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ɺɺɽɼɽʅʀɽ  

ʉʪʫʜʝʥʪʳ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ 190603, 140504 ʬʘʢʫʣʴʪʝʪʘ ʟʘʦʯʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʠ ʵʢʩʪʝʨʥʘʪʘ ʚʳʧʦʣʥʷʶʪ ʧʷʪʴ ʢʦʥʪʨʦʣʴʥʳʭ ʨʘʙʦʪ ʧʦ ʪʝʦʨʝ-

ʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ. ɺ ʜʘʥʥʳʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʫʢʘʟʘʥʠʷʭ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʪʝʢʩʪʦʚʳʝ ʠ ʛʨʘʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʨʘʙʦʪ ˉ 1; 2, ʧʦʩʚʷ-

ʱʸʥʥʳʭ ʠʟʫʯʝʥʠʶ ʪʘʢʠʭ ʨʘʟʜʝʣʦʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ, ʢʘʢ ʩʪʘ-

ʪʠʢʘ ʠ ʢʠʥʝʤʘʪʠʢʘ. 

ʂ ʢʦʥʪʨʦʣʴʥʳʤ ʨʘʙʦʪʘʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: 

1. ʂʘʞʜʫʶ ʢʦʥʪʨʦʣʴʥʫʶ ʨʘʙʦʪʫ ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʷʪʴ ʚ ʦʪʜʝʣʴʥʦʡ   

(ʫʯʝʥʠʯʝʩʢʦʡ) ʪʝʪʨʘʜʠ, ʩʪʨʘʥʠʮʳ ʢʦʪʦʨʦʡ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʥʫʤʝʨʦ-

ʚʘʥʳ. ʅʘ ʦʙʣʦʞʢʝ ʫʢʘʟʳʚʘʝʪʩʷ ʥʦʤʝʨ ʨʘʙʦʪʳ, ʬʘʤʠʣʠʷ, ʠʤʷ, ʦʪʯʝʩʪʚʦ 

ʩʪʫʜʝʥʪʘ, ʰʠʬʨ ʠ ʜʦʤʘʰʥʠʡ ʘʜʨʝʩ. ʅʘ ʧʝʨʚʦʡ ʩʪʨʘʥʠʮʝ ʪʝʪʨʘʜʠ ʟʘʧʠ-

ʩʳʚʘʝʪʩʷ ʥʦʤʝʨ ʨʘʙʦʪʳ, ʧʝʨʝʯʝʥʴ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ, ʛʦʜ ʠʟʜʘʥʠʷ ʤʝʪʦ-

ʜʠʯʝʩʢʠʭ ʫʢʘʟʘʥʠʡ.   

2. ʈʝʰʝʥʠʝ ʢʘʞʜʦʡ ʟʘʜʘʯʠ ʦʙʷʟʘʪʝʣʴʥʦ ʥʘʯʠʥʘʶʪ ʥʘ ʨʘʟʚʦʨʦʪʝ 

ʪʝʪʨʘʜʠ (ʥʘ ʯʝʪʥʦʡ ʩʪʨʘʥʠʮʝ, ʥʘʯʠʥʘʷ ʩʦ ʚʪʦʨʦʡ, ʠʥʘʯʝ ʨʘʙʦʪʫ ʪʨʫʜʥʦ 

ʧʨʦʚʝʨʷʪʴ). ʉʚʝʨʭʫ ʫʢʘʟʳʚʘʝʪʩʷ ʥʦʤʝʨ ʟʘʜʘʯʠ, ʜʘʣʝʝ ʜʝʣʘʝʪʩʷ ʨʠʩʫ-

ʥʦʢ ʠ ʟʘʧʠʩʳʚʘʝʪʩʷ, ʯʪʦ ʚ ʟʘʜʘʯʝ ʜʘʥʦ ʠ ʯʪʦ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ. 

ʈʠʩʫʥʦʢ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ ʨʝʰʘʝʤʦʛʦ ʚʘʨʠʘʥʪʘ ʟʘʜʘʯʠ; 

ʥʘ ʥʝʤ ʚʩʝ ʫʛʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʩʠʣʳ, ʯʠʩʣʦ ʪʝʣ ʠ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʵʪʠʤ ʫʩʣʦʚʠʷʤ. ʈʠʩʫʥʦʢ ʜʦʣʞʝʥ ʙʳʪʴ ʘʢʢʫ-

ʨʘʪʥʳʤ ʠ ʥʘʛʣʷʜʥʳʤ, ʘ ʝʛʦ ʨʘʟʤʝʨʳ ʜʦʣʞʥʳ ʧʦʟʚʦʣʷʪʴ ʷʩʥʦ ʧʦʢʘʟʘʪʴ 

ʚʩʝ ʩʠʣʳ ʠ ʚʝʢʪʦʨʳ ʩʢʦʨʦʩʪʠ, ʫʩʢʦʨʝʥʠʷ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ; ʧʦʢʘ-

ʟʳʚʘʪʴ ʠʭ ʥʘ ʨʠʩʫʥʢʝ, ʘ ʪʘʢʞʝ ʫʢʘʟʳʚʘʪʴ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʧʦʣʫ-

ʯʘʝʤʳʭ ʚʝʣʠʯʠʥ ʦʙʷʟʘʪʝʣʴʥʦ. ɽʩʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʣʦʚʠʝʤ ʟʘʜʘʯʠ  

ʪʨʝʙʫʝʪʩʷ ʧʦʢʘʟʘʪʴ ʥʘ ʨʠʩʫʥʢʝ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʠʣʠ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ 

ʚ ʤʘʩʰʪʘʙʝ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʚʝʩʪʠ ʝʜʠʥʠʮʫ ʤʘʩʰʪʘʙʘ. ʈʝʰʝʥʠʝ ʟʘʜʘ-

ʯʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʧʨʦʚʦʞʜʘʪʴ ʢʨʘʪʢʠʤʠ ʧʦʷʩʥʝʥʠʷʤʠ (ʢʘʢʠʝ ʬʦʨʤʫ-

ʣʳ ʠʣʠ ʪʝʦʨʝʤʳ ʧʨʠʤʝʥʷʶʪʩʷ, ʦʪʢʫʜʘ ʧʦʣʫʯʘʝʪʩʷ ʪʦʪ ʠʣʠ ʠʥʦʡ ʨʝ-

ʟʫʣʴʪʘʪ ʠ ʪ. ʧ.). ʅʘ ʢʘʞʜʦʡ ʩʪʨʘʥʠʮʝ ʩʣʝʜʫʝʪ ʦʩʪʘʚʣʷʪʴ ʧʦʣʷ ʜʣʷ ʟʘʤʝ-

ʯʘʥʠʡ ʨʝʮʝʥʟʝʥʪʘ.   

ʈʘʙʦʪʳ, ʥʝ ʦʪʚʝʯʘʶʱʠʝ ʚʩʝʤ ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʧʨʦʚʝʨʷʪʴʩʷ ʥʝ ʙʫʜʫʪ, ʘ ʙʫʜʫʪ ʚʦʟʚʨʘʱʘʪʴʩʷ ʜʣʷ ʧʝʨʝʜʝʣʢʠ. 

ɽʩʣʠ ʨʘʙʦʪʘ ʥʝ ʟʘʯʪʝʥʘ, ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ ʚʥʝʩʪʠ ʠʩʧʨʘʚʣʝʥʠʷ 

ʚ ʨʝh ʝʥʠʝ ʟʘʜʘʯ ʠ ʧʨʝʜʩʪʘʚʠʪʴ ʝʝ ʥʘ ʧʦʚʪʦʨʥʫʶ ʨʝʮʝʥʟʠʶ. ʂ ʨʘʙʦʪʝ, 

ʚʳʩʳʣʘʝʤʦʡ ʥʘ ʧʦʚʪʦʨʥʫʶ ʧʨʦʚʝʨʢʫ (ʝʩʣʠ ʦʥʘ ʚʳʧʦʣʥʝʥʘ ʚ ʜʨʫ-

ʛʦʡ ʪʝʪʨʘʜʠ), ʜʦʣʞʥʘ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʠʣʘʛʘʪʴʩʷ ʥʝʟʘʯʪʝʥʥʘʷ ʨʘʙʦʪʘ. 
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3. ʂʦʥʪʨʦʣʴʥʳʝ ʨʘʙʦʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʩʪʫʜʝʥʪʘʤʠ ʚ ʧʦʨʷʜʢʝ ʚʦʟ-

ʨʘʩʪʘʥʠʷ ʥʦʤʝʨʦʚ, ʪ. ʝ. ʩʥʘʯʘʣʘ ʨʘʙʦʪʘ ˉ 1, ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʥʘ ʥʝʝ 

ʨʝʮʝʥʟʠʠ ʠ ʟʘʯʝʪʘ ï ʨʘʙʦʪʘ ˉ 2. 

4. ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʟʘʪʨʫʜʥʝʥʠʡ ʚ ʧʨʦʨʘʙʦʪʢʝ ʪʝʦʨʠʠ, ʨʝʰʝ-

ʥʠʠ ʟʘʜʘʯ ʩʪʫʜʝʥʪ ʤʦʞʝʪ ʦʙʨʘʪʠʪʴʩʷ ʥʘ ʢʘʬʝʜʨʫ ʟʘ ʢʦʥʩʫʣʴʪʘʮʠʝʡ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʠʥʞʝʥʝʨʫ ʢʘʬʝʜ-

ʨʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʄʝʪʨʦʩʷʥ ʀ.ɺ. ʟʘ ʧʦʤʦʱʴ ʧʨʠ ʪʝʭʥʠʯʝ-

ʩʢʦʤ ʦʬʦʨʤʣʝʥʠʠ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʫʢʘʟʘʥʠʷ. 

 

ʂʆʅʊʈʆʃʔʅɸʗ  ʈɸɹʆʊɸ  ˉ 1 

ɺ ʢʦʥʪʨʦʣʴʥʫʶ ʨʘʙʦʪʫ  ̄1 ʚʭʦʜʪ̫ ʜʚʝ ʟʘʜʘʯʠ ʠʟ ʨʘʟʜʝʣʘ çʉʪʘ-

ʪʠʢʘ ʪʚʝʨʜʦʛʦ ʪʝʣʘè ʠ ʜʚʝ ʟʘʜʘʯʠ ʠʟ ʨʘʟʜʝʣʘ çʂʠʥʝʤʘʪʠʢʘ ʪʦʯʢʠè. 

ʇʦʷʩʥʠʤ, ʢʘʢ ʦʪʦʙʨʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʤʧʣʝʢʪ 

ʟʘʜʘʯ:  

ï ʧʝʨʚʘʷ ʙʫʢʚʘ ʠʤʝʥʠ ʩʪʫʜʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪ ʩʪʨʦʢʫ ʚ ʪʘʙʣʠʮʝ ʠʩ-

ʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʝh ʝʥʠʷ ʟʘʜʘʯʠ 1 (ʧʨʠʣ. 1); 

ï ʚʪʦʨʘʷ ʙʫʢʚʘ ʠʤʝʥʠ ʩʪʫʜʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪ ʨʠʩʫʥʦʢ ʢ ʟʘʜʘʯʝ 1     

(ʧʨʠʣ. 1); 

ï ʥʘʯʘʣʴʥʘʷ ʙʫʢʚʘ ʦʪʯʝʩʪʚʘ ʩʪʫʜʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪ ʩʪʨʦʢʫ ʚ ʪʘʙ-

ʣʠʮʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 2 ʠ ʨʠʩʫʥʦʢ ʢ ʟʘʜʘʯʝ 2    

(ʧʨʠʣ. 2); 

ï ʧʝʨʚʘʷ ʙʫʢʚʘ ʬʘʤʠʣʠʠ ʩʪʫʜʝʥʪʘ ʫʢʘʟʳʚʘʝʪ ʩʪʨʦʢʫ ʚ ʪʘʙʣʠʮʝ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 3 (ʧʨʠʣ. 3); 

ï ʚʪʦʨʘʷ ʙʫʢʚʘ ʬʘʤʠʣʠʠ ʫʢʘʟʳʚʘʝʪ ʩʪʨʦʢʫ ʚ ʪʘʙʣʠʮʝ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 4 (ʧʨʠʣ. 4). 

 

  ʉʪʘʪʠʢʘ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

ɿʘʜʘʯʘ 1  

ʆʧʨʝʜʝʣʠʪʴ ʨʝʘʢʮʠʠ ʦʧʦʨ ʪʚʝʨʜʦʛʦ ʪʝʣʘ (ʨʘʤʳ) ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʧʣʦʩʢʦʡ ʩʠʩʪʝʤʳ ʩʠʣ. 

 

ʇʦʨʷʜʦʢ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʀʟʦʙʨʘʟʠʪʴ ʩʭʝʤʫ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʟʘʜʘʥʥʳʤʠ ʚʥʝʰʥʠʤʠ ʩʠʣʘʤʠ 

ʠ ʦʧʦʨʘʤʠ. ʇʦʩʪʨʦʠʪʴ ʩʠʣʦʚʫʶ ʩʭʝʤʫ, ʜʣʷ ʯʝʛʦ ʟʘʤʝʥʠʪʴ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʥʘʛʨʫʟʢʫ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ ʩʠʣʦʡ; ʧʨʠ ʥʝʦʙʭʦʜʠ-
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ʤʦʩʪʠ ʨʘʟʣʦʞʠʪʴ ʥʘʢʣʦʥʥʳʝ ʩʠʣʳ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʠ ʚʝʨʪʠʢʘʣʥɹʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ, ʩʦʭʨʘʥʷʷ ʥʝʠʟʤʝʥʥʦʡ ʪʦʯʢʫ ʠʭ ʧʨʠʣʦʞʝʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʦʩʚʦʙʦʞʜʘʝʤʦʩʪʠ ʦʪ ʩʚʷʟʝʡ, ʚʤʝʩʪʦ ʤ ʩr-

ʣʝʥʥʦ ʦʪʙʨʦʰʝʥʥʳʭ ʦʧʦʨ ʠʟʦʙʨʘʟʠʪʴ ʟʘʤʝʱʘʶʱʠʝ ʠʭ ʨʝʘʢʮʠʠ (ʩʠʣʳ). 

ɼʣʷ ʧʣʦʩʢʦʡ ʩʠʩʪʝʤʳ ʩʠʣ, ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʙʘʣʢʝ ʩ ʣʦʤʘʥʦʡ 

ʦʩʴʶ (ʨʘʤʝ), ʩʦʩʪʘʚʠʪʴ ʪʨʠ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ: 

 

ä

ä

ä

=

=

=

0.

0;

0;

iAɀ

Ɉ

ɉ

i

i

                                               (1) 

 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʢʦʣʠʯʝʩʪʚʦ ʥʝʠʟʚʝʩʪʥʳʭ ʨʝ-

ʘʢʮʠʡ ʩʚʷʟʝʡ ʨʘʚʥʦ ʯʠʩʣʫ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ (ʩʪʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝ-

ʣʠʤʘʷ ʟʘʜʘʯʘ). ʇʦʵʪʦʤʫ, ʨʝʰʘʷ ʩʦʚʤʝʩʪʥʦ ʪʨʠ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʩ 

ʪʨʝʤʷ ʥʝʠʟʚʝʩʪʥʳʤʠ (1), ʥʘʭʦʜʠʤ ʚʩʝ ʪʨʠ ʨʝʘʢʮʠʠ ʩʚʷʟʝʡ. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʧʨʘʚʠʣʴʥʦʩʪʠ ʩʦʩʪʘʚʣʝʥʠʷ ʪʨʝʭ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦ-

ʚʝʩʠʷ ʠ ʚʳʧʦʣʥʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʟʘʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚ-

ʥʝʥʠʝ ʤʦʤʝʥʪʦʚ ʚʩʝʭ ʩʠʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʦʛʦ ʮʝʥʪʨʘ ʤʦʤʝʥʪʦʚ ʂ, 

ʢʦʪʦʨʳʡ ʚʳʙʠʨʘʝʪʩʷ  ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʩʝ ʨʝʘʢʮʠʠ ʩʚʷʟʝʡ ʚʭʦ-

ʜʠʣʠ ʚ ʫʨʘʚʥʝʥʠʝ:  

 

    ä iKM = 0.                                             (2) 

 

ɽʩʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩʣʝʥʠʡ ʫʨʘʚʥʝʥʠʝ (2) ʦʙʨʘʪʠʪʩʷ ʚ ʪʦʞʜʝ-

ʩʪʚʦ, ʪʦ ʚʳʧʦʣʥʝʥʥʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʚʝʨʢʘ ʧʦʜʪʚʝʨʜʠʪ ʧʨʘʚʠʣʴ-

ʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ.  

 

ʆʬʦʨʤʣʝʥʠʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ɺ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ: ʠʩʭʦʜ-

ʥʳʝ ʜʘʥʥʳʝ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ ʨʘʤʳ ʩ ʟʘʜʘʚʘʝ-

ʤʳʤʠ (ʘʢʪʠʚʥʳʤʠ) ʩʠʣʘʤʠ; ʩʠʣʦʚʘʷ ʩʭʝʤʘ, ʩʦʜʝʨʞʘʱʘʷ ʘʢʪʠʚʥʳʝ ʩʠ-

ʣʳ ʠ ʨʝʘʢʮʠʠ ʤʳʩʣʝʥʥʦ ʦʪʙʨʦʰʝʥʥʳʭ ʩʚʷʟʝʡ; ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ 

ʧʣʦʩʢʦʡ ʩʠʩʪʝʤʳ ʩʠʣ ʠ ʠʭ ʨʝʰʝʥʠʝ; ʫʨʘʚʥʝʥʠʝ ʤʦʤʝʥʪʦʚ ʩʠʣ ʜʣʷ 

ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. 
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ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʇʨʠʤʝʨ 1 

ɼʘʥʦ: ʩʭʝʤʘ ʢʦʥʩʪʨʫʢʮʠʠ (ʨʠʩ. 1); ʈ = 5 ʢʅ; ʄ = 8 ʢʅʤ; 

q = 3ʢʅ/ʤ; b=30̄ ; ʨʘʟʤʝʨʳ ï ʚ ʤʝʪʨʘʭ. 

ʆʧʨʝʜʝʣʠʪʴ: ʨʝʘʢʮʠʠ ʦʧʦʨʳ ɸ. 

ʈʝʰʝʥʠʝ  

ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʦʚʝʰʠʚʘʶʱʠʭʩʷ ʩʠʣ, ʧʨʠʣʦʞʝʥʥʳʭ ʢ 

ʢʦʥʩʪʨʫʢʮʠʠ.  

ʄʳʩʣʝʥʥʦ ʦʪʙʨʦʩʠʤ ʩʚʷʟʴ ï ʞʝʩʪʢʫʶ ʟʘʜʝʣʢʫ. ɼʝʡʩʪʚʠʝ ʩʚʷʟʠ 

ʥʘ ʨʘʤʫ ʟʘʤʝʥʠʤ ʝʝ ʨʝʘʢʮʠʷʤʠ: .,,
AAA

 MY X
CC

 ʄɸ ï ʤʦʤʝʥʪ ʨʝʘʢʪʠʚʥʦʡ 

ʧʘʨʳ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʝʡ ʚ ʩʝʯʝʥʠʠ ʨʘʤʳ, ʧʨʦʭʦʜʷʱʝʤ ʯʝʨʝʟ ʪʦʯʢʫ ɸ, 

ʥʘʟʳʚʘʝʤʳʡ ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʨʝʘʢʪʠʚʥʳʤ ʤʦʤʝʥʪʦʤ ʟʘʜʝʣʢʠ. ʈʘʚʥʦ-

ʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʥʘʛʨʫʟʢʫ ʠʥʪʝʥʩʠʚʥʦʩʪʠ q ʟʘʤʝʥʠʤ ʩʦʩʨʝʜʦ-

ʪʦʯʝʥʥʦʡ ʩʠʣʦʡ Q
C
, ʧʨʠʣʦʞʝʥʥʦʡ ʚ ʩʝʨʝʜʠʥʝ ʟʘʛʨʫʞʝʥʥʦʛʦ ʫʯʘʩʪʢʘ 

(Q = q Ö 2 = =3 Ö 2 = 6 ʢʅ). 

ʈʘʟʣʦʞʠʤ ʩʦʩʨʝʜʦʪʦʯʝʥʥʫʶ ʩʠʣʫ Ʌ
C
 ʥʘ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʣʳ 

Ʌ,Ʌ ¡¡¡
CC
, ʦʧʨʝʜʝʣʠʤ ʤʦʜʫʣʠ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʢʅ: 

2,5.305sin ɓsin 

;33,430 5cosɓ cos

=̄==¡¡

=̄==¡

ɅɅ 

ɅɅ
C

C

 

ʉʠʣʦʚʘʷ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. ɼʣʷ ʧʣʦʩʢʦʡ ʩʠʩʪʝʤʳ 

ʩʠʣ, ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʨʘʤʝ, ʩʦʩʪʘʚʣʷʝʤ ʪʨʠ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ: 

 

              ;00; =¡=ä +PXX Ai    (3) 

              ;00; =-¡¡-=ä QPYY Ai      (4) 

              0420; =Ö--Ö¡¡-ä = QMPMAAiM .                     (5) 

         

ʀʟ ʫʨʘʚʥʝʥʠʷ (3) ʦʧʨʝʜʝʣʷʝʤ ʨʝʘʢʮʠʶ XA, ʢʅ: 

 4,33.-=¡-= PX
A

 

ɿʥʘʢ ʤʠʥʫʩ ʚ ʟʥʘʯʝʥʠʠ XA ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʨʠʥʷʪʦʝ ʧʨʠ ʩʦ-

ʩʪʘʚʣʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʥʘʧʨʘʚʣʝʥʠʝ ʵʪʦʡ ʨʝʘʢʮʠʠ ʥʝ ʩʦʚʧʘ-

ʜʘʝʪ ʩ ʝʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ. 
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ʀʟ ʫʨʘʚʥʝʥʠʷ (4) ʦʧʨʝʜʝʣʷʝʤ ʨʝʘʢʮʠʶ YA, ʢʅ: 

 

7,5.52,5 =+=+¡¡= QPY
A

 

 

ʀʟ ʫʨʘʚʥʝʥʠʷ (5) ʦʧʨʝʜʝʣʷʝʤ ʨʝʘʢʪʠʚʥʳʡ ʤʦʤʝʥʪ ʟʘʜʝʣʢʠ ʄɸ, ʢʅĀʤ: 

 

33.45822,542 =Ö++Ö=Ö++Ö¡¡= QMPM
A

 

 

ʇʨʦʚʝʨʢʘ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝ-

ʥʠʡ (3), (4), (5) ʩʦʩʪʘʚʣʷʝʤ ʫʨʘʚʥʝʥʠʝ ʤʦʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ɺ: 

 

+Ö-+Ö-=Ö+-Ö¡¡+Ö¡+Ö+Ö-=ä 34,33)(57,53313335 QMPPXYMM
AAABi

 

0.1583,5234,33 =Ö+-Ö+Ö+                                (6) 

0¹0. 

ɺʳʧʦʣʥʝʥʠʝ ʪʦʞʜʝʩʪʚʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ. 

 

ʇʨʠʤʝʨ 2 

ɼʘʥʦ: ʩʭʝʤʘ ʢʦʥʩʪʨʫʢʮʠʠ (ʨʠʩ. 3); ʈ = 10 ʢʅ; ʄ = 3 ʢʅÖʤ;   

q = 1,2 ʢʅ/ʤ; a = 60̄ ; b = 30̄ ; ʨʘʟʤʝʨʳ ï ʚ ʤʝʪʨʘʭ. 

ʆʧʨʝʜʝʣʠʪʴ: ʨʝʘʢʮʠʠ ʦʧʦʨ ʨʘʤʳ ʚ ʪʦʯʢʘʭ ɸ ʠ ɺ. 

ʈʝʰʝʥʠʝ  

ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʦʚʝʰʠʚʘʶʱʠʭʩʷ ʩʠʣ, ʧʨʠʣʦʞʝʥʥʳʭ 

ʢ ʢʦʥʩʪʨʫʢʮʠʠ. ʆʪʙʨʦʩʠʤ ʤʳʩʣʝʥʥʦ ʩʚʷʟʠ: ʰʘʨʥʠʨʥʦ-ʥʝʧʦʜʚʠʞʥʫʶ 

ʦʧʦʨʫ ʚ ʪʦʯʢʝ ɸ ʠ ʠʜʝʘʣʴʥʳʡ ʩʪʝʨʞʝʥʴ ɺʉ. ɼʝʡʩʪʚʠʝ ʩʚʟ̫ʝʡ ʥʘ ʨʘʤʫ 

ʟʘʤʝʥʠʤ ʠʭ ʨʝʘʢʮʠʷʤʠ. ʊʘʢ ʢʘʢ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ ʰʘʨʥʠʨʥʦ ʥʝ-

ʧʦʜʚʠʞʥʦʡ ʦʧʦʨʳ ɸ ʥʝʠʟʚʝʩʪʥʦ, ʦʧʨʝʜʝʣʠʤ ʝʝ ʧʦ ʩʦʩʪʘʚʣʷʶʱʠʤ 

AA YX
CC

ʠ . 

ʇʦʢʘʞʝʤ ʨʝʘʢʮʠʶ BR
C

 ʠʜʝʘʣʴʥʦʛʦ ʩʪʝʨʞʥʷ ɺʉ ʧʦ ʦʩʠ ʩʪʝʨʞʥʷ. 

ʈʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʥʘʛʨʫʟʢʫ ʠʥʪʝʥʩʠʚʥʦʩʪʠ q ʟʘʤʝʥʠʤ ʨʘʚ-

ʥʦʜʝʡʩʪʚʫʶʱʝʡ ï ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʦʡ, ʧʨʠʣʦʞʝʥʥʦʡ ʚ ʩʝʨʝʜʠʥʝ 

ʟʘʛʨʫʞʝʥʥʦʛʦ ʫʯʘʩʪʢʘ, Q
C
, ʢʅ: 

 

Q = q Ö 2 = 1,2 Ö 2 = 2,4. 
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ʈʘʟʣʦʞʠʤ ʩʠʣʫ P
C
 ʠ ʨʝʘʢʮʠʶ BR

C
 ʥʘ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʣʳ; ʦʧ-

ʨʝʜʝʣʠʤ ʤʦʜʫʣʠ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʢʅ: 

;
2

3
60sin Ŭsin  

; 530sin 10ɓsin 

  8,66;30 cos10ɓ cos

 
BBBB

RRRR

PP

PP

===¡

===¡¡

===¡

A

A

A

 

BBBB
RRRR

2

1
60 cosŬ cos ===¡¡ A . 

ʉʠʣʦʚʘʷ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4. ɼʣʷ ʧʣʦʩʢʦʡ ʩʠʩʪʝʤʳ 

ʩʠʣ, ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʙʘʣʢʝ, ʩʦʩʪʘʚʣʷʝʤ ʪʨʠ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ: 

 

0;    ;0 =¡+¡+=ä PRXX
BAi

                                                           (7) 

0;    0; =¡¡-¡¡+-=ä PRQYY
BAi

                                                       (8) 

ä =Ö¡¡+Ö¡-Ö¡¡-Ö¡-+Ö= 0.24421    0; PPRRMQM
BBAi

        (9) 

 

ʀʟ ʫʨʘʚʥʝʥʠʷ (9) ʦʧʨʝʜʝʣʠʤ ʘʣʛʝʙʨʘʠʯʝʩʢʫʶ ʚʝʣʠʯʠʥʫ ʨʝʘʢʮʠʠ RB, 

ʢʅ: 

. 2,5860 5,16cosŬ cos

4,47;60sin 5,16Ŭsin  

5,16;
60 cos4 60sin 2

2548,66312,4

Ŭ cos4Ŭsin 2

241

-=-==¡¡

-=-==¡

-=
+

Ö+Ö-+Ö
=

+

Ö¡¡+Ö¡-+Ö
=

A

A

AA

BB

BB

B

RR  

RR

PPMQ
R

              

                  

ʀʟ ʫʨʘʚʥʝʥʠʷ (8) ʦʧʨʝʜʝʣʠʤ ʘʣʛʝʙʨʘʠʯʝʩʢʫʶ ʚʝʣʠʯʠʥʫ  ʨʝʘʢʮʠʠ YA, 

ʢʅ: 

. 9,9852,58)(2,4 =+--=¡¡+¡¡-= PRQY
BA

 

ʀʟ ʫʨʘʚʥʝʥʠʷ (7) ʦʧʨʝʜʝʣʠʤ ʘʣʛʝʙʨʘʠʯʝʩʢʫʶ ʚʝʣʠʯʠʥʫ ʨʝʘʢʮʠʠ XA, 

ʢʅ: 

. 4,198,664,47)( -=---=¡-¡-= PRX
BA

 



 11 

ɿʥʘʢ ʤʠʥʫʩ ʚ ʟʥʘʯʝʥʠʷʭ RB ʠ ʍɸ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʨʠʥʷʪʳʝ  

ʥʘ ʨʠʩ. 4 ʥʘʧʨʘʚʣʝʥʠʷ ʵʪʠʭ ʨʝʘʢʮʠʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʠʭ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. 

ʇʨʦʚʝʨʢʘ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚ-

ʥʝʥʠʡ (7), (8), (9) ʩʦʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʝ ʤʦʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ʂ 

(ʪʦʯʢʘ ʂ ʚʳʙʨʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʘ ʤʦʤʝʥʪʦʚ, ʪʘʢ ʢʘʢ ʚʩʝ ʨʝʘʢʮʠʠ ʚʭʦ-

ʜʷʪ ʚ ʫʨʘʚʥʝʥʠʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʚʝʨʝʥʳ ʦʜʥʦʚʨʝʤʝʥʥʦ): 

ä =0;
Ki

M  

=Ö¡-Ö¡¡-+Ö-Ö+Ö 22122 PRMQYX
BAA

 

0;28,6622,58)(312,429,9824,19 =Ö-Ö--+Ö-Ö+Ö-=  

0ſ0. 

ɺʳʧʦʣʥʝʥʠʝ ʪʦʞʜʝʩʪʚʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ. 

 

ʇʨʠʤʝʨ 3  

ɼʘʥʦ: ʩʭʝʤʘ ʢʦʥʩʪʨʫʢʮʠʠ (ʨʠʩ. 5); P = 10 ʢʅ; ʄ = 5 ʢʅʤ;       

q = 2,5 ʢʅ/ʤ; a = 60̄ ; b = 30̄ ; ʨʘʟʤʝʨʳ ï ʚ ʤʝʪʨʘʭ. 

ʆʧʨʝʜʝʣʠʪʴ: ʨʝʘʢʮʠʠ ʚ ʦʧʦʨʘʭ ɸ ʠ ɺ. 

ʈʝʰʝʥʠʝ   

ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʦʚʝʰʠʚʘʶʱʠʭʩʷ ʩʠʣ, ʧʨʠʣʦʞʝʥʥʳʭ 

ʢ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʄʳʩʣʝʥʥʦ ʦʪʙʨʦʩʠʤ ʩʚʷʟʠ: ʰʘʨʥʠʨʥʦ-ʥʝʧʦʜʚʠʞʥʫʶ ʦʧʦʨʫ ʚ ʪʦʯ-

ʢʝ ɸ ʠ ʰʘʨʥʠʨʥʦ-ʧʦʜʚʠʞʥʫʶ ʦʧʦʨʫ ʚ ʪʦʯʢʝ ɺ.  

ɼʝʡʩʪʚʠʝ ʩʚʷʟʝʡ ʥʘ ʨʘʤʫ ʟʘʤʝʥʠʤ ʠʭ ʨʝʘʢʮʠʷʤʠ: 

BAA
RYX
CCC

  ;  ; . 

ʈʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʥʘʛʨʫʟʢʫ ʠʥʪʝʥʩʠʚʥʦʩʪʠ q ʟʘʤʝ-

ʥʠʤ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ ï ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʦʡ Q
C
, ʧʨʠʣʦʞʝʥʥʦʡ 

ʚ ʩʝʨʝʜʠʥʝ ʟʘʛʨʫʞʝʥʥʦʛʦ ʫʯʘʩʪʢʘ  ʢʅ)  7,532,53( =Ö=Ö=qQ . 

ʈʘʟʣʦʞʠʤ ʩʠʣʫ P
C

 ʠ ʨʝʘʢʮʠʶ 
B

R
C

 ʥʘ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʣʳ, ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ: 

 cos10 Ŭ cos ==¡ PP 60̄ = 5 ʢʅ, 

 sin10Ŭsin ==¡¡ PP 60̄ = 8,66 ʢʅ, 

ɓ. cos

ɓ,sin 

 

 

BB

BB

RR

RR

=¡¡

=¡
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ɼʣʷ ʧʣʦʩʢʦʡ ʩʠʩʪʝʤʳ ʩʠʣ, ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʙʘʣʢʝ, ʩʦʩʪʘʚʠʤ ʪʨʠ   

ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ: 

              ;00;ä =¡-+¡=
BAi

RʍPX        (11) 

        ;00;ä =¡¡+-+¡¡-=
BAi

RQYPY    (12) 

0.32,51,5210; =Ö¡¡+Ö¡+Ö--Ö¡¡+Ö¡=ä BBAi
RRQMPPM  (13) 

ʀʟ ʫʨʘʚʥʝʥʠʷ (13) ʦʧʨʝʜʝʣʠʤ ʨʝʘʢʮʠʶ RB, ʢʅ: 

=
+

Ö++Ö¡¡-Ö¡-
=

ɓ cos3ɓsin 2,5

1,521 QMPP
R

B
  

. 1,58
 30 cos3 30sin 2,5

1,57,5528,6615
-=

¯+̄

Ö++Ö-Ö-
=    

ʆʧʨʝʜʝʣʠʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
B

R¡ ʠ 
B

R¡¡, ʢʅ: 

. 1,3730 cos1,58ɓ cos

0,7;30sin 1,58ɓsin 

 

 

-=̄-==¡¡

-=̄-==¡

BB

BB

RR

RR
 

ʀʟ ʫʨʘʚʥʝʥʠʷ (12) ʦʧʨʝʜʝʣʠʤ ʨʝʘʢʮʠʶ YA, ʢʅ: 

. 17,531,37)(7,58,66 =--+=¡¡-+=
BA

RQPY  

ʀʟ ʫʨʘʚʥʝʥʠʷ (11) ʦʧʨʝʜʝʣʠʤ ʨʝʘʢʮʠʶ XA, ʢʅ: 

.5,790,79)(5 -=-+-=¡+¡-=
BA

RPX  

ɿʥʘʢ ʤʠʥʫʩ ʚ ʟʥʘʯʝʥʠʷʭ ʨʝʘʢʮʠʡ RB ʠ XA ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 

ʧʨʠʥʷʪʦʝ ʥʘ ʨʠʩ. 6 ʥʘʧʨʘʚʣʝʥʠʝ ʜʣʷ ʵʪʠʭ ʨʝʘʢʮʠʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʠʭ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. 

ʇʨʦʚʝʨʢʘ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝ-

ʥʠʡ (11), (12), (13) ʩʦʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʝ ʤʦʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʥɹʦ ʪʦʯʢʠ ʂ:  

0;51,37)(3,50,79)(3,57,5217,5315,79)(5

53,53,521
B

=Ö-+Ö-+Ö-Ö+Ö---=

=Ö¡¡+Ö¡+Ö-Ö+Ö--=ä BAAKi
RRQYXMʄ

 

0¹0. 

ɺʳʧʦʣʥʝʥʠʝ ʪʦʞʜʝʩʪʚʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ. 
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ʉʭʝʤʳ ʢ ʧʨʠʤʝʨʘʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 1 
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ɿʘʜʘʯʘ 2  

ʅʘʡʪʠ ʨʝʘʢʮʠʠ ʦʧʦʨ ʢʦʥʩʪʨʫʢʮʠʠ. ʉʭʝʤʳ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʥʝʦʙ-

ʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʷʭ ʢ ʢʦʥʪʨʦʣʴ-

ʥʦʡ ʨʘʙʦʪʝ ˉ 1 (ʧʨʠʣ. 2). 

 

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ  2 

ʇʨʠʤʝʨ 1 

 ɼʘʥʦ: ʈʘʤʘ ABCD  ʚʝʩʦʤ G = 1 ʢʅ (ʨʠʩ. 7); P = 2ʢʅ, AY||P
C

, 

ɸD = BC = 60 ʩʤ, ɸɺ = ʉɼ = 100 ʩʤ, a = 30̄ , b = 60̄ .  

ʅʘʡʪʠ: ʨʝʘʢʮʠʠ ʦʧʦʨ ɸ ʠ ɺ (ɸ ï ʰʘʨʦʚʦʡ ʰʘʨʥʠʨ, ɺ ï ʧʝʪʣʷ). 

ʈʝʰʝʥʠʝ  

ʂ ʨʘʤʝ ɸɺʉɼ ʧʨʠʣʦʞʝʥʳ ʩʠʣʘ ʪʷʞʝʩʪʠ  G
C
, ʩʠʣʘ P

C
, ʨʝʘʢʮʠʷ S

C
 

ʠʜʝʘʣʴʥʦʛʦ ʩʪʝʨʞʥʷ ʉɽ ʠ ʨʝʘʢʮʠʠ ʦʧʦʨ ɸ ʠ ɺ. ʈʝʘʢʮʠʷ ʰʘʨʦʚʦʛʦ 

ʰʘʨʥʠʨʘ ɸ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʝʤʷ ʩʦʩʪʘʚʣʷʶʱʠʤʠ: 
AAA

ZYX
CCC

,, , ʘ ʨʝʘʢʮʠʷ 

ʧʝʪʣʠ ɺ ï ʜʚʫʤʷ: 
BB

ZX
CC

,  (ʨʠʩ. 8). ʕʪʠ ʩʠʣʳ (ʘʢʪʠʚʥʳʝ ʠ ʨʝʘʢʮʠʠ ʩʚʷ-

ʟʝʡ) ʦʙʨʘʟʫʶʪ ʧʨʦʠʟʚʦʣʴʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʠʩʪʝʤʫ ʩʠʣ, ʨʘʚʥʦ-

ʚʝʩʠʝ ʢʦʪʦʨʦʡ ʦʧʠʩʳʚʘʝʪʩʷ ʰʝʩʪʴʶ ʫʨʘʚʥʝʥʠʷʤʠ: ʪʨʝʤʷ ʫʨʘʚʥʝʥʠʷʤʠ 

ʧʨʦʝʢʮʠʠ ʩʠʣ ʥʘ ʢʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ  x, y, z  ʠ ʪʨʝʤʷ ʫʨʘʚʥʝʥʠʷʤʠ ʤʦ-

ʤʝʥʪʦʚ ʩʠʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʠʭ ʦʩʝʡ: 

ä =-+= ;060cos;0 ASXXX
BAi            (1) 

;0;0ä =+= PYY
Ai

,         (2) 

;030cos;0ä =++-= ASZGZZ
Bɸi                   (3) 

;030cos2/30cos;0 =Ö+Ö+Ö-Ö-=ä ABZABSABGADPM Bxi

AA
  (4) 

ä =Ö-= ;060sin30sin)2/(;0 AA BCSBCGM
yi              (5) 

.060cos30sin;0ä =Ö-Ö+Ö= ABXABSADPM
Bzi

AA
 (6) 

ʀʟ ʰʝʩʪʠ ʫʨʘʚʥʝʥʠʡ ʦʧʨʝʜʝʣʷʝʤ 6 ʥʝʠʟʚʝʩʪʥʳʭ ʨʝʘʢʮʠʡ ʩʚʟ̫ʝʡ. 

ʀʟ ʫʨʘʚʥʝʥʠʷ (5) ʦʧʨʝʜʝʣʷʝʤ S, ʟʘʪʝʤ ʠʟ ʫʨʘʚʥʝʥʠʡ (4) ʠ (6) ʥʘʭʦʜʠʤ 

ZB, XB. ʀʟ ʫʨʘʚʥʝʥʠʡ (1), (2), (3) ʥʘʭʦʜʠʤ   ʍɸ, YA,  ZA. 

 ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʩʠʣ, ʢʅ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ: 
 

S ʍɸ Yɸ Zɸ ʍɺ  Zɺ  

0,289 ï0,600 ï2,00 ï0,54 0,744 1,29 
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ʂʠʥʝʤʘʪʠʢʘ ʪʦʯʢʠ 

ɿʘʜʘʯʠ 3; 4  

ʇʦ ʟʘʜʘʥʥʳʤ ʫʨʘʚʥʝʥʠʷʤ ʜʚʠʞʝʥʠʷ ʪʦʯʢʠ ʫʩʪʘʥʦʚʠʪʴ ʚʠʜ ʝʝ 

ʪʨʘʝʢʪʦʨʠʠ ʠ ʜʣʷ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ t1 ʥʘʡʪʠ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʥʘ ʪʨʘ-

ʝʢʪʦʨʠʠ, ʝʝ ʩʢʦʨʦʩʪʴ, ʧʦʣʥʦʝ, ʢʘʩʘʪʝʣʴʥʦʝ ʠ ʥʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʪʨʘʝʢʪʦʨʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʩʪʨʦʠʪʴ (ʚ ʤʘʩʰʪʘʙʝ): 

ï ʪʨʘʝʢʪʦʨʠʶ ʠ ʫʢʘʟʘʪʴ ʥʘ ʥʝʡ ʧʦʣʦʞʝʥʠʝ ʄ1 ʪʦʯʢʠ ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ t1; 

ï ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t1 );(
1
tV
C

 

ï ʧʦʣʥʦʝ ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t1 ()1ta
C
, ʠʩʧʦʣʴʟʫʷ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʝʢʪʦʨʘ )(),(
11
tata

yx

CC
; 

ï ʧʦʣʥʦʝ ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t1, ʠʩʧʦʣʴʟʫʷ ʢʘʩʘ-

ʪʝʣʴʥʦʝ )( 1tat
C

 ʠ ʥʦʨʤʘʣʴʥʦʝ )
1

(tʘ
n

C
ʫʩʢʦʨʝʥʠʷ (ʩ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ()

1
ta
C

). 

 

         ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ  3; 4 

 

 ʇʨʠʤʝʨ 1 

 ɼʘʥʦ: 

ý
ü
û

-=

=

116

4

2ty

tx
           

(1) 

        t1 = 0,5c. 

ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʟʘʜʘʥʳ ʚ ʩʘʥʪʠʤʝʪʨʘʭ. 

ʆʧʨʝʜʝʣʠʪʴ ʠ ʧʦʩʪʨʦʠʪʴ ʚ ʤʘʩʰʪʘʙʝ: 

1) ʪʨʘʝʢʪʦʨʠʶ ʪʦʯʢʠ, ʧʦʣʦʞʝʥʠʝ M1 ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ x(t1), y (t1); 

2) );(
1

tV
C

 

3) () ();)(
111
tatata

yx

CCC
+=  

4) () ();)(
111
tatata

n

CCC
+=

t
 

5) ʚʳʯʠʩʣʠʪʴ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʪʨʘʝʢʪʦʨʠʠ  r(t1).  

ʈʝʰʝʥʠʝ  

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ (1) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʘʨʘʤʝʪʨʠ-

ʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʪʦʯʢʠ. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʫʨʘʚʥʝʥʠʝ ʪʨʘ-

ʝʢʪʦʨʠʠ ʚ ʢʦʦʨʜʠʥʘʪʥʦʡ ʬʦʨʤʝ, ʠʩʢʣʶʯʠʤ ʚʨʝʤʷ t ʠʟ ʫʨʘʚʥʝʥʠʡ (1): 
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.1
4

16

;
4

2

2

-=

=

x
y

x
t

 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʨʘʚʥʝʥʠʝ ʪʨʘʝʢʪʦʨʠʠ ʪʦʯʢʠ ʠʤʝʝʪ ʚʠʜ: 

 

12-=xy ,          (2) 

 

ʪ. ʝ. ʪʨʘʝʢʪʦʨʠʝʡ ʪʦʯʢʠ ʷʚʣʷʝʪʩʷ ʧʘʨʘʙʦʣʘ, ʩʠʤʤʝʪʨʠʯʥʘʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʦʩʠ ʫ, ʩ ʚʝʨʰʠʥʦʡ ʚ ʪʦʯʢʝ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (0; ï1), ʚʝʪʚʠ ʢʦʪʦ-

ʨʦʡ ʥʘʧʨʘʚʣʝʥʳ ʚ ʩʪʦʨʦʥʫ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʩʠ ʫ (ʥʘ ʨʠʩ. 9 ʪʨʘʝʢʪʦʨʠʷ 

ʠʟʦʙʨʘʞʝʥʘ ʚ ʤʘʩʰʪʘʙʝ). 

ʆʧʨʝʜʝʣʷʝʤ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t1 = 0,5 c: 

 

()

() ( ) ʩʤ.315,016

;ʩʤ25,04

2

1

1

=-Ö=

=Ö=

ty

tx
 

 

  ʅʘʭʦʜʠʤ ʧʦʣʦʞʝʥʠʝ (Ŀ) ʄ1  ʚ ʧʣʦʩʢʦʩʪʠ ʭʫ  (ʨʠʩ. 9). 

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ t1, ʧʨʝʜʩʪʘʚʣʷʷ ʝʛʦ ʚ ʚʠʜʝ 

 

                         
yx

VVV
111

CCC
+=       (3)  

ʠʣʠ 

                       jViVV
yx

CCC
111

+= ,             (3') 

 

ʛʜʝ V1x, V1ʫ ï ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʧʨʦʝʢʮʠʡ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ ʥʘ 

ʢʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t1 (Vx (t1) ¹ V1x ; (Vʫ (t1) ¹ V1ʫ  ï ʜʣʷ 

ʢʨʘʪʢʦʩʪʠ); ji
CC

,  ï ʦʨʪʳ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ (ʨʠʩ. 9). 

ʆʧʨʝʜʝʣʷʝʤ ʧʨʦʝʢʮʠʠ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ, ʜʠʬ-

ʬʝʨʝʥʮʠʨʫʷ ʧʦ ʚʨʝʤʝʥʠ ʫʨʘʚʥʝʥʠʷ (1) , ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ  ʟʘʢʦʥʳ ʠʟ-

ʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ: 
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î
î
ý

îî
ü

û

==

===

;32

,const4

t
dt

dy
V

dt

dx
V

y

x

              (4) 

ʩʤ/ʩ.165,032

;ʩʤ/ʩ4

1

1

=Ö=

=

y

x

V

V
 

 

ʄʦʜʫʣʴ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ ʚ ʟʘʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʨʘʚʝʥ:  

 

.ʩʤ/ʩ5,16164 222

1

2

11
=+=+=

yx
VVV  

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʷʤʠ (3), (3Ë) ʩʪʨʦʠʤ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ 

1
V
C

 ʩ ʥʘʯʘʣʦʤ ʚ (Ŀ)ʄ1. ʊʘʢ ʢʘʢ yx
VV

11
,  > 0, ʩʦʩʪʘʚʣʷʶʱʠʝ 

yx
VV

11
,
CC
ʚʝʢʪʦʨʘ 

ʩʢʦʨʦʩʪʠ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʦʩʷʤ yx, , ʥʘʧʨʘʚʣʝʥʳ ʪʘʢ ʞʝ, ʢʘʢ ʦʨʪʳ ʵʪʠʭ 

ʦʩʝʡ (ʨʠʩ. 9). ɽʜʠʥʠʮʘ ʤʘʩʰʪʘʙʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ 

ʪʦʯʢʠ ʚʳʙʨʘʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʫʣʷʤʠ ʚʝʢʪʦʨʦʚ
yx

VV
11

,
CC

 ʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 9 ʩʧʨʘʚʘ. ʉʣʦʞʠʚ ʩʦʩʪʘʚʣʷʶʱʠʝ 
yx

VV
11

,
CC

 ʧʦ ʧʨʘʚʠʣʫ 

ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ, ʧʦʣʫʯʘʝʤ ʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦ ʜʠʘʛʦʥʘʣʠ ʚʝʢʪʦʨ ʩʢʦ-

ʨʦʩʪʠ ʪʦʯʢʠ 
1

V
C
, ʣʠʥʠʝʡ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʢʘʩʘʪʝʣʴʥʘʷ ʢ 

ʪʨʘʝʢʪʦʨʠʠ ʚ (Ŀ) ʄ1, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

(ʨʠʩ. 9). 

ɺʝʢʪʦʨ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ()
1
ta
C
, ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʦʙʦʟʥʘʯʘʝʤʳʡ 

1
a
C

, 

ʩʪʨʦʠʤ ʚ ʤʘʩʰʪʘʙʝ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ, ʯʪʦʙʳ ʧʨʦʠʟʚʝʩʪʠ ʛʨʘʬʠʯʝʩʢʫʶ 

ʧʨʦʚʝʨʢʫ ʧʨʘʚʠʣʴʥʦʩʪʠ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ. 

I ʩʧʦʩʦʙ ʧʦʜʦʙʝʥ ʨʘʩʩʤʦʪʨʝʥʥʦʤʫ ʚʳʰʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʢʦʨʦ-

ʩʪʠ ʪʦʯʢʠ: 

y
aaa

x 11 1

CCC
+=                      (5) 

ʠʣʠ 

jaiʘʘ
yx

CCC
111

+= ,         (5') 

 

ʛʜʝ 
yx

aa
11

, ï ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʧʨʦʝʢʮʠʡ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ʥʘ 

ʢʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t1.  
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ʆʧʨʝʜʝʣʷʝʤ ʧʨʦʝʢʮʠʠ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ʥʘ ʦʩʠ ʭ, ʫ,  ʜʠʬʬʝʨʝʥʮʠʨʫʷ 

ʧʦ ʚʨʝʤʝʥʠ ʟʘʢʦʥʳ (4) ʠʟʤʝʥʝʥʠʷ ʧʨʦʝʢʮʠʡ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ ʥʘ ʵʪʠ 

ʦʩʠ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ: 

 

.const32

;const0

===

===

dt

dV
a

dt

dV
a

y

y

x
x

 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

.ʩʤ/ʩ32

;ʩʤ/ʩ32

;0

22
1

2
11

2
1

1

=+=

=

=

yx

y

x

aaa

a

a

 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʷʤʠ (5), (5Ë) ʩʪʨʦʠʤ ʚʝʢʪʦʨ ʫʩʢʦʨʝʥʠʷ 

ʪʦʯʢʠ 1a
C

 ʩ ʥʘʯʘʣʦʤ ʚ (Ŀ) ʄ1 . ʊʘʢ ʢʘʢ 01 =xa , ʪʦ ʧʦʣʥʦʝ ʫʩʢʦʨʝʥʠʝ 

ʪʦʯʢʠ 1a
C

 ʩʦʚʧʘʜʘʝʪ ʩ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʩʠ ʫ. ʋʩʢʦʨʝ-

ʥʠʝ 
1

a
C

 ʥʘʧʨʘʚʣʝʥʦ ʚʚʝʨʭ (ʢʘʢ ʦʨʪ j
C
), ʧʦʩʢʦʣʴʢʫ 01 =ya . ɽʜʠʥʠʮʘ 

ʤʘʩʰʪʘʙʘ ʚʳʙʨʘʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʝʛʦ ʤʦʜʫʣʝʤ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʧʨʘʚʘ (ʨʠʩ. 9). 

II ʩʧʦʩʦʙ. ʇʨʝʜʩʪʘʚʣʷʝʤ ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t1 

ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʩʫʤʤʫ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʠ ʥʦʨʤʘʣʴʥʦʛʦ ʫʩʢʦʨʝ-

ʥʠʡ: 

naaa 11 1

CCC
+= t             (6) 

 

ʠ ʦʧʨʝʜʝʣʷʝʤ ʢʘʞʜʫʶ ʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ  

 

.
dt

dV
a =t  

 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʛʜʝ,22
yx VVV +=  yx VV ,  ï ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ, ʧʦʣʫʯʠʤ: 
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( )
22

22

2

22

yx

y
y

x
x

yx

VV

dt

dV
V

dt

dV
V

VV
dt

d
a

+

+

=+=t ; 

                     
V

aVaV
a

yyxx +
=t ,               (7) 

 

ʛʜʝ 
t

a  ï ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ. 

ʊʦʛʜʘ .ʩʤ/ʩ0,31
5,16

321604 2

1

1111
1 =

Ö+Ö
=

+
=t

V

aVaV
ʘ

yyxx
 

ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʟʥʘʢ t1a ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʘʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ 1V
C

 ʠ ʝʝ ʪʘʥʛʝʥʮʠʘʣʴʥʦ-

ʛʦ ʫʩʢʦʨʝʥʠʷ ʩʦʚʧʘʜʘʶʪ (ʫʩʢʦʨʝʥʥʦʝ ʜʚʠʞʝʥʠʝ). ɽʩʣʠ ʘt1< 0, ʪʦ ʢʘʩʘ-

ʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ ʥʘʧʨʘʚʣʷʶʪ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʪʨʘʝʢʪʦʨʠʠ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʚʝʢʪʦʨʫ ʩʢʦʨʦʩʪʠ 1V
C

 (ʟʘʤʝʜʣʝʥʥʦʝ ʜʚʠʞʝʥʠʝ). 

 ʄʦʜʫʣʴ ʥʦʨʤʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ʨʘʚʝʥ:  

1

2
1

1 ɟ

V
a n = ,        (8) 

ʛʜʝ r1 ï ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʪʨʘʝʢʪʦʨʠʠ ʪʦʯʢʠ ʚ ʧʦʣʦʞʝʥʠʠ ʄ1. 

ʊʘʢ ʢʘʢ r1 ʥʝʠʟʚʝʩʪʝʥ, ʤʦʜʫʣʴ ʥʦʨʤʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ na1 ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

2

1

2

11 taaa
n

-= ,             (9) 

222

1
ʩʤ/ʩ9,73132 =-=

n
a . 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ (8) ʥʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ 

ʚʩʝʛʜʘ ʧʦʣʦʞʠʪʝʣʴʥʦ, ʘ ʧʦʪʦʤʫ ʚʝʢʪʦʨ ʥʦʨʤʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠ
n̫

a
1

C
 

ʜʦʣʞʝʥ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥ, ʢʘʢ ʠ ʦʨʪ 
1

n
C

 ʛʣʘʚʥʦʡ ʥʦʨʤʘʣʠ ʚ ʧʦʣʦʞʝʥʠʠ 

ʄ1, ʚ ʩʪʦʨʦʥʫ ʚʦʛʥʫʪʦʩʪʠ ʪʨʘʝʢʪʦʨʠʠ ʪʦʯʢʠ (ʢ ʮʝʥʪʨʫ ʢʨʠʚʠʟʥʳ ʢʨʠ-

ʚʦʡ ʚ (Ŀ) ʄ1) 

1

2

11
ɟ

1V
na n

CC
= . 
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ʅʘ ʨʠʩ. 9 ʥʦʨʤʘʣʴʥʦʝ ʠ ʢʘʩʘʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ʧʦʩʪʨʦʝʥʳ 

ʚ ʤʘʩʰʪʘʙʝ. ɺʝʢʪʦʨ
1

a
C
, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʩʫʤʤʫ 

(6), ʩʦʚʤʝʩʪʠʣʩʷ ʩ ʫʩʢʦʨʝʥʠʝʤ ʪʦʯʢʠ ʚ ʧʦʣʦʞʝʥʠʠ ʄ1, ʧʦʩʪʨʦʝʥʥʳʤ 

ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (5), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʝʛʦ ʦʧʨʝʜʝ-

ʣʝʥʠʷ. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʥʘʡʜʝʥʦ ʥʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ, ʨʘʜʠʫʩ ʢʨʠʚʠʟ-

ʥʳ ʪʨʘʝʢʪʦʨʠʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ 

n
a

V

1

2

1

1
ɟ= , ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʬʦʨʤʫʣʳ (8). 

ʩʤ4,34
9,7

5,16
ɟ

2

1
== . 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ. 
 

ʂʦʦʨʜʠʥʘʪ,r 

ʩʤ 
ʉʢʦʨʦʩʪʴ, ʩʤ/ʩ ʋʩʢʦʨʝʥʠʝ, ʩʤ/ʩ

2
 

ʈʘʜʠʫʩ 

ʢʨʠʚʠʟʥʳ, 

ʩʤ 

x1 y1 V1x V1y V1 x
a

1
 y

a
1

 
1

a  
t1a  

n
a

1
 

1
ɟ 

2,0 3,0 4,0 16,0 16,5 0 32,0 32,0 31,0 7,9 34,4 

 

 

ʇʨʠʤʝʨ 2 

ɼʘʥʦ: 

î
î

ý

î
î

ü

û

ö
÷

õ
æ
ç

åp
+-=

ö
÷

õ
æ
ç

åp
-=

ty

tx

6
sin64

6
cos84

                                      (1) 

        c11=t . 

ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʟʘʜʘʥʳ ʚ ʩʘʥʪʠʤʝʪʨʘʭ.  

ʆʧʨʝʜʝʣʠʪʴ ʠ ʧʦʩʪʨʦʠʪʴ ʚ ʤʘʩʰʪʘʙʝ: 

1) ʪʨʘʝʢʪʦʨʠʶ ʪʦʯʢʠ, ʧʦʣʦʞʝʥʠʝ ʄ1 ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ x(t1), y(t1); 

2) ();1tV
C

 

3) () () ();111 tatata yx

CCC
+=  

4) () () ();111 tatata n

CCC
+= t  

5) ʚʳʯʠʩʣʠʪʴ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʪʨʘʝʢʪʦʨʠʠ r (t1). 
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ʈʝʰʝʥʠʝ  

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ (1) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʘʨʘʤʝʪʨʠ-

ʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʪʦʯʢʠ. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʫʨʘʚʥʝʥʠʝ ʪʨʘ-

ʝʢʪʦʨʠʠ  ʚ ʢʦʦʨʜʠʥʘʪʥʦʡ ʬʦʨʤʝ, ʠʩʢʣʶʯʠʤ ʚʨʝʤʷ t ʠʟ ʫʨʘʚʥʝʥʠʡ (1), 

ʜʣʷ ʯʝʛʦ ʧʨʝʦʙʨʘʟʫʝʤ ʠʭ, ʦʩʪʘʚʠʚ ʚ ʧʨʘʚʳʭ ʯʘʩʪʷʭ ʪʦʣʴʢʦ ʢʦʩʠʥʫʩ 

ʠʣʠ ʩʠʥʫʩ ʫʛʣʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ, ʨʘʚʥʳʤ ʝʜʠʥʠʮʝ: 

î
î

ý

î
î

ü

û

ö
÷

õ
æ
ç

å
=

+

ö
÷

õ
æ
ç

å
=

-

t
y

t
x

6

ˊ
sin

6

4

6

ˊ
cos

8

4

       (2) 

ɺʦʟʚʝʜʝʤ ʣʝʚʳʝ ʠ ʧʨʘʚʳʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʡ (2) ʚ ʢʚʘʜʨʘʪ, ʟʘʪʝʤ 

ʩʣʦʞʠʤ ʧʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʧʦʯʣʝʥʥʦ. 

ʋʨʘʚʥʝʥʠʝ ʪʨʘʝʢʪʦʨʠʠ ʠʤʝʝʪ ʚʠʜ 

( ) ( )
1

6

4

8

4
2

2

2

2

=
+

+
- yx

                 (3) 

ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʣʣʠʧʩ ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ ʉ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ,ʩʤ4=cx  

ʩʤ4-=cy  ʠ ʧʦʣʫʦʩʷʤʠ a = 8 ʩʤ, b = 6 ʩʤ (ʥʘ ʨʠʩ. 10 ʪʨʘʝʢʪʦʨʠʷ ʠʟʦ-

ʙʨʘʞʝʥʘ ʚ ʤʘʩʰʪʘʙʝ). 

ʆʧʨʝʜʝʣʷʝʤ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ c1
1
=t : 

() cʤ8,2
6

ˊ
cos84

1
-=-=tx , 

                                          () ʩʤ1
6

ˊ
sin64

1
-=+-=ty . 

ʅʘʭʦʜʠʤ ʧʦʣʦʞʝʥʠʝ (Ŀ) ʄ1 ʚ ʧʣʦʩʢʦʩʪʠ ʭʫ ï ʨʠʩ. 10. 

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ  t1, ʧʨʝʜʩʪʘʚʣʷʷ ʝʛʦ ʚ ʚʠʜʝ: 

 

yx
VVV

111

CCC
+= ,            (4) 

ʠʣʠ 

jViVV
yx

CCC
111

+= .             (4') 
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ʆʧʨʝʜʝʣʷʝʤ ʧʨʦʝʢʮʠʠ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ, ʜʠʬ-

ʬʝʨʝʥʮʠʨʫʷ ʧʦ ʚʨʝʤʝʥʠ ʫʨʘʚʥʝʥʠʷ (1):  

 

î
î

ý

î
î

ü

û

ö
÷

õ
æ
ç

å
==

ö
÷

õ
æ
ç

å
==

,
6

ˊ
cos

6

ˊ
6

6

ˊ
sin

6

ˊ
8

t
dt

dy
V

t
dt

dx
V

y

x

                    (5) 

,ʩʤ/ʩ1,2
6

ˊ
sin

6

ˊ
8

1
==

x
V  

.ʩʤ/ʩ7,2
6

ˊ
cos

6

ˊ
6

1
==

y
V  

 

ʄʦʜʫʣʴ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ ʚ ʟʘʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʨʘʚʝʥ: 

.ʩʤ/ʩ4,37,21,2 222

1

2

11
=+=+=

yx
VVV  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʘʤʠ (4), (4Ë) ʩʪʨʦʠʤ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ 
1

V
C

 

ʩ ʥʘʯʘʣʦʤ ʚ (Ŀ) ʄ1. ʊʘʢ ʢʘʢ 0,
11
=

yx
VV , ʩʦʩʪʘʚʣʷʶʱʠʝ 

yx
VV

11
,
CC

 ʚʝʢʪʦʨʘ 

ʩʢʦʨʦʩʪʠ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʦʩʷʤ ʭ, ʫ, ʥʘʧʨʘʚʣʝʥʳ ʪʘʢ ʞʝ, ʢʘʢ ʦʨʪʳ ʵʪʠʭ 

ʦʩʝʡ (ʨʠʩ. 10). ɽʜʠʥʠʮʘ ʤʘʩʰʪʘʙʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ 

ʪʦʯʢʠ ʚʳʙʨʘʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʫʣʷʤʠ ʚʝʢʪʦʨʦʚ
yx

VV
11

,
CC

 ʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 10 ʩʧʨʘʚʘ. ʉʣʦʞʠʚ ʩʦʩʪʘʚʣʷʶʱʠʝ
yx

VV
11

,
CC

 ʧʦ ʧʨʘʚʠʣʫ 

ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ, ʧʦʣʫʯʘʝʤ ʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦ ʜʠʘʛʦʥʘʣʠ ʚʝʢʪʦʨ ʩʢʦʨʦ-

ʩʪʠ ʪʦʯʢʠ
1

V
C
, ʣʠʥʠʝʡ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʢʘʩʘʪʝʣʴʥʘʷ ʢ ʪʨʘʝʢ-

ʪʦʨʠʠ ʚ (Ŀ) ʄ1, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (ʨʠʩ. 

10). 

ɺʝʢʪʦʨ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ()
1
ta
C
, ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʦʙʦʟʥʘʯʘʝʤʳʡ 

1
a
C

, 

ʩʪʨʦʠʤ ʚ ʤʘʩʰʪʘʙʝ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ, ʯʪʦʙʳ ʧʨʦʠʟʚʝʩʪʠ ʛʨʘʬʠʯʝʩʢʫʶ 

ʧʨʦʚʝʨʢʫ ʧʨʘʚʠʣʴʥʦʩʪʠ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ. 

I ʩʧʦʩʦʙ ʧʦʜʦʙʝʥ ʨʘʩʩʤʦʪʨʝʥʥʦʤʫ ʚʳʰʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʢʦʨʦ-

ʩʪʠ ʪʦʯʢʠ: 

 

yx
aaa

111

CCC
+= ,              (6) 

ʠʣʠ 
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                      jaiaa
yx

CCC
111

+= ,    (6') 

ʛʜʝ yx aa 11 ,  ï ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʧʨʦʝʢʮʠʡ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ʥʘ 

ʢʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ  t1. 

ʆʧʨʝʜʝʣʷʝʤ ʧʨʦʝʢʮʠʠ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ʥʘ ʦʩʠ ʭ, ʫ, ʜʠʬʬʝʨʝʥ-

ʮʠʨʫʷ ʧʦ ʚʨʝʤʝʥʠ ʟʘʢʦʥʳ (5) ʠʟʤʝʥʝʥʠʷ ʧʨʦʝʢʮʠʡ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ ʥʘ 

ʵʪʠ ʦʩʠ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ: 

ö
÷

õ
æ
ç

å
=ö
÷

õ
æ
ç

å
Ö== tt

dt

dV
a x

x
6

ˊ
cosˊ

9

2

6

ˊ
cos

6

ˊ

6

ˊ
8 2 , 

ö
÷

õ
æ
ç

å
-=ù

ú

ø
é
ê

è
ö
÷

õ
æ
ç

å
-== tt

dt

dV
a

y
y

6

ˊ
sin

6

ˊ

6

ˊ
sin

6

ˊ
ˊ

2

. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

2
2

1 ʩʤ/ʩ9,1
6

ˊ
cos

9

ˊ
2 ==xa , 

2

2

1
ʩʤ/ʩ8,0

6

ˊ
sin

6

ˊ
-=-=

y
a , 

2222

1

2

11
ʩʤ/ʩ06,28,09,1 =+=+=

yx
aaa . 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʷʤʠ (6), (6Ë) ʩʪʨʦʠʤ ʚʝʢʪʦʨ ʫʩʢʦʨʝʥʠʷ 

ʪʦʯʢʠ 
1

a
C

 ʩ ʥʘʯʘʣʦʤ ʚ (Ŀ) ʄ1. ʋʩʢʦʨʝʥʠʝ 
x

a
1

C
 ʥʘʧʨʘʚʣʷʝʤ ʚʧʨʘʚʦ (ʢʘʢ 

ʦʨʪ i
C
), ʧʦʩʢʦʣʴʢʫ 0

1
=

x
a ; ʫʩʢʦʨʝʥʠʝ 

y
a

1

C
 ʥʘʧʨʘʚʣʷʝʤ ʚʥʠʟ (ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦ ʦʨʪʫ j
C
), ʪʘʢ ʢʘʢ 0

1
B

y
a . ɽʜʠʥʠʮʘ ʤʘʩʰʪʘʙʘ ʚʳʙʨʘʥʘ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʤʦʜʫʣʷʤʠ ʚʝʢʪʦʨʦʚ 
yx

aa
11

,
CC

 ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʧʨʘʚʘ (ʨʠʩ. 10). 

II ʩʧʦʩʦʙ. ʇʨʝʜʩʪʘʚʣʷʝʤ ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 
1
t  

ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʩʫʤʤʫ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʠ ʥʦʨʤʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʡ: 

n
aaa

111

CCC
+= t

,               (7) 

ʠ ʦʧʨʝʜʝʣʷʝʤ ʢʘʞʜʫʶ ʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ 

 

,ʩʤ/ʩ54,0
4,3

8,07,29,11,2 2

1

1111

1 +=
Ö-Ö

=
+

=t
V

aVaV
a

yyxx
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( ) ( ) .ʩʤ/ʩ0,299,154,006,2 2222

1

2

11
@=-=-= taaa

n  

 ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʟʥʘʢ 
t1a  ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚ  ʨʘʩʩʤʘʪʨʠʚʘʝ-

ʤʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʘʧʨʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ
1

V
C

 ʠ ʝʝ ʪʘʥʛʝʥʮʠ-

ʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʩʦʚʧʘʜʘʶʪ (ʫʩʢʦʨʝʥʥʦʝ ʜʚʠʞʝʥʠʝ). 

 ʅʘ ʨʠʩ. 10 ʥʦʨʤʘʣʴʥʦʝ ʠ ʢʘʩʘʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ʧʦʩʪʨʦʝ-

ʥʳ ʚ ʤʘʩʰʪʘʙʝ. 

 ɺʝʢʪʦʨ 
1

a
C
, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʩʫʤʤʫ (7), 

ʩʦʚʤʝʩʪʠʣʩʷ ʩ ʫʩʢʦʨʝʥʠʝʤ ʪʦʯʢʠ ʚ ʧʦʣʦʞʝʥʠʠ ʄ1, ʧʦʩʪʨʦʝʥʥʳʤ 

ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (6), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʝʛʦ ʦʧʨʝʜʝ-

ʣʝʥʠʷ. 

 ʈʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʪʨʘʝʢʪʦʨʠʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʝ ʨʘʚʝʥ 

 

ʩʤ.85,5
0,2

4,3
ɟ

2

1

2

1

1
===

n
a

V
 

 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ. 
 

 

ʂʦʦʨʜʠʥʘʪʳ, 

ʩʤ 

 

ʉʢʦʨʦʩʪʴ, ʩʤ/ʩ 

 

ʋʩʢʦʨʝʥʠʝ, ʩʤ/ʩ
2
 

ʈʘʜʠʫʩ 

ʢʨʠʚʠʟʥʳ, 

ʩʤ 

1
x  

1
y  

x
V

1
 

y
V

1
 

1
V  

x
a

1
 

y
a

1
 

1
a  

t1a  
n

a
1

 
1
ɟ 

ï2,8 ï1,0 2,1 2,7 3,4 1,9 ï0,8 2,06 0,54 2,0 5,85 
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ʉʭʝʤʳ ʢ ʧʨʠʤʝʨʘʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 3; 4 
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ʇʨʠʣʦʞʝʥʠʷ ʢ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʝ ˉ 1 

ʇʨʠʣʦʞʝʥʠʝ 1 
    ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 1 

 

ɺʘʨʠʘʥʪ P, ʢH M, ʢHĿʤ q, ʢH/ʤ a, ʛʨʘʜ 

ɸ  4  7 1,0 60 

ɹ  6  8 0,5 30 

ɺ 10  6 3,0 60 

ɻ  4 14 1,0 60 

ɼ 10 20 2,0 30 

ɽ 16 10 0,5 30 

ɾ  4  8 1,0 60 

ɿ 10  6 0,5 30 

ʀ 10  8 1,0 30 

ʂ 10  7 3,0 30 

ʃ  4  5 2,0 60 

ʄ 10  8 3,0 30 

ʅ 10  5 2,0 30 

ʆ  4  6 1,0 60 

ʇ  8  6 2,0 60 

ʈ 10  7 1,0 30 

ʉ  7  6 0,5 30 

ʊ  6  8 3,0 30 

ʋ 14  4 2,0 60 

ʌ  4 10 2,0 60 

ʍ 10  6 0,5 30 

ʎ  6  4 1,0 60 

ʏ 10 10 2,0 30 

ʐ  5 45 1,5 60 

ʑ  8 10 0,5 30 

ʕ  6  7 1,0 60 

ʖ 10  8 2,5 30 

ʗ  5 20 1,0 60 

 

ʇʨʠʤʝʯʘʥʠʝ.  ɺ ʟʘʜʘʯʝ 1 ʦʧʨʝʜʝʣʠʪʴ ʨʝʘʢʮʠʠ ʦʧʦʨ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 
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ʉʭʝʤʳ ʢ ʟʘʜʘʯʝ 1 

 



 29 

 



 30 

 

ʇʨʠʣʦʞʝʥʠʝ 2 

 

 
ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ  2 

 

 

ɺʘʨʠʘʥʪ 
ʉʠʣʳ, ʢʅ ʈʘʟʤʝʨʳ, ʩʤ 

Q ʊ G a b c R r 

ɸ, ɹ 2 ï 20 20 30 10 15 5 

ɺ, ɻ 1 4 2 40 30 20 20 10 

ɼ, ɽ ï 3 1 30 10 5 18 6 

ɾ, ɿ 4 6 3 20 40 15 20 10 

ʀ, ʂ 1 4 2 30 40 20 20 10 

ʃ, ʄ 10 ï 5 40 30 20 25 15 

ʅ, ʆ 4 ï 2 50 30 ï ï ï 

ʇ, ʈ 2 ï 1 15 10 20 20 5 

ʉ, ʊ 6 ï 2 60 40 60 ï ï 

ʋ, ʌ ï ï 5 20 50 30 ï ï 

ʍ, ʎ ï ï 4 40 30 50 ï ï 

ʏ, ʐ 5 ï 2 ï ï ï ï ï 

ʑ, ʕ ï ï 3 50 50 60 ï ï 

ʖ, ʗ ï ï 1 20 60 40 ï ï 

 
ʇʨʠʤʝʯʘʥʠʝ. ʉʯʠʪʘʪʴ, ʯʪʦ ʚ ʚʘʨʠʘʥʪʘʭ ʅ, ʆ; ʉ, ʊ; ʋïʗ ʧʝʪʣʠ ʥʝ ʧʨʝ-

ʧʷʪʩʪʚʫʁ ʪ ʧʝʨʝʤʝʱʝʥʠʶ ʨʘʤʳ ʚʜʦʣʴ ɸɺ. 
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 ʉʭʝʤʳ ʢ ʟʘʜʘʯʝ 2 
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ʇʨʠʣʦʞʝʥʠʝ 3 
    ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 3 

 

 

ɺʘʨʠʘʥʪ 

 

 

ʩʤ),(1 tfx=  

 

ʩʤ),(2 tfy=  

 

c,1t  

ɸ tx 4=  232 tty -=  2 

ɹ 241 tx -=  ty 3-=  1 

ɺ 142 2 ++= ttx  ty 4=  1 

ɻ tx 6=  42 2--= ty  1 

ɼ 32-=tx  ty 5=  4/1  

ɽ 5-=tx  )5,0(6 2tty +=  2 

ɾ 2tx=  12 -= ty  1 

ɿ 232 tx +=  ty 34-=  1 

ʀ 14 2+= tx  ty 8=  1 

ʂ 22 2+= tx  ty 4-=  2/1  

ʃ 223 tx -=  ty 5-=  2/1  

ʄ 21,010 ttx -=  ty 5=  2 

ʅ tx 3=  254 tty -=  2 

ʆ 14 2+= tx  312 -= ty  2 

ʇ tx 3=  21 ty +=  1 

ʈ ttx 53 2+=  ty 5=  2 

ʉ tx 24-=  2)1( += ty  1 

ʊ 22 += tx  23 2-= ty  1 

ʋ tx 10=  254 ty +=  2 

ʌ 22tx=  14 -= ty  4/1  

ʍ tx 5=  59,4 2-= ty  1 

ʎ tx 8=  12 2+= ty  2/1  

ʏ 221 tx -=  ty 3=  1 

ʐ 45 +-= tx  22ty=  1 

ʑ tx 20=  249245 ty -=  1 

ʕ tx 10=  2520 tty -=  1 

ʖ ttx 62-=  ty 25=  2 

ʗ 14 2+= tx  28 -= ty  1 

ʇʨʠʣʦʞʝʥʠʝ 4 
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ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ  4 

 

 

ɺʘʨʠʘʥʪ 

 

 

ʩʤ),(1 tfx=  

 

ʩʤ),(2 tfy=  

 

c,1t  

ɸ ö
÷
õæ

ç
å= tʭ

3

ˊ
cos4  ö

÷
õæ

ç
å-= ty

3

ˊ
sin3  1 

ɹ ö
÷
õæ

ç
å-= tx

6

ˊ
sin63  ö

÷
õæ

ç
å-= ty

6

ˊ
cos94  1 

ɺ ö
÷
õæ

ç
å+= tx

3

ˊ
sin2  ö

÷
õæ

ç
å+= ty

3

ˊ
cos21  2/1  

ɻ ()tx ˊcos32+=  ()ty ˊsin3=  2/1  

ɼ ö
÷
õæ

ç
å= tx

2

ˊ
sin4  ö

÷
õæ

ç
å= ty

2

ˊ
cos3  1 

ɽ ö
÷
õæ

ç
å= tx

6

ˊ
cos8  ö

÷
õæ

ç
å-= ty

6

ˊ
sin8  1 

ɾ ö
÷
õæ

ç
å= tx

6

ˊ
sin4  ö

÷
õæ

ç
å-= ty

6

ˊ
cos64  2 

ɿ 2
3

ˊ
cos7 -= ö

÷
õæ

ç
å tx  3

3

ˊ
sin7 +-= ö

÷
õæ

ç
åty  1 

ʀ ö
÷
õæ

ç
å= tx

3

ˊ
sin2  ö

÷
õæ

ç
å-= ty

3

ˊ
sin34  1 

ʂ ö
÷
õæ

ç
å= tx

3

ˊ
cos4  ö

÷
õæ

ç
å-= ty

3

ˊ
sin2  1 

ʃ ö
÷
õæ

ç
å= tx

4

ˊ
cos2  ö

÷
õæ

ç
å= ty

4

ˊ
sin3  2 

ʄ ö
÷
õæ

ç
å= tx

2

ˊ
cos  ö

÷
õæ

ç
å= ty

2

ˊ
sin2  1 

ʅ ö
÷
õæ

ç
å+= tx

6

ˊ
sin23  2

6

ˊ
cos4 -= ö

÷
õæ

ç
åty  1 

ʆ ö
÷
õæ

ç
å= tx

3

ˊ
cos5  ö

÷
õæ

ç
å-= ty

3

ˊ
sin5  1 
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ʆʢʦʥʯʘʥʠʝ ʧʨʠʣ. 4 

 

 

ɺʘʨʠʘʥʪ 

 

(),1 tfʭ= ʩʤ 

 

(),2 tfʫ= ʩʤ 

 

,1t ʩ 

ʇ ()tx ˊsin4=  ()ty ˊcos4=  3/1  

ʈ ()tx 2cos4=  ()ty 2sin4=  2/p  

ʉ ö
÷
õæ

ç
å= tx

3

ˊ
sin15  ö

÷
õæ

ç
å= ty

3

ˊ
cos5  1/2 

ʊ ö
÷
õæ

ç
å= tx

3

ˊ
cos  ö

÷
õæ

ç
å= tʫ

2

ˊ
sin2  1/2 

ʋ ö
÷
õæ

ç
å= tx

6

ˊ
cos3  ö

÷
õæ

ç
å+= ty

6

ˊ
sin31  3 

ʌ 2
6

ˊ
sin3 -= ö

÷
õæ

ç
å tx  ö

÷
õæ

ç
å= ty

6

ˊ
sin10  1 

ʍ ö
÷
õæ

ç
å+= tx

2

ˊ
cos35  ö

÷
õæ

ç
å= ty

2

ˊ
sin4  1 

ʎ ö
÷

õ
æ
ç

å
+-= tx

6

ˊ
cos43  ö

÷
õæ

ç
å+= ty

6

ˊ
sin42  1 

ʏ ()2ˊsin6 -= tx  ()1ˊcos6 -= ty  1/4 

ʐ ()tx ˊcos2=  ()ty ˊsin2=  1 

ʑ ö
÷
õæ

ç
å= tx

3

ˊ
sin  2

3

ˊ
cos3 -= ö

÷
õæ

ç
åty  1 

ʕ ö
÷
õæ

ç
å-= tx

3

ˊ
cos2  3

3

ˊ
sin4 -= ö

÷
õæ

ç
å ty  1 

ʖ ö
÷
õæ

ç
å= tx

3

ˊ
cos2  ö

÷
õæ

ç
å= ty

3

ˊ
sin6  1 

ʗ ö
÷
õæ

ç
å= tx

6

ˊ
sin4  ö

÷
õæ

ç
å-= ty

6

ˊ
cos64  2 
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ʂʆʅʊʈʆʃʔʅɸʗ  ʈɸɹʆʊɸ  ˉ 2 

ɺ ʢʦʥʪʨʦʣʴʥʫʶ ʨʘʙʦʪʫ ˉ 2 ʚʭʦʜʷʪ ʪʨʠ ʟʘʜʘʯʠ ʠʟ ʨʘʟʜʝʣʘ çʂʠ-

ʥʝʤʘʪʠʢʘ ʪʚʝʨʜʦʛʦ ʪʝʣʘè ʠ ʦʜʥʘ ʟʘʜʘʯʘ ʠʟ ʨʘʟʜʝʣʘ çʂʠʥʝʤʘʪʠʢʘ ʪʦʯ-

ʢʠè (ʩʣʦʞʥʦʝ ʜʚʠʞʝʥʠʝ ʪʦʯʢʠ). 

ʇʦʷʩʥʠʤ, ʢʘʢ ʦʪʦʙʨʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʤʧʣʝʢʪ ʟʘ-

ʜʘʯ: 

ï ʧʝʨʚʘʷ ʙʫʢʚʘ ʠʤʝʥʠ ʩʪʫʜʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪ ʩʪʨʦʢʫ ʚ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʠ ʨʠʩʫʥʦʢ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 1 (ʧʨʠʣ. 5); 

ï ʚʪʦʨʘʷ ʙʫʢʚʘ ʠʤʝʥʠ ʩʪʫʜʝʥʪʘ ʫʢʘʟʳʚʘʝʪ ʨʠʩʫʥʦʢ ʠ ʠʩʭʦʜʥʳʝ 

ʜʘʥʥʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 2 (ʧʨʠʣ. 6); 

ï ʥʘʯʘʣʴʥʘʷ ʙʫʢʚʘ ʦʪʯʝʩʪʚʘ ʩʪʫʜʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪ ʨʠʩʫʥʦʢ ʠ ʠʩ-

ʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʝh ʝʥʠʷ ʟʘʜʘʯʠ 3 (ʧʨʠʣ. 7); 

ï ʧʝʨʚʘʷ ʙʫʢʚʘ ʬʘʤʠʣʠʠ ʩʪʫʜʝʥʪʘ ʫʢʘʟʳʚʘʝʪ ʩʪʨʦʢʫ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʠ ʨʠʩʫʥʦʢ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 4 (ʧʨʠʣ. 8). 

 

ʂʠʥʝʤʘʪʠʢʘ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

ʇʦʩʪʫʧʘʪʝʣʴʥʦʝ ʠ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

ɿʘʜʘʯʘ 1 

ʇʦ ʟʘʜʘʥʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʛʨʫʟʘ (ʪʝʣʘ 1) 

ʦʧʨʝʜʝʣʠʪʴ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t1 ʝʛʦ ʩʢʦʨʦʩʪʴ ʠ ʫʩʢʦʨʝʥʠʝ, ʘ ʪʘʢʞʝ 

ʩʢʦʨʦʩʪʴ ʠ ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ ʄ ʦʜʥʦʛʦ ʠʟ ʢʦʣʝʩ ʤʝʭʘʥʠʟʤʘ. 

 

ʇʨʠʤʝʨ ʨʝʰʝʥʠʷ 

ɼʘʥʦ:  

ʉʭʝʤʘ ʤʝʭʘʥʠʟʤʘ (ʨʠʩ. 11), R2 = 50 ʩʤ, r2 = 25 ʩʤ, r3 = 40 ʩʤ, 

R3 = 65 ʩʤ,  x = 36t
2 
+ 5t + 14, t1 = 1 c. 

ʆʧʨʝʜʝʣʠʪʴ ʠ ʧʦʩʪʨʦʠʪʴ: 

1) ʩʢʦʨʦʩʪʴ ʠ ʫʩʢʦʨʝʥʠʝ ʛʨʫʟʘ 1 ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t1;   

2) ʩʢʦʨʦʩʪʴ ʠ ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ ʄ ʢʦʣʝʩʘ 3 ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t1. 

 

ʈʝʰʝʥʠʝ 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʪʨʝʭ ʤʘʪʝʨʠ-

ʘʣʴʥʳʭ ʪʝʣ (ʨʠʩ. 11). ɻʨʫʟ 1 ʩʦʚʝʨʰʘʝʪ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ, 

ʢʦʣʝʩʘ 2, 3 ʚʨʘʱʘʶʪʩʷ ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʳʭ ʦʩʝʡ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʪʝʣʦ 1 ʢʘʢ ʤʘ-
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ʪʝʨʠʘʣʴʥʫʶ ʪʦʯʢʫ, ʢʦʪʦʨʘʷ ʧʝʨʝʤʝʱʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ x (ʨʠʩ. 11) 

ʧʦ ʟʘʢʦʥʫ: 

x = 36t
2 
+ 5t + 14. 

ʆʧʨʝʜʝʣʠʤ ʩʢʦʨʦʩʪʴ ʠ ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ (ʪ. ʝ. ʩʢʦʨʦʩʪʴ ʠ ʫʩʢʦʨʝ-

ʥʠʝ ʛʨʫʟʘ 1) ʧʦ ʬʦʨʤʫʣʘʤ, ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʚ ʨʘʟʜʝʣʝ çʂʠʥʝʤʘʪʠʢʘ 

ʪʦʯʢʠè: 

5721 +=== tx
dt

dx
V # , 

72
2

2

1 === x
dt

xd
a ##  ʩʤ/ʩ

2
. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ ʄ ʩʚʷʞʝʤ ʩʢʦʨʦʩʪʴ ʛʨʫʟʘ V1 ʩ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ w3 ʢʦʣʝʩʘ 3. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ ʤʝʭʘʥʠʟʤʘ (ʨʠʩ. 12) Vʂ = V1, ʪʘʢ ʢʘʢ 

ʥʠʪʴ, ʩʦʝʜʠʥʷʶʱʘʷ ʪʝʣʘ 1 ʠ 2, ʥʝʨʘʩʪʷʞʠʤʘ ʠ ʥʝ ʧʨʦʩʢʘʣʴʟʳʚʘʝʪ; 

Vʂ = w2r2, ʪʘʢ ʢʘʢ ʪʦʯʢʘ ʂ ʧʨʠʥʘʜʣʝʞʠʪ ʪʝʣʫ 2, ʚʨʘʱʘʶʱʝʤʫʩʷ ʚʦʢʨʫʛ 

ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ  w2. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, V1 = w2r2,  ʦʪʢʫʜʘ 
2

1
2ɤ

r

V
= . ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʝʤ 

ʩʢʦʨʦʩʪʴ ʪʦʯʢʠ L ʪʝʣʘ 2: 

2
2

1
22 R

r

V
RVL =w= . 

ɺ ʩʠʣʫ ʠʜʝʘʣʴʥʦʩʪʠ ʥʠʪʠ, ʩʚʷʟʳʚʘʶʱʝʡ ʪʝʣʘ 2 ʠ 3, ʠʤʝʝʤ 

VL = VN,  ʪ. ʝ. 

2
2

1 R
r

V
VN = .                                            (1) 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

VN = w3R3,                                              (2) 

ʪʘʢ ʢʘʢ ʪʦʯʢʘ N ʧʨʠʥʘʜʣʝʞʠʪ ʪʝʣʫ 3, ʚʨʘʱʘʶʱʝʤʫʩʷ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦ-

ʩʪʴʶ w3 ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ (1) ʠ (2), 

ʧʦʣʫʯʠʤ  
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332

2

1 RR
r

V
w= , 

3

2

2

1
3

R

R

r

V
Ö=w . 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʜʘʥʥʳʭ 

1540,215,2ɤ3 += t .                                       (3) 

ʋʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʢʦʣʝʩʘ 3 ʦʧʨʝʜʝʣʷʝʤ, ʜʠʬʬʝʨʝʥʮʠʨʫʷ ʧʦ 

ʚʨʝʤʝʥʠ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ (3) ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʢʦʣʝʩʘ 3 

215,2Ů 3
3

3 =w=
w

= #
dt

d
 ʨʘʜ/ʩ

2
. 

ʉʢʦʨʦʩʪʴ ʪʦʯʢʠ ʄ, ʝʝ ʚʨʘʱʘʪʝʣʴʥʦʝ, ʦʩʝʩʪʨʝʤʠʪʝʣʴʥʦʝ ʠ ʧʦʣʥʦʝ 

ʫʩʢʦʨʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ ʪʝʦʨʠʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝ-

ʥʠʷ 

,ɤ 33rVʄ =  

,, 3

2

333

Ů rara ʄʄ w=e= w  

( ) ( ).
22 we += ʄʄʄ ʘaa  

 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ t1 = 1 ʩ 

ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ. 

ʉʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʪʝʣʘ 1 ʠ ʪʦʯʢʠ ʄ  ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 12. 

 

V1, 

cʤ/c 

a1, 

ʩʤ/c
2 

w3, 

ʨʘʜ/c 

e3, 

ʨʘʜ/c
2 

Vʄ, 

cʤ/c 

e
ʄʘ , 

ʩʤ/c
2 

w
ʄʘ , 

ʩʤ/c
2
 

ʘʄ, 

ʩʤ/c
2
 

77 72 2,37 2,22 94,8 224 88,6 241 
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ʈʠʩ.12 
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ʇʣʦʩʢʦʝ ʜʚʠʞʝʥʠʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

ɿʘʜʘʯʘ 2  

ɺ ʵʪʦʡ ʟʘʜʘʯʝ ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʤʝʭʘ-

ʥʠʟʤʘ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʪʦʯʝʢ ɺ ʠ ʉ, ʘ ʪʘʢʞʝ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʠ 

ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʟʚʝʥʘ, ʢʦʪʦʨʦʤʫ ʵʪʠ ʪʦʯʢʠ ʧʨʠʥʘʜʣʝʞʘʪ. ʇʦʩʪʨʦ-

ʠʪʴ ʧʣʘʥ ʩʢʦʨʦʩʪʝʡ ʠ ʧʣʘʥ ʫʩʢʦʨʝʥʠʡ ʰʘʪʫʥʘ ɸɺ. ʉʭʝʤʳ ʤʝʭʘʥʠʟʤʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣ. 6. 

 

ʇʨʠʤʝʨ ʨʝʰʝʥʠʷ 

ɼʘʥʦ: ʩʭʝʤʘ ʢʨʠʚʦʰʠʧʥʦ-ʧʦʣʟʫʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚ ʟʘʜʘʥʥʦʤ ʧʦ-

ʣʦʞʝʥʠʠ (ʨʠʩ. 13); ʆɸ = 10 ʩʤ, ɸɺ = 60 ʩʤ, ɸʉ = 20 ʩʤ; wʆɸ  = 1,5 ʨʘʜ/c, 

eʆɸ = 2 ʨʘʜ/c
2
. 

ʆʧʨʝʜʝʣʠʪʴ: ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʪʦʯʝʢ ɺ ʠ ʉ, ʫʛʣʦʚʫʶ ʩʢʦ-

ʨʦʩʪʴ ʠ ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʟʚʝʥʘ, ʢʦʪʦʨʦʤʫ ʵʪʠ ʪʦʯʢʠ ʧʨʠʥʘʜʣʝʞʘʪ. 

ʇʦʩʪʨʦʠʪʴ: ʧʣʘʥ ʩʢʦʨʦʩʪʝʡ ʠ ʧʣʘʥ ʫʩʢʦʨʝʥʠʡ ʰʘʪʫʥʘ ɸɺ. 

ʈʝʰʝʥʠʝ 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʪʦʯʝʢ ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʟʚʝʥʘ (ʨʠʩ. 14) 

ʆʧʨʝʜʝʣʷʝʤ ʤʦʜʫʣʴ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ ɺ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʝʝ ʢʘʢ ʪʦʯ-

ʢʫ ʰʘʪʫʥʘ ɸɺ, ʩʦʚʝʨʰʘʶʱʝʛʦ ʧʣʦʩʢʦʝ ʜʚʠʞʝʥʠʝ. ʉʢʦʨʦʩʪʴ ʪʦʯʢʠ ɺ 

ʷʚʣʷʝʪʩʷ ʚʨʘʱʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʨʠ ʚʨʘʱʝʥʠʠ ʰʘʪʫʥʘ ɸɺ ʚʦʢʨʫʛ 

ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʝʛʦ ʤʛʥʦʚʝʥʥʳʡ ʮʝʥʪʨ ʩʢʦʨʦʩʪʝʡ ʈ, ʪ. ʝ. 

VB =  wɸɺ  Ā ʈɺ                                           (1) 

ʇʦʣʦʞʝʥʠʝ ʈ ʤʛʥʦʚʝʥʥʦʛʦ ʮʝʥʪʨʘ ʩʢʦʨʦʩʪʝʡ ʰʘʪʫʥʘ ɸɺ ʚ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʤ ʧʦʣʦʞʝʥʠʠ ʢʨʠʚʦʰʠʧʥʦ-ʧʦʣʟʫʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʥʘʭʦ-

ʜʠʤ ʢʘʢ ʪʦʯʢʫ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʷʤʳʭ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʢ ʣʠʥʠʷʤ 

ʜʝʡʩʪʚʠʷ ʚʝʢʪʦʨʦʚ ʩʢʦʨʦʩʪʝʡ ʪʦʯʝʢ ɸ ʠ ɺ ʰʘʪʫʥʘ (ʨʠʩ. 14). ʃʠʥʠʠ 

ʜʝʡʩʪʚʠʷ ʩʢʦʨʦʩʪʝʡ ʪʦʯʝʢ ɸ ʠ ɺ ʠʟʚʝʩʪʥʳ: ʪʦʯʢʘ ɸ ʧʨʠʥʘʜʣʝʞʠʪ ʢʨʠ-

ʚʦʰʠʧʫ ʆɸ, ʚʨʘʱʘʶʱʝʤʫʩʷ ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ, ʠ ʚ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤʦʤ ʧʦʣʦʞʝʥʠʠ ʤʝʭʘʥʠʟʤʘ ʠʤʝʝʪ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʣʠʥʠʶ ʜʝʡʩʪ-

ʚʠʷ; ʪʦʯʢʘ ɺ ʧʨʠʥʘʜʣʝʞʠʪ ʧʦʣʟʫʥʫ, ʩʦʚʝʨʰʘʶʱʝʤʫ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ 

ʜʚʠʞʝʥʠʝ ʧʦ ʚʝʨʪʠʢʘʣʠ, ʧʦʵʪʦʤʫ ʣʠʥʠʷ ʜʝʡʩʪʚʠʷ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ ɺ 

ʚʝʨʪʠʢʘʣʴʥʘ. 

ʈʘʩʩʪʦʷʥʠʝ ʈɺ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʪʨʝʫʛʦʣʴʥʠʢʘ ɸɺʈ: 

ʈɺ = ɸɺ/2 = 60/2 = 30,0 ʩʤ. 
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ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʤʛʥʦʚʝʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʰʘʪʫʥʘ  wɸɺ  ʥʝ-

ʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ ʪʦʯʢʠ ɸ. ʄʦʜʫʣʴ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ ɸ 

(ʧʦʣʶʩʘ ʰʘʪʫʥʘ ɸɺ) ʧʨʠ ʟʘʜʘʥʥʦʤ ʧʦʣʦʞʝʥʠʠ ʤʝʭʘʥʠʟʤʘ ʨʘʚʝʥ 

Vɸ = wʆɸ  Ā ʆɸ                                          (2) 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʪʦʯʢʘ ɸ ʧʨʠʥʘʜʣʝʞʠʪ ʰʘʪʫʥʫ ɸɺ, ʩʦʚʝʨ-

ʰʘʶʱʝʤʫ ʧʣʦʩʢʦʝ ʜʚʠʞʝʥʠʝ ʠ ʠʤʝʶʱʝʤʫ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʦʣʦ-

ʞʝʥʠʠ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ wɸɺ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʜʫʣʴ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ 

ɸ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

Vɸ = wɸɺ  Ā ʈɸ                                          (3) 

ʈʝʰʘʷ ʩʦʚʤʝʩʪʥʦ ʫʨʘʚʥʝʥʠʷ (2), (3) ʧʦʣʫʯʠʤ: 

wɸɺ  = 
ʈɸ

ʆɸʆɸÖw
. 

ʈʘʩʩʪʦʷʥʠʝ ʈɸ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʪʨʝʫʛʦʣʴʥʠʢʘ ɸɺʈ: 

ʈɸ = ɸɺ Ā cos 30̄ = 60 Ā 0,867 = 52,0 ʩʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, wɸɺ = 1,5 Ā 10/52 = 0,29 ʨʘʜ/ʩ. 

ʄʦʜʫʣʴ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ ʉ ʰʘʪʫʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

VC  =  wɸɺ  Ā ʈʉ.                                            (4) 

ʈʘʩʩʪʦʷʥʠʝ PC ʥʘʭʦʜʠʤ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʪʨʝʫʛʦʣʴʥʠʢ ɸʉʈ ʠ ʧʨʠ-

ʤʝʥʷʷ ʪʝʦʨʝʤʫ ʢʦʩʠʥʫʩʦʚ: 

=Ö-+= A30cos222 PAACPAACPC  

1,36867,0522025220 22 =ÖÖÖ-+= ʩʤ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʘʤʠ (1) ʠ (4) ʠʤʝʝʤ 

VB = 0,29Ā30,0 = 8,7 ʩʤ/c, 

VC = 0,29Ā36,1 = 10,5 ʩʤ/c. 

ɺʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ ɸ ʥʘʧʨʘʚʣʝʥ ʚ ʩʪʦʨʦʥʫ, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʫʶ ʥʘʧʨʘʚʣʝʥʠʶ ʚʨʘʱʝʥʠʷ ʢʨʠʚʦʰʠʧʘ ʆɸ (ʨʠʩ. 14). ɺʝʢʪʦʨ AV
C

 ʦʧ-

ʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʟʚʝʥʘ ɸɺ ʚʦʢʨʫʛ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝ-
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ʨʝʟ ʪʦʯʢʫ ʈ (ʥʘʧʨʘʚʣʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ wɸɺ ʰʘʪʫʥʘ ɸɺ). ɺ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ wɸɺ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ ɺ ï BV
C

 ʥʘʧʨʘʚʣʝʥ 

ʚʚʝʨʭ ʧʦ ʚʝʨʪʠʢʘʣʠ, ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ ʉ ï CV
C

 ï ʚʚʝʨʭ ʧʦ ʣʠʥʠʠ 

ʜʝʡʩʪʚʠʷ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʪʨʝʟʢʫ PC. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʦʧʨʝʜʝʣʠʤ ʩʢʦʨʦʩʪʴ ʪʦʯʢʠ ɺ ʰʘʪʫʥʘ ʜʨʫʛʠʤ ʩʧʦ-

ʩʦʙʦʤ, ʠʩʧʦʣʴʟʫʷ ʪʝʦʨʝʤʫ ʦ ʩʢʦʨʦʩʪʷʭ ʪʦʯʝʢ ʧʣʦʩʢʦʡ ʬʠʛʫʨʳ 

 

BV
C

 = AV
C

 + BAV
C

,                                         (5) 

 

ʛʜʝ AV
C

 ï ʩʢʦʨʦʩʪʴ ʧʦʣʶʩʘ, BAV
C

 ï ʚʨʘʱʘʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʪʦʯʢʠ ɺ ʚʦ-

ʢʨʫʛ ʧʦʣʶʩʘ ɸ. ɿʘʚʠʩʠʤʦʩʪʴ (5) ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʩʢʦʨʦʩʪʠ ʪʦʯʝʢ 

ʰʘʪʫʥʘ ʧʨʦʩʪʳʤ ʠ ʥʘʛʣʷʜʥʳʤ ʧʦʩʪʨʦʝʥʠʝʤ, ʥʘʟʳʚʘʝʤʳʤ ʧʣʘʥʦʤ ʩʢʦ-

ʨʦʩʪʝʡ ʰʘʪʫʥʘ ɸɺ. 

ɿʥʘʷ ʤʦʜʫʣʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʠ AV
C

 ʢʦʥʮʘ ʢʨʠʚʦʰʠʧʘ ʠ 

ʧʨʷʤʫʶ, ʧʦ ʢʦʪʦʨʦʡ ʥʘʧʨʘʚʣʝʥʘ ʩʢʦʨʦʩʪʴ ʪʦʯʢʠ ɺ, ʩʪʨʦʠʤ ʧʣʘʥ ʩʢʦ-

ʨʦʩʪʝʡ ʜʣʷ ʰʘʪʫʥʘ ɸɺ. 

ʀʟ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ ʨ ʦʪʢʣʘʜʳʚʘʝʤ ʦʪʨʝʟʦʢ pa, ʠʟʦʙʨʘ-

ʞʘʶʱʠʡ ʧʦ ʤʦʜʫʣʶ ʠ ʥʘʧʨʘʚʣʝʥʠʶ ʩʢʦʨʦʩʪʴ AV
C

 (ʨʠʩ. 15). ʇʨʠ ʵʪʦʤ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʤʘʩʰʪʘʙʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ VK  ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʧʣʘʥʘ ʩʢʦʨʦʩʪʝʡ. ʊʘʢ, ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ ɸ, ʨʘʚʥʦʡ ʧʦ 

ʤʦʜʫʣʶ 15 ʩʤ/ʩ, ʫʜʦʙʥʦ ʚʳʙʨʘʪʴ ʦʪʨʝʟʦʢ pa = 75 ʤʤ, ʪʦʛʜʘ ʤʘʩʰʪʘʙ-

ʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ VK , ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʦʪʥʦʰʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ 

ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʠ ʢ ʜʣʠʥʝ ʦʪʨʝʟʢʘ ʥʘ ʯʝʨʪʝʞʝ, ʠʟʦʙʨʘʞʘʶʱʝʛʦ ʵʪʦʪ 

ʧʘʨʘʤʝʪʨ, ʨʘʚʝʥ 

ʤʤʩ

ʩʤ
0,2

ʤʤʩ

ʩʤ

75

15

Ö
=

Ö
=VK . 

ʇʦʩʪʨʦʠʚ ʦʪʨʝʟʦʢ pa, ʧʨʦʚʦʜʠʤ ʯʝʨʝʟ ʪʦʯʢʫ ʘ ʧʨʷʤʫʶ, ʧʝʨʧʝʥ-

ʜʠʢʫʣʷʨʥʫʶ ʰʘʪʫʥʫ ɸɺ ʠ ʧʘʨʘʣʣʝʣʴʥʫʶ ʣʠʥʠʠ ʜʝʡʩʪʚʠʷ ʚʨʘʱʘʪʝʣʴ-

ʥʦʡ ʩʢʦʨʦʩʪʠ BAV
C
, ʘ ʯʝʨʝʟ ʪʦʯʢʫ ʨ ï ʧʨʷʤʫʶ, ʧʘʨʘʣʣʝʣʴʥʫʶ ʣʠʥʠʠ 

ʜʝʡʩʪʚʠʷ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ ɺ. ʕʪʠ ʧʨʷʤʳʝ ʧʨʦʜʦʣʞʘʝʤ ʜʦ ʠʭ ʧʝʨʝʩʝʯʝ-

ʥʠʷ ʚ ʪʦʯʢʝ b, ʷʚʣʷʶʱʝʡʩʷ ʚʝʨʰʠʥʦʡ ʧʣʘʥʘ ʩʢʦʨʦʩʪʝʡ. ʆʪʨʝʟʦʢ pb 

ʠʟʦʙʨʘʞʘʝʪ ʧʦ ʤʦʜʫʣʶ ʠ ʥʘʧʨʘʚʣʝʥʠʶ ʩʢʦʨʦʩʪʴ BV
C
, ʦʪʨʝʟʦʢ ab ï 
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ʚʨʘʱʘʪʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴBAV
C

 ʪʦʯʢʠ B ʚʦʢʨʫʛ ʧʦʣʶʩʘ ɸ. ʇʦʩʪʨʦʝʥʥʳʡ 

ʧʣʘʥ ʩʢʦʨʦʩʪʝʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʣʶ-

ʙʦʡ ʪʦʯʢʠ ʰʘʪʫʥʘ ɸɺ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʜʫʣʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦ-

ʩʪʠ ʪʦʯʢʠ ʉ ʰʘʪʫʥʘ ɸɺ ʜʝʣʠʤ ʦʪʨʝʟʦʢ ab ʧʣʘʥʘ ʩʢʦʨʦʩʪʝʡ ʚ ʦʪʥʦʰʝ-

ʥʠʠ ɸʉ : ɸɺ, ʥʘʭʦʜʠʤ ʪʦʯʢʫ ʩ ʠ ʧʨʦʚʦʜʠʤ ʣʫʯ pc, ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʦ-

ʙʦʡ ʤʦʜʫʣʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ ʉ: 

AB

AC

ab

ac
= , ʦʪʢʫʜʘ  

360

20 ab
abab

AB

AC
ac =Ö=Ö= . 

ʉ ʧʦʤʦʱʴʶ ʧʦʩʪʨʦʝʥʥʦʛʦ ʧʣʘʥʘ ʩʢʦʨʦʩʪʝʡ ʰʘʪʫʥʘ ʦʧʨʝʜʝʣʷʝʤ 

ʤʦʜʫʣʠ ʩʢʦʨʦʩʪʝʡ ʪʦʯʝʢ ɺ ʠ ʉ. ʀʟʤʝʨʠʚ ʜʣʠʥʳ ʦʪʨʝʟʢʦʚ pb, pc ʧʦ-

ʣʫʯʘʝʤ: 

pb= 43,5 ʤʤ, pc = 52,5 ʤʤ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʳʝ ʤʦʜʫʣʠ ʩʢʦʨʦʩʪʝʡ ʨʘʚʥʳ: 

Vɺ = KV Ö pb = 0,2 Ö 43,5 = 8,7 ʩʤ/c, 

VC = KV Ö pc = 0,2 Ö 52,5 = 10,5 ʩʤ/c, 

ʪ. ʝ. ʩʦʚʧʘʜʘʶʪ ʩ ʥʘʡʜʝʥʥʳʤʠ ʚʳʰʝ ʟʥʘʯʝʥʠʷʤʠ. 

 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʫʩʢʦʨʝʥʠʡ ʪʦʯʝʢ ʠ ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ʰʘʪʫʥʘ ɸɺ 

ʉʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ ʦʙ ʫʩʢʦʨʝʥʠʷʭ ʪʦʯʝʢ ʧʣʦʩʢʦʡ ʬʠʛʫʨʳ, 

ew++= BABAAB aaaa
CCCC

, 

ʛʜʝ Aa
C

 ï ʫʩʢʦʨʝʥʠʝ ʧʦʣʶʩʘ. 

ʊʘʢ ʢʘʢ ʪʦʯʢʘ ɸ ʧʨʠʥʘʜʣʝʞʠʪ ʢʨʠʚʦʰʠʧʫ ʆɸ, ʝʝ ʫʩʢʦʨʝʥʠʝ 

ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʠ ʦʩʝʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʡ 

we+= AAA aaa
CCC

,  OAa OAA Öe=e ,  OAa OAA Öw=w 2 . 

ʆʩʝʩʪʨʝʤʠʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ w
Aa
C

 ʢʦʥʮʘ ɸ ʢʨʠʚʦʰʠʧʘ ʥʘʧʨʘʚʣʝ-

ʥʦ ʢ ʝʛʦ ʦʩʠ ʚʨʘʱʝʥʠʷ. ʃʠʥʠʷ ʜʝʡʩʪʚʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ 
e
Aa
C

 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʦʪʨʝʟʢʫ ʆɸ, ʘ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʧʨʘʚʣʝ-

ʥʠʶ ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ OAe  (ʨʠʩ. 16, ʘ). 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ ɺ ʰʘʪʫʥʘ ʠʤʝʝʪ ʚ ʦʙʱʝʤ ʩʣʫ-

ʯʘʝ ʯʝʪʳʨʝ ʩʦʩʪʘʚʣʷʶɦ ʠʭ 

Ba
C

= we+ AA aa
CC ew++ BABA aa

CC
.                                    (6) 

ʆʩʝʩʪʨʝʤʠʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ ɺ ʚʦ ʚʨʘʱʘʪʝʣʴʥʦʤ ʜʚʠʞʝ-

ʥʠʠ ʰʘʪʫʥʘ ɸɺ ʚʦʢʨʫʛ ʧʦʣʶʩʘ ɸ ʨʘʚʥʦ 

ABa ABBA Öw=w 2 . 

ʇʦ ʧʨʠʚʝʜʝʥʥʳʤ ʬʦʨʤʫʣʘʤ ʚʳʯʠʩʣʷʝʤ ʤʦʜʫʣʠ ʫʩʢʦʨʝʥʠʡ 

e
Aa  = 2 Ā 10 = 20,0 ʩʤ/c

2
, 

   wAa  = 1,5
2 
Ā 10 = 22,5 ʩʤ/c

2
, 

  wBAa  = 0,29
2 
Ā 60 = 5,0 ʩʤ/c

2
. 

ɺʝʢʪʦʨ w
BAa
C

 ʥʘʧʨʘʚʣʝʥ ʦʪ ʪʦʯʢʠ ɺ ʢ ʪʦʯʢʝ ɸ (ʢ ʤʛʥʦʚʝʥʥʦʡ 

ʦʩʠ ʚʨʘʱʝʥʠʷ ʰʘʪʫʥʘ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʧʦʣʶʩ (ʨʠʩ. 16 ʘ). ʏʪʦ ʢʘʩʘ-

ʝʪʩʷ ʫʩʢʦʨʝʥʠʷ Ba
C

 ʪʦʯʢʠ ɺ ʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ e
BAa
C
, ʪʦ ʠʟ-

ʚʝʩʪʥʳ ʪʦʣʴʢʦ ʣʠʥʠʠ ʜʝʡʩʪʚʠʷ ʵʪʠʭ ʚʝʢʪʦʨʦʚ: Ba
C

 ï ʧʦ ʚʝʨʪʠʢʘʣʠ 

ʚʜʦʣʴ ʥʘʧʨʘʚʣʷʶʱʠʭ ʧʦʣʟʫʥʘ, e
BAa
C

 ï ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ɸɺ, ʪʘʢ ʢʘʢ 

ABa ABBA ³e=e
CC

. 

ɿʘʜʘʜʠʤʩʷ ʧʨʦʠʟʚʦʣʴʥʦ ʠʭ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʧʦ ʫʢʘʟʘʥʥʳʤ ʣʠʥʠʷʤ 

(ʨʠʩ. 16 ʘ). ʕʪʠ ʫʩʢʦʨʝʥʠʷ ʦʧʨʝʜʝʣʠʤ ʠʟ ʫʨʘʚʥʝʥʠʡ ʧʨʦʝʢʮʠʡ ʚʝʢʪʦʨ-

ʥʦʛʦ ʨʘʚʝʥʩʪʚʘ (6) ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ. ɿʥʘʢ ʫʩʢʦʨʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʣʠ ʠʩʪʠʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʧʨʠʥʷʪʦʤʫ ʧʨʠ ʨʘʩʯʝʪʝ. 

ɺʳʙʨʘʚ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʝʡ  ʭ ʠ ʫ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 16 ʘ, ʧʦʣʫ-

ʯʘʝʤ 

aB cos 30̄  = ïe
Aa  cos 60̄  + wAa  cos 30̄  + wBAa                     (7) 

 aB cos 60̄  = eAa  cos 30̄  + wAa  cos 60̄  + eBAa                       (8) 

ʀʟ ʫʨʘʚʥʝʥʠʷ (7) ʥʘʭʦʜʠʤ aB = 16,7 ʩʤ/ʩ
2
. 

ʋʩʢʦʨʝʥʠʝ Ba
C

 ʥʘʧʨʘʚʣʝʥʦ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 16 ʘ. ʀʟ ʫʨʘʚʥʝ-

ʥʠʷ (8) ʧʦʣʫʯʘʝʤ 
e
BAa  = ï20,2 ʩʤ/ʩ

2
. 

ʅʘʧʨʘʚʣʝʥʠʝ 
e
BAa
C

 ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʧʦʢʘʟʘʥʥʦʤʫ ʥʘ ʨʠʩ 16 ʘ. 
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ʋʩʢʦʨʝʥʠʝ Ba
C

 ʠ ʚʩʝ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩ ʫʯʝʪʦʤ ʠʭ ʠʩʪʠʥʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 16 ʙ. 

ʋʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʰʘʪʫʥʘ ɸɺ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʟʜʝʩʴ e
BAa  ï ʘʣ-

ʛʝʙʨʘʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

AB

aBA

AB

e

=e . 

ɺʳʯʠʩʣʷʷ, ʥʘʭʦʜʠʤ ABe  = 0,34 ʨʘʜ/ʩ
2
. 

ʅʘʧʨʘʚʣʝʥʠʝ ʫʩʢʦʨʝʥʠʷ e
BAa
C

 ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʶʩʘ ɸ ʦʧʨʝʜʝʣʷʝʪ 

ʥʘʧʨʘʚʣʝʥʠʝ ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ABe . ɿʜʝʩʴ ʧʦʜ ʥʘʧʨʘʚʣʝʥʠʝʤ ʫʛʣʦ-

ʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ʧʦʥʠʤʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʜʫʛʦʚʦʡ ʩʪʨʝʣʢʠ, ʢʦʪʦʨʦʝ 

ʧʨʠ ʫʩʢʦʨʝʥʥʦʤ ʚʨʘʱʝʥʠʠ ʟʚʝʥʘ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʝʛʦ ʚʨʘ-

ʱʝʥʠʷ, ʘ ʧʨʠ ʟʘʤʝʜʣʝʥʥʦʤ ï ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʝʤʫ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʨʘʱʝʥʠʷ ʰʘʪʫʥʘ 

(ʨʠʩ. 16 ʘ). 

ʆʧʨʝʜʝʣʷʝʤ ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ ʉ 

wewe +++= CACAAAC aaaaa
CCCCC

. 

ɺʨʘʱʘʪʝʣʴʥʦʝ ʠ ʦʩʝʩʪʨʝʤʠʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ʉ ʚʦ ʚʨʘ-

ʱʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʟʚʝʥʘ ɸɺ ʚʦʢʨʫʛ ʧʦʣʶʩʘ A ʨʘʚʥʳ 

ACa ABCA Öe=e ; ACa ABCA Öw=w 2 , 

ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʧʦʣʫʯʘʝʤ: 

e
CAa  = 0,34 Ā 20 = 6,8 ʩʤ/c

2
;   wCAa = 0,29

2 
Ā 20 = 1,7 ʩʤ/ʩ

2
. 

ɺʝʢʪʦʨ e
CAa
C

 ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʚʝʢʪʦʨʫ w
CAa
C

 ʠ ʥʘʧʨʘʚʣʝʥ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʫʛʣʦʚʦʤʫ ʫʩʢʦʨʝʥʠʶ eɸɺ. 

ʋʩʢʦʨʝʥʠʝ ʪʦʯʢʠ ʉ ʥʘʭʦʜʠʤ ʩʧʦʩʦʙʦʤ ʧʨʦʝʢʮʠʡ (ʨʠʩ. 16 ʘ): 

ww+= ACA aaaCX cos 30̄ ï 
e
Aa  cos 60̄ ; 

w= AaaCY cos 60̄  + eAa  cos 30̄  ï eCAa ;  

22

CYCXC aaa += . 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩʣʝʥʠʡ ʧʦʣʫʯʘʝʤ: 

CXa = 11,2 ʩʤ/ʩ
2
,  CYa = 21,8 ʩʤ/ʩ

2
,  Ca = 24,5 ʩʤ/ʩ

2
 (ʩʤ. ʨʠʩ. 16 ʚ). 

ʆʧʨʝʜʝʣʠʤ ʛʨʘʬʠʯʝʩʢʠ ʫʩʢʦʨʝʥʠʷ Ba
C

, eBAa
C

, Ca
C

. 

ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ (6), ʧʦʩʪʨʦʠʤ ʧʣʘʥ ʫʩʢʦʨʝʥʠʡ ʰʘʪʫʥʘ ɸɺ. 

ʀʟ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ ˊ, ʢʦʪʦʨʫʶ ʥʘʟʳʚʘʶʪ ʧʦʣʶʩʦʤ ʧʣʘʥʘ 

ʫʩʢʦʨʝʥʠʡ, ʦʪʢʣʘʜʳʚʘʝʤ ʦʪʨʝʟʦʢ mp , ʠʟʦʙʨʘʞʘʶʱʠʡ ʧʦ ʤʦʜʫʣʶ ʠ 

ʥʘʧʨʘʚʣʝʥʠʶ ʧʝʨʚʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ɺ (ʩʦʛʣʘʩʥʦ 

ʬʦʨʤʫʣʝ (6) ʵʪʦ e
Aa
C

). ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʤʘʩʰʪʘʙʥʳʡ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʂʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʣʘʥʘ ʫʩʢʦʨʝʥʠʡ. ʊʘʢ, ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʷ 

ʚʨʘʘɦʪʝʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ɸ, ʨʘʚʥʦʛʦ ʧʦ ʤʦʜʫʣʶ 20 ʩʤ/ʩ
2
, 

ʫʜʦʙʥʦ ʚʙrʨʘʪʴ ʦʪʨʝʟʦʢ ˊm = 40 ʤʤ. ʊʦʛʜʘ ʤʘʩʰʪʘʙʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʂʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʦʪʥʦʰʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʫʩʢʦʨʝʥʠʷ 

ʢ ʜʣʠʥʝ ʦʪʨʝʟʢʘ ʥʘ ʯʝʨʪʝʞʝ, ʠʟʦʙʨʘʞʘʶʱʝʛʦ ʵʪʦʪ ʧʘʨʘʤʝʪʨ, ʨʘʚʝʥ 

ʂʘ = 
ʤʤʩ

ʩʤ

40

20
2Ö

 = 0,5 
ʤʤʩ

ʩʤ
2Ö

. 

ʇʦʩʪʨʦʠʚ ʦʪʨʝʟʦʢ mp , ʩʪʨʦʠʤ ʦʪʨʝʟʦʢ ma, ʠʟʦʙʨʘʞʘʶʱʠʡ ʧʦ 

ʤʦʜʫʣʶ ʠ ʥʘʧʨʘʚʣʝʥʠʶ ʚʪʦʨʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ɸ, 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ (6) ï ʦʩʝʩʪʨʝʤʠʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʢʦʥʮʘ 

ʢʨʠʚʦʰʠʧʘ w
Aa
C

 (ʨʠʩ. 17). 

ma = 
ʘ

A

K

aw
 = 

ʩʤʩ

ʤʤʩʩʤ

5,0

5,22
2

2

Ö

ÖÖ
 = 45 ʤʤ. 

ɼʘʣʝʝ ʩʪʨʦʠʤ ʦʪʨʝʟʦʢ an, ʚ ʤʘʩʰʪʘʙʝ ʠʟʦʙʨʘʞʘʶʱʠʡ ʧʦ ʤʦʜʫ-

ʣʶ ʠ ʥʘʧʨʘʚʣʝʥʠʶ ʫʩʢʦʨʝʥʠʝ w
BAa
C

 ð ʧʘʨʘʣʣʝʣʴʥʦ ʟʚʝʥʫ ɸɺ ʚ ʥʘʧʨʘʚ-

ʣʝʥʠʠ ʦʪ ʪʦʯʢʠ ɺ ʢ ʪʦʯʢʝ ɸ. 

an= 
5,0

5
=

w

a

BA

K

a

ʩʤʩ

ʤʤʩʩʤ
2

2

Ö

ÖÖ
 = 10 ʤʤ. 

ɿʘʪʝʤ ʯʝʨʝʟ ʪʦʯʢʫ n ʧʨʦʚʦʜʠʤ ʧʨʷʤʫʶ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ 

ʦʪʨʝʟʢʫ an (ʧʘʨʘʣʣʝʣʴʥʫʶ ʠʟʚʝʩʪʥʦʡ ʣʠʥʠʠ ʜʝʡʩʪʚʠʷ ʫʩʢʦʨʝʥʠʷ 
e
BAa
C

), 
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ʘ ʯʝʨʝʟ ʪʦʯʢʫ ˊ ï ʚʝʨʪʠʢʘʣʴʥʫʶ ʧʨʷʤʫʶ, ʧʘʨʘʣʣʝʣʴʥʫʶ ʣʠʥʠʠ ʜʝʡʩʪ-

ʚʠʷ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ɺ. ʕʪʠ ʧʨʷʤʳʝ ʧʨʦʜʦʣʞʘʝʤ ʜʦ ʠʭ ʧʝʨʝʩʝʯʝʥʠʷ ʚ 

ʪʦʯʢʝ b, ʷʚʣʷʶʱʝʡʩʷ ʚʝʨʰʠʥʦʡ ʧʣʘʥʘ ʫʩʢʦʨʝʥʠʡ. ʆʪʨʝʟʦʢ bp  ʠʟʦ-

ʙʨʘʞʘʝʪ ʧʦ ʤʦʜʫʣʶ ʠ ʥʘʧʨʘʚʣʝʥʠʶ ʫʩʢʦʨʝʥʠʝ Ba
C
, ʦʪʨʝʟʦʢ nb ï ʚʨʘʘɦ-

ʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ e
BAa
C

 ʪʦʯʢʠ ɺ ʧʨʠ ʚʨʘʱʝʥʠʠ ʰʘʪʫʥʘ ʚʦʢʨʫʛ ʧʦʣʶʩʘ ɸ. 

ʇʦʩʪʨʦʝʥʥʳʡ ʧʣʘʥ ʫʩʢʦʨʝʥʠʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʣʶʙʦʡ ʪʦʯʢʠ ʰʘʪʫʥʘ ɸɺ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʜʫʣʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ʉ ʘh-

ʪʫʥʘ ɸɺ ʜʝʣʠʤ ʦʪʨʝʟʦʢ ab ʧʣʘʥʘ ʫʩʢʦʨʝʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ɸʉ:ɸɺ, ʥʘ-

ʭʦʜʠʤ ʪʦʯʢʫ ʉ ʠ ʧʨʦʚʦʜʠʤ ʣʫʯ cp, ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʦʙʦʡ ʤʦʜʫʣʴ 

ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ C 

AB

AC

ab

ac
= , 

ʦʪʢʫʜʘ   

360

20 ab
abab

AB

AC
ac === . 

ʉ ʧʦʤʦʱʴʶ ʧʦʩʪʨʦʝʥʥʦʛʦ ʧʣʘʥʘ ʫʩʢʦʨʝʥʠʡ ʰʘʪʫʥʘ ʦʧʨʝʜʝʣʷʝʤ 

ʤʦʜʫʣʠ ʫʩʢʦʨʝʥʠʡ ʪʦʯʝʢ ɺ ʠ ʉ. ʀʟʤʝʨʠʚ ʜʣʠʥʳ ʦʪʨʝʟʢʦʚ bp , cp, ʧʦ-

ʣʫʯʘʝʤ bp  = 33,5 ʤʤ, cp= 49 ʤʤ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʳʝ ʤʦʜʫʣʠ ʫʩʢʦʨʝʥʠʡ ʨʘʚʥʳ: 

aB = Ka Ā bp  = 0,5 Ā 33,5 = 16,75 ʩʤ/ʩ
2
, 

ʘʉ = ʂʘ Ā cp  = 0,5 Ā 49 = 24,5 ʩʤ/ʩ
2
, 

ʪ. ʝ.  ʩʦʚʧʘʜʘʶʪ ʩ ʥʘʡʜʝʥʥʳʤʠ ʚʳʰʝ ʟʥʘʯʝʥʠʷʤʠ. 

ʇʦʣʴʟʫʷʩʴ ʧʣʘʥʦʤ ʫʩʢʦʨʝʥʠʡ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝ ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ʟʚʝʥʘ ɸɺ. 

ɺʝʣʠʯʠʥʫ ABe  ʧʦʣʫʯʠʤ ʠʟ ʚʳʨʘʞʝʥʠʷ: 

34,0
60

5,405,0
=

Ö
=

Ö
==e

e

AB

nbK

AB

a aBA

AB  ʨʘʜ/c
2
. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ABe  ʩʣʝʜʫʝʪ ʚʝʢʪʦʨ nb, ʥʘʧʨʘʚ-

ʣʝʥʥʳʡ ʢ ʪʦʯʢʝ b, ʤʳʩʣʝʥʥʦ ʧʝʨʝʥʝʩʪʠ ʚ ʪʦʯʢʫ ɺ ʥʘ ʩʭʝʤʝ ʤʝʭʘʥʠʟʤʘ; 

ʩʪʨʝʣʢʘ ʚʝʢʪʦʨʘ ʫʢʘʞʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ABe . 
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ʉʭʝʤʳ ʢ ʧʨʠʤʝʨʫ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 2 
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ʉʭʝʤʳ ʢ ʧʨʠʤʝʨʫ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 2  

(ʦʢʦʥʯʘʥʠʝ)  
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ɿʘʜʘʯʘ 3 

ʂʦʣʝʩʦ ʨʘʜʠʫʩʘ R ʢʘʪʠʪʩʷ ʙʝʟ ʩʢʦʣʴʞʝʥʠʷ ʧʦ ʥʝʧʦʜʚʠʞʥʦʡ 

ʧʣʦʩʢʦʩʪʠ. ɿʥʘʷ ʩʢʦʨʦʩʪʴ AV
C

 ʠ ʫʩʢʦʨʝʥʠʝ Aa
C

 ʮʝʥʪʨʘ ɸ ʢʦʣʝʩʘ ʚ ʥʝʢʦ-

ʪʦʨʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʦʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʪʦʯʝʢ ɺ ʠ ʉ 

ʢʦʣʝʩʘ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʈʠʩʫʥʢʠ ʠ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ  ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣ. 7. 

ʇʨʠʤʝʨ ʨʝʰʝʥʠʷ 

ɼʘʥʦ: ʂʦʣʝʩʦ ʨʘʜʠʫʩʘ R = 40 ʩʤ ʢʘʪʠʪʩʷ ʙʝʟ ʩʢʦʣʴʞʝʥʠʷ ʧʦ 

ʥʝʧʦʜʚʠʞʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʄʦʜʫʣʠ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʝʛʦ ʮʝʥʪʨʘ ɸ 

(ʨʠʩ. 18 ʘ) ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʤʦʤʝʥʪ ʨʘʚʥʳ Vɸ = 40 ʩʤ/ʩ, Aa = 20 ʩʤ/c
2
. 

ʆʧʨʝʜʝʣʠʪ:ɹ ʉʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʪʦʯʝʢ ɺ ʠ ʉ, ʫʢʘʟʘʥʥʳʭ ʥʘ 

ʨʠʩ. 18, ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʈʝʰʝʥʠʝ 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʪʦʯʝʢ ʢʦʣʝʩʘ ʠ ʝʛʦ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʂʦʣʝʩʦ ʩʦʚʝʨʰʘʝʪ ʧʣʦʩʢʦʝ ʜʚʠʞʝʥʠʝ. ʊʘʢ ʢʘʢ ʦʥʦ ʢʘʪʠʪʩʷ ʙʝʟ 

ʩʢʦʣʴʞʝʥʠʷ, ʪʦ ʩʢʦʨʦʩʪʴ ʪʦʯʢʠ ʢʘʩʘʥʠʷ ʢʦʣʝʩʘ ʩ ʥʝʧʦʜʚʠʞʥʦʡ ʧʣʦʩ-

ʢʦʩʪʴʶ (ʪʦʯʢʘ ɺ) ʨʘʚʥʘ ʥʫʣʶ. ʊʦʯʢʘ ɺ ʷʚʣʷʝʪʩʷ ʤʛʥʦʚʝʥʥʳʤ ʮʝʥʪʨʦʤ 

ʩʢʦʨʦʩʪʝʡ (ʪʦʯʢʘ ʈ ʥʘ ʨʠʩ. 18 ʙ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, Vɺ = 0. 

ɿʥʘʷ ʧʦʣʦʞʝʥʠʝ ʤʛʥʦʚʝʥʥʦʛʦ ʮʝʥʪʨʘ ʩʢʦʨʦʩʪʝʡ ʠ ʩʢʦʨʦʩʪʴ ʪʦʯ-

ʢʠ ɸ ʢʦʣʝʩʘ, ʥʘʡʜʝʤ ʤʦʜʫʣʴ ʝʛʦ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ: 

====w
40

40

R

V

PA

V AA  1 ʨʘʜ/c. 

ʅʘʧʨʘʚʣʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʢʦʣʝʩʘ ʦʧʨʝʜʝʣʷʝʤ, ʨʘʩʩʤʘʪʨʠ-

ʚʘʷ ʩʢʦʨʦʩʪʴ ʪʦʯʢʠ ɸ ʢʘʢ ʚʨʘʱʘʪʝʣʴʥʫʶ ʚʦʢʨʫʛ ʤʛʥʦʚʝʥʥʦʛʦ ʮʝʥʪʨʘ 

ʩʢʦʨʦʩʪʝʡ ʈ (ʨʠʩ. 18 ʙ). 

ʆʧʨʝʜʝʣʠʚ ʤʦʜʫʣʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ɤ ʠ ʟʥʘʷ 

ʧʦʣʦʞʝʥʠʝ ʤʛʥʦʚʝʥʥʦʛʦ ʮʝʥʪʨʘ ʩʢʦʨʦʩʪʝʡ ʈ, ʥʘʡʜʝʤ ʤʦʜʫʣʴ ʩʢʦʨʦʩʪʠ 

ʪʦʯʢʠ ʉ: 

PCVC Öw= . 

ʈʘʩʩʪʦʷʥʠʝ PC ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʨʘʚʥʦʙʝʜʨʝʥʥʦʛʦ 

ʪʨʝʫʛʦʣʴʥʠʢʘ  ABC: 

 

2RPC= . 
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ʊʦʛʜʘ 

24022 ===w= A
A

C VR
R

V
PCV  = 56,6 ʩʤ/ʩ. 

ʉʢʦʨʦʩʪʴ CV  ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʧʨʷʤʦʡ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʪʨʝʟʢʫ 

ɺʉ, ʚ ʩʪʦʨʦʥʫ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩʘ (ʨʠʩ. 18 ʙ). ɸʥʘʣʦʛʠʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʢʦʨʦʩʪʴ ʣʶʙʦʡ ʪʦʯʢʠ ʢʦʣʝʩʘ. 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ʢʦʣʝʩʘ ʠ ʫʩʢʦʨʝʥʠʡ ʝʛʦ ʪʦʯʝʢ 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʫʩʢʦʨʝʥʠʷ ʪʦʯʝʢ ʢʦʣʝʩʘ ʧʦ ʪʝʦ-

ʨʝʤʝ ʦʙ ʫʩʢʦʨʝʥʠʷʭ ʪʦʯʝʢ ʧʣʦʩʢʦʡ ʬʠʛʫʨʳ, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʝʛʦ ʫʛ-

ʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ɤ ʠ ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ Ů  ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ. 

ʄʦʜʫʣʴ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʢʦʣʝʩʘ ʨʘʚʝʥ 

 

PA

VA=w . 

 

ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʜʠʩʢʘ ɸ ʜʦ ʤʛʥʦʚʝʥʥʦʛʦ ʮʝʥʪʨʘ ʩʢʦʨʦʩʪʝʡ 

ʈ ʧʨʠ ʜʚʠʞʝʥʠʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʘ ʧʦʪʦʤʫ 

 

A
AA a

Rdt

dV

RR

V

dt

d

dt

d 11
=Ö=ö

÷

õ
æ
ç

å
=

w
=e . 

 

ʇʦʜʩʪʘʚʣʷʷ ʚ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʥʘʭʦʜʠʤ 

 

40

20
==e

R

aA  = 0,5 ʨʘʜ/ʩ
2
. 

 

ʅʘʧʨʘʚʣʝʥʠʝ Ů ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ Aa
C
. ʊʘʢ ʢʘʢ ʢʘʯʝʥʠʝ 

ʢʦʣʝʩʘ  ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʩʢʦʣʴʞʝʥʠʷ, ʫʩʢʦʨʝʥʠʝ Aa
C

 ʷʚʣʷʝʪʩʷ ʚʨʘʱʘ-

ʪʝʣʴʥʳʤ ʫʩʢʦʨʝʥʠʝʤ ʪʦʯʢʠ ɸ ʧʨʠ ʚʨʘʱʝʥʠʠ ʚʦʢʨʫʛ ʪʦʯʢʠ ɺ, ʝʩʣʠ ʝʝ 

ʚʳʙʨʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʶʩʘ. ʋʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʧʦ ʯʘʩʦ-

ʚʦʡ ʩʪʨʝʣʢʝ (ʩʤ. ʥʘʧʨʘʚʣʝʥʠʝ ʫʩʢʦʨʝʥʠʷ ʮʝʥʪʨʘ ʢʦʣʝʩʘ ɸ ʧʦ ʦʪʥʦʰʝ-

ʥʠʶ ʢ ʧʦʣʶʩʫ ɺ ʥʘ ʨʠʩ. 18 ʚ). 
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ɺʳʨʘʟʠʤ ʫʩʢʦʨʝʥʠʷ ʪʦʯʝʢ ɺ ʠ ʉ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʤʦʡ ʦʙ 

ʫʩʢʦʨʝʥʠʷʭ ʪʦʯʝʢ ʧʣʦʩʢʦʡ ʬʠʛʫʨʳ 

we++= BABAA aaaaB

CCCC
;                                     (9) 

we++= CACAAC aaaa
CCCC

.                                   (10) 

 

ʄʦʜʫʣʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʠ ʦʩʝʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʡ ʪʦʯʝʢ 

ʦʧʨʝʜʝʣʷʝʤ ʧʦ ʠʟʚʝʩʪʥʳʤ ʬʦʨʤʫʣʘʤ: 

 

=e=Öe=e RABaBA  0,5 Ā 40 = 20 ʩʤ/ʩ
2
; 

RABaBA Öw=Öw=w 22  = 1
2
 Ā 40 = 40 ʩʤ/ʩ

2
; 

=e=Öe=e RACaCA  0,5 Ā 40 = 20 ʩʤ/ʩ
2
; 

RACaCA Öw=Öw=w 22  = 1
2
 Ā 40 = 40 ʩʤ/ʩ

2
. 

 

ʅʘʧʨʘʚʣʝʥʠʷ ʚʩʝʭ ʫʩʢʦʨʝʥʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʧʨʘʚʳʝ ʯʘʩʪʠ ʫʨʘʚʥʝ-

ʥʠʡ (9) ʠ (10), ʠʟʚʝʩʪʥʳ ʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 18 ʚ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʜʫʣʷ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ɺ ʩʧʨʦʝʢʪʠʨʫʝʤ ʚʝʢ-

ʪʦʨʥʦʝ ʨʘʚʝʥʩʪʚʦ (9) ʥʘ ʦʩʠ ʍ ʠ Y, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩ. 18 ʚ : 

 
e-= BAABX aaa ,   BXa  = 20 ï 20 = 0. 

w= BABY aa ,   BYa  = 40 ʩʤ/ʩ
2
. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ ɺ ʨʘʚʥʦ 

 

==+= BYBYBXB aaaa 22
 40 ʩʤ/ʩ

2
. 

 

ɸʥʘʣʦʛʠʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʦʜʫʣʴ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ʉ 

 
w-= CAACX aaa ,   CXa  = 20 ï 40 = ï20 ʩʤ/ʩ

2
. 

e-= CACY aa ,   CYa  = ï 20 ʩʤ/ʩ
2
. 

=+=+= 2222 2020CYCXC aaa  28,3 ʩʤ/ʩ
2
. 
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ʉʭʝʤʳ ʢ ʧʨʠʤʝʨʫ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 3 

 

 
 

ʈʠʩ.18 
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ʂʠʥʝʤʘʪʠʢʘ ʪʦʯʢʠ 

(ʩʣʦʞʥʦʝ ʜʚʠʞʝʥʠʝ ʪʦʯʢʠ) 

 

ɿʘʜʘʯʘ 4 

ʊʦʯʢʘ  ʄ  ʜʚʠʞʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʣʘ D.   ʇʦ   ʟʘʜʘʥʥʳʤ ʫʨʘʚ-

ʥʝʥʠʷʤ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʦʯʢʠ ʄ ʠ ʜʚʠʞʝʥʠʷ ʪʝʣʘ D ʦʧʨʝ-

ʜʝʣʠʪʴ ʜʣʷ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ  t = t1  ʘʙʩʦʣʶʪʥʫʶ ʩʢʦʨʦʩʪʴ ʠ ʘʙʩʦʣʶʪ-

ʥʦʝ ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ ʄ. ʉʭʝʤʳ  ʤʝʭʘʥʠʟʤʦʚ  ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ,   

ʘ  ʥʝʦʙʭʦʜʠʤʳʝ  ʜʣʷ ʨʘʩʯʝʪʘ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣ. 8. 

 

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 4 

 

ʇʨʠʤʝʨ 1 

ɼʘʥʦ: ʩʭʝʤʘ ʤʝʭʘʥʠʟʤʘ (ʨʠʩ. 19). ʊʦʯʢʘ ʄ ʜʚʠʞʝʪʩʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʪʝʣʘ D, ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ 

 

 tOMsr p-== 3cos816 . 

 

ʊʝʣʦ D  ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ OZ1 

ʧʦ ʟʘʢʦʥʫ 

 
32 99,0 tte -=j , 

9

2
1=t . 

 

ʆʧʨʝʜʝʣʠʪʴ: ʘʙʩʦʣʶʪʥʫʶ ʩʢʦʨʦʩʪʴ V
C
ʠ ʘʙʩʦʣʶʪʥʦʝ ʫʩʢʦʨʝʥʠʝ a

C
 

ʪʦʯʢʠ ʄ ʚ ʟʘʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t1. 

ʈʝʰʝʥʠʝ 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ ʄ ʚ ʟʘʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝ-

ʤʝʥʠ t1. 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʟʘʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʣʦʩʢʦʩʪʴ ʯʝʨ-

ʪʝʞʘ (ʨʠʩ. 19)  ʩʦʚʧʘʜʘʝʪ  ʩ  ʧʣʦʩʢʦʩʪʴʶ  ʪʨʝʫʛʦʣʴʥʠʢʘ  D. ʇʦʣʦʞʝʥʠʝ 

ʪʦʯʢʠ ʄ ʥʘ ʪʝʣʝ D ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝʤ  sr = ʆʄ  ʧʨʠ  t = 2/9 ʩ 

 

=Öp-= )9/23(cos816rs  20,0 ʩʤ. 
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2. ʆʧʨʝʜʝʣʝʥʠʝ ʘʙʩʦʣʶʪʥʦʡ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ ʄ ʚ ʟʘʜʘʥʥʳʡ ʤʦ-

ʤʝʥʪ ʚʨʝʤʝʥʠ t1. 

ɸʙʩʦʣʶʪʥʫʶ ʩʢʦʨʦʩʪʴ ʪʦʯʢʠ ʄ ʥʘʡʜʝʤ ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ 

ʩʫʤʤʫ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠ ʧʝʨʝʥʦʩʥʦʡ ʩʢʦʨʦʩʪʝʡ (ʨʠʩ. 20 ʘ) 

er VVV
CCC
+= . 

ʄʦʜʫʣʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

rr VV
~

= , 

ʛʜʝ 

t
dt

dS
V r

r pp== 3sin24
~

. 

( rV
~

 ï ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ). 

ʇʨʠ t = 2/9 ʩ 

rV
~

 = 65,2 ʩʤ/ʩ,   rV  = 65,2 ʩʤ/ʩ. 

ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʟʥʘʢ ʚʝʣʠʯʠʥʳ rV
~

 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʝʢʪʦʨ rV
C

 

ʥʘʧʨʘʚʣʝʥ ʚ ʩʪʦʨʦʥʫ ʚʦʟʨʘʩʪʘʥʠʷ Sr. 

ʄʦʜʫʣʴ ʧʝʨʝʥʦʩʥʦʡ ʩʢʦʨʦʩʪʠ: 

ee RV w= .                                             (11) 

ʛʜʝ R ï ʨʘʜʠʫʩ ʦʢʨʫʞʥʦʩʪʠ L, ʦʧʠʩʳʚʘʝʤʦʡ ʪʦʡ ʪʦʯʢʦʡ ʪʝʣʘ, ʩ ʢʦʪʦ-

ʨʦʡ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʦʚʧʘʜʘʝʪ ʪʦʯʢʘ ʄ; R = Sr Ā sin 30 ̄= 10,0 ʩʤ; 

wʝ ï ʤʦʜʫʣʴ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʪʝʣʘ 

ee w=w ~ ;    2278,1~ tt
dt

d e
e -=
j

=w . 

ʇʨʠ t = 2/9 c 

ew
~  = ï 0,93 ʨʘʜ/ʩ; ew  = 0,93 ʨʘʜ/ʩ, 

ʛʜʝ ew
~  ï ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʪʝʣʘ  D. 


