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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ ʀ ʋʉʃʆɺʅʓʍ ʆɹʆɿʅɸʏɽʅʀʁ 

 

d ï ʘʩʧʝʢʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

Ű ï ʪʝʥʟʦʨ ʚʷʟʢʠʭ ʥʘʧʨʷʞʝʥʠʡ 

g ï ʩʢʦʨʦʩʪʴ ʩʜʚʠʛʘ 

T ï ʪʝʤʧʝʨʘʪʫʨʘ (ʂ) 

P - ʜʘʚʣʝʥʠʝ (ʇʘ) 

t ï ʚʨʝʤʷ (ʩ) 

ɢ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʞʠʜʢʦʩʪʠ (ʤ2/ʩ) 

ɓ ī ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (1/ʂ) 

ɟ ï ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ (ʢʛ/ʤ3) 

g  ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ (ʤ/ʩ2) 

w ī ʮʠʢʣʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ (ʨʘʜ/ʩ) 

ʅ ï ʚʝʨʪʠʢʘʣʴʥʳʡ ʨʘʟʤʝʨ ʧʦʣʦʩʪʠ (ʤ) 

h ï ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʧʦʣʦʩʪʠ (ʤ) 

n  ï ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ 

g ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ 

N ï ʯʠʩʣʦ ʨʘʟʙʠʝʥʠʡ ʩʝʪʢʠ 

Dh ï ʰʘʛ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʝʪʢʠ 

Q ï ʭʘʨʘʢʪʝʨʥʘʷ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ (ʂ) 

Õ0 ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʧʨʠ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʤ ʩʜʚʠʛʝ (ʇʘĿʩ) 

Õ¤ ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʧʨʠ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʩʜʚʠʛʘ (ʇʘĿʩ) 

ɚc ï ʜʣʠʥʘ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ (ʤ) 

c ï ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ (ʤ/ʩ2) 

u  ï ʩʢʦʨʦʩʪʴ 

y ī ʙʝʟʨʘʟʤʝʨʥʘʷ ʬʫʥʢʮʠʷ ʪʦʢʘ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ 

f ï ʬʫʥʢʮʠʷ ʪʦʢʘ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ 

Ý ï ʟʘʚʠʭʨʝʥʥʦʩʪʴ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ 

n ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʥʴʶʪʦʥʦʚʦʩʪʠ ʞʠʜʢʦʩʪʠ 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʩʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʚ ʞʠʜʢʦʩʪʠ ʷʚʣʷʶʪʩʷ ʚʠʙʨʘʮʠʠ. ʆʛʨʦʤʥʳʡ ʚʢʣʘʜ ʚ 

ʪʝʦʨʠʶ ʚʠʙʨʘʮʠʦʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚʥʝʩʣʠ ʫʯʝʥʳʝ ʇʝʨʤʩʢʦʡ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʰʢʦʣʳ. ʇʨʦʬʝʩʩʦʨʘ ɻ.ɿ. ɻʝʨʰʫʥʠ, ɽ.ʄ. ɾʫʭʦʚʠʮʢʠʡ, 

ɼ.ɺ. ʃʶʙʠʤʦʚ ʥʝʦʩʧʦʨʠʤʦ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʘʤʠ ʠ ʘʚʪʦʨʘʤʠ ʤʥʦʛʠʭ 

ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʚʥʦʚʝʩʠʷ ʞʠʜʢʦʩʪʠ ʠ ʢʦʥʚʝʢʪʠʚʥʳʭ 

ʪʝʯʝʥʠʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʨʘʤʢʘʭ ʵʪʦʡ ʪʝʦʨʠʠ ʦʩʪʘʣʠʩʴ ʥʝʦʧʠʩʘʥʥʳʤʠ 

ʥʝʢʦʪʦʨʳʝ ʦʙʣʘʩʪʠ, ʠʟʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʝʜʘʜʫʪ ʝʡ ʙ·ʣʴʰʫʶ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ 

ʠ ʟʘʚʝʨʰʝʥʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʨʘʩʰʠʨʷʪ ʚʦʟʤʦʞʥʦʩʪʴ ʝʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ.  

ɺʠʙʨʘʮʠʠ ʷʚʣʷʶʪʩʷ ʥʝʫʩʪʨʘʥʠʤʳʤ ʷʚʣʝʥʠʝʤ. ʆʥʠ ʧʦʩʪʦʷʥʥʦ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ ʚʣʠʷʶʪ ʥʘ ʜʚʠʞʝʥʠʝ ʣʠʥʝʡʥʦ- ʠ ʥʝʣʠʥʝʡʥʦ- ʚʷʟʢʠʭ ʩʨʝʜ. ʉ 

ʧʦʤʦʱʴʶ ʚʠʙʨʘʮʠʡ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʫʧʨʘʚʣʝʥʠʝ ʪʝʯʝʥʠʝʤ ʞʠʜʢʦʩʪʝʡ. 

ɸʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʥʠʤʘʥʠʝ ʠ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʚʠʙʨʘʮʠʡ. 

ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʜʘʥʥʘʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʥʦʩʠʪ ʚ ʨʘʟʚʠʪʠʝ ʠ 

ʨʘʟʨʘʙʦʪʢʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʦʩʥʦʚ ʪʝʦʨʠʠ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ 

ʣʠʥʝʡʥʦ- ʠ ʥʝʣʠʥʝʡʥʦ- ʚʷʟʢʠʭ ʩʨʝʜ. 

ʇʦʜʨʦʙʥʦ ʩʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʚ 

ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ. 

 

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʦʚʤʝʩʪʥʦʛʦ 

ʚʣʠʷʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʡ ʨʘʟʣʠʯʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘ ʜʚʠʞʝʥʠʝ ʥʴʶʪʦʥʦʚʩʢʦʡ ʠ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʝʡ 

ʚ ʟʘʤʢʥʫʪʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʦʣʦʩʪʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ. 

1. ɸʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʢ ʦʧʠʩʘʥʠʶ 

ʥʴʶʪʦʥʦʚʩʢʦʡ ʠ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʝʡ ʠ ʠʟʚʝʩʪʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 
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ʵʬʬʝʢʪʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʚʠʙʨʘʮʠʦʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʪʘʢʠʝ ʞʠʜʢʦʩʪʠ; 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʝʜʠʥʦʡ ʤʝʪʦʜʠʢʠ ʠʟʫʯʝʥʠʷ ʥʴʶʪʦʥʦʚʩʢʦʡ ʠ 

ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʝʡ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʠʙʨʘʮʠʠ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ 

ʧʦʣʝ ʠ ʚ ʝʛʦ ʦʪʩʫʪʩʪʚʠʠ. 

2. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨ ʦʩʨʝʜʥʸʥʥʳʭ ʠ 

ʧʫʣʴʩʘʮʠʦʥʥʳʭ ʪʝʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʪʝʧʣʦʚʳʭ ʧʦʣʝʡ ʚ ʥʴʶʪʦʥʦʚʩʢʦʡ ʠ 

ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʷʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʨʝʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʟʘʤʢʥʫʪʳʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʧʦʣʦʩʪʷʭ ʩ ʨʘʟʣʠʯʥʳʤ ʘʩʧʝʢʪʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʡ. 

3. ʇʦʩʪʨʦʝʥʠʝ ʢʘʨʪʳ ʦʩʨʝʜʥʝʥʥʳʭ ʢʦʥʚʝʢʪʠʚʥʳʭ ʨʝʞʠʤʦʚ 

ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʥʘ ʧʣʦʩʢʦʩʪʠ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʯʠʩʣʦ 

ɻʨʘʩʛʦʬʘ ï ʚʠʙʨʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ. 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʵʚʦʣʶʮʠʠ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʦʩʨʝʜʥʝʥʥʳʭ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʢʦʥʚʝʢʪʠʚʥʳʭ ʨʝʞʠʤʦʚ 

ʪʝʯʝʥʠʡ ʥʴʶʪʦʥʦʚʩʢʦʡ ʠ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʝʡ. 

5. ʆʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʮ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʦʩʨʝʜʥʝʥʥʳʭ 

ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʥʴʶʪʦʥʦʚʩʢʦʡ ʠ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʝʡ ʧʨʠ 

ʚʘʨʴʠʨʦʚʘʥʠʠ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʝʟʫʣʴʪʘʪʦʚ  

ɺ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

1. ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʥʝʣʠʥʝʡʥʘʷ ʟʘʜʘʯʘ ʦʩʨʝʜʥʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ 

ʥʴʶʪʦʥʦʚʩʢʦʡ ʠ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʝʡ ʚ ʟʘʤʢʥʫʪʦʡ ʧʦʣʦʩʪʠ ʩ 

ʨʘʟʣʠʯʥʳʤ ʘʩʧʝʢʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʚ ʧʦʣʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʠʙʨʘʮʠʡ ʠ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʢʣʘʜ ʥʝʣʠʥʝʡʥʦʡ ʚʷʟʢʦʩʪʠ ʚ ʛʝʥʝʨʘʮʠʶ ʦʩʨʝʜʥʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʚʠʙʨʘʮʠʦʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ V; 

2. ʧʦʩʪʨʦʝʥʳ ʢʘʨʪʳ ʦʩʨʝʜʥʝʥʥʳʭ ʢʦʥʚʝʢʪʠʚʥʳʭ ʨʝʞʠʤʦʚ 

ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʟʘʤʢʥʫʪʦʡ ʢʚʘʜʨʘʪʥʦʡ ʧʦʣʦʩʪʠ, ʩʦʚʝʨʰʘʶʱʝʡ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʣʠʥʝʡʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʚʠʙʨʘʮʠʠ, ʥʘ ʧʣʦʩʢʦʩʪʠ 
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ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʯʠʩʣʦ ɻʨʩʛʦʬʘ Gr ï ʚʠʙʨʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ V ʜʣʷ 

ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʡ; 

3. ʠʩʩʣʝʜʦʚʘʥʳ ʩʪʨʫʢʪʫʨʳ ʢʦʥʚʝʢʪʠʚʥʳʭ ʨʝʞʠʤʦʚ ʥʴʶʪʦʥʦʚʩʢʠʭ ʠ 

ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʫʧʨʘʚʣʷʶʱʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʧʦʣʦʩʪʷʭ ʩ ʨʘʟʣʠʯʥʳʤ ʘʩʧʝʢʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʚ ʧʦʣʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʠʙʨʘʮʠʡ ʜʣʷ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ; 

4. ʦʧʨʝʜʝʣʝʥʘ ʛʨʘʥʠʮʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʩʨʝʜʥʝʥʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʯʝʥʠʷ ʚʳʩʦʢʦʚʷʟʢʦʡ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʥʘ ʧʣʦʩʢʦʩʪʠ ʫʧʨʘʚʣʷʶʱʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʯʠʩʣʦ ɻʨʩʛʦʬʘ Gr ï ʚʠʙʨʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ V; 

5. ʦʧʨʝʜʝʣʝʥʳ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ ʠ 

ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʤʝʥʝ ʨʝʞʠʤʦʚ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ, ʜʣʷ ʩʣʫʯʘʷ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ 

ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʟʘʤʢʥʫʪʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʦʣʦʩʪʠ; 

6. ʦʙʥʘʨʫʞʝʥʳ ʜʚʘ ʪʠʧʘ ʨʝʰʝʥʠʡ ʚ ʟʘʜʘʯʝ ʦʙ ʦʩʨʝʜʥʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ 

ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʟʘʤʢʥʫʪʦʡ ʧʦʣʦʩʪʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʠʙʨʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ. 

 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʚʘʞʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʝʭʘʥʠʢʠ 

ʞʠʜʢʦʩʪʠ, ʜʣʷ ʨʘʟʚʠʪʠʷ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ 

ʚ ʥʝʣʠʥʝʡʥʦ-ʚʷʟʢʠʭ ʞʠʜʢʠʭ ʩʨʝʜʘʭ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

ʚʠʙʨʘʮʠʡ ʚ ʫʩʣʦʚʠʷʭ ʥʦʨʤʘʣʴʥʦʡ, ʧʦʥʠʞʝʥʥʦʡ ʠ ʤʠʢʨʦ- ʛʨʘʚʠʪʘʮʠʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʦʟʤʦʞʥʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 

ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʪʝʯʝʥʠʡ ʚ ʥʴʶʪʦʥʦʚʩʢʠʭ ʠ ʥʝʥʴʶʪʦʥʦʚʩʢʠʭ 

ʩʨʝʜʘʭ. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʥʝʬʪʝʛʘʟʦʚʳʭ ʧʨʦʮʝʩʩʦʚ: ʫʩʣʦʚʠʷ ʜʦʙʳʯʠ, ʭʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʠ 

ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. 
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ʀʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʯʝʥʠʡ ʠ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʚ ʥʝʥʴʶʪʦʥʦʚʩʢʠʭ 

ʩʨʝʜʘʭ ʚʘʞʥʳ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʝʨʝʢʘʯʢʫ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʠ ʩʤʝʰʠʚʘʥʠʝ ʙʠʪʫʤʥʳʭ ʚʷʞʫʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦʨʦʞʥʳʭ ʧʦʢʨʳʪʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʦʚʝʜʝʥʠʝ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʚ 

ʚʠʙʨʘʮʠʦʥʥʦʤ ʧʦʣʝ ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʤʢʘʭ ʠʥʞʝʥʝʨʥʦʡ 

ʨʝʦʣʦʛʠʠ: ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʝʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʩʚʦʡʩʪʚ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ ʤʘʰʠʥ ʠ 

ʘʧʧʘʨʘʪʦʚ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʜʣʷ ʥʫʞʜ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʠ 

ʷʚʣʷʣʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ. ʇʨʠ ʨʘʩʯʝʪʝ ʜʚʫʤʝʨʥʳʭ ʪʝʯʝʥʠʡ 

ʞʠʜʢʦʩʪʝʡ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʮʝʥʪʨʘʣʴʥʳʤʠ ʨʘʟʥʦʩʪʷʤʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

ʪʦʯʥʦʩʪʠ, ʘ ʚʨʝʤʝʥʥʳʝ ï ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʧʨʠʤʝʥʝʥ ʜʚʫʭʧʦʣʝʚʦʡ ʤʝʪʦʜ (ʟʘʚʠʭʨʝʥʥʦʩʪʴ ï ʬʫʥʢʮʠʷ ʪʦʢʘ). 

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʨʝʰʘʣʠʩʴ ʧʦ ʷʚʥʦʡ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʝ. 

ʋʨʘʚʥʝʥʠʝ ʇʫʘʩʩʦʥʘ ʨʝʰʘʣʦʩʴ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʚʝʨʭʥʝʡ 

ʨʝʣʘʢʩʘʮʠʠ. ɼʣʷ ʨʘʩʯʝʪʘ ʧʨʠʤʝʥʝʥʘ ʨʘʚʥʦʤʝʨʥʘʷ ʥʝ ʨʘʟʥʝʩʝʥʥʘʷ ʩʝʪʢʘ ʩ 

ʢʚʘʜʨʘʪʥʦʡ ʷʯʝʡʢʦʡ. ɺʳʙʦʨ ʩʝʪʢʠ ʦʩʥʦʚʳʚʘʣʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʭʦʜʠʤʦʩʪʠ 

ʨʝʰʝʥʠʡ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʫʤʝʥʴʰʝʥʠʠ ʰʘʛʘ ʩʝʪʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚʳʙʨʘʥʘ ʩʝʪʢʘ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʭʦʞʜʝʥʠʝ ʥʘʜʝʞʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ 

ʨʘʟʫʤʥʦʤ ʚʨʝʤʝʥʠ ʩʯʸʪʘ. ʏʠʩʣʝʥʥʳʡ ʢʦʜ ʩʦʟʜʘʚʘʣʩʷ ʣʠʯʥʦ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʥʘʫʯʥʦʛʦ ʨʫʢʦʚʦʜʠʪʝʣʷ. 

 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

1. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʦʥʚʝʢʮʠʠ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʚ 

ʟʘʤʢʥʫʪʦʡ ʧʦʣʦʩʪʠ, ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪ ʥʝʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʚʷʟʢʦʩʪʠ ʦʪ 
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ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ, ʥʘʣʠʯʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʨʘʟʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʭ ʣʠʥʝʡʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ 

ʥʝʘʢʫʩʪʠʯʝʩʢʠʭ ʚʠʙʨʘʮʠʡ ʚʜʦʣʴ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʠ ʥʘʣʠʯʠʝ ʛʨʘʜʠʝʥʪʘ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʧʦʣʶ ʪʷʞʝʩʪʠ. 

2. ɺʠʙʨʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ ʚ ʥʝʣʠʥʝʡʥʳʭ ʟʘʜʘʯʘʭ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʡ 

ʢʦʥʚʝʢʮʠʠ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʷʶʱʠʤ ʢʨʠʪʝʨʠʝʤ ʠ ʧʦʟʚʦʣʷʝʪ 

ʵʬʬʝʢʪʠʚʥʦ ʟʘʜʘʚʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʥʝʦʜʥʦʨʦʜʥʦ ʥʘʛʨʝʪʫʶ ʞʠʜʢʦʩʪʴ ʥʘ ʬʦʥʝ ʩʚʦʙʦʜʥʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ 

ʢʦʥʚʝʢʮʠʠ. ɼʣʷ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʚʠʙʨʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ 

ʦʧʨʝʜʝʣʷʝʪ ʚʢʣʘʜ ʦʩʨʝʜʥʝʥʥʦʡ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʠʣʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʥʝʣʠʥʝʡʥʦʡ 

ʚʷʟʢʦʩʪʴʶ. 

3. ʂʘʨʪʘ ʢʦʥʚʝʢʪʠʚʥʳʭ ʨʝʞʠʤʦʚ ʪʝʯʝʥʠʡ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʠ 

ʛʨʘʥʠʮʳ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʧʣʦʩʢʦʩʪʠ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʯʠʩʣʦ 

ɻʨʘʩʛʦʬʘ ï ʚʠʙʨʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ. 

4. ɼʚʘ ʪʠʧʘ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ ʦʩʨʝʜʥʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ 

ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʦʣʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʠʙʨʘʮʠʡ: 

ʥʴʶʪʦʥʦʚʩʢʘʷ ʤʦʜʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʩʪʨʫʢʪʫʨʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʯʝʥʠʷ 

ʩʦʚʧʘʜʘʝʪ ʩ ʪʘʢʦʚʳʤʠ ʚ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ, ʠ ʥʝʥʴʶʪʦʥʦʚʩʢʘʷ ʤʦʜʘ, 

ʭʘʨʘʢʪʝʨʥʘʷ ʪʦʣʴʢʦ ʜʣʷ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʶʱʘʷʩʷ ʦʪ ʥʴʶʪʦʥʦʚʩʢʦʡ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

5. ʉʪʘʮʠʦʥʘʨʥʳʝ ʠ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʨʝʞʠʤʳ ʪʝʯʝʥʠʡ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ 

ʞʠʜʢʦʩʪʠ ʚ ʥʝʚʝʩʦʤʦʩʪʠ ʠ ʟʥʘʯʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʛʨʘʥʠʮʳ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʥʠʤʠ. 

 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʦʚʝʨʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩʦʚʧʘʜʝʥʠʠ ʚ ʧʨʝʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ. 
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ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠʟʚʝʩʪʥʳʝ ʠ ʭʦʨʦʰʦ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʝ ʩʝʙʷ ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ 

(ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ, ʜʚʫʭʧʦʣʝʚʦʡ ʤʝʪʦʜ).  

ʇʦʢʘʟʘʥʘ ʩʭʦʜʠʤʦʩʪʴ ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʫʤʝʥʴʰʝʥʠʠ ʰʘʛʘ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʫʨʘʚʥʝʥʠʡ ʙʳʣʘ ʚʳʙʨʘʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʝʪʢʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: 

1. XII ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʩʲʝʟʜ ʧʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʧʨʦʙʣʝʤʘʤ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ, ʋʬʘ, 2019; 

2. XXVIII  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢʘʭè, ʇʝʨʤʴ, 2019; 

3. VI-ʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʇʝʨʤʩʢʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʥʘʫʯʥʳʝ ʯʪʝʥʠʷè, ʇʝʨʤʴ, 2019; 

4. XXIX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢʘʭè, ʇʝʨʤʴ, 2020; 

5. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʇʝʨʤʩʢʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʥʘʫʯʥʳʝ ʯʪʝʥʠʷ, ʇʝʨʤʴ, 2020; 

6. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ XʍII ɿʠʤʥʷʷ ʰʢʦʣʘ ʧʦ ʤʝʭʘʥʠʢʝ 

ʩʧʣʦʰʥʳʭ ʩʨʝʜ, ʇʝʨʤʴ, 2021; 

7. International Symposium NON-EQUILIBRIUM PROCESSES IN 

CONTINUOUS MEDIA PROGRAM AND BOOK OF ABSTACTS Perm, 2021; 

8. XXX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢʘʭè, ʇʝʨʤʴ, 2021, 

9. VIII -ʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʇʝʨʤʩʢʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʥʘʫʯʥʳʝ ʯʪʝʥʠʷè, ʇʝʨʤʴ, 2022; 

10. XIII ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʩʲʝʟʜ ʧʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʧʨʦʙʣʝʤʘʤ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2023; 
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11. XXIII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʝ ʠ 

ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʠʢʣʘʜʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʩʠʩʪʝʤʘʤ, ɼʠʚʥʦʤʦʨʩʢʦʝ, 

ʂʨʘʩʥʦʜʘʨʩʢʠʡ ʢʨʘʡ, 2023; 

12. IX-ʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʇʝʨʤʩʢʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʥʘʫʯʥʳʝ ʯʪʝʥʠʷè ʇʝʨʤʴ, 2023. 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʩʣʝʜʫʶʱʠʭ ʥʘʫʯʥʳʭ ʩʝʤʠʥʘʨʘʭ: 

1. ʅʘʫʯʥʳʡ ʩʝʤʠʥʘʨ ʢʘʬʝʜʨʳ ʆʙʱʝʡ ʬʠʟʠʢʠ, ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʤʴ, ʧʨʝʜʩʝʜʘʪʝʣʴ 

ʜ.ʪ.ʥ., ʀ.ʃ. ʅʠʢʫʣʠʥ. 

2. ʅʘʫʯʥʳʡ ʩʝʤʠʥʘʨ ʦʪʜʝʣʘ ʌʠʟʠʯʝʩʢʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʀʥʩʪʠʪʫʪ 

ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʳʭ ʩʨʝʜ ʋʨʆ ʈɸʅ, ʛ. ʇʝʨʤʴ, ʟʘʚʝʜʫʶʱʠʡ ʦʪʜʝʣʦʤ: ʜ. ʬ.-ʤ.ʥ., 

ʧʨʦʬ. ʇ.ɻ. ʌʨʠʢ  

3. ʇʝʨʤʩʢʠʡ ʛʦʨʦʜʩʢʦʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʥʘʫʯʥʳʡ ʩʝʤʠʥʘʨ, 

ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʇʝʨʤʴ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬ. ʊ.ʇ. ʃʶʙʠʤʦʚʘ. 

4. ʅʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʩʝʤʠʥʘʨ ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 

ʇʝʨʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʛʫʤʘʥʠʪʘʨʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʛ. ʇʝʨʤʴ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬ. ɺ.ɻ. ʂʦʟʣʦʚ. 

5. ʅʘʫʯʥʳʡ ʩʝʤʠʥʘʨ ʀʥʩʪʠʪʫʪʘ ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʳʭ ʩʨʝʜ ʋʨʆ ʈɸʅ, 

ʛ. ʇʝʨʤʴ, ʧʨʝʜʩʝʜʘʪʝʣʠ ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬ. ʇ.ɻ. ʌʨʠʢ ʠ ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬ. 

ʊ.ʇ. ʃʶʙʠʤʦʚʘ; 

6. ʅʘʫʯʥʳʡ ʩʝʤʠʥʘʨ ʫʯʝʙʥʦ-ʥʘʫʯʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ çʌʠʟʠʢʘ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜè ʋʜʤʫʨʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʀʞʝʚʩʢ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʜ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ ʄ.ɼ. ʂʨʠʚʠʣʝʚ; 

7. ʅʘʫʯʥʳʡ ʩʝʤʠʥʘʨ ʢʘʬʝʜʨʳ ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ 

ʠ ʧʨʦʮʝʩʩʦʚ ʇʝʨʤʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ, ʛ. ʇʝʨʤʴ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬ. ʇ.ɺ. ʊʨʫʩʦʚ; 
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ʇʫʙʣʠʢʘʮʠʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 17 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪʘʭ [112 ï 128] ï ʠʟ ʥʠʭ 1 ʩʪʘʪʴʷ ʚ 

ʈʦʩʩʠʡʩʢʦʤ ʞʫʨʥʘʣʝ, ʚʭʦʜʷʱʝʤ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ; 3 ʩʪʘʪʴʠ ï ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʩʠʩʪʝʤʘʭ ʮʠʪʠʨʦʚʘʥʠʷ Web of Science ʠ SCOPUS ʠ 13 ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʥʘ 

ʢʦʥʬʝʨʝʥʮʠʷʭ. 

 

ʇʫʙʣʠʢʘʮʠʠ ʚ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʙʘʟʳ 

ʮʠʪʠʨʦʚʘʥʠʷ Web of Science ʠ SCOPUS: 

1. Perminov, A.V. Influence of high frequency vertical vibrations on 

convective regimes in a closed cavity at normal and low gravity conditions / 

A.V. Perminov, S.A. Nikulina, T.P. Lyubimova // Microgravity Science and 

Technology. - 2021. - Vol. 33, Iss. 4. - Art. 55. - P. 1-18.  

2. Perminov, A.V-. Analysis of thermovibrational convection modes in 

square cavity under microgravity conditions / A.V. Perminov, S.A. Nikulina, 

T.P. Lyubimova // Microgravity Science and Technology. ï 2022. ï Vol. 34, Iss. 

3. ï Art. 34. ï P. 1ï10.  

3. ʅʠʢʫʣʠʥʘ, ʉ.ɸ. ʂʦʥʚʝʢʪʠʚʥʳʝ ʨʝʞʠʤʳ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ 

ʞʠʜʢʦʩʪʠ ʚ ʢʚʘʜʨʘʪʥʦʡ ʧʦʣʦʩʪʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

ʚʠʙʨʘʮʠʡ ʚ ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʠ / ʉ.ɸ. ʅʠʢʫʣʠʥʘ, ɸ.ɺ. 

ʇʝʨʤʠʥʦʚ, ʊ.ʇ. ʃʶʙʠʤʦʚʘ // ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʝʭʘʥʠʢʘ ʩʧʣʦʰʥʳʭ ʩʨʝʜ. 

ï 2024. ï ʊ.17, ˉ 2.  ï ʉ. 202-218.   

ʇʫʙʣʠʢʘʮʠʠ ʚ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʇʝʨʝʯʝʥʴ ɺɸʂ: 

4. ʅʠʢʫʣʠʥʘ, ʉ.ɸ. ʊʝʨʤʦʚʠʙʨʘʮʠʦʥʥʘʷ ʢʦʥʚʝʢʮʠʷ 

ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʦʣʦʩʪʠ / ʉ.ɸ. ʅʠʢʫʣʠʥʘ, 

ɸ.ɺ. ʇʝʨʤʠʥʦʚ, ʊ.ʇ. ʃʶʙʠʤʦʚʘ // ɺʝʩʪʥʠʢ ʇʝʨʤʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʉʝʨʠʷ: ʌʠʟʠʢʘ. ï 2020. ï ˉ 3. ï ʉ. 14ï23.   DOI : 10.17072/1994-3598-2020-3-

14-23 

https://doi.org/10.17072/1994-3598-2020-3-14-23
https://doi.org/10.17072/1994-3598-2020-3-14-23
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ʇʫʙʣʠʢʘʮʠʠ ʚ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʈʀʅʎ, ʤʘʪʝʨʠʘʣʳ 

ʢʦʥʬʝʨʝʥʮʠʡ ʠ ʪʝʟʠʩʳ ʜʦʢʣʘʜʦʚ: 

5. ʇʝʨʤʠʥʦʚ, ɸ.ɺ. ʊʝʨʤʦʚʠʙʨʘʮʠʦʥʥʘʷ ʢʦʥʚʝʢʮʠʷ ʞʠʜʢʦʩʪʠ 

ʋʠʣʴʷʤʩʦʥʘ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʦʣʦʩʪʠ ʚ ʥʝʚʝʩʦʤʦʩʪʠ / ɸ.ɺ. ʇʝʨʤʠʥʦʚ, ʉ.ɸ. 

ʅʠʢʫʣʠʥʘ, ʊ.ʇ. ʃʶʙʠʤʦʚʘ // XII ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʩʲʝʟʜ ʧʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ 

ʧʨʦʙʣʝʤʘʤ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ: ʋʬʘ, ʈʝʩʧ. ɹʘʰʢʦʨʪʦʩʪʘʥ, 

ʈʦʩʩʠʷ, 19ï24 ʘʚʛ. 2019 ʛ. : ʘʥʥʦʪ. ʜʦʢʣ. / ʈʦʩ. ʥʘʮ. ʢʦʤ. ʧʦ ʪʝʦʨʝʪ. ʠ ʧʨʠʢʣ. 

ʤʝʭʘʥʠʢʝ [ʠ ʜʨ.]. ï ʋʬʘ : ʈʀʎ ɹʘʰɻʋ, 2019. ï ʉ. 87. 

6. ʇʝʨʤʠʥʦʚ, ɸ.ɺ. ʊʝʨʤʦʚʠʙʨʘʮʠʦʥʥʘʷ ʢʦʥʚʝʢʮʠʷ ʞʠʜʢʦʩʪʠ 

ʋʠʣʴʷʤʩʦʥʘ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʦʣʦʩʪʠ ʚ ʥʝʚʝʩʦʤʦʩʪʠ / ɸ.ɺ. ʇʝʨʤʠʥʦʚ, ʉ.ɸ. 

ʅʠʢʫʣʠʥʘ, ʊ.ʇ. ʃʶʙʠʤʦʚʘ // XII ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʩʲʝʟʜ ʧʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ 

ʧʨʦʙʣʝʤʘʤ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ: 19ï24 ʘʚʛ. 2019 ʛ., ʋʬʘ, 

ʈʝʩʧ. ɹʘʰʢʦʨʪʦʩʪʘʥ, ʈʦʩʩʠʷ: ʩʙ. ʪʨ. ɺ 4 ʪ. ʊ. 2. ʄʝʭʘʥʠʢʘ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʘ. / 

ʈʦʩ. ʥʘʮ. ʢʦʤ. ʧʦ ʪʝʦʨʝʪ. ʠ ʧʨʠʢʣ. ʤʝʭʘʥʠʢʝ [ʠ ʜʨ.]. ï ʋʬʘ : ʈʀʎ ɹʘʰɻʋ, 2019. 

ï ʉ. 209ï211. 

7. ʅʠʢʫʣʠʥʘ, ʉ.ɸ. ʊʝʨʤʦʚʠʙʨʘʮʠʦʥʥʘʷ ʢʦʥʚʝʢʮʠʷ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ 

ʞʠʜʢʦʩʪʠ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʦʣʦʩʪʠ / ʉ.ɸ. ʅʠʢʫʣʠʥʘ, ɸ.ɺ. ʇʝʨʤʠʥʦʚ, ʊ.ʇ. 

ʃʶʙʠʤʦʚʘ // ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢʘʭ : ʪʝʟʠʩʳ 

XXVIII ɺʩʝʨʦʩ. ʢʦʥʬ. / ʇʝʨʤ. ʥʘʮ. ʠʩʩʣʝʜ. ʧʦʣʠʪʝʭʥ. ʫʥ-ʪ [ʠ ʜʨ.]. ï ʇʝʨʤʴ : 

ʀʟʜ-ʚʦ ʇʅʀʇʋ, 2019. ï ʉ. 53. 

8. ʅʠʢʫʣʠʥʘ, ʉ.ɸ. ʊʝʨʤʦʚʠʙʨʘʮʠʦʥʥʘʷ ʢʦʥʚʝʢʮʠʷ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ 

ʞʠʜʢʦʩʪʠ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʦʣʦʩʪʠ / ʉ.ɸ. ʅʠʢʫʣʠʥʘ, ɸ.ɺ. ʇʝʨʤʠʥʦʚ, ʊ.ʇ. 
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ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʚʳʧʦʣʥʝʥ ʘʚʪʦʨʦʤ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠ ʠʟʣʦʞʝʥ ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ. ʌʦʨʤʫʣʠʨʦʚʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ, ʚʳʧʦʣʥʝʥ rʘʚʪʦʨʦʤ 

ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʨʝʪʴʝʡ, ʯʝʪʚʝʨʪʦʡ ʠ ʧʷʪʦʡ 

ʛʣʘʚʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʚʳʧʦʣʥʷʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ ɸ.ɺ. ʇʝʨʤʠʥʦʚʳʤ. ʈʝʟʫʣʴʪʘʪʳ, ʦʧʠʩʘʥʥʳʝ ʚ ʵʪʠʭ ʛʣʘʚʘʭ, 

ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʦʤ ʣʠʯʥʦ ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ [112 ï 128]. 

 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʦʜʝʨʞʘʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ ʩʧʝʮʠʘʣʴʥʦʩʪʠ, ʧʦ ʢʦʪʦʨʦʡ 

ʦʥʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʢ ʟʘʱʠʪʝ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.1.9 çʄʝʭʘʥʠʢʘ ʞʠʜʢʦʩʪʠ, ʛʘʟʘ ʠ ʧʣʘʟʤʳè ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʦʙʣʘʩʪʷʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʫʢʘʟʘʥʥʳʤ ʚ ʧʘʩʧʦʨʪʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ: ʧ. 2 

çʈʝʦʣʦʛʠʯʝʩʢʠʝ ʟʘʢʦʥʳ ʧʦʚʝʜʝʥʠʷ ʪʝʢʫʯʠʭ ʦʜʥʦʨʦʜʥʳʭ ʠ ʤʥʦʛʦʬʘʟʥʳʭ ʩʨʝʜ 

ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭè, ʧ. 4 çʃʘʤʠʥʘʨʥʳʝ ʠ ʪʫʨʙʫʣʝʥʪʥʳʝ 

ʪʝʯʝʥʠʷè, ʧ. 14 çɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴè, ʧ. 16 

çʊʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩ ʚ ʛʘʟʘʭ ʠ ʞʠʜʢʦʩʪʷʭè. 

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʨʘʙʦʪʳ. ʊʝʢʩʪ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪ rʩʦʩʪʦʠʪ ʠʟ 

ʚʚʝʜʝʥʠʷ, ʧʷʪʠ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʧʠʩʢʘ ʮʠʪʠʨʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, 

ʚʢʣʶʯʘʶʱʝʛʦ 111 ʥʘʠʤʝʥʦʚʘʥʠʡ. ʆʙʱʠʡ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 163 

ʩʪʨʘʥʠʮʳ, ʚʢʣʶʯʘʷ 49 ʨʠʩʫʥʢʦʚ ʠ 3 ʪʘʙʣʠʮ.r  
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ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ ï ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ 

ʇʈʆɹʃɽʄʓ 

Equation Chapter 1 Section 1 

1.1. ʂʦʥʚʝʢʮʠʷ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʦʣʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

ʚʠʙʨʘʮʠʡ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʠʙʨʘʮʠʠ ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʩʪʨʫʢʪʫʨʫ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʚ ʞʠʜʢʦʩʪʠ 

[1]. ʂʦʛʜʘ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʤʥʦʛʦ ʤʝʥʴʰʝ ʚʩʝʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʨʝʤʝʥ, 

ʘ ʘʤʧʣʠʪʫʜʘ ʩʤʝʱʝʥʠʷ ʚ ʥʝʢʦʪʦʨʦʤ ʩʤʳʩʣʝ ʤʘʣʘ, ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʤʝʪʦʜʘ ʦʩʨʝʜʥʝʥʠʷ [2], ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʟʘʤʢʥʫʪʫʶ ʩʠʩʪʝʤʫ 

ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʦʩʨʝʜʥʝʥʥʳʭ ʠ ʧʫʣʴʩʘʮʠʦʥʥʳʭ ʧʦʣʝʡ. ɺʳʚʦʜ ʫʨʘʚʥʝʥʠʡ 

ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʜʣʷ ʩʣʫʯʘʷ ʦʜʥʦʨʦʜʥʳʭ ʚʠʙʨʘʮʠʡ ʥʘ ʦʩʥʦʚʝ 

ʵʪʦʛʦ ʤʝʪʦʜʘ ʙʳʣ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥ ʉʠʤʦʥʝʥʢʦ ʀ.ɹ. ʠ ɿʝʥʴʢʦʚʩʢʦʡ ʉ.ʄ. [3]. 

ʊʝʨʤʦʚʠʙʨʘʮʠʦʥʥʘʷ ʢʦʥʚʝʢʮʠʷ ʧʨʠ ʦʜʥʦʨʦʜʥʳʭ ʚʠʙʨʘʮʠʷʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ ʙʳʣʘ ʠʟʫʯʝʥʘ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ [4 ï 12]. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ 

ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʡ 

ʢʦʥʚʝʢʮʠʠ ʧʨʠʚʝʜʝʥʦ ʚ ʤʦʥʦʛʨʘʬʠʠ [13].  

ʇʨʦʬʝʩʩʦʨ ɼ.ɺ. ʃʶʙʠʤʦʚ ʦʙʥʘʨʫʞʠʣ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʥʝʦʜʥʦʨʦʜʥʳʭ 

ʚʠʙʨʘʮʠʡ ʚʦʟʥʠʢʘʶʱʠʭ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʥʘʣʠʯʠʠ ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʝʡ, ʚ ʞʠʜʢʦʩʪʠ ʩ ʚʢʣʶʯʝʥʠʷʤʠ 

ʠʣʠ ʧʨʠ ʥʝʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʚʠʙʨʘʮʠʷʭ, ʧʨʠʤʝʥʝʥʠʝ ʧʨʠʙʣʠʞʝʥʠʷ ɹʫʩʩʠʥʝʩʢʘ 

ʜʣʷ ʚʳʚʦʜʘ ʫʨʘʚʥʝʥʠʡ ʦʩʨʝʜʥʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝʢʦʨʨʝʢʪʥʳʤ. ʆʥ 

ʨʘʟʨʘʙʦʪʘʣ ʪʝʦʨʠʶ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʧʨʠ ʥʝʦʜʥʦʨʦʜʥʳʭ 

ʚʠʙʨʘʮʠʷʭ ʠ ʚʠʙʨʘʮʠʷʭ ʦʙʱʝʛʦ ʚʠʜʘ ʠ ʨʘʩʩʤʦʪʨʝʣ ʨʷʜ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ 

ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʧʨʠ ʥʝʦʜʥʦʨʦʜʥʳʭ ʚʠʙʨʘʮʠʷʭ [14, 15]. 

ɺʠʙʨʘʮʠʠ ʥʝ ʪʦʣʴʢʦ ʚʣʠʷʶʪ ʥʘ ʢʦʥʚʝʢʪʠʚʥʳʝ ʪʝʯʝʥʠʷ, ʥʦ ʠ ʩʘʤʠ ʤʦʛʫʪ 

ʷʚʣʷʪʴʩʷ ʠʭ ʧʨʠʯʠʥʦʡ. ɺʠʙʨʘʮʠʦʥʥʦ-ʢʦʥʚʝʢʪʠʚʥʳʝ ʪʝʯʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʚʝʩʦʤʦʩʪʠ, ʢʦʛʜʘ ʚʠʙʨʘʮʠʠ ʷʚʣʷʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ, ʚʧʝʨʚʳʝ ʠʟʫʯʘʣʠʩʴ ʚ ʨʘʙʦʪʘʭ ɻ.ɿ. ɻʝʨʰʫʥʠ ʠ ɽ.ʄ. 

ɾʫʭʦʚʠʮʢʦʛʦ [16, 17]. ɺʣʠʷʥʠʝ ʚʠʙʨʘʮʠʡ ʥʘ ʢʦʥʚʝʢʮʠʶ ʥʴʶʪʦʥʦʚʩʢʦʡ 
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ʞʠʜʢʦʩʪʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʧʦʣʦʩʪʠ ʤʝʞʜʫ ʜʚʫʤʷ ʩʬʝʨʘʤʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʧʦʣʷ 

ʪʷʞʝʩʪʠ, ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚ [18]. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʳʝ (ʦʙʲʝʤʥʳʝ) ʠ ʰʣʠʭʪʠʥʛʦʚʩʢʠʝ (ʛʝʥʝʨʠʨʫʝʤʳʝ ʚ 

ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʷʭ) ʪʝʯʝʥʠʷ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʇʨʦʚʝʜʝʥʳ ʢʘʢ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ 

ɹʠʨʠʭʘ ʈ.ɺ. [19], ʚ ʧʣʦʩʢʦʤ ʩʣʦʝ ʞʠʜʢʦʩʪʠ ʩ ʧʨʦʜʦʣʴʥʳʤ ʛʨʘʜʠʝʥʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʣʠʥʝʡʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʠʙʨʘʮʠʷʭ 

ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʝ ʘʜʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ ʚʦʟʥʠʢʘʝʪ ʜʘʞʝ ʚ ʦʪʩʫʪʩʪʚʠʝ ʧʦʣʷ 

ʪʷʞʝʩʪʠ. ʉʪʨʫʢʪʫʨʘ ʚʦʟʥʠʢʘʶʱʝʛʦ ʪʝʯʝʥʠʷ ʙʣʠʟʢʘ ʢ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤʫ 

ʘʜʚʝʢʪʠʚʥʦʤʫ ʪʝʯʝʥʠʶ ʚ ʧʣʦʩʢʦʤ ʩʣʦʝ ʧʨʠ ʧʨʦʜʦʣʴʥʳʭ ʚʠʙʨʘʮʠʷʭ [20], ʠʣʠ 

ʢʦʥʚʝʢʪʠʚʥʦʤʫ ʪʝʯʝʥʠʶ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʩʣʦʝ ʩ ʥʘʢʣʦʥʥʳʤ ʛʨʘʜʠʝʥʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʘʢʠʭ ʪʝʯʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʠʙʨʘʮʠʡ. ɺ ʨʘʙʦʪʝ [21] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ 

ʧʦʧʝʨʝʯʥʳʝ ʚʠʙʨʘʮʠʠ ʧʦʚʳʰʘʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʘʜʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʪʚʝʨʜʳʤʠ ʧʣʦʩʢʦʩʪʷʤʠ ʧʨʠ ʚʩʝʭ ʟʥʘʯʝʥʠʷʭ 

ʯʠʩʣʘ ʇʨʘʥʜʪʣʷ, ʢʨʦʤʝ ʜʠʘʧʘʟʦʥʘ, ʚ ʢʦʪʦʨʦʤ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʚʳʟʳʚʘʝʪʩʷ 

ʩʧʠʨʘʣʴʥʦʡ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʤʦʜʦʡ. 

ʉ ʧʦʤʦʱʴʶ ʚʠʙʨʘʮʠʡ ʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʩʪʨʫʢʪʫʨʦʡ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʩʨʝʜʥʝʥʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ. ʕʪʦ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʘʥʦ 

ʚ ʨʘʙʦʪʝ [22], ʛʜʝ ʟʘʜʘʯʘ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ 

ʮʠʣʠʥʜʨʝ, ʟʘʧʦʣʥʝʥʥʦʤ ʞʠʜʢʦʩʪʴʶ ʩ ʢʚʘʜʨʘʪʠʯʥʳʤ ʟʘʢʦʥʦʤ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʣʦʪʥʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʘʥʘʣʠʪʠʯʝʩʢʠ ʨʝʰʝʥʘ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʠʣʳ ʪʷʞʝʩʪʠ ʠ ʦʩʠ ʢʦʣʝʙʘʥʠʡ.  

ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʞʠʜʢʦʩʪʠ, ʧʦʜʚʝʨʞʝʥʥʦʡ ʜʝʡʩʪʚʠʶ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʠʙʨʘʮʠʡ, ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʩʦʩʪʦʷʥʠʷ ʢʚʘʟʠʨʘʚʥʦʚʝʩʠʷ, 

ʚ ʢʦʪʦʨʳʭ ʩʨʝʜʥʝʝ ʪʝʯʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ, ʠʤʝʝʪʩʷ ʣʠʰʴ ʧʫʣʴʩʘʮʠʦʥʥʦʝ ʪʝʯʝʥʠʝ. 

ʋʩʣʦʚʠʷ ʢʚʘʟʠʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʠ ʞʠʜʢʦʩʪʝʡ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚ [13, 23 ï 25]. 

ɺʠʙʨʘʮʠʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʧʨʦʩʪʳʤ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʦʤ 

ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 
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ʚʳʨʘʱʠʚʘʥʠʝʤ ʢʨʠʩʪʘʣʣʦʚ, ʬʘʟʦʚʳʤ ʨʘʟʜʝʣʝʥʠʝʤ, ʫʧʨʘʚʣʝʥʠʝʤ ʧʦʣʦʞʝʥʠʝʤ 

ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʴ-ʚʦʟʜʫʭ ʠ ʞʠʜʢʦʩʪʴ-ʞʠʜʢʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ 

ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʦʩʪʦʤ 

ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʧʣʘʚʦʚ ʠ ʞʠʜʢʠʭ ʟʦʥ ʧʦʢʘʟʘʥʘ ʚ ʨʘʙʦʪʘʭ [26 ï 40]. 

ʆʜʥʦ ʠʟ ʧʝʨʚʳʭ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʦʙʦʜʥʦʡ ʪʝʧʣʦʚʦʡ ʢʦʥʚʝʢʮʠʠ 

(ʚ ʦʪʩʫʪʩʪʚʠʝ ʚʠʙʨʘʮʠʡ) ʚ ʟʘʤʢʥʫʪʦʡ ʧʦʣʦʩʪʠ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʊʘʨʫʥʠʥʳʤ 

ɽ.ʃ. [41]. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʢʦʥʚʝʢʪʠʚʥʳʝ ʪʝʯʝʥʠʷ ʚ ʢʚʘʜʨʘʪʥʦʡ 

ʧʦʣʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʩʣʫʯʘʷʭ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ (ʥʘʛʨʝʚ ʩʙʦʢʫ) ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ (ʧʦʜʦʛʨʝʚ ʩʥʠʟʫ) ʨʘʚʥʦʚʝʩʥʳʭ ʛʨʘʜʠʝʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ 

ʩʣʫʯʘʝ ʥʘʛʨʝʚʘ ʩʙʦʢʫ ʧʨʠ ʣʶʙʦʤ ʩʢʦʣʴ ʫʛʦʜʥʦ ʤʘʣʦʤ ʟʥʘʯʝʥʠʠ ʯʠʩʣʘ Gr 

(ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ) ʚ ʧʦʣʦʩʪʠ ʚʦʟʥʠʢʘʝʪ ʦʜʥʦʚʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ Gr ʧʨʠʦʙʨʝʪʘʝʪ ʧʦʛʨʘʥʩʣʦʡʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʮʝʥʪʨʝ ʧʦʣʦʩʪʠ 

ʬʦʨʤʠʨʫʝʪʩʷ ʤʘʣʦʧʦʜʚʠʞʥʦʝ ʷʜʨʦ, ʘ ʠʥʪʝʥʩʠʚʥʦʝ ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ 

ʟʘʤʳʢʘʝʪʩʷ ʚ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʷʭ, ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʪʚʝʨʜʳʤ ʩʪʝʥʢʘʤ. 

ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ ʧʨʠʚʦʜʠʪ ʢ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʢʦʣʝʙʘʥʠʡ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʧʦʣʦʩʪʠ.  

ɺ ʨʘʙʦʪʝ [42] ɹʘʪʯʝʣʦʨʘ (Batchelor) ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʨʠ 

ʩʪʨʝʤʣʝʥʠʠ ʯʠʩʣʘ ʈʝʣʝʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʷʜʨʦ ʪʝʯʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʤ ʩ ʚʝʣʠʯʠʥʦʡ ʙʝʟʨʘʟʤʝʨʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʚʥʦʡ 1/2 ʠ 

ʚʨʘʱʘʝʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʢʦʥʝʯʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʠʟ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ. ʉ ʛʠʧʦʪʝʟʦʡ ɹʘʪʯʝʣʦʨʘ ʩʦʛʣʘʩʫʶʪʩʷ 

ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʇʫʪʩʘ (Poots) [43]. ʅʝʢʦʪʦʨʳʝ ʚʳʚʦʜʳ 

ɹʘʪʯʝʣʦʨʘ ʠ ʇʫʪʩʘ ʦʙ ʦʙʱʠʭ ʪʝʥʜʝʥʮʠʷʭ ʨʘʟʚʠʪʠʷ ʢʦʥʚʝʢʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ ʚ 

ʟʘʤʢʥʫʪʳʭ ʧʦʣʦʩʪʷʭ ʧʦʜʪʚʝʨʜʠʣʠʩʴ ʚ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ [44, 

45] ʠ ʯʠʩʣʝʥʥʳʭ [46 ï 51] ʨʘʙʦʪʘʭ. ʆʜʥʘʢʦ, ʙʦʣʴʰʠʥʩʪʚʦ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʝʣʠ ʢ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʨʦʪʠʚʦʨʝʯʘʱʠʤ ʛʠʧʦʪʝʟʝ ɹʘʪʯʝʣʦʨʘ. 

ʆʥʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʷʜʨʝ ʭʦʪʷ ʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʥʦ ʥʝ ʜʦ 

ʥʫʣʷ, ʘ ʜʦ ʢʘʢʦʛʦ-ʪʦ ʢʦʥʝʯʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʘ ʩʢʦʨʦʩʪʠ ʚ ʷʜʨʝ ʩʪʨʝʤʷʪʩʷ ʢ ʥʫʣʶ. 
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ɺ [52] ʘʚʪʦʨʘʤʠ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʠʩʩʣʝʜʦʚʘʥʳ 

ʪʝʨʤʦʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʢʦʥʚʝʢʪʠʚʥʳʝ ʪʝʯʝʥʠʷ ʚ ʢʚʘʜʨʘʪʥʦʡ ʧʦʣʦʩʪʠ, 

ʧʦʜʦʛʨʝʚʘʝʤʦʡ ʩ ʙʦʢʫ, ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʯʠʩʣʘ ʇʨʘʥʜʪʣʷ Pr. ʂʘʢ 

ʠ ʚ [41] ʥʘʡʜʝʥʦ, ʯʪʦ ʧʨʠ Pr Ò 1 ʚ ʧʦʣʦʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʈʝʣʝʷ 

ʬʦʨʤʠʨʫʝʪʩʷ ʤʘʣʦʧʦʜʚʠʞʥʦʝ ʷʜʨʦ ʩ ʦʜʥʦʨʦʜʥʳʤ ʚʝʨʪʠʢʘʣʴʥʳʤ ʛʨʘʜʠʝʥʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʨʦʩʪ ʯʠʩʣʘ ʇʨʘʥʜʪʣʷ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʚʝʣʠʯʠʥʳ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʤʘʣʦʧʦʜʚʠʞʥʦʤ ʷʜʨʝ. 

ʂʦʣʝʙʘʥʠʡ ʧʨʠ ʙʦʣʴʰʠʭ ʯʠʩʣʘʭ ʈʝʣʝʷ, ʚ ʩʠʣʫ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʧʦʩʪʘʥʦʚʢʠ 

ʟʘʜʘʯʠ, ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʝ ʙʳʣʦ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʯʠʩʣʝʥʥʦ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʚ ʧʦʣʦʩʪʠ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ ʧʨʠ ʙʦʢʦʚʦʤ 

ʥʘʛʨʝʚʝ ʚ ʨʘʙʦʪʝ [53]. ɼʣʷ ʚʦʟʜʫʭʘ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 

ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʦʪ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʢ 

ʢʦʣʝʙʘʪʝʣʴʥʦʤʫ. 

ɺʠʙʨʘʮʠʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʤʝʭʘʥʠʟʤʦʚ ʛʝʥʝʨʘʮʠʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʯʝʥʠʷ. ɺ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʠ ʫʤʝʨʝʥʥʳʭ ʯʘʩʪʦʪ ʚʠʙʨʘʮʠʡ ʚʠʙʨʘʮʠʦʥʥʳʡ 

ʤʝʭʘʥʠʟʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʢʦʥʚʝʢʮʠʠ ʩʚʷʟʘʥ ʩ ʥʘʣʦʞʝʥʠʝʤ ʧʦʣʷ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ a ʥʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ g, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʤʦʜʫʣʷʮʠʠ 

ʧʦʜʲʸʤʥʦʡ ʩʠʣʳ. ʇʨʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʠʙʨʘʮʠʷʭ, ʢʦʛʜʘ ʚʨʝʤʝʥʘ ʧʫʣʴʩʘʮʠʡ 

ʤʥʦʛʦ ʤʝʥʴʰʝ ʭʘʨʘʢʪʝʨʥʳʭ ʚʷʟʢʠʭ ʚʨʝʤʝʥ, ʦʩʨʝʜʥʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ 

ʞʠʜʢʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚ ʥʠʭ ʤʘʩʩʦʚʦʡ ʦʩʨʝʜʥʝʥʥʦʡ ʚʠʙʨʘʮʠʦʥʥʦʡ 

ʩʠʣʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʠʙʨʘʮʠʠ ʷʚʣʷʶʪʩʷ ʥʝ ʟʘʚʠʩʠʤʳʤ ʤʝʭʘʥʠʟʤʦʤ 

ʛʝʥʝʨʘʮʠʠ ʢʦʥʚʝʢʮʠʠ, ʪ.ʝ. ʤʦʛʫʪ ʧʦʨʦʞʜʘʪʴ ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ ʜʘʞʝ ʚ 

ʦʪʩʫʪʩʪʚʠʝ ʧʦʣʷ ʪʷʞʝʩʪʠ [13]. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨ ʪʝʯʝʥʠʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʚʪʦʨʠʯʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʚʠʙʨʘʮʠʷʭ, 

ʥʘʛʨʝʚʘʝʤʦʡ ʩʥʠʟʫ ʢʚʘʜʨʘʪʥʦʡ ʧʦʣʦʩʪʠ ʩ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʴʶ ʧʨʦʚʝʜʝʥʦ 

ʚ ʨʘʙʦʪʝ [54]. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʪʨʝʭ ʟʥʘʯʝʥʠʡ Pr = 0.02; 1; ʠ 15. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʚʠʙʨʘʮʠʠ ʦʢʘʟʳʚʘʶʪ ʨʘʟʣʠʯʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ: ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʳʝ 



22 

 

ʦʢʘʟʳʚʘʶʪ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʫʚʝʣʠʯʝʥʠʝ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ 

ʈʵʣʝʷ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʦʨʦʛʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʧʣʦʪʴ ʜʦ ʠʭ ʧʦʣʥʦʡ 

ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ. ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʩʪʝʤʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʩʪʘʪʴʝ [55] ʜʣʷ ʟʥʘʯʝʥʠʡ 

ʯʠʩʣʘ ʈʝʣʝʷ: Ra=1; 104; 106 ʧʨʠ ʙʝʟʨʘʟʤʝʨʥʦʡ ʯʘʩʪʦʪʝ ʚʠʙʨʘʮʠʡ ʚ ʧʨʝʜʝʣʘʭ 

1é104.  ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʤʘʣʳʭ Ra ʜʦʤʠʥʠʨʫʝʪ ʚʠʙʨʘʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ 

ʛʝʥʝʨʘʮʠʠ ʪʝʯʝʥʠʷ, ʚʠʙʨʘʮʠʦʥʥʦʝ ʜʚʠʞʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʩʢʦʨʦʩʪʴ ʪʝʧʣʦʧʝʨʝʥʦʩʘ. ɼʣʷ Ra=106 ʧʨʝʦʙʣʘʜʘʝʪ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ, 

ʘ ʚʠʙʨʘʮʠʠ ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʩʠʣʝʥʠʶ ʪʝʧʣʦʧʝʨʝʥʦʩʘ.  

ɺ ʨʘʙʦʪʝ [56] ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʟʝʤʥʳʭ 

ʫʩʣʦʚʠʷʭ ʠ ʥʘ ʙʦʨʪʫ ʩʪʘʥʮʠʠ çʄʠʨè ʧʨʠʙʦʨʘ ɼɸʂʆʅ, ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʢʦʥʚʝʢʮʠʠ, ʚʳʟʚʘʥʥʦʡ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤʠ ʤʠʢʨʦʫʩʢʦʨʝʥʠʷʤʠ. ɺ 

ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ.  

ɺ ʨʘʙʦʪʝ [57] ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʚʠʙʨʘʮʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʘʤʠ 

ʥʘʢʣʦʥʘ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʠ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʧʦʣʦʩʪʠ ʠ ʩʣʦʝ. ʇʦʣʫʯʝʥʳ 

ʢʘʨʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʞʠʤʦʚ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʥʘ ʧʣʦʩʢʦʩʪʠ PrÖGv - Ra. 

ɺ ʨʘʙʦʪʝ [58] ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʚʠʙʨʘʮʠʡ ʥʘ ʢʦʥʚʝʢʮʠʶ ʥʴʶʪʦʥʦʚʩʢʦʡ 

ʞʠʜʢʦʩʪʠ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʷʯʝʡʢʝ ʍʝʣʝ-ʐʦʫ, ʥʘʛʨʝʚʘʝʤʦʡ ʩʥʠʟʫ ʠ 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʦʜʥʦʨʦʜʥʦʤ ʧʦʣʝ ʪʷʞʝʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʝ ʤʘʩʣʦ. ɺʨʝʤʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʨʝʞʠʤʘ ʦʮʝʥʠʚʘʣʦʩʴ ʧʦ ʭʘʨʘʢʪʝʨʥʳʤ ʚʨʝʤʝʥʘʤ ʨʝʣʘʢʩʘʮʠʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʠ ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 1,5 ʯ; 

ʚʨʝʤʷ ʚʳʭʦʜʘ ʥʘ ʫʩʪʦʡʯʠʚʳʡ ʨʝʞʠʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩʦʩʪʘʚʠʣʦ ʙʦʣʝʝ ʜʚʫʭ 

ʯʘʩʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʚʠʙʨʘʮʠʠ ʩʥʠʞʘʶʪ ʧʦʨʦʛ 

ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʆʧʨʝʜʝʣʝʥʳ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʫʩʪʦʡʯʠʚʳʭ ʠ ʥʝʫʩʪʦʡʯʠʚʳʭ ʨʝʞʠʤʦʚ ʚʠʙʨʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ. 

ʅʘʡʜʝʥʳ ʥʦʚʳʝ ʫʩʪʦʡʯʠʚʳʝ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʝ ʨʝʞʠʤʳ, ʢʦʪʦʨʳʝ ʥʘʟʚʘʥʳ 

ʚʠʙʨʘʮʠʦʥʥʳʤʠ ʧʦʪʦʢʘʤʠ.  
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ɽʱʝ ʦʜʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʡ 

ʢʦʥʚʝʢʮʠʠ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʠ 

ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʙʦʪʝ [9]. ʀʟʫʯʝʥʦ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʚ ʨʘʟʣʠʯʥʳʭ ʧʣʦʩʢʦʩʪʷʭ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʝʨʝʥʦʩ ʪʝʧʣʘ, ʦʙʥʘʨʫʞʝʥ ʧʨʠ ʚʠʙʨʘʮʠʷʭ ʚ 

ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʡ ʛʨʘʚʠʪʘʮʠʠ, ʪʦʛʜʘ ʢʘʢ ʚ ʦʪʩʫʪʩʪʚʠʠ ʚʠʙʨʘʮʠʡ ʦʥ ʩʣʘʙʝʝ, ʘ ʧʨʠ 

ʥʦʨʤʘʣʴʥʦʡ ʛʨʘʚʠʪʘʮʠʠ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣ, ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʚʳʚʦʜʘʤʠ [55]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʡ 

ʢʦʥʚʝʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʠ ʧʨʠʚʝʜʝʥʦ ʚ [59]. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʩʚʷʟʘʥʦ ʩ ʫʩʨʝʜʥʝʥʥʳʤ ʪʝʯʝʥʠʝʤ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʢʦʪʦʨʦʛʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʠʙʨʘʮʠʦʥʥʦʤʫ ʫʩʢʦʨʝʥʠʶ. ʈʝʟʫʣʴʪʘʪʳ 

ʪʨʝʭʤʝʨʥʦʛʦ ʧʨʷʤʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʜʚʫʤʝʨʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʦʩʨʝʜʥʝʥʥʳʭ ʫʨʘʚʥʝʥʠʷʭ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʡ 

ʢʦʥʚʝʢʮʠʠ, ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ.  

ʉʚʦʠʤʠ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʨʘʙʦʪʘʤʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʠʟʫʯʝʥʠʝ 

ʚʠʙʨʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚʥʝʩʣʠ ʫʯʝʥʳʝ ʇʝʨʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʛʫʤʘʥʠʪʘʨʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩʩʦʨʘ 

ʂʦʟʣʦʚʘ ɺ.ɻ. [60 ï 63]. ʊʘʢ ʚ ʨʘʙʦʪʝ [60] ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʫʯʘʣʘʩʴ ʚʣʠʷʥʠʝ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʚʠʙʨʘʮʠʡ ʥʘ ʢʦʥʚʝʢʮʠʶ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʩʣʦʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

Gv~Gr ʚʠʙʨʘʮʠʠ ʥʝ ʚʣʠʷʶʪ ʥʘ ʪʝʧʣʦʧʝʨʝʥʦʩ, ʜʘʣʝʝ ʧʦʪʦʢ ʪʝʧʣʘ ʣʠʥʝʡʥʦ ʨʘʩʪʝʪ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ Gv, ʨʝʟʢʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʨʘʟʚʠʪʠʠ ʚʠʙʨʘʮʠʦʥʥʳʭ ʚʠʭʨʝʡ. ɻʨʘʚʠʪʘʮʠʦʥʥʘʷ ʢʦʥʚʝʢʮʠʷ ʠʛʨʘʝʪ ʨʦʣʴ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʬʘʢʪʦʨʘ: ʨʘʟʚʠʪʠʝ ʚʠʙʨʘʮʠʦʥʥʳʭ ʚʠʭʨʝʡ ʧʨʦʠʩʭʦʜʠʪ ʪʝʤ 

ʧʦʟʞʝ, ʯʝʤ ʚʳʰʝ ʯʠʩʣʦ ɻʨʘʩʛʦʬʘ.  

ɺ ʨʘʙʦʪʝ [61] ʤʝʪʦʜʦʤ ʦʩʨʝʜʥʝʥʠʷ ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʚʠʙʨʘʮʠʦʥʥʦʡ 

ʢʦʥʚʝʢʮʠʠ ʚ ʧʦʣʦʩʪʠ, ʩʦʚʝʨʰʘʶʱʝʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʚʨʘʱʘʪʝʣʴʥʳʝ ʢʘʯʘʥʠʷ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʪʘʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʠʙʨʘʮʠʡ ʩʠʣʘ ʂʦʨʠʦʣʠʩʘ ʚʳʧʦʣʥʷʝʪ 

ʨʦʣʴ ʢʦʥʚʝʢʪʠʚʥʦʡ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ. 

ɺ ʨʘʙʦʪʝ [62] ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʫʯʘʝʪʩʷ ʚʦʣʥʦʚʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʩʣʦʝ, 

ʧʦʜʚʝʨʞʝʥʥʦʤ ʜʝʡʩʪʚʠʶ ʚʝʨʪʠʢʘʣʴʥʳʭ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʠʙʨʘʮʠʡ. 
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ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʠʙʨʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪ ʧʨʝʜʝʣ ʚʦʣʥʦʚʦʡ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʘ ʧʝʨʠʦʜ ʦʩʮʠʣʣʷʮʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ ʈʵʣʝʷ.  

ɺ ʨʘʙʦʪʝ [63] ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ, 

ʚʦʟʙʫʞʜʘʝʤʳʭ ʩʬʝʨʠʯʝʩʢʠʤ ʷʜʨʦʤ, ʢʦʣʝʙʣʶʱʠʤʩʷ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ 

ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʝʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ 

ʷʜʨʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚʩʝʛʜʘ ʧʨʦʷʚʣʷʶʪʩʷ ʧʦ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ 

ʩʮʝʥʘʨʠʶ ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʚʫʤʝʨʥʳʭ ʚʠʭʨʝʡ ʦʢʦʣʦ ʦʩʠ ʚʨʘʱʝʥʠʷ, ʨʘʟʚʠʪʠʝ 

ʚʦʣʥ ʈʦʩʩʙʠ ʠ, ʥʘʢʦʥʝʮ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʘʣʦʚ.  

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʦ ʚʣʠʷʥʠʠ ʚʠʙʨʘʮʠʡ ʥʘ ʢʦʥʚʝʢʪʠʚʥʳʝ ʪʝʯʝʥʠʷ 

ʞʠʜʢʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ, ʫʧʨʘʚʣʷʶʱʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚʠʙʨʘʮʠʡ, 

ʚʳʙʠʨʘʝʪʩʷ ʚʠʙʨʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ɻʨʘʩʛʦʬʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʶ 

ʘʤʧʣʠʪʫʜʳ ʩʢʦʨʦʩʪʠ ʚʠʙʨʘʮʠʡ ʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ aɤɓŪ. ʊʘʢʦʡ ʚʳʙʦʨ 

ʟʘʢʦʥʦʤʝʨʝʥ ʧʨʠ ʠʟʫʯʝʥʠʠ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʳʭ ʪʝʯʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ 

ʥʝʚʝʩʦʤʦʩʪʠ, ʢʦʛʜʘ ʝʜʠʥʩʪʚʝʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʛʝʥʝʨʘʮʠʠ ʢʦʥʚʝʢʮʠʠ ʷʚʣʷʝʪʩʷ 

ʦʩʨʝʜʥʝʥʥʘʷ ʚʠʙʨʘʮʠʦʥʥʘʷ ʩʠʣʘ, ʭʘʨʘʢʪʝʨʥʘʷ ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʨʦʠʟʚʝʜʝʥʠʝʤ aɤɓŪ. 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

ʚʠʙʨʘʮʠʡ ʥʘ ʩʚʦʙʦʜʥʫʶ ʢʦʥʚʝʢʮʠʶ ʞʠʜʢʦʩʪʠ ʚ ʟʘʤʢʥʫʪʦʡ ʧʦʣʦʩʪʠ ʚ ʧʦʣʝ 

ʪʷʞʝʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, ʧʦʨʦʞʜʘʶʱʠʤ ʢʦʥʚʝʢʪʠʚʥʦʝ 

ʪʝʯʝʥʠʝ, ʷʚʣʷʝʪʩʷ ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ ɸʨʭʠʤʝʜʘ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ gɓŪ. ʇʘʨʘʤʝʪʨʦʤ, ʫʧʨʘʚʣʷʶʱʠʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʢʦʥʚʝʢʮʠʠ, ʧʦʨʦʞʜʘʝʤʦʡ ʧʦʜʲʝʤʥʦʡ ʩʠʣʦʡ, ʷʚʣʷʝʪʩʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 

ɻʨʘʩʛʦʬʘ. ʉʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʯʠʩʝʣ ɻʨʘʩʛʦʬʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʯʝʪʢʦ ʨʘʟʜʝʣʠʪʴ ʚʠʙʨʘʮʠʦʥʥʳʡ ʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤʳ ʛʝʥʝʨʘʮʠʠ ʢʦʥʚʝʢʮʠʠ, ʪ.ʢ. ʦʙʘ ʙʝʟʨʘʟʤʝʨʥʳʭ 

ʢʨʠʪʝʨʠʷ ʩʦʜʝʨʞʘʪ ʧʘʨʘʤʝʪʨ ɓŪ. ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʨʘʟʫʤʥʳʤ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʩʠʩʪʝʤʫ ʩ ʧʦʤʦʱʴʶ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ V, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʦʪʥʦʰʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʢ 
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ʫʩʢʦʨʝʥʠʶ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ 
2a gw  ʠ ʥʝ ʩʦʜʝʨʞʘʱʝʛʦ ɓŪ. ʇʦʭʦʞʠʡ 

ʧʘʨʘʤʝʪʨ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʘʥʝʝ ʚ ʨʘʙʦʪʝ [64] ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʣʠʷʥʠʷ 

ʚʠʙʨʘʮʠʡ ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʦʥʚʝʢʮʠʠ ʚ ʜʚʫʭʩʣʦʡʥʦʡ ʩʠʩʪʝʤʝ ʯʠʩʪʘʷ 

ʞʠʜʢʦʩʪʴ-ʧʦʨʠʩʪʘʷ ʩʨʝʜʘ, ʥʘʩʳʱʝʥʥʘʷ ʪʦʡ ʞʝ ʞʠʜʢʦʩʪʴʶ, ʠ ʚ ʨʘʙʦʪʝ [65], ʛʜʝ 

ʠʟʫʯʘʣʦʩʴ ʚʣʠʷʥʠʝ ʚʠʙʨʘʮʠʡ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʛʦ ʪʝʯʝʥʠʷ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʙʝʩʢʦʥʝʯʥʦʤ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʩʣʦʝ, ʦʛʨʘʥʠʯʝʥʥʦʤ ʪʚʝʨʜʳʤʠ ʠʜʝʘʣʴʥʦ ʪʝʧʣʦʧʨʦʚʦʜʥʳʤʠ 

ʛʨʘʥʠʮʘʤʠ, ʧʦʜʜʝʨʞʠʚʘʝʤʳʤʠ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 

1.2. ʂʦʥʚʝʢʮʠʷ ʥʝʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʦʣʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʠʙʨʘʮʠʡ 

ʀʟ ʚʩʝʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʥʝʥʴʶʪʦʥʦʚʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʢʣʘʩʩ ʦʙʦʙʱʸʥʥʳʭ ʥʴʶʪʦʥʦʚʩʢʠʭ ʞʠʜʢʦʩʪʝʡ [66], ʧʨʠ ʜʚʠʞʝʥʠʠ ʢʦʪʦʨʳʭ 

ʚʷʟʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʜʥʦʟʥʘʯʥʦʡ ʬʫʥʢʮʠʝʡ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ. ɼʣʷ 

ʦʧʠʩʘʥʠʷ ʦʙʦʙʱʸʥʥʳʭ ʥʴʶʪʦʥʦʚʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ 

ʨʝʦʣʦʛʠʠ ʠ ʫʩʣʦʚʠʡ ʜʚʠʞʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, 

ʪʘʢʠʝ ʢʘʢ: ʐʚʝʜʦʚʘ-ɹʠʥʛʘʤʘ (Shvedov-Bingham) [67, 68]; ʋʠʣʴʷʤʩʦʥʘ 

(Williamson) [69]; ʆʩʚʘʣʴʜʘ-ʜʝ ɺʠʣʷ (Ostwald-de Waele) [70 ï 72]; ɻʝʨʰʝʣʷ-

ɹʘʣʢʣʠ (Herschel-Bulkley) [73]. 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʚʥʦʚʝʩʠʷ 

ʠ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʚ ʥʝʥʴʶʪʦʥʦʚʩʢʠʭ ʞʠʜʢʦʩʪʷʭ ʥʘʯʘʣʦʩʴ ʚ ʥʘʯʘʣʝ 70-ʝ 

ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ. ɺ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ, ʢʘʩʘʶʱʠʭʩʷ ʢʦʥʚʝʢʮʠʠ 

ʥʝʥʴʶʪʦʥʦʚʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʪʦʣʴʢʦ ʩʚʦʙʦʜʥʘʷ ʢʦʥʚʝʢʮʠʷ ʠ 

ʧʨʠʥʠʤʘʣʘʩʴ ʚ ʨʘʩʯʸʪ ʥʝʣʠʥʝʡʥʘʷ ʚʷʟʢʦʩʪʴ ʩʨʝʜʳ. 

ɺ ʤʦʥʦʛʨʘʬʠʠ [74] ʘʥʘʣʠʟʠʨʫʶʪʩ ̫ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʝʡ, ʢʦʪʦʨʳʝ 

ʦʧʠʩʳʚʘʶʪʩʷ ʩʪʝʧʝʥʥʦʡ ʨʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ. ɸʚʪʦʨʘʤʠ ʧʦʣʫʯʝʥʳ 

ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʠ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʪʘʢʠʭ ʞʠʜʢʦʩʪʝʡ ʚ ʧʨʠʙʣʠʞʝʥʠʠ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʠ ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʚʳʭ 

ʟʘʜʘʯ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ. ɺ [75] ʨʘʩʩʤʦʪʨʝʥ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩ ʚ 
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ʞʠʜʢʦʩʪʠ, ʦʧʠʩʳʚʘʝʤʦʡ ʩʪʝʧʝʥʥʦʡ ʤʦʜʝʣʴʶ ʆʩʚʘʣʴʜʘ-ʜʝ ɺʠʣʷ, ʟʘʢʣʶʯʸʥʥʦʡ 

ʤʝʞʜʫ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʧʣʦʩʢʦʩʪʷʤʠ ʩ ʟʘʜʘʥʥʳʤ ʧʝʨʝʧʘʜʦʤ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʯʠʩʣʦʤ ʅʫʩʩʝʣʴʪʘ Nu, ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʧʦʣʫʯʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ( )
( )1 3 2

Nu Gr Pr
n

nC
+

= Ö , ʟʜʝʩʴ n - ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ 

ʥʝʥʴʶʪʦʥʦʚʦʩʪʠ, ʉ - ʥʝʢʦʪʦʨʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʯʝʪʦʚ. ɺ ʨʘʙʦʪʝ [76] ʯʠʩʣʝʥʥʦ ʠʩʩʣʝʜʦʚʘʣʠ ʜʚʠʞʝʥʠʝ 

ʞʠʜʢʦʩʪʠ ʆʩʚʘʣʴʜʘ-ʜʝ ɺʠʣʷ ʚ ʰʠʨʦʢʠʭ ʜʠʘʧʘʟʦʥʘʭ ʯʠʩʝʣ ʇʨʘʥʜʪʣʷ 

Pr Í [5; 12500] ʠ ʧʦʢʘʟʘʪʝʣʷ ʥʝʥʴʶʪʦʥʦʚʦʩʪʠ n Í [0,4; 1,0]. ɼʣʷ ʞʠʜʢʦʩʪʝʡ ʩ 

ʯʠʩʣʦʤ ʇʨʘʥʜʪʣʷ Pr < 103 ʧʦʢʘʟʘʪʝʣʴ ʥʝʥʴʶʪʦʥʦʚʦʩʪʠ n ʦʢʘʟʳʚʘʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʨʝʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ. ʉʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʤʘʣʳʝ 

ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʧʨʦʬʠʣʠ ʩʢʦʨʦʩʪʝʡ ʚʦ ʚʥʝʰʥʝʡ ʯʘʩʪʠ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʠ ʤʘʣʦ ʚʣʠʷʶʪ ʥʘ ʣʦʢʘʣʴʥʳʡ ʪʝʧʣʦʦʙʤʝʥ. 

ɺʷʟʢʦʩʪʴ ʥʝʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʥʝ ʪʦʣʴʢʦ 

ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ, ʥʦ ʠ ʪʝʤʧʝʨʘʪʫʨʳ; ʚʘʞʥʦʩʪʴ ʵʪʦʛʦ ʬʘʢʪʘ ʧʦʢʘʟʘʥʘ ʚ [68]. ɺ 

[77] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʥʝʣʠʥʝʡʥʦ-ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ 

ʥʝʢʦʪʦʨʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʢʦʥʚʝʢʪʠʚʥʳʭ ʨʝʞʠʤʦʚ. ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ 

ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʨʝʞʠʤʘʤʠ. ʇʨʠ 

ʊ > Tʢʨ ʚʷʟʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʦʜʲʝʤʥʦʡ ʩʠʣʦʡ, 

ʧʨʝʚʳʰʘʶʪ ʧʨʝʜʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ, ʵʪʦʤ ʩʣʫʯʘʝ ʞʠʜʢʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ 

ʬʘʢʪʠʯʝʩʢʠ ʥʴʶʪʦʥʦʚʩʢʦʡ. 

ʉʚʦʙʦʜʥʦʡ ʢʦʥʚʝʢʮʠʠ ʥʝʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʣʦʩʢʦʡ ʪʨʝʫʛʦʣʴʥʦʡ 

ʧʦʣʦʩʪʠ ʧʦʩʚʷʱʝʥʘ ʨʘʙʦʪʘ [78]. ɺ ʥʝʡ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʥʝʨʘʟʨʳʚʥʦʩʪʠ, ʠʤʧʫʣʴʩʘ ʠ 

ʵʥʝʨʛʠʠ, ʫʧʨʘʚʣʷʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ ʯʠʩʣʦ ʈʵʣʝʷ (Ra = 104 ī 106), 

ʯʠʩʣʦ ʪʝʢʫʯʝʩʪʠ (Y = 0 ī Ymax), ʘʩʧʝʢʪʥʦʝ ʦʪʥʦʰʝʥʠʝ (H/L = 0.5 ī 2.5) ʠ ʫʛʦʣ 

ʥʘʢʣʦʥʘ (  ɲ= 0 ï ˊ) ʧʦʣʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʞʠʜʢʦʩʪʠ 

ʚ ʪʘʢʦʡ ʛʝʦʤʝʪʨʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʪʝʧʣʦʧʝʨʝʜʘʯʫ. 
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ɺ ʨʘʙʦʪʘʭ [25, 79] ʠʟʫʯʝʥʳ ʤʝʭʘʥʠʟʤʳ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʩʣʦʷʭ 

ʥʝʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʨʘʟʣʠʯʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. 

ʇʦʢʘʟʘʥʦ ʯʪʦ ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʯʠʩʣʘ ʇʨʘʥʜʪʣʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ 

ʦʙʫʩʣʦʚʣʝʥʘ ʤʦʥʦʪʦʥʥʳʤʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ, ʘ ʧʨʠ ʯʠʩʣʘʭ 

ʇʨʘʥʜʪʣʷ, ʧʨʝʚʳʰʘʶʱʠʭ ʥʝʢʦʪʦʨʦʝ ʟʥʘʯʝʥʠʝ ï ʪʝʧʣʦʚʳʤʠ ʚʦʣʥʘʤʠ. 

ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʯʠʩʣʘ ʇʨʘʥʜʪʣʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ 

ʤʝʭʘʥʠʟʤʘ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʚʷʟʢʦʩʪʠ ʧʨʠ ʤʘʣʳʭ 

ʩʢʦʨʦʩʪʷʭ ʩʜʚʠʛʘ.  

ʋʩʣʦʚʠʷ ʢʚʘʟʠʨʘʚʥʦʚʝʩʠʷ ʠ ʞʝʩʪʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʦʙʱʝʥʥʳʭ 

ʥʴʶʪʦʥʦʚʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʚ ʥʝʚʝʩʦʤʦʩʪʠ ʦʧʠʩʘʥʳ ʚ [25]. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʞʝʩʪʢʦʝ ʩʦʩʪʦʷʥʠʝ ʪʘʢʠʭ ʞʠʜʢʦʩʪʝʡ ʚ ʥʘʢʣʦʥʥʦʤ ʩʣʦʝ ʚʦʟʤʦʞʥʦ ʚ 

ʥʝʚʝʩʦʤʦʩʪʠ ʠʣʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʦʚʧʘʜʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʡ ʚʠʙʨʘʮʠʠ, 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʠ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʥʝʚʝʩʦʤʦʩʪʠ ʞʝʩʪʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʘʙʩʦʣʶʪʥʦ ʫʩʪʦʡʯʠʚʦ. 

ɺ ʨʘʙʦʪʝ [80] ʥʘ ʦʩʥʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʡ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʜʣʷ 

ʩʣʫʯʘʷ ʥʝʚʝʩʦʤʦʩʪʠ ʨʝʰʝʥʘ ʣʠʥʝʡʥʘʷ ʟʘʜʘʯʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʚʘʟʠʨʘʚʥʦʚʝʩʠʷ 

ʙʝʩʢʦʥʝʯʥʦʛʦ ʩʣʦʷ ʞʠʜʢʦʩʪʠ ʋʠʣʴʷʤʩʦʥʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʚʜʦʣʴ ʩʣʦʷ ʚʦʟʤʫʱʝʥʠʡ. ʏʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʦʩʠ ʚʠʙʨʘʮʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʦʷ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤʠ ʷʚʣʷʶʪʩʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʥʦʪʦʥʥʳʝ 

ʚʦʟʤʫʱʝʥʠʷ. ʋʩʠʣʝʥʠʝ ʚʷʟʢʦʧʣʘʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʞʠʜʢʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ 

ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʚʩʝʭ ʫʛʣʘʭ ʥʘʢʣʦʥʘ ʦʩʠ ʚʠʙʨʘʮʠʡ. 

ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʇʨʘʥʜʪʣʷ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ.  

ɺ ʩʪʘʪʴʷʭ [71, 72] ʨʘʩʩʤʦʪʨʝʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ 

ʥʝʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʩʣʦʝ ʥʘ ʧʨʠʤʝʨʝ ʩʪʝʧʝʥʥʦʡ 

ʪʨʝʭʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʨʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʛʜʝ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʩʪʝʧʝʥʥʦʡ ʤʦʜʝʣʠ ʆʩʚʘʣʴʜʘ-ʜʝ ɺʠʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʨʝʛʫʣʷʨʠʟʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʧʨʠ ʥʫʣʝʚʦʡ ʩʢʦʨʦʩʪʠ 

ʩʜʚʠʛʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʩʠʣʝʥʠʝ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʞʠʜʢʦʩʪʝʡ 
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ʦʢʘʟʳʚʘʝʪ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ, ʘ ʫʩʠʣʝʥʠʝ ʜʠʣʘʪʘʥʪʥʳʭ ʩʚʦʡʩʪʚ, 

ʥʘʦʙʦʨʦʪ, ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʪʝʯʝʥʠʝ.  

ʀʤʝʶʪʩʷ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʢ 

ʩʭʦʜʥʳʤ ʩʠʩʪʝʤʘʤ ʨʘʟʣʠʯʥʳʭ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʊʘʢ ʚ ʨʘʙʦʪʝ [81] 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʳ ʢʚʘʟʠʪʚʝʨʜʳʭ ʟʦʥ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ɻʝʨʰʝʣʷïɹʘʣʢʣʠ ʧʨʠ ʯʠʩʣʘʭ ʈʝʣʝʷ, ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʳʰʘʶʱʠʭ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʙʣʠʟʢʠ ʢ ʪʘʢʦʚʳʤ, ʨʘʩʩʯʠʪʘʥʥʳʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʐʚʝʜʦʚʘïɹʠʥʛʘʤʘ ʚ [69]. ɺ ʮʠʢʣʝ ʨʘʙʦʪ ʄʘʪʚʠʝʥʢʦ 

ʆ.ɺ. ʠ ʃʠʪʚʠʥʦʚʦʡ ɸ.ɽ. [73, 82, 83] ʠʟʫʯʝʥʳ ʫʩʪʘʥʦʚʠʚʰʠʝʩʷ ʪʝʯʝʥʠʷ ʩʨʝʜ, 

ʦʧʠʩʳʚʘʝʤʳʭ ʨʘʟʣʠʯʥʳʤʠ ʨʝʦʣʦʛʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ. ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʪʝʯʝʥʠʷ 

ʟʘʢʨʫʯʝʥʥʳʭ ʧʦʪʦʢʦʚ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʢʘʥʘʣʝ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ [73], 

ʜʠʣʘʪʘʥʪʥʦʡ [82] ʠ ʪʝʨʤʦʚʷʟʢʦʡ [83] ʞʠʜʢʦʩʪʝʡ. ʇʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʘʷ ʠ 

ʜʠʣʘʪʘʥʪʘʷ ʞʠʜʢʦʩʪʠ ʦʧʠʩʳʚʘʣʠʩʴ ʨʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ɻʝʨʰʝʣʷ-ɹʘʣʢʣʠ, 

ʪʝʨʤʦʚʷʟʢʘʷ ʞʠʜʢʦʩʪʴ ʤʦʜʝʣʴʶ ʉʠʩʢʦ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ 

ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʨʝʜʳ ʧʨʠʚʦʜʷʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʧʝʨʝʧʘʜʘ 

ʜʘʚʣʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʪʦʢʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʨʘʟʨʫʰʝʥʠʝʤ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʩʨʝʜʳ, ʦʧʨʝʜʝʣʷʶʱʝʡ 

ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ.  

ɺ ʨʘʙʦʪʝ [84] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʚʷʟʢʦʩʪʠ 

(ʧʨʦʩʪʝʡʰʘʷ ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ɹʝʨʢʦʚʝʨʘ ʠ ʀʥʛʣʝʤʘʥʘ ʠ ʤʦʜʝʣʴ 

ʇʘʧʘʥʘʩʪʘʩʠʦʫ), ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʝʯʝʥʠʷʤ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ 

(n = 0.6) ʚ ʢʚʘʜʨʘʪʥʦʡ ʧʦʣʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʧʦʣʝʚʦʛʦ ʤʝʪʦʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʜʘʥʥʳʤʠ 

ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʠʟʥʘʥʘ ʤʦʜʝʣʴ ɹʝʨʢʦʚʝʨʘ ʠ ʀʥʛʣʝʤʘʥʘ, ʚ 

ʢʦʪʦʨʦʡ ʵʬʬʝʢʪʠʚʥʘʷ ʚʷʟʢʦʩʪʴ ɛeff ʟʘʜʘʸʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

()( )
1

2 2

n

eff
ɸ

-

m = +e, ʛʜʝ ɸ - ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ, e - 

ʧʘʨʘʤʝʪʨ ʨʝʛʫʣʷʨʠʟʘʮʠʠ (Ů = 0.01).  
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ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʳ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʥʝʥʴʶʪʦʥʦʚʩʢʠʤ ʞʠʜʢʦʩʪʷʤ. ʊʘʢ ʚ 

[69] ʚʧʝʨʚʳʝ ʚ ʨʘʤʢʘʭ ʨʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʋʠʣʴʷʤʩʦʥʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ, ʩʚʷʟʳʚʘʶʱʝʝ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʯʠʩʣʘ ʈʵʣʝʷ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʚʦʟʥʠʢʘʝʪ ʢʦʥʚʝʢʮʠʷ ʣʠʥʝʡʥʦ-ʚʷʟʢʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ɹʠʥʛʘʤʘ, 

ʠ ʧʨʝʜʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ, ʘ ʚ [85] ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʜʚʘ ʚʘʨʠʘʮʠʦʥʥʳʭ 

ʧʨʠʥʮʠʧʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʡ ʯʠʩʣʘ ʈʵʣʝʷ ʠ ʬʦʨʤʳ 

ʢʚʘʟʠʪʚʝʨʜʳʭ ʟʦʥ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʢʦʥʚʝʢʮʠʠ ʚ ʚʷʟʢʦʧʣʘʩʪʠʯʝʩʢʦʡ 

ʞʠʜʢʦʩʪʠ ɹʠʥʛʘʤʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʦʣʦʩʪʠ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʪʦʨʦʥ.  

ɺ [86] ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʠʣʠ ʜʠʣʘʪʘʥʪʥʦʡ ʞʠʜʢʦʩʪʷʤʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʧʣʦʦʙʤʝʥʘ, ʦʪ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ.  

ʇʨʠʙʣʠʞʸʥʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʚ ʩʣʦʝ ʞʠʜʢʦʩʪʠ 

ʋʠʣʴʷʤʩʦʥʘ, ʧʦʤʝʱʸʥʥʦʤ ʤʝʞʜʫ ʜʚʫʤʷ ʦʩʮʠʣʣʠʨʫʶʱʠʤʠ ʧʣʦʩʢʦʩʪʷʤʠ 

ʧʦʣʫʯʝʥʦ ʚ ʨʘʙʦʪʝ [87]. ʈʝʰʝʥʠʝ, ʟʘʧʠʩʘʥʥʦʝ ʜʣʷ ʩʣʫʯʘʷ ʣʘʤʠʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ, 

ʫʯʠʪʳʚʘʝʪ ʧʘʨʘʤʝʪʨʳ ʞʠʜʢʦʩʪʠ ʋʠʣʴʷʤʩʦʥʘ, ʪʦʣʱʠʥʫ ʩʣʦʷ, ʧʝʨʝʧʘʜ 

ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʫ, ʯʘʩʪʦʪʫ ʚʠʙʨʘʮʠʡ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʚʝʨʠʬʠʢʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

ɺ ʨʘʙʦʪʝ [88] ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ, ʪʝʧʣʦʚʳʭ, 

ʚʠʙʨʘʮʠʦʥʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʜʚʠʞʝʥʠʝ ʪʦʥʢʦʛʦ ʩʣʦʷ 

ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʋʠʣʴʷʤʩʦʥʘ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦ 

ʚʠʙʨʠʨʫʶʱʝʡ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʧʦʤʝʱʸʥʥʦʡ ʚ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ɸʚʪʦʨʳ 

ʥʘʙʣʶʜʘʣʠ ʩʥʘʯʘʣʘ ʩʠʥʭʨʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʣʸʥʢʠ ʚ ʮʝʣʦʤ ʩ ʚʠʙʨʠʨʫʶʱʠʤ 

ʦʩʥʦʚʘʥʠʝʤ, ʟʘʪʝʤ - ʥʘʨʘʩʪʘʥʠʝ ʢʦʣʝʙʘʥʠʡ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʨʘʙʦʪʝ [89] ʘʥʘʣʠʪʠʯʝʩʢʠ ʨʝʰʝʥʘ ʜʚʫʤʝʨʥʘʷ ʟʘʜʘʯʘ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ 

ʪʝʯʝʥʠʷ ʚ ʩʣʦʝ ʥʘʥʦʞʠʜʢʦʩʪʠ, ʧʦʤʝʱʸʥʥʦʡ ʥʘ ʨʘʩʪʷʛʠʚʘʝʤʫʶ ʩ ʟʘʜʘʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʠ0 ʧʦʜʣʦʞʢʫ, ʥʦʨʤʘʣʴʥʦʡ ʢ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ 
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ʞʠʜʢʦʩʪʴ ʦʙʨʘʟʦʚʘʥʘ ʚʟʚʝʩʴʶ ʧʦʜʚʠʞʥʳʭ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʠ 

ʦʧʠʩʳʚʘʝʪʩʷ ʨʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʋʠʣʴʷʤʩʦʥʘ. ʈʝʰʝʥʠʷ ʫʯʠʪʳʚʘʶʪ 

ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ ʠ ʜʠʬʬʫʟʠʶ ʥʘʥʦʯʘʩʪʠʮ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʷʭ, ʘ ʪʘʢʞʝ ʠʭ ʢʦʥʚʝʢʪʠʚʥʳʡ ʧʝʨʝʥʦʩ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʘ l = 3ɻ(2u0
3/n)1/2, ʛʜʝ ɻ - ʢʦʥʩʪʘʥʪʘ ʤʦʜʝʣʠ ʋʠʣʴʷʤʩʦʥʘ, ʩʥʠʞʘʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʨʝʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʨʦʩʪ ʤʘʛʥʠʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʄ = 3sɺ0
2/ru0 ʚʣʠʷʝʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ, ʟʜʝʩʴ s - ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ɺ0 - 

ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʫʯʝʥʠʝʤ 

ʧʝʨʠʩʪʘʣʴʪʠʯʝʩʢʠʭ ʪʝʯʝʥʠʡ ʚ ʩʚʷʟʠ ʠʭ ʚʘʞʥʦʩʪʴʶ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʦʣʦʛʠʠ ʠ 

ʙʠʦʤʝʜʠʮʠʥʳ. ɺ ʨʘʙʦʪʝ [90] ʨʘʩʩʤʦʪʨʝʥʦ ʧʝʨʠʩʪʘʣʴʪʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ 

ʞʠʜʢʦʩʪʠ ʋʠʣʴʷʤʩʦʥʘ ʚ ʘʩʠʤʤʝʪʨʠʯʥʦʤ ʢʘʥʘʣʝ. ʋʧʨʘʚʣʷʶʠɦʤ ʢʨʠʪʝʨʠʝʤ 

ʷʚʣʷʝʪʩʷ ʯʠʩʣʦ ɺʘʡʩʝʥʙʝʨʛʘ We ɻ /ʩ d= , ʛʜʝ ɻ ï ʵʪʦ ʧʦʩʪʦʷʥʥʘʷ ʨʘʟʤʝʨʥʦʩʪʠ 

ʚʨʝʤʝʥʠ, ʩ ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ, dï ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ ʢʘʥʘʣʘ, ʦʥʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʨʝʣʘʢʩʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʩʢʦʨʦʩʪʴʶ ʩʜʚʠʛʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʠʭ We ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʣʷ ʜʘʚʣʝʥʠʷ ʥʝʣʠʥʝʡʥʳʝ, ʘ ʧʨʠ ʤʘʣʳʭ We ʦʥʠ ʚʝʜʫʪ ʩʝʙʷ ʢʘʢ ʜʣʷ 

ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ (ʧʨʷʤʘʷ ʣʠʥʠʷ). ɺ ʦʙʣʘʩʪʠ ʧʝʨʠʩʪʘʣʴʪʠʯʝʩʢʦʡ 

ʧʝʨʝʢʘʯʢʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ We ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ, ʧʨʠ ʵʪʦʤ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʪʦʢ ʚ ʚʝʨʭʥʝʡ ʧʦʣʦʚʠʥʝ ʢʘʥʘʣʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʥʠʞʥʝʡ. ɺ 

ʨʘʙʦʪʝ [91] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʨʝʭʤʝʨʥʦʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʧʝʨʠʩʪʘʣʴʪʠʯʝʩʢʦʝ 

ʪʝʯʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʞʠʜʢʦʩʪʠ ʋʠʣʴʷʤʩʦʥʘ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʢʘʥʘʣʝ. 

ʏʠʩʣʝʥʥʦ ʥʘʡʜʝʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʜʘʚʣʝʥʠʷ, ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʘʩʯʝʪʳ ʜʣʷ ʩʢʦʨʦʩʪʠ, ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ ʠ ʬʫʥʢʮʠʡ ʪʦʢʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɺʳʚʦʜʳ, ʩʜʝʣʘʥʥʳʝ ʚ ʨʘʙʦʪʝ ʩʦʚʧʘʜʘʶʪ 

ʩ [90]. 

ɺ [92] ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʢʨʳʪʠʷ ʣʦʧʘʪʢʠ ʪʦʥʢʦʡ 

ʧʣʝʥʢʦʡ ʞʠʜʢʦʩʪʠ ʋʠʣʴʷʤʩʦʥʘ ʧʨʠ ʝʝ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʤʘʣʳʡ ʟʘʟʦʨ ʤʝʞʜʫ 

ʣʦʧʘʪʢʦʡ ʠ ʜʚʠʞʫʱʝʡʩʷ ʧʦʜʣʦʞʢʦʡ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʜʣʷ ʪʦʣʱʠʥʳ 

ʧʦʢʨʳʪʠʷ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ, ʥʘʧʨʷʞʝʥʠʷ ʠ ʤʦʱʥʦʩʪʠ, ʧʦʜʚʦʜʠʤʦʡ ʢ 
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ʣʦʧʘʪʢʝ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʠʣʘ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʠʛʨʘʝʪ ʜʦʤʠʥʠʨʫʶʱʫʶ ʨʦʣʴ ʚ 

ʪʦʣʱʠʥʝ ʧʦʢʨʳʪʠʷ, ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʦʱʥʦʩʪʠ ʠ ʜʘʚʣʝʥʠʷ. ʅʘʛʨʫʟʢʘ ʥʘ ʣʦʧʘʪʢʫ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ɺʘʡʩʩʝʥʙʝʨʛʘ, ʧʨʠ ʵʪʦʤ ʦʥʦ ʧʦʟʚʦʣʷʝʪ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ, ʪʦʣʱʠʥʫ ʧʦʢʨʳʪʠʷ, ʧʦʪʨʝʙʣʷʝʤʫʶ 

ʤʦʱʥʦʩʪʴ ʠ ʜʘʚʣʝʥʠʝ. 

ʊʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩ ʚ ʥʝʥʴʶʪʦʥʦʚʩʢʠʭ ʞʠʜʢʦʩʪʷʭ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ 

[93]. ʅʝʥʴʶʪʦʥʦʚʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʷʚʣʷʶʪ ʩʫʩʧʝʥʟʠʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʨʘʟʨʳʚʝ ʧʣʘʩʪʘ [94]. 

ʀʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʚʦʧʨʦʩʳ ʚʣʠʷʥʠʷ ʚʠʙʨʘʮʠʡ ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʝʯʝʥʠʡ, ʨʝʞʠʤʳ ʧʝʨʝʥʦʩʘ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ ʠ ʛʨʘʥʠʮʳ ʨʝʘʣʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʚ ʥʝʣʠʥʝʡʥʦ-ʚʷʟʢʠʭ ʩʨʝʜʘʭ ʦʩʪʘʶʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤʠ. ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʫʩʪʘʥʦʚʠʪʴ ʩʚʷʟʴ ʩʦʚʤʝʩʪʥʦʛʦ ʚʣʠʷʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʤʝʭʘʥʠʟʤʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʪʝʯʝʥʠʷ ʦʙʦʙʱʝʥʥʦʡ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʚ 

ʟʘʤʢʥʫʪʳʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʧʦʣʦʩʪʷʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʩʧʝʢʪʥʳʤʠ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ. 

 

1.3. ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠ  ̫

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʥʘʷ 

ʥʴʶʪʦʥʦʚʩʢʘʷ ʞʠʜʢʦʩʪʴ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʤʢʥʫʪʦʡ ʥʝʦʜʥʦʨʦʜʥʦ 

ʧʨʦʛʨʝʪʦʡ ʧʦʣʦʩʪʠ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʠ ʚʠʙʨʘʮʠʦʥʥʦʤ ʧʦʣʷʭ. ɺ ʜʠʩʩʝʨʪʘʮʠʠ 

ʠʟʫʯʘʝʪʩʷ ʚʣʠʷʥʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʠʙʨʘʮʠʡ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʦʩʨʝʜʥʝʥʥʳʭ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʥʴʶʪʦʥʦʚʩʢʦʡ ʠ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ 

ʞʠʜʢʦʩʪʝʡ. 

ɺʣʠʷʥʠʝ ʚʠʙʨʘʮʠʡ ʥʘ ʢʦʥʚʝʢʪʠʚʥʦʝ ʜʚʠʞʝʥʠʝ ʦʙʦʙʱʝʥʥʦʡ ʥʴʶʪʦʥʦʚʩʢʦʡ 

ʞʠʜʢʦʩʪʠ ʦʧʨʝʜʝʣʷʣʦʩʴ ʙʝʟʨʘʟʤʝʨʥʳʤ ʚʠʙʨʘʮʠʦʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ V 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʦʪʥʦʰʝʥʠʶ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʢ ʫʩʢʦʨʝʥʠʶ 

ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʠ ʥʝ ʟʘʚʠʩʷʱʠʤ ʦʪ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨʳ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʯʠʩʣʦʤ ɻʨʘʩʛʦʬʘ Gr. 
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ɺ ʩʣʫʯʘʝ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ 

ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʘʷ ʢʦʥʚʝʢʮʠʷ, ʪ.ʝ. ʧʦʣʦʩʪʴ ʩ ʞʠʜʢʦʩʪʴʶ ʥʘʭʦʜʠʣʘʩʴ ʚ 

ʥʝʚʝʩʦʤʦʩʪʠ ʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʢʦʥʚʝʢʪʠʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʷʚʣʷʶʪʩʷ ʚʠʙʨʘʮʠʠ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʣʘʩʩʠʯʝʩʢʠʤ ʜʣʷ ʪʘʢʠʭ ʟʘʜʘʯ 

ʚʠʙʨʘʮʠʦʥʥʳʤ ʯʠʩʣʦʤ ɻʨʘʩʛʦʬʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʚʪʦʨʫ ʠʟʚʝʩʪʝʥ ʣʠʰʴ ʦʛʨʘʥʠʯʝʥʥʳʡ ʢʨʫʛ ʨʘʙʦʪ, 

ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʚʠʙʨʘʮʠʡ ʥʘ ʢʦʥʚʝʢʮʠʶ ʥʝʥʴʶʪʦʥʦʚʩʢʠʭ 

ʞʠʜʢʦʩʪʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʚʢʣʘʜʦʤ ʘʚʪʦʨʘ ʚ ʨʘʟʚʠʪʠʝ 

ʪʝʦʨʠʠ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʥʝʣʠʥʝʡʥʦ-ʚʷʟʢʠʭ ʞʠʜʢʦʩʪʝʡ. 
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ɻʃɸɺɸ 2. ʂʆʅʎɽʇʊʋɸʊʔʅɸʗ ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏʀ 

ʊɽʈʄʆɺʀɹʈɸʎʀʆʅʅʆʁ ʂʆʅɺɽʂʎʀʀ ʆɹʆɹʑɽʅʅʓʍ 

ʅʔʖʊʆʅʆɺʉʂʀʍ ɾʀɼʂʆʉʊɽʁ 

Equation Chapter (Next) Section 1 

ɺ ʛʣʘʚʝ ʜʘʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʙʦʙʱʝʥʥʳʭ ʥʴʶʪʦʥʦʚʩʢʠʭ 

ʞʠʜʢʦʩʪʝʡ, ʧʨʠʚʝʜʝʥʳ ʠʭ ʧʨʠʤʝʨʳ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʘ ʧʦʣʥʘʷ ʥʝʣʠʥʝʡʥʘʷ 

ʟʘʜʘʯʘ ʦʩʨʝʜʥʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʦʙʦʙʱʝʥʥʦʡ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʚ 

ʟʘʤʢʥʫʪʦʡ ʧʦʣʦʩʪʠ ʚ ʧʦʣʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʠʙʨʘʮʠʡ. ʅʘʧʠʩʘʥʳ ʫʨʘʚʥʝʥʠʷ 

ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʜʣʷ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʠ ʥʴʶʪʦʥʦʚʩʢʦʡ 

ʞʠʜʢʦʩʪʝʡ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʟʘʤʢʥʫʪʳʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʧʦʣʦʩʪʷʭ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʘʩʧʝʢʪʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʚ ʧʦʣʝ ʪʷʞʝʩʪʠ ʠ ʚ ʥʝʚʝʩʦʤʦʩʪʠ. ʅʘʧʠʩʘʥ ʪʝʥʟʦʨ 

ʚʷʟʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʝʛʦ ʦʩʨʝʜʥʝʥʠʝ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. 

ʇʨʠʚʝʜʝʥʳ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ 

ʦʧʠʩʘʥ r ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʧʨʦʮʝʜʫʨʳ, ʧʨʦʚʝʜʝʥʘ 

ʚʝʨʠʬʠʢʘʮʠʷ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ. 

 

2.1. ʆʙʦʙʱʝʥʥʳʝ ʥʴʶʪʦʥʦʚʩʢʠʝ ʞʠʜʢʦʩʪʠ. ʈʝʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʉʫʱʝʩʪʚʫʝʪ ʮʝʣʳʡ ʢʣʘʩʩ ʞʠʜʢʦʩʪʝʡ, ʛʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʳʭ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʚʷʟʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʥʠʭ ʦʪ ʩʢʦʨʦʩʪʠ 

ʩʜʚʠʛʘ ʥʝ ʧʦʜʯʠʥʷʝʪʩʷ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ. ʊʘʢʠʝ ʞʠʜʢʦʩʪʠ ʥʘʟʳʚʘʶʪʩʷ 

ʥʝʥʴʶʪʦʥʦʚʩʢʠʤʠ ʞʠʜʢʦʩʪʷʤʠ. ɺ ʦʪʣʠʯʠʠ ʦʪ ʥʴʶʪʦʥʦʚʩʢʠʭ ʞʠʜʢʦʩʪʝʡ [95, 

96], ʚ ʢʦʪʦʨʳʭ ʚʷʟʢʦʩʪʴ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʠ ʥʝ ʟʘʚʠʩʠʪ 

ʦʪ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ, ʚʷʟʢʦʩʪʴ ʥʝʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʥʝ ʦʩʪʘʝʪʩʷ 

ʧʦʩʪʦʷʥʥʦʡ ʧʨʠ ʟʘʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝʥʠʠ, ʘ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʥʘʧʨʠʤʝʨ, ʦʪ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ (ʜʝʬʦʨʤʘʮʠʡ), ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʘʧʧʘʨʘʪʫʨʳ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʞʠʜʢʦʩʪʴ, ʦʪ ʧʨʝʜʳʩʪʦʨʠʠ 

ʞʠʜʢʦʩʪʠ.  

ʅʝʥʴʶʪʦʥʦʚʩʢʠʝ ʞʠʜʢʦʩʪʠ ʦʙʳʯʥʦ ʨʘʟʙʠʚʘʶʪ ʥʘ ʪʨʠ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ, 

ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʦ ʚ [66]. ɼʘʜʠʤ ʢʨʘʪʢʫʶ 

ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʥʝʥʴʶʪʦʥʦʚʩʢʠʭ ʞʠʜʢʦʩʪʝʡ. 
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1. ʉʠʩʪʝʤʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʢʦʨʦʩʪʴ ʩʜʚʠʛʘ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʥʝʢʦʪʦʨʫʶ ʬʫʥʢʮʠʶ ʪʦʣʴʢʦ ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ ʚ ʵʪʦʡ ʞʝ ʪʦʯʢʝ, ʥʘʟʳʚʘʶʪʩʷ 

ʦʙʦʙʱʸʥʥʳʤʠ ʥʴʶʪʦʥʦʚʩʢʠʤʠ. ʂ ʜʘʥʥʦʤʫ ʢʣʘʩʩʫ ʞʠʜʢʦʩʪʝʡ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠ 

ʦʙʳʯʥʫʶ ʥʴʶʪʦʥʦʚʩʢʫʶ ʞʠʜʢʦʩʪʴ. ʉʨʝʜʳ ʪʘʢʦʛʦ ʪʠʧʘ ʠʟʫʯʘʣʠʩʴ, ʥʘʧʨʠʤʝʨ 

[85, 97 ï 99] ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʨʘʩʪʚʦʨʳ ʧʦʣʠʤʝʨʦʚ, ʮʝʣʣʶʣʦʟʳ ʠ ʩʫʩʧʝʥʟʠʠ ʩ 

ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʯʘʩʪʠʮ, ʩʫʩʧʝʥʟʠʠ ʢʨʘʭʤʘʣʘ, ʨʘʟʣʠʯʥʳʝ ʢʣʝʠ. 

2. ʉʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʩʚʷʟʴ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʩʢʦʨʦʩʪʴʶ ʩʜʚʠʛʘ 

ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʜʝʡʩʪʚʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠʣʠ ʦʪ ʧʨʝʜʳʩʪʦʨʠʠ ʞʠʜʢʦʩʪʠ 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʠʢʩʦʪʨʦʧʥʳʝ (ʩʤʘʟʢʠ, ʚʷʟʢʠʝ ʧʝʯʘʪʥʳʝ ʯʝʨʥʠʣʘ) ʠ 

ʨʝʦʧʝʢʪʠʯʝʩʢʠʝ (ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʛʠʧʩʘ) ʞʠʜʢʦʩʪʠ. ʉʨʝʜʳ ʪʘʢʦʛʦ ʪʠʧʘ 

ʠʟʫʯʘʣʠʩʴ, ʥʘʧʨʠʤʝʨ, ʚ [100, 101]. 

3. ɺʷʟʢʦʫʧʨʫʛʠʝ ʩʨʝʜʳ (ʨʘʩʪʚʦʨʳ ʠ ʨʘʩʧʣʘʚʳ ʧʦʣʠʤʝʨʦʚ, ʩʤʦʣʳ) 

ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʘʤʠ ʢʘʢ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʪʘʢ ʠ ʞʠʜʢʦʩʪʠ. ʕʪʠ ʩʨʝʜʳ ʯʘʩʪʠʯʥʦ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʬʦʨʤʫ ʧʦʩʣʝ ʩʥʷʪʠʷ ʚʥʝʰʥʝʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʉʨʝʜʳ ʪʘʢʦʛʦ 

ʪʠʧʘ ʠʟʫʯʘʣʠʩʴ ʚ [102, 103]. 

ʉʚʦʡʩʪʚʘ ʞʠʜʢʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʩʠʩʪʝʤʘʤ 1-ʛʦ ʪʠʧʘ 

(ʦʙʦʙʱʸʥʥʳʤ ʥʴʶʪʦʥʦʚʩʢʠʤ ʞʠʜʢʦʩʪʷʤ), ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʠ ʠ 

ʦʧʠʩʳʚʘʶʪʩʷ ʨʝʦʣʦʛʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ ʚʠʜʘ ɔ (Ű)f= , ʛʜʝ t - ʚʷʟʢʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ, ʘ ɔ - ʩʢʦʨʦʩʪʴ ʩʜʚʠʛʘ, ʢʦʪʦʨʘʷ ʜʣʷ ʦʜʥʦʤʝʨʥʦʛʦ ʪʝʯʝʥʠʷ 

ʠʤʝʝʪ ʚʠʜ ɔ /u z=µ µ. ʊʘʢʠʝ ʞʠʜʢʦʩʪʠ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʬʫʥʢʮʠʠ f: 

ʘ) ʜʠʣʘʪʘʥʪʥʳʝ ʞʠʜʢʦʩʪʠ ï ʵʪʦ ʞʠʜʢʦʩʪʠ, ʫ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʝʪ 

ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ (ʥʘʯʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ), ʦʜʥʘʢʦ ʠʭ ʢʘʞʫʱʘʷʩʷ 

ʚʷʟʢʦʩʪʴ (ʦʪʥʦʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ ʢ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ) ʧʦʚʳʰʘʝʪʩʷ ʩ 

ʚʦʟʨʘʩʪʘʥʠʝʤ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ (ʣʠʥʠʷ ʘ ʨʠʩ. 2.1). ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʩʫʩʧʝʥʟʠʠ ʩ 

ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʚʝʨʜʦʡ ʬʘʟʳ, ʢʨʘʭʤʘʣʴʥʳʝ ʢʣʝʡʩʪʝʨʳ, ʛʫʩʪʳʝ ʢʨʘʩʢʠ 

ʠ ʜʨ.;  

ʙ) ʥʴʶʪʦʥʦʚʩʢʠʝ ʞʠʜʢʦʩʪʠ ï ʵʪʦ ʞʠʜʢʦʩʪʠ ʚʷʟʢʦʩʪʴ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ 

ʪʦʣʴʢʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ. ɻʨʘʬʠʢ 
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ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ (ʣʠʥʠʷ ʙ ʨʠʩ. 2.1) ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʨʷʤʫʶ ʣʠʥʠʶ. ʂ ʪʘʢʠʤ ʞʠʜʢʦʩʪʷʤ ʦʪʥʦʩʷʪʩʷ ʚʦʜʘ, ʩʧʠʨʪ, ʛʣʠʮʝʨʠʥ 

ʠ ʜʨ; 

ʚ) ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʠʝ ʞʠʜʢʦʩʪʠ ʥʝ ʦʙʥʘʨʫʞʠʚʘʶʪ ʧʨʝʜʝʣʘ 

ʪʝʢʫʯʝʩʪʠ, ʢʨʠʚʘʷ ʪʝʯʝʥʠʷ ʫ ʥʠʭ (ʣʠʥʠʷ ʚ ʨʠʩ. 2.1) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʘʞʫʱʘʷʩʷ 

ʚʷʟʢʦʩʪʴ ʧʦʩʪʝʧʝʥʥʦ ʧʦʥʠʞʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ 

ʩʫʩʧʝʥʟʠʠ, ʩʦʜʝʨʞʘʱʠʝ ʘʩʠʤʤʝʪʨʠʯʥʳʝ ʯʘʩʪʠʮʳ, ʨʘʩʪʚʦʨʳ ʚʳʩʦʢʦʧʦʣʠʤʝʨʦʚ; 

ʛ) ʥʝʣʠʥʝʡʥʦ-ʚʷʟʢʦʧʣʘʩʪʠʯʝʩʢʠʝ ʞʠʜʢʦʩʪʠ ʩ ʧʨʝʜʝʣʴʥʳʤ 

ʥʘʧʨʷʞʝʥʠʝʤ ʩʜʚʠʛʘ ï ɻ ʪʦ ʞʠʜʢʦʩʪʠ, ʢʘʞʫʱʘʷʩʷ ʚʷʟʢʦʩʪʴ ʢʦʪʦʨʳʭ ʧʦʩʪʝʧʝʥʥʦ 

ʧʦʥʠʞʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ. ʂʨʠʚʘʷ ʪʝʯʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʣʠʥʝʡʥʦʡ 

ʪʦʣʴʢʦ ʧʨʠ ʦʯʝʥʴ ʙʦʣʴʰʠʭ ʧʦ ʚʝʣʠʯʠʥʝ ʩʢʦʨʦʩʪʷʭ ʜʝʬʦʨʤʘʮʠʠ ʩʜʚʠʛʘ. 

ʇʨʝʜʝʣʴʥʳʡ ʥʘʢʣʦʥ ʛʨʘʬʠʢʘ (ʣʠʥʠʷ ʛ ʨʠʩ. 2.1) ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʚʷʟʢʦʩʪʠ ʧʨʠ 

ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʦʤ ʩʜʚʠʛʝ t¤. ʂ ʪʘʢʠʤ ʞʠʜʢʦʩʪʷʤ ʦʪʥʦʩʷʪʩ ̫ʛʣʠʥʠʩʪʳʝ 

ʨʘʩʪʚʦʨʳ, ʨʷʜ ʥʝʬʪʝʡ, ʰʣʘʤʳ, ʤʘʩʣʷʥʳʝ ʢʨʘʩʢʠ, ʨʘʩʪʚʦʨʳ ʠ ʨʘʩʧʣʘʚʳ 

ʧʦʣʠʤʝʨʦʚ, ʥʘʪʫʨʘʣʴʥʳʡ ʢʘʫʯʫʢ, ʞʠʜʢʠʝ ʧʠʱʝʚʳʝ ʧʨʦʜʫʢʪʳ; 

ʜ) ʙʠʥʛʘʤʦʚʩʢʠʝ ʧʣʘʩʪʠʯʥʳʝ ʞʠʜʢʦʩʪʠ (ʣʠʥʠʷ ʜ ʨʠʩ. 2.1) ʷʚʣʷʶʪʩʷ 

ʚʷʟʢʦʧʣʘʩʪʠʯʥʳʤʠ ʞʠʜʢʦʩʪʷʤʠ ʦʥʠ ʩʧʦʩʦʙʥʳ ʦʢʘʟʳʚʘʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʩʜʚʠʛʫ ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʚʷʟʢʦʩʪʠ, ʥʦ ʠ ʟʘ ʩʯʝʪ ʩʪʘʪʠʯʝʩʢʦʛʦ ʪʨʝʥʠʷ. 

ɺʷʟʢʦʧʣʘʩʪʠʯʥʳʝ ʞʠʜʢʦʩʪʠ ʩʦʚʤʝʱʘʶʪ ʚ ʩʝʙʝ ʩʚʦʡʩʪʚʘ ʢʘʢ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ, 

ʪʘʢ ʠ ʪʚʝʨʜʦʛʦ ʧʣʘʩʪʠʯʥʦʛʦ ʪʝʣʘ. ʂ ʥʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʰʣʘʤʳ, ʙʫʨʦʚʳʝ 

ʨʘʩʪʚʦʨʳ, ʤʘʩʣʷʥʳʝ ʢʨʘʩʢʠ, ʟʫʙʥʘʷ ʧʘʩʪʘ, ʩʪʦʯʥʳʝ ʛʨʷʟʠ. 

ʇʨʠʤʝʨʳ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʥʝʥʴʶʪʦʥʦʚʩʢʠʭ ʞʠʜʢʦʩʪʝʡ 

ʤʦʞʥʦ ʥʘʡʪʠ ʚ [67, 70, 104, 105]. ʅʘ ʨʠʩʫʥʢʝ 2.1 ʠʟʦʙʨʘʞʝʥʳ ʨʝʦʣʦʛʠʯʝʩʢʠʝ 

ʢʨʠʚʳʝ ʜʣʷ ʦʜʥʦʤʝʨʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʜʚʠʛʦʚʳʭ ʪʝʯʝʥʠʡ ʦʙʦʙʱʝʥʥʳʭ 

ʥʴʶʪʦʥʦʚʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʦʪʨʘʞʘʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ Ű ʦʪ 

ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ ɔ. 
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ʈʠʩ. 2.1 ʈʝʦʣʦʛʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʪʝʯʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʦʙʦʙʱʝʥʥʳʭ 

ʥʴʶʪʦʥʦʚʩʢʠʭ ʞʠʜʢʦʩʪʝʡ: ʘ ï ʜʠʣʘʪʘʥʪʥʘʷ ʞʠʜʢʦʩʪʴ; ʙ - ʥʴʶʪʦʥʦʚʩʢʘʷ 

ʞʠʜʢʦʩʪʴ; ʚ - ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʘ ̫ʞʠʜʢʦʩʪ;ɹ ʛ ï ʥʝʣʠʥʝʡʥʦ-ʚʷʟʢʦʧʣʘʩʪʠʯʝʩʢʘʷ 

ʞʠʜʢʦʩʪʴ ʩ ʧʨʝʜʝʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʩʜʚʠʛʘ; ʜ - ʣʠʥʝʡʥʦ-ʚʷʟʢʦʧʣʘʩʪʠʯʝʩʢʘʷ 

ʞʠʜʢʦʩʪʴ ɹʠʥʛʘʤʘ (ʐʚʝʜʦʚʘ-ɹʠʥʛʘʤʘ). 

 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʨʘʚʥʦʚʝʩʠʷ ʠ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʚ ʥʝʣʠʥʝʡʥʦ-ʚʷʟʢʠʭ ʞʠʜʢʦʩʪʷʭ ʥʘʯʘʣʦʩʴ 

ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ [41, 47, 75, 69, 71, 72, 77]. 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʤʢʥʫʪʘ ̫ ʧʦʣʦʩʪʴ ʩ 

ʪʚʝʨʜʳʤʠ ʠʜʝʘʣʴʥʦ ʪʝʧʣʦʧʨʦʚʦʜʥʳʤʠ ʛʨʘʥʠʮʘʤʠ, ʮʝʣʠʢʦʤ ʟʘʧʦʣʥʝʥʥʘ ̫

ʦʙʦʙʱʝʥʥʦʡ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʴʶ: ʥʴʶʪʦʥʦʚʩʢʦʡ (ʛʣʘʚʘ 3) ʠʣʠ 

ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ (ʛʣʘʚʳ 4, 5), ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨʳ.  

ʈʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʦʧʠʩʳʚʘʶʪʩʷ 

ʤʦʜʝʣʴ ʁʋʠʣʴʷʤʩʦʥʘ [69]: 
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ʛʜʝ ɸ, ɺ ï ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʋʠʣʴʷʤʩʦʥʘ, I2 ï ʚʪʦʨʦʡ ʠʥʚʘʨʠʘʥʪ 

ʪʝʥʟʦʨʘ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ, Õ¤ ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʧʨʠ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʠʭ 

ʩʢʦʨʦʩʪʷʭ ʩʜʚʠʛʘ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ɸ = 0 

ʨʝʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʋʠʣʴʷʤʩʦʥʘ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʦʣʦʛʠʯʝʩʢʫʶ 

ʤʦʜʝʣʴ ʜʣʷ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ. ɺ ʩʣʫʯʘʝ ʢʦʥʝʯʥʳʭ A ʠ ɺ ­ 0 (A ḻ B) 

ʤʦʜʝʣʴ ʋʠʣʴʷʤʩʦʥʘ ʦʧʠʩʳʚʘʝʪ ʚʷʟʢʦʧʣʘʩʪʠʯʝʩʢʠʝ ʩʨʝʜʳ. 

 

2.2. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʚʠʙʨʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʦʙʦʙʱʝʥʥʦʡ 

ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʤʢʥʫʪʘʷ ʧʨʷʤʦʫʛʦʣʴʥʘʷ 

ʧʦʣʦʩʪʴ ʩ ʨʘʟʣʠʯʥʳʤ ʘʩʧʝʢʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ d, ʮʝʣʠʢʦʤ ʟʘʧʦʣʥʝʥʥʘʷ 

ʦʙʦʙʱʝʥʥʦʡ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʴʶ (ʥʴʶʪʦʥʦʚʩʢʘʷ ʠ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʘʷ). 

ʇʦʜ ʘʩʧʝʢʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʦʥʠʤʘʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʚʳʩʦʪʳ ʧʦʣʦʩʪʠ ʢ ʝ y

ʜʣʠʥʝ d= hz/hx. ɻʨʘʥʠʮʳ ʧʦʣʦʩʪʠ ʧʦʣʘʛʘʶʪʩʷ ʠʜʝʘʣʴʥʦ ʪʝʧʣʦʧʨʦʚʦʜʥʳʤʠ.  

 

 

ʈʠʩ. 2.2. ɻʝʦʤʝʪʨʠʷ ʟʘʜʘʯʠ 

 

ʅʘ ʨʠʩʫʥʢʝ 2.2 ʠʟʦʙʨʘʞʝʥʘ ʨʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ ʠʣʠ ʠʩʩʣʝʜʫʝʤʘʷ ʧʦʣʦʩʪʴ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʪʚʝʨʜʳʤʠ ʠʜʝʘʣʴʥʦ ʪʝʧʣʦʧʨʦʚʦʜʥʳʤʠ ʛʨʘʥʠʮʘʤʠ, 
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ʢʦʪʦʨʘʷ ʟʘʧʦʣʥʝʥʘ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʠʣʠ ʚʷʟʢʦʡ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʴʶ. 

ʅʘʧʨʘʚʣʝʥʠʝ ʦʩʝʡ ʠ ʧʦʣʦʞʝʥʠʝ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.2. 

ɽʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ g ʥʘʧʨʘʚʣʝʥ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ ʧʨʦʪʠʚ ʥʘʧʨʘʚʣʝʥʠʷ ʩʠʣʳ 

ʪʷʞʝʩʪʠ. ʇʦʣʦʩʪʴ ʩʦʚʝʨʰʘʝʪ ʣʠʥʝʡʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ 

ʚʠʙʨʘʮʠʠ ʚʜʦʣʴ ʦʩʠ z. ʅʘʧʨʘʚʣʝʥʠʝ ʚʠʙʨʘʮʠʡ ʟʘʜʘʥʦ ʚʝʢʪʦʨʦʤ n . ʅʘ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʨʘʥʠʮʘʭ ʧʦʣʦʩʪʠ ʟʘʜʘʥʳ ʧʦʩʪʦʷʥʥʳʝ ʨʘʟʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ °Q

, ʪ.ʝ. ʚʥʝʰʥʠʡ ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʧʨʘʚʣʝʥ ʛʦʨʠʟʦʥʪʘʣʴʥʦ (ʚʜʦʣʴ ʦʩʠ x), 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʠ ʚʠʙʨʘʮʠʠ. ʅʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʛʨʘʥʠʮʘʭ 

ʧʦʣʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥʷʝʪʩʷ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ T x h=Q .  

ɺʠʙʨʘʮʠʠ ʩʯʠʪʘʝʤ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤʠ, ʪ.ʝ. ʜʣʷ ʥʠʭ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 

 0

2 2
 , 

h h

ë ûm c
w ì ü

rí ý
, (2.2) 

ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʤʠ 

 a hbQ  (2.3) 

ʠ ʥʝʘʢʫʩʪʠʯʝʩʢʠʤʠ  

 
2 c

h
p

l=
w

, (2.4) 

ʛʜʝ h - ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʧʦʣʦʩʪʠ, ɤ - ʮʠʢʣʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʚʠʙʨʘʮʠʠ, 

0 ( / )A B ¤m = +m - ʵʬʬʝʢʪʠʚʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʧʨʠ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʤ 

ʩʜʚʠʛʝ, m¤ ï ʚʷʟʢʦʩʪʴ ʧʨʠ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ, ɚ ï ʜʣʠʥʘ 

ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʯʘʩʪʦʪʝ ʚʠʙʨʘʮʠʡ, c ï ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ, a ï 

ʘʤʧʣʠʪʫʜʘ ʩʤʝʱʝʥʠʷ. 

ɺʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ ʥʝʘʢʫʩʪʠʯʝʩʢʠʭ ʚʠʙʨʘʮʠʡ (2.4) ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ 

ʞʠʜʢʦʩʪʴ ʥʝʩʞʠʤʘʝʤʦʡ 

 div 0u= . (2.5) 
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2.3. ʋʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ ʠ ʠʭ ʦʩʨʝʜʥʝʥʠʝ 

ɼʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʚ ʥʝʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʧʦʣʦʩʪʴʶ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʥʦʨʤʠʨʦʚʢʝ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ 

ʧʘʜʝʥʠʷ. ʊʦʛʜʘ ʨʘʟʤʝʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʢʦʥʚʝʢʮʠʠ ʧʨʠʥʠʤʘʶʪ ʚʠʜ: 

 

21 1
( ) div ɓ cos ,

( ) , div 0.

u
u u p g T a nT t

t

T
u T T u

t

µ
+ Ð =- Ð + t+ b g+ w w

µ r r

µ
+ Ð =cD =

µ

 (2.6) 

ʛʜʝ u  ï ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ, p ï ʜʘʚʣʝʥʠʝ, r ï ʧʣʦʪʥʦʩʪʴ, g  ï ʫʩʢʦʨʝʥʠʝ 

ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ɓ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, g ï ʝʜʠʥʠʯʥʳʡ 

ʚʝʢʪʦʨ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ, n  ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ, 

ʧʦʢʘʟʳʚʘʶʱʠʡ ʥʘʧʨʘʚʣʝʥʠʝ ʚʠʙʨʘʮʠʡ, Ð, æ, div ï ʦʙʦʟʥʘʯʝʥʠʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʛʨʘʜʠʝʥʪʘ, ʃʘʧʣʘʩʘ ʠ ʜʠʚʝʨʛʝʥʮʠʠ. 

ʂ ʩʠʩʪʝʤʝ (2.6) ʚ ʩʣʫʯʘʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʣʠʥʝʡʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ 

ʚʠʙʨʘʮʠʡ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜ ʦʩʨʝʜʥʝʥʠʷ [1, 13, 28], ʪ.ʝ. ʚʩʝ ʬʠʟʠʯʝʩʢʠʝ 

ʧʦʣʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʙʳʩʪʨʦ ʤʝʥʷʶʱʠʝʩʷ ʧʫʣʴʩʘʮʠʦʥʥʳʝ ʠ ʤʝʜʣʝʥʥʳʝ 

ʦʩʨʝʜʥʝʥʥʳʝ ʯʘʩʪʠ. ʉʜʝʣʘʥʥʳʝ ʚʳʰʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʨʝʥʝʙʨʝʯʴ 

ʥʝʣʠʥʝʡʥʳʤʠ ʩʣʘʛʘʝʤʳʤʠ ʚ ʫʨʘʚʥʝʥʠʷʭ ʜʣʷ ʧʫʣʴʩʘʮʠʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪ. 

ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʫ ʦʩʨʝʜʥʝʥʠʷ ʚʚʦʜʠʤ ʠʝʨʘʨʭʠʶ ʚʨʝʤʝʥ: 

1 2

0 1 2,  ,  ,  ,...t t t t t t t t- -

-=w = =w =w ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʩʝ ʧʦʣʷ ʩʢʦʨʦʩʪʠ, 

ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ çʙʳʩʪʨʦʛʦè (ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ) ʚʨʝʤʝʥʠ 

t-, ʪʘʢ ʠ ʦʪ çʤʝʜʣʝʥʥʳʭè (ʢʦʥʚʝʢʪʠʚʥʳʭ) ʚʨʝʤʝʥ 0 1 2,  ,  ...t t t  . ʍʘʨʘʢʪʝʨʥʦʝ 

ʚʨʝʤʷ ʠʟʤʝʥʝʥʠʷ ʧʫʣʴʩʘʮʠʦʥʥʳʭ ʯʘʩʪʝʡ, ʪ.ʝ. çʙʳʩʪʨʦʝè ʚʨʝʤʷ t- ʦʜʥʦʛʦ 

ʧʦʨʷʜʢʘ ʩ w-1. ʇʨʦʠʟʚʦʜʥʘʷ ʧʦ ʚʨʝʤʝʥʠ ʧʨʝʜʩʪʘʚʠʪʩʷ ʚ ʚʠʜʝ ʨʷʜʘ ʧʦ ʩʪʝʧʝʥʷʤ 

w: 

 
1 2

0 1 2

+ + + ...
t t t t t

- -

-

µ µ µ µ µ
=w w w +

µ µ µ µ µ
 (2.7) 
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ʊʦʛʜʘ ʬʠʟʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ ʟʘʧʠʰʫʪʩʷ ʚ ʚʠʜʝ ʩʪʝʧʝʥʥʭr ʨʷʜʦʚ: 

 

1 2

0 1 2

1 2

0 1 2

1

0 1

...

...

...

u u u u

T T T T

P P P P

- -

- -

-

-

= +w +w +

= +w +w +

=w + +w +

 (2.8) 

ʍʘʨʘʢʪʝʨʥʘʷ ʩʢʦʨʦʩʪʴ ʚʠʙʨʘʮʠʠ aw ʷʚʣʷʝʪʩʷ ʢʦʥʝʯʥʦʡ ʚʝʣʠʯʠʥʦʡ ʧʨʠ 

w ­ ¤, ʧʦʵʪʦʤʫ ʚʠʙʨʘʮʠʦʥʥʦʝ ʫʩʢʦʨʝʥʠʝ aw2 ʠ ʛʣʘʚʥʘʷ ʯʘʩʪʴ ʜʘʚʣʝʥʠʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ w [65, 106]. 

ʇʦʜʩʪʘʚʠʚ ʨʘʟʣʦʞʝʥʠ ̫ (2.7) ʠ (2.8) ʚ ʫʨʘʚʥʝʥʠʝ (2.6) ʠ ʩʦʙʨʘʚ 

ʩʣʘʛʘʝʤʳʝ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ, ʚ ʛʣʘʚʥʦʤ ʧʦʨʷʜʢʝ ʨʘʟʣʦʞʝʥʠʷ ʧʦʣʫʯʘʝʤ: 

 0 0
0

1
ɤɓ cos , 0.

u T
p a nT t

t tr
- -

- -

µ µ
=- Ð + =

µ µ
 (2.9) 

ɺ ʥʫʣʝʚʦʤ ʧʦʨʷʜʢʝ ʧʦ ɤ ʨʝʰʝʥʠʝ ʠʱʝʤ ʚ ʚʠʜʝ: 

 0 0 0ɤɓ sin , ɤ cos ,u a w t u p a p t p- - -= + = + (2.10) 

ʛʜʝ u  ʠ p  - ʤʝʜʣʝʥʥʦ ʤʝʥʷʶʱʠʝʩʷ ʯʘʩʪʠ ʧʦʣʝʡ ʩʢʦʨʦʩʪʠ ʠ ʜʘʚʣʝʥʠʷ, ʥʝ 

ʟʘʚʠʩʷʱʠʝ ʦʪ t-. ʀʟ ʚʪʦʨʦʛʦ ʫʨʘʚʥʝʥʠʷ (2.8) ʩʣʝʜʫʝʪ, ʯʪʦ T0 ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʙʳʩʪʨʦʛʦ ʚʨʝʤʝʥʠ. ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʷ (2.9) ʚ ʧʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ (2.8), ʜʣʷ 

ʘʤʧʣʠʪʫʜ ʧʫʣʴʩʘʮʠʦʥʥʳʭ ʯʘʩʪʝʡ ʧʦʣʝʡ ʩʢʦʨʦʩʪʠ ʠ ʜʘʚʣʝʥʠʷ ʧʦʣʫʯʘʝʤ  

 0 0 0ɟɓ( )w T n p- =-Ð (2.11) 

ɼʣʷ ʤʝʜʣʝʥʥʦ ʤʝʥʷʶʱʝʡʩʷ ʯʘʩʪʠ ʜʘʚʣʝʥʠʷ ʚ ʵʪʦʤ ʧʦʨʷʜʢʝ ʠʤʝʝʤ 

0pÐ =. 

ʋʨʘʚʥʝʥʠʷ (2.6) ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ ʨʘʟʣʦʞʝʥʠʷ ʧʦ w ʧʨʠʥʠʤʘʶʪ 

ʚʠʜ: 
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 (2.12) 
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ʇʦʣʷ 
1 0 1, , ʠu p T  ʙʫʜʝʤ ʥʘʭʦʜʠʪʴ ʚ ʚʠʜʝ ʩʫʤʤ çʙʳʩʪʨʳʭè ʠ 

çʤʝʜʣʝʥʥʳʭè ʯʘʩʪʝʡ, ʧʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʝʤ, ʯʪʦ ʧʦʩʣʝʜʥʠʝ ʥʝ ʟʘʚʠʩʷʪ ʦʪ 

ʙʳʩʪʨʦʛʦ ʚʨʝʤʝʥʠ t-. 

 

1 0 0 1 1 1 1

0 0 0

ɤɓ( ) cos , ɤ sin ,

ɤ cos

T a w T t T u a v t u

p a p t p

- -

-

= Ð + = +

= +

 (2.13) 

ʇʦʜʩʪʘʚʣʷʷ (2.9) ʠ (2.12) ʚ ʩʠʩʪʝʤʫ (2.11) ʠ ʫʩʨʝʜʥʷʷ ʧʦʣʫʯʝʥʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʧʦ ʧʝʨʠʦʜʫ ʙʳʩʪʨʳʭ ʧʫʣʴʩʘʮʠʡ, ʧʦʣʫʯʘʝʤ ʩʠʩʪʝʤʫ ʨʘʟʤʝʨʥʳʭ 

ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʤʝʜʣʝʥʥʦʝ ʦʩʨʝʜʥʝʥʥʦʝ ʢʦʥʚʝʢʪʠʚʥʦʝ 

ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ: 

 

( ) ( )
21 1 1

( ) div ,
2

, div 0, div 0, rot .

u
u u p g T a Tn

t

T
u T T u T n

t

µ
+ Ð =- Ð + t+ b g+ wb Ð -
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+ Ð =cD = = =Ð ³

µ

w w

w w

 (2.14) 

ʇʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤʳ (2.14) ï ʫʨʘʚʥʝʥʠʝ ʅʘʚʴʝ ï ʉʪʦʢʩʘ, ʟʜʝʩʴ u  , 

T, p ï ʬʫʥʢʮʠʠ ʤʝʜʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ t, ʦʧʠʩʳʚʘʶʱʠʝ ʦʩʨʝʜʥʝʥʥʦʝ 

ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ. ʀʥʜʝʢʩʳ ç0è ʫ ʚʩʝʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʯʝʨʪʘ ʥʘʜ ʜʘʚʣʝʥʠʝʤ 

ʦʧʫʱʝʥʳ. ʇʨʠ ʚʳʚʦʜʝ ʩʠʩʪʝʤʳ (2.14) ʙʝʟʨʘʟʤʝʨʥʘʷ ʘʤʧʣʠʪʫʜʘ 

ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʣʘʩʴ ʚ ʚʠʜʝ ɓu w=  [3, 107].  

ɺʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ï ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʪʨʝʪʴʝ ï ʫʨʘʚʥʝʥʠʝ 

ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʜʣʷ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ. ʊʨʝʪʴʝ ʠ ʯʝʪʚʝʨʪʦʝ ʫʨʘʚʥʝʥʠʷ ʚ 

(2.14) ʚʳʪʝʢʘʶʪ ʠʟ ʫʩʣʦʚʠʷ ʥʝʩʞʠʤʘʝʤʦʩʪʠ ʞʠʜʢʦʩʪʠ. ʇʦʩʣʝʜʥʝʝ ʫʨʘʚʥʝʥʠʝ ʚ 

(2.14) ʧʦʣʫʯʝʥʦ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʦʧʝʨʘʪʦʨʘ ʨʦʪʦʨ ʢ ʨʘʚʝʥʩʪʚʫ (2.11), ʦʥʦ 

ʦʧʠʩʳʚʘʝʪ ʘʤʧʣʠʪʫʜʫ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ. ʇʫʣʴʩʘʮʠʦʥʥʦʝ ʪʝʯʝʥʠʝ 

ʩʯʠʪʘʝʪʩʷ ʥʝʚʷʟʢʠʤ, ʚ ʪʝʭ ʧʨʠʙʣʠʞʝʥʠʷʭ, ʢʦʪʦʨʳʝ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʠ ʥʦʩʠʪ 

ʚʠʭʨʝʚʦʡ ʭʘʨʘʢʪʝʨ. ʋʨʘʚʥʝʥʠʷ (2.14) ʩʧʨʘʚʝʜʣʠʚʳ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ 

ʠʩʩʣʝʜʫʝʤʘʷ ʞʠʜʢʦʩʪʴ ʧʦʣʥʦʩʪʴʶ ʟʘʥʠʤʘʝʪ ʟʘʤʢʥʫʪʫʶ ʧʦʣʦʩʪʴ. 
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ʉʠʩʪʝʤʘ (2.14) ʬʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ 

ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʜʣʷ ʥʴʶʪʦʥʦʚʩʢʦʡ [13] ʞʠʜʢʦʩʪʠ ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʚʷʟʢʦʛʦ ʩʣʘʛʘʝʤʦʛʦ divt, ʚʠʜ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʨʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ. 

 

2.4. ʊʝʥʟʦʨ ʚʷʟʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʝʛʦ ʦʩʨʝʜʥʝʥʠʝ 

ɸʥʘʣʦʛʠʯʥʦ, ʠʩʧʦʣʴʟʫʷ (2.8) ʟʘʧʠʰʝʤ ʨʘʟʣʦʞʝʥʠʷ ʪʝʥʟʦʨʘ ʩʢʦʨʦʩʪʠ 

ʩʜʚʠʛʘ ʠ ʚʪʦʨʦʛʦ ʠʥʚʘʨʠʘʥʪʘ ʵʪʦʛʦ ʪʝʥʟʦʨʘ ʚ ʨʷʜ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʛʦ 

ʧʘʨʘʤʝʪʨʘ w-1 

 

( )

1 2

0 1 2

1 1 2

2 0 0 0 1 1 0 1 1

ɤ ɤ ...,

1
ɤ ɤ ɤ ... .

2 2

ij ij ij ij

ij ji

ij ji ij ji ij ji ij ji

e e e e

e e
I e e e e e e e e

- -

- - -

= + +

= = + + + +

 (2.15) 

ʇʦʜʩʪʘʚʣʷʷ ʨʘʟʣʦʞʝʥʠʷ (2.15) ʚ ʨʝʦʣʦʛʠʯʝʩʢʫ  ʁ ʤʦʜʝʣʴ ʋʠʣʴʷʤʩʦʥʘ (2.1), 

ʧʦʣʫʯʠʤ ʨʘʟʣʦʞʝʥʠʝ ʪʝʥʟʦʨʘ ʚʷʟʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʨʷʜ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʛʦ 

ʧʘʨʘʤʝʪʨʘ w-1 

 

1

0 00 0 1 00 01 0 0 00 1

00 0 0 01 0 0

( ) ( ( , ) ( ) ) ...,

1
, .

2

ij ij ij ij

ij ji ij ji

f I e f I I e f I e

I e e I e e

-t = +w + +

= =

 (2.16) 

ɺ (2.16) ʫʯʠʪʳʚʘʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʪʝʥʟʦʨʘ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ eij. ʆʧʨʝʜʝʣʠʤ 

ʷʚʥrʡ ʚʠʜ ʨʘʟʣʦʞʝʥʠʷ ʪʝʥʟʦʨʘ ʚʷʟʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʛʦ 

ʧʘʨʘʤʝʪʨʘ w-1 ʠ ʷʚʥʳʡ ʚʠʜ ʬʫʥʢʮʠʡ f0 ʠ f1 ʜʣʷ ʨʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʋʠʣʴʷʤʩʦʥʘ (2.1). ʉ ʫʯʝʪʦʤ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʩʢʦʨʦʩʪʷʤ (2.8) ʠ ʪʝʥʟʦʨʘ ʩʢʦʨʦʩʪʠ 

ʩʜʚʠʛʘ (2.16) ʥʝʣʠʥʝʡʥʘʷ ʯʘʩʪʴ ʪʝʥʟʦʨʘ ʚʷʟʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

 
1

00 01 ...

A
f

B I I-
=
+ +w +

. 
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ʇʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʨʘʟʣʦʞʠʤ ʚ ʨʷʜ ʊʝʡʣʦʨʘ ʧʦ ʩʪʝʧʝʥʷʤ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʝʨʝʤʝʥʥʦʡ ʚ ʨʘʟʣʦʞʝʥʠʠ ʚʳʙʠʨʘʝʤ ʩʫʤʤʫ ʩʣʘʛʘʝʤʳʭ, ʧʦʨʷʜʦʢ ʤʘʣʦʩʪʠ 

ʢʦʪʦʨʳʭ ʚʳʰʝ ʥʫʣʝʚʦʛʦ. 
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1

01

2

00
00 00

ɤ
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2

A AI
f
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-

= - =
+ +

 

ʊʦʛʜʘ ʨʘʟʣʦʞʝʥʠʝ ʪʝʥʟʦʨʘ ʚʷʟʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʩʪʝʧʝʥʷʤ ʦʙʨʘʪʥʦʡ ʯʘʩʪʦʪʳ, 

ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʩʣʘʛʘʝʤʳʭ ʧʦʨʷʜʢʘ w-1 ʠʤʝʝʪ ʚʠʜ: 

( )
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AI eA A
e e

B I B IB I I

-

-

¤ ¤

å õ å õ
t = +m - + +m +æ ö æ ö
æ ö æ ö+ ++ç ÷ ç ÷

 

ʌʫʥʢʮʠʠ f0 ʠ f1 ʚʭʦʜʷʱʠʝ ʚ ʨʘʟʣʦʞʝʥʠʝ (2.16) ʧʨʠʥʠʤʘʶʪ ʚʠʜ: 

( )
01

0 1 2

00
00 00

, .
2

A AI
f f

B I B I I
m¤= + =

+ +
 

ɺ ʨʘʟʣʦʞʝʥʠʠ (2.16) ʥʝʦʙʭʦʜʠʤʦ ʦʛʨʘʥʠʯʠʪʴʩʷ ʪʦʣʴʢʦ ʧʝʨʚʳʤ ʩʣʘʛʘʝʤʳʤ, ʪ.ʢ. 

ʦʩʪʘʣʴʥʳʝ ʩʣʘʛʘʝʤʳʝ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʧʦʨʷʜʦʢ ʤʘʣʦʩʪʠ. ʇʦʩʣʝ 

ʦʩʨʝʜʥʝʥʠʷ ʧʦ ʙʳʩʪʨʦʤʫ ʚʨʝʤʝʥʠ t_ ʧʦʣʫʯʘʝʤ: 

 ( )
2

00 0 0

0

1
, ɤɓ sin .

2
ij ij ij wij uijf I e dt e a e t e

p

- -
è øt = = +ê úpñ

 (2.17) 

ɺ (2.17) ʪʝʥʟʦʨ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ ʨʘʟʜʝʣʠʣʩʷ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʧʝʨʚʘʷ - 

( )wij i j j ie w x w x= µ µ +µ µ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʤʧʣʠʪʫʜʦʡ ʩʢʦʨʦʩʪʠ ʧʫʣʴʩʘʮʠʡ, 

ʚʪʦʨʘʷ - ( )uij i j j ie u x u x= µ µ +µ µ ʩʢʦʨʦʩʪʴʶ ʦʩʨʝʜʥʝʥʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʯʝʥʠʷ. ʇʫʣʴʩʘʮʠʦʥʥʦʝ ʪʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ ʩʯʠʪʘʝʤ ʥʝʚʷʟʢʠʤ. 

ɺ ʠʪʦʛʝ, ʜʣʷ ʪʝʥʟʦʨʘ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ ʧʦʣʫʯʘʝʤ [65, 106]: 
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 (2.18) 

ɼʘʣʝʝ ʚʳʨʘʞʝʥʠʝ (2.18) ʧʦʜʩʪʘʚʣʷʝʤ ʚ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ (2.14) ʠ 

ʦʙʝʨʘʟʤʝʨʠʚʘʝʤ ʵʪʠ ʫʨʘʚʥʝʥʠʷ. 

ɺʳʚʦʜ ʦʩʨʝʜʥʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠ ʪʝʥʟʦʨʘ ʚʷʟʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʦʧʠʩʘʥʥʳʡ ʚ ʨʘʟʜʝʣʘʭ 2.3. ʠ 2.4. ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʘʭ [13, 28, 

105]. 

 

2.5. ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚ ʙʝʟʨʘʟʤʝʨʥʦʡ ʬʦʨʤʝ 

ʇʨʠ ʦʙʝʟʨʘʟʤʝʨʠʚʘʥʠʠ ʫʨʘʚʥʝʥʠʡ (2.14) ʠ (2.18) ʚ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʥʳʭ 

ʤʘʩʰʪʘʙʦʚ ʚʳʙʨʘʥʳ: ʜʣʷ ʜʣʠʥʳ ï h; ʜʣʷ ʩʢʦʨʦʩʪʠ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ ï 

2g h ¤bQ r m; ʜʣʷ ʚʨʝʤʝʥʠ ï 
2h ¤r m, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʘʤʧʣʠʪʫʜʳ ʧʫʣʴʩʘʮʠʦʥʥʦʡ 

ʩʢʦʨʦʩʪʠ ï Q, ʜʘʚʣʝʥʠʷ ï g hbQ r . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ (2.14) 

ʠ ʪʝʥʟʦʨ ʚʷʟʢʠʭ ʥʘʧʨʷʞʝʥʠʡ (2.18) ʚ ʙʝʟʨʘʟʤʝʨʥʦʡ ʬʦʨʤʝ ʧʨʠʥʠʤʘʶʪ ʚʠʜ:  

 

( )( )

( )

21
Gr( ) div Gr ,

2

1
Gr , div 0, div 0, rot ,

Pr

u
u u p T V Tn

t

T
u T T u T n

t

µ
+ Ð =-Ð + t+ g+ Ð -

µ

µ
+ Ð = D = = =Ð ³

µ

w w

w w

 (2.19) 
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 (2.20) 

ɿʘʜʘʯʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʙʝʟʨʘʟʤʝʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ:  

ʯʠʩʣʦ ʇʨʘʥʜʪʣʷ: 

 Pr ¤m=
rc

 (2.21) 

ʨʝʦʣʦʛʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ  

 Bh
g h

A

r bQ
=  (2.22) 

ʧʘʨʘʤʝʪʨ ʥʝʥʴʶʪʦʥʦʚʦʩʪʠ 

 
A

B ¤

n=
m

 (2.23) 

ʯʠʩʣʦ ɻʨʘʩʛʦʬʘ 

 
3 2

2
Gr

g h

¤

bQ r
=

m
, (2.24) 

ʚʠʙʨʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ 

 
2a

V
g

w
=a , (2.25) 

ʛʜʝ ʙʝʟʨʘʟʤʝʨʥʳʡ ʧʘʨʘʤʝʪʨ ( )2/ ɤɟ 1ha m¤= . 

ʇʘʨʘʤʝʪʨʳ Bh ʠ n, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʥʝʣʠʥʝʡʥʫʶ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ, 

ʙʫʜʫʪ ʦʙʩʫʞʜʘʪʴʩʷ ʥʠʞʝ. 
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2.6. ɺʠʙʨʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ 

ɺʠʙʨʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ V ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʞʠʜʢʦʩʪʴ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ bQ, 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʨʘʚʥʦʚʝʩʥʳʤ ʛʨʘʜʠʝʥʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʧʘʨʘʤʝʪʨʝ V ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʜʚʘ ʩʦʤʥʦʞʠʪʝʣʷ. ʇʝʨʚʳʡ ʤʥʦʞʠʪʝʣʴ a = tʚʠʙ / tʚʷʟ, ʛʜʝ ï tʚʠʙ = 1/ɤ ï 

ʚʠʙʨʘʮʠʦʥʥʦʝ ʚʨʝʤʷ ʨʘʚʥʦʝ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʤʥʦʞʠʪʝʣʷ 2p ʧʝʨʠʦʜʫ ʧʫʣʴʩʘʮʠʠ 

ʞʠʜʢʦʩʪʠ ʠ ʚʷʟʢʦʝ ʚʨʝʤʷ tʚʷʟ = rh2/m¤ ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʤʝʜʣʝʥʥʦʛʦ 

ʦʩʨʝʜʥʝʥʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ. ɺ ʩʣʫʯʘʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

ʚʠʙʨʘʮʠʡ ʚʠʙʨʘʮʠʦʥʥʳʝ ʚʨʝʤʝʥʘ tʚʠʙ ~10-1 ʤʘʣʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʷʟʢʠʤʠ 

ʚʨʝʤʝʥʘʤʠ tʚʷʟ ~ 104. ʆʮʝʥʢʠ ʩʜʝʣʘʥʳ ʧʨʠ ʯʘʩʪʦʪʝ ʚʠʙʨʘʮʠʠ ɤ=12,5 ʨʘʜ/ʩ; 

ʘʤʧʣʠʪʫʜʝ ʩʤʝʱʝʥʠʷ a º 10-3 ʤ, ʪʦʣʱʠʥʝ ʧʦʣʦʩʪʠ h º 10-2 ʤ ʠ ʬʠʟʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʥʝʬʪʠ: ʧʣʦʪʥʦʩʪʠ r=800 ʢʛ/ʤ3 ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʧʨʠ 

ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʦʤ ʩʜʚʠʛʝ ḿ= 0,5-2000, ʤʇʘĿʩ [108] ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʘʨʘʤʝʪʨ   1 a . ɺʪʦʨʦʡ ʤʥʦʞʠʪʝʣʴ aɤ2/g ʨʘʚʝʥ ʦʪʥʦʰʝʥʠ ʁʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʫʩʢʦʨʝʥʠʷ aɤ2 ʢ ʫʩʢʦʨʝʥʠʶ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ g. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʠ ʯʘʩʪʦʪʳ ʚʠʙʨʘʮʠʡ ʵʪʦʪ ʤʥʦʞʠʪʝʣʴ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ 

ʣʶʙrʝ ʟʥʘʯʝʥʠ.̫ ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʠʙʨʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ V ʚʘʨʴʠʨʫʝʪʩʷ ʚ 

ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʥʘʭʦʜʠʪʩʷ ʞʠʜʢʦʩʪʴ. ʆʮʝʥʢʠ ʧʘʨʘʤʝʪʨʘ V ʙʫʜʫʪ ʦʙʩʫʞʜʘʪʴʩʷ ʥʠʞʝ. 

ɺ ʟʘʜʘʯʘʭ ʦ ʚʣʠʷʥʠʠ ʚʠʙʨʘʮʠʡ ʥʘ ʢʦʥʚʝʢʪʠʚʥʳʝ ʪʝʯʝʥʠʷ ʥʴʶʪʦʥʦʚʩʢʠʭ 

ʞʠʜʢʦʩʪʝʡ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚʠʙʨʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ɻʨʘʩʛʦʬʘ ( )
2

Gv a h ¤= wbQ r m 

ʠʣʠ ʚʠʙʨʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʈʝʣʝʷ Rav=GvÖPr [1, 13, 23]. ɺʠʙʨʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ 

V ʩʚʷʟʘʥ ʩ ʚʠʙʨʘʮʠʦʥʥʳʤ Gv ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ Gr ʯʠʩʣʘʤʠ ɻʘʩʛʦʬʘ 

ʩʦʦʪʥʦʰʝʥʠʝʤ = Gv GrV . ɼʣʷ ʦʧʠʩʘʥʠʷ ʦʩʨʝʜʥʝʥʥʦʛʦ ʚʠʙʨʘʮʠʦʥʥʦ-

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʶʙʦʡ 

ʠʟ ʧʘʨʘʤʝʪʨʦʚ: V ʠʣʠ Gv. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʠʙʨʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ 

V ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʤʥʦʞʠʪʝʣʷ bQ, ʧʦʵʪʦʤʫ ʜʘʞʝ ʚ ʩʣʫʯʘʝ 
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ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʞʠʜʢʦʩʪʴ ʙʦʣʝʝ ʨʘʟʫʤʥʦ ʥʝʞʝʣʠ Gv ʠʣʠ Rav. ʇʘʨʘʤʝʪʨ V 

ʧʦʟʚʦʣʷʝʪ ʯʝʪʢʦ ʦʪʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʛʝʥʝʨʘʮʠʠ 

ʢʦʥʚʝʢʮʠʠ ʦʪ ʪʝʧʣʦʚʦʛʦ [65].  

ɺ ʩʣʫʯʘʝ ʦʧʠʩʘʥʠʷ ʦʩʨʝʜʥʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʥʝʣʠʥʝʡʥʦ-ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ, 

ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ, ʚʠʙʨʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ V 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʣʠʷʥʠʝ ʥʝʣʠʥʝʡʥʦ-ʚʷʟʢʠʭ (ʥʝʥʴʶʪʦʥʦʚʩʢʠʭ) 

ʩʚʦʡʩʪʚ ʞʠʜʢʦʩʪʠ ʥʘ ʝʸ ʜʚʠʞʝʥʠʝ ʚ ʧʦʣʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʠʙʨʘʮʠʡ. ʀʟ (2.20) 

ʚʠʜʥʦ, ʯʪʦ ʚʠʙʨʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ ʚʭʦʜʠʪ ʚ ʢʘʯʝʩʪʚʝ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʧʘʨʘʤʝʪʨʘ ʚ ʦʩʨʝʜʥʝʥʥʫʶ ʯʘʩʪʴ ʪʝʥʟʦʨʘ ʩʢʦʨʦʩʪʝʡ ʩʜʚʠʛʘ  

ɽʩʣʠ ʚʠʙʨʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ V ʧʨʠʥʠʤʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ 

ʟʥʘʯʝʥʠʷ, ʪʦ ʥʝʣʠʥʝʡʥʦ-ʚʷʟʢʠʝ ʩʚʦʡʩʪʚʘ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʢʦʥʚʝʢʪʠʚʥʳʝ ʪʝʯʝʥʠʷ ʥʝʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʧʦʜʚʝʨʞʝʥʥʦʡ ʚʠʙʨʘʮʠʷʤ. 

ʅʘʧʨʠʤʝʨ, ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ ʚʠʙʨʘʮʠʦʥʥʳʡ 

ʧʘʨʘʤʝʪʨ   1 V . 

ɺ ʥʝʚʝʩʦʤʦʩʪʠ, ʢʦʛʜʘ ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ g ­ 0, 

ʚʠʙʨʘʮʠʦʥʥʳʡ V­¤. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʫʜʦʙʥʳʤ 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʟʘʜʘʯ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ. ʊʦʛʜʘ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ Gv ʠʣʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ 

ʈʝʣʝʷ Rav, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʪʁ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʛʝʥʝʨʘʮʠʠ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʦʙʦʙʱʝʥʥʦʡ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ.  

 

2.7. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʨʝʰʘʝʤʳʭ ʚ 

ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʟʘʜʘʯ. ɿʘʧʠʰʝʤ ʜʣʷ ʥʠʭ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ 

ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. 
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2.7.1. ʂʚʘʜʨʘʪʥʘʷ ʧʦʣʦʩʪʴ ʩ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʴʶ ʚ 

ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ 

ɺ ʛʣʘʚʝ 4 ʨʘʩʩʤʦʪʨʝʥʘ ʢʚʘʜʨʘʪʥʘ ̫ʧʦʣʦʩʪ ɹ(ʘʩʧʝʢʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ d=1) 

ʩ ʪʚʝʨʜʳʤʠ ʠʜʝʘʣʴʥʦ ʪʝʧʣʦʧʨʦʚʦʜʥʳʤʠ ʛʨʘʥʠʮʘʤʠ, ʟʘʧʦʣʥʝʥʥʘʷ 

ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʴʶ ʠ ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ 

(ʧʦʥʠʞʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʠ). ʇʦʣʦʩʪʴ ʩʦʚʝʨʰʘʝʪ ʚʝʨʪʠʢʘʣʴʥʳʝ ʣʠʥʝʡʥʦ-

ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ (2.2), ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʝ (2.3), ʥʝ 

ʘʢʫʩʪʠʯʝʩʢʠʝ (2.4) ʚʠʙʨʘʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʝʜʠʥʠʯʥʦʛʦ ʚʝʢʪʦʨʘ n. ɻʝʦʤʝʪʨʠʷ 

ʟʘʜʘʯʠ, ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʝʡ ʠ ʧʦʣʦʞʝʥʠʝ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 

2.2, ʚʜʦʣʴ ʦʩʠ y ʧʦʣʦʩʪʴ ʧʦʣʘʛʘʝʪʩʷ ʙʝʩʢʦʥʝʯʥʦʡ. ɽʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ g 

ʥʘʧʨʘʚʣʝʥ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ ʧʨʦʪʠʚ ʥʘʧʨʘʚʣʝʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʅʘ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʨʘʥʠʮʘʭ ʧʦʣʦʩʪʠ ʟʘʜʘʥʳ ʧʦʩʪʦʷʥʥʳʝ ʨʘʟʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ °Q, 

ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʛʨʘʥʠʮʘʭ ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʤʝʥʷʣʘʩʴ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ. 

ʅʘ ʚʩʝʭ ʛʨʘʥʠʮʘʭ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ʧʨʠʣʠʧʘʥʠʷ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ 

ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʝʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʋʠʣʴʷʤʩʦʥʘ (2.1) [69].  

ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʚʠʙʨʘʮʠʠ ʧʦʣʦʩʪʠ ʩ ʞʠʜʢʦʩʪʴʶ ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ ʧʦʣʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʟʳʚʘʶʪ ʦʩʨʝʜʥʝʥʥʳʝ ʚʠʙʨʘʮʠʦʥʥʦ-ʢʦʥʚʝʢʪʠʚʥʳʝ ʪʝʯʝʥʠʷ, ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ (2.19) ʠ (2.20). 

ɼʣʷ ʧʣʦʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʫʜʦʙʥʦ ʧʝʨʝʧʠʩʘʪʴ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (2.19) ʠ 

(2.20) ʚ ʪʝʨʤʠʥʘʭ ʟʘʚʠʭʨʝʥʥʦʩʪʠ uW=-Ð³, ʬʫʥʢʮʠʠ ʪʦʢʘ 

,=-µy µ =µy µz xu x u z ʦʩʨʝʜʥʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʬʫʥʢʮʠʠ ʪʦʢʘ 

,z xx z=-µf µ =µf µw w  ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʠʩʢʣʶʯʠʚ ʠʟ ʫʨʘʚʥʝʥʠʷ 

(2.19) ʜʘʚʣʝʥʠʝ. ʇʨʠ ʵʪʦʤ ʧʦʜʭʦʜʝ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 

ʫʨʘʚʥʝʥʠʝ ʧʝʨʝʥʦʩʘ ʟʘʚʠʭʨʝʥʥʦʩʪʠ: 
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 (2.26) 

ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʩʨʝʜʥʸʥʥʦʡ ʠ ʧʫʣʴʩʘʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʪʦʢʘ: 

 
2 2

2 2x z

å õµ y µ y
W=- +æ ö

µ µç ÷
, (2.27) 

 
2 2

2 2

T

x z x

å õµ f µ f µ
+ =-æ ö

µ µ µç ÷
. (2.28) 

ʂ ʥʠʤ ʜʦʙʘʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʧʝʨʝʥʦʩʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ: 

 
2 2

2 2

1
Gr

Pr

T T T T T

t z x x z x z

å õµ µyµ µyµ µ µå õ
+ - = +æ öæ ö

µ µ µ µ µ µ µç ÷ ç ÷
, (2.29) 

ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʥʟʦʨʘ ʚʷʟʢʠʭ ʥʘʧʨʷʞʝʥʠʡ: 
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t = Ödf t =t = ÖDf

= =
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n
= +

+n ÖdfÖ +dy + ÖDfÖ +Dy
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 (2.30) 

ʛʜʝ ʅ ï ʵʬʬʝʢʪʠʚʥʘʷ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ. 

ʋʨʘʚʥʝʥʠʷ (2.27) ʠ (2.28) ï ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ ʜʣʷ ʟʘʚʠʭʨʝʥʥʦʩʪʠ Ý ʠ 

ʬʫʥʢʮʠʡ ʪʦʢʘ ʦʩʨʝʜʥʝʥʥʦʛʦ y ʠ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ f ʪʝʯʝʥʠʡ. 
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ɿʘʜʘʯʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʝʟʨʘʟʤʝʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (2.21) ï (2.25). 

ʇʘʨʘʤʝʪʨ ʥʝʥʴʶʪʦʥʦʚʦʩʪʠ ʞʠʜʢʦʩʪʠ /A B ¤n= m ʧʦʢʘʟʳʚʘʝʪ ʦʪʢʣʦʥʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʚʷʟʢʦʩʪʠ ʧʨʠ ʥʫʣʝʚʦʡ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ ʦʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ï ʝʜʠʥʠʮʳ, ʟʜʝʩʴ A 

ʠ B ï ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʩʚʦʡʩʪʚʘʤʠ ʞʠʜʢʦʩʪʠ. 

ɹʝʟʨʘʟʤʝʨʥʳʡ ʨʝʦʣʦʛʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ Bh /g h A=r bQ , ʢʘʢ ʠ ʯʠʩʣʦ 

ɻʨʘʩʛʦʬʘ Gr, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʦʥʢʫʨʝʥʮʠʶ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʛʝʥʝʨʘʮʠʠ ʢʦʥʚʝʢʮʠʠ ʠ ʜʠʩʩʠʧʘʪʠʚʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʝʣʠʥʝʡʥʦʡ ʚʷʟʢʦʩʪʴʶ ʞʠʜʢʦʩʪʠ. ʇʨʠʯʝʤ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

Bh Pr Gr ů= Ö , ʛʜʝ 
2ů /ɛ ɢh A ¤=  ʩʦʛʣʘʩʥʦ ʨʘʙʦʪʘʤ [69, 109] - ʙʝʟʨʘʟʤʝʨʥʳʡ 

ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʚʣʠʷʥʠʝ 

ʚʷʟʢʦʧʣʘʩʪʠʯʥʳʭ ʩʚʦʡʩʪʚ ʞʠʜʢʦʩʪʠ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʝʢʘʥʠʷ ʩʣʦʷ. 

ɼʠʥʘʤʠʯʝʩʢʠʡ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ů, ʪʘʢʞʝ ʢʘʢ ʠ ʯʠʩʣʦ ʇʨʘʥʜʪʣʷ Pr, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʞʠʜʢʦʩʪʠ. ɼʣʷ ʟʘʜʘʥʥʦʡ 

ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʤʦʞʥʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʝ Bh ʠʣʠ Gr ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʝʤ ʭʘʨʘʢʪʝʨʥʦʛʦ 

ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʣʦʩʪʠ.  

 

2.7.2. ʇʨʷʤʦʫʛʦʣʴʥʥʘʷ ʧʦʣʦʩʪʴ ʩ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʴʶ 

ʚ ʥʝʚʝʩʦʤʦʩʪʠ 

ɺ 5 ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʷʤʦʫʛʦʣʴʥʘ ̫ʧʦʣʦʩʪ ɹ(ʘʩʧʝʢʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

d=4) ʩ ʪʚʝʨʜʳʤʠ ʠʜʝʘʣʴʥʦ ʪʝʧʣʦʧʨʦʚʦʜʥʳʤʠ ʛʨʘʥʠʮʘʤʠ, ʟʘʧʦʣʥʝʥʥʘʷ 

ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʴʶ ʠ ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʥʝʚʝʩʦʤʦʩʪʠ (ʩʤ. ʨʠʩ. 2.2). 

ʇʦʣʦʩʪʴ ʩʦʚʝʨʰʘʝʪ ʚʝʨʪʠʢʘʣʴʥʳʝ ʣʠʥʝʡʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ 

(2.2), ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʝ (2.3) ʠ ʥʝ ʘʢʫʩʪʠʯʝʩʢʠʝ (2.4) ʚʠʙʨʘʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʝʜʠʥʠʯʥʦʛʦ ʚʝʢʪʦʨʘ n. ɻʝʦʤʝʪʨʠʷ ʟʘʜʘʯʠ, ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʝʡ ʠ ʧʦʣʦʞʝʥʠʝ 

ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.2, ʚʜʦʣʴ ʦʩʠ y ʧʦʣʦʩʪʴ ʧʦʣʘʛʘʝʪʩʷ 

ʙʝʩʢʦʥʝʯʥʦʡ. ʅʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʨʘʥʠʮʘʭ ʧʦʣʦʩʪʠ ʟʘʜʘʥʳ ʧʦʩʪʦʷʥʥʳʝ ʨʘʟʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʳ °Q, ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʛʨʘʥʠʮʘʭ ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʤʝʥʷʣʘʩʴ ʧʦ 
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ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ. ʅʘ ʚʩʝʭ ʛʨʘʥʠʮʘʭ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ʧʨʠʣʠʧʘʥʠʷ. ɼʣʷ 

ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʨʝʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʋʠʣʴʷʤʩʦʥʘ (2.1) [69]. 

ɺ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʥʝʚʝʩʦʤʦʩʪʠ ʦʪʩʫʪʩʪʚʫʝʪ 

ʩʠʣʘ ɸʨʭʠʤʝʜʘ ʠ ʩʚʷʟʘʥʥʳʡ ʩ ʥʝʡ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʛʝʥʝʨʘʮʠʠ 

ʢʦʥʚʝʢʮʠʠ (ʩʣʘʛʘʝʤʦʝ g Tb g), ʧʦʵʪʦʤʫ ʫʨʘʚʥʝʥʠ ̫ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʡ 

ʢʦʥʚʝʢʮʠʠ (2.14) ʧʨʠʥʠʤʘʶʪ ʚʠʜ: 

 

( ) ( )
21 1 1

( ) div ,
2

, div 0, div 0, rot .

u
u u p a Tn

t

T
u T T u T n

t

µ
+ Ð =- Ð + t+ wb Ð -

µ r r

µ
+ Ð =cD = = =Ð ³

µ

w w

w w

 (2.31) 

ʊʝʥʟʦʨ ʚʷʟʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠʤʝʝʪ ʚʠʜ (2.18). ʇʨʠ ʦʙʝʟʨʘʟʤʝʨʠʚʘʥʠʠ ʚʝʣʠʯʠʥ ʚ 

ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʥʳʭ ʤʘʩʰʪʘʙʦʚ ʚʳʙʨʘʥʳ: ʜʣʷ ʢʦʦʨʜʠʥʘʪ ð h; ʚʨʝʤʝʥʠ ð 

2ɟ /ɛh ¤; ʜʣʷ ʩʢʦʨʦʩʪʠ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ ð /ɟh¤m , ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʘʤʧʣʠʪʫʜʳ ʧʫʣʴʩʘʮʠʦʥʥʦʡ ʩʢʦʨʦʩʪʠ ð Q. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʝʟʨʘʟʤʝʨʥʳʝ 

ʦʩʨʝʜʥʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʧʨʠʥʠʤʘʶʪ ʚʠʜ: 
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 (2.32) 

 

2
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2

Gv sin

ij ij
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p

-

-
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 (2.33) 

ʙʝʟʨʘʟʤʝʨʥʳʡ ʪʝʥʟʦʨ ʚʷʟʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʛʜʝ 
2 2ɟ /ɛD h A ¤=  ï ʜʠʥʘʤʠʯʝʩʢʠʡ 

ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ; 
2ɟ /ɛb h B ¤= . 
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ɹʝʟʨʘʟʤʝʨʥʳʝ ʦʩʨʝʜʥʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ 

ʪʝʨʤʠʥʘʭ ʬʫʥʢʮʠʡ ʪʦʢʘ ʦʩʨʝʜʥʝʥʥʦʛʦ ɣ, ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ◖ ʠ ʟʘʚʠʭʨʝʥʥʦʩʪʠ 

ʦʩʨʝʜʥʝʥʥʦʛʦ W ʪʝʯʝʥʠʡ ʠʤʝʶʪ ʚʠʜ: 
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  (2.34) 
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ʋʨʘʚʥʝʥʠʷ ʩʚʷʟʳʚʘʶʱʠʝ ʟʘʚʠʭʨʝʥʥʦʩʪʴ ʠ ʬʫʥʢʮʠʠ ʪʦʢʘ ʩʦʚʧʘʜʘʶʪ ʩ 

(2.27) ʠ (2.28). ɹʝʟʨʘʟʤʝʨʥʳʡ ʪʝʥʟʦʨ ʚʷʟʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 
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 (2.35) 

ɿʜʝʩʴ H ï ʵʬʬʝʢʪʠʚʥʘʷ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ. 
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ɿʘʜʘʯʘ, ʢʘʢ ʠ ʧʨʝʜʳʜʫʱʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʯʠʩʣʦʤ ʇʨʘʥʪʣʷ (2.21) 

Pr ( )¤=m rc; ʧʘʨʘʤʝʪʨʦʤ ʥʝʥʴʶʪʦʥʦʚʦʩʪʠ (2.23) ï ( )A B ¤n= m; ʢ ʥʠʤ 

ʜʦʙʘʚʣʷʶʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ  

 
2

2

h A
D

¤

r
=
m

 (2.36) 

ʠ ʚʠʙʨʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ɻʨʘʩʛʦʬʘ, ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 
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Gv
a h
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å õwbQr
=æ ö
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. (2.37) 

ʇʦʩʢʦʣʴʢʫ ʚ ʫʩʣʦʚʠʷʭ ʥʝʚʝʩʦʤʦʩʪʠ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʜʝʣʷʪʴ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʠ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤʳ ʛʝʥʝʨʘʮʠʠ ʪʝʯʝʥʠʷ, ʚ ʩʠʣʫ 

ʦʪʩʫʪʩʪʚʠʷ ʧʝʨʚʦʛʦ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʥʝʚʝʩʦʤʦʩʪʠ 

ʫʜʦʙʥʝʝ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʣʘʩʩʠʯʝʩʢʠʤ ʚʠʙʨʘʮʠʦʥʥʳʤ ʯʠʩʣʦʤ ɻʨʘʩʛʦʬʘ (2.37)

[1, 13, 106]. 

 

2.7.3. ʂʚʘʜʨʘʪʥʘʷ ʧʦʣʦʩʪʴ ʩ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʴʶ ʧʨʠ 

ʨʘʟʣʠʯʥʦʡ ʚʝʣʠʯʠʥʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ 

ɺ 3 ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʤʢʥʫʪʘʷ ʢʚʘʜʨʘʪʥʘʷ ʧʦʣʦʩʪʴ (ʘʩʧʝʢʪʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ d=1) ʩ ʪʚʝʨʜʳʤʠ ʠʜʝʘʣʴʥʦ ʪʝʧʣʦʧʨʦʚʦʜʥʳʤʠ ʛʨʘʥʠʮʘʤʠ, 

ʟʘʧʦʣʥʝʥʥʘ ̫ʚʷʟʢʦʡ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʴʶ. (ʩʤ. ʨʠʩ. 2.2). ʅʘ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʛʨʘʥʠʮʘʭ ʧʦʣʦʩʪʠ 
xx h=° ʟʘʜʘʥʳ ʧʦʩʪʦʷʥʥʳʝ ʨʘʟʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ °Q, ʪ.ʝ. 

ʚʥʝʰʥʠʡ ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʧʨʘʚʣʝʥ ʛʦʨʠʟʦʥʪʘʣʴʥʦ. ʅʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 

ʛʨʘʥʠʮʘʭ ʧʦʣʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥʷʝʪʩʷ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ T x h=Q . ʅʘ 

ʚʩʝʭ ʛʨʘʥʠʮʘʭ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ʧʨʠʣʠʧʘʥʠʷ. ɻʝʦʤʝʪʨʠʷ ʟʘʜʘʯʠ, 

ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʝʡ ʠ ʧʦʣʦʞʝʥʠʝ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.2, 

ʚʜʦʣʴ ʦʩʠ y ʧʦʣʦʩʪʴ ʧʦʣʘʛʘʝʪʩʷ ʙʝʩʢʦʥʝʯʥʦʡ. ɽʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ g ʥʘʧʨʘʚʣʝʥ 

ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ ʧʨʦʪʠʚ ʥʘʧʨʘʚʣʝʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʇʦʣʦʩʪʴ ʩʦʚʝʨʰʘʝʪ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʣʠʥʝʡʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ (2.2), 
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ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʝ (2.3) ʠ ʥʝʘʢʫʩʪʠʯʝʩʢʠʝ (2.4) ʚʠʙʨʘʮʠʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʝʜʠʥʠʯʥʦʛʦ ʚʝʢʪʦʨʘ n . 

ɼʣʷ ʚʷʟʢʦʡ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʥʦʨʤʘʣʴʥʦʤ ʧʦʣʝ 

ʪʷʞʝʩʪʠ, ʠʤʝʶʪ ʤʝʩʪʦ ʜʚʘ ʤʝʭʘʥʠʟʤʘ ʛʝʥʝʨʘʮʠʠ ʢʦʥʚʝʢʮʠʠ: ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ 

ʠ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʳʡ, ʩʚʷʟʘʥʥʳʡ ʩ ʦʩʨʝʜʥʝʥʥʦʡ ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʠʣʦʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʫʨʘʚʥʝʥʠʠ (2.14) ʩʣʘʛʘʝʤʳʤʠ g Tb g ʠ ( ) ( )
21

n
2

a Twb Ð -w w  

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʬʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʣʠʥʝʡʥʦʡ ʚʷʟʢʦʩʪʴʶ, ʦʪʩʫʪʩʪʚʫʶʪ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʩʨʝʜʥʝʥʥʳʝ ʫʨʘʚʥʝʥʠ ̫ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʧʨʠʤʫʪ ʚʠʜ [3, 13, 

107]: 

 

( ) ( )
21 1

( ) n ,
2

, div 0, div 0, n,

u
u u p u g T a T

t

T
u T T u T

t

¤µ m
+ Ð =- Ð + D + b g+ wb Ð -

µ r r

µ
+ Ð =cD = = Ð³ =Ð ³

µ

w w

w w

 (2.38) 

ʟʜʝʩʴ m¤ ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ, r ï ʧʣʦʪʥʦʩʪʴ 

ʞʠʜʢʦʩʪʠ. ʋʨʘʚʥʝʥʠʷ (2.38) ʧʦʣʫʯʝʥʳ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʦʜʥʦʨʦʜʥʘʷ ʞʠʜʢʦʩʪʴ 

ʮʝʣʠʢʦʤ ʟʘʧʦʣʥʷʝʪ ʟʘʤʢʥʫʪʫʶ ʧʦʣʦʩʪʴ ʠ ʩʦʚʝʨʰʘʝʪ ʣʠʥʝʡʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ 

(ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ) ʚʠʙʨʘʮʠʠ ʩ ʘʤʧʣʠʪʫʜʦʡ ʩʤʝʱʝʥʠʷ a ʠ ʯʘʩʪʦʪʦʡ ɤ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʝʜʠʥʠʯʥʦʛʦ ʚʝʢʪʦʨʘ n, ʧʨʠ ʵʪʦʤ aɤ ï ʘʤʧʣʠʪʫʜʘ ʩʢʦʨʦʩʪʠ 

ʚʠʙʨʘʮʠʡ.  

ɺʳʙʝʨʝʤ ʚ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʥʳʭ ʤʘʩʰʪʘʙʦʚ: ʜʣʠʥʳ ï ʩʪʦʨʦʥʫ ʢʚʘʜʨʘʪʘ h, 

ʚʨʝʤʝʥʠ ï 
2h ¤r m, ʩʢʦʨʦʩʪʠ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ ï h¤m r, ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʘʤʧʣʠʪʫʜʳ ʧʫʣʴʩʘʮʠʦʥʥʦʡ ʩʢʦʨʦʩʪʠ ï Ū, ʜʘʚʣʝʥʠʷ ï g hbQ r (g ï ʫʩʢʦʨʝʥʠʝ 

ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ɓ ïʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ɟ ï ʧʣʦʪʥʦʩʪʴ 

ʞʠʜʢʦʩʪʠ). ʋʨʘʚʥʝʥʠʷ (2.38) ʚ ʙʝʟʨʘʟʤʝʨʥʦʡ ʬʦʨʤʝ ʧʨʠʥʠʤʘʶʪ ʚʠʜ: 
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( )21
( ) Gr ( ) n ,

2

1
Gr( ) , div 0, div 0, n,

Pr

u
u u p u T V w T

t

T
u T T u T

t

µ
+ Ð =-Ð +D + g+ Ö Ð -

µ

µ
+ Ð = D = = Ð³ =Ð ³

µ

w

w w

 (2.39) 

ɹʝʟʨʘʟʤʝʨʥʳʝ ʫʨʘʚʥʝʥʠʷ (2.39) ʚ ʪʝʨʤʠʥʘʭ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʩʢʦʨʦʩʪʠ 

uW=-Ð³ , ʠ ʬʫʥʢʮʠʡ ʪʦʢʘ ʦʩʨʝʜʥʝʥʥʦʛʦ ,=-µy µ =µy µz xu x u z ʠ 

ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ,=-µf µ =µf µz xx zw w  ʪʝʯʝʥʠʡ ʧʨʠʥʠʤʘʶʪ ʚʠʜ: 

 
2

2

2

1
Gr ,

2

T T T
V

t z x x z x z x z x x

å õµW µyµW µyµW µ fµ µf µ µå õ
+ - + - = +DWæ öæ ö

µ µ µ µ µ µ µ µ µ µ µç ÷ ç ÷
 (2.40) 
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 (2.41) 

 
2 2

2 2

1
,

Pr

T T T T T

t z x x z x z

å õµ µyµ µyµ µ µ
+ - = +æ ö

µ µ µ µ µ µ µç ÷
 (2.42) 

ʛʜʝ W - ʧʨʦʝʢʮʠʷ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʥʘ ʦʩʴ y. ɿʘʜʘʯʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʨʝʤʷ 

ʙʝʟʨʘʟʤʝʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʯʠʩʣʦʤ ɻʨʘʩʛʦʬʘ ï 
3 2 2Gr ,g h ¤= bQ r m 

ʚʠʙʨʘʮʠʦʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ï 
2V a g=a w  ( )( )2 1h¤a=m rw  ʠ ʯʠʩʣʦʤ 

ʇʨʘʥʜʪʣʷ ï Pr ¤=m rc. 

ɺʣʠʷʥʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʠʙʨʘʮʠʡ ʥʘ ʩʚʦʙʦʜʥʫʶ ʪʝʧʣʦʚʫʶ ʢʦʥʚʝʢʮʠʶ 

ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʦʣʝ ʪʷʞʝʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʠʙʨʘʮʠʦʥʥʳʤ 

ʧʘʨʘʤʝʪʨʦʤ (2.25) 
2V a g=a w , ʨʘʚʥʳʤ ʦʪʥʦʰʝʥʠʶ ʘʤʧʣʠʪʫʜʳ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʢ ʫʩʢʦʨʝʥʠʶ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʜʝʣʝʥʥʦʤʫ ʥʘ 

ʙʝʟʨʘʟʤʝʨʥʫʶ ʯʘʩʪʦʪʫ ʚʠʙʨʘʮʠʡ (ʠʣʠ ʦʪʥʦʰʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʭʘʨʘʢʪʝʨʥʦʡ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʠʙʨʘʮʠʡ ʢ 

ʭʘʨʘʢʪʝʨʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʦʣʝ ʪʷʞʝʩʪʠ). ʇʘʨʘʤʝʪʨ 

V ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ. ʆʮʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʟʝʤʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʢʘʢ ʧʨʘʚʠʣʦ, V < 1 [65]. ʇʨʝʚʳʰʝʥʠʝ ʚʠʙʨʘʮʠʦʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ 
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ʟʥʘʯʝʥʠʷ 1 ʚʦʟʤʦʞʥʦ ʚ ʩʣʫʯʘʝ ʚʳʩʦʢʦʚʷʟʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ 

ʧʦʣʦʩʪʠ (h Ò 10-2 ʤ), ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʚʠʙʨʘʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʥʝʜʦʩʪʠʞʠʤʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ (ʦʮʝʥʢʘ ʜʣʷ ʯʘʩʪʦʪʳ ʚʠʙʨʘʮʠʠ ʙʫʜʝʪ ʩʜʝʣʘʥʘ 

ʥʠʞʝ), ʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ ʩʠʣʝ ʪʷʞʝʩʪʠ. ɺ ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ 

ʚʠʙʨʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʪʴ 1 ʜʘʞʝ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʯʘʩʪʦʪʘʭ ʚʠʙʨʘʮʠʡ.  

 

2.8. ʂʨʘʝʚʳʝ ʫʩʣʦʚʠʷ 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠ ̫ʦʧʠʩʳʚʘʶʪ ʧʦʢʦʷʱʫʶʩʷ ʞʠʜʢʦʩʪʴ ʚʦ ʚʩʝʡ ʧʦʣʦʩʪʠ 

 ( )
0

, 0
t

u x z
=
=  (2.43) 

ʠʣʠ ʚ ʪʝʨʤʠʥʘʭ ʬʫʥʢʮʠʠ ʩʢʦʨʦʩʪʠ ʠ ʟʘʚʠʭʨʝʥʥʦʩʪʠ  
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ʘ ʪʘʢʞʝ ʣʠʥʝʡʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʙʲʝʤʝ 

 ( )
0

,
t

T x z x
h=

Q
= , (2.45) 

ʢʦʪʦʨʦʝ ʚ ʙʝʟʨʘʟʤʝʨʥʦʡ ʬʦʨʤʝ ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

 ( )
0

,
t

T x z x
=
=  (2.46) 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʢʦʨʦʩʪʠ ʠ ʬʫʥʢʮʠʠ ʪʦʢʘ ʟʘʧʠʩʘʥʳ ʠʟ 

ʩʦʦʙʨʘʞʝʥʠʡ ʧʦʣʥʦʛʦ ʧʨʠʣʠʧʘʥʠʷ ʞʠʜʢʦʩʪʠ ʥʘ ʩʪʝʥʢʘʭ ʧʦʣʦʩʪʠ ʠ 

ʥʝʧʨʦʥʠʮʘʝʤʦʩʪʠ ʛʨʘʥʠʮʳ, ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ 

ʬʦʨʤʫʣʦʡ ʊʦʤʘ:  
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ɻ ɻ 1
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ʛʜʝ ɻ ʦʙʦʟʥʘʯʘʝʪ ʪʦʯʢʠ ʛʨʘʥʠʮʳ, ɻï1 ï ʧʨʠʛʨʘʥʠʯʥʳʝ ʫʟʣʳ, ʦʪʩʪʦʷʱʠʝ ʦʪ 

ʛʨʘʥʠʮʳ ʥʘ ʰʘʛ ʩʝʪʢʠ Dh [110, 111].  

ɼʣʷ ʚʠʙʨʘʮʠʦʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʢʦʨʦʩʪʠ (ʬʫʥʢʮʠʠ ʪʦʢʘ ʠ 

ʟʘʚʠʭʨʝʥʥʦʩʪʠ) ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʘʥʘʣʦʛʠʯʥʳ. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʧʠʩʳʚʘʶʪ ʠʟʦʪʝʨʤʠʯʝʩʢʠʝ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʛʨʘʥʠʮʳ x = °hx ʠ ʠʜʝʘʣʴʥʦ ʪʝʧʣʦʧʨʦʚʦʜʥʳʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ 

z = 0 ʠ z = hy 

 
ɻ

ɻ

: ,

0, : .

ʭ

y

ʭ h T

z z h T x
h

=° =°Q

Q
= = =

 (2.48) 

ɺ ʙʝʟʨʘʟʤʝʨʥʦʡ ʬʦʨʤʝ ʫʩʣʦʚʠʷ (2.48) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

 
ɻ

ɻ

1: 1,

0, : .y

ʭ T

z z h T x

=° =°

= = =
 (2.49) 

 

2.9. ʆʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʝʣʠ 

ʋʨʘʚʥʝʥʠʷ (2.14) ʧʦʣʫʯʝʥʳ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʦʜʥʦʨʦʜʥʘʷ ʞʠʜʢʦʩʪʴ 

ʮʝʣʠʢʦʤ ʟʘʧʦʣʥʷʝʪ ʟʘʤʢʥʫʪʫʶ ʧʦʣʦʩʪʴ, ʩʦʚʝʨʰʘʶʱʫʶ ʣʠʥʝʡʥʦ-

ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʝ ʥʝʘʢʫʩʪʠʯʝʩʢʠʝ 

ʚʠʙʨʘʮʠʠ. ʇʨʦʚʝʜʝʤ ʯʠʩʣʦʚʫʶ ʦʮʝʥʢʫ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ. ʆʮʝʥʢʫ ʚʳʧʦʣʥʠʤ 

ʜʣʷ ʚʳʩʦʢʦʚʷʟʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ, ʥʘʧʨʠʤʝʨ, ʥʝʬʪʴ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʳ [108]. ɿʘʜʘʚ ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʧʦʣʦʩʪʠ h = 10-2 ʤ, ʧʣʦʪʥʦʩʪʴ 

ɟ º 800 ʢʛ/ʤ3, ʜʠʥʘʤʠʯʝʩʢʫʶ ʚʷʟʢʦʩʪʴ m0 º 1 ʇʘĿʩ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ (2.2) 

ʧʦʣʫʯʠʤ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʮʠʢʣʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ: 

2 4

1
12.5 ʨʘʜ/ʩ

800 10h

¤

-

m
w = =

r Ö
.  

ɺʠʙʨʘʮʠʠ ʧʦʣʘʛʘʶʪʩʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤʠ (2.2), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʥʝʙʨʝʯʴ 

ʚʷʟʢʦʩʪʴʶ ʠ ʥʝʣʠʥʝʡʥʳʤʠ ʩʣʘʛʘʝʤʳʤʠ ʚ ʫʨʘʚʥʝʥʠʷʭ ʜʣʷ ʧʫʣʴʩʘʮʠʡ ʞʠʜʢʦʩʪʠ 

(2.9). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʠʙʨʘʮʠʠ ʧʦʣʘʛʘʶʪʩʷ ʥʝ ʘʢʫʩʪʠʯʝʩʢʠʤʠ (2.4), ʪ.ʝ. 
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ʜʣʠʥʘ ʚʦʟʙʫʞʜʘʝʤʦʡ ʚ ʧʦʣʦʩʪʠ ʚʦʣʥʳ ʤʥʦʛʦ ʙʦʣʴʰʝ ʨʘʟʤʝʨʦʚ ʩʘʤʦʡ ʧʦʣʦʩʪʠ. 

ʇʦʣʘʛʘʝʤ, ʯʪʦ l = h = 10-2 ʤ, ʪʦʛʜʘ ʯʘʩʪʦʪʘ ʚʠʙʨʘʮʠʡ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ï 
3 72 6.26 1500 10 10ʩ -w= p l= Ö º ʨʘʜ/ʩ 

(ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠʙʣʠʞʸʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ ʚʦʜʝ ʨʘʚʥʦʝ 

ʩ=1500 ʤ/ʩ). ʇʨʠ ʥʝ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʠʙʨʘʮʠʷʭ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʞʠʜʢʦʩʪʴ 

ʥʝʩʞʠʤʘʝʤʦʡ (2.5). 

ʇʨʠ ʘʤʧʣʠʪʫʜʝ ʩʤʝʱʝʥʠʷ a º 10-3 ʤ, ʢʦʵʬʬʠʮʠʝʥʪʝ ʦʙʲʸʤʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ bĿ104 Í [1; 20] 1/ʂ ʠ ʧʝʨʝʧʘʜʝ ʪʝʤʧʝʨʘʪʫʨ ʜʦ 10 ʂ ʚʳʧʦʣʥʷʝʪʩʷ 

ʫʩʣʦʚʠʝ ʤʘʣʦʘʤʧʣʠʪʫʜʥʦʩʪʠ ʚʠʙʨʘʮʠʡ (2.3): 
3 4

4

2

10 10 10
10 1

10

a

h

- -
-

-

bQ Ö Ö
º = ,  

ɺʣʠʷʥʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʠʙʨʘʮʠʡ ʥʘ ʩʚʦʙʦʜʥʫʶ ʪʝʧʣʦʚʫʶ ʢʦʥʚʝʢʮʠʶ 

ʚ ʧʦʣʝ ʪʷʞʝʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʠʙʨʘʮʠʦʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ V (2.25). ʆʮʝʥʢʠ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʟʝʤʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʘʢ ʧʨʘʚʠʣʦ, V < 1. ʇʨʝʚʳʰʝʥʠʝ 

ʚʠʙʨʘʮʠʦʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʟʥʘʯʝʥʠʷ 1 ʚʦʟʤʦʞʥʦ ʚ ʩʣʫʯʘʝ ʚʳʩʦʢʦʚʷʟʢʠʭ 

ʞʠʜʢʦʩʪʝʡ, ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʧʦʣʦʩʪʠ (h Ò 10-2 ʤ), ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ 

ʚʠʙʨʘʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʥʝʜʦʩʪʠʞʠʤʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʠ ʧʨʠ 

ʧʦʥʠʞʝʥʥʦʡ ʩʠʣʝ ʪʷʞʝʩʪʠ. ɺ ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ ʚʠʙʨʘʮʠʦʥʥʳʡ 

ʧʘʨʘʤʝʪʨ   1 V  ʜʘʞʝ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʯʘʩʪʦʪʘʭ ʚʠʙʨʘʮʠʡ, ʜʣʷ 

ʥʝʚʝʩʦʤʦʩʪʠ V ­ ¤. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʥʝʥʴʶʪʦʥʦʚʩʢʠʭ ʞʠʜʢʦʩʪʝʡ 

ʧʘʨʘʤʝʪʨ V ʦʧʨʝʜʝʣʷʝʪ ʚʣʠʷʥʠʝ ʥʝʣʠʥʝʡʥʦ-ʚʷʟʢʠʭ ʩʚʦʡʩʪʚ ʥʘ ʚʠʙʨʘʮʠʦʥʥʫʶ 

ʢʦʥʚʝʢʮʠʶ. ɺ ʪʘʙʣʠʮʝ 2.1 ʧʨʠʚʝʜʝʥʳ ʦʮʝʥʢʠ ʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ V ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʚʝʱʝʩʪʚ (ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʜʣʷ ʧʦʣʦʩʪʠ, ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʨʘʟʤʝʨʦʤ h º 10-2 ʤ). 
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ʊʘʙʣʠʮʘ 1 ʆʮʝʥʢʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ V ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʞʠʜʢʦʩʪʝʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʯʘʩʪʦʪʳ w 

 

2.10. ʏʠʩʣʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʠ ʚʝʨʠʬʠʢʘʮʠʷ ʤʦʜʝʣʠ 

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʜʘʯʠ, ʦʧʠʩʘʥʥʳʝ ʚ ʨʘʟʜʝʣʘʭ 2.7.1., 2.7.2. 

ʠ 2.7.3. ʜʠʩʢʨʝʪʠʟʠʨʦʚʘʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ. 

ɺʩʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʜʠʩʢʨʝʪʠʟʠʨʦʚʘʥʳ ʚʪʦʨʳʤ ʧʦʨʷʜʢʦʤ 

ʪʦʯʥʦʩʪʠ, ʘ ʚʨʝʤʝʥʥʳʝ ï ʧʝʨʚʳʤ. ʋʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ ʜʣʷ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʠ 

ʬʫʥʢʮʠʡ ʪʦʢʘ ʦʩʨʝʜʥʝʥʥʦʛʦ ʠ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʡ (2.27) ï (2.28), (2.41), 

ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʨʝʰʘʣʠʩʴ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʚʝʨʭʥʝʡ 

ɺʝʱʝʩʪʚʦ ʂʠʥʝʤʘʪʠ

ʯʝʩʢʘʷ 

ʚʷʟʢʦʩʪʴ 

n, ʤ2/ʩ 

ʏʘʩʪʦʪʘ 

ʚʠʙʨʘʮʠʠ 

w, ʨʘʜ/ʩ 

ɺʠʙʨʘʮʠʦʥʥʳʡ 

ʧʘʨʘʤʝʪʨ, 

V (g º 10 ʤ/ʩ2) 

ɺʠʙʨʘʮʠʦʥʥʳʡ 

ʧʘʨʘʤʝʪʨ, 

V (g = 10-3 ʤ/ʩ2) 

ɺʦʜʘ 1Ŀ10-6 

12.5 12.5Ŀ10-4 12.5 

100 10-2 102 

1000 10-1 103 

ɻʣʠʮʝʨʠʥ 1175Ŀ10-6 

12.5 15Ŀ10-1 15Ŀ103 

100 12 12Ŀ104 

1000 120 12Ŀ105 

ʊʨʘʥʩʬʦʨ

ʤʘʪʦʨʥʦʝ 

ʤʘʩʣʦ 

22.5Ŀ10-6 

12.5 281Ŀ10-4 281 

100 23Ŀ10-2 23Ŀ102 

1000 23Ŀ10-1 23Ŀ103 

ʅʝʬʪʴ 1.25Ŀ10-6 

12.5 16Ŀ10-4 16 

100 1.3Ŀ10-2 1.3Ŀ102 

1000 1.3Ŀ10-1 1.3Ŀ103 
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ʨʝʣʘʢʩʘʮʠʠ. (2.25). ʅʘʧʦʤʥʠʤ, ʯʪʦ ʚʠʙʨʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ V ʩʚʷʟʘʥ ʩ ʯʠʩʣʦʤ 

ɻʨʘʩʛʦʬʘ ʠ ʚʠʙʨʘʮʠʦʥʥʳʤ ʯʠʩʣʦʤ ɻʨʘʩʛʦʬʘ ʩʦʦʪʥʦʰʝʥʠʝʤ = Gv GrV . 

ɿʥʘʯʝʥʠʷ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʥʘ ʛʨʘʥʠʮʘʭ ʚʳʯʠʩʣʷʣʠʩʴ ʧʦ ʬʦʨʤʫʣʝ ʊʦʤʘ 

(2.47) [110, 111]. 

ʇʦʠʩʢ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʨʝʰʝʥʠʷ ʧʨʦʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ ʫʩʪʘʥʦʚʣʝʥʠʷ ʜʦ 

ʜʦʩʪʠʞʝʥʠʷ ʫʩʣʦʚʠʷ: 

 
ɣ

0
t t

µW µ
= =

µ µ
. (2.50) 

ʍʘʨʘʢʪʝʨʥʦʝ ʧʦʚʝʜʝʥʠʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʠ ʩʛʫʱʝʥʠʠ ʩʝʪʢʠ (ʫʚʝʣʠʯʝʥʠʠ 

ʯʠʩʣʘ ʫʟʣʦʚ N) ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 2.3 ʠ 2.4. ʅʘ ʨʠʩʫʥʢʝ 2.3 ʧʦʢʘʟʘʥ r

ʟʘʚʠʩʠʤʦʩʪʠ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ Nu (a), ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʩʤʳʩʣ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʯʝʨʝʟ ʚʝʨʪʠʢʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ ʭ = 0 ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

 
00

1
Nu

2

zh

x

T
dz

x =

µ
=

µñ
, (2.51) 

ʠ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʧʦʪʦʢʘ ɣm (ʙ) ʦʪ ʯʠʩʣʘ ʫʟʣʦʚ ʩʝʪʢʠ N ʚʜʦʣʴ ʦʩʠ x; 

ʨʘʩʯʸʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʚʠʙʨʘʮʠʦʥʥʦʤ 

ʧʘʨʘʤʝʪʨʝ V = 0 ʠ ʯʠʩʣʝ ɻʨʘʩʛʦʬʘ Gr = 3500. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ N < 80 (ȹh > 1/40) ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʚʠʙʨʘʮʠʡ ʥʘʙʣʶʜʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʨʝʰʝʥʠʷ. ʉʧʣʦʰʥʳʝ ʣʠʥʠʠ ʥʘ ʨʠʩʫʥʢʝ 2.3 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʷʤ, ʘ ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ - ʤʘʢʩʠʤʘʣʴʥʳʤ ʠ 

ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ Nu ʠ ɣm. ʉ ʫʚʝʣʠʯʝʥʠʝʤ N (ʫʤʝʥʴʰʝʥʠʝʤ ʰʘʛʘ ȹh) 

ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʨʝʰʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ. ʂʦʛʜʘ N Ó 80 (ȹh Ò 1/40), 

ʢʦʣʝʙʘʥʠʷ ʨʝʰʝʥʠʷ ʙʦʣʝʝ ʥʝ ʧʨʦʷʚʣʷʶʪʩʷ, ʠ ʫʜʘʸʪʩʷ ʧʦʣʫʯʠʪʴ ʩʪʘʮʠʦʥʘʨʥʦʝ 

ʨʝʰʝʥʠʝ (ʩʤ. ʨʠʩ. 2.3). ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʨʦʩʪʝ N ʟʥʘʯʝʥʠʷ Nu ʠ ɣm ʧʝʨʝʩʪʘʶʪ 

ʠʟʤʝʥʷʪʴʩʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʭʦʜʠʤʦʩʪʠ ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʨʘʩʯʸʪʥʦʡ ʩʭʝʤʳ. 
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ʈʠʩ.2.3 ɿʘʚʠʩʠʤʦʩʪʴ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ Nu (ʘ) ʠ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʪʦʢʘ ym (ʙ) 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ ʩʝʪʢʠ N ʚʜʦʣʴ ʦʩʠ x ʜʣʷ V=0 ʠ Gr=3500 

 

 

ʈʠʩ. 2.4 ɿʘʚʠʩʠʤʦʩʪʠ Nu (a) ʠ ɣm (ʙ) ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ ʩʝʪʢʠ N ʚʜʦʣʴ ʦʩʠ x 

ʜʣʷ V=0.1 ʠ Gr=300 

 

ʅʘ ʨʠʩʫʥʢʝ 2.4 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ Nu (a) ʠ ʤʘʢʩʠʤʫʤʘ 

ʬʫʥʢʮʠʠ ʪʦʢʘ ɣm (ʙ) ʦʪ ʯʠʩʣʘ ʫʟʣʦʚ ʩʝʪʢʠ N ʚʜʦʣʴ ʦʩʠ x ʜʣʷ ʥʴʶʪʦʥʦʚʩʢʣʡ 

ʞʠʜʢʦʩʪʠ ʧʨʠ ʟʥʘʯʝʥʠʷʭ V = 0.1 ʠ Gr= 300, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʝʙʘʪʝʣʴʥʦʤʫ 

ʨʝʞʠʤʫ ʢʦʥʚʝʢʮʠʠ. ʉʧʣʦʰʥʳʝ ʣʠʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʨʝʜʥʠʤ, ʘ ʧʫʥʢʪʠʨʥʳʝ 

ʣʠʥʠʠ - ʘʤʧʣʠʪʫʜʥʳʤ ʟʥʘʯʝʥʠʷʤ (ʩʤ. ʨʠʩ. 2.4) Nu ʠ ɣm. ɺʠʜʥʦ, ʯʪʦ ʩ 
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ʫʚʝʣʠʯʝʥʠʝʤ N (ʫʤʝʥʴʰʝʥʠʝʤ ȹh), ʯʠʩʣʦ ʅʫʩʩʝʣʴʪʘ ʠ ʤʘʢʩʠʤʫʤ ʬʫʥʢʮʠʠ ʪʦʢʘ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʩʪʨʝʤʷʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ 

ʠʟʤʝʥʝʥʠʝ Nu ʠ ɣm ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʫʟʣʦʚ ʦʪ N = 80 (ȹ h = 1 / 40) ʜʦ 100 

(ȹ h = 1 / 50) ʥʝ ʧʨʝʚʳʰʘʝʪ 1%. 

ʅʘ ʨʠʩʫʥʢʝ 2.5 ʠʟʦʙʨʘʞʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʟʥʦʩʪʠ ʤʘʢʩʠʤʫʤʦʚ 

ʬʫʥʢʮʠʡ ʪʦʢʘ 

1

max max
max 1

max

N N

N

+

+

y -y
dy =

y
, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʨʘʩʯʝʪʥʳʭ ʩʝʪʢʘʭ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʰʘʛʘʤʠ h, ʟʜʝʩʴ N ʠ N+1 ï ʧʦʨʷʜʢʦʚʳʝ ʥʦʤʝʨʘ ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ 

ʜʣʷ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ. 

 

 

ʈʠʩ. 2.5 ɿʘʚʠʩʠʤʦʩʪʠ dɣm ʦʪ hʘʛʘ ʩʝʪʢʠ h. 

 

ʀʟ ʨʠʩʫʥʢʘ 2.5 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʩʛʫʱʝʥʠʠ ʨʘʩʯʝʪʥʦʡ 

ʩʝʪʢʠ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʨʝʰʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ ʩʦʩʝʜʥʠʭ ʩʝʪʢʘʭ, ʩʪʨʝʤʠʪʩʷ 

ʢ ʥʫʣʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʨʝʰʝʥʠʝ ʩʭʦʜʠʪʩʷ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʭʦʜʠʤʦʩʪʠ ʨʝʰʝʥʠʡ ʥʘ ʩʛʫʱʘʶʱʠʭʩʷ ʩʝʪʢʘʭ ʜʣʷ 

ʥʴʶʪʦʥʦʚʩʢʦʡ ʠ ʜʣʷ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʝʡ ʚʳʙʨʘʥʘ ʩʝʪʢʘ ʩ N = 80, 

ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʭʦʞʜʝʥʠʝ ʥʘʜʝʞʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʥʘʠʤʝʥʴʰʝʤ 
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ʚʨʝʤʝʥʠ ʩʯʸʪʘ. ɺʩʝ ʧʦʩʣʝʜʫʶʱʠʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʨʘʚʥʦʤʝʨʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʝʪʢʝ ʩ ʢʚʘʜʨʘʪʥʳʤʠ ʷʯʝʡʢʘʤʠ ʨʘʟʤʝʨʦʤ ȹh = 1/40. 

ɼʣʷ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʜʣʷ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʭʘʨʘʢʪʝʨ 

ʧʦʚʝʜʝʥʠʷ ʪʦʯʥʦ ʪʘʢʦʡ ʞʝ  
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ɻʃɸɺɸ 3. ʈɽɾʀʄʓ ɺʀɹʈɸʎʀʆʅʅʆʁ ʂʆʅɺɽʂʎʀʀ 

ʅʔʖʊʆʅʆɺʉʂʆʁ ɾʀɼʂʆʉʊʀ ɺ ʂɺɸɼʈɸʊʅʆʁ ʇʆʃʆʉʊʀ 

ʇʈʀ ʈɸɿʃʀʏʅʆʁ ʀʅʊɽʅʉʀɺʅʆʉʊʀ ɻʈɸɺʀʊɸʎʀʆʅʅʆɻʆ 

ʇʆʃʗ 

Equation Chapter (Next) Section 1 

ɺ ʛʣʘʚʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʠʙʨʘʮʠʡ ʥʘ ʢʦʥʚʝʢʮʠʶ 

ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʦʣʦʩʪʠ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ, ʢʦʪʦʨʘ ̫ʩʦʚʝʨʰʘʝʪ 

ʣʠʥʝʡʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʚʠʙʨʘʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ. ɺʣʠʷʥʠʝ ʚʠʙʨʘʮʠʡ ʥʘ ʩʠʩʪʝʤʫ ʦʧʨʝʜʝʣʷʣʦʩʴ 

ʙʝʟʨʘʟʤʝʨʥʳʤ ʚʠʙʨʘʮʠʦʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ V ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʦʪʥʦʰʝʥʠʶ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʢ ʫʩʢʦʨʝʥʠʶ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʠ ʥʝ ʟʘʚʠʩʷʱʠʤ ʦʪ 

ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨʳ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʯʠʩʣʦʤ ɻʨʘʩʛʦʬʘ Gr. ʀʟʫʯʝʥʘ ʵʚʦʣʶʮʠʷ ʦʩʨʝʜʥʝʥʥʳʭ 

ʢʦʥʚʝʢʪʠʚʥʳʭ ʨʝʞʠʤʦʚ, ʥʘ ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ Gr ï V ʧʦʩʪʨʦʝʥʘ ʢʘʨʪʘ ʵʪʠʭ 

ʨʝʞʠʤʦʚ ʠ ʦʧʨʝʜʝʣʝʥʘ ʛʨʘʥʠʮʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʦʩʨʝʜʥʝʥʥʦʡ 

ʢʦʥʚʝʢʮʠʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ V ʠ ʯʠʩʣʘ 

ɻʨʘʩʛʦʬʘ Gr ʚ ʧʦʣʦʩʪʠ ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʘʪʴʩʷ ʦʜʥʦ-, ʪʨʝʭ- ʠʣʠ ʯʝʪʳʨʝʭʚʠʭʨʝʚʳʝ 

ʩʪʘʮʠʦʥʘʨʥʳʝ ʨʝʞʠʤʳ ʢʦʥʚʝʢʮʠʠ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ Gr ʩʪʘʮʠʦʥʘʨʥʦʝ 

ʦʩʨʝʜʥʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤ ʠ ʚ ʧʦʣʦʩʪʠ ʚʦʟʥʠʢʘʶʪ 

ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʨʝʞʠʤʳ. 

 

3.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʚʘʜʨʘʪʥʘʷ ʧʦʣʦʩʪʴ ʩ ʪʚʝʨʜʳʤʠ ʠʜʝʘʣʴʥʦ 

ʪʝʧʣʦʧʨʦʚʦʜʥʳʤʠ ʛʨʘʥʠʮʘʤʠ, ʢʦʪʦʨʘʷ ʟʘʧʦʣʥʝʥʘ ʚʷʟʢʦʡ ʥʴʶʪʦʥʦʚʩʢʦʡ 

ʞʠʜʢʦʩʪʴʶ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʧʦʣʝ ʪʷʞʝʩʪʠ. ɻʝʦʤʝʪʨʠʷ ʧʦʣʦʩʪʠ ʠ ʧʦʣʦʞʝʥʠʝ 

ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.2. ʇʦʣʦʩʪʴ ʩʦʚʝʨʰʘʝʪ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʣʠʥʝʡʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʝ 

ʥʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʚʠʙʨʘʮʠʠ, ʪ.ʝ. ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ (2.2) ï (2.4). ʇʦʣʥʘʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʚ ʪʝʨʤʠʥʘʭ ʬʫʥʢʮʠʡ ʪʦʢʘ ʠ ʟʘʚʠʭʨʝʥʥʦʩʪʠ 

ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʚ ʯʘʩʪʠ 2.7.3 ʛʣʘʚʳ 2 ʫʨʘʚʥʝʥʠʷʤʠ 
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(2.40) ï (2.42). ʂʨʘʝʚʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʵʪʦʡ ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʶʪ ʥʘʯʘʣʴʥʳʝ (2.44)

, (2.46) ʠ ʛʨʘʥʠʯʥʳʝ (2.47), (2.49). ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʳʩʦʢʦʚʷʟʢʠʝ ʩʣʘʙʦ 

ʪʝʧʣʦʧʨʦʚʦʜʥʳʝ ʞʠʜʢʦʩʪʠ, ʜʣʷ ʪʘʢʠʭ ʞʠʜʢʦʩʪʝʡ ʭʘʨʘʢʪʝʨʥʳ ʙʦʣʴʰʠʝ 

ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʇʨʘʥʪʣʷ Pr = 100.  

ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʧʘʨʘʣʣʝʣʴʥʫʶ ʦʩʠ z (ʩʤ. ʨʠʩ. 2.2), 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ ʅʫʩʩʝʣʴʪʘ (2.51). 

ɿʘʜʘʯʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʨʝʤʷ ʙʝʟʨʘʟʤʝʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʯʠʩʣʦʤ 

ɻʨʘʩʛʦʬʘ ï 
3 2Gr h ,g= bQ n ʚʠʙʨʘʮʠʦʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ï 

2V a g=a w  

( )( )2h 1a=n w , ʯʠʩʣʦʤ ʇʨʘʥʪʣʷ ï Pr=n c. 

ʆʮʝʥʢʠ ʜʣʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʟʝʤʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʢʘʢ ʧʨʘʚʠʣʦ, V ¢ 1 [65]. ʇʨʝʚʳʰʝʥʠʝ ʚʠʙʨʘʮʠʦʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ 

ʟʥʘʯʝʥʠʷ 1 ʚʦʟʤʦʞʥʦ ʚ ʩʣʫʯʘʝ ʚʳʩʦʢʦʚʷʟʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ 

ʧʦʣʦʩʪʠ (h Ò 10-2 ʤ), ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʚʠʙʨʘʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʥʝʜʦʩʪʠʞʠʤʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ ʩʠʣʝ ʪʷʞʝʩʪʠ. ɺ ʫʩʣʦʚʠʷʭ 

ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ ʚʠʙʨʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʪʴ 1 

ʜʘʞʝ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʯʘʩʪʦʪʘʭ ʚʠʙʨʘʮʠʡ. ɺ ʜʘʥʥʦʡ ʟʘʜʘʯʝ 

ʚʠʙʨʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ ʚʘʨʴʠʨʦʚʘʣʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0 < V ¢ 104. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʪʦʡ ʛʣʘʚʝ ʦʧʠʩʘʥʳ ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ [113, 

114]. 

 

3.2 ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ V ʚ ʜʠʘʧʘʟʦʥʝ 0 Ò V Ò 10, 

ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʛʝʥʝʨʘʮʠʠ ʦʩʨʝʜʥʝʥʥʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ ɸʨʭʠʤʝʜʘ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʘʛʘʝʤʳʤ 

g Tb g ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ (2.38). ɺ ʜʠʘʧʘʟʦʥʝ 

ʟʥʘʯʝʥʠʡ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 10 Ò V Ò 104 ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ 

ʛʝʥʝʨʘʮʠʠ ʦʩʨʝʜʥʝʥʥʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʚʠʙʨʘʮʠʠ, ʠʤʝʥʥʦ ʦʥʠ ʦʧʨʝʜʝʣʷʶʪ ʝʛʦ ʩʪʨʫʢʪʫʨʫ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ.  
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ʇʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʥʘʣʠʯʠʠ 

ʚʠʙʨʘʮʠʡ ʩʦʩʪʦʷʥʠʝ ʢʚʘʟʠʨʘʚʥʦʚʝʩʠʷ ʚ ʧʦʣʦʩʪʠ ʥʝʚʦʟʤʦʞʥʦ. ʇʦʜ 

ʢʚʘʟʠʨʘʚʥʦʚʝʩʠʝʤ ʞʠʜʢʦʩʪʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʟʘʤʢʥʫʪʦʡ ʧʦʣʦʩʪʠ ʚ ʧʦʣʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʠʙʨʘʮʠʡ, ʤʳ ʧʦʥʠʤʘʝʤ ʪʘʢʦʝ ʝʸ ʩʦʩʪʦʷʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘ 

ʬʦʥʝ ʙʳʩʪʨʦʛʦ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʪʩʫʪʩʪʚʫʝʪ ʤʝʜʣʝʥʥʦʝ ʦʩʨʝʜʥʝʥʥʦʝ 

ʪʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʨʠ ʣʶʙʦʤ ʩʢʦʣʴ ʫʛʦʜʥʦ ʤʘʣʦʤ ʛʨʘʜʠʝʥʪʝ 

ʪʝʤʧʝʨʘʪʫʨʳ (ʯʠʩʣʝ ɻʨʘʩʛʦʬʘ) ʚ ʧʦʣʦʩʪʠ ʚʦʟʥʠʢʘʝʪ ʦʩʨʝʜʥʝʥʥʦʝ ʢʦʥʚʝʢʪʠʚʥʦʝ 

ʪʝʯʝʥʠʝ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ Gr ʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ V ʩʪʨʫʢʪʫʨʘ ʪʝʯʝʥʠʷ ʠ ʝʛʦ ʭʘʨʘʢʪʝʨ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤʠ. ʂʘʨʪʘ 

ʢʦʥʚʝʢʪʠʚʥʳʭ ʨʝʞʠʤʦʚ ʚ ʧʦʣʦʩʪʠ ʥʘ ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ Gr ï V ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 3.1 

ʆʙʣʘʩʪʴ I ʥʘ ʨʠʩʫʥʢʝ 3.1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʚʠʭʨʝʚʦʤʫ ʩʪʘʮʠʦʥʘʨʥʦʤʫ 

ʦʩʨʝʜʥʝʥʥʦʤʫ ʢʦʥʚʝʢʪʠʚʥʦʤʫ ʪʝʯʝʥʠʶ. ʆʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʛʝʥʝʨʘʮʠʠ 

ʪʘʢʦʛʦ ʪʝʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ ɸʨʭʠʤʝʜʘ. ɺʠʙʨʘʮʠʠ ʦʧʨʝʜʝʣʷʶʪ 

ʣʠʰʴ ʤʝʭʘʥʠʟʤʳ ʝʛʦ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʫ ʚʦʟʥʠʢʘʶʱʠʭ ʚʪʦʨʠʯʥʳʭ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ. ɺ ʦʙʣʘʩʪʠ ʧʘʨʘʤʝʪʨʦʚ III ʚʳʰʝ ʢʨʠʚʦʡ 1 (ʨʠʩ. 3.1 ʘ) 

ʨʝʘʣʠʟʫʝʪʩʷ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʪʝʯʝʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʪʠʧʘ. ʂʨʠʚʘʷ 1 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ ʦʪ ʦʙʣʘʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʨʝʞʠʤʘ I ʢ 

ʦʙʣʘʩʪʠ III, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʝʙʘʪʝʣʴʥʦʤʫ ʨʝʞʠʤʫ. ʅʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʝʭʦʜ ʢ ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʨʝʞʠʤʘʤ ʚ ʟʝʤʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʙʳʣ ʦʧʠʩʘʥ ʚ [41]. ʂʨʠʚʘʷ 1, 

ʦʧʨʝʜʝʣʷʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʢʨʠʪʠʯʝʩʢʠʭ ʯʠʩʝʣ ɻʨʘʩʛʦʬʘ Gr1 ʦʪ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ V. ɺ ʦʙʣʘʩʪʠ II ʚʳʰʝ ʢʨʠʚʦʡ 2 ʥʘʙʣʶʜʘʝʪʩʷ ʪʨʝʭʚʠʭʨʝʚʦʝ 

ʩʪʘʮʠʦʥʘʨʥʦʝ ʦʩʨʝʜʥʝʥʥʦʝ ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ. ʇʝʨʝʭʦʜʫ ʤʝʞʜʫ ʦʙʣʘʩʪʷʤʠ 

I ʠ II (ʢʨʠʚʘʷ 2 ʥʘ ʨʠʩ. 3.1) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ Gr2. ɺ ʦʙʣʘʩʪʠ IV 

ʧʨʠ Gr > Gr3, ʪ.ʝ. ʚʳʰʝ ʢʨʠʚʦʡ 3, ʣʶʙʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʯʝʥʠʝ ʪʝʨʷʝʪ ʩʚʦʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ, ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʪʝʧʣʦʚʦʛʦ ʠʣʠ 

ʨʝʣʝʝʚʩʢʦʛʦ ʪʠʧʘ, ʚʳʟʚʘʥʥʳʝ ʚʠʙʨʘʮʠʦʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠ ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʢʦʣʝʙʘʥʠʷʤʠ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʦʙʣʘʩʪʠ ʧʘʨʘʤʝʪʨʦʚ V (ʨʠʩ. 3.1. ʙ) 

ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʪʳʨʝʭʚʠʭʨʝʚʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʝ 
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ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ. ʕʪʘ ʦʙʣʘʩʪʴ ʥʘ ʨʠʩʫʥʢʝ 3.1 ʙ ʦʛʨʘʥʠʯʝʥʘ ʧʫʥʢʪʠʨʥʦʡ 

ʣʠʥʠʝʡ 4, ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ Gr4 ʥʘ ʥʠʞʥʝʡ ʚʝʪʚʠ ʠ 4Gr¡ 

ʥʘ ʚʝʨʭʥʝʡ ʚʝʪʚʠ ʨʝʰʝʥʠʡ. 

ɻʨʘʥʠʮʳ 2 ʠ 4 ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʡ ʠ ʥʦʩʷʪ 

ʫʩʣʦʚʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʝʨʝʭʦʜʳ ʦʪ ʦʜʥʦʚʠʭʨʝʚʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ ʢ 

ʪʨʝʭʚʠʭʨʝʚʦʤʫ (ʣʠʥʠʷ 2) ʠʣʠ ʦʪ ʯʝʪʳʨʝʭʚʠʭʨʝʚʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ ʢ 

ʪʨʝʭʚʠʭʨʝʚʦʤʫ (ʣʠʥʠʷ 4) ʧʨʦʠʩʭʦʜʷʪ ʥʝ ʤʛʥʦʚʝʥʥʦ. ʊʝʯʝʥʠʝ ʩʯʠʪʘʝʪʩʷ 

ʪʨʝʭʚʠʭʨʝʚʳʤ, ʢʦʛʜʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʠʭʨʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ 

ʫʛʣʘʭ ʧʦʣʦʩʪʠ, ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 1% ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʚʠʭʨʷ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʠʭʨʝʡ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʟʥʘʯʝʥʠʷʤ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʪʦʢʘ ʚ 

ʮʝʥʪʨʘʭ ʚʠʭʨʝʡ. 
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ʈʠʩ. 3.1 ʆʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʢʦʥʚʝʢʮʠʠ ʠ ʠʭ ʛʨʘʥʠʮʳ: 

I ï ʦʜʥʦʚʠʭʨʝʚʦʡ ʩʪʘʮʠʦʥʘʨʥʳʡ; II ï ʪʨʝʭʚʠʭʨʝʚʦʡ ʩʪʘʮʠʦʥʘʨʥʳʡ; III ï 

ʢʦʣʝʙʘʪʝʣʴʥʳʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʤʦʜʦʡ; IV ï ʢʦʣʝʙʘʪʝʣʴʥʳʡ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʚʠʙʨʘʮʠʦʥʥʦʡ ʤʦʜʦʡ; V ï ʯʝʪʳʨʝʭʚʠʭʨʝʚʦʡ 

ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʳʡ ʩʪʘʮʠʦʥʘʨʥʳʡ.  
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3.2.1 ʂʦʥʚʝʢʪʠʚʥʳʝ ʨʝʞʠʤʳ ʧʨʠ V < 0.1 

ʆʧʠʰʝʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʤʝʭʘʥʠʟʤʳ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʨʝʞʠʤʘʤʠ ʧʨʠ 

ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, V < 0.1. ʅʘ ʨʠʩʫʥʢʝ 3.2 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʨʪʘ ʢʦʥʚʝʢʪʠʚʥʳʭ ʨʝʞʠʤʦʚ ʚ ʧʦʣʦʩʪʠ ʥʘ ʧʣʦʩʢʦʩʪʠ 

ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ Gr ï V, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʣʳʤ ʟʥʘʯʝʥʠʷʤ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ V Ò 0.1, ʢʦʛʜʘ ʧʨʝʦʙʣʘʜʘʝʪ ʪʝʤʦʛʨʘʚʠʪʘʮʠʦʥʥʳʡ 

ʤʝʭʘʥʠʟʤ ʛʝʥʝʨʘʮʠʠ ʢʦʥʚʝʢʮʠʠ. 

ɺ ʦʙʣʘʩʪʠ I ʥʘ ʨʠʩʫʥʢʝ 3.2 ʨʝʘʣʠʟʫʝʪʩʷ ʦʜʥʦʚʠʭʨʝʚʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ 

ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ, ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʛʝʥʝʨʘʮʠʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ 

ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ ɸʨʭʠʤʝʜʘ. ɺʠʙʨʘʮʠʠ ʦʧʨʝʜʝʣʷʶʪ ʣʠʰʴ ʤʝʭʘʥʠʟʤʳ ʝʛʦ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʫ, ʚʦʟʥʠʢʘʶʱʠʭ ʚʪʦʨʠʯʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʨʝʞʠʤʦʚ. ɻʨʘʥʠʮʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʩʨʝʜʥʝʥʥʳʤ 

ʩʪʘʮʠʦʥʘʨʥʳʤ ʦʜʥʦʚʠʭʨʝʚʳʤ ʪʝʯʝʥʠʝʤ, ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.2 ʣʠʥʠʷʤʠ 

1 ʠ 3, ʢʦʪʦʨʳʝ ʧʝʨʝʩʝʢʘʶʪʩʷ ʚ ʪʦʯʢʝ V = 0.0075. 

ɼʣʷ ʦʙʣʘʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʣʝʚʝʝ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ (V < 0.0075) ʧʦʪʝʨʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʳʤ ʦʜʥʦʚʠʭʨʝʚʳʤ ʪʝʯʝʥʠʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ. ɼʣʷ ʦʙʣʘʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʘʚʝʝ ʪʦʯʢʠ 

ʧʝʨʝʩʝʯʝʥʠʷ (V > 0.0075) ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʳʤ ʦʜʥʦʚʠʭʨʝʚʳʤ 

ʪʝʯʝʥʠʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʧʣʦʚʳʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ 

ʚʜʦʣʴ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ. 
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ʈʠʩ. 3.2 ʆʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʠ 

ʠʭ ʛʨʘʥʠʮʳ ʚ ʜʠʘʧʘʟʦʥʝ V < 0.1: I ï ʦʜʥʦʚʠʭʨʝʚʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ; II ï 

ʪʨʝʭʚʠʭʨʝʚʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ; III ï ʢʦʣʝʙʘʪʝʣʴʥʦʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ; IV ï ʢʦʣʝʙʘʪʝʣʴʥʦʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ 

ʚʠʙʨʘʮʠʦʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ 

 

ʂʨʠʚʳʝ 1 ʠ 3 ʧʝʨʝʩʝʢʘʶʪʩʷ ʚ ʪʦʯʢʝ V = 0.0075, ʵʪʦ ʟʥʘʯʝʥʠʝ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ ʦʪ ʤʝʭʘʥʠʟʤʘ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ, ʢ 

ʜʨʫʛʦʤʫ ʤʝʭʘʥʠʟʤʫ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʤʫ ʪʝʧʣʦʚʳʤʠ 

ʚʦʟʤʫʱʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚʜʦʣʴ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʦʛʨʘʥʠʯʥʳʭ 

ʩʣʦʝʚ ʧʦʣʦʩʪʠ. ʇʝʨʝʩʝʯʝʥʠʶ ʢʨʠʚʳʭ 1 ʠ 3 ʩʦʦʪʚʝʪʩʪʚʫʝʪ Gr = 8300, 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʭʘʦʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʚ ʧʦʣʦʩʪʠ. 

ɺʠʜʥʦ, ʯʪʦ ʜʦ ʟʥʘʯʝʥʠʷ V = 0.0075 ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ Gr1 ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

V, ʪ.ʝ. ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʚʠʙʨʘʮʠʠ ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʩʪʘʮʠʦʥʘʨʥʦʝ ʦʜʥʦʚʠʭʨʝʚʦʝ 
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ʪʝʯʝʥʠʝ ʵʪʦ ʷʚʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʨʘʙʦʪʝ ʀʚʘʥʦʚʦʡ ɸ. ɸ. 

[60]. ʅʘʧʨʦʪʠʚ, ʢʨʠʪʠʯʝʩʢʦʝ ʯʠʩʣʦ ɻʨʘʩʛʦʬʘ Gr2, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʝʨʝʭʦʜʫ 

ʦʪ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʜʥʦʚʠʭʨʝʚʦʛʦ ʨʝʞʠʤʘ I ʢ ʢʦʣʝʙʘʪʝʣʴʥʦʤʫ ʨʝʞʠʤʫ IV, 

ʚʳʟʚʘʥʥʦʤʫ ʚʠʙʨʘʮʠʦʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ, ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʪ.ʝ. ʚʠʙʨʘʮʠʠ ʧʨʠ V > 0.0075 ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʦʩʨʝʜʥʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ. 

ʅʘ ʨʠʩʫʥʢʝ 3.3 ʧʦʢʘʟʘʥʘ ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʚʩʝʡ ʦʙʣʘʩʪʠ I ʵʚʦʣʶʮʠʷ 

ʩʪʨʫʢʪʫʨʳ ʦʜʥʦʚʠʭʨʝʚʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ. ʇʨʝʜʩʪʘʚʣʝʥ ʨʘʩʯʝʪ, ʧʨʦʚʝʜʝʥʥʳʡ ʜʣʷ V = 0.013. 

ɺʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ Gr ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʨʘʩʪʝʪ. ɺ 

ʮʝʥʪʨʝ ʧʦʣʦʩʪʠ ʬʦʨʤʠʨʫʝʪʩʷ ʤʘʣʦʧʦʜʚʠʞʥʘʷ ʟʘʩʪʦʡʥʘʷ ʟʦʥʘ ʩ ʧʦʯʪʠ 

ʧʦʩʪʦʷʥʥʳʤ ʚʝʨʪʠʢʘʣʴʥʳʤ ʛʨʘʜʠʝʥʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʥʘʛʨʝʚʫ ʩʚʝʨʭʫ (ʫʩʪʦʡʯʠʚʘʷ ʩʪʨʘʪʠʬʠʢʘʮʠʷ ʧʦ ʧʣʦʪʥʦʩʪʠ). ʀʥʪʝʥʩʠʚʥʦʝ 

ʦʩʨʝʜʥʝʥʥʦʝ ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʧʦʛʨʘʥʠʯʥʳʭ 

ʩʣʦʷʭ, ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʩʪʝʥʢʘʤ ʧʦʣʦʩʪʠ. ʇʦʛʨʘʥʠʯʥʳʝ ʩʣʦʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʚʜʦʣʴ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʝʥʦʢ, ʪʦʥʴʰʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʣʦʝʚ, ʘ ʪʝʯʝʥʠʝ ʚ ʥʠʭ 

ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʩʥʠʞʘʝʪʩʷ, ʧʦʣʷ ʬʫʥʢʮʠʡ ʪʦʢʘ ʠ ʟʘʚʠʭʨʝʥʥʦʩʪʠ 

ʩʠʤʤʝʪʨʠʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʘʚʥʳʭ ʦʩʝʡ ʧʦʣʦʩʪʠ, ʠʟʦʪʝʨʤʳ 

ʚʳʨʘʚʥʠʚʘʶʪʩʷ, ʩʪʘʥʦʚʷʩʴ ʧʨʠ Gr  1 ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ 

ʛʨʘʥʠʮʘʤ ʧʦʣʦʩʪʠ. 
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ʈʠʩ. 3.3 ʉʪʨʫʢʪʫʨ rʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ I ʜʣʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ V = 0.013: Gr = 1 ï ʚʝʨʭʥʠʡ ʨʷʜ; Gr = 100 ï ʩʨʝʜʥʠʡ ʨʷʜ; Gr = 4000 

ï ʥʠʞʥʠʡ ʨʷʜ. ʉʥʠʟʫ ʢʦʣʦʥʦʢ ʜʘʥʳ ʦʙʦʟʥʘʯʝʥʠʷ ʠʟʦʣʠʥʠʡ: y ï ʬʫʥʢʮʠʠ ʪʦʢʘ 

ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ; f ï ʬʫʥʢʮʠʠ ʪʦʢʘ ʘʤʧʣʠʪʫʜʳ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ; 

T ï ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ; W ï ʧʦʣʷ ʟʘʚʠʭʨʝʥʥʦʩʪʠ 

 

ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ, ʜʣʷ ʟʥʘʯʝʥʠʡ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʣʝʞʘʱʠʭ 

ʣʝʚʝʝ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʣʠʥʠʡ 1 ʠ 2 (ʩʤ ʨʠʩ. 3.2) ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ ʧʨʠ ʟʘʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʚʙʣʠʟʠ ʩʪʝʥʦʢ ʧʦʣʦʩʪʠ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʛʨʘʥʠʯʥʳʝ ʩʣʦʠ, ʘ ʚ ʮʝʥʪʨʝ 

ʧʦʣʦʩʪʠ ʤʘʣʦʧʦʜʚʠʞʥʦʝ ʷʜʨʦ (ʩʤ. ʥʠʞʥʠʡ ʨʷʜ ʨʠʩ. 3.3). ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ 

ʯʠʩʣʦʤ ɻʨʘʩʛʦʬʘ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ, ʢʨʠʚʦʡ 1 ʥʘ ʨʠʩʫʥʢʝ 3.2 ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʦʣʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʠʭʨʠ, ʢʦʪʦʨʳʝ 

ʩʦʚʝʨʰʘʶʪ ʫʩʪʘʥʦʚʠʚʰʠʝʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ. 

ʅʘʙʣʶʜʘʶʪʩʷ ʧʫʣʴʩʘʮʠʠ (ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʟʘʪʫʭʘʥʠʝ) ʚʠʭʨʝʡ ʚʙʣʠʟʠ ʫʛʣʦʚ 
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ʧʦʣʦʩʪʠ. ʉʪʨʫʢʪʫʨʘ ʪʝʯʝʥʠʷ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ 

ʢʦʣʝʙʘʥʠʡ ʩʠʤʤʝʪʨʠʯʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʦʨʦʪʘ ʧʦʣʦʩʪʠ ʥʘ 180ʦ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʠʭʨʠ ʚʦʟʥʠʢʘʶʪ ʚʩʣʝʜʩʪʚʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʪʝʯʝʥʠʷ ʚ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʷʭ ʩ ʟʘʩʪʦʡʥʳʤ ʷʜʨʦʤ. ʀʟʦʣʠʥʠʠ ʬʫʥʢʮʠʠ ʪʦʢʘ 

ʦʩʨʝʜʥʝʥʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʝ ʬʘʟʳ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ 

ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.4. ʉ ʨʦʩʪʦʤ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ ʵʥʝʨʛʠʷ ʚʠʭʨʝʡ ʚ 

ʟʘʩʪʦʡʥʦʡ ʟʦʥʝ ʨʘʩʪʝʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ. 

ʋʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʠʙʨʘʮʠʡ (ʫʚʝʣʠʯʝʥʠʝ V) 

ʧʦʜʘʚʣʷʝʪ ʛʝʥʝʨʘʮʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʠʭʨʝʡ ʠ ʠʭ ʢʦʣʝʙʘʥʠʷ (ʩʤ. ʢʨʠʚʫʶ 1 

ʥʘ ʨʠʩ. 3.1ʘ ʠ ʥʘ ʨʠʩ. 3.2). 

 

 

ʈʠʩ. 3.4 ʀʟʦʣʠʥʠʠ ʬʫʥʢʮʠʠ ʪʦʢʘ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʢʦʣʝʙʘʥʠʡ ʜʣʷ V = 0.004 ʠ 

Gr = 4200 ʚ ʩʣʫʯʘʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʡ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦʢʘʟʘʥʥʳʤ 

ʥʘ ʨʠʩʫʥʢʝ 3.4, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʜʥʦʚʠʭʨʝʚʳʝ ʪʝʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʚʧʝʨʚʳʝ ʙʳʣʠ 

ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʘʭ [41, 47, 52] ʜʣʷ ʩʣʫʯʘʷ ʦʪʩʫʪʩʪʚʠʷ ʚʠʙʨʘʮʠʡ. ʆʩʥʦʚʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʛʝʥʝʨʘʮʠʠ ʪʘʢʠʭ ʪʝʯʝʥʠʡ ʧʨʠ    0.1V¢  ʷʚʣʷʝʪʩʷ 

ʪʝʨʤʦʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ. ɺʠʙʨʘʮʠʠ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʧʘʨʘʤʝʪʨʳ 

ʧʝʨʝʭʦʜʘ ʦʪ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʢ ʢʦʣʝʙʘʪʝʣʴʥʦʤʫ ʨʝʞʠʤʫ ʪʝʯʝʥʠʷ ʠ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʟʥʠʢʘʶʱʠʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ. ɺ [41] ʘʚʪʦʨʦʤ 

ʫʢʘʟʳʚʘʣʦʩʴ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʨʝʞʠʤʘ ʢʦʥʚʝʢʮʠʠ ʧʦʩʣʝ 

ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʜʥʦʚʠʭʨʝʚʳʤ ʩʪʘʮʠʦʥʘʨʥʳʤ ʪʝʯʝʥʠʝʤ.  
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ʅʘ ʨʠʩʫʥʢʝ 3.5 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ (ʘ) ʠ ʤʘʢʩʠʤʫʤʘ 

ʬʫʥʢʮʠʠ ʪʦʢʘ (ʙ) ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ 

ʧʨʠ V =0.004 ʠ Gr = 4200, ʪ.ʝ. ʚʙʣʠʟʠ ʢʨʠʚʦʡ 1 ʥʘ ʨʠʩʫʥʢʘʭ 3.1ʘ ʠ 3.2. 

 

 

ʈʠʩ. 3.5 ɿʘʚʠʩʠʤʦʩʪʴ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ (ʘ) ʠ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʪʦʢʘ (ʙ) ʦʪ 

ʚʨʝʤʝʥʠ ʜʣʷ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʧʨʠ V =0.004 ʠ 

Gr = 4200. ʇʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʨʘʚʝʥ 0.32 ʝʜʠʥʠʮʳ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʚʨʝʤʝʥʠ 

 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʯʠʩʣʦ ʅʫʩʩʝʣʴʪʘ (2.51) ʦʧʨʝʜʝʣʷʝʪ ʧʦʧʝʨʝʯʥʳʡ 

ʢʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʧʨʠʭʦʜʷʱʝʛʦʩʷ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʣʝʚʦʡ 1x=- 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʛʨʘʥʠʮʳ ʧʦʣʦʩʪʠ. ɿʥʘʯʝʥʠʝ Nu = 1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʠʶ 

ʦʩʨʝʜʥʝʥʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʤʝʩʪʦ ʯʠʩʪʦ 

ʪʝʧʣʦʧʨʦʚʦʜʥʳʡ ʤʝʭʘʥʠʟʤ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʯʝʨʝʟ ʧʦʣʦʩʪʴ. ʀʟʦʣʠʥʠʠ ʧʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʨʘʣʣʝʣʴʥʳ ʜʨʫʛ ʜʨʫʛʫ ʠ ʚʝʨʪʠʢʘʣʴʥʳʤ ʩʪʝʥʢʘʤ ʧʦʣʦʩʪʠ. ʇʨʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢ ʪʝʧʣʦʧʨʦʚʦʜʥʦʤʫ ʤʝʭʘʥʠʟʤʫ 

ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʜʦʙʘʚʣʷʝʪʩʷ ʢʦʥʚʝʢʪʠʚʥʳʡ. ʏʠʩʣʦ ʅʫʩʩʝʣʴʪʘ ʩʪʘʥʦʚʠʪʩʷ 

ʙʦʣʴʰʠʤ 1, ʘ ʠʟʦʪʝʨʤʳ ʠʩʢʨʠʚʣʷʶʪʩʷ (ʩʤ. ʢʦʣʦʥʢʠ T ʥʘ ʨʠʩ. 3.3). 

ʊʦʯʢʘʤʠ ʥʘ ʨʠʩʫʥʢʝ 3.5 ʦʪʤʝʯʝʥʳ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʘ 

ʨʠʩʫʥʢʝ 3.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʦʣʠʥʠʠ ʬʫʥʢʮʠʠ ʪʦʢʘ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ. 
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ʇʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʝʥ 0.32 ʝʜʠʥʠʮʘʤ ʙʝʟʨʘʟʤʝʨʥʦʛʦ 

ʚʨʝʤʝʥʠ. 

ʂʦʣʝʙʘʥʠʷ ʦʩʨʝʜʥʝʥʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʜʣʷ ʯʠʩʝʣ ɻʨʘʩʛʦʬʘ 

ʙʣʠʟʢʠʭ ʢ ʛʨʘʥʠʮʝ 1 ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʧʦʣʝʡ 

f, T ʠ W. ʕʪʠ ʧʦʣʷ ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʥʳʡ ʚʠʜ, ʧʦʢʘʟʘʥʥʳʡ ʚ ʥʠʞʥʝʤ ʨʷʜʫ 

ʨʠʩʫʥʢʘ 3.3. 

ʇʨʠ ʟʥʘʯʝʥʠʷʭ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ V > 0.0075 ʠ ʯʠʩʣʘʭ ɻʨʘʩʛʦʬʘ 

ʧʨʝʚʳʰʘʶʱʠʭ ʟʥʘʯʝʥʠʷ Gr3 (ʩʤ. ʨʠʩ. 3.1ʘ ʠ 3.2), ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʦʪ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʩʨʝʜʥʝʥʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʢ ʢʦʣʝʙʘʪʝʣʴʥʦʤʫ 

ʨʝʞʠʤʫ ʢʦʥʚʝʢʮʠʠ. ɺ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʷʭ ʚʦʟʥʠʢʘʶʪ ʪʝʧʣʦʚʳʝ 

ʚʦʟʤʫʱʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʢʦʣʝʙʘʥʠʷʤ ʦʩʨʝʜʥʝʥʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ. 

ʄʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʤʝʩʪʦ ʚʠʙʨʘʮʠʦʥʥʳʡ (ʪʝʧʣʦʚʦʡ) 

ʤʝʭʘʥʠʟʤ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʩʨʝʜʥʝʥʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʯʝʥʠʷ. 

ʇʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʥʘʜʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʷʭ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ 

Gr ʚ ʧʦʣʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʫʩʪʘʥʦʚʠʚʰʠʝʩʷ ʦʩʨʝʜʥʝʥʥʳʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ 

ʢʦʥʚʝʢʪʠʚʥʳʝ ʪʝʯʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʘ ʨʠʩʫʥʢʝ 3.6 ʧʦʢʘʟʘʥ ʭʘʨʘʢʪʝʨʥʳʡ ʚʠʜ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ ʠ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʪʦʢʘ. 

ʊʦʯʢʘʤʠ ʥʘ ʨʠʩʫʥʢʝ 3.6 ʦʪʤʝʯʝʥʳ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʚ 

ʚʝʨʭʥʝʤ ʨʷʜʫ ʨʠʩʫʥʢʘ 3.7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʦʣʠʥʠʠ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʩʨʝʜʥʝʥʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ. ʅʘ ʬʨʘʛʤʝʥʪʘʭ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʣʠʯʥʳʤ ʬʘʟʘʤ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ, ʚʠʜʥʘ ʩʪʨʫʢʪʫʨʘ 

ʙʝʛʫʱʠʭ ʪʝʧʣʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʷʭ, ʢʦʪʦʨʳʝ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚʜʦʣʴ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʝʥʦʢ ʧʦʣʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʟʘʢʨʫʪʢʠ ʦʩʥʦʚʥʦʛʦ ʚʠʭʨʷ. ʇʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ, ʚʦʟʙʫʞʜʘʝʤʳʭ ʪʝʧʣʦʚʳʤʠ 

ʚʦʟʤʫʱʝʥʠʷʤʠ, ʨʘʚʝʥ 0.17 ʝʜʠʥʠʮʘʤ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʨʠʤʝʨʥʦ ʚ 

ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ, ʚʦʟʙʫʞʜʘʝʤʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ. 
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ʈʠʩ. 3.6 ɿʘʚʠʩʠʤʦʩʪʴ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ (ʘ) ʠ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʪʦʢʘ 

ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ (ʙ) ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʢʦʣʝʙʘʥʠʷʭ ʜʣʷ V =0.013 ʠ Gr = 4200. ʇʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʨʘʚʝʥ 0.17 ʝʜʠʥʠʮʳ 

ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʚʨʝʤʝʥʠ 

 

 

ʈʠʩ. 3.7 ɺʝʨʭʥʠʡ ʨʷʜ ï ʠʟʦʣʠʥʠʠ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʦʩʨʝʜʥʝʥʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʜʣʷ V =0.013 ʠ Gr = 4200 ʚ ʨʘʟʣʠʯʥʳʝ 

ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ʅʠʞʥʠʡ ʨʷʜ ï ʠʟʦʣʠʥʠʠ ʬʫʥʢʮʠʠ y, f, W ʚ ʫʢʘʟʘʥʥʳʝ 

ʩʚʝʨʭʫ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ 

 

ɺ ʥʠʞʥʝʤ ʨʷʜʫ ʨʠʩʫʥʢʘ 3.7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʨʫʢʪʫʨʳ ʧʦʣʝʡ: ʬʫʥʢʮʠʠ ʪʦʢʘ 

ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ - y; ʬʫʥʢʮʠʠ ʪʦʢʘ ʘʤʧʣʠʪʫʜʳ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ 

- f; ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ - W ʚ ʫʢʘʟʘʥʥʳʝ ʚʚʝʨʭʫ ʨʠʩʫʥʢʘ 3.7 
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ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ɺʠʜʥʦ, ʯʪʦ ʚʦʟʤʫʱʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʨʠʚʦʜʷʪ ʢ 

ʚʦʟʤʫʱʝʥʠʷʤ ʦʩʨʝʜʥʝʥʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ. 

ʅʘ ʨʠʩʫʥʢʝ 3.8 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʠʭ ʟʘ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ 

ʟʥʘʯʝʥʠʡ ʯʠʩʣʘ Nu  (ʘ) ʠ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʪʦʢʘ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ - 

my  (ʙ) ʦʪ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ Gr. ʂʨʠʚʳʝ 1 ʠ 2 ʥʘ ʬʨʘʛʤʝʥʪʘʭ (a) ʠ (ʙ) ʵʪʦʛʦ 

ʨʠʩʫʥʢʘ ʜʦ ʟʥʘʯʝʥʠʷ Gr º 4000 ʦʯʝʥʴ ʙʣʠʟʢʠ ʜʨʫʛ ʢ ʜʨʫʛʫ.  

ʂʨʠʚʳʝ 1 ʥʘ ʬʨʘʛʤʝʥʪʘʭ (a) ʠ (ʙ) ʧʦʩʪʨʦʝʥʳ ʜʣʷ V = 0.004, ʪ.ʝ. ʩʣʫʯʘʷ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʤʦʜʳ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ. ʂʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʩʨʝʜʥʝʥʥʦʛʦ ʨʝʞʠʤʘ 

ʢʦʥʚʝʢʮʠʠ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʚʥʦ Gr1 = 4000. ɺʳʰʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʯʪʦ 

ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʤʦʜʘ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʢʦʣʝʙʘʥʠʷʤ ʚ 

ʤʘʣʦʧʦʜʚʠʞʥʦʤ ʷʜʨʝ. ʕʪʠ ʢʦʣʝʙʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʶʪ ʥʘ ʪʝʧʣʦʚʦʡ 

ʧʦʪʦʢ ʯʝʨʝʟ ʛʨʘʥʠʮʳ ʧʦʣʦʩʪʠ, ʧʦʵʪʦʤʫ ʟʘʚʠʩʠʤʦʩʪʴ Nu  ʦʪ Gr ʥʝ ʤʝʥʷʝʪ ʩʚʦʝʛʦ 

ʚʠʜʘ, ʢʦʛʜʘ Gr > Gr1 (ʩʤ. ʢʨʠʚʫʶ 1 ʨʠʩ. 3.8 ʘ). ʅʘ ʟʘʚʠʩʠʤʦʩʪʠ ( )mɣ Grf=  

(ʢʨʠʚʘʷ 1 ʥʘ ʨʠʩ. 3.8 ʙ) ʧʨʠ Gr = 4000 ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʣʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʩʤʝʥʝ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʨʝʞʠʤʘ. 

ʇʨʠ Gr > Gr1 ʟʥʘʯʝʥʠʝ mɣ  ʩ ʫʚʝʣʠʯʝʥʠʝʤ Gr ʨʘʩʪʝʪ ʙʳʩʪʨʝʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʦʩʨʝʜʥʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ. ɺʜʦʣʴ ʢʨʠʚʦʡ 1 ʚʦ ʚʩʝʤ ʠʩʩʣʝʜʦʚʘʥʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʯʠʩʝʣ ɻʨʘʩʛʦʬʘ, ʧʨʝʚʳʰʘʶʱʠʭ Gr1, ʟʥʘʯʝʥʠʷ Nu ʠ ym ʤʝʥʷʶʪʩʷ ʩʦ 

ʚʨʝʤʝʥʝʤ ʧʦ ʟʘʢʦʥʘʤ ʘʥʘʣʦʛʠʯʥʳʤ ʪʝʤ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.5. 

ʇʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʩ ʨʦʩʪʦʤ Gr ʫʤʝʥʴʰʘʝʪʩʷ c 0.32 ʜʣʷ Gr = 4100 ʜʦ 0.27 ʜʣʷ 

Gr = 7000, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʠʭʨʝʡ ʚ ʮʝʥʪʨʝ ʧʦʣʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʪ.ʝ. ʨʘʩʪʝʪ 

ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ. ɺʠʜ ʨʘʟʚʠʪʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʪʝʯʝʥʠʷ ʜʣʷ Gr = 6000 ʚ 

ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 3.9. 
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ʈʠʩ. 3.8 ɿʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ (ʘ) ʠ ʤʘʢʩʠʤʫʤʘ 

ʬʫʥʢʮʠʠ ʪʦʢʘ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ (ʙ) ʦʪ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ. ʂʨʠʚʘʷ 1, 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ V = 0.004, ʢʨʠʚʳʝ 2, 2' ʠ 2'' ʧʦʩʪʨʦʝʥʳ ʜʣʷ V = 0.013 
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ʈʠʩ. 3.9 ʀʟʦʣʠʥʠʠ ʬʫʥʢʮʠʠ ʪʦʢʘ ʦʩʨʝʜʥʝʥʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʪʝʯʝʥʠʷ ʜʣʷ 

V = 0.004 ʠ Gr = 6000 ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ 

 

ʀʥʪʝʥʩʠʚʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʠʭʨʝʡ ʚ ʮʝʥʪʨʝ ʧʦʣʦʩʪʠ ʩʣʘʙʦ ʚʣʠʷʶʪ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʠʟʦʣʠʥʠʡ ʧʦʣʝʡ f, T ʠ W. ʕʪʠ ʧʦʣʷ ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʥʳʡ ʚʠʜ, 

ʧʦʢʘʟʘʥʥʳʡ ʚ ʥʠʞʥʝʤ ʨʷʜʫ ʨʠʩʫʥʢʘ 3.3. 

ɺ ʩʣʫʯʘʝ ʪʝʧʣʦʚʦʡ ʤʦʜʳ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʚʳʟʚʘʥʥʦʡ ʚʠʙʨʘʮʠʦʥʥʳʤʠ 

ʚʦʟʜʝʡʩʪʚʠʷʤʠ, ʧʨʠ V = 0.013 ʥʘ ʦʙʝʠʭ ʢʨʠʚʳʭ 2, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 

3.8 ʥʘʙʣʶʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʡ ʠʟʣʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʨʝʞʠʤʘ. ʂʨʠʪʠʯʝʩʢʦʝ ʯʠʩʣʦ ɻʨʘʩʛʦʬʘ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ Gr3 = 4100. ʇʨʠ Gr > Gr3 ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʠʡ ʨʦʩʪ Nu  ʠ my  ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ Gr. ʊʝʧʣʦʚʳʝ ʚʦʟʤʫʱʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʷʭ, 

ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠ ʧʦʪʦʢʘ ʪʝʧʣʘ ʯʝʨʝʟ ʛʨʘʥʠʮʳ ʧʦʣʦʩʪʠ. ʍʘʨʘʢʪʝʨʥʳʡ ʚʠʜ 

ʢʦʣʝʙʘʥʠʡ Nu ʠ 
my  ʚ ʜʠʘʧʘʟʦʥʝ ʯʠʩʝʣ ɻʨʘʩʛʦʬʘ 4100 <Gr Ò 4500 ʧʨʠʚʝʜʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 3.6, ʘ ʩʪʨʫʢʪʫʨʘ ʪʝʧʣʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ʠ ʚʠʜ ʧʦʣʝʡ y, f, W 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.7. ʇʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʯʠʩʝʣ 

ɻʨʘʩʛʦʬʘ ʙʣʠʟʦʢ ʢ 0.17. 

ʇʨʠ Gr º 4500 ʥʘ ʢʨʠʚʳʭ 2 ʨʠʩʫʥʢʘ 3.8 ʧʦʷʚʣʷʝʪʩʷ ʪʦʯʢʘ ʠʟʣʦʤʘ, ʚ 

ʢʦʪʦʨʦʡ ʨʦʞʜʘʶʪʩʷ ʢʨʠʚʳʝ 2' ʠ 2'', ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʠʤʤʝʪʨʠʯʥʦʡ ʠ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʤʦʜʘʤ (ʩʤ. ʬʨʘʛʤʝʥʪ ʨʠʩ. 3.8ʙ). ʇʝʨʠʦʜ 

ʢʦʣʝʙʘʥʠʡ ʩʠʤʤʝʪʨʠʯʥʦʡ ʤʦʜʳ ʙʣʠʟʦʢ ʢ 0.20, ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʢ 0.17 

ʝʜʠʥʠʮʘʤ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʚʨʝʤʝʥʠ. ʉʠʤʤʝʪʨʠʷ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ Gr > 4500 

ʢʦʥʚʝʢʪʠʚʥʳʭ ʨʝʞʠʤʦʚ ʙʫʜʝʪ ʦʙʩʫʞʜʘʪʴʩʷ ʥʠʞʝ. 
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ʀʟ ʬʨʘʛʤʝʥʪʘ ʨʠʩʫʥʢʘ 3.8ʘ ʚʠʜʥʦ, ʯʪʦ ʜʣʷ Gr > 4500 ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ ʜʣʷ ʦʙʝʠʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʤʦʜ ʥʝ ʦʪʣʠʯʘʶʪʩʷ, ʪ.ʝ. 

ʪʝʧʣʦʧʝʨʝʥʦʩ ʯʝʨʝʟ ʛʨʘʥʠʮʳ ʧʦʣʦʩʪʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʦʟʥʠʢʘʶʱʝʛʦ ʨʝʞʠʤʘ 

ʪʝʯʝʥʠʷ. ʕʪʦʪ ʚʳʚʦʜ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ Nu ʦʪ ʚʨʝʤʝʥʠ, 

ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 3.10ʚ ʦʜʠʥʘʢʦʚʦʡ ʜʣʷ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʤʦʜ. ʊʘʢʦʝ ʩʦʚʧʘʜʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦ ʚʩʝʤ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʠʩʝʣ 

ɻʨʘʩʛʦʬʘ.  

ʅʘ ʬʨʘʛʤʝʥʪʘʭ (ʘ) ʠ (ʙ) ʨʠʩʫʥʢʘ 3.10 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʘʢʩʠʤʫʤʦʚ ʬʫʥʢʮʠʠ ʪʦʢʘ my  ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ t, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʦʡ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʤʦʜ. 

ɺʠʜʥʦ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ my  ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʦʡ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʤʦʜʳ 

ʧʨʠʤʝʨʥʦ ʚ ʪʨʠ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ. ɼʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʩʦʭʨʘʥʷʝʪʩʷ ʜʣʷ ʚʩʝʭ Gr > 4500, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʪʘʥʦʚʠʚʰʠʤʩʷ 

ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʢʦʣʝʙʘʥʠʷʤ. ʊʦʯʢʘʤʠ ʥʘ ʨʠʩʫʥʢʝ 3.10 ʦʪʤʝʯʝʥʳ ʟʥʘʯʝʥʠʷ my  

ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʘ ʨʠʩʫʥʢʘʭ 3.11 ʠ 3.12 ʧʨʠʚʝʜʝʥʳ 

ʠʟʦʣʠʥʠʠ ʧʦʣʝʡ ʦʩʨʝʜʥʝʥʥʦʡ ʬʫʥʢʮʠʠ ʪʦʢʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʬʫʥʢʮʠʠ ʪʦʢʘ 

ʘʤʧʣʠʪʫʜʳ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ. 
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ʈʠʩ. 3.10 ɿʘʚʠʩʠʤʦʩʪʠ my  ʠ Nu ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʦʩʨʝʜʥʝʥʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʨʝʞʠʤʦʚ ʧʨʠ V =0.013 ʠ Gr = 5500: (ʘ) ʠ (ʙ) ï ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʨʠʚʳʤ 2' (ʥʠʞʥʷʷ 

ʤʦʜʘ) ʠ 2'' (ʚʝʨʭʥʷʷ ʤʦʜʘ) ʥʘ ʨʠʩ. 3.8 ʙ, ʘ (ʚ) ï ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʠʚʳʤ 2' ʠ 2'' 

ʨʠʩ. 3.8 a 

 

ʅʘ ʨʠʩʫʥʢʝ 3.11 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʦʣʠʥʠʠ ʦʩʨʝʜʥʝʥʥʦʡ ʬʫʥʢʮʠʠ ʪʦʢʘ, ʧʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʬʫʥʢʮʠʠ ʪʦʢʘ ʘʤʧʣʠʪʫʜʳ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ ʜʣʷ 

ʦʩʨʝʜʥʝʥʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʪʝʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʨʠʚʦʡ 2' ʥʘ 

ʨʠʩʫʥʢʝ 3.8, ʧʨʠ V = 0.013 ʠ Gr = 5500. ɺʠʜʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʳ ʚʩʝʭ ʧʦʣʝʡ ʚ 

ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ ʦʙʣʘʜʘʶʪ ʠʥʚʝʨʩʠʦʥʥʦʡ ʩʠʤʤʝʪʨʠʝʡ. 

ʅʘ ʨʠʩʫʥʢʝ 3.12 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ 

ʨʝʞʠʤʘ ʦʩʨʝʜʥʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ ʢʚʘʜʨʘʪʥʦʡ ʧʦʣʦʩʪʠ ʜʣʷ V = 0.013 ʠ 
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Gr = 5500. ɿʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʦʣʠʥʠʠ ʦʩʨʝʜʥʝʥʥʦʡ ʬʫʥʢʮʠʠ ʪʦʢʘ, ʧʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʬʫʥʢʮʠʠ ʪʦʢʘ ʘʤʧʣʠʪʫʜʳ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʨʠʚʦʡ 2'' ʥʘ ʨʠʩʫʥʢʝ 3.8. ɺʠʜʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʳ ʚʩʝʭ ʧʦʣʝʡ 

ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ ʥʝ ʦʙʣʘʜʘʶʪ ʩʠʤʤʝʪʨʠʝʡ. 

 

 

ʈʠʩ. 3.11 ʀʟʦʣʠʥʠʠ ʦʩʨʝʜʥʝʥʥʦʡ ʬʫʥʢʮʠʠ ʪʦʢʘ (ʚʝʨʭʥʠʡ ʨʷʜ), ʧʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ (ʩʨʝʜʥʠʡ ʨʷʜ) ʠ ʬʫʥʢʮʠʠ ʪʦʢʘ ʘʤʧʣʠʪʫʜʳ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ 

ʪʝʯʝʥʠʷ (ʥʠʞʥʠʡ ʨʷʜ) ʜʣʷ ʨʘʟʚʠʪʦʛʦ ʦʩʨʝʜʥʝʥʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʪʝʯʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʨʠʚʦʡ 2' ʥʘ ʨʠʩʫʥʢʝ 3.8 ʜʣʷ V = 0.013 ʠ Gr = 5500. 

ʀʟʦʣʠʥʠʠ ʧʦʩʪʨʦʝʥʳ ʜʣʷ ʪʦʯʝʢ 1 ï 5 ʨʠʩʫʥʢʘ 3.10 a 

 



83 

 

 

ʈʠʩ. 3.12 ʀʟʦʣʠʥʠʠ ʦʩʨʝʜʥʝʥʥʦʡ ʬʫʥʢʮʠʠ ʪʦʢʘ (ʚʝʨʭʥʠʡ ʨʷʜ), ʧʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ (ʩʨʝʜʥʠʡ ʨʷʜ) ʠ ʬʫʥʢʮʠʠ ʪʦʢʘ ʘʤʧʣʠʪʫʜʳ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ 

ʪʝʯʝʥʠʷ (ʥʠʞʥʠʡ ʨʷʜ) ʜʣʷ ʨʘʟʚʠʪʦʛʦ ʦʩʨʝʜʥʝʥʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʪʝʯʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʨʠʚʦʡ 2'' ʥʘ ʨʠʩʫʥʢʝ 3.8 ʜʣʷ V = 0.013 ʠ Gr = 5500. 

ʀʟʦʣʠʥʠʠ ʧʦʩʪʨʦʝʥʳ ʜʣʷ ʪʦʯʝʢ 1 ï 7 ʨʠʩʫʥʢʘ 3.10 ʙ 

 

ʄʝʭʘʥʠʟʤʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʠʤʤʝʪʨʠʯʥʳʝ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ 

ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʦʩʨʝʜʥʝʥʥʳʝ ʢʦʥʚʝʢʪʠʚʥʳʝ ʪʝʯʝʥʠʷ ʦʯʝʥʴ ʧʦʭʦʞʠ. ʀʟ ʨʠʩʫʥʢʘ 

3.11 ʠ 3.12 ʚʠʜʥʦ, ʯʪʦ ʚʜʦʣʴ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʨʘʥʠʮ ʧʦʣʦʩʪʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʛʨʘʥʠʯʥʳʝ ʩʣʦʠ, ʚ ʢʦʪʦʨʳʭ ʛʝʥʝʨʠʨʫʶʪʩʷ ʪʝʧʣʦʚʳʝ 

ʚʦʟʤʫʱʝʥʠʷ. ʀʥʪʝʥʩʠʚʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʨʘʟʨʫʰʘʶʪ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʧʦʛʨʘʥʠʯʥʳʝ ʩʣʦʠ, ʥʘʙʣʶʜʘʚʰʠʝʩʷ ʧʨʠ Gr < 4500, ʧʦʨʦʞʜʘʷ 

ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʦʩʨʝʜʥʝʥʥʦʝ ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ, ʟʘʥʠʤʘʶʱʝʝ ʚʩʶ ʧʦʣʦʩʪʴ. 

ʏʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʦʙʝʠʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʤʦʜ 

ʫʩʪʘʥʦʚʠʚʰʠʝʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʨʝʞʠʤʳ ʥʘʙʣʶʜʘʶʪʩʷ ʜʦ 

Gr º 5750. ʇʨʠ ʙʦʣʴʰʠʭ ʯʠʩʣʘʭ ɻʨʘʩʛʦʬʘ ʚ ʧʦʣʦʩʪʠ ʨʝʘʣʠʟʫʶʪʩʷ 

ʢʚʘʟʠʧʝʨʝʦʜʠʯʝʩʢʠʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʨʝʞʠʤʳ. 
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3.2.2 ʂʦʥʚʝʢʪʠʚʥʳʝ ʨʝʞʠʤʳ ʧʨʠ V Ó 0.1 

ʇʨʠ V > 0.1 ʨʦʣʴ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʛʝʥʝʨʘʮʠʠ ʪʝʯʝʥʠʡ 

ʩʪʘʥʦʚʠʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʡ. ʅʘ ʢʘʨʪʝ ʨʝʞʠʤʦʚ ʧʦʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴ II (ʩʤ. 

ʨʠʩ.3.1 ʘ), ʦʛʨʘʥʠʯʝʥʥʘʷ ʩʥʠʟʫ ʠ ʩʚʝʨʭʫ ʣʠʥʠʷʤʠ 2 ʠ 3. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʧʘʨʘʤʝʪʨʦʚ ʨʝʘʣʠʟʫʝʪʩʷ ʪʨʝʭʚʠʭʨʝʚʦʝ ʚʠʙʨʘʮʠʦʥʥʦ-ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ, 

ʛʝʥʝʨʘʮʠʷ ʢʦʪʦʨʦʛʦ ʦʙʫʩʣʦʚʣʝʥʘ ʜʚʫʤʷ ʤʝʭʘʥʠʟʤʘʤʠ (ʩʠʣʘʤʠ): ʩʚʦʙʦʜʥʦ-

ʢʦʥʚʝʢʪʠʚʥʳʤ ʠʣʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ (ʧʦʜʲʝʤʥʦʡ ʩʠʣʦʡ ɸʨʭʠʤʝʜʘ), ʠ 

ʚʠʙʨʘʮʠʦʥʥʦ-ʢʦʥʚʝʢʪʠʚʥʳʤ ʠʣʠ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʳʤ (ʦʙʲʝʤʥʦʡ 

ʚʠʙʨʘʮʠʦʥʥʦʡ ʩʠʣʦʡ). 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʢʦʥʚʝʢʪʠʚʥʳʝ ʨʝʞʠʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʦʙʣʘʩʪʠ 

ʟʥʘʯʝʥʠʡ 0.1 ¢ V ¢ 10. ɺ ʦʙʣʘʩʪʠ II ʚʳʰʝ ʢʨʠʚʦʡ 2 (ʩʤ. ʨʠʩ. 3.1ʘ) ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʨʝʭʚʠʭʨʝʚʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʦʩʨʝʜʥʝʥʥʦʝ ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʪʨʝʭʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʵʚʦʣʶʮʠʦʥʥʦ, ʪ.ʝ. ʥʝ 

ʧʦʨʦʛʦʚʳʤ ʦʙʨʘʟʦʤ. ʄʳ ʩʯʠʪʘʝʤ ʪʝʯʝʥʠʝ ʪʨʝʭʚʠʭʨʝʚʳʤ, ʢʦʛʜʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʠʭʨʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʫʛʣʘʭ ʧʦʣʦʩʪʠ, ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 1% 

ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʚʠʭʨʷ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʠʭʨʝʡ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ 

ʟʥʘʯʝʥʠʷʤ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʪʦʢʘ ʚ ʮʝʥʪʨʘʭ ʚʠʭʨʝʡ. 

ʅʘ ʨʠʩʫʥʢʝ 3.13 ʧʦʢʘʟʘʥʘ ʵʚʦʣʶʮʠʷ ʩʪʨʫʢʪʫʨʳ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ ʧʨʠ ʚʠʙʨʘʮʠʦʥʥʦʤ ʧʘʨʘʤʝʪʨʝ V = 10. ʅʘʧʦʤʥʠʤ, 

ʯʪʦ ʟʥʘʯʝʥʠʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ V Ó 1 ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʫʩʣʦʚʠʡ 

ʧʦʥʠʞʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʠ, ʚʳʩʦʢʦʚʷʟʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʧʦʣʦʩʪʠ 

(h Ò 10-2 ʤ) ʠʣʠ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʚʠʙʨʘʮʠʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʧʨʠ ʩʢʦʣʴ 

ʫʛʦʜʥʦ ʤʘʣʦʤ ʟʥʘʯʝʥʠʠ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ (ʛʨʘʜʠʝʥʪʝ ʪʝʤʧʝʨʘʪʫʨʳ) ʚ ʧʦʣʦʩʪʠ 

ʚʦʟʥʠʢʘʝʪ ʧʦʣʟʫʱʝʝ ʦʜʥʦʚʠʭʨʝʚʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʤʝʥʷʝʪ ʩʚʦʶ ʬʦʨʤʫ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ. 
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ʈʠʩ. 3.13 ʉʪʨʫʢʪʫʨʳ ʚʠʙʨʘʮʠʦʥʥʦ-ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʜʣʷ V = 10: ʚʝʨʭʥʠʡ 

ʨʷʜ - Gr = 0.1 (ʦʙʣʘʩʪʴ I); ʩʨʝʜʥʠʡ ʨʷʜ - Gr = 0.5 (ʦʙʣʘʩʪʴ II); ʥʠʞʥʠʡ ʨʷʜ - 

Gr = 2 (ʛʨʘʥʠʮʘ ʦʙʣʘʩʪʝʡ II ʠ IV). ʉʥʠʟʫ ʢʦʣʦʥʦʢ ʜʘʥʳ ʦʙʦʟʥʘʯʝʥʠʷ ʠʟʦʣʠʥʠʡ: 

y ï ʬʫʥʢʮʠʠ ʪʦʢʘ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ; f ï ʬʫʥʢʮʠʠ ʪʦʢʘ ʘʤʧʣʠʪʫʜʳ 

ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ; T ï ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ; W ï ʧʦʣʷ ʟʘʚʠʭʨʝʥʥʦʩʪʠ 

 

ʉ ʨʦʩʪʦʤ Gr ʦʩʨʝʜʥʝʥʥʳʡ ʚʠʭʨʴ ʥʘʢʣʦʥʷʝʪʩʷ ʠ ʩʠʤʤʝʪʨʠʟʫʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʘʛʦʥʘʣʠ ʧʦʣʦʩʪʠ, ʚ ʫʛʣʘʭ ʢʦʪʦʨʦʡ ʧʦʷʚʣʷʶʪʩʷ ʟʘʩʪʦʡʥʳʝ 

ʟʦʥʳ. ʉʪʨʫʢʪʫʨʘ ʪʘʢʦʛʦ ʪʝʯʝʥʠʷ ʜʣʷ ʟʥʘʯʝʥʠʷ Gr = 0.1 ʙʣʠʟʢʦʛʦ ʢ ʛʨʘʥʠʮʝ 2 

ʠʟʦʙʨʘʞʝʥʘ ʚ ʚʝʨʭʥʝʤ ʨʷʜʫ ʨʠʩʫʥʢʘ 3.13. ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʯʠʩʣʦʤ ɻʨʘʩʛʦʬʘ 

ʥʝʢʦʪʦʨʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ Gr
2
, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʨʘʥʠʮʝ 2 ʥʘ ʨʠʩʫʥʢʝ 

3.1 (ʜʣʷ V = 10, Gr
2
 º 0.2), ʚ ʟʘʩʪʦʡʥʳʭ ʟʦʥʘʭ ʧʦʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʚʠʭʨʠ. ʊʨʝʭʚʠʭʨʝʚʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʚʠʙʨʘʮʠʦʥʥʦ-ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ ʜʣʷ 

Gr = 0.5 ʧʦʢʘʟʘʥʦ ʚ ʩʨʝʜʥʝʤ ʨʷʜʫ ʨʠʩʫʥʢʘ 3.13. ʊʘʢʦʡ ʚʠʜ ʪʝʯʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥ 

ʚʣʠʷʥʠʝʤ ʚʠʙʨʘʮʠʡ ʥʘ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʛʝʥʝʨʘʮʠʠ ʦʩʨʝʜʥʝʥʥʦʡ 
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ʢʦʥʚʝʢʮʠʠ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ Gr ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʫʛʣʦʚʳʭ ʚʠʭʨʝʡ ʠ ʩʠʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʚʠʭʨʷ ʚ ʦʩʨʝʜʥʝʥʥʦʤ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʪʝʯʝʥʠʠ. ʇʦʣʷ ʬʫʥʢʮʠʡ y, f, T ʠ W, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʨʘʥʠʮʝ 

3 ʥʘ ʨʠʩʫʥʢʝ 3.1, ʪ.ʝ. Gr
3
 º 2 ʜʣʷ V = 10, ʧʦʢʘʟʘʥʳ ʚ ʥʠʞʥʝʤ ʨʷʜʫ ʨʠʩʫʥʢʘ 3.13.  

ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʯʠʩʣʦʤ ɻʨʘʩʛʦʬʘ ʟʥʘʯʝʥʠʷ Gr
3
 ʚʦʟʥʠʢʘʶʪ ʢʦʣʝʙʘʥʠʷ 

ʧʦʣʝʡ ʩʢʦʨʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʠʭʨʝʡ ʚ 

ʦʩʨʝʜʥʝʥʥʦʤ ʪʝʯʝʥʠʠ ʤʝʥʷʝʪʩʷ. ʕʥʝʨʛʠʷ ʠʟ ʮʝʥʪʨʘʣʴʥʦʛʦ ʚʠʭʨʷ ʧʝʨʝʜʘʝʪʩʷ 

ʫʛʣʦʚʳʤ ʠ ʥʘʦʙʦʨʦʪ.  

ʆʧʠʰʝʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʢʦʥʚʝʢʪʠʚʥʳʝ ʨʝʞʠʤʳ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʢʚʘʜʨʘʪʥʦʡ ʧʦʣʦʩʪʠ ʧʦʩʣʝ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ, ʚ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ 0.1 < V Ò 10, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʯʠʩʝʣ ɻʨʘʩʛʦʬʘ, 

ʥʝ ʩʠʣʴʥʦ ʧʨʝʚʳʰʘʶʱʠʭ ʢʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ Gr3.  

ɺ ʦʙʣʘʩʪʠ IV (ʩʤ. ʨʠʩ. 3.1) ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ 3 ʨʝʘʣʠʟʫʶʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʨʝʞʠʤʳ, ʢʦʪʦʨʳʝ ʩʪʘʥʦʚʷʪʩʷ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʧʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ. ɺ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

0.1 < V Ò 10 ʢ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʦʩʨʝʜʥʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʧʨʠʚʦʜʷʪ 

ʪʝʧʣʦʚʳʝ ʚʦʟʤʫʱʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚʙʣʠʟʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʨʘʥʠʮ ʧʦʣʦʩʪʠ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʛʨʘʥʠʯʥʳʝ ʩʣʦʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʠ ʤʝʥʴʰʠʭ V ʚʦʟʥʠʢʘʣʠ ʪʘʢʠʝ 

ʚʦʟʤʫʱʝʥʠʷ, ʚʙʣʠʟʠ ʪʚʝʨʜʳʭ ʩʪʝʥʦʢ ʥʝ ʬʦʨʤʠʨʫʶʪʩʷ, ʪ.ʝ. ʚʦʟʤʫʱʝʥʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘ ʚʩʶ ʧʦʣʦʩʪʴ. 

ʅʘ ʨʠʩʫʥʢʝ 3.14 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʠʭ ʟʘ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ 

ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʪʦʢʘ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ my  (a) ʠ ʯʠʩʣʘ 

ʅʫʩʩʝʣʴʪʘ Nu  (ʙ) ʦʪ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ Gr ʜʣʷ ʜʚʫʭ ʟʥʘʯʝʥʠʡ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ V = 0.5; 1.0. ʇʨʠ ʤʘʣʳʭ Gr ʚ ʧʦʣʦʩʪʠ ʨʝʘʣʠʟʫʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʦʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʘʚʥʳʭ ʦʩʝʡ ʢʚʘʜʨʘʪʘ ʦʜʥʦʚʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ, ʢʦʪʦʨʦʤʫ ʥʘ 

ʨʠʩʫʥʢʝ 3.14 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʣʠʟʢʠʝ ʢ ʣʠʥʝʡʥʦʤʫ ʚʠʜʫ ʥʘʯʘʣʴʥʳʝ ʫʯʘʩʪʢʠ 

ʢʨʠʚʳʭ 1 ʠ 2. ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ my  ʠ ʠʟʤʝʥʝʥʠʶ 

ʬʦʨʤʳ ʚʠʭʨʷ, ʦʥ ʩʠʤʤʝʪʨʠʟʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʘʛʦʥʘʣʠ ʧʦʣʦʩʪʠ, ʚ ʫʛʣʘʭ 
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ʢʦʪʦʨʦʡ ʧʦʷʚʣʷʶʪʩʷ ʟʘʩʪʦʡʥʳʝ ʟʦʥʳ (ʩʤ. ʨʠʩ. 3.13). ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʯʠʩʣʦʤ 

ɻʨʘʩʛʦʬʘ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ Gr2, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʨʠʚʦʡ 2 ʥʘ ʨʠʩʫʥʢʝ 3.1, 

ʚ ʟʘʩʪʦʡʥʳʭ ʟʦʥʘʭ ʧʦʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʠʭʨʠ. 

 

 

ʈʠʩ. 3.14 ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʪʦʢʘ 

ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ (a) ʠ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ (ʙ) ʦʪ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ: ʢʨʠʚʳʝ 1, 

1' ʠ 1'' ʩʦʦʪʚʝʪʩʪʚʫʶʪ V = 0.5; 2, 2' ʠ 2'' ʧʦʩʪʨʦʝʥʳ ʜʣʷ V = 1.0 

 

ɼʣʷ ʟʥʘʯʝʥʠʡ 0.1 < V < 1.0 ʧʝʨʝʭʦʜʫ ʦʪ ʦʜʥʦʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʢ 

ʪʨʝʭʚʠʭʨʝʚʦʤʫ (ʢʨʠʚʘʷ 2, ʨʠʩ. 3.1) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʦʢʘʣʴʥʳʡ ʤʘʢʩʠʤʫʤ ʥʘ 

ʟʘʚʠʩʠʤʦʩʪʠ m (Gr)fy =  (ʩʤ. ʢʨʠʚʫʶ 1 ʥʘ ʨʠʩ. 3.14a). ʇʨʠ V = 0.5 ʣʦʢʘʣʴʥʳʡ 

ʤʘʢʩʠʤʫʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ Gr2 º 20. ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ my  ʜʣʷ 

ʟʥʘʯʝʥʠʡ Gr
2 < Gr < Gr

3
 ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʦʩʪʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʫʛʣʦʚʳʭ ʚʠʭʨʝʡ 

ʟʘ ʩʯʝʪ ʵʥʝʨʛʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʚʠʭʨʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ 

ʦʩʨʝʜʥʝʥʥʦʤ ʪʝʯʝʥʠʠ ʚʩʝʛʜʘ ʙʦʣʴʰʝ. 

ɼʣʷ ʟʥʘʯʝʥʠʡ 1.0 Ò V Ò 10 ʥʘ ʟʘʚʠʩʠʤʦʩʪʷʭ m (Gr)fy =  ʣʦʢʘʣʴʥʳʡ 

ʤʘʢʩʠʤʫʤ ʥʝ ʧʦʷʚʣʷʝʪʩʷ. ʇʦʨʦʛʦʚʦʝ ʯʠʩʣʦ ɻʨʘʩʛʦʬʘ Gr2, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʢʨʠʚʦʡ 2 ʥʘ ʨʠʩʫʥʢʝ 3.1, ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʯʢʦʡ ʧʝʨʝʛʠʙʘ ʛʨʘʬʠʢʘ ʬʫʥʢʮʠʠ 

( )m Grfy = . ɼʣʷ V = 1.0 ʪʦʯʢʝ ʧʝʨʝʛʠʙʘ ʢʨʠʚʦʡ 2 ʥʘ ʨʠʩʫʥʢʝ 3.14 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ Gr2 º 9. ʇʨʠ ʟʥʘʯʝʥʠʷʭ Gr2 < Gr < Gr3 ʥʘʙʣʶʜʘʝʪʩʷ ʤʦʥʦʪʦʥʥʳʡ 
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ʨʦʩʪ 
my  ʩ ʫʚʝʣʠʯʝʥʠʝʤ Gr (ʩʤ. ʢʨʠʚʫʶ 2 ʨʠʩ. 3.14a). ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʫʛʣʦʚʳʭ 

ʚʠʭʨʝʡ ʙʳʩʪʨʦ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʮʝʥʪʨʘʣʴʥʦʛʦ ʚʠʭʨʷ, ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʚʣʠʷʥʠʝʤ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʛʝʥʝʨʘʮʠʠ ʦʩʨʝʜʥʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʟʥʘʯʝʥʠʷʭ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ʇʨʠ Gr Ó Gr
3
 ʠʟ-ʟʘ ʥʘʨʘʩʪʘʥʠʷ ʪʝʧʣʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ʩʪʘʮʠʦʥʘʨʥʦʝ 

ʦʩʨʝʜʥʝʥʥʦʝ ʪʝʯʝʥʠʝ ʚ ʢʚʘʜʨʘʪʥʦʡ ʧʦʣʦʩʪʠ ʪʝʨʷʝʪ ʩʚʦʶ ʫʩʪʦʡʯʠʚʦʩʪʴ. ɺ 

ʧʦʣʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʠʭʨʝʡ ʚ ʦʩʨʝʜʥʝʥʥʦʤ ʪʝʯʝʥʠʠ ʤʝʥʷʝʪʩʷ ʪʘʢ, ʯʪʦ ʵʥʝʨʛʠʷ ʠʟ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʚʠʭʨʷ ʧʝʨʝʜʘʝʪʩʷ ʫʛʣʦʚʳʤ ʚʠʭʨʷʤ ʠ ʥʘ ʦʙʦʨʦʪ. ʅʘ ʢʨʠʚʳʭ 1 ʠ 2 

ʨʠʩʫʥʢʘ 3.14 ʚ ʪʦʯʢʘʭ, ʢʦʛʜʘ ʚʦʟʥʠʢʘʝʪ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʦʩʨʝʜʥʝʥʥʦʛʦ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ, ʥʘʙʣʶʜʘʶʪʩʷ ʠʟʣʦʤʳ. ɼʣʷ V = 0.5 (ʢʨʠʚʘʷ 1) ʪʦʯʢʝ 

ʠʟʣʦʤʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʠʪʠʯʝʩʢʦʝ ʯʠʩʣʦ ɻʨʘʩʛʦʬʘ Gr3 º 38, ʘ ʜʣʷ V = 1.0 

(ʢʨʠʚʘʷ 2) Gr3 º 21. ʇʨʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʨʝʞʠʤʘʭ ʦʩʨʝʜʥʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ 

ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʪʦʢʘ my  ʠ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ Nu  c 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ ʨʘʩʪʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʧʨʠ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʘʭ (ʩʤ. ʨʠʩ. 3.14). 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ 0.1 Ò V < 1.0 ʩʨʘʟʫ ʧʦʩʣʝ 

ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʳʤ ʪʝʯʝʥʠʝʤ ʚ ʧʦʣʦʩʪʠ ʨʝʘʣʠʟʫʝʪʩʷ ʦʜʠʥ 

ʩʠʤʤʝʪʨʠʯʥʳʡ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʨʝʞʠʤ ʦʩʨʝʜʥʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ (ʩʤ. ʢʨʠʚʫʶ 1 

ʥʘ ʨʠʩ. 3.14ʘ). ɺ ʪʘʢʦʤ ʨʝʞʠʤʝ ʠʟʦʣʠʥʠʠ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʩʠʤʤʝʪʨʠʯʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʦʨʦʪʘ ʧʦʣʦʩʪʠ ʥʘ 1800 ʚʦʢʨʫʛ 

ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʨʝʞʠʤʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ ʧʦʷʚʣʷʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʥʝ ʩʠʤʤʝʪʨʠʯʥʳʡ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʨʝʞʠʤ ʢʦʥʚʝʢʮʠʠ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ V = 0.5 ʜʚʘ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʨʝʞʠʤʘ ʨʝʘʣʠʟʫʶʪʩʷ, ʢʦʛʜʘ Gr > 41. 

ʕʪʠʤ ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʨʝʞʠʤʘʤ ʥʘ ʨʠʩʫʥʢʝ 3.14 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʨʠʚʳʝ 1', 1''. 

ʇʨʠ ʧʦʥʠʞʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʠ, ʢʦʛʜʘ V Ó 1, ʩʠʤʤʝʪʨʠʯʥʳʡ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʡ 
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ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʨʝʞʠʤʳ ʚ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʩʨʘʟʫ ʧʦʩʣʝ 

ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʳʤ ʦʩʨʝʜʥʝʥʥʳʤ ʪʝʯʝʥʠʝʤ, ʪ.ʝ. ʧʨʠ Gr Ó 21. 

ʅʘ ʨʠʩʫʥʢʝ 3.14 ʵʪʠʤ ʨʝʞʠʤʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʨʠʚʳʝ 2', 2'' ʜʣʷ V = 1.0. 

ʀʟ ʨʠʩʫʥʢʘ 3.14 ʙ ʚʠʜʥʦ, ʯʪʦ ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʢ 

ʪʨʝʭʚʠʭʨʝʚʦʤʫ ʥʘ ʟʘʚʠʩʠʤʦʩʪʷʭ ( )Nu Grf=  ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʨʘʞʘʝʪʩʷ. ʇʨʠ 

ʯʠʩʣʘʭ ɻʨʘʩʛʦʬʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʭʦʜʫ ʦʪ ʩʪʘʮʠʦʥʘʨʥʦʡ ʦʩʨʝʜʥʝʥʥʦʡ 

ʢʦʥʚʝʢʮʠʠ ʢ ʢʦʣʝʙʘʪʝʣʴʥʦʡ, ʥʘ ʛʨʘʬʠʢʘʭ ʬʫʥʢʮʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʡ 

ʠʟʣʦʤ. ɼʣʷ ʩʠʤʤʝʪʨʠʯʥʦʡ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʤʦʜ, ʢʘʢ ʠ ʚ 

ʩʣʫʯʘʝ V < 0.1, ʣʠʥʠʠ ʛʨʘʬʠʢʦʚ ( )Nu Grf=  ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ.  

ʅʘ ʨʠʩʫʥʢʘʭ 3.15 ʠ 3.16 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ Nu ʠ 

ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʪʦʢʘ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ my  ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ ʦʩʨʝʜʥʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʧʨʠ V = 1.0 ʠ Gr = 33. ɺ 

ʚʝʨʭʥʝʤ ʨʷʜʫ ʨʠʩʫʥʢʘ 3.15 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ Nu ʠ my  ʩ ʧʝʨʠʦʜʦʤ 7.0 

ʝʜʠʥʠʮ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʚʨʝʤʝʥʠ ʚ ʩʣʫʯʘʝ ʩʠʤʤʝʪʨʠʯʥʦʡ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʤʦʜʳ 

(ʢʨʠʚʳʝ 2¡ ʥʘ ʨʠʩ. 3.14). ʅʠʞʥʠʡ ʨʷʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʩʠʤʤʝʪʨʠʯʥʦʤʫ 

ʢʦʣʝʙʘʪʝʣʴʥʦʤʫ ʨʝʞʠʤʫ (ʢʨʠʚʳʝ 2¡¡ ʥʘ ʨʠʩ. 3.14) ʩ ʧʝʨʠʦʜʦʤ ʢʦʣʝʙʘʥʠʡ 11.0 

ʝʜʠʥʠʮ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʚʨʝʤʝʥʠ. ʊʦʯʢʠ ʥʘ ʢʨʠʚʳʭ ()m f ty =  ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʤʦʤʝʥʪʘʤ ʚʨʝʤʝʥʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʘ ʨʠʩʫʥʢʝ 3.16 ʠ 3.17 ʠʟʦʙʨʘʞʝʥʳ ʧʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʬʫʥʢʮʠʡ ʪʦʢʘ. 
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ʈʠʩ. 3.15 ɿʘʚʠʩʠʤʦʩʪʠ Nu ʠ 
my  ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʨʝʞʠʤʦʚ ʦʩʨʝʜʥʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʧʨʠ V = 1.0 ʠ Gr = 33. ɺʝʨʭʥʠʡ ʨʷʜ - 

ʩʠʤʤʝʪʨʠʯʥʘʷ ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʤʦʜʘ (ʢʨʠʚʳʝ 2¡ ʥʘ ʨʠʩ. 3.14) ʩ ʧʝʨʠʦʜʦʤ 7.0; 

ʥʠʞʥʠʡ ʨʷʜ - ʥʝʩʠʤʤʝʪʨʠʯʥʘʷ ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʤʦʜʘ (ʢʨʠʚʳʝ 2¡¡ ʥʘ ʨʠʩ. 3.14) ʩ 

ʧʝʨʠʦʜʦʤ 11.0. 

 



91 

 

 

ʈʠʩ. 3.16 ʀʟʦʣʠʥʠʠ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ (ʚʝʨʭʥʠʡ ʨʷʜ), ʦʩʨʝʜʥʝʥʥʦʡ ʬʫʥʢʮʠʠ 

ʪʦʢʘ (ʩʨʝʜʥʠʡ ʨʷʜ) ʠ ʬʫʥʢʮʠʠ ʪʦʢʘ ʘʤʧʣʠʪʫʜʳ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ 

(ʥʠʞʥʠʡ ʨʷʜ) ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ ʨʘʟʚʠʪʦʛʦ ʦʩʨʝʜʥʝʥʥʦʛʦ 

ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʪʝʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʨʠʚʳʤ 2' ʥʘ ʨʠʩ. 3.14, V = 1.0 ʠ 

Gr = 33. ʀʟʦʣʠʥʠʠ ʧʦʩʪʨʦʝʥʳ ʜʣʷ ʪʦʯʝʢ 1 ï 6 ʚʝʨʭʥʝʛʦ ʨʷʜʘ ʨʠʩ. 3.15 
 

 

ʈʠʩ. 3.17 ʀʟʦʣʠʥʠʠ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ (ʚʝʨʭʥʠʡ ʨʷʜ), ʦʩʨʝʜʥʝʥʥʦʡ ʬʫʥʢʮʠʠ 

ʪʦʢʘ (ʩʨʝʜʥʠʡ ʨʷʜ) ʠ ʬʫʥʢʮʠʠ ʪʦʢʘ ʘʤʧʣʠʪʫʜʳ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ 

(ʥʠʞʥʠʡ ʨʷʜ) ʚ ʪʝʯʝʥʠʝ ʧʦʣʦʚʠʥʳ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ ʨʘʟʚʠʪʦʛʦ ʦʩʨʝʜʥʝʥʥʦʛʦ 

ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʪʝʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʨʠʚʳʤ 2'¡ ʥʘ ʨʠʩ. 3.14, V = 1.0 ʠ 

Gr = 33. ʀʟʦʣʠʥʠʠ ʧʦʩʪʨʦʝʥʳ ʜʣʷ ʪʦʯʝʢ 1 ï 6 ʥʠʞʥʝʛʦ ʨʷʜʘ ʨʠʩ. 3.15 
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3.2.3 ʂʦʥʚʝʢʪʠʚʥʳʝ ʨʝʞʠʤʳ ʧʨʠ V Ó 10 

ɺ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

10 Ò V Ò 10000 ʚʠʙʨʘʮʠʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʛʝʥʝʨʘʮʠʠ 

ʦʩʨʝʜʥʝʥʥʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʪ ʝʛʦ 

ʩʪʨʫʢʪʫʨʫ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ.  

ʈʘʩʩʤʦʪʨʠʤ ʨʝʞʠʤʳ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʠ ʠʭ ʵʚʦʣʶʮʠʶ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ. ʅʘ ʨʠʩʫʥʢʝ 

3.18 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʠʭ ʟʘ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʟʥʘʯʝʥʠʡ 

ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʪʦʢʘ my  (ʘ) ʠ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ Nu  (ʙ) ʦʪ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ. 

ɼʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʦʩʨʝʜʥʝʥʥʳʭ ʢʦʥʚʝʢʪʠʚʥʳʭ ʨʝʞʠʤʦʚ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʫʤʘ 

ʬʫʥʢʮʠʠ ʪʦʢʘ my  ʠ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ Nu  ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʥʝ 

ʠʟʤʝʥʷʶʱʠʝʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ (ʩʪʘʮʠʦʥʘʨʥʳʝ ʪʝʯʝʥʠʷ). ɼʣʷ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ ʢʦʥʚʝʢʮʠʠ ʚ ʥʘʜʢʨʠʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʷ my  ʠ 

Nu ʠʟʤʝʥʷʶʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ʂʨʠʚʳʝ 1, 2, 3 ʠ 4 ʧʦʩʪʨʦʝʥʳ ʜʣʷ ʟʥʘʯʝʥʠʡ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ V = 30, 200, 1000, 3000 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 

ʈʠʩ. 3.18 ɿʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʪʦʢʘ (a) ʠ ʯʠʩʣʘ 

ʅʫʩʩʝʣʴʪʘ (ʙ) ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ ʦʪ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ ʜʣʷ V=30 (ʢʨʠʚʘʷ 1), 

V = 200 (2), V = 1000 (3) ʠ V = 3000 (4) 
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ʀʟ ʨʠʩʫʥʢʘ 3.18 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʯʠʩʝʣ ɻʨʘʩʛʦʬʘ, Gr < 
1Gr  

(ʦʙʣʘʩʪʴ I ʥʘ ʨʠʩʫʥʢʝ 3.1 ʙ) ʟʥʘʯʝʥʠʷ maxɣ  ʙʣʠʟʢʠ ʢ ʥʫʣʶ, ʘ Nu 1­ . ʏʠʩʣʘ 

ʅʫʩʩʝʣʴʪʘ, ʥʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʠʝ 1, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʟʫʱʝʤʫ 

ʦʜʥʦʚʠʭʨʝʚʦʤʫ ʦʩʨʝʜʥʝʥʥʦʤʫ ʩʪʘʮʠʦʥʘʨʥʦʤʫ ʢʦʥʚʝʢʪʠʚʥʦʤʫ ʪʝʯʝʥʠʶ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʝʦʙʣʘʜʘʝʪ ʪʝʧʣʦʧʨʦʚʦʜʥʳʡ ʤʝʭʘʥʠʟʤ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʯʝʨʝʟ 

ʧʦʣʦʩʪʴ. ʀʟʦʣʠʥʠʠ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʯʪʠ ʧʘʨʘʣʣʝʣʴʥʳ ʚʝʨʪʠʢʘʣʴʥʳʤ 

ʩʪʝʥʢʘʤ ʧʦʣʦʩʪʠ (ʩʤ. ʨʠʩ. 3.19 ʜʣʷ ʬʨʘʛʤʝʥʪʦʚ Gr = 0.001 ʠ Gr =0.01).  

ʅʘ ʨʠʩʫʥʢʝ 3.19 ʧʦʢʘʟʘʥʘ ʵʚʦʣʶʮʠʷ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ ʧʨʠ V = 30 (ʩʤ. ʢʨʠʚʳʝ 1 ʥʘ ʨʠʩ. 3.18). 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ ʧʦʣʟʫʱʝʝ ʦʜʥʦʚʠʭʨʝʚʦʝ ʢʦʥʚʝʢʪʠʚʥʦʝ 

ʪʝʯʝʥʠʝ ʠʟʤʝʥʷʝʪ ʩʚʦʶ ʬʦʨʤʫ: ʦʩʨʝʜʥʝʥʥʳʡ ʚʠʭʨʴ ʥʘʢʣʦʥʷʝʪʩʷ ʠ 

ʩʠʤʤʝʪʨʠʟʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʘʛʦʥʘʣʠ ʧʦʣʦʩʪʠ. ʉʪʨʫʢʪʫʨʘ ʪʘʢʦʛʦ ʪʝʯʝʥʠʷ 

ʜʣʷ ʟʥʘʯʝʥʠʷ Gr º 0.01, ʙʣʠʟʢʦʛʦ ʢ ʛʨʘʥʠʮʝ 1 ʨʠʩʫʥʢʘ 3.1ʙ, ʠʟʦʙʨʘʞʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 3.19.  

ʇʨʠ Gr > 
1Gr  (ʜʣʷ V = 30 

1Gr  º 0.01) ʧʦʣʟʫʱʝʝ ʦʜʥʦʚʠʭʨʝʚʦʝ ʢʦʥʚʝʢʪʠʚʥʦʝ 

ʪʝʯʝʥʠʝ ʠʟʤʝʥʷʝʪ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ: ʮʝʥʪʨʘʣʴʥʳʡ ʦʩʨʝʜʥʝʥʥʳʡ ʚʠʭʨʴ 

ʜʝʬʦʨʤʠʨʫʝʪʩʷ, ʚ ʫʛʣʘʭ ʧʦʣʦʩʪʠ ʧʦʷʚʣʷʶʪʩʷ ʜʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʠʭʨʷ ʤʘʣʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʀʟʦʣʠʥʠʠ ʬʫʥʢʮʠʠ ʪʦʢʘ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ, ʘʤʧʣʠʪʫʜʳ 

ʬʫʥʢʮʠʠ ʪʦʢʘ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ, ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʟʘʚʠʭʨʝʥʥʦʩʪʠ 

ʪʨʝʭʚʠʭʨʝʚʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʜʣʷ Gr = 0.04 (ʦʙʣʘʩʪʴ II  

ʥʘ ʨʠʩ. 3.1ʙ) ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.19. ɺ ʦʙʣʘʩʪʠ ʧʘʨʘʤʝʪʨʦʚ II (ʩʤ. ʨʠʩ. 3.1ʙ) 

ʟʥʘʯʝʥʠʝ mɣ  ʟʘʤʝʪʥʝʝ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʥʫʣʷ, ʣʠʥʠʷ 1 ʥʘ ʨʠʩʫʥʢʝ 3.18 ʦʪʭʦʜʠʪ 

ʦʪ ʦʩʠ ʘʙʩʮʠʩʩ.  

ʇʨʠ ʫʩʠʣʝʥʠʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʟʘʤʝʪʥʝʝ ʩʪʘʥʦʚʠʪʩʷ ʚʢʣʘʜ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ, ʯʠʩʣʦ ʅʫʩʩʝʣʴʪʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 1 (ʩʤ. ʨʠʩ. 

3.2 ʙ). ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ Gr ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʫʛʣʦʚʳʭ ʚʠʭʨʝʡ ʠ ʩʠʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʚʠʭʨʷ ʚ ʦʩʨʝʜʥʝʥʥʦʤ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʪʝʯʝʥʠʠ ʧʨʠ ʵʪʦʤ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʢʘʞʘʝʪʩʷ. ʇʦʣʷ ɣ, ◖, T ʠ 

W, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʚʠʪʦʤʫ ʪʨʝʭʚʠʭʨʝʚʦʤʫ ʩʪʘʮʠʦʥʘʨʥʦʤʫ ʪʝʯʝʥʠʶ, ʜʣʷ 



94 

 

Gr ½ 0.7 ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʯʝʥʠʷ (ʢʨʠʚʘʷ 3 ʥʘ ʨʠʩ. 3.1 ʙ) ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.19.  

 

 

ʈʠʩ. 3.19 ʉʪʨʫʢʪʫʨʘ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʜʣʷ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ V = 30: Gr = 0.001 (ʦʙʣʘʩʪʴ I ʥʘ ʨʠʩ. 3.1ʙ); Gr =0.01 

(ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ 1 ʥʘ ʨʠʩ. 3.1ʙ); Gr = 0.04 (ʦʙʣʘʩʪʴ II  ʥʘ ʨʠʩ. 3.1ʙ); Gr = 0.7 

(ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ 3 ʥʘ ʨʠʩ. 3.1ʙ). ʉʥʠʟʫ ʢʦʣʦʥʦʢ ʜʘʥʳ ʦʙʦʟʥʘʯʝʥʠʷ ʠʟʦʣʠʥʠʡ: 

y ï ʬʫʥʢʮʠʠ ʪʦʢʘ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ; f ï ʬʫʥʢʮʠʠ ʪʦʢʘ ʘʤʧʣʠʪʫʜʳ 

ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ; T ï ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ; W ï ʧʦʣʷ ʟʘʚʠʭʨʝʥʥʦʩʪʠ 

 

ɺ ʪʦʯʢʝ 
3Gr  = 0.8 ʥʘ ʢʨʠʚʦʡ 1 ʨʠʩʫʥʢʘ 3.18ʘ ʥʘʙʣʶʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʡ 

ʠʟʣʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʨʝʞʠʤʘ. ɺ 
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ʢʚʘʜʨʘʪʥʦʡ ʧʦʣʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʢʦʣʝʙʘʥʠʷ ʧʦʣʝʡ ʩʢʦʨʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʠʭʨʝʡ ʚ ʦʩʨʝʜʥʝʥʥʦʤ ʪʝʯʝʥʠʠ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʤʝʥʷʝʪʩʷ. 

ʅʘ ʨʠʩʫʥʢʝ 3.20 ʧʦʢʘʟʘʥʳ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠʟʦʣʠʥʠʡ ʬʫʥʢʮʠʠ ʪʦʢʘ 

ʦʩʨʝʜʥʝʥʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʧʝʨʠʦʜʘ 

ʢʦʣʝʙʘʥʠʡ ʜʣʷ Gr = 0.9. ʅʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ ʥʘʙʣʶʜʘʶʪʩʷ 

ʧʫʣʴʩʘʮʠʠ ʚʠʭʨʝʡ ʚʙʣʠʟʠ ʫʛʣʦʚ ʧʦʣʦʩʪʠ, ʘ ʪʘʢʞʝ ʨʘʩʧʘʜ ʠ ʩʣʠʷʥʠʝ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʚʠʭʨʷ. ʇʨʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʨʝʞʠʤʘʭ ʦʩʨʝʜʥʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʜʣʷ 

ʯʠʩʝʣ ɻʨʘʩʛʦʬʘ ʚʙʣʠʟʠ ʢʨʠʚʦʡ 3 ʨʠʩʫʥʢʘ 3.1 ʙ ʟʘʚʠʩʠʤʦʩʪʴ Nu = f (Gr) ʥʝ 

ʤʝʥʷʝʪ ʩʚʦʝʛʦ ʚʠʜʘ (ʩʤ. ʨʠʩ 3.18 ʙ). 

 

 

ʈʠʩ. 3.20 ʀʟʦʣʠʥʠʠ ʬʫʥʢʮʠʠ ʪʦʢʘ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ (ʫʢʘʟʘʥʳ ʥʘʜ ʬʨʘʛʤʝʥʪʘʤʠ) ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ 

ʢʦʣʝʙʘʥʠʡ ʜʣʷ V = 30 ʠ Gr = 0.9 

 

ʅʘ ʨʠʩʫʥʢʝ 3.21 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʪʦʢʘ (a) ʠ 

ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ (ʙ) ʜʣʷ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʧʨʠ V = 30 

ʠ Gr = 0.9. ʊʦʯʢʘʤʠ ʥʘ ʨʠʩʫʥʢʝ 3.21 ʦʪʤʝʯʝʥʳ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʥʘ ʨʠʩʫʥʢʝ 3.20. ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʦʣʠʥʠʠ ʬʫʥʢʮʠʠ ʪʦʢʘ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ. 

ʇʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʝʥ 10.8 ʝʜʠʥʠʮʳ ʙʝʟʨʘʟʤʝʨʥʦʛʦ 

ʚʨʝʤʝʥʠ. 
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ʈʠʩ. 3.21 ɿʘʚʠʩʠʤʦʩʪʠ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʪʦʢʘ (a) ʠ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ (ʙ) ʦʪ 

ʚʨʝʤʝʥʠ ʜʣʷ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʧʨʠ V = 30 ʠ Gr = 0.9 

 

ʂʦʣʝʙʘʥʠʷ ʦʩʨʝʜʥʝʥʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʜʣʷ ʯʠʩʝʣ ɻʨʘʩʛʦʬʘ 

ʙʣʠʟʢʠʭ ʢ ʛʨʘʥʠʮʝ 3 ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʧʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʍʘʨʘʢʪʝʨʥʳʡ ʚʠʜ ʵʪʠʭ ʧʦʣʝʡ ʧʦʭʦʞ ʥʘ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʧʨʠʚʝʜʝʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 3.19 ʜʣʷ Gr = 0.7. 

ʇʨʠ V > 80 ʚʥʫʪʨʠ ʦʙʣʘʩʪʠ II  ʧʦʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴ V (ʩʤ. ʨʠʩ. 3.1ʙ), ʚ 

ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʪʳʨʝʭʚʠʭʨʝʚʦʝ ʦʩʨʝʜʥʝʥʥʦʝ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʝ 

ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ.  

ʏʠʩʣʝʥʥʳʡ ʨʘʩʯʝʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʙʦʣʴʰʦʡ ʠʥʪʝʨʚʘʣ ʟʥʘʯʝʥʠʡ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 90 < V < 400, ʚ ʢʦʪʦʨʦʤ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ 

ɻʨʘʩʛʦʬʘ, ʚ ʧʦʣʦʩʪʠ ʨʝʘʣʠʟʫʶʪʩʷ ʚʩʝ ʥʘʙʣʶʜʘʝʤʳʝ ʢʦʥʚʝʢʪʠʚʥʳʝ 

ʩʪʘʮʠʦʥʘʨʥʳʝ ʨʝʞʠʤʳ: ʧʦʣʟʫʱʝʝ ʦʜʥʦʚʠʭʨʝʚʦʝ, ʪʨʝʭʚʠʭʨʝʚʦʝ ʠ 

ʯʝʪʳʨʝʭʚʠʭʨʝʚʦʝ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʝ ʩʪʘʮʠʦʥʘʨʥʳʝ ʪʝʯʝʥʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ 3.22 ʧʦʢʘʟʘʥʘ ʵʚʦʣʶʮʠʷ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ ʧʨʠ V = 200 (ʩʤ. ʢʨʠʚʫʶ 2 ʥʘ ʨʠʩ. 3.18). 
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ʈʠʩ. 3.22 ʉʪʨʫʢʪʫʨʘ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʜʣʷ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ V = 200: Gr = 0.0002 (ʦʙʣʘʩʪʴ I ʥʘ ʨʠʩ. 3.1ʙ); 

Gr = 0.002 (ʦʙʣʘʩʪʴ II ʥʘ ʨʠʩ. 3.1ʙ); Gr = 0.01 (ʦʙʣʘʩʪʴ V ʥʘ ʨʠʩ. 3.1ʙ); Gr = 0.04 

(ʦʙʣʘʩʪʴ II  ʥʘ ʨʠʩ. 3.1ʙ); Gr =0.1 (ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ 3 ʥʘ 3.1ʙ). ʉʥʠʟʫ ʢʦʣʦʥʦʢ 

ʜʘʥʳ ʦʙʦʟʥʘʯʝʥʠʷ ʠʟʦʣʠʥʠʡ: y ï ʬʫʥʢʮʠʠ ʪʦʢʘ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ; f ï 

ʬʫʥʢʮʠʠ ʪʦʢʘ ʘʤʧʣʠʪʫʜʳ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ; T ï ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ; W ï 

ʧʦʣʷ ʟʘʚʠʭʨʝʥʥʦʩʪʠ 
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ʇʨʠ ʤʘʣʳʭ ʯʠʩʣʘʭ ɻʨʘʩʛʦʬʘ ʚ ʧʦʣʦʩʪʠ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʣʟʫʱʝʝ 

ʦʜʥʦʚʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ. ʉʪʨʫʢʪʫʨʘ ʪʘʢʦʛʦ ʪʝʯʝʥʠʷ ʜʣʷ V = 200 ʠ Gr = 0.0002 

ʙʣʠʟʢʦʛʦ ʢ ʛʨʘʥʠʮʝ 1 ʨʠʩʫʥʢʘ 3.1ʙ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.22. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ ʧʦʣʟʫʱʝʝ ʦʜʥʦʚʠʭʨʝʚʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ 

ʠʟʤʝʥʷʝʪ ʩʚʦʶ ʬʦʨʤʫ: ʦʩʨʝʜʥʝʥʥʳʡ ʚʠʭʨʴ ʥʘʢʣʦʥʷʝʪʩʷ ʠ ʩʠʤʤʝʪʨʠʟʫʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʘʛʦʥʘʣʠ ʧʦʣʦʩʪʠ ʚ ʫʛʣʘʭ ʧʦʣʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʠʥʪʝʥʩʠʚʥʳʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʠʭʨʠ. ʉʪʨʫʢʪʫʨʘ ʪʘʢʦʛʦ ʪʨʝʭʚʠʭʨʝʚʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʜʣʷ ʟʥʘʯʝʥʠʷ Gr º 0.002 ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.22. 

ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʙʣʘʩʪʠ 

ʧʘʨʘʤʝʪʨʦʚ V, ʛʜʝ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʪʳʨʝʭʚʠʭʨʝʚʦʝ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʝ 

ʩʪʘʮʠʦʥʘʨʥʦʝ ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ (ʩʤ. ʨʠʩ. 3.22 ʬʨʘʛʤʝʥʪʳ ʜʣʷ Gr º 0.01), 

ʢʦʪʦʨʦʝ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ Gr ʚʥʦʚʴ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ 

ʪʨʝʭʚʠʭʨʝʚʦʝ ʪʝʯʝʥʠʝ (ʩʤ. ʨʠʩ. 3.22 ʬʨʘʛʤʝʥʪʳ ʜʣʷ Gr º 0.04). 

ʂʦʛʜʘ ʯʠʩʣʦ ɻʨʘʩʛʦʬʘ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ 3Gr 0.11=  ʩʪʘʮʠʦʥʘʨʥʦʝ 

ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤ, ʥʘ ʢʨʠʚʦʡ 2 ʨʠʩʫʥʢʘ 3.18ʘ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʡ ʠʟʣʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʨʝʞʠʤʘ. 

 

 

ʈʠʩ. 3.23 ɿʘʚʠʩʠʤʦʩʪʠ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʪʦʢʘ (a) ʠ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ (ʙ) ʦʪ 

ʚʨʝʤʝʥʠ ʜʣʷ ʥʝʨʝʛʫʣʷʨʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʨʝʞʠʤʘ ʧʨʠ V = 200 ʠ Gr = 0.2 
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ʅʘ ʨʠʩʫʥʢʝ 3.23 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʪʦʢʘ (a) ʠ 

ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ (ʙ) ʧʨʠ ʥʝʨʝʛʫʣʷʨʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʜʣʷ V = 200 ʠ Gr = 0.11, ʪ.ʝ. 

ʚʙʣʠʟʠ ʢʨʠʚʦʡ 3 ʥʘ ʨʠʩʫʥʢʝ 3.1ʙ. 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʧʨʠ V > 80 ʚʥʫʪʨʠ ʦʙʣʘʩʪʠ II  ʧʦʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴ V (ʩʤ. 

ʨʠʩ. 3.1.ʙ), ʚ ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʪʳʨʝʭʚʠʭʨʝʚʦʝ ʦʩʨʝʜʥʝʥʥʦʝ 

ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʝ ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ.  

ʅʘ ʨʠʩʫʥʢʝ 3.24 ʧʦʢʘʟʘʥʳ ʩʪʨʫʢʪʫʨʳ ʧʦʣʝʡ ɣm, ◖, T ʠ W ʜʣʷ V = 1000 ʠ 

ʨʘʟʣʠʯʥʳʭ ʯʠʩʝʣ ɻʨʘʩʛʦʬʘ. ʇʨʠ ʪʘʢʦʤ V ʟʥʘʯʝʥʠʷ ʯʠʩʝʣ ɻʨʘʩʛʦʬʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʨʠʚʳʤ 3 ʠ 4 ʥʘ ʨʠʩʫʥʢʝ 3.1ʙ ʨʘʚʥʳ 4Gr 0.0003= , 

4Gr 0.004¡=  ʠ 3Gr 0.03= . 

ʇʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ ʚ ʧʦʣʦʩʪʠ ʩʨʘʟʫ ʚʦʟʥʠʢʘʝʪ 

ʪʨʝʭʚʠʭʨʝʚʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ, ʭʘʨʘʢʪʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʢʦʪʦʨʦʛʦ ʜʣʷ ʩʣʫʯʘʷ Gr = 0.0002 ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.24. ʇʨʠ 
4Gr  < Gr < 

4Gr¡ 

ʥʘʙʣʶʜʘʝʪʩʷ ʯʝʪʳʨʝʭʚʠʭʨʝʚʦʝ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ 

ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ (ʩʤ. ʨʠʩ. 3.24 ʜʣʷ Gr = 0.002), ʢʦʪʦʨʦʝ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ Gr ʚʥʦʚʴ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʪʨʝʭʚʠʭʨʝʚʦʝ (ʩʤ. ʨʠʩ. 3.24 

ʜʣʷ Gr = 0.02). 

ʂʦʛʜʘ ʯʠʩʣʦ ɻʨʘʩʛʦʬʘ ʜʦʩʪʠʛʘʝʪ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ 3Gr 0.03= , 

ʩʪʘʮʠʦʥʘʨʥʦʝ ʦʩʨʝʜʥʝʥʥʦʝ ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʅʘ 

ʢʨʠʚʦʡ 3 ʨʠʩʫʥʢʘ 3.18ʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʡ ʠʟʣʦʤ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʨʝʞʠʤʘ. 
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ʈʠʩ. 3.24 ʉʪʨʫʢʪʫʨʘ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʜʣʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ V = 1000: Gr = 0.0002 (ʦʙʣʘʩʪʴ II  ʥʘ ʨʠʩ. 3.1ʙ); Gr = 0.002 (ʦʙʣʘʩʪʴ 

V ʥʘ ʨʠʩ. 3.1ʙ); Gr = 0.02 (ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ 3 ʥʘ ʨʠʩ. 3.1ʙ). ʉʥʠʟʫ ʢʦʣʦʥʦʢ ʜʘʥʳ 

ʦʙʦʟʥʘʯʝʥʠʷ ʠʟʦʣʠʥʠʡ: y ï ʬʫʥʢʮʠʠ ʪʦʢʘ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ; f ï ʬʫʥʢʮʠʠ 

ʪʦʢʘ ʘʤʧʣʠʪʫʜʳ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ; T ï ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ; W ï ʧʦʣʷ 

ʟʘʚʠʭʨʝʥʥʦʩʪʠ 

 

ʅʘ ʨʠʩʫʥʢʝ 3.25 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʪʦʢʘ (a) ʠ 

ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ (ʙ) ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʥʝʨʝʛʫʣʷʨʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʜʣʷ V = 1000 ʠ 

Gr = 0.04, ʪ.ʝ. ʚʙʣʠʟʠ ʢʨʠʚʦʡ 3 ʥʘ ʨʠʩʫʥʢʝ 3.1ʙ. 
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ʈʠʩ. 3.25 ɿʘʚʠʩʠʤʦʩʪʠ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʪʦʢʘ (a) ʠ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ (ʙ) ʦʪ 

ʚʨʝʤʝʥʠ ʜʣʷ ʥʝʨʝʛʫʣʷʨʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʠ V = 1000 ʠ Gr = 0.04 

 

ʇʨʠ V > 2000 ʚ ʧʦʣʦʩʪʠ ʩʨʘʟʫ ʚʦʟʥʠʢʘʝʪ ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʦʩʨʝʜʥʝʥʥʦʡ 

ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ ʥʝʚʝʩʦʤʦʩʪʠ ʯʝʪʳʨʝʭʚʠʭʨʝʚʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ 

ʪʝʯʝʥʠʝ. ʅʘ ʨʠʩʫʥʢʝ 3.26 ʧʦʢʘʟʘʥʘ ʵʚʦʣʶʮʠʷ ʪʘʢʦʛʦ ʪʝʯʝʥʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ ʜʣʷ V = 3000 (ʩʤ. ʢʨʠʚʳʝ 4 ʥʘ ʨʠʩ. 3.18). 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ ʯʝʪʳʨʝʭʚʠʭʨʝʚʦʝ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʝ 

ʩʪʘʮʠʦʥʘʨʥʦʝ ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʪʨʝʭʚʠʭʨʝʚʦʝ 

ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ ʩ ʠʥʪʝʥʩʠʚʥʳʤʠ ʫʛʣʦʚʳʤʠ ʚʠʭʨʷʤʠ. ɿʥʘʯʝʥʠʝ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʢʨʠʚʦʡ 4 ʥʘ ʨʠʩʫʥʢʝ 3.1ʙ, ʨʘʚʥʦ 

4Gr 0.001.¡º  ʇʨʠ 3Gr 0.008=  ʩʪʘʮʠʦʥʘʨʥʦʝ ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ ʪʝʨʷʝʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴ, ʥʘ ʢʨʠʚʦʡ 4 ʨʠʩʫʥʢʘ 3.2ʘ ʧʨʠ ʪʘʢʦʤ ʟʥʘʯʝʥʠʠ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʡ ʠʟʣʦʤ. ɺʠʜ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʪʦʢʘ 

(a) ʠ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ (ʙ) ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʥʝʨʝʛʫʣʷʨʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʧʨʠ V = 3000 ʠ Gr = 0.007, ʪ.ʝ. ʚʙʣʠʟʠ ʢʨʠʚʦʡ 3 ʥʘ ʨʠʩʫʥʢʝ 3.1, 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 3.27. 
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ʈʠʩ. 3.26 ʉʪʨʫʢʪʫʨʘ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʜʣʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ V = 3000: Gr = 0.0002 (ʦʙʣʘʩʪʴ V ʥʘ ʨʠʩ. 3.1ʙ); Gr = 0.002 (ʦʙʣʘʩʪʴ 

II  ʥʘ ʨʠʩ. 3.1ʙ); Gr = 0.007 (ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ 3 ʥʘ ʨʠʩ. 3.1ʙ). ʉʥʠʟʫ ʢʦʣʦʥʦʢ ʜʘʥʳ 

ʦʙʦʟʥʘʯʝʥʠʷ ʠʟʦʣʠʥʠʡ: y ï ʬʫʥʢʮʠʠ ʪʦʢʘ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ; f ï ʬʫʥʢʮʠʠ 

ʪʦʢʘ ʘʤʧʣʠʪʫʜʳ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ; T ï ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ; W ï ʧʦʣʷ 

ʟʘʚʠʭʨʝʥʥʦʩʪʠ 
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ʈʠʩ. 3.27 ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʪʦʢʘ (a) ʠ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ (ʙ) ʦʪ 

ʚʨʝʤʝʥʠ ʜʣʷ ʥʝʨʝʛʫʣʷʨʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʠ V = 3000 ʠ Gr = 0.009 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʟʥʘʯʝʥʠʡ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ V > 100 (ʚ 

ʦʙʣʘʩʪʠ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ) ʧʨʠ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʩʨʝʜʥʝʥʥʳʤ 

ʩʪʘʮʠʦʥʘʨʥʳʤ ʪʝʯʝʥʠʝʤ ʚ ʧʦʣʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʥʝʨʝʛʫʣʷʨʥʳʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ 

ʨʝʞʠʤʳ. ʇʦʜʨʦʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʘʢʠʭ ʥʝʨʝʛʫʣʷʨʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʨʘʤʢʘʭ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. ʈʘʟʜʝʣʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ ʥʘ 

ʩʠʤʤʝʪʨʠʯʥʫʶ ʠ ʥʝ ʩʠʤʤʝʪʨʠʯʥʫʶ ʤʦʜʳ, ʦʧʠʩʘʥʥʦʛʦ ʚ ʯʘʩʪʷʭ 3.1.1 ʠ 3.1.2 

ʜʘʥʥʦʡ ʛʣʘʚʳ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

 

3.3 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 

ɺ ʛʣʘʚʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʠʙʨʘʮʠʡ ʥʘ ʢʦʥʚʝʢʮʠʶ 

ʞʠʜʢʦʩʪʠ ʚ ʢʚʘʜʨʘʪʥʦʡ ʧʦʣʦʩʪʠ. ʅʘ ʧʣʦʩʢʦʩʪʠ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ 

Gr ï V ʧʦʣʫʯʝʥʘ ʢʘʨʪʘ ʢʦʥʚʝʢʪʠʚʥʳʭ ʨʝʞʠʤʦʚ. ɺʣʠʷʥʠʝ ʚʠʙʨʘʮʠʡ ʥʘ ʩʠʩʪʝʤʫ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ ʙʝʟʨʘʟʤʝʨʥʳʤ ʚʠʙʨʘʮʠʦʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ V, ʢʦʪʦʨʳʡ 

ʚʘʨʴʠʨʦʚʘʣʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0 ¢V ¢ 104. ʇʨʠ V < 1 ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ 

ʛʝʥʝʨʘʮʠʠ ʦʩʨʝʜʥʝʥʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʠʛʨʘʝʪ ʩʠʣʘ ʪʷʞʝʩʪʠ, ʦʜʥʘʢʦ, 

ʚʠʙʨʘʮʠʠ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ. ɼʣʷ ʟʥʘʯʝʥʠʡ V Ó 1 ʨʦʣʴ ʚʠʙʨʘʮʠʡ ʚ ʛʝʥʝʨʘʮʠʠ 

ʦʩʨʝʜʥʝʥʥʳʭ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʚʦʟʨʘʩʪʘʝʪ.  
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ʇʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ V < 0.1 ʠ ʥʝʙʦʣʴʰʠʭ 

ʟʥʘʯʝʥʠʷʭ Gr ʚ ʧʦʣʦʩʪʠ ʨʝʘʣʠʟʫʝʪʩʷ ʤʝʜʣʝʥʥʦʝ, ʩʠʤʤʝʪʨʠʯʥʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʛʣʘʚʥʳʭ ʦʩʝʡ, ʦʜʥʦʚʠʭʨʝʚʦʝ ʦʩʨʝʜʥʝʥʥʦʝ ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ ʚ ʮʝʥʪʨʝ ʧʦʣʦʩʪʠ ʬʦʨʤʠʨʫʝʪʩʷ ʤʘʣʦʧʦʜʚʠʞʥʦʝ 

ʷʜʨʦ. ʀʥʪʝʥʩʠʚʥʦʝ ʦʩʨʝʜʥʝʥʥʦʝ ʪʝʯʝʥʠʝ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʷʭ, 

ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʛʨʘʥʠʮʘʤ ʧʦʣʦʩʪʠ. ʅʘʠʙʦʣʴʰʠʝ ʛʨʘʜʠʝʥʪʳ ʩʢʦʨʦʩʪʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʶʪʩʷ ʚʙʣʠʟʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʨʘʥʠʮ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʡ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ ʩʪʘʮʠʦʥʘʨʥʦʝ ʦʩʨʝʜʥʝʥʥʦʝ ʢʦʥʚʝʢʪʠʚʥʦʝ 

ʪʝʯʝʥʠʝ ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ. ɺ ʧʦʣʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʨʝʞʠʤʳ ʪʝʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠ ʙʦʣʴʰʠʭ Gr ʩʪʘʥʦʚʷʪʩʷ 

ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʤʠ.  

ɼʣʷ 0 Ò V Ò 0.0075 ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʩʨʝʜʥʝʥʥʦʛʦ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ. ʇʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʯʠʩʣʦʤ ɻʨʘʩʛʦʬʘ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ Gr1 ʥʘ ʛʨʘʥʠʮʝ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʠ ʤʘʣʦʧʦʜʚʠʞʥʦʛʦ ʷʜʨʘ ʚʙʣʠʟʠ ʫʛʣʦʚ ʧʦʣʦʩʪʠ 

ʛʝʥʝʨʠʨʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʫʣʴʩʠʨʫʶʱʠʝ ʚʠʭʨʠ, ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ 

ʢʦʪʦʨʳʭ ʨʘʩʪʝʪ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ Gr. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ ʩʪʘʙʠʣʠʟʘʮʠʶ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʩʨʝʜʥʝʥʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ.  

ɺ ʦʙʣʘʩʪʠ 0.0075 < V Ò 0.1 ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤʠ, ʦʪʚʝʯʘʶʱʠʤʠ ʟʘ ʥʝ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʩʨʝʜʥʝʥʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ, ʷʚʣʷʶʪʩʷ 

ʪʝʧʣʦʚʳʝ ʚʦʟʤʫʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʝʧʣʦʚʳʝ ʚʦʣʥʳ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʚʜʦʣʴ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠ ʧʨʠʚʦʜʷʱʠʝ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚʦʣʥ ʚ ʦʩʨʝʜʥʝʥʥʦʤ 

ʧʦʪʦʢʝ ʞʠʜʢʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʸʚ. ɸʤʧʣʠʪʫʜʘ ʪʝʧʣʦʚʳʭ ʚʦʣʥ 

ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ Gr. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʧʦʣʦʩʪʠ ʚʦʟʤʦʞʥʘ 

ʨʝʘʣʠʟʘʮʠʷ ʪʝʧʣʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ʜʚʫʭ ʪʠʧʦʚ: ʩʠʤʤʝʪʨʠʯʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʚʦʨʦʪʘ ʧʦʣʦʩʪʠ ʥʘ 1800 ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʠʙʨʘʮʠʡ ʧʨʠ V > 0.1 ʥʘ ʧʣʦʩʢʦʩʪʠ 

ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʞʜʫ ʦʙʣʘʩʪʷʤʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 
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ʦʜʥʦʚʠʭʨʝʚʦʛʦ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ ʠ ʦʩʨʝʜʥʝʥʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʪʝʯʝʥʠʷ 

ʧʦʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʫʝʪʩʷ ʪʨʝʭʚʠʭʨʝʚʦʝ ʚʠʙʨʘʮʠʦʥʥʦ-

ʢʦʥʚʝʢʪʠʚʥʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʦʩʨʝʜʥʝʥʥʦʝ ʪʝʯʝʥʠʝ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʯʠʩʣʘ Gr 

ʦʜʥʦʚʠʭʨʝʚʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʯʝʥʠʝ ʩʠʤʤʝʪʨʠʟʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʘʛʦʥʘʣʠ 

ʧʦʣʦʩʪʠ, ʚ ʫʛʣʘʭ ʢʦʪʦʨʦʡ ʧʦʷʚʣʷʶʪʩʷ ʟʘʩʪʦʡʥʳʝ ʟʦʥʳ. ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ 

ʯʠʩʣʦʤ ɻʨʘʩʛʦʬʘ ʥʝʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ Gr2, ʚ ʟʘʩʪʦʡʥʳʭ ʟʦʥʘʭ ʧʦʷʚʣʷʶʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʠʭʨʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ Gr. 

ʊʨʝʭʚʠʭʨʝʚʦʝ ʦʩʨʝʜʥʝʥʥʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ 

ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʜʚʫʭ ʤʝʭʘʥʠʟʤʦʚ ʛʝʥʝʨʘʮʠʠ ʢʦʥʚʝʢʮʠʠ: ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 

(ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ ɸʨʭʠʤʝʜʘ) ʠ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʛʦ (ʦʩʨʝʜʥʝʥʥʘʷ 

ʚʠʙʨʘʮʠʦʥʥʘʷ ʩʠʣʘ). ɿʥʘʯʝʥʠʝ ʯʠʩʣʘ Gr2, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʟʥʠʢʘʝʪ ʪʨʝʭʚʠʭʨʝʚʦʝ 

ʪʝʯʝʥʠʝ, ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ V (ʫʤʝʥʴʰʝʥʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ), ʘ ʦʙʣʘʩʪʴ 

ʧʘʨʘʤʝʪʨʦʚ, ʛʜʝ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʦʝ ʪʝʯʝʥʠʝ ʨʘʩʰʠʨʷʝʪʩʷ.  

ɼʣʷ V > 0.1 ʪʝʧʣʦʚʳʝ ʧʦʛʨʘʥʠʯʥʳʝ ʩʣʦʠ ʚʙʣʠʟʠ ʪʚʝʨʜʳʭ ʛʨʘʥʠʮ ʧʦʣʦʩʪʠ 

ʥʝ ʬʦʨʤʠʨʫʶʪʩʷ. ʊʨʝʭʚʠʭʨʝʚʦʝ ʦʩʨʝʜʥʝʥʥʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʯʝʥʠʝ ʜʣʷ 

ʟʘʜʘʥʥʦʛʦ V ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ Gr3 ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʫʩʪʦʡʯʠʚʳʤ. ɺ ʧʦʣʦʩʪʠ, ʢʘʢ ʠ ʧʨʠ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ, ʚʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʦʩʨʝʜʥʝʥʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ. ʄʝʭʘʥʠʟʤ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʩʚʷʟʘʥ ʩ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʪʝʧʣʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚʜʦʣʴ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʩʪʝʥʦʢ ʧʦʣʦʩʪʠ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʚʩʝʭ V > 0.0075 ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʦʩʨʝʜʥʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʧʣʦʚʳʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ, 

ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʠʣʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʤʠ, ʬʦʨʤʠʨʫʶʱʠʤʠʩʷ ʚʙʣʠʟʠ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʝʥʦʢ ʧʦʣʦʩʪʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʦʡ ʦʩʨʝʜʥʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʞʠʜʢʦʩʪʠ ʧʦʥʠʞʘʝʪʩʷ. 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʠʥʪʝʨʚʘʣʝ 10 ¢V ¢ 100000 

ʚʠʙʨʘʮʠʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʛʝʥʝʨʘʮʠʠ ʦʩʨʝʜʥʝʥʥʦʛʦ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʪ ʝʛʦ ʩʪʨʫʢʪʫʨʫ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ. 
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ʇʨʠ V < 400 ʠ ʤʘʣʳʭ Gr ʨʝʘʣʠʟʫʝʪʩʷ ʦʜʥʦʚʠʭʨʝʚʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ. ʇʨʠ ʟʥʘʯʝʥʠʷʭ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ V > 80 ʚʥʫʪʨʠ ʦʙʣʘʩʪʠ ʪʨʝʭʚʠʭʨʝʚʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ 

ʧʦʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʪʳʨʝʭʚʠʭʨʝʚʦʝ ʦʩʨʝʜʥʝʥʥʦʝ 

ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʝ ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ. ʇʨʠ V Ó 400 ʚ ʧʦʣʦʩʪʠ 

ʨʝʘʣʠʟʫʶʪʩʷ ʪʦʣʴʢʦ ʪʨʝʭ- ʠʣʠ ʯʝʪʳʨʝʭʚʠʭʨʝʚʳʝ ʩʪʘʮʠʦʥʘʨʥʳʝ ʪʝʯʝʥʠʷ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʫʩʣʦʚʠʡ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ. ʇʨʠ V > 2000 ʥʠʞʥʷʷ ʯʘʩʪʴ 

ʦʙʣʘʩʪʠ ʪʨʝʭʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʠʩʯʝʟʘʝʪ. ʄʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʦʣʦʩʪʴ 

ʬʘʢʪʠʯʝʩʢʠ ʥʘʭʦʜʠʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʚʝʩʦʤʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʦʚ ʩʦʚʧʘʜʘʶʪ ʜʘʥʥʳʤʠ ʨʘʙʦʪʳ [13], ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʩʣʫʯʘʡ ʯʠʩʪʦʡ 

ʥʝʚʝʩʦʤʦʩʪʠ.  

ʇʦʚʳʰʝʥʠʝ ʯʠʩʣʘ Gr ʚʩʝʛʜʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʢʦʥʚʝʢʮʠʠ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ. 

ʂʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ Gr3, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʨʝʞʠʤʦʚ, ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ V. ɼʣʷ V < 100 ʠ ʯʠʩʝʣ ɻʨʘʩʛʦʬʘ, ʥʝ 

ʩʠʣʴʥʦ ʧʨʝʚʳʰʘʶʱʠʭ ʢʨʠʪʠʯʝʩʢʠʝ Gr3, ʥʘʙʣʶʜʘʶʪʩ ̫ ʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʨʝʞʠʤʳ ʦʩʨʝʜʥʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ.  

ʇʨʠ V > 100 ʵʪʠ ʢʦʣʝʙʘʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʤʠ 

(ʥʝʨʝʛʫʣʷʨʥʳʤʠ). ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʤʘʢʩʠʤʫʤʘ 

ʬʫʥʢʮʠʠ ʪʦʢʘ ʠ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ ʦʪ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ. ʇʝʨʝʭʦʜʫ ʢ 

ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʨʝʞʠʤʘʤ ʥʘ ʵʪʠʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʭʘʨʘʢʪʝʨʥʳʝ 

ʠʟʣʦʤʳ. ʈʘʩʯʝʪʳ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʥʝ ʧʦʢʘʟʘʣʠ ʨʘʟʜʝʣʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ ʥʘ ʩʠʤʤʝʪʨʠʯʥʫʶ ʠ ʥʝ 

ʩʠʤʤʝʪʨʠʯʥʫʶ ʤʦʜʳ. 
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ɻʃɸɺɸ 4. ɺʀɹʈɸʎʀʆʅʅʓɽ ʂʆʅɺɽʂʊʀɺʅʓɽ ʈɽɾʀʄʓ 

ʇʉɽɺɼʆʇʃɸʉʊʀʏɽʉʂʆʁ ɾʀɼʂʆʉʊʀ ɺ ʂɺɸɼʈɸʊʅʆʁ 

ʇʆʃʆʉʊʀ ɺ ʋʉʃʆɺʀʗʍ ʄʀʂʈʆɻʈɸɺʀʊɸʎʀʀ 

Equation Chapter (Next) Section 1 

ɺ ʛʣʘʚʝ ʠʩʩʣʝʜʦʚʘʥʳ ʢʦʥʚʝʢʪʠʚʥʳʝ ʨʝʞʠʤʳ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ 

ʞʠʜʢʦʩʪʠ ʚ ʢʚʘʜʨʘʪʥʦʡ ʧʦʣʦʩʪʠ ʩ ʪʚʝʨʜʳʤʠ ʠʜʝʘʣʴʥʦ ʪʝʧʣʦʧʨʦʚʦʜʥʳʤʠ 

ʛʨʘʥʠʮʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ. ʇʦʣʦʩʪʴ ʩʦʚʝʨʰʘʝʪ ʚʝʨʪʠʢʘʣʴʥʳʝ 

ʣʠʥʝʡʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʚʠʙʨʘʮʠʠ. ʅʘ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʩʪʝʥʢʘʭ ʧʦʣʦʩʪʠ ʟʘʜʘʥ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʳʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ 

ʥʘʧʨʘʚʣʝʥʠʶ ʚʠʙʨʘʮʠʡ ʠ ʧʦʣʶ ʪʷʞʝʩʪʠ. ʈʝʦʣʦʛʠʷ ʞʠʜʢʦʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ 

ʤʦʜʝʣʴʶ ʋʠʣʴʷʤʩʦʥʘ. ɿʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʩʨʝʜʥʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʜʣʷ ʥʝʣʠʥʝʡʥʦʚʷʟʢʠʭ ʞʠʜʢʦʩʪʝʡ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʠʙʨʘʮʠʦʥʥʳʤ 

ʧʘʨʘʤʝʪʨʦʤ V, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʦʪʥʦʰʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʫʩʢʦʨʝʥʠʷ ʢ ʫʩʢʦʨʝʥʠʶ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʠ ʥʝ ʟʘʚʠʩʷʱʠʤ ʦʪ ʧʝʨʝʧʘʜʘ 

ʪʝʤʧʝʨʘʪʫʨ. ʆʙʥʘʨʫʞʝʥʳ ʜʚʘ ʪʠʧʘ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ, ʦʪʚʝʯʘʶʱʠʝ ʨʘʟʣʠʯʥʳʤ 

ʢʦʥʚʝʢʪʠʚʥʳʤ ʩʪʨʫʢʪʫʨʘʤ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʢʩʠʤʫʤʘ 

ʬʫʥʢʮʠʠ ʪʦʢʘ ʠ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ ʦʪ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʧʨʝʜʝʣʝʥʳ 

ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʯʠʩʝʣ ɻʨʘʩʛʦʬʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʤʝʥʝ ʨʝʞʠʤʦʚ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʦʩʨʝʜʥʸʥʥʦʡ ʢʦʥʚʝʢʮʠʠ, ʠ ʢʨʠʪʠʯʝʩʢʠʝ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ 

ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʨʝʞʠʤʘ ʦʩʨʝʜʥʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ. ʀʟʫʯʝʥʳ 

ʩʪʨʫʢʪʫʨʳ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʦʩʨʝʜʥʝʥʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʠ ʢʦʣʝʙʘʪʝʣʴʥʦʡ 

ʢʦʥʚʝʢʮʠʠ. 

 

4.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʚʘʜʨʘʪʥʘʷ ʧʦʣʦʩʪʴ ʩ ʪʚʝʨʜʳʤʠ ʠʜʝʘʣʴʥʦ 

ʪʝʧʣʦʧʨʦʚʦʜʥʳʤʠ ʛʨʘʥʠʮʘʤʠ, ʢʦʪʦʨʘʷ ʟʘʧʦʣʥʝʥʘ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ 

ʞʠʜʢʦʩʪʴʶ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ (ʧʦʥʠʞʝʥʥʦʡ 

ʛʨʘʚʠʪʘʮʠʠ). ɻʝʦʤʝʪʨʠʷ ʧʦʣʦʩʪʠ ʠ ʧʦʣʦʞʝʥʠʝ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩ. 2.2. ʇʦʣʦʩʪʴ ʩʦʚʝʨʰʘʝʪ ʚʝʨʪʠʢʘʣʴʥʳʝ ʣʠʥʝʡʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʝ ʥʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʚʠʙʨʘʮʠʠ, ʪ.ʝ. 
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ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ (2.2) ï (2.4). ʇʦʣʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʚ ʪʝʨʤʠʥʘʭ ʬʫʥʢʮʠʠ ʪʦʢʘ ʠ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʚ ʯʘʩʪʠ 2.7.1 ʛʣʘʚʳ 2 ʫʨʘʚʥʝʥʠʷʤʠ (2.26) ï (2.30). ʂʨʘʝʚʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʵʪʦʡ ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʶʪ ʥʘʯʘʣʴʥʳʝ (2.44), (2.46) ʠ ʛʨʘʥʠʯʥʳʝ 

(2.47), (2.49). ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ 

ʠʩʧʦʣʴʟʫʝʤ ʤʦʜʝʣʴ ʋʠʣʴʷʤʩʦʥʘ [69], ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪʩʷ ʨʝʦʣʦʛʠʯʝʩʢʠʤ 

ʫʨʘʚʥʝʥʠʝʤ ʚʠʜʘ (2.1).  

ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʧʘʨʘʣʣʝʣʴʥʫʶ ʦʩʠ z (ʩʤ. ʨʠʩ. 2.2), 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ ʅʫʩʩʝʣʴʪʘ (2.51). 

ɿʘʜʘʯʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʷʪʴʶ ʙʝʟʨʘʟʤʝʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʯʠʩʣʦʤ 

ɻʨʘʩʛʦʬʘ - 
3 2 2Gr ,g h ¤= bQ r m ʚʠʙʨʘʮʠʦʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ - 

2V a g=a w , 

( )( )2 1h¤a=m wr , ʯʠʩʣʦʤ ʇʨʘʥʪʣʷ - ( )Pr ¤=m rc, ʨʝʦʣʦʛʠʯʝʩʢʠʤ 

ʧʘʨʘʤʝʪʨʦʤ - /Bh g h A=r bQ  ʠ ʧʘʨʘʤʝʪʨʦʤ ʥʝʥʴʶʪʦʥʦʚʦʩʪʠ - ( )A B ¤n= m

. ɹʝʟʨʘʟʤʝʨʥʳʡ ʨʝʦʣʦʛʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ Bh, ʢʘʢ ʠ ʯʠʩʣʦ ɻʨʘʩʛʦʬʘ Gr, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʦʥʢʫʨʝʥʮʠʶ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʛʝʥʝʨʘʮʠʠ 

ʢʦʥʚʝʢʮʠʠ ʠ ʜʠʩʩʠʧʘʪʠʚʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʚʷʟʘʥʥʦʛʦ ʩ 

ʥʝʣʠʥʝʡʥʦʡ ʚʷʟʢʦʩʪʴʶ ʞʠʜʢʦʩʪʠ. ʇʨʠʯʝʤ PrGr /ůBh= , ʛʜʝ 
2ů /ɛ ɢh A ¤=  

ʩʦʛʣʘʩʥʦ ʨʘʙʦʪʘʤ [69, 109] - ʙʝʟʨʘʟʤʝʨʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ.  

ɼʣʷ ʫʥʠʬʠʢʘʮʠʠ ʤʘʩʰʪʘʙʦʚ ʠʟʤʝʨʝʥʠʷ ʬʫʥʢʮʠʠ ʪʦʢʘ ʠ ʩʢʦʨʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʨʘʚʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ 

ʟʘʜʘʯʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʚ ʵʪʦʡ ʛʣʘʚʝ ʧʨʠ ʚʳʚʦʜʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ 

ʬʫʥʢʮʠʷ ʪʦʢʘ ʫʤʥʦʞʘʣʘʩʴ ʥʘ ʯʠʩʣʦ ɻʨʘʩʛʦʬʘ. 

ʇʘʨʘʤʝʪʨ V ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʛʝʥʝʨʘʮʠʠ ʢʦʥʚʝʢʮʠʠ ʚ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʚ ʥʝʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʩʠʣʫ ʝʸ ʥʝʣʠʥʝʡʥʦ-ʚʷʟʢʠʭ ʩʚʦʡʩʪʚ 

ʩʫʱʝʩʪʚʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʦʩʨʝʜʥʝʥʥʫʶ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʫʶ ʩʠʣʫ. 

ʄʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʘʨʘʤʝʪʨ V ʦʧʨʝʜʝʣʷʝʪ ʚʝʣʠʯʠʥʫ ʵʪʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʚʢʣʘʜʘ.  
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ɺʠʙʨʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʦʪʥʦʰʝʥʠ ʁ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʫʩʢʦʨʝʥʠʷ ʢ ʫʩʢʦʨʝʥʠʶ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ bQ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʨʘʚʥʦʚʝʩʥʳʤ ʛʨʘʜʠʝʥʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ V ʧʦʟʚʦʣʷʝʪ ʯʝʪʢʦ ʦʪʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʛʝʥʝʨʘʮʠʠ ʢʦʥʚʝʢʮʠʠ ʦʪ ʪʝʧʣʦʚʦʛʦ. ʆʮʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʟʘʜʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ ʞʠʜʢʦʩʪʠ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʧʦʣʦʩʪʠ ʧʦʨʷʜʢʘ hº10-2 ʤ, 

ʚ ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ V >> 1. ɺʠʙʨʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ ʩʚʷʟʘʥ ʩ 

ʢʣʘʩʩʠʯʝʩʢʠʤ ʜʣʷ ʟʘʜʘʯ ʦ ʪʝʤʦʚʠʙʨʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚʠʙʨʘʮʠʦʥʥʳʤ 

ʯʠʩʣʦʤ ɻʨʘʩʛʦʬʘ ( )
2

Gv a h ¤= wbQ r m ʩʦʦʪʥʦʰʝʥʠʝʤ = Gv G rV . 

ɼʠʥʘʤʠʯʝʩʢʠʡ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ s, ʪʘʢʞʝ ʢʘʢ ʠ ʯʠʩʣʦ ʇʨʘʥʜʪʣʷ Pr, 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʠʟʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʞʠʜʢʦʩʪʠ. ɼʣʷ ʟʘʜʘʥʥʦʡ 

ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʤʦʞʥʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʝ Bh ʠʣʠ Gr ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʝʤ ʭʘʨʘʢʪʝʨʥʦʛʦ 

ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʣʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʪʦʡ ʛʣʘʚʝ ʦʧʠʩʘʥʳ ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ [115]. 

 

4.2 ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʆʩʥʦʚʥʳʝ ʨʘʩʯʝʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʜʣʷ s = 62.5; Pr = 10; V = 100; n = 25, 

100 ʠ 500. ɿʘʜʘʯʘ ʚ ʘʥʘʣʦʛʠʯʥʦʡ ʧʦʩʪʘʥʦʚʢʝ, ʥʦ ʙʝʟ ʚʠʙʨʘʮʠʡ ʠ ʚ ʧʦʣʝ ʩʠʣʳ 

ʪʷʞʝʩʪʠ ʙʳʣʘ ʨʝʰʝʥʘ ʚ [69], ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ s ʠ ʯʠʩʣʘ Pr ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʵʪʦʡ ʨʘʙʦʪʝ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʠʩʝʣ 

ɻʨʘʩʛʦʬʘ ʜʣʷ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʠʭ ʩʨʝʜ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ 

ʪʠʧʘ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʢʦʥʚʝʢʪʠʚʥʳʝ 

ʩʪʨʫʢʪʫʨʳ. ʇʝʨʚʳʡ ʪʠʧ ʨʝʰʝʥʠʡ ʤʳ ʥʘʟʚʘʣʠ ʥʴʶʪʦʥʦʚʩʢʦʡ ʤʦʜʦʡ, ʧʦʪʦʤʫ ʯʪʦ 

ʦʥ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ, ʪ.ʝ. ʜʣʷ ɜ = 0 (A = 0), ʠ ʜʣʷ ʥʝʛʦ ʩ 

ʨʦʩʪʦʤ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ ʭʘʨʘʢʪʝʨʥʘ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʩʨʝʜʥʝʥʥʳʤ 

ʩʪʘʮʠʦʥʘʨʥʳʤ ʢʦʥʚʝʢʪʠʚʥʳʤ ʪʝʯʝʥʠʝʤ ʠ ʧʝʨʝʭʦʜ ʢ ʦʩʨʝʜʥʝʥʥʦʡ 

ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʢʦʥʚʝʢʮʠʠ [113, 114]. ɺʪʦʨʦʡ ʪʠʧ ʨʝʰʝʥʠʡ ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ 
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ʜʣʷ ɜ > 0, ʪ.ʝ. ʜʣʷ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ, ʠ ʙʳʣ ʥʘʟʚʘʥ 

ʥʝʥʴʶʪʦʥʦʚʩʢʦʡ ʤʦʜʦʡ. ɼʣʷ ʵʪʦʡ ʤʦʜʳ ʧʝʨʝʭʦʜʘ ʢ ʥʝ ʩʪʘʮʠʦʥʘʨʥʳʤ ʨʝʞʠʤʘʤ 

ʢʦʥʚʝʢʮʠʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ.  

ʅʘ ʨʠʩʫʥʢʝ 4.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ Nu (ʘ) ʠ 

ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʪʦʢʘ ymax (ʙ) ʦʪ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ Gr ʜʣʷ 

ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʥʝʥʴʶʪʦʥʦʚʦʩʪʠ n = 0, 25, 100 

ʠ 500. 

ɿʥʘʯʝʥʠʝ Nu = 1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʘʙʦʠʥʪʝʥʩʠʚʥʦʤʫ (ʧʦʣʟʫʱʝʤʫ) 

ʢʦʥʚʝʢʪʠʚʥʦʤʫ ʜʚʠʞʝʥʠʶ ʞʠʜʢʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʶ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʧʣʦʧʝʨʝʥʦʩʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʤʝʩʪʦ ʪʝʧʣʦʧʨʦʚʦʜʥʳʡ ʤʝʭʘʥʠʟʤ 

ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʯʝʨʝʟ ʧʦʣʦʩʪʴ. ʀʟʦʣʠʥʠʠ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʨʘʣʣʝʣʴʥʳ ʜʨʫʛ 

ʜʨʫʛʫ ʠ ʚʝʨʪʠʢʘʣʴʥʳʤ ʩʪʝʥʢʘʤ ʧʦʣʦʩʪʠ. ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢ ʪʝʧʣʦʧʨʦʚʦʜʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ 

ʜʦʙʘʚʣʷʝʪʩʷ ʢʦʥʚʝʢʪʠʚʥʳʡ. ʏʠʩʣʦ ʅʫʩʩʝʣʴʪʘ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʠʤ 1, ʘ 

ʠʟʦʪʝʨʤʳ ʠʩʢʨʠʚʣʷʶʪʩʷ. 

ɼʣʷ ʥʴʶʪʦʥʦʚʩʢʦʡ ʤʦʜʳ ʨʘʩʯʝʪʥʳʝ ʪʦʯʢʠ ʥʘ ʨʠʩʫʥʢʝ 4.1 ʜʣʷ ʚʩʝʭ ʯʝʪʳʨʝʭ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ʥʝʥʴʶʪʦʥʦʚʦʩʪʠ ʦʯʝʥʴ ʙʣʠʟʢʠ ʠ ʣʦʞʘʪʩʷ ʚʜʦʣʴ ʦʜʥʦʡ 

ʢʨʠʚʦʡ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ ʜʣʷ n = 25, 100 ʠ 500, 

ʜʘʝʪ ʰʪʨʠʭʦʚʫʶ ʣʠʥʠʶ 1 ʥʘ ʨʠʩʫʥʢʝ 4.1. ʉʧʣʦʰʥʘʷ ʣʠʥʠʷ 2 ʥʘ ʚʨʝʟʢʘʭ 

ʬʨʘʛʤʝʥʪʦʚ (ʘ) ʠ (ʙ) ʨʠʩʫʥʢʘ 4.1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ 

(n = 0). ɺʠʜʥʦ, ʯʪʦ ʩʧʣʦʰʥʘʷ ʠ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʠ ʬʘʢʪʠʯʝʩʢʠ ʥʘʢʣʘʜʳʚʘʶʪʩʷ 

ʜʨʫʛ ʥʘ ʜʨʫʛʘ. ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʯʝʥʠʷ ʜʣʷ 

ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʠʩʝʣ ɻʨʘʩʛʦʬʘ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʘ ʥʝʥʴʶʪʦʥʦʚʦʩʪʠ n. 
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ʈʠʩ. 4.1 ɿʘʚʠʩʠʤʦʩʪʠ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ Nu (ʘ) ʠ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʪʦʢʘ ymax 

(ʙ) ʦʪ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ Gr: 1 - ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʘʷ ʞʠʜʢʦʩʪʴ, ʥʴʶʪʦʥʦʚʩʢʘʷ 

ʤʦʜʘ; 2 ï ʥʴʶʪʦʥʦʚʩʢʘʷ ʞʠʜʢʦʩʪʴ, n = 0; 3¡, 3¡¡, 3¡¡¡ - ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʘʷ 

ʞʠʜʢʦʩʪʴ, ʥʝʥʴʶʪʦʥʦʚʩʢʘʷ ʤʦʜʘ 
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ʅʘ ʥʴʶʪʦʥʦʚʩʢʦʡ ʤʦʜʝ ʨʝʰʝʥʠʡ ʜʣʷ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʪʘʢ 

ʞʝ, ʢʘʢ ʠ ʜʣʷ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ [113, 114] ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʦʪ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʪʝʯʝʥʠʷ ʢ ʢʦʣʝʙʘʪʝʣʴʥʦʤʫ. ʋ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ 

ʞʠʜʢʦʩʪʠ ʵʪʦʪ ʧʝʨʝʭʦʜ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʝʜʝʣʘʭ ʧʣʦʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʫʯʘʩʪʢʘ ʢʨʠʚʦʡ 1. ʅʘ ʵʪʦʤ ʫʯʘʩʪʢʝ, ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ Gr ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʧʝʨʝʭʦʜʠʪ ʚ 

ʵʥʝʨʛʠʶ ʢʦʣʝʙʘʥʠʡ. ʇʝʨʝʭʦʜ ʢ ʢʦʣʝʙʘʪʝʣʴʥʦʤʫ ʨʝʞʠʤʫ ʜʣʷ ʚʩʝʭ n ʥʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʷ, ʘ ʪʦʣʴʢʦ ʣʠʰʴ ʧʫʣʴʩʘʮʠʝʡ 

ʚʠʭʨʝʡ. ʂʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʯʠʩʝʣ ɻʨʘʩʛʦʬʘ Grʩ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʪʘʮʠʦʥʘʨʥʦʝ 

ʦʩʨʝʜʥʝʥʥʦʝ ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ ʪʝʨʷʝʪ ʩʚʦʶ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʚ ʯʠʩʣʝʥʥʳʭ 

ʨʘʩʯʝʪʘʭ ʦʧʨʝʜʝʣʷʣʠʩʴ ʠʟ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʡ ʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʯʠʩʣʘ 

ʅʫʩʩʝʣʴʪʘ ʠ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʪʦʢʘ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ. 

ʉʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʡ ʠ ʫʢʘʟʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʙʫʜʫʪ ʦʙʩʫʞʜʘʪʴʩʷ ʥʠʞʝ. 

ɿʥʘʯʝʥʠʷ Grʩ ʟʘʚʠʩʷʪ ʦʪ ʧʘʨʘʤʝʪʨʘ ʥʝʥʴʶʪʦʥʦʚʦʩʪʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 2.  

 

ʊʘʙʣʠʮʘ 2 ʂʨʠʪʠʯʝʩʢʠʝ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʘ ʥʝʥʴʶʪʦʥʦʚʦʩʪʠ ʜʣʷ ʥʴʶʪʦʥʦʚʩʢʦʡ ʤʦʜʳ 

n 0 25 100 500 

Grʩ 0.67 0.37 0.38 0.27 

 

ɺʠʜʥʦ, ʯʪʦ ʜʣʷ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʧʦʨʦʛ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʩʨʝʜʥʝʥʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʥʠʞʝ ʘʥʘʣʦʛʠʯʥʦʛʦ 

ʧʦʨʦʛʘ ʜʣʷ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ. ʇʦʜʨʦʙʥʦ ʟʘʚʠʩʠʤʦʩʪʴ Grʩ ʦʪ ʧʘʨʘʤʝʪʨʘ 

n ʥʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ, ʥʦ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʠʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ 

ʫʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ʥʝʥʴʶʪʦʥʦʚʦʩʪʠ, ʚ ʢʦʪʦʨʦʤ ʢʨʠʪʠʯʝʩʢʠʝ 

ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ ʙʣʠʟʢʠ ʧʦ ʚʝʣʠʯʠʥʝ. ʀ ʪʦʣʴʢʦ ʧʨʠ ʙʦʣʴʰʠʭ n ʟʥʘʯʝʥʠʷ Grʩ 

ʥʘʯʠʥʘʶʪ ʫʤʝʥʴʰʘʪʴʩʷ. 

ʉʮʝʥʘʨʠʡ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʳʤ ʦʩʨʝʜʥʝʥʥʳʤ 

ʢʦʥʚʝʢʪʠʚʥʳʤ ʪʝʯʝʥʠʝʤ ʚ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʘʥʘʣʦʛʠʯʝʥ 
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ʩʮʝʥʘʨʠʶ ʜʣʷ ʥʴʶʪʦʥʦʚʩʢʦʡ (n = 0) ʞʠʜʢʦʩʪʠ [113 114]. ʂʨʠʪʠʯʝʩʢʦʤʫ ʯʠʩʣʫ 

ɻʨʘʩʛʦʬʘ Grʩ = 0.67 ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʣʦʤ ʥʘ ʢʨʠʚʳʭ 2, 

ʠʟʦʙʨʘʞʝʥʥʳʭ ʥʘ ʚʨʝʟʢʘʭ ʨʠʩʫʥʢʘ 4.1. ʂʘʢ ʦʪʤʝʯʘʣʘʩʴ ʚʳʰʝ, ʵʪʦʪ ʠʟʣʦʤ ʚ 

ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʧʣʘʪʦ (ʩʤ. ʢʨʠʚʳʝ 1 ʥʘ ʨʠʩ. 4.1). 

ʅʘ ʨʠʩʫʥʢʝ 4.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʪʦʢʘ ʦʪ 

ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ ʜʣʷ ʥʴʶʪʦʥʦʚʩʢʦʡ ʤʦʜʳ ʪʝʯʝʥʠʷ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ 

ʞʠʜʢʦʩʪʠ ʚ ʠʥʪʝʨʚʘʣʝ ʟʥʘʯʝʥʠʡ 0 ¢ Gr ¢ 0.25 (ʩʤ. ʨʠʩ. 4.2ʘ). ʇʨʠ Gr º 0.05 ʜʣʷ 

ʚʩʝʭ n ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʯʝʥʠʷ 

(ʣʠʥʠʠ ʦʪʨʳʚʘʶʪʩʷ ʦʪ ʦʩʠ ʘʙʩʮʠʩʩ). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ 

ʥʝʥʴʶʪʦʥʦʚʦʩʪʠ n ʨʘʩʪʝʪ ʵʬʬʝʢʪʠʚʥʘʷ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʯʝʥʠʷ. ɹʦʣʝʝ ʥʘʛʣʷʜʥʦ ʵʪʦ ʚʠʜʥʦ ʠʟ ʬʨʘʛʤʝʥʪʘ 

4.2ʙ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʯʝʥʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ n. 

ʋʩʠʣʝʥʠʝ ʥʝʣʠʥʝʡʥʦʚʷʟʢʠʭ ʩʚʦʡʩʪʚ, ʢʦʛʜʘ n ­ ¤, ʚ ʨʘʤʢʘʭ ʨʝʦʣʦʛʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʋʠʣʴʷʤʩʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʞʠʜʢʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ 

ʚʷʟʢʦʧʣʘʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɼʣʷ ʚʷʟʢʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʩʫʱʝʩʪʚʫʶʪ 

ʟʥʘʯʝʥʠʷ ʯʠʩʝʣ Gr ʠʣʠ Bh, ʤʝʥʴʰʝ ʢʦʪʦʨʳʭ ʚ ʞʠʜʢʦʩʪʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʜʚʠʛʦʚʳʭ ʪʝʯʝʥʠʡ, ʪ.ʝ. ʦʥʘ ʙʫʜʝʪ ʥʘʭʦʜʠʪʩʷ ʚ ʢʚʘʟʠʪʚʝʨʜʦʤ (ʞʝʩʪʢʦʤ) 

ʩʦʩʪʦʷʥʠʠ. ʇʦʜ ʢʚʘʟʠʪʚʝʨʜʳʤ (ʞʝʩʪʢʠʤ) ʩʦʩʪʦʷʥʠʝʤ ʤʳ ʧʦʥʠʤʘʝʤ ʪʘʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʞʠʜʢʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʞʠʜʢʦʩʪʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʠʢʘʢʠʭ 

ʦʩʨʝʜʥʝʥʥʳʭ ʪʝʯʝʥʠʡ. 
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ʈʠʩ.4.2 ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʪʦʢʘ ʦʪ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ ʜʣʷ 

ʥʴʶʪʦʥʦʚʩʢʦʡ ʤʦʜʳ ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ ʥʝʥʴʶʪʦʥʦʚʦʩʪʠ ʜʣʷ 0 ¢ Gr ¢ 0.25 

 

ɺʪʦʨʦʡ ʛʨʫʧʧʝ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ (2.26) (2.27) (2.28)  ʠ (2.29) ʜʣʷ 

ʧʩʝʚʜʦʧʣʘʩʪʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʨʠʚʳʝ 3 ʥʘ ʨʠʩʫʥʢʝ 4.1. ʕʪʘ 

ʛʨʫʧʧʘ ʨʝʰʝʥʠʡ ʙʳʣʘ ʥʘʟʚʘʥʘ ʥʘʤʠ ʥʝʥʴʶʪʦʥʦʚʩʢʦʡ ʤʦʜʦʡ. ɺ ʩʣʫʯʘʝ 

ʥʝʥʴʶʪʦʥʦʚʩʢʦʡ ʤʦʜʳ ʨʘʩʯʝʪʥʳʝ ʪʦʯʢʠ ʥʘ ʨʠʩʫʥʢʝ 4.1 ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʘ ʥʝʥʴʶʪʦʥʦʚʦʩʪʠ ʣʦʞʘʪʩʷ ʚʜʦʣʴ ʨʘʟʣʠʯʥʳʭ ʢʨʠʚʳʭ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʯʝʥʠʷ ʨʘʩʪʝʪ, ʘ ʝʛʦ ʩʪʨʫʢʪʫʨʘ ʤʝʥʷʝʪʩʷ. 

ʕʚʦʣʶʮʠʶ ʪʝʯʝʥʠʡ ʥʘ ʥʝʥʴʶʪʦʥʦʚʩʢʦʡ ʤʦʜʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʦ ʥʠʞʝ. 

ɼʣʷ ʜʘʥʥʦʡ ʤʦʜʳ ʭʘʨʘʢʪʝʨʥʦ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʴʶʪʦʥʦʚʩʢʦʡ ʤʦʜʦʡ ʪʝʯʝʥʠʝ. ʇʝʨʝʭʦʜʘ ʢ ʥʝ ʩʪʘʮʠʦʥʘʨʥʳʤ ʨʝʞʠʤʘʤ ʚ 

ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ ʯʠʩʝʣ ɻʨʘʩʛʦʬʘ (0 ¢ Gr ¢ 5) ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʂʘʢ ʠ ʚ 

ʩʣʫʯʘʝ ʥʴʶʪʦʥʦʚʩʢʦʡ ʤʦʜʳ, ʩ ʨʦʩʪʦʤ ʧʘʨʘʤʝʪʨʘ ʥʝʥʴʶʪʦʥʦʚʦʩʪʠ n 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʯʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʅʘ ʨʠʩʫʥʢʝ 4.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ Nu (ʘ) ʠ 

ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ ʪʦʢʘ ʦʩʨʝʜʥʝʥʥʦʛʦ ʪʝʯʝʥʠʷ y
max

 (ʙ) ʦʪ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʘ ʥʝʥʴʶʪʦʥʦʚʦʩʪʠ n ʜʣʷ ʥʴʶʪʦʥʦʚʩʢʦʡ (ʢʨʠʚʳʝ 1) ʠ ʥʝʥʴʶʪʦʥʦʚʩʢʦʡ 

(ʢʨʠʚʳʝ 2) ʤʦʜ ʨʝʰʝʥʠʡ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. ʂʨʠʚʳʝ ʧʦʩʪʨʦʝʥʳ ʜʣʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 


































































