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ɸ. ʇ. ʅʀʂʆʃɸɽʅʂʆ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ., ɺʦʩʪʦʯʥʦʫʢʨʘʠʥʩʢʠʡ 

ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ. ɼʘʣʷ, ʃʫʛʘʥʩʢ 

 

ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʂʆʅʉʊʈʋʂʎʀʀ ɺʀɹʈɸʎʀʆʅʅʓʍ 

ʉʊɸʅʂʆɺ ʉ U-ʆɹʈɸɿʅʆʁ ʌʆʈʄʆʁ ʂʆʅʊɽʁʅɽʈɸ 

 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ U-ʦʙʨʘʟʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʩʪʘʥʢʘ, ʩ ʮʝʣʴʶ ʥʘʭʦʞʜʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʥʪʝʡʥʝʨʘ ʠ ʧʨʝʜʣʦʞʝʥʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʩʪʘʥʢʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʙʨʘʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʮʠʨʢʫʣʷʮʠʦʥʥʦʝ ʜʚʠʞʝʥʠʝ, ʚʠʙʨʘʮʠʦʥʥʳʡ ʩʪʘʥʦʢ, 
ʦʧʪʠʤʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 
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ɺʚʝʜʝʥʠʝ. ɺʠʙʨʘʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ (ɺʠʆ), ʧʦʣʫʯʠʚʰʘʷ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʷʚʣʷʶʱʘʷʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ, 

ʦʩʦʙʝʥʥʦ ʩʣʦʞʥʳʭ ʬʦʨʤ, ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʚʠʙʨʘʮʠʦʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ.  

ɿʘ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʠʙʨʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʨʦʚʦʜʠʣʠʩʴ 

ʘʥʘʣʠʟ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩ ʮʝʣʴʶ ʥʘʭʦʞʜʝʥʠʷ 

ʨʘʮʠʦʥʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ɺʠʆ-ʩʪʘʥʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʠʥʪʝʥʩʠʬʠʢʘʮʠʶ 

ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. [1, 3, 4, 5, 

6].  

ʎʝʣʴʶ ʨʘʙʦʪʳ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ 

ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʝʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɸ ʪʘʢʞʝ 

ʨʘʟʨʘʙʦʪʢʘ, ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʩʪʘʥʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʚʠʙʨʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ 

ʚʠʙʨʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʨʘʙʦʯʘʷ ʩʨʝʜʘ ʷʚʣʷʝʪʩʷ ʩʳʧʫʯʝʡ ʩʨʝʜʦʡ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʪʦʨʦʡ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʥʝ ʪʦʣʴʢʦ ʦʪ ʩʚʦʡʩʪʚ ʝʝ ʵʣʝʤʝʥʪʦʚ, 

ʥʦ ʠ ʦʪ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʩʪʘʥʢʘ. 

ʀʟʤʝʥʷʶʪʩʷ ʪʘʢʠʝ ʩʚʦʡʩʪʚʘ, ʢʘʢ ʩʧʦʩʦʙʥʦʩʪʴ ʩʨʝʜʳ ʧʝʨʝʜʘʚʘʪʴ ʩʠʣʦʚʦʡ ʠʤʧʫʣʴʩ ʚ 

ʟʦʥʫ ʦʙʨʘʙʦʪʢʠ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʨʘʙʦʯʝʡ ʩʨʝʜʳ, ʧʦʷʚʣʝʥʠʝ ʚ ʢʦʥʪʝʡʥʝʨʝ ʟʦʥ ʩ 

ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʙʨʘʙʦʪʢʠ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʢʦʥʪʝʡʥʝʨʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʩʚʷʟʫʶʱʠʤ 

ʟʚʝʥʦʤ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʨʘʙʦʪʳ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʩʪʘʥʢʘ ʠ 

ʢʦʥʝʯʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ï ʵʥʝʨʛʠʝʡ ʩʠʣʦʚʦʛʦ ʠʤʧʫʣʴʩʘ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʦʪ ʩʪʝʥʦʢ 

ʢʦʥʪʝʡʥʝʨʘ ʨʘʙʦʯʝʡ ʩʨʝʜʝ ʠ ʜʘʣʝʝ ʚ ʟʦʥʫ ʦʙʨʘʙʦʪʢʠ, ʩʲʝʤʦʤ ʧʨʠʧʫʩʢʘ ʠʣʠ ʛʣʫʙʠʥʦʡ 

ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʟʘʛʦʪʦʚʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ. 

ʆʧʠʩʘʥʠʝ ʜʚʠʞʝʥʠʷ ʢʦʥʪʝʡʥʝʨʘ ʩ ʫʯʝʪʦʤ ʝʛʦ ʟʘʛʨʫʟʢʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ  

ʟʘʜʘʯʝʡ ʪʘʢʞʝ ʧʦ ʧʨʠʯʠʥʝ, ʯʪʦ 

ʣʠʰʴ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʚʦʟʤʦʞʥʦ 

ʧʨʦʠʟʚʦʜʠʪʴ ʜʘʣʴʥʝʡʰʠʡ 

ʘʥʘʣʠʟ ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʙʦʯʝʡ 

ʩʨʝʜʳ.  

ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ [2] 

ʜʚʠʞʝʥʠʷ ʢʦʥʪʝʡʥʝʨʘ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʩʪʘʥʢʘ, 

ʫʯʠʪʳʚʘʶʱʘʷ ʚʣʠʷʥʠʝ ʤʘʩʩʳ 

ʟʘʛʨʫʟʢʠ ʠ ʠʟʤʝʥʝʥʠʝ 

ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, 

ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʢʦʪʦʨʦʡ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

ʅʘ ʨʠʩ.1: Cx,ʉy ï

 ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʨʫʛʦʩʪʠ 

ʧʦʜʚʝʩʦʢ; Lx,Ly ï ʨʘʩʩʪʦʷʥʠʷ ʧʦ  

 
ʈʠʩ. 1- ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʧʨʝʜʣʘʛʘʝʤʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʙʦʪʳ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʩʪʘʥʢʘ 
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ʦʩʷʤ X,Y ʦʪ ʮʝʥʪʨʘ ʤʘʩʩ ʜʦ ʪʦʯʝʢ ʟʘʢʨʝʧʣʝʥʠʷ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʧʦʜʚʝʩʦʢ; ʉr ï

 ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʨʫʛʦʩʪʠ ʨʘʙʦʯʝʡ ʩʨʝʜʳ; ɺr ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʨʘʙʦʯʝʡ 

ʩʨʝʜʳ; Lkx,Lky ï ʨʘʩʩʪʦʷʥʠʷ ʧʦ ʦʩʷʤ X,Y ʦʪ ʮʝʥʪʨʘ ʤʘʩʩ ʜʦ ʪʦʯʢʠ ʧʨʠʣʦʞʝʥʠʷ 

ʚʦʟʤʫʱʘʶʱʝʡ ʩʠʣʳ; ʄ ï ʤʘʩʩʘ ʢʦʥʪʝʡʥʝʨʘ ʠ ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ ʯʘʩʪʠ ʟʘʛʨʫʟʢʠ;  mr ï

 ʤʘʩʩʘ ʟʘʛʨʫʟʢʠ (ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʮʝʥʪʨʝ ʢʦʥʪʝʡʥʝʨʘ ʠ 

ʧʝʨʝʤʝʱʘʶʱʘʷʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʣʦʷ, ʩʦʧʨʠʢʘʩʘʶʱʝʛʦʩʷ ʩ ʝʛʦ ʩʪʝʥʢʘʤʠ); md  ï

 ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʘʷ ʤʘʩʩʘ ʜʝʙʘʣʘʥʩʥʳʭ ʛʨʫʟʦʚ; J ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʠʩʪʝʤʳ 

(ʩʦʚʦʢʫʧʥʳʡ ʢʦʥʪʝʡʥʝʨʘ ʠ ʜʝʙʘʣʘʥʩʘ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ; r ï ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ 

ʤʘʩʩʳ ʜʝʙʘʣʘʥʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ ʦʩʠ ʚʨʘʱʝʥʠʷ; w ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 

ʜʝʙʘʣʘʥʩʥʦʛʦ ʚʘʣʘ ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʷ; j  ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʢʦʥʪʝʡʥʝʨʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʩʠʩʪʝʤʳ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ, X,Yï ʢʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ, 

ʧʨʦʚʝʜʝʥʥʳʝ ʯʝʨʝʟ ʮʝʥʪʨ ʤʘʩʩ ʢʦʥʪʝʡʥʝʨʘ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʃʘʛʨʘʥʞʘ ʚʪʦʨʦʛʦ ʨʦʜʘ: 

q
F

q

U

q

T

q

T

dt

d
=

µ

µ
+

µ

µ
-öö
÷

õ
ææ
ç

å

µ

µ

#
,                                 (1) 

ʛʜʝ q ï ʦʙʦʙʱʝʥʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ({ }jÍ ,Y,Xq ); 

T ï ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ; 

U ï ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ; 

Fq ï ʚʥʝʰʥʷʷ ʦʙʦʙʱʝʥʥʘʷ ʩʠʣʘ, ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʷʝʤʘʷ ʢʘʢ:  

q

D
QF qq #µ

µ
-= ,                                 (2) 

ʛʜʝ Qq ï ʚʦʟʤʫʱʘʶʱʘʷ ʩʠʣʘ; 

D ï ʜʠʩʩʠʧʘʪʠʚʥʘʷ ʬʫʥʢʮʠʷ ʈʵʣʝʷ. 

ʀʟʤʝʥʝʥʠʷ ʫʛʣʘ ű ʧʨʠʥʠʤʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʤʠ ʜʣʷ ʩʦʙʣʶʜʝʥʠʷ ʫʩʣʦʚʠʷ 

jjºsin , 1ºjcos . ʇʣʝʯʠ ʧʨʦʝʢʮʠʡ ʫʧʨʫʛʠʭ ʩʠʣ ʧʦʩʪʦʷʥʥʳ. 

ɼʣʷ ʜʘʥʥʦʛʦ ʩʣʫʯʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʢʘʢ:  

( ) ( )( )22222

2

1
rrrrdd ymxmJymMxmMT ##### ++++++= j .           (3) 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʵʥʝʨʛʠʡ ʜʝʬʦʨʤʘʮʠʠ ʫʧʨʫʛʠʭ 

ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʦʙʱʝʥʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ ʠ ʵʥʝʨʛʠʠ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʫʧʨʫʛʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʨʘʙʦʯʝʡ ʩʨʝʜʳ:  

( ) ( )[ ( ) ( ) ( )]2222 22
2

1
yyCxxCLyCLyCLxCU crrcrrxyxyyx -+-+++-+-= jjj (4) 

ɼʘʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʳʨʘʞʘʝʪʩʷ ʬʫʥʢʮʠʝʡ ʈʵʣʝʷ: 

ñ=
F

T dFqBqD ##
2

1
,                                   (5) 

ʛʜʝ: q# ï ʩʪʦʣʙʝʮ ʦʙʦʙʱʝʥʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʪʨʫʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ;  

B ï ʥʝʦʪʨʠʮʘʪʝʣʴʥʘʷ ʤʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ, ʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʚʩʝʤ ʪʨʫʱʠʤʩʷ ʧʦʚʝʨʭʥʦʩʪʷʤ F.  

ʌʠʟʠʯʝʩʢʠ ʬʫʥʢʮʠʷ D ʚʳʨʘʞʘʝʪ ʤʦʱʥʦʩʪʴ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʠʣ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʪʨʝʥʠʷ. ɼʣʷ ʜʘʥʥʦʡ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ D 

ʟʘʧʠʰʝʪʩʷ ʢʘʢ:  

( )[ ( )]22

2

1
yyBxxBD rrrr #### ++-= .                           (6)  
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ʇʨʠʣʦʞʝʥʥʘʷ ʩʠʣʘ Qq ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

()tcosrmQ dx ww2= ; 

()tsinrmQ dy ww2= ;    (7) 

() ()( )tcosLtsinLrmQ yxd wwwj -= 2
. 

ʇʦʜʩʪʘʚʠʚ D, ʊ, U ʚ ʫʨʘʚʥʝʥʠʝ (3.1) ʠ ʨʘʩʧʠʩʘʚ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʠʟ ʧʷʪʠ ʦʙʳʢʥʦʚʝʥʥʳʭ ʣʠʥʝʡʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ: 

( ) ( ) ( )

( ) ( ) ( )

( ) ( )( ) ( )( )
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2
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xBxBxCxCxm
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mtrxBxBxCLCxCCxmM
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rrrrrrrr

dkydkxyxxyyx

drrrrrryd

drrrrryxrxd
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####
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####

####

wwwwjj

ww

wwj

 (8) 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʠʩʪʝʤʘ (8) ʙʳʣʘ ʨʝʰʝʥʘ ʯʠʩʣʝʥʥʦ 

ʩ ʧʦʤʦʱʴʶ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ ʈʫʥʛʝ-ʂʫʪʪʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʯʴ 

ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ: 

ï ʠʩʩʣʝʜʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʢʦʥʪʝʡʥʝʨʘ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 
ʩʪʘʥʢʘ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʷ;  

ï ʦʮʝʥʠʪʴ ʮʠʨʢʫʣʷʮʠʦʥʥʦʝ ʜʚʠʞʝʥʠʝ ʤʘʩʩʳ ʟʘʛʨʫʟʢʠ; 

ï ʠʩʩʣʝʜʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʚʠʙʨʘʮʠʦʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʧʫʩʘ U-ʦʙʨʘʟʥʦʛʦ 

ʢʦʥʪʝʡʥʝʨʘ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʷʪʴ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʢʦʥʪʝʡʥʝʨʘ, ʘ 

ʪʘʢʞʝ ʤʦʱʥʦʩʪʴ, ʟʘʪʨʘʯʠʚʘʝʤʫʶ ʥʘ ʦʙʨʘʙʦʪʢʫ ʠʟʜʝʣʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʷ 

ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʣʦʞʝʥʠʷ ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʝʡʥʝʨʘ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʩʪʘʥʢʘ. 

ʆʧʠʨʘʷʩʴ ʥʘ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʤʦʜʝʣʴ, ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʙʦʯʝʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ. ʇʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʚʠʩʠʤʦʩʪʠ ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʪ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʷ. 

ʉ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʚʠʙʨʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʦʨʜʠʥʘʪ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʢʦʥʪʝʡʥʝʨʘ, ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʠ ʧʦʚʳʰʝʥʠʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʙʝʟ ʚʚʝʜʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʩʪʘʥʢʘ, 

ʚʳʙʦʨ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʝʡʥʝʨʘ, ʘ ʠʤʝʥʥʦ 

ʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʦʜ ʫʛʣʦʤ 45Ü ʢ ʦʩʠ ʦʨʜʠʥʘʪ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ, ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ, 

ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʮʝʥʪʨ ʤʘʩʩ ʢʦʥʪʝʡʥʝʨʘ ʜʣʷ ʩʪʘʥʢʘ ʩ ʦʙʲʝʤʦʤ ʢʦʥʪʝʡʥʝʨʘ ʜʦ 100 

ʜʤ3 ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʠʙʨʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ 

20é30 % ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. 
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ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʘʥʢʘ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʩʪʘʥʢʘ ɺʅʋ 100, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʝʡʥʝʨʘ (ʨʠʩ. 2) ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʣʝʜʫʶʱʠʭ 

ʦʧʝʨʘʮʠʡ: ʦʯʠʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʦʪ ʦʢʘʣʠʥʳ, ʢʦʨʨʦʟʠʠ, ʬʦʨʤʦʚʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ; ʫʜʘʣʝʥʠʝ ʟʘʫʩʝʥʮʝʚ ʠ ʦʢʨʫʛʣʝʥʠʝ ʦʩʪʨʳʭ ʢʨʦʤʦʢ, ʫʜʘʣʝʥʠʝ 

ʦʙʣʦʷ;ʰʣʠʬʦʚʘʥʠʝ ʠ ʧʦʣʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʠʭ ʧʦʜ  

ʟʘʱʠʪʥʳʝ ʠ 

ʜʝʢʦʨʘʪʠʚʥʳʝ 

ʛʘʣʴʚʘʥʠʯʝʩʢʠʝ ʠ ʜʨ. 

ʧʦʢʨʳʪʠʷ;ʧʦʚʳʰʝʥʠʝ 

ʢʘʯʝʩʪʚʘ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, 

ʦʙʝʩʧʝʯʝʥʠʝ 

ʪʨʝʙʫʝʤʳʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ 

ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʆʪʣʠʯʠʝ 

ʜʘʥʥʦʛʦ ʩʪʘʥʢʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ  

 
ʘ                                                          ʙ 

ʈʠʩ.2. - ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʩʪʘʥʢʘ ɺʅʋ-100:ʘ ï ʦʙʱʠʡ ʚʠʜ; ʙ ï ʚʠʜ ʩʙʦʢʫ 

ʦʙʝʩʧʝʯʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʢʦʣʝʙʘʥʠʡ ï 

ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʝʡʥʝʨʘ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʟʘʢʨʝʧʣʝʥʠʷ 

ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʷ ʞʝʩʪʢʦ ʥʘ ʩʢʦʙʝ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʝʡʥʝʨʘ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʟʘʢʨʝʧʣʝʥʠʷ ʢ ʥʝʤʫ. 

ʉʪʘʥʦʢ ʜʣʷ ʚʠʙʨʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ ʩʦʜʝʨʞʠʪ U-ʦʙʨʘʟʥʳʡ ʢʦʥʪʝʡʥʝʨ 

1, ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʴ 2, ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʥʳʡ ʥʘ ʩʢʦʙʝ 3, ʧʨʠʢʨʝʧʣʝʥʥʦʡ ʢ 

ʢʦʥʪʝʡʥʝʨʫ ʩ ʧʦʤʦʱʴʶ ʰʘʡʙʳ 4 ʠ ʙʦʣʪʘ 5, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ 

ʩʢʦʙʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʝʡʥʝʨʘ, ʦʧʨʝʜʝʣʷʝʤʦʤʫ ʧʦ ʰʢʘʣʝ 6 ʠ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʨʠʢʨʝʧʣʝʥʠʝʤ ʢ ʥʝʤʫ ʙʦʣʪʘʤʠ 7. 

ʊʝʭʥʠʯʝʩʢʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʪʘʥʢʘ 

ɺʅʋ-100: ʦʙʲʝʤ 

ʢʦʥʪʝʡʥʝʨʘ Vï 100ʜʤ3; 

ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ɸ ï 

0,2é3,2ʤʤ; ʯʘʩʪʦʪʘ 

ʢʦʣʝʙʘʥʠʡ f ï 50ɻʮ; 

ʤʦʱʥʦʩʪʴ N ï 7,0ʢɺʪ; 

ʤʘʩʩʘ m ï 2400ʢʛ; 

ʛʘʙʘʨʠʪʳ ï 

2100³950³1200ʤʤ. 

ʈʘʙʦʪʘ ʩʪʘʥʢʘ ʜʣʷ 

ʚʠʙʨʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʜʝʪʘʣʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʂʦʥʪʝʡʥʝʨʫ 1,  

 
ʘ                                                       ʙ 

ʈʠʩ. 3 - ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʩʪʘʥʢʘ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʘʷʚ 

ʩʨʝʜʝ ʉɸʇʈ ʂʦʤʧʘʩ 3D: ʘ ï ʠʟʦʤʝʪʨʠʷ, ʙ ï ʚʠʜ ʩʙʦʢʫ 
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ʩʤʦʥʪʠʨʦʚʘʥʥʦʤʫ ʥʘ ʫʧʨʫʛʠʭ ʧʦʜʚʝʩʢʘʭ ʠ ʠʤʝʶʱʝʤʫ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʣʝʙʘʪʴʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʩʦʦʙʱʘʶʪʩʷ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ 

ʠʥʝʨʮʠʦʥʥʦʛʦ ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʷ 2. ɺʠʙʨʦʚʦʟʙʫʜʠʪʝʣʴ 2 ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʜ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʛʣʦʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʪʝʡʥʝʨʫ 1, ʦʧʨʝʜʝʣʷʝʤʦʤʫ ʧʦ ʰʢʘʣʝ 6. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʩʢʦʙʳ 3, ʥʘ ʢʦʪʦʨʦʡ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥ 

ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʴ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʝʛʦ ʧʦʣʦʞʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʩʪʘʙʠʣʴʥʦʝ 

ʮʠʨʢʫʣʷʮʠʦʥʥʦʝ ʜʚʠʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʦʩʪʠʞʝʥʠʶ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ. ʇʨʠ ʵʪʦʤ ʜʚʠʞʝʥʠʝ ʚʘʣʘ ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʜʚʠʞʝʥʠʶ ʨʘʙʦʯʝʡ ʩʨʝʜʳ.  

ɺʳʙʦʨ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

(ʨʠʩ. 4). ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ 

ʥʘʯʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʘ ʠʤʝʥʥʦ ʯʘʩʪʦʪʘ ʠ ʘʤʧʣʠʪʫʜʘ, ʟʘʛʨʫʞʘʣʘʩʴ ʨʘʙʦʯʘʷ ʩʨʝʜʘ ʠ 

ʟʘʜʘʥʥʳʡ ʦʙʲʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ. ɿʘʪʝʤ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘʯʘʣʴʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʷ. ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʩʪʘʥʢʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʠʟʤʝʨʝʥʠʝ ʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʨʘʙʦʯʝʡ ʩʨʝʜʳ, ʠ, ʝʩʣʠ ʝʝ ʟʥʘʯʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʪʨʝʙʫʝʤʦʤʫ, ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʟʘʛʨʫʟʢʘ ʜʝʪʘʣʝʡ. ʆʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʧʦʚʪʦʨʥʦʝ ʠʟʤʝʨʝʥʠʝ ʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʠ ʟʘʛʨʫʞʝʥʥʳʭ ʚ 

ʢʦʥʪʝʡʥʝʨ ʜʝʪʘʣʝʡ, ʝʩʣʠ ʵʪʦ ʟʥʘʯʝʥʠʝ ʙʣʠʟʢʦ ʢ ʧʝʨʚʦʤʫ, ʪʦ ʦʙʨʘʙʦʪʢʘ ʧʨʦʚʦʜʠʣʘʩʴ 

ʧʨʠ ʜʘʥʥʦʤ ʧʦʣʦʞʝʥʠʠ ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʤʝʱʘʷ ʩʢʦʙʫ ʩ 

ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘʥʝʡ ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʝʡʥʝʨʘ, ʦʨʠʝʥʪʠʨʫʷʩʴ 

ʧʦ ʰʢʘʣʝ ʠ ʠʟʤʝʨʷʷ ʮʠʨʢʫʣʷʮʠʦʥʥʫʶ ʩʢʦʨʦʩʪʴ ʤʘʩʩʳ ʟʘʛʨʫʟʢʠ, ʤʦʞʥʦ ʚʳʙʠʨʘʪʴ  

ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʝ ʤʝʩʪʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʷ. 

ɺʩʣʝʜʩʪʚʠʝ ʚʠʙʨʘʮʠʡ 

ʜʝʪʘʣʠ ʠ ʨʘʙʦʯʘʷ ʩʨʝʜʘ 

ʥʝʧʨʝʨʳʚʥʦ ʠʤʝʶʪ ʧʝʨʝʤʝʥʥʳʝ 

ʧʦ ʟʥʘʢʫ ʫʩʢʦʨʝʥʠʷ ʠ ʥʘʭʦʜʷʪʩʷ 

ʚ ʠʥʝʨʮʠʦʥʥʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʤ 

ʧʝʨʝʤʝʱʝʥʠʠ, ʩʦʚʝʨʰʘʷ). ʜʚʘ 

ʚʠʜʘ ʜʚʠʞʝʥʠʷ: ʢʦʣʝʙʘʪʝʣʴʥʦʝ 

(ʦʩʮʠʣʠʨʫʶʱʝʝ) ʩ ʯʘʩʪʦʪʦʡ, 

ʟʘʚʠʩʷʱʝʡ ʦʪ ʯʘʩʪʦʪʳ 

ʢʦʣʝʙʘʥʠʡ ʢʦʥʪʝʡʥʝʨʘ ʠ 

ʚʨʘʱʝʥʠʝ ʚʩʝʡ ʤʘʩʩʳ ʟʘʛʨʫʟʢʠ 

(ʮʠʨʢʫʣʷʮʠʦʥʥʦʝ). 

 

ʊʝʭʥʦʣʦʛʠʷ  

ʦʧʝʨʘʮʠʠ ʆʙʦʨʫʜʦʚʘʥʠʝ 

ʐʝʨʦʭʦʚʘʪʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ 

ʉʲʝʤ ʤʝʪʘʣʣʘ 
ʆʩʥʦʚʥʦʝ 

ʚʨʝʤʷ 

ʚʳʙʦʨ 
ʈʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ 

ʈʘʩʧʦʣʦʞʝʥʠʝ 

ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʷ 

ɺʥʝʜʨʝʥʠʝ 

 
ʈʠʩ. 4 ï ʉʭʝʤʘ ʚʳʙʦʨʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

ʦʧʝʨʘʮʠʠ ʚʠʙʨʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʅʘʧʨʘʚʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʜʝʪʘʣʝʡ ʠ ʯʘʩʪʠʮ ʨʘʙʦʯʝʡ ʩʨʝʜʳ 

ʤʝʥʷʝʪʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʙʦʪʢʘ. ɺ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʠ 

ʟʘʥʠʤʘʶʪ ʨʘʟʣʠʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʨʘʙʦʯʝʡ ʩʨʝʜʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦ 

ʨʘʚʥʦʤʝʨʥʫʶ ʦʙʨʘʙʦʪʢʫ ʚʩʝʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩ ʨʘʙʦʯʝʡ ʩʨʝʜʦʡ.  

ɺʳʚʦʜʳ. ɹʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʝʡʥʝʨʘ ʧʦʚʳʰʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʚʠʙʨʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʩʥʠʞʘʝʪʩʷ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʠʟʜʝʣʠʡ ʙʝʟ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ. 
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ʉʘʤʦʜʫʤʩʢʠʡ ʖ.ʄ., ʋʩʪʠʥʦʚ ɺ.ʇ. ï ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1984. ï 168 ʩ.  2. ʅʠʢʦʣʘʝʥʢʦ ɸ.ʇ. 
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ʋɼʂ 621.08.45 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚʠʙʨʘʮʠʦʥʥʳʭ ʩʪʘʥʢʦʚ ʩ U-ʦʙʨʘʟʥʦʡ ʬʦʨʤʦʡ 

ʢʦʥʪʝʡʥʝʨʘ / ʅʠʢʦʣʘʝʥʢʦ ɸ. ʇ. // ɺʽʩʥʠʢ ʅʊʋ çʍʇɯè. ʉʝʨʽʷ: ʅʦʚʽ ʨʽʰʝʥʥʷ ʚ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʷʭ. ï ʍ: ʅʊʋ çʍʇɯè, ï 2013. - ˉ 56 (1029). ï ʉ.15-21 . ï ɹʽʙʣʽʦʛʨ.: 6 ʥʘʟʚ. 

ɺ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷʨʫʭʫ U-ʧʦʜʽʙʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʚʝʨʩʪʘʪʘ, ʟʤʝʪʦʶ ʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚʽʙʨʦʟʙʫʜʥʠʢʘʚʽʜʥʦʩʥʦ ʢʦʥʪʝʡʥʝʨʘ 

ʪʘʟʘʧʨʦʧʦʥʦʚʘʥʘ ʫʜʦʩʢʦʥʘʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʚʝʨʩʪʘʪʘ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ:ʚʽʙʨʘʮʽʡʥʘ ʦʙʨʦʙʢʘ,ʮʠʨʢʫʣʷʮʽʡʥʠʡʨʫʭ, ʚʽʙʨʘʮʽʡʥʠʡ ʚʝʨʩʪʘʪ, ʦʧʪʠʤʘʣʴʥʘ 

ʢʦʥʩʪʨʫʢʮʽʷ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. 

 

The work presents the mathematical modeling of the motion of the vibrating machineU-shaped 

container, in order to find the optimum position of vibroexciterrelativelyto the container and an improved 

design of the machine.  

Key words: vibrating treatment, circular motion, vibrating machine, optimal design, productivity. 

 

ʋɼʂ 621.314  

 
ɺ. ʉ. ɭʈɽʄɽʅʂʆ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ, ʅɸʋ, ʂʠʾʚ 

 

ʄɽʊʆɼ ʆʎɯʅʖɺɸʅʅʗ ʉʊʋʇɽʅʗ ʋʐʂʆɼɾɽʅʆʉʊɯ 

ʂʆʄʇʆɿʀʎɯʁʅʀʍ ʄɸʊɽʈɯɸʃɯɺ 

ɺ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʽ ʧʠʪʘʥʥʷ ʨʫʡʥʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ 

ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʫ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʤʽʥʫ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ 

ʜʝʬʝʢʪʥʠʭ ʟʦʥʘʭ ʚʠʨʦʙʫ ï ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʰʢʦʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣʘ. ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʚʝʜʝʥʠʭ ʥʘ ʩʪʽʣʴʥʠʢʦʚʠʭ ʧʘʥʝʣʷʭ ʟ ʫʜʘʨʥʠʤʠ ʧʦʰʢʦʜʞʝʥʥʷʤʠ. 

ɺʠʟʥʘʯʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʰʢʦʜʞʝʥʥʷ ʚʽʜ ʝʥʝʨʛʽʾ ʨʫʡʥʫʶʯʦʛʦ ʫʜʘʨʫ ʜʣʷ ʜʘʥʦʛʦ ʪʠʧʫ 

ʤʘʪʝʨʽʘʣʽʚ/ 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ, ʥʝʨʫʡʥʽʚʥʠʡ ʢʦʥʪʨʦʣʴ, ʩʪʫʧʝʥʴ ʧʦʰʢʦʜʞʝʥʥʷ 

ɺʩʪʫʧ. ɺʠʥʠʢʥʝʥʥʷ ʜʝʬʝʢʪʽʚ ʚ ʜʝʪʘʣʷʭ ʟ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʥʘʯʥʦʶ 

ʤʽʨʦʶ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʜʽʻʶ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʧʣʠʚʘʶʯʠʭ ʯʠʥʥʠʢʽʚ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɼʝʬʝʢʪʘʤʠ, ʱʦ ʟʤʝʥʰʫʶʪʴ 

ʤʽʮʥʽʩʪʴ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʻ ʧʦʨʠ, ʤʽʢʨʦʪʨʽʱʠʥʠ, ʨʦʟʰʘʨʫʚʘʥʥʷ, ʜʝʬʝʢʪʠ 

ʟ'ʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ, ʨʦʟʨʠʚʠ ʚʦʣʦʢʦʥ, ʟʦʥʠ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʟʘʪʚʝʨʜʽʥʥʷ ʤʘʪʨʠʮʽ ʽ ʽʥ. 

ʊʘʢ, ʥʘʚʽʪʴ ʤʘʣʘ ʯʘʩʪʢʘ ʧʦʨʦʞʥʠʥ ʟʘ ʦʙ'ʻʤʦʤ ʤʘʪʨʠʮʽ ʚʧʣʠʚʘʻ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʽʮʥʦʩʪʽ. 

ɿʛʽʜʥʦ ʟ [1], ʢʽʥʝʪʠʢʘ ʨʫʡʥʫʚʘʥʥʷ ʚʦʣʦʢʦʥʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʥʘʩʪʫʧʥʘ: ʫ ʤʦʤʝʥʪ ʨʦʟʨʠʚʫ ʚʦʣʦʢʥʘ ʥʘʧʨʫʛʘ ʧʘʜʘʻ, ʘʣʝ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ 

É  ɺ. ʉ. ɭʈɽʄɽʅʂʆ, 2013 


