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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʵʨʦʢʦʩʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠ-

ʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ (ɼɿɿ) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ ʯʝʣʦ-

ʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʥʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʤʦʥʠʪʦʨʠʥʛ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʮʝ-

ʣʴʶ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ, ʨʘʜʠʦ-

ʤʝʪʨʠʯʝʩʢʠʭ, ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʥʘʙʣʶʜʘʝʤʳʭ ʦʙʲʝʢʪʦʚ. 

ʉʨʝʜʠ ʤʥʦʛʦʦʙʨʘʟʠʷ ʩʠʩʪʝʤ ɼɿɿ ʚʘʞʥʦʝ ʤʝʩʪʦ ʦʪʚʦʜʠʪʩʷ ʩʠʩʪʝʤʘʤ ʛʠʧʝʨ-

ʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ɿʝʤʣʠ [1-6]. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʚ ʟʘʜʘʥʥʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘ-

ʧʘʟʦʥʝ (ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʠʤʦʤ ʠ ʙʣʠʞʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ) ʝʜʠʥʦʚʨʝʤʝʥʥʦ ʩʬʦʨʤʠ-

ʨʦʚʘʪʴ ʩʪʦ ʠ ʙʦʣʝʝ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʦʯʝʥʴ ʫʟʢʠʭ ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʧʦʜʜʠʘʧʘʟʦʥʘʭ 

ʜʣʠʥ ʚʦʣʥ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʛʠʧʝʨʢʫʙ ( )( )NnMmKknmBB k ,1,,1,,1;, ==== . ɿʜʝʩʴ 

B  ï ʚʝʢʪʦʨ K  ʜʚʫʤʝʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ( )nmBk , ; ( )nm,  ï ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʝ ʢʦʦʨ-

ʜʠʥʘʪʳ ʨʘʩʪʨʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʦʜʥʦʟʥʘʯʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʪʦʯʢʘʤʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ; k  ï ʥʦʤʝʨ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʘʥʘʣʘ (ʧʦʜʜʠʘʧʘʟʦʥʘ), ʦʧʨʝʜʝʣʷʝʤʳʡ ʜʣʠʥʦʡ ʚʦʣ-

ʥʳ kl;  ( )nmBk ,  ï ʷʨʢʦʩʪʴ ʪʦʯʢʠ k -ʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʬʦʨʤʠʨʫʝʤʘʷ ʛʠʧʝʨʩʧʝʢʪʨʦ-

ʤʝʪʨʦʤ ʚ ʥʝʢʦʪʦʨʦʡ ʦʙʱʝʧʨʠʥʷʪʦʡ ʩʠʩʪʝʤʝ ʠʟʤʝʨʝʥʠʡ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʠʩʪʝʤ ʧʘʥʭʨʦʤʘʪʠʯʝʩʢʦʡ ʠ ʩʧʝʢʪʨʦʟʦʥʘʣʴʥʦʡ ʩʲʝʤʢʠ ʩ ʦʛʨʘ-

ʥʠʯʝʥʥʳʤ ʯʠʩʣʦʤ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ, ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ B  

ʢʘʞʜʦʡ ʪʦʯʢʝ ( )nm,  ʩʪʘʚʠʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʢʪʨʘʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚ ʚʠʜʝ 

ʚʝʢʪʦʨʘ ( )KkBB k ,1, == , ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʥʘʙʣʶʜʘʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʕʪʦ ʩʦʟʜʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʯʘʩʪʦʪʥʦʤʫ ʘʥʘʣʠʟʫ ʥʘʙʣʶʜʘʝʤʦʡ ʩʮʝʥʳ ʠ ʵʬʬʝʢʪʠʚʥʦʤʫ ʨʝʰʝʥʠʶ ʪʨʫʜʥʦ ʬʦʨ-

ʤʘʣʠʟʫʝʤʦʡ ʟʘʜʘʯʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [7-9]. 

ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʡ ʧʨʠʥʮʠʧ ʩʲʝʤʢʠ ʦʩʥʦʚʘʥ ʥʘ ʨʘʩʱʝʧʣʝʥʠʠ 

ʣʫʯʠʩʪʦʡ ʵʥʝʨʛʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ʚʭʦʜʥʦʡ ʟʨʘʯʦʢ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫ-

ʨʳ, ʥʘ K  ʧʦʪʦʢʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʶʪʩʷ K  ʠʟʦʙʨʘʞʝʥʠʡ KkBk ,1, = . ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʵʪʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʫʨʦʚʝʥʴ ʧʦʣʝʟʥʦʛʦ ʩʠʛ-

ʥʘʣʘ ʤʥʦʛʦʢʨʘʪʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʫʨʦʚʝʥʴ ʰʫʤʘ ʚ ʢʘʞʜʦʤ k -ʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʢʘ-

ʥʘʣʝ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʠʟʤʝʥʝʥʠʷ. ʊʦ ʝʩʪʴ ʥʦʚʳʝ ʟʥʘʥʠʷ ʦ ʩʧʝʢʪʨʘʣʴʥʦʡ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʪʦʯʝʢ ʥʘʙʣʶʜʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʜʘʶʪʩʷ ʮʝʥʦʡ ʫʭʫʜʰʝʥʠʷ ʨʘʜʠʦʤʝʪ-

ʨʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ KkBk ,1, = . ʕʪʦ ʦʜʥʘ ʠʟ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʦʩʦ-

ʙʝʥʥʦʩʪʝʡ, ʪʨʝʙʫʶʱʘʷ ʝʝ ʫʯʝʪʘ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʘʣʛʦʨʠʪʤʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲ-

ʝʢʪʦʚ ʧʦ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʤ ʜʘʥʥʳʤ. 

ɼʨʫʛʦʡ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʛʣʫʙʦʢʠʭ ʟʥʘʥʠʡ ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʟʚʝʥʴ-

ʝʚ, ʦʙʨʘʟʫʶʱʠʭ ʩʢʚʦʟʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʪʨʘʢʪ (ʉʀʊ) ʩʠʩʪʝʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴ-

ʥʦʡ ʩʲʝʤʢʠ ɿʝʤʣʠ. ʕʪʠ ʟʚʝʥʴʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʢʘʪʝʛʦʨʠʠ: ʪʝ, ʢʦʪʦʨʳʝ ʜʦ-

ʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʧʠʩʘʥʳ ʚ ʚʠʜʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʠ ʪʝ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʣʠʰʴ ʧʨʠʙʣʠʞʝʥʥʳʤʠ ʤʦʜʝʣʷʤʠ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ɺ 

ʵʪʦʡ ʩʠʪʫʘʮʠʠ çʥʘʧʨʘʰʠʚʘʝʪʩʷè ʘʥʘʣʠʪʠʢʦ-ʥʝʡʨʦʩʝʪʝʚʦʡ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ ʘʣ-

ʛʦʨʠʪʤʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ɿʝʤʣʠ ʧʦ ʜʘʥʥʳʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ, 

ʚ ʢʦʪʦʨʳʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʟʥʘʥʠʷʭ ʦ ʟʚʝʥʴʷʭ ʉʀʊ ʨʘʟʨʝʰʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʦʙʫʯʘʝʤʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ.  

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝ-

ʰʝʥʠʷ ʚ ʚʠʜʝ ʘʣʛʦʨʠʪʤʦʚ ʘʥʘʣʠʪʠʢʦ-ʥʝʡʨʦʩʝʪʝʚʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʟʝʤ-

ʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ʚ ʚʠʜʠʤʦʤ ʠ ʙʣʠʞʥʝʤ 

ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʥʘʮʝʣʝʥʳ ʥʘ ʧʦ-

ʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʫʨʦʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ ʠʜʝʥʪʠʬʠʢʘ-

ʮʠʠ ʦʙʲʝʢʪʦʚ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʥʠ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚʦ ʤʥʦʛʠʭ ʚʘʞʥʳʭ ʥʘʨʦʜʥʦ-

ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʚʦʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ.  

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ, ʠ ʦʩʦʙʝʥʥʦ 

ʟʘ ʨʫʙʝʞʦʤ, ʚʝʜʫʪʩʷ ʘʢʪʠʚʥʳʝ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʚʥʝʜʨʝʥʠʶ ʢʦʩʤʠʯʝʩʢʦʡ ʛʠ-

ʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ (ɻʉɸ) [10-14]. ʅʘʠʙʦʣʴʰʠʤ ʦʧʳʪʦʤ ʚ ʵʪʦʤ ʥʘʧʨʘʚ-

ʣʝʥʠʠ ʦʙʣʘʜʘʶʪ ʉʐɸ, ʛʜʝ ʩʝʛʦʜʥʷ ʧʨʦʠʟʚʦʜʷʪʩʷ ʧʝʨʝʜʦʚʳʝ ʦʙʨʘʟʮʳ ɻʉɸ. 

ʅʘʧʨʠʤʝʨ, ʩ 2023 ʛ. ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʛʨʫʧʧʠʨʦʚʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʂɸ) 

çGHOSTè, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʫʶ ʩʲʝʤʢʫ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟ-

ʨʝʰʝʥʠʝʤ 8 ʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʦʨʳʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ ɻʉɸ [15]. ʆʩʦʙʦʝ ʚʥʠ-

ʤʘʥʠʝ ʨʘʟʚʠʪʠʶ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʜʝʣʷʶʪ ʩʪʨʘʥʳ ɽʚʨʦʧʳ, ʀʥʜʠʷ, 

ʂʠʪʘʡ. ʉʨʝʜʠ ʜʝʡʩʪʚʫʶʱʠʭ ʠ ʧʣʘʥʠʨʫʝʤʳʭ ʢ ʟʘʧʫʩʢʫ ʩʠʩʪʝʤ ʢʦʩʤʠʯʝʩʢʦʡ ʛʠʧʝʨ-
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ʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ: ʂɸ çPRISMAè (ɻʉɸ çHYCè, ʀʪʘʣʠʷ, 

2019) [16]; ʂɸ çEnMAPè (ɻʉɸ çHISè, ɻʝʨʤʘʥʠʷ, 2022) [17]; ʂɸ çFLEXè (ɻʉɸ 

çFLORISè, ɽʚʨʦʧʝʡʩʢʦʝ ʢʦʩʤʠʯʝʩʢʦʝ ʘʛʝʥʪʩʪʚʦ, 2026) [18]; ʂɸ çIMS-2è (ɻʉɸ 

çHysISè, ʀʥʜʠʷ, 2019) [19]; ʂɸ çGaofen-5è (ɻʉɸ çAHSIè, ʂʠʪʘʡ, 2018) [20] ʠ ʜʨ. 

ʈʦʩʩʠʷ ʚ ʯʘʩʪʠ ʨʘʙʦʪ ʧʦ ʩʦʟʜʘʥʠʶ ʢʦʩʤʠʯʝʩʢʠʭ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ɼɿɿ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪ ʙʦʣʝʝ ʩʢʨʦʤʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ ʜʚʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. ʇʝʨʚʳʡ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʦʙʨʘʟʝʮ ɻʉɸ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ ʚʳʚʝʜʝʥ ʥʘ ʦʨʙʠʪʫ ʚ 2012 ʛ. ʚ ʩʦʩʪʘʚʝ ʤʘʣʦʛʦ ʢʦʩʤʠʯʝ-

ʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʄʂɸ-ʌʂʀ çɿʦʥʜ-ʇʇè (ʛʦʣʦʚʥʦʡ ʨʘʟʨʘʙʦʪʯʠʢ ï ʅʇʆ ʠʤ. ʉ.ɸ. ʃʘ-

ʚʦʯʢʠʥʘ ʚ ʢʦʦʧʝʨʘʮʠʠ ʩ ʅʇʆ çʃʝʧʪʦʥè, ʎʝʥʪʨʦʤ ʂʝʣʜʳʰʘ, ʎʅʀʀʤʘʰ, ʈɻʈʊʋ ʠ 

ʜʨ.) [21, 22]. ɺ 2013-2025 ʛʦʜʘʭ ʦʩʫʱʝʩʪʚʣʝʥʳ ʟʘʧʫʩʢʠ ʧʷʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘ-

ʪʦʚ ʩʠʩʪʝʤʳ çʈʝʩʫʨʩ-ʇè ʩ ɻʉɸ (ʛʦʣʦʚʥʦʡ ʨʘʟʨʘʙʦʪʯʠʢ ʩʠʩʪʝʤʳ ï ʈʘʢʝʪʥʦ-

ʢʦʩʤʠʯʝʩʢʠʡ ʮʝʥʪʨ çʇʨʦʛʨʝʩʩè, ʨʘʟʨʘʙʦʪʯʠʢ ɻʉɸ ï ʂʨʘʩʥʦʛʦʨʩʢʠʡ ʟʘʚʦʜ ʠʤ ʉ.ɸ. 

ɿʚʝʨʝʚʘ) ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʰʠʨʦʢʦʡ ʢʦʦʧʝʨʘʮʠʠ: ʂʦʨʧʦʨʘʮʠʷ çʈʦʩʩʠʡʩʢʠʝ ʢʦʩʤʠ-

ʯʝʩʢʠʝ ʩʠʩʪʝʤʳè ʠ ʚʭʦʜʷʱʠʡ ʚ ʥʝʝ ʅʘʫʯʥʳʡ ʮʝʥʪʨ ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ɿʝʤʣʠ; ʅʀʀ ʪʦʯʥʳʭ ʧʨʠʙʦʨʦʚ; ʅʇʇ çʆʇʊʕʂʉè, çɻʦʩʮʝʥʪʨ çʇʨʠʨʦʜʘè, ʈɻʈʊʋ ʠ 

ʜʨ. [4, 6, 11, 23-30]. ʈʝʟʫʣʴʪʘʪʳ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ ʙʘʟʠʨʫʶʪʩʷ ʛʣʘʚʥʳʤ ʦʙ-

ʨʘʟʦʤ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦʪ ɻʉɸ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ çʈʝʩʫʨʩ-ʇè.  

ɻʣʘʚʥʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʩʠʩʪʝʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ɿʝʤʣʠ ï ʵʪʦ ʩʦ-

ʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʥʘʙʣʶʜʘʝʤʦʡ ʩʮʝʥʳ ʥʘ 

ʦʩʥʦʚʝ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʕʪʦʡ ʧʨʦʙʣʝ-

ʤʝ ʧʦʜʯʠʥʝʥʳ ʚʩʝ ʩʤʝʞʥʳʝ ʚʦʧʨʦʩʳ ʥʘʟʝʤʥʦʡ ʦʙʨʘʙʦʪʢʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ (ɻʉʀ). ʆʩʥʦʚʥʦʡ ʪʨʫʜʥʦʩʪʴʶ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʧʝʢ-

ʪʨʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʦʙʲʝʢʪʦʚ (ʂʉʆ) ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʚʦʡʩʪʚ 

ʘʪʤʦʩʬʝʨʳ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʥʝʝ ʧʘʜʘʶʱʝʛʦ ʦʪ ʉʦʣʥʮʘ ʠ ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ 

ɿʝʤʣʠ ʠʟʣʫʯʝʥʠʷ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ ʚʭʦʜ ɻʉɸ.  

ɺ ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʦʚ ʦʙʨʘʙʦʪʢʠ ɻʉʀ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʥʘ ʩʘʤʳʝ ʨʘʟʣʠʯʥʳʝ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ ʚ ʈʦʩʩʠʠ ʘʢʪʠʚʥʦ ʟʘʥʠʤʘʶʪʩʷ ʦʪʤʝʯʝʥʥʳʝ ʚʳʰʝ ʛʦʣʦʚ-

ʥʳʝ ʨʘʟʨʘʙʦʪʯʠʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ. ʇʨʠ ʵʪʦʤ ʚʘʞ-

ʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʨʷʜ ɺʋɿʦʚ, ʅʀʀ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʮʝʥʪʨʦʚ: ʄɻʋ ʠʤ. ʄ.ɺ. 
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ʃʦʤʦʥʦʩʦʚʘ, ʄʌʊʀ, ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, ʈɻʈʊʋ ʠʤ. ɺ.ʌ. ʋʪʢʠʥʘ, ɺʂɸ ʠʤ. 

ɸ.ʌ. ʄʦʞʘʡʩʢʦʛʦ, ʅʀʎ çʇʣʘʥʝʪʘè, ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʘʪʤʦʩʬʝʨʳ ʠʤ. ɸ.ʄ. ʆʙʫ-

ʭʦʚʘ ʈɸʅ, ʀʥʩʪʠʪʫʪ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈɸʅ, ʀʥʩʪʠʪʫʪ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʡ ʈɸʅ, ʉʘʤʘʨʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ.ʇ. ʂʦʨʦʣʝʚʘ, ʉʘʤʘʨʩʢʠʡ ɻʦʩʪʝʭ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠ ʜʨ. [24, 31-42]. 

ʇʨʦʙʣʝʤʫ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʧʦ ʜʘʥʥʳʤ ɼɿɿ ʦʪʥʦʩʷʪ ʢ ʨʘʟʨʷʜʫ çʚʝʯʥʦ 

ʨʝʰʘʝʤʦʡè. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʘʚʪʦʨʦʤ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʧʨʝʪʝʥʜʫʶʪ ʥʘ 

ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʭʦʪʷ ʙʳ ʯʘʩʪʠ ʵʪʦʡ ʚʝʯʥʦʡ ʧʨʦʙʣʝʤʳ, ʦʥʠ ʥʘʮʝʣʝʥʳ ʥʘ 

ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʟʘʜʘʯ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʚʳʜʚʠʥʫʪʳʭ ʥʘ ʟʘʱʠʪʫ 

ʧʦʣʦʞʝʥʠʡ.   

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʘʥʘʣʠʪʠʢʦ-

ʥʝʡʨʦʩʝʪʝʚʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʠ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʜʘʥʥʳʤ 

ʢʦʩʤʠʯʝʩʢʦʡ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ɿʝʤʣʠ. 

ɿʘʜʘʯʠ. ʇʦʩʪʘʚʣʝʥʥʘʷ ʮʝʣʴ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

- ʘʥʘʣʠʟ ʧʝʨʝʜʦʚʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʩʠʩʪʝʤ ʢʦʩʤʠʯʝʩʢʦʡ 

ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ;  

- ʨʘʟʨʘʙʦʪʢʘ ʘʥʘʣʠʪʠʢʦ-ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʟʝʤ-

ʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʦʪ ʩʠʩʪʝʤ ʢʦʩʤʠʯʝʩʢʦʡ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ 

ɿʝʤʣʠ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʥʘʥʠʡ ʦ ʚʠʜʝʦʪʨʘʢʪʝ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʧʨʠ 

ʥʝʡʨʦʩʝʪʝʚʦʡ ʦʙʨʘʙʦʪʢʝ; 

- ʨʘʟʨʘʙʦʪʢʘ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʝʨʝʜʘʪʦʯʥʦʡ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʚʠʜʝʦʪʨʘʢʪʘ ʩʠʩʪʝʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ɿʝʤʣʠ;  

- ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʩʠʩʪʝʤ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʝʨʝʥʦʩʘ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʜʘʥʥʳʤʠ ʦʪ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ; 

- ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ ɻʉɸ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 

ʘʧʨʠʦʨʥʳʭ ʟʥʘʥʠʷʭ ʦ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʟʚʝʥʴʝʚ ʩʢʚʦʟʥʦʛʦ 

ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʪʨʘʢʪʘ; 
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- ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʚʳʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʦʙʲʝʢʪʦʚ ʧʦ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʤ 

ʩʥʠʤʢʘʤ ʥʘ ʦʩʥʦʚʝ ʠʭ ʩʪʨʫʢʪʫʨʥʦ-ʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʠʟʘ; 

- ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʠʭ ʨʘʙʦʪʳ ʥʘ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʪ ʩʠʩʪʝʤ ʢʦʩʤʠʯʝʩʢʦʡ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ 

ʩʲʝʤʢʠ ɿʝʤʣʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʥʘ-

ʣʠʪʠʯʝʩʢʠʭ ʠ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʝʰʝʥʠʷ ʚʘʞʥʦʡ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ - ʠʜʝʥ-

ʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʥʘ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʘʭ. ɺ ʨʘʙʦʪʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʨʦʮʝʩʩʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ, ʦʩ-

ʥʦʚʘʥʥʳʝ ʥʘ ʩʦʚʤʝʩʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʥʘʥʠʡ ʦ ʚʠʜʝʦʪʨʘʢʪʝ ʩʠʩʪʝʤ ʛʠʧʝʨʩʧʝʢ-

ʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ʠ ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳ-

ʩʠʪʴ ʪʦʯʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ ʠ ʫʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʵʪʦʛʦ ʪʨʫʜʥʦ ʬʦʨʤʘʣʠʟʫʝʤʦ-

ʛʦ ʧʨʦʮʝʩʩʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʫʯʰʠʤʠ ʘʥʘʣʦʛʘʤʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦ ʚ ʥʝʡ ʧʨʝʜʣʦʞʝʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʦʚʳʝ ʘʣʛʦʨʠʪʤʳ ʘʥʘʣʠʪʠʢʦ-ʥʝʡʨʦʩʝʪʝʚʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʦʪ ʩʠʩʪʝʤ ʛʠʧʝʨʩʧʝʢ-

ʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ʠ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʩʦʟʜʘʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ, ʧʦʣʫʯʠʚʰʠʝ 

ʵʬʬʝʢʪʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ.  

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʤʝʪʦʜʦʚ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ.  

ʉʦʦʪʚʝʪʩʪʚʠʝ ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʩ-

ʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 2.3.1 ï çʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ, ʫʧʨʘʚʣʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨ-

ʤʘʮʠʠ, ʩʪʘʪʠʩʪʠʢʘè ʚ ʯʘʩʪʠ:  

- ʧʫʥʢʪʘ 4 çʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʠʩʪʝʤʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʦʧʪʠʤʠʟʘʮʠʠ, ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘè; 

- ʧʫʥʢʪʘ 5 çʈʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʴʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤ ʘʥʘʣʠʟʘ, ʦʧʪʠʤʠʟʘʮʠʠ, ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘè; 
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- ʧʫʥʢʪʘ 12 çɺʠʟʫʘʣʠʟʘʮʠʷ, ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʠ ʘʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠè. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ɸʥʘʣʠʪʠʢʦ-ʥʝʡʨʦʩʝʪʝʚʘʷ ʤʦʜʝʣʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʩʠʩʪʝʤ ʢʦʩʤʠʯʝʩʢʦʡ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʥʘʥʠʡ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʠʜʝʦʪʨʘʢʪʘ ʵʪʠʭ ʩʠʩʪʝʤ 

ʧʨʠ ʥʝʡʨʦʩʝʪʝʚʦʡ ʦʙʨʘʙʦʪʢʝ ʠ ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʦʙʲʝʢʪʦʚ ʥʘ 20-30% (ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ ʠ ʦʙʲʝʢʪʦʚ).  

2. ʂʫʩʦʯʥʦ-ʣʠʥʝʡʥʘʷ ʤʦʜʝʣʴ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʝʨʝʜʘʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʠʜʝʦʪʨʘʢʪʘ ʩʠʩʪʝʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ɿʝʤʣʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʥʝʢʦʨʨʝʢʪʥʦ ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʦʪʨʘʞʝʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʧʝʨʝʚʝʩʪʠ ʚ ʨʘʟʨʷʜ ʢʦʨʨʝʢʪʥʦ ʨʝʰʘʝʤʳʭ. 

3. ɸʣʛʦʨʠʪʤ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʩʠʩʪʝʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ 

ʩʲʝʤʢʠ ɿʝʤʣʠ ʩ ʜʘʥʥʳʤʠ ʦʪ ʩʠʩʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʠʜʝʦʪʨʘʢʪʘ ʠ ʩʝʪʠ ʦʧʦʨʥʳʭ 

ʧʦʣʠʛʦʥʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʜʝʣʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʡ ʚʳʙʦʨ ʝʜʠʥʦʡ ʜʠʩʢʨʝʪʥʦʡ ʩʝʪʢʠ 

ʯʘʩʪʦʪ ʠ ʦʙʝʩʧʝʯʠʪʴ ʥʘʠʣʫʯʰʝʝ ʩʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʛʠʧʝʨʢʫʙʘ ʧʨʠ ʘʥʘʣʠʪʠ-

ʢʦ-ʥʝʡʨʦʩʝʪʝʚʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʘʙʣʶʜʘʝʤʳʭ ʦʙʲʝʢʪʦʚ. 

4. ɸʣʛʦʨʠʪʤ ʚʳʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʦʙʲʝʢʪʦʚ ʧʦ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʤ ʩʥʠʤʢʘʤ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʭ ʩʪʨʫʢʪʫʨʥʦ-ʯʘʩʪʦʪʥʦʤ ʘʥʘʣʠʟʝ, ʠ ʧʦʟʚʦʣʷʶʱʠʡ ʥʘ 30% ʧʦʚʳ-

ʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʨʘʥʠʮ ʦʙʲʝʢʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʦʧʝʨʘʪʦʨʘʤʠ çʯʠʩʪʦè ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

5. ɸʣʛʦʨʠʪʤ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ ʛʠʧʝʨʩʧʝʢʪʨʦʤʝʪʨʘ, ʦʩʥʦʚʘʥʥʳʡ 

ʥʘ ʘʧʨʠʦʨʥʳʭ ʟʥʘʥʠʷʭ ʦ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʟʚʝʥʴʝʚ 

ʩʢʚʦʟʥʦʛʦ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʪʨʘʢʪʘ ʠ ʧʦʟʚʦʣʷʶʱʠʡ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʣʝʪʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʥʠʟʠʪʴ ʉʂʆ ʠʟʤʝʨʝʥʠʡ ʩ 8 ʜʦ 3 %.  

ʇʝʨʚʦʝ ʇʦʣʦʞʝʥʠʝ ʜʣʷ ʜʠʩʩʝʨʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʠʤ, ʚʩʝ ʧʦ-

ʩʣʝʜʫʶʱʠʝ ï ʝʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʠʤʝʶʱʠʤʠ ʚʘʞʥʦʝ ʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʦʝ ʥʘʫʯʥʦ-ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʚ ʜʠʩ-

ʩʝʨʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʝʥʘ ʢʦʨʨʝʢʪʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦ-
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ʛʦ ʘʧʧʘʨʘʪʘ, ʰʠʨʦʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʠ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʚʳʙʦʨʢʘʭ ʜʘʥʥʳʭ ʦʪ ʟʘʨʫʙʝʞʥʳʭ ʩʠʩʪʝʤ ʛʠʧʝʨʩʧʝʢ-

ʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ʠ ʦʪ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ çʈʝʩʫʨʩ-ʇè, ʘ ʪʘʢʞʝ ʩʦʧʦʩʪʘʚʣʝʥʠ-

ʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʧʦʜʭʦʜʘʤʠ ʠ ʣʫʯʰʠʤʠ ʘʥʘʣʦʛʘʤʠ.  

ʇʦ ʦʩʥʦʚʥʳʤ ʧʦʣʦʞʝʥʠʷʤ ʠ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʜʝʣʘʥʦ 16 ʜʦʢʣʘʜʦʚ 

ʥʘ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. ʅʘ ʤʝʞ-

ʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʩʦʟʜʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠè (ʄʦʩʢʚʘ, 2022, 2023); çɺ.ʌ. ʋʪʢʠʥ ï 100 

ʣʝʪ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ. ʂʦʩʤʦʥʘʚʪʠʢʘ. ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ. ɻʝʦʠʥʬʦʨʤʘʪʠʢʘè (ʈʷ-

ʟʘʥʴ, 2023). ʅʘ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: çʅʦʚʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦ-

ʛʠʠ ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭè (ʈʷʟʘʥʴ, 2018, 2019, 2020, 2021, 2022, 2023, 2024); 

çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠè (ʉʘʤʘʨʘ, 2019).  

ɼʠʩʩʝʨʪʘʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ʪʝʤʳ çʈʝʩʫʨʩ-ʇè, 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʌʝʜʝʨʘʣʴʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʦʡ ʥʘ 2016-2025 ʛʦʜʳ (ʆʂʈ ˉ 

7-17 ʠ ʆʂʈ ˉ 5-24). ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʧʦʣʫʯʠʣʠ ʵʬʬʝʢʪʠʚ-

ʥʦʝ ʚʥʝʜʨʝʥʠʝ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ɸʢʪʘʤʠ ʦʪ ï ʈʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ 

çʇʨʦʛʨʝʩʩè ʠ ʂʦʨʧʦʨʘʮʠʠ çʈʦʩʩʠʡʩʢʠʝ ʢʦʩʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳè.  

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 29 ʨʘʙʦʪ: 9 ʩʪʘʪʝʡ (6 ʚ 

ʠʟʜʘʥʠʷʭ ʧʦ ʩʧʠʩʢʫ ɺɸʂ), 16 ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʚʩʝʨʦʩʩʠʡ-

ʩʢʠʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, 4 ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʥʘ ʨʝʛʠʩʪʨʘʮʠʶ ʧʨʦ-

ʛʨʘʤʤ ʜʣʷ ʕɺʄ. ɺʩʝ ʨʘʙʦʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʩʧʠʩʢʝ ʣʠʪʝʨʘʪʫʨʳ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ ʧʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʩʦʩʪʦʠʪ ʚ ʩʣʝ-

ʜʫʶʱʝʤ: 

- ʚ ʨʘʙʦʪʘʭ [84-87] ʧʨʝʜʣʦʞʝʥʳ ʘʣʛʦʨʠʪʤʳ ʘʥʘʣʠʪʠʢʦ-ʥʝʡʨʦʩʝʪʝʚʦʡ ʠʜʝʥ-

ʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʢʦʩʤʠʯʝʩʢʦʡ ʛʠʧʝʨʩʧʝʢ-

ʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ, ʥʘʮʝʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʩʦʢʨʘ-

ʱʝʥʠʷ ʚʨʝʤʝʥʠ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ; 

- ʚ ʨʘʙʦʪʝ [88] ʧʨʝʜʣʦʞʝʥʘ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʘʷ ʤʦʜʝʣʴ ʩʢʚʦʟʥʦʛʦ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʛʦ ʚʠʜʝʦʪʨʘʢʪʘ ʩʠʩʪʝʤ ʢʦʩʤʠʯʝʩʢʦʡ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ɿʝʤʣʠ; 
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-  ʚ ʨʘʙʦʪʘʭ [89, 90] ʧʨʝʜʣʦʞʝʥʳ ʘʣʛʦʨʠʪʤʳ ʚʳʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʦʙʲʝʢʪʦʚ ʥʘ 

ʢʦʩʤʠʯʝʩʢʠʭ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʩʥʠʤʢʘʭ ɿʝʤʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-

ʯʘʩʪʦʪʥʦʤ ʘʥʘʣʠʟʝ ʤʝʨ ʙʣʠʟʦʩʪʠ ʩʦʩʝʜʥʠʭ ʵʣʝʤʝʥʪʦʚ ʛʠʧʝʨʢʫʙʘ; 

- ʚ ʨʘʙʦʪʘʭ [91, 92] ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʜʥʦʨʦʜʥʳʭ ʦʙʣʘ-

ʩʪʝʡ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʘʭ ɿʝʤʣʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʚʣʝʯʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʷʨʢʦʩʪʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ;  

- ʚ ʨʘʙʦʪʘʭ [93, 94] ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʢʣʘʩʪʝʨʠʟʘʮʠʠ 

ʜʘʥʥʳʭ ʢʦʩʤʠʯʝʩʢʦʡ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ɿʝʤʣʠ; 

- ʚ ʨʘʙʦʪʝ [95] ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʢʦʩ-

ʤʠʯʝʩʢʠʭ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʩʥʠʤʢʘʭ ɿʝʤʣʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʳʯʠʩʣʝʥʠʠ ʫʟʢʦʧʦ-

ʣʦʩʥʳʭ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʠʥʜʝʢʩʦʚ; 

- ʚ ʨʘʙʦʪʝ [96] ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʚʤʝʱʝʥʠʷ ʛʠʧʝʨ-

ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʤʥʦʛʦʟʦʥʘʣʴʥʦʡ ʩʲʝʤʢʠ ʚʳʩʦʢʦʛʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ;  

- ʚ ʨʘʙʦʪʝ [97] ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʦʛʨʘʤʤʘ ʘʥʘʣʠʟʘ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʦʪ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ çʈʝʩʫʨʩ-ʇè, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʚʪʦʤʘ-

ʪʠʟʘʮʠʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ; 

- ʚ ʨʘʙʦʪʝ [98] ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʦʧʪʠʯʝ-

ʩʢʦʡ ʩʧʝʢʪʨʦʟʦʥʘʣʴʥʦʡ ʠʣʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʨʘʜʠʦʣʦʢʘ-

ʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ; 

- ʨʘʙʦʪʳ [99-112] ʚʳʧʦʣʥʝʥʳ ʩʦʠʩʢʘʪʝʣʝʤ ʙʝʟ ʩʦʘʚʪʦʨʦʚ.   

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 4 ʛʣʘʚ, 

ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠ  ʧʨʠʣʦʞʝʥʠ.̫ ɽʝ ʦʙʲʝʤ ʩʦʩʪʘʚʣʷʝʪ 145 ʩ., ʚ ʪʦʤ 

ʯʠʩʣʝ 108 ʩ. ï ʦʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ, 14 ʩ. ï ʨʠʩʫʥʢʠ ʠ ʪʘʙʣʠʮʳ, 17 ʩ. ï ʩʧʠʩʦʢ 

ʣʠʪʝʨʘʪʫʨʳ, 7 ʩ. ï ʧʨʠʣʦʞʝʥʠʝ.  
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ɻʃɸɺɸ 1. ɸʅɸʃʀɿ ʉʊɸʅʆɺʃɽʅʀʗ ʀ ʈɸɿɺʀʊʀʗ 

 ʂʆʉʄʀʏɽʉʂʀʍ ʉʀʉʊɽʄ ɻʀʇɽʈʉʇɽʂʊʈɸʃʔʅʆʁ ʉʒɽʄʂʀ ɿɽʄʃʀ 

1.1. ɸʅɸʃʀɿ ɿɸʈʋɹɽɾʅʓʍ ʀ ʈʆʉʉʀʁʉʂʀʍ ʉʀʉʊɽʄ ɻʀʇɽʈʉʇɽʂʊʈɸʃʔʅʆɻʆ 

ʅɸɹʃʖɼɽʅʀʗ ʆɹʒɽʂʊʆɺ ɿɽʄʅʆʁ ʇʆɺɽʈʍʅʆʉʊʀ   

1.1.1. ɻʠʧʝʨʩʧʝʢʪʨʘʣʴʥʘʷ ʩʲʝʤʢʘ ʧʦʷʚʠʣʘʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʲʝʜʠʥʝʥʠʷ ʜʚʫʭ 

ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ: ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ. 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʠʟʫʯʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʲʝʢʪʘ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ 

ʠʟʣʫʯʝʥʠʝʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ. ʇʨʠʙʦʨʳ, ʥʘʟʳʚʘʝʤʳʝ ʩʧʝʢʪʨʦʤʝʪʨʘ-

ʤʠ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʦʣʝʚʳʭ ʠʣʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʂʣʶʯʝʚʳʤ ʵʣʝ-

ʤʝʥʪʦʤ ʩʧʝʢʪʨʦʤʝʪʨʘ ʷʚʣʷʝʪʩʷ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʵʣʝʤʝʥʪ, ʢʦʪʦʨʳʡ ʨʘʟʙʠʚʘʝʪ ʧʦ-

ʩʪʫʧʘʶʱʠʝ ʥʘ ʜʘʪʯʠʢ ʠʟʣʫʯʝʥʠʝ ʥʘ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʧʦʪʦʢʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʦʯʝʥʴ ʫʟʢʠʤ ʜʠʘʧʘʟʦʥʘʤ ʜʣʠʥ ʚʦʣʥ (ʦʪ 1 ʜʦ 10 ʥʤ). ɺ ʢʘʯʝʩʪʚʝ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʠʙʦ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʨʝʰʝʪʢʠ, ʣʠʙʦ ʩʧʝʢʪʨʦʜʝʣʠʪʝʣʴʥʳʝ 

ʧʨʠʟʤʳ. ɼʦʩʪʠʞʝʥʠʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʧʦʟʚʦʣʠʣʠ ʧʨʦʠʟʚʦʜʠʪʴ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʦʙʲʝʢʪʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʜʘʥ-

ʥʳʤ ʩʧʫʪʥʠʢʦʚʦʡ ʩʲʝʤʢʠ.  

1.1.2. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʥʦʚʥʳʤ ʧʨʠʥʮʠʧʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʧʝʨ-

ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʷʚʣʷʝʪʩʷ çpushbroom scanningè (ʨʠʩʫʥʦʢ 1.1). ʋʩʪʨʦʡ-

ʩʪʚʘ, ʨʘʙʦʪʘʶʱʠʝ ʧʦ ʪʘʢʦʤʫ ʧʨʠʥʮʠʧʫ, ʦʙʣʘʜʘʶʪ ʥʘʠʤʝʥʴʰʠʤʠ ʛʘʙʘʨʠʪʘʤʠ, ʚʝ-

ʩʦʤ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʦʦʪʥʦʰʝʥʠʷ çʩʠʛ-

ʥʘʣ/ʰʫʤè [43, 44].  ʎʝʣʝʚʘʷ ʦʙʣʘʩʪʴ ʧʦʩʪʨʦʯʥʦ ʩʢʘʥʠʨʫʝʪʩʷ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʤ 

ʫʩʪʨʦʡʩʪʚʦʤ ʚ ʚʠʜʝ ʇɿʉ-ʤʘʪʨʠʮʳ. ʇʦʩʪʫʧʘʶʱʘʷ ʥʘ ʚʭʦʜ ʦʙʲʝʢʪʠʚʘ ʣʫʯʠʩʪʘʷ 

ʵʥʝʨʛʠʷ ʧʨʦʝʮʠʨʫʝʪʩʷ ʥʘ ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʛʜʝ ʨʘʩʱʝʧʣʷʝʪʩʷ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ʧʦ ʤʝʨʝ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ. ʈʘʩʱʝʧʣʝʥʥʳʝ ʧʦʪʦʢʠ ʵʥʝʨʛʠʠ ʧʦʩʪʫ-

ʧʘʶʪ ʥʘ ʦʪʜʝʣʴʥʳʝ ʜʝʪʝʢʪʦʨʳ ʇɿʉ-ʤʘʪʨʠʮʳ, ʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʷʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʣʫʯʠʩʪʦʡ ʵʥʝʨʛʠʠ ʚ ʮʠʬʨʦʚʦʡ ʚʠʜʝʦʩʠʛʥʘʣ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʠʘʧʘʟʦʥʘʭ ʜʣʠʥ 

ʚʦʣʥ. ɼʚʠʞʝʥʠʝ ʂɸ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʩʢʘʥʠʨʫʝʤʦʡ ʧʦʣʦʩʳ ʠ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʬʦʨʤʠʨʫʝʪʩʷ ʪʨʝʭʤʝʨʥʳʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʚ ʚʠʜʝ ʛʠʧʝʨʢʫʙʘ, ʢʘʞʜʳʡ ʵʣʝ-
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ʤʝʥʪ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʠ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ ʦʪʩʯʝʪʦʚ ʷʨʢʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ.  

 

ʈʠʩʫʥʦʢ 1.1 ï ʧʨʠʥʮʠʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʧʝʨʢʫʙʘ 

ɻʉɸ ï ʦʙʣʘʜʘʝʪ ʚʝʩʴʤʘ ʩʣʦʞʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʠ ʠʤʝʝʪ ʤʥʦʞʝ-

ʩʪʚʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ ʢʦʥʝʯʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʷʚʣʷʶʪʩʷ: ʨʘʙʦʯʠʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ, ʩʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟ-

ʨʝʰʝʥʠʝ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ.  

ʉʦʚʨʝʤʝʥʥʘʷ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʨʝʛʠʩʪʨʠʨʫʝʪ ʠʟʣʫʯʝʥʠʝ ʚ ʚʠ-

ʜʠʤʦʤ, ʙʣʠʞʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ (ɹʀʂ), ʠ ʪʝʧʣʦʚʦʤ ʜʠʘʧʘʟʦʥʘʭ ʜʣʠʥ ʚʦʣʥ. ɺ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ, ʜʠʘʧʘʟʦʥ ʩʲʝʤʢʠ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʰʠʨʝʥ ʜʦ ʧʦʣʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ (750-15000 ʥʤ). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ɻʉɸ 

ʦʩʥʘʱʘʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ, ʢʘʞʜʳʡ ʠʟ 

ʢʦʪʦʨʳʭ ʦʙʩʣʫʞʠʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʜʠʘʧʘʟʦʥ ʜʣʠʥ ʚʦʣʥ.  

ʉʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʰʠʨʠʥʘ ʠʥʪʝʨʚʘʣʘ ʜʣʠʥ ʚʦʣʥ, ʚ 

ʢʦʪʦʨʦʤ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʠʟʣʫʯʝʥʠʝ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʠʙʦʨʦʚ ʠʤʝʶʪ 

ʨʘʟʨʝʰʝʥʠʝ ʦʪ 5 ʜʦ 10 ʥʤ ʥʘ ʢʘʥʘʣ ʜʣʷ ʚʠʜʠʤʦʛʦ ʠ ɹʀʂ ʜʠʘʧʘʟʦʥʦʚ ʩʧʝʢʪʨʘ. ʇʨʠ 

ʩʲʝʤʢʝ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʜʣʠʥʘʭ ʚʦʣʥ (²1000 ʥʤ) ʰʠʨʠʥʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʦʣʦʩ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʤʥʦʛʦʢʨʘʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ.  
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ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ (ʧʨʦʝʢʮʠʷ ʧʠʢʩʝʣʷ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʣʦ-

ʱʘʜɹ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʜʥʦʤʫ ʧʠʢʩʝʣ ʁʠʟʦʙʨʘʞʝʥʠʷ. ʏʝʤ ʚʳʰʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʪʝʤ ʪʦʯʥʝʝ ʧʝʨʝʜʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʭ ʬʦʨʤʘʭ ʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʦʙʲʝʢʪʦʚ ʩʮʝʥʳ. ɼʣʷ ɻʉɸ ʩʚʦʡʩʪʚʝʥʥʦ ʚʳʩʦʢʦʝ 

ʩʧʝʢʪʨʘʣʴʥʦʝ ʠ ʥʠʟʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʘʥʭʨʦʤʘ-

ʪʠʯʝʩʢʦʡ ʠ ʩʧʝʢʪʨʦʟʦʥʘʣʴʥʦʡ ʩʲʝʤʢʦʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʠʙʦʨʦʚ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʲʝʤʢʫ ʩʦ ʩʨʝʜʥʠʤ (10-50 ʤ) ʠ ʥʠʟʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ (50 ʤ ʠ ʙʦʣʝʝ). 

ʆʜʥʘʢʦ ʝʩʪʴ ʷʚʥʳʝ ʧʨʠʟʥʘʢʠ ʧʨʦʛʨʝʩʩʘ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʋʞʝ ʩʝʛʦʜʥʷ ʩʫʱʝ-

ʩʪʚʫʶʪ ʜʝʡʩʪʚʫʶʱʠʝ ʦʙʨʘʟʮʳ ɻʉɸ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʲʝʤʢʫ ʩ ʚʳʩʦʢʠʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ (ʜʦ 10 ʤ ʠ ʚʳʰʝ). 

1.1.3. ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʝʜʦʚʳʝ ʩʠʩʪʝʤʳ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ɿʝʤʣʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥʘʭ (ʪʘʙʣʠʮʘ 1.1) [15-20, 23, 24].  

   ʊʘʙʣʠʮʘ 1.1 ï ʧʝʨʝʜʦʚʘʷ ɻʉɸ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥ 

ɻʉɸ GHOSt  HYC HIS FLORIS HysIS AHSI GSA 

ʂɸ GHOSt PRISMA EnMAP FLEX IMS-2 
Gaofen-

5 

ʈʝʩʫʨʩ-ʇ  

ˉ 5 

ʉʪʨʘʥʘ ʉʐɸ ʀʪʘʣʠʷ ɻʝʨʤʘʥʠʷ ESA ʀʥʜʠʷ ʂʠʪʘʡ ʈʦʩʩʠʷ 

ɻʦʜ 

ʟʘʧʫʩʢʘ 
2023 2019 2022 2026 2019 2018 2024 

ʉʧʝʢʪʨ. 

ʜʠʘʧ., 

ʥʤ 

400-2500 
400-

2500 
400-2500 500-780 

400-

2500 

400-

2500 
400-1000 

ʉʧʝʢʪʨ. 

ʨʘʟʨ., 

ʥʤ 

4 10 6.5-10 0.5-2 10 10 5 

ʇʨʦʩʪʨ. 

ʨʘʟʨ., 

ʤ 

8 30 30 300 30 30 30 

ʇʦʣʦʩʘ 

ʟʘʭʚ., 

ʢʤ 

4.3 30 30 150 30 60 30 

ʃʠʜʠʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʚ ʤʠʨʝ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ɻʉɸ ʟʘʥʠ-

ʤʘʶʪ ʉʐɸ, ʛʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʜʫʪʩʷ ʩ 70-ʭ ʛʦʜʦʚ ʧʨʦ-

ʰʣʦʛʦ ʩʪʦʣʝʪʠʷ. ʇʝʨʚʳʝ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ (ɻʉʀ) ʧʦʷʚʠʣʠʩʴ ʢ ʩʝ-

ʨʝʜʠʥʝ 70-ʭ ʛʦʜʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪ ʧʦ ʧʦʣʝʚʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ [43]. ʂ ʥʘʯʘʣʫ 
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1980-ʭ ʛʦʜʦʚ ʥʘ ʙʦʨʪʫ ʩʘʤʦʣʝʪʘ C-130 ʙʳʣ ʨʘʟʚʝʨʥʫʪ ʧʝʨʚʳʡ ʚ ʤʠʨʝ ʛʠʧʝʨʩʧʝʢ-

ʪʨʦʤʝʪʨ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ, ʧʦʣʫʯʠʚʰʠʡ ʦʙʦʟʥʘʯʝʥʠʝ AIS 

(Airborne Imaging Spectrometer) [43, 45]. ʅʘ ʦʩʥʦʚʝ çAISè ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ ʚ 1989 

ʛ. ʚʚʝʜʝʥ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʛʠʧʝʨʩʧʝʢʪʨʦʤʝʪʨ çAVIRISè (Airborne Visible/Infrared 

Imaging Spectrometer), ʤʘʪʝʨʠʘʣʳ ʩʲʝʤʢʠ ʢʦʪʦʨʦʛʦ ʘʢʪʫʘʣʴʥʳ ʠ ʩʝʛʦʜʥʷ [43, 46, 

47]. ʉ ʩʝʨʝʜʠʥʳ 1990-ʭ ʛʦʜʦʚ ʉʐɸ ʧʨʠʩʪʫʧʘʶʪ ʢ ʨʘʟʤʝʱʝʥʠʶ ɻʉɸ ʚ ʢʦʩʤʦʩʝ ʥʘ 

ʟʘʩʝʢʨʝʯʝʥʥʳʭ ʚʦʝʥʥʳʭ ʩʧʫʪʥʠʢʘʭ [10]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʝʨʚʦʡ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʡ 

ɻʉɸ ʚ ʢʦʩʤʦʩʝ ʩʯʠʪʘʝʪʩʷ ʢʘʤʝʨʘ HYPERION ʥʘ ʙʦʨʪʫ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ EO-

1 (Earth Observation-1), ʢʦʪʦʨʘʷ ʫʩʧʝʰʥʦ ʨʘʙʦʪʘʣʘ ʩ 2000 ʧʦ 2017 ʛ. [43, 48, 49]. 

ʉʝʛʦʜʥʷ ʉʐɸ ʧʨʦʜʦʣʞʘʶʪ ʘʢʪʠʚʥʦ ʨʘʩʰʠʨʷʪʴ ʩʚʦʶ ʩʧʫʪʥʠʢʦʚʫʶ ʛʨʫʧʧʠʨʦʚʢʫ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ. ɺ 2023 ʛ. ʟʘʧʫʱʝʥ ʧʨʦʮʝʩʩ ʨʘʟʚʝʨʪʳ-

ʚʘʥʠʷ ʛʨʫʧʧʠʨʦʚʢʠ çGHOStè (Global Hyperspectral Observation Satellite), ʩʦʩʪʦʷ-

ʱʝʡ ʠʟ ʰʝʩʪʠ ʠʜʝʥʪʠʯʥʳʭ ʂɸ [15]. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʧʫʪʥʠʢʝ ʥʝ ʨʘʟ-

ʛʣʘʰʘʝʪʩʷ, ʦʜʥʘʢʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ çGHOStè ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʲʝʤʢʫ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ 

ʚʦʣʥ 400-2500 ʥʤ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʜʦ 8 ʤ ʥʘ ʧʠʢʩʝʣʴ, ʯʪʦ ʷʚʣ̫-

ʝʪʩʷ ʥʘʠʣʫʯʰʝʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ ɻʉɸ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ.  

ʉ ʥʘʯʘʣʘ XX ʚʝʢʘ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʥʘʙʣʶʜʝʥʠʷ ʩʪʘʣʠ ʫʜʝʣʷʪ ɹʩʪʨʘʥʳ ɽʚʨʦʧʳ (PRISMA [16]; EnMAP [17]; FLEX 

[18]), ʀʥʜʠ ̫(IMS-2 [19]), ʂʠʪʘʡ (Gaofen-5 [20]).  ɻʉɸ ʩʠʩʪʝʤ PRISMA, EnMAP, 

IMS-2 ʠʤʝʝʪ ʩʭʦʞʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʠ ʧʦʢʨʳʚʘʝʪ ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ 400-

2500 ʥʤ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 30 ʤ. ʂʠʪʘʡʩʢʘʷ ʩʠʩʪʝʤʘ Gaofen-5 ʠʤʝ-

ʝʪ ʨʘʩʰʠʨʝʥʥʫʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʧʦʣʦʩʫ ʟʘʭʚʘʪʘ 60 

ʢʤ. ʇʣʘʥʠʨʫʝʤʘʷ ʢ ʟʘʧʫʩʢʫ ʩʠʩʪʝʤʘ çFLEXè ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʲʝʤʢʫ ʩʦ ʩʚʝʨʭʚʳʩʦ-

ʢʠʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 0.5-2 ʥʤ. ʋʟʢʠʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʦʣʦʩʳ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʠʟʚʦʜʠʪʴ ʵʬʬʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʩʯʝʪʘ 

ʫʟʢʦʧʦʣʦʩʥʳʭ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʠʥʜʝʢʩʦʚ.         

1.1.4. ɺ ʈʦʩʩʠʠ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ 

ʩʲʝʤʢʠ ɿʝʤʣʠ ʠʜʫʪ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʩ ʦʪʩʪʘʚʘʥʠʝʤ ʦʪ ʚʝʜʫʱʠʭ ʚ ʜʘʥʥʦʡ ʦʙʣʘ-

ʩʪʠ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ. ɺ 2012 ʛʦʜʫ ʟʘʧʫʱʝʥ ʩʧʫʪʥʠʢ ʄʂɸ-ʌʂʀ çɿʦʥʜ-ʇʇè, ʥʘ 

ʙʦʨʪʫ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥ ʫʥʠʢʘʣʴʥʳʡ ʛʠʧʝʨʩʧʝʢʪʨʦʤʝʪʨ, ʨʘʙʦʪʘʚʰʠʡ ʚ ʩʧʝʢ-
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ʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 400-1000 ʥʤ, ʩʦ 150 ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʢʘʥʘʣʘʤʠ, ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 88 ʤ [21, 22]. ɺ ʵʪʦʤ ʧʨʦʝʢʪʝ ʚ ʢʘʯʝʩʪʚʝ ʛʦʣʦʚʥʦʛʦ ʨʘʟʨʘ-

ʙʦʪʯʠʢʘ ʄʂɸ ʚʳʩʪʫʧʘʣʦ ʅʇʆ ʠʤ. ʉ.ɸ. ʃʘʚʦʯʢʠʥʘ, ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʛʠʧʝʨʩʧʝʢʪʨʦ-

ʤʝʪʨʘ ï ʎʝʥʪʨ ʂʝʣʜʳʰʘ. ɺ ʩʦʟʜʘʥʠʠ ɻʉɸ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʚʦʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʫʯʘʩʪʚʦʚʘʣʘ ʰʠʨʦʢʘʷ ʢʦʦʧʝʨʘʮʠʷ ʧʨʝʜʧʨʠʷʪʠʡ 

ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʅʇʆ çʃʝʧʪʦʥè, ʎʅʀʀʤʘʰ), ʨʷʜ ɺʋɿʦʚ 

ʠ ʥʘʫʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ.  

ɺ 2013-2024 ʛʦʜʘʭ, ʚʳʚʝʜʝʥʳ ʥʘ ʦʨʙʠʪʫ ʧʷʪʴ ʩʧʫʪʥʠʢʦʚ ʚ ʨʘʤʢʘʭ ʢʦʩʤʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʳ çʈʝʩʫʨʩ-ʇè. ʅʘ ʵʪʠʭ ʩʧʫʪʥʠʢʘʭ, ʧʦʤʠʤʦ ʘʧʧʘʨʘʪʫʨʳ ʜʝʪʘʣʴʥʦʡ 

ʩʲʝʤʢʠ ʠ ʩʨʝʜʥʝʛʦ ʨʘʟʨʝʰʝʥʠʷ ʚ ʚʠʜʠʤʦʤ ʠ ɹʀʂ ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ, ʫʩʪʘʥʦʚʣʝʥʘ 

ɻʉɸ, ʧʦʟʚʦʣʷʶʱʘʷ ʚʳʧʦʣʥʠʪʴ ʩʲʝʤʢʫ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 400-1000 ʥʤ, ʩʦ 

ʩʨʝʜʥʠʤ ʨʘʟʨʝʰʝʥʠʝʤ 5 ʥʤ ʚ ʧʦʣʦʩʝ ʦʙʟʦʨʘ 30 ʢʤ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝ-

ʥʠʝʤ 30ʤ. ɻʦʣʦʚʥʦʡ ʨʘʟʨʘʙʦʪʯʠʢ ʩʠʩʪʝʤʳ çʈʝʩʫʨʩ-ʇè ï ʉʘʤʘʨʩʢʠʡ ʈʘʢʝʪʥʦ-

ʢʦʩʤʠʯʝʩʢʠʡ ʮʝʥʪʨ çʇʨʦʛʨʝʩʩè, ʨʘʟʨʘʙʦʪʯʠʢ ɻʉɸ ï ʂʨʘʩʥʦʛʦʨʩʢʠʡ ʟʘʚʦʜ ʠʤ. ʉ.ɸ. 

ɿʚʝʨʝʚʘ. ɺ ʧʨʦʝʢʪʝ çʈʝʩʫʨʩ-ʇè ʧʨʠʚʣʝʯʝʥʘ ʰʠʨʦʢʘʷ ʢʦʦʧʝʨʘʮʠʷ: ʧʨʝʜʧʨʠʷʪʠʷ ʨʘ-

ʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ (ʎʅʀʀʤʘʰ, ʢʦʨʧʦʨʘʮʠʷ çʈʦʩʩʠʡʩʢʠʝ ʢʦʩʤʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ ʩ ʅʘʫʯʥʳʤ ʮʝʥʪʨʦʤ ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ɿʝʤʣʠè, ʅʀʀ ʪʦʯʥʳʭ 

ʧʨʠʙʦʨʦʚ, ʅʇʇ çʆʇʊʕʂʉè, ʠ ʜʨ.) [4, 6, 11, 23-30]; ɺʋɿʳ ʠ ʥʘʫʯʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ 

(ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʌʊʀ, ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, ʈɻʈʊʋ ʠʤ. ɺ.ʌ. 

ʋʪʢʠʥʘ, ɺʂɸ ʠʤ. ɸ.ʌ. ʄʦʞʘʡʩʢʦʛʦ, ʀʂʀ ʈɸʅ, ʀʌɸ ʠʤ. ɸ.ʄ. ʆʙʫʭʦʚʘ ʈɸʅ, 

ʅʀʎ çʇʣʘʥʝʪʘè, ʀʉʆʀ ʈɸʅ, ʉʘʤʘʨʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ.ʇ. ʂʦʨʦʣʝʚʘ, 

ʉʘʤɻʊʋ ʠ ʜʨ.) [31-42]. ʈʝʟʫʣʴʪʘʪʳ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ  ʙʘʟʠʨʫʶʪʩʷ ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʥʘ ʩʦʟʜʘʥʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʣʛʦʨʠʪʤʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ ʛʠʧʝʨ-

ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʪ ʩʠʩʪʝʤʳ çʈʝʩʫʨʩ-ʇè.  

  1.1.5. ʅʘ ʦʩʥʦʚʝ ʢʨʘʪʢʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ 

ʩʲʝʤʢʠ ɿʝʤʣʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʠ ʟʘ ʨʫʙʝʞʦʤ ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ ʜʚʘ ʚʳʚʦʜʘ. 

ʇʝʨʚʳʡ. ʇʦʣʫʚʝʢʦʚʘʷ ʠʩʪʦʨʠʷ ʩʪʘʥʦʚʣʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʠ-

ʩʪʝʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ɿʝʤʣʠ ʜʦʢʘʟʘʣʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝ-

ʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʩʚʝʜʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʦ ʧʨʦ-
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ʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʙʲʝʢʪʦʚ ʥʘʙʣʶʜʘʝʤʦʡ ʩʮʝʥʳ, 

ʥʦ ʠ ʦ ʯʘʩʪʦʪʥʳʭ ʩʧʝʢʪʨʘʭ ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʥʠʭ ʠʟʣʫʯʝʥʠʷ. 

ɺʪʦʨʦʡ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ 

ʩʲʝʤʢʠ ɿʝʤʣʠ ʚ ʈʦʩʩʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʜʫʱʠʤʠ ʢʦʩʤʠʯʝʩʢʠʤʠ ʜʝʨʞʘʚʘʤʠ ʚ ʦʙ-

ʣʘʩʪʠ ɼɿɿ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʰʘ ʩʪʨʘʥʘ ʧʦʢʘ ʦʪʩʪʘʝʪ ʚ ʵʪʦʤ ʚʘʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʥʦʚʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʧʳʪʥʦ-

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ.   

1.2. ɸʅɸʃʀɿ ʄɽʊʆɼʆɺ ʆɹʈɸɹʆʊʂʀ 

 ɻʀʇɽʈʉʇɽʂʊʈɸʃʔʅʆʁ ʀʅʌʆʈʄɸʎʀʀ  

1.2.1. ʎʠʢʣ ʦʙʨʘʙʦʪʢʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʦʩ-

ʥʦʚʥʳʭ ʵʪʘʧʦʚ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʠ ʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙ-

ʨʘʙʦʪʢʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʥʘʙʦʨ ʧʨʦʮʝʜʫʨ, ʧʨʝʦʙʨʘʟʫʶʱʠʭ çʩʳʨʳʝè 

ʩʧʫʪʥʠʢʦʚʳʝ ʜʘʥʥʳʝ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʨʦʜʫʢʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʧʨʝʜʝʣʝʥ-

ʥʳʤ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʘʤ. ʊʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʥʪʝʨ-

ʧʨʝʪʘʮʠʶ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʘʤʢʘʭ ʢʦʥʢʨʝʪʥʦʡ ʧʨʠʢʣʘʜʥʦʡ ʟʘʜʘ-

ʯʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʝʸ ʚʳʧʦʣʥʝʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʦʪ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʥʘʧʨʘʚ-

ʣʝʥʥʳʭ ʥʘ ʨʝʰʝʥʠʝ ʢʣʶʯʝʚʦʡ ʟʘʜʘʯʠ ï ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʥʘʙʣʶʜʘʝʤʦʡ 

ʩʮʝʥʳ ʧʦ ʠʭ ʩʧʝʢʪʨʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 

ʊʠʧʠʯʥʳʤʠ ʟʘʜʘʯʘʤʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ɻʉʀ ʷʚʣʷʶʪʩʷ [50, 51]: 

-  ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʘʷ ʢʦʨʨʝʢʮʠʷ (ʫʩʪʨʘʥʝʥʠʝ ʠʩʢʘʞʝʥʠʡ, ʚʥʦʩʠʤʳʭ 

ʩʲʝʤʦʯʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ ʠ ʘʪʤʦʩʬʝʨʦʡ);  

-  ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʢʦʨʨʝʢʮʠʷ (ʢʦʤʧʝʥʩʘʮʠʷ ʠʩʢʘʞʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʨʷʜʦʤ 

ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʚʳʩʦʪʫ, ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʩʲʝʤʦʯʥʦʡ 

ʧʣʘʪʬʦʨʤʳ, ʘ ʪʘʢʞʝ ʢʨʠʚʠʟʥʫ ʠ ʚʨʘʱʝʥʠʝ ɿʝʤʣʠ); 

-  ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʧʨʠʚʷʟʢʘ (ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʤʝʩʪʘ ʩʲʝʤʢʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʠʟʦʙʨʘʞʝʥʠʷ); 
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-  ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ (ʦʙʲʝʜʠʥʝʥʠʝ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ ʦʪ ʦʪʜʝʣʴʥʳʭ ʦʧʪʠʢʦ-

ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʚ ʝʜʠʥʳʡ ʛʠʧʝʨʢʫʙ); 

-  ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʫʶ ʧʨʦʝʢʮʠʶ (ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ɻʉʀ ʥʘ 

ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʝ ʢ ʥʘʙʣʶʜʘʝʤʦʡ ʩʮʝʥʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʪʨʝʙʫʝʤʦʡ ʧʨʦʝʢʮʠʠ). 

ʕʪʠ ʟʘʜʘʯʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʦʡ ʠ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɿʘʜʘʯʠ ʛʝʦʤʝʪ-

ʨʠʯʝʩʢʦʡ ʢʦʨʨʝʢʮʠʠ, ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʠ ʥʘʙʣʶʜʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʪʦʯʝʢ 

ʢ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʢʦʦʨʜʠʥʘʪʘʤ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʛʠʧʝʨʢʫʙʘ ʚ ʟʘʜʘʥʥʫʶ ʢʘʨʪʦʛʨʘ-

ʬʠʯʝʩʢʫʶ ʧʨʦʝʢʮʠʶ ʠʤʝʶʪ ʤʥʦʛʦ ʦʙʱʝʛʦ ʩ ʦʙʨʘʙʦʪʢʦʡ ʜʘʥʥʳʭ ʦʪ ʜʨʫʛʠʭ ʩʲʝ-

ʤʦʯʥʳʭ ʩʠʩʪʝʤ [52-54]. ʇʦʩʢʦʣʴʢʫ ʵʪʠ ʚʦʧʨʦʩʳ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʡ 

ʜʠʩʩʝʨʪʘʮʠʠ, ʪʦ ʠʤ ʩʣʝʜʫʝʪ ʫʜʝʣʠʪʴ ʤʝʥʴʰʝ ʚʥʠʤʘʥʠʷ. ɻʣʘʚʥʦʝ ʞʝ ʚʥʠʤʘʥʠʝ ʫʜʝ-

ʣ̫ ʝʪʩʷ ʚʦʧʨʦʩʘʤ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ɻʉɸ ʠʭ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʧʨʠ ʨʝʰʝʥʠʠ ʪʨʫʜʦʝʤʢʦʡ ʟʘʜʘʯʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʘʙʣʶʜʘʝʤʳʭ ʦʙʲʝʢʪʦʚ.  

1.2.2. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʡʜʝʥʥʳʭ ʧʨʦʮʝʜʫʨ, ɻʉʀ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʨʦʚ-

ʥʝʤ ʦʙʨʘʙʦʪʢʠ. ʈʘʟʣʠʯʥʳʝ ʩʲʝʤʦʯʥʳʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʠʤʝʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʩʠʩʪʝʤʫ 

ʥʘʠʤʝʥʦʚʘʥʠʡ ʫʨʦʚʥʝʡ ʠ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʥʠʤ [55-57]. ʆʜʥʘʢʦ ʚ ʮʝ-

ʣʦʤ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʜʨʫʛʠʤʠ ʩʪʘʥʜʘʨʪʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ɼɿɿ, ʜʣʷ ɻʉʀ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʧʷʪʴ ʦʩʥʦʚʥʳʭ ʫʨʦʚʥʝʡ ʦʙʨʘʙʦʪʢʠ [58]. 

ʋʨʦʚʝʥʴ 0 ï ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʩʲʝʤʦʯʥʦʡ ʩʠʩʪʝʤʦʡ  ʙʝʟ 

ʢʘʢʠʭ ʣʠʙʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ʀʟʦʙʨʘʞʝʥʠʷ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʨʘʩʪʨʦ-

ʚʳʝ ʬʦʨʤʘʪʳ ʠ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʤʝʪʘʜʘʥʥʳʤʠ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʂɸ, ʜʘʪʝ ʠ ʚʨʝʤʝʥʠ ʩʲʝʤʢʠ, ʢʦʦʨʜʠʥʘʪʘʭ ʩʢʘʥʠʨʫʝʤʦʛʦ ʧʦʣʠʛʦʥʘ 

ʠ ʜʨʫʛʠʝ ʚʘʞʥʳʝ ʩʚʝʜʝʥʠʷ. ɼʘʥʥʳʝ ʥʫʣʝʚʦʛʦ ʫʨʦʚʥʷ ʧʨʠʛʦʜʥʳ ʣʠʰʴ ʜʣʷ ʚʠʟʫʘʣʠ-

ʟʘʮʠʠ ʩʥʠʤʢʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʦʜʫʢʪʦʚ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ. 

ʆʥʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʘʜʝʢʚʘʪʥʦ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʜʨʫʛʠʭ ʩʲʝʤʦʢ ʠ ʧʦʜ-

ʚʝʨʛʥʫʪʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʘʥʘʣʠʟʫ.  

ʋʨʦʚʝʥʴ 1 ï ʠʟʦʙʨʘʞʝʥʠʝ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʝ ʠʟ ʮʠʬʨʦʚʳʭ ʢʦʜʦʚ (DN, Digital 

Numbers), ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʦʮʠʬʨʦʚʱʠʢʦʤ, ʚ ʬʠʟʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʚʝʣʠʯʠʥʳ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʷʨʢʦʩʪʠ (ʉʇʕʗ) ʥʘ ʚʭʦʜʥʦʤ ʟʨʘʯʢʝ ʩʲʝ-
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ʤʦʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. ɺ ʩʣʫʯʘʝ ʨʝʛʠʩʪʨʘʮʠʠ ʩʮʝʥʳ ʥʝʩʢʦʣʴʢʠʤʠ ʦʪʜʝʣʴʥʳʤʠ ʜʘʪ-

ʯʠʢʘʤʠ ʩʪʦʠʪ ʟʘʜʘʯʘ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥ-

ʥʳʭ ʚ ʝʜʠʥʳʡ ʛʠʧʝʨʢʫʙ. ʊʘʢʞʝ, ʥʘ ʧʝʨʚʦʤ ʫʨʦʚʥʝ ʦʙʨʘʙʦʪʢʠ ʚʳʧʦʣʥʷʝʪʩʷ ʛʝʦʛʨʘ-

ʬʠʯʝʩʢʘʷ ʧʨʠʚʷʟʢʘ ʠʟʦʙʨʘʞʝʥʠʷ. ʉʪʘʥʜʘʨʪʥʳʡ ʧʨʦʜʫʢʪ ʦʙʨʘʙʦʪʢʠ ç1Aè ʚʢʣʶʯʘʝʪ 

ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʢʦʨʨʝʢʮʠʝʡ, ʘ ʪʘʢʞʝ ʛʝʦʛʨʘ-

ʬʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʦʡ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʦʙʨʘʙʦʪʢʘ ʨʘʩʰʠʨʷʝʪʩʷ ʜʦ ʫʨʦʚʥʷ 

ç1Bè, ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʉʇʕʗ ʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪ-

ʨʘʞʝʥʠʷ (ʂʉʆ) ʥʘ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʘʪʤʦʩʬʝʨʳ (ʪ.ʝ. ʩ ʠʩʢʣʶʯʝʥʠʝʤ ʘʪʤʦʩʬʝʨʥʳʭ 

ʠʩʢʘʞʝʥʠʡ).  

ʋʨʦʚʝʥʴ 2 ï ʠʟʦʙʨʘʞʝʥʠʷ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʫʶ ʧʨʦʝʢʮʠʶ. 

ʋʨʦʚʝʥʴ ʜʝʣʠʪʩʷ ʥʘ ʜʚʘ ʧʦʜʫʨʦʚʥʷ: ç2Aè ʠ ç2Bè. ʋʨʦʚʝʥʴ ç2Aè ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʝʢʮʠʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʟʝʤʥʳʭ ʦʧʦʨ-

ʥʳʭ ʪʦʯʝʢ, ʘ ʧʨʦʝʮʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʩʨʝʜʥʶʶ ʚʳʩʦʪʫ. ɺ ʦʪ-

ʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, ʧʨʦʝʢʮʠʷ (ʦʨʪʦʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʝ) ʥʘ ʫʨʦʚʥʝ ç2Bè ʚʳʧʦʣʥʷʝʪʩʷ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝ-

ʬʘ. 

ʋʨʦʚʝʥʴ 3 ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ɻʉʀ ʝʜʠʥʳʭ ʨʘʩʪʨʦ-

ʚʳʭ ʤʦʟʘʠʢ, ʧʦʢʨʳʚʘʶʱʠʭ ʙʦʣʴʰʠʝ ʪʝʨʨʠʪʦʨʠʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʳʙʨʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʝʜʠʥʫʶ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʫʶ ʧʨʦʝʢʮʠʶ, 

ʧʨʠʚʝʜʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʢ ʝʜʠʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ʠ ʜʨ. 

ʋʨʦʚʝʥʴ 4 ï ʪʝʤʘʪʠʯʝʩʢʘ ̫ʦʙʨʘʙʦʪʢʘ ɻʉʀ. ʕʪʦʪ ʫʨʦʚʝʥʴ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʟ-

ʚʣʝʯʝʥʠʝ ʮʝʣʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʧʦʩʣʝʜʫʶʱʫʶ ʝʝ ʠʥʪʝʨʧʨʝʪʘ-

ʮʠʶ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʧʨʠʢʣʘʜʥʦʡ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  

1.2.3. ɺʦʧʨʦʩʳ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ ʠʤʝʶʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘ-

ʯʝʥʠʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʘʣʛʦʨʠʪʤʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʥʘ ɻʉʀ. ʀʩʢʘʞʝʥʠʷ, 

ʚʳʟʚʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʚʠʜʝʦʪʨʘʢʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʧʝʨʢʫʙʘ, ʚʥʦʩʷʪ ʩʫʱʝ-

ʩʪʚʝʥʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʠʪʦʛʦʚʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʦʙʨʘʞʝʥʠʡ, 

ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʠʭ ʥʘʜʝʞʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʨʝʜʩʪʚʘʤʠ ʥʝʡʨʦʥ-

ʥʳʭ ʩʝʪʝʡ. ʈʘʜʠʦʤʝʪʨʠʯʝʩʢʘʷ ʢʦʨʨʝʢʮʠʷ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʠ ʢʣʶʯʝʚʳʤ ʰʘ-
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ʛʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʮʝʣʝʚʦʡ ʦʙʨʘʙʦʪʢʠ ɻʉʀ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ.  

ʈʘʜʠʦʤʝʪʨʠʯʝʩʢʘʷ ʢʘʣʠʙʨʦʚʢʘ ʩʦʩʪʦʠʪ ʠʭ ʜʚʫʭ ʵʪʘʧʦʚ: ʧʨʝʜʧʦʣʝʪʥʘʷ ʢʘʣʠʙ-

ʨʦʚʢʘ ʠ ʢʘʣʠʙʨʦʚʢʘ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʂɸ. ʀʟʥʘʯʘʣʴʥʦ, ʚ ʭʦʜʝ ʧʨʝʜʧʦʣʝʪ-

ʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʚʭʦʜ ɻʉɸ ʧʦʜʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʩʠʛʥʘʣ (ʵʪʘʣʦʥ), ʩʧʝʢʪʨʘʣʴʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʪʦʨʦʛʦ ʠʟʚʝʩʪʥʘ. ʅʘ ʦʩʥʦʚʝ ʦʪʢʣʠʢʘ ɻʉɸ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʵʬ-

ʬʠʮʠʝʥʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʥʘʠʣʫʯʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʚʭʦʜʥʳʤ 

ʩʠʛʥʘʣʦʤ.  ɺ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ɻʉɸ ʧʨʦʠʩʭʦʜʠʪ ʠʟʥʦʩ ʵʣʝʤʝʥʪʦʚ ʦʧʪʠʢʦ-

ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʨʘʢʪʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ, ʫʨʦʚʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʠʛʥʘʣʘ ʩ ʵʪʘʣʦʥʦʤ 

(ʦʧʨʝʜʝʣʸʥʥʳʤ ʚ ʭʦʜʝ ʥʘʟʝʤʥʳʭ ʠʩʧʳʪʘʥʠʡ) ʤʦʞʝʪ ʥʝʜʦʧʫʩʪʠʤʦ ʩʥʠʞʘʪʴʩʷ. ɼʣʷ 

ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʪʨʝʙʫʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠ ʫʪʦʯʥʷʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʘʙʩʦʣʶʪʥʦʡ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʠʭ 

ʦʧʨʝʜʝʣʝʥʠʶ [59-61]. 

ɺʥʫʪʨʝʥʥʠʝ ʠ ʚʥʝʰʥʠʝ ʙʦʨʪʦʚʳʝ ʵʪʘʣʦʥʳ ï ʩʧʝʮʠʘʣʴʥʳʝ ʣʘʤʧʳ ʥʘʢʘʣʠʚʘ-

ʥʠʷ, ʩʦʣʥʝʯʥʳʝ ʜʠʬʬʫʟʦʨʳ ʠ ʜʨ. 

ɿʘʤʝʱʘʶʱʘʷ ʢʘʣʠʙʨʦʚʢʘ ï ʥʘʙʣʶʜʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʥʘʟʝʤʥʳʭ ʧʦʣʠʛʦʥʦʚ, 

ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʘʪʤʦ-

ʩʬʝʨʝ ʠ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʂʨʦʩʩ-ʢʘʣʠʙʨʦʚʢʘ ï ʧʘʨʘʣʣʝʣʴʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʢʨʫʧʥʳʭ ʦʜʥʦʨʦʜʥʳʭ ʧʦʣʠ-

ʛʦʥʦʚ ʥʝʩʢʦʣʴʢʠʤʠ ʢʦʤʧʣʝʢʪʘʤʠ ʛʠʧʝʨʩʧʝʢʪʨʦʤʝʪʨʦʚ ʠ ʧʨʠʚʝʜʝʥʠʝ ʛʠʧʝʨʩʧʝʢ-

ʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʢ ʫʞʝ ʦʪʢʘʣʠʙʨʦʚʘʥʥʦʤʫ ɻʉɸ. 

ʂʘʣʠʙʨʦʚʢʘ ʧʦ ʥʝʙʝʩʥʦʤʫ ʦʙʲʝʢʪʫ ï ʥʘʙʣʶʜʝʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ 

(ʃʫʥʘ, ʉʦʣʥʮʝ, ʟʚʝʟʜʳ).  

ɹʦʣʴʰʠʥʩʪʚʦ ʩʧʫʪʥʠʢʦʚ ʦʩʥʘʱʝʥʳ ʚʥʫʪʨʝʥʥʠʤʠ ʠ ʚʥʝʰʥʠʤʠ ʵʪʘʣʦʥʘʤʠ, 

ʧʦʟʚʦʣʷʶʱʠʤʠ ʚʳʧʦʣʥʷʪʴ ʢʘʣʠʙʨʦʚʢʫ ɻʉɸ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʙʦʨʪʫ ʂɸ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʵʪʦ ʦʙʦʨʫʜʦʚʘʥʠʝ ʪʘʢʞʝ ʧʦʜʚʝʨʞʝʥʦ ʜʝʛʨʘʜʘʮʠʠ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʨʠʦʙʨʝʣʘ ʟʘʤʝʱʘʶʱʘʷ ʢʘʣʠʙ-

ʨʦʚʢʘ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʥʘ ʦʩʥʦʚʝ ʩʲʝʤʢʠ ʦʧʦʨʥʳʭ ʧʦʣʠʛʦʥʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʝʡ ʘʪʤʦʩʬʝʨʳ, ʧʦʣʫʯʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʝʨʝʜʘʯʠ 

ʘʪʤʦʩʬʝʨʳ ʠ ʧʦʣʠʛʦʥʘ. ɼʘʣʝʝ ʵʪʘʣʦʥʥʳʡ ʩʠʛʥʘʣ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʥʘ ʚʳ-
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ʭʦʜʝ ɻʉɸ. ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʧʨʘʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʡ ʉʇʕʗ ʧʠʢʩʝʣʝʡ ɻʉʀ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳ ʚʦʧʨʦʩʳ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʚʤʝʱʝʥʠʷ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʪ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠ-

ʢʦʚ [62]. 

ʉ 2017 ʛʦʜʘ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩʝʪʴ ʦʧʦʨʥʳʭ ʧʦʣʠʛʦʥʦʚ çRadCalNetè [63], ʩʦ-

ʟʜʘʥʥʘʷ ʧʦ ʠʥʠʮʠʘʪʠʚʝ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʛʨʫʧʧʳ ʧʦ ʢʘʣʠʙʨʦʚʢʝ ʠ ʚʘʣʠʜʘʮʠʠ CEOS. 

ʉʝʪʴ çRadCalNetè ʩʦʩʪʦʠʪ ʠʟ ʧʷʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʪʘʥʮʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʩʚʝʪʘ. ʀʟʤʝʨʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʧʦʣʠʛʦʥʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʘʪʤʦʩʬʝʨʳ ʧʨʦʠʟʚʦʜʷʪʩʷ ʝʞʝʜʥʝʚʥʦ ʩ 9:00 ʜʦ 

15:00 ʧʦ ʤʝʩʪʥʦʤʫ ʚʨʝʤʝʥʠ ʩ 30-ʤʠʥʫʪʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 

400-2500 ʥʤ ʠ ʰʘʛʦʤ 10 ʥʤ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʫʙʣʠʢʫʶʪʩʷ ʚ ʦʪʢʨʳʪʦʤ ʜʦ-

ʩʪʫʧʝ. ɿʘʤʝʱʘʶʱʘʷ ʢʘʣʠʙʨʦʚʢʘ ʣʶʙʦʡ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʠʣʠ ʤʥʦʛʦʟʦʥʘʣʴʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ ʥʘ ʦʩʥʦʚʝ ʧʣʘʥʦʚʦʡ ʩʲʝʤʢʠ ʪʝʨʨʠʪʦʨʠʡ ʢʘ-

ʣʠʙʨʦʚʦʯʥʳʭ ʧʦʣʠʛʦʥʦʚ çRadCalNetè. 

ʂʨʦʩʩ-ʢʘʣʠʙʨʦʚʢʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʝʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʠʣʠ ʜʦʧʦʣʥʝʥʠʝʤ 

ʢ ʙʦʨʪʦʚʦʡ ʧʦʣʝʪʥʦʡ ʢʘʣʠʙʨʦʚʢʝ. ʆʥʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʘʨʘʣʣʝʣʴʥʫʶ ʩʲʝʤʢʫ ʦʙ-

ʰʠʨʥʳʭ ʦʜʥʦʨʦʜʥʳʭ ʧʦʣʠʛʦʥʦʚ, ʢʘʣʠʙʨʫʝʤʳʤ ɻʉɸ ʠ ʵʪʘʣʦʥʥʳʤ ʘʧʧʘʨʘʪʦʤ. ʊʘ-

ʢʠʝ ʧʦʣʠʛʦʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʫʩʪʳʥʥʳʝ ʨʘʡʦʥʳ ʧʣʦʱʘʜʴʶ ʜʦ 100 

ʢʤ
2
  ʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʧʦʩʪʦʷʥʥʦʡ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʥʠʟʢʠʤ ʩʦ-

ʜʝʨʞʘʥʠʝʤ ʘʵʨʦʟʦʣʝʡ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʦʙʣʘʯʥʦʩʪʠ. ʆʩʥʦʚʥʫʶ ʩʣʦʞʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 

ʩʦʚʤʝʱʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʜʚʫʭ ʩʝʥʩʦʨʦʚ, ʘ 

ʪʘʢʞʝ ʫʯʝʪ ʨʘʟʣʠʯʠʡ ʚ ʫʩʣʦʚʠʷʭ ʥʘʙʣʶʜʝʥʠʷ.    

1.2.4. ʈʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɻʉɸ ʚ ʢʘʯʝʩʪʚʝ ʠʟʤʝʨʠʪʝʣʴ-

ʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠʤʝʝʪ ʘʪʤʦʩʬʝʨʥʘʷ ʢʦʨʨʝʢʮʠʷ. ʀʟʣʫʯʝʥʠʝ, ʨʝʛʠʩʪʨʠʨʫʝʤʦʝ 

ɻʉɸ, ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʘʪʤʦʩʬʝʨʫ ʜʚʘʞʜʳ: ʩʥʘʯʘʣʘ ʥʘ ʧʫʪʠ ʦʪ ʉʦʣʥʮʘ ʢ ɿʝʤʣʝ, ʘ ʟʘ-

ʪʝʤ ʧʦʩʣʝ ʦʪʨʘʞʝʥʠʷ ʦʪ ɿʝʤʣʠ ʢ ʂɸ. ɺ ʭʦʜʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʣʫʯʝʥʠʝ ʯʘʩʪʠʯʥʦ 

ʧʦʛʣʦʱʘʝʪʩʷ ʠ ʨʘʩʩʝʠʚʘʝʪʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʠʟʣʫʯʝʥʠʝ, ʜʦʩʪʠʛʘʶʱʝʝ ʜʘʪʯʠʢʘ, ʩʦ-

ʩʪʦʠʪ ʠʟ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʣʫʯʠʩʪʦʡ ʵʥʝʨʛʠʠ, ʦʪʨʘʞʝʥʥʦʡ ʦʪ ʮʝʣʝʚʦʛʦ 

ʦʙʲʝʢʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ; ʣʫʯʠʩʪʦʡ ʵʥʝʨʛʠʠ, ʨʘʩʩʝʷʥʥʦʡ ʘʪʤʦʩʬʝʨʦʡ ʠ ʧʦ-

ʧʘʜʘʶʱʝʡ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʜʘʪʯʠʢʘ ʙʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ; ʠ ʣʫʯʠʩʪʦʡ 
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ʵʥʝʨʛʠʠ, ʦʪʨʘʞʝʥʥʦʡ ʦʪ ʙʣʠʟʣʝʞʘʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʦʣʴʢʦ ʯʘʩʪʴ ʣʫʯʠʩʪʦʡ ʵʥʝʨ-

ʛʠʠ, ʦʪʨʘʞʝʥʥʦʡ ʦʪ ʮʝʣʝʚʦʛʦ ʦʙʲʝʢʪʘ, ʩʦʜʝʨʞʠʪ ʜʦʩʪʦʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʇʦ-

ʵʪʦʤʫ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʚʣʠʷʥʠʷ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʜʘʥʥʳʝ ʪʨʝʙʫʝʪʩʷ ʘʪʤʦ-

ʩʬʝʨʥʘʷ ʢʦʨʨʝʢʮʠʷ.  ɺ ʣʠʪʝʨʘʪʫʨʝ ʚʳʜʝʣʷʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ ʢ ʝʝ ʧʨʦʚʝʜʝ-

ʥʠʶ: ʵʤʧʠʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʝʨʝʥʦʩʘ ʠʟʣʫʯʝʥʠʷ. 

ʕʤʧʠʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʩʘʤʦʛʦ ɻʉʀ ʠ 

ʥʝ ʪʨʝʙʫʶʪ ʥʘʣʠʯʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʘʧʨʠʦʨʥʳʭ ʟʥʘʥʠʡ. ʐʠʨʦʢʦ ʠʟʚʝʩʪʥʳʤʠ ʧʨʠʤʝ-

ʨʘʤʠ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʷʚʣʷʶʪʩʷ: Internal Average Reflectance; Flat Field; Quick 

Atmospheric Correction ʠ ʜʨ. [64, 65]. ʂʘʢ ʧʨʘʚʠʣʦ, ʪʘʢʠʝ ʤʝʪʦʜʳ ʢʨʘʡʥʝ ʥʝʩʪʘ-

ʙʠʣʴʥʳ ʠ ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʘʪʤʦʩʬʝʨʥʳʭ ʠʩʢʘʞʝʥʠʡ  ʣʠʰʴ ʯʘʩʪʠʯʥʦ. 

ʇʨʠ ʵʪʦʤ ʦʩʪʘʪʦʯʥʳʝ ʠʩʢʘʞʝʥʠʷ ʧʦ-ʧʨʝʞʥʝʤʫ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠ-

ʷʥʠʝ ʥʘ ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʢʘʣʠʙʨʦʚʢʠ. 

ɸʣʛʦʨʠʪʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʦʜʝʣʷʭ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʝʨʝʥʦʩʘ, ʠʩʧʦʣʴʟʫʶʪ 

ʬʠʟʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʝʪʘ ʩ ʘʪʤʦʩʬʝʨʦʡ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʤʦʜʝ-

ʣʝʡ ʷʚʣʷʶʪʩʷ MODTRAN, 6S, FLAASH ʠ ʜʨ. [66-68]. ʕʪʠ ʤʦʜʝʣʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʙʦʣʝʝ ʥʘʜʝʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʢʦʨʨʝʢʮʠʠ, ʦʜʥʘʢʦ ʪʨʝʙʫʶʪ ʚʚʦʜʘ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʘʪʤʦʩʬʝʨʳ, ʪʘʢʠʭ ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʟʦʥʘ ʠ ʚʦʜʷʥʦʛʦ ʧʘʨʘ, ʦʧʪʠʯʝ-

ʩʢʘʷ ʪʦʣʱʠʥʘ ʘʵʨʦʟʦʣʷ, ʧʨʦʬʠʣʴ ʘʵʨʦʟʦʣʷ, ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʜʨ. ʕʪʠ ʜʘʥ-

ʥʳʝ ʥʝ ʜʦʩʪʫʧʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʲʝʤʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʩʧʝʢʪʨʘʣʴʥʳʡ ʧʨʦʬʠʣʴ ʦʙʲʝʢʪʘ ʚʣʠʷʶʪ ʢʘʢ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʜʘʪʯʠʢʘ, ʪʘʢ ʠ ʫʩʣʦʚʠʷ ʥʘʙʣʶʜʝʥʠʷ. ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲ-

ʝʢʪʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʨʘʥʠʪʴ ʣʶʙʳʝ ʠʩʢʘʞʝʥʠʷ ʠʣʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ɻʉɸ. ʕʪʦ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʝʨʝʭʦʜ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʬʠʟʠʯʝʩʢʠʤ ʚʝʣʠʯʠʥʘʤ, ʯʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʜʫʢʪʘ ʫʨʦʚʥʷ ʦʙʨʘʙʦʪʢʠ 1ɸ. ɹʦʣʝʝ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʜʘʪʯʠʢʘ ʢ ʦʧʠ-

ʩʘʥʠʶ ʂʉʆ ʥʘ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʘʪʤʦʩʬʝʨʳ, ʪʦ ʝʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʜʫʢʪʘ ʫʨʦʚ-

ʥʷ 1ɺ. ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʪʦʯʥʦʩʪʴ ʠʤʝʶʱʠʭʩʷ ʤʦʜʝʣʝʡ 

ʘʪʤʦʩʬʝʨʳ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʢʪʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʵʪʠʭ ʤʦʜʝʣʝʡ, ʫʯʠʪʳ-

ʚʘʷ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʘʪʤʦʩʬʝʨʳ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʠ ʢʦʦʨʜʠʥʘʪ. 
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1.2.5. ʇʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʨʦʜʫʢʪʘ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʚʳ-

ʧʦʣʥʷʝʪʩʷ ʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ɻʉʀ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʥʘ ʠʟʦʙ-

ʨʘʞʝʥʠʠ ʮʝʣʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʝʝ ʠʥʪʝʨʧʨʝʪʘʮʠʶ, ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʧʨʠʥʷʪʠʝ ʨʝ-

ʰʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʠ ʠʥʪʝʨʝʩʫʶʱʠʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʮʝʣʝ-

ʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʮʝʣʦʤ, ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʨʝʰʝʥʠʝ ʜʚʫʭ ʦʩʥʦʚʥʳʭ 

ʟʘʜʘʯ. ʇʝʨʚʘʷ ʟʘʜʘʯʘ ï ʩʝʛʤʝʥʪʘʮʠʷ ɻʉʀ, ʪ.ʝ. ʨʘʟʙʠʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʦʪʜʝʣʴ-

ʥʳʝ ʦʙʣʘʩʪʠ, ʦʜʥʦʨʦʜʥʳʝ ʧʦ ʥʝʢʦʪʦʨʦʤʫ ʢʨʠʪʝʨʠʶ. ɺʪʦʨʘʷ ʟʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʳʜʝʣʝʥʥʳʭ ʥʘ ʩʥʠʤʢʝ ʦʙʣʘʩʪʝʡ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʝʛ-

ʤʝʥʪʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʦʧʠʨʘʶʪʩʷ ʥʘ ʧʦʨʦʛʦʚʳʝ ʧʨʠʥʮʠʧʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, 

ʤʝʪʦʜʳ ʥʘʨʘʱʠʚʘʥʠʷ ʦʙʣʘʩʪʝʡ, ʢʦʥʪʫʨʥʳʡ ʠ ʪʝʢʩʪʫʨʥʳʡ ʘʥʘʣʠʟ ʠʟʦʙʨʘʞʝʥʠʷ [69-

72]. ʕʪʠ ʧʦʜʭʦʜʳ ʠʤʝʶʪ ʦʙʱʠʡ ʥʝʜʦʩʪʘʪʦʢ: ʦʥʠ ʦʧʠʨʘʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ 

ʘʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ ʷʨʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʥʠʤʢʘ, ʪ.ʝ. ʥʝ ʠʩʧʦʣʴʟʫʶʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ɻʉʀ ʚ ʯʘʩʪʠ ʟʥʘʥʠʡ ʦ ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʝʤʦʡ ʩʮʝʥʳ. 

1.2.6. ʇʦʷʚʣʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ʚʦ ʤʥʦʛʦʤ 

ʦʙʫʩʣʦʚʣʝʥʦ ʢʨʘʡʥʝʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚ ʢʘʯʝʩʪʚʝʥʥʦʤ ʨʝʰʝʥʠʠ ʦʯʝʥʴ ʩʣʦʞʥʦʡ 

ʧʨʦʙʣʝʤʳ ï ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʥʘʙʣʶʜʘʝʤʦʡ ʩʮʝʥʳ ʩʨʝʜʩʪʚʘʤʠ ɼɿɿ. ʕʪʘ 

ʧʨʦʙʣʝʤʘ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦ ʤʥʦʛʠʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ ʚʘʞʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝ-

ʥʠʷʭ. ɼʘʥʥʳʝ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ʜʘʶʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʜʝʥʪʠʬʠ-

ʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʠʥʪʝʨʝʩʘ, ʧʦʩʢʦʣʴʢʫ ʠʟʤʝʨʷʶʪ ʥʝ ʪʦʣʴʢʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʷʨ-

ʢʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʦʚ, ʥʦ ʠ ʠʭ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ. ʅʦ ʧʦʣʫʯʝʥʠʝ 

ʥʦʚʭr ʟʥʘʥʠʡ ʦ ʩʧʝʢʪʨʝ ʜʘʝʪʩʷ ʮʝʥʦʡ ʩʥʠʞʝʥʠʷ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʦʙʨʘʟʫʶʱʠʭ ʛʠʧʝʨʢʫʙ, ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʦʡ ʝʤʢʦʩʪʠ ɻʉʀ, ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʩʢʘʞʝʥʠʡ ʚ ʩʢʚʦʟʥʦʤ 

ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʪʨʘʢʪʝ ʩʠʩʪʝʤʳ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ.  

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʨʦʞʜʘʶʪ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʦʙʲʝʢʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ, ʯʪʦ ʪʨʝʙʫ-

ʝʪ ʧʨʠʚʣʝʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʚʝʨʪʦʯ-

ʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ʉʅʉ), ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʭ ʩʝʙʷ ʧʨʠ ʨʝʰʝʥʠʠ ʘʥʘ-

ʣʦʛʠʯʥʳʭ ʟʘʜʘʯ [73, 74].  
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ʉʅʉ ʩʧʦʩʦʙʥʳ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠʟʫʯʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʠ ʯʘʩʪʦʪ-

ʥʳʝ ʧʨʠʟʥʘʢʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʢʨʘʡʥʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʘʥʘ-

ʣʠʟʘ ɻʉʀ. ʂʨʦʤʝ ʪʦʛʦ, ʉʅʉ ʧʨʠʚʣʝʢʘʶʪ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʣʥʦʡ ʘʚ-

ʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ 

ʤʦʜʝʣʝʡ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ɼɿɿ, 

ʥʘʧʨʠʤʝʨ: U-Net, AlexNet, CaffeNet, FCN ʠ ʜʨ. [75-78].  ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʉʅʉ 

ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʦʧʨʷʞʝʥʦ ʩ ʥʝʢʦʪʦʨʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ. 

ʕʪʦ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʢʘʯʝʩʪʚʫ ʚʭʦʜʥʦʡ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʚʳʩʦʢʠʡ ʦʙʲʝʤ ʜʘʥʥʳʭ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʛʦ ʩʦʢʨʘʱʝʥʠʷ, ʩʣʦʞʥʦʩʪʴ 

ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʦʪ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ, ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʰʫʤʘ ʚ ɻʉʀ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʦʙʫ-

ʯʘʶʱʝʡ ʚʳʙʦʨʢʠ, ʩʦʟʜʘʥʠʝ ʠ ʥʘʨʘʱʠʚʘʥʠʝ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʪʨʫʜʦʝʤʢʠʤ ʠ 

ʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʦʤ. ʇʫʙʣʠʢʘʮʠʡ ʧʦ ʚʩʝʤ ʵʪʠʤ ʪʨʫʜʥʦ ʨʝʰʘʝʤʳʤ ʚʦʧʨʦʩʘʤ ʥʝʜʦ-

ʩʪʘʪʦʯʥʦ, ʦʥʠ ʪʨʝʙʫʶʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʠʟʫʯʝʥʠʷ, ʥʘ ʵʪʦ ʠ ʥʘʮʝʣʝʥʘ ʥʘʩʪʦʷʱʘʷ 

ʜʠʩʩʝʨʪʘʮʠʷ.  

1.3. ʆɹʆʉʅʆɺɸʅʀɽ ɿɸɼɸʏ 

 ɼʀʉʉɽʈʊɸʎʀʆʅʅʓʍ ʀʉʉʃɽɼʆɺɸʅʀʁ 

ʇʨʠ ʚʳʙʦʨʝ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʨʝʰʘʶʱʫʶ 

ʨʦʣʴ ʩʳʛʨʘʣʠ ʜʚʘ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ. ɺʦ-ʧʝʨʚʳʭ, ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʨʝʜʩʪʚ ʧʦʣʫʯʝ-

ʥʠʷ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʩʨʝʜʩʪʚ ʠʭ ʥʘʟʝʤʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʚʳʧʦʣʥʝʥʥʦʛʦ 

ʚ ʧ. 1.2 ʠ ʧ. 1.3, ʘ ʪʘʢʞʝ ʢʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʷʜʘ ʝʱʝ ʩʣʘʙʦ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʘʞ-

ʥʳʭ ʚʦʧʨʦʩʦʚ ʧʦ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʦ-ʚʪʦʨʳʭ, ʪʝʤʘ-

ʪʠʯʝʩʢʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʅʀʆʂʈ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʚʳʧʦʣʥʝʥʥʳʭ ʩ ʫʯʘʩʪʠʝʤ ʘʚ-

ʪʦʨʘ ʧʦ ʧʨʦʝʢʪʫ çʈʝʩʫʨʩ-ʇè, ʠ ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʘʪʳ. ɺʩʝ ʵʪʦ ʜʘʝʪ ʦʩ-

ʥʦʚʘʥʠʝ ʚʳʜʝʣʠʪʴ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ. 

ɺʦ-ʧʝʨʚʳʭ. ʅʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʧʦ ʥʘʫʯʥʦʤʫ ʦʙʦʩʥʦʚʘʥʠ ʁ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʦʪ 

ʩʠʩʪʝʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ. ʆʩʥʦʚʦʡ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ 

ʛʣʫʙʦʢʠʭ ʟʥʘʥʠʡ ʩʢʚʦʟʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʪʨʘʢʪʘ (ʉʀʊ) ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ. 

ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʭʦʜʘ ʜʦʣʞʥʦ ʩʪʘʪʴ ʨʘʮʠʦʥʘʣʴʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ 
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ʪʦʯʥʳʭ ʟʥʘʥʠʡ ʧʦ ʦʪʜʝʣʴʥʳʤ ʟʚʝʥʴʷʤ ʉʀʊ ʠ ʧʨʠʙʣʠʞʝʥʥʳʤ ʟʥʘʥʠʷʤ ʧʦ ʜʨʫʛʠʤ 

ʟʚʝʥʴʷʤ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʩʥʦʚʥʳʤʠ ʚʦʧʨʦʩʘ-

ʤʠ, ʨʝʰʘʝʤʳʤʠ ʚ ʨʘʤʢʘʭ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʷʚʣʷʶʪʩʷ:  

- ʨʘʟʨʘʙʦʪʢʘ ʦʙʱʝʡ ʤʦʜʝʣʠ ʉʀʊ; 

- ʬʦʨʤʫʣʠʨʦʚʢʘ ʦʩʥʦʚʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʚʳʪʝʢʘʶʱʠʭ ʠʟ ʤʦʜʝʣʠ ʉʀʊ; 

- ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʉʀʊ ʠ ʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʪ 

ʩʠʩʪʝʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ɿʝʤʣʠ;  

- ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʟʘʜʘʥʥʦʛʦ 

ʢʣʘʩʩʘ ʦʙʲʝʢʪʦʚ ʠ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ.  

ɺʦ-ʚʪʦʨʳʭ. ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʜʦʣʞʝʥ ʙʳʪʴ ʥʘʮʝʣʝʥ ʥʘ ʧʦʚʳʰʝʥʠʝ ʪʦʯ-

ʥʦʩʪʠ ʨʝʰʝʥʠ ̫ʮʝʥʪʨʘʣʴʥʦʡ ʟʘʜʘʯʠ ï ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʨʘ-

ʞʝʥʠʷ (ʂʉʆ) ʦʙʲʝʢʪʦʚ ʧʨʠ ʠʭ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʤ ʥʘʙʣʶʜʝʥʠʠ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʩʲʝʤʢʠ ʜʦʩʪʫʧʥʳ ʜʘʥʥʳʝ ʣʠʰʴ ʜʣʷ ʜʚʫʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʝʯʝʥʠʡ 

ʉʀʊ: ʠʟʣʫʯʝʥʠʝ ʉʦʣʥʮʘ ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʘʪʤʦʩʬʝʨʳ ʠ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ɻʉɸ 

ʚ ʚʠʜʝ ʛʠʧʝʨʢʫʙʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʂʉʆ ʥʘʙʣʶʜʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪ-

ʥʦʰʝʥʠʝ ʤʦʱʥʦʩʪʠ ʧʘʜʘʶʱʝʛʦ ʥʘ ʥʝʛʦ ʠʟʣʫʯʝʥʠʷ ʢ ʦʪʨʘʞʝʥʥʦʤʫ. ʇʘʜʘʶʱʝʝ ʠʟ-

ʣʫʯʝʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʷʤʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠ,̫ ʘ ʦʪʨʘʞʝʥʥʦʝ c ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʦʙʨʘʪʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ. ʉʪʦʠʪ ʟʘʜʘʯʘ ʢʦʨʨʝʢʪʥʦʛʦ ʧʝʨʝʚʦʜʘ ʦʙʨʘʪʥʦʛʦ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʚ ʧʨʷʤʦʝ.  

ɺ-ʪʨʝʪʴʠʭ. ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʘʣʠʪʠ-

ʯʝʩʢʠʭ ʦʧʠʩʘʥʠʡ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʦʪʜʝʣʴʥʳʭ ʟʚʝʥʴʷʭ ʉʀʊ ʠ ʤʦʜʝʣʴ-

ʥʭr (ʧʨʠʙʣʠʞʝʥʥʳʭ) ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʘʥʥʳʭ ʚ ʜʨʫʛʠʭ ʟʚʝʥʴʷʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ, 

ʥʘʧʨʠʤʝʨ ʤʦʜʝʣʠ ç6Sè. ʇʨʠ ʵʪʦʤ ʝʩʪʴ ʝʱʝ ʚʘʞʥʳʡ ʠʩʪʦʯʥʠʢ ʜʘʥʥʳʭ ï ʵʪʦ ʦʧʦʨ-

ʥʳʝ ʧʦʣʠʛʦʥʳ, ʥʘʧʨʠʤʝʨ ʩʝʪʴ çRadCalNetè. ʅʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʜʘʥʥʳʭ ʦʪ ʦʧʦʨʥʳʭ ʧʦʣʠʛʦʥʦʚ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʛʠʧʝʨʩʧʝʢʪʨʦʤʝʪʨʘ. ɼʣʷ ʵʪʦ-

ʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʘʣʛʦʨʠʪʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʦʪ ʛʠʧʝʨʩʧʝʢʪʨʦʤʝʪ-

ʨʘ, ʩʠʩʪʝʤʳ ç6Sè ʠ ʆʇ çRadCalNetè ʚ ʝʜʠʥʦʤ ʬʦʨʤʘʪʝ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʠʪʴ ʥʘʠʣʫʯʰʫʶ ʪʦʯʥʦʩʪʴ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ, ʚ ʢʦʥʝʯʥʦʤ 

ʩʯʝʪʝ, ʪʦʯʥʦʩʪʠ ʨʝʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʮʝʣʝʚʳʭ ʟʘʜʘʯ. 
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ɺ-ʯʝʪʚʝʨʪʳʭ. ʅʝʦʙʭʦʜʠʤʦ ʨʝʠhʪʴ ʟʘʜʘʯʫ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ 

ʛʠʧʝʨʩʧʝʢʪʨʦʤʝʪʨʘ ʚ ʭʦʜʝ ʝʛʦ ʣʝʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʘ ʠʟʤʝ-

ʨʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʚʩʝʤ ʟʚʝʥʴʷʤ ʉʀʊ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝ-

ʣʠʪʴ ʜʘʥʥʳʤ ɻʉɸ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ʦʧʦʨʥʳʭ 

ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʣʠʛʦʥʦʚ, ʚʳʩʪʫʧʘʶʱʠʭ ʚ ʨʦʣʠ ʵʪʘʣʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ.  

ɺ-ʧʷʪʳʭ. ʅʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʩʪʨʫʢʪʫʨʥʦ-ʯʘʩʪʦʪʥʳʭ ʤʝʨ ʙʣʠʟʦʩʪʠ ʩʦʩʝʜʥʠʭ ʵʣʝʤʝʥ-

ʪʦʚ ʛʠʧʝʨʢʫʙʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʦʤ ʫʨʦʚʥʝ ʨʝʰʠʪʴ ʨʷʜ 

ʚʘʞʥʳʭ ʟʘʜʘʯ, ʦʩʪʨʦ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ.  

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʨʘʙʦʪ ʧʦ ʚʩʝʤ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʚʘʞʥʘʷ ʨʦʣʴ 

ʦʪʚʦʜʠʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʤ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʝʰʝʥʠʡ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʚʣʝʯʴ ʧʨʝʜʩʪʘ-

ʚʠʪʝʣʴʥʳʝ ʚʳʙʦʨʢʠ ʨʝʘʣʴʥʦʡ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʜʘʥʥʳʭ ʦʪ ʩʠʩʪʝʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʨʦʭʦʞʜʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʦʪ ʉʦʣʥʮʘ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤ-

ʣʠ ʠ ʝʛʦ ʦʪʨʘʞʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʂɸ, ʪ.ʝ. ʥʘ ʚʭʦʜ ɻʉɸ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʦʪ ʩʝ-

ʪʠ ʦʧʦʨʥʳʭ ʧʦʣʠʛʦʥʦʚ.  
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ɺʓɺʆɼʓ ʇʆ ɻʃɸɺɽ 1  

1. ɸʥʘʣʠʟ ʟʘʨʫʙʝʞʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ ʩʠʩʪʝʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ 

ɿʝʤʣʠ ʠ ʤʝʪʦʜʦʚ ʥʘʟʝʤʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʢʘʟʘʣ ʥʝʢʦʪʦʨʦʝ ʦʪʩʪʘʚʘʥʠʝ ʥʘʰʝʡ ʩʪʨʘʥʳ 

ʚ ʵʪʦʡ ʚʘʞʥʦʡ ʦʙʣʘʩʪʠ ɼɿɿ. ʕʪʦ ʪʨʝʙʫʝʪ ʘʢʪʠʚʠʟʘʮʠʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʧʦ ʩʦʟʜʘʥʠʶ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʣʫʯʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʦʙʲʝʢʪʦʚ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

2. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʫʟʢʠʭ ʤʝʩʪ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʷʭ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ɿʝʤʣʠ ʦʧʨʝʜʝʣʝʥ ʨʷʜ ʘʢʪʫʘʣʴʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

- ʦʙʦʩʥʦʚʘʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲ-

ʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʛʣʫʙʦʢʠʭ ʟʥʘʥʠʡ ʩʢʚʦʟʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʪʨʘʢʪʘ (ʉʀʊ) ʩʠ-

ʩʪʝʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ; 

- ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʪʜʝʣʴʥʳʭ ʟʚʝʥʴʝʚ 

ʉʀʊ, ʜʘʥʥʳʭ ʦʪ ʧʝʨʝʜʦʚʳʭ ʩʠʩʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ 

ʩʲʝʤʢʠ ʠ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʦʧʦʨʥʳʭ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʣʠʛʦʥʘʭ;  

- ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ 

ɻʉɸ, ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʘʣʛʦʨʠʪ-

ʤʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʯʘʩʪʦʪʥʳʭ ʤʝʨ ʩʭʦʜʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʛʠʧʝʨʢʫʙʘ.  
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ɻʃɸɺɸ 2. ɸʅɸʃʀʊʀʂʆ-ʅɽʁʈʆʉɽʊɽɺʆʁ ʇʆɼʍʆɼ 

 ʂ ʀɼɽʅʊʀʌʀʂɸʎʀʀ ʆɹʒɽʂʊʆɺ ɿɽʄʃʀ 

 ʇʆ ɼɸʅʅʓʄ ɻʀʇɽʈʉʇɽʂʊʈɸʃʔʅʆʁ ʉʒɽʄʂʀ 

ɺ ʵʪʦʡ ʛʣʘʚʝ ʚʳʜʚʠʛʘʪʁʩʷ ʠ ʦʙʦʩʥʦʚʳʚʘʪʁʩʷ ʇʦʣʦʞʝʥʠ ̫1,2,3 (ʩʪʨ. 10), 

ʚʳʥʦʩʠʤʝr ʥʘ ʟʘʱʠʪʫ. ʇʦʣʦʞʝʥʠʝ 1 ʢʘʩʘʝʪʩʷ ʘʥʘʣʠʪʠʢʦ-ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʧʦʜʭʦʜʘ 

ʠ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʠʤ ʜʣʷ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʠ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʪʘʢʞʝ ʇʦʣʦʞʝʥʠʷ 2 ʠ 3, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʇʦʣʦ-

ʞʝʥʠʷ 1 ʠ ʠʤʝʶʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʥʘʫʯʥʦʝ ʠ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʷ. 

2.1. ʂʆʅʎɽʇʊʋɸʃʔʅʓɽ ʉʆʆɹʈɸɾɽʅʀʗ ʇʆ ɸʅɸʃʀʊʀʂʆ-ʅɽʁʈʆʉɽʊɽɺʆʁ 

ʆɹʈɸɹʆʊʂɽ ɻʀʇɽʈʉʇɽʂʊʈɸʃʔʅʆʁ ʀʅʌʆʈʄɸʎʀʀ 

ɺ ʨʘʙʦʪʝ ʚʳʜʚʠʥʫʪ ʘʥʘʣʠʪʠʢʦ-ʥʝʡʨʦʩʝʪʝʚʦʡ ʧʦʜʭʦʜ ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲ-

ʝʢʪʦʚ ʧʦ ʜʘʥʥʳʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ. ʆʩʥʦʚʫ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʦʧʨʝʜʝʣʷʶʪ 

ʩʣʝʜʫʶʱʠʝ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ.  

ʇʦʣʦʞʝʥʠʝ 1. ɻʣʘʚʥʘʷ ʮʝʣʴ ʘʥʘʣʠʪʠʢʦ-ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʧʦʜʭʦʜʘ ʩʦʩʪʦʠʪ ʚ 

ʵʬʬʝʢʪʠʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʞʝ ʠʤʝʶʱʠʭʩʷ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʦʧʠʩʘʥʠʡ ʦʪʜʝʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʝʯʝʥʠʡ ʉʀʊ ʠ ʧʨʠʙʣʠʞʝʥʥʳʭ ʟʥʘʥʠʡ ʧʦ 

ʜʨʫʛʠʤ ʩʝʯʝʥʠʷʤ, ʚʥʦʩʷʱʠʤ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʦʧʠʩʘʥʠʝ ʉʀʊ ʚ ʮʝʣʦʤ. ɼʣʷ ʨʘʟ-

ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʪʨʝʙʫʝʪʩʷ ʧʦʜʢʣʶʯʝʥʠʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʥʠʭ ʫʞʝ ʠʤʝʶʱʠʭʩʷ ʧʨʠʙʣʠʞʝʥʥʳʭ ʟʥʘʥʠʡ ʥʘ ʵʪʘʧʘʭ ʦʙʫ-

ʯʝʥʠʷ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 

ʇʦʣʦʞʝʥʠʝ 2. ʀʤʝʶʱʠʝʩʷ ʩʝʛʦʜʥʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʜʣʷ ʨʝʰʝʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ. ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʥʘʫʯʥʳʤʠ ʧʫʙʣʠʢʘʮʠʷʤʠ, ʦʧʠʩʳʚʘʶʱʠʤʠ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʩʧʝʢʪʨ ʩʦʣ-

ʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʜʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʚʝʨʭʥʶʶ ʛʨʘʥʠʮʫ ʘʪʤʦʩʬʝʨʳ ʜʦ ʟʝʤʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ, ʠ ʩʧʝʢʪʨ ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʥʘʙʣʶʜʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʠʟʣʫʯʝʥʠʷ. ɺʪʦʨʫʶ 

ʛʨʫʧʧʫ ʩʦʩʪʘʚʣʷʶʪ ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝ-

ʨʝʟ ʘʪʤʦʩʬʝʨʫ ʠʟʣʫʯʝʥʠʷ ʦʪ ʉʦʣʥʮʘ ʥʘ ɿʝʤʣʶ ʠ ʦʪʨʘʞʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ 

ɻʉɸ. ʂ ʵʪʦʡ ʛʨʫʧʧʝ ʚʘʞʥʦ ʦʪʥʝʩʪʠ ʠ ʩʝʪʴ ʦʧʦʨʥʳʭ ʥʘʟʝʤʥʳʭ ʧʦʣʠʛʦʥʦʚ, ʧʦʟʚʦ-

ʣʷʶʱʠʭ ʩʦʧʦʩʪʘʚʠʪʴ ʜʘʥʥʳʝ ʥʘʟʝʤʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩ ʜʘʥʥʳʤʠ ʥʘ ʚʳʭʦʜʝ ɻʉɸ. 
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ʉʪʦʠʪ ʟʘʜʘʯʘ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʛʠʧʝʨʩʧʝʢ-

ʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ɿʝʤʣʠ, ʦʪ ʩʠʩʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʣʫʞʙ ʦʧʦʨʥʳʭ ʧʦʣʠʛʦʥʦʚ. 

ʂʦʥʝʯʥʘʷ ʮʝʣʴ ʪʘʢʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ ʨʘʟʥʦʨʦʜʥʳʭ ʜʘʥʥʳʭ ï ʵʪʦ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦ-

ʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʧʦ 

ʤʘʪʝʨʠʘʣʘʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ. 

ʇʦʣʦʞʝʥʠʝ 3. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʠʩʪʝʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ 

ʩʲʝʤʢʠ ɿʝʤʣʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʠʩʪʝʤʘʤ ʧʘʥʭʨʦʤʘʪʠʯʝʩʢʦʡ ʠ ʩʧʝʢʪʨʦʟʦʥʘʣʴʥʦʡ 

ʩʲʝʤʢʠ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʜʝʪʘʣʴʥʳʭ ʟʥʘʥʠʡ ʦ ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʝʤʳʭ ʦʙʲʝʢʪʦʚ. 

ʕʪʦ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠʭ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʩʪʨʫʢʪʫʨʥʦ-ʯʘʩʪʦʪʥʦʤ ʘʥʘʣʠʟʝ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʦʣʦʞʝʥʠʝ 4. ɻʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʚʠʜʝ ʛʠ-

ʧʝʨʢʫʙʘ ( )( )KknmBB k ,1,, == , ʧʦʜʚʝʨʞʝʥʳ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʩʢʘʞʝʥʠʷʤ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʩʧʝʢʪʨʦʟʦʥʘʣʴʥʦʡ ʠ ʧʘʥʭʨʦʤʘʪʠʯʝʩʢʦʡ ʩʲʝʤʢʠ. ɽʩʣʠ 

ʧʦʩʣʝʜʥʠʝ ʬʦʨʤʠʨʫʶʪʩʷ ʧʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʣʫʯʠʩʪʦʡ ʵʥʝʨʛʠʠ ʦʪ ʉʦʣʥʮʘ ʚ ʜʦ-

ʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ, ʪʦ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʜʠ-

ʥʘʤʠʯʥʦ ʨʝʘʛʠʨʫʶʪ ʥʘ ʤʘʣʝʡʰʠʝ ʠʟʤʝʥʝʥʠʷ ʣʫʯʠʩʪʦʡ ʵʥʝʨʛʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʣʠʥʳ ʚʦʣʥʳ. ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʩʢʘʞʝʥʠʡ ʛʠʧʝʨʢʫʙʘ ʷʚʣʷ-

ʶʪʩʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʬʣʶʢʪʫʘʮʠʠ ʧʨʠʭʦʜʷʱʝʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʦʧʨʝʜʝ-

ʣʷʝʤʦʝ ʩʦʩʪʘʚʦʤ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʛʦʨʝʥʠʷ, ʠ ʩʘʤʦʝ ʛʣʘʚʥʦʝ, ʥʝʧʦʩʪʦʷʥ-

ʩʪʚʦ ʘʪʤʦʩʬʝʨʳ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʠʟʣʫʯʝʥʠʷ ʦʪ ʉʦʣʥʮʘ ʥʘ ɿʝʤʣʶ ʠ ʝʛʦ ʦʪʨʘʞʝ-

ʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʂɸ, ʪ.ʝ. ʥʘ ʚʭʦʜ ɻʉɸ. ɼʣʷ ʫʯʝʪʘ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʧʨʠ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʠ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ʪʘʢʞʝ ʥʝʦʙʭʦ-

ʜʠʤʳ ʛʣʫʙʦʢʠʝ ʟʥʘʥʠʷ ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʝʨʝʜʘʪʦʯʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʟʚʝʥʴʝʚ, 

ʦʙʨʘʟʫʶʱʠʭ ʩʢʚʦʟʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʪʨʘʢʪ (ʉʀʊ).  

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʘʥʘʣʠʪʠʢʦ-

ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʧʦ ʜʘʥʥʳʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ 

ʩʲʝʤʢʠ, ʦʥʠ ʦʧʨʝʜʝʣʷʪʁ ʥʘʫʯʥʦʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨ-

ʪʘʮʠʠ. 
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2.2. ʄʆɼɽʃʔ ʉʂɺʆɿʅʆɻʆ ʀʅʌʆʈʄɸʎʀʆʅʅʆɻʆ ʊʈɸʂʊɸ  

ʉʀʉʊɽʄ ɻʀʇɽʈʉʇɽʂʊʈɸʃʔʅʆɻʆ ʅɸɹʃʖɼɽʅʀʗ ɿɽʄʃʀ 

2.2.1. ʇʨʝʞʜʝ ʯʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʤʦʜʝʣʠ ʉʀʊ ʩʠʩʪʝʤ ʧʦʣʫʯʝ-

ʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ ʪʨʠ ʟʘʤʝʯʘʥʠʷ. 

ɺʦ-ʧʝʨʚʳʭ, ʚʦʧʨʦʩʳ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩʲʝʤʢʠ ʠ ʦʙʨʘʙʦʪ-

ʢʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʨʷʜʝ ʟʘʨʫʙʝʞʥʳʭ ʠ ʦʪʝʯʝ-

ʩʪʚʝʥʥʳʭ ʧʫʙʣʠʢʘʮʠʡ [9, 72, 73, 79, 80] ʠ ʜʨ. ɺ ʥʠʭ ʛʣʘʚʥʳʡ ʘʢʮʝʥʪ ʜʝʣʘʝʪʩʷ ʥʘ 

ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ɻʉɸ, ʠʩʢʘʞʘʶʱʠʝ ʜʝʡʩʪʚʠʷ ʘʪʤʦʩʬʝʨʳ, ʘ ʙʦʣʝʝ ʚʩʝʛʦ ʥʘ 

ʧʨʠʤʝʨ rʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ. ɺ ʧʦʩʪʘʚʣʝʥʥʦʤ ʚʦʧʨʦʩʝ ʥʘʠʙʦʣʝʝ ʮʝʥʥʳ ʚ ʵʪʠʭ ʨʘ-

ʙʦʪʘʭ ʟʥʘʥʠ ̫ʦ ʉʀʊ, ʭʦʪʷ ʙʳ ʧʨʠʙʣʠʞʝʥʥʳʝ, ʜʣʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʭ ʧʨʠʤʝʥʝ-

ʥʠʷ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʘʥʘʣʠʪʠʢʦ-ʥʝʡʨʦʩʝʪʝʚʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʥʘʙʣʶʜʘ-

ʝʤʦʡ ʩʮʝʥʳ. 

ɺʦ-ʚʪʦʨʳʭ, ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʝ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʝʨʝʜʘʯʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟ-

ʣʫʯʝʥʠʷ ʜʦ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮ rʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ ʠ ʧʨʦʮʝʩʩʘ ʦʪʨʘʞʝʥʠʷ ʠʟʣʫʯʝʥʠʷ 

ʦʪ ʥʘʙʣʶʜʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʂɸ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʧʦʣʫʯʝʥʥʳʤʠ [68, 

72]. ʆʥʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʠʟʚʝʩʪʥʳʭ ʩʠʩʪʝʤʘʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [81], ʩʣʫʞʙʘʭ ʦʧʦʨ-

ʥʳʭ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʣʠʛʦʥʦʚ [63], ʚ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʨʝʘʣʠʟʦʚʘʥʳ ʧʝʨʝʜʦʚʳʝ 

ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʥʦʛʦʬʘʢʪʦʨʥʳʝ ʤʦʜʝʣʠ ʘʪʤʦʩʬʝʨʳ [68, 82, 83]. 

ɺ-ʪʨʝʪʴʠʭ, ʟʘʜʘʯʘ ʠʥʪʝʛʨʘʮʠʠ ʠʤʝʶʱʠʭʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʦ ʟʚʝʥʴʷʭ 

ʉʀʊ ʠ ʧʨʠʙʣʠʞʝʥʥʳʭ ʤʦʜʝʣʝʡ ʘʪʤʦʩʬʝʨʳ ʪʨʝʙʫʝʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʣʠʰʴ ʵʬ-

ʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʟʥʘʥʠʡ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʥʝʡʨʦʩʝʪʝʚʦʡ ʠʜʝʥʪʠ-

ʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ.  

2.2.2. ɺ ʨʘʙʦʪʘʭ ʩ ʫʯʘʩʪʠʝʤ ʘʚʪʦʨʘ [84, 87, 88, 99, 109] ʧʨʝʜʣʦʞʝʥ rʥʝʩʢʦʣʴ-

ʢʦ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʟʥʘʥʠʡ ʦ ʉʀʊ ʩʠʩʪʝʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ 

ʩʲʝʤʢʠ ɿʝʤʣʠ ʚ ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʥʘʙʣʶʜʘʝ-

ʤʦʡ ʩʮʝʥʳ. ʎʝʣʴ ʟʜʝʩʴ ʦʜʥʘ ï ʥʘʧʨʘʚʠʪʴ ʠʤʝʶʱʠʝʩʷ ʟʥʘʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ʅʉ) ʚ ʯʘʩʪʠ ʩʦʢʨʘʱʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʠʭ ʦʙʫ-

ʯʝʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ.  



32 
 

ʉʪʨʫʢʪʫʨʥʫʶ ʩʭʝʤʫ ʉʀʊ ʥʘ ʫʨʦʚʥʝ ʧʝʨʝʜʘʯʠ ʣʫʯʠʩʪʦʡ ʵʥʝʨʛʠʠ ʦʪ ʉʦʣʥʮʘ 

ʜʦ ʚʳʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ɻʉɸ ʚ ʚʠʜʝ ʛʠʧʝʨʢʫʙʘ B  ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ  

B
F
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F

S
F

S
F

S ʂɸO

B
Aʆ

ʅ
ɿʇ

ʅ
Aʇ

ɺ ½½ ­½½½­½½½­½½½­½ , (2.1) 

ʛʜʝ: 

ʇ

ɺS , ʇ

ʅS , ʆ

ʅS , ʆ

ɺS  ï ʧʦʪʦʢʠ ʠʟʣʫʯʝʥʠʷ ʦʪ ʉʦʣʥʮʘ, ʧʘʜʘʶʱʠʝ ʥʘ ɿʝʤʣʶ (ʇ) ʠ 

ʦʪʨʘʞʝʥʥʳʝ ʦʪ ʥʝʝ (ʆ) ʥʘ ʚʝʨʭʥʝʡ (ɺ) ʠ ʥʠʞʥʝʡ (ʅ) ʛʨʘʥʠʮʘʭ ʘʪʤʦʩʬʝʨʳ (ɺɻɸ 

ʠ ʅɻɸ); 

AF , ɿF , ʂɸF  ï ʬʫʥʢʮʠʦʥʘʣʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʨʦʮʝʩʩʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʪʦ-

ʢʦʚ ʣʫʯʠʩʪʦʡ ʵʥʝʨʛʠʠ (ɸ ï ʚ ʘʪʤʦʩʬʝʨʝ, ɿ ï ʦʪʨʘʞʝʥʠʝ ʦʪ ɿʝʤʣʠ, ʂɸ ï ʚ ɻʉɸ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ); 

B  ï ʛʠʧʝʨʢʫʙ, ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ( )( )KknmBB k ,1,, == . 

 ʅʘ ʨʠʩʫʥʢʝ 2.1 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʧʦʚʝʜʝʥʠ ̫ʧʘʜʘʶʱʠʭ ʧʦʪʦʢʦʚ ʣʫʯʠʩʪʦʡ 

ʵʥʝʨʛʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʝʯʝʥʠʷʭ ʉʀʊ ʧʦ ʜʘʥʥʤr ʦʪ ʦʧʦʨʥʦʛʦ ʧʦ-

ʣʠʛʦʥʘ çRailroad Valley Playaè ʩʝʪʠ RadCalNet [63], ʘ ʪʘʢʞʝ ʤʦʜʝʣʠ ʧʝʨʝʥʦʩʘ ʠʟ-

ʣʫʯʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ 6S [81].  

 

ʈʠʩʫʥʦʢ 2.1 ï ʉʇʕʗ ʠʟʣʫʯʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ  

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʝʯʝʥʠʷʭ ʉʀʊ 
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ʇʦ ʩʭʝʤʝ ʉʀʊ (2.1) ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ ʜʚʘ ʧʦʷʩʥʝʥʠʷ.  

ʇʝʨʚʦʝ. ɻʣʘʚʥʦʡ ʮʝʣʴʶ ʩʠʩʪʝʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʸʤʢʠ ɿʝʤʣʠ ʷʚʣʷʝʪʩʷ 

ʧʦʣʫʯʝʥʠʝ ʦʧʝʨʘʪʠʚʥʳʭ ʜʘʥʥʳʭ ʦ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ 

(ʂʉʆ) ʥʘʙʣʶʜʘʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʪʁʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʵʥʝʨʛʠʠ ʦʪ-

ʨʘʞʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʢ ʧʘʜʘʶʱʝʤʫ, ʪ.ʝ. ʇ

ʅ

O

ʅ SSʂʉʆ= . ʇʦʩʢʦʣʴʢʫ ( )ʇ
ʅɿ

ʆ

ʅ SFS = , ʪʦ 

ʦʪʥʦʰʝʥʠʝ ʇ

ʅ

O

ʅ SS  ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʝʪ ʠʩʢʘʞʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʘʪʤʦʩʬʝʨʳ (ʯʪʦ 

ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ) ʠ ʦʧʨʝʜʝʣʷʝʪ ʂʉʆ ʢʘʢ ʩʧʝʢʪʨʘʣʴʥʳʝ ʦʪʨʘʞʘʪʝʣʴʥʳʝ ʩʚʦʡ-

ʩʪʚʘ ʥʘʙʣʶʜʘʝʤʳʭ ʦʙʲʝʢʪʦʚ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʇ

ɺS  ʠ ʂʉʆ, ʪʦ ʦʥʠ ʚ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘ-

ʮʠʷʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʤʠ ʤʦʜʝʣʷʤʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʜʘʯʠ ʠʟʣʫʯʝʥʠʷ 

ʦʪ ʉʦʣʥʮʘ ʥʘ ʚʝʨʭʥʶʶ ʛʨʘʥʠʮʫ ʘʪʤʦʩʬʝʨʳ (ɺɻɸ) ʠ ʧʨʦʮʝʩʩʘ ʦʪʨʘʞʝʥʠʷ ʦʪ ʦʙʲʝʢ-

ʪʦʚ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʦʙʣʘʢʦʚ ʚ ʚʠʜʝ ʬʫʥʢʮʠʦʥʘʣʘ ɿF . ʉʦʩʪʘʚʣʝʥʳ ʢʘʪʘʣʦ-

ʛʠ [114] ʜʣʷ ʪʠʧʦʚʳʭ ʦʙʲʝʢʪʦʚ ʚ ʚʠʜʝ ʬʫʥʢʮʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪ-

ʨʘʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʦʪʨʘʞʘʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʣʠʥʳ ʚʦʣʥʳ l ʧʘʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ.  

ɺʪʦʨʦʝ. ʉ ʫʯʝʪʦʤ ʧʝʨʚʦʛʦ ʟʘʤʝʯʘʥʠʷ ʜʦʩʪʫʧʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʘʥʘʣʠʟʘ 

ʩʭʝʤʳ ʉʀʊ ʷʚʣʷʶʪʩʷ: ʇ

ɺS ; ʢʘʪʘʣʦʛ ʪʠʧʦʚʳʭ ʦʙʲʝʢʪʦʚ ʩ ʫʢʘʟʘʥʠʝʤ ʠʭ ʂʉʆ; ʛʠʧʝʨ-

ʢʫʙ B ; ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʧʦʣʝʪʥʦʡ ʠ ʧʦʣʝʪʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʙʦʨʪʦʚʦʡ ʛʠʧʝʨʩʧʝʢ-

ʪʨʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʚ ʚʠʜʝ ʬʫʥʢʮʠʦʥʘʣʘ ʂɸF . ʉʘʤʫʶ ʙʦʣʴʰʫʶ ʥʝʦʧʨʝʜʝʣʝʥ-

ʥʦʩʪʴ ʚ ʘʥʘʣʠʟʝ ʉʀʊ ʩʦʩʪʘʚʣʷʝʪ ʬʫʥʢʮʠʦʥʘʣ AF . ʉʝʛʦʜʥʷ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʤʥʦʛʦ-

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʘʪʤʦʩʬʝʨʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʠ ̫ʤʝʞʜʫ ʇ

ɺS  ʠ ʇ
ʅS  ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʥʫʶ ʪʨʫʜʥʦʩʪʴ. ʀʤʝʥʥʦ ʜʣʷ ʨʘʟʨʝ-

ʰʝʥʠʷ ʵʪʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʠʪʴ ʥʝʡʨʦʩʝʪʝʚʳʝ ʪʝʭʥʦʣʦ-

ʛʠʠ.  

ʉ ʫʯʝʪʦʤ ʵʪʠʭ ʧʦʷʩʥʝʥʠʡ ʧʨʦʮʝʩʩ ʦʮʝʥʢʠ ʂʉʆ ʥʘʙʣʶʜʘʝʤʳʭ ʦʙʲʝʢʪʦʚ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ 

)(

))(( 11

ʇ

ɺA

ʂɸA

ʇ

ʅ

O

H

SF

BFF

S

S
ʂʉʆ

--

== . (2.2) 
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ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʦʦʪʥʦʰʝʥʠʝ (2.2) ʧʦʧʘʜʘʝʪ ʚ ʨʘʟʨʷʜ ʥʝʢʦʨʨʝʢʪʥʦ ʧʦʩʪʘʚ-

ʣʝʥʥʳʭ ʟʘʜʘʯ, ʦʥʘ ʪʨʝʙʫʝʪ ʟʥʘʥʠʷ ʤʦʜʝʣʠ ʘʪʤʦʩʬʝʨʳ ʚ ʚʠʜʝ ʬʫʥʢʮʠʦʥʘʣʘ AF  ʠ ʝʛʦ 

ʦʙʨʘʱʝʥʠʷ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʘ ʂɸF , ʢʦʪʦʨʳʡ ʦʧʠʩʳʚʘʝʪ ʙʦʨʪʦʚʫʶ ʛʠʧʝʨ-

ʩʧʝʢʪʨʘʣʴʥʫʶ ʘʧʧʘʨʘʪʫʨʫ (ʪ.ʝ. ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʠʙʦʨ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ B), ʪʦ 

ʥʘ ʵʪʘʧʝ ʧʨʝʜʧʦʣʝʪʥʦʡ ʘʪʪʝʩʪʘʮʠʠ ʬʦʨʤʠʨʫʝʪʩʷ ʝʛʦ ʧʝʨʝʜʘʪʦʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʚʠʜʘ ( )ʆ
ɺʂɸSFB= , ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʡ ʫʪʦʯʥʷʶʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʣʝʪʥʳʭ ʢʘ-

ʣʠʙʨʦʚʦʢ ʧʦ ʩʧʝʮʠʘʣʴʥʳʤ ʥʘʟʝʤʥʳʤ ʧʦʣʠʛʦʥʘʤ.   

2.2.3. ɼʣʷ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ( )YyXxʆɿ ,1;,1 ==Í  ʠ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʧʝʨʢʫʙʘ 

( )NnMmʆB ,1;,1 ==Í  ʬʫʥʢʮʠʦʥʘʣʳ AF , ɿF  ʠ ʂɸF  ï ʵʪʦ ʦʜʥʦʤʝʨʥʳʝ ʬʫʥʢʮʠʠ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʠʟʣʫʯʝʥʠʷ ʦʪ ʉʦʣʥʮʘ ɸg, ɿg, ʂɸg , ʘʨʛʫʤʝʥʪʦʤ ʢʦʪʦʨʳʭ ʷʚ-

ʣʷʝʪʩʷ ʜʣʠʥʘ ʚʦʣʥʳ l ʠʣʠ ʥʦʤʝʨ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ɻʉɸ Kk ,1= . ʇʦʵʪʦʤʫ 

ʩʪʨʫʢʪʫʨʥʫʶ ʩʭʝʤʫ ʉʀʊ (2.1) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ  

BSSSS ʂɸO

B
Aʆ

ʅ
ɿʇ

ʅ
Aʇ

ɺ ½½ ­½½½­½½­½½½­½
gggg

, (2.3) 

ʛʜʝ ʇ

ɺ

ʇ

ʅA SS=g , ʇ

ʅ

O

ʅɿ SS=g , O

Bʂɸ SB=g  ï ʦʜʥʦʤʝʨʥʳʝ ʬʫʥʢʮʠʠ ʦʪ Kkk ,1, =l  

(ʜʠʩʢʨʝʪʥʳʭ ʦʪʩʯʝʪʦʚ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪ ʚ K  ʧʦʜʜʠʘʧʘʟʦʥʘʭ ɻʉɸ).  

ʀʟ (2.3) ʩʣʝʜʫʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʚʩʝʛʦ ʉʀʊ: 

ʂɸɿɸ

ʇ

ɺʉʀʊ SB gggg ÖÖ==
 . 

(2.4) 

ɺʳʜʝʣʠʤ ʜʚʝ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʟʘʜʘʯʠ, ʚʳʪʝʢʘʶʱʠʝ ʠʟ (2.3) ʠ (2.4). 

ɿʘʜʘʯʘ 1. ʆʮʝʥʢʘ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʢʘʣʠʙʨʦʚʢʘ ɻʉɸ, ʪ.ʝ. ʫʪʦʯʥʝʥʠʝ ʂɸg . 

ɼʣʷ ʝʸ ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ  ʤʦʜʝʣʠ ç6Sè ʠ ʆʇ 

çRadCalNetè. ʕʪʫ ʟʘʜʘʯʫ ʠʟ (2.3) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ: 
O

Bʂɸ SB=g , ʠʩʧʦʣʴʟʫʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ç6Sè ʚ ʯʘʩʪʠ ʦʮʝʥʢʠ O

BS , ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘ-

ʮʠʶ ʦʪ ʦʧʦʨʥʦʛʦ ʧʦʣʠʛʦʥʘ ʚ ʯʘʩʪʠ ʦʮʝʥʢʠ  ɿg ʠ ɸg. 



35 
 

ɿʘʜʘʯʘ 2. ʆʮʝʥʢʘ ( )ʂɸɸɿ B ggg Ö= , ʪ.ʝ. ʦʮʝʥʢʘ ʂʉʆ ʦʙʲʝʢʪʦʚ ʟʝʤʥʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʛʠʧʝʨʢʫʙʝ. ɿʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʘʢʪʫʘʣʴʥʳʝ ʬʫʥʢ-

ʮʠʠ ɸg ʠ ʂɸg  ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ ʦʮʝʥʢʠ ɿg. 

ʅʘ ʨʠʩʫʥʢʝ 2.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʤʧʦʥʝʥʪʳ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʦʰʝʜ-

ʝhʛʦ ʯʝʨʝʟ ʘʪʤʦʩʬʝʨʫ. 

  

ʈʠʩʫʥʦʢ 2.2 ï ʢʦʤʧʦʥʝʥʪʳ ʠʟʣʫʯʝʥʠʷ: ʩʣʝʚʘ ï ʚ ʝʜʠʥʠʮʘʭ ʉʇʕʗ; ʩʧʨʘʚʘ ï 

ʜʦʣʷ ʢʦʤʧʦʥʝʥʪ ʧʦ ʦʪʥʦʰʝʥʠ ʁʢ ʦʙʱʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʠʟʣʫʯʝʥʠʷ 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʨʘʬʠʢʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʜʚʘ ʚʳʚʦʜʘ.  ɺʦ-ʧʝʨʚʳʭ, ʜʦʣʠ 

ʨʘʩʩʝʷʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʦʪ ʦʢʨʝʩʪʥʦʩʪʝʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʷʤʦʤʫ ʠʟʣʫʯʝʥʠʶ 

ʩʦʩʪʘʚʣʷʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʚʝʣʠʯʠʥʫ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʜʝʣʠ ʉʀʊ (2.3).  ɺʦ-

ʚʪʦʨʳʭ, ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʘʩʩʝʷʥʥʦʛʦ ʘʪʤʦʩʬʝʨʦʡ ʠʟʣʫʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ 

400-500 ʥʤ ʦʙʲʷʩʥʷʝʪʩʷ ʬʠʟʠʢʦʡ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʚ ʩʠʥʝʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. 

2.2.4. ʇʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʣʠʥʝʡʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʚ ʨʘʟʣʠʯ-

ʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʝʯʝʥʠʷʭ ʉʀʊ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʷ ʪʘʢʦʡ ʩʚʷʟʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ r, ʠʥʚʘʨʠʘʥʪʥʳʡ ʢ ʣʶʙʳʤ ʣʠʥʝʡʥʳʤ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʷʤ ʩʦʧʦʩʪʘʚʣʷʝʤʳʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ. 

ʕʢʩʧʝʨʠʤʝʥʪ 1. ɺʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ r ʤʝʞʜʫ ʇ

ɺS  ʠ ʜʘʥʥʳʤʠ ʧʦ ʇ

ʅS , ʧʨʠʚʝ-

ʜʝʥʥʳʤʠ ʚ [114]. ʕʪʠ ʜʘʥʥʳʝ ʩʦʜʝʨʞʘʪ ʵʪʘʣʦʥʥʳʡ ʩʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʥʘ 

ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʘʪʤʦʩʬʝʨʳ ʠ ʩʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʘʪʤʦ-

ʩʬʝʨʫ. ɺr ʧʦʣʥʝʥʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 
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ʩʦ ʰʢʘʣʦʡ ʜʣʠʥ ʚʦʣʥ ɻʉɸ çʈʝʩʫʨʩ-ʇè (ʦʪ ~5 ʜʦ ~10 ʥʤ),  ʧʨʠʤʝʨ ʧʦʢʘʟʘʥ ʥʘ ʨʠ-

ʩʫʥʢʝ 2.3.    

 

ʈʠʩʫʥʦʢ 2.3 ï ʉʇʕʗ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʥʘ ɺɻɸ, ʅɻɸ ʠ  

ʟʦʥʳ ʨʝʟʢʠʭ ʘʪʤʦʩʬʝʨʥʳʭ ʠʩʢʘʞʝʥʠʡ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ( ) 92.0, ºʇ

ʅ

ʇ

ɺ SSr . ʇʨʠ ʫʜʘʣʝʥʠʠ ʜʘʥʥʳʭ ʦʪ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʧʦʜʜʠʘʧʘʟʦʥʦʚ, ʛʜʝ ʥʘʙʣʶʜʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʩʢʘʞʝʥʠʷ ʘʪʤʦʩʬʝʨʳ (ʚʳʜʝʣʝʥʳ 

ʩʝʨʳʤ ʬʦʥʦʤ ʥʘ ʨʠʩʫʥʢʝ 2.3), ʧʦʢʘʟʘʪʝʣʴ r ʧʦʢʘʟʘʣ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ 0.98. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʠʣʴʥʦʡ ʣʠʥʝʡʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʠʟʣʫʯʝʥʠʝʤ ʥʘ ʚʝʨʭʥʝʡ ʠ ʥʠʞ-

ʥʝʡ ʛʨʘʥʠʮʘʭ ʘʪʤʦʩʬʝʨʳ.  

ʕʢʩʧʝʨʠʤʝʥʪ 2. ɺʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʩʚʷʟʝʡ ( )ʆ
B

ʆ

ʅ SS ,r  ʠ ( )BSʆʅ,r  ʜʣʷ ʩʝʯʝʥʠʡ 

ʉʀʊ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʨʦʮʝʩʩ rʦʪʨʘʞʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʦʪ ɿʝʤʣʠ ʚ ʩʪʦʨʦ-

ʥʫ ʩʧʫʪʥʠʢʘ ʠ ʧʨʦʮʝʩʩ ʧʨʠʝʤʘ ʩʠʛʥʘʣʘ ʜʘʪʯʠʢʦʤ. ɺ ʢʘʯʝʩʪʚʝ B  ʠʩʧʦʣʴʟʦʚʘʥʳ ʛʠ-

ʧʝʨʩʧʝʢʪʨʘʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʦʧʦʨʥʦʛʦ ʧʦʣʠʛʦʥʘ çRailroad Valleyè ʩʝʪʠ RadCal-

Net [63], ʧʦʣʫʯʝʥʥʳʝ ɻʉɸ ʩʧʫʪʥʠʢʘ çʈʝʩʫʨʩ-ʇè (ʨʠʩʫʥʦʢ 2.4). ʆʮʝʥʢʠ 

( ) 98.0, =ʆ

B

ʆ

ʅ SSr  ʠ ( ) 73.0, =BSʆʅr  ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʡ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ ʦʪʨʘʞʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʘʭ 

ʘʪʤʦʩʬʝʨʳ, ʘ ʪʘʢʞʝ ʦ ʚʣʠʷʥʠʠ ʰʫʤʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʡ ʨʝ-
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ʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʘ ɻʉɸ ʚʩʣʝʜʩʪʚʠʝ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦʣʝʟʥʦʛʦ ʠʟʣʫ-

ʯʝʥʠʷ ʦʪ ʉʦʣʥʮʘ ʧʦ ʫʟʢʠʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʦʜʜʠʘʧʘʟʦʥʘʤ. ʕʪʦʪ ʚʦʧʨʦʩ ʨʘʩʩʤʦʪʨʝʥ 

ʥʠʞʝ ʚ ʧʘʨʘʛʨʘʬʝ 3.3.   

 

ʈʠʩʫʥʦʢ 2.4 ï ʉʇʕʗ ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ  

2.3. ʂʋʉʆʏʅʆ-ʃʀʅɽʁʅɸʗ ʄʆɼɽʃʔ ɺʀɼɽʆʊʈɸʂʊɸ 

 ʉʀʉʊɽʄ ɻʀʇɽʈʉʇɽʂʊʈɸʃʔʅʆɻʆ ʅɸɹʃʖɼɽʅʀʗ ɿɽʄʃʀ 

2.3.1. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʝʣʝʡ ʉʀʊ ʚ ʦʙʱʝʤ ʚʠʜʝ (2.1) ʠ 

ʙʦʣʝʝ ʧʨʦʩʪʦʤ (2.3) ʦʩʪʘʶʪʩʷ ʦʪʢʨʳʪʳʤʠ ʜʚʘ ʚʦʧʨʦʩʘ. 

ɺʦ-ʧʝʨʚʳʭ, ʢʘʢ ʧʝʨʝʚʝʩʪʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʢʦʨʨʝʢʪʥʦ ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ 

ʧʦ ʦʮʝʥʢʝ ʂʉʆ ʥʘʙʣʶʜʘʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʪ.ʝ. ɿg, ʚ ʚʠʜʝ ʚʳʨʘʞʝʥʠʷ (2.2) ʚ ʨʘʟʨʷʜ 

ʢʦʨʨʝʢʪʥʦ ʨʝʰʘʝʤʳʭ. ʅʠʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦʪ ʚʦʧʨʦʩ ʤʦʞʥʦ ʨʝʰʠʪʴ ʧʫʪʝʤ ʧʝʨʝ-

ʭʦʜʘ ʦʪ (2.1) ʢ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʤʦʜʝʣʠ ʉʀʊ [88]. 

 ɺʦ-ʚʪʦʨʳʭ, ʙʦʣʝʝ ʧʨʦʩʪʘʷ ʤʦʜʝʣʴ ʉʀʊ (2.3) ʦʩʥʦʚʘʥʘ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʩʧʝʢ-

ʪʨʘʣʴʥʳʭ ʧʝʨʝʜʘʪʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʞʜʦʛʦ ʟʚʝʥʘ ʉʀʊ { }ʂɸɿɸ gggg ,,Í  ʚ ʚʠʜʝ 

ʦʪʥʦʰʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʢ ʚʭʦʜʥʦʤʫ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ ʬʫʥʢʮʠʡ 

ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ l (ʠʣʠ ʥʦʤʝʨʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ɻʉɸ Kk ,1= ) [88]. ʆʪʢʨʳ-
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ʪʳʤ ʦʩʪʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʢʦʨʨʝʢʪʥʦʩʪʠ ʦʮʝʥʢʠ ɸg ʠ ʂɸg  ʧʨʠ ʦʙʨʘʪʥʦʤ ʧʝʨʝʭʦʜʝ ʦʪ 

ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʛʠʧʝʨʢʫʙʘ kB  ʢ O

HS  (ʩʤ. ʩʭʝʤʫ (2.3)). ʕʪʦʪ ʚʦʧʨʦʩ ʪʘʢʞʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʠʞʝ.  

2.3.2. ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ (2.2) ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ 

ʯʘʩʪʘʷ ʨʝʰʝʪʢʘ ʟʘʜʘʥʠʷ ʜʣʠʥ ʚʦʣʥ kl , Kk ,1= , ʚ ʢʦʪʦʨʦʡ K  ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʩʪʘ 

ʠ ʙʦʣʝʝ ʦʪʩʯʝʪʦʚ. ɺ ʵʪʠʭ ʜʠʩʢʨʝʪʥʳʭ ʫʟʢʠʭ ʧʦʜʜʠʘʧʘʟʦʥʘʭ ʜʣʠʥ ʚʦʣʥ [ ]1, +Í kk lll  

ʬʦʨʤʠʨʫʶʪʩʷ ʠʟʦʙʨʘʞʝʥʠʷ ʛʠʧʝʨʢʫʙʘ kB . ʇʦʵʪʦʤʫ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʠʛʥʘʣ S ʚ 

ʢʘʞʜʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʩʝʯʝʥʠʠ ʤʦʜʝʣʠ ʉʀʊ (2.1), ʪ.ʝ. ʜʣʷ { }ʆ
ɺ

ʆ

ʅ

ʇ

ʅ

ʇ

ɺ SSSSS ,,,Í

, ʬʫʥʢʮʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ S­l , ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʨʷʤʦʡ kkk baS += l , ʧʨʦʭʦʜʷʱʝʡ 

ʯʝʨʝʟ ʜʚʝ ʪʦʯʢʠ ( )kk S,l  ʠ ( )11 , ++ kk Sl . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʤʦʜʝʣʠ ʉʀʊ (2.1)  
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11 ,    Kk ,1= . (2.5) 

ʇʦʩʢʦʣʴʢʫ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʩʦʦʙʨʘʞʝʥʠʷʤ ( ) 01 >-+ kk ll , ʪʦ ʦʪʦʙʨʘʞʝʥʠʝ S­l  

ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʷ ʚʩʝʭ ʟʥʘʯʝʥʠʡ ʠʟ ʜʠʘʧʘʟʦʥʦʚ ʠʟʤʝʨʝʥʠʡ l ʠ S.  

ʀʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʦʙʨʘʪʥʦʤ ʦʪʦʙʨʘʞʝʥʠʠ l­S , ʢʦʛʜʘ ʜʣʷ  

k-ʛʦ ʯʘʩʪʦʪʥʦʛʦ ʧʦʜʜʠʘʧʘʟʦʥʘ [ ]1, +kk ll  ʟʥʘʯʝʥʠʷ [ ]1, +kk SS  ʦʙʨʘʪʥʦʛʦ ʣʠʥʝʡʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 1-
ka , 1-

kb , ʦʧʨʝʜʝʣʷʝʤʳʝ ʢʘʢ 
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111 ll
, (2.6) 

 ʜʦʧʫʩʢʘʶʪ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʦʪʦʙʨʘʞʝʥʠʷ S­l  ʧʨʠ 1+= kk SS . ʇʨʠ 

-¤=¤==- --
+

11
1 ,:0 kkkk baSS . 

ʊʦ ʝʩʪʴ ʧʨʠ ʦʙʨʘʪʥʦʤ ʦʪʦʙʨʘʞʝʥʠʠ l­S  ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ, ʢʘʢ ʨʝʘʛʠʨʦ-

ʚʘʪʴ ʥʘ ʩʠʪʫʘʮʠʶ ʧʨʠ 01 ¢+-+ ekk SS , ʛʜʝ e ï ʜʦʧʫʩʪʠʤʦ ʤʘʣʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ 

ʚʝʣʠʯʠʥʘ? ɿʜʝʩʴ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʨʷʜ ʨʝʰʝʥʠʡ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ 

lªS . ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʣʷ ʢʘʞʜʦʛʦ k-ʛʦ ʧʦʜʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ.  
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ʐʘʛ 1. ɺ ʢʘʞʜʦʤ k-ʤ ʧʦʜʜʠʘʧʘʟʦʥʝ [ ] Kkkk ,1,, 1 =+ll , ʧʨʦʚʝʨʷʝʪʩʷ ʫʩʣʦ-

ʚʠʝ e¢-+ kk SS 1 , ʛʜʝ e ï ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʧʦ ʤʦʜʫʣʶ ʦʪʣʠʯʠʝ 1+kS  ʦʪ 

kS , ʟʘʜʘʚʘʝʤʦʝ ʠʩʭʦʜʷ ʠʟ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʷ kS  ʠ 1+kS . ɽʩʣʠ ʵʪʦ ʫʩʣʦʚʠʝ ʥʝ ʚʳ-

ʧʦʣʥʷʝʪʩʷ, ʪʦ ʧʨʦʮʝʩʩ ʠʜʝʪ ʧʦ çʩʪʘʥʜʘʨʪʥʦʤʫè ʧʫʪʠ, ʧʦ ʬʦʨʤʫʣʝ (2.6), ʚ ʧʨʦʪʠʚ-

ʥʦʤ ʩʣʫʯʘʝ ʩʣʝʜʫʝʪ ʧʝʨʝʭʦʜ ʢ ʰʘʛʫ 2. 

ʐʘʛ 2. ʇʨʠ e¢-+ kk SS 1  ʬʠʢʩʠʨʫʝʪʩʷ, ʯʪʦ kS  ʠ 1+kS  ʙʣʠʟʢʠ ʜʨʫʛ ʢ ʜʨʫʛʫ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʯʘʩʪʦʪʥʳʡ ʧʦʜʜʠʘʧʘʟʦʥ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ N  ʨʘʚʥʳʭ ʫʯʘʩʪʢʦʚ (ʩʫʙ-

ʧʦʜʜʠʘʧʘʟʦʥʦʚ) ʩ ʰʠʨʠʥʦʡ ( )Nkk ll -+1 , ʪ.ʝ. ʬʦʨʤʠʨʫʝʪʩʷ ʥʦʚʘʷ ʙʦʣʝʝ ʯʘʩʪʘʷ 

ʩʝʪʢʘ ʯʘʩʪʦʪ ( )
N

n
kkkn llll -+= +1 , ʛʜʝ Nn ,0=  ï ʥʦʤʝʨ ʦʪʩʯʝʪʘ. ʇʨʠ  

knn ll== :0 ; ʧʨʠ 1: +== knNn ll . ɼʣʷ ʢʘʞʜʦʛʦ ʦʪʩʯʝʪʘ nl  ʬʦʨʤʠʨʫʝʪʩʷ 

[ ]1, +Í kkn SSS  ʧʦ ʬʦʨʤʫʣʝ ʧʨʷʤʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ (2.5), ʚ ʢʦʪʦʨʦʡ ʚʤʝʩʪʦ ( )kk ba ,  

ʚʳʯʠʩʣʷʶʪʩʷ ( )nn ba , , ʘ ʚʤʝʩʪʦ ( )1, +kk SS  ʠ ( )1, +kk ll  ʠʩʧʦʣʴʟʫʶʪʩʷ ( )1, +nn SS  ʠ 

( )1, +nn ll . ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʙʦʣʝʝ ʯʘʩʪʦʡ ʨʝʰʝʪʢʝ ʬʦʨʤʠʨʫʝʪʩʷ ʠ ʧʨʷʤʦʝ ʩʦʦʪʚʝʪ-

ʩʪʚʠʝ nn S­l  ʠ ʦʙʨʘʪʥʦʝ nnS l­ , Nn ,0= . ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ, ʯʪʦ ʩʦʭʨʘʥʷʶʪʩʷ 

ʙʘʟʦʚʳʝ (ʦʧʦʨʥʳʝ) ʩʦʦʪʚʝʪʩʪʚʠʷ: kk S­l , kkS l­  ʧʨʠ 0=n  ʠ Nn= . 

ʇʦ ʩʫʱʝʩʪʚʫ ʧʨʠ e¢-+ kk SS 1  ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʘʷ ʤʦʜʝʣʴ 

ʉʀʊ, ʠʩʢʣʶʯʘʶʱʘʷ ʥʝʢʦʨʨʝʢʪʥʳʝ ʩʠʪʫʘʮʠʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʡ 

ʤʦʜʝʣʠ, ʢʦʛʜʘ ʚ (2.6) ʟʥʘʤʝʥʘʪʝʣʴ 01 =-+ kk SS .  

2.3.3. ʈʘʩʩʤʦʪʨʠʤ ʚʦʧʨʦʩ ʦʙ ʠʩʢʣʶʯʝʥʠʠ ʟʦʥ ʧʦʛʣʦʱʝʥʠʷ ʘʪʤʦʩʬʝʨʦʡ ʧʨʷ-

ʤʦʛʦ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʉʦʣʥʮʘ, ʧʘʜʘʶʱʝʛʦ ʥʘ ɿʝʤʣʶ ʠ ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʥʝʝ. 

ɿʦʥʳ ʧʦʛʣʦʱʝʥʠʷ [38, 68, 72, 82, 88] ʦʙʫʩʣʦʚʣʝʥʳ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʘʪʤʦʩʬʝ-

ʨʳ, ʥʦ ʩʘʤʦʝ ʛʣʘʚʥʦʝ, ʦʥʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʩʪʨʦʛʦ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʜʣʠʥ 

ʚʦʣʥ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ (ʩʤ. ʨʠʩ. 2.3). ʇʨʠ 

ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ʚ ʚʠʜʝ ʛʠʧʝʨʢʫʙʘ ( )KkBB k ,1, ==  ʘʪ-

ʤʦʩʬʝʨʥʳʝ ʷʚʣʝʥʠʷ ʩʠʣʴʥʦ ʠʩʢʘʞʘʶʪ ʦʪʜʝʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʥʘʙʣʶʜʘʝʤʦʡ ʩʮʝʥʳ.  



40 
 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʵʪʦʪ ʚʦʧʨʦʩ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ ʉʀʊ, 

ʨʘʟʫʤʥʦ ʠʩʢʣʶʯʠʪʴ ʵʪʠ ʟʦʥʳ, ʟʘʤʝʥʠʚ ʣʠʥʝʡʥʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʧʦ ʦʪʩʯʝʪʘʤ ʠʭ 

ʥʘʯʘʣʘ ʅl  ʠ ʦʢʦʥʯʘʥʠʷ ʆl. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʣʷ ʥʝʢʦʪʦʨʦʡ ʟʦʥʳ ʧʦʛʣʦʱʝʥʠʷ 

ʅl  ʠ ʆl  ʠʟʚʝʩʪʥʳ. ɼʣʷ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʪʦʡ ʟʦʥʳ ʦʧʨʝʜʝʣʠʤ ʝʝ ʧʨʠ-

ʥʘʜʣʝʞʥʦʩʪʴ [ ]1, +Í kkʅ lll , Kk ,1= , ʠ [ ]1, +Í ssʆ lll , ʛʜʝ { }Kkks ,...,1, +Í . ɼʣʷ 

ʟʦʥʳ ʧʦʛʣʦʱʝʥʠʷ [ ]sk lll ,Í  ʧʦ (2.5) ʦʧʨʝʜʝʣʷʝʪʩʷ ʣʠʥʠʷ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

( )( )ksksk SSa ll--= , ( )( )ksksskk SSb llll -Ö-Ö= . ɽʩʣʠ e¢- ks SS , ʪʦ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʪʩʯʝʪʦʚ ʚʥʫʪʨʠ ʟʦʥʳ [ ]
ʆʅ ll ,  ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʘʷ 

ʤʦʜʝʣʴ ʉʀʊ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ï ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʘʷ.  

2.3.4. ʄʦʜʝʣʴ ʉʀʊ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʠʟ ʦʜʥʦʛʦ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʝʯʝʥʠʷ ʚ ʩʣʝʜʫʶʱʝʝ ʧʦʩʨʝʜʩʪʚʦʤ ʬʫʥʢʮʠʦʥʘʣʦʚ. ɹʦʣʝʝ ʧʨʦʩʪʘʷ 

ʤʦʜʝʣʴ (2.3) ʦʧʝʨʠʨʫʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʝʨʝʜʘʯʠ g ʚ ʚʠʜʝ ʦʪʥʦ-

ʰʝʥʠʷ çʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ / ʚʭʦʜʥʦʡ ʩʠʛʥʘʣè, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ l. 

ɼʣʷ ʢʘʞʜʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʟʥʘʯʝʥʠʷ kl , Kk ,1= , kkk SS 1+=g , ʪ.ʝ. ʜʣʷ ʣʶʙʦʛʦ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʝʯʝʥʠʷ { }BSSSSS O
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. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʦʵʬʬʠʮʠʝʥʪ (ʬʫʥʢʮʠʷ) ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʧʝʨʝʜʘʯʠ ʚʩʝʛʦ ʉʀʊ ( )BS ʂɸ
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ɺʉʀʊ ggggg ÖÖÖÖ= , ʘ ʂʉʆ ʦʙʲʝʢʪʦʚ ɿʝʤʣʠ, ʪ.ʝ. 

ʘʥʘʣʦʛ ʬʦʨʤʫʣʳ (2.3), ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ  
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ʌʦʨʤʫʣʘ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʣʠʥʝʡʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

( )kk ba ,  ʠ ( )11 ,
--

kk ba  ʜʣʷ ʤʦʜʝʣʠ ʉʀʊ (2.3) ʠʤʝʶʪ ʪʦʪ ʞʝ ʚʠʜ, ʯʪʦ ʠ ʚʳʨʘʞʝʥʠʷ 

(2.5) ʠ (2.6), ʧʦʩʣʝ ʟʘʤʝʥʳ ( )1, +kk SS  ʥʘ ( )1, +kk gg . ɿʜʝʩʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚʥʦ-

ʩʷʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʙʨʘʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ( )( )kkkkk ff --= ++
-

11
1 lla  ʠ 
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( )( )kkkkkkk ffff -Ö-Ö-= +++
-

111
1 llb . ʕʪʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚʦʟʥʠʢʘʝʪ ʧʨʠ 

kk ff =+1 , ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʜʝʘʣʴʥʦʡ ʧʝʨʝʜʘʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʘʞʜʦʛʦ 

ʟʚʝʥʘ ʉʀʊ (ʪ.ʝ. 11== +kk gg ), ʣʠʙʦ ʦʪʩʫʪʩʪʚʠʶ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʉʦʣʥʮʘ. ʀ 

ʪʦʪ ʠ ʜʨʫʛʦʡ ʩʣʫʯʘʡ ʧʨʦʪʠʚʦʨʝʯʘʪ ʬʠʟʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ 

ʩʲʝʤʢʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠ kk ff º+1  ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠʚʝʜʝʥʥʳʤ ʚʳʰʝ 

ʘʣʛʦʨʠʪʤʦʤ ʧʝʨʝʭʦʜʘ ʦʪ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʡ ʢ ʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʦʡ ʤʦʜʝʣʠ ʉʀʊ.  

2.3.5. ʅʘ ʨʠʩ. 2.5 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʠʩʢʣʶʯʝʥʠʷ ʟʦʥ ʩʠʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ 

ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ɻʉɸ, ʪ.ʝ. ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʢʘʣʠʙʨʦʚʢʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʠʧʝʨʩʧʝʢʪʨʦʤʝʪʨʘ 

ʂɸg  ʠ ʂʉʆ ɿg ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʙʣʶʜʝʥʠʷ ʦʧʦʨʥʳʭ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʣʠʛʦʥʦʚ.  

 

ʈʠʩʫʥʦʢ 2.5 ï ʉʇʕʗ O
BS , B  ʜʦ ʫʩʪʨʘʥʝʥʠʷ ʟʦʥ ʧʦʛʣʦʱʝʥʠʷ ʠ  *O

BS , 
*B  

ʧʦʩʣʝ ʫʩʪʨʘʥʝʥʠʷ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʘʷ ʤʦʜʝʣʴ ʦʪʜʝʣʴʥʳʭ ʟʚʝʥʴʝʚ 

ʠ ʉʀʊ ʚ ʮʝʣʦʤ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʢʦʨʨʝʢʪʥʦ ʧʦʩʪʘʚʣʝʥʥʫʶ 

ʟʘʜʘʯʫ ʦʮʝʥʢʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʝʨʝʜʘʪʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʚʝʥʴʝʚ ʉʀʊ ʚ ʚʠʜʝ 
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ʢʦʨʨʝʢʪʥʦʡ ʟʘʜʘʯʠ ʠ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʨʝʰʠʪʴ ʨʷʜ ʚʘʞʥʳʭ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʘʥʘʣʠʟʦʤ ʜʘʥʥʳʭ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ.   

2.4. ʂʆʄʇʃɽʂʉʀʈʆɺɸʅʀɽ ʀʅʌʆʈʄɸʎʀʀ  

ʆʊ ʉʀʉʊɽʄ ɻʀʇɽʈʉʇɽʂʊʈɸʃʔʅʆʁ ʉʒɽʄʂʀ 

 ʉ ɼɸʅʅʓʄʀ ʆʊ  ʉʀʉʊɽʄ ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

 ʀ ʉɽʊʀ ʆʇʆʈʅʓʍ ʇʆʃʀɻʆʅʆɺ 

2.4.1. ʆʜʥʦ ʠʟ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʩʦʦʙʨʘʞʝʥʠʡ, ʧʦʣʦʞʝʥʥʳʭ ʚ ʦʩʥʦʚʫ ʘʥʘʣʠ-

ʪʠʢʦ-ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʧʦʜʭʦʜʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ɿʝʤʣʠ ʧʦ ʜʘʥʥʳʤ ʛʠʧʝʨ-

ʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ, ʩʦʩʪʦʠʪ ʚ ʦʙʲʝʜʠʥʝʥʠʠ ʟʥʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʩʦʟʜʘ-

ʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤ ɼɿɿ, ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ʀ ʪʝ, ʠ ʜʨʫʛʠʝ ʩʠʩʪʝʤʳ ʦʪʣʠʯʘʶʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʠ ʨʘʜʠʦ-

ʤʝʪʨʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʜʠʩʢʨʝʪʥʦʡ ʩʝʪʢʦʡ ʜʣʠʥ 

ʚʦʣʥ, ʨʝʘʣʴʥʳʤʠ ʠ ʤʦʜʝʣʴʥʳʤʠ ʯʘʩʪʦʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʵʣʝʤʝʥʪʦʚ ʚʠ-

ʜʝʦʪʨʘʢʪʘ. ʉʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʥʘʥʠʡ ʠ ʜʘʥʥʳʭ ʦʪ ʵʪʠʭ ʩʠʩʪʝʤ ʚ 

ʨʘʤʢʘʭ ʘʥʘʣʠʪʠʢʦ-ʥʝʡʨʦʩʝʪʝʚʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ɿʝʤʣʠ ʧʦ ʤʘʪʝʨʠʘʣʘʤ 

ʢʦʩʤʠʯʝʩʢʦʡ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ [87, 88, 96, 98, 99, 100, 109, 110]. 

  ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʚʳʰʝ ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʉʀʊ (2.3) ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʦʪ ʪʨʝʭ ʠʩʪʦʯʥʠʢʦʚ:  

- ʨʝʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʩʠʩʪʝʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ɿʝʤʣʠ ʚ ʚʠʜʝ 

ʛʠʧʝʨʢʫʙʘ ( )( )KknmBB k ,1,, == , ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʲʝʤʢʠ ʦʧʦʨʥʳʭ ʨʘ-

ʜʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʣʠʛʦʥʦʚ (ʆʇ) ( )( )KknmBB kʆʇʆʇ ,1,,, == ; 

- ʜʘʥʥʳʭ ʦʪ ʩʠʩʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʝʨʝʥʦʩʘ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝ-

ʥʠʷ ʥʘ ɿʝʤʣʶ ʠ ʝʛʦ ʦʪʨʘʞʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʩ ɻʉɸ;  

- ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʦʪ ʦʧʦʨʥʳʭ ʥʘʟʝʤʥʳʭ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʣʠ-

ʛʦʥʦʚ. 

ʇʦʵʪʦʤʫ ʨʝʰʝʥʠʝ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʉʀʊ (2.3) 

ʪʨʝʙʫʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʧʨʦʩʘ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʦʪ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 
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2.4.2. ʅʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʜʣʷ ʝʝ ʨʝʰʝ-

ʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʪʨʠ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ:  

- ʨʦʩʩʠʡʩʢʘʷ ʢʦʩʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ çʈʝʩʫʨʩ-ʇè ʩ ɻʉɸ ʚ ʚʠʜʝ ʧʷʪʠ ʩʧʫʪʥʠʢʦʚ, 

ʚʳʚʝʜʝʥʥʳʭ ʥʘ ʦʨʙʠʪʫ ʚ ʧʝʨʠʦʜ ʩ 2013 ʧʦ 2024 ʛʦʜ [23, 24]; 

- ʩʠʩʪʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʝʜʘʯʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ç6Sè, ʨʘʟʨʘʙʦʪʘʥ-

ʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʮʝʥʪʨʦʤ çMODIS LSR SCFè (ʉʐɸ) ʩ ʰʠʨʦʢʦʡ ʢʦʦʧʝʨʘʮʠʝʡ 

ʝʚʨʦʧʝʡʩʢʠʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ [68, 81]; 

- ʩʝʪʴ ʦʧʦʨʥʳʭ ʧʦʣʠʛʦʥʦʚ çRadCalNetè, ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʢʦʤʠʪʝʪʦʤ ʩʧʫʪʥʠʢʦʚʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ɿʝʤʣʠ ï CEOS [63]. 

ʉʠʩʪʝʤʘ çʈʝʩʫʨʩ-ʇè. ɺ ʧʝʨʠʦʜ ʩ 2013 ʧʦ 2024 ʛʦʜʳ ʦʩʫʱʝʩʪʚʣʝʥ rʟʘʧʫʩʢʠ 

ʧʷʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʛʦʣʦʚʥʦʡ ʨʘʟʨʘʙʦʪʯʠʢ ï ʉʘʤʘʨʩʢʠʡ ʈʘʢʝʪʥʦ-

ʢʦʩʤʠʯʝʩʢʠʡ ʮʝʥʪʨ çʇʨʦʛʨʝʩʩè), ʥʘ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʘ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʘʷ ʘʧ-

ʧʘʨʘʪʫʨʘ (ʨʘʟʨʘʙʦʪʯʠʢ ɻʉɸ ï ʂʨʘʩʥʦʛʦʨʩʢʠʡ ʤʝʭʘʥʠʯʝʩʢʠ ʟʘʚʦʜ). ʊʝʭʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɻʉɸ: ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ï 30 ʤ; ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ï 14 ʙʠʪ; ʯʠʩʣʦ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ï º130; ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘ-

ʟʦʥ ï 400-1000 ʥʤ; ʩʝʪʢʘ ʜʣʠʥ ʚʦʣʥ ï ʢʚʘʟʠʨʝʛʫʣʷʨʥʘʷ ʩ [ ] 5, 1 ºÍD +kkk lll  ʥʤ.  

ʉʠʩʪʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ç6Sè,  ʠʩʧʦʣʴʟʫʷ ʤʦʜʝʣʠ ʘʪʤʦʩʬʝʨʳ ʠ ʦʪʨʘʞʝʥʠʷ 

ʦʪ ʦʙʲʝʢʪʘ, ʠʤʠʪʠʨʫʝʪ ʚʠʜʝʦʪʨʘʢʪ ʩʠʩʪʝʤ ɼɿɿ. ʇʨʠ ʫʢʘʟʘʥʠʠ ʚʝʢʪʦʨʘ ʧʘʨʘʤʝʪʨʦʚ 

ʘʪʤʦʩʬʝʨʳ ʠ ʬʫʥʢʮʠʠ ʂʉʆ ʦʙʲʝʢʪʘ, ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʦʣʫʯʠʪʴ 

ʬʫʥʢʮʠʶ ()lS  ʚ ʣʶʙʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʩʝʯʝʥʠʠ ʉʀʊ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦ-

ʜʠʪʩʷ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 400-2500 ʥʤ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʩʝʪʢʝ ʜʣʠʥ ʚʦʣʥ. 

ɼʨʫʛʘ ̫ʚʘʞʥʘ ̫ʦʩʦʙʝʥʥʦʩʪʴ ç6Sè ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʦʩʪʫʧʥʦʩʪʠ ʰʠʨʦʢʦʛʦ ʥʘʙʦʨʘ 

ʘʪʤʦʩʬʝʨʥʳʭ, ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʠ-

ʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʥʝʡʨʦʩʝʪʝʚʳʝ ʘʣʛʦʨʠʪʤʳ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ɿʝʤʣʠ ʢ ʠʟʤʝʥʯʠʚʦʤʫ ʩʦʩʪʦʷʥʠʶ ʘʪʤʦʩʬʝʨʳ, ʟʘʚʠʩʷʝɦ-

ʤʫ ʦʪ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʥʘʙʣʶʜʘʝʤʦʡ ʩʮʝʥʳ ʠ ʚʨʝʤʝʥʠ ʩʲʝʤʢʠ.  

ʉʠʩʪʝʤʘ çRadCalNetè, ʠʩʧʦʣʴʟʫʷ ʥʘʟʝʤʥʳʝ ʩʨʝʜʩʪʚʘ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʦʧʦʨʥʦʛʦ ʧʦʣʠʛʦʥʘ (ʆʇ), ʧʦʟʚʦʣʷʝʪ ʯʝʨʝʟ ʢʘʞʜʳʝ 30 ʤʠʥʫʪ ʧʦʣʫʯʘʪʴ 

ʜʘʥʥʳʝ ʦʙ ʆʇ: ()lgɿ , ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʳ ʘʪʤʦʩʬʝʨʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝ-
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ʥʠʷ ɸg, ʚ ʨʝʛʫʣʷʨʥʳʭ ʦʪʩʯʝʪʘʭ ʜʣʠʥ ʚʦʣʥ 10, ==D=D constii ll  ʥʤ. ʅʘʣʠʯʠʝ 

ʜʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʂɸg , ʠ, ʚ ʢʦʥʝʯ-

ʥʦʤ ʩʯʝʪʝ, ʫʩʧʝʰʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ. 

2.4.3. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ɻʉɸ ʬʦʨʤʠʨʫʝʪ ʜʠʩʢʨʝʪʥʳʝ ʦʪʩʯʝʪʳ ʛʠʧʝʨʢʫʙʘ ʚ 

ʢʚʘʟʠʨʝʛʫʣʷʨʥʦʡ ʧʦ l ʠ D ʩʝʪʢʝ ʯʘʩʪʦʪ Kkconstkkk ,1,1 =¸D=-+ lll . ʇʦʵʪʦʤʫ 

ʜʣʷ ʦʮʝʥʢʠ ʠ ʢʘʣʠʙʨʦʚʢʠ 
ʆ

ɺʂɸ SB=g , ʘ ʟʘʪʝʤ ʇ
ʅ

O

ʅɿ SS=g , ʥʝʦʙʭʦʜʠʤʦ ʜʘʥʥʳʝ ʦʪ 

ʦʧʦʨʥʦʛʦ ʧʦʣʠʛʦʥʘ ʥʘ ʫʨʦʚʥʝ ʦʪʩʯʝʪʦʚ ʆ

ɺS  ʠ B  ʩʚʝʩʪʠ ʢ ʝʜʠʥʦʡ ʩʝʪʢʝ ʯʘʩʪʦʪ.  

ɺʚʝʜʝʤ ʣʦʢʘʣʴʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ, ʦʧʫʩʪʠʚ ʠʥʜʝʢʩʳ çʇè, çʆè, çʅè, çɺè: 

- KkBk ,1, = , ï ʠʩʭʦʜʥʳʝ ʦʪʩʯʝʪʳ ʛʠʧʝʨʢʫʙʘ B  ʚ ʢʚʘʟʠʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʝ 

ʯʘʩʪʦʪ kl , KkConstk ,1, =¸D , ʘ IiBi ,1,
~
= , ï ʦʪʩʯʝʪʳ ʚ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʝ ʯʘʩʪʦʪ 

il, ʜʣʷ ʢʦʪʦʨʦʡ Consti =D ;  

- iS , Ii ,1= , ï ʨʝʛʫʣʷʨʥʳʝ ʦʪʩʯʝʪʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ S, ʘ KkSk ,1,
~

= , ï 

ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʳʝ ʦʪʩʯʝʪʳ ʚ ʩʝʪʢʝ ʯʘʩʪʦʪ Kkk ,1, =l .  

ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʚʘʨʠʘʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʦʪ ʦʧʦʨʥʦʛʦ ʧʦʣʠʛʦʥʘ ʩʝʪʠ 

çRadCalNetè ʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʂɸ çʈʝʩʫʨʩ-ʇè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ.  

ɺʘʨʠʘʥʪ 1. ʈʝʛʫʣʷʨʥʳʝ ʦʪʩʯʝʪʳ IiSi ,1, = , Constiii =D=-=D + ll 1 , ʬʦʨ-

ʤʠʨʫʝʤʳʝ ʆʇ, ʥʝ ʠʟʤʝʥʷʶʪʩʷ, ʘ ʧʦ ʥʠʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʳʝ ʦʪʩʯʝ-

ʪ r(ʨʠʩ. 2.6, ʘ):  

( ) iiiik SSS aa Ö+-= +11
~

, (2.8) 

ʛʜʝ ( )D-= iki lla  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʨʘʚʥʳʡ ʪʘʥʛʝʥʩʫ ʫʛʣʘ ʥʘʢʣʦʥʘ ʣʠʥʠʠ, ʧʨʦʭʦ-

ʜʷʱʝʡ ʯʝʨʝʟ ʪʦʯʢʠ ( )ii S,l  ʠ ( )11, ++ ii Sl . ʇʨʠ 0: == iik all  ʠ ik SS =
~

. ʇʨʠ 

1:1 == + iik all  ʠ 1

~
+= ik SS . 

ɺʘʨʠʘʥʪ 2. ʅʝʨʝʛʫʣʷʨʥʳʝ ʦʪʩʯʝʪʳ KkBk ,1, = , Constkkk ¸-=D + ll 1 , 

ʬʦʨʤʠʨʫʝʤʳʝ ɻʉɸ, ʥʝ ʠʟʤʝʥʷʶʪʩʷ, ʠ ʧʦ ʥʠʤ ʥʘʭʦʜʷʪʩʷ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʳʝ ʦʪ-

ʩʯʝʪʳ IiBi ,1,
~
= , ʚ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʝ ʯʘʩʪʦʪ ʆʇ (ʨʠʩ. 2.6, ʙ). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ: 
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( ) kkkki BBB aa Ö+-= +11
~

, (2.9) 

ʛʜʝ ( ) kkik D-= lla . ʇʨʠ 0: == kki all  ʠ ki BB =
~

. ʇʨʠ 1:1 == + kki all  ʠ 

1

~
+= ki BB . 

 
ʘ) 

 
ʙ) 

ʈʠʩʫʥʦʢ 2.6 ï ʦʪʦʙʨʘʞʝʥʠʝ ʜʘʥʥʳʭ: ʘ) ki ll­ ;  ʙ) ik ll­  

2.4.4. ʂʫʩʦʯʥʦ-ʣʠʥʝʡʥʘʷ ʠʥʪʝʨʧʦʣʷʮʠʷ ʚʥʦʩʠʪ ʦʰʠʙʢʫ: ʚʤʝʩʪʦ ʬʘʢʪʠʯʝʩʢʦ-

ʛʦ ʟʥʘʯʝʥʠʷ kS  ʜʘʝʪ kS
~

 (ʚʘʨʠʘʥʪ 1), ʠ ʚʤʝʩʪʦ iB  ʜʘʝʪ iB
~

 (ʚʘʨʠʘʥʪ 2), ʛʜʝ ʠʥʜʝʢʩʳ 

çʆè ʠ çBè ʦʧʫʱʝʥʳ. ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʪʦʙʨʘʞʝʥʠʡ 

kk SS
~

­  ʠ ii BB
~

­  ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʬʘʢʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ kS  ʠ iB  ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʩʣʝʜʫʶʱʠʡ ʧʦʜʭʦʜ. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʣʠʥʝʡʥʘʷ ʠʥʪʝʨʧʦʣʷʮʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʩʛʣʘʞʠʚʘʥʠʶ ʟʥʘʯʝʥʠʡ kS
~

 ʠ iB
~

 ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ kS  ʠ iB, ʯʪʦ ʜʦʣʞʥʦ ʦʪʨʘʞʘʪʴʩʷ 

ʚ ʩʥʠʞʝʥʠʠ ʜʠʩʧʝʨʩʠʡ ()SD
~

 ʠ ()BD
~

 ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ()SD  ʠ ()BD . ʇʦʵʪʦʤʫ ʜʣʷ 

ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʚʳʙʦʨʘ ʦʜʥʦʛʦ ʠʟ ʚʘʨʠʘʥʪʦʚ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʢʨʠʪʝʨʠʡ 21 hhh= , 

ʛʜʝ () ()SDSD
~

1=h , () ()BDBD
~

2 =h . ʇʨʠ 1:21 ºº hhh , ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʦʪʩʫʪ-

ʩʪʚʠʠ ʧʨʝʜʧʦʯʪʝʥʠʷ ʚ ʧʦʣʴʟʫ ʚʘʨʠʘʥʪʘ 1 ʠʣʠ 2. ɽʩʣʠ 21 hh> , ʪʦ 1>h , ʠ ʧʨʝʜʧʦ-

ʯʪʝʥʠʝ ʩʣʝʜʫʝʪ ʦʪʜʘʪʴ ʚʘʨʠʘʥʪʫ 1, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ (ʧʨʠ 21 hh< ) ï ʚʘʨʠʘʥʪʫ 2. 

ʆʮʝʥʢʘ 1h (ʚʘʨʠʘʥʪ 1). ʉʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ 1h ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʯʢʦʡ ʧʦʧʘ-

ʜʘʥʠʷ kl  ʚ ʠʥʪʝʨʚʘʣ [ ]Constii =-ÍD + ll1 . ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʤ 

ʦʙʲʝʤʝ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ kl  ï ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ, ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʧʦ 

ʟʘʢʦʥʫ ʨʘʚʥʦʤʝʨʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ, ʪ.ʝ. ],0[ DÍkl , ʝʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 
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ʦʞʠʜʘʥʠʝ ʠ ʜʠʩʧʝʨʩʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ( ) D+= 5.0ikM ll , ( ) 122D=kD l . ʂʦʵʬ-

ʬʠʮʠʝʥʪ ia ʚ ʚʳʨʘʞʝʥʠʠ (2.8) ʣʠʥʝʡʥʦ ʩʚʷʟʘʥ ʩ ( )D-= ikik llal ,  ʠ ʧʦʜʯʠʥʝʥ 

ʪʦʤʫ ʞʝ ʟʘʢʦʥʫ, ʪʘʢ ʯʪʦ ]1,0[Íia , ( ) 5.0=iM a , () 121=iDa .  

ʇʦ ʬʠʟʠʯʝʩʢʠʤ ʩʦʦʙʨʘʞʝʥʠʷʤ ʚ (2.8) ia ʥʝ ʟʘʚʠʩʠʪ ʦʪ iS  ʠ 1+iS , ʘ ʟʘʚʠʩʠ-

ʤʦʩʪʴ iS  ʠ 1+iS  ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʤʦʤʝʥʪʦʤ ( )1, +ii SSK , ʢʦʪʦʨʳʡ 

ʧʨʠ 0­D  ʩʪʨʝʤʠʪʩʷ ʢ ʜʠʩʧʝʨʩʠʠ ()SD , ʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ D ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʧʨʝ-

ʜʝʣʝ ʜʦ ʥʫʣʷ. 

ʇʨʝʜʩʪʘʚʠʤ (2.8) ʢʘʢ YXZ += , ʛʜʝ SZ
~
= , ( ) iiii SYSX aa Ö=-= +1,1 . ʊʦ-

ʛʜʘ ʩ ʫʯʝʪʦʤ ʚʚʝʜʝʥʥʳʭ ʜʦʧʫʱʝʥʠʡ ʧʦʣʫʯʠʤ: () ()SMZM = , () ()SMXM Ö= 5.0 , 

() ()SMYM Ö= 5.0 . ʇʝʨʝʡʜʷ ʢ ʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʩʣʫʯʘʡʥʳʤ ʚʝʣʠʯʠʥʘʤ 

()SMZZ
o

-= , ()SMXX
o

5.0-= , ()SMYY
o

5.0-= , ʧʦʣʫʯʠʤ:  

() ù
ú

ø
é
ê

è
Ö+

ù
ù

ú

ø

é
é

ê

è

öö
÷

õ
ææ
ç

å
+
ù
ù

ú

ø

é
é

ê

è

öö
÷

õ
ææ
ç

å
=

oooo

YXMYMXMZD 2

22

. 

ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʦʙʦʟʥʘʯʝʥʠʷʤ ʚʳʨʘʞʝʥʠʷ (2.8) ʥʘʡʜʝʤ: 

() ()SMSDYMXM
oo

2

22

12

1
+=

ù
ù

ú

ø

é
é

ê

è

öö
÷

õ
ææ
ç

å
=
ù
ù

ú

ø

é
é

ê

è

öö
÷

õ
ææ
ç

å
, 

( ) ()SMSSKYXM ii

oo
2

1
12

1
, -=ù

ú

ø
é
ê

è
Ö + . 

ɺ ʠʪʦʛʝ:  

() () ( )1,
3

1

3

2~
++= ii SSKSDSD , (2.10) 

 

( )

()SD

SSK ii 1
1

,

3

1

3

2 ++=h . (2.11) 



47 
 

ʀʟ (2.9) ʩʣʝʜʫʝʪ, ʯʪʦ () ()SDSD ¢
~

, ʘ 
( )

()SD

SSK ii 1
1

,

3

1

3

2 ++¢h , ʪ.ʝ. ù
ú

ø
é
ê

è
Í 1,

3

2
1h ,   ʠ 

ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʚʷʟʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ iS  ʠ IiSi ,1,1 =+ , 

ʠ ʰʘʛʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ iD.  

ʆʮʝʥʢʘ 2h  (ʚʘʨʠʘʥʪ 2). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʥʘʣʦ-

ʛʠʯʥʳʝ ʨʘʩʩʫʞʜʝʥʠʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ä
=

D=D
I

i
i

I 1

1
, ʧʦʣʘʛʘʷ, 

ʯʪʦ Iii ,1, =D , ʤʘʣʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ D (ʵʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʠʩʧʦʣʴʟʫʝʤʦʡ ʥʘ ʧʨʘʢ-

ʪʠʢʝ ɻʉɸ). ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʘʨʠʘʥʪʘ 2 ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʦʪ-

ʩʯʝʪʳ ɻʉɸ KkBk ,1, = , ʠʩʢʘʞʝʥʳ ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʰʫʤʦʤ ʦʧ-

ʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʫʣʝʚʳʤ ʩʨʝʜʥʠʤ 

() 0=eM  ʠ ʜʠʩʧʝʨʩʠʝʡ ()eD . ʉ ʫʯʝʪʦʤ ʩʜʝʣʘʥʥʳʭ ʜʦʧʫʱʝʥʠʡ:  

() () ()[ ] ( )1,
3

1

3

2~
+++= kk BBKDBDBD e , (2.12) 

ʛʜʝ B  ï ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ, e ï ʘʜʜʠʪʠʚʥʳʡ ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʳʡ ʰʫʤ.           ɺ 

ʠʪʦʛʝ: 

()
()

( )

()BD

BBK

BD

D kk 1
2

,

3

1
1

3

2 ++öö
÷

õ
ææ
ç

å
+=
e

h . (2.13) 

2.4.5.  ɼʣʷ ʦʮʝʥʢʠ 1h, 2h  ʠ ʠʪʦʛʦʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 21 hhh=  ʧʦ ʜʘʥʥʳʤ ʤʥʦ-

ʛʦʢʨʘʪʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʧʦʨʥʳʭ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʣʠʛʦʥʦʚ çLa Crauè ʠ 

çRailroad Valley Playaè ʩʝʪʠ çRadCalNetè ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ ʢʦʩʤʠ-

ʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ çʈʝʩʫʨʩ-ʇè ʩʬʦʨʤʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʥʘʙʦʨʳ ʜʘʥʥʳʭ: 

- ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ S ï ʠʩʭʦʜʥʘʷ (ʧʦ ʜʘʥʥʳʤ ʦʧʦʨʥʦʛʦ ʧʦʣʠʛʦʥʘ ʠ ʤʦʜʝ-

ʣʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ 6S) ʠ S
~

 ï ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʘʷ ʚ ʢʚʘʟʠʨʝʛʫʣʷʨʥʫʶ ʩʝʪʢʫ ʯʘ-

ʩʪʦʪ, ʧʦ ʢʦʪʦʨʳʤ ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ()SDĔ , ( )1,Ĕ
+ii SSK  ʠ 1h; 

- ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ B  ï ʠʩʭʦʜʥʘʷ ʦʪ ɻʉɸ ʂɸ çʈʝʩʫʨʩ-ʇè ʠ B
~

 ï ʠʥʪʝʨʧʦ-

ʣʠʨʦʚʘʥʥʘʷ ʚ ʨʝʛʫʣʷʨʥʫʶ ʩʝʪʢʫ ʯʘʩʪʦʪ, ʧʦ ʢʦʪʦʨʳʤ ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ()BDĔ , 

( )1,Ĕ
+kk BBK , ()eDĔ  ʠ 2h . ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʦʪ ʦʧʦʨʥʦʛʦ ʧʦʣʠʛʦʥʘ ʩ 

ʨʘʟʨʝʰʝʥʠʝʤ ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ 10=D  ʥʤ ʠ ʦʪ ɻʉɸ ʂɸ çʈʝʩʫʨʩ-ʇè ʩ ʨʘʟʨʝʰʝʥʠʝʤ 
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5=D  ʥʤ. ɼʣʷ ʦʮʝʥʢʠ ()eDĔ  ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʟʚʝʩʪʥʳʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʦ-

ʛʥʦʟʝ ()BD  ʧʦ ʧʨʷʤʦʡ () 2,1, =+= ttt baP , ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʜʚʫʤ ʦʪʩʯʝʪʘʤ ʘʚʪʦ-

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ( ) 1,,Ĕ
1 =+ tkk BBK , ( ) 2,,Ĕ

2 =+ tkk BBK , ʢʦʪʦʨʳʝ ʠʟ ʬʠʟʠ-

ʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʩʯʠʪʘʝʤ ʥʝʟʘʚʠʩʠʤʳʤʠ ʦʪ ʰʫʤʘ e. ɺ ʨʝʟʫʣʴʪʘʪʝ 

() () ()0ĔĔ PBDD -=e ; () bP =0 , ʛʜʝ ( ) ( )21 ,,Ĕ2 ++ -= kkkk BBKBBKb . ɺ ʪʘʙʣʠʮʝ 2.1 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʳʯʠʩʣʝʥʥʳʝ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʧʦ ʧʝʨʚʦʤʫ ʠ 

ʚʪʦʨʦʤʫ ʚʘʨʠʘʥʪʫ. 

ʊʘʙʣʠʮʘ 2.1. ʆʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʘʨʠʘʥʪʦʚ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ  

ʅʘʟʚʘʥʠʝ 

ʆʇ 

1-ʡ ʚʘʨʠʘʥʪ 2-ʡ ʚʘʨʠʘʥʪ 
h 

()SDĔ  ( )1,Ĕ
+ii SSK  1h  ()BDĔ  ( )1,Ĕ

+kk BBK  ( )2,Ĕ
+kk BBK  ()eDĔ  2h  

La Crau 917 536 0,86 464 310 250 94 1,02 0,84 

Railroad 

Valley 

Playa 

1000 728 0,90 586 496 473 67 1,02 0,88 

 

ʀʟ ʪʘʙʣʠʮʳ 2.1 ʩʣʝʜʫʶʪ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ 86,021 º= hhh  ʜʣʷ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʦʮʝʥʢʘʤ, 

ʪʦʯʥʦʩʪʴ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʧʦ ʧʝʨʚʦʤʫ ʚʘʨʠʘʥʪʫ ʚʳʰʝ ʥʘ 12-16 %.  

2. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʩʥʦʚʘʥʠʝ ʜʣʷ ʚʳʙʦʨʘ ʧʝʨʚʦʛʦ ʚʘʨʠʘʥʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʥʘʣʠʯʠʠ ʰʫʤʘ ʚ ʜʘʥʥʳʭ ɻʉɸ. ɹʦʣʝʝ ʚʳʩʦʢʦʝ ʩʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪʩʷ ʮʝʥʦʡ ʩʥʠʞʝʥʠʷ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ.  
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ɺʓɺʆɼʓ ʇʆ ɻʃɸɺɽ 2 

1. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ ʘʥʘʣʠʪʠʢʦ-ʥʝʡʨʦʩʝʪʝʚʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ɿʝʤʣʠ ʧʦ ʜʘʥʥʳʤ ʛʠʧʝʨʩʧʝʢ-

ʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ:  

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠ ̫ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-

ʯʘʩʪʦʪʥʦʤ ʘʥʘʣʠʟʝ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ; 

- ʫʯʝʪ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʝʨʝʜʘʪʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʚʝʥʴʝʚ ʩʢʚʦʟʥʦʛʦ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʪʨʘʢʪʘ ʧʨʠ ʥʝʡʨʦʩʝʪʝʚʦʡ ʦʙʨʘʙʦʪʢʝ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʦʙʨʘ-

ʞʝʥʠʡ;  

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʦʧʠʩʘʥʠʡ ʠ ʧʨʠʙʣʠʞʝʥ-

ʥʳʭ ʟʥʘʥʠʡ ʦ ʟʚʝʥʴʷʭ ʉʀʊ ʧʨʠ ʘʥʘʣʠʪʠʢʦ-ʥʝʡʨʦʩʝʪʝʚʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ;  

- ʠʥʪʝʛʨʘʮʠʷ ʟʥʘʥʠʡ ʦ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ɿʝʤʣʠ, 

ʩʠʩʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʩʠʩʪʝʤ ʥʘʟʝʤʥʳʭ ʦʧʦʨʥʳʭ ʧʦʣʠʛʦʥʦʚ. 

2. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʤʦʜʝʣʠ ʉʀʊ ʩʠʩʪʝʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤ-

ʢʠ ɿʝʤʣʠ ʠ ʟʘʜʘʯʠ, ʚʳʪʝʢʘʶʱʠʝ ʠʟ ʵʪʠʭ ʤʦʜʝʣʝʡ.  

3. ʈʘʟʨʘʙʦʪʘʥʘ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʘʷ ʤʦʜʝʣʴ ʉʀʊ, ʧʦʟʚʦʣʷʶʱʘʷ ʢʦʨʨʝʢʪʥʦ ʧʦ-

ʩʪʘʚʠʪʴ ʠ ʨʝʰʠʪʴ ʟʘʜʘʯʠ ʦʮʝʥʢʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʝʨʝʜʘʪʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʚʝ-

ʥʴʝʚ ʉʀʊ.  

4. ʈʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʠ ʘʣʛʦʨʠʪʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʚʤʝʱʝʥʠʷ ʜʘʥʥʳʭ ʦʪ 

ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ɿʝʤʣʠ, ʩʠʩʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʩʣʫʞʙ ʥʘʟʝʤʥʳʭ ʦʧʦʨʥʳʭ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʣʠʛʦʥʦʚ.  
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ɻʃɸɺɸ 3. ɸʃɻʆʈʀʊʄʓ ʅɽʁʈʆʉɽʊɽɺʆʁ 

 ʀɼɽʅʊʀʌʀʂɸʎʀʀ ʆɹʒɽʂʊʆɺ  ʇʆ ɼɸʅʅʓʄ 

ɻʀʇɽʈʉʇɽʂʊʈɸʃʔʅʆʁ ʉʒɽʄʂʀ ɿɽʄʃʀ 

ɺ ʵʪʦʡ ʛʣʘʚʝ ʚʜrʚʠʛʘʶʪʩʷ ʠ ʦʙʦʩʥʦʚʳʚʘʶʪʩʷ ʇʦʣʦʞʝʥʠʷ 4 ʠ 5 (ʩʪʨ.10), 

ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʇʦʣʦʞʝʥʠʷ 1  

ʠ ʠʤʝʶʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʥʘʫʯʥʦʝ ʠ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʷ. 

3.1. ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʉɺɽʈʊʆʏʅʓʍ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ 

 ɼʃʗ ʀɼɽʅʊʀʌʀʂɸʎʀʀ ʆɹʒɽʂʊʆɺ 

 ʇʆ ɼɸʅʅʓʄ ɻʀʇɽʈʉʇɽʂʊʈɸʃʔʅʆʁ ʉʒɽʄʂʀ  

3.1.1. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚ ʧʘʨʘʛʨʘʬʝ 2.1, ʦʩʥʦʚʥʘʷ ʠʜʝʷ ʘʥʘʣʠʪʠʢʦ-

ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʵʬʬʝʢʪʠʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʩʪʘʪʦʯʥʦ 

ʪʦʯʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʧʦ ʨʷʜʫ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʝʯʝʥʠʡ ʉʀʊ ʠ ʜʦʩʪʠʛ-

ʥʫʪʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʠʙʣʠʞʝʥʥʳʭ (ʤʦʜʝʣʴʥʳʭ) ʟʥʘʥʠʡ ʧʦ ʜʨʫʛʠʤ ʩʝʯʝ-

ʥʠʷʤ ʉʀʊ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʝ ʉʀʊ (2.3): 

- ()lʇɺS  ʠ ()lO

HS  ʧʦʪʦʢʠ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʨʦʮʝʩʩʘʤʠ ʧʘʜʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ɺɻɸ ʠ ʦʪʨʘʞʝʥʠʷ ʦʪ ʦʙʲʝʢʪʦʚ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ 

ʂɸ ï ʦʧʠʩʘʥʳ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʘʥʘʣʠʪʠʯʝʩʢʠ [68, 72, 82];  

- ()lgɸ  ʠ ()lgʂɸ  ï ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʝʨʝʜʘʪʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʪʤʦʩʬʝʨʳ ʠ 

ɻʉɸ, ʢʦʪʦʨʳʝ ʚʥʦʩʷʪ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ () ()ll BSʇɺ ª . 

ʇʨʠ ʵʪʦʤ ()lgɸ  ï ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʦʬʘʢʪʦʨʥʳʤʠ ʤʦʜʝ-

ʣʷʤʠ ʘʪʤʦʩʬʝʨʳ, ʘ ()lgʂɸ  ï ʜʘʥʥʳʤʠ ʧʨʝʜʧʦʣʝʪʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ɻʉɸ ʠ ʨʝʟʫʣʴʪʘ-

ʪʘʤʠ  ʧʦʣʝʪʥʳʭ ʢʘʣʠʙʨʦʚʦʢ ʧʦ ʦʧʦʨʥʳʤ ʥʘʟʝʤʥʳʤ ʧʦʣʠʛʦʥʘʤ ʩ ʠʟʚʝʩʪʥʳʤʠ 

()lgʆʇɿ, . ʀʤʝʥʥʦ ʠʟ ʵʪʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʠʞʝ ʘʥʘʣʠʪʠʢʦ-

ʥʝʡʨʦʩʝʪʝʚʳʝ ʘʣʛʦʨʠʪʤʳ.  

3.1.2. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ 

(ʉʅʉ) ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʘʥʘʣʠʟʘ ʛʠʧʝʨʩʧʝʢ-

ʪʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʙʣʘʛʦʜʘʨʷ ʨʷʜʫ ʜʦʩʪʦʠʥʩʪʚ. ɺʦ-ʧʝʨʚʳʭ, ʟʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷ-

ʪʠʣʝʪʠʝ ʉʅʉ ʙʳʣʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʦʧʪʠʯʝʩʢʦʛʦ ʠ 
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ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ʧʦʟʚʦʣʠʣʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʙʝʩʧʝʯʠʪʴ 

ʨʝʝhʥʠʝ ʨʷʜʘ ʩʣʦʞʥʳʭ ʪʨʫʜʥʦ ʬʦʨʤʘʣʠʟʫʝʤʳʭ ʟʘʜʘʯ. ɺʦ-ʚʪʦʨʳʭ, ʧʨʠʤʝʥʝʥʠʝ 

ʉʅʉ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʘʥ-

ʜʘʨʪʥʳʭ ʧʨʦʜʫʢʪʦʚ ɼɿɿ. ɺ ʪʨʝʪʴʠʭ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʣʝʞʘʱʠʡ ʚ ʦʩʥʦʚʝ 

ʉʅʉ, ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʟʚʣʝʢʘʪ ɹʮʝʥʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʯʘʩʪʦʪʥʫʶ ʠʥ-

ʬʦʨʤʘʮʠʶ ʠʟ ʤʥʦʛʦʤʝʨʥʳʭ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʅʘʢʦʥʝʮ, ʚ ʫʩʣʦʚʠ-

ʷʭ ʥʘʣʠʯʠʷ ʟʥʘʥʠʡ ʪʦʣʴʢʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʠʙʣʠʞʝʥʥʳʭ (ʛʨʫʙʳʭ) ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʟʝʤʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʜʘʥʥʳʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ 

ʧʨʠʤʝʥʝʥʠʝ ʉʅʉ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. ʕʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚ ʚʦʟʤʦʞʥʦʩʪʠ 

ʫʯʝʪʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʢʚʦʟʥʦʛʦ ʚʠʜʝʦʪʨʘʢʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʩʠʩʪʝʤʘʤʠ ɼɿɿ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʦʙʨʘʙʦʪʢʘ ɻʉʀ ʩʨʝʜʩʪʚʘʤʠ 

ʉʅʉ ʩʦʧʨʷʞʝʥʘ ʩ ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ. ʆʜʥʘ ʠʟ ʥʠʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʦʞʥʦʩʪʠ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʠ ʥʘʨʘʱʠʚʘʥʠʷ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ, ʢʦʪʦʨʘʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʬʦʨʤʠʨʫ-

ʝʪʩʷ ʵʢʩʧʝʨʪʥʳʤ ʤʝʪʦʜʦʤ (ʪ.ʝ. ʯʝʣʦʚʝʢʦʤ).  ɼʣʷ ʦʙʫʯʝʥʠʷ ʉʅʉ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʠʝ 

ʦʙʲʝʤ rʦʧʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʝʝ ʢʘʯʝʩʪʚʦ ʥʘʧʨʷʤʫʶ ʦʧʨʝʜʝʣʷʝʪ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʉʅʉ. ɼʨʫʛʘʷ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʢʘʞʝʥʠʷʭ, ʚʳʟʚʘʥ-

ʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʉʀʊ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʕʬʬʝʢʪʠʚ-

ʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʉʅʉ ʪʨʝʙʫʝʪ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʧʦʩʪʦʨʦʥʥʠʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠʣʠ ʠʭ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʫʯʝʪʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʠ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ. ʉʫʝɦʩʪʚʫʶʪ ʠ ʩʣʦʞʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʦʙʲʝʤʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ɻʉʀ. ʉʦʩʝʜʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʢʘʥʘʣʳ ʦʙ-

ʣʘʜʘʶʪ ʩʠʣʴʥʦʡ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʝʡ, ʧʦʵʪʦʤʫ ʩʪʦʠʪ ʟʘʜʘʯʘ ʠʟʚʣʝʯʝʥʠʷ ʧʦʣʝʟ-

ʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ɻʉʀ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʉʅʉ ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʝʝ ʦʙʫʯʝʥʠʠ.  

3.1.3. ʉʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ï ʵʪʦ ʩʧʝʮʠʘʣʴʥʳʡ ʪʠʧ ʘʨʭʠʪʝʢʪʫʨʳ ʠʩ-

ʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʉʅʉ ʦʧʠʩʳʚʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠ ʧʘʨʘʤʝʪʨʳ ʧʨʠʤʝʥʝʥʠʷ ʢ 

ʚʭʦʜʥʳʤ ʜʘʥʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʥʘʟʳʚʘʝʤʳʭ ʩʣʦʷʤʠ. ɹʘʟʦʚʳʤʠ ʩʣʦʷ-
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ʤʠ ʜʣʷ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʷʚʣʷʶʪʩʷ ʚʭʦʜʥʦʡ ʩʣʦʡ (input layer), ʩʣʦʡ 

ʩʚʝʨʪʢʠ (convolution layer), ʩʣʦʡ ʦʙʲʝʜʠʥʝʥʠʷ (pooling layer),  ʩʣʦʡ ʧʦʣʥʦʡ ʩʚʷʟʠ 

(dense layer ʠʣʠ fully  connect layer) ʠ ʚʳʭʦʜʥʦʡ ʩʣʦʡ (output layer) [113]. 

ɺʭʦʜʥʦʡ ʩʣʦʡ ʩʦʜʝʨʞʠʪ çʩʳʨʳʝè ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʛʜʝ ʢʘʞʜʳʡ ʧʠʢʩʝʣʴ 

ʩʣʫʞʠʪ ʧʨʠʟʥʘʢʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ.    

ʉʚʝʨʪʦʯʥʳʡ ʩʣʦʡ ʨʝʘʣʠʟʫʝʪ ʦʧʝʨʘʮʠʶ ʩʚʝʨʪʢʠ ʣʦʢʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʠʟʦʙʨʘ-

ʞʝʥʠʷ ʩ ʤʘʪʨʠʮʝʡ ʚʝʩʦʚ (ʷʜʨʘ ʩʚʝʨʪʢʠ) ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʟʤʝʨʘ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʩʢʦʣʴʟʷ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ ( )ää
= =

++++³=*
h

i

w

j
kjnimjik BB

1 1
,1,1,ww , ʛʜʝ w ï ʷʜʨʦ ʩʚʝʨʪʢʠ 

ʩ ʨʘʟʤʝʨʦʤ wh³ , * ï  ʦʧʝʨʘʮʠʷ ʩʚʝʨʪʢʠ. ʂ ʚrʭʦʜʫ ʩʚʝʨʪʦʯʥʦʛʦ ʩʣʦʷ ʧʨʠʤʝʥʷʝʪʩʷ 

ʘʢʪʠʚʘʮʠ,̫ ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʤʦʱʠ ʥʝʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ ReLU () ( )xxf ,0max= . ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʘʮʠʠ ʬʦʨʤʠʨʫʝʪʩʷ ʠʪʦʛʦʚʘʷ ʢʘʨʪʘ ʧʨʠʟʥʘʢʦʚ, ʢʦʪʦʨʘʷ ʧʦʩʪʫʧʘʝʪ 

ʥʘ ʚʭʦʜ ʩʣʝʜʫʶʱʝʛʦ ʩʣʦ̫. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʧʝʨʘʮʠʡ ʩʚʝʨʪʢʠ ʧʦʟ-

ʚʦʣʷʝʪ ʠʟʚʣʝʢʘʪʴ ʚʘʞʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʯʘʩʪʦʪʥʳʝ ʧʨʠʟʥʘʢʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴ-

ʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

 ʉʣʦʡ ʦʙʲʝʜʠʥʝʥʠʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʟʘ ʩʣʦʝʤ ʩʚʝʨʪʢʠ. ʆʥ ʧʨʝʜʧʦʣʘʛʘʝʪ ʘʥʘʣʠʟ 

ʚʭʦʜʥʦʡ ʢʘʨʪʳ ʧʨʠʟʥʘʢʦʚ ʩ ʧʦʤʦʱʴʶ ʜʚʫʤʝʨʥʦʛʦ ʬʠʣʴʪʨʘ ʠ ʫʤʝʥʴʰʝʥʠʝ ʝʝ ʨʘʟ-

ʤʝʨʥʦʩʪʠ ʧʫʪʝʤ ʦʙʲʝʜʠʥʝʥʠʷ ʩʦʩʝʜʥʠʭ ʵʣʝʤʝʥʪʦʚ. ʆʩʥʦʚʥʘ ̫ʮʝʣʴ ʪʘʢʦʛʦ ʦʙʲʝʜʠ-

ʥʝʥʠʷ ï ʩʦʭʨʘʥʠʪʴ ʥʘʠʙʦʣʝʝ ʨʝʣʝʚʘʥʪʥʫ  ʁʠʥʬʦʨʤʘʮʠʶ, ʩʦʢʨʘʪʠʚ ʧʨʠ ʵʪʦʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʟʤʝʨ rʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʅʘ ʧʨʘʢʪʠʢʝ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫ-

ʪʁʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ (max pooling) ʠ ʩʨʝʜʥʝʝ (average pooling) ʟʥʘʯʝʥʠ ̫ʚ ʦʢʥʝ 

ʬʠʣʴʪʨʘ. 

ʉʣʦʡ ʧʦʣʥʦʡ ʩʚʷʟʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʢʦʥʮʝ ʉʅʉ ʧʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʙʣʦʢʦʚ 

ʩʣʦʝʚ ʩʚʝʨʪʦʢ ʠ ʦʙʲʝʜʠʥʝʥʠʷ. ɿʘʯʘʩʪʫʶ ʝʤʫ ʧʨʝʜʰʝʩʪʚʫʝʪ ʩʛʣʘʞʠʚʘʶʱʠʡ ʩʣʦʡ 

(flatten layer), ʧʨʝʦʙʨʘʟʫʶʱʠʡ ʢʘʨʪʫ ʧʨʠʟʥʘʢʦʚ ʚ ʦʜʥʦʤʝʨʥʳʡ ʚʝʢʪʦʨ. ʊʝʨʤʠʥ 

çʩʣʦʡ ʧʦʣʥʦʡ ʩʚʷʟʠè ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʢʘʞʜʳʡ ʥʝʡʨʦʥ ʚ ʵʪʦʤ ʩʣʦʝ ʩʚʷʟʘʥ ʩ 

ʢʘʞʜʳʤ ʥʝʡʨʦʥʦʤ ʧʨʝʜʳʜʫʱʝʛʦ ʩʣʦ̫. ʊʘʢʘʷ ʩʣʦʞʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʛʘʨʘʥʪʠʨʫʝʪ, 

ʯʪʦ ʵʪʦʪ ʩʣʦʡ ʦʙʣʘʜʘʝʪ ʧʦʣʥʳʤ ʧʦʥʠʤʘʥʠʝʤ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʅʝʡʨʦʥʳ  ʚ ʧʦʣʥʦ-

ʩʪʴʶ ʩʚʷʟʘʥʥʳʭ ʩʣʦʷʭ ʦʙʣʘʜʘʶʪ ʚʝʩʘʤʠ ʠ ʩʤʝʱʝʥʠʷʤʠ, ʦʙʨʘʟʫʷ ʤʘʪʨʠʮʫ ʚʝʩʦʚ, 
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ʨʘʟʤʝʨ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʥʝʡʨʦʥʦʚ. ɺʭʦʜ-

ʥʳʝ ʜʘʥʥʳʝ ʫʤʥʦʞʘʶʪʩʷ ʥʘ ʤʘʪʨʠʮʫ ʚʝʩʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʩʣʝʜʫʝʪ ʩʣʦʞʝʥʠʝ ʩʦ ʩʤʝ-

ʱʝʥʠʝʤ. ɺʳʭʦʜ ʩʣʦʷ ʧʦʣʥʦʡ ʩʚʷʟʠ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴʩ ̫ʧʦʩʣʝʜʫʶʱʠʤ ʩʣʦʷʤ ʠʣʠ 

ʚʳʚʦʜʠʪʴ ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʧʨʦʛʥʦʟʳ, ʪʘʢʠʝ ʢʘʢ ʦʮʝʥʢʠ ʢʣʘʩʩʦʚ ʠʣʠ ʟʥʘʯʝʥʠʷ ʨʝ-

ʛʨʝʩʩʠʠ. 

ɺʳʭʦʜʥʦʡ ʩʣʦʡ ï ʵʪʦ ʧʦʩʣʝʜʥʠʡ ʵʪʘʧ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʛʥʦ-

ʟʦʚ ʥʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʥʳʭ ʬʫʥʢʮʠʡ. ʇʨʠʤʝʥʷʝʪʩʷ ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʟʘʜʘʯʝʡ (ʥʘʧʨʠʤʝʨ, softmax ï ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ) ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʥʝʦʙʨʘʙʦʪʘʥʥʳʭ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ.  

ɺʝʩʘ ʩʚʷʟʝʡ ʩʣʦʝʚ ʩʚʝʨʪʢʠ ʠ ʧʦʣʥʦʡ ʩʚʷʟʠ ʦʙʥʦʚʣʷʶʪʩʷ ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ [113], ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʤʝʪʦʜʘ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ. ʆʰʠʙʢʠ ʤʝʞʜʫ ʚʳʭʦʜʦʤ ʩʝʪʠ ʠ ʠʩʪʠʥʥʳʤ ʟʥʘʯʝʥʠʝʤ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ. 

3.1.4. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʩʦʟʜʘʥʠʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ ʉʅʉ ï 

ʢʨʘʡʥʝ ʚʘʞʥʳʡ ʠ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ. ʂʘʩʘʪʝʣʴʥʦ ɻʉʀ,  ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʠʤʝʝʪ-

ʩʷ ʨʷʜ ʥʝʙʦʣʴʰʠʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ, ʦʙʲʝʤʘ ʢʦʪʦʨʳʭ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʢʘʯʝʩʪʚʝʥ-

ʥʳʭ ʠ ʚʩʝʩʪʦʨʦʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʫʯ-

ʥʦʡ ʨʘʟʤʝʪʢʠ ʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʠʩʭʦʜʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ [93, 94, 102]. ɼʣʷ ʵʪʦʡ ʟʘ-

ʜʘʯʠ ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʧʝʮʠ-

ʘʣʴʥʳʝ ʙʠʙʣʠʦʪʝʢʠ ʩ ʥʘʙʦʨʦʤ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʢʪʨʦʚ ʠʟʚʝʩʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

[114].  

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʠʪʴ 

ʩʢʚʦʟʥʦʤʫ ʪʨʘʢʪʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ɻʉʀ. ɺʦ-ʧʝʨʚʳʭ, ʜʣʷ ʠʩʭʦʜʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʘ 

ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʘʪʤʦʩʬʝʨʳ (
O

BS ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
ʂɸg . ʕʪʘ ʦʧʝʨʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʧʦʣʥʝʥʘ ʥʘ ʙʘʟʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʦʧʦʨʥʳʭ ʧʦʣʠʛʦʥʦʚ ʩʝʪʠ çRadCal-

Netè [63]. ɺʦ-ʚʪʦʨʳʭ, ʥʝʦʙʭʦʜʠʤ ʫʯʝʪ ʫʩʣʦʚʠʡ ʩʲʝʤʢʠ, ʦʩʦʙʝʥʥʦ ʘʪʤʦʩʬʝʨʥʳʭ 

ʠʩʢʘʞʝʥʠʡ. ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʣʫʯʝʥʠʷ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʦʮʝʥʢʘ 
ɸg, ʪ.ʝ. ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʫʩʢʘʥʠʷ ʘʪʤʦʩʬʝʨʳ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʘ. 
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ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝ ʠʟ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʟʦʥ ʩ ʧʦʚʳʰʝʥ-

ʥrʤʠ ʘʪʤʦʩʬʝʨʥʳʤʠ ʠʩʢʘʞʝʥʠʷʤʠ (ʩʤ. ʧ. 2.3.3) ʩ ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʤʝʥʦʡ ʠʥ-

ʪʝʨʧʦʣʠʨʦʚʘʥʥʳʤʠ ʧʦ ʩʤʝʞʥʳʤ ʥʝʠʩʢʘʞʝʥʥʳʤ ʦʪʯʝʪʘʤ ʜʘʥʥʳʤʠ. ɸʣʴʪʝʨʥʘʪʠʚ-

ʥʳʤ ʨʝʰʝʥʠʝʤ ʤʦʞʝʪ ʙʳʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʉʅʉ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ 

ʘʪʤʦʩʬʝʨʥʳʤ ʫʩʣʦʚʠʷʤ. ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʪʨʝʙʫʝʪ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʛʝ-

ʥʝʨʘʮʠʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʘʪʤʦʩʬʝʨ-

ʥʳʭ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʲʸʤʢʠ. ʉʠʥʪʝʟ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʧʦʣʥʝʥ ʩʨʝʜʩʪʚʘʤʠ ʤʦʜʝʣʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ç6Sè [81]. 

ʇʨʠ ʥʘʨʘʱʠʚʘʥʠʠ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʧʨʘʢʪʠʢʦʡ ʷʚʣʷ-

ʝʪʩʷ ʘʫʛʤʝʥʪʘʮʠʷ ʜʘʥʥʳʭ, ʧʨʠʤʝʥʷʝʤʘʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʉʅʉ, ʦʩʦ-

ʙʝʥʥʦ ʚ ʢʦʥʪʝʢʩʪʝ ʩʤʷʛʯʝʥʠʷ ʚʣʠʷʥʠʷ ʢ ʩʪʨʫʢʪʫʨʥʳʤ ʠʩʢʘʞʝʥʠʷʤ ʠʩʭʦʜʥʳʭ ʜʘʥ-

ʥʳʭ. ɼʣʷ ɻʉʀ ʤʝʪʦʜʳ ʘʫʛʤʝʥʪʘʮʠʠ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʧʦʚʦʨʦʪ ʠʩʭʦʜʥʳʭ ʠʟʦʙʨʘʞʝ-

ʥʠʡ ʧʦʜ ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ, ʚʚʝʜʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʰʫʤʘ ʠ ʜʨʫʛʠʝ ʧʦʜʦʙʥʳʝ ʤʦ-

ʜʠʬʠʢʘʮʠʠ. ʕʪʠ ʜʦʧʦʣʥʝʥʠʷ ʧʨʠʟʚʘʥʳ ʧʦʚʳʩʠʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʭʦʜʥʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ ʠ ʪʝʤ ʩʘʤʳʤ ʫʣʫʯʰʠʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʴ ʚʳʙʦʨʢʠ.  

3.1.5. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʥʠʤʘʝʤʳʭ ʉʅʉ ʨʝʰʝʥʠʡ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʝʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ (ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ) ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʘʥʘʣʠʟʠ-

ʨʫʝʤʦʡ ʩʮʝʥʝ. ɺ ʨʘʙʦʪʘʭ [85, 91, 92, 103, 104, 112] c ʫʯʘʩʪʠʝʤ ʘʚʪʦʨʘ ʦʙʦʩʥʦʚʳʚʘ-

ʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʚʣʝʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʥʘʙʣʶʜʘʝʤʦʡ ʩʮʝʥʳ ʚ 

ʟʘʜʘʯʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʨʫʧʥʳʭ ʦʜʥʦʨʦʜʥʳʭ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʩʧʝʢʪʨʦʟʦ-

ʥʘʣʴʥʳʤ ʜʘʥʥʳʤ ʢʦʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ çʈʝʩʫʨʩ-ʇè. ɼʣʷ ʠʟʚʣʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ 

ʦ ʩʪʨʫʢʪʫʨʝ ʥʘʙʣʶʜʘʝʤʦʡ ʩʮʝʥʳ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʧʫʣʷʨʥʳʡ ʪʝʢʩʪʫʨʥʳʡ ʧʨʠ-

ʟʥʘʢ ʍʘʨʘʣʠʢʘ [70], ʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʙʘʟʝ ʦʜʥʦʡ ʠʟ ʧʝʨʝʜʦʚʳʭ ʤʦ-

ʜʝʣʝʡ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ U-Net [75]. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʉʅʉ, ʩʦ-

ʩʪʦʷʱʠʝ ʠʟ ʪʨʝʭ ʢʘʥʘʣʦʚ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ (RGB), ʙʳʣʠ ʜʦʧʦʣʥʝʥʳ ʪʝʢʩʪʫʨʥʳʤ 

ʧʨʠʟʥʘʢʦʤ ʚ ʢʘʯʝʩʪʚʝ ʯʝʪʚʝʨʪʦʛʦ ʢʘʥʘʣʘ (ʨʠʩʫʥʦʢ 3.1). ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʪʘʢʠʭ  ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʨʠʢ, 

ʢʘʢ ʪʦʯʥʦʩʪʴ (precision), ʧʦʣʥʦʪʘ (recall) ʠ F-ʤʝʨʘ (F-score) [115]. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 1 ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʪʝʧʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ 
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ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʡʨʦʩʝʪʝʚʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʠ ʬʘʢʪʠʯʝʩʢʦʡ ʠʩʪʠʥʦʡ (ʵʪʘ-

ʣʦʥʦʤ). 

   

ʈʠʩʫʥʦʢ 3.1 ï ʬʨʘʛʤʝʥʪ ʥʘʙʦʨʘ ʜʘʥʥʳʭ (ʩʣʝʚʘ ï ʩʥʠʤʦʢ ʂɸ çʈʝʩʫʨʩ-ʇè,               

ʧʦ ʮʝʥʪʨʫ ï ʦʧʦʨʥʳʝ ʜʘʥʥʳʝ, ʩʧʨʘʚʘ ï ʪʝʢʩʪʫʨʥʳʡ ʧʨʠʟʥʘʢ ʍʘʨʘʣʠʢʘ) 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ ʨʦʩʪ 

ʯʠʩʣʝʥʥʳʭ ʦʮʝʥʦʢ ʢʘʯʝʩʪʚʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ (ʦʪ 3.2 ʜʦ 13.8 % ʜʣʷ ʦʪʜʝʣʴʥʳʭ 

ʤʘʨʰʨʫʪʦʚ ʩʲʝʤʢʠ) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʢʩʪʫʨʥʦʛʦ ʧʨʠʟʥʘʢʘ ʍʘʨʘʣʠʢʘ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʢʩʪʫʨʥʦʛʦ ʧʨʠʟʥʘʢʘ ʍʘʨʘʣʠʢʘ ʠ ʘʥʘʣʦʛʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʩʚʦʜʠʪʩʷ ʢ ʘʥʘʣʠʟʫ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʮʝʥʳ, ʯʪʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʴ. ɻʉʀ ʧʦʟʚʦʣʷʶʪ ʬʦʨʤʠʨʦʚʘʪ ɹʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ 

ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʩʪʨʫʢʪʫʨʥʦ-ʯʘʩʪʦʪʥʳʝ ʧʨʠʟʥʘʢʠ ʥʘʙʣʶʜʘʝʤʦʡ ʩʮʝʥʳ ʠ ʦʙʝʩʧʝʯʠ-

ʚʘʪɹ ʥʘ ɻʪʦʡ ʦʩʥʦʚʝ ʙʦʣʝʝ ʥʘʜʝʞʥʦʝ ʨʝʰʝʥʠʝ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲ-

ʝʢʪʦʚ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʩ̡ ʝʤʢʘ ʚ ʦʯʝʥʴ ʫʟʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʟʦʥʘʭ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦ-

ʢʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩʦʩʝʜʥʠʭ ʢʘʥʘʣʦʚ ɻʉʀ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʨʦʞʜʘʝʪʩʷ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʘʷ ʠʟʙʳʪʦʯʥʦʩʪʴ, ʯʪʦ ʪʨʝʙʫʝʪ ʝʝ ʫʤʝʥʴʰʝʥʠʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʦʙʲʝʤʘ ʚʳʯʠʩ-

ʣʝʥʠʡ ʠ ʧʦʚʳʰʝʥʠʷ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ.   

ʆʯʝʚʠʜʥʳʤ ʨʝʰʝʥʠʝʤ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʛʣʘʚ-

ʥʳʭ ʢʦʤʧʦʥʝʥʪ (ʄɻʂ) [116]. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʙʘʟʠ-

ʩʘ, ʚ ʢʦʪʦʨʦʤ ʦʙʨʘʙʘʪʳʚʘʝʤʳʝ ʜʘʥʥʳʝ ʦʙʣʘʜʘʶʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʠʩʧʝʨʩʠʝʡ. ɹʘʟʠʩ 

ʬʦʨʤʠʨʫʝʪʩʷ ʪʘʢ, ʯʪʦ ʜʘʥʥʳʝ ʧʦ ʝʛʦ ʦʩʷʤ ʨʘʥʞʠʨʦʚʘʥʳ ʧʦ ʤʝʨʝ ʫʙʳʚʘʥʠʷ ʜʠʩʧʝʨ-

ʩʠʠ. ʕʪʦʪ ʬʘʢʪ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʧʝʨʚʳʝ( )KLL <  ï 

ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʩʦʜʝʨʞʘʱʠʭ ʥʘʠʙʦʣʴʰʫʶ ʯʘʩʪʴ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠ 
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ʵʪʦʤ ʧʨʠ ʥʘʣʠʯʠʠ ʰʫʤʘ ʚ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʘʭ ʛʠʧʝʨʩʧʝʢʪʨʦʤʝʪʨʘ ʄɻʂ ʚʳʧʦʣ-

ʥʷʝʪ ʨʦʣʴ ʬʠʣʴʪʨʘ, ʪʘʢ ʢʘʢ ʦʪʥʦʰʝʥʠʝ çʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ / ʰʫʤè ʪʘʢʞʝ ʫʙʳʚʘʝʪ ʩ 

ʨʦʩʪʦʤ ʥʦʤʝʨʘ ʢʦʤʧʦʥʝʥʪʳ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʄɻʂ ʜʣʷ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ ʩʠʩʪʝʤʘʭ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʩ ʫʯʠʪʝʣʝʤ (ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʥʝʡʨʦʩʝʪʝʚʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ), ʪʨʝ-

ʙʫʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʚʘʞʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ: ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩ ʧʦʤʦʱʴʶ ʄɻʂ ʢʘʞʜʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʙʫʜʝʪ ʩʬʦʨʤʠʨʦʚʘʥ ʩʚʦʡ ʙʘʟʠʩ ʠ ʜʘʥʥʳʝ ʩʧʨʦʝʮʠʨʦʚʘʥʳ ʥʘ ʥʝʛʦ. ʊʘʢ 

ʢʘʢ ʦʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ ʦʙʳʯʥʦ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʤʥʦʞʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʪʦ ʜʘʥ-

ʥʳʝ ʦʪ ʥʠʭ ʦʧʠʩʳʚʘʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ (ʚ ʦʪʣʠʯʠʝ, ʦʪ ʠʩʭʦʜ-

ʥʦʡ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ: ʥʦʤʝʨ ʢʘʥʘʣʘ ï ʷʨʢʦʩʪʴ). ɼʣʷ ʧʘʨʠʨʦʚʘʥʠʷ ʵʪʦʡ 

ʦʩʦʙʝʥʥʦʩʪʠ ʙʘʟʠʩ ʄɻʂ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʜʣʷ ʚʩʝʡ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ.  

3.1.6. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʛʠʧʝʨʩʧʝʢ-

ʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʩʦʢʨʘʱʝʥʠʝ ʠʭ ʨʘʟʤʝʨʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʝʝ ʨʦʩʪ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʯʠʩʣʘ ʥʝʠʟʚʝʩʪʥʳʭ çʚʝʩʦʚè ʥʝʡʨʦʩʝʪʠ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʪʨʝʙʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ. 

ɺʳʧʦʣʥʝʥ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʄɻʂ ʚ ʟʘʜʘʯʝ ʥʝʡʨʦʩʝʪʝʚʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ 

ʩʲʝʤʢʠ [84, 86, 108]. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʣʝʯʝʥʘ ʛʠʧʝʨ-

ʩʧʝʢʪʨʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ çʈʝʩʫʨʩ-ʇè, ʘ ʪʘʢʞʝ ʘʚʠʘʮʠ-

ʦʥʥʦʛʦ ʜʘʪʯʠʢʘ çAVIRISè (ʦʪʢʨʳʪʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ çSalinasè [117]). ʇʨʠ ʵʪʦʤ ʠʟ 

ʥʘʙʦʨʘ ʜʘʥʥʳʭ çSalinasè ʠʩʧʦʣʴʟʦʚʘʥʘ ʠʥʬʦʨʤʘʮʠʷ ʠʟ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 

400-1000 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʨʘʙʦʯʝʤʫ ʜʠʘʧʘʟʦʥʫ ɻʉɸ ʂɸ çʈʝʩʫʨʩ-ʇè. ɺ ʢʘʯʝ-

ʩʪʚʝ ʘʨʭʠʪʝʢʪʫʨʳ ʉʅʉ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʝʪʴ, ʧʨʠʚʝʜʝʥʥʘʷ ʚ [118], ʜʦʧʦʣʥʝʥʥʘʷ 

ʩʣʦʝʤ ʧʘʢʝʪʥʦʡ ʥʦʨʤʘʣʠʟʘʮʠʠ (batch normalization) ʧʝʨʝʜ ʩʣʦʝʤ ʧʦʣʥʦʡ ʩʚʷʟʠ 

(dense layer). ʅʘ ʨʠʩ. 3.2 ʠ 3.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʳ ʥʝʡʨʦʩʝʪʝʚʦʡ ʦʙʨʘʙʦʪʢʠ 

ɻʉʀ ʦʪ ʥʘʙʦʨʘ ʜʘʥʥʳʭ çSalinasè ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ çʈʝʩʫʨʩ-ʇè ʧʨʠ ʨʘʟʣʠʯ-

ʥʦʤ ʯʠʩʣʝ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ L, ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʉʅʉ. ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʦʙʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʥʘ F-ʤʝʨʘ [115], ʦʙʦʙʱʘʶʱʘʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ 

ʠ ʧʦʣʥʦʪʳ. ʏʠʩʣʝʥʥʳʝ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʧʦ ʛʠʧʝʨ-

ʩʧʝʢʪʨʘʣʴʥʳʤ ʜʘʥʥʳʤ ʥʘʙʦʨʘ ʜʘʥʥʳʭ çSalinasè ʠ ʂɸ çʈʝʩʫʨʩ-ʇè ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 



57 
 

ʪʘʙʣʠʮʘʭ 3.1 ʠ 3.2. ɺ ʧʦʩʣʝʜʥʠʭ ʩʪʨʦʢʘʭ ʫʢʘʟʘʥ rʫʩʨʝʜʥʝʥʥʳʝ ʧʦ ʚʩʝʤ ʢʣʘʩʩʘʤ 

ʟʥʘʯʝʥʠ ̫F-ʤʝʨ,r ʛʜʝ ʉF  - ʦʪʥʦʩʠʪʩʷ ʢ çSalinasè, ʘ ʈF  ʢ çʈʝʩʫʨʩ-ʇè. 

(a) (ʙ) (ʚ) (ʛ) (ʜ) (ʝ) (ʞ) 

ʈʠʩʫʥʦʢ 3.2 ï ʨʝʟʫʣʴʪʘʪʳ ʥʝʡʨʦʩʝʪʝʚʦʡ ʦʙʨʘʙʦʪʢʠ ɻʉʀ ʦʪ çSalinasè ʜʣʷ ʨʘʟʣʠʯʥʦ-

ʛʦ ʯʠʩʣʘ ʢʦʤʧʦʥʝʥʪ L, ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʉʅʉ: (ʘ) ï ɻʉʀ (ʩʠʥʪʝʟ RGB), (ʙ) ï ʵʪʘʣʦʥ,  

(ʚ) 3=L , (ʛ) 5=L , (ʜ) 7=L , (ʝ) 10=L , (ʞ) 20=L  

 

(ʘ) (ʙ) (ʚ) (ʛ) 

(ʜ) (ʝ) (ʞ) 

ʈʠʩʫʥʦʢ 3.3 ï ʨʝʟʫʣʴʪʘʪʳ ʥʝʡʨʦʩʝʪʝʚʦʡ ʦʙʨʘʙʦʪʢʠ ɻʉʀ ʦʪ  ʂɸ çʈʝʩʫʨʩ-ʇè ʜʣʷ 

ʨʘʟʣʠʯʥʦʛʦ ʯʠʩʣʘ ʢʦʤʧʦʥʝʥʪ L, ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʉʅʉ: (ʘ) ï ɻʉʀ (ʩʠʥʪʝʟ RGB), 

(ʙ) ï ʵʪʘʣʦʥ, (ʚ) 3=L , (ʛ) 5=L , (ʜ) 7=L , (ʝ) 10=L , (ʞ) 20=L  
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ʊʘʙʣʠʮʘ 3.1 ï  F-ʤʝʨʘ  ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ 

ʯʠʩʣʘ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪ 

(ɻʉʀ ʦʪ çSalinasè) 

ʊʘʙʣʠʮʘ 3.2 ï  F-ʤʝʨʘ  ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ 

ʯʠʩʣʘ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪ 

(ɻʉʀ ʦʪ çʈʝʩʫʨʩ-ʇ) 

ʂʣʘʩʩ/ʏʠʩʣʦ 

ʢʦʤʧʦʥʝʥʪ 
3 5 7 10 20 

ɹʨʦʢʢʦʣʠ 0.77 0.93 1.00 1.00 1.00 

ʇʘʨʳ 0.87 0.95 1.00 1.00 1.00 

ɺʩʧʘʰʢʘ 0.97 0.97 1.00 1.00 1.00 

ʉʝʣʴʜʝʨʝʡ 0.98 1.00 1.00 1.00 1.00 

ʇh ʝʥʠʮʘ 0.97 0.99 1.00 1.00 1.00 

ʉʘʣʘʪ 0.84 0.99 1.00 1.00 1.00 

CF  0.90 0.97 1.00 1.00 1.00 
 

ʂʣʘʩʩ/ʏʠʩʣʦ 

ʢʦʤʧʦʥʝʥʪ 
3 5 7 10 20 

ɻʣʫʙʦʢʘʷ ʚʦʜʘ 0.99 0.99 0.99 0.99 1.00 

ʄʝʣʢʘʷ ʚʦʜʘ 0.78 0.86 0.87 0.86 0.91 

ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ 0.82 0.91 0.92 0.92 0.94 

ʇʦʯʚʘ 0.92 0.93 0.95 0.95 0.96 

ɼʦʨʦʛʠ 0.80 0.85 0.86 0.88 0.91 

ɿʘʩʪʨʦʡʢʘ 0.77 0.81 0.85 0.86 0.90 

ʈF  0.85 0.89 0.90 0.91 0.94 
 

ʅʘ ʨʠʩʫʥʢʝ 3.4 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ CF  ʠ ʈF  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʯʠʩʣʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ. ɺ ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʝ ʩʪʘʚʠʣʘʩʴ ʟʘʜʘʯʘ ʩʦʧʦʩʪʘʚ-

ʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʙʦʨʪʦʚʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ çAVIRISè (ʥʘ ʙʘʟʝ ʢʦʪʦʨʦ-

ʛʦ ʩʬʦʨʤʠʨʦʚʘʥ ʥʘʙʦʨ ʜʘʥʥʳʭ çSalinasè) ʠ ɻʉɸ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʂɸ çʈʝʩʫʨʩ-

ʇè. ʕʪʠ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʦʤʫ, ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʤʫ ʠ ʯʘʩʪʦʪʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ, ʘ ʪʘʢʞʝ ʨʘʟʥʦʝ ʮʝʣʝʚʦʝ 

ʥʘʟʥʘʯʝʥʠʝ (çAVIRISè ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʘʤʦʣʝʪʥʦʡ ʧʣʘʪʬʦʨʤʳ, ʪʦʛʜʘ ʢʘʢ ɻʉɸ 

çʈʝʩʫʨʩ-ʇè ð ʜʣʷ ʢʦʩʤʠʯʝʩʢʦʡ). ʂʨʦʤʝ ʪʦʛʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʳʝ ʥʘʙʦʨʳ ʢʣʘʩʩʦʚ ʦʙʲʝʢʪʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʦʣʝʝ ʫʛʣʫʙʣʝʥʥʳʡ 

ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ɻʉʀ ʦʪ çSalinasè ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʤ 

ʢʘʯʝʩʪʚʦʤ (ʦʪʥʦʰʝʥʠʝʤ çʩʠʛʥʘʣ/ʰʫʤè), ʯʝʤ ɻʉʀ ʦʪ çʈʝʩʫʨʩ-ʇè. ɻʣʘʚʥʘʷ ʞʝ ʮʝʣʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ï ʵʪʦ ʦʮʝʥʢʘ ʥʝʦʙʭʦʜʠʤʦʛʦ ʯʠʩʣʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʦʙʨʘʙʦʪʢʠ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ. ʀʟ ʪʘʙʣʠʮ 3.1, 3.2 ʩʣʝʜʫʝʪ, ʯʪʦ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʧʷʪʠ ʢʦʤʧʦ-

ʥʝʥʪ, ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʦʱʫʪʠʤʦ ʣʫʯʰʝʡ ʪʦʯʥʦʩʪʠ ʠʜʝʥʪʠ-

ʬʠʢʘʮʠʠ.  

ʅʘ ʨʠʩʫʥʢʝ 3.5 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ F-ʤʝʨʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ 

ʚʳʯʠʩʣʝʥʠʷ ʙʘʟʠʩʘ ʄɻʂ ʜʣʷ ɻʉʀ ʦʪ çʈʝʩʫʨʩ-ʇè. ɼʣʷ ʵʪʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴ-

ʟʦʚʘʣʩ ̫ʥʘʙʦʨ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 
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ʨʘʟʜʝʣʝʥʥʳʡ ʥʘ ʯʘʩʪʠ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʙʘʟʠʩ ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʳʯʠʩʣʷʣʩʷ ʧʦ ʚʩʝʡ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ ʚʳʙʦʨʢʝ. ɺ ʜʨʫʛʦʤ ʩʣʫʯʘʝ, 

ʨʘʩʯʸʪ ʙʘʟʠʩʘ ʄɻʂ ʜʣʷ ʦʙʫʯʝʥʠʷ ʉʅʉ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʦ ʚʳʙʦʨʢʝ 

ʜʣʷ ʦʙʫʯʝʥʠʷ. ʇʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʉʅʉ ʨʘʩʯʸʪ ʙʘʟʠʩʘ ʧʨʦʠʟʚʦʜʠʣʩʷ ʥʘ ʦʩʥʦʚʝ ʪʝ-

ʩʪʦʚʦʡ ʯʘʩʪʠ ɻʉʀ. 

 

ʈʠʩʫʥʦʢ 3.4 ï ʠʟʤʝʥʝʥʠʝ F-ʤʝʨʳ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʢʦʤʧʦʥʝʥʪ 

 

ʈʠʩʫʥʦʢ 3.5 ï F-ʤʝʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʧʦʩʦʙʘ ʚʳʯʠʩʣʝʥʠʷ ʙʘʟʠʩʘ ʄɻʂ 

 ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩʧʦ-

ʩʦʙ ʨʘʩʯʸʪʘ ʙʘʟʠʩʘ ʄɻʂ ʥʘ ʦʩʥʦʚʝ ʚʩʝʡ ʚʳʙʦʨʢʠ ɻʉʀ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ. ɽʜʠʥʳʡ 

ʙʘʟʠʩ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʜʘʥʥʳʝ ʜʣʷ ʉʅʉ ʚ ʝʜʠʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠ ʟʘ-

ʬʠʢʩʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʙʘʟʠʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

3.1.7. ʆʩʪʘʣʩʷ ʦʪʢʨʳʪʳʤ ʚʘʞʥʳʡ ʚʦʧʨʦʩ ʦ ʩʦʧʦʩʪʘʚʣʝʥʠʠ çʯʠʩʪʦè ʩʪʨʫʢ-

ʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʘʥʭʨʦʤʘʪʠʯʝʩʢʠʭ ʠ ʩʧʝʢʪʨʦʟʦʥʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ (ʘʣʛʦʨʠʪʤʘ 

ʍʘʨʘʣʠʢʘ, ʢ ʧʨʠʤʝʨʫ) ʠ ʩʪʨʫʢʪʫʨʥʦ-ʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʠʟʘ ɻʉʀ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ʇʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʪ ʂɸ çʈʝʩʫʨʩ-ʇè, ʚʢʣʶʯʘʶʱʠʡ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ.  

1. ɼʣʷ ʜʘʥʥʳʭ ɻʉɸ ʂɸ çʈʝʩʫʨʩ-ʇè ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʦʙʲʝʢʪʦʚ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ 3.2. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʪʘʙʣʠʮʳ ʫʢʘʟʘʥʳ ʫʩʨʝʜʥʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ F-ʤʝʨʳ  ( ʈF ) ʧʦ ʚʩʝʤ ʢʣʘʩʩʘʤ. 

2. ʇʦ ʜʘʥʥʳʤ ɻʉɸ ʚ ʚʠʜʝ ʛʠʧʝʨʢʫʙʘ B ʩʬʦʨʤʠʨʦʚʘʥʳ ʩʧʝʢʪʨʦʟʦʥʘʣʴʥʳʝ 

ʠʟʦʙʨʘʞʝʥʠʷ (ʧʫʪʝʤ ʩʠʥʪʝʟʘ ʢʘʥʘʣʦʚ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ), ʦʜʥʦ ʠʟ ʢʦʪʦʨʳʭ 
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ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.3 (ʘ). ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʜʦʧʦʣʥʝʥʳ 

ʪʝʢʩʪʫʨʥʳʤ ʧʨʠʟʥʘʢʦʤ ʍʘʨʘʣʠʢʘ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ. ɼʣʷ 

ʦʙʫʯʝʥʠʷ ʉʅʉ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʝ ʞʝ ʦʧʦʨʥʳʝ ʢʘʨʪʳ ʦʙʲʝʢʪʦʚ, ʘʨʭʠʪʝʢʪʫʨʘ (ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʯʠʩʣʘ ʢʘʥʘʣʦʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ) ʠ ʧʘʨʘʤʝʪʨʳ ʦʙʫʯʝʥʠʷ, ʯʪʦ ʠ ʧʨʠ 

ʦʙʫʯʝʥʠʠ ʩʝʪʠ ʥʘ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɺʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣ ̫

77.0=XF  (ʫʩʨʝʜʥʝʥʥʘ ̫ʧʦ ʚʩʝʤ ʢʣʘʩʩʘʤ F-ʤʝʨʘ) ʜʣʷ ʦʙʫʯʝʥʥʦʡ ʉʅʉ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʝʨʚʳʭ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪ, ʥʘʡʜʝʥʥʳʭ ʧʦ ʄɻʂ ʧʦʢʘʟʘʪʝʣʴ ʈF  ʧʨʝʚʳʰʘʝʪ XF  ʥʘ 10%, 

ʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʘʜʮʘʪʠ ʢʦʤʧʦʥʝʥʪ ʥʘ 22%.   

ɺ ʟʘʢʣʶʯʝʥʠʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʜʚʘ ʚʳʚʦʜʘ. ɺʦ-ʧʝʨʚʳʭ, ʥʘ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝ-

ʨʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʦʪ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ çʈʝʩʫʨʩ-ʇè ʧʦʢʘʟʘʥʦ ʧʨʝ-

ʠʤʫʱʝʩʪʚʦ ʩʪʨʫʢʪʫʨʥʦ-ʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʠʟʘ ʤʘʪʝʨʠʘʣʦʚ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ 

ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ɿʝʤʣʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

çʯʠʩʪʦè ʩʪʨʫʢʪʫʨʥʳʤ ʘʥʘʣʠʟʦʤ ʩʧʝʢʪʨʦʟʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɺʦ-ʚʪʦʨʳʭ, ʦʙʦʩʥʦʚʘ-

ʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʅʉ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʦʙʲʝʢʪʦʚ ʥʘʙʣʶʜʘʝʤʦʡ ʩʮʝʥʳ ʚ ʫʩʣʦʚʠʷʭ ʘʪʤʦʩʬʝʨʥʳʭ ʠʩʢʘʞʝʥʠʡ ʠ ʠʟʤʝʥʷʶ-

ʱʝʡʩʷ ʧʝʨʝʜʘʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɻʉɸ ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʣʝʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ.     

3.2. ʀɼɽʅʊʀʌʀʂɸʎʀʗ ɻʈɸʅʀʎ ʆɹʒɽʂʊʆɺ  

ʅɸ ɻʀʇɽʈʉʇɽʂʊʈɸʃʔʅʓʍ ʉʅʀʄʂɸʍ 

3.2.1. ʉʠʩʪʝʤʳ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ɿʝʤʣʠ ʧʦʟʚʦʣʷʶʪ ʥʘ ʧʨʠʥʮʠʧʠ-

ʘʣʴʥʦ ʥʦʚʦʡ ʦʩʥʦʚʝ ʩʪʨʦʠʪʴ ʘʣʛʦʨʠʪʤʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʨʘʥʠʯʥʳʭ ʪʦʯʝʢ ʥʘʙʣʶ-

ʜʘʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʠʩʧʦʣʴʟʫʷ ʟʥʘʥʠʷ ʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʠʟʚʝʩʪʥʳʭ 

ʤʝʪʦʜʘʭ ʚʳʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʦʙʲʝʢʪʦʚ ʥʘ ʧʘʥʭʨʦʤʘʪʠʯʝʩʢʠʭ ʠ ʩʧʝʢʪʨʦʟʦʥʘʣʴʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʷʭ [69-72] ʚ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪʦʯʢʠ ʢ ʢʦʥʪʫʨʫ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʦʪʣʠʯʠʝ ʝʝ ʷʨʢʦʩʪʠ ʦʪ ʩʦʩʝʜʥʠʭ ʪʦʯʝʢ (ʪ.ʝ. ʩʪʨʫʢʪʫʨʥʳʡ ʧʨʠʟʥʘʢ). ɻʠ-

ʧʝʨʩʧʝʢʪʨʘʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʧʦʩʪʘʚʣʷʪʴ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʯʝʢ, ʪ.ʝ. ʧʝʨʝʡʪʠ ʢ ʩʪʨʫʢʪʫʨʥʦ-ʯʘʩʪʦʪʥʦʤʫ ʘʥʘʣʠʟʫ ʠʭ ʙʣʠʟʦʩʪʠ 

ʠʣʠ ʨʘʟʣʠʯʠʷ (ʇʦʣʦʞʝʥʠʝ 4, ʚʳʥʦʩʠʤʦʝ ʥʘ ʟʘʱʠʪʫ).  
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ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʦʙʲʝʢʪʦʚ ʥʘʙʣʶʜʘʝʤʦʡ ʩʮʝʥʳ ʚʘʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʦʥʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ʚʦʟʨʘʩʪʘʝʪ. ɺʦ-ʧʝʨʚʳʭ, ʪʠʧʦʚʦʡ ʠ ʦʯʝʥʴ ʪʨʫ-

ʜʦʝʤʢʦʡ ʦʧʝʨʘʮʠʝʡ ʧʨʠ ʦʙʫʯʝʥʠʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʣʝʥʠʝ çʫʯʠʪʝ-

ʣʝʤè ʵʪʘʣʦʥʥʳʭ ʢʘʨʪ ʚ ʚʠʜʝ ʢʦʥʪʫʨʦʚ ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʥʘʠʤʝʥʦʚʘʥʠʡ, ʭʦʪʷ ʝʛʦ ʟʨʝ-

ʥʠʝ ʥʝ ʦʙʣʘʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʮʝʥʢʠ ʩʧʝʢʪʨʘ ʚʳʜʝʣʷʝʤʳʭ ʦʙʲʝʢʪʦʚ. ʉʣʦʞʥʦʩʪʴ 

ʵʪʦʡ ʟʘʜʘʯʠ ʫʩʫʛʫʙʣʷʝʪʩʷ ʧʨʠ ʨʘʙʦʪʝ ʩ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ʩʥʠʞʝʥʠʝʤ ʚʠʟʫʘʣʴʥʦʡ ʨʘʟʣʠʯʠʤʦʩʪʠ ʦʙʲʝʢʪʦʚ. ɺʦ-ʚʪʦʨʳʭ, ʥʘʣʠʯʠʝ 

ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʘʭ ʩʮʝʥʳ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʝʝ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠ ̫ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ, ʯʪʦ ʧʦʚr-

ʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʩʥʠʞʘʝʪ ʪʨʝʙʫʝʤʳʡ ʦʙʲʝʤ ʠʩʭʦʜ-

ʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʦʙʫʯʝʥʠʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ [105, 107].  

3.2.2. ʆʧʨʝʜʝʣʠʤ ʜʣʷ ʛʠʧʝʨʢʫʙʘ ( )KkBB k ,1, ==  ʜʚʝ ʙʣʠʞʘʡʰʠʝ ʪʦʯʢʠ kB1  

ʠ kB2 , Kk ,1= , ʪ.ʝ. ʜʚʘ K-ʤʝʨʥʳʭ ʚʝʢʪʦʨʘ ( )KkBB k ,1,11 ==  ʠ  

( )KkBB k ,1,22 == . ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʙʣʠʟʦʩʪʠ (ʨʘʟʣʠʯʠʷ) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʪʁ-

ʩʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ, ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʠ ʩʧʝʢʪʨʘʣʴʥʦ-ʫʛʣʦʚʘʷ ʤʝʨ r [89, 90], 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʨʘʞʝʥʠʷʤʠ  

2
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2
112 2 BBBB +Ö-=D , (3.1) 

 
21

2121
12

DD

BBBB

Ö

Ö-Ö
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12 arccos
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Ö
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ʛʜʝ ʯʝʨʪʘ ʥʘʜ ʧʝʨʝʤʝʥʥʳʤʠ ʦʟʥʘʯʘʝʪ ʠʭ ʫʩʨʝʜʥʝʥʠʝ ʧʦ Kk ,1= ; 1D  ʠ 2D  ï ʦʮʝʥ-

ʢʠ ʜʠʩʧʝʨʩʠʡ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 1B  ʠ 2B . ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʧʦʜ ʣʶʙʦʡ ʦʧʝʨʘ-

ʮʠʝʡ ʩ ʜʚʫʤʷ ʚʝʢʪʦʨʘʤʠ 1B  ʠ 2B  ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʝʝ ʧʦʵʣʝʤʝʥʪʥʦʝ ʚʳʧʦʣʥʝʥʠʝ 

(ʫʤʥʦʞʝʥʠʝ, ʢʚʘʜʨʘʪ ʠ ʜʨ.) ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʚʝʢʪʦʨʘ.   
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ɺ (3.1), (3.2) ʠ (3.3) ʜʝʪʝʢʪʦʨʦʤ ʩʭʦʜʩʪʚʘ 1B  ʠ 2B  ʷʚʣʷʝʪʩʷ ʩʪʝʧʝʥʴ ʠʭ ʢʦʨ-

ʨʝʣʷʮʠʠ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʯʣʝʥʦʤ 
21 BB Ö . ɼʨʫʛʠʝ ʧʝʨʝʤʝʥʥʳʝ ʚ ʵʪʠʭ ʬʦʨʤʫʣʘʭ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʥʦʨʤʠʨʦʚʢʠ ʢʦʥʝʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʨʘʚʥʝʥʠʷ. ʇʦʢʘʞʝʤ, ʥʘʧʨʠ-

ʤʝʨ, ʯʪʦ ʤʝʨʳ 12D  ʠ 12r  ʘʥʘʣʠʪʠʯʝʩʢʠ ʚʟʘʠʤʥʦ ʩʚʷʟʘʥʳ ʧʨʠ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʦʜʥʦʡ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 1B  ʠʣʠ 2B . 

ʄʝʨʘ 12r  ʠʥʚʘʨʠʘʥʪʥʘ ʢ ʣʶʙʳʤ ʣʠʥʝʡʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ 1B  ʠ 2B , ʪ.ʝ. 

ʜʘʝʪ ʧʨʠ ʵʪʦʤ ʦʜʥʫ ʠ ʪʫ ʞʝ ʯʠʩʣʝʥʥʫʶ ʦʮʝʥʢʫ 12r . ʄʝʨʘ 12D  ʪʘʢʠʤ ʩʚʦʡʩʪʚʦʤ ʥʝ 

ʦʙʣʘʜʘʝʪ. ʅʘʡʜʝʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʣʠʥʝʡʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ a  ʠ d , ʢʦʪʦʨʳʝ ʦʜ-

ʥʦʟʥʘʯʥʦ ʘʥʘʣʠʪʠʯʝʩʢʠ ʩʚʷʟʳʚʘʶʪ 12D  ʠ 12r . ʇʦʪʨʝʙʫʝʤ, ʥʘʧʨʠʤʝʨ, ʯʪʦʙʳ ʣʠ-

ʥʝʡʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ KkdBaBB kkk ,1,2
*
22 =+Ö=­ , ʦʙʝʩʧʝʯʠʚʘʣʦ ʙ  rʨʘʚʝʥ-

ʩʪʚʦ ʩʨʝʜʥʠʭ 1
*
2 BB =  ʠ ʉʂʆ 1

*
2 ss = . 

ʂʦʵʬʬʠʮʠʝʥʪʳ  a  ʠ d  ʤʦʞʥʦ ʥʘʡʪʠ ʠʟ ʩʠʩʪʝʤʳ 12 BdBa =+ , 12 ss =a . 
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2 BBB kk -=
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, 
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ʠʣʠ ʦʙʨʘʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 
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r , ʪ.ʝ. ʚʟʘʠʤʥʦ ʦʜ-

ʥʦʟʥʘʯʥʫʶ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʩʚʷʟʴ. ɸʥʘʣʦʛʠʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʠʤ, ʝʩʣʠ kB2  

ʧʨʠʥʷʪʴ ʟʘ ʙʘʟʦʚʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʘ ʣʠʥʝʡʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʳʧʦʣʥʠʪʴ 

ʜʣʷ kB1 : ( )122
*
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r . 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʨʘ 12r  ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʯʠʩʣʝʥʥʫʶ ʦʮʝʥʢʫ 

ʩʪʝʧʝʥʠ ʙʣʠʟʦʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ kB1  ʠ kB2 , Kk ,1= . ɼʣʷ ʤʝʨʳ 12D  ʪʘʢʫʶ 

ʦʮʝʥʢʫ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦ ʢʨʠʪʝʨʠʶ  
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k
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ʠʟ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ 
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ʀʟ (3.5) ʩʣʝʜʫʝʪ, ʯʪʦ 
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212112 BBBBK Ö-Ö= .  

3.2.3. ʋʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʧʨʦʮʝʩʩ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ɿʝʤʣʠ ʩʦ-

ʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʩʱʝʧʣʝʥʠʝʤ ʦʙʱʝʛʦ ʧʦʪʦʢʘ ʣʫʯʠʩʪʦʡ ʵʥʝʨʛʠʠ ʦʪ ʉʦʣʥʮʘ ʥʘ K ʩʦ-

ʧʨʠʢʘʩʘʶʱʠʭʩʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʦʜʜʠʘʧʘʟʦʥʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳ-

ʤʠ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʝʥʩʦʨʘʤʠ ɻʉɸ ʚ ʛʠʧʝʨʢʫʙ ( )KkBB k ,1, == . ɺ ʠʪʦʛʝ 

ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʢʘʞʜʦʛʦ k-ʛʦ, Kk ,1= , 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʘʥʘʣʘ, ʧʦʣʫʯʘʶʪ ʥʘ ʚʭʦʜ ʤʥʦʛʦʢʨʘʪʥʦ ʤʝʥʴʰʠʡ ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ, 

ʘ ʠʭ ʰʫʤ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ, ʪ.ʝ. ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʚ ʢʘʞʜʦʤ ʢʘʥʘʣʝ ʤʥʦ-

ʛʦʢʨʘʪʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʦʵʪʦʤʫ ʚʦʧʨʦʩ ʦ ʚʣʠʷʥʠʠ ʰʫʤʘ ʥʘ ʤʝʨʳ ʙʣʠʟʦʩʪʠ (ʨʘʟ-

ʣʠʯʠʷ) ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʪʦʯʝʢ ʛʠʧʝʨʢʫʙʘ 1B  ʠ 2B  ʟʘʩʣʫʞʠʚʘʝʪ ʦʪʜʝʣʴʥʦʛʦ ʨʘʩʩʤʦʪ-

ʨʝʥʠʷ. ɿʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʧʦʩʪʨʦʝʥʠʷ ɻʉɸ. ɺʘʨʠ-

ʘʥʪ 1 ï ʵʪʦ ʢʦʛʜʘ ʚʠʜʝʦʪʨʘʢʪ ɻʉɸ ʩʪʨʦʠʪʩʷ ʧʦ ʘʙʩʦʣʶʪʥʦ ʠʜʝʥʪʠʯʥʦʡ ʩʭʝʤʝ ʜʣʷ 

ʢʘʞʜʦʛʦ k-ʛʦ, Kk ,1= , ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʘʥʘʣʘ. ɺʘʨʠʘʥʪ 2 ï ʵʪʦ ʢʦʛʜʘ ʜʣʷ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʜʘʥʥʳʭ k-ʛʦ ʢʘʥʘʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʩʦʩʝʜʥʠʭ ʠʟʥʘʯʘʣʴʥʦ ʚʳʙʨʘʥʥʳʭ ʧʦʜʜʠʘʧʘʟʦʥʦʚ ʚ ʙʦʣʝʝ ʯʘʩʪʦʡ ʨʝ-

ʰʝʪʢʝ ʜʣʠʥ ʚʦʣʥ [120]. ʕʪʦ ʜʝʣʘʝʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʤʦʱʥʦʩʪʴ ʧʦʣʝʟ-

ʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʙʦʣʝʝ ʨʝʜʢʦʡ ʦʢʦʥʯʘʪʝʣʴʥʦ ʚʳʙʨʘʥʥʦʡ K-ʤʝʨʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʨʝʰʝʪʢʝ ʛʠʧʝʨʢʫʙʘ ( )KkBB k ,1, == .  

ɺ ʨʘʙʦʪʘʭ [84, 119, 120] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʣʘʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʰʫʤʘ ʚ ɻʉɸ ʷʚ-

ʣʷʝʪʩʷ ʪʝʤʥʦʚʦʡ ʩʠʛʥʘʣ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. ɽʛʦ ʤʦʞʥʦ ʟʘʬʠʢʩʠ-

ʨʦʚʘʪʴ ʧʨʠ ʧʦʣʥʦʤ ʧʝʨʝʢʨʳʪʠʠ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ ʚʭʦʜʥʦʡ ʟʨʘ-

ʯʦʢ ɻʉɸ, ʯʪʦ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʜʝʡʩʪʚʫʶʱʠʭ ʠ ʨʘʟʨʘʙʘʪʳʚʘʝ-
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ʤʳʭ ʧʨʠʙʦʨʘʭ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʳʭ ʟʘʪʚʦʨʦʚ. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʨʘʩʩʤʦʪʨʠʤ ʜʚʘ 

ʚʘʨʠʘʥʪʘ ʧʘʨʠʨʦʚʘʥʠʷ ʠʩʢʘʞʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʪʝʤʥʦʚʦʛʦ ʰʫʤʘ ʥʘ ʧʦʢʘʟʘʥʠʷ ʤʝʨ 

ʙʣʠʟʦʩʪʠ ʩʦʩʝʜʥʠʭ ʵʣʝʤʝʥʪʦʚ ʛʠʧʝʨʢʫʙʘ (3.1) ï (3.3). 

3.2.4. ɺʘʨʠʘʥʪ 1. ɺ ɻʉɸ ʦʙʲʝʜʠʥʝʥʠʝ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ ʥʝ ʠʩʧʦʣʴʟʫʝʪ-

ʩ,̫ ʪ.ʝ. ʚʦ ʚʩʝʭ K ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʦʜʜʠʘʧʘʟʦʥʘʭ ʧʨʠʤʝʥʷʶʪʩʷ ʝʜʠʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʨʝʞʠʤʝ ʧʦʣʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ʚʭʦʜ-

ʥʦʛʦ ʟʨʘʯʢʘ ɻʉɸ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ: 

- ʛʠʧʝʨʢʫʙ ʪʝʤʥʦʚʦʛʦ ʰʫʤʘ ( )KkBB k ,1, == ee  ʚ ʚʠʜʝ ʠʟʦʙʨʘʞʝʥʠʡ, ʪ.ʝ. ʠʟ-

ʤʝʨʝʥʠʷ ʚ K ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʘʭ ɻʉɸ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ( )nm, , Mm ,1= ,   Nn ,1= ; 

- ʦʮʝʥʢʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʰʫʤʘ ( )Kkk ,1, ==ee  ʠ ʜʠʩʧʝʨʩʠʡ 

( )KkDD k ,1, == ee  ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ k-ʛʦ ʢʘʥʘʣʘ ʤʘʩʩʠʚʘ 

ʜʘʥʥʳʭ ʨʘʟʤʝʨʥʦʩʪʴʶ NM³ . 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ k-ʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʘʥʘʣʘ 

ɻʉɸ ʪʝʤʥʦʚʦʡ ʰʫʤ ʜʦʩʪʘʪʦʯʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʝʛʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ kee= , 

Kk ,1= , ʧʦʩʢʦʣʴʢʫ ʚʦ ʚʩʝʭ ʢʘʥʘʣʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ, ʥʦ ʠʜʝʥʪʠʯʥʳʝ 

ʥʘʙʦʨʳ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʬʦʨʤʠʨʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʩʪʠ ʜʘʥʥʳʭ 1B  ʠ 2B . ʕʪʦ ʜʘʝʪ ʪʘʢʞʝ ʦʩʥʦʚʘʥʠʝ ʩʯʠʪʘʪʴ ʦʪʩʯʝʪʳ ʰʫʤʘ e ʥʝʟʘʚʠ-

ʩʠʤʳʤʠ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʥʝʟʘʚʠʩʠʤʳʤʠ ʩ ʦʪʩʯʝʪʘʤʠ 1B  ʠ 2B . 

ɼʣʷ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʰʫʤʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʢʘʢ ɻʉʀ, ʪʘʢ ʠ ʧʘʥʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ (ʇʀ), ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚʳʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʦʙʲʝʢʪʦʚ ʚʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ: 

- ʧʘʥʭʨʦʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ P  ʧʦʣʫʯʝʥʦ ʜʘʪʯʠʢʦʤ ʩʦ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʧʝʨʝʜʘʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ()lS ; 

- ɻʉʀ kB , Kk ,1= , ʧʦʣʫʯʝʥʦ ʛʠʧʝʨʩʧʝʢʪʨʦʤʝʪʨʦʤ ʚ K  ʫʟʢʠʭ 

ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ( )kkS l  ʩʦ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʯʘʩʪʦʪ kl , Kk ,1= , ʪʘʢ ʯʪʦ ( ) ( )kkk SS ll = ; 

- ʷʨʢʦʩʪʴ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʇʀ ʨʘʚʥʘ ʩʫʤʤʝ ʷʨʢʦʩʪʝʡ ɻʉʀ, ʪ.ʝ. ä=
k

kBP ; 
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- ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ P  ʠ kB , Kk ,1= , ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʥʘʣʦʞʝʥʠʝʤ 

ʥʘ ʵʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʰʫʤʘ e ʩ ʜʠʩʧʝʨʩʠʝʡ eD . 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ: e+= *PP , kkk BB e+= * , Kk ,1= , ʛʜʝ ke ï ʩʣʫʯʘʡʥʘʷ ʚʝʣʠ-

ʯʠʥʘ, ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʪʘʢʞʝ ʢʘʢ e, ʚ k -ʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʢʘʥʘʣʝ ɻʉʀ, *P  ʠ *kB  ï 

ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʘ ʚ ʦʪʩʫʪʩʪʚʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʰʫʤʘ. ʀʟ ʬʠʟʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ 

ʰʫʤr ʇʀ e ʠ ɻʉʀ Kkk ,1, =e , ʠʤʝʁʪ ʦʜʠʥʘʢʦʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʟʜʝʩʴ ʚ ʢʘʯʝ-

ʩʪʚʝ e ʠ ke ʧʦʥʠʤʘʶʪʩʷ ʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ. ɺ ʨʘʤʢʘʭ ʚʚʝʜʝʥ-

ʥʦʡ ʤʦʜʝʣʠ ʠʟ ɻʉʀ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʦ ʇʀ [89, 90]: 

( )ä ä ä+=+== **

k k k
kkkk PBBB ee

~
. 

ʀʩʭʦʜʥʦʝ ʇʀ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʣʝʟʥʳʤ ʩʠʛʥʘʣʦʤ *P  ʠ ʜʠʩʧʝʨʩʠʝʡ ʰʫʤʘ eD , ʘ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʠʟ ɻʉʀ ʧʘʥʭʨʦʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ï ʪʝʤ ʞʝ ʧʦʣʝʟʥʳʤ ʩʠʛ-

ʥʘʣʦʤ *P , ʥʦ ʙʦʣʴʰʝʡ ʜʠʩʧʝʨʩʠʝʡ ʰʫʤʘ: eee KDDD
K

k
k

K

k
k ==öö
÷

õ
ææ
ç

å
ää
== 11

. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʛʨʘʥʠʮ ʦʪʜʝʣʴʥʦ ʥʘ ʢʘʞʜʦʤ ɻʉʀ ʰʫʤ ʦʢʘ-

ʟʳʚʘʝʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ, ʯʝʤ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʇʀ. 

ʆʜʥʘʢʦ, ʪʘʢ ʢʘʢ ʢʘʞʜʦʡ ʪʦʯʢʝ ɻʉʀ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʢʪʦʨ ʟʥʘʯʝʥʠʡ (ʉʍ), ʪʦ 

ʵʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʘʝʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʨʘʟʜʝʣʝʥʠʷ ʦʙʲʝʢʪʦʚ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʯʘʩʪʦʪʥʦ-ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʝʨ (3.1) ï (3.3). ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʪʦʛʦ ʨʘʩʩʤʦʪ-

ʨʠʤ ʜʚʝ ʪʦʯʢʠ ɻʉʀ ʚ ʚʠʜʝ ʜʚʫʭ ʚʝʢʪʦʨʦʚ ʚ K-ʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʤʝʨʘ ʨʘʟʣʠʯʠʤʦʩʪʠ ʜʚʫʭ ʪʦʯʝʢ ɻʉʀ ï ʵʪʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʚʝʢʪʦʨʘʤʠ ʚ K-

ʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʚʳʯʠʩʣʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜ-

ʥʦʡ ʠʟ ʤʝʨ (3.1) ï (3.3). ɺ ʪʦʞʝ ʚʨʝʤʷ ʜʚʝ ʪʦʯʢʠ ʇʀ ï ʵʪʦ ʜʚʘ ʟʥʘʯʝʥʠʷ ʷʨʢʦʩʪʠ, 

ʪ.ʝ. ʧʨʦʩʪʨʘʥʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʪʦʯʢʠ ʇʀ, ʦʜʥʦʤʝʨʥʦʝ. ʀʟ ʬʠʟʠʯʝ-

ʩʢʦʛʦ ʩʤʳʩʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʇʀ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʟʣʫʯʝʥʠʝ, ʦʪʨʘʞʝʥʥʦʝ ʦʪ ʦʙʲʝʢʪʦʚ 

ʩʮʝʥʳ, ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʧʦ ʚʩʝʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʠʘʧʘʟʦʥʫ ʥʘʙʣʶʜʝʥʠʷ ʧʘʥʭʨʦʤʘ-

ʪʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ, ʥʘʧʨʠʤʝʨ, ʢ ʦʜʠʥʘʢʦʚʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʦʙʲ-

ʝʢʪʦʚ, ʠʤʝʶʱʠʭ ʨʘʟʥʳʡ ʮʚʝʪ, ʥʦ ʦʜʠʥʘʢʦʚʦʝ ʘʣʴʙʝʜʦ (ʠʥʪʝʛʨʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 
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ʦʪʨʘʞʝʥʠʷ ʧʦ ʚʩʝʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʠʘʧʘʟʦʥʫ). ɺ ʪʦʞʝ ʚʨʝʤʷ ɻʉʀ ʬʠʢʩʠʨʫʝʪ ʉʍ 

ʦʙʲʝʢʪʦʚ, ʧʦʵʪʦʤʫ ʵʪʠ ʞʝ ʦʙʲʝʢʪʳ ʨʘʟʥʦʛʦ ʮʚʝʪʘ ʩ ʨʘʚʥʳʤ ʘʣʴʙʝʜʦ ʙʫʜʫʪ ʠʤʝʪʴ 

ʨʘʟʥʫʶ ʉʍ ʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʠʤʳ. 

ʉ ʫʯʝʪʦʤ ʜʝʡʩʪʚʠʷ ʪʝʤʥʦʚʦʛʦ ʰʫʤʘ, ʠʩʢʘʞʘʶʱʝʛʦ ʧʦʢʘʟʘʥʠʷ ʤʝʨ (3.1) ï 

(3.3), ʟʘʧʠʰʝʤ ʠʭ ʧʨʠ ʩʜʝʣʘʥʥʳʭ ʚʳʰʝ ʜʦʧʫʱʝʥʠʷʭ: 

eDBBBB 2)2(
2

2
*
2

*
1

2

1
*
12 ++Ö-=D ** , (3.6) 
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ʛʜʝ *
1B  ʠ *

2B  ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʘʥʥʳʭ, ʥʝ ʧʦʜʚʝʨʞʝʥʥʳʝ ʠʩʢʘʞʝʥʠʷʤ ʰʫʤʘ, 

1D  ʠ 2D  ï ʦʮʝʥʢʠ ʜʠʩʧʝʨʩʠʡ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʥʘʙʦʨʘʭ 1B , 2B . 

ɼʘʞʝ ʧʨʠ ʨʘʚʝʥʩʪʚʝ BBB == 21 , ʢʦʛʜʘ ʤʝʨʳ (3.1) ï (3.3) ʜʘʶʪ ʪʨʝʙʫʝʤʳʝ 

ʟʥʘʯʝʥʠʷ: 012 =D ; 112 =r ; 012=a , ʤʝʨʳ (3.6) ï (3.8), ʫʯʠʪʳʚʘʶʱʠʝ ʜʝʡʩʪʚʠʝ 

ʰʫʤʘ, ʜʘʶʪ: eD2*
12=D , ( )1*

12 1
-

+= DDer , 12**
12 1arccos -

ö
÷

õ
æ
ç

å
+= BDea , ʛʜʝ  

D  ï ʦʮʝʥʢʘ ʜʠʩʧʝʨʩʠʠ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ. ʊʦ ʝʩʪʴ ʤʝʨʳ (3.1) ï (3.3) ʠ (3.6) ï (3.8) 

ʩʦʚʧʘʜʘʶʪ ʪʦʣʴʢʦ ʧʨʠ 0=eD  (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʰʫʤʘ).   

ɺ ʤʝʨʘʭ (3.1) ï (3.2) ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʮʝʥʢʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʤʦʤʝʥʪʦʚ ʩʣʫ-

ʯʘʡʥʳʭ ʚʝʢʪʦʨʦʚ 1B  ʠ 2B : ä=Ö
k

kkBB
K

BB 2121

1
, ʘ ʪʘʢʞʝ ʠʭ ʩʨʝʜʥʠʭ ʢʚʘʜʨʘʪʦʚ 

ä=
k

kB
K

B 2
1

2
1

1
, ä=

k
kB

K
B 2

2
2
2

1
. ʇʦʢʘʟʘʪʝʣʴ 

21 BB Ö  ʧʨʠ ʙʦʣʴʰʦʤ K(100 ʠ ʙʦʣʝʝ ʦʪ-

ʩʯʝʪʦʚ) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʰʫʤʘ e, ʧʦʩʢʦʣʴʢʫ 1e , 2e  

ʠ 
21 eeÖ  ʩʪʨʝʤʷʪʩʷ ʢ ʥʫʣʶ. ʇʦʵʪʦʤʫ **** Öº++=Ö 21221121 )()( BBBBBB ee , ʘ 2

1B  ʠ 

2
2B  ʟʘʚʠʩʷʪ ʦʪ ʰʫʤʘ: ( ) ee DBBB +=+= ** 2

1

2

11
2
1 , ( ) ee DBBB +=+= ** 2

2

2

22
2
2 . 
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ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʤʝʨʳ (3.1) ï (3.3) ʢ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ 

ʰʫʤʫ, ʢʘʢ [89, 90]:  

221112 2
~

yy +Ö-=D
kk BB , (3.9) 

 öö
÷

õ
ææ
ç

å
Ö-Ö

Ö
= äää

===

K

k
k

K

k
k

K

k
kk BB

K
BB

K 1
2

1
12

1
21

21

12

111~

yy
r , (3.10) 

ö
ö

÷

õ

æ
æ

ç

å

Ö

Ö
=

21

21
12 arccos~

yy
a kk BB

, (3.11) 

ʛʜʝ 1y  ʠ 2y  ï ʦʮʝʥʢʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʉʍ kB1  ʠ 

kB2 : 

( ) öö
÷

õ
ææ
ç

å

-
Ööö
÷

õ
ææ
ç

å

-
-Ö

-
= ää ä

=
+

-

=

-

=
+

K

k
k

K

k

K

k
kkk B

K
B

K
BB

K 2
1,1

1

1

1

1
,11,1,11

1

1

1

1

1

1
y , 

( ) öö
÷

õ
ææ
ç

å

-
Öö
ö
÷

õ
æ
æ
ç

å

-
-Ö

-
= äää

=
+

-

=

-

=
+

K

k
k

K

k
k

K

k
kk B

K
B

K
BB

K 2
1,2

1

1
,2

1

1
1,2,22

1

1

1

1

1

1
y . 

 ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ K  ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ kB1 , kB2  ʠ ʠʭ ʧʨʦʠʟʚʝʜʝʥʠ ̫

kk BB
21 Ö  ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʜʠʩʧʝʨʩʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʰʫʤʘ. 

3.2.5. ɺʘʨʠʘʥʪ 2. ɺ ɻʉɸ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʲʝʜʠʥʝʥʠʷ ʥʘ ʘʥʘʣʦʛʦ-

ʚʦʤ ʫʨʦʚʥʝ ʥʝʩʢʦʣʴʢʠʭ ʩʦʩʝʜʥʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʦʪ-

ʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ, ʪ.ʝ. ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ ʛʠʧʝʨʢʫʙʘ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʚ ʦʢʦʥʯʘʪʝʣʴʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʢʘʥʘʣʘʭ ɻʉɸ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʠʭ ʯʠʩ-

ʣʘ ʜʦʩʪʠʛʘʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʜʘʥʥʳʭ ʛʠʧʝʨʢʫʙʘ ʚ ʮʝʣʦʤ. ʊʘʢʦʡ ʨʝʞʠʤ 

ʦʙʲʝʜʠʥʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʦʜʜʠʘʧʘʟʦʥʦʚ ʚ ʧʨʠʥʮʠʧʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʠ ʚ 

ʧʨʦʮʝʩʩʝ ʣʝʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ɻʉɸ, ʢʘʢ ʵʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʢʦʩʤʠ-

ʯʝʩʢʦʡ ʩʠʩʪʝʤʝ çʈʝʩʫʨʩ-ʇè. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ ʦʙʱʠʡ ʧʦʜʭʦʜ ʧʦ 

ʫʯʝʪʫ ʜʝʡʩʪʚʠʷ ʪʝʤʥʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʘʣʛʦʨʠʪʤʘʭ ʚʳʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʦʙʲʝʢʪʦʚ 

ʥʘʙʣʶʜʘʝʤʦʡ ʩʮʝʥʳ.  

ʇʫʩʪʴ ʚ ʨʝʞʠʤʝ ʠʟʤʝʨʝʥʠʷ ʪʝʤʥʦʚʦʛʦ ʩʠʛʥʘʣʘ ʧʫʪʝʤ ʧʝʨʝʢʨʳʪʠʷ              

ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʥʦʤ ʟʨʘʯʢʝ ɻʉɸ ʧʦʣʫʯʝʥ ʛʠʧʝʨʢʫʙ 
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( )( )KkNnMmnmBB k ,1,,1,,1,, ==== ee , ʛʜʝ ( )nm,  ï ʢʦʦʨʜʠʥʘʪʳ ʦʜʥʦʠʤʝʥʥʳʭ 

ʧʠʢʩʝʣʝʡ ʚʦ ʚʩʝʭ K  ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʘʭ. ʋʩʨʝʜʥʷʷ ʠʟʤʝʨʝʥʠʷ ʧʦ ( )nm, , ʧʦʣʫ-

ʯʠʤ ( )Kkk ,1, ==ee  ï ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠ ̫ ʰʫʤʘ ʜʣʷ ʚʩʝʭ K  ʢʘʥʘʣʦʚ ɻʉɸ ʠ 

( )KkDD k ,1, == ee  ï ʦʮʝʥʢʠ ʜʠʩʧʝʨʩʠʡ, ʛʜʝ 22
kkkD eee -= . ʊʦ ʝʩʪʴ ʚ ʤʝʨʘʭ (3.1) ï 

(3.3) ʠʩʢʘʞʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʪʝʤʥʦʚʦʛʦ ʰʫʤʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʢʘʞʜʦʤ ʢʘʥʘʣʝ ɻʉɸ ʧʦ 

ʨʘʟʥʦʤʫ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʢʪʦʨʘʤʠ e ʠ eD . ɼʣʷ ʵʪʦʛʦ ʙʦʣʝʝ ʦʙʱʝʛʦ ʩʣʫʯʘʷ ʤʝʨʳ 

(3.1) ï (3.3) ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʩ ʫʯʝʪʦʤ ʩʣʝʜʫʶʱʠʭ ʟʘʤʝʥ: 

 e1
2*

1
2
1 DBB +­ , e2

2*
2

2
2 DBB +­ , *

2
*
121 BBBB Ö­Ö , e1

*
11 DDD +­ , 

e2
*
22 DDD +­ . 

 ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʝʨʳ (3.1) ï (3.3) ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ 

 ee 21

2*
2

*
2

*
1

2*
1

**
12 2 DDBBBB +++Ö-=D , (3.12) 

 
))(( 2

*
21

*
1

*
2

*
1

*
2

*
1**

12

ee

r
DDDD

BBBB

++

Ö-Ö
= , (3.13) 

))((

arccos

2
2*

21
2*

1

*
2

*
1**

12

ee

a

DBDB

BB

++

Ö
= . (3.14) 

 

2.3.6. ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʝʨ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʛʨʘʥʠʮ ʦʙʲʝʢʪʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʠʭ ʥʘ ʩʣʫʯʘʡ ʦʮʝʥʢʠ ʩʭʦʜʩʪʚʘ ʵʣʝʤʝʥʪʘ ʩʥʠʤʢʘ ʩ ʝʛʦ 

ʙʣʠʞʘʡʰʠʤ ʦʢʨʫʞʝʥʠʝʤ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʘʜʠʮʠʦʥʥʳʝ ʦʧʝʨʘʪʦ-

ʨʳ  (ʛʨʘʜʠʝʥʪʘ, ʉʦʙʝʣʘ, ʂʠʨʰʘ ʠ ʜʨ.), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʬʫʥʢʮʠ-

ʦʥʘʣʘʤʠ ʦʪ ʨʘʟʥʦʩʪʠ ʷʨʢʦʩʪʝʡ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʝʛʦ ʦʢʨʫʞʘʶʱʠʤʠ [121, 

122]. ʇʨʠ ʘʥʘʣʠʟʝ ɻʉʀ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝ ʞʝ ʬʫʥʢʮʠʦʥʘʣʳ, ʥʦ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʥʝ ʨʘʟʥʦʩʪʠ ʷʨʢʦʩʪʝʡ, ʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʨ ʩʭʦʜʩʪʚʘ ʉʍ (4) - (6). ɼʘʣʝʝ ʜʣʷ 

ʧʨʠʤʝʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʨʘ (3.2), ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʤʦʛʫʪ ʙʳʪʴ ʩʦʩʪʘʚʣʝ-

ʥʳ ʦʧʝʨʘʪʦʨʳ ʜʣʷ ʤʝʨ (3.1) ʠ (3.3). 
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ʅʘʧʨʠʤʝʨ, ʜʣʷ ʤʝʨʳ (3.2) ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ( )nm,  [89, 90] ʦʧʝʨʘʪʦʨʳ ʚʳ-

ʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ: 

- ʆʧʝʨʘʪʦʨ ʛʨʘʜʠʝʥʪʘ  
2

1,
2

,1, ɟɟ ++ += nmnmnmG ; 

- ʆʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ ( )1,1,,1,1, ɟɟɟɟ25,0 +-+- +++= nmnmnmnmnmL ; 

- ʆʧʝʨʘʪʦʨ ʉʦʙʝʣʘ: ( ) ( )21
2

21
2

, ,, YYXXS mnmnnm rr += , ʛʜʝ 

1,1,11,11 2 +++-+ ++= nmnmnm BBBX , 1,1,11,12 2 +---- ++= nmnmnm BBBX , 

1,11,1,11 2 -+--- ++= nmnmnm BBBY , 1,11,1,12 2 ++++- ++= nmnmnm BBBY ;  

- ʆʧʝʨʘʪʦʨ ʂʠʨʰʘ ( )iimn
i

nm TSK ,ɟmin
7...0

,
=

= ,  ʛʜʝ 21 ++++= iiii bbbS  ʠ 

76543 +++++ ++++= iiiiii bbbbbT , 7,0=i , 1,10 --= nmBb , 1,1 -= nmBb , 1,12 -+= nmBb , 

nmBb ,13 -= , nmBb ,14 += , 1,15 +-= nmBb , 1,6 += nmBb , 1,17 ++= nmBb , ʟʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ 

i  ʫ ʚʝʣʠʯʠʥ ib  ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʤʦʜʫʣʶ 8.  

3.2.7. ʇʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ-

ʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʨʘʥʠʮʘʭ 

ʦʙʲʝʢʪʦʚ ʥʘʙʣʶʜʘʝʤʦʡ ʩʮʝʥʳ. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʛʠʧʝʨʩʧʝʢ-

ʪʨʘʣʴʥʳʝ ʩʥʠʤʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ çʈʝʩʫʨʩ-ʇè ʥʘ ʫʨʦʚʥʝ ʦʙ-

ʨʘʙʦʪʢʠ 1ɸ, ʪʦ ʝʩʪʴ ʜʘʥʥʳʝ ɻʉʀ, ʦʪʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʚ ʧʨʝʜʧʦʣʝʪʥʦʡ ʢʘʣʠʙʨʦʚʢʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʣʠʷʥʠʝ ʘʪʤʦʩʬʝʨʳ ʥʘ 

ʨʝʟʫʣʴʪʘʪʳ ʚʳʜʝʣʝʥʠʷ ʢʦʥʪʫʨʦʚ ʦʢʘʟʳʚʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʚ ʧʨʝʜʝʣʘʭ 

ʠʩʩʣʝʜʫʝʤʦʡ ʩʮʝʥʳ ʘʪʤʦʩʬʝʨʥʳʝ ʫʩʣʦʚʠʷ ʦʩʪʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʳʤʠ. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʦʜʠʥ ʠʟ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʛʨʘʥʠʮ ï ʦʧʝʨʘʪʦʨ ʉʦʙʝʣʘ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ ʚʳʯʠʩʣʝʥʠʝ ʛʨʘʜʠʝʥʪʦʚ ʷʨʢʦʩʪʠ. ʇʦʩʢʦʣʴʢʫ ʜʘʥʥʳʡ ʦʧʝʨʘ-

ʪʦʨ ʨʘʙʦʪʘʝʪ ʩ ʧʘʥʭʨʦʤʘʪʠʯʝʩʢʠʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ, ʦʙʨʘʙʦʪʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦ 

ʢʘʞʜʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʢʘʥʘʣʫ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʩʨʝʜʥʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴ-

ʪʘʪʦʚ. ʅʘ ʨʠʩʫʥʢʝ 3.6 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʥʘ ɻʉʀ: 

ʩʣʝʚʘ ï ʨʝʟʫʣʴʪʘʪ ʦʙʨʘʙʦʪʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʥʦ-ʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʠʟʘ ʛʠ-
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ʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʧʨʘʚʘ ï ʨʝʟʫʣʴʪʘʪ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʦʧʝʨʘʪʦʨʘ ʉʦʙʝʣʘ. [89].  

  

ʈʠʩʫʥʦʢ 3.6 ï ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʥʘ ɻʉʀ ʠ ʧʘʥʭʨʦʤʘ-

ʪʠʯʝʩʢʦʤ ʠʟʦʙʨʘʞʝʥʠʠ 

ʀʩʭʦʜʷ ʠʟ ʚʠʟʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʦʜ-

ʥʦʟʥʘʯʥʳʡ ʚʳʚʦʜ ʦ ʧʨʝʠʤʫʱʝʩʪʚʝ ʩʪʨʫʢʪʫʨʥʦ-ʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʟʘʜʘʯʝ ʚʳʜʝ-

ʣʝʥʠʠ ʛʨʘʥʠʮ ʦʙʲʝʢʪʦʚ ʥʘʙʣʶʜʘʝʤʦʡ ʩʮʝʥʳ. 

3.2.8. ɺ ʢʦʥʪʝʢʩʪʝ ʥʝʡʨʦʩʝʪʝʚʦʡ ʦʙʨʘʙʦʪʢʠ ʢʨʘʡʥʝ ʚʘʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʮʝʥ-

ʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʨʫʢʪʫʨʝ ʩʮʝʥʳ, ʘ ʠʤʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʠ ʝʸ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʶ 

ʦʙʲʝʤʘ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠ-

ʤʝʥʪ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʚʠʜʝ 5,3=L  ʛʣʘʚ-

ʥʳʭ ʢʦʤʧʦʥʝʥʪ (ʩʤ. ʧ. 3.1.6), ʙʳʣʠ ʜʦʧʦʣʥʝʥʳ ʧʨʠʟʥʘʢʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʥʦ-ʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʠʟʘ. ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝ-

ʤʦʛʦ ʧʦʜʭʦʜʘ ʚʳʧʦʣʥʝʥʘ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʚʳʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʅʉ, ʚʢʣʶ-

ʯʘʷ ʪʦʯʥʦʩʪʴ, ʧʦʣʥʦʪʫ ʠ F-ʤʝʨʫ (ʪʘʙʣʠʮʘ 3.2), ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʤʦʜʝʣʷʤʠ ʉʅʉ (ʩʤ. 

ʧ. 3.1.6), ʦʙʫʯʝʥʥʳʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʨʘʥʠʮʘʭ ʩʮʝʥʳ. ɺ ʪʘʙʣʠ-

ʮʘʭ 3.3 ʠ 3.4 ʧʨʝʜʩʪʘʚʣʝʥ rʨʝʟʫʣʴʪʘʪ rʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʚʠʜʝ ʧʦʢʘʟʘʥʠʡ F-ʤʝʨʳ ʜʣʷ 

ʩʣʝʜʫʶʱʠʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ: 3L , *
3L , 5L , *

5L , ʛʜʝ ʥʠʞʥʠʡ ʠʥʜʝʢʩ ʦʟʥʘʯʘʝʪ ʯʠʩʣʦ 
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ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʘ * ï ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʘʥʘʣ ʩ ʢʦʥʪʫʨʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. ʇʦ-

ʢʘʟʘʪʝʣʴ 
( )

%100
*

³
-

=D
L

LL
L  ʦʟʥʘʯʘʝʪ ʧʨʠʨʦʩʪ ʪʦʯʥʦʩʪʠ ʚ ʧʨʦʮʝʥʪʘʭ.   

ʊʘʙʣʠʮʘ 3.3 ï ʨʝʟʫʣʴʪʘʪʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʣʷ  3L , *
3L , 5L , *

5L  

ʂʘʪʝʛʦʨʠʷ 3L  *
3L  3LD , % 5L  *

5L  %,5LD  

ɺʦʜʘ 0.99 0.99 0.0 0.99 0.99 0.0 

ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ 0.78 0.85 8.97 0.86 0.91 5.81 

ʇʦʣʝ 0.82 0.87 6.10 0.91 0.94 3.30 

ʇʦʯʚʘ 0.92 0.93 1.09 0.93 0.96 3.23 

ɼʦʨʦʛʠ 0.82 0.86 4.88 0.85 0.90 5.88 

ɿʘʩʪʨʦʡʢʘ 0.77 0.81 5.19 0.81 0.89 9.88 

 ɺ ʩʨʝʜʥʝʤ ʧʨʠʨʦʩʪ F-ʤʝʨʳ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʨʘʥʠʮʘʭ, ʠʜʝʥ-

ʪʠʬʠʮʠʨʫʝʤʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʥʦ-ʯʘʩʪʦʪʥʦʛʦ ʧʦʜʭʦʜʘ, ʢ ʪʨʝʤ ʛʣʘʚʥʳʤ 

ʢʦʤʧʦʥʝʥʪʘʤ ʩʦʩʪʘʚʠʣ 4.37%, ʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʧʷʪʠ ʢʦʤʧʦʥʝʥʪʘʤ 4.85%. 

ʅʘʠʙʦʣʴʰʠʡ ʧʨʠʨʦʩʪ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʩʣʦʞʥʳʭ ʢʣʘʩʩʦʚ (ʟʘʩʪʨʦʡʢʘ, ʨʘʩʪʠʪʝʣʴ-

ʥʦʩʪʴ, ʜʦʨʦʛʠ) ʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 5-10 %. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʦʥ-

ʪʫʨʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦ-ʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʠʟʘ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʧʦʚʳʰʝ-

ʥʠʷ ʢʘʯʝʩʪʚʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʧʦ ʩʣʝʜʫʶʱʠʤ ʩʦʦʙʨʘʞʝʥʠʷʤ. ɺʦ-ʧʝʨʚʳʭ, 

ʜʦʩʪʦʚʝʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʛʨʘʥʠʮʘʭ ʦʙʲʝʢʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʠ ʫʩʢʦʨʷʝʪ 

ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʪʘʣʦʥʥʦʡ ʚʳʙʦʨʢʠ, ʩʥʠʞʘʷ ʥʘʛʨʫʟʢʫ ʥʘ ʵʢʩʧʝʨʪʘ. ɺʦ-

ʚʪʦʨʳʭ, ʢʦʥʪʫʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʚʳʰʝ-

ʥʠʷ ʪʦʯʥʦʩʪʠ ʥʝʡʨʦʩʝʪʝʚʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩ-

ʧʝʨʠʤʝʥʪʦʚ. ɺ-ʪʨʝʪʴʠʭ, ʜʘʥʥʳʝ ʩʪʨʫʢʪʫʨʥʦ-ʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʮʝʥʳ ʧʦʟʚʦʣʷʶʪ 

ʩʦʢʨʘʪʠʪʴ ʯʠʩʣʦ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʠʜʝʥʪʠʬʠ-

ʢʘʮʠʠ ʦʙʲʝʢʪʦʚ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʘ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʠ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠ.̫ 
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3.3. ɸʃɻʆʈʀʊʄ ʀ ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʊɽʍʅʆʃʆɻʀʗ 

 ʈɸɼʀʆʄɽʊʈʀʏɽʉʂʆʁ ʂɸʃʀɹʈʆɺʂʀ ɻʀʇɽʈʉʇɽʂʊʈɸʃʔʅʆʁ ɸʇʇɸʈɸʊʋʈʓ 

 ɺ ʍʆɼɽ ɽɽ ʃɽʊʅʆʁ ʕʂʉʇʃʋɸʊɸʎʀʀ 

3.3.1. ʋʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʛʠʧʝʨʩʧʝʢʪʨʦʤʝʪʨ (ɻʉɸ) ï ʵʪʦ ʠʟʤʝʨʠʪʝʣʴʥʳʡ 

ʧʨʠʙʦʨ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʠʩʪʝʤʘʤʠ ɼɿɿ ʜʘʥʥʳʭ ʦ ʩʧʝʢʪʨʘʭ ʦʪʨʘʞʝʥʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʦʪ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʠ ʜʘʥʥʳʝ ʬʦʨʤʠʨʫʶʪʩʷ 

ʚ ʚʠʜʝ ʛʠʧʝʨʢʫʙʘ ( )( )KkNnMmnmBB k ,1,,1,,1,, ==== , ʪ.ʝ. ʚ ʚʠʜʝ K  ʠʟʦʙʨʘ-

ʞʝʥʠʡ ʚ ʨʝʛʠʩʪʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʛʠʧʝʨʩʧʝʢʪʨʦʤʝʪʨʘ ( )nm, . ʀʟ ʜʦ-

ʚʦʣʴʥʦ ʧʨʦʩʪʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʉʀʊ ʩʠʩʪʝʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ɿʝʤʣʠ ʚ 

ʚʠʜʝ ʩʭʝʤʳ (2.3) ʩʣʝʜʫʶʪ ʧʦʩʪʘʥʦʚʢʠ ʚʝʩʴʤʘ ʩʝʨʴʝʟʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ [84].  

ɿʘʜʘʯʘ 1. ʆʮʝʥʢʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʟʝʤ-

ʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ( )Kkkɿɿ ,1, ==gg  ʧʦ ʜʘʥʥʳʤ ʛʠʧʝʨʢʫʙʘ B , ʢʦʪʦʨʳʡ 
ɿg ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʦʜʥʦʟʥʘʯʥʦ ʚ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ ʥʘʙʣʶʜʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ɿʝʤʣʠ ( )yx,  

ʠ ʚ ʨʝʛʠʩʪʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʛʠʧʝʨʩʧʝʢʪʨʦʤʝʪʨʘ ( )nm, , ʘ ʜʣʠʥʫ ʚʦʣʥʳ l ï ʚ ʜʠʩ-

ʢʨʝʪʥʦʡ ʩʝʪʢʝ ʜʣʠʥ ʚʦʣʥ kl  ʠʣʠ ʥʦʤʝʨʦʚ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ Kk ,1=  ɻʉɸ. ʕʪʦ 

ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ, ʨʘʜʠ ʢʦʪʦʨʦʡ ʩʦʟʜʘʶʪʩʷ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʛʠʧʝʨʩʧʝʢ-

ʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ɿʝʤʣʠ. ɼʣʷ ʝʝ ʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʘ ʩʣʝʜʫʶʱʘʷ ʠʥʬʦʨʤʘʮʠʷ: 

- ʜʘʥʥʳʝ ʦ ʧʘʨʘʤʝʪʨʘʭ ʘʪʤʦʩʬʝʨʳ ʚ ʩʝʘʥʩʝ ʩʲʝʤʢʠ ʦʪ ʩʣʫʞʙʳ ʦʧʦʨʥʦʛʦ 

ʧʦʣʠʛʦʥʘ, ʪ.ʝ. ( )Kkkʆʇɸʆʇɸ ,1,,,, ==gg  ʩ ʫʢʘʟʘʥʠʝʤ ʚʨʝʤʝʥʠ ʩʲʝʤʢʠ 
ʆʇt ; 

- ʥʘʟʝʤʥʳʝ ʠʟʤʝʨʝʥʠʷ ʩʣʫʞʙʦʡ ʦʧʦʨʥʦʛʦ ʧʦʣʠʛʦʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʝʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ( )Kkkʆʇʆʇ ,1,, ==gg ; 

- ʛʠʧʝʨʢʫʙ ʆʇ ( )( )KkNnMmnmBB kʆʇ ,1,,1,,1,, ====  ʚ ʚʠʜʝ K  

ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ɻʉɸ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʰʣʘ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʫʶ 

ʢʘʣʠʙʨʦʚʢʫ ʧʦ ʜʘʥʥʳʤ ʩʢʘʥʠʨʦʚʘʥʠʷ ʆʇ, ʪ.ʝ. ʧʦʣʫʯʝʥ ʘʢʪʫʘʣʴʥʳʡ 

( )Kkkʂɸʂɸ ,1,, ==gg . 
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ɿʘʜʘʯʘ 2. ʇʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʟʥʘʥʠʡ ʦ ʢʦʵʬʬʠʮʠʝʥʪʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʝʨʝʜʘʯʠ 

ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ ( )Kkkɸɸ ,1,, ==gg . ʀʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ 

ʟʘʜʘʯʠ ʷʚʣʷʶʪʩʷ:  

- ʠʟʤʝʨʝʥʠʷ ʦʧʦʨʥʳʭ ʧʦʣʠʛʦʥʦʚ ʚ ʚʠʜʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʦʪʨʘʞʝʥʠʷ ( )Kkkʆʇʆʇ ,1,, ==gg ; 

- ʘʢʪʫʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʢʦʵʬʬʠʮʠʝʥʪʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ɻʉɸ, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʛʠʧʝʨʢʫʙʘ ʦʧʦʨʥʦʛʦ ʧʦʣʠʛʦʥʘ 

( )( )KkNnMmnmBB kʆʇʆʇ ,1,,1,,1,,, ==== . 

ɿʘʜʘʯʘ 3. ʇʦʣʝʪʥʘʷ ʢʘʣʠʙʨʦʚʢʘ ʚʠʜʝʦʪʨʘʢʪʘ ʛʠʧʝʨʩʧʝʢʪʨʦʤʝʪʨʘ, ʪ.ʝ. ʫʪʦʯ-

ʥʝʥʠʝ ( )Kkkʂɸʂɸ ,1,, ==gg  ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦʪ ʦʧʦʨʥʦʛʦ ʧʦʣʠʛʦʥʘ 

( )Kkkʆʇʆʇ ,1,, ==gg , ( )Kkkʆʇɸʆʇɸ ,1,,,, ==gg  ʠ ɻʉɸ ʚ ʚʠʜʝ ʛʠʧʝʨʢʫʙʘ 

( )( )KkNnMmnmBB kʆʇʆʇ ,1,,1,,1,,, ==== .  

ʌʦʨʤʘʣʴʥʦ ʧʦʩʪʘʚʣʝʥʥʳʝ ʪʨʠ ʟʘʜʘʯʠ ʦʧʠʩʳʚʘʶʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʤʦʜʝʣʠ ʉʀʊ 

(2.3), ʪʨʝʤʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʜʣʷ ʢʘʞʜʦʛʦ k -ʛʦ, Kk ,1= , 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ɻʉɸ:   

( )kkkk ʂɸʆʇAʉʀʊʆʇ ,,,,, gggg Ö=  ʧʨʠ ʘʢʪʫʘʣʴʥʳʭ kʆʇɸ ,,g  ʠ kʂɸ,g ; (3.15) 

( )kkkk ʂɸʆʇʉʀʊA ,,,, gggg Ö=  ʧʨʠ ʘʢʪʫʘʣʴʥʳʭ kʆʇ,g  ʠ kʂɸ,g ; (3.16) 

( )kkkk ʆʇʆʇɸʉʀʊʂɸ ,,,,, gggg Ö=

 

ʧʨʠ ʘʢʪʫʘʣʴʥʳʭ kʆʇɸ ,,g  ʠ kʆʇ,g ,

 

(3.17) 

ʛʜʝ 
ʇ

kɺkk SBʉʀʊ ,, =g  ï ʢʦʵʬʬʠʮʠʝʥʪ (ʬʫʥʢʮʠʷ) ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʜʣʷ k -ʛʦ 

ʢʘʥʘʣʘ ɻʉɸ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʘʪʤʦʩʬʝʨʳ ʜʦ ʛʠʧʝʨʢʫʙʘ B , 

ʪ.ʝ. ʚʩʝʛʦ ʉʀʊ. 

ɿʘʜʘʯʘ (3.15) ʪʨʝʙʫʝʪ ʘʢʪʫʘʣʴʥʳʭ ʟʥʘʥʠʡ ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʤʦʜʝʣʷʤ ʘʪʤʦ-

ʩʬʝʨʳ ʚ ʚʠʜʝ kɸ,g  ʠ ʜʘʥʥʳʭ ʧʦ kʂɸ,g  ʧʦʩʣʝ ʢʘʣʠʙʨʦʚʢʠ ɻʉɸ ʧʦ ʩʝʘʥʩʘʤ ʥʘʙʣʶʜʝ-

ʥʠʷ ʦʧʦʨʥʳʭ ʧʦʣʠʛʦʥʦʚ. ɿʘʜʘʯʘ (3.16) ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʩʢʘʥʠ-

ʨʦʚʘʥʠʷ ʦʧʦʨʥʳʭ ʧʦʣʠʛʦʥʦʚ ʦʪʢʘʣʠʙʨʦʚʘʥʥʦʡ ʧʦ ʥʠʤ ɻʉɸ. ɿʘʜʘʯʘ (3.17), ʢʦʪʦʨʘʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʘʣʝʝ, ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʘʪʤʦʩʬʝʨʳ (ʪ.ʝ. ʩʠʩʪʝʤ r

ç6Sè) ʠ ʦʧʦʨʥʳʭ ʧʦʣʠʛʦʥʦʚ (ʪ.ʝ. ʩʝʪʠ çRadCalNetè).  
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3.3.2. ʇʨʠ ʨʝʰʝʥʠʠ ʪʨʸʭ ʦʙʦʟʥʘʯʝʥʥʳʭ ʚʳʰʝ ʟʘʜʘʯ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ 

ʷʚʣʷʶʪʩʷ ʜʘʥʥʳʝ ʧʦ ʠʟʣʫʯʝʥʠʶ ʦʪ ʉʦʣʥʮʘ, ʧʨʠʰʝʜʰʝʛʦ ʥʘ ʚʝʨʭʥʶʶ ʛʨʘʥʠʮʫ ʘʪ-

ʤʦʩʬʝʨʳ (ʇ

ɺS ). ʄʦʜʝʣʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʦʧʠʩʘʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦ-

ʢʦʡ ʪʦʯʥʦʩʪʴʶ [68, 72, 82]. ʈʝʟʫʣʴʪʘʪ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʦʚ ʯʝʨʝʟ ʉʀʊ ʬʠʢʩʠʨʫ-

ʝʪ ʛʠʧʝʨʩʧʝʢʪʨʦʤʝʪʨ ʂɸ ʚ ʚʠʜʝ ʛʠʧʝʨʢʫʙʘ B. ʇʦʵʪʦʤʫ ʧʨʠ ʨʝʰʝʥʠʠ ʢʘʞʜʦʡ ʠʟ 

ʪʨʸʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʟʘʜʘʯ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʟʥʘʯʠʤʳʤ ʚʦʧʨʦʩʦʤ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ 

ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ɻʉʀ.  

ɻʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʩʥʠʞʘʶʱʠʤ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ɻʉʀ, ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʪʨʸʭ ʚʠʜʦʚ ʰʫʤʦʚ: ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ, ʘ ʪʘʢʞʝ ʰʫʤʘ 

ʢʚʘʥʪʦʚʘʥʠʷ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ  ʨʘʩʩʤʦʪʨʝʥʠʷ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʢʘʯʝʩʪʚʦ ɻʉʀ ʜʠʢʪʫʝʪ-

ʩʷ ʧʨʠʥʮʠʧʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʧʝʨʢʫʙʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʭʦʜʥʦʝ ʜʣʷ ɻʉɸ ʠʟʣʫʯʝʥʠʝ 

ʨʘʩʱʝʧʣʷʝʪʩʷ ʥʘ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʧʦʪʦʢʦʚ, ʤʥʦʛʦʢʨʘʪʥʦ ʫʤʝʥʴʰʘʷ ʧʦʣʝʟʥʳʡ ʩʠʛ-

ʥʘʣ. ʇʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ ʰʫʤʦʚ ʚ ʢʘʞʜʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʢʘʥʘʣʝ ɻʉɸ ʦʩʪʘʸʪʩʷ ʥʝʠʟ-

ʤʝʥʥʳʤ. ʊʦ ʝʩʪʴ ʧʦʣʫʯʝʥʠʝ ʟʥʘʥʠʡ ʦ ʩʧʝʢʪʨʝ ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ ʜʦʩʪʠʛʘʝʪʩʷ ʮʝ-

ʥʦʡ ʩʥʠʞʝʥʠʷ ʦʪʥʦʰʝʥʠʷ çʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ / ʰʫʤè. ʇʦ ʬʠʟʠʯʝʩʢʠʤ ʩʦʦʙʨʘʞʝʥʠ-

ʷʤ ʦʙʦʟʥʘʯʝʥʥʳʝ ʪʨʠ ʚʠʜʘ ʰʫʤʦʚ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʝʟʘʚʠʩʠʤʳʤʠ ʤʝʞʜʫ ʩʦʙʦʡ ʠ 

ʧʦʣʝʟʥʳʤ ʩʠʛʥʘʣʦʤ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʠʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʳʡ ʰʫʤ, ʢʦ-

ʪʦʨʳʡ ʦʙʫʩʣʦʚʣʝʥ ʨʘʟʙʨʦʩʦʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʝʡ ʠ ʪʝʤʥʦʚʳʭ ʩʠʛʥʘʣʦʚ ʦʧʪʦʵʣʝʢ-

ʪʨʦʥʥʳʭ ʩʝʥʩʦʨʦʚ, ʚʭʦʜʷʱʠʤ ʚ ɻʉɸ. ʆʜʥʘʢʦ ʧʨʠ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʸʥʥʦʤ ʛʝʦʤʝʪʨʠ-

ʯʝʩʢʦʤ ʧʦʨʷʜʢʝ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ ʠ ʝʛʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʝʟʘʚʠʩʠʤʳʤ ʦʪ 

ʬʦʨʤʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ. ʂʨʦʤʝ ʵʪʦʛʦ ʨʘʟʨʘʙʦʪʘʥʳ ʨʷʜ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣ-

ʛʦʨʠʪʤʦʚ ʝʛʦ ʫʩʪʨʘʥʝʥʠʷ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ [123]. ʇʦʵʪʦʤʫ ʜʘʣʝʝ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, 

ʯʪʦ ɻʉʀ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʜʜʠʪʠʚʥʫʶ ʩʤʝʩʴ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ( )nmfk ,  ʠ ʫh-

ʤʘ ( )nmk ,e , ʛʜʝ Kk ,1=  ï ʦʧʨʝʜʝʣʷʶʪ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʜʣʠʥ ʚʦʣʥ ɻʉɸ ʚ ʤk-  

ʧʦʜʜʠʘʧʘʟʦʥʝ, ( )nm,  ï ʜʠʩʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ( )yx, , ʪ.ʝ. ʥʦʤʝʨʘ ʵʣʝʤʝʥ-

ʪʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʩʝʡ ( )yx,  ʚ ʨʝʛʠʩʪʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ɻʉɸ ( )nm, . 

ʈʘʩʩʤʦʪʨʠʤ ʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʤʝʨʫ ʨʘʟʣʠʯʠʤʦʩʪʠ ʜʚʫʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ 

ɻʉʀ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʜʚʫʤ ʥʝʧʝʨʝʩʝʢʘʶʱʠʤʩʷ ʫʯʘʩʪʢʘʤ ʥʘʙʣʶʜʘʝʤʦʡ ʩʮʝʥʳ ʚ     

k -ʤ ʠ s-ʤ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʦʜʜʠʘʧʘʟʦʥʘʭ: ( ) ( )nmnmf kk ,, e+  ʠ ( ) ( )nmnm ss ,, pj + . 
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ɺ ʢʘʯʝʩʪʚʝ ʤʝʨʳ ʠʭ ʙʣʠʟʦʩʪʠ ʦʧʨʝʜʝʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ksr , ʠʥʚʘʨʠ-

ʘʥʪʥʳʡ ʢ ʣʶʙʳʤ ʣʠʥʝʡʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʩʦʧʦʩʪʘʚʣʷʝʤʳʭ ʜʘʥʥʳʭ:  

( )( )( )( )

( ) ( ) ( ) ( )][][
2222

sssskkkk

sskksskk
ks

ff

ff

pjpjee

pjepje
r

+-++-+

+Ö+-+Ö+
= , (3.18) 

ʛʜʝ:  ʯʝʨʪʘ ʥʘʜ ʚʳʨʘʞʝʥʠʷʤʠ ʦʟʥʘʯʘʝʪ ʫʩʨʝʜʥʝʥʠʝ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ( )nm, , ʢʦʪʦʨʳʝ 

ʚ ʧʝʨʝʤʝʥʥʳʭ ʜʣʷ ʧʨʦʩʪʦʪʳ ʥʝ ʫʢʘʟʘʥʳ; ( )skf j,  ʠ ( )sk pe,  ï ʟʥʘʯʝʥʠʷ ʧʦʣʝʟʥʦʛʦ 

ʩʠʛʥʘʣʘ ʠ ʰʫʤʘ ʚ k -ʤ ʠ s-ʤ, { }Ksk ...,,2,1, Í , ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʘʭ. 

ɺ ʠʪʦʛʝ ʧʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʚʳʙʦʨʢʝ ʜʘʥʥʳʭ, ʚ ʩʠʣʫ ʥʝʟʘ-

ʚʠʩʠʤʦʩʪʠ  ʦʪʩʯʝʪʦʚ ʰʫʤʦʚ e ʠ p ʩ ʥʫʣʝʚʳʤ ʩʨʝʜʥʠʤ ʩ ʦʪʯʝʪʘʤʠ f  ʠ j, ʧʦʣʫ-

ʯʠʤ   

))(( eje

jj
r

DDDD

ff

skf

sksk
ks

++

Ö-Ö
= , (3.19) 

ʛʜʝ D  ï ʦʮʝʥʢʠ ʜʠʩʧʝʨʩʠʡ ʧʦʣʝʟʥʳʭ ʩʠʛʥʘʣʦʚ ( )skf DD j,  ʠ ʰʫʤʘ eD . ʈʘʟʜʝʣʠʚ ʚ 

(3.19) ʯʠʩʣʠʪʝʣʴ ʠ ʟʥʘʤʝʥʘʪʝʣʴ ʥʘ jDD f Ö , ʧʦʣʫʯʠʤ 

jj bbbb

r
r

Ö+++
=

ff

sk

sk
22

*

1

, (3.20) 

ʛʜʝ * skr  ï ʦʮʝʥʢʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʰʫʤʦʚ, ʪ.ʝ. ʚ (3.19) 

0=eD  ʠ 
*

sksk rr = ; b ï ʦʪʥʦʰʝʥʠʝ ʉʂʆ ʰʫʤʘ ʢ ʉʂʆ ʩʠʛʥʘʣʦʚ, ʧʦʤʝʯʝʥʥʳʭ ʠʥ-

ʜʝʢʩʘʤʠ f  ʠ j. 

ʈʘʩʩʤʦʪʨʠʤ ʢʚʘʜʨʘʪʥʫʶ ʤʘʪʨʠʮʫ  

ù
ù
ù
ù

ú

ø

é
é
é
é

ê

è

=

KKKK

K

K

ks

rrr

rrr

rrr

r

...

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

21

22221

12111

, (3.21) 

ʚ ʢʦʪʦʨʦʡ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʦʪʣʦʞʝʥʳ ʟʥʘʯʝʥʠʷ skr  ʧʨʠ Kk ,1= , consts= , ʘ ʧʦ 

ʚʝʨʪʠʢʘʣʠ Ks ,1= , constk= . ɼʣʷ ʜʠʘʛʦʥʘʣʴʥʳʭ ʯʣʝʥʦʚ ʤʘʪʨʠʮʳ ʠʟ (3.20) ʩʣʝʜʫʝʪ 
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Kk

fkk

kk
kk ,1,

31 2

*

=
+

=
b

r
r , (3.22) 

ʪ.ʢ. jbb =f .  

ɼʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʧʘʨʳ { }Ktstsst ...,,3,2,1,, Í=rr ,  

.
1 22

*

tstsftstsf

st
tsst

jj bbbb

r
rr

Ö+++
==  (3.23) 

ʂʘʢ ʚʠʜʠʤ, ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʜʘʥʥʳʤʠ s-ʛʦ ʠ k -ʛʦ ʢʘʥʘʣʦʚ ɻʉɸ  

ʦʩʣʘʙʣʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʰʝʥʠʡ ʚ ʥʠʭ çʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ / ʰʫʤè (b): 

ʯʝʤ b ʥʠʞʝ, ʪʝʤ ʤʝʥʴʰʝ ʩʪʘʥʦʚʠʪʩʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ str .  

3.3.3. ʀʟ ʪʨʝʭ ʟʘʜʘʯ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʚ ʧ. 3.3.1 ʧʝʨʚʦʦʯʝʨʝʜʥʦʡ ʷʚʣʷʝʪʩʷ 

ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʘʷ ʢʘʣʠʙʨʦʚʢʘ ʛʠʧʝʨʩʧʝʢʪʨʦʤʝʪʨʘ ʢʘʢ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ. 

ʊʦʣʴʢʦ ʧʦʩʣʝ ʵʪʦʡ ʦʧʝʨʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʦʙʲʝʢʪʠʚʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʚ ʚʠ-

ʜʝ ʛʠʧʝʨʢʫʙʘ ʦʧʦʨʥʦʛʦ ʧʦʣʠʛʦʥʘ ʦʪ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ 

ɿʝʤʣʠ ʠ ʩʠʩʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʦʵʪʦʤʫ ʦʙʱʘʷ ʪʝʭʥʦʣʦʛʠʷ ʨʘ-

ʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ ɻʉɸ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʨʝʘʣʠʟʘ-

ʮʠʶ ʜʚʫʭ ʧʨʦʮʝʩʩʦʚ. ʇʝʨʚʳʡ ʧʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʩʢʘʥʠʨʦʚʘʥʠʝ ʨʝʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ 

ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ɿʝʤʣʠ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʣʠʛʦʥʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʘʢʪʫʘʣʴʥʳʭ ʟʥʘʥʠʡ ʦ *
ɸg ʠ *ʆʇg . ɺʪʦʨʦʡ ʧʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʧʦʣʫʯʝʥʠʝ ʥʘ ʦʩʥʦʚʝ  *

ɸg 

ʠ *
ʆʇg  ʜʘʥʥʳʭ ʧʦ ʢʦʨʨʝʢʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʛʠʧʝʨʩʧʝʢʪʨʦ-

ʤʝʪʨʘ 
ʂɸg , ʪ.ʝ. ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʩʭʦʜʥʦʛʦ ʂɸg  ʚ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʡ *

ʂɸg .  

ʈʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤ ʠ ʪʝʭʥʦʣʦʛʠʶ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʜʚʫʭ ʧʨʦʮʝʩʩʦʚ, ʦʩʥʦ-

ʚʘʥʥʫʶ ʥʘ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʤ ʦʪʦʙʨʘʞʝʥʠʠ 
*

,, kk ʂɸʂɸ gg ­  ʩ ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥ-

ʪʦʚ ( )kk da , , Kk ,1= , ʪ.ʝ. kkkk da ʂɸʂɸ += ,
*

, gg , ʢʦʪʦʨʳʝ ʧʨʝʜʧʦʣʘʛʘʶʪ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʦʧʝʨʘʮʠʡ (ʇʦʣʦʞʝʥʠʝ 5). 

ʐʘʛ 1. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʢʘʥʠʨʦʚʘʥʠʝ ʦʧʦʨʥʦʛʦ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʣʠʛʦ-

ʥʘ (ʆʇ) ʛʠʧʝʨʩʧʝʢʪʨʦʤʝʪʨʦʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʩʠʩʪʝʤʫ ɼɿɿ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨ-

ʤʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 
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- ʛʠʧʝʨʢʫʙ ʆʇ ( )( )KkNnMmnmBB kʆʇʆʇ ,1,,1,,1,,, ====  ʩ ʬʠʢʩʘʮʠʝʡ 

ʚʨʝʤʝʥʠ ʂɸʆʇt ,  ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʘʪʤʦʩʬʝʨʳ ( )Kkkʆʇɸʆʇɸ ,1,,,, ==gg  ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʆʇ ( )Kkkʆʇʆʇ ,1,, ==gg  ʥʘ ʤʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ 
ʆʇt , ʙʣʠʞʘʡʰʠʝ ʢ ʂɸʆʇt ,  (ʧʦ ʜʘʥʥʳʤ ʩʝʪʠ çRadCalNetè); 

ʐʘʛ 2.  ɺʳʧʦʣʥʷʝʪʩʷ ʥʘʩʪʨʦʡʢʘ ʤʦʜʝʣʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ç6Sè ʥʘ ʜʘʥʥʳʝ ʦʪ 

ʆʇ, ʪ.ʝ. ʝʡ ʟʘʜʘʝʪʩʷ ʆʇɸ,g , 
ʆʇg  ʠ ʧʨʦʚʝʨʷʝʪʩʷ ʘʜʝʢʚʘʪʥʦʩʪʴ ʜʘʥʥʳʭ ʦʪ ʩʠʩʪʝʤ ç6Sè 

ʠ çRadCalNetè ʧʫʪʝʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʦʪ ʥʠʭ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʚʭʦʜʥʦʤ ʟʨʘʯʢʝ ɻʉɸ. 

ʐʘʛ 3.  ɼʘʥʥʳʝ ʩʲʝʤʢʠ ʆʇ, ʪ.ʝ. ʛʠʧʝʨʢʫʙ 
ʆʇB , ʠ O

SBS 6, , O

ʆʇBS , , ʦʯʠʱʘʶʪʩʷ ʦʪ 

ʠʩʢʘʞʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʘʪʤʦʩʬʝʨʳ, ʪ.ʝ. ʬʦʨʤʠʨʫʶʪʩʷ ʆʇɸʆʇʆʇ BB ,

* g= , 

ʆʇɸ

O

SB

ʆ

Sɺ SS ,6,

*

6, g= , ʆʇɸ

O

ʆʇB

ʆ

ʆʇɺ SS ,,

*

, g= , ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʩʧʝʢ-

ʪʨʘʣʴʥʳʭ ʟʦʥ ʩ ʧʦʚʳʰʝʥʥʳʤ ʠʩʢʘʞʘʶʱʝʤ ʜʝʡʩʪʚʠʝʤ ʘʪʤʦʩʬʝʨʳ ʠ ʝʝ ʟʘʤʝʥʳ ʵʢʩ-

ʪʨʘʧʦʣʠʨʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ. 

ʐʘʛ 4. ʈʘʜʠʦʤʝʪʨʠʯʝʩʢʘʷ ʢʘʣʠʙʨʦʚʢʘ ɻʉɸ. ɼʣʷ ʢʘʞʜʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʘ-

ʥʘʣʘ ɻʉɸ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘʨʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ka , kb , Kk ,1= , ʧʦ ʢʦʪʦʨʳʤ ʬʦʨʤʠ-

ʨʫʝʪʩʷ ʦʪʢʘʣʠʙʨʦʚʘʥʥʳʡ ʛʠʧʝʨʢʫʙ ( )KkBB kʆʇʆʇ ,1,**
,

** == , ʛʜʝ kkkk bBaB ʆʇʆʇ +Ö= *
,

**
, , 

Kk ,1= . ʂʦʵʬʬʠʮʠʝʥʪʳ ʪʝʤʥʦʚʦʛʦ ʩʠʛʥʘʣʘ Kkbk ,1, = , ʦʮʝʥʠʚʘʶʪʩʷ ʚ ʨʝʞʠʤʝ 

ʧʦʣʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ʠʟʣʫʯʝʥʠʷ ʥʘ ʚʭʦʜʥʦʤ ʟʨʘʯʢʝ ɻʉɸ. ʄʫʣʴʪʠʢʘʪʠʚʥʳʝ ʢʦʵʬ-

ʬʠʮʠʝʥʪʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ( ) *
,,

*
, kBkkk ʆʇʆʇ SbBa =-Ö , ʪ.ʝ. 

( ) KkbBSa kkkBk ʆʇʆʇ ,1,*
,

*
,, =-= .  

ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʘʣʠʟʘʮʠʠ ʰʘʛʘ 4 ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʦʚʘʥ ʥʘ ʧʦʣʠ-

ʥʦʤʠʥʘʣʴʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ( )*** BB j= , ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠʝʤʣʝʤʦʝ 

ʦʪʢʣʦʥʝʥʠʝ 
**
ʆʇB  ʦʪ *

,

ʆ

ʆʇBS . ʅʘʧʨʠʤʝʨ, ʜʣʷ ʚʩʝʛʦ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ Kk ,1=  

ʥʘʭʦʜʷʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ a , b, c  ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʧʨʠ ʧʦʤʦʱʠ 
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ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ min

2

1

*
,

*2*** =ö
÷

õ
æ
ç

å -+Ö+Ö=ä
=

K

k
kBkk ScBbBaB . ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʳʰʝ ʨʘʩʩʤʦʪʨʝʥʥʦʤʫ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ 

ʧʨʠʙʣʠʞʝʥʠʝ. ʅʦ ʛʣʘʚʥʳʤ ʝʛʦ ʜʦʩʪʦʠʥʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ 

ʪʝʤʥʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʚʠʜʝ ʢʦʵʬʬʠʮʠʝʥʪʘ c, ʝʩʣʠ ʥʘ ʧʨʘʢʪʠʢʝ ʦʥ ʤʘʣʦ ʤʝʥʷʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ k . 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʣʠʙʨʦʚʢʘ ɻʉɸ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʪʦʣʴʢʦ ʥʘ ʦʩ-

ʥʦʚʝ ʜʘʥʥʳʭ ʦ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʝʨʝʜʘʪʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʆʇɸ,g  ʠ 
ʆʇg , ʧʨʝʜʦ-

ʩʪʘʚʣʷʝʤʳʭ ʩʣʫʞʙʦʡ çRadCalNetè, ʪ.ʝ. ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ 

ç6Sè. ʆʜʥʘʢʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʵʪʠʭ ʬʫʥʢʮʠʡ ʥʝ ʫʯʠʪr ʚʘʶʪʩʷ ʚʘʞʥʳʝ ʬʘʢʪʦʨʳ 

ʨʘʙʦʪʳ ʢʦʩʤʠʯʝʩʢʦʡ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʪʘʢʠʝ ʢʘʢ ʥʝʣʠʥʝʡʥʘʷ ʰʢʘʣʘ 

ʜʣʠʥ ʚʦʣʥ ɻʉɸ, ʥʘʣʠʯʠʝ ʩʤʝʰʝʥʥʳʭ ʧʠʢʩʝʣʝʡ, ʚʳʩʦʪʘ ʩʧʫʪʥʠʢʘ, ʨʘʟʣʠʯʥʳʝ ʫʛʣʳ 

ʩʲʝʤʢʠ ʠ ʜʨ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ 6S ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʵʪʠ ʦʛʨʘʥʠʯʝ-

ʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʦʣʝʝ ʪʦʯʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʚ ʢʘʣʠʙʨʦʚʢʠ ɻʉɸ ka , kb , Kk ,1= . 

3.3.4. ʈʘʩʩʤʦʪʨʠʤ ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ 

ɻʉɸ ʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʝʝ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ.  

ɺʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, 

ʯʪʦ ʩʣʫʞʙʘ ʦʧʦʨʥʦʛʦ ʧʦʣʠʛʦʥʘ ʚ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʝʨʝʜʘʝʪ: 

( )Kkkʆʇʆʇ ,1,, ==gg , ( )Kkkʆʇɸɸ ,1,,, ==gg , ( )KkSS ʆ

ɺ

ʆ

ɺ k ,1,, ==  ʠ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʡ 

ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʆʇt . ʇʨʠ ʵʪʦʤ ʚʩʝ ʠʟʤʝʨʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ ʥʝʢʦʪʦʨʦʡ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʦʧʦʨʥʦʛʦ ʧʦʣʠʛʦʥʘ (ʆʇ). 

ʉʠʩʪʝʤʘ ɼɿɿ ʩ ʛʠʧʝʨʩʧʝʢʪʨʦʤʝʪʨʦʤ ʥʘ ʙʦʨʪʫ ʤʦʞʝʪ ʚʳʧʦʣʥʠʪʴ ʩʢʘʥʠʨʦʚʘ-

ʥʠʝ ʚʩʝʛʦ ʆʇ ʩ ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʥʝʤʫ ʦʙʣʘʩʪʠ, ʜʘ ʠ ʚʦʦʙʱʝ ʦʜʥʦʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ 

(ʤʦʨʝʡ, ʧʫʩʪʳʥʴ ʠ ʪ.ʧ.), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ɻʉɸ. 

ʇʨʠʤʝʨ 1. ʇʫʩʪʴ ʥʝ ʧʦ ʩʧʝʮʠʘʣʴʥʦ ʧʨʦʛʨʘʤʤʝ ʢʘʣʠʙʨʦʚʢʠ ɻʉɸ, ʘ ʚ ʰʪʘʪʥʦʤ 

ʧʨʦʮʝʩʩʝ ɼɿɿ, ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʧʦʧʘʣ ʆʇ ʠ ʜʘʥʥʳʝ ʧʦ ʥʝʤʫ ʟʘʥʝʩʝʥʳ ʚ ʘʨʭʠʚʳ 

ʥʘʟʝʤʥʦʛʦ ʮʝʥʪʨʘ, ʘ ʪʘʢʞʝ ʩʣʫʞʙʦʡ ʆʇ ʨʘʟʤʝʱʝʥʳ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʱʝʜʦ-

ʩʪʫʧʥʦʡ ʩʝʪʠ [63]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʝʩʪʴ ʚʩʷ ʥʝʦʙʭʦʜʠʤʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʣʷ ʦʩʫ-
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ʱʝʩʪʚʣʝʥʠʷ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ ɻʉɸ ʥʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 
ʆʇt  ʧʦ ʦʧʠ-

ʩʘʥʥʦʡ ʚ ʧ. 3.3.3 ʘʣʛʦʨʠʪʤʫ.  

ʇʨʠʤʝʨ 2. ʉʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʳʡ ʦʧʦʨʥʳʡ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʡ ʧʦʣʠʛʦʥ, ʠʣʠ 

ʦʜʥʦʨʦʜʥʘʷ ʝʩʪʝʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʝʩʪʥʦʩʪʠ, ʦʪʩʢʘʥʠʨʦʚʘʥʥʘʷ ɻʉɸ, ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʛʠʧʝʨʢʫʙ ( )( )KkNnMmnmBB kʆʇʆʇ ,1,,1,,1,,, ====  ʚ ʚʠʜʝ K  ʠʟʦʙ-

ʨʘʞʝʥʠʡ KkB kʆʇ ,1,, = , ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ NM³  ʪʦʯʝʢ. ʅʘʧʨʠʤʝʨ, 

ʧʨʠ 1000==NM  ʠ ʙʦʣʝʝ, ʯʠʩʣʦ ʪʦʯʝʢ ʦʜʥʦʨʦʜʥʦʛʦ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʩʧʝʢ-

ʪʨʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʆʇ ʠʣʠ ʠʟʚʝʩʪʥʦʛʦ ʫʯʘʩʪʢʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 

610  ʠ ʙʦʣʝʝ. ʇʨʠ ʫʩʨʝʜʥʝʥʠʠ ʜʘʥʥʳʭ ʦʪ ʤʥʦʞʝʩʪʚʘ ʵʪʠʭ ʪʦʯʝʢ ʤʦʛʫʪ ʙʳʪʴ ʧʘʨʠ-

ʨʦʚʘʥʳ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʜʝʡʩʪʚʠʷ ʰʫʤʦʚ ɻʉɸ, ʪ.ʝ. ʧʦʣʫʯʝʥʳ 

ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ɻʉɸ ʜʦʩʪʦʚʝʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ 

ʥʘʙʣʶʜʘʝʤʳʭ ʩʪʨʫʢʪʫʨʥʦ ʦʜʥʦʨʦʜʥʳʭ ʫʯʘʩʪʢʦʚ ( )Kkkʆʇʆʇ ,1,, ==gg  ʠʣʠ 

( )Kkkɿɿ ,1,, ==gg . 

ʇʨʠʤʝʨ 3. ʈʘʜʠʦʤʝʪʨʠʯʝʩʢʘʷ ʢʘʣʠʙʨʦʚʢʘ ɻʉɸ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʣʘʥʠʨʦʚʘʥʠʝ 

ʩʲʝʤʢʠ ʩʠʩʪʝʤʦʡ ɼɿɿ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʦʧʦʨʥʳʭ ʧʦʣʠʛʦʥʦʚ ʠ ʚʢʣʶʯʝʥʠʝ 

ʨʝʞʠʤʘ ʧʝʨʝʢʨʳʪʠʷ ʚʭʦʜʥʦʛʦ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʥʦʡ ʟʨʘʯʦʢ ɻʉɸ. ʕʪʦ ʜʦʨʦ-

ʛʦʩʪʦʷʱʝʝ ʤʝʨʦʧʨʠʷʪʠʝ. ɺ ʧʨʠʥʮʠʧʝ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʰʪʘʪʥʦʤʫ ʨʝʞʠʤʫ ʨʘʜʠʦʤʝʪ-

ʨʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ ʤʦʞʝʪ ʙʳʪʴ ʩʲʝʤʢʘ ʤʦʨʝʡ ʠ ʦʢʝʘʥʦʚ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʧʨʠ 

ʫʩʣʦʚʠʠ ʦʪʩʫʪʩʪʚʠʷ ʣʫʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. ʕʪʦʛʦ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʮʝʥʢʠ 

ʪʝʤʥʦʚʦʛʦ ʰʫʤʘ ɻʉɸ ʠ ʚʦʟʤʦʞʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʣʶʙʦʤ ʚʠʪʢʝ ʧʦʣʝʪʘ ʩʧʫʪʥʠʢʘ. 

ʊʦ ʞʝ ʩʘʤʦʝ ʤʦʞʥʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʲʝʤʢʠ ʟʘʜʘʥʥʳʭ ʨʝʛʠʦʥʦʚ ʧʝʩʯʘ-

ʥʳʭ ʧʫʩʪʳʥʴ ʚ ʩʚʝʪʣʦʝ ʚʨʝʤʷ ʩʫʪʦʢ, ʩʦʧʨʦʚʦʜʠʚ ʠʭ ʪʠʧʦʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʘʪʤʦ-

ʩʬʝʨʳ.  

3.3.5. ʅʘ ʨʠʩʫʥʢʝ 3.7 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ 

ʢʘʣʠʙʨʦʚʢʠ ɻʉɸ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ çʈʝʩʫʨʩ-ʇè ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʚ ʧ. 3.3.3 

ʘʣʛʦʨʠʪʤʫ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ, ʚ ʚʠʜʝ ʢʦʵʬʬʠʮʠʝʥ-

ʪʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʇ

ɺS  ʥʘ ʚʭʦʜ ʠ ʚʳʭʦʜ ɻʉɸ: 
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( )( )qpg cosÖÖ= ʇ

ɺSSS  [63], ʛʜʝ q ï ʟʝʥʠʪʥʳʡ ʫʛʦʣ ʉʦʣʥʮʘ ʚ ʤʦʤʝʥʪ ʩʲʝʤʢʠ, 

{ }
ʆʇ

O

SB

O

ʆʇB BSSS ,, 6,,Í , { }
ʆʇBSʆʇʆʇS ,6, ,, ggggÍ .   

 
ʘ) 

 
ʙ) 

 
ʚ) 

 
ʛ) 

ʈʠʩʫʥʦʢ 3.7 ï ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʘʷ ʢʘʣʠʙʨʦʚʢʘ ɻʉɸ: ʘ) ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʆʇg  ʠ Sʆʇ6,g ; 

ʙ) ʦʮʝʥʢʘ ʆʇɸ,g ; ʚ) ʢʦʨʨʝʢʮʠʷ ʘʪʤʦʩʬʝʨʳ 
*

,ʆʇBg  ʠ *Sg; ʛ) ʨʝʟʫʣʴʪʘʪʳ ʢʘʣʠʙʨʦʚʢʠ 

**
,ʆʇBg  ʠ 

*
ʆʇg  (ʧʦʣʠʥʦʤʠʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ) 

ʅʘ ʨʠʩ. 3.7 (ʘ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪ rʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʦʧʦʨ-

ʥʦʛʦ ʧʦʣʠʛʦʥʘ çRailroad Valley Playaè ʩʝʪʠ RadCalNet ( ʆʇg ) ʥʘ ʚʭʦʜʥʦʤ ʟʨʘʯʢʝ 

ɻʉɸ, ʨʝʟʫʣʴʪʘʪʳ ʩʲʝʤʢʠ ʵʪʦʛʦ ʧʦʣʠʛʦʥʘ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ ʂɸ çʈʝ-

ʩʫʨʩ-ʇè (ʆʇB,g ), ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʦʪʨʘʞʝʥʠʷ ʦʧʦʨʥʦʛʦ ʧʦʣʠʛʦʥʘ ʥʘ ʚʭʦʜʥʦʤ ʟʨʘʯʢʝ ɻʉɸ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ 

ç6Sè ( Sʆʇ6,g ). ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʳʭ ʤʦʜʝʣʝʡ ʨʘʩ-



81 
 

ʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ( ) 99.0, 6, =Sʆʇʆʇggr  ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ( ) 005.06, =- Sʆʇʆʇ ggs . ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʩʦʚʧʘʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜ-

ʪʚʝʨʞʜʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʤʦʜʝʣʠ ç6Sè ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʠʥʷʪʴ ʜʦʧʫʱʝʥʠʝ 

SSʆʇʆʇ ggg == 6, . 

ʅʘ ʨʠʩ. 3.7 (ʙ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʨʝʜʘʪʦʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʪʤʦʩʬʝʨʳ ʆʇɸ,g  

ʥʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 
ʆʇt , ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʬʦʨʤʠʨʦʚʘʥʠ ʁ ʆʇB,g . ʉʣʝʜʫʝʪ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʟʦʥʳ ʧʦʚʳʰʝʥʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʠʩʢʘʞʝʥʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʣʦʢʘʣʠʟʠʨʫ-

ʶʪʩʷ ʚʦ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʜʣʠʥ ʚʦʣʥ (ʩʤ. ʧ. 2.2). ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʘʪʤʦʩʬʝʨʳ ʵʪʠ ʜʠʘʧʘʟʦʥʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʢʣʶʯʠʪʴ ʠʟ ʘʥʘʣʠʟʘ ʠ ʟʘʤʝʥʠʪʴ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ.  

ʅʘ ʨʠʩ. 3.7 (ʚ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʫʥʢʮʠʠ *
,ʆʇBg  ʠ 

*
Sg, ʪ.ʝ. ʟʥʘʯʝʥʠʷ ʆʇB,g  ʠ Sg  

çʦʯʠʱʝʥʥʳʝè ʦʪ ʜʝʡʩʪʚʠʷ ʘʪʤʦʩʬʝʨʳ. ʇʝʨʝʜ ʚʳʯʠʩʣʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ, ʪʨʝʙʫʝʪʩʷ ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʦʝ ʫʩʪʨʘʥʝʥʠʝ ʨʝʟʢʠʭ ʘʪʤʦʩʬʝʨʥʳʭ ʬʣʫʢʪʫʘʮʠʡ ʚ ʩʠʛʥʘʣʘʭ ʘʥʘʣʠʟʠʨʫʝ-

ʤʳʭ ʧʝʨʝʜʘʪʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʅʘ ʨʠʩ. 3.7 (ʛ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ 

ʢʘʣʠʙʨʦʚʢʠ 
**
,ʆʇBg  ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʂɸ çʈʝʩʫʨʩ-ʇè. ɺ ʜʘʥʥʦʤ ʩʣʫ-

ʯʘʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʢʮʠʠ a , b ʠ ʩ ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜ-

ʨʘʪʦʚ ʧʨʠ ʧʦʤʦʱʠ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ. ɺʳʯʠʩʣʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ( ) 98.0, ***
, =ʆʇʆʇB ggr  ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ 

( ) 01.0***
, =- ʆʇʆʇB ggs  ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʦʪʢʘʣʠʙʨʦ-

ʚʘʥʥʳʭ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʜʘʥʥʳʭ ɻʉɸ ʧʦʣʝʚʳʤ ʠʟʤʝʨʝʥʠʷʤ ʩʣʫʞʙʳ 

ʦʧʦʨʥʦʛʦ ʧʦʣʠʛʦʥʘ.   
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3.4. ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʀʅɼɽʂʉʅʓʍ ʀɿʆɹʈɸɾɽʅʀʁ ɺ ɸʃɻʆʈʀʊʄɸʍ 

 ɸʅɸʃʀʊʀʂʆ-ʅɽʁʈʆʉɽʊɽɺʆʁ  ʀɼɽʅʊʀʌʀʂɸʎʀʀ ʆɹʒɽʂʊʆɺ 

ʇʆ ɼɸʅʅʓʄ ɻʀʇɽʈʉʇɽʂʊʈɸʃʔʅʆʁ ʉʒɽʄʂʀ 

3.4.1. ɿʘ ʤʥʦʛʠʝ ʛʦʜʳ ʥʘʢʦʧʣʝʥ ʙʦʛʘʪʳʡ ʤʘʪʝʨʠʘʣ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʩʧʝʢ-

ʪʨʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ (ʂʉʆ) ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ 

ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [114]: ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʧʦʯʚʘʤ, ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʝʡ ʠ 

ʦʢʝʘʥʦʚ, ʧʝʩʯʘʥʳʤ ʧʫʩʪʳʥʷʤ, ʜʦʨʦʛʘʤ, ʩʪʨʦʝʥʠʷʤ ʠ ʜʨ. ʂʘʞʜʳʡ ʢʦʥʢʨʝʪʥʳʡ 

ʢʣʘʩʩ ʦʙʲʝʢʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʙʦʨʦʤ ʂʉʆ, ʠʟʤʝʨʝʥʥʳʭ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦ-

ʚʠʷʭ ʥʘʙʣʶʜʝʥʠʷ, ʩʦʩʪʘʚʣʝʥʳ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʪʠʧʦʚʳʤ ʦʙʲʝʢʪʘʤ. ʄʘʪʝʨʠʘʣʳ ʛʠ-

ʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ʚ ʚʠʜʝ ʛʠʧʝʨʢʫʙʘ ( )KkBB k ,1, ==  ʧʦʟʚʦʣʷʶʪ ʚ K-

ʤʝʨʥʦʤ ʯʘʩʪʦʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪʦʙʨʘʟʠʪʴ ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʩʳ ʦʙʲʝʢʪʦʚ ʚ ʚʠʜʝ 

ʣʦʢʘʣʴʥʳʭ ʩʢʦʧʣʝʥʠʡ ʪʦʯʝʢ, ʠʩʧʦʣʴʟʫʷ ʪʫ ʠʣʠ ʠʥʫʶ ʤʝʨʫ ʙʣʠʟʦʩʪʠ ʠʭ ʩʧʝʢʪʨʘʣʴ-

ʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʈʘʟʨʘʙʦʪʘʥʦ ʤʥʦʛʦ ʧʦʜʭʦʜʦʚ ʧʦ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʜʘʥʥʳʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ [13, 14, 41, 73, 

116-119], ʢʦʪʦʨʳʝ ʨʝʘʛʠʨʫʶʪ ʥʘ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʂʉʆ ʢʦʥʢʨʝʪʥʦʛʦ 

ʢʣʘʩʩʘ ʦʙʲʝʢʪʦʚ. ʉʨʝʜʠ ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ ʜʦʩʪʦʡʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ, 

ʩʚʷʟʘʥʥʦʝ ʩ ʘʥʘʣʠʟʦʤ ʠʥʜʝʢʩʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ [95, 101, 106, 111]. ʀʥʜʝʢʩʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʛʠʧʝʨʢʫʙʘ ( )nmɺk , , Constm= , Constn= , ʪ.ʝ. 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ KkBk ,1, = , ʩʪʘʚʠʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʠʥʜʝʢʩ (ʯʠʩʣʦ), 

ʦʪʨʘʞʘʶʱʝʝ ʝʝ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ɺ ʜʘʥʥʦʤ ʧʘʨʘʛʨʘʬʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦ-

ʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʥʘʥʠʡ ʦʙ ʠʥʜʝʢʩʘʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʪʠʧʦʚʳʭ ʧʨʠʨʦʜʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʘʣʛʦʨʠʪʤʘʭ ʠʭ ʘʥʘʣʠʪʠʢʦ-

ʥʝʡʨʦʩʝʪʝʚʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. 

3.4.2. ʀʥʜʝʢʩʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʟʦʙʨʘʞʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ 

ʢʘʞʜʦʤʫ ʧʠʢʩʝʣʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠʥʜʝʢʩʘ, ʦʪʨʘʞʘʶʱʝʝ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʧʝʢʪʨʘʣʴʥʳʝ ʠʥʜʝʢʩʳ (ʉʀ) ï ʵʪʦ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʠʝ ʢʦʤʙʠʥʘʮʠʠ ʟʥʘʯʝʥʠʡ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʲʝʢʪʘ ʚ ʥʘʠʙʦʣʝʝ 

ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʜʣʷ ʥʝʛʦ ʩʧʝʢʪʨʘʣʴʥʳʭ ʟʦʥʘʭ. ʇʨʠʤʝʥʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʜʝʢ-

ʩʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʭ ʩʦʩʪʦʷ-
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ʥʠʝ ʠ ʦʪʩʣʝʞʠʚʘʪʴ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʥʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ-

ʩʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ɼɿɿ, ʥʘʧʨʠʤʝʨ, ʚ ʤʦʥʠʪʦ-

ʨʠʥʛʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʳʷʚʣʝʥʠʠ ʧʦʞʘ-

ʨʦʦʧʘʩʥʳʭ ʟʦʥ, ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʥʘʟʝʤʥʳʭ ʠ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʠ ʜʨ. [124, 125].  

ʈʘʟʣʠʯʥʳʝ ʦʙʲʝʢʪʳ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʝʶʪ ʫʥʠʢʘʣʴʥʳʝ, ʥʦ ʚʧʦʣʥʝ ʪʠ-

ʧʦʚʳʝ ʬʦʨʤʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ. ɼʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ ʦʙʲ-

ʝʢʪʦʚ ʩʫʱʝʩʪʚʫʶʪ ʫʟʢʠʝ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʦʣʦʩʳ, ʚ ʢʦʪʦʨʳʭ ʦʪʨʘ-

ʞʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʦʧʨʝʜʝʣʸʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʚʝ-

ʱʝʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʟʜʦʨʦʚʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʘʢʪʠʚʥʦ ʧʦʛʣʦʱʘʝʪ ʠʟʣʫʯʝʥʠʝ ʚ ʢʨʘʩ-

ʥʦʤ ʜʠʘʧʘʟʦʥʝ (~650 ʥʤ) ʟʘ ʩʯʸʪ ʧʨʠʩʫʪʩʪʚʠʷ ʭʣʦʨʦʬʠʣʣʘ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʝʟ-

ʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʦʪʨʘʞʝʥʠʷ ʚ ʙʣʠʞʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ (~850 ʥʤ), ʦʙʫ-

ʩʣʦʚʣʝʥʥʳʤ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʦʡ ʣʠʩʪʦʚʦʛʦ ʧʦʢʨʦʚʘ. ɺʦʜʥʳʝ ʦʙʲʝʢʪʳ ʧʨʦʷʚ-

ʣʷʶʪ ʚʳʨʘʞʝʥʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʩʠʥʝʤ (450ï500 ʥʤ) ʠ ʟʝʣʸʥʦʤ 

(500ï550 ʥʤ) ʜʠʘʧʘʟʦʥʘʭ, ʪʦʛʜʘ ʢʘʢ ʚ ʙʣʠʞʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠʭ ʦʪʨʘ-

ʞʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʚʩʣʝʜʩʪʚʠʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʦʛʣʦ-

ʱʝʥʠʷ ʩʚʝʪʘ. çɻʦʣʘʷè ʧʦʯʚʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʧʨʦʷʚʣʷʝʪ ʙʦʣʝʝ ʚʳʩʦ-

ʢʦʝ ʦʪʨʘʞʝʥʠʝ ʚ ʢʨʘʩʥʦʤ ʠ ʙʣʠʞʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʘʭ. ʀʩʢʫʩʩʪʚʝʥʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʙʝʪʦʥ, ʘʩʬʘʣʴʪ ʠ ʟʜʘʥʠʷ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʠʡ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʚ ʙʣʠʞʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

3.4.3. ɻʠʧʝʨʩʧʝʢʪʨʘʣʴʥʘʷ ʩʲʸʤʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ, ʧʦʩʢʦʣʴʢʫ ʬʠʢʩʠʨʫʝʪ ʦʪʨʘʞʘʪʝʣʴʥʳʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʦʚ ʚ ʩʦʪʥʝ ʠ ʙʦʣʝʝ ʫʟʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʦʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʤʥʦʛʦʟʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ɼɿɿ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʰʠʨʦʢʦʧʦ-

ʣʦʩʥʳʭ ʢʘʥʘʣʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʧʦʜʙʠʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʜʠʘʧʘʟʦʥʳ 

ʜʣʠʥ ʚʦʣʥ ʜʣʷ ʨʘʩʯʸʪʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ, ʧʦʚʳʰʘʷ ʠʭ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʙʲʝʢʪʦʚ. ʅʘʧʨʠʤʝʨ, ʚʳʯʠʩʣʝʥʠʝ ʦʜʥʦʛʦ ʠʟ 

ʧʦʧʫʣʷʨʥʳʭ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ ï NDVI (Normalized Differ-

ence Vegetation Index) [126], ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʤ ʨʘʟʥʦʩʪʥʦʤ ʦʪʥʦʰʝ-

ʥʠʠ ʜʘʥʥʳʭ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʧʦ ʚʩʝʤʫ ʚʠʜʠʤʦʤʫ ʢʨʘʩʥʦʤʫ (RED) ʠ ʙʣʠʞʥʝʤʫ 

ʠʥʬʨʘʢʨʘʩʥʦʤʫ ʜʠʘʧʘʟʦʥʘʤ ( NIR): 
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REDNIR

REDNIRNDVI
gg

gg

+

-
= , (3.24) 

 ʛʜʝ ()llgg
l

µ=ñɿNIR , [ ]1000,700Íl  ʥʤ;  ()llgg
l

µ=ñɿRED , [ ]700,600Íl  ʥʤ.      

ɺ ʫʩʣʦʚʠʷʭ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ʚʳʙʦʨ ʢʦʥʢʨʝʪʥʳʭ ʜʣʠʥ ʚʦʣʥ ʤʦʞʝʪ ʙʳʪʴ 

ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʠ ʧʘʨʘ-

ʤʝʪʨʦʚ ʠʩʧʦʣʴʟʫʝʤʦʡ ʘʧʧʘʨʘʪʫʨʳ. ʅʘʧʨʠʤʝʨ, ʫʟʢʦʧʦʣʦʩʥʳʡ NDVI  ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥ, ʢʘʢ [127] 

695755

695755

gg

gg

+

-
=NDVI , (3.25) 

ʛʜʝ  695g  ʠ 755g  ï ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʧʨʠ 695=l  ʠ 

755=l  ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʅʘ ʨʠʩʫʥʢʝ 3.8 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʠʥʜʝʢʩʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʜʣʷ ɻʉʀ ʦʪ 

ʂɸ çʈʝʩʫʨʩ-ʇè, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʧʦ ʫʟʢʦʧʦʣʦʩʥʦʤʫ NDVI. 

  

 

ʈʠʩʫʥʦʢ 3.8 ï ʧʨʠʤʝʨ NDVI (ʩʧʨʘʚʘ) ʜʣʷ ɻʉʀ (ʩʣʝʚʘ) ʦʪ ʂɸ çʈʝʩʫʨʩ-ʇè 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʞʝʩʪʚʦ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ ʜʣʷ ʘʥʘ-

ʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʥʝ ʩʪʘʚʠʪʩʷ ʮʝʣʴ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʥʜʝʢʩʘ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʠʟʫʯʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʭ ʠʥʪʝʛʨʘʮʠʠ ʩ ʘʥʘʣʠʪʠʢʦ-ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦ-

ʜʝʣʴʶ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ.  ʇʦʩʢʦʣʴʢʫ ʠʩʩʣʝʜʦʚʘ-

ʥʠʝ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʘʥʘʣʠʟ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʩ ʢʦʩ-

ʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ çʈʝʩʫʨʩ-ʇè, ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʥʜʝʢʩʳ, ʠʣʠ ʠʭ ʤʦʜʠʬʠʢʘʮʠʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʚʠʜʠʤʦʤʫ ʠ ʙʣʠʞ-

ʥʝʤʫ ʠʥʬʨʘʢʨʘʩʥʦʤʫ ʜʠʘʧʘʟʦʥʘʤ ʩʧʝʢʪʨʘ. ʇʨʠʚʝʜʝʤ ʥʝʢʦʪʦʨʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʥ-

ʜʝʢʩʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ [126-131].    

NDWI (Normalized Difference Water Index) ï ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʨʘʟʥʦʩʪʥʳʡ 

ʚʦʜʥʳʡ ʠʥʜʝʢʩ. 
850550

850550

gg

gg

+

-
=NDWI , ÍNDWI  [-1, 1]. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʜʝʥʪʠʬʠ-

ʢʘʮʠʠ ʚʦʜʳ. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ  ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʣʠʯʠʝ ʚʦʜʳ, ʥʠʟʢʠʝ ï ʥʘ ʩʫʭʠʝ 

ʠʣʠ ʧʣʦʪʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ. 

NDBSI (Normalized Difference Bare Soil Index) ï ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʨʘʟʥʦʩʪ-

ʥʳʡ ʠʥʜʝʢʩ ʧʦʯʚʳ. 
850650

850650

gg

gg

+

-
=NDBSI , ÍNDBSI  [-1, 1].  ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʥʘ-

ʣʠʟʘ ʧʦʯʚʳ. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ çʛʦʣʦʡè ʧʦʯʚʝ, ʘ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ï 

ʧʣʦʪʥʳʤ ʨʘʩʪʠʪʝʣʴʥʳʤ ʧʦʢʨʦʚʘʤ. 

BI (Built-up Index) ï ʠʥʜʝʢʩ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ. 
850

550650

g

gg Ö
=BI . ʀʩʧʦʣʴʟʫ-

ʝʪʩʷ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʦʨʦʜʩʢʠʭ ʟʘʩʪʨʦʝʢ. ÍBI [0, º2], ʚr ʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʫʢʘ-

ʟʳʚʘʶʪ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ (ʙʝʪʦʥ, ʢʠʨʧʠʯ, ʢʨʳʰʠ ʟʜʘʥʠʡ), ʘ ʥʠʟʢʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʩʪʠʪʝʣʴʥʳʤ ʧʦʢʨʦʚʘʤ ʠʣʠ ʚʦʜʥʳʤ ʦʙʲʝʢʪʘʤ. 

3.4.4. ʈʝʟʫʣʴʪʘʪ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʛʠʧʝʨʢʫʙʘ 

( )( )KkNnMmnmBB k ,1,,1,,1,, ====  ʚ K ʫʟʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʦʜʜʠʘʧʘʟʦʥʘʭ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʛʠʧʝʨʩʧʝʢʪʨʦʤʝʪʨʦʚ ʩʦʩʪʘʚʣʷʝʪ 15-

30 ʤ, ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ ʧʦʨʷʜʢʘ 10 ʤ. ɼʘʞʝ ʧʨʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤ ʨʘʟʨʝʰʝʥʠʠ 10 ʤ ʚ 

ʢʘʞʜʦʤ k-ʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʢʘʥʘʣʝ ʛʠʧʝʨʩʧʝʢʪʨʦʤʝʪʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝ 
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( ) ConstknmBk =,, , ʢʘʞʜʳʡ ʧʠʢʩʝʣʴ ʢʦʪʦʨʦʛʦ ʝʩʪʴ ʨʝʟʫʣʴʪʘʪ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʣʫ-

ʯʠʩʪʦʡ ʵʥʝʨʛʠʠ ʦʪ ʫʯʘʩʪʢʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʣʦʱʘʜʴʶ ʧʦʨʷʜʢʘ 100 ʤ
2
. ʏʘʱʝ 

ʚʩʝʛʦ ʚ ʪʘʢʫʶ ʦʙʣʘʩʪʴ ʧʦʧʘʜʘʶʪ ʠ ʦʙʲʝʢʪʳ ʠʥʪʝʨʝʩʘ, ʠ ʧʦʩʪʦʨʦʥʥʠʝ ʦʙʲʝʢʪʳ, 

ʥʘʧʨʠʤʝʨ ʟʝʣʝʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʩʝʣʴʭʦʟʫʛʦʜʠʡ ʠ ʧʦʯʚʘ. ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʧʨʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ (ʣʝʩʘ, ʚʦʜʥʘʷ ʧʦ-

ʚʝʨʭʥʦʩʪʴ, ʞʠʣʳʝ ʨʘʡʦʥʳ, ʧʦʞʘʨʳ ʠ ʪ.ʧ.). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʥʜʝʢʩʥʳʝ ʠʥʜʠʢʘʪʦʨʳ 

ʨʘʙʦʪʘʶʪ ʥʝʫʩʪʦʡʯʠʚʦ, ʧʦʩʢʦʣʴʢʫ ʩʧʝʢʪʨʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʪʩʯʝʪʘ ʛʠʧʝʨʢʫ-

ʙʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʦʚ ʟʝʤʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ, ʧʦʧʘʚʰʠʭ ʚ ʘʧʝʨʪʫʨʫ ʥʘʙʣʶʜʝʥʠʷ ʵʪʦʛʦ ʧʠʢʩʝʣʷ.  

ɺ ʪɻʦʤ ʩʣʫʯʘʝ ʂʉʆ ʩʤʝʩʠ ʟʝʣʝʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʯʚʳ ʚ ʢʘʞʜʦʤ k-ʤ 

ʩʧʝʢʪʨʘʣʴʥʦʤ ʢʘʥʘʣʝ ʩʦʩʪʘʚʣʷʝʪ ( ) Kkkkk ʇPʈʇ ,1,1 ,,, =-+= gagag , ʧʦʩʢʦʣʴʢʫ ʟʥʘ-

ʯʝʥʠʷ kʈʇ,g  ʬʠʢʩʠʨʫʶʪʩʷ ʛʠʧʝʨʩʧʝʢʪʨʦʤʝʪʨʦʤ ʚ ʝʜʠʥʦʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʝʥʠʷ 

ʧʠʢʩʝʣʷ ʛʠʧʝʨʢʫʙʘ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ( ) Constnm =,  ʜʣʷ ʚʩʝʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ 

Kk ,1= . 

3.4.5. ʀʥʜʝʢʩʥʳʝ ʠʟʦʙʨʘʞʝʥʠ ̫ʧʦʟʚʦʣʷʪʁ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʢʣʶʯʝʚʳʝ ʩʧʝʢ-

ʪʨʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʦʙʲʝʢʪʦʚ ʥʘʙʣʶʜʘʝʤʦʡ ʩʮʝʥʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʫʧʨʦʱʝʥʥʦʝ, ʥʦ 

ʠʥʬʦʨʤʘʪʠʚʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʫʶ ʮʝʥʥʦʩʪʴ ʜʣʷ ʘʥʘʣʠʪʠʢʦ-ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ ʠʜʝʥʪʠʬʠʢʘ-

ʮʠʠ ʦʙʲʝʢʪʦʚ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʩʦʦʙʨʘʞʝʥʠʷʤ. 

 ɺʦ-ʧʝʨʚʳʭ, ʠʥʜʝʢʩʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʘʢ ʠ ʢʦʥʪʫʨʥʳʝ ʢʘʨʪʳ, ʤʦʛʫʪ ʩʣʫ-

ʞʠʪʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʵʢʩʧʝʨʪʦʤ ʵʪʘʣʦʥʥʳʭ 

ʤʘʩʦʢ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ɺʳʯʠʩʣʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʭ ʢʦʤʙʠʥʘʮʠʡ ʫʟʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʧʦʟʚʦʣʷʝʪ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʙʦʣʝʝ 

ʪʦʯʥʦ ʨʘʟʜʝʣʷʪʴ ʩʤʝʰʘʥʥʳʝ ʦʙʲʝʢʪʳ ʩ ʙʣʠʟʢʠʤʠ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ-

ʤʠ, ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʤʝʪʢʠ ʜʘʥʥʳʭ. 

ɺʦ-ʚʪʦʨʳʭ, ʠʥʪʝʛʨʘʮʠʷ ʠʥʜʝʢʩʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʩʚʝʨ-

ʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʨʘʩʰʠʨʷʝʪ ʩʧʝʢʪʨ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠʟʥʘʢʦʚ, ʜʦʧʦʣʥʷʷ 

ʢʦʥʪʫʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ (ʩʤ. ʧ. 3.2) ʢʣʶʯʝʚʳʤʠ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ-

ʤʠ ʦʙʲʝʢʪʦʚ ʥʘʙʣʶʜʘʝʤʦʡ ʩʮʝʥʳ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʩʧʦʩʦʙʩʪʚʫʝʪ ʯʘ-
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ʩʪʠʯʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʪʝʨʴ, ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʠʟʙʳ-

ʪʦʯʥʦʩʪʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʥʘʧʨʠʤʝʨ ʤʝʪʦʜʘ ʛʣʘʚ-

ʥʳʭ ʢʦʤʧʦʥʝʥʪ (ʩʤ. ʧ. 3.1). 

ɺ-ʪʨʝʪʴʠʭ, ʠʥʪʝʛʨʘʮʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ ʚ ʧʨʦʮʝʩʩ rʦʙʫʯʝʥʠʷ ʠ ʧʨʠ-

ʥʷʪʠʷ ʨʝʰʝʥʠ ̫ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʦʜʝʣʠ ʢ 

ʦʩʪʘʪʦʯʥʳʤ (ʧʦʩʣʝ ʢʘʣʠʙʨʦʚʢʠ) ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʤ ʠ ʘʪʤʦʩʬʝʨʥʳʤ ʠʩʢʘʞʝʥʠʷʤ, 

ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʚʦʟʤʦʞʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʠʥʪʝʛʨʘʮʠʠ ʠʥʜʝʢʩʥʳʭ ʠʟʦʙ-

ʨʘʞʝʥʠʡ ʚ ʥʝʡʨʦʩʝʪʝʚʫʶ ʤʦʜʝʣʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ. 

 ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʦʙʘʚʣʝʥʠʝ ʠʥʜʝʢʩʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ (ʥʘʧʨʠ-

ʤʝʨ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʧ. 3.4.3) ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʢ ʠʩʭʦʜʥʳʤ 

ʜʘʥʥʳʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʣʷ ʦʙʫʯʝʥʠʷ ʉʅʉ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʯʘʩʪʠʯʥʦ ʨʘʩʩʤʦʪʨʝʥ ʚ 

ʧʘʨʘʛʨʘʬʝ 3.2.2, ʛʜʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʙʳʣʠ ʜʦʧʦʣʥʝʥʳ ʢʘʥʘʣʦʤ ʩ 

ʢʦʥʪʫʨʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʥʜʝʢʩʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʤʧʣʝʢʩʠ-

ʨʫʶʪʩʷ ʩ ʠʟʦʙʨʘʞʝʥʠʷʤʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪ (ʩʤ. ʧ. 3.2.1). ʇʝʨʝʜ ʦʙʲʝʜʠʥʝʥʠʝʤ ʠʥʜʝʢʩʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʜʦʣʞʥʳ 

ʙʪrʴ ʥʦʨʤʘʣʠʟʦʚʘʥʳ ʢ ʜʠʘʧʘʟʦʥʫ ʟʥʘʯʝʥʠʡ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʠʭ 

ʢʦʨʨʝʢʪʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʉʅʉ. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʝʛʦ ʧʨʦʩʪʦʪʫ ʨʝʘʣʠʟʘʮʠʠ, ʨʘʩʰʠʨʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʳʙʦʨʢʠ ʧʨʠ 

ʥʝʙʦʣʴʰʦʤ ʫʚʝʣʠʯʝʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʭr ʟʘʪʨʘʪ.  

ɺʪʦʨʦʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʨʘʟʜʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʠʩʭʦʜʥʳʭ ʠ ʠʥʜʝʢʩʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʘʨʭʠʪʝʢʪʫʨʘ ʉʅʉ ʚʢʣʶʯʘʝʪ ʜʚʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʚʝʪ-

ʚʠ: ʦʜʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʩʭʦʜʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʜʨʫʛʘʷ ï ʜʣʷ ʘʥʘ-

ʣʠʟʘ ʠʥʜʝʢʩʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʂʘʞʜʘʷ ʚʝʪʚʴ ʤʦʞʝʪ ʠʤʝʪʴ ʫʥʠʢʘʣʴʥʫʶ ʘʨʭʠʪʝʢʪʫ-

ʨʫ, ʪʦ ʝʩʪʴ ʨʘʟʣʠʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ ʠ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. ʅʘ ʙʦʣʝʝ ʚʳʩʦ-

ʢʠʭ ʫʨʦʚʥʷʭ ʩʝʪʠ, ʥʘʧʨʠʤʝʨ ʧʝʨʝʜ ʧʦʣʥʦʩʚʷʟʥʳʤʠ ʩʣʦʷʤʠ, ʧʨʠʟʥʘʢʠ, ʠʟʚʣʝʯʝʥʥʳʝ 

ʦʙʝʠʤʠ ʚʝʪʚʷʤʠ, ʦʙʲʝʜʠʥʷʶʪʩʷ, ʬʦʨʤʠʨʫʷ ʝʜʠʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʠʩʧʦʣʴʟʫʝʤʦʝ 

ʜʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ. ɼʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʥʘʠʙʦ-

ʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʢʦʥʢʘʪʝʥʘʮʠʷ (ʦʙʲʝʜʠʥʝʥʠʝ ʧʦ ʦʩʠ ʢʘʥʘʣʦʚ, ʜʣʠʥ ʚʦʣʥ) ʠ 

ʧʦʵʣʝʤʝʥʪʥʦʝ ʩʣʦʞʝʥʠʝ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʚʳʩʦʢʘʷ 
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ʘʜʘʧʪʠʚʥʦʩʪʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʨʘʟʜʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʨʘʟʥʦʨʦʜʥʳʝ ʜʘʥʥʳʝ: ʨʝʘʣʴ-

ʥʫʶ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʶ ʠ ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ ʥʝʝ ʠʥʜʝʢʩʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʯʪʦ ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʪʦʯʥʦʤʫ ʚʳʷʚʣʝʥʠʶ ʭʘʨʘʢʪʝʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʲʝʢʪʦʚ. ʆʜʥʘʢʦ 

ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʪʘʢ ʢʘʢ ʦʙʨʘʙʦʪ-

ʢʘ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦ ʜʚʫʤ ʚʝʪʚʷʤ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ. 

ʊʨʝʪʠʡ ʧʦʜʭʦʜ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʜʝʢʩ-

ʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ɺʤʝʩʪʦ ʵʪʦʛʦ 

ʦʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʤʦʜʝʣʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ. ʈʝʛʫʣʷʨʠʟʘʮʠʷ 

ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʥʠʞʝʥʠʝ ʧʝʨʝʦʙʫʯʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʝ ʦʙʦʙʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ. ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʚʢʣʶʯʝ-

ʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ ʚ ʬʫʥʢʮʠʶ ʧʦʪʝʨʴ, ʦʮʝʥʠʚʘʶʱʫʶ ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞ-

ʜʫ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤʠ ʤʦʜʝʣʴʶ ʟʥʘʯʝʥʠʷʤʠ ʠ ʬʘʢʪʠʯʝʩʢʠʤʠ ʵʪʘʣʦʥʥʳʤʠ ʜʘʥʥʳʤʠ 

ʧʦʩʣʝ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʦʙʫʯʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʘʟʥʠʮʫ 

ʤʝʞʜʫ ʚʳʭʦʜʥʳʤʠ ʧʨʦʛʥʦʟʘʤʠ ʤʦʜʝʣʠ ʠ ʢʘʨʪʘʤʠ ʠʥʜʝʢʩʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʯʠʪʳ-

ʚʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʦʚ ʧʨʠ ʦʙʫʯʝʥʠʠ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʛʦ ʧʦʜʭʦ-

ʜʘ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʥʠʞʝʥʠʠ ʨʠʩʢʘ ʧʝʨʝʦʙʫʯʝʥʠʷ, ʧʦʚʳʰʝʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʜʝ-

ʣʠ ʢ ʚʭʦʜʥʳʤ ʠʩʢʘʞʝʥʠʷʤ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʥʘʥʠʡ ʦ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʭ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʩ ʧʝʨʚʳʤʠ ʜʚʫʤʷ 

ʧʦʜʭʦʜʘʤʠ ʢ ʠʥʪʝʛʨʘʮʠʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ ʚ ʥʝʡʨʦʩʝʪʝʚʳʝ ʘʣʛʦʨʠʪʤʳ ʠʜʝʥ-

ʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ ʧʦʜʙʦʨʘ 

ʨʝʣʝʚʘʥʪʥʳʭ ʠʥʜʝʢʩʦʚ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʥʝʢʦʨʨʝʢʪʥʳʡ ʚʳʙʦʨ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘ-

ʯʠʪʝʣʴʥʦʤʫ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʦʙʫʯʝʥʠʷ ʉʅʉ. 

3.4.6. ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʠʥʜʝʢʩʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚ 

ʥʝʡʨʦʩʝʪʝʚʳʝ ʘʣʛʦʨʠʪʤʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʧʨʦʚʝʜʝʥʘ ʥʘ ʦʩʥʦʚʝ ʧʦʢʘʟʘʪʝ-

ʣʝʡ F-ʤʝʨʳ ʜʚʫʭ ʉʅʉ (ʩʤ. ʧ. 3.1.6), ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʝʪ 

ʠʥʜʝʢʩʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ. ʆʩʥʦʚʫ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦʩʪʘʚʣʷʝʪ ʩʝʪʴ, ʦʙʨʘʙʘʪʳʚʘʶʱʘʷ 

ʪʨʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʤʝʪʦʜʫ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (ʄɻʂ), ʙʘʟʠʩ ʢʦʪʦ-

ʨʦʛʦ ʩʬʦʨʤʠʨʦʚʘʥ ʥʘ ʦʩʥʦʚʝ ʚʩʝʡ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ ʚʳʙʦʨʢʠ (ʩʤ. ʧ. 3.1.5). ʉʧʝʢ-

ʪʨʘʣʴʥʳʝ ʠʥʜʝʢʩʳ (ʩʤ. ʧ. 3.4.2) ʧʦʜʦʙʨʘʥʳ ʩ ʫʯʝʪʦʤ ʪʠʧʦʚ ʦʙʲʝʢʪʦʚ, ʧʨʝʜʩʪʘʚ-
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ʣʝʥʥʳʭ ʚ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ, ʚʢʣʶʯʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ, ʧʦʯʚʫ, ʠ 

ʛʦʨʦʜʩʢʫʶ ʟʘʩʪʨʦʡʢʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʬʦʨʤʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʥʘʙʦʨʳ ʜʘʥʥʳʭ:  

- ʥʘʙʦʨ ʜʘʥʥʳʭ 1 ï  ʪʨʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʚ ʚʠʜʝ ʪʨʝʭ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʧʦʣʫ-

ʯʝʥʥʳʭ ʧʦ ʄɻʂ; 

- ʥʘʙʦʨ ʜʘʥʥʳʭ 2 ï ʪʨʠ ʠʟʦʙʨʘʞʝʥʠ ̫ʄɻʂ ʠ ʠʥʜʝʢʩʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʨʠʩʦ-

ʝʜʠʥʷʝʤʳʝ ʧʦ ʦʩʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ 3.11 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚ ʚʠʜʝ F-ʤʝʨʳ. 

  

ʈʠʩʫʥʦʢ 3.11 ï ʟʥʘʯʝʥʠʷ F-ʤʝʨʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

 ʨʘʟʣʠʯʥʳʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ: ʩʠʥʠʡ ʩʪʦʣʙʝʮ ï ʥʘʙʦʨ ʜʘʥʥʳʭ 1, 

 ʦʨʘʥʞʝʚʳʡ ï ʥʘʙʦʨ ʜʘʥʥʳʭ 2 

ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶ-

ʱʠʝ ʚʳʚʦʜʳ. 

1. ʀʥʪʝʛʨʘʮʠʷ ʠʥʜʝʢʩʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ (ʥʘʙʦʨ ʜʘʥʥʳʭ 2) ʜʘʣʘ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʯʚʳ. 

2. ɼʣʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ (ʟʘʩʪʨʦʝʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ) ʠʥʪʝʛʨʘʮʠʷ ʠʥ-

ʜʝʢʩʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʥʝ ʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʨʠʨʦʩʪʘ ʪʦʯʥʦʩʪʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝ-

ʥʦ ʥʠʟʢʦʡ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴʶ ʚʠʜʠʤʦʛʦ ʠ ʙʣʠʞʥʝʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʦʚ 

ʩʧʝʢʪʨʘ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ. 

3. ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʠʨʦʜʥʳʭ, ʦʙʣʘʜʘ-

ʶʪ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʦʡ ʬʦʨʤʦʡ ʠ ʛʨʘʥʠʮʘʤʠ. ʇʦʵʪʦʤʫ ʧʨʠ ʠʭ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʢʘ-
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ʟʳʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʮʝʥʥʦʡ ʢʦʥʪʫʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʚʠʜʠ-

ʤʦʤ ʠ ʙʣʠʞʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʘʭ ʩʧʝʢʪʨʘ. 

 

ɺʓɺʆɼʓ ʇʆ ɻʃɸɺɽ 3 

1. ʆʙʦʩʥʦʚʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ (ʉʅʉ) ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʥʘʣʠʪʠʢʦ-ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʦʙʲʝʢʪʦʚ ɿʝʤʣʠ ʧʦ ʜʘʥʥʳʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ 

ʚʘʨʠʘʥʪʦʚ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʉʅʉ, ʧʨʠ ʧʦʜʘʯʝ ʥʘ ʝʝ ʚʭʦʜ ʩʪʨʫʢʪʫʨʥʦʡ ʠ 

ʩʪʨʫʢʪʫʨʥʦ-ʯʘʩʪʦʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʘʭ ʥʘʙʣʶʜʘʝʤʦʡ ʩʮʝʥʳ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦ ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʥʘ 10-20 % ʠ 

ʙʦʣʝʝ ʧʦʚʳʰʘʝʪʩʷ ʪʦʯʥʦʩʪʴ ʠʭ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʦʣʴʢʦ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

2. ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʚʳʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʦʙʲʝʢʪʦʚ ʥʘ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ 

ʩʥʠʤʢʘʭ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʯʘʩʪʦʪʥʦʤ ʘʥʘʣʠʟʝ ʤʝʨ ʙʣʠʟʦʩʪʠ ʩʦʩʝʜʥʠʭ 

ʪʦʯʝʢ ʛʠʧʝʨʢʫʙʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʠ 

ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ.  

3. ʇʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ 

ʢʘʣʠʙʨʦʚʢʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʚ ʭʦʜʝ ʝʝ ʣʝʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʦʧʦʨʥʳʭ ʧʦʣʠʛʦʥʦʚ ʠ ʤʦʜʝʣʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ç6Sè. 

ʈʘʩʩʤʦʪʨʝʥʳ ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

4. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʥʜʝʢʩʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚ 

ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʉʅʉ ʦ ʭʘʨʘʢʪʝʨʥʳʭ ʩʚʦʡʩʪʚʘʭ 

ʩʧʝʢʪʨʦʚ ʪʠʧʦʚʳʭ ʦʙʲʝʢʪʦʚ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ 

ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ. ʇʦʣʫʯʝʥʳ ʯʠʩʣʝʥʥʳʝ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʜʝʢʩʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʧʨʠʤʝʨʝ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʚ ʚʠʜʝ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʯʚʳ.  
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ɻʃɸɺɸ 4. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ  

ʇʆ ʇʆɼʊɺɽʈɾɼɽʅʀʖ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇʆʃʆɾɽʅʀʁ, 

ɺʓʅʆʉʀʄʓʍ ʅɸ ɿɸʑʀʊʋ 

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʟʘʱʠʪʫ ʚʳʥʝʩʝʥʳ ʧʷʪʴ ʇʦʣʦʞʝʥʠʡ (ʩʤ. ʩʪʨ. 10), ʢʦʪʦ-

ʨʳʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʛʣʘʚʘʭ 2 ʠ 3, ʘ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʢʘʟʘʥʘ ʥʘ ʦʪʜʝʣʴʥʳʭ 

ʧʨʠʤʝʨʘʭ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʥʘʪʫʨʥʦʡ, ʤʦʜʝʣʴʥʦʡ ʠ ʦʧʦʨʥʦʡ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ. 

ɺ ʛʣʘʚʝ 4 ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʧʦʣʫʯʠʪʴ ʜʦʩʪʦʚʝʨʥʳʝ ʯʠʩʣʝʥʥʳʝ ʦʮʝʥʢʠ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʚʳʜʚʠʥʫʪʳʭ ʥʘ ʟʘʱʠʪʫ ʇʦʣʦʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʙʦʣʝʝ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʠ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʠʚʣʝʢʘʷ ʜʣʷ ʵʪʦʛʦ ʜʘʥʥʳʝ ʦʪ ʨʦʩʩʠʡʩʢʦʡ 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ çʈʝʩʫʨʩ-ʇè, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ ʤʦʜʝʣʠʨʫʶʱʝʡ ʩʠ-

ʩʪʝʤʳ ç6Sè ʠ ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʣʝʪʥʠʭ ʩʲʝʤʦʢ ʦʧʦʨʥʳʭ ʧʦʣʠʛʦʥʦʚ ʩʠʩʪʝʤʳ 

çRadCalNetè.  

4.1. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʇʆɼʊɺɽʈɾɼɽʅʀɽ ʂʆʈʈɽʂʊʅʆʉʊʀ   

ʂʋʉʆʏʅʆ-ʃʀʅɽʁʅʆʁ ʄʆɼɽʃʀ ɺʀɼɽʆʊʈɸʂʊɸ 

 ʉʀʉʊɽʄ ɻʀʇɽʈʉʇɽʂʊʈɸʃʔʅʆʁ ʉʒɽʄʂʀ ɿɽʄʃʀ   

(ʇʆʃʆɾɽʅʀɽ 2)  

4.1.1. ɺ ʧ. 2.2.3 ʦʙʦʩʥʦʚʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ ʉʀʊ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʦʡ ʚ ʚʠʜʝ ʩʭʝʤʳ (2.3). ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟ-

ʣʫʯʝʥʠʷ ʦʪ ʉʦʣʥʮʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʧʝʨʝʜʘʯʠ ʟʚʝʥʴʝʚ ʉʀʊ. ɼʣʷ ʨʝʰʝʥʠʷ ʛʣʘʚʥʦʡ ʟʘʜʘʯʠ ï ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʦʙʲʝʢʪʦʚ 
ɿg ʥʝʦʙʭʦʜʠʤʳ ʜʘʥʥʳʝ ʧʦ 

ʤʦʱʥʦʩʪʠ ʧʘʜʘʶʱʝʛʦ ʥʘ ɿʝʤʣʶ ʠʟʣʫʯʝʥʠʷ ʇ

ɸ

ʇ

ɺ

ʇ

ʅ SS gÖ=  ʠ ʦʪʨʘʞʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

( )ʆ
ɸʂɸ

ʆ

ʅ BS gg Ö= , ʛʜʝ ʇ

ɸg , ʆ

ɸg  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʘʪʤʦʩʬʝʨʳ 

ʧʘʜʘʶʱʝʛʦ ʠ ʦʪʨʘʞʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʡ. ʇʦʵʪʦʤʫ ( )
ɸʂɸ

ʇ

ʅ

ʇ

ʅ

O

H SBSSɿ ggg ÖÖ== , ʛʜʝ 

ʆ

ɸ

ʇ

ɸɸ ggg Ö= . ʇʨʠ ʦʪʢʘʣʠʙʨʦʚʘʥʥʦʤ ʛʠʧʝʨʩʧʝʢʪʨʦʤʝʪʨʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʢʘʥʠʨʦʚʘ-

ʥʠʷ ʦʧʦʨʥʦʛʦ ʧʦʣʠʛʦʥʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 1=ʂɸg , O

BSB=  (ʵʪʦʪ ʚʦʧʨʦʩ ʨʘʩʩʤʘʪʨʠʚʘ-
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ʝʪʩʷ ʚ ʧʘʨʘʛʨʘʬʝ 4.3). ʇʦʵʪʦʤʫ ( ) ( )
ɸ

ʇ

B

O

Bɸ

ʇ

ɺɿ SSSB ggg Ö=Ö= , ʛʜʝ 
ɸg ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʧʘʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʇ

ɸg  ʧʦ ʧʨʷʤʦʤʫ ʩʦʦʪʚʝʪʩʪʚʠʶ 
ʇ

ʅ

ʇ
ɸʇ

ɺ SS ½½­½
g

 

ʠ ʦʪʨʘʞʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʆ

ɸg  ʧʦ ʦʙʨʘʪʥʦʤʫ ʦʪʦʙʨʘʞʝʥʠʶ 
O

ʅ

O
AO

ɺ SS ½½­½
g

.  

ɺ ʧʘʨʘʛʨʘʬʝ 2.1 ʥʘ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʨʘʭ ʧʦʢʘʟʘʥʘ ʚʳʩʦʢʘʷ ʣʠʥʝʡʥʘʷ ʩʚʷʟʴ 

ʤʝʞʜʫ ʇ

ʅ

ʇ

ɺ SS ­ , ʘ ʪʘʢʞʝ O

B

O

H SS ­ . ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʥʝʣʠʥʝʡʥʦʩʪʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʩʧʝʢʪʨʘʣʴʥʳʭ ʟʦʥʘʭ, ʛʜʝ ʠʟʣʫʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦ ʧʦʛʣʦʱʘʝʪʩʷ ʘʪ-

ʤʦʩʬʝʨʥʳʤʠ ʛʘʟʘʤʠ (O , H O, CO ). ʀʩʢʣʶʯʝʥʠʝ ʵʪʠʭ ʟʦʥ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʠ ʠʭ 

ʟʘʤʝʥʘ ʣʠʥʝʡʥʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʧʦ ʢʨʘʡʥʠʤ ʥʝʠʩʢʘʞʝʥʥʳʤ ʦʪʩʯʝʪʘʤ ʧʦʟʚʦʣʷʝʪ 

ʦʧʠʩʘʪʴ ʧʨʦʮʝʩʩ 
ʇ

ʅ

ʇ
ɸʇ

ɺ SS ½½­½
g

 ʧʨʷʤʳʤ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʳʤ ʦʪʦʙʨʘʞʝʥʠʝʤ. ɸʥʘ-

ʣʦʛʠʯʥʳʡ ʚʳʚʦʜ ʩʧʨʘʚʝʜʣʠʚ ʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʦʪʨʘʞʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʚʝʨʭʥʶʶ 

ʛʨʘʥʠʮʫ ʘʪʤʦʩʬʝʨʳ, ʪ.ʝ. ʦʪʦʙʨʘʞʝʥʠʷ 
O

ɺ

O
AO

ʅ SS ½½­½
g

.  

ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʠʭ ʫʪʚʝʨʞʜʝʥʠʡ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʢʦʨʨʝʢʪʥʦʩʪʠ, ʢʘʢ ʧʨʷʤʳʭ 

ʦʪʦʙʨʘʞʝʥʠʡ ʇ

ʅ

ʇ

ɺ SS ­ , O

B

O

H SS ­ , ʪʘʢ ʠ ʦʙʨʘʪʥʦʛʦ O

ʅ

O

ɺ SS ­ , ʧʨʠ ʦʮʝʥʢʝ 
ɿg. ʀʩ-

ʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʥʘ ʚʳʙʦʨʢʝ ʠʟ 500 ʩʧʝʢʪʨʦʚ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʤʘ-

ʪʝʨʠʘʣʳ ʠ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʫʩʣʦʚʠʡ ʩʲʸʤʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠʨʫʶʱʝʡ 

ʩʠʩʪʝʤʳ ç6Sè.   

4.1.2. ʅʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʤʦʜʝʣʠ 6S ʚʳʧʦʣʥʝʥ ʩʠʥʪʝʟ ʛʠ-

ʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʘʨʘʤʝʪʨʦʚ ʩʲʝʤʢʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʨʝʛʫʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʩʤʦʪʨʝʥʳ: 

- ʂʉʆ ʥʘʙʣʶʜʘʝʤʦʛʦ ʦʙʲʝʢʪʘ: ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʧʦʯʚʘ, ʧʝʩʦʢ, ʚʦʜʘ (ʧʦ 

ʜʘʥʥʳʤ ʙʘʟʳ USGS [114]); 

- ʧʨʦʬʠʣʴ ʘʪʤʦʩʬʝʨʳ: ʩʨʝʜʥʷʷ ʰʠʨʦʪʘ / ʣʝʪʦ, ʩʨʝʜʥʷʷ ʰʠʨʦʪʘ / ʟʠʤʘ, 

ʩʫʙʘʨʢʪʠʯʝʩʢʦʝ ʣʝʪʦ, ʩʫʙʘʨʢʪʠʯʝʩʢʘʷ ʟʠʤʘ, ʪʨʦʧʠʯʝʩʢʠʡ; 

- ʪʠʧ ʘʵʨʦʟʦʣʝʡ: ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ, ʧʫʩʪʳʥʥʳʡ, ʤʦʨʩʢʦʡ, ʛʦʨʦʜʩʢʦʡ; 

- ʦʧʪʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ ʘʵʨʦʟʦʣʷ: ʦʪ 0.01 ʜʦ 1; 

- ʟʝʥʠʪʥʳʡ ʫʛʦʣ ʉʦʣʥʮʘ: ʦʪ 10 ʜʦ 89 ʛʨʘʜʫʩʦʚ; 
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ɼʣʷ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ 6S ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʣʫʯʘʡʥʳʡ ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ. 

ɺʩʝʛʦ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʛʝʥʝʨʠʨʦʚʘʥʦ 500 ʩʧʝʢʪʨʦʚ (ʨʠʩʫʥʦʢ 4.1).  

 

ʈʠʩʫʥʦʢ 4.1 ï ʥʘʙʦʨ ʩʧʝʢʪʨʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ɼʣʷ ʢʘʞʜʦʛʦ ʩʧʝʢʪʨʘ ʩʬʦʨʤʠʨʦʚʘʥ ʧʦʣʥʳʡ ʥʘʙʦʨ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ: ʇ

ɺS , ʇ

ʅS , O

ʅS , O

BS  (ʧʨʠʤʝʨ ʥʘ ʨʠʩʫʥʢʝ 4.2).  

  

ʈʠʩʫʥʦʢ 4.2 ï ʧʨʠʤʝʨ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʝʯʝʥʠʷʭ ʉʀʊ: ʩʣʝʚʘ ï ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʩʧʨʘʚʘ ï ʚʦʜʘ 

4.1.3. ɺʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ ʣʠʥʝʡʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʇ

ɺS  ʠ ʇʅS , ʘ ʪʘʢʞʝ 

O

ʅS  ʠ O

BS  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʤʝʨ ʙʣʠʟʦʩʪʠ: ʩ ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝ-
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ʣʷʮʠʠ ( )ʇ
ʅ

ʇ

ɺ

ʇ SS ,r , ( )ʆ
ɺ

ʆ

ʅ

ʆ SS ,r , ʢʦʪʦʨʳʡ ʠʥʚʘʨʠʘʥʪʝʥ ʢ ʣʶʙʳʤ ʣʠʥʝʡʥʳʤ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʷʤ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʜʘʥʥʳʭ, ʠ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʤʝʨʳ 

( )ʇ
ʅ

ʇ

ɺ

ʇ SS ,D , ( )ʆ
ɺ

ʆ

ʅ

ʆ SS ,D . ɺ ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ D ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʤʝʪʦʜʫ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʢʘʢ 

( ) min
1 2

,, =-Ö-=D ä
k

kk
ʇʇ

ʅ

ʇʇ

ɺ

ʇ bSaS
K

, 
 

( ) min
1 2

,, =-Ö-=D ä
k

kk
ʆʆ

ɺ

ʆʆ

ʅ

ʆ bSaS
K

,

 

(4.2) 

ʛʜʝ ʇa , ʇb  ʠ Oa , Ob  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʣʠʥʝʡʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʥʘʙʦʨʦʚ 

ʜʘʥʥʳʭ 
ʇ

ʅ kS ,  ʠ 
ʆ

ɺkS , , Kk ,1= , ʧʨʠ ʢʦʪʦʨʳʭ min=Dʇ  ʠ min=Dʆ . 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦ ʚʳʙʦʨʢʝ ʠʟ 500 ʩʧʝʢʪʨʦʚ ʩʦʩʪʘʚʠʣʠ: 

- ʧʨʷʤʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʇ

ʅ

ʇ
ɸʇ

ɺ SS ½½­½
g

: ( )=ʇ

ʅ

ʇ

ɺ

ʇ SS ,r 0.94; ( )=D ʇ

ʅ

ʇ

ɺ

ʇ SS , 0.05; 

- ʧʨʷʤʦʝ ʦʪʦʙʨʘʞʝʥʠʝ O

ɺ

O
AO

ʅ SS ½½­½
g

: ( )=O

B

O

H

O SS ,r 0.99; ( )=D O

B

O

H

ʆ SS , 0.01; 

- ʦʙʨʘʪʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ O

ʅ

O
AO

ɺ SS ½½­½
g

: ( )=O

ʅ

O

B

O SS ,r 0.99; ( )=D O

ʅ

O

ɺ

ʆ SS , 0.01. 

ʇʦʣʫʯʝʥʥʳʝ ʦʮʝʥʢʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʪʁ ʦ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦʤ ʭʘʨʘʢʪʝʨʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʫʩʢʘʥʠʷ ʘʪʤʦʩʬʝʨʳ ʚʥʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʟʦʥ ʛʘʟʦʚʦʛʦ ʧʦʛʣʦʱʝ-

ʥʠʷ (ʩ ʫʯʝʪʦʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ɻʉɸ ʂɸ çʈʝʩʫʨʩ-ʇè). ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ 

ʩʦʚʧʘʜʝʥʠʷ ʦʮʝʥʦʢ ʜʣʷ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʧʝʨʝʜʘʯʠ ʠʟʣʫʯʝʥʠʷ ʯʝʨʝʟ ʘʪʤʦʩʬʝʨʫ, ʢʘʢ ʚ ʧʨʷʤʦʤ, ʪʘʢ ʠ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝ-

ʥʠʠ. 

 ʈʘʟʣʠʯʠʷ ʚ ʦʮʝʥʢʘʭ ʜʣʷ ʧʘʜʘʶʱʝʛʦ ʠ ʦʪʨʘʞʸʥʥʦʛʦ ʠʟʣʫʯʝʥʠʡ ʦʙʲʷʩʥʷʶʪʩʷ 

ʪʝʤ, ʯʪʦ ʦʪʨʘʞʸʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʫʞʝ ʚʢʣʶʯʘʝʪ ʘʪʤʦʩʬʝʨʥʳʡ ʚʢʣʘʜ ʥʘ ʥʠʞʥʝʡ ʠ 

ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʘʪʤʦʩʬʝʨʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʧʘʜʘʶʱʝʝ ʠʟʣʫʯʝʥʠʝ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʢ ʠʟʤʝʥʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʘʪʤʦʩʬʝʨʳ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʦʧʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʳ ʘʵʨʦʟʦʣʷ.  
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ʇʨʠ ʩʲʸʤʢʝ ʪʝʨʨʠʪʦʨʠʡ ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʵʨʦʟʦʣʝʡ (ʚ ʫʩʣʦʚʠʷʭ 

ʩʠʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ, ʧʳʣʴʥʳʭ ʙʫʨʴ, ʣʝʩʥʳʭ ʠ ʩʪʝʧʥʳʭ ʧʦʞʘʨʦʚ, ʧʦ-

ʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ, ʪʫʤʘʥʦʚ ʠ ʜʨ.) ʚʦʟʤʦʞʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʘʪʤʦʩʬʝʨʥʳʝ ʠʩ-

ʢʘʞʝʥʠʷ ʜʘʞʝ ʚʥʝ ʟʦʥ ʛʘʟʦʚʦʛʦ ʧʦʛʣʦʱʝʥʠʷ. ɼʣʷ ʵʪʠʭ ʫʩʣʦʚʠʡ ʪʨʝʙʫʝʪʩ ̫ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʝr ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʦʙʲʝʢ-

ʪʦʚ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

3.1.4. ʆʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʧʦʟʚʦʣʷʝʪ ʣʠ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʘʷ 

ʤʦʜʝʣʴ ʉʀʊ ʧʝʨʝʚʝʩʪʠ ʟʘʜʘʯʫ ʦʮʝʥʢʠ 
ɿg ʚ ʨʘʟʨʷʜ ʢʦʨʨʝʢʪʥʦ ʨʝʰʘʝʤʳʭ? ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʥʝʝ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ. 

ɼʣʷ ʩʝʯʝʥʠʡ ʇ

ɺS  ʠ O

BS  ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʟʦʥr ʛʘʟʦʚʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ. ɼʘʥʥʳʝ ʚ ʵʪʠʭ ʟʦʥʘʭ ʟʘʤʝʥʝʥʳ ʥʘ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ, 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʜʚʫʤ ʙʣʠʞʘʡʰʠʤ ʥʝʠʩʢʘʞʝʥʥʳʤ ʢʨʘʝʚʳʤ ʪʦʯʢʘʤ. ɼʣʷ ʢʘʞʜʦʛʦ 

ʠʟ 500 ʩʧʝʢʪʨʦʚ ʦʧʨʝʜʝʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ 

ʘʪʤʦʩʬʝʨʳ (ɺɻɸ) ʢʘʢ ( )bSSa ʇ

ɺ

O

Bɺɻɸɿ +Ö=,g , ʛʜʝ a  ʠ b ï ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʣʠʥʝʡʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʤʠʥʠʤʠʟʠʨʫʶʱʠʝ ʦʪʢʣʦʥʝʥʠʝ ɺɻɸɿ,g  ʦʪ ʬʘʢʪʠʯʝʩʢʦʛʦ 

ɿg, ʟʘʜʘʥʥʦʛʦ ʧʨʠ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ 6S.  

ʅʘ ʨʠʩʫʥʢʝ 4.3 ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ ʦʙʦʟʥʘʯʝʥ 
ɿg (ʩʧʝʢʪʨ 

ʟʝʣʝʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʙʘʟʳ USGS [114]). ʇʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʤʫ ʦʪʦʙʨʘʞʝʥʠʶ ɺɻɸɿ,g . ʉʝʨʳʤ ʬʦʥʦʤ ʚʳʜʝʣʝʥʳ 

ʟʦʥʳ ʧʦʛʣʦʱʝʥʠʷ.  
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ʈʠʩʫʥʦʢ 4.3 ï ʩʦʧʦʩʪʘʚʣʝʥʠʝ 
ɿg ʠ ɺɻɸɿ,g  

ʅʘ ʦʩʥʦʚʝ ʧʦʢʘʟʘʪʝʣʝʡ ( )
ɿɺɻɸɿ ggr ,,  ʠ ( )

ɿɺɻɸɿ gg ,,D  ʚr ʧʦʣʥʝʥʘ ʦʮʝʥʢʘ 

ʩʪʝʧʝʥʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ɺɻɸɿ,g  ʠ 
ɿg. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦ ʥʘʙʦʨʫ ʜʘʥʥʳʭ ʠʟ 

500 ʩʧʝʢʪʨʦʚ ʩʦʩʪʘʚʠʣʠ ( )=ɿɺɻɸɿ ggr ,, 0.99 ʠ ( )=D ɿɺɻɸɿ gg ,, 0.02. 

ʇʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʘʥʘʣʠʟʝ ʢʫʩʦʯʥʦ-

ʣʠʥʝʡʥʦʡ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ O

B

ʇ

ɺ SS ª . ɼʣʷ ʵʪʦʛʦ ʚ ʩʠʩʪʝʤʝ ç6Sè 

ʦʪʢʣʶʯʝʥʘ ʤʦʜʝʣʴ ʦʪʨʘʞʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʦʪ ʦʙʲʝʢʪʘ, ʪ.ʝ. 1=ɿg  ʜʣʷ ʚʩʝʛʦ 

ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ, ʘ ʠʟ O

BS  ʠʩʢʣʶʯʝʥʳ ʟʦʥʳ ʧʦʛʣʦʱʝʥʠʷ. ɺʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ 

ʙʣʠʟʦʩʪʠ ʩʧʝʢʪʨʦʚ ʧʘʜʘʶʱʝʛʦ ʠ ʦʪʨʘʞʝʥʥʦʛʦ ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʘʪʤʦʩʬʝʨʳ 

ʠʟʣʫʯʝʥʠʷ. ʋʩʨʝʜʥʝʥʥʝr ʧʦ ʚʳʙʦʨʢʝ ʟʥʘʯʝʥʠʷ ( )=O

B

ʇ

ɺ SS ,r 0.99 ʠ ( )=D O

B

ʇ

ɺ SS , 0.01 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʢʦʨʨʝʢʪʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʡ 

ʤʦʜʝʣʠ ʩʢʚʦʟʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʪʨʘʢʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ: 

1. ʇʨʝʠʤʫʱʝʩʪʚʘ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ ʉʀʊ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʧʨʦʠʟʚʝʜʝʥʠʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʝʨʝʜʘʯʠ, ʧʦʜʪʚʝʨʞʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʨʨʝʢʪʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ. 
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2. ʀʩʢʣʶʯʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʟʦʥ ʛʘʟʦʚʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠ ʟʘʤʝʥʘ ʠʭ 

ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦʟʚʦʣʷʶʪ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ 

ʦʧʠʩʘʪʴ ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʠʟʣʫʯʝʥʠʷ ʯʝʨʝʟ ʘʪʤʦʩʬʝʨʫ, ʢʘʢ ʧʨʠ ʧʨʷʤʦʤ, ʪʘʢ ʠ ʧʨʠ 

ʦʙʨʘʪʥʦʤ ʧʝʨʝʭʦʜʝ. ʇʦʣʫʯʝʥʥʳʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ ʠ 

ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʭ ʦʰʠʙʦʢ ʧʦʜʪʚʝʨʞʜʘʶʪ ʢʦʨʨʝʢʪʥʦʩʪʴ 

ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ. 

3. ʅʝʩʤʦʪʨʷ ʥʘ ʫʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ, ʜʣʷ 

ʪʝʨʨʠʪʦʨʠʡ ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʵʨʦʟʦʣʝʡ ʥʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʯʝʩʪʴ ʚʦʟʤʦʞʥʳʝ ʘʪʤʦʩʬʝʨʥʳʝ ʠʩʢʘʞʝʥʠʷ ʚʥʝ ʟʦʥ 

ʛʘʟʦʚʦʛʦ ʧʦʛʣʦʱʝʥʠʷ. 

 

4.2. ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ɺɸʈʀɸʅʊʆɺ ʂʆʄʇʃɽʂʉʀʈʆɺɸʅʀʗ 

 ʅɸʊʋʈʅʆʁ, ʄʆɼɽʃʔʅʆʁ ʀ ʆʇʆʈʅʆʁ  ɻʀʇɽʈʉʇɽʂʊʈɸʃʔʅʆʁ ʀʅʌʆʈʄɸʎʀʀ  

(ʇʆʃʆɾɽʅʀɽ 3)  

4.1.1. ɺ ʧʘʨʘʛʨʘʬʝ 2.4 ʥʘ ʩʠʩʪʝʤʥʦʤ ʫʨʦʚʥʝ ʦʙʦʩʥʦʚʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʥʘʥʠʡ ʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʪʨʝʭ 

ʠʩʪʦʯʥʠʢʦʚ: 

- ʨʦʩʩʠʡʩʢʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ çʈʝʩʫʨʩ-ʇè (ʧʷʪʴ ʩʧʫʪʥʠʢʦʚ), ʢʦʪʦʨʘʷ ʚ 

ʧʝʨʠʦʜ 2013ï2024 ʛʛ. ʩʬʦʨʤʠʨʦʚʘʣʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ 

ʨʝʩʫʨʩ ʧʦ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʝ ɿʝʤʣʠ; 

- ʩʠʩʪʝʤʳ ç6Sè, ʨʝʘʣʠʟʫʶʱʝʡ ʩʦʚʨʝʤʝʥʥʳʝ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʧʝʨ-

ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ; 

- ʩʠʩʪʝʤʳ ʦʧʦʨʥʳʭ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʣʠʛʦʥʦʚ çRadCalNetè, ʨʝʛʫʣʷʨʥʦ 

ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʡ ʯʝʨʝʟ ʢʘʞʜʳʝ 30 ʤʠʥʫʪ ʘʢʪʫʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʠ ʧʘʨʘʤʝʪʨʘʤ ʘʪʤʦʩʬʝʨʳ. 

ɼʘʥʥʳʝ ʦʪ ʦʧʦʨʥʳʭ ʧʦʣʠʛʦʥʦʚ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʘʢʪʫʘʣʴʥʳʝ ʦʮʝʥʢʠ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ, ʢʘʢ ʥʘ ʫʨʦʚʥʝ ʥʘʟʝʤʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ, ʪʘʢ 

ʠ ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʘʪʤʦʩʬʝʨʳ. ʇʨʠ ʵʪʦʤ ʂʉʆ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʝʚʳʭ ʠʟʤʝʨʝʥʠʡ, ʘ ʂʉʆ ʥʘ ʚʭʦʜʝ ʜʘʪʯʠʢʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 
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ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʝʥʦʩʘ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʯʝʨʝʟ ʘʪʤʦʩʬʝʨʫ ʚ ʥʘʜʠʨ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ MODTRAN ï ʘʥʘʣʦʛʘ 6S. 

ʇʨʠʤʝʥʝʥʠʝ 6S ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʦʪʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʘʪʤʦ-

ʩʬʝʨʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʥʦʤ ʟʨʘʯʢʝ 

ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʝʥʩʦʨʘ ʟʘ ʩʯʸʪ ʫʯʸʪʘ ʨʷʜʘ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ ʢʦʩʤʠʯʝʩʢʦʡ 

ʩʲʝʤʢʠ (ʛʝʦʤʝʪʨʠʷ ʠ ʚʳʩʦʪʘ ʥʘʙʣʶʜʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʣʴʝʬʘ, ʢʦʤʧʦʥʝʥʪʳ 

ʬʦʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʩʧʝʢʪʨʘʣʴʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʙʦʨʘ ʠ ʜʨ.). ʉʦʚʤʝʩʪʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ 6S ʠ RadCalNet ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʬʠʟʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʵʤʧʠʨʠʯʝʩʢʠʤʠ ʠʟʤʝʨʝʥʠʷʤʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʪʦʯ-

ʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʠ ʥʘʜʝʞʥʦʩʪʴ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʩʨʝʜʩʪʚʘʤʠ ʉʅʉ. 

4.2.2. ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠ-

ʤʦ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫ  ʁʩʪʝʧʝʥ ɹʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʤʝʞʜʫ ʤʦʜʝʣʴʥʦʡ ʠ ʦʧʦʨʥʦʡ 

ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. ʆʮʝʥʠʤ ʩʪʝʧʝʥʴ ʙʣʠʟʦʩʪʠ ʜʘʥʥʳʭ ʚ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʤ ʩʝʯʝʥʠʠ O

BS , ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʩʠʩʪʝʤʳ ç6Sè ï 
O

SBS 6, , ʠ ʦʪ ʦʧʦʨʥʳʭ ʧʦʣʠ-

ʛʦʥʦʚ ï 
O

ʆʇBS , . ɼʣʷ ʵʪʦʛʦ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʨʳ ( )O

ʆʇB

O

SB SS ,, ,6r  ʠ ( )O

ʆʇB

O

SB SS ,, ,6D . 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʟʘʛʨʫʞʝʥʳ ʜʘʥʥʳʝ ʧʦ ʦʧʦʨʥʦʤʫ ʧʦʣʠʛʦʥʫ çRailroad Val-

leyè ʩʝʪʠ çRadCalNetè ʟʘ 1 ʯʠʩʣʦ ʢʘʞʜʦʛʦ ʤʝʩʷʮʘ 2024 ʛʦʜʘ. ʅʘ ʦʩʥʦʚʝ 
ʆʇɿ,g  ʠ 

ʚʝʢʪʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʘʪʤʦʩʬʝʨʳ ʚ ʩʠʩʪʝʤʝ ç6Sè ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʬɻ-

ʬʠʮʠʝʥʪʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʥʘ ʚʭʦʜʝ ɻʉɸ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʬʦʨʤʠʨʦʚʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʥʘʙʦʨʳ ʜʘʥʥʳʭ, ʩʦʩʪʦʷʱʠʝ ʠʟ 12 ʦʙʨʘʟʮʦʚ: 

- O

ʆʇBS ,  ï ʥʘʙʦʨ ʜʘʥʥʳʭ ʦʪ ʩʣʫʞʙ rʦʧʦʨʥʦʛʦ ʧʦʣʠʛʦʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʜʝʣʠ çMODTRANè; 

-  O

SBS 6,  ï ʥʘʙʦʨ ʜʘʥʥʳʭ ʦʪ ʩʠʩʪʝʤ rç6Sè ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʡ ʦʪ ʦʧʦʨʥʦʛʦ 

ʧʦʣʠʛʦʥʘ. 
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ʅʘ ʨʠʩʫʥʢʝ 4.4 ʩʣʝʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʩʣʫʞʙʦʡ 

ʦʧʦʨʥʦʛʦ ʧʦʣʠʛʦʥʘ ï 
O

ʆʇBS , , ʘ ʩʧʨʘʚʘ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴ-

ʥʳʭ ʜʘʥʥʳʭ ʩʠʩʪʝʤʦʡ ç6Sè ï 
O

SBS 6, .  

  

ʈʠʩʫʥʦʢ 4.4 ï 
O

ʆʇBS , , 
O

SBS 6,  

ʉʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ ʜʣʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʘʥʥʳʭ ʠʟ 12 ʥʘʙʦʨʦʚ ʩʦʩʪʘʚʠʣʠ 

( )O

ʆʇB

O

SB SS ,, ,6r = 0.90 ʠ ( )O

ʆʇB

O

SB SS ,, ,6D  = 0.08. ʇʦʣʫʯʝʥʥʳʝ ʦʮʝʥʢʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʤʝʞʜʫ ç6Sè ʠ çRadCalNetè, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʢʦʨʨʝʢʪʥʦʩʪʴ ʠʭ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

4.2.3. ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʩʠʩʪʝʤ çʈʝ-

ʩʫʨʩ-ʇè, ç6Sè ʠ çRadCalNetè ʷʚʣʷʝʪʩʷ ʪʦʯʥʘʷ ʧʨʠʚʷʟʢʘ ʨʘʟʥʦʨʦʜʥʳʭ ʜʠʩʢʨʝʪʥʳʭ 

ʜʘʥʥʳʭ ʢ ʝʜʠʥʦʡ ʩʝʪʢʝ ʜʣʠʥ ʚʦʣʥ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘʙʣʶʜʘʝʤʦʡ ʩʮʝʥʳ ʥʝʦʙʭʦʜʠ-

ʤʦ ʚʳʙʨʘʪʴ ʣʫʯʰʠʡ ʚʘʨʠʘʥʪ ʠʭ ʠʥʪʝʛʨʘʮʠʠ. 

ʉʠʩʪʝʤʘ ç6Sè ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ʠʩ-

ʧʦʣʴʟʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʥʥʳʝ ʩʧʝʢʪʨʘʣʴʥʦ-ʟʘʚʠʩʠʤʳʝ ʧʘʨʘʤʝʪʨʳ, ʟʘ-

ʜʘʥʥʳʝ ʥʘ ʦʧʨʝʜʝʣʸʥʥʦʡ ʜʠʩʢʨʝʪʥʦʡ ʩʝʪʢʝ ʜʣʠʥ ʚʦʣʥ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʙʦʪʳ 

ʩ ʠʥʦʡ ʩʝʪʢʦʡ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʣʠʥʝʡʥʦʡ ʠ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʝʨʝʩʯʠʪʳʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ, ʨʘʩʩʝʷʥʠʷ ʠ ʜʨʫʛʠʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʠʥ ʚʦʣʥ. ʇʨʠ ʫʩʣʦʚʠʠ ʚʳʩʦʢʦʡ ʧʣʦʪ-

ʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʪʩʯʝʪʦʚ ʚ ʜʠʘʧʘʟʦʥʘʭ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʬʣʶʢʪʫʘʮʠʷʤʠ ʠʥ-

ʪʝʨʧʦʣʷʮʠʦʥʥʳʝ ʦʰʠʙʢʠ ʦʩʪʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ 
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ʤʦʜʝʣʠ ʧʨʠ ʨʘʙʦʪʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʠʩʢʨʝʪʥʳʤʠ ʩʝʪʢʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʤʢʘʭ 

ʘʥʘʣʠʪʠʢʦ-ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʪʨʝʙʫʝʪʩ ̫ʢʦʨʨʝʢʪʥʦʝ 

ʩʚʝʜʝʥʠʝ ʢ ʝʜʠʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʦʪ ʩʠʩʪʝʤ çʈʝʩʫʨʩ-

ʇè ʠ çRadCalNetè.  

ɺ ʧ. 2.4.5 ʥʘ ʝʜʠʥʠʯʥʳʭ ʧʨʠʤʝʨʘʭ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʢʦʤʧʣʝʢʩʠʨʦ-

ʚʘʥʠʷ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʦʪ ɻʉɸ ʂɸ çʈʝʩʫʨʩ-ʇè ʠ ʦʪ 

ʦʧʦʨʥʳʭ ʧʦʣʠʛʦʥʦʚ ʩʝʪʠ çRadCalNetè. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʛʫʣʷʨʥʘ ̫ ʩʝʪʢʘ ʯʘʩʪʦʪ 

ʦʧʦʨʥʦʛʦ ʧʦʣʠʛʦʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʧʨʠʚʷʟʢʠ ʧʦ ʩʨʘʚʥʝʥʠ ʁ

ʩ ʢʚʘʟʠʨʝʛʫʣʷʨʥʳʤʠ ʦʪʩʯʝʪʘʤʠ ɻʉɸ. ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʚʳʙʦʨʝ ʥʘʠʣʫʯʰʝʡ 

ʩʝʪʢʠ ʜʣʠʥ ʚʦʣʥ ʷʚʣʷʝʪʩʷ ʫʯʝʪ ʵʣʝʢʪʨʦʥʥʦʛʦ ʰʫʤʘ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʛʦ ʥʘʙʣʶ-

ʜʝʥʠʷ, ʥʦ ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʠʟʤʝʨʝʥʠʷʭ ʦʧʦʨʥʦʛʦ ʧʦʣʠʛʦʥʘ. ɼʘʥʥʳʡ ʧʘʨʘʛʨʘʬ 

ʥʘʧʨʘʚʣʝʥ ʥʘ ʧʦʣʫʯʝʥʠʝ ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʭ ʦʮʝʥʦʢ ʪʦʯʥʦʩʪʠ ʜʚʫʭ ʤʝʪʦʜʦʚ ʢʦʤ-

ʧʣʝʢʩʠʨʦʚʘʥʠʷ ʧʫʪʝʤ ʨʘʩʰʠʨʝʥʠʷ ʚʳʙʦʨʢʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʧʘ-

ʨʘʛʨʘʬʝ 2.4.5. 

4.2.4. ʅʘ ʦʩʥʦʚʝ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʧʦʨʥʳʭ ʧʦʣʠʛʦʥʦʚ ʩʝʪʠ 

çRadCalNetè (çRailroad Valleyè, çLa Crauè, çGobabebè ʠ  çBaotouè) ʛʠʧʝʨʩʧʝʢ-

ʪʨʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ çʈʝʩʫʨʩ-ʇè ʩʬʦʨʤʠʨʦʚʘʥʳ ʩʣʝʜʫ-

ʶʱʠʝ ʜʘʥʥʳʝ: 

- ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ S ï ʠʩʭʦʜʥʘʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʧʦ ʜʘʥʥʳʤ ʦʧʦʨʥʳʭ 

ʧʦʣʠʛʦʥʦʚ ʚ ʨʝʛʫʣʷʨʥʦʡ ʰʢʘʣʝ ʜʣʠʥ ʚʦʣʥ [ ]1000,400Íl  ʥʤ, 10==D Constl ʥʤ, ʠ 

S
~

 ï ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʘʷ ʚ ʢʚʘʟʠʨʝʛʫʣʷʨʥʫʶ ʩʝʪʢʫ ʯʘʩʪʦʪ ɻʉɸ; 

- ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ B  ï ʠʩʭʦʜʥʘʷ ʦʪ ɻʉɸ ʂɸ çʈʝʩʫʨʩ-ʇè, ʧʦʣʫʯʝʥʥʘʷ ʚ 

ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ [ ]1000,400Íl  ʥʤ ʩ ʧʝʨʝʤʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ Const¸Dl , 

ʠ B
~

 ï ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʘʷ ʚ ʨʝʛʫʣʷʨʥʫʶ ʩʝʪʢʫ ʯʘʩʪʦʪ ʦʧʦʨʥʦʛʦ ʧʦʣʠʛʦʥʘ.  

ɺʩʝʛʦ ʜʣʷ ʘʥʘʣʠʟʘ ʪʦʯʥʦʩʪʠ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʩʬʦʨʤʠʨʦ-

ʚʘʥʦ 30 ʧʘʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ S ʠ B, ʜʣʷ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ()SDĔ , 

( )1,Ĕ
+ii SSK , 1h, ()BDĔ , ( )1,Ĕ

+kk BBK , ()eDĔ , 2h  
ʠ h(ʩʤ. ʧ. 2.4.4). ʅʘ ʨʠʩʫʥʢʝ 4.5 ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 1h 
(ʩʣʝʚʘ) ʠ 2h  

(ʩʧʨʘʚʘ) ʜʣʷ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦ-
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ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʂʨʘʩʥʳʤ ʧʫʥʢʪʠʨʦʤ ʦʙʦʟʥʘʯʝʥ rʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 1h  
ʠ 2h  

ʧʦ 

ʚʳʙʦʨʢʝ, ʘ ʬʦʥʦʤ ʟʘʢʨʘʰʝʥʦ ʉʂʆ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 1hD  ʠ 2hD . 

  

ʈʠʩʫʥʦʢ 4.5 ï ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 1h 
(ʩʣʝʚʘ) ʠ 2h  

(ʩʧʨʘʚʘ) 

ʜʣʷ 30 ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ S ʠ B  

ʇʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ =1h  
0.89, =D 1h 0.008, =2h 1.01, =D 2h 0.003, ʯʪʦ ʩʚʠ-

ʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ 1h 
ʠ 2h  

ʧʨʠ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʠ 

ʨʝʘʣʴʥʦʡ ʠ ʦʧʦʨʥʦʡ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʧʨʝʜʝ-

ʣʷʶʱʝʛʦ ʧʦʢʘʟʘʪʝʣ ̫h = 0.88, ʘ ʉʂʆ =Dh 0.009 ʜʣʷ ʪʨʠʜʮʘʪʠ ʨʘʟʣʠʯʥʳʭ ʩʝʘʥʩʦʚ 

ʥʘʙʣʶʜʝʥʠʡ ʦʧʦʨʥʳʭ ʧʦʣʠʛʦʥʦʚ ʩʝʪʠ çRadCalNetè ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫ-

ʨʦʡ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ çʈʝʩʫʨʩ-ʇè. ʕʪʠ  ʜʘʥʥʳʝ ʜʘʣʠ ʦʩʥʦʚʘʥʠʝ ʜʣʷ ʧʨʠʥʷ-

ʪʠʷ ʨʝʰʝʥʠʷ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʠ ʜʣʠʥ ʚʦʣʥ 10==D Constl  ʥʤ 

ʦʧʦʨʥʳʭ ʧʦʣʠʛʦʥʦʚ ʜʣʷ ʧʝʨʝʚʦʜʘ ʚ ʵʪʫ ʩʝʪʢʫ ʠʟʤʝʨʝʥʠʡ ɻʉɸ ʩʠʩʪʝʤʳ çʈʝʩʫʨʩ-ʇè 

ʩ ʮʝʣʴʶ ʢʦʨʨʝʢʪʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʩʠ-

ʩʪʝʤ çʈʝʩʫʨʩ-ʇè, ç6Sè ʠ çRadCalNetè.  

4.3. ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ɸʃɻʆʈʀʊʄɸ 

 ʉʊʈʋʂʊʋʈʅʆ-ʏɸʉʊʆʊʅʆʁ ʀɼɽʅʊʀʌʀʂɸʎʀʀ ɻʈɸʅʀʎ ʆɹʒɽʂʊʆɺ 

 ʅɸ ɻʀʇɽʈʉʇɽʂʊʈɸʃʔʅʓʍ ʀɿʆɹʈɸɾɽʅʀʗʍ 

(ʇʆʃʆɾɽʅʀɽ 4)  

4.3.1. ɺ ʧʘʨʘʛʨʘʬʝ 3.2 ʨʘʩʩʤʦʪʨʝʥ ʧʦʜʭʦʜ ʢ ʚʳʜʝʣʝʥʠʶ ʛʨʘʥʠʮ ʦʙʲʝʢʪʦʚ ʥʘ 

ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʥʘ ʦʩʥʦʚʝ ʤʝʨ ʙʣʠʟʦʩʪʠ (ʦʪʣʠʯʠʷ) ʩʦʩʝʜʥʠʭ ʪʦ-
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ʯʝʢ ʛʠʧʝʨʢʫʙʘ ( )( )KknmBB k ,1,, == , ʥʘʧʨʠʤʝʨ ʪʦʯʝʢ ( )11 ,nmBk  ʠ ( )22 ,nmBk , 

ʧʫʪʝʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʩʧʝʢʪʨʦʚ) kB ,1  ʠ kB ,2 , 

Kk ,1= . ʅʘ ʦʪʜʝʣʴʥʳʭ ʧʨʠʤʝʨʘʭ ʧʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠ 

ʚʳʜʝʣʝʥʠʠ ʢʦʥʪʫʨʦʚ ʦʙʲʝʢʪʦʚ. ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥ ʬʘʢʪ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ʉʅʉ) 

ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʘ ʝʝ ʚʭʦʜ ʢʦʥʪʫʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʤʘʪʝʨʠʘʣʘʤ 

ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ. ɺ ʜʘʥʥʦʤ ʧʘʨʘʛʨʘʬʝ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ 

ʜʦʩʪʦʚʝʨʥʳʭ ʦʮʝʥʦʢ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʩʪʨʫʢʪʫʨʥʦ-ʯʘʩʪʦʪʥʦʛʦ ʚʳʜʝ-

ʣʝʥʠʷ ʢʦʥʪʫʨʦʚ ʧʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

3.4.2. ʇʨʝʜʣʘʛʘʝʤʳʡ ʘʣʛʦʨʠʪʤ ʚʳʜʝʣʝʥʠʷ ʢʦʥʪʫʨʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʪʨʫʢ-

ʪʫʨʥʦ-ʯʘʩʪʦʪʥʦʤ ʘʥʘʣʠʟʝ, ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʘʥʘʣʠʪʠʢʦ-ʥʝʡʨʦʩʝʪʝʚʦʡ ʠʜʝʥʪʠ-

ʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ɿʝʤʣʠ ʧʦ ʜʘʥʥʳʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ 

ʦʙʣʘʜʘʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʥʘʫʯʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʮʝʥʥʦʩʪʴʶ. ɼʣʷ ʦʙʲʝʢʪʠʚʥʦʡ 

ʦʮʝʥʢʠ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʜʝʪʝʢʪʦʨʘʤʠ 

ʦʙʥʘʨʫʞʝʥʠʷ ʛʨʘʥʠʮ, ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ ʩʪʨʫʢʪʫʨʥʦʤ ʘʥʘʣʠʟʝ ʥʘʙʣʶʜʘʝʤʦʡ ʩʮʝʥʳ.  

ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ.  

1. ʆʧʝʨʘʪʦʨ ʟʘʜʘʝʪ ʛʨʘʥʠʮʳ ʦʙʲʝʢʪʦʚ ʛʠʧʝʨʢʫʙʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʚʳʙʦʨʢʠ: ( ){ }
ɻɻɻɻ mmBB ,= , ʛʜʝ çɻè ï ʠʥʜʝʢʩ ʛʨʘʥʠʯʥʳʭ ʪʦʯʝʢ.  

2. ʌʦʨʤʠʨʫʶʪʩʷ ʟʦʥʳ ʛʨʘʥʠʮ (ɿɻ)  

( ){ }...,3,2,1, =°°= aaa ɻɻɿɻɿɻ nmBB , 

ʛʜʝ a ï ʨʘʟʤʝʨ ʘʧʝʨʪʫʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʰʠʨʠʥʫ ʢʦʥʪʫʨʥʦʡ ʟʦʥʳ, ʦʙʳʯʥʦ ʧʨʠ-

ʥʠʤʘʝʪʩʷ 2,1=a . 

3. ɽʩʣʠ ʜʣʷ ( )nmB ,  ʪʦʯʢʘ ʧʦʧʘʣʘ ʚ ʢʦʥʪʫʨʥʫʶ ʟʦʥʫ ʣʶʙʦʛʦ ʦʙʲʝʢʪʘ, ʪ.ʝ. 

( )( )aa °°Í ɻɻ nmnm ,, , ʪʦ ʬʠʢʩʠʨʫʝʪʩʷ, ʯʪʦ ʪʦʯʢʘ ( )nm,  ʧʨʠʥʘʜʣʝʞʠʪ ʢʦʥʪʫʨʫ 

ʦʙʲʝʢʪʘ (çʠʩʪʠʥʘè), ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʪʦʯʢʘ ( )nm,  ï ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ ʢʦʥʪʫʨʫ 

(çʣʦʞʴè). 

4. ɼʣʷ ʢʘʞʜʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ: 
ʀS  ï ʯʠʩʣʦ ʢʦʥʪʫʨʥʳʭ ʪʦʯʝʢ, 
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ʧʦʧʘʚʰʠʭ ʚ ʟʦʥʫ ʛʨʘʥʠʮ; 
ʃS  ï ʯʠʩʣʦ ʢʦʥʪʫʨʥʳʭ ʪʦʯʝʢ, ʥʝ ʧʦʧʘʚʰʠʭ ʚ ʟʦʥʫ 

ʛʨʘʥʠʮ. 

5. ʇʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʚʳʜʝʣʝʥʠʷ ʢʦʥʪʫʨʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

[ ]1,0,1 Íöö
÷

õ
ææ
ç

å
-Ööö

÷

õ
ææ
ç

å
= hh

ɿʅ

ʃ

ɿɻ

ʀ

S

S

S

S
, (4.3) 

 ʛʜʝ 
ɿɻS , 

ɿʅS  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʯʠʩʣʦ ʪʦʯʝʢ ʚ ʛʨʘʥʠʯʥʦʡ ʠ ʥʝʛʨʘʥʠʯʥʦʡ ʟʦʥʘʭ. 

ʇʝʨʚʳʡ ʩʦʤʥʦʞʠʪʝʣʴ ʦʧʨʝʜʝʣʷʝʪ ʢʘʯʝʩʪʚʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʥʠʮ, [ ]1,0Íɻɿʇ SS . 

ɺʪʦʨʦʡ ʩʦʤʥʦʞʠʪʝʣʴ ( )[ ]1,01 Í- ɿʅʃ SS  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʘʯʝʩʪʚʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʝʛʨʘʥʠʯʥʦʡ ʟʦʥʳ, ʯʝʤ ʤʝʥʴʰʝ ʚ ʥʝʝ ʧʦʧʘʜʘʶʪ ʢʦʥʪʫʨʥʳʝ ʪʦʯʢʠ, ʪʝʤ ʚʳʰʝ ʢʘʯʝ-

ʩʪʚʦ ʢʦʥʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ.  

3.4.3. ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʘʙʦʨ ʜʘʥʥʳʭ, ʩʬʦʨʤʠʨʦ-

ʚʘʥʥʳʡ ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ʉʅʉ). ʆʥ ʚʢʣʶʯʘʝʪ ʜʝʩʷʪʴ 

ʨʘʟʣʠʯʥʳʭ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ (ɻʉʀ), ʧʦʣʫʯʝʥʥʳʭ ʚ ʚʠʜʝ ʧʨʦʪʷ-

ʞʝʥʥʳʭ ʤʘʨʰʨʫʪʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ çʈʝʩʫʨʩ-ʇè, ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʦʧʦʨʥʳʝ ʤʘʩʢʠ. 

ʆʧʦʨʥʳʝ ʤʘʩʢʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʧʫʪʝʤ ʨʫʯʥʦʡ ʨʘʟʤʝʪʢʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʦʧʝʨʘʪʦʨʦʤ. ʅʘ ʠʭ ʦʩʥʦʚʝ ʩʬʦʨʤʠʨʦʚʘʥʳ ʢʦʥʪʫʨʥʳʝ ʟʦʥʳ, ʧʨʠʥʷʪʳʝ ʚ ʢʘ-

ʯʝʩʪʚʝ ʵʪʘʣʦʥʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʦʙʲʝʢʪʦʚ. ʅʘ 

ʨʠʩʫʥʢʝ 4.6 ʧʨʝʜʩʪʘʚʣʝʥ ʬʨʘʛʤʝʥʪ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ: ʩʣʝʚʘ ï 

ʦʧʦʨʥʘʷ ʤʘʩʢʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʦʧʝʨʘʪʦʨʦʤ; ʩʧʨʘʚʘ ï ʢʦʥʪʫʨʥʳʝ ʟʦʥʳ (
ɿɻB ), 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʦʧʦʨʥʦʡ ʤʘʩʢʝ. 
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ʈʠʩʫʥʦʢ 4.6 ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʪʫʨʥʳʭ ʟʦʥ:  

ʩʣʝʚʘ ï ʨʘʟʤʝʪʢʘ ʦʧʝʨʘʪʦʨʘ; ʩʧʨʘʚʘ ï ʟʦʥʳ ʛʨʘʥʠʮ 

ɼʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʩʪʨʫʢ-

ʪʫʨʥʦ-ʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʝʪʝʢʪʠʨʦʚʘ-

ʥʠʷ ʢʦʥʪʫʨʦʚ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʦʙ-

ʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ: ʦʧʝʨʘʪʦʨ ʉʦʙʝʣʷ, ʦʧʝʨʘʪʦʨ ʈʦʙʝʨʪʩʘ ʠ ʜʝʪʝʢʪʦʨ ʂʵʥʥʠ [69, 

132, 133]. ʕʪʠ ʦʧʝʨʘʪʦʨʳ ʦʩʥʦʚʘʥʳ ʥʘ ʩʪʨʫʢʪʫʨʥʦʤ ʘʥʘʣʠʟʝ ʧʘʥʭʨʦʤʘʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʨʠ ʠʭ ʧʨʠʤʝʥʝʥʠʠ ʢ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʤ ʠʟʦʙʨʘʞʝʥʠʷʤ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʛʨʘʥʠʮ ʚʳʧʦʣʥʷʣʦʩʴ ʜʣʷ ʢʘʞʜʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʘʥʘʣʘ, ʧʦʩʣʝ ʯʝ-

ʛʦ ʨʝʟʫʣʴʪʘʪʳ ʫʩʨʝʜʥʷʣʠʩʴ. ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʜʝʥʪʠ-

ʬʠʢʘʮʠʠ ʛʨʘʥʠʮ ʨʘʟʣʠʯʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠʚʝ-

ʜʝʥʳ ʢ ʙʠʥʘʨʥʦʤʫ ʚʠʜʫ ʥʘ ʦʩʥʦʚʝ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʇʦʤʠʤʦ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ, ʧʨʦʚʝʨʝʥʥʳʭ ʚʨʝʤʝʥʝʤ, ʩʫʱʝʩʪʚʫʶʪ ʠ ʙʦ-

ʣʝʝ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ, ʪʘʢʠʝ ʢʘʢ HED, RCF ʠ BDCN [134]. ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ 

ʦʥʠ ʦʩʥʦʚʘʥʳ ʥʘ ʛʣʫʙʦʢʦʤ ʦʙʫʯʝʥʠʠ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʠʭ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʠ ʦʙʲʝʤʘ ʨʘʟʤʝʯʝʥʥʳʭ ʜʘʥʥʳʭ. ʂʨʦʤʝ ʪʦʛʦ, 

ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʦʙʫʯʝʥʠʷ 

ʠ ʨʘʙʦʪʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʘʥʥʳʝ ʤʝʪʦʜʳ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ 4.7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʨʘʥʠʮ ʦʙʲʝʢʪʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ: a) ʩʪʨʫʢʪʫʨʥʦ-ʯʘʩʪʦʪʥʳʡ ʘʥʘʣʠʟ ɻʉʀ;    
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ʙ) ʦʧʝʨʘʪʦʨ ʉʦʙʝʣʷ; ʚ) ʦʧʝʨʘʪʦʨ ʈʦʙʝʨʪʩʘ; ʛ) ʦʧʝʨʘʪʦʨ ʂʵʥʥʠ. 

 

ʘ) 

 

ʙ) 

 

ʚ) 

 

ʛ) 

ʈʠʩʫʥʦʢ 4.7 ï ʨʝʟʫʣʴʪʘʪʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʨʘʥʠʮ ʦʙʲʝʢʪʦʚ 

 ʨʘʟʣʠʯʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ 

ɼʣʷ ʚʳʙʦʨʢʠ ʠʟ 10 ʤʘʨʰʨʫʪʦʚ ʩʲʝʤʢʠ ʂɸ çʈʝʩʫʨʩ-ʇè ʩʬʦʨʤʠʨʦʚʘʥʳ ɻʉʀ ʠ 

ʚʳʧʦʣʥʝʥʘ ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʢʦʥʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ. ɺ ʪʘʙʣʠʮʝ 4.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ h, ʫʩʨʝʜʥʝʥ-

ʥʳʝ ʧʦ ʚʳʙʦʨʢʝ. 

  ʊʘʙʣʠʮʘ 4.1 ï ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʢʦʥʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ɸʣʛʦʨʠʪʤ ɻʉʀ ʉʦʙʝʣ ʈʦʙʝʨʪʩ ʂʵʥʥʠ 

h 0.90 0.65 0.58 0.71 
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʙʝʜʠʪʝʣʴʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʩʪʨʫʢ-

ʪʫʨʥʦ-ʯʘʩʪʦʪʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʚʳʜʝʣʝʥʠʶ ʛʨʘʥʠʮ ʦʙʲʝʢʪʦʚ ʥʘʙʣʶʜʘʝʤʦʡ ʩʮʝʥʳ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ çʯʠʩʪʦè ʩʪʨʫʢʪʫʨʥʳʤ ʧʦʜʭʦʜʦʤ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʥʪʫʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʩʪʨʫʢʪʫʨʥʦ-ʯʘʩʪʦʪʥʦʤ ʘʥʘʣʠʟʝ, ʚ ʢʘʯʝ-

ʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʣʦʷ ʧʨʠ ʦʙʫʯʝʥʠʠ ʠ ʨʘʙʦʪʝ ʉʅʉ. 

4.4. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ 

 ɸʃɻʆʈʀʊʄɸ ʈɸɼʀʆʄɽʊʈʀʏɽʉʂʆʁ ʂɸʃʀɹʈʆɺʂʀ ɻʀʇɽʈʉʇɽʂʊʈʆʄɽʊʈɸ 

 ʇʆ ɼɸʅʅʓʄ ʅɸɹʃʖɼɽʅʀʗ ʆʇʆʈʅʓʍ ʇʆʃʀɻʆʅʆɺ 

(ʇʆʃʆɾɽʅʀɽ 5)  

4.4.1. ɻʠʧʝʨʩʧʝʢʪʨʦʤʝʪʨ ʚ ʨʝʛʠʩʪʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ( )nm, , 

Mm ,1= , Nn ,1= , ʬʦʨʤʠʨʫʝʪ ʛʠʧʝʨʢʫʙ ʚ ʚʠʜʝ K ʠʟʦʙʨʘʞʝʥʠʡ ( )nmBk , , ʟʘʬʠʢʩʠ-

ʨʦʚʘʥʥʳʭ ʚ ʦʯʝʥʴ ʫʟʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʦʜʜʠʘʧʘʟʦʥʘʭ. ʊʦ ʝʩʪʴ ʛʠʧʝʨʢʫʙ ʜʣʷ ʢʘʞ-

ʜʦʡ ʪʦʯʢʠ ( )nm,  ʩʪʘʚʠʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʜʠʩʢʨʝʪʥʳʡ ʩʧʝʢʪʨ ʠʟ K ʦʪʩʯʝʪʦʚ. ɺ ʭʦʜʝ 

ʤʥʦʛʦʣʝʪʥʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʠʧʝʨʩʧʝʢʪʨʦʤʝʪʨʘ ʪʨʝʙʫʝʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʝʛʦ ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʚ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʚ ʢʘʞʜʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʢʘʥʘʣʝ, ʠ ʦʩʫʱʝʩʪʚ-

ʣʷʪʴ ʠʭ ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʫʶ ʢʘʣʠʙʨʦʚʢʫ, ʥʘʧʨʠʤʝʨ ʧʦ ʜʘʥʥʳʤ ʩʢʘ-

ʥʠʨʦʚʘʥʠʷ ʦʧʦʨʥʳʭ ʧʦʣʠʛʦʥʦʚ.  

ʇʨʠ ʧʨʝʜʧʦʣʝʪʥʦʡ ʥʘʟʝʤʥʦʡ ʢʘʣʠʙʨʦʚʢʝ ʥʘ ʚʭʦʜ ʛʠʧʝʨʩʧʝʢʪʨʦʤʝʪʨʘ ʧʦʜʘʝʪ-

ʩʷ ʠʟʣʫʯʝʥʠʝ ʩ ʠʟʚʝʩʪʥʦʡ ʉʇʕʗ ʚ ʧʦʣʝ ʝʛʦ ʟʨʝʥʠʷ kʚʭʂɸS ,,   ʠ ʦʥ ʬʦʨʤʠʨʫʝʪ ʚʳʭʦʜ-

ʥʦʡ ʮʠʬʨʦʚʦʡ ʩʠʛʥʘʣ kʚʳʭʂɸS ,, , Kk ,1= . ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʪʁʩʷ ʢʦʵʬʬʠʮʠʝʥʪ rʩʧʝʢ-

ʪʨʘʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ( )( )kʚʭkʚʳʭk ʂɸʂɸʂɸ SS ,,,,, =g , Kk ,1= , ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʣʠʥʝʡʥʦʡ 

ʢʘʣʠʙʨʦʚʢʠ ʢʘʞʜʦʛʦ k-ʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ka , kd . ʕʪʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʥʦ-

ʩʷʪʩʷ ʚ ʧʘʩʧʦʨʪ ʧʨʝʜʧʦʣʝʪʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʠ ʪʨʝʙʫʶʪ ʫʪʦʯʥʝʥʠʷ ʚ ʭʦʜʝ ʣʝʪʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. 

4.4.2. ɺ ʧ. 3.3.3 ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ ʛʠʧʝʨ-

ʩʧʝʢʪʨʦʤʝʪʨʘ ʚ ʭʦʜʝ ʝʛʦ ʣʝʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʂʦʥʢʨʝʪʠʟʠʨʫʝʤ ʵʪʦʪ ʘʣʛʦʨʠʪʤ ʜʣʷ 

ʩʣʫʯʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ ʜʘʥʥʳʭ ʦʪ ʦʧʦʨ-

ʥʳʭ ʧʦʣʠʛʦʥʦʚ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ ʦʮʝʥʦʢ ʧʦ ʪʦʯʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʦ-
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ʣʝʪʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. ɼʣʷ ʵʪʦʛʦ ʧʨʦʠʟʚʝʜʝʥ ʵʢʩʧʝ-

ʨʠʤʝʥʪ, ʚʢʣʶʯʘʶʱʠʡ ʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʜʫʨʳ. 

ʇʨʦʮʝʜʫʨʘ 1. ʌʦʨʤʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʥʘʙʦʨʳ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ: 

- ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʝ ʩʥʠʤʢʠ ʆʇ ʩʝʪʠ çRadCalNetè, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʟʣʠʯʥʦʝ 

ʚʨʝʤʷ }10,...,3,2,1,{ , == itt iʆʇʆʇ
 ʚ 10 ʩʝʘʥʩʘʭ ʥʘʙʣʶʜʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ 

çʈʝʩʫʨʩ-ʇè ( )},{ ,, nmBB ikʆʇʆʇ=  (4 ʩʝʘʥʩʘ, 4,3,2,1=i , ʥʘʙʣʶʜʝʥʠʷ ʆʇ çLaCrauè ʠ 

6 ʩʝʘʥʩʦʚ, 10,9,8,7,6,5=i , ʥʘʙʣʶʜʝʥʠʷ ʆʇ çRailroad Valleyè); 

- ʧʘʨʘʤʝʪʨʳ ʘʪʤʦʩʬʝʨʳ iʆʇAP ,, , ʠʟʤʝʨʝʥʥʳʝ ʩʣʫʞʙʘʤʠ ʆʇ çRadCalNetè ʚ 

ʤʦʤʝʥʪ rʚʨʝʤʝʥʠ, ʙʣʠʞʘʡʰʠʝ ʢ iʆʇt , , 10,...,3,2,1=i ; 

- ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ }10,...,3,2,1,{ , == iiʆʇʆʇ gg , 

ʠʟʤʝʨʝʥʥʳʝ ʩʣʫʞʙʘʤʠ ʆʇ çRadCalNetè; 

- ʉʇʕʗ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʆʇ ʠ ʧʨʠʰʝʜʰʝʛʦ ʥʘ 

ʚʭʦʜʥʦʡ ʟʨʘʯʦʢ ʛʠʧʝʨʩʧʝʢʪʨʦʤʝʪʨʘ }10,...,3,2,1,,1,{ ,, === iKkSS O

B

O

B ik . 

ʅʘ ʨʠʩʫʥʢʝ 4.8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣ-

ʥʝʥʠʷ ʇʨʦʮʝʜʫʨʳ 1: ʘ) 
ʆʇB  ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʆʇ çLaCrauè; ʙ) O

BS  ʧʦ ʜʘʥʥʳʤ ʆʇ 

çLaCrauè; ʚ) 
ʆʇB  ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʆʇ çRailroad Valleyè; ʛ) O

BS  ʧʦ ʜʘʥʥʳʤ ʆʇ 

ççRailroad Valleyèè. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ɻʉʀ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʚʳʙʦʨʢʝ ʦʪʩʫʪʩʪʚʦʚʘʣʘ ʠʥʬʦʨʤʘʮʠʷ ʠʟ ʩʠʥʝʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦ-

ʚʘʣʩʷ ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ 460-1000 ʥʤ. ɼʘʥʥʳʝ ʦʙ ʠʟʣʫʯʝʥʠʠ ʥʘ ʚʭʦʜʥʦʤ 

ʟʨʘʯʢʝ ɻʉɸ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʩʣʫʞʙʘʤʠ ʆʇ ʚ ʚʠʜʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʦʪʨʘʞʝʥʠʷ ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʘʪʤʦʩʬʝʨʳ ɺɻɸʆʇ,g . ɼʣʷ ʧʝʨʝʚʦʜʘ ʵʪʠʭ ʟʥʘʯʝʥʠʡ ʚ 

ʉʇʕʗ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ: ()( )pqg cos, ÖÖ= ɺɻɸʆʇ

ʇ

ɺ

O

B SS , ʛʜʝ q ï ʟʝʥʠʪʥʳʡ ʫʛʦʣ 

ʉʦʣʥʮʘ ʥʘ ʤʦʤʝʥʪ ʩʲʝʤʢʠ [63].  
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ʘ) ʙ) 

ʚ) ʛ) 
ʈʠʩʫʥʦʢ 4.8 ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʚʳʙʦʨʢʘ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

 ʘʣʛʦʨʠʪʤʘ ʢʘʣʠʙʨʦʚʢʠ: ʘ) 
ʆʇB  ʜʣʷ çLaCrauè; ʙ) O

ʆʇBS ,  ʜʣʷ çLaCrauè; 

 ʚ) 
ʆʇB  ʜʣʷ çRailroad Valleyè; ʛ) O

ʆʇBS ,  ʜʣʷ çRailroad Valleyè 

ʇʨʦʮʝʜʫʨʘ 2. ɺʳʧʦʣʥʷʝʪʩʷ ʥʘʩʪʨʦʡʢʘ ʤʦʜʝʣʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ç6Sè ʥʘ ʜʘʥ-

ʥʳʝ ʦʪ ʆʇ: iʆʇAP ,,  ʠ 10,...,3,2,1,, =iiʆʇg . ʇʨʦʚʝʨʷʝʪʩʷ ʘʜʝʢʚʘʪʥʦʩʪʴ ʜʘʥʥʳʭ ʦʪ ʩʠ-

ʩʪʝʤ ç6Sè ʠ çRadCalNetè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ (ʩʤ. ʧʘ-

ʨʘʛʨʘʬ 4.2). ʇʨʠ ʫʩʣʦʚʠʠ O

SB

O

ʆʇB SS 6,, º  ʟʘ ʦʧʦʨʥʳʡ ʩʠʛʥʘʣ ʧʨʠʥʠʤʘʝʪʩʷ O

SBS 6,  (ʜʘʣʝʝ 

O

BS ). ɺ ʩʣʫʯʘʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʩʭʦʞʜʝʥʠ ̫ʦʧʦʨʥʦʡ ʠ ʤʦʜʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʢʘ-

ʣʠʙʨʦʚʢʘ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʦʩʥʦʚʝ ʠʟ-

ʤʝʨʝʥʠʡ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʆʇ, ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʤʦʜʝʣʠ ç6Sè.  

ʇʨʦʮʝʜʫʨʘ 3. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʟʦʥ ʥʘʠʙʦʣʝʝ 
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ʩʠʣʴʥʦʛʦ ʠʩʢʘʞʝʥʠʷ ʘʪʤʦʩʬʝʨʳ. ʀʩʢʣʶʯʸʥʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʤʝʥʷʶʪʩʷ ʵʢʩʪʨʘʧʦʣʠ-

ʨʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ, ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʥʘ ʦʩʥʦʚʝ ʙʣʠʞʘʡʰʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʪʩʯʸ-

ʪʦʚ, ʥʝ ʠʩʢʘʞʸʥʥʳʭ ʘʪʤʦʩʬʝʨʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʶʪʩʷ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ 

ʜʘʥʥʳʝ 
*

,,,, ikik ʆʇʆʇ BB ­ , *
,,,,

O

kB

O

kB ii SS ­ . ʅʘ ʨʠʩʫʥʢʝ 4.9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

çʦʯʠʱʝʥʠʷè ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ: ʘ) 
*

,, ikʆʇB  ʜʣʷ çLaCrauè; ʙ) *

,,

O

kB iS  ʜʣʷ 

çLaCrauè; ʚ) 
*

,, ikʆʇB  ʜʣʷ çRailroad Valleyè; ʛ) *

,,

O

kB iS  ʜʣʷ çRailroad Valleyè. 

ʘ) ʙ) 

ʚ) ʛ) 

ʈʠʩʫʥʦʢ 4.9 ï ʜʘʥʥʳʝ ʧʦʩʣʝ çʦʯʠʩʪʢʠè ʘʪʤʦʩʬʝʨʥʳʭ ʠʩʢʘʞʝʥʠʡ  

 

ʇʨʦʮʝʜʫʨʘ 4. ɺʳʧʦʣʥʷʝʪʩʷ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʘʷ ʢʘʣʠʙʨʦʚʢʘ *
ʆʇB . ʂʦʵʬʬʠʮʠ-

ʝʥʪʳ ʢʦʨʨʝʢʮʠʠ ika , , ikd , , Kk ,1= , 10...,,3,2,1=i , ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʦʪʥʦ-

ʰʝʥʠ̫ ʩʠʛʥʘʣʘ, ʠʟʤʝʨʝʥʥʦʛʦ ʥʘ ʚʳʭʦʜʝ ɻʉɸ ʢ ʦʧʦʨʥʦʤʫ ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʝ ɻʉɸ, 
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ʪ.ʝ. 
*

,,
*

,,
O

Bʆʇ ikik SB , ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʙʦʣʝʝ ʪʦʯʥʫʶ ʦʮʝʥʢʫ ʧʝʨʝʜʘʪʦʯʥʦʡ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ iʂɸ,g  ʥʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ it . ɺ ʨʝʟʫʣʴʪʘ-

ʪʝ ʬʦʨʤʠʨʫʶʪʩʷ ʦʪʢʘʣʠʙʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ikikikik dBaB ʆʇʆʇ ,
*

,,,
**

,, +Ö= .  

ʇʨʦʮʝʜʫʨʘ 5. ʌʦʨʤʠʨʫʝʪʩʷ ʪʝʩʪʦʚʘʷ ʚʳʙʦʨʢʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʦʮʝʥʢʠ 

ʪʦʯʥʦʩʪʠ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ. ɼʣʷ ʢʘʞʜʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ it , ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʤʫ ʦʜʥʦʤʫ ʠʟ ʜʝʩʷʪʠ ʩʝʘʥʩʦʚ ʩʲʝʤʢʠ ʆʇ, ʦʪʙʠʨʘʶʪʩʷ ʛʠʧʝʨʩʧʝʢ-

ʪʨʘʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ }5,4,3,2,1,{ ,,, == jBB jii ɿɿ
, ʧʦʣʫʯʝʥʥʳʝ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠ-

ʩʪʝʤʦʡ çʈʝʩʫʨʩ-ʇè ʚ ʧʨʝʜʝʣʘʭ ʜʚʫʭʥʝʜʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ it , ʪ.ʝ. ʧʨʠ 

ʫʩʣʦʚʠʠ <- ji tt 14 ʜʥʝʡ. ʆʪʙʦʨ ʩʥʠʤʢʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠ-

ʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ [97], ʢʦʪʦʨʦʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʧʦʣʥʷʝʪ ʧʦʠʩʢ 

ʩʥʠʤʢʦʚ ʚ ʙʘʟʝ ʥʘ ʦʩʥʦʚʝ ʫʢʘʟʘʥʠʷ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʨʝʛʠʦʥʘ ʩʲʝʤʢʠ ʠ 

ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠʚʷʟʢʘ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴ-

ʥʳʭ ʜʘʥʥʳʭ ʢ ʝʜʠʥʦʡ ʰʢʘʣʝ ʜʣʠʥ ʚʦʣʥ. ɼʘʣʝʝ ʜʣʷ ʢʘʞʜʦʛʦ ʪʝʩʪʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʚʳʧʦʣʥʷʝʪʩʷ ʇʨʦʮʝʜʫʨʘ 3 ï ʠʩʢʣʶʯʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʟʦʥ ʩ ʩʠʣʴʥʳʤʠ ʘʪʤʦʩʬʝʨ-

ʥʳʤʠ ʠʩʢʘʞʝʥʠʷʤʠ ʠ ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʟʥʘʯʝʥʠʡ ʧʦ ʙʣʠʞʘʡʰʠʤ ʥʝʠʩʢʘʞʝʥʥʳʤ ʦʪ-

ʩʯʝʪʘʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʶʪʩʷ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ *
,,,, jiɿjiɿ BB ­ , ʢ 

ʢʦʪʦʨʳʤ ʧʨʠʤʝʥʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʢʮʠʠ ika , , ikd , , ʦʧʨʝʜʝʣʸʥʥʳʝ ʚ ʭʦʜʝ 

ʢʘʣʠʙʨʦʚʢʠ *
ʆʇB  (ʇʨʦʮʝʜʫʨʘ 4), ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʦʧʦʨʥʦʛʦ ʧʦʣʠʛʦʥʘ ikjikikjik dBaB ɿɿ ,
*

,,,,
**

,,, +Ö= . 

ʇʨʦʮʝʜʫʨʘ 6. ɺʳʧʦʣʥʷʝʪʩʷ ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ 

ɻʉɸ ʚ ʭʦʜʝ ʝʝ ʣʝʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɼʣʷ ʢʘʞʜʦʛʦ ɻʉʀ ʦʧʨʝʜʝʣʷʁ ʪʩʷ ʢʦʦʨʜʠʥʘʪʳ 

( )ʨʨnm ,  ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʩ ʠʟʚʝʩʪʥʳʤʠ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʥʘʧʨʠʤʝʨ ʜʣʷ ʫʯʘʩʪʢʦʚ ʩ ʟʝʣʝʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ .ʁ ʆʮʝʥʢʘ ʧʨʦʚʦʜʠʪʩʷ ʧʫʪʸʤ 

ʩʨʘʚʥʝʥʠʷ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʢʘʭ ʥʘ ʪʝʩʪʦʚʳʭ ʠʟʦʙʨʘ-

ʞʝʥʠʷʭ ( )ʨʨji nmBɿ ,,,  ʩ ʜʘʥʥʳʤʠ ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʠ ʛʠʧʝʨʢʫʙʘ ʦʧʦʨʥʦʛʦ ʧʦʣʠʛʦ-

ʥʘ ( )ʨʨi nmBʆʇ ,, . ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʨʠʢ ʦʮʝʥʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷ-
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ʮʠʠ ( )jii ɿʆʇ BB ,,, ,r , ( )**
,,

**
, , jii ɿʆʇ BBr  ʠ ʉʂʆ ( )jii ɿʆʇ BB ,,, ,D , ( )**

,,
**

, , jii ɿʆʇ BBD .  

4.4.3. ʅʘ ʨʠʩʫʥʢʝ 4.10 ʧʨʠʚʝʜʸʥ ʧʨʠʤʝʨ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʸʪʥʦʡ ʨʘʜʠʦʤʝʪʨʠ-

ʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ çʈʝ-

ʩʫʨʩ-ʇè, ʚʳʧʦʣʥʝʥʥʦʡ ʧʦ ʦʜʥʦʤʫ ʠʟ ʩʝʘʥʩʦʚ ʩʲʸʤʢʠ ʦʧʦʨʥʦʛʦ ʧʦʣʠʛʦʥʘ. ʉʣʝʚʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʉʇʕʗ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʥʘ ʚʳʭʦʜʝ ɻʉɸ, ʩʧʨʘ-

ʚʘ ï ʦʪʢʘʣʠʙʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʚ ʚʠʜʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ 

ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 
ɿg.  

  

ʈʠʩʫʥʦʢ 4.10 ï ʧʨʠʤʝʨ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ ɻʉɸ 

 ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ  

ʇʦʩʢʦʣʴʢʫ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʘʣʛʦʨʠʪʤʘ ʢʘʣʠʙʨʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʝʜʠʥʠ-

ʮʘʭ ʉʇʕʗ, ʘ ʚʳʭʦʜʥʳʝ ʦʪʢʘʣʠʙʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʚ ʚʠʜʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʧʝʢ-

ʪʨʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʥʘʯʝʥʠʝ D ʥʦʨʤʘʣʠʟʦʚʘʥʦ ʢ ʜʠʘʧʘʟʦʥʫ [0, 1] 

ʥʘ ʦʩʥʦʚʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʧʦ ʜʚʫʤ ʘʥʘʣʠʟʠʨʫʝʤʳʤ 

ʪʦʯʢʘʤ. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ r ʠ D, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʳʙʦʨʢʝ ʠʟ 50 ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ (ʜʝʩʷʪʴ 
ʆʇB  ʠ ʩʦʨʦʢ 

ɿB ), 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʫʯʘʩʪʢʘʭ ʩ ʟʝʣʝʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʨʝʟʫʣʴʪʘʪʳ (ʚʳʨʘʞʝʥʳ ʚ ʧʨʦʮʝʥʪʘʭ):  

- ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ: ( ) %85, =ɿʆʇ BBr ; ( ) %98, **** =ɿʆʇ BBr ;  

- ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʉʂʆ: ( ) %8, =D ɿʆʇ BB ; ( ) %3, **** =D ɿʆʇ BB . 

ʈʦʩʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ r ʧʦʩʣʝ ʢʘʣʠʙʨʦʚʢʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ 
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ʜʘʥʥʳʭ ʩʦʩʪʘʚʠʣ 13%, ʘ ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʉʂʆ ʩʥʠʟʠʣʦʩʴ ʥʘ 5% . ʇʦʣʫ-

ʯʝʥʥʳʝ ʯʠʩʣʝʥʥʳʝ ʦʮʝʥʢʠ ʧʦʜʪʚʝʨʞʜʘʪʁ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦ-

ʨʠʪʤʘ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ ɻʉɸ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘʭ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʘʷ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ çʈʝʩʫʨʩ-ʇè ʚ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ, ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠ 

ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʘʣʠʙʨʦʚʢʠ ʩʚʝʜʝʥʘ ʢ ʝʜʠʥʦʡ ʩʠʩʪʝʤʝ ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʚ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʢʦʨ-

ʨʝʢʪʥʫʶ ʦʙʨʘʙʦʪʢʫ ʠ ʘʥʘʣʠʟ ʩʨʝʜʩʪʚʘʤʠ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

4.5. ʆʎɽʅʂɸ  ʕʌʌɽʂʊʀɺʅʆʉʊʀ  

ɸʅɸʃʀʊʀʂʆ-ʅɽʁʈʆʉɽʊɽɺʆɻʆ  ʇʆɼʍʆɼɸ  ʀɼɽʅʊʀʌʀʂɸʎʀʀ  ʆɹʒɽʂʊʆɺ  

 ʇʆ  ɼɸʅʅʓʄ  ɻʀʇɽʈʉʇɽʂʊʈɸʃʔʅʆʁ  ʉʒɽʄʂʀ  ɿɽʄʃʀ 

(ʇʆʃʆɾɽʅʀɽ 1) 

4.5.1. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʛʣʘʚʥʘʷ ʠʜʝʷ ʘʥʘʣʠʪʠʢʦ-ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʧʦʜʭʦʜʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʧʦ ʜʘʥʥʳʤ ʦʪ ʩʠʩʪʝʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ɿʝʤʣʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʟʥʘʥʠʡ ʧʦ ʦʪʜʝʣʴʥʳʤ ʟʚʝʥʴʷʤ ʚʠʜʝʦʪʨʘʢʪʘ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʠ ʧʨʠʙʣʠʞʝʥʥʳʭ ʤʦ-

ʜʝʣʝʡ ʜʨʫʛʠʭ ʟʚʝʥʴʝʚ. ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʟʚʝʥʴʝʚ ʢʘʩʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʪʨʦʛʠʭ ʘʥʘʣʠ-

ʪʠʯʝʩʢʠʭ ʦʧʠʩʘʥʠʡ ʧʨʦʮʝʩʩʘ ʧʝʨʝʜʘʯʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʚʝʨʭʥʶʶ ʛʨʘʥʠʮʫ 

ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ ʠ ʧʨʦʮʝʩʩʘ ʦʪʨʘʞʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʦʪ ʦʙʲʝʢʪʦʚ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ. ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʟʚʝʥʴʝʚ ʚʠʜʝʦʪʨʘʢʪʘ, 

ʢʘʩʘʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩʦʚ ʧʨʦʭʦʞʜʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʯʝʨʝʟ ʘʪʤʦʩʬʝʨʫ 

(ʧʘʜʘʶʱʝʛʦ ʠ ʦʪʨʘʞʝʥʥʦʛʦ), ʘ ʪʘʢʞʝ ʚʠʜʝʦʪʨʘʢʪʘ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. 

ɿʜʝʩʴ ʚʦʟʥʠʢʘʶʪ ʦʩʥʦʚʥʳʝ ʪʨʫʜʥʦʩʪʠ ʩ ʭʦʪʷ ʙʳ ʧʨʠʙʣʠʞʝʥʥʳʤ ʦʧʠʩʘʥʠʝʤ ʵʪʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʠ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʩʝʪʝʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ.  

ʇʦʣʦʞʝʥʠʝ 1, ʚʳʜʚʠʥʫʪʦʝ ʥʘ ʟʘʱʠʪʫ, ʦʙʷʟʳʚʘʝʪ ʩʜʝʣʘʪʴ ʩʠʩʪʝʤʥʫʶ ʦʮʝʥʢʫ 

ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʆʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʘʥʘʣʠʪʠʢʦ-ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʧʦʜʭʦʜʘ ʚ ʚʠ-

ʜʝ ʇʦʣʦʞʝʥʠʡ 2-5 ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʧʘʨʘʛʨʘʬʘʭ 4.1-4.4, ʛʜʝ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʧʨʝʜʩʪʘ-

ʚʠʪʝʣʴʥʦʤ ʤʘʪʝʨʠʘʣʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʝʰʝ-
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ʥʠʡ. ʇʦʵʪʦʤʫ ʛʣʘʚʥʦʡ ʮʝʣʴ ʁʧʘʨʘʛʨʘʬʘ 4.5 ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʚʦ-

ʢʫʧʥʦʛʦ ʜʝʡʩʪʚʠʷ ʚʩʝʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨ-

ʪʘʮʠʠ. ʆʙʱʘʷ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʪʦʛʦʚʦʡ ʪʘʙʣʠ-

ʮʳ, ʚ ʢʦʪʦʨʦʡ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʜʚʫʭ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

(ʉʅʉ), ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ (ʉʅʉ 1) ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥ-

ʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʨʝʰʝʥʠʡ, ʘ ʜʨʫʛʘʷ (ʉʅʉ 2) ʩ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ. 

4.5.2. ɺʳʜʝʣʠʤ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ ʜʣʷ ʉʅʉ (ʩʤ. ʧ. 

3.1.6), ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ɺʳʙʦʨʢʘ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʉʅʉ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: 

- ʜʝʩʷʪʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʩʮʝʥ 10,...,3,2,1, =iBi , ʧʦʣʫʯʝʥʥʳʭ ʩ ɻʉɸ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ çʈʝʩʫʨʩ-ʇè ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ, ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠ 

ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ; 

- ʜʝʩʷʪʠ ʦʧʦʨʥʳʭ ʤʘʩʦʢ 10,...,3,2,1, =iGi , ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʫʯʥʦʡ ʨʘʟʤʝʪʢʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʧʝʨʘʪʦʨʦʤ.  

ɼʣʷ ʚʩʝʭ ʩʮʝʥ ʚr ʜʝʣʝʥʦ ʧʷʪʴ ʢʣʘʩʩʦʚ ʥʘʙʣʶʜʘʝʤʳʭ ʦʙʲʝʢʪʦʚ: ʚʦʜʥʳʝ ʧʦ-

ʚʝʨʭʥʦʩʪʠ, ʛʫʩʪʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʨʘʟʨʝʞʝʥʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʧʦʯʚʘ ʠ ʠʩʢʫʩ-

ʩʪʚʝʥʥʳʝ ʦʙʲʝʢʪʳ. ɺʩʝ ʜʘʥʥʳʝ ʨʘʟʜʝʣʝʥʳ ʥʘ ʦʙʫʯʘʶʱʫʶ ʠ ʪʝʩʪʦʚʫʶ ʚʳʙʦʨʢʫ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 60:40 %. ʇʨʠ ʵʪʦʤ ʠʟ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʠ 40 % ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʚʘʣʠʜʘʮʠʠ ʉʅʉ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ, ʘ ʦʩʪʘʚʰʠʝʩʷ 60 % ï ʜʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦ-

ʩʪʠ ʠʪʦʛʦʚʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ.  

ʆʙʫʯʝʥʠʝ ʉʅʉ ʚʳʧʦʣʥʷʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʜʠʥʦʡ ʘʨʭʠʪʝʢʪʫʨ,r ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [118]. ʕʪʘ ʘʨʭʠʪʝʢʪʫʨʘ ʜʦʧʦʣʥʝʥʘ ʜʚʫʤʷ ʚʘʞʥʳʤʠ ʵʣʝʤʝʥʪʘ-

ʤʠ: ʩʣʦʝʤ ʧʘʢʝʪʥʦʡ ʥʦʨʤʘʣʠʟʘʮʠʠ (batch normalization) ʧʝʨʝʜ ʧʦʩʣʝʜʥʠʤ ʩʣʦʝʤ 

ʧʦʣʥʦʡ ʩʚʷʟʠ (dense) ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʨʠʟʥʘʢʦʚ ʧʝʨʝʜ ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ ʦʙʲʝʢ-

ʪʦʚ; ʩʣʦʝʤ ʨʝʛʫʣʷʨʠʟʘʮʠʠ (drop out), ʢʦʪʦʨʳʡ ʦʪʢʣʶʯʘʝʪ (ʦʙʥʫʣʷʝʪ) 10% ʩʣʫʯʘʡ-

ʥʭr ʥʝʡʨʦʥʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʨʠʩʢʦʚ ʧʝʨʝʦʙʫʯʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ.  

ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʉʅʉ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʪʝʯʝʥʠʝ 50 ʵʧʦʭ [118] ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʧʷʪʠ 5=L  ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʦ ʄɻʂ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʩʥʠʞʝʥʠʷ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ 01.0<De  ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʟʘʜʘʥʥʦʛʦ ʯʠʩʣʘ 
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ʵʧʦʭ, ʦʙʫʯʝʥʠʝ ʜʦʩʨʦʯʥʦ ʟʘʚʝʨʰʘʣʦʩʴ. ɺ ʢʘʯʝʩʪʚʝ ʦʧʪʠʤʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

Adam (Adaptive Moment Estimation) ʩ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʦʙʫʯʝʥʠʷ 0001.00=lr . 

ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʥʘʩʪʨʦʡʢʠ ʚʝʩʦʚ ʥʘ ʧʦʟʜʥʠʭ ʵʪʘʧʘʭ ʦʙʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʫʙʳʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʦʙʫʯʝʥʠʷ  ( )ilrlri Ö+= a10 , ʛʜʝ a ï ʢʦʬɻ-

ʬʠʮʠʝʥʪ ʫʙʳʚʘʥʠʷ, i  ï ʥʦʤʝʨ ʠʪʝʨʘʮʠʠ (ʪ.ʝ. ʥʦʤʝʨ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʘʢʝʪʘ ʜʘʥ-

ʥʳʭ). ɺʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʉʅʉ ʙʳʣʠ ʧʠʢʩʝʣʴ ʩ ʦʢʨʝʩʪʥʦʩʪʷʤʠ, ʟʘʜʘʥʥʳʤʠ ʚ 

ʚʠʜʝ çʦʢʥʘè ʩ ʨʘʟʤʝʨʘʤʠ [11, 11, L], ʘ ʚʳʭʦʜʥʤrʠ ï ʚʝʢʪʦʨ, ʦʪʨʘʞʘʶʱʠʡ ʚʝʨʦʷʪ-

ʥʦʩʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʢʣʘʩʩʘʤ.   

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʫʯʝʥʠʷ ʉʅʉ ʧʨʠʤʝʥʷʣʘʩʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʘʷ 

ʬʫʥʢʮʠʷ ʧʦʪʝʨʴ ʩ ʨʝʛʫʣʷʨʠʟʘʮʠʝʡ ʥʘ ʦʩʥʦʚʝ ʠʥʜʝʢʩʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ NDVI, 

NDWI, NDBSI. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʧʨʠ ʘʥʘʣʠʟʝ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʚʦʜʥrʭ ʦʙʲʝʢʪʦʚ ʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʚʠʜʠʤʦʤ ʠ ʙʣʠʞʥʝʤ 

ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʘʭ ʩʧʝʢʪʨʘ (ʩʤ. ʧ. 3.4.6). ʀʥʜʝʢʩ rʥʘʧʨʷʤʫʶ ʥʝ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ, ʘ ʩʣʫʞʘʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʘʧʨʠ-

ʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʤ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ. 

ʆʙʱʘʷ ʬʫʥʢʮʠʷ ʧʦʪʝʨʴ ʠʤʝʝʪ ʚʠʜ: ( ) ( )GGGG ʇʕʇʕ
##,Ĕ, eaee Ö+= , ʛʜʝ: G  ï ʧʨʦʛʥʦʟ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ; GĔ ï ʬʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ (ʠʩʪʠʥʘ); G## ï ʧʨʦʛʥʦʟ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠʥʜʝʢʩʘ; 
ʇʕe  ï ʧʦʪʝʨʷ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʝʨʝʢʨʝʩʪʥʦʡ ʵʥʪʨʦʧʠʝʡ 

(ʢʨʦʩʩ-ʵʥʪʨʦʧʠʷ); a ï ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʛʫʣʷʨʠʟʘʮʠʠ. ʀʥʪʝʛʨʘʮʠʷ ʜʘʥʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʚ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʦʰʠʙʦʢ ʨʫʯʥʦʡ ʨʘʟ-

ʤʝʪʢʠ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʫʯʘʩʪʢʦʚ ʩ ʧʝʨʝʩʝʢʘʶʱʠʤʠʩʷ ʩʧʝʢ-

ʪʨʘʣʴʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʠ ʩʣʘʙʦʡ ʚʳʨʘʞʝʥʥʦʩʪʴʶ ʢʣʘʩʩʦʚ. 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʦʙʫʯʝʥʥʳʭ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʨʦʠʟʚʦ-

ʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʸʭ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʨʠʢ [115]: 

- ʊʦʯʥʦʩʪʴ (Precision) ï ʜʦʣʷ ʚʝʨʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʩʨʝʜʠ 

ʚʩʝʭ, ʦʪʥʝʩʸʥʥʳʭ ʤʦʜʝʣʴʶ ʢ ʜʘʥʥʦʤʫ ʢʣʘʩʩʫ: ( )FPTPTPP += , ʛʜʝ TP ï ʯʠʩʣʦ 

ʠʩʪʠʥʥʦ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʨʦʛʥʦʟʦʚ, FP  ï ʯʠʩʣʦ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ; 
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- ʇʦʣʥʦʪʘ (Recall) - ʜʦʣʷ ʦʙʲʝʢʪʦʚ ʮʝʣʝʚʦʛʦ ʢʣʘʩʩʘ, ʢʦʨʨʝʢʪʥʦ ʠʜʝʥʪʠʬʠʮʠ-

ʨʦʚʘʥʥʳʭ ʤʦʜʝʣʴʶ: ( )FNTPTPR += , ʛʜʝ FN  ï ʯʠʩʣʦ ʣʦʞʥʦʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʨʦ-

ʛʥʦʟʦʚ; 

- F-ʤʝʨʘ (F-score) ï ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʩʨʝʜʥʝʝ ʤʝʞʜʫ ʪʦʯʥʦʩʪʴʶ ʠ ʧʦʣʥʦʪʦʡ

( )RPPRF +=2 .  

ʇʦʩʢʦʣʴʢʫ F-ʤʝʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʦʙʱʸʥʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʫʯʠʪʳ-

ʚʘʶʱʫʶ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʪʦʯʥʦʩʪʴ ʠ ʧʦʣʥʦʪʫ, ʦʥʘ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚ ʵʢʩʧʝʨʠʤʝʥ-

ʪʝ ʢʘʢ ʙʘʟʦʚʘʷ ʤʝʪʨʠʢʘ ʢʘʯʝʩʪʚʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ. 

4.5.3. ʆʧʨʝʜʝʣʠʤ ʰʘʛʠ ʘʣʛʦʨʠʪʤʘ ʘʥʘʣʠʪʠʢʦ-ʥʝʡʨʦʩʝʪʝʚʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʦʙʲʝʢʪʦʚ ʧʦ ʜʘʥʥʳʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ɿʝʤʣʠ. ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʷʚ-

ʣʷʶʪʩʷ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʝ ʩʥʠʤʢʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 10...,3,2,1, =iBi , ʧʦʣʫ-

ʯʝʥʥʳʝ ʛʠʧʝʨʩʧʝʢʪʨʦʤʝʪʨʦʤ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ çʈʝʩʫʨʩ-ʇè.  

ʐʘʛ 1. ʆʧʨʝʜʝʣʷʪʁʩʷ ʙʣʠʞʘʡʰʠʝ ʧʦ ʚʨʝʤʝʥʠ it  ʜʦʩʪʫʧʥʳʝ ʩʝʘʥʩ rʩʲʝʤʢʠ 

ʦʧʦʨʥʦʛʦ ʧʦʣʠʛʦʥʘ (ʆʇ) iʆʇB , , 10,1=i . ɺʳʧʦʣʥʷʝʪʩʷ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʨʝʘʣʴ-

ʥʦʡ, ʦʧʦʨʥʦʡ ʠ ʤʦʜʝʣʴʥʦʡ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʩʲʝʤʢʠ ʆʇ ʠ ʤʦʜʝʣʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ç6Sè ʫʪʦʯʥʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʜʠʦʤʝʪ-

ʨʠʯʝʩʢʦʡ ʢʦʨʨʝʢʮʠʠ ka , kd , Kk ,1= , ʜʣʷ ʢʘʞʜʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ɻʉʀ. 

ʐʘʛ 2. ʇʨʦʠʟʚʦʜʠʪʩʷ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʘʷ ʢʘʣʠʙʨʦʚʢʘ iB . ʀʥʬʦʨʤʘʮʠʷ ʠʟ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʟʦʥ ʩ ʧʦʚʳʰʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʪʤʦʩʬʝʨ rʟʘʤʝʥʷʪʩʷ ʟʥʘʯʝʥʠʷʤʠ, 

ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʥʥʳʤʠ ʧʦ ʩʤʝʞʥʳʤ ʥʝʠʩʢʘʞʝʥʥʳʤ ʦʪʩʯʝʪʘʤ. ɼʘʥʥʳʝ ʦʪ ʩʧʝʢ-

ʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ɻʉʀ ʣʠʥʝʡʥʦ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ka , kd . ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʵʪʦʡ ʧʨʦʮʝʜʫʨʳ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘʙʦʨ ʦʪʢʘʣʠʙʨʦʚʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ **
iB .         

ʐʘʛ 3. ʇʨʠʤʝʥʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʦ-ʯʘʩʪʦʪʥʳʡ ʘʥʘʣʠʟ **
iB . ʆʧʨʝʜʝʣʷʶʪʩʷ ʟʦʥʳ 

ʛʨʘʥʠʮ (ʢʦʥʪʫʨʦʚ) iɿɻB , . 

ʐʘʛ 4. ʌʦʨʤʠʨʫʶʪʩʷ ʠʥʜʝʢʩʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ iNDVI , iNDWI , iNDBSI . 
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ʐʘʛ 5. ɺʳʧʦʣʥʷʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʩʥʠʞʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ **
iB  ʜʦ ʧʷʪʠ ʢʣʶʯʝ-

ʚʳʭ ʢʘʥʘʣʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʙʘʟʠʩ ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫ-

ʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʚʩʝʡ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ ʚʳʙʦʨʢʠ. ɺ ʠʪʦʛʝ ( )5,1,**** == lBB l .  

ʐʘʛ 6. ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʵʪʘʧʝ ʚʳʧʦʣʥʝʥʠʷ ʰʘʛʦʚ 3-5, ʢʦʥʢʘʪʝʥʠʨʫ-

ʶʪʩʷ ʧʦ ʦʩʠ ʢʘʥʘʣʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʣʥʳʡ ʥʘʙʦʨ ʚʭʦʜʥʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ ʜʣʷ ʉʅʉ. 

ʐʘʛ 7. ʇʨʠʤʝʥʷʝʪʩʷ ʩʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢ-

ʪʦʚ ʥʘʙʣʶʜʘʝʤʦʡ ʩʮʝʥʳ. ʌʦʨʤʠʨʫʶʪʩʷ ʠʪʦʛʦʚʳʝ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʘʣʛʦʨʠʪʤʘ ʚ 

ʚʠʜʝ ʢʘʨʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ iG##. 

3.5.4. ɼʣʷ ʦʮʝʥʢʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʣʠʷʥʠʷ ʵʣʝʤʝʥʪʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʙʱʫʶ 

ʠʜʝʶ ʘʥʘʣʠʪʠʢʦ-ʥʝʡʨʦʩʝʪʝʚʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ, ʨʝʘʣʠʟʦʚʘʥʦ ʦʙʫʯʝʥʠʝ 

ʯʝʪʳʨʝʭ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ: 

- ʉʅʉ1 ï ʙʘʟʦʚʘʷ ʤʦʜʝʣʴ, ʧʨʠ ʦʙʫʯʝʥʠʠ ʢʦʪʦʨʦʡ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʝʭʥʠʯʝ-

ʩʢʠʝ ʨʝʰʝʥʠʷ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ;  

- ʉʅʉ2 ï ʤʦʜʝʣʴ, ʧʨʠ ʦʙʫʯʝʥʠʠ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠʩʴ **
iB , ʪ.ʝ. ʦʪʢʘʣʠʙʨʦʚʘʥʥʳʝ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʝ ʩʥʠʤʢʠ; 

- ʉʅʉ3 ï ʤʦʜʝʣʴ, ʧʨʠ ʦʙʫʯʝʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʢʦʥʪʫʨʥʘ ̫ʠʥʬʦʨʤʘʮʠ ̫(ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ **
iB  ʠ iɿɻB , ); 

- ʉʅʉ4 ï ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʦʚʘʣʘ ʠʥʜʝʢʩʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ (ʚʭʦʜʥʳʤʠ 

ʜʘʥʥʳʤʠ ʷʚʣʷʣʠʩʴ **
iB , iɿɻB , , iNDVI , iNDWI , iNDBSI ).  

ɺ ʪʘʙʣʠʮʝ 4.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʚ ʚʠʜʝ    

F-ʤʝʨʳ, ʫʩʨʝʜʥʝʥʥʦʡ ʧʦ ʚʩʝʡ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ ʜʣʷ ʢʘʞʜʦʡ ʉʅʉ. ɺ ʧʦʩʣʝʜʥʝʤ 

ʩʪʦʣʙʮʝ ʪʘʙʣʠʮʳ ʫʢʘʟʘʥ ʘʙʩʦʣʶʪʥʳʡ ʨʦʩʪ F-ʤʝʨʳ ʚ % ( )10014 Ö-=D FF , ʦʪʦʙʨʘ-

ʞʘʶʱʠʝ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʦʥʢʨʝʪʥʳʭ ʢʣʘʩʩʦʚ ʦʙʲʝʢʪʦʚ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʦʪ ʙʘʟʦʚʦʡ ʉʅʉ1  ʢ ʉʅʉ4 , ʨʝʘʣʠʟʫʶʱʝʡ ʧʦʣʥʳʡ ʥʘʙʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝ-

ʰʝʥʠʡ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ.  

ʊʘʙʣʠʮʘ 4.1 ï ʨʝʟʫʣʴʪʘʪʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ (F-ʤʝʨʘ) 
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ʂʣʘʩʩ / ʉʅʉ ʉʅʉ1 ʉʅʉ2 ʉʅʉ3 ʉʅʉ4 ,%D  

ɺʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 0.95 0.99 0.99 0.99 4 

ɻʫʩʪʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 0.70 0.86 0.89 0.96 26 

ʈʝʜʢʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 0.73 0.87 0.91 0.98 25 

ʇʦʯʚʘ 0.68 0.83 0.89 0.95 27 

ɿʘʩʪʨʦʡʢʘ 0.54 0.69 0.88 0.89 35 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʦʩʪ F-ʤʝʨʳ ʧʨʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

ʩʦʩʪʘʚʠʣ ʙʦʣʝʝ 25%, ʜʣʷ ʧʦʯʚʳ ʙʦʣʝʝ 27% , ʜʣʷ ʟʘʩʪʨʦʡʢʠ ʙʦʣʝʝ 35% .  

 

ɺʓɺʆɼʓ ʇʆ ɻʃɸɺɽ 4 

1. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ç6Sè ʩʠʥʪʝʟʠʨʦʚʘʥʳ 500 

ʥʘʙʦʨʦʚ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʦʙʲʝʢʪʦʚ 

ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʘʪʤʦʩʬʝʨʥʳʝ ʫʩʣʦʚʠʷ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʢʦʨʨʝʢʪʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ, ʢʘʢ ʜʣʷ ʧʨʷʤʦʛʦ, ʪʘʢ ʠ ʜʣʷ 

ʦʙʨʘʪʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʜʘʥʥʳʭ. 

2. ʈʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʩʠʩʪʝʤʳ çʈʝʩʫʨʩ-ʇè, ʤʦʜʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʩʠʩʪʝʤʳ ç6Sè ʠ 

ʦʧʦʨʥʳʭ ʜʘʥʥʳʭ ʩ ʧʦʣʠʛʦʥʦʚ ʩʝʪʠ çRadCalNetè. ʋʩʪʘʥʦʚʣʝʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʝʯʝʥʠʠ ʚʳʭʦʜʥʦʛʦ ʟʨʘʯʢʘ ɻʉɸ (ʚʘʨʠʘʥʪ 1).  

3. ɺʳʧʦʣʥʝʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʚʳʜʝʣʝʥʠʷ ʛʨʘʥʠʮ 

ʦʙʲʝʢʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʥʦ-ʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʝʜʥʠʭ ʪʦʯʝʢ. ʅʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʚʳʙʦʨʢʝ ʫʩʪʘʥʦʚʣʝʥʦ ʤʥʦʛʦʢʨʘʪʥʦʝ ʧʨʝʚʦʩʭʦʜ-

ʩʪʚʦ ʪʦʯʥʦʩʪʠ ʢʦʥʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʦʜʘʤʠ, ʦʩʥʦʚʘʥʥʳʤʠ çʯʠʩʪʦè ʥʘ ʩʪʨʫʢʪʫʨʥʦʤ ʘʥʘʣʠʟʝ ʩʮʝʥʳ. 

4. ɺʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ ɻʉɸ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 40 ʤʘʨʰʨʫʪʦʚ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʧʦʨʥʳʭ 
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ʧʦʣʠʛʦʥʦʚ ʩʝʪʠ çRadCalNetè. ʆʙʦʩʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʢʘʣʠʙ-

ʨʦʚʢʠ ɻʉɸ ʚ ʭʦʜʝ ʝʝ ʣʝʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

5. ɺʳʧʦʣʥʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʥʘʣʠʪʠʢʦ-ʥʝʡʨʦʩʝʪʝʚʦʛʦ 

ʧʦʜʭʦʜʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ 10 ʩʝʘʥʩʦʚ ʩʲʝʤʢʠ ʢʦʩʤʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʳ çʈʝʩʫʨʩ-ʇè. ʇʦʣʫʯʝʥʳ ʜʦʩʪʦʚʝʨʥʳʝ ʯʠʩʣʝʥʥʳʝ ʦʮʝʥʢʠ ʢʦʤʧʣʝʢʩ-

ʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʚʳʥʝʩʝʥʥʳʭ ʥʘ ʟʘʱʠʪʫ. 
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ʆʉʅʆɺʅʓɽ ʈɽɿʋʃʔʊɸʊʓ ɼʀʉʉɽʈʊɸʎʀʀ 

1. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʟʘʨʫʙʝʞʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ ʩʠʩʪʝʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ 

ʩʲʝʤʢʠ ɿʝʤʣʠ ʠ ʤʝʪʦʜʦʚ ʥʘʟʝʤʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʩʪʫʧʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ. ʋʩʪʘ-

ʥʦʚʣʝʥʦ ʦʪʩʪʘʚʘʥʠʝ ʈʦʩʩʠʠ ʚ ʵʪʦʡ ʚʘʞʥʦʡ ʦʙʣʘʩʪʠ ɼɿɿ. ʆʧʨʝʜʝʣʝʥ ʨʷʜ ʘʢʪʫʘʣʴ-

ʥʳʭ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʦʣʫʯʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴ-

ʥʳʭ ʜʘʥʥʳʭ ɼɿɿ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʠʣʠ ʦʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʚ ʚʠʜʝ ʧʷ-

ʪʠ ʇʦʣʦʞʝʥʠʡ, ʚʳʥʝʩʝʥʥʳʭ ʥʘ ʟʘʱʠʪʫ. 

2. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ ʘʥʘʣʠʪʠʢʦ-ʥʝʡʨʦʩʝʪʝʚʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ɿʝʤʣʠ ʧʦ ʜʘʥ-

ʥʳʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ: 

- ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʯʘʩʪʦʪʥʦ-ʩʪʨʫʢʪʫʨʥʦʤ ʘʥʘʣʠʟʝ 

ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʯʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʦʧʠʩʘʥʠʡ ʦʪʜʝʣʴʥʳʭ ʟʚʝʥʴʝʚ ʉʀʊ ʠ 

ʧʨʠʚʣʝʯʝʥʠʝ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʧʘʨʠʨʦʚʘʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ 

ʟʥʘʥʠʷʭ ʧʦ ʜʨʫʛʠʤ ʟʚʝʥʴʷʤ ʉʀʊ; 

- ʨʘʩʩʤʦʪʨʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʤʦʜʝʣʠ ʉʀʊ ʩʠʩʪʝʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ 

ɿʝʤʣʠ ʠ ʟʘʜʘʯʠ, ʚʳʪʝʢʘʶʱʠʝ ʠʟ ʵʪʠʭ ʤʦʜʝʣʝʡ. 

3. ʈʘʟʨʘʙʦʪʘʥʘ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʘʷ ʤʦʜʝʣʴ ʉʀʊ, ʧʦʟʚʦʣʷʶʱʘʷ ʢʦʨʨʝʢʪʥʦ ʧʦ-

ʩʪʘʚʠʪʴ ʠ ʨʝʰʠʪʴ ʦʩʥʦʚʥʫʶ ʟʘʜʘʯʫ ʧʦ ʦʮʝʥʢʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪ-

ʨʘʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʠʩʢʘʞʝʥʠʡ ʩʦʣ-

ʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʇʦʣʦʞʝʥʠʝ 2, ʚʳʥʦʩʠʤʦʝ ʥʘ ʟʘʱʠʪʫ). ʅʘ 500 ʥʘʙʦʨʘʭ ʛʠʧʝʨ-

ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʳʝ ʦʙʲʝʢʪʳ, ʧʦʢʘʟʘʥʘ ʢʦʨʨʝʢʪʥʦʩʪʴ 

ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʜʘʥʥʳʭ ʚʦ ʚʩʝʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʝʯʝʥʠʷʭ 

ʉʀʊ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʉʂʆ ʥʝ ʭʫʞʝ 3%. 

4. ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʨʝʘʣʴʥʳʭ, ʤʦʜʝʣʴʥʳʭ ʠ ʦʧʦʨʥʳʭ 

ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʩʪʫʧʘʶʱʠʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝ-

ʤʳ çʈʝʩʫʨʩ-ʇè, ʩʠʩʪʝʤʳ ç6Sè ʠ ʦʧʦʨʥʳʭ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʣʠʛʦʥʦʚ ʩʝʪʠ 

çRadCalNetè (ʇʦʣʦʞʝʥʠʝ 3). ɸʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʡ ʚʳʙʦʨ 
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ʝʜʠʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʝʯʝʥʠʷ ʉʀʊ, ʛʜʝ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘʠʣʫʯʰʘʷ ʪʦʯʥʦʩʪʴ 

ʘʥʘʣʠʪʠʢʦ-ʥʝʡʨʦʩʝʪʝʚʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ. 

5. ʇʨʝʜʣʦʞʝʥ ʠ ʠʩʩʣʝʜʦʚʘʥ ʘʣʛʦʨʠʪʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʨʘʥʠʮ ʦʙʲʝʢʪʦʚ ʧʦ 

ʜʘʥʥʳʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʯʘʩʪʦʪʥʳʭ ʤʝʨʘʭ 

ʙʣʠʟʦʩʪʠ ʩʦʩʝʜʥʠʭ ʪʦʯʝʢ ʛʠʧʝʨʢʫʙʘ (ʇʦʣʦʞʝʥʠʝ 4). ʇʨʝʜʣʦʞʝʥ ʢʨʠʪʝʨʠʡ ʦʮʝʥʢʠ 

ʢʘʯʝʩʪʚʘ ʚʳʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ɺʳʧʦʣʥʝʥʘ ʩʦʧʦ-

ʩʪʘʚʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦ-

ʛʦ ʘʣʛʦʨʠʪʤʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʯʘʩʪʦʪʥʦʤ ʘʥʘʣʠʟʝ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ çʯʠʩʪʦè ʩʪʨʫʢʪʫʨʥʳʡ 

ʘʥʘʣʠʟ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʜʘʥʥʳʭ ʦʪ 10 ʧʨʦʪʷʞʝʥʥʳʭ ʤʘʨʰʨʫʪʦʚ, 

ʩʥʷʪʳʭ ʩʠʩʪʝʤʦʡ çʈʝʩʫʨʩ-ʇè. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ 

ʜʠʩʩʝʨʪʘʮʠʠ ʘʣʛʦʨʠʪʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʨʘʥʠʮ 

ʦʙʲʝʢʪʦʚ ʥʘ 20ï30 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʛʦʨʠʪʤʘʤʠ ʉʦʙʝʣʘ, ʈʦʙʝʨʪʩʘ ʠ ʂʵʥʥʠ, ʦʩ-

ʥʦʚʘʥʥʳʤʠ ʥʘ ʩʪʨʫʢʪʫʨʥʦʤ ʘʥʘʣʠʟʝ. 

6. ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ ʛʠʧʝʨʩʧʝʢʪʨʦʤʝʪʨʘ ʚ 

ʭʦʜʝ ʝʛʦ ʣʝʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʧʨʠʦʨʥʳʭ ʟʥʘʥʠʷʭ ʦ ʢʦʵʬʬʠʮʠʝʥ-

ʪʘʭ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʟʚʝʥʴʝʚ ʉʀʊ, ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʧʦʨʥʳʭ ʧʦʣʠʛʦʥʦʚ ʩʝʪʠ 

çRadCalNetè ʠ ʤʦʜʝʣʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ç6Sè (ʇʦʣʦʞʝʥʠʝ 5). ɺʳʧʦʣʥʝʥʳ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ. ɼʣʷ ʵʪʦʛʦ ʩʬʦʨʤʠʨʦʚʘʥʘ ʚʳʙʦʨʢʘ ʠʟ 50 

ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ, ʧʦ ʢʦʪʦʨʳʤ ʦʮʝʥʠʚʘʣʘʩʴ ʪʦʯʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʢʘʣʠʙʨʦʚʢʠ: 10 

ʪʦʯʝʢ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʧʦʨʥʳʭ ʧʦʣʠʛʦʥʦʚ, ʠ 40 ʪʦʯʝʢ ʥʘ ʫʯʘʩʪʢʘʭ ʟʝʤʥʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʩ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. ʇʦ ʵʪʠʤ ʜʘʥʥʳʤ ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʉʂʆ ʠʟʤʝʨʝʥʠʡ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ: ʜʦ ʢʘʣʠʙʨʦʚʢʠ ʟʘʬʠʢʩʠʨʦ-

ʚʘʥʦ ʉʂʆ = 8%, ʘ ʧʦʩʣʝ ʢʘʣʠʙʨʦʚʢʠ ʉʂʆ = 3%. ʕʪʠ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ.    

7. ɺʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʥʘʣʠʪʠʢʦ-ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʧʦʜʭʦʜʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ɿʝʤʣʠ ʧʦ ʜʘʥʥʳʤ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ (ʇʦʣʦʞʝ-

ʥʠʝ 1). ɼʣʷ ʵʪʦʛʦ ʧʨʠʚʣʝʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: 
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- ʜʝʩʷʪ ɹʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʩʮʝʥ ʦʪ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ çʈʝʩʫʨʩ-ʇè, ʩʥʷ-

ʪʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ, ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ; 

- ʜʝʩʷʪʴ ʦʧʦʨʥʳʭ ʤʘʩʦʢ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʦʧʝʨʘʪʦʨʦʤ; 

- ʧʷʪʴ ʢʣʘʩʩʦʚ ʦʙʲʝʢʪʦʚ (ʚʦʜʘ, ʛʫʩʪʘʷ ʠ ʨʘʟʨʝʞʝʥʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʧʦʯʚʘ, 

ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʦʙʲʝʢʪʳ). 

ɺʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʩʦʚʦʢʫʧʥʦʛʦ ʜʝʡʩʪʚʠʷ ʘʣʛʦʨʠʪʤʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʨʘʤ-

ʢʘʭ ʇʦʣʦʞʝʥʠʡ 2ï5, ʜʘʥʥʳʝ ʧʦ ʢʦʪʦʨʳʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʦʜʠʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ 

ʚʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʚʝʨʪʦʯʥʫʶ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ. ʇʦʣʫʯʝʥʘ ʠʪʦʛʦʚʘʷ ʪʘʙʣʠʮʘ, 

ʚ ʢʦʪʦʨʦʡ ʚ ʚʠʜʝ F-ʤʝʨʳ ʟʘʬʠʢʩʠʨʦʚʘʥ ʵʬʬʝʢʪ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʨʝʰʝʥʠʡ ʚ ʠʭ ʚʦʟʤʦʞʥʳʭ ʩʦʯʝʪʘʥʠʷʭ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʘʣʛʦʨʠʪʤʦʚ ʢʘʣʠʙʨʦʚʢʠ, ʚʳʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʠ ʠʥʜʝʢʩʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʨʠʨʦʩʪ F-

ʤʝʨʳ ʩʦʩʪʘʚʠʣ: ʜʣʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ï ʙʦʣʝʝ 20%; ʜʣʷ ʧʦʯʚʳ ï ʙʦʣʝʝ 25%; ʜʣʷ ʟʘ-

ʩʪʨʦʡʢʠ ï ʙʦʣʝʝ 35%.   
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