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ɺɺɽɼɽʅʀɽ 

ɺʦʣʥʦʚʦʡ ɸʢʫʩʪʠʯʝʩʢʠʡ ʂʘʨʦʪʘʞ (ɺAK) - ʤʝʪʦʜ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʢʚʘʞʠʥʘʭ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʟʫʯʝʥʠʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʛʦʨʥʳʭ ʧʦʨʦʜ (ʩʢʦʨʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʟʘʪʫʭʘʥʠʷ ʫʧʨʫʛʠʭ ʚʦʣʥ), 

ʧʝʨʝʩʝʯʝʥʥʳʭ ʩʢʚʘʞʠʥʦʡ. 

 

ʈʠʩ. 1. ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʤʥʦʛʦʵʣʝʤʝʥʪʥʦʛʦ ɺɸʂ 

ʇʝʨʚʳʡ ʘʢʫʩʪʠʯʝʩʢʠʡ ʢʘʨʦʪʘʞ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʙʳʣ ʚʳʧʦʣʥʝʥ ʚ 1957 ʛ. [119]. ʈʘʟʨʘʙʦʪʯʠʢʠ ʟʦʥʜʘ ʠʩʭʦʜʠʣʠ ʠʟ ʪʦʛʦ, ʯʪʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʟʚʫʢʘ (ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ) ʯʝʨʝʟ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʦʪ ʠʟʣʫʯʘʪʝʣʷ 

ʜʦ ʧʨʠʝʤʥʠʢʘ, ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʦʜʥʦʤ ʢʦʨʧʫʩʝ, ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʫ ʉʥʝʣʣʠʫʩʘ 

(ʟʘʢʦʥ ʧʨʝʣʦʤʣʝʥʠʷ) [127]. ʆʙʲʝʢʪʦʤ ʠʟʤʝʨʝʥʠʷ ʙʳʣʠ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʣʥ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʫʧʨʫʛʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʫʨʘʚʥʝʥʠʷʤʠ ɹʠʦ-ɻʘʩʩʤʘʥʘ [127]. 

ʉʦʚʨʝʤʝʥʥʳʡ ɺɸʂ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʦʪʢʨʳʪʦʤ ʩʪʚʦʣʝ ʜʣʷ ʦʮʝʥʢʠ ʌɽʉ ʠ 

ʌʄʉ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʘ ʚ ʦʙʩʘʞʝʥʥʳʭ ʩʢʚʘʞʠʥʘʭ ï ʜʣʷ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʩʢʚʘʞʠʥ ʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ. ʇʨʠʤʝʥʷʝʪʩʷ ɺɸʂ ʠ 

ˮ͔͔ͤͭͪͨͪͭ͊ͼ͙Ύ ͙ 
͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ 

˻͋ͪ͊͋ͦͭ͊͟ 
͙͔͚͊ͨͫ͘ 

ˢͨͨ͊ͪ͊ͭͯͪ͊ 
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ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʩʝʡʩʤʠʢʠ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ) (ʨʠʩ. 2). 

 

ʈʠʩ. 2. ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʤʥʦʛʦʵʣʝʤʝʥʪʥʦʛʦ ɺɸʂ 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʠʙʦʨʳ (ʘʧʧʘʨʘʪʫʨʘ) ɺɸʂ ʩʦʜʝʨʞʘʪ ʛʨʫʧʧʫ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʠʟʣʫʯʘʪʝʣʝʡ ʠ ʛʨʫʧʧʫ ʧʨʠʝʤʥʠʢʦʚ (ʘʥʪʝʥʥʫʶ ʨʝʰʝʪʢʫ), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʢʦʨʧʫʩʝ. ɺʦʣʥʦʚʦʡ ʧʘʢʝʪ ɺAK ʚʢʣʶʯʘʝʪ ʚʦʣʥʳ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʦʪ ʠʟʣʫʯʘʪʝʣʝʡ ʜʦ ʧʨʠʝʤʥʠʢʦʚ (ʯʝʨʝʟ ʞʠʜʢʦʩʪʴ, 

ʟʘʧʦʣʥʷʶʱʫʶ ʩʢʚʘʞʠʥʫ) ʧʦ ʠʟʫʯʘʝʤʦʡ ʧʦʨʦʜʝ: ʧʨʦʜʦʣʴʥʘ ̫(P, Prima ï ʧʝʨʚʘ)̫, 

ʧʦʧʝʨʝʯʥʘ ̫ (S, Second ï ʚʪʦʨʘ)̫, ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ ʉʪʦʫʥʣʠ (St) ʠ ʈʵʣʝʷ 

(R); ʪʦʣʴʢʦ ʧʦ ʞʠʜʢʦʩʪʠ ʟʘʧʦʣʥʷʶʱʝʡ ʩʢʚʘʞʠʥʫ (ʅ, ʛʠʜʨʦʚʦʣʥʘ, mud) ʠ ʧʦ 

ʩʪʘʣʴʥʦʤʫ ʢʦʨʧʫʩʫ ʧʨʠʙʦʨʘ (collar). ɺ ʦʙʩʘʞʝʥʥʦʡ ʩʢʚʘʞʠʥʝ ʢ ʥʠʤ 

ʜʦʙʘʚʣʷʶʪʩʷ ʚʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʧʦ ʩʪʘʣʴʥʦʡ ʦʙʩʘʜʥʦʡ ʢʦʣʦʥʥʝ 

(casing) ʠ ʧʦ ʮʝʤʝʥʪʥʦʤʫ ʢʘʤʥʶ ʤʝʞʜʫ ʢʦʣʦʥʥʦʡ ʠ ʧʦʨʦʜʦʡ. ʌʠʟʠʯʝʩʢʘ ̫

ʧʨʠʨʦʜʘ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʣʥ ʨʘʟʣʠʯʥʘ, ʧʦʵʪʦʤʫ ʦʥʠ ʨʘʟʣʠʯʘʶʪʩʷ ʨʷʜʦʤ 

ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, 

ˢͨͨ͊ͪ͊ͭͯͪ͊ 

˻͙ͨͭͣ͊͡Έͤ͊Ύ 
͎͔͔͙ͦͣͭͪΎ 
ͦͤ͒͊͘ 

ˮͯ͘͡;͔͙͊ͭ͡ ͙ 
͙͔͙͙ͨͪͣͤ͟ 

όͦͤͫͭͪͯ͟͟ͼ͙ΎΣ ͨͦͦͫ͊͡ 
͙ͨͪͦͨͯͫ͊ͤ͟ΎΣ 
ͣͦ΅ͤͦͫͭΈύ 

˽͍͔͙͔ͦ͒͊ͤ͡ 
͚ͦͪͨͯͫͤͦ͟ 
͍ͦͤ͡· 

˽͍͔͙͔ͦ͒͊ͤ͡ 
͔͚͒ͪͺ͊ ͤͯ͡ΎΣ 

ͦͼ͙ͺ͍ͪͦ͊͟Σ ͙͔ͫ͗͊ͭ  

˻͋ͪ͊͋ͦͭ͊͟ 
͙͔͚͊ͨͫ͘ 

мΦ ̉͊ͫͭͦͭͤ·͚ ͙͊ͤ͊͘͡ 
όͺ͙͡Έͭͪ͊ͼ͙Ύύ 

нΦ ˤ͔͔͚ͪͣͤͤͦ ͙͊ͤ͊͘͡ 
ό͔͔͔͙͔ͦͨͪ͒ͤ͡  ͍͔͔ͪͣͤ  
͔͍ͨͪ·ͻ ͍͔͙͚ͫͭͯͨͤ͡ 
͍ͫͦͫͭ͊͡ΎΌ΅͙ͻ ͍ͦͤ͡Σ 
ͦͼ͔ͤ͊͟ ͊ͭͯ͘ͻ͙͊ͤΎύ 

оΦ ˿͚ͦͪͦͫͭͤͦ͟ ͙͊ͤ͊͘͡ 
όͦͼ͔ͤ͊͟ ͙͔͍ͤͭͪ͊͡Έͤ·ͻ 
͍͔͔ͪͣͤ ͍ͫͦͫͭ͊͡ΎΌ΅͙ͻ 
͍ͦͤ͡Σ ͙͔͙͒ͤͭͺ͙͊͟ͼ͙Ύ ͙ 
͔͔͙͔ͪ͊͒ͤ͘͡ ͍ͦͤ͡ύ 

пΦ ˨͙͔͙ͫͨͪͫͦͤͤ·͚ ͙͊ͤ͊͘͡  
ό͔ͦͣͨͤͫ͊͟ͼ͙Ύ ͙͔͙͙͒ͫͨͪͫ 
͙͎͙͚͋ͤͦ͘ ͍ͦͤ͡· ͙ ͍ͦͤ͡· 

˿͙ͭͦͯͤ͡) 

ˮ͔͔ͤͭͪͨͪͭ͊ͼ͙Ύ 
͙ 

͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ 

˻ͼ͔ͤ͊͟ ̅˩˿ 

˻ͼ͔ͤ͊͟ ̅˸˿ 

ˮ͔͙͒ͤͭͺ͙͊͟ͼ͙Ύ ͔ͭͪ΅͙ͤΣ 
͙͙͎ͣͦͤͭͦͪͤ ͍͔͙͚͊ͦ͒ͤͤ͘, 
ͦͼ͔ͤ͊͟ ͍͎ͨͦͪͦͦͦ 

͍͔͙͒͊ͤ͡ΎΣ ͔͙͔ͫͦ͒ͪ͗͊ͤ 
͎͔͍͍ͯͦ͒ͦͪͦ͒ͦ͡Σ ͫͦͫͭͦΎ͙͔ͤ 
ͼ͔͔͎ͣͤͭͤͦͦ ͦ͟͡Έͼ͊ 

˴͙͍͊͋ͪͦ͊͟͡ 
͔͚͙͙ͫͫͣ͟ 

˽͔͙͔ͦͫͭͪͦͤ 
͙͔͙͒ͫͨͪͫͦͤͤ·ͻ 
͙͍ͪ͟·ͻ 
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ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ, ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʠ ʧʦʣʷʨʠʟʘʮʠ.̫ ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʧʨʠʙʦʨʦʚ, ʪʘʢʠʝ ʢʘʢ ʛʝʦʤʝʪʨʠʷ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠ ̫

ʠʟʣʫʯʘʪʝʣʝʡ ʠ ʧʨʠʝʤʥʠʢʦʚ, ʯʘʩʪʦʪʘ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʤʧʫʣʴʩʘ, ʧʦʣʷʨʠʟʘʮʠʷ ʠ 

ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠʝʤʥʠʢʦʚ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ ʢʚʘʥʪʦʚʘʥʠʝ ʨʝʛʠʩʪʨʘʮʠʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʩʣʦʚʠʷʤʠ ʚʦʟʤʦʞʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʣʥ. ʇʨʠ 

ʠʟʫʯʝʥʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʢʘʢ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʚʦʣʥʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ P, S ʠ St-

ʚʦʣʥʳ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʚʝʩʪʥʳʭ ʨʘʟʨʝʟʦʚ ʩʦʦʪʥʦʰʝʥʠʷ ʩʢʦʨʦʩʪʝʡ P- ʠ S-

ʚʦʣʥ ʩʦʩʪʘʚʣʷʝʪ ~ã3º1.73, ʘ ʩʦʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʈʵʣʝʷ 

ʠ S-ʚʦʣʥ ~ã(2-2/ã3)º0.92 ʠ ʥʠʞʝ. ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʠʟʣʫʯʘʪʝʣʝʡ ʜʦ ʙʣʠʞʥʝʛʦ 

ʧʨʠʝʤʥʠʢʘ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ ʧʨʦʝʢʪʠʨʫʶʪ ʪʘʢ, ʯʪʦʙʳ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʚʦʣʥʳ 

ʫʩʧʝʣʠ çʨʘʟʙʝʞʘʪʴʩʷè ʠ ʠʭ ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʙʳʣʘ ʤʠʥʠʤʘʣʴʥʦʡ.  

ɺ ʦʪʢʨʳʪʦʤ ʩʪʚʦʣʝ ʥʝʪ ʤʝʩʪʘ casing-ʚʦʣʥʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ R-ʚʦʣʥʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʘʷʩʷ ʚ ʩʢʚʘʞʠʥʝ ʚ ʚʠʜʝ ʩʠʣʴʥʦ 

ʥʝʦʜʥʦʨʦʜʥʦʡ ʚʦʣʥʳ ï ʝʝ ʥʝ ʚʦʟʙʫʞʜʘʶʪ ʠʟʣʫʯʘʪʝʣʠ ʘʧʧʘʨʘʪʫʨʳ ɺɸʂ [51]. 

ʇʘʨʘʟʠʪʥʳʤʠ ʦʩʪʘʶʪʩʷ ʢʦʨʧʫʩʥʘʷ ʠ ʛʠʜʨʦʚʦʣʥʘ. ʈʘʟʜʝʣʝʥʠʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ 

ʚʦʣʥ ʩ ʢʦʨʧʫʩʥʦʡ ʜʦʩʪʠʛʘʝʪʩʷ ʦʪʙʨʘʩʳʚʘʥʠʝʤ ʧʦʩʣʝʜʥʝʡ ʥʘʟʘʜ ʧʦ ʚʨʝʤʝʥʠ ʟʘ 

ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʧʫʪʠ ʧʨʦʙʝʛʘ ʤʝʞʜʫ ʱʝʣʝʚʳʤʠ ʧʨʦʨʝʟʷʤʠ ʚ ʢʦʨʧʫʩʝ ʧʨʠʙʦʨʘ 

ʦʪ ʠʟʣʫʯʘʪʝʣ ̫ ʜʦ ʧʝʨʚʦʛʦ ʧʨʠʝʤʥʠʢʘ. ɺʣʠʷʥʠʝʤ ʛʠʜʨʦʚʦʣʥʳ ʦʙʳʯʥʦ 

ʧʨʝʥʝʙʨʝʛʘʶʪ, ʪ.ʢ. ʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 

ʠʤʧʫʣʴʩʘ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʝʝ ʩʢʦʨʦʩʪʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʠʞʝ, ʯʝʤ ʧʦ ʧʦʨʦʜʝ. ʇʨʠ 

ʦʮʝʥʢʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʢʚʘʞʠʥ ʠʟʫʯʘʶʪ ʚʦʣʥʫ ʧʦ ʩʪʘʣʴʥʦʡ ʢʦʣʦʥʥʝ, 

ʦʩʪʘʣʴʥʳʝ ʷʚʣʷʶʪʩʷ ʧʘʨʘʟʠʪʥʳʤʠ. ʉʢʦʨʦʩʪʴ ʚʦʣʥʳ ʧʦ ʢʦʣʦʥʥʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʠʟʤʝʥʥʘ, ʟʘʪʦ ʘʤʧʣʠʪʫʜʘ, ʟʘʪʫʭʘʥʠʝ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ 

ʩʮʝʧʣʝʥʠʝ ʮʝʤʝʥʪʘ ʩ ʢʦʣʦʥʥʦʡ ʠ ʧʦʨʦʜʦʡ, ʘ ʪʘʢʞʝ ʩʦʩʪʦʷʥʠʝ ʩʘʤʦʛʦ ʮʝʤʝʥʪʘ. 

ʀʥʦʛʜʘ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʜʦʨʘʟʚʝʜʢʠ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʌɽʉ ʤʝʪʦʜʦʤ 

ɺɸʂ ʯʝʨʝʟ ʦʙʩʘʜʥʫʶ ʢʦʣʦʥʥʫ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʞʝ ʚʦʣʥʘ ʧʦ ʩʪʘʣʴʥʦʡ ʢʦʣʦʥʥʝ 

ʷʚʣʷʝʪʩʷ ʧʘʨʘʟʠʪʥʦʡ. ʇʨʠ ʢʘʨʦʪʘʞʝ ʚ ʧʨʦʮʝʩʩʝ ʙʫʨʝʥʠʷ (LWD) ʢʦʨʧʫʩ ʧʨʠʙʦʨʘ 

ɺɸʂ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʪʷʞʝʣʝʥʥʫʶ ʙʫʨʦʚʫʶ ʪʨʫʙʫ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʧʦʜ 

ʙʦʣʴʰʠʤ ʜʘʚʣʝʥʠʝʤ ʧʦʩʪʫʧʘʝʪ ʙʫʨʦʚʦʡ ʨʘʩʪʚʦʨ, ʠ ʧʘʨʘʟʠʪʥʘʷ ʚʦʣʥʘ ʧʦ ʢʦʨʧʫʩʫ 



10 

ʧʨʠʙʦʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʢʘʢ ʪʝʭʥʠʯʝʩʢʫʶ, ʪʘʢ ʠ ʤʝʪʦʜʠʯʝʩʢʫʶ 

ʧʨʦʙʣʝʤʳ [262].  

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ɺɸʂ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʌɽʉ ʠ ʌʄʉ 

ʧʨʝʜʧʦʣʘʛʘʶʪ ʦʮʝʥʢʫ ʩʣʝʜʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʣʥ: ʬʘʟʦʚʫʶ 

ʩʢʦʨʦʩʪʴ v (ʠʣʠ ʠʥʪʝʨʚʘʣʴʥʦʝ ʚʨʝʤʷ ȹt = 1/v, slowness, p), ʘʤʧʣʠʪʫʜʫ, 

ʵʬʬʝʢʪʠʚʥʦʝ ʟʘʪʫʭʘʥʠʝ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʤʦʛʫʪ ʦʮʝʥʠʚʘʪʴʩʷ ʛʨʫʧʧʦʚʘʷ ʩʢʦʨʦʩʪʴ 

ʧʘʢʝʪʦʚ ʜʠʩʧʝʨʛʠʨʫʶʱʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʦʣʥ. ɺʩʝ ʵʪʠ 

ʦʮʝʥʢʠ ʩʪʘʥʦʚʷʪʩʷ ʚʦʟʤʦʞʥʳʤʠ ʧʦʩʣʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʚʳʜʝʣʝʥʠ ̫ʠ ʨʘʟʜʝʣʝʥʠ ̫

ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʣʥ. ʈʘʟʜʝʣʝʥʠʝ ʚʦʣʥ ɺɸʂ ʵʪʦ ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʣʫʯʘʝʚ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ. ʇʨʦʙʣʝʤʳ 

ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʚʦʣʥ - ʧʨʠ ʙʣʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ ʩʣʘʙʳʭ 

ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʠ ʚʳʩʦʢʠʭ ʧʘʨʘʟʠʪʥʳʭ ʚʦʣʥ, ʠʤʝʶʱʠʭ ʝʱʝ ʠ ʙʦʣʴʰʫʶ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʧʨʠ ʜʠʩʧʝʨʩʠʠ ʚʦʣʥ ï ʢʦʛʜʘ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʦʣʥʘ 

ʠʤʝʝʪ ʭʦʪʴ ʠ ʫʟʢʠʡ ʩʧʝʢʪʨ, ʥʦ ʥʝ ʷʚʣʷʝʪʩʷ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʡ, ʠ ʩʢʦʨʦʩʪʴ 

ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ. 

ʇʨʷʤʘʷ ʟʘʜʘʯʘ - ʤʦʜʝʣʠʨʦʚʘʥʠʝ ɺɸʂ ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʦʣʦʛʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʩʢʚʘʞʠʥ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʯʘʩʪʥʦʩʪʠ ʚ [1,58,68,85,118,246,274]. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʧʨʦʙʣʝʤʳ ʚ ʩʢʦʨʦʩʪʥʦʤ ʘʥʘʣʠʟʝ (ʩʤ. ʨʠʩ. 2) ʩʚʷʟʘʥʳ ʩ 

ʥʝʜʦʩʪʘʪʢʦʤ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʚ 

ʩʣʫʯʘʝ ʥʘʣʦʞʝʥʠʷ (ʠʥʪʝʨʬʝʨʝʥʮʠʠ) ʚʦʣʥ. ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ 

ʢʘʨʦʪʘʞ ʯʝʨʝʟ ʦʙʩʘʜʥʫʶ ʢʦʣʦʥʥʫ ʩ ʮʝʣʴʶ ʜʦʨʘʟʚʝʜʢʠ - ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ 

ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʠ ʚʳʙʦʨʘ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ ʨʘʟʨʘʙʦʪʢʠ 

(ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ) ʚ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʨʘʟʨʝʟʘʭ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ P-ʚʦʣʥʳ ʙʣʠʟʢʘ ʢ 

ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ ʩʪʘʣʴʥʦʡ ʪʨʫʙʝ. ɿʘʯʘʩʪʫʶ ʟʘ ʜʝʩʷʪʠʣʝʪʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʮʝʧʣʝʥʠʝ ʢʦʣʦʥʥʳ ʩ ʮʝʤʝʥʪʦʤ ʫʭʫʜʰʘʝʪʩʷ ʠ ʧʨʠ ɺɸʂ ʯʝʨʝʟ ʦʙʩʘʜʥʫʶ 

ʢʦʣʦʥʥʫ ʠʥʬʦʨʤʘʪʠʚʥʘʷ P-ʚʦʣʥʘ çʟʘʙʠʚʘʝʪʩʷè ʚʳʩʦʢʦʡ ʧʘʨʘʟʠʪʥʦʡ çʟʚʝʥʷʱʝʡè 
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ʚʦʣʥʦʡ ʧʦ ʢʦʣʦʥʥʝ. ɼʨʫʛʦʡ ʧʨʦʙʣʝʤʥʦʡ ʟʘʜʘʯʝʡ ʵʪʦʡ ʛʨʫʧʧʳ ʷʚʣʷʝʪʩʷ ʢʘʨʦʪʘʞ 

ʚ ʧʨʦʮʝʩʩʝ ʙʫʨʝʥʠʷ (LWD), ʠ ʪʘʢʞʝ ʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʢʘʨʙʦʥʘʪʥʦʤ ʨʘʟʨʝʟʝ. 

ʊʘʢ ʢʘʢ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʦʪʙʨʦʩʠʪʴ ʧʦ ʚʨʝʤʝʥʠ ʧʘʨʘʟʠʪʥʫʶ 

ʚʦʣʥʫ ʧʦ ʩʪʘʣʴʥʦʤʫ ʢʦʨʧʫʩʫ ʧʨʠʙʦʨʘ (ʚ ʧʨʠʙʦʨʘʭ ʥʘ ʢʘʙʝʣʝ ʵʪʦ ʫʜʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʱʝʣʝʡ ʚ ʢʦʨʧʫʩʝ), ʪʦ ʵʪʘ ʚʦʣʥʘ ʧʦ ʩʢʦʨʦʩʪʠ ʤʦʞʝʪ ʩʪʘʪʴ ʩʦʧʦʩʪʘʚʠʤʦʡ ʩ 

ʠʥʬʦʨʤʘʪʠʚʥʦʡ P-ʚʦʣʥʦʡ, ʘ ʧʦ ʫʨʦʚʥʶ ʜʘʞʝ ʧʨʝʚʳʰʘʪʴ ʝʝ (ʧʨʠ ʵʪʦʤ ʧʦ ʯʘʩʪʦʪʝ 

ʵʪʠ ʚʦʣʥʳ ʥʝ ʨʘʟʜʝʣʷʶʪʩʷ). 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʙʣʝʤʘ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ (ʩʤ. ʨʠʩ. 2) - ʧʝʨʝʩʯʝʪ ʥʘʙʣʶʜʘʝʤʦʡ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʘʢʝʪʘ 

ʜʠʩʧʝʨʛʠʨʫʶʱʝʡ ʚʦʣʥʳ ʚ ʩʢʦʨʦʩʪʴ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʛʦʨʥʫʶ 

ʧʦʨʦʜʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ (ʛʝʦʬʠʟʠʯʝʩʢʦʡ, ʧʝʪʨʦʬʠʟʠʯʝʩʢʦʡ) ʠʥʪʝʨʧʨʝʪʘʮʠʠ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʚʦʣʥ ʚ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʤ ʚʦʣʥʦʚʦʤ 

ʧʘʢʝʪʝ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʡ ʠ ʚʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ɺɸʂ. ʆʪ ʝʝ 

ʨʝʰʝʥʠʷ ʟʘʚʠʩʠʪ ʚʩʷ ʜʘʣʴʥʝʡʰʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ɺɸʂ ʠ ʝʝ ʛʝʦʣʦʛʠʯʝʩʢʘʷ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ. ɿʘʜʘʯʘ ʫʩʣʦʞʥʷʝʪʩʷ ʧʨʠ ʙʣʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʯʘʩʪʦʪ ʠ 

ʩʢʦʨʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʘʢʠʭ ʧʘʨ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʣʥ ʢʘʢ P-ʚʦʣʥʳ ʚ ʧʦʨʦʜʝ 

ʠ L-ʚʦʣʥʳ ʚ ʦʙʩʘʜʥʦʡ ʢʦʣʦʥʥʝ, S- ʠ R-ʚʦʣʥ, H- ʠ St-ʚʦʣʥ ʠ ʜʨ. [51]. 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʨʘʟʜʝʣʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʣʥ ɺɸʂ ʧʦ ʩʢʦʨʦʩʪʠ ʠʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʚ ʧʦʚʳʰʘʶʱʠʭ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ ʠʭ ʩʢʦʨʦʩʪʝʡ 

ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʠ ʜʠʩʧʝʨʩʠʠ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʜʚʫʤʝʨʥʳʝ ʤʘʩʩʠʚʳ ʟʘʧʠʩʝʡ 

ʤʥʦʛʦʵʣʝʤʝʥʪʥʦʛʦ ɺɸʂ, ʩʦʜʝʨʞʘʱʠʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʠ 

ʧʘʨʘʟʠʪʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʦʣʥʳ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ (ʥʝʢʦʪʦʨʳʝ) 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʦʧʦʩʪʘʚʠʤʳ ʧʦ ʫʨʦʚʥʶ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ, ʯʘʩʪʦʪʝ, 

ʠʥʪʝʨʬʝʨʠʨʫʶʪ ʠ ʜʠʩʧʝʨʛʠʨʫʶʪ, ʦʜʥʘʢʦ ʚ ʩʠʣʫ ʨʘʟʣʠʯʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ 

ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʬʘʟʦʚʫʶ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʪʝʭʥʠʢʘ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʝʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʣʥ ɺɸʂ ʠ ʨʘʟʜʝʣʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʣʥ ʧʦ 

ʩʢʦʨʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʠʭ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʠ ʜʠʩʧʝʨʩʠʠ. 
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ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ 

ʥʘʫʯʥʦʡ ʧʨʦʙʣʝʤʳ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʝʡ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʘʢʝʪʘ ʤʥʦʛʦʵʣʝʤʝʥʪʥʦʛʦ ɺɸʂ ʚ ʫʩʣʦʚʠʷʭ ʠʭ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʠ 

ʜʠʩʧʝʨʩʠʠ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʠ ʨʝʰʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʠ 

ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʚ ʯʘʩʪʠ ʦʙʨʘʙʦʪʢʠ ʤʘʩʩʠʚʦʚ ɺɸʂ ʧʦ ʦʮʝʥʢʝ 

ʩʢʦʨʦʩʪʝʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʣʥ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʠʤʝʥʷʝʤʳʝ ʤʝʪʦʜʳ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ, ʦʮʝʥʠʪʴ ʫʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʢʦʤʧʣʝʢʩʥʦʩʪʠ 

ʨʝʰʝʥʠʡ; 

2. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʚʫʤʝʨʥʳʭ ʤʘʩʩʠʚʦʚ ʟʘʧʠʩʝʡ 

(ʤʘʪʨʠʮ) ɺɸʂ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʵʬʬʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ 

ʠʥʪʝʨʚʘʣʴʥʳʭ ʚʨʝʤʝʥ (ʩʢʦʨʦʩʪʝʡ) ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʠ ʧʘʨʘʟʠʪʥʳʭ ʚʦʣʥ; 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʳ ʬʠʣʴʪʨʘʮʠʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʣʥ ʟʘ ʩʯʝʪ ʨʘʟʣʠʯʠʷ 

ʜʠʘʧʘʟʦʥʦʚ ʠʭ ʠʥʪʝʨʚʘʣʴʥʳʭ ʚʨʝʤʝʥ (ʩʢʦʨʦʩʪʝʡ); 

4. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʢʦʤʧʝʥʩʘʮʠʠ ʜʠʩʧʝʨʩʠʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʮʝʥʠʚʘʪʴ 

ʠʥʪʝʨʚʘʣʴʥʦʝ ʚʨʝʤʷ (ʩʢʦʨʦʩʪʴ) ʢʘʢ ʥʝʢʦʪʦʨʫʶ ʥʝ ʩʚʷʟʘʥʥʫʶ ʩ ʯʘʩʪʦʪʦʡ 

ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʦʨʦʜʳ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʜʠʩʧʝʨʛʠʨʫʶʱʠʭ 

ʚʦʣʥ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ; 

5. ʈʝʘʣʠʟʦʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤ ʦʮʝʥʠʪʴ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ʧʨʦʙʣʝʤʥʳʭ ʧʨʠʤʝʨʘʭ. 

ʆʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʧʫʥʢʪʦʚ:14. ʄʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ; 
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15. ʂʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʇʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 25.00.10 - ɻʝʦʬʠʟʠʢʘ, ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʧʦʠʩʢʦʚ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ (ʪʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ). 

ʊʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʷʚʣʷʶʪʩʷ ʪʝʦʨʠʷ ʤʘʪʨʠʮ, ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʈʘʜʦʥʘ, ɻʠʣʴʙʝʨʪʘ, 

ʌʫʨʴʝ, ʂʘʨʫʥʝʥʘ-ʃʦʵʚʘ ʪʨʫʜʳ ʚʝʜʫʱʠʭ ʟʘʨʫʙʝʞʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ, 

ʧʦʩʚʷʱʝʥʥʳʝ ʨʘʟʣʠʯʥʳʤ ʘʩʧʝʢʪʘʤ ɺɸʂ, ʦʙʨʘʙʦʪʢʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʤʘʩʩʠʚʦʚ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ 

ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʚʦ ʚʨʝʤʝʥʥʦʡ ʠ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ, ʜʚʫʤʝʨʥʳʝ 

ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʠʥʛʫʣʷʨʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʤʘʪʨʠʮ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ MATLAB. 

ʀʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʚʝʜʫʱʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ 

ʠʟʜʘʥʠʷʭ, ʠʟʚʝʩʪʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʧʦ ʦʙʨʘʙʦʪʢʝ ʟʘʧʠʩʝʡ ɺɸʂ (ʚ 

ʩʦʩʪʘʚʝ ʧʘʢʝʪʦʚ ʧʨʦʛʨʘʤʤ ʧʦ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥ). 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

1. ʇʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʦʮʝʥʢʘ ʤʝʨʳ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʧʦ 

ʧʨʠʝʤʥʠʢʘʤ ʟʘʧʠʩʝʡ ʤʘʩʩʠʚʦʚ ɺɸʂ ʚ (t - p)-ʦʙʣʘʩʪʠ, ʥʘʟʚʘʥʥʘʷ ʘʚʪʦʨʦʤ ʢʘʢ 

ɻʠʣʴʙʝʨʪ ʩʝʤʙʣʘʥʩ ʠʣʠ ʤʛʥʦʚʝʥʥʳʡ ʩʝʤʙʣʘʥʩ. ʄʝʨʘ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʚʳʨʘʞʘʝʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʈʘʜʦʥʘ ʠ ɻʠʣʴʙʝʨʪʘ, ʠ ʷʚʣʷʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʦʡ 

ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʦʢʦʥʥʦʤʫ ʩʝʤʙʣʘʥʩ ʚ (t - p)-ʦʙʣʘʩʪʠ. 

2. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʬʠʣʴʪʨʘʮʠʠ ʟʥʘʯʝʥʠʡ ʩʝʤʙʣʘʥʩ ʥʘ ʦʩʥʦʚʝ rank-k 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʤʘʪʨʠʮ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʪʠʧʦʚʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʚʩʧʣʝʩʢʦʚ 

ʢʦʛʝʨʝʥʪʥʦʡ ʤʦʱʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʣʥ ɺɸʂ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʩʝʤʙʣʘʥʩ, ʠ 

ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʧʦʤʝʭ ʠ ʰʫʤʦʚ, ʘ ʪʘʢʞʝ ʠʩʢʣʶʯʝʥʠʷ 

ʧʨʦʷʚʣʝʥʠʡ ʦʪʜʝʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʣʥ ʚ (t - p)-ʦʙʣʘʩʪʠ. 
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3. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʬʠʣʴʪʨʘʮʠʠ ʩʠʛʥʘʣʦʚ ʧʦ ʧʨʠʝʤʥʠʢʘʤ ʟʘʧʠʩʝʡ 

ʤʘʩʩʠʚʦʚ ɺɸʂ ʚ (t - p)-ʦʙʣʘʩʪʠ ʥʘ ʦʩʥʦʚʝ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʈʘʜʦʥʘ, ʚ ʢʦʪʦʨʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʮʝʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ tmin ʦʪʩʝʢʘʝʪ ʥʘʯʘʣʴʥʳʡ 

ʰʫʤ ʜʦ ʚʨʝʤʝʥʠ ʧʝʨʚʦʛʦ ʚʩʪʫʧʣʝʥʠʷ ʧʦ ʢʘʞʜʦʤʫ ʧʨʠʝʤʥʠʢʫ, ʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʚʝʩ ʥʘ ʟʥʘʯʝʥʠʝ ɻʠʣʴʙʝʨʪ ʩʝʤʙʣʘʥʩ ʧʦʜʘʚʣʷʝʪ ʧʦʤʝʭʠ ʠ ʫʩʠʣʠʚʘʝʪ ʢʦʛʝʨʝʥʪʥʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʚ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ. 

4. ʇʨʝʜʣʦʞʝʥʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʭʝʤʘ ʦʮʝʥʢʠ 

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ɻʠʣʴʙʝʨʪ ʩʝʤʙʣʘʥʩ ʚ (t - p)-ʦʙʣʘʩʪʠ. ɼʠʩʧʝʨʩʠʦʥʥʳʝ ʢʨʠʚʳʝ 

ʫʯʠʪʳʚʘʶʪʩʷ ʚ ʟʥʘʯʝʥʠʷʭ ʚʳʜʝʣʝʥʥʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ, ʯʪʦ ʜʝʣʘʝʪ 

ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʭʝʤʫ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʩʝʤʙʣʘʥʩ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʈʘʜʦʥʘ, 

ʧʨʠʤʝʥʷʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɻʠʣʴʙʝʨʪʘ, ʌʫʨʴʝ ʠ 

ʂʘʨʫʥʝʥʘ-ʃʦʵʚʘ (rank-k ʘʧʧʨʦʢʩʠʤʘʮʠ)̫ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʜʣʷ 

ʤʘʩʩʠʚʦʚ ʟʘʧʠʩʝʡ ɺɸʂ ʩʣʝʜʫʶʱʠʭ ʪʨʝʭ ʟʘʜʘʯ: (1) ʦʮʝʥʢʘ ʤʝʨʳ ʢʦʛʝʨʝʥʪʥʦʩʪʠ 

ʩʠʛʥʘʣʦʚ ʚ (t - p)-ʦʙʣʘʩʪʠ; (2) ʬʠʣʴʪʨʘʮʠʷ ʧʦ ʠʥʪʝʨʚʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ  ʚ (t - p)- 

ʠ (f - p)-ʦʙʣʘʩʪʠ; (3) ʢʦʨʨʝʢʮʠʷ ʦʮʝʥʦʢ ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʜʠʩʧʝʨʩʠʶ. 

ɿʘʱʠʱʘʝʤʳʝ ʥʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ: 

1. ʇʨʝʜʣʘʛʘʝʪʩʷ ɻʠʣʴʙʝʨʪ ʩʝʤʙʣʘʥʩ - ʤʝʨʘ ʤʛʥʦʚʝʥʥʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ 

ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʧʦ ʧʨʠʝʤʥʠʢʘʤ ʚ (t - p)-ʦʙʣʘʩʪʠ ʥʘ ʦʩʥʦʚʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʈʘʜʦʥʘ ʠ ɻʠʣʴʙʝʨʪʘ. ʆʪʩʫʪʩʪʚʠʝ ʦʢʥʘ ʫʩʨʝʜʥʝʥʠʷ ʧʨʠʚʝʜʝʥʥʦʡ ʤʦʱʥʦʩʪʠ 

ʧʦʚʳʰʘʝʪ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʤʝʨʳ ʧʨʠ ʦʮʝʥʢʝ ʠʥʪʝʨʚʘʣʴʥʳʭ ʚʨʝʤʝʥ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʣʥʦʚʦʛʦ ʧʘʢʝʪʘ ɺɸʂ. 

2. ʇʨʝʜʣʘʛʘʝʪʩʷ ʥʝʣʠʥʝʡʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ɻʠʣʴʙʝʨʪ ʩʝʤʙʣʘʥʩ ʥʘ ʦʩʥʦʚʝ 

rank-k ʘʧʧʨʢʩʠʤʘʮʠʠ. ɺʳʷʚʣʝʥʳ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʚʳʙʦʨ ʨʘʥʛʘ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʤʘʪʨʠʮʳ. 

3. ʇʨʝʜʣʘʛʘʝʪʩʷ ʬʠʣʴʪʨʘʮʠʷ ʧʦ ʩʢʦʨʦʩʪʠ ʤʘʩʩʠʚʦʚ ɺɸʂ ʚ (t - p)-ʦʙʣʘʩʪʠ 

ʥʘ ʦʩʥʦʚʝ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʈʘʜʦʥʘ (ʧʦ ʩʭʝʤʝ: ʥʘʢʣʦʥʥʦʝ 
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ʩʫʤʤʠʨʦʚʘʥʠʝ ï rho ʬʠʣʴʪʨʘʮʠʷ ï ʦʙʨʘʪʥʦʝ ʥʘʢʣʦʥʥʦʝ ʩʫʤʤʠʨʦʚʘʥʠʝ) ʩ 

ʚʚʝʜʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʧʮʠʡ: ʦʪʩʝʯʢʘ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʮʝʥʝʥʥʦʤʫ 

ʧʨʠʚʝʜʝʥʥʦʤʫ ʚʨʝʤʝʥʠ ʧʨʦʙʝʛʘt ʠ ʚʝʩ ʥʘ ʟʥʘʯʝʥʠʝ ɻʠʣʴʙʝʨʪ ʩʝʤʙʣʘʥʩ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʨʘʟʚʠʪʠʠ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʤʝʪʦʜʦʣʦʛʠʠ ʩʝʤʙʣʘʥʩ ʠ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʠ ʝʝ ʩ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʝʡ ï 

ʬʠʣʴʪʨʘʮʠʝʡ ʧʦ ʩʢʦʨʦʩʪʠ ʠ ʟʘʜʘʯʝʡ ʢʦʤʧʝʥʩʘʮʠʠ ʜʠʩʧʝʨʩʠʠ ʚʦʣʥ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ï ʨʝʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʚʠʜʝ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʧʨʦʮʝʜʫʨ ʜʣʷ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʦʙʨʘʙʦʪʢʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ɻʀʉ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʝʥʘ ʩʪʨʦʛʦʩʪʴʶ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (ʩʤ. ʪʘʙʣ. 1, ʪʘʙʣ. 2), ʦʪʩʫʪʩʪʚʠʝʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʦʧʫʱʝʥʠʡ, ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ ʤʘʩʩʠʚʦʚ 

ʟʘʧʠʩʝʡ ɺɸʂ. 

 

ʊʘʙʣ. 1. ʇʨʠʤʝʥʷʝʤʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

1 );,(),(),( xtymtymky ÝÝ  
ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʬʫʥʢʮʠʷ 

ʟʘʧʠʩʝʡ ɺɸʂ 

2 ;),(),(
1

ä
=

+=
M

m
ml mxpylSTR tt  

ʅʘʢʣʦʥʥʦʝ ʩʫʤʤʠʨʦʚʘʥʠʝ ʟʘʧʠʩʝʡ 

ɺɸʂ, slant-stack, Slowness-Time 

Representation 

3 ;),(),(
1

ä
=

* -=
L

l
ml lxpSTRmy tt  

ʆʙʨʘʪʥʦʝ ʥʘʢʣʦʥʥʦʝ ʩʫʤʤʠʨʦʚʘʥʠʝ, 

inverse slant-stack 

4 ;),()},({),( ñ +=Á= dxxpxyxypR ttt  ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʈʘʜʦʥʘ 

5 ;),(
2

1

)},({),( 1

ñ -

=Á= -

dpppxR
d

d

pRxy

h t
tp

tt

 

)];,([),( pRHpRh tt =  

ʆʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʈʘʜʦʥʘ 

6 )];,([),( mtyFmfY =  
ʇʨʷʤʦʝ ʠ ʦʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʌʫʨʴʝ 
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7 

)],([ mtyH = ñ
-

1

1

1 ),(1
dt

tt

mty

p
 

)];,([),(

)],([),( *

mtyHjmty

mtyHmtya

Ö+=

==
 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ɻʠʣʴʙʝʨʪʘ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ 

8 

ttftfl

fa

dtQt

tmty

jij

n

j
jmj

)(),()(

;)(),(
1

ñ

ä

¤

¤-

=

=

=

; ʈʘʟʣʦʞʝʥʠʝ ʂʘʨʫʥʝʥʘ-ʃʦʵʚʘ 

9 .
1

ä
=

=L=
K

i

T

iii

T vuVUR l  ʉʠʥʛʫʣʷʨʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʤʘʪʨʠʮ 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣ. 2. 

 

ʊʘʙʣ. 2. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

1 
));1/())()(log((*)1(

)/)(log(*)(

-----+

=

kNkDNDkN

kkDkkHAICm

.),()(
1

2

ä
=

=
k

i
a miykD  

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ 

ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʧʝʨʚʦʛʦ 

ʚʩʪʫʧʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʢʨʠʪʝʨʠʷ ɸʢʘʠʢʝ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɻʠʣʴʙʝʨʪʘ. 

2 
.21;

),,(

2

2

Ù=-+öö
÷

õ
ææ
ç

å
-=

=

j
t

tI

new

mud

new

jj

mudnewj

pp
p

AT

p

a

a

 

ʇʝʨʝʩʯʝʪ ʚʝʢʪʦʨʘ ʦʮʝʥʦʢ 

ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʠʟ p 

ʚ pnew) ʪʨʝʭʵʣʝʤʝʥʪʥʳʭ 

ʟʦʥʜʦʚ ʧʦ ʦʮʝʥʢʘʤ ʚʨʝʤʝʥ 

ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʡ (T j), ʩ 

ʦʮʝʥʢʦʡ ʚʨʝʤʝʥʠ ʧʨʦʙʝʛʘ ʚ 

ʞʠʜʢʦʩʪʠ (tmud) ʠ ʥʘ ʦʩʥʦʚʝ 

ʤʠʥʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʘ 

ʊʠʭʦʥʦʚʘ. 
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ɻʠʣʴʙʝʨʪ ʩʝʤʙʣʘʥʩ ʥʘ ʦʩʥʦʚʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʈʘʜʦʥʘ ʠ 

ɻʠʣʴʙʝʨʪʘ. 

4 

( ) ( )

.

),(),(

1

),min(
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),min(

1
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ä
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=
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vu

VUjiSTCHpSTCH
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ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʤʘʪʨʠʮ 

ʟʥʘʯʝʥʠʡ ʩʝʤʙʣʘʥʩ ʤʘʪʨʠʮʝʡ 

ʤʝʥʴʰʝʛʦ ʨʘʥʛʘ (ʤʝʪʦʜ 

ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ, 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʂʘʨʫʥʝʥʘ - 

ʃʦʵʚʘ). 

5 

;),(
2

1

)},({),(

max

min

1

ñ -=

=Á= -

p

p

h

new

dpppxtR
dt

d

pRxty

p

t

 

;),()},({),(
max

min

ñ +=Á=
x

x

dxxpxyxtypR tt  

)]].,([Re[)],([),( pRHpRHpRh ttt *==  

ʌʠʣʴʪʨʘʮʠʷ ʧʦ ʩʢʦʨʦʩʪʠ 

(ʠʥʪʝʨʚʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ) ʠ 

ʧʨʠʚʝʜʝʥʥʦʤʫ ʚʨʝʤʝʥʠ 

ʧʨʦʙʝʛʘ ʥʘ ʦʩʥʦʚʝ ʧʨʷʤʦʛʦ ʠ 

ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʈʘʜʦʥʘ. 
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;

),(
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),(

1

2

2

1

ä

ä

=
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+Ö

+

=
M

m
mas

M

m
mas

mpxyM

mpxy

pDSTCH
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t

t  

)];,([),( myHmy sas tt *=  

}.),({),(
),,(21 mxdpfsfj

ms emfYFmpxty
ÖÖÖÖ- Ö=+

p
 

ɼʠʩʧʝʨʩʠʦʥʥʳʡ ɻʠʣʴʙʝʨʪ 

ʩʝʤʙʣʘʥʩ. 
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ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 
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ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʧʷʪʠ ʛʣʘʚ, ʦʩʥʦʚʥʳʭ 

ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʨʠʣʦʞʝʥʠʡ. ʉʦʜʝʨʞʠʪ 197 ʩʪʨ. 

ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, 91 ʨʠʩʫʥʢʦʚ, 6 ʪʘʙʣʠʮ ʠ 124 ʬʦʨʤʫʣ.r ɹʠʙʣʠʦʛʨʘʬʠʷ 

ʚʢʣʶʯʘʝʪ 274 ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥ ʦʙʟʦʨ. ʆʨʠʛʠʥʘʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʘʚʪʦʨʘ ʚ 

ʧʝʨʚʦʡ ʛʣʘʚʝ ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʧʝʨʚʦʛʦ 

ʚʩʪʫʧʣʝʥʠʷ ʚʦʣʥ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʨʠʪʝʨʠʷ ɸʢʘʠʢʝ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɻʠʣʴʙʝʨʪʘ. ʄʝʪʦʜ ʥʝ ʷʚʣʷʝʪʩʷ çʛʨʫʧʧʦʚʳʤè ʠʣʠ ʤʝʪʦʜʦʤ 

ʦʙʨʘʙʦʪʢʠ ʤʘʩʩʠʚʦʚ ʟʘʧʠʩʝʡ ɺɸʂ, ʧʦʵʪʦʤʫ ʥʝ ʚʳʜʝʣʝʥ ʠʟ ʦʙʟʦʨʘ. ʆʩʥʦʚʥʳʝ 

ʦʨʠʛʠʥʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʘʚʪʦʨʘ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦ ʚʪʦʨʦʡ, ʪʨʝʪʴʝʡ, 

ʯʝʪʚʝʨʪʦʡ ʠ ʧʷʪʦʡ ʛʣʘʚʘʭ. 



21 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʝʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʣʥ 

ʥʘ ʦʩʥʦʚʝ ʙʝʟʦʢʦʥʥʦʡ ʤʝʨʳ ʢʦʛʝʨʝʥʪʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠ ʥʘʟʚʘʥʥʦʡ ʘʚʪʦʨʦʤ 

ʢʘʢ ɻʠʣʴʙʝʨʪ ʩʝʤʙʣʘʥʩ. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʚʪʦʨʦʤ ʤʝʪʦʜ ʬʠʣʴʪʨʘʮʠʠ 

ɻʠʣʴʙʝʨʪ ʩʝʤʙʣʘʥʩ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʦʞʝʥʠʷ ʂʘʨʫʥʝʥʘ-ʃʦʵʚʘ. 

ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʚʪʦʨʦʤ ʤʝʪʦʜ ʬʠʣʴʪʨʘʮʠʠ 

ʧʦ ʩʢʦʨʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʈʘʜʦʥʘ. 

ɺ ʧʷʪʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʘʚʪʦʨʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ 

ʩʭʝʤʘ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʩʝʤʙʣʘʥʩ. 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ɺɸʂ, ʪʘʢʠʝ ʢʘʢ ʨʘʩʯʣʝʥʝʥʠʝ ʨʘʟʨʝʟʦʚ ʩʢʚʘʞʠʥ, ʦʮʝʥʢʠ 

ʌɽʉ ʢʦʣʣʝʢʪʦʨʦʚ, ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʦʙʩʘʜʥʳʭ ʢʦʣʦʥʥ ʠ ʜʨ. ʕʪʦ 

ʢʦʥʝʯʥʳʝ ʮʝʣʠ ɺɸʂ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʝʨʚʦʡ ʠ ʯʘʩʪʦ ʩʘʤʦʡ 

ʩʣʦʞʥʦʡ ʩʪʘʜʠʠ ʦʙʨʘʙʦʪʢʠ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ï ʨʘʟʜʝʣʝʥʠʶ 

ʚʦʣʥ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʢʦʥʩʫʣʴʪʘʥʪʫ 

ʧʨʦʬʝʩʩʦʨʫ ɺ.ʉ. ɸʬʘʥʘʩʴʝʚʫ ʟʘ ʥʝʦʮʝʥʠʤʫʶ ʧʦʤʦʱʴ ʥʘ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ 

ʧʦʜʛʦʪʦʚʢʠ ʜʠʩʩʝʨʪʘʮʠʠ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʠ 

ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʢʦʣʣʝʢʪʠʚʫ ɸʆ ʅʇʌ çɻʝʦʬʠʟʠʢʘè ʛ. ʋʬʘ, ʛʜʝ ʚ 2000 ʛʦʜʫ ʘʚʪʦʨ 

ʥʘʯʘʣ ʥʘʫʯʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʦʙʣʘʩʪʠ ʥʝʬʪʝʧʨʦʤʳʩʣʦʚʦʡ ʛʝʦʬʠʟʠʢʠ ʚ 

ʜʦʣʞʥʦʩʪʠ ʟʘʚʝʜʫʶʱʝʛʦ ʣʘʙʦʨʘʪʦʨʠʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. 
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ɻʃɸɺɸ 1 ʇʈʀɹʆʈʓ ʄʅʆɻʆʕʃɽʄɽʅʊʅʆɻʆ ɸʂʋʉʊʀʏɽʉʂʆɻʆ 

ʂɸʈʆʊɸɾɸ ʀ ʄɽʊʆɼʓ ʆɹʈɸɹʆʊʂʀ ɸʂʋʉʊʀʏɽʉʂʀʍ 

(ʉɽʁʉʄʀʏɽʉʂʀʍ) ʄɸʉʉʀɺʆɺ 

ɹʣʝʩʪʷʱʠʝ ʦʙʟʦʨʳ ʠ ʠʟʣʦʞʝʥʠʝ ʪʝʦʨʠʠ, ʘʧʧʘʨʘʪʫʨʳ, ʦʙʨʘʙʦʪʢʠ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʘʨʦʪʘʞʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʘʭ [41,44,51, 86, 

90, 105, 110, 116, 119, 126, 127, 141, 146, 187, 194, 196, 208, 244]. ʆʙʨʘʙʦʪʢʘ 

ʘʢʫʩʪʠʯʝʩʢʠʭ (ʩʝʡʩʤʠʯʝʩʢʠʭ) ʤʘʩʩʠʚʦʚ (ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʢʘʢ 

ʜʚʫʤʝʨʥʳʭ ʤʘʩʩʠʚʦʚ) ʧʦʜʨʦʙʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʘʙʦʪʘʭ [25, 60, 100, 135, 186, 

187, 204, 215, 270]. ʇʦʞʘʣʫʡ, ʣʫʯʰʝ ʠ ʥʝ ʥʘʧʠʩʘʪʴ, ʭʦʪʷ ʝʩʪʴ ʚ ʠʟʣʦʞʝʥʠʷʭ 

ʥʝʢʦʪʦʨʳʝ ʧʨʦʪʠʚʦʨʝʯʠʷ ʠ ʜʠʩʢʫʩʩʠʠ ʚ ʦʧʠʩʘʥʠʠ ʤʝʭʘʥʠʟʤʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʧʨʫʛʠʭ ʚʦʣʥ ʚ ʩʢʚʘʞʠʥʝ ʠ ʦʢʦʣʦ-ʩʢʚʘʞʠʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʦʩʪʘʶʪʩʷ ʣʠʰʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟʣʦʞʝʥʠʷ ʠ 

ʚʳʚʦʜʳ, ʢʦʪʦʨʳʝ ʧʦʜʛʦʪʦʚʪ̫ ʯʠʪʘʪʝʣʷ ʢ ʚʦʩʧʨʠʷʪʠʶ ʧʦʩʣʝʜʫʶʱʠʭ ʪʨʝʭ ʛʣʘʚ ʩ 

ʦʨʠʛʠʥʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. 

1.1 ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ɺɸʂ ʠ ʝʛʦ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ɺ 1935 ʛʦʜʫ ʂʦʥʨʘʜʫ ʐʣʶʤʙʝʨʞʝ ʙʳʣ ʚʳʜʘʥ ʧʝʨʚʳʡ ʧʘʪʝʥʪ ʥʘ ʪʦ, ʯʪʦ 

ʩʝʡʯʘʩ ʤʦʛʣʦ ʙʳ ʩʯʠʪʘʪʴʩʷ ʘʢʫʩʪʠʯʝʩʢʠʤ ʢʘʨʦʪʘʞʝʤ. ɺ ʧʘʪʝʥʪʝ ʦʧʠʩʳʚʘʝʪʩʷ, 

ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʨʝʜʘʪʯʠʢ ʠ ʜʚʘ ʧʨʠʝʤʥʠʢʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʥʘ 

ʢʦʨʦʪʢʦʤ ʠʥʪʝʨʚʘʣʝ ʧʦ ʛʦʨʥʦʡ ʧʦʨʦʜʝ ʚ ʩʪʚʦʣʝ ʩʢʚʘʞʠʥʳ (ʨʠʩ. 1.1). ʊʦʛʜʘ 

ʩʧʦʩʦʙ ʥʝ ʫʜʘʣʦʩʴ ʨʝʘʣʠʟʦʚʘʪʴ ï ʪʝʭʥʦʣʦʛʠʠ 1930-ʭ ʥʝ ʧʦʟʚʦʣʷʣʠ ʩ 

ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʴʶ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʨʘʟʥʦʩʪʴ ʧʦ ʚʨʝʤʝʥʠ ʚʩʪʫʧʣʝʥʠʷ 

ʩʠʛʥʘʣʦʚ ʥʘ ʜʚʫʭ ʧʨʠʝʤʥʠʢʘʭ [116]. 

ɺʦʟʤʦʞʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʷʚʠʣʘʩʴ ʩʧʫʩʪʷ 15 ʣʝʪ, ʠ ʪʨʠ ʥʝʬʪʷʥʳʝ 

ʢʦʤʧʘʥʠʠ - Magnolia (ʥʳʥʝ Mobil), Humble (ʥʳʥʝ Esso) ʠ Shell-Humble ʚ 1951 

ʛʦʜʫ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩʦʦʙʱʠʣʠ ʦ ʨʝʘʣʠʟʘʮʠʠ ʢʘʨʦʪʘʞʘ ʩʢʦʨʦʩʪʠ 

ʧʨʦʭʦʞʜʝʥʠʷ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʧʦ ʛʦʨʥʦʡ ʧʦʨʦʜʝ [116]. ʇʨʠʥʮʠʧ ʤʝʪʦʜʘ ʥʝ 

ʠʟʤʝʥʠʣʩʷ - ʠʟʤʝʨʝʥʠʝ ʨʘʟʥʠʮʳ ʚʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ 
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ʧʦ ʛʦʨʥʦʡ ʧʦʨʦʜʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʛʦ ʧʝʨʝʜʘʪʯʠʢʘ ʠ ʜʚʫʭ ʧʨʠʝʤʥʠʢʦʚ 

(ʨʠʩ. 1.2).ʕʪʫ ʨʘʟʥʠʮʫ ʚʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ, ʧʨʠʚʝʜʝʥʥʫʶ ʢ ʨʘʩʩʪʦʷʥʠʶ 

ʤʝʞʜʫ ʧʨʠʝʤʥʠʢʘʤʠ, ʥʘʟʳʚʘʶʪ ʠʥʪʝʨʚʘʣʴʥʳʤ ʚʨʝʤʝʥʝʤ ʠʣʠ ʤʝʜʣʝʥʥʦʩʪʴʶ 

(slowness). ʕʪʘ ʚʝʣʠʯʠʥʘ, ʦʙʨʘʪʥʘʷ ʩʢʦʨʦʩʪʠ ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ ȹt ʠʣʠ p=1/v. 

 

 

ʈʠʩ. 1.1. ʇʘʪʝʥʪ ʂʦʥʨʘʜʘ ʐʣʶʤʙʝʨʞʝ [116] 

ɺʝʨʥʝʤʩʷ ʚ ʥʘʯʘʣʦ 1950-ʭ. ʊʦʛʜʘ ʝʜʠʥʩʪʚʝʥʥʳʤ ʠʟʚʝʩʪʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʨʠʥʮʠʧʘ ʢʘʨʦʪʘʞʘ ʩʢʦʨʦʩʪʠ ʙʳʣʦ ʫʣʫʯʰʝʥʠʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ. ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʪʝʣʠ [147,267] ʫʞʝ ʧʨʦʚʦʜʠʣʠ ʦʧʳʪʳ ʧʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʧʦʨʠʩʪʳʭ ʩʨʝʜʘʭ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣʘ ʠʟʚʝʩʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʪ 

ʧʦʨʠʩʪʦʩʪʠ 
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ʢʦʪʦʨʘʷ ʥʘ ʤʥʦʛʠʝ ʛʦʜʳ ʦʧʨʝʜʝʣʠʣʘ ʨʘʟʚʠʪʠʝ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʘʨʦʪʘʞʘ [50, 212, 

247]. ʀ ʭʦʪʷ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʳʪʝʩʥʠʣʠ 

ʘʢʫʩʪʠʯʝʩʢʠʡ ʢʘʨʦʪʘʞ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʨʠʩʪʦʩʪʠ, ʨʘʩʭʦʞʜʝʥʠʝ ʥʝʡʪʨʦʥ-

ʧʣʦʪʥʦʩʪʥʦʡ ʠ ʘʢʫʩʪʠʯʝʩʢʦʡ ʧʦʨʠʩʪʦʩʪʠ ʧʦʣʝʟʥʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʦʣʣʝʢʪʦʨʩʢʠʭ 

ʩʚʦʡʩʪʚ, ʩʪʨʫʢʪʫʨʳ ʠ ʟʘʧʦʣʥʝʥʠʷ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

 

ʈʠʩ. 1.2. ʇʨʠʥʮʠʧ ɸʂ [127] 

ʂʨʦʤʝ ʦʮʝʥʢʠ ʌɽʉ ʘʢʫʩʪʠʯʝʩʢʠʡ ʢʘʨʦʪʘʞ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʦʮʝʥʢʠ 

ʫʧʨʫʛʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ 

ʧʦʨʦʜ [51,105,127], ʘ ʚ ʦʙʩʘʞʝʥʥʳʭ ʩʢʚʘʞʠʥʘʭ ï ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʢʦʣʦʥʥʳ 

ʠ ʮʝʤʝʥʪʥʦʛʦ ʢʦʣʴʮʘ [51]. 

1.1.1 ʋʧʨʫʛʠʝ ʚʦʣʥʳ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʚ ʚʦʣʥʦʚʦʤ ʧʘʢʝʪʝ 

ɺ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʢʦʥʮʝʧʪʫʘʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʩʢʚʘʞʠʥʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʫʧʨʫʛʠʭ ʚʦʣʥ ʚ 

ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʩʢʚʘʞʠʥʳ. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʩʢʚʘʞʠʥʝ ʟʘʧʦʣʥʝʥʥʦʡ ʞʠʜʢʦʩʪʴʶ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ [51,53,54,115,126,151,201,206,274]. 
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ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʠʤʧʫʣʴʩ, ʛʝʥʝʨʠʨʫʝʤʳʡ ʠʟʣʫʯʘʪʝʣʝʤ ʟʦʥʜʘ ɺɸʂ, 

ʧʦʨʦʞʜʘʝʪ ʚʦʣʥʫ ʚ ʩʢʚʘʞʠʥʥʦʤ ʬʣʶʠʜʝ. ʕʪʘ ʚʦʣʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩʦ 

ʩʢʦʨʦʩʪʴʶ vH, ʠ ʜʦʩʪʠʛʘʝʪ ʩʪʝʥʢʠ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ ʠʣʠ ʦʙʩʘʜʥʦʡ ʢʦʣʦʥʥʳ. 

ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʉʥʝʣʣʠʫʩʘ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʩʨʘʟʫ ʦʪʨʘʞʘʝʪʩʷ ʦʙʨʘʪʥʦ ʚ 

ʩʢʚʘʞʠʥʫ, ʦʩʪʘʣʴʥʘʷ ʧʨʝʣʦʤʣʷʝʪʩʷ ʠ ʜʘʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʧʦʨʦʜʝ, 

ʧʦʚʝʨʭʥʦʩʪʠ (ʩʪʝʥʢʘʤ) ʩʢʚʘʞʠʥʳ ʠʣʠ ʧʦ ʦʙʩʘʜʥʦʡ ʢʦʣʦʥʥʝ. 

 

ʊʘʙʣ. 1.1. ʉʢʦʨʦʩʪʠ ʚʦʣʥʳ ʩʞʘʪʠʷ ʚ ʫʧʨʫʛʠʭ ʩʨʝʜʘʭ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʨʦʜʳ ʠʣʠ ʩʨʝʜʳ 
vp (ʢʤ/ʩ) 

ʦʪ ʜʦ 

ɺʦʟʜʫʭ 0,3 0,36 

ʇʦʯʚʝʥʥʳʡ ʩʣʦʡ 0,2 0,8 

ɻʨʘʚʠʡ, ʱʝʙʝʥʴ, ʧʝʩʦʢ 0,1 1,0 

ɺʦʜʘ 1,43 1,59 

ɻʣʠʥʘ 1,2 2,5 

ʇʝʩʯʘʥʠʢ 1,5 (ʨʳʭʣʳʝ) 4,0 (ʦʯʝʥʴ ʧʣʦʪʥʳʝ) 

ʉʣʘʥʮʳ 2,0 5,0 (ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ) 

ʀʟʚʝʩʪʥʷʢʠ, ʜʦʣʦʤʠʪʳ 3,0 6,0 

ʃʝʜ 3,0 4,0 

ɻʨʘʥʠʪ 4,5 6,5 

ɹʘʟʘʣʴʪ 5,0 7,0 

 

ʉʨʝʜʠ ʚʩʝʭ ʚʦʣʥ, ʢʦʪʦʨʳʝ ʧʦʨʦʞʜʘʶʪʩʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʦ ʧʦʨʦʜʝ, 

ʧʦʚʝʨʭʥʦʩʪʠ (ʩʪʝʥʢʘʤ) ʩʢʚʘʞʠʥʳ ʠʣʠ ʧʦ ʦʙʩʘʜʥʦʡ ʢʦʣʦʥʥʝ ʚʳʜʝʣʷʶʪʩʷ ʪʘʢʠʝ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʫʜʘʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʥʝʢʦʪʦʨʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠʣʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʪʝʭʥʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ (ʩʪʘʣʴʥʘʷ ʢʦʣʦʥʥʘ 

ʠ ʮʝʤʝʥʪʥʦʝ ʢʦʣʴʮʦ) ʩʢʚʘʞʠʥʳ. ʊʘʢʠʝ ʚʦʣʥʳ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ 

ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ [51]. ʆʩʥʦʚʥʳʝ ʠʟ ʥʠʭ ʵʪʦ P ʠ S- ʚʦʣʥʳ. ʀʟʤʝʨʷʝʤʳʝ 

ʧʘʨʘʤʝʪʨʳ ʚʦʣʥ ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (vP ʠ vS, ʠʣʠ ʠʥʪʝʨʚʘʣʴʥʦʝ ʚʨʝʤʷ 

ȹP ʠ ȹS), ʘʤʧʣʠʪʫʜʘ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘ ʥʝʢʦʪʦʨʦʡ ʬʘʟʝ) ʠ ʟʘʪʫʭʘʥʠʝ 

(ʧʘʨʘʤʝʪʨ Ŭ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʦʪʥʦʰʝʥʠʝʤ ʩʠʛʥʘʣʦʚ ʦʜʥʦʡ ʬʘʟʳ ʥʘ ʧʨʠʝʤʥʠʢʘʭ 

ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ). ɿʘʢʦʥ ʉʥʝʣʣʠʫʩʘ ʦʧʨʝʜʝʣʷʝʪ ʫʛʣʳ ʧʨʝʣʦʤʣʝʥʠʷ (ʨʠʩ. 1.3) 
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ʵʪʠʭ ʚʦʣʥ ʦʪ ʞʠʜʢʦʩʪʠ, ʟʘʧʦʣʥʷʶʱʫʶ ʩʢʚʘʞʠʥʫ (ʩʢʦʨʦʩʪʴ ʚ ʞʠʜʢʦʩʪʠ vH), ʚ 

ʛʦʨʥʫʶ ʧʦʨʦʜʫ: 

 
SP
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H

H
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,sinsin gg
=  (1.2) 

ɺ  

ʪʘʙʣ. 1.1. ʧʨʠʚʝʜʝʥʳ ʩʢʦʨʦʩʪʠ ʚʦʣʥʳ ʩʞʘʪʠʷ vp ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʩʨʝʜ. 

ʂʨʦʤʝ ʛʠʜʨʦʚʦʣʥʳ, ʚʦʣʥ ʩʞʘʪʠʷ ʠ ʩʜʚʠʛʘ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʟʘʧʦʣʥʝʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʩʢʚʘʞʠʥʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʧʦʩʦʙʳ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʢʦʣʝʙʘʥʠʡ, ʘ ʠʤʝʥʥʦ, ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʠʣʠ ʪʨʫʙʥʳʭ ʚʦʣʥ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʧʦʣʥʦʡ ʚʦʣʥʦʚʦʤ ʧʘʢʝʪʝ. 

 

ʈʠʩ. 1.3. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʣʥ ʚ ʩʢʚʘʞʠʥʝ: a) ʩʭʝʤʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ; b) ʭʨʦʥʦʣʦʛʠʯʝʩʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ [141] 

ʈʘʩʩʤʦʪʨʠʤ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʦʣʥʳ ʚ ʭʨʦʥʦʣʦʛʠʠ ʚʦʣʥʦʚʦʛʦ ʧʘʢʝʪʘ ʜʣʷ ʥʝ 

ʦʙʩʘʞʝʥʥʳʭ ʩʢʚʘʞʠʥ. 

(1) ʇʨʦʜʦʣʴʥʘʷ ʚʦʣʥʘ (P-ʚʦʣʥʘ, Primary - ʛʦʣʦʚʥʘʷ, compressional-ʩʞʘʪʠʷ,). 

ʆʙʲʝʤʥʘʷ ʚʦʣʥʘ, ʢʦʣʝʙʘʥʠʷ ʚʜʦʣʴ ʦʩʠ ʩʢʚʘʞʠʥʳ (ʨʠʩ. 1.4). 
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(2) ʇʦʧʝʨʝʯʥʘʷ (S-ʚʦʣʥʘ, Second ï ʚʪʦʨʘʷ, shear-ʩʜʚʠʛʘ, transverse). ʆʙʲʝʤʥʘʷ 

ʚʦʣʥʘ, ʢʦʣʝʙʘʥʠʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʦʩʠ ʩʢʚʘʞʠʥʳ (ʨʠʩ. 1.4). S-ʚʦʣʥʘ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʬʦʨʤʝ ï SH- ʠ SV-ʚʦʣʥʘʤʠ [116] 

(ʨʠʩ. 1.5), ʧʦ ʨʘʟʣʠʯʠʶ ʧʘʨʘʤʝʪʨʦʚ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦʙ ʘʥʠʟʦʪʨʦʧʠʠ 

ʫʧʨʫʛʠʭ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦʨʦʜ [102]. 

(3) ʇʩʝʚʜʦ-ʈʵʣʝʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʚʦʣʥʘ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʥʘ 

ʛʨʘʥʠʮʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ (ʛʦʨʥʦʡ ʧʦʨʦʜʳ) ʠ ʞʠʜʢʦʩʪʠ (ʩʢʚʘʞʠʥʥʦʛʦ ʬʣʶʠʜʘ). 

ɼʣʷ ʟʘʜʘʯ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʨʠʤʝʥʝʥʠʷ ʥʝ ʥʘʰʣʘ. 

(4) ɻʠʜʨʦʚʦʣʥʘ (mud, ʜʘʣʝʝ H-ʚʦʣʥʘ). ʆʙʲʝʤʥʘʷ ʚʦʣʥʘ ʚ ʩʢʚʘʞʠʥʥʦʤ ʬʣʶʠʜʝ. 

(5) ʉʪʦʫʥʣʠ-ʚʦʣʥʘ (Stoneley, St-ʚʦʣʥʘ)
1
. ɺ ʤʝʭʘʥʠʟʤʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʯʘʩʪʚʫʝʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʞʠʜʢʦʩʪʴ ʠ ʩʪʝʥʢʘ ʩʢʚʘʞʠʥʳ, ʢʦʪʦʨʘʷ ʨʘʩʰʠʨʷʝʪʩʷ ʠ 

ʩʞʠʤʘʝʪʩʷ, ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʚʦʣʥʳ ʜʘʚʣʝʥʠʷ (ʨʠʩ. 1.6).  

 

 

ʈʠʩ. 1.4. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ P-ʠ S-ʚʦʣʥ [119] 

                                           
1
 ʅʘʟʚʘʥʠʝ ʵʪʦʡ ʚʦʣʥʳ ʚ ɺɸʂ ʟʘ ʧʦʩʣʝʜʥʠʝ 30 ʣʝʪ ʧʨʝʪʝʨʧʝʣʦ ʠʟʤʝʥʝʥʠʷ. ɽʝ ʩʥʘʯʘʣʘ ʥʘʟʳʚʘʣʠ ʚʦʣʥʦʡ ʃʵʤʙʘ-

ʉʪʦʫʥʣʠ (Lamb-Stoneley), ʟʘʪʝʤ ʧʨʦʩʪʦ ʚʦʣʥʦʡ ʉʪʦʫʥʣʠ. ʊʝʧʝʨʴ ʝʝ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ ʚʦʣʥʦʡ ʉʪʦʫʥʣʠ-ʐʦʣʴʪʝ 

ʠʣʠ ʧʨʦʩʪʦ ʚʦʣʥʦʡ ʐʦʣʴʪʝ (Scholte) [177]. 
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ʈʠʩ. 1.5. ʈʘʟʣʦʞʝʥʠʝ S-ʚʦʣʥ ʥʘ ʦʨʪʦʛʦʥʘʣʴʥʳʝ (ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ) ʩʦʩʪʘʚʣʷʶʱʠʝ 

 

ʈʠʩ. 1.6. ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʣʥʳ ʉʪʦʫʥʣʠ [106] 

ɺ ʪʠʧʠʯʥʦʤ ʩʣʫʯʘʝ ʧʨʠ ʟʘʧʦʣʥʝʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʩʢʚʘʞʠʥʝ, ʩʢʦʨʦʩʪʴ 

ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ vP, ʙʦʣʴʰʝ, ʯʝʤ ʩʢʦʨʦʩʪʴ ʧʦʧʝʨʝʯʥʦʡ ʚʦʣʥʳ vS, ʢʦʪʦʨʘ ̫ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʠʤʝʝʪ ʩʢʦʨʦʩʪʴ ʙʦʣʴʰʝ, ʯʝʤ ʩʢʦʨʦʩʪʴ ʚʦʣʥʳ ʚ ʞʠʜʢʦʩʪʠ vH. 

ʂ ʠʥʬʦʨʤʘʪʠʚʥʳʤ P-, S- ʚʦʣʥʘʤ [51] ʜʦʙʘʚʣʷʝʪʩʷ ʠ St-ʚʦʣʥʳ. ɺ ʪʘʙʣ. 1.2 

ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʚ ʛʝʦʬʠʟʠʢʝ ʠʟʤʝʨʝʥʠʡ ʩʢʦʨʦʩʪʝʡ ʠ ʘʤʧʣʠʪʫʜ 

P-, S- ʠ St-ʚʦʣʥ. 
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ʊʘʙʣ. 1.2. ʇʨʠʣʦʞʝʥʠʷ ʜʣʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʚʦʣʥ 

ʀʟʤʝʨʝʥʠʝ 

(ʩʢʦʨʦʩʪʠ ʠ 

ʘʤʧʣʠʪʫʜʳ) 

ʇʨʠʣʦʞʝʥʠʝ 

ʇʦʣʥʳʡ ʚʦʣʥʦʚʦʡ 

ʧʘʢʝʪ 

ʂʘʣʠʙʨʦʚʢʘ ʩʝʡʩʤʠʢʠ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ (ɺʉʇ); 

ʆʢʦʣʦ-ʩʢʚʘʞʠʥʥʘʷ ʠ ʤʝʞʩʢʚʘʞʠʥʥʘʷ ʪʦʤʦʛʨʘʬʠʷ 

(ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʪʨʝʱʠʥ, ʤʦʥʠʪʦʨʠʥʛ ʟʘʚʦʜʥʝʥʠʡ); 

ʆʮʝʥʢʘ ʮʝʤʝʥʪʥʦʛʦ ʢʦʣʴʮʘ. 

P-ʚʦʣʥʘ ʇʦʨʠʩʪʦʩʪʴ ʠ ʣʠʪʦʣʦʛʠʷ; 

ʉʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ; 

ʆʮʝʥʢʘ ʧʦʨʦʚʦʛʦ ʜʘʚʣʝʥʠʷ; 

ʉʦʩʪʦʷʥʠʝ ʮʝʤʝʥʪʥʦʛʦ ʢʦʣʴʮʘ; 

ʂʘʣʠʙʨʦʚʢʘ ʥʘʟʝʤʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ; 

ʉʠʥʪʝʟ ʩʝʡʩʤʠʯʝʩʢʠʭ ʪʨʘʩʩ. 

S-ʚʦʣʥʘ ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ; 

ʆʙʥʘʨʫʞʝʥʠʝ ʪʨʝʱʠʥ ʠ ʠʭ ʦʮʝʥʢʘ; 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ; 

ʉʦʦʪʥʦʰʝʥʠʝ P/S ïʚʦʣʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʣʠʪʦʣʦʛʠʠ ʠ 

ʦʙʥʘʨʫʞʝʥʠʷ ʛʘʟʘ 

St- ʆʮʝʥʢʘ ʧʨʦʥʠʮʘʝʤʦʩʪʠ; 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʘʪʝʨʘʣʴʥʦʡ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʪʨʝʱʠʥ. 

1.1.1.1 ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʣʥʳ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʚ ʚʦʣʥʦʚʦʤ ʧʘʢʝʪʝ 

ɺ ʚʦʣʥʦʚʦʤ ʧʘʢʝʪʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʤʦʛʫʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʨʷʜ ʚʦʣʥ. 

ʇʨʠʚʝʜʝʤ ʠʭ, ʥʝ ʧʨʠʜʝʨʞʠʚʘʷʩʴ ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʨʷʜʢʘ. 

(6) ʀʟʛʠʙʥʘʷ ʚʦʣʥʘ (ʨʠʩ. 1.7). ɼʠʧʦʣʴʥʳʝ ʠʟʣʫʯʘʪʝʣʠ ʩʦʚʨʝʤʝʥʥʳʭ ʟʦʥʜʦʚ ɺɸʂ 

ʚʦʟʙʫʞʜʘʶʪ ʚ ʩʢʚʘʞʠʥʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʠʟʛʠʙʥʳʝ ʚʦʣʥʳ (Flexural wave), 

ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʦʣʥʳ ʩʜʚʠʛʘ ʠʣʠ S-ʚʦʣʥʳ [141]. ʀʟʛʠʙʥʳʝ ʚʦʣʥʳ 

ʷʚʣʷʶʪʩʷ ʜʠʩʧʝʨʩʠʦʥʥʳʤʠ ï ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ 

ʯʘʩʪʦʪʳ. ʊʦʣʴʢʦ ʧʨʠ ʦʯʝʥʴ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʩʢʦʨʦʩʪʴ ʠʟʛʠʙʥʦʡ ʚʦʣʥʳ ʨʘʚʥʘ 

ʩʢʦʨʦʩʪʠ S-ʚʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʚ ʧʣʘʩʪʝ. ʕʪʦ ʫʩʣʦʞʥʷʝʪ ʦʮʝʥʢʫ 

ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ S-ʚʦʣʥʳ ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʠʟʛʠʙʥʦʡ ʚʦʣʥʳ, ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʤʝʪʦʜʠʯʝʩʢʠʤ ʦʰʠʙʢʘʤ [116]. 

ʇʦʩʢʦʣʴʢʫ ʪʨʫʜʥʦ ʚʦʟʙʫʜʠʪʴ ʠʟʛʠʙʥʳʝ ʚʦʣʥʳ ʚ ʠʥʪʝʨʚʘʣʝ ʥʠʟʢʠʭ ʯʘʩʪʦʪ, 

ʧʦʵʪʦʤʫ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʨʝʙʫʝʪʩʷ ʢʦʨʨʝʢʮʠʷ ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠʟʛʠʙʥʦʡ 
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ʚʦʣʥʳ ʜʦ ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ S-ʚʦʣʥʳ. ʇʨʠʤʝʥʷʷ ʤʝʪʦʜʳ ʮʠʬʨʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ - ʬʠʣʴʪʨ ʥʠʞʥʠʭ ʯʘʩʪʦʪ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʵʬʬʝʢʪʳ 

ʜʠʩʧʝʨʩʠʠ ʠ ʧʦʚʳʩʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʦʮʝʥʢʠ. ʂʘʢ ʠ S-ʚʦʣʥʘ ʠʟʛʠʙʥʘʷ ʚʦʣʥʘ 

ʠʣʠ, ʚʝʨʥʝʝ, ʦʮʝʥʢʠ S-ʚʦʣʥʳ ʧʦ ʠʟʛʠʙʥʦʡ ʚʦʣʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʬʦʨʤʝ ï SH- ʠ SV-ʚʦʣʥʘʤʠ. 

 

ʈʠʩ. 1.7. ʀʟʛʠʙʥʘʷ ʚʦʣʥʘ 

(7) ʂʦʨʧʫʩʥʘʷ ʚʦʣʥʘ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʠʙʦʨʦʚ ɺɸʂ ʣʝʛʢʦ ʫʟʥʘʚʘʝʤʳ ʧʦ 

ʭʘʨʘʢʪʝʨʥʳʤ ʱʝʣʝʚʳʤ ʧʨʦʨʝʟʷʤ (ʨʠʩ. 1.8). ʑʝʣʝʚʦʡ ʢʦʨʧʫʩ ʠʥʩʪʨʫʤʝʥʪʘ 

ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʟʚʫʢʦʚʦʡ ʵʥʝʨʛʠʠ ʧʦ ʢʦʨʧʫʩʫ ʧʨʠʙʦʨʘ 

ʦʢʘʞʝʪʩʷ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʩʠʛʥʘʣ, ʧʝʨʝʜʘʚʘʝʤʳʡ ʯʝʨʝʟ ʛʦʨʥʳʝ ʧʦʨʦʜʳ. 

ʆʜʥʘʢʦ ʜʣʷ ʧʨʠʙʦʨʦʚ LWD ʪʘʢʠʝ ʧʨʦʨʝʟʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ 

ʧʨʦʯʥʦʩʪʠ ʪ.ʢ. ʥʘʛʨʫʟʢʘ ʥʘ ʙʫʨʦʚʦʝ ʜʦʣʦʪʦ ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʧʨʠʙʦʨ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʧʨʠʤʝʥʷʶʪ ʜʨʫʛʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʨʠʝʤʳ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʣʥʦʤʫ ʧʦʜʘʚʣʝʥʠʶ ʵʪʦʡ ʧʘʨʘʟʠʪʥʦʡ ʚʦʣʥʳ [157,262]. 

 

ʈʠʩ. 1.8. ʑʝʣʠ ʚ ʩʪʘʣʴʥʦʤ ʢʦʨʧʫʩʝ ʟʦʥʜʘ ɺɸʂ 
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ɺʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʧʦ ʩʪʘʣʴʥʦʡ ʢʦʣʦʥʥʝ ʦʙʩʘʞʝʥʥʳʭ ʩʢʚʘʞʠʥ ʩ 

ʠʟʚʝʩʪʥʦʡ ʩʢʦʨʦʩʪʴʶ [54, 210]: 

(8) ʇʦʣʷʨʠʟʦʚʘʥʥʘʷ ʚʦʣʥʘ ʃʷʚʘ (Love-wave). 

(9) ɺʦʣʥʘ ʃʵʤʙʘ (Lamb-wave, L, Casing). 

ɺ ʪʘʙʣ. 1.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʠʧʦʚʳʝ ʟʥʘʯʝʥʠʷ ʦʮʝʥʦʢ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʣʥ ʚ 

ʦʙʩʘʞʝʥʥʦʡ ʩʢʚʘʞʠʥʝ. 

 

ʊʘʙʣ. 1.3. ʊʠʧʦʚʳʝ ʟʥʘʯʝʥʠʷ ʦʮʝʥʦʢ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʣʥ ʚ ʦʙʩʘʞʝʥʥʦʡ 

ʩʢʚʘʞʠʥʝ [210] 

Parameters 

of the free-

pipe 

acoustic 

model 

Parameters 

Velocity of 

P-wave 

̂m/s̃  

Velocity of 

S-wave 

̂m/s̃  

Density ̂

kg/mį̃ 

Radius 

̂m̃ 

Fluid  1500 -- 1000 0.075 

Casing  5800 3000 7800 0.085 

Fluid annual  1500 -- 1000 0.086 

Cement  3000 1800 2000 0.109 

Formation  4200 2400 2500 ¤ 

1.1.2 ʉʚʷʟʴ ʧʘʨʘʤʝʪʨʦʚ ʚʦʣʥ ʩ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʇʨʷʤʘʷ ʟʘʜʘʯʘ - ʤʦʜʝʣʠʨʦʚʘʥʠʝ ɺɸʂ ʩ ʫʯʝʪʦʤ ʨʷʜʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ (ʢʦʥʩʪʨʫʢʮʠʷ, ʩʦʩʪʦʷʥʠʝ, ʟʘʧʦʣʥʝʥʠʝ ʩʢʚʘʞʠʥʳ ʠ ʪ.ʧ.) 

ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʯʘʩʪʥʦʩʪʠ ʚ [1,29, 31, 57,58, 62, 68,73, 83,85, 157,161,162, 178,246, 

260]. ʇʨʠ ʦʙʨʘʙʦʪʢʝ (ʠʥʪʝʨʧʨʝʪʘʮʠʠ) ɺɸʂ ʨʝʰʘʝʪʩʷ ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ. ɺ 

ʦʪʢʨʳʪʦʤ ʩʪʚʦʣʝ ʵʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʮʝʥʢʘ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʠ 

ʫʧʨʫʛʦ-ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦʨʦʜ [55, 136] 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʜʚʝ ʪʝʦʨʠʠ (ʤʦʜʝʣʠ), ʩʚʷʟʳʚʘʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ P-, S-ʚʦʣʥ ʩ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ï ʵʪʦ ʤʦʜʝʣʴ ɹʠʦ-

ɻʘʩʩʤʘʥʘ ʠ ʤʦʜʝʣʴ ʂʫʩʪʝʨʘ-ʊʦʢʩʦʟʘ [91]. 
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1.1.2.1 ʄʦʜʝʣʴ ɹʠʦ-ɻʘʩʩʤʘʥʘ 

ɺ ʤʦʜʝʣʠ ɹʠʦ-ɻʘʩʩʤʘʥʘ [96, 137, 170] ʩʢʦʨʦʩʪʴ P-ʚʦʣʥʳ vP, S-ʚʦʣʥʳ vS ʠ 

ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ɟ ʩʚʷʟʘʥʳ ʬʦʨʤʫʣʘʤʠ: 

 ])1([
1 222 bbr
r

Mvv
maPmaP

+-=  (1.3) 

 )1(22 b
r

r
-=

maS

ma

S
vv  (1.4) 

 
fma
rrr F+F-= )1(  (1.5) 

ʛʜʝ: vPma ʠ vSma - ʩʢʦʨʦʩʪʠ P- ʠ S-ʚʦʣʥ ʜʣʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʢʝʣʝʪʘ (ʤʘʪʨʠʮʳ); ɟma - 

ʧʣʦʪʥʦʩʪʴ ʤʘʪʨʠʮʳ; ɟf ï ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ ʚ ʧʦʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ; ū - 

ʧʦʨʠʩʪʦʩʪʴ. ʇʘʨʘʤʝʪʨʳ M ʠ ɓ ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʞʝʥʳ ʯʝʨʝʟ ʧʦʨʠʩʪʦʩʪʴ ʠ ʤʦʜʫʣʠ 

ʦʙʲʝʤʥʦʡ ʫʧʨʫʛʦʩʪʠ ʪʚʝʨʜʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟʳ ʟʘʧʦʣʥʷʶʱʝʡ ʧʦʨʳ: 

 
)()1(1 FF-=- mb  (1.6) 

 
fma

KKM

F
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=
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 (1.7) 

ʛʜʝ ʧʦʢʘʟʘʪʝʣʴ m ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʧʦʨʠʩʪʦʩʪʠ ū;. Kma ï ʤʦʜʫʣʴ ʦʙʲʝʤʥʦʡ 

ʫʧʨʫʛʦʩʪʠ ʤʘʪʨʠʮʳ; Kf - ʤʦʜʫʣʴ ʦʙʲʝʤʥʦʡ ʫʧʨʫʛʦʩʪʠ ʞʠʜʢʦʩʪʠ. 

1.1.2.2 ʄʦʜʝʣʴ ʂʫʩʪʝʨʘ-ʊʦʢʩʦʟʘ 

ɺ ʤʦʜʝʣʠ ʂʫʩʪʝʨʘ-ʊʦʢʩʦʟʘ [168, 250] ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ 

ʦʧʠʩʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ Ŭm - ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦʨʦʚʳʭ 

ʦʙʲʝʤʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʦʨʠʩʪʘʷ ʩʨʝʜʘ ʩʦʩʪʦʠʪ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʦʜʥʦʨʦʜʥʳʭ ʬʘʟ - ʪʚʝʨʜʦʡ ʬʘʟʳ (ʫʧʨʫʛʘʷ ʤʘʪʨʠʮʘ) ʠ ʩʣʫʯʘʡʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʜʨʫʛʦʡ ʬʘʟʳ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʪʚʝʨʜʦʡ, ʞʠʜʢʦʡ ʠʣʠ 

ʛʘʟʦʦʙʨʘʟʥʦʡ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʢʣʶʯʝʥʠʷ - ʧʦʨʳ ʷʚʣʷʶʪʩʷ 

ʵʣʣʠʧʩʦʠʜʘʣʴʥʳʤʠ. ʂʦʵʬʬʠʮʠʝʥʪ Ŭ ʦʧʨʝʜʝʣʷʝʪ ʦʪʥʦʰʝʥʠʝ ʤʘʣʦʡ ʠ ʙʦʣʴʰʦʡ 

ʧʦʣʫʦʩʠ Ŭ = a/c. ʆʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ ʪʘʢʦʡ ʩʨʝʜʳ - ʵʪʦ ʩʫʤʤʘ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦʨ 

(ʧʣʦʪʥʦʩʪʝʡ ʧʦʨ) 

 ää
= =

=F
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m

L

l
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C
1 1

,
)(a  (1.8) 
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ʛʜʝ: C(Ŭm,l) ï ʦʙʲʝʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʨ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ; ʢʦʵʬʬʠʮʠʝʥʪ Ŭm,l, m 

= 1éM, l = 1éL; M ï ʯʠʩʣʦ ʧʦʨ; L - ʵʪʦ ʯʠʩʣʦ ʧʦʨʳ, ʥʘʩʳʱʘʷ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʚʤʝʩʪʝ ʚ ʧʦʨʳ (ʚʦʜʘ, ʥʝʬʪʴ, ʛʘʟ), L = 1 or 2 or 3. 

1.1.2.3 ʇʨʦʥʠʮʘʝʤʦʩʪʴ ʧʣʘʩʪʘ 

ɺʦ ʤʥʦʛʠʭ ʧʫʙʣʠʢʘʮʠʷʭ ʩʢʦʨʦʩʪʴ ʠ ʟʘʪʫʭʘʥʠʝ ʚʦʣʥʳ ʉʪʦʫʥʣʠ ʩʚʷʟʳʚʘʶʪ 

ʩ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʧʣʘʩʪʘ [2,52,56,63,83,106,243]. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʦʣʥ 

ʩʞʘʪʠʷ ʠ ʩʜʚʠʛʘ ʯʘʩʪʠʮʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʚʘʞʠʥʳ ʩʦʚʝʨʰʘʶʪ ʵʣʠʧʩʦʦʙʨʘʟʥʝr 

ʜʚʠʞʝʥʠ.̫ ʇʨʠ ʩʞʘʪʠʠ-ʨʘʩʪʷʞʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʮʠʢʣʠʯʝʩʢʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ 

ʞʠʜʢʦʩʪʠ ʚ ʧʦʨʦʜʫ. ʏʘʩʪʴ ʵʥʝʨʛʠʠ ʚʦʣʥʳ ʫʭʦʜʠʪ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʵʪʦʤʫ ʧʨʦʥʠʢʥʦʚʝʥʠʶ. ʇʦʵʪʦʤʫ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʯʝʤ ʚʳʰʝ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʛʦʨʥʦʡ ʧʦʨʦʜʳ, ʪʝʤ ʥʠʞʝ ʩʢʦʨʦʩʪʴ ʠ ʚʳʰʝ ʟʘʪʫʭʘʥʠʝ St-ʚʦʣʥʳ. 

ʇʦʵʪʦʤʫ ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ 

ʩʢʦʨʦʩʪʴ ʠ ʚʨʝʤʷ ʧʝʨʚʦʛʦ ʚʩʪʫʧʣʝʥʠʷ St-ʚʦʣʥʳ. ʊʘʢʘʷ ʟʘʜʘʯʘ ʦʩʣʦʞʥʷʝʪʩʷ 

ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ St-ʚʦʣʥʳ ʩ S-ʚʦʣʥʦʡ [48]. 

ʉʢʦʨʦʩʪʴ ʚʦʣʥʳ ʉʪʦʫʥʣʠ VSt ʚ ʩʢʚʘʞʠʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 
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ʛʜʝ ɤ - ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ, ɟf, ɖf, Kf - ʧʣʦʪʥʦʩʪʴ, ʚʷʟʢʦʩʪʴ ʠ ʤʦʜʫʣʴ ʚʩʝʩʪʦʨʦʥʥʝʛʦ 

ʩʞʘʪʠʷ ʧʦʨʦʚʦʡ ʞʠʜʢʦʩʪʠ; G, k0 - ʤʦʜʫʣʴ ʩʜʚʠʛʘ ʠ ʘʙʩʦʣʶʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʧʦʨʦʜʳ, r - ʨʘʜʠʫʩ ʩʢʚʘʞʠʥʳ; ɽ(ʭ)=ʭĀʂ1(ʭ)/ʂ2(ʭ), ʟʜʝʩʴ ʂ1(x), ʂ1(x) - ʬʫʥʢʮʠʠ 

ʂʝʣʴʚʠʥʘ 1-ʛʦ ʠ 2-ʛʦ ʨʦʜʘ [65]; D - ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ɹʠʦ [96]. ʉʢʦʨʦʩʪʴ 

ʚʦʣʥʳ ʉʪʦʫʥʣʠ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʚʳʨʘʞʝʥʠʝʤ (1.9), ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʡ 

ʚʝʣʠʯʠʥʦʡ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ vSt ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ Ŭ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʠ ʤʥʠʤʫʶ ʯʘʩʪʠ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ. 
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1.2 ʄʥʦʛʦʵʣʝʤʝʥʪʥʳʝ ʧʨʠʙʦʨʳ ɺɸʂ, ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʦʩʥʦʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʂ ʢʦʥʮʫ1950-ʭ ʛʦʜʦʚ ʤʦʞʥʦ ʙʳʣʦ ʛʦʚʦʨʠʪʴ ʦʙ ʦʙʦʙʱʝʥʠʠ ʥʝʢʦʪʦʨʦʛʦ 

ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʝʭʵʣʝʤʝʥʪʥʳʭ ʧʨʠʙʦʨʦʚ (ʨʠʩ. 1.2). ɺʳʷʚʠʣʠʩʴ ʥʝʢʦʪʦʨʳʝ 

ʧʨʦʙʣʝʤʳ. ɺ ʯʘʩʪʥʦʩʪʠ ʧʝʨʝʢʦʩ ʧʦʣʦʞʝʥʠʷ ʧʨʠʙʦʨʘ, ʦʙʨʫʰʝʥʠʷ ʠ ʨʘʟʤʳʚʳ 

ʩʪʝʥʦʢ ʩʢʚʘʞʠʥʳ ʚʣʠʷʣʠ ʥʘ ʦʮʝʥʠʚʘʝʤʦʝ ʠʥʪʝʨʚʘʣʴʥʦʝ ʚʨʝʤʷ (slowness) ʠʟ-ʟʘ 

ʥʝʦʜʠʥʘʢʦʚʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʚʦʣʥʳ ʧʦ ʞʠʜʢʦʩʪʠ ʦʪ ʩʪʝʥʢʠ ʩʢʚʘʞʠʥʳ ʢ 

ʢʘʞʜʦʤʫ ʧʨʠʝʤʥʠʢʫ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʙʳʣʦ ʥʘʡʜʝʥʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʢʦʤʧʘʥʠʠ 

Shell [116]. ʈʘʟʚʠʪʠʝʤ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʪʘʣ ʟʦʥʜ ʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʛʦ 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʘʨʦʪʘʞʘ, ʩʦʜʝʨʞʘʱʠʡ 2 ʠʟʣʫʯʘʪʝʣʷ ʠ 4 ʧʨʠʝʤʥʠʢʘ (ʨʠʩ. 1.9). 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʦʡ ʟʦʥʜ ʥʝ ʷʚʣʷʝʪʩʷ 

ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʤ ʟʦʥʜʦʤ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʘʨʦʪʘʞʘ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʧʦʥʷʪʠʠ. 

 

ʈʠʩ. 1.9. ɿʦʥʜ ʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʘʨʦʪʘʞʘ [116] 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʧʦʥʠʤʘʥʠʠ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʡ ʟʦʥʜ ɺɸʂ ʩʦʜʝʨʞʠʪ ʩʝʢʮʠʶ 

ʠʟʣʫʯʘʪʝʣʝʡ (Transmitter section) ʠ ʩʝʢʮʠʶ ʧʨʠʝʤʥʠʢʦʚ (Receiver section) ʠʣʠ 

ʘʥʪʝʥʥʫʶ ʨʝʰʝʪʢʫ. ʉʝʢʮʠʷ ʠʟʣʫʯʘʪʝʣʝʡ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ 1-ʛʦ ʠʣʠ 2-ʭ 

ʤʦʥʦʧʦʣʴʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ (ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʯʘʩʪʦʪʦʡ ʠʤʧʫʣʴʩʘ) ʠ 2-ʭ 
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ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʜʠʧʦʣʴʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ. ʉʝʢʮʠʷ ʧʨʠʝʤʥʠʢʦʚ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ 

4, 6, 8-ʤʠ (ʠ ʜʦ 16) ʨʘʚʥʦʫʜʘʣʝʥʥʳʭ ʛʨʫʧʧ ʤʦʥʦʧʦʣʴʥʳʭ ʠ ʜʠʧʦʣʴʥʳʭ 

ʧʨʠʝʤʥʠʢʦʚ (ʨʠʩ. 1.10). 

ʀʟʣʫʯʘʪʝʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʮʠʣʠʥʜʨʳ ʠʟ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʣʠ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ ʧʦʜʘʯʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʠʟʣʫʯʘʪʝʣʴ 

ʠʟʤʝʥʷʝʪ ʦʙʲʝʤ ʠ ʛʝʥʝʨʠʨʫʝʪ ʚʦʣʥʫ ʜʘʚʣʝʥʠʷ ʠʣʠ ʠʤʧʫʣʴʩ, ʢʦʪʦʨʳʡ ʧʝʨʝʜʘʝʪʩʷ 

ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʌʠʟʠʯʝʩʢʠ ʵʪʦ ʪʦʯʝʯʥʳʡ ʠʩʪʦʯʥʠʢ, ʠʣʠ ʧʦʣʶʩ, ʠ, 

ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ ʤʦʥʦʧʦʣʴʥʳʡ ʠʩʪʦʯʥʠʢ. ʇʨʠʝʤʥʠʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʟ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʝʨʘʤʠʢʠ, ʛʝʥʝʨʠʨʫʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʦʣʝʙʘʥʠʷʤ ʜʘʚʣʝʥʠʷ ʚ ʞʠʜʢʦʩʪʠ ʚʦʢʨʫʛ ʟʦʥʜʘ. ʏʘʩʪʦʪʥʳʡ 

ʜʠʘʧʘʟʦʥ ʪʠʧʦʚʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʘʨʦʪʘʞʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 5 ʜʦ15 ʢɻʮ, ʠ ʩʠʛʥʘʣ. 

 

 
ʈʠʩ. 1.10. ɼʚʝ ʩʭʝʤʳ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʭ ʟʦʥʜʦʚ ɺɸʂ: ʘ) ʤʦʥʦʧʦʣʴʥʳʡ; 

ʙ) ʤʦʥʦʧʦʣʴʥʦ-ʜʠʧʦʣʴʥʳʡ (ʐʣʶʤʙʝʨʞʝ, DSI) 

ʆʮʝʥʢʠ ʧʦʧʝʨʝʯʥʦʡ ʚʦʣʥʳ (S-ʚʦʣʥʳ) ʜʣʷ ʪʘʢʠʭ ʪʠʧʦʚ ʠʟʣʫʯʘʪʝʣʝʡ 

ʦʛʨʘʥʠʯʝʥʳ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤʠ ʨʘʟʨʝʟʘʤʠ, ʯʪʦʙʳ ʨʘʟʥʝʩʪʠ ʧʨʠʙʳʪʠʝ S-ʚʦʣʥʳ 
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ʥʘ ʧʨʠʝʤʥʠʢʠ ʩ ʧʨʠʙʳʪʠʝʤ ʚʦʣʥʳ ʧʦ ʞʠʜʢʦʩʪʠ (ʩʤ. ʨʠʩ. 1.3). ʇʨʦʛʨʝʩʩ ʚ 

ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʥʝ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʟʘʢʦʥʳ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʝʣʦʤʣʝʥʠʷ, ʪʘʢ 

ʯʪʦ ʙʳʣʘ ʥʝʦʙʭʦʜʠʤʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʜʨʫʛʘʷ ʪʝʭʥʠʢʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ S-ʚʦʣʥ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ H-ʚʦʣʥʳ. 

ʈʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣʦ ʥʘʡʜʝʥʦ ʚ ʚʠʜʝ ʥʦʚʦʛʦ ʪʠʧʘ 

ʠʟʣʫʯʘʪʝʣʷ - ʜʠʧʦʣʴʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ. 

ɼʠʧʦʣʴʥʳʝ ʠʟʣʫʯʘʪʝʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʧʦʨʰʥʠ, 

ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʦʜʥʦʡ ʩʪʦʨʦʥʝ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ ʠ 

ʩʥʠʞʝʥʠʝ ʥʘ ʜʨʫʛʦʡ, ʠʣʠ ʠʟʛʠʙʥʳʝ ʚʦʣʥʳ (ʨʠʩ. 1.7). ɻʣʘʚʥʦʝ ʜʦʩʪʦʠʥʩʪʚʦ ï 

ʛʠʜʨʦʚʦʣʥʘ (H-ʚʦʣʥʘ) ʚ ʚʦʣʥʦʚʦʤ ʧʘʢʝʪʝ ʫʞʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʂʨʦʤʝ ʪʦʛʦ ʜʚʝ 

ʧʘʨʳ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʜʠʧʦʣʴʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ ʧʦʟʚʦʣʷʶʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ SH- ʠ 

SV-ʚʦʣʥʳ, ʘ ʧʦ ʠʭ ʩʦʦʪʥʦʰʝʥʠʶ ʜʘʚʘʪʴ ʦʮʝʥʢʫ ʘʥʠʟʦʪʨʦʧʠʠ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ 

ʧʦʨʦʜ (ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ, ʥʘʧʨʘʚʣʝʥʠʝ ʛʣʘʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ). ʅʘ ʨʠʩ. 1.11 ʠ 

ʨʠʩ. 1.12 ʧʨʝʜʩʪʘʚʣʝʥ r ʩʦʩʪʘʚ ʠ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ ʢʨʦʩʩ-ʜʠʧʦʣʴʥʦʛʦ 

ɺɸʂ [31] 
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ʈʠʩ. 1.11. ʉʦʩʪʘʚ ʠ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ ʢʨʦʩʩ-ʜʠʧʦʣʴʥʦʛʦ ɺɸʂ [31] 

ʂʦʨʧʫʩ ʧʨʠʙʦʨʘ ʪʠʧʘ LWD (ʢʘʨʦʪʘʞ ʚ ʧʨʦʮʝʩʩʝ ʙʫʨʝʥʠʷ) ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʫʪʷʞʝʣʝʥʥʫʶ ʙʫʨʦʚʫʶ ʪʨʫʙʫ. ʇʦ ʵʪʦʡ ʪʨʫʙʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʟʚʫʢʦʚʘʷ 

ʚʦʣʥʘ ʚ ʤʦʥʦʧʦʣʴʥʦʤ ʠ ʜʠʧʦʣʴʥʦʤ ʨʝʞʠʤʘʭ ʚʦʟʙʫʞʜʝʥʠʷ ʩʝʛʤʝʥʪʦʚ 

ʠʟʣʫʯʘʪʝʣʷ. ʇʨʠʯʝʤ ʚ ʜʠʧʦʣʴʥʦʤ ʨʝʞʠʤʝ ʦʥʘ ʜʘʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʠʟ-ʟʘ 

ʘʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʦʪʙʨʦʩʠʪʴ ʥʘʟʘʜ ʧʦ ʚʨʝʤʝʥʠ 

(ʢʘʢ ʚ ʧʨʠʙʦʨʘʭ ʥʘ ʢʘʙʝʣʝ) ʵʪʫ ʚʦʣʥʫ ʥʝ ʫʜʘʝʪʩʷ - ʥʫʞʥʳ ʠʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʝʝ 

ʧʦʜʘʚʣʝʥʠʶ. ʀʥʘʯʝ ʦʥʘ ʩʘʤʘ ʧʦʜʘʚʠʪ ʠʩʩʣʝʜʫʝʤʫʶ ʚʦʣʥʫ ʧʦ ʧʦʨʦʜʝ (ʦʩʦʙʝʥʥʦ 

ʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʨʘʟʨʝʟʘʭ). ʂʨʦʤʝ ʪʦʛʦ, ʠʟ-ʟʘ ʤʘʣʦʛʦ ʟʘʟʦʨʘ 

ʤʝʞʜʫ ʢʦʨʧʫʩʦʤ ʧʨʠʙʦʨʘ LWD ʠ ʧʨʦʙʫʨʝʥʥʳʤ ʩʪʚʦʣʦʤ ʩʢʚʘʞʠʥʳ ʜʠʩʧʝʨʩʠʷ 

S(ʠʟʛʠʙʥʦʡ)-ʚʦʣʥʳ, ʚʦʟʙʫʞʜʘʝʤʦʡ ʚ ʜʠʧʦʣʴʥʦʤ ʨʝʞʠʤʝ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 

25% [37]. 

ʂʚʘʜʧʨʦʧʦʣʴʥʳʡ ʨʝʞʠʤ ʠʟʣʫʯʝʥʠʷ (ʥʘ ʨʠʩ. 1.12 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʘʟʳ 

ʩʝʛʤʝʥʪʦʚ ʠʟʣʫʯʘʪʝʣʷ) ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ S-ʚʦʣʥʳ.  
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ʈʠʩ. 1.12. ʄʦʥʦʧʦʣʴʥʳʡ, ʜʠʧʦʣʴʥʳʡ ʠ ʢʚʘʜʨʦʧʦʣʴʥʳʝ ʨʝʞʠʤʳ  

 

ʂʚʘʜʨʦʧʦʣʴʥʳʡ ʨʝʞʠʤ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʜʦʩʪʦʠʥʩʪʚʘ [37]: 

¶ ɺʦʟʙʫʞʜʘʶʪʩʷ S(ʠʟʛʠʙʥʘʷ ʤʦʜʘ)-ʚʦʣʥʳ, P-ʚʦʣʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʘ ʢʘʢ ʚ 

ʜʠʧʦʣʴʥʦʤ ʨʝʞʠʤʝ; 

¶ ʍʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʧʨʠʙʦʨʦʚ LWD ʚ ʤʦʥʦʧʦʣʴʥʦʤ ʠ ʜʠʧʦʣʴʥʦʤ ʨʝʞʠʤʘʭ 

ʢʦʨʧʫʩʥʘʷ (collar) ʚʦʣʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʪʴ S-ʚʦʣʥʫ ʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ (ʢʘʨʙʦʥʘʪʥʳʭ) ʨʘʟʨʝʟʘʭ. 

ʆʩʪʘʪʦʯʥʳʝ ʧʨʦʷʚʣʝʥʠʷ collar- ʚʦʣʥ r ʚʦʟʤʦʞʥʳ ʪʦʣʴʢʦ ʧʨʠ 

ʩʫʱʝʩʪʚʝʥʥʦʤ ʧʝʨʝʢʦʩʝ ʠʣʠ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʝ ʧʨʠʙʦʨʘ ʚ ʩʢʚʘʞʠʥʝ. 

¶ ɺ ʥʠʟʢʦʩʢʦʨʦʩʪʥʳʭ ʧʦʨʦʜʘʭ ʥʘ ʥʠʟʢʦʡ ʯʘʩʪʦʪʝ ~2 ʢɻʮ ʜʠʩʧʝʨʩʠ ̫

S(ʠʟʛʠʙʥʦʡ)-ʚʦʣʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ (ʩʦʩʪʘʚʣʷʝʪ ʜʦ 1-2% ʠ ʝʶ 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ); 

¶ ɺ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʧʦʨʦʜʘʭ ʥʘ ʧʦʚʳʰʝʥʥʦʡ ʯʘʩʪʦʪʝ ~7-8 ʢɻʮ 

ʜʠʩʧʝʨʩʠʠ S(ʠʟʛʠʙʥʦʡ)-ʚʦʣʥʳ ʥʝʪ. 
































































































































































































































































































































