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʝʰʝʥʠʡ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʧʝ-

ʨʠʦʜʘʭ, ʪʦ ʝʩʪʴ ʚʩʝ {u(t)} ʥʝʟʘʚʠʩʠʤʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʊʦʛʜʘ ʚ ʢʘʞʜʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʨʝʰʝʥʠʝ ʧʨʠʥʠʤʘʝʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʌ(t, T): 

1 1maxʌ , max ( (1 )) (1 )
T

p d
u u

t

t T v L c L u c u     (3.56) 

ɺ ʩʠʣʫ ʥʝʟʘʚʠʩʠʤʦʩʪʠ {u(t)} ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʤʘʢ-

ʩʠʤʫʤ ʩʫʤʤʳ ʵʬʬʝʢʪʦʚ ʨʘʚʝʥ ʩʫʤʤʝ ʤʘʢʩʠʤʫʤʦʚ ʵʬʬʝʢʪʦʚ, ʪʦʛʜʘ ʠʟ 

ʚʳʨʘʞʝʥʠʷ (3.56) ʩʣʝʜʫʝʪ, ʯʪʦ: 
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1 1maxʌ , max ( (1 )) (1 )
T

p d
u u

t

t T v L c L u c u  

1 1max ( (1 )) (1 )+maxʌ 1,pt t d
u t u

v L c L u t c u t t T  

ɺʳʧʦʣʥʠʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʙʦʟʥʘʯʠʚ 

ʧʦʨ

ʨ d

p

c c
L

c v
              (3.57) 

ʇʦʣʫʯʠʤ 

1 ʧʦʨmaxʌ( , ) ( ) max ( ) max ( 1, )p t d
u uu t

t T v c L L u t c t T , 

ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ ʩʣʝʜʫʶʱʝʝ ʫʪʚʝʨʞʜʝʥʠʝ. 

ʋʪʚʝʨʞʜʝʥʠʝ 3.10. ɺ ʟʘʜʘʯʝ (3.56) ʦʧʪʠʤʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʩʪʨʘʪʝ-

ʛʠʷ ʚʠʜʘ: 

1 ʧʦʨ

1 ʧʦʨ

0   ʝʩʣʠ 
( )    

1   ʝʩʣʠ 

t

t

, L L ,
u t

, L L .
            (3.58) 

ʊʦ ʝʩʪʴ ʦʧʪʠʤʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʩʪʨʘʪʝʛʠʷ (3.58) ʩ ʦʜʥʦʢʨʘʪʥʳʤ 

ʧʝʨʝʢʣʶʯʝʥʠʝʤ u(t) ʦʪ 0 ʢ 1 ï ʦʪ ʬʘʟʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢ ʬʘʟʝ ʨʝʘʣʠ-

ʟʘʮʠʠ, ʧʨʠʯʸʤ ʫʩʣʦʚʠʝ ʧʝʨʝʭʦʜʘ ʟʘʜʘʸʪʩʷ ʜʦʩʪʠʛʥʫʪʳʤ ʫʨʦʚʥʝʤ ʨʘʟ-

ʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ: ʧʦʢʘ ʵʪʦʪ ʫʨʦʚʝʥʴ ʥʠʞʝ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝ-

ʥʠʷ (Lt-1 < Lʧʦʨ), ʩʫʙʲʝʢʪʫ ʚʳʛʦʜʥʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʪʝʭʥʦʣʦʛʠʶ 

(ʠʥʚʝʩʪʠʨʦʚʘʪʴ ʚ ʩʦʟʜʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ), ʘ, ʥʘʯʠʥʘʷ ʩ ʤʦʤʝʥʪʘ tʜʦʩ ʜʦ-

ʩʪʠʞʝʥʠʷ ʫʨʦʚʥʷ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ Lʧʦʨ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʪʝʭʥʦʣʦʛʠʶ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʛʦʜ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʘʨʘʣ-

ʣʝʣʴʥʦ, ʧʦʚʳʰʘʷ ʫʨʦʚʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ. ʉʥʘʯʘʣʘ ʩʫʙʲʝʢʪ ʪʦʣʴʢʦ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʪʝʭʥʦʣʦʛʠʶ, ʧʦʪʦʤ ʧʨʦʜʦʣʞʘʝʪ ʨʘʟʨʘʙʦʪʢʫ - ʫʣʫʯʰʝ-

ʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʪʦʞʜʝʩʪʚʝ ɺʘʣʴʜʘ ʠ ʠʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʚʳʰʝ 

ʚʳʨʘʞʝʥʠʷ (3.56) ʠ (3.58), ʧʦʣʫʯʠʤ ʚ ʷʚʥʦʤ ʚʠʜʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʘʧʨʠʦʨʥʦʡ ʦʮʝʥʢʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ: 

ʜʦʩ

1 ʜʦʩ ʜʦʩ

1

ʌ (1, ) ( ) ( )
T

*

p d p

t

T v c L c t c T t           (3.59) 

ʛʜʝ tʜʦʩ - ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʫʨʦʚʥʷ Lʧʦʨ (ʚʳʨʘʞʝʥʠ ̫ʜʣʷ tʜʦʩ 

ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʟʜʝʣʝ 3.3.3). 

ʇʦʜʩʪʘʚʠʚ ʚʳʨʘʞʝʥʠʝ ʜʣʷ LŰ-1 - ʤʘʪʦʞʠʜʘʥʠʷ ʫʨʦʚʥʷ ʨʘʟʨʘʙʦʪʘʥ-

ʥʦʩʪʠ - ʚ ʚʳʨʘʞʝʥʠʝ (3.59), ʧʦʣʫʯʠʤ: 

ʜʦʩ 1

1

ʜʦʩ ʜʦʩʌ (1, ) ( ) ( )1 (1 )
T

*

p d p

t

K

k k

k

T v c c t cp tp T . 
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ʆʪʢʫʜʘ ʦʢʦʥʯʘʪʝʣʴʥʦ: 

ʜʦʩ

1

ʜʦʩʌ (1, ) ( ) ( ) ((1 ) (1 ))
K

T

k k

k

t*

d p pT v T v c t v c v c p p . 

ʆʪʤʝʪʠʤ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʘʷ ʩʪʨʘʪʝʛʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʠʥʪʝʨʚʘʣʘ T, ʦʪ ʥʝʸ ʟʘʚʠʩʠʪ ʣʠʰʴ ʟʥʘʯʝʥʠʝ ʵʬʬʝʢʪʘ ʌ
*
(Ā). 

ʀʟ (3.57) ʠ ʩʚʦʡʩʪʚ ʤʦʥʦʪʦʥʥʦʩʪʠ ʚʦʟʨʘʩʪʘʥʠʷ ʧʨʦʮʝʩʩʘ Lt (ʩʤ. 

ʫʪʚʝʨʞʜʝʥʠʝ 3.2 ʠ ʝʛʦ ʨʘʩʰʠʨʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʢʦʤʧʣʝʢ-

ʩʠʨʦʚʘʥʠʷ ʚ ʨʘʟʜʝʣʝ 3.4.1) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʣʶʙʳʭ ʩʢʦʣʴ ʫʛʦʜʥʦ 

ʙʦʣʴʰʠʭ ʟʘʪʨʘʪʘʭ cd ʠ cp, ʪʘʢʠʭ, ʯʪʦ cd < cp , ʠ ʩʢʦʣʴ ʫʛʦʜʥʦ ʤʘʣʦʡ, ʥʦ 

ʦʪʣʠʯʥʦʡ ʦʪ ʥʫʣʷ, ʚʳʛʦʜʝ v, ʥʘʡʜʸʪʩʷ ʪʘʢʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ Tʦʢʫʧ, 

ʥʘʯʠʥʘʷ ʩ ʢʦʪʦʨʦʛʦ ʜʝʷʪʝʣʴʥʦʩʪʴ ʙʫʜʝʪ ʧʨʠʥʦʩʠʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʵʬʬʝʢʪ, ʪ.ʝ. Tʦʢʫʧ ʦʧʨʝʜʝʣʠʪ ʪʦʯʢʫ ʙʝʟʫʙʳʪʦʯʥʦʩʪʠ ɾʎ ʂɼ. ʕʪʦʪ ʤʦ-

ʤʝʥʪ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥ ʠʟ ʫʨʘʚʥʝʥʠʷ 

ʜʦʩ

1

1 2 ʜ ʩ

1

ʦ(1 ) (11 )
t

K K

k

k k

t

ka t a tp p  

ʦʪʥʦʩʠʪʝʣʴʥʦ t, ʛʜʝ 0 < a1 = v/(v + cp) < a2 = (v + cd)/(v + cp) < 1. ʉʚʦʡ-

ʩʪʚʦ ʤʦʥʦʪʦʥʥʦʩʪʠ ʚʦʟʨʘʩʪʘʥʠʷ ʫʨʦʚʥʷ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ 

(ʫʪʚʝʨʞʜʝʥʠʝ 3.2 ʠ ʝʛʦ ʨʘʩʰʠʨʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʢʦʤʧʣʝʢ-

ʩʠʨʦʚʘʥʠʷ ʚ ʨʘʟʜʝʣʝ 3.4.1) ʧʦʟʚʦʣʷʝʪ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ 

ʩʪʨʘʪʝʛʠʷ ʩ ʦʜʥʦʢʨʘʪʥʳʤ ʧʝʨʝʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ ʩʨʝʜʠ 

ʚʩʝʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʪʨʘʪʝʛʠʡ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ dt (ʥʝ ʪʦʣʴʢʦ 

ʩʪʨʘʪʝʛʠʡ ʩ ʥʝʟʘʚʠʩʠʤʳʤʠ ʥʘ ʢʘʞʜʦʤ ʧʝʨʠʦʜʝ ʨʝʰʝʥʠʷʤʠ). ʊʘʢ ʢʘʢ 

ʦʧʪʠʤʘʣʴʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʩʪʨʘʪʝʛʠʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʥʝ ʭʫʞʝ 

ʣʶʙʦʡ ʘʧʨʠʦʨʥʦʡ ʩʪʨʘʪʝʛʠʠ, ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʝʝ 

ʫʪʚʝʨʞʜʝʥʠʝ: 

ʋʪʚʝʨʞʜʝʥʠʝ 3.11. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʩʪʨʘʪʝʛʠʷ (3.58) ʩ ʦʜʥʦ-

ʢʨʘʪʥʳʤ ʧʝʨʝʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ ʩʨʝʜʠ ʚʩʝʭ ʚʦʟʤʦʞ-

ʥʳʭ. ʇʦʣʫʯʘʝʤʳʡ ʧʨʠ ʵʪʦʤ ʵʬʬʝʢʪ (3.59) ʷʚʣʷʝʪʩʷ ʧʨʝʜʝʣʴʥʦ ʜʦʩʪʠ-

ʞʠʤʳʤ, ʘ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ Tʦʢʫʧ ï ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʝʪ ʩʤʳʩʣ ʨʘʩʰʠʨʠʪʴ ʥʘ ʩʣʫʯʘʡ, ʢʦʛʜʘ 

ʨʝʰʝʥʠʷ ʦ ʧʝʨʝʭʦʜʝ ʦʪ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʢ ʝʸ ʧʨʦʜʫʢʪʠʚʥʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴʩʷ ʥʝ ʧʦʩʣʝ ʣʶʙʦʛʦ ʧʝʨʠʦʜʘ t, ʘ ʪʦʣʴ-

ʢʦ ʧʦʩʣʝ ʛʨʫʧʧʳ ʠʟ ʥʝʩʢʦʣʴʢʠʭ n ʧʝʨʠʦʜʦʚ. ʊʘʢʠʝ ʫʩʣʦʚʠʷ ʭʘʨʘʢʪʝʨ-

ʥʳ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ ʧʦ ʧʨʠʥʮʠʧʫ ʚʳʧʫʩʢʘ ʧʘʨʪʠʡ ʠʟʜʝʣʠʡ (ʪʘʢ ʥʘʟʳʚʘʝ-

ʤʦʝ çʧʘʨʪʠʦʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦè), ʢʦʛʜʘ ʨʝʰʝʥʠʷ ʧʨʠʥʠʤʘʶʪʩʷ ʪʦʣʴʢʦ 

ʧʦʩʣʝ /ʧʝʨʝʜ ʚʳʧʫʩʢʦʤ ʧʘʨʪʠʠ ʧʨʦʜʫʢʮʠʠ ʠʟʚʝʩʪʥʦʛʦ ʦʙʲʸʤʘ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʬʘʟʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʢʘʞʜʦʤ ʧʝ-

ʨʠʦʜʝ ʚʨʝʤʝʥʠ ʩʫʙʲʝʢʪ ʥʝʩʸʪ ʟʘʪʨʘʪʳ cd ʠ ʥʝ ʧʦʣʫʯʘʝʪ ʚʳʛʦʜ ʥʝʟʘʚʠ-
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ʩʠʤʦ ʦʪ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʅʘ ʬʘʟʝ ʨʝʘʣʠʟʘʮʠʠ ʝʩʣʠ ʚʥʝʰʥʷʷ 

ʩʨʝʜʘ ʧʨʠʥʷʣʘ ʦʜʥʦ ʠʟ ʠʟʚʝʩʪʥʳʭ ʩʦʩʪʦʷʥʠʡ (ʜʣʷ ʢʦʪʦʨʦʛʦ ʪʝʭʥʦʣʦʛʠʷ 

ʫʞʝ ʨʘʟʨʘʙʦʪʘʥʘ), ʩʫʙʲʝʢʪ ʧʦʣʫʯʘʝʪ ʚʳʛʦʜʫ v, ʝʩʣʠ ʥʝ ʚʩʪʨʝʯʘʚʰʝʝʩʷ 

ʜʦ ʵʪʦʛʦ (ʯʪʦ ʧʦʪʨʝʙʦʚʘʣʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ) ï ʪʦ ʥʝʩʸʪ ʟʘ-

ʪʨʘʪʳ cp, ʥʝ ʧʦʣʫʯʘʷ ʚʳʛʦʜʳ. ʇʦʩʣʝ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʧʝʨʠʦʜʦʚ (ʛʨʫʧʧʳ 

ʧʝʨʠʦʜʦʚ ʙʫʜʝʤ ʠʤʝʥʦʚʘʪʴ ʧʘʨʪʠʠ, ʫʯʠʪʳʚʘʷ ʧʨʠʢʣʘʜʥʦʡ ʭʘʨʘʢʪʝʨ 

ʜʘʥʥʦʡ ʧʦʩʪʘʥʦʚʢʠ) ʩʫʙʲʝʢʪ ʘ) ʘʥʘʣʠʟʠʨʫʝʪ ʚʩʪʨʝʪʠʚʰʠʝʩʷ ʚʧʝʨʚʳʝ 

ʩʦʩʪʦʷʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʧʦʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʭ-

ʥʦʣʦʛʠʠ L*; ʙ) ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ ʦ ʚʳʙʦʨʝ ʬʘʟʳ ɾʎ ʜʣʷ ʩʣʝʜʫʶʱʝʡ 

ʧʘʨʪʠʠ - ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʣʠ ʨʝʘʣʠʟʘʮʠʠ. ʇʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʵʬʬʝʢʪʘ ʥʘ N ʧʝʨʠʦʜʘʭ ʚʨʝʤʝʥʠ, ʨʘʟʜʝʣʸʥʥʳʭ ʥʘ M ʧʘʨʪʠʡ, ʢʘʞʜʘʷ 

ʨʘʟʤʝʨʦʤ n ʧʝʨʠʦʜʦʚ (0 < n). ʂ m-ʡ ʧʘʨʪʠʠ (1Ò m Ò M) ʙʫʜʝʤ ʦʪʥʦʩʠʪʴ 

ʧʝʨʠʦʜʳ ʩ ʥʦʤʝʨʘʤʠ t ʪʘʢʠʤʠ, ʯʪʦ n(m-1)+1 Ò t Ò nm. 

ʕʬʬʝʢʪ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʦʚ ʩ 1 ʧʦ N, ʢʘʢ ʨʘʟʥʦʩʪʴ 

ʚʳʛʦʜ ʠ ʟʘʪʨʘʪ, ʙʫʜʝʪ ʨʘʚʝʥ:

1 1 1

( ( (1 )) (1 ) )
M nm

m p m d

m n( m )

d v c d nc , ʛʜʝ ɝɗ ï ʩʣʫʯʘʡʥʳʝ ʚʝʣʠ-

ʯʠʥʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʥʘʩʪʫʧʣʝʥʠʝ ʥʝ ʚʩʪʨʝʯʘʚʰʠʭʩʷ ʨʘʥʝʝ ʩʦʩʪʦʷ-

ʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ: ɝɗ = 1, ʝʩʣʠ ʩʦʩʪʦʷʥʠʝ ʠʟʚʝʩʪʥʦʝ ʠ ɝɗ = 0, ʝʩʣʠ 

ʥʦʚʦʝ, dm ï ʨʝʰʘʶʱʝʝ ʧʨʘʚʠʣʦ, ʧʨʠʥʠʤʘʶʱʝʝ ʟʥʘʯʝʥʠʷ 1, ʝʩʣʠ ʜʣʷ m-

ʡ ʧʘʨʪʠʠ ʚʳʙʨʘʥʘ ʬʘʟʘ ʨʝʘʣʠʟʘʮʠʠ, ʠ 0 - ʝʩʣʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. 

ʇʨʦʚʝʜʸʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʘʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʩʜʝʣʘʥʦ ʚ 

ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʚʳʰʝ, ʧʝʨʝʭʦʜʷ ʢ ʤʘʪʦʞʠʜʘʥʠʷʤ, ʧʦʣʫʯʠʤ ʟʘʜʘʯʫ ʦʧ-

ʪʠʤʠʟʘʮʠʠ (ʩʤ. (3.56)):  

1 1
1

ʌ , 1 1 max
m

M

p m m dn m n m
d

m

t T n vL c L d d nc  

ʆʙʦʟʥʘʯʠʚ (ʩʤ. 3.57)) L
*
ʧʦʨ =

ʨ d

p

c c

c v
, ʧʦʣʫʯʠʤ 

ʧʦʨ1
maxʌ( , ) ( ) max ( ) max ʌ( 1, )

m

*

p m dn m
d dd

t T v c n L L d c n t T  

ʆʪʢʫʜʘ ʧʦʩʣʝʜʫʝʪ ʦʧʪʠʤʘʣʴʥʘʷ ʩʪʨʘʪʝʛʠʷ: 

ʧʦʨ1

1

ʧʦʨ1

0   ʝʩʣʠ 
( )    

1   ʝʩʣʠ 

*

n m

m n m *

n m

, L L ,
d L

, L L .
 

ʊʦ ʝʩʪʴ, ʠ ʜʣʷ çʧʘʨʪʠʦʥʥʦʡè ʧʨʦʩʪʘʥʦʚʢʠ ʦʧʪʠʤʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʩʪʨʘʪʝʛʠʷ ʩ ʦʜʥʦʢʨʘʪʥʳʤ ʧʝʨʝʢʣʶʯʝʥʠʝʤ ʧʨʠ ʜʦ-

ʩʪʠʞʝʥʠʠ ʫʨʦʚʥʷ ʦʩʚʦʝʥʠ ̫L
*
ʧʦʨ, ʢʦʪʦʨʳʡ ʩʦʚʧʘʜʘʝʪ ʩ ʫʨʦʚʥʝʤ ʙʘʟʦ-

ʚʦʡ ʟʘʜʘʯʠ (3.57). 
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3.5.5 ɿʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ ʦʪ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ 

ʢ ʝʸ ʧʨʦʜʫʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʧʨʠ ʥʝʠʟʚʝʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʥʝʰʥʝʡ ʩʨʝʜʳ 

 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʟʘʜʘʯʫ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʧʝʨʝʭʦʜʝ ʦʪ ʬʘʟʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢ ʬʘʟʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠ ʥʝʠʟʚʝʩʪʥʳʭ, ʥʦ ʥʝ ʠʟʤʝʥʷʶ-

ʱʠʭʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (ʨʘʟʤʝʨʥʦʩʪʴ K ʠ ʚʝʨʦʷʪʥʦʩʪʠ 

{ pk}).  ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʷ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʦ, ʧʦʵʪʦʤʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʨʘ-

ʪʝʛʠʶ (3.58), ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʫʶ ʚ ʫʪʚʝʨʞʜʝʥʠʷʭ 3.10 ï 3.11 ʥʝʣʴʟʷ. 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʤʘʪʦʞʠʜʘʥʠʷ ʵʬʬʝʢʪʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʚ 

ʠʥʦʡ ʬʦʨʤʝ: 

ʧʦʨmaxʌ( , ) ( )max{(Pr( 1) ) }

max  ʌ( 1, ).

d p t
u tu

u

t T c v c L u t

t T
 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʩʪʨʘʪʝʛʠʷ, ʦʧʪʠʤʠʟʠʨʫʶ-

ʱʘʷ ʤʘʪʦʞʠʜʘʥʠʝ ʵʬʬʝʢʪʘ ʌ(t, T), ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʤʘʢʩʠʤʠʟʘʮʠʠ: (Pr(ɝt = 1) - Lʧʦʨ)u(t) max
u t
, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʪʨʘʪʝʛʠʝʡ u(t) = 1 ʧʨʠ Pr(ɝŰ = 1) > Lʧʦʨ ʠ u(t) = 0 ʚ 

ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ. ʊʦ ʝʩʪʴ u(t) ʜʦʣʞʥʦ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʧʨʝʚʳʰʝʥʠʷ ʟʥʘʯʝʥʠʝʤ ʥʝʥʘʙʣʶʜʘʝʤʦʛʦ 

ʧʨʦʮʝʩʩʘ Lt ʧʦʨʦʛʘ Lʧʦʨ ï ʬʘʢʪʠʯʝʩʢʠ ʧʨʦʚʝʨʢʠ ʩʣʦʞʥʦʡ ʦʩʥʦʚʥʦʡ ʛʠ-

ʧʦʪʝʟʳ Lt < Lʧʦʨ ʧʨʦʪʠʚ ʩʣʦʞʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʛʠʧʦʪʝʟʳ Lt Ó Lʧʦʨ. 

ʇʨʠ ʥʝʠʟʚʝʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʚʩʷ ʠʥʬʦʨʤʘ-

ʮʠʷ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴʩʷ ʨʝʰʝʥʠʝ, ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʪʦʤ, ʥʘʙʣʶʜʘʝʪʩʷ ʣʠ ʥʦʚʦʝ ʠʣʠ ʫʞʝ ʚʩʪʨʝʯʘʚʰʝʝʩʷ ʩʦʩʪʦʷʥʠʝ ʚʥʝʰ-

ʥʝʡ ʩʨʝʜʳ. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ɗk ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʚ ʢʦʪʦʨʳʝ ʩʦʩʪʦʷ-

ʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʧʨʠʥʠʤʘʶʪ ʥʝ ʥʘʙʣʶʜʘʚʰʠʝʩʷ ʜʦ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʕʪʠ ʤʦʤʝʥʪʳ ʦʙʨʘʟʫʶʪ ʚʦʟʨʘʩʪʘʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

0 = ɗ1 < ɗ2 <é< ɗk <é< ɗK, ʥʘʙʣʶʜʘʝʤʫʶ ʩʫʙʲʝʢʪʦʤ. ɺ ʢʘʞʜʳʡ ʠʟ 

ʤʦʤʝʥʪʦʚ ɗk ʚʝʣʠʯʠʥʘ Lt ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʥʝʠʟʚʝʩʪʥʦʝ ʩʫʙʲʝʢʪʫ ʟʥʘ-

ʯʝʥʠʝ pk ʠ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 
1

k

k

i

i

L p , ʧʦʩʣʝ ʯʝʛʦ ʜʦ ʩʣʝʜʫʶʱʝʛʦ 

ʤʦʤʝʥʪʘ ɗk+1 ʥʝ ʠʟʤʝʥʷʝʪ ʟʥʘʯʝʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʜʣʠʥʳ ʩʝʨʠʡ 

ɣk = (ɗk+1 ï ɗk ï 1) ʧʨʠ k = 1, 1K . ɿʥʘʯʝʥʠʷ ɣk ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳ-

ʤʠ ʩʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʢʘʞʜʦʡ ʠʟ 

ʢʦʪʦʨʳʭ ʧʦʜʯʠʥʷʝʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ ʩ ʥʝʠʟʚʝʩʪʥʳʤ ʩʫʙʲʝʢ-
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ʪʫ ʧʘʨʘʤʝʪʨʦʤ, ʨʘʚʥʳʤ ʜʦʩʪʠʛʥʫʪʦʤʫ ʟʥʘʯʝʥʠʶ 
1

k

k

i

i

L p  ʩʫʤʤʳ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʫʞʝ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʊʦ ʝʩʪʴ 

Pr(ɣk = n) = (1 - 
k

L )
k

L n-1
, ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʞʠʜʘʥʠʷ ʠ ʜʠʩʧʝʨʩʠʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ 
k

L /(1 - 
k

L ) ʠ 
k

L /(1 - 
k

L )
2
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢ 

ʢʘʢ ʩʫʙʲʝʢʪ ʘʧʨʠʦʨʠ ʥʝ ʟʥʘʝʪ ʥʠ ʨʘʟʤʝʨʥʦʩʪʠ K, ʥʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʝʡ { pk}, ʪʦ ʜʣʠʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ {ɣk} ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʜʘʥʘ, ʧʦʵʪʦʤʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ {ɣk} ʘʧʨʠʦʨʠ ʜʦʣʞʥʘ ʩʯʠʪʘʪʴʩʷ 

ʙʝʩʢʦʥʝʯʥʦʡ. 

ɹʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʥʦʤʝʨ ʧʦʩʣʝʜʥʝʛʦ ʥʘʙʣʶʜʘʚʰʝʛʦʩʷ ʢ ʪʝʢʫʱʝʤʫ 

ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ t ʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʘʢ s, ʪʦ ʝʩʪʴ 

0 = ɗ1 < ɗ2 <é< ɗs Ò t, ʪʘʢʞʝ ʦʙʦʟʥʘʯʠʤ ɣs= t ï ɗs. 

ʀʪʘʢ, ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʩʫʙʲʝʢʪ ʨʘʩʧʦʣʘʛʘʝʪ ʩʣʝʜʫʶ-

ʱʝʡ ʠʥʬʦʨʤʘʮʠʝʡ (ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʡ ʠ ʪʦʣʴʢʦ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʝʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʝ): 

 ʟʥʘʯʝʥʠʷʤʠ ʜʣʠʥ ʩʝʨʠʡ ɣ1, ɣ2, é, ɣs-1, ɣs, ʙʫʜʝʤ ʩʠʤʚʦʣʠʯʝʩʢʠ 

ʦʙʦʟʥʘʯʘʪʴ ʵʪʦʪ ʥʘʙʦʨ ʟʥʘʯʝʥʠʡ ʯʝʨʝʟ {ɣ};  

 ʟʥʘʥʠʝʤ ʦ ʪʦʤ, ʯʪʦ ʢʘʞʜʦʝ ʠʟ ɣk ʧʦʨʦʞʜʘʝʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩ ʥʝʠʟʚʝʩʪʥʳʤ, ʥʦ ʚʦʟʨʘʩʪʘʶʱʠʤ ʧʘʨʘʤʝʪʨʦʤ 

k
L  < 

1k
L . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʣʫʯʘʝ ʥʝʠʟʚʝʩʪʥʳʭ ʩʚʦʡʩʪʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʙʫ-

ʜʝʤ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʢʨʠʪʝʨʠʡ dt({ɣ}) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ 

ʩʣʦʞʥʦʡ ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʳ H0 (ʟʥʘʯʝʥʠʝ Lt ʜʦ ʤʦʤʝʥʪʘ t ʥʝ ʧʨʝʚʳʩʠ-

ʣʦ ʧʦʨʦʛʘ Lʧʦʨ): 
k

L  < Lʧʦʨ ʧʨʦʪʠʚ ʥʘʙʦʨʘ ʩʣʦʞʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʛʠʧʦʪʝʟ {Hi} (ʟʥʘʯʝʥʠʝ Lt ʧʨʝʚʳʩʠʣʦ ʧʦʨʦʛ Lʧʦʨ ʚ ʤʦʤʝʥʪ ɗi): 
k

L  Ó Lʧʦʨ 

ʪʘʢ, ʯʪʦʙʳ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʤʘʪʦʞʠʜʘʥʠʝ ʵʬʬʝʢʪʘ ʌ(Ā). ʇʨʠ ʩʠʥʪʝʟʝ 

ʢʨʠʪʝʨʠʷ ʚʠʜ ʨʝʰʘʶʱʝʡ ʬʫʥʢʮʠʠ dt({ɣ}) ʚʳʙʝʨʝʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʪ-

ʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ, ʘ ʧʘʨʘʤʝʪʨʳ ʢʨʠʪʝʨʠʷ ï ʠʩʭʦʜʷ ʠʟ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʵʬʬʝʢʪʘ ʌ(Ā). 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʝ ʧʨʘʚʜʦʧʦʜʦʙʠʝ ʜʣʠʥ ʩʝʨʠʡ {ɣ}, 

ʧʦʨʦʞʜʘʝʤʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, ʠʤʝʝʪ ʚʠʜ: 

1

0 0

0

1
ln ln ln

1

Pr

Pr

i is s

k k

k

k i k ik k

i L L
l i,t

L L

H

H
, 

ʛʜʝ 
0

kL  ʠ 
i

kL  - ʟʥʘʯʝʥʠʷ ʧʨʦʮʝʩʩʘ Lt ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ɗk ʢʦʛʜʘ ʚʝʨʥʘ 

ʦʩʥʦʚʥʘʷ 0

ʧʦʨkL L  ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʧʦʨ

i

kL L  ʛʠʧʦʪʝʟʳ ʩʦʦʪʚʝʪʩʪʚʝʥ-



 

189 

ʥʦ, ʘ ʥʦʤʝʨ i (i=1,2, és) ï ʥʦʤʝʨ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʛʠʧʦʪʝʟʳ, ʦʥ ʞʝ ʥʦ-

ʤʝʨ ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʥʦʚʦʛʦ i-ʛʦ ʩʦʩʪʦʷʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

ʆʪʩʫʪʩʪʚʠʝ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʚʦʡʩʪʚʘʭ ʚʥʝʰʥʝʡ ʩʨʝʜʳ 

ʥʝ ʜʘʸʪ ʦʩʥʦʚʘʥʠʡ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʩʦʦʙʨʘʞʝʥʠʷ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʟʥʘʯʝʥʠʡ 0

kL  ʠ i

kL  ʢʨʦʤʝ ʥʝʨʘʚʝʥʩʪʚ 0

ʧʦʨkL L  ʠ 
ʧʦʨ

i

kL L , 

ʧʦʵʪʦʤʫ ʧʦʣʘʛʘʝʤ 0

ʧʦʨkL L L  ʠ 
ʧʦʨ

i

kL L L . 

ʈʝʰʝʥʠʝ ʦʪʚʝʨʛʥʫʪʴ ʦʩʥʦʚʥʫʶ ʛʠʧʦʪʝʟʫ ʚ ʧʦʣʴʟʫ ʘʣʴʪʝʨʥʘʪʠʚʳ, 

ʦʯʝʚʠʜʥʦ, ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t, ʢʦʛʜʘ ʭʦʪʷ ʙʳ ʦʜʥʘ ʠʟ 

ʬʫʥʢʮʠʡ l(i, t) ʧʨʝʚʳʩʠʪ ʥʝʢʦʪʦʨʦʝ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ lʧʦʨ, ʪʦ ʝʩʪʴ 

ʧʦʨmax
i

l i, t l . 

ʆʙʦʟʥʘʯʠʤ max
i

l t l i,t ʠ ʨʘʩʩʤʦʪʨʠʤ ʠʟʤʝʥʝʥʠʝ ʬʫʥʢʮʠʠ l(t) 

ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ɽʩʣʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʥʘʙʣʶʜʘʣʦʩʴ ʠʟʚʝʩʪʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʪʦ ʢʘʞʜʦʝ ʠʟ ʧʨʘʚʜʦʧʦʜʦʙʠʡ l(i, t) ʧʨʠ 

1 Ò i Ò s ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘʧʦʨ

1

ʧʦʨ

ln 0
L L

a
L L

, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ l(t) 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʵʪʦ ʞʝ ʟʥʘʯʝʥʠʝ, ʪʦ ʝʩʪʴ l(t + 1) = l(t) + a1. ɽʩʣʠ 

ʥʘʙʣʶʜʘʣʦʩʴ ʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ, ʪʦ ʢʘʞʜʦʝ ʠʟ l(i, t) ʜʣʷ 1 Ò i Ò s ʫʤʝʥʴ-

ʰʘʝʪʩʷ ʥʘ ʧʦʨ

2

ʧʦʨ

1
ln 0

1

L L
a

L L
. ʌʦʨʤʠʨʫʝʪʩʷ ʥʦʚʘʷ, (s + 1)-ʷ ʬʫʥʢ-

ʮʠʷ l(s + 1, t + 1) = 0 ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ l(t + 1) = max{0; l(t) + a2}.  

ʇʦʣʫʯʘʶʱʝʝʩʷ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ l(t) ʩʨʘʚʥʠʚʘʝʪ-

ʩʷ ʩ ʧʦʨʦʛʦʚʳʤ ʟʥʘʯʝʥʠʝʤ lʧʦʨ. ʊʘʢ ʢʘʢ ʚʩʝ ʪʨʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʢʦʥʩʪʘʥ-

ʪʳ a1, a2 ʠ lʧʦʨ ʧʦʜʣʝʞʘʪ ʦʧʨʝʜʝʣʝʥʠʶ, ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʷ ʦʙʱʥʦʩʪʠ ʧʦ-

ʣʦʞʠʤ a1 = 1 ʠ a2 = ïa. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʠʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 

ʦʪʥʦʰʝʥʠʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ, ʜʣʷ ʩʣʫʯʘʷ ʥʝʠʟʚʝʩʪʥʳʭ ʩʚʦʡʩʪʚ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ ʦʧʨʝʜʝʣʸʥ. ʂʨʠʪʝʨʠʡ ʚʢʣʶʯʘʝʪ ʨʝʢʫʨʨʝʥʪʥʦʝ ʚʳʯʠʩʣʝʥʠʝ 

ʬʫʥʢʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ l(t) ʠ ʥʘ ʝʸ ʦʩʥʦʚʝ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ: 

0 0

1 1; ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʠʟʚʝʩʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ;         

max 0; ; ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ;

l

l t l t

l t a

 

1 ʧʦʨ

1 ʧʦʨ

0 ʧʨʠ 0 ʠ ;   

1 ʧʨʠ 1 ʠʣʠ 

t

t

t

d l t l
d

d l t l .
          (3.60) 
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ɼʣʷ ʟʘʚʝʨʰʝʥʠʷ ʩʠʥʪʝʟʘ ʢʨʠʪʝʨʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝ-

ʥʠʷ ʢʦʥʩʪʘʥʪ a ʠ lʧʦʨ ʠʩʭʦʜʷ ʠʟ ʦʧʪʠʤʠʟʘʮʠʠ ʵʬʬʝʢʪʘ ʌ(Ā). ʆʧʪʠʤʠʟʘ-

ʮʠʦʥʥʳʡ ʘʣʛʦʨʠʪʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚʳʙʦʨ a ʠ lʧʦʨ, ʧʨʠʚʝʜʝʥ ʚ ʧʨʠ-

ʣʦʞʝʥʠʠ ʇ.3. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʧʨʘʚʝʜʣʠʚʦ ʫʪʚʝʨʞʜʝʥʠʝ 3.12. ʅʘʠʣʫʯʰʝʡ ʚ 

ʢʣʘʩʩʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨ ʥʘ ʦʩʥʦʚʝ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦ-

ʙʠʷ ʷʚʣʷʝʪʩʷ: 

0 0

1 1; ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʠʟʚʝʩʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ;         

max 0; ; ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ;

l

l t l t

l t a

 

1 ʧʦʨ

1 ʧʦʨ

0 ʧʨʠ 0 ʠ ;   

1 ʧʨʠ 1 ʠʣʠ 

t

t

t

d l t l
d

d l t l .
 

ʇʨʠ ʵʪʦʤ ʚʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ a ʠ lʧʦʨ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʢʨʠʪʝ-

ʨʠʶ 
ʧʦʨ0

ʧʦʨ
0;

min ; ; maʌ x; 
k

k
a lp  

p T a  l  ʩʦʛʣʘʩʥʦ ʘʣʛʦʨʠʪʤʫ, ʧʨʠʚʝʜʝʥ-

ʥʦʤʫ ʚ ʧʨʠʣʦʞʝʥʠʠ ʇ.3. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʢʨʠʪʝʨʠʷ (3.60) ʤʦ-

ʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʦʚʘʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ, ʯʠʩʣʝʥʥʦ ʨʝʘʣʠʟʫʶʱʘʷ 

ʠʟʣʦʞʝʥʥʳʡ ʚ ʧʨʠʣʦʞʝʥʠʠ ʇ.3 ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʳʙʦʨʘ a ʠ 

lʧʦʨ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦ-

ʞʝʥʠʠ ʇ.4. 

ʈʘʩʧʨʦʩʪʨʘʥʠʤ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘ ʩʣʫʯʘʡ çʧʘʨʪʠʦʥʥʦʡè 

ʧʦʩʪʘʥʦʚʢʠ. 

ʆʧʪʠʤʘʣɹ ʥʘʷ ʩʪʨʘʪʝʛʠʷ, ʧʦʣʫʯʝʥʥʘ ̫ʚ ʟʘʚʝʨʰʝʥʠʠ ʨʘʟʜʝʣʘ 3.5.4, 

ʦʧʨʝʜʝʣʷʝʪ ʧʨʘʚʠʣʦ ʧʝʨʝʭʦʜʘ ʦʪ ʬʘʟʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢ ʬʘʟʝ ʨʝʘʣʠ-

ʟʘʮʠʠ, ʢʦʛʜʘ ʫʨʦʚʝʥʴ ʦʩʚʦʝʥʠʷ ʧʨʝʚʳʩʠʪ ʦʧʨʝʜʝʣʸʥʥʫʶ ʛʨʘʥʠʮʫ ʧʦʨ

*L . 

ɺ ʩʣʫʯʘʝ ʥʝʠʟʚʝʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʫʨʦʚʝʥʴ ʦʩʚʦʝ-

ʥʠʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥ, ʧʦʵʪʦʤʫ ʜʦʣʞʝʥ ʙʳʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥ 

ʢʨʠʪʝʨʠʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ɠm - ʢʦ-

ʣʠʯʝʩʪʚʘʤʠ ʩʣʫʯʘʝʚ ʚ m-ʡ ʧʘʨʪʠʠ, ʢʦʛʜʘ ʚʥʝʰʥʷʷ ʩʨʝʜʘ ʧʨʠʥʷʣʘ ʫʞʝ 

ʚʩʪʨʝʯʘʚʰʠʝʩʷ ʩʦʩʪʦʷʥʠʷ. ɿʥʘʯʝʥʠʷ ɠm ʦʙʨʘʟʫʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʩʣʫʯʘʡʥʳʭ ʙʠʥʦʤʠʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʚʝʣʠʯʠʥ ʩ ʧʘʨʘʤʝʪʨʘʤʠ n 

(ʨʘʟʤʝʨ ʧʘʨʪʠʠ) ʠ Lm, ʧʨʠʯʸʤ Lm ʥʝʠʟʚʝʩʪʥʳ ʩʫʙʲʝʢʪʫ. ʈʘʟʤʝʨ ʧʘʨʪʠʠ 

n ʥʘ ʧʨʘʢʪʠʢʝ ʠʤʝʝʪ ʧʦʨʷʜʦʢ ʩʦʪʝʥ ʠʣʠ ʪʳʩʷʯ, ʧʦʵʪʦʤʫ ʙʠʥʦʤʠʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥ ɠm ʘʜʝʢʚʘʪʥʦ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʥʦʨʤʘʣʴʥʳʤ ʩ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʦʞʠʜʘʥʠʷʤʠ nLm ʠ ʜʠʩʧʝʨʩʠʷʤʠ nLm(1-Lm) < n/2. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤ ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʘʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʥʦ-
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ʤʝʨʘ ʵʣʝʤʝʥʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɠm/n, ʥʘʯʠʥʘʷ ʩ ʢʦʪʦʨʦʛʦ ʤʘʪʦʞʠ-

ʜʘʥʠʝ ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʚʝʣʠʯʠʥʳ ɠm/n ʧʨʝʚʳʰʘʝʪ ʟʘʜʘʥʥʫʶ 

ʛʨʘʥʠʮʫ ʧʦʨ

*L . ʉʦʛʣʘʩʥʦ ʠʟʚʝʩʪʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ [78, 123, 124] ʠ ʚr-

ʰʝʧʨʠʚʝʜʸʥʥʳʤ ʩʦʦʙʨʘʞʝʥʠʷʤ ʢʨʠʪʝʨʠʡ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ ʘʥʘʣʦʛʠʯ-

ʥʳʡ (3.60): 

0 0                             
1

max 0; m

l
l m

l m / n a
 

1 ʧʦʨ

1 ʧʦʨ

0 ʧʨʠ 0 ʠ ;   

1 ʧʨʠ 1 ʠʣʠ 

m

m

m

d l m l
d

d l m l .
          (3.61) 

ʛʜʝ a ʠ lʧʦʨ - ʧʘʨʘʤʝʪʨʳ ʢʨʠʪʝʨʠʷ, ʟʥʘʯʝʥʠʡ ʢʦʪʦʨʳʭ ʚʳʙʠʨʘʶʪʩʷ ʪʘʢ, 

ʯʪʦʙʳ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʵʬʬʝʢʪ ʌ(Ā) ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʩʚʦʡʩʪʚʘʭ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ (ʠʤʠʪʘʮʠʦʥʥʳʡ ʘʣʛʦʨʠʪʤ ʚʳʙʦʨʘ a ʠ lʧʦʨ ʨʘʩʩʤʦʪʨʝʥ ʚ 

ʧʨʠʣʦʞʝʥʠʠ ʇ.5). 

ʇʨʘʢʪʠʯʝʩʢʠʡ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʦʜʝʣʝʡ 

ʧʨʠʚʝʜʸʥ ʚ ʨʘʟʜʝʣʝ 3.6. 

 

3.6. ʇʨʠʣʦʞʝʥʠʷ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ 

 

ʋʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʝʡ ʂɼ (ʩʦʟʜʘʥʠʝ ʠ ʧʦʜʝʨʞʘʥʠʝ ʝʸ ʚ ʚʠʜʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʚ ʘʢʪʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ) ʠʤʝʝʪ ʯʨʝʟʚʳʯʘʡʥʦ 

ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʭʦʟʷʡʩʪʚʝʥʥʦʡ. ʂ ʵʪʦʤʫ ʢʣʘʩʩʫ ʟʘʜʘʯ ʦʪ-

ʥʦʩʠʪʩʷ, ʥʘʧʨʠʤʝʨ, ʩʦʟʜʘʥʠʝ ʩʧʦʩʦʙʦʚ ʠ ʩʨʝʜʩʪʚ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ/ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʶʙʦʛʦ ʥʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠʣʠ ʩʝʨʚʠʩʘ, ʩʧʦʩʦʙʦʚ ʠ 

ʩʨʝʜʩʪʚ ʜʦʚʝʜʝʥʠʷ ʝʛʦ ʜʦ ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ (ʧʨʦʜʘʞʠ ʠ ʩʦʧʨʦ-

ʚʦʞʜʝʥʠʝ), ʦʪʢʨʳʪʠʝ ʠ ʦʩʚʦʝʥʠʝ ʥʦʚʳʭ ʨʳʥʢʦʚ ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʠʣʠ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ (çʨʘʟʚʠʪʠʝ ʙʠʟʥʝʩʘè ʠ ʧʨʦʜʘʞʠ), ʦʩʚʦʝʥʠʝ ʪʝʭ-

ʥʦʣʦʛʠʡ ʂɼ ʦʪʜʝʣʴʥʳʤʠ ʠʥʜʠʚʠʜʘʤʠ ʠ ʦʨʛʘʥʠʟʦʚʘʥʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʠʥʜʠʚʠʜʦʚ ʣʶʙʦʛʦ ʤʘʩʰʪʘʙʘ (ʦʙʫʯʝʥʠʝ ʩʦʪʨʫʜʥʠʢʦʚ, ʚʥʝʜʨʝʥʠʝ ʥʦ-

ʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʠʥʥʦʚʘʮʠʡ ʚ ʩʘʤʦʤ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ). ʆʜʥʘʢʦ, ʚʦʟ-

ʤʦʞʥʦ ʠʤʝʥʥʦ ʚʩʣʝʜʩʪʚʠʝ ʰʠʨʦʪʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʦʛʨʦʤʥʦʛʦ ʨʘʟ-

ʥʦʦʙʨʘʟʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʘʪʠʢʠ, ʬʦʨʤʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʟʘʜʘʯ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠʭ ʨʝʰʝʥʠʷ 

ʟʘʪʨʫʜʥʝʥʳ. 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ 

ʧʝʨʝʭʦʜʘ ʦʪ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʢ ʝʸ ʧʨʦʜʫʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʶ (ʨʘʟʜʝʣ 3.5.4-3.5.5) ʧʨʠ ʦʩʚʦʝʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʦʚʦʛʦ ʠʟʜʝʣʠʷ 
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ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʢʦʤʧʘʥʠʝʡ, ʚʳʧʫʩʢʘʶʱʝʡ ʤʘʩʩʦʚʳʝ ʩʝʨʠʠ ʢʨʫʧʥʦ-

ʛʘʙʘʨʠʪʥʳʭ ʧʣʘʩʪʠʢʦʚʳʭ ʠʟʜʝʣʠʡ. 

ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ ʧʨʦʜʫʢʪʘ ʂʦʤʧʘʥʠʠ ʚʢʣʶʯʘʝʪ: (ʩʤ. ʨʘʟʜʝʣ 2.3.1) 

(i) ʨʘʟʨʘʙʦʪʢʫ ʢʦʥʮʝʧʮʠʠ ʧʨʦʜʫʢʪʘ ʠ (ii) ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʟʜʝʣʠʷ, 

(iii ) ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʨʝʩʩ-ʬʦʨʤʳ ʬʠʨʤʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ, (iv) ʥʘʣʘʜʢʫ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʦʩʚʦʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʚʳʚʦʜʦʤ ʝʛʦ ʥʘ 

ʧʨʦʝʢʪʥʫʶ ʤʦʱʥʦʩʪʴ, ʠ ʜʘʣʝʝ ʩʦʙʩʪʚʝʥʥʦ ʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ɿʘʪʨʘʪʳ ʂʦʤʧʘʥʠʠ ʥʘ ʢʦʥʮʝʧʮʠʶ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ (i-ii) ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʳ, ʩʪʦʠʤʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʝʩʩ-ʬʦʨʤʳ (iii) ʷʚʣʷʶʪʩʷ ʚʥʝʰʥʠʤ 

ʥʝʫʧʨʘʚʣʷʝʤʳʤ ʜʣʷ ʨʫʢʦʚʦʜʩʪʚʘ ʂʦʤʧʘʥʠʠ ʬʘʢʪʦʨʦʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʟʘʪʨʘʪʳ ʥʘ ʦʩʚʦʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʦ-ʧʝʨʚʳʭ, ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʟʥʘʯʠ-

ʪʝʣʴʥʳʭ ʚʝʣʠʯʠʥ, ʚʦ-ʚʪʦʨʳʭ, ʫʧʨʘʚʣʷʝʤʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʦʧʫʩʢʘʶʪ 

ʦʧʪʠʤʠʟʘʮʠʶ. 

ʆʩʚʦʝʥʠʝ ʠ ʚʳʚʦʜ ʥʘ ʧʨʦʝʢʪʥʫʶ ʤʦʱʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʦʚʦʛʦ 

ʠʟʜʝʣʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʇʦʩʣʝ ʤʦʥʪʘʞʘ ʥʦʚʦʡ ʧʨʝʩʩ-ʬʦʨʤʳ ʥʘ ʧʨʝʩʩʦʚʦʡ ʤʘʰʠʥʝ ʠ ʧʨʦ-

ʚʝʜʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʥʘʣʘʜʦʯʥʳʭ ʦʧʝʨʘʮʠʠ (ʟʘʪʨʘʪʳ ʥʘ ʚʩʝ ʵʪʠ ʦʧʝʨʘ-

ʮʠʠ ʬʠʢʩʠʨʦʚʘʥʳ - ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʳ ʬʠʨʤʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ), ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʦʩʚʦʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ - ʚʳʧʫʩʢ ʠʟʜʝʣʠʷ ʚ ʚʠʜʝ ʥʝʩʢʦʣʴʢʠʭ ʫʩʪʘʥʦ-

ʚʦʯʥʳʭ ʧʘʨʪʠʡ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʮʝʥʪʘ ʚʳʭʦʜʘ ʛʦʜʥʳʭ ʠʟʜʝʣʠʡ. ʇʦ ʟʘ-

ʚʝʨʰʝʥʠʶ ʦʩʚʦʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʷ ʚʳʧʫʩʢʘʶʪʩʷ ʩʝʨʠʡʥʦ ʪʘʢ-

ʞʝ ʚ ʚʠʜʝ ʧʘʨʪʠʡ. ʈʘʟʤʝʨ ʫʩʪʘʥʦʚʦʯʥʦʡ ʧʘʨʪʠʠ n ʨʘʚʝʥ ʨʘʟʤʝʨʫ ʩʝ-

ʨʠʡʥʦʡ ʠ ʥʝ ʜʦʧʫʩʢʘʝʪ ʠʟʤʝʥʝʥʠʡ. ɹʠʟʥʝʩ-ʧʣʘʥ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʧʫʩʢ 

ʥʝ ʤʝʥʝʝ M ʧʘʨʪʠʡ ʠʟʜʝʣʠʡ. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʙʨʘʢʦʚʘʥʥʳʭ ʠʟʜʝʣʠʡ ʦʧʠʩʳʚʘʝʪʩʷ ʤʦʜʝʣʴʶ 

ʦʩʚʦʝʥʠʷ: ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʘʞʜʦʛʦ ʵʢʟʝʤʧʣʷʨʘ ʠʟʜʝʣʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʝʢʦʪʦʨʳʤ, ʘʧʨʠʦʨʠ ʥʝʠʟʚʝʩʪʥʳʤ, ʢʦʣʠʯʝʩʪʚʦʤ ʩʦʯʝʪʘʥʠʡ ʥʝʦʧʨʝʜʝ-

ʣʸʥʥʳʭ ʫʩʣʦʚʠʡ (ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ) ʠ ʚʝʨʦʷʪʥʦʩʪʷʤʠ ʠʭ 

ʥʘʩʪʫʧʣʝʥʠʷ. ʂʦʛʜʘ ʩʦʯʝʪʘʥʠʝ ʫʩʣʦʚʠʡ ʩʢʣʘʜʳʚʘʝʪʩʷ ʚʧʝʨʚʳʝ, ʵʢʟʝʤ-

ʧʣʷʨ ʠʟʜʝʣʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʙʨʘʢʦʚʘʥʥʳʤ, ʯʪʦ ʪʨʝʙʫʝʪ ʢʦʨʨʝʢʪʠʨʦʚʢʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɽʩʣʠ ʵʪʠ ʞʝ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʘʶʪ ʧʦʩʣʝ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ, ʧʦʣʫʯʘʝʪʩʷ ʛʦʜʥʦʝ ʠʟʜʝʣʠʝ. ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʵʢʟʝʤʧʣʷ-

ʨʦʚ ʠʟʜʝʣʠʷ ʩʦʯʝʪʘʥʠʷ ʥʝʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʡ ʩʢʣʘʜʳʚʘʶʪʩʷ ʥʝʟʘ-

ʚʠʩʠʤʦ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʦʨʛʘʥʠʟʦʚʘʥʦ ʧʘʨʪʠʷʤʠ (çʧʘʨʪʠʦʥʥʦʝè ʧʨʦʠʟʚʦʜ-

ʩʪʚʦ), ʧʦʵʪʦʤʫ ʥʘʩʪʦʡʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ (ʠʟʤʝʥʝʥʠʝ ʨʝ-

ʮʝʧʪʫʨʳ ʩʳʨʴʷ, ʧʘʨʘʤʝʪʨʦʚ ʤʘʰʠʥʳ) ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʪʦʣʴʢʦ 

ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʦʜʥʦʡ ʧʘʨʪʠʠ ʧʝʨʝʜ ʚʳʧʫʩʢʦʤ ʜʨʫʛʦʡ. ʇʨʠ ʥʘʩʪʦʡ-



 

193 

ʢʝ ʧʝʨʝʜ ʧʝʨʚʦʡ ʫʩʪʘʥʦʚʦʯʥʦʡ ʧʘʨʪʠʝʡ ʜʦʩʪʠʛʘʝʪʩʷ ʥʝʢʦʪʦʨʳʡ 

ʥʘʯʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʧʨʦʮʝʥʪʘ ʚʳʭʦʜʘ ʛʦʜʥʳʭ ʠʟʜʝʣʠʡ ï ʦʩʚʦʝʥʠ,̫ ʢʦ-

ʪʦʨʳʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʚʝʥ L0 å 0.75. 

ʇʦʩʣʝ ʢʘʞʜʦʡ ʧʘʨʪʠʠ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦ ʧʨʦʜʦʣʞʝʥʠʠ ʦʩʚʦ-

ʝʥʠʷ - ʚʳʧʫʩʢʝ ʩʣʝʜʫʶʱʝʡ ʫʩʪʘʥʦʚʦʯʥʦʡ ʧʘʨʪʠʠ - ʠʣʠ ʧʝʨʝʭʦʜʝ ʢ ʩʝ-

ʨʠʡʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ. 

ʂʘʞʜʦʝ ʛʦʜʥʦʝ ʠʟʜʝʣʠʝ ʠʟ ʩʝʨʠʡʥʦʡ ʧʘʨʪʠʠ ʧʨʠʥʦʩʠʪ ʚʳʛʦʜʫ v, 

ʧʨʷʤʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʠʟʜʝʣʠʝ ʩʦʩʪʘʚʣʷʶʪ c. ʀʟʜʝʣʠʷ 

ʠʟ ʫʩʪʘʥʦʚʦʯʥʳʭ ʧʘʨʪʠʡ ʥʝ ʧʨʠʛʦʜʥʳ ʜʣʷ ʧʨʦʜʘʞʠ, ʟʘʪʨʘʪʳ ʥʘ ʚʳʧʫʩʢ 

ʦʜʥʦʡ ʫʩʪʘʥʦʚʦʯʥʦʡ ʧʘʨʪʠʠ ʨʘʚʥʳ Cʦ. ʇʨʠ ʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʙʨʘʢ ʪʨʝʙʫʝʪ ʘʥʘʣʠʟʘ ʠ ʜʦʥʘʩʪʨʦʡʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʟʘ-

ʪʨʘʪʳ ʥʘ ʵʪʠ ʦʧʝʨʘʮʠʠ ʩʦʩʪʘʚʣʷʶʪ c  hʥʘ ʢʘʞʜʦʝ ʙʨʘʢʦʚʘʥʥʦʝ ʠʟʜʝʣʠʝ. 

ɿʘʜʘʯʘ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʢʘʢ ʧʨʦʚʝʨʢʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʩʣʝʜʦʚʘ-

ʥʠʷ ʧʨʠʥʷʪʦʡ ʧʨʘʢʪʠʢʝ ʦʩʚʦʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ, ʝʩʣʠ ʚʳʷʩʥʠʪʩʷ, ʯʪʦ 

ʧʨʘʢʪʠʢʘ ʥʝ ʦʧʪʠʤʘʣʴʥʘ, - ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʫʣʫʯʰʝʥʠʶ 

ʧʨʦʮʝʜʫʨʳ ʦʩʚʦʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʠʥʷʪʘʷ ʚ ʂʦʤʧʘʥʠʠ ʧʨʘʢʪʠʢʘ 

ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʧʝʨʝʭʦʜʝ ʦʪ ʦʩʚʦʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢ ʩʝʨʠʡʥʦʤʫ ʚʳ-

ʧʫʩʢʫ ʧʦʩʣʝ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʙʨʘʢʦʚʘʥʥʳʭ ʠʟʜʝʣʠʡ ʚ ʫʩʪʘʥʦʚʦʯ-

ʥʦʡ ʧʘʨʪʠʠ ʜʦ ʫʨʦʚʥʷ ʥʝ ʙʦʣʝʝ ʯʝʤ ʦʜʥʦʡ ʰʪʫʢʠ. 

ʇʨʦʮʝʩʩ ʦʩʚʦʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ - ʥʘʫʯʝʥʠʷ - ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʘʯʘʣʴʥʳʤ ʫʨʦʚʥʝʤ L0, ʨʘʟʤʝʨʥʦʩʪʴʶ K ʠ ʚʝʨʦʷʪʥʦʩʪʷʤʠ {pk}, ʵʪʠ 

ʧʘʨʘʤʝʪʨʳ ʫʩʣʦʚʥʦ ʥʘʟʚʘʥʳ çʥʝʷʚʥʳʤʠè, ʪʘʢ ʢʘʢ ʦʥʠ ʥʝ ʜʦʩʪʫʧʥʳ ʜʣʷ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ, ʘ ʤʦʛʫʪ ʙʳʪʴ ʪʦʣʴʢʦ ʦʮʝʥʝʥʳ ʵʢʩʧʝʨʪ-

ʥʦ. 

ɿʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʥʘ ʧʨʠʤʝʨʝ ʢʦʥʢʨʝʪʥʦʛʦ ʠʟʜʝʣʠʷ, ʜʣʷ ʢʦʪʦʨʦʛʦ: 

ʨʘʟʤʝʨ ʧʘʨʪʠʠ n = 50 ʠʟʜʝʣʠʡ; ʤʠʥʠʤʘʣʴʥʳʡ ʦʙʲʝʤ ʚʳʧʫʩʢʘ M Ó 300 

ʧʘʨʪʠʡ (ʚʩʝʛʦ ʥʝ ʤʝʥʝʝ 15 ʪʳʩ. ʠʟʜʝʣʠʡ); ʦʪʥʦʰʝʥʠʷ ʟʘʪʨʘʪ ʢ ʚʳʛʦʜʝ 

Cʦ å 1.5nv, c å 0.2v ʠ c  hÓ 10v. ʇʘʨʘʤʝʪʨʳ n, M, Cʦ, v, c, ʠ c  hʫʩʣʦʚʥʦ 

ʥʘʟʚʘʥ  rçʫʯʸʪʥʳʤʠè, ʧʦʪʦʤʫ ʯʪʦ ʠʭ ʟʥʘʯʝʥʠʷ ʠʟʚʝʩʪʥʳ ʪʦʯʥʦ ï ʦʥʠ 

ʙʝʨʫʪʩʷ ʠʟ ʫʯʸʪʥʳʭ ʩʠʩʪʝʤ ʠʣʠ ʟʘʜʘʶʪʩʷ ʨʝʛʣʘʤʝʥʪʘʤʠ ʂʦʤʧʘʥʠʠ. 

ɿʥʘʯʝʥʠʷ ʫʯʸʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʠʣʠ ʚʳʯʠʩʣʠʪʴ ʧʦʨʦʛʦʚʦʝ 

ʟʥʘʯʝʥʠʝ L
*
ʧʦʨ = 0.746, ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʢʦʪʦʨʦʛʦ ʩʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘ-

ʪʘʤ ʨʘʟʜʝʣʘ (3.5.4) ʮʝʣʝʩʦʦʙʨʘʟʝʥ ʧʝʨʝʭʦʜ ʢ ʧʨʦʜʫʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ï ʩʝʨʠʡʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʥʘʯʘʣʴʥʘʷ ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʫʨʦ-

ʚʝʥʴ L0 å 0.75, ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʧʝʨʝʭʦʜʘ ʢ ʩʝʨʠʡʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ, 

ʯʪʦ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʝʩʪʠ ʟʘʪʨʘʪ r ʠ ʪʨʘʪʠʪʴ ʚʨʝʤ ̫ ʥʘ ʚʳʧʫʩʢ 

ʫʩʪʘʥʦʚʦʯʥʳʭ ʧʘʨʪʠʡ. ʈʝʢʦʤʝʥʜʘʮʠʷ ʥʘʯʠʥʘʪʴ ʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʧʨʠ ʫʨʦʚʥʝ ʙʨʘʢʘ ʚ ʧʘʨʪʠʠ ʦʢʦʣʦ 25% (12.5 ʰʪʫʢ ʚ ʩʨʝʜʥʝʤ) ʷʚʣʷʝʪʩʷ 
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ʜʦʩʪʘʪʦʯʥʦ ʥʝʪʨʘʜʠʮʠʦʥʥʦʡ, ʧʦʵʪʦʤʫ ʧʦʪʨʝʙʦʚʘʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʙʦʩʥʦʚʘʥʠʷ. 

ɼʣʷ ʵʪʦʛʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʬʬʝʢʪʘ 

(ʇ5.2). ʀʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ 

ʙʳ ʦʜʥʦʟʥʘʯʥʦ ʟʘʜʘʪʴ ʤʦʜʝʣʴ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʢʨʠ-

ʚʫʶ ʦʩʚʦʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʨʘʟʣʠʯ-

ʥʳʭ ʩʦʯʝʪʘʥʠʡ ʥʝʷʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (K, {pk} ʠ L0). 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ { pk} ʟʘʜʘʚʘʣʦʩʴ ʚ ʪʨʸʭ ʚʘʨʠʘʥʪʘʭ: ʨʘʚʥʦʤʝʨʥʦʝ 

pk = 1/K, ʙʠʥʦʤʠʘʣʴʥʦʝ pk = CK
k
2

-k
 (ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʫʩʧʝʭʘ ʨʘʚʥʦʡ 1/2) 

ʠ çʣʠʥʝʡʥʦ-ʨʘʩʪʫʱʝʝè pk = 2K
-1
(K+1)

-1
k. ʅʘ ʨʠʩʫʥʢʝ 3.6 ʧʨʠʚʝʜʝʥʳ 

ʢʨʠʚʳʝ ʦʩʚʦʝʥʠʷ, ʦʪʚʝʯʘʶʱʠʝ ʜʘʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤ ʧʨʠ K = 20, 

ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ, ʰʪʨʠ-

ʭʦʚʘʷ ï çʣʠʥʝʡʥʦ-ʨʘʩʪʫʱʝʤʫè, ʘ ʧʫʥʢʪʠʨʥʘʷ ï ʙʠʥʦʤʠʘʣʴʥʦʤʫ (ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʘʷ ʦʩʴ ï ʥʦʤʝʨ ʧʝʨʠʦʜʘ ʦʩʚʦʝʥʠʷ, ʚʝʨʪʠʢʘʣʴʥʘʷ ï ʫʨʦʚʝʥʴ 

ʦʩʚʦʝʥʠʷ). 

ʆʪʜʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʘ ʌm(1, M) ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘʮʠʠ ʚ ʪʘʙʣʠʮʘʭ ʇ6.1 ʠ ʇ6.2 ʠ ʥʘ ʨʠʩʫʥ-

ʢʘʭ ʇ6.1 ʠ ʇ6.2 ʚ ʧʨʠʣʦʞʝʥʠʠ ʇ.6.  

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʣʣʶʩʪʨʠʨʫʝʪ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʯʪʦ ʟʥʘʯʝʥʠʷ ʫʯʸʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʟʥʘʯʝʥʠʡ ʥʝʷʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʦʧʨʝʜʝʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʪʨʝʥʜ: ʵʬʬʝʢʪ ʌm(1, M) (ʇ5.2) 

ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʝʪ ʘ) ʩ ʨʦʩʪʦʤ ʥʦʤʝʨʘ ʧʘʨʪʠʠ m, ʧʦʩʣʝ ʢʦʪʦʨʦʡ ʧʨʦ-

ʠʟʚʝʜʸʥ ʧʝʨʝʭʦʜ ʢ ʩʝʨʠʡʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ ʙ) ʩ ʨʦʩʪʦʤ ʨʘʟʤʝʨʥʦʩʪʠ 

ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ K. ɺʳʷʚʣʝʥʥʳʡ 

ʪʨʝʥʜ ʧʦʜʪʚʝʨʜʠʣ ʨʝʢʦʤʝʥʜʘʮʠʶ ʦ ʧʝʨʝʭʦʜʝ ʢ ʩʝʨʠʡʥʦʤʫ ʧʨʦʠʟʚʦʜ-

ʩʪʚʫ ʩʨʘʟʫ ʧʦʩʣʝ ʥʘʯʘʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʠ. 
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ʈʠʩ.3.6. ʂʨʠʚʳʝ ʦʩʚʦʝʥʠʷ ʜʣʷ ʪʨʸʭ ʚʠʜʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ 

 

ʉʨʘʚʥʝʥʠʝ ʨʝʢʦʤʝʥʜʫʝʤʦʛʦ ʧʦʜʭʦʜʘ ʩ ʧʨʠʥʷʪʦʡ ʧʨʘʢʪʠʢʦʡ ʙʳʣʦ 

ʧʨʦʠʟʚʝʜʝʥʦ ʚ ʭʦʜʝ ʜʨʫʛʦʡ ʩʝʨʠʠ ʠʤʠʪʘʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʠʭ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ ʇ6.3 ï ʇ6.4 ʚ ʧʨʠʣʦʞʝʥʠʠ ʇ.6. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʨʝʢʦʤʝʥʜʫʝʤʳʡ 

ʧʦʜʭʦʜ ʥʝ ʫʭʫʜʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʠʥʷʪʦʡ ʧʨʘʢʪʠʢʦʡ, ʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʯʝʪʘʥʠʷ ʟʥʘʯʝʥʠʡ ʥʝʷʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ. 

ɺʘʞʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ ʚʦ-ʧʝʨʚʳʭ, ʫʤʝʥʴʰʝʥʠʝ (ʥʘ ʚʝʣʠ-

ʯʠʥʫ ʟʘʪʨʘʪ ʥʘ ʫʩʪʘʥʦʚʦʯʥʳʝ ʧʘʨʪʠʠ) ʦʙʲʸʤʘ ʠʥʚʝʩʪʠʮʠʡ, ʦʪʚʣʝʢʘʝ-

ʤʳʭ ʥʘ ʦʩʚʦʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠ ʚʦ-ʚʪʦʨʳʭ, ʚʳʠʛʨʳʰ ʚʦ ʚʨʝʤʝʥʠ ʜʦ 

ʧʝʨʚʦʡ ʧʦʩʪʘʚʢʠ, ʢʦʪʦʨʦʝ ʥʝ ʧʨʠʭʦʜʠʪʩʷ ʪʨʘʪʠʪʴ ʥʘ ʚʳʧʫʩʢ ʫʩʪʘʥʦ-

ʚʦʯʥʳʭ ʧʘʨʪʠʡ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʦ-

ʢʨʘʱʝʥʠʶ ʩʨʦʢʘ ʦʢʫʧʘʝʤʦʩʪʠ ʠʥʚʝʩʪʠʮʠʡ ʥʘ ʢʘʞʜʳʡ ʧʨʦʝʢʪ ʟʘʧʫʩʢʘ 

ʥʦʚʦʛʦ ʠʟʜʝʣʠʷ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʪʘʢʞʝ ʦʪ ʪʘ-

ʢʦʛʦ ʥʝʷʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʢʘʢ ʫʨʦʚʝʥʴ ʥʘʯʘʣʴʥʦʡ ʥʘʩʪʦʡʢʠ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ L0. ʇʦʵʪʦʤʫ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʝʱʸ ʦʜʥʘ ʩʝʨʠʷ ʤʦ-

ʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ʠʩʩʣʝʜʦʚʘʣʘʩʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʠʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʢ L0, ʨʝʟʫʣʴ-

ʪʘʪʳ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ ʇ6.5 ï ʇ6.6, ʚr -

ʧʦʣʥʝʥʥʳʭ ʚ ʬʦʨʤʘʪʝ ʧʨʝʜʳʜʫʱʠʭ ʪʘʙʣʠʮ. ʉʦʜʝʨʞʠʤʦʝ ʪʘʙʣʠʮ 
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ʇ6.5 ï ʇ6.6 ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʥʠʟʢʠʭ ʥʘʯʘʣʴʥʳʭ 

ʫʨʦʚʥʝʡ ʦʩʚʦʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ (40% ʙʨʘʢʘ ʚ ʧʝʨʚʦʡ ʧʘʨʪʠʠ) ʮʝʣʝʩʦ-

ʦʙʨʘʟʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʩʦʭʨʘʥʷʝʪʩʷ, ʪʘʢ ʢʘʢ ʪʨʘʜʠʮʠ-

ʦʥʥʘʷ ʧʨʘʢʪʠʢʘ ʪʦʣʴʢʦ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʜʘʸʪ ʙʦʣʴʰʠʡ ʵʢʦʥʦʤʠʯʝ-

ʩʢʠʡ ʵʬʬʝʢʪ, ʧʨʠʯʸʤ ʚʳʠʛʨʳʰ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ ʦʜʥʦʛʦ ʧʨʦʮʝʥʪʘ, 

ʘ ʧʨʦʠʛʨʳʰ ʚʦ ʚʨʝʤʝʥʠ (ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʪʘʥʦʚʦʯʥʳʭ ʧʘʨʪʠʡ) ʩʦ-

ʭʨʘʥʷʝʪʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʜʝʣʘʥʥʳʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʚʦʜʳ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜʪʚʝʨʜʠʣʠ ʨʝʢʦʤʝʥʜʘʮʠʶ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩ-

ʢʣʶʯʠʪʴ ʚʳʧʫʩʢ ʫʩʪʘʥʦʚʦʯʥʳʭ ʧʘʨʪʠʡ ʠ ʥʘʯʠʥʘʪʴ ʩʝʨʠʡʥʦʝ ʧʨʦʠʟ-

ʚʦʜʩʪʚʦ ʩʨʘʟʫ ʧʦʩʣʝ ʧʝʨʚʠʯʥʦʡ ʥʘʩʪʨʦʡʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʕʤʧʠʨʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʨʠ ʦʩʚʦʝʥʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʠʣʦʪʥʦʛʦ ʠʟʜʝʣʠʷ ʠ ʚʳʧʫʩʢʘ ʧʝʨʚʳʭ 100 ʧʘʨʪʠʡ ʧʨʠʚʝ-

ʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʇ6.7 ʠ ʥʘ ʨʠʩʫʥʢʝ ʇ6.4.  

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʧʨʠʥʷʪʦʡ ʧʨʘʢʪʠʢʠ ʩʝʨʠʡ-

ʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘʯʘʣʦʩʴ ʙʳ ʧʦʩʣʝ ʚʳʧʫʩʢʘ 26-ʡ ʧʘʨʪʠʠ (ʩʤ. ʪʘʙʣʠ-

ʮʫ ʇ6.7 ʠ ʨʠʩʫʥʦʢ ʇ6.4), ʢ ʵʪʦʤʫ ʤʦʤʝʥʪʫ ʟʘʪʨʘʪʳ ʥʘ ʦʩʚʦʝʥʠʝ ʩʦʩʪʘ-

ʚʠʣʠ ʙʳ -728 ʝʜʠʥʠʮ (ʩʤ. ʨʠʩʫʥʦʢ 3.7). 

 

 
 

ʈʠʩ. 3.7. ɿʘʪʨʘʪʳ ʥʘ ʦʩʚʦʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʠʣʦʪʥʦʛʦ ʠʟʜʝʣʠʷ 

 

ʈʝʘʣʠʟʘʮʠʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʪʢʘʟʫ ʦʪ ʫʩʪʘʥʦʚʦʯʥʳʭ ʧʘʨʪʠʡ 

ʧʦʟʚʦʣʠʣʘ ʚʦ-ʧʝʨʚʳʭ, ʫʤʝʥʴʰʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʥʘʢʦʧʣʝʥ-

ʥʳʭ ʟʘʪʨʘʪ ʜʦ -450 ʝʜʠʥʠʮ, ʚʦ-ʚʪʦʨʳʭ, ʫʤʝʥʴʰʠʪʴ ʧʝʨʠʦʜ ʜʦ çʪʦʯʢʠ 

ʙʝʟʫʙʳʪʦʯʥʦʩʪʠè (30-ʷ ʧʘʨʪʠʷ ʚʤʝʩʪʦ 41-ʡ, ʩʤ. ʨʠʩʫʥʦʢ 3.7), ʚ-

ʪʨʝʪʴʠʭ, ʦʙʝʩʧʝʯʠʪʴ ʧʨʠʤʝʨʥʦ 14% ʧʨʦʮʝʥʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʬʠʥʘʥʩʦ-

ʇʨʠʥʷʪʘʷ ʧʨʘʢʪʠʢʘ 
 

ʈʝʢʦʤʝʥʜʦʚʘʥʥʳʡ ʧʦʜʭʦʜ 
 

˹͔ͦͣͪ 
͙͙ͨ͊ͪͭ 

̏ͺͺ͔ͭ͟ ̅όϊύ 
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ʚʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʥʘ ʧʝʨʚʳʭ 100 ʧʘʨʪʠʷʭ ʠʟʜʝʣʠʡ (3387 ʚʤʝʩʪʦ 2972 

ʝʜʠʥʠʮ). 

 

ʈʘʩʩʤʦʪʨʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʝʥʠ ̫ʪʝʭʥʦʣʦʛʠʝʡ ʂɼ 

ʥʘ ʧʨʠʤʝʨʝ ʦʜʥʦʛʦ ʠʟ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʥʝʢʦʪʦʨʦʡ ʂʦʤʧʘʥʠʠ, ʫʩʣʦʚʥʦ 

ʥʘʟʦʚʸʤ ʝʛʦ ʎʝʥʪʨ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ (ʎʆʂ). ʎʆʂ ʦʢʘʟʳʚʘʝʪ 

ʤʘʩʩʦʚʳʝ ʫʩʣʫʛʠ ʩʪʦʨʦʥʥʠʤ ʦʨʛʘʥʠʟʘʮʠʷʤ ï ʢʣʠʝʥʪʘʤ ʠ ʨʝʘʣʠʟʫʝʪ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʙʠʟʥʝʩ ʚ ʬʦʨʤʝ outsourcing
36

 ʦʜʥʦʡ ʠʟ ʢʦʨʧʦʨʘʪʠʚʥʳʭ 

ʬʫʥʢʮʠʡ, ʩʚʷʟʘʥʥʦʡ ʩ ʦʙʨʘʙʦʪʢʦʡ ʜʦʢʫʤʝʥʪʦʚ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʙʫ-

ʤʘʞʥʦʡ ʬʦʨʤʝ. 

ʈʘʙʦʯʫʶ ʥʘʛʨʫʟʢʫ ʜʣʷ ʎʆʂ ʩʦʟʜʘʸʪ ʧʦʪʦʢ ʟʘʧʨʦʩʦʚ, ʢʘʞʜʳʡ ʠʟ 

ʢʦʪʦʨʳʭ ʜʦʣʞʝʥ ʙʳʪʴ ʦʙʨʘʙʦʪʘʥ, ʜʣʷ ʵʪʦʛʦ ʚ ʎʆʂ ʩʦʟʜʘʥ ʧʫʣ ʨʘʙʦʯʠʭ 

ʤʝʩʪ, ʟʘʥʷʪʳʭ ʨʷʜʦʚʳʤʠ ʩʦʪʨʫʜʥʠʢʘʤʠ. 

ʉʝʨʚʠʩʥʳʝ ʜʦʛʦʚʦʨʳ ʩ ʢʣʠʝʥʪʘʤʠ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʧʦʪʦʢʘ ʟʘʧʨʦʩʦʚ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʯʝ-

ʩʪʚʘ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ ʠ ʜʦʧʫʩʪʠʤʳʝ ʩʨʦʢʠ ʟʘʚʝʨʰʝʥʠʷ ʦʙʨʘʙʦʪʢʠ 

ʢʘʞʜʦʛʦ ʟʘʧʨʦʩʘ ʩ ʤʦʤʝʥʪʘ ʝʛʦ ʧʦʩʪʫʧʣʝʥʠʷ. 

ʇʦʪʦʢ ʧʦʩʪʦʷʥʝʥ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʦʢʦʣʦ N = 500 ʟʘʧʨʦʩʦʚ ʚ 

ʜʝʥʴ) ʠ ʧʦ ʚʠʜʘʤ ʟʘʧʨʦʩʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʠʜʦʚ ʟʘʧʨʦʩʦʚ, 

ʪʨʫʜʦʸʤʢʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʣʶʙʦʛʦ ʟʘʧʨʦʩʘ ʠʟʚʝʩʪʥʘ ʠ ʩʯʠʪʘʝʪʩʷ ʧʦʩʪʦ-

ʷʥʥʦʡ (ʧʨʠʤʝʨʥʦ ʦʜʠʥ ʨʘʙʦʯʠʡ ʜʝʥʴ ʦʜʥʦʛʦ ʨʷʜʦʚʦʛʦ ʩʦʪʨʫʜʥʠʢʘ ʥʘ 

ʦʜʠʥ ʟʘʧʨʦʩ). ʏʠʩʣʝʥʥʦʩʪʴ ʨʷʜʦʚʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʨʫ-

ʢʦʚʦʜʩʪʚʦʤ (ʩ ʫʯʸʪʦʤ ʘʜʘʧʪʘʮʠʠ ʧʨʠ ʧʨʠʸʤʝ ʥʘ ʨʘʙʦʪʫ, ʦʪʧʫʩʢʦʚ ʠ 

ʜʨʫʛʠʭ ʧʝʨʝʨʳʚʦʚ ʚ ʨʘʙʦʪʝ ʯʠʩʣʝʥʥʦʩʪʴ ʧʨʝʚʳʰʘʝʪ N) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʠ ʥʦʨʤʘʪʠʚʥʦʡ ʪʨʫʜʦʸʤʢʦʩʪʠ. ʕʪʦ ʧʨʝʜʧʦʣʘʛʘ-

ʝʪ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʧʨʠʝʤʣʝʤʳʡ ʪʨʫʜʦʚʦʡ ʨʠʪʤ, ʘ ʩ ʜʨʫʛʦʡ ï ʪʨʝʙʫʝ-

ʤʦʝ ʜʦʛʦʚʦʨʘʤʠ ʢʘʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ. 

ʂʘʞʜʳʡ ʠʟ ʨʷʜʦʚʳʭ ʩʦʪʨʫʜʥʠʢʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʧʦʣʥʷʝʪ ʟʘʧʨʦʩ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʦʜʥʘʢʦ ʝʩʣʠ ʦʩʦʙʝʥʥʦʩʪʠ ʟʘʧʨʦʩʘ ʷʚʣʷʪʁʩʷ ʜʣʷ ʥʝʛʦ 

ʥʦʚʳʤʠ, ʦʥ ʧʨʠʚʣʝʢʘʝʪ çʩʫʧʝʨʚʠʟʦʨʘè - ʥʘʩʪʘʚʥʠʢʘ, ʢʦʪʦʨʳʡ ʧʨʦʚʦ-

ʜʠʪ ʦʙʫʯʝʥʠʝ ʚ ʭʦʜʝ ʨʘʙʦʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʤʦʱʠ ʩʫʧʝʨʚʠʟʦʨʘ ʩʦ-

ʪʨʫʜʥʠʢ ʦʩʚʘʠʚʘʝʪ ʪʝʭʥʦʣʦʛʠʶ ʠ ʧʨʠ ʩʣʝʜʫʶʱʝʤ ʪʘʢʦʤ ʞʝ ʩʦʯʝʪʘʥʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʟʘʧʨʦʩʘ ʚʳʧʦʣʥʷʝʪ ʨʘʙʦʪʫ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ɺ ʪʝʯʝʥʠʝ ʜʥʷ 

                                                           
36 Outsourcing ï ʧʝʨʝʜʘʯʘ ʦʨʛʘʥʠʟʘʮʠʝʡ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʦʛʦʚʦʨʘ, ʦʧʨʝʜʝʣʸʥʥʳʭ ʚʠʜʦʚ 
ʠʣʠ ʬʫʥʢʮʠʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʨʫʛʦʡ ʢʦʤʧʘ-
ʥʠʠ, ʜʝʡʩʪʚʫʶʱʝʡ ʚ ʥʫʞʥʦʡ ʦʙʣʘʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʢ ʜʘʥʥʦʡ ʬʦʨʤʝ ʧʨʠʙʝʛʘʶʪ, 
ʧʝʨʝʜʘʚʘʷ ʜʨʫʛʦʡ ʢʦʤʧʘʥʠʠ ʩʪʘʥʜʘʨʪʥʳʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʬʫʥʢʮʠʠ ï ʧʨʦʠʟʚʦʜ-
ʩʪʚʦ ʪʠʧʦʚʳʭ ʠʟʜʝʣʠʡ, ʨʝʤʦʥʪʳ, ʬʠʥʘʥʩʦʚʘʷ ʠʣʠ ʢʘʜʨʦʚʘʷ ʬʫʥʢʮʠʷ ʠ ʪʘʢ ʜʘʣʝʝ. ɺ 
ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʎʆʂ ʷʚʣʷʝʪʩʷ ʪʦʡ ʩʘʤʦʡ çʜʨʫʛʦʡè ʢʦʤʧʘʥʠʝʡ, ʚʳʧʦʣʥʷʶʱʝʡ ʧʝʨʝʜʘʥ-
ʥʳʝ ʬʫʥʢʮʠʠ. 
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ʩʫʧʝʨʚʠʟʦʨ ʤʦʞʝʪ ʧʦʜʜʝʨʞʘʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʳʧʦʣʥʝʥʠʝ ʜʦ ʧʷʪʠ 

ʧʨʦʙʣʝʤʥʳʭ ʟʘʧʨʦʩʦʚ. 

ʎʆʂ ʦʪʣʠʯʘʝʪʩʷ ʟʘʤʝʪʥʦʡ ʪʝʢʫʯʝʩʪʴʶ - ʫʚʦʣʴʥʝʥʠ ̫ʧʦ ʩʦʙʩʪʚʝʥ-

ʥʦʤʫ ʞʝʣʘʥʠʶ ʧʨʦʠʩʭʦʜʷʪ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ. ʅʘ ʨʠʩʫʥʢʝ 3.8 ʧʨʝʜʩʪʘʚ-

ʣʝʥʦ ʵʤʧʠʨʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʦʣʠ ʨʷʜʦʚʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʜʦ ʫʚʦʣʴʥʝʥʠʷ (ʩʪʦʣʙʯʘʪʘʷ ʜʠʘʛʨʘʤʤʘ) ʚʤʝʩʪʝ ʩ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʣʠʥʠʝʡ ʪʨʝʥʜʘ. 

 

 
ʈʠʩ. 3.8. ʕʤʧʠʨʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʦʣʠ ʩʦʪʨʫʜʥʠʢʦʚ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ (ʚ ʫʩʣʦʚʥʳʭ ʧʝʨʠʦʜʘʭ) ʜʦ ʫʚʦʣʴʥʝʥʠʷ 

ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʣʠʥʠʝʡ ʪʨʝʥʜʘ. 

 

ʆʜʥʘʢʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʤʧʝʪʝʥʮʠʷʤ ʨʷ-

ʜʦʚʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ ʚʦʩʧʦʣʥʷʪʴ ʩ ʨʳʥʢʘ ʪʨʫʜʘ 

ʫʚʦʣʴʥʷʶʱʠʭʩʷ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʚʥʦʚʴ ʧʨʠʙʳʚʘʶʱʠʭ ʥʘ ʨʘʙʦʯʝʤ ʤʝ-

ʩʪʝ. ʇʨʦʮʝʩʩ ʦʩʚʦʝʥʠʷ ʩʦʪʨʫʜʥʠʢʦʤ ʪʝʭʥʦʣʦʛʠʠ ʨʘʙʦʪʳ ʚ ʮʝʣʦʤ 

ʚʢʣʶʯʘʝʪ ʥʘʯʘʣʴʥʳʡ ʢʫʨʩ ʦʙʫʯʝʥʠʷ ʧʨʠ ʧʨʠʸʤʝ, ʟʘʥʠʤʘʶʱʠʡ ʥʝ-

ʩʢʦʣʴʢʦ ʜʥʝʡ, ʠ ʧʨʦʜʦʣʞʝʥʠʝ ʦʙʫʯʝʥʠʷ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ 

ʩʫʧʝʨʚʠʟʦʨʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ çʦʪʢʨʳʪʦè - ʧʨʦʘʥʘʣʠʟʠʨʦ-

ʚʘʪʴ ʨʘʙʦʪʫ ʎʆʂ ʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦ-

ʮʝʩʩʘ ʦʩʚʦʝʥʠʷ ʨʷʜʦʚʳʤʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʪʝʭʥʦʣʦʛʠʠ ʨʘʙʦʪʳ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʤʠʥʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʠ ʨʷʜʦʚʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʠ 
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ʩʫʧʝʨʚʠʟʦʨʦʚ. ʅʘ ʤʦʤʝʥʪ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʨʦʩʦʚ ʚ 

ʜʝʥʴ, ʪʨʝʙʫʶʱʠʭ ʫʯʘʩʪʠʷ ʩʫʧʝʨʚʠʟʦʨʦʚ, ʠʟʤʝʥʷʣʦʩʴ ʦʪ 75 ʜʦ 260, ʩʦ-

ʩʪʘʚʣʷʷ ʚ ʩʨʝʜʥʝʤ ʧʨʠʤʝʨʥʦ 150-160 ʟʘʧʨʦʩʦʚ ʚ ʜʝʥʴ, ʯʠʩʣʝʥʥʦʩʪʴ 

ʨʷʜʦʚʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʥʘ ʫʨʦʚʥʝ 546é550 ʯʝʣʦʚʝʢ, 

ʩʫʧʝʨʚʠʟʦʨʦʚ ï ʦʢʦʣʦ 50 ʯʝʣʦʚʝʢ. 

ɿʘʜʘʯʘ ʬʦʨʤʘʣʠʟʦʚʘʥʘ ʥʘ ʦʩʥʦʚʝ ʠʟʣʦʞʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ ʤʦ-

ʜʝʣʝʡ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ ʂɼ ʠ ʤʦʜʝʣʝʡ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʘʢ-

ʪʠʚʥʳʭ ʨʝʩʫʨʩʦʚ ʆʊʉ, ʢʦʪʦʨʳʤ ʧʦʩʚʷʱʝʥʘ ʧʷʪʘʷ ʛʣʘʚʘ. ʇʝʨʠʦʜ ʜʠʩ-

ʢʨʝʪʥʦʛʦ ʚʨʝʤʝʥʠ ʙʳʣ ʧʨʠʥʷʪ ʨʘʚʥʳʤ ʦʜʥʦʤʫ ʨʘʙʦʯʝʤʫ ʜʥʶ. 

ʋʩʣʦʚʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʨʝʰʘʣʘʩʴ ʟʘʜʘʯʘ, ʧʨʠʥʷʪʳ 

ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʚ ʩʠʣʫ ʧʦʩʪʦʷʥʩʪʚʘ ʧʦʪʦʢʘ ʟʘʧʨʦʩʦʚ. ʇʦʵʪʦʤʫ ʟʘʪʨʘʪʳ 

ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʚʩʝʭ ʩʦʪʨʫʜʥʠʢʦʚ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ ʫʩʨʝʜʥʸʥʥʦʡ ʧʦ 

ʚʨʝʤʝʥʠ (ʠ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʥʘ ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʨʷʜʦ-

ʚʦʛʦ ʩʦʪʨʫʜʥʠʢʘ) ʬʦʨʤʝ, ʪʦ ʝʩʪʴ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ 

ʟʘʜʘʯʠ ʙʳʣʘ ʧʨʠʥʷʪʘ ʩʣʝʜʫʶʱʝʡ: 

C(Nʧ;M) = Nʧ + Mc.              (3.62) 

ʛʜʝ Nʧ ï ʩʨʝʜʥʷʷ ʧʦ ʚʨʝʤʝʥʠ ʯʠʩʣʝʥʥʦʩʪʴ ʧʫʣʘ ʩʦʪʨʫʜʥʠʢʦʚ, M ï 

ʩʨʝʜʥʷʷ ʧʦ ʚʨʝʤʝʥʠ ʯʠʩʣʝʥʥʦʩʪʴ ʩʫʧʝʨʚʠʟʦʨʦʚ, c ï ʦʪʥʦʰʝʥʠʝ ʟʘʪʨʘʪ 

ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʩʫʧʝʨʚʠʟʦʨʘ ʢ ʟʘʪʨʘʪʘʤ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʨʷʜʦʚʦʛʦ ʩʦ-

ʪʨʫʜʥʠʢʘ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ (c å 2.5). 

ɹʳʣʘ ʧʦʩʪʨʦʝʥʘ (ʧʨʠʣʦʞʝʥʠʝ ʇ.7) ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʫʩʨʝʜʥʸʥʥʳʭ ʟʘʪʨʘʪ (3.62) ʦʪ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ: ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʝʨʠʦʜʘ ʘʜʘʧʪʘʮʠʠ - ʥʘʯʘʣʴʥʦʛʦ 

ʦʙʫʯʝʥʠʷ (tʘʜ), ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚʳʭ ʟʘʧʨʦʩʦʚ (Kʚʩ) ʠ kʪ ï 

ʢʦʣʠʯʝʩʪʚʘ ʪʠʧʦʚʳʭ ʟʘʧʨʦʩʦʚ, ʦʩʚʘʠʚʘʝʤʳʭ ʩʦʪʨʫʜʥʠʢʦʤ ʚ ʪʝʯʝʥʠʝ 

ʦʜʥʦʛʦ ʨʘʙʦʯʝʛʦ ʜʥʷ ʚ ʧʝʨʠʦʜ ʘʜʘʧʪʘʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʩʣʝʜʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʬʫʥʢ-

ʮʠʠ ʟʘʪʨʘʪ C(tʘʜ; kʪ; Kʚʩ): 

A. ʧʨʠ ʦʩʚʦʝʥʠʠ ʚ ʭʦʜʝ ʥʘʯʘʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʝ ʤʝʥʝʝ ʪʨʸʭ ʪʠʧʦ-

ʚʳʭ ʟʘʧʨʦʩʦʚ ʚ ʜʝʥʴ (kʪ Ó 3) ʫʩʣʦʚʥʳʝ ʟʘʪʨʘʪʳ C(tʘʜ; kʪ; Kʚʩ) ʤʦʥʦ-

ʪʦʥʥʦ ʫʙʳʚʘʶʪ ʧʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʥʘʯʘʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ tʘʜ ʧʨʠ 

ʚʩʝʭ ʟʥʘʯʝʥʠʷʭ 40 Ò Kʚʩ Ò 100; 

B. ʧʨʠ kʪ = 2 ʫʩʣʦʚʥʳʝ ʟʘʪʨʘʪʳ C(tʘʜ; kʪ; Kʚʩ) ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʶʪ 

ʧʦ tʘʜ ʧʨʠ ʚʩʝʭ ʟʥʘʯʝʥʠʷʭ 40 Ò Kʚʩ Ò 80 ʠ ʚʦʟʨʘʩʪʘʶʪ ʧʨʠ 100 Ò Kʚʩ; 

C. ʧʨʠ kʪ = 1 ʫʩʣʦʚʥʳʝ ʟʘʪʨʘʪʳ C(tʘʜ; kʪ; Kʚʩ) ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩ-

ʪʘʶʪ ʧʦ tʘʜ ʧʨʠ ʚʩʝʭ ʟʥʘʯʝʥʠʷʭ 40 Ò Kʚʩ; 

D. ʫʩʣʦʚʥʳʝ ʟʘʪʨʘʪʳ C(tʘʜ; kʪ; Kʚʩ) ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʪ ʧʦ Kʚʩ 

ʧʨʠ ʣʶʙʳʭ tʘʜ ʠ kʪ; 

E. ʫʩʣʦʚʥʳʝ ʟʘʪʨʘʪʳ C(tʘʜ; kʪ; Kʚʩ) ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʶʪ ʧʦ kʪ ʧʨʠ 

ʣʶʙʳʭ tʘʜ ʠ Kʚʩ. 
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ʀʟ ʵʪʠʭ ʩʚʦʡʩʪʚ ʩʣʝʜʫʝʪ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʤʝʥʴʰʠʡ ʫʨʦʚʝʥʴ ʟʘʪʨʘʪ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʥʘʯʘʣʴʥʦʛʦ ʦʙʫ-

ʯʝʥʠʷ (kʪ Ó 3) ʠ ʝʛʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʷʭ. 

ʉʣʝʜʫʷ ʧʦʣʫʯʝʥʥʦʤʫ ʚʳʚʦʜʫ, ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʨʝʢʦʤʝʥʜʘ-

ʮʠʠ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʪʨʘʪʝʛʠʠ ʦʩʚʦʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ: ʨʘʟʨʘʙʦ-

ʪʘʪʴ ʠ ʚʥʝʜʨʠʪʴ ʜʚʫʭʥʝʜʝʣʴʥʫʶ ʧʨʦʛʨʘʤʤʫ ʥʘʯʘʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ, 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʫʶ ʥʘ ʦʩʚʦʝʥʠʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʪʠʧʦʚʳʭ 

ʟʘʧʨʦʩʦʚ (ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ 50 ʪʘʢʠʭ ʟʘʧʨʦʩʦʚ). 

ɺʥʝʜʨʝʥʠʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪ ɹʫʩʨʝʜʥʸʥʥʳʡ ʫʨʦ-

ʚʝʥʴ ʦʩʚʦʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʥʠʟʠʪʴ ʦʙʱʝʝ ʯʠʩʣʦ ʟʘʧʨʦʩʦʚ, ʪʨʝʙʫʶ-

ʱʠʭ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʩʫʧʝʨʚʠʟʦʨʦʚ, ʚ ʩʨʝʜʥʝʤ ʜʦ 85 ʟʘʧʨʦʩʦʚ (ʤʘʢʩʠ-

ʤʫʤ 105 ʟʘʧʨʦʩʦʚ) ʚ ʜʝʥʴ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚʳʩʚʦʙʦʜʠʪʴ ʚ 29 

ʩʫʧʝʨʚʠʟʦʨʦʚ (ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʝʥʥʦʩʪʠ ʨʷʜʦʚʳʭ ʩʦʪʨʫʜʥʠʢʦʚ 

ʧʨʠʤʝʨʥʦ ʥʘ 27 ʯʝʣʦʚʝʢ). ʕʬʬʝʢʪ ʵʢʦʥʦʤʠʠ ʬʦʥʜʘ ʦʧʣʘʪʳ ʪʨʫʜʘ ʩʦ-

ʩʪʘʚʠʣ ʧʨʠʤʝʨʥʦ 7%. 

 

ʆʩʥʦʚʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʨʝʪʴʝʡ ʛʣʘʚʳ ʷʚʣʷʶʪʩʷ: 

I. ʌʦʨʤʘʣʠʟʘʮʠʷ ʧʨʦʙʣʝʤʘʪʠʢʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ ʂɼ ʚ ʚʠ-

ʜʝ ʜʚʫʭ ʧʦʩʪʘʥʦʚʦʢ ʟʘʜʘʯʠ (ʙʘʟʦʚʦʡ ʠ ʩ ʥʝʠʟʚʝʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ) ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʭʥʦʣʦʛʠʠ ʂɼ ʠ ʥʝʩʢʦʣʴ-

ʢʠʭ ʧʦʩʪʘʥʦʚʦʢ ʟʘʜʘʯʠ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ, 

ʧʨʠʯʸʤ ʚʩʝ ʦʥʠ ʦʧʠʩʳʚʘʶʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʴʶ (ʨʠʩʫʥʦʢ 

1.19), ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʛʣʘʚʝ 1. 

II.  ɹʘʟʦʚʘ ̫ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʭʥʦʣʦʛʠʠ ʂɼ (ʩ ʠʟ-

ʚʝʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ): 

 ʦʩʥʦʚʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ (3.1) ʜʣʷ ʢʨʠʚʦʡ ʦʩʚʦʝʥʠʷ 

ʚ ʙʘʟʦʚʦʡ ʧʦʩʪʘʥʦʚʢʝ, ʘ ʪʘʢʞʝ ʝʛʦ ʘʧʧʨʦʢʩʠʤʘʮʠʠ (3.2 - 3.6) ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʩʣʫʯʘʝʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʢʨʠʚʦʡ (3.2); 

 ʫʪʚʝʨʞʜʝʥʠʝ 3.1 ʦ ʛʨʘʥʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʩʪʦʷ-

ʥʠʡ ʧʨʦʮʝʩʩʘ ʦʩʚʦʝʥʠʷ ʠ ʩʣʝʜʩʪʚʠʝ ʠʟ ʥʝʛʦ ʦ ʩʭʦʜʠʤʦʩʪʠ ʫʨʦʚʥʷ 

ʦʩʚʦʝʥʠʷ ʢ ʝʜʠʥʠʮʝ ʧʨʠ ʩʪʨʝʤʣʝʥʠʠ ʚʨʝʤʝʥʠ ʦʩʚʦʝʥʠʷ ʢ ʙʝʩʢʦʥʝʯ-

ʥʦʩʪʠ; 

 ʫʪʚʝʨʞʜʝʥʠʝ 3.2 ʦ ʩʚʦʡʩʪʚʘʭ ʢʨʠʚʦʡ ʦʩʚʦʝʥʠ ̫ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʙʘʟʦʚʦʡ ʧʦʩʪʘʥʦʚʢʝ (ʦ ʝʸ ʨʘʟʥʦʩʪʷʭ); 

 ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ 

ʫʨʦʚʥʷ ʦʩʚʦʝʥʠ ̫ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʱʝʤ ʚʠʜʝ (3.7) ʠ ʝʛʦ ʘʧʧʨʦʢʩʠʤʘ-

ʮʠʷ (3.8) ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʩʪʦʷʥʠʡ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ; 
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 ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʜʦʩʪʠʞʝʥʠʷ çʘʙʩʦʣʶʪʥʦʛʦè 
ʫʨʦʚʥʷ ʦʩʚʦʝʥʠ ̫ʪʝʭʥʦʣʦʛʠʠ (3.9). 

III.  ʄʦʜʝʣʠ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ ʂɼ ʜʣʷ 
ʩʣʫʯʘʝʚ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ, ʧʦʣʫ-

ʯʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʢʨʠʚʳʭ ʦʩʚʦʝʥʠʷ, ʩʨʝʜʥʠʭ ʚʨʝ-

ʤʸʥ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

(3.11 - 3.16). 

IV.  ʄʦʜʝʣʠ ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʥʝʥʪʘ ʪʝʭʥʦʣʦʛʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʩʦ-

ʟʜʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʝʛʦ ʩʦʟʜʘʥʠʷ - çʩʣʦʞʥʦʛʦ ʦʩʚʦʝʥʠʷè ʠʣʠ çʘʚʪʦʥʘ-

ʫʯʝʥʠʷè - ʠ ʧʦʣʫʯʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ ʠ ʫʪʚʝʨʞʜʝʥʠʡ: 

 ʨʘʟʥʦʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ (3.17) ʢʨʠʚʦʡ ʘʚʪʦʥʘʫʯʝʥʠ ̫ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ, ʝʛʦ ʨʝʰʝʥʠʝ (3.18), ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʨʝʝh-

ʥʠʷ - ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ, ʦʙʣʘʩʪʝʡ ʤʦʥʦʪʦʥʥʦʩʪʠ ʠ ʪʦʯʢʠ ʧʝʨʝʛʠ-

ʙʘ; 

 ʨʘʟʥʦʩʪʥʳʝ ʫʨʘʚʥʝʥʠʷ ʢʨʠʚʦʡ ʘʚʪʦʥʘʫʯʝʥʠʷ ʠ ʜʣʠʥʳ ʩʝʨʠʡ, ʠʭ 

ʨʝʰʝʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʨʝʰʝʥʠʡ ʜʣʷ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ, ʢʦ-

ʛʜʘ ʢʨʠʚʳʝ ʘʚʪʦʥʘʫʯʝʥʠʷ ʧʨʠʥʠʤʘʶʪ ʬʦʨʤʳ ʣʦʛʠʩʪʠʯʝʩʢʦʡ 

(3.21 - 3.24) ʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʢʨʠʚʳʭ (3.25 - 3.26); 

 ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʢʨʠʚʦʡ ʘʚʪʦʥʘʫʯʝʥʠʷ ʠ ʠʭ ʨʝ-

ʰʝʥʠʷ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʚʨʝʤʝʥʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʝʚ (3.27 - 3.30); 

ʆʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʣʘʩʩʠʯʝʩʢʠʝ ʜʣʷ ʪʝʦʨʠʠ ʥʘʫʯʝ-

ʥʠʷ (ʩʤ. ʦʙʟʦʨ ʚ [83]) ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ, ʘ ʪʘʢʞʝ ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʠ ʛʠ-

ʧʝʨʙʦʣʠʯʝʩʢʘʷ ʢʨʠʚʳʝ ʷʚʣʷʶʪʩʷ ʯʘʩʪʥʳʤʠ ʩʣʫʯʘʷʤʠ ʢʨʠʚʦʡ ʦʩʚʦʝʥʠʷ 

ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ ʂɼ. 

V. ʄʦʜʝʣʠ ʦʧʪʠʤʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ ʂɼ: 

 ɼʣʷ ʤʦʜʝʣʠ ʪʠʧʦʚʳʭ ʨʝʰʝʥʠʡ ʜʦʢʘʟʘʥʳ ʨʷʜ ʩʚʦʡʩʪʚ. ɺʦ-

ʧʝʨʚʳʭ, ʯʪʦ (ʜʣʷ ʣʶʙʦʛʦ ʧʦʨʦʛʘ ʤʝʣʢʦʩʪʠ ʨʘʟʙʠʝʥʠʡ ʥʘʯʠʥʘʷ ʩ ʥʝʢʦ-

ʪʦʨʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ) ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʥʘʠʣʫʯʰʠʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʠ-

ʥʠʤʠʟʘʮʠʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʞʠʜʘʝʤʦʡ ʦʰʠʙʢʠ ʨʝʰʝʥʠʷ (ʫʪʚʝʨʞʜʝ-

ʥʠʝ 3.4 ʠ ʚʳʨʘʞʝʥʠʝ 3.32), ʤʠʥʠʤʘʣʴʥʳʭ ʧʦʪʝʨʴ (ʩʣʝʜʩʪʚʠʝ 3.1 ʠ 

ʚʳʨʘʞʝʥʠʝ 3.35), ʤʘʢʩʠʤʠʟʘʮʠʠ ʦʞʠʜʘʝʤʦʡ ʧʦʣʝʟʥʦʩʪʠ (ʪʝʦʨʝʤʘ 3.1 

ʠ ʚʳʨʘʞʝʥʠʝ 3.36), ʤʘʢʩʠʤʠʟʘʮʠʠ ʫʨʦʚʥʷ ʦʩʚʦʝʥʠʷ (ʫʪʚʝʨʞʜʝʥʠʝ 3.7 

ʠ ʚʳʨʘʞʝʥʠʝ 3.37). ɺʦ-ʚʪʦʨʳʭ, ʯʪʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴ-

ʰʠʭ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʫʝʪ ʧʦʨʦʛ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ (ʫʪʚʝʨʞʜʝʥʠʝ 3.5). ɺ-ʪʨʝʪʴʠʭ, 

ʯʪʦ ʜʣʷ ʣʶʙʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ (ʙʦʣʴʰʝʛʦ ʥʫʣʷ) ʤʘʢʩʠʤʠʟʠʨʫʝʪ 

ʦʞʠʜʘʝʤʫʶ ʦʰʠʙʢʫ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʥʦʩʪʠ ʥʘ 

ʝʜʠʥʠʮʫ ʙʦʣʴʰʝ ʥʦʤʝʨʘ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ (ʫʪʚʝʨʞʜʝʥʠʝ 3.6). 
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 ɼʣʷ ʵʥʪʨʦʧʠʡʥʦʡ ʤʦʜʝʣʠ ʜʦʢʘʟʘʥʦ, ʚʦ-ʧʝʨʚʳʭ, ʯʪʦ (ʜʣʷ ʣʶʙʦ-

ʛʦ ʧʦʨʦʛʘ ʤʝʣʢʦʩʪʠ ʨʘʟʙʠʝʥʠʡ ʥʘʯʠʥʘʷ ʩ ʥʝʢʦʪʦʨʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝ-

ʥʠ) ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʥʘʠʣʫʯʰʠʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʠʥʠʤʠʟʘʮʠʠ ʵʥʪʨʦʧʠʠ 

ʧʨʦʮʝʩʩʘ ʦʩʚʦʝʥʠ ̫ʠ ʚ çʘʛʨʝʛʠʨʦʚʘʥʥʦʤè ʧʨʝʜʩʪʘʚʣʝʥʠʠ (ʪʝʦʨʝʤʘ 

3.2 ʠ ʚʳʨʘʞʝʥʠʝ 3.41), ʠ ʚ çʜʝʪʘʣʴʥʦʤè ʧʨʝʜʩʪʘʚʣʝʥʠʠ (ʫʪʚʝʨʞʜʝʥʠʝ 

3.9 ʠ ʚʳʨʘʞʝʥʠʝ 3.42). ɺʦ-ʚʪʦʨʳʭ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʟʥʘ-

ʯʝʥʠʝ ʵʥʪʨʦʧʠʠ ʧʨʦʮʝʩʩʘ ʦʩʚʦʝʥʠʷ (3.40) ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʨʘʚʥʦ ln(2) 

(ʫʪʚʝʨʞʜʝʥʠʝ 3.8). 

 ɼʣʷ ʤʦʜʝʣʝʡ ʧʝʨʝʭʦʜʘ ʦʪ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʢ ʝʸ ʧʨʦʜʫʢ-

ʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ, ʚʦ-ʧʝʨʚʳʭ, ʜʦʢʘʟʘʥʳ ʫʪʚʝʨʞʜʝʥʠʷ (3.10 ʠ 

3.11) ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʦʧʪʠʤʘʣʴʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ 

ʧʝʨʝʭʦʜʘ ʩʨʝʜʠ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʠ ʧʦʣʫʯʝʥʳ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʚʠʜʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʦʡ ʩʪʨʘʪʝʛʠʠ ʜʣʷ ʩʣʫʯʘʷ ʙʘʟʦʚʦʡ ʧʦʩʪʘʥʦʚʢʠ (ʠʟ-

ʚʝʩʪʥʳʭ ʩʚʦʡʩʪʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ). ɺʦ-ʚʪʦʨʳʭ, ʜʣʷ ʩʣʫʯʘʷ ʥʝʠʟʚʝʩʪ-

ʥʳʭ ʩʚʦʡʩʪʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʢʨʠʪʝ-

ʨʠʡ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ (3.60), ʜʣʷ ʥʝʛʦ ʨʘʟʨʘʙʦʪʘʥ ʯʠʩʣʝʥʥʳʡ 

ʘʣʛʦʨʠʪʤ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʪʝʨʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʘʠʣʫʯʰʠʝ 

ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʨʝʰʝʥʠʷ (ʧʨʠ-

ʣʦʞʝʥʠʝ ʇ.3). ɺ-ʪʨʝʪʴʠʭ, ʚʳʧʦʣʥʝʥʦ ʠʤʠʪʘʮʠʦʥʥʦʝ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʜʣʷ 

ʙʘʟʦʚʦʛʦ ʠ çʧʘʨʪʠʦʥʥʦʛʦè ʚʘʨʠʘʥʪʦʚ ʧʦʩʪʘʥʦʚʢʠ. 
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ɻʃɸɺɸ 4. ʋʇʈɸɺʃɽʅʀɽ ʉʋɹʒɽʂʊɸʄʀ 

ʆʈɻɸʅʀɿɸʎʀʆʅʅʆ-ʊɽʍʅʀʏɽʉʂʀʍ ʉʀʉʊɽʄ 

 

ɿʘʜʘʯʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʥʪʝʨʝʩʦʚ ʩʫʙʲʝʢʪʦʚ, ʪ.ʝ. ʧʦʙʫʞʜʝʥʠʷ ʠʭ ʢ 

ʚʳʙʦʨʫ ʦʧʨʝʜʝʣʸʥʥʳʭ ʜʝʡʩʪʚʠʡ ʚ ʠʥʪʝʨʝʩʘʭ ʚʳʰʝʩʪʦʷʱʝʛʦ ʩʫʙʲʝʢʪʘ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ ʫʧʨʘʚʣʝʥʠʝ, ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ [82, 90] ʠ ʚ ʪʝʦʨʠʠ 

ʢʦʥʪʨʘʢʪʦʚ [154, 244], ʧʨʠʯʸʤ ʚ ʨʘʤʢʘʭ ʧʦʩʣʝʜʥʝʡ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʩʠʪʫʘʮʠʷʤ, ʢʦʛʜʘ ʨʝʟʫʣʴʪʘʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʧʨʘʚʣʷʝʤʳʭ 

ʩʫʙʲʝʢʪʦʚ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʜʝʡʩʪʚʠʡ, ʥʦ ʠ ʦʪ 

ʚʥʝʰʥʠʭ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ. ʄʦʜʝʣʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʥʪʝʨʝʩʦʚ ʩʫʙʲ-

ʝʢʪʦʚ, ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʧʦʜʭʦʜʘʭ ʪʝʦʨʠʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, 

ʠʟʣʘʛʘʶʪʩʷ ʚ ʨʘʟʜʝʣʘʭ 4.1 ʠ 4.2 (ʜʣʷ ʦʜʥʦʛʦ ʠ ʤʥʦʛʠʭ ʫʧʨʘʚʣʷʝʤʳʭ 

ʩʫʙʲʝʢʪʦʚ) ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʳ. 

ɽʩʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʯʘʩʪʥʠʢʦʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦ-

ʚʪʦʨʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʥʝʦʜʥʦʢʨʘʪʥʦ, ʪʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩ-

ʩʤʦʪʨʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʥʪʨʘʢʪʦʚ, ʦʧʠʩʳʚʘʝʤʳʭ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ 

ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʠʛʨ (ʚ ʜʠʩʢʨʝʪʥʦʤ [81, 219, 240] ʠʣʠ ʚ ʥʝʧʨʝʨʳʚʥʦʤ 

[168, 245] ʚʨʝʤʝʥʠ) ï ʩʤ. ʦʙʟʦʨʳ ʚ [85, 197]. ʈʘʟʜʝʣ 4.3 ʧʦʩʚʷʱʸʥ çʤʦ-

ʜʝʣʠ ʦʩʚʦʝʥʥʦʛʦ ʦʙʲʸʤʘè, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʥʪʨʘʢʪʘʭ. 

ʆʜʥʘʢʦ, ʚʦʟʤʦʞʥʳ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʥʝʰʥʝʡ ʥʝ-

ʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʠʟʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʳ 

ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʝʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʵʬʬʝʢʪʳ ʦʙʥʘʨʫ-

ʞʝʥʠʷ ʫʯʘʩʪʥʠʢʘʤʠ ʦʨʛʩʠʩʪʝʤʳ ʧʦʜʦʙʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ 

ʨʝʘʢʮʠʠ ʥʘ ʥʠʭ. ɺ ʨʘʟʜʝʣʝ 4.4 ʚʳʧʦʣʥʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʟʘʜʘʯ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʥʪʝʨʝʩʦʚ ʩʫʙʲʝʢʪʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʠʥ-

ʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʠ ʦʧʠʩʘʥʦ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ çʨʘʟ-

ʣʘʜʢʝè ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʠʥʪʝʨʝʩʦʚ ʩʫʙʲʝʢʪʦʚ ʂɼ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ (ʚʚʝʜʸʥʥʘʷ ʚ ʨʘʟʜʝʣʝ 1.5.3) ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʝʡʰʠʤ ʘʩʧʝʢʪʦʤ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʨʝʘʣʠʟʫʝʤʦʡ ʩʫʙʲ-

ʝʢʪʘʤʠ, ʧʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʣʘʩʩʘ ʤʦʜʝʣʝʡ, çʠʥʪʝʛʨʠʨʫʶʱʠʭè ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʂɼ 

ʆʊʉ ʠ ʘʢʪʠʚʥʦʩʪʴ ʝy ʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʂɼ ʙʳʣʘ ʚʚʝʜʝʥʘ ʤʦʜʝʣʴ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʝʪʝʚʦʡ ʆʊʉ, ʚ 

ʨʘʟʜʝʣʝ 4.5. ʥʘ ʝʸ ʦʩʥʦʚʝ ʨʘʩʩʤʦʪʨʝʥ ʮʝʣʳʡ ʩʧʝʢʪʨ ʤʦʜʝʣʝʡ, ʦʧʠʩʳ-

ʚʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʥʪʝʨʝʩʦʚ ʩʫʙʲʝʢʪʦʚ ʂɼ ʩ 

ʫʯʸʪʦʤ ʠʭ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ. 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ ʤʦʜʝʣʝʡ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʥʪʝʨʝʩʦʚ 

ʩʫʙʲʝʢʪʦʚ ʂɼ ʩ ʫʯʸʪʦʤ ʠʭ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʚ ʨʘʟʜʝʣʝ 4.6. 
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4.1. ʉʪʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʥʪʝʨʝʩʦʚ 

 

ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ [90], ʩʦʩʪʦʷʱʫʶ ʠʟ ʦʜʥʦʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʦʨʛʘʥʘ ï ʮʝʥʪʨʘ ï ʠ ʦʜʥʦʛʦ ʫʧʨʘʚʣʷʝʤʦʛʦ ʠʤ ʩʫʙʲʝʢʪʘ ï ʘʛʝʥʪʘ. 

ɸʛʝʥʪ ʚʳʙʠʨʘʝʪ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ y Ó 0, ʢʦʪʦʨʦʝ ʩʦʚʤʝʩʪʥʦ ʩ 

ʨʝʘʣʠʟʘʮʠʝʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ - ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʳ 

  [0; æ] - ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪ ʨʝʟʫʣʴʪʘʪ z = y -  ʝʛʦ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ (ʥʘʧʨʠʤʝʨ, ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʘʜʜʠʪʠʚʥʘʷ ʤʦʜʝʣʴ ʫʯʸʪʘ ʥʝʦʧʨʝʜʝ-

ʣʸʥʥʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ çʘʜʜʠʪʠʚʥʦ ʫʭʫʜʰʘʝʪè ʜʝʡ-

ʩʪʚʠʝ ʘʛʝʥʪʘ). ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʨʘʟʤʝʨ ʟʘʪʨʘʪ ʘʛʝʥʪʘ c(y, r) ʟʘʚʠʩʠʪ 

ʦʪ ʝʛʦ ʜʝʡʩʪʚʠʷ y ʠ ʪʠʧʘ r > 0 (ʧʘʨʘʤʝʪʨ ʘʛʝʥʪʘ, ʦʪʨʘʞʘʶʱʠʡ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ), ʧʨʠʯʸʤ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʩ(Ā, r) ï ʩʪʨʦʛʦ 

ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʱʘʷ ʛʣʘʜʢʘʷ ʚʳʧʫʢʣʘʷ ʬʫʥʢʮʠʷ ʧʝʨʚʦʛʦ ʘʨʛʫ-

ʤʝʥʪʘ, ʨʘʚʥʘʷ ʥʫʣʶ ʚ ʩʣʫʯʘʝ ʚʳʙʦʨʘ ʘʛʝʥʪʦʤ ʥʫʣʝʚʦʛʦ ʜʝʡʩʪʚʠʷ, ʠ 

ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʶʱʘʷ ʬʫʥʢʮʠʷ ʚʪʦʨʦʛʦ ʘʨʛʫʤʝʥʪʘ. ʆʧʠʩʘʥʠʝ ʟʘʪʨʘʪ 

ʘʛʝʥʪʘ ʬʫʥʢʮʠʝʡ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ ʷʚʣʷʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʤ ʜʣʷ ʪʝʦ-

ʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ (ʩʤ. ʥʘʧʨʠʤʝʨ, [31, 

90]). ʆʜʥʘʢʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʨʘʙʦʪʝ ʩʣʫʯʘʝʚ ʪʠʧ 

ʘʛʝʥʪʘ r ʬʠʢʩʠʨʦʚʘʥ ʠ/ʠʣʠ ʥʝʩʫʱʝʩʪʚʝʥʝʥ ʩ ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ. ʇʦʵʪʦʤʫ ʙʫʜʝʤ ʝʛʦ ʦʧʫʩʢʘʪʴ ʚ ʟʘʧʠʩʠ ʬʫʥʢʮʠʠ ʟʘʪʨʘʪ, ʠʩʧʦʣʴ-

ʟʫʷ ʜʣʷ ʧʦʩʣʝʜʥʝʡ ʦʙʦʟʥʘʯʝʥʠʝ c(y) ʪʘʤ, ʛʜʝ ʵʪʦ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʜ-

ʥʦʟʥʘʯʥʦʩʪʠ. 

ʎʝʥʪʨ ʧʨʝʜʣʘʛʘʝʪ ʘʛʝʥʪʫ ʟʘʢʣʶʯʠʪʴ ʢʦʥʪʨʘʢʪ ů(z), ʦʧʨʝʜʝʣʷʶ-

ʱʠʡ ʨʘʟʤʝʨ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ (ʠ ʫʩʣʦʚʠʷ ʝʛʦ ʧʦʣʫʯʝ-

ʥʠʷ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʩʪʠʛʥʫʪʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ 

ʘʛʝʥʪʘ ʠʤʝʝʪ ʚʠʜ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝʤ ʠ ʟʘʪʨʘʪʘʤʠ: 

f(ů(Ā),y,z) = ů(z) ï c(y,r). 

ʎʝʥʪʨ ʧʦʣʫʯʘʝʪ ʜʦʭʦʜ H(z) ʦʪ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʛʝʥʪʘ (ʛʜʝ H(Ā) ï ʥʝ-

ʧʨʝʨʳʚʥʘʷ ʥʝʫʙʳʚʘʶʱʘʷ ʬʫʥʢʮʠʷ) ʠ ʥʝʩʸʪ ʟʘʪʨʘʪʳ ʥʘ ʩʪʠʤʫʣʠʨʦʚʘ-

ʥʠʝ, ʪ.ʝ. ʝʛʦ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʨʘʚʥʘ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʜʦʭʦʜʦʤ ʠ ʩʪʠʤʫ-

ʣʠʨʦʚʘʥʠʝʤ: 

ʌ(ů(z), z) = H(z) - ů(z)               (4.1) 

ʇʨʠʤʝʤ ʪʨʘʜʠʮʠʦʥʥʳʡ ʜʣʷ ʟʘʜʘʯ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʪʝʦ-

ʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ [34, 82, 90] ʠ ʪʝʦʨʠʠ 

ʢʦʥʪʨʘʢʪʦʚ [154, 225, 244, 258] ʧʦʨʷʜʦʢ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ: ʩʥʘʯʘʣʘ 

ʮʝʥʪʨ ʠ ʘʛʝʥʪ ʩʦʛʣʘʩʦʚʳʚʘʶʪ ʢʦʥʪʨʘʢʪ (ʮʝʥʪʨ ʧʨʝʜʣʘʛʘʝʪ ʘʛʝʥʪʫ ʢʦʥ-

ʪʨʘʢʪ, ʦʪ ʢʦʪʦʨʦʛʦ ʘʛʝʥʪ ʤʦʞʝʪ çʦʪʢʘʟʘʪʴʩʷè, ʚʳʙʠʨʘʷ ʥʫʣʝʚʦʝ ʜʝʡ-

ʩʪʚʠʝ, ʪ.ʝ. ʥʝ ʧʦʣʫʯʘʷ ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ, ʥʦ ʠ ʥʝ ʥʝʩʷ ʟʘʪʨʘʪ), ʟʘʪʝʤ 
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ʘʛʝʥʪ ʚʳʙʠʨʘʝʪ ʠ ʨʝʘʣʠʟʫʝʪ ʜʝʡʩʪʚʠʝ, ʚ ʩʣʝʜʩʪʚʠʠ ʯʝʛʦ ʧʦʣʫʯʘʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʟʚʦʜʷʪʩʷ ʚʳʧʣʘʪʳ. 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ ʫʯʘʩʪʥʠʢʠ ʩʠʩʪʝʤʳ 

ʩʪʨʝʤʷʪʩʷ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʩʚʦʠ ʮʝʣʝʚʳʝ ʬʫʥʢʮʠʠ. ʊʘʢ ʢʘʢ ʨʝʟʫʣʴʪʘʪ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʛʝʥʪʘ ʟʘʚʠʩʠʪ ʠ ʦʪ ʝʛʦ ʜʝʡʩʪʚʠʷ, ʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦ-

ʜʳ, ʪʦ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʥʘʯʝʥʠʷ ʩʦ-

ʩʪʦʷʥʠʷ ʧʨʠʨʦʜʳ ʠ ʮʝʥʪʨ, ʠ ʘʛʝʥʪ ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʶ ʠʤʝʶ-

ʱʫʶʩʷ ʫ ʥʠʭ ʠʥʬʦʨʤʘʮʠʶ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ 

ʫʯʘʩʪʥʠʢʦʚ, ʚʳʜʝʣʷʶʪ: 

 ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʩʣʫʯʘʡ (ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʦʪʩʫʪʩʪʚʫʝʪ 

(æ ſ 0), ʠ ʵʪʦ ʷʚʣʷʝʪʩʷ ʦʙʱʠʤ ʟʥʘʥʠʝʤ ʜʣʷ ʮʝʥʪʨʘ ʠ ʘʛʝʥʪʘ); 

 ʩʣʫʯʘʡ ʧʦʣʥʦʡ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ (ʢʦʛʜʘ ʩʫʙʲʝʢʪ, ʧʨʠʥʠʤʘʶ-

ʱʠʡ ʨʝʰʝʥʠʝ, ʟʥʘʝʪ ʠʩʪʠʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʳ); 

 ʠʥʪʝʨʚʘʣʴʥʫʶ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ (ʢʦʛʜʘ ʩʫʙʲʝʢʪ, ʧʨʠʥʠʤʘʶʱʠʡ 

ʨʝʰʝʥʠʝ, ʟʥʘʝʪ ʣʠʰʴ ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ [0; æ] ʥʝʦʧʨʝ-

ʜʝʣʸʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ï ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʳ); 

 ʚʝʨʦʷʪʥʦʩʪʥʫʶ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ (ʢʦʛʜʘ ʩʫʙʲʝʢʪ, ʧʨʠʥʠʤʘʶ-

ʱʠʡ ʨʝʰʝʥʠʝ, ʟʥʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʘ ʤʥʦʞʝʩʪʚʝ ʚʦʟ-

ʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ï ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʳ 

ʠʣʠ ʨʝʟʫʣʴʪʘʪʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʛʝʥʪʘ); 

 ʥʝʯʸʪʢʫʶ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ (ʢʦʛʜʘ ʩʫʙʲʝʢʪ, ʧʨʠʥʠʤʘʶʱʠʡ ʨʝ-

ʰʝʥʠʝ, ʟʥʘʝʪ ʬʫʥʢʮʠʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, 

ʦʧʨʝʜʝʣʸʥʥʫʶ ʥʘ ʤʥʦʞʝʩʪʚʝ ʝʛʦ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ). 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ <f(ů(Ā), y)> ʠ <ū(ů(Ā), y)> çʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝè 

ʮʝʣʝʚʳʝ ʬʫʥʢʮʠʠ ʘʛʝʥʪʘ ʠ ʮʝʥʪʨʘ, ʪ.ʝ. ʧʦʣʫʯʘʶʱʠʝʩʷ ʧʦʩʣʝ ʫʩʪʨʘʥʝ-

ʥʠʷ ʠʤʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʳ. ɼʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʠʥʪʝʨʚʘʣʴʥʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʦʙʳʯʥʦ ï ʩʤ. ʦʙʟʦʨ ʤʝ-

ʪʦʜʦʚ ʫʩʪʨʘʥʝʥʠʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʚ ʟʘʜʘʯʘʭ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʚ 

[82] - ʠʩʧʦʣʴʟʫʶʪ ʧʨʠʥʮʠʧ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʨʝʟʫʣʴ-

ʪʘʪʘ, ʚ ʩʣʫʯʘʝ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ï ʧʨʠʥʮʠʧ ʦʞʠʜʘʝʤʦʡ 

ʧʦʣʝʟʥʦʩʪʠ. 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ P(ů(Ā)) = Arg
0y

max{ f(ů(Ā), y)} ï ʤʥʦʞʝʩʪʚʦ ʦʧʪʠ-

ʤʘʣʴʥʳʭ ʜʣʷ ʘʛʝʥʪʘ (ʨʝʘʣʠʟʫʝʤʳʭ ʮʝʥʪʨʦʤ) ʜʝʡʩʪʚʠʡ ʘʛʝʥʪʘ ʚ ʨʘʤʢʘʭ 

ʢʦʥʪʨʘʢʪʘ ů(Ā), ʯʝʨʝʟ M ï ʤʥʦʞʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʪʨʘʢʪʦʚ. 

ʇʨʠʤʝʤ ʛʠʧʦʪʝʟʫ ʙʣʘʛʦʞʝʣʘʪʝʣʴʥʦʩʪʠ [82, 90], ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʦʪʦʨʦʡ ʘʛʝʥʪ ʚʳʙʠʨʘʝʪ ʠʟ ʤʥʦʞʝʩʪʚʘ ʨʝʘʣʠʟʫʝʤʳʭ ʜʝʡʩʪʚʠʡ ʪʦ ʜʝʡ-

ʩʪʚʠʝ, ʢʦʪʦʨʦʝ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʜʣʷ ʮʝʥʪʨʘ. ʊʦʛʜʘ ʟʘʜʘʯʘ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʙʫʜʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ 
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ʢʦʥʪʨʘʢʪʘ ů
*
(Ā), ʪ.ʝ. ʜʦʧʫʩʪʠʤʦʛʦ ʢʦʥʪʨʘʢʪʘ, ʤʘʢʩʠʤʠʟʠʨʫʶʱʝʛʦ ʚʳ-

ʠʛʨʳʰ ʮʝʥʪʨʘ: 

ů
*
(Ā)  ɴArgmax

M
{ max

y P
{ū(ů(Ā), y)}}              (4.2) 

ɽʩʣʠ ʛʠʧʦʪʝʟʘ ʙʣʘʛʦʞʝʣʘʪʝʣʴʥʦʩʪʠ ʥʝ ʚʳʧʦʣʥʝʥʘ, ʪʦ ʠʱʝʪʩʷ ʩʠ-

ʩʪʝʤʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ (ʢʦʥʪʨʘʢʪ), ʠʤʝʶʱʘʷ ʤʘʢʩʠʤʘʣʴʥʫʶ ʛʘʨʘʥʪʠ-

ʨʦʚʘʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ůg
*
(Ā)  ɴArgmax

M
{ min

y P
{ū(ů(Ā), y)}}.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʦʜʥʦʛʦ ʥʝʦʧʨʝʜʝʣʸʥʥʦʛʦ ʧʘʨʘ-

ʤʝʪʨʘ ʯʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʮʝʥʪʨʘ ʠ 

ʘʛʝʥʪʘ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ (ʪʦʯʥʝʝ, ʨʘʚʥʦ 17 = 1 + 4
2
; ʩʣʫʯʘʠ ʥʝʪʨʠʚʠ-

ʘʣʴʥʦʡ ʚʟʘʠʤʥʦʡ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ [91] ʣʝʞʘʪ ʚʥʝ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ). ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. 

ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʩʣʫʯʘʡ 

ɺ ʝʛʦ ʨʘʤʢʘʭ z ſ y, ʠ ʦʧʪʠʤʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʩʢʘʯʢʦʦʙʨʘʟʥʘʷ ʩʠ-

ʩʪʝʤʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ (ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ (4.2) ), ʠʩʧʦʣʴʟʫʶʱʘʷ 

ʧʨʠʥʮʠʧ ʢʦʤʧʝʥʩʘʮʠʠ ʟʘʪʨʘʪ ʘʛʝʥʪʘ [90]:  

0

0 0

0

( ), ,
( )

0, ,
,ʉ x  

x
 

c x y x
y  

y
               (4.3) 

ʛʜʝ ʦʧʪʠʤʘʣʴʥʳʡ ʧʣʘʥ ʧʦ ʜʝʡʩʪʚʠʶ (ʞʝʣʘʪʝʣʴʥʦʝ ʜʣʷ ʮʝʥʪʨʘ ʜʝʡʩʪʚʠʝ 

ʘʛʝʥʪʘ) ʨʘʚʝʥ 

x0 = Arg
0

max
z

{ H(z) - c(z)}                (4.4) 

ʇʦʜʩʪʘʚʣʷʷ (4.3) ʠ (4.4) ʚ (4.1), ʣʝʛʢʦ ʥʘʡʜʸʤ ʦʧʪʠʤʘʣʴʥʳʡ ʚʳʠʛ-

ʨʳʰ ʮʝʥʪʨʘ K0 = 
0

max
z

{ H(z) - c(z)}.ɿʥʘʯʝʥʠʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʘʛʝʥʪʘ 

ʧʨʠ ʵʪʦʤ ʨʘʚʥʦ ʥʫʣʶ. 

ɽʩʣʠ ʛʠʧʦʪʝʟʘ ʙʣʘʛʦʞʝʣʘʪʝʣʴʥʦʩʪʠ ʥʝ ʚʳʧʦʣʥʝʥʘ, ʪʦ Ů-

ʦʧʪʠʤʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ 

0

0

0 0( )+
( )

0,
,  ʉg

c x , y
x  

x

y x
y    

ʛʜʝ Ů > 0 ï ʩʢʦʣʴ ʫʛʦʜʥʦ ʤʘʣʘʷ ʢʦʥʩʪʘʥʪʘ. 

ʉʣʫʯʘʡ ʧʦʣʥʦʡ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʮʝʥʪʨʘ ʠ ʘʛʝʥʪʘ 

ʇʫʩʪʴ ʥʘ ʤʦʤʝʥʪ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦ ʚʳʙʠʨʘʝʤʦʤ ʜʝʡʩʪʚʠʠ ʠ 

ʨʘʟʤʝʨʝ ʚʳʧʣʘʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʘʛʝʥʪ ʠ ʮʝʥʪʨ ʟʥʘʶʪ ʨʝʘʣʠʟʦʚʘʚʰʝʝʩʷ 

ʟʥʘʯʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʳ. ʊʦʛʜʘ ʮʝʥʪʨ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪ.ʥ. 

ʤʝʭʘʥʠʟʤ ʛʠʙʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ [80], ʚ ʢʦʪʦʨʦʤ ʠ ʦʧʪʠʤʘʣʴʥʳʡ ʧʣʘʥ 

x
*
( ) = arg 

0
max

y
 { H(y - ) ï c(y)}  ʠ ʩʠʩʪʝʤʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ 



 

207 

ůʉ(x
*
( ), z) = 

( ( )), ( ) ,

0, ( )

* *

*

c x z x

z x
 

ʟʘʚʠʩʷʪ ʚ ʷʚʥʦʤ ʚʠʜʝ ʦʪ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʳ . ʀʪʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʮʝ-

ʣʝʚʦʡ ʬʫʥʢʮʠʠ ʘʛʝʥʪʘ ʧʨʠ ʵʪʦʤ ʨʘʚʥʦ ʥʫʣʶ, ʘ ʦʧʪʠʤʘʣʴʥʳʡ ʚʳʠʛʨʳʰ 

ʮʝʥʪʨʘ (4.5) ʨʘʚʝʥ 

K( ) = 
0

max
y

 [H(y - ) ï c(y)]              (4.5) 

ɺʩʠʣʫ ʥʝʫʙʳʚʘʥʠʷ ʬʫʥʢʮʠʠ ʟʘʪʨʘʪ ʘʛʝʥʪʘ,   Ó 0 K( ) Ò K0, ʪ.ʝ. 

ʚʣʠʷʥʠʝ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʥʘ ʚʳʠʛʨʳʰ ʮʝʥʪʨʘ ʥʝʛʘʪʠʚʥʦ. 

 

ʀʥʪʝʨʚʘʣʴʥʘʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ 

ɺ ʩʠʪʫʘʮʠʷʭ ʥʝʧʦʣʥʦʡ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʟʜʝ-

ʣʷʪʴ ʩʣʫʯʘʠ ʩʠʤʤʝʪʨʠʯʥʦʡ (ʦʜʠʥʘʢʦʚʦʡ) ʠ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʠʥʬʦʨʤʠ-

ʨʦʚʘʥʥʦʩʪʠ ʮʝʥʪʨʘ ʠ ʘʛʝʥʪʘ (ʦʙʳʯʥʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʘʛʝʥʪ ʠʥʬʦʨʤʠʨʦ-

ʚʘʥ ʦ ʥʝʦʧʨʝʜʝʣʸʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʥʝ ʭʫʞʝ ʮʝʥʪʨʘ [90], ʧʦʵʪʦʤʫ ʚ 

ʨʘʤʢʘʭ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʥʠʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʘʛʝʥʪ ʥʘ ʤʦʤʝʥʪ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʟʥʘʝʪ ʨʝʘʣʠʟʦʚʘʚʰʝʝʩʷ ʟʥʘʯʝʥʠʝ 

ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʳ, ʘ ʮʝʥʪʨ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝ-

ʜʝʣʸʥʥʦʩʪʠ). ʆʪʤʝʪʠʤ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʦʙʱʝʥʠʷ ʘʛʝʥʪʦʤ ʮʝʥʪʨʫ 

ʠʥʬʦʨʤʘʮʠʠ [34, 90] ʤʳ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤ. 

ɸʩʠʤʤʝʪʨʠʯʥʘʷ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʴ.  ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʮʝʥʪʨ, ʟʥʘʷ 

ʪʦʣʴʢʦ ʜʠʘʧʘʟʦʥ [0; æ] ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʳ, ʚʳ-

ʥʫʞʜʝʥ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʘʛʝʥʪʫ ʢʦʤʧʝʥʩʘʮʠʶ ʟʘʪʨʘʪ 

xʄɻʈ = arg 
[0 ]0

max min
;y

{ H(y - ) ï c(y)}  = arg 
0

max
y

{ H(y - æ) ï c(y)}   

ʪ.ʝ. ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʫ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ 

ůʉ(xʄɻʈ, z) = 
ʄɻʈ ʄɻʈ

ʄɻʈ

( ), ,

0 .

c x z x

, z x
             (4.6) 

ɸʛʝʥʪ ʧʨʠ ʵʪʦʤ, ʟʥʘʷ ʨʝʘʣʠʟʦʚʘʚʰʝʝʩʷ ʟʥʘʯʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʧʨʠ-

ʨʦʜʳ , ʚʳʙʠʨʘʝʪ ʜʝʡʩʪʚʠʝ 

y
*
( ) = xʄɻʈ - æ +  

ʧʨʠʚʦʜʷʱʝʝ ʢ çʦʞʠʜʘʝʤʦʤʫè ʮʝʥʪʨʦʤ ʨʝʟʫʣʴʪʘʪʫ xʄɻʈ - æ ʝʛʦ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ (ʪʦ, ʯʪʦ ʘʛʝʥʪʫ ʚʳʛʦʜʥʦ ʚʳʧʦʣʥʷʪʴ ʧʣʘʥ, ʣʝʛʢʦ ʧʨʦʚʝʨʷʝʪʩʷ 

ʩʨʘʚʥʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʝʛʦ ʚʳʠʛʨʳʰʝʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠ ʥʝʚʳʧʦʣʥʝ-

ʥʠʠ ʧʣʘʥʘ). 

ʆʧʪʠʤʘʣʴʥʳʡ ʚʳʠʛʨʳʰ ʮʝʥʪʨʘ 

Kæ = 
0

max
y

{ H(y - æ) ï c(y)}               (4.7) 
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ʚ ʩʣʫʯʘʝ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʧʨʠ ʣʶʙʦʤ ʟʥʘʯʝʥʠʠ 

ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʳ ʥʝ ʚʳʰʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʧʦʣʥʦʡ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦ-

ʩʪʠ (ʩʨʘʚʥʠʤ 4.5 ʠ 4.7). 

ɿʥʘʯʝʥʠʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʘʛʝʥʪʘ ʧʨʠ ʵʪʦʤ ʨʘʚʥʦ 

f(ůʉ(xʄɻʈ, xʄɻʈ), y
*
( ), xʄɻʈ) = ʩ(xʄɻʈ) - ʩ(xʄɻʈ - æ + ) Ó 0           (4.8) 

ɺʝʣʠʯʠʥʘ (4.8) ʥʘʟʳʚʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʨʝʥʪʦʡ, ʪ.ʝ. ʚʳʠʛ-

ʨʳʰʝʤ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪ ʩʫʙʲʝʢʪ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ - ʘʛʝʥʪ) ʟʘ ʩʯʸʪ 

ʣʫʯʰʝʡ ʩʚʦʝʡ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʫʙʲʝʢ-

ʪʘʤʠ (ʮʝʥʪʨʦʤ). 

ʉʠʤʤʝʪʨʠʯʥʘʷ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʴ.  ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʠ ʮʝʥʪʨ, ʥʠ 

ʘʛʝʥʪ ʥʘ ʤʦʤʝʥʪ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʥʝ ʟʥʘʶʪ ʨʝʘʣʠʟʘʮʠʠ ʩʦʩʪʦʷʥʠʷ 

ʧʨʠʨʦʜʳ, ʘ ʠʤ ʠʟʚʝʩʪʝʥ ʪʦʣʴʢʦ ʜʠʘʧʘʟʦʥ [0; æ] ʝʛʦ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝ-

ʥʠʡ. ʇʦʵʪʦʤʫ ʮʝʥʪʨ ʠʩʧʦʣʴʟʫʝʪ ʩʠʩʪʝʤʫ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ (4.6) ʠ ʧʦʣʫ-

ʯʘʝʪ ʚʳʠʛʨʳʰ (4.7), ʘ ʘʛʝʥʪ ʚʳʥʫʞʜʝʥ ʚʳʙʠʨʘʪʴ ʜʝʡʩʪʚʠʝ, ʛʘʨʘʥʪʠʨʫ-

ʶʱʝʝ ʝʤʫ ʧʦʣʫʯʝʥʠʝ ʥʝʥʫʣʝʚʦʛʦ ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ: yʄɻʈ = xʄɻʈ ʯʪʦ 

ʧʨʠʥʦʩʠʪ ʝʤʫ ʥʫʣʝʚʦʡ ʚʳʠʛʨʳʰ. ʇʨʠ ʵʪʦʤ ʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʠʩʪʝ-

ʤʝ ʨʝʘʣʠʟʫʝʪʩʷ çʧʝʨʝʧʨʦʠʟʚʦʜʩʪʚʦè, ʨʘʚʥʦʝ æ -  Ó 0. 

 

ɺʝʨʦʷʪʥʦʩʪʥʘʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ: ʘʜʜʠʪʠʚʥʘʷ ʤʦ-

ʜʝʣʴ 

ʇʫʩʪʴ ʩʦʩʪʦʷʥʠʝ ʧʨʠʨʦʜʳ , ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʛʦ ʚ ʆʊʉ ʠʤʝʝʪ 

ʤʝʩʪʦ ʩʠʤʤʝʪʨʠʯʥʘʷ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʴ, ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠ-

ʯʠʥʦʡ ʩ ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ĔF (Ā): [0; æ] Ÿ [0; 1], ʜʣʷ ʢʦʪʦʨʦʡ 

ʩʫʱʝʩʪʚʫʝʪ ʧ.ʨ.ʚ. p(Ā). ɺ ʜʘʣʴʥʝʡʰʝʤ ʥʘʤ ʙʫʜʝʪ ʫʜʦʙʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ 

ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Fɗ(Ā): (-Ð; +Ð) Ÿ [0; 1]: 

0, 0,

( )= ( ), [0; ],

1, .

ĔF F  

ʇʨʠ ʟʘʜʘʥʥʦʤ ʜʝʡʩʪʚʠʠ ʘʛʝʥʪʘ y, ʚ ʩʠʣʫ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ 

ʜʝʷʪʝʣʴʥʦʩʪʠ z = y - , ʧʦʩʣʝʜʥʠʡ ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ ʩ 

ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Fz(Ā, y): [y - æ; y] Ÿ [0; 1]: 

Fz(q, y) = 1 - F (y - q) . 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʮʝʥʪʨ ʦʛʨʘʥʠʯʝʥ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʢʣʘʩʩʦʤ 

(ʧʘʨʘʤʝʪʨʳ:  ́Ó 0, ɚ Ó 0 ï ʩʤ. ʚʳʨʘʞʝʥʠʝ (4.9)) ʩʢʘʯʢʦʦʙʨʘʟʥʳʭ ʩʠʩʪʝʤ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ (ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ [50, 82], ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ 

ʩʢʘʯʢʦʦʙʨʘʟʥʳʝ ʩʠʩʪʝʤʳ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʥʝ ʦʧʪʠʤʘʣʴʥʳ 

ï ʩʤ. ʪʘʢʞʝ ʥʠʞʝ, ʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʦʥʠ ʧʨʦʩʪʳ ʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʳ ʥʘ ʧʨʘʢʪʠʢʝ): 
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ůʉ( ,́ z) = 
, ,

0, ,

z

z
               (4.9) 

ʛʜʝ  ́ï ʧʣʘʥ ʧʦ ʨʝʟʫʣʴʪʘʪʫ (ʞʝʣʘʪʝʣʴʥʳʡ ʜʣʷ ʮʝʥʪʨʘ ʨʝʟʫʣʴʪʘʪ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʘʛʝʥʪʘ). 

ʇʨʠ ʚʳʙʦʨʝ ʘʛʝʥʪʦʤ ʜʝʡʩʪʚʠʷ y Ó  ́ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ 

ʨʘʟʤʝʨʘ ʝʛʦ ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ (4.9) ʨʘʚʥʦ  

Ez ůʉ( ,́ z) = ɚF(y - )́             (4.10) 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʘʛʝʥʪ ʚʳʙʠʨʘʝʪ ʜʝʡʩʪʚʠʝ, ʤʘʢʩʠʤʠʟʠʨʫʶʱʝʝ 

ʝʛʦ ʦʞʠʜʘʝʤʫʶ ʧʦʣʝʟʥʦʩʪʴ [82, 90, 154], ʧʦʵʪʦʤʫ ʠʟ ʫʩʣʦʚʠʡ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʘʛʝʥʪʘ y
*
( ,́ ɚ) Ó  ́ʜʦʣʞʥʦ ʫʜʦ-

ʚʣʝʪʚʦʨʷʪʴ ʫʨʘʚʥʝʥʠʶ 

ɚ p (y
*
( ,́ ɚ) - )́ = c (y

*
( ,́ ɚ))            (4.11) 

ɿʘʜʘʯʘ ʮʝʥʪʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʙʦʨʝ ʧʘʨʘʤʝʪʨʦʚ  ́Ó 0, ɚ Ó 0 ʩʠ-

ʩʪʝʤʳ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ (ʢʦʥʪʨʘʢʪʘ), ʤʘʢʩʠʤʠʟʠʨʫʶʱʠʭ ʝʛʦ ʦʞʠʜʘʝ-

ʤʫʶ ʧʦʣʝʟʥʦʩʪʴ: 

0
0, 0

( ( ) ) ( ) max
   

* *

   
H  F y ,     y , p d            (4.12) 

ʇʨʠʤʝʨ 4.1.  ʇʫʩʪʴ ʮʝʥʪʨ ʠʤʝʝʪ ʣʠʥʝʡʥʫʶ ʬʫʥʢʮʠʶ ʜʦʭʦʜʘ 

H(z) = ɔz, ʛʜʝ ɔ > 0 ï ʠʟʚʝʩʪʥʘʷ ʢʦʥʩʪʘʥʪʘ; ʘʛʝʥʪ ʠʤʝʝʪ ʢʚʘʜʨʘʪʠʯʥʫʶ 

ʬʫʥʢʮʠʶ ʟʘʪʨʘʪ c(y, r) = y
2
/2r, ʛʜʝ r > 0 ï ʪʠʧ ʘʛʝʥʪʘ [90], ʦʪʨʘʞʘʶʱʠʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ; ʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ  

ʨʘʚʥʦʤʝʨʥʦʝ: F (v) = v/æ, v  [0; æ]. 

ʀʟ ʚʳʨʘʞʝʥʠʷ (4.10) ʩʣʝʜʫʝʪ, ʯʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʨʘʟ-

ʤʝʨʘ ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ ʘʛʝʥʪʘ ʨʘʚʥʦ ɚ(y - )́/æ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʚʳ-

ʙʦʨʝ ʘʛʝʥʪʦʤ ʜʝʡʩʪʚʠʷ y Ó  ́ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʟʥʘʯʝʥʠʷ ʝʛʦ 

ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʨʘʚʥʦ 

Ez f(ůʉ( ,́ z), y, z) = ɚ (y - )́/æ - y
2
/2r           (4.13) 

ʄʘʢʩʠʤʠʟʠʨʫʷ ʩʚʦʡ ʦʞʠʜʘʝʤʳʡ ʚʳʠʛʨʳʰ (4.13), ʘʛʝʥʪ ʚʳʙʝʨʝʪ 

ʜʝʡʩʪʚʠʝ (ʩʤ. ʪʘʢʞʝ ʚʳʨʘʞʝʥʠʝ (4.11)) 

y
*
( ,́ ɚ) = 

,ʧʨʠ ,
2

0, ʧʨʠ .
2

r r

r
            (4.14) 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʟʥʘʯʝʥʠʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʮʝʥʪʨʘ 

ʨʘʚʥʦ: 

Ez ū(ůʉ( ,́ z), z) = ɔ(y - æ/2) - ɚ(y - )́/æ           (4.15) 

ʇʦʜʩʪʘʚʣʷʷ (4.14) ʚ (4.15), ʧʦʣʫʯʠʤ ʟʘʜʘʯʫ (ʩʤ. (4.12)) ʚʳʙʦʨʘ 

ʮʝʥʪʨʦʤ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ (4.9) 
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ɔ (ɚr/æ - æ/2) - ɚ(ɚr/æ - )́/æ Ÿ 
0, /(2 )
max

r
          (4.16) 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ (4.16) ʠʤʝʝʪ ʚʠʜ ɚ
*
 = ɔæ, ˊ

*
 = ɔr/2. ʆʞʠʜʘʝʤʳʡ 

ʚʳʠʛʨʳʰ ʮʝʥʪʨʘ ʧʨʠ ʵʪʦʤ ʨʘʚʝʥ ɔ(ɔr - æ)/2, ʘ ʦʞʠʜʘʝʤʳʡ ʚʳʠʛʨʳʰ 

ʘʛʝʥʪʘ ʨʘʚʝʥ ʥʫʣʶ. Å
37

 

ʈʝʰʠʤ ʟʘʜʘʯʫ ʩʠʥʪʝʟʘ ʦʧʪʠʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʘʜʜʠʪʠʚʥʦʡ ʤʦʜʝʣʠ. ʆʙʱʘʷ ʩʭʝʤʘ 

ʨʝʰʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʟʘʜʘʯ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʪʘʢʦʚʘ [82]: ʩʥʘʯʘʣʘ 

ʜʣʷ ʢʘʞʜʦʛʦ ʜʝʡʩʪʚʠʷ ʘʛʝʥʪʘ x ʠʱʝʪʩʷ ʤʠʥʠʤʘʣʴʥʘʷ (ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʦʞʠʜʘʝʤʳʭ ʟʘʪʨʘʪ ʮʝʥʪʨʘ ʥʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ) ʨʝʘʣʠʟʫʶʱʘʷ ʝʛʦ ʩʠ-

ʩʪʝʤʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ min(x, ), ʪ.ʝ. ʧʦʙʫʞʜʘʶʱʘʷ ʘʛʝʥʪʘ ʚʳʙʠʨʘʪʴ 

ʠʤʝʥʥʦ ʵʪʦ ʜʝʡʩʪʚʠʝ: x  P( min(x, )). ɿʘʪʝʤ ʠʱʝʪʩʷ ʜʝʡʩʪʚʠʝ, ʨʝʘʣʠ-

ʟʘʮʠʷ ʢʦʪʦʨʦʛʦ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʘ ʜʣʷ ʮʝʥʪʨʘ (ʤʘʢʩʠʤʠʟʠʨʫʝʪ ʝʛʦ 

ʦʞʠʜʘʝʤʳʡ ʚʳʠʛʨʳʰ ï ʩʤ. ʪʘʢʞʝ ʚʳʨʘʞʝʥʠʝ (4.2)): 

x
*
 = arg 

0

max
x

 E[ū( min(x, ), x)] 

ʛʜʝ E ï ʦʧʝʨʘʪʦʨ ʚʳʯʠʩʣʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ. 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ x
**

 = argmax
x

 {
0

( ) ( )H x p d  - c(x)} . ʅʝ-

ʩʣʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʩʧʨʘʚʝʜʣʠʚʘ 

ʃʝʤʤʘ 4.1, ʠʣʣʶʩʪʨʠʨʫʶʱʘ ̫ ʠʟʚʝʩʪʥʳʡ ʧʨʠʥʮʠʧ ʢʦʤʧʝʥʩʘʮʠʠ 

ʟʘʪʨʘʪ [90] ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʝ: ʚ ʚʝʨʦʷʪʥʦʩʪ-

ʥʦʡ ʟʘʜʘʯʝ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʜʣʷ ʣʶʙʦʛʦ ʜʝʡʩʪʚʠʷ ʘʛʝʥʪʘ x Ó 0 ʥʝ ʩʫ-

ʱʝʩʪʚʫʝʪ ʩʠʩʪʝʤʳ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ, ʨʝʘʣʠʟʫʶʱʝʡ ʵʪʦ ʜʝʡʩʪʚʠʝ ʩ ʦʞʠ-

ʜʘʝʤʳʤʠ ʟʘʪʨʘʪʘʤʠ ʮʝʥʪʨʘ ʥʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ, ʩʪʨʦʛʦ ʤʝʥʴʰʠʤʠ 

ʟʘʪʨʘʪ ʘʛʝʥʪʘ, ʪ.ʝ. min(x, ) Ó c(x). 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʣʝʤʤʳ.  ʇʫʩʪʴ ʩʫʱʝʩʪʚʫʝʪ ʜʝʡʩʪʚʠʝ ʘʛʝʥʪʘ xÓ 0 

ʠ ʩʠʩʪʝʤʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ( )z , ʪʘʢʠʝ, ʯʪʦ ʚʳʧʦʣʥʝʥʦ 

Ez[ ( )z | x ] = 
0

( ) ( )zz p v, x dv < c( x ),           (4.17) 

ʠ ʩʠʩʪʝʤʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ( )z  ʨʝʘʣʠʟʫʝʪ ʜʝʡʩʪʚʠʝ xÓ 0, ʪ.ʝ.  y  0 

ʚʳʧʦʣʥʝʥʦ 

Ez[ ( )z | x ] - c( x ) Ó Ez[ ( )z |y] - c(y)            (4.18) 

ɼʣʷ y = 0 ʚʳʨʘʞʝʥʠʝ (4.18) ʩ ʫʯʸʪʦʤ ʫʩʣʦʚʠʷ c(0) = 0 ʧʨʠʤʝʪ ʚʠʜ 

Ez[ ( )z | x ] Ó c( x ) + Ez[ ( )z |0] 

                                                           
37 ʉʠʤʚʦʣ çÅè ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʦʙʦʟʥʘʯʘʝʪ ʦʢʦʥʯʘʥʠʝ ʧʨʠʤʝʨʘ ʠʣʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ. 
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ʯʪʦ ʚ ʩʠʣʫ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ (ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʛʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ) ʧʨʦʪʠʚʦʨʝʯʠʪ (4.17), ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʣʝʤ-

ʤʘ ʜʦʢʘʟʘʥʦ. 

ʅʘʡʜʸʤ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʩʪʠʤʫʣʠ-

ʨʦʚʘʥʠʷ ʪʠʧʘ (4.9), ʘ ʠʤʝʥʥʦ ʢʦʥʪʨʘʢʪʘ 

ůʉ(x, z) = 
( ), ,

0,

c x z x

z x .
             (4.19) 

ʋʪʚʝʨʞʜʝʥʠʝ 4.1. (ʜʦʩʪʘʪʦʯʥʦʝ ʫʩʣʦʚʠʝ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʩʢʘʯʢʦʦʙ-

ʨʘʟʥʦʡ ʩʠʩʪʝʤʳ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʚ ʘʜʜʠʪʠʚʥʦʡ ʤʦʜʝʣʠ ʫʯʸʪʘ ʚʝʨʦʷʪ-

ʥʦʩʪʥʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ). ɽʩʣʠ x  [x
**

 ï ; x
**

] ʧʣʦʪʥʦʩʪʴ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ p(Ā) ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ 

p (x
**

 ï x) Ó c (x) / c(x
**

)             (4.20) 

ʪʦ ʚ ʘʜʜʠʪʠʚʥʦʡ ʤʦʜʝʣʠ ʫʯʸʪʘ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʩʢʘʯ-

ʢʦʦʙʨʘʟʥʘʷ ʩʠʩʪʝʤʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ (4.19) ʨʝʘʣʠʟʫʝʪ ʜʝʡʩʪʚʠʝ x
**

 

ʘʛʝʥʪʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʦʞʠʜʘʝʤʳʤʠ ʟʘʪʨʘʪʘʤʠ ʮʝʥʪʨʘ ʥʘ ʩʪʠʤʫʣʠ-

ʨʦʚʘʥʠʝ, ʨʘʚʥʳʤʠ c(x
**
) ʠ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɺʳʯʠʩʣʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʚʦʟʥʘʛʨʘʞ-

ʜʝʥʠʷ ʘʛʝʥʪʘ ʧʨʠ ʚʳʙʦʨʝ ʠʤ ʜʝʡʩʪʚʠʷ y ʧʨʠ ʧʣʘʥʝ x: 

Ez[ůʉ(x, z)|y] = 
0

( ) ), (ʉ x  y p d . ʀʟ ʚʳʨʘʞʝʥʠʷ (4.10) ʩʣʝʜʫʝʪ, 

ʯʪʦ Ez[ůʉ(x, z)|y] = c(x) F (y ï x + æ). ʆʞʠʜʘʝʤʘʷ ʧʦʣʝʟʥʦʩʪʴ ʘʛʝʥʪʘ 

ʨʘʚʥʘ 

Ez[ůʉ(x, z)|y] ï c(y) = 

( ), ,

( ) ( ) ( ), [ , ],

( ,

 

) ( )

c x F y  x

c y y x

c y y x x

c x c y y x.

     

ʇʨʠ ʧʣʘʥʝ x = x
**

 ʚ ʩʠʣʫ ʫʩʣʦʚʠʷ (4.20) ʤʘʢʩʠʤʫʤ ʜʘʥʥʦʡ ʦʞʠʜʘ-

ʝʤʦʡ ʧʦʣʝʟʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʚʳʙʦʨʝ ʘʛʝʥʪʦʤ ʣʠʙʦ ʥʫʣʝʚʦʛʦ ʜʝʡ-

ʩʪʚʠʷ, ʣʠʙʦ ʜʝʡʩʪʚʠʷ, ʩʦʚʧʘʜʘʶʱʝʛʦ ʩ ʧʣʘʥʦʤ x
**

 (ʫʩʣʦʚʠʝ (4.20) ʛʘ-

ʨʘʥʪʠʨʫʝʪ ʥʝʫʙʳʚʘʥʠʝ ʦʞʠʜʘʝʤʦʡ ʧʦʣʝʟʥʦʩʪʠ ʘʛʝʥʪʘ ʧʦ ʝʛʦ ʜʝʡʩʪʚʠʶ 

ʥʘ ʦʪʨʝʟʢʝ [x
**

 ï ; x
**
]). ɺ ʩʠʣʫ ʛʠʧʦʪʝʟʳ ʙʣʘʛʦʞʝʣʘʪʝʣʴʥʦʩʪʠ ʘʛʝʥʪ 

ʚʳʙʝʨʝʪ ʜʝʡʩʪʚʠʝ x
**
, ʯʪʦ ʧʨʠʚʝʜʸʪ ʢ ʦʞʠʜʘʝʤʳʤ ʟʘʪʨʘʪʘʤ ʮʝʥʪʨʘ ʥʘ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʚ ʪʦʯʥʦʩʪʠ ʨʘʚʥʳʤ ʟʘʪʨʘʪʘʤ ʘʛʝʥʪʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ 

ʩʠʣʫ ʣʝʤʤʳ 4.1 ʩʠʩʪʝʤʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ (4.19) ʦʧʪʠʤʘʣʴʥʘ. Å 

ʆʯʝʚʠʜʥʦ, ʯʪʦ, ʝʩʣʠ ʛʠʧʦʪʝʟʘ ʙʣʘʛʦʞʝʣʘʪʝʣʴʥʦʩʪʠ ʥʝ ʚʳʧʦʣʥʝʥʘ, 

ʪʦ Ů-ʦʧʪʠʤʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʫʩʣʦʚʠʷ (4.20) 

ʙʫʜʝʪ ʩʠʩʪʝʤʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ 
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ůʉŮ(x, z) = 
( ) , ,

0,

c x z x

z x .
 

ʇʨʠʤʝʨ 4.2.  ɺ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʨʘ 4.1 ʫʩʣʦʚʠʝ (4.20) ʧʨʠʤʝʪ ʚʠʜ: 

ɔr Ó 2æ. Å 

ʊʝʧʝʨʴ ʠʩʩʣʝʜʫʝʤ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʢʦʤʧʝʥ-

ʩʘʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʥʘʡʜʸʤ ʩʠʩʪʝʤʫ ʩʪʠʤʫ-

ʣʠʨʦʚʘʥʠʷ ( )Ĕz , ʢʦʪʦʨʘʷ ʦʙʨʘʱʘʝʪ ʚ ʥʦʣʴ ʦʞʠʜʘʝʤʫʶ ʧʦʣʝʟʥʦʩʪʴ 

ʘʛʝʥʪʘ ʜʣʷ ʣʶʙʳʭ ʝʛʦ ʜʝʡʩʪʚʠʡ, ʪ.ʝ. ʜʣʷ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʝʥʦ 

( ) ( ) ( )

y

y

Ĕz p y z dz c y             (4.21) 

ʋʪʚʝʨʞʜʝʥʠʝ 4.2.  ɽʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʢʦʥʪʨʘʢʪ ( )Ĕz  Ó 0, ʫʜʦʚʣʝ-

ʪʚʦʨʷʶʱʠʡ ʚʳʨʘʞʝʥʠʶ (4.21), ʪʦ ʦʥ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʚ ʘʜʜʠ-

ʪʠʚʥʦʡ ʤʦʜʝʣʠ ʫʯʸʪʘ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ. 

ʉʧʨʘʚʝʜʣʠʚʦʩʪʴ ʫʪʚʝʨʞʜʝʥʠʷ ʩʣʝʜʫʝʪ ʠʟ ʩʚʦʡʩʪʚʘ (4.21) ʩʠʩʪʝʤʳ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ( )Ĕz  ʠ ʣʝʤʤʳ 4.1. ʀʪʘʢ, ʢʦʤʧʝʥʩʘʪʦʨʥʘʷ ʩʠʩʪʝʤʘ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ( )Ĕz  ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ, ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʧʦʣʦ-

ʞʠʪʝʣʴʥʦʟʥʘʯʥʦʝ ʨʝʰʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (4.21). ʉʬʦʨʤʫ-

ʣʠʨʫʝʤ 

ʋʪʚʝʨʞʜʝʥʠʝ 4.3.  ɽʩʣʠ ʬʫʥʢʮʠʠ p (v) ʠ c y(y)  ʥʝʧʨʝʨʳʚʥʳ ʚ 

ʦʙʣʘʩʪʷʭ ʦʧʨʝʜʝʣʝʥʠʷ, ʪʦ ʠʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ (4.21) ʠʤʝʝʪ ʝʜʠʥ-

ʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʦ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ: 

0

1

0

                                                         
0

,  1 2
0 0

z

i i

c z
Ĕ z

p

c z p z u
Ĕ Ĕz u du i ,  , .

p p

         (4.22) 

ɼʣʷ ʧʦʣʦʞʠʪʝʣʴʥʦʟʥʘʯʠʤʦʩʪʠ ʨʝʰʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

(4.21) ʥʝʦʙʭʦʜʠʤʦ 

0

,  1 2

y

i
Ĕc u p z u du i ,  , .y            (4.23) 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ.  ʇʨʦʜʠʬʬʝʨʝʥʮʠʨʫʝʤ ʚʳʨʘʞʝʥʠʝ (4.21): 

0  =
z

i

z

Ĕ Ĕ Ĕp p u p z u du c zz z      (4.24) 
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ʈʝʠhʤ (4.24) ʧʨʠ z  : 
0

0  =
z

i
Ĕ Ĕp u p z u du c zz . 

ʇʝʨʝʧʠʰʝʤ ʜʘʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʚ ʚʠʜʝ: 

0
0 0

zc z p z u
Ĕ Ĕz u du

p p
           (4.25) 

ʋʨʘʚʥʝʥʠʝ (4.25) ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ɺʦʣʴʪʝʨʨʘ 

ʚʪʦʨʦʛʦ ʨʦʜʘ. ʀʟʚʝʩʪʥʦ (ʩʤ., ʥʘʧʨʠʤʝʨ, [114]), ʯʪʦ ʚ ʨʘʤʢʘʭ ʫʩʣʦʚʠʡ 

ʜʦʢʘʟʳʚʘʝʤʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʦʥʦ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ (4.22), 

ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʦ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝ-

ʥʠʡ. ɼʣʷ ʧʦʣʦʞʠʪʝʣʴʥʦʟʥʘʯʠʤʦʩʪʠ ʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʝʥʠʝ 

(4.23). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʝʥʠʝ ʜʣʷ z   ʧʦʣʫʯʝʥʦ. 

ʀʩʧʦʣʴʟʫʷ (4.25), ʘʥʘʣʦʛʠʯʥʦʝ ʨʝʰʝʥʠʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʣʷ 

z  ɴ[jȹ; (j+1)ȹ]; j = 1,2, é: 

0
0 0

zĔc z p z p z u
Ĕ Ĕz u du

p p
 

ʧʨʠʯʸʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʧʦʣʦʞʠʪʝʣʴʥʦʩʪʠ ʨʝʰʝʥʠʷ Ĕ(z) ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʧʦʣʥʠʪʴ ʪʦʣʴʢʦ ʜʣʷ ʨʝʰʝʥʠʷ ʥʘ ʧʝʨʚʦʤ ʠʥʪʝʨʚʘʣʝ, ʜʘʣʝʝ ʠ 

c (z) + p (ȹ)ů(z - ȹ) Ó c (z). 

ʇʨʠʤʝʨ 4.3.  ʇʫʩʪʴ ʧ.ʨ.ʚ.  ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʡ, ʪ.ʝ. 

0 1

0 1

1
  ʧʨʠ 

0  ʧʨʠ 

v a ;a
p

v a ;a

 

ʛʜʝ 0 < a0; a1 = a0 + . 

ʊʦʛʜʘ (4.21) ʧʨʠʤʝʪ ʚʠʜ 
0

1

z a

z a

Ĕu dz c z . ɼʠʬʬʝʨʝʥʮʠʨʫʷ ʦʙʝ 

ʯʘʩʪʠ, ʧʦʣʫʯʠʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ů(z - a0) - ů(z - a1) Ó c (z).  

ʋʯʠʪʳʚʘʷ, ʯʪʦ c(y) = 0 c  (y) = 0 ʠ ʧʨʠ y  0, ʨʝʰʝʥʠʝ ʠʪʦʛʦʚʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʧʦʣʫʯʠʪʩʷ ʚ ʚʠʜʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʷʜʘ: 

ů(z - a0) = 
0i

c z i . 

ʊʘʢ ʢʘʢ  ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘ ʠ ʚʳʧʫʢʣʘ, ʩʫʤʤʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʷʜʘ ʧʦʣʦʞʠʪʝʣʴʥʘ ʠ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʩʥʦʚʥʦʤʫ ʪʨʝʙʦʚʘʥʠʶ ʢ ʬʫʥʢʮʠʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ( ). 
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ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʨʘ 4.1 c(y, r) = y
2
/2r, ʘ c (y, r) = y/r 

ʧʨʠ y > 0, ʪʦʛʜʘ 

0

0i

z a z i z i
r

, 

ʛʜʝ ɗ(Ā) - ʬʫʥʢʮʠʷ ʍʝʚʠʩʘʡʜʘ (ɗ(u) = 1 ʧʨʠ u Ó 0 ʠ ɗ(u) = 0 ʧʨʠ u < 0 ).  

 

 

ɺʝʨʦʷʪʥʦʩʪʥʘʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ: ʤʦʜʝʣʴ ʩ ʧʨʦʩʪʳʤ 

ʘʛʝʥʪʦʤ 

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚʳʰʝ ʘʜʜʠʪʠʚʥʦʡ ʤʦʜʝʣʠ ʫʯʸʪʘ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʤʦʜʝʣʴ ʧʨʦʩʪʦʛʦ ʘʛʝʥʪʘ 

[30, 31, 50, 82], ʚ ʢʦʪʦʨʦʡ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ (ʬʨʚ) 

ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʛʝʥʪʘ ʠʤʝʝʪ ʚʠʜ 

Fz(q, y) = 
( ),

1

G q q y,

, q y,
             (4.26) 

ʛʜʝ G(Ā): [0; +Ð) Ÿ [0; 1] ï ʠʟʚʝʩʪʥʘʷ ʬʨʚ (g(Ā) - ʩʦʦʪʚʝʪʩʪʚʫʶʱʘ ̫ʝʡ 

ʧ.ʨ.ʚ.), G(0) = 0, ʪ.ʝ., ʢʘʢ ʠ ʚ ʘʜʜʠʪʠʚʥʦʡ ʤʦʜʝʣʠ, ʜʝʡʩʪʚʠʝ ʘʛʝʥʪʘ 

ʦʧʨʝʜʝʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ G(Ā) 

ʥʝ ʟʘʚʠʩʠʪ ʷʚʥʳʤ ʦʙʨʘʟʦʤ ʦʪ ʜʝʡʩʪʚʠʷ. ʇ.ʨ.ʚ., ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (4.26), ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ pz(q, y). 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʝʥʪʨʦʤ ʩʢʘʯʢʦʦʙʨʘʟʥʦʡ ʩʠʩʪʝʤʳ ʩʪʠʤʫʣʠ-

ʨʦʚʘʥʠʷ (4.9) ʠ ʚʳʙʦʨʝ ʘʛʝʥʪʦʤ ʜʝʡʩʪʚʠʷ y Ó  ́ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘ-

ʥʠʝ ʨʘʟʤʝʨʘ ʝʛʦ ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ ʨʘʚʥʦ ɚ(G(y) ï G( )́). ɸʥʘʣʦʛʦʤ ʫʩʣʦ-

ʚʠʷ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ (4.11) ʜʣʷ ʤʦʜʝʣʠ ʧʨʦʩʪʦʛʦ ʘʛʝʥʪʘ ʷʚʣʷʝʪʩʷ 

ɚ g(y
*
( ,́ ɚ)) = ʩ(y

*
( ,́ ɚ)). 

ɺ [82] ʜʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʤʦʜʝʣʠ ʥʝʡʪʨʘʣʴʥʦʛʦ ʢ ʨʠʩʢʫ ʧʨʦʩʪʦʛʦ 

ʘʛʝʥʪʘ ʦʧʪʠʤʘʣʴʥʳ ʢʦʤʧʝʥʩʘʪʦʨʥʳʝ ʩʠʩʪʝʤʳ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ, ʘ ʚ 

[50] ʜʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʢʣʘʩʩʝ ʤʦʜʝʣʝʡ ʦʧʪʠʤʘʣʴʥʳ: 

-  ʜʣʷ ʥʝʩʢʣʦʥʥʦʛʦ ʢ ʨʠʩʢʫ ʘʛʝʥʪʘ - ʢʦʤʧʝʥʩʘʪʦʨʥʳʝ ʩʠʩʪʝʤʳ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʚʠʜʘ 

ůK(z) = 
0

( )

1 ( )

z
c v

dv
G v

;             (4.27) 

-  ʜʣʷ ʩʢʣʦʥʥʦʛʦ ʢ ʨʠʩʢʫ ʘʛʝʥʪʘ ʩʠʩʪʝʤʳ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʩʣʝʜʫ-

ʶʱʝʛʦ ʚʠʜʘ: 

ůC(x, z) = 

( )
, ,

1 ( )

0, .

c x
z x

G x

z x

            (4.28) 
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ʃʝʛʢʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʬʫʥʢʮʠʷ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ (4.27) ʷʚʣʷʝʪʩʷ 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʡ, ʚʦʟʨʘʩʪʘʶʱʝʡ ʠ ʚʳʧʫʢʣʦʡ. ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʣʝʤʤʦʡ 1 

ʠʟ [50] ʤʦʞʥʦ ʜʦʢʘʟʘʪʴ ʩʣʝʜʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ 

(4.27) ʠ (4.28). 

ʋʪʚʝʨʞʜʝʥʠʝ 4.4.  ɺ ʤʦʜʝʣʠ ʧʨʦʩʪʦʛʦ ʘʛʝʥʪʘ y  0 ʚʳʧʦʣʥʝʥʦ: 

1) 

0

( ) ( , ) ( )K zq p q y dq c y ;     2) 

0

( , ) ( , ) ( )C zy q p q y dq c y. 

ʉʦʜʝʨʞʘʪʝʣʴʥʦ ʨʝʟʫʣʴʪʘʪ ʧʝʨʚʦʛʦ ʧʫʥʢʪʘ ʫʪʚʝʨʞʜʝʥʠʷ 4.4 ʦʟʥʘ-

ʯʘʝʪ, ʯʪʦ ʜʣʷ ʣʶʙʦʛʦ ʜʝʡʩʪʚʠʷ ʘʛʝʥʪʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʝʛʦ 

ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ (4.27) ʚ ʪʦʯʥʦʩʪʠ ʨʘʚʥʦ ʟʘʪʨʘʪʘʤ ʘʛʝʥʪʘ ʧʦ ʚʳʙʦʨʫ 

ʵʪʦʛʦ ʜʝʡʩʪʚʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʚʳʙʦʨʝ ʮʝʥʪʨʦʤ ʬʫʥʢʮʠʠ ʩʪʠʤʫ-

ʣʠʨʦʚʘʥʠʷ (4.27) ʜʣʷ ʣʶʙʳʭ ʜʝʡʩʪʚʠʡ ʘʛʝʥʪʘ ʝʛʦ ʦʞʠʜʘʝʤʘʷ ʧʦʣʝʟ-

ʥʦʩʪʴ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʦʣʴ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʠʥʜʠʬʬʝʨʝʥʪʥʳʤ ʢ ʚʳʙʦʨʫ 

ʜʝʡʩʪʚʠʡ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʨʘʤʢʘʭ ʛʠʧʦʪʝʟʳ ʙʣʘʛʦʞʝʣʘʪʝʣʴʥʦʩʪʠ 

ʘʛʝʥʪ ʚʳʙʝʨʝʪ ʜʝʡʩʪʚʠʝ, ʢʦʪʦʨʦʝ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʮʝʥʪʨʘ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʝʥʪʨʦʤ ʩʠʩʪʝʤʳ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ (4.28) 

ʘʛʝʥʪ ʠʥʜʠʬʬʝʨʝʥʪʝʥ ʤʝʞʜʫ ʥʫʣʝʚʳʤ ʜʝʡʩʪʚʠʝʤ (ʦʪʢʘʟ ʦʪ ʢʦʥʪʨʘʢʪʘ) 

ʠ ʚʳʧʦʣʥʝʥʠʝʤ ʧʣʘʥʘ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʞʠʜʘʝʤʘʷ ʧʦʣʝʟʥʦʩʪʴ ʘʛʝʥʪʘ 

ʜʦʩʪʠʛʘʣʘ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʧʨʠ ʚʳʙʦʨʝ ʜʝʡʩʪʚʠʷ, ʩʦʚʧʘʜʘ-

ʶʱʝʛʦ ʩ ʧʣʘʥʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʨʘʟʤʝʨ ʚʳʧʣʘʪ ʟʘ ʚʳʧʦʣʥʝʥʠʝ 

ʧʣʘʥʘ ʥʘ ʩʢʦʣʴ ʫʛʦʜʥʦ ʤʘʣʫʶ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʚʝʣʠʯʠʥʫ Ů. ʅʦ ʪʘʢʘʷ 

ʩʠʩʪʝʤʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʙʫʜʝʪ ʫʞʝ ʥʝ ʦʧʪʠʤʘʣʴʥʦʡ, ʘ Ů-ʦʧʪʠʤʘʣʴʥʦʡ. 

ʃʝʛʢʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʩʣʝʜʫʶʱʝʝ ʫʪʚʝʨʞʜʝʥʠʝ. 

ʋʪʚʝʨʞʜʝʥʠʝ 4.5.  ɺ ʤʦʜʝʣʠ ʧʨʦʩʪʦʛʦ ʘʛʝʥʪʘ x  0 ʩʠʩʪʝʤʘ ʩʪʠ-

ʤʫʣʠʨʦʚʘʥʠʷ 

C (x, z) = 

( , )
, ,

1 ( )

0, ,

c x r
z x

G x

z x

 

Ů-ʦʧʪʠʤʘʣʴʥʘ (ʪ.ʝ. ʨʝʘʣʠʟʫʝʪ ʜʝʡʩʪʚʠʝ ʘʛʝʥʪʘ x ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʦʞʠ-

ʜʘʝʤʳʤʠ ʟʘʪʨʘʪʘʤʠ ʮʝʥʪʨʘ ʥʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ). 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ ʢʘʢʫʶ ï ʢʦʤʧʝʥʩʘʪʦʨʥʫʶ ʠʣʠ ʩʢʘʯʢʦʦʙʨʘʟ-

ʥʫʶ ï ʩʠʩʪʝʤʫ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪ ʮʝʥʪʨ, ʦʧʪʠʤʘʣʴʥʳʤ ʩ ʝʛʦ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʫʜʝʪ ʧʣʘʥ (ʧʦ ʜʝʡʩʪʚʠʶ) 

x
*
 = arg 

0
max

y
{

0

( ) ( )

y

H z g z dz + (1 ï G(y)) H(y) ï c(y, r)}          (4.29) 

ʋʩʣʦʚʠʝʤ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʚʳʨʘʞʝʥʠʷ (4.29) ʷʚʣʷʝʪʩʷ 
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(1 - G(x
*
)) H (x

*
) = c (x

*
, r)             (4.30) 

ʇʨʠʤʝʨ 4.4.  ʇʫʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʨʘ 4.1 G(z) = z/(1 + z). ʀʟ ʚʳ-

ʨʘʞʝʥʠʷ (4.27) ʩʣʝʜʫʝʪ, ʯʪʦ ůK(z) = z
2
/2r + z

3
/3r, ʘ ʠʟ ʚʳʨʘʞʝʥʠʷ (4.30) 

ʥʘʭʦʜʠʤ x
*
 = ( 1 4 r  - 1)/2. Å 

ʊʘʢ ʢʘʢ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ ʧʨʦʩʪʦʛʦ ʘʛʝʥʪʘ ʧʦʩʣʝʜʥʠʡ 

ʥʝʡʪʨʘʣʝʥ ʢ ʨʠʩʢʫ, ʪʦ, ʚʳʙʠʨʘʷ ʠʟ ʩʠʩʪʝʤ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ (4.27) ʠ 

(4.28), ʥʘʚʝʨʥʦʝ, ʩʣʝʜʫʝʪ ʦʪʜʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ ʩʢʘʯʢʦʦʙʨʘʟʥʦʡ ʩʠʩʪʝ-

ʤʝ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʦʥʘ, ʚʦ-ʧʝʨʚʳʭ, ʧʨʦʱʝ, ʘ, ʚʦ-ʚʪʦʨʳʭ, ʝʸ Ů-

ʦʧʪʠʤʘʣʴʥʳʡ ʘʥʘʣʦʛ ʧʦʙʫʞʜʘʝʪ ʘʛʝʥʪʘ ʚʳʙʠʨʘʪʴ ʜʝʡʩʪʚʠʝ, ʩʦʚʧʘʜʘ-

ʶʱʝʝ ʩ ʧʣʘʥʦʤ (ʩʤ. ʫʪʚʝʨʞʜʝʥʠʝ 4.4). 

ʆʩʥʦʚʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʩʤʘʪʨʠ-

ʚʘʣʘʩʴ ʩʪʘʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʢʦʥʪʨʘʢʪʦʚ, ʷʚʣʷʶʪʩʷ çʘʥʘʣʠʪʠʯʝ-

ʩʢʠʝè ʟʘʚʠʩʠʤʦʩʪʠ ʪʠʧʘ (4.21), (4.27), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʪʘʚʠʪʴ ʠ 

ʨʝʰʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ ï ʚ ʯʘʩʪʥʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʠʝ, ʚ ʢʦʪʦʨʳʭ 

ʠʟʤʝʥʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʛʝʥʪʦʚ ʠ/ʠʣʠ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʳ 

(ʥʘʧʨʠʤʝʨ, ʠʟʤʝʥʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʝʛʦ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ). ʆʜ-

ʥʘʢʦ, ʩʥʘʯʘʣʘ ʨʘʩʩʤʦʪʨʠʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʦʙʦʙʱʝʥʠʝ ʤʦʜʝʣʠ ʩ ʦʜ-

ʥʠʤ ʘʛʝʥʪʦʤ ʠ ʘʜʜʠʪʠʚʥʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴʶ ʥʘ ʤʥʦʛʦʘʛʝʥʪʥʳʡ 

ʩʣʫʯʘʡ (ʨʘʟʜʝʣ 4.2), ʘ ʟʘʪʝʤ ʦʙʦʙʱʝʥʠʝ ʩʪʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩ ʧʨʦʩʪʳʤ 

ʘʛʝʥʪʦʤ ʥʘ ʩʣʫʯʘʡ ʥʝʩʢʦʣʴʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʝʨʠʦʜʦʚ ʝʛʦ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ (ʨʘʟʜʝʣ 4.3). 

 

4.2. ʄʥʦʛʦʘʛʝʥʪʥʘʷ ʤʦʜʝʣʴ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʥʪʝʨʝʩʦʚ 

 

ʇʫʩʪʴ ʮʝʥʪʨʫ ʧʦʜʯʠʥʝʥʳ n ʘʛʝʥʪʦʚ, ʧʨʠʥʠʤʘʶʱʠʭ ʨʝʰʝʥʠʷ ʦʜ-

ʥʦʚʨʝʤʝʥʥʦ ʠ ʥʝʟʘʚʠʩʠʤʦ (ʯʝʨʝʟ N = {1, é, n} ʦʙʦʟʥʘʯʠʤ ʤʥʦʞʝʩʪʚʦ 

ʵʪʠʭ ʘʛʝʥʪʦʚ), ʘ ʬʫʥʢʮʠʷ ʟʘʪʨʘʪ i-ʛʦ ʘʛʝʥʪʘ ci(yi, r i) = c(yi, r i), ʛʜʝ yi Ó 0 

ï ʝʛʦ ʜʝʡʩʪʚʠʝ, r i > 0 ï ʝʛʦ ʪʠʧ (ʥʠʞʥʠʤ ʠʥʜʝʢʩʦʤ ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʙʫʜʝʤ 

ʦʙʦʟʥʘʯʘʪʴ ʥʦʤʝʨ ʘʛʝʥʪʘ). ʈʝʟʫʣʴʪʘʪ ʢʘʞʜʦʛʦ ʠʟ ʘʛʝʥʪʦʚ ʨʘʚʝʥ yi ï ɗi, 

ʛʜʝ ɗi ʦʪʨʘʞʘʶʪ ʚʣʠʷʥʠʝ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ, ʘ ʚʩʝ ɗi 

ʥʝʟʘʚʠʩʠʤʳ ʠ ʦʜʠʥʘʢʦʚʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʩʦʛʣʘʩʥʦ Fɗ(Ā). 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ Y = i

i N

y  ʩʫʤʤʫ ʜʝʡʩʪʚʠʡ ʚʩʝʭ ʘʛʝʥʪʦʚ, ʪʦʛʜʘ 

ʩʫʤʤʘʨʥʳʡ ʨʝʟʫʣʴʪʘʪ ʨʘʚʝʥ i

i N

y - i

i N

. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʟʘʜʘʯʝʡ 

ʮʝʥʪʨʘ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ X Ó 0 ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ ʚʩʝʭ ʘʛʝʥʪʦʚ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʥʝ ʤʝʥʴʰʝʡ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ Ŭ 

[0; 1]. ɺʝʣʠʯʠʥʘ Ŭ ʥʘʟʳʚʘʝʪʩʷ ʥʘʜʸʞʥʦʩʪʴʶ ʢʦʥʪʨʘʢʪʘ [33]. 

ɼʣʷ ʘʜʜʠʪʠʚʥʦʡ ʤʦʜʝʣʠ ʫʯʸʪʘ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʵʪʦ ʫʩʣʦʚʠʝ 

ʧʨʠʤʝʪ ʚʠʜ ʩʣʝʜʫʶʱʝʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʜʝʡʩʪʚʠʷ ʘʛʝʥʪʦʚ: 
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Y Ó X + nFɗ
-1
(Ŭ)              (4.31) 

ʛʜʝ n
1F (Ā) ʦʟʥʘʯʘʝʪ ʦʙʨʘʪʥʫʶ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʫʤʤʳ i

i N

, 

ʪʦ ʝʩʪʴ ʩʚʸʨʪʢʠ n ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Fɗ(Ā). 

ɺʝʣʠʯʠʥʘ nFɗ
-1
(Ŭ) ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ çʧʣʘʪʘ ʟʘ ʥʝʦʧʨʝ-

ʜʝʣʸʥʥʦʩʪʴè ʚ ʪʝʨʤʠʥʘʭ ʜʝʡʩʪʚʠʡ ʘʛʝʥʪʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʫʶ ʟʘʜʘʯʫ: ʢʘʢʦʚʳ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʪʠʤʘʣʴ-

ʥʳʝ ʧʣʘʥʳ (ʧʦ ʜʝʡʩʪʚʠʷʤ)? ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʫʪʚʝʨʞʜʝʥʠʝʤ 4.1, ʧʦ-

ʣʫʯʘʝʤ, ʯʪʦ ʦʞʠʜʘʝʤʳʝ ʟʘʪʨʘʪʳ ʮʝʥʪʨʘ ʥʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʢʘʞʜʦʛʦ 

ʘʛʝʥʪʘ ʚ ʪʦʯʥʦʩʪʠ ʨʘʚʥʳ ʟʘʪʨʘʪʘʤ ʧʦʩʣʝʜʥʝʛʦ ʦʪ ʚʳʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʝʛʦ ʜʝʡʩʪʚʠʷ (ʪʘʢ ʢʘʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʝʥʪʨʦʤ ʩʠʩʪʝʤʳ ʩʪʠʤʫ-

ʣʠʨʦʚʘʥʠʷ (4.21) ʦʞʠʜʘʝʤʳʡ ʚʳʠʛʨʳʰ ʘʛʝʥʪʘ ʧʦʩʪʦʷʥʝʥ ʧʨʠ ʣʶʙʦʤ 

ʝʛʦ ʜʝʡʩʪʚʠʠ, ʪʦ, ʚ ʩʠʣʫ ʛʠʧʦʪʝʟʳ ʙʣʘʛʦʞʝʣʘʪʝʣʴʥʦʩʪʠ, ʦʥ ʚʳʙʝʨʝʪ 

ʜʝʡʩʪʚʠʝ, ʩʦʚʧʘʜʘʶʱʝʝ ʩ ʧʣʘʥʦʤ). ʊʘʢ ʢʘʢ ʟʘʪʨʘʪʳ ʘʛʝʥʪʦʚ ï ʥʝʫʙʳ-

ʚʘʶʱʠʝ, ʪʦ ʚ ʦʧʪʠʤʘʣʴʥʦʤ ʨʝʰʝʥʠʠ ʫʩʣʦʚʠʝ (4.31) ʚʳʧʦʣʥʷʝʪʩʷ ʢʘʢ 

ʨʘʚʝʥʩʪʚʦ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʳʭ ʧʣʘʥʦʚ ʩʚʦʜʠʪʩʷ ʢ 

ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʝ ʫʩʣʦʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ: 

{ 0}

1

( ) min

( ).

i
i i

x
i N

i n

i N

c x ,r ,

x X F
             (4.32) 

ʇʨʠʤʝʥʷʷ ʤʝʪʦʜ ʤʥʦʞʠʪʝʣʝʡ ʃʘʛʨʘʥʞʘ, ʧʦʣʫʯʘʝʤ, ʯʪʦ ʩʧʨʘʚʝʜ-

ʣʠʚʦ ʩʣʝʜʫʶʱʝʝ  

ʋʪʚʝʨʞʜʝʥʠʝ 4.6.  ɺ ʘʜʜʠʪʠʚʥʦʡ ʤʦʜʝʣʠ ʫʯʸʪʘ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʥʝ-

ʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʦʧʪʠʤʘʣʴʥʳʝ ʧʣʘʥʳ {xi
*
} ʚ ʢʦʥʪʨʘʢʪʝ ʧʦ ʦʙʝʩʧʝʯʝ-

ʥʠʶ ʩʫʤʤʘʨʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ X Ó 0 ʩ ʥʘʜʸʞʥʦʩʪʴʶ Ŭ ʠʤʝʶʪ ʚʠʜ 

x
*
i = c

-1
(ɛ,r i) , i  N,             (4.33) 

ʛʜʝ ɛ > 0 ï ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ: 
1( )i

i N

c ,r  = X + nFɗ
-1
(Ŭ).            (4.34) 

ɺ ʩʠʣʫ ʤʦʥʦʪʦʥʥʦʩʪʠ ʬ.ʨ.ʚ. ʧʦʣʫʯʘʝʤ ʠʟ ʘʥʘʣʠʟʘ (4.32), ʯʪʦ ʩʧʨʘ-

ʚʝʜʣʠʚʦ ʩʣʝʜʫʶʱʝʝ 

ʋʪʚʝʨʞʜʝʥʠʝ 4.7.  ɺ ʘʜʜʠʪʠʚʥʦʡ ʤʦʜʝʣʠ ʫʯʸʪʘ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʥʝ-

ʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʩ ʨʦʩʪʦʤ ʥʘʜʸʞʥʦʩʪʠ ʢʦʥʪʨʘʢʪʘ ʤʠʥʠʤʘʣʴʥʳʝ ʟʘʪʨʘ-

ʪʳ ʮʝʥʪʨʘ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʩʫʤʤʘʨʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ ʘʛʝʥʪʦʚ ʥʝ ʫʙʳʚʘʶʪ. 

ʇʨʠʤʝʨ 4.5.  ʇʫʩʪʴ ʘʛʝʥʪʳ ʠʤʝʶʪ ʬʫʥʢʮʠʠ ʟʘʪʨʘʪ ʪʠʧʘ ʂʦʙʙʘï

ɼʫʛʣʘʩʘ, ʪ.ʝ. c(y, r) = ŭ
-1
y
ɛ
r

1-ɛ
,  ɛ > 1. ʀʟ ʚʳʨʘʞʝʥʠʡ (4.33) ʠ (4.34) ʧʦ-

ʣʫʯʘʝʤ 
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x
*
i = r i( j

j N

r )
-1
(X + nFɗ

-1
(Ŭ)), i  N            (4.35) 

ɿʥʘʷ ʦʧʪʠʤʘʣʴʥʳʝ ʧʣʘʥʳ (4.35), ʚʳʯʠʩʣʷʝʤ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝ-

ʥʠʝ ʢʨʠʪʝʨʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ: 

( )*

i i

i N

c x ,r  = ɛ
-1
(

j

j N

r )
ɛ-1

(X + nFɗ
-1
(Ŭ))

˃
           (4.36) 

ʇʨʘʚʘʷ ʯʘʩʪʴ ʚʳʨʘʞʝʥʠʷ (4.36) ʥʝ ʫʙʳʚʘʝʪ ʧʦ Ŭ (ʩʤ. ʫʪʚʝʨʞʜʝ-

ʥʠʝ 4.6). ʈʘʟʤʝʨ çʧʣʘʪʳ ʟʘ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴè (ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ (4.36) 

ʠ ʟʥʘʯʝʥʠʝʤ ʢʨʠʪʝʨʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʝʪʝʨʤʠʥʠ-

ʨʦʚʘʥʥʦʡ ʟʘʜʘʯʝ) ʚ ʪʝʨʤʠʥʘʭ ʢʨʠʪʝʨʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ɛ
-1
(

j

j N

r )
ɛ-1

[(X + nFɗ
-1
(Ŭ))

˃
 - X

˃
] ʠ ʥʝ ʫʙʳʚʘʝʪ ʩ ʨʦʩʪʦʤ ʥʘʜʸʞʥʦʩʪʠ ʢʦʥ-

ʪʨʘʢʪʘ. Å 

 

4.3. ʄʦʜʝʣʴ ʦʩʚʦʝʥʥʦʛʦ ʦʙʲʸʤʘ ʠ ʩʦʛʣʘʩʦʚʘʥʠʝ ʠʥʪʝʨʝʩʦʚ 

 

ʄʦʜʝʣʴ ʦʩʚʦʝʥʥʦʛʦ ʦʙʲʸʤʘ ʦʯʝʥʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʪʝʦʨʠʠ ʠ 

ʧʨʘʢʪʠʢʝ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ, ʧʦʵʪʦʤʫ ʠʤʝʝʪ ʩʤʳʩʣ ʧʦʢʘʟʘʪʴ, ʢʘʢ 

ʧʨʝʜʣʘʛʘʝʤʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʢʦʥʪʨʘʢʪʦʚ ʩʚʷʟʘʥʳ ʩ ʤʦʜʝʣʴʶ 

ʦʩʚʦʝʥʥʦʛʦ ʦʙʲʸʤʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʮʝʥʪʨʘ ʠ ʦʜʥʦʛʦ ʘʛʝʥʪʘ ʚ ʪʝʯʝʥʠʝ 

ʚʳʧʦʣʥʝʥʠʷ ʥʝʢʦʪʦʨʦʛʦ ʧʨʦʝʢʪʘ - ʥʝʩʢʦʣʴʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʝ-

ʨʠʦʜʦʚ ʜʠʩʢʨʝʪʥʦʛʦ ʚʨʝʤʝʥʠ. ʂ ʢʦʥʮʫ ʧʝʨʠʦʜʘ T0 (ʧʣʘʥʦʚʦʛʦ, ʥʘʟʳʚʘ-

ʝʤʦʛʦ ʧʣʘʥʠʨʫʝʤʳʤ ʩʨʦʢʦʤ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʝʢʪʘ) ʮʝʥʪʨʫ ʪʨʝʙʫʝʪʩʷ 

ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʳʡ ʩʫʤʤʘʨʥʳʡ ʨʝʟʫʣʴʪʘʪ X0 Ó 0 ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʇʫʩʪʴ ʟʥʘʯʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʳ {
 t
} t=1,2,é ʚ ʨʘʟʣʠʯʥʳʝ ʧʝʨʠʦʜʳ ï 

ʥʝʟʘʚʠʩʠʤʳʝ ʦʜʠʥʘʢʦʚʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ ʩ 

ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ F (Ā), ʘ ʮʝʥʪʨ ʟʘʢʣʶʯʘʝʪ ʩ ʘʛʝʥʪʦʤ ʦʧʪʠ-

ʤʘʣʴʥʳʡ (ʩʤ. ʫʪʚʝʨʞʜʝʥʠʝ 4.2) ʢʦʥʪʨʘʢʪ( )tĔz , ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʚʳ-

ʨʘʞʝʥʠʶ (4.21) ʠ ʦʧʨʝʜʝʣʷʶʱʠʡ ʨʘʟʤʝʨ ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ ʘʛʝʥʪʘ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʟʫʣʴʪʘʪʘ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʧʝʨʠʦʜʝ t, t = 1, 2, é . 

ʊʘʢ ʢʘʢ ʪʠʧ ʘʛʝʥʪʘ ʠ ʝʛʦ ʬʫʥʢʮʠʷ ʟʘʪʨʘʪ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʥʦʤʝʨʘ ʧʝ-

ʨʠʦʜʘ, ʪʦ ʧʨʠ ʟʘʜʘʥʥʦʡ ʥʘʜʸʞʥʦʩʪʠ Ŭ ʢʘʞʜʦʛʦ ʦʜʥʦʧʝʨʠʦʜʥʦʛʦ ʢʦʥ-

ʪʨʘʢʪʘ ʮʝʥʪʨʫ ʩʣʝʜʫʝʪ ʥʘʟʥʘʯʘʪʴ ʘʛʝʥʪʫ ʚ ʢʘʞʜʦʤ ʧʝʨʠʦʜʝ ʦʜʠʥ ʠ ʪʦʪ 

ʞʝ ʧʣʘʥ (ʧʦ ʜʝʡʩʪʚʠʶ), ʨʘʚʥʳʡ (ʩʨ. ʩ ʚʳʨʘʞʝʥʠʝʤ (4.31)) 

x0 = X0/T0 + Fɗ
-1
(Ŭ)              (4.37) 

ʧʨʠʯʸʤ, ʚ ʩʠʣʫ (4.21), ʘʛʝʥʪʫ ʚʳʧʦʣʥʷʪʴ ʵʪʦʪ ʧʣʘʥ ʚʳʛʦʜʥʦ. 

ʇʣʘʥʦʚʳʡ ʨʝʟʫʣʴʪʘʪ (ʩʫʤʤʘʨʥʳʡ) ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʛʝʥʪʘ ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ t ʨʘʚʝʥ 

X0
t
 = t x0 ï tFɗ

-1
(Ŭ) = tX0/T0             (4.38) 
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ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (4.38) ʚ ʪʝʨʤʠʥʘʭ ʤʝʪʦʜʠʢʠ ʦʩʚʦʝʥʥʦʛʦ ʦʙ̡-

ʸʤʘ, ʧʨʠʥʷʪʦʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʧʨʦʝʢʪʘʤʠ [62, 105], ʥʘʟr-

ʚʘʝʪʩʷ ʧʣʘʥʠʨʫʝʤʦʡ ʜʠʥʘʤʠʢʦʡ ʦʙʲʸʤʦʚ ʨʘʙʦʪ (BQWS ï Budgeted 

Quantity of Work Scheduled). 

ʊʘʢ ʢʘʢ ʨʝʟʫʣʴʪʘʪ z  = x0 ï 
 
  ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʛʝʥʪʘ ʚ ʧʝʨʠʦʜʝ Ű ï 

ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ, ʪʦ ʩʫʤʤʘʨʥʳʡ ʨʝʟʫʣʴʪʘʪ X
t
, ʜʦʩʪʠʛʥʫʪʳʡ ʢ ʧʝʨʠ-

ʦʜʫ t, ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ: 

X
t
 = tx0 - 

1

t

 = t(X0/T0 + Fɗ
-1
(Ŭ)) - 

1

t

 = 

= X0
t
 + t Fɗ

-1
(Ŭ) - 

1

t

             (4.39) 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (4.39) ʚ ʪʝʨʤʠʥʘʭ ʤʝʪʦʜʠʢʠ ʦʩʚʦʝʥʥʦʛʦ ʦʙ̡-

ʸʤʘ ʷʚʣʷʝʪʩʷ ʬʘʢʪʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʝʡ (AQWP ï Actual Quantity of 

Work Performed). 

ʆʧʨʝʜʝʣʠʤ ʜʨʫʛʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʩʚʦʝʥʥʦʛʦ ʦʙʲʸʤʘ ʚ ʪʝʨʤʠʥʘʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʘʜʜʠʪʠʚʥʦʡ ʤʦʜʝʣʠ ʫʯʸʪʘ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ 

(t = 1, 2, é, T) [62]: 

-  ʧʣʘʥʦʚʳʝ ʦʞʠʜʘʝʤʳʝ (ʚ ʩʤʳʩʣʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ) 

ʟʘʪʨʘʪʳ ʮʝʥʪʨʘ (Budgeted Cost of Work Scheduled ï BCWS), ʜʠʨʝʢ-

ʪʠʚʥʳʡ ʛʨʘʬʠʢ: 

c0
t
 = tʩ(X0/T0 + Fɗ

-1
(Ŭ), r)             (4.40) 

-  ʬʘʢʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʮʝʥʪʨʘ (Actual Cost of Work Performed ï 

ACWP): 

c
t
 = 

1

0( )
t

Ĕx                   (4.41) 

-  ʦʪʩʪʘʚʘʥʠʝ ʦʪ ʧʣʘʥʘ (ʚʨʝʤʝʥʥʦʝ, ʤʦʞʝʪ ʙʳʪʴ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, 

ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤ): 

ŭ(t) = min {ŭ | X
t-ŭ

 = X0
t
 }              (4.42) 

-  ʦʩʚʦʝʥʥʳʡ ʦʙʲʝʤ (EV ï Earned Value, Budgeted Cost of Work 

Performed ï BCWP) ʢʘʢ ʧʣʘʥʦʚʘʷ ʩʪʦʠʤʦʩʪʴ ʬʘʢʪʠʯʝʩʢʠ ʚʳʧʦʣʥʝʥʥʳʭ 

ʨʘʙʦʪ: 

ce
t
 = c0

t-ŭ(t)
               (4.43) 

-  ʪʝʢʫʱʠʡ ʧʨʦʛʥʦʟ T(t) ʚʨʝʤʝʥʠ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʝʢʪʘ: 

T(t) = T0 + ŭ(t)              (4.44) 

-  ʦʙʱʠʝ ʧʣʘʥʦʚʳʝ ʟʘʪʨʘʪʳ C0 (BAC ï Budget at Completion ʠʣʠ 

BC ï Budget Cost): 

C0 = T0 ʩ(X0/T0 + Fɗ
-1
(Ŭ), r)             (4.45) 

-  ʪʝʢʫʱʘʷ ʣʠʥʝʡʥʘʷ ʦʮʝʥʢʘ ʦʙʱʠʭ ʟʘʪʨʘʪ: 

C(t) = T(t) c
t 
/
 
t              (4.46) 
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-  ʬʘʢʪʠʯʝʩʢʠʡ ʩʨʦʢ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʝʢʪʘ: 

Tô = min { t Ó 0 | X
t
 Ó X0}              (4.47) 

ï  ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʬʘʢʪʠʯʝʩʢʠʤʠ ʠ ʦʩʚʦʝʥʥʳʤʠ ʟʘʪʨʘʪʘʤʠ (Cost 

Overrun): 

æʩe(t) =  c
t
 ï c

t
e              (4.48) 

-  ʧʦʢʘʟʘʪʝʣʴ ʦʩʚʦʝʥʥʦʛʦ ʦʙʲʸʤʘ (SPI ï Schedule Performance In-

dex): 

a
t
 = c

t
e/c

t
0               (4.49) 

-  ʧʦʢʘʟʘʪʝʣʴ ʜʠʥʘʤʠʢʠ (ʦʩʚʦʝʥʠʷ) ʟʘʪʨʘʪ (CPI ï Cost Performance 

Index): 

b
t
 = c

t
e/c

t
               (4.50) 

ʇʦʢʘʟʘʪʝʣʠ ʦʩʚʦʝʥʥʦʛʦ ʦʙʲʸʤʘ (4.37ï 4.50), ʢʦʪʦʨʳʝ ʧʦʜʨʘʟʜʝʣʷ-

ʶʪʩʷ ʥʘ ʧʝʨʚʠʯʥʳʝ ï (4.37 ï 4.41) ʠ ʧʨʦʠʟʚʦʜʥʳʝ ï (4.42 ï 4.50), ʷʚʣʷ-

ʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʦʚ ʠ ʦʧʝʨʘ-

ʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʨʝʘʣʠʟʘʮʠʝʡ. 

ʇʨʠʤʝʨ 4.6.  ʇʫʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʨʘ 4.1 r = 1,  T0 = 100, 

X0 = 100,  æ = 1,  Ŭ = 0,2. ʇʣʘʥʦʚʘʷ (4.38), ʬʘʢʪʠʯʝʩʢʘʷ (4.39) ʠ ʦʞʠʜʘ-

ʝʤʘʷ (X
t
 = X0

t
 + t(Fɗ

-1
(Ŭ) ï E ɗ)) ʪʨʘʝʢʪʦʨʠʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.1 

(ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ʈɼʉ [104]), 

ʜʠʥʘʤʠʢʘ ʧʣʘʥʦʚʳʭ ʠ ʬʘʢʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ, ʘ ʪʘʢʞʝ ʦʩʚʦʝʥʥʦʛʦ ʦʙʲʸʤʘ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.2. 

ʇʦʣʫʯʘʝʤ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʦʩʚʦʝʥʥʦʛʦ ʦʙʲʸʤʘ: Tô = 145, 

BAC = 72, æʩe(Tô) å 60%. Å 

 

 
ʈʠʩ. 4.1. ɼʠʥʘʤʠʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʧʨʠʤʝʨʝ 4.6 

(ʧʣʘʥʦʚʘʷ, ʦʞʠʜʘʝʤʘʷ ʠ ʬʘʢʪʠʯʝʩʢʘʷ ʪʨʘʝʢʪʦʨʠʠ) 
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ʈʠʩ. 4.2. ɼʠʥʘʤʠʢʘ ʟʘʪʨʘʪ ʠ ʦʩʚʦʝʥʥʦʛʦ ʦʙʲʸʤʘ ʚ ʧʨʠʤʝʨʝ 4.6 

(ʧʣʘʥʦʚʳʝ ʟʘʪʨʘʪʳ, ʬʘʢʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʠ ʦʩʚʦʝʥʥʳʡ ʦʙʲʝʤ) 

 

4.4. ʉʦʛʣʘʩʦʚʘʥʠʝ ʠʥʪʝʨʝʩʦʚ 

ʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʆʊʉ ʩ ʠʟʤʝʥʝʥʠʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

 

ʂʣʘʩʩʠʬʠʢʘʮʠʶ ʟʘʜʘʯ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʨʛʘʥʠ-

ʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦ ʨʘʟʣʠʯʥʳʤ ʦʩʥʦʚʘʥʠʷʤ: 

ʚʟʘʠʤʦʩʚʷʟʴ ʧʝʨʠʦʜʦʚ, ʜʘʣʴʥʦʚʠʜʥʦʩʪʴ ʫʯʘʩʪʥʠʢʦʚ, ʨʝʞʠʤ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʠ ʜʨ. (ʩʤ. [85]). ɺ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʩʥʘʯʘʣʘ ʚʚʦʜʠʪʩʷ ʢʣʘʩ-

ʩʠʬʠʢʘʮʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʦʜʥʦʢʨʘʪ-

ʥʦ (ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ tp) ʠʟʤʝʥʠʪʴʩʷ ʦʜʠʥ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ï 

ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʮʝʥʪʨʘ, ʬʫʥʢʮʠʷ ʟʘʪʨʘʪ ʘʛʝʥʪʘ ʠʣʠ ʬʨʚ ʨʝʟʫʣʴʪʘʪʦʚ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʛʝʥʪʘ (ʧʦʜʦʙʥʦʝ ʩʦʙʳʪʠʝ ʙʫʜʝʤ ʫʩʣʦʚʥʦ ʥʘʟʳʚʘʪʴ 

çʨʘʟʣʘʜʢʦʡè). ʋʯʘʩʪʥʠʢʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʵʪʦʤ ʧʨʝʜʧʦ-

ʣʘʛʘʶʪʩʷ ʥʝʜʘʣʴʥʦʚʠʜʥʳʤʠ, ʪ.ʝ. ʧʨʠʥʠʤʘʶʱʠʤʠ ʚ ʢʘʞʜʦʤ ʧʝʨʠʦʜʝ 

ʨʝʰʝʥʠʷ ʪʦʣʴʢʦ ʥʘ ʜʘʥʥʳʡ ʧʝʨʠʦʜ, ʥʝ ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʚʦʟʤʦʞ-

ʥʳʝ ʙʫʜʫʱʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʵʪʠʭ ʨʝʰʝʥʠʡ. ɿʘʪʝʤ ʠʟʫʯʘʝʪʩʷ ʦʜʥʘ ʠʟ ʤʦ-

ʜʝʣʝʡ [16, 144], ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʤʝʪʦʤ ʨʘʟʣʘʜʢʠ ʷʚʣʷʪʁʩʷ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʘ ʤʦʤʝʥʪ ʨʘʟʣʘʜʢʠ ʥʝ ʠʟʚʝʩʪʝʥ ʥʠ ʮʝʥʪʨʫ, ʥʠ 

ʘʛʝʥʪʫ. ʀʟʤʝʥʝʥʠʝ ʧʦʚʝʜʝʥʠʷ ʫʯʘʩʪʥʠʢʦʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʬʘʢʪʘ ʨʘʟʣʘʜʢʠ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ ʠʭ 

ʘʜʘʧʪʘʮʠʶ ʢ ʥʦʚʳʤ ʫʩʣʦʚʠʷʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ [88, 118]. 

 



222 

4.4.1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʜʘʯ 

ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʥʪʝʨʝʩʦʚ ʩʫʙʲʝʢʪʦʚ 

 

ɺ ʪʘʙʣʠʮʝ 4.1 ʧʝʨʝʯʠʩʣʝʥʳ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʠʥʬʦʨʤʠʨʦ-

ʚʘʥʥʦʩʪʠ ʮʝʥʪʨʘ ʠ ʘʛʝʥʪʘ ʦ çʥʦʚʳʭè ʬʫʥʢʮʠʷʭ (ʜʦʭʦʜʘ, ʟʘʪʨʘʪ ʠ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ) ʧʦʩʣʝ ʥʘʩʪʫʧʣʝʥʠʷ ʤʦʤʝʥʪʘ ʨʘʟʣʘʜʢʠ (ʵʪʠ 

ʬʫʥʢʮʠʠ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʚʝʨʭʥʶʶ ʪʠʣʴʜʫ). ʇʨʠ ʵʪʦʤ 

ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʝʨʝʜ ʧʨʠʥʷʪʠʝʤ ʨʝʰʝʥʠʷ ʥʘ ʧʝʨʠʦʜ t ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ çʠʩʪʦʨʠʠ ʠʛʨʳè ʮʝʥʪʨ ʟʥʘʝʪ Ztï1 = (z1, é, ztï1), ʘ ʘʛʝʥʪ ï ʠ Ztï1, ʠ Ytï

1 = (y1, é, ytï1). ʀʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʴ ʘʛʝʥʪʘ ʠ ʮʝʥʪʨʘ ʦʪʨʘʞʝʥʳ ʚ ʪʨʝ-

ʪʴʝʤ ʠ ʯʝʪʚʸʨʪʦʤ ʩʪʦʣʙʮʘʭ ʪʘʙʣʠʮʳ 4.1, ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʝʸ ʩʦʜʝʨʞʘ-

ʥʠʝ. 

1-2.  ʀʟʤʝʥʝʥʠʝ ʬʫʥʢʮʠʠ ʜʦʭʦʜʘ ʮʝʥʪʨʘ (H(z) Ÿ ( )H z ) ʨʘʩʩʤʦʪ-

ʨʝʥʦ ʚ ʩʪʨʦʢʘʭ 1 ʠ 2 ʪʘʙʣʠʮʳ 4.1. ɽʩʣʠ ʥʦʚʘʷ ʬʫʥʢʮʠʷ ʜʦʭʦʜʘ ʠ ʤʦ-

ʤʝʥʪ ʚʨʝʤʝʥʠ tp (ʤʦʤʝʥʪ ʨʘʟʣʘʜʢʠ) ʠʟʚʝʩʪʥʳ ʮʝʥʪʨʫ (ʧʝʨʚʘʷ ʩʪʨʦʢʘ 

ʪʘʙʣʠʮʳ 4.1), ʪʦ ʧʦʩʪʘʥʦʚʢʘ ʩʚʦʜʠʪʩʷ ʢ ʥʘʙʦʨʫ ʪʠʧʦʚʳʭ ï ʨʘʩʩʤʦʪ-

ʨʝʥʥʳʭ ʚʳʰʝ ï ʩʪʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ, ʨʝʰʘʝʤʳʭ ʦʪ-

ʜʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʧʝʨʠʦʜʘ. ɽʩʣʠ ʥʦʚʘʷ ʬʫʥʢʮʠʷ ʜʦʭʦʜʘ ʮʝʥʪʨʘ 

( )H z  ʠʣʠ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ tp ʥʝʠʟʚʝʩʪʥʳ ʮʝʥʪʨʫ, ʪʦ ʪʘʢʘʷ ʧʦʩʪʘʥʦʚʢʘ 

ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ, ʪʘʢ ʢʘʢ ʮʝʥʪʨ ʥʝ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (ʥʝ ʟʥʘʝʪ ʩʚʦʝʡ ʬʫʥʢʮʠʠ ʜʦʭʦʜʘ). 

3-9.  ʀʟʤʝʥʝʥʠʝ ʬʫʥʢʮʠʠ ʟʘʪʨʘʪ ʘʛʝʥʪʘ (c(y) Ÿ ( )c y ) ʨʘʩʩʤʦʪʨʝʥʦ 

ʚ ʩʪʨʦʢʘʭ 3-9 ʪʘʙʣʠʮʳ 4.1. 

ɽʩʣʠ ʤʦʤʝʥʪ ʠʟʤʝʥʝʥʠʷ ʠ ʥʦʚʘʷ ʬʫʥʢʮʠʷ ʟʘʪʨʘʪ ʠʟʚʝʩʪʥʳ ʠ ʘʛʝʥ-

ʪʫ, ʠ ʮʝʥʪʨʫ (ʩʪʨʦʢʘ 3 ʪʘʙʣʠʮʳ 4.1), ʪʦ ʧʦʩʪʘʥʦʚʢʘ ʩʚʦʜʠʪʩʷ ʢ ʥʘʙʦʨʫ 

ʪʠʧʦʚʳʭ ʟʘʜʘʯ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʥʝʟʘʚʠʩʠʤʦ ʨʝʰʘʝʤʳʭ ʚ ʨʘʟʣʠʯʥʳʝ 

ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. 

 

ʊʘʙʣʠʮʘ 4.1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ 

ˉ ʇʨʝʜʤʝʪ 

ʨʘʟʣʘʜʢʠ 

ɸʛʝʥʪ 

ʟʥʘʝʪ 

ʎʝʥʪʨ ʟʥʘʝʪ ɿʘʜʘʯʘ 

1 H(z) Ÿ 

( )H z  
ʅʝ ʚʘʞʥʦ 

tp; ( )H z  ʊʠʧʦʚʘʷ ʟʘʜʘʯʘ 

2 ʅʠʯʝʛʦ ʠʣʠ tp ʅʝ ʠʤʝʝʪ ʩʤʳʩʣʘ 

3 

c(y) Ÿ 

( )c y  

tp; ( )c y  

tp; ( )c y  ʊʠʧʦʚʘʷ ʟʘʜʘʯʘ 

4 ( )c y  Screening 

5 ʅʠʯʝʛʦ ʅʝ ʠʤʝʝʪ ʨʝʰʝʥʠʷ 

6 
( )c y  

tp; ( )c y  ʊʠʧʦʚʘʷ ʟʘʜʘʯʘ 

7 ( )c y  ʊʠʧʦʚʘʷ ʟʘʜʘʯʘ 
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8 ʅʠʯʝʛʦ ʅʝ ʠʤʝʝʪ ʨʝʰʝʥʠʷ 

9 ʅʠʯʝʛʦ ʅʝ ʚʘʞʥʦ ʅʝ ʠʤʝʝʪ ʨʝʰʝʥʠʷ 

10 

Fɗ(z,y) Ÿ 

( )F z,y  

tp; ( )F z,y  

tp; ( )F z,y  ʊʠʧʦʚʘʷ ʟʘʜʘʯʘ 

11 ( )F z,y  Screening 

12 ʅʠʯʝʛʦ ʅʝ ʠʤʝʝʪ ʨʝʰʝʥʠʷ 

13 

( )F z,y  

tp; ( )F z,y  ʊʠʧʦʚʘʷ ʟʘʜʘʯʘ 

14 ( )F z,y  ʈ1 

15 ʅʠʯʝʛʦ ʅʝ ʠʤʝʝʪ ʨʝʰʝʥʠʷ 

16 ʅʠʯʝʛʦ ʅʝ ʚʘʞʥʦ ʅʝ ʠʤʝʝʪ ʨʝʰʝʥʠʷ 

 

ɽʩʣʠ ʮʝʥʪʨ ʟʥʘʝʪ ʥʦʚʫʶ ʬʫʥʢʮʠʶ ʟʘʪʨʘʪ ʘʛʝʥʪʘ, ʥʦ ʥʝ ʟʥʘʝʪ ʤʦ-

ʤʝʥʪʘ ʝʸ ʠʟʤʝʥʝʥʠʷ (ʩʪʨʦʢʘ 4), ʪʦ ʨʘʮʠʦʥʘʣʴʥʳʤ ʧʦʚʝʜʝʥʠʝʤ ʜʣʷ ʥʝʛʦ 

ʷʚʣʷʝʪʩʷ ʧʨʝʜʣʘʛʘʪʴ ʚʩʷʢʠʡ ʨʘʟ ʘʛʝʥʪʫ ʤʝʥʶ ʢʦʥʪʨʘʢʪʦʚ, ʷʚʣʷʶʱʠʭʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤʠ ʜʣʷ ʥʘʙʦʨʘ ʚʘʨʠʘʥʪʦʚ ʬʫʥʢʮʠʠ ʟʘʪʨʘʪ ï ʠʟʚʝʩʪʥʳʡ 

ʧʨʠʥʮʠʧ screeningôʘ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʫʩʣʦʚʠʷʭ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʠʥ-

ʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ (ʩʤ. [90, 154]). 

ɽʩʣʠ ʘʛʝʥʪ ʟʥʘʝʪ ʠ ʥʦʚʫʶ ʬʫʥʢʮʠʶ ʟʘʪʨʘʪ, ʠ ʤʦʤʝʥʪ ʠʟʤʝʥʝʥʠʷ, ʘ 

ʮʝʥʪʨ ï ʥʠʯʝʛʦ ʠʟ ʵʪʦʛʦ (ʩʪʨʦʢʘ 5), ʪʦ ʟʘʜʘʯʘ ʥʝ ʠʤʝʝʪ ʨʝʰʝʥʠʷ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʩʘʤʦʤʫ ʚʳʠʛʨʳʰ 

ʙʦʣʴʰʠʡ ʥʫʣʷ, ʮʝʥʪʨ ʜʦʣʞʝʥ ʧʦʙʫʜʠʪʴ ʘʛʝʥʪʘ ʜʝʡʩʪʚʦʚʘʪʴ ʭʦʪʷ ʙʳ 

ʢʘʢʠʤ-ʪʦ ʦʙʨʘʟʦʤ, ʘ ʜʣʷ ʵʪʦʛʦ ʦʥ ʜʦʣʞʝʥ ʩʬʦʨʤʠʨʦʚʘʪʴ ʢʦʥʪʨʘʢʪ, ʢʦ-

ʪʦʨʳʡ ʜʘʩʪ ʘʛʝʥʪʫ ʚʳʠʛʨʳʰ ʥʝ ʤʝʥʴʰʠʡ ʥʫʣʷ. ʅʦ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ 

ʮʝʥʪʨ ʥʝ ʟʥʘʝʪ ʬʫʥʢʮʠʠ ʟʘʪʨʘʪ ʘʛʝʥʪʘ, ʦʥ ʥʝ ʩʤʦʞʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʪʘʢʦʡ ʢʦʥʪʨʘʢʪ. ʇʦ ʘʥʘʣʦʛʠʯʥʳʤ ʧʨʠʯʠʥʘʤ ʥʝ ʠʤʝʶʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʚ ʩʪʨʦʢʘʭ 8, 12 ʠ 15 ʪʘʙʣʠʮʳ 4.1, ʢʦʛʜʘ ʮʝʥʪʨ ʥʝ ʟʥʘʝʪ ʥʦʚʳʭ ʬʫʥʢʮʠʡ 

ʟʘʪʨʘʪ ( )c y  ʠʣʠ ʬʨʚ ( )F z,y . 

ɽʩʣʠ ʮʝʥʪʨ ʟʥʘʝʪ ʠ ʥʦʚʫʶ ʬʫʥʢʮʠʶ ʟʘʪʨʘʪ ʘʛʝʥʪʘ, ʠ ʤʦʤʝʥʪ ʝʸ 

ʠʟʤʝʥʝʥʠʷ, ʘ ʘʛʝʥʪ ï ʪʦʣʴʢʦ ʬʫʥʢʮʠʶ ʟʘʪʨʘʪ (ʩʪʨʦʢʘ 6), ʪʦ ʜʘʥʥʳʡ 

ʩʣʫʯʘʡ ʩʚʦʜʠʪʩʷ ʢ ʪʠʧʦʚʦʡ ʟʘʜʘʯʝ: ʮʝʥʪʨ ʦʙʣʘʜʘʷ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠ-

ʝʡ ʙʫʜʝʪ ʧʨʝʜʣʘʛʘʪʴ ʜʦ ʤʦʤʝʥʪʘ ʨʘʟʣʘʜʢʠ ʢʦʥʪʨʘʢʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

c(y), ʘ ʧʦʩʣʝ ʥʝʸ - ( )c y ; ʘʛʝʥʪ ʤʦʞʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʤʦʤʝʥʪ ʨʘʟ-

ʣʘʜʢʠ ʯʝʨʝʟ ʤʦʤʝʥʪ ʩʤʝʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʮʝʥʪʨʘ ʠ ʨʝʘʛʠʨʦʚʘʪʴ ʦʧʪʠ-

ʤʘʣʴʥʦ. ʊʦ ʝʩʪʴ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʘʝʤ ʥʘʙʦʨ ʪʠʧʦʚʳʭ ʟʘʜʘʯ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʮʝʥʪʨ ʠ ʘʛʝʥʪ ʟʥʘʶʪ ʥʦʚʫʶ ʬʫʥʢʮʠʶ 

ʟʘʪʨʘʪ, ʥʦ ʥʝ ʟʥʘʶʪ ʤʦʤʝʥʪ ʝʸ ʠʟʤʝʥʝʥʠʷ (ʩʪʨʦʢʘ 7). ɺʳʰʝ ʤʳ ʧʨʝʜ-

ʧʦʣʘʛʘʣʠ, ʯʪʦ ʬʫʥʢʮʠʷ ʟʘʪʨʘʪ ʘʛʝʥʪʘ ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘ ʠ 

ʩʪʨʦʛʦ ʤʦʥʦʪʦʥʥʘ, ʘ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ, ʥʘʙʣʶʜʘʷ ʩʚʦʠ ʬʘʢʪʠʯʝʩʢʠʝ 

ʟʘʪʨʘʪʳ, ʘʛʝʥʪ ʤʦʞʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʬʘʢʪ ʨʘʟʣʘʜʢʠ (ʝʩʣʠ ʧʦʩʣʝʜ-
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ʥʷʷ ʠʤʝʣʘ ʤʝʩʪʦ), ʧʨʠʯʸʤ ʠʟʤʝʥʝʥʠʷ ʬʫʥʢʮʠʠ ʟʘʪʨʘʪ ʜʦʩʪʦʚʝʨʥʦ ʦʙ-

ʥʘʨʫʞʠʚʘʶʪʩʷ ʘʛʝʥʪʦʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʦʢʦʥʯʘʥʠʶ ʧʝʨʠʦʜʘ, 

ʥʘʩʪʫʧʠʚʰʝʛʦ ʧʦʩʣʝ ʨʘʟʣʘʜʢʠ, ʠ ʚ ʢʦʪʦʨʦʤ ʘʛʝʥʪ ʚʳʙʝʨʝʪ ʥʝʢʦʪʦʨʦʝ 

ʜʝʡʩʪʚʠʝ y, ʜʣʷ ʢʦʪʦʨʦʛʦ c(y) Í ( )c y . ʆʜʥʘʢʦ, ʚ ʵʪʦʤ ʦʜʥʦʤ ʧʝʨʠʦʜʝ 

(ʚʳʙʠʨʘʷ ʩʚʦʝ ʜʝʡʩʪʚʠʝ) ʦʥ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʥʝ ʟʥʘʝʪ ʩʚʦʝʡ ʬʫʥʢʮʠʠ 

ʟʘʪʨʘʪ. ʇʦʵʪʦʤʫ ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʘʣʴʥʦʚʠʜʥʦʩʪʠ ʘʛʝʥʪʘ ʮʝʥʪʨ ʜʦʣʞʝʥ 

ʙʫʜʝʪ ʚʩʝʛʜʘ ʧʨʝʜʣʘʛʘʪʴ ʢʦʥʪʨʘʢʪ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʥʘ ʥʘʠʭʫʜʰʠʡ ʜʣʷ 

ʘʛʝʥʪʘ ʚʘʨʠʘʥʪ ʬʫʥʢʮʠʠ ʟʘʪʨʘʪ, ʪ.ʝ. ʥʘ ʬʫʥʢʮʠʶ 

( ) max { ( ); ( )}Ĕʩ y c y c y, ʧʨʠʯʸʤ ʠ ʜʦ, ʠ ʧʦʩʣʝ ʥʘʩʪʫʧʣʝʥʠʷ ʨʘʟʣʘʜʢʠ ʠ 

ʦʙʥʘʨʫʞʝʥʠʷ ʝʸ ʘʛʝʥʪʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʝʪ ʪʠ-

ʧʦʚʘʷ ʟʘʜʘʯʘ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʮʝʥʪʨʘ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʳʭ 

ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʦʙʦʠʤʠ ʠʛʨʦʢʘʤʠ (ʠ ʮʝʥʪʨʦʤ, ʠ ʘʛʝʥʪʦʤ). 

ɽʩʣʠ ʘʛʝʥʪ ʥʝ ʟʥʘʝʪ ʥʦʚʦʡ ʬʫʥʢʮʠʠ ʟʘʪʨʘʪ, ʟʘʜʘʯʘ ʪʘʢʞʝ ʥʝ ʠʤʝʝʪ 

ʨʝʰʝʥʠʷ ʚ ʜʘʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ 

ʮʝʥʪʨʘ (ʩʪʨʦʢʘ 9): ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʥ ʥʝ ʤʦʞʝʪ ʦʮʝʥʠʪʴ ʩʚʦʠʭ ʚʦʟʤʦʞ-

ʥʳʭ ʧʦʪʝʨʴ ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʦʚ, ʧʦʢʘ ʦʥ ʥʝ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʥʦʚʫʶ 

ʬʫʥʢʮʠʶ ʟʘʪʨʘʪ, ʠ ʧʦʵʪʦʤʫ ʧʨʝʜʧʦʯʪʸʪ ʦʪʢʘʟ ʦʪ ʜʝʡʩʪʚʠʡ. 

10-16.  ʀʟʤʝʥʝʥʠʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʨʝʟʫʣʴ-

ʪʘʪʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʛʝʥʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʜʝʡʩʪʚʠʷ ʠ/ʠʣʠ ʬʨʚ 

ʩʦʩʪʦʷʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (Fɗ(z,y) Ÿ ( )F z,y ) ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʩʪʨʦʢʘʭ 

10ï16. 

ɽʩʣʠ ʮʝʥʪʨ ʟʥʘʝʪ ʠ ʥʦʚʫʶ ʬʨʚ ( )F z,y , ʠ ʤʦʤʝʥʪ ʨʘʟʣʘʜʢʠ, ʘ 

ʘʛʝʥʪ ʟʥʘʝʪ ʭʦʪʷ ʙʳ ʥʦʚʫʶ ʬʫʥʢʮʠʶ ( )F z,y , ʪʦ ʚʦʟʥʠʢʘʝʪ ʥʘʙʦʨ ʪʠ-

ʧʦʚʳʭ ʟʘʜʘʯ (ʩʪʨʦʢʠ 10 ʠ 13). 

ɽʩʣʠ ʘʛʝʥʪ ʟʥʘʝʪ ʠ ʥʦʚʫʶ ʬʨʚ ( )F z,y , ʠ ʤʦʤʝʥʪ ʨʘʟʣʘʜʢʠ, ʘ 

ʮʝʥʪʨ ï ʪʦʣʴʢʦ ʥʦʚʫʶ ʬʫʥʢʮʠʶ ( )F z,y , ʪʦ ʚʦʟʥʠʢʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʘʷ ʟʘʜʘʯʘ screeningôʘ (ʩʪʨʦʢʘ 11). 

ɽʩʣʠ ʘʛʝʥʪ ʥʝ ʟʥʘʝʪ ʥʦʚʦʡ ʬʨʚ ( )F z,y , ʟʘʜʘʯʘ ʪʘʢʞʝ ʥʝ ʠʤʝʝʪ 

ʨʝʰʝʥʠʷ ʚ ʜʘʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ 

ʮʝʥʪʨʘ (ʩʪʨʦʢʘ 16): ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʥ ʥʝ ʤʦʞʝʪ ʦʮʝʥʠʪʴ ʩʚʦʠʭ ʚʦʟʤʦʞ-

ʥʳʭ ʦʞʠʜʘʝʤʳʭ ʚʳʠʛʨʳʰʝʡ ʠ ʧʦʪʝʨʴ ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʦʚ, ʧʦʢʘ ʦʥ ʥʝ 

ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʥʦʚʫʶ ʬʫʥʢʮʠʶ ( )F z,y , ʠ ʧʦʵʪʦʤʫ ʧʨʝʜʧʦʯʪʝʪ ʦʪ-

ʢʘʟ ʦʪ ʜʝʡʩʪʚʠʡ. 

ʄʦʜʝʣʴ ʈ1 (ʩʪʨʦʢʘ 14) ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʧʝʨʠʦʜʥʦʡ ʤʦʜʝʣʴʶ ʢʦʥ-

ʪʨʘʢʪʦʚ ʩ ʠʟʤʝʥʝʥʠʝʤ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ Fɗ(z,y) ʚ 

ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ɺ ʵʪʦʡ ʤʦʜʝʣʠ ʠ ʮʝʥʪʨ, ʠ ʘʛʝʥʪ ʟʥʘʶʪ 

ʥʦʚʫʶ ʬʫʥʢʮʠʶ ( )F z,y  ʠ ʟʥʘʶʪ, ʯʪʦ ʦʥʘ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴʩʷ ʥʝ ʙʦʣʝʝ 
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ʦʜʥʦʛʦ ʨʘʟʘ, ʥʦ ʘʧʨʠʦʨʠ ʥʝ ʟʥʘʶʪ ʤʦʤʝʥʪʘ ʨʘʟʣʘʜʢʠ (pɗ(Ā) ʠ ( )p ï 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧ.ʨ.ʚ.), ʪʘʢʞʝ ʦʙʱʠʤ ʟʥʘʥʠʝʤ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʠ 

c(Ā), H(Ā). ʕʪʘ ʤʦʜʝʣʴ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ. 

 

4.4.2. ɿʘʜʘʯʘ ʩʦʛʣʘʩʦʚʘʥʠ ̫ʠʥʪʝʨʝʩʦʚ 

ʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʆʊʉ ʩ ʠʟʤʝʥʝʥʠʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

 

ɺr ʜʝʣʠʤ ʦʙʱʝʩʠʩʪʝʤʥʳʝ ʫʩʣʦʚʠʷ ʟʘʜʘʯʠ [16, 144], ʨʘʩʩʤʘʪʨʠʚʘ ̫

ʝ yʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʩʣʫʯʘʷʭ. 

1. ʉʧʨʘʚʝʜʣʠʚʳʤ ʷʚʣʷʝʪʩʷ ʜʦʧʫʱʝʥʠʝ ɼ1 (ʨʘʟʜʝʣ 2.2.3) ʦ ʪʦʤ, ʯʪʦ 

ʨʘʮʠʦʥʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʩʫʙʲʝʢʪʦʚ ʂɼ (ʤʝʥʝʜʞʤʝʥʪʘ) ʚʢʣʶʯʘʝʪ ʚ 

ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʨʝʛʫʣʷʨʠʟʘʮʠ ʁʜʝʷʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʂɼ ʚ ʨʘʟʣʠʯʥʳʝ ʧʝʨʠʦʜʳ. 

2. ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʟʘʪʨʘʪ c(Ā) ʠ ʜʦʭʦʜʘ H(Ā) ʧʦʟʚʦʣʷʝʪ ʛʦ-

ʚʦʨʠʪʴ ʦʙ ʠʭ ʘʜʜʠʪʠʚʥʦʩʪʠ ʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʮʝʣʝʚʳʝ ʬʫʥʢʮʠʠ ʘʛʝʥʪʘ 

f(Ā) ʠ ʮʝʥʪʨʘ ʌ(Ā) ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʠʦʜʘʭ ʢʘʢ ʩʫʤʤʳ ʮʝʣʝʚʳʭ ʬʫʥʢ-

ʮʠʡ ʥʘ ʢʘʞʜʦʤ ʠʟ ʧʝʨʠʦʜʦʚ. 

ʀʟ ʪʝʟʠʩʦʚ 1 ʠ 2 ʩʣʝʜʫʝʪ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʧʝʨʠʦʜʦʚ ʟʘʜʘʯʠ ʚ ʚʝʨʦ-

ʷʪʥʦʩʪʥʦʤ ʩʤʳʩʣʝ ʠ ʢʦʨʨʝʢʪʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ ʧʦʩʪʘʥʦʚʢʝ ʩ ʥʝ-

ʩʚʷʟʘʥʥʳʤʠ ʧʝʨʠʦʜʘʤʠ [81]. 

3. ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ çʧʦʣʥʫʶ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʴè 

ʮʝʥʪʨʘ ʠ ʘʛʝʥʪʘ ʦʙ ʫʩʣʦʚʠʷʭ ʠʛʨʳ ï ʪʦ ʝʩʪʴ ʟʥʘʥʠʝ ʠʤʠ ʥʝ ʪʦʣʴʢʦ 

ʬʫʥʢʮʠʡ c(Ā), H(Ā), Fɗ(Ā) ʠ F (Ā), ʥʦ ʪʘʢʞʝ ʠ ʧʦʣʥʦʝ ʟʥʘʥʠʝ ʦ ʟʥʘʥʠʷʭ 

ʜʨʫʛ ʜʨʫʛʘ. çʇʦʣʥʘʷ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʴè ʥʘ ʧʨʘʢʪʠʢʝ ʚʦʟʥʠʢʘʝʪ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ çʚʳʨʘʚʥʠʚʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʨʳʥʢʘè: ʅʘʧʨʠ-

ʤʝʨ, ʟʘʢʘʟʯʠʢ (ʮʝʥʪʨ) ʟʥʘʝʪ çʨʳʥʦʯʥʳʝ ʫʩʣʦʚʠʷè ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʠʧʦ-

ʚʦʛʦ, ʩʪʘʥʜʘʨʪʥʦʛʦ, ʦʙʱʝʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʛʦ ʧʨʦʜʫʢʪʘ/ʫʩʣʫʛʠ, ʢʦʛʜʘ 

ʠʩʧʦʣʥʠʪʝʣʝʤ (ʘʛʝʥʪʦʤ) ʷʚʣʷʝʪʩʷ ʠ ʠʥʜʠʚʠʜ, ʠ ʬʠʨʤʘ. ɿʘʢʘʟʯʠʢʫ 

(ʮʝʥʪʨʫ) ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʚʘʞʥʦ, ʢʘʢʦʚʘ ʪʝʭʥʦʣʦʛʠʷ ʠ ʟʘʪʨʘʪʳ ʢʦʥ-

ʢʨʝʪʥʦʛʦ ʠʩʧʦʣʥʠʪʝʣʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʮʝʥʪʨʫ (ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʥʝʟʘʚʠ-

ʩʠʤʦ ʦʪ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʠ ʜʘʞʝ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʘʛʝʥʪʘ !) ʩʬʦʨ-

ʤʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ, ʨʘʩʩʯʠʪʳʚʘʷ ʥʘ çʦʙʱʝʨʳʥʦʯʥʳʝè 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

4. ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ ʥʝʜʘʣʴʥʦʚʠʜʥʦʩʪʴ ʘʛʝʥʪʘ ï ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʜʣʷ ʥʝʛʦ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʧʨʝʢʨʘʪʠʪʴ ʫʯʘʩʪʠʝ ʚʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʮʝʥʪʨ ʚʩʝʛʜʘ ʜʦʣʞʝʥ ʧʨʝʜʣʘʛʘʪʴ ʢʦʥʪʨʘʢʪ, 

ʫʯʠʪʳʚʘ ̫ʥʘʠʭʫʜʰʠʡ ʜʣʷ ʘʛʝʥʪʘ ʚʘʨʠʘʥʪ. ʇʦʪʦʤʫ ʯʪʦ ʝʩʣʠ ʮʝʥʪʨ ʵʪʦ-

ʛʦ ʥʝ ʩʜʝʣʘʝʪ, ʘʛʝʥʪ ʦʪʢʘʞʝʪʩʷ ʦʪ ʢʦʥʪʨʘʢʪʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʠ ʘʛʝʥʪ, 
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ʥʠ ʮʝʥʪʨ ʥʝ ʧʦʣʫʯʘʪ ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, 

ʠ ʜʘʣʴʥʝʡʰʝʝ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʪʝʨʷʝʪ ʩʤʳʩʣ. 

ʀʟ ʪʝʟʠʩʦʚ 3 ʠ 4 ʩʣʝʜʫʝʪ, ʯʪʦ ʝʩʣʠ ʮʝʥʪʨ ʩʬʦʨʤʠʨʦʚʘʣ ʪʘʢʦʡ ʢʦʥ-

ʪʨʘʢʪ, ʘ ʘʛʝʥʪ ʨʘʮʠʦʥʘʣʝʥ, ʪʦ ʮʝʥʪʨ ʤʦʞʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʜʝʡʩʪʚʠʝ 

ʘʛʝʥʪʘ y. ʈʝʟʫʣʴʪʘʪ z ʥʘʙʣʶʜʘʝʤ ʮʝʥʪʨʦʤ, ʧʦʵʪʦʤʫ ʮʝʥʪʨ ʘʧʦʩʪʝʨʠʦʨʠ 

ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʪʦʡ ʞʝ ʠʥʬʦʨʤʘʮʠʝʡ, ʯʪʦ ʠ ʘʛʝʥʪ. ʕʪʦʪ ʬʘʢʪ ʤʦʞʥʦ 

ʦʙʦʙʱʠʪʴ ʚ ʚʠʜʝ ʧʨʠʥʮʠʧʘ çʧʨʦʟʨʘʯʥʦʩʪʠ ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʢʦʥʪʨʘʢ-

ʪʘè, ʩʬʦʨʤʫʣʠʨʦʚʘʚ ʝʛʦ ʚ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʝ: ʝʩʣʠ ʫʩʣʦʚʠʷ ʟʘʜʘʯʠ 

ʧʦʟʚʦʣʷʶʪ ʮʝʥʪʨʫ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʪʠʤʫʣʠʨʫʶʱʠʡ ʢʦʥʪʨʘʢʪ, ʘʛʝʥʪ 

ʨʘʮʠʦʥʘʣʝʥ ʠ ʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ, ʪʦ ʮʝʥʪʨ ʤʦʞʝʪ ʜʦ-

ʩʪʦʚʝʨʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʜʝʡʩʪʚʠʷ ʘʛʝʥʪʘ ʠ ʦʙʣʘʜʘʪʴ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʪʦʡ ʞʝ ʧʦʣʥʦʪʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʠ ʘʛʝʥʪ. 

5. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʨʘʟʣʠʯʘʪʴ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʩʪʨʘʪʝ-

ʛʠʡ ʫʯʘʩʪʥʠʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʬʫʥʢʮʠʡ c(Ā), H(Ā), Fɗ(Ā) ʠ F (Ā). 

ɼʣʷ ʮʝʥʪʨʘ ʪʘʢʠʤʠ ʚʘʨʠʘʥʪʘʤʠ ʷʚʣʷʶʪʩʷ: ʘ) ʜʦ ʥʝʢʦʪʦʨʦʛʦ ʤʦʤʝʥʪʘ 

ʬʦʨʤʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ Fɗ(Ā), ʜʝʪʝʢʪʠʨʦʚʘʪʴ 

ʨʘʟʣʘʜʢʫ ʠ ʧʦʩʣʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʝʸ ʦʙʥʘʨʫʞʝʥʠʠ ʬʦʨʤʠʨʦʚʘʪʴ 

ʩʠʩʪʝʤʫ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ F (Ā); ʙ) ʚʩʝʛʜʘ ʬʦʨʤʠʨʦʚʘʪʴ ʩʠ-

ʩʪʝʤʫ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ F (Ā) (ʠʣʠ Fɗ(Ā)). ɼʣʷ ʘʛʝʥʪʘ ʚʦʟʤʦ-

ʞʝʥ ʩʣʫʯʘʡ ʚ) ʢʦʛʜʘ ʘʛʝʥʪ ʟʥʘʝʪ, ʯʪʦ ʦʞʠʜʘʝʤʳʝ ʧʦʪʝʨʠ ʧʦʩʣʝ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʷ ʨʘʟʣʘʜʢʠ ʜʦ ʝʸ ʦʙʥʘʨʫʞʝʥʠʷ ʮʝʥʪʨʦʤ ʥʘʩʪʦʣʴʢʦ ʚʝʣʠʢʠ, ʯʪʦ 

ʚʳʧʦʣʥʝʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʦʦʙʱʝ ʥʝ ʠʤʝʝʪ ʜʣʷ ʥʝʛʦ ʩʤʳʩʣʘ ʠʣʠ ʩʣʫ-

ʯʘʡ ʛ) ʢʦʛʜʘ ʚʳʧʦʣʥʝʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʘʛʝʥʪʘ. ʂʦʥʢʨʝʪʥʳʝ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʘʨʠʘʥʪʦʚ ʘ) - ʛ) ʷʚʣʷʶʪʩʷ 

ʩʧʝʮʠʬʠʯʥʳʤʠ (ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʚʠʜʘ ʬʫʥʢʮʠʡ c(Ā), H(Ā), Fɗ(Ā) ʠ F (Ā)), 

ʧʦʵʪʦʤʫ ʠʭ ʘʥʘʣʠʟ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ʆʙʱʝʩʠʩʪʝʤʥʳʡ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʦʣʴʢʦ ʩʦʯʝʪʘʥʠʝ ʘ) ʠ ʛ), ʦʥʦ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʚ ʜʘʣʴʥʝʡʰʝʤ. 

6. ʅʘ ʧʨʘʢʪʠʢʝ ʮʝʥʪʨ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʠʤʝʝʪ ʚʥʝʰʥʠʭ ʦʛʨʘʥʠʯʝ-

ʥʠʡ ʥʘ ʠʟʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ. 

7. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʪʩʫʪʩʪʚʫʶʪ ʩʦʦʙʨʘʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʙʦʩʥʦ-

ʚʘʥʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʫʧʣʝʥʠʷ ʨʘʟʣʘʜʢʠ ʚ ʪʝ ʠʣʠ 

ʠʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ (ʟʘʜʘʪʴ ʘʧʨʠʦʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦ-

ʩʪʝʡ ʤʦʤʝʥʪʘ ʨʘʟʣʘʜʢʠ). 

ʀʪʘʢ, ʨʘʩʩʤʦʪʨʠʤ ʤʥʦʛʦʵʣʝʤʝʥʪʥʫʶ ʦʨʛʘʥʠʟʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ, ʩ 

ʦʜʥʠʤ ʮʝʥʪʨʦʤ, ʜʠʥʘʤʠʯʝʩʢʫʶ, ʩ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʤʦʜʝʣʴʶ ʥʝʦʧʨʝʜʝ-

ʣʸʥʥʦʩʪʠ (ʥʝʦʧʨʝʜʝʣʸʥʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʜʝʡʩʪʚʠʡ ʘʛʝʥʪʦʚ), ʩ ʨʘʟʣʘʜ-

ʢʦʡ - ʠʟʤʝʥʝʥʠʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʆʊʉ, ʟʘʢʣʶʯʘʶʱʝʤʩʷ ʚ ʠʟʤʝʥʝʥʠʠ 
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ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʚʝʨʦʷʪʥʦʩʪʝʡ ʨʝʟʫʣʴʪʘʪʘ z ʜʝʡʩʪʚʠʡ y i-ʛʦ 

ʘʛʝʥʪʘ (pi,0(z, y) ʠ pi,1(z, y) - ʧʨʚ ʜʦ ʠ ʧʦʩʣʝ ʤʦʤʝʥʪʘ ʠʟʤʝʥʝʥʠʡ). 

ʇʨʝʜʧʦʣʘʛʘʝʤ ʩʣʝʜʫʶʱʠʡ ʧʦʨʷʜʦʢ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ: 

ɺ ʥʘʯʘʣʝ ʢʘʞʜʦʛʦ ʧʝʨʠʦʜʘ t ʮʝʥʪʨ ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʘʙʣʶʜʝʥʠʡ Ztï1 

ʠ Ytï1 ʠ ʘʧʨʠʦʨʥʳʭ ʟʥʘʥʠʡ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ, ʧʨʦʠʟʦʰʣʘ ʣʠ ʨʘʟʣʘʜ-

ʢʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʰʝʥʠʷ ʮʝʥʪʨ ʥʘʟʥʘʯʘʝʪ ʬʫʥʢʮʠʠ ʩʪʠʤʫʣʠʨʦʚʘ-

ʥʠʷ ůi(z; t), ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ pi,0(z, y) ʠʣʠ pi,1(z, y) ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ, ʘ ʪʘʢʞʝ ʚʩʝʭ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʘʧʨʠʦʨʥʳʭ ʟʥʘʥʠʡ. ɸʛʝʥʪʳ 

ʧʨʠʥʠʤʘʶʪ ʨʝʰʝʥʠʷ ʠ ʜʝʡʩʪʚʫʶʪ, ʨʝʘʣʠʟʫʝʪʩʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ, 

ʦʧʨʝʜʝʣʷʶʱʘʷ ʨʝʟʫʣʴʪʘʪʳ. ʇʦʩʣʝ ʯʝʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʩʯʸʪ ʠ ʧʝʨʝ-

ʭʦʜ ʢ ʩʣʝʜʫʶʱʝʤʫ ʧʝʨʠʦʜʫ ʚʨʝʤʝʥʠ. 

ʇʨʝʜʧʦʣʘʛʘʝʤ ʩʣʝʜʫʶʱʫʶ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʴ ʫʯʘʩʪʥʠʢʦʚ: 

ʎʝʥʪʨ ʠ ʘʛʝʥʪʳ ʟʥʘʶʪ: ci(yi) ï ʬʫʥʢʮʠʠ ʟʘʪʨʘʪ ʘʛʝʥʪʦʚ ʚ ʪʝʯʝʥʠʝ 

ʦʜʥʦʛʦ ʧʝʨʠʦʜʘ, H(Z) ï ʬʫʥʢʮʠ ʁʜʦʭʦʜʘ ʮʝʥʪʨʘ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʧʝ-

ʨʠʦʜʘ, ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ pi,0(Ā,Ā) ʠ pi,1(Ā,Ā), ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʴ 

ʜʨʫʛ ʜʨʫʛʘ. ʎʝʥʪʨ ʠ ʘʛʝʥʪʳ ʥʝ ʟʥʘʶʪ ʥʠ ʤʦʤʝʥʪʘ ʨʘʟʣʘʜʢʠ, ʥʠ ʘʧʨʠ-

ʦʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʤʝʥʪʘ ʨʘʟʣʘʜʢʠ. 

ʇʫʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʆʊʉ ʪʘʢʦʚʳ, ʯʪʦ ʮʝʥʪʨ ʤʦʞʝʪ ʧʦʩʪʨʦʠʪʴ 

ʦʧʪʠʤʘʣʴʥʫʶ ʜʣʷ ʩʝʙʷ ʩʦʛʣʘʩʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ, ʜʝ-

ʢʦʤʧʦʟʠʨʫʶʱʫʶ ʠʛʨʫ ʧʦ ʘʛʝʥʪʘʤ ʠ ʧʦ ʧʝʨʠʦʜʘʤ ʜʦ, ʠ ʧʦʩʣʝ ʠʟʤʝʥʝ-

ʥʠʷ ʩʚʦʡʩʪʚ ʆʊʉ (ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʥʝʩʚʷʟʘʥʥʳʭ ʧʝʨʠʦʜʦʚ ʠ ʥʝʟʘ-

ʚʠʩʠʤʳʭ ʘʛʝʥʪʦʚ, ʠʣʠ ʢʦʛʜʘ ʮʝʥʪʨʫ ʜʦʩʪʫʧʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʜʝʡʩʪʚʠʷʭ 

ʠ ʦʥ ʤʦʞʝʪ ʩʪʨʦʠʪʴ ʬʫʥʢʮʠʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʥʘ ʜʝʡʩʪʚʠʷʭ). ʆʙʦʟʥʘ-

ʯʠʤ ůi(z; ɢ0; 0) ï ʬʫʥʢʮʠʷ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ i-ʛʦ ʘʛʝʥʪʘ ʜʦ ʠʟʤʝʥʝʥʠʷ 

ʩʚʦʡʩʪʚ, ʧʨʠ ʧʣʦʪʥʦʩʪʠ pi,0(Ā,Ā), ʘ ůi(z; ɢ1; 1) ï ʧʦʩʣʝ ʠʟʤʝʥʝʥʠʷ, ʧʨʠ 

ʧʣʦʪʥʦʩʪʠ pi,1(Ā,Ā); ɢ0 ʠ ɢ1 ï ʧʣʘʥʳ ʧʦ ʜʝʡʩʪʚʠʷʤ. ʊʘʢʠʝ ʬʫʥʢʮʠʠ ůi(Ā) 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʷʤ: 

|
( ) { ( ; ; )}

|

|
0,1

min { [ ( ) ( ; ; )]} max ;  

ʛʜʝ [ (; )] Argmax{ [ ( ; ; )] };

min{ [ ( ; ; )]} ( ).                              

q i q

i

q i q
y P q M

i

q q i i
y A

i

r i q i q
r

E H q

P q E y q c y

E q c

 

ʇʦʩʪʘʚʠʤ ʟʘʜʘʯʫ ʢʘʢ ʧʦʩʪʨʦʝʥʠʝ ʩʠʩʪʝʤʳ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʚ 

ʢʣʘʩʩʝ: 

ůi(z; t) = ůi(z; ɢ0; 0)(1 ï u(t)) + ůi(z; ɢ1; 1)u(t),          (4.51) 

ʛʜʝ u(t) ï ʨʝʰʘʶʱʘʷ ʬʫʥʢʮʠʷ ʮʝʥʪʨʘ ʦʙ ʦʙʥʘʨʫʞʝʥʠʠ ʠʟʤʝʥʝʥʠʷ 

ʩʚʦʡʩʪʚ ʆʊʉ. 

ɿʘʜʘʜʠʤ ʢʨʠʪʝʨʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʮʝʥʪʨʘ: 
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1

|0 |1

1

( ( ); ; ) [ ( ) ( ; )] [ ( ) ( ; )]
T

i i

t i t i

u T E H z z t E H z z t , 

ʛʜʝ Eɗ|0[Ā] ʠ Eɗ|1[Ā] ï ʦʟʥʘʯʘʝʪ ʫʩʨʝʜʥʝʥʠʝ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤ pi,0(Ā,Ā) ʠ 

pi,1(Ā,Ā) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʨʠʪʝʨʠʡ ʌ(Ā) ʠʤʝʝʪ ʩʤʳʩʣ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠ ̫ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ 

ʜʦʭʦʜʘʤʠ ʠ ʟʘʪʨʘʪʘʤʠ ʮʝʥʪʨʘ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʦʤ ʩʮʝʥʘʨʠʠ ï ʠʟʤʝʥʝ-

ʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʆʊʉ ʚ ʤʦʤʝʥʪ Ű  ɴ (1; T) ʚ ʪʝʯʝʥʠʝ ʧʨʦʤʝʞʫʪʢʘ 

ʚʨʝʤʝʥʠ [1;T]. ʊʦʛʜʘ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʥʘʭʦʞʜʝʥʠ ʁʨʝʰʘʶʱʝʡ ʬʫʥʢ-

ʮʠʠ u(t) ʥʘ ʦʩʥʦʚʝ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ (ʠ ʜʝʡʩʪʚʠʷʤʠ) ʘʛʝʥ-

ʪʦʚ ʪʘʢʦʡ, ʯʪʦʙʳ 

ʌ(u(Ā);Ű;T) Ÿ 
( )

max
u

. 

ɿʘʜʘʯʘ ʚ ʪʘʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʟʘʜʘʯ ʦ ʨʘʟʣʘʜʢʝ 

(ʥʘʧʨʠʤʝʨ, [78, 124]) ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚ-

ʢʝ ʩ ʥʝʟʘʚʠʩʠʤʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ, ʠʟʚʝʩʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪ-

ʨʦʚ ʜʦ ʠ ʧʦʩʣʝ ʨʘʟʣʘʜʢʠ ʠ ʥʝʠʟʚʝʩʪʥʳʤ ʘʧʨʠʦʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʤʦʤʝʥʪʘ ʨʘʟʣʘʜʢʠ. ʊʨʘʜʠʮʠʦʥʥʦ [37, 78, 124] ʜʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʰʘʶʱʠʝ ʧʨʘʚʠʣʘ u(t) ʥʘ ʦʩʥʦʚʝ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦ-

ʧʦʜʦʙʠʷ, ʢʦʛʜʘ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t > 0 ʚʳʯʠʩʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ 

ʨʝʰʘʶʱʝʡ ʬʫʥʢʮʠʠ St, ʢʦʪʦʨʘʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʪ ʚʠʜ (S0 = 0): 

,1 0
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,0 0

( ( ); )
max 0; ln

( ( ); )
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1   ʝʩʣʠ 

i i

t t
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t

p z t
S S

p z t
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           (4.52) 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʩʪʘʪʠʩʪʠʢʘ St ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʝʪʩʷ ʦʪ-

ʥʦʰʝʥʠʝʤ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʥʘʣʠʯʠʷ ʨʘʟʣʘʜʢʠ ʧʨʦʪʠʚ ʝʛʦ ʦʪʩʫʪʩʪʚʠʷ, 

ʟʘʧʠʩʘʥʥʳʤ ʚ ʫʜʦʙʥʦʡ ʜʣʷ ʚʳʯʠʩʣʝʥʠʡ ʬʦʨʤʝ. 

ʇʦʨʦʛ ʨʝʰʝʥʠʷ  ʟʘʜʘʸʪ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʰʠʙʦʯʥʳʭ ʨʝ-

ʰʝʥʠʡ: ʧʨʠʥʷʪʠʷ ʣʦʞʥʦʛʦ ʨʝʰʝʥʠʷ ʦʙ ʦʙʥʘʨʫʞʝʥʠʠ ʨʘʟʣʘʜʢʠ (ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʣʦʞʥʳʭ ʨʝʰʝʥʠʡ, ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʤʝʞʜʫ ʜʚʫʤʷ ʣʦʞʥʳʤʠ ʨʝ-

ʰʝʥʠʷʤʠ, ʚʝʨʦʷʪʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʦʞʥʦʛʦ ʨʝʰʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 

ʟʘʜʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ) ʠ ʧʨʦʧʫʩʢʘ ʨʘʟʣʘʜʢʠ (ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ 

ʟʘʧʘʟʜʳʚʘʥʠʷ ʩ ʦʙʥʘʨʫʞʝʥʠʝʤ, ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 

ʟʘʜʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ). ʀʟʚʝʩʪʥʦ (ʥʘʧʨʠʤʝʨ, 

[78, 121, 123, 230]), ʯʪʦ ʩʪʘʪʠʩʪʠʢʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ 

ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʨʝʰʘʶʱʝʝ ʧʨʘʚʠʣʦ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʩ ʜʨʫʛʠʤʠ ʩʪʘʪʠʩʪʠʢʘʤʠ ʧʦ ʢʨʠʪʝʨʠʶ, ʢʦʛʜʘ ʦʜʥʘ ʠʟ 

ʦʰʠʙʦʢ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʥʝ ʥʠʞʝ ʟʘʜʘʥʥʦʛʦ, ʘ ʚʪʦʨʘʷ ï ʦʧʪʠʤʠ-
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ʟʠʨʫʝʪʩʷ. ɺ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʧʦʨʦʛ ʨʝʰʝʥʠʷ  ʚʳʙʝʨʝʤ, ʦʧʪʠʤʠʟʠʨʫʷ 

ʌ(u(Ā);Ű;T), ʜʣʷ ʵʪʦʛʦ ʧʝʨʝʧʠʰʝʤ ʢʨʠʪʝʨʠʡ ʌ(u(Ā);Ű;T) ʚ ʵʢʚʠʚʘʣʝʥʪʥʦʤ 

ʚʠʜʝ: 

ʌ(u(Ā);Ű;T) Ÿ max; 

ʌ(u(Ā);Ű;T) = ʌ
*
(Ű;T) + (a0|0ïa1|0)

1

1

Pr
t

t

S  - (a1|1ïa0|1)
1

Pr
T

t

t

S , 

ʛʜʝ ʌ
*
(Ű;T) ï ʩʣʘʛʘʝʤʦʝ, ʥʝ ʟʘʚʠʩʷʱʝʝ ʦʪ ʨʝʰʘʶʱʝʡ ʬʫʥʢʮʠʠ; 

| |
[ ( ) ( ; ; )]

q r r i i q

i

a E H Z z q - ʢʦʵʬʬʠʮʠʝʥʪʳ, ʥʝ ʟʘʚʠʩʷʱʠʝ ʦʪ 

ʨʝʰʘʶʱʝʡ ʬʫʥʢʮʠʠ; Pr(St > ŭ) ï ʚʝʨʦʷʪʥʦʩʪʠ ʪʦʛʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʨʝ-

ʰʘʶʱʝʡ ʬʫʥʢʮʠʠ St ʥʝ ʧʨʝʚʳʩʠʣʦ ŭ, ʢʦʛʜʘ ʠʟʤʝʥʝʥʠʝ ʝʱʸ ʥʝ ʧʨʦʠʟʦ-

ʰʣʦ (ʧʨʠ t < Ű) ʠ ʧʨʦʠʟʦʰʣʦ (ʧʨʠ t > Ű). 

ɺʝʨʦʷʪʥʦʩʪʠ Pr(St > ŭ) ʷʚʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ St, ʦʙʦʟʥʘʯʠʤ 

(́x; d; t) = Pr(St > x), ʢʦʛʜʘ ʧʦʨʦʛ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʙʳʣ ʟʘʜʘʥ ʨʘʚʥʳʤ 

d. 

ʌʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (́x; d; t) ʟʘʜʘʥʳ ʧʨʠ x  ɴ 1 ; d  ɴ 1 ; 

t  ɴ{0; 1; 2; é; T} ʠ ʦʧʠʩʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ: 

0 1

0

0 ʧʨʠ 0;
; ;0                                                                    

1 ʧʨʠ 0;

; ; 1 ; ; ; ; ; ;
d

d

x
x d

x

x d t y d t x y t dy y d t x y t dy.

 

ʛʜʝ הq(Ā;t) ï ʧʨʚ ʧʨʠʨʘʱʝʥʠʡ ʨʝʰʘʶʱʝʡ ʬʫʥʢʮʠʠ St ʜʦ t < Ű ʠ ʧʦʩʣʝ 

t > Ű ʠʟʤʝʥʝʥʠʷ pi,0(Ā,Ā) Ÿ pi,1(Ā,Ā) ,1 ,0
( ln( ( ( ); )) ln( ( ( ); )))

i i q i i q

i

p z t p z t . 

ʊʦʛʜʘ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʨʦʛʘ ŭ
*
 ʧʦʣʫʯʠʪʩʷ ʢʘʢ ʨʝʰʝʥʠʝ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ: 
1

*

0|0 1|0 1|1 0|1
0

1 1

arg max ( ) ; ; ( ) ; ;
T

d
t t

a a d d t a a d d t  

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ (́x; d; t) ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʘʥʘʣʠ-

ʪʠʯʝʩʢʠ ʥʝ ʨʝʰʘʝʪʩʷ, ʭʦʪʷ ʝʸ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʚʳ-

ʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʨʦʛʘ ŭ
* 
ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʣʦʞʥʦʩʪʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʨʝʰʘʶʱʝʝ ʧʨʘʚʠʣʦ (4.52) ʥʘ 

ʦʩʥʦʚʝ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʩ ʧʦʨʦʛʦʤ ŭ
*
, ʚʳʙʨʘʥʥʳʤ ʯʠʩʣʝʥ-

ʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʠʩʭʦʜʷ ʠʟ ʌ(u(Ā);Ű;T) Ÿ max, ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʣʛʦʨʠʪ-

ʤʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʥʪʝʨʝʩʦʚ ʚ ʜʠʥʘʤʠʯʝʩʢʦʡ 
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ʆʊʉ ʩ ʠʟʤʝʥʝʥʠʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʫʪʸʤ ʚʳʙʦʨʘ ʥʘʠʣʫʯʰʝʡ ʚ ʢʣʘʩʩʝ 

(4.51) ʩʠʩʪʝʤʳ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʨʘʟʣʘʜʢʠ ʯʘʩʪʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪ-

ʩʷ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʘʣʛʦʨʠʪʤʘ ʢʫʤʫʣʷʪʠʚʥʳʭ ʩʫʤʤ [78, 123, 230], 

ʚ ʢʦʪʦʨʦʤ ʧʨʠʨʘʱʝʥʠʝ ʨʝʰʘʶʱʝʡ ʬʫʥʢʮʠʠ St ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʢ ʣʠ-

ʥʝʡʥʳʝ (ʠʣʠ ʢʚʘʜʨʘʪʠʯʥʳʝ) ʬʫʥʢʮʠʠ ʦʪ ʤʥʦʛʦʤʝʨʥʳʭ ʨʘʟʥʦʩʪʝʡ ʤʝʞ-

ʜʫ ʥʘʙʣʶʜʘʝʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠ ʠʭ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʦ ʨʘʟʣʘʜ-

ʢʠ. ɼʦʩʪʦʠʥʩʪʚʦʤ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʧʨʦʩʪʦʪʘ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʠʜʫ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʥʘʙʣʶʜʘʝʤʳʭ ʚʝʣʠʯʠʥ, ʢʨʦʤʝ 

ʪʦʛʦ ʜʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʷʚʣʷʶʪʩʷ ʘʣʛʦʨʠʪʤʘʤʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚ-

ʜʦʧʦʜʦʙʠʷ, ʢʦʛʜʘ ʥʘʙʣʶʜʘʝʤʳʝ ʚʝʣʠʯʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʦʨʤʘʣʴʥʦ, ʘ 

ʨʘʟʣʘʜʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʩʨʝʜʥʠʭ (ʠʣʠ ʜʠʩʧʝʨʩʠʡ). 

ʇʨʠʤʝʨ 4.7.  ʇʫʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʨʦʚ 4.1 ʠ 4.4 G(z) = z/(ɓ0 + z),

( )G z  = z/(ɓ1 + z).  

ʊʦʛʜʘ ʧ.ʨ.ʚ. ʨʝʟʫʣʴʪʘʪʘ z ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʝʡʩʪʚʠʷ ʘʛʝʥʪʘ y ʜʦ 

(i=0) ʠ ʧʦʩʣʝ (i=1) ʨʘʟʣʘʜʢʠ ʠʤʝʝʪ ʚʠʜ: 

2
  ʧʨʠ 

0                                         ʧʨʠ 

i i

iz i

z y z y
yp z; y | i z

z y

, 

ʘ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ: E[z(y)|i] = ɓi ln (1 + y/ɓi). 

ɼʦ (i=0) ʠ ʧʦʩʣʝ (i=1) ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦʙ ʦʙʥʘʨʫʞʝʥʠʠ ʨʘʟʣʘʜ-

ʢʠ ʮʝʥʪʨ ʦʧʨʝʜʝʣʷʝʪ ʞʝʣʘʪʝʣʴʥʳʡ ʜʣʷ ʥʝʛʦ ʧʣʘʥ ʧʦ ʜʝʡʩʪʚʠʶ ʘʛʝʥʪʘ 

ʢʘʢ xi
*
 = 2 4 2i i ir / . 

ʆʜʥʘʢʦ ʩ ʫʯʸʪʦʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ ʘʛʝʥʪʘ 

ʚ ʥʘʠʭʫʜʰʝʤ ʜʣʷ ʥʝʛʦ ʩʣʫʯʘʝ (ʢʦʛʜʘ ʨʘʟʣʘʜʢʘ ʧʨʦʠʟʦʰʣʘ, ʘ ʮʝʥʪʨ ʝʸ 

ʥʝ ʦʙʥʘʨʫʞʠʣ ʠ ʧʨʝʜʣʘʛʘʝʪ ʢʦʥʪʨʘʢʪ ʚ ʨʘʩʯʸʪʝ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʨʘʟʣʘʜ-

ʢʠ, ʠʣʠ ʥʘʦʙʦʨʦʪ) ʩʠʩʪʝʤʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʜʦʣʞʥʘ ʠʤʝʪʴ ʚʠʜ: 
* 2 *

*

*

*

( ) ( )
, ,

( ) 2

0,       

, |

 

 

.

i i i
i i

i

i

C i

x x
a

x z
x

i
z

r

z x

 

ʛʜʝ ʚʝʣʠʯʠʥʘ ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ai ʦʧʨʝʜʝʣʠʪʩʷ ʠʟ ʫʩʣʦʚʠʷ: 

* * * *

0

*

0
;1

0

 

.

( , | ) ( , ) ( , | ) ( ,

)

min 1 )

(

| ; |i i
i

i

C z C zxq i p q dq q ix p q

x

dq

c

x i x i
 

ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʧʨʦʩʪʦʛʦ ʘʛʝʥʪʘ 
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**

*0;

2
1

1
1

( )
m 0; 

2
in iii

i

i

i

i i i

a
xx

xr
. 

ʆʪʥʦʰʝʥʠʝ ʧʨʘʚʜʦʧʦʜʦʙʠʷ l t, ʬʦʨʤʠʨʫʶʱʝʝ ʨʝʰʘʶʱʫʶ ʬʫʥʢ-

ʮʠʶ St, ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

0

*

0

1 0 *

0

1

0 1

/  ʝʩʣʠ 0, ,
/

/   

l

   ʝʩʣʠ  

2 n
ln( )

 ln .    

t t t

t

t t t

z z z x
l

z z z x
 

ɺ ʨʘʤʢʘʭ ʤʝʪʦʜʘ ʢʫʤʫʣʷʪʠʚʥʳʭ ʩʫʤʤ ʜʝʪʝʢʪʦʨʘʤʠ ʨʘʟʣʘʜʢʠ ʪʘʢ-

ʞʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʩʪʘʪʠʩʪʢʠ ʚʠʜʘ 1

1

[ (( ) )]
t

t *S xE zz , 

2

1

)( )( ( )
t

* *

C

tS , c ,x z x r , 1
1

1

max{ [ ( )]}
t

t

t
t

*S E zz x  ʠʣʠ 

2
1

1

max{ ( ) ( )}* *

C

t
t

t
t

S z, r,x xc . 

ʈʘʩʩʤʦʪʨʠʤ ʯʠʩʣʝʥʥʳʡ ʧʨʠʤʝʨ. ʇʫʩʪʴ T = 500, Tp = 200, r = 1, 

ɔ = 10, ɓ0 = 100, ɓ1 = 60. ʆʞʠʜʘʝʤʘʷ (ʚ ʩʤʳʩʣʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠ-

ʜʘʥʠʷ) ʠ ʬʘʢʪʠʯʝʩʢʘʷ ʪʨʘʝʢʪʦʨʠʠ (ʢʫʤʫʣʷʪʠʚʥʘʷ ʩʫʤʤʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʛʝʥʪʘ) ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.3 (ʧʫʥʢʪʠʨʦʤ ʠʟʦʙʨʘ-

ʞʝʥʳ ʢʨʠʚʳʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʝʦʙʥʘʨʫʞʝʥʠʶ ʨʘʟʣʘʜʢʠ). ɻʨʘʬʠʢʠ 

ʜʠʥʘʤʠʢʠ ʢʫʤʫʣʷʪʠʚʥʳʭ ʟʘʪʨʘʪ ʘʛʝʥʪʘ ʠ ʟʘʪʨʘʪ ʮʝʥʪʨʘ ʥʘ ʩʪʠʤʫʣʠʨʦ-

ʚʘʥʠʝ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.4 (ʧʫʥʢʪʠʨʦʤ ʠʟʦʙʨʘʞʝʥʳ ʢʨʠʚʳʝ, ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʝʦʙʥʘʨʫʞʝʥʠʶ ʨʘʟʣʘʜʢʠ). 

ɼʠʥʘʤʠʢʘ ʟʥʘʯʝʥʠʡ ʨʝʰʘʶʱʝʡ ʬʫʥʢʮʠʠ (4.52) ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠ-

ʩʫʥʢʝ 4.6. 
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ʈʠʩ. 4.3. ɼʠʥʘʤʠʢʘ ʢʫʤʫʣʷʪʠʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʛʝʥʪʘ 

ʚ ʧʨʠʤʝʨʝ 4.7 (ʧʣʘʥʦʚʘʷ, ʦʞʠʜʘʝʤʘʷ ʠ ʬʘʢʪʠʯʝʩʢʘʷ ʪʨʘʝʢʪʦʨʠʠ) 

 

 
ʈʠʩ. 4.4. ɼʠʥʘʤʠʢʘ ʢʫʤʫʣʷʪʠʚʥʳʭ ʟʘʪʨʘʪ ʘʛʝʥʪʘ ʠ ʮʝʥʪʨʘ 

ʚ ʧʨʠʤʝʨʝ 4.7 (ʬʘʢʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʘʛʝʥʪʘ 

ʠ ʟʘʪʨʘʪʳ ʮʝʥʪʨʘ ʥʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ) 

 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ l t ʜʦ ʠ ʧʦʩʣʝ ʨʘʟʣʘʜʢʠ ʨʘʚʥʳ ï0,04 

ʠ +0,04 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ï 0,29 ʠ 

0,27. ʇʨʠʯʸʤ ʜʦ ʨʘʟʣʘʜʢʠ ʩʪʘʪʠʩʪʠʢʘ l t ʙʫʜʝʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʝ 
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0

1

1

0

ln ln
*

*

x

x
=-0,29 ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 0

0

*
x

 = 0,5, ʘ ʧʦʩʣʝ ʨʘʟʣʘʜʢʠ 

ï ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 1

1

*
x

 = 0,38.  

 

 
ʈʠʩ.4.5. ɼʠʥʘʤʠʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʣʘʜʢʠ S1 ʠ S2 ʚ ʧʨʠʤʝʨʝ 4.7 

 

 
ʈʠʩ.4.6. ɼʠʥʘʤʠʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʣʘʜʢʠ ʚ ʧʨʠʤʝʨʝ 4.7 
































































































































































































































































