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ØÌÞÑØÌÞÔÖÌ 

ʋɼʂ 511.5  

ɸʂɸɼɽʄʀʂ ɸʅ ʈɽʉʇʋɹʃʀʂʀ ʊɸɼɾʀʂʀʉʊɸʅ ʄ.ʀʃʆʃʆɺ, ɼ.ʅ.ɻʋʃɼɾʆʅʆɺ*, 

ɼɾ.ʐ.ʈɸʍʄɸʊʆɺ  

ɼʈʆɹʅʓɽ ʀʅʊɽɻʈʆ-ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓɽ ɺʂʃʖʏɽʅʀʗ ʊʀʇɸ 

ʍɽʁʃɸ ɺ ɹɸʅɸʍʆɺʆʄ ʇʈʆʉʊʈɸʅʉʊɺɽ  

ʎʝʥʪʨ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ɸʅ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ, 

*
ʀʥʩʪʠʪʫʪ ʤʘʪʝʤʘʪʠʢʠ ʠʤ. ɸ.ɼʞʫʨʘʝʚʘ ɸʅ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ  

ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 25 ʠʶʣʷ 2018 ʛ. 

ɺ ʨʘʙʦʪʝ ʫʩʪʘʥʦʚʣʝʥʳ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʣʘʙʳʭ ʨʝʰʝʥʠʡ ʜʨʦʙʥʳʭ 

ʜʠʬʝʨʝʥʮʠʘʣʴʥʳʭ ʠ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʪʠʧʘ ʍʝʡʣʘ ʚ ʙʘʥʘʭʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʄʝʪʦʜʳ ʜʨʦʙʥʦʛʦ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ ʠ ʪʝʦʨʠʠ ʥʝʧʦʜʚʠʞʥʳʭ 

ʪʦʯʝʢ ʤʥʦʛʦʟʥʘʯʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʜʠʥʘʤʠʢʘ ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʩʦʮʠʘʣʴʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʤʘʢʨʦʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʥʦʛʦʟʥʘʯʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʠ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ 

ʚʢʣʶʯʝʥʠʷ ʜʨʦʙʥʦʛʦ ʧʦʨʷʜʢʘ ʷʚʣʷʶʪʩʷ ʝʩʩʪʝʩʪʚʝʥʥʳʤʠ ʤʦʜʝʣʷʤʠ ʜʠʥʘʤʠʢʠ ʤʘʢʨʦʩʠʩʪʝʤ. ʊʘʢʠʝ 

ʚʢʣʶʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʞʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʬʠʟʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ 

ʛʠʩʪʝʨʝʟʠʩʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʚʢʣʶʯʝʥʠʝ, ʜʨʦʙʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʂʘʧʫʪʦ, 

ʤʥʦʛʦʟʥʘʯʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ, ʥʝʧʦʜʚʠʞʥʘʷ ʪʦʯʢʘ.  

1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚʦʩʭʦʜʠʪ ʢ 

ʨʘʙʦʪʘʤ ɸ.ɸ.ʊʦʣʩʪʦʥʦʛʦʚʘ [1], R.P.Agarval ʠ ʜʨ. [2], M.I.Kamenskii, V.V.Obukhovskii, 

P.Zecca [3], ʚ ʢʦʪʦʨʳʭ ʥʘʡʜʝʥʳ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʝʰʝʥʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ 

ʥʘʯʘʣʴʥʳʭ ʠ ʛʨʘʥʠʯʥʳʭ ʟʘʜʘʯ ʜʣʷ ʚʢʣʶʯʝʥʠʡ ʟʘʧʘʟʜʳʚʘʶʱʝʛʦ ʪʠʧʘ ʮʝʣʦʛʦ ʠ ʜʨʦʙʥʦʛʦ 

ʧʦʨʷʜʢʦʚ ʧʨʦʠʟʚʦʜʥʳʭ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʠʟʫʯʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʠ ʠʥʪʝʛʨʦ-

                                                      
ɸʜʨʝʩ ʜʣʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ: ʀʣʦʣʦʚ ʄʘʤʘʜʰʦ, ɻʫʣʜʞʦʥʦʚ ɼʠʣʦʚʘʨ ʅʫʩʘʡʨʠʝʚʠʯ, ʈʘʭʤʘʪʦʚ 

ɼʞʘʤʰʝʜ ʐʘʚʢʘʪʦʚʠʯ. ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ, ʛ.ɼʫʰʘʥʙʝ, ʧʨ. ʈʫʜʘʢʠ, 33, ʎʝʥʪʨ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ɸʅ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ. 

E-mail: ilolov.mamadsho@gmail.com ; gdilovar@gmail.com ; jamesd007@rambler.ru 

ʀɿɺɽʉʊʀʗ ɸʂɸɼɽʄʀʀ ʅɸʋʂ ʈɽʉʇʋɹʃʀʂʀ ʊɸɼɾʀʂʀʉʊɸʅ 

ʆʊɼɽʃɽʅʀɽ ʌʀɿʀʂʆ-ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ, ʍʀʄʀʏɽʉʂʀʍ,  

ɻɽʆʃʆɻʀʏɽʉʂʀʍ ʀ ʊɽʍʅʀʏɽʉʂʀʍ ʅɸʋʂ 

ˉ1 (174), 2019 ʛ. 
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ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʤʦʪʠʚʠʨʦʚʘʥʦ ʨʘʟʚʠʪʠʝʤ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʧʠʩʳʚʘʝʤʳʝ ʥʘʯʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ ʚʠʜʘ 

 0( ) = ( , ( ), ( ), ( )), > 0, (0) = ,x t f t x t x t h u t h x x¡ -      (1.1) 

ʛʜʝ ( )u t UÍ  ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ-ʧʘʨʘʤʝʪʨʦʤ ʠ ʢʦʪʦʨʘʷ çʫʧʨʘʚʣʷʝʪè ʩʠʩʪʝʤʦʡ (1.1). ɽʩʣʠ 

ʚʚʝʩʪʠ ʤʥʦʛʦʟʥʘʯʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ 

 ( , ,[ ( )) ={ ( , ( ), ( ), ( ))} ,
def

u UF t x x t h f t x t x t h u t Í- -  

ʛʜʝ U ï ʤʥʦʞʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʫʧʨʘʚʣʝʥʠʡ, ʪʦ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

(1.1) ʙʫʜʫʪ ʨʝʰʝʥʠʷʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ 

 0( ) ( , ( ), ( )), (0) = ,x t F t x t x t h x xÍ -    

ʚ ʢʦʪʦʨʦʤ ʫʧʨʘʚʣʝʥʠʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʥʝʷʚʥʦʤ ʚʠʜʝ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʝʱʝ ʚ 60-70 ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʚ ʨʘʙʦʪʘʭ [4-6] 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʥʝʢʦʪʦʨʳʝ ʯʘʩʪʥʳʝ ʢʣʘʩʩʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʘ ʠʤʝʥʥʦ, 

ʚʢʣʶʯʝʥʠʷ ʚʠʜʘ 

 0( ) ( ( )), (0) = ,x t A x t x x¡ Í-    

ʛʜʝ A ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʥʦʪʦʥʥʦʝ (ʣʠʥʝʡʥʦʝ ʠʣʠ ʥʝʣʠʥʝʡʥʦʝ) 

ʦʪʦʙʨʘʞʝʥʠʝ, ʜʝʡʩʪʚʫʶʱʝʝ ʚ ʛʠʣʴʙʝʨʪʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʙʘʥʘʭʦʚʘ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʢʘʯʝʩʪʚʝ ʦʪʦʙʨʘʞʝʥʠʷ ʙʝʨʫʪʩʷ ʘʢʢʨʝʪʠʚʥʳʝ ʦʧʝʨʘʪʦʨʳ. ɹʦʣʝʝ ʫʟʢʠʤ 

ʢʣʘʩʩʦʤ ʪʘʢʠʭ ʚʢʣʶʯʝʥʠʡ ʷʚʣʷʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʛʨʘʜʠʝʥʪʥʳʝè ʚʢʣʶʯʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʦʙʦʙʱʝʥʠʷʤʠ ʫʨʘʚʥʝʥʠʡ ʛʨʘʜʠʝʥʪʥʦʛʦ ʪʠʧʘ 

 0( ) = ( ( )), (0) = ,x t V x t x x¡ -Ð    (1.2) 

ʛʜʝ V  ï ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʡ ʧʦʪʝʥʮʠʘʣ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʥʝ ʷʚʣʷʝʪʩʷ 

ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʡ. ʆʜʥʘʢʦ, ʢʦʛʜʘ ʬʫʥʢʮʠʷ V  ʧʦʣʫʥʝʧʨʝʨʳʚʥʘʷ ʩʥʠʟʫ ʠ ʚʳʧʫʢʣʘʷ ʚ 

(1.2), ʪʦ ʛʨʘʜʠʝʥʪ ʧʦʪʝʥʮʠʘʣʘ ( )V xÐ  ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʩʫʙʜʠʬʬʝʨʝʥʮʠʘʣʦʤ ( )V xµ  (ʠʣʠ 

"ʦʙʦʱʝʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ"). ʉʫʙʜʠʬʬʝʨʝʥʮʠʘʣ ( )V xµ  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʛʨʘʜʠʝʥʪʥʦʤʫ 

ʚʢʣʶʯʝʥʠʶ ʚʠʜʘ 

 0( ) ( ( )), (0) = ,x t V x t x x¡ Í-µ    

ʢʦʪʦʨʦʝ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤ ʚʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ: 

ɽʩʣʠ ʩʦʩʪʦʷʥʠʝ x  ʤʠʥʠʤʠʟʠʨʫʝʪ ʧʦʪʝʥʮʠʘʣ V, ʪʦ ʪʨʘʝʢʪʦʨʠʠ ʛʨʘʜʠʝʥʪʥʦʛʦ 

ʚʢʣʶʯʝʥʠʷ ʩʭʦʜʷʪʩʷ ʢ ʵʪʦʤʫ ʤʠʥʠʤʫʤʫ.  

ɽʱʝ ʦʜʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʷʚʣʷʶʪʩʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩ ʨʘʟʨʳʚʥʳʤʠ ʧʨʘʚʳʤʠ ʯʘʩʪʷʤʠ ʚ ʩʤʳʩʣʝ ɸ.ʌʠʣʠʧʧʦʚʘ 
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[7]. ʇʨʠ ʵʪʦʤ ʚʣʦʞʝʥʠʝ ʧʨʘʚʦʡ ʯʘʩʪʠ ( , )f t x  ʚ ʤʥʦʛʦʟʥʘʯʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ( , )F t x  

ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʜʦʢʘʟʘʪʴ ʩʚʦʡʩʪʚʘ ʨʝʛʫʣʷʨʥʦʩʪʠ ʪʨʘʝʢʪʦʨʠʡ ʠʩʭʦʜʥʦʛʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʜʨʦʙʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʠ 

ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʚʢʣʶʯʝʥʠʷʤ ʪʠʧʘ ʍʝʡʣʘ, ʟʘʥʠʤʘʶʱʠʤ ʧʨʦʤʝʞʫʪʦʯʥʦʝ 

ʤʝʩʪʦ ʤʝʞʜʫ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʠ 

ʚʢʣʶʯʝʥʠʷʤʠ ʥʝʡʪʨʘʣʴʥʦʛʦ ʪʠʧʘ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʫʨʘʚʥʝʥʠʷʤ ʚ ʢʦʥʝʯʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ 

ʧʦʩʚʷʱʝʥʘ ʤʦʥʦʛʨʘʬʠʷ ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʤʘʪʝʤʘʪʠʢʘ ɼʞ.ʍʝʡʣʘ [8]. ʆʙʦʙʱʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟ [8] ʥʘ ʩʣʫʯʘʡ ʙʘʥʘʭʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʜʘʥʦ ʚ ʨʘʙʦʪʘʭ ʘʚʪʦʨʘ [9-12]. 

ʅʝʢʦʪʦʨʳʝ ʢʣʘʩʩʳ ʜʨʦʙʥʳʭ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʘʙʩʪʨʘʢʪʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʙʳʣʠ ʧʨʝʜʤʝʪʦʤ ʠʟʫʯʝʥʠʷ ʚ ʩʪʘʪʴʷʭ [12-15]. 

ʇʝʨʝʭʦʜʠʤ ʢ ʬʦʨʤʫʣʠʨʦʚʢʝ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʫʩʪʴ 0h²  ï ʟʘʜʘʥʥʦʝ ʚʝʱʝʩʪʚʝʥʥʦʝ ʯʠʩʣʦ, = ( , )R -¤ ¤, E ï ʩʝʧʘʨʘʙʝʣʴʥʦʝ 

ʙʘʥʘʭʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩ ʥʦʨʤʦʡ . , ([ , ], )C a b E  ï ʙʘʥʘʭʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʥʝʧʨʝʨʳʚʥʳʭ ʬʫʥʢʮʠʡ, ʦʪʦʙʨʘʞʘʶʱʠʭ ʠʥʪʝʨʚʘʣ [ , ]a b  ʚ E ʩ ʪʦʧʦʣʦʛʠʝʡ ʨʘʚʥʦʤʝʨʥʦʡ 

ʩʭʦʜʠʤʦʩʪʠ. ɽʩʣʠ [ , ] = [ ,0]a b h- , ʪʦ ʧʦʣʦʞʠʤ = ([ ,0], )C C h E-  ʚʚʦʜʷ ʥʦʨʤʫ ʵʣʝʤʝʥʪʘ j 

ʚ C  ʬʦʨʤʫʣʦʡ 

 = ( ) .maxC
h q q

j j q
- ¢ ¢

 

ɽʩʣʠ , 0R ddÍ ²  ʠ ([ , ], )x C h d Ed dÍ - + , ʪʦ ʜʣʷ ʣʶʙʦʛʦ [ , ]t dd dÍ +  

ʦʧʨʝʜʝʣʠʤ tx CÍ  ʩ ʧʦʤʦʱʴʶ ʨʘʚʝʥʩʪʚʘ 

 = ( ), 0.x x t hQ +Q   - ¢Q¢ 

ʈʘʩʩʤʦʪʨʠʤ ʥʘʯʘʣʴʥʫʶ ʟʘʜʘʯʫ ʜʣʷ ʜʨʦʙʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʪʠʧʘ 

ʍʝʡʣʘ  

 [ ( ) ( , )] ( ) ( , ), [0, ],c

t t tD x t t x Ax t F t x t Ta - Í +   Íg  

 0 = , (0) = ,x C x x EjÍ   Í (1.3) 

ʛʜʝ 
c

tD  ï ʜʨʦʙʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʂʘʧʫʪʦ ʧʦʨʷʜʢʘ ,0 < < 1a a , :[0, ] 2CF T C³ ­  ï 

ʟʘʤʢʥʫʪʦʝ ʚʳʧʫʢʣʦʝ ʤʥʦʛʦʟʥʘʯʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ, :[0, ]T C E³ ­g  ï ʟʘʜʘʥʥʘʷ ʬʫʥʢʮʠʷ, 

A ï ʛʝʥʝʨʘʪʦʨ ʢʦʤʧʘʢʪʥʦʡ ʠ ʨʘʚʥʦʤʝʨʥʦ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʦʣʫʛʨʫʧʧʳ ʦʧʝʨʘʪʦʨʦʚ 0{ ( )} tT t ²  

ʥʘ E. 

ʋʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʣʘʙʳʭ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ (1.3) ʫʢʘʟʘʥʳ ʚ ʨʘʟʜʝʣʝ 3. ɺ 

ʨʘʟʜʝʣʝ 4 ʠʩʩʣʝʜʫʝʪʩʷ ʚʦʧʨʦʩ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʣʘʙʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʠʥʪʝʛʨʦ-

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʪʠʧʘ ʍʝʡʣʘ 
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0

[ ( ) ( , )] ( ) ( , ) ( , ) , ,

t

c

t t sD x t t x Ax t a t s F s x ds t Ja - Í + Íñg  

 0 = , (0) = ,x x xj   (1.4) 

ʛʜʝ , , ,A F jg  ʪʘʢʠʝ ʞʝ ʢʘʢ ʚ ʟʘʜʘʯʝ (1.3) ʠ 

 : , = {( , ) : }.a D R D t s J J t S+­ Í ³ ¢  

2. ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʧʨʠʚʦʜʷʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʙʦʟʥʘʯʝʥʠʷ, 

ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟ ʤʥʦʛʦʟʥʘʯʥʦʛʦ ʚʳʧʫʢʣʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʜʨʦʙʥʦʛʦ ʠʥʪʝʛʨʦʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ. 

ʇʫʩʪʴ = [0, ]J T  ʠ ʧʫʩʪʴ ( , )C J E  ï ʙʘʥʘʭʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʝʧʨʝʨʳʚʥʳʭ 

ʬʫʥʢʮʠʡ ʠʟ J  ʚ E  ʩ ʥʦʨʤʦʡ 

 
( ) = { ( ) }.C Jx sup x t t JÍ  

ʏʝʨʝʟ ( )B E  ʦʙʦʟʥʘʯʠʤ ʙʘʥʘʭʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʩʝʭ ʣʠʥʝʡʥʳʭ ʦʛʨʘʥʠʯʝʥʥʳʭ 

ʦʧʝʨʘʪʦʨʦʚ ʜʝʡʩʪʚʫʶʱʠʭ ʠʟ E ʚ E. 

ʀʟʤʝʨʠʤʘʷ ʬʫʥʢʮʠʷ :x J E­  ʠʥʪʝʛʨʠʨʫʝʤʘ ʚ ʩʤʳʩʣʝ ɹʦʭʥʝʨʘ, ʝʩʣʠ ʠ ʪʦʣʴʢʦ 

ʝʩʣʠ, x  ʠʥʪʝʛʨʠʨʫʝʤʘ ʚ ʩʤʳʩʣʝ ʃʝʙʝʛʘ. 

ʇʫʩʪʴ 
1( , )L J E  - ʙʘʥʘʭʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʝʧʨʝʨʳʚʥʳʭ ʬʫʥʢʮʠʡ :x J E­  

ʠʥʪʝʛʨʠʨʫʝʤʳʝ ʚ ʩʤʳʩʣʝ ɹʦʭʥʝʨʘ ʩ ʥʦʨʤʦʡ 

 
1

1

0

= ( )  ʜʣʷ  ʚʩʝʭ ( , ).

t

L
x x t dt x L E  Í µñ  

ʇʫʩʪʴ ( , )X Ö  ʙʘʥʘʭʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ. 

ʄʥʦʛʦʟʥʘʯʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ : 2XG X­  ʷʚʣʷʝʪʩʷ ʚʳʧʫʢʣʳʤ (ʟʘʤʢʥʫʪʳʤ), ʝʩʣʠ 

( )G Ö ʚʳʧʫʢʣʦ (ʟʘʤʢʥʫʪʦ) ʜʣʷ ʚʩʝʭ x XÍ . ʆʪʦʙʨʘʞʝʥʠʝ G  ʦʛʨʘʥʠʯʝʥʦ ʥʘ ʦʛʨʘʥʠʯʝʥʥʳʭ 

ʤʥʦʞʝʩʪʚʘʭ, ʝʩʣʠ ( ) = ( )
x D

G D G x
Í

 ʦʛʨʘʥʠʯʝʥʦ ʚ X  ʜʣʷ ʣʶʙʦʛʦ ʦʛʨʘʥʠʯʝʥʥʦʛʦ 

ʤʥʦʞʝʩʪʚʘ D  ʠʟ X , ʪ.ʝ. 

 {sup{ : ( )}} < .sup
x D

y y G x
Í

Í ¤ 

ʆʪʦʙʨʘʞʝʥʠʝ G  ʥʘʟʳʚʘʝʪʩʷ ʧʦʣʫʥʝʧʨʝʨʳʚʥʳʤ ʩʚʝʨʭʫ ʥʘ X , ʝʩʣʠ ʜʣʷ ʢʘʞʜʦʛʦ 

0x XÍ  ʤʥʦʞʝʩʪʚʦ 0( )G x  ʥʝʧʫʩʪʦʝ ʟʘʤʢʥʫʪʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ X  ʠ ʝʩʣʠ ʜʣʷ ʢʘʞʜʦʛʦ 

ʦʪʢʨʳʪʦʛʦ ʤʥʦʞʝʩʪʚʘ V  ʠʟ X  ʩʦʜʝʨʞʘʱʝʝ 0( )G x  ʩʫʱʝʩʪʚʫʝʪ ʦʪʢʨʳʪʘʷ ʦʢʨʝʩʪʥʦʩʪʴ A  

ʪʦʯʢʠ 0x  ʪʘʢʘʷ, ʯʪʦ ( )G A VË . 
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ʆʪʦʙʨʘʞʝʥʠʝ G  ʥʘʟʳʚʘʝʪʩʷ ʚʧʦʣʥʝ ʥʝʧʨʝʨʳʚʥʳʤ, ʝʩʣʠ ( )G D  ʷʚʣʷʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʤʧʘʢʪʥʳʤ ʜʣʷ ʢʘʞʜʦʛʦ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʦʜʤʥʦʞʝʩʪʚʘ D XÌ . ɽʩʣʠ 

ʤʥʦʛʦʟʥʘʯʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ G  ʚʧʦʣʥʝ ʥʝʧʨʝʨʳʚʥʦ ʩ ʥʝʧʫʩʪʳʤʠ ʢʦʤʧʘʢʪʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ, ʪʦ G  ʧʦʣʫʥʝʧʨʝʨʳʚʥʦ ʩʚʝʨʭʫ, ʝʩʣʠ ʠ ʪʦʣʴʢʦ ʝʩʣʠ G  ʠʤʝʝʪ ʟʘʤʢʥʫʪʳʡ 

ʛʨʘʬʠʢ, ʪ.ʝ. ʜʣʷ nx x*­ , ny y*­  ʧʨʠ n ny GxÍ  ʙʫʜʝʤ ʠʤʝʪʴ y Gx* *Í . 

ʆʪʦʙʨʘʞʝʥʠʝ G  ʠʤʝʝʪ ʥʝʧʦʜʚʠʞʥʫʶ ʪʦʯʢʫ ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ x XÍ  ʪʘʢʦʡ, ʯʪʦ 

x GxÍ . 

ɼʘʣʝʝ, ʯʝʨʝʟ ( )BCC X  ʦʙʦʟʥʘʯʠʤ ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʥʝʧʫʩʪʳʭ ʦʛʨʘʥʠʯʝʥʥʳʭ 

ʟʘʤʢʥʫʪʳʭ ʠ ʚʳʧʫʢʣʳʭ ʧʦʜʤʥʦʞʝʩʪʚ X . ʄʥʦʛʦʟʥʘʯʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ : ( )G J BCC X­  

ʥʘʟʳʚʘʝʪʩʷ ʠʟʤʝʨʠʤʳʤ, ʝʩʣʠ ʜʣʷ ʢʘʞʜʦʛʦ x XÍ  ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ x  ʠ ( )G x  ʷʚʣʷʝʪʩʷ 

ʠʟʤʝʨʠʤʦʡ ʬʫʥʢʮʠʝʡ ʥʘ J. ʇʦʣʫʥʝʧʨʝʨʳʚʥʦʝ ʩʚʝʨʭʫ ʦʪʦʙʨʘʞʝʥʠʝ : 2XG X­  

ʥʘʟʳʚʘʝʪʩʷ ʫʧʣʦʪʥʷʶʱʠʤ, ʝʩʣʠ ʜʣʷ ʣʶʙʦʛʦ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʦʜʤʥʦʞʝʩʪʚʘ D XÌ  ʩ 

( ) 0Da ¸  ʠʤʝʝʤ 

 ( ( )) < ( ),G D Da a  

ʛʜʝ ʯʝʨʝʟ a ʦʙʦʟʥʘʯʝʥʘ ʤʝʨʘ ʥʝʢʦʤʧʘʢʪʥʦʩʪʠ ʂʫʨʘʪʦʚʩʢʦʛʦ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚʧʦʣʥʝ ʥʝʧʨʝʨʳʚʥʳʝ ʤʥʦʛʦʟʥʘʯʥʳʝ ʦʪʦʙʨʘʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʳʤ 

ʧʨʠʤʝʨʦʤ ʫʧʣʦʪʥʷʶʱʝʛʦ ʦʪʦʙʨʘʞʝʥʠʷ. 

ʉʣʝʜʫʶʱʝʝ ʫʪʚʝʨʞʜʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʫʞʥʫʶ ʥʘʤ ʪʝʦʨʝʤʫ ʦ 

ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʝ. 

ʃʝʤʤʘ 2.1. ʇʫʩʪʴ X  ʙʘʥʘʭʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ : ( )N X BCC X­  ʫʧʣʦʪʥʷʶʱʝʝ 

ʦʪʦʙʨʘʞʝʥʠʝ. ɽʩʣʠ ʤʥʦʞʝʩʪʚʦ  

 = { : ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ 1}x X x Nxl lW Í Í   ² 

ʦʛʨʘʥʠʯʝʥʦ, ʪʦ N  ʠʤʝʝʪ ʥʝʧʦʜʚʠʞʥʫʶ ʪʦʯʢʫ. 

ɼʘʣʝʝ ʧʨʠʚʦʜʠʤ ʥʝʢʦʪʦʨʳʝ ʦʩʥʦʚʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʫʪʚʝʨʞʜʝʥʠʷ ʠʟ ʜʨʦʙʥʦʛʦ 

ʠʥʪʝʛʨʦʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʠ ʠʟʣʦʞʝʥʠʠ ʦʩʥʦʚʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. 

ʆʧʨʝʜʝʣʝʥʠʝ 2.2. ʇʫʩʪʴ > 0a  ʠ :f R X+­  ʧʨʠʥʘʜʣʝʞʠʪ 
1( , )L R X+

. ʊʦʛʜʘ 

ʠʥʪʝʛʨʘʣ ʈʠʤʘʥʘ-ʃʠʫʚʠʣʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ  

 
1

0

1 ( )
( ) = ,

( ) ( )

t

t

f s
I f t ds

t s

a

aa -G -ñ
 

ʛʜʝ (.)G  ï ʛʘʤʤʘ-ʬʫʥʢʮʠʷ ʕʡʣʝʨʘ.  

ʆʧʨʝʜʝʣʝʥʠʝ 2.3. ʇʨʦʠʟʚʦʜʥʘʷ ʂʘʧʫʪʦ ʧʦʨʷʜʢʘ a ʦʪ ʬʫʥʢʮʠʠ :f R X+­  

ʟʘʜʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ  
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1

0

1 ( )
( ) = = ( ),

( ) ( )

t n
c n n

t tn

f s
D f t ds I f t

n t s

a a

aa

-

+ -G - -ñ  

 > 0, 1< < .t n na-  

ɽʩʣʠ 0 < 1a¢, ʪʦ 

 

0

1 ( )
( ) = .

(1 ) ( )

t

c

t

f s ds
D f t

t s

a

aa

¡

G - -ñ  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʘʷ ʂʘʧʫʪʦ ʦʪ ʧʦʩʪʦʷʥʥʦʡ ʬʫʥʢʮʠʠ ʨʘʚʥʘ ʥʫʣʶ. 

ʋʩʪʘʥʦʚʠʤ ʝʱʝ ʦʜʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʢʦʪʦʨʦʝ ʧʦʥʘʜʦʙʠʪʩʷ ʥʘʤ ʧʨʠ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʝ ʦʩʥʦʚʥʳʭ ʪʝʦʨʝʤ. 

ʇʫʩʪʴ 
,F xS  ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ ʦʧʨʝʜʝʣʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʨʘʚʝʥʩʪʚʘ 

 1

, ={ ( , ) : ( ) ( , ) ʧ.ʚ.  ʜʣʷ }.F x tS v L J X v t F t x t JÍ Í   Í 

ʃʝʤʤʘ 2.4. ʇʫʩʪʴ X  ʙʘʥʘʭʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʇʫʩʪʴ :[0, ] ( )F T C BCC X³ ­  

ʷʚʣʷʝʪʩʷ 
1L  - ʤʥʦʛʦʟʥʘʯʥʳʤ ʦʪʦʙʨʘʞʝʥʠʝʤ ʂʘʨʘʪʝʦʜʦʨʠ ʠʟ ( , )C J X  ʚ 

1( , )L J X . ʊʦʛʜʘ 

ʤʥʦʛʦʟʥʘʯʥʳʡ ʦʧʝʨʘʪʦʨ  

 0 : ( , ) ( ( , )),FS C J X BCC C J XY ­  

 
0 ,( )( ) ( )F F xx S x S­ Y Y  

ʷʚʣʷʝʪʩʷ ʟʘʤʢʥʫʪʳʤ ʛʨʘʬʠʢʦʤ ʦʧʝʨʘʪʦʨʘ ʚ ( , ) ( , )C J X C J X³ .  

3. ʇʨʠʚʦʜʠʤ ʪʝʦʨʝʤʫ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʣʘʙʳʭ ʨʝʰʝʥʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʢʣʶʯʝʥʠʷ (1.3). 

ʉʥʘʯʘʣʘ ʜʘʜʠʤ ʦʧʨʝʜʝʣʝʥʠʝ ʩʣʘʙʦʛʦ ʨʝʰʝʥʠʷ. 

ʆʧʨʝʜʝʣʝʥʠʝ 3.1. ʌʫʥʢʮʠʷ : [ , ]x h T E- ­  ʥʘʟʳʚʘʝʪʩʷ ʩʣʘʙʳʤ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ 

(1.3), ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ 
1( ) ( , )f L J EÖ Í  ʪʘʢʘʷ, ʯʪʦ ( ) ( , )tf t F t xÍ  ʜʣʷ ʧ. ʚ. t JÍ  ʠ x  

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʦʦʪʥʦʰʝʥʠʶ 

 

0

( ), [ ,0]

( ) =
( , ) ( )[ (0) ( , )] ( ) ( ) ,

t

t

t t h

x t
q t x Q t o R t s f s ds

j

j j

Í -ë
î
ì

+ - + -î
í

ñg
 

ʛʜʝ 

 
1

0 0

( ) = ( ) ( ), ( ) = ( ) ( )Q t T t R t t T t da a a

a ax s s a s x s s s
¤ ¤

-

ñ ñ  
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ʠ ʜʣʷ (0, )sÍ ¤ 

 

1
1

1/1
( ) = ( ) 0,w aa
a sx s s s

a

- -
- ²  

 
1 1

=1

1 ( 1)
( ) = ( 1) ( ).

!

n n

n

n
w sin n

n

a

s

a
s s pa

p

¤
- - -G +

-ä  

ɿʜʝʩʴ ax  ï ʬʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʥʘ (0, )¤ , ʪʘʢ ʯʪʦ 

 

0

0, (0, ) ( ) =1.ʠ da ax s x s s
¤

²   Í ¤     ñ  

ʅʝʪʨʫʜʥʦ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ 

 

0

1
( ) = .

(1 )
daax s s

a

¤

G +ñ  

ɿʘʤʝʯʘʥʠʝ 3.2. ʉʝʤʝʡʩʪʚʦ 0{ ( )} tT t ²  ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʧʦʣʫʛʨʫʧʧʦʡ, ʪʦ ʝʩʪʴ ʩʫʱʝʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʘʷ > 0M , ʪʘʢʘʷ ʯʪʦ ( )T t M¢  ʜʣʷ ʚʩʝʭ  

t JÍ .  

ɿʘʤʝʯʘʥʠʝ 3.3. ʃʝʛʢʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ  

 1

,( ) , > 0MR t c t ta

j

-¢    (3.2) 

ʛʜʝ ,
.

= .
(1 )

M

M
cj

j

aG +
 

ʇʫʩʪʴ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ: 

(H1) : ( )F Y C BCC E³ ­ , ʦʪʦʙʨʘʞʝʥʠʝ ( , ) ( , )t u F t u­  ʠʟʤʝʨʠʤʦʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ t  ʜʣʷ ʢʘʞʜʦʛʦ u CÍ  ʧʦʣʫʥʝʧʨʝʨʳʚʥʘʷ ʩʚʝʨʭʫ ʬʫʥʢʮʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ u  

ʜʣʷ ʢʘʞʜʦʛʦ [0, ]t TÍ  ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ u CÍ  ʤʥʦʞʝʩʪʚʦ 

 1

, ={ ( , ) : ( ) ( , ) ʜʣʷ ʧ.ʚ. }f nS f L J E f t F t u t JÍ Í   Í 

ʥʝʧʫʩʪʦʝ. 

(H2) ʌʫʥʢʮʠʷ ( , )tg t x  ʣʠʧʰʠʮ-ʥʝʧʨʝʨʳʚʥʘʷ, ʪ.ʝ. ʩʫʱʝʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʘʷ < 1q  

ʪʘʢʘʷ, 1 2
2 1 2

( , ) ( , )t t t tt x t x q x x- ¢ -g g . ʌʫʥʢʮʠʷ :[0, ]T C E³ ­g  ʚʧʦʣʥʝ 

ʥʝʧʨʝʨʳʚʥʘʷ ʠ ʜʣʷ ʣʶʙʦʛʦ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ K  ʚ ([ , ], )C h T E-  ʤʥʦʞʝʩʪʚʦ 

ʬʫʥʢʮʠʡ { ( , ) : }tt g t x x K­ Í  ʨʘʚʥʦʩʪʝʧʝʥʥʦ ʥʝʧʨʝʨʳʚʥʦʝ ʚ ([0, ], )C T E . 

(H3) ʉʫʱʝʩʪʚʫʶʪ ʧʦʩʪʦʷʥʥʳʝ 1c  ʠ 2c  ʪʘʢʠʝ, ʯʪʦ 
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 1 2( , ) , , .Ct v c v c t J v C¢ +   Í   Íg  

(H4) ( , ) = sup{ : ( , )} ( ) ( )CF t u v v F t u p t uÍ ¢ Y  ʜʣʷ ʧʦʯʪʠ ʚʩʝʭ [0, ]t TÍ  ʠ 

v CÍ , ʛʜʝ 
1([0, ], )p L T R+Í  ʠ : (0, )R+Y ­ ¤, ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʡ ʚʦʟʨʘʩʪʘʶʱʝʡ 

ʬʫʥʢʮʠʝʡ ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʦʮʝʥʢʝ 

 

0

( ) < ,
( )

t

c

ds
m s ds

s s

¤

+Yñ ñ  

ʛʜʝ 

 1 2= [ 2 ]c Cc M MT x C Cj j+ + +  

 1( ) = max{ , ( )} ʠ sup{ ( ) , [0, ]}.m t MC MTp t T t t t  Í  

ɿʘʤʝʯʘʥʠʝ 3.4. ɽʩʣʠ <dimE ¤, ʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ,, F uu C SÍ   .̧ 
,F uS  ʥʝʧʫʩʪʦʝ 

ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ, ʢʦʛʜʘ ʬʫʥʢʮʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʘʢ 

 ( ) = inf{ : ( , )}Y t v v F t uÍ  

ʧʨʠʥʘʜʣʝʞʠʪ 
1([0, ], )L T R . 

ɹʫʜʝʤ ʩʪʘʚʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʟʘʜʘʯʝ (1.3) ʩʣʝʜʫʶʱʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-

ʠʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ 

 

0

( ) = ( , ) ( )[ (0) (0, )] ( ) ( ) , (3.3)

t

tx t t x Q t R t s f s dsj j+ - + -ñg g  

ʛʜʝ 

 1

, ={ ( , ) : ( ) ( , ) ʜʣʷ ʧ.ʚ. }.F x tf S f L J E f t F t x t JÍ Í Í  Í 

ʆʧʨʝʜʝʣʝʥʠʝ 3.5. ʌʫʥʢʮʠʷ : ( , ) , > 0x h T E T- ­  ʥʘʟʳʚʘʝʪʩʷ ʩʣʘʙʳʤ ʨʝʰʝʥʠʝʤ 

ʟʘʜʘʯʠ (1.3), ʝʩʣʠ ( ) = ( ), [ ,0]x t f t t hÍ -  ʠ ʩʫʱʝʩʪʚʫʝʪ 
1( , )v L J EÍ  ʪʘʢʘʷ, ʯʪʦ 

( ) ( , )tv t F t xÍ  ʧ.ʚ. ʥʘ [0, ]T  ʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʝ (3.3).  

ʊʝʧʝʨʴ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʠ ʜʦʢʘʟʘʪʴ ʦʩʥʦʚʥʦʡ ʨʝʟʫʣʴʪʘʪ ʵʪʦʛʦ ʨʘʟʜʝʣʘ. 

ʊʝʦʨʝʤʘ 3.6. ʇʫʩʪʴ ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ (H1)-(H4). ʊʦʛʜʘ ʟʘʜʘʯʘ (1.2) ʠʤʝʝʪ 

ʩʣʘʙʦʝ ʨʝʰʝʥʠʝ ʥʘ [ , ]h T- .  

ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʝʦʨʝʤʳ ʧʝʨʝʭʦʜʠʤ ʦʪ ʟʘʜʘʯʠ (1.3) ʢ ʟʘʜʘʯʝ ʦ ʥʝʧʦʜʚʠʞʥʦʡ 

ʪʦʯʢʝ. ʈʘʩʩʤʦʪʨʠʤ ʤʥʦʛʦʟʥʘʯʥʳʡ ʦʧʝʨʘʪʦʨ 

: ([ , ], ) ( )N C h t E P C- ­  (P(C) ï ʥʝʧʫʩʪʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ C) 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʨʘʚʝʥʩʪʚʦʤ ( ) =N h h ʚ ʚʠʜʝ 
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0

( ), [ ,0]

( ) =
( , ) ( )[ (0) ( , )] ( ) ( ) , , .

t

t

t t h

h t
t x Q t o R t s f s ds F x

j

j j

Í -ë
î
ì

+ - + -î
í

ñg g
 

ʗʩʥʦ, ʯʪʦ ʥʝʧʦʜʚʠʞʥʳʝ ʪʦʯʢʠ ʦʧʝʨʘʪʦʨʘ N  ʷʚʣʷʶʪʩʷ ʩʣʘʙʳʤʠ ʨʝʰʝʥʠʷʤʠ ʟʘʜʘʯʠ 

(1.3). 

4. ɺ ʵʪʦʤ ʧʫʥʢʪʝ ʨʘʩʩʤʦʪʨʠʤ ʨʘʟʨʝʰʠʤʦʩʪʴ ʟʘʜʘʯʠ (1.4). ʇʫʩʪʴ ʚʳʧʦʣʥʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ: 

(H5) ɼʣʷ ʢʘʞʜʦʛʦ ÎtÍ , ( , )a t s  ʠʟʤʝʨʠʤʘ ʥʘ [0, ]t  ʠ 

 ( ) = {| ( , ) |,0 }a t esssup a t s s t¢ ¢  

ʦʛʨʘʥʠʯʝʥʦ ʥʘ J . 

(ʅ6) ʆʪʦʙʨʘʞʝʥʠʝ tt a­  ʥʝʧʨʝʨʳʚʥʦʝ ʠʟ J  ʚ ( , )L J R¤
, ʛʜʝ ( ) = ( , )ta s a t s . 

(H7) ( , ) = sup{| |: ( , )} ( ) ( )F t u v v F t u p t uÍ ¢ Y  ʜʣʷ ʧ.ʚ. t JÍ  ʠ u JÍ  ʠ 

u CÍ , ʛʜʝ 
1( , )p L J R+Í  ʠ : (0, )R+Y ­ ¤ ʥʝʧʨʝʨʳʚʥʘʷ ʠ ʚʦʟʨʘʩʪʘʶʱʘʷ ʬʫʥʢʮʠʷ ʩ 

ʦʮʝʥʢʦʡ 

 

0

( ) < ,
( )

T

c

ds
m s ds

s s

¤

+Yñ ñ  

ʛʜʝ 1 2= { 2 }C Cc M MT x c cj j+ + + , 

 
2

1( ) = max{ , ( ) ( )}è = sup{ ( ) }, .sup
t J

m t Mc MT a t p t M Q t t J
Í

Í  

ʆʧʨʝʜʝʣʠʤ ʩʣʘʙʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (1.4) ʩ ʧʦʤʦʰʴʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

 ( ) = ( , ) ( )[ (0) (0, )]tx t g t x Q t gj j+ + + 

 

0 0

( ) ( , ) ( ) , , (4.1)

t s

R t s a s f d ds t Jt t t+ - Íñ ñ  

ʛʜʝ 

 1

, ={ ( , ) : ( ) ( , ) ʜʣʷ ʧ.ʚ. }.F x tf S f L J E f t F t x t JÍ Í Í  Í 

ʆʧʨʝʜʝʣʝʥʠʝ 4.1. ʌʫʥʢʮʠʷ : ( , ) , > 0x h T E T- ­  ʥʘʟʳʚʘʝʪʩʷ ʩʣʘʙʳʤ ʨʝʰʝʥʠʝʤ 

ʟʘʜʘʯʠ (1.4), ʝʩʣʠ ( ) = ( ), [ ,0]x t t t hj Í -  ʠ ʩʫʱʝʩʪʚʫʝʪ 
1( , )v L J EÍ  ʪʘʢʘʷ, ʯʪʦ 

( ) ( , )tv t F t xÍ  ʧ.ʚ. ʥʘ J  ʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʠʥʪʝʛʨʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ (4.1).  
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ʊʝʦʨʝʤʘ 4.1. ʇʫʩʪʴ ʚʳʧʦʣʥʷʶʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʷ (H1)-(H4) ʠ (H5)-(H7). ʊʦʛʜʘ 

ʩʠʩʪʝʤʘ (1.4) ʠʤʝʝʪ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʦʜʥʦ ʩʣʘʙʦʝ ʨʝʰʝʥʠʝ ʥʘ [ , ]h T- .  
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Ø.Ô×Ú×ÚÎ, Ð.Ù.Ïß×ÆÚÙÚÎ*, .ä.ÜÌÇØÌÞÚÎ 

ÀßÙÆÚÔäÇÚÔ ÖÌÝÜÔÔ ÔÙÞÑÏÜÚ-ÐÔààÑÜÑÙÝÔÌ×ÔÔ ÙÌØßÐÔ 

áÑÕ× ÐÌÜ àÌÓÚÔ ÍÌÙÌá  

Øìüöìóô üÿĄðô ôùùúîìþýôúùôô ô÷ø îì þñāùú÷úïôċĕúô ùìîô 

Ìöìðñøôċô ô÷øĕúô Æÿøĕÿüôô ÞúĔôöôýþúù,  

*Ôùýþôþÿþô øìþñøìþôöìô íì ùúøô Ì.ÆĘüìñîô 

Ìöìðñøôċô ô÷øĕúô Æÿøĕÿüôô ÞúĔôöôýþúù 

Ðìü øìėú÷ì Ąìüþĕúô öôĀúċïôô øìîĔÿðôċþô ĕì÷ĕúô ýÿýþô ĎÿùĔúôĄĕúô öìýüôô 

ðôĀĀñüñùýôì÷Ē îì ôùþñïüú-ðôĀĀñüñùýôì÷ôô ùìøÿðô áñõ÷ úîìüðì Ąÿðììùð. Ìýúýô 

þìðėôėúþüú øñþúðĕúô ĕôýúíöÿùôĕúô öìýüôô ôùþñïüú-ðôĀĀñüñùýôì÷Ē îì ùìóìüôċô 

ùÿėþìĕúô íñĕìüìöìþô ôùĆôöúýĕúô íôýČüėôøìþì þìĄöô÷ øñðôĕìùð. áÿí øìĆ÷ÿø ìýþ, 

öô ðôùìøôöìô øìöüúýôýþñøìĕúô ôėþôýúðĒ, ôĔþôøúĒ îì ĉöú÷úïĒ ûüúþýñýĕúô 

íôýČüėôøìþì øñíúĄìùð îì øúðñ÷ĕúô þìíôô úùĕú þìîìýýÿþô ĎÿùĔúôĄĕúô 

ðôĀĀñüñùýôì÷Ē îì ôùþñïüú-ðôĀĀñüñùýôì÷Ē þìýîôü öìüðì øñĄìîìùð. ãÿùôù 

ĎÿùĔúôĄĕú ôùăÿùôù ðìü ýÿüìþô úøĘóôĄô ýôýþñøìĕúô ĀôóôöĒ îì øñāìùôöôô ðúüúô 

ïôýþñüñóôý ùôó îúøñāĘüìð. 

Öì÷ôøìĕúô öì÷ôðĒ: ĎÿùĔúôĄô Āÿùöýôúùì÷Ē-ðôĀĀñüñùýôì÷Ē, ĕúýô÷ìô öìýüôô Öìûÿþú, 

ôùĆôöúýô íôýČüėôøìþì, ùÿėþìĕúô íñĕìüìöìþ. 

 

M.ILOLOV, D.N.GULJONOV*, J.SH.RAHMATOV 

HALE TYPE FRACTIONAL  INTEGRO -DIFFERENTIAL INCLUSI ONS IN 

BANACH SPACE  

 Center of Innovative Development of Science and New Technologies, 

Academy of Sciences of the Republic of Tajikistan,  
*
A.Juraev Institute of Mathematics, Academy of Sciences of the Republic of Tajikistan  

In this paper, sufficient conditions for the existence of weak solutions of fractional 

differential and integro-differential inclusions of Hale type in a Banach space are given. 

Methods of fractional integro-differential calculus and fixed point theories of multivalued 

mappings underlie the present research. It is known that the dynamics of economic, social and 

environmental macrosystems is a multi-valued dynamic process and differential and fractional 

integro-differential inclusions are natural models for macrosystem dynamics. Such inclusions 

are also used to describe some physical and mechanical systems with hysteresis. 

Key words: functional-differential inclusion, Caputo fractional derivative, multivalued mapping, fixed 

point. 
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ØÌÞÑØÌÞÔÖÌ 

ʋɼʂ 517.55. 

ʅ.ʋ.ʋʉʄʆʅʆɺ, ʅ.ʅ.ʋʉʄʆʅɿʆɼɸ 

ʉʀʉʊɽʄɸ ʉʀʅɻʋʃʗʈʅʓʍ ʀʅʊɽɻʈɸʃʔʅʓʍ ʋʈɸɺʅɽʅʀʁ ɺ ʆʉʆɹʆʄ 

ʉʃʋʏɸɽ 

ʊʘʜʞʠʢʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 25.10.2018 ʛ. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʘ, ʢʘʢ ʤʝʥʷʶʪʩʷ 

ʯʠʩʣʦ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʨʝʰʝʥʠʡ ʠ ʯʠʩʣʦ ʫʩʣʦʚʠʡ ʨʘʟʨʝʰʠʤʦʩʪʠ ʦʪ ʥʘʣʠʯʠʷ ʥʫʣʝʡ ʦʧʨʝʜʝʣʠʪʝ-

ʣʷ ʠ ʧʦʣʶʩʦʚ ʵʣʝʤʝʥʪʦʚ. ʅʘʣʠʯʠʝ ʥʫʣʝʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝ ʤʝʥʷʝʪ ʯʠʩʣʦ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʨʝ-

ʰʝʥʠʡ, ʘ ʥʘʣʠʯʠʝ ʧʦʣʶʩʦʚ ʫʤʝʥʴʰʘʝʪ ʵʪʦ ʯʠʩʣʦ ʥʘ ʧʦʨʷʜʦʢ ʧʦʣʶʩʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʫʣʴ, ʧʦʣʶʩ, ʠʥʪʝʛʨʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʫʩʣʦʚʠʷ ɻʸʣʴʜʝʨʘ, ʦʩʦʙʳʡ ʩʣʫʯʘʡ, ʢʘʥʦ-

ʥʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ, ʠʥʪʝʛʨʘʣ ʪʠʥʘ ʂʦʰʠ.  

ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʩʠʥʛʫʣʷʨʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ: 

 
,

,

1 1 0

( ) ( )
( ) ( ) ( ), 1,2,...,

n n

L

B t t dt
A t t f t n

i t t

a b b

a b a a
b b

j
j a

p= =

+ = =
-

ä ä ñ . 

ʠʣʠ ʚ ʤʘʪʨʠʯʥʦʡ ʟʘʧʠʩʠ  

 
0

0

( )( )
( ) ( ) ( ),

L

t dtB t
K A t t f t

i t t

bj
j j

p
= + =

-ñ
  (1)  

ʛʜʝ  

 
, ,( ) ( ) , ( ) ( ) ,..., , 1,2,..., ,A t A t B t B t na b a b a b= = =  

ʤʘʪʨʠʮʳ, ʟʘʜʘʥʥʳʝ ʥʘ L  ʠ ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢʣʘʩʩʫ H (ʢʣʘʩʩ ʬʫʥʢʮʠʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ 

ʫʩʣʦʚʠʶ ɻʸʣʴʜʝʨʘ). 

ʄʳ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʠʩʪʝʤʘ (1) ʥʦʨʤʘʣʴʥʘʷ, ʪʦ ʝʩʪ,ɹ ʯʪʦ ʦʩʥʦʚʥʳʝ ʤʘʪʨʠʮʳ  

                                                      
ɸʜʨʝʩ ʜʣʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ: ʋʩʤʦʥʦʚ ʅʫʨʫʣʣʦ. 734067, ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ, ʛ.ɼʫʰʘʥʙʝ, 

ʫʣ.ʅʘʭʠʤʦʚʘ, 64/14, ʊʘʜʞʠʢʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ.  

E-mail: sbb-1971@rambler.ru 

ʀɿɺɽʉʊʀʗ ɸʂɸɼɽʄʀʀ ʅɸʋʂ ʈɽʉʇʋɹʃʀʂʀ ʊɸɼɾʀʂʀʉʊɸʅ 

ʆʊɼɽʃɽʅʀɽ ʌʀɿʀʂʆ-ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ, ʍʀʄʀʏɽʉʂʀʍ,  

ɻɽʆʃʆɻʀʏɽʉʂʀʍ ʀ ʊɽʍʅʀʏɽʉʂʀʍ ʅɸʋʂ 

ˉ1 (174), 2019 ʛ. 
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 ( ) ( ) ( ), ( ) ( ) ( )S t A t B t D t A t B t= + = -  

ʥʠʛʜʝ ʥʘ L  ʥʝ ʦʩʦʙʝʥʥʳʝ, ʪʦ ʝʩʪʴ, det ( ) 0, det ( ) 0S t D t¸ ¸ ʚʩʶʜʫ ʥʘ L . 

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (1) ʤʦʞʝʪ ʙʳʪ ʩʚʝʜʝʥʦ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʩʦʧʨʷʞʝʥʠʷ, ʩ ʢʦʪʦʨʦʡ 

ʦʥʘ ʪʝʩʥʦ ʩʚʷʟʘʥʘ. 

ɸ ʠʤʝʥʥʦ, ʚʚʝʜʸʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʢʫʩʦʯʥʦ-ʛʦʣʦʤʦʨʬʥʳʡ ʚʝʢʪʦʨ  

 
1 ( )

( ) .
2

L

t dt
t

i t z

j

p
F =

-ñ
  (2) 

ʊʦʛʜʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʬʦʨʤʫʣ ʉʦʭʦʮʢʦʛʦ-ʇʣʝʤʝʣʷ  

 

0

1 ( )
( ) ( ) ( ), ( ) ( ).

L

t dt
t t t t t

i t t

j
j

p

+ - + -=F -F =F -F
-ñ

  (3) 

ɺʥʦʩʷ ʵʪʠ ʟʥʘʯʝʥʠʷ ʠʟ (2), (3) ʚ (1), ʧʦʣʫʯʘʝʤ  

 ( ) ( ) ( ) ( ) ( )S t t D t t f t+ -F = F +  

ʠʣʠ 

 ( ) ( ) ( ) ( ),t G t t g t+ -F = F +  (4) 

ʛʜʝ [ ] [ ]
1 1

( ) ( ) ( ) ( ), ( ) ( ) ( ).t G t S t D t g t S t f t
- -+F = = =  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʨʘʚʥʝʥʠʝ (1) ʩʚʝʣʦʩʴ ʢ ʥʝʦʜʥʦʨʦʜʥʦʡ ʟʘʜʘʯʝ ʩʦʧʨʷʞʝʥʠʷ (4) ʚ 

ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʢʘʞʜʦʤʫ ʨʝʰʝʥʠʶ ʫʨʘʚʥʝʥʠʷ (1) ʦʪʚʝʯʘʝʪ ʧʦ ʬʦʨʤʫʣʝ (2) ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (4), ʠʩʯʝʟʘʶʱʝʝ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʘ ʢʘʞʜʦʤʫ ʪʘʢʦʤʫ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ (4) 

ʦʪʚʝʯʘʝʪ ʧʦ ʧʝʨʚʦʡ ʬʦʨʤʫʣʝ (3) ʦʧʨʝʜʝʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1). 

ʇʦʜʨʦʙʥʦʝ ʠʟʣʦʞʝʥʠʝ ʪʝʦʨʠʠ ʩʠʩʪʝʤ ʩʠʥʛʫʣʷʨʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʘʥʦ 

ʚ ʤʦʥʦʛʨʘʬʠʷʭ [1],[2]. ɺ ʨʘʙʦʪʝ [3] ʜʘʥʦ ʧʦʣʥʦʝ ʨʝʰʝʥʠʝ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʜʣʷ 1n= . ʂʦʛʜʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʜʘʯʠ ʠʤʝʝʪ ʦʩʦʙʝʥʥʦʩʪʴ ʥʝ ʛʦʣʦʤʦʨʬʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʦʚʘʥʦ ʚ [4] 

(ʧʨʠ 1n= ).  

ʇʨʦʚʝʜʸʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʵʪʘʧʥʦ. 

1. ʆʩʦʙʳʡ ʩʣʫʯʘʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (ʠʥʪʝʛʨʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ), ʢʦʛʜʘ ʦʧʨʝʜʝ-

ʣʠʪʝʣʴ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ.  

ɺ ʦʙʱʝʡ ʪʝʦʨʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ( )G t  ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩ-

ʣʦʚʠʶ ɻʝʣʴʜʝʨʘ, ʧʨʠʯʸʤ ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ ( )G t  ʥʠʛʜʝ ʥʝ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ. ɺ ʥʘ-

ʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʳʝ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ ( )G t  ʤʦʞʝʪ 

ʠʤʝʪʴ ʥʫʣʠ, ʚ ʥʝʢʦʪʦʨʦʤ ʢʦʥʝʯʥʦʤ ʯʠʩʣʝ ʪʦʯʝʢ 1 2, ,..., mt t t  ʢʦʥʪʫʨʘ, ʠ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ 

( )G t  ʤʦʛʫʪ ʦʙʨʘʱʘʪʴʩʷ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʴ ʮʝʣʦʛʦ ʧʦʨʷʜʢʘ ʚ ʢʦʥʝʯʥʦʤ ʯʠʩʣʝ ʪʦʯʝʢ 

1 2, ,..., pt t t¡ ¡ ¡.  
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ʉʧʦʩʦʙ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʣʦʞʝʥʠʠ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʧʨʦ-

ʠʟʚʝʜʝʥʠʝ ʜʚʫʭ ʤʘʪʨʠʮ, ʠʟ ʢʦʪʦʨʳʭ ʦʜʥʘ ʠʤʝʝʪ ʥʦʨʤʘʣʴʥʳʡ ʚʠʜ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʚ ʦʙ-

ʱʝʡ ʪʝʦʨʠʠ, ʪ.ʝ. ʵʣʝʤʝʥʪʳ ʝʸ ʢʦʥʝʯʥʳ ʠ ʦʧʨʝʜʝʣʠʪʝʣʴ ʥʝ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ, ʘ ʜʨʫʛʘʷ ʩʦ-

ʩʪʘʚʣʝʥʘ ʠʟ ʨʘʮʠʦʥʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʥʘʣʠʪʠʯʝʩʢʠ ʧʨʦʜʦʣʞʠʤʘ ʚ ʦʙʣʘʩ-

ʪʠ D+ ʠ D-.  

ʈʘʟʣʦʞʝʥʠʝ ʤʘʪʨʠʮʳ ʚ ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʣʠʥʝʡʥʳʭ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʧʨʦʩʪʝʡʰʠʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ( )G t  ʦʛʨʘʥʠ-

ʯʝʥʳ, ʘ ʦʧʨʝʜʝʣʠʪʝʣʴ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ ʚ ʪʦʯʢʘʭ 1 2, ,..., mt t t  ʧʦʨʷʜʢʦʚ 1 2, ,..., ma a a ( ka  - 

ʮʝʣʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʯʠʩʣʘ). 

ʆʜʥʦʨʦʜʥʘʷ ʟʘʜʘʯʘ: 

 ( ) ( ) ( )t G t t+ -F = F . 

ʇʫʩʪʴ kt  ï ʢʘʢʦʡ-ʥʠʙʫʜʴ ʥʫʣʴ ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ ( )A t . ɹʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ, 

ʯʪʦ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳ ʚ ʵʪʦʡ ʪʦʯʢʝ ʩʪʦʣʴʢʦ ʨʘʟ, ʩʢʦʣʴʢʦ ʪʨʝʙʫʝʪʩʷ, 

ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʨʘʟʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ʧʦ ʬʦʨʤʫʣʝ ʊʝʡʣʦʨʘ. ʇʨʠʚʝʜʸʤ ʤʘʪʨʠ-

ʮʫ ( )G t  ʚ ʪʦʯʢʝ kt  ʢ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʝ ʧʦ ʩʪʨʦʢʘʤ, ʠ ʧʫʩʪʴ kT  - ʧʦʣʠʥʦʤʠʘʣʴʥʘʷ ʤʘʪʨʠ-

ʮʘ ʩ ʧʦʩʪʦʷʥʥʳʤ ʦʧʨʝʜʝʣʠʪʝʣʝʤ, ʫʤʥʦʞʝʥʠʝ ʥʘ ʢʦʪʦʨʫʶ ʩʣʝʚʘ ʨʘʚʥʦʩʠʣʴʥʦ ʧʨʠʚʝʜʝʥʠʶ 

ʤʘʪʨʠʮʳ ( )G t  ʢ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʝ ʧʦ ʩʪʨʦʢʘʤ, ʠ ʧʫʩʪʴ kT  - ʧʦʣʠʥʦʤʠʘʣʴʥʘʷ ʤʘʪʨʠʮʘ ʩ 

ʧʦʩʪʦʷʥʥʳʤ ʦʧʨʝʜʝʣʠʪʝʣʝʤ, ʫʤʥʦʞʝʥʠʝ ʥʘ ʢʦʪʦʨʫʶ ʩʣʝʚʘ ʨʘʚʥʦʩʠʣʴʥʦ ʧʨʠʚʝʜʝʥʠʶ ʤʘʪ-

ʨʠʮʳ ( )G t  ʢ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʝ. ɽʩʣʠ 
( )j

ka  - ʧʦʨʷʜʢʠ ʩʪʨʦʢ ʤʘʪʨʠʮʳ ( )G t  ʧʦʩʣʝ ʧʨʠʚʝ-

ʜʝʥʠʷ ʝʸ ʢ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʝ (
( )

1

n
j

k k

j

a a
=

=ä ), ʪʦ ʙʫʜʝʤ ʠʤʝʪʴ:  

 
( )

1 1( ) ( ) ( ) ( )
j

k

k k k kG t T T G t T t t G t
a- - ¡= Ö = - Ö, 

ʛʜʝ ( )G t¡  ï ʤʘʪʨʠʮʘ, ʦʧʨʝʜʝʣʠʪʝʣʴ ʢʦʪʦʨʦʡ ʥʝ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ ʚ ʪʦʯʢʝ kt . ʇʦʩʪʫʧʘʷ ʪʘʢ 

ʞʝ ʩʦ ʚʩʝʤʠ ʦʩʪʘʣʴʥʳʤʠ ʥʫʣʷʤʠ ʦʧʨʝʜʝʣʠʪʝʣʷ, ʧʨʠʚʝʜʝʤ ʢʨʘʝʚʦʝ ʫʩʣʦʚʠʝ ʢ ʚʠʜʫ  

 
1( ) ( ) ( ) ( )t Q t G t t+ -F = F  

ʛʜʝ ( )Q t  ï ʧʦʣʠʥʦʤʠʘʣʴʥʘʷ ʤʘʪʨʠʮʘ, ʥʫʣʠ ʦʧʨʝʜʝʣʠʪʝʣʷ ʢʦʪʦʨʦʡ ʩʦʚʧʘʜʘʪʁ ʩ ʥʫʣʷʤʠ ʦʧ-

ʨʝʜʝʣʠʪʝʣʷ ʤʘʪʨʠʮʳ ( )G t  ʘ 1( )G t  ï ʤʘʪʨʠʮʘ ʩ ʦʧʨʝʜʝʣʠʪʝʣʝʤ, ʥʝ ʥʝʦʙʨʘʱʘʶʱʠʤʩʷ ʚ 

ʥʫʣʴ. ʄʘʪʨʠʮʫ 1( )G t  ʥʘʟʦʚʸʤ ʧʨʠʚʝʜʝʥʥʦʡ ʤʘʪʨʠʮʝʡ, ʘ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ  

 
1 1 1( ) ( ) ( )t G t t+ -F = F   (5)  

ʧʨʠʚʝʜʝʥʥʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʝʡ.  
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ʇʫʩʪʴ 
1
( )zc  ï ʢʘʥʦʥʠʯʝʩʢʘʷ ʤʘʪʨʠʮʘ ʧʨʠʚʝʜʝʥʥʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (5), ʪʘʢ ʯʪʦ 

ʠʤʝʝʤ: 

 
1

1 1 1( ) ( )[ ( )]G t t tc c+ + -= . 

ʂʨʘʝʚʦʝ ʫʩʣʦʚʠʝ (5) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʢʘʢ ʫʩʣʦʚʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʧʨʦʜʦʣʞʠ-

ʤʦʩʪʠ ʚʝʢʪʦʨʘ ʯʝʨʝʟ ʢʦʥʪʫʨ ʥʘ ʚʩʶ ʧʣʦʩʢʦʩʪʴ. ʃʝʚʘʷ ʯʘʩʪʴ ʤʦʞʝʪ ʠʤʝʪʴ ʧʦʣʶʩʳ ʚ ʪʦʯʢʘʭ 

1 2, ,..., mt t t  ʢʦʥʪʫʨʘ, ʥʦ ʪʘʢ ʢʘʢ ʧʨʘʚʘʷ ʯʘʩʪʴ ʚ ʵʪʠʭ ʪʦʯʢʘʭ ʦʛʨʘʥʠʯʝʥʘ, ʪʦ ʦʪʩʶʜʘ ʩʣʝʜʫʝʪ, 

ʯʪʦ ʚ ʪʦʯʢʘʭ 1 2, ,..., mt t t  ʙʫʜʫʪ ʫʩʪʨʘʥʠʤʳʝ ʦʩʦʙʝʥʥʦʩʪʠ; ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʜʠʥʩʪʚʝʥʥʦʡ 

ʚʦʟʤʦʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʚʦ ʚʩʝʡ ʧʣʦʩʢʦʩʪʠ ʚʝʢʪʦʨʘ ʙʫʜʫʪ ʧʦʣʶʩʳ ʚ ʙʝʩ-

ʢʦʥʝʯʥʦ ʫʜʘʣʸʥʥʦʡ ʪʦʯʢʝ. ʆʪʩʶʜʘ, ʧʦ ʦʙʦʙʱʸʥʥʦʡ ʪʝʦʨʝʤʝ ʃʠʫʚʠʣʣʷ 

 
1( ) ( ) ( ) ( )z Q z z zc+ +F = R , 

 
1( ) ( ) ( )z z zc- -F = R , 

ʛʜʝ ( )zR  ï ʚʝʢʪʦʨ ʠʟ ʧʦʣʠʥʦʤʦʚ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. ʊʘʢ ʢʘʢ ʩʪʝʧʝʥʴ ʧʦ-

ʣʠʥʦʤʠʘʣʴʥʦʛʦ ʚʝʢʪʦʨʘ ʟʘʚʠʩʠʪ ʣʠʰʴ ʦʪ ʧʦʨʷʜʢʦʚ ʨʝʰʝʥʠʡ ʢʘʥʦʥʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ 1( )zc  

ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʪʦ ʦʪʩʶʜʘ ʩʣʝʜʫʝʪ ʦʩʥʦʚʥʦʡ ʨʝʟʫʣʴʪʘʪ: 

ʏʠʩʣʦ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʨʝʰʝʥʠʡ ʦʜʥʦʨʦʜʥʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʥʘʣʠʯʠʷ ʥʫʣʝʡ ʦʧʨʝʜʝʣʠʪʝʣʷ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ( )G t  ʠ ʙʫʜʝʪ ʪʘʢʠʤ ʞʝ, ʢʘʢ ʠ ʫ 

ʧʨʠʚʝʜʸʥʥʦʡ ʟʘʜʘʯʠ (( )Q t E¹ ). 

ʅʝʦʜʥʦʨʦʜʥʘʷ ʟʘʜʘʯʘ:  

 ( ) ( ) ( ) ( )t G t t g t+ -F = F + . 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʝʨʝʙʨʘʩʳʚʘʪʴ ʤʘʪʨʠʮʫ ( )Q t , ʫʩʪʨʘʥʷʶʱʫʶ ʥʫʣʠ ʦʧʨʝʜʝʣʠʪʝʣʷ, 

ʚ ʣʝʚʫʶ ʩʪʦʨʦʥʫ ʥʝʣʴʟʷ, ʪʘʢ ʢʘʢ ʚʝʢʪʦʨ ( )g t  ʙʫʜʝʪ ʫʤʥʦʞʘʪʴʩʷ ʥʘ ʤʘʪʨʠʮʫ 
1( )Q t-

 ʠ ʩʪʘ-

ʥʝʪ ʧʦʩʣʝ ʵʪʦʛʦ ʫʤʥʦʞʝʥʠʷ ʠʤʝʪʴ ʚ ʪʦʯʢʘʭ 1 2, ,..., mt t t  ʦʩʦʙʝʥʥʦʩʪʠ ʥʝʠʥʪʝʛʨʠʨʫʝʤʦʛʦ ʧʦ-

ʨʷʜʢʘ. 

ɹʫʜʝʤ ʧʨʠʚʦʜʠʪʴ ʤʘʪʨʠʮʫ ( )G t  ʢ ʥʦʨʤʘʣʴʥʦʤʫ ʚʠʜʫ ʚ ʪʦʯʢʘʭ 1 2, ,..., mt t t  ʧʦ ʩʪʦʣʙ-

ʮʘʤ. ʈʘʩʩʫʞʜʘ ̫ʘʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʝʤʫ, ʧʦʣʫʯʠʤ, ʯʪʦ ʤʘʪʨʠʮʫ ( )G t  ʤʦʞʥʦ ʧʨʝʜʩʪʘ-

ʚʠʪʴ ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ 

 1( ) ( ) ( )G t G t R t= Ö  

ʛʜʝ 1( )G t  ï ʧʨʠʚʝʜʸʥʥʘʷ ʤʘʪʨʠʮʘ, ʦʧʨʝʜʝʣʠʪʝʣʴ ʢʦʪʦʨʦʡ ʥʝ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ, ʘ ( )R t  ï 

ʧʦʣʠʥʦʤʠʘʣʴʥʘʷ ʤʘʪʨʠʮʘ, ʥʫʣʠ ʦʧʨʝʜʝʣʠʪʝʣʷ ʢʦʪʦʨʦʡ ʩʦʚʧʘʜʘʶʪ ʩ ʥʫʣʷʤʠ ʦʧʨʝʜʝʣʠʪʝʣʷ 

ʤʘʪʨʠʮʳ ( )G t . 
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ɺʚʦʜʷ ʘʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʝʤʫ 1( )zc  - ʢʘʥʦʥʠʯʝʩʢʫʶ ʤʘʪʨʠʮʫ ʧʨʠʚʝʜʸʥʥʦʡ ʟʘ-

ʜʘʯʠ: 

 
1 1 1( ) ( ) ( )t G t t+ -F = ÖF 

ʧʨʝʜʩʪʘʚʠʤ ʢʨʘʝʚʦʝ ʫʩʣʦʚʠʝ ʚ ʚʠʜʝ 

 
1 1 1

1 1 1 1( ) ( ) ( ) ( ) ( ) ( ) ( )t t t R t t t g tc c c
- - -

+ + - - +è ø è ø è øF = ÖF +ê ú ê ú ê ú. 

ɺʚʦʜʷ ʢʫʩʦʯʥʦ-ʛʦʣʦʤʦʨʬʥʳʡ ʚʝʢʪʦʨ  

 

1

1 ( ) ( )1
( )

2
L

g
F z d

i z

c t t
t

p t

-
+è øê ú=
-ñ  

ʠ ʧʦʣʴʟʫʷʩʴ ʬʦʨʤʫʣʘʤʠ ʉʦʭʦʮʢʦʛʦ ʜʣʷ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠʥʪʝʛʨʘʣʘ ʪʠʧʘ ʂʦʰʠ, ʧʨʠ-

ʚʝʜʸʤ ʢʨʘʝʚʦʝ ʫʩʣʦʚʠʝ ʢ ʚʠʜʫ 

 
1 1 1

1 1 1 1( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )t t t t R t t t g t tc y c c y
- - -

+ + + - - + -è ø è ø è øF - = ÖF + -ê ú ê ú ê ú . 

ɿʜʝʩʴ ( ) ( ) ( )F t t ty y+ -= - . 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʝʦʨʝʤʳ ʦʙ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʧʨʦʜʦʣʞʝʥʠʠ ʠ ʦʙʦʙʱʸʥʥʦʡ ʪʝʦʨʝʤʳ 

ʃʠʫʚʠʣʣʷ, ʧʦʣʫʯʠʤ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 
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c y
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F = +

F = +
 (6) 

( )P z  ï ʧʦʣʠʥʦʤʠʘʣʴʥʳʡ ʚʝʢʪʦʨ. 

ɺ ʧʦʩʣʝʜʥʠʭ ʬʦʨʤʫʣʘʭ (6) ( )z-F  ʤʦʞʝʪ ʦʙʨʘʱʘʪʴʩʷ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʴ ʚ ʪʦʯʢʘʭ 

1 2, ,..., mt t t . ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʝʰʝʥʠʝ ʦʩʪʘʚʘʣʦʩʴ ʢʦʥʝʯʥʳʤ ʥʘ ʢʦʥʪʫʨʝ, ʥʫʞʥʦ ʧʦʪʨʝʙʦʚʘʪʴ, 

ʯʪʦʙʳ ʚʝʢʪʦʨ ( )[ ( ) ( )]z P z zc y- -+  ʠʤʝʣ ʥʫʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦʨʷʜʢʘ ʚ ʪʦʯʢʘʭ 

1 2, ,..., mt t t  ʢʦʥʪʫʨʘ. ʕʪʦ ʜʘʩʪ ʥʦʚʳʝ ʫʩʣʦʚʠʷ ʨʘʟʨʝʰʠʤʦʩʪʠ ʟʘʜʘʯʠ. ʏʘʩʪ ɹʠʟ ʥʠʭ ʤʦʞʥʦ 

ʙʫʜʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʧʫʪʸʤ ʧʦʜʙʦʨʘ ʧʨʦʠʟʚʦʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʠʘʣʴʥʦʛʦ ʚʝʢ-

ʪʦʨʘ ( )P z ; ʯʘʩʪʴ ʦʩʪʘʥʝʪʩʷ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʤ ʜʦʣʞʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʩʚʦʙʦʜʥʳʡ ʯʣʝʥ ʢʨʘʝʚʦʛʦ ʫʩʣʦʚʠʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʟʘʜʘʯʘ ʠʤʝʣʘ ʨʝʰʝʥʠʝ. ʀʭ ʥʫʞʥʦ ʙʫʜʝʪ 

ʧʨʠʩʦʝʜʠʥʠʪʴ ʢ ʫʩʣʦʚʠʷʤ ʨʘʟʨʝʰʠʤʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʤ ʧʨʠ ʥʘʣʠʯʠʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʯʘ-

ʩʪʥʳʭ ʠʥʜʝʢʩʦʚ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ 
1 1 1( ) ( ) ( )t G t t+ -F = F , ʢʘʢ ʫʩʣʦʚʠʝ ʢʦʥʝʯʥʦʩʪʠ ʨʝʰʝʥʠʷ ʢ 

ʙʝʩʢʦʥʝʯʥʦ ʫʜʘʣʸʥʥʦʡ ʪʦʯʢʝ. 
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2. ʆʩʦʙʳʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʵʣʝʤʝʥʪʳ ʦʙʨʘʱʘʶʪʩʷ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʴ ʠ ʦʧʨʝʜʝʣʠ-

ʪʝʣʴ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ( )G t  ʤʦʛʫʪ ʦʙʨʘʱʘʪʴʩʷ ʚ ʙʝʩʢʦʥʝʯ-

ʥʦʩʪʴ ʠ ʦʧʨʝʜʝʣʠʪʝʣʴ ʝʸ ʤʦʞʝʪ ʦʙʨʘʱʘʪʴʩʷ ʚ ʥʫʣʴ. 

ʇʫʩʪʴ 1 2, ,..., mt t t¡ ¡ ¡ - ʪʦʯʢʠ, ʛʜʝ ʥʝʢʦʪʦʨʳʝ ʵʣʝʤʝʥʪʳ ( )A t  ʦʙʨʘʱʘʶʪʩʷ ʚ ʙʝʩʢʦʥʝʯ-

ʥʦʩʪʴ ʮʝʣʦʛʦ ʧʦʨʷʜʢʘ, ʠ 
1 2, ,..., pt t t  - ʪʦʯʢʠ, ʛʜʝ ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ ( )A t  ʦʙʨʘʱʘʝʪʩʷ ʚ 

ʥʫʣʴ. 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʪʦʯʝʢ kt  ʤʦʛʫʪ ʩʦʚʧʘʜʘʪʴ ʩ ʪʦʯʢʘʤʠ kt¡. 

ʆʜʥʦʨʦʜʥʘʷ ʟʘʜʘʯʘ: 

 ( ) ( ) ( )t G t t+ -F = F . (7) 

ʇʫʩʪʴ ʚ (7) kt¡ ï ʪʦʯʢʘ, ʛʜʝ ʵʣʝʤʝʥʪʳ ʠʤʝʶʪ ʧʦʣʶʩʳ. ʇʨʠʚʝʜʸʤ ʤʘʪʨʠʮʫ ( )G t  ʚ 

ʵʪʦʡ ʪʦʯʢʝ ʢ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʝ ʧʦ ʩʪʦʣʙʮʘʤ ʧʫʪʸʤ ʫʤʥʦʞʝʥʠʷ ʩʧʨʘʚʘ ʥʘ ʤʘʪʨʠʮʫ G ʩ 

ʧʦʩʪʦʷʥʥʳʤ ʦʧʨʝʜʝʣʠʪʝʣʝʤ, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʡ - ʧʦʣʠʥʦʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 
1

it t¡-
:  

 
1 1( ) ( ) ( )G t G t G t- -¡= GÖG = ÖG. 

ʇʦʨʷʜʢʠ ʩʪʦʣʙʮʦʚ ʤʘʪʨʠʮʳ ( )G t¡  ʚ ʪʦʯʢʝ it¡ ʤʦʛʫʪ ʙʳʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ, ʥʫʣʝ-

ʚʳʤʠ ʠʣʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ. ɺʳʥʝʩʝʤ ʠʟ ( )G t¡  ʜʠʘʛʦʥʘʣʴʥʫʶ ʤʘʪʨʠʮʫ ʩʧʨʘʚʘ, ʩʦʩʪʘʚʣʝʥ-

ʥʫʶ ʠʟ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʣʠ ʥʫʣʝʚʳʭ ʩʪʝʧʝʥʝʡ ʙʠʥʦʤʘ t t¡- , ʪʘʢ, ʯʪʦʙʳ ʩʪʦʣʙʮʳ ʤʘʪʨʠʮʳ 

( )G t¡ , ʠʤʝʶʱʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʠʣʠ ʥʫʣʝʚʦʡ ʧʦʨʷʜʦʢ, ʦʩʪʘʣʠʩʴ ʙʝʟ ʠʟʤʝʥʝʥʠʷ, ʘ ʩʪʦʣʙ-

ʮʳ, ʠʤʝʶʱʠʝ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʧʦʨʷʜʦʢ, ʩʪʘʣʠ ʙʳ ʠʤʝʪʴ ʥʫʣʝʚʦʡ. ɹʫʜʝʤ ʠʤʝʪʴ: 

 1( ) ( ) ( )G t G t R t¡¡= , 

ʛʜʝ ( )G t¡¡ ï ʤʘʪʨʠʮʘ, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʡ ʢʦʥʝʯʥʳ ʚ ʪʦʯʢʝ it¡, ʘ 1( )R t - ʤʘʪʨʠʮʘ, ʵʣʝʤʝʥʪʳ 

ʢʦʪʦʨʦʡ ʢʦʥʝʯʥʳ ʚ ʪʦʯʢʠ it¡, ʘ 1( )R t - ʤʘʪʨʠʮʘ, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʡ ï ʧʦʣʠʥʦʤʳ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ 
1

it t¡-
, ʘ ʦʧʨʝʜʝʣʠʪʝʣʴ ʨʘʚʝʥ ( ) i

iconst t t
a-¡- , ʛʜʝ ia- ʮʝʣʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ. 

ʇʨʦʜʝʣʘʚ ʧʦʜʦʙʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʚʩʝʭ ʪʦʯʝʢ ( 1,2,..., )it i m¡=  ʧʦʣʫʯʠʤ, ʯʪʦ 

ʤʘʪʨʠʮʫ ( )G t  ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ  

 ( ) ( ) ( )G t G t R t¡¡¡= , 

ʛʜʝ ( )G t¡¡¡ ï ʤʘʪʨʠʮʘ, ʠʤʝʶʱʘʷ ʵʣʝʤʝʥʪʳ, ʚʩʶʜʫ ʦʛʨʘʥʠʯʝʥʥʳʝ, ʘ ( )R t  ï ʤʘʪʨʠʮʘ, ʵʣʝ-

ʤʝʥʪʳ ʢʦʪʦʨʦʡ- ʨʘʮʠʦʥʘʣʴʥʳʝ ʬʫʥʢʮʠʠ. 
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ʇʫʩʪʴ 
1 2, ,..., ( )qt t t q p²  ï ʪʦʯʢʠ, ʛʜʝ ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ ( )G t¡¡¡ ʦʙʨʘʱʘʝʪʩʷ ʚ 

ʥʫʣʴ. ʕʪʠ ʪʦʯʢʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙ ̫ p  ʪʦʯʝʢ, ʛʜʝ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ 

( )G t , ʘ ʪʘʢʞʝ, ʤʦʞʝʪ ʙʳʪʴ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʪʦʯʝʢ it¡, ʛʜʝ ʵʣʝʤʝʥʪʳ ʦʙʨʘʱʘʣʠʩʴ ʚ ʙʝʩʢʦʥʝʯ-

ʥʦʩʪʴ. 

ʈʘʩʩʫʞʜʘʷ ʢʘʢ ʚ ʧ.1, ʧʦʣʫʯʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʘʪʨʠʮʳ ( )G t¡¡¡ ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ 

 1( ) ( ) ( )G t Q t G t¡¡¡= , 

ʛʜʝ ( )Q t  ï ʤʘʪʨʠʮʘ ʩ ʧʦʣʠʥʦʤʠʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʘ 1( )G t  ï ʤʘʪʨʠʮʘ ʩ ʵʣʝʤʝʥʪʘʤʠ, 

ʚʩʶʜʫ ʢʦʥʝʯʥʳʤʠ, ʠ ʦʧʨʝʜʝʣʠʪʝʣʝʤ, ʥʝ ʦʙʨʘʱʘʶʱʠʤʩʷ ʚ ʥʫʣʴ. 

ʂʨʘʝʚʦʝ ʫʩʣʦʚʠʝ (7) ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ 

 
1( ) ( ) ( ) ( ) ( )t Q t G t R t t+ -F = F   (8) 

ʇʫʩʪʴ ( )zc+  ï ʢʘʥʦʥʠʯʝʩʢʘʷ ʤʘʪʨʠʮʘ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ  

 
1 1( ) ( ) ( )t G t t+ -F = F , 

ʪʦʛʜʘ, ʟʘʤʝʥʷʷ 1( )G t  ʥʘ 
1

1 1( )[ ( )]t tc c+ - -
, ʧʨʠʜʘʜʠʤ ʢʨʘʝʚʦʤʫ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ (8) ʚʠʜ 

 
1

1 1( ) ( ) ( )[ ( )] ( ) ( )t Q t t t R t tc c+ + - - -F = F . 

ʇʨʠʚʝʜʸʤ ʤʘʪʨʠʮʫ 
1

1[ ( )] ( )t R tc- -
 ʢ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʝ ʧʦ ʩʪʨʦʢʘʤ ʚ ʙʝʩʢʦʥʝʯʥʦ 

ʫʜʘʣʸʥʥʦʡ ʪʦʯʢʝ, ʠ ʧʫʩʪʴ ʤʘʪʨʠʮʘ ( )M t  ʩ ʧʦʣʠʥʦʤʠʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʧʦʩʪʦʷʥʥʳʤ 

ʦʧʨʝʜʝʣʠʪʝʣʝʤ ʝʩʪʴ ʪʘʢʘʷ, ʫʤʥʦʞʝʥʠʝ ʥʘ ʢʦʪʦʨʫʶ ʩʣʝʚʘ ʨʘʚʥʦʩʠʣʴʥʦ ʵʪʦʤʫ ʧʨʠʚʝʜʝʥʠʶ. 

ʊʦʛʜʘ ʢʨʘʝʚʦʝ ʫʩʣʦʚʠʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

 
1 1 1

1 1( )[ ( )] ( ) ( ) ( )[ ( )] ( ) ( )M t t Q t t M t t R t tc c+ - - + - - -F = F . 

ʇʨʠʤʝʥʷʷ ʦʙʦʙʱʸʥʥʫʶ ʪʝʦʨʝʤʫ ʃʠʫʚʠʣʣʷ, ʠʤʝʝʤ:  

 

1

1

1 1

1

( ) ( ) ( ) ( ) ( ),

( ) ( ) ( ) ( ) ( ).

z Q z z M z P z

z R z z M z P z

c

c

+ + -

- - - -

F =

F =
 

ɽʩʣʠ ʦʙʦʟʥʘʯʠʪʴ ʩʫʤʤʘʨʥʳʡ ʠʥʜʝʢʩ ʟʘʜʘʯʠ 

 
1 1 1( ) ( ) ( )t G t t+ -F = F  

ʯʝʨʝʟ æ*, ʘ ʧʦʨʷʜʦʢ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʦʧʨʝʜʝʣʠʪʝʣʷ ʤʘʪʨʠʮʳ ( )R t  (ʩʫʤʤʘʨʥʳʡ ʧʦʨʷʜʦʢ 

ʧʦʣʶʩʦʚ) ï ʯʝʨʝʟ t, ʪʦ ʩʫʤʤʘʨʥʳʡ ʠʥʜʝʢʩ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʙʫʜʝʪ  

 æ æ t*= -. 

ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʦ ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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ɽʩʣʠ ʤʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ( )G t  ʠʤʝʝʪ ʧʦʣʶʩʳ, ʠ ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʦʞʝʪ ʦʙʨʘ-

ʱʘʪʴʩʷ ʚ ʥʫʣʴ, ʪʦ ʯʠʩʣʦ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʨʝʰʝʥʠʡ ʦʜʥʦʨʦʜʥʦʡ ʟʘʜʘʯʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʥʘʣʠʯʠʷ ʥʫʣʝʡ ʦʧʨʝʜʝʣʠʪʝʣʷ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ ʥʘʣʠʯʠʷ ʧʦʣʶʩʦʚ ʥʘ ʯʠʩʣʦ, ʥʝ ʙʦʣʴʰʝʝ, 

ʯʝʤ ʩʫʤʤʘʨʥʳʡ ʧʦʨʷʜʦʢ ʧʦʣʶʩʦʚ ʤʘʪʨʠʮʳ ( )R t . 

ʅʝʦʜʥʦʨʦʜʥʘʷ ʟʘʜʘʯʘ: 

 ( ) ( ) ( ) ( )t G t t g t+ -F = F + .  (9) 

ʇʫʩʪʴ 
1 2, ,..., ( )qt t t q p²  ʪʦʯʢʠ, ʛʜʝ ʵʣʝʤʝʥʪʳ ( )G t  ʤʦʛʫʪ ʦʙʨʘʱʘʪʴʩʷ ʚ ʙʝʩʢʦʥʝʯ-

ʥʦʩʪʴ ʠʣʠ ʦʧʨʝʜʝʣʠʪʝʣʴ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ, ʠʥʘʯʝ ʛʦʚʦʨʷ, ʪʘʢʠʝ ʪʦʯʢʠ, ʛʜʝ ʤʘʪʨʠʮʘ ʧʦʩʣʝ 

ʧʨʠʚʝʜʝʥʠʷ ʢ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʝ ʠʤʝʝʪ ʩʪʦʣʙʮʳ ʩ ʥʝʥʫʣʝʚʳʤʠ ʧʦʨʷʜʢʘʤʠ. ʇʨʠʚʦʜʷ ʤʘʪ-

ʨʠʮʫ ( )G t  ʚ (9) ʢ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʝ ʧʦ ʩʪʦʣʙʮʘʤ ʠ ʚʳʥʦʩʷ ʧʨʘʚʳʤʠ ʤʥʦʞʠʪʝʣʷʤʠ ʜʠʘ-

ʛʦʥʘʣʴʥʳʝ ʤʘʪʨʠʮʳ ( )G t  ʠʟ ʩʪʝʧʝʥʝʡ ʙʠʥʦʤʦʚ 1( )t t-  ʪʘʢ, ʯʪʦʙʳ ʦʩʪʘʚhʘʷʩʷ ʤʘʪʨʠʮʘ 

ʠʤʝʣʘ ʪʦʣʴʢʦ ʥʫʣʝʚʳʝ ʧʦʨʷʜʢʠ ʩʪʦʣʙʮʦʚ, ʧʨʠʚʝʜʝʤ ʤʘʪʨʠʮʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʨʘʝʚʦʛʦ ʫʩ-

ʣʦʚʠʷ ʢ ʚʠʜʫ 

 1( ) ( ) ( )G t G t R t= , 

ʛʜʝ 1( )G t  ï ʤʘʪʨʠʮʘ ʩʦ ʚʩʶʜʫ ʢʦʥʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʦʧʨʝʜʝʣʠʪʝʣʝʤ, ʥʝ ʦʙʨʘʱʘʶʱʠʤ-

ʩʷ ʚ ʥʫʣʴ, ʘ ( )R t  ï ʤʘʪʨʠʮʘ, ʵʣʝʤʝʥʪ ʢʦʪʦʨʦʡ ï ʨʘʮʠʦʥʘʣʴʥʳʝ ʬʫʥʢʮʠʠ. 

ɺʚʦʜʷ 1( )zc  ï ʢʘʥʦʥʠʯʝʩʢʫʶ ʤʘʪʨʠʮʫ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ 

 
1 1 1( ) ( ) ( )t G t t+ -F = F  

ʢʫʩʦʯʥʦ-ʛʦʣʦʤʦʨʬʥʦʡ ʚʝʢʪʦʨ 
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z d

i z

c t
y t

p t

+ -

=
-ñ  

ʠ ʤʘʪʨʠʮʫ ( )M z , ʧʨʠʚʦʜʷʱʫʶ ʤʘʪʨʠʮʫ ʢ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʝ ʚ ʙʝʩʢʦʥʝʯʥʦ ʫʜʘʣʸʥʥʦʡ 

ʪʦʯʢʝ ʠ ʧʦʩʪʫʧʘʷ ʘʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʢʘʢ ʚ ʧ.1, ʧʦʣʫʯʠʤ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ 
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1 1
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ʇʦʜʩʯʠʪʘʝʤ ʪʝʧʝʨʴ ʯʠʩʣʦ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʨʝʰʝʥʠʡ ʠ ʯʠʩʣʦ ʫʩʣʦʚʠʡ ʨʘʟʨʝʰʠʤʦʩʪʠ 

ʟʘʜʘʯʠ. 

ʇʫʩʪʴ æ* ï ʩʫʤʤʘʨʥʳʡ ʠʥʜʝʢʩ ʟʘʜʘʯʠ 
1 1 1( ) ( ) ( )t G t t+ -F = F . ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ d 

ʩʫʤʤʫ ʧʦʨʷʜʢʦʚ ʪʝʭ ʩʪʦʣʙʮʦʚ ʤʘʪʨʠʮʳ ( )R t , ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʧʨʠʚʝʜʝʥʠʷ ʢ ʥʦʨʤʘʣʴʥʦʡ 

ʬʦʨʤʝ ʙʫʜʫʪ ʠʤʝʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʧʦʨʷʜʢʠ (ʥʫʣʠ ʧʦʨʷʜʢʦʚ ʪʝʭ ʩʪʦʣʙʮʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʧʦʨʷʜʦʢ). ʊʦʛʜʘ, ʦʯʝʚʠʜʥʦ, ʧʦʨʷʜʦʢ ʦʧʨʝʜʝʣʠʪʝʣʷ ʤʘʪʨʠʮʳ ( )R z  ʚ ʙʝʩʢʦ-
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ʥʝʯʥʦ ʫʜʘʣʝʥʥʦʡ ʪʦʯʢʝ ʙʫʜʝʪ ʨʘʚʝʥ t d-  (ʥʘʠʚʳʩʰʘʷ ʩʪʝʧʝʥʴ ʚ ʨʘʟʣʦʞʝʥʠʠ ʵʪʦʛʦ ʦʧʨʝ-

ʜʝʣʠʪʝʣʷ ʧʦ ʩʪʝʧʝʥʷʤ 
1

z
). ʊʦʛʜʘ ʩʫʤʤʘʨʥʳʡ ʠʥʜʝʢʩ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʙʫʜʝʪ æ æ t d*= + -. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʦʙʱʠʡ ʨʝʟʫʣʴʪʘʪ ʚʩʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʫʢʘʟʘʪʴ, ʯʪʦ ʚʦ 

ʚʩʝʭ ʩʣʫʯʘʷʭ ʩʦʭʨʘʥʷʝʪʩʷ ʦʙʱʘʷ ʪʝʥʜʝʥʮʠʷ ʯʠʩʣʘ ʨʝʰʝʥʠʡ, ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʥʘʣʠʯʠʷ ʥʫ-

ʣʝʡ ʦʧʨʝʜʝʣʠʪʝʣʷ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ ʥʘʣʠʯʠʷ ʧʦʣʶʩʦʚ.  
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ÐúùôĄïúĕô ðìî÷ìþôô øú÷ôċ îì ôėþôýúðô ÞúĔôöôýþúù 

Øìėýìðô ìýúýôô þìðėôėúþ ìó øÿìõċù ùìøÿðìùô þìĆýôüô ùÿ÷ĕúô øÿìõċùöÿùìù-

ðì îì ėÿþíĕúô ĉ÷ñøñùþĕú íì Ąÿøúüìô ĕì÷ĕúô øìýĆì÷ìô ċöĔôùýì îì Ąÿøúüìô Ąìüþĕúñ, 

öô íú ôĔüúĄÿðìùô úùĕú øìýĆì÷ìô ĎìõüôċöĔôùýì ĕì÷Ąìîìùðì ìýþ, øñíúĄìð.  

Øÿìõċù öìüðì Ąÿðììýþ, öô ùÿ÷ĕú íì ĕì÷÷ô øìýĆì÷ì þìĆýôü ùìøñüìýúùìùð, ìø-

øú ėÿþíĕú íì ĕì÷÷ô øìýĆì÷ì þìĆýôü øñüìýúùìùð. 

Öì÷ôøìĕúô öì÷ôðĒ: ùú÷, ėÿþí, øÿúðô÷ìô ôùþñïüì÷Ē, Ąìüþô ÏČ÷ðñü, ĕú÷ìþô øìāýÿý, Āÿùöýôċô 

öìùúùôöĒ, ôùþñïüì÷ô ùìøÿðô ÖúĄô.  

 

N.U.USMONOV, N.N.USMONZODA  

A SYSTEM OF SINGULAR INTEGRAL EQUATIONS I N A SPECIAL CASE 

The Tajik State Financial and Economic University 

The main goal of this paper is to determine the impact of zeros of determinant and poles 

of elements on the number of homogeneous functions and number of conditions of solubility. 

Presence of zeroes of the coefficient does not change the number linear independent solutions, 

but presence of the pole reduces this number on the order of pole. 

Key words: zero, pole, integral equations, Holder condition, special case, canonical function, integral of 

Cauchy type. 
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ØÌÞÑØÌÞÔÖÌ 

ʋɼʂ 517.55. 

ʄ.ɹ.ʍʆʃʀʂʆɺɸ, ʄ.ɸ.ʋʉʄʆʅʆɺ 

ʆɹʑɸʗ ʂʈɸɽɺɸʗ ɿɸɼɸʏɸ ʉʆʇʈʗɾɽʅʀʗ ʉ ʇʈʆʀɿɺʆɼʅʓʄʀ 

ʇɽʈɺʆɻʆ ʇʆʈʗɼʂɸ ɺ ʉʀʅɻʋʃʗʈʅʆʄ ʉʃʋʏɸɽ 

ʊʘʜʞʠʢʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ʉ.ɸʡʥʠ 

ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 23.11.2018 ʛ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʤʝʶʪ ʥʫʣʠ ʠ ʧʦʣʶʩʳ ʥʝ ʮʝʣʦʛʦ 

ʧʦʨʷʜʢʘ ʠ ʥʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʥʫʣʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘ ʢʦʥʪʫʨʝ 

ʥʝ ʚʣʠʷʝʪ ʥʘ ʯʠʩʣʦ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʨʝʰʝʥʠʡ ʦʜʥʦʨʦʜʥʦʡ ʟʘʜʘʯʠ ʠ ʯʠʩʣʦ ʫʩʣʦʚʠʡ ʨʘʟʨʝʰʠʤʦ-

ʩʪʠ ʥʝʦʜʥʦʨʦʜʥʦʡ ʟʘʜʘʯʠ, ʘ ʧʦʣʶʩʘ ʚʣʠʷʶʪ ʥʘ ʯʠʩʣʦ ʨʝʰʝʥʠʡ ʦʜʥʦʨʦʜʥʦʡ ʟʘʜʘʯʠ ʠ ʯʠʩʣʦ ʫʩʣʦʚʠʡ 

ʨʘʟʨʝʰʠʤʦʩʪʠ ʥʝʦʜʥʦʨʦʜʥʦʡ ʟʘʜʘʯʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ, ʨʘʟʨʳʚ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʯʠʩʣʦ ʨʝʰʝʥʠʡ ʦʜʥʦʨʦʜʥʦʡ ʟʘʜʘ-

ʯʠ, ʯʠʩʣʦ ʫʩʣʦʚʠʡ ʨʘʟʨʝʰʠʤʦʩʪʠ ʥʝʦʜʥʦʨʦʜʥʦʡ ʟʘʜʘʯʠ, ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʡ ʤʥʦʛʦʯʣʝʥ, ʩʠʥʛʫʣʷʨ-

ʥʳʝ ʩʣʫʯʘʠ.  

ʂʨʘʝʚʘʷ ʟʘʜʘʯʘ ʣʠʥʝʡʥʦʛʦ ʩʦʧʨʷʞʝʥʠʷ ʚ ʨʝʛʫʣʷʨʥʦʤ ʩʣʫʯʘʝ ʠʟʫʯʝʥʘ 

ʃ.ɻ.ʄʠʭʘʡʣʦʚʳʤ [1]. ɿʘʜʘʯʘ ʩʦʧʨʷʞʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʚ ʦʩʦʙʦʤ ʩʣʫʯʘʝ, ʪʦ ʝʩʪʴ 

ʢʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʤʝʶʪ ʥʫʣʠ ʠ ʧʦʣʶʩʳ ʮʝʣʦʛʦ ʧʦʨʷʜʢʘ, ʠʟʫʯʝʥʘ ʅ.ʋʩʤʦʥʦʚʳʤ [2]. 

ʇʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʣʠʥʝʡʥʦʛʦ ʩʦʧʨʷʞʝʥʠʷ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʤʝʶʪ ʥʫʣʠ ʠ ʧʦʣʶʩʳ ʥʝ ʮʝʣʦʛʦ ʧʦʨʷʜʢʘ 

ʠ ʥʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʩʠʥʛʫʣʷʨʥʳʝ ʩʣʫʯʘʠ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʈʠʤʘʥʘ 

ʩ ʥʫʣʷʤʠ ʠ ʧʦʣʶʩʘʤʠ ʥʝ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʠʟʫʯʝʥʳ ʃ.ɻ.ʄʠʭʘʡʣʦʚʳʤ ʠ 

ʅ.ʋʩʤʦʥʦʚʳʤ [3].  

ʇʫʩʪʴ D+ ï ʤʥʦʛʦʩʚʷʟʥʘʷ ʦʙʣʘʩʪʴ ʚ ʧʣʦʩʢʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ, ʦʛʨʘ-

ʥʠʯʝʥʥʘʷ ʢʦʥʪʫʨʦʤ G, ʩʦʩʪʦʷʱʠʤ ʠʟ ʥʝʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʢʦʥʪʫʨʦʚ ʃʷʧʫʥʦʚʘ 0, ,..., mG G G, 

ʧʨʠʯʸʤ ʢʦʥʪʫʨ 0G  ʩʦʜʝʨʞʠʪ ʚʥʫʪʨʠ ʩʝʙʷ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʠ ʪʦʯʢʘ 0z=  ʧʨʠʥʘʜʣʝʞʠʪ D+. 

ɼʦʧʦʣʥʝʥʠʝ ʜʦ ʚʩʝʡ ʧʣʦʩʢʦʩʪʠ E ʠ D D+ += +G ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ .D-  

                                                      
ɸʜʨʝʩ ʜʣʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ: ʍʦʣʠʢʦʚʘ ʄʘʩʪʦʥʘ ɹʦʙʦʥʘʟʘʨʦʚʥʘ. 734003, ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠ-

ʩʪʘʥ, ʛ.ɼʫʰʘʥʙʝ, ʧʨ.ʈʫʜʘʢʠ, 121, ʊʘʜʞʠʢʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. 

E-mail: mastonakholikova@mail.ru 

ʀɿɺɽʉʊʀʗ ɸʂɸɼɽʄʀʀ ʅɸʋʂ ʈɽʉʇʋɹʃʀʂʀ ʊɸɼɾʀʂʀʉʊɸʅ 

ʆʊɼɽʃɽʅʀɽ ʌʀɿʀʂʆ-ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ, ʍʀʄʀʏɽʉʂʀʍ,  

ɻɽʆʃʆɻʀʏɽʉʂʀʍ ʀ ʊɽʍʅʀʏɽʉʂʀʍ ʅɸʋʂ 

ˉ1 (174), 2019 ʛ. 
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ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʫʶ ʟʘʜʘʯʫ: 

ʥʘʡʪʠ ʬʫʥʢʮʠʠ ( )zj+  ʠ ( )zj- , ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ D+ ʠ D- ʫʜʦʚ-

ʣʝʪʚʦʨʷʶʱʠʝ ʥʘ G ʫʩʣʦʚʠʶ ʩʦʧʨʷʞʝʥʠʷ  

 

2 2 2

1 1 12 2 2

2

12

( ) ( ) ( ) ( ) ( )

( ) ( ) ( ), ( ) 0,

d d d

p p p

d

p

t t td d
t a t b t p t t

dt dtt t t

t
q t t c t

t

a a aj j
j j

b b b

a
j j

b

- -
+ -

- -

- - -
= + + +
- - -

-
+ + ¤ =
-

  (1) 

ʛʜʝ 1 1 1 1( ), ( ), ( ), ( ), ( )a t b t p t q t c t
 
ï ʬʫʥʢʮʠʠ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʶ ɻʸʣʴʜʝʨʘ 

,a b
 
ï ʥʝʩʦʚʧʘʜʘʶʱʠʝ ʪʦʯʢʠ ʢʦʥʪʫʨʘ, ,d p

 
ï ʮʝʣʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʯʠʩʣʘ. 

ʊʘʢ ʢʘʢ  

 

1

1

2

2

2 2

22

1

2 2

22

2

( ) ( ) ( ) ( )

( ) , arg( ),

( ) ( ) ( ) ( )

( ) , arg( ).

dd i dd d d

dd

pp i pp p p

i pp

t t t t t e

t e t

t t t t t e

t e t

q

q

q

q

a a a a a

a q a

b b b b b

b q b

-

-

-

-

- = - Ö - = - Ö - Ö =

= - Ö = -

- = - - = - Ö - =

= - = -

 (2)
 

ʇʦʜʩʪʘʚʣʷʷ (2) ʚ (1), ʠʤʝʝʤ 

 2 1 2 1

2 2
2 ( ) 2 ( )

1 12 2

( ) ( )
( ) ( ) ( )

( ) ( )

d d
i p d i p d

p p

t d t d
t e a t e b t

t dt t dt

q q q qa j a j
j

b b

- -
- -+ - -

= Ö + +
- -

 

 2 1 2 1

2 2
2 ( ) 2 ( )

1 12 2

( ) ( )
( ) ( ) ( ) ( ) ( )

( ) ( )

d d
i p d i p d

p p

t t
e p t t e q t t c t

t t

q q q qa a
j j

b b

- -- -- -
+ Ö + Ö Ö +
- -

 

ʠʣʠ 

 

2 2

2 22 2

2 2

2 22 2

( ) ( )
( ) ( ) ( )

( ) ( )

( ) ( )
( ) ( ) ( ) ( ) ( ),

( ) ( )

d d

p p

d d

p p

t d t d
t a t b t

t dt t dt

t t
p t t q t t c t

t t

a j a j
j

b b

a a
j j

b b

- -
+

- -

- -
= + +
- -

- -
+ Ö + +
- -

 

(3) 

ʛʜʝ  

2 1 2 1

2 1 2 1

2 ( ) 2 ( )

2 1 2 1

2 ( ) 2 ( )

2 1 2 1

( ) ( ) , ( ) ( ) ,

( ) ( ) , ( ) ( ) .

i p d i p q

i p q i p d

a t a t e b t b t e

p t p t e q t q t e

q q q q

q q q q

- -

- -

= Ö = Ö

= Ö = Ö
 

ʇʦʪʨʝʙʫʝʤ, ʯʪʦʙʳ ʬʫʥʢʮʠʷ ( )c t  ʚ ʪʦʯʢʝ t a=  ʙʳʣʘ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘ ʜʦʩʪʘʪʦʯ-

ʥʦʝ ʯʠʩʣʦ ʨʘʟ. 

ʇʦʩʪʨʦʠʤ ʤʥʦʛʦʯʣʝʥ ( )T t  ʪʘʢ, ʯʪʦʙʳ ʦʥ ʫʜʦʚʣʝʪʚʦʨʷʣ ʩʣʝʜʫʶʱʝʤʫ ʫʩʣʦʚʠʶ: 
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( ) ( )( ) ( ) , 0,1,...,2 1,l lT C l da a= = -   (4) 

ʛʜʝ 
( )lC  ï ʟʥʘʯʝʥʠʷ ʧʨʦʠʟʚʦʜʥʦʡ l  - ʛʦ ʧʦʨʷʜʢʘ. 

ʇʨʠ ʧʦʤʦʱʠ ʨʘʚʝʥʩʪʚʘ (4) ʢʨʘʝʚʦʝ ʫʩʣʦʚʠʝ (3) ʟʘʧʠʰʝʤ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

 

2 2

2 22 2

2 2
2

2 2 12 2

( ) ( )
( ) ( ) ( ) ( )

( ) ( )

( ) ( )
( ) ( ) ( ) ( ) ( ) ( ).

( ) ( )

d d

p p

d d
d

p p

t d t d
t T t a t b t

t dt t dt

t t
p t t q t t t c t

t t

a j a j
j

b b

a a
j j a

b b

- -
+

- -

- -
- = + +

- -

- -
+ ++ + -
- -

 (5) 

ʈʘʟʜʝʣʠʤ ʢʨʘʝʚʦʝ ʫʩʣʦʚʠʝ (5) ʥʘ 
2( ) dt a- , ʧʦʣʫʯʠʤ 

 

2 2

2 2 2

2 2
12 2

( ) ( )( ) ( )

( ) ( ) ( )

( ) ( )
( ) ( ) ( )

( ) ( )

d p p

p p

a t b tt T t d d

t t dt t dt

p t q t
t t c t

t t

j j j

a b b

j j
b b

+ - -

- -

-
= + +

- - -

+ + +
- -

 

ʠʣʠ 

 

2 2
1 2 2

2 2
12 2

( ) ( )
( )

( ) ( )

( ) ( )
( ) ( ) ( ),

( ) ( )

p p

p p

a t b td d
t

t dt t dt

p t q t
t t c t

t t

j j
j

b b

j j
b b

- -
+

- -

= + +
- -

+ + +
- -

   (6) 

ʛʜʝ 1 2

( ) ( )
( )

( ) d

t T t
t

t

j
j

a

+
- -
=

-
. 

ɺ ʟʘʜʘʯʝ (6) ʧʦʣʦʞʠʤ 

 
2 2 1( ) ( )p pd

z z z
dz

j
b y

-
- - -= - Ö .  (*)  

ʇʦʩʢʦʣʴʢʫ 
2 2 1

1

1
( ) ( ) ( ) ln 1 ( )

2

p dz d V
i z

t
j t b t y t t y

p

- - - - -

G

å õ
=- - Ö - ¹æ ö

ç ÷
ñ , ʪʦ ʟʘʜʘʯʘ (6) ʪʝ-

ʧʝʨʴ ʧʨʠʤʝʪ ʚʠʜ 

 

2 1 2 1 2

2 2 2 1

2 1 1

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ), ( ) 0.

p p pt t a t t b t t t t p t V

q t V c t

j y a y y

y y

+ - - - - - - -

- -

= + - + +

+ + ¤ =
  

(7) 
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ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʟʘʤʝʥʝ (*) ʢʣʘʩʩ ʨʝʰʝʥʠʡ ʥʝ ʠʟʤʝʥʠʪʩʷ, ʪʘʢ ʢʘʢ ʠʟ ʢʨʘʝʚʦʛʦ ʫʩ-

ʣʦʚʠʷ (6) ʠ ʠʟ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ( ),
d

t
dt

j
j

-
+

 ʠ ( )tj-  ʚʠʜʥʦ, ʯʪʦ 
d

dt

j-
 ʠʤʝʝʪ ʚ ʪʦʯʢʝ t b=  

ʥʫʣʴ ʧʦʨʷʜʢʘ 2p . 

ʉʣʝʜʫʷ ʃ.ɻ. ʄʠʭʘʡʣʦʚʫ [1], ʧʦʣʦʞʠʤ  

 æ 2 1 1

æ 2 1( ) ( )p

pz z f zj+ - - - +

- -= P +R ,  (8) 

ʛʜʝ 
æ

2

01

( ) ( ) , , æ ( ), æ æk

k

m m

k k k k k

kk

z z z z D Ind a t-

G

==

P = - Í = =äÔ  ʠ 
æ 2 2( )p z- -R

 
ï ʧʦʣʠʥʦʤ 

ʩ ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʧʨʠ æ 2 2 0p- - > ʠ 
æ 2 2( ) 0p z- -R ¹ ʧʨʠ 

æ 2 2 0p- - <. 

ʇʦʜʩʪʘʚʣʷʷ (8) ʚ (7), ʧʦʣʫʯʠʤ 

 
æ æ 2 1 2 1 2

2 2( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )p p df t t t a t t t t b t t t ty b y+ - - + + - - -= P + P - +
 

 
æ 2 1 æ 2 1

2 1 2 1( ) ( ) ( ) ( ) ( ) ( )p pt t p t v t t q t vy y- + + - - + + -+ P + P +
 

 

æ 2 1

1 æ 2 2( ) ( ) , ( ) 0p

pc t t t y- + + -

- -
è ø+ -R ¤ =ê ú .   (9) 

ʇʦʩʢʦʣʴʢʫ æ 2 1

2( ) ( ) 0, 0,1,..., ,
i

pInd t t a t i m- + +

G P = =
 
ʪʦ ʨʘʚʝʥʩʪʚʦ  

 
æ 2 1

2( ) ( ) ( ) ( )pt t t a t tc c+ - + + -= P
 

ʦʧʨʝʜʝʣʷʝʪ ʢʘʥʦʥʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ( )zc , ʦʪʣʠʯʥʫʶ ʦʪ ʥʫʣʷ ʚʩʶʜʫ, ʚʢʣʶʯʘʷ z=¤, ʛʜʝ 

( ) 1c¤ =.  

ʇʦʣʘʛʘʷ 

 ( ) ( ) ( ), ( ) ( ) ( )f z z z z z zw c y w c+ + + - - -= = , 

ʠʤʝʝʤ 

 

æ 2 1
1 2( ) ( )
( ) ( ) ( )

( )

p
p pt t b t

t t t t
t

w w b w c
c

- + +
+ - - - - -

+

P
= + - + 

 

æ 2 1 æ 2p 1

1 1

( ) ( ) ( ) ( )
( ) ( )

( ) ( )

pt t p t t t q t
V V

t t
w c w c

c c

- + + - + +
- - - -

+ +

P P
+ + + 

 

æ 2 1

æ 2 2

( )
( ) ( )

( )

p

p

t t
c t t

tc

- + +

- -+

P
è ø+ -Rê ú 

ʠʣʠ 
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1 1
1 22

1

2 1

( ) ( ) ( )
( ) ( ) ( )

( ) ( ) ( ) ( )

p p
p pt b t t t p t

t t t V
a t t t a t

c
w w b w c w

c c

+ - +
+ - - - - - -

- -
= + - + + 

 

1 2 æ 1

2
1 æ 2 2

2

( ) ( )
( ) ( ) ( )

( ) ( ) ( )

p p

p-

t q t t t
V c t t

t a t t
c w

c c

+ - +
- -

+- +

P
è ø+ + -Rê ú. 

ʅʘʢʦʥʝʮ, ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 
1 ( )

( )
2

z d
i z

m t
w t

p t
G

= ñ , ʧʦʣʫʯʠʤ 

 
2 1 1 22

2

( ) ( ) 1
( ) ( ) ( )

( ) ( ) 2

p p pb t t
t t t t S

a t t

c
m b m m

c

-
+ - -

-
= - - + + 

 

1 1

2 2
1 1

2 2

( ) ( )
( ) ( )

( ) ( ) 2 ( ) 2

d pt p t t q t
V S V S

t a t a t

c c
m m m m

c c

+ +- -

- -

è ø è ø
+ - + + - + +é ù é ù

ê ú ê ú
 

 

æ 2 1

æ-2p-2

( )
( ) ( ) .

( )

pt t
c t t

tc

- + +

+

P
è ø+ -Rê ú (10) 

ʆʮʝʥʠʤ ʥʦʨʤʫ ʦʧʝʨʘʪʦʨʘ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ (10) 

 
2 1

1 22

1

( ) ( ) 1
( ) ( )

( ) ( ) 2

p
d pt b t t

t t S
a t t

c
b m m

c

+ -
- -

-

G

ëî
- - + +ì

îí
ñ  

 

1
2 212 1

2
1 1

2 2

( )( )
( ) ( )

( ) ( ) 2 ( ) 2

pp t q tt p t
V S V S dt

t a t a t

c c
m m m m

c c

++ - -

- -

ûè ø è øî
+ - + + - + ¢üé ù é ù

ê ú ê úîý
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2 1
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1
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p
p

Lt t
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t S V
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c

+

-

ë ûî î
¢ - + + Öì ü

î îí ý
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2

2
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p
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t q t
S S

t a t
m m m m

c

+

-
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}
2

2 1
22 2

2 2

2 1

2 2
1

2

( ) ( )
max ( ) max

( ) ( ) ( )

( ) 1
max .

( ) ( ) 2

p
p

t t

p

Lt

b t t p t
t

a t t a t

t q t S
V

t a t

b
c

m
c

+

-

+

-

ë èî
¢ - + +ì é
î êí

ø +
+ Ö Ö Öù

ú
 

ʇʦʵʪʦʤʫ, ʝʩʣʠ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ  
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2

2 1 2 1
22 2 2 2

1

2 2 2

( ) ( ) ( ) 1
max ( ) max max 1

( ) ( ) ( ) ( ) ( ) 2

p p
p

Lt t t

b t t p t t q t S
t V

a t t a t t a t
b

c c

+ +

- -

ë è ûø +î î
- + + <éì üù

é îúî ýêí

, 

ʛʜʝ 

2

1 1 1 2 1

1 ( ) ( )
( ) ( ), ( ) ln 1 ,

2

p

p
V V V d

i z

t b y t t
y c y y t

p t

-
- - -

+

G

- å õ
= =- -æ ö

ç ÷
ñ

 

ʚʝʪʚʴ ʣʦʛʘʨʠʬʤʘ 

ʬʠʢʩʠʨʦʚʘʥʘ ʫʩʣʦʚʠʝʤ ln 1 0
z

z

t

=¤

è øå õ
- =æ öé ù
ç ÷ê ú

, ʪʦ ʠʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ (10) ʚ ʩʠʣʫ ʧʨʠʥ-

ʮʠʧʘ ʩʞʘʪʳʭ ʦʪʦʙʨʘʞʝʥʠʡ ʠʤʝʝʪ ʚ 2L ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʨʠ ʢʘʞʜʦʤ ʩʚʦʙʦʜʥʦʤ ʯʣʝ-

ʥʝ. 

ʇʦʩʢʦʣʴʢʫ ʚʩʝ ʢʦʵʬʬʠʮʠʝʥʪʳ (10) ʥʝʧʨʝʨʳʚʥʳ ʧʦ ɻʸʣʴʜʝʨʫ, ʥʦ ʚʩʷʢʦʝ ʨʝʰʝʥʠʝ ʠʟ 

2L  ʙʫʜʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʶ ɻʸʣʴʜʝʨʘ, ʪʝʤ ʩʘʤʳʤ ʬʫʥʢʮʠʠ w+ʠ w- ʙʫʜʫʪ ʥʝ ʪʦʣʴʢʦ 

ʥʝʧʨʝʨʳʚʥʳʤʠ ʥʘ ʛʨʘʥʠʮʝ, ʥʦ ʜʘʞʝ ʫʜʦʚʣʝʪʚʦʨʷʪ ʫʩʣʦʚʠʶ ɻʸʣʴʜʝʨʘ. ʋʯʠʪʳʚʘʷ ʩʚʷʟʴ 

( )tj-  ʠ ( )tj+
 
ʩ w+ ʠ w-, ʣʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (1) ʦʙʣʘʜʘʶʪ ʪʘʢʠʤʠ ʞʝ 

ʩʚʦʡʩʪʚʘʤʠ, ʪʦ ʝʩʪʴ ʟʘʚʝʜʦʤʦ ʧʨʠʥʘʜʣʝʞʘʪ ʢʣʘʩʩʫ, ʫʢʘʟʘʥʥʦʤʫ ʚ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʳʝ ʩʣʫʯʘʠ: 

1) ʧʫʩʪʴ æ 2 1 0p- - ². ʇʦʣʘʛʘʷ ( ) 0c t =  ʠ 
æ-2p-1( )tR

 
ʨʘʚʥʳʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

æ 2 1 æ 2 11, ; , ,..., ,p pi t it t it- - - -
, ʧʦʣʫʯʠʤ ʩʝʨʠʶ ʟʘʜʘʯ (9), ʠʟ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʤ ʣʠʥʝʡʥʦ ʥʝʟʘ-

ʚʠʩʠʤʳʝ ʨʝʰʝʥʠʷ ʦʜʥʦʨʦʜʥʦʡ ʟʘʜʘʯʠ (9) ʠ ʟʘʪʝʤ (3) ʧʨʠ ʧʦʤʦʱʠ (*) ʩʪʨʦʷʪʩʷ ʨʝʰʝʥʠʷ 

ʦʜʥʦʨʦʜʥʦʡ ʟʘʜʘʯʠ (1). ʇʦʣʘʛʘʷ 
æ 2 1( ) 0p t- -R ¹ ʥʦ ( ) 0c t ¸ , ʩʪʨʦʠʤ ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ ʥʝ-

ʦʜʥʦʨʦʜʥʦʡ ʟʘʜʘʯʠ ʪʘʢʠʤʠ, ʞʝ ʧʝʨʝʭʦʜʘʤʠ; 

2) ʧʫʩʪʴ æ 2 1 0p- - <. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʩʝ ʩʢʘʟʘʥʥʦʝ ʪʘʢʞʝ ʚʝʨʥʦ ʜʣʷ( )f z+
, ʥʦ 

ʬʫʥʢʮʠʷ ( )zj+ , ʦʧʨʝʜʝʣʷʝʤʘʷ ʠʟ (8), ʙʫʜʝʪ ʠʤʝʪʴ ʧʦʣʶʩ ʚ ʪʦʯʢʝ 0z= .  

ɼʣʷ ʝʛʦ ʘʥʥʫʣʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʦʞʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʯʪʦʙʳ 

( )f z+
 ʠʤʝʣʘ ʧʨʠ 0z=  ʥʫʣʴ ʧʦʨʷʜʢʘ æ 2 1p- -, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʩʣʦʚʠʷʤ ʨʘʟʨʝʰʠ-

ʤʦʩʪʠ [ ]( ) 0, 0,1,..., æ 2 1 ,kt Q c t dt k p-

G

= = - -ñ  ʛʜʝ Q
 
ï ʣʠʥʝʡʥʳʡ ʦʧʝʨʘʪʦʨ. 

ʀʪʘʢ, ʜʦʢʘʟʘʥʘ ʩʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ. 

ʊʝʦʨʝʤʘ. ʇʫʩʪʴ  

 

2 1
2 2 12 2

2 2

( ) ( )
max ( ) max

( ) ( ) ( )

p
p p

t

b t p t t
t t

a t t a t
b

c

+
- -

-

ëî è- Ö + +ì êîí
 

 

2

2 1

2 2
1

2

( ) 1
max 1,

( ) ( ) 2

p

Lt

q t t S
V

t a tc

+

-

ûø +î
+ Ö Ö <üù

îú ý
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ʛʜʝ  
2

1 1 1 2 1

1 ( )
( ) ( ), ( ) ( ) ln 1 ,

2

p

p
V V V t d

i t z

y t t
y c y y b t

p

-
- - - -

+

G

å õ
= =- - Ö -æ ö

ç ÷
ñ  

2S
 
ï ʥʦʨʤʘ ʚ 2L  ʩʠʥʛʫʣʷʨʥʦʛʦ ʦʧʝʨʘʪʦʨʘ 

1 ( )
,S d

i z
m

m t
t

p t
G

¹
-ñ

-æ

2( ) ( ) ( ) ( )t t t a t tc c+ -= P

, 
æ

1

( ) ( ) ,k

m

k k k

k

z z z z D-

=

P = - ÍÔ ; 
1æ ( )

k
Ind a tG= , 

0

æ æ
m

k

k=

=ä . 

ʊʦʛʜʘ: 1) ʧʨʠ æ 2 1 0p- - ² ʦʜʥʦʨʦʜʥʘʷ ʟʘʜʘʯʘ (1) ʠʤʝʝʪ 2(æ 2 1)p- -  ʣʠʥʝʡʥʦ 

ʥʝʟʘʚʠʩʠʤʳʭ (ʥʘʜ ʧʦʣʝʤ ʚʝʱʝʩʪʚʝʥʥʳʭ ʯʠʩʝʣ) ʨʝʰʝʥʠʡ, ʘ ʥʝʦʜʥʦʨʦʜʥʘʷ ʟʘʜʘʯʘ, ʙʝʟʫʩʣʦʚ-

ʥʦ, ʨʘʟʨʝʰʠʤʘ; 

 2) ʧʨʠ æ 2 1 0p- - <
 
ʦʜʥʦʨʦʜʥʘʷ ʟʘʜʘʯʘ ʥʝ ʠʤʝʝʪ ʨʝʰʝʥʠʡ, ʦʪʣʠʯʥʳʭ ʦʪ 

ʥʫʣʝʚʦʛʦ, ʘ ʜʣʷ ʨʘʟʨʝʰʠʤʦʩʪʠ ʥʝʦʜʥʦʨʦʜʥʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ 

2 æ 2 1p- - ʚʝʱʝʩʪʚʝʥʥʳʭ ʠʣʠ æ 2 1p- - ʢʦʤʧʣʝʢʩʥʳʭ ʫʩʣʦʚʠʡ 

 [ ]( ) 0, 0,1,..., æ 2 1 ,kt Q c t dt k p-

G

= = - -ñ  

ʛʜʝ Q
 
ï ʣʠʥʝʡʥʳʡ ʦʧʝʨʘʪʦʨ. 
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Ø.Í.áÚ×ÔÉÚÎÌ, Ø.Ì.ßÝØÚÙÚÎ 

ØÌÝæÌ×ÌÔ ÖÌÙÚÜÔÔ ÇÌØÜÚÇäßÐÌ ÍÚ ÇÚÝÔ×ÌÔ ÞÌÜÞÔÍÔ 

ëÖßØ ÐÌÜ ÇÚ×ÌÞÔ ÝÔÙßÏ×ëÜÄ 

ÐúùôĄïúĕô ðìî÷ìþôô úøĘóïúüôô ÞúĔôöôýþúù íì ùúøô Ý.ÌõùĒ 

Ðìü öúü ĕú÷ìþñ ðôðì íìüúøìðì Ąÿðììýþ, öô öúĉĀĀôþýôñùþĕú ùú÷ĕú îì 

ýôĀüĕúô þìüþôíô Ďìõüôíÿþÿù îì āìüìöþñüô ìùì÷ôþôöĒ ùìðúĄþìüú ðúüìùð. Ôýíúþ 

öìüðì Ąÿðììýþ, öô ùú÷ĕúô öúĉĀĀôþýôñùþ ðìü öúùþÿü íì Ąÿøúüìô ĕì÷ĕúô āìþþĒ ùúîú-

íìýþìô øìýĆì÷ìô ċöĔôùýì îì Ąÿøúüìô Ąìüþĕúô ĕì÷Ąìîìùðìïôô øìýĆì÷ìô 

ĎìõüôċöĔôùýì þìĆýôü ùìøñüìýúùìð. Éÿþíĕú íúĄìùð, íì Ąÿøúüìô ĕì÷ĕúô øìýĆì÷ìô 

ċöĔôùýì îì Ąÿøúüìô Ąìüþĕúô ĕì÷Ąìîìùðìïôô øìýĆì÷ìô ĎìõüôċöĔôùýì þìĆýôü øñüì-

ýúùìð.  
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ôùþñüûú÷ċþýôúùĒ, ĕú÷ìþô ýôùïÿ÷ċüĒ. 

 

M.B.KHOLIKOVA, M.A.USMONOV 

GENERAL CONJUGATE BOUNDARY VALUE PROBLEMS WITH FIRST 

ORDER DERIVATIVE IN SINGULAR CASE  

S.Ayni Tajik State Pedagogical University  

In the paper the case is considered, when factors have zeroes and poles of non-integer 

order, and non-analytical nature. It is proved that presence of zeroes of factor on counter do not 

influence on the number linear independent solution of the uniform problem and number of the 

conditions to solubility of the non-uniform problem, and pole influence on the number of solu-

tions of the uniform problem and number of conditions of solubility of the non-uniform prob-

lem.  

Key words: analytical function, breakup of the first sort, number of decision uniform problem, number of 

the conditions to solubility of the non-uniform problem, interpolation`s polynomial, singular case. 
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ʋɼʂ 517.9 

ʉ.ɿ.ʂʋʈɹɸʅʐʆɽɺ, ʋ.ʈ.ʈʋʉʊɸʄɹɽʂʆɺɸ* 

ʋʉʊʆʁʏʀɺʆʉʊʔ ʈɽʐɽʅʀʁ ʂɺɸɿʀʉʊɸʎʀʆʅɸʈʅʓʁ ʉʀʉʊɽʄʓ 

ʃʀʅɽʁʅʓʍ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʋʈɸɺʅɽʅʀʁ 

ʈʦʩʩʠʡʩʢʦ-ʊʘʜʞʠʢʩʢʠʡ (ʉʣʘʚʷʥʩʢʠʡ) ʫʥʠʚʝʨʩʠʪʝʪ, 
*
ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʘʢʘʜ. ʄ.ʉ.ʆʩʠʤʠ 

ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 30.11.2018 ʛ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʠ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʪʱʝʧʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʧʨʠ ʠʩ-

ʩʣʝʜʦʚʘʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ ʢʚʘʟʠʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʧʦ-

ʤʦʱʴʶ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʥʦʛʦʦʙʨʘʟʠʡ. ʋʢʘʟʘʥ rʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʝʪʦʜʘ ʤʘʣʦ-

ʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʦʪʳʩʢʘʥʠʠ ʦʪʱʝʧʣʷʶʱʝʡ ʟʘʤʝʥʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʝʰʝʥʠʡ, ʠʥʪʝʛʨʘʣʴʥʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ, ʩʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ ʤʘʪʨʠ-

ʮʳ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʧʨʠʙʣʠʞʝʥʠʷ.  

Î þñúüôô ðôĀĀñüñùĂôì÷Ĉùćā ÿüìîùñùôõ ýÿąñýþîñùùÿĊ üú÷Ĉ ôïüìĊþ ôùþñ-

ïüì÷Ĉùćñ øùúïúúíüìóôċ üñĄñùôõ, îîñðñùùćñ î üìíúþìā Ì.Ûÿìùöìüñ [1], 

Ì.Ø.×ċûÿùúîì [2], Ù.Ù.Íúïú÷Ċíúîìø, ê.×.Øôþüúûú÷Ĉýöúïú [3] ô Ö.Ï.Îì÷ññîì [4]. 

Ôùþñïüì÷Ĉùćñ øùúïúúíüìóôċ, úíĆñðôùċĊąôñ øùúòñýþîú üñĄñùôõ î úðùú Ăñ÷úñ, ôý-

ûú÷ĈóÿĊþýċ ûüô üñĄñùôô îúûüúýúî ÿýþúõăôîúýþô üñĄñùôõ, ûüô üìýąñû÷ñùôô üñĄñ-

ùôõ ô ûúùôòñùôô ûúüċðöì, î óìðìăìā ìùì÷ôóì ô ýôùþñóì úûþôøì÷Ĉùúïú ÿûüìî÷ñùôċ. 

Üìýýøìþüôîìñþýċ öîìóôýþìĂôúùìüùìċ ýôýþñøì m  ÷ôùñõùćā ðôĀĀñüñùĂôì÷Ĉ-

ùćā ÿüìîùñùôõ, öúĉĀĀôĂôñùþć öúþúüúõ ìùì÷ôþôăñýöô óìîôýċþ úþ ûìüìøñþüì m 

 
dV(t)

( , ) ( ) , dim ( ) , .
dt

A t V t V t m tm= = -¤< <¤ (1) 

                                                      
ɸʜʨʝʩ ʜʣʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ: ʂʫʨʙʘʥʰʦʝʚ ʉʘʬʘʨʘʣʠ ɿʘʚʢʠʙʝʢʦʚʠʯ. 734025 ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠ-

ʩʪʘʥ, ʛ. ɼʫʰʘʥʙʝ, ʫʣ. ʄʠʨʟʦ ʊʫʨʩʫʥʟʘʜʝ,30. ʈʦʩʩʠʡʩʢʦ-ʊʘʜʞʠʢʩʢʠʡ (ʉʣʘʚʷʥʩʢʠʡ) ʫʥʠʚʝʨʩʠʪʝʪ. 

ɽ-mail: ksz_48@hotmail.com. 

ʀɿɺɽʉʊʀʗ ɸʂɸɼɽʄʀʀ ʅɸʋʂ ʈɽʉʇʋɹʃʀʂʀ ʊɸɼɾʀʂʀʉʊɸʅ 

ʆʊɼɽʃɽʅʀɽ ʌʀɿʀʂʆ-ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ, ʍʀʄʀʏɽʉʂʀʍ,  

ɻɽʆʃʆɻʀʏɽʉʂʀʍ ʀ ʊɽʍʅʀʏɽʉʂʀʍ ʅɸʋʂ 

ˉ1 (174), 2019 ʛ. 
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Ûüñðûú÷ìïìñþýċ, ăþú ûüô 0m=  ýôýþñøì ÿüìîùñùôõ (1) ċî÷ċñþýċ ýþìĂôúùìüùúõ 

ô ôøññþ q  āìüìöþñüôýþôăñýöôā ăôýñ÷, ðñõýþîôþñ÷Ĉùćñ ăìýþô p m q= -
 
āìüìöþñüôýþô-

ăñýöôā ăôýñ÷ øñùĈĄñ ùÿ÷ċ. 

Ûú÷ìïìñø, ăþú øìþüôĂì öúĉĀĀôĂôñùþúî üìó÷ìïìñþýċ î ýþñûñùùúõ üċð, 

 
0( , ) ( ), ( ) ,k

k

k o

A t A t A t constm m
¤

=

= ¹ä
 

ì ûüô 
0m m< ýāúðôþýċ üċð  

 
0

( ) sup ( ) .k

k

k

a A tm m
¤

=

=ä  

Óìøñùúõ ûñüñøñùùćā ýôýþñøì (1) ûüôîñðČþýċ ö îôðÿ 

  1 11 12

( )
[ ( , )] ( ) ( , ) ( ),

dX t
A A t X t A t Y t

dt
m m m m= + +  

 
21 2 22

( )
( , ) ( ) [ ( , )] ( ),

dY t
A t X t A A t Y t

dt
m m m m= + +   (2) 

ïðñ dim , dim , .X q Y p p q m= = + = 

Úíúóùìăôø ăñüñó 
1 2, ,..., qa a aī ýúíýþîñùùćñ ăôý÷ì øìþüôĂć 1A, ô ăñüñó 

1b, 1b,¼¼¼¼nb  ī ýúíýþîñùùćñ ăôý÷ì øìþüôĂć 2A
 
öúþúüćñ ÿðúî÷ñþîúüċĊþ ÿý÷úîôċø: 

 Re 0 ( 1, , ); Re 0 ( 1, , ).j sj q s pa b= = ÖÖÖ < = ÖÖÖ  (3) 

ÛÿýþĈ ûüô 
0m m¢  ýûüìîñð÷ôîć üìîñùýþîì 

 sup ( , ) ( , 1,2; ),ks ks
t

t

A t k s tm a¢ = -¤< <¤  (4) 

ïðñ 
ksA

 
ùúüøć øìþüôĂć ksA

 
üìóùćā üìóøñüúî. ßüìîùñùôċ ïú÷úøúüĀùćā ôùþñïüì÷Ĉ-

ùćā øùúïúúíüìóôõ [4,5] 1 2,G G  üìýýøìþüôîìĊþýċ î îôðñ  

 ( ) ( , ) ( ), ( ) ( , ) ( ),Y t F t X t X t S t Y tm m= =  

ïðñ øìþüôĂì ( , )F t mûúüċðöì ὴϼq ô øìþüôĂì ( , )S tmûúüċðöì qϼὴ ÿðúî÷ñþîúüċĊþ øìþ-

üôăùćø ðôĀĀñüñùĂôì÷Ĉùćø ÿüìîùñùôċø  

 2 1 21 22

( , )
( , ) ( , ) [ ( , ) ( , ) ( , )

dF t
A F t F t A A t A t F t

dt

m
m m m m m m= - + + - 

  11 12( , ) ( , ) ( , ) ( , ) ( , )],F t A t F t A t F tm m m m m- -   (5) 
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 1 2 12 11

( , )
( , ) ( , ) [ ( , ) ( , ) ( , )

dS t
A S t S t A A t A t S t

dt

m
m m m m m m= - + + - 

  22 21( , ) ( , ) ( , ) ( , ) ( , )].S t A t S t A t S tm m m m m- -  (6) 

ÜñĄñùôċ ùñ÷ôùñõùćā ðôĀĀñüñùĂôì÷Ĉùú-øìþüôăùćā ÿüìîùñùôõ (5),(6) ùìāúðċþýċ øñ-

þúðúø ûúý÷ñðúîìþñ÷Ĉùćā ûüôí÷ôòñùôõ. Ôýöúøúñ üñĄñùôñ ÿüìîùñùôċ (5) ôąñþýċ î 

îôðñ ýÿøøć  

 0( , ) ( ) ( , ).F t F t Q tm m m= +  

Ûúý÷ñ ûúðýþìùúîöô ñČ î ÿüìîùñùôċ (5) ûüôāúðôø ö ðôĀĀñüñùĂôì÷Ĉùú-øìþüôăùćø 

ÿüìîùñùôċø 

 0
2 0 0 1

( )
( ) ( ) ,

dF t
A F t F t A

dt
= -   (7) 

 0
2 1 21 22 0

( , )
( , ) ( , ) ( , ) ( )

dQF t
A Q t A A t A t F t

dt

m
m m m= + + - 

 0 11 0 12 0 22( ) ( , ) ( ) ( , ) ( ) [ ( , ) ( , )F t A t F t A t F t A t Q tm m m m m- - + - 

 11 0 12 12 0( , ) ( , ) ( ) ( , ) ( , ) ( , ) ( )].Q t A t F t A t Q t A t F tm m m m m- - -   (8) 

ÜñĄñùôñ ÿüìîùñùôċ (7) ÿðúî÷ñþîúüċñþ üìîñùýþîÿ 2 1

0 0( ) .
A t A t

F t e F e
-

=
  

ÓðñýĈ 0F ī ûüúôóîú÷Ĉùìċ ὴϼq øìþüôĂì. ÜñĄñùôñ ( , )Q t m
 
ÿüìîùñùôċ (8) ÿðúî÷ñþîúüċñþ 

øìþüôăùúøÿ ÿüìîùñùôĊ  

 22 0 12( , ) ( ,0) [ ( , ) ( ) ( , ) ( , )Q t Q t L A t F t A t Q tm m m m m= + - -
 

 11 12 0( , )( ( , ) ( , ) ( ))],Q t A t A t F tm m m- +
 

öúþúüúñ üñĄìñþýċ øñþúðúø ûúý÷ñðúîìþñ÷Ĉùćā ûüôí÷ôòñùôõ, ûú÷ìïìċ  

 ( ) ( ) ( ) () ( ) ( )( )1 22 0 12, ,0 , , ,n nQ t Q t L A t F t A t Q tm m m m m+
è= + - -ê  

 ( ) ( ) ( ) ()( ) ( )11 12 0 0, , , , , 0,nQ t A t A t F t Q tm m m mø- + ¹ú  

ïðñ îîñðñù L- ôùþñïüì÷Ĉùćõ úûñüìþúü îôðì  

  2 1( ) ( )
.

A t A t

t

L e e d
t tt

¤

- - -
¹ñ   (* ) 

Ðúýþìþúăùúñ ÿý÷úîôñ ýāúðôøúýþô ûüôí÷ôòñùôõ ( , )nQ t m  ö øìþüôĂñ ( , )Q t mî ûüú-

ýþüìùýþîñ úïüìùôăñùùćā ûüô ὸÓ0 øìþüôĂ ôøññþ îôð 
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  11 12 12( 2 ) 1,l a a am + + <  (** )  

ïðñ ăñüñó l  úíúóùìăñùì ùúüøì úûñüìþúü Lî ùúüøôüúîìùùúø ûüúýþüìùýþîñ B, úûüñ-

ðñ÷Čùùúø ùúüøúõ  

 
0

0

( , ) sup ( , ) .
t

F t F tm m
²

=

 

Î öìăñýþîñ îñ÷ôăôùć ὰ î ùñüìîñùýþîñ (** ) ʙʝʨʸʪʩʷ ʚʝʨʭʥʷʷ ʦץʝʥʢʘ 

 2 1

1

0

.
A A

l l e e d
t t t

¤

-
¢ = Öñ  

Ìùì÷úïôăùú, ðúýþìþúăùúñ ÿý÷úîôñ ýāúðôøúýþô üñĄñùôċ ÿüìîùñùôċ (7) ôøññþ îôð 

 22 21 11( 2 ) 1.l a a am + + <
 

Þìöôø úíüìóúø, ûú÷ÿăñù ý÷ñðÿĊąôõ üñóÿ÷Ĉþìþ. 

Þñúüñøì 1. ʇʫʩʪʴ ʚ ʩʠʩʪʝʤʝ (2) ʜʣʷ ʤʘʪʨʠʮ 1 2,A A ʠʤʝʶʪ ʤʝʩʪʦ ʫʩʣʦʚʠʷ (3), 

ʤʘʪʨʠʮʳ 
, ( , 1,2)k sA k s=

 
ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ m ʧʨʠ ʚʩʝʭ 00 m m< < ʠ ʫʜʦʚʣʝ-

ʪʚʦʨʷʶʪ ʦʮʝʥʢʝ (4) . ʊʦʛʜʘ ʧʨʠ 1m m< , ʛʜʝ  

 
1 1

1 0 11 12 12 22 21 11min{ ,[ ( 2 )] , [ ( 2 )] }l a a a l a a am m - -= + + + +
 

ʩʫʱʝʩʪʚʫʶʪ ʦʛʨʘʥʠʯʝʥʥʳʝ ʧʨʠ t-¤< <¤ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦm ʨʝʰʝʥʠʷ 

( , )F t m , ( , )S tm  ʫʨʘʚʥʝʥʠʡ (5), (6). ʋʩʪʦʡʯʠʚʦʩʪʴ ʥʫʣʝʚʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (1) ʧʨʠ 

1m m< ʨʘʚʥʦʩʠʣʴʥʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʫʣʝʚʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ - ʤʘʪ-

ʨʠʯʥʳʭ ʫʨʘʚʥʝʥʠʡ (7) ʠʣʠ (8). 

ʊʝʦʨʝʤʘ 2. ʇʫʩʪʴ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ ʪʝʦʨʝʤʳ 1. ʊʦʛʜʘ ʧʨʠ 1m m<  ʩʫʱʝʩʪʚʫʝʪ 

ʨʘʩʱʝʧʣʷʶʱʘʷ ʟʘʤʝʥʘ  

 () () ( )(), ,X t U t S t V tm= +  () ( ) () (), ,Y t K t U t V tm= + +  

ʧʨʝʦʙʨʘʟʫʶʱʘʷ ʩʠʩʪʝʤʫ (2) ʢ ʚʠʜʫ 

  () ( ) ( ) ( ) ()1 11 12, , , ,U t A A t A t K t U tm m m m m= + +è øê ú   (9) 

  () ( ) ( )( ) ()2 22 21, , , ,V t A A t A t S t V tm m m m m= + +è øê ú   (10) 

Óìøñăìùôñ 1. ßýþúõăôîúýþĈ ùÿ÷ñîúïú üñĄñùôċ ýôýþñøć (1) ûüô 1m m<  ý÷ñðÿñþ 

ôó ûüôùĂôûì ýîñðñùôċ [6]  . 
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Óìøñăìùôñ 2. Ôó þñúüñøć (1) ô (2) ý÷ñðÿñþ, ăþú ðúýþìþúăùú óùìþĈ ûüôí÷ôòñù-

ùúñ üñĄñùôñ úðùúïú ôó ÿüìîùñùôõ üìýąñû÷ñùôċ (2), ăþúíć ûüôí÷ôòñùùú ûúýþüúôþĈ 

ýôýþñøÿ øìþüôăùćā ÿüìîùñùôõ (9) ô÷ô (10) ð÷ċ öüôþôăñýöôā ûñüñøñùùćā. Ûúùôòñùôñ 

ûúüċðöì ôýāúðùúõ ýôýþñøć (1) ðú ûúüċðöì, üìîùúïú ăôý÷ÿ öüôþôăñýöôā ûñüñøñùùćā, 

ÿûüúąìñþ ôýý÷ñðúîìùôñ ÿýþúõăôîúýþô. Ñý÷ô 0q=  ô ýôýþñøì (1) ûüô 0m=  ôøññþ 

úðôù øÿ÷Ĉþôû÷ôöìþúü, üìîùćõ ùÿ÷Ċ, þú ôýý÷ñðúîìùôñ ÿýþúõăôîúýþô üñĄñùôõ ýôýþñ-

øć (2) ýîúðôþýċ ö ôýý÷ñðúîìùôĊ üñĄñùôõ ÿüìîùñùôċ ûñüîúïú ûúüċðöì 

 ( ) ()1 , ,
du

t U t
dt

mj m= +è øê ú  

ăþú î ýîúĊ úăñüñðĈ ýîúðôþýċ ö ôýý÷ñðúîìùôĊ ýÿøøć üċðì îćüìòñùôõ  

  ( )( )( ) 0

0

lim exp ln 1 ,n
n

n

U n Uj m
¤

­¤
=

ë û
= +ì ü

í ý
ä   (11) 

Ûüôøñü. ÙìõðČø ÿý÷úîôñ ÿýþúõăôîúýþô üñĄñùôõ ýôýþñøć üìóùúýþùćā ÿüìîùñ-

ùôõ 

  ()1 ,n n nx x a n ym+= +  ()1 ,n n ny b n x cym+= +  

ïðñ ,a­+¤ 0,na ­  0.nb ­  Ôąñø ôùþñïüì÷Ĉùúñ øùúïúúíüìóôñ ýôýþñøć (11), úûüñ-

ðñ÷ċñøúñ ÿüìîùñùôñø. 

Ôó ÿüìîùñùôċ ð÷ċ øìþüôĂć ( ),S nm  

 ( ) ( ) () ( ) ( ), 1, 1, ,nS n cS n a n S n b S nm m m m m m- + =- + +  

ùìāúðôø ýÿøøìüùúñ ÿüìîùñùôñ 

 ( ) ( ) ( )( )
0 0

, 1, , ,k k

k k

S n c a n k c S n k S n km m m m m
¤ ¤

= -

=- + + + + +ä ä  

öúþúüúñ ôøññþ ûüô 1c <  ûüôí÷ôòñùùúñ üñĄñùôñ 

 ( ) ( ) ()( )
0

, 1 0 1 , .k

k

S n c a n k nm m
¤

=

=- + + ­¤ä  

Ôýý÷ñðúîìùôñ ÿýþúõăôîúýþô üñĄñùôõ ýôýþñøć (11) ýîúðôþýċ ö ôýý÷ñðúîìùôĊ 

ÿýþúõăôîúýþô üñĄñùôõ ÿüìîùñùôċ 

 ()( ) ( ) ()( )2

1

0

1 1 0 1 , .k

n n

k

x b n c n k x nm
¤

+

=

= + + + ­¤ä  

Ý÷ñðúîìþñ÷Ĉùú, ñý÷ô ýāúðôþýċ ìíýú÷Ċþùú üċð  
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  () ( )
0 0

,k

n k

R b n c a n k
¤ ¤

= -

= +ä ä   (12) 

þú ùÿ÷ñîúñ üñĄñùôñ ýôýþñøć (11) ÿýþúõăôîú. Úþøñþôø, ăþú ð÷ċ øúùúþúùùćā ĀÿùöĂôõ 

ýāúðôøúýþĈ üċðì (12) üìîùúýô÷Ĉùì ýāúðôøúýþô ðîúõùúïú ôùþñïüì÷ì 

 ( )()
0 0

.I a n b n c dndtt t
¤¤

= +ññ  

Óìøñăìùôñ 3. Ìùì÷úïôăùú ôýý÷ñðÿĊþýċ ÿýþúõăôîúýþĈ üñĄñùôõ ýôýþñøć ðôĀ-

ĀñüñùĂôì÷Ĉùćā ÿüìîùñùôõ ý ûñüôúðôăñýöôø ô ûúăþô ûñüôúðôăñýöôøô öúĉĀĀôĂôñù-

þìøô. 
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ʉʀʅɻʋʃʗʈʅʓʍ ʀʅʊɽɻʈɸʃʔʅʓʍ ʆʇɽʈɸʊʆʈʆɺ 

ʇʆ ʆɻʈɸʅʀʏɽʅʅʆʁ ʆɹʃɸʉʊʀ  

ʌʠʣʠʘʣ ʄɻʋ ʠʤ. ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ ʚ ʛ. ɼʫʰʘʥʙʝ 

ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 05.12.2018 ʛ. 

ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʫʩʣʦʚʠʷ ʥʝʪʝʨʦʚʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʢʣʘʩʩʦʚ ʜʚʫʤʝʨʥʳʭ 

ʩʠʥʛʫʣʷʨʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʧʦ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʚ ʣʝʙʝʛʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

( )pL D  ʠ ʜʘʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʠʭ ʠʥʜʝʢʩʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʥʛʫʣʷʨʥʳʡ ʠʥʪʝʛʨʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ, ʩʠʤʚʦʣ ʦʧʝʨʘʪʦʨʘ, ʠʥʜʝʢʩ ʦʧʝʨʘʪʦʨʘ, 

ʥʝʪʝʨʦʚʦʩʪʴ ʦʧʝʨʘʪʦʨʘ.  

ʇʫʩʪʴ D  ï ʢʦʥʝʯʥʘʷ ʦʜʥʦʩʚʷʟʥʘʷ ʦʙʣʘʩʪʴ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʛʨʘʥʠʮʘ G ï 

ʢʦʪʦʨʦʡ ʩʦʩʪʦʠʪ ʠʟ ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʧʨʦʩʪʳʭ ʟʘʤʢʥʫʪʳʭ ʢʨʠʚʳʭ ʃʷʧʫʥʦʚʘ, ʥʝ 

ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʤʝʞʜʫ ʩʦʙʦʡ; I  ï ʪʦʞʜʝʩʪʚʝʥʥʳʡ ʦʧʝʨʘʪʦʨ, 0( )a z , 1( )a z , 2( )a z , 0( )b z

, 1( )b z , 2( )b z  ï ʢʦʤʧʣʝʢʩʥʦʟʥʘʯʥʳʝ ʥʝʧʨʝʨʳʚʥʳʝ ʚ =D DÇG ʬʫʥʢʮʠʠ. 

ɺ ʧʨʦʩʪʨʘʥʩʪʚʝ ( )1< <pL D p ¤ ʨʘʩʩʤʦʪʨʠʤ ʩʠʥʛʫʣʷʨʥʳʡ ʠʥʪʝʛʨʘʣʴʥʳʡ 

ʦʧʝʨʘʪʦʨ  

 0 0 1 1 1 1 2 2 2 2( ) ( ) ( ) ( ) ( ) ( ) ,A a z I b z K a z S b z S K a z S b z S K¹ + + + + +  (1) 

ʛʜʝ ʦʧʝʨʘʪʦʨʳ K  ʠ mS  ʜʝʡʩʪʚʫʶʪ ʧʦ ʬʦʨʤʫʣʘʤ  

 

| | 2

2

( 1) | |
( )( ) = ( ), ( )( ) = ( ) ,

| |

m im

m
D

m e
Kf z f z S f z f ds

z

q

zz
p z

--

-ññ  
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ˉ1 (174), 2019 ʛ. 



 43 

 = , = ( ), ;m mS KS K arg z z Dq z- Í  

ʟʜʝʩʴ ʯʝʨʪʘ ʦʙʦʟʥʘʯʘʝʪ ʦʧʝʨʘʮʠʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʧʨʷʞʝʥʠʷ, m  ï ʮʝʣʦʝ ʯʠʩʣʦ, dsz ï 

ʵʣʝʤʝʥʪ ʧʣʦʩʢʦʡ ʤʝʨʳ ʃʝʙʝʛʘ, ʠʥʪʝʛʨʘʣ ʧʦʥʠʤʘʝʪʩʷ ʚ ʩʤʳʩʣʝ ʛʣʘʚʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦ ʂʦʰʠ 

[1]. 

ʀʥʪʝʛʨʘʣʴʥʳʝ ʦʧʝʨʘʪʦʨʳ ʚʠʜʘ A  ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʟʘʜʘʯʘʭ ʪʝʦʨʠʠ 

ʦʙʦʙʱʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ [2], ʪʝʦʨʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ 

ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ [3,4] ʠ ʜʨ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʫʩʪʘʥʦʚʠʪʴ 

ʢʨʠʪʝʨʠʠ ʥʝʪʝʨʦʚʦʩʪʠ ʪʘʢʠʭ ʦʧʝʨʘʪʦʨʦʚ ʚ ʚʠʜʝ ʷʚʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

ʊʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʥʝʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

( ), ( )m ma z b z  ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʘʙʦʪʘʭ ɻ.ɼʞʘʥʛʠʙʝʢʦʚʘ (ʩʤ.ʥʘʧʨ.[5,6,7]). ʊʘʢ, ʧʨʠ 

2 2( ) = ( ) 0,a z b z¹  ʦʧʝʨʘʪʦʨ A  ʠʟʫʯʝʥ ʚ ʨʘʙʦʪʝ [5], ʘ ʩʣʫʯʘʠ 1 2( ) = ( ) 0a z a z¹  ʠ 

1 1( ) = ( ) 0a z b z¹  ʚʢʣʶʯʘʶʪʩʷ ʚ ʢʣʘʩʩ ʦʧʝʨʘʪʦʨʦʚ, ʠʟʫʯʝʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʨʘʙʦʪʘʭ 

[6,7], ʘ ʚ ʨʘʙʦʪʝ [8] ʠʟʫʯʝʥ ʦʧʝʨʘʪʦʨ A  ʚ ʚʠʜʝ  

 
2

0 0

=1

( ) ( ) ( ( ) ( ) ) ,mm m

m

A a z I b z K a z I b z K S¹ + + +ä  

ʜʣʷ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʥʝʦʙʭʦʜʠʤʳʝ ʠ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʥ ʚ 2/ ( )p

pL Db-  

ʠ ʬʦʨʤʫʣʳ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʠʥʜʝʢʩʘ ʦʧʝʨʘʪʦʨʘ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ ʘʥʘʣʦʛʠʯʥʦ [8] ʫʩʪʘʥʘʚʣʠʚʘʝʤ, ʯʪʦ ʦʧʝʨʘʪʦʨ A  ʙʫʜʝʪ ʥʝʪʝʨʦʚʳʤ 

ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʥʝʪʝʨʦʚʳʤ ʷʚʣʷʝʪʩʷ ʦʧʝʨʘʪʦʨ  

 
1 20 1 2 0 1 1 2 2

1 20 1 2 0 1 1 2 2

( ) ( ) ( ) ( ) ( ) ( )
=

( ) ( ) ( ) ( ) ( ) ( )

a z I a z S a z S b z I b z S b z S
U

a z I a z S a z S b z I b z S b z S

å õ+ + + +
æ ö
æ ö+ + + +ç ÷

 

ʚ ( ), 1< < .pL D p  ¤ ʇʦʩʢʦʣʴʢʫ ʩʠʤʚʦʣ ʦʧʝʨʘʪʦʨʘ mS  (ʩʤ.[10]) ʨʘʚʝʥ ( )ms

s
 

1 2( = = 0),is s s+  ʪʦ ʩʦʛʣʘʩʥʦ [1], ʜʣʷ ʥʝʪʝʨʦʚʦʩʪʠ ʦʧʝʨʘʪʦʨʥʦʡ ʤʘʪʨʠʮʳ U  

ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ( , ) 0AdetG z t¸  ʜʣʷ ʚʩʝʭ ,| |=1,z D tÍ  ʛʜʝ ( , )AG z t  ʩʠʤʚʦʣ ʦʧʝʨʘʪʦʨʘ 

:A   

 
2 2

2 2

( , ) ( , )
( , ) = ,

( , ) ( , )
A

P z t Q z t
G z t

Q z t P z t

å õ
æ ö
ç ÷

 (2) 

ʛʜʝ  

 
2

2 0 1 2 2 1 2( , ) = ( ) ( ) ( ) = ( )( )( ),P z t a z a z t a z t a z t q t q+ + - - 
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2

2 0 1 2 2 1 2( , ) = ( ) ( ) ( ) = ( )( )( ).Q z t b z b z t b z t b z t g t g+ + - - 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ (2) ʧʨʠʭʦʜʠʤ ʢ ʟʘʜʘʯʝ ʈʠʤʘʥʘ ʜʣʷ ʝʜʠʥʠʯʥʦʛʦ ʢʨʫʛʘ | |< 1:t  

 
1 2 1 2 2

2 2 1 2 2

( ) = ( , ) ( ) ( , ) ( )

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

t P t t Q t t

t Q t t P t t

t t

t t

- + +

- + +

ëF F + Fî
ì
F F + Fîí

 (3) 

ɿʜʝʩʴ 1,2 1,2,+ -F F  ï ʥʝʠʟʚʝʩʪʥʳʝ ʬʫʥʢʮʠʠ ʪʦʯʢʠ ʦʢʨʫʞʥʦʩʪʠ | |= 1,t  ʘʥʘʣʠʪʠʯʝʩʢʠ 

ʧʨʦʜʦʣʞʠʤʳʝ ʧʦ t  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʥʫʪʨʠ ʠ ʚʥʝ ʝʜʠʥʠʯʥʦʛʦ ʢʨʫʛʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʤʥʦʛʦʯʣʝʥ 2( , )P tt  ʚʥʫʪʨʠ | |< 1t  ʢʦʨʥʝʡ ʥʝ ʠʤʝʝʪ, ʪʦ 

ʝʩʪʴ ʝʛʦ ʢʦʨʥʠ 1 2| ( ) |>1, | ( ) |>1, | |<1.q z q z z z" Í  

ʃʝʚʘʷ ʯʘʩʪʴ ʧʝʨʚʦʛʦ ʨʘʚʝʥʩʪʚʘ ʚ ʩʠʩʪʝʤʝ (3) ʘʥʘʣʠʪʠʯʝʩʢʠ ʧʨʦʜʦʣʞʠʤʘʷ ʚʥʝ 

ʝʜʠʥʠʯʥʦʛʦ ʢʨʫʛʘ | |< 1z , ʘ ʧʨʘʚʘʷ ʯʘʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠ ʧʨʦʜʦʣʞʠʤʘʷ ʚʥʫʪʨʠ ʝʜʠʥʠʯʥʦʛʦ 

ʢʨʫʛʘ. ʊʦʛʜʘ ʧʦ ʪʝʦʨʝʤʝ ʦʙ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʧʨʦʜʦʣʞʝʥʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʝʜʠʥʘʷ 

ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʥʘ ʚʩʝʡ ʧʣʦʩʢʦʩʪʠ ʧʦ ʪʝʦʨʝʤʝ ʃʠʫʚʠʣʣʷ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʘʥʪʦʡ.ʊʦʛʜʘ  

 
2 1 2 2 1 1 1( ) ( ) ( ) ( ) = , ( ) = .P z z Q z z c z c+ +F + F F  

ʅʘʡʜʷ ʬʫʥʢʮʠʶ 
1 ( ),z+F  ʧʦʣʫʯʠʤ:  

 1 2
1 2

2 2

( )
( ) = ( ).

( ) ( )

c Q z
z z

P z P z

+ +F - F  

ʇʦʩʪʘʚʠʤ ʵʪʦ ʟʥʘʯʝʥʠʝ ʚʦ ʚʪʦʨʦʝ ʨʘʚʝʥʩʪʚʦ ʩʠʩʪʝʤʳ (3). ɺʦʩʧʦʣʴʟʫʷʩʴ ʪʝʤ, ʯʪʦ 

2 2

2 2| | | |detG P Q¹ -  ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 
( )

( )

F z

F z

+

-
, ʛʜʝ ( )F z°

 ï ʘʥʘʣʠʪʠʯʝʩʢʠ 

ʧʨʦʜʦʣʞʠʤʳʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʥʫʪʨʠ ʠ ʚʥʝ ʝʜʠʥʠʯʥʦʛʦ ʢʨʫʛʘ ʬʫʥʢʮʠʠ, ʙʫʜʝʤ ʠʤʝʪʴ:  

 3 4
2 2

1 2

1
( ) = ( ).

( )

c c
z c

F z z q z q

-

-
F + +

- -
 

ʆʪʩʶʜʘ ʩʚʦʙʦʜʥʳʝ ʢʦʥʩʪʘʥʪʳ 3c  ʠ 4c  ï ʦʜʥʦʟʥʘʯʥʦ ʠ ʙʝʟʫʩʣʦʚʥʦ ʥʘʭʦʜʷʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ:  

 2 1 1 2 2 2
3 1 4 1

2 1 2 2 1 2

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

( ) ( )

Q q F q Q q F q
c c c c

a q q a q q

- -

- -
- -

 

ʇʦʣʦʞʠʚ ʩʥʘʯʘʣʘ 1 2=1, = 0,c c  ʘ ʟʘʪʝʤ, ʥʘʦʙʦʨʦʪ, 1 2= 0, =1,c c  ʥʘʡʜʝʤ 

ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ( ) :z+F  
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32 4 2

2 1 2

32 4 2

1 2

( ) ( )1
( )

( ) ( ) ( )
( ) = .

( ) ( )
( )

( ) ( )

cQ z c Q z

P z F z z q z q F z
z

cP z c P z

F z z q z q F z

+ +

+

+ +

å õ
- + -æ ö- -

æ öF
æ ö

+æ ö
- -ç ÷

 

ʆʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ 
1

( ) = 0.
( )

det z
F z

+

+
F ¸  

ɸʥʘʣʦʛʠʯʥʦ ʥʘʭʦʜʷʪʩʷ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ( ) :z-F   

 
32 4

2 1 2

1 0

( ) = .( ) 1 1
( )

( ) ( ) ( )

z cQ z c

P z F z z q z q F z

-

- -

å õ
æ ö

F æ ö+ +æ ö- -ç ÷

 

ʆʧʨʝʜʝʣʠʪʝʣʴ ʵʪʦʡ ʤʘʪʨʠʮʳ 
1

( ) =
( )

det z
F z

-

-
F  ʪʘʢʞʝ ʦʪʣʠʯʝʥ ʦʪ ʥʫʣʷ. 

ʀʪʘʢ, ʤʳ ʠʤʝʝʤ:  

 
1( ) = ( ) ( )t G t t- +F F  

ʠʣʠ  

 
1

1 = ( )[ ( )] ,G t t- + -F F  

ʛʜʝ  

 

2 2

1

3 34 4
2 2

1 2 2 1 2

( ) ( )

[ ( )] = .( )
( )( ) ( )( )

( )

P t Q t

t c cc cF t
P t Q t

t q t q P t t q t q

+ - +

å õ
æ ö

F æ ö- + - +æ ö- - - -ç ÷

 

ʆʧʨʝʜʝʣʠʪʝʣʴ ʵʪʦʡ ʤʘʪʨʠʮʳ 
1[ ( )] = ( ).det t F t+ - +F  

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʦʜʠʥ ʢʦʨʝʥʴ ʣʝʞʠʪ ʚʥʫʪʨʠ | |< 1t , ʪʦ ʝʩʪʴ 

1 2| ( ) |>1, | ( ) |<1, | |<1.q z q z z z" Í  

ʀʤʝʝʤ:  

 32 4
2 1 2 2

2 2 1 2

( ) ( )
( )( ( ) ) = ( ) = ,

( ) ( )

cQ t cF t
F t t c t c

P t P t t q t q

+
- - +F - F + +

- -
 

 3 4 2
2 2 1

1 2 2

( )1
( ) = ( ) ,

( ) ( )

c c Q t
t c c

F t t q t q P t

-

-
F + + +

- -
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 32 4
2 2

1 2

( )
( ) = ( ),

( )

cP t c
t c

F t t q t q

+

+
F + +

- -
 

 31 4 2
1 2

2 1 2

( )
( ) = ( ) .

( ) ( )

cc c Q t
t c

P t t q t q F t

+

+
F - + +

- -
 

ʇʦʣʦʞʠʚ ʩʥʘʯʘʣʘ 1 2=1, = 0,c c  ʘ ʟʘʪʝʤ, ʥʘʦʙʦʨʦʪ, 1 2= 0, =1,c c  ʥʘʡʜʝʤ 

ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ( ) :z+F   
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ʛʜʝ 1 1 2 2

2 2 1 1 2
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Q q F q Q q F q
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a

- -

-
- - -

 

ɸʥʘʣʦʛʠʯʥʦ ʥʘʭʦʜʷʪʩʷ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ( ) :z-F   
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-
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ʆʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ ( ) = ( )det z F z+ +F  ʠ 
1

( ) = .
( )

det z
F z

-

-
F  

ʀʪʘʢ, ʤʳ ʠʤʝʝʤ  

 
2( ) = ( ) ( )t G t t- +F F  

ʠʣʠ  

 
1

2 = ( )[ ( )] ,G t t- + -F F  

ʛʜʝ  

 
2 21

2

2 2
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( ) ( ) ( )1

[ ( )] = .( )
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ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʦʙʘ ʢʦʨʥʷ ʣʝʞʘʪ ʚʥʫʪʨʠ | |< 1t , ʪʦ ʝʩʪʴ 

1 2| ( ) |<1, | ( ) |<1, | |<1.q z q z z z" Í  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʤ:  

 
2

2 0 1 2( ) = ( ) ( ) ( ) , ,| |<1,Q t b b t b t tt t t t+ + " ÍG  
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ʌʫʥʢʮʠʠ 
2 ( )z+F  ʚ ʪʦʯʢʘʭ 1=z q  ʠ 2=z q  ʠʤʝʶʪ ʧʦʣʶʩ. ɼʣʷ ʠʭ ʫʩʪʨʘʥʝʥʠʷ 

ʧʦʜʙʝʨʝʤ ʢʦʥʩʪʘʥʪʳ 3c  ʠ 4c  ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  
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ʇʦʣʦʞʠʚ ʩʥʘʯʘʣʘ 1 2=1, = 0,c c  ʘ ʟʘʪʝʤ, ʥʘʦʙʦʨʦʪ, 1 2= 0, =1,c c  ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (3) ʥʘʭʦʜʠʤ:  
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ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ ( )t+F  ʠ ( )t-F  ʪʘʢʞʝ ʦʪʣʠʯʝʥ ʦʪ ʥʫʣʷ. 

ʀʪʘʢ, ʤʳ ʠʤʝʝʤ  

 
3( ) = ( ) ( )t G t t- +F F  
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ʀʪʘʢ, ʜʦʢʘʟʘʥʘ ʩʣʝʜʫʶʱʘʷ 

ʊʝʦʨʝʤʘ. ɼʣʷ ʥʝʪʝʨʦʚʦʩʪʠ ʦʧʝʨʘʪʦʨʘ A  ʚ ʣʝʙʝʛʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ 

( ),1< <pL D p ¤ ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʧʦʣʥʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ  

 1( ) 0, | |=1,detG t t¸  (4) 

 2 2 1( ) 0, ( , ( )) 0, | |=1, ,detG t Q q tt t t¸ ¸ ÍG (5) 

 3 2 1 2 2( ) 0, ( , ( )) 0, ( , ( )) 0, | |=1, ,detG t Q q Q q tt t t t t¸ ¸ ¸ ÍG (6) 

ʛʜʝ 1 2( ), ( )q qt t ʢʦʨʥʠ ʫʨʘʚʥʝʥʠʷ 2( , ) = 0, , | |=1,P t tt tÍG  ʪʘʢʠʝ, ʯʪʦ 

1 2| ( ) |<1, | ( ) |<1q qt t  ʜʣʷ .t" ÍG 

ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʚʳʧʦʣʥʝʥʦ (4), ʪʦ ʠʥʜʝʢʩ ʦʧʝʨʘʪʦʨʘ A  ʨʘʚʝʥ ʥʫʣʶ; ʝʩʣʠ 

ʚʳʧʦʣʥʝʥʦ (5), ʪʦ  

 2 1= 2 ( , ( )),Ind Q qk t tG  

ʘ ʝʩʣʠ ʚʳʧʦʣʥʝʥʦ (6), ʪʦ  

 2 1 2 2= 2 ( , ( )) 2 ( , ( )).Ind Q q Ind Q qk t t t tG G+  
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Æ.Ø.ÚÐÔÙÌÍÑÖÚÎ  

ÚÔÐÔ ÇÌ×äÌÎÌÙÐÌÏÔÔ ëÖãÌÙÐ ÝÔÙàÇÚÔ ÚÛÑÜÌÞÚÜÇÚÔ 

ÔÙÞÑÏÜÌ×ÔÔ ÝÔÙÏß×ëÜÔÔ ÐßãÑÙÌÖÌ ÐÌÜ ÝÚÇÌÔ ØÌÇÐßÐ 

àô÷ôì÷ô ÐúùôĄïúĕô ðìî÷ìþôô Øúýöîì íì ùúøô Ø.Î.×úøúùúýúî ðìü Ą. ÐÿĄìùíñ 

Ðìü øìėú÷ì ĕì÷Ąìîìùðìïôô ċöăìùð ýôùĀĕúô úûñüìþúüĕúô ôùþñïüì÷ôô 

ýôùïÿ÷ċüôô ðÿăñùìöì ðìü ýúĕìô øìĕðÿð úøĘāþì Ąÿðììýþ. äìüþĕúô óìüÿüĒ îì 

öôĀúċïôô ĉĀĀñöþôîôô ùñþñüúîĒ íÿðìùô ôù úûñüìþúüĕú ðìü Āìóúô ×ñíñïĒ ČĀþì Ąÿðì, 

íìüúô ĕôýúí ùìøÿðìùô ôùðñöýô úùĕú Āúüøÿ÷ì ĕúýô÷ Ąÿðììýþ. 

Öì÷ôøìĕúô öì÷ôðĒ: úûñüìþúüô ôùþñïüì÷ôô ýôùïÿ÷ċüĒ, ùñþñüúîĒ íÿðìùô úûñüìþúü, ôùðñöýô 

úûñüìþúü, ýôøîú÷ô úûñüìþúü. 

 

 J.ʄ.ODINABEKOV  

ABOUT SOLVABILITY OF  SOME CLASSES OF TWO-DIMENSIONAL 

SINGULAR INTEGRAL OP ERATORS ON A LIMITED  AREA  

The branch of Lomonosov Moskov State University in Dushanbe 

Solvability of some classes of system of two dimensional singular integral operators on 

a limited area is analysed in this article. The effective and sufficient conditions for Noetherian in 

the space of Lebeg and the formula to rate index is given. 

Key words: singular integral operation, Noetherian operators, symbol operator, the index of operator. 
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ÔÙàÚÜØÌÞÔÖÌ 

ʋɼʂ 81ô322::811.8::519.25 

ʄ.ɸ.ʋʄɸʈʆɺ, ʂ.ʉ.ɹɸʍʊɽɽɺ 

ʆ ʇɽʈʉʇɽʂʊʀɺʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ 

ʂʆʅʉʆʅɸʅʊʅʆɻʆ ʇʀʉʔʄɸ 

ʈʦʩʩʠʡʩʢʦ-ʊʘʜʞʠʢʩʢʠʡ (ʩʣʘʚʷʥʩʢʠʡ) ʫʥʠʚʝʨʩʠʪʝʪ 

ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ:24.10.2018 ʛ. 

ʀʟʫʯʘʶʪʩʷ ʚʦʧʨʦʩʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʩʦʥʘʥʪʥʦʛʦ ʪʠʧʘ ʧʠʩʴʤʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʘʥʘʣʠ-

ʟʘ ʦʙʳʯʥʦʛʦ ʪʝʢʩʪʘ ʠ ʝʛʦ ʢʦʥʩʦʥʘʥʪʥʦʛʦ ʦʙʨʘʟʘ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʩʦʥʘʥʪʥʦʝ ʧʠʩʴʤʦ, N-ʛʨʘʤʤʳ, ʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ.  

ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʢʦʥʩʦʥʘʥʪʥʦʝ ʧʠʩʴʤʦ ð ʪʠʧ ʬʦʥʝʪʠʯʝʩʢʦʛʦ ʧʠʩʴʤʘ, ʧʝʨʝʜʘʶ-

ʱʠʡ ʪʦʣʴʢʦ ʩʦʛʣʘʩʥʳʝ ʟʚʫʢʠ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʥʩʦʥʘʥʪʥʳʡ ʩʧʦʩʦʙ ʧʠʩʴʤʝʥ-

ʥʦʩʪʠ ʩʳʛʨʘʣ ʟʘʤʝʪʥʫʶ ʨʦʣʴ ʚ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʮʠʚʠʣʠʟʘʮʠʠ. ʏʘʩʪʠʯʥʦ ʢʦʥʩʦʥʘʥʪʥʦʝ 

ʧʠʩʴʤʦ, ʢʦʪʦʨʦʝ ʩʦʜʝʨʞʠʪ ʦʪʜʝʣʴʥʳʝ ʛʣʘʩʥʳʝ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʞʝ ʠ ʚ ʩʦʚʨʝʤʝʥ-

ʥʦʤ ʤʠʨʝ. ʇʦ ʥʝʢʦʪʦʨʳʤ ʜʘʥʥʳʤ ʠʤ ʧʦʣʴʟʫʶʪʩʷ ʧʨʠʤʝʨʥʦ 10% ʥʘʩʝʣʝʥʠʷ ʧʣʘʥʝʪʳ, ʚ ʯʘ-

ʩʪʥʦʩʪʠ, ʚʩʝ ʩʪʨʘʥʳ ʘʨʘʙʩʢʠʭ ʛʦʩʫʜʘʨʩʪʚ ʠ ʜʨʫʛʠʝ ʥʘʨʦʜʳ, ʧʦʣʴʟʫʶʱʠʝʩʷ ʘʨʘʙʩʢʠʤ ʘʣʬʘ-

ʚʠʪʦʤ (ʀʨʘʥ, ɸʬʛʘʥʠʩʪʘʥ, ʇʘʢʠʩʪʘʥ). ɸʣʬʘʚʠʪʳ ʥʘʨʦʜʦʚ ʉʨʝʜʥʝʡ ɸʟʠʠ (ʪʘʜʞʠʢʩʢʠʡ, ʫʟ-

ʙʝʢʩʢʠʡ, ʪʶʨʢʩʢʠʡ ʠ ʪ.ʜ.) ʜʦ 30-ʭ ʛʦʜʦʚ ʍʍ ʩʪʦʣʝʪʠʷ ʪʘʢʞʝ ʙʳʣʠ ʥʘ ʦʩʥʦʚʝ ʘʨʘʙʩʢʦʡ ʛʨʘ-

ʬʠʢʠ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʡ ʧʠʩʴʤʝʥʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʚʝʩʴʤʘ ʠʥʪʝʨʝʩʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ. 

ʅʘʧʨʠʤʝʨ, ʘʨʘʙʩʢʠʡ ʘʣʬʘʚʠʪ ʩʦʩʪʦʠʪ ʠʟ 28 ʙʫʢʚ, ʠ ʣʶʙʦʝ ʩʣʦʚʦ ʦʙʨʘʟʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʢʦʨʥʷ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʪʦʷʱʝʛʦ ʠʟ 3 ʙʫʢʚ, ʪʘʢ ʪʨʝʭʙʫʢʚʝʥʥʳʝ ʢʦʨʥʠ ʢʘʢ ʂʊɹ ï 

ʠʤʝʶʱʝʛʦ ʣʝʢʩʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ çʧʠʩʘʪʴè, פʈʒ ï ʯʠʪʘʪʴ, ʅɿʄ ï ʫʧʦʨʷʜʦʯʠʪʴ ʠ ʪ.ʧ. ʕʪʠ 

ʢʦʨʥʠ ʷʚʣʷʶʪʩʷ ʦʙʱʠʤ ʜʣʷ ʤʥʦʛʠʭ ʩʣʦʚ ʠ ʩʣʦʚʦʬʦʨʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʪʘʢʠʭ, ʢʘʢ ʂʘʊʘɹʘ, 

ʂʠʊʆɹ, ʄʘʂʊʋɹ, ʄʘʂʊʘɹ, פʘʈʘʒʘ, ʠפʈʘʒ, ʅʠɿʆʄ, ʄʘʅɿʋʄ, ʠʅʊʠɿʆʄ ʠ ʪ.ʜ. ʀʣʠ ʞʝ 

ʠʩʢʣʶʯʝʥʠʝ ʛʣʘʩʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʨʘʙʩʢʦʡ ʧʠʩʴʤʝʥʥʦʩʪʴʶ ʚ ʚʳʨʘʞʝʥʠʠ çʐʘʢʘʨ ʙʘ 

ʪʘʨʦʟʫʠ ʚʘʟʦʨʘʪ ʙʘʨ ʢʘʰè ʧʦʨʦʞʜʘʝʪ ʧʘʣʠʥʜʨʦʤ  

                                                      
ɸʜʨʝʩ ʜʣʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ: ʋʤʘʨʦʚ ʄʘʭʤʫʜ ɸʙʫʙʘʢʠʨʦʚʠʯ, ɹʘʭʪʝʝʚ ʂʘʤʠʣʴ ʉʘʠʜʦʚʠʯ. 734025, 

ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ, ʛ. ɼʫʰʘʥʙʝ, ʫʣ. ʄ.ʊʫʨʩʫʥʟʘʜʝ, 30, ʈʊʉʋ. E-mail: m_umarov@mail.ru., 

kamilb@mai.ru 

ʀɿɺɽʉʊʀʗ ɸʂɸɼɽʄʀʀ ʅɸʋʂ ʈɽʉʇʋɹʃʀʂʀ ʊɸɼɾʀʂʀʉʊɸʅ 

ʆʊɼɽʃɽʅʀɽ ʌʀɿʀʂʆ-ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ, ʍʀʄʀʏɽʉʂʀʍ,  

ɻɽʆʃʆɻʀʏɽʉʂʀʍ ʀ ʊɽʍʅʀʏɽʉʂʀʍ ʅɸʋʂ 

ˉ1 (174), 2019 ʛ. 
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çʐʂʈɹʊʈʆɿɺʀɺɿʆʈʊɹʈʂʐè  

ɺ ʨʘʙʦʪʝ [1] ʥʘ ʦʩʥʦʚʝ N-ʛʨʘʤʤʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʦʧʨʦʩʘ ʦ ʩʪʝʧʝʥʠ ñʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠò ʠʣʠ ñʥʝʧʨʠʛʦʜʥʦʩʪʠò ʝʩʪʝʩʪ-

ʚʝʥʥʦʛʦ ʷʟʳʢʘ ʩ ʩʦʛʣʘʩʥʦ-ʛʣʘʩʥʳʤ ʘʣʬʘʚʠʪʦʤ ʢ ʧʨʠʤʝʥʝʥʠʶ ʢʦʥʩʦʥʘʥʪʥʦʛʦ ʪʠʧʘ ʧʠʩʴʤʘ. 

ɺ [2] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʥʠʤʘʥʠʝ ʯʘʩʪʠʯʥʦ-ʢʦʥʩʦʥʘʥʪʥʦʛʦ ʪʘʜʞʠʢʩʢʦʛʦ ʪʝʢʩʪʘ ʩʪʘʥʦʚʠʪ-

ʩʷ ʙʦʣʝʝ 92%, ʝʩʣʠ ʚʢʣʶʯʠʪʴ ʪʨʠ ʩʘʤʳʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʛʣʘʩʥʳʝ. ʊʘʢʦʝ ʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʪʝʢʩʪʦʚ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ ʚ [3] ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʝʭ ʩʘʤʳʭ ʚʳʩʦʢʦʯʘʩ-

ʪʦʪʥʳʭ ʛʣʘʩʥʳʭ, ʩʪʝʧʝʥʴ ʧʦʥʠʤʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʫʨʦʚʥʝ 88.2%. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʘʩʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʧʦʣʥʦʩʪʴʶ ʢʦʥʩʦʥʘʥʪʥʦʛʦ ʦʙʨʘʟʘ ʪʝʢʩʪʘ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʘʚʪʦʨʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʦʙʳʯʥʳʤ ʪʝʢʩʪʦʤ ʥʘ ʧʨʠʤʝʨʝ ʜʚʫʭ ʬʨʘʛʤʝʥʪʦʚ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʧʨʦʠʟʚʝʜʝʥʠʷ, ʘ ʠʤʝʥʥʦ 

ʧʝʨʚʳʭ 28 ʩʪʨʘʥʠʮ (726 ʙʝʡʪʦʚ) ʠ ʧʦʩʣʝʜʫʶʱʠʭ, ʩ 29 ʧʦ 128 ʩʪʨʘʥʠʮʫ (2658 ʙʝʡʪʦʚ) ʪʝʢ-

ʩʪʘ ɼʞ.ʈʫʤʠ çʄʘʩʥʘʚʠʠ ʤʘʲʥʘʚ è.  

ʇʦʵʪʦʤʫ, ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʫʪʝʤ ʫʜʘʣʝʥʠʷ ʠʟ ʢʘʞʜʦʡ ʩʣʦʚʦʬʦʨʤʳ ʚʩʝʭ ʛʣʘʩʥʳʭ 

ʙʫʢʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʝʢʩʪʘ ʢ ʚʠʜʫ ʧʦʣʥʦʩʪʴʶ ʢʦʥʩʦʥʘʥʪʥʦʛʦ ʧʠʩʴʤʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʩʣʦʚʦʬʦʨʤʳ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʥʘʙʦʨʳ ʩʦʛʣʘʩʥʳʭ ʙʫʢʚ, ʥʘʟʳʚʘʝʤʳʝ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʢʦʥʩʦʥʘʥʪʥʳʤʠ ʩʣʦʚʦʬʦʨʤʘʤʠ. ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʵʪʠʭ ʜʚʫʭ ʬʨʘʛ-

ʤʝʥʪʦʚ, ʢʘʢ ʜʣʷ ʦʙʳʯʥʦʛʦ ʪʝʢʩʪʘ, ʪʘʢ ʠ ʜʣʷ ʝʛʦ ʢʦʥʩʦʥʘʥʪʥʦʛʦ ʚʘʨʠʘʥʪʘ. 

ʊʘʙʣʠʮʘ 1 

ʉʦʦʪʥʦʰʝʥʠʷ ʩʣʦʚʦʬʦʨʤ ʠ ʩʣʦʚʦʫʧʦʪʨʝʙʣʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʧʠʩʴʤʘ 

 
ʆʙʳʯʥʳʡ ʪʝʢʩʪ ʂʦʥʩʦʥʘʥʪʥʳʡ ʪʝʢʩʪ 

I ʬʨʘʛʤʝʥʪ II  ʬʨʘʛʤʝʥʪ I ʬʨʘʛʤʝʥʪ II  ʬʨʘʛʤʝʥʪ 

ʉʣʦʚʦʬʦʨʤʳ 2916 8001 2069 5051 

ʉʣʦʚʦʫʧʦʪʨʝʙʣʝʥʠʷ 8180 32308 7838 30904 

 

ʂʘʢ ʚʠʜʥʦ, ʯʠʩʣʦ ʩʣʦʚʦʬʦʨʤ ʚ ʢʦʥʩʦʥʘʥʪʥʦʤ ʚʘʨʠʘʥʪʝ ʪʝʢʩʪʘ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ. 

ʀ ʵʪʦ ʦʯʝʚʠʜʥʦ, ʧʦʩʢʦʣʴʢʫ ʦʜʥʘ ʩʣʦʚʦʬʦʨʤʘ ʚ ʪʘʢʦʤ ʚʘʨʠʘʥʪʝ ʤʦʞʝʪ ʠʤʝʪʴ ʯʨʝʟʚʳʯʘʡʥʦ 

ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʦʙʳʯʥʦʤ ʪʝʢʩʪʝ, ʥʘʧʨʠʤʝʨ ʢʦʥʩʦʥʘʥʪʥʘʷ ʩʣʦʚʦʬʦʨʤʘ çʜʨè ʚ ʦʙʳʯ-

ʥʦʤ ʪʝʢʩʪʝ ʤʦʞʝʪ ʪʨʘʢʪʦʚʘʪʴʩʷ ʢʘʢ çʜʘʨè, çʜʦʨè, çʜʫʨè, çʜʝʨè, çʘʜʠʨè, çʜʘʨè, çʜʘʨʘè, 

çʜʘʨʦè, çʜʦʨʦè, çʜʠʨyè, çʜʫʨè, çʠʜʦʨʘè ʠ ʪ.ʧ. ʀʣʠ ʞʝ, ʦʜʥʦʙʫʢʚʝʥʥʘʷ ʢʦʥʩʦʥʘʥʪʥʘʷ ʩʣʦ-

ʚʦʬʦʨʤʘ çʙè ʧʦʨʦʞʜʘʝʪ ʤʥʦʞʝʩʪʚʦ ʜʚʫʭ-ʪʨʝʭʙʫʢʚʝʥʥʳʭ ʩʣʦʚʦʬʦʨʤ ʦʙʳʯʥʦʛʦ ʪʝʢʩʪʘ: 

çʙʘè, çʙʦè, çʙè, çʙʝè, çʦʙè, çʦʙʦè, çʘʙʫè, çʠʙʦè ʠ ʪ.ʜ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪʥʦʩʪʠ ʜʣʠʥ 

ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʪʝʢʩʪʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʦʥʠ (ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪʥʦʩʪʠ 

ʜʣʠʥ) ʦʩʪʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʪʦʡʯʠʚʳʤʠ ʚ ʨʘʟʥʳʭ ʬʨʘʛʤʝʥʪʘʭ ʦʜʥʦʛʦ ʚʘʨʠʘʥʪʘ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ. ɺ ʪʘʙʣ. 2 ʧʦʢʘʟʘʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪʥʦʩʪʠ ʚ ʜʚʫʭ ʬʨʘʛʤʝʥʪʘʭ ʢʘʞʜʦʛʦ ʚʘ-

ʨʠʘʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ (ʦʙʳʯʥʦʛʦ ʠ ʢʦʥʩʦʥʘʥʪʥʦʛʦ). ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʟʘʧʠʩʠ ʚʚʝʜʝʥʳ ʩʣʝ-

ʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: AFïʘʙʩʦʣʶʪʥʘʷ ʯʘʩʪʦʪʥʦʩʪʴ, RF ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʯʘʩʪʦʪʥʦʩʪʴ. 

ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʝʩʪʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʝʣ ʦʜʥʦ, ʜʚʫʭ ʠ ʪʨʝʭʙʫʢ-

ʚʝʥʥʳʭ ʩʣʦʚʦʫʧʦʪʨʝʙʣʝʥʠʡ ʚ ʢʦʥʩʦʥʘʥʪʥʦʤ ʦʙʨʘʟʝ ʪʝʢʩʪʘ. ɸ ʜʣʷ ʩʣʦʚʦʫʧʦʪʨʝʙʣʝʥʠʡ ʩ 

ʙʦʣʴʰʝʡ ʜʣʠʥʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʦʝ ʷʚʣʝʥʠʝ. ʕʪʦ, ʦʯʝʚʠʜʥʦ, ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ 

ʦʙʳʯʥʦʤ ʪʝʢʩʪʝ ʩʣʦʚʦʫʧʦʪʨʝʙʣʝʥʠʷ ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʥʦʩʪʴʶ ʠʤʝʶʪ ʜʣʠʥʫ ʦʪ 2 ʜʦ 5 ʙʫʢʚ ʠ 

ʚ ʩʠʣʫ ʬʦʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʷʟʳʢʘ ʧʨʝʦʙʣʘʜʘʶʱʝ ʦʥʠ ʩʦʜʝʨʞʘʪ ʦʪ 1 ʜʦ 3 ʛʣʘʩʥʳʭ.  
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ʊʘʙʣʠʮʘ 2 

ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪʥʦʩʪʠ ʜʣʠʥ ʩʣʦʚʦʬʦʨʤ ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ɼʣʠʥʘ ʩʣʦʚʘ 

ʆʙʳʯʥʳʡ ʪʝʢʩʪ ʂʦʥʩʦʥʘʥʪʥʳʡ ʪʝʢʩʪ 

Iʬʨʘʛʤʝʥʪ II  ʬʨʘʛʤʝʥʪ Iʬʨʘʛʤʝʥʪ II  ʬʨʘʛʤʝʥʪ 

AF RF AF RF AF RF AF RF 

 170 0.02078 658 0.02037 1468 0.18729 5585 0.18072 

 1627 0.19890 6454 0.19976 2633 0.33593 10340 0.33458 

 1942 0.23741 7244 0.22422 2292 0.29242 9215 0.29818 

 1328 0.16235 5459 0.16897 966 0.12325 3818 0.12354 

 1397 0.17078 5582 0.17277 324 0.04134 1391 0.04501 

 759 0.09279 3130 0.09688 109 0.01391 411 0.01330 

 487 0.05954 1840 0.05695 42 0.00536 98 0.00317 

 260 0.03178 1156 0.03578 4 0.00051 37 0.00120 

 112 0.01369 433 0.01340 - - 7 0.00023 

 63 0.00770 224 0.00693 - - 1 0.00003 

 23 0.00281 74 0.00229 - - 1 0.00003 

 9 0.00110 28 0.00087 - - - - 

 2 0.00024 16 0.00050 - - - - 

 1 0.00012 7 0.00022 - - - - 

 - - 1 0.00003 - - - - 

 - - 1 0.00003 - - - - 

 - - - - - - - - 

 - - - - - - - - 

 - - 1 0.00003 - - - - 

ʀʪʦʛʦ 8180 1 32308 1 7838 1 30904 1 

ʉ ʮʝʣʴʶ ʙʦʣʴʰʝʡ ʥʘʛʣʷʜʥʦʩʪʠ ʥʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʘ ʛʨʘʬʠʯʝʩʢʘʷ ʠʣʣʶʩʪʨʘʮʠʷ 

ʜʘʥʥʳʭ ʪʘʙʣ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʦʪʥʦʩʪʠ ʜʣʠʥ ʩʣʦʚʦʬʦʨʤ ʧʦʢʘʟʘʥʦ ʚ ʦʙʳʯʥʦʤ ʪʝʢʩʪʝ 

(ʨʠʩ.ʘ) ʠ ʚ ʢʦʥʩʦʥʘʥʪʥʦʤ ʦʙʨʘʟʝ (ʨʠʩ.ʙ). 

  

ʈʠʩ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʥʦʩʪʠ ʩʣʦʚʦʫʧʦʪʨʝʙʣʝʥʠʡ ʧʦ ʜʣʠʥʝ 
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ɺ ʪʘʙʣ. 3 ʧʨʠʚʝʜʝʥʳ ʩʘʤʳʝ ʜʣʠʥʥʳʝ ʩʣʦʚʘ ʠ ʠʭ ʢʦʥʩʦʥʘʥʪʥʳʝ ʟʘʧʠʩʠ. ʂʘʢ ʚʠʜʥʦ, 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʯʘʩʪʴ ʵʪʠʭ ʩʣʦʚ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʘʨʘʙʩʢʠʤ ʚʳʨʘʞʝʥʠʝʤ 

(ʩʠʨʦʪʘʣʤʫʩʪʘץʠʤ, ʦʣʠʤʠʩʩʠʨʨʠʣʭʘʬ , ʘסʣʘʙʫʟʟʘʥ-ʥʘʡʥʠ, ʘ״ʩʘʥʫʪʪʘץʚʠʤ). ɺʩʝ ʦʥʠ 

ʚʩʪʨʝʯʘʶʪʩʷ ʣʠʰʴ ʧʦ ʦʜʥʦʤʫ ʨʘʟʫ. 

ʊʘʙʣʠʮʘ 3 

ʉʘʤʳʝ ʜʣʠʥʥʳʝ ʩʣʦʚʬʦʨʤʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʢʩʪʘ 

ʉʣʦʚʦʬʦʨʤʳ ʂʦʥʩʦʥʘʥʪʥʳʝ ʦʙʨʘʟʳ ʉʪʨʦʢʘ (ʙʝʡʪ) Ð÷ôùì 

ʰʘʰʩʘʜ״ʘʟʦʨʦʥʩʦʣʘʨʦ ʰʰʩʜ״ʟʨʥʩʣʨ (11) 2003 (1002) 19 

ʩʘץʘʨʧʘʨʚʘʨʜʘʛʦʥ ʩץʨʧʨʚʨʜʛʥ (10) 5138 (2569) 16 

ýôüúþì÷øÿýþìץôø ʩʨʪʣʤʩʪץʤ (9) 4464 (2232) 16 

ýÿ÷ìõøúù״ôøøìþñ ʩʣʡʤʥ״ʤʤʪ (9) 5217 (2609) 16 

ú÷ôøôýýôüüô÷āìĀ ʣʤʩʩʨʨʣʭʬ (9) 5293 (2647) 16 

ûìõîìùðìùðìĄúù ʧʡʚʥʜʥʜʰʥ (9) 5626 (2813) 14 

øÿāþì÷ôĀֹוúùìùð ʤʭʪʣʬֹוʥʥʜ (9) 5831 (2916) 14 

ìס÷ìíÿóóìùùìõùô סʣʙʟʟʥʥʡʥ (9) 6890 (3445) 15 

ì״ýìùÿþþìץîôøüú ״ʩʥʪʪץʚʤʨ (9) 7048 (3524) 15 

 

ʆʪʤʝʪʠʤ, ʯʪʦ ʘʥʘʣʠʟ ʘʚʪʦʨʩʢʦʛʦ ʩʪʠʣʷ ʚʦʟʤʦʞʝʥ ʩ ʧʦʤʦʱʴʶ ʟʘʜʘʯ ʢʣʘʩʪʝʨʠʟʘʮʠʠ 

ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʝʢʩʪʦʚ ʧʦ ʨʘʟʣʠʯʥʳʤ ʢʘʪʝʛʦʨʠʷʤ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʢʣʘʩʪʝʨʠʟʘʮʠʠ 

ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʦʜʝʣʷʭ ʩʞʘʪʠʷ ʪʝʢʩʪʦʚ, ʘ 

ʪʘʢʞʝ ʥʘ ʦʙʫʯʘʶʱʠʭʩʷ ʩʠʩʪʝʤʘʭ [4]. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚ [5], 

ʢʘʞʜʦʤʫ ʪʝʢʩʪʫ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘ-

ʙʦʪʢʠ) ʩʪʘʚʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʦʙʨʘʟ ï ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʝʛʦ N- 

ʛʨʘʤʤ. 

ʇʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʫʯʸʪʝ N- ʛʨʘʤʤ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʤ, ʥʦ ʵʬ-

ʬʝʢʪʠʚʥʳʤ ʠ ʥʝ ʪʨʝʙʫʶʱʠʤ ʩʣʦʞʥʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʭʦʜʥʦʛʦ ʪʝʢʩʪʘ. ɺ 

ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʩʦʥʘʥʪʥʦʛʦ ʦʙʨʘʟʘ ʪʝʢʩʪʘ ʟʘʜʘʯʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪʩʷ ʚʩʣʝʜ-

ʩʪʚʠʝ ʫʜʘʣʝʥʠʷ ʛʣʘʩʥʳʭ ʠ ʟʥʘʢʦʚ ʧʨʝʧʠʥʘʥʠʷ. ʊʘʢ, ʧʨʠ ʫʜʘʣʝʥʠʠ 11 ʛʣʘʩʥʳʭ (ʘ, ʠ, ʫ, ʦ, , 

, ʵ, ʝ, ʸ, ʶ, ʷ) ʪʘʜʞʠʢʩʢʦʛʦ ʪʝʢʩʪʘ ʦʙʲʝʤ ʘʣʬʘʚʠʪʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʙʳʯʥʦʛʦ ʪʝʢʩʪʘ, ʙʫʜʝʪ 

ʨʘʚʥʳʤ 24. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʤʝʝʤ m = 24 ʫʥʠʛʨʘʤʤ, m = 576 ʙʠʛʨʘʤʤ ʠ m =13824 ʪʨʠ-

ʛʨʘʤʤ ʙʝʟ ʫʯʝʪʘ ʧʨʦʙʝʣʘ. ʀ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 25, 625 ʠ 15625 ʩ ʫʯʝʪʦʤ ʧʨʦʙʝʣʘ. ʅʘʧʦʤʥʠʤ, 

ʯʪʦ ʵʪʠ ʚʝʣʠʯʠʥʳ ʜʣʷ ʦʙʳʯʥʦʛʦ ʪʝʢʩʪʘ ʚʳʛʣʷʜʷʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: m = 35 ʫʥʠʛʨʘʤʤ, 

m =1225 ʙʠʛʨʘʤʤ ʠ m =42875 ʪʨʠʛʨʘʤʤ ʙʝʟ ʫʯʝʪʘ ʧʨʦʙʝʣʘ. ʀ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 36, 1296 ʠ 

46656 ʩ ʫʯʝʪʦʤ ʧʨʦʙʝʣʘ.  

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʚʘʨʠʘʥʪʘ ʪʝʢʩʪʘ ʙʦʣʝʝ ʧʨʠʝʤʣʝʥʥʦʛʦ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʝʛʦ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʚʳʜʝʣʠʤ ʚʩʝ ʠʩʧʦʣʴʟʫʝʤʳʝ N- ʛʨʘʤʤʳ ʚ ʦʙʦʠʭ ʚʘʨʠʘʥʪʘʭ ʠ ʦʧʨʝʜʝʣʠʤ 

ʥʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʇʫʩʪʴ 1G  ï ʤʥʦʞʝʩʪʚʦ N-ʛʨʘʤʤ ʧʝʨʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ 2G  ï ʚʪʦʨʦʛʦ ʬʨʘʛʤʝʥʪʘ ʪʝʢ-

ʩʪʘ. ɺʚʝʜʝʤ ʪʘʢʞʝ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʤʥʦʞʝʩʪʚʘ: 

  12 1 2 G G G= Æ , 
1 1 2\ G G G-=  , 

2 2 1\ G G G-= , 
12 1 2uG G G G- -Ç Ç= . 
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ʏʝʨʝʟ ὴ ʦʙʦʟʥʘʯʠʤ ʯʘʩʪʦʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Nïʛʨʘʤʤ, k=1,2,é,m, m - ʯʠʩʣʦ Nï

ʛʨʘʤʤ ʠ ʫʧʦʨʷʜʦʯʠʤ ʠʭ ʧʦ ʫʙʳʚʘʥʠʶ. ʆʯʝʚʠʜʥʦ, ʯʪʦ В ὴ ρ. ɺʝʣʠʯʠʥʫ s (s ¢ m) ʥʘ-

ʟʦʚʝʤ ʧʦʢʨʳʪʠʝʤ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦ В ὴ πȟυ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 4. 

ʊʘʙʣʠʮʘ 4  

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ N-ʛʨʘʤʤ.  

N ïʛʨʘʤʤʳ Ὃ Ὃ Ὃ  Ὃ  Ὃ  Ὃ 

s 

I 

ʬʨʘʛʤʝʥʪ 

II  

ʬʨʘʛʤʝʥʪ 

ʆʙʳʯʥʳʡ 

ʪʝʢʩʪ 

N=1 35 35 35 0 0 35 6 (17.14%) 6 (17.14%) 

N=2 884 1005 736 18 290 1044 62(7.18%) 62 (6.17%) 

N=3 5818 9304 4387 615 4917 9919 565(9.71%) 590(6.34%) 

ʂʦʥʩʦʥʘʥʪʥʳʡ 

ʦʙʨʘʟ 

N=1 24 24 24 0 0 24 6(25.0%) 6(25.0%) 

N=2 501 523 496 6 28 530 61(12.15%) 64(12.24%) 

N=3 4917 6224 3230 764 2993 6987 633(12.87%) 703(11.29%) 

 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʥʘʣʠʟ ʫʥʠʛʨʘʤʤ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʪʴ ʜʨʫʛʦʡ ʧʨʠʤʝʯʘ-

ʪʝʣʴʥʳʡ ʬʘʢʪ: ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ ʂ. ʐʝʥʥʦʥʘ, ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʚ ʪʘʜ-

ʞʠʢʩʢʦʤ ʪʝʢʩʪʝ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʦʜʥʫ ʙʫʢʚʫ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʷʝʪʩʷ 4.4 ʙʠʪʘʤ, ʘ ʜʣʷ 

ʢʦʥʩʦʥʘʥʪʥʦʛʦ ʦʙʨʘʟʘ ʦʥʦ ʧʦʣʫʯʘʝʪʩʷ ʨʘʚʥʳʤ 4.2 ʙʠʪʘʤ.  

ɼʘʣʝʝ, ʙʫʜʝʤ ʩʨʘʚʥʠʚʘʪʴ ʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʷ ʪʝʢʩʪʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʨʠʤʝʥʷʷ ʤʝʪʦʜʠʢʫ ʤʝʪʨʠʟʘʮʠʠ ʤʥʦʞʝʩʪʚʘ ʜʠʩʢʨʝʪʥʳʭ ʩʣʫ-

ʯʘʡʥʳʭ ʚʝʣʠʯʠʥ [6], ʚʚʦʜʠʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʜʠʩʢʨʝʪʥʫʶ ʬʫʥʢʮʠʶ: 

 () ( )
1

    1,  ,  , 
s

k

k

F s p s m
=

= =ä  

ʛʜʝ kp  ï ʯʘʩʪʦʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ N ï ʛʨʘʤʤ ʠ mï ʯʠʩʣʦ N-ʛʨʘʤʤ. 

ʆʧʨʝʜʝʣʷʷ ʜʣʷ ʜʚʫʭ ʬʨʘʛʤʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʜʠʩ-

ʢʨʝʪʥʳʭ ʬʫʥʢʮʠʡ 

 ()( ) ( )

1

    , 
s

k

k

F s pa a

=

=ä  

ʛʜʝ 1, 2a=  ʠ 1  ,  , s m=  (ʟʥʘʯʝʥʠʷ m  ʟʘʚʠʩʷʪ ʦʪ N) , ʧʨʝʜʩʪʘʚʠʤ ʚʳʯʠʩʣʝʥʠʷ ʜʣʷ 

 
()() ()() () ()1 2 1 2

1

    | (   ) | .
s

k k

k

F s F s p p
=

- = -ä
 

ʊʝʧʝʨʴ ʧʦ ʬʦʨʤʫʣʝ  

 
()() ()()1 2

1 2   ( ,  ) / 2 max  sv v m F s F sr = -  
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cʤ. [6], ʧʦʜʩʯʠʪʘʝʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʬʨʘʛʤʝʥʪʘʤʠ 1 2   v ʠv. ɺ ʪʘʙʣ. 5 ʧʨʠʚʝʜʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʚʝʣʠʯʠʥ ʚ ʦʙʦʠʭ ʚʘʨʠʘʥʪʘʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʢʩʪʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

N- ʛʨʘʤʤ. 

ʊʘʙʣʠʮʘ 5 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʢʩʪʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ N-ʛʨʘʤʤ. 

N- ʛʨʘʤʤʳ m s 
()() ()()1 2

 max  s F s F s-  ɟ(v1.v2) 

ʆʙʳʯʥʳʡ ʪʝʢʩʪ 

N=1 35 16 0.0064 0.0270 

N=2 1044 368 0.0135 0.3077 

N=3 9919 5771 0.0748 5.2685 

ʂʦʥʩʦʥʘʥʪʥʳʡ 

ʪʝʢʩʪ 

N=1 24 11 0.0130 0.0449 

N=2 529 117 0.0285 0.4642 

N=3 6987 3109 0.1181 6.9805 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʦʪʷ ʟʥʘʯʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʧʦʢʨʳʪʠʝ, ʨʘʩʩʪʦʷʥʠʝ) ʚ 

ʢʦʥʩʦʥʘʥʪʥʦʤ ʦʙʨʘʟʝ ʪʝʢʩʪʘ ʥʝʤʥʦʛʦ ʭʫʞʝ, ʯʝʤ ʚ ʦʙʳʯʥʦʤ ʪʝʢʩʪʝ, ʥʦ ʦʥʠ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ 

ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ. ʊʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪʩʷ ʦʙʲʝʤ ʠʩ-

ʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʫʣʫʯʰʘʝʪ ʦʙʦʟʨʠʤʦʩʪʴ ʩ ʮʝʣʴʶ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʝʛʦ 

ʵʣʝʤʝʥʪʦʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʧʦʣʥʦʩʪʴʶ ʢʦʥʩʦʥʘʥʪʥʦʝ ʧʠʩʴʤʦ ʥʝʧʨʠʛʦʜʥʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ, ʘ 

ʚʢʣʶʯʝʥʠʝ ʪʨʝʭ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʛʣʘʩʥʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪ 92% ʧʦʥʠʤʘʥʠʷ ʪʘʜʞʠʢʩʢʦʛʦ 

ʪʝʢʩʪʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʜʫʤʘʝʪʩʷ ʧʨʘʚʦʤʝʨʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʝʩʣʠ ʚʢʣʶʯʠʪʴ ʪʝ ʛʣʘʩ-

ʥʳʝ, ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʯʘʩʪʠʯʥʦ ʢʦʥʩʦʥʘʥʪʥʦʤ ʪʠʧʝ ʧʠʩʴʤʝʥʥʦʩʪʠ, ʚʦʟʤʦʞʥʦ, 

ʫʣʫʯʰʠʪʩʷ ʧʦʥʠʤʘʥʠʝ ʪʝʢʩʪʘ ʥʘ ʪʘʜʞʠʢʩʢʦʤ ʷʟʳʢʝ, ʨʘʚʥʦ ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʷʟʳʢʘʭ, ʧʨʠʤʝ-

ʥʷʶʱʠʭ (ʠʣʠ ʧʨʠʤʝʥʷʚʰʠʝ) ʪʘʢʦʡ ʪʠʧ ʧʠʩʴʤʝʥʥʦʩʪʠ.  
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ÌÝÞÜÚÙÚØÔë 

ʋɼʂ 523.532  

ʇ.ɹ.ɹɸɹɸɼɾɸʅʆɺ, ɻ.ʀ.ʂʆʍʀʈʆɺɸ, ʋ.ʍ.ʍɸʄʈʆɽɺ, ʀ.ɺ.ʂʋʃɸɽɺ, 

ɸ.ʀ.ɼɾʆʅʄʋʍɸʄʄɸɼʀ  

ʊɽʆʈɽʊʀʏɽʉʂʀɽ ʈɸɼʀɸʅʊʓ ʀ ʉʂʆʈʆʉʊʀ ʄɽʊɽʆʈʅʓʍ ʇʆʊʆʂʆɺ, 

ʉɺʗɿɸʅʅʓʍ ʉ ɸʉʊɽʈʆʀɼɸʄʀ, ʉɹʃʀɾɸʖʑʀʄʀʉʗ ʉ ɿɽʄʃɽʁ, 

ʆʊʂʈʓʊʓʄʀ ɺ 2009-2014 ʛʛ. 

ʀʥʩʪʠʪʫʪ ʘʩʪʨʦʬʠʟʠʢʠ ɸʅ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ 

ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 22.01.2019 ʛ. 

ʀʟʫʯʝʥʳ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʩʪʝʨʦʠʜʦʚ, ʩʙʣʠʞʘʶʱʠʭʩʷ ʩ ɿʝʤʣʝʡ (ɸʉɿ), ʦʪʢʨʳʪʳʭ ʚ 

ʥʘʙʣʶʜʝʥʠʷʭ ʟʘ ʧʝʨʠʦʜ 1.01.2009 ï 31.12.2014 ʛʛ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʧʦʩʪʦʷʥʥʦʡ ʊʠʩʩʝʨʘʥʘ 

274 ɸʉɿ ʜʚʠʛʘʶʪʩʷ ʧʦ ʢʦʤʝʪʦʧʦʜʦʙʥʳʤ ʦʨʙʠʪʘʤ, ʢʦʪʦʨʳʝ ʧʝʨʝʩʝʢʘʶʪ ʦʨʙʠʪʫ ɿʝʤʣʠ. ʀʩʩʣʝʜʦ-

ʚʘʥʠʝ ʵʚʦʣʶʮʠʠ ʦʨʙʠʪ ʜʘʥʥʳʭ ɸʉɿ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʣʘʥʝʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʟʘ ʦʜʠʥ 

ʮʠʢʣ ʠʟʤʝʥʝʥʠʷ ʘʨʛʫʤʝʥʪʘ ʧʝʨʠʛʝʣʠʷ 216 ʘʩʪʝʨʦʠʜʦʚ ʧʝʨʝʩʝʢʘʶʪ ʦʨʙʠʪʫ ɿʝʤʣʠ 4 ʨʘʟʘ ʠ 50 ʘʩʪʝ-

ʨʦʠʜʦʚ ï 8 ʨʘʟ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ ʵʪʠ ɸʉɿ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʷʜʨʘʤʠ ʫʛʘʩʰʠʭ ʢʦ-

ʤʝʪ, ʪʦ, ʩʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ʤʝʪʝʦʨʦʠʜʥʳʭ ʨʦʝʚ, ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʤʦʞʝʪ 

ʙʳʪʴ ʨʦʜʠʪʝʣʴʩʢʠʤ ʪʝʣʦʤ ʤʝʪʝʦʨʦʠʜʥʦʛʦ ʨʦʷ, ʧʦʨʦʞʜʘʶʱʝʛʦ ʯʝʪʳʨʝ ʠʣʠ ʚʦʩʝʤʴ ʤʝʪʝʦʨʥʳʭ 

ʧʦʪʦʢʦʚ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʨʘʜʠ-

ʘʥʪʦʚ, ʩʢʦʨʦʩʪʝʡ ʠ ʜʘʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 1287 ʤʝʪʝʦʨʥʳʭ ʧʦʪʦʢʦʚ ʚʦʟʤʦʞʥʦ ʩʚʷʟʘʥʥʳʭ 

ʩ 274 ɸʉɿ. ʇʦʩʢʦʣʴʢʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʨʦʜʠʪʝʣʴʩʢʠʝ ʪʝʣʘ ʜʚʠʛʘʶʪʩʷ ʚ ʩʚʦʠʭ ʤʝʪʝʦʨʦʠʜʥʳʭ ʨʦ-

ʷʭ, ʪʦ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʜʠʘʥʪʳ ʤʝʪʝʦʨʥʳʭ ʧʦʪʦʢʦʚ ʦʧʨʝʜʝʣʷʶʪ ʥʘʧʨʘʚʣʝʥʠʷ, ʩʢʦʨʦʩʪʠ ʠ ʜʘʪʳ 

ʚʦʟʤʦʞʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʡ ʵʪʠʭ ʪʝʣ ʩ ɿʝʤʣʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʩʪʝʨʦʠʜ, ʫʛʘʩʰʘʷ ʢʦʤʝʪʘ, ʤʝʪʝʦʨʦʠʜʥʳʡ ʨʦʡ, ʤʝʪʝʦʨʥʳʡ ʧʦʪʦʢ, ʵʚʦʣʶʮʠʷ,  

ʦʨʙʠʪʘ, ʨʘʜʠʘʥʪ.  

ɺʚʝʜʝʥʠʝ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳ ʘʩʪʨʦʥʦʤʠʠ ʧʨʠʦʙʨʝʣʠ ʦʩʦʙʦʝ 

ʟʥʘʯʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʪʦʣʢʥʦʚʝʥʠʷ ɿʝʤʣʠ ʩ ʤʘʣʳʤʠ ʪʝʣʘʤʠ 

ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. ʊʘʢʠʝ ʩʦʙʳʪʠʷ ʤʦʛʫʪ ʥʘʥʝʩʪʠ ʩʫʱʝʩʪʚʝʥʥʳʡ ʫʨʦʥ ʙʠʦʩʬʝʨʝ, ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʝ, ʩʚʷʟʘʥʥʦʡ ʩ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʠ ʜʘʞʝ ʧʨʠʚʝʩʪʠ ʢ ʛʣʦʙʘʣʴʥʦʡ ʢʘʪʘ-

ʩʪʨʦʬʝ ʥʘ ɿʝʤʣʝ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʟʚʝʩʪʥʳʝ ʬʘʢʪʳ ʧʨʦʠʟʦ-

                                                      
ɸʜʨʝʩ ʜʣʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ: ʂʦʭʠʨʦʚʘ ɻʫʣʯʝʭʨʘ ʀʩʨʦʠʣʦʚʥʘ. 734042, ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ, 

ʛ.ɼʫʰʘʥʙʝ, ʫʣ.ɹʫʭʦʨʦ, 22, ʀʥʩʪʠʪʫʪ ʘʩʪʨʦʬʠʟʠʢʠ ɸʅ ʈʊ. E-mail:kokhirova2004@mail.ru 

ʀɿɺɽʉʊʀʗ ɸʂɸɼɽʄʀʀ ʅɸʋʂ ʈɽʉʇʋɹʃʀʂʀ ʊɸɼɾʀʂʀʉʊɸʅ 

ʆʊɼɽʃɽʅʀɽ ʌʀɿʀʂʆ-ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ, ʍʀʄʀʏɽʉʂʀʍ,  

ɻɽʆʃʆɻʀʏɽʉʂʀʍ ʀ ʊɽʍʅʀʏɽʉʂʀʍ ʅɸʋʂ 

ˉ1 (174), 2019 ʛ. 
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ʰʝʜʰʠʭ ʧʘʜʝʥʠʡ ʢʨʫʧʥʳʭ ʪʝʣ ʥʘ ɿʝʤʣʶ. ʂ ʧʨʠʤʝʨʫ, ʊʫʥʛʫʩʩʢʦʝ ʚ 1908 ʛ. ʠ ʏʝʣʷʙʠʥʩʢʦʝ 

ʩʦʙʳʪʠʷ ʚ 2013 ʛ., ʩʦʧʨʦʚʦʞʜʝʥʥʳʝ ʨʘʟʨʫʰʠʪʝʣʴʥʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ʪʝʨʨʠʪʦʨʠʷʭ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ, ʫʜʝʣʷʝʤʦʝ ʜʘʥʥʦʤʫ ʧʨʠʢʣʘʜʥʦʤʫ 

ʘʩʧʝʢʪʫ ʘʩʪʨʦʥʦʤʠʠ, ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤ ʜʣʷ ʧʨʦʪʠʚʦʜʝʡʩʪ-

ʚʠʷ ʢʦʩʤʠʯʝʩʢʠʤ ʫʛʨʦʟʘʤ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʠʣʠ ʩʤʷʛʯʝʥʠʶ ʧʦʩʣʝʜʩʪʚʠʡ ʚʦʟʤʦʞʥʳʭ 

ʩʪʦʣʢʥʦʚʝʥʠʡ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʵʪʘʧʦʚ ʚ ʨʘʟʚʠʪʠʠ ʘʩʧʝʢʪʘ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʠ ʬʠʟʠ-

ʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʤʘʣʳʭ ʪʝʣ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʩ ʮʝʣʴʶ ʢʘʢ ʦʪʢʨʳʪʠʷ ʥʦ-

ʚʳʭ, ʪʘʢ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʠʟʚʝʩʪʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚ ɽʚʨʦ-

ʧʝ ʠ ʉʐɸ ʜʝʡʩʪʚʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ. ʇʦʣʫ-

ʯʘʝʤʳʝ ʜʘʥʥʳʝ ʢʘʪʘʣʦʛʠʟʠʨʫʶʪʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʢʦʥʪʨʦʣʷ ʥʘʜ ʩʠʪʫʘʮʠʝʡ. ʀʥʩʪʠʪʫʪ 

ʘʩʪʨʦʬʠʟʠʢʠ ɸʅ ʈʊ ʪʘʢʞʝ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʵʪʦʡ ʦʙʣʘʩʪʠ ʘʩʪʨʦʥʦʤʠʠ. ʉ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʨʦʜʳ ʦʢʦʣʦʟʝʤʥʳʭ ʦʙʲʝʢʪʦʚ ʚʳʧʦʣʥʷʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʘʩʪʝʨʦʠʜʦʚ, ʩʙʣʠʞʘʶʱʠʭʩʷ ʩ ɿʝʤʣʝʡ, ʠ ʚʳʷʚʣʝʥʠʝ ʩʨʝʜʠ ʥʠʭ ʫʛʘʩʰʠʭ ʷʜʝʨ ʢʦʤʝʪ. ʇʦʣʫ-

ʯʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ ʥʘʨʷʜʫ ʩ ʧʨʠʢʣʘʜʥʦʡ, ʪʘʢʞʝ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. 

ɸʩʪʝʨʦʠʜʳ ʠ ʫʛʘʩʰʠʝ ʷʜʨʘ ʢʦʤʝʪ. ʇʦʧʫʣʷʮʠ ̫ʤʘʣʳʭ ʪʝʣ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʝʩ-

ʪʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚʢʣʶʯʘʝʪ ʘʩʪʝʨʦʠʜʳ, ʢʦʤʝʪʳ, ʤʝʪʝʦʨʦʠʜʳ. ʆʛʨʦʤʥʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʤʝʪʝʦʨʦʠʜʦʚ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʦʪ ʦʜʥʦʛʦ ʨʦʜʠʪʝʣʴʩʢʦʛʦ ʪʝʣʘ ʠ ʜʚʠʛʘʶʱʠʭʩʷ ʚʦʢʨʫʛ 

ʉʦʣʥʮʘ ʧʦ ʩʭʦʞʠʤ ʦʨʙʠʪʘʤ, ʬʦʨʤʠʨʫʶʪ ʤʝʪʝʦʨʦʠʜʥʳʡ ʨʦʡ. ʄʝʪʝʦʨʦʠʜʥʳʝ ʨʦʠ ʪʘʢʞʝ 

ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʦʢʦʣʦʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɸʩʪʝʨʦʠʜʳ, ʢʦʤʝʪʳ ʠ ʢʨʫʧ-

ʥʳʝ ʤʝʪʝʦʨʦʠʜʳ, ʦʨʙʠʪʳ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʧʝʨʝʩʝʯʴ ʦʨʙʠʪʫ ɿʝʤʣʠ, ʩʯʠʪʘʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʦʧʘʩʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. ʆʜʥʘʢʦ ʨʝʘʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʝʣʘ ʩ ʜʠʘʤʝʪʨʘʤʠ ʥʝ-

ʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ ʠ ʚʳʰʝ.  

ɹʦʣʴʰʠʥʩʪʚʦ ʘʩʪʝʨʦʠʜʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ɻʣʘʚʥʦʤ ʧʦʷʩʝ ʘʩʪʝʨʦʠʜʦʚ ʤʝʞʜʫ ʦʨʙʠʪʘʤʠ 

ʄʘʨʩʘ ʠ ʖʧʠʪʝʨʘ. ʅʝʙʦʣʴʰʘʷ ʠʭ ʯʘʩʪʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʣʘ-

ʥʝʪ ʧʦʩʪʦʷʥʥʦ ʧʝʨʝʙʨʘʩʳʚʘʝʪʩʷ ʚʥʫʪʨʴ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʢʦʣʦʟʝʤʥʳʝ ʦʨʙʠʪʳ, ʪʦ-

ʛʜʘ ʦʥʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ, ʢʘʢ ʘʩʪʝʨʦʠʜʳ, ʩʙʣʠʞʘʶʱʠʝʩʷ ʩ ɿʝʤʣʝʡ (ɸʉɿ). ʕʪʠ ʠʩʪʠʥʥʳʝ 

ʘʩʪʝʨʦʠʜʳ ʷʚʣʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʣʦʪʥʳʤʠ ʢʘʤʝʥʥʳʤʠ ʠʣʠ ʞʝʣʝʟʥʳʤʠ ʪʝʣʘʤʠ. ʉʦʛʣʘʩʥʦ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʩʝʤʝʡʩʪʚʝ ɸʉɿ ʥʘʨʷʜʫ ʩ ʠʩʪʠʥʥʳʤʠ ʘʩ-

ʪʝʨʦʠʜʘʤʠ ʠʤʝʝʪʩʷ ʝʱʝ ʦʜʥʘ ʛʦʨʘʟʜʦ ʤʝʥʴʰʘʷ ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ ʛʨʫʧʧʘ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ. 

ʕʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʷʜʨʘ ʫʛʘʩʰʠʭ ʢʦʤʝʪ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʟʘʤʝʨʟʰʠʭ ʛʘʟʦʚ ʠ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ, ʠ ʧʦʢʨʳʪʳʭ ʪʦʣʩʪʦʡ ʧʳʣʝʚʦʡ ʤʘʥʪʠʝʡ. ʄʘʥʪʠʷ ʧʨʝʧʷʪʩʪʚʫʝʪ ʥʘʛʨʝʚʘʥʠʶ 

ʪʘʢʦʛʦ ʢʦʤʝʪʥʦʛʦ ʷʜʨʘ ʉʦʣʥʮʝʤ ʠ ʚʳʙʨʦʩʫ ʛʘʟʦʚ ʠ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ, ʩʚʦʡʩʪʚʝʥʥʳʭ ʦʙʳʯ-

ʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʝʪ ʚʙʣʠʟʠ ʉʦʣʥʮʘ [1]. ʕʪʠ ʦʙʲʝʢʪʳ ʭʦʪʷ ʠ ʠʤʝʶʪ ʢʦʤʝʪʥʫʶ ʧʨʠʨʦʜʫ, 

ʦʜʥʘʢʦ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʢʦʤʝʪ ʘʢʪʠʚʥʦʩʪʠ ʦʥʠ ʫʞʝ ʥʝ ʧʨʦʷʚʣʷʶʪ. ʇʦ ʥʘʟʝʤʥʳʤ ʥʘʙʣʶʜʝ-

ʥʠʷʤ ʨʘʟʣʠʯʠʪʴ ʵʪʠ ʜʚʝ ʛʨʫʧʧʳ ʦʯʝʥʴ ʪʨʫʜʥʦ, ʪʘʢ ʢʘʢ ʚʥʝʰʥʝ ʦʥʠ ʚʳʛʣʷʜʷʪ ʧʦʯʪʠ ʦʜʠʥʘ-

ʢʦʚʦ. ʇʦʩʢʦʣʴʢʫ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʨʝʘʣʴʥʳʤʠ ʘʩʪʝʨʦʠʜʘʤʠ ʙʦʣʝʝ ʦʧʘʩʥʳ, 

ʯʝʤ ʩ ʷʜʨʘʤʠ ʢʦʤʝʪ, ʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʩʪʨʘʪʝʛʠʡ ʝʝ 
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ʩʤʷʛʯʝʥʠʷ ʦʯʝʥʴ ʚʘʞʥʦ ʠʤʝʪʴ ʥʘʜʝʞʥʳʝ ʢʨʠʪʝʨʠʠ ʨʘʟʜʝʣʝʥʠʷ ʫʛʘʩʰʠʭ ʢʦʤʝʪ ʠ ʨʝʘʣʴʥʳʭ 

ʘʩʪʝʨʦʠʜʦʚ. 

ʆʜʠʥ ʠʟ ʪʘʢʠʭ ʢʨʠʪʝʨʠʝʚ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ ʀʥʩʪʠʪʫʪʝ ʘʩʪʨʦʬʠʟʠʢʠ ɸʅ ʈʊ. ʆʥ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʷʜʨʘʤʠ ʫʛʘʩʰʠʭ ʢʦʤʝʪ ʷʚʣʷʶʪʩʷ ɸʉɿ, ʢʦʪʦʨʳʝ ʜʚʠʞʫʪʩʷ ʧʦ ʦʨʙʠʪʘʤ 

ʢʦʤʝʪʥʦʛʦ ʪʠʧʘ ʠ ʠʤʝʶʪ ʥʘʙʣʶʜʘʝʤʳʝ ʨʦʜʩʪʚʝʥʥʳʝ ʤʝʪʝʦʨʥʳʝ ʧʦʪʦʢʠ. ʕʪʠ ʧʦʪʦʢʠ ʧʦʨʦ-

ʞʜʘʶʪʩʷ ʤʝʪʝʦʨʦʠʜʥʳʤʠ ʨʦʷʤʠ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʚ ʧʝʨʠʦʜ rʧʨʦʰʣʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʳʥʝ 

ʫʛʘʩʰʠʭ ʢʦʤʝʪ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʦʤ ʢʨʠʪʝʨʠʠ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʨʝʜʠ 3143 ɸʉɿ, ʦʪʢʨʳʪʳʭ ʜʦ 

31.12.2004 ʛ., 130 ʠʣʠ ʦʢʦʣʦ 5%, ʷʚʣʷʶʪʩʷ ʷʜʨʘʤʠ ʫʛʘʩʰʠʭ ʢʦʤʝʪ [2]. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʧʘ-

ʨʘʤʝʪʨʳ ʤʝʪʝʦʨʥʳʭ ʧʦʪʦʢʦʚ, ʨʦʜʩʪʚʝʥʥʳʭ ʩ ʜʘʥʥʳʤʠ ʫʛʘʩʰʠʤʠ ʢʦʤʝʪʘʤʠ, ʦʧʫʙʣʠʢʦʚʘʥʳ 

ʚ [3]. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 1456 ɸʉɿ, ʦʪʢʨʳʪʳʭ ʚ ʧʝʨʠʦʜ 1.01.2015 ʛ. ʜʦ 31.12.2008 ʛ. 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʨʝʜʠ ʥʠʭ 137 ʘʩʪʝʨʦʠʜʦʚ ʷʚʣʷʶʪʩʷ ʢʘʥʜʠʜʘʪʘʤʠ ʚ ʫʛʘʩʰʠʝ ʷʜʨʘ ʢʦʤʝʪ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʦʜʩʪʚʝʥʥʳʭ ʩ ʥʠʤʠ ʤʝʪʝʦʨʥʳʭ ʧʦʪʦʢʦʚ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ [4]. 

ʊʘʢʞʝ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʤʝʪʝʦʨʦʠʜʥʳʭ ʨʦ̫ʭ, ʪʘʢʠʭ ʢʘʢ ʊʘʫʨʠʜʳ, ŭ-ʇʠʩʮʠʜʳ, ɘ-

ɸʢʚʘʨʠʜʳ, ʉʢʦʨʧʠʠʜʳ ʠ ʜʨ. ʥʘʨʷʜʫ ʩ ʙʝʩʯʠʩʣʝʥʥʳʤ ʤʥʦʞʝʩʪʚʦʤ ʤʝʪʝʦʨʦʠʜʦʚ ʜʚʠʛʘʝʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ɸʉɿ ʢʦʤʝʪʥʦʡ ʧʨʠʨʦʜʳ ʩ ʨʘʟʤʝʨʘʤʠ ʦʪ 100 ʤ ʜʦ 8 ʢʤ, ʢʦʪʦʨʳʝ ʚ ʙʫʜʫʱʝʤ ʪʘʢ-

ʞʝ ʤʦʛʫʪ ʚʪʦʨʛʥʫʪʴʩʷ ʚ ʟʝʤʥʫʶ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʠ ʠ ʧʦʨʦʜʠʪʴ ʷʨʯʘʡʰʠʝ ʩʫʧʝʨʙʦʣʠʜʳ  

[5-7]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʤʝʪʝʦʨʦʠʜʥʳʝ ʨʦʠ ʩʦʩʪʦʷʪ ʥʝ ʪʦʣʴʢʦ ʠʟ 

ʤʝʣʢʠʭ, ʥʦ ʠ ʠʟ ʢʨʫʧʥʳʭ ʪʝʣ ʤʝʪʨʦʚʳʭ ʠ ʜʝʢʘʤʝʪʨʦʚʳʭ ʨʘʟʤʝʨʦʚ. ʕʪʠ ʪʝʣʘ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ɿʝʤʣʠ, ʥʦ ʠ ʜʣʷ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʪʘʢ ʢʘʢ 

ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʵʪʠʭ ʘʧʧʘʨʘʪʦʚ ʚʦʢʨʫʛ ʉʦʣʥʮʘ ʠʣʠ ɿʝʤʣʠ ʦʥʠ ʧʝʨʝʩʝʢʘʶʪ ʤʝʪʝʦʨʦʠʜ-

ʥʳʝ ʨʦʠ. 

ɹʣʘʛʦʜʘʨʷ ʜʝʡʩʪʚʫʶʱʠʤ ʧʨʦʛʨʘʤʤʘʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘ ʦʙʥʘʨʫʞʝʥʠʝ ʥʦʚʳʭ ʦʢʦ-

ʣʦʟʝʤʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʩʦʚʨʝʤʝʥʥʳʤ ʮʠʬʨʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʯʠʩʣʝʥ-

ʥʦʩʪʴ ʦʪʢʨʳʪʳʭ ɸʉɿ ʩʦʩʪʘʚʣʷʝʪ ʫʞʝ ʙʦʣʝʝ 19000, ʠ ɻʪʦ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʝʪ ʦʯʝʥʴ ʙʳʩʪʨʦ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʦʣʞʘʪʴ ʚʳʷʚʣʝʥʠʝ ɸʉɿ ʢʦʤʝʪʥʦʡ ʧʨʠʨʦʜʳ ʥʘ ʦʩʥʦʚʝ ʫʩʪʘ-

ʥʦʚʣʝʥʠʷ ʠʭ ʩʚʷʟʠ ʩ ʤʝʪʝʦʨʥʳʤʠ ʧʦʪʦʢʘʤʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʨʝʟʫʣʴʪʘʪʳ 

ʚʳʯʠʩʣʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʨʘʜʠʘʥʪʦʚ, ʩʢʦʨʦʩʪʝʡ ʠ ʜʘʪ ʘʢʪʠʚʥʦʩʪʠ ʤʝ-

ʪʝʦʨʥʳʭ ʧʦʪʦʢʦʚ, ʚʦʟʤʦʞʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ɸʉɿ, ʦʪʢʨʳʪʳʭ ʟʘ ʧʝʨʠʦʜ 2009-2014 ʛʛ.  

ɸʩʪʝʨʦʠʜʳ, ʜʚʠʛʘʶʱʠʝʩʷ ʧʦ ʦʨʙʠʪʘʤ ʢʦʤʝʪʥʦʛʦ ʪʠʧʘ ʠ ʧʝʨʝʩʝʢʘʶʱʠʝ ʦʨʙʠ-

ʪʫ ɿʝʤʣʠ. ɺ ʥʘʯʘʣʴʥʦʤ ʧʦʠʩʢʝ ʘʩʪʝʨʦʠʜʘ ʢʦʤʝʪʥʦʡ ʧʨʠʨʦʜʳ ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʝʛʦ ʦʨʙʠʪʘ 

ʙʳʣʘ ʢʦʤʝʪʥʦʛʦ ʪʠʧʘ. ɼʣʷ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʦʨʙʠʪ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʩʪʦʷʥʥʫ  ʁʊʠʩʩʝʨʘʥʘ 

Tj, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ Tj=3.1 ʜʦ ʩʠʭ ʧʦʨ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʤʝʞʜʫ ʘʩʪʝʨʦʠʜʥʳʤʠ ʠ ʢʦʤʝʪʥʳʤʠ ʦʨʙʠʪʘʤʠ, ʪʦ ʝʩʪʴ Tj >3.1 ʜʣʷ ʦʢʦʣʦʟʝʤʥʳʭ ʘʩʪʝʨʦʠ-

ʜʦʚ, ʠ Tj Ò3.1 ʜʣʷ ʢʦʤʝʪ ʩʝʤʝʡʩʪʚʘ ʖʧʠʪʝʨʘ [8]. 

ʉʦʛʣʘʩʥʦ ʙʘʟʝ ʜʘʥʥʳʭ ʦʨʙʠʪ ʘʩʪʝʨʦʠʜʦʚ, ʩʙʣʠʞʘʶʱʠʭʩʷ ʩ ɿʝʤʣʝʡ, ʥʘ 1 ʷʥʚʘʨʷ 

2015 ʛ. ʟʘ ʧʝʨʠʦʜ ʩ 1.01.2009 ʛ. ʧʦ 31.12.2014 ʛ. ʦʪʢʨʳʪʦ ʙʦʣʝʝ 6000 ɸʉɿ [9]. ɺʳʷʚʣʝʥʦ, ʯʪʦ 

ʠʟ ʥʠʭ 3045 ɸʉɿ ʛʨʫʧʧ ɸʧʦʣʣʦʥʘ, ɸʪʦʥʘ ʠ ɸʤʫʨʘ ʧʝʨʝʩʝʢʘʶʪ ʦʨʙʠʪʫ ɿʝʤʣʠ. ɼʣʷ ʵʪʠʭ 

ɸʉɿ ʚʳʯʠʩʣʝʥʘ ʧʦʩʪʦʷʥʥʘʷ ʊʠʩʩʝʨʘʥʘ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ 326 ʘʩʪʝʨʦʠʜʦʚ ʜʚʠʛʘʶʪʩʷ ʧʦ ʢʦʤʝ-
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ʪʦʧʦʜʦʙʥʳʤ ʦʨʙʠʪʘʤ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʷʚʣʷʶʪʩʷ ʢʘʥʜʠʜʘʪʘʤʠ ʚ ʫʛʘʩʰʠʝ ʷʜʨʘ ʢʦʤʝʪ. ʉʦ-

ʩʪʘʚʣʝʥ ʙʘʥʢ ʵʣʝʤʝʥʪʦʚ ʠʭ ʦʨʙʠʪ ʠ ʥʝʢʦʪʦʨʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʚʳ-

ʯʠʩʣʝʥʠʡ ʵʚʦʣʶʮʠʠ ʦʨʙʠʪ, ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ 70 ʘʩʪʝʨʦʠʜʦʚ ʠʤʝʶʪ ʭʘʦʪʠʯʥʳʡ ʠʣʠ ʣʠʙʨʠ-

ʨʫʶʱʠʡ ʪʠʧ ʜʚʠʞʝʥʠʷ, ʧʦʵʪʦʤʫ ʦʥʠ ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʣʷ ʧʦʠʩʢʘ ʨʦʜʩʪʚʝʥʥʳʭ ʤʝʪʝʦʨʥʳʭ ʧʦʪʦʢʦʚ ʤʳ ʨʘʩʧʦʣʘʛʘʣʠ 274 ʠʣʠ ~4.6% ɸʉɿ ʠʟ ʦʙʱʝ-

ʛʦ ʯʠʩʣʘ ʦʪʢʨʳʪʳʭ ʟʘ ʧʝʨʠʦʜ 1.01.2009-31.12.2014 ʛʛ.  

ʕʣʝʤʝʥʪʳ ʦʨʙʠʪ 274 ɸʉɿ, ʜʣʷ ʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʥʘ ʵʚʦʣʶʮʠʷ ʦʨʙʠʪ, ʘ ʟʘʪʝʤ ʚʳ-

ʯʠʩʣʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʨʘʜʠʘʥʪʦʚ ʠ ʩʢʦʨʦʩʪʝʡ ʤʝʪʝʦʨʥʳʭ 

ʧʦʪʦʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʘʥʥʳʤʠ ʘʩʪʝʨʦʠʜʘʤʠ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. ɿʜʝʩʴ ʜʘʥʳ ʥʦʤʝʨ ʠʣʠ 

ʦʙʦʟʥʘʯʝʥʠʝ ʘʩʪʝʨʦʠʜʘ, a ï ʙʦʣʴʰʘʷ ʧʦʣʫʦʩʴ, e ï ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ, q ï ʧʝʨʠʛʝʣʠʡʥʦʝ ʨʘʩ-

ʩʪʦʷʥʠʝ, i ï ʥʘʢʣʦʥʝʥʠʝ, ɋ ï ʜʦʣʛʦʪʘ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ, ɤ ï ʘʨʛʫʤʝʥʪ ʧʝʨʠʛʝʣʠʷ, ˊ ï ʜʦʣ-

ʛʦʪʘ ʧʝʨʠʛʝʣʠʷ (ˊ=ɋ+ɤ), n ï ʩʨʝʜʥʝʝ ʜʚʠʞʝʥʠʝ ʚ ʩʝʢʫʥʜʘʭ ʜʫʛʠ ʟʘ ʩʨʝʜʥʠʝ ʩʦʣʥʝʯʥʳʝ 

ʩʫʪʢʠ, H ï ʘʙʩʦʣʶʪʥʘʷ ʟʚʝʟʜʥʘʷ ʚʝʣʠʯʠʥʘ, d ï ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ ʘʩʪʝʨʦʠʜʘ, Ra ʠ Rd ï 

ʨʘʜʠʫʩ-ʚʝʢʪʦʨʳ ʚʦʩʭʦʜʷʱʝʛʦ ʠ ʥʠʩʭʦʜʷʱʝʛʦ ʫʟʣʦʚ ʦʨʙʠʪʳ, Ni ï ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʨʝʜʩʢʘʟʳ-

ʚʘʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʝʦʨʥʳʭ ʧʦʪʦʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʘʥʥʳʤ ʘʩʪʝʨʦʠʜʦʤ. 

ɼʠʘʤʝʪʨʳ ʘʩʪʝʨʦʠʜʦʚ, ʧʨʠʚʝʜʝʥʥʳʝ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ [9], ʦʪʤʝʯʝʥʳ ʚ ʪʘʙʣ.1 ʟʚʝʟ-

ʜʦʯʢʦʡ. ʅʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʘʩʪʝʨʦʠʜʦʚ ʦʮʝʥʢʘ ʜʠʘʤʝʪʨʦʚ ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʠʤʝʶʱʠʭʩʷ ʙʘ-

ʟʘʭ ʜʘʥʥʳʭ. ɼʣʷ ʦʮʝʥʢʠ ʜʠʘʤʝʪʨʘ d (ʚ ʢʤ) ʠʩʩʣʝʜʫʝʤʳʭ ʘʩʪʝʨʦʠʜʦʚ ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʣʝ-

ʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ, ʧʨʠʥʷʪʦʝ ʜʣʷ ʘʩʪʝʨʦʠʜʦʚ [10]: 
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=   (1) 

ʛʜʝ p ï ʘʣʴʙʝʜʦ ʘʩʪʝʨʦʠʜʘ. ʋʛʘʩʰʠʤʠ ʢʦʤʝʪʘʤʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʶʪʩʷ ʪʝʤʥʳʝ ʘʩʪʝʨʦʠ-

ʜʳ C, P ʠ D ʪʠʧʦʚ, ʠʤʝʶʱʠʭ ʥʠʟʢʦʝ ʘʣʴʙʝʜʦ p ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0.02 ʜʦ 0.12 [11]. ɺʝʣʠʯʠʥʳ d 

ʚ ʪʘʙʣ. 1 ʚʳʯʠʩʣʝʥʳ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ p=0.07.  

ɺʝʣʠʯʠʥʳ ʩʨʝʜʥʠʭ ʜʚʠʞʝʥʠʡ ʚʳʙʨʘʥʥʳʭ ɸʉɿ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣ.1 ʠ ʚʳʯʠʩʣʝʥ-

ʥʳʝ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ 
3

0. 9856
/n

a

¯
= ʩʫʪʢʠ, ʧʦʢʘʟʳʚʘʪʁ, ʯʪʦ ʥʝʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʟ ʘʩʪʝʨʦʠ-

ʜʦʚ ʜʚʠʛʘʝʪʩʷ ʚ ʨʝʟʦʥʘʥʩʝ ʩ ʖʧʠʪʝʨʦʤ (ʚ ʩʦʠʟʤʝʨʠʤʦʩʪʠ 3:1). 

ʄʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʚʳʯʠʩʣʝʥʠʡ. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʦʜʝʨʞʠʪʩʷ ʚ [3-4], ʧʦʵʪʦʤʫ ʥʘʧʦʤʥʠʤ ʣʠʰʴ ʝʛʦ ʦʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘ-

ʥʦ [ʩʤ., ʥʘʧʨʠʤʝʨ, 12], ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʝʦʨʥʳʭ ʧʦʪʦʢʦʚ, ʧʦʨʦʞʜʘʝʤʳʭ ʢʘʢʠʤ-ʣʠʙʦ ʤʝʪʝʦ-

ʨʦʠʜʥʳʤ ʨʦʝʤ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʝʤʣʝʧʝʨʝʩʝʢʘʶʱʝʤʫ ʢʣʘʩʩʫ ʦʨʙʠʪʳ ʝʛʦ ʨʦʜʠʪʝʣʴʩʢʦʛʦ ʪʝʣʘ 

ï ʢʦʤʝʪʳ. ɺʩʣʝʜʩʪʚʠʝ ʥʘʯʘʣʴʥʦʡ ʜʠʩʧʝʨʩʠʠ ʵʣʝʤʝʥʪʦʚ ʦʨʙʠʪ ʤʝʪʝʦʨʦʠʜʦʚ, ʚʳʙʨʦʰʝʥʥʳʭ 

ʠʟ ʷʜʨʘ ʢʦʤʝʪʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ, ʧʦʜ ʚʦʟʤʫʱʘʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʧʨʠʪʷʞʝʥʠʷ 

ʙʦʣʴʰʠʭ ʧʣʘʥʝʪ ʤʝʪʝʦʨʦʠʜʳ, ʠʤʝʶʱʠʝ ʨʘʟʥʳʝ ʙʦʣʴʰʠʝ ʧʦʣʫʦʩʠ ʠ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʳ, ʩʦ 

ʚʨʝʤʝʥʝʤ ʟʘʡʤʫʪ ʚʩʶ ʵʚʦʣʶʮʠʦʥʥʫʶ ʪʨʘʩʩʫ ʢʦʤʝʪʳ. ʇʦʩʣʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʦʙʨʘʱʝʥʠʡ 

ʤʝʪʝʦʨʦʠʜʦʚ ʨʦʷ ʚʦʢʨʫʛ ʉʦʣʥʮʘ ɿʝʤʣʷ ʩʪʦʣʢʥʝʪʩʷ ʩ ʪʝʤʠ ʪʝʣʘʤʠ ʤʝʪʝʦʨʦʠʜʥʦʛʦ ʨʦʷ, ʫʟʝʣ 
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ʦʨʙʠʪʳ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʦʤ ʨʘʩʩʪʦʷʥʠʠ ~ 1 ʘ.ʝ., ʪ.ʝ. ʠʭ ʦʨʙʠʪʳ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʶ 

  
2cos (1 ) 1 / .a e ew è ø=° - -ê ú   (2) 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʫʩʣʦʚʠʷ (2), ʜʣʷ ʜʘʥʥʳʭ a ʠ e ʟʝʤʥʘʷ ʦʨʙʠʪʘ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʩʝʯʝʥʘ 

ʧʨʠ ʯʝʪʳʨʝʭ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʷʭ ʘʨʛʫʤʝʥʪʘ ʧʝʨʠʛʝʣʠʷ ɤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʜʠʥ ʤʝʪʝʦʨʦʠʜ-

ʥʳʡ ʨʦʡ ʤʦʞʝʪ ʧʦʨʦʜʠʪʴ ʜʚʘ ʥʦʯʥʳʭ ʧʦʪʦʢʘ ʧʨʠ ʜʦ-ʧʝʨʠʛʝʣʠʡʥʦʤ ʧʝʨʝʩʝʯʝʥʠʠ ʠ ʜʚʘ 

ʜʥʝʚʥʳʭ ʧʦʪʦʢʘ ʧʨʠ ʧʦʩʣʝ-ʧʝʨʠʛʝʣʠʡʥʦʤ ʧʝʨʝʩʝʯʝʥʠʠ ʩ ɿʝʤʣʝʡ. ɺ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʦʜ 

ʚʦʟʤʫʱʘʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʙʦʣʴʰʠʭ ʧʣʘʥʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʶʪʩʷ e ʠ i, ʘ ʧʝʨʠʛʝʣʠʡʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʦʨʙʠʪʳ ʨʦʷ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ q>1 ʘ.ʝ., ʪʦ ʤʝʪʝʦʨʦʠʜʥʳʡ ʨʦʡ ʤʦʞʝʪ ʧʦʨʦ-

ʜʠʪʴ ʚʦʩʝʤʴ ʤʝʪʝʦʨʥʳʭ ʧʦʪʦʢʦʚ. 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʘʩʪʝʨʦʠʜʦʤ (ʠʣʠ ʢʦʤʝʪʦʡ) ʠ ʝʛʦ ʚʦʟ-

ʤʦʞʥʳʤ ʤʝʪʝʦʨʥʳʤ ʧʦʪʦʢʦʤ ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʠʪɹ  ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʨʘʜʠʘʥ-

ʪʦʚ, ʩʢʦʨʦʩʪʠ ʠ ʜʘʪʳ ʘʢʪʠʚʥʦʩʪʠ ʵʪʦʛʦ ʧʦʪʦʢʘ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʨʙʠʪʘ ʨʦʜʠʪʝʣʴ-

ʩʢʦʛʦ ʪʝʣʘ ʥʘ ʤʦʤʝʥʪʳ ʝʝ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʦʨʙʠʪʦʡ ɿʝʤʣʠ. ʊʘʢʠʝ ʦʨʙʠʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫ-

ʯʝʥʳ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʝʥʠʷ ʵʚʦʣʶʮʠʠ ʦʨʙʠʪ ɸʉɿ ʧʦʜ ʚʦʟʤʫʱʘʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʧʨʠ-

ʪʷʞʝʥʠʷ ʙʦʣʴʰʠʭ ʧʣʘʥʝʪ. 

ɺ ʀʥʩʪʠʪʫʪʝ ʘʩʪʨʦʬʠʟʠʢʠ ɸʅ ʈʊ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʚʦʣʶʮʠʠ ʦʨʙʠʪ ʧʨʠʤʝʥʷʶʪʩʷ 

ʜʚʘ ʤʝʪʦʜʘ. ɺʳʯʠʩʣʝʥʠʝ ʵʚʦʣʶʮʠʠ ʦʨʙʠʪ ʘʩʪʝʨʦʠʜʦʚ (ʪʘʙʣ. 1), ʜʚʠʞʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʦʠʩ-

ʭʦʜʠʪ ʥʝ ʚ ʨʝʟʦʥʘʥʩʝ ʩ ʖʧʠʪʝʨʦʤ, ʚʳʧʦʣʥʝʥʦ ʧʦ ʤʝʪʦʜʫ ɸʣʴʬʘʥʘ-ɻʦʨʷʯʝʚʘ [13] ʩ ʫʯʝʪʦʤ 

ʚʝʢʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ʙʦʣʴʰʠʭ ʧʣʘʥʝʪ ʥʘ ʧʝʨʠʦʜ ʦʜʥʦʛʦ ʮʠʢʣʘ ʠʟʤʝʥʝʥʠʡ ʘʨʛʫʤʝʥʪʘ ʧʝʨʠ-

ʛʝʣʠʷ (ʜʦ 20 ʪʳʩʷʯ ʣʝʪ). ʄʝʪʦʜʦʤ ʕʚʝʨʭʘʨʪʘ [14] ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʘ ʵʚʦʣʶʮʠʷ ʦʨʙʠʪ ʦʢʦ-

ʣʦʟʝʤʥʳʭ ʘʩʪʝʨʦʠʜʦʚ, ʜʚʠʞʫʱʠʭʩʷ ʚ ʨʝʟʦʥʘʥʩʝ ʩ ʖʧʠʪʝʨʦʤ, ʪʘʢʞʝ ʥʘ ʦʜʥʦʤ ʮʠʢʣʝ ʠʟʤʝ-

ʥʝʥʠʷ ʘʨʛʫʤʝʥʪʘ ʧʝʨʠʛʝʣʠʷ ʦʨʙʠʪʳ ʠ ʩ ʫʯʝʪʦʤ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʙʦʣʴʰʠʭ 

ʧʣʘʥʝʪ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʟʘ ʦʜʠʥ ʮʠʢʣ ʠʟʤʝʥʝʥʠʡ ʘʨʛʫʤʝʥʪʘ ʧʝʨʠʛʝʣʠʷ 216 ʘʩʪʝʨʦʠʜʦʚ ʧʝʨʝ-

ʩʝʢʘʶʪ ʦʨʙʠʪʫ ɿʝʤʣʠ 4 ʨʘʟʘ, 50 ʘʩʪʝʨʦʠʜʦʚ ï 8 ʨʘʟ, 4 ɸʉɿ ï 2 ʨʘʟʘ, 3 ɸʉɿ ï 3 ʨʘʟʘ ʠ ʦʜʠʥ 

ʘʩʪʝʨʦʠʜ ʷʚʣʷʝʪʩʷ ʰʝʩʪʠʢʨʘʪʥʳʤ ʧʝʨʝʩʝʢʘʪʝʣʝʤ ʟʝʤʥʦʡ ʦʨʙʠʪʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 216 ʘʩ-

ʪʝʨʦʠʜʦʚ ʤʦʛʫʪ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʦʨʦʜʠʪʴ ʧʦ 4, 48 ï ʧʦ 8, 4 ʘʩʪʝʨʦʠʜʦʚ ï ʧʦ 2 ʤʝʪʝʦʨʥʳʭ 

ʧʦʪʦʢʦʚ ʠ ʪ.ʜ. ɺʩʝʛʦ 1287 ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʝ ʨʘʜʠʘʥʪʳ ʠ ʩʢʦʨʦʩʪʠ ʤʝʪʝʦʨʥʳʭ ʧʦʪʦʢʦʚ, 

ʨʦʜʩʪʚʝʥʥʳʭ ʩ ʘʩʪʝʨʦʠʜʘʤʠ-ʢʘʥʜʠʜʘʪʘʤʠ ʚ ʫʛʘʩʰʠʝ ʢʦʤʝʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʚʦʣʶʮʠʠ ʦʨʙʠʪ ʚʳʙʨʘʥʥʳʭ ɸʉɿ ʦʧʨʝʜʝʣʝʥʘ ʢʨʘʪʥʦʩʪʴ ʠʭ ʧʝʨʝʩʝʯʝ-

ʥʠʡ ʩ ʦʨʙʠʪʦʡ ɿʝʤʣʠ (ʪʘʙʣ.1, ʧʦʩʣʝʜʥʠʡ ʩʪʦʣʙʝʮ) ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʧʝʨʝʩʝʯʝʥʠʷ ʥʘʡʜʝʥʳ 

ʵʣʝʤʝʥʪʳ ʦʨʙʠʪ. ʕʪʠ ʦʨʙʠʪʳ ʧʦʩʣʫʞʠʣʠ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʭ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʨʘʜʠʘʥʪʦʚ, ʩʢʦʨʦʩʪʝʡ ʠ ʜʘʪ ʘʢʪʠʚʥʦʩʪʠ 1287 ʤʝʪʝʦʨʥʳʭ ʧʦʪʦʢʦʚ, 

ʚʦʟʤʦʞʥʦ ʩʚʷʟʘʥʥʳʭ ʩ 274 ʠʩʩʣʝʜʫʝʤʳʤʠ ɸʉɿ, ʢʦʪʦʨʳʝ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʷʚʣʷʶʪʩʷ ʢʘʥʜʠ-

ʜʘʪʘʤʠ ʚ ʫʛʘʩʰʠʝ ʢʦʤʝʪʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 1287 ʤʝʪʝʦʨʥʳʭ ʧʦʪʦʢʦʚ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.2. ɿʜʝʩʴ ʜʣʷ ʢʘʞʜʦʛʦ ʘʩʪʝʨʦʠʜʘ ʧʦ ʩʪʦʣʙʮʘʤ ʜʘʥʳ ʦʙʦʟʥʘʯʝʥʠʷ ʤʝʪʝʦʨ-
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ʥʳʭ ʧʦʪʦʢʦʚ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ, ʧʨʠʯʝʤ NN ʠ NS ʦʟʥʘʯʘʶʪ ʩʝʚʝʨʥʫʶ ʠ ʶʞ-

ʥʫʶ ʚʝʪʚʠ ʥʦʯʥʦʛʦ ʧʦʪʦʢʘ, ʘ DN ʠ DS ï ʩʝʚʝʨʥʫʶ ʠ ʶʞʥʫʶ ʚʝʪʚʠ ʜʥʝʚʥʦʛʦ ʧʦʪʦʢʘ. ʇʨʠʚʝ-

ʜʝʥʳ ʪʘʢʞʝ ʜʘʪr ʤʘʢʩʠʤʫʤʘ ʘʢʪʠʚʥʦʩʪʠ ʧʦʪʦʢʦʚ; ʜʦʣʛʦʪ rʉʦʣʥʮʘ Lӟ (ʚ ʛʨʘʜʫʩʘʭ ʜʫʛʠ), 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʪʠʤ ʜʘʪʘʤ; ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʨʘʜʠʘʥʪʦʚ (ʧʨʷʤʦʝ ʚʦʩʭʦʞʜʝ-

ʥʠʝ Ŭ ʠ ʩʢʣʦʥʝʥʠʝ ŭ ʚ ʛʨʘʜʫʩʘʭ ʜʫʛʠ); ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʝ ʩʢʦʨʦʩʪʠ Vg (ʢʤ ʩʝʢ
-1), ʫʟʣ r(Ra ï 

ʚʦʩʭʦʜʷʱʠʡ, Rd ï ʥʠʩʭʦʜʷʱʠʡ ʫʟʝʣ ʦʨʙʠʪʳ). 

ʇʦʠʩʢ ʥʘʙʣʶʜʘʝʤʳʭ ʧʦʪʦʢʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʨʝʜʩʢʘʟʘʥʥʳʤ 

(ʪʘʙʣ.2), ʚ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʢʘʪʘʣʦʛʘʭ ʷʚʠʣʩʷ ʦʯʝʨʝʜʥʳʤ ʰʘʛʦʤ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʩʚʷʟʠ ʘʩ-

ʪʝʨʦʠʜʦʚ ʩ ʤʝʪʝʦʨʥʳʤʠ ʧʦʪʦʢʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟ 274 ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ɸʉɿ ʜʣʷ 200 ʘʩʪʝʨʦʠʜʦʚ ʚʩʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʨʝʜʩʢʘʟʘʥʥʳʝ ʤʝʪʝʦʨʥʳʝ ʧʦʪʦʢʠ ʦʪʦʞʜʝʩʪʚ-

ʣʝʥʳ ʩ ʥʘʙʣʶʜʘʝʤʳʤʠ ʧʦʪʦʢʘʤʠ, ʤʝʪʝʦʨʘʤʠ ʠ ʙʦʣʠʜʘʤʠ. ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ ʩʜʝʣʘʥ ʚʳʚʦʜ, 

ʯʪʦ ʵʪʠ 200 ɸʉɿ, ʜʚʠʞʫʱʠʝʩʷ ʧʦ ʢʦʤʝʪʦʧʦʜʦʙʥʳʤ ʦʨʙʠʪʘʤ ʠ ʠʤʝʶʱʠʝ ʨʦʜʩʪʚʝʥʥʳʝ ʘʢ-

ʪʠʚʥʳʝ ʤʝʪʝʦʨʥʳʝ ʧʦʪʦʢʠ, ʷʚʣʷʶʪʩʷ ʫʛʘʩʰʠʤʠ ʢʦʤʝʪʥʳʤʠ ʷʜʨʘʤʠ ʠʣʠ ʠʭ ʦʩʢʦʣʢʘʤʠ. ʉʦ-

ʩʪʘʚʣʝʥ ʂʘʪʘʣʦʛ 200 ʦʢʦʣʦʟʝʤʥʳʭ ʘʩʪʝʨʦʠʜʦʚ ʢʦʤʝʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʷʚʣʷʶʱʠʡʩʷ 

ʧʨʝʜʤʝʪʦʤ ʩʣʝʜʫʶʱʝʡ ʧʫʙʣʠʢʘʮʠʠ.  

ɿʘʢʣʶʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʝʜʠ ʙʦʣʝʝ 6000 ɸʉɿ, ʦʪʢʨʳʪʳʭ ʚ ʧʝʨʠʦʜ 1.01.2009 

ï 31.12.2014 ʛʛ., 200 ʘʩʪʝʨʦʠʜʦʚ, ʜʚʠʞʫʱʠʝʩʷ ʧʦ ʢʦʤʝʪʦʧʦʜʦʙʥʳʤ ʦʨʙʠʪʘʤ ʠ ʠʤʝʶʱʠʝ 

ʨʦʜʩʪʚʝʥʥʳʝ ʘʢʪʠʚʥʳʝ ʤʝʪʝʦʨʥʳʝ ʧʦʪʦʢʠ, ʷʚʣʷʶʪʩʷ ʩ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʫʛʘʩʰʠʤʠ 

ʢʦʤʝʪʥʳʤʠ ʷʜʨʘʤʠ ʠʣʠ ʠʭ ʦʩʢʦʣʢʘʤʠ. ʉ ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʥʝʝ ʦʪʢʨʳ-

ʪʳʭ ɸʉɿ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʩʨʝʜʠ ʘʩʪʝʨʦʠʜʦʚ ʠʟʚʝʩʪʥʳʭ ʥʘ ʤʦʤʝʥʪ 1.01.2015, 440 

ʦʙʲʝʢʪʦʚ ʩʦʩʪʘʚʣʷʶʪ ʫʛʘʩʰʠʝ ʷʜʨʘ ʢʦʤʝʪ ʠʣʠ ʫʛʘʩʰʠʝ ʬʨʘʛʤʝʥʪʳ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʢʦʤʝʪ-

ʥʳʭ ʪʝʣ. ʕʪʦ ʩʦʩʪʘʚʣʷʝʪ ʧʦʯʪʠ 2.3% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ɸʉɿ (ʧʦʯʪʠ 19000), ʦʪʢʨʳʪʳʭ 

ʜʦ 1.11.2018 ʛ. ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʯʠʩʣʦ 

ʫʛʘʩʰʠʭ ʢʦʤʝʪʥʳʭ ʷʜʝʨ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 5% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʢʦʣʦʟʝʤʥʳʭ ʘʩ-

ʪʝʨʦʠʜʦʚ [1,8]. 

ɺʳʯʠʩʣʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʜʠʘʥʪʳ, ʩʢʦʨʦʩʪʠ ʠ ʜʘʪʳ ʦʧʨʝʜʝʣʷʶʪ ʫʩʣʦʚʠʷ ʚʦʟ-

ʤʦʞʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʡ ʜʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ɿʝʤʣʝʡ, ʘ ʠʭ ʢʦʤʝʪʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʨʘʟʤʝ-

ʨʳ ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʪʘʢʠʭ ʩʦʙʳʪʠʡ. 

 

ʊʘʙʣʠʮʘ 1 

 ʕʣʝʤʝʥʪʳ ʦʨʙʠʪ ʘʩʪʝʨʦʠʜʦʚ, ʧʝʨʝʩʝʢʘʶʱʠʭ ʦʨʙʠʪʫ ɿʝʤʣʠ ʠ ʜʚʠʞʫʱʠʭʩʷ ʧʦ ʢʦʤʝʪʦʧʦ-

ʜʦʙʥʳʤ ʦʨʙʠʪʘʤ, ʦʪʢʨʳʪʳʭ ʚ 2009-2014 ʛʛ. ʕʧʦʭʘ (MJD) 57000 = 2014.12.09,  

ʨʘʚʥʦʜʝʥʩʪʚʠʝ 2000.0 

ɸʩʪʝʨʦʠʜ 
a 

a.e. 
e 

q 

a.e. 
ię ɋę ɤę ˊę n"  H 

d 

km 

Ra 

a.e. 

Rd 

a.e. 
Ni Tj  

2009AL' 2.491 0.664 0.837 3.9 224.0 313.9 177.9 903 21.81 0.22 0.94 1.59 4 3.12 

2009BB' 2.412 0.848 0.368 18.8 72.4 154.9 227.3 947 18.35 1.07 1.94 0.37 4 2.84 

2009BD81' 2.606 0.632 0.958 12.3 344.1 191.0 175.1 844 20.65 0.37 3.11 0.97 4 3.07 

2009BE77' 2.522 0.826 0.439 21.1 201.2 26.9 131.1 886 18.06 1.23 0.46 2.04 4 2.80 

2009BG2' 2.395 0.755 0.587 11.0 356.8 184.5 181.3 958 20.23 0.45 4.10 0.60 4 2.99 

2009CZ2' 2.405 0.695 0.733 16.7 341.3 89.9 71.3 951 18.85 0.85 0.23 0.25 8 3.10 

2009DA1' 2.545 0.702 0.758 5.9 156.4 272.8 69.1 874 22.38 0.17 0.26 0.33 4 3.03 

2009DO4' 2.649 0.566 1.151 37.6 334.0 206.2 180.2 823 21.18 0.29 2.61 0.20 8 2.88 

2009DT43' 2.557 0.666 0.855 4.6 339.4 129.9 109.3 868 26.71 0.02 1.48 0.01 4 3.08 
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ʊʘʙʣʠʮʘ 1 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ɸʩʪʝʨʦʠʜ 
a 

a.e. 
e 

q 

a.e. 
ię ɋę ɤę ˊę n"  H 

d 

km 

Ra 

a.e. 

Rd 

a.e. 
Ni Tj  

2009FA' 2.617 0.557 1.160 42.1 3.2 200.5 203.8 838 18.73 0.90 2.77 0.19 8 2.86 

2009HE21' 2.380 0.855 0.346 6.5 33.9 299.0 333.0 967 24.5 0.06 0.44 0.11 4 2.87 

2009HS2' 3.097 0.860 0.434 17.4 30.8 54.8 85.6 651 21.74 0.23 0.57 0.57 8 1.67 

2009HS44' 2.572 0.702 0.766 2.4 209.3 73.1 282.4 860 26.55 0.02 0.08 0.65 4 3.02 

2009HU58' 2.066 0.910 0.187 35.8 62.9 285.3 348.2 1195 18.99 0.80 0.30 0.46 2 2.94 

2009KE3' 2.654 0.712 0.765 5.7 15.5 317.8 333.3 821 18.33 1.08 0.88 1.92 4 2.96 

2009KM' 2.426 0.786 0.520 9.5 106.3 227.2 333.5 939 20.2 0.46 2.97 1.51 4 2.99 

2009QB36' 2.243 0.787 0.478 15.6 310.2 176.6 126.8 1056 17.7 1.45 2.97 0.49 4 3.10 

2009QN5' 2.391 0.835 0.396 14.7 328.7 136.8 105.5 960 19.2 0.73 0.84 0.46 4 2.90 

2009RV1' 2.697 0.638 0.977 1.9 2.1 56.5 58.5 801 21.99 0.20 0.18 1.47 4 3.04 

2009SB' 2.206 0.804 0.431 5.5 217.8 269.0 126.8 1083 20.57 0.39 0.78 0.78 4 3.13 

2009SG18' 3.024 0.672 0.993 58.4 177.7 204.1 21.7 675 17.95 1.29 3.29 0.03 8 2.31 

2009SM98' 2.432 0.700 0.730 7.5 166.9 110.9 277.8 935 22.31 0.17 0.67 1.01 4 3.11 

2009SQ' 2.704 0.864 0.367 33.8 341.4 140.3 121.8 798 18.98 0.80 1.04 0.42 8 2.53 

2009ST103' 2.686 0.723 0.745 15.9 227.3 233.8 101.1 806 18.08 0.851* 1.23 0.91 6 2.89 

2009UN3' 2.326 0.576 0.986 37.4 142.0 338.8 120.8 1000 18.48 1.01 0.97 0.61 8 3.11 

2009WQ25' 2.468 0.717 0.699 4.4 44.1 287.0 331.1 915 23.96 0.08 0.97 0.61 4 3.05 

2009WQ52' 2.560 0.660 0.870 5.7 61.2 49.3 110.5 866 28.17 0.01 0.02 1.53 4 3.07 

2009WY51' 2.623 0.711 0.759 11.8 249.1 87.4 336.5 835 21.8 0.22 0.31 0.32 8 2.96 

2010AK2' 2.149 0.714 0.713 45.1 291.3 309.6 240.9 1125 18.9 0.83 0.71 0.94 4 3.05 

2010BG2' 3.401 0.907 0.316 42.9 128.2 238.8 7.0 565 19.9 0.53 0.15 0.94 4 2.03 

2010BL2' 2.226 0.784 0.481 59.9 91.3 199.6 290.8 1069 16.45 2.58 2.30 0.48 4 2.75 

2010BQ' 2.332 0.547 1.057 37.0 302.9 148.5 91.4 996 20.09 0.48 2.05 0.13 8 3.13 

2010CA55' 4.385 0.847 0.672 58.3 106.3 307.3 53.7 386 21.3 0.28 0.84 0.93 4 1.69 

2010CN44' 2.848 0.677 0.920 3.8 189.7 302.9 132.6 738 19.59 0.34* 0.13 1.44 4 2.91 

2010CQ19' 2.757 0.641 0.990 0.2 211.7 271.4 123.2 775 27.11 0.02 0.60 0.66 4 3.00 

2010CR5' 3.079 0.823 0.546 5.7 323.0 49.6 12.6 657 19.83 0.54 0.82 0.45 4 2.60 

2010DK34' 2.732 0.772 0.622 28.5 90.5 165.2 255.7 786 20.36 0.283* 3.37 0.61 4 2.71 

2010DX1' 2.586 0.707 0.757 20.2 333.8 102.1 75.8 853 21.62 0.17 0.51 0.14 8 2.95 

2010EF21' 2.426 0.720 0.679 10.3 300.6 143.8 84.4 939 18.43 1.04 1.78 0.76 4 3.08 

2010EF44' 2.186 0.887 0.246 38.2 174.2 234.7 48.9 1097 20.17 0.46 0.95 0.30 8 2.85 

2010EK44' 2.835 0.772 0.646 11.2 180.8 107.6 288.4 743 19.8 0.55 0.49 0.92 4 2.76 

2010FC81' 2.679 0.623 1.009 1.7 144.3 63.6 208.0 809 21.9 0.402 0.29 1.25 4 3.06 

2010FD7' 2.584 0.685 0.813 6.2 357.5 269.2 266.8 854 22.07 0.075* 0.38 0.36 4 3.04 

2010FF10' 2.379 0.632 0.876 5.1 166.2 105.3 271.5 967 21.62 0.095* 0.72 0.22 4 3.23 

2010FJ81' 3.598 0.684 1.138 42.5 97.4 171.7 269.1 520 20.48 0.416* 4.95 0.13 4 2.34 

2010GK23' 2.883 0.699 0.868 35.3 141.3 343.1 124.4 725 19.73 0.277* 0.90 3.59 4 2.80 

2010GO33' 2.409 0.699 0.724 19.1 143.6 153.6 297.2 949 19.19 0.313* 2.31 0.75 4 3.08 

2010GQ75' 2.431 0.866 0.327 43.2 82.7 353.0 75.6 936 20.05 0.398* 0.34 3.31 4 2.64 

2010GT7' 2.713 0.684 0.858 9.3 75.6 58.0 133.6 794 20.14 0.216* 0.08 1.25 4 2.96 

2010GX62' 2.951 0.705 0.872 21.7 207.9 316.1 164.0 700 20.12 0.622* 0.98 2.03 8 2.76 

2010HV20' 2.633 0.790 0.553 6.5 99.0 216.3 315.3 830 21.91 0.465* 1.74 0.59 4 2.85 

2010JF87' 2.436 0.621 0.924 24.9 139.0 12.1 151.1 933 19.12 0.945* 0.95 2.80 4 3.11 

2010JG87' 2.761 0.948 0.144 16.9 207.6 266.4 114.0 773 19.19 0.408* 0.30 0.27 4 2.33 

2010JH88' 2.292 0.788 0.487 21.4 102.4 355.7 98.2 1023 18.06 1.23 0.50 3.04 4 3.03 

2010JL33' 2.662 0.742 0.688 5.3 53.6 308.5 2.1 817 17.71 1.778* 0.85 1.32 4 2.91 

2010KY127' 2.498 0.881 0.297 60.3 7.1 356.8 3.8 899 16.79 1.77* 0.29 3.65 4 2.41 

2010LG64' 2.670 0.610 1.042 42.3 8.8 355.6 4.4 813 20.18 0.94* 0.06 3.29 4 2.79 

2010LU108' 2.241 0.819 0.407 9.5 154.4 22.1 176.5 1058 20.18 0.825* 0.43 2.04 4 3.07 

2010MA113' 2.248 0.602 0.894 39.7 309.4 27.1 336.6 1053 19.2 0.903* 0.92 2.09 8 3.08 

2010MU111' 2.391 0.613 0.924 41.5 80.0 157.0 237.1 960 18.59 1.947* 2.44 0.94 8 2.98 

2010NU1' 2.316 0.793 0.479 34.3 105.4 41.6 146.9 1006 21.1 0.286* 0.56 1.10 8 2.88 

2010OL100' 2.263 0.653 0.785 22.2 225.8 148.1 13.9 1042 19.65 0.308* 0.56 1.10 4 3.23 

2010PY75' 2.660 0.774 0.601 31.3 270.3 135.8 46.1 818 18.67 0.758* 1.38 0.70 8 2.73 

2010QA5' 2.914 0.633 1.068 33.5 174.1 176.2 350.3 713 22.04 0.35 3.75 0.07 8 2.75 

2010QE2' 3.372 0.739 0.880 64.7 2.0 32.9 34.9 573 17.4 2.156* 0.94 3.04 4 2.01 

2010RV3' 2.098 0.875 0.261 8.7 349.8 128.4 118.3 1168 23.18 0.12 0.07 0.32 4 3.03 

2010TN55' 2.301 0.789 0.486 0.3 35.2 243.2 278.3 1016 27.0 0.35 0.35 0.64 4 3.08 

2010TU149' 2.201 0.828 0.378 2.0 59.7 91.7 151.4 1086 20.59 0.603* 0.72 0.66 4 3.09 

2010UE' 2.821 0.729 0.766 3.2 22.9 296.6 319.6 749 29.59 0.01 0.00 0.96 4 3.07 

2010UG7' 2.310 0.782 0.503 16.2 25.9 102.0 127.9 1011 21.41 0.26 0.08 0.77 4 3.07 

2010UM7' 2.792 0.681 0.891 4.5 217.8 223.8 81.7 761 27.59 0.02 1.94 0.01 4 2.93 

2010UQ7' 2.452 0.680 0.785 4.5 237.2 76.3 313.4 924 20.03 0.50 0.13 0.59 4 3.13 
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2010XC11' 2.516 0.850 0.377 9.1 94.3 121.2 215.5 889 18.65 0.94 0.26 0.47 4 2.79 

2010XD11' 2.210 0.854 0.322 16.4 118.0 196.1 314.2 1080 18.09 1.21 2.33 0.32 4 3.01 

2010XX58' 2.238 0.864 0.305 22.2 53.1 174.6 227.7 1060 18.61 0.95 3.07 0.29 4 2.94 

2011AD3' 2.984 0.700 0.896 1.5 298.7 116.9 55.5 688 26.5 0.06 1.60 0.02 4 2.82 

2011AF3' 7.010 0.945 0.388 6.5 100.5 109.4 209.9 191 25.14 0.05 0.12 0.55 4 1.50 

2011AK37' 2.854 0.658 0.976 3.6 118.9 321.7 80.6 736 25.16 0.05 0.08 2.32 4 2.94 

2011AT26' 2.416 0.698 0.728 1.7 245.3 122.8 8.1 945 21.62 0.24 1.04 0.88 4 3.12 

2011BE38' 2.629 0.711 0.759 8.2 321.4 302.5 264.0 832 18.35 1.07 0.92 1.11 4 2.97 

2011BF40' 2.787 0.725 0.766 5.5 300.9 264.4 205.4 762 24.82 0.12 0.41 0.25 4 2.87 

2011BT59' 2.475 0.947 0.131 3.6 39.3 302.8 342.1 911 20.76 0.35 0.18 0.58 4 2.52 

2011BX18' 2.877 0.730 0.777 14.5 311.0 303.9 254.9 727 18.04 1.24 0.94 1.28 8 2.79 

2011BY18' 2.269 0.782 0.496 3.6 135.4 239.9 15.3 1038 20.89 0.33 0.94 1.28 8 3.12 

2011CN14' 2.474 0.475 1.299 51.5 149.8 23.6 173.4 912 18.94 0.82 0.35 2.38 4 2.86 

2011DS9' 2.622 0.643 0.936 3.7 93.4 146.2 239.6 836 20.17 0.46 2.32 0.99 4 3.07 

2011DV10' 2.842 0.688 0.885 8.1 159.8 292.9 92.7 741 24.77 0.06 0.19 1.03 4 2.89 

2011EC41' 2.428 0.880 0.292 9.9 38.8 357.8 36.7 938 19.87 0.53 0.29 3.53 4 1.67 

2011EF17' 2.345 0.743 0.603 4.2 4.0 282.3 286.3 988 19.19 0.73 0.90 0.25 4 3.12 

2011EL40' 2.438 0.707 0.715 1.4 188.1 268.0 96.2 932 26.49 0.03 0.25 0.19 4 3.10 

2011EN11' 2.539 0.639 0.917 2.5 160.3 326.4 126.6 877 27.92 0.01 0.99 2.20 4 3.12 

2011FQ2' 2.573 0.657 0.883 11.1 176.4 54.6 231.0 859 23.88 0.08 0.06 1.35 4 3.06 

2011FZ2' 2.667 0.784 0.577 13.3 99.1 216.1 315.2 815 17.31 1.73 1.80 0.61 4 2.82 

2011FZ22' 2.351 0.881 0.281 7.9 358.6 59.1 57.7 984 23.01 0.13 0.36 0.96 4 2.83 

2011GH3' 2.393 0.772 0.547 11.3 102.7 218.0 320.7 958 18.46 1.02 1.49 0.59 4 3.02 

2011HB53' 2.359 0.706 0.694 30.1 83.8 351.0 74.8 979 17.44 1.63 0.71 2.89 4 3.03 

2011HS' 2.800 0.697 0.849 7.8 182.7 334.0 156.7 757 21.04 0.31 0.89 2.85 4 2.99 

2011KE' 2.218 0.955 0.101 5.9 205.0 188.5 33.5 1074 19.79 0.55 2.49 0.10 4 3.12 

2011KG20' 2.324 0.752 0.576 23.0 242.1 102.7 344.8 1001 24.01 0.08 0.21 0.88 3 3.05 

2011LC19' 3.206 0.730 0.865 10.5 219.5 139.0 358.5 618 18.81 0.87 2.32 0.97 4 2.68 

2011MX2' 2.328 0.468 1.239 41.6 287.9 16.7 304.6 999 20.49 0.40 0.24 2.31 8 3.12 

2011OE26' 3.270 0.741 0.849 10.8 315.4 272.0 227.3 600 23.04 0.12 0.42 0.51 8 2.78 

2011SB16' 2.517 0.803 0.496 6.9 311.6 177.6 129.2 888 18.7 0.91 3.51 0.51 4 2.89 

2011SC108' 2.488 0.742 0.641 6.8 3.2 82.5 85.7 904 27.87 0.01 0.01 0.24 4 3.00 

2011SE97' 2.523 0.664 0.849 2.4 188.8 243.2 72.0 885 24.69 0.06 1.02 0.08 4 3.10 

2011SE191' 2.578 0.656 0.888 10.3 5.2 310.0 315.2 857 25.1 0.05 0.03 1.54 2 3.06 

2011SJ16' 2.803 0.798 0.565 17.6 186.5 293.6 120.0 756 19.05 0.78 0.77 0.49 8 2.70 

2011UA115' 2.577 0.622 0.975 0.6 192.7 251.1 83.8 857 24.72 0.06 0.98 0.31 4 3.12 

2011UE256' 2.654 0.807 0.513 11.6 37.3 123.6 160.9 821 19.42 0.66 0.68 0.63 4 2.79 

2011UF256' 3.709 0.676 1.203 42.9 222.4 207.6 69.9 497 22.08 0.19 4.09 0.27 8 2.31 

2011US63' 3.033 0.778 0.675 20.6 251.1 242.2 133.3 672 17.99 1.27 0.15 0.43 8 2.62 

2011VG9' 2.275 0.776 0.509 1.3 236.1 65.9 302.0 1034 22.18 0.18 0.68 0.34 4 3.11 

2011WC44' 2.414 0.700 0.725 20.7 245.2 92.1 337.2 946 20.41 0.42 0.26 0.22 8 3.07 

2011WJ15' 2.302 0.789 0.485 14.9 58.8 260.3 319.1 1016 25.21 0.05 0.01 0.76 4 3.04 

2011WN69' 2.518 0.781 0.552 6.0 243.2 89.6 332.8 888 26.2 0.03 0.97 0.00 4 2.93 

2011WO41' 3.011 0.732 0.807 20.0 112.2 125.1 237.4 679 16.93 2.07 1.43 0.97 8 2.70 

2011WR46' 2.470 0.895 0.260 4.9 240.7 323.4 204.1 914 19.99 0.50 0.27 0.77 4 2.72 

2011XM1' 2.673 0.659 0.912 11.1 263.1 162.7 65.8 812 19.88 0.53 3.07 0.94 4 3.00 

2011YH28' 2.624 0.712 0.756 8.6 285.6 287.3 212.9 835 20.39 0.42 0.05 0.66 4 2.97 

2011YU62' 2.801 0.701 0.837 20.3 196.5 353.0 189.4 757 17.5 1.56 0.84 3.68 4 2.84 

2012AB3' 2.426 0.618 0.928 7.8 112.7 311.0 63.7 939 24.1 0.08 0.08 1.51 4 3.21 

2012BE124' 2.530 0.910 0.228 16.3 338.8 8.2 347.0 882 19.29 0.70 0.22 3.39 4 2.61 

2012BJ134' 2.258 0.833 0.377 21.2 144.6 138.2 282.8 1046 18.21 1.15 0.84 0.41 4 2.99 

2012BU61' 2.514 0.780 0.553 5.3 297.7 72.4 10.1 890 21.12 0.30 0.80 0.29 4 2.93 

2012CA21' 2.653 0.659 0.904 28.9 128.2 35.5 163.7 821 19.21 0.72 0.99 2.22 8 2.90 

2012CC29' 2.435 0.774 0.551 1.9 171.1 230.4 41.5 934 22.07 0.19 0.90 0.63 4 3.00 

2012DG54' 2.291 0.731 0.616 30.7 162.0 228.7 30.7 1023 20.08 0.48 1.05 0.70 8 3.04 

2012EL5' 2.460 0.673 0.805 7.0 126.2 340.8 107.0 920 19.97 0.51 0.84 2.68 4 3.13 

2012FA71' 2.783 0.711 0.803 3.0 159.0 321.5 120.4 764 25.23 0.05 0.89 2.09 4 2.89 

2012FB71' 2.670 0.709 0.777 2.8 76.4 39.2 115.7 813 24.24 0.07 0.87 1.93 4 2.96 

2012FZ23' 2.490 0.608 0.975 75.4 179.4 357.8 177.2 903 18.21 1.15 0.98 3.00 4 2.37 

2012GA12' 2.448 0.772 0.558 1.8 333.1 130.9 104.0 926 22.73 0.14 0.99 0.67 4 2.99 

2012GB18' 2.450 0.804 0.479 7.6 286.5 39.5 326.1 925 20.77 0.35 0.51 1.26 4 2.93 

2012GS5' 3.369 0.856 0.484 17.5 95.4 211.4 306.8 573 18.65 0.94 2.36 0.51 4 2.34 

2012HG8' 2.456 0.729 0.666 25.6 214.7 256.7 111.4 922 19.73 0.57 0.38 0.99 8 2.97 
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2012HR15' 2.480 0.738 0.650 27.9 80.8 332.4 53.2 909 16.88 2.11 0.69 2.26 4 2.92 

2012LC1' 2.011 0.763 0.476 34.4 53.9 52.3 106.2 1244 16.2 2.89 0.58 0.56 8 3.25 

2012LD13' 2.424 0.719 0.681 4.9 147.3 17.8 165.0 940 22 0.20 0.71 2.70 4 3.09 

2012LK2' 2.300 0.835 0.379 33.4 109.8 23.7 133.5 1017 17.32 1.73 0.41 1.94 4 2.87 

2012LL9' 2.718 0.729 0.737 35.3 129.6 205.6 335.2 792 18.71 0.91 2.70 0.75 8 2.72 

2012LZ1' 2.557 0.591 1.047 26.2 264.6 14.2 278.8 868 19.91 0.52 0.04 2.91 3 3.05 

2012MA7' 3.077 0.655 1.061 25.2 246.3 18.5 264.7 657 20.55 0.39 0.07 3.66 8 2.74 

2012NN' 2.576 0.627 0.961 4.6 237.6 6.3 243.9 858 20.9 0.33 0.95 3.16 4 3.11 

2012QC8' 2.794 0.766 0.653 5.9 24.3 45.4 69.7 760 18.02 1.25 0.76 1.50 4 2.80 

2012QH49' 2.718 0.599 1.089 38.1 155.6 159.9 315.5 792 20.9 0.33 2.99 0.10 8 2.83 

2012SG58' 2.829 0.707 0.828 6.4 14.7 53.0 67.8 746 23.06 0.12 0.99 1.46 4 2.87 

2012SW20' 2.460 0.680 0.788 10.2 209.8 62.1 272.0 920 19.65 0.59 0.00 0.94 4 3.11 

2012TT256' 2.666 0.729 0.724 11.1 106.3 172.0 278.2 815 19.52 0.63 3.51 0.71 4 2.91 

2012UF34' 2.827 0.660 0.962 4.7 24.8 29.9 54.6 747 24.8 0.06 0.02 2.73 4 2.94 

2012UR158' 2.247 0.856 0.324 3.2 287.9 238.0 165.8 1053 20.75 0.36 0.08 0.43 4 3.00 

2012VJ6' 2.627 0.676 0.851 7.3 4.8 157.4 162.2 833 18.75 0.89 2.79 0.88 4 3.02 

2012WQ3' 2.365 0.771 0.540 3.3 51.7 271.4 323.0 976 25.42 0.04 0.94 0.97 4 3.05 

2012XJ134' 2.567 0.737 0.674 2.5 237.3 124.2 1.5 863 21.46 0.26 0.99 0.84 4 2.98 

2012XT134' 2.061 0.662 0.696 60.2 281.1 53.7 334.8 1199 18.85 0.85 0.81 0.92 4 2.99 

2012YO3' 2.435 0.675 0.791 3.6 31.0 351.4 22.4 934 20.97 0.32 0.80 2.98 4 3.14 

2012YR3' 2.811 0.663 0.948 8.6 91.6 329.8 61.4 753 26.19 0.03 0.02 2.68 4 2.94 

2013AE4' 2.770 0.706 0.815 8.8 116.2 273.0 29.2 770 20.95 0.32 0.36 0.43 4 2.90 

2013AJ91' 2.531 0.928 0.182 33.3 95.4 165.8 261.2 881 19.31 0.69 2.52 0.17 4 2.49 

2013AO27' 2.419 0.877 0.299 4.4 138.7 189.3 328.0 942 19.82 0.55 3.13 0.28 4 2.80 

2013AO60' 2.497 0.651 0.872 8.2 71.5 347.3 58.8 899 21.35 0.27 0.90 2.94 4 3.12 

2013AP60' 2.867 0.751 0.713 22.0 251.5 48.8 300.4 731 16.71 2.29 0.83 1.48 8 2.72 

2013AT76' 3.040 0.615 1.170 36.6 305.4 206.2 151.6 670 20.21 0.46 3.20 0.23 8 2.68 

2013AU76' 2.794 0.706 0.821 9.3 13.6 208.8 222.5 760 18.23 1.13 2.67 0.86 4 2.89 

2013BC18' 2.754 0.770 0.633 24.8 286.3 262.2 188.5 776 18.85 0.85 0.23 0.03 8 2.73 

2013BF18' 2.814 0.749 0.706 13.2 102.1 137.2 239.3 752 19.25 0.71 1.76 0.78 4 2.80 

2013CT36' 2.457 0.818 0.446 6.4 351.5 38.9 30.4 921 19.2 0.73 0.49 1.24 4 2.90 

2013CU82' 2.493 0.774 0.562 10.8 317.8 303.3 261.0 901 21.08 0.31 0.69 0.75 4 2.95 

2013DP1' 2.505 0.663 0.844 6.8 328.1 128.0 96.2 895 28.12 0.01 1.36 0.01 4 3.11 

2013EH68' 2.280 0.764 0.538 5.1 356.6 78.5 75.1 1031 22.89 0.13 0.82 0.12 4 3.13 

2013GG69' 2.674 0.677 0.864 9.1 184.2 143.5 327.7 812 18.68 0.92 2.27 0.96 4 2.99 

2013GL8' 2.427 0.843 0.381 8.6 331.8 47.3 19.1 939 18.54 0.98 0.44 0.65 4 2.87 

2013HK11' 2.116 0.933 0.141 17.7 73.3 281.9 355.2 1153 20.75 0.36 0.24 0.32 4 2.81 

2013HR' 2.485 0.677 0.802 3.8 224.8 271.6 136.4 906 23.76 0.09 0.31 0.38 4 3.11 

2013HT25' 2.223 0.857 0.318 4.1 28.4 61.3 89.8 1071 28.86 0.01 0.42 1.00 4 3.00 

2013JA36' 2.668 0.948 0.138 42.5 56.3 31.5 87.8 814 21.03 0.31 0.16 0.39 4 2.29 

2013JD34' 2.833 0.760 0.679 7.4 229.0 281.4 150.4 744 25.05 0.05 0.03 0.42 4 2.79 

2013JM22' 2.270 0.844 0.354 9.0 62.1 287.7 349.8 1037 23.27 0.11 0.52 0.87 4 3.00 

2013JS17' 2.333 0.745 0.595 11.8 54.1 74.9 129.0 996 22.86 0.13 0.88 0.28 4 2.97 

2013LE16' 2.564 0.608 1.006 32.8 81.8 198.1 280.0 864 18.54 0.98 2.85 0.01 4 2.97 

2013LH25' 4.462 0.832 0.749 29.5 129.8 356.8 126.7 376 17.14 1.87 0.73 0.90 4 2.06 

2013LN31' 2.255 0.803 0.445 23.2 101.0 278.6 19.6 1048 20.06 0.49 0.73 0.90 4 3.03 

2013NE24' 2.787 0.661 0.944 0.4 320.6 289.3 249.9 763 27.4 0.02 0.27 1.02 4 2.96 

2013NH4' 2.598 0.660 0.883 4.4 98.4 233.0 331.4 848 25.82 0.03 1.34 0.07 4 3.06 

2013NW' 2.803 0.679 0.899 7.1 240.3 113.2 353.5 756 22.3 0.17 1.19 0.11 2 2.93 

2013PW6' 2.891 0.733 0.773 34.3 179.0 212.4 31.4 722 18.93 0.82 2.50 0.82 4 2.64 

2013RJ74' 2.804 0.726 0.767 22.3 349.3 123.5 112.8 756 18.89 0.84 1.21 0.96 8 2.79 

2013RS73' 2.628 0.670 0.868 5.1 347.7 309.9 297.6 833 27.36 0.02 0.01 1.56 4 3.03 

2013SW24' 2.668 0.655 0.919 6.1 347.3 323.8 311.0 814 20.93 0.33 0.00 2.25 3 3.03 

2013TE135' 2.361 0.759 0.569 6.0 182.4 102.9 285.4 978 19.94 0.52 0.21 0.85 4 3.08 

2013TF' 2.843 0.737 0.748 18.5 193.4 89.0 282.4 740 22.35 0.17 0.28 0.32 8 2.78 

2013TL69' 2.475 0.527 1.170 35.3 198.2 187.6 25.8 911 21.31 0.27 2.74 0.17 8 3.06 

2013TL127' 2.518 0.654 0.871 0.3 35.8 292.2 328.0 887 26.65 0.02 0.25 0.76 4 3.12 

2013TR135' 2.224 0.809 0.424 1.8 243.4 18.0 261.4 1070 23.28 0.11 0.42 2.35 4 3.11 

2013UP8' 2.539 0.617 0.971 47.8 55.2 187.3 242.5 877 16.16 2.94 3.07 0.96 4 2.79 

2013VG2' 2.604 0.659 0.888 5.8 218.9 226.6 85.5 844 26.38 0.03 1.69 0.02 4 3.06 

2013WM' 2.080 0.916 0.175 4.1 239.3 41.0 280.3 1183 23.93 0.08 0.19 0.10 4 3.02 

2013WR67' 2.559 0.715 0.729 5.1 270.1 67.9 338.0 867 21.88 0.21 0.03 0.55 4 3.01 

2013WS67' 2.515 0.678 0.810 15.2 66.4 294.4 0.9 889 23.24 0.11 0.06 0.88 8 3.06 
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2013WT43' 2.356 0.749 0.592 16.6 239.1 84.8 324.0 981 22.51 0.16 0.98 0.11 4 3.07 

2013WX44' 2.823 0.663 0.952 3.9 252.3 139.6 31.9 748 25.77 0.04 2.18 0.06 4 2.95 

2013XG17' 2.550 0.737 0.671 14.2 75.9 82.5 158.3 871 22.7 0.14 0.08 0.27 4 2.96 

2013XN24' 2.670 0.629 0.990 14.0 279.4 172.6 92.0 813 19.22 0.72 3.28 0.01 4 3.03 

2013YA38' 2.502 0.696 0.760 4.1 187.2 172.4 359.6 897 20.88 0.33 3.16 0.75 4 3.07 

2013YB14' 2.469 0.705 0.728 2.7 293.3 87.6 20.9 914 22.82 0.14 0.19 0.29 4 3.08 

2013YC' 2.494 0.943 0.141 2.8 262.8 34.1 296.8 901 21.17 0.29 0.14 0.26 4 2.55 

2013YK148' 2.142 0.886 0.245 17.7 12.1 11.6 23.8 1132 18.59 0.96 0.25 2.48 4 3.13 

2013YQ2' 2.535 0.639 0.916 1.9 70.5 345.0 55.4 879 23.66 0.09 0.94 2.91 4 3.13 

2014AK51' 2.921 0.667 0.974 2.3 105.4 348.3 93.7 710 26.61 0.02 0.0 3.66 4 2.90 

2014AL29' 2.568 0.501 1.280 38.3 114.3 16.0 130.3 862 20.27 0.44 0.31 2.70 2 2.98 

2014AY16' 2.570 0.617 0.983 4.3 263.1 144.7 47.8 861 23.24 0.11 2.18 0.07 4 3.13 

2014BH25' 2.653 0.687 0.829 9.6 137.6 283.5 61.1 821 21.54 0.25 0.22 0.65 4 2.98 

2014CY4' 2.651 0.819 0.479 15.0 126.8 289.2 56.0 822 20.96* 0.574* 0.70 0.18 4 2.75 

2014DD10' 3.839 0.881 0.457 12.7 18.3 15.3 33.7 471 18.83 0.86 0.46 4.69 4 2.15 

2014DJ23' 2.949 0.734 0.786 12.4 169.4 65.6 235.0 701 22.41 0.17 0.05 0.94 8 2.76 

2014EL45' 2.859 0.619 1.088 30.9 174.9 22.8 197.7 734 19.93 0.52 0.13 3.10 8 2.82 

2014EQ12' 2.637 0.744 0.675 11.0 178.0 92.3 270.3 829 21.06 0.31 0.22 0.14 4 2.91 

2014FH54' 2.744 0.872 0.353 15.4 14.0 48.7 62.6 781 22.16 0.19 0.42 0.55 4 2.60 

2014FT38' 2.466 0.841 0.393 16.6 16.9 56.1 73.0 916 20.68 0.37 0.49 0.36 4 2.82 

2014GN1' 2.649 0.749 0.665 3.0 193.1 80.3 273.4 823 24.63 0.06 0.03 0.33 4 2.91 

2014HB196' 2.500 0.783 0.541 22.4 36.2 317.8 354.0 898 19.1 0.76 0.63 1.36 4 3.68 

2014HG4' 2.766 0.787 0.588 4.5 109.4 210.4 319.8 771 19.88 0.53 2.29 0.61 4 2.78 

2014JL25' 2.900 0.657 0.996 15.7 70.1 172.1 242.2 718 22.78 0.23 3.73 0.98 4 287 

2014JO25' 2.066 0.886 0.236 25.3 30.7 49.5 80.2 1195 18.02 1.25 0.29 0.04 4 3.05 

2014JQ57' 2.808 0.775 0.633 24.7 90.0 24.2 114.2 754 18.95 0.81 0.68 2.81 4 2.70 

2014JR25' 2.522 0.667 0.840 10.3 226.1 304.3 170.4 886 23.62 0.09 0.01 1.25 4 3.09 

2014JS54' 2.061 0.891 0.224 3.3 235.2 206.4 81.6 1199 21.15 0.30 1.09 0.24 4 3.07 

2014JT54' 2.395 0.723 0.663 4.0 85.2 232.6 317.8 958 24.23 0.07 1.06 0.79 4 3.11 

2014JW54' 2.435 0.881 0.291 21.0 115.2 343.7 98.9 934 18.68 0.92 0.31 2.52 4 2.74 

2014JY79' 1.931 0.913 0.169 51.5 247.4 169.2 56.6 1322 17.49 1.60 2.35 0.24 4 2.93 

2014KM4' 2.811 0.674 0.915 5.2 143.9 10.2 154.0 753 21.2 0.29 0.94 3.54 4 2.93 

2014KP4' 2.325 0.820 0.419 9.3 249.3 235.7 125.0 1001 19.31 0.69 0.40 0.54 4 2.99 

2014KT76' 2.488 0.700 0.746 4.4 208.2 298.2 146.4 904 21.23 0.29 0.95 0.90 4 3.08 

2014LJ21' 2.890 0.895 0.302 24.2 126.8 302.7 69.4 722 16.03 3.13 0.40 0.10 8 2.41 

2014LN9' 2.307 0.864 0.315 18.6 201.8 168.7 10.5 1012 20.47 0.40 2.83 0.31 4 2.89 

2014LN17' 2.540 0.801 0.505 6.7 252.1 263.2 155.3 877 27.22 0.02 0.99 0.85 4 2.95 

2014MB6' 2.823 0.649 0.991 1.3 107.2 134.4 241.6 747 26.22 0.03 2.01 0.10 4 2.96 

2014MR26' 2.884 0.844 0.450 10.8 141.3 293.2 74.5 724 17.77 1.4 0.64 0.23 4 2.59 

2014MX17' 2.346 0.509 1.152 42.9 278.3 13.6 291.9 987 20.46 0.41 0.15 2.46 8 3.06 

2014NF64' 2.874 0.708 0.840 9.1 125.9 258.2 24.1 728 18.34 1.08 0.44 0.38 4 2.84 

2014NK52' 2.203 0.839 0.355 2.5 256.4 268.4 164.9 1085 21.22 0.29 0.65 0.65 4 3.07 

2014NM64' 2.842 0.627 1.061 28.8 303.0 8.3 311.4 740 22.04 0.20 0.05 3.56 8 3.09 

2014OM339' 2.582 0.642 0.924 3.4 28.6 18.2 46.9 855 21.41 0.26 0.94 2.88 4 3.09 

2014OX299' 2.200 0.857 0.315 6.4 157.8 279.7 77.4 1087 19.52 0.63 0.52 0.67 4 3.03 

2014OY1' 2.579 0.624 0.969 23.0 76.3 186.7 263.1 857 19.2 0.598* 3.16 0.95 4 3.03 

2014PD58' 3.159 0.775 0.711 48.8 279.5 145.7 65.2 632 17.66 1.48 2.49 0.79 8 2.30 

2014QK433' 2.987 0.600 1.194 39.2 308.7 2.2 310.8 687 18.31 1.784* 2.49 0.79 8 2.68 

2014QM266' 2.273 0.812 0.428 10.3 334.2 112.4 86.6 1035 24.52 0.06 0.11 0.60 4 3.03 

2014QQ434' 2.410 0.684 0.761 13.5 226.6 176.1 42.7 949 20.1 0.48 3.00 0.77 4 3.14 

2014QR295' 2.499 0.720 0.699 8.8 64.7 10.1 74.8 898 18.25 1.12 0.72 3.12 4 3.03 

2014RD11' 2.571 0.782 0.560 2.8 7.6 230.2 237.8 861 22.83 0.14 0.99 0.67 4 2.90 

2014SM260' 2.259 0.884 0.262 7.8 336.8 246.9 223.8 1045 20.96 0.32 0.74 0.38 4 2.91 

2014SN1' 2.768 0.686 0.869 4.3 359.5 291.4 290.9 770 25.08 0.05 0.17 0.96 4 2.93 

2014SR223' 2.564 0.659 0.874 1.7 186.6 122.9 309.5 864 26.76 0.02 1.27 0.07 4 3.08 

2014SS223' 2.586 0.660 0.878 6.4 175.9 134.9 310.8 853 26.13 0.03 1.74 0.99 4 3.08 

2014TA36' 2.829 0.710 0.821 6.2 229.5 255.9 125.4 746 20.68 0.37 0.69 0.21 4 2.87 

2014UA8' 2.592 0.649 0.909 3.0 42.2 29.1 71.3 850 25.36 0.04 0.96 2.46 4 3.07 

2014UC206' 2.657 0.845 0.411 11.5 206.6 134.7 341.3 819 18.99 0.80 0.97 0.49 4 2.71 

2014UF206' 2.426 0.542 1.111 48.1 114.7 12.8 127.4 939 18.75 1.626* 0.14 2.62 4 2.91 

2014UG176' 2.787 0.719 0.783 16.4 87.9 15.3 103.2 763 21.26 0.421* 0.81 3.36 4 2.86 

2014VC10' 2.231 0.817 0.408 11.8 84.0 196.7 280.7 1064 19.38 0.67 2.43 0.40 4 3.07 

2014WD120' 2.470 0.568 1.067 30.5 60.0 359.6 59.6 914 24.21 0.07 0.08 2.86 8 3.09 
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ʊʘʙʣʠʮʘ 1 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ɸʩʪʝʨʦʠʜ 
a 

a.e. 
e 

q 

a.e. 
ię ɋę ɤę ˊę n"  H 

d 

km 

Ra 

a.e. 

Rd 

a.e. 
Ni Tj  

2014WE7' 2.441 0.588 1.005 39.7 231.6 223.6 95.2 931 22.92 0.13 1.78 0.13 4 2.99 

2014WF365' 2.260 0.763 0.534 17.9 165.8 15.1 180.9 1044 17.33 1.72 0.55 2.58 4 3.11 

2014WG121' 2.568 0.730 0.693 4.7 12.9 145.2 158.1 862 21.61 0.24 2.00 0.75 4 2.99 

2014WN368' 2.703 0.662 0.913 5.5 217.4 158.4 15.8 799 23.18 0.12 3.03 0.92 4 3.01 

2014XE32' 2.528 0.654 0.875 2.9 260.5 131.4 31.9 883 26.35 0.03 1.53 0.01 4 3.13 

2014XK6' 2.708 0.739 0.707 14.0 6.6 321.9 328.5 796 19.07 0.77 0.78 1.96 4 2.87 

2014XQ7' 2.646 0.752 0.657 31.0 141.1 13.3 154.4 824 20.35 0.651* 0.68 3.24 4 2.79 

2014XX7' 2.902 0.597 1.168 36.7 186.2 162.8 349.0 718 19.44 1.198* 3.36 0.20 4 2.75 

2014YJ14' 2.201 0.820 0.395 29.5 305.8 57.0 2.8 1087 18.37 1.06 0.48 0.30 8 3.01 

2014YL14' 2.724 0.772 0.620 5.8 72.2 286.4 358.6 789 20.61 0.38 0.91 0.56 4 2.83 

2014YQ34' 2.480 0.827 0.428 3.4 272.3 290.6 202.9 909 24.05 0.08 0.59 0.12 4 2.85 

2014YS14' 2.466 0.661 0.837 18.3 124.6 13.9 138.5 916 20.94 0.33 0.86 2.86 4 3.09 

2014YS43' 2.968 0.824 0.523 12.9 326.8 245.0 211.8 694 20.33 0.43 0.45 0.72 8 2.59 

 

ʊʘʙʣʠʮʘ 2 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʨʘʜʠʘʥʪʦʚ ʠ ʩʢʦʨʦʩʪʝʡ ʤʝʪʝʦʨʥʳʭ ʧʦʪʦʢʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ɸʉɿ (2000.0) 

ʇʦʪʦʢ ɼʘʪʘ Lᾔ
Á aÁ d Á 

Vg 

ʢʤ/ʩ 
ʋʟʝʣ 

2009AL 

NN 25.I 306.2 105.9 31.6 14.4 Rd 

NS 23.I 302.7 102.9 9.8 15.3 Ra 

DN 19.V 58.9 72.4 34.5 16.1 Rd 

Ds 14.V 54.4 73.9 14.4 14.9 Ra 

2009BB 

NN 17.I 297.1 131.3 24.1 29.0 Rd 

NS 13.I 292.4 125.2 11.6 30.1 Ra 

DN 02.IX 159.0 152.9 19.3 29.7 Rd 

DS 31.VIII 157.4 147.6 7.1 29.1 Ra 

2009BD81 

NN 19.V 290.6 98.5 35.2 17.4 Rd 

NS 24.I 304.5 101.5 1.5 15.1 Ra 

DN 11.I 37.1 59.4 48.0 13.4 Rd 

DS 28.IV 58.5 73.3 10.1 16.9 Ra 

2009BE77 

NN 13.I 292.5 129.5 26.5 30.5 Rd 

NS 13.I 292.9 125.7 8.8 30.7 Ra 

DN 03.IX 160.6 155.0 21.2 30.1 Rd 

DS 03.IX 160.5 149.0 4.5 29.9 Ra 

2009BG2 

NN 15.XII 262.8 87.0 27.0 24.9 Rd 

NS 20.XII 268.5 90.2 16.7 23.5 Ra 

DN 25.VI 93.5 92.4 30.0 23.4 Rd 

DS 01.VII 99.4 95.6 19.8 24.7 Ra 

2009CZ2 

NN 14.XII 262.3 276.4 57.9 20.5 Rd 

NN 2.IX 181.0 342.7 27.4 20.3 Rd 

NS 26.IX 183.0 10.1 -29.8 19.6 Ra 

NS 24.XII 272.5 69.7 -80.0 21.3 Ra 

DN 15.XI 232.8 302.7 70.1 20.4 Rd 

DN 13.II 324.3 322.7 12.9 20.1 Rd 

DS 11.II 322.1 342.8 -42.4 20.7 Ra 

DS 17.XII 234.3 71.6 -59.1 20.7 Ra 

2009DA1 

NN 27. IX 184.4 346.2 7.9 17.0 Rd 

NS 17. IX 175.2 350.7 -11.8 18.7 Ra 

DN 10.II 321.7 330.3 -4.3 18.9 Rd 

DS 10.II 321.4 337.0 -22.7 18.9 Ra 
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ʊʘʙʣʠʮʘ 2 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʦʪʦʢ ɼʘʪʘ Lᾔ
Á aÁ d Á 

Vg 

ʢʤ/ʩ 
ʋʟʝʣ 

2009DO4 

NN 07.V 46.8 13.8 70.5 21.3 Rd 

NN 12.I 291.8 114.2 55.0 21.3 Rd 

NS 13.I 292.5 105.5 -14.7 22.1 Ra 

NS 26.IV 35.7 65.0 -46.1 21.5 Ra 

DN 13.II 324.3 188.1 71.6 21.1 Rd 

DN 26.V 64.7 56.8 60.4 21.5 Rd 

DS 31.V 69.9 77.2 -9.3 21.2 Ra 

DS 08.II 319.0 116.8 -41.2 22.3 Ra 

2009DT43 

NN 09.XI 226.2 25.9 20.0 16.5 Rd 

NS 18.XI 235.1 34.9 2.7 14.6 Ra 

DN 01.III 340.7 359.5 12.5 14.0 Rd 

DS 13.III 352.3 10.7 -5.5 16.4 Ra 

2009FA 

NN 20.V 59.0 337.2 77.7 23.5 Rd 

NN 21.I 301.6 131.1 43.3 23.6 Rd 

NS 22.I 302.8 119.8 -8.8 24.2 Ra 

NS 11.V 50.9 72.7 -52.8 23.5 Ra 

DN 19.III 358.8 232.4 61.8 23.6 Rd 

DN 06.VII 104.5 109.0 50.9 23.9 Rd 

DS 12.III 351.3 131.8 -57.5 24.3 Ra 

DS 09.VII 106.0 104.6 -1.1 23.5 Ra 

2009HE21 

NN 26.IV 37.9 228.5 -12.9 30.0 Rd 

NS 02.V 41.3 228.1 -21.0 29.0 Ra 

DN 16.XII 264.1 253.0 -19.6 28.8 Rd 

DS 19.XII 267.7 254.1 -27.6 29.8 Ra 

2009HS2 

NN 01.I 280.6 258.8 56.6 29.0 Rd 

NN 04.IX 161.6 345.8 8.3 28.7 Rd 

NS 03.IX 160.7 354.4 -14.1 28.7 Ra 

NS 06.I 285.0 123.2 -76.7 30.4 Ra 

DN 03.XII 250.6 252.2 75.5 28.6 Rd 

DN 31.III 10.7 357.8 10.4 28.7 Rd 

DS 30.III 9.3 6.2 -11.7 28.5 Ra 

DS 01.XII 248.9 100.8 -55.0 30.1 Ra 

2009HS44 

NN 07.V 46.0 206.3 -6.0 15.7 Rd 

NS 29.IV 38.3 200.6 -14.0 17.5 Ra 

DN 25.VIII 151.5 180.5 11.0 14.4 Rd 

DS 02.IX 159.1 176.4 -3.4 15.9 Ra 

2009HU58 

NN 18.X 204.6 194.3 66.9 37.1 Rd 

NS 29.IV 38.9 237.5 -41.1 37.0 Ra 

DN 01.VIII 128.1 328.4 56.1 36.6 Rd 

DS 16.I 295.7 268.1 -46.6 37.4 Ra 

2009KE3 

NN 22.VI 90.0 255.2 -13.8 17.4 Rd 

NS 01.VII 99.5 256.3 -29.3 15.2 Ra 

DN 23.X 209.4 228.1 -10.9 15.9 Rd 

DS 31.X 217.6 226.2 -26.6 17.9 Ra 

2009KM 

NN 17.XII 265.8 244.4 -13.8 22.7 Rd 

NS 27.V 65.4 243.6 -27.6 23.8 Ra 

DN 24.XI 241.5 239.5 -13.9 23.8 Ra 

DS 23.XI 240.9 237.8 -28.0 22.7 Rd 

2009QB36 

NN 09.X 195.0 21.9 14.3 27.7 Rd 

NS 13.X 199.8 28.4 5.5 26.5 Ra 

DN 15.V 54.2 41.3 21.8 26.6 Rd 

DS 19.V 58.6 46.8 12.9 27.8 Ra 

 



 69 

ʊʘʙʣʠʮʘ 2 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʦʪʦʢ ɼʘʪʘ Lᾔ
Á aÁ d Á 

Vg 

ʢʤ/ʩ 
ʋʟʝʣ 

2009QN5 

NN 13.IX 170.0 359.2 8.5 29.5 Rd 

NS 17.IX 174.7 8.9 -6.4 28.4 Ra 

DN 27.IV 36.8 20.4 18.4 28.5 Rd 

DS 01.V 40.6 28.7 3.6 29.6 Ra 

2009RV1 

NN 03.IX 160.7 293.1 -3.8 10.7 Rd 

NS 28.X 214.0 341.9 -23.4 9.3 Ra 

DN 14.X 200.2 241.0 -15.3 11.2 Rd 

DS 23.XI 240.1 291.5 -42.7 10.8 Ra 

2009SB 

NN 7.X 193.2 21.02 14.6 28.2 Rd 

NS 11.X 197.2 27.3 5.0 27.1 Ra 

DN 18.V 57.0 42.8 22.3 27.3 Rd 

DS 13.V 52.5 43.7 10.9 26.1 Ra 

2009SM98 

NN 25.IV 34.8 203.9 4.0 17.2 Rd 

NS 20.IV 29.1 191.9 -19.5 18.6 Ra 

DN 12.IX 168.9 183.9 12.5 18.9 Rd 

DS 03.IX 160.7 170.1 -9.9 17.2 Ra 

2009SQ 

NN 6.V 45.5 296.7 56.7 32.4 Rd 

NN 22.IX 179.2 9.5 18.8 32.9 Rd 

NS 24.IX 181.1 22.7 -7.6 32.8 Ra 

NS 02.V 41.9 41.9 -68.1 37.7 Ra 

DN 30.V 68.2 290.2 54.5 32.2 Rd 

DN 23.V 62.0 37.5 30.4 33.0 Rd 

DS 17.I 297.6 283.6 -36.0 33.2 Ra 

DS 05.I 284.5 127.7 -58.0 34.5 Ra 

2009SG18 

NN 06.XI 223.3 222.2 63.9 34.6 Rd 

NN 07.VI 76.7 275.0 -10.5 35.2 Rd 

NS 10.VI 79.3 277.6 -35.7 34.4 Ra 

NS 05.XI 222.8 125.0 -54.7 35.3 Ra 

DN 01.X 187.0 307.8 84.6 35.6 Rd 

DN 13.II 324.6 306.7 -6.7 34.2 Rd 

DS 16.II 327.5 315.0 -29.9 35.1 Ra 

DS 29.IX 185.0 82.2 -48.6 34.6 Ra 

2009ST103 

NN 20.XII 268.4 299.0 73.5 19.9 Rd 

NN 16.III 355.2 352.3 19.8 20.5 Rd 

NS 21.III 0.4 11.6 -17.0 21.6 Ra 

DN 14.I 293.0 289.5 60.0 20.3 Rd 

DN 16.X 202.2 9.0 25.7 21.6 Rd 

DS 19.X 205.7 26.3 -11.0 20.6 Ra 

2009UN3 

NN 12.II 323.8 290.6 57.2 22.2 Rd 

NN 04.XI 221.9 27.3 42.3 21.9 Rd 

NS 01.XI 218.7 46.1 -11.7 22.6 Ra 

NS 12.II 323.4 57.1 -72.4 23.0 Ra 

DN 31.XII 279.9 262.5 79.3 22.1 Rd 

DN 12.IV 22.2 7.6 34.0 22.4 Rd 

DS 10.IV 20.4 30.1 -18.3 21.9 Ra 

DS 05.I 284.6 100.0 -58.0 24.2 Ra 

2009WQ25 

NN 09.VI 78.2 249.2 -14.5 19.3 Rd 

NS 02.XI 219.1 250.4 -27.5 17.9 Ra 

DN 18.VI 85.7 230.3 -12.9 17.4 Rd 

DS 26.X 211.8 224.1 -23.2 16.3 Ra 

2009WQ52 

NN 14.XI 231.8 6.5 23.2 15.6 Rd 

NS 08.XI 225.4 31.5 6.3 16.9 Ra 
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ʊʘʙʣʠʮʘ 2 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʦʪʦʢ ɼʘʪʘ Lᾔ
Á aÁ d Á 

Vg 

ʢʤ/ʩ 
ʋʟʝʣ 

DN 16.III 355.6 6.5 9.6 16.7 Rd 

DS 08.III 347.8 11.1 -8.7 15.3 Ra 

2009WY51 

NN 13.IX 170.3 244.8 53.5 18.0 Rd 

NN 28.VI 96.0 263.8 5.0 18.4 Rd 

NS 25.VI 93.3 258.1 -47.0 18.5 Ra 

NS 154.IX 172.8 145.4 -69.6 17.8 Ra 

DN 15.VIII 142.7 271.8 51.1 18.3 Rd 

DN 26.X 212.5 233.5 10.8 17.7 Rd 

DS 29.X 215.4 215.2 -45.5 18.5 Ra 

DS 22.VIII 148.0 100.9 -80.5 17.7 Ra 

2010AK2 

NN 08.IV 17.6 253.3 42.1 32.8 Rd 

NS 01.II 311.9 163.4 36.6 31.9 Ra 

DN 29.I 308.0 140.8 -12.1 32.9 Rd 

DS 15.IX 171.7 145.9 -14.1 32.2 Ra 

2010BG2 

NN 26.V 64.8 265.1 -5.0 36.8 Rd 

NS 15.XI 232.5 149.4 -56.1 37.4 Ra 

DN 08.VIII 135.2 324.8 50.6 37.0 Rd 

DS 30.I 309.4 294.1 -40.4 36.6 Ra 

2010BL2 

NN 08.IV 17.6 253.3 42.1 32.8 Rd 

NS 01.II 311.9 163.4 36.6 31.9 Rd 

DN 29.I 308.0 140.8 -12.1 32.9 Ra 

DS 15.IX 171.7 145.9 -14.1 32.2 Ra 

2010BQ 

NN 04.II 314.5 297.7 43.3 21.9 Rd 

NN 14.X 200.4 359.6 42.6 21.9 Rd 

NS 12.X 198.8 31.8 -26.9 22.0 Ra 

NS 30.I 309.6 19.3 -76.1 23.2 Ra 

DN 13.XI 230.4 348.2 72.5 21.7 Rd 

DN 02.III 341.7 328.1 28.9 21.8 Rd 

DS 06.III 345.0 3.6 -39.8 22.3 Ra 

DS 18.XI 235.0 73.0 -46.9 22.8 Ra 

2010CA55 

NN 21.IX 177.3 345.4 59.7 34.4 Rd 

NS 24.VII 120.0 314.6 7.0 36.4 Rd 

DN 04.III 343.9 337.9 -35.7 35.6 Ra 

DS 09.I 288.3 237.1 -80.4 34.8 Ra 

2010CN44 

NN 28.XII 275.5 54.4 31.6 12.2 Rd 

NS 16.XII 263.2 57.9 11.4 14.4 Ra 

DN 20.III 359.9 21.2 20.9 13.8 Rd 

DS 01.IV 11.3 29.5 6.1 16.1 Ra 

2010CQ19 

NN 10.I 289.6 40.7 16.8 8.8 Rd 

NS 23.XII 270.0 48.1 13.8 11.2 Ra 

DN 11.II 322.4 19.0 11.5 9.2 Rd 

DS 11.III 350.5 18.4 3.0 13.5 Ra 

2010CR5 

NN 03.III 342.1 173.9 6.6 27.6 Rd 

NS 05.III 344.7 171.6 -2.4 26.9 Ra 

DN 14.X 200.2 192.9 0.3 26.9 Ra 

DS 17.X 203.0 190.9 -8.7 27.6 Rd 

2010DK34 

NN 01.III 340.2 167.1 10.4 26.4 Rd 

NS 27.II 338.1 160.7 -1.1 26.7 Ra 

DN 17.IX 173.9 173.6 11.8 26.6 Rd 

DS 15.IX 171.9 167.3 0.9 26.4 Ra 

2010DX1 

NN 11.I 290.4 288.8 43.2 20.6 Rd 
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ʊʘʙʣʠʮʘ 2 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʦʪʦʢ ɼʘʪʘ Lᾔ
Á aÁ d Á 

Vg 

ʢʤ/ʩ 
ʋʟʝʣ 

NN 08.X 194.5 347.1 40.5 20.6 Rd 

NS 05.X 191.7 21.5 -32.6 20.4 Ra 

NS 18.I 297.2 356.1 -74.7 21.8 Ra 

DN 26.X 212.9 341.6 60.0 20.6 Rd 

DN 11.II 322.6 319.2 20.1 20.5 Rd 

DS 02.XI 219.2 55.9 -48.4 21.0 Ra 

DS 10.II 320.5 346.9 -49.5 21.3 Ra 

2010EF21 

NN 23.IX 179.8 353.4 9.2 21.4 Rd 

NS 28.IX 184.6 4.1 -9.9 20.1 Ra 

DN 05.III 344.1 345.7 5.7 20.0 Rd 

DS 10.III 349.2 356.4 -13.9 21.4 Ra 

2010EF44 

NN 12.XI 229.0 212.4 61.3 36.3 Rd 

NN 04.VI 73.2 277.6 -3.1 36.7 Rd 

NS 04.VI 73.5 278.6 -41.7 35.9 Ra 

NS 14.XI 231.1 133.5 -51.8 36.9 Ra 

DN 15.IX 171.6 350.2 76.2 35.8 Rd 

DN 20.II 331.1 305.1 -0.5 35.8 Rd 

DS 17.II 328.4 312.7 -39.8 36.0 Ra 

DS 21.IX 177.5 77.1 -43.6 35.9 Ra 

2010EK44 

NN 20.IV 29.2 207.7 2.9 22.2 Rd 

NS 20.IV 29.2 197.3 -23.8 22.4 Ra 

DN 01.X 187.8 196.9 9.6 22.5 Rd 

DS 01.X 187.0 185.1 -17.3 22.2 Ra 

2010FC81 

NN 15.III 354.1 138.6 16.2 11.7 Rd 

NS 26.III 5.3 134.4 6.5 10.2 Ra 

DN 30.V 68.8 103.5 24.0 12.3 Rd 

DS 27.V 65.0 103.4 22.1 11.6 Ra 

2010FD7 

NN 21.IV 30.3 197.2 9.5 16.3 Rd 

NS 02.V 41.1 184.7 -26.5 14.5 Ra 

DN 7.VIII  134.4 169.6 28.8 14.8 Rd 

DS 2.VIII  129.9 154.5 -7.1 13.4 Ra 

2010FF10 

NN 21.V 59.2 205.6 9.7 11.2 Rd 

NS 11.V 50.2 191.5 -24.1 12.8 Ra 

DN 19.VII 116.0 180.1 35.5 10.8 Rd 

RD 31.VII 127.1 158.6 -8.7 11.5 Ra 

2010FJ81 

NN 19.II 330.9 168.4 12.3 33.8 Rd 

NS 08.III 347.4 170.8 -5.7 29.4 Ra 

DN 05.X 191.4 187.9 5.8 29.4 Rd 

DS 22.X 208.1 191.1 -10.6 33.9 Ra 

2010GK23 

NN 25.IV 34.4 26.5 24.1 24.2 Ra 

NS 29.IV 38.0 40.5 1.5 23.4 Rd 

DN 25.X 211.1 23.2 24.6 23.4 Ra 

DS 28.X 214.4 37.3 1.6 24.2 Rd 

2010GO33 

NN 06.V 45.4 220.8 2.6 19.6 Rd 

NS 02.V 41.0 207.1 -28.8 20.6 Ra 

DN 08.X 194.2 204.0 7.8 20.8 Rd 

DS 03.X 189.2 188.5 -22.9 19.6 Ra 

2010GQ75 

NN 24.VII 120.1 321.9 -8.5 35.6 Rd 

NS 19.VII 116.3 322.5 -18.5 36.5 Ra 

DN 26.IV 35.2 10.2 7.1 36.6 Rd 

DS 22.IV 31.5 11.3 -0.8 35.5 Ra 

 



 72 

ʊʘʙʣʠʮʘ 2 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʦʪʦʢ ɼʘʪʘ Lᾔ
Á aÁ d Á 

Vg 

ʢʤ/ʩ 
ʋʟʝʣ 

2010GT7 

NN 9.XII 256.1 51.5 35.4 16.2 Rd 

NS 18.XII 265.3 64.4 -4.6 15.0 Ra 

DN 10.IV 19.2 25.8 24.0 17.5 Rd 

DS 31.III 10.9 33.5 -5.3 16.0 Ra 

2010GX62 

NN 20.IV 29.3 14.8 63.3 19.1 Rd 

NN 12.I 291.9 98.8 60.4 18.4 Rd 

NS 09.I 288.7 94.5 -14.7 19.4 Ra 

NS 05.IV 14.9 60.6 -45.5 19.3 Ra 

DN 28.I 307.1 126.3 75.3 18.4 Rd 

DN 28.IV 37.6 31.2 57.6 19.0 Rd 

DS 26.IV 35.2 59.8 -19.9 18.2 Ra 

DS 27.I 306.2 102.0 -34.0 19.7 Ra 

2010HV20 

NN 17.V 55.2 228.7 -14.7 21.4 Rd 

NS 10.V 49.8 224.3 -20.2 22.8 Ra 

DN 4.XII 221.1 221.7 -12.6 22.9 Rd 

DS 29.X 215.2 216.5 -18.0 21.5 Ra 

2010JF87 

NN 27.XII 274.1 72.7 45.5 16.6 Rd 

NS 18.XII 265.4 74.5 2.8 18.3 Ra 

DN 25.IV 34.5 38.0 37.2 17.7 Rd 

DS 19.IV 28.0 50.0 -6.7 16.4 Ra 

2010JG87 

NN 20.I 299.4 240.5 49.5 38.1 Rd 

NS 30.VIII 156.7 4.3 -9.3 37.6 Ra 

DN 11.I 290.8 232.1 53.1 38.2 Ra 

DS 01.VI 70.3 47.8 7.2 37.3 Rd 

2010JH88 

NN 14.IX 170.2 356.6 5.8 26.9 Rd 

NS 09.IX 166.7 359.5 -5.5 27.9 Ra 

DN 21.IV 30.0 15.9 11.9 28.0 Rd 

DS 17.IV 26.1 18.1 0.8 26.9 Ra 

2010JL33 

NN 10.VII 107.8 280.0 -16.0 19.7 Rd 

NS 14.VII 111.8 282.4 -25.6 18.7 Ra 

DN 06.XII 253.1 262.8 -20.4 19.0 Rd 

DS 09.XII 256.4 263.4 -30.7 20.0 Ra 

2010KY127 

NN 23.IV 32.8 239.7 -14.3 41.1 Rd 

NS 22.IV 31.0 236.3 -18.4 41.4 Ra 

DN 25.II 336.4 311.3 -19.1 40.5 Rd 

DS 25.II 336.3 311.5 -22.9 40.8 Ra 

2010LG64 

NN 25.VI 93.3 276.6 -3.4 25.5 Rd 

NS 24.VI 92.3 276.3 -39.2 25.2 Ra 

DN 29.XII 276.5 273.4 -7.0 25.2 Rd 

DS 28.XII 275.3 271.9 -43.9 25.6 Ra 

2010LU108 

NN 28.XI 245.9 74.5 24.7 27.7 Rd 

NS 26.XI 243.4 73.7 18.9 28.4 Ra 

DN 13.VII 110.0 99.8 26.6 28.7 Rd 

DS 10.VII 107.2 97.8 21.4 27.9 Ra 

2010MA113 

NN 21.IX 177.1 233.7 70.7 26.2 Rd 

NN 27.XI 244.1 240.9 5.1 25.8 Ra 

NS 26.V 64.0 253.2 4.1 26.1 Rd 

NS 26.IX 182.3 120.0 -58.3 25.2 Ra 

DN 06.VIII 133.7 297.0 60.3 26.0 Rd 

DN 01.XII 248.8 245.1 4.3 25.8 Rd 

DS 31.V 69.2 257.9 3.5 26.1 Ra 
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ʊʘʙʣʠʮʘ 2 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʦʪʦʢ ɼʘʪʘ Lᾔ
Á aÁ d Á 

Vg 

ʢʤ/ʩ 
ʋʟʝʣ 

DS 07.VIII 134.6 57.7 -68.2 24.7 Ra 

2010MU111 

NN 05.VI 74.7 295.5 72.6 25.5 Rd 

NN 19.VIII 145.2 151.2 36.6 25.7 Ra 

NS 18.VIII 144.4 135.8 -4.5 25.4 Rd 

NS 03.VI 72.2 79.4 -59.2 24.3 Ra 

DN 06.V 45.8 267.9 57.8 25.7 Rd 

DN 22.VIII 148.8 154.9 35.3 25.7 Rd 

DS 24.VIII 150.2 141.0 -6.2 25.5 Ra 

DS 29.IV 38.6 116.5 -75.3 24.9 Ra 

2010NU1 

NN 27.II 338.1 268.9 53.4 29.8 Rd 

NN 29.X 215.8 41.1 35.6 29.7 Rd 

NS 29.X 215.4 52.5 -1.0 30.0 Ra 

NS 01.III 340.0 91.3 -81.6 30.9 Ra 

DN 09.II 319.0 248.4 57.9 29.9 Rd 

DN 11.VI 79.5 58.8 39.2 30.3 Rd 

DS 09.VI 77.6 65.6 3.2 29.6 Ra 

DS 02.II 312.5 130.3 -66.2 31.2 Ra 

2010OL100 

NN 24.VII 120.2 293.0 6.2 20.3 Rd 

NS 23.VII 119.9 302.3 -44.3 19.8 Ra 

DN 21.XII 268.0 272.7 0.8 20.1 Rd 

DS 20.XII 267.8 272.6 -51.6 20.6 Ra 

2010PY75 

NN 02.XII 249.5 249.7 55.2 27.8 Rd 

NN 31.VII 127.9 312.4 5.8 27.8 Rd 

NS 01.VIII 128.4 326.7 -36.2 27.4 Ra 

NS 08.XII 255.3 140.7 -73.5 28.9 Ra 

DN 12.X 198.5 312.5 73.9 27.4 Rd 

DN 12.II 323.9 311.9 4.8 27.5 Rd 

DS 13.II 324.0 326.2 -38.2 27.8 Ra 

DS 15.X 201.1 75.9 -53.6 28.0 Ra 

2010QA5 

NN 25.IX 182.2 251.5 55.6 20.0 Ra 

NN 3.VII 101.1 271.6 -4.0 20.0 Ra 

NS 3.VII 101.6 272.0 -41.2 19.8 Rd 

NS 26.IX 183.6 133.1 -73.5 19.5 Rd 

DN 13.IX 169.8 265.5 58.2 20.2 Ra 

DN 21.XI 238.9 249.7 -3.3 20.1 Ra 

DS 21.XI 238.4 241.8 -42.1 20.2 Rd 

DS 5.IX 162.8 83.5 -78.1 19.3 Rd 

2010QE2 

NN 01.XII 248.7 324.2 51.6 39.3 Rd 

NS 13.VI 81.7 287.3 -35.9 38.5 Ra 

DN 09.III 348.4 323.4 -1.3 38.4 Rd 

DS 25.IX 181.7 72.4 -42.7 38.0 Ra 

2010RV3 

NN 11.IX 168.9 5.2 7.2 32.4 Rd 

NS 09.IX 166.0 6.7 -1.1 33.2 Ra 

DN 26.V 64.5 43.1 22.0 31.6 Rd 

DS 29.V 67.8 47.9 13.6 32.5 Ra 

2010TN55 

NN 3.X 189.8 190.7 -1.6 22.6 Ra 

NS 28.III 7.8 186.3 -4.5 22.7 Rd 

DN 30.IX 186.8 188.0 -0.4 22.6 Rd 

DS 29.III 8.7 187.0 -4.8 22.7 Ra 

2010TU149 

NN 23.X 209.7 41.9 16.8 30.4 Rd 

NS 28.X 214.0 44.8 15.9 29.2 Ra 

DN 15.VI 83.5 71.2 24.2 27.8 Rd 

DS 25.VI 93.7 77.9 22.5 30.7 Ra 
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ʊʘʙʣʠʮʘ 2 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʦʪʦʢ ɼʘʪʘ Lᾔ
Á aÁ d Á 

Vg 

ʢʤ/ʩ 
ʋʟʝʣ 

2010UE 

NN 08.VI 76.7 240.6 -14.8 17.6 Rd 

NS 20.VI 88.2 242.5 -24.0 15.1 Ra 

DN 06.X 192.8 213.0 -9.5 15.8 Rd 

DS 28.IX 184.4 209.0 -15.4 14.0 Ra 

2010UG7 

NN 20.X 206.8 26.1 27.5 25.9 Rd 

NS 24.X 210.1 40.1 -3.3 25.4 Ra 

DN 06.V 45.9 30.6 31.1 25.4 Rd 

DS 09.V 48.6 43.6 0.7 25.9 Ra 

2010UM7 

NN 17.X 203.5 0.8 10.3 16.0 Rd 

NS 23.X 209.2 7.9 -3.1 14.6 Ra 

DN 03.II 313.2 336.0 -2.6 14.6 Rd 

DS 09.II 319.2 343.5 -17.9 16.0 Ra 

2010UQ7 

NN 13.VI 81.0 240.2 -5.7 14.8 Rd 

NS 02.VI 71.8 231.2 -28.9 16.6 Ra 

DN 21.IX 177.0 210.2 9.4 13.6 Rd 

DS 30.IX 186.9 200.0 -23.3 15.2 Ra 

2010XC11 

NN 06.I 285.9 118.6 23.9 29.0 Rd 

NS 05.I 284.9 115.8 14.1 29.1 Ra 

DN 15.VIII 141.9 135.6 23.4 29.6 Rd 

DS 20.VIII 146.7 138.7 13.4 29.0 Ra 

2010XD11 

NN 10.IV 19.7 210.6 -7.8 29.3 Rd 

NS 07.IV 16.4 205.8 -15.1 30.3 Ra 

DN 04.XII 251.5 237.4 -15.9 30.1 Rd 

DS 01.XII 248.6 233.8 -23.9 29.2 Ra 

2010XX58 

NN 06.I 285.5 123.3 22.1 31.5 Rd 

NS 05.I 284.0 120.9 15.6 31.9 Ra 

DN 15.IX 171.3 159.3 13.4 32.0 Rd 

DS 13.IX 169.8 155.9 8.1 31.7 Ra 

2011AD3 

NN 28.IX 184.9 338.8 -1.8 14.6 Rd 

NS 08.X 194.2 343.9 -10.7 12.8 Ra 

DN 23.XI 240.1 320.0 -14.2 8.7 Rd 

DS 05.I 284.5 314.7 -25.7 14.6 Ra 

2011AF3 

NN 10.I 289.1 119.3 22.7 32.0 Rd 

NS 06.I 285.2 113.3 16.4 31.6 Ra 

DN 07.VIII 134.4 131.0 23.3 31.7 Rd 

DS 09.VIII 135.1 129.7 16.6 31.9 Ra 

2011AK37 

NN 16.XI 233.4 359.8 12.9 10.5 Rd 

NS 06.XI 223.1 6.8 0.6 11.9 Ra 

DN 19.I 298.4 71.8 25.8 10.8 Rd 

DS 25.I 304.1 339.8 -19.1 13.3 Ra 

2011AT26 

NN 24.VII 120.8 288.7 -14.4 17.2 Rd 

NS 22.VII 118.1 288.9 -25.1 17.8 Ra 

DN 11.XII 258.4 268.9 -20.6 18.1 Rd 

DS 08.XII 255.8 267.2 -31.2 17.6 Ra 

2011BE38 

NN 09.IV 18.6 191.2 10.2 18.4 Rd 

NS 16.IV 25.5 181.2 -19.5 17.1 Ra 

DN 17.VIII 143.6 168.1 24.3 17.3 Rd 

DS 23.VIII 149.1 157.8 -5.9 18.3 Ra 

2011BF40 

NN 12.II 322.7 134.2 29.3 17.9 Rd 
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ʊʘʙʣʠʮʘ 2 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʦʪʦʢ ɼʘʪʘ Lᾔ
Á aÁ d Á 

Vg 

ʢʤ/ʩ 
ʋʟʝʣ 

NS 10.II 320.5 126.7 6.1 18.4 Ra 

DN 21.VI 89.8 106.1 36.9 18.1 Rd 

DS 23.VI 91.4 104.6 18.2 18.3 Ra 

2011BT59 

NN 12.IV 21.5 221.9 -14.6 37.6 Rd 

NS 13.IV 22.9 222.1 -16.9 37.3 Ra 

DN 17.I 296.7 277.0 -22.6 35.7 Rd 

DS 20.I 299.3 278.8 -25.2 36.5 Ra 

2011BX18 

NN 30.VI 97.2 209.9 76.2 19.6 Rd 

NN 31.III 9.3 188.0 21.2 19.8 Rd 

NS 30.III 8.7 169.1 -20.2 20.0 Ra 

NS 22.VI 90.0 110.4 -52.3 18.6 Ra 

DN 18.V 56.7 241.3 55.3 20.0 Rd 

DN 15.VIII 141.2 163.1 32.5 19.9 Rd 

DS 11.VIII 137.4 143.3 -11.4 19.2 Ra 

DS 18.V 56.0 140.5 -66.1 19.2 Ra 

2011BY18 

NN 1.VII 99.0 282.8 -19.3 23.9 Rd 

NS 30.VI 97.6 282.6 -23.7 24.4 Ra 

DN 14.I 293.1 290.7 -21.3 24.3 Rd 

DS 12.I 291.7 290.8 -25.9 23.8 Ra 

2011CN14 

NN 22.IV 31.0 317.7 61.9 26.9 Rd 

NN 10.VI 78.8 72.8 -2.3 26.7 Rd 

NS 10.XII 257.9 87.6 -3.9 27.6 Ra 

NS 17.IV 26.9 50.5 -59.9 27.2 Ra 

DN 10.II 320.9 221.7 65.0 27.0 Rd 

DN 20.VI 88.0 81.2 -1.4 26.7 Ra 

DS 22.XII 269.1 97.6 -3.9 27.7 Rd 

DS 09.II 319.2 127.5 -56.2 28.6 Ra 

2011DS9 

NN 09.VI 77.9 145.0 27.5 9.3 Rd 

NS 12.VI 80.1 139.2 14.1 9.3 Ra 

DN 13.VI 81.7 139.2 16.2 9.5 Rd 

DS 28.IV 37.6 162.5 -5.4 10.0 Ra 

2011DV10 

NN 14.XI 231.2 7.4 32.0 13.7 Rd 

NS 01.XI 218.0 21.5 -7.3 15.5 Ra 

DN 14.II 324.8 341.3 11.2 15.3 Rd 

DS 22.II 332.7 356.4 -18.2 16.8 Ra 

2011EC41 

NN 26.VI 93.9 290.5 -19.4 32.0 Rd 

NS 01.VII 99.1 296.7 -21.8 32.1 Ra 

DN 24.II 335.2 321.6 -14.5 32.0 Rd 

DS 17.II 327.8 316.6 -19.5 31.2 Ra 

2011EF17 

NN 11.IV 20.8 199.6 -2.1 22.1 Rd 

NS 19.IV 28.2 198.4 -15.2 20.3 Ra 

DN 29.IX 185.7 192.6 2.0 20.5 Rd 

DS 06.X 192.3 190.8 -10.2 22.1 Ra 

2011EL40 

NN 19.X 205.0 12.7 8.2 17.9 Rd 

NS 13.X 199.1 11.7 3.5 19.2 Ra 

DN 15.III 353.9 0.3 1.6 19.2 Rd 

DS 20.III 358.2 3.5 -2.7 20.5 Ra 

2011EN11 

NN 18.XII 265.2 49.5 23.5 12.1 Rd 

NS 08.XII 255.5 51.1 13.1 14.0 Ra 

DN 17.III 355.9 18.2 13.7 13.3 Rd 

DS 06.III 344.5 22.3 1.4 11.3 Ra 
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ʊʘʙʣʠʮʘ 2 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʦʪʦʢ ɼʘʪʘ Lᾔ
Á aÁ d Á 

Vg 

ʢʤ/ʩ 
ʋʟʝʣ 

2011FQ2 

NN 29.III 8.2 172.3 30.0 14.1 Rd 

NS 01.IV 10.6 150.6 -24.5 14.7 Ra 

DN 20.VI 88.5 136.0 55.8 14.0 Rd 

DS 24.VI 92.4 119.0 -6.7 13.6 Ra 

2011FZ2 

NN 15.V 53.0 229.2 -10.0 22.2 Rd 

NS 11.V 49.2 222.7 -25.1 23.2 Ra 

DN 04.XI 221.3 222.8 -7.5 23.3 Rd 

DS 31.X 217.4 215.8 -22.9 22.2 Ra 

2011FZ22 

NN 17.VII 113.0 310.3 -11.8 32.2 Rd 

NS 13.VII 110.9 311.2 -21.7 32.6 Ra 

DN 26.III 4.5 347.0 -2.1 32.5 Rd 

DS 24.III 2.2 349.0 -11.3 32.1 Ra 

2011GH3 

NN 18.V 56.0 233.4 -10.8 21.9 Rd 

NS 13.V 51.8 227.2 -25.5 23.1 Ra 

DN 13.XI 230.2 229.9 -10.3 23.1 Rd 

DS 08.XI 225.1 222.3 -25.0 22.0 Ra 

2011HB53 

NN 02.IX 159.4 339.7 6.5 24.5 Rd 

NS 29.VIII 155.8 346.8 -17.2 25.0 Ra 

DN 15.III 353.9 345.2 5.3 25.0 Rd 

DS 12.III 350.5 353.0 -18.4 24.4 Ra 

2011HS 

NN 04.I 283.2 80.2 30.5 15.3 Rd 

NS 29.XII 276.7 79.7 15.6 16.7 Ra 

DN 26.IV 35.8 48.7 27.7 16.3 Rd 

DS 20.IV 29.0 52.2 8.5 14.8 Ra 

2011KE 

NN 20.III 358.9 334.1 -10.8 38.7 Rd 

NS 27.V 65.0 271.0 -21.9 38.8 Ra 

DN 24.III 2.3 338.1 -10.7 38.5 Ra 

DS - - - - - Rd 

2011KG20 

NN 08.XII 255.4 251.9 4.7 25.5 Rd 

NN 03.X 189.6 230.8 65.7 26.2 Ra 

NS 10.X 196.7 132.1 -60.3 25.4 Ra 

NS 07.XII 254.2 238.2 -49.4 26.1 Ra 

DN 07.XII 254.2 250.9 4.8 25.5 Rd 

DN 10.VIII 136.3 299.5 57.8 26.1 Rd 

DS 11.VIII 137.8 49.7 -68.6 24.7 Ra 

DS 08.XII 255.7 240.3 -49.7 26.3 Rd 

2011LC19 

NN 29.VII 125.0 283.5 -8.1 16.4 Rd 

NS 01.VIII 128.9 288.1 -39.2 15.6 Ra 

DN 09.XI 226.6 251.8 -1.0 16.1 Rd 

DS 13.XI 230.0 245.9 -42.3 16.7 Ra 

2011MX2 

NN 05.IX 161.6 211.1 64.6 23.7 Rd 

NN 09.V 47.5 235.7 15.1 23.5 Rd 

NS 10.IX 166.5 136.1 -50.2 22.5 Ra 

NS 11.V 49.3 214.0 -50.4 23.2 Ra 

DN 20.VI 88.1 271.8 44.2 23.6 Rd 

DN 15.X 201.6 211.8 23.5 23.6 Rd 

DS 13.X 199.1 180.2 -39.2 23.3 Ra 

DS 16.VI 84.4 222.9 -85.7 22.2 Ra 

2011OE26 

NN 15.VI 83.1 133.6 73.1 18.1 Rd 

NN 21.III 359.9 174.0 37.8 17.3 Rd 

NS 12.III 350.3 146.7 -15.5 19.0 Ra 
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ʊʘʙʣʠʮʘ 2 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʦʪʦʢ ɼʘʪʘ Lᾔ
Á aÁ d Á 

Vg 

ʢʤ/ʩ 
ʋʟʝʣ 

NS 02.VI 70.7 99.4 -42.5 70.7 Ra 

DN 07.IV 16.6 197.3 52.1 17.5 Rd 

DN 05.VII 102.2 130.5 49.5 18.5 Rd 

DS 09.IV 18.1 140.2 -49.2 19.0 Ra 

DS 17.VII 113.3 123.9 2.9 19.6 Ra 

2011SB16 

NN 16.X 202.7 28.2 13.0 27.2 Ra 

NS 22.X 208.2 32.4 10.4 25.7 Rd 

DN 12.V 50.7 41.8 18.6 25.8 Rd 

DS 17.V 55.5 45.2 15.8 27.3 Ra 

2011SC108 

NN 23.IX 179.4 354.3 8.7 22.0 Rd 

NS 20.IX 176.2 359.2 -7.1 22.7 Ra 

DN 17.III 355.5 353.2 3.9 22.7 Ra 

DS 14.III 352.4 358.2 -12.1 22.0 Rd 

2011SE191 

NN 28.VI 95.1 248.7 9.8 14.0 Rd 

DN 04.IX 160.6 218.8 29.7 12.8 Rd 

2011SE97 

NN 14.X 200.4 354.1 4.6 13.8 Rd 

NS 07.X 193.9 355.9 -3.9 15.1 Ra 

DN 30.I 309.3 330.0 -10.1 15.1 Rd 

DS 03.II 313.1 334.6 -18.7 16.0 Ra 

2011SJ16 

NN 21.I 300.8 276.5 55.9 25.1 Rd 

NN 06.X 192.5 5.7 23.7 24.7 Rd 

NS 04.X 190.6 19.6 -10.9 25.0 Ra 

NS 16.I 295.9 97.4 -75.5 27.0 Ra 

DN 17.XII 264.2 267.8 77.1 24.7 Rd 

DN 06.X 192.5 5.7 23.7 24.7 Rd 

DS 04.IV 13.8 2.4 20.4 25.0 Ra 

DS 23.XII 270.6 100.6 -60.1 26.8 Ra 

2011UA115 

NN 21.XI 238.7 6.0 5.1 9.5 Rd 

NS 14.XI 231.8 8.2 3.4 10.4 Rd 

DN 15.I 294.2 339.4 -8.5 10.4 Ra 

DS 25.I 304.8 342.2 -16.1 12.1 Ra 

2011UE256 

NN 24.XI 241.9 64.1 27.3 26.0 Ra 

NS 02.XII 249.1 73.1 11.8 25.4 Rd 

DN 06.VI 74.4 67.1 32.2 25.4 Rd 

DS 02.VI 70.6 64.2 15.8 26.1 Ra 

2011UF256 

NN 31.XII 278.0 277.3 47.5 24.3 Rd 

NN 28.IX 184.5 350.3 17.2 22.2 Rd 

NS 12.IX 168.3 352.9 -20.9 23.5 Ra 

NS 01.I 279.5 34.7 -83.4 24.3 Ra 

DN 03.XI 220.9 226.8 63.8 21.5 Rd 

DN 20.II 330.0 329.2 5.5 23.5 Rd 

DS 15.II 325.3 340.8 -29.4 22.6 Ra 

DS 08.XI 225.0 65.7 -54.4 23.8 Ra 

2011US63 

NN 14.III 352.2 318.0 54.8 23.3 Rd 

NN 21.XI 238.4 43.5 45.0 22.5 Rd 

NS 19.XI 236.5 59.1 -8.5 23.3 Ra 

NS 08.III 346.8 41.0 -62.1 23.9 Ra 

DN 31.XII 278.5 158.5 88.9 23.2 Rd 

DN 20.IV 29.5 17.1 38.4 23.1 Rd 

DS 20.IV 29.2 39.1 -12.7 22.6 Ra 

DS 31.XII 278.6 94.2 -44.1 24.2 Ra 

2011VG9 

NN 19.IV 28.9 209.1 -9.7 23.6 Rd 
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ʊʘʙʣʠʮʘ 2 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʦʪʦʢ ɼʘʪʘ Lᾔ
Á aÁ d Á 

Vg 

ʢʤ/ʩ 
ʋʟʝʣ 

NS 25.IV 34.8 210.2 -15.5 22.1 Ra 

DN 26.III 4.8 186.7 -0.6 23.6 Ra 

DS 20.IV 29.5 205.2 -13.7 22.1 Rd 

2011WC44 

NN 07.X 193.1 229.7 51.2 22.1 Rd 

NN 20.VI 88.4 266.8 14.1 22.0 Rd 

NS 22.VI 90.7 263.9 -60.0 21.1 Ra 

NS 16.X 202.9 169.2 -60.5 21.6 Ra 

DN 22.VII 118.4 284.2 42.2 22.0 Rd 

DN 08.XI 225.6 236.1 17.3 21.8 Rd 

DS 04.XI 221.4 202.7 -54.3 21.9 Ra 

DS 23.VII 119.2 346.0 -80.9 20.7 Ra 

2011WJ15 

NN 04.V 43.8 229.6 -3.2 25.1 Rd 

NS 02.V 41.8 219.8 -30.5 25.6 Ra 

DN 19.XI 236.2 232.4 -4.0 25.6 Rd 

DS 17.XI 234.4 223.0 -32.0 25.1 Ra 

2011WN69 

NN 27.V 65.6 244.5 -11.8 23.0 Rd 

NS 01.VI 70.8 243.6 -29.7 21.5 Ra 

DN 17.XI 234.4 237.7 -11.3 21.7 Rd 

DS 23.XI 240.2 236.6 -29.8 23.0 Ra 

2011WO41 

NN 18.VI 86.7 192.4 84.6 21.2 Rd 

NN 10.III 348.9 171.5 29.0 20.9 Rd 

NS 19.III 357.7 153.9 -25.0 20.2 Ra 

NS 19.VI 87.8 102.8 -40.5 19.5 Ra 

DN 24.IV 33.2 232.6 55.7 21.2 Rd 

DN 20.VII 116.1 143.9 51.1 19.9 Rd 

DS 27.VII 123.2 128.8 -7.0 20.3 Ra 

DS 11.IV 20.5 150.5 -50.8 20.0 Ra 

2011WR46 

NN 14.XII 261.8 99.0 25.2 32.9 Rd 

NS 13.XII 260.0 96.3 21.2 32.5 Ra 

DN 22.VIII 148.7 136.0 18.4 32.7 Rd 

DS 16.VIII 142.4 127.5 17.8 33.6 Ra 

2011XM1 

NN 04.X 190.9 344.1 12.9 15.4 Rd 

NS 09.X 195.9 358.2 -17.8 14.2 Ra 

DN 13.I 292.2 315.7 1.9 13.9 Rd 

DS 21.I 300.5 329.9 -32.6 15.7 Ra 

2011YH28 

NN 16.II 326.9 143.0 31.9 18.5 Rd 

NS 16.II 326.4 132.1 -2.6 18.8 Ra 

DN 30.VI 97.9 115.3 42.1 18.4 Rd 

DS 04.VII 101.8 112.4 9.0 18.7 Ra 

2011YU62 

NN 21.I 300.9 112.7 27.7 19.0 Rd 

NS 20.I 299.8 111.5 17.2 19.7 Ra 

DN 12.VI 80.6 89.8 29.2 19.5 Rd 

DS 10.VI 78.8 89.7 16.7 18.9 Ra 

2012AB3 

NN 21.X 207.6 340.8 20.6 11.7 Rd 

NS 14.X 200.0 357.0 -18.2 12.4 Ra 

DN 09.I 287.5 314.5 -1.0 12.7 Rd 

DS 06.I 284.6 326.9 -40.2 12.8 Ra 

2012BE124 

NN 29.IV 38.0 234.3 -15.7 34.5 Rd 

NS 01.V 40.1 234.2 -20.4 33.7 Ra 

DN 09.I 287.4 269.1 -22.8 34.4 Rd 

DS 17.I 296.0 278.9 -26.4 34.2 Ra 
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ʊʘʙʣʠʮʘ 2 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʦʪʦʢ ɼʘʪʘ Lᾔ
Á aÁ d Á 

Vg 

ʢʤ/ʩ 
ʋʟʝʣ 

2012BJ13 

NN 11.III 350.7 187.2 10.0 29.6 Rd 

NS 09.III 348.6 176.3 -12.1 30.2 Ra 

DN 30.X 216.3 206.5 2.3 30.1 Rd 

DS 29.X 215.5 197.1 -20.1 29.7 Ra 

2012BU61 

NN 02.VII 99.9 280.7 -14.1 23.5 Rd 

NS 04.I 283.1 285.0 -16.8 22.5 Ra 

DN 03.VII 100.3 281.1 -14.1 23.5 Rd 

DS 29.XII 276.8 278.4 -17.3 22.5 Ra 

2012CA21 

NN 04.IV 14.1 329.4 68.1 20.3 Rd 

NN 28.XII 276.2 87.5 52.4 20.1 Rd 

NS 23.XII 271.6 87.0 -5.0 21.2 Ra 

NS 01.IV 11.7 60.4 -52.7 20.5 Ra 

DN 08.II 318.1 206.0 79.2 20.2 Rd 

DN 04.V 53.6 48.3 48.6 20.7 Rd 

DS 12.V 51.3 63.0 -8.4 20.0 Ra 

DS 31.I 310.8 105.7 -43.0 20.9 Ra 

2012CC29 

NN 31.VII 128.1 311.4 -14.9 23.5 Rd 

NS 07.VIII 134.3 318.1 -15.7 23.3 Ra 

DN 07.VIII 134.9 318.1 -13.0 23.5 Ra 

DS 31.VII 128.8 312.6 -17.3 23.4 Rd 

2012DG54 

NN 10.XI 227.0 244.9 62.2 26.4 Rd 

NN 18.VII 114.1 299.7 4.6 26.8 Rd 

NS 15.I 294.5 285.8 0.5 26.1 Ra 

NS 14.XI 231.5 125.2 -67.0 26.7 Ra 

DN 04.X 190.0 299.5 73.0 26.1 Rd 

DN 27.I 306.6 296.7 2.2 26.0 Rd 

DS 28.I 307.7 307.7 -45.1 26.9 Ra 

DS 10.X 196.0 81.7 -57.9 26.1 Ra 

2012EL5 

NN 07.XI 224.0 23.9 17.9 16.1 Rd 

NS 30.X 216.5 25.5 5.4 17.7 Ra 

DN 17.III 356.7 5.4 7.7 17.5 Rd 

DS 10.III 349.3 8.0 -5.3 15.9 Ra 

2012FA71 

NN 24.XI 241.9 40.0 19.2 16.0 Rd 

NS 17.XI 234.2 39.6 12.6 17.7 Ra 

DN 27.III 6.2 17.1 10.6 17.5 Rd 

DS 20.III 359.2 18.2 2.9 15.9 Ra 

2012FB71 

NN 07.XI 224.8 31.1 15.4 18.4 Rd 

NS 04.XI 221.3 31.6 12.0 19.5 Ra 

DN 01.IV 11.0 16.9 8.0 19.5 Rd 

DS 26.III 5.8 16.5 3.9 18.2 Ra 

2012FZ23 

NN 20.X 206.9 52.1 29.5 41.5 Rd 

NS 18.X 204.0 55.0 10.0 42.2 Ra 

DN 28.VIII 154.4 127.7 24.7 42.8 Rd 

DS 24.VIII 150.2 121.3 12.4 42.0 Ra 

2012GA12 

NN 29.IX 186.1 8.5 5.9 24.5 Rd 

NS 06.X 192.7 13.1 3.6 22.8 Ra 

DN 05.IV 15.6 12.9 7.6 22.8 Rd 

DS 12.IV 22.3 17.5 5.3 24.6 Ra 

2012GB18 

NN 10.V 49.8 232.9 -11.7 25.3 Rd 

NS 15.V 54.4 231.6 -25.2 23.9 Ra 

DN 21.XI 238.0 236.0 -13.2 23.9 Rd 
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ʊʘʙʣʠʮʘ 2 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʦʪʦʢ ɼʘʪʘ Lᾔ
Á aÁ d Á 

Vg 

ʢʤ/ʩ 
ʋʟʝʣ 

DS 25.XI 242.4 234.8 -27.0 25.2 Ra 

2012GS5 

NN 29.III 8.6 202.6 -7.0 34.4 Rd 

NS 30.III 9.5 198.9 -12.0 32.9 Ra 

DN 20.XI 237.5 222.3 -13.2 33.5 Rd 

DS - - - - - Ra 

2012HG8 

NN 29.X 215.5 18.6 49.1 23.8 Rd 

NN 28.II 338.3 308.4 46.5 23.8 Rd 

NS 25.X 211.9 44.9 -19.9 24.1 Ra 

NS 25.II 335.1 21.8 -68.3 25.1 Ra 

DN 29.XI 246.7 14.1 80.9 23.7 Rd 

DN 30.III 8.8 348.8 35.0 23.8 Rd 

DS 31.III 9.8 21.4 -30.6 24.1 Ra 

DS 03.XII 250.0 84.5 -42.9 25.0 Ra 

2012HR15 

NN 12.VIII 139.2 320.1 2.1 24.8 Rd 

NS 09.VIII 136.8 328.3 -26.7 25.1 Ra 

DN 19.II 329.4 322.8 -0.7 25.1 Rd 

DS 10.XI 227.1 331.8 -30.0 24.8 Ra 

2012LC1 

NN 29.I 308.0 263.0 51.4 28.7 Rd 

NN 21.IX 178.2 1.8 28.6 29.0 Rd 

NS 22.IX 179.0 22.1 -17.1 28.4 Ra 

NS 31.I 310.9 130.8 -82.0 30.5 Ra 

DN 15.XII 263.2 226.4 73.3 28.8 Rd 

DN 24.IV 34.2 7.7 29.6 28.6 Rd 

DS 23.IV 33.0 26.4 -16.4 28.7 Ra 

DS 14.XII 262.8 113.4 -52.9 30.5 Ra 

2012LD13 

NN 20.XII 268.8 81.2 23.7 19.4 Rd 

NS 17.XII 265.0 79.4 18.9 20.2 Ra 

DN 25.V 64.9 68.0 26.1 20.0 Rd 

DS 22.V 61.3 66.6 21.1 19.3 Ra 

2012LK2 

NN 02.X 189.5 20.9 20.0 32.1 Rd 

NS 30.IX 187.1 27.0 0.7 32.7 Ra 

DN 11.VI 80.9 58.5 29.5 33.1 Rd 

DS 08.VI 77.5 60.5 10.8 32.1 Ra 

2012LL9 

NN 05.IX 162.5 258.3 71.7 26.0 Rd 

NN 21.V 60.6 245.8 -5.5 26.2 Rd 

NS 22.V 61.4 240.0 -36.5 26.1 Ra 

NS 30.VIII 156.5 91.7 -63.9 24.8 Ra 

DN 18.VIII 145.4 286.6 66.5 26.0 Rd 

DN 01.XII 249.4 246.3 -5.5 26.1 Rd 

DS 01.XII 249.8 240.0 -37.1 26.2 Ra 

DS 28.VIII 154.7 89.2 -64.5 24.8 Ra 

2012LZ1 

NN 15.V 54.2 223.8 24.6 16.4 Rd 

DN 02.VI 71.1 236.6 40.2 16.3 Rd 

DS 08.VIII 135.3 143.8 -36.8 15.9 Ra 

2012MA7 

NN 05.VII 103.0 203.6 66.2 17.0 Rd 

NN 22.IV 32.5 198.0 12.4 16.7 Rd 

NS 18.IV 28.6 183.0 -18.4 17.4 Ra 

NS 11.VII 108.1 131.9 -39.7 15.4 Ra 

DN 02.VI 71.8 233.1 53.7 17.2 Rd 

DN 13.VIII 140.2 168.0 25.1 17.3 Rd 

DS 24.VIII 151.2 162.4 2.8 19.6 Ra 

DS 06.VIII 133.6 150.1 -12.5 16.1 Ra 
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ʊʘʙʣʠʮʘ 2 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʦʪʦʢ ɼʘʪʘ Lᾔ
Á aÁ d Á 

Vg 

ʢʤ/ʩ 
ʋʟʝʣ 

2012NN 

NN 09.V 48.1 173.8 17.1 9.2 Rd 

NS 17.V 56.3 155.3 -13.4 8.9 Ra 

DN 31.V 69.3 163.1 32.8 8.7 Rd 

DS 17.VI 86.5 139.4 4.9 9.6 Ra 

2012QC8 

NN 09.IX 166.5 342.0 0.0 22.0 Rd 

NS 05.IX 162.7 343.4 -9.3 22.7 Ra 

DN 25.II 335.2 337.7 -7.0 22.7 Rd 

DS 23.II 333.1 340.7 -16.1 22.0 Ra 

2012QH49 

NN 06.IX 163.4 223.6 60.8 22.0 Rd 

NN 21.V 60.8 241.2 6.6 22.5 Rd 

NS 23.V 62.6 227.5 -45.6 22.0 Ra 

NS 09.IX 166.7 137.7 -56.6 21.5 Ra 

DN 12.VII 109.7 275.9 49.7 22.7 Rd 

DN 23.X 209.3 220.2 12.7 22.3 Rd 

DS 22.X 208.8 198.3 -38.3 22.5 Ra 

DS 10.VII 107.9 72.2 -87.1 21.1 Ra 

2012SG58 

NN 29.IX 186.8 345.4 9.5 16.8 Rd 

NS 26.IX 183.5 352.3 -10.4 17.3 Ra 

DN 01.II 311.9 326.0 -5.9 17.5 Rd 

DS 29.I 308.2 332.5 -28.2 17.1 Ra 

2012SW20 

NN 26.IV 35.5 204.2 11.7 16.3 Rd 

NS 02.V 41.8 187.0 -33.8 15.7 Ra 

DN 15.VIII 142.1 176.9 32.9 15.7 Rd 

DS 20.VIII 147.8 159.0 -13.4 16.1 Ra 

2012TT256 

NN 25.IV 35.6 200.6 -4.7 17.5 Rd 

NS 18.IV 28.7 194.2 -12.5 19.0 Ra 

DN 11.IX 168.5 181.4 6.1 19.2 Rd 

DS 05.IX 162.0 175.2 -2.2 17.6 Ra 

2012UF34 

NN 15.X 201.1 333.9 12.1 11.8 Rd 

NS 24.X 210.4 347.7 -27.0 10.3 Ra 

DN 22.XII 270.2 307.4 -9.7 12.0 Rd 

DS 16.XII 264.3 317.5 -43.4 11.9 Ra 

2012UR158 

NN 06XI 223.0 55.8 21.6 31.1 Rd 

NS 09.XI 226.2 59.1 16.4 30.2 Ra 

DN 07.VII 105.7 91.8 27.1 30.5 Rd 

DS 11.VII 108.6 93.4 21.8 31.4 Ra 

2012VJ6 

NN 30.XII 278.7 83.0 27.3 16.9 Rd 

NS 08.I 286.1 86.5 13.2 15.5 Ra 

DN 27.IV 36.6 53.0 30.7 14.8 Rd 

DS 05.V 44.8 59.5 15.9 16.5 Ra 

2012WQ3 

NN 21.V 60.6 235.3 -16.8 21.1 Rd 

NS 16.V 55.8 231.5 -21.2 22.3 Ra 

DN 21.V 60.0 236.2 -15.8 23.8 Ra 

DS 12.V 50.4 226.0 -19.8 22.4 Rd 

2012XJ134 

NN 11.VII 108.8 280.2 -15.8 19.1 Rd 

NS 06.VII 104.9 278.7 -26.4 19.9 Ra 

DN 09.XII 257.6 264.3 -19.9 20.1 Rd 

DS 06.XII 254.5 262.0 -30.7 19.4 Ra 

2012XT134 

NN 25.X 211.2 201.8 56.3 36.2 Rd 

NS 24.IV 34.9 231.1 -46.4 36.5 Ra 
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ʊʘʙʣʠʮʘ 2 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʦʪʦʢ ɼʘʪʘ Lᾔ
Á aÁ d Á 

Vg 

ʢʤ/ʩ 
ʋʟʝʣ 

DN 28.XII 276.3 251.6 4.7 37.0 Rd 

DS 30.VI 98.9 7.8 -64.1 35.3 Ra 

2012YO3 

NN 14.VIII 141.6 305.4 -12.2 15.7 Rd 

NS 18.VIII 145.6 308.3 -20.1 14.7 Ra 

DN 12.XII 260.0 279.4 -21.7 15.2 Rd 

DS 16.XII 264.1 281.4 -30.1 16.2 Ra 

2012YR3 

NN 21.X 207.3 339.9 15.3 11.9 Rd 

NS 11.X 197.8 351.1 -12.7 12.9 Ra 

DN 06.I 284.6 314.5 -7.3 13.2 Rd 

DS 05.I 284.7 322.4 -32.7 13.6 Ra 

2013AE4 

NN 28.VIII 154.2 310.8 4.9 16.2 Rd 

NS 24.VIII 151.6 319.5 -30.0 16.1 Ra 

DN 18.XII 266.4 284.3 -8.1 16.4 Rd 

DS 26.IX 183.3 193.1 -27.0 16.5 Ra 

2013AJ91 

NN 22.I 301.9 147.2 13.5 38.0 Rd 

NS 20.I 299.9 144.1 9.2 38.3 Ra 

DN 02.XI 219.9 195.6 -3.8 39.0 Rd 

DS 26.I 305.6 149.9 12.0 37.5 Ra 

2013AO27 

NN 01.V 40.6 226.7 -17.1 28.1 Rd 

NS 28.IV 37.8 224.6 -17.4 28.7 Ra 

DN 08.XII 256.4 245.1 -21.1 28.7 Rd 

DS 07.XII 255.4 245.1 -21.9 27.9 Ra 

2013AO60 

NN 28.IX 185.2 339.7 4.7 14.3 Rd 

NS 26.IX 183.2 345.6 -11.5 14.5 Ra 

DN 15.I 294.3 315.5 -11.5 14.8 Rd 

DS 12.I 290.9 320.2 -29.7 14.4 Ra 

2013AP60 

NN 16.VIII 143.3 228.0 71.1 24.0 Rd 

NN 30.IV 39.6 222.8 6.7 23.8 Rd 

NS 28.IV 37.9 207.0 -32.8 24.0 Ra 

NS 21.VIII 148.8 125.2 -53.5 22.2 Ra 

DN 29.VI 97.7 273.2 52.0 24.1 Rd 

DN 17.X 203.5 209.9 9.6 24.2 Rd 

DS 14.X 200.1 190.6 -29.5 23.7 Ra 

DS 25.VI 93.4 119.3 -85.0 22.3 Ra 

2013AT76 

NN 03.IV 13.6 347.6 60.3 20.7 Rd 

NN 19.XII 267.0 71.6 52.3 20.2 Rd 

NS 17.XII 265.7 79.8 -9.3 21.1 Ra 

NS 25.III 4.7 51.8 -51.5 21.3 Ra 

DN 18.I 297.9 126.8 83.1 20.0 Rd 

DN 25.IV 35.2 26.8 48.1 20.7 Rd 

DS 29.IV 38.2 52.6 -10.9 20.4 Ra 

DS 16.I 295.5 97.8 -39.0 21.6 Ra 

2013AU76 

NN 06.III 345.2 151.0 16.6 16.6 Rd 

NS 07.III 346.4 145.1 -2.2 16.7 Ra 

DN 30.VI 98.7 124.1 37.4 16.4 Rd 

DS 19.V 58.9 77.2 16.6 16.1 Ra 

2013BC18 

NN 20.V 59.0 3.4 71.1 25.9 Rd 

NN 09.I 287.5 120.3 53.5 25.3 Rd 

NS 08.I 286.2 108.3 -12.3 26.4 Ra 

NS 12.V 51.5 64.7 -44.0 24.8 Ra 

DN 13.II 323.1 197.1 64.4 25.6 Rd 

DN 22.VI 90.0 81.8 57.1 26.1 Rd 
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ʊʘʙʣʠʮʘ 2 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʦʪʦʢ ɼʘʪʘ Lᾔ
Á aÁ d Á 

Vg 

ʢʤ/ʩ 
ʋʟʝʣ 

DS 23.VI 91.6 88.7 -5.6 25.1 Ra 

DS 09.II 319.1 126.3 -43.5 26.6 Ra 

2013BF18 

NN 05.III 344.6 161.6 16.1 20.7 Rd 

NS 06.III 345.4 154.7 -4.4 20.9 Ra 

DN 06.VIII 133.3 148.0 28.1 20.8 Rd 

DS 05.VIII 132.8 140.6 6.6 20.4 Ra 

2013CT36 

NN 08.VII 106.2 294.2 -15.0 26.9 Rd 

NS 09.VII 107.0 296.2 -24.5 26.6 Ra 

DN 04.II 314.1 308.9 -15.4 26.4 Rd 

DS 03.II 313.3 310.0 -25.1 26.9 Ra 

2013CU82 

NN 11.III 350.2 176.8 13.5 24.3 Rd 

NS 16.IX 353.0 168.7 -8.6 23.5 Ra 

DN 12.III 168.9 174.8 15.7 23.5 Rd 

DS 09.III 171.9 166.9 -6.3 24.2 Ra 

2013DP1 

NN 26.X 212.0 10.8 19.7 16.7 Rd 

NS 03.XI 220.6 24.7 -6.2 15.0 Ra 

DN 18.II 328.2 344.6 11.8 14.4 Rd 

DS 29.II 339.6 0.6 -15.7 16.7 Ra 

2013EH68 

NN 31.VIII 157.6 340.4 -0.3 24.1 Rd 

NS 29.VIII 155.3 343.2 -11.3 24.5 Ra 

DN 15.III 354.6 349.0 -0.5 24.5 Rd 

DS 13.III 352.8 352.4 -11.3 24.1 Ra 

2013GG69 

NN 20.VII 117.0 258.2 10.7 12.5 Rd 

NS 02.VII 100.7 250.5 -40.7 14.3 Ra 

DN 11.X 197.3 223.6 2.1 15.2 Rd 

DS 24.IX 181.5 202.4 -41.6 13.1 Ra 

2013GL8 

NN 20.VI 88.1 278.9 -15.4 28.9 Rd 

NS 20.VI 88.8 279.7 -27.8 28.5 Ra 

DN 30.I 309.0 300.3 -15.8 28.3 Rd 

DS 31.I 310.2 303.6 -27.9 28.8 Ra 

2013HK11 

NN 27.IV 36.0 239.9 -10.4 37.1 Rd 

NS 26.IV 35.3 234.7 -28.7 37.0 Ra 

DN 05.II 315.2 291.5 -13.3 36.7 Rd 

DS 04.II 314.1 292.9 -33.1 36.9 Ra 

2013HR 

NN 08.XII 256.9 55.0 29.1 15.7 Rd 

NS 30.XI 248.7 56.6 10.2 17.4 Ra 

DN 12.IV 22.7 30.0 22.7 17.0 Rd 

DS 20.IV 30.7 39.2 6.5 18.9 Ra 

2013HT25 

NN 20.VIII 147.8 343.0 -3.5 30.6 Rd 

NS 18.VIII 145.1 343.5 -8.8 31.4 Ra 

DN 24.IV 34.8 16.3 8.6 31.4 Rd 

DS 22.IV 32.1 16.7 3.7 30.6 Ra 

2013JA36 

NN 27.VII 124.3 329.6 0.9 40.1 Rd 

NS 24.VII 121.8 335.2 -21.2 40.2 Ra 

NS 07.I 285.4 161.8 -62.8 42.1 Ra 

DN 17.V 56.5 23.6 18.5 40.4 Rd 

DS 12.V 51.8 26.8 -0.7 39.7 Ra 

DS 03.XII 251.9 127.4 -45.5 41.9 Ra 

2013JD34 

NN 07.XII 255.7 64.4 33.3 20.3 Rd 

NS 02.XII 250.9 66.2 10.7 21.4 Ra 

 



 84 

ʊʘʙʣʠʮʘ 2 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʦʪʦʢ ɼʘʪʘ Lᾔ
Á aÁ d Á 

Vg 

ʢʤ/ʩ 
ʋʟʝʣ 

DN 10.V 49.7 49.1 29.6 21.3 Rd 

DS 13.V 52.4 53.7 14.4 22.4 Ra 

2013JM22 

NN 21.V 60.0 249.2 -15.3 28.2 Rd 

NS 18.V 57.2 245.2 -26.8 28.9 Ra 

DN 04.I 282.0 271.2 -18.2 28.6 Rd 

DS 06.I 284.2 272.6 -31.2 29.3 Ra 

2013JS17 

NN 31.X 217.6 32.6 27.2 23.1 Rd 

NS 27.X 213.1 38.2 3.0 23.1 Ra 

DN 05.V 44.8 34.7 25.7 24.1 Rd 

DS 01.V 40.5 40.2 2.0 23.1 Ra 

2013LE16 

NN 27.VII 124.2 214.0 69.4 19.7 Rd 

NN 25.IV 35.5 213.1 15.4 19.3 Rd 

NS 29.IV 38.0 191.8 -39.5 19.6 Ra 

NS 26.VII 123.2 124.0 -51.0 18.1 Ra 

DN 12.VI 81.3 251.5 51.5 19.1 Rd 

DN 06.IX 163.7 187.1 30.6 19.9 Rd 

DS 04.IX 161.6 161.8 -23.5 18.9 Ra 

DS 04.VI 73.3 164.1 -73.2 18.7 Ra 

2013LH25 

NN 18.XI 235.1 38.8 30.2 21.8 Rd 

NS 24.XI 241.1 52.0 -1.2 20.8 Ra 

DN 02.IV 12.0 14.1 27.9 20.7 Rd 

DS 09.IV 19.0 30.6 -2.6 21.9 Ra 

2013LN31 

NN 26.VI 94.2 285.0 -1.5 28.7 Rd 

NS 27.VI 95.0 289.8 -41.2 28.0 Ra 

DN 25.I 304.7 292.6 -2.2 27.9 Rd 

DS 24.I 303.6 298.8 -43.8 28.3 Ra 

2013NE24 

NN 02.V 41.5 178.2 2.6 11.0 Rd 

NS 13.V 52.1 168.1 -12.5 9.9 Ra 

DN 17.VI 86.6 156.6 25.4 9.5 Rd 

DS 01.VII 99.4 145.6 11.7 10.9 Ra 

2013NH4 

NN 09.VII 107.3 258.3 -9.9 13.3 Rd 

NS 28.VII 125.8 253.2 -34.6 10.1 Ra 

DN 29.IX 186.1 223.8 -5.6 11.8 Rd 

DS 08.IX 165.2 220.9 -32.8 9.2 Ra 

2013NW 

NS 09.VIII 136.9 285.7 -50.3 13.0 Ra 

DS 08.IX 165.2 268.2 -79.9 12.8 Ra 

2013PW6 

NN 15.XI 232.0 251.2 56.4 25.7 Rd 

NN 20.VII 117.8 300.5 -1.2 26.3 Rd 

NS 23.VII 120.4 310.7 -36.3 25.5 Ra 

NS 16.XI 233.6 128.3 -71.5 26.4 Ra 

DN 29.IX 186.9 306.0 66.8 25.4 Rd 

DN 27.VII 124.8 307.0 0.3 26.2 Rd 

DS 25.VII 122.8 313.5 -35.7 25.5 Ra 

DS 08.X 194.8 74.2 -60.3 25.7 Ra 

2013RJ74 

NN 08.XI 325.0 306.7 51.8 21.1 Rd 

NN 06.XI 223.6 22.1 42.3 20.9 Rd 

NS 06.XI 223.2 45.5 -16.0 21.2 Ra 

NS 13.II 324.8 34.0 -67.0 22.3 Ra 

DN 14.XII 261.1 349.2 80.6 20.9 Rd 

DN 21.III 0.2 350.8 32.9 21.0 Rd 

DS 24.III 3.5 20.6 -23.9 21.2 Ra 

DS 13.XII 260.4 80.0 -44.9 22.0 Rd 
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ʊʘʙʣʠʮʘ 2 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʦʪʦʢ ɼʘʪʘ Lᾔ
Á aÁ d Á 

Vg 

ʢʤ/ʩ 
ʋʟʝʣ 

2013RS73 

NN 03.VI 72.7 226.7 -2.5 13.8 Rd 

NS 07.VII 105.9 202.0 -41.1 9.6 Ra 

DN 23.VIII 150.7 196.5 15.2 12.0 Rd 

DS 11.IX 168.6 186.2 -16.1 14.8 Ra 

2013SW24 

NN 06.XI 223.7 349.1 22.2 11.1 Rd 

DN 15.VIII 142.7 219.6 20.9 10.2 Rd 

DS 12.IX 169.2 193.9 -24.7 12.8 Ra 

2013TE135 

NN 11.IV 21.0 199.9 -0.5 21.9 Rd 

NS 05.IV 15.7 191.8 -13.3 23.3 Ra 

DN 09.X 195.0 196.5 1.2 23.3 Rd 

DS 02.X 189.7 188.2 -11.6 21.9 Ra 

2013TF 

NN 09.VIII 136.4 201.5 67.5 22.1 Rd 

NN 23.IV 33.8 216.5 17.2 21.8 Rd 

NS 15.VIII 142.7 134.1 -42.3 20.4 Ra 

NS 03.V 42.3 194.0 -46.5 20.9 Ra 

DN 01.VI 70.6 253.8 44.6 22.1 Rd 

DN 16.IX 173.2 190.7 27.3 22.3 Rd 

DS 10.IX 167.1 161.2 -27.6 21.3 Ra 

DS 22.V 61.0 188.4 -67.3 20.6 Ra 

2013TL69 

NN 25.X 211.2 245.8 42.3 19.3 Rd 

NN 20.VIII 146.2 307.5 23.5 19.7 Rd 

NS 20.VIII 146.0 333.6 -50.5 18.8 Ra 

NS 03.XII 250.4 249.0 -76.9 19.8 Ra 

DN 12.IX 169.0 307.9 47.7 19.8 Rd 

DN 17.XII 264.6 274.0 14.3 19.2 Rd 

DS 18.IX 175.8 29.7 -65.7 18.9 Ra 

DS 12.XII 259.8 268.6 -69.0 19.9 Ra 

2013TL127 

NN 08.X 194.8 218.1 -16.3 13.7 Ra 

NS 15.VII 112.4 253.9 -16.9 11.3 Rd 

DN 11.IX 168.3 222.1 -8.1 9.5 Rd 

DS 06.X 192.1 217.1 -17.4 13.2 Ra 

2013TR135 

NN 26.II 336.4 164.9 6.8 26.6 Rd 

NS 29.II 339.7 165.3 3.9 25.6 Ra 

DN 25.IX 182.4 178.2 3.0 25.5 Rd 

DS 28.IX 185.8 178.6 0.3 26.7 Ra 

2013UP8 

NN 01.VI 70.8 292.5 65.1 28.0 Rd 

NN 07.II 318.9 155.1 25.3 28.5 Rd 

NS 09.II 320.0 145.4 -4.3 28.6 Ra 

DN 21.V 59.1 281.7 59.0 28.1 Rd 

DN 10.IX 167.0 166.4 23.9 28.6 Rd 

DS 11.IX 168.7 156.4 -4.6 28.5 Ra 

2013VG2 

NN 04.XI 221.3 3.6 20.2 13.0 Rd 

NS 25.X 211.2 12.8 -5.3 14.7 Ra 

DN 28.VIII 154.5 180.9 10.7 15.1 Rd 

DS 14.II 324.2 349.0 -20.1 15.9 Ra 

2013WM 

NN 16.II 326.4 168.3 6.9 34.4 Rd 

NS 19.II 329.4 167.8 2.7 33.4 Ra 

DN 13.XI 230.4 210.8 -10.3 33.3 Rd 

DS 16.XI 233.5 211.0 -14.4 34.3 Ra 

2013WR67 

NN 26.VI 94.5 260.5 -9.6 17.4 Rd 

NS 05.VII 103.6 261.3 -37.2 15.3 Ra 
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ʊʘʙʣʠʮʘ 2 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʦʪʦʢ ɼʘʪʘ Lᾔ
Á aÁ d Á 

Vg 

ʢʤ/ʩ 
ʋʟʝʣ 

2013WR67 

DN 28.X 214.5 234.0 -5.0 16.1 Rd 

DS 04.XI 221.9 229.2 -32.2 17.7 Ra 

NN 10.X 196.7 266.3 51.8 17.3 Rd 

NN 27.VII 124.7 286.5 11.0 17.5 Rd 

NS 31.VII 128.0 297.0 -51.6 16.2 Ra 

NS 18.X 204.3 194.3 -75.7 15.9 Ra 

DN 11.IX 168.1 279.8 51.0 17.2 Rd 

DN 20.XI 237.1 255.2 5.8 17.1 Rd 

DS 07.XI 224.6 232.5 -60.6 16.2 Ra 

DS 12.IX 169.4 36.7 -83.3 15.7 Ra 

2013WT43 

NN 22.XI 239.5 241.4 2.5 23.3 Ra 

NS 21.XI 238.0 226.7 -41.7 23.9 Rd 

DN 10.V 49.9 235.0 3.9 23.8 Ra 

DS 09.V 48.2 218.9 -38.8 23.4 Rd 

2013WX44 

NN 02.X 189.7 308.8 12.2 10.7 Rd 

NS 25.IX 182.8 323.8 -29.9 10.8 Ra 

DN 14.XI 231.2 285.5 -2.9 10.2 Rd 

DS 20.XI 237.8 289.3 -50.1 11.6 Ra 

2013XG17 

NN 10.XII 258.1 71.0 40.0 21.5 Rd 

NS 13.XII 261.7 78.6 0.3 21.2 Ra 

DN 22.V 61.8 56.7 37.4 22.4 Rd 

DS 20.V 59.0 63.5 3.6 21.4 Ra 

2013XN24 

NN 03.XI 220.5 8.2 25.7 14.9 Rd 

NS 11.XI 228.3 25.9 -12.9 13.4 Ra 

DN 27.I 306.7 333.3 20.6 12.5 Rd 

DS 12.II 322.8 355.9 -25.9 15.0 Ra 

2013YA38 

NN 06.VI 75.6 237.9 12.3 16.2 Rd 

NS 06.VII 104.2 270.5 -25.8 17.1 Ra 

DN 20.XI 237.5 249.6 -19.5 17.4 Rd 

DS 16.X 202.7 213.9 -21.3 16.6 Ra 

2013YB14 

NN 04.VIII 131.9 300.7 -10.2 17.8 Rd 

NS 03.VIII 130.8 303.2 -25.3 17.9 Ra 

DN 17.XII 265.6 279.8 -17.1 17.0 Rd 

DS 22.XII 270.4 283.1 -33.1 18.2 Ra 

2013YC 

NN 28.II 339.7 180.9 0.7 36.7 Rd 

NS 06.III 345.3 184.2 -2.1 35.7 Ra 

DN 02.XII 249.3 227.9 -17.7 35.3 Rd 

DS 05.XII 252.5 228.7 -18.6 36.8 Ra 

2013YK148 

NN 05.VI 74.1 272.8 -17.8 33.3 Rd 

NS 04.VI 73.7 272.3 -26.5 33.1 Ra 

DN 22.II 333.6 316.6 -13.6 32.9 Rd 

DS 22.II 333.7 319.1 -21.7 33.0 Ra 

2013YQ2 

NN 14.X 200.8 339.3 0.1 10.8 Rd 

NS 21.X 207.0 344.4 -15.8 9.9 Ra 

DN 09.XII 256.8 311.3 -13.0 9.3 Rd 

DS 28.XII 276.2 312.4 -24.7 12.2 Ra 

2014AK51 

NN 04.XI 221.3 15.0 10.8 14.8 Rd 

NS 09.XII 256.0 14.6 3.4 9.3 Ra 

DN 21.I 300.9 347.8 0.3 10.5 Rd 

DS 18.I 297.5 352.8 -9.8 10.1 Ra 
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ʊʘʙʣʠʮʘ 2 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʦʪʦʢ ɼʘʪʘ Lᾔ
Á aÁ d Á 

Vg 

ʢʤ/ʩ 
ʋʟʝʣ 

2014AL29 

NS 08.XII 255.1 70.8 -22.5 19.6 Ra 

DS 23.XII 270.6 82.4 -36.7 20.1 Ra 

2014AY16 

NN 27.X 213.4 317.0 19.6 9.8 Rd 

NS 21.X 207.8 340.8 -33.1 9.5 Ra 

DN 26.XI 243.0 300.9 5.3 9.5 Rd 

DS 30.XI 247.1 314.6 -50.2 10.4 Ra 

2014BH25 

NN 01.X 188.8 338.5 18.6 15.5 Rd 

NS 24.IX 181.0 352.0 -20.9 16.4 Ra 

DN 21.I 300.4 314.5 0.5 16.5 Rd 

DS 23.I 302.0 327.1 -35.8 17.2 Ra 

2014CY4 

NN 09.VIII 136.7 320.7 0.1 26.6 Rd 

NS 07.VIII 134.1 327.4 -24.9 27.0 Ra 

DN 28.II 338.4 329.5 -0.6 26.9 Rd 

DS 25.II 335.0 336.5 -25.9 26.5 Ra 

2014DD10 

NN 20.VII 117.1 302.3 -15.4 27.6 Rd 

NS 29.VII 125.7 310.8 -18.9 26.7 Ra 

DN 04.II 314.0 314.3 -16.6 26.4 Rd 

DS 31.I 310.1 309.7 -23.2 27.5 Ra 

2014DJ23 

NN 02.VI 71.7 225.9 79.9 18.9 Rd 

NN 13.XII 260.2 61.0 38.1 18.2 Rd 

NS 16.III 355.7 153.4 -15.7 18.8 Ra 

NS 03.VI 72.6 104.9 -46.3 17.6 Ra 

DN 06.V 45.2 234.6 63.9 19.1 Rd 

DN 24.VII 120.9 141.1 34.2 19.4 Rd 

DS 21.VII 118.2 129.7 0.4 18.5 Ra 

DS 24.IV 33.3 138.2 -56.3 18.4 Ra 

2014EL45 

NN 08.V 47.7 28.7 82.4 18.3 Rd 

NN 09.II 319.7 135.1 44.1 18.1 Rd 

NS 06.II 316.7 120.2 -7.7 19.2 Ra 

NS 05.V 44.9 82.7 -39.5 17.6 Ra 

DN 17.III 356.2 201.4 69.7 18.1 Rd 

DN 09.VI 77.8 91.8 52.8 18.7 Rd 

DS 06.VI 75.1 91.0 -4.1 17.7 Ra 

DS 16.III 355.5 119.4 -50.4 19.4 Ra 

2014EQ12 

NN 07.IV 17.2 195.0 10.5 20.4 Rd 

NS 04.IV 14.9 181.2 -19.5 21.2 Ra 

DN 04.IX 161.0 178.0 21.1 20.1 Rd 

DS 05.IX 162.5 164.9 -10.9 20.2 Ra 

2014FH54 

NN 29.VII 126.3 319.1 -5.2 31.2 Rd 

NS 27.VII 124.6 323.5 -20.9 31.9 Ra 

DN 23.III 2.0 346.5 0.1 31.7 Rd 

DS 19.III 358.7 350.2 -14.8 31.0 Ra 

2014FT38 

NN 13.VIII 140.4 330.1 1.8 29.5 Rd 

NS 11.VIII 138.7 337.2 -20.2 29.9 Ra 

DN 28.III 7.8 351.5 6.9 29.8 Rd 

DS 26.III 5.3 358.9 -14.7 29.4 Ra 

2014GN1 

NN 31.III 10.5 183.0 1.8 19.9 Rd 

NS 06.IV 16.0 186.9 -8.0 20.8 Ra 

DN 02.IX 159.4 175.4 8.5 18.1 Rd 

DS 08.IX 165.8 174.6 -1.0 19.4 Ra 
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ʊʘʙʣʠʮʘ 2 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʦʪʦʢ ɼʘʪʘ Lᾔ
Á aÁ d Á 

Vg 

ʢʤ/ʩ 
ʋʟʝʣ 

2014HB196 

NN 07.VI 76.0 262.4 -7.1 26.6 Rd 

NS 06.VI 75.9 259.4 -36.1 26.1 Ra 

DN 23.XII 271.9 266.7 -10.1 26.0 Rd 

DS 24.XII 272.1 264.8 -40.0 26.6 Ra 

2014HG4 

NN 26.V 64.7 235.1 -18.2 20.5 Rd 

NS 23.V 62.2 234.7 -20.4 21.7 Ra 

DN 01.XI 218.6 221.3 -14.9 21.9 Rd 

DS 28.X 214.9 219.4 -16.9 20.7 Ra 

2014JL25 

NN 04.VI 73.9 174.2 59.7 12.3 Rd 

NS 24.IV 33.6 163.3 -14.5 11.8 Ra 

DN 22.VI 90.4 149.4 44.3 12.1 Rd 

DS 19.VI 87.9 137.7 8.4 10.6 Ra 

2014JO25 

NN 03.VIII 130.5 329.0 3.0 34.1 Rd 

NS 02.VIII 129.1 337.3 -22.9 34.0 Ra 

DN 23.IV 32.3 4.8 15.2 34.1 Rd 

DS 20.IV 29.6 13.1 -10.0 33.8 Ra 

2014JQ57 

NN 13.X 199.8 17.3 19.5 25.2 Rd 

NS 05.X 191.8 18.5 -1.6 25.9 Ra 

DN 22.IV 32.8 22.8 18.3 26.1 Rd 

DS 18.IV 28.7 27.6 -0.6 25.1 Ra 

2014JR25 

NN 18.I 297.5 100.3 46.7 15.7 Rd 

NS 12.I 290.5 95.3 -0.6 17.2 Ra 

DN 08.V 47.7 56.1 46.4 16.4 Rd 

DS 17.V 56.3 69.5 3.8 17.8 Ra 

2014JS54 

NN 29.VII 126.7 328.9 -10.8 33.8 Rd 

NS 02.VIII 129.3 331.2 -12.5 33.1 Ra 

DN 24.IV 34.2 13.0 6.3 33.0 Rd 

DS 28.IV 37.0 15.3 4.9 33.8 Ra 

2014JT54 

NN 02.VI 71.7 237.2 -16.2 17.2 Rd 

NS 27.V 65.8 232.9 -22.7 18.6 Ra 

DN 23.X 209.8 217.9 -11.0 18.8 Rd 

DS 18.X 204.2 213.2 -17.1 17.5 Ra 

2014JW54 

NN 27.VIII 153.8 349.4 0.7 32.3 Rd 

NS 22.VIII 149.8 350.2 -7.6 33.3 Ra 

DN 08.V 47.8 26.2 13.6 33.6 Rd 

DS 05.V 44.5 27.3 6.8 32.3 Ra 

2014JY79 

NN 14.VI 82.0 293.0 -14.5 40.4 Rd 

NS 16.VI 84.0 296.7 -28.5 39.7 Ra 

DN 21.IV 30.5 357.8 6.0 39.6 Rd 

DS 03.V 42.0 12.8 -1.4 40.0 Ra 

2014KM4 

NN 01.I 280.7 78.3 19.8 15.2 Ra 

NS 09.IV 19.5 46.1 18.4 13.2 Rd 

DN 16.IV 25.5 46.1 21.1 14.5 Rd 

DS 07.IV 17.6 46.2 17.0 12.9 Ra 

2014KP4 

NN 03.X 190.0 18.1 15.0 29.1 Rd 

NS 08.X 194.1 25.8 2.3 28.0 Ra 

DN 17.V 56.3 40.7 23.6 28.2 Rd 

DS 22.V 61.9 49.2 11.5 29.0 Ra 
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ʊʘʙʣʠʮʘ 2 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʦʪʦʢ ɼʘʪʘ Lᾔ
Á aÁ d Á 

Vg 

ʢʤ/ʩ 
ʋʟʝʣ 

2014KT76 

NN 11.XII 259.3 63.7 29.2 17.4 Rd 

NS 04.XII 252.0 63.6 12.4 19.0 Ra 

DN 30.IV 39.8 43.3 25.8 18.7 Rd 

DS 23.IV 33.7 46.3 8.8 17.2 Ra 

2014LJ21 

NN 22.XII 269.2 242.9 54.3 33.4 Rd 

NN 03.VIII 130.5 324.1 1.8 33.2 Rd 

NS 03.VIII 130.3 333.4 -25.2 32.9 Ra 

NS 19.XII 266.4 138.2 -65.6 34.9 Ra 

DN 11.XI 228.9 233.4 81.3 32.8 Rd 

DN 30.III 9.1 348.5 8.9 32.9 Rd 

DS 28.III 7.5 358.2 -17.2 32.8 Ra 

DS 18.XI 235.4 107.1 -50.9 34.4 Ra 

2014LN9 

NN 31.V 69.1 263.6 -17.7 31.4 Rd 

NS 30.V 68.5 262.6 -27.3 31.6 Ra 

DN 02.II 312.5 298.7 -16.8 31.3 Rd 

DS 01.II 311.7 300.0 -26.3 31.2 Ra 

2014LN17 

NN 14.XI 231.3 55.0 24.7 26.8 Rd 

NS 18.XI 235.4 60.4 12.2 25.8 Ra 

DN 06.VI 75.2 66.7 29.7 25.9 Rd 

DS 10.VI 79.1 71.2 17.6 26.9 Ra 

2014MB6 

NN 21.III 0.8 167.4 9.5 17.4 Rd 

NS 28.IV 37.4 166.7 -1.2 10.5 Ra 

DN 25.VI 93.5 140.6 23.9 11.4 Rd 

DS 22.VII 118.7 139.5 12.4 16.2 Ra 

2014MR26 

NN 27.VIII 153.2 337.6 1.2 27.2 Rd 

NS 23.VIII 150.1 341.8 -13.8 28.1 Ra 

DN 19.III 358.8 349.5 1.1 28.1 Rd 

DS 16.III 355.4 353.7 -13.2 27.1 Ra 

2014MX17 

NN 11.VIII 138.9 226.8 77.2 25.1 Rd 

NN 15.IV 24.5 216.2 14.0 25.1 Rd 

NS 15.IV 24.4 195.3 -35.9 25.2 Ra 

NS 14.VIII 140.8 110.5 -51.7 23.7 Ra 

DN 18.VI 86.4 276.1 51.5 25.1 Rd 

DN 10.IV 19.0 211.4 16.0 25.1 Rd 

DS 10.IV 19.4 190.5 -34.0 25.2 Ra 

DS 16.VI 84.1 85.7 -83.6 23.8 Ra 

2014NF64 

NN 28.VIII 154.8 306.8 7.9 15.6 Rd 

NS 26.VIII 152.0 316.5 -32.8 15.3 Ra 

DN 09.XII 256.8 277.8 -6.5 15.9 Rd 

DS 06.XII 253.2 278.5 -46.0 15.6 Ra 

2014NK52 

NN 08.XI 225.3 56.7 22.0 30.0 Rd 

NS 11.XI 228.2 59.6 16.4 29.1 Ra 

DN 03.VII 101.6 88.7 27.2 29.4 Rd 

DS 01.VII 99.1 87.4 21.2 28.6 Ra 

2014NM64 

NN 23.VIII 149.1 228.9 54.8 17.6 Rd 

NN 04.VI 73.3 241.2 5.2 18.1 Rd 

NS 09.VI 77.3 228.8 -44.4 17.1 Ra 

NS 28.VIII 154.1 149.5 -57.9 17.2 Ra 

DN 18.VII 115.1 260.3 48.1 18.1 Rd 

DN 30.IX 186.1 211.3 15.1 17.6 Rd 

DS 30.IX 186.4 189.0 -34.7 17.9 Ra 

DS 17.VII 114.5 176.9 -79.2 16.2 Ra 
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ʊʘʙʣʠʮʘ 2 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʦʪʦʢ ɼʘʪʘ Lᾔ
Á aÁ d Á 

Vg 

ʢʤ/ʩ 
ʋʟʝʣ 

2014OM339 

NN 29.IX 186.4 329.7 2.7 12.1 Rd 

NS 03.X 190.2 336.0 -14.7 11.2 Ra 

DN 18.XII 266.3 300.8 -15.7 12.1 Rd 

DS 17.XII 265.9 304.6 -35.0 12.4 Ra 

2014OX299 

NN 06.VIII 133.1 329.8 -7.1 31.4 Rd 

NS 08.VIII 135.7 334.3 -14.6 30.6 Ra 

DN 09.IV 19.6 2.4 4.9 30.6 Rd 

DS 06.IV 16.3 4.3 -3.9 29.6 Ra 

2014OY1 

NN 30.IV 39.5 201.9 19.2 14.4 Rd 

NS 03.V 42.0 177.7 -37.4 14.9 Ra 

DN 03.VIII 130.2 169.1 39.0 15.6 Rd 

DS 27.VII 123.0 144.2 -17.6 13.9 Ra 

2014PD58 

NN 15.VI 83.4 326.3 75.7 30.2 Rd 

NN 08.XI 225.1 51.3 37.0 31.6 Rd 

NS 11.XI 228.7 64.5 3.5 32.4 Ra 

NS 14.VI 82.5 65.9 -49.5 32.3 Ra 

DN 19.VIII 145.8 310.1 59.8 30.2 Rd 

DN 22.III 1.6 341.4 10.5 32.3 Rd 

DS 26.III 5.4 0.5 -19.0 31.1 Ra 

DS 28.X 214.6 85.2 -46.6 33.0 Ra 

2014QK433 

NN 18.VIII 144.3 243.2 67.8 22.9 Rd 

NN 13.V 51.9 230.8 0.0 23.0 Rd 

NS 10.V 49.6 219.4 -30.3 23.2 Ra 

NS 25.VIII 151.8 125.8 -59.2 21.4 Ra 

DN 19.VII 116.3 273.7 56.8 23.1 Rd 

DN 26.X 212.2 217.7 0.5 23.3 Rd 

DS 23.X 209.0 203.3 -29.9 22.9 Ra 

DS 27.VII 123.0 93.8 -73.3 22.0 Ra 

2014QM26 

NN 30.VIII 156.6 344.4 3.8 27.8 Rd 

NS 03.IX 160.5 353.9 -13.2 26.6 Ra 

DN 03.IV 13.2 0.1 10.5 26.7 Rd 

DS 06.IV 16.6 9.3 -6.2 27.7 Ra 

2014QQ434 

NN 22.VIII 148.6 318.9 -1.9 18.9 Rd 

NS 23.VIII 149.5 326.4 -23.3 18.5 Ra 

DN 17.I 296.0 304.6 -9.9 18.7 Rd 

DS 17.I 296.6 310.5 -32.5 19.1 Ra 

2014QR295 

NN 19.IX 175.2 348.0 2.4 20.1 Rd 

NS 15.IX 171.9 350.2 -7.2 20.8 Ra 

DN 26.II 337.5 341.6 -4.7 20.8 Rd 

DS 23.II 334.2 343.9 -14.7 20.1 Ra 

2014RD11 

NN 22.II 332.5 152.6 11.8 22.6 Rd 

NS 20.II 330.8 149.9 7.1 23.0 Ra 

DN 17.VIII 144.9 150.1 17.3 23.0 Rd 

DS 13.VIII 140.0 144.5 13.5 22.4 Ra 

2014SM26 

NN 31.XII 279.9 118.6 24.9 31.9 Rd 

NS 31.XII 279.9 116.8 14.0 32.2 Ra 

DN 10.IX 167.5 156.1 16.9 32.3 Rd 

DS 11.IX 168.5 152.3 5.6 32.5 Ra 

2014SN1 

NN 27.V 65.4 220.0 -1.8 14.2 Rd 

NS 19.VI 87.5 205.7 -34.4 10.7 Ra 

DN 18.VIII 144.5 190.0 16.4 12.3 Rd 
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ʊʘʙʣʠʮʘ 2 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʦʪʦʢ ɼʘʪʘ Lᾔ
Á aÁ d Á 

Vg 

ʢʤ/ʩ 
ʋʟʝʣ 

DS 29.VII 125.6 179.8 -22.1 9.7 Ra 

2014SR223 

NN 04.VII 102.3 235.9 -7.4 10.4 Rd 

NS 17.VI 86.2 232.9 -24.0 13.0 Ra 

DN 16.VIII 143.8 212.5 9.2 9.3 Rd 

DS 07.IX 164.6 196.7 -15.6 11.7 Ra 

2014SS223 

NN 10.VII 107.6 241.4 12.3 11.0 Rd 

NS 20.VI 88.6 231.3 -36.3 13.2 Ra 

DN 19.IX 175.9 206.9 6.6 14.1 Rd 

DS 02.IX 159.2 189.1 -32.4 11.6 Ra 

2014TA36 

NN 03.XII 251.3 43.1 33.5 15.7 Rd 

NS 25.XI 242.1 48.5 5.4 17.5 Ra 

DN 29.III 8.0 16.3 21.6 17.2 Rd 

DS 06.IV 16.5 27.8 2.1 19.0 Ra 

2014UA8 

NN 16.X 202.7 352.8 8.0 13.5 Rd 

NS 14.X 200.0 356.7 -3.4 13.8 Ra 

DN 24.I 303.0 328.0 -10.8 14.1 Rd 

DS 19.I 298.9 331.6 -23.8 13.6 Ra 

2014UC206 

NN 16.V 55.3 243.0 -13.0 28.5 Rd 

NS 15.V 54.3 239.4 -28.0 28.8 Ra 

DN 20.XII 268.3 259.2 -14.9 28.7 Rd 

DS 19.XII 267.1 257.0 -30.8 28.4 Ra 

2014UF206 

NN 18.II 329.1 280.6 55.1 26.3 Rd 

NN 25.X 211.3 27.7 35.7 26.2 Rd 

NS 24.X 210.2 43.0 -7.0 26.5 Ra 

NS 18.II 329.2 67.5 -78.2 27.6 Ra 

DN 08.I 287.4 238.4 72.5 26.3 Rd 

DN 06.XI 223.5 40.7 39.7 26.2 Rd 

DS 06.V 45.0 26.1 34.3 26.6 Ra 

DS 12.I 291.0 114.1 -60.0 28.3 Ra 

2014UG176 

NN 23.X 209.2 15.7 17.2 19.7 Rd 

NS 17.X 203.3 19.0 2.4 21.0 Ra 

DN 23.III 2.9 5.1 8.2 21.0 Rd 

DS 18.III 357.7 9.3 -7.1 19.7 Ra 

2014VC10 

NN 18.III 357.9 185.1 1.5 26.2 Rd 

NS 15.III 354.4 180.1 -5.3 27.2 Ra 

DN 20.X 206.7 199.3 -3.1 27.1 Rd 

DS 17.X 203.8 194.9 -10.0 26.1 Ra 

2014WD120 

NN 05.XII 253.2 281.8 51.5 17.9 Rd 

NN 27.IX 184.4 334.3 31.0 17.6 Rd 

NS 21.IX 178.5 359.1 32.0 17.5 Ra 

NS 18.XII 266.3 8.4 -81.5 18.4 Ra 

DN 31.X 217.0 314.3 60.0 17.7 Rd 

DN 21.I 300.4 307.5 11.5 17.8 Rd 

DS 16.I 295.3 327.2 -54.8 18.2 Ra 

DS 12.XI 229.7 58.9 -65.4 18.0 Ra 

2014WE7 

NN 15.II 326.0 302.5 41.2 23.9 Rd 

NS 11.X 197.8 34.5 -26.0 24.1 Ra 

DN 12.III 351.1 332.4 30.3 24.0 Rd 

DS 12.XI 229.8 72.0 -42.4 24.8 Ra 

2014WF365 

NN 12.XII 259.3 83.9 29.2 25.0 Rd 

NS 09.XII 257.6 84.2 15.7 25.9 Ra 
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ʊʘʙʣʠʮʘ 2 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʦʪʦʢ ɼʘʪʘ Lᾔ
Á aÁ d Á 

Vg 

ʢʤ/ʩ 
ʋʟʝʣ 

DN 06.VII 104.2 98.4 30.4 26.1 Rd 

DS 02.VII 100.4 95.0 17.8 25.2 Ra 

2014WG121 

NN 08.XII 256.8 70.6 23.6 20.9 Rd 

NS 14.XII 262.3 74.3 17.5 19.6 Ra 

DN 14.V 53.5 58.0 25.5 19.4 Rd 

DS 19.V 58.9 61.7 19.5 20.7 Ra 

2014WN368 

NN 09.IX 166.7 298.1 4.9 11.2 Rd 

NS 30.VIII 156.0 306.5 -29.9 12.2 Ra 

DN 18.XI 235.3 267.7 -12.2 12.8 Rd 

DS 12.XI 229.3 265.6 -44.9 12.3 Ra 

2014XE32 

NN 03.IX 160.7 310.0 -1.8 13.1 Rd 

NS 31.VIII 157.9 315.5 -24.9 13.2 Ra 

DN 28.XI 245.8 277.7 -13.4 12.4 Rd 

DS 04.XII 252.4 280.2 -38.3 13.8 Ra 

2014XK6 

NN 03.VI 72.7 246.8 -7.3 20.9 Rd 

NS 08.VI 77.6 243.9 -33.2 19.5 Ra 

DN 03.XI 220.0 229.9 -5.8 19.8 Rd 

DS 06.XI 223.9 223.2 -32.0 21.0 Ra 

2014XQ7 

NN 19.XI 236.8 60.6 28.5 27.3 Rd 

NS 13.XI 230.6 57.4 12.3 27.2 Ra 

DN 09.VI 78.4 68.4 29.0 27.3 Rd 

DS 05.VI 74.3 68.2 14.1 26.2 Ra 

2014XX7 

NN 12.X 198.5 240.3 46.2 20.4 Rd 

NN 02.VII 100.7 272.9 5.1 21.1 Rd 

NS 05.VII 103.0 275.0 -50.6 20.2 Ra 

NS 17.X 203.2 170.3 -67.6 20.6 Ra 

DN 13.VIII 140.8 287.1 47.3 21.0 Rd 

DN 18.XI 235.1 247.0 6.7 20.6 Rd 

DS 18.XI 235.4 232.1 -50.5 21.2 Ra 

DS 15.VIII 142.4 19.7 -79.2 19.9 Ra 

2014YJ14 

NN 14.X 200.4 220.3 72.5 31.6 Rd 

NN 01.VI 70.0 267.0 -1.1 31.4 Rd 

NS 30.V 68.5 262.6 -42.7 31.1 Ra 

NS 21.X 207.6 120.5 -54.4 31.2 Ra 

DN 04.IX 161.0 320.5 72.8 31.3 Rd 

DN 17.I 296.6 280.2 -3.1 31.0 Rd 

DS 17.I 296.0 281.8 -45.8 31.6 Ra 

DS 05.IX 162.3 69.4 -53.4 30.5 Ra 

2014YL14 

NN 28.VI 96.2 272.8 -15.7 22.1 Rd 

NS 01.VII 99.3 274.6 -26.8 21.2 Ra 

DN 09.XII 257.9 262.6 -19.6 21.4 Rd 

DS 13.XII 261.1 263.6 -31.4 22.2 Ra 

2014YQ34 

NN 31.XII 279.5 109.5 23.5 27.8 Rd 

NS 29.XII 277.6 105.8 18.1 27.3 Ra 

DN 01.VIII 128.1 124.0 24.1 27.4 Rd 

DS 30.VII 127.5 121.7 17.3 27.3 Ra 

2014YS14 

NN 01.XII 249.2 52.8 33.6 18.0 Rd 

NS 25.XI 242.4 56.3 7.4 19.5 Ra 

DN 23.IV 33.8 34.3 26.7 19.3 Rd 

DS 17.IV 27.4 40.4 0.4 17.9 Ra 

2014YS43 

NN 11.V 50.5 298.6 69.3 26.5 Rd 
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ʊʘʙʣʠʮʘ 2 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʦʪʦʢ ɼʘʪʘ Lᾔ
Á aÁ d Á 

Vg 

ʢʤ/ʩ 
ʋʟʝʣ 

NN 12.I 291.9 121.7 29.4 27.6 Rd 

NS 16.I 295.1 119.3 6.0 27.1 Ra 

NS 02.V 41.6 73.4 -66.1 26.8 Ra 

DN 08.IV 17.6 255.3 58.8 26.6 Rd 

DN 01.VIII 128.6 129.8 32.4 27.1 Rd 

DS 04.VIII 131.9 126.5 10.6 27.6 Ra 

DS 09.IV 18.5 112.7 -72.9 27.1 Ra 
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ÍÚ ÌÝÞÑÜÚÔÐÇÚÔ ÍÌ ÓÌØÔÙ ÙÌÓÐÔÖäÌÎÌÙÐÌÔ ÐÌÜ ýý.2009-2014 

ÖÌäà ÏÌÜÐÔÐÌ Ì×ÚÉÌØÌÙÐÌÙÐ 

Ôùýþôþÿþô ìýþüúĀôóôöìô ÌÔ Æÿøĕÿüôô ÞúĔôöôýþúù 

áÿýÿýôċþĕúô ðôùìøôöôô ìýþñüúôðĕúô íì Óìøôù ùìóðôöĄìîìùðì (ÌÙÓ), öô ìó 

1.01.2009 þú 31.12.2014 öìĄĀ ïìüðôðììùð úøĘāþì Ąÿðìùð. ÚĄöúü öìüðì Ąÿð, öô 

øÿîúĀôėô ýúíôþìô Þôýýñüìù 274 ÌÙÓ ìó üĘô øìðúüĕúô öúøñþìøúùìùð ĕìüìöìþ øñöÿ-

ùìùð îì øìðúüô Óìøôùüú íÿüüôðì øñïÿóìüìùð. Þìðėôėô þìĕìîîÿ÷ô øìðúüĕúô ôù ÌÙÓ-

ĕú óñüô þìĆýôüô Ĕúóôíìô ýìõČüìĕúô öì÷úù ùôĄúù øñðôĕìð, öô ðìü ðìîúøô ċö ðìîüô 

þìĎõôüČíôô ìüïÿøñùþô ûñüôïñ÷ôìĄúù 216 ìýþñüúôð øìðúüô Óìøôùüú 4 øìüúþôíì îì 

50 ìýþñüúôð 8 øìüúþôíì íÿüüôðì øñïÿóìüìùð. Ûìý ìïìü ôù ÌÙÓ-ĕú ðìü ĕìėôėìþ 

ċðüúĕúô öúøñþìĕúô āúøÿĄĄÿðì íúĄìùð, úùïúĕ ĕìü ċöô úùĕú Ĕôýøô îú÷ôðìõùĒ þĘðìô 

øñþñúüúôðĒ Ąÿðì øñþìîúùìð, öô ôù þĘðì ăúü Č ĕìĄþ ýñ÷ĕúô øñþñúüôüú íì îÿĔÿð øñú-

üìð. Ðìü øìėú÷ìô øìóöÿü ùìþôĔìĕúô øÿìõċù öìüðìùô üìðôìùþĕú îì ýÿüĆìþĕúô ùìóì-

üôċîôô ôùăÿùôù ýìùìĕúô ĀìĆú÷ùúöôô øìöýôøì÷ôô 1287 ýñ÷ĕúô øñþñúüôñ, öô íú ôù 

274 ÌÙÓ-ĕú ì÷úėìøìùðìùð úîìüðì Ąÿðììùð. Ìóíìýöô Ĕôýøĕúô îú÷ôðìõùôô íìüüìýĒ 

ïìüðôðì ðìü þĘðìĕúô øñþñúüúôðôô āÿð ĕìüìöìþ øñöÿùìùð ìó ôù üĘ üìðôìùþĕúô ùìóì-

üôċîôô ýñ÷ĕúô øñþñúüô ýìøþ, ýÿüĆìþ îì ýìùìô íìüāĘüôô ĉĕþôøú÷ôô ôù Ĕôüøĕúüú íú 

Óìøôù øÿìõċù øñöÿùìð. 

Öì÷ôøìĕúô öì÷ôðĒ: ìýþñüúôð, öúøñþìô āúøÿĄĄÿðì, þĘðìô øñþñúüúôðĒ, ýñ÷ô øñþñúüĒ, 

þìĕìîîÿ÷, øìðúü, üìðôìùþ. 

 

P.B.BABADZHAN OV, G.I.KOKHIROVA, U.KH.KHAMROEV, I.V.KULAEV, 

A.I.JONMUKHAMMADI  

THEORETICAL RADIANTS  AND VELOSITIES OF TH E METEOR 

SHOWERS ASSOCIATED WITH NEAR EARTH ASTER OIDS DISCOVERED 

DURING 2009-2014 

Institute of Astrophysics of the Academy of Sciences of the Republic of Tajikistan 

The dynamical properties of near Earth asteroids (NEAs) discovered during 1.01.2009-

31.12.2014 were studied. It was established that according to the Tisserand invariant 274 NEAs 

are moving on comet-like orbits that intersect the Earthôs orbit. Investigation of the orbital evo-

lution of these NEAs under the planetary perturbations has shown that during one cycle of the 

argument of perihelion variation 216 asteroids cross the Earthôs orbit for the four times and 50 

asteroids ï for the eight times. Consequently, if these NEAs are really the nuclei of extinct com-
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ets then according to the theory of formation and evolution of meteoroid streams, each of them 

can be a parent body of the meteoroid stream that is producing four or eight meteor showers. 

The results of calculations of the theoretical geocentric radiants, velocities, and dates of maxi-

mum activity of 1287 meteor showers, possible associated with 274 NEAs, are given in the pa-

per. Since the parent bodies under consideration are moving within the relevant meteoroid 

streams the theoretical radiants of meteor showers yield the directions, velocities and dates of 

possible impacts of these bodies with the Earth. 

Key words: asteroid, extinct comet, meteoroid stream, meteor shower, evolution, orbit, radiant. 
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ÌÝÞÜÚàÔÓÔÖÌ 

ʋɼʂ 523.6  

ʍ.ɻ.ɸʉʆɽɺ  

ʀʉʉʃɽɼʆɺɸʅʀɽ ʌʆʊʆʄɽʊʈʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ ʂʆʄɽʊ 

ʉɽʄɽʁʉʊɺɸ ʉɸʊʋʈʅɸ  

ʀʥʩʪʠʪʫʪ ʘʩʪʨʦʬʠʟʠʢʠ ɸʅ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ 

ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 17.10.2018 ʛ.  

 ʀʟʫʯʝʥʘ ʵʚʦʣʶʮʠʷ ʘʙʩʦʣʶʪʥʦʡ ʷʨʢʦʩʪʠ (mo) ʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ (n) ʢʦʤʝʪ 

28P/Neujmin 1, 53P/Van Biesbroeck ʠ 92P/Sanguin ʟʘ ʚʩʝ ʚʨʝʤʷ ʠʭ ʥʘʙʣʶʜʝʥʠʷ ʠ ʚʦʟʤʦʞʥʘʷ ʩʚʷʟʴ 

ʵʪʠʭ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʘʢʪʠʚʥʦʩʪʠ ʉʦʣʥʮʘ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʧʘ-

ʨʘʤʝʪʨʦʚ ʥʝʟʥʘʯʠʪʝʣʴʥʳ, ʠ ʦʥʠ ʥʝ ʩʚʷʟʘʥʳ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʵʣʝʤʝʥʪʦʚ ʦʨʙʠʪ ʢʦʤʝʪ ʠ ʩ ʘʢʪʠʚʥʦ-

ʩʪʴʶ ʉʦʣʥʮʘ. ʀʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʢʨʳʪʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ 

ʷʜʝʨ ʢʦʤʝʪ ʪʝʤʥʳʤ ʪʫʛʦʧʣʘʚʢʠʤ ʩʣʦʝʤ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʝʪʘ, ʘʙʩʦʣʶʪʥʘ ̫ʷʨʢʦʩʪʴ, ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ n, ʢʦʨʨʝʣʷʮʠʷ, ʩʦʣʥʝʯ-

ʥʘʷ ʘʢʪʠʚʥʦʩʪʴ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʤʝʪʳ ʪʝʨʷʶʪ ʩʚʦʶ ʷʨʢʦʩʪʴ. ʆʜʥʘ ʠʟ ʧʨʠ-

ʯʠʥ ʪʘʢʦʡ ʠʭ ʵʚʦʣʶʮʠʠ ʩʚʷʟʘʥʘ ʩ ʟʘʨʘʩʪʘʥʠʝʤ ʣʝʜʷʥʦʛʦ ʷʜʨʘ ʪʫʛʦʧʣʘʚʢʦʡ ʢʦʨʢʦʡ ʠ ʩʥʠ-

ʞʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʝʛʦ ʛʘʟʦ ï ʠ ʧʳʣʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ [1,2]. ʊʘʢʠʝ ʢʦʤʝʪʳ ʧʦʩʪʝʧʝʥʥʦ 

ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʘʩʪʝʨʦʠʜʦʧʦʜʦʙʥʳʝ ʪʝʣʘ [1-3]. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʤʝʪ 1P/ɻʘʣʣʝʷ 

(ɺʝʛʘ 1,2 ʠ ɼʞʦʪʪʦ), ʊʝʤʧʝʣʷ 1(Deep Impact), ʏʫʨʶʤʦʚʘ-ɻʝʨʘʩʠʤʝʥʢʦ (ʈʦʟʝʪʪʘ) ʧʦʜʪʚʝʨ-

ʜʠʣʠ ʪʘʢʫʶ ʵʚʦʣʶʮʠʶ ʷʜʨʘ ʢʦʤʝʪʳ. ʇʦʜʦʙʥʘʷ ʵʚʦʣʶʮʠʷ ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʤʝʪ 

ʷʨʢʦ ʚʳʨʘʞʝʥʘ ʫ ʢʦʤʝʪ ʩʝʤʝʡʩʪʚʘ ʖʧʠʪʝʨʘ. 

ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʚʦʣʶʮʠʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝ-

ʩʢʦʡ ʢʦʤʝʪʳ 8ʈ/ʊʫʪʪʣʷ ʠʟ ʩʝʤʝʡʩʪʚʘ ʉʘʪʫʨʥʘ ʧʨʠʚʝʣʠ ʢ ʟʘʢʣʶʯʝʥʠʶ, ʯʪʦ ʬʦʪʦʤʝʪʨʠʯʝ-

ʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʘʙʩʦʣʶʪʥʘʷ ʷʨʢʦʩʪʴ mo ʠ ʧʘʨʘʤʝʪʨ n, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʢʦʨʦʩʪʴ ʠʟʤʝ-

ʥʝʥʠʷ ʷʨʢʦʩʪʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʦʛʦ ʨʘʩʩʪʦʷʥʠʷ) ʵʪʦʡ ʢʦʤʝʪʳ ʟʘʤʝʪʥʦ ʠʟʤʝ-

ʥʠʣʠʩʴ ʟʘ 220 ʣʝʪ ʥʘʙʣʶʜʝʥʠʡ ʠ ʟʘʚʠʩʷʪ ʦʪ ʘʢʪʠʚʥʦʩʪʠ ʉʦʣʥʮʘ [4].  
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ʙʝ, ʫʣ. ɹʫʭʦʨʦ, 22, ʀʥʩʪʠʪʫʪ ʘʩʪʨʦʬʠʟʠʢʠ ɸʅ ʈʊ. E-mail: asoiev85@mail.ru  

ʀɿɺɽʉʊʀʗ ɸʂɸɼɽʄʀʀ ʅɸʋʂ ʈɽʉʇʋɹʃʀʂʀ ʊɸɼɾʀʂʀʉʊɸʅ 

ʆʊɼɽʃɽʅʀɽ ʌʀɿʀʂʆ-ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ, ʍʀʄʀʏɽʉʂʀʍ,  

ɻɽʆʃʆɻʀʏɽʉʂʀʍ ʀ ʊɽʍʅʀʏɽʉʂʀʍ ʅɸʋʂ 

ˉ1 (174), 2019 ʛ. 
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ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʵʚʦʣʶʮʠʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʪʨʝʭ ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʤʝʪ ʩʝʤʝʡʩʪʚʘ ʉʘʪʫʨʥʘ: 28P/Neujmin 1, 53P/Van 

Biesbroeck ʠ 92P/Sanguin.  

ʂʦʤʝʪʘ 28P/Neujmin 1 ʙʳʣʘ ʦʪʢʨʳʪʘ 3 ʩʝʥʪʷʙʨʷ 1913 ʛʦʜʘ ɻ.ʅ. ʅʝʫʡʤʠʥʦʤ [6]. ʇʝ-

ʨʠʦʜ ʦʙʨʘʱʝʥʠʷ ʢʦʤʝʪʳ ʚʦʢʨʫʛ ʉʦʣʥʮʘ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 18 ʣʝʪ, ʜʠʘʤʝʪʨ ʷʜʨʘ ʢʦʤʝʪʳ 

ʨʘʚʝʥ 21.4 ʢʤ [11] ʠ ʝʛʦ ʘʣʴʙʝʜʦ ʦʯʝʥʴ ʥʠʟʢʦʝ ï 0,025 ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʷʜʨʦ 

ʫʞʝ ʧʦʢʨʳʪʦ ʪʝʤʥʳʤ ʚʝʱʝʩʪʚʦʤ. ʋ ʢʦʤʝʪʳ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʢʨʫʧʥʦʡ ʚʩʧʳʰʢʠ ʷʨʢʦʩʪʠ. 

ʂʦʤʝʪʘ 53P/Van Biesbroeck [6] ʙʳʣʘ ʦʪʢʨʳʪʘ 1 ʩʝʥʪʷʙʨʷ 1954 ʛ. ʘʩʪʨʦʥʦʤʦʤ ɺʘʥ 

ɹʠʩʙʨʫʢʦʤ ʢʘʢ ʦʙʲʝʢʪ 14.5 ʟʚʝʟʜʥʦʡ ʚʝʣʠʯʠʥʳ ʚ ʁʝʨʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ (ʉʐɸ). ʇʝʨʠʦʜ 

ʦʙʨʘʱʝʥʠʷ ʢʦʤʝʪʳ ʚʦʢʨʫʛ ʉʦʣʥʮʘ ʨʘʚʝʥ 12.53 ʣʝʪ. ʂʦʤʝʪʘ ʥʘʙʣʶʜʘʣʘʩʴ ʚʦ ʚʩʝʭ ʧʦʷʚʣʝʥʠ-

ʷʭ ʩ ʤʦʤʝʥʪʘ ʦʪʢʨʳʪʠʷ. ɸʙʩʦʣʶʪʥʘʷ ʷʨʢʦʩʪʴ m0 ʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ n ʢʦʤʝʪʳ ʚ 

ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʝʸ ʚʦʟʚʨʘʱʝʥʠ ̫ʧʦʯʪʠ ʥʝ ʠʟʤʝʥʷʣʠʩʴ:m0 = 8, n = 4.5.  

ʂʦʤʝʪʘ 92P/Sanguin ʙʳʣʘ ʦʪʢʨʳʪʘ 15 ʦʢʪʷʙʨʷ 1977 ɼ. ʉʘʥʛʠʥʦʤ ʩ ʧʦʤʦʱʴʶ ʘʩʪʨʦ-

ʛʨʘʬʘ ʩʪʘʥʮʠʠ ʕʣʴ ʃʝʦʥʩʠʪʦ (ɸʨʛʝʥʪʠʥʘ). ʇʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ ʢʦʤʝʪʳ ʚʦʢʨʫʛ ʉʦʣʥʮʘ ʨʘ-

ʚʝʥ 12.5 ʛʦʜʘʤ. ʊʝʤʥʦʝ ʷʜʨʦ ʢʦʤʝʪʳ ʠʤʝʝʪ ʘʣɹʙʝʜʦ 0.04 ʠ ʨʘʟʤʝʨ ʧʨʠʤʝʨʥʦ 2.4 ʢʤ [13]. ʉʦ 

ʚʨʝʤʝʥʠ ʦʪʢʨʳʪʠʷ, ʢʦʤʝʪʘ ʩʜʝʣʘʣʘ ʚʩʝʛʦ 4 ʦʙʦʨʦʪʘ ʚʦʢʨʫʛ ʉʦʣʥʮʘ [9]. ʇʦʩʣʝʜʥʠʡ ʨʘʟ ʦʥʘ 

ʧʨʦʭʦʜʠʣʘ ʪʦʯʢʫ ʧʝʨʠʛʝʣʠʷ ʦʨʙʠʪʳ 1 ʤʘʨʪʘ 2015 ʛ. 

ɼʘʥʥʳʝ ʦʙ ʵʣʝʤʝʥʪʘʭ ʦʨʙʠʪʳ: ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ e, ʨʘʩʩʪʦʷʥʠʝ ʧʝʨʠʛʝʣʠʷ ʦʨʙʠʪʳ q, 

ʧʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʉʦʣʥʮʘ P, ʥʘʢʣʦʥ ʧʣʦʩʢʦʩʪʠ ʦʨʙʠʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ 

ʵʢʣʠʧʪʠʢʠ i, ʘʙʩʦʣʶʪʥʦʡ ʷʨʢʦʩʪʠ mo ʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ n ʚʩʝʭ ʪʨʝʭ ʢʦʤʝʪ ʘ 

ʪʘʢʞʝ ʩʨʝʜʥʝʛʦʜʦʚʳʝ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ɺʦʣʴʬʘ (W), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʘʢʪʠʚʥʦʩʪʴ ʉʦʣʥʮʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1 . ʀʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪ ʵʪʠʭ ʢʦʤʝʪ ʩʦ ʚʨʝʤʝʥʝʤ ʛʨʘʬʠʯʝ-

ʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.1. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʪʘʙʣ.1 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʦ ʚʨʝʤʝʥʠ ʦʪʢʨʳʪʠʷ ʵʣʝʤʝʥʪʳ ʦʨʙʠʪʳ ʵʪʠ 

ʪʨʝʭ ʢʦʤʝʪ ʠʟʤʝʥʠʣʠʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʥʝ ʤʦʛʫʪ ʟʘʤʝʪʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʘʙ-

ʩʦʣʶʪʥʫʶ ʷʨʢʦʩʪʴ mo ʢʦʤʝʪʳ ʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ n. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʯʠʪʘʷ ʧʦ 

ʬʦʨʤʫʣʝ ʇʦʛʩʦʥʘ (1) 

ὰὫ
Ὁ

Ὁ
πȢτά ά  ρ 

ʛʜʝ, E1, E2 ï ʦʩʚʝʱʝʥʥʦʩʪʠ ʢʦʤʝʪʳ, m1, m2 ï ʟʚʝʟʜʥʳʝ ʚʝʣʠʯʠʥʳ, ʜʣʷ ʢʦʤʝʪʳ 28P/Neujmin 1 

ʠʤʝʝʤ E1 / E2 = 5.75, ʪʦʛʜʘ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʦʪ ʠʟʤʝʥʝʥʠʷ ʧʝʨʠʛʝʣʠʡʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʜʘʝʪ 

ʟʥʘʯʝʥʠʝ E1/ E 2 = (q2/q1)
2 = 1.03. 

 ʅʘ ʘʙʩʦʣʶʪʥʫʶ ʷʨʢʦʩʪʴ ʢʦʤʝʪ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʩʢʦʨʦʩʪʴ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʷʜʨʘ ʢʦʤʝ-

ʪʳ ʠ ʩʦʣʥʝʯʥʘʷ ʘʢʪʠʚʥʦʩʪʴ [5]. ʄʳ ʧʦʧʳʪʘʣʠʩʴ ʚʳʷʩʥʠʪʴ ʩʚʷʟʴ ʠʟʤʝʥʝʥʠʡ ʬʦʪʦʤʝʪʨʠʯʝ-

ʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʝʪʳ ʦʪ ʘʢʪʠʚʥʦʩʪʠ ʉʦʣʥʮʘ. ɼʘʥʥʳʝ ʦ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʯʠʩʣʘʭ ɺʦʣʴʬʘ 

(W) ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 
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ʊʘʙʣʠʮʘ 1 

ʅʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ ʦʨʙʠʪ, ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʤʝʪ 28P/ Neujmin 1, 53P/ Van 

Biesbroeck ʠ 92P/ Sanguin ʠ ʯʠʩʣʘ ɺʦʣʴʬʘ(W). 

 

 ̄
ɼʘʪʘ ʧʨʦʭʦʞʜʝʥʠʷ 

ʧʝʨʠʛʝʣʠʷ (ʄɺ) 

q 

(ʘ.ʝ.) 

P 

(ʣʝʪ) 

i 

(ʛʨʘʜ.) 
ʝ 

m0 

(ʟʚ.ʚʝʣ.) 
n W 

ʂʦʤʝʪʘ 28P/Neujmin 1 

1 1913, ʘʚʛʫʩʪ 16.9 1.529 17.77 14.84 0.7754 9.9 4.4 1 

2 1931, ʘʧʨʝʣʴ 30.0 1.528 17.69 15.15 0.7749 11.0 3.1 21 

3 1948, ʜʝʢʘʙʨʴ 15.9 1.547 17.93 15.00 0.7744 11.6 2.5 136 

4 1966, ʜʝʢʘʙʨʴ 9.4 1.543 17.93 15.03 0.7748 10.6 4.5 117 

5 1984, ʦʢʪʷʙʨʴ 8.2 1.553 18.21 14.17 0.7756 11.3 4.3 46 

6 2002, ʜʝʢʘʙʨʴ 27.4 1.552 18.19 14.18 0.7754 11.8 4.2 106 

ʂʦʤʝʪʘ 53P/Van Biesbroeck 

1 1954, ʬʝʚʨʘʣʴ, 20.8 2.415 12. 36 6.59 0.5501 9.0 4.2 4 

2 1966, ʠʶʣʴ 17.6 2.409 12.40 6.60 0.5504 9.6 4.3 117 

3 1978, ʜʝʢʘʙʨʴ 3.02 2.395 12.40 6.61 0.5525 8.8 4.6 92 

4 1991, ʘʧʨʝʣʴ 24.7 2.400 12.40 6.61 0.5526 8.1 4.3 146 

5 2003, ʦʢʪʷʙʨʴ 9.4 2.415 12.52 6.61 0.5519 8.0 4.6 74 

6 2016, ʘʧʨʝʣʴ 29.0 2.427 12.60 6.60 0.5516 8.0 4.4 15 

ʂʦʤʝʪʘ 92P/Sanguin 

1 1977, ʩʝʥʪʷʙʨʴ, 17.6 1.810 18.63 12.50 0.664 13.1 6.0 27 

2 1990, ʘʧʨʝʣʴ, 2.2 1.813 18.71 12.50 0.663 11.9 6.0 143 

3 2002, ʩʝʥʪʷʙʨʴ, 23.0 1.807 18.76 12.44 0.664 12.4 9.0 106 

4 2015, ʤʘʨʪ, 1.2 1.825 19.44 12.41 0.659 12.0 6.0 42 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʦʨʙʠʪʳ ʢʦʤʝʪʳ 28P/Neujmin 1 (ɸ), 53P/Van Biesbroeck (ɺ) ʠ 

92ʈ/Sanguin (ʉ) ʦʪ ʚʨʝʤʝʥʠ. 
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ʈʠʩ. 2. ɺʘʨʠʘʮʠʷ ʘʙʩʦʣʶʪʥʦʡ ʷʨʢʦʩʪʠ (m0) ʢʦʤʝʪʳ 28P/Neujmin 1 ɸ), 53P/Van Biesbroeck ɺ), 

92ʈ/Sanguin ʉ) ʩʦ ʚʨʝʤʝʥʝʤ. 

 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʘʙʩʦʣʶʪʥʦʡ ʷʨʢʦʩʪʴʶ ʢʦʤʝʪ (m0) ʠ ʯʠʩ-

ʣʘʤʠ ɺʦʣʴʬʘ (W). ɸʥʘʣʠʟ ʨʠʩ. 2 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʝʞʜʫ ʘʙʩʦʣʶʪʥʦʡ ʷʨʢʦʩʪʴ  ʁmo ʪʨʝʭ 

ʢʦʤʝʪ ʠ ʯʠʩʣʘʤʠ ɺʦʣʴʬʘ (W) ʥʝʪ ʷʚʥʦʡ ʢʦʨʨʝʣʷʮʠʠ. 
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ʊʘʙʣʠʮʘ 2  

ʄʘʢʩʠʤʘʣʴʥʳʝ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦʡ ʷʨʢʦʩʪʠ ʢʦʤʝʪ 28P/Neujmin 1, 

53P/Van Biesbroeck, 92ʈ/Sanguin ʠ ʯʠʩʝʣ ɺʦʣʴʬʘ. 

NmW NW N
W Nm N 

WN  
N m mN  

ɔ r ů 

ʂʦʤʝʪʘ 28P/Neujmin 1 

5 3 3 1 5 4 3 2 6 0.23 0.38 

ʂʦʤʝʪʘ 53P/Van Biesbroeck 

4 2 5 2 3 7 3 2 6 0.55 0.28 

ʂʦʤʝʪʘ 92ʈ/Sanguin 

1 1 2 1 4 2 2 2 4 0.5 0.19 

ɿʜʝʩʴ: 

(NmW) ï ʯʠʩʣʦ ʠʥʪʝʨʚʘʣʦʚ ʩ ʤʘʢʩʠʤʫʤʘʤʠ W ʠ m, 

(NW) ïʯʠʩʣʦ ʠʥʪʝʨʚʘʣʦʚ ʩ ʤʘʢʩʠʤʫʤʘʤʠ W, ʥʦ ʙʝʟ ʤʘʢʩʠʤʫʤʘ m,  

(Nm) ïʯʠʩʣʦ ʠʥʪʝʨʚʘʣʦʚ ʙʝʟ ʤʘʢʩʠʤʫʤʘ W, ʥʦ ʩ ʤʘʢʩʠʤʫʤʦʤ m, 

(N) ï ʯʠʩʣʦ ʠʥʪʝʨʚʘʣʦʚ ʙʝʟ ʤʘʢʩʠʤʫʤʦʚ, 

( WN ) ï ʯʠʩʣʦ ʠʥʪʝʨʚʘʣʦʚ ʙʝʟ ʤʘʢʩʠʤʫʤʦʚ W ,  

( N
W) ï ʯʠʩʣʦ ʠʥʪʝʨʚʘʣʦʚ ʩ ʤʘʢʩʠʤʫʤʦʚ W,  

( mN ) ï ʯʠʩʣʦ ʠʥʪʝʨʚʘʣʦʚ ʙʝʟ ʤʘʢʩʠʤʫʤʦʚ m , 

( N m) ï ʯʠʩʣʦ ʠʥʪʝʨʚʘʣʦʚ ʩ ʤʘʢʩʠʤʫʤʦʚ m 

ɔ ï ʦʙʱʝʝ ʯʠʩʣʦ ʠʥʪʝʨʚʘʣʦʚ, 

r ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ, 

ů ï ʜʠʩʧʝʨʩʠʷ ʢʦʨʨʝʣʷʮʠʠ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ r ʤʝʞʜʫ m0 ʠ W ʘ ʪʘʢʞʝ ʜʠʩʧʝʨʩʠʷ ů ʚʳʯʠʩʣʝʥʳ ʧʦ ʩʣʝ-

ʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʷʤ: 

 mmWW

mWmW

NNNN

NNNN
r

-
=

 ,  

 

 ʎ
Ѝ
 . 

ɺ ʪʘʙʣ. 2 ʧʨʠʚʝʜʝʥʘ ʩʚʦʜʢʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʘʙʩʦʣʶʪʥʦʡ 

ʷʨʢʦʩʪʠ ʪʨʝʭ ʢʦʤʝʪ ʠ ʯʠʩʝʣ ɺʦʣʴʬʘ, ʘ ʪʘʢʞʝ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ. ʀʟ ʪʘʙʣ. 2 ʚʠʜʥʦ, 

ʯʪʦ ʤʝʞʜʫ ʘʙʩʦʣʶʪʥʦʡ ʷʨʢʦʩʪʴ  ʁmo ʪʨʝʭ ʢʦʤʝʪ ʠ ʯʠʩʣʘʤʠ ɺʦʣʴʬʘ ʥʝʪ ʷʚʥʦʡ ʢʦʨʨʝʣʷʮʠʠ. 
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ʀʟʤʝʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʦʨʙʠʪ ʢʦʤʝʪʳ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʪʝʩʥʦʛʦ ʩʙʣʠʞʝʥʠʷ ʩ 

ʉʦʣʥʮʝʤ ʠʣʠ ʩ ʖʧʠʪʝʨʦʤ ʠ ʉʘʪʫʨʥʦʤ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʢʦʤʝʪʳ ʩʦ ʚʨʝʤʝʥʠ ʩʚʦʝʛʦ ʦʪʢʨʳ-

ʪʠʷ ʥʝ ʠʤʝʣʠ ʪʝʩʥʦʛʦ ʩʙʣʠʞʝʥʠʷ ʩ ʉʦʣʥʮʝʤ ʠ ʧʣʘʥʝʪʘʤʠ ʛʠʛʘʥʪʘʤʠ. ʇʦ ʚʳʯʠʩʣʝʥʠʷʤ ɿʘ-

ʫʩʘʝʚʘ ɸ.ʌ. ʠ ɿʘʫʩʘʝʚʘ ɸ.ɸ., ʢʦʤʝʪʘ 53P/Van Biesbroeck ʚ 2039 ʛʦʜʫ ʧʨʠʙʣʠʟʠʪʩʷ ʢ ʖʧʠ-

ʪʝʨʫ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 0.509 ʘ.ʝ. ɺ ʵʪʦ ʚʨʝʤʷ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʦʚ ʦʨʙʠʪʳ ʢʦʤʝʪʳ ʨʝʟʢʦ 

ʠʟʤʝʥʷʪʩʷ, ʥʘʧʨʠʤʝʨ, ʧʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ ʢʦʤʝʪʳ ʚʦʢʨʫʛ ʉʦʣʥʮʘ ʩʦʢʨʘʪʠʪʩʷ ʦʪ 12.5 ʜʦ 9.7 

ʣʝʪ [9]. ɸʙʩʦʣʶʪʥʘʷ ʷʨʢʦʩʪʴ ʢʦʤʝʪʳ 92ʈ/Sanguin ʚʦ ʚʩʝʭ ʩʚʦʠʭ ʧʦʷʚʣʝʥʠʷʭ ʠʟʤʝʥʠʣʘʩʴ ʥʘ 

+1.1 ʟʚʸʟʜʥʫʶ ʚʝʣʠʯʠʥʫ. ɸʙʩʦʣʶʪʥʘʷ ʷʨʢʦʩʪʴ ʢʦʤʝʪʳ 28P/Neujmin 1 ʚ ʪʝʯʝʥʠʝ ʧʦʯʪʠ 

100 ʣʝʪ ʠʟʤʝʥʠʣʘʩʴ ʥʘ +2 ʟʚʝʟʜʥʳʝ ʚʝʣʠʯʠʥʳ. ʕʪʦʪ ʬʘʢʪ ʤʦʞʝʪ ʫʢʘʟʘʪʴ ʥʘ ʪʦ, ʯʪʦ ʩ ʢʘʞ-

ʜʳʤ ʚʦʟʚʨʘʱʝʥʠʝʤ ʢ ʉʦʣʥʮʫ ʪʦʣʱʠʥʘ ʪʫʛʦʧʣʘʚʢʦʡ ʢʦʨʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʷʜʨʘ ʢʦʤʝʪʳ 

ʚʦʟʨʘʩʪʘʝʪ.  

ɺʳʚʦʜʳ 

 ʀʟʤʝʥʝʥʠʷ ʘʙʩʦʣʶʪʥʦʡ ʷʨʢʦʩʪʠ mo ʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ n ʠʩʩʣʝʜʦʚʘʥ-

ʥʳʭ ʢʦʤʝʪ ʥʝ ʩʚʷʟʘʥʳ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʵʣʝʤʝʥʪʦʚ ʦʨʙʠʪʳ ʢʦʤʝʪʳ ʠ ʩ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦ-

ʩʪʴʶ. ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʷʨʢʦʩʪʠ ʢʦʤʝʪ ʟʘʚʠʩʠʪ ʦʪ ʫʚʝʣʠʯʝʥʠʷ ʩʣʦʷ ʪʫʛʦ-

ʧʣʘʚʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʤ ʧʦʢʨʳʚʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴ ʷʜʨʘ ʢʦʤʝʪʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣ-

ʥʝʯʥʦʛʦ ʬʦʪʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 
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Ç.À.ÌÝÚÑÎ 

ÞÌÇÉÔÉÔ ÛÌÜÌØÑÞÜÇÚÔ àÚÞÚØÑÞÜÔÔ ÖÚØÑÞÌÇÚÔ ÚÔ×ÌÔ 

ÓßÇÌ× 

Ôùýþôþÿþô ìþüúĀôóôöìô Ìöìðñøôċô ô÷øĕúô Æÿøāÿüôô ÞúĔôöôýþúù 

 Éìðüô øÿþ÷ìė (mo) îì ûìüìøñþüô Āúþúøñþüôô öúøñþìĕú (n) ðìü þìøúøô 

øÿĄúĕôðìĕúċĄúù îúíìýþì íì āÿüĘĔô ÚĀþúí þìĕėôė öìüðì Ąÿðì îì úøĘāþì Ąÿðììùð. 

Øÿìõċù Ąÿð, öô þìĎõôüČíôô ôù ûìüìøñþüĕú ùìóìüüìý ùìíÿðì, íì þìĎõôüČíôô ùúìČùô 

ĉ÷ñøñùþĕúô øìðúüô öúøñþĕú îì āÿüĘĔô ÚĀþúí ì÷úėøìùðĒ ùìðúüìùð.  

Öì÷ôøìĕúô öì÷ôðĒ: öúøñþì, ėÿðüô øÿþ÷ìė, ûìüìøñþüô ĀúþúøñþüĒ, öúüüñ÷ċcôċ, āÿüĘĔô ÚĀþúí. 

 

H.G.ASOEV  

THE STUDY OF THE PHOTOMETRIC PARAMETERS OF SATURN FAMILY 

COMETS 

Institute of Astrophysics, Academy of Sciences of the Republic of Tajikistan 

The evolution of the absolute brightness (mo) and photometric parameter (n) of comets 

during the entire time of their observation and the possible connection of these photometric pa-

rameters from solar activity has been studied. It is revealed that the changes of these parameters 

are insignificant, not associated with small changes in the elements of the orbits of comets and 

with the activity of the Sun.  

Key words: comet, absolute brightness, photometric parameter, correlation, solar activity. 
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àÔÓÔÖÌ 

ʋɼʂ 541.123 

ʍ.ʍ.ʄʋʄʀʅʆɺ, ʐ.ʌ.ʄʋʍɸʄɽɼʆɺɸ 

ɼʀʉʉʀʇɸʊʀɺʅʓɽ ʉʆʃʀʊʆʅʓ ɹʈʀɿɽʈʅʆɻʆ ʊʀʇɸ ʉʂɸʃʗʈʅʆɻʆ 

ʅɽʃʀʅɽʁʅʆɻʆ ʋʈɸɺʅɽʅʀʗ ʐʈɪɼʀʅɻɽʈɸ ʉ ʇʈʀʊʗɻʀɺɸʖʑʀʄ 

ʇʆʊɽʅʎʀɸʃʆʄ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʉ.ʋ.ʋʤʘʨʦʚʘ ɸʅ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ 

ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 09.01.2019 ʛ.  

ʄʝʪʦʜʘʤʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʙʨʠʟʝʨʥʦʡ ʜʠʥʘʤʠʢʠ ʥʝʣʠʥʝʡʥʳʭ 

ʚʦʟʙʫʞʜʝʥʠʡ ʤʥʦʛʦʩʦʣʠʪʦʥʥʦʛʦ ʪʠʧʘ, ʦʧʠʩʳʚʘʝʤʳʭ ʩʢʘʣʷʨʥʳʤ ʥʝʣʠʥʝʡʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʐʨʝʜʠʥ-

ʛʝʨʘ ʩ ʧʦʪʝʥʮʠʘʣʦʤ ʧʨʠʪʷʞʝʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ ʜʠʩʩʠʧʘʮʠʠ ʠ ʧʦʜʢʘʯʢʠ ʚʥʝʰʥʠʤʠ ʧʦʣʷʤʠ. ʅʘʙʣʶʜʘ-

ʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʛʝʨʝʥʪʥʳʭ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʧʦʷʚʣʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʘʪʪʨʘʢʪʦ-

ʨʘ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʢʘʣʷʨʥʦʛʦ ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ ʩ ʧʨʠʪʷʛʠʚʘʶʱʠʤ ʧʦ-

ʪʝʥʮʠʘʣʦʤ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: n-ʩʦʣʠʪʦʥ, ʙʨʠʟʝʨʥʘʷ ʜʠʥʘʤʠʢʘ, ʢʦʛʝʨʝʥʪʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʢʣʘʩʩʠʯʝʩʢʠʡ ʘʪʪʨʘʢ-

ʪʦʨ, ʩʢʘʣʷʨʥʦʝ ʥʝʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʐʨʝʜʠʥʛʝʨʘ ʩ ʧʦʪʝʥʮʠʘʣʦʤ ʧʨʠʪʷʞʝʥʠʷ, ʜʠʩʩʠʧʘʮʠʷ, ʧʦʜ-

ʢʘʯʢʘ.  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʨʠʛʫʶʱʠʭ ʷʚʣʝʥʠʡ ʥʝʣʠʥʝʡʥʦʡ ʬʠʟʠʢʠ, ʥʘʙʣʶʜʘʶʱʠʭʩʷ ʚ 

ʩʨʝʜʘʭ ʩ ʜʠʩʩʠʧʘʮʠʝʡ ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʜʢʘʯʢʠ, ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʦʣʛʦʞʠʚʫʱʠʭ (ʚ 

ʧʨʝʜʝʣʘʭ ï ʙʝʩʢʦʥʝʯʥʦ) ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʢʦʛʝʨʝʥʪʥʳʭ ʩʪʨʫʢʪʫʨ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦ-

ʷʚʣʝʥʠʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʚ ʧʦʜʦʙʥʳʭ ʩʨʝʜʘʭ. ʆʩʦʙʦ ʠʥʪʝʥʩʠʚʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ, ʠʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʘʚʪʦʩʪʨʫʢʪʫʨ, ʥʘʯʘʣʠ ʟʘʥʠʤʘʪʴʩʷ ʚ 

ʩʝʤʠʜʝʩʷʪʳʭ ʛʦʜʘʭ XX ʚ. ʇʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ ʚ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʠʩʪʝʤʘʭ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʥʘʟʳʚʘʪʴ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʝʡ [1]. ʉʘʤʦʦʨʛʘʥʠʟʘ-

ʮʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʢʦʣʣʝʢʪʠʚʥʳʭ, ʢʦʦʧʝʨʘʪʠʚʥʳʭ, ʷʚʣʝʥʠʷʭ ʚ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʩʠʩʪʝʤʘʭ 

ʧʨʠ ʥʘʣʠʯʠʠ ʜʠʩʩʠʧʘʮʠʠ ʠ ʠʟʫʯʘʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʦʚʦʡ ʦʙʣʘʩʪʴʶ ʥʘʫʢʠ, ʠʟʚʝʩʪʥʦʡ ʢʘʢ 

ʩʠʥʝʨʛʝʪʠʢʘ [1]. ʌʦʨʤʠʨʦʚʘʥʠʝ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʘʤʦʦʨ-

ʛʘʥʠʟʘʮʠʠ ʚ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʩʠʩʪʝʤʘʭ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. ʀʟʚʝʩʪʥʳ ʧʨʦʮʝʩ-

                                                      
ɸʜʨʝʩ ʜʣʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ: ʄʫʤʠʥʦʚ ʍʠʢʤʘʪ ʍʘʣʠʤʦʚʠʯ, ʄʫʭʘʤʝʜʦʚʘ ʐʦʠʨʘ ʌʘʡʟʫʣʣʦʝʚʥʘ. 

734063, ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ, ʛ. ɼʫʰʘʥʙʝ, ʫʣ. ɸʡʥʠ, 299/1, ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ɸʅ 

ʈʊ. E-mail: muminov.khikmat@mail.ru, shoira74@mail.ru. 

ʀɿɺɽʉʊʀʗ ɸʂɸɼɽʄʀʀ ʅɸʋʂ ʈɽʉʇʋɹʃʀʂʀ ʊɸɼɾʀʂʀʉʊɸʅ 

ʆʊɼɽʃɽʅʀɽ ʌʀɿʀʂʆ-ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ, ʍʀʄʀʏɽʉʂʀʍ,  

ɻɽʆʃʆɻʀʏɽʉʂʀʍ ʀ ʊɽʍʅʀʏɽʉʂʀʍ ʅɸʋʂ 

ˉ1 (174), 2019 ʛ. 
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ʩʳ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʚ ʭʠʤʠʯʝʩʢʠʭ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ, ʚ ʪʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʢʘʢ ʧʣʘʟʤʘ, ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʝʱʝʩʪ-

ʚʘ [2], ʚ ʤʘʛʥʠʪʥʳʭ ʷʚʣʝʥʠʷʭ, ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʚʝʪʘ ʚ ʦʧʪʠʯʝ-

ʩʢʠʭ ʩʨʝʜʘʭ [3]. ʅʘʣʠʯʠʝ ʥʝʣʠʥʝʡʥʦʩʪʠ ʠ ʜʠʩʧʝʨʩʠʠ ʚ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʘʭ ʬʠʟʠʢʠ ʢʦʥ-

ʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʧʣʘʟʤʳ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʢʦʥʮʝʧʮʠʠ 

ʩʦʣʠʪʦʥʘ ʚ ʢʘʯʝʩʪʚʝ ʬʠʟʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʦʙʣʘʜʘʶʱʠʭ ʩʚʦʡʩʪʚʘʤʠ ʯʘʩʪʠʮ ʧʨʠ ʠʭ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷʭ. ʂʘʢ ʠʟʚʝʩʪʥʦ ʩʦʣʠʪʦʥʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʠʷ ʚʦʣʥ, ʧʨʦʷʚʣʷʶʱʝʛʦʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʪʷʞʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʣʠʥʝʡʥʳʭ ʤʦʜ, ʠʣʠ ʩʞʘ-

ʪʠʷ ʩʦʣʠʪʦʥʘ, ʠ ʜʠʩʧʝʨʩʠʠ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʫʰʠʨʝʥʠʶ ʩʦʣʠʪʦʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʚʤʝ-

ʩʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʝʣʠʥʝʡʥʦʩʪʠ ʠ ʜʠʩʧʝʨʩʠʠ ʦʙʨʘʟʫʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ ʜʦʣʛʦʞʠʚʫʱʘʷ ʩʪʨʫʢ-

ʪʫʨʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʩʦʣʠʪʦʥʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʤʝʞʜʫ 

ʯʘʩʪʠʮʘʤʠ, ʧʦʵʪʦʤʫ ʩʦʣʠʪʦʥʳ ʥʘʟʳʚʘʶʪ ʯʘʩʪʠʮʝʧʦʜʦʙʥʳʤʠ ʥʝʣʠʥʝʡʥʳʤʠ ʚʦʟʙʫʞʜʝʥʠʷ-

ʤʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [4], ʚʦʟʤʦʞʝʥ 

ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʦʣʠʪʦʥʦʚ, ʚ ʢʦʪʦʨʳʭ, ʥʘʨʷʜʫ ʩ ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʠ 

ʜʠʩʧʝʨʩʠʝʡ, ʚʳʜʘʶʱʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʜʠʩʩʠʧʘʮʠʷ ʠ ʧʦʜʢʘʯʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʥʦʛʦ ʧʨʦ-

ʷʚʣʝʥʠʷ ʜʠʩʩʠʧʘʮʠʠ ʠ ʧʦʜʢʘʯʢʠ ʦʙʨʘʟʫʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ, ʜʦʣʛʦʞʠʚʫʱʘʷ, ʣʦʢʘʣʠʟʦʚʘʥʥʘʷ 

ʢʦʛʝʨʝʥʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ï ʜʠʩʩʠʧʘʪʠʚʥʳʡ ʩʦʣʠʪʦʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʢʘʢ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʦʣʠʪʦʥʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʣʠʥʝʡʥʦʩʪʠ ʠ 

ʜʠʩʧʝʨʩʠʠ, ʪʘʢ ʠ ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʩʦʣʠʪʦʥʳ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʜʠʩʩʠʧʘʮʠʠ ʠ ʧʦʜʢʘʯʢʠ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʫʝʜʠʥʸʥʥʳʭ ʚʦʣʥ ʚ ʥʝʣʠʥʝʡʥʳʭ ʩʨʝʜʘʭ ʩ 

ʜʠʩʧʝʨʩʠʝʡ. ɺ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ ʪʘʢʞʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʩʦʣʠ-

ʪʦʥʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʚʝʩʴʤʘ ʫʩʪʦʡʯʠʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʙʣʘʛʦʜʘʨʷ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ 

ʥʝʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʛʨʘʥʠʮʘʭ ʵʪʦʛʦ ʩʦʣʠʪʦʥʘ. ʊʦʧʦʣʦʛʠʯʝʩʢʠʝ ʩʦʣʠ-

ʪʦʥʳ ʚ ʤʥʦʛʦʤʝʨʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʠʭʨʝʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʦʙʣʘʜʘʶʱʠʝ ʥʝʪʨʠʚʠʘʣʴ-

ʥʳʤ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ ʟʘʨʷʜʦʤ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʦʥʠ ʧʨʦʷʚʣʷʶʪ ʯʨʝʟʚʳʯʘʡʥʫʶ ʫʩʪʦʡʯʠ-

ʚʦʩʪʴ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʩʦʣʠʪʦʥʦʚ ʤʦʞʝʪ ʥʦʩʠʪʴ ʚʝʩʴʤʘ ʥʝʪʨʠʚʠʘʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʚʧʣʦʪʴ ʜʦ ʧʨʦʷʚʣʝʥʠʷ ʥʝʮʝʥʪʨʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠ ʠʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ 

(ʨʘʩʩʝʷʥʠʠ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʩʦʣʠʪʦʥʦʚ ʜʨʫʛ ʥʘ ʜʨʫʛʝ), ʘ ʪʘʢʞʝ ʩʚʦʡʩʪʚ ʘʥʥʠʛʠʣʷʮʠʠ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʩʦʣʠʪʦʥʦʚ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘ-

ʨʷʜʘʤʠ [5].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʘ ʩʦʣʠʪʦʥʦʚ: ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʠ ʜʠʩ-

ʩʠʧʘʪʠʚʥʳʝ ʩʦʣʠʪʦʥʳ. ʂʦʥʩʝʨʚʘʪʠʚʥʳʝ ʩʦʣʠʪʦʥʳ ʚʦʟʥʠʢʘʶʪ ʚ ʩʨʝʜʘʭ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʧʨʝʥʝʙʨʝʯʴ ʜʠʩʩʠʧʘʮʠʝʡ ʠ ʧʨʠʪʦʢʦʤ ʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʫ. ɹʘʣʘʥʩ ʤʝʞʜʫ ʨʘʩʧʣʳʚʘʥʠʝʤ 

ʚʦʣʥʦʚʦʛʦ ʧʘʢʝʪʘ ʚʩʣʝʜʩʪʚʠʝ ʜʠʬʨʘʢʮʠʠ ʠ ʜʠʩʧʝʨʩʠʠ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʥʝʣʠʥʝʡ-

ʥʦʛʦ ʩʞʘʪʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʘʤʦʬʦʢʫʩʠʨʦʚʢʠ. ɺ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʦʣʠʪʦʥʘʭ ʧʨʦʷʚʣʷʶʪʩʷ 

ʢʘʢ ʵʬʬʝʢʪʳ ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ, ʪʘʢ ʠ ʜʠʩʩʠʧʘʪʠʚʥʳʝ.  

ʆʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʠʟʚʝʩʪʥʳ ʢʘʢ ʚ ʬʠʟʠʢʝ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʪʘʢ ʠ ʚ ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʢʝ, ʷʚʣʷʶʪʩʷ ʫʨʘʚʥʝʥʠʝ ɻʠʥʟʙʫʨ-

ʛʘ-ʃʘʥʜʘʫ ʠ ʥʝʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʐʨʝʜʠʥʛʝʨʘ. ʈʘʥʝʝ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 
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ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʦʣʠʪʦʥʦʚ ʚ ʩʠʩʪʝʤʘʭ, ʦʧʠʩʳʚʘʝʤʳʭ ʵʪʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ 

ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʜʢʘʯʢʠ ʠ ʜʠʩʩʠʧʘʮʠʠ [3,4].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʩʦʩʨʝʜʦʪʦʯʠʤʩʷ ʥʘ ʠʟʫʯʝʥʠʠ ʩʢʘʣʷʨʥʦʛʦ ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚ-

ʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ (ʅʋʐ), ʦʪʣʠʯʘʶʱʝʛʦʩʷ ʦʪ ʫʨʘʚʥʝʥʠʷ ɻʠʥʟʙʫʨʛʘ ï ʃʘʥʜʘʫ ʧʦʪʝʥʮʠʘ-

ʣʦʤ ʧʨʠʪʷʞʝʥʠʷ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ, ʠʤʝʷ ʚʚʠʜʫ ʫʯʝʩʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʵʬʬʝʢʪʳ ʜʠʩʩʠʧʘʮʠʠ 

ʠ ʧʦʜʢʘʯʢʠ, 

 Ὥ‪ ‪ ςȿ‪ȿ ὦ ‪ πȢ  (1) 

ʀʥʪʝʛʨʘʣʳ ʵʥʝʨʛʠʠ ʠ ʯʠʩʣʘ ʯʘʩʪʠʮ ʠʤʝʶʪ ʚʠʜ: 

 ὔ  ᷿ȿ‪ȿὨὼȟ Ὄ ᷿ȿ‪ȿ ȿ‪ȿ ὦ Ὠὼ  (2) 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʘʙʦʪʝ [6] ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʦʟʦʥʥʦʛʦ ʠʥ-

ʪʝʛʨʠʨʦʚʘʥʠʷ, ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ  

 ‪‚ȟὸ ὦὩ  ρ
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ǲ
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ʈʘʥʝʝ ʥʘʤʠ ʧʨʦʚʦʜʠʣʦʩʴ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʚʦʣʶʮʠʠ ʜʘʥʥʦʛʦ ʤʥʦʛʦʩʦʣʠ-

ʪʦʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʉʅʋʐ ʩ ʧʨʠʪʷʛʠʚʘʶʱʠʤ ʧʦʪʝʥʮʠʘʣʦʤ (1), ʪʦ ʝʩʪʴ ʯʠʩʣʝʥʥʦ 

ʨʝʰʘʣʘʩʴ ʟʘʜʘʯʘ ʂʦʰʠ, ʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʫʣʝʚʦʡ ʩʢʦʨʦʩʪʠ ʩʦʣʠʪʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʥʝʣʠʥʝʡʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʚ ʚʠʜʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʘʢʝʪʘ ʚʦʣʥ, ʥʝ ʧʨʦʷʚʣʷʷ ʙʨʠʟʝʨʥʦʡ 

ʜʠʥʘʤʠʢʠ [7].  

ʇʨʠʚʝʜʝʤ ʥʠʞʝ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʵʚʦʣʶ-

ʮʠʶ ʨʝʰʝʥʠʷ (3) ʉʅʋʐ ʩ ʢʦʥʜʝʥʩʘʪʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʠ ʥʫʣʝʚʦʡ ʩʢʦʨʦʩʪʠ 

ʠʭ ʜʚʠʞʝʥʠʷ, ʪʦ ʝʩʪʴ ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ ὦ ρȟ‌ πȢςωȟ‌ ρȟ ‍ πȢπωφȟ ‍

πȢππρȟ ‎ ρȢωυȟ‎ ρȢωυȟ‗ πȢχυȟ‖ πȢυ  (ʨʠʩ. 1-6). ʂʘʢ ʚʠʜʥʦ, ʤʥʦʛʦʩʦʣʠʪʦʥʥʦʝ 

ʨʝʰʝʥʠʝ ʥʝ ʧʨʦʷʚʣʷʝʪ ʙʨʠʟʝʨʥʦʡ ʜʠʥʘʤʠʢʠ. ʀʥʪʝʛʨʘʣ ʵʥʝʨʛʠʠ ʠ ʠʥʪʝʛʨʘʣ ʯʠʩʣʘ ʯʘʩʪʠʮ ʚ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʦʭʨʘʥʷʣʠʩʴ ʩ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ ρͯπ

ρπȟ ρͯπ ρπ . 
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ʈʠʩ.1. ɻʨʘʬʠʢ ʵʚʦʣʶʮʠʠ ʯʠʩʣʘ ʯʘʩʪʠʮ ʩʦʣʠʪʦʥʘ. 
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ʈʠʩ.2. ɻʨʘʬʠʢʠ ʧʣʦʪʥʦʩʪʠ ʯʠʩʣʘ ʯʘʩʪʠʮ ȿ‪ȿ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t=0. 
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ʈʠʩ.3. ɻʨʘʬʠʢ ʵʚʦʣʶʮʠʠ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʩʦʣʠʪʦʥʘ.  

 

 

ʈʠʩ. 4. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʩʦʣʠʪʦʥʘ ʧʨʠ t=0. 
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ʈʠʩ.5. ʌʫʨʴʝ-ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʦʡ ʤʦʜʫʣʷʮʠʠ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʜʚʫʭʩʦʣʠʪʦʥʥʦʛʦ ʨʝʰʝʥʠʷ 

 

ʈʠʩ.6. ʌʫʨʴʝ-ʘʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʦʜʫʣʷʮʠʠ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʜʚʫʭʩʦʣʠʪʦʥʥʦʛʦ ʨʝʰʝʥʠʷ 
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ʋʯʪʸʤ ʪʝʧʝʨʴ ʚ ʫʨʘʚʥʝʥʠʠ (1) ʧʦʜʢʘʯʢʫ ʠ ʟʘʪʫʭʘʥʠʝ ʚ ʩʣʝʜʫʶʱʝʤ ʚ ʚʠʜʝ  

 Ὥ‪ ‪ ςȿ‪ȿ ὦ ‪ ʉȿ‪ȿ‪ Ὥ‪Ὥ‐ȿ‪ȿ‏‪ Ὥ‘ȿ‪ȿ‪Ȣ  (4) 

ʛʜʝ ’ ï ʧʘʨʘʤʝʪʨ ʥʝʣʠʥʝʡʥʦʩʪʠ 5-ʡ ʩʪʝʧʝʥʠ, ‐ ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʥʦʩʪʠ ʥʝʣʠʥʝʡʥʳʭ ʫʩʠ-

ʣʝʥʠʡ ʠ ʧʦʪʝʨʴ, ‏ ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʩʩʠʧʘʮʠʠ, ‘ ï ʥʘʩʳʱʝʥʠʝ ʥʝʣʠʥʝʡʥʦʛʦ ʫʩʠʣʝʥʠʷ (ʚʳ-

ʙʠʨʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʤʠ). 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʰʝʥʠʷ (3) ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ ὦ ρȟ‌

πȢςωȟ‌ ρȟ ‍ πȢπωφȟ ‍ πȢππρȟ ‎ ρȢωυȟ‎ ρȢωυȟ‗ πȢχυȟ‖ πȢυȟ’

πȢπππςȟ‏ πȢπσȟ‐ πȢπυȟ‘ πȢπρȟ ʪʦ ʝʩʪʴ ʩ ʫʯʸʪʦʤ ʜʠʩʩʠʧʘʮʠʠ ʠ ʧʦʜʢʘʯʢʠ ʧʨʠʚʝʜʝʥʳ 

ʥʘ ʨʠʩ. 7-13. 

 

ʈʠʩ.7. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʛʨʘʣʘ ʯʠʩʣʘ ʯʘʩʪʠʮ ʩʦʣʠʪʦʥʘ ʦʪ ʚʨʝʤʝʥʠ. 
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ʈʠʩ. 8. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʛʨʘʣʘ ʵʥʝʨʛʠʠ ʩʦʣʠʪʦʥʘ ʦʪ ʚʨʝʤʝʥʠ.  

 

 

ʈʠʩ.9. ʌʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʩʠʩʪʝʤʳ (ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʛʨʘʣʘ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ʦʪ ʠʥʪʝʛʨʘʣʘ 

ʯʠʩʣʘ ʯʘʩʪʠʮ). 
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ʈʠʩ.10. ʕʚʦʣʶʮʠʷ ʯʠʩʣʘ ʯʘʩʪʠʮ ʩʦʣʠʪʦʥʘ. 
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ʈʠʩ.11. ɻʨʘʬʠʢʠ ʧʣʦʪʥʦʩʪʠ ʯʠʩʣʘ ʯʘʩʪʠʮ ȿ‪ȿ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t=0. 
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ʈʠʩ.12. ɻʨʘʬʠʢʠ ʵʚʦʣʶʮʠʠ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʩʦʣʠʪʦʥʘ.  

 

 

ʈʠʩ.13. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʩʦʣʠʪʦʥʘ ʧʨʠ t=0.  
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ʈʠʩ.14. ʌʫʨʴʝ-ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʦʡ ʤʦʜʫʣʷʮʠʠ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʜʚʫʭʩʦʣʠʪʦʥʥʦʛʦ ʨʝʰʝʥʠʷ. 

 

ʈʠʩ.15. ʌʫʨʴʝ-ʘʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʦʜʫʣʷʮʠʠ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʜʚʫʭʩʦʣʠʪʦʥʥʦʛʦ ʨʝʰʝʥʠʷ. 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʠʥʪʝʛʨʘʣ ʯʠʩʣʘ ʯʘʩʪʠʮ 

ʠ ʠʥʪʝʛʨʘʣ ʵʥʝʨʛʠʠ ʩʦʣʠʪʦʥʘ, ʠʟʤʝʥʷʶʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʦʙʨʘʟʦʤ (ʨʠʩ. 7-8). ɺʤʝʩʪʝ ʩ 

ʪʝʤ ʬʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʩʠʩʪʝʤʳ (ʨʠʩ. 9) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʣʦʪʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʬʘʟʦʚʳʭ 

ʪʨʘʝʢʪʦʨʠʡ ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʩ-

ʪʦʡʯʠʚʦʩʪʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʷʚʣʷʝʪʩʷ ʫʢʘʟʘʥʠʝʤ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʘʪʪʨʘʢʪʦʨʘ ʚ ʫʢʘʟʘʥ-

ʥʦʡ ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ.10-12 ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʵʬʬʝʢʪʦʚ ʥʘʢʘʯʢʠ ʠ ʜʠʩʩʠʧʘʮʠʠ ʤʥʦʛʦʩʦʣʠʪʦʥʥʦʝ ʨʝʰʝʥʠʝ (3) ʥʘʯʠʥʘʝʪ ʧʨʦʷʚ-

ʣʷʪʴ ʙʨʠʟʝʨʥʫʶ ʜʠʥʘʤʠʢʫ. ʌʫʨʴʝ-ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʦʡ ʤʦʜʫʣʷʮʠʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʥʘʯʠʪʝʣʴ-

ʥʳʡ ʨʦʩʪ ʤʦʱʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʥʘ ʯʘʩʪʦʪʘʭ 100 ʜʦ 1600 ʧʝʨʠʦʜʦʚ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʩʨʘʚʥʝʥʠʷ 

ʨʠʩ. 5 ʠ ʨʠʩ. 14, ʪʦ ʝʩʪʴ ʥʘ ʧʦʷʚʣʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦʡ ʙʨʠʟʝʨʥʦʡ ʜʠʥʘʤʠʢʠ ʬʦʨʤʠʨʫʶʱʝ-

ʛʦʩʷ ʜʠʩʩʠʧʘʪʠʚʥʦʛʦ ʙʨʠʟʝʨʘ. ʌʫʨʴʝ-ʘʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʦʜʫʣʷʮʠʠ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʦʷʚʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʜ ʜʠʥʘʤʠʢʠ, ʬʘʢʪʠʯʝʩʢʠ, ʫʜʚʦʝʥʠʷ ʯʘʩʪʦʪʳ ʠ ʧʝʨʠʦʜʘ, ʢʘʢ 

ʚʠʜʥʦ ʠʟ ʩʨʘʚʥʝʥʠʷ ʨʠʩ. 6 ʠ ʨʠʩ. 15.  

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʚʦʣʶʮʠʠ ʤʥʦʛʦʩʦʣʠʪʦʥʥʦʛʦ ʨʝʰʝ-

ʥʠʷ (3) ʧʨʠ ʥʝʥʫʣʝʚʦʡ ʩʢʦʨʦʩʪʠ. ʇʨʠ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʜʠʩʩʠʧʘʮʠʠ 

ʠ ʧʦʜʢʘʯʢʠ ʠ ʩʢʦʨʦʩʪʠ ʧʘʢʝʪʘ ‡=0.19, ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ 

ʥʘ ʨʠʩ. 16-24.  

 

ʈʠʩ.16. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʛʨʘʣʘ ʯʠʩʣʘ ʯʘʩʪʠʮ ʩʦʣʠʪʦʥʘ ʦʪ ʚʨʝʤʝʥʠ. 
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ʈʠʩ. 17. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʛʨʘʣʘ ʵʥʝʨʛʠʠ ʩʦʣʠʪʦʥʘ ʦʪ ʚʨʝʤʝʥʠ. 

 

ʈʠʩ.18. ʌʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʩʠʩʪʝʤʳ (ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʛʨʘʣʘ ʵʥʝʨʛʠʠ ʦʪ ʠʥʪʝʛʨʘʣʘ ʯʠʩʣʘ ʯʘʩʪʠʮ). 
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ʈʠʩ.19. ɼʠʥʘʤʠʢʘ ʵʚʦʣʶʮʠʠ ʯʠʩʣʘ ʯʘʩʪʠʮ ʩʦʣʠʪʦʥʘ. 
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ʈʠʩ. 20. ɻʨʘʬʠʢʠ ʧʣʦʪʥʦʩʪʠ ʯʠʩʣʘ ʯʘʩʪʠʮ ȿ‪ȿ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t=0. 
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ʈʠʩ.21. ɻʨʘʬʠʢʠ ʵʚʦʣʶʮʠʠ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʩʦʣʠʪʦʥʘ.  

 

 

ʈʠʩ. 22. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʩʦʣʠʪʦʥʘ ʧʨʠ t=0. 
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ʈʠʩ.23. ʌʫʨʴʝ-ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʦʡ ʤʦʜʫʣʷʮʠʠ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʜʚʫʭʩʦʣʠʪʦʥʥʦʛʦ ʨʝʰʝʥʠʷ. 

 

ʈʠʩ.24. ʌʫʨʴʝ-ʘʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʦʜʫʣʷʮʠʠ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʜʚʫʭʩʦʣʠʪʦʥʥʦʛʦ ʨʝʰʝʥʠʷ. 
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ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʚʦʣʶʮʠʠ N-ʩʦʣʠʪʦʥʥʦʛʦ ʙʨʠʟʝʨʘ 

ʧʨʠ ʥʘʣʠʯʠʠ ʜʠʩʩʠʧʘʮʠʠ ʠ ʧʦʜʢʘʯʢʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʩʪʨʘʥʥʦʛʦ ʘʪʪʨʘʢʪʦʨʘ ʚ ʬʘʟʦ-

ʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʛʜʝ ʬʘʟʦʚʳʝ ʪʨʘʝʢʪʦʨʠʠ ʦʙʨʘʟʫʶʪ ʦʯʝʥʴ ʧʣʦʪʥʫʶ ʫʧʘʢʦʚʢʫ ʚ ʦʛʨʘʥʠ-

ʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʨʠʩ.18), ʚʤʝʩʪʝ ʩ ʪʝʤ, ʣʷʧʫʥʦʚʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʩʪʘʶʪʩʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ, ʘ ʙʨʠʟʝʨʥʘʷ ʜʠʥʘʤʠʢʘ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪʩʷ (ʨʠʩ.19-22). ʌʫʨʴʝ-

ʘʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ ʚʨʝʤʝʥʥʦʡ ʤʦʜʫʣʷʮʠʠ (ʨʠʩ.23-24) ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʩʦʣʠʪʦ-

ʥʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʤʦʱʥʦʩʪʠ ʫ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʳ ʙʨʠʟʝʨʥʦʡ ʜʠʥʘʤʠʢʠ 

ʠ ʧʦʷʚʣʝʥʠʝ ʩʘʪʝʣʣʠʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʣʛʦʞʠʚʫʱʠʭ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʦʣʠʪʦʥʦʚ, ʦʧʠʩʳʚʘʝʤʳʭ ʩʢʘʣʷʨʥʳʤ 

ʥʝʣʠʥʝʡʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʐʨʝʜʠʥʛʝʨʘ ʩ ʧʦʪʝʥʮʠʘʣʦʤ ʧʨʠʪʷʞʝʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʜʢʘʯʢʠ 

ʠ ʜʠʩʩʠʧʘʮʠʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʛʝʨʝʥʪʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʬʦʨʤʠʨʦʚʘ-

ʥʠʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʘʪʪʨʘʢʪʦʨʘ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʠʩʪʝʤʳ.  
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DISSIPATIVE SOLITONS  OF BREATHER TYPE OF A SCALAR NON-LINEAR 

SHR¥DINGER EQUATION WITH THE ATTRACTION  POTENTIAL  

S.U.Umarov Physical-Technical Institute, Academy of the Republic of Tajikistan 

Numerical simulation methods are used to analyze the breather dynamics of nonlinear 

excitations of the multisoliton type described by the scalar nonlinear Schrºdinger equation with 

the potential of attraction taking into account dissipation and pumping by external fields. For-

mation of coherent dissipative structures and the manifestation of a classical attractor in the 

phase space of the scalar nonlinear Schrºdinger equation with a the potential of attraction are 

observed. 

Key words: coherent structures, breather dynamics, classical attractor, scalar nonlinear Schrºdinger equa-

tion with the potential of attraction, dissipation, pumping. 
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àÔÓÔÖÌ 

ʋɼʂ 621.039.51 

ʄ.ʐ.ʀʄʆʄ, ʍ.ʍ.ʄʋʄʀʅʆɺ*, ɺ.ʃ.ʈʆʄʆɼɸʅʆɺ** , ʌ.ʈɸʍʀʄʀ*, ʉ.ʌ.ʆɼʀʅɸɽɺ 

ʈɸɿʈɸɹʆʊʂɸ ʂɸʏɽʉʊɺɽʅʅʆɻʆ ʎʀʌʈʆɺʆɻʆ ɸʅɸʃʀɿɸ ʆʊʂʃʀʂʆɺ 

ʅɽʁʊʈʆʅʆɺ ʀ ɻɸʄʄɸ-ʂɺɸʅʊʆɺ ʉ ʈɸɿʃʀʏʅʓʄʀ 

ʉʎʀʅʊʀʃʃʗʎʀʆʅʅʓʄʀ ʉʏɽʊʏʀʂɸʄʀ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʉ.ʋ.ʋʤʘʨʦʚʘ ɸʅ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ, 
*
ʇʨʝʟʠʜʠʫʤ ɸʅ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ, 

**
ʅʘʮʠʦʥʘʣʴʥʳʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè 

ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 28.11.2018 ʛ. 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʮʠʬʨʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʦʪʢʣʠʢʦʚ ʥʝʡʪʨʦʥʦʚ 

ʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚ ʫʩʪʘʥʦʚʢʘʭ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʷʜʝʨʥʳʭ ʜʝʣʷʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʢʦʤʙʠʥʘʮʠʷʤʠ ʨʘʟʣʠʯʥʳʭ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʩʮʠʥʪʠʣʣʷʪʦʨ ʩʪʠʣʴ-

ʙʝʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘʤʠ EJ-309 ʠ BC-501 ʠʤʝʝʪ ʣʫʯʰʫʶ ʟʘʛʨʫʟʢʫ ʥʝʡʪʨʦʥʥʦʛʦ ʢʘ-

ʥʘʣʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʘʥʘʣʠʟ, ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʷʜʝʨʥʳʝ 

ʜʝʣʷʱʠʝʩʷ ʤʘʪʝʨʠʘʣʳ, ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʝ ʫʤʥʦʞʠʪʝʣʠ, ʥʘʥʦʩʝʢʫʥʜʘ.  

ʆʙʥʘʨʫʞʝʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʷʜʝʨʥʳʭ ʜʝʣʷʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ (ʗɼʄ) ʤʦʞʥʦ ʧʨʦʚʦ-

ʜʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʠʭ ʩʦʙʩʪʚʝʥʥʦʝ ʬʦʪʦʥʥʦʝ ʠʣʠ ʥʝʡʪʨʦʥʥʦʝ ʠʟʣʫʯʝʥʠʷ. ʆʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʝ ʚʩʝ ʥʫʢʣʠʜʳ ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʥʝʡʪʨʦʥ-

ʥʳʡ ʚʳʭʦʜ, ʘ ʠʭ ʬʦʪʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠʤʝʝʪ ʥʠʟʢʫʶ ʵʥʝʨʛʠʶ, ʠ ʤʦʛʫʪ ʙʳʪʴ ʩʢʨʳʪʳʤ ʜʘʞʝ 

ʪʦʥʢʠʤʠ ʩʣʦʷʤʠ ʩʚʠʥʮʦʚʳʭ ʵʢʨʘʥʦʚ [1]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʤʝʶʪʩʷ ʨʘʟʥʳʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʤʝʪʦʜʳ ʦʙʥʘʨʫʞʝʥʠ ̫ʥʝʡ-

ʪʨʦʥʥʳʭ ʠ ʬʦʪʦʥʥʳʭ ʠʟʣʫʯʝʥʠʡ, ʘ ʮʠʬʨʦʚʦʡ ʤʝʪʦʜ ʦʙʥʘʨʫʞʝʥʠʷ ʗɼʄ ʚ ʩʦʯʝʪʘʥʠʠ ʩʦ 

ʩʮʠʥʪʠʣʣʷʪʦʨʘʤʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʣʫʯʰʠʭ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʮʠʬʨʦʚʦʛʦ ʤʝʪʦʜʘ 

ʘʥʘʣʠʟʘ ʥʝʡʪʨʦʥʦʚ ʠ ʬʦʪʦʥʦʚ ʧʦʢʘʟʳʚʘʶʪ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʦ ʠ ʪʦʯʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʥʘʣʦʛʦʚʳʤ ʤʝʪʦʜʦʤ. ɹʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʘʭ ʮʠʬʨʦʚʦʛʦ ʘʥʘʣʠ-

                                                      
ɸʜʨʝʩ ʜʣʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ: ʄʫʤʠʥʦʚ ʍʠʢʤʘʪ ʍʘʣʠʤʦʚʠʯ. 734025, ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ, ʛ. 

ɼʫʰʘʥʙʝ, ʧʨ. ʈʫʜʘʢʠ, 33, ʇʨʝʟʠʜʠʫʤ ɸʅ ʈʊ. E-mail: muminov.khikmat@mail.ru. ʀʤʦʤ ʄʠʨʘʭʤʘʜʠ 

ʐʘʨʦʬʠʜʜʠʥ. 734063, ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ, ʛ. ɼʫʰʘʥʙʝ, ʫʣ. ɸʡʥʠ, 299/1, ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ 

ʠʥʩʪʠʪʫʪ. E-mail: emmirshar@gmail.com. 

ʀɿɺɽʉʊʀʗ ɸʂɸɼɽʄʀʀ ʅɸʋʂ ʈɽʉʇʋɹʃʀʂʀ ʊɸɼɾʀʂʀʉʊɸʅ 

ʆʊɼɽʃɽʅʀɽ ʌʀɿʀʂʆ-ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ, ʍʀʄʀʏɽʉʂʀʍ,  

ɻɽʆʃʆɻʀʏɽʉʂʀʍ ʀ ʊɽʍʅʀʏɽʉʂʀʍ ʅɸʋʂ 

ˉ1 (174), 2019 ʛ. 
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ʟʘ ʥʝʪ ʩʧʦʩʦʙʘ ʫʜʘʣʝʥʠʷ ʧʣʦʭʦ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʭ ʮʠʬʨʦʚʳʭ ʦʪʢʣʠʢʦʚ ʥʝʡʪʨʦʥʦʚ ʠ ʛʘʤ-

ʤʘ ʢʚʘʥʪʦʚ, ʠ ʵʪʦʪ ʚʦʧʨʦʩ ʨʝʰʘʝʪʩʷ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʤʝʪʦʜʝ [2, 3].  

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚʦʧʨʦʩʳ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʦʪʢʣʠʢʦʚ ʥʝʡʪʨʦ-

ʥʦʚ ʠ ʛʘʤʤʘ ʢʚʘʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʩʯʝʪʯʠʢʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʩʮʠʥʪʠʣʣʷʮʠ-

ʦʥʥʳʭ ʩʯʝʪʯʠʢʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʞʠʜʢʠʝ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʯʝʪʯʠʢʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʭʦ-

ʨʦʰʠʝ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʤʧʫʣʴʩʦʚ ʥʝʡʪʨʦʥʦʚ ʠ ʛʘʤʤʘ ʢʚʘʥ-

ʪʦʚ.  

ʆʧʠʩʘʥʠʝ ʫʩʪʘʥʦʚʢʠ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʮʠʬʨʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʦʪʢʣʠ-

ʢʦʚ ʥʝʡʪʨʦʥʦʚ ʠ ʛʘʤʤʘ ʢʚʘʥʪʦʚ ʗɼʄ  

ɸʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ ʩ ʚʳʭʦʜʘ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʛʦ ʫʤʥʦʞʠʪʝʣʷ (ʌʕʋ) ʧʦʩʪʫʧʘʝʪ ʥʘ 

ʚʭʦʜ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (ɸʎʇ), ʢʦʪʦʨʳʡ ʩ ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʦʡ ʧʨʝʦʙʨʘʟʫ-

ʝʪ ʝʛʦ ʚ ʯʠʩʣʦʚʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. ʕʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʘʧʠʩʳʚʘʝʪʩʷ ʥʘ ʚʠʥʯʝ-

ʩʪʝʨ ʢʦʤʧʴʶʪʝʨʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ. ɼʣʠʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʨʝʤʝʥʝʤ ʠʟʤʝʨʝʥʠʷ ʠ ʯʘʩʪʦʪʦʡ ʦʮʠʬʨʦʚʢʠ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʠʤʧʫʣʴʩʦʚ ʥʝ ʥʫʞʥʳ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʤʦʜʫʣʠ ʠ ʙʣʦʢʠ. ʅʝʦʙʭʦʜʠʤ ʣʠʰʴ ɸʎʇ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ 

ʤʝʪʦʜʠʢʠ ʥʝ ʪʨʝʙʫʝʪ ʩʜʚʠʛʦʚʳʭ ʨʝʛʠʩʪʨʦʚ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ. ʕʪʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ 

ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʪʝʭʥʦʣʦʛʠʡ ʮʠʬʨʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ [2]. 

 

ʈʠʩ.1. ʄʘʢʝʪ ʫʩʪʘʥʦʚʢʠ ʮʠʬʨʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʦʪʢʣʠʢʦʚ ʗɼʄ. 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʦʪʜʝʣʴʥʳʡ ʬʘʡʣ. ʇʦʣʫʯʝʥʥʳʝ ʨʝ-

ʟʫʣʴʪʘʪʳ ʜʣʷ ʢʘʞʜʦʡ ʩʝʨʠʠ ʠʟʤʝʨʝʥʠʡ ʦʙʨʘʙʘʪʳʚʘʝʪ ʩʧʝʮʠʘʣʴʥʦ ʥʘʧʠʩʘʥʥʘʷ ʜʣʷ ʜʘʥʥʦʡ 

ʟʘʜʘʯʠ ʧʨʦʛʨʘʤʤʘ. ʆʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʦʮʠʬʨʦʚʘʥʥʳʭ ʘʤʧʣʠʪʫʜʥʦ-

ʚʨʝʤʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʦʪʢʣʠʢʦʚ ʩʤʝʰʘʥʥʦʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʠʜʝʥʪʠʬʠ-

ʢʘʮʠʠ ʦʪʢʣʠʢʦʚ ʧʦ ʬʦʨʤʝ [2]. ʀʩʧʦʣʴʟʫʷ ʨʘʟʣʠʯʠʝ ʚ ʬʦʨʤʝ ʠʤʧʫʣʴʩʦʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʠʮ, 

ʥʘʧʨʠʤʝʨ, ʧʨʦʪʦʥʦʚ ʦʪʜʘʯʠ (ʥʝʡʪʨʦʥʦʚ) ʠ ʵʣʝʢʪʨʦʥʦʚ (ʛʘʤʤʘ-ʢʚʘʥʪʦʚ), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 
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ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʧʘʨʘʤʝʪʨʫ ʨʘʟʜʝʣʝʥʠʷ ʚ ʚʠʜʝ ʨʘʟʜʝʣʴʥʳʭ ʢʦʣʦʢʦʣʦʦʙʨʘʟʥʳʭ ʢʨʠʚʳʭ, 

ʚʠʜ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2.  

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʚʳʚʦʜʳ  

ʈʘʙʦʪʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʛʨʫʟʢʠ ʥʝʡʪʨʦʥʥʦʛʦ ʢʘʥʘʣʘ ʜʣʷ ʨʘʟʣʠʯ-

ʥʳʭ ʪʠʧʦʚ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ. ɹr ʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʥʘ ʫʩʪʘʥʦʚʢʝ ʮʠʬʨʦʚʦʛʦ ʤʝʪʦʜʘ ʨʘʟ-

ʜʝʣʝʥʠʷ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʦʪʢʣʠʢʦʚ ʥʝʡʪʨʦʥʦʚ ʠ ʛʘʤʤʘ ʢʚʘʥʪʦʚ. ʅʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʨʘʩ-

ʩʪʦʷʥʠʝ ʦʪ ʫʩʪʘʥʦʚʢʠ ʙʳʣ ʧʦʤʝʱʝʥ ʠʩʪʦʯʥʠʢ 252Cf, ʘ ʪʘʢʞʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʠʩʪʦʯʥʠʢ 

ʛʘʤʤʘ ʢʚʘʥʪʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʛʘʤʤʘ ʢʚʘʥʪʦʚ. ɺ ʢʘʯʝ-

ʩʪʚʝ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʚ ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥ rʩʮʠʥʪʠʣʣʷʪʦʨ ʩʪʠʣʴʙʝʥ, 

BC-501 ʠ EJ-309.  

 

ʈʠʩ.2. ʉʭʝʤʘ ʨʘʟʜʝʣʝʥʠʷ ʥʝʡʪʨʦʥʦʚ ʠ ʬʦʪʦʥʦʚ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʮʠʬʨʦʚʦʛʦ ʘʥʘʣʠʟʘ ʗɼʄ. 

 

ʕʢʩʧʝʨʠʤʝʥʪ ʩʦ ʩʪʠʣʴʙʝʥʦʚʳʤ ʩʮʠʥʪʠʣʣʷʪʦʨʦʤ 

ʕʢʩʧʝʨʠʤʝʥʪ ʙʳʣ ʧʨʦʚʝʜʝʥ ʥʘ ʫʩʪʘʥʦʚʢʝ ʮʠʬʨʦʚʦʛʦ ʤʝʪʦʜʘ ʨʘʟʜʝʣʝʥʠʷ ʩʮʠʥʪʠʣ-

ʣʷʮʠʦʥʥʳʭ ʦʪʢʣʠʢʦʚ ʥʝʡʪʨʦʥʦʚ ʠ ʛʘʤʤʘ ʢʚʘʥʪʦʚ. ʅʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʫʩʪʘ-

ʥʦʚʢʠ ʙʳʣ ʧʦʤʝʱʝʥ ʠʩʪʦʯʥʠʢ 252Cf, ʘ ʪʘʢʞʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʠʩʪʦʯʥʠʢ ʛʘʤʤʘ ʢʚʘʥʪʦʚ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʛʘʤʤʘ ʢʚʘʥʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʩʮʠʥʪʠʣʣʷʪʦ-

ʨʘ ʚ ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʩʪʠʣʴʙʝʥ. 

ɺ ɻʢʩʧʝʨʠʤʝʥʪʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʮʠʬʨʦʚʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʣʠ-

ʥʠʠ ʛʨʘʥʠʮ ʨʘʟʜʝʣʝʥʠʷ ʧʠʢʦʚ ʛʘʤʤʘ ʢʚʘʥʪʦʚ ʠʩʪʦʯʥʠʢʘ 60Co. ɿʘʪʝʤ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʣʠ-
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ʥʠʠ ʛʨʘʥʠʮ ʨʘʟʜʝʣʝʥʠʷ ʧʠʢʦʚ ʛʘʤʤʘ ʢʚʘʥʪʦʚ ʠ ʥʝʡʪʨʦʥʦʚ ʜʣʷ ʠʩʪʦʯʥʠʢʘ 252Cf. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʩ ʧʦʤʦʱʴʶ ʵʪʠʭ ʣʠʥʠʡ ʙʳʣʠ ʫʜʘʣʝʥʳ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʦʪʢʣʠʢʠ, ʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʢʦʨʨʝʢʮʠʷ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʦʪʢʣʠʢʦʚ ʥʝʡʪʨʦʥʦʚ ʠ ʛʘʤʤʘ ʢʚʘʥʪʦʚ.  

ʊʘʢʞʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʣʠʥʠʠ ʛʨʘʥʠʮ ʨʘʟʜʝʣʝʥʠʷ ʧʠʢʦʚ ʛʘʤʤʘ ʢʚʘʥʪʦʚ ʠ ʥʝʡʪʨʦ-

ʥʦʚ, ʫʜʘʣʝʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʦʪʢʣʠʢʦʚ ʠ ʢʦʨʨʝʢʮʠʷ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʦʪʢʣʠʢʦʚ ʥʝʡ-

ʪʨʦʥʦʚ ʠ ʛʘʤʤʘ ʢʚʘʥʪʦʚ ʜʣʷ ʠʩʪʦʯʥʠʢʦʚ 60Co ʠ 252Cf ʚʤʝʩʪʝ (ʩʤʦʪʨʠʤ ʨʠʩ.3).  

  

ʈʠʩ.3. ʕʢʩʧʝʨʠʤʝʥʪ ʮʠʬʨʦʚʦʛʦ ʘʥʘʣʠʟʘ ʩ ʩʪʠʣʴʙʝʥʦʚʳʤ ʩʮʠʥʪʠʣʣʷʪʦʨʦʤ. 

 

ʕʢʩʧʝʨʠʤʝʥʪ ʩʦ ʩʮʠʥʪʠʣʣʷʪʦʨʦʤ BC-501  

ɼʘʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʩʮʠʥʪʠʣʣʷʪʦʨʝ ʪʠʧʘ BC-501. ʊʘʢʞʝ ʙʳʣʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʠʩʪʦʯʥʠʢʠ ʢʘʣʠʬʦʨʥʠʷ ʠ ʢʦʙʘʣʴʪʘ. ɼʘʥʥʳʝ ʪʠʧʳ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʷʚʣʷʶʪʩʷ 

ʞʠʜʢʠʤʠ ʩʮʠʥʪʠʣʣʷʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʡʪʨʦʥʦʚ ʠ ʛʘʤʤʘ 

ʢʚʘʥʪʦʚ. ʉʮʠʥʪʠʣʣʷʪʦʨʳ BC-501 ʯʘʱʝ ʚʩʝʛʦ ʧʦʩʪʘʚʣʷʝʪʩʷ ʚ ʢʘʧʩʫʣʘʭ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʠʣʠ ʩʪʝʢʣʷʥʥʳʭ ʷʯʝʡʢʘʭ, ʛʦʪʦʚʳʭ ʜʣʷ ʥʝʤʝʜʣʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 
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ʈʠʩ.4. ʕʢʩʧʝʨʠʤʝʥʪ ʮʠʬʨʦʚʦʛʦ ʘʥʘʣʠʟʘ ʩʦ ʩʮʠʥʪʠʣʣʷʪʦʨʦʤ BC-501. 

 

ʕʢʩʧʝʨʠʤʝʥʪ ʩʦ ʩʮʠʥʪʠʣʣʷʪʦʨʦʤ EJ-309.  

ʕʪʦʪ ʵʢʩʧʝʨʠʤʝʥʪ ʙʳʣ ʧʨʦʚʝʜʝʥ ʥʘ ʩʮʠʥʪʠʣʣʷʪʦʨʝ ʪʠʧʘ EJ-309. ʉʮʠʥʪʠʣʣʷʪʦʨʳ 

ʪʠʧʘ EJ -309 ʠʤʝʶʪ ʭʦʨʦʰʠʝ ʩʚʦʡʩʪʚʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʬʦʨʤʳ ʠʤʧʫʣʴʩʘ, ʥʠʟʢʦʝ ʜʘʚʣʝʥʠʝ 

ʧʘʨʘ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚʩʧʳʰʢʠ.  
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ʈʠʩ.5. ʕʢʩʧʝʨʠʤʝʥʪ ʮʠʬʨʦʚʦʛʦ ʘʥʘʣʠʟʘ ʩ ʩʮʠʥʪʠʣʣʷʪʦʨʦʤ ʪʠʧʘ EJ-309 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʙʳʣʘ ʦʧʨʦʙʦʚʘʥʘ ʮʠʬʨʦʚʘʷ ʤʝʪʦʜʠʢʘ ʨʘʟʜʝʣʝʥʠʷ 

ʛʨʘʥʠʮ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʦʪʢʣʠʢʦʚ ʥʝʡʪʨʦʥʦʚ ʛʘʤʤʘ ʢʚʘʥʪʦʚ. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʢʘʯʝʩʪʚʘ ʨʘʟʜʝʣʝʥʠʷ ʦʪʢʣʠʢʦʚ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ɺʉ-501 ʠ ɽJ-309 ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʧʨʠ ʨʘʟ-

ʣʠʯʥʳʭ ʟʘʛʨʫʟʢʘʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʪʨʘʢʪʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʣʠ, ʯʪʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʩʮʠʥʪʠʣʣʷʪʦʨ ʩʪʠʣʴʙʝʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘʤʠ EJ-309 ʠ BC-

501 ʠʤʝʝʪ ʣʫʯʰʫʶ ʟʘʛʨʫʟʢʫ ʥʝʡʪʨʦʥʥʦʛʦ ʢʘʥʘʣʘ.  
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ʉ.ʌ.ʆɼʀʅɸɽɺ, ʌ.ʈɸʍʀʄʀ*, ʍ.ʍ.ʄʋʄʀʅʆɺ*, ɺ.ʃ.ʈʆʄʆɼɸʅʆɺ*, ʄ.ʐ.ʀʄʆʄ  

ʆʇʊʀʄʀɿɸʎʀʗ ʇɸʈɸʄɽʊʈʆɺ ʋʉʊɸʅʆɺʂʀ ɼʃʗ ʆʇʈɽɼɽʃɽʅʀʗ 

ʂʆʃʀʏɽʉʊɺɸ 
235

U ɺ ʊɽʇʃʆɺʓɼɽʃʗʖʑɽʁ ʉɹʆʈʂɽ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʉ.ʋ.ʋʤʘʨʦʚʘ ɸʅ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ, 
*
ʇʨʝʟʠʜʠʫʤ ɸʅ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ, 

**
ʅʘʮʠʦʥʘʣʴʥʳʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè 

ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 04.01.2019 ʛ. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ 

ʫʩʪʘʥʦʚʢʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʙʦʣʴʰʦʛʦ ʠ ʤʘʣʦʛʦ ʟʘʤʝʜʣʠʪʝʣʝʡ. ɹʳʣ ʚʳʷʚʣʝʥ ʥʘʠʣʫʯʰʠʡ 

ʨʘʟʤʝʨ ʫʩʪʘʥʦʚʢʠ, ʢʦʪʦʨʳʡ ʜʘʝʪ ʥʘʠʣʫʯʰʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʚʳʜʝʣʷʶʱʘʷ ʩʙʦʨʢʘ, ʜʝʣʷʱʠʝʩʷ ʤʘʪʝʨʠʘʣʳ, ʠʤʧʫʣʴʩʥʳʡ ʥʝʡʪʨʦʥʥʳʡ ʛʝ-

ʥʝʨʘʪʦʨ, ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʘʥʘʣʠʟ.  

ɹʝʟʦʧʘʩʥʦʩʪʴ ʨʘʙʦʪʳ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʚʢʣʶʯʘʷ ʠʭ ʩʥʷʪʠʝ ʩ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʷʚʣʷʝʪʩʷ ʢʨʘʝʫʛʦʣɹʥʳʤ ʢʘʤʥʝʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʇʨʠ ʵʪʦʤ ʚʘʞ-

ʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʟʥʘʥʠʝ ʨʝʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʝʣʷʱʝʛʦʩʷ ʤʘʪʝʨʠʘʣʘ ʚ ʪʝʧʣʦʚʳʜʝ-

ʣʷʶʱʠʭ ʩʙʦʨʢʘʭ (ʊɺʉ) ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ ʧʝʨʝʜ ʠʭ ʧʦʩʪʘʥʦʚʢʦʡ ʚ ʨʝʘʢʪʦʨ. ʆʜʥʠʤ ʠʟ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʩʦʜʝʨʞʘʥʠʷ 235U ʚ ʥʠʭ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʤʧʫʣʴʩʥʦʛʦ ʥʝʡʪʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

ʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʤʝʪʦʜʘ ʢʦʥʪʨʦʣʷ ʦʪʥʦʩʪ̫ʩʷ ʢ ʘʢʪʠʚʥʳʤ ʤʝʪʦʜʘʤ ʥʝʨʘʟʨʫ-

ʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ, ʪʘʢ ʢʘʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʥʝʰʥʠʡ ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦ-

ʨʦʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʠʤʧʫʣʴʩʥʳʡ ʥʝʡʪʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ. ʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʤʝʪʦʜʘ ʥʘ 

ʧʨʠʤʝʨʝ ʫʨʘʥʦʚʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠʚʦʜʷʪʩʷ ʥʘ ʨʠʩʫʥʢʝ 1.  

                                                      
ɸʜʨʝʩ ʜʣʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ: ʌʘʨʭʦʜ ʈʘϲʠʤʠ. 734025, ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ, ʛ. ɼʫʰʘʥʙʝ, ʧʨ. 

ʈʫʜʘʢʠ, 33, ʇʨʝʟʠʜʠʫʤ ɸʅ ʈʊ, E-mail: f.rahimi2002@mail.ru. ʆʜʠʥʘʝʚ ʉʫʙʭʦʥʜʞʦʥ ʌʘʪʭʫʣʣʦʝʚʠʯ. 

734063, ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ, ʛ. ɼʫʰʘʥʙʝ, ʫʣ. ɸʡʥʠ, 299/1, ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ. E-

mail: subhon93@mail.ru. 

ʀɿɺɽʉʊʀʗ ɸʂɸɼɽʄʀʀ ʅɸʋʂ ʈɽʉʇʋɹʃʀʂʀ ʊɸɼɾʀʂʀʉʊɸʅ 

ʆʊɼɽʃɽʅʀɽ ʌʀɿʀʂʆ-ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ, ʍʀʄʀʏɽʉʂʀʍ,  

ɻɽʆʃʆɻʀʏɽʉʂʀʍ ʀ ʊɽʍʅʀʏɽʉʂʀʍ ʅɸʋʂ 

ˉ1 (174), 2019 ʛ. 
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ʙrʩʪʨrʝ ʥʝʡʪʨʦʥr     ʪʝʧʣʦʚrʝ ʥʝʡʪʨʦʥr   

 

ʈʠʩ. 1. ʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʘʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʢʦʥʪʨʦʣʷ ʊɺʉ ʷʜʝʨʥrʭ ʨʝʘʢʪʦʨʦʚ. 

 

ʉʯʸʪʯʠʢ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ 1 ʨʝʛʠʩʪʨʠʨʫʝʪ ʯʠʩʣʦ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ, ʧʨʦ-

ʰʝʜʰʠʭ ʯʝʨʝʟ ʦʙʨʘʟʝʮ. ʉʯʸʪʯʠʢ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ 2 ʨʝʛʠʩʪʨʠʨʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʪʦ-

ʢʘ ʥʝʡʪʨʦʥʦʚ ʦʪ ʚʨʝʤʝʥʠ  

 
0( ) t tʌt A e B e ʌa b- Ö - Ö= Ö + Ö +  (1) 

ʪʝʧʣʦʚʳʝ ʥʝʡʪʨʦʥʳ, ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʦʙʨʘʟʝʮ ʠʟ ʜʝʣʷʱʝʛʦʩʷ ʤʘʪʝʨʠʘʣʘ, ʚ ʢʦʪʦ-

ʨʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʜʝʨʞʘʥʠʝ 235U. ʀʤʧʫʣʴʩʳ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ ʧʦʧʘʜʘʶʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʦʙʘ ʟʘʤʝʜʣʠʪʝʣʷ ʠ ʚʳʟʳʚʘʶʪ ʜʝʣʝʥʠʝ ʚʩʝʭ ʠʟʦʪʦʧʦʚ ʫʨʘʥʘ. ʉʧʫʩʪʷ ʥʝʢʦ-

ʪʦʨʦʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʚ ʦʙʦʠʭ ʟʘʤʝʜʣʠʪʝʣʷʭ ʙʫʜʫʪ ʪʦʣʴʢʦ ʪʝʧʣʦʚʳʝ ʥʝʡʪʨʦʥʳ, ʩʧʘʜ ʠʭ ʧʦʪʦ-

ʢʦʚ ʚ ʢʘʞʜʦʤ ʟʘʤʝʜʣʠʪʝʣʝ ʙʫʜʝʪ ʥʝʟʘʚʠʩʠʤ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʨʘʟʤʝʨʘʤʠ ʠ ʷʜʝʨʥʦ-

ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʣʷ ʧʝʨʚʦʛʦ ʟʘʤʝʜʣʠʪʝʣʷ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ 

ʢʦʥʩʪʘʥʪʘ ʩʧʘʜʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ - Ŭ, ʘ ʜʣʷ ʚʪʦʨʦʛʦ ʟʘʤʝʜʣʠʪʝʣʷ ʤʝʥʴʰʠʭ ʨʘʟʤʝʨʦʚ - 

ɓ. ʊʝʧʣʦʚʳʝ ʥʝʡʪʨʦʥʳ ʧʝʨʚʦʛʦ ʟʘʤʝʜʣʠʪʝʣʷ ʙʫʜʫʪ ʚʳʟʳʚʘʪʴ ʜʝʣʝʥʠʝ ʷʜʝʨ 235U ʠ ʙʣʘʛʦʜʘʨʷ 

ʧʦʛʣʦʱʘʶʱʝʤʫ ʵʢʨʘʥʫ ʚʦ ʚʪʦʨʦʡ ʟʘʤʝʜʣʠʪʝʣʴ ʥʝ ʧʦʧʘʜʫʪ. ɺʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʵʪʦʤ ʙʳʩʪ-

ʨʳʝ ʥʝʡʪʨʦʥʳ ʜʝʣʝʥʠʷ ʙʫʜʫʪ ʩʣʝʜʦʚʘʪʴ ʩʧʘʜʫ ʩ ʢʦʥʩʪʘʥʪʦʡ Ŭ ʠ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦ ʧʦʧʘʜʫʪ 

ʚʦ ʚʪʦʨʦʡ ʟʘʤʝʜʣʠʪʝʣʴ. ɿʘʧʘʟʜʳʚʘʶʱʠʝ ʥʝʡʪʨʦʥʳ ʚ ʵʪʦʡ ʫʩʪʘʥʦʚʢʝ ʙʫʜʫʪ ʠʤʝʪʴ ʜʚʘ ʠʩ-

ʪʦʯʥʠʢʘ. ʆʜʠʥ ʠʟ ʥʠʭ ʦʙʨʘʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʜʝʣʝʥʠʷ ʚʩʝʭ ʠʟʦʪʦʧʦʚ ʫʨʘʥʘ ʚʦ ʚʨʝʤʷ ʠʤʧʫʣʴʩʘ 

ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ ʠ ʠʭ ʟʘʤʝʜʣʝʥʠʷ, ʘ ʚʪʦʨʦʡ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʜʝʣʝʥʠʠ 235U ʪʝʧʣʦʚʳʤʠ 

ʥʝʡʪʨʦʥʘʤʠ ʧʝʨʚʦʛʦ ʟʘʤʝʜʣʠʪʝʣʷ. ʄʦʞʥʦ ʧʦʜʦʙʨʘʪʴ ʪʘʢʠʝ ʚʨʝʤʝʥʥʳʝ ʫʩʣʦʚʠʷ ʦʙʣʫʯʝʥʠʷ 
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ʚʩʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʘ ʪʘʢʞʝ ʝʸ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘ-

ʨʘʤʝʪʨʳ, ʯʪʦʙʳ ʫʜʦʚʣʝʪʚʦʨʷʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ:  

1. Ŭ<ɓ;  

2. ʏʘʩʪʦʪʘ ʩʣʝʜʦʚʘʥʠʷ ʥʝʡʪʨʦʥʥʳʭ ʠʤʧʫʣʴʩʦʚ ʪʘʢʦʚʘ, ʯʪʦ ʚʨʝʤʷ ʤʝʞʜʫ ʥʝʡʪʨʦʥ-

ʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ ʤʥʦʛʦ ʤʝʥʴʰʝ ʩʘʤʦʛʦ ʤʘʣʦʛʦ ʧʝʨʠʦʜʘ ʧʦʣʫʨʘʩʧʘʜʘ ʵʤʠʪʪʝʨʦʚ ʟʘʧʘʟʜʳ-

ʚʘʶʱʠʭ ʥʝʡʪʨʦʥʦʚ;  

3. ɼʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʟʘʤʝʜʣʝʥʠʷ ʠ 

ʪʝʨʤʘʣʠʟʘʮʠʠ ʥʝʡʪʨʦʥʦʚ. ʊʦʛʜʘ, ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʥʝʡʪʨʦʥʥʦʛʦ 

ʠʤʧʫʣʴʩʘ, ʩʯʝʪʯʠʢ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ 2 ʙʫʜʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʪʦʢʘ ʪʝʧ-

ʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʦʪ ʚʨʝʤʝʥʠ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʟʘʢʦʥʫ: 
0)( ʌeBeAtʌ tt +Ö+Ö= Ö-Ö- ba
, ʛʜʝ 

ñ =Ö Ö-

ʜʝʣ

t NdteA a . ʯʠʩʣʦ ʜʝʣʝʥʠʡ 235U ʚ ʦʙʨʘʟʮʝ; ñ =Ö Ö-

ʠʩʪ

t NdteB b  - ʯʠʩʣʦ ʥʝʡʪʨʦʥʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʦʪʦʢ ʥʝʡʪʨʦʥʦʚ ʠʩʪʦʯʥʠʢʘ ʠ ʦʙʱʫʶ ʤʘʩʩʫ ʫʨʘʥʘ, ñ =Ö ʟʘʧNdtʌ0
 - 

ʧʦʩʪʦʷʥʥʘʷ ʚʝʣʠʯʠʥʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʧʘʟʜʳʚʘʶʱʠʝ ʥʝʡʪʨʦʥʳ ʠ ʟʘʚʠʩʠʪ ʦʪ 

ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʷʜʝʨ ʫʨʘʥʘ, t1 ʠ t2 - ʚʨʝʤʷ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ ʨʝʛʠʩʪʨʘʮʠʠ ʪʝʧʣʦʚʳʭ ʥʝʡ-

ʪʨʦʥʦʚ [1,2].  

 

ʆʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ UDCM_012 ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʥʝʨʘʟʨʫ-

ʰʘʶʱʝʤʫ ʢʦʥʪʨʦʣʶ ʷʜʝʨʥʳʭ ʜʝʣʷʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʠʤʧʫʣʴʩʥʦʛʦ ʥʝʡʪʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʫʝʪ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʨʘʟʨʫʰʘʶ-

ʱʝʛʦ ʢʦʥʪʨʦʣʷ ɼʄ ʩ ʧʦʤʦʱʴʶ ʘʥʠʤʘʮʠʠ, ʧʨʠ ʵʪʦʤ ʚ ʘʥʠʤʘʮʠʠ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ, ʢʘʢ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʧʨʦʭʦʞʜʝʥʠʷ ʥʝʡʪʨʦʥʦʚ ʚʥʫʪʨʠ ʫʩʪʘʥʦʚʢʠ ʠ ʨʘʙʦʪʫ ʠʤʧʫʣʴʩʥʦʛʦ ʠʩ-

ʪʦʯʥʠʢʘ [3]. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʚʳʚʦʜʳ 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪʘʭ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʠʟʤʝʨʷʝʤʳʝ ʠʥʬʦʨʤʘʪʠʚʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʩʦʜʝʨʞʘʥʠʷ 235U ʚ ʊɺʉ ʜʠʘʤʝʪʨʦʤ 70ʤʤ:  

ɸ ï ʯʠʩʣʦ ʥʝʡʪʨʦʥʦʚ ʠʩʪʦʯʥʠʢʘ 

ɺ ï ʯʠʩʣʦ ʤʛʥʦʚʝʥʥʳʭ ʥʝʡʪʨʦʥʦʚ ʜʝʣʝʥʠʷ 235U  

ʉ ï ʯʠʩʣʦ ʟʘʧʘʟʜʳʚʘʶʱʠʭ ʥʝʡʪʨʦʥʦʚ 

ʅ ï ʯʠʩʣʦ ʥʝʡʪʨʦʥʦʚ ʧʨʦʧʫʩʢʘʥʠʷ ʯʝʨʝʟ ʊɺʉ 

ʂi = ȹIi/ůi (2) ȹIi ï ʠʥʬʦʨʤʘʪʠʚʥʳʡ ʧʘʨʘʤʝʪʨ, ůi ï ʧʦʛʨʝʰʥʦʩʪʴ.  

ɹʦʣʴʰʦʡ ʟʘʤʝʜʣʠʪʝʣʴ ï ʟʘʤʝʜʣʠʪʝʣʴ ʥʝʡʪʨʦʥʦʚ ʩ ʢʦʥʩʪʘʥʪʦʡ ʩʧʘʜʘ Ŭ; 

ʄʘʣʳʡ ʟʘʤʝʜʣʠʪʝʣʴ ï ʟʘʤʝʜʣʠʪʝʣʴ ʥʝʡʪʨʦʥʦʚ ʩ ʢʦʥʩʪʘʥʪʦʡ ʩʧʘʜʘ ɓ. 

ʈʘʟʤʝʨʳ ʫʩʪʘʥʦʚʢʠ: 

ɹʦʣʴʰʠʭ ʟʘʤʝʜʣʠʪʝʣʝʡ ï 140ʤʤ, 150ʤʤ, 160ʤʤ; 

ʄʘʣʳʭ ʟʘʤʝʜʣʠʪʝʣʝʡ ï 35ʤʤ, 40ʤʤ, 45ʤʤ.  
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ɺʳʙʦʨ ʨʘʟʤʝʨʦʚ ʦʧʨʝʜʝʣʷʣʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤʠ ʨʘʩʯʝʪʘʤʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ. 

ɺʨʝʤʷ ʠʟʤʝʨʝʥʠʡ 300ʩʝʢ. 

 

ʈʠʩ.2. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʥʝʡʪʨʦʥʦʚ ʠʩʪʦʯʥʠʢʘ ɸ ʦʪ ʦʙʦʛʘʱʝʥʠʷ ʦʙʨʘʟʮʘ  

ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʙʦʣʴʰʦʛʦ ʠ ʤʘʣʦʛʦ ʟʘʤʝʜʣʠʪʝʣʝʡ, ʤʤ 

 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʥʝʡʪʨʦʥʦʚ ʜʝʣʝʥʠʷ ɺ ʦʪ ʦʙʦʛʘʱʝʥʠʷ ʦʙʨʘʟʮʘ  

ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʙʦʣʴʰʦʛʦ ʠ ʤʘʣʦʛʦ ʟʘʤʝʜʣʠʪʝʣʝʡ, ʤʤ 

    ʈʘʟʤʝʨʳ ʙʦʣʴʰʦʛʦ ʠ ʤʘʣʦʛʦ

 ʟʘʤʠʜʣʠʪʝʣʝʡ, ʤʤ
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ʈʠʩ.4. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʟʘʧʘʟʜʳʚʘʶʱʠʭ ʥʝʡʪʨʦʥʦʚ ʉ ʦʪ ʦʙʦʛʘʱʝʥʠʷ ʦʙʨʘʟʮʘ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʨʘʟʤʝʨʘʤʠ ʙʦʣʴʰʦʛʦ ʠ ʤʘʣʦʛʦ ʟʘʤʝʜʣʠʪʝʣʝʡ, ʤʤ

 

ʈʠʩ.5. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʧʫʩʢʘʥʠʷ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʅ ʦʪ ʦʙʦʛʘʱʝʥʠʷ ʦʙʨʘʟʮʘ ʩ ʨʘʟ-

ʣʠʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʙʦʣʴʰʦʛʦ ʠ ʤʘʣʦʛʦ ʟʘʤʝʜʣʠʪʝʣʝʡ, ʤʤ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʫʩʪʘʥʦʚ-

ʢʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʙʦʣʴʰʦʛʦ ʠ ʤʘʣʦʛʦ ʟʘʤʝʜʣʠʪʝʣʝʡ, ʫʜʘʣʦʩʴ ʚʳʷʚʠʪʴ ʥʘʠʣʫʯ-

ʰʠʡ ʨʘʟʤʝʨ ʫʩʪʘʥʦʚʢʠ, ʢʦʪʦʨʳʡ ʜʘʝʪ ʥʘʠʣʫʯʰʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ. 

ɹʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ ʧʦ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʥʘʠʣʫʯʰʠʤ ʨʘʟʤʝʨʦʤ ʷʚʣʷʝʪʩʷ  

140 ʤʤ - 45 ʤʤ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʙʦʣʴʰʦʛʦ ʠ ʤʘʣʦʛʦ ʟʘʤʝʜʣʠʪʝʣʷ.  

                                                                           ʈʘʟʤʝʨʳ ʙʦʣʴʰʦʛʦ ʠ

                                                                             ʤʘʣʦʛʦ ʟʘʤʝʜʣʠʪʝʣʝʡ, ʤʤ
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Measurements are made of informative parameters of the installation with various sizes 

of large and small moderators. The best installation size was found, which gives the best meas-
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ØÌäÔÙÚÝÞÜÚÑÙÔÑ 

ʋɼʂ 621.01  

ɼ.ʉ.ʄɸʅʉʋʈʀ, ɸ.ɼɾʋʈɸɽɺ*, ʍ.ʆ.ʈɸʍʀʄʆɺɸ*, ʄ.ʄ.ʅɸʉʀʄʆɺɸ*, ɻ.ʐʋʍʈɸʊɿʆɼɸ* 

ʄɽʊʆɼ ʆʇʈɽɼɽʃɽʅʀʗ ɼɽʌʆʈʄɸʎʀʀ ʉɼɺʀɻɸ 

ɸʄʆʈʊʀɿɸʊʆʈɸ-ɺʊʋʃʂʀ ʉʆʉʊɸɺʅʓʍ ɿʋɹʏɸʊʓʍ ʂʆʃɽʉ ʇɽʈɽɼɸʏʀ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʊʘʜʞʠʢʠʩʪʘʥʘ,  
*
ʍʫʜʞʘʥʜʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʊʘʜʞʠʢʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʘʢʘʜʝʤʠʢʘ ʄ.ʉ.ʆʩʠʤʠ 

ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 21.12.2018 ʛ. 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʥʦʚʘʷ ʩʭʝʤʘ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ ʩ ʩʦʩʪʘʚʥʳʤʠ 

ʢʦʣʝʩʘʤʠ, ʚʢʣʶʯʘʶʱʠʝ ʘʤʦʨʪʠʟʘʪʦʨʳ-ʚʪʫʣʢʠ ʠʟ ʨʝʟʠʥʳ. ɸʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʳ ʬʦʨ-

ʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʫʛʣʦʚʳʭ ʩʜʚʠʛʦʚ (ʜʝʬʦʨʤʘʮʠʡ) ʘʤʦʨʪʠʟʘʪʦʨʦʚ-ʚʪʫʣʦʢ ʩ ʫʯʝʪʦʤ ʠʭ ʪʦʣʱʠʥʳ, 

ʤʦʜʫʣʷ ʩʜʚʠʛʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜʘʯʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʫʙʯʘʪʘʷ ʧʝʨʝʜʘʯʘ, ʘʤʦʨʪʠʟʘʪʦʨ-ʚʪʫʣʢʘ, ʩʜʚʠʛ, ʤʦʤʝʥʪ, ʨʘʜʠʫʩ, ʧʝʨʝʜʘʪʦʯʥʦʝ 

ʦʪʥʦʰʝʥʠʝ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʧʨʠʚʦʜʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʫʙʯʘʪʳʝ 

ʧʝʨʝʜʘʯʠ [1]. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʠʭ ʤʝʭʘʥʠʟʤʦʚ ʷʚʣʷʝʪʩʷ ʞʝʩʪʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʟʫʙʴʝʚ ʢʦʣʝʩ ʧʨʠ ʠʭ ʟʘʮʝʧʣʝʥʠʠ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʧʝʨʝʜʘʯʘ ʠʟʤʝʥʝʥʠʡ ʥʘʛʨʫʟʦʢ ʥʘ ʚʘ-

ʣʳ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ.  

ʈʝʢʦʤʝʥʜʦʚʘʥʘ ʥʦʚʘʷ ʩʭʝʤʘ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ (ʨʠʩ. 1), ʚ ʢʦʪʦʨʦʡ ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ 

4 ʠ ʰʝʩʪʝʨʥʷ 1 ʚʳʧʦʣʥʝʥʳ ʩʦʩʪʘʚʥʳʤʠ. ʐʝʩʪʝʨʥʷ 1 ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʚʘʣʫ 2 ʧʦʩʨʝʜʩʪʚʦʤ 

ʘʤʦʨʪʠʟʘʪʦʨʘ - ʚʪʫʣʢʠ 3, ʘ ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ 4 ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ ʚʘʣʫ 5 ʧʦʩʨʝʜʩʪʚʦʤ ʘʤʦʨʪʠ-

ʟʘʪʦʨʘ-ʚʪʫʣʢʠ 6. ʇʨʠ ʵʪʦʤ ʪʦʣʱʠʥ rʘʤʦʨʪʠʟʘʪʦʨʦʚ-ʚʪʫʣʦʢ 3 ʠ 6 ʚʳʙʨʘʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʝʨʝʜʘʪʦʯʥʦʤʫ ʦʪʥʦʰʝʥʠʶ ʧʝʨʝʜʘʯʠ: 

 1 1 2 2
1 2,

2 2

d d d d¡ ¡- -
D =    D =. 
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ʛ. ɼʫʰʘʥʙʝ, ʫʣ. ʅ.ʂʘʨʘʙʘʝʚʘ, 63/3, ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʊʘʜʞʠʢʠʩʪʘʥʘ.  
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ʇʨʠ ʵʪʦʤ  
2

1 2 2
1

2 1 1

R
U

R

w

w

D
= = =

D
 

ʛʜʝ 1 1,d d¡  ï ʥʘʨʫʞʥʳʡ ʠ ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨʳ ʘʤʦʨʪʠʟʘʪʦʨʘ-ʚʪʫʣʢʠ 3 ʰʝʩʪʝʨʥʠ 1; 

2 2,d d¡   ï ʥʘʨʫʞʥʳʡ ʠ ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨʳ ʘʤʦʨʪʠʟʘʪʦʨʘ-ʚʪʫʣʢʠ 6 ʢʦʣʝʩʘ 4, 1R  ʠ 2R  ï 

ʨʘʜʠʫʩʳ ʦʩʥʦʚʥʳʭ ʦʢʨʫʞʥʦʩʪʝʡ ʰʝʩʪʝʨʥʠ 1 ʠ ʢʦʣʝʩʘ 4; 1w  ʠ 2w  ï ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ 

ʰʝʩʪʝʨʥʠ 1 ʠ ʢʦʣʝʩʘ 4; 
21U  ï ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʧʝʨʝʜʘʯʠ.  

ʅʘ ʨʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʜʣʷ ʨʘʩʯʝʪʘ ʜʝʬʦʨʤʘʮʠʠ ʩʜʚʠʛʘ ʘʤʦʨʪʠʟʘʪʦʨʘ-ʚʪʫʣʢʠ. 

ʇʨʠ ʚʳʚʦʜʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ 1j ʘʤʦʨʪʠʟʘʪʦʨʘ-ʚʪʫʣʢʠ ʦʪ ʚʝʣʠʯʠʥʳ ʚʥʝʰʥʝʛʦ 

ʤʦʤʝʥʪʘ (ʜʚʠʞʫʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘ ʚʘʣʫ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʟʫʙʯʘ-

ʪʦʛʦ ʢʦʣʝʩʘ ʧʨʠ ʠʭ ʟʘʮʝʧʣʝʥʠʠ) ʚʳʜʝʣʠʤ ʚʦ ʚʪʫʣʢʝ ʪʦʥʢʦʩʪʝʥʥʫʶ ʪʨʫʙʢʫ ʩ ʪʦʣʱʠʥʦʡ ʩʪʝ-

ʥʳ rD  ʠ ʚʥʫʪʨʝʥʥʠʤ ʨʘʜʠʫʩʦʤ r. ɿʘ ʩʯʝʪ ʜʝʬʦʨʤʘʮʠʠ ʨʝʟʠʥʳ ʵʪʦʡ ʪʨʫʙʢʠ ʥʘʨʫʞʥʘʷ 

ʚʪʫʣʢʘ ʘʨʤʘʪʫʨʳ ʘʤʦʨʪʠʟʘʪʦʨʘ ʧʦʚʝʨʥʝʪʩʷ ʥʘ ʤʘʣʳʡ ʫʛʦʣ 1jD , ʘ ʜʣʷ ʫʛʣʘ ʩʜʚʠʛʘ g ʨʝʟʠ-

ʥʳ ʪʨʫʙʢʠ ʩʧʨʘʚʝʜʣʠʚʦ ʨʘʚʝʥʩʪʚʦ [2]:  

 1rtg
r

j
g
D
=
D

 ,  

ʇʨʠ ʵʪʦʤ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʩʜʚʠʛʘ ʨʝʟʠʥʳ ʚʳʜʝʣʝʥʥʦʡ ʪʨʫʙʢʠ: 

 2F rlp= ,  

ʛʜʝ l  ï ʜʣʠʥʘ ʚʪʫʣʢʠ (ʰʝʩʪʝʨʥʠ). 

ʆʢʨʫʞʥʦʝ ʫʩʠʣʠʝ ʩʜʚʠʛʘ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʚ ʨʝʟʠʥʝ, ʨʘʚʥʦ: 

 12 ,
r

Q GFtg rlG
r

j
g p

D
= =

D
 

ʛʜʝ G  ï ʤʦʜʫʣʴ ʩʜʚʠʛʘ ʨʝʟʠʥʳ, ʅ/ʤ2. 

ɺʝʣʠʯʠʥʘ ʚʥʝʰʥʝʛʦ ʚʨʘʱʘʶʱʝʛʦʩʷ ʤʦʤʝʥʪʘ (ʦʪ ʚʘʣʘ ʜʚʠʞʫʱʠʡ ʠ ʦʪ ʢʦʣʝʩʘ ʢʘʢ 

ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ): 

 1
1

3
2M Qr Glr

r

j
p

D
= =

D
,  

ʠʟ (5) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ: 

 1
1 32

rM

Glr
j

p

D
D =   

ʀʥʪʝʛʨʠʨʫʷ (6) ʚ ʧʝʨʝʜʝʣʘʭ 1r¡ ʠ 1r , ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ: 
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ʇʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʝ ʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 2j : 

 2
2 2 2

2 2

1 1

4 2 2

M

Gl r r
j

p

å õ
= -æ ö

¡ç ÷
  (2) 

 

  

ʈʠʩ. 1. ɿʫʙʯʘʪʘʷ ʧʝʨʝʜʘʯʘ ʩ ʩʦʩʪʘʚʥʳʤʠ ʢʦʣʴʮʘʤʠ ʠ 

ʰʝʩʪʝʨʥʝʡ, ʚʢʣʶʯʘʶʱʘʷ ʘʤʦʨʪʠʟʘʪʦʨʳ ʚʪʫʣʢʠ  

ʈʠʩ.2 ʉʭʝʤʘ ʜʣʷ ʨʘʩʯʝʪʘ ʜʝʬʦʨʤʘʮʠʠ 

ʩʜʚʠʛʘ ʘʤʦʨʪʠʟʘʪʦʨʘ-ʚʪʫʣʢʠ ʰʝʩʪʝʨʥʠ 

ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ, 

 

ʅʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ (1) ʠ (2) ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʠʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, 

ʄ1=8.2ʅ, ʄ2=6.3ʅʤ, ˊ=3.14, l=24.2Ā10-3ʤ, r1=3.8Ā10-2ʤ, r2=5.6Ā10-2ʤ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʯʝ-

ʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʫʛʣʦʚʦʛʦ ʩʜʚʠʛʘ ʫʧʨʫʛʠʭ ʨʝʟʠʥʦʚʳʭ ʚʪʫʣʦʢ ʟʫʙ-

ʯʘʪʳʭ ʢʦʣʝʩ ʧʝʨʝʜʘʯʠ ʦʪ ʚʘʨʠʘʮʠʠ ʟʥʘʯʝʥʠʡ ʤʦʜʫʣʷ ʩʜʚʠʛʘ ʨʝʟʠʥʳ ʠ ʚʥʝʰʥʠʭ ʢʨʫʪʷʱʠʭ 

ʤʦʤʝʥʪʦʚ (ʨʠʩ. 3). ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʢʘʟʳʚʘʝʪ (ʨʠʩ. 3ʘ), 

ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʥʝʰʥʠʭ ʤʦʤʝʥʪʦʚ 1M  ʠ 2M  ʚʦʟʨʘʩʪʘʥʠʝ ʜʝʬʦʨʤʘʮʠʡ ʫʛʣʦʚʳʭ ʩʜʚʠ-

ʛʦʚ ʨʝʟʠʥʦʚʳʭ ʚʪʫʣʦʢ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ 1j ʠ 2j  ʠʤʝʝʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ. ʊʘʢ, ʧʨʠ ʫʚʝʣʠ-

ʯʝʥʠʠ 1M  ʠ 2M  ʦʪ 0.062Ț102ʅʤ ʜʦ 0.37Ț102ʅʤ 1j ʚʦʟʨʘʩʪʘʝʪ ʦʪ 0.094Ț10-1 ʨʘʜ ʜʦ 0.24Ț10-1 

ʨʘʜ ʧʨʠ r1=2.1Ā10
-2ʤ, ʘ ʧʨʠ r1=3.2Ā10

-2ʤ, ʫʛʣʦʚʦʡ ʩʜʚʠʛ 1j ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 0.402Ț10-1 ʨʘʜ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʫʧʨʫʛʦʡ ʨʝʟʠʥʦʚʦʡ ʚʪʫʣʢʠ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ 2j  ʚʦʟʨʘʩʪʘʝʪ ʜʦ  

0.71Ț10-1ʨʘʜ ʧʨʠ r2=3.8Ā10-2ʤ, ʘ ʧʨʠ r2=5.0Ā10
-2ʤ ű2=1.03,Ț10-1 ʨʘʜ. 
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1, 2 - 1j=f(M1); 3, 4 - 2j=f(M2) 

1 - ʧʨʠ 
2

1 3.2 10r ʤ-= Ö  ; 

2 - ʧʨʠ 
2

1 2.1 10r ʤ-= Ö ;  

3 - ʧʨʠ 
2

1 3.8 10r ʤ-= Ö ;  

4 - ʧʨʠ 
2

1 5.0 10r ʤ-= Ö ; 

 

1 - 1j=f(G); 2 - 2j=f(G);  

ʈʠʩ.3. ɻʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʜʝ-

ʬʦʨʤʘʮʠʡ ʫʛʣʦʚʳʭ ʩʜʚʠʛʦʚ ʘʤʦʨʪʠʟʘʪʦʨʦʚ-

ʚʪʫʣʦʢ ʰʝʩʪʝʨʥʠ ʠ ʢʦʣʝʩʘ ʧʝʨʝʜʘʯʠ ʦʪ ʚʘʨʠʘʮʠʠ 

ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ ʥʘ ʚʘʣʘʭ (ʘ) ʠ ʤʦʜʫʣʷ ʩʜʚʠʛʘ 

(ʙ) 

 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʫʜʘʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʟʫʙʴʝʚ ʧʨʠ ʟʘʮʝʧʣʝʥʠʠ ʠʟ-ʟʘ ʙʦʣʴʰʠʭ ʟʥʘ-

ʯʝʥʠʡ 1j ʠ 2j  ʧʨʠʝʤʣʝʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʥʝʰʥʠʭ ʤʦʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ 

ʄ1=(0.025é0.028)Ț102ʅʤ, ʄ2=(0.03é0.036)Ț102ʅʤ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʟʥʘʯʝʥʠʡ ʜʝʬʦʨʤʘ-

ʮʠʡ ʫʛʣʦʚʳʭ ʩʜʚʠʛʦʚ ʨʝʟʠʥʦʚʳʭ ʚʪʫʣʦʢ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʩʯʠʪʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ ʩʜʚʠ-

ʛʘ (0.33é0.42)Ț10-3ʅ/ʤ3 (ʨʠʩ.3ʙ). 

ɺʳʚʦʜʳ. ʈʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʩʭʝʤʘ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ ʩ ʩʦʩʪʘʚʥʳʤʠ ʢʦʣʝʩʘʤʠ ʩ 

ʨʝʟʠʥʦʚʳʤʠ ʚʪʫʣʢʘʤʠ. ɸʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʜʝʬʦʨ-

ʤʘʮʠʠ ʫʛʣʦʚʳʭ ʩʜʚʠʛʦʚ ʨʝʟʠʥʦʚʳʭ ʚʪʫʣʦʢ. ʇʦʩʪʨʦʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʦʙʦʩ-

ʥʦʚʘʥʳ ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʜʘʯʠ.  
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METHOD OF DETERMINAT ION OF THE SHOCK -SHIFTER SHIFT D E-

FORMATION OF COMPOSI TE GEAR WHEEL TRANSM ISSIONS 
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*
Khujand Polytechnic Institute of the M.S.Osimi Tajik Technical University  

The paper presents a new scheme and principle of operation of the gear train with com-

pound wheels including shock absorbers-bushes made of rubber. Analytical method was used to 

obtain formulas for calculating the angular shifts (strains) of stock absorber-bushings taking into 

account their thickness, shear modulus and transmission parameters. 

Key words: gear train, shock absorber-bush, shear, torque, radius, gear ratio. 
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ÝÞÜÚÔÞÑ×èÙÌë ØÑáÌÙÔÖÌ 

ʋɼʂ 624.042 

ɼ.ʅ.ʅʀɿʆʄʆɺ, ʀ.ʂ.ʂɸʃɸʅɼɸʈɹɽʂʆɺ, ɸ.ʄ.ʉɸʅɻʀʅʆɺ, ʈ.ʐ.ʂɸʈʀʄʆɺ 

ʏʀʉʃɽʅʅʆɽ ʈɽʐɽʅʀɽ ɼʀʅɸʄʀʏɽʉʂʆʁ ɿɸɼɸʏʀ ʇʆ ʈɸʉʏɽʊʋ ʅɽ-

ʉʋʑɽʁ ʉʊɽʅʓ ʄɸʃʆʕʊɸɾʅʓʍ ɿɼɸʅʀʁ ʀɿ ʄɽʉʊʅʓʍ ʄɸʊɽʈʀɸ-

ʃʆɺ ʄɽʊʆɼʆʄ ʉʆʉʈɽɼʆʊʆʏɽʅʅʓʍ ɼɽʌʆʈʄɸʎʀʁ 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ, ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʝʡʩʤʦʣʦʛʠʠ 

ɸʅ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ 

ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 20.09.2018 ʛ. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʰʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʜʚʫʤʝʨʥʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ 

ʤʝʪʦʜʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʧʨʠʤʝʨʝ ʜʚʫʭ-

ʩʚʷʟʥʦʡ ʦʙʣʘʩʪʠ. ʇʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʤʦʜʝʣʠ ʥʝʩʫʱʝʡ ʩʪʝʥʳ ʛʣʠʥʦʙʠʪʥʦʛʦ ʟʜʘʥʠʷ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʫʣʴ ʜʝʬʦʨʤʘʮʠʠ, ʠʩʧʳʪʘʥʠʝ, ʩʚʦʙʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʝ, ʩʪʘʪʠʯʝʩʢʠʡ ʧʨʠʛʨʫʟ.  

ʄʘʪʨʠʮʘ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʤʥʦʞʝʩʪʚʘ 

ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʪʝʥʮʠʘʣʴʥʦʤ ʩʠʣʦʚʦʤ ʧʦʣʝ ʠ ʧʦʣʦʞʝʥʠʝ ʤʘʩʩ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʝʨʝʤʝʱʝʥʠʷʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʯʠʩʣʫ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʚʫʤʝʨʥʘʷ ʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ ʠ 

ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʙʨʘʟʫʝʪ ʚʝʢʪʦʨ ʚʥʝʰʥʠʭ ʩʠʣ P. ʈʘʟʙʠʚʘʝʤ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʦʙʣʘʩʪʴ ʥʘ 

ʩʝʪʢʫ ʠʟ x zn n n= ³  ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʄʉɼ, ʛʜʝ xn -ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʚʜʦʣʴ ʦʩʠ x , 

zn -ʚʜʦʣʴ ʦʩʠ .z  ʀʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ k-ʛʦ ʵʣʝʤʝʥʪʘ ʄʉɼ (ʨʠʩ.1), ʢʦʪʦʨʳʡ ʠʤʝʝʪ 

3 ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ, ʩ ʫʯʝʪʦʤ ʩʠʣ ʠʥʝʨʮʠʠ, ʧʦʣʫʯʘʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ [1] 

 , 1 , , , 1 ,k k k k m k k m k k k k kxN Q Q N m u P- - + +- + - + =- -
 

                                                      
ɸʜʨʝʩ ʜʣʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ: ʅʠʟʦʤʦʚ ɼʞʘʭʦʥʛʠʨ ʅʠʟʦʤʦʚʠʯ, ʂʘʣʘʥʜʘʨʙʝʢʦʚ ʀʤʦʤʸʨʙʝʢ ʂʘʣʘʥ-

ʜʘʨʙʝʢʦʚʠʯ, ʉʘʥʛʠʥʦʚ ɸʙʜʫʩʘʤʘʜ ʄʠʨʚʘʬʦʝʚʠʯ. 734029, ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ, ʛ. ɼʫʰʘʥʙʝ, 

ʫʣ. ɸʡʥʠ, 267, ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ, ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʝʡʩʤʦʣʦʛʠʠ ɸʅ ʈʊ.  

E-mail: tiees@mail.ru, kalandarbekov-55@mail.ru, samad80@mail.ru 

ʀɿɺɽʉʊʀʗ ɸʂɸɼɽʄʀʀ ʅɸʋʂ ʈɽʉʇʋɹʃʀʂʀ ʊɸɼɾʀʂʀʉʊɸʅ 

ʆʊɼɽʃɽʅʀɽ ʌʀɿʀʂʆ-ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ, ʍʀʄʀʏɽʉʂʀʍ,  

ɻɽʆʃʆɻʀʏɽʉʂʀʍ ʀ ʊɽʍʅʀʏɽʉʂʀʍ ʅɸʋʂ 

ˉ1 (174), 2019 ʛ. 
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k k m k k m k k ky

Q a Q b Q c Q d M M

M M J Mj

- + - + - +

+ -

+ - - + - +

+ - =- -
 (1) 

 , , 1 , 1 ,k k m k k k k k k m k k kzN Q Q N m w P- - + +- + - + =- -, 

 
1,2,...,k n= , xm jn= , 0,1,2,..., yj n= . 

ɿʜʝʩʴ: /k kx kym h h ggd= -ʩʦʩʨʝʜʦʪʦʯʝʥʥʘʷ ʤʘʩʩʘ k-ʛʦ ʵʣʝʤʝʥʪʘ; g-ʦʙʲʝʤʥʳʡ ʚʝʩ 

ʤʘʪʝʨʠʘʣʘ ʧʣʘʩʪʠʥʢʠ; d-ʪʦʣʱʠʥʘ ʧʣʘʩʪʠʥʢʠ; kx k kh a b= + , kz k kh c d= + -ʨʘʟʤʝʨʳ ʵʣʝ-

ʤʝʥʪʘ; g-ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ; 2 2( )/12k k kx kzJ m h h= + - ʮʝʥʪʨʘʣʴʥʳʡ ʤʦʤʝʥʪ 

ʠʥʝʨʮʠʠ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ k-ʛʦ ʵʣʝʤʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ,y  ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʧʣʦʩ-

ʢʦʩʪʠ ʵʣʝʤʝʥʪʘ;,kx kzP P -ʟʘʜʘʥʥʳʝ
 
ʚʥʝʰʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʚʜʦʣʴ ʦʩʝʡ 

xʠz ; 
kyM -ʟʘʜʘʥʥʳʡ ʤʦʤʝʥʪ; , ,k jM , ,k jN ,k jQ -ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ, ʥʦʨʤʘʣʴʥʘʷ ʠ 

ʩʜʚʠʛʘʶʱʘʷ ʩʠʣʳ; , ,k k ku w j- ʣʠʥʝʡʥʳʝ ʠ ʫʛʣʦʚʳʝ ʫʩʢʦʨʝʥʠʷ k-ʛʦ ʵʣʝʤʝʥʪʘ.  

ɺ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ (1) ʥʝʠʟʚʝʩʪʥʳʤʠ ʩʯʠʪʘʶʪʩʷ ʚʥʫʪʨʝʥʥʠʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ 

ʥʘ ʛʨʘʥʷʭ ʵʣʝʤʝʥʪʘ. ɿʘʧʠʩʘʚ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ ʥʝ-

ʠʟʚʝʩʪʥʳʭ ʩʠʣ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1), ʧʦʣʫʯʠʤ ʤʘʪʨʠʮʫ ʨʘʟʤʝʨʘ 3Ĭ12 (ʪʘʙʣ.1), ʛʜʝ ʚʝʢʪʦ-

ʨʳ 
,i jS  ʩʦʩʪʦʷʪ ʠʟ ʪʨʝʭ ʵʣʝʤʝʥʪʦʚ, ʟʘʧʠʩʘʥʥʳʭ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

,i jN , 

,i jM , 
,i jQ .  

ɿʘʧʠʩʘʚ ʫʨʘʚʥʝʥʠ ̫ʪʠʧʘ (1) ʜʣʷ ʚʩʝʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʫʯʝʪʦʤ ʥʝʨʘʟʨʳʚʥʦʩʪʠ 

ʜʝʬʦʨʤʘʮʠʡ ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ 

 AS+P = 0, (2) 

ʛʜʝ -A ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʘ c sn n³ , 3cn n= -ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʙʲʝʢʪʘ, 3s sn m= -ʦʙʱʝʝ ʯʠʩʣʦ ʥʝʠʟʚʝʩʪʥʳʭ ʩʠʣ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʛʨʘʥʷʭ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, 2s x z x zm n n n n= + + -ʦʙʱʝʝ ʯʠʩʣʦ ʩʝʯʝʥʠʡ, ʚʢʣʶʯʘʷ ʢʦʥʪʫʨʥʳʝ, ʛʜʝ ʫʩʪʘʥʦʚ-

ʣʝʥʳ ʥʝʠʟʚʝʩʪʥʳʝ ʫʩʠʣʠʷ, -S ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ ʠʩʢʦʤʳʭ ʫʩʠʣʠʡ, ʩʦʩʪʦʷʱʠʡ ʠʟ sn ʵʣʝʤʝʥ-

ʪʦʚ. ɺʝʢʪʦʨ-ʩʪʦʣʙʝʮ P  ʩʦʩʪʦʠʪ ʠʟ cn  ʵʣʝʤʝʥʪʦʚ.  

ʊʘʙʣʠʮʘ 1. 

ʄʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ k - ʛʦ ʵʣʝʤʝʥʪʘ 

, 1k k-S
 ,k k m-S

 ,k k m+S
 , 1k k+S

 

, 1k kN -

 

, 1k kM -

 

, 1k kQ -

 

,k k mN -

 

,k k mM -

 

,k k mQ -

 

,k k mN +

 

,k k mM +

 

,k k mQ +

 

, 1k kN +

 

, 1k kM +

 

, 1k kQ +

 

-1 0 0 0 0 1 0 0 -1 1 0 0 

0 -1 ka  0 -1 - kc  0 1 - kd  0 -1 kb  

0 0 1 -1 0 0 1 0 0 0 0 -1 
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ʈʠʩ.1. ʂʦʥʝʯʥʳʡ ʵʣʝʤʝʥʪ ʄʉɼ ʜʠʥʘʤʠʯʝʩʢʦʡ ʟʘʜʘʯʠ  

 

ʄʘʪʨʠʮʘ ʚʥʝʰʥʝʡ ʞʝʩʪʢʦʩʪʠ. ʀʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ ʩʦʚʤʝʩʪʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ [2], 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ  

 
T + =A V ɚ 0, 

ʛʜʝ 
T-A ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʘʷ ʤʘʪʨʠʮʘ A  ʨʘʟʤʝʨʘ s cn n³ , -V ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ ʠʩʢʦʤʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ, ʩʦʩʪʦʷʱʠʡ ʠʟ cn ʵʣʝʤʝʥʪʦʚ, -ɚ ʚʝʢʪʦʨ ʦʙʦʙʱʝʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ, ʩʦʩʪʦʷ-

ʱʠʡ ʠʟ sn ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʀʩʧʦʣʴʟʫʷ ʤʘʪʨʠʯʥʳʝ ʨʘʚʝʥʩʪʚʘ  

 , - , -T= = =S Cɚ ɚ A V P AS, 

ʩ ʫʯʝʪʦʤ (2) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʤʘʪʨʠʮʫ ʚʥʝʰʥʝʡ ʞʝʩʪʢʦʩʪʠ ʩʠʩʪʝʤʳ 

 
T=K ACA , 

ʛʜʝ -C  ʤʘʪʨʠʮʘ ʚʥʫʪʨʝʥʥʝʡ ʞʝʩʪʢʦʩʪʠ [1]. 

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ. ʉʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʠʩʢʨʝʪʥʦʡ ʜʠʥʘ-

ʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʣʦʩʢʦʡ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʬʦʨʤʝ 

 ,+ + =MV DV KV P  (3) 

ʛʜʝ, , -M D K  ʤʘʪʨʠʮʳ ʤʘʩʩ, ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʠ ʞʝʩʪʢʦʩʪʠ, , , -V V V ʚʝʢʪʦʨʳ ʫʩʢʦʨʝʥʠʡ, 

ʩʢʦʨʦʩʪʝʡ ʠ ʧʝʨʝʤʝʱʝʥʠʡ, -P ʚʝʢʪʦʨ ʟʘʜʘʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ. ɼʠʘʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠ-

ʮʘ ʤʘʩʩ, ʚʝʢʪʦʨ-ʩʪʦʣʙʮʳ ʧʝʨʝʤʝʱʝʥʠʡ, ʩʢʦʨʦʩʪʝʡ, ʫʩʢʦʨʝʥʠʡ ʠ ʚʥʝʰʥʠʭ ʩʠʣ ʧʨʝʜʩʪʘʚʣʷ-

ʶʪʩʷ ʚ ʚʠʜʝ  

 1 1 1( )n n ndiag m I m m I m=M , 

 
1 1 1( )n n nu w u wj j T=V , 

1 1 1( )n n nu w u wj j T=V  
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1 1 1( )n n nu w u wj j T=V , 1 1 1( )x y z nx ny nzP M P P M P T=P . 

ɸʣʛʦʨʠʪʤ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ. ʀʩʧʦʣʴʟʫʷ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʝ ʬʫʥʢʮʠʠ ʚʝʢʪʦʨʦʚ 

ʩʢʦʨʦʩʪʝʡ ʠ ʫʩʢʦʨʝʥʠʡ [1] 

  1 2
1 1 32

( ) ,n n n n n

a a
a

t t
+ += - - -V V V V V  

 

1
1 1 2 3( ) ,n n n n n

b
b tb

t
+ += - - -V V V V V  

ʠʟ (3) ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

 
* *

1 1n n+ +=K V P ,  

ʚ ʢʦʪʦʨʦʡ ʦʙʦʙʱʝʥʥʘʷ ʤʘʪʨʠʮʘ ʚʥʝʰʥʝʡ ʞʝʩʪʢʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ  

 
* * *

1 1a b= + +K K M D , 

ʛʜʝ , ,K M D - ʤʘʪʨʠʮʳ ʚʥʝʰʥʝʡ ʞʝʩʪʢʦʩʪʠ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʤʘʩʩ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʝʢʪʦʨ ʩʚʦʙʦʜʥʳʭ ʯʣʝʥʦʚ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʩʫʤʤʳ ʪʨʝʭ ʚʝʢʪʦʨʦʚ 

 
*

1 1n n n n+ += + +P P Ma Db ,  

 
* *

1 2 3n n n na a a= + +a V V V , 
*

1 2 3n n n nb b tb= + +b V V V , 

 
2

1 / ,n aa t*=  
1 / ,n aa t*=  

1 1 / ,b b t*=  , 

 1 2 4a a= =, 3 1a= , 1 2,b=  2 1,b= 3 0.b=   

ɽʩʣʠ ʤʘʪʨʠʮʫ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʠʪʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʤʘʪʨʠʮʝ ʤʘʩʩ ʠ ʞʝ-

ʩʪʢʦʩʪʠ  

 0 0a b= +D M K ,  

ʪʦ ʦʙʦʙʱʝʥʥʘʷ ʤʘʪʨʠʮʘ ʚʥʝʰʥʝʡ ʞʝʩʪʢʦʩʪʠ ʠ ʚʝʢʪʦʨ ʩʚʦʙʦʜʥʳʭ ʯʣʝʥʦʚ ʧʨʠʦʙʨʝʪʘʶʪ ʚʠʜ 

 
*

1 2k k= +K K M , 

 
* * *

1 1n n n n+ += + +P P Ma Kb  

ʛʜʝ 
*

0n n na= +a a b , 
*

0n nb=b b , 
1 1 01 ,k bb*= +  

2 1 1 1k a ab* * *= +
 

ɿʜʝʩʴ 1n+P - ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ ʦʪ ʟʘʜʘʥʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ. ʈʝʰʝʥʠʝʤ ʩʠʩʪʝ-

ʤʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

 
* *

1 1n n+ +=K V P  (4) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʢʪʦʨ ʧʝʨʝʤʝʱʝʥʠʡ 1n+V , ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ 1nt +. ɺʝʢʪʦ-

ʨʳ ʜʝʬʦʨʤʘʮʠʡ ʠ ʚʥʫʪʨʝʥʥʠʭ ʫʩʠʣʠʡ ʚʳʯʠʩʣʷʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ  

 
T=-ɚ A V, =S Ⱦɚ. (5) 
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ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʤ ʨʘʩʯʝʪʝ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (4) ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ 

ʚʠʜʝ 

 =KV P  

ʟʜʝʩʴ -P ʚʝʢʪʦʨ ʚʥʝʰʥʠʭ ʩʠʣ, ʦʪʢʫʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʢʪʦʨ ʧʝʨʝʤʝʱʝʥʠʡ, ʘ ʟʘʪʝʤ 

ʧʦ (5) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʝʢʪʦʨ ʚʥʫʪʨʝʥʥʠʭ ʫʩʠʣʠʡ.  

ʇʨʠʤʝʨ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʙʦʜʥʳʭ ʠ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʜʝʣʠ ʥʝʩʫʱʝʡ 

ʩʪʝʥʳ ʛʣʠʥʦʙʠʪʥʦʛʦ ʟʜʘʥʠʷ ʩ ʫʯʝʪʦʤ ʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʠʛʨʫʟʘ (ʨʠʩ.2). ʈʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʴʶ-

ʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ ʠ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʚʦʙʦʜʥʳʭ ʠ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʪʝʥʦʚʦʡ 

ʧʘʥʝʣʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. ʅʘ ʨʠʩ.3 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨ-

ʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʫʛʣʦʚʳʭ ʪʦʯʝʢ ɸ ʠ ɺ ʧʣʘʩʪʠʥʳ ʦʪ ʜʝʡʩʪʚʠʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʥʘ-

ʛʨʫʟʢʠ, ʧʨʠʣʦʞʝʥʥʦʡ ʧʦ ʣʝʚʦʡ ʛʨʘʥʠ ʩʪʝʥʳ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩ.3 ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʝʨʝ-

ʤʝʱʝʥʠʷ ʫʛʣʘ ɺ (ʢʨʠʚʘʷ 2) ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ ʯʝʤ ʚ ʫʛʣʦʚʦʡ ʪʦʯʢʝ (ʢʨʠʚʳʝ 1), ʘ ʚʝʨʪʠ-

ʢʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ (ʢʨʠʚʳʝ 3, 4) ʧʨʠʤʝʨʥʦ ʨʘʚʥʳ. 

 

 

ʈʠʩ.2. ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʩʪʝʥʳ ʛʣʠʥʦʙʠʪʥʦʛʦ ʟʜʘʥʠʷ. 

 

 

ʈʠʩ.3. ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʦʜʝʣʠ ʦʪ ʜʝʡʩʪʚʠʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. 
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ʅʘ ʨʠʩ.4 ʧʨʠʚʝʜʝʥʳ ʠʟʤʝʥʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʫʩʠʣʠʡ ʚʙʣʠʟʠ ʫʛʣʦʚʳʭ ʪʦʯʝʢ ʉ ʠ ʘ. 

ʂʨʠʚʳʝ 1 ʠ 3 ʦʪʥʦʩʷʪʩʷ ʢ ʥʦʨʤʘʣʴʥʳʤ ʩʠʣʘʤ, ʚʦʟʥʠʢʘʶʱʠʤ ʚ ʩʝʯʝʥʠʷʭ 2 ʠ 362, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ ʢʦʥʝʯʥʳʤ ʵʣʝʤʝʥʪʘʤ 1 ʠ 167. ɺʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʠʭ ʟʥʘʯʝʥʠʷ ʧʨʠʤʝʨʥʦ 

ʨʘʚʥʳ. ʂʨʠʚʘʷ 2 ʦʧʨʝʜʝʣʷʝʪ ʠʟʤʝʥʝʥʠʷ ʩʜʚʠʛʘʶʱʝʡ ʩʠʣʳ ʚ ʩʝʯʝʥʠʝ 2 ʫʛʣʦʚʦʡ ʟʦʥʳ ʟʘ-

ʱʝʤʣʝʥʥʦʡ ʛʨʘʥʠ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ 
41,7 10E= Ö ʪʩ/ʤ2 ʠ 0,3n=  ʠ ʰʘʛʘ ʠʥ-

ʪʝʛʨʠʨʦʚʘʥʠʷ 0,001t= ʩ ʙʝʟ ʫʯʝʪʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʠʛʨʫʟʘ ʦʪ ʜʝʡʩʪʚʠʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ 

ʥʘʛʨʫʟʢʠ. 

ʇʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʥʝʩʫʱʝʡ 

ʩʪʝʥʳ ʦʜʥʦʵʪʘʞʥʦʛʦ ʟʜʘʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʝʨʠʘʣʘ. ʅʘ 

ʨʠʩ.5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʚʦ 

ʚʨʝʤʝʥʠ ʫʛʣʦʚʦʡ ʪʦʯʢʠ A, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 
33 10E= Öʪʩ/ʤ2 ʠ 

41,7 10E= Ö ʪʩ/ʤ2. ʉʨʘʚʥʝ-

ʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ ʘʤʧʣʠʪʫʜʘ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

 

ʈʠʩ.4. ʀʟʤʝʥʝʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʩʠʣ ʚ ʫʛʣʦʚʳʭ ʟʦʥʘʭ ʉ ʠ ʘ. 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ.6 ʛʨʘʬʠʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʯʝʪ ʩʪʘʪʠʯʝʩʢʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʥʘʛʨʫʟʢʠ, ʧʨʠʣʦʞʝʥʥʦʡ ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠ ʧʣʘʩʪʠʥʳ, ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʘʤʧʣʠʪʫʜʳ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʋʯʝʪ ʩʪʘʪʠʯʝʩʢʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʠ 

ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʥʫʪʨʝʥʥʠʭ ʫʩʠʣʠʡ. ʅʘ ʨʠʩ.7 ʧʦʢʘʟʘʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ 

ʥʦʨʤʘʣʴʥʦʡ ʩʠʣʳ ʚ ʫʛʣʦʚʦʡ ʟʦʥʝ ʟʘʱʝʤʣʝʥʥʦʡ ʛʨʘʥʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʤʦʜʫʣʷ 

ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʩ ʫʯʝʪʦʤ ʠ ʙʝʟ ʫʯʝʪʘ ʧʨʠʛʨʫʟʘ.  
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ʈʠʩ.5. ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʫʛʣʦʚʦʡ ʪʦʯʢʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʤʦʜʫʣʷ 

ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 

 

ʈʠʩ.6. ɺʣʠʷʥʠʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʠʛʨʫʟʘ.  

   

ʈʠʩ.7. ʀʟʤʝʥʝʥʠʝ ʥʦʨʤʘʣʴʥʦʡ ʩʠʣʳ ʚ ʩʝʯʝʥʠʠ 2 ʫʛʣʦʚʦʡ ʟʦʥʳ. 

 

ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʧʦʣʫʯʝʥʳ ʨʝ-

ʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʧʣʘʩʪʠʥʳ ʩ ʦʪʚʝʨʩʪʠʝʤ. ʇʦʣʫ-

ʯʝʥʥʘʷ ʢʘʨʪʠʥʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʪʝʥʳ ʦʪ ʜʝʡʩʪʚʠʷ ʢʨʘʪʢʦʚʨʝ-

ʤʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʚ ʫʛʣʦʚʳʭ ʟʦʥʘʭ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ.  
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NUMERICAL SOLUTION O F THE DYNAMIC PROBLEM  

FOR CALCULATION  OF CARRYING WALL  OF LOW-FLOOR BUILDINGS  

BY THE CONCENTRATED DEFORMATION  METHOD  

Institute of Geology, Earthquake Engineering and Seismology, 

Academy of Sciences of the Republic of Tajikistan 

The paper discusses the solution of the dynamic two-dimensional problem of the theory 

of elasticity by the method of concentrated deformations. The developed algorithm is imple-

mented on the example of a doubly connected domain. The results of the calculation of the 

model of the load bearing wall of the clay building at different dynamic effects are obtained. 

Key words: modulus of deformation, testing, free oscillations, numerical modeling, static load. 
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ʋɼʂ 574(075.8) 

ʍ.ɹ.ɹʆɹʆɽɺ, ʌ.ʍ.ʅɸʉʈʋʃʃʆɽɺ, ʐ.ɹ.ʅɸɿɸʈʆɺ 

ɸʅɸʃʀɿ ʉʋʑɽʉʊɺʋʖʑɽʁ ʉʀʊʋɸʎʀʀ ɺ ʆɹʈɸʑɽʅʀʀ 

ʉ ʇʈʆʄʓʐʃɽʅʅʓʄʀ ʀ ʊɺɽʈɼʓʄʀ ɹʓʊʆɺʓʄʀ ʆʊʍʆɼɸʄʀ 

ɺ ʈɽʉʇʋɹʃʀʂɽ ʊɸɼɾʀʂʀʉʊɸʅ 

ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠʤ.ɺ.ʀ.ʅʠʢʠʪʠʥʘ ɸʅ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ, 

ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʘʢʘʜ. ʄ.ʉ.ʆʩʠʤʠ 

ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 19.03.18 ʛ. 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʬʝʨʳ ʦʙʨʘʱʝʥʠʷ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʠ 

ʪʚʸʨʜʳʤʠ ʙʳʪʦʚʳʤʠ ʦʪʭʦʜʘʤʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʩ ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʦʪʭʦʜʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ ʠ ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʦʙʲ-

ʸʤʦʚ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʦʚʣʝʯʝʥʠʷ ʠʭ ʚ ʭʦʟʷʡʩʪʚʝʥʥʳʡ ʦʙʦʨʦʪ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʠʯ-

ʥʦʛʦ ʩʳʨʴʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʪʭʦʜʳ, ʪʚʝʨʜʳʝ ʙʳʪʦʚʳʝ ʦʪʭʦʜʳ, ʧʦʣʠʛʦʥ, 

ʩʚʘʣʢʘ.  

ʇʨʦʙʣʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʢʦʧʣʝʥʠʷ, ʟʘʭʦʨʦʥʝʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʚ ʊʘʜʞʠ-

ʢʠʩʪʘʥʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʤʝʝʪ ʚʩʝ ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ: ʩ ʨʦʩʪʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʙʣʘʛʦʧʦʣʫʯʠʷ ʦʙʱʝʩʪʚʘ ʪʝʩʥʦ ʩʚʷʟʘʥ ʨʦʩʪ ʦʙʲʝʤʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ. ɹʝʟ ʦʩʫʱʝʩʪʚʣʝ-

ʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʧʨʠʥʷʪʠʷ ʤʝʨ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʠ 

ʨʘʟʤʝʱʘʶʱʠʭʩʷ ʦʪʭʦʜʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʧʨʦʙʣʝʤʳ, ʧʨʠʚʦʜʷʱʠʝ 

ʢ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʢʘʪʘʩʪʨʦʬʘʤ. 

ʆʩʥʦʚʥʳʤ ʜʦʢʫʤʝʥʪʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʨʘʚʦʚʳʝ ʦʩʥʦʚʳ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʱʝʥʠʷ ʩ 

ʦʪʭʦʜʘʤʠ ʚ ʮʝʣʷʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪʭʦʜʦʚ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ ʠ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʘ ʪʘʢʞʝ ʚʦʚʣʝʯʝʥʠʝ ʦʪʭʦʜʦʚ ʚ ʭʦʟʷʡʩʪʚʝʥʥʳʡ ʦʙʦʨʦʪ ʚ ʢʘʯʝʩʪʚʝ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʳʨʴʷ, ʷʚʣʷʝʪʩʷ ɿʘʢʦʥ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ çʆʙ ʦʪʭʦʜʘʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷè, ˉ736 ʦʪ 28.06.2011ʛ.[1]. 

                                                      
ɸʜʨʝʩ ʜʣʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ: ɹʦʙʦʝʚ ʍʘʢʥʘʟʘʨ ɹʦʙʦʝʚʠʯ. 734063, ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ,  

ʛ. ɼʫʰʘʥʙʝ, ʧʨ. ʘʢʘʜ. ʈʘʜʞʘʙʦʚʳʭ, 10, ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. 

ʀɿɺɽʉʊʀʗ ɸʂɸɼɽʄʀʀ ʅɸʋʂ ʈɽʉʇʋɹʃʀʂʀ ʊɸɼɾʀʂʀʉʊɸʅ 

ʆʊɼɽʃɽʅʀɽ ʌʀɿʀʂʆ-ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ, ʍʀʄʀʏɽʉʂʀʍ,  

ɻɽʆʃʆɻʀʏɽʉʂʀʍ ʀ ʊɽʍʅʀʏɽʉʂʀʍ ʅɸʋʂ 

ˉ1 (174), 2019 ʛ. 
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ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʦʪʭʦʜʳ ʦʙʨʘʟʫʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʝʢʪʦʨʘʭ ʜʦʙʳʚʘʶʱʝʡ 

ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʀʟ ʜʦʙʳʚʘʝʤʦʛʦ ʚ ʨʝʩʧʫʙʣʠʢʝ ʨʫʜʥʦʛʦ ʤʠʥʝʨʘʣʴ-

ʥʦʛʦ ʩʳʨʴʷ ʚʩʢʨʳʰʥʳʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʷʪʁ ʩʦʙʦʡ ʙʝʜʥʳʝ ʨʫʜʳ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʪ-

ʭʦʜʳ. ɺ ʦʙʱʝʤ ʦʙʲʝʤʝ ʦʪʭʦʜʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʨʝʩʧʫʙʣʠʢʠ, ʦʩʥʦʚʥʘʷ 

ʜʦʣʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʝ ʠ ʛʦʨʥʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ï ʜʦ 70%, 

ʮʚʝʪʥʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ï 15%, ʧʠʱʝʚʦʡ ʠ ʣʝʛʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʤʘ-

ʰʠʥʦʩʪʨʦʝʥʠʠ ï 10%, ʜʨʫʛʠʝ ï 5%.  

ʈʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʦʪʭʦʜʦʚ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʘʜʠʦʘʢʪʠʚʥʳʭ) ʛʦʨʥʦʨʫʜʥʳʤʠ ʧʨʝʜ-

ʧʨʠʷʪʠʷʤʠ ʥʘʢʦʧʣʝʥʦ ʚ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘʭ, ʰʣʘʤʦʥʘʢʦʧʠʪʝʣʷʭ, ʦʪʚʘʣʘʭ ʠ ʪ.ʧ. ʙʦʣʝʝ 150 

ʤʣʥ. ʪʦʥʥ [2,3]. 

ɺʘʞʥʳʤ ʨʝʟʝʨʚʦʤ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ ʥʘ ʫʛʦʣʴʥʳʭ 

ʊʕʎ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ ʠ ʜʨʫʛʠʭ ʛʦʨʦʜʦʚ ʨʝʩʧʫʙʣʠʢʠ ʷʚʣʷʝʪʩʷ ʫʪʠʣʠʟʘʮʠʷ ʦʪʭʦʜʦʚ ʦʪ ʩʞʠ-

ʛʘʥʠʷ ʫʛʣʝʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ɼʫʰʘʥʙʠʥʩʢʦʡ ʊʕʎ-2 ʩ 2014 ʛʦʜʘ ʥʘʢʦʧʣʝʥʦ ʦʢʦʣʦ 500 ʪʳʩ. 

ʪʦʥʥ ʟʦʣʦʰʣʘʢʦʚʳʭ ʦʪʭʦʜʦʚ, ʩ ʠʭ ʝʞʝʛʦʜʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘ 200-250 ʪʳʩ. ʪʦʥʥ. ɿʦʣʦʦʪ-

ʚʘʣ, ʟʘʥʠʤʘʷ ʙʦʣʝʝ 4.0 ʛʝʢʪʘʨʦʚ ʟʝʤʝʣʴʥʦʡ ʧʣʦʱʘʜʠ, ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʥʝʙʣʘʛʦʧʨʠʷʪ-

ʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʨʘʡʦʥʝ. 

ɺ ʊʘʜʞʠʢʠʩʪʘʥʝ ʥʝ ʩʦʟʜʘʥʘ ʩʠʩʪʝʤʘ ʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ ʩʝʣʝʢʪʠʚʥʦʛʦ ʩʙʦʨʘ ʊɹʆ, 

ʥʝʪ ʤʫʩʦʨʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʠ ʤʫʩʦʨʦʩʞʠʛʘʶʱʠʭ ʟʘʚʦʜʦʚ. ʋʪʠʣʠʟʘʮʠʷ, ʧʦʚʪʦʨʥʦʝ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʠ ʨʝʮʠʨʢʫʣʷʮʠʷ ʵʪʠʭ ʦʪʭʦʜʦʚ ʪʘʢʞʝ ʥʝ ʧʨʦʠʟʚʦʜʷʪʩʷ. ɿʘʭʦʨʦʥʝʥʠʝ ʊɹʆ ʵʣʝ-

ʤʝʥʪʘʨʥʳʤ ʨʘʟʤʝʱʝʥʠʝʤ çʥʘʚʘʣʦʤè, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʛʦʜʥʷ ʦʩʥʦʚʥʦʡ ʩʧʦʩʦʙ ʦʙʨʘ-

ʱʝʥʠʷ ʩ ʊɹʆ. ʅʘ ʩʝʛʦʜʥʷ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʦ ʩʙʦʨʫ ʠ ʧʝʨʝʨʘʙʦʪʢʝ ʚʪʦ-

ʨʠʯʥʳʭ ʨʝʩʫʨʩʦʚ ʨʘʟʚʠʪʘ ʩʣʘʙʦ. ʉʪʘʪʠʩʪʠʢʠ ʧʦ ʫʯʸʪʫ ʦʙʲʸʤʦʚ ʠ ʚʠʜʦʚ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ 

ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʝʛʦ ʜʚʠʞʝʥʠʷ ʥʝ ʚʝʜʸʪʩʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦʤ ʫʨʦʚʥʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟ-

ʜʝʣʴʥʳʡ ʩʙʦʨ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʦʪʭʦʜʦʚ (ʤʝʪʘʣʣʦʣʦʤ, ʧʣʘʩʪʠʢʘ, ʤʘʢʫʣʘʪʫʨʘ, ʩʪʝʢʣʦʙʦʡ ʠ 

ʩʪʝʢʣʦʪʘʨʘ) ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʝ ʦʨʛʘʥʠʟʦʚʘʥʥʦ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʣʦʱʘʜʢʘʭ ʩʙʦʨʘ ʠ 

ʩʚʘʣʢʘʭ ʊɹʆ, ʪʦʨʛʦʚʳʭ ʪʦʯʢʘʭ ʠ ʪ.ʧ. ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʵʪʠ ʦʪʭʦʜʳ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʧʝʨʝʨʘ-

ʙʦʪʢʫ ʥʝʙʦʣʴʰʠʤ ʠ ʧʣʦʭʦ ʦʩʥʘʱʸʥʥʳʤ çʢʫʩʪʘʨʥʳʤè ʧʨʝʜʧʨʠʷʪʠʷʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʘ-

ʣʠʟʘʮʠʝʡ ʠʤʠ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ʢʘʢ ʚʥʫʪʨʠ ʩʪʨʘʥʳ, ʪʘʢ ʠ ʟʘ ʝʸ ʧʨʝʜʝʣʳ. ʂʘʢ ʠʩʢʣʶʯʝʥʠʝ, 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʦʟʜʘʥʥʦʝ ʚ 2012 ʛʦʜʫ ʚ ʛ. ʍʫʜʞʘʥʜʝ ɸʢʮʠʦʥʝʨʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ çʂʦĎʘʟʠ 

ʊʦĔʠʢè, ʧʨʦʠʟʚʦʜʷʱʝʝ ʢʘʨʪʦʥʥʫʶ ʙʫʤʘʛʫ ʠ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʫʧʘʢʦʚʦʯʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʇʨʝʜʧʨʠʷʪʠʝʤ ʙʳʣʘ ʩʦʟʜʘʥʘ ʩʦʙʩʪʚʝʥʥʘʷ ʩʝʪʴ ʧʦ ʩʙʦʨʫ ʦʪʭʦʜʦʚ ʢʘʨʪʦʥʥʦʡ ʫʧʘʢʦʚʢʠ. 

ɽʞʝʤʝʩʷʯʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʭʦʜʦʚ, ʢʘʢ ʜʦʙʘʚʢʠ ʢ ʦʩʥʦʚʥʦʤʫ ʩʳʨʴʶ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 

50 ʪʦʥʥ. 

ʊʘʢ,  ʚ ʛ. ɼʫʰʘʥʙʝ ʟʘʚʝʨʰʝʥʘ ʨʘʙʦʪʘ ʧʦ ʧʨʦʝʢʪʫ çʋʧʨʘʚʣʝʥʠʝ ʪʚʸʨʜʳʤʠ ʙʳʪʦʚʳʤʠ 

ʦʪʭʦʜʘʤʠ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝè. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʫʣʫʯʰʝʥʳ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʚʸʨʜʳʤʠ 

ʙʳʪʦʚʳʤʠ ʦʪʭʦʜʘʤʠ ʛʦʨʦʜʘ, ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʦʙʫʩʪʨʦʝʥʳ ʧʣʦʱʘʜʢʠ ʩʙʦʨʘ, ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ ʠ ʰʘʭʪ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʷ 

ʧʨʠʸʤʘ ʠ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʥʘ ʧʦʣʠʛʦʥʝ ʛʦʨʦʜʘ. ʉʦʟʜʘʥʦ ʭʦʟʨʘʩʯʸʪʥʦʝ ɻʋʇ çʇʘʨʪʦʚʛʦ-

ʭʠ ʧʘʨʪʦʚʭʦʠ ʩʘʭʪʠ ʤʘʠʰʠʠ ʰʘʭʨʠ ɼʫʰʘʥʙʝè, ʢʦʪʦʨʦʝ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ 
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ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘ ʦʩʥʦʚʝ ʜʦʛʦʚʦʨʦʚ ʩʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʨʘʡʦʥʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ 

ʛʦʨʦʜʘ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʩʣʫʛʠ ʧʦ ʧʝʨʝʚʦʟʢʝ ʠ ʨʘʟʤʝʱʝʥʠ ʁʦʪʭʦʜʦʚ ʥʘ ʛʦʨʦʜʩʢʦʤ ʧʦʣʠʛʦ-

ʥʝ ʊɹʆ. ɺ ʛ.ʛ. ʍʫʜʞʘʥʜʝ, ʂʫʣʷʙʝ, ɹʦʭʪʘʨʝ, ʪʘʢʞʝ ʥʘʯʘʪʳ ʨʘʙʦʪʳ ʧʦ ʨʝʘʙʠʣʠʪʘʮʠʠ ʩʚʘʣʦʢ 

ʊɹʆ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʥʘ ʵʪʠʭ ʧʦʣʠʛʦʥʘʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʦʟʜʘʪʴ ʩʠʩʪʝʤʳ ʨʘʟʜʝʣʴʥʦʛʦ ʩʙʦ-

ʨʘ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʦ ʠʭ ʧʝʨʝʨʘʙʦʪʢʝ [2,3,4].  

ʇʦ ʜʘʥʥʳʤ ɻʋʇ çʍʦʞʘʛʠʠ ʤʘʥʟʠʣʠʶ ʢʦʤʤʫʥʘʣʠè ʝʞʝʛʦʜʥʦ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʦʙ-

ʨʘʟʫʝʪʩʷ ʙʦʣʝʝ 1.5-2.0 ʤʣʥ. ʪʦʥʥ ʊɹʆ, ʙʝʟ ʫʯʸʪʘ ʦʪʭʦʜʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪ-

ʥʦʩʪʠ. ɼʘʥʥʳʝ ɻʋʇ çʍʦʞʘʛʠʠ ʤʘʥʟʠʣʠʶ ʢʦʤʤʫʥʘʣʠè ʠ ɸʛʝʥʪʩʪʚʘ ʧʦ ʩʪʘʪʠʩʪʠʢʝ ʧʨʠ 

ʇʨʝʟʠʜʝʥʪʝ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʧʦ ʦʙʲʸʤʘʤ ʦʙʨʘʟʦʚʘʥʠʷ ʊɹʆ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ 

ʟʥʘʯʝʥʠʷ ʠ ʧʨʦʪʠʚʦʨʝʯʠʚʳ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʦʥʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʊɹʆ ʠ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʪʭʦʜʦʚ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʨʘʩʪʸʪ. ɺʩʝʛʦ ʧʦ ʨʘʡʦʥʘʤ ʠ ʛʦʨʦʜʘʤ ʨʝʩʧʫʙʣʠʢʠ 

ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʙʦʣʝʝ 72 ʤʫʩʦʨʥʳʭ ʩʚʘʣʦʢ ʊɹʆ, ʠʟ ʢʦʪʦʨʳʭ 5 ʷʚʣʷʶʪʩʷ ʫʧʨʘʚʣʷʝʤʳʤʠ, 

ʦʩʪʘʣʴʥʳʝ 63 ʷʚʣʷʶʪʩʷ ʩʪʠʭʠʡʥʳʤʠ. ʈʝʰʝʥʠʷ ʤʝʩʪʥʳʭ ʦʨʛʘʥʦʚ ʥʘ ʦʪʚʝʜʝʥʠʝ ʟʝʤʝʣʴʥʳʭ 

ʫʯʘʩʪʢʦʚ ʧʦʜ ʧʦʣʠʛʦʥʳ ʊɹʆ ʠʤʝʶʪʩʷ ʣʠʰʴ ʜʣʷ 38 ʩʚʘʣʦʢ ʠ ʧʦʣʠʛʦʥʦʚ. ɼʣʷ 34 ʩʚʘʣʦʢ ʚʳ-

ʜʝʣʝʥʳ ʫʯʘʩʪʢʠ, ʥʦ ʦʬʠʮʠʘʣʴʥʳʝ ʜʦʢʫʤʝʥʪʳ ʥʘ ʦʪʚʝʜʝʥʠʝ ʟʝʤʝʣʴ ʥʝ ʦʬʦʨʤʣʝʥʳ. ʆʙʱʘʷ 

ʪʝʨʨʠʪʦʨʠʷ ʟʝʤʝʣʴ ʧʦʜ ʩʚʘʣʢʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 300 ʛʘ. ɹʦʣʝʝ ʧʦʣʦʚʠʥʳ ʩʚʘʣʦʢ ʜʣʷ ʨʘʟ-

ʤʝʱʝʥʠʷ ʊɹʆ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʳʝ ʩʨʦʢʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʘʥʠʪʘʨʥʳʤ 

ʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʆʩʥʘʱʝʥʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʡ çʍʦʞʘʛʠʠ ʤʘʥʟʠʣʠʶ ʢʦʤ-

ʤʫʥʘʣʮè ʩʧʝʮʪʝʭʥʠʢʦʡ ʢʨʘʡʥʝ ʩʣʘʙʘʷ, ʙʦʣʝʝ 60% ʢʦʪʦʨʦʡ ʪʨʝʙʫʝʪ ʦʙʥʦʚʣʝʥʠʷ. ʇʨʦʮʝʩʩʳ 

ʩʙʦʨʘ, ʚʳʚʦʟʘ, ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ, ʪʘʢʞʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʚʨʝʤʝʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ. ʅʝʜʦʩʪʘʪʦʢ ʠʤʝʝʪʩʷ ʪʘʢʞʝ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʤʝʩʪʘʤʠ 

ʚʨʝʤʝʥʥʦʛʦ ʩʙʦʨʘ ʊɹʆ ʠ ʤʝʞʪʝʨʨʠʪʦʨʠʘʣʴʥʳʤʠ ʧʦʣʠʛʦʥʘʤʠ. ɼʦʩʪʫʧ ʢ ʫʩʣʫʛʘʤ ʮʝʥʪʨʘ-

ʣʠʟʦʚʘʥʥʦʛʦ ʩʙʦʨʘ ʠ ʚʳʚʦʟʘ ʊɹʆ ʠʤʝʶʪ 85.6% ʥʘʩʝʣʝʥʠʷ ʛʦʨʦʜʦʚ, 67.3% ʧʦʩʝʣʢʦʚ ʠ 3.6% 

ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ. ʆʩʪʨʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʩʝʣʴʩʢʠʭ ʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʛʦʨʥʳʭ ʪʝʨʨʠʪʦʨʠ-

ʷʭ ʩʪʨʘʥʳ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʩʣʫʞʙ ʧʦ ʩʙʦʨʫ ʠ ʫʜʘʣʝʥʠʶ ʦʪʭʦʜʦʚ. ʂʦʣʠʯʝʩʪʚʦ ʥʘʩʝʣʝ-

ʥʠʷ, ʧʨʠʚʣʝʯʝʥʥʦʛʦ ʢ ʵʪʠʤ ʫʩʣʫʛʘʤ, ʪʘʢʞʝ ʥʠʟʢʦʝ ʚ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ. 

ʃʠʰʴ ʤʘʣʘʷ ʯʘʩʪʴ ʩʝʣʴʩʢʠʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠ-

ʟʦʩʪʠ ʢ ʨʘʡʦʥʥʳʤ ʮʝʥʪʨʘʤ, ʦʙʩʣʫʞʠʚʘʶʪʩʷ ʦʨʛʘʥʠʟʦʚʘʥʥʳʤʠ ʩʣʫʞʙʘʤʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ 

ʦʪʭʦʜʘʤʠ. 

ʅʦʨʤʳ ʥʘʢʦʧʣʝʥʠʷ ʊɹʆ ʥʘ ʦʜʥʦʛʦ ʯʝʣʦʚʝʢʘ ʚ ʛʦʜ ʚ ʩʨʝʜʥʝʤ ʧʦ ʩʪʨʘʥʝ ʠʤʝʶʪ ʰʠ-

ʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʦʪ 0.2 ʤ3 ʜʦ 2.0 ʤ3, ʯʪʦ ʪʘʢʞʝ ʩʚʷʟʘʥʦ ʩ ʥʝʥʘʜʸʞʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʦʪʯʝʪʥʦ-

ʩʪʴʶ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʡ ʨʦʩʪ ʦʙʲʝʤʘ ʙʳʪʦʚʳʭ 

ʦʪʭʦʜʦʚ. ʅʘʧʨʠʤʝʨ, ʦʙʲʸʤ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʚ ɼʫʰʘʥʙʝ ʟʘ 2011 - 2017 ʛ.ʛ. ʩʦʩʪʘʚʣʷʝʪ 

ʙʦʣʝʝ 1.5 ʤʣʥ. ʪʦʥʥ, ʘ ʩʨʝʜʥʷʷ ʥʦʨʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʊɹʆ ʥʘ ʦʜʥʦʛʦ ʯʝʣʦʚʝʢʘ ʜʦʩʪʠʛʘʝʪ ʧʨʠ-

ʤʝʨʥʦ 200 ʢʛ ʚ ʛʦʜ[1]. ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʦʙʱʝʧʨʠʥʷʪʳʝ ʥʦʨʤʳ ʥʘʢʦʧʣʝʥʠʷ ʊɹʆ ʚ ʙʦʣʴʰʠʭ 

ʛʦʨʦʜʘʭ ʦʪ ʥʘʩʝʣʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  
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 ʊʘʙʣʠʮʘ 1  

ʅʦʨʤʳ ʥʘʢʦʧʣʝʥʠʷ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ 

ɹʳʪʦʚʳʝ ʦʪʭʦʜʳ 
ʂʦʣʠʯʝʩʪʚʦ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ ʥʘ 1 

ʯʝʣ. ʚ ʛʦʜ (ʢʛ) 

ʊʚʝʨʜʳʝ: ʦʪ ʞʠʣʳʭ ʟʜʘʥʠʡ, ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʚʦʜʦʧʨʦʚʦʜʦʤ, 

ʢʘʥʘʣʠʟʘʮʠʝʡ, ʮʝʥʪʨʘʣʴʥʳʤ ʦʪʦʧʣʝʥʠʝʤ ʠ ʛʘʟʦʤ 
190ï225 

ʆʪ ʧʨʦʯʠʭ ʞʠʣʳʭ ʟʜʘʥʠʡ 300ï450 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦ ʛʦʨʦʜʫ ʩ ʫʯʝʪʦʤ ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʜʘ-

ʥʠʡ 
280ï300 

ʉʤʝʪ ʩ 1ʤ2 ʪʚʝʨʜʳʭ ʧʦʢʨʳʪʠʡ ʫʣʠʮ, ʧʣʦʱʘʜʝʡ ʠ ʧʘʨʢʦʚ 5ï15 

ɾʠʜʢʠʝ ʠʟ ʚʳʛʨʝʙʦʚ (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʘʥʘʣʠʟʘʮʠʠ) 2000ï3500 ʣ. 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʭ ʧʦʣʠʛʦʥʘʭ ʊɹʆ (ʠʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷ-

ʝʪ ʛ. ɼʫʰʘʥʙʝ) ʦʪʩʫʪʩʪʚʫʶʪ ʚʝʩʳ ʚ ʟʦʥʝ ʧʨʠʝʤʘ ʦʪʭʦʜʦʚ, ʪ.ʝ. ʚʝʩ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʩʯʸʪ-

ʥʳʤ ʤʝʪʦʜʦʤ, ʧʨʠ ʵʪʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʫʜʝʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ 250 ʜʦ 300 ʢʛ/ʤ3, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʚ ʩʪʨʘʥʘʭ ɽʉ ʦʥ ʩʦʩʪʘʚʣʷʝʪ 100 - 150 ʢʛ/ʤ3. ʋʯʝʪ ʬʘʢʪʠʯʝʩʢʠʭ ʦʙʲʝʤʦʚ ʥʘʢʦʧʣʝʥʠʡ ʊɹʆ ʚ 

ʛʦʨʦʜʘʭ ʠ ʨʘʡʮʝʥʪʨʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ɻʋʇ çʍʦʞʘʛʠʠ ʤʘʥʟʠʣʠʶ ʢʦʤʤʫ-

ʥʘʣʮè ʠ ʦʨʛʘʥʘʤʠ ʤʝʩʪʥʦʡ ʚʣʘʩʪʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʫʪʝʚʳʭ ʣʠʩʪʦʚ ʩʧʝʮʪʨʘʥʩʧʦʨʪʘ, ʛʜʝ 

ʠʤʝʶʪʩʷ ʨʝʢʚʠʟʠʪʳ ʠ ʜʘʥʥʳʝ ʦʙʲʝʤʦʚ ʩʙʦʨʘ ʠ ʚʳʚʦʟʘ ʊɹʆ. ʉʙʦʨ ʊɹʆ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪ 

ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: ʥʘʩʝʣʝʥʠʷ; ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʫʯʨʝʞʜʝʥʠʡ; ʦʪ ʙʣʘʛʦ-

ʫʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʠ ʩʘʥʠʪʘʨʥʦʡ ʦʯʠʩʪʢʠ ʪʝʨʨʠʪʦʨʠʡ ʛʦʨʦʜʦʚ ʠ ʨʘʡʮʝʥʪʨʦʚ. ɸʛʝʥʪʩʪ-

ʚʦʤ ʧʦ ʩʪʘʪʠʩʪʠʢʝ ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʧʨʦʚʦʜʠʪʩʷ ʫʯʸʪ ʢʦʤʤʫʥʘʣʴ-

ʥʳʭ ʦʪʭʦʜʦʚ ʧʦ ʜʘʥʥʳʤ ɻʋʇ çʍʦʞʘʛʠʠ ʤʘʥʟʠʣʠʶ ʢʦʤʤʫʥʘʣʮè ʠ ʦʨʛʘʥʦʚ ʤʝʩʪʥʦʡ ʚʣʘʩʪʠ. 

ʀʩʪʦʯʥʠʢʠ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʤʫʥʘʣʴʥʳʭ ʦʪʭʦʜʦʚ ʠʤʝʶʪ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ: ʩʤʝʰʘʥʥʳʝ 

ʛʦʨʦʜʩʢʠʝ ʦʪʭʦʜʳ, ʦʪʭʦʜʳ ʨʳʥʢʦʚ, ʫʣʠʯʥʳʡ ʩʤʸʪ, ʛʦʨʦʜʩʢʠʝ ʦʪʭʦʜʳ ʙʝʟ ʫʪʦʯʥʝʥʠʡ ʠʩʪʦʯ-

ʥʠʢʦʚ ʦʙʨʘʟʦʚʘʥʠʷ. ʊʘʢʦʝ ʨʘʟʜʝʣʝʥʠʝ, ʚ ʮʝʣʦʤ ʥʝ ʜʘʸʪ ʦʙʲʝʢʪʠʚʥʦʡ ʩʠʪʫʘʮʠʠ ʦ ʬʘʢʪʠʯʝ-

ʩʢʠʭ ʦʙʲʸʤʘʭ ʠ ʠʩʪʦʯʥʠʢʘʭ ʦʙʨʘʟʦʚʘʥʠʷ, ʜʘʥʥʳʝ ʯʘʩʪʦ ʜʫʙʣʠʨʫʶʪʩʷ ʠ. ʪ. ʧ. ɺ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʊɹʆ ʧʨʝʪʝʨʧʝʣ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ. ɼʦʤʠʥʠʨʫʶʪ ʦʪ-

ʭʦʜʳ ʧʦʪʨʝʙʣʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʆʙʲʝʤʳ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʦʪʭʦʜʦʚ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ ʚ ʛʦʨʦʜʩʢʦʡ ʠ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ.

 ʀʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʦ 

ʜʣʷ ʦʮʝʥʢʠ ʠ ʧʨʦʛʥʦʟʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʸʤʢʦʩʪʠ ʛʦʨʦʜʩʢʦʡ ʩʠʩʪʝʤʳ, ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʨʝ-

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʣʘʥʦʚʳʭ ʠ ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʠʭ ʥʘʧʨʘʚʣʝʥʠʷ ʠ 

ʛʣʫʙʠʥʳ. ɿʘ ʙʦʣʝʝ ʯʝʤ ʩʪʦʣʝʪʥʠʡ ʧʝʨʠʦʜ ʩʚʦʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʛʦʨʦʜ ɼʫʰʘʥʙʝ ʠʟ ʥʝ-

ʙʦʣʴʰʦʡ ʧʦʯʪʦʚʦʡ ʩʪʘʥʮʠʠ ʚʳʨʦʩ ʚ ʢʨʫʧʥʳʡ ʧʨʦʤʳʰʣʝʥʥʦ-ʢʫʣʴʪʫʨʥʳʡ ʮʝʥʪʨ ʨʝʩʧʫʙʣʠ-

ʢʠ, ʠ ʪʝʤʧʳ ʝʛʦ ʫʨʙʘʥʠʟʘʮʠʠ ʧʨʦʜʦʣʞʘʶʪ ʥʘʨʘʩʪʘʪʴ ʟʘ ʩʯʝʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʳʭ ʜʦʤʦʚ 

ʥʘ ʦʢʨʘʠʥʘʭ ʛʦʨʦʜʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʩʪʝʪ ʠ ʯʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ. ɺ ʢʦʥʮʝ ʍIʍ ʚʝʢʘ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʦʨʦʜʘ ʧʨʦʞʠʚʘʣʠ 6615 ʯʝʣ., ʚ 1951 ʛ. - 179 ʪʳʩ. ʯʝʣ., ʪ. ʝ. ʟʘ 

ʦʜʥʦ ʩʪʦʣʝʪʠʝ ʥʘʩʝʣʝʥʠʝ ʚʦʟʨʦʩʣʦ ʧʦʯʪʠ ʚ 115 ʨʘʟ [4,5]. ɼʠʥʘʤʠʢʘ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ 

ʊʘʜʞʠʢʠʩʪʘʥʘ ʧʦ ʨʝʛʠʦʥʘʤ ʟʘ ʧʝʨʠʦʜ ʩ 1990 ʛ. ʧʦ 2014 ʛ. (ʪʳʩ. ʯʝʣʦʚʝʢ) ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩ.1[6].  
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ʈʠʩ.1. ɼʠʥʘʤʠʢʘ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʦ ʨʝʛʠʦʥʘʤ ʟʘ ʧʝʨʠʦʜ ʩ 1990 ʛ. ʧʦ 2014 ʛ.  

 

ʇʨʠ ʨʘʟʤʝʱʝʥʠʠ ʥʘ ʧʦʣʠʛʦʥʘʭ ʪʚʝʨʜʳʭ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʩʦʨʪʠʨʦʚʢʠ, ʙʦʣʝʝ 40 % ʮʝʥʥʳʭ ʚʠʜʦʚ ʩʳʨʴʷ ʠ ʤʘʪʝʨʠʘʣʦʚ ʦʩʪʘʶʪʩʷ ʥʝʠʩʧʦʣʴʟʦʚʘʥʥʳʤʠ.  

ɼʠʥʘʤʠʢʘ ʦʙʨʘʟʦʚʘʥʠʷ ʪʚʝʨʜʳʭ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩ.2. 
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ʈʠʩ. 2. ɼʠʥʘʤʠʢʘ ʦʙʨʘʟʦʚʘʥʠʷ ʪʚʝʨʜʳʭ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ ʚ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ, ʪʳʩ. ʪʦʥʥ 

 

ɼʠʥʘʤʠʢʘ ʦʙʨʘʟʦʚʘʥʠʷ ʇʆ ʠ ʊɹʆ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ ʚ 2014-2017 ʛʦ-

ʜʳ ʧʨʠʚʝʜʝʥʘ ʚ ʥʠʞʝʩʣʝʜʫʶʱʝʤ ʨʠʩʫʥʢʝ 3. 
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ʈʠʩ.3. ɼʠʥʘʤʠʢʘ ʦʙʨʘʟʦʚʘʥʠʷ ʇʆ ʠ ʊɹʆ ʚ ʛʦʨʦʜʝ ɼʫʰʘʥʙʝ, ʪʳʩ. ʪʦʥʥ 

 

ʈʘʟʚʠʪʠʝ ʩʬʝʨʳ ʦʙʨʘʱʝʥʠʷ ʩ ʪʚʝʨʜʳʤʠ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʠ ʙʳʪʦʚʳʤʠ ʦʪʭʦʜʘʤʠ, 

ʧʨʠʦʙʨʝʪʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʚʦʜ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʦʙʲʝʤʘ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ. ʊʘʢ ʞʝ, ʦʛʨʘʥʠʯʝʥʠʝ ʙʶʜʞʝʪʦʚ ʚ ʨʝʛʠʦʥʘʭ ʠ ʦʪʩʫʪʩʪʚʠʝ ʠʥʚʝ-

ʩʪʠʮʠʡ ʷʚʣʷʶʪʩʷ ʧʨʝʧʷʪʩʪʚʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚ ʨʘʟʚʠʪʠʠ ʤʫʩʦʨʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʤʦʱ-

ʥʦʩʪʝʡ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʪʚʝʨʜʳʭ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ ʦʪʥʦʩʠʪʩʷ ʢ IV 

ʢʣʘʩʩʫ ʦʧʘʩʥʦʩʪʠ, ʥʦ ʪʝʤʧʳ ʨʦʩʪʘ ʠʭ ʦʙʲʝʤʦʚ ʥʘʩʪʦʣʴʢʦ ʚʝʣʠʢʠ, ʯʪʦ ʵʪʦ ʥʝ ʤʦʞʝʪ ʙʝʩ-

ʩʣʝʜʥʦ ʦʪʨʘʞʘʪʴʩʷ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ ʩʪʨʘʥʝ. ʆʛʨʘʥʠʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝ-

ʨʘʙʘʪʳʚʘʪʴ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʭʦʜʳ ʚʦ ʚʪʦʨʠʯʥʦʝ ʩʳʨʴʝ ʠʣʠ ʵʥʝʨʛʠʶ, ʧʨʠʚʦʜʷʪ ʥʝ ʪʦʣʴʢʦ ʢ 

ʟʘʛʨʷʟʥʝʥʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʥʦ ʠ ʫʧʫʱʝʥʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʚʳʛʦʜʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘ ̫ʚʣʘʩʪʴ ʠ ʦʙʱʝʩʪʚʦ ʝʜʠʥʳ ʚʦ ʤʥʝʥʠʠ, ʯʪʦ ʩʬʝ-

ʨʘ ʦʙʨʘʱʝʥʠʷ ʩ ʪʚʝʨʜʳʤʠ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʠ ʙʳʪʦʚʳʤʠ ʦʪʭʦʜʘʤʠ ʪʨʝʙʫʝʪ ʩʠʩʪʝʤʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ ʠ ʧʦʚʳʰʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʫʤʝʥʴʰʝʥʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʟʘʨʫʙʝʞʥʦʛʦ ʦʧʳʪʘ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥ-

ʥʦʛʦ ʨʦʩʪʘ ʵʢʦʥʦʤʠʢʠ, ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʦʚ ʟʘʭʦʨʦʥʝʥʠʷ ʥʘ ʧʦʣʠʛʦʥʘʭ ʦʪʭʦʜʦʚ ʠ ʫʚʝʣʠ-

ʯʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ʜʦʣʞʥʳ ʷʚʣʷʪʴʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʟʘʜʘʯʘʤʠ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʚ ʦʙʣʘʩʪʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ. 
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KH.B.BOBOEV, F.H.NASRULLOEV, SH.B.NAZAROV  

CONTEMPORARY STATE IN THE HANDLING  WITH INDUSTRIAL AND 

SOLID DOMESTIC  WASTES IN THE REPUBLIC OF T AJIKISTAN  

The paper presents the current state of the sphere of handling industrial and solid do-

mestic wastes of the Republic of Tajikistan in order to minimize the harmful impact of waste on 

the environment and human health and create conditions for reducing the volumes of their for-

mation and maximizing their involvement in economic circulation as secondary raw materials. 

Key words: industrial and industrial waste, solid household waste, landfill, landfill. 
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