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ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʆɺɸʅʅʓʍ ʉʆʂʈɸʑɽʅʀʁ 

ʄʕʄ ï ʤʠʢʨʦ-ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ  

ʄʕʄʇ ï ʤʠʢʨʦ-ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʄʆʕʄ ï ʤʠʢʨʦ-ʦʧʪʦ-ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ  

ʆʊʕ ï ʦʧʪʠʯʝʩʢʠʡ ʪʫʥʥʝʣʴʥʳʡ ʵʬʬʝʢʪ 

ʄʆʊʕ-ʤʦʜʫʣʴ ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʯʝʩʢʦʛʦ ʪʫʥʥʝʣʴʥʦʛʦ  ʵʬʬʝʢʪʘ 

ʂʈ ï ʢʦʣʴʮʝʚʦʡ ʨʝʟʦʥʘʪʦʨ   

ɿɻïʟʚʫʢʦʚʦʡ ʛʝʥʝʨʘʪʦʨ 

ʕɹ ï ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ  

Uɿɻ ï ʥʘʧʨʷʞʝʥʠʝ ʟʚʫʢʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

y(Uɿɻ) ï ʥʘʥʦ ʧʝʨʝʤʝʱʝʥʠʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʦʪ ʥʘʧʨʷʞʝʥʠʠ  

ʟʚʫʢʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

Rʧʦʜʜʝʨï ʨʘʜʠʫʩ ʧʦʣʫʢʦʣʴʮʝʚʦʡ ʧʦʜʜʝʨʞʢʠ 

 hʧʦʜʜʝʨï ʰʠʨʠʥʘ ʧʦʣʫʢʦʣʴʮʝʚʦʡ ʧʦʜʜʝʨʞʢʠ. 

tʧʦʜʜʝʨ ïʪʦʣʱʠʥʘ ʧʦʣʫʢʦʣʴʮʝʚʦʡ ʧʦʜʜʝʨʞʢʠ. 

ʂʃʇ ï ʢʦʣʴʮʝʚʦʡ ʣʘʟʝʨʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ɺʆʇ ï ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʇʇ ï ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ  

ʌʇ ï ʬʦʪʦʧʨʠʝʤʥʠʢ  

ʀʀ ï ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ  

ɹʆ ï ʙʣʦʢ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ  

Uï ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ  

ʇ ï ʧʨʠʟʤʘ  

ʇɺʆ ï ʧʦʣʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʦʪʨʘʞʝʥʠʝ  

ʧ ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ 

ɗ ï ʫʛʦʣ ʧʘʜʝʥʠʷ ʠʟʣʫʯʝʥʠʷ 

ɚ ïʜʣʠʥʘ ʚʦʣʥʳ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʝʯʝʥʠʷ 

d ï ʟʘʟʦʨ ʤʝʞʜʫ ʦʩʥʦʚʘʥʠʝʤ ʧʨʠʟʤʳ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ 

d0 ï ʪʨʝʙʫʝʤʳʡ ʥʘʯʘʣʴʥʳʡ ʟʘʟʦʨ ʤʝʞʜʫ ʦʩʥʦʚʥʦʡ ʧʨʠʟʤʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ 
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ʈʌʇ ï ʤʦʱʥʦʩʪʴ ʦʧʪʠʯʝʩʢʠʭ ʠʟʣʫʯʝʥʠʡ ʥʘ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ  

ʈʀʀ _ ʦʧʪʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ 

Kʧʦʪʝʨʴ ï ʩʫʤʤʘʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ 

R ï ʦʪʨʘʞʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

R  ƍ (d), Rк(d) ï ʦʪʨʘʞʘʪʝʣʴʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʛʨʘʥʠʮʳ ʩʨʝʜ ʜʣʷ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʠ ʧʘʨʘʣʣʝʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʚʦʣʥʳ ʩ ʧʝʨʝʤʝʥʥʳʤ 

ʟʘʟʦʨʦʤ d 

Ýï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ 

f ï ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ 

æwÝ ï ʘʤʧʣʠʪʫʜʘ  ʚʪʦʨʦʛʦ ʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʦʪ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

æwa ï ʩʤʝʱʝʥʠʷ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʦʪ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʝʥʠʷ 

ȹA ï ɸʤʧʣʠʪʫʜʘ ʧʝʨʚʦʛʦ ʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ 

h ïh ʠʨʠʥʘ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ 

t ïʪʦʣʱʠʥʘ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ  

aï ʣʠʥʝʡʥʦʝ ʫʩʢʦʨʝʥʠʝ  

ʂ ï ʩʫʤʤʘʨʥʘʷ ʞʝʩʪʢʦʩʪʴ ʞʝʩʪʢʦʩʪʴ ʧʦʣʫʢʦʣʴʮʝʚʳʭ ʦʧʦʨ 

D ï ʜʠʘʤʝʪʨ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ 

T ï ʪʝʤʧʝʨʘʪʫʨʘ 

Iʌʇ  ï ʪʦʢ ʬʦʪʦʧʨʠʝʤʥʠʢʘ; 

I-Ui-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ  çʪʦʢ-ʥʘʧʨʷʞʝʥʠʝè; 

UI-Ui-ɺʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ çʪʦʢ-ʥʘʧʨʷʞʝʥʠʝè; 

ʇɸ -ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʘʤʧʣʠʪʫʜʳ; 

UI-Uim-ʘʤʧʣʠʪʫʜʘ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʜʥʦʛʦ ʫʟʣʘ ʩʯʠʪʳʚʘʥʠʷ 

Uɺʓʍm(ÝZ)-ʘʤʧʣʠʪʫʜʘ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʠʟʤʝʨʷʝʤʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʠʣʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʣʦʞʝʥʠʷ ʧʦʜʚʠʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʥʘʧʨʠʤʝʨ, 

ʩʘʤʦʣʝʪʦʚ, ʪʝʣʝʢʘʤʝʨ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʦʙ ʠʭ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʙʳʩʪʨʦ ʚʨʘʱʘʶʱʝʝʩʷ ʪʝʣʦ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ, 

ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: ʟʥʘʯʠʪʝʣʴʥʫʶ ʤʘʩʩʫ ʠ ʙʦʣʴʰʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ (ʄʕʄ) 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪ ʨʝʟʦʥʘʪʦʨʳ ʢʘʤʝʨʪʦʥʥʦʛʦ, 

ʙʘʣʦʯʥʦʛʦ, ʨʦʪʦʨʥʦʛʦ, ʨʘʤʦʯʥʦʛʦ ʠ, ʯʘʩʪʦ, ʢʦʣʴʮʝʚʦʛʦ ʪʠʧʘ. ɺ ʢʦʣʴʮʝʚʳʭ ʄʕʄ-

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʢʦʣʴʮʝʚʦʡ ʨʝʟʦʥʘʪʦʨ 

ʜʝʬʦʨʤʠʨʫʝʪʩʷ, ʘ ʨʝʛʠʩʪʨʘʮʠʷ ʚʝʣʠʯʠʥʳ ʧʝʨʝʤʝʱʝʥʠʡ ʦʩʦʙʳʭ ʪʦʯʝʢ ʨʝʟʦʥʘʪʦʨʘ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʩʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ, 

ʚ ʦʩʥʦʚʥʦʤ, ʝʤʢʦʩʪʥʳʤ ʩʧʦʩʦʙʦʤ. ʊʘʢʠʝ ʄʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʪʨʝʙʫʶʪ 

ʧʝʨʝʤʝʱʝʥʠʡ ʧʦʨʷʜʢʘ ʝʜʠʥʠʮ-ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʤʝʪʨʦʚ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʟʤʝʨʝʥʠʝ 

ʤʘʣʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, ʘ ʬʫʥʢʮʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ  

ʝʤʢʦʩʪʥʦʛʦ ʩʧʦʩʦʙʘ  ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʥʝʣʠʥʝʡʥʦʩʪʴ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʠʟʤʝʨʝʥʠʷ ʤʘʣʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʠ ʧʦʣʫʯʝʥʠʷ ʢʚʘʟʠʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʥʘ 

ʦʩʥʦʚʝ ʫʧʨʘʚʣʷʝʤʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʪʫʥʥʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ (ʆʊʕ) ʩ ʩʫʙʤʠʢʨʦʥʥʳʤ 

ʧʝʨʝʤʝʥʥʳʤ ʟʘʟʦʨʦʤ ʤʝʞʜʫ ʙʘʟʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʢʦʣʴʮʝʚʳʤ ʨʝʟʦʥʘʪʦʨʦʤ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʥʦʛʦʦʩʝʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʪʘʢʞʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪ ʥʝʩʢʦʣʴʢʦ ʦʜʥʦʦʩʝʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʚ 

ʞʝʣʘʝʤʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʆʜʥʘʢʦ, ʝʩʣʠ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʥʦʛʦ 

ʨʝʟʦʥʘʪʦʨʘ ʜʣʷ ʤʥʦʛʦʦʩʝʚʦʛʦ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, ʪʦ ʵʪʦ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʣʴʮʝʚʦʛʦ 

ʤʠʢʨʦʦʧʪʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ (ʄʆʕʄ) ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʥʘ 

ʦʩʥʦʚʝ ʦʧʪʠʯʝʩʢʦʛʦ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ, ʩʧʦʩʦʙʥʦʛʦ ʦʙʝʩʧʝʯʠʪʴ ʠʟʤʝʨʝʥʠʝ ʤʘʣʳʭ 

ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʧʦ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤ ʦʩʷʤ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 
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ʎʝʣʴʶ ʨʘʙʦʪʳ  ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʦʜʥʦ- ʠ ʪʨʝʭʦʩʝʚʳʭ 

ʄʆʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʢʦʣʴʮʝʚʳʭ ʨʝʟʦʥʘʪʦʨʦʚ ʩ 

ʤʘʣʳʤʠ ʘʤʧʣʠʪʫʜʘʤʠ ʧʝʨʚʠʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʤʘʣʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʷʭ ʟʘ ʩʯʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʩʯʠʪʳʚʘʥʠʷ ʩʫʙʤʠʢʨʦʥʥʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʆʊʕ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʨʝʰʘʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ:  

ï ʨʘʟʨʘʙʦʪʢʘ ʦʙʦʙʱʝʥʥʳʭ ʩʪʨʫʢʪʫʨʥʦʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤ ʢʦʣʴʮʝʚʳʭ 

ʨʝʟʦʥʘʥʩʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʯʝʩʢʦʛʦ 

ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʩʯʠʪʳʚʘʥʠʷ ʚʳʭʦʜʥʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʩʠʛʥʘʣʦʚ;  

ï ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʢʦʣʴʮʝʚʳʭ ʨʝʟʦʥʘʥʩʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʆʊʕ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ;  

ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʣʴʮʝʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʯʝʩʢʦʛʦ 

ʪʫʥʥʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ; 

ï ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʫʣʷ 

ʦʧʪʠʯʝʩʢʦʛʦ ʩʯʠʪʳʚʘʥʠʷ ʥʘʥʦʧʝʨʝʤʝʱʝʥʠʡ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʩ ʧʦʤʦʱʴʶ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʯʝʩʢʦʛʦ ʪʫʥʥʝʣʴʥʦʛʦ 

ʵʬʬʝʢʪʘ;  

ï ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʚʥʝʰʥʠʭ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʣʴʮʝʚʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ  ʥʘ ʦʩʥʦʚʝ ʆʊʕ ʠ 

ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠʭ ʢʦʤʧʝʥʩʘʮʠʠ;  

ï ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ 

ʆʊʕ.  

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʦʜʥʦ-, ʪʨʝʭʦʩʝʚʳʭ ʄʆʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʆʊʕ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ ʩʯʠʪʳʚʘʥʠʷ 

ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ.  
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ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄʆʕʄ-

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʆʊʕ, ʧʫʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʩʪʨʫʢʪʫʨ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ,  ʤʝʪʦʜʦʚ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠ ʤʝʪʦʜʠʢʠ 

ʨʘʩʯʝʪʘ. 

ʄʝʪʦʜʳ ʠ ʩʧʦʩʦʙʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʢʦʣʴʮʝʚʦʛʦ ʄʆʕʄ-

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʆʊʕ ʧʨʠʤʝʥʝʥʳ ʤʝʪʦʜʳ ʪʝʦʨʠʠ 

ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ, ʪʝʦʨʠʠ ʢʦʣʝʙʘʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ 

ʚʦʣʥʦʚʦʡ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ, ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʣʦʞʝʥʠʷ ʪʝʦʨʠʠ ʠʟʤʝʨʝʥʠʡ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦʧʝʨʝʤʝʱʝʥʠʡ ʩ 

ʧʦʤʦʱʴʶ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʤʦʜʫʣʴ ʥʘ ʦʩʥʦʚʝ ʆʊʕ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʘʥʦʧʝʨʝʤʝʱʝʥʠʷʭ ʠʤʠʪʘʪʦʨʘ ʢʨʦʤʢʠ 

ʨʝʟʦʥʘʪʦʨʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

¶ ʨʘʟʨʘʙʦʪʘʥʥʳʝ  ʥʦʚʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʭʝʤʳ ʦʜʥʦ-, ʠ ʪʨʝʭʦʩʝʚʦʛʦ 

ʢʦʣʴʮʝʚʦʛʦ ʄʆʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʩʦʜʝʨʞʘʪ ʦʧʪʠʯʝʩʢʠʡ 

ʵʣʝʤʝʥʪ ʩʯʠʪʳʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʆʊʕ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʝʛʠʩʪʨʘʮʠʶ 

ʥʘʥʦʧʝʨʝʤʝʱʝʥʠʡ ʚʪʦʨʦʛʦ ʨʝʞʠʤʘ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʤʝʥʴʰʠʪʴ ʘʤʧʣʠʪʫʜʫ ʧʝʨʚʠʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʨʝʟʦʥʘʪʦʨʘ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʤʘʣʳʭ 

ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʠ ʧʦʣʫʯʠʪʴ ʢʚʘʟʠʣʠʥʝʡʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ; 

¶ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʘʷ  ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʟʤʝʥʝʥʠʷ ʟʘʟʦʨʘ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʪʦʯʝʢ ʦʧʪʠʯʝʩʢʦʛʦ ʧʷʪʥʘ  ʤʦʜʫʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʆʊʕ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ 

ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʫʯʠʪʚrʘʝʪ ʠʟʤʝʥʝʥʠʷ ʚʳʭʦʜʥʳʭ 

ʦʧʪʠʯʝʩʢʠʭ ʤʦʱʥʦʩʪʝʡ ʠʟ-ʟʘ ʚʠʙʨʘʮʠʠ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʚ ʧʝʨʚʦʤ ʨʝʞʠʤʝ ʠ 

ʧʨʠ ʜʝʡʩʪʚʠʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʢʦʣʴʮʝʚʦʛʦ 

ʄʆʕʄ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ; 

¶ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʢʦʨʨʝʢʮʠʠ ʠʟʤʝʥʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠ 

ʚʣʠʷʥʠʠ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʥʘ ʢʦʣʴʮʝʚʦʡ ʨʝʟʦʥʘʪʦʨ 
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ʠʩʧʦʣʴʟʫʝʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʩʠʛʥʘʣʦʚ ʦʧʪʠʯʝʩʢʠʭ ʫʟʣʦʚ ʩʯʠʪʳʚʘʥʠʷ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʧʦʣʫʯʝʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʢʮʠʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʪ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʝʥʠʷ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʤʝʨʝʥʠʝ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʦʯʥʦʩʪʴʶ ʚʦ ʚʩʝʤ 

ʜʠʘʧʘʟʦʥʝ ʙʝʟ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ ʫʩʢʦʨʝʥʠʷ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʫʪʦʯʥʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʠʟʤʝʥʝʥʠʷ ʟʘʟʦʨʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʦʯʝʢ ʦʧʪʠʯʝʩʢʦʛʦ ʧʷʪʥʘ  ʤʦʜʫʣʷʪʦʨʘ ʥʘ 

ʦʩʥʦʚʝ ʆʊʕ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʪʠʧʘ, 

ʫʯʠʪʳʚʘʶʱʠʭ ʠʟʤʝʥʝʥʠʷ ʚʳʭʦʜʥʳʭ ʤʦʱʥʦʩʪʝʡ ʠʟ-ʟʘ ʚʠʙʨʘʮʠʠ ʢʦʣʴʮʝʚʦʛʦ 

ʨʝʟʦʥʘʪʦʨʘ (ʚ ʧʝʨʚʦʤ ʨʝʞʠʤʝ) ʠ ʠʟ-ʟʘ ʜʝʡʩʪʚʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ (ʚʦ ʚʪʦʨʦʤ 

ʨʝʞʠʤʝ), ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʣʴʮʝʚʦʛʦ ʄʆʕʄ- 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ;  

¶ ʧʨʝʜʣʦʞʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʢʦʨʨʝʢʮʠʠ ʠʟʤʝʥʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʧʨʠ ʜʝʡʩʪʚʠʠ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʫʤʝʥʴʰʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʩ ʫʧʨʫʛʠʤ ʧʦʜʚʝʩʦʤ ʢʦʣʴʮʝʚʦʛʦ 

ʨʝʟʦʥʘʪʦʨʘ ʙʝʟ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ; 

¶ ʧʨʦʚʝʜʝʥʥʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʫʣʷ 

ʩʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʆʊʕ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʩ 

ʧʦʤʦʱʴʶ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ  ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ ʨʘʩʯʝʪʘ ʢʚʘʟʠʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, ʧʨʠʚʦʜʠʤʳʭ ʢ 

ʩʫʙʤʠʢʨʦʥʥʳʤ ʧʝʨʝʤʝʱʝʥʠʷʤ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ; 

¶ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʢʦʣʴʮʝʚʦʛʦ ʄʆʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʆʊʕ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦ ʟʘʜʘʥʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴʶ 

ʜʦʧʫʱʝʥʠʡ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʄʆʕʄ-

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʆʊʕ. ʂʦʨʨʝʢʪʥʦʩʪʴ 
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ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʙʦʩʥʦʚʘʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʚʝʩʪʥʳʤ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʤʦʜʫʣʷ 

ʩʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʆʊʕ. 

ɺʥʝʜʨʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʫʯʝʙʥʦʤ 

ʧʨʦʮʝʩʩʝ ʚ ʜʠʩʮʠʧʣʠʥʝ çʆʧʪʠʯʝʩʢʠʝ ʠ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʩʠʩʪʝʤʳè ʢʘʬʝʜʨʳ çʉʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷè 

ʄɸʀ.  

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ:  

¶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʭʝʤʳ ʦʜʥʦ-, ʠ ʪʨʝʭʦʩʝʚʦʛʦ ʢʦʣʴʮʝʚʦʛʦ ʄʆʕʄ- 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʩ ʦʧʪʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʦʤ ʩʯʠʪʳʚʘʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʆʊʕ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʫʤʝʥʴʰʝʥʠʝ ʪʨʝʙʫʝʤʳʭ ʘʤʧʣʠʪʫʜ ʚʳʥʫʞʜʝʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʤʘʣʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʠ 

ʧʦʣʫʯʝʥʠʝ ʢʚʘʟʠʣʠʥʝʡʥʳʭ ʬʫʥʢʮʠʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ; 

¶ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ  ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʦʪʨʘʞʘʪʝʣʴʥʦʡ  

ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʣʘʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ  ʤʦʜʫʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʆʊʕ ʧʨʠ 

ʜʝʬʦʨʤʘʮʠʠ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʫʤʝʥʴʰʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʝʡ ʨʘʩʯʝʪʘ ʢʦʣʴʮʝʚʦʛʦ ʄʆʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ; 

¶ ʩʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʠ ʘʣʛʦʨʠʪʤʳ ʢʦʤʧʝʥʩʘʮʠʠ ʚʣʠʷʥʠʷ ʣʠʥʝʡʥʦʛʦ 

ʫʩʢʦʨʝʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʚʭrʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ  ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʆʊʕ; 

¶ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʢʦʣʴʮʝʚʦʛʦ ʄʆʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʆʊʕ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʨʝʜʝʣʷʪʴ ʝʛʦ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʟʘʜʘʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ʅʦʚʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʭʝʤʳ ʦʜʥʦ- ʠ ʪʨʝʭʦʩʝʚʦʛʦ 

ʢʦʣʴʮʝʚʦʛʦ ʄʆʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, 

ʘʣʛʦʨʠʪʤ ʢʦʨʨʝʢʮʠʠ ʠʟʤʝʥʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʚʣʠʷʥʠʠ 

ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʝʥʠʷ, ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 
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ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʫʣʷ ʩʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʆʊʕ, 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʝʝ ʥʘʫʯʥʫʶ ʥʦʚʠʟʥʫ ʠ 

ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ, ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʦʤ ʣʠʯʥʦ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ɺ 2015 ʛʦʜʫ 3 ʤʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ 

ʢʦʥʬʝʨʝʥʮʠʠ ç22-ʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʝʞʚʫʟʦʚʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚè (ʄʀʕʊ, ʛ. ɿʝʣʝʥʦʛʨʘʜ), çXXIV 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ï ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʟʘʜʘʯʘʭ ʫʧʨʘʚʣʝʥʠʷ, ʘʚʪʦʤʘʪʠʢʠ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ è (ʛ. ɸʣʫʰʪʘ) ʠ ç14-ʷ 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ï ɸʚʠʘʮʠʷ ʠ ʢʦʩʤʦʥʘʚʪʠʢʘ ï 2015è (ʄɸʀ, ʛ. 

ʄʦʩʢʚʘ). ɺ 2016 ʛʦʜʫ 4 ʤʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ 

ʢʦʥʬʝʨʝʥʮʠʠçV ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʬʦʪʦʥʠʢʝ ʠ ʀʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʦʧʪʠʢʝè (ʄʀʌʀ, ʛ. ʄʦʩʢʚʘ), ç23-ʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʝʞʚʫʟʦʚʩʢʘʷ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚè (ʄʀʕʊ, ʛ. ɿʝʣʝʥʦʛʨʘʜ), çXXV 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ï ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʟʘʜʘʯʘʭ ʫʧʨʘʚʣʝʥʠʷ, ʘʚʪʦʤʘʪʠʢʠ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ è (ʛ. ɸʣʫʰʪʘ) ʠ ç15-ʷ 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ï ɸʚʠʘʮʠʷ ʠ ʢʦʩʤʦʥʘʚʪʠʢʘ ï 2016è (ʄɸʀ, ʛ. 

ʄʦʩʢʚʘ). ɺ 2017 ʛʦʜʫ 3 ʤʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ  

ç24-ʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʝʞʚʫʟʦʚʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ ʠ 

ʘʩʧʠʨʘʥʪʦʚè (ʄʀʕʊ, ʛ. ɿʝʣʝʥʦʛʨʘʜ), çXXVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ï ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʟʘʜʘʯʘʭ ʫʧʨʘʚʣʝʥʠʷ, ʘʚʪʦʤʘʪʠʢʠ ʠ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ è (ʛ. ɸʣʫʰʪʘ) ʠ ç16-ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ï 

ɸʚʠʘʮʠʷ ʠ ʢʦʩʤʦʥʘʚʪʠʢʘ ï 2017è (ʄɸʀ, ʛ. ʄʦʩʢʚʘ). ɺ 2018 ʛʦʜʫ 4 ʤʘʪʝʨʠʘʣʳ 

ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ  çVII ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʧʦ ʬʦʪʦʥʠʢʝ ʠ ʀʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʧʪʠʢʝè (ʄʀʌʀ, ʛ. ʄʦʩʢʚʘ), ç25-ʷ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʝʞʚʫʟʦʚʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ ʠ 

ʘʩʧʠʨʘʥʪʦʚè (ʄʀʕʊ, ʛ. ɿʝʣʝʥʦʛʨʘʜ), çXXVII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ï ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʟʘʜʘʯʘʭ ʫʧʨʘʚʣʝʥʠʷ, ʘʚʪʦʤʘʪʠʢʠ ʠ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ è (ʛ. ɸʣʫʰʪʘ) ʠ ç17-ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ï 

ɸʚʠʘʮʠʷ ʠ ʢʦʩʤʦʥʘʚʪʠʢʘ ï 2018è (ʄɸʀ, ʛ. ʄʦʩʢʚʘ). ɺ 2019 ʛʦʜʫ 2 ʤʘʪʝʨʠʘʣʳ 

ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ  çVIII ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 
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ʧʦ ʬʦʪʦʥʠʢʝ ʠ ʀʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʧʪʠʢʝè (ʄʀʌʀ, ʛ. ʄʦʩʢʚʘ), ʠ çXIII 

ɺʩʝʨʦʩʩʠʡʩʢʦʝ ʩʦʚʝʱʘʥʠʝ ʧʦ ʧʨʦʙʣʝʤʘʤ ʫʧʨʘʚʣʝʥʠʷè (ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʠʤʝʥʠ ɺ.ɸ. ʊʨʘʧʝʟʥʠʢʦʚʘ ʈɸʅ, ʛ. ʄʦʩʢʚʘ).  

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ 22 ʨʘʙʦʪʳ, ʠʟ ʥʠʭ 3 ʩʪʘʪʴʠ ʚ 

ʞʫʨʥʘʣʘʭ ʧʝʨʝʯʥʷ ɺɸʂ, 1 ʩʪʘʪʴʷ ʚ ʞʫʨʥʘʣʝ, ʚʢʣʶʯʝʥʥʦʤ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʝ 

ʨʝʬʝʨʘʪʠʚʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʩʠʩʪʝʤʳ ʮʠʪʠʨʦʚʘʥʠʷ Scopus ʠ WoS, 1 ʩʪʘʪʴʷ ʚ 

ʠʟʜʘʥʠʠ, ʚʢʣʶʯʝʥʥʦʤ ʚ ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʩʠʩʪʝʤʫ ʮʠʪʠʨʦʚʘʥʠʷ; ʧʦʣʫʯʝʥ 1 ʧʘʪʝʥʪ 

ʈʌ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 

ʯʝʪʳʨʝʭ  ʛʣʘʚ, ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʆʙʲʸʤ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 170 ʩʪʨʘʥʠʮ; ʨʘʙʦʪʘ ʩʦʜʝʨʞʠʪ 82 ʨʠʩʫʥʢʘ, 2 

ʪʘʙʣʠʮʳ; ʩʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʢʣʶʯʘʝʪ 99 ʥʘʠʤʝʥʦʚʘʥʠʡ. 
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1 ʆɹɿʆʈ ʄɽʊʆɼʆɺ ʀ ʄʀʂʈʆʕʃɽʂʊʈʆʄɽʍɸʅʀʏɽʉʂʀʍ ʉʈɽɼʉʊɺ 

ʀɿʄɽʈɽʅʀʗ ʋɻʃʆɺʓʍ ʉʂʆʈʆʉʊɽʁ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠ ̫ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʙʳʩʪʨʦ ʚʨʘʱʘʶʱʝʝʩʷ ʪʝʣʦ ʩ 

ʥʝʩʢʦʣʴʢʠʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ, ʆʜʥʘʢʦ ʦʥʠ ʠʤʝʁʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʤʘʩʩʫ ʠ 

ʙʦʣʴʰʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ [1]. ʄʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ (ʄʕʄ) 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʷʚʣʷʶʪʩʷ ʤʘʣʦʛʘʙʘʨʠʪʥʳʤʠ ʠʥʝʨʮʠʘʣʴʥʳʤʠ 

ʜʘʪʯʠʢʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʢʦʥʪʨʦʣʷ, ʥʘʚʠʛʘʮʠʠ, 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʜʣʷ ʚʠʜʝʦ-ʩʪʘʙʠʣʠʟʘʮʠʠ, ʠʥʝʨʮʠʘʣʴʥʳʭ ʤʳʝhʡ ʜʣʷ 

ʢʦʤʧʴʶʪʝʨʦʚ, ʧʨʠʤʝʥʝʥʠʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʚʠʞʥʳʤʠ ʦʙʲʝʢʪʘʤʠ 

[2,3]. 

ʄʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 

ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʯʘʩʪʠ, ʢʦʪʦʨʳʝ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʣʠʙʦ ʥʘ 

ʦʜʥʦʤ ʯʠʧʝ [4,5], ʣʠʙʦ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʦʪʜʝʣʴʥʳʭ ʯʠʧʘʭ. ɺ ʦʜʥʦʡ ʤʠʢʨʦʩʭʝʤʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʄʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʠʤʝʶʪ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʘ ʠ ʰʫʤʘ ʠʥʪʝʨʬʝʡʩʘ ʤʝʞʜʫ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʯʘʩʪʴʶ. ʇʝʨʚʳʡ ʄʕʄ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʙʳʣ 

ʦʧʠʩʘʥ ʣʘʙʦʨʘʪʦʨʠʝʡ Draper ʚ 1988 ʛʦʜʫ [6]. ʄʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʛʣʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨ rʩ ʜʚʫʤʷ ʨʝʟʦʥʘʥʩʥʳʤʠ 

ʨʝʞʠʤʘʤʠ, ʢʦʪʦʨʳʝ  ʥʘʟʳʚʘʶʪʩʷ ʧʝʨʚʳʤ ʨʝʞʠʤʦʤ (ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ) ʠ 

ʚʪʦʨʠʯʥʳʤ ʨʝʞʠʤʦʤ (ʨʝʞʠʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ). ɺ ʧʝʨʚʦʤ ʨʝʞʠʤʝ ʨʝʟʦʥʘʪʦʨ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʤʦʞʝʪ ʚʠʙʨʠʨʦʚʘʪʴ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʦʡ ʠ ʘʤʧʣʠʪʫʜʦʡ ʦʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ, 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʣʠ ʜʨʫʛʦʡ ʩʠʣʳ [7]. ɺʦ ʚʪʦʨʠʯʥʦʤ ʨʝʞʠʤʝ ʠʟʤʝʨʷʝʤʘʷ 

ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʤʦʞʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ  ʟʘ ʩʯʝʪ ʩʠʣʦʚʦʡ ʩʚʷʟʠ ʂʦʨʠʦʣʠʩʘ 

ʤʝʞʜʫ ʜʚʫʤʷ ʨʝʞʠʤʘʤʠ [8]. ʉʦʚʨʝʤʝʥʥʳʝ ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ ʄʕʄ-

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪ ʨʝʟʦʥʘʪʦʨʳ ʢʘʤʝʨʪʦʥʥʦʛʦ, 

ʨʦʪʦʨʥʦʛʦ, ʨʘʤʦʯʥʦʛʦ ʠ, ʯʘʩʪʦ, ʢʦʣʴʮʝʚʦʛʦ ʪʠʧʘ [9-11]. ɺ ʢʦʣʴʮʝʚʳʭ ʄʕʄ-

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʚʠʞʥʘʷ ʯʘʩʪʴ (ʢʦʣʴʮʝʚʦʡ 

ʨʝʟʦʥʘʪʦʨ) ʩʤʝʱʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʡ ʯʘʩʪʠ, ʘ ʨʝʛʠʩʪʨʘʮʠʷ ʚʝʣʠʯʠʥʳ 
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ʧʝʨʝʤʝʱʝʥʠʡ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ 

ʩʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʝʤʢʦʩʪʥʳʤ ʩʧʦʩʦʙʦʤ. ʊʘʢʠʝ ʄʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʪʨʝʙʫʶʪ 

ʧʝʨʝʤʝʱʝʥʠʡ ʧʦʨʷʜʢʘ ʝʜʠʥʠʮ-ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʤʝʪʨʦʚ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʟʤʝʨʝʥʠʝ 

ʤʘʣʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, ʘ ʬʫʥʢʮʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ  

ʸʤʢʦʩʪʥʦʛʦ ʩʧʦʩʦʙʘ  ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʥʝʣʠʥʝʡʥʦʩʪ[ɹ12-14]. 

ɾʝʣʘʪʝʣʴʥʦ ʠʤʝʪʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʠ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, 

ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʨʘʙʦʪʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ. ɼʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʠʣʠ 

ʦʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ, ʢʦʥʩʪʨʫʢʮʠʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʠ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ. 

1.1 ʄʠʢʨʦɻʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʚʠʙʨʘʮʠʦʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʛʣʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ 

1.1.1 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʨʝʟʦʥʘʪʦʨʦʚ ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ 

ʉʦʚʨʝʤʝʥʥʳʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʄʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ  

ʠʤʝʶʪ: ʤʝʥʴʰʠʝ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ, ʥʠʟʢʫ  ʁ ʩʪʦʠʤʦʩʪʴ, ʚʳʩʦʢʫʶ ʩʪʦʡʢʦʩʪʴ ʢ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʩʦʭʨʘʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʪʦʯʥʦʩʪʠ ʚ ʰʠʨʦʢʠʭ 

ʜʠʘʧʘʟʦʥʘʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʤʘʣʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ[15]. ʇʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʄʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʨʘʩʰʠʨʷʶʪʩʷ ʦʙʣʘʩʪʠ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʊʨʝʙʦʚʘʥʠʷ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.1, ʘ ʚ ʚʠʜʝ 

ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʢʦʨʦʩʪʠ ʜʨʝʡʬʘ ʠ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʝʥʠʷ. ɺ ʪʘʙʣʠʮʝ 1.1 

ʧʨʠʚʝʜʝʥ ʩʧʠʩʦʢ ʧʘʩʧʦʨʪʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʕʇ1 (ʨʠʩ. 1.1,ʙ), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ɸʆ çʂʦʥʮʝʨʥ 

çʎʅʀʀ çʕʣʝʢʪʨʦʧʨʠʙʦʨè.  
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ʘ)                                                               ʙ) 

ʈʠʩ. 1.1. ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʄʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ (ʘ) 

ʦʙʱʠʡ ʚʠʜ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʄʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ ʕʇ1 ʥʘ ʧʣʘʪʝ (ʙ) [16] 

ʊʘʙʣʠʮʘ 1.1. 

 

ʄʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʕʇ1 ʠʟʛʦʪʦʚʣʝʥ ʧʦ ʪʝʭʥʦʣʦʛʠʠ 

ʬʠʨʤʳ TRONIC'S Microsystems SA (ʌʨʘʥʮʠʷ) ʠ ʩʦʩʪʦʠʪ ʠʟ ʤʠʢʨʦʤʦʜʫʣʷ ʠ 

ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ [16]. 

ʂʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʡ ʧʨʠʟʥʘʢ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʘʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʙʦʨʦʚ, ʢʘʢ ʩʪʝʧʝʥʠ 

ʩʚʦʙʦʜʳ, ʤʘʪʝʨʠʘʣ, ʢʦʥʩʪʨʫʢʮʠʷ, ʢʦʥʬʠʛʫʨʘʮʠʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʄʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʫʛʣʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ ʠʩʧʦʣʴʟʫʶʪʩ ̫ ʨʘʟʣʠʯʥʳʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ: ʣʫʯʝʚʳʝ 

(ʧʨʷʤʦʫʛʦʣʴʥʳʝ, ʪʨʝʫʛʦʣʴʥʳʝ), ʢʘʤʝʨʪʦʥʳ (ʢʣʘʩʩʠʯʝʩʢʠʝ, ʜʚʦʡʥʳʝ, 
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ʤʥʦʛʦʟʫʙʮʦʚʳʝ), ʜʠʩʢʦʚʳʝ (ʩ ʚʥʫʪʨʝʥʥʠʤ ʧʦʜʚʝʩʦʤ (RR-ʪʠʧ), ʩ ʥʘʨʫʞʥʳʤ 

ʧʦʜʚʝʩʦʤ (RR-ʪʠʧ)), ʨʘʤʦʯʥʳʝ (ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʧʣʘʪʘ (LL-ʪʠʧ)), 

ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʝ, ʢʦʣʴʮʝʚʳʝ, ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ (ʨʠʩ. 1.2) [17]. 

 

ʈʠʩ. 1.2. ʈʘʟʣʠʯʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ: ʘïʣʫʯʝʚʘ ̫

(ʧʨʷʤʦʫʛʦʣʴʥʘ)̫,  ʙïʢʣʘʩʩʠʯʝʩʢʘ ̫ʢʘʤʝʨʪʦʥʥʘʷ, ʚïʜʚʦʡʥʘʷ ʢʘʤʝʨʪʦʥʥʘʷ, ʛï

ʤʥʦʛʦʟʫʙʮʦʚʘʷ ʢʘʤʝʨʪʦʥʥʘʷ, ʜïʜʠʩʢʦʚʘʷ ʩ ʚʥʫʪʨʝʥʥʠʤ ʧʦʜʚʝʩʦʤ, ʝïʜʠʩʢʦʚʘʷ ʩ 

ʥʘʨʫʞʥʳʤ ʧʦʜʚʝʩʦʤ, ʞïʧʨʷʤʦʫʛʦʣʴʥʘʷ ʧʣʘʪʘ, ʟïʚʠʙʨʠʨʫʶʱʘʷ ʧʦʣʫʩʬʝʨʠʯʝʩʢʘʷ, 

ʠïʢʦʣʴʮʝʚʘʷ, ʢïʮʠʣʠʥʜʨʠʯʝʩʢʘʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢ ʤʠʢʨʦ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʦʪʥʦʩʷʪ 

ʧʨʠʙʦʨʳ, ʫ ʢʦʪʦʨʳʭ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ï ʝʜʠʥʠʮʳ ʤʠʣʣʠʤʝʪʨʦʚ, ʘ ʤʘʩʩʘ ï 

ʝʜʠʥʠʮʳ ʠ ʜʝʩʷʪʢʠ ʛʨʘʤʤ [18-20]. 

1.1.2 ɺʠʙʨʘʮʠʦʥʥʳʝ ʣʫʯʝʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ 

ɺʠʙʨʘʮʠʦʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʙʳʣʠ ʚʧʝʨʚʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥ rʚ ʥʘʯʘʣʝ 50-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʜʣʷ ʟʘʤʝʥʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩ 

ʚʨʘʱʘʶʱʠʤʩʷ ʪʝʣʦʤ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʪʘʢʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 10 ʨʘʟ ʢʘʞʜʳʝ ʜʚʘ ʛʦʜʘ ʩ 

1991 ʛʦʜʘ, ʢʦʛʜʘ ʃʘʙʦʨʘʪʦʨʠʷ Charles Stark Draper Laboratory ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ 

ʧʝʨʚʳʡ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ [21,22]. ɼʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ  ʚʳʩʦʢʘ ̫ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ 

ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʠʭ ʧʨʠʤʝʥʝʥʠ.̫ ɺʠʙʨʘʮʠʦʥʥʳʡ ʄʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 
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ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʩʦʩʪʦʠʪ ʠʟ ʤʘʩʩʳ, ʧʦʜʚʝʰʝʥʥʦʡ ʥʘ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʘʭ, 

ʟʘʢʨʝʧʣʝʥʥʳʭ ʥʘ ʦʩʥʦʚʘʥʠʠ. ɺ ʚʠʙʨʘʮʠʦʥʥʳʭ ʄʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʫʛʣʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ, ʚʠʙʨʠʨʫʶʱʠʡ ʵʣʝʤʝʥʪ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʂʦʨʠʦʣʠʩʘ, ʢʦʪʦʨʦʝ 

ʚʳʟʳʚʘʝʪ ʚʪʦʨʠʯʥʫʶ ʚʠʙʨʘʮʠʶ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ ʚʠʙʨʘʮʠʠ. ɺʝʣʠʯʠʥʫ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʠʟʤʝʨʷʷ 

ʚʪʦʨʠʯʥʫʶ ʚʠʙʨʘʮʠʶ.  

ɺʩʝ ʚʠʙʨʠʨʫʶʱʠʝ ʄʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʦʩʥʦʚʘʥʳ ʥʘ 

ʬʝʥʦʤʝʥʝ ʫʩʢʦʨʝʥʠʷ ʂʦʨʠʦʣʠʩʘ. ʋʩʢʦʨʝʥʠʝ ʂʦʨʠʦʣʠʩʘ  ʠʩʧʳʪʳʚʘʝʪʩʷ ʪʝʣʦʤ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʤ ʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʢʦʪʦʨʘʷ ʚʨʘʱʘʝʪʩʷ 

ʚʦʢʨʫʛ ʦʩʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʠ ʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʈʝʟʫʣʴʪʠʨʫʶʱʝʝ 

ʫʩʢʦʨʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʥʘʧʨʘʚʣʝʥʦ ʚʜʦʣʴ 

ʪʨʝʪʴʝʡ ʦʩʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʩʦʜʝʨʞʘʱʝʡ ʜʚʝ ʜʨʫʛʠʝ ʦʩʠ [23]. 

ʂʦʥʪʨʦʣʴʥʘʷ ʤʘʩʩʘ, ʩʦʩʪʘʚʣʷʶʱʘʷ ʘʢʪʠʚʥʫʶ ʯʘʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʧʨʠʚʦʜʠʪʩʷ ʚ 

ʜʚʠʞʝʥʠʝ ʩ ʟʘʜʘʥʥʦʡ ʘʤʧʣʠʪʫʜʦʡ ʠ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ (ʨʠʩ.1.3ʘ) ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʣʳ ʠʥʝʨʮʠʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʄʕʄ-

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ. ɽʤʢʦʩʪʥʳʝ ʠ ʧʴʝʟʦʨʝʟʠʩʪʠʚʥʳʝ ʤʝʪʦʜʳ 

ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʟʤʝʨʝʥʠʷ ʚʪʦʨʠʯʥʳʭ 

ʜʚʠʞʝʥʠʡ. 

 ʇʨʠ ʚʨʘʱʝʥʠʠ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴ ʁÝ ʢʦʥʪʨʦʣʴʥʘʷ ʤʘʩʩʘ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʚʦʟʜʝʡʩʪʚʠʶ ʩʠʣʳ ʂʦʨʠʦʣʠʩʘ: 

2 ,
C C

F m V= Ö Ö ÖW

 
ʛʜʝ m-ʤʘʩʩʘ; VC -ʩʢʦʨʦʩʪʴ ʤʘʩʩʳ. 

ɺʠʙʨʘʮʠʦʥʥʳʝ ʄʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʤʦʛʫʪ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʨʘʙʦʪʘʪʴ ʚ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ: ʨʝʞʠʤʘʭ ʫʛʣʘ ʠ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ [24]. ɺʠʙʨʘʮʠʦʥʥʳʡ ʣʫʯʝʚʦʡ ʄʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ 

(ʨʠʩ.1.3ʚ) ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʠʙʨʘʮʠʦʥʥʳʡ ʄʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʩʠʣʫ ʂʦʨʠʦʣʠʩʘ. 
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ʘ)                                         ʙ) 

 

ʚ) 

ʈʠʩ. 1.3. ɺʠʙʨʘʮʠʦʥʥʳʝ ʣʫʯʝʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ: 

ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʤʦʜʝʣʴ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ (ʘ), ʄʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʋʥʠʚʝʨʩʠʪʝʪʘ 

ʂʣʝʤʩʦʥʘ (Clemson University) (ʙ), ʄʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ 

ʏʫʥʮʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪ ʧʦʯʪʳ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ(Chongqing University of 

Posts and Telecommunications) (ʚ) 

 ɺ ʚʦʟʙʫʞʜʝʥʥʦʤ ʨʝʞʠʤʝ, ʧʝʨʝʤʝʥʥʘʷ ʩʠʣʘ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʠʥʝʨʮʠʦʥʥʫ  ʁ

ʤʘʩʩʫ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ. ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʚʠʙʨʘʮʠʦʥʥʳʡ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ (ʣʫʯʝʚʦʡ ʨʝʟʦʥʘʪʦʨ) 

ʩʠʣʘ ʂʦʨʠʦʣʠʩʘ ʧʨʦʠʟʚʦʜʠʪ ʚʪʦʨʠʯʥʳʝ ʢʦʣʝʙʘʥʠʷ (ʨʠʩ.1.3ʙ). ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʘʶʱʝʛʦʩʷ ʦʩʥʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʚʪʦʨʠʯʥʦʛʦ 

ʢʦʣʝʙʘʥʠʷ. 
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1.1.3 ɺʠʙʨʘʮʠʦʥʥʳʝ ʢʘʤʝʨʪʦʥʥʳʝ ʠ ʨʘʤʦʯʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʛʣʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ 

ʂʘʤʝʨʪʦʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʦʩʥʦʚʘʥʳ ʥʘ ʩʚʦʡʩʪʚʝ 

ʢʘʤʝʨʪʦʥʘ, ʟʘʢʣʶʯʘʶʱʝʛʦʩʷ ʚ ʩʪʨʝʤʣʝʥʠʠ ʩʦʭʨʘʥʠʪʴ ʧʣʦʩʢʦʩʪʴ ʢʦʣʝʙʘʥʠʡ ʩʚʦʠʭ 

ʥʦʞʝʢ. ʂʘʤʝʨʪʦʥ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.4,ʘ, ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʟʫʙʮʦʚ, ʢʦʪʦʨʳʝ 

ʧʦʜʢʣʶʯʝʥʳ ʢ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʰʠʥʝ. ʊʝʦʨʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ 

ʥʦʞʢʝ ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʢʘʤʝʨʪʦʥʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʧʣʘʪʬʦʨʤʝ, ʚʨʘʱʘʶʱʝʡʩʷ 

ʚʦʢʨʫʛ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʢʘʤʝʨʪʦʥʘ, ʚʦʟʥʠʢʘʝʪ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʩʠʣ, ʯʘʩʪʦʪʘ 

ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ ʯʘʩʪʦʪʝ ʢʦʣʝʙʘʥʠʷ ʥʦʞʝʢ, ʘ ʘʤʧʣʠʪʫʜʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʣʘʪʬʦʨʤʳ. ʇʦʵʪʦʤʫ, ʠʟʤʝʨʷʷ ʘʤʧʣʠʪʫʜʫ ʫʛʣʘ ʜʝʬʦʨʤʘʮʠʠ 

ʥʦʞʢʠ ʢʘʤʝʨʪʦʥʘ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʧʣʘʪʬʦʨʤʳ [25,26]. ɺʠʙʨʘʮʠʦʥʥʳʡ ʢʘʤʝʨʪʦʥʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʫʛʣʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ ʧʨʝʜʩʪʘʚʣʝʥ ʇʝʢʠʥʩʢʠʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʚ 2009 ʛʦʜʫ. ɺ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ 

(ʨʠʩ. 1.4,ʙ) ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʩʠʣʳ ʛʝʥʝʨʠʨʫʶʪʩʷ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʛʨʝʙʝʥʯʘʪʳʭ 

ʵʣʝʢʪʨʦʜʦʚ ʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʙʦʢʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʤʘʩʩ. ʕʪʦ ʧʦʚʳʰʘʝʪ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ. ɻʨʝʙʥʠ ʠ 

ʧʦʜʜʝʨʞʢʠ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʩʝʨʝʜʠʥʝ, ʦʢʨʫʞʝʥʥʳʝ 

ʛʨʝʙʝʥʯʘʪʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʠ ʣʫʯʝʚʳʤʠ ʧʦʜʜʝʨʞʢʘʤʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʨʝʞʠʤʘ 

[27]. 

  

ʘ)                                                         ʙ) 

ʈʠʩ. 1.4. ʂʘʤʝʨʪʦʥʥʳʡ (ʘ)  ʠ ʛʨʝʙʝʥʯʘʪʳʡ ʢʘʤʝʨʪʦʥʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ (ʙ) [27] 
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ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.5,ʘ ʠ 1.5,ʙ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʤʦʞʝʪ ʩʦʩʪʦʪ̫ɹ ʠʟ ʜʚʫʭ ʢʨʝʤʥʠʝʚʳʭ ʢʦʣʝʙʣʶʱʠʭʩʷ ʨʘʤ. ʂʘʞʜʘʷ ʨʘʤʘ ʟʘʢʨʝʧʣʝʥʘ 

ʥʘ ʧʦʜʣʦʞʢʝ ʯʝʪʳʨʴʤʷ ʧʨʫʞʠʥʥʳʤʠ ʙʘʣʢʘʤʠ. ʂʘʞʜʘʷ ʠʥʝʨʮʠʦʥʥʘʷ ʤʘʩʩʘ ʩ 

ʵʣʝʢʪʨʦʜʘʤʠ ʩʦʝʜʠʥʝʥʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʨʘʤʦʡ ʜʚʫʤʷ ʙʘʣʦʯʥʳʤʠ 

ʧʦʜʜʝʨʞʢʘʤʠ. ʂʦʣʝʙʣʶʱʠʝʩʷ ʨʘʤʢʠ ʠ ʠʥʝʨʮʠʦʥʥʳʝ ʤʘʩʩʳ ʚ ʬʦʨʤʝ ʩʪʝʨʞʥʝʡ 

ʤʦʛʫʪ ʜʚʠʛʘʪʴʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ X ʠʣʠ Y. ʕʣʝʢʪʨʦʜʳ ʩʦ ʩʪʝʨʞʥʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ 

ʥʝʧʦʜʚʠʞʥʳʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʵʣʝʢʪʨʦʜʳ ʥʘ ʩʪʝʢʣʷʥʥʦʡ ʧʦʜʣʦʞʢʝ ʬʦʨʤʠʨʫʶʪ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢʦʥʜʝʥʩʘʪʦʨʳ.  

 

ʘ) 

 

ʙ) 

ʈʠʩ. 1.5. ʉʭʝʤʘ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʨʘʤ (ʘ) ʉʭʝʤʘ ʤʠʢʨʦ 

ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ (ʙ) [28] 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʦʢʨʫʛ ʦʩʠ Z, ʠʥʝʨʮʠʦʥʥʳʝ ʤʘʩʩʳ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ  ʙʫʜʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚʜʦʣʴ ʦʩʠ Y ʠʟ-ʟʘ ʩʠʣ ʂʦʨʠʦʣʠʩʘ. 

ʈʝʟʫʣʴʪʠʨʫʶʱʝʝ ʠʟʤʝʥʝʥʠʝ ʝʤʢʦʩʪʠ ʤʝʞʜʫ ʠʥʝʨʮʠʦʥʥʳʤʠ ʤʘʩʩʘʤʠ ʠ 

ʥʝʧʦʜʚʠʞʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʨʝʥʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ; ʧʨʠ ʵʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʛʣʦʚʫ  ʁʩʢʦʨʦʩʪʴ ʠ ʫʩʢʦʨʝʥʠʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 
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Y. ɸʤʧʣʠʪʫʜʘ ʚʠʙʨʘʮʠʡ ʠʥʝʨʮʠʦʥʥʦʡ ʤʘʩʩʳ ʜʣʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ [28]: 
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ʛʜʝ F0 - ʚʦʟʙʫʞʜʘʶʱʘʷ ʩʠʣʘ, md- ʤʘʩʩʘ, Ý -ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ, ɤd -ʯʘʩʪʦʪʘ 

ʚʦʟʙʫʞʜʝʥʠʷ, ɤs -ʩʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʨʝʞʠʤʘ, Qd , Qs - 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʨʝʞʠʤʘ ʚʦʟʙʫʞʜʝʥʠ ̫ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʙʳʣʠ ʧʨʦʚʝʨʝʥʳ ʧʨʠ 

ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ, ʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʥʝʣʠʥʝʡʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʩʦʩʪʘʚʣʷʶʪ 10 ʤɺ/ ę/c ʠ ʤʝʥʝʝ 

0,5%. 

1.1.4 ʈʦʪʦʨʥʳʝ ʄʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ 

ʈʦʪʦʨʥʳʝ ʄʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʩʦʜʝʨʞʘʪ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ:  ʠʥʝʨʮʠʦʥʥʫʶ ʤʘʩʩʫ (ʨʦʪʦʨ); ʫʧʨʫʛʠʡ ʧʦʜʚʝʩ ʋʇ; 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʜʚʠʛʘʪʝʣʴ ʧʝʨʚʠʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʣʝʙʘʥʠʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʘʚʥʦʡ ʦʩʠ [29].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʦʪʦʨʥʳʝ ʄʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, 

ʠʤʝʶʱʠʝ ʜʨʝʡʬ ʥʫʣʝʚʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʫʨʦʚʥʝ 0,1-10ę/ʯ, ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʥʘ ʙʘʟʝ 

ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ: ʙʝʟ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩ ʨʘʟʥʝʩʝʥʥʳʤʠ 

ʨʝʟʦʥʘʥʩʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʧʦʜʚʝʩʘ ʠʥʝʨʮʠʦʥʥʦʡ ʤʘʩʩ;r ʙʝʟ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩ 

ʩʦʚʤʝʱʝʥʥʳʤʠ ʨʝʟʦʥʘʥʩʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʧʦʜʚʝʩʘ ʠʥʝʨʮʠʦʥʥʦʡ ʤʘʩʩ;r ʩ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʴʶ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʠʥʝʨʮʠʦʥʥʦʡ ʤʘʩʩ rʩ ʩʦʚʤʝʱʝʥʥʳʤʠ ʨʝʟʦʥʘʥʩʥʳʤʠ 

ʯʘʩʪʦʪʘʤʠ ʧʦʜʚʝʩʘ ʠʥʝʨʮʠʦʥʥʦʡ ʤʘʩʩ.r ɺ ʦʙʱʝʤ ʚʠʜʝ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ 

ʨʦʪʦʨʥʦʛʦ ʄʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʠʤʝʝʪ ʚʠʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ 

ʥʘ ʨʠʩʫʥʢʝ 1.6[30]. 
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ʘ) 

 

ʙ) 

ʈʠʩ.1.6. ʉʭʝʤʘ ʨʦʪʦʨʥʦʛʦ ʄʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ RR-ʪʠʧʘ (ʘ), 

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʵʣʝʢʪʨʦʜʳ ʏʕ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ (ʙ) [29,30] 

ʂʦʥʩʪʨʫʢʮʠʷ ʨʦʪʦʨʥʦʛʦ ʄʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ 

ʬʦʨʤʠʨʫʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝʤ ʤʝʞʜʫ ʩʦʙʦʡ ʜʚʫʭ ʧʣʘʩʪʠʥʘʤʠ ʪʦʣʱʠʥʦʡ 0,8 ʤʤ ʠʟ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ. ʅʘ ʦʜʥʦʡ ʠʟ ʧʣʘʩʪʠʥ ʩʬʦʨʤʠʨʦʚʘʥ ʜʠʩʢ, 

ʧʦʜʚʝʰʝʥʥʳʡ ʥʘ ʫʧʨʫʛʦʤ ʧʦʜʚʝʩʝ, ʠ ʛʨʝʙʝʥʯʘʪʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʧʝʨʚʠʯʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʜʠʩʢʘ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ (ʨʠʩ. 1.7, ʘ), ʥʘ ʚʪʦʨʦʡ ï 

ʵʣʝʢʪʨʦʜʳ ʜʘʪʯʠʢʦʚ ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚʪʦʨʠʯʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ 

ʜʠʩʢʘ (ʨʠʩ. 1.7, ʙ). ʇʦʜʚʝʩ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 

ʩʝʯʝʥʠʷ. ʋʧʨʫʛʠʝ ʵʣʝʤʝʥʪʳ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʬʦʨʤʫ ʠ ʧʦʧʘʨʥʦ ʨʘʩʧʦʣʦʞʝʥʳ 

ʧʦʜ ʦʜʠʥʘʢʦʚʳʤʠ ʫʛʣʘʤʠ ʢ ʦʩʠ ʚʪʦʨʠʯʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʀʟʤʝʥʝʥʠʝ ʫʛʣʘ ʤʝʞʜʫ 

ʫʧʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠʟʤʝʥʷʝʪ ʯʘʩʪʦʪʫ ʚʪʦʨʠʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ 
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ʯʘʩʪʦʪʝ ʧʝʨʚʠʯʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʙʨʘʥʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʯʘʩʪʦʪ. ɽʤʢʦʩʪʥʳʝ ʜʘʪʯʠʢʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʚʠʯʥʳʤʠ 

ʢʦʣʝʙʘʥʠʷʤʠ ʠʤʝʶʪ ʛʨʝʙʝʥʯʘʪʫʶ ʩʪʨʫʢʪʫʨʫ. ʆʜʥʘ ʯʘʩʪʴ ʛʨʝʙʝʥʦʢ ʩʬʦʨʤʠʨʦʚʘʥʘ 

ʥʘ ʜʠʩʢʝ, ʜʨʫʛʘʷ ʯʘʩʪʴ ʥʝʧʦʜʚʠʞʥʦ ʩʦʝʜʠʥʝʥʘ ʩ ʦʩʥʦʚʘʥʠʝʤ ʠ ʨʘʟʤʝʱʝʥʘ ʚ ʜʠʩʢʝ, 

ʯʪʦ ʩʦʢʨʘʱʘʝʪ ʛʘʙʘʨʠʪʳ, ʫʚʝʣʠʯʠʚʘʝʪ ʞʝʩʪʢʦʩʪʴ ʠ ʩʦʟʜʘʝʪ ʥʫʞʥʫʶ ʨʘʟʥʦʩʪʴ 

ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʜʠʩʢʘ. ɿʘʟʦʨʳ ʤʝʞʜʫ ʟʫʙʴʷʤʠ ʛʨʝʙʝʥʦʢ ʩʦʩʪʘʚʣʷʶʪ 2 

ʤʢʤ. ɽʤʢʦʩʪʥʳʝ ʜʘʪʯʠʢʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʪʦʨʠʯʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ 

ʦʙʨʘʟʫʶʪʩʷ ʵʣʝʢʪʨʦʜʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʢʨʳʰʢʝ ʥʘʜ ʜʠʩʢʦʤ. ɿʘʟʦʨ ʤʝʞʜʫ 

ʜʠʩʢʦʤ ʠ ʵʣʝʢʪʨʦʜʘʤʠ ʩʦʩʪʘʚʣʷʝʪ 2 ʤʢʤ [31]. 

 

ʈʠʩ.1.7. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ ʨʦʪʦʨʥʦʛʦ ʄʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ [31] 

1.1.5 ɺʠʙʨʘʮʠʦʥʥʳʝ ʢʦʣʴʮʝʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ 

ɺʠʙʨʘʮʠʦʥʥʳʝ ʢʦʣʴʮʝʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠ ʜʦʣʛʦʩʨʦʯʥʫ  ʁʩʪʘʙʠʣʴʥʦʩʪʴ. ʉʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʢʨʝʤʥʠʝʚʳʭ 

ʄʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠʟ ʄʠʯʠʛʘʥʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ (University of Michigan) ʚʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʣʠ ʚʠʙʨʘʮʠʦʥʥʳʡ 

ʢʦʣʴʮʝʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ [32]. ʕʪʦʪ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʩʦʩʪʦʠʪ ʠʟ ʢʦʣʴʮʘ, ʧʦʣʫʢʦʣʴʮʝʚʳʭ ʧʦʜʜʝʨʞʝʢ, ʠ ʵʣʝʢʪʨʦʜʦʚ 

ʧʨʠʚʦʜʘ (ʚʦʟʙʫʞʜʘʶʱʠʝ, ʫʧʨʘʚʣʷʶʱʠʝ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʵʣʝʢʪʨʦʜʳ), ʢʦʪʦʨʳʝ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚʦʢʨʫʛ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ (ʨʠʩ. 1.8,ʘ). ʕʪʦʪ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʠʟʛʦʪʦʚʣʝʥ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʩʞʘʪʠ ̫ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠ-

ʤʦʥʦʢʨʠʩʪʘʣʣʘ. ʇʦ ʧʨʠʯʠʥʘʤ ʩʠʤʤʝʪʨʠʠ ʪʨʝʙʫʝʪʩʷ ʥʝ ʤʝʥʝʝ ʚʦʩʴʤʠ ʧʨʫʞʠʥ, 
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ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩ ʜʚʫʤʷ ʦʜʠʥʘʢʦʚʳʤʠ ʨʝʞʠʤʘʤʠ 

ʠʟʛʠʙʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʨʘʚʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ. ʂʦʣʴʮʝʚʦʡ ʨʝʟʦʥʘʪʦʨ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚʠʙʨʠʨʫʝʪ, ʧʨʠʥʠʤʘʷ ʵʣʣʠʧʪʠʯʝʩʢʫ  ʁʬʦʨʤʫ (ʧʝʨʚʳʡ ʨʝʞʠʤ) ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʘʤʧʣʠʪʫʜʦʡ (ʨʠʩ. 1.8,ʙ). ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʚʦʢʨʫʛ  ʩʚʦʝʡ ʥʦʨʤʘʣʴʥʦʡ ʦʩʠ, ʩʠʣʘ ʂʦʨʠʦʣʠʩʘ  ʟʘʩʪʘʚʣʷʝʪ ʵʥʝʨʛʠʶ ʧʝʨʝʜʘʚʘʪʴʩʷ 

ʠʟ ʧʝʨʚʠʯʥʦʛʦ  ʨʝʞʠʤʘ ʚʦ ʚʪʦʨʠʯʥʳʡ ʠʟʛʠʙʥʳʡ ʨʝʞʠʤ,  ʚ ʢʦʪʦʨʦʤ ʦʩʠ 

ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʜ ʫʛʣʦʤ 45ę ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ ʧʝʨʚʦʛʦ ʨʝʞʠʤʘ [33,34]. ʉʪʨʫʢʪʫʨʘ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʝ ʚʘʞʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʚʠʙʨʘʮʠʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʫʛʣʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ. 

 

ʘ)                                                 ʙ) 

ʈʠʩ.1.8. ʉʪʨʫʢʪʫʨʘ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʢʦʣʴʮʝʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ (ʘ) ʠʟʛʠʙʘ ʧʝʨʚʦʛʦ ʨʝʞʠʤʘ (ʙ) 

ɸʤʧʣʠʪʫʜʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʨʝʞʠʤʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʠʟʤʝʨʷʝʤʦʡ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ [34]:  

0

4 ,                                         (1.2)
ʏ gʈ ɺʈ Z

Q
q A q

w
= Ö Ö Ö ÖW

 

ʛʜʝ Agå0.37ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʪʨʫʢʪʫʨʳ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ; Q ï ʜʦʙʨʦʪʥʦʩʪʴ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ; ɤ0  ï ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ; qʚʨ ï ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʨʝʞʠʤʘ; ÝZ ïʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ. 

ɺ ʪʘʙʣʠʮʝ 1.2. ʧʨʠʚʝʜʝʥ rʨʘʩʯʝʪʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʄʕʄ-

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʄʠʯʠʛʘʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (University of 
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Michigan). ɹʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʄʕʄʉ ʧʦʣʫʯʠʣ ʚʠʙʨʘʮʠʦʥʥʳʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, ʤʦʜʝʣʴ CRM 100 ʩ ʚʠʙʨʠʨʫʶʱʠʤ 

ʢʨʝʤʥʠʝʚʳʤ ʢʦʣʴʮʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʤʧʘʥʠʝʡ Silicon  Sensing (ɸʥʛʣʠʷ)[32].  

ʊʘʙʣʠʮʘ 1.2.  

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʬʘʢʪʦʨ ʢʘʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʘ 20,000 

ʜʠʘʤʝʪʨ ʢʦʣʴʮʘ 1,1 ʤʤ 

ʰʠʨʠʥʘ ʢʦʣʴʮʘ ʠ ʧʨʫʞʠʥʳ 4ʤʢʤ 

ʚʳʩʦʪʘ ʢʦʣʴʮʝʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 80 ʤʢʤ 

ʜʠʘʤʝʪʨ ʦʧʦʨʳ 120 ʤʢʤ 

ʜʠʘʤʝʪʨ ʦʧʦʨʥʳʭ ʧʨʫʞʠʥ 470 ʤʢʤ 

ɿʘʟʦʨ ʤʝʞʜʫ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ 1,4 ʤʢʤ 

ʚʳʩʦʪʘ ʵʣʝʢʪʨʦʜʦʚ 60 ʤʢʤ 

ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ 29 ʢɻʮ 

ʰʫʤ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʮʝʧʠ 1ʤʢɺ/(Hz)
0,5 

ʧʘʨʘʟʠʪʥʘʷ ʝʤʢʦʩʪʴ 500 ʬʌ 

ʧʦʣʷʨʠʟʘʮʠʷ ʥʘʧʨʷʞʝʥʠʷ ʪʦʢʘ 7ɺ 

ʘʤʧʣʠʪʫʜʘ ʚʦʟʙʫʞʜʝʥʠʷ 0,15 ʤʢʤ 

ʰʫʤ ɹʨʦʫʥʦʚʩʢʦʛʦ 0,01ʛʨʘʜ/ʩ/(Hz)
0,5

 

ʵʣʝʢʪʨʦʥʥʳʡ ʰʫʤ 8Ā10
-3
 ʛʨʘʜ/ʩ/(Hz)

0,5
 

ʤʠʥʠʤʘʣʴʥʳʡ ʜʝʪʝʢʪʠʨʫʝʤʳʡ ʩʠʛʥʘʣ 0,04 ʛʨʘʜ/ʩ 

ʕʪʦʪ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʠʟʤʝʨʷʝʪ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ Ñ 1,0 ʨʘʜ/ʩ 

ʠ ʠʤʝʝʪ ʜʚʘ ʨʝʞʠʤʘ ʚʳʚʦʜʘ: ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ ʥʘʧʨʷʞʝʥʠʷ, ʣʠʥʝʡʥʦ-

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʠ ʮʠʬʨʦʚʦʡ ʧʦ ʧʨʦʪʦʢʦʣʫ SPI. ʊʘʢʞʝ, 

ʢʦʤʧʘʥʠʝʡ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʫʯʠʪʳʚʘʣʠʩʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠʟʜʝʣʠʷ ʠ 

ʵʢʦʥʦʤʠʯʥʦʤʫ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʶ. ʂʨʝʤʥʠʝʚʦʝ ʄʕʄʉ-ʢʦʣʴʮʦ ʠʟʛʦʪʘʚʣʠʚʘʣʠ 

ʤʝʪʦʜʦʤ ʛʣʫʙʦʢʦʛʦ ʨʝʘʢʪʠʚʥʦʛʦ ʠʦʥʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʦʙʲʸʤʥʳʭ ʢʨʝʤʥʠʝʚʳʭ 

ʩʪʨʫʢʪʫʨ, ʠ ʝʛʦ ʜʠʘʤʝʪʨ ʩʦʩʪʘʚʠʣ 3 ʤʤ, ʘ ʪʦʣʱʠʥʘ ï 65 ʤʢʤ. ʊʘʢʦʡ ʤʝʪʦʜ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʣʴʮʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʭʦʨʦʰʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, 
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ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʪʦʯʥʦʛʦ ʙʘʣʘʥʩʘ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʝʥʩʦʨʥʦʛʦ 

ʢʦʣʴʮʘ. ɺ ʮʝʥʪʨʝ ʢʦʣʴʮʘ ʥʘʭʦʜʠʪʩʷ ʪʚʸʨʜʳʡ ʢʦʥʮʝʥʪʨʘʪʦʨ ʜʠʘʤʝʪʨʦʤ 1 ʤʤ, ʠʟ 

ʢʦʪʦʨʦʛʦ ʠʩʭʦʜʷʪ ʚʦʩʝʤʴ ʧʘʨ ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʧʠʮ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʵʪʦ ʢʦʣʴʮʦ ʚ 

ʩʚʦʙʦʜʥʦʩʪʦʷʱʝʤ ʩʦʩʪʦʷʥʠʠ. ʂʦʛʜʘ ʦʩʥʦʚʘʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚʨʘʘɦʝʪʩʷ, ʪʦ 

ʩʦʚʝʨʰʘʶʱʠʡ ʢʦʣʝʙʘʥʠʷ ʢʦʣʴʮʝʚʦʡ ʨʝʟʦʥʘʪʦʨ (ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʣʠʥʝʡʥrʝ 

ʜʚʠʞʝʥʠ ̫ ʝʛʦ ʪʦʯʝʢ ʦʪ ʦʜʥʦʛʦ ʢʨʘʡʥʝʛʦ ʧʦʣʦʞʝʥʠʷ ʢ ʜʨʫʛʦʤʫ) ʠʩʧʳʪʳʚʘʝʪ 

ʚʦʟʜʝʡʩʪʚʠʝ ʩʠʣr ʂʦʨʠʦʣʠʩʘ. ɺʦʟʜʝʡʩʪʚʠʝ ʵʪʦʡ ʩʠʣʳ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ 

ʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦ ʧʝʨʠʤʝʪʨʫ ʢʦʣʴʮʘ; ʚʦʟʥʠʢʘʶʪ ʚʪʦʨʠʯʥʳʝ ʜʚʠʞʝʥʠʷ 

ʚʜʦʣʴ ʦʩʝʡ ʧʦʜ ʫʛʣʦʤ 45ę, ʧʦ ʘʤʧʣʠʪʫʜʝ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. 

ɹʣʦʢ-ʜʠʘʛʨʘʤʤʘ ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʢʦʣʴʮʝʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.9 [36]. 

 

ʈʠʩ.1.9. ɹʣʦʢ-ʜʠʘʛʨʘʤʤʘ ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʢʦʣʴʮʝʚʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ [36]. 

ɼʘʪʯʠʢʠ ʪʘʢʦʛʦ ʪʠʧʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʠʥʠʘʪʶʨʥʳʤʠ ʛʘʙʘʨʠʪʘʤʠ (6,5 ʭ 1,2 

ʤʤ) ʧʨʠ ʩʚʝʨʭʥʠʟʢʦʤ ʧʦʪʨʝʙʣʝʥʠʠ ʵʥʝʨʛʠʠ (12 ʤɺʪ). ʊʘʢ ʞʝ, ʦʥʠ ʦʙʣʘʜʘʶʪ 

ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʠʟʤʝʨʝʥʠʷ (ʜʦ 900 ʛʨʘʜ/ʩ), ʩʚʝʨʭʤʘʣʳʤ ʚʝʩʦʤ 0,08 ʛʨʘʤʤ ʠ 

ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʨʘʙʦʪʳ. ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʫʛʣʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ ʧʨʠʛʦʜʥʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ ʦʙʲʝʢʪʘ ʧʦ ʪʨʸʤ ʦʩʷʤ ʚ 

ʥʘʚʠʛʘʪʦʨʘʭ; ʚ ʩʠʩʪʝʤʘʭ ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʦ ʪʨʘʩʩʝ ʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 
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ʪʝʭʥʠʢʝ; ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʘʥʪʝʥʥ; ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʧʧʘʨʘʪʫʨʝ, ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʠ 

ʜʨʫʛʠʭ ʩʬʝʨʘʭ ʠ ʢʦʛʜʘ ʝʩʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʛʘʙʘʨʠʪʘʤ, ʚʝʩʫ ʠ ʩʪʦʠʤʦʩʪʠ ʠʟʜʝʣʠʷ. 

1.2 ʆʧʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʥʘ ʵʬʬʝʢʪʝ ʉʘʥʴʷʢʘ 

ʆʧʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ɻʬʬʝʢʪʝ 

ʉʘʥʴʷʢʘ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʯʝʥʴ ʧʨʦʜʚʠʥʫʪʦʡ ʩʪʘʜʠʠ ʧʨʠʤʝʥʝʥʠʷ 

ʚ ʥʘʚʠʛʘʮʠʠ. ʆʧʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʰʠʨʦʢʠʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ. ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʚʠʙʨʘʮʠʦʥʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, ɺʆʇ ʠʤʝʶʪ 

ʧʨʝʠʤʫʱʝʩʪʚʘ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʝʡ ʚ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʦʯʝʥʴ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ, ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʷ ʠʭ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ 

ʧʨʠʣʦʞʝʥʠʡ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ ʠ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ 

ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʩ ʦʧʪʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ, ʩʦʯʝʪʘʶʱʠʝ 

ʪʝʭʥʦʣʦʛʠʶ ʄʕʄʉ ʩ ʦʧʪʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʝʡ, ʤʠʥʠʤʠʟʠʨʫʶʪ ʨʘʟʤʝʨ, ʩʥʠʞʘʶʪ 

ʩʪʦʠʤʦʩʪʴ, ʧʦʚʳʰʘʶʪ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ[37].  

ʆʧʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ 

ʦʩʥʦʚʝ ʵʬʬʝʢʪʘ ʉʘʥʴʷʢʘ (ʨʠʩ. 1.10). ɼʚʘ ʣʘʟʝʨʥʳʭ ʣʫʯʘ ʩʚʝʪʘ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʚʥʫʪʨʠ ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʨʘʜʠʫʩʘ R, 

ʦʙʣʘʜʘʶ ʝɦʛʦ ʧʦʢʘʟʘʪʝʣʝʤ  ʧʨʝʣʦʤʣʝʥʠʷ n. ʆʜʠʥ ʣʫʯ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʝ (CW). ʃʫʯʫ ʩʚʝʪʘ, ʘ ʚʪʦʨʦʡ ï ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ (CCW). ʃʫʯʫ ʩʚʝʪʘ, 

ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʦʜʠʥ ʦʙʦʨʦʪ ʚʦʢʨʫʛ ʢʦʣʴʮʘ, ʪʨʝʙʫʝʪʩʷ ʚʨʝʤʷ æt=2 Ŕ/nc, ʛʜʝ c ï 

ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ. ʇʨʠ ʚʨʘʱʝʥʠʠ ʢʦʣʴʮʘ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ Ý ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ 

ʜʚʫʤ ʣʫʯʘʤ, ʧʝʨʝʤʝʱʘʶʱʠʤʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʧʨʠʜʝʪʩʷ 

ʧʨʦʡʪʠ ʨʘʟʥʳʡ ʧʫʪʴ. ɼʣʷ ʜʚʠʞʫʱʝʛʦʩʷ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ ʣʫʯʘ ʧʫʪʴ ʩʦʩʪʘʚʠʪ  

lCW=2Ŕ+ÝRæt, ʘ ʜʣʷ ʚʪʦʨʦʛʦ ʣʫʯʘ ï lCCW=2Ŕ-ÝRæt. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʥʠʮʘ 

ʤʝʞʜʫ ʧʫʪʷʤʠ ʩʦʩʪʘʚʠʪ: 

4
.                                                           (1.3)
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ʈʠʩ. 1.10. ʀʣʣʶʩʪʨʘʮʠʷ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ: 1 ï  ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ; 2 ï 

ʩʚʝʪʦʜʝʣʠʪʝʣʴʥʘʷ ʧʣʘʩʪʠʥʢʘ; 3 ïʢʦʣʴʮʦ ʩ ʦʧʪʠʯʝʩʢʠʤ ʚʦʣʦʢʥʦʤ ; 4 ï ʜʠʘʬʨʘʛʤʘ; 5 

ï ʬʦʪʦʧʨʠʝʤʥʠʢ ; 6 ï ʙʣʦʢ ʦʙʨʘʙʦʪʢʠ; 7 ï ʤʠʢʨʦʦʙʲʝʢʪʠʚʳ; 8 ï ʬʘʟʦʚʳʡ 

ʤʦʜʫʣʷʪʦʨ[37] 

ɼʣʷ ʪʦʯʥʦʛʦ ʠʟʤʝʨʝʥʠʷ Ý ʥʝʦʙʭʦʜʠʤʦ ʢʦʨʨʝʢʪʥʦ ʦʧʨʝʜʝʣʷʪʴ æl. ɺʆʇ 

ʷʚʣʷʶʪʩʷ ʩʨʝʜʥʝʪʦʯʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ 
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 ʛʨʘʜ/ʯ ʠ ʤʝʥʝʝ. 

ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʦʧʪʠʯʝʩʢʠʡ ʜʘʪʯʠʢ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʨʝʜʣʦʞʝʥ 

ɸʨʤʝʥʠʟʦʡ (Armenise) ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ʣʘʟʝʨʘ (ʨʠʩ. 1.11) [38]. 

 
ʈʠʩ.1.11. ʂʦʥʩʪʨʫʢʮʠʷ ʧʦʣʥʦʩʪʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ [38] 

ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʩʦʩʪʦʠʪ ʠʟ AlGaAs 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʢʦʣʴʮʝʚʦʛʦ ʣʘʟʝʨʘ (ʠ ʥʝʢʦʪʦʨʳʭ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ 
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ʩʯʠʪʳʚʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʚʩʪʨʦʝʥʥʳʭ ʚ ʦʜʥʫ GaAs-ʤʠʢʨʦʩʭʝʤʫ. ʂʦʣʴʮʝʚʦʡ ʣʘʟʝʨ 

ʩʦʟʜʘʝʪ ʜʚʘ ʚʩʪʨʝʯʥʳʭ ʣʫʯʘ, ʢʦʪʦʨʳʝ ʛʝʥʝʨʠʨʫʶʪʩʷ ʚ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʤ ʨʝʞʠʤʝ. 

ɹʣʘʛʦʜʘʨʷ ʵʬʬʝʢʪʫ ʉʘʥʴʷʢʘ ʩʠʩʪʝʤʘ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʬʘʟʦʚʨʘʱʘʪʝʣʴ, Y-

ʦʙʨʘʟʥʳʡ ʧʝʨʝʭʦʜ ʠ ʬʦʪʦʧʨʠʝʤʥʠʢ, ʦʙʥʘʨʫʞʠʚʘʝʪ ʩʜʚʠʛ ʯʘʩʪʦʪʳ, ʚʳʟʚʘʥʥʳʡ 

ʚʨʘʱʝʥʠʝʤ, ʢʦʪʦʨʳʡ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ [39]. 

1.3 ʇʦʩʪʘʥʦʚʢʘ ʯʘʩʪʥʳʭ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʣʠ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʦʜʚʠʞʥʳʭ ʦʙʲʝʢʪʦʚ, ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʫʣʫʯʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠ.̫ ʆʧʨʝʜʝʣʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʦ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ï 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʙʳʩʪʨʦ ʚʨʘʱʘʶʱʝʝʩʷ ʪʝʣʦ ʩ 

ʥʝʩʢʦʣʴʢʠʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʤʘʩʩʫ ʠ ʙʦʣʴʰʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ ʄʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪ ʯʘʩʪʦ 

ʢʦʣʴʮʝʚʦʡ ʚʦʣʥʦʚʦʡ ʨʝʟʦʥʘʪʦʨ ʠ ʝʤʢʦʩʪʥʦʡ ʩʧʦʩʦʙ ʩʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ. ʌʫʥʢʮʠʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʝʤʢʦʩʪʥʦʤ ʩʧʦʩʦʙʝ ʩʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ 

ʥʝʣʠʥʝʡʥʦʩʪʴ, ʚʣʠʷʥʠʝ ʚʣʘʞʥʦʩʪʠ ʥʘ ʝʤʢʦʩʪ,ɹ ʚʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ 

ʚʳʩʦʢʦʝ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ [26,40]. 

ʇʦʵʪʦʤʫ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʄʆʕʄ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʆʊʕ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʯʘʩʪʥʳʝ 

ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ:  

¶ ʨʘʟʨʘʙʦʪʘʪʴ  ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʭʝʤʳ  ʢʦʣʴʮʝʚʦʛʦ 

ʤʠʢʨʦʦʧʪʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ  ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ 

ʆʊʕ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʨʝʛʠʩʪʨʘʮʠʶ ʥʘʥʦʧʝʨʝʤʝʱʝʥʠʡ ʚʪʦʨʦʛʦ ʨʝʞʠʤʘ 

ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʠ ʧʦʣʫʯʝʥʠʝ ʢʚʘʟʠʣʠʥʝʡʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ; 

¶ ʠʩʩʣʝʜʦʚʘʪʴ  ʚʣʠʷʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʴʮʝʚʦʛʦ 

ʨʝʟʦʥʘʪʦʨʘ  ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ 

ʆʊʕ  
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¶ ʨʘʟʨʘʙʦʪʘʪʴ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʫ  ʁ  ʤʘʪʝʤʘʪʠʯʝʩʢʫ  ʁʤʦʜʝʣ ɹʠʟʤʝʥʝʥʠʷ 

ʟʘʟʦʨʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʦʯʝʢ ʦʧʪʠʯʝʩʢʦʛʦ ʧʷʪʥʘ  ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʢʦʣʴʮʝʚʦʛʦ 

ʨʝʟʦʥʘʪʦʨʘ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʪʠʧʘ; 

¶ ʠʩʩʣʝʜʦʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʫʣʷ ʦʧʪʠʯʝʩʢʦʛʦ ʩʯʠʪʳʚʘʥʠʷ 

ʥʘʥʦʧʝʨʝʤʝʱʝʥʠʡ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʠ 

ʠʟʤʝʥʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʬʫʥʢʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʦʜʫʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʝ 

ʦʧʪʠʯʝʩʢʦʛʦ ʪʫʥʥʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ; 

¶ ʨʘʟʨʘʙʦʪʘʪʴ  ʘʣʛʦʨʠʪʤ ʢʦʨʨʝʢʮʠʠ ʠʟʤʝʥʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ 

ʢʦʤʧʝʥʩʘʮʠʠ ʚʣʠʷʥʠʷ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʆʊʕ ʠ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʢʮʠʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʪ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʝʥʠʷ; 

¶ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ ʢʦʣʴʮʝʚʦʛʦ 

ʤʠʢʨʦʦʧʪʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ 

ʦʧʪʠʯʝʩʢʦʛʦ ʪʫʥʥʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ, ʧʦʟʚʦʣʷʶʱʫʶ ʦʧʨʝʜʝʣʷʪʴ ʦʩʥʦʚʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦ ʟʘʜʘʥʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

1.4 ɺʳʚʦʜʳ ʧʦ ʧʝʨʚʦʡ ʛʣʘʚʝ 

1. ʇʨʦʚʝʜʝʥ  ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʠʢʨʦ-

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ. ʆʧʨʝʜʝʣʝʥʳ 

ʧʨʠʥʮʠʧʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʨʘʟʣʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ 

ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, ʙʦʣʴʰʦʡ ʚʢʣʘʜ 

ʚ ʨʘʟʚʠʪʠʝ ʢʦʪʦʨʳʭ ʚʥʝʩʝʥ ʨʦʩʩʠʡʩʢʠʤʠ ʠ ʟʘʨʫʙʝʞʥʳʤʠ ʫʯʝʥʳʤʠ ɺ.ɸ. 

ʄʘʪʚʝʝʚʳʤ, ɺ.ʌ. ɾʫʨʘʚʣʝʚʳʤ, ɺ. ʗ. ʈʘʩʧʦʧʦʚʳʤ, ʉ.ʇ. ʊʠʤʦʰʝʥʢʦʚʳʤ, ɺ.ɼ. 

ɺʘʚʠʣʦʚʳʤ, ɺ.ʀ. ɻʘʣʢʠʥʳʤ, ɸ.ɸ. ʊʳʨʪʳʯʥʳʤ, J. Fraden, S. Zarabadi, R. Eley, 

C.H.J. Fox, S. McWilliam, B.J. Gallacher, J.S. Burdess, A.J. Harris. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʢʦʣʴʮʝʚʳʭ ʚʠʙʨʘʮʠʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ.  

2.  ʉʬʦʨʤʠʨʦʚʘʥʳ ʯʘʩʪʥʳʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʣʴʮʝʚʦʛʦ ʤʠʢʨʦʦʧʪʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʯʝʩʢʦʛʦ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ. 
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2 ʌʋʅʂʎʀʆʅɸʃʔʅʓɽ ʉʍɽʄʓ ʀ ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʄʆɼɽʃʀ 

ʂʆʃʔʎɽɺʆɻʆ ʄʀʂʈʆʆʇʊʆʕʃɽʂʊʈʆʄɽʍɸʅʀʏɽʉʂʆɻʆ 

ʇʈɽʆɹʈɸɿʆɺɸʊɽʃʗ ʋɻʃʆɺʆʁ ʉʂʆʈʆʉʊʀ ʅɸ ʆʉʅʆɺɽ 

ʆʇʊʀʏɽʉʂʆɻʆ ʊʋʅʅɽʃʀʈʆɺɸʅʀʗ 

2.1 ʈʘʟʨʘʙʦʪʢʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʭʝʤ ʢʦʣʴʮʝʚʦʛʦ 

ʤʠʢʨʦʦʧʪʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʥʘ 

ʦʩʥʦʚʝ ʆʊʕ 

ʂʦʣʴʮʝʚʦʡ ʨʝʟʦʥʘʪʦʨ (ʂʈ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ 

ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʷʨʥʦʡ ʦʩʠ. ʇʨʠ ʝʛʦ ʚʨʘʱʝʥʠʠ ʥʘ ʥʝʛʦ ʜʝʡʩʪʚʫʶʪ ʩʠʣʳ 

ʂʦʨʠʦʣʠʩʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦ 

ʧʝʨʠʤʝʪʨʫ ʢʦʣʴʮʘ. ɺ ʢʦʣʴʮʝʚʦʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʜʚʘ ʨʝʞʠʤʘ: ʨʝʞʠʤ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʨʝʞʠʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. 

ɺ ʨʝʞʠʤʝ ʚʦʟʙʫʞʜʝʥʠʷ (çʧʝʨʚʳʡ ʨʝʞʠʤè) ʢʦʣʴʮʝʚʦʡ ʨʝʟʦʥʘʪʦʨ, 

ʚʦʟʙʫʞʜʘʝʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʠ ʧʨʠʥʠʤʘʝʪ ʬʦʨʤʫ ʵʣʣʠʧʩʘ ʧʝʨʝʤʝʥʥʦʛʦ 

ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. ɺ ʧʝʨʚʦʤ ʨʝʞʠʤʝ 

ʚʦʟʙʫʞʜʝʥʠʝ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ 

ʩʨʝʜʩʪʚ, ʚʢʣʶʯʘʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʠʣʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ. 

ɺ ʨʝʞʠʤʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ (çʚʪʦʨʦʡ ʨʝʞʠʤè) ʫʩʢʦʨʝʥʠʝ ʂʦʨʠʦʣʠʩʘ, 

ʚʦʟʥʠʢʘʶʱʝʝ ʠʟ-ʟʘ ʫʛʣʦʚʦʡ ʠ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʢʦʣʴʮʝʚʦʛʦ 

ʨʝʟʦʥʘʪʦʨʘ, ʚʳʟʳʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʠʣ ʠʥʝʨʮʠʠ ʚ ʧʣʦʩʢʦʩʪʠ ʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʠ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ [41,42]. 

ɺʦ ʚʪʦʨʦʤ ʨʝʞʠʤʝ ʚʪʦʨʦʝ ʨʘʜʠʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʩʥʦʚʘʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ɺʪʦʨʦʝ 

ʨʘʜʠʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚʦ ʚʪʦʨʦʤ ʨʝʞʠʤʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ, ʥʘʧʨʠʤʝʨ, 

ʩ ʧʦʤʦʱʴʶ ʝʤʢʦʩʪʥʦʛʦ ʩʧʦʩʦʙʘ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʚʝʣʠʯʠʥʫ ʚʪʦʨʦʛʦ 

ʨʘʜʠʘʣʴʥʦʛʦ ʚʪʦʨʦʛʦ ʜʚʠʞʝʥʠʷ ʂʈ ʩ ʧʦʤʦʱʴʶ ʆʊʕ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ 

ʪʨʝʙʫʝʤʫʶ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ ʧʝʨʚʦʛʦ ʨʝʞʠʤʘ, ʠʟʤʝʨʷʪʴ ʤʘʣʳʝ ʫʛʣʦʚʳʝ 

ʩʢʦʨʦʩʪʠ ʠ ʧʦʣʫʯʠʪʴ ʢʚʘʟʠʣʠʥʝʡʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. 
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ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʦʜʥʦʢʘʥʘʣʴʥʦʛʦ ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʛʦ ʩʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ  

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ (ʀʀ), 

ʢʦʣʴʮʝʚʦʡ ʨʝʟʦʥʘʪʦʨ (ʂʈ), ʤʦʜʫʣʷʪʦʨ ʥʘ ʦʩʥʦʚʝ ʆʊʕ (ʄʆʊʕ), ʬʦʪʦʧʨʠʝʤʥʠʢ 

(ʌʇ), ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ ʦʙʨʘʙʦʪʢʠ (ʕɹ) (ʨʠʩ. 2.1). 

 

ʈʠʩ. 2.1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʦʜʥʦʢʘʥʘʣʴʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʩʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ  

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʆʊʕ 

ɺʦʟʥʠʢʘʶʱʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩʠʣʳ ʂʦʨʠʦʣʠʩʘ 

ʜʝʬʦʨʤʠʨʫʶʪ ʢʦʣʴʮʝʚʦʡ ʨʝʟʦʥʘʪʦʨ, ʷʚʣʷʷʩʴ ʧʨʠʯʠʥʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. ɿʥʘʷ ʘʤʧʣʠʪʫʜʫ ʚʪʦʨʦʛʦ ʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʚʝʣʠʯʠʥʫ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʠʙʨʘʮʠʡ ʚ ʧʝʨʚʦʤ ʨʝʞʠʤʝ, ʢʦʣʴʮʦ ʧʨʠʥʠʤʘʝʪ ʬʦʨʤʫ ʵʣʣʠʧʩʘ, 

ʚʳʪʷʥʫʪʦʛʦ ʚʜʦʣʴ ʦʩʝʡ OX ʠʣʠ OY. ʇʨʠ ʥʘʣʠʯʠʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʢʦʣʴʮʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʚ ʵʣʣʠʧʩ, ʚʳʪʷʥʫʪʳʡ ʚʜʦʣʴ ʦʩʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʧʦʜ ʫʛʣʘʤʠ 45Á ʠ 135Á ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʘʚʥʦʡ ʦʩʠ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ ʢʦʣʴʮʘ ʚʜʦʣʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʩʝʡ ʥʝ ʠʟʤʝʥʷʶʪ ʩʚʦʝʛʦ 

ʧʦʣʦʞʝʥʠʷ ʧʨʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʠʙʨʘʮʠʷʭ [43]. 

ɼʝʬʦʨʤʠʨʦʚʘʥʠʝ (ʚʪʦʨʦʝ ʜʚʠʞʝʥʠʝ) ʢʦʣʴʮʝʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.2. ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ Ý ʚʜʦʣʴ 

ʧʦʣʷʨʥʦʡ ʦʩʠ ʢʦʣʴʮʘ ʧʨʦʠʟʚʦʜʠʪ ʚʪʦʨʦʝ ʨʘʜʠʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ, ʘʤʧʣʠʪʫʜʘ 

ʢʦʪʦʨʦʛʦ æwmi ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʘʤʧʣʠʪʫʜʝ ʧʦʩʪʦʷʥʥʳʭ ʚʠʙʨʘʮʠʡ (ʧʝʨʚʦʝ 

ʜʚʠʞʝʥʠʝ) A ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ɋ.  
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ʘ)                                                         ʙ) 

ʈʠʩ. 2.2.  ɼʝʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʣʴʮʝʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ: ʘ) ʙʝʟ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ: 

ʙ) ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ (ʚʪʦʨʦʝ ʜʚʠʞʝʥʠʝ) ʢʦʣʴʮʝʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

2.2 ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ  ʜʚʠʞʝʥʠʷ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ 

ʤʠʢʨʦʦʧʪʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʦʙ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʢʦʪʦʨʦʡ ʤʦʞʝʪ 

ʩʦʩʪʘʚʣʷʪʴ, ʥʘʧʨʠʤʝʨ, ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʛʨʘʜʫʩʦʚ ʚ ʩʝʢʫʥʜʫ. ɺʝʣʠʯʠʥʘ ʚʳʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ ʚ ʩʭʝʤʘʭ ʩ ʢʦʣʴʮʝʚʳʤ ʚʦʣʥʦʚʳʤ ʨʝʟʦʥʘʪʦʨʦʤ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʝʛʦ 

ʢʦʣʝʙʘʥʠʡ. ʏʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʨʝʟʦʥʘʪʦʨʘ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʜʠʘʤʝʪʨʘ ʠ ʪʦʣʱʠʥʳ, ʘ 

ʪʘʢʞʝ ʦʪ ʧʣʦʪʥʦʩʪʠ ʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ [44]: 

2 2
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ʛʜʝ E ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ (ʖʥʛʘ) ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ, t ï ʪʦʣʱʠʥʘ ʢʦʣʴʮʝʚʦʛʦ 

ʨʝʟʦʥʘʪʦʨʘ, ɟ ï ʧʣʦʪʥʦʩʪʴ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ, D ï ʜʠʘʤʝʪʨ ʢʦʣʴʮʝʚʦʛʦ 

ʨʝʟʦʥʘʪʦʨʘ.  
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ɸʤʧʣʠʪʫʜʘ ʧʝʨʚʦʛʦ ʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ȹA ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 10 ʤʢʤ 

(ʨʠʩʫʥʦʢ 2.3) ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʘʭ ʂʈ: ʯʘʩʪʦʪʝ ʚʦʟʙʫʞʜʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ  f 

= 50 ʢɻʮ, ʤʦʜʫʣʝ ʫʧʨʫʛʦʩʪʠ (ʖʥʛʘ) E = 1,65Ā10
11

 ʇʘ ʠ ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ɟ=2330 ʢʛ/ʤ
3
. 

 

ʈʠʩ. 2.3. ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʧʝʨʚʦʛʦ ʜʚʠʞʝʥʠʷ  ȹA ʚʜʦʣʴ ʦʩʝʡ OX ʠ OY ʦʪ 

ʚʨʝʤʝʥʠ 

ɺʪʦʨʦʝ ʨʘʜʠʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ Ý, ʘʤʧʣʠʪʫʜʳ ʧʝʨʚʦʛʦ ʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ȹA, 

ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ɔ. ɸʤʧʣʠʪʫʜʘ  ʚʪʦʨʦʛʦ 

ʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ  ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʦ 

ʬʦʨʤʫʣʝ [42, 45]: 
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ʉ ʫʯʝʪʦʤ ʟʘʚʠʩʠʤʦʩʪʠ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ (1,1) ʘʤʧʣʠʪʫʜʘ ʚʪʦʨʦʛʦ 

ʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʧʨʝʜʝʣʠʪʩʷ ʢʘʢ: 
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ʛʜʝ ȹwmi ï ʘʤʧʣʠʪʫʜʘ ʚʪʦʨʦʛʦ ʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ; ɔ ï 

ʜʝʤʧʬʠʨʦʚʘʥʠʝ; Ý ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ; ɟ, t ï ʧʣʦʪʥʦʩʪʴ ʠ ʪʦʣʱʠʥʘ ʂʈ; D ï 

ʜʠʘʤʝʪʨ; n ï ʫʟʣʦʚʦʡ ʜʠʘʤʝʪʨ; ɽ ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʂʈ. 

0 0.2 0.4 0.6 0.8 1 1.2

x 10
-4

-1

-0.5

0

0.5

1
x 10

-5

  t, c

D
 A
,
 
ʤ

 

 

ɺʜʦʣʴ ʦʩʠ OX

ɺʜʦʣʴ ʦʩʠ OY



37 

 

 

ɼʝʬʦʨʤʠʨʦʚʘʥʠʝ (ʚʪʦʨʦʝ ʜʚʠʞʝʥʠʝ) ʢʦʣʴʮʝʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.4. ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ Ý ʚʜʦʣʴ 

ʧʦʣʷʨʥʦʡ ʦʩʠ ʢʦʣʴʮʘ ʧʨʦʠʟʚʦʜʠʪ ʚʪʦʨʦʝ ʨʘʜʠʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ, ʘʤʧʣʠʪʫʜʘ 

ʢʦʪʦʨʦʛʦ æwmi ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʘʤʧʣʠʪʫʜʝ ʧʦʩʪʦʷʥʥʳʭ ʚʠʙʨʘʮʠʡ (ʧʝʨʚʦʝ 

ʜʚʠʞʝʥʠʝ) A ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ɋ. ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ Ý ʚʜʦʣʴ ʧʦʣʷʨʥʦʡ ʦʩʠ 

ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʧʨʦʠʟʚʦʜʠʪ ʚʪʦʨʦʝ ʨʘʜʠʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ, ʘʤʧʣʠʪʫʜʘ 

ʢʦʪʦʨʦʛʦ æwmi ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʘʤʧʣʠʪʫʜʝ ʧʦʩʪʦʷʥʥʳʭ ʚʠʙʨʘʮʠʡ (ʧʝʨʚʦʝ 

ʜʚʠʞʝʥʠʝ) A ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ɋ.  

 

 

ʈʠʩ. 2.4. ɼʝʬʦʨʤʠʨʦʚʘʥʠʝ (ʚʪʦʨʦʝ ʜʚʠʞʝʥʠʝ) ʢʦʣʴʮʝʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʘʤʧʣʠʪʫʜʘ ʚʪʦʨʦʛʦ ʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɼʣʷ ʩʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʘʤʧʣʠʪʫʜʝ 

ʚʪʦʨʦʛʦ ʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ  ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʝ ʧʘʨʳ ʦʧʪʠʯʝʩʢʠʭ ʫʟʣʦʚ 

ʩʯʠʪʳʚʘʥʠʷ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʧʨʦʪʠʚʦʬʘʟʝ. 

2.3 ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʴʮʝʚʦʛʦ 

ʨʝʟʦʥʘʪʦʨʘ ʥʘ ʚʪʦʨʦʝ ʨʘʜʠʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ 

ɺʣʠʷʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʥʘ ʚʪʦʨʦʝ 

ʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ. ɿʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʚʪʦʨʦʛʦ 

ʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʦʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ɋ  ʧʨʠ 
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ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʜʠʘʤʝʪʨʘ ʨʝʟʦʥʘʪʦʨʘ D  ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.5,ʘ ʠ 

ʪʦʣʱʠʥʳ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ t ʥʘ ʨʠʩʫʥʢʝ 2.5,ʙ ʜʣʷ ʩʣʝʜʫʶʱʠʭ  ʧʘʨʘʤʝʪʨʦʚ: 

ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ (ʖʥʛʘ) E = 1,65Ā10
11

 ʇʘ, ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ɟ = 2330 ʢʛ/ʤ
3
. 

 

ʘ) 

 

ʙ) 

ʈʠʩ. 2.5. ɿʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʚʪʦʨʦʛʦ ʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂʈ ʦʪ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʠʘʤʝʪʨʘʭ (ʘ) ʠ ʪʦʣʱʠʥʘʭ (ʙ) ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ 

ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʪʦʣʱʠʥʳ t ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʪʦʨʦʝ 

ʨʘʜʠʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. ʋʚʝʣʠʯʝʥʠʝ ʜʠʘʤʝʪʨʘ D ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʪʘʢʞʝ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʪʦʨʦʛʦ ʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. ɸʤʧʣʠʪʫʜʘ ʚʪʦʨʦʛʦ 
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ʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂʈ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʢʣʘʜʳʚʘʝʤʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʥʘʥʦʤʝʪʨʦʚ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʭ ʨʘʟʤʝʨʘʭ 

ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ. ʊʘʢʠʝ ʟʥʘʯʝʥʠʷ ʚʪʦʨʦʛʦ ʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʠʘʧʘʟʦʥʫ ʨʘʙʦʪʳ ʦʧʪʠʯʝʩʢʠʭ ʫʟʣʦʚ ʩʯʠʪʳʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʘ 

ʦʩʥʦʚʝ ʦʧʪʠʯʝʩʢʦʛʦ ʪʫʥʥʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʘ ʟʘʟʦʨʘ dʤʠʥi ʤʝʞʜʫ ʦʧʪʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʦʤ 

ʩʯʠʪʳʚʘʥʠʷ ʠ ʢʦʣʴʮʝʚʳʤ ʨʝʟʦʥʘʪʦʨʦʤ ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʟʘʟʦʨʘ d0, 

ʧʨʝʜʫʩʤʦʪʨʝʥʥʦʛʦ ʢʦʥʩʪʨʫʢʮʠʝʡ, ʠ ʚʪʦʨʦʛʦ ʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʦʣʴʮʝʚʦʛʦ 

ʨʝʟʦʥʘʪʦʨʘ ȹwmi(t, ɋ), ʢʦʪʦʨʦʝ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ t ʠ ʚʝʣʠʯʠʥʳ ʠʟʤʝʨʷʝʤʦʡ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ɋ. ɿʘʟʦʨ dʤʠʥi = f(t, ɋ) ʤʝʞʜʫ ʧʨʠʟʤʦʡ ʠ ʢʦʣʴʮʝʚʳʤ ʨʝʟʦʥʘʪʦʨʦʤ 

ʦʧʨʝʜʝʣʠʪʩʷ ʢʘʢ: 

dʤʠʥi(t, Ý) = d0 ï ȹwmi(t, ɋ).                                     (2.4) 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʘʤʧʣʠʪʫʜʘ ʠʟʤʝʥʝʥʠʡ ʚʝʣʠʯʠʥʳ ʟʘʟʦʨʘ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʘʤʧʣʠʪʫʜʘ ʠʟʤʝʥʝʥʠʡ ʚʳʭʦʜʥʦʡ ʦʧʪʠʯʝʩʢʦʡ 

ʤʦʱʥʦʩʪʠ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʚʪʦʨʦʛʦ ʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ȹwmi(t, ɋ) ʧʨʦʠʩʭʦʜʠʪ 

ʫʤʝʥʴʰʝʥʠʝ ʟʘʟʦʨʘ dʤʠʥi(t, Ý), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʳʭʦʜʥʦʡ ʦʧʪʠʯʝʩʢʦʡ 

ʤʦʱʥʦʩʪʠ. ʇʦ ʘʤʧʣʠʪʫʜʝ ʠʟʤʝʥʝʥʠʡ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʤʦʞʥʦ ʠʟʤʝʨʷʪʴ 

ʧʨʠʢʣʘʜʳʚʘʝʤʫʶ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ. ʅʘ ʨʠʩʫʥʢʝ 2.6 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʟʘʟʦʨʘ ʦʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʠʘʤʝʪʨʘʭ ʂʈ (ʨʠʩ. 2.6,ʘ) ʠ 

ʪʦʣʱʠʥʘʭ ʂʈ (ʨʠʩ. 2.6,ʙ). 
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ʘ) 

 

 ʙ) 

ʈʠʩ. 2.6. ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʟʘʟʦʨʘ ʦʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʜʠʘʤʝʪʨʘ (ʘ) ʠ ʪʦʣʱʠʥʳ (ʙ) ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ 

ʀʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʚʪʦʨʦʛʦ ʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʦʡ, ʨʘʚʥʦʡ ʯʘʩʪʦʪʝ ʚʦʟʙʫʞʜʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ (fn = 50 ʢɻʮ)  ʠ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.7.  ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʦʩʪʦʷʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ  ɋ = 

360 ʛʨʘʜ/ʩ ʘʤʧʣʠʪʫʜʘ ʚʪʦʨʦʛʦ ʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 200 ʥʤ ʧʨʠ 

ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʘʭ ʨʝʟʦʥʘʪʦʨʘ:  ʜʠʘʤʝʪʨ ʂʈ D = 5ʤʤ, ʪʦʣʱʠʥʘ ʂʈ t = 300 

ʤʢʤ. 
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ʈʠʩ. 2.7. ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʚʪʦʨʦʛʦ ʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ɿʘʟʦʨ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʦʪʠʚʦʬʘʟʝ ʩ ʚʝʣʠʯʠʥʦʡ ʚʪʦʨʦʛʦ 

ʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʇʨʠ ʚʳʙʦʨʝ ʥʘʯʘʣʴʥʦʛʦ ʟʘʟʦʨʘ d0=300 ʥʤ ʟʘʟʦʨ  di(t) 

ʠʟʤʝʥʷʝʪʩʷ ʦʪ 100 ʜʦ 500 ʥʘʥʦʤʝʪʨʦʚ (ʨʠʩʫʥʦʢ 2.8), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʘʧʘʟʦʥʫ 

ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʪʫʥʥʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ.  

 

ʈʠʩ. 2.8. ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʠʟʤʝʥʝʥʠʷ ʟʘʟʦʨʘ ʤʝʞʜʫ ʧʨʠʟʤʦʡ ʠ ʂʈ ʦʪ 

ʚʨʝʤʝʥʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʙʠʨʘʪʴ ʨʘʜʠʫʩ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ r 

ʧʦʨʷʜʢʘ ʝʜʠʥʠʮ ʤʠʣʣʠʤʝʪʨʦʚ ʧʨʠ ʪʦʣʱʠʥʝ t ʚ ʩʦʪʥʠ ʤʠʢʨʦʤʝʪʨʦʚ, ʯʪʦ 
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ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ʚʪʦʨʦʛʦ ʨʘʜʠʘʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʠ ʟʘʟʦʨʘ ʦʢʦʣʦ ʩʦʪʝʥ ʥʘʥʦʤʝʪʨʦʚ ʧʨʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʷʭ ʩʦʪʥʠ ʛʨʘʜʫʩʦʚ 

ʚ ʩʝʢʫʥʜʫ. 

2.4 ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣ ɹ ʦʜʥʦʢʘʥʘʣʴʥʦʛʦ ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʛʦ ʤʦʜʫʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ  

ʉʯʠʪʳʚʘʶʱʠʝ ʦʧʪʠʯʝʩʢʠʝ ʫʟʣʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ, ʧʨʠʟʤ ʧʦʣʥʦʛʦ 

ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ (ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ n1), ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ, 

ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ. ʀʟʤʝʥʝʥʠʝ ʤʦʱʥʦʩʪʠ ʚʳʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ 

ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʦʜʫʣʠʨʫʝʤʦʡ ʛʨʘʥʠʮʳ ʩʨʝʜ. 

ʆʪʨʘʞʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ Ri = f[di(t, Ý)] ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʩ 

ʘʤʧʣʠʪʫʜʦʡ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʚ ʧʨʦʪʠʚʦʬʘʟʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʟʘʟʦʨʘ 

di(t,Ý) ʠ ʦʧʨʝʜʝʣʠʪʩʷ ʢʘʢ: 
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ɺ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ ʦʧʪʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʥʘ ʬʦʪʦʧʨʠʝʤʥʠʢʝ Pʌʇi 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʢʦʥʪʘʢʪʥʦʡ ʦʧʪʠʯʝʩʢʦʡ 

ʦʙʣʘʩʪʠ ʤʦʜʫʣʠʨʫʝʤʦʡ ʛʨʘʥʠʮʳ ʧʨʠʟʤʳ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʠʟʤʝʥʝʥʠʷ ʟʘʟʦʨʘ ædi 

(ʨʠʩʫʥʦʢ 2.9) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʟʤʝʨʷʝʤʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʟʘʟʦʨ ʧʦʩʪʦʷʥʝʥ ʚʜʦʣʴ ʢʦʥʪʘʢʪʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ, ʧʨʠʯʝʤ ʚʳʭʦʜʥʫʶ 
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ʦʧʪʠʯʝʩʢʫʶ ʤʦʱʥʦʩʪʴ Pʌʇi ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʧʨʠʙʣʠʞʝʥʥʦʡ ʤʦʜʝʣʠ, ʚ 

ʢʦʪʦʨʦʡ ʨʘʩʯʝʪ ʟʘʟʦʨʘ ædi ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʮʝʥʪʨʘʣʴʥʦʤʫ ʣʫʯʫ ʠʩʪʦʯʥʠʢʘ 

ʠʟʣʫʯʝʥʠʷ ʢʘʢ ʪʦʯʢʠ ʢʦʥʪʘʢʪʘ ʥʘ ʤʦʜʫʣʠʨʫʝʤʦʡ ʛʨʘʥʠʮʝ ʧʨʠʟʤʳ [46] . ʇʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʙʦʪʳ ʦʧʪʠʯʝʩʢʦʛʦ ʩʯʠʪʳʚʘʶʱʝʛʦ ʫʟʣʘ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʥʘʯʘʣʴʥʳʡ ʟʘʟʦʨ d0 = 300 ʥʤ, ʜʠʘʤʝʪʨ ʢʦʣʴʮʘ D = 5 ʤʤ, 

ʪʦʣʱʠʥʘ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ  t =300 ʤʢʤ, ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʧʨʠʟʤʳ n1 = 

1,5; ʜʣʠʥʘ ʚʦʣʥʳ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ɚ = 1000 ʥʤ; ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ 

ʚʦʩʧʨʠʥʠʤʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ n3 = 3,4; ʨʘʟʜʝʣʠʪʝʣʴʥʘʷ ʩʨʝʜʘ ï ʚʘʢʫʫʤ (n2 = 1). 

 

ʈʠʩ. 2.9. ʉʯʠʪʳʚʘʶʱʠʡ ʦʧʪʠʯʝʩʢʠʡ ʫʟʝʣ ʥʘ ʦʩʥʦʚʝ ʆʊʕ 

ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʛʣʘ ʧʘʜʝʥʠʷ ʩʚʝʪʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʨʠʟʤʫ ʠʟʤʝʥʷʝʪʩʷ ʦʪʨʘʞʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʫʛʣʘ ʧʘʜʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪʨʘʞʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ 

çʧʨʠʟʤʘ-ʟʘʟʦʨ-ʢʦʣʴʮʦè ʫʚʝʣʠʯʠʚʘʝʪʩʷ; ʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʪʨʘʞʘʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʩʪʝʪ ʚʝʣʠʯʠʥʘ ʥʝʣʠʥʝʡʥʦʩʪʠ, ʠ ʥʫʞʥʦ ʠʟʙʝʛʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʙʦʣʴʰʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ.  

ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʙʨʘʪʴ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʫʛʦʣ ʧʘʜʝʥʠʷ ɗ, ʨʘʚʥʳʡ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 42 ʛʨʘʜʫʩʘʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʣʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʥʝʣʠʥʝʡʥʦʩʪʠ 

ʧʨʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʷʭ ʩʦʪʥʠ ʛʨʘʜʫʩʦʚ ʚ ʩʝʢʫʥʜʫ (ʨʠʩʫʥʦʢ 2.10).  
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ʈʠʩ. 2.10. ɿʘʚʠʩʠʤʦʩʪʴ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʦʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠ ʨʘʟʥʳʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ 

 

ɺ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ ʠʟʤʝʥʝʥʠʝ ʤʦʱʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʘʜʘʶʱʝʡ 

ʥʘ ʬʦʪʦʧʨʠʝʤʥʠʢ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʦʜʫʣʠʨʫʝʤʦʡ 

ʛʨʘʥʠʮʳ ʩʨʝʜ, ʪ.ʝ. ʧʦ ʦʪʥʦʰʝʥʠʶ ʤʦʱʥʦʩʪʠ ʦʪʨʘʞʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʢ ʤʦʱʥʦʩʪʠ 

ʧʘʜʘʶʱʝʛʦ.  ʉ ʫʯʝʪʦʤ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ Ri, ʟʘʚʠʩʷʱʝʡ ʦʪ ʟʘʟʦʨʘ di, 

ʤʦʱʥʦʩʪʴ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ             Pʌʇi{ Ri[di(ɋ)]}= f{ Ri[di(ɋ)], Pʀʀ} ʥʘ 

ʬʦʪʦʧʨʠʝʤʥʠʢʝ ʦʧʨʝʜʝʣʠʪʩʷ ʢʘʢ: 

ʌʇ ʀʀ ʧʦʪʝʨʴ
{ [ ( , ɋ)]}= [ (, ɋ)] ,                             (2.6)

i i i i i
P R d t P R d t KÖ Ö  

ʛʜʝ Pʌʇi { Ri[di(t, Ý)]} ï ʦʧʪʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʥʘ ʬʦʪʦʧʨʠʝʤʥʠʢʝ, Kʧʦʪʝʨʴï 

ʩʫʤʤʘʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ, ʈʀʀ ï ʦʧʪʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ 

ʠʟʣʫʯʝʥʠʷ, Ri[di(t, ɋZ)]ï ʦʪʨʘʞʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʜʫʣʠʨʫʝʤʦʡ ʛʨʘʥʠʮʳ ʩʨʝʜ 

ʩ ʧʝʨʝʤʝʥʥʳʤ ʟʘʟʦʨʦʤ di. ʅʘ ʨʠʩʫʥʢʝ 2.11 ʠʟʦʙʨʘʞʝʥʦ ʠʟʤʝʥʝʥʠʝ ʤʠʥʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʦʧʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʬʦʪʦʧʨʠʝʤʥʠʢʝ ʦʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʫʛʣʝ ʧʘʜʝʥʠʷ.  
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ʈʠʩ. 2.11. ɿʘʚʠʩʠʤʦʩʪʴ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʤʦʱʥʦʩʪʠ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʦʪ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠ ʚʳʙʠʨʘʶʱʝʤ ʫʛʣʫ ʧʘʜʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ 

ʆʧʪʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ Pʌʇi{ Ri[di(t, ɋ)]} ʠ ʪʦʢ ʬʦʪʦʧʨʠʝʤʥʠʢʘ                       

Iʌʇi = PʌʇiĀ{ Ri[di(t, ɋ)]}ĀSʌɼi ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʦʪʠʚʦʬʘʟʝ ʩ ʚʝʣʠʯʠʥʦʡ ʚʪʦʨʦʛʦ 

ʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʨʠʩʫʥʦʢ 2.12). ʇʨʠ ʵʪʦʤ ʦʧʪʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ 

ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,1 ʜʦ 0,7 ʤɺʪ ʧʨʠ  ʧʦʩʪʦʷʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 360 ʛʨʘʜ/ʩ. 

 

ʘ)          
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ʈʠʩ. 2.12. ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʦʧʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ Pʌʇi (ʘ) ʠ ʪʦʢʘ 

ʬʦʪʦʧʨʠʝʤʥʠʢʘ Iʌʇi (ʙ) ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʌʫʥʢʮʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʜʥʦʛʦ ʫʟʣʘ ʩʯʠʪʳʚʘʥʠʷ ʢʦʣʴʮʝʚʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ ʚʳʭʦʜʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ Uʚʳʭi = f(Pʌʇi{ Ri[di(t, ɋ)]}) ʦʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. ɺʳʭʦʜʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ çʪʦʢ-ʥʘʧʨʷʞʝʥʠʝè ʥʘ ʦʩʥʦʚʝ 

ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʚ ʮʝʧʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ Rʦʩ ʩ ʫʯʝʪʦʤ 

ʪʦʢʘ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʦʧʨʝʜʝʣʠʪʩʷ ʢʘʢ: 

ʚʳʭ OC ʌʇ ʌʇ T
( { [ ( ,  )]} ).                           (2.7)

i i i i
U R S P R d t I= Ö Ö W +  

ʅʘ ʨʠʩʫʥʢʝ 2.13 ʠʟʦʙʨʘʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ i-ʦʛʦ ʫʟʣʘ 

ʩʯʠʪʳʚʘʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʦʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʚʨʝʤʝʥʠ.   
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ʈʠʩ. 2.13. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ i-ʦʛʦ ʫʟʣʘ ʩʯʠʪʳʚʘʥʠʷ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʦʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʚʨʝʤʝʥʠ 

ɺʳʭʦʜʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʯʝʪʥʳʭ ʠ ʥʝʯʝʪʥʳʭ ʫʟʣʦʚ ʩʯʠʪʳʚʘʥʠʷ ʠʟʤʝʥʷʶʪʩʷ ʚ 

ʧʨʦʪʠʚʦʬʘʟʝ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʦ ʘʤʧʣʠʪʫʜʘʤ ʚʳʭʦʜʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʫʟʣʦʚ 

ʩʯʠʪʳʚʘʥʠʷ ʠ ʢʦʤʧʝʥʩʘʮʠʠ ʚʣʠʷʥʠʷ ʣʠʥʝʡʥʳʭ ʚʠʙʨʦʫʩʢʦʨʝʥʠʡ. 

2.5 ʈʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʜʥʦʦʩʝʚʦʛʦ 

ʢʦʣʴʮʝʚʦʛʦ ʤʠʢʨʦʦʧʪʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʆʊʕ  

ɺʦʟʥʠʢʘʶʱʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩʠʣʳ ʂʦʨʠʦʣʠʩʘ 

ʜʝʬʦʨʤʠʨʫʶʪ ʢʦʣʴʮʝʚʦʡ ʨʝʟʦʥʘʪʦʨ ʤʠʢʨʦʦʧʪʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʜʠʘʣʴʥʳʭ 

ʜʚʠʞʝʥʠʡ. ɼʣʷ ʩʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʜʠʘʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʚʪʦʨʦʛʦ ʨʝʞʠʤʘ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʝ ʧʘʨʳ ʩʯʠʪʳʚʘʶʱʠʭ ʦʧʪʠʯʝʩʢʠʭ ʫʟʣʦʚ. ʕʪʠ  ʩʯʠʪʳʚʘʶʱʠʝ ʫʟʣʳ 

ʦʧʨʝʜʝʣʷʶʪ ʚʝʣʠʯʠʥʫ ʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʜʦʣʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʩʝʡ ʧʦʜ 

ʫʛʣʘʤʠ 45Á, 135Á, 225Á ʠ 315Á ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʘʚʥʦʡ ʦʩʠ (ʨʠʩ. 2.14). ɿʥʘʷ 

ʘʤʧʣʠʪʫʜʫ ʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʚʝʣʠʯʠʥʫ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʥʘʣʦʚ ʩʯʠʪʳʚʘʥʠʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, 


























































































































































































































