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ȰɖəɝɋɓɎɋ. ȶɆɗɝɋɘɡ ɓɆ ɕɖɔɝɓɔɗɘɢ Ɏ Ɍɋɗɘɐɔɗɘɢ ɕɖɎ ɐɖəɝɋɓɎɎ: əɝɋɇɓɔ-
ɒɋɘɔɊɎɝɋɗɐɔɋ ɕɔɗɔɇɎɋ Ɋɑɥ ɗɘəɊɋɓɘɔɈ ɒɆɞɎɓɔɗɘɖɔɎɘɋɑɢɓɡɛ ɗɕɋɜɎɆɑɢ-
ɓɔɗɘɋɏ (ɣɑɋɐɘɖɔɓɓɔɋ əɝɋɇɓɔɋ ɎɍɊɆɓɎɋ) / ȱ.ȫ. ȶɋəɘ. ï ȲɎɓɗɐ: ȧȳȸȹ, 

. Ʉ  ɗ. 
 

 

Ɋɔɐɘɔɖ ɘɋɛɓɎɝɋɗɐɎɛ ɓɆəɐ, ɕɖɔɚɋɗɗɔɖ, ɉɑɆɈɓɡɏ ɓɆəɝɓɡɏ ɗɔɘɖəɊɓɎɐ ɑɆ-
ɇɔɖɆɘɔɖɎɎ ɗɈɋɖɛɘɈɋɖɊɡɛ Ɏ ɎɍɓɔɗɔɗɘɔɏɐɎɛ ɒɆɘɋɖɎɆɑɔɈ ȮɓɗɘɎɘəɘɆ ɕɔ-
ɖɔɞɐɔɈɔɏ ɒɋɘɆɑɑəɖɉɎɎ Ɏɒ. ɆɐɆɊɋɒɎɐɆ  ȴ.Ȩ. ȶɔɒɆɓɆ  ; 

 

Ɋɔɐɘɔɖ ɘɋɛɓɎɝɋɗɐɎɛ ɓɆəɐ, ɕɖɔɚɋɗɗɔɖ, ɍɆɈɋɊəɤɟɎɏ ɐɆɚɋɊɖɔɏ çȩɎɊɖɔɘɋɛ-
ɓɎɝɋɗɐɔɋ Ɏ ɣɓɋɖɉɋɘɎɝɋɗɐɔɋ ɗɘɖɔɎɘɋɑɢɗɘɈɔ, ɈɔɊɓɡɏ ɘɖɆɓɗɕɔɖɘ Ɏ ɉɎɊɖɆɈɑɎ-
ɐɆè  ȧɋɑɔɖəɗɗɐɔɉɔ ɓɆɜɎɔɓɆɑɢɓɔɉɔ ɘɋɛɓɎɝɋɗɐɔɉɔ əɓɎɈɋɖɗɎɘɋɘɆ   

 
 
 

        Ƀɑɋɐɘɖɔɓɓɔɋ əɝɋɇɓɔɋ ɎɍɊɆɓɎɋ ɕɖɋɊɗɘɆɈɑɥɋɘ ɗɔɇɔɏ ɕɔɗɔɇɎɋ ɕɔ ɊɎɗɜɎɕɑɎɓɋ 
çȲɋɛɆɓɎɐɆ ɒɆɘɋɖɎɆɑɔɈè Ɏ ɖɆɗɗɒɆɘɖɎɈɆɋɘ ɈɆɌɓɡɏ ɖɆɍɊɋɑ ɐəɖɗɆ, ɕɔɗɈɥɟɋɓɓɡɏ 
ɊɋɚɔɖɒɆɜɎɎ ɐɖəɝɋɓɎɥ, ɔɊɓɔɏ Ɏɍ ɓɆɎɇɔɑɋɋ ɝɆɗɘɔ ɈɗɘɖɋɝɆɤɟɋɏɗɥ ɓɆ ɕɖɆɐɘɎɐɋ 
ɊɋɚɔɖɒɆɜɎɎ, ɐɔɘɔɖɔɏ ɕɔɊɈɋɖɉɆɤɘɗɥ ɒɓɔɉɎɋ ɊɋɘɆɑɎ ɒɆɞɎɓ, ɒɋɛɆɓɎɍɒɔɈ Ɏ 
ɗɘɖɔɎɘɋɑɢɓɡɛ ɗɔɔɖəɌɋɓɎɏ. Ȩ ɕɔɗɔɇɎɎ ɕɔɊɖɔɇɓɔ ɕɖɋɊɗɘɆɈɑɋɓ ɘɋɔɖɋɘɎɝɋɗɐɎɏ 
Ɇɗɕɋɐɘ ɘɋɒɡ, Ɇ ɘɆɐɌɋ ɕɖɋɊɑɔɌɋɓ ɓɆɇɔɖ ɕɖɆɐɘɎɝɋɗɐɎɛ ɎɓɌɋɓɋɖɓɡɛ ɍɆɊɆɝ ɗ ɖɋ-
ɞɋɓɎɥɒɎ, ɆɓɆɑɎɍɔɒ, ɕɔɥɗɓɋɓɎɥɒɎ Ɏ ɒɋɘɔɊɎɝɋɗɐɎɒɎ ɖɋɐɔɒɋɓɊɆɜɎɥɒɎ. 
     ȹɝɋɇɓɔɋ ɕɔɗɔɇɎɋ ɕɖɋɊɓɆɍɓɆɝɋɓɔ Ɋɑɥ ɗɘəɊɋɓɘɔɈ Ɉɗɋɛ ɘɋɛɓɎɝɋɗɐɎɛ ɗɕɋɜɎɆɑɢɓɔ-
ɗɘɋɏ  ɊɓɋɈɓɔɏ Ɏ ɍɆɔɝɓɔɏ ɚɔɖɒ ɔɇəɝɋɓɎɥ ɈɡɗɞɎɛ ɘɋɛɓɎɝɋɗɐɎɛ əɝɋɇɓɡɛ ɍɆɈɋɊɋ-
ɓɎɏ, Ɇ ɘɆɐɌɋ Ɋɑɥ ɕɖɋɕɔɊɆɈɆɘɋɑɋɏ ɕɖɎ ɕɔɊɉɔɘɔɈɐɋ ɐ ɑɋɐɜɎɔɓɓɡɒ Ɏ ɕɖɆɐɘɎɝɋ-
ɗɐɎɒ ɍɆɓɥɘɎɥɒ. 
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     ȲɋɛɆɓɎɐɆ ɒɆɘɋɖɎɆɑɔɈ, Ɉ ɔɗɓɔɈɋ ɐɔɘɔɖɔɏ ɑɋɌɎɘ ɓɆəɐɆ ɔ ɗɔɕɖɔɘɎɈ-
ɑɋɓɎɎ ɒɆɘɋɖɎɆɑɔɈ,  ɕɖɋɊɗɘɆɈɑɥɋɘ ɗɔɇɔɏ ɚəɓɊɆɒɋɓɘɆɑɢɓəɤ ɔɇɟɋɘɋɛ-
ɓɎɝɋɗɐəɤ ɊɎɗɜɎɕɑɎɓə, ɎɍəɝɆɋɒəɤ Ɉɔ Ɉɗɋɛ ɘɋɛɓɎɝɋɗɐɎɛ ɈəɍɆɛ Ɏ ɥɈɑɥ-
ɤɟəɤɗɥ ɔɗɓɔɈɔɏ ɘɋɛɓɎɝɋɗɐɔɉɔ ɔɇɖɆɍɔɈɆɓɎɥ ɎɓɌɋɓɋɖɆ ɑɤɇɔɏ ɗɕɋɜɎ-
ɆɑɢɓɔɗɘɎ.  ȵɖɎ ɖɆɍɖɆɇɔɘɐɋ ɎɓɌɋɓɋɖɓɡɛ ɐɔɓɗɘɖəɐɜɎɏ ɉɑɆɈɓɔɏ ɍɆɊɆɝɋɏ 
ɥɈɑɥɋɘɗɥ ɔɇɋɗɕɋɝɋɓɎɋ ɕɖɔɝɓɔɗɘɎ, ɓɆɊɋɌɓɔɗɘɎ Ɏ ɊɔɑɉɔɈɋɝɓɔɗɘɎ ɊɋɘɆɑɋɏ 
Ɏ əɍɑɔɈ Ɉ ɍɆɊɆɓɓɡɛ ɣɐɗɕɑəɆɘɆɜɎɔɓɓɡɛ əɗɑɔɈɎɥɛ. ȵɔɣɘɔɒə ɕɋɖɈɔɗɘɋ-
ɕɋɓɓɡɒɎ Ɏ ɔɗɓɔɈɓɡɒɎ ɖɆɗɝɋɘɆɒɎ Ɉ ɒɋɛɆɓɎɐɋ ɒɆɘɋɖɎɆɑɔɈ ɥɈɑɥɤɘɗɥ 
ɖɆɗɝɋɘɡ ɓɆ ɕɖɔɝɓɔɗɘɢ, ɐɔɘɔɖɡɋ ɗɈɥɍɆɓɡ ɗ ɈɡɝɎɗɑɋɓɎɋɒ ɓɆɕɖɥɌɋɓɎɏ Ɏ 
ɕɖɔɋɐɘɎɖɔɈɆɓɎɋɒ ɣɑɋɒɋɓɘɔɈ ɒɆɞɎɓ Ɏ ɒɋɛɆɓɎɍɒɔɈ ɕɔɊ ɍɆɊɆɓɓɡɋ ɖɆɇɔ-
ɝɎɋ ɓɆɉɖəɍɐɎ. ȴɊɓɆɐɔ ɕɔɒɎɒɔ ɕɖɔɝɓɔɗɘɎ ɓɋ ɒɋɓɋɋ ɈɆɌɓɡɒ ɘɖɋɇɔɈɆ-
ɓɎɋɒ ɥɈɑɥɋɘɗɥ Ɍɋɗɘɐɔɗɘɢ ɗɎɗɘɋɒɡ, ɋɋ ɗɕɔɗɔɇɓɔɗɘɢ Ɉ əɗɑɔɈɎɥɛ ɗɎɑɔɈɔ-
ɉɔ (Ɇ ɎɓɔɉɊɆ Ɏ ɘɋɒɕɋɖɆɘəɖɓɔɉɔ) ɈɔɍɊɋɏɗɘɈɎɥ ɊɋɚɔɖɒɎɖɔɈɆɘɢɗɥ Ɉ ɕɖɋɊɋ-
ɑɆɛ əɗɘɆɓɔɈɑɋɓɓɡɛ ɘɋɛɓɎɝɋɗɐɎɛ ɓɔɖɒ, ɗɔɛɖɆɓɥɥ Ɉ ɖɆɇɔɝɋɒ ɗɔɗɘɔɥɓɎɎ 
ɖɆɍɒɋɖɡ Ɏ ɚɔɖɒə. ȶɆɗɝɋɘɡ ɓɆ Ɍɋɗɘɐɔɗɘɢ ɗɈɥɍɆɓɡ ɗ ɊɋɚɔɖɒɆɜɎɥɒɎ, 
ɈɔɍɓɎɐɆɤɟɎɒɎ Ɉ ɣɑɋɒɋɓɘɆɛ Ɏ əɍɑɆɛ, Ɏ Ɏɛ ɈɡɝɎɗɑɋɓɎɋ ɥɈɑɥɋɘɗɥ ɈɆɌ-
ɓɔɏ ɍɆɊɆɝɋɏ ɕɖɎ ɔɜɋɓɐɋ ɌɋɗɘɐɔɗɘɎ ɐɔɓɗɘɖəɐɜɎɎ.  
      ȪɆɓɓɔɋ əɝɋɇɓɔ-ɒɋɘɔɊɎɝɋɗɐɔɋ ɕɔɗɔɇɎɋ ɕɔɗɈɥɟɋɓɔ ɎɍəɝɋɓɎɤ Ɋɋɚɔɖ-
ɒɆɜɎɎ ɐɖəɝɋɓɎɥ, ɊɋɚɔɖɒɆɜɎɎ, ɓɆɎɇɔɑɋɋ ɝɆɗɘɔ ɈɗɘɖɋɝɆɤɟɋɏɗɥ ɓɆ 
ɕɖɆɐɘɎɐɋ, ɐɔɘɔɖɔɏ ɕɔɊɈɋɖɉɆɤɘɗɥ ɒɓɔɉɎɋ ɊɋɘɆɑɎ ɒɆɞɎɓ, ɒɋɛɆɓɎɍɒɔɈ 
Ɏ ɗɘɖɔɎɘɋɑɢɓɡɛ ɗɔɔɖəɌɋɓɎɏ. ȳɆ ɐɖəɝɋɓɎɋ ɖɆɇɔɘɆɤɘ ɈɆɑɡ ɊɈɎɉɆɘɋɑɋɏ, 
ɗɘɆɓɐɔɈ, ɔɗɎ ɑɔɐɔɒɔɘɎɈɔɈ Ɏ ɒɔɘɔɖɓɡɛ ɈɆɉɔɓɔɈ, ɞɓɋɐɎ ɇəɖɔɈɡɛ əɗɘɆ-
ɓɔɈɔɐ, ɗɈɋɖɑɆ, ɕɖəɌɎɓɡ, ɣɑɋɒɋɓɘɡ ɕɖɔɗɘɖɆɓɗɘɈɋɓɓɡɛ ɐɔɓɗɘɖəɐɜɎɏ, 
ɘɔɖɗɎɔɓɓɡɋ ɈɆɑɡ, ɗɑəɌɆɟɎɋ Ɋɑɥ ɕɋɖɋɊɆɝɎ ɈɖɆɟɆɤɟɎɛ ɒɔɒɋɓɘɔɈ, Ɏ 
ɒɓɔɉɎɋ ɊɖəɉɎɋ ɊɋɘɆɑɎ ɕɖɔɒɡɞɑɋɓɓɔɉɔ Ɏ ɇɡɘɔɈɔɉɔ ɓɆɍɓɆɝɋɓɎɥ.  
     Ȩ ɕɖɋɊɑɆɉɆɋɒɔɒ əɝɋɇɓɔɒ ɕɔɗɔɇɎɎ ɕɔɊɖɔɇɓɔ ɕɖɋɊɗɘɆɈɑɋɓ ɘɋɔɖɋɘɎ-
ɝɋɗɐɎɏ Ɇɗɕɋɐɘ ɘɋɒɡ ɊɋɚɔɖɒɆɜɎɎ ɐɖəɝɋɓɎɥ ï ɖɆɗɗɒɔɘɖɋɓɡ Ɉɔɕɖɔɗɡ 
ɈɓəɘɖɋɓɓɎɛ ɗɎɑ Ɏ ɕɔɗɘɖɔɋɓɎɋ ɣɕɤɖ ɐɖəɘɥɟɎɛ ɒɔɒɋɓɘɔɈ, ɔɕɖɋɊɋɑɋɓɎɋ 
ɓɆɕɖɥɌɋɓɎɏ Ɏ ɊɋɚɔɖɒɆɜɎɏ, ɖɆɗɝɋɘɡ ɣɑɋɒɋɓɘɔɈ ɓɆ ɕɖɔɝɓɔɗɘɢ Ɏ Ɍɋɗɘ-
ɐɔɗɘɢ, ɔɇɔɗɓɔɈɆɓɎɋ Ɏ Ɉɡɇɔɖ ɖɆɜɎɔɓɆɑɢɓɡɛ ɚɔɖɒ ɗɋɝɋɓɎɏ Ɏ ɔɕɘɎɒɎ-
ɍɆɜɎɥ ɗɛɋɒ ɓɆɉɖəɌɋɓɎɥ. ȭɊɋɗɢ ɘɆɐɌɋ ɕɖɋɊɑɔɌɋɓɔ ɇɔɑɢɞɔɋ ɐɔɑɎɝɋ-
ɗɘɈɔ ɕɖɎɒɋɖɔɈ Ɏ ɍɆɊɆɝ ɗ ɖɋɞɋɓɎɥɒɎ, ɆɓɆɑɎɍɔɒ Ɏ ɕɔɥɗɓɋɓɎɥɒɎ.  
     ȵɔɗɔɇɎɋ ɒɔɌɋɘ ɇɡɘɢ ɎɗɕɔɑɢɍɔɈɆɓɔ ɗɘəɊɋɓɘɆɒɎ ɒɆɞɎɓɔɗɘɖɔɎɘɋɑɢ-
ɓɡɛ Ɏ ɊɖəɉɎɛ ɘɋɛɓɎɝɋɗɐɎɛ ɗɕɋɜɎɆɑɢɓɔɗɘɋɏ Ɉɗɋɛ ɚɔɖɒ ɔɇəɝɋɓɎɥ Ɉ ɐɆ-
ɝɋɗɘɈɋ ɑɎɘɋɖɆɘəɖɡ Ɋɑɥ ɎɍəɝɋɓɎɥ ɕɖɋɊɒɋɘɆ Ɏ ɕɔɊɉɔɘɔɈɐɎ ɐ ɣɐɍɆɒɋɓɆɒ, 
Ɇ ɘɆɐɌɋ ɒɔɌɋɘ ɇɡɘɢ ɕɔɑɋɍɓɡɒ ɕɖɋɕɔɊɆɈɆɘɋɑɥɒ, ɝɎɘɆɤɟɎɒ ɗɔɔɘɈɋɘ-
ɗɘɈəɤɟɎɋ ɐəɖɗɡ, Ɋɑɥ ɕɔɊɉɔɘɔɈɐɎ ɑɋɐɜɎɏ Ɏ ɕɖɆɐɘɎɝɋɗɐɎɛ ɍɆɓɥɘɎɏ. 
 
 
 



 
 

 

     ȪɋɚɔɖɒɆɜɎɥ ɐɖəɝɋɓɎɥ ɥɈɑɥɋɘɗɥ ɔɊɓɔɏ Ɏɍ ɓɆɎɇɔɑɋɋ ɖɆɗɕɖɔɗɘɖɆɓɋɓ-
ɓɡɛ ɊɋɚɔɖɒɆɜɎɏ, ɐɔɘɔɖɡɒ ɕɔɊɈɋɖɉɆɤɘɗɥ ɣɑɋɒɋɓɘɡ ɐɔɓɗɘɖəɐɜɎɏ Ɉ 
ɕɖɔɜɋɗɗɋ Ɏɛ ɣɐɗɕɑəɆɘɆɜɎɎ, Ɏ ɈɗɘɖɋɝɆɋɘɗɥ ɓɆ ɕɖɆɐɘɎɐɋ ɔɝɋɓɢ ɝɆɗɘɔ. ȳɆ 
ɐɖəɝɋɓɎɋ ɖɆɇɔɘɆɤɘ ɘɖɆɓɗɒɎɗɗɎɔɓɓɡɋ ɈɆɑɡ, 
ɕɋɖɋɊɆɤɟɎɋ ɒɔɟɓɔɗɘɢ ɕɔɗɖɋɊɗɘɈɔɒ ɍəɇɝɆ-
ɘɡɛ, ɕɑɆɓɋɘɆɖɓɡɛ, ɖɋɒɋɓɓɡɛ Ɏ ɊɖəɉɎɛ  ɕɋɖɋ-
ɊɆɝ. ȰɖəɝɋɓɎɋ ɎɗɕɡɘɡɈɆɤɘ ɣɑɋɒɋɓɘɡ ɕɖɔ-
ɗɘɖɆɓɗɘɈɋɓɓɡɛ ɐɔɓɗɘɖəɐɜɎɏ, ɐɆɐ, ɓɆɕɖɎɒɋɖ, 

ɕɔɐɆɍɆɓɔ ɓɆ ɖɎɗ. , ɉɊɋ ɗɎɑɆ, ɊɋɏɗɘɈəɤɟɆɥ ɓɆ 
ɔɊɓə ɝɆɗɘɢ ɐɔɓɗɘɖəɐɜɎɎ Ɏ ɗɔɍɊɆɤɟɆɥ ɘɆɒ Ɏɍ-
ɉɎɇ, ɓɆ Ɋɖəɉɔɏ ɝɆɗɘɎ ɈɡɍɡɈɆɋɘ əɌɋ ɎɍɉɎɇ Ɏ 
ɐɖəɝɋɓɎɋ. ȰɖəɝɋɓɎɋ ɎɗɕɡɘɡɈɆɋɘ ɕɖəɘɔɐ ɜɎɑɎɓɊɖɎɝɋɗɐɔɏ ɈɎɓɘɔɈɔɏ 
ɕɖəɌɎɓɡ ɕɖɎ ɋɋ ɖɆɗɘɥɌɋɓɎɎ ɎɑɎ ɗɌɆɘɎɎ, ɐɖəɝɋɓɎɤ ɕɔɊɈɋɖɉɆɋɘɗɥ 
ɊɈɋɖɓɔɏ ɐɑɤɝ ɕɖɎ ɕɔɈɔɖɔɘɋ Ɉ ɍɆɒɔɝɓɔɏ ɗɐɈɆɌɎɓɋ Ɏ ɒɓɔɉɎɋ ɊɖəɉɎɋ 
ɣɑɋɒɋɓɘɡ əɍɑɔɈ Ɏ ɒɋɛɆɓɎɍɒɔɈ. 
 
 

     ȰɖəɝɋɓɎɋ ɈɡɍɡɈɆɋɘɗɥ ȵĆȶȦȲȮ ɗɔɗɖɋɊɔɘɔɝɋɓɓɡɛ ɎɑɎ ɖɆɗɕɖɋɊɋɑɋɓɓɡɛ 
ɈɊɔɑɢ ɔɗɎ ɗɘɋɖɌɓɥ ɗɎɑ, ɗɔɍɊɆɤɟɎɛ ɒɔɒɋɓɘ, ɕɑɔɗɐɔɗɘɢ ɊɋɏɗɘɈɎɥ ɐɔɘɔɖɔ-
ɉɔ ɖɆɗɕɔɑɔɌɋɓɆ ɕɋɖɕɋɓɊɎɐəɑɥɖɓɔ ɐ ɕɖɔɊɔɑɢɓɔɏ ɔɗɎ 
ɗɘɋɖɌɓɥ. ȸɆɐɆɥ ɕɆɖɆ ɈɔɍɓɎɐɆɋɘ Ɉ ɗɑəɝɆɋ, ɐɔɉɊɆ ɑɎɓɎɥ 
ɊɋɏɗɘɈɎɥ ɗɎɑɡ ɓɋ ɕɖɔɛɔɊɎɘ ɝɋɖɋɍ ɜɋɓɘɖ ɘɥɌɋɗɘɎ ɗɋɝɋ-
ɓɎɥ (ɓɆɕɖɎɒɋɖ, ɊɋɏɗɘɈɎɋ ɗɎɑɡ ɓɆ ɣɑɋɒɋɓɘ ɕɖɔɎɗɛɔɊɎɘ 
ɔɕɔɗɖɋɊɔɈɆɓɓɔ, ɝɋɖɋɍ ɊɖəɉɎɋ ɣɑɋɒɋɓɘɡ, Ɍɋɗɘɐɔ ɗ ɓɎɒ 
ɗɔɋɊɎɓɋɓɓɡɋ), Ɉ ɖɋɍəɑɢɘɆɘɋ ɝɋɉɔ ɈɔɍɓɎɐɆɋɘ çɖɡɝɆɉè, 

ɍɆɐɖəɝɎɈɆɤɟɎɏ ɣɑɋɒɋɓɘ (ɖɎɗ. ). 
 

     Ȩ ɖɆɗɝɋɘɓɡɛ ɍɆɊɆɝɆɛ ɈɓɋɞɓɎɏ ɍɆɐɖəɝɎɈɆɤɟɎɏ ɒɔɒɋɓɘ ɎɍɔɇɖɆɌɆɋɘɗɥ 

Ɉ ɈɎɊɋ ɕɆɖɡ ɗɎɑ, ɓɔ ɝɆɟɋ Ɉ ɈɎɊɋ ɊəɉɎ, ɐɆɐ ɕɔɐɆɍɆɓɔ ɓɆ ɖɎɗ. . ȴɘ Ɋɋɏ-
ɗɘɈɎɥ ɈɓɋɞɓɎɛ ɒɔɒɋɓɘɔɈ ɈɔɍɓɎɐɆɋɘ ɖɋɆɐɘɎɈɓɡɏ ɒɔɒɋɓɘ ɓɆ ɔɕɔɖɋ, 
ɐɔɘɔɖɡɏ, ɐɆɐ Ɏ Ɉɗɋ ɔɕɔɖɓɡɋ ɖɋɆɐɜɎɎ, ɔɕɖɋɊɋɑɥɋɘɗɥ Ɏɍ ɗɘɆɘɎɝɋɗɐɔɉɔ 

https://ru.wikipedia.org/wiki/%D0%A6%D0%B5%D0%BF%D0%BD%D0%B0%D1%8F_%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87%D0%B0
https://ru.wikipedia.org/wiki/%D0%A6%D0%B5%D0%BF%D0%BD%D0%B0%D1%8F_%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87%D0%B0


 
 

əɖɆɈɓɋɓɎɥ ɖɆɈɓɔɈɋɗɎɥ: 
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ȵɖɎɒɋɝɆɓɎɋ. 
ȵɖɎ ɗɔɗɘɆɈɑɋɓɎɎ əɖɆɈɓɋɓɎɥ ɖɆɈɓɔɈɋɗɎɥ ɗɘɖɔɉɔɉɔ ɕɖɆɈɎɑɆ ɍɓɆɐɔɈ Ɋɑɥ Ɉɓɋɞ-
ɓɎɛ ɍɆɐɖəɝɎɈɆɤɟɎɛ ɒɔɒɋɓɘɔɈ ɓɋ ɗəɟɋɗɘɈəɋɘ. ȵɖɎ ɖɋɞɋɓɎɎ ɐɔɓɐɖɋɘɓɡɛ 
ɍɆɊɆɝ ɈɓɋɞɓɎɒ ɒɔɒɋɓɘɆɒ ɔɊɓɔɉɔ ɓɆɕɖɆɈɑɋɓɎɥ ɗɑɋɊəɋɘ ɕɖɎɕɎɗɡɈɆɘɢ 
ɔɕɖɋɊɋɑɋɓɓɡɏ ɍɓɆɐ, ɓɆɕɖɎɒɋɖ çɕɑɤɗè, ɘɔɉɊɆ ɒɔɒɋɓɘɡ ɔɇɖɆɘɓɔɉɔ ɓɆɕɖɆɈ-
ɑɋɓɎɥ ɇəɊɋɘ Ɏɒɋɘɢ ɍɓɆɐ çɒɎɓəɗè. 
 

     Ȩɔ ɒɓɔɉɎɛ ɎɓɌɋɓɋɖɓɡɛ ɐɔɓɗɘɖəɐɜɎɥɛ, ɓɆɕɖɎɒɋɖ, ɕɖɎ ɖɆɗɝɋɘɋ ɈɆɑɔɈ 
ɍəɇɝɆɘɡɛ Ɏ ɖɋɒɋɓɓɡɛ ɕɋɖɋɊɆɝ, ɈɓɋɞɓɎɏ ɒɔɒɋɓɘ ɍɆɊɆɋɘɗɥ ɝɋɖɋɍ ɒɔɟ-

ɓɔɗɘɢ, ɕɋɖɋɊɆɈɆɋɒəɤ ɈɆɑɔɒ ( ), Ɏ ɗɐɔɖɔɗɘɢ ɈɖɆɟɋɓɎɥ ɈɆɑɆ():  

Î ɋɗɑɎ    } [ ]
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, ɐȳ
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-
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-
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     ȵɔɊ ɊɋɏɗɘɈɎɋɒ ɈɓɋɞɓɎɛ ɍɆɐɖəɝɎɈɆɤɟɎɛ ɒɔɒɋɓɘɔɈ Ɉ ɗɋɝɋɓɎɥɛ ɈɆɑɆ 

ɈɔɍɓɎɐɆɋɘ ɈɓəɘɖɋɓɓɎɏ  ɐɖ, ɐɔɘɔɖɡɏ, ɐɆɐ Ɏ Ɉɗɋ Ɉɓəɘ-

ɖɋɓɓɎɋ əɗɎɑɎɥ, ɔɕɖɋɊɋɑɥɋɘɗɥ ȲȫȸȴȪȴȲ 

ȷȫȽȫȳȮȯ  (ɖɎɗ. ). ȨɋɑɎɝɎɓɆ Ɏ ɓɆɕɖɆɈɑɋ-
ɓɎɋ ɐɖəɘɥɟɎɛ ɒɔɒɋɓɘɔɈ ɓɋ ɍɆɈɎɗɎɘ ɔɘ 
ɖɆɍɒɋɖɔɈ Ɏ ɚɔɖɒɡ ɗɋɝɋɓɎɥ, Ɇ ɍɆɈɎɗɎɘ ɔɘ 
ɈɋɑɎɝɎɓɡ Ɏ ɓɆɕɖɆɈɑɋɓɎɥ ɈɓɋɞɓɎɛ ɒɔ-
ɒɋɓɘɔɈ Ɏ ɕɔɑɓɔɗɘɢɤ ɔɕɖɋɊɋɑɥɋɘɗɥ ɘɔɑɢ-
ɐɔ ɔɊɓɎɒɎ əɖɆɈɓɋɓɎɥɒɎ ɖɆɈɓɔɈɋɗɎɥ. 
  

     ȶɆɗɗɒɔɘɖɎɒ ɈɆɑ, ɔɕɎɖɆɤɟɎɏɗɥ ɕɔ 
ɐɖɆɥɒ ɓɆ ɔɕɔɖɡ (ɕɔɊɞɎɕɓɎɐɎ) Ɏ ɕɔɊ-
ɈɋɖɉɆɤɟɎɏɗɥ ɊɋɏɗɘɈɎɤ ɍɆɐɖəɝɎɈɆɤɟɎ-

ɒɎ ɒɔɒɋɓɘɆɒɎ (ɖɎɗ. , Ɇ): 
 



 
 

     Î ȵɔɊ ɊɋɏɗɘɈɎɋɒ ɈɓɋɞɓɎɛ ɒɔɒɋɓɘɔɈ ɈɆɑ ɊɔɑɌɋɓ ɓɆɛɔɊɎɘɢɗɥ Ɉ ɖɆɈɓɔ-
ɈɋɗɎɎ Ɏ Ɋɑɥ ɓɋɉɔ ɊɔɑɌɓɔ Ɉɡɕɔɑɓɥɘɢɗɥ əɗɑɔɈɎɋ ð 
 

: .= - - =ä  
 

     Î ȶɆɗɗɋɐɆɋɒ ɈɆɑ ɕɑɔɗɐɔɗɘɢɤ, ɕɖɆɈəɤ ɝɆɗɘɢ ɔɘɇɖɆɗɡɈɆɋɒ Ɏ ɊɋɏɗɘɈɎɋ 
ɔɘɇɖɔɞɋɓɓɔɏ ɝɆɗɘɎ ɓɆ ɔɗɘɆɈɞəɤɗɥ ɍɆɒɋɓɥɋɒ ɈɓəɘɖɋɓɓɎɒ ɒɔɒɋɓɘɔɒ 

ɐɖ (ɖɎɗ. , ɇ). Ȫɑɥ ɈɆɑɆ, ɓɆɛɔɊɥɟɋɉɔɗɥ Ɉ ɖɆɈɓɔɈɋɗɎɎ, Ɉ ɖɆɈɓɔɈɋɗɎɎ 

ɊɔɑɌɓɆ ɓɆɛɔɊɎɘɢɗɥ ɑɤɇɆɥ ɔɘɗɋɝɋɓɓɆɥ ɋɉɔ ɝɆɗɘɢ, ɕɔɣɘɔɒə ɗɔɗɘɆɈɑɥɋɒ 
Ɋɑɥ ɔɗɘɆɈɞɋɏɗɥ ɝɆɗɘɎ əɖɆɈɓɋɓɎɋ ɖɆɈɓɔɈɋɗɎɥ  ð 
 
 

ɐɖ: ,= - - =ä  
 

ɔɘɐəɊɆ                                     ɐɖ= -  . 
 

ȸɆɐɎɒ ɔɇɖɆɍɔɒ: 
 

 
 

     ȫɗɑɎ ɓɆ ɈɆɑ ɊɋɏɗɘɈəɤɘ ɓɋɗɐɔɑɢɐɔ ɈɓɋɞɓɎɛ ɍɆɐɖəɝɎɈɆɤɟɎɛ ɒɔɒɋɓ-
ɘɔɈ, ɕɖɎɑɔɌɋɓɓɡɛ Ɉ ɖɆɍɑɎɝɓɡɛ ɗɋɝɋɓɎɥɛ, ɣɘɎ ɒɔɒɋɓɘɡ Ɋɋɑɥɘ ɈɆɑ ɓɆ 
əɝɆɗɘɐɎ, ɉɖɆɓɎɜɆɒɎ ɐɔɘɔɖɡɛ ɥɈɑɥɤɘɗɥ ɗɋɝɋɓɎɥ Ɏɛ ɕɖɎɑɔɌɋɓɎɥ. Ȩ 
ɣɘɔɒ ɗɑəɝɆɋ ɐɖəɘɥɟɎɏ ɒɔɒɋɓɘ ɗɑɋɊəɋɘ ɔɕɖɋɊɋɑɥɘɢ ɓɆ ɐɆɌɊɔɒ əɝɆɗɘɐɋ, 
Ɇ ɍɆɘɋɒ ɕɔ ɕɔɑəɝɋɓɓɡɒ ɊɆɓɓɡɒ ɗɘɖɔɎɘɗɥ .  
 

     Ȫɑɥ ɕɖɆɈɎɑɢɓɔɉɔ ɕɔɗɘɖɔɋɓɎɥ ɣɕɤɖɡ ɐɖəɘɥɟɎɛ ɒɔɒɋɓɘɔɈ ɕɖɎɓɎɒɆ-

ɋɒ  Ɋɑɥ ɐɖ: ɋɗɑɎ ɕɖɎ ɈɍɉɑɥɊɋ ɗɔ ɗɘɔɖɔɓɡ ɗɋɝɋɓɎɥ 

ɈɓɋɞɓɎɏ ɒɔɒɋɓɘ ɓɆɕɖɆɈɑɋɓ ɕɖɔɘɎɈ ɝɆɗɔɈɔɏ ɗɘɖɋɑɐɎ, ɋɉɔ ɍɓɆɝɋɓɎɋ 
ɕɖɎɓɎɒɆɋɒ ɍɆ çɕɑɤɗè, ɋɗɑɎ ɕɔ ɝɆɗɔɈɔɏ ɗɘɖɋɑɐɋ ï çɒɎɓəɗè. 
 

Ȫɑɥ ɈɆɑɆ (ɖɎɗ. , Ɇ) ɕɔɗɘɖɔɎɘɢ ɣɕɤɖə ɐɖəɘɥɟɎɛ ɒɔɒɋɓɘɔɈ.
 

     ȷɑɋɊəɋɘ ɔɇɖɆɘɎɘɢ ɈɓɎɒɆɓɎɋ, ɝɘɔ ɕɔɊ ɊɋɏɗɘɈɎɋɒ ɈɓɋɞɓɎɛ ɒɔɒɋɓɘɔɈ 
ɈɆɑ ɊɔɑɌɋɓ ɓɆɛɔɊɎɘɢɗɥ Ɉ ɖɆɈɓɔɈɋɗɎɎ, Ɇ ɕɔɣɘɔɒə Ɋɑɥ ɓɋɉɔ ɊɔɑɌɓɔ Ɉɡ-

ɕɔɑɓɥɘɢɗɥ əɗɑɔɈɎɋ: : .= - + + =ä  

     Ȩ ɕɖɋɊɋɑɆɛ ɉɖɆɓɎɜ əɝɆɗɘɐɔɈ ɕɖɔɈɔɊɎɒ ɗɋɝɋɓɎɥ Ɏ ɔɕɖɋɊɋɑɥɋɒ Ɉ ɓɎɛ 
ɐɖəɘɥɟɎɏ ɗɔɉɑɆɗɓɔ ɕɖɎɓɥɘɔɒə ɕɖɆɈɎɑə ɍɓɆɐɔɈ: 
 

   (ɗɒɔɘɖɎɒ Ɉ ɗɋɝɋɓɎɋ ɗɑɋɈɆ ɓɆɕɖɆɈɔ): ɐɖ ;=  

  (ɗɒɔɘɖɎɒ Ɉ ɗɋɝɋɓɎɋ ɗɑɋɈɆ ɓɆɕɖɆɈɔ):  ɐɖ ɐȳ ;=- =-  

  (ɗɒɔɘɖɎɒ Ɉ ɗɋɝɋɓɎɋ ɗɑɋɈɆ ɓɆɕɖɆɈɔ): 
   

ɐɖ ɐȳ ;=- - =- - =- 



 
 

 (ɗɒɔɘɖɎɒ Ɉ ɗɋɝɋɓɎɋ ɗɕɖɆɈɆ ɓɆɑɋɈɔ):  ɐɖ ɐȳ ;=+ =+  

 (ɗɒɔɘɖɎɒ Ɉ ɗɋɝɋɓɎɋ ɗɕɖɆɈɆ ɓɆɑɋɈɔ):  ɐɖ ɐȳ .=+ =+  
 

 
 
 

     ȵɔ ɕɔɑəɝɋɓɓɡɒ ɖɋɍəɑɢɘɆɘɆɒ ɗɘɖɔɎɒ ɣɕɤɖə ɐɖəɘɥɟɎɛ ɒɔɒɋɓɘɔɈ. 
ɃɕɤɖɆ ɗɘɖɔɎɘɗɥ ɓɆ ɔɗɎ ɈɆɑɆ: ɔɘɖɎɜɆɘɋɑɢɓɡɋ ɍɓɆɝɋɓɎɥ ɔɘɐɑɆɊɡɈɆɤɘɗɥ 
ɈɓɎɍ, ɕɔɑɔɌɎɘɋɑɢɓɡɋ ɈɈɋɖɛ. ɃɕɤɖɆ ɐɖəɘɥɟɎɛ ɒɔɒɋɓɘɔɈ, Ɉ ɔɘɑɎɝɎɋ ɔɘ 

ɊɖəɉɎɛ ɣɕɤɖ, ɞɘɖɎɛəɋɘɗɥ ɈɎɓɘɔɈɔɏ ɑɎɓɎɋɏ (ɖɎɗ. , ɇ). 
  
ȵɖɎɒɋɝɆɓɎɋ. 
ȷɐɆɝɔɐ ɓɆ ɣɕɤɖɋ ɐɖəɘɥɟɎɛ ɒɔɒɋɓɘɔɈ ɖɆɈɋɓ Ɉɓɋɞɓɋɒə ɒɔɒɋɓɘə, ɕɖɎɑɔ-
Ɍɋɓɓɔɒə Ɉ ɣɘɔɒ ɗɋɝɋɓɎɎ. 

 
 

     ȷɔɉɑɆɗɓɔ ɘɋɔɖɎɎ ɐɖəɝɋɓɎɥ ɖɆɗɝɋɘ ɗɘɋɖɌɓɋɏ ɕɔɊɖɆɍɊɋɑɥɋɘɗɥ Ɏ ɖɆɗ-
ɗɒɆɘɖɎɈɆɋɘɗɥ Ɋɑɥ ɘɖɋɛ ɔɗɓɔɈɓɡɛ ɉɖəɕɕ ð ɗɘɋɖɌɓɎ ɐɖəɉɑɔɉɔ, ɓɋɐɖəɉ-
ɑɔɉɔ Ɏ ɘɔɓɐɔɗɘɋɓɓɔɉɔ ɗɋɝɋɓɎɥ ɕɖɔɎɍɈɔɑɢɓɔɏ ɐɔɓɚɎɉəɖɆɜɎɎ, ɝɘɔ Ɉɡ-
ɍɈɆɓɔ ɖɆɍɑɎɝɓɡɒ ɛɆɖɆɐɘɋɖɔɒ ɊɋɚɔɖɒɆɜɎɎ əɐɆɍɆɓɓɡɛ ɚɔɖɒ ɗɘɋɖɌɓɋɏ 
ɕɖɎ ɐɖəɝɋɓɎɎ. ȰɖəɝɋɓɎɋ ɐɖəɉɑɡɛ Ɏ ɕɔɑɡɛ ɐɔɑɢɜɋɈɡɛ ɗɘɋɖɌɓɋɏ ɓɋ 
ɕɖɎɈɔɊɎɘ ɐ ɓɆɖəɞɋɓɎɤ ɕɑɔɗɐɔɗɘɓɔɗɘɎ ɗɋɝɋɓɎɥ, ɕɔɣɘɔɒə Ɋɑɥ ɓɎɛ ɕɖɎ-
ɒɋɓɎɒɆ ɉɎɕɔɘɋɍɆ ɕɑɔɗɐɎɛ ɗɋɝɋɓɎɏ, ɕɔɍɈɔɑɥɤɟɆɥ Ɋɑɥ ɖɋɞɋɓɎɥ Ɏɗ-
ɕɔɑɢɍɔɈɆɘɢ ɒɋɘɔɊɡ Ɏ ɕɔɊɛɔɊɡ, ɕɖɎɓɥɘɡɋ Ɉ ɗɔɕɖɔɘɎɈɑɋɓɎɎ ɒɆɘɋɖɎɆ-
ɑɔɈ. ȵɖɎɒɋɓɋɓɎɋ əɐɆɍɆɓɓɡɛ ɒɋɘɔɊɎɐ ɈɔɍɒɔɌɓɔ ɘɆɐɌɋ Ɏ Ɋɑɥ ɓɋɐɔɘɔ-
ɖɡɛ ɘɔɓɐɔɗɘɋɓɓɡɛ ɗɋɝɋɓɎɏ, Ɉ ɐɔɘɔɖɡɛ ɓɋɍɆɈɎɗɎɒɔ ɔɘ Ɏɛ ɔɝɋɖɘɆɓɎɥ 
ɘɔɓɐɔɗɘɋɓɓɔɗɘɢ ɕɔɍɈɔɑɥɋɘ ɈɈɋɗɘɎ ɖɥɊ ɊɔɕəɟɋɓɎɏ Ɏ ɎɗɕɔɑɢɍɔɈɆɘɢ Ɋɑɥ 
ɖɆɗɝɋɘɆ ɕɖɎɓɥɘɡɋ Ɉ ɒɋɛɆɓɎɐɋ ɒɆɘɋɖɎɆɑɔɈ ɖɆɗɝɋɘɓɡɋ ɚɔɖɒəɑɡ. ȶɆɗ-



 
 

ɝɋɘ ɗɘɋɖɌɓɋɏ ɓɋɐɖəɉɑɔɉɔ ɗɋɝɋɓɎɥ (ɕɖɥɒɔəɉɔɑɢɓɔɉɔ, ɣɑɑɎɕɘɎɝɋɗɐɔɉɔ Ɏ 
ɘ.Ɋ.) ɥɈɑɥɋɘɗɥ ɍɆɊɆɝɋɏ ɓɆɒɓɔɉɔ ɇɔɑɋɋ ɗɑɔɌɓɔɏ, ɘɆɐ ɐɆɐ Ɉ ɘɆɐɎɛ ɣɑɋ-
ɒɋɓɘɆɛ ɕɔɕɋɖɋɝɓɡɋ ɗɋɝɋɓɎɥ ɓɋ ɔɗɘɆɤɘɗɥ ɕɑɔɗɐɎɒɎ, ɔɓɎ ɎɗɐɖɎɈɑɥɤɘ-
ɗɥ (ɊɋɕɑɆɓɎɖəɤɘ) Ɏ ɈɗɑɋɊɗɘɈɎɋ ɈɔɍɓɎɐɆɤɟɎɛ ɕɖɔɊɔɑɢɓɡɛ ɊɋɚɔɖɒɆ-
ɜɎɏ ɕɖɎɓɎɒɆɤɘ ɕɖɔɗɘɖɆɓɗɘɈɋɓɓɡɋ ɚɔɖɒɡ ɖɆɍɑɎɝɓɔɏ ɐɔɓɚɎɉəɖɆɜɎɎ. 
Ȯɍ-ɍɆ ɓɆɖəɞɋɓɎɥ ɉɎɕɔɘɋɍɡ ɕɑɔɗɐɎɛ ɗɋɝɋɓɎɏ ɖɆɗɝɋɘ ɘɆɐɎɛ ɗɘɋɖɌɓɋɏ 
ɒɋɘɔɊɆɒɎ ɗɔɕɖɔɘɎɈɑɋɓɎɥ ɒɆɘɋɖɎɆɑɔɈ ɗɘɆɓɔɈɎɘɗɥ ɓɋɈɔɍɒɔɌɓɡɒ Ɏ ɣɘɎ 
ɍɆɊɆɝɎ ɖɆɗɗɒɆɘɖɎɈɆɤɘɗɥ Ɉ ɘɋɔɖɎɎ əɕɖəɉɔɗɘɎ, ɉɊɋ ɊɆɋɘɗɥ ɘɔɝɓɔɋ Ɏɛ 
ɖɋɞɋɓɎɋ ɖɆɍɑɎɝɓɡɒɎ ɚɎɍɎɐɔ-ɒɆɘɋɒɆɘɎɝɋɗɐɎɒɎ ɒɋɘɔɊɆɒɎ ɗ ɕɖɎɒɋ-
ɓɋɓɎɋɒ ɗɔɔɘɈɋɘɗɘɈəɤɟɋɉɔ ɒɆɘɋɒɆɘɎɝɋɗɐɔɉɔ ɆɕɕɆɖɆɘɆ, Ɇ Ɉ ɒɋɛɆɓɎɐɋ 
ɒɆɘɋɖɎɆɑɔɈ Ɋɑɥ ɘɆɐɎɛ ɗɘɋɖɌɓɋɏ ɕɖɎɈɔɊɥɘɗɥ ɘɔɑɢɐɔ ɓɋɐɔɘɔɖɡɋ ɐɔɓɋɝ-
ɓɡɋ ɖɋɍəɑɢɘɆɘɡ ɕɔɑəɝɋɓɓɡɛ ɖɋɞɋɓɎɏ. 
 
 

 
 

     ȭɆɊɆɝɆ ɔɕɖɋɊɋɑɋɓɎɥ ɓɆɕɖɥɌɋɓɎɏ ɕɖɎ ɐɖəɝɋɓɎɎ ɥɈɑɥɋɘɗɥ ɗɘɆɘɎɝɋ-
ɗɐɎ ɓɋɔɕɖɋɊɋɑɎɒɔɏ, ɕɔɣɘɔɒə ɘɖɋɇəɋɘ ɗɔɈɒɋɗɘɓɔɉɔ ɖɆɗɗɒɔɘɖɋɓɎɥ 

,  Ɏ  ɗɘɔɖɔɓ.  
  

 
 

     ȶɆɗɗɒɔɘɖɎɒ ɐɖəɝɋɓɎɋ ɈɆɑɆ, Ɉ ɗɋɝɋɓɎɎ ɐɔɘɔɖɔɉɔ ɊɋɏɗɘɈəɋɘ ɐɖəɘɥɟɎɏ 

ɒɔɒɋɓɘ ɐɖ, Ɏ ɓɆɒɋɘɎɒ ɘɔɝɐə ɗɋɝɋɓɎɥ ɗ ɐɔɔɖɊɎɓɆɘɆɒɎ -  Ɉ ɗɎ-

ɗɘɋɒɋ ɜɋɓɘɖɆɑɢɓɡɛ ɔɗɋɏ, ɖɆɗɕɔɑɔɌɋɓɓəɤ ɓɆ ɔɐɖəɌɓɔɗɘɎ ɖɆɊɎəɗɔɒ r. 

ȨɡɊɋɑɎɒ Ɉ ɔɐɖɋɗɘɓɔɗɘɎ ɘɔɝɐɎ ɇɋɗɐɔɓɋɝɓɔ 

ɒɆɑəɤ ɕɑɔɟɆɊɐə d  Ɏ əɐɆɌɋɒ ɊɋɏɗɘɈəɤɟɋɋ 
ɓɆ ɓɋɋ ɓɆɕɖɥɌɋɓɎɋ t, ɐɔɘɔɖɔɋ ɇəɊɋɘ ɓɆɕɖɆɈ-

ɑɋɓɔ Ɉ ɓɆɕɖɆɈɑɋɓɎɎ ɐɖ Ɏ ɕɖɎɑɔɌɋɓɔ ɕɔ 

ɐɆɗɆɘɋɑɢɓɔɏ ɐ ɔɐɖəɌɓɔɗɘɎ ɖɆɗɕɔɑɔɌɋɓɎɥ 

ɘɔɝɐɎ (ɖɎɗ. ). 
     ȷɔɉɑɆɗɓɔ ɎɓɘɋɉɖɆɑɢɓɡɒ əɖɆɈɓɋɓɎɥɒ, ɗɈɥ-
ɍɡɈɆɤɟɎɒ ɈɓəɘɖɋɓɓɎɋ əɗɎɑɎɥ ɗ ɓɆɕɖɥɌɋɓɎ-
ɥɒɎ, ɍɆɈɎɗɎɒɔɗɘɢ Ɋɑɥ ɐɖəɝɋɓɎɥ Ɏɒɋɋɘ ɈɎɊ: 
 

( )ɐɖ d= = +t tñ , 

 

ɉɊɋ  cos , sin , sin , cos= = = =a a r a r at t t t (ɖɎɗ. ). 
  



 
 

     ȵɔɊɗɘɆɈɑɥɋɒ əɐɆɍɆɓɓɡɋ ɍɓɆɝɋɓɎɥ ɕɔɊ ɍɓɆɐ ɎɓɘɋɉɖɆɑɆ ɂ 
 

( ) ( )ɐɖ cos cos sin sin d cos sin d= + =Ör Ör +a a a a r a at t tñ ñ  

Ɏ ɕɔɑəɝɆɋɒ ɗɘɆɘɎɝɋɗɐəɤ ɗɘɔɖɔɓə Ɉ ɈɎɊɋ:  
          

                                                       
ɐɖ d .= rtñ

                                                   

( ) 

 

 
 

     ȶɆɗɗɒɔɘɖɎɒ ɐɆɝɋɗɘɈɋɓɓəɤ ɗɘɔɖɔɓə ɊɋɚɔɖɒɆɜɎɎ ɐɖəɝɋɓɎɥ. Ȫɑɥ ɣɘɔ-
ɉɔ ɓɆ ɗɘɋɖɌɋɓɢ ɓɆɓɋɗɋɒ ɗɋɘɐə ɕɖɔɊɔɑɢɓɡɛ Ɏ ɕɔɕɋɖɋɝɓɡɛ ɑɎɓɎɏ, ɍɆɒɋ-

ɖɎɒ ɖɆɗɗɘɔɥɓɎɋ  ɒɋɌɊə ɗɔɗɋɊɓɎɒɎ ɗɋɝɋɓɎɥɒɎ Ɏ ɈɡɊɋɑɎɒ ɕɖɥɒɔ-

əɉɔɑɢɓɡɏ ɣɑɋɒɋɓɘ, Ɇ ɘɆɐɌɋ ɔɊɓə Ɏɍ ɔɇɖɆɍəɤɟɎɛ  (ɖɎɗ. , Ɇ). ȪɆɑɋɋ 
ɕɖɔɎɍɈɋɊɋɒ ɍɆɐɖəɝɎɈɆɓɎɋ ɗɘɋɖɌɓɥ, ɎɗɗɑɋɊəɋɒ ɛɆɖɆɐɘɋɖ ɎɍɒɋɓɋɓɎɥ 

ɗɋɘɐɎ Ɏ ɕɔ ɋɋ ɎɗɐɆɌɋɓɎɤ (ɖɎɗ. , ɇ) ɗɊɋɑɆɋɒ ɗɑɋɊəɤɟɎɋ ȨɁȨȴȪɁ: 
 

 
 

       . ȵɔɕɋɖɋɝɓɡɋ ɑɎɓɎɎ ɗɋɘɐɎ, ɕɖɋɊɗɘɆɈɑɥɤɟɎɋ ɗɔɇɔɏ ɕɋɖɎɒɋɘɖɡ ɗɋ-
ɝɋɓɎɏ ɗɘɋɖɌɓɥ Ɏ ɥɈɑɥɤɟɎɋɗɥ ɔɐɖəɌɓɔɗɘɥɒɎ, ɔɗɘɆɤɘɗɥ ɔɐɖəɌɓɔɗɘɥɒɎ Ɏ 
ɕɔɗɑɋ ɍɆɐɖəɝɎɈɆɓɎɥ, Ɇ ɣɘɔ ɍɓɆɝɎɘ, ɝɘɔ Ɉ ɗɘɋɖɌɓɋ ɕɖɎ 

.  
 

ȵɖɎɒɋɝɆɓɎɋ. 
ȴɊɓɔɏ Ɏɍ ɉɎɕɔɘɋɍ, ɕɖɎɓɎɒɆɋɒɔɏ Ɉ ɒɋɛɆɓɎɐɋ ɒɆɘɋɖɎɆɑɔɈ, ɥɈɑɥɋɘɗɥ çɉɎɕɔ-
ɘɋɍɆ ɕɑɔɗɐɎɛ ɗɋɝɋɓɎɏè ɎɑɎ ɉɎɕɔɘɋɍɆ ȧɋɖɓəɑɑɎ, ɗɔɉɑɆɗɓɔ ɐɔɘɔɖɔɏ, ɗɋɝɋɓɎɥ, 
ɕɑɔɗɐɎɋ Ɋɔ ɊɋɚɔɖɒɆɜɎɎ, ɔɗɘɆɤɘɗɥ ɕɑɔɗɐɎɒɎ Ɏ ɕɔɗɑɋ ɊɋɚɔɖɒɆɜɎɎ. ɃɘɆ ɉɎ-
ɕɔɘɋɍɆ ɎɉɖɆɋɘ ɎɗɐɑɤɝɎɘɋɑɢɓɔ ɈɆɌɓəɤ ɖɔɑɢ Ɉ ɕɖɆɐɘɎɐɋ ɎɓɌɋɓɋɖɓɡɛ ɖɆɗ-
ɝɋɘɔɈ. Ȩ ɋɋ ɔɗɓɔɈɋ ɑɋɌɎɘ ɕɖɋɊɕɔɑɔɌɋɓɎɋ ɔ ɘɔɒ, ɝɘɔ ɊɋɚɔɖɒɆɜɎɎ ɈɓəɘɖɎ 
ɣɑɋɒɋɓɘɆ Ɏɒɋɤɘ ɘɆɐɔɏ Ɍɋ ɛɆɖɆɐɘɋɖ, ɐɆɐ Ɏ ɓɆ ɋɉɔ ɕɔɈɋɖɛɓɔɗɘɎ, Ɏ ɘɔɝɐɎ, 
ɕɖɎɓɆɊɑɋɌɆɟɎɋ ɔɊɓɔɒə ɕɑɔɗɐɔɒə ɗɋɝɋɓɎɤ, ɕɔɗɑɋ ɓɆɉɖəɌɋɓɎɥ ɔɗɘɆɤɘɗɥ Ɉ 
ɘɔɏ Ɍɋ ɕɑɔɗɐɔɗɘɎ, ɘ.ɋ. ɗɋɝɋɓɎɋ ɕɋɖɋɒɋɟɆɋɘɗɥ ɐɆɐ ɔɊɓɔ ɜɋɑɔɋ, ɕɖɋɊɗɘɆɈ-
ɑɥɥ ɗɔɇɔɏ Ɍɋɗɘɐəɤ ɕɑɆɗɘɎɓə.  Ȫɑɥ ɓɋɐɔɘɔɖɡɛ  ɊɋɚɔɖɒɆɜɎɏ, ɐɆɐ, ɓɆɕɖɎɒɋɖ, 
ɖɆɗɘɥɌɋɓɎɋ, ɗɌɆɘɎɋ, ɝɎɗɘɡɏ ɎɍɉɎɇ Ɏ ɐɖəɝɋɓɎɋ ɣɘɆ ɉɎɕɔɘɋɍɆ ɥɈɑɥɋɘɗɥ 
ɗɘɖɔɉɔɏ, Ɉɡɕɔɑɓɥɋɘɗɥ Ɇɇɗɔɑɤɘɓɔ Ɏ ɔɇɋɗɕɋɝɎɈɆɋɘ ɕɔɑəɝɋɓɎɋ ɘɔɝɓɡɛ ɖɆɗ-



 
 

ɝɋɘɓɡɛ ɚɔɖɒəɑ. Ȩ ɗɑəɝɆɥɛ, ɐɔɉɊɆ ɗɋɝɋɓɎɥ ɎɗɐɖɎɈɑɥɤɘɗɥ (ɓɆɕɖɎɒɋɖ, ɕɖɎ ɕɔ-
ɕɋɖɋɝɓɔɒ ɎɍɉɎɇɋ), ɉɎɕɔɘɋɍɆ ɥɈɑɥɋɘɗɥ ɕɖɎɇɑɎɌɋɓɓɔɏ Ɏ ɕɔɑəɝɋɓɓɡɋ ɓɆ ɋɋ ɔɗ-
ɓɔɈɋ ɚɔɖɒəɑɡ ɓɔɗɥɘ ɕɖɎɇɑɎɌɋɓɓɡɏ ɛɆɖɆɐɘɋɖ. 
 

     . ȶɆɗɗɘɔɥɓɎɋ  ɒɋɌɊə ɗɋɝɋɓɎɥɒɎ (ɖɎɗ. , Ɇ, ɇ) ɓɋ Ɏɍɒɋɓɥɋɘɗɥ, 
ɍɓɆɝɎɘ, ɕɖɎ ɐɖəɝɋɓɎɎ ɔɘɗəɘɗɘɈəɋɘ ɕɖɔɊɔɑɢɓɆɥ ɊɋɚɔɖɒɆɜɎɥ Ɏ Ɉ ɘɔɝɐɆɛ 
ɕɔɕɋɖɋɝɓɔɉɔ ɗɋɝɋɓɎɥ ɘɆɐɌɋ ɇəɊəɘ ɔɘɗəɘɗɘɈɔɈɆɘɢ ɓɔɖɒɆɑɢɓɡɋ ɓɆɕɖɥ-
ɌɋɓɎɥ s, ɔɘɈɋɝɆɤɟɎɋ ɍɆ ɎɍɒɋɓɋɓɎɋ ɊɑɎɓɡ, ɘ.ɋ. =s .   
 

     . ȵɖɎ ɐɖəɝɋɓɎɎ ɕɖɔɊɔɑɢɓɡɋ ɑɎɓɎɎ (ɔɇɖɆɍəɤɟɎɋ ɗɘɋɖɌɓɥ) Ɏ ɖɆɊɎ-
əɗɡ ɗɋɝɋɓɎɏ ɔɗɘɆɤɘɗɥ ɕɖɥɒɡɒɎ Ɏ ɘɔɑɢɐɔ ɕɔɈɔɖɆɝɎɈɆɤɘɗɥ ɓɆ ɓɋɐɔɘɔ-

ɖɡɏ əɉɔɑ, Ɉ ɖɋɍəɑɢɘɆɘɋ ɈɔɍɓɎɐɆɤɘ ɊɈɋ ɊɋɚɔɖɒɆɜɎɎ (ɖɎɗ. , ɇ) Ʉ 
 

             Î gɄ  ï əɉɔɑ  ɕɔɈɔɖɔɘɆ ɔɇɖɆɍəɤɟɋɏ ɔɘɓɔɗɎɘɋɑɢɓɔ 

                  ɕɋɖɈɔɓɆɝɆɑɢɓɔɉɔ ɕɔɑɔɌɋɓɎɥ; 
             Î jɄ ï əɉɔɑ ɕɔɈɔɖɔɘɆ ɔɊɓɔɉɔ ɗɋɝɋɓɎɥ 

                  ɔɘɓɔɗɎɘɋɑɢɓɔ Ɋɖəɉɔɉɔ. 
 

      . ȶɆɗɗɒɔɘɖɎɒ ɈɡɊɋɑɋɓɓɡɋ ɓɆ ɖɎɗ. , Ɇ, ɇ  ɣɑɋɒɋɓɘɡ (ɖɎɗ. ). ȶɆɍ-
ɒɋɖɡ ɗɘɔɖɔɓ ɣɑɋɒɋɓɘɔɈ ɓɋ Ɏɍɒɋɓɥɤɘɗɥ, Ɇ ɘɔɑɢɐɔ ɕɖɔɎɗɛɔɊɎɘ ɎɗɐɆɌɋ-
ɓɎɋ ɚɔɖɒɡ, ɘ.ɋ. ɎɍɒɋɓɋɓɎɋ ɕɋɖɈɔɓɆɝɆɑɢɓɔ 
ɕɖɥɒɡɛ əɉɑɔɈ. Ȧ ɣɘɔ ɔɍɓɆɝɆɋɘ, ɝɘɔ Ɉ ɘɔɝɐɆɛ 
ɗɋɝɋɓɎɥ ɊɋɏɗɘɈəɤɘ ɐɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥɌɋ-
ɓɎɥ t, Ɏ ɕɔɗɐɔɑɢɐə ɍɊɋɗɢ =s , ɍɓɆɝɎɘ, 
ɕɖɎ ɐɖəɝɋɓɎɎ Ɉ ɘɔɝɐɆɛ ɗɋɝɋɓɎɥ Ɏɒɋɋɘ ɒɋ-
ɗɘɔ . 
 

     Ȩɋɖɓɋɒɗɥ ɐ ɉɋɔɒɋɘɖɎɝɋɗɐɔɏ ɗɘɔɖɔɓɋ Ɏ ɖɆɗɗɒɔɘɖɎɒ ɇɋɗɐɔɓɋɝɓɔ ɒɆ-

ɑɡɏ ɣɑɋɒɋɓɘ ɗɘɋɖɌɓɥ ɊɑɎɓɔɏ d  Ɏ ɘɖɋəɉɔɑɢɓɎɐɎ ɓɆ ɋɉɔ ɜɎɑɎɓɊɖɎɝɋ-

ɗɐɔɏ ɕɔɈɋɖɛɓɔɗɘɎ Ɏ Ɉ ɗɋɝɋɓɎɎ (ɖɎɗ. ): 

d .
d

d

tgD ­ = º ­

D ­ =

=

j

g g g
 

 
 

ȵɖɎɒɋɝɆɓɎɋ. 
Ȩ ɗɎɑə ɒɆɑɔɗɘɎ əɕɖəɉɎɛ ɊɋɚɔɖɒɆɜɎɏ ɕɖɎɓɎɒɆɋɒ 
ɘɆɓɉɋɓɗ  əɉɑɆ ɗɊɈɎɉɆ ɕɖɎɒɋɖɓɔ ɖɆɈɓɡɒ ɣɘɔɒə əɉɑə. 
            

     ȵɖɎɖɆɈɓɎɈɆɋɒ ɍɓɆɝɋɓɎɥ   d d­ = jg  Ɏ ɕɔɑəɝɆɋɒ ɈɍɆɎɒɔ-

ɗɈɥɍɢ ɒɋɌɊə  Ɏ  Ɉ ɈɎɊɋ: 
 

                                                             
d

,
d

=
jg                                                         ( ) 



 
 

ɉɊɋ  
d

d
=Q
j

 () ȸɔɉɊɆ ɓɆ ɔɗɓɔɈɆɓɎɎ  . ״

.­ =Qg  Ƀɘɔ ɈɡɖɆɌɋɓɎɋ ɕɔɑəɝɋɓɔ Ɋɑɥ ɓɆɖəɌɓɔ-

ɉɔ ɖɆɊɎəɗɆ ɗɋɝɋɓɎɥ  (ɖɎɗ. ), ɓɔ ɔɓɔ ɗɕɖɆɈɋɊɑɎɈɔ Ɏ 
Ɋɑɥ ɑɤɇɔɉɔ Ɉɓəɘɖɋɓɓɋɉɔ ɖɆɊɎəɗɆ r. Ȯ ɘɔɉɊɆ ɉɋɔ-

ɒɋɘɖɎɝɋɗɐəɤ ɗɘɔɖɔɓə ɍɆɊɆɝɎ ɕɔɑəɝɆɋɒ Ɉ ɈɎɊɋ: 
 

                                              .= Qrg                                 ( )                 

 

 
 

     ȺɎɍɎɝɋɗɐɆɥ ɗɘɔɖɔɓɆ ï ɣɘɔ ɍɆɐɔɓ ȩəɐɆ. Ȯ ɕɔɗɐɔɑɢɐə ɕɖɎ ɐɖəɝɋɓɎɎ, 
ɐɆɐ ɇɡɑɔ əɗɘɆɓɔɈɑɋɓɔ Ɉɡɞɋ, Ɉɗɋ ɘɔɝɐɎ ɓɆɛɔɊɥɘɗɥ Ɉ ɗɔɗɘɔɥɓɎɎ 

, ɍɆɐɔɓ ȩəɐɆ ɕɖɎ ɗɊɈɎɉɋ Ɏɒɋɋɘ ɈɎɊ: 
 

                                                            =t g,                                                      () 
 

ɉɊɋ ״ ɒɔɊəɑɢ ɗɊɈɎɉɆ [ ]ȵɆ, ɛɆɖɆɐɘɋɖɎɍəɋɘ Ɍɋɗɘɐɔɗɘɢ ɒɆɘɋɖɎɆɑɆ ɕɖɎ 

ɐɖəɝɋɓɎɎ Ɏ ɗɊɈɎɉɋ. 
 

     ȴɇɠɋɊɎɓɥɋɒ ɘɖɎ ɗɘɔɖɔɓɡ ɍɆɊɆɝɎ: 
 

         Ɇ) ȵɔɊɗɘɆɈɑɥɋɒ ɍɓɆɝɋɓɎɋ () Ɉ ():     ;= = Qrt g                       ( ) 
 

         ɇ) ȵɔɊɗɘɆɈɑɥɋɒ ɍɓɆɝɋɓɎɋ () Ɉ (): 
 
 

                         

ɐɖ d d d ,r= = = =Q Q Qr r rtñ ñ ñ                 ( ) 

 

ɉɊɋ r״ ɕɔɑɥɖɓɡɏ ɒɔɒɋɓɘ ɎɓɋɖɜɎɎ ɗɋɝɋɓɎɥ. 

          Ɉ) ȨɡɖɆɌɆɋɒ Ɏɍ ɚɔɖɒəɑɡ () ɍɓɆɝɋɓɎɋ  ɐɖ/ r=Q ,  ɕɔɊɗɘɆɈɑɥ-

ɋɒ ɋɉɔ Ɉ () Ɏ ɕɔɑəɝɆɋɒ : 
 

           
ɐɖ

r
= rt  ,                                                   () 

 
 

ɉɊɋ r״ ɖɆɗɗɘɔɥɓɎɋ ɔɘ ɜɋɓɘɖɆ ɘɥɌɋɗɘɎ ɗɋɝɋɓɎɥ Ɋɔ ɘɔɝɐɎ, Ɉ ɐɔɘɔɖɔɏ 

ɔɕɖɋɊɋɑɥɤɘɗɥ ɓɆɕɖɥɌɋɓɎɥ.   

     ȦɓɆɑɎɍ ɚɔɖɒəɑɡ () ɕɔɐɆɍɡɈɆɋɘ, ɝɘɔ Ɉ ɜɋɓɘɖɋ ɗɋɝɋɓɎɥ, ɉɊɋ =r , 
ɓɆɕɖɥɌɋɓɎɥ ɖɆɈɓɡ ɓəɑɤ, ɕɔ ɒɋɖɋ ɕɖɎɇɑɎɌɋɓɎɥ ɐ ɕɋɖɎɚɋɖɎɎ ɖɆɗɘəɘ, 
Ɏɍɒɋɓɥɥɗɢ ɕɔ ɑɎɓɋɏɓɔɒə ɍɆɐɔɓə, Ɏ ɒɆɐɗɎɒɆɑɢɓɔɋ ɍɓɆɝɋɓɎɋ ɕɖɎɓɎ-



 
 

ɒɆɤɘ ɕɖɎ max ,=r  ɘ.ɋ. ɓɆ ɕɔɈɋɖɛɓɔɗɘɎ ɈɆɑɆ, ɗɔɉɑɆɗɓɔ ɚɔɖɒəɑɋ ( ) 

ɖɆɈɓɔɋ: 
ɐɖ

max max .
r

= rt  ɃɕɤɖɆ ɖɆɗɕɖɋɊɋɑɋɓɎɥ ɓɆɕɖɥɌɋɓɎɏ ɕɔ 

ɗɋɝɋɓɎɤ ɕɔɐɆɍɆɓɆ ɓɆ ɖɎɗ. .  

     Ȯ ɘɔɉɊɆ, əɝɎɘɡɈɆɥ, ɝɘɔ max ,/r r=r  

 Ɏɒɋɋɘ ɈɎɊ: 
 

                                
ɐɖ

max
r

= è øê ú¢t t ,          ( ) 

                                  

ɉɊɋ r״ ɕɔɑɥɖɓɡɏ ɒɔɒɋɓɘ ɗɔɕɖɔɘɎɈɑɋɓɎɥ, ɖɆɈɓɡɏ: 

               
  ;Ɋɑɥ ɗɕɑɔɞɓɔɉɔ ɐɖəɉɑɔɉɔ ɗɋɝɋɓɎɥr­- =

p
 

               

( )
.Ɋɑɥ ɗɋɝɋɓɎɥ "ɐɔɑɢɜɔ"r

-
­- =

p
 

 

ȵɖɎ ɊɋɏɗɘɈɎɎ ɗɘɆɘɎɝɋɗɐɔɏ ɓɆɉɖəɍɐɎ ɊɔɕəɗɐɆɋɒɡɋ ɓɆɕɖɥɌɋɓɎɥ Ɉɡ-
ɇɎɖɆɤɘ Ɉ ɍɆɈɎɗɎɒɔɗɘɎ ɔɘ ɊɔɕəɗɐɆɋɒɔɉɔ ɓɆɕɖɥɌɋɓɎɥ ɕɖɎ ɖɆɗɘɥɌɋɓɎɎ: 

 
 

Ɋɑɥ ɕɑɆɗɘɎɝɓɡɛ ɒɋɘɆɑɑɔɈ ï 
ɖɆɗɘ

, ,= ·è ø è øê ú ê úst ; 

              Ɋɑɥ ɛɖəɕɐɎɛ ï 
ɖɆɗɘ

, ,= ·è ø è øê ú ê úst ,  
 

ɝɘɔ ɗɔɔɘɈɋɘɗɘɈəɋɘ Ɋɑɥ əɐɆɍɆɓɓɡɛ ɒɆɘɋɖɎɆɑɔɈ III -ɋɏ Ɏ I-ɔɏ ɘɋɔɖɎɥɒ 
ɕɖɔɝɓɔɗɘɎ ɗɔɔɘɈɋɘɗɘɈɋɓɓɔ. ȴɊɓɆɐɔ Ɉ ɇɔɑɢɞɎɓɗɘɈɋ ɗɑəɝɆɋɈ ɈɆɑɡ ɐɖɔ-
ɒɋ ɐɖəɝɋɓɎɥ ɎɗɕɡɘɡɈɆɤɘ ɎɍɉɎɇ, ɐɔɘɔɖɡɏ Ɉ ɔɖɎɋɓɘɎɖɔɈɔɝɓɡɛ ɖɆɗɝɋ-
ɘɆɛ əɝɎɘɡɈɆɤɘ ɈɈɋɊɋɓɎɋɒ ɕɔɓɎɌɋɓɓɔɉɔ ɊɔɕəɗɐɆɋɒɔɉɔ ɐɆɗɆɘɋɑɢɓɔɉɔ 

ɓɆɕɖɥɌɋɓɎɥ ð ȵɆ.= ·è øê út      

     ȳɆ ɔɗɓɔɈɆɓɎɎ ɣɕɤɖɡ ɐɆɗɆɘɋɑɢɓɡɛ ɓɆɕɖɥɌɋɓɎɏ (ɖɎɗ. ) ɈɎɊɓɔ, ɝɘɔ 
Ɉɓəɘɖɋɓɓɥɥ ɝɆɗɘɢ ɊɋɘɆɑɎ ɓɋɊɔɉɖəɌɋɓɆ, Ɇ ɔɗɓɔɈɓɆɥ ɓɆɉɖəɍɐɆ ɕɖɎɛɔ-
ɊɎɘɗɥ ɓɆ ɔɇɑɆɗɘɎ, ɕɖɎɑɋɉɆɤɟɎɋ ɐ ɐɖɆɤ ɗɋɝɋɓɎɥ, Ɇ ɍɓɆɝɎɘ, ɓɆɎɇɔɑɋɋ 
ɖɆɜɎɔɓɆɑɢɓɡɒɎ ɕɖɎ ɐɖəɝɋɓɎɎ ɥɈɑɥɤɘɗɥ ɕɔɑɡɋ ɣɑɋɒɋɓɘɡ ɘɖəɇɝɆɘɔ-
ɉɔ Ɏ ɐɔɖɔɇɝɆɘɔɉɔ ɘɎɕɆ. ȵɖɎ ɖɆɈɓɔɕɖɔɝɓɔɗɘɎ ɗɔ ɗɕɑɔɞɓɡɒɎ ɈɆɑɆɒɎ 
ɔɓɎ ɔɇɑɆɊɆɤɘ ɖɥɊɔɒ ɕɖɋɎɒəɟɋɗɘɈ Ɏ ɥɈɑɥɤɘɗɥ ɇɔɑɋɋ ɕɖɋɊɕɔɝɘɎɘɋɑɢ-
ɓɡɒɎ. Ȩɔɕɖɔɗ    ɇɔɑɋɋ ɕɔɊɖɔɇɓɔ 
ɇəɊɋɘ ɖɆɗɗɒɔɘɖɋɓ ɓɎɌɋ. 



 
 

 

     ȵɔɑəɝɋɓɓɔɋ ɖɋɞɋɓɎɋ ɍɆɊɆɝɎ ɐɖəɝɋɓɎɥ ɗɘɋɖɌɓɥ ɐɖəɉɑɔɉɔ ɗɋɝɋɓɎɥ 
ɕɔɊɘɈɋɖɌɊɆɋɘɗɥ ɖɋɍəɑɢɘɆɘɆɒɎ ɒɓɔɉɔɝɎɗɑɋɓɓɡɛ ɣɐɗɕɋɖɎɒɋɓɘɆɑɢɓɡɛ 
ɎɗɗɑɋɊɔɈɆɓɎɏ. ȴɊɓɆɐɔ Ɉ ɘɔ Ɍɋ Ɉɖɋɒɥ ɔɕɡɘɡ ɊɋɒɔɓɗɘɖɎɖəɤɘ ɖɆɍɑɎɝ-
ɓɡɏ ɛɆɖɆɐɘɋɖ ɖɆɍɖəɞɋɓɎɥ ɊɋɘɆɑɋɏ Ɏɍ ɕɑɆɗɘɎɝɓɡɛ, ɛɖəɕɐɎɛ, ɈɔɑɔɐɓɎ-
ɗɘɡɛ Ɏ ɊɖəɉɎɛ ɒɆɘɋɖɎɆɑɔɈ, ɝɘɔ ɔɕɖɋɊɋɑɥɋɘɗɥ ɗɕɔɗɔɇɓɔɗɘɢɤ ɒɆɘɋɖɎɆɑɆ 
ɈɔɗɕɖɎɓɎɒɆɘɢ ɓɆɕɖɥɌɋɓɎɥ, ɈɔɍɓɎɐɆɤɟɎɋ ɕɖɎ ɐɖəɝɋɓɎɎ. ȵɔɣɘɔɒə ɕɖɎ 
ɎɗɗɑɋɊɔɈɆɓɎɎ ɕɖɔɝɓɔɗɘɎ ɓɋɑɢɍɥ ɔɉɖɆɓɎɝɎɈɆɘɢɗɥ ɖɆɗɝɋɘɔɒ ɗɘɋɖɌɓɋɏ 
ɘɔɑɢɐɔ ɕɔ ɓɆɎɇɔɑɢɞɎɒ ɐɆɗɆɘɋɑɢɓɡɒ ɓɆɕɖɥɌɋɓɎɥ Ɏ ɗɑɋɊəɋɘ əɝɎɘɡ-
ɈɆɘɢ ɓɆɕɖɥɌɋɓɎɥ ɕɔ ɊɖəɉɎɒ ɓɆɕɖɆɈɑɋɓɎɥɒ, ɈɔɍɓɎɐɆɤɟɎɋ Ɉ ɘɔɝɐɆɛ 
ɗɋɝɋɓɎɥ ɕɖɎ , Ɏ Ɏɛ ɊɋɏɗɘɈɎɋ ɓɆ ɊɆɓɓɡɏ ɒɆɘɋɖɎɆɑ. 
 

     Ȩ ɍɆɈɎɗɎɒɔɗɘɎ ɔɘ ɒɋɛɆɓɎɝɋɗɐɎɛ ɗɈɔɏɗɘɈ ɒɆɘɋɖɎɆɑɆ ɖɆɍɖəɞɋɓɎɋ Ɋɋ-
ɘɆɑɎ ɕɖɎ ɐɖəɝɋɓɎɎ ɕɖɔɎɗɛɔɊɎɘ ɕɔ ɒɋɛɆɓɎɍɒə, ɗɈɔɏɗɘɈɋɓɓɔɒə Ɋɑɥ 
ɊɆɓɓɔɉɔ ɒɆɘɋɖɎɆɑɆ, Ɏ Ɉɓɋɞɓɋ ɕɖɔɥɈɑɥɋɘɗɥ ɗɔɔɘɈɋɘɗɘɈəɤɟɎɒ ɔɇɖɆɍɔɒ. 
ȶɆɗɗɒɔɘɖɎɒ ɈɆɖɎɆɓɘɡ ɖɆɍɖəɞɋɓɎɥ ɕɖɎ ɐɖəɝɋɓɎɎ ɈɆɑɔɈ, Ɉɡɕɔɑɓɋɓ-
ɓɡɛ Ɏɍ ɖɆɍɑɎɝɓɡɛ ɒɆɘɋɖɎɆɑɔɈ.
 

     ȨɆɑ ɍɆɐɖəɝɎɈɆɋɘɗɥ ɒɔɒɋɓɘɔɒ  (ɖɎɗ. , Ɇ) Ɏ Ɉ ɋɉɔ ɕɔɕɋɖɋɝɓɔɒ 
ɗɋɝɋɓɎɎ ɈɔɍɓɎɐɆɤɘ ɐɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ, ɎɍɒɋɓɥɤɟɎɋɗɥ ɕɔ ɍɆ-

ɐɔɓə, ɖɆɗɗɒɔɘɖɋɓɓɔɒə ɓɆ ɖɎɗ. .  
 

       
     ȶɆɗɗɋɐɆɋɒ ɈɆɑ ɕɔ ɊɎɆɒɋɘɖə ɉɔɖɎɍɔɓɘɆɑɢɓɔɏ ɕɑɔɗɐɔɗɘɢɤ Ɏ ɖɆɗɗɒɆɘ-

ɖɎɈɆɋɒ ɊɎɆɒɋɘɖɆɑɢɓɔɋ ɗɋɝɋɓɎɋ (ɖɎɗ. , ɇ), Ɉ ɐɔɘɔɖɔɒ, ɗɔɉɑɆɗɓɔ ɍɆɐɔ-
ɓə ɕɆɖɓɔɗɘɎ ɐɆɗɆɘɋɑɢɓɡɛ ɓɆɕɖɥɌɋɓɎɏ, ɇəɊəɘ ɊɋɏɗɘɈɔɈɆɘɢ ɘɆɐɎɋ Ɍɋ 
ɓɆɕɖɥɌɋɓɎɥ, ɐɆɐ Ɏ Ɉ ɕɔɕɋɖɋɝɓɔɒ ɗɋɝɋɓɎɎ, ɓɔ ɓɆɕɖɆɈɑɋɓɓɡɋ ɈɊɔɑɢ 

ɔɗɎ ɈɆɑɆ. ȨɡɊɋɑɎɒ ɓɆ ɕɔɈɋɖɛɓɔɗɘɎ ɈɆɑɆ ɘɔɝɐə  (ɖɎɗ. , Ɇ), Ɉ ɐɔɘɔ-
ɖɔɏ, ɐɆɐ ɇɡɑɔ əɗɘɆɓɔɈɑɋɓɔ ɖɆɓɋɋ, Ɏɒɋɋɘ ɒɋɗɘɔ . Ȧ ɍɓɆɝɎɘ, 

ɉɖɆɓɎ ɕɑɔɟɆɊɐɎ, ɈɡɊɋɑɋɓɓɔɏ Ɉ ɔɐɖɋɗɘɓɔɗɘɎ ɘɔɝɐɎ (ɖɎɗ. , Ɉ), ɇəɊəɘ 
ɥɈɑɥɘɢɗɥ ɕɑɔɟɆɊɐɆɒɎ ɝɎɗɘɔɉɔ ɗɊɈɎɉɆ, Ɉ ɐɔɘɔɖɡɛ ɊɋɏɗɘɈəɤɘ ɓɆɕɖɥ-

ɌɋɓɎɥ maxt , Ɇ Ɉ ɉɑɆɈɓɡɛ ɕɑɔɟɆɊɐɆɛ, ɖɆɗɕɔɑɔɌɋɓɓɡɛ ɕɔɊ əɉɑɔɒ ,̄ 



 
 

ɇəɊəɘ ɊɋɏɗɘɈɔɈɆɘɢ ɉɑɆɈɓɡɋ ɓɔɖɒɆɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ Ɏs s, ɖɆɈɓɡɋ 

ɕɔ ɈɋɑɎɝɎɓɋ, ɓɔ ɔɇɖɆɘɓɡɋ ɕɔ ɍɓɆɐə, Ɏ ɗɔɔɘɈɋɘɗɘɈɋɓɓɔ ɖɆɈɓɡɋ ɓɆɕɖɥ-

ɌɋɓɎɥɒ Ɉ ɕɑɔɟɆɊɐɆɛ ɝɎɗɘɔɉɔ ɗɊɈɎɉɆ: ; ; .=+ = =-s s st t 

     ȳɆ ɔɗɓɔɈɆɓɎɎ ɖɎɗ.  ɕɔɑəɝɆɋɒ: 
 

 
 

       Î ȫɗɑɎ ɒɆɘɋɖɎɆɑ   (ɓɆɕɖɎɒɋɖ, ɊɖɋɈɋɗɎ-
ɓɆ ɈɊɔɑɢ Ɉɔɑɔɐɔɓ), ɋɉɔ ɖɆɍɖəɞɋɓɎɋ ɇəɊɋɘ ɕɖɔɎɗɛɔɊɎɘɢ ɔɘ ɐɆɗɆɘɋɑɢɓɡɛ 

ɓɆɕɖɥɌɋɓɎɏ maxt , ɓɆɕɖɆɈɑɋɓɓɡɛ ɈɊɔɑɢ ɈɔɑɔɐɓɆ (ɖɎɗ. , ɇ), Ɏ, ɗɔɔɘ-

ɈɋɘɗɘɈɋɓɓɔ, ɕɔ ɓɆɕɖɆɈɑɋɓɎɤ ɔɇɖɆɍəɤɟɋɏ ɈɔɍɓɎɐɓəɘ ɕɖɔɊɔɑɢɓɡɋ ɘɖɋ-

ɟɎɓɡ Ɏ ɗɐɆɑɡɈɆɓɎɋ ɒɆɘɋɖɎɆɑɆ (ɖɎɗ. , Ɇ); 
 

       Î ȫɗɑɎ ɒɆɘɋɖɎɆɑ   (ɓɆɕɖɎɒɋɖ, 
ɛɖəɕɐɎɋ ɒɆɘɋɖɎɆɑɡ, ɕɖɔɝɓɔɗɘɢ ɐɔɘɔɖɡɛ ɕɖɎ ɖɆɗɘɥɌɋɓɎɎ ɍɓɆɝɎɘɋɑɢɓɔ 
ɓɎɌɋ, ɝɋɒ ɕɖɎ ɗɊɈɎɉɋ), ɘɔ ɖɆɍɖəɞɋɓɎɋ ɇəɊɋɘ ɕɖɔɎɗɛɔɊɎɘɢ ɔɘ ɖɆɗɘɥɉɎ-

ɈɆɤɟɎɛ ɓɆɕɖɥɌɋɓɎɏ s  (ɖɎɗ. , Ɉ) Ɏ ɘɖɋɟɎɓɡ ɈɔɍɓɎɐɓəɘ ɕɔɊ əɉɑɔɒ 

ɐ̄ ɓɆɕɖɆɈɑɋɓɎɤ ɔɇɖɆɍəɤɟɋɏ  (ɖɎɗ. , ɇ); 
 

         Î ȷɘɋɖɌɋɓɢ, ɎɍɉɔɘɔɈɑɋɓɓɡɏ , ɖɆɍɖəɞɆɋɘɗɥ Ɉ 
ɈɎɊɋ ɗɖɋɍɆ ɔɘ ɐɆɗɆɘɋɑɢɓɡɛ ɓɆɕɖɥɌɋɓɎɏ, ɊɋɏɗɘɈəɤɟɎɛ  Ɉ ɕɔɕɋɖɋɝɓɔɒ 
ɗɋɝɋɓɎɎ, ɘɆɐ ɐɆɐ ɖɆɗɘɥɉɎɈɆɤɟɎɋ ɓɆɕɖɥɌɋɓɎɥ Ɋɑɥ ɕɑɆɗɘɎɝɓɡɛ ɒɋɘɆɑ-
ɑɔɈ ɒɋɓɋɋ ɔɕɆɗɓɡ, ɝɋɒ ɐɆɗɆɘɋɑɢɓɡɋ. ȵɔɣɘɔɒə ɕɖɎ ɐɖəɝɋɓɎɎ ɕɑɆɗɘɎɝ-
ɓɡɋ ɒɋɘɆɑɑɡ ɖɆɍɖəɞɆɤɘɗɥ ɕɔ ɕɑɔɗɐɔɗɘɎ ɕɔɕɋɖɋɝɓɔɉɔ ɗɋɝɋɓɎɥ, ɓɆɝɎ-
ɓɆɥ ɔɘ ɕɔɈɋɖɛɓɔɗɘɎ, ɉɊɋ ɊɋɏɗɘɈəɤɘ ɓɆɎɇɔɑɢɞɎɋ ɐɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥ-

ɌɋɓɎɥ (ɖɎɗ. , Ɉ). 

 

     Ȩɋɖɓɋɒɗɥ Ɉ ɈɡɖɆɌɋɓɎɤ () 
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=
jg ɐɔɘɔɖɔɋ ɍɆɕɎɗɆɓɔ Ɋɑɥ ɓɆɖəɌ-

ɓɔɉɔ ɖɆɊɎəɗɆ, ɓɔ ɥɈɑɥɋɘɗɥ ɗɕɖɆɈɋɊɑɎɈɡɒ Ɏ Ɋɑɥ ɑɤɇɔɉɔ Ɉɓəɘɖɋɓɓɋɉɔ 
ɖɆɊɎəɗɆ, Ɇ ɕɔɣɘɔɒə ɕɖɎɓɎɒɆɋɒ ɋɉɔ Ɉ ɈɎɊɋ: 
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     ȸɔɉɊɆ ɍɆɐɔɓ ȩəɐɆ ɕɖɎ ɗɊɈɎɉɋ () ɗ əɝɋɘɔɒ ɚɔɖɒəɑɡ Ɋɑɥ ɓɆɕɖɥɌɋ-

ɓɎɏ  () ɕɖɎɓɎɒɆɋɘ ɈɎɊ: 
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     ȵɖɎɖɆɈɓɎɈɆɋɒ () Ɏ () ״ 
ɐɖd

d r
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, ɔɘɐəɊɆ:   
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    ȫɗɑɎ ɈɆɑ ɎɑɎ əɝɆɗɘɔɐ ɈɆɑɆ ɕɔ ɊɑɎɓɋ Ɏɒɋɋɘ ɕɔɗɘɔɥɓɓəɤ Ɍɋɗɘɐɔɗɘɢ 

( )constr=  Ɏ ɍɊɋɗɢ ɊɋɏɗɘɈəɋɘ ɕɔɗɘɔɥɓɓɡɏ ɒɔɒɋɓɘ ɐɖ, ɘɔ 

 əɝɆɗɘɐɆ ɖɆɈɋɓ: 
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     ȨɡɖɆɌɋɓɎɋ () ɓɆɍɡɈɆɋɘɗɥ .  ȸɔɉɊɆ 
 Ɏɒɋɋɘ ɈɎɊ: 
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     ȭɓɆɝɋɓɎɋ rɓɆɍɡɈɆɋɘɗɥ Ɍɋɗɘɐɔɗɘɢ ɗɋɝɋɓɎɥ ɕɖɎ ɐɖəɝɋɓɎɎ. 

 
 

 

Ȩ ɎɓɌɋɓɋɖɓɔɏ ɕɖɆɐɘɎɐɋ ɝɆɗɘɔ ɈɗɘɖɋɝɆɤɘɗɥ ɗɑəɝɆɎ, ɐɔɉɊɆ ɐɖəɝɋɓɎɤ 
ɕɔɊɈɋɖɉɆɤɘɗɥ ɗɘɋɖɌɓɎ, ɎɒɋɤɟɎɋ ɓɋ ɐɖəɉɑɔɋ ɗɋɝɋɓɎɋ, Ɇ ɗɋɝɋɓɎɋ Ɋɖə-
ɉɔɏ ɚɔɖɒɡ ï ɕɖɥɒɔəɉɔɑɢɓɔɋ, ɘɖɋəɉɔɑɢɓɔɋ, ɣɑɑɎɕɘɎɝɋɗɐɔɋ Ɏ ɘ.Ɋ. ȵɖɎ 
ɐɖəɝɋɓɎɎ ɘɆɐɎɛ ɣɑɋɒɋɓɘɔɈ ɉɎɕɔɘɋɍɆ ɕɑɔɗɐɎɛ ɗɋɝɋɓɎɏ ɓɆɖəɞɆɋɘɗɥ, ɗɋ-
ɝɋɓɎɥ ɓɋ ɔɗɘɆɤɘɗɥ ɕɑɔɗɐɎɒɎ, ɔɓɎ ɎɗɐɖɎɈɑɥɤɘɗɥ (ɣɘɔ ɥɈɑɋɓɎɋ ɓɆɍɡɈɆ-

ɋɘɗɥ ), ɘ.ɋ. ɕɖɔɎɗɛɔɊɎɘ ɕɋɖɋɒɋɟɋ-

ɓɎɋ ɘɔɝɋɐ ɈɊɔɑɢ ɔɗɎ ɗɘɋɖɌɓɥ (ɖɎɗ. ). ȫɗɑɎ 
ɕɖɔɊɔɑɢɓɡɋ ɕɋɖɋɒɋɟɋɓɎɥ ɓɋ ɔɉɖɆɓɎɝɋɓɡ 
ɗɈɥɍɥɒɎ Ɏ ɘɔɝɐɎ ɗɈɔɇɔɊɓɔ ɕɋɖɋɒɋɟɆɤɘɗɥ 
ɈɊɔɑɢ ɔɗɎ, ɘɆɐɔɋ ɐɖəɝɋɓɎɋ ɓɆɍɡɈɆɋɘɗɥ 

 ɎɑɎ  . ȵɖɎ ɗɈɔ-



 
 

ɇɔɊɓɔɒ ɐɖəɝɋɓɎɎ Ɉɗɋ ɗɋɝɋɓɎɥ ɕɔ ɊɑɎɓɋ ɗɘɋɖɌɓɥ ɊɋɕɑɆɓɎɖəɤɘ ɔɊɎɓɆ-
ɐɔɈɔ, ɕɔɣɘɔɒə ɋɉɔ ɊɑɎɓɆ ɓɋ Ɏɍɒɋɓɥɋɘɗɥ, ɎɗɐɖɎɈɑɋɓɎɋ (ɐɔɖɔɇɑɋɓɎɋ) 
ɕɖɔɎɗɛɔɊɎɘ ɗɈɔɇɔɊɓɔ, ɇɋɗɕɖɋɕɥɘɗɘɈɋɓɓɔ, Ɇ ɍɓɆɝɎɘ, ɓɋ ɗɔɕɖɔɈɔɌɊɆɋɘɗɥ 
ɈɔɍɓɎɐɓɔɈɋɓɎɋɒ ɓɔɖɒɆɑɢɓɡɛ ɓɆɕɖɥɌɋɓɎɏ, Ɏ Ɉ ɘɔɝɐɆɛ ɗɋɝɋɓɎɥ Ɋɋɏ-
ɗɘɈəɤɘ ɘɔɑɢɐɔ ɐɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ, ɐɔɘɔɖɡɋ Ɉɔ Ɉɗɋɛ ɗɋɝɋɓɎɥɛ 
Ɏɒɋɤɘ ɔɊɎɓɆɐɔɈəɤ ɈɋɑɎɝɎɓə Ɏ ɛɆɖɆɐɘɋɖ ɖɆɗɕɖɋɊɋɑɋɓɎɥ. ȽɎɗɘɔɋ ɐɖə-
ɝɋɓɎɋ ɈɔɍɒɔɌɓɔ ɘɔɑɢɐɔ Ɋɑɥ ɗɘɋɖɌɓɥ ɕɔɗɘɔɥɓɓɔɉɔ ɗɋɝɋɓɎɥ, ɗɐɖəɝɎɈɆ-
ɋɒɔɉɔ ɕɆɖɆɒɎ ɗɎɑ, ɕɖɎɑɔɌɋɓɓɡɒɎ ɕɔ ɋɉɔ ɐɔɓɜɆɒ. ȫɗɑɎ ɕɖɔɊɔɑɢɓɔɋ 
ɕɋɖɋɒɋɟɋɓɎɋ ɘɔɝɋɐ ɔɉɖɆɓɎɝɋɓɔ, ɘɆɐɔɋ ɐɖəɝɋɓɎɋ ɓɆɍɡɈɆɋɘɗɥ 

. ȵɖɎɒɋɖɔɒ ɗɘɋɗɓɋɓɓɔɉɔ ɐɖəɝɋɓɎɥ ɥɈɑɥɋɘɗɥ ɇɖəɗ, ɐɔɓ-
ɗɔɑɢɓɔ ɍɆɐɖɋɕɑɋɓɓɡɏ Ɉ ɍɆɊɋɑɐɋ. ȵɖɎ ɗɘɋɗɓɋɓɓɔɒ ɐɖəɝɋɓɎɎ ɘɔɝɐɎ ɗɋ-
ɝɋɓɎɥ ɕɔɑəɝɆɤɘ ɖɆɍɑɎɝɓɡɋ ɔɗɋɈɡɋ ɗɒɋɟɋɓɎɥ, ɕɔɣɘɔɒə ɗɋɝɋɓɎɥ Ɏɗ-
ɐɖɎɈɑɥɤɘɗɥ ɓɋɔɊɎɓɆɐɔɈɔ. ȪɋɕɑɆɓɆɜɎɥ ɘɆɐɔɉɔ ɇɖəɗɆ ɕɋɖɋɒɋɓɓɆ ɕɔ ɋɉɔ 
ɊɑɎɓɋ, Ɏɍɒɋɓɥɥɗɢ ɔɘ ɍɆɊɋɑɐɎ, ɉɊɋ ɎɗɐɖɎɈɑɋɓɎɋ ɖɆɈɓɔ ɓəɑɤ, Ɋɔ ɗɈɔ-
ɇɔɊɓɔɉɔ ɐɔɓɜɆ. Ȧ ɘɆɐ ɐɆɐ ɊɑɎɓɆ ɇɖəɗɆ Ɏɍɒɋɓɥɋɘɗɥ, ɍɓɆɝɎɘ, Ɉ ɕɔɕɋɖɋɝ-
ɓɔɒ ɗɋɝɋɓɎɎ ɐɖɔɒɋ ɐɆɗɆɘɋɑɢɓɡɛ ɓɆɕɖɥɌɋɓɎɏ ɊɋɏɗɘɈəɤɘ ɓɔɖɒɆɑɢɓɡɋ 
ɓɆɕɖɥɌɋɓɎɥ, ɓɋɖɆɈɓɔɒɋɖɓɔ ɖɆɗɕɖɋɊɋɑɋɓɓɡɋ ɕɔ ɗɋɝɋɓɎɤ. 
 

     ȶɆɗɝɋɘ ɗɘɋɖɌɓɋɏ ɓɋɐɖəɉɑɔɉɔ ɗɋɝɋɓɎɥ Ɏ ɕɖɎ ɗɈɔɇɔɊɓɔɒ, Ɏ, ɔɗɔɇɋɓɓɔ, 
ɕɖɎ ɗɘɋɗɓɋɓɓɔɒ ɐɖəɝɋɓɎɎ ɕɖɋɊɗɘɆɈɑɥɋɘ ɍɆɊɆɝə Ɉɡɗɔɐɔɏ ɗɑɔɌɓɔɗɘɎ Ɏ 
ɋɋ ɖɋɞɋɓɎɋ ɈɔɍɒɔɌɓɔ ɑɎɞɢ ɒɋɘɔɊɆɒɎ ɘɋɔɖɎɎ əɕɖəɉɔɗɘɎ, ɉɊɋ ɊɆɋɘɗɥ 
ɘɔɝɓɔɋ Ɏɛ ɖɋɞɋɓɎɋ, Ɇ Ɉ ɒɋɛɆɓɎɐɋ ɒɆɘɋɖɎɆɑɔɈ ɕɖɎɈɔɊɥɘɗɥ ɘɔɑɢɐɔ ɓɋ-
ɐɔɘɔɖɡɋ ɐɔɓɋɝɓɡɋ ɖɋɍəɑɢɘɆɘɡ ɕɔɑəɝɋɓɓɡɛ ɖɋɞɋɓɎɏ.  
 

     ȶɆɗɗɒɔɘɖɎɒ Ɉɔɕɖɔɗɡ ɗɈɔɇɔɊɓɔɉɔ ɐɖəɝɋɓɎɥ ɓɋɐɔɘɔɖɡɛ ɗɘɋɖɌɓɋɏ 
ɓɋɐɖəɉɑɔɉɔ ɗɋɝɋɓɎɥ.  ȳɋɗɒɔɘɖɥ ɓɆ ɎɗɐɖɎɈɑɋɓɎɋ ɗɋɝɋɓɎɏ, Ɉ ɓɋɐɖəɉɑɡɛ 
ɗɋɝɋɓɎɥɛ, ɘɆɐɌɋ ɐɆɐ Ɏ Ɉ ɐɖəɉɑɡɛ, ɐɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ Ɉ ɑɤɇɔɏ 

ɘɔɝɐɋ ɐɔɓɘəɖɆ ɊɋɏɗɘɈəɤɘ Ɉ ɓɆɕɖɆɈɑɋɓɎɎ ɒɔɒɋɓɘɆ ɐɖ Ɏ ɓɆɕɖɆɈɑɋɓɡ 

ɕɔ  ɐɆɗɆɘɋɑɢɓɔɏ ɐ ɐɔɓɘəɖə (ɖɎɗ. ).  ȴɗɓɔɈɓɡɒɎ ɖɆɗɝɋɘɓɡɒɎ ɈɋɑɎɝɎ-
ɓɆɒɎ ɕɖɎ ɐɖəɝɋɓɎɎ ɗɘɋɖɌɓɋɏ ɓɋɐɖəɉɑɔɉɔ ɗɋɝɋɓɎɥ ɥɈɑɥɤɘɗɥ  ɒɆɐɗɎ-

ɒɆɑɢɓɡɋ ɐɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ maxt , Ɇ ɘɆɐɌɋ 

Ɇɇɗɔɑɤɘɓɡɏ j Ɏ ɔɘɓɔɗɎɘɋɑɢɓɡɏ Q əɉɑɡ ɍɆɐɖəɝɎɈɆ-

ɓɎɥ, ɔɕɖɋɊɋɑɥɋɒɡɋ ɕɔ ɚɔɖɒəɑɆɒ ð 
 
 

                                 

ɐɖ ɐɖ ɐɖ
max

ɐ ɐ ɐ
; ; ,= =Qj=t             ( ) 

 

ɉɊɋ Ɋɑɥ ɓɋɐɖəɉɑɡɛ ɗɋɝɋɓɎɏ: ɐ Ʉ ɒɔɒɋɓɘ ɗɔɕɖɔɘɎɈɑɋɓɎɥ ɕɖɎ ɐɖəɝɋ-

ɓɎɎ (ɉɋɔɒɋɘɖɎɝɋɗɐɎɏ ɚɆɐɘɔɖ ɕɖɔɝɓɔɗɘɎ); ɐ Ʉ ɒɔɒɋɓɘ ɎɓɋɖɜɎɎ 

ɕɖɎ ɐɖəɝɋɓɎɎ (ɉɋɔɒɋɘɖɎɝɋɗɐɎɏ ɚɆɐɘɔɖ ɌɋɗɘɐɔɗɘɎ);  
  

      ȨɕɋɖɈɡɋ ɔɇɟɎɏ ɒɋɘɔɊ ɖɋɞɋɓɎɥ ɍɆɊɆɝɎ ɔ ɝɎɗɘɔɒ ɐɖəɝɋɓɎɎ ɗɘɋɖɌ-
ɓɋɏ ɓɋɐɖəɉɑɔɉɔ ɗɋɝɋɓɎɥ ɇɡɑ ɖɆɍɖɆɇɔɘɆɓ ȷɋɓ-ȨɋɓɆɓɔɒ Ɉ  ɉɔɊə. 



 
 

 

     ȻɆɖɆɐɘɋɖ ɖɆɗɕɖɋɊɋɑɋɓɎɥ ɐɆɗɆɘɋɑɢɓɡɛ ɓɆɕɖɥɌɋɓɎɏ Ɉ ɕɖɥɒɔəɉɔɑɢ-

ɓɔɒ ɗɋɝɋɓɎɎ, Ɇ ɘɆɐɌɋ ɕɔ ɋɉɔ ɐɔɓɘəɖə, ɕɖɋɊɗɘɆɈɑɋɓ ɓɆ ɖɎɗ. : 

Î Ȩ ɜɋɓɘɖɋ ɘɥɌɋɗɘɎ ɕɖɥɒɔəɉɔɑɢ-
ɓɔɉɔ ɗɋɝɋɓɎɥ, ɐɆɐ Ɏ Ɉ ɐɖəɉɑɡɛ ɗɋɝɋ-

ɓɎɥɛ, ɗɔɉɑɆɗɓɔ ɚɔɖɒəɑɋ () Ʉ =t ; 
 

     Î ȵɔ ɒɋɖɋ ɕɖɎɇɑɎɌɋɓɎɥ ɐ ɐɖɆɤ 
ɗɋɝɋɓɎɥ ɐɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ 
ɈɔɍɖɆɗɘɆɤɘ, ɕɖɎɝɋɒ ɈɔɍɖɆɗɘɆɓɎɋ 
ɕɖɔɎɗɛɔɊɎɘ ɕɔ ɓɋɑɎɓɋɏɓɔɒə ɍɆɐɔɓə; 
 

     Î ȳɆɎɇɔɑɢɞɋɉɔ ɍɓɆɝɋɓɎɥ ɓɆɕɖɥ-
ɌɋɓɎɥ ɊɔɗɘɎɉɆɤɘ ə ɕɔɈɋɖɛɓɔɗɘɎ ɕɔ-
ɗɋɖɋɊɎɓɋ ɊɑɎɓɓɔɏ ɗɘɔɖɔɓɡ (ɘɔɝɐɎ 

Ɏ ) Ʉ ɍɊɋɗɢ max=t t ; 
 

     Î ȵɔɗɋɖɋɊɎɓɋ ɐɔɖɔɘɐɔɏ ɗɘɔɖɔɓɡ (ɘɔɝɐɎ Ɏ ) ɐɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥ-

ɌɋɓɎɥ ɒɋɓɢɞɋ ɒɆɐɗɎɒɆɑɢɓɡɛ Ɏ ɗɔɗɘɆɈɑɥɤɘ Ʉ max ;=ht t
             

( ) 
 

     Î Ȩ ɈɋɖɞɎɓɆɛ ɕɖɥɒɔəɉɔɑɢɓɎɐɆ =t . 
 

     Ȫɑɥ ɕɖɥɒɔəɉɔɑɢɓɔɉɔ ɗɋɝɋɓɎɥ ɒɔɒɋɓɘ ɗɔɕɖɔɘɎɈɑɋɓɎɥ Ɏ ɒɔɒɋɓɘ 
ɎɓɋɖɜɎɎ ɕɖɎ ɐɖəɝɋɓɎɎ ɔɕɖɋɊɋɑɥɤɘɗɥ ɕɔ ɚɔɖɒəɑɆɒ: 
 

                                              ɐ ɐ;= =ba  ,                                   () 
 
 

ɉɊɋ Ɏ Ʉ ɗɔɔɘɈɋɘɗɘɈɋɓɓɔ ɊɑɎɓɓɆɥ Ɏ ɐɔɖɔɘɐɆɥ ɗɘɔɖɔɓɡ ɕɖɥɒɔəɉɔɑɢ-

ɓɎɐɆ, Ɇ ɐɔɣɚɚɎɜɎɋɓɘɡ Ɏba , Ɇ ɘɆɐɌɋ h ( ) ɈɡɇɎɖɆɤɘɗɥ Ɏɍ ɘɆɇɑɎɜ Ɉ 

ɍɆɈɎɗɎɒɔɗɘɎ ɔɘ ɔɘɓɔɞɋɓɎɥ / ɖɆɍɒɋɖɔɈ ɗɋɝɋɓɎɥ (ɘɆɇɑ.) Ʉ 

                                                                                                                ȸɆɇɑɎɜɆ  
 

/  a b h /  a b h 

Ʉ

Ʉ ¤

 



 
 

     Ȯ ɘɔɉɊɆ ɓɆ ɔɗɓɔɈɆɓɎɎ ɚɔɖɒəɑ (), ( ) Ɏ () Ɋɑɥ ɕɖɥɒɔəɉɔɑɢɓɔɉɔ 

ɗɋɝɋɓɎɥ ɕɔɑəɝɆɋɒ Ʉ 
 

                       
ɐɖ ɐɖ ɐɖ ɐɖ

max ; ; ;= = = =
b b

h
Qj

a a
t t  ,     ( ) 

 

Ɇ əɗɑɔɈɎɋ ɕɖɔɝɓɔɗɘɎ Ɏ ɌɋɗɘɐɔɗɘɎ ɕɖɎ ɐɖəɝɋɓɎɎ ɗɘɋɖɌɓɥ ɕɖɥɒɔəɉɔɑɢ-
ɓɔɉɔ ɗɋɝɋɓɎɥ ɕɖɎɓɎɒɆɤɘ ɗɔɔɘɈɋɘɗɘɈəɤɟɎɏ ɈɎɊ:

                              
ɐɖ ɐɖ

max ;= ¢ = ¢è ø è øê ú ê ú
b

Q Q
a

t t  .                ( )

 

 
 

     ȻɆɖɆɐɘɋɖ ɖɆɗɕɖɋɊɋɑɋɓɎɥ ɐɆɗɆɘɋɑɢɓɡɛ ɓɆɕɖɥɌɋɓɎɏ Ɉ ɣɑɑɎɕɘɎɝɋ-

ɗɐɔɒ ɗɋɝɋɓɎɎ ɕɖɋɊɗɘɆɈɑɋɓ ɓɆ (ɖɎɗ. ): 
    

       Î Ȩ ɜɋɓɘɖɋ ɗɋɝɋɓɎɥ =t , Ɇ ɓɆɎɇɔɑɢɞɎɋ 

ɓɆɕɖɥɌɋɓɎɥ maxt  ɈɔɍɓɎɐɆɤɘ Ɉ ɐɖɆɏɓɎɛ 

ɘɔɝɐɆɛ, ɑɋɌɆɟɎɛ ɓɆ ɒɆɑɡɛ ɕɔɑəɔɗɥɛ; 
   

        Î ȳɆɎɇɔɑɢɞɎɋ ɓɆɕɖɥɌɋɓɎɥ Ɉ ɓɆɖəɌɓɡɛ 
ɘɔɝɐɆɛ ɗɋɝɋɓɎɥ ɓɆ ɇɔɑɢɞɔɏ ɕɔɑəɔɗɎ ɖɆɈɓɡ ð 
                

                             

( )max / / .=t t                ( ) 

     Ȫɑɥ ɣɑɑɎɕɘɎɝɋɗɐɔɉɔ ɗɋɝɋɓɎɥ ɒɔɒɋɓɘ ɗɔɕɖɔɘɎɈɑɋɓɎɥ Ɏ ɒɔɒɋɓɘ 
ɎɓɋɖɜɎɎ ɕɖɎ ɐɖəɝɋɓɎɎ ɔɕɖɋɊɋɑɥɤɘɗɥ ɕɔ ɚɔɖɒəɑɆɒ: 
 
 

                                      ( )ɐ ɐ;= = +
p p

 .                      ( ) 

 

     ȸɔɉɊɆ ɗɔɔɘɈɋɘɗɘɈɋɓɓɔ ɓɆɕɖɥɌɋɓɎɥ Ɏ əɉɔɑ ɍɆɐɖəɝɎɈɆɓɎɥ ɓɆ ɔɗɓɔɈɆ-

ɓɎɎ ɚɔɖɒəɑ (), ( ) Ɏ () Ɋɑɥ ɣɑɑɎɕɘɎɝɋɗɐɔɉɔ ɗɋɝɋɓɎɥ ɖɆɈɓɡ Ʉ 
 

                       
( )

ɐɖ ɐɖ ɐɖ
max ; ;= = =

+
j

p p p
t t  .          ( ) 

 
 
 

     ȵɖɎ ɐɖəɝɋɓɎɎ əɕɖəɉɔɉɔ ɗɘɋɖɌɓɥ ɗ ɕɔɕɋɖɋɝɓɡɒ ɗɋɝɋɓɎɋɒ Ɉ ɈɎɊɋ 
ɕɆɖɆɑɑɋɑɔɉɖɆɒɒɆ, ɘɖɆɕɋɜɎɎ, ɘɖɋəɉɔɑɢɓɎɐɆ ɎɑɎ ɑɤɇɔɏ Ɋɖəɉɔɏ ɕɖɔ-

 

 



 
 

ɎɍɈɔɑɢɓɔɏ ɚɔɖɒɡ ɕɖɎɇɑɎɌɋɓɓɔɋ ɍɓɆɝɋɓɎɋ ɓɆɎɇɔɑɢɞɎɛ ɐɆɗɆɘɋɑɢɓɡɛ 
ɓɆɕɖɥɌɋɓɎɏ Ɏ əɉɑɆ ɍɆɐɖəɝɎɈɆɓɎɥ ɒɔɌɓɔ ɕɔɑəɝɎɘɢ, ɕɖɎɈɋɊɥ ɍɆɊɆɓɓɔɋ 
ɗɋɝɋɓɎɋ ɐ ɕɖɥɒɔəɉɔɑɢɓɔɏ ɚɔɖɒɋ, ɓɆɍɡɈɆɋɒɔɏ 

, ɉɋɔɒɋɘɖɎɝɋɗɐɎɋ ɛɆɖɆɐɘɋɖɎɗɘɎɐɎ ɐɔɘɔɖɔɉɔ ï ɕɑɔɟɆɊɢ, ɒɔ-
ɒɋɓɘ ɎɓɋɖɜɎɎ, ɒɔɒɋɓɘ ɗɔɕɖɔɘɎɈɑɋɓɎɥ Ʉ Ɏɒɋɤɘ ɍɓɆɝɋɓɎɥ, ɇɑɎɍɐɎɋ 
ɍɓɆɝɋɓɎɥɒ ɍɆɊɆɓɓɔɏ ɚɎɉəɖɡ. ȵɖɎ ɖɆɗɝɋɘɋ ɐɔɓɗɘɖəɐɜɎɏ Ɉ ɍɆɈɎɗɎɒɔ-
ɗɘɎ ɔɘ ɕɔɗɘɆɈɑɋɓɓɔɏ ɍɆɊɆɝɎ ɕɔɓɥɘɎɋ ɣɐɈɎɈɆɑɋɓɘɓɔɗɘɎ ɒɔɌɋɘ ɖɆɗɗɒɆɘ-
ɖɎɈɆɘɢɗɥ Ɏ ɕɔ ɊɖəɉɎɒ ɈɋɑɎɝɎɓɆɒ, ɗɔɔɘɈɋɘɗɘɈəɤɟɎɒ ɊɆɓɓɔɒə ɖɆɗɝɋɘə, 
ɐɆɐ ɓɆɕɖɎɒɋɖ, Ɉ ɍɆɊɆɝɆɛ ɓɆ əɗɘɔɏɝɎɈɔɗɘɢ Ɉ ɗɔɍɊɆɈɆɋɒɡɛ ɣɐɈɎɈɆɑɋɓɘ-
ɓɡɛ ɗɋɝɋɓɎɥɛ ɊɔɇɎɈɆɤɘɗɥ ɇɑɎɍɔɗɘɎ ɒɔɒɋɓɘɔɈ ɎɓɋɖɜɎɎ. Ƚɘɔ ɐɆɗɆɋɘɗɥ 
ɖɆɗɝɋɘɔɈ ɓɆ ɐɖəɝɋɓɎɋ ɗɘɋɖɌɓɋɏ ɓɋɐɖəɉɑɔɉɔ ɗɋɝɋɓɎɥ, ɘɔ ɍɊɋɗɢ ɔɗɓɔɈ-

ɓɡɒɎ ɉɋɔɒɋɘɖɎɝɋɗɐɎɒɎ ɈɋɑɎɝɎɓɆɒɎ, ɗɔɉɑɆɗɓɔ ɚɔɖɒəɑɋ (), ɥɈɑɥɤɘ-

ɗɥ, ɍɓɆɝɋɓɎɥ  ɐɎ ɐ, ɕɔɣɘɔɒə Ɉ ɣɘɎɛ ɍɆɊɆɝɆɛ ɗɋɝɋɓɎɋ ɕɖɎɈɔɊɎɘɗɥ ɐ 

ɕɖɥɒɔəɉɔɑɢɓɎɐə ɗ ɇɑɎɍɐɎɒɎ ɍɓɆɝɋɓɎɥɒɎ əɐɆɍɆɓɓɡɛ ɈɋɑɎɝɎɓ.   

     ȳɆ ɖɎɗ.  ɕɔɐɆɍɆɓɔ ɗɔɍɊɆɓɎɋ  Ɋɑɥ 
ɗɋɝɋɓɎɥ çɖɆɈɓɔɇɋɊɖɋɓɓɆɥ ɘɖɆɕɋɜɎɥè: Ɋɑɥ ɣɘɔɉɔ ɓɋɔɇɛɔɊɎɒɔ Ɏɍ ɜɋɓ-

ɘɖɆ ɘɥɌɋɗɘɎ ɘɖɆɕɋɜɎɎ ɕɖɔɈɋɗɘɎ ɕɋɖɕɋɓɊɎɐəɑɥɖɡ Ɏ  ɓɆ ɇɔɐɔ-

Ɉɡɋ ɗɘɔɖɔɓɡ, ɍɆɘɋɒ ɝɋɖɋɍ ɘɔɝɐɎ  Ɏ ɕɖɔɈɋɗɘɎ 
ɕɋɖɕɋɓɊɎɐəɑɥɖɡ Ɋɔ ɕɋɖɋɗɋɝɋɓɎɥ ɗ ɓɎɌɓɎɒ ɔɗ-
ɓɔɈɆɓɎɋɒ Ɏ əɖɔɈɓɋɒ Ɉɋɖɛɓɋɉɔ ɔɗɓɔɈɆɓɎɥ. Ȩ ɖɋ-

ɍəɑɢɘɆɘɋ ɕɔɑəɝɋɓɓɡɏ ɕɖɥɒɔəɉɔɑɢɓɎɐ  Ɏ 
ɇəɊɋɘ ɣɐɈɎɈɆɑɋɓɘɓɡɒ ɗɋɝɋɓɎɋɒ Ɋɑɥ ɖɆɈɓɔɇɋɊ-
ɖɋɓɓɔɏ ɘɖɆɕɋɜɎɎ. ȵɖɎɈɋɊɥ ɘɆɐɎɒ ɔɇɖɆɍɔɒ ɗɋɝɋ-
ɓɎɋ ɑɤɇɔɏ Ɋɖəɉɔɏ ɕɖɔɎɍɈɔɑɢɓɔɏ ɚɔɖɒɡ ɐ ɣɐɈɎ-
ɈɆɑɋɓɘɓɔɏ ɚɎɉəɖɋ, ɕɖɎɇɑɎɌɋɓɓɔɋ ɍɓɆɝɋɓɎɋ ɓɆɕɖɥɌɋɓɎɏ Ɏ əɉɑɆ ɍɆ-

ɐɖəɝɎɈɆɓɎɥ ɒɔɌɓɔ ɕɔɑəɝɎɘɢ ɕɔ ɚɔɖɒəɑɆɒ (), Ɏɗɕɔɑɢɍəɋɒɡɒ Ɋɑɥ 
ɕɖɥɒɔəɉɔɑɢɓɎɐɆ. Ȫɑɥ ɖɆɍɑɎɝɓɡɛ ɚɔɖɒ ɗɋɝɋɓɎɏ əɗɑɔɈɓɡɋ ɉɋɔɒɋɘɖɎ-
ɝɋɗɐɎɋ ɛɆɖɆɐɘɋɖɎɗɘɎɐɎ, Ɏɗɕɔɑɢɍəɋɒɡɋ Ɉ ɖɆɗɝɋɘɆɛ ɓɆ ɐɖəɝɋɓɎɋ, ɕɖɋɊ-
ɗɘɆɈɑɋɓɡ Ɉ ɗɔɔɘɈɋɘɗɘɈəɤɟɋɏ ɗɕɖɆɈɔɝɓɔɏ ɑɎɘɋɖɆɘəɖɋ. 
 
 

     ȷɘɋɖɌɋɓɢ ɓɆɍɡɈɆɋɘɗɥ , ɋɗɑɎ ɘɔɑɟɎɓɆ ɗɘɋɓɐɎ ɍɓɆɝɎ-

ɘɋɑɢɓɔ (Ɉ õ  ɖɆɍ) ɒɋɓɢɞɋ ɊɑɎɓɡ ɐɔɓɘəɖɆ ɗɋɝɋɓɎɥ. ȺɔɖɒɆ ɕɖɔɚɎɑɥ 
ɘɔɓɐɔɗɘɋɓɓɔɉɔ ɗɘɋɖɌɓɥ ɔɕɖɋɊɋɑɥɋɘɗɥ ɋɉɔ ɗɖɋɊɓɋɏ (ɗɖɋɊɎɓɓɔɏ) ɑɎɓɎ-
ɋɏ, ɕɖɔɛɔɊɥɟɋɏ ɕɔɗɋɖɋɊɎɓɋ ɘɔɑɟɎɓɡ ɗɘɋɓɐɎ. ȷɖɋɊɎɓɓɆɥ ɑɎɓɎɥ ɒɔ-
Ɍɋɘ ɇɡɘɢ ɍɆɒɐɓəɘɔɏ ɎɑɎ ɓɋɍɆɒɐɓəɘɔɏ, ɈɗɑɋɊɗɘɈɎɋ ɝɋɉɔ ɘɔɓɐɔɗɘɋɓɓɡɋ 

ɗɘɋɖɌɓɎ ɖɆɍɑɎɝɆɤɘ (ɖɎɗ. , Ɇ) Ɏ  (ɖɎɗ. , ɇ) 



 
 

ɕɖɔɚɎɑɥ, ɝɘɔ ɔɕɖɋɊɋɑɥɋɘ ɔɗɔɇɋɓɓɔɗɘɎ Ɏɛ ɕɔɈɋɊɋɓɎɥ ɕɖɎ ɐɖəɝɋɓɎɎ Ɏ 
ɘɖɋɇəɋɘ ɕɖɎɒɋɓɋɓɎɥ ɗɔɔɘɈɋɘɗɘɈəɤɟɎɛ ɒɋɘɔɊɔɈ ɖɆɗɝɋɘɆ. 
 

     ȶɆɗɝɋɘ ɘɔɓɐɔɗɘɋɓɓɡɛ ɗɘɋɖɌɓɋɏ Ɏɒɋɋɘ ɇɔɑɢɞɔɋ ɕɖɆɐɘɎɝɋɗɐɔɋ ɍɓɆ-
ɝɋɓɎɋ. ȴɇɑɆɊɆɥ ɇɔɑɢɞɔɏ ɕɖɔɝɓɔɗɘɢɤ Ɏ ɔɘɓɔɗɎɘɋɑɢɓɔ ɒɆɑɡɒ Ɉɋɗɔɒ, 
ɘɔɓɐɔɗɘɋɓɓɡɋ ɗɘɋɖɌɓɎ ɕɔɑəɝɎɑɎ ɞɎɖɔɐɔɋ ɕɖɎɒɋɓɋɓɎɥ Ɏ ɐɆɐ ɗɆɒɔ-
ɗɘɔɥɘɋɑɢɓɡɋ ɊɋɘɆɑɎ ɒɆɞɎɓ, Ɏ ɐɆɐ ɈɗɕɔɒɔɉɆɘɋɑɢɓɡɋ ɣɑɋɒɋɓɘɡ Ɉ ɐɔɓ-
ɗɘɖəɐɜɎɥɛ, ɗɔɇɖɆɓɓɡɛ Ɏɍ ɕɑɆɗɘɎɓ Ɏ ɔɇɔɑɔɝɋɐ. Ȱ ɘɔɓɐɔɗɘɋɓɓɡɒ ɗɘɋɖɌ-
ɓɥɒ ɔɘɓɔɗɥɘɗɥ ɗɘɆɓɊɆɖɘɓɡɋ ɕɖɔɐɆɘɓɡɋ ɕɖɔɚɎɑɎ ï ɞɈɋɑɑɋɖɡ, əɉɔɑɐɎ, 
ɊɈəɘɆɈɖɡ, ɘɖəɇɝɆɘɡɋ ɎɍɊɋɑɎɥ ɖɆɍɑɎɝɓɡɛ ɚɔɖɒ ɗɋɝɋɓɎɏ  Ɏ ɘ.Ɋ., ɐɔɘɔ-
ɖɡɋ Ɉ ɐɆɝɋɗɘɈɋ ɐɔɓɗɘɖəɐɜɎɔɓɓɡɛ ɣɑɋɒɋɓɘɔɈ ɞɎɖɔɐɔ Ɏɗɕɔɑɢɍəɤɘɗɥ 
ɐɆɐ Ɉ ɒɆɞɎɓɔɗɘɖɔɋɓɎɎ, ɘɆɐ Ɏ Ɉ ɗɘɖɔɎɘɋɑɢɓɔɏ ɕɖɆɐɘɎɐɋ. 
 

 
 

 

 
 

 

     Ȩ ɍɆɒɐɓəɘɡɛ ɕɖɔɚɎɑɥɛ (ɖɎɗ. , Ɇ) ɕɔɗɘɔɥɓɓɔɏ ɘɔɑɟɎɓɡ ɓɆɕɖɥɌɋ-
ɓɎɥ ɕɔ ɘɔɑɟɎɓɋ ɗɋɝɋɓɎɥ ɖɆɗɕɖɋɊɋɑɋɓɡ ɖɆɈɓɔɒɋɖɓɔ. 
 

     Ȫɑɥ ɖɆɗɝɋɘɆ ɓɆ ɐɖəɝɋɓɎɋ ɗɘɋɖɌɓɋɏ ɘɖəɇɝɆɘɔɉɔ ɓɋɐɖəɉɑɔɉɔ ɗɋɝɋɓɎɥ 
Ɉɔɗɕɔɑɢɍəɋɒɗɥ ɚɔɖɒəɑɆɒɎ, ɕɖɎɒɋɓɥɋɒɡɒɎ Ɋɑɥ ɐɔɑɢɜɋɈɔɉɔ ɗɋɝɋɓɎɥ 

ɐɖəɉɑɔɏ ɚɔɖɒɡ (ɖɎɗ. ). ȷɔɉɑɆɗɓɔ ɔɕɖɋɊɋɑɋɓɎɤ, ɕɔɑɥɖɓɡɏ ɒɔɒɋɓɘ 
ɎɓɋɖɜɎɎ ɗɋɝɋɓɎɥ ɔɕɖɋɊɋɑɥɋɘɗɥ ɎɓɘɋɉɖɆɑɔɒ: 
  

                                         

d ,r= rñ                       ( ) 

 

ɉɊɋ Ɋɑɥ ɘɔɓɐɔɉɔ ɐɔɑɢɜɆ Ɉ ɗɎɑə ɋɉɔ ɘɔɓɐɔɗɘɋɓɓɔ-
ɗɘɎ ɑɤɇɔɏ ɈɓəɘɖɋɓɓɎɏ ɖɆɊɎəɗ r ɒɔɌɓɔ ɗɝɎɘɆɘɢ 

ɕɔɗɘɔɥɓɓɡɒ Ɏ ɖɆɈɓɡɒ ɖɆɊɎəɗə ɗɖɋɊɎɓɓɔɏ ɔɐɖəɌ-

ɓɔɗɘɎ ( )/ ,= +
 
Ɇ ɕɑɔɟɆɊɢ ɗɋɝɋɓɎɥ ɕɖɎɓɥɘɢ 

ɐɆɐ .=p d
 
ȸɔɉɊɆ ɖɋɞɋɓɎɋ ɎɓɘɋɉɖɆɑɆ () 

ɕɖɎɓɎɒɆɋɘ ɈɎɊ ð d dr= = = -r rñ ñ  Ɏ ɕɔɍɈɔɑɥɋɘ ɕɔɑəɝɆɘɢ 

Ɋɑɥ ɘɔɓɐɔɉɔ ɐɔɑɢɜɋɈɔɉɔ ɗɋɝɋɓɎɥ ɍɓɆɝɋɓɎɥ ɕɔɑɥɖɓɔɉɔ ɒɔɒɋɓɘɆ Ɏɓɋɖ-
ɜɎɎ Ɏ, ɗɔɔɘɈɋɘɗɘɈɋɓɓɔ, ɕɔɑɥɖɓɔɉɔ ɒɔɒɋɓɘɆ ɗɔɕɖɔɘɎɈɑɋɓɎɥ Ɉ ɈɎɊɋ:  

 



 
 

                                    

; r
r

r= = =p d p d .                          ( ) 

 

     ȹɝɎɘɡɈɆɥ, ɝɘɔ ɍɓɆɝɋɓɎɋ =p Ʉ ɣɘɔ ɕɑɔɟɆɊɢ ɐɖəɉɆ, ɔɉɖɆɓɎ-

ɝɋɓɓɔɉɔ ɗɖɋɊɎɓɓɔɏ ɑɎɓɎɋɏ ɖɆɊɎəɗɆ ,  ɉɋɔɒɋɘɖɎɝɋɗɐɎɋ ɛɆɖɆɐɘɋɖɎ-

ɗɘɎɐɎ () ɒɔɉəɘ ɇɡɘɢ ɕɖɋɊɗɘɆɈɑɋɓɡ ɐɆɐ: 
 

                                         ; rr= =d d .                                 () 
 

     Ȯɗɕɔɑɢɍəɋɒ ɍɓɆɝɋɓɎɥ () Ɋɑɥ ɍɆɒɐɓəɘɔɉɔ ɐɔɓɘəɖɆ ɕɖɔɎɍɈɔɑɢɓɔɏ 

ɚɔɖɒɡ (ɖɎɗ. ) Ɏ, ɗɔɉɑɆɗɓɔ ɚɔɖɒəɑɆɒ () Ɏ (), 
ɕɔɑəɝɆɋɒ ɈɡɖɆɌɋɓɎɥ Ɋɑɥ ɓɆɕɖɥɌɋɓɎɏ Ɏ əɉɑɆ ɍɆ-
ɐɖəɝɎɈɆɓɎɥ Ɉ ɈɎɊɋ:  

                             

ɐɖ ɐɖ
max ;

r
= =

d
t                   ( ) 

                              

ɐɖ ɐɖ
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     ȨɡɖɆɌɆɋɒ ɐɖəɘɥɟɎɏ ɒɔɒɋɓɘ Ɏɍ ɚɔɖɒəɑɡ (­ ɐɖ= dt, 

ɕɔɊɗɘɆɈɑɥɋɒ ɋɉɔ Ɉ (), ɕɖɋɔɇɖɆɍɔɈɡɈɆɋɒ  Ʉ 
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Ɏ ɕɔɑəɝɆɋɒ ɔɐɔɓɝɆɘɋɑɢɓɡɋ ɚɔɖɒəɑɡ Ɋɑɥ ɈɡɝɎɗɑɋɓɎɥ ɐɆɗɆɘɋɑɢɓɡɛ 
ɓɆɕɖɥɌɋɓɎɏ Ɏ əɉɑɆ ɍɆɐɖəɝɎɈɆɓɎɥ Ɋɑɥ ɓɋɐɖəɉɑɔɉɔ ɍɆɒɐɓəɘɔɉɔ ɘɔɓɐɔ-
ɗɘɋɓɓɔɉɔ ɐɔɓɘəɖɆ: 

                                              

ɐɖ
;= =j
d

t
t  ,                                    ( ) 

 

ɉɊɋ -ɊɑɎɓɆ ɗɖɋɊɎɓɓɔɏ ɑɎɓɎɎ ɘɖəɇɝɆɘɔɉɔ ɘɔɓɐɔɗɘɋɓɓɔɉɔ ɗɋɝɋɓɎɥ 

ɐɖəɉɑɔɏ ɎɑɎ Ɋɖəɉɔɏ ɕɖɔɎɍɈɔɑɢɓɔɏ ɚɔɖɒɡ; -ɕɑɔɟɆɊɢ, ɔɛɈɆɘɡɈɆ-

ɋɒɆɥ ɗɖɋɊɎɓɓɔɏ ɑɎɓɎɋɏ.

      ȵɖɎ ɕɔɗɘɔɥɓɓɔɏ ɘɔɑɟɎɓɋ d ɗɋɝɋɓɎɥ ɐɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ Ɉɔ 
Ɉɗɋɛ ɋɉɔ ɘɔɝɐɆɛ ɔɊɎɓɆɐɔɈɡ. Ȩ ɗɋɝɋɓɎɎ ɕɋɖɋɒɋɓɓɔɏ ɘɔɑɟɎɓɡ ɓɆɎɇɔɑɢ-
ɞɎɋ ɓɆɕɖɥɌɋɓɎɥ ɈɔɍɓɎɐɆɋɘ ɘɆɒ, ɉɊɋ ɗɋɝɋɓɎɋ ɘɔɓɢɞɋ: 
 

                                                                                              
ɐɖ

max
min

=
d

t  ,                                        () 



 
 

ɔɘɐəɊɆ ɗɑɋɊəɋɘ, ɝɘɔ ɕɖɎ ɐɖəɝɋɓɎɎ ɕɖɔɚɎɑɥ ɕɋɖɋɒɋɓɓɔɉɔ ɗɋɝɋɓɎɥ ɖɆɍ-
ɖəɞɋɓɎɋ ɓɆɝɎɓɆɋɘɗɥ ɘɆɒ, ɉɊɋ ɘɔɑɟɎɓɆ ɗɘɋɓɐɎ ɒɎɓɎɒɆɑɢɓɆ. 

 
 

 
 

     ȫɗɑɎ ɔɘɐɖɡɘɡɏ ɕɖɔɚɎɑɢ (ɖɎɗ. , ɇ) ɒɡɗɑɋɓɓɔ ɖɆɗɕɖɥɒɎɘɢ, ɘɔ ɕɔ-

ɑəɝɎɘɗɥ ɕɖɥɒɔəɉɔɑɢɓɎɐ ɗɔ ɗɘɔɖɔɓɆɒɎ: - ɊɑɎɓɓɆɥ ɗɘɔɖɔɓɆ, dɄ ɐɔ-
ɖɔɘɐɆɥ ɗɘɔɖɔɓɆ ɎɑɎ ɘɔɑɟɎɓɆ ɗɘɋɓɐɎ ɕɖɔɚɎɑɥ, ɐɔɘɔɖɡɋ Ɉ ɕɖɥɒɔ-

əɉɔɑɢɓɔɒ ɗɋɝɋɓɎɎ (ɖɎɗ. ) ɗɔɔɘɈɋɘɗɘɈɋɓɓɔ ɔɇɔɍɓɆɝɆɑɎɗɢ ɐɆɐ Ɏ . 

ȹɝɎɘɡɈɆɥ, ɝɘɔ <<d , ɗɔɔɘɓɔɞɋɓɎɋ ɗɘɔɖɔɓ ɒɔɌɓɔ ɕɖɎɓɥɘɢ ɖɆɈɓɡɒ

/ =d ¤ Ɏ ɎɗɕɔɑɢɍɔɈɆɘɢ Ɋɑɥ ɖɆɗɝɋɘɆ ɔɘɐɖɡɘɔɉɔ ɕɖɔɚɎɑɥ ɘɋ Ɍɋ ɚɔɖ-

ɒəɑɡ, ɝɘɔ Ɏ Ɋɑɥ ɕɖɥɒɔəɉɔɑɢɓɎɐɆ, ɕɖɎɓɎɒɆɥ Ɉ ɓɎɛ ɗɔɉɑɆɗɓɔ ɘɆɇɑ. ɍɓɆ-

ɝɋɓɎɥ: / .=b=a ȸɔɉɊɆ Ɉ ɗɔɔɘɈɋɘɗɘɈɎɎ ɗ ɚɔɖɒəɑɆɒɎ ( ) ɕɔɑəɝɆɋɒ: 
 

                                           

ɐɖ ɐɖ
max ;= =j

d d
t  .                              ( ) 

 
 

     ɃɘɎ ɚɔɖɒəɑɡ ɒɔɉəɘ ɇɡɘɢ ɎɗɕɔɑɢɍɔɈɆɓɡ Ɋɑɥ ɔɘɐɖɡɘɡɛ ɘɔɓɐɔɗɘɋɓ-

ɓɡɛ ɕɖɔɚɎɑɋɏ, ɕɖɋɊɗɘɆɈɑɋɓɓɡɛ, ɓɆɕɖɎɒɋɖ, ɓɆ ɖɎɗ. , ɇ. ȳɔ ɋɗɑɎ ɕɖɔ-
ɚɎɑɢ Ɏɒɋɋɘ ɗɑɔɌɓəɤ ɐɔɓɚɎɉəɖɆɜɎɤ Ɏ ɋɉɔ ɓɋɑɢɍɥ ɖɆɍɈɋɖɓəɘɢ Ɉ ɕɖɥɒɔ-

əɉɔɑɢɓɎɐ (ɖɎɗ. ), ɘɔ ɖɆɗɝɋɘ Ɉɡɕɔɑɓɥɤɘ ɗɑɋ-
ɊəɤɟɎɒ ɔɇɖɆɍɔɒ: 
  

     Î ȷɋɝɋɓɎɋ ɖɆɍɇɎɈɆɤɘ ɓɆ ɕɖɔɗɘɡɋ ɕɖɥɒɔ-
əɉɔɑɢɓɎɐɎ, Ɋɑɥ ɐɆɌɊɔɉɔ Ɏɍ ɐɔɘɔɖɡɛ ɒɔɒɋɓɘ 
ɎɓɋɖɜɎɎ ɕɖɎ ɐɖəɝɋɓɎɎ ɔɕɖɋɊɋɑɥɋɘɗɥ ɕɔ ɚɔɖ-

ɒəɑɋ (), Ɏ ɗ əɝɋɘɔɒ ɕɖɎɓɥɘɡɛ Ɋɑɥ ɘɔɓɐɔ-
ɗɘɋɓɓɔɉɔ ɕɖɔɚɎɑɥ ɔɇɔɍɓɆɝɋɓɎɏ Ɏ ɍɓɆɝɋɓɎɥ 

/b=  ɕɖɎɓɎɒɆɋɘ ɈɎɊ: ɐ .= =b
d

 

     ȸɔɉɊɆ Ɋɑɥ ɕɔɑɓɔɉɔ ɕɖɔɚɎɑɥ ­  
 

                                 
( ) ( ) ( )ɐ ɐ ɐ ɐ

i i
i= + +ÖÖÖ+ =

d
hä

 
,               ( )           

 

ɉɊɋ hɄ ɐɔɣɚɚɎɜɎɋɓɘ, əɝɎɘɡɈɆɤɟɎɏ ɖɋɆɑɢɓɡɏ ɕɖɔɚɎɑɢ Ɏ ɖɆɈɓɡɏ Ʉ 
    
Ɋɑɥ ɓɋɖɆɈɓɔɇɔɐɔɉɔ əɉɔɑɐɆ , ;=h  Ɋɑɥ ɊɈəɘɆɈɖɆ , ;=h  Ɋɑɥ ɞɈɋɑ-

ɑɋɖɆ , ;=h  Ɋɑɥ ɘɆɈɖɆ , .=h  
  

 



 
 

  Î ȸɆɐ ɐɆɐ ɔɘɓɔɗɎɘɋɑɢɓɡɏ  əɉɔɑ ɍɆɐɖəɝɎɈɆɓɎɥ () Ɋɑɥ Ɉɗɋɉɔ ɗɋɝɋɓɎɥ 

Ɏ Ɉɗɋɛ ɋɉɔ ɝɆɗɘɋɏ ɔɊɎɓɆɐɔɈɡɏ Ʉ 
 

                            
ɐɖ ɐɖ ɐɖ ɐɖ

ɐ ɐ ɐ ɐ
,

i

i
= = = = ÖÖÖ=Q                   ( ) 

ɘɔ ɗɔɉɑɆɗɓɔ () ɐɖəɘɥɟɎɏ ɒɔɒɋɓɘ ɖɆɗɕɖɋɊɋɑɥɋɘɗɥ ɒɋɌɊə ɝɆɗɘɥɒɎ ɗɋ-

ɝɋɓɎɥ ɕɖɔɕɔɖɜɎɔɓɆɑɢɓɔ Ɏɛ Ɍɋɗɘɐɔɗɘɥɒ Ʉ
 

    ɐɖ ɐɖ ɐɖɐɖ ɐɖ ɐɖ
ɐ ɐ ɐ

ɐ ɐ ɐ
; .

i
i= = ÖÖÖ =    ( ) 

 

     Î ȳɆɎɇɔɑɢɞɎɋ ɐɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ Ɉ ɐɆɌɊɔɏ ɝɆɗɘɎ ɗɋɝɋɓɎɥ 

ɗɔɉɑɆɗɓɔ ɍɓɆɝɋɓɎɤ () Ɏ ɗ əɝɋɘɔɒ () ɔɕɖɋɊɋɑɥɤɘɗɥ ɐɆɐ Ʉ 
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t                 ( ) 

 

Ɇ ɍɓɆɝɎɘ, ɈɔɍɓɎɐɆɤɘ  Ɉ ɘɔɏ ɝɆɗɘɎ ɗɋɝɋɓɎɥ, ə ɐɔɘɔɖɔɏ ɔɘɓɔɞɋɓɎɋ ɉɋɔ-

ɒɋɘɖɎɝɋɗɐɎɛ ɈɋɑɎɝɎɓ ( )ɐ ɐ/i i  ɒɆɐɗɎɒɆɑɢɓɔɋ. Ƀɘɔ ɗɔɔɘɓɔɞɋɓɎɋ 

ɓɆ ɔɗɓɔɈɆɓɎɎ ɚɔɖɒəɑ () Ɏ ɍɓɆɝɋɓɎɏ /=b=a  ɒɔɌɋɘ ɇɡɘɢ ɕɖɎɈɋ-

Ɋɋɓɔ ɐ ɈɎɊə: 
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i i i
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b d
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ɔɘɐəɊɆ ɗɑɋɊəɋɘ ɈɡɈɔɊ, ɝɘɔ maxt ɈɔɍɓɎɐɆɤɘ Ɉ ɝɆɗɘɎ ɗɋɝɋɓɎɥ, Ɏɒɋɤɟɋɏ 

ɓɆɎɇɔɑɢɞəɤ ɘɔɑɟɎɓə, ɘ.ɋ. ɉɊɋ maxi =d d
 
(Ɉ ɔɘɑɎɝɎɋ ɔɘ ɘɔɓɐɔɗɘɋɓɓɡɛ 

ɗɋɝɋɓɎɏ ɍɆɒɐɓəɘɔɉɔ ɕɖɔɚɎɑɥ ɕɋɖɋɒɋɓɓɔɏ ɘɔɑɟɎɓɡ, ɉɊɋ ɒɆɐɗɎɒɆɑɢ-
ɓɡɋ ɓɆɕɖɥɌɋɓɎɥ ɈɔɍɓɎɐɆɤɘ ɘɆɒ, ɉɊɋ ɘɔɑɟɎɓɆ ɗɘɋɓɐɎ ɒɎɓɎɒɆɑɢɓɆ). 
 

     Ȩ ɖɋɍəɑɢɘɆɘɋ, ɔɐɔɓɝɆɘɋɑɢɓɡɋ ɖɆɗɝɋɘɓɡɋ ɚɔɖɒəɑɡ Ɋɑɥ ɔɕɖɋɊɋɑɋɓɎɥ 
ɒɆɐɗɎɒɆɑɢɓɡɛ ɓɆɕɖɥɌɋɓɎɏ Ɏ əɉɑɆ ɍɆɐɖəɝɎɈɆɓɎɥ ɕɖɎ ɐɖəɝɋɓɎɎ ɗɘɋɖɌ-

ɓɥ (ɖɎɗ. ) ɕɖɎɓɎɒɆɤɘ ɈɎɊ: 
 

                                      
ɐɖ ɐɖ

max max
ɐ ɐ

;= =d jt  ,                           ( ) 

 

ɉɊɋ ɍɓɆɝɋɓɎɋ ɐ ɈɡɝɎɗɑɥɋɘɗɥ ɕɔ ɚɔɖɒəɑɋ (), Ɇ ɔɘɓɔɞɋɓɎɋ  Ʉ  
 

                                                        
max

ɐ
ɐ=

d
                                              ( ) 

 

ɒɔɌɋɘ ɖɆɗɗɒɆɘɖɎɈɆɘɢɗɥ ɐɆɐ ɒɔɒɋɓɘ ɗɔɕɖɔɘɎɈɑɋɓɎɥ ɕɖɎ ɐɖəɝɋɓɎɎ. 



 
 

      ȻɆɖɆɐɘɋɖɓɔɏ ɔɗɔɇɋɓɓɔɗɘɢɤ ɘɔɓɐɔɗɘɋɓɓɡɛ ɗɘɋɖɌɓɋɏ ɔɘɐɖɡɘɔɉɔ ɕɖɔ-
ɚɎɑɥ ɥɈɑɥɋɘɗɥ Ɏɛ ɒɆɑɆɥ Ɍɋɗɘɐɔɗɘɢ Ɏ, ɐɆɐ ɗɑɋɊɗɘɈɎɋ, ɗɑɆɇɔɋ ɗɔɕɖɔɘɎɈ-
ɑɋɓɎɋ ɗɈɔɇɔɊɓɔɒə ɐɖəɝɋɓɎɤ. ȫɗɑɎ ɕɖɎ ɔɊɎɓɆɐɔɈɡɛ əɗɑɔɈɎɥɛ ɓɆɉɖə-
ɌɋɓɎɥ ɗɖɆɈɓɎɘɢ Ɍɋɗɘɐɔɗɘɢ ɜɋɑɢɓɔɏ ɘɔɓɐɔɗɘɋɓɓɔɏ ɘɖəɇɡ ɊɎɆɒɋɘɖɔɒ 

 Ɏ ɘɔɑɟɎɓɔɏ ɗɘɋɓɐɎ d Ɏ ɘɖəɇɡ ɘɆɐɎɛ Ɍɋ ɖɆɍɒɋɖɔɈ, ɓɔ ɗ ɘɔɓɐɎɒ ɖɆɍ-

ɖɋɍɔɒ ɕɔ ɔɇɖɆɍəɤɟɋɏ (ɖɎɗ. ), ɘɔ ɕɖɎ ɔɘɓɔɞɋɓɎɎ  / =d  əɉɔɑ ɍɆ-

ɐɖəɝɎɈɆɓɎɥ ɘɖəɇɡ ɗ ɖɆɍɖɋɍɔɒ ɇəɊɋɘ Ɉ  ɖɆɍ ɇɔɑɢɞɋ, ɝɋɒ ɜɋɑɢɓɔɏ. 
Ƀɘɔɘ ɣɚɚɋɐɘ ɒɔɌɋɘ ɇɡɘɢ ɓɆɉɑɥɊɓɔ ɕɖɔ-
ɎɑɑɤɗɘɖɎɖɔɈɆɓ ɗɐɖəɝɎɈɆɓɎɋɒ ɗɈɋɖɓəɘɔ-
ɉɔ Ɉ ɗɕɎɖɆɑɢ ɑɎɗɘɆ ɇəɒɆɉɎ Ɉ ɈɎɊɋ ɘɖəɇɡ, 
ɐɔɉɊɆ ɈɗɑɋɊɗɘɈɎɋ ɗɈɔɇɔɊɓɔɉɔ ɗɐɔɑɢɌɋɓɎɥ 
ɗɑɔɋɈ ɑɎɗɘɆ Ɋɖəɉ ɔɘɓɔɗɎɘɋɑɢɓɔ ɊɖəɉɆ Ɉɔɍ-
ɓɎɐɆɤɘ ɍɓɆɝɎɘɋɑɢɓɡɋ əɉɑɡ ɕɔɈɔɖɔɘɆ 
ɘɔɖɜɋɈɡɛ ɐɖɆɋɈ. ȵɖɎ ɣɘɔɒ ɗɐɔɑɢɌɋɓɎɋ 

ɕɖɔɎɗɛɔɊɎɘ ɘɆɐɌɋ ɈɊɔɑɢ ɕɖɔɊɔɑɢɓɔɏ ɔɗɎ ɘɖəɇɡ, ɝɘɔ ɊɋɒɔɓɗɘɖɎɖəɋɘ 
ɊɋɕɑɆɓɆɜɎɤ ɕɔɕɋɖɋɝɓɔɉɔ ɗɋɝɋɓɎɥ. ȳɔ ɐɆɖɘɎɓɆ ɕɖɎɓɜɎɕɎɆɑɢɓɔ Ɏɍɒɋ-
ɓɥɋɘɗɥ, ɋɗɑɎ ɕɖɔɊɔɑɢɓɡɋ ɐɖɆɥ ɑɎɗɘɆ, ɗɈɋɖɓəɘɔɉɔ Ɉ ɗɕɎɖɆɑɢ, ɕɖɎɐɑɋɎɘɢ 
ɐ ɗɒɋɌɓɡɒ ɕɔɈɋɖɛɓɔɗɘɥɒ Ɏ ɈɓɔɈɢ ɓɆɉɖəɍɎɘɢ ɍɆɐɖəɝɎɈɆɤɟɎɒɎ ɒɔ-
ɒɋɓɘɆɒɎ ð əɉɔɑ ɍɆɐɖəɝɎɈɆɓɎɥ ɇəɊɋɘ ɕɖɆɐɘɎɝɋɗɐɎ ɓɋɍɆɒɋɘɋɓ, Ɇ ɘɔɖɜɋ-
Ɉɡɋ ɗɋɝɋɓɎɥ ɔɗɘɆɓəɘɗɥ ɕɑɔɗɐɎɒɎ. 
 
 

 
 

     ȵɔɊ ɕɔɊɖɆɍəɒɋɈɆɋɘɗɥ ɗɕɔɗɔɇɓɔɗɘɢ ɊɋɘɆɑɎ ɔɇɋɗɕɋ-
ɝɎɈɆɘɢ ɕɖɔɝɓɔɗɘɢ ɒɋɓɢɞɋɏ ɕɑɔɟɆɊɢɤ ɕɔɕɋɖɋɝɓɔɉɔ ɗɋɝɋɓɎɥ, ɑɎɇɔ 
ɕɖɎ ɔɊɎɓɆɐɔɈɡɛ ɕɑɔɟɆɊɥɛ ɗɖɆɈɓɎɈɆɋɒɡɛ ɗɋɝɋɓɎɏ ɔɇɋɗɕɋɝɎɈɆɘɢ ɇɔ-
ɑɋɋ Ɉɡɗɔɐəɤ ɉɖəɍɔɕɔɊɠɋɒɓɔɗɘɢ, ɘ.ɋ. ɗɕɔɗɔɇɓɔɗɘɢ ɗɔɕɖɔɘɎɈɑɥɘɢɗɥ ɇ·ɑɢ-
ɞɋɒə ɐɖəɘɥɟɋɒə ɒɔɒɋɓɘə.  
     ȶɆɈɓɔɕɖɔɝɓɡɋ ɈɆɑɡ Ɏɍ ɔɊɓɔɉɔ ɒɆɘɋɖɎɆɑɆ, Ɉ ɗɋɝɋɓɎɥɛ ɐɔɘɔɖɡɛ ɕɖɎ 
ɔɊɎɓɆɐɔɈɡɛ ɐɖəɘɥɟɎɛ ɒɔɒɋɓɘɆɛ ɈɔɍɓɎɐɆɤɘ ɔɊɎɓɆɐɔɈɡɋ ɒɆɐɗɎɒɆɑɢ-
ɓɡɋ ɐɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ, Ɏɒɋɤɘ ɕɖɎ ɖɆɍɑɎɝɓɡɛ ɚɔɖɒɆɛ ɗɋɝɋ-

ɓɎɏ ɔɊɎɓɆɐɔɈɡɋ ɕɔɑɥɖɓɡɋ ɒɔɒɋɓɘɡ ɗɔɕɖɔɘɎɈɑɋɓɎɥ r (ɎɑɎ ɐ- 

Ɋɑɥ ɓɋɐɖəɉɑɡɛ ɗɋɝɋɓɎɏ), ɓɔ ɕɖɎ ɣɘɔɒ ɕɑɔɟɆɊɎ  ɣɘɎɛ ɗɋɝɋɓɎɏ ɖɆɍ-
ɑɎɝɓɡ. Ȯɍ ɘɆɐɎɛ ɣɑɋɒɋɓɘɔɈ ɓɆɎɇɔɑɋɋ ɖɆɜɎɔɓɆɑɢɓɡɒɎ ɥɈɑɥɤɘɗɥ Ɋɋ-
ɘɆɑɎ ɗ ɓɆɎɒɋɓɢɞɋɏ ɕɑɔɟɆɊɢɤ ɗɋɝɋɓɎɥ, ɔɇɋɗɕɋɝɎɈɆɤɟɋɏ ɒɋɓɢɞɎɏ 
Ɉɋɗ Ɏ ɣɐɔɓɔɒɎɤ ɒɆɘɋɖɎɆɑɆ, ɕɔɣɘɔɒə Ɋɑɥ ɖɆɈɓɔɕɖɔɝɓɡɛ ɗɘɋɖɌɓɋɏ, ɖɆ-

ɇɔɘɆɤɟɎɛ Ɉ ɔɊɎɓɆɐɔɈɡɛ əɗɑɔɈɎɥɛ Ɏ ɎɒɋɤɟɎɛ ɔɊɎɓɆɐɔɈɡɋ ɐr , 

ɍɆ ɐɖɎɘɋɖɎɏ ɖɆɜɎɔɓɆɑɢɓɔɗɘɎ ɕɖɎɓɎɒɆɋɘɗɥ ɈɋɑɎɝɎɓɆ, ɓɆɍɡɈɆɋɒɆɥ 
, ɔɕɖɋɊɋɑɥɋɒɆɥ ɗɔɔɘɈɋɘ-



 
 

ɗɘɈɋɓɓɔ Ɋɑɥ ɐɖəɉɑɡɛ Ɏ ɓɋɐɖəɉɑɡɛ ɗɋɝɋɓɎɏ ɐɆɐ ð 
  

                               /r r=w   ɎɑɎ   ɐ ɐ/=w   .                  ( ) 
 

     ȷɋɝɋɓɎɋ ɇɔɑɋɋ ɖɆɜɎɔɓɆɑɢɓɔ, ɋɗɑɎ ɕɖɎ ɍɆɊɆɓɓɔɒ ɐr ɔɓɔ Ɏɒɋ-

ɋɘ ɒɋɓɢɞəɤ ɕɑɔɟɆɊɢ ɗɋɝɋɓɎɥ, Ɇ ɍɓɆɝɎɘ, ɇ·ɑɢɞəɤ ɈɋɑɎɝɎɓə ( )ɐrw w

( ). ȰɆɐ ɕɔɐɆɍɡɈɆɤɘ ɖɆɗɝɋɘɡ, ɗɆɒɡɒɎ ɓɋɖɆɜɎɔɓɆɑɢɓɡɒɎ ɥɈɑɥɤɘɗɥ 
ɊɈəɘɆɈɖɡ, ɞɈɋɑɑɋɖɡ Ɏ ɘɔɓɐɎɋ ɕɖɥɒɔəɉɔɑɢɓɡɋ ɗɋɝɋɓɎɥ, ɎɒɋɤɟɎɋ 

ɓɎɍɐɔɋ ɍɓɆɝɋɓɎɋ ɐw . ȵɖɎ ɐɖəɝɋɓɎɎ ɕɖɋɊɕɔɝɘɎɘɋɑɢɓɡɒ ɥɈɑɥɋɘɗɥ ɘɆ-

ɐɔɋ ɗɋɝɋɓɎɋ, ɕɖɎ ɐɔɘɔɖɔɒ Ɉɋɗɢ ɒɆɘɋɖɎɆɑ ɓɆɉɖəɌɋɓ ɕɖɎɒɋɖɓɔ ɔɊɎɓɆ-
ɐɔɈɔ. Ȩ ɐɔɑɢɜɋɈɔɒ ɗɋɝɋɓɎɎ (Ɉ ɔɘɑɎɝɎɋ ɔɘ ɗɕɑɔɞɓɔɉɔ) ɒɋɌɊə 
ɓɆɎɇɔɑɢɞɎɒɎ Ɏ ɓɆɎɒɋɓɢɞɎɒɎ ɓɆɕɖɥɌɋɓɎɥɒɎ ɖɆɍɓɎɜɆ ɓɋɍɓɆɝɎɘɋɑɢ-
ɓɆ Ɏ ɔɓɆ ɇəɊɋɘ ɘɋɒ ɒɋɓɢɞɋ, ɝɋɒ ɘɔɓɢɞɋ ɐɔɑɢɜɔ, ɕɔɣɘɔɒə ɓɆɎɇɔɑɋɋ ɖɆ-
ɜɎɔɓɆɑɢɓɡɒɎ ɕɖɎ ɐɖəɝɋɓɎɎ ɥɈɑɥɤɘɗɥ ɕɔɑɡɋ ɐɔɑɢɜɋɈɡɋ ɗɋɝɋɓɎɥ Ɏ, 
ɔɗɔɇɋɓɓɔ, ɗ ɒɆɑɔɏ ɘɔɑɟɎɓɔɏ ɗɘɋɓɐɎ. 
 

     ȵɖɎ ɖɆɗɝɋɘɋ ɓɆ Ɍɋɗɘɐɔɗɘɢ Ɉ ɐɆɝɋɗɘɈɋ ɐɖɎɘɋɖɎɥ ɕɖɎɓɎɒɆɋɘɗɥ ɈɋɑɎ-
ɝɎɓɆ, ɓɆɍɡɈɆɋɒɆɥ  ɎɑɎ 

 ð 
 

                                      ɐ ɐ/i =   ɎɑɎ  /ir r=  ,                              ( ) 
 

     ȵɔ ɊɆɓɓɔɒə ɐɖɎɘɋɖɎɤ ɕɔɑɡɋ ɐɔɑɢɜɋɈɡɋ ɗɋɝɋɓɎɥ ɥɈɑɥɤɘɗɥ ɋɟɋ ɇɔ-
ɑɋɋ ɣɚɚɋɐɘɎɈɓɡɒɎ Ɏ ɖɆɜɎɔɓɆɑɢɓɡɒɎ, ɝɋɒ ɕɖɎ ɖɆɗɝɋɘɋ ɓɆ ɕɖɔɝɓɔɗɘɢ. 
 

     ȷ ɘɔɝɐɎ ɍɖɋɓɎɥ ɉɖəɍɔɕɔɊɠɋɒɓɔɗɘɎ, ɓɆɎɇɔɑɋɋ ɉɖəɍɔɕɔɊɠɋɒɓɡɒ, ɘ.ɋ. 
ɗɕɔɗɔɇɓɡɒ ɈɡɊɋɖɌɆɘɢ ɓɆɎɇɔɑɢɞɎɏ ɐɖəɘɥɟɎɏ ɒɔɒɋɓɘ ɕɖɎ ɗɔɛɖɆɓɋɓɎɎ 

ɕɖɔɝɓɔɗɘɎ, ɥɈɑɥɋɘɗɥ ɣɑɋɒɋɓɘ ɗ ɓɆɎɇɔɑɢɞɎɒ ɍɓɆɝɋɓɎɋɒ ɐr . ȸɆɐ 

ɐɆɐ ɕɔɑɡɋ ɐɔɑɢɜɋɈɡɋ ɗɋɝɋɓɎɥ ɕɖɎ ɔɊɎɓɆɐɔɈɔɏ ɗɔ ɗɕɑɔɞɓɡɒɎ ɗɋɝɋ-
ɓɎɥɒɎ ɕɑɔɟɆɊɎ Ɏɒɋɤɘ ɇ·ɑɢɞɎɋ ɕɔɑɥɖɓɡɋ ɒɔɒɋɓɘɡ ɗɔɕɖɔɘɎɈɑɋɓɎɥ, 
ɔɓɎ ɕɖɎ ɕɖɔɝɎɛ ɖɆɈɓɡɛ əɗɑɔɈɎɥɛ ɥɈɑɥɤɘɗɥ ɇɔɑɋɋ ɉɖəɍɔɕɔɊɠɋɒɓɡɒɎ. 
Ȩ ɣɘɔɒ ɔɘɓɔɞɋɓɎɎ ɗɑɋɊəɋɘ ɍɆɒɋɘɎɘɢ, ɝɘɔ ɕɖɎ ɖɆɈɓɡɛ ɕɑɔɟɆɊɥɛ ɐɔɑɢ-
ɜɋɈɡɋ ɗɋɝɋɓɎɥ ɛɆɖɆɐɘɋɖɎɍəɤɘɗɥ ɓɋ ɘɔɑɢɐɔ ɇ·ɑɢɞɎɒɎ ɕɔɑɥɖɓɡɒɎ 
ɒɔɒɋɓɘɆɒɎ ɗɔɕɖɔɘɎɈɑɋɓɎɥ, ɓɔ Ɏ ɇ·ɑɢɞɎɒɎ ɕɔɑɥɖɓɡɒɎ ɒɔɒɋɓɘɆɒɎ 
ɎɓɋɖɜɎɎ ɕɔ ɗɖɆɈɓɋɓɎɤ ɗɔ ɗɕɑɔɞɓɡɒɎ ɈɆɑɆɒɎ. Ȧ ɍɓɆɝɎɘ, ɕɖɎ ɖɆɈɓɔɏ 
ɒɆɗɗɋ ɕɔɑɡɋ ɈɆɑɡ ɥɈɑɥɤɘɗɥ ɇɔɑɋɋ ɕɖɔɝɓɡɒɎ Ɏ ɌɋɗɘɐɎɒɎ Ɏ ɕɖɎ ɖɆɈ-
ɓɔɕɖɔɝɓɔɗɘɎ ɗɔ ɗɕɑɔɞɓɡɒɎ ɣɑɋɒɋɓɘɆɒɎ ï ɇɔɑɋɋ ɑɋɉɐɎɒɎ Ɏ ɒɋɓɋɋ 
ɒɋɘɆɑɑɔɋɒɐɎɒɎ. ȵɖɥɒɔəɉɔɑɢɓɡɋ ɊɋɘɆɑɎ Ɏ ɊɋɘɆɑɎ ɔɘɐɖɡɘɔɉɔ ɕɖɔɚɎɑɥ 
ɑɤɇɔɏ ɐɔɓɚɎɉəɖɆɜɎɎ Ɉ ɗɖɆɈɓɋɓɎɎ ɗ ɊɋɘɆɑɥɒɎ ɐɖəɉɑɔɉɔ ɗɋɝɋɓɎɥ ɛɆ-
ɖɆɐɘɋɖɎɍəɤɘɗɥ ɍɓɆɝɎɘɋɑɢɓɔ ɒɋɓɢɞɋɏ Ɍɋɗɘɐɔɗɘɢɤ Ɏ ɕɖɔɝɓɔɗɘɢɤ, Ɏ 
ɣɘɔ ɔɘɑɎɝɎɋ əɈɋɑɎɝɎɈɆɋɘɗɥ ɗ ɖɔɗɘɔɒ ɔɘɓɔɞɋɓɎɥ ɗɘɔɖɔɓ.  
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Ȳɔɒɋɓɘ, ɍɆɊɆɓɓɡɏ ɝɋɖɋɍ ɒɔɟ-

ɓɔɗɘɢ  , ɕɋɖɋɊɆɈɆɋɒəɤ ɈɆɑɔɒ, Ɏ 

ɗɐɔɖɔɗɘɢ ɈɖɆɟɋɓɎɥ  ɔɇ/ɒɎɓè øê ú 
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ȹɉɔɑ ɍɆɐɖəɝɎɈɆɓɎɥ. ȭɆɐɔɓ ȩəɐɆ 
ɕɖɎ ɐɖəɝɋɓɎɎ 

max

ɗɖ ɗɖ
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r
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p
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ȵɑɔɟɆɊɢ, ɕɔɑɥɖɓɡɏ ɒɔɒɋɓɘ 
ɎɓɋɖɜɎɎ  Ɏ ɒɆɐɗɎɒɆɑɢɓɡɋ 
ɓɆɕɖɥɌɋɓɎɥ ɕɖɎ ɐɖəɝɋɓɎɎ ɘɔɓ-
ɐɔɗɘɋɓɓɡɛ ɐɖəɉɑɡɛ ɗɋɝɋɓɎɏ 
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max
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ȶɆɗɝɋɘɓɡɋ ɚɔɖɒəɑɡ ɕɖɎ ɐɖəɝɋ-
ɓɎɎ ɗɘɋɖɌɓɋɏ ɕɖɥɒɔəɉɔɑɢɓɔɉɔ 

ɗɋɝɋɓɎɥ:  Ɏ ðɊɑɎɓɓɆɥ Ɏ ɐɔ-
ɖɔɘɐɆɥ ɗɘɔɖɔɓɡ ɗɋɝɋɓɎɥ 
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ȶɆɗɝɋɘɓɡɋ ɚɔɖɒəɑɡ  ɕɖɎ ɐɖəɝɋ-
ɓɎɎ  ɗɘɋɖɌɓɋɏ ɣɑɑɎɕɘɎɝɋɗɐɔɉɔ  

ɗɋɝɋɓɎɥ: Ɏ ðɊɑɎɓɓɆɥ Ɏ ɐɔ-
ɖɔɘɐɆɥ ɔɗɎ ɣɑɑɎɕɗɆ 

ɐɖ ɐɖ
max ;= =j

d d
t  

ȶɆɗɝɋɘɓɡɋ ɚɔɖɒəɑɡ  ɕɖɎ ɐɖəɝɋ-
ɓɎɎ  ɘɔɓɐɔɗɘɋɓɓɡɛ ɗɘɋɖɌɓɋɏ ɔɘ-

ɐɖɡɘɔɉɔ ɕɖɔɚɎɑɥ:  ɊɑɎɓɆ 

ɗɖɋɊɎɓɓɔɏ ɑɎɓɎɎ,  d-ɘɔɑɟɎɓɆ 
ɗɋɝɋɓɎɥ 

 

ɐɖ
;= =j
d

t
t  

ȶɆɗɝɋɘɓɡɋ ɚɔɖɒəɑɡ ɕɖɎ ɐɖəɝɋ-
ɓɎɎ ɘɔɓɐɔɗɘɋɓɓɡɛ ɗɘɋɖɌɓɋɏ ɍɆ-

ɒɐɓəɘɔɉɔ ɕɖɔɚɎɑɥ: ɊɑɎɓɆ 

ɗɖɋɊɎɓɓɔɏ ɑɎɓɎɎ,  d-ɘɔɑɟɎɓɆ 
ɗɋɝɋɓɎɥ, -ɕɑɔɟɆɊɢ ɚɎɉəɖɡ, 

ɔɉɖɆɓɎɝɋɓɓɔɏ ɗɖɋɊɎɓɓɔɏ ɑɎɓɎɋɏ 



 
 

 

 

  
     ȵɖɎ ɍɆɐɖəɝɎɈɆɓɎɎ ɈɆɑɆ ɓɆ ɋɉɔ ɕɔɈɋɖɛɓɔɗɘɎ ɓɆɕɖɥɌɋɓɎɥ ɖɆɈɓɡ 

max ȵɆ=t . ȴɕɖɋɊɋɑɎɘɢ ɐɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ Ɉ ɘɔɝɐɆɛ ɘɔɉɔ 

Ɍɋ ɗɋɝɋɓɎɥ, ɖɆɗɕɔɑɔɌɋɓɓɡɛ ɓɆ ɖɆɗɗɘɔɥɓɎɎ ɝɋɘɈɋɖɘɎ ɖɆɊɎəɗɆ ɔɘ ɕɔ-
ɈɋɖɛɓɔɗɘɎ ɈɆɑɆ. 
 

ȼȱɄȱȹȴȱ: 
 

 ȰɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ ɓɆ ɕɔɈɋɖɛɓɔɗɘɎ ɈɆɑɆ ɖɆɈɓɡ: 
 

             r
=tmax

ɐɖ
r= = = ­ =
p p
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tɐɖ
ɐ

max
ɖ .

   

 ( ) 

 

  ȰɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ Ɉ ɘɔɝɐɆɛ ɗɋɝɋɓɎɥ ɓɆ ɖɆɗɗɘɔɥɓɎɎ ɝɋɘɈɋɖ-
ɘɎ ɖɆɊɎəɗɆ ɔɘ ɕɔɈɋɖɛɓɔɗɘɎ ɈɆɑɆ ɔɕɖɋɊɋɑɥɤɘɗɥ ɐɆɐ: 
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 ȵɔɊɗɘɆɈɑɥɋɒ ɍɓɆɝɋɓɎɋ ɐɖ ( ) Ɉ ɈɡɖɆɌɋɓɎɋ () Ɏ ɕɔɑəɝɆɋɒ: 
 

ɐɖ max
max .ȵɆ

Ö
= = = = =

p

p p

t
t t  

 
  

      Ȫɑɥ ɗɘɆɑɢɓɔɉɔ ɗɘɋɖɌɓɥ ɐɖəɉɑɔɉɔ ɕɔɕɋɖɋɝɓɔɉɔ ɗɋɝɋɓɎɥ ɊɎɆɒɋɘɖɔɒ 

= ɔɕɖɋɊɋɑɎɘɢ ɋɉɔ ɉɖəɍɔɕɔɊɠɋɒɓɔɗɘɢ ɐɖè øê ú, ɋɗɑɎ Ɋɑɥ ɓɋɉɔ 

ȵɆ.=è øê út ȴɕɖɋɊɋɑɎɘɢ əɉɔɑ ɍɆɐɖəɝɎɈɆɓɎɥ əɝɆɗɘɐɆ ɗɘɋɖɌɓɥ ɊɑɎ-

ɓɔɏ = . ȵɖɎɓɥɘɢ Ɋɑɥ ɒɆɘɋɖɎɆɑɆ: ȵɆ= ³ . 
 

ȼȱɄȱȹȴȱ: 
 

  ȭɆɕɎɗɡɈɆɋɒ Ɋɑɥ ɗɘɋɖɌɓɥ   Ɏ ɔɕɖɋɊɋɑɥɋɒ ɉɖəɍɔ-

ɕɔɊɠɋɒɓɔɗɘɢ ɣɑɋɒɋɓɘɆ ɐɖè øê ú: 
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ɔɘɐəɊɆ   [ ]ɐɖ
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ȳ , ɐȳ .
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  ȹɉɔɑ  ɍɆɐɖəɝɎɈɆɓɎɥ  ɍɆɊɆɓɓɔɉɔ əɝɆɗɘɐɆ ɖɆɈɋɓ: 
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     ȷɕɑɔɞɓɔɏ ɗɘɆɑɢɓɔɏ ɈɆɑ ɊɎɆɒɋɘɖɔɒ = Ɏ ɊɑɎɓɔɏ =  ɍɆ-

ɐɖəɝɋɓ ɓɆ əɉɔɑ =̄ ¯j .  ȴɕɖɋɊɋɑɎɘɢ ɓɆɎɇɔɑɢɞɎɋ ɐɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥ-

ɌɋɓɎɥ Ɉ ɈɆɑɋ. ȵɖɎɓɥɘɢ Ɋɑɥ ɗɘɆɑɎ: ȵɆ= ³ . 
 

ȼȱɄȱȹȴȱ:  
 

 ȲɆɐɗɎɒɆɑɢɓɡɋ ɐɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ ɕɖɎ ɐɖəɝɋɓɎɎ ɖɆɈɓɡ: 
 

                                 
r

=tmax
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        r­ =tmɐɖ ax .                          ( ) 

  ȹɉɔɑ ɍɆɐɖəɝɎɈɆɓɎɥ ɗɋɝɋɓɎɥ (ɗ əɝɋɘɔɒ ɕɋɖɋɈɔɊɆ ɖɆɊɎɆɓɓɔɏ ɒɋɖɡ 
əɉɑɆ Ɉ ɉɖɆɊəɗɡ) ɕɔ ɍɆɐɔɓə ȩəɐɆ ɔɕɖɋɊɋɑɥɋɘɗɥ ɐɆɐ: 
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 ȵɖɎɖɆɈɓɎɈɆɋɒ ɍɓɆɝɋɓɎɥ ɐɖ ( ) Ɏ ()  Ɏ ɕɔɑəɝɆɋɒ: 
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    ȹɝɎɘɡɈɆɥ, ɝɘɔ 
max

, Ɇ ɍɓɆɝɎɘ, ɔɘɓɔɞɋɓɎɋ ,
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r r
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ɈɡɝɎɗɑɥɋɒ ɒɆɐɗɎɒɆɑɢɓɡɋ ɐɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ: 
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     ȷɘɆɑɢɓɔɏ ɔɇɖɆɍɋɜ ɐɖəɉɑɔɉɔ ɕɔɕɋɖɋɝɓɔɉɔ ɗɋɝɋɓɎɥ ɊɎɆɒɋɘɖɔɒ 

ɔɇɖ=  ɎɗɕɡɘɡɈɆɋɘɗɥ ɓɆ ɐɖəɝɋɓɎɋ ɓɆ əɗɘɆɓɔɈɐɋ, ɗɘɆɑɢɓɔɏ ɈɆɑ 

ɐɔɘɔɖɔɏ Ɏɒɋɋɘ ɊɎɆɒɋɘɖ ɈɆɑ= . ȴɇɖɆɍɋɜ Ɏ ɈɆɑ Ɏɒɋɤɘ ɔɇɟəɤ 

ɉɋɔɒɋɘɖɎɝɋɗɐəɤ ɔɗɢ. ȵɖɋɊɋɑ ɕɖɔɕɔɖɜɎɔɓɆɑɢɓɔɗɘɎ ɔɇɖɆɍɜɆ ɕɖɎ ɖɆɗ-

ɘɥɌɋɓɎɎ ɖɆɈɋɓ ɕɜ ȵɆ=s . ȨɡɝɎɗɑɎɘɢ maxt  Ɉ ɈɆɑɋ ɒɆɞɎɓɡ Ɉ ɘɔɘ 

ɒɔɒɋɓɘ, ɐɔɉɊɆ ɓɆɎɇɔɑɢɞɎɋ ɐɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ Ɉ ɔɇɖɆɍɜɋ Ɋɔ-

ɗɘɎɉɓəɘ ɍɓɆɝɋɓɎɥ ɕɖɋɊɋɑɆ ɕɖɔɕɔɖɜɎɔɓɆɑɢɓɔɗɘɎ ɕɜt  ɕɖɎ ɗɊɈɎɉɋ, ɐɔ-

ɘɔɖɡɏ ɗɑɋɊəɋɘ ɔɕɖɋɊɋɑɎɘɢ, Ɏɗɕɔɑɢɍəɥ -ɤ ɘɋɔɖɎɤ ɕɖɔɝɓɔɗɘɎ. 
 

ȼȱɄȱȹȴȱ: 
 

 ȲɆɐɗɎɒɆɑɢɓɡɋ ɐɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ Ɉ ɔɇɖɆɍɜɋ ɖɆɈɓɡ: 
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 ȲɆɐɗɎɒɆɑɢɓɡɋ ɐɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ Ɉ ɈɆɑɋ ɒɆɞɎɓɡ ɖɆɈɓɡ: 
 

      
ɈɆɑmax ɈɆɑ
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ɈɆɑ
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 ȳɆ ɔɗɓɔɈɆɓɎɎ -ɋɏ ɘɋɔɖɎɎ ɕɖɔɝɓɔɗɘɎ ɔɕɖɋɊɋɑɥɋɒ Ɋɑɥ ɔɇɖɆɍɜɆ 

ɕɖɋɊɋɑ ɕɖɔɕɔɖɜɎɔɓɆɑɢɓɔɗɘɎ ɕɜt  ɕɖɎ ɗɊɈɎɉɋ: 

                                           III
ɣɐɈ ɕɜ,= - =s s s s                                         ( ) 

 

ɉɊɋ ɕɖɎ :  
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                  ( ) 

 

 ȸɆɐ ɐɆɐ ɔɇɖɆɍɋɜ Ɏ ɈɆɑ Ɏɒɋɤɘ ɔɇɟəɤ ɉɋɔɒɋɘɖɎɝɋɗɐəɤ ɔɗɢ, ɔɓɎ ɍɆ-

ɐɖəɝɎɈɆɤɘɗɥ ɔɊɎɓɆɐɔɈɡɒ  ɐɖəɘɥɟɎɒ ɒɔɒɋɓɘɔɒ ɐɖ. ȵɖɎɖɆɈɓɎɈɆɋɒ  

ɒɔɒɋɓɘɡ () Ɏ () Ɏ ɗ əɝɋɘɔɒ ɍɓɆɝɋɓɎɥ  ( ) ɕɔɑəɝɆɋɒ Ʉ 
 

ɔɇɖɈɆɑɕɜ ɕɜɔɇɖ max ɈɆɑ
ɈɆɑmax ɈɆɑ ,= ­ =

pp stt
t   

 

ɔɘɐəɊɆ ɔɕɖɋɊɋɑɥɋɒ maxt  Ɉ ɈɆɑɋ:  
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     ȷɘɋɖɌɋɓɢ ɊɎɆɒɋɘɖɔɒ = Ɏ ɊɑɎɓɔɏ =  ɕɖɎ ɖɆɗɘɥɌɋ-

ɓɎɎ ɗɎɑɔɏ ɐȳ=  əɊɑɎɓɥɋɘɗɥ ɓɆ ,=D . Ƀɘɔɘ Ɍɋ ɗɘɋɖɌɋɓɢ 

ɕɖɎ ɓɆɉɖəɌɋɓɎɎ ɒɔɒɋɓɘɔɒ =ɐɖ , ɐȳ  ɍɆɐɖəɝɎɈɆɋɘɗɥ ɓɆ Ɉɗɋɏ 

ɊɑɎɓɋ ɓɆ əɉɔɑ ,=̄ ¯j . ȴɕɖɋɊɋɑɎɘɢ Ɋɑɥ ɒɆɘɋɖɎɆɑɆ ɗɘɋɖɌɓɥ ɒɔɊəɑɢ 

ɄɓɉɆ , ɒɔɊəɑɢ ɗɊɈɎɉɆ  Ɏ ɐɔɣɚɚɎɜɎɋɓɘ ȵəɆɗɗɔɓɆ m. 
 

ȼȱɄȱȹȴȱ: 
 

 

 ȹɊɑɎɓɋɓɎɋ ɗɘɋɖɌɓɥ ɕɖɎ ɖɆɗɘɥɌɋɓɎɎ ɕɔ ɍɆɐɔɓə ȩəɐɆ  ɖɆɈɓɔ: 
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  ȹɉɔɑ ɍɆɐɖəɝɎɈɆɓɎɥ ɕɖɎ ɐɖəɝɋɓɎɎ ɕɔ ɍɆɐɔɓə ȩəɐɆ ɖɆɈɋɓ: 
 

ɐɖ ɐɖ
,r

r
= Ö = = =

¯¯
¯

Öp
j

p p
  ɔɘɐəɊɆ 

 

ɐɖ ,

,
ȵɆ.

,

Ö Ö Ö Ö
= = = = ³

Ö

¯ ¯

¯ ¯Ö

Ö

j p
 

 

 ȳɆ ɔɗɓɔɈɆɓɎɎ  
ɔɕɖɋɊɋɑɥɋɒ ɐɔɣɚɚɎɜɎɋɓɘ ȵəɆɗɗɔɓɆ: 
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     ȵɔɑɡɏ ɈɆɑ ɐɖəɉɑɔɉɔ ɗɋɝɋɓɎɥ ɗ ɖɆɍɒɋɖɆɒɎ =  

Ɏ =  Ɏɒɋɋɘ ɊɑɎɓə = Ɏ ɍɆɐɖəɝɎɈɆɋɘɗɥ ɓɆ əɉɔɑ 

=̄ ¯j  ɕɆɖɔɏ ɗɎɑ ɗ ɒɔɒɋɓɘɔɒ ɐɖ , ɐȳ= . ȴɕɖɋɊɋ-

ɑɎɘɢ Ɉ ɗɋɝɋɓɎɎ ɈɆɑɆ ɒɆɐɗɎɒɆɑɢɓɡɋ ɐɆɗɆɘɋɑɢɓɡɋ 

ɓɆɕɖɥɌɋɓɎɥ maxt  Ɏ ɒɔɊəɑɢ ɗɊɈɎɉɆ ɒɆɘɋɖɎɆɑɆ . 



 
 

ȼȱɄȱȹȴȱ: 
 

 ȩɋɔɒɋɘɖɎɝɋɗɐɎɋ ɛɆɖɆɐɘɋɖɎɗɘɎɐɎ ɐɔɑɢɜɋɈɔɉɔ ɗɋɝɋɓɎɥ ɖɆɈɓɡ: 
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 ȴɕɖɋɊɋɑɥɋɒ ɒɆɐɗɎɒɆɑɢɓɡɋ ɐɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ: 
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 ȴɕɖɋɊɋɑɥɋɒ ɒɔɊəɑɢ ɗɊɈɎɉɆ ɒɆɘɋɖɎɆɑɆ:   
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     ȵɔɑɡɏ ɗɘɆɑɢɓɔɏ ɈɆɑ ɊɑɎɓɔɏ ,=  ɓɆɉɖəɌɋɓ ɕɔ 

ɐɔɓɜɆɒ ɊɈəɒɥ ɕɆɖɆɒɎ ɗɎɑ ɗ ɒɔɒɋɓɘɆɒɎ  ɐɖ ɐȳ= . 

ȴɕɖɋɊɋɑɎɘɢ ɓɆɖəɌɓɡɏ  Ɏ ɈɓəɘɖɋɓɓɎɏ  ɊɎɆɒɋɘɖɡ ɈɆ-

ɑɆ Ɏɍ əɗɑɔɈɎɥ, ɝɘɔɇɡ  =è øê ú¯ ¯j  Ɏ ȵɆ=è øê út . ȵɖɎ-

ɓɥɘɢ Ɋɑɥ ɗɘɆɑɎ: ȵɆ= ³ . 
 

ȼȱɄȱȹȴȱ: 
 

  ȭɆɕɎɗɡɈɆɋɒ Ɋɑɥ ɈɆɑɆ  (ɗ əɝɋɘɔɒ ɕɋɖɋɈɔɊɆ ɖɆ-
ɊɎɆɓɓɔɏ ɒɋɖɡ əɉɑɆ Ɉ ɉɖɆɊəɗɡ) Ɏ ɔɕɖɋɊɋɑɥɋɒ ɕɔɑɥɖɓɡɏ ɒɔɒɋɓɘ Ɏɓɋɖ-

ɜɎɎ ɗɋɝɋɓɎɥ r: 

r
= Ö ¢è øê ú

¯
¯ ¯j j

p
max

ɐɖ
­  

 

ɐɖ ,
, .

,
r

Ö Ö Ö Ö Ö
è ø= = = =ê úÖ Ö Öè øê ú

¯ ¯

¯ ¯p j
 



 
 

  ȭɆɕɎɗɡɈɆɋɒ Ɋɑɥ ɈɆɑɆ  Ɏ ɔɕɖɋɊɋɑɥɋɒ ɕɔɑɥɖɓɡɏ 

ɒɔɒɋɓɘ ɗɔɕɖɔɘɎɈɑɋɓɎɥ ɗɋɝɋɓɎɥ r: 

r
= ¢è øê út tɐɖ

max  r
Ö

è ø­ = = = =ê úè øê út
ɐɖ

, .  

 

 ȹɝɎɘɡɈɆɥ, ɝɘɔ ɕɔɑɥɖɓɡɏ ɒɔɒɋɓɘ ɗɔɕɖɔɘɎɈɑɋɓɎɥ ɖɆɈɋɓ Ʉ 
 

max

,
, ɕɔɑəɝɆɋɒ ,

/ ,

r r r
r

r

Ö
= = = = =
r

 

Ɇ Ɏɍ ɍɓɆɝɋɓɎɥ    
)(

, ɓɆɛɔɊɎɒ , .r
-

= = =
p

 

 
 

      

     ȷɕɑɔɞɓɔɏ ɈɆɑ ɐɖəɉɑɔɉɔ ɗɋɝɋɓɎɥ ɊɎɆɒɋɘɖɔɒ =  ɕɋɖɋɊɆɋɘ 

ɒɔɟɓɔɗɘɢ ɑ.ɗ.= ȴɕɖɋɊɋɑɎɘɢ ɕɖɋɊɋɑɢɓɔɋ ɝɎɗɑɔ ɔɇɔɖɔɘɔɈ ɈɆɑɆ 

(ɔɇ/ɒɎɓ), ɋɗɑɎ Ɋɑɥ ɒɆɘɋɖɎɆɑɆ ȵɆ.=è øê út  
 

ȼȱɄȱȹȴȱ: 
 

     ȭɆɕɎɗɡɈɆɋɒ Ɋɑɥ ɈɆɑɆ  Ʉ 
 

r
= ¢è øê út tɐɖ

max  , [ ] r= =
p

ɐɖɉɊɋ , ɐȳ Ɏ . 

 

     ȸɔɉɊɆ  ɕɖɎɓɎɒɆɋɘ ɈɎɊ: 
 

max
,

.= ¢è ø
Ö

Ö
ê ú

Ö

p
t t 

 

     ȴɘɗɤɊɆ:   
, ,

ɔɇ/ɒɎɓ,
,è

Ö Ö Ö Ö Ö
= =

ø
²

Ö Öê úp t
 

 

ɘ.ɋ. ɗɐɔɖɔɗɘɢ ɈɖɆɟɋɓɎɥ ɈɆɑɆ ɊɔɑɌɓɆ ɇɡɘɢ ɓɋ ɒɋɓɋɋ ɔɇ/ɒɎɓ. 

 
 

       

     ȨɆɑ ɐɖəɉɑɔɉɔ ɗɋɝɋɓɎɥ ɊɎɆɒɋɘɖɔɒ =  ɈɖɆɟɆɋɘɗɥ ɗɔ ɗɐɔɖɔ-

ɗɘɢɤ ɔɇ/ɒɎɓ.= ȰɆɐɔɈɆ ɕɋɖɋɊɆɈɆɋɒɆɥ ɒɔɟɓɔɗɘɢ ɈɆɑɆ (ɐȨɘ), ɋɗɑɎ 

max ȵɆ?=t   



 
 

ȼȱɄȱȹȴȱ: 
 

     ȲɆɐɗɎɒɆɑɢɓɡɋ ɐɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ Ɉ ɈɆɑɋ ɖɆɈɓɡ:  
 

r
=tmax

ɐɖ
 , 

[ ]ɖ
max

ɐ , ɐȳ
ɉɊ

,
.ɋ

/r

ë û
= Ö Öî î

­ì ü
Öî î= ý

=

í
pp

t  

      

     ȴɘɗɤɊɆ:      max ,
, ɐȨɘ.

, ,

Ö Ö Ö Ö
= = =

Ö Ö Ö Ö

pt
 

 
 

  

     ȴɕɖɋɊɋɑɎɘɢ Ɏɍ əɗɑɔɈɎɏ ɕɖɔɝɓɔɗɘɎ Ɏ ɌɋɗɘɐɔɗɘɎ ɊɎɆɒɋɘɖ ɗɘɆɑɢɓɔɉɔ 
ɈɆɑɆ, ɈɖɆɟɆɤɟɋɉɔ ɉɖɋɇɓɔɏ ɈɎɓɘ ɒɔɘɔɖɓɔɉɔ ɐɆɘɋɖɆ, ɋɗɑɎ ɒɔɟɓɔɗɘɢ 
ɊɈɎɉɆɘɋɑɥ ɑ.ɗ.=  Ɏ ɗɐɔɖɔɗɘɢ ɈɖɆɟɋɓɎɥ ɔɇ/ɒɎɓ= . ȵɖɎɓɥɘɢ 

Ɋɑɥ ɈɆɑɆ ȵɆ=è øê út , ɓɆɒɋɘɖɊɑɎɓɡ/=è øê ú¯ ¯j  Ɏ ȵɆ.= ³  

 

ȼȱɄȱȹȴȱ: 
 

 ȨɓɋɞɓɎɏ ɒɔɒɋɓɘ, ɊɋɏɗɘɈəɤɟɎɏ ɓɆ ɈɆɑ, ɖɆɈɋɓ: 
 

ɐɖ , , , ɐȳ .= = =  

  ȴɕɖɋɊɋɑɥɋɒ ɊɎɆɒɋɘɖ ɈɆɑɆ Ɏɍ : 
 

ɐɖ ɐɖ
max

/r
= = ¢è øê úp

t t ­  

 

ɐɖ
.

,

,

Ö Ö
= = =

Öè øê úpt
 

 

 ȴɕɖɋɊɋɑɥɋɒ ɊɎɆɒɋɘɖ ɈɆɑɆ Ɏɍ : 
 

ɐɖ ɐɖ
max

/r
= Ö = Ö ¢è øê ú

¯ ¯
¯ ¯j j

p pp
­  

 

ɐɖ
.

,

,Ö ¯
= = =

Ö Ö Ö ¯è øê ú

Ö Ö Ö Ö Ö ¯

¯p j
 

 

     ȴɐɔɓɝɆɘɋɑɢɓɔ ɕɖɎɓɎɒɆɋɒ ɇ·ɑɢɞɎɏ ɊɎɆɒɋɘɖ  ð  =  . 



 
 

  

     ȷɕɑɔɞɓɔɏ ɈɆɑ ɐɖəɉɑɔɉɔ ɗɋɝɋɓɎɥ ɊɎɆɒɋɘɖɔɒ =  Ɏ ɊɑɎɓɔɏ 

,=  ɕɖɎ ɗɐɔɖɔɗɘɎ ɈɖɆɟɋɓɎɥ ɔɇ/ɒɎɓ=  ɕɋɖɋɊɆɋɘ ɒɔɟɓɔɗɘɢ 

ɑ.ɗ.= ȴɕɖɋɊɋɑɎɘɢ Ɉ ɈɆɑɋ ɒɆɐɗɎɒɆɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ maxt  Ɏ əɉɔɑ 

ɍɆɐɖəɝɎɈɆɓɎɥ. ȵɖɎɓɥɘɢ Ɋɑɥ ɈɆɑɆ: ȵɆ= ³ . 
 

ȼȱɄȱȹȴȱ: 
 

 ȨɓɋɞɓɎɏ ɒɔɒɋɓɘ, ɊɋɏɗɘɈəɤɟɎɏ ɓɆ ɈɆɑ, ɖɆɈɋɓ: 
 

ɐɖ , , , ɐȳ .= = =  

 

 ȴɕɖɋɊɋɑɥɋɒ ɒɆɐɗɎɒɆɑɢɓɡɋ ɐɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ Ɉ ɈɆɑɋ Ɏ 
əɉɔɑ ɍɆɐɖəɝɎɈɆɓɎɥ: 
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     ȴɕɖɋɊɋɑɎɘɢ ɊɎɆɒɋɘɖɡ ɕɔɑɔɉɔ ɗɘɆɑɢɓɔɉɔ ɈɆɑɆ Ʉ , ,=  ɕɋɖɋɊɆ-

ɤɟɋɉɔ ɒɔɟɓɔɗɘɢ ɐȨɘ=  ɕɖɎ ɔɇ/ɒɎɓ,= ɋɗɑɎ Ɋɑɥ ɒɆɘɋɖɎ-

ɆɑɆ ɈɆɑɆ ȵɆ.=è øê út  

 

ȼȱɄȱȹȴȱ: 
 

  ȭɆɕɎɗɡɈɆɋɒ  ɈɆɑɆ ɓɆ ɐɖəɝɋɓɎɋ ɶ 
 

r
= ¢è øê út tɐɖ

max  .  

 

 ȵɔɊɗɘɆɈɑɥɋɒ ɗɤɊɆ ɍɓɆɝɋɓɎɥ ɐɖ Ɏ r ɗ əɝɋɘɔɒ ɗɔɔɘɓɔɞɋɓɎɥ 

ɖɆɍɒɋɖɔɈ ɗɋɝɋɓɎɥ = ,  ­  

[ ]
( ) ( )
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Ɏ ɕɔɑəɝɆɋɒ  Ɉ ɈɎɊɋ: 
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 ȴɕɖɋɊɋɑɥɋɒ ɊɎɆɒɋɘɖɡ ɗɋɝɋɓɎɥ ɈɆɑɆ: 
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=
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=
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     ȷɘəɕɋɓɝɆɘɡɏ ɗɘɋɖɌɋɓɢ, ɍɆɟɋɒɑɋɓɓɡɏ 
ɔɊɓɎɒ ɐɔɓɜɔɒ Ɏ ɎɒɋɤɟɎɏ ɐɖəɉɑɔɋ ɕɔɕɋ-

ɖɋɝɓɔɋ ɗɋɝɋɓɎɋ ɊɎɆɒɋɘɖɆɒɎ = Ɏ 

= , ɓɆɉɖəɌɆɋɘɗɥ ɔɊɎɓɆɐɔɈɡɒɎ 

ɒɔɒɋɓɘɆɒɎ . ȵɖɎ ɣɘɔɒ ɓɆ əɝɆɗɘɐɋ ɗ ɇ·ɑɢɞɎɒ ɊɎɆɒɋɘɖɔɒ Ɉ ɗɋɝɋɓɎɎ 

ɈɔɍɓɎɐɆɤɘ ɒɆɐɗɎɒɆɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ =tmax ȵɆ. ȴɕɖɋɊɋ-

ɑɎɘɢ maxt  ɓɆ əɝɆɗɘɐɋ ɈɆɑɆ ɗ ɒɋɓɢɞɎɒ ɗɋɝɋɓɎɋɒ. 

 

ȼȱɄȱȹȴȱ: 
 

  ȲɆɐɗɎɒɆɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ Ɉ ɗɋɝɋɓɎɎ ɈɆɑɆ ɇ·ɑɢɞɋɉɔ ɊɎɆɒɋɘɖɆ 
ɖɆɈɓɡ: 

ɐɖɐɖ max
max .

/r r
=

=
= = = ­

=

p

p p

t
t

 

 

  ȲɆɐɗɎɒɆɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ Ɉ ɗɋɝɋɓɎɎ ɈɆɑɆ ɒɋɓɢɞɋɉɔ ɊɎɆɒɋɘɖɆ 
ɖɆɈɓɡ: 

ɐɖɐɖ max
max .

/r r
=

=
= = = ­

=

p

p p

t
t  

 

  ȵɖɎɖɆɈɓɎɈɆɋɒ ɍɓɆɝɋɓɎɥ ɒɔɒɋɓɘɔɈ Ɏ ɔɕɖɋɊɋɑɥɋɒ maxt : 
 

max
max .ȵɆ

Ö
= = =

Ö

t
t  

 
 



 
 

     

     Ȩɋɗ ɕɔɑɔɉɔ ɈɆɑɆ ɐɖəɉɑɔɉɔ ɗɋɝɋɓɎɥ ɗ ɔɘɓɔɞɋɓɎɋɒ ɓɆɖəɌɓɔɉɔ Ɏ Ɉɓəɘ-

ɖɋɓɓɋɉɔ ɊɎɆɒɋɘɖɔɈ =  ɒɋɓɢɞɋ ɈɋɗɆ ɗɕɑɔɞɓɔɉɔ ɈɆɑɆ ɊɎɆɒɋɘɖɔɒ 

ɗɕɑɔɞ ɓɆ %, ɍɆɕɖɔɋɐɘɎɖɔɈɆɓɓɔɉɔ ɕɖɎ ȵɆ.=è øê út  ȴɕɖɋɊɋɑɎɘɢ 

ɕɔɑmaxt  Ɉ ɕɔɑɔɒ ɈɆɑɋ ɕɖɎ ɔɊɎɓɆɐɔɈɔɏ ɉɖəɍɔɕɔɊɠɋɒɓɔɗɘɎ ɈɆɑɔɈ. 

 

ȼȱɄȱȹȴȱ: 
 

  Ȩɋɗ ɈɆɑɆ ɖɆɈɋɓ  =g  , ɉɊɋ  ɊɑɎɓɆ ɈɆɑɆ,  ɕɑɔɟɆɊɢ ɕɔɕɋ-

ɖɋɝɓɔɉɔ ɗɋɝɋɓɎɥ, g əɊɋɑɢɓɡɏ Ɉɋɗ ɒɆɘɋɖɎɆɑɆ. ȷɔɉɑɆɗɓɔ əɗɑɔɈɎɤ ɍɆ-

ɊɆɝɎ ð ɕɔɑ ɗɕɑɔɞ,= , ɝɘɔ Ɋɑɥ ɊɈəɛ ɔɊɎɓɆɐɔɈɡɛ ɈɆɑɔɈ ɗɔɔɘɈɋɘɗɘɈəɋɘ 

ɗɔɔɘɓɔɞɋɓɎɤ ɕɑɔɟɆɊɋɏ ɗɋɝɋɓɎɥ ɕɔɑ ɗɕɑɔɞ,= , ɘ.ɋ. 
 

( ) ɗɕɑɔɞ/ , / ,- =p p  

ɐɔɘɔɖɔɋ ɗ əɝɋɘɔɒ ɔɘɓɔɞɋɓɎɥ ɊɎɆɒɋɘɖɔɈ =  ɕɖɎɓɎɒɆɋɘ ɈɎɊ:   
   

                                      ( ) ɗɕɑɔɞ/ , / .è ø- =
é ùê ú
p p     

     ȴɘɗɤɊɆ:                               ɗɕɑɔɞ,=  .                                           () 
 

 Ȯɍ  ɓɆ ɐɖəɝɋɓɎɋ ɔɕɖɋɊɋɑɥɋɒ ɉɖəɍɔɕɔɊɠɋɒɓɔɗɘɢ 
ɗɕɑɔɞɓɔɉɔ ɈɆɑɆ Ʉ 

ɗɕɑɔɞ
max ɗɕɑɔɞ ɗɕɑɔɞ

ɗɕɑɔɞ ɗɕɑɔɞ
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p

p
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ɔɘɐəɊɆ, əɝɎɘɡɈɆɥ ɍɓɆɝɋɓɎɋ (), ɕɔɑəɝɆɋɒ: 

                   
( )ɗɕɑɔ

ɖ
ɞ

ɐ
, ,

.
è øè ø è ø

= = =
ê úê ú ê úpp ptt t

        ( ) 
 

 ȲɆɐɗɎɒɆɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ Ɉ ɕɔɑɔɒ ɈɆɑə ɕɔɑmaxt
 
ɗ  əɝɋɘɔɒ ɗɔ-

ɔɘɓɔɞɋɓɎɥ ɖɆɍɒɋɖɔɈ ɗɋɝɋɓɎɥ =  Ʉ 

( )ɕɔɑr

è ø-- ê ú
= = =

Ö

pp
p   ð 

 

ɔɕɖɋɊɋɑɥɋɒ ɐɆɐ:    ɕɔɑ
ɕɔɑ

ɐɖ ɖ
x

ɐ
ma ,

r
= =

p
t   

ɔɘɐəɊɆ ɉɖəɍɔɕɔɊɠɋɒɓɔɗɘɢ ɕɔɑɔɉɔ ɈɆɑɆ ɗɔɔɘɈɋɘɗɘɈɋɓɓɔ ɖɆɈɓɆ: 
 



 
 

                                           
ɕɔɑmax

ɐɖ .=
pt

                                         ( ) 

 ȸɆɐ ɐɆɐ ɉɖəɍɔɕɔɊɠɋɒɓɔɗɘɎ ɈɆɑɔɈ ɔɊɎɓɆɐɔɈɡ, ɕɖɎɖɆɈɓɎɈɆɋɒ ɍɓɆ-

ɝɋɓɎɥ ɐɖ ( ) Ɏ () Ɏ ɔɕɖɋɊɋɑɥɋɒ ɕɔɑmaxt : 
 

ɕɔɑmax, è øê ú
= ­

p pt t
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     ȵɖɎ ɎɗɕɡɘɆɓɎɎ ɓɆ ɐɖəɝɋɓɎɋ ɒɋɘɆɑɑɎɝɋɗɐɔɉɔ ɗɘɋɖɌɓɥ ɊɎɆɒɋɘɖɔɒ  

=  Ɏ ɊɑɎɓɔɏ =  əɗɘɆɓɔɈɑɋɓɔ, ɝɘɔ ɕɖɎ ɐɖəɘɥɟɋɒ ɒɔɒɋɓ-

ɘɋ ɐɖ , ɐȳ=  əɉɔɑ ɍɆɐɖəɝɎɈɆɓɎɥ ɗɔɗɘɆɈɑɥɋɘ , ɖɆɊ,=j Ɇ 

ɕɖɋɊɋɑ ɕɖɔɕɔɖɜɎɔɓɆɑɢɓɔɗɘɎ ɕɜt  ɊɔɗɘɎɉɆɋɘɗɥ ɕɖɎ ɐɖəɘɥɟɋɒ ɒɔɒɋɓɘɋ 

ɕɐɖɜ , ɐȳ= . ȴɕɖɋɊɋɑɎɘɢ ɒɔɊəɑɢ ɗɊɈɎɉɆ ɒɆɘɋɖɎɆɑɆ Ɏ ɈɋɑɎ-

ɝɎɓə ɕɖɋɊɋɑɆ ɕɖɔɕɔɖɜɎɔɓɆɑɢɓɔɗɘɎ ɕɜt  ɒɆɘɋɖɎɆɑɆ. 

 

ȼȱɄȱȹȴȱ: 
 

  ȳɆ ɔɗɓɔɈɆɓɎɎ ɍɆɐɔɓɆ ȩəɐɆ əɉɔɑ ɍɆɐɖəɝɎɈɆɓɎɥ ɕɖɎ ɐɖəɝɋɓɎɎ ɔɕɖɋ-
Ɋɋɑɥɋɘɗɥ ɐɆɐ: 

ɐɖ ɐɖ
,r

r
= = = =

p
j

p
 

 

ɔɘɐəɊɆ            
ɐɖ ,

,
ȵɆ.

,

Ö Ö Ö
= = = ³

Ö Öjp
 

 

  ȳɆɎɇɔɑɢɞɎɋ ɓɆɕɖɥɌɋɓɎɥ ɈɔɍɓɎɐɆɤɘ ɓɆ ɐɖɆɤ ɗɋɝɋɓɎɥ Ɏ ɊɔɗɘɎɉɆ-

ɤɘ ɍɓɆɝɋɓɎɥ ɕɜt  ɕɖɎ ɐɖəɘɥɟɋɒ ɒɔɒɋɓɘɋ ɕɐɖɜ : 
 

ɕɜ ɕɜɐɖ ɐɖ
ɕɜ ȵ, .

,
Ɇr

r

Ö Ö
= = = = = =

Ö

p

p
t

 

 



 
 

     

     Ȫɑɥ ɈɆɑɆ, ɕɔɊɈɋɖɉɆɤɟɋɉɔɗɥ ɍɆ-
ɐɖəɝɎɈɆɓɎɤ ɒɔɒɋɓɘɆɒɎ ð 
 

, ; , ;

,

ɐȳ ɐȳ

ɐ , ,ɐ;ȳ ȳ

= =

= =
 

ɕɔɊɔɇɖɆɘɢ ɊɎɆɒɋɘɖ , ɋɗɑɎ ɓɆɕɖɥɌɋɓɎɥ ȵɆ=è øê út , Ɇ ɊɔɕəɗɐɆɋ-

ɒɡɏ əɉɔɑ ɍɆɐɖəɝɎɈɆɓɎɥ ɓɆ ɊɑɎɓɋ =  ɖɆɈɋɓ , .=è øê ú¯ ¯j  ȵɔɗɘɖɔ-

Ɏɘɢ ɣɕɤɖə əɉɑɔɈ ɍɆɐɖəɝɎɈɆɓɎɥ. ȵɖɎɓɥɘɢ Ɋɑɥ ɈɆɑɆ: ȵɆ;= ³

, ; , ; , ; , .= = = =   
 

ȼȱɄȱȹȴȱ: 
 

  ȴɕɖɋɊɋɑɥɋɒ ɐɖəɘɥɟɎɋ ɒɔɒɋɓɘɡ Ɉ ɗɋɝɋɓɎɥɛ ɓɆ əɝɆɗɘɐɆɛ ɈɆɑɆ, ɗɘɖɔ-

Ɏɒ ɣɕɤɖə ɐɖəɘɥɟɎɛ ɒɔɒɋɓɘɔɈ ɐɖɎ əɗɘɆɓɆɈɑɎɈɆɋɒ ɓɆɎɇɔɑɋɋ ɓɆɉɖə-

Ɍɋɓɓɡɏ (ɔɕɆɗɓɡɏ) əɝɆɗɘɔɐ (ɖɎɗ. , Ɇ): 
 

:   ɐɖ ɐ .ȳ,= =  

:  ɐɖ , , .ɐȳ= - = - =-  

:  ɐɖ , .ɐȳ, ,= - - = - - =-  

:  ɐɖ , , , , ɐȳ .= - - + = - - + =  
 

     ȴɕɆɗɓɡɒɎ ɓɆ ɈɆɑə ɥɈɑɥɤɘɗɥ əɝɆɗɘɐɎ, ɉɊɋ ɊɋɏɗɘɈəɋɘ ɓɆɎɇɔɑɢɞɎɏ 

(ɕɔ ɒɔɊəɑɤ) ɐɖəɘɥɟɎɏ ɒɔɒɋɓɘ, ɘ.ɋ. ɍɊɋɗɢ ð maxɐɖ ɐȳ= . 
 

 ȵɔɊɇɎɖɆɋɒ ɊɎɆɒɋɘɖ ɈɆɑɆ Ɏɍ :  
 

max maɐɖ ɐɖx
max , ɔɘɐəɊɆ

/r
è øê ú= = ¢

p
t t  

maɖ xɐ
.

,
=

è

Ö Ö
=

ú
=

Öøêpt
 

 

 ȵɔɊɇɎɖɆɋɒ ɊɎɆɒɋɘɖ ɈɆɑɆ Ɏɍ : 
 
 

max max
ma

ɐɖ ɐɖ
x , ɔɘɐəɊɆ

r

Ö ¯¯
= Ö = ¢è øê ú¯ ¯j j

p p
 

 

maxɐɖ
.

, ,
=

Ö ¯ Ö Ö Ö Ö Ö ¯
= =

Ö Ö Öè øê új¯p

 



 
 

ȵɖɎɒɋɝɆɓɎɋ. 

ȪɔɕəɗɐɆɋɒɡɏ əɉɔɑ ɍɆɐɖəɝɎɈɆɓɎɥ ɍɆɊɆɋɘɗɥ ɓɆ ɊɑɎɓɋ  ɒ, ɕɔɣɘɔɒə Ɉ ɚɔɖɒə-

ɑɋ Ɋɑɥ əɉɑɆ ɍɆɐɖəɝɎɈɆɓɎɥ ɗɑɋɊəɋɘ ɗɘɆɈɎɘɢ ɊɑɎɓə = .  
 

     Ȯɍ ɊɈəɛ ɖɆɍɒɋɖɔɈ ɕɖɎɓɎɒɆɋɒ ɇ·ɑɢɞɎɏ, ɘ.ɋ. =  . 
 
 

 
 

ȵɖɎɒɋɝɆɓɎɋ. 
ȷɐɆɝɔɐ ɓɆ ɣɕɤɖɋ ɐɖəɘɥɟɎɛ ɒɔɒɋɓɘɔɈ ɖɆɈɋɓ Ɉɓɋɞɓɋɒə ɍɆɐɖəɝɎɈɆɤɟɋɒə 
ɒɔɒɋɓɘə, ɕɖɎɑɔɌɋɓɓɔɒə Ɉ ɣɘɔɒ ɗɋɝɋɓɎɎ 
 

 ȳɆ ɔɗɓɔɈɆɓɎɎ ɍɆɐɔɓɆ ȩəɐɆ ɕɖɎ ɐɖəɝɋɓɎɎ ɐɖ/ r­ =j  ɔɕɖɋ-

Ɋɋɑɥɋɒ əɉɑɡ ɍɆɐɖəɝɎɈɆɓɎɥ ɉɖɆɓɎɝɓɡɛ ɗɋɝɋɓɎɏ ɈɆɑɆ ɔɘɓɔɗɎɘɋɑɢɓɔ 
ɗɋɝɋɓɎɥ Ɉ ɍɆɊɋɑɐɋ. ȨɡɝɎɗɑɥɋɒ Ɍɋɗɘɐɔɗɘɢ ɗɋɝɋɓɎɥ Ʉ  
 

( ) ( )/ , / ȳr= = Ö Ö = Ö -p  



 
 

Ɏ ɔɕɖɋɊɋɑɥɋɒ əɉɑɡ ɍɆɐɖəɝɎɈɆɓɎɥ, ɓɆɝɎɓɆɥ ɔɘ ɗɋɝɋɓɎɥ : 
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ɐɖ
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= +
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Ö Ö Ö
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ɉɊɋ , , ,j j j jɄ ɗɔɔɘɈɋɘɗɘɈɋɓɓɔ əɉɑɡ ɍɆɐɖəɝɎɈɆɓɎɥ 

ɗɋɝɋɓɎɏ , , ,  ɔɘɓɔɗɎɘɋɑɢɓɔ ɗɋɝɋɓɎɥ Ɉ ɍɆɊɋɑɐɋ. 
  

     ȵɔ ɖɋɍəɑɢɘɆɘɆɒ ɖɆɗɝɋɘɆ ɗɘɖɔɎɒ ɣɕɤɖə əɉɑɔɈ ɍɆɐɖəɝɎɈɆɓɎɥ (ɖɎɗ. , ɇ). 

 
 
 

 

      

     ȷɘɆɑɢɓɔɏ ɈɆɑ ɕɔɗɘɔɥɓɓɔɉɔ ɗɋɝɋɓɎɥ ɓɆɉɖəɌɋɓ ɈɓɋɞɓɎɒɎ ɒɔɒɋɓɘɆ-

ɒɎ ɐȳ ɐȳ ɐ, ; , ; , .ȳ= = = ȷɕɖɔɋɐɘɎɖɔɈɆɘɢ ɈɆɑ 

ɖɆɈɓɔɉɔ ɗɔɕɖɔɘɎɈɑɋɓɎɥ, ɋɗɑɎ Ɋɑɥ ɒɆɘɋɖɎɆɑɆ ɈɆɑɆ ȵɆ.=è øê út  

 

ȼȱɄȱȹȴȱ: 
 

è øê út

 ȲɋɘɔɊɔɒ ɗɋɝɋɓɎɏ ɔɕɖɋɊɋɑɥɋɒ ɐɖəɘɥɟɎɋ ɒɔɒɋɓɘɡ ɓɆ əɝɆɗɘɐɆɛ ɈɆ-

ɑɆ Ɏ ɗɘɖɔɎɒ ɣɕɤɖə ɐɖəɘɥɟɎɛ ɒɔɒɋɓɘɔɈ ɐɖ (ɖɎɗ. , Ɇ): 
 

:   ɐɖ , .ɐȳ=- =-  

:  ɐɖ ɐ, , ȳ, .=- + = - =  

:  ɐɖ , ȳ, , ɐ, .=- + - =- + - =  
       



 
 

 
 

 Ȯɍ  ɕɖɎ ɐɖəɝɋɓɎɎ Ʉ 

ɐɖ ɐɖ
max

/r
è øú= ê= ¢ ­

p
t t

 

   
ɐɖ

è
=

øê úpt
  Ʉ 

 

ɕɔɊɇɎɖɆɋɒ ɊɎɆɒɋɘɖ ɐɆɌɊɔɉɔ əɝɆɗɘɐɆ: 
 

ɐɖ

ɐɖ

,
;

,

,
;

,

Ö Ö
= = =
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=
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Ö Ö
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     ȵɔ ɕɔɑəɝɋɓɓɡɒ ɍɓɆɝɋɓɎɥɒ ɈɡɝɋɖɝɎɈɆɋɒ ɈɆɑ ɖɆɈɓɔɉɔ ɗɔɕɖɔɘɎɈɑɋ-

ɓɎɥ (ɖɎɗ. , ɇ).  

 
 

 



 
 

     

     ȳɆ ɗɘɆɑɢɓɔɏ ɈɆɑ ɝɋɖɋɍ ɕɥɘɢ ɞɐɎɈɔɈ (ɖɎɗ. ) ɊɋɏɗɘɈəɤɘ ɒɔɒɋɓɘɡ 

ɐȳ ɐȳ ɐȳ ɐȳ ȳ, ; ; ; ; ɐ= = = = = . 

ȵɔɊɔɇɖɆɘɢ ɊɎɆɒɋɘɖ , ɋɗɑɎ ɓɆɕɖɥɌɋɓɎɥ ȵɆ=è øê út , Ɏ ɔɕɖɋɊɋɑɎɘɢ 

əɉɔɑ ɕɔɈɔɖɔɘɆ ɕɖɆɈɔɉɔ ɐɔɓɜɋɈɔɉɔ ɗɋɝɋɓɎɥ  ɔɘɓɔɗɎɘɋɑɢɓɔ ɑɋɈɔɉɔ ɗɋ-

ɝɋɓɎɥ . ȵɖɎɓɥɘɢ:

 

, ; , ; ȵɆ.= = = = = ³   
 

ȼȱɄȱȹȴȱ: 
 

  ȴɕɖɋɊɋɑɥɋɒ ɐɖəɘɥɟɎɋ ɒɔɒɋɓɘɡ ɓɆ əɝɆɗɘɐɆɛ ɈɆɑɆ Ɏ ɗɘɖɔɎɒ ɣɕɤɖə 

ɐɖəɘɥɟɎɛ ɒɔɒɋɓɘɔɈ ɐɖ: 
 

 
 

ȵɖɎɒɋɝɆɓɎɋ. 
ȴɇɖɆɟɆɤ ɈɓɎɒɆɓɎɋ, ɝɘɔ ɈɆɑ ɊɔɑɌɋɓ ɓɆɛɔɊɎɘɢɗɥ Ɉ ɖɆɈɓɔɈɋɗɎɎ. ȵɔɣɘɔɒə:   

: .= + + - + = ­ + + - + =ä  

 

:    ɐɖ ;ɐȳ=- =-    

:   ɐɖ ɐ ;ȳ=- - =- - =- 

:   ɐɖ ɐ ;ȳ=- - - =- - - =- 

:    ɐɖ ɐȳ.=- - - + =- - - + =+    

     ȴɕɆɗɓɡɒ ɓɆ ɈɆɑə ɥɈɑɥɋɘɗɥ əɝɆɗɘɔɐ: maxɐɖ ɐȳ= . 
 

 ȵɔɊɇɎɖɆɋɒ ɊɎɆɒɋɘɖ ɈɆɑɆ Ɏɍ :  
 

max maxɐɖ ɐɖ
max , ɔɘɐəɊɆ

/r
è øê ú= = ¢

p
t t  



 
 

maxɐɖ
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,è øê

Ö Ö
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 ȨɡɝɎɗɑɥɋɒ Ɍɋɗɘɐɔɗɘɢ ɗɋɝɋɓɎɥ Ʉ 
 
  

( ) ( )/ , / ȳr= = Ö Ö = Öp ð 
 

Ɏ ɓɆ ɔɗɓɔɈɆɓɎɎ ɍɆɐɔɓɆ ȩəɐɆ ɐɖ/ r­ =j  ɔɕɖɋɊɋɑɥɋɒ ɓɆ ɐɆɌ-

Ɋɔɒ əɝɆɗɘɐɋ ɈɆɑɆ əɉɔɑ ɍɆɐɖəɝɎɈɆɓɎɥ ɕɖɆɈɔɉɔ ɉɖɆɓɎɝɓɔɉɔ ɗɋɝɋɓɎɥ ɔɘ-
ɓɔɗɎɘɋɑɢɓɔ ɑɋɈɔɉɔ:  
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     ȹɉɔɑ ɕɔɈɔɖɔɘɆ ɕɖɆɈɔɉɔ ɐɔɓɜɋɈɔɉɔ ɗɋɝɋɓɎɥ ɔɘɓɔɗɎɘɋɑɢɓɔ ɑɋɈɔɉɔ 

ɗɋɝɋɓɎɥ  ɖɆɈɋɓ:   = + + + =j j j j j  
 

, , , , , ɖɆɊ.=- - - + =-

 
 
 

 
     ȷɘɆɑɢɓɔɏ ɗɘəɕɋɓɝɆɘɡɏ ɈɆɑ ɕɔɊɈɋɖɉɆɋɘɗɥ ɐɖəɝɋɓɎɤ ɒɔɒɋɓɘɆɒɎ ð

ɐȳ ; ɐȳ ; ɐȳ, , ,= = = = . ȵɔɗɘɖɔɎɘɢ ɣɕɤɖə 

ɐɖəɘɥɟɎɛ ɒɔɒɋɓɘɔɈ Ɏ ɣɕɤɖə əɉɑɔɈ ɍɆɐɖəɝɎɈɆɓɎɥ ɔɘɓɔɗɎɘɋɑɢɓɔ ɑɋɈɔ-

ɉɔ ɘɔɖɜɋɈɔɉɔ ɗɋɝɋɓɎɥ . ȴɕɖɋɊɋɑɎɘɢ ɓɆ ɐɆɌɊɔɒ əɝɆɗɘɐɋ ɈɆɑɆ ɒɆɐɗɎ-

ɒɆɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ maxt . ȵɖɎɓɥɘɢ Ɋɑɥ ɈɆɑɆ: ;= =   

; , ; , ; ȵɆ.= = = = = ³  
 

ȼȱɄȱȹȴȱ: 
 

  ȴɕɖɋɊɋɑɥɋɒ Ɋɑɥ ɈɆɑɆ ɉɋɔɒɋɘɖɎɝɋɗɐɎɋ ɛɆɖɆɐɘɋɖɎɗɘɎɐɎ, ɓɋɔɇɛɔɊɎ-
ɒɡɋ Ɋɑɥ ɖɋɞɋɓɎɥ ɍɆɊɆɝɎ: 
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  ȴɕɖɋɊɋɑɥɋɒ ɐɖəɘɥɟɎɋ ɒɔɒɋɓɘɡ ɓɆ əɝɆɗɘɐɆɛ ɈɆɑɆ Ɏ ɗɘɖɔɎɒ ɣɕɤɖə 

ɐɖəɘɥɟɎɛ ɒɔɒɋɓɘɔɈ ɐɖ (ɖɎɗ. , Ɇ): 
 

ȵɖɎɒɋɝɆɓɎɋ. 
ȴɇɖɆɟɆɤ ɈɓɎɒɆɓɎɋ, ɝɘɔ ɈɆɑ ɊɔɑɌɋɓ ɓɆɛɔɊɎɘɢɗɥ Ɉ ɖɆɈɓɔɈɋɗɎɎ. ȵɔɣɘɔɒə:   

: , , , .= - - + - = ­ - - + - =ä  
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  ȳɆ ɔɗɓɔɈɆɓɎɎ ɍɓɆɝɋɓɎɏ () ɈɡɝɎɗɑɥɋɒ Ɍɋɗɘɐɔɗɘɢ ɗɋɝɋɓɎɏ ɓɆ əɝɆɗɘ-
ɐɆɛ ɈɆɑɆ ð 
  

, ȳ ;

, , ȳ

r r

r

= = Ö Ö Ö = Ö

= Ö Ö Ö = Ö -
 

 

Ɏ ɓɆ ɔɗɓɔɈɆɓɎɎ ɍɆɐɔɓɆ ȩəɐɆ ɐɖ/ r­ =j  ɔɕɖɋɊɋɑɥɋɒ əɉɑɡ ɍɆ-

ɐɖəɝɎɈɆɓɎɥ ɉɖɆɓɎɝɓɡɛ ɗɋɝɋɓɎɏ, ɓɆɝɎɓɆɥ ɔɘ ɘɔɖɜɋɈɔɉɔ ɗɋɝɋɓɎɥ : 
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     ȵɔ ɖɋɍəɑɢɘɆɘɆɒ ɖɆɗɝɋɘɆ ɗɘɖɔɎɒ ɣɕɤɖə əɉɑɔɈ ɍɆɐɖəɝɎɈɆɓɎɥ (ɖɎɗ. , ɇ). 
 

 ȷ əɝɋɘɔɒ ɍɓɆɝɋɓɎɏ () Ɏ () ɔɕɖɋɊɋɑɥɋɒ ɒɆɐɗɎɒɆɑɢɓɡɋ ɓɆɕɖɥɌɋ-
ɓɎɥ ɓɆ əɝɆɗɘɐɆɛ ɈɆɑɆ: 
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     ȷɕɑɔɞɓɔɏ ɈɆɑ ɐɖəɉɑɔɉɔ ɗɋɝɋɓɎɥ ɇɡɑ ɍɆɕɖɔɋɐɘɎɖɔɈɆɓ ɓɆ ɔɕɖɋɊɋɑɋɓ-

ɓəɤ ɗɐɔɖɔɗɘɢ ɈɖɆɟɋɓɎɥ . ȭɆɘɋɒ ɇɡɑɔ ɖɋɞɋɓɔ ɕɔɈɡɗɎɘɢ ɗɐɔɖɔɗɘɢ Ɉ 

 ɖɆɍ, ɘ.ɋ. = . ȴɕɖɋɊɋɑɎɘɢ, ɐɆɐ ɎɍɒɋɓɎɘɗɥ ɊɎɆɒɋɘɖ ɈɆɑɆ ɕɔɗɑɋ 

ɕɋɖɋɗɝɋɘɆ ɋɉɔ ɕɖɎ ɓɋɎɍɒɋɓɓɡɛ ɔɗɘɆɑɢɓɡɛ ɊɆɓɓɡɛ. 
 

ȼȱɄȱȹȴȱ: 
 

  ȵɖɎ ɕɋɖɈɔɓɆɝɆɑɢɓɔɒ ɕɖɔɋɐɘɓɔɒ ɊɎɆɒɋɘɖɋ ɈɆɑɆ  ɒɆɐɗɎɒɆɑɢɓɡɋ 

ɐɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ Ɉ ɓɋɒ, ɖɆɈɓɡɋ è øê út, ɔɕɖɋɊɋɑɥɤɘɗɥ ɐɆɐ: 
  



 
 

              

ɖ
max

ɐɐɖ , ,
.

/r
r

Ö
= = = =è øê ú

=

=

pp

t t          ( ) 

 ȵɔɗɑɋ əɈɋɑɎɝɋɓɎɥ ɗɐɔɖɔɗɘɎ, ɝɘɔɇɡ ɕɖɔɝɓɔɗɘɢ ɈɆɑɆ ɇɡɑɆ ɔɇɋɗɕɋ-

ɝɋɓɆ, ɒɆɐɗɎɒɆɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ ɘɆɐɌɋ ɊɔɑɌɓɡ ɇɡɘɢ ɖɆɈɓɡ è øê út: 
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 ȵɖɎɖɆɈɓɎɈɆɋɒ  ɍɓɆɝɋɓɎɥ () Ɏ ():  
    

         
, ,

,
Ö Ö

= ­ =
Öp p

  ɔɘɐəɊɆ  , ,=  

ɘ.ɋ. ɕɖɎ əɈɋɑɎɝɋɓɎɎ ɗɐɔɖɔɗɘɎ ɈɖɆɟɋɓɎɥ Ɉ  ɖɆɍ Ɏ ɗɔɛɖɆɓɋɓɎɎ ɕɖɔɝɓɔ-

ɗɘɎ ɊɎɆɒɋɘɖ ɈɆɑɆ əɒɋɓɢɞɎɘɗɥ ɕɖɎɒɋɖɓɔ Ɉ ,  ɖɆɍɆ.  
 
 
 

   

     ȵɖɎ ɔɕɖɋɊɋɑɋɓɎɎ ɒɔɟɓɔɗɘɎ ɘəɖɇɎɓɡ ɇɡɑ Ɏɍɒɋɖɋɓ əɉɔɑ ɍɆɐɖəɝɎɈɆ-

ɓɎɥ ɈɖɆɟɆɋɒɔɉɔ ɋɤ ɗɘɆɑɢɓɔɉɔ ɈɆɑɆ, ɐɔɘɔɖɡɏ ɓɆ ɊɑɎɓɋ =  ɔɐɆɍɆɑɗɥ 

ɖɆɈɓɡɒ ,¯= ¯j . ȳɆɖəɌɓɡɏ Ɏ ɈɓəɘɖɋɓɓɎɏ ɊɎɆɒɋɘɖɡ ɈɆɑɆ ɖɆɈɓɡ Ʉ 

=  Ɏ = , ɗɐɔɖɔɗɘɢ ɈɖɆɟɋɓɎɥ ɔɇ/ɒɎɓ= . ȴɕɖɋɊɋ-

ɑɎɘɢ ɒɔɟɓɔɗɘɢ (ɐȨɘ), ɕɋɖɋɊɆɈɆɋɒəɤ ɈɆɑɔɒ, Ɏ ɓɆɕɖɥɌɋɓɎɥ maxt . 
 

ȼȱɄȱȹȴȱ: 
 

  ȵɔ ɍɆɊɆɓɓɡɒ ɖɆɍɒɋɖɆɒ ɈɡɝɎɗɑɥɋɒ ɉɋɔɒɋɘɖɎɝɋɗɐɎɋ ɛɆɖɆɐɘɋɖɎ-
ɗɘɎɐɎ ɗɋɝɋɓɎɥ (Ɉ ɗɒ), ɓɋɔɇɛɔɊɎɒɡɋ Ɋɑɥ ɖɋɞɋɓɎɥ: 
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 ȹɉɔɑ ɍɆɐɖəɝɎɈɆɓɎɥ ɈɆɑɆ ɕɔ ɍɆɐɔɓə ȩəɐɆ ɔɕɖɋɊɋɑɥɋɘɗɥ ɐɆɐ Ʉ 
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 ȴɕɖɋɊɋɑɥɋɒ ɒɔɟɓɔɗɘɢ, ɕɋɖɋɊɆɈɆɋɒəɤ ɈɆɑɔɒ, ɐɔɘɔɖɆɥ ɗ əɝɋɘɔɒ ɍɓɆ-

ɝɋɓɎɥ ɐɖ ɖɆɈɓɆ: 

ɐɖ
ɐɖ , ɐȨɘ.

, ,

Ö
­ ==

Ö
= =  

 

 ȴɕɖɋɊɋɑɥɋɒ ɒɆɐɗɎɒɆɑɢɓɡɋ ɐɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ Ɉ ɈɆɑɋ:       
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     ȷɘɆɑɢɓɔɏ ɘɖəɇɝɆɘɡɏ ɈɆɑ ɕɋɖɋɊɆɋɘ ɒɔɟɓɔɗɘɢ ɐȨɘ=  ɕɖɎ ɈɖɆ-

ɟɋɓɎɎ ɗɔ ɗɐɔɖɔɗɘɢɤ ɔɇ/ɒɎɓ= . ȸɔɑɟɎɓɆ ɗɘɋɓɔɐ ɗɖ,= . 

ȴɕɖɋɊɋɑɎɘɢ ɈɋɑɎɝɎɓə ɗɖɋɊɓɋɉɔ ɊɎɆɒɋɘɖɆ ɗɖ Ɏɍ əɗɑɔɈɎɥ, ɝɘɔɇɡ əɉɔɑ 

ɍɆɐɖəɝɎɈɆɓɎɥ ɓɆ ɊɑɎɓɋ =  ɓɋ ɕɖɋɈɡɞɆɑ =è øê ú¯ ¯j . ȨɡɝɎɗɑɎɘɢ 

ɘɆɐɌɋ maxt  Ɉ ɗɋɝɋɓɎɎ ɈɆɑɆ. ȵɖɎɓɥɘɢ Ɋɑɥ ɗɘɆɑɎ: ȵɆ= ³ . 
 

ȼȱɄȱȹȴȱ: 
 

   ȴɕɖɋɊɋɑɥɋɒ ɐɖəɘɥɟɎɏ ɒɔɒɋɓɘ Ɉ ɗɋɝɋɓɎɎ ɈɆɑɆ: 
  

                                  ɐɖ ., , , ɐȳ= = Ö =                                 ( ) 

 

 Ȫɑɥ ɘɔɓɐɔɗɘɋɓɓɔɉɔ ɐɔɑɢɜɆɗɖ, )( < ɒɔɌɓɔ ɕɖɎɇɑɎɌɋɓɓɔ ɗɝɎ-

ɘɆɘɢ, ɝɘɔ ɗɖ const ,= =r  Ɇ ɕɑɔɟɆɊɢ ɗɋɝɋɓɎɥ ɖɆɈɓɆ ð ɗɖ=p  ȸɔ-

ɉɊɆ ɕɔɑɥɖɓɡɏ ɒɔɒɋɓɘ ɎɓɋɖɜɎɎ ɒɔɌɋɘ ɇɡɘɢ ɔɕɖɋɊɋɑɋɓ ɐɆɐ ð 
 

ɗɖ ɗɖ ɗɖd dr= = = = Ö =r r r p pñ ñ  . 
 

     ȵɔ ɕɖɎɇɑɎɌɋɓɓɔɏ ɚɔɖɒəɑɋ Ɋɑɥ ɘɔɓɐɔɗɘɋɓɓɡɛ ɘɖəɇɔɐ, əɝɎɘɡɈɆɥ 

ɗɔɔɘɓɔɞɋɓɎɋ  ɗɖ,= , ɈɡɝɎɗɑɥɋɒ Ɋɑɥ ɍɆɊɆɓɓɔɉɔ ɗɋɝɋɓɎɥ ɕɔɑɥɖ-

ɓɡɏ ɒɔɒɋɓɘ ɎɓɋɖɜɎɎ: 
 

                   ɗɖr=p ( )ɗɖ ɗɖ ɗɖ/ , , .= Ö =p            ( ) 
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ɍɓɆɝɋɓɎɏ () Ɏ () ɔɕɖɋɊɋɑɥɋɒ  ɈɋɑɎɝɎɓə ɗɖɋɊɓɋɉɔ ɊɎɆɒɋɘɖɆ ɗɖ: 
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 ȷ əɝɋɘɔɒ ɍɓɆɝɋɓɎɏ () Ɏ ɗɖ, əɝɎɘɡɈɆɥ ɝɘɔ ɗɖ=r , ɔɕɖɋɊɋɑɥɋɒ 

ɒɆɐɗɎɒɆɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ Ɉ ɗɋɝɋɓɎɎ ɘɖəɇɝɆɘɔɉɔ ɈɆɑɆ: 
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     ȪɈɆ ɈɆɑɆ, ɔɊɎɓ Ɏɍ ɐɔɘɔɖɡɛ ɗɕɑɔɞɓɔɏ, Ɇ Ɋɖəɉɔɏ ɕɔɑɡɏ, Ɏɒɋɤɘ ɔɊɎ-
ɓɆɐɔɈɡɏ Ɉɋɗ Ɏ ɕɋɖɋɊɆɤɘ ɔɊɎɓɆɐɔɈɡɏ ɐɖəɘɥɟɎɏ ɒɔɒɋɓɘ. ȹ ɐɆɐɔɉɔ ɈɆ-

ɑɆ ɒɆɐɗɎɒɆɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ maxt  ɇəɊəɘ ɇɔɑɢɞɋ Ɏ Ɉɔ ɗɐɔɑɢɐɔ ɖɆɍ, 

ɋɗɑɎ ə ɕɔɑɔɉɔ ɈɆɑɆ ɗɔɔɘɓɔɞɋɓɎɋ ɊɎɆɒɋɘɖɔɈ ɖɆɈɓɔ ,= ? 
 

ȼȱɄȱȹȴȱ: 
 

 Ȩɋɗ ɈɆɑɆ ɔɕɖɋɊɋɑɥɋɘɗɥ ɐɆɐ ð =g  , ɉɊɋ  ɊɑɎɓɆ ɈɆɑɆ,  

ɕɑɔɟɆɊɢ ɕɔɕɋɖɋɝɓɔɉɔ ɗɋɝɋɓɎɥ, g əɊɋɑɢɓɡɏ Ɉɋɗ ɒɆɘɋɖɎɆɑɆ. ȸɆɐ ɐɆɐ 

ɔɇɆ ɈɆɑɆ (ɗɕɑɔɞɓɔɏ Ɏ ɕɔɑɡɏ) Ɏɒɋɤɘ ɔɊɎɓɆɐɔɈɡɏ Ɉɋɗ, ɘɔ ɕɖɎ ɕɖɔɝɎɛ 
ɖɆɈɓɡɛ əɗɑɔɈɎɥɛ ɕɑɔɟɆɊɎ Ɏɛ ɕɔɕɋɖɋɝɓɡɛ ɗɋɝɋɓɎɏ ɔɊɎɓɆɐɔɈɡ, ɘ.ɋ. 

ɗɕɑɔɞ ɕɔɑ.=  ȵɔɣɘɔɒə əɝɎɘɡɈɆɥ ɍɓɆɝɋɓɎɥ ð 
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ɕɔɑəɝɆɋɒ: ɗɕɑɔɞ, ,= ­p p    ɗɕɑɔɞ,=  .              () 
 



 
 

 ȷ əɝɋɘɔɒ ɍɓɆɝɋɓɎɥ () Ɏ ɍɆɊɆɓɓɔɉɔ ɗɔɔɘɓɔɞɋɓɎɥ ,=  ɔɕɖɋɊɋ-

ɑɥɋɒ ɕɔɑɥɖɓɡɋ ɒɔɒɋɓɘɡ ɗɔɕɖɔɘɎɈɑɋɓɎɥ Ɋɑɥ ɈɆɑɔɈ: 
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 ȰɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ Ɉ ɗɋɝɋɓɎɥɛ ɗɕɑɔɞɓɔɉɔ Ɏ ɕɔɑɔɉɔ ɈɆɑɔɈ ɓɆ 

ɔɗɓɔɈɆɓɎɎ ɍɓɆɝɋɓɎɏ () ɗɔɔɘɈɋɘɗɘɈɋɓɓɔ ɖɆɈɓɡ ð 
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max ɗɕɑɔɞ max ɕɔɑ,=t t  . 
 

     ȸɆɐɎɒ ɔɇɖɆɍɔɒ, ɕɖɎ ɔɊɎɓɆɐɔɈɔɒ Ɉɋɗɋ Ɏ ɔɊɎɓɆɐɔɈɔɏ ɉɖəɍɔɕɔɊɠɋɒ-
ɓɔɗɘɎ ɈɆɑɔɈ ɒɆɐɗɎɒɆɑɢɓɡɋ ɐɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ ə ɈɆɑɆ ɗɕɑɔɞ-

ɓɔɉɔ ɗɋɝɋɓɎɥ ɓɆ  ɇɔɑɢɞɋ, ɝɋɒ ə ɕɔɑɔɉɔ ɈɆɑɆ.

 
 

  

     ȱɋɇɋɊɐɆ ɕɔɊɓɎɒɆɋɘ ɉɖəɍ ɐȳ=  ɗɔ ɗɐɔɖɔɗɘɢɤ , /ɗɋɐ= . 

ȷɝɎɘɆɥ, ɝɘɔ ɈɆɑ ɑɋɇɋɊɐɎ ɖɆɇɔɘɆɋɘ ɘɔɑɢɐɔ ɓɆ ɐɖəɝɋɓɎɋ, ɕɔɊɔɇɖɆɘɢ ɊɎɆ-
ɒɋɘɖ ɗɕɑɔɞɓɔɉɔ ɈɆɑɆ, ɈɖɆɟɆɋɒɔɉɔ ɗɔ ɗɐɔɖɔɗɘɢɤ ɔɇ/ɒɎɓ= , ɋɗɑɎ 

Ɋɑɥ ɒɆɘɋɖɎɆɑɆ ɈɆɑɆ ȵɆ.=è øê út   
 

ȼȱɄȱȹȴȱ: 
 

 ȴɕɖɋɊɋɑɥɋɒ ɒɔɟɓɔɗɘɢ, ɕɋɖɋɊɆɈɆɋɒəɤ ɈɆɑɔɒ, Ɏ ɍɆɐɖəɝɎɈɆɤɟɎɏ 
ɒɔɒɋɓɘ, ɊɋɏɗɘɈəɤɟɎɏ ɓɆ ɈɆɑ: 
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 ȵɔɊɇɎɖɆɋɒ ɊɎɆɒɋɘɖ ɈɆɑɆ Ɏɍ : 
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     ȰɆɖɊɆɓɓɡɏ ɈɆɑ ɆɈɘɔɒɔɇɎɑɥ ɕɖɎ ɊɈəɛ ɖɋɌɎɒɆɛ ɖɆɇɔɘɡ ɕɋɖɋɊɆɋɘ ɔɊɓə 

Ɏ ɘə Ɍɋ ɒɔɟɓɔɗɘɢ ɑ.ɗ.=  ȷɐɔɖɔɗɘɢ ɈɖɆɟɋɓɎɥ ɈɆɑɆ Ɉ ɔɊɓɔɒ ɗɑəɝɆɋ 

ɔɇ/ɒɎɓ= , Ɇ Ɉ Ɋɖəɉɔɒ Ʉ  ɔɇ/ɒɎɓ.=  ȰɆɐɔɈ ɊɔɑɌɋɓ ɇɡɘɢ 

ɓɆɖəɌɓɡɏ ɊɎɆɒɋɘɖ ɈɆɑɆ , ɋɗɑɎ ,= , Ɇ ȵɆ=è øê út ? 

 

ȼȱɄȱȹȴȱ: 
 

 ȵɔɑɥɖɓɡɏ ɒɔɒɋɓɘ ɗɔɕɖɔɘɎɈɑɋɓɎɥ ɐɔɑɢɜɋɈɔɉɔ ɗɋɝɋɓɎɥ ɗ əɝɋɘɔɒ 
ɍɆɊɆɓɓɔɉɔ ɗɔɔɘɓɔɞɋɓɎɥ ɊɎɆɒɋɘɖɔɈ ɖɆɈɋɓ:  
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  ȵɔɊɇɎɖɆɋɒ ɗɋɝɋɓɎɋ ɈɆɑɆ Ɋɑɥ ɕɋɖɈɔɉɔ ɖɋɌɎɒɆ ɖɆɇɔɘɡ:  
 

ɐɖ

ɐɖ ɐɖ
max

ɐɖ
.

, , , ɐȳ ;

, ɔɘɐəɊɆ
,

,
;

,,
,

r

= = =

= = ¢è øê ú

Ö
= = = =

ÖÖè øê ú
=

t t

t

 

 

  ȵɔɊɇɎɖɆɋɒ ɗɋɝɋɓɎɋ ɈɆɑɆ Ɋɑɥ Ɉɘɔɖɔɉɔ ɖɋɌɎɒɆ ɖɆɇɔɘɡ: 
 

       ɐɖ , , , ɐȳ ;= = =  

 



 
 

ɐɖ ɐɖ
max

ɐɖ
.

, ɔɘɐəɊɆ
,

,
;

,,
,

r
= = ¢è øê ú

Ö
= = = = =

ÖÖè øê ú

t t

t

 

 

     ȴɐɔɓɝɆɘɋɑɢɓɔ ɕɖɎɓɎɒɆɋɒ ɗɋɝɋɓɎɋ:  ;= =  . 

 
 

  

     ȴɕɖɋɊɋɑɎɘɢ ɓɆɎɒɋɓɢɞəɤ ɊɑɎɓə ɗɘɆɑɢɓɔɏ ɕɖɔɈɔɑɔɐɎ ɊɎɆɒɋɘɖɔɒ 

= , ɐɔɘɔɖɆɥ ɒɔɌɋɘ ɇɡɘɢ ɍɆɐɖəɝɋɓɆ ɓɆ ɔɊɎɓ ɔɇɔɖɔɘ (əɉɔɑp) 

ɕɖɎ əɗɑɔɈɎɎ, ɝɘɔ ɓɆɕɖɥɌɋɓɎɥ Ɉ ɓɋɏ ɓɋ ɕɖɋɈɡɗɥɘ max ȵɆ=t . 

ȵɖɎɓɥɘɢ Ɋɑɥ ɗɘɆɑɢɓɔɏ ɕɖɔɈɔɑɔɐɎ: ȵɆ= ³ . 
 

ȼȱɄȱȹȴȱ: 
 

   ȨɡɝɎɗɑɥɋɒ Ɋɑɥ ɕɖɔɈɔɑɔɐɎ ɕɔɑɥɖɓɡɋ ɒɔɒɋɓɘ ɎɓɋɖɜɎɎ Ɏ ɒɔɒɋɓɘ 
ɗɔɕɖɔɘɎɈɑɋɓɎɥ:  

; .
, ,

, ,r r
Ö Ö

= = = = = =
p p

 

 

 ȴɕɖɋɊɋɑɥɋɒ ɐɖəɘɥɟɎɏ ɒɔɒɋɓɘ Ɉ ɗɋɝɋɓɎɎ ɕɖɔɈɔɑɔɐɎ: 
  

ɖ
max

ɐ

r
=t   maxɐɖ , , ȳ .r= = Ö =­ t  

 Ȯɍ əɗɑɔɈɎɥ Ɋɑɥ əɉɑɆ ɍɆɐɖəɝɎɈɆɓɎɥ ð ɐɖ/ r= =j pð ɔɕɖɋ-

Ɋɋɑɥɋɒ ɊɑɎɓə ɗɘɆɑɢɓɔɏ ɕɖɔɈɔɑɔɐɎ: 
 

ɐɖ
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,

r Ö Ö Ö Ö
= = =

Ö

pÖ

 
 

  

     ȸɖəɇɆ, ɎɒɋɤɟɆɥ ɗɖɋɊɓɎɏ ɊɎɆɒɋɘɖ ɗɖ= Ɏ ɘɔɑɟɎɓə ɗɘɋɓɔɐ 

,= ɕɔɊɈɋɖɉɆɋɘɗɥ ɍɆɐɖəɝɎɈɆɓɎɤ. ȴɕɖɋɊɋɑɎɘɢ maxt ɕɖɎ ɊɋɏɗɘɈɎɎ 

ɓɆ ɘɖəɇə ɐɖəɘɥɟɋɉɔ ɒɔɒɋɓɘɆ ɐɖ , ɐȳ=  
 



 
 

ȼȱɄȱȹȴȱ: 
 

  ȵɔ ɍɆɊɆɓɓɡɒ ɖɆɍɒɋɖɆɒ ɔɕɖɋɊɋɑɥɋɒ ɓɆɖəɌɓɡɏ Ɏ ɈɓəɘɖɋɓɓɎɏ 
ɊɎɆɒɋɘɖɡ ɗɋɝɋɓɎɥ ɘɔɓɐɔɗɘɋɓɓɔɏ ɘɖəɇɡ ð 
 

ɗɖ , , , , ,; - = -= = + = =+ =  
 

Ɏ ɈɡɝɎɗɑɥɋɒ ɕɔɑɥɖɓɡɏ ɒɔɒɋɓɘ ɗɔɕɖɔɘɎɈɑɋɓɎɥ ɗɋɝɋɓɎɥ: 
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,
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  ȴɕɖɋɊɋɑɥɋɒ Ɉ ɗɋɝɋɓɎɎ ɘɖəɇɡ ɒɆɐɗɎɒɆɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ: 
 

ɐɖ
max

,
, ȵɆ.

,r

Ö
= = =

Ö
t  

ȵɖɎɒɋɝɆɓɎɋ. 
ȵɖɎ ɐɖəɝɋɓɎɎ ɘɔɓɐɔɗɘɋɓɓɡɛ ɘɖəɇ ɐɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ ɓɆ Ɉɓəɘɖɋɓ-
ɓɋɏ Ɏ ɓɆɖəɌɓɔɏ ɕɔɈɋɖɛɓɔɗɘɥɛ Ɉ ɗɎɑə ɘɔɓɐɔɗɘɋɓɓɔɗɘɎ ɗɋɝɋɓɎɥ ɒɆɑɔ ɔɘ-
ɑɎɝɆɤɘɗɥ Ɋɖəɉ ɔɘ ɊɖəɉɆ, ɕɔɣɘɔɒə ɖɆɗɝɋɘ ɒɔɌɓɔ ɈɋɗɘɎ ɓɆ ɗɖɋɊɓɋɋ 

ɓɆɕɖɥɌɋɓɎɋ ɗɖt , ɐɔɘɔɖɔɋ ɈɡɝɎɗɑɥɋɘɗɥ ɕɔ ɕɖɎɇɑɎɌɋɓɓɔɏ ɚɔɖɒəɑɋ  ɐɆɐ ð 

ɐɖ
ɖɖ ɗɗ

r
=t  , ɉɊɋ ɕɔɑɥɖɓɡɏ ɒɔɒɋɓɘ ɎɓɋɖɜɎɎ ɘɆɐɌɋ ɒɔɌɓɔ ɈɡɝɎɗɑɎɘɢ  

 

ɕɖɎɇɑɎɌɋɓɓɔ ð  ɗɖr=p  (ɗɒ. ȭɆɊɆɝə ). ȸɔɉɊɆ ɓɆɕɖɥɌɋɓɎɋ ɗ əɝɋɘɔɒ  

ɣɘɔɉɔ ɍɓɆɝɋɓɎɥ ɕɖɎɓɎɒɆɋɘ ɈɎɊ  ð 
( )

ɐɖ ɐɖ ɗɖ ɐɖ
ɗɖ

ɗɖ ɗ
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ɖ/r
= = =

p p
t  

Ɏ Ɋɑɥ ɊɆɓɓɔɏ ɍɆɊɆɝɎ ɇəɊɋɘ ɖɆɈɓɔ: 

( )ɗ

ɗɖ
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ɖ
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, ȵɆ,

,/

Ö
= = =

Ö Ö Öp
t  

ɝɘɔ ɗɔɔɘɈɋɘɗɘɈəɋɘ ɕɔɉɖɋɞɓɔɗɘɎ ɖɆɗɝɋɘɆ ɕɔɖɥɊɐɆ %. 

 
 

  

     Ȱ ɘɔɓɐɔɗɘɋɓɓɔɏ ɗɘɆɑɢɓɔɏ ɘɖəɇɐɋ ɗɔ ɗɖɋɊɓɎɒ ɊɎɆɒɋɘɖɔɒ ɗɖ ,=  

ɕɖɎɑɔɌɋɓ ɗɐɖəɝɎɈɆɤɟɎɏ ɒɔɒɋɓɘ ɐɖ , ɐȳ= ȴɕɖɋɊɋɑɎɘɢ ɘɔɑ-

ɟɎɓə ɗɘɋɓɔɐ ɘɖəɇɐɎ, ɝɘɔɇɡ Ɉ ɋɋ ɗɋɝɋɓɎɎ max ȵɆ=t . ȨɡɝɎɗɑɎɘɢ 

ɘɆɐɌɋ əɉɔɑ ɍɆɐɖəɝɎɈɆɓɎɥ ɘɖəɇɐɎ ɓɆ ɊɑɎɓɋ = . ȵɖɎɓɥɘɢ Ɋɑɥ ɗɘɆ-

ɑɎ: ȵɆ= ³ . 



 
 

ȼȱɄȱȹȴȱ: 
 

 ȴɕɖɋɊɋɑɥɋɒ ɘɔɑɟɎɓə ɗɘɋɓɐɎ ɘɖəɇɐɎ. ȲɆɐɗɎɒɆɑɢɓɡɋ ɐɆɗɆɘɋɑɢɓɡɋ 
ɓɆɕɖɥɌɋɓɎɥ  ɍɆɕɎɗɡɈɆɋɒ ɕɔ ɕɖɎɇɑɎɌɋɓɓɔɏ ɚɔɖɒəɑɋ, ɐɔɘɔɖɆɥ ɗ əɝɋ-

ɘɔɒ ɍɓɆɝɋɓɎɥ ɕɔɑɥɖɓɔɉɔ ɒɔɒɋɓɘɆ ɎɓɋɖɜɎɎ r 
Ɋɑɥ ɘɔɓɐɔɗɘɋɓɓɡɛ 

ɣɑɋɒɋɓɘɔɈ Ɏɒɋɋɘ ɈɎɊ: 
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 ȴɕɖɋɊɋɑɥɋɒ əɉɔɑ ɍɆɐɖəɝɎɈɆɓɎɥ: 
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     ȨɆɑ ɘɖəɇɝɆɘɔɉɔ ɗɋɝɋɓɎɥ ɊɑɎɓɔɏ ,= , ɗɖ ɗ=  ɕɖɎ ɘɔɑɟɎɓɋ 

ɗɘɋɓɔɐ =  ɈɖɆɟɆɋɘɗɥ ɗɔ ɗɐɔɖɔɗɘɢɤ ɔɇ/ɒɎɓ= . ȴɕɖɋɊɋɑɎɘɢ  

ɒɔɟɓɔɗɘɢ, ɕɋɖɋɊɆɈɆɋɒəɤ ɈɆɑɔɒ, ɋɗɑɎ max ȵɆ=t . ȨɡɝɎɗɑɎɘɢ 

ɘɆɐɌɋ əɉɔɑ ɍɆɐɖəɝɎɈɆɓɎɥ ɈɆɑɆ. ȵɖɎɓɥɘɢ Ɋɑɥ ɈɆɑɆ: ȵɆ= ³ . 
 

ȼȱɄȱȹȴȱ: 
 

  ȵɔ ɍɆɊɆɓɓɡɒ ɖɆɍɒɋɖɆɒ ɔɕɖɋɊɋɑɥɋɒ ɓɆɖəɌɓɡɏ Ɏ ɈɓəɘɖɋɓɓɎɏ 
ɊɎɆɒɋɘɖɡ ɗɋɝɋɓɎɥ ɘɔɓɐɔɗɘɋɓɓɔɏ ɘɖəɇɡ ð 
 

ɗɖ , , , , ,; - = -= = + = =+ =  
 

Ɏ ɈɡɝɎɗɑɥɋɒ ɉɋɔɒɋɘɖɎɝɋɗɐɎɋ ɛɆɖɆɐɘɋɖɎɗɘɎɐɎ ɗɋɝɋɓɎɥ, ɓɋɔɇɛɔɊɎɒɡɋ 
Ɋɑɥ ɖɆɗɝɋɘɆ ɓɆ ɐɖəɝɋɓɎɋ: 
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  ȴɕɖɋɊɋɑɥɋɒ ɐɖəɘɥɟɎɏ ɒɔɒɋɓɘ Ɉ ɗɋɝɋɓɎɎ ɈɆɑɆ:   

ɖ
max

ɐ

r
=t   m xɐɖ a , , ɐȳ .r= = Ö Ö =­ t  

 

  ȴɕɖɋɊɋɑɥɋɒ ɒɔɟɓɔɗɘɢ, ɕɋɖɋɊɆɈɆɋɒəɤ ɈɆɑɔɒ: 
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  ȨɡɝɎɗɑɥɋɒ əɉɔɑ ɍɆɐɖəɝɎɈɆɓɎɥ ɈɆɑɆ: 
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     ȵɔɑɡɏ ɗɘɆɑɢɓɔɏ ɈɆɑ =  Ɏ =  ɊɑɎɓɔɏ =  ɊɋɑɆɋɘ 

ɔɇ/ɒɎɓ.= ȳɆ ɈɆɑ ɕɔ əɉɑɔɒ ɐ̄ ɔɗɎ ɓɆɐɑɋɋɓ ɊɆɘɝɎɐ, ɗ ɕɔɒɔ-

ɟɢɤ ɐɔɘɔɖɔɉɔ ɎɍɒɋɖɋɓɆ ɈɋɑɎɝɎɓɆ ɔɘɓɔɗɎɘɋɑɢɓɔɉɔ əɊɑɎɓɋɓɎɥ ɓɆɐɑɔɓ-
ɓɔɉɔ ɈɔɑɔɐɓɆ ɈɆɑɆ, ɖɆɈɓɆɥ ,=e . ȴɕɖɋɊɋɑɎɘɢ ɒɔɟɓɔɗɘɢ, ɕɋɖɋ-

ɊɆɈɆɋɒəɤ ɈɆɑɔɒ, Ɏ ɈɋɑɎɝɎɓə əɉɑɆ ɈɍɆɎɒɓɔɉɔ ɕɔɈɔɖɔɘɆ ɘɔɖɜɔɈ ɈɆɑɆ 

ɕɖɎ əɕɖəɉɔɒ ɊɋɚɔɖɒɎɖɔɈɆɓɎɎ. ȵɖɎɓɥɘɢ Ɋɑɥ ɈɆɑɆ: ȵɆ;= ³

ȵɆ; , .= ³ =m  
 

ȼȱɄȱȹȴȱ: 
 

   ȨɡɝɎɗɑɥɋɒ ɉɋɔɒɋɘɖɎɝɋɗɐɎɋ ɛɆɖɆɐɘɋɖɎɗɘɎɐɎ ɐɔɑɢɜɋɈɔɉɔ ɗɋɝɋɓɎɥ, 
ɓɋɔɇɛɔɊɎɒɡɋ Ɋɑɥ ɖɋɞɋɓɎɥ ɍɆɊɆɝɎ: 
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  ȷɔɉɑɆɗɓɔ ɔɇɔɇɟɋɓɓɔɒə ɍɆɐɔɓə ȩəɐɆ ɓɆɎɇɔɑɢɞɆɥ ɑɎɓɋɏɓɆɥ Ɋɋɚɔɖ-
ɒɆɜɎɥ ɕɖɎ ɔɇɠɋɒɓɔɒ ɓɆɕɖɥɌɋɓɓɔɒ ɗɔɗɘɔɥɓɎɎ ɔɕɖɋɊɋɑɥɋɘɗɥ ɐɆɐ: 
 

 

                                           ( )è ø= - +ê ús m s se  .                                  ( ) 
 



 
 

     ȹɝɎɘɡɈɆɥ, ɝɘɔ ɕɖɎ ɐɖəɝɋɓɎɎ Ɉɗɋ ɘɔɝɐɎ ɕɔɕɋɖɋɝɓɔɉɔ ɗɋɝɋɓɎɥ ɖɆɇɔ-

ɘɆɤɘ Ɉ əɗɑɔɈɎɥɛ  ð max max;;=+ = =-s s st t Ɏ 

ɓɆɎɇɔɑɢɞɋɋ əɊɑɎɓɋɓɎɋ ɈɔɑɔɐɓɆ ɈɔɍɓɎɐɆɋɘ ɕɔɊ əɉɑɔɒ  ̄ɐ ɔɗɎ ɈɆɑɆ, 

ɈɡɖɆɌɋɓɎɋ () ɕɖɎɓɎɒɆɋɘ ɈɎɊ: 
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max max ,
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= è - - ø=ê ú
m
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  ȳɔ ɗ Ɋɖəɉɔɏ ɗɘɔɖɔɓɡ, ɗɔɉɑɆɗɓɔ ɘɋɔɖɎɎ ɐɖəɝɋɓɎɥ ð 
 

                                                     
ɐɖ

max .
r

=t                                                  ( ) 

  ȵɖɎɖɆɈɓɎɈɆɋɒ ɈɡɖɆɌɋɓɎɥ () Ɏ () Ɏ ɗ əɝɋɘɔɒ ɍɆɊɆɓɓɡɛ ɈɋɑɎɝɎɓ 

Ɏ ɍɓɆɝɋɓɎɥ () ɔɕɖɋɊɋɑɥɋɒ ɐɖəɘɥɟɎɏ ɒɔɒɋɓɘ ɐɖ: 
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  ȴɕɖɋɊɋɑɥɋɒ ɒɔɟɓɔɗɘɢ, ɕɋɖɋɊɆɈɆɋɒəɤ ɈɆɑɔɒ: 
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  ȷ əɝɋɘɔɒ ɍɆɊɆɓɓɡɛ ɈɋɑɎɝɎɓ, ɍɓɆɝɋɓɎɥ ɐɖ Ɏ r ( ) ɈɡɝɎɗɑɥɋɒ 

ɈɋɑɎɝɎɓə əɉɑɆ ɈɍɆɎɒɓɔɉɔ ɕɔɈɔɖɔɘɆ ɘɔɖɜɔɈ ɈɆɑɆ: 
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     ȪɎɗɐɔɈɆɥ ɒəɚɘɆ ɗɑəɌɎɘ Ɋɑɥ ɕɋɖɋ-
ɊɆɝɎ ɐɖəɘɥɟɋɉɔ ɒɔɒɋɓɘɆ ɔɘ ɔɊɓɔɉɔ 
ɈɆɑɆ ɐ Ɋɖəɉɔɒə. ȪɎɆɒɋɘɖɡ ɊɎɗɐɔɈ Ɏ 
ɈɆɑɔɈ ɗɔɔɘɈɋɘɗɘɈɋɓɓɔ ɖɆɈɓɡ =  

Ɏ =  ȷɎɑɆ ɕɖɎɌɆɘɎɥ ɊɎɗɐɔɈ ɐȳ.=  ȴɕɖɋɊɋɑɎɘɢ ɓɆɎɇɔɑɢɞɎɏ 

ɐɖəɘɥɟɎɏ ɒɔɒɋɓɘ, ɐɔɘɔɖɡɏ ɇəɊɋɘ ɕɋɖɋɊɆɈɆɘɢɗɥ ɒəɚɘɆɒɎ, Ɏ ɒɆɐɗɎ-

ɒɆɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ Ɉ ɈɆɑɆɛ. ȵɖɎɓɥɘɢ: , ; , .ä= =   



 
 

ȼȱɄȱȹȴȱ: 
 

 ȵɖɎ ɕɖɎɌɆɘɎɎ ɊɎɗɐɔɈ Ɋɖəɉ ɐ Ɋɖəɉə ɈɔɍɓɎɐɆɋɘ ɗɎɑɆ ɘɖɋɓɎɥ ð 
 

                                                     ɘɖ ä= ,                                                           () 
 

Ɇ ɒɔɒɋɓɘ ɘɖɋɓɎɥ ɘɖ ɣɘɔɏ ɗɎɑɡ ɔɘɓɔɗɎɘɋɑɢɓɔ ɜɋɓɘɖɆ ɊɎɗɐɔɈ ɗ əɝɋɘɔɒ 

ɍɓɆɝɋɓɎɥ ( ) ɖɆɈɋɓ: 

                                      ( )ɘɖ ɘɖ ɗɖ ɗɖ/ ,ä= =                                       ( ) 
  

ɉɊɋ äð ɐɔɣɚɚɎɜɎɋɓɘ ɘɖɋɓɎɥ ɚɖɎɐɜɎɔɓɓɔɏ ɕɆɖɡ; ( )ɗɖ /= + ð 

ɗɖɋɊɓɎɏ ɊɎɆɒɋɘɖ ɚɖɎɐɜɎɔɓɓɡɛ ɊɎɗɐɔɈ.  
 

 ȹɗɑɔɈɎɋɒ ɖɆɇɔɘɔɗɕɔɗɔɇɓɔɗɘɎ ɚɖɎɐɜɎɔɓɓɔɏ ɒəɚɘɡ, ɘ.ɋ. ɖɆɇɔɘɡ ɇɋɍ 

ɕɖɔɗɐɆɑɢɍɡɈɆɓɎɥ, ɥɈɑɥɋɘɗɥ ð ɘɖ ɐɖ,= ɔɘɐəɊɆ ɗ əɝɋɘɔɒ ɍɓɆɝɋɓɎɥ 

( ) ɒɔɌɓɔ ɈɡɝɎɗɑɎɘɢ ɐɖəɘɥɟɎɏ ɒɔɒɋɓɘ, ɈɔɍɓɎɐɆɤɟɎɏ Ɉ ɗɋɝɋɓɎɥɛ 
ɈɆɑɔɈ. ȴɊɓɆɐɔ ɗɑɋɊəɋɘ əɝɎɘɡɈɆɘɢ, ɝɘɔ Ɋɑɥ ɔɇɋɗɕɋɝɋɓɎɥ ɐɆɝɋɗɘɈɆ ɗɜɋɕ-

ɑɋɓɎɥ ɘɖ ɍɆɊɆɋɘɗɥ ɗ ɍɆɕɆɗɔɒ, ɕɔɣɘɔɒə  

ɇəɊɋɘ ɔɕɖɋɊɋɑɥɘɢɗɥ ɐɆɐ: 
 

ɗɖ
ɐɖ ,

, ,
, ɐȳ,ä äi i

+ +
= = Ö Ö Ö ==  

 

ɉɊɋ ð ɐɔɣɚɚɎɜɎɋɓɘ ɍɆɕɆɗɆ ɗɜɋɕɑɋɓɎɥ; i ð ɝɎɗɑɔ ɚɖɎɐɜɎɔɓɓɡɛ ɕɆɖ 

ɗɜɋɕɑɋɓɎɥ (ɍɊɋɗɢ i = ). 
 

 ȲɆɐɗɎɒɆɑɢɓɡɋ ɐɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ Ɉ ɈɆɑɆɛ ɖɆɈɓɡ: 
 

ɖ
max

ɐ ɐɖ
ȵɆ,

/ ,
.

/r

Ö
= = = =

Öp
t  

ȵɖɎɒɋɝɆɓɎɋ.     
ȺɖɎɐɜɎɔɓɓɡɋ ɒəɚɘɡ ɗɑəɌɆɘ Ɋɑɥ ɕɑɆɈɓɔɉɔ ɗɜɋɕɑɋɓɎɥ ɈɖɆɟɆɤɟɎɛɗɥ ɗ ɑɤ-
ɇɡɒɎ ɗɐɔɖɔɗɘɥɒɎ ɈɆɑɔɈ Ɏ ɕɋɖɋɊɆɝɎ ɐɖəɘɥɟɋɉɔ ɒɔɒɋɓɘɆ ɔɘ ɔɊɓɔɉɔ ɈɆɑɆ 
Ɋɖəɉɔɒə ɍɆ ɗɝɋɘ ɕɖɎɌɆɘɎɥ ɊɎɗɐɔɈ ɒəɚɘɡ, ɔɇɋɗɕɋɝɎɈɆɤɟɋɉɔ ɚɖɎɐɜɎɔɓ-
ɓəɤ ɗɈɥɍɢ ɒɋɌɊə ɓɎɒɎ. ȵɋɖɋɊɆɝɆ ɈɖɆɟɆɤɟɋɉɔ ɒɔɒɋɓɘɆ ɔɗəɟɋɗɘɈɑɥɋɘɗɥ 
ɗɎɑɆɒɎ ɘɖɋɓɎɥ ɒɋɌɊə ɘɖəɟɎɒɎɗɥ ɕɔɈɋɖɛɓɔɗɘɥɒɎ ɊɋɘɆɑɋɏ ɒəɚɘɡ. Ȩ 
ɓɆɝɆɑɢɓɡɏ ɒɔɒɋɓɘ ɈɐɑɤɝɋɓɎɥ ɍɆ ɗɝɋɘ ɔɘɓɔɗɎɘɋɑɢɓɔɉɔ ɕɖɔɗɐɆɑɢɍɡɈɆɓɎɥ 
ɖɆɇɔɝɎɛ ɕɔɈɋɖɛɓɔɗɘɋɏ ɖɆɍɉɔɓ ɈɋɊɔɒɔɉɔ ɈɆɑɆ ɕɖɔɎɗɛɔɊɎɘ ɕɑɆɈɓɔ, ɇɋɍ əɊɆɖɆ, 
ɗ ɕɔɗɘɋɕɋɓɓɡɒ ɓɆɖɆɗɘɆɓɎɋɒ ɕɋɖɋɊɆɈɆɋɒɔɉɔ ɈɖɆɟɆɤɟɋɉɔ ɒɔɒɋɓɘɆ ɕɔ ɒɋ-
ɖɋ əɈɋɑɎɝɋɓɎɥ ɓɆɌɎɒɓɔɏ ɗɎɑɡ. ȵɖɎ əɗɘɆɓɔɈɎɈɞɋɒɗɥ ɊɈɎɌɋɓɎɎ ɕɖɔɗɐɆɑɢ-
ɍɡɈɆɓɎɋ ɔɘɗəɘɗɘɈəɋɘ Ɏ ɔɇɆ ɈɆɑɆ ɈɖɆɟɆɤɘɗɥ ɗ ɔɊɎɓɆɐɔɈɔɏ əɉɑɔɈɔɏ ɗɐɔɖɔ-
ɗɘɢɤ. Ȩ ɗɑəɝɆɋ ɕɋɖɋɉɖəɍɔɐ ɚɖɎɐɜɎɔɓɓɡɋ ɒəɚɘɡ ɕɖɔɇəɐɗɔɈɡɈɆɤɘ, ɕɖɋɊɔ-
ɛɖɆɓɥɥ ɒɆɞɎɓə ɔɘ ɕɔɑɔɒɔɐ, ɕɔɣɘɔɒə ɚɖɎɐɜɎɔɓɓɆɥ ɒəɚɘɆ ɕɔɒɎɒɔ ɗɈɔɋɉɔ 
ɔɗɓɔɈɓɔɉɔ ɓɆɍɓɆɝɋɓɎɥ Ɉɡɕɔɑɓɥɋɘ ɔɊɓɔɈɖɋɒɋɓɓɔ ɚəɓɐɜɎɤ ɕɖɋɊɔɛɖɆɓɎ-
ɘɋɑɢɓɔɉɔ əɗɘɖɔɏɗɘɈɆ. 



 
 

  

     Ȫɑɥ ɗɔɋɊɎɓɋɓɎɥ ɊɈəɛ ɈɆɑɔɈ ɗɕɑɔɞɓɔɉɔ 
ɐɖəɉɑɔɉɔ ɕɔɕɋɖɋɝɓɔɉɔ ɗɋɝɋɓɎɥ ɊɎɆɒɋɘɖɔɒ 

=  Ɏɗɕɔɑɢɍəɋɘɗɥ ɈɘəɑɔɝɓɆɥ ɒəɚɘɆ. 

ȴɕɖɋɊɋɑɎɘɢ ɓɆɖəɌɓɡɏ ɊɎɆɒɋɘɖ ɒəɚɘɡ 
Ɏɍ əɗɑɔɈɎɥ ɋɋ ɖɆɈɓɔɕɖɔɝɓɔɗɘɎ ɗ ɈɆɑɔɒ, ɋɗɑɎ Ɋɑɥ ɔɇɔɎɛ ɣɑɋɒɋɓɘɔɈ ð 

ɈɆɑɆ Ɏ ɒəɚɘɡ ð ȵɆ,=è øê út  Ɇ ɘɆɐɌɋ ɈɡɝɎɗɑɎɘɢ ɓɆɎɇɔɑɢɞɎɏ ɐɖə-

ɘɥɟɎɏ ɒɔɒɋɓɘ, ɕɋɖɋɊɆɈɆɋɒɡɏ ɈɆɑɔɒ. 
 

ȼȱɄȱȹȴȱ: 
 

 ȨɘəɑɔɝɓɆɥ ɒəɚɘɆ ɕɖɋɊɓɆɍɓɆɝɋɓɆ Ɋɑɥ Ɍɋɗɘɐɔɉɔ ɗɔɋɊɎɓɋɓɎɥ ɗɘɖɔɉɔ 
ɗɔɔɗɓɡɛ ɈɆɑɔɈ Ɏ ɕɋɖɋɊɆɝɎ ɈɖɆɟɆɘɋɑɢɓɔɉɔ ɊɈɎɌɋɓɎɥ, ɝɘɔ ɗ ɜɋɑɢɤ 
ɕɖɋɊɔɘɈɖɆɟɋɓɎɥ ɕɖɔɈɔɖɆɝɎɈɆɓɎɥ ɔɇɋɗɕɋɝɎɈɆɋɘɗɥ ɗɔɋɊɎɓɋɓɎɋɒ Ɉɘəɑ-
ɐɎ Ɏ ɈɆɑɔɈ ɗ ɕɔɒɔɟɢɤ ɞɘɎɚɘɔɈ, ɞɕɔɓɔɐ Ɏ ɊɖəɉɎɛ ɐɔɓɗɘɖəɐɘɎɈɓɡɛ 
ɖɋɞɋɓɎɏ. Ȩ ɖɋɍəɑɢɘɆɘɋ əɍɋɑ ɖɆɇɔɘɆɋɘ ɐɆɐ ɋɊɎɓɔɋ ɜɋɑɔɋ Ɏ Ɉɔ Ɉɗɋɛ ɣɑɋ-

ɒɋɓɘɆɛ ɗɔɋɊɎɓɋɓɎɥ ɈɔɍɓɎɐɆɋɘ ɔɊɎɓɆɐɔɈɡɏ ɐɖəɘɥɟɎɏ ɒɔɒɋɓɘ ɐɖ.  

     ȭɆɕɎɗɡɈɆɋɒ  Ɋɑɥ ɈɆɑɔɈ Ɏ ɒəɚɘɡ ð
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     ȵɖɎɖɆɈɓɎɈɆɋɒ ɒɔɒɋɓɘɡ () Ɏ () Ɏ ɗ əɝɋɘɔɒ ɍɓɆɝɋɓɎɏ ɕɔɑɥɖɓɡɛ 

ɒɔɒɋɓɘɔɈ ɗɔɕɖɔɘɎɈɑɋɓɎɥ () ɕɔɑəɝɆɋɒ:

p è øê út
=
p( )èú- øêt

­ - - = ­ =

 ȳɆ ɔɗɓɔɈɆɓɎɎ ɈɡɖɆɌɋɓɎɥ () ɔɕɖɋɊɋɑɥɋɒ ɐɖəɘɥɟɎɏ ɒɔɒɋɓɘ ɐɖ, 

ɕɋɖɋɊɆɈɆɋɒɡɏ ɈɆɑɔɒ: 

ɐɖ ɈɆɑ
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ɐȳr
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     Ȫɑɥ ɈɆɑɆ ɊɑɎɓɔɏ = ɔɕɖɋɊɋɑɎɘɢ ɈɋɑɎɝɎɓə ɐɖəɘɥɟɋɉɔ ɒɔɒɋɓɘɆ, 

ɕɖɎ ɐɔɘɔɖɔɒ ɖɆɗɝɋɘ ɈɆɑɆ ɕɔ ɕɖɔɝɓɔɗɘɎ ɊɆɋɘ ɘɆɐɔɏ Ɍɋ ɊɎɆɒɋɘɖ, ɝɘɔ Ɏ 

ɖɆɗɝɋɘ ɕɔ ɌɋɗɘɐɔɗɘɎ, ɋɗɑɎ  ȵɆ=è øê út  Ɏ ,= ¯è øê új¯ . ȴɕɖɋɊɋɑɎɘɢ 

ɈɋɑɎɝɎɓə ɣɘɔɉɔ ɊɎɆɒɋɘɖɆ. ȵɖɎɓɥɘɢ: ȵɆ.= ³

ȼȱɄȱȹȴȱ: 
 

 ȭɆɕɎɗɡɈɆɋɒ Ɋɑɥ ɈɆɑɆ : 
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 ȭɆɕɎɗɡɈɆɋɒ Ɋɑɥ ɈɆɑɆ : 
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 ȳɆ ɔɗɓɔɈɆɓɎɎ ɈɡɖɆɌɋɓɎɥ () ɔɕɖɋɊɋɑɥɋɒ ɐɖ: 
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     ȷɕɑɔɞɓɔɏ ɈɆɑ ɊɎɆɒɋɘɖɔɒ  əɗɎɑɋɓ ɓɆɊɋɘɔɏ ɓɆ ɓɋɉɔ Ɉɘəɑɐɔɏ ɗ ɊɎɆ-

ɒɋɘɖɆɒɎ ɓɆɖəɌɓɡɒ  Ɏ ɈɓəɘɖɋɓɓɎɒ  ɗɔɔɘɈɋɘɗɘɈɋɓɓɔ. ȨɆɑ Ɏ ɈɘəɑɐɆ 
Ɉɡɕɔɑɓɋɓɡ Ɏɍ ɔɊɓɔɉɔ ɒɆɘɋɖɎɆɑɆ Ɏ ɖɆɇɔɘɆɤɘ ɐɆɐ ɔɊɓɔ ɜɋɑɔɋ. ȴɕɖɋɊɋ-

ɑɎɘɢ ɔɘɓɔɞɋɓɎɋ / , ɝɘɔɇɡ əɗɎɑɋɓɎɋ ɈɆɑɆ ɕɔɍɈɔɑɎɑɔ əɈɋɑɎɝɎɘɢ 

ɋɉɔ ɉɖəɍɔɕɔɊɠɋɒɓɔɗɘɢ Ɉ  ɖɆɍɆ. 



 
 

ȼȱɄȱȹȴȱ: 
 

 ȩɖəɍɔɕɔɊɠɋɒɓɔɗɘɢ ɈɆɑɆ ɕɖɎ ɐɖəɝɋɓɎɎ ɔɕɖɋɊɋɑɥɋɘɗɥ ɒɆɐɗɎɒɆɑɢ-

ɓɡɒɎ ɐɆɗɆɘɋɑɢɓɡɒɎ ɓɆɕɖɥɌɋɓɎɥɒɎ maxt , ɈɔɍɓɎɐɆɤɟɎɒɎ ɕɖɎ ɍɆ-

ɊɆɓɓɔɒ ɐɖəɘɥɟɋɒ  ɒɔɒɋɓɘɋ ɐɖ, Ɇ əɈɋɑɎɝɋɓɎɋ ɉɖəɍɔɕɔɊɠɋɒɓɔɗɘɎ 

ɔɍɓɆɝɆɋɘ ɈɔɍɒɔɌɓɔɗɘɢ əɈɋɑɎɝɋɓɎɥ ɐɖ Ɉ ɖɆɍ- ɕɖɎ ɗɔɛɖɆɓɋɓɎɎ ɘɆ-

ɐɎɛ Ɍɋ ɓɆɕɖɥɌɋɓɎɏ. ȵɔɣɘɔɒə, ɗɖɆɈɓɎɈɆɥ maxt  ɈɆɑɆ Ɏ ɗɔɋɊɎɓɋɓɎɥ 

çɈɆɑ-ɈɘəɑɐɆè, əɗɑɔɈɎɋɒ ɗɔɛɖɆɓɋɓɎɥ ɕɖɔɝɓɔɗɘɎ ɥɈɑɥɋɘɗɥ: 
 

                                        max ɈɆɑ Ɉɘ max ɈɆɑ+ =t t ,                                           () 
 

ɉɊɋ, ɕɖɎɓɎɒɆɥ, ɝɘɔ ɕɆɖɆ çɈɆɑ-ɈɘəɑɐɆè ɖɆɇɔɘɆɤɘ ɐɆɐ ɔɊɓɔ ɜɋɑɔɋ ð 
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 ȹɝɎɘɡɈɆɥ, ɝɘɔ ɈɆɑɐɖ ɐɖɈɘ ɈɆɑ+ = , ɗɔɉɑɆɗɓɔ ɖɆɈɋɓɗɘɈə () 

ɕɖɎɖɆɈɓɎɈɆɋɒ ɍɓɆɝɋɓɎɥ () Ɏ ɕɔɑəɝɆɋɒ: 
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ȵɖɎɒɋɝɆɓɎɋ. 
Ȱ ɗɔɋɊɎɓɋɓɎɥɒ çɈɆɑðɈɘəɑɐɆè ɔɘɓɔɗɥɘɗɥ ɗɔɋɊɎɓɋɓɎɥ ɗ ɗɔɔɗɓɡɒɎ ɔɛɈɆɘɡ-
ɈɆɋɒɔɏ Ɏ ɔɛɈɆɘɡɈɆɤɟɋɏ ɕɔɈɋɖɛɓɔɗɘɥɒɎ, ɕɖɋɊɓɆɍɓɆɝɋɓɓɡɋ Ɋɑɥ ɕɋɖɋɊɆɝɎ 
ɈɖɆɟɆɤɟɋɉɔ ɒɔɒɋɓɘɆ. ȸɋɖɒɎɓ çɈɆɑè ɗɑɋɊəɋɘ ɔɘɓɔɗɎɘɢ ɐɆɐ ɐ ɈɆɑɆɒ, ɘɆɐ 
Ɏ ɐ ɔɗɥɒ, Ɏ ɐ ɊɖəɉɎɒ ɊɋɘɆɑɥɒ ɗ ɔɛɈɆɘɡɈɆɋɒɔɏ ɕɔɈɋɖɛɓɔɗɘɢɤ. Ȩ ɐɆɝɋɗɘɈɋ 
ɈɘəɑɐɎ ɒɔɉəɘ ɇɡɘɢ ɍəɇɝɆɘɡɋ ɐɔɑɋɗɆ, əɗɘɆɓɔɈɑɋɓɓɡɋ ɓɆ ɈɆɑ, ɕɔɑəɒəɚ-
ɘɡ, ɞɐɎɈɡ, ɍɈɋɍɊɔɝɐɎ. 

 
 



 
 

 

    

     ȷɘɋɖɌɋɓɢ ɐɖəɉɑɔɉɔ ɕɔɕɋɖɋɝɓɔɉɔ ɗɋɝɋɓɎɥ, 
Ɍɋɗɘɐɔ ɍɆɟɋɒɑɋɓɓɡɏ ɗ ɊɈəɛ ɐɔɓɜɔɈ, ɓɆɉɖə-
Ɍɋɓ ɈɓɋɞɓɎɒ ɒɔɒɋɓɘɔɒ ɐȳ= . ȵɔ-

ɊɔɇɖɆɘɢ ɊɎɆɒɋɘɖ ɗɘɋɖɌɓɥ , ɋɗɑɎ Ɋɑɥ ɒɆ-

ɘɋɖɎɆɑɆ ȵɆ.=è øê út  

 

ȼȱɄȱȹȴȱ: 
 

 ȶɆɗɐɖɡɈɆɋɒ ɗɘɆɘɎɝɋɗɐəɤ ɓɋɔɕɖɋɊɋɑɎɒɔɗɘɢ ȲȫȸȴȪȴȲ ȪȫȺȴȶȲȦȼȮȯ  

Ɏ ɔɕɖɋɊɋɑɥɋɒ ɖɋɆɐɘɎɈɓɡɋ ɒɔɒɋɓɘɡ Ɉ ɍɆɊɋɑɐɆɛ: 
 

Ɇ)  ȷɘɆɘɎɝɋɗɐɆɥ ɗɘɔɖɔɓɆ. ȵɔɊ ɊɋɏɗɘɈɎɋɒ Ɉɓɋɞɓɋɉɔ ɍɆɐɖəɝɎɈɆɤɟɋ-
ɉɔ ɒɔɒɋɓɘɆ  Ɉ ɍɆɟɋɒɑɋɓɎɥɛ ɈɔɍɓɎɐɆɤɘ ɖɋɆɐɘɎɈɓɡɋ ɒɔɒɋɓɘɡ  

Ɏ  (ɖɎɗ. , Ɇ). ȸɆɐ ɐɆɐ Ɉɗɥ ɗɎɗɘɋɒɆ ɆɐɘɎɈɓɡɛ Ɏ ɖɋɆɐɘɎɈɓɡɛ ɗɎɑ 

ɊɔɑɌɓɆ ɓɆɛɔɊɎɘɢɗɥ Ɉ ɖɆɈɓɔɈɋɗɎɎ, ɍɆɕɎɗɡɈɆɋɒ Ɋɑɥ ɗɘɋɖɌɓɥ əɖɆɈɓɋɓɎɋ 
ɖɆɈɓɔɈɋɗɎɥ:                   

                                       : .= + - =ä                                   ( ) 
 

ɇ)  ȩɋɔɒɋɘɖɎɝɋɗɐɆɥ ɗɘɔɖɔɓɆ.  ȴɘɇɖɆɗɡɈɆɋɒ ɔɘ ɗɘɋɖɌɓɥ ɔɊɓə Ɏɍ ɔɕɔɖ, 

ɓɆɕɖɎɒɋɖ, ɔɕɔɖə , ɍɆɒɋɓɥɋɒ ɋɋ ɊɋɏɗɘɈɎɋ ɖɋɆɐɘɎɈɓɡɒ ɒɔɒɋɓɘɔɒ 

 (ɖɎɗ. , ɇ) Ɏ ɍɆɕɎɗɡɈɆɋɒ əɗɑɔɈɎɋ 

ɕɔ əɉɑɔɈɔɒə ɕɋɖɋɒɋɟɋɓɎɤ ɗɋɝɋɓɎɥ 

ɓɆ ɣɘɔɏ ɔɕɔɖɋ . ȸɆɐ ɐɆɐ ɗɋɝɋɓɎɋ  
ɓɆɛɔɊɎɘɗɥ Ɉ ɍɆɊɋɑɐɋ, ɘɔ ɍɊɋɗɢ  Ʉ 

,=j  ɐɔɘɔɖɡɏ ɓɆ ɔɗɓɔɈɆɓɎɎ 

ɕɖɎɓɜɎɕɆ ɓɋɍɆɈɎɗɎɒɔɗɘɎ ɊɋɏɗɘɈɎɥ 
ɗɎɑ ɔɕɖɋɊɋɑɥɋɘɗɥ ɐɆɐ ɆɑɉɋɇɖɆɎɝɋ-
ɗɐɆɥ ɗəɒɒɆ əɉɑɔɈ ɕɔɈɔɖɔɘɆ ɣɘɔɉɔ ɗɋ-
ɝɋɓɎɥ ɔɘ ɐɆɌɊɔɉɔ ɒɔɒɋɓɘɆ Ɉ ɔɘɊɋɑɢ-
ɓɔɗɘɎ: 
 

           .= + =j j j       ( ) 
 

Ɉ)  ȺɎɍɎɝɋɗɐɆɥ ɗɘɔɖɔɓɆ. ȵɔ ɍɆɐɔɓə 
ȩəɐɆ ɍɆɕɎɗɡɈɆɋɒ ɍɓɆɝɋɓɎɋ əɉɑɆ ɕɔ-
ɈɔɖɔɘɆ ɔɘ ɐɆɌɊɔɉɔ ɒɔɒɋɓɘɆ: 
 



 
 

                                     ; .
r r

ûÖ î
= =- ü

îý

j j                          ( ) 

                                     

     ȵɔɊɗɘɆɈɑɥɋɒ  () ­  ( )  Ɏ ɗ əɝɋɘɔɒ əɖɆɈɓɋɓɎɥ () ɕɔɑəɝɆɋɒ: 
 

/
r r

Ö
- = ­ = ­     ɐȳ; ɐȳ= =  . 

 ȲɋɘɔɊɔɒ ɗɋɝɋɓɎɏ ɔɕɖɋɊɋɑɥɋɒ ɐɖəɘɥɟɎɋ ɒɔɒɋɓɘɡ ɓɆ əɝɆɗɘɐɆɛ 

ɗɘɋɖɌɓɥ Ɏ ɗɘɖɔɎɒ ɣɕɤɖə ɐɖəɘɥɟɎɛ ɒɔɒɋɓɘɔɈ (ɖɎɗ. , Ɉ): 
 

ɐɖ ɐɖɐȳ ; ɐȳ .= = = =  
 

     ȴɕɆɗɓɡɒ ɓɆ ɗɘɋɖɌɓɋ ɥɈɑɥɋɘɗɥ əɝɆɗɘɔɐ ɗ ɐɖmax ɐȳ .=  

 ȵɔɊɇɎɖɆɋɒ ɊɎɆɒɋɘɖ ɗɘɋɖɌɓɥ Ɏɍ : 
 

                                 
ɐɖ ɐɖ

max
/r

= = èê¢ øúp
tt , ɔɘɐəɊɆ 

    
ɐɖ

, .
,è ø

Ö Ö
= = =

ê ú
=

Öpt
  

 
 

    

      Ȫɑɥ ɗɘəɕɋɓɝɆɘɔɉɔ ɈɆɑɆ ( ), , ,= = = , ɖɆɇɔ-

ɘɆɤɟɋɉɔ ɓɆ ɐɖəɝɋɓɎɋ, ɔɕɖɋɊɋɑɎɘɢ ɉɖəɍɔɕɔɊɠɋɒɓɔɗɘɢ, ɘ.ɋ. ɒɆɐɗɎɒɆɑɢ-
ɓɡɏ ɈɓɋɞɓɎɏ ɍɆɐɖəɝɎɈɆɤɟɎɏ ɒɔɒɋɓɘ 

, ɐɔɘɔɖɡɏ ɔɓ ɗɕɔɗɔɇɋɓ ɈɡɊɋɖɌɆɘɢ, 

ɋɗɑɎ Ɋɑɥ ɒɆɘɋɖɎɆɑɆ ɈɆɑɆ ȵɆ.=è øê út

ȵɖɎɓɥɘɢ Ɋɑɥ ɈɆɑɆ: ȵɆ.= ³
 

 

ȼȱɄȱȹȴȱ: 
 

 ȵɋɖɈɔɓɆɝɆɑɢɓɔ Ɋɑɥ ɈɆɑɆ ɔɕɖɋɊɋɑɥɋɒ ɉɋɔɒɋɘɖɎɝɋɗɐɎɋ ɛɆɖɆɐɘɋɖɎ-
ɗɘɎɐɎ, ɓɋɔɇɛɔɊɎɒɡɋ Ɋɑɥ ɖɋɞɋɓɎɥ ɍɆɊɆɝɎ: 
 

                                   

,
, ;

,
, .

r

r
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 ȶɆɗɐɖɡɈɆɋɒ ɗɘɆɘɎɝɋɗɐəɤ ɓɋɔɕɖɋɊɋɑɎɒɔɗɘɢ ȲȫȸȴȪȴȲ ȪȫȺȴȶȲȦȼȮȯ  
Ɏ ɔɕɖɋɊɋɑɥɋɒ ɖɋɆɐɘɎɈɓɡɋ ɒɔɒɋɓɘɡ Ɉ ɍɆɊɋɑɐɆɛ: 
 

Ɇ) ȷɘɆɘɎɝɋɗɐɆɥ ɗɘɔɖɔɓɆ. ȵɔɊ Ɋɋɏ-

ɗɘɈɎɋɒ ɍɆɐɖəɝɎɈɆɤɟɋɉɔ ɒɔɒɋɓɘɆ   
Ɉ ɍɆɊɋɑɐɆɛ ɈɔɍɓɎɐɆɤɘ ɖɋɆɐɜɎɎ ɔɕɔɖ 

Ʉ ɒɔɒɋɓɘɡ  Ɏ  (ɖɎɗ. , Ɇ). ȭɆ-

ɕɎɗɡɈɆɋɒ Ɋɑɥ ɗɘɋɖɌɓɥ əɖɆɈɓɋɓɎɋ 
ɖɆɈɓɔɈɋɗɎɥ: 
 

    : .= + - =ä        ( ) 

 
 

ɇ)  ȩɋɔɒɋɘɖɎɝɋɗɐɆɥ ɗɘɔɖɔɓɆ.  ȴɘ-

ɇɖɆɗɡɈɆɋɒ ɔɘ ɗɘɋɖɌɓɥ ɔɕɔɖə , ɍɆ-
ɒɋɓɥɋɒ ɋɋ ɊɋɏɗɘɈɎɋ ɖɋɆɐɘɎɈɓɡɒ ɒɔ-

ɒɋɓɘɔɒ  (ɖɎɗ. 1, ɇ) Ɏ ɍɆɕɎɗɡɈɆɋɒ 

əɗɑɔɈɎɋ ɕɔ əɉɑə ɕɔɈɔɖɔɘɆ ɓɆ ɣɘɔɏ 

ɔɕɔɖɋ  Ʉ ,=j  ɐɔɘɔɖɔɋ ɓɆ ɔɗɓɔ-

ɈɆɓɎɎ ɕɖɎɓɜɎɕɆ ɓɋɍɆɈɎɗɎɒɔɗɘɎ Ɋɋɏ-
ɗɘɈɎɥ ɗɎɑ ɒɔɌɓɔ ɕɖɋɊɗɘɆɈɎɘɢ Ɉ ɈɎɊɋ: 
 

                                           .= + =j j j                                       ( ) 
    
 

Ɉ)  ȺɎɍɎɝɋɗɐɆɥ ɗɘɔɖɔɓɆ. ȸɆɐ ɐɆɐ əɝɆɗɘɐɎ ɗɘɋɖɌɓɥ Ɏɒɋɤɘ ɖɆɍɑɎɝɓəɤ 

Ɍɋɗɘɐɔɗɘɢ r, ɘɔ ɚɎɍɎɝɋɗɐəɤ ɗɘɔɖɔɓə ɗɑɋɊəɋɘ ɖɆɗɗɝɎɘɡɈɆɘɢ ɗ əɝɋɘɔɒ 

ɗɔɔɘɈɋɘɗɘɈəɤɟɎɛ ɉɋɔɒɋɘɖɎɝɋɗɐɎɛ ɛɆɖɆɐɘɋɖɎɗɘɎɐ. ȸɔɉɊɆ ɕɔ ɍɆɐɔɓə ȩə-

ɐɆ ɗ əɝɋɘɔɒ ɍɓɆɝɋɓɎɏ () ɕɔɑəɝɆɋɒ: 
 

,
, ;

,

, ,
, .

, ,

r

r r
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     ȵɔɊɗɘɆɈɑɥɋɒ  () ­  ( ):    , , ,- =    ɔɘɐəɊɆ 
 

, =    ­  ( ) ­   ,=  . 
 

 ȲɋɘɔɊɔɒ ɗɋɝɋɓɎɏ ɔɕɖɋɊɋɑɥɋɒ ɐɖəɘɥɟɎɋ ɒɔɒɋɓɘɡ ɓɆ əɝɆɗɘɐɆɛ 

ɗɘɋɖɌɓɥ Ɏ ɗɘɖɔɎɒ ɣɕɤɖə ɐɖəɘɥɟɎɛ ɒɔɒɋɓɘɔɈ (ɖɎɗ. , Ɉ): 
 

ɐɖ ɐɖ, ; , .= = = =  
 

 ȷ əɝɋɘɔɒ ɍɓɆɝɋɓɎɏ () ɔɕɖɋɊɋɑɥɋɒ ɓɆɕɖɥɌɋɓɎɥ ɓɆ əɝɆɗɘɐɆɛ ɈɆɑɆ: 
 

max

max

ɐɖ

ɐɖ
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, ;
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ȵɆ
r

r
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= = =
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     ȳɆɎɇɔɑɋɋ ɔɕɆɗɓɡɒ ɥɈɑɥɋɘɗɥ əɝɆɗɘɔɐ . ȭɊɋɗɢ ɈɔɍɓɎɐɆɤɘ ɓɆɎɇɔɑɢ-

ɞɎɋ ɓɆɕɖɥɌɋɓɎɥ ɶmax , ȵɆ( ).=t  
 

 ȵɔ ɔɕɆɗɓɔɒə əɝɆɗɘɐə Ɏɍ  ɔɕɖɋɊɋɑɥɋɒ ɒɆɐɗɎ-

ɒɆɑɢɓɡɏ ɊɔɕəɗɘɎɒɡɏ ɒɔɒɋɓɘ : 

max , ,è øê ú= ¢t t  ɔɘɐəɊɆ   , ɐȳ .
, ,

è øê ú
= = =
t

 

 
 
 

    

     ȷɘɋɖɌɋɓɢ ɐɖəɉɑɔɉɔ ɕɔɕɋɖɋɝɓɔɉɔ ɗɋɝɋ-

ɓɎɥ ɊɎɆɒɋɘɖɔɒ =  Ɍɋɗɘɐɔ ɍɆɟɋɒ-

ɑɋɓ ɗ ɊɈəɛ ɐɔɓɜɔɈ Ɏ ɓɆɉɖəɌɋɓ ɈɓɋɞɓɎɒɎ 

ɒɔɒɋɓɘɆɒɎ ɐȳ= . ȴɕɖɋɊɋɑɎɘɢ əɉɔɑ 

ɍɆɐɖəɝɎɈɆɓɎɥ ɗɖɋɊɓɋɉɔ ɗɋɝɋɓɎɥ - . 

ȵɖɎɓɥɘɢ Ɋɑɥ ɈɆɑɆ: , ; , ; ȵɆ.== ³=  
 

ȼȱɄȱȹȴȱ: 
 

 ȶɆɗɐɖɡɈɆɋɒ ɗɘɆɘɎɝɋɗɐəɤ ɓɋɔɕɖɋɊɋɑɎɒɔɗɘɢ:  
 

Ɇ)  ȷɘɆɘɎɝɋɗɐɆɥ ɗɘɔɖɔɓɆ  (ɖɎɗ. , Ɇ) ­   
  
                 

                                     : .= + - =ä                                  ( ) 
 



 
 

ɇ)  ȩɋɔɒɋɘɖɎɝɋɗɐɆɥ ɗɘɔɖɔɓɆ.  ȴɘɇɖɆɗɡɈɆɋɒ ɔɘ ɗɘɋɖɌɓɥ ɔɊɓə Ɏɍ ɔɕɔɖ, 

ɓɆɕɖɎɒɋɖ, ɔɕɔɖə , ɍɆɒɋɓɥɋɒ ɋɋ ɊɋɏɗɘɈɎɋ ɖɋɆɐɘɎɈɓɡɒ ɒɔɒɋɓɘɔɒ 

 (ɖɎɗ. , ɇ) Ɏ ɍɆɕɎɗɡɈɆɋɒ əɗɑɔɈɎɋ ɕɔ əɉɑɔɈɔɒə ɕɋɖɋɒɋɟɋɓɎɤ ɗɋɝɋ-

ɓɎɥ ɓɆ ɣɘɔɏ ɔɕɔɖɋ ­  

                                = ­j    .= + =j j j                         ( ) 
 

Ɉ)  ȺɎɍɎɝɋɗɐɆɥ ɗɘɔɖɔɓɆ. ȵɔ ɍɆɐɔɓə ȩəɐɆ ɍɆɕɎɗɡɈɆɋɒ ɍɓɆɝɋɓɎɋ əɉɑɆ 
ɕɔɈɔɖɔɘɆ ɔɘ ɐɆɌɊɔɉɔ ɒɔɒɋɓɘɆ ­  
 

                                 

( ) ( )
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                     ( ) 

     ȵɔɊɗɘɆɈɑɥɋɒ  () ­  ( )  Ɏ ɗ əɝɋɘɔɒ əɖɆɈɓɋɓɎɥ () ɕɔɑəɝɆɋɒ: 
 
 

( ) ( )

r r

+ +
- = ­ 

 

             ɐȳ= = =  . 
 

ȵɖɎɒɋɝɆɓɎɋ.  
Ȩ ɗɎɑə ɗɎɒɒɋɘɖɎɎ ɈɓɋɞɓɎɛ ɒɔɒɋɓ-
ɘɔɈ Ɏ ɔɊɎɓɆɐɔɈɔɒ Ɏɛ ɍɓɆɝɋɓɎɎ ɇəɊɋɘ 
ɕɖɋɊɕɔɑɆɉɆɋɒɔ Ɏ ɖɆɈɋɓɗɘɈɔ ɖɋɆɐɘɎɈ-
ɓɡɛ ɒɔɒɋɓɘɔɈ ɓɆ ɔɕɔɖɆɛ. 
 

 ȲɋɘɔɊɔɒ ɗɋɝɋɓɎɏ ɔɕɖɋɊɋɑɥɋɒ 
ɐɖəɘɥɟɎɋ ɒɔɒɋɓɘɡ ɓɆ əɝɆɗɘɐɆɛ 
ɗɘɋɖɌɓɥ Ɏ ɗɘɖɔɎɒ ɣɕɤɖə ɐɖəɘɥ-

ɟɎɛ ɒɔɒɋɓɘɔɈ (ɖɎɗ. , Ɉ). 
 

 ȴɕɖɋɊɋɑɥɋɒ əɉɔɑ ɕɔɈɔɖɔɘɆ 
ɗɖɋɊɓɋɉɔ ɗɋɝɋɓɎɥ - . ȸɆɐ ɐɆɐ 

ɓɆ əɝɆɗɘɐɋ  ɐɖəɘɥɟɎɏ ɒɔɒɋɓɘ ɖɆɈɋɓ ɓəɑɤ, əɉɔɑ ɕɔɈɔɖɔɘɆ ɑɤɇɔɉɔ 

ɗɋɝɋɓɎɥ ɍɊɋɗɢ ɇəɊɋɘ ɔɕɖɋɊɋɑɥɘɢɗɥ əɉɑɔɒ ɕɔɈɔɖɔɘɆ ɗɋɝɋɓɎɥ  ɔɘɓɔɗɎ-

ɘɋɑɢɓɔ ɗɋɝɋɓɎɥ , ɑɎɇɔ əɉɑɔɒ ɕɔɈɔɖɔɘɆ ɗɋɝɋɓɎɥ  ɔɘɓɔɗɎɘɋɑɢɓɔ ɗɋ-

ɝɋɓɎɥ , ɎɒɋɤɟɎɒ ɘɆɐɔɋ Ɍɋ ɓɆɕɖɆɈɑɋɓɎɋ ɍɆɐɖəɝɎɈɆɓɎɥ. Ȩ ɖɋɍəɑɢɘɆ-
ɘɋ ɕɔɑəɝɆɋɒ: 

( ) ,

,
, ɖɆɊ.

/
-

r

Ö Ö Ö Ö
= = =

Ö Ö Ö
=j j

p
 



 
 

  

     Ȱ ɗɘɋɖɌɓɤ ɐɖəɉɑɔɉɔ ɕɔɕɋɖɋɝɓɔɉɔ ɗɋɝɋɓɎɥ, ɍɆɟɋɒɑɋɓɓɔɒə ɗ ɊɈəɛ 
ɐɔɓɜɔɈ, ɕɖɎɑɔɌɋɓɡ ɊɈɆ ɖɆɈɓɡɛ Ɏ ɕɖɔɘɎɈɔɕɔɑɔɌɓɔ ɓɆɕɖɆɈɑɋɓɓɡɛ 
ɈɓɋɞɓɎɛ ɍɆɐɖəɝɎɈɆɤɟɎɛ ɒɔɒɋɓɘɆ, ɖɆɈ-
ɓɡɛ ɐȳ=  ȴɕɖɋɊɋɑɎɘɢ ɊɎɆɒɋɘɖ 

ɗɘɋɖɌɓɥ , ɋɗɑɎ Ɋɑɥ ɒɆɘɋɖɎɆɑɆ ɗɘɋɖɌ-

ɓɥ ȵɆ=è øê út , Ɏ ɈɡɝɎɗɑɎɘɢ əɉɔɑ ɍɆ-

ɐɖəɝɎɈɆɓɎɥ ɗɖɋɊɓɋɉɔ ɗɋɝɋɓɎɥ - .  
 

ȼȱɄȱȹȴȱ: 
 

 ȶɆɗɐɖɡɈɆɋɒ ɗɘɆɘɎɝɋɗɐəɤ ɓɋɔɕɖɋɊɋɑɎɒɔɗɘɢ:  
 

Ɇ)  ȷɘɆɘɎɝɋɗɐɆɥ ɗɘɔɖɔɓɆ  (ɖɎɗ. , Ɇ) ­    
                 

                   : .= - + - = ­ =ä          ( ) 
 

ɇ)  ȩɋɔɒɋɘɖɎɝɋɗɐɆɥ ɗɘɔɖɔɓɆ.  ȴɘɇɖɆɗɡɈɆɋɒ ɔɘ ɗɘɋɖɌɓɥ ɔɕɔɖə , ɍɆɒɋ-

ɓɥɋɒ ɋɋ ɊɋɏɗɘɈɎɋ ɖɋɆɐɘɎɈɓɡɒ ɒɔɒɋɓɘɔɒ  (ɖɎɗ. , ɇ) Ɏ ɍɆɕɎɗɡɈɆɋɒ 

əɗɑɔɈɎɋ ɕɔ əɉɑɔɈɔɒə ɕɋɖɋɒɋɟɋɓɎɤ ɗɋɝɋɓɎɥ ɓɆ ɣɘɔɏ ɔɕɔɖɋ ­    

                              
= ­j  .= + =j j j                             ( ) 

   

Ɉ)  ȺɎɍɎɝɋɗɐɆɥ ɗɘɔɖɔɓɆ. ȵɔ ɍɆɐɔɓə 
ȩəɐɆ ɍɆɕɎɗɡɈɆɋɒ ɍɓɆɝɋɓɎɋ əɉɑɆ ɕɔ-
ɈɔɖɔɘɆ ɔɘ ɐɆɌɊɔɉɔ ɒɔɒɋɓɘɆ ­  
 

;

( )

.

r r r

r

Ö û
= - =- î

î
üÖ
î=
îý

j

j

 

     ȵɔɊɗɘɆɈɑɥɋɒ  () ­  ( )  Ɏ ɗ əɝɋ-

ɘɔɒ əɖɆɈɓɋɓɎɥ () ɕɔɑəɝɆɋɒ: 
 
 

r r

Ö
- + = ­ 

 

 / ɐȳ= = =  . 
 

 
 

 ȴɕɖɋɊɋɑɥɋɒ ɐɖəɘɥɟɎɋ ɒɔɒɋɓɘɡ ɓɆ əɝɆɗɘɐɆɛ ɗɘɋɖɌɓɥ Ɏ ɗɘɖɔɎɒ 

ɣɕɤɖə ɐɖəɘɥɟɎɛ ɒɔɒɋɓɘɔɈ (ɖɎɗ. , Ɉ): 



 
 

ɐɖ ɐɖ

ɐɖ             

ɐȳ ; ɐȳ ;

ɐȳ          .  

= = = =-

=

-

=
 

     ȴɕɆɗɓɡɒ ɓɆ ɗɘɋɖɌɓɋ ɥɈɑɥɋɘɗɥ əɝɆɗɘɔɐ ɗ ɐɖmax ɐȳ .=  

 ȵɔɊɇɎɖɆɋɒ ɊɎɆɒɋɘɖ ɗɘɋɖɌɓɥ Ɏɍ : 
 

ɐɖ ɐɖmax max
max

/r
è øê= = ¢ úp

t t, 

ɔɘɐəɊɆ                  
ɐɖmax

.
,

Ö Ö
= = =

Öè øê úpt
 

 

 ȴɕɖɋɊɋɑɥɋɒ əɉɔɑ ɕɔɈɔɖɔɘɆ ɗɖɋɊɓɋɉɔ ɗɋɝɋɓɎɥ - :  
 

( )ɐɖ ɐɖ /
,- -

r r
= + = -j j j  

ɉɊɋ ɗɔɉɑɆɗɓɔ ɖɆɗɝɋɘɆɒ ð ɐɖ ɐɖ= .  
 

     Ȩ ɖɋɍəɑɢɘɆɘɋ ɕɔɑəɝɆɋɒ: 
( )ɐɖ ɐɖ /

.
r r

= - =j  

 
 

  

     ȷɘəɕɋɓɝɆɘɡɏ ɗɘɋɖɌɋɓɢ ɊɑɎɓɔɏ ( ) ,+ = ɗ ɊɎɆɒɋɘɖɆɒɎ əɝɆɗɘ-

ɐɔɈ  Ɏ= =  Ɍɋɗɘɐɔ ɍɆɟɋɒɑɋɓ ɗ ɊɈəɛ ɐɔɓɜɔɈ Ɏ ɓɆɉɖəɌɆ-

ɋɘɗɥ ɐɖəɘɥɟɎɒ ɒɔɒɋɓɘɔɒ , ɕɖɎɑɔɌɋɓɓɡɒ ɓɆ ɉɖɆɓɎɜɋ ɎɍɒɋɓɋɓɎɥ 

ɊɎɆɒɋɘɖɆ. ȴɕɖɋɊɋɑɎɘɢ ɊɑɎɓə əɝɆɗɘɐɔɈ Ɏ  Ɏɍ əɗɑɔɈɎɥ, ɝɘɔɇɡ Ɉ 

ɔɇɋɎɛ ɝɆɗɘɥɛ ɗɘɋɖɌɓɥ Ɉ ɖɋɍəɑɢɘɆɘɋ ɐɖəɝɋ-

ɓɎɥ ɈɔɍɓɎɐɆɑɎ ɔɊɎɓɆɐɔɈɡɋ maxt . 
 

ȼȱɄȱȹȴȱ: 
 

 ȵɋɖɈɔɓɆɝɆɑɢɓɔ Ɋɑɥ ɈɆɑɆ ɔɕɖɋɊɋɑɥɋɒ 
ɉɋɔɒɋɘɖɎɝɋɗɐɎɋ ɛɆɖɆɐɘɋɖɎɗɘɎɐɎ, ɓɋɔɇɛɔ-
ɊɎɒɡɋ Ɋɑɥ ɖɋɞɋɓɎɥ ɍɆɊɆɝɎ: 

                               

,
, ;
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, ;

r

r

ûÖ
= = = î
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îý

p

p
                            ( )  
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                        ( ) 

 

 ȶɆɗɗɒɔɘɖɎɒ ɗɘɆɘɎɝɋɗɐəɤ ɗɘɔɖɔɓə ɍɆɊɆɝɎ (ɖɎɗ. , Ɇ):  
 

                                     : ,= - + =ä                                    ( ) 
 

ɉɊɋ  ɐɖ ɐɖ; .= =                                                                 ( ) 
 
 

 ȮɗɛɔɊɥ Ɏɍ əɗɑɔɈɎɥ ɖɆɈɋɓɗɘɈɆ ɓɆɕɖɥɌɋɓɎɏ ɓɆ əɝɆɗɘɐɆɛ ɗɘɋɖɌɓɥ ð 
 

 max max=t t  Ɏ ɗ əɝɋɘɔɒ ɍɓɆɝɋɓɎɏ  () Ɏ (), ɕɔɑəɝɆɋɒ: 
 

ɐɖ
max

max
ɐɖ

r

r

û
= î

î
­ü
î=
î
ý
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r r r
= = ­­  

                                                    ,=  .                                           ( ) 
 

     ȴɇɠɋɊɎɓɥɋɒ ɗɔɔɘɓɔɞɋɓɎɋ ɖɋɆɐɘɎɈɓɡɛ ɒɔɒɋɓɘɔɈ () Ɏ ɗɘɆɘɎɝɋɗɐɔɋ 

əɖɆɈɓɋɓɎɋ () Ɏ ɔɕɖɋɊɋɑɥɋɒ ɒɔɒɋɓɘɡ Ɉ ɍɆɊɋɑɐɆɛ ð 
 

                     
, ,

- + =ë
ì

=í
   

 

ɔɘɐəɊɆ           
,

,

=

=
 .       ( ) 

 

     ȷɔɉɑɆɗɓɔ ɍɓɆɝɋɓɎɥɒ  () Ɏ ɓɆ ɔɗ-

ɓɔɈɆɓɎɎ () ɗɘɖɔɎɒ ɣɕɤɖə ɐɖəɘɥɟɎɛ 

ɒɔɒɋɓɘɔɈ (ɖɎɗ. , Ɉ).  

 

 ȶɆɗɗɒɔɘɖɎɒ ɉɋɔɒɋɘɖɎɝɋɗɐəɤ 
ɗɘɔɖɔɓə ɍɆɊɆɝɎ Ɏ ɍɆɕɎɞɋɒ əɗɑɔɈɎɋ 
Ɋɑɥ əɉɑɆ ɕɔɈɔɖɔɘɆ ɔɕɔɖɓɔɉɔ ɗɋɝɋɓɎɥ 

 =j  (ɖɎɗ. , ɇ): 

  

           ,= + =j j j     ( ) 
 

ɉɊɋ  ɗɔɉɑɆɗɓɔ ɍɆɐɔɓə ȩəɐɆ ð 
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r

r r

û
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î
üå õ
î= - +æ öæ öîç ÷ý

j

j

                                 ( ) 

     ȵɔɊɗɘɆɈɑɥɋɒ () ­  ( ) Ɏ ɗ əɝɋɘɔɒ ɍɓɆɝɋɓɎɏ () Ɏ () ɕɖɎɈɔɊɎɒ 
ɈɡɖɆɌɋɓɎɋ ɐ ɈɎɊə: 
 

( )

, ,

, , , ,

, ,

r r r r r r

r r

- - = ­ - - = ­

è ø- Ö Ö
- = ­ - = ­é ù

Ö Öé ùê ú

 

                                           , , ,- =                                      ( ) 
 

ɉɊɋ ɍɓɆɝɋɓɎɥ Ɏ ɕɖɋɊɗɘɆɈɑɋɓɡ Ɉ [ ]. 

 ȶɋɞɆɋɒ ɕɔɑəɝɋɓɓɔɋ əɖɆɈɓɋɓɎɋ () ɗɔɈɒɋɗɘɓɔ ɗ ɍɆɊɆɓɓɡɒ əɗɑɔɈɎɋɒ 
ɔɘɓɔɗɎɘɋɑɢɓɔ ɕɔɑɓɔɏ ɊɑɎɓɡ ɗɘɋɖɌɓɥ Ɏ ɕɔɑəɝɆɋɒ: 
 

, ,

,

- =ë
ì
+ =í

­   
,

,

=

=
 . 

 
 

 

  

     ȷɘɋɖɌɋɓɢ ɐɖəɉɑɔɉɔ ɕɔɕɋɖɋɝɓɔɉɔ ɗɋɝɋɓɎɥ 

ɊɎɆɒɋɘɖɔɒ = , Ɍɋɗɘɐɔ ɍɆɟɋɒɑɋɓɓɡɏ 

ɗ ɊɈəɛ ɐɔɓɜɔɈ, ɓɆɉɖəɌɋɓ ɈɓɋɞɓɎɒ ɍɆɐɖə-
ɝɎɈɆɤɟɎɒ ɒɔɒɋɓɘɔɒ. ȴɕɖɋɊɋɑɎɘɢ, ɐɆɐɔɏ 

ɓɆɎɇɔɑɢɞɎɏ ɒɔɒɋɓɘ ɗɕɔɗɔɇɋɓ ɈɡɊɋɖɌɆɘɢ ɈɆɑ, ɋɗɑɎ Ɋɑɥ ɒɆɘɋɖɎ-

ɆɑɆ ɈɆɑɆ ȵɆ.=è øê út  

 

ȼȱɄȱȹȴȱ: 
 

 ȶɆɗɐɖɡɈɆɋɒ ɗɘɆɘɎɝɋɗɐəɤ ɓɋɔɕɖɋɊɋɑɎɒɔɗɘɢ Ɏ ɔɕɖɋɊɋɑɥɋɒ ɖɋɆɐɘɎɈ-

ɓɡɋ ɒɔɒɋɓɘɡ Ɉ ɍɆɊɋɑɐɆɛ, ɈɡɖɆɌɋɓɓɡɋ ɝɋɖɋɍ ɒɔɒɋɓɘ :  
 

Ɇ)  ȷɘɆɘɎɝɋɗɐɆɥ ɗɘɔɖɔɓɆ (ɖɎɗ. , Ɇ) ­  
 

                                        
: .= + - =ä                               ( ) 

 



 
 

ɇ)  ȩɋɔɒɋɘɖɎɝɋɗɐɆɥ ɗɘɔɖɔɓɆ.  ȴɘɇɖɆɗɡɈɆɋɒ ɔɕɔɖə , ɍɆɒɋɓɥɋɒ ɋɋ Ɋɋɏ-

ɗɘɈɎɋ ɔɕɔɖɓɡɒ ɒɔɒɋɓɘɔɒ 
 
Ɏ ɍɆ-

ɕɎɗɡɈɆɋɒ əɗɑɔɈɎɋ ɕɔ əɉɑə ɕɔɈɔɖɔɘɆ 

ɗɋɝɋɓɎɥ (ɖɎɗ. , ɇ) ð = ­j  

           .= + =j j j    ( )                
 

Ɉ)  ȺɎɍɎɝɋɗɐɆɥ ɗɘɔɖɔɓɆ. ȵɔ ɍɆɐɔɓə 
ȩəɐɆ ɍɆɕɎɗɡɈɆɋɒ ɍɓɆɝɋɓɎɋ əɉɑɆ ɕɔ-

ɈɔɖɔɘɆ ɔɕɔɖɓɔɉɔ ɗɋɝɋɓɎɥ  ɔɘ ɐɆɌ-
Ɋɔɉɔ ɒɔɒɋɓɘɆ ­  
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.

r

r

û
= î

î
üÖ
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j

j
        ( ) 

     ȵɔɊɗɘɆɈɑɥɋɒ  () ­  ( )  Ɏ ɗ əɝɋɘɔɒ əɖɆɈɓɋɓɎɥ () ɕɔɑəɝɆɋɒ: 
 

                                r r

Ö
- = ­

  

,

,

=

=
 . 

     ȵɔ ɖɆɗɝɋɘɓɡɒ ɊɆɓɓɡɒ ɗɘɖɔɎɒ ɣɕɤɖə ɐɖəɘɥɟɎɛ ɒɔɒɋɓɘɔɈ (ɖɎɗ. , Ɉ). 

 

     ȴɕɆɗɓɡɒ ɓɆ ɗɘɋɖɌɓɋ ɥɈɑɥɋɘɗɥ əɝɆɗɘɔɐ ɗ ɐɖmax , .=  
 

 ȵɔ ɔɕɆɗɓɔɒə əɝɆɗɘɐə Ɏɍ  ɔɕɖɋɊɋɑɥɋɒ ɒɆɐɗɎ-

ɒɆɑɢɓɡɏ ɊɔɕəɗɘɎɒɡɏ ɒɔɒɋɓɘ : 
 

ɐɖmax
max
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/r
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­è øê ú= = ¢
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t t  
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= = =
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     ȲɋɊɓɆɥ ɘɖəɇɐɆ ɓɆɖəɌɓɔɉɔ ɊɎɆɒɋɘɖɆ,= ɕɔɒɋɟɋɓɆ ɈɓəɘɖɎ 

ɗɘɆɑɢɓɔɏ ɘɖəɇɐɎ ɘɆɐɔɉɔ Ɍɋ Ɉɓəɘɖɋɓɓɋɉɔ ɊɎɆɒɋɘɖɆ ,= . ȴɇɋ 

ɘɖəɇɐɎ Ɏɒɋɤɘ ɔɊɎɓɆɐɔɈəɤ ɘɔɑɟɎɓə ɗɘɋɓɔɐ =  Ɏ ɔɊɎɓɆɐɔɈəɤ 

ɊɑɎɓə = Ȱɔɓɜɡ ɘɖəɇɔɐ Ɍɋɗɘɐɔ ɗɐɖɋɕɑɋɓɡ ɒɋɌɊə ɗɔɇɔɏ Ɏ Ɉ ɒɋ-

ɗɘɆɛ ɗɐɖɋɕɑɋɓɎɥ ɓɆɉɖəɌɆɤɘɗɥ ɍɆɐɖəɝɎɈɆɤɟɎɒ ɒɔɒɋɓɘɔɒ ɐȳ=  



 
 

     ȴɕɖɋɊɋɑɎɘɢ, ɐɆɐ ɖɆɗɕɖɋɊɋɑɎɘɗɥ ɍɆɐɖəɝɎɈɆɤɟɎɏ ɒɔɒɋɓɘ ɒɋɌɊə 
ɘɖəɇɐɆɒɎ, ɓɆ ɐɆɐɔɏ əɉɔɑ ɔɓɎ ɍɆɐɖəɘɥɘɗɥ Ɏ ɝɋɒə ɖɆɈɓɡ Ɉ ɓɎɛ ɒɆɐɗɎ-

ɒɆɑɢɓɡɋ ɐɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ maxt . ȵɖɎɓɥɘɢ Ɋɑɥ ɘɖəɇɔɐ: 

ȵɆ; ȵɆ.= Ö = Ö
 

 

ȼȱɄȱȹȴȱ: 
 

 ȴɕɖɋɊɋɑɥɋɒ Ɋɑɥ ɘɖəɇɔɐ ɉɋɔɒɋɘɖɎɝɋɗɐɎɋ ɛɆɖɆɐɘɋɖɎɗɘɎɐɎ ɗɋɝɋɓɎɏ, 
ɓɋɔɇɛɔɊɎɒɡɋ Ɋɑɥ ɖɋɞɋɓɎɥ ɍɆɊɆɝɎ: 
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 ȶɆɗɐɖɡɈɆɋɒ ɗɘɆɘɎɝɋɗɐəɤ ɓɋɔɕɖɋɊɋɑɎɒɔɗɘɢ: 
 

Ɇ) ȷɘɆɘɎɝɋɗɐɆɥ ɗɘɔɖɔɓɆ   ­    : .= + - =ä          
( ) 

 

ɇ) ȩɋɔɒɋɘɖɎɝɋɗɐɆɥ ɗɘɔɖɔɓɆ. ȸɆɐ ɐɆɐ ɘɖəɇɐɎ Ɍɋɗɘɐɔ ɗɔɋɊɎɓɋɓɡ ɒɋɌ-
Ɋə ɗɔɇɔɏ, əɉɑɡ ɍɆɐɖəɝɎɈɆɓɎɥ Ɏɛ ɊɔɑɌɓɡ ɇɡɘɢ ɔɊɎɓɆɐɔɈɡɒɎ ­  

                                                    .=j j                                                          ( ) 
 

Ɉ) ȺɎɍɎɝɋɗɐɆɥ ɗɘɔɖɔɓɆ ­   
ɐɖ ɐɖ

; .
r r

ûî
= = ü

îý

j j        ( ) 

                       

      ȵɔɗɘɆɈɑɥɋɒ  () ­  ( ), ɔɇɠɋɊɎɓɥɋɒ ɖɋɞɋɓɎɋ ɗɔ ɗɘɆɘɎɝɋɗɐɎɒ əɖɆɈɓɋ-

ɓɎɋɒ ( ) Ɏ ɗ əɝɋɘɔɒ ɍɓɆɝɋɓɎɏ () Ɏ () ɕɔɑəɝɆɋɒ: 
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r r
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 ȴɕɖɋɊɋɑɥɋɒ əɉɔɑ ɍɆɐɖəɝɎɈɆɓɎɥ ɗɔɗɘɆɈɓɔɏ ɘɖəɇɐɎ:  
 

ɐɖ

ɐɖ

,
, ɖɆɊ;

,
, ɖɆɊ,

r

r

Ö Ö Ö
= =

Ö Ö Ö

Ö Ö Ö
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j

 

ɝɘɔ ɗɔɔɘɈɋɘɗɘɈəɋɘ ɉɋɔɒɋɘɖɎɝɋɗɐɔɒə əɖɆɈɓɋɓɎɤ ( ). 
 

 ȷ əɝɋɘɔɒ ɍɓɆɝɋɓɎɏ () Ɏ () ɔɕɖɋɊɋɑɥɋɒ ɓɆɕɖɥɌɋɓɎɥ Ɉ ɘɖəɇɐɆɛ: 
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max
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ɐɖ
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,
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     ȵɔ ɍɆɊɆɓɓɔɏ ɣɕɤɖɋ əɉɑɔɈ ɍɆɐɖəɝɎɈɆɓɎɥ əɗɘɆɓɔɈɎɘɢ ɓɆɉɖəɍɐə, Ɋɋɏ-

ɗɘɈəɤɟəɤ ɓɆ ɈɆɑ (ɖɎɗ. , Ɇ), Ɏ ɔɕɖɋɊɋɑɎɘɢ ɒɆɐɗɎɒɆɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ 

maxt . ȵɖɎɓɥɘɢ Ɋɑɥ ɈɆɑɆ: .; , ; ȳr= = = ³  
 

ȼȱɄȱȹȴȱ: 
 

 ȷɔɉɑɆɗɓɔ ɣɕɤɖɋ əɉɑɔɈ ɍɆɐɖəɝɎɈɆɓɎɥ (ɖɎɗ. , ɇ) əɉɑɡ ɕɔɈɔɖɔɘɆ ɉɖɆ-
ɓɎɝɓɡɛ ɗɋɝɋɓɎɏ ɗɔɔɘɈɋɘɗɘɈɋɓɓɔ ɖɆɈɓɡ: 
 

, ɖɆɊ; , ɖɆɊ; .; = =-= =j j jj  
 

     ȷ əɝɋɘɔɒ ɍɓɆɐɆ əɉɑɔɈ ɍɆɐɖəɝɎɈɆɓɎɥ ɔɕɖɋɊɋɑɥɋɒ ɐɖəɘɥɟɎɋ ɒɔɒɋɓɘɡ 
ɓɆ əɝɆɗɘɐɆɛ ɈɆɑɆ: 
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     ȵɔ ɍɓɆɝɋɓɎɥɒ ɐɖ ɗɘɖɔɎɒ ɣɕɤɖə ɐɖəɘɥɟɎɛ ɒɔɒɋɓɘɔɈ (ɖɎɗ.  Ɉ). 
  

 
 

 ȹɗɘɆɓɆɈɑɎɈɆɋɒ ɓɆɉɖəɍɐə, ɊɋɏɗɘɈəɤɟəɤ ɓɆ ɈɆɑ. ȷɑɋɊəɋɘ ɕɔɒɓɎɘɢ, 
ɝɘɔ ɍɓɆɐ ɐɖəɘɥɟɋɉɔ ɒɔɒɋɓɘɆ Ɉ ɗɋɝɋɓɎɎ ɔɕɖɋɊɋɑɥɋɘɗɥ ɓɆɕɖɆɈɑɋɓɎɋɒ 
ɈɓɋɞɓɎɛ ɒɔɒɋɓɘɔɈ, ɊɋɏɗɘɈəɤɟɎɛ ɓɆ ɖɆɗɗɒɆɘɖɎɈɆɋɒəɤ ɝɆɗɘɢ ɗɘɋɖɌɓɥ. 
ȷɔɉɑɆɗɓɔ ȵȶȦȨȮȱȹ ȭȳȦȰȴȨ ɈɓɋɞɓɎɏ ɒɔɒɋɓɘ ɗɝɎɘɆɋɘɗɥ , 
ɋɗɑɎ ɕɖɎ ɈɍɉɑɥɊɋ ɗɔ ɗɘɔɖɔɓɡ ɗɋɝɋɓɎɥ  ɔɓ Ɏɒɋɋɘ ɓɆɕɖɆɈɑɋɓɎɋ ɕɖɔɘɎɈ 
ɝɆɗɔɈɔɏ ɗɘɖɋɑɐɎ, Ɏ  ï ɋɗɑɎ ɕɔ ɝɆɗɔɈɔɏ ɗɘɖɋɑɐɋ. 



 
 

     ȹɝɎɘɡɈɆɥ, ɝɘɔ ɐɖəɘɥɟɎɏ ɒɔɒɋɓɘ Ɉ ɔɕɔɖɓɔɒ ɗɋɝɋɓɎɎ ɖɆɈɋɓ ɖɋɆɐɘɎɈ-
ɓɔɒə ɒɔɒɋɓɘə Ɉ ɍɆɊɋɑɐɋ, Ɇ ɗɐɆɝɔɐ ɓɆ ɣɕɤɖɋ ɒɔɒɋɓɘɔɈ ɖɆɈɋɓ Ɉɓɋɞɓɋɒə 

ɒɔɒɋɓɘə, ɕɖɎɑɔɌɋɓɓɔɒə Ɉ ɣɘɔɒ ɗɋɝɋɓɎɎ, ɕɔɑəɝɆɋɒ (ɖɎɗ.  ɉ):  
 

: ɐɖ ɐȳ .= =  

: ɐɖ ɐȳ .= =  

 : ɐɖ ɐȳ= - =- ­  

           ɐȳ .=  

 :  ɐɖ ɐȳ= - =- ­    

                                        ɐȳ .=

 

 

     ȵɔɑəɝɋɓɓɡɋ ɍɓɆɝɋɓɎɥ ɐɖəɘɥɟɎɛ ɒɔɒɋɓɘɔɈ Ɏ Ɏɛ ɓɆɕɖɆɈɑɋɓɎɋ əɊɔ-
ɈɑɋɘɈɔɖɥɤɘ əɗɑɔɈɎɤ ɖɆɈɓɔɈɋɗɎɥ ɈɆɑɆ: 
 

: .= - + - = ­ - + - =ä  
 

 ȨɡɝɎɗɑɥɋɒ ɒɆɐɗɎɒɆɑɢɓɡɋ ɐɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ Ɉ ɈɆɑɋ. ȴɓɎ 
ɈɔɍɓɎɐɆɤɘ ɓɆ ɓɆɎɇɔɑɋɋ ɓɆɉɖəɌɋɓɓɔɒ əɝɆɗɘɐɋ Ɏ ɖɆɈɓɡ: 
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     ȨɍɆɎɒɓɡɏ əɉɔɑ ɕɔɈɔɖɔɘɆ ɗɋɝɋɓɎɥ ɔɘɓɔɗɎɘɋɑɢɓɔ ɗɋɝɋɓɎɥ  ɗɔ-

ɗɘɆɈɑɥɋɘ , ɖɆɊ (ɖɎɗ. , Ɇ). ȴɕɖɋɊɋɑɎɘɢ Ɉ ɈɆɑɋ ɓɆɎɇɔɑɢɞɋɋ ɐɆɗɆ-

ɘɋɑɢɓɔɋ ɓɆɕɖɥɌɋɓɎɋ maxt . ȵɖɎɓɥɘɢ Ɋɑɥ ɈɆɑɆ: ; ;= =  

ȵɆ.= ³  
 

ȼȱɄȱȹȴȱ: 
 

 ȵɔ ɍɓɆɝɋɓɎɤ əɉɑɆ ɍɆɐɖəɝɎɈɆɓɎɥ ɗɋɝɋɓɎɥ  ɔɘɓɔɗɎɘɋɑɢɓɔ ɗɋɝɋɓɎɥ 

ɔɕɖɋɊɋɑɥɋɒ ɐɖəɘɥɟɎɏ ɒɔɒɋɓɘ ɓɆ əɝɆɗɘɐɋ : 
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 ȨɆɑ ɥɈɑɥɋɘɗɥ ɗɘɆɘɎɝɋɗɐɎ ɓɋɔɕɖɋɊɋɑɎɒɡɒ. ȷɔɗɘɆɈɑɥɋɒ Ɋɑɥ ɈɆɑɆ 

əɖɆɈɓɋɓɎɋ ɖɆɈɓɔɈɋɗɎɥ (ɖɎɗ. , ɇ) ð 
 

                   := - + - = ­ =ä                 ( ) 

Ɏ ɗɔɉɑɆɗɓɔ əɗɑɔɈɎɤ ɕɔ ɕɋɖɋɒɋɟɋɓɎɤ =j  ɓɆ ɔɗɓɔɈɆɓɎɎ ɍɆɐɔɓɆ 

ȩəɐɆ ɕɔɑəɝɆɋɒ (ɖɎɗ. , Ɉ): 
 

r r r

Ö Ö
- + = ­   = =  . 

      
     ȵɔ ɍɓɆɝɋɓɎɥɒ ɈɓɋɞɓɎɛ ɒɔɒɋɓɘɔɈ ɗɘɖɔɎɒ ɣɕɤɖə ɐɖəɘɥɟɎɛ ɒɔɒɋɓ-

ɘɔɈ (ɖɎɗ. , ɉ), ɉɊɋ ð ( )ɐɖ /= , ɔɘɐəɊɆ  ɗɔɉɑɆɗɓɔ (): 
 

                              ɐɖ ɐȳ, ,= = Ö =                             ( ) 
 

 
 

 ȳɆɎɇɔɑɋɋ ɓɆɉɖəɌɋɓɓɡɒɎ ɥɈɑɥɤɘɗɥ ɐɖɆɏɓɎɋ əɝɆɗɘɐɎ, ɉɊɋ ɈɔɍɓɎɐɆ-

ɤɘ maxt , ɗ əɝɋɘɔɒ ɍɓɆɝɋɓɎɥ () ɖɆɈɓɡɋ: 
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     Ȱ ɗɈɔɇɔɊɓɔɒə ɐɔɓɜə ɈɆɑɆ ɕɖɎɐɖɋɕɑɋɓɆ Ɇɇɗɔɑɤɘɓɔ ɌɋɗɘɐɆɥ ɘɖɆɈɋɖ-
ɗɆ ɊɑɎɓɔɏ = ȵɔɈɔɖɔɘ ɘɖɆɈɋɖɗɡ ɔɉɖɆɓɎɝɋɓ əɕɔɖɆɒɎ, ɒɋɌɊə ɐɔ-

ɘɔɖɡɒɎ Ɏ ɘɖɆɈɋɖɗɔɏ Ɋɔ ɓɆɉɖəɌɋɓɎɥ Ɏɒɋɋɘɗɥ ɍɆɍɔɖ .=D ȨɆɑ Ɏɒɋ-

ɋɘ ɊɎɆɒɋɘɖ =  Ɏ ɓɆɉɖəɌɆɋɘɗɥ ɒɔɒɋɓɘɔɒ .ɐȳ=  ȴɕɖɋɊɋ-

ɑɎɘɢ ɓɆɎɇɔɑɢɞɎɋ ɐɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ maxt  Ɉ ɈɆɑɋ. ȸɆɐɌɋ ɔɕɖɋ-

ɊɋɑɎɘɢ, ɕɖɎ ɐɆɐɔɏ ɈɋɑɎɝɎɓɋ ɍɆɍɔɖɆ 

D ɇəɊɋɘ ɔɇɋɗɕɋɝɋɓɆ ɖɆɈɓɔɕɖɔɝ-
ɓɔɗɘɢ ɈɆɑɆ Ɏ ɓɆ ɗɐɔɑɢɐɔ ɕɖɎ ɣɘɔɒ 
ɕɔɈɡɗɎɘɗɥ ɋɉɔ ɉɖəɍɔɕɔɊɠɋɒɓɔɗɘɢ ɕɔ 

ɗɖɆɈɓɋɓɎɤ ɗɔ ɗɑəɝɆɋɒ, ɐɔɉɊɆ =D . 

ȵɖɎɓɥɘɢ Ɋɑɥ ɈɆɑɆ: ȵɆ.= ³  
 

ȼȱɄȱȹȴȱ: 
 

 ȩɋɔɒɋɘɖɎɝɋɗɐɎɋ ɛɆɖɆɐɘɋɖɎɗɘɎɐɎ 
ɈɆɑɆ, ɓɋɔɇɛɔɊɎɒɡɋ Ɋɑɥ ɖɋɞɋɓɎɥ: 
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                                ( ) 

 

 ȵɔɊ ɊɋɏɗɘɈɎɋɒ ɒɔɒɋɓɘɆ ɈɆɑ ɍɆɐɖəɝɎɈɆɋɘɗɥ, ɓɔ ɕɔɈɔɖɔɘ ɘɔɖɜɋ-
Ɉɔɉɔ ɗɋɝɋɓɎɥ, ɉɊɋ ɕɖɎɐɖɋɕɑɋɓɆ ɘɖɆɈɋɖɗɆ, ɔɉɖɆɓɎɝɋɓ əɕɔɖɆɒɎ, Ɏ əɉɔɑ 
ɕɔɈɔɖɔɘɆ ɍɊɋɗɢ ɗɔɗɘɆɈɑɥɋɘ:    
 

                     , , , ɖɆɊ.tg = = = ­ = ¯=
D

j j                 ( ) 

 

 ȸɆɐ ɐɆɐ əɕɔɖɡ ɚɎɐɗɎɖəɤɘ əɉɑɔɈɔɋ ɕɋɖɋɒɋɟɋɓɎɋ, Ɉ ɗɋɝɋɓɎɎ , Ɇ 

ɘɆɐɌɋ Ɉ ɍɆɊɋɑɐɋ  ɈɔɍɓɎɐɆɤɘ ɖɋɆɐɘɎɈɓɡɋ ɒɔɒɋɓɘɡ, əɊɔɈɑɋɘɈɔɖɥɤ-

ɟɎɋ əɗɑɔɈɎɤ ɖɆɈɓɔɈɋɗɎɥ ɈɆɑɆ (ɖɎɗ. , Ɇ):  
 

                                         : .= - - =ä                                 ( ) 
 

 ȴɕɖɋɊɋɑɎɒ ɓɆ ɘɔɖɜɋ  ɖɋɆɐɘɎɈɓɡɏ ɒɔɒɋɓɘ. Ȫɑɥ ɣɘɔɉɔ ɖɆɗɗɒɔɘɖɎɒ 

ɈɆɑ ɕɔɊ ɊɋɏɗɘɈɎɋɒ ɒɔɒɋɓɘɔɈ Ɏ  Ɏ ɓɆ ɔɗɓɔɈɆɓɎɎ ɕɖɎɓɜɎɕɆ ɓɋɍɆ-

ɈɎɗɎɒɔɗɘɎ ɊɋɏɗɘɈɎɥ ɗɎɑ ɕɖɋɊɗɘɆɈɎɒ əɉɔɑ ɕɔɈɔɖɔɘɆ ɗɋɝɋɓɎɥ  ɐɆɐ Ɇɑ-
ɉɋɇɖɆɎɝɋɗɐəɤ ɗəɒɒə əɉɑɔɈ ɕɔɈɔɖɔɘɆ ɣɘɔɉɔ ɗɋɝɋɓɎɥ ɔɘ ɐɆɌɊɔɉɔ ɒɔɒɋɓ-
ɘɆ Ɉ ɔɘɊɋɑɢɓɔɗɘɎ: 

 



 
 

                                      , ɖɆɊ,= + =j j j                              ( ) 

ɉɊɋ ɗɔɉɑɆɗɓɔ ɍɆɐɔɓə ȩəɐɆ Ɏ ɗ əɝɋɘɔɒ ɍɓɆɝɋɓɎɥ () ð 
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     ȵɔɊɗɘɆɈɑɥɋɒ () Ɉ () Ɏ ɗ əɝɋɘɔɒ ɗɘɆɘɎɝɋɗɐɔɉɔ əɖɆɈɓɋɓɎɥ () ɔɕɖɋ-

Ɋɋɑɥɋɒ ɒɔɒɋɓɘɡ Ɉ ɗɋɝɋɓɎɥɛ  Ɏ : 

, , ,- = ­   
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=
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     ȵɔ ɕɔɑəɝɋɓɓɡɒ ɍɓɆɝɋɓɎɥɒ ɗɘɖɔɎɒ ɣɕɤɖɡ ɒɔɒɋɓɘɔɈ (ɖɎɗ. , ɇ).  
 

 ȳɆɎɇɔɑɋɋ ɓɆɉɖəɌɋɓɓɡɒ ɓɆ ɈɆɑə ɥɈ-

ɑɥɋɘɗɥ əɝɆɗɘɔɐ , ɉɊɋ ɐɖəɘɥɟɎɏ ɒɔ-
ɒɋɓɘ Ɏɒɋɋɘ ɇ·ɑɢɞɋɋ ɍɓɆɝɋɓɎɋ. ȴɕɖɋɊɋ-

ɑɥɋɒ ɓɆ ɣɘɔɒ əɝɆɗɘɐɋ maxt  Ɏ ɗ əɝɋɘɔɒ 

ɍɓɆɝɋɓɎɥ () ɕɔɑəɝɆɋɒ:  
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 ȴɕɖɋɊɋɑɎɒ, ɕɖɎ ɐɆɐɔɏ ɈɋɑɎɝɎɓɋ ɍɆ-

ɍɔɖɆ D ɇəɊɋɘ ɔɇɋɗɕɋɝɋɓɆ ɖɆɈɓɔɕɖɔɝ-
ɓɔɗɘɢ ɈɆɑɆ. ȶɆɈɓɔɕɖɔɝɓɔɗɘɢ ɕɖɋɊɕɔɑɆ-

ɉɆɋɘ, ɝɘɔ Ɉɔ Ɉɗɋɛ ɗɋɝɋɓɎɥɛ ɇəɊəɘ ɊɋɏɗɘɈɔɈɆɘɢ ɔɊɎɓɆɐɔɈɡɋ ɕɔ ɈɋɑɎɝɎɓɋ 

ɒɆɐɗɎɒɆɑɢɓɡɋ ɐɆɗɆɘɋɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ, ɖɆɈɓɡɋ ɖmax ɐ / r=t . 

Ȧ ɣɘɔ ɍɓɆɝɎɘ, ɝɘɔ ɓɆ ɔɇɔɎɛ əɝɆɗɘɐɆɛ ɕɖɎ ɕɔɗɘɔɥɓɓɔɒ ɕɔ ɊɑɎɓɋ ɗɋɝɋ-
ɓɎɎ ɈɆɑɆ ɊɔɑɌɓɡ ɇɡɘɢ ɔɊɎɓɆɐɔɈɡɒɎ ɐɖəɘɥɟɎɋ ɒɔɒɋɓɘɡ: 
 

ɐɖ ɐɖ .=  
 

     ȳɔ ɘɆɐ ɐɆɐ ɐɖəɘɥɟɎɋ ɒɔɒɋɓɘɡ ɓɆ əɝɆɗɘɐɆɛ ɗɔɔɘɈɋɘɗɘɈɋɓɓɔ ɖɆɈɓɡ

ɐɖ ɐɖ;= = , ɘɔ əɗɑɔɈɎɋɒ ɖɆɈɓɔɕɖɔɝɓɔɗɘɎ ɈɆɑɆ ɥɈ-

ɑɥɋɘɗɥ ɖɆɈɋɓɗɘɈɔ ɖɋɆɐɘɎɈɓɡɛ ɒɔɒɋɓɘɔɈ Ɏ ɓɆ ɔɗɓɔɈɆɓɎɎ ɗɘɆɘɎɝɋɗɐɔɉɔ 

əɖɆɈɓɋɓɎɥ () ­     

                                           / ɐȳ= = =  .                                   ( ) 
 


