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ʆʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʂʦʤʧ'ʶʪʝʨʥʘ ʝʣʝʢʪʨʦʥʽʢʘ ï ʮʝ ʥʘʫʢʘ ʩʪʚʦʨʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ 

ʧʨʠʟʥʘʯʝʥʥʷʤ ʝʣʝʢʪʨʦʥʥʠʭ ʚʫʟʣʽʚ ʪʘ ʧʨʠʩʪʨʦʾʚ. 

ʄʝʪʦʶ ʜʠʩʮʠʧʣʽʥʠ ʻ ʚʠʚʯʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʽ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʨʦʙʢʠ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʘʟʦʚʠʭ 

ʮʠʬʨʦʚʠʭ ʩʭʝʤ, ʩʧʦʩʦʙʽʚ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʨʠʩʪʨʦʾʚ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʻ ʥʘʷʚʥʽʩʪʴ ʜʚʦʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʨʽʚʥʽʚ: 

1) ʨʝʘʣʽʟʘʮʽʷ ʝʣʝʤʝʥʪʘʨʥʠʭ ʬʫʥʢʮʽʡ; 

2) ʩʠʥʪʝʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʭʝʤ. 

ʇʽʜ ʢʦʤʧôʶʪʝʨʥʦʶ ʝʣʝʢʪʨʦʥʽʢʦʶ ʙʫʜʝʤʦ ʨʦʟʫʤʽʪʠ ʩʫʢʫʧʥʽʩʪʴ: 

 ʬʽʟʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʧʨʠʥʮʠʧʽʚ ʨʝʘʣʽʟʘʮʽʾ ʩʭʝʤʥʠʭ ʝʣʝʤʝʥʪʽʚ; 

 ʧʨʦʮʝʩʽʚ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ ʫ ʣʽʥʽʷʭ ʟʚôʷʟʢʫ; 

 ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʧʨʠʥʮʠʧʽʚ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨ ʽʟ ʩʭʝʤʥʠʭ ʝʣʝʤʝʥʪʽʚ; 

 ʜʦʤʦʚʣʝʥʽʩʪʴ ʧʨʦ ʬʦʨʤʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʨʘʚʠʣʘ ʨʝʘʣʽʟʘʮʽʾ ʩʭʝʤʥʠʭ 
ʽʥʪʝʨʬʝʡʩʽʚ. 

 

ʎʠʬʨʦʚʠʡ ʧʨʠʩʪʨʽʡ ï ʮʝ ʧʨʠʩʪʨʽʡ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʨʠʡʤʘʥʥʷ, ʦʙʨʦʙʢʠ ʡ ʧʝʨʝʜʘʯʽ ʮʠʬʨʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. 

ɹʫʜʴ-ʷʢʠʡ ʮʠʬʨʦʚʠʡ ʧʨʠʩʪʨʽʡ ʟ ʜʦʚʽʣʴʥʠʤʠ ʩʢʣʘʜʥʽʩʪʶ ʽ ʧʨʠʟʥʘʯʝʥʥʷʤ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ 

ʜʠʩʢʨʝʪʥʠʭ ʝʣʝʤʝʥʪʘʭ ʽʥʪʝʛʨʘʣʴʥʦʾ ʩʭʝʤʠ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʽʥʪʝʛʨʘʮʽʾ. 

ɽʣʝʤʝʥʪʠ ʮʠʬʨʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ï ʥʘʡʤʝʥʰʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʝʣʝʤʝʥʪʠ, ʥʘ ʷʢʽ ʧʦʜʽʣʷʶʪʴ 

ʧʨʠʩʪʨʽʡ ʧʽʜ ʯʘʩ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ. 

ʂʦʤʧʦʥʝʥʪʠ ʝʣʝʤʝʥʪʽʚ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ï ʪʨʘʥʟʠʩʪʦʨʠ, ʜʽʦʜʠ, ʢʦʥʜʝʥʩʘʪʦʨʠ ʨʽʟʥʦʛʦ ʪʠʧʫ. 

ʌʽʟʠʯʥʦ ʧʦʚʥʘ ʩʠʩʪʝʤʘ ʝʣʝʤʝʥʪʽʚ ï ʩʠʩʪʝʤʘ, ʱʦ ʤʽʩʪʠʪʴ ʧʝʚʥʽ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʦʚʠ ʢʽʣ ʢʝʨʫʚʘʥʥʷ, ʧʨʠʩʪʨʦʾʚ ʧʘʤôʷʪʽ ʪʘ ʢʽʣ ʟʚôʷʟʢʫ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʦ ʧʦʚʥʘ ʩʠʩʪʝʤʘ ʝʣʝʤʝʥʪʽʚ ï ʩʠʩʪʝʤʘ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʨʝʘʣʽʟʫʚʘʪʠ ʙʫʜʴ-ʷʢʽ 

ʩʢʣʘʜʥʽ ʬʫʥʢʮʽʾ ʰʣʷʭʦʤ ʩʫʧʝʨʧʦʟʠʮʽʾ ʥʘʡʧʨʦʩʪʽʰʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʊʝʭʥʽʯʥʦ ʧʦʚʥʘ ʩʠʩʪʝʤʘ ʝʣʝʤʝʥʪʽʚ ï ʩʠʩʪʝʤʘ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʽ 

ʬʽʟʠʯʥʦʾ ʧʦʚʥʦʪʠ. 

ʇʨʘʚʠʣʘ ʩʭʝʤʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ï ʮʝ ʫʟʛʦʜʞʝʥʥʷ ʟʘ ʩʪʨʫʤʦʤ, ʨʽʚʥʝʤ ʥʘʧʨʫʛʠ ʪʘ ʯʘʩʦʚʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. 
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ʂʣʘʩʠʬʽʢʘʮʽʷ ʝʣʝʤʝʥʪʽʚ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ 

ɽʣʝʤʝʥʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘ: 

a) ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ; 

b) ʪʠʧʦʤ ʩʠʛʥʘʣʫ; 

c) ʪʠʧʦʤ ʞʠʚʣʝʥʥʷ; 

d) ʢʦʥʩʪʨʫʢʮʽʻʶ. 

 

ʃʦʛʽʯʥʽ ʧʨʠʩʪʨʦʾ ʢʣʘʩʠʬʽʢʫʶʪʴ ʟʘ ʩʧʦʩʦʙʦʤ ʚʚʝʜʝʥʥʷ\ʚʠʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ: 

1) ʧʦʩʣʽʜʦʚʥʽ ï ʧʨʠʩʪʨʦʾ, ʚ ʷʢʠʭ ʧʦʯʘʪʢʦʚʽ ʟʤʽʥʥʽ ʧʦʜʘʶʪʴʩʷ ʥʘ ʚʭʽʜ, ʘ ʢʽʥʮʝʚʽ ʟʤʽʥʥʽ 

ʟʥʽʤʘʶʪʴʩʷ ʟ ʚʠʭʦʜʫ ʥʝ ʦʜʥʦʯʘʩʥʦ, ʘ ʧʦʩʣʽʜʦʚʥʦ; 

2) ʧʘʨʘʣʝʣʴʥʽ ï ʧʨʠʩʪʨʦʾ, ʚ ʷʢʠʭ ʚʩʽ ʨʦʟʨʷʜʠ ʧʦʯʘʪʢʦʚʠʭ ʟʤʽʥʥʠʭ ʧʦʜʘʶʪʴʩʷ ʥʘ ʚʭʽʜ, ʘ ʚʩʽ 

ʨʦʟʨʷʜʠ ʢʽʥʮʝʚʠʭ ʟʤʽʥʥʠʭ ʟʥʽʤʘʶʪʴʩʷ ʟ ʚʠʭʦʜʫ ʦʜʥʦʯʘʩʥʦ; 

3) ʧʦʩʣʽʜʦʚʥʦ-ʧʘʨʘʣʝʣʴʥʽ ï ʮʝ ʧʨʠʩʪʨʦʾ, ʫ ʷʢʠʭ ʧʦʯʘʪʢʦʚʽ ʽ ʢʽʥʮʝʚʽ ʟʤʽʥʥʽ ʧʦʜʘʶʪʴʩʷ ʫ 

ʨʽʟʥʠʭ ʬʦʨʤʘʭ. 

 

ʃʦʛʽʯʥʽ ʧʨʠʩʪʨʦʾ ʨʦʟʨʽʟʥʷʶʪʴ ʟʘ ʧʨʠʥʮʠʧʦʤ ʜʽʾ: 

1) ʢʦʤʙʽʥʘʮʽʡʥʽ (ʧʦʩʣʽʜʦʚʥʦʩʥʽ) ï ʣʦʛʽʯʥʽ ʧʨʠʩʪʨʦʾ ʙʝʟ ʧʘʤôʷʪʽ, ʚʠʭʽʜʥʽ ʩʠʛʥʘʣʠ ʷʢʠʭ 

ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʽʣʴʢʠ ʜʽʶʯʦʶ ʚ ʧʝʚʥʠʡ ʤʦʤʝʥʪ ʥʘ ʚʭʦʜʽ ʢʦʤʙʽʥʘʮʽʻʶ ʟʤʽʥʥʠʭ 

ʽ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʥʘʯʝʥʴ ʢʦʤʙʽʥʘʮʽʡ ʟʤʽʥʥʠʭ, ʱʦ ʜʽʷʣʠ ʨʘʥʽʰʝ. 

ʈʦʙʦʪʫ ʢʦʤʙʽʥʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ: 

 

2) ʧʦʩʣʽʜʦʚʥʽ ï ʣʦʛʽʯʥʽ ʧʨʠʩʪʨʦʾ, ʚʠʭʽʜʥʽ ʩʠʛʥʘʣʠ ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʜʽʶʯʦʶ ʚ 

ʧʝʚʥʠʡ ʤʦʤʝʥʪ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʟʤʽʥʥʠʭ, ʘ ʡ ʪʠʤʠ ʟʤʽʥʥʠʤʠ, ʱʦ ʜʽʷʣʠ ʚ ʧʦʧʝʨʝʜʥʽʡ 

ʤʦʤʝʥʪ ʯʘʩʫ. 

ɺʽʜʧʦʚʽʜʥʦ, ʨʦʙʦʪʘ ʧʦʩʣʽʜʦʚʥʠʭ ʧʨʠʩʪʨʦʾʚ ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ: 

 

ʃʦʛʽʯʥʽ ʧʨʠʩʪʨʦʾ ʧʦʜʽʣʷʶʪʴ ʥʘ: 

1) ʣʦʛʽʯʥʽ ʝʣʝʤʝʥʪʠ ï ʝʣʝʤʝʥʪʠ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʦʜʥʫ ʣʦʛʽʯʥʫ ʬʫʥʢʮʽʶ. ʃʦʛʽʯʥʽ ʝʣʝʤʝʥʪʠ 

ʧʝʨʝʪʚʦʨʶʶʪʴ ʣʦʛʽʯʥʫ ʽʥʬʦʨʤʘʮʽʶ (ʮʝ ʩʭʝʤʠ ɯ, ʅɽ, ɸɹʆ-ʅɽ...); 

2) ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʝʣʝʤʝʥʪʠ (ʚʠʢʦʥʫʶʪʴ ʢʽʣʴʢʘ ʙʫʣʝʚʠʭ ʬʫʥʢʮʽʡ); 

3) ʝʣʝʤʝʥʪʠ ʧʘʤôʷʪʽ. ɼʦ ʝʣʝʤʝʥʪʽʚ ʧʘʤ'ʷʪʽ ʚʽʜʥʦʩʷʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʪʨʠʛʝʨʠ. ɽʣʝʤʝʥʪʠ 

ʧʘʤ'ʷʪʽ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʘʢʪʠʚʥʽ ʡ ʧʘʩʠʚʥʽ. ɿʘʟʚʠʯʘʡ ʘʢʪʠʚʥʽ ʟʘʧʘʤôʷʪʦʚʫʶʯʽ ʧʨʠʩʪʨʦʾ 

ʤʘʶʪʴ ʙʽʣʴʰʫ ʰʚʠʜʢʦʜʽʶ, ʘ ʧʘʩʠʚʥʽ ī ʦʙôʻʤ. ʆɿʇ ʚʽʜʥʦʩʷʪʴ ʜʦ ʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʧʘʤ'ʷʪʽ, ʇɿʇ ī ʜʦ ʧʘʩʠʚʥʠʭ. ʅʦʩʽʾ ʽʥʬʦʨʤʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ, ʜʠʩʢʝʪʘ ʪʝʞ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʧʘʩʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ; 
4) ʜʦʧʦʤʽʞʥʽ ʝʣʝʤʝʥʪʠ ī ʮʝ ʪʽ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʥʝ ʧʝʨʝʪʚʦʨʶʶʪʴ ʣʦʛʽʯʥʝ ʟʥʘʯʝʥʥʷ ʚʭʽʜʥʠʭ 

ʩʠʛʥʘʣʽʚ, ʘ ʧʽʜʩʠʣʶʶʪʴ ʾʭ ʟʘ ʧʦʪʫʞʥʽʩʪʶ ʘʙʦ ʟʘ ʪʨʠʚʘʣʽʩʪʶ ʘʙʦ ʚʠʨʦʙʣʷʶʪʴ ʧʦʩʪʽʡʥʠʡ ʟʘ 

ʨʽʚʥʝʤ ʽ ʪʨʠʚʘʣʽʩʪʶ ʩʠʛʥʘʣ (ʧʽʜʩʠʣʶʚʘʣʴʥʦ-ʬʦʨʤʫʶʯʽ ʝʣʝʤʝʥʪʠ, ʛʝʥʝʨʘʪʦʨʠ). 



4 
 

ʃʦʛʽʯʥʽ ʝʣʝʤʝʥʪʠ ʚʠʨʦʙʣʷʶʪʴʩʷ ʩʝʨʽʷʤʠ ʽʟ ʰʠʨʦʢʦʶ ʥʦʤʝʥʢʣʘʪʫʨʦʶ ʩʭʝʤ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ 

ʩʢʣʘʜʥʦʩʪʽ. ʇʨʦʪʝ ʚ ʢʦʞʥʽʡ ʩʝʨʽʾ ʻ ʪʘʢ ʟʚʘʥʘ ʙʘʟʦʚʘ ʩʭʝʤʘ, ʱʦ ʚʠʟʥʘʯʘʻ ʚ ʦʩʥʦʚʥʦʤʫ ʩʪʘʪʠʯʥʽ ʡ 

ʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʽʚ ʧʝʚʥʦʾ ʩʝʨʽʾ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʪʠʧʘʤʠ ʙʘʟʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʻ: 

 ʪʨʘʥʟʠʩʪʦʨʥʦ-ʪʨʘʥʟʠʩʪʦʨʥʘ ʣʦʛʽʢʘ (ʊʊʃ-ʩʭʝʤʠ, TTL); 

 ʝʤʽʪʦʨʥʦ ʟʚôʷʟʘʥʘ ʣʦʛʽʢʘ (ɽɿʃ-ʩʭʝʤʠ, ECL); 

 ʪʨʘʥʟʠʩʪʦʨʥʽ ʩʭʝʤʠ ʟ ʨʝʟʠʩʪʦʨʥʠʤʠ ʟʚôʷʟʢʘʤʠ (ʈʊʃ-ʩʭʝʤʠ, RTL); 

 ʜʽʦʜʥʦ-ʪʨʘʥʟʠʩʪʦʨʥʘ ʣʦʛʽʢʘ (ɼʊʃ-ʩʭʝʤʠ, DTL); 

 ʽʥʞʝʢʮʽʡʥʘ ʽʥʪʝʛʨʘʣʴʥʘ ʣʦʛʽʢʘ (ɯɯʃ-ʩʭʝʤʠ ʘʙʦ ɯ
2
ʃ, I

2
L); 

 ʊʊʃ-ʩʭʝʤʠ ʟ ʜʽʦʜʘʤʠ ʐʦʪʢʽ (ʊʊʃʐ-ʩʭʝʤʠ, STTL); 

 ɯ2ʃ ʟ ʜʽʦʜʘʤʠ ʐʦʪʢʽ (ɯ2
ʃʐ-ʩʭʝʤʠ, SI

2
L); 

 ʩʭʝʤʠ ʥʘ ʦʩʥʦʚʽ ʪʨʘʥʟʠʩʪʦʨʽʚ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʤʝʪʘʣ-ʦʢʠʩʝʣ-ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ (ʄʆʅ,MOS) ʟ 

ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʧʨʦʚʽʜʥʦʩʪʽ: 

o ʨʄʆʅ (pMOS); 

o nʄʆʅ (nMOS); 

o ʂʄʆʅ (CMOS); 

 ʩʭʝʤʠ ʥʘ ʄʆʅ-ʪʨʘʥʟʠʩʪʦʨʘʭ ʟ ʣʘʚʠʥʥʦʶ ʽʥʞʝʢʮʽʻʶ ʟʘʨʷʜʫ (ʃɯɿʄʆʅ); 

 ʩʭʝʤʠ ʥʘ ʮʠʣʽʥʜʨʠʯʥʠʭ ʤʘʛʥʽʪʥʠʭ ʜʦʤʝʥʘʭ (ʎʄɼ); 

 ʩʭʝʤʠ ʥʘ ʦʩʥʦʚʽ ʧʨʠʣʘʜʽʚ ʽʟ ʟʘʨʷʜʦʚʠʤ ʟʚôʷʟʢʦʤ (ʇɿɿ, CCD). 

ɿʘ ʩʧʦʩʦʙʦʤ ʢʦʜʫʚʘʥʥʷ ʝʣʝʤʝʥʪʠ ʧʦʜʽʣʷʶʪʴ ʥʘ: 

1) ʽʤʧʫʣʴʩʥʽ; 

2) ʜʠʥʘʤʽʯʥʽ; 

3) ʧʦʪʝʥʮʽʘʣʴʥʽ; 

4) ʽʤʧʫʣʴʩʥʦ-ʧʦʪʝʥʮʽʘʣʴʥʽ; 

5) ʬʘʟʦʚʽ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʝʪʘʣʴʥʽʰʝ ʢʦʞʥʫ ʟ ʟʘʟʥʘʯʝʥʠʭ ʢʘʪʝʛʦʨʽʡ: 

1) ʚ ̔ʤʧʫʣʴʩʥʠʭ ʩʭʝʤʘʭ ʣʦʛʽʯʥʘ ʦʜʠʥʠʮʷ ï ʮʝ ʥʘʷʚʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʽʤʧʫʣʴʩʫ ʥʘʧʨʫʛʠ ʘʙʦ 

ʩʪʨʫʤʫ. ʃʦʛʽʯʥʠʡ ʥʫʣʴ ï ʚʽʜʩʫʪʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ. ʋ ʩʫʯʘʩʥʽʡ ʦʙʯʠʩʣʶʚʘʣʴʥʽʡ 

ʪʝʭʥʽʮʽ ʽʤʧʫʣʴʩʥʽ ʝʣʝʤʝʥʪʠ ʚʞʝ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ; 

2) ʚ ʜʠʥʘʤʽʯʥʠʭ ʩʭʝʤʘʭ ʣʦʛʽʯʥʘ ʦʜʠʥʠʮʷ ï ʮʝ ʧʘʯʢʘ ʽʤʧʫʣʴʩʽʚ ʘʙʦ ʧʦʪʝʥʮʽʘʣʽʚ, ʱʦ 

ʧʦʥʦʚʣʶʶʪʴʩʷ ʯʝʨʝʟ ʥʝʦʙʭʽʜʥʠʡ ʽʥʪʝʨʚʘʣ ʯʘʩʫ, ʘ ʥʫʣʴ ï ʚʽʜʩʫʪʥʽʩʪʴ ʽʤʧʫʣʴʩʽʚ (ʘʙʦ ʞ 

ʥʘʚʧʘʢʠ); 

3) ʚ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʩʭʝʤʘʭ ʧʦʯʘʪʢʦʚʽ ʽ ʢʽʥʮʝʚʽ ʜʚʽʡʢʦʚʽ ʟʤʽʥʥʽ ʢʦʜʫʶʪʴʩʷ ʨʽʟʥʦʶ 

ʚʝʣʠʯʠʥʦʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. ɼʣʷ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʧʦʥʷʪʪʷ ʧʦʟʠʪʠʚʥʦʾ ʪʘ ʥʝʛʘʪʠʚʥʦʾ ʣʦʛʽʢʠ. 

ʇʦʟʠʪʠʚʥʘ ʣʦʛʽʢʘ ï ʢʦʣʠ ʢʦʜʫʚʘʥʥʷ ʣʦʛʽʯʥʦʾ ʦʜʠʥʠʮʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ, ʘ 

ʣʦʛʽʯʥʦʛʦ ʥʫʣʷ ï ʥʠʟʴʢʠʤ (ʈʠʩ. 1). 

ʅʝʛʘʪʠʚʥʘ ʣʦʛʽʢʘ ï ʢʦʣʠ ʞ ʢʦʜʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʚʧʘʢʠ; 
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ʈʠʩ. 1. ʅʠʟʴʢʠʡ ʽ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʘʧʨʫʛʠ 

 

4) ʚ ̔ʤʧʫʣʴʩʥʦ-ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʩʭʝʤʘʭ ʥʘ ʚʭʦʜʠ ʝʣʝʤʝʥʪʽʚ ʤʦʞʫʪʴ ʧʦʜʘʚʘʪʠʩʴ ʷʢ 

ʧʦʪʝʥʮʽʘʣʴʥʽ ʨʽʚʥʽ, ʪʘʢ ʽ ʝʣʝʢʪʨʠʯʥʽ ʽʤʧʫʣʴʩʠ. ʇʨʠ ʮʴʦʤʫ ʚʠʭʽʜʥʽ ʩʠʛʥʘʣʠ ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ 

ʽʤʧʫʣʴʩʥʠʡ ʭʘʨʘʢʪʝʨ. 

ʈʦʟʧʦʜʽʣ ʩʠʛʥʘʣʽʚ ʥʘ ʽʤʧʫʣʴʩʥʽ ʽ ʧʦʪʝʥʮʽʘʣʴʥʽ ʻ ʚʽʜʥʦʩʥʠʤ. 

ʊʠʧ ʩʠʛʥʘʣʫ ʚʠʟʥʘʯʘʶʪʴ ʯʝʨʝʟ ʪʨʠʚʘʣʽʩʪʴ ʪʘʢʪʫ, ʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʪʦʪʠ ʪʘʢʪʫ ʛʝʥʝʨʘʪʦʨʘ. 

ɯʤʧʫʣʴʩʥʠʡ ï ʮʝ ʩʠʛʥʘʣ ʟ ʪʨʠʚʘʣʽʩʪʶ, ʷʢʘ ʤʝʥʰʘ ʟʘ ʪʨʠʚʘʣʽʩʪʴ ʪʘʢʪʫ. 

ʇʦʪʝʥʮʽʘʣʴʥʠʡ ï ʮʝ ʩʠʛʥʘʣ ʟ ʪʨʠʚʘʣʽʩʪʶ, ʷʢʘ ʥʝ ʤʝʥʰʘ, ʥʽʞ ʪʨʠʚʘʣʽʩʪʴ ʪʘʢʪʫ. 

5) ʫ ʬʘʟʦʚʠʭ ʝʣʝʤʝʥʪʘʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʠʛʥʘʣʠ ʫ ʚʠʛʣʷʜʽ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʥʘʧʨʫʛʠ, ʘ 

ʟʥʘʯʝʥʥʷ ʥʫʣʷ ʽ ʦʜʠʥʠʮʽ ʢʦʜʫʶʪʴʩʷ ʬʘʟʦʶ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʥʘʧʨʫʛʠ ʚʽʜʥʦʩʥʦ ʦʧʦʨʥʦʾ 

ʥʘʧʨʫʛʠ. 

ʉʧʦʩʽʙ ʢʦʜʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʠʟʥʘʯʘʻ ʥʝ ʪʽʣʴʢʠ ʩʧʝʮʠʬʽʢʫ ʩʠʩʪʝʤʠ ʝʣʝʤʝʥʪʽʚ, ʘ ʽ ʾʾ ʦʩʥʦʚʥʽ 

ʧʘʨʘʤʝʪʨʠ. 

 

ɿʘ ʪʠʧʦʤ ʞʠʚʣʝʥʥʷ ʝʣʝʤʝʥʪʠ ʨʦʟʜʽʣʷʶʪʴ ʥʘ ʩʪʘʪʠʯʥʽ ʡ ʜʠʥʘʤʽʯʥʽ (ʪʦʙʪʦ ʪʽ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ). ɾʠʚʣʝʥʥʷ ʙʫʚʘʻ ʧʝʨʚʠʥʥʝ (ʟʤʽʥʥʝ, 220 ɺ) ʘʙʦ ʚʪʦʨʠʥʥʝ (ʧʦʩʪʽʡʥʘ ʥʘʧʨʫʛʘ, 

5 ɺ, 10 ɺ, é). 

 

ɿʘ ʢʦʥʩʪʨʫʢʮʽʻʶ ʝʣʝʤʝʥʪʠ ʜʽʣʷʪʴ ʥʘ: 

1) ʜʠʩʢʨʝʪʥʽ ī ʚʠʛʦʪʦʚʣʝʥʽ ʩʧʦʩʦʙʦʤ ʜʠʩʢʨʝʪʥʦʾ ʪʝʭʥʦʣʦʛʽʾ (ʟʽʙʨʘʥʽ ʟ ʦʢʨʝʤʠʭ ʜʝʪʘʣʝʡ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʷʢ ʦʢʨʝʤʽ ʚʠʨʦʙʠ, ʥʝʟʘʣʝʞʥʦ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ); 

2) ʽʥʪʝʛʨʘʣʴʥʽ ī ʚʠʢʦʥʘʥʽ ʟʘ ʽʥʪʝʛʨʘʣʴʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ. ʉʶʜʠ ʚʽʜʥʦʩʷʪʴ ʽʥʪʝʛʨʘʣʴʥʽ ʩʭʝʤʠ 
(ɯʉ), ʚʝʣʠʢʽ ʽʥʪʝʛʨʘʣʴʥʽ ʩʭʝʤʠ (ɺɯʉ), ʥʘʜʚʝʣʠʢʽ ʽ ʫʣʴʪʨʘʚʝʣʠʢʽ ʽʥʪʝʛʨʘʣʴʥʽ ʩʭʝʤʠ (ʅɺɯʉ ʡ 

ʋɺɯʉ). 

  

рΣн ˤ 

-рΣн ˤ 
ˤ͙͙͚ͫͦ͟ ͍͔ͪͤ͜Έ όH) 

˹͙͘Έ͙͚͟ ͍͔ͪͤ͜Έ όL) 

0,8 ʕ  

0 
-0,8 ʕ  
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ɼʽʦʜʠ ʽ ʪʨʘʥʟʠʩʪʦʨʠ ʷʢ ʝʣʝʤʝʥʪʠ ʣʦʛʽʯʥʠʭ ʩʭʝʤ 

ɼʽʦʜʠ. ɰʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ɼʽʦʜ ï ʥʝʣʽʥʽʡʥʠʡ ʝʣʝʤʝʥʪ, ʷʢʠʡ ʧʨʦʧʫʩʢʘʻ ʩʪʨʫʤ ʪʽʣʴʢʠ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ (ʈʠʩ. 2). 

 

ʈʠʩ. 2. ɼʽʦʜ 

ʅʘʛʘʜʘʻʤʦ, ʱʦ ʥʝʣʽʥʽʡʥʠʤʠ ʥʘʟʠʚʘʶʪʴʩʷ ʝʣʝʤʝʥʪʠ, ʜʣʷ ʷʢʠʭ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘʢʦʥ ʆʤʘ. 

ʑʦʙ ʚʽʜʢʨʠʪʠ ʜʽʦʜ, ʥʝʦʙʭʽʜʥʦ ʧʦʜʘʪʠ ʥʘ ʥʴʦʛʦ ʧʨʷʤʫ ʥʘʧʨʫʛʫ. 

ɼʣʷ ʚʽʜʢʨʠʪʦʛʦ ʜʽʦʜʫ ʦʧʽʨ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʥʫʣʷ. ɺ ʟʘʢʨʠʪʦʤʫ ʩʪʘʥʽ ʯʝʨʝʟ ʜʽʦʜ ʧʨʦʭʦʜʠʪʴ ʩʪʨʫʤ, 

ʷʢʠʡ ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʥʘʥʦʘʤʧʝʨʘʭ. 

ʗʢʱʦ ʧʨʠʢʣʘʩʪʠ ʜʦ ʜʽʦʜʫ ʟʚʦʨʦʪʥʫ ʥʘʧʨʫʛʫ (ʜʦ ʢʘʪʦʜʫ +, ʘ ʜʦ ʘʥʦʜʫ ï), ʷʢʘ ʧʝʨʝʚʠʱʫʻ ʛʨʘʥʠʯʥʫ 

ʟʚʦʨʦʪʥʫ (50 õ 70  ɺ), ʪʦ ʜʽʦʜ ʧʨʦʙʠʚʘʻʪʴʩʷ ʽ ʩʪʨʫʤ ʟʨʦʩʪʘʻ çʣʘʚʠʥʦʧʦʜʽʙʥʦè (ʈʠʩ. 3). 

 

ʈʠʩ. 3. ɺʦʣʴʪ-ɸʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ɺɸʍ) ʜʽʦʜʘ 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʽʦʜʽʚ ʚ ʩʭʝʤʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ: 

1) ʜʽʦʜ ʥʝ ʤʘʻ ʦʧʦʨʫ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʢʦʥʫ ʆʤʘ; 

2) ʩʭʝʤʫ, ʜʦ ʩʢʣʘʜʫ ʷʢʦʾ ʚʭʦʜʷʪʴ ʜʽʦʜʠ, ʥʝ ʤʦʞʥʘ ʟʘʤʽʥʠʪʠ ʝʢʚʽʚʘʣʝʥʪʥʦʶ; 

3) ʧʘʨʘʣʝʣʴʥʝ ʟôʻʜʥʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʝʙʘʞʘʥʝ, ʦʩʢʽʣʴʢʠ ʤʦʞʣʠʚʝ ʷʚʠʱʝ 

çʧʝʨʝʭʦʧʣʝʥʥʷ ʩʪʨʫʤʽʚè ʯʝʨʝʟ ʨʦʟʭʦʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʽʚ. 

-100 -50 
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1 

 

нл ͣˢ 

мл ͣˢ 

-м ͣ͟ˢ 

-н ͣ͟ˢ 

I  

U, ʕ  

ˢͤͦ͒ ˴͊ͭͦ͒ 

+ ï 
Iͨ ͪ

пΣс ˤ пΣл ˤ 
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ɼʽʦʜʥʽ ʢʣʶʯʽ 

 ʅʘʡʧʨʦʩʪʽʰʽ ʢʣʶʯʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʽʙʨʘʥʽ ʥʘ ʜʽʦʜʘʭ ʽ ʨʝʟʠʩʪʦʨʘʭ (ʈʠʩ. 4).  

 

ʈʠʩ. 4. ɼʽʦʜʥʠʡ ʢʣʶʯ-ʧʦʚʪʦʨʶʚʘʯ 

ʇʨʠ ʥʠʟʴʢʦʤʫ ʨʽʚʥʽ ʜʽʦʜ D ʟʘʤʢʥʝʥʠʡ, ʩʪʨʫʤ ʫ ʢʦʣʽ ʥʝ ʧʨʦʪʽʢʘʻ ʽ ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ʧʨʘʢʪʠʯʥʦ 

ʜʦʨʽʚʥʶʻ ʥʫʣʶ ʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʨʫʤʦʤ, ʟʚʦʨʦʪʥʠʤ ʟʘʢʨʠʪʦʛʦ ʜʽʦʜʫ. ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʟʙʝʨʽʛʘʻʪʴʩʷ, 

ʧʦʢʠ ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ʥʝ ʜʦʩʷʛʥʝ ʥʘʧʨʫʛʠ ʚʽʜʢʨʠʪʪʷ ʜʽʦʜʫ. ɼʽʦʜ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʽ ʫ ʢʦʣʽ ʧʦʯʠʥʘʻ 

ʧʨʦʪʽʢʘʪʠ ʩʪʨʫʤ. ʇʨʠ ʚʽʜʢʨʠʪʦʤʫ ʜʽʦʜʽ ʥʘʧʨʫʛʘ ʥʘ ʜʽʦʜʽ ʟʤʽʥʶʻʪʴʩʷ ʤʘʣʦ ʽ ʩʪʨʫʤ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ. 

ʊʨʘʥʟʠʩʪʦʨʠ 

ʊʨʘʥʟʠʩʪʦʨʠ ʙʫʚʘʶʪʴ: 

1) ʙ̔ ʧʦʣʷʨʥʽ (ʜʚʘ ʧʝʨʝʭʦʜʠ, ʤʘʣʝʥʴʢʠʡ ʚʭʽʜʥʠʡ ʽ ʚʠʭʽʜʥʠʡ ʦʧʽʨ, ʢʝʨʫʪʁʴʩʷ ʩʪʨʫʤʦʤ, 

ʦʩʥʦʚʥʘ ʫʤʦʚʘ ī ʥʘ ʙʘʟʽ ʧʦʚʠʥʝʥ ʙʫʪʠ ʩʪʨʫʤ); 

2) ʫʥʽʧʦʣʷʨʥʽ (ʦʜʠʥ ʧʝʨʝʭʽʜ, ʚʭʽʜʥʠʡ ʽ ʚʠʭʽʜʥʠʡ ʦʧʽʨ ʚʝʣʠʢʠʡ, ʢʝʨʫʪʁʴʩʷ ʥʘʧʨʫʛʦʶ). 

 

ɹʽʧʦʣʷʨʥʽ ʪʨʘʥʟʠʩʪʦʨʠ 

ɹʽʧʦʣʷʨʥʽ ʪʨʘʥʟʠʩʪʦʨʠ ʙʫʚʘʶʪʴ ʜʚʦʭ ʪʠʧʽʚ: n-p-n (ʈʠʩ. 5) ʪʘ p-n-p (ʈʠʩ. 6). 

 

Uʚʭ Uʚʠʭ 

L L 

H H 

ʂʦʣʝʢʪʦʨ 
ʂʦʣʝʢʪʦʨ 

ɽʤʽʪʝʨ 
ɽʤʽʪʝʨ 

ɹʘʟʘ 
ɹʘʟʘ 

I  x I  x

I  ˩ I  ˩

I  ˴I  ˴

˾͙ͫΦ 5. n-p-n ͭ ͙ͪ͊ͤͫͭͦͪ͘ ˾͙ͫΦ 6. p-n-p  ͭ ͙ͪ͊ͤͫͭͦͪ͘ 

 

U˴ ˩

Uˣ ˩

Uʚʠʭ 

I 

D 

R 

Uʚʭ 

 

 

ʗʢʱʦ Uʚʭ = H (ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ) 

ˏ̨̖̉̅̎́ ̎́̐̑̔̄́ȡ 
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n-p-n ʪʨʘʥʟʠʩʪʦʨ: 

 

 

ʗʢʱʦ Uʂɽ = Uɹɽ, ʪʦ ʤʘʻʤʦ ʪʝʦʨʝʪʠʯʥʫ ʛʨʘʥʠʮʶ ʥʘʩʠʯʝʥʥʷ. 

ʗʢʱʦ Uʂɽ < Uɹɽ, ʪʦ ʪʨʘʥʟʠʩʪʦʨ ʧʝʨʝʭʦʜʠʪʴ ʚ ʨʝʞʠʤ ʥʘʩʠʯʝʥʥʷ. 

 

p-n-p ʪʨʘʥʟʠʩʪʦʨ: 

 

 

 

ʈʝʞʠʤʠ ʨʦʙʦʪʠ ʪʨʘʥʟʠʩʪʦʨʘ: 

1) ʚʽʜʩʽʯʢʠ (ʟʘʢʨʠʪʠʡ ʪʨʘʥʟʠʩʪʦʨ); 

2) ʘʢʪʠʚʥʠʡ (ʧʽʜʩʠʣʝʥʥʷ ʩʪʨʫʤʫ); 

3) ʥʘʩʠʯʝʥʥʷ (ʚʽʜʢʨʠʪʠʡ ʪʨʘʥʟʠʩʪʦʨ, Uʂɽ < Uɹɽ). 

ɹʽʧʦʣʷʨʥʽ ʪʨʘʥʟʠʩʪʦʨʠ ʢʝʨʫʶʪʴʩʷ ʩʪʨʫʤʦʤ. ʂʝʨʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʫʤʦʚʠ ʧʦʜʘʯʽ ʩʪʨʫʤʫ ʥʘ 

ʙʘʟʫ ʪʨʘʥʟʠʩʪʦʨʘ. ʗʢʱʦ ʩʪʨʫʤ ʥʘ ʙʘʟʫ ʪʨʘʥʟʠʩʪʦʨʘ ʥʝ ʧʦʜʘʻʪʴʩʷ, ʪʦ ʪʨʘʥʟʠʩʪʦʨ ʧʝʨʝʙʫʚʘʻ ʚ 

ʨʝʞʠʤʽ ʚʽʜʩʽʯʢʠ ʽ ʦʧʽʨ ʤʽʞ ʢʦʣʝʢʪʦʨʦʤ ʽ ʝʤʽʪʝʨʦʤ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ. ʗʢʱʦ ʧʝʨʝʜ 

ʮʠʤ ʨʝʞʠʤʦʤ ʪʨʘʥʟʠʩʪʦʨ ʙʫʚ ʚ ʨʝʞʠʤʽ ʥʘʩʠʯʝʥʥʷ, ʪʦ ʥʘ ʙʘʟʽ ʙʫʜʝ ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ (ʥʝʟʥʘʯʥʠʡ) 

ï ʩʪʨʫʤ ʨʦʟʩʤʦʢʪʫʚʘʥʥʷ ʟʘʨʷʜʽʚ. ʇʨʠ ʧʦʜʘʯʽ ʩʪʨʫʤʫ ʥʘ ʙʘʟʫ ʪʨʘʥʟʠʩʪʦʨ ʧʝʨʝʭʦʜʠʪʴ ʚ ʘʢʪʠʚʥʠʡ 

ʨʝʞʠʤ. 

ʂʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ɓ ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʪʨʘʥʟʠʩʪʦʨʘ ʟʘʜʘʻʪʴʩʷ ʚ ʧʝʚʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ɺ ʨʝʞʠʤʽ 

ʥʘʩʠʯʝʥʥʷ ɓ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ. 

ɺ ʨʝʞʠʤʽ ʥʘʩʠʯʝʥʥʷ ʟʙʽʣʴʰʝʥʥʷ ʙʘʟʦʚʦʛʦ ʩʪʨʫʤʫ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʾ ʟʤʽʥʠ ʢʦʣʝʢʪʦʨʥʦʛʦ 

ʪʘ ʝʤʽʪʝʨʥʦʛʦ ʩʪʨʫʤʫ. 

, ʜʝ S ï ʩʪʫʧʽʥʴ ʥʘʩʠʯʝʥʥʷ 

ʄʽʞ ʢʦʣʝʢʪʦʨʦʤ ʽ ʝʤʽʪʝʨʦʤ ʚ ʨʝʞʠʤʽ ʥʘʩʠʯʝʥʥʷ ʤʘʣʠʡ ʦʧʽʨ, ʱʦ ʽ ʚʠʟʥʘʯʘʻ ʟʤʝʥʰʝʥʫ ʥʘʧʨʫʛʫ 

Uʂɽ. 

ʊʨʘʥʟʠʩʪʦʨʠ n-p-n ʧʽʜʧʦʨʷʜʢʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʧʨʘʚʠʣʘʤ (ʜʣʷ p-n-p ʧʨʘʚʠʣʘ ʟʙʝʨʽʛʘʶʪʴʩʷ, 

ʘʣʝ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʧʦʣʷʨʥʽʩʪʴ ʥʘʧʨʫʛʠ ʤʘʻ ʙʫʪʠ ʟʤʽʥʝʥʘ ʥʘ ʧʨʦʪʠʣʝʞʥʫ): 

1) ʢʦʣʝʢʪʦʨ ʤʘʻ ʙʽʣʴʰ ʧʦʟʠʪʠʚʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʥʽʞ ʝʤʽʪʝʨ; 

2) ʣʘʥʮʶʛʠ ʙʘʟʘ-ʢʦʣʝʢʪʦʨ ʽ ʙʘʟʘ-ʝʤʽʪʝʨ ʧʨʘʮʶʶʪʴ ʷʢ ʜʽʦʜʠ, ʘʣʝ ʧʝʨʝʭʽʜ ʙʘʟʘ-ʝʤʽʪʝʨ 

ʚʽʜʢʨʠʪʠʡ (ʤʘʻ ʧʨʷʤʝ ʟʤʽʱʝʥʥʷ; ʧʦʜʘʻʪʴʩʷ ʜʦʜʘʪʥʠʡ ʩʠʛʥʘʣ), ʘ ʧʝʨʝʭʽʜ ʙʘʟʘ-ʢʦʣʝʢʪʦʨ 
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ʟʤʽʱʝʥʠʡ ʚ ʟʚʦʨʦʪʥʴʦʤʫ ʥʘʧʨʷʤʢʫ, ʪʦʙʪʦ ʧʨʠʢʣʘʜʝʥʘ ʥʘʧʨʫʛʘ ʟʘʚʘʞʘʻ ʧʨʦʪʽʢʘʥʥʶ 

ʩʪʨʫʤʫ ʯʝʨʝʟ ʥʴʦʛʦ; 

3) ʢʦʞʝʥ ʪʨʘʥʟʠʩʪʦʨ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ Iɹ, Iʂ, Iɽ, Uɹ, Uʂ, Uɽ ʽ 

ʽʥʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʇʝʨʝʚʠʱʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʪʨʘʥʟʠʩʪʦʨʘ; 

4) ʢ̫ʱʦ ʧʦʧʝʨʝʜʥʽ ʪʨʠ ʧʫʥʢʪʠ ʚʠʢʦʥʫʶʪʴʩʷ, ʪʦ ʪʨʘʥʟʠʩʪʦʨ ʧʨʘʮʶʻ ʷʢ ʧʽʜʩʠʣʶʶʯʠʡ 

ʝʣʝʤʝʥʪ. 

ʊʨʘʥʟʠʩʪʦʨʥʽ ʢʣʶʯʽ 

                    
ʈʠʩ. 7.  ʄʝʭʘʥʽʯʥʠʡ ʢʣʶʯ 

 

 

     
ʈʠʩ. 8. ʊʨʘʥʟʠʩʪʦʨʥʠʡ ʢʣʶʯ-ʽʥʚʝʨʪʦʨ ʙʝʟ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

 

 

a) ʷʢʱʦ ʢʣʶʯ S ï ʚʽʜʢʨʠʪʠʡ (ʈʠʩ. 7), ʪʦ Uʚʠʭ = H; 

ʷʢʱʦ ʢʣʶʯ S ï ʟʘʢʨʠʪʠʡ, ʪʦ Uʚʠʭ = L; 

b) ʷʢʱʦ ʪʨʘʥʟʠʩʪʦʨ T ï ʚʽʜʢʨʠʪʠʡ (ʈʠʩ. 8), ʪʦ Uʚʠʭ = L; 

ʷʢʱʦ ʪʨʘʥʟʠʩʪʦʨ T ï ʟʘʢʨʠʪʠʡ, ʪʦ Uʚʠʭ = H. 
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ʈʠʩ. 9. ʏʘʩʦʚʘ ʜʽʘʛʨʘʤʘ 

 

ʉʭʝʤʘ ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʢʣʶʯʘ ʟʘʙʝʟʧʝʯʫʻ ʽʥʚʝʨʪʫʚʘʥʥʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ (ʥʘʧʨʫʛʠ), ʷʢʠʡ 

ʧʦʜʘʻʪʴʩʷ ʥʘ ʙʘʟʫ ʪʨʘʥʟʠʩʪʦʨʘ (ʈʠ. 9). ʇʨʠ ʧʦʜʘʯʽ ʥʘ ʚʭʽʜ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʩʪʨʫʤ ʧʦʜʘʻʪʴʩʷ ʯʝʨʝʟ 

ʨʝʟʠʩʪʦʨ Rɹ ʥʘ ʙʘʟʫ ʪʨʘʥʟʠʩʪʦʨʘ ʽ ʪʨʘʥʟʠʩʪʦʨ ʧʝʨʝʭʦʜʠʪʴ ʚ ʘʢʪʠʚʥʠʡ ʨʝʞʠʤ, ʘ ʧʦʪʽʤ ʚ ʨʝʞʠʤ 

ʥʘʩʠʯʝʥʥʷ; ʥʘʧʨʫʛʘ ʥʘ ʢʦʣʝʢʪʦʨʽ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʜʦ ʥʠʟʴʢʦʛʦ. ʇʨʠ ʧʦʜʘʯʽ 

ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ ʩʪʨʫʤ ʥʘ ʙʘʟʫ ʪʨʘʥʟʠʩʪʦʨʘ ʥʝ ʧʦʜʘʻʪʴʩʷ ʽ ʪʨʘʥʟʠʩʪʦʨ ʟʘʢʨʠʚʘʻʪʴʩʷ (ʤʦʞʝ ʙʫʪʠ 

ʩʪʨʫʤ ʨʦʟʩʤʦʢʪʫʚʘʥʥʷ); ʪʨʘʥʟʠʩʪʦʨ ʧʝʨʝʭʦʜʠʪʴ ʚ ʨʝʞʠʤ ʚʽʜʩʽʯʢʠ ʽ ʥʘ ʚʠʭʦʜʽ (ʢʦʣʝʢʪʦʨʽ) 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ. 

ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ Rʅ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ E. ʇʨʠ ʥʘʷʚʥʦʩʪʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ Rʅ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʽʣʴʥʠʢʦʤ ʥʘʧʨʫʛʠ Rʅ ʟ ʬʦʨʤʫʣʠ 

 

ʗʢʱʦ ʝʤʽʪʝʨ ʟôʻʜʥʘʥʠʡ ʟ ʟʝʤʣʝʶ, ʪʦ ʧʨʠ ʚʠʩʦʢʦʤʫ ʚʭʽʜʥʦʤʫ ʨʽʚʥʽ 

 

 

ʗʢʱʦ ʚ ʝʤʽʪʝʨʥʦʤʫ ʢʦʣʽ ʻ ʜʦʜʘʪʢʦʚʽ ʝʣʝʤʝʥʪʠ (R, D), ʪʦ 
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ʆʩʦʙʣʠʚʦʩʪʽ ʮʠʬʨʦʚʦʾ ʬʦʨʤʠ ʧʦʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ 

ɼʣʷ ʧʝʨʝʜʘʯʽ ʜʚʽʡʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝ ʚʝʩʴ ʜʽʘʧʘʟʦʥ ʧʝʨʝʤʠʢʘʥʥʷ ʝʣʝʤʝʥʪʽʚ, ʘ 

ʪʽʣʴʢʠ ʪʽ ʟʦʥʠ, ʷʢʽ ʚʠʜʽʣʝʥʽ ʜʣʷ ʚʠʩʦʢʦʛʦ (ʣʦʛʽʯʥʠʡ ç0è) ʽ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ (ʣʦʛʽʯʥʘ ç1è). ʐʠʨʠʥʘ 

ʟʦʥ ʣʦʛʽʯʥʦʾ ʦʜʠʥʠʮʽ ʽ ʣʦʛʽʯʥʦʛʦ ʥʫʣʷ ʦʙʫʤʦʚʣʝʥʘ ʧʘʨʘʤʝʪʨʘʤʠ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ 

ʬʫʥʢʮʽʾ ʧʝʨʝʤʠʢʘʥʥʷ, ʘ ʪʘʢʦʞ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʭʝʤ. ɿʘʙʦʨʦʥʝʥʘ ʟʦʥʘ, ʷʢʘ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʢʦʜʫʚʘʥʥʷ, ʟʥʘʭʦʜʠʪʴʩʷ ʤʽʞ ʟʥʘʯʝʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʫʣʷ ʪʘ ʤʽʥʽʤʘʣʴʥʦʾ ʦʜʠʥʠʮʽ. 

 

ʈʠʩ. 10. ʎʠʬʨʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

 

ɿʘʙʦʨʦʥʝʥʘ ʟʦʥʘ (ʟʦʥʘ ʧʝʨʝʤʠʢʘʥʥʷ), ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʤʽʞ ʤʘʢʩʠʤʘʣʴʥʠʤ ç0è ʪʘ ʤʽʥʽʤʘʣʴʥʦʶ 

ç1è ʚʠʟʥʘʯʘʻ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʩʭʝʤʠ (ʈʠʩ. 10). ʏʠʤ ʚʦʥʘ ʰʠʨʰʘ, ʪʠʤ ʚʠʱʘ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ. 

ʇʝʨʝʚʠʱʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ç0è ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʤʠʢʘʥʥʷ ʪʨʘʥʟʠʩʪʦʨʘ. ɿʘʥʠʞʝʥʥʷ 

ʨʽʚʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ç1è ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʤʠʢʘʥʥʷ ʪʨʘʥʟʠʩʪʦʨʘ. ʆʜʥʘʢ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʰʠʨʠʥʠ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʟʨʦʩʪʘʻ ʯʘʩ ʧʝʨʝʤʠʢʘʥʥʷ ʩʭʝʤʠ. 

 

ɯʩʥʫ ̒ʜʚʘ ʪʠʧʠ ʟʘʚʘʜ: 

1) ʜʠʥʘʤʽʯʥʽ ʟʘʚʘʜʠ ï ʤʦʞʫʪʴ ʤʘʪʠ ʙʽʣʴʰʫ ʘʤʧʣʽʪʫʜʫ ʧʨʠ ʤʝʥʰʽʡ ʪʨʠʚʘʣʦʩʪʽ. ʗʢʱʦ ʾʭ 

ʪʨʠʚʘʣʽʩʪʴ ʟʥʘʯʥʦ ʤʝʥʰʘ ʯʘʩʫ ʧʝʨʝʤʠʢʘʥʥʷ ʩʭʝʤʠ, ʪʦ, ʷʢ ʧʨʘʚʠʣʦ, ʩʭʝʤʘ ʥʝ ʚʩʪʠʛʘʻ 

ʟʤʽʥʠʪʠ ʩʚʽʡ ʩʪʘʥ; 

2) ʩʪʘʪʠʯʥʽ ʟʘʚʘʜʠ  ï ʤʘʶʪʴ ʤʝʥʰʫ ʘʤʧʣʽʪʫʜʫ, ʘʣʝ ʙʽʣʴʰʫ ʪʨʠʚʘʣʽʩʪʴ. ʇʝʨʝʭʽʜ ʾʭ ʘʤʧʣʽʪʫʜʠ 

ʚ ʟʦʥʫ ʧʦʨʦʛʦʚʦʾ ʥʘʧʨʫʛʠ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʤʽʥʠ ʩʪʘʥʫ ʩʭʝʤ. 
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ʊʨʘʥʟʠʩʪʦʨʥʽ ʩʭʝʤʠ ʽʟ ʟʘʛʘʣʴʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ 

ʘʙʦ ʪʨʘʥʟʠʩʪʦʨʥʘ ʣʦʛʽʢʘ ʟ ʙʝʟʧʦʩʝʨʝʜʥʽʤʠ ʟʚôʷʟʢʘʤʠ (ʊʃɹɿ) 

ʅʘʚʘʥʪʘʞʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʜʣʷ ʩʭʝʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʧʫʩʪʠʤʠʤʠ ʨʽʚʥʷʤʠ ʥʘʧʨʫʛʠ ʡ ʩʪʨʫʤʫ. 

ʉʭʝʤʠ ʤʦʞʫʪʴ ʤʘʪʠ ʧʘʨʘʣʝʣʴʥʝ ʟ'ʻʜʥʘʥʥʷ ʽʟ ʟʘʛʘʣʴʥʠʤ ʢʦʣʝʢʪʦʨʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʧʦʩʣʽʜʦʚʥʝ 

ʟô̒ ʜʥʘʥʥʷ ʽʟ ʟʘʛʘʣʴʥʠʤ ʢʦʣʝʢʪʦʨʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʧʘʨʘʣʝʣʴʥʝ ʡ ʧʦʩʣʽʜʦʚʥʝ ʟô̒ ʜʥʘʥʥʷ ʽʟ 

ʟʘʛʘʣʴʥʠʤ ʝʤʽʪʝʨʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

 

ʇʘʨʘʣʝʣʴʥʝ ʟô̒ ʜʥʘʥʥʷ ʽʟ ʟʘʛʘʣʴʥʠʤ ʢʦʣʝʢʪʦʨʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

 

 
ʈʠʩ. 11. ʇʘʨʘʣʝʣʴʥʝ ʟ'ʻʜʥʘʥʥʷ ʪʨʘʥʟʠʩʪʦʨʽʚ ʽʟ ʟʘʛʘʣʴʥʠʤ ʢʦʣʝʢʪʦʨʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

 

ʅʘ ʚʠʭʦʜʽ ʮʽʻʾ ʩʭʝʤʠ (ʨʠʩ. 11) ʙʫʜʝ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʘ ʫʤʦʚʠ, ʷʢʱʦ ʪʨʘʥʟʠʩʪʦʨʠ ʊ1 ʽ ʊ2 ʟʘʢʨʠʪʽ. 

ʗʢʱʦ ʭʦʯʘ ʙ ʦʜʠʥ ʽʟ ʪʨʘʥʟʠʩʪʦʨʽʚ ʚʽʜʢʨʠʪʠʡ, ʪʦ ʥʘ ʚʠʭʦʜʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʧʨʫʛʦʶ Uʂɽ ʥʘʩʠʯʝʥʥʷ ʚʽʜʢʨʠʪʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. 

ʑʦʙ ʥʘ ʚʠʭʦʜʽ ʙʫʚ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ (ʜʣʷ ʧʦʟʠʪʠʚʥʦʾ ʣʦʛʽʢʠ), ʪʨʝʙʘ ʟʘʢʨʠʪʠ ʦʙʠʜʚʘ ʪʨʘʥʟʠʩʪʦʨʠ 

(ʪʨʘʥʟʠʩʪʦʨ ʟʘʢʨʠʪʠʡ, ʷʢʱʦ ʥʘ ʙʘʟʽ ʚʽʜʩʫʪʥʽʡ ʩʪʨʫʤ), ʪʦʙʪʦ ʧʦʜʘʪʠ ʥʘ ʦʙʠʜʚʘ ʚʭʦʜʠ ʥʠʟʴʢʽ ʨʽʚʥʽ. 

 

ɼʣʷ ʥʝʛʘʪʠʚʥʦʾ ʣʦʛʽʢʠ (ʅʃ) ʧʦʪʨʽʙʥʦ ʚʽʜʢʨʠʪʠ ʭʦʯʘ ʙ ʦʜʠʥ ʪʨʘʥʟʠʩʪʦʨ, ʱʦʙ ʥʘ ʚʠʭʦʜʽ ʙʫʚ 

ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ (ʣʦʛʽʯʥʘ ç1è). ʊʦʤʫ ʭʦʯʘ ʙ ʥʘ ʦʜʠʥ ʚʭʽʜ ʧʦʪʨʽʙʥʦ ʧʦʜʘʪʠ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ, ʷʢʠʤ ʫ 

ʥʝʛʘʪʠʚʥʽʡ ʣʦʛʽʮʽ ʢʦʜʫʻʪʴʩʷ ç0è. 
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ʇʦʩʣʽʜʦʚʥʝ ʟô̒ ʜʥʘʥʥʷ ʽʟ ʟʘʛʘʣʴʥʠʤ ʢʦʣʝʢʪʦʨʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

 

ʈʠʩ. 12. ʇʦʩʣʽʜʦʚʥʝ ʟ'ʻʜʥʘʥʥʷ ʪʨʘʥʟʠʩʪʦʨʽʚ ʽʟ ʟʘʛʘʣʴʥʠʤ ʢʦʣʝʢʪʦʨʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

ɼʣʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʚ ʜʘʥʽʡ ʩʭʝʤʽ (ʈʠʩ. 12) ʥʘ ʚʠʭʦʜʽ ʭʦʯʘ ʙ ʦʜʠʥ ʪʨʘʥʟʠʩʪʦʨ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʟʘʢʨʠʪʠʡ (ʢʦʣʦ ʤʽʞ ʪʦʯʢʦʶ ʘ ʽ ʩʭʝʤʥʦʶ ʟʝʤʣʝʶ ʨʦʟʽʨʚʘʥʝ), ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʧʦʜʘʯʝʶ ʭʦʯʘ ʙ ʥʘ 

ʦʜʠʥ ʽʟ ʚʭʦʜʽʚ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ. 

 

ʇʘʨʘʣʝʣʴʥʝ ʟô̒ ʜʥʘʥʥʷ ʽʟ ʟʘʛʘʣʴʥʠʤ ʝʤʽʪʝʨʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

 
ʈʠʩ. 13. ʇʘʨʘʣʝʣʴʥʝ ʟ'ʻʜʥʘʥʥʷ ʪʨʘʥʟʠʩʪʦʨʽʚ ʽʟ ʟʘʛʘʣʴʥʠʤ ʝʤʽʪʝʨʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

ɺ ʜʘʥʽʡ ʩʭʝʤʽ (ʈʠʩ. 13) ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʽʜʢʨʠʪʠʡ ʭʦʯʘ ʙ ʦʜʠʥ ʪʨʘʥʟʠʩʪʦʨ (ʜʣʷ ʇʃ), ʜʣʷ ʮʴʦʛʦ 

ʪʨʝʙʘ ʧʦʜʘʪʠ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʭʦʯʘ ʙ ʥʘ ʦʜʠʥ ʽʟ ʚʭʦʜʽʚ. 
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ʇʦʩʣʽʜʦʚʥʝ ʟô̒ ʜʥʘʥʥʷ ʽʟ ʟʘʛʘʣʴʥʠʤ ʝʤʽʪʝʨʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

 

ʈʠʩ. 14. ʇʦʩʣʽʜʦʚʥʝ ʟ'ʻʜʥʘʥʥʷ ʪʨʘʥʟʠʩʪʦʨʽʚ ʽʟ ʟʘʛʘʣʴʥʠʤ ʢʦʣʝʢʪʦʨʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

ɺ ʜʘʥʽʡ ʩʭʝʤʽ (ʈʠʩ. 14) ʜʣʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʥʘ ʚʠʭʦʜʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʽʜʢʨʠʪʽ ʦʙʠʜʚʘ ʪʨʘʥʟʠʩʪʦʨʠ 

(ʜʣʷ ʇʃ). 

 

ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʣʝʤʝʥʪʽʚ ʮʠʬʨʦʚʠʭ ʩʭʝʤ 

ʉʭʝʤʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʭʽʜʥʦʶ ʡ ʚʠʭʽʜʥʦʶ ʥʘʧʨʫʛʦʶ, ʚʭʽʜʥʠʤ ʽ ʚʠʭʽʜʥʠʤ ʩʪʨʫʤʘʤʠ, ʘ ʪʘʢʦʞ 

ʯʘʩʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʰʚʠʜʢʦʜʽʻʶ). 

ʐʚʠʜʢʦʜʽʷ ʣʦʛʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʧʨʠ ʧʝʨʝʤʠʢʘʥʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʣʦʛʽʯʥʦʶ ʩʭʝʤʦʶ, ʪʝʭʥʦʣʦʛʽʻʶ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʭʘʨʘʢʪʝʨʦʤ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʠʤʽʨʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚʩʪʘʥʦʚʣʝʥʽ ʚʠʤʦʛʠ ʜʦ ʘʤʧʣʽʪʫʜʠ ʽ ʪʨʠʚʘʣʦʩʪʽ ʬʨʦʥʪʽʚ ʚʭʽʜʥʠʭ ʽ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ. 

ʆʩʥʦʚʥʠʤʠ ʜʠʥʘʤʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʻ: 

1) ʟʘʪʨʠʤʢʘ ʧʦʰʠʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʧʽʜ ʯʘʩ ʧʝʨʝʤʠʢʘʥʥʷ; 

2) ʪʨʠʚʘʣʽʩʪʴ ʧʦʟʠʪʠʚʥʦʛʦ (ʥʘʨʦʩʪʘʶʯʦʛʦ) ʽ ʥʝʛʘʪʠʚʥʦʛʦ (ʩʧʘʜʘʶʯʦʛʦ) ʬʨʦʥʪʽʚ. 

ɿʘʪʨʠʤʢʘ ʧʦʰʠʨʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʤʽʞ ʚʭʽʜʥʠʤ ʽ ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʘʤʠ 

ʣʦʛʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʽ ʚʠʤʽʨʶʻʪʴʩʷ ʥʘ ʨʽʚʥ ̔0,5 ʣʦʛʽʯʥʦʛʦ ʧʝʨʝʭʦʜʫ ʚʭʽʜʥʦʛʦ  ̔ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʆʩʢʽʣʴʢʠ ʯʘʩ ʟʘʪʨʠʤʢʠ ʧʝʨʝʜʘʯʽ ʧʽʜ ʯʘʩ ʧʝʨʝʭʦʜʫ ʟ ʦʜʠʥʠʮʽ ʚ ʥʫʣʴ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʴ ʚʽʜ ʯʘʩʫ 

ʟʘʪʨʠʤʢʠ ʧʝʨʝʜʘʯʽ ʧʽʜ ʯʘʩ ʧʝʨʝʭʦʜʫ ʟ ʥʫʣʷ ʚ ʦʜʠʥʠʮʶ, ʪʦ ʟʜʝʙʽʣʴʰʦʛʦ ʢʦʨʠʩʪʫʶʪʴʩʷ ʬʦʨʤʫʣʦʶ 
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ʈʠʩ. 15. ʩʭʝʤʘ ʽʥʚʝʨʪʦʨʫ 

 
ʈʠʩ. 16. ʏʘʩʦʚʘ ʜʽʘʛʨʘʤʘ (ʮʠʬʨʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ) 

ʏʘʩ ʧʝʨʝʭʦʜʫ t
10

 ï ʽʥʪʝʨʚʘʣ ʯʘʩʫ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ʣʦʛʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ 

ʧʝʨʝʭʦʜʠʪʴ ʚʽʜ ʨʽʚʥʷ ʣʦʛʽʯʥʦʾ ʦʜʠʥʠʮʽ ʜʦ ʨʽʚʥʷ ʣʦʛʽʯʥʦʛʦ ʥʫʣʷ. ɺʠʤʽʨʶʻʪʴʩʷ ʧʝʨʽʦʜ ʯʘʩʫ ʤʽʞ 0,1 

ʽ 0,9 ʚʽʜ ʣʦʛʽʯʥʦʛʦ ʧʝʨʝʧʘʜʫ (ʈʠʩ. 16). 

ʏʘʩ ʟʘʪʨʠʤʢʠ  ʚʤʠʢʘʥʥʷ ʣʦʛʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ï ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʤʽʞ ʚʭʽʜʥʠʤ ʽ ʚʠʭʽʜʥʠʤ 

ʩʠʛʥʘʣʘʤʠ ʧʽʜ ʯʘʩ ʧʝʨʝʭʦʜʫ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʣʦʛʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ  ʚʽʜ ʦʜʠʥʠʮʽ ʜʦ ʥʫʣʷ, 

ʚʠʤʽʨʷʥʠʡ ʥʘ ʨʽʚʥʽ 0,1 ʚʽʜ ʣʦʛʽʯʥʦʛʦ ʧʝʨʝʭʦʜʫ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʽ ʥʘ ʨʽʚʥʽ 0,9 ʚʽʜ ʣʦʛʽʯʥʦʛʦ 

ʧʝʨʝʭʦʜʫ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦ ʥʘ ʚʝʨʭʥʴʦʤʫ ʡ ʥʠʞʥʴʦʤʫ ʧʣʘʪʦ 

(ʨʽʚʥʘ ʯʘʩʪʠʥʘ ʩʠʛʥʘʣʫ) ʤʦʞʫʪʴ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʟʛʘʩʘʶʯʽ ʢʦʣʠʚʘʥʥʷ. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚʠ (ʚʽʜʢʘʟʫ): 

, ʜʝ 

n ī ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʚʽʜʤʦʚʠʣʠ ʟʘ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʥʷ T, 

N ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ, ʥʘʜ ʷʢʠʤʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚʠʧʨʦʙʫʚʘʥʥʷ. 

ʅʘʜʽʡʥʽʩʪʴ (ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ): 

 




