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ʋɼʂ 53 (075.8) 
ɹɹʂ ɺ 3 ʷ 73 
        ʉ 232 

 
ʈʝʮʝʥʟʝʥʪ:r 

 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ  
ʛʫʤʘʥʠʪʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʢʘʥʜʠʜʘʪ  

ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ɸ.ɺ. ɻʘʚʨʠʣʦʚ) 
 

ɼʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ  
ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ  

ʛʫʤʘʥʠʪʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ  
ɺ.ʀ. ʂʨʳʣʦʚ  

 
ʉ 232   ʆʧʪʠʢʘ: ʩʙʦʨʥʠʢ ʟʘʜʘʯ ʧʦ ʦʙʱʝʡ ʬʠʟʠʢʝ / ʧʦʜ ʨʝʜ. ɻ.ʇ. ʉʪʘʨʠʯʝʥ-

ʢʦ. ï 2-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ï ʍʘʙʘʨʦʚʩʢ : ʀʟʜ-ʚʦ ɼɺɻʋʇʉ, 2007. 
ï 106  ʩ.: ʠʣ.  

 
ʇʦʩʦʙʠʝ ʨʘʟʨʘʙʦʪʘʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʧʨʦʛʨʘʤʤʦʡ. 
ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʫʯʝʙʥʦʛʦ ʧʦʩʦʙʠʷ ï ʦʢʘʟʘʪʴ ʧʦʤʦʱʴ ʩʪʫʜʝʥʪʘʤ ʦʯʥʦʡ ʠ ʟʘ-

ʦʯʥʦʡ ʬʦʨʤ ʦʙʫʯʝʥʠʷ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ɼɺɻʋʇʉ ʠ ʘʩʧʠ-
ʨʘʥʪʘʤ ʚ ʠʟʫʯʝʥʠʠ ʨʘʟʜʝʣʦʚ ʦʧʪʠʢʠ ʢʫʨʩʘ ʦʙɦ ʝʡ ʬʠʟʠʢʠ. 
ʇʨʠʚʝʜʝʥʳ ʟʘʜʘʯʠ, ʧʨʠʤʝʨʳ ʠʭ ʨʝʰʝʥʠʷ ʠ ʢʨʘʪʢʘʷ ʪʝʦʨʠʷ ʦʧʪʠʢʠ ʠ ʝʝ ʧʨʠʢʣʘʜ-

ʥʳʤ ʨʘʟʜʝʣʘʤ. ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʚʪʦʨʦʛʦ ʠʟʜʘʥʠʷ ʯʘʩʪʴ ʟʘʜʘʯ ʟʘʤʝʥʝʥʘ ʥʘ ʥʦʚʳʝ. 
ʇʨʝʜʥʘʟʥʘʯʝʥʦ ʩʪʫʜʝʥʪʘʤ 2ï3-ʛʦ ʢʫʨʩʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʠ ʚʩʝʭ 

ʬʦʨʤ ʦʙʫʯʝʥʠʷ ʜʣʷ ʘʫʜʠʪʦʨʥʦʡ, ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ.  
ʇʦʩʦʙʠʝ ʧʦʜʛʦʪʦʚʠʣ ʢʦʣʣʝʢʪʠʚ ʢʘʬʝʜʨʳ çʌʠʟʠʢʘè ʧʦʜ ʨʝʜ. ɻ.ʇ. ʉʪʘʨʠʯʝʥʢʦ: 

ʛʣ. 1 ï ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ ʅ.ɸ. ɼʝʡʥʝʢʠʥʘ; ʛʣ. 2 ï ʜʦʮʝʥʪ ʊ.ʂ. ʊʦʣʢʫʥʦ-
ʚʘ, ʛʣ. 3 ï ʜʦʮʝʥʪ ʃ.ʃ. ʂʦʚʘʣʝʥʢʦ; ʛʣ. 4 ï ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬ. ɼ.ʉ. ʌʘʣʝ-
ʝʚ; ʛʣ. 5 ï ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ ɻ.ʇ. ʉʪʘʨʠʯʝʥʢʦ; ʛʣ. 6 ï ʜʦʮʝʥʪ ɺ.ɹ. ɻʦʨʦ-
ʭʦʚʩʢʠʡ; ʛʣ. 7 ï ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ ʊ. ʅ. ʐʘʙʘʣʠʥʘ; ʛʣ. 8 ï ʢʘʥʜ. ʬʠʟ.-
ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ ʀ.ɸ. ʂʦʨʦʩʪʝʣʝʚʘ; ʛʣ. 9 ï ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ  
ʖ.ʄ. ʂʘʨʧʝʮ; ʛʣ. 10 ï ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ ʊʨʦʠʣʠʥ ɺ.ʀ.; ʛʣ. 11 ï ʢʘʥʜ. 
ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ ɸʣʝʢʩʝʝʚʘ ʃ.ɺ.; ʛʣ. 12 ï ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬ.  
ɺ.ʀ. ʉʪʨʦʛʘʥʦʚ; ʛʣ. 13 ï ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮ. ʀ.ɺ. ʇʦʚʭ. 
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ȨȨȫȪȫȳȮȫ 

ʈʘʩʪʫʱʠʝ ʩʚʷʟʠ ʬʠʟʠʢʠ ʩ ʪʝʭʥʠʢʦʡ ʫʢʘʟʳʚʘʶʪ ʥʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ 
ʢʫʨʩʘ ʬʠʟʠʢʠ ʚ ʚʫʟʝ: ʵʪʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʙʘʟʘ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʛʦ-
ʪʦʚʢʠ ʠʥʞʝʥʝʨʘ, ʙʝʟ ʢʦʪʦʨʦʡ ʝʛʦ ʫʩʧʝʰʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʝʚʦʟʤʦʞʥʘ.  
ɺ ʫʩʚʦʝʥʠʠ ʢʫʨʩʘ ʬʠʟʠʢʠ ʚʘʞʥʘʷ ʨʦʣʴ ʦʪʚʦʜʠʪʩʷ ʨʝʰʝʥʠʶ ʟʘʜʘʯ. 
ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʚʪʦʨʦʛʦ ʠʟʜʘʥʠʷ ʯʘʩʪʴ ʟʘʜʘʯ ʟʘʤʝʥʝʥʘ ʥʘ ʥʦʚʳʝ ʠ ʜʦ-

ʙʘʚʣʝʥʳ ʧʦ ʥʝʪʨʘʜʠʮʠʦʥʥʳʤ ʚʦʧʨʦʩʘʤ ʦʧʪʠʢʠ. 
ɿʘʜʘʯʠ ʧʦ ʢʫʨʩʫ ʬʠʟʠʢʠ çʆʧʪʠʢʘè ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ 13 ʛʣʘʚʘʤ. ɺ 1ï9 ʛʣ. 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʜʘʯʠ ʧʦ ʪʨʘʜʠʮʠʦʥʥʳʤ ʚʦʧʨʦʩʘʤ ʦʧʪʠʢʠ, ʚ 10ï13 ʛʣ. ï  ʧʦ 
ʥʝʪʨʘʜʠʮʠʦʥʥʳʤ ʚʦʧʨʦʩʘʤ ʦʧʪʠʢʠ. ʕʪʠ ʟʘʜʘʯʠ ʘʢʪʫʘʣʴʥʳ ʚ ʫʛʣʫʙʣʝʥʥʦʤ 
ʠʟʫʯʝʥʠʠ ʦʧʪʠʢʠ ʠ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʙʦʨʥʠʢʘʭ ʟʘʜʘʯ ʦʪʩʫʪʩʪʚʫʶʪ ʠʣʠ ʠʭ 
ʢʦʣʠʯʝʩʪʚʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. 
ʉʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦ-

ʚʘʥʠʶ ʥʘʚʳʢʦʚ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʟʥʘʥʠʡ ʠ ʨʘʟʚʠʪʠʶ ʫ ʩʪʫʜʝʥʪʦʚ 
ʠʥʞʝʥʝʨʥʦʛʦ ʤʳʰʣʝʥʠʷ, ʙʝʟ ʢʦʪʦʨʦʛʦ ʥʝʚʦʟʤʦʞʥʘ ʪʚʦʨʯʝʩʢʘʷ ʨʘʙʦʪʘ ʥʘ 
ʪʨʘʥʩʧʦʨʪʝ, ʧʨʦʤʳʣhʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠ ʩʪʨʦʡʢʘʭ. 
ʇʨʝʞʜʝ ʯʝʤ ʧʨʠʩʪʫʧʠʪʴ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ, ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ ʠʟʫʯʠʪʴ ʪʝʦʨʝ-

ʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʠʩʧʦʣʴʟʫʷ ʫʯʝʙʥʳʝ ʧʦʩʦʙʠʷ ʠ ʢʦʥʩʧʝʢʪʳ ʣʝʢʮʠʡ, ʜʘʪʴ 
ʦʪʚʝʪʳ ʥʘ ʚʦʧʨʦʩʳ ʧʦ ʩʘʤʦʢʦʥʪʨʦʣʶ, ʨʘʟʦʙʨʘʪʴ ʧʨʠʤʝʨʳ ʨʝʰʝʥʠʡ ʟʘʜʘʯ. 
ʉʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʚ ʩʣʝʜʫʶ-

ʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 
ï ʚʥʠʤʘʪʝʣʴʥʦ ʠʟʫʯʠʪʴ ʫʩʣʦʚʠʝ ʟʘʜʘʯʠ ʠ ʚʳʧʦʣʥʠʪʴ ʨʠʩʫʥʦʢ ʠʣʠ ʩʭʝʤʫ, 

ʧʦʷʩʥʷʶʱʠʝ ʩʫʱʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʷʚʣʝʥʠʷ; 
ï ʚʳʷʩʥʠʪʴ, ʢʘʢʠʤ ʟʘʢʦʥʘʤ ʧʦʜʯʠʥʷʝʪʩʷ ʷʚʣʝʥʠʝ ʠʣʠ ʧʨʦʮʝʩʩ, ʦ ʢʦʪʦ-

ʨʦʤ ʛʦʚʦʨʠʪʩʷ ʚ ʫʩʣʦʚʠʠ ʟʘʜʘʯʠ; 
ï ʩʦʩʪʘʚʠʪʴ ʧʣʘʥ ʨʝʰʝʥʠʷ; 
ï ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʚ ʦʙʱʝʤ ʚʠʜʝ, ʪ. ʝ. ʚʳʨʘʟʠʪʴ ʠʩʢʦʤʫʶ ʚʝʣʠʯʠʥʫ ʯʝʨʝʟ 

ʙʫʢʚʝʥʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʟʘʜʘʥʥʳʭ ʚ ʫʩʣʦʚʠʠ; 
ï ʧʦʜʩʪʘʚʠʪʴ ʚ ʧʨʘʚʫʶ ʯʘʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʱʝʛʦ ʨʝʰʝʥʠʷ ʚʤʝʩʪʦ ʦʙʦ-

ʟʥʘʯʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠʭ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʠ ʧʨʦʚʝʨʠʪʴ, ʧʦʣʫʯʘ-
ʝʪʩʷ ʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʠʩʢʦʤʦʡ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ; 
ï ʚʳʨʘʟʠʪʴ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ ʚ ʩʠʩʪʝʤʝ ʉʀ, ʧʦʜʩʪʘʚʠʪʴ ʠʭ ʚ 

ʨʘʩʯʝʪʥʫʶ ʬʦʨʤʫʣʫ ʠ ʧʨʦʠʟʚʝʩʪʠ ʚʳʯʠʩʣʝʥʠʷ; 
ï ʦʮʝʥʠʪʴ ʧʨʘʚʜʦʧʦʜʦʙʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʝʥʠʷ. 
ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʜʦʣʞʥʦ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʢʨʘʪʢʠʤʠ, ʥʦ ʠʩʯʝʨʧʚrʘʶʱʠʤʠ 

ʧʦʩ̫ʥʝʥʠʷʤʠ.  
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1. ȩȫȴȲȫȸȶȮȽȫȷȰȦɅ ȴȵȸȮȰȦ 

1.1. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ ʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ɿʘʢʦʥ ʦʪʨʘʞʝʥʠʷ 
                 a = g,                               (1.1) 

 

ʛʜʝ a ï ʫʛʦʣ ʧʘʜʝʥʠʷ ʣʫʯʘ; g ï ʫʛʦʣ ʦʪʨʘʞʝʥʠʷ ʣʫʯʘ 
(ʨʠʩ. 1.1). 
ɿʘʢʦʥ ʧʨʝʣʦʤʣʝʥʠʷ ʩʚʝʪʘ 

 

    21
1

2 n
n

n

sin

sin
==

b

a
,                    (1.2) 

 

ʛʜʝ a ï ʫʛʦʣ ʧʘʜʝʥʠʷ ʣʫʯʘ; b ï ʫʛʦʣ ʧʨʝʣʦʤʣʝʥʠʷ ʣʫʯʘ; 12n  ï ʦʪʥʦʩʠʪʝʣʴ-

ʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʜʚʫʭ ʩʨʝʜ (ʚʪʦʨʦʡ ʩʨʝʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨ-
ʚʦʡ); 1n  ʠ 2n  ï ʘʙʩʦʣʶʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʩʨʝʜ (ʨʠʩ. 1.1). 

ʇʨʝʜʝʣʴʥʳʡ ʫʛʦʣ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ 
 

                         ö
÷

õ
æ
ç

å
=a

1

2

n

n
arcsinʧʨ , 12 nn < .                                    (1.3) 

ʌʦʨʤʫʣʘ ʪʦʥʢʦʡ ʣʠʥʟʳ 

                                       
fdF

111
+= ,                                                (1.4) 

 

ʛʜʝ F ï ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʪʦʥʢʦʡ ʣʠʥʟʳ; d ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʣʠʥ-
ʟʳ ʜʦ ʧʨʝʜʤʝʪʘ; f ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʣʠʥʟʳ ʜʦ ʠʟʦʙʨʘʞʝʥʠʷ. ɽʩʣʠ ʬʦ-
ʢʫʩ ʤʥʠʤʳʡ (ʣʠʥʟʘ ʨʘʩʩʝʠʚʘʶʱʘʷ), ʪʦ ʚʝʣʠʯʠʥʘ F ʦʪʨʠʮʘʪʝʣʴʥʘʷ. 
ʆʧʪʠʯʝʩʢʘʷ ʩʠʣʘ ʪʦʥʢʦʡ ʣʠʥʟ  r
 

                                         
F

D
1
= .                                                  (1.5) 

ʋʚʝʣʠʯʝʥʠʝ ʪʦʥʢʦʡ ʣʠʥʟʳ 

                                       
h

H
==

d

f
ɻ ,                                               (1.6) 

 

ʛʜʝ h ï ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ ʧʨʝʜʤʝʪʘ; ʅ ï ʨʘʟʤʝʨ ʠʟʦʙʨʘʞʝʥʠʷ. 
ʇʨʘʚʠʣʘ ʧʦʩʪʨʦʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʪʦʥʢʦʡ ʣʠʥʟʝ: 
1.  ʃʫʯ, ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʦʧʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʣʠʥʟʳ, ʥʝ ʧʨʝʣʦʤʣʷʝʪʩʷ 

(ʨʠʩ. 1.2, ʘ). 
2. ʃʫʯ, ʧʘʨʘʣʣʝʣʴʥʳʡ ʛʣʘʚʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ, ʧʦʩʣʝ ʧʨʝʣʦʤʣʝʥʠʷ ʚ 

ʣʠʥʟʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʬʦʢʫʩ (ʨʠʩ. 1.2, ʙ). 
3. ʃʫʯʠ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʦʙʦʯʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ, ʧʦʩʣʝ ʧʨʝʣʦʤʣʝʥʠʷ ʚ 

ʣʠʥʟʝ ʧʝʨʝʩʝʢʘʁ ʪʩʷ ʚ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʨʠʩ. 1.2, ʚ) 
 

a g 

b 

ʈʠʩ. 1.1 

1n  

2n  
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1.2. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ɿʘʜʘʯʘ 1. ʅʘ ʨʠʩ. 1.3. ʫʢʘʟʘʥʳ ʧʦʣʦʞʝʥʠʷ 
ʛʣʘʚʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ 001 ʪʦʥʢʦʡ ʣʠʥʟʳ, 
ʩʚʝʪʷʱʝʡʩʷ ʪʦʯʢʠ S ʠ ʝʝ ʠʟʦʙʨʘʞʝʥʠʷ S1. 
ʅʘʡʪʠ ʧʦʩʪʨʦʝʥʠʝʤ ʧʦʣʦʞʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ 
ʮʝʥʪʨʘ ʣʠʥʟʳ ʠ ʝʝ ʬʦʢʫʩʘ. 

 

ʈʝʰʝʥʠʝ. ʇʨʷʤʘʷ SS1 ʧʝʨʝʩʝʢʘʝʪ ʦʧʪʠʯʝʩʢʫʶ ʦʩʴ 001 ʚ ʦʧʪʠʯʝʩʢʦʤ ʮʝʥ-
ʪʨʝ ʣʠʥʟʳ, ʪʘʢ ʢʘʢ ʯʝʨʝʟ ʵʪʫ ʪʦʯʢʫ ʣʫʯ ʧʨʦʭʦʜʠʪ ʥʝ ʧʨʝʣʦʤʣʷʷʩʴ (ʨʠʩ. 1.4). 
ɺʠʜʥʦ, ʯʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʨʘʪʥʦʝ ʫʤʝʥʴʰʝʥʥʦʝ, ʧʨʝʜʤʝʪ ʠ ʝʛʦ ʠʟʦʙʨʘʞʝʥʠʝ 
ʥʘʭʦʜʷʪʩʷ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʦʪ ʣʠʥʟʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʣʠʥʟʘ ʩʦʙʠʨʘʶʱʘʷ. 
ʏʪʦʙʳ ʥʘʡʪʠ ʧʦʣʦʞʝʥʠʝ ʬʦʢʫʩʘ, ʧʨʦʚʦʜʠʤ ʧʨʷʤʫʶ SA ʧʘʨʘʣʣʝʣʴʥʫʶ ʧʨʷ-
ʤʦʡ 001 (ʨʠʩ. 1.5). ʇʦʩʣʝ ʧʨʝʣʦʤʣʝʥʠʷ ʚ ʣʠʥʟʝ ʝʝ ʧʨʦʜʦʣʞʝʥʠʝ ʜʦʣʞʥʦ 
ʧʨʦʡʪʠ ʯʝʨʝʟ ʪʦʯʢʫ S1. ʊʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ɸS1 ʩ 001 ʠ ʝʩʪʴ ʬʦʢʫʩ ʣʠʥʟʳ. 

 
 
 
 
 
 
 
 

ʈʠʩ. 1.2 
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S  

S1 

ʈʠʩ. 1.3 

0 01 

S 

S1 

ʈʠʩ. 1.4 

0 
01 

S 

S1 

ʈʠʩ. 1.5 

0 
01 

ɸ 



 6 

ɿʘʜʘʯʘ 2. ʅʘ ʩʪʝʢʣʷʥʥʫʶ ʧʨʠʟʤʫ ʩ ʧʨʝʣʦʤʣʷʶʱʠʤ ʫʛʣʦʤ j = 50  ̄ʧʘʜʘʝʪ 

ʧʦʜ ʫʛʣʦʤ a = 30  ̄ʣʫʯ ʩʚʝʪʘ. ʆʧʨʝʜʝʣʠʪʴ ʫʛʦʣ q ʦʪʢʣʦʥʝʥʠʷ ʣʫʯʘ ʧʨʠʟʤʦʡ, 
ʝʩʣʠ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʩʪʝʢʣʘ 1,56. 
ɼʘʥʦ: 

j = 50  ̄  

a = 30  ̄
n = 1,56 

_____________ 
 

q = ?  
 
ʈʝʰʝʥʠʝ. ʀʟ ʨʠʩ. 1.6.  ʚʠʜʥʦ, ʯʪʦ 

ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ: 
 

21 Ï+Ï=q , 
 

ʘ ʫʛʣʳ 1Ï  ʠ 2Ï  ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʫʛʣʳ ʧʘʜʝʥʠʷ a,g ʠ ʫʛʣʳ ʧʨʝʣʦʤʣʝʥʠʷ 

b,r 
b-a=Ï1     ʠ   g-r=Ï2 . 

 

ʀʟ ʟʘʢʦʥʘ ʧʨʝʣʦʤʣʝʥʠʷ  

n
sin

sin
=

b

a
, 

ʠʤʝʝʤ ö
÷

õ
æ
ç

å a
=b

n

sin
arcsin  = 18,7 .̄ ʀʟ ʨʠʩ. 1.6 ʩʣʝʜʫʝʪ, ʯʪʦ ʫʛʦʣ ʧʘʜʝʥʠʷ ʣʫʯʘ 

ʥʘ ʚʪʦʨʫʶ ʛʨʘʥʴ ʧʨʠʟʤʳ ¯=b-j=g 3,31 . ʋʛʦʣ ʤʝʥʴʰʝ ʧʨʝʜʝʣʴʥʦʛʦ 

( )9,39
n

1
arcsin

ʧʨʝʜ
¯=ö

÷

õ
æ
ç

å
=g . ʇʦʵʪʦʤʫ ʥʘ ʚʪʦʨʦʡ ʛʨʘʥʠ ʣʫʯ ʧʨʝʣʦʤʣʷʝʪʩʷ ʠ ʚʳ-

ʭʦʜʠʪ ʠʟ ʧʨʠʟʤʳ. ʀʩʧʦʣʴʟʫʷ ʟʘʢʦʥ ʧʨʝʣʦʤʣʝʥʠʷ  
 

nsin

sin 1
=
r

g
, 

 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʫʛʦʣ r = 54,1 .̄ 
ʊʝʧʝʨʴ ʥʘʡʜʝʤ ʫʛʣʳ 1Ï  ʠ 2Ï : 

 

¯=b-a=Ï 3,111 ;   ¯=g-r=Ï 8,222 . 
 

ʋʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ¯=q 1,34 . 

 
 
 
 

a 
b 

r 
g 

j 

q 

1 2 

ʈʠʩ. 1.6 
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1.3. ɿʘʜʘʯʠ ʜʣʷ ʩʘʤʦʩʪʦʪ̫ʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

101. ɼʘʥʘ ʩʪʝʢʣʷʥʥʘʷ ʧʣʘʩʪʠʥʢʘ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ n = 1,5. 
ʇʨʠ ʢʘʢʦʤ ʫʛʣʝ ʧʘʜʝʥʠʷ ʠʟ ʚʦʟʜʫʭʘ, ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʧʨʝʣʦʤʣʝʥʥʦʛʦ ʧʣʘʩʪʠ-

ʥʦʡ, ʣʫʯʠ ʙʫʜʫʪ ʚʟʘʠʤʥʦ-ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ. (ʆʪʚʝʪ: 56 )̄. 
102. ʇʦʜ ʢʘʢʠʤ ʫʛʣʦʤ ʜʦʣʞʝʥ ʧʘʜʘʪʴ ʣʫʯ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ (n = 1,33), 

ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʥ ʙʦʣʴʰʝ ʫʛʣʘ ʧʨʝʣʦʤʣʝʥʠʷ ʥʘ 10 .̄ (ʆʪʚʝʪ: 37 )̄. 
103. ʇʦʜ ʢʘʢʠʤ ʫʛʣʦʤ ʜʦʣʞʝʥ ʧʘʜʘʪʴ ʣʫʯ ʩʚʝʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʘʪʝʨʠ-

ʘʣʘ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ n = 1,732, ʯʪʦʙʳ ʫʛʦʣ ʧʨʝʣʦʤʣʝʥʠʷ ʙʳʣ ʚ 

2 ʨʘʟʘ ʤʝʥʴʰʝ ʫʛʣʘ ʧʘʜʝʥʠʷ. (ʆʪʚʝʪ: 60 )̄. 
104. ʉʪʦʣʙ ʚʙʠʪ ʚ ʜʥʦ ʨʝʢʠ ʪʘʢ, ʯʪʦ ʯʘʩʪʴ ʩʪʦʣʙʘ ʚʳʩʦʪʦʡ 1 ʤ ʚʦʟʚʳʰʘ-

ʝʪʩʷ ʥʘʜ ʚʦʜʦʡ. ʅʘʡʪʠ ʜʣʠʥʫ ʪʝʥʠ ʩʪʦʣʙʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʠ ʥʘ ʜʥʝ 

ʨʝʢʠ, ʝʩʣʠ ʚʳʩʦʪʘ ʩʦʣʥʮʘ ʥʘʜ ʛʦʨʠʟʦʥʪʦʤ a = 30 ,̄ ʘ ʛʣʫʙʠʥʘ ʨʝʢʠ 2 ʤ. ʇʦ-
ʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʚʦʜʳ 1,33. (ʆʪʚʝʪ: 1,73 ʤ, 3,44 ʤ). 

105. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʝʤʘ ʛʣʫʙʠʥʦʡ 2 ʤ ʥʘʭʦʜʠʪʩʷ ʢʨʫʛʣʳʡ ʧʣʦʪ, 
ʨʘʜʠʫʩ ʢʦʪʦʨʦʛʦ 8 ʤ. ʆʧʨʝʜʝʣʠʪʴ ʨʘʜʠʫʩ ʧʦʣʥʦʡ ʪʝʥʠ ʦʪ ʧʣʦʪʘ ʥʘ ʜʥʝ ʚʦ-
ʜʦʝʤʘ ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʚʦʜʳ ʨʘʩʩʝʷʥʥʳʤ ʩʚʝʪʦʤ. ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ 
ʚʦʜʳ 1,33. (ʆʪʚʝʪ: 5,72 ʤ). 

106. ʅʘ ʜʥʝ ʚʦʜʦʝʤʘ, ʠʤʝʶʱʝʛʦ ʛʣʫʙʠʥʫ 3 ʤ, ʥʘʭʦʜʠʪʩʷ ʪʦʯʝʯʥʳʡ ʠʩ-
ʪʦʯʥʠʢ ʩʚʝʪʘ. ʂʘʢʦʡ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʜʠʫʩ ʜʦʣʞʝʥ ʠʤʝʪʴ ʢʨʫʛʣʳʡ ʥʝʧʨʦ-
ʟʨʘʯʥʳʡ ʜʠʩʢ, ʧʣʘʚʘʶʱʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʥʘʜ ʠʩʪʦʯʥʠʢʦʤ, ʯʪʦʙʳ ʩ 
ʚʝʨʪʦʣʝʪʘ ʥʝʣʴʟʷ ʙʳʣʦ ʦʙʥʘʨʫʞʠʪʴ ʵʪʦʪ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ. ʇʦʢʘʟʘʪʝʣʴ ʧʨʝ-
ʣʦʤʣʝʥʠʷ ʚʦʜʳ 1,33. (ʆʪʚʝʪ: 3,41 ʤ). 

107. ʂʘʢʦʚʘ ʠʩʪʠʥʥʘʷ ʛʣʫʙʠʥʘ ʨʫʯʴʷ, ʝʩʣʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʥʘ ʛʣʘʟ ʧʦ 
ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʛʣʫʙʠʥʘ ʝʛʦ ʢʘʞʝʪʩʷ ʨʘʚʥʦʡ 60 ʩʤ. ʇʦʢʘʟʘ-
ʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʚʦʜʳ 1,33. (ʆʪʚʝʪ: 79,8 ʩʤ). 

108. ʇʣʦʚʝʮ ʩʤʦʪʨʠʪ ʠʟ-ʧʦʜ ʚʦʜʳ ʥʘ ʣʘʤʧʫ ʥʘ ʧʦʪʦʣʢʝ ʥʘʭʦʜʷʱʫʶʩʷ ʥʘ 
ʨʘʩʩʪʦʷʥʠʠ 4 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. ʂʘʢʦʚʦ ʢʘʞʫʱʝʝʩʷ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʜʦ ʣʘʤʧʳ? ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʚʦʜʳ 1,33.  
(ʆʪʚʝʪ: 5,32 ʤ). 

109. ʅʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʜʥʝ ʚʦʜʦʝʤʘ ʛʣʫʙʠʥʦʡ 1,2 ʤ ʣʝʞʠʪ ʧʣʦʩʢʦʝ 
ʟʝʨʢʘʣʦ. ʅʘ ʢʘʢʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʤʝʩʪʘ ʚʭʦʞʜʝʥʠʷ ʣʫʯʘ ʚ ʚʦʜʫ ʵʪʦʪ ʣʫʯ 
ʩʥʦʚʘ ʚʳʡʜʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ ʧʦʩʣʝ ʦʪʨʘʞʝʥʠʷ ʦʪ ʟʝʨʢʘʣʘ? ʋʛʦʣ ʧʘ-

ʜʝʥʠʷ ʣʫʯʘ a = 30 .̄ ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʚʦʜʳ 1,33. (ʆʪʚʝʪ: 97 ʩʤ). 
110. ʅʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ  ʜʥʝ   ʙʘʩʩʝʡʥʘ,   ʠʤʝʶʱʝʛʦ ʛʣʫʙʠʥʫ   h = 2 ʤ,   

ʣʝʞʠʪ   ʧʣʦʩʢʦʝ   ʟʝʨʢʘʣʦ.   ʃʫʯ   ʩʚʝʪʘ, ʧʨʝʣʦʤʠʚʰʠʩʴ   ʥʘ   ʧʦʚʝʨʭʥʦʩʪʠ   
ʚʦʜʳ, ʦʪʨʘʞʘʝʪʩʷ   ʦʪ ʟʝʨʢʘʣʘ   ʠ ʚʳʭʦʜʠʪ   ʚ   ʚʦʟʜʫʭ. ʈʘʩʩʪʦʷʥʠʝ   ʦʪ   
ʤʝʩʪʘ ʚʭʦʞʜʝʥʠʷ ʣʫʯʘ ʚ ʚʦʜʫ ʜʦ ʤʝʩʪʘ ʚʳʭʦʜʘ ʦʪʨʘʞʝʥʥʦʛʦ ʣʫʯʘ ʠʟ  
ʚʦʜʳ 1,5 ʤ.   ʅʘʡʪʠ  ʫʛʦʣ  ʧʘʜʝʥʠʷ  ʣʫʯʘ. ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʚʦ-

ʜʳ 1,33. (ʆʪʚʝʪ: 28 )̄. 
111. ɼʣʷ ʩʠʩʪʝʤʳ ʚʦʜʘïʚʦʟʜʫʭ ʧʨʝʜʝʣʴʥʳʡ ʫʛʦʣ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ 

ʦʪʨʘʞʝʥʠʷ a1 = 49 ,̄ ʜʣʷ ʩʠʩʪʝʤʳ ʩʪʝʢʣʦïʚʦʟʜʫʭ ʦʥ ʨʘʚʝʥ a1 = 42 .̄ ʅʘʡʪʠ 
ʧʨʝʜʝʣʴʥʳʡ ʫʛʦʣ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ ʜʣʷ ʩʠʩʪʝʤʳ ʩʪʝʢʣʦï

ʚʦʜʘ. (ʆʪʚʝʪ: 63 )̄. 
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112. ʇʦʩʪʨʦʠʪʴ ʭʦʜ ʣʫʯʘ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʫʶ ʧʣʘʩʪʠʥʢʫ, ʝʩʣʠ ʫʛʦʣ ʧʘʜʝ-

ʥʠʷ ʣʫʯʘ a = 60 .̄ ʂʘʢʠʤ ʙʫʜʝʪ ʩʤʝʱʝʥʠʝ ʣʫʯʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʥʘʯʘʣʴ-
ʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʩʣʝ ʚʳʭʦʜʘ ʠʟ ʧʣʘʩʪʠʥʳ ʚ ʚʦʟʜʫʭ, ʝʩʣʠ ʪʦʣʱʠʥʘ ʧʣʘ-
ʩʪʠʥʳ 2 ʩʤ. ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʩʪʝʢʣʘ 1,6. (ʆʪʚʝʪ: 1,1 ʩʤ). 

113. ʂʘʢʠʤ ʜʦʣʞʝʥ ʙʳʪʴ ʚʥʝʰʥʠʡ ʨʘʜʠʫʩ 
R ʠʟʛʠʙʘ ʩʚʝʪʦʚʦʜʘ ʪʦʣʱʠʥʦʡ d (ʨʠʩ. 1.7), 
ʯʪʦʙʳ ʩʚʝʪ, ʚʦʰʝʜʰʠʡ ʚ ʩʚʝʪʦʚʦʜ ʧʝʨʧʝʥʜʠ-
ʢʫʣʷʨʥʦ ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ, ʨʘʩʧʨʦʩʪʨʘ-
ʥʷʣʩ̫, ʥʝ ʚʳʭʦʜʷ ʯʝʨʝʟ ʙʦʢʦʚʫʶ ʧʦʚʝʨʭ-
ʥʦʩʪʴ? ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʩʨʝʜʳ n. 

(ʆʪʚʝʪ: 
1-

=
n

dn
R ). 

114. ʃʫʯ ʩʚʝʪʘ ʧʘʜʘʝʪ ʥʘ ʩʪʝʢʣʷʥʥʫʶ ʧʣʘ-
ʩʪʠʥʢʫ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ n = 1,7 ʧʦʜ 

ʫʛʣʦʤ a, ʜʣʷ ʢʦʪʦʨʦʛʦ sin a = 0,8. ɺhrʝʜʰʠʡ 
ʠʟ ʧʣʘʩʪʠʥʢʠ ʣʫʯ ʦʢʘʟʘʣʩʷ ʩʤʝʱʝʥʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʘʜʘʶʱʝʛʦ ʣʫʯʘ ʥʘ 
ʨʘʩʩʪʦʷʥʠʝ 2 ʩʤ. ʂʘʢʦʚʘ ʪʦʣʱʠʥʘ ʧʣʘʩʪʠʥʢʠ? (ʆʪʚʝʪ: 4,2 ʩʤ). 

115. ʃʫʯ ʩʚʝʪʘ ʚʳʭʦʜʠʪ ʠʟ ʧʨʠʟʤʳ ʧʦʜ ʪʝʤ ʞʝ ʫʛʣʦʤ, ʧʦʜ ʢʘʢʠʤ 
ʚʭʦʜʠʪ ʚ ʧʨʠʟʤʫ, ʧʨʠʯʝʤ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʥʘ ʫʛʦʣ q = 15 .̄ ʇʨʝʣʦʤʣʷʶʱʠʡ ʫʛʦʣ ʧʨʠʟʤʳ j = 45 .̄ ʅʘʡʪʠ ʧʦʢʘʟʘʪʝʣʴ 
ʧʨʝʣʦʤʣʝʥʠʷ n ʤʘʪʝʨʠʘʣʘ ʧʨʠʟʤʳ. (ʆʪʚʝʪ: 1,3). 

116. ʅʘʡʪʠ ʫʛʦʣ q ʦʪʢʣʦʥʝʥʠʷ ʣʫʯʘ ʩʪʝʢʣʷʥʥʦʡ ʧʨʠʟʤʦʡ ʩ ʧʨʝʣʦʤʣʷ-

ʶʱʠʤ ʫʛʣʦʤ j = 15 ,̄ ʝʩʣʠ ʣʫʯ ʧʘʜʘʝʪ ʥʘ ʛʨʘʥʴ ʧʨʠʟʤʳ ʧʦʜ ʤʘʣʳʤ ʫʛ-

ʣʦʤ. ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʩʪʝʢʣʘ n = 1,8. (ʆʪʚʝʪ: 4 )̄. 

117. ʅʘ ʧʨʠʟʤʫ ʩ ʧʨʝʣʦʤʣʷʶʱʠʤ ʫʛʣʦʤ j = 30  ̄ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʙʦʢʦ-
ʚʦʡ ʛʨʘʥʠ ʧʘʜʘʝʪ ʣʫʯ ʩʚʝʪʘ (ʨʠʩ. 1.8). ʅʘ ʢʘʢʦʡ ʫʛʦʣ ʦʪʢʣʦʥʠʪʩʷ ʣʫʯ ʧʦʩʣʝ 
ʚʳʭʦʜʘ ʠʟ ʧʨʠʟʤʳ, ʝʩʣʠ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʚʝʱʝʩʪʚʘ ʧʨʠʟʤʳ 

731,n= ? (ʆʪʚʝʪ: 30 )̄. 

118. ɺ ʚʦʜʫ ʦʧʫʱʝʥ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʩʪʝʢʣʷʥʥʳʡ ʢʣʠʥ (ʨʠʩ. 1.9) ʇʨʠ ʢʘ-

ʢʠʭ ʟʥʘʯʝʥʠʷʭ ʫʛʣʘ a ʣʫʯ ʩʚʝʪʘ, ʧʘʜʘʶʱʠʡ ʥʦʨʤʘʣʴʥʦ ʥʘ ʛʨʘʥʴ ɸɺ, ʠʩʧʳ-
ʪʳʚʘʝʪ ʧʦʣʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʦʪʨʘʞʝʥʠʝ. ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʚʦʜʳ 

1,33, ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʩʪʝʢʣʘ 1,6. (ʆʪʚʝʪ: 56 )̄. 
119. ɼʚʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʩʚʝʪʦʚʳʭ ʣʫʯʘ ʧʘʜʘʶʪ ʥʘ ʙʦʢʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʢʨʫʛʣʦʛʦ ʧʨʦʟʨʘʯʥʦʛʦ ʮʠʣʠʥʜʨʘ (ʨʠʩ. 1.10). ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʣʫʯʘʤʠ ʨʘʚ-

ʥʦ ʨʘʜʠʫʩʫ R ʦʩʥʦʚʘʥʠʷ ʮʠʣʠʥʜʨʘ. ʃʫʯʠ ʧʘʨʘʣʣʝʣʴʥʳ ʦʩʥʦʚʘʥʠʶ ʮʠ-

ʣʠʥʜʨʘ. ʅʘʡʪʠ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʮʠʣʠʥʜʨʘ, ʧʨʠ ʢʦʪʦʨʦʤ 
ʣʫʯʠ ʧʝʨʝʩʝʢʘʶʪʩʷ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. (ʆʪʚʝʪ: 1,93). 

120. ʇʨʝʣʦʤʣʷʶʱʠʡ ʫʛʦʣ ʩʪʝʢʣʷʥʥʦʡ ʧʨʠʟʤʳ ʨʘʚʝʥ j = 60 .̄ ʃʫʯ ʩʚʝʪʘ 
ʧʘʜʘʝʪ ʥʘ ʛʨʘʥʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʳʭʦʜʠʪ ʚ ʚʦʟʜʫʭ ʠʟ 

ʜʨʫʛʦʡ ʛʨʘʥʠ, ʦʪʢʣʦʥʷʷʩʴ ʧʨʠ ʵʪʦʤ ʥʘ ʫʛʦʣ q = 20  ̄ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ 
ʥʘʧʨʘʚʣʝʥʠʷ. ʆʧʨʝʜʝʣʠʪʴ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʩʪʝʢʣʘ. (ʆʪʚʝʪ: 1,3). 

 

R 

d  

ʈʠʩ. 1.7 
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121. ʅʘ ʨʠʩ. 1.11, ʘ, ʙ ʠʟʦʙʨʘʞʝʥʳ ʪʦʯʝʯʥʳʡ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ S ʠ ʝʝ 
ʠʟʦʙʨʘʞʝʥʠʷ S1, ʫʢʘʟʘʥʦ ʧʦʣʦʞʝʥʠʝ ʛʣʘʚʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ 001 ʪʦʥʢʦʡ 
ʣʠʥʟʳ. ʅʘʡʪʠ ʧʦʩʪʨʦʝʥʠʝʤ ʧʦʣʦʞʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʣʠʥʟʳ ʠ ʝʝ ʬʦ-
ʢʫʩʘ. 

 
 
 
 
 
 
 
 
 
122. ʅʘ ʨʠʩ. 1.12 ʜʘʥ ʭʦʜ ʣʫʯʘ ɸɺʉ. ʇʦʩʪʨʦʠʪʴ ʭʦʜ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʣʫʯʘ ɼɽ. 
123. ʅʘ ʨʠʩ. 1.13 ʜʘʥ ʭʦʜ ʣʫʯʘ ɸɺʉ ʯʝʨʝʟ ʩʦʙʠʨʘʶʱʫʶ ʣʠʥʟʫ. ʆʧʨʝʜʝ-

ʣʠʪʴ ʧʦʩʪʨʦʝʥʠʝʤ ʬʦʢʫʩ ʣʠʥʟʳ. 
124. ʅʘ ʨʠʩ.1.14 ʜʘʥ ʭʦʜ ʣʫʯʘ ɸɺʉ ʯʝʨʝʟ ʨʘʩʩʝʠʚʘʶʱʫʶ ʣʠʥʟʫ. ʆʧʨʝ-

ʜʝʣʠʪʴ ʧʦʩʪʨʦʝʥʠʝʤ ʬʦʢʫʩ ʣʠʥʟʳ. 
 
 
 
 
 
 
 
 
 
125. ʅʘ ʢʘʢʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʦʙʲʝʢʪʠʚʘ ʧʨʦʝʢʮʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʬʦ-

ʢʫʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ 0,1 ʤ ʥʫʞʥʦ ʧʦʤʝʩʪʠʪʴ ʵʢʨʘʥ, ʯʪʦʙʳ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ 
ʵʢʨʘʥʝ ʙʳʣʦ ʚ 50 ʨʘʟ ʙʦʣʴʰʝ ʧʨʝʜʤʝʪʘ ʥʘ ʜʠʘʧʦʟʠʪʠʚʝ? (ʆʪʚʝʪ: 5,1 ʤ) 

126. ʂʘʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʠʘʧʦʟʠʪʠʚʘ ʜʘʝʪ ʦʙʲʝʢʪʠʚ ʧʨʦʝʢʮʠʦʥʥʦʛʦ ʬʦ-
ʥʘʨʷ ʩ ʬʦʢʫʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ 0,25 ʤ, ʝʩʣʠ ʵʢʨʘʥ ʫʜʘʣʝʥ ʦʪ ʦʙʝ̡ʢʪʠʚʘ ʥʘ 
ʨʘʩʩʪʦʷʥʠʝ 4 ʤ? (ʆʪʚʝʪ: 15). 

 

a 

ʈʠʩ. 1.9 
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127. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʝʜʤʝʪʦʤ ʠ ʝʛʦ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʠʟʦʙʨʘʞʝʥʠʝʤ 
6,25 F, ʛʜʝ F ï ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʩʦʙʠʨʘʶʱʝʡ ʣʠʥʟʳ. ʅʘʡʪʠ ʨʘʩʩʪʦʷʥʠʝ ʦʪ 
ʧʨʝʜʤʝʪʘ ʜʦ ʣʠʥʟʳ ʠ ʦʪ ʣʠʥʟʳ ʜʦ ʠʟʦʙʨʘʞʝʥʠʷ. (ʆʪʚʝʪ: 5F ʠ 1,25F). 

128. ʀʟʦʙʨʘʞʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʧʨʝʜʤʝʪʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 10 ʩʤ 
ʦʪ ʪʦʥʢʦʡ ʣʠʥʟʳ, ʧʨʠ ʵʪʦʤ ʝʛʦ ʚʝʣʠʯʠʥʘ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ ʧʨʝʜʤʝʪʘ. ʅʘʡʪʠ 
ʦʧʪʠʯʝʩʢʫʶ ʩʠʣʫ ʣʠʥʟʳ. ʈʘʩʩʤʦʪʨʝʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʩʣʫʯʘʠ. (ʆʪʚʝʪ:  
15 ɼʧʪʨ, ï5 ɼʧʪʨ.). 

129. ʇʦʩʪʨʦʠʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʜʤʝʪʦʚ ʚ ʣʠʥʟʘʭ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩ. 1.15. 
 
 
 
 
 
 
 

 
130. ɺ ʢʘʢʦʤ ʠʟ ʷʱʠʢʦʚ (ʨʠʩ. 1.16) ʥʘʭʦʜʠʪʩʷ ʩʦʙʠʨʘʶʱʘʷ ʣʠʥʟʘ, ʘ ʚ ʢʘ-

ʢʦʤ ï ʨʘʩʩʝʠʚʘʶʱʘʷ? ʉʜʝʣʘʪʴ ʧʦʷʩʥʠʪʝʣʥɹʳʝ ʯʝʨʪʝʞʠ. 
 

 

 

 

 

 

 
 

2. ȺȴȸȴȲȫȸȶȮɅ 

2.1. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ ʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʉʚʝʪʦʚʦʡ ʧʦʪʦʢ ʌ ʠʟʤʝʨʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʩʚʝʪʦʚʦʡ ʵʥʝʨʛʠʠ (ʦʮʝʥʠʚʘ-
ʝʤʦʡ ʧʦ ʟʨʠʪʝʣʴʥʦʤʫ ʦʱʫʱʝʥʠʶ), ʧʨʦʭʦʜʷʱʝʡ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ  
ʯʝʨʝʟ ʟʘʜʘʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ: 

dt

dW
ʌ= .                   (2.1) 

 

ɺʝʣʠʯʠʥʘ, ʠʟʤʝʨʷʝʤʘʷ ʩʚʝʪʦʚʳʤ ʧʦʪʦʢʦʤ, ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ ʝʜʠʥʠʮʫ 
ʪʝʣʝʩʥʦʛʦ ʫʛʣʘ ʧʦ ʟʘʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ, ʥʘʟʳʚʘʝʪʩʷ ʩʠʣʦʡ ʩʚʝʪʘ ʠʩ-
ʪʦʯʥʠʢʘ: 

W
=

d

ʌd
J .                        (2.2) 

 

 

F F F F 

ʈʠʩ. 1.15 

1 

2 

1

¡ 

2¡ 

1 

2 

2¡ 

1¡ 

ʈʠʩ. 1.16 
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ʆʩʚʝʱʝʥʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ɽ, ʯʠʩʣʝʥʥʦ ʨʘʚʥʘ ʩʚʝʪʦʚʦʤʫ ʧʦʪʦʢʫ,  
ʧʘʜʘʶʱʝʤʫ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ: 

dS

dʌ
E= .                       (2.3) 

 

ʆʩʚʝʱʝʥʥʦʩʪʴ, ʩʦʟʜʘʚʘʝʤʘʷ ʪʦʯʝʯʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ r  ʦʪ 
ʥʝʛʦ: 

a= cos
r

J
E

2
,     (2.4) 

ʛʜʝ a ï ʫʛʦʣ ʧʘʜʝʥʠʷ. 
ʗʨʢʦʩʪʴ ʩʚʝʪʷʱʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ɺ ʠʟʤʝʨʷʝʪʩʷ ʩʠʣʦʡ ʩʚʝʪʘ ʠʩʪʦʯʥʠʢʘ 

ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ 
ʵʪʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ: 

a= cos
S

J
B .      (2.5) 

 

ʀʩʪʦʯʥʠʢ ʩʚʝʪʘ ʥʘʟʳʚʘʝʪʩʷ ʢʦʩʠʥʫʩʥʳʤ ʠʟʣʫʯʘʪʝʣʝʤ, ʝʩʣʠ ʩʠʣʘ ʩʚʝʪʘ 
ʣʶʙʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʣʦʱʘʜʢʠ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥɹʦ 
ʢʦʩʠʥʫʩʫ ʫʛʣʘ ʤʝʞʜʫ ʥʦʨʤʘʣʴʶ ʢ ʧʣʦʱʘʜʢʝ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘʙʣʶʜʝʥʠʷ: 

 

a= cosJJ 0 .     (2.6) 
 

ʗʨʢʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʩʠʥʫʩʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʦʜʠʥʘʢʦʚʘ ʧʦ ʚʩʝʤ 
ʥʘʧʨʘʚʣʝʥʠʷʤ. 
ʉʚʝʪʠʤʦʩʪʴ R ʨʘʚʥʦʤʝʨʥʦ ʩʚʝʪʷʱʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʩʣʝʥʥʦ ʨʘʚʥʘ 

ʩʚʝʪʦʚʦʤʫ ʧʦʪʦʢʫ, ʠʩʧʫʩʢʘʝʤʦʛʦ ʩ ʝʜʠʥʠʮʳ ʧʦʚʝʨʭʥʦʩʪʠ: 
 

S
R
ʌ
= .      (2.7) 

 

ɼʣʷ ʢʦʩʠʥʫʩʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʩʚʝʪʠʤʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʷʨʢʦʩʪʴʶ: 
 

BR Öp=                (2.8) 
 
2.2. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

3ʘʜʘʯʘ 1. ʀʩʪʦʯʥʠʢ ʩʚʝʪʘ ʩ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ 0,5 ʩʤ2, ʧʨʦʝʢʪʠʨʫ-
ʝʪʩʷ ʣʠʥʟʦʡ ʩ ʬʦʢʫʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ 30 ʩʤ ʥʘ ʵʢʨʘʥ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 
ʠʩʪʦʯʥʠʢʦʤ ʠ ʣʠʥʟʦʡ 120 ʩʤ. ɼʠʘʤʝʪʨ ʣʠʥʟʳ 5 ʩʤ. ʆʧʨʝʜʝʣʠʪʴ ʦʩʚʝʱʝʥ-
ʥʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʵʢʨʘʥʝ, ʝʩʣʠ ʩʠʣʘ ʩʚʝʪʘ ʠʩʪʦʯʥʠʢʘ 40 ʢʜ. 
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ɼʘʥʦ: 
F = 0,3 ʤ 
ʘ = 1,2 ʤ 
b = 0,05 ʤ 
J = 40 ʢʜ 

S = 5Ö105 ʤ2 
 
ɽ = ?  

 
ʈʝʰʝʥʠʝ. ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʦʩʚʝʱʝʥʥʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʚʥʘ: 

 

S

ʌ
E= ,                                               (2.9) 

 

ʛʜʝ ʌ ï ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ, ʧʘʜʘʶʱʠʡ ʥʘ ʵʢʨʘʥ ʠ ʩʦʟʜʘʶʱʠʡ ʠʟʦʙʨʘʞʝʥʠʝ. 
ʉʚʝʪʦʚʦʡ ʧʦʪʦʢ ʨʘʚʝʥ ʧʨʦʠʟʚʝʜʝʥʠʶ ʩʠʣʳ ʩʚʝʪʘ ʥʘ ʪʝʣʝʩʥʳʡ ʫʛʦʣ 

W=Jʌ , ʪʝʣʝʩʥʳʡ ʫʛʦʣ 
2

2

4 a

dp
=W , ʧʦʜʩʪʘʚʠʚ ʟʥʘʯʝʥʠʝ ʪʝʣʝʩʥʦʛʦ ʫʛʣʘ ʚ 

ʬʦʨʤʫʣʫ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ, ʧʦʣʫʯʘʝʤ: 
 

2

2

4 a

dJ
ʌ

p
= . 

 

ʅʘ ʨʠʩ.  2.1 ʚʠʜʥʦ, ʯʪʦ 
b

a
H

h = . ʀʩʧʦʣʴʟʫʷ ʫʩʣʦʚʠʷ ʟʘʜʘʯʠ, ʤʦʞʥʦ ʟʘʧʠ-

ʩʘʪʴ: 

1
2

2

2

2

S

S

b

a

H

h
== , 

 

ʛʜʝ S ʠ S1 ï ʧʣʦʱʘʜʠ ʠʩʪʦʯʥʠʢʘ ʠ ʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟ 

ʬʦʨʤʫʣʳ ʣʠʥʟʳ 
baF

111
+=  ʥʘʭʦʜʠʤ ʬʦʢʫʩ ʣʠʥʟʳ 

ba

ba
F

+
= .  

     ʆʧʨʝʜʝʣʠʤ ʨʘʩʩʪʦʥ̫ʠʝ  

Fa

aF
b

-
= .                                               (2.10) 

 

ʇʦʜʩʪʘʚʠʚ ʧʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠ ̫(2.10) ʚ ʬʦʨʤʫʣʫ ʦʩʚʝʱʝʥʥʦʩʪʠ (2.9), 
ʧʦʣʫʯʘʝʤ: 

( )
22

22

22

22

44 aFS

FadJ

bSa

adJ
E

-p
=

p
= . 

 
 

ʈʠʩ. 2.1 

ʘ b 

F 

ʅ F 

W 
h 
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ʇʨʦʚʝʨʠʤ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ: 
 

[] [ ]ʣʢ
ʤ

ʢʜ

ʤʤʤ

ʤʤʢʜ
E =ù

ú

ø
é
ê

è
=ù
ú

ø
é
ê

è

ÖÖ

ÖÖ
=

2222

22

. 

 

ɺʳʯʠʩʣʠʤ ʦʩʚʝʱʝʥʥʦʩʪʴ: 
 

( )
.ʣʢ

,

,,,
E 10

211091054

3021102514340
225

24

=
ÖÖÖÖÖ

-ÖÖÖ
=

--

-

 

 

ɿʘʜʘʯʘ 2. ʆʩʚʝʱʝʥʥʦʩʪʴ ɽ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʢʨʳʪʦʡ ʩʣʦʝʤ ʩʘʞʠ, ʨʘʚʥʘ 
150 ʣʢ, ʷʨʢʦʩʪʴ ɺ ʦʜʠʥʘʢʦʚʘ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʠ ʨʘʚʥʘ 1 ʢʜ/ʤ2. ʆʧʨʝ-
ʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʩʘʞʠ. 
ʈʝʰʝʥʠʝ: ʆʩʚʝʱʝʥʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ 

 

S

ʌ0=E , 

 

ʛʜʝ 0ʌ  ï ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ, ʧʘʜʘʶʱʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ.  

ʆʪʩʶʜʘ                             
SEʌ =0 . 

ʉʚʝʪʠʤʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ:             

S

ʌ
R= , 

 

ʛʜʝ ʌ ï ʧʦʪʦʢ, ʦʪʨʘʞʝʥʥʳʡ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢ ʢʘʢ ʷʨʢʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ 
ʦʜʠʥʘʢʦʚʘ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʪʦ ʩʘʞʫ  ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʢʦʩʠʥʫʩʥʳʤ ʠʟ-
ʣʫʯʘʪʝʣʝʤ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʩʚʝʪʠʤʦʩʪʴ R ʠ ̫ʨʢʦʩʪʴ ɺ ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʝʤ    

BR p= . 

ʊʦʛʜʘ       SBSRʌ p== . 
 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ:  

0ʌ

ʌ
k =  ʠʣʠ  

SE

SB
k
p
= . 

 

ʇʨʦʚʝʨʠʤ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ:   

[] 1
2

2

=ù
ú

ø
é
ê

è

Ö

Ö
=

ʢɼʤ

ʤʢɼ
k . 

 

ɺʳʯʠʩʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ:  
 

020
150

1143
,

,

SE

SB
k =

Ö
=

p
= . 
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2.3. ɿʘʜʘʯʠ ʜʣʷ ʩʘʤʦʩʪʦʪ̫ʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

201. ʇʨʠ ʧʝʯʘʪʘʥʠʠ ʬʦʪʦʩʥʠʤʢʘ ʥʝʛʘʪʠʚ ʦʩʚʝʱʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 3 ʩ ʘʤ-
ʧʦʯʢʦʡ ʩʠʣʦʡ ʩʚʝʪʘ 60 ʢʜ ʩ ʨʘʩʩʪʦʷʥʠʷ 50 ʩʤ. ʉʢʦʣʴʢʦ ʚʨʝʤʝʥʠ ʥʫʞʥʦ 
ʦʩʚʝʱʘʪʴ ʥʝʛʘʪʠʚ ʣʘʤʧʦʯʢʦʡ ʩʠʣʦʡ ʩʚʝʪʘ 60 ʢʜ ʩ ʨʘʩʩʪʦʷʥʠʷ 2 ʤ, ʯʪʦʙʳ 
ʧʦʣʫʯʠʪʴ ʦʪʧʝʯʘʪʦʢ ʩ ʪʘʢʦʡ ʞʝ ʩʪʝʧʝʥʴʶ ʧʦʯʝʨʥʝʥʠʷ, ʢʘʢ ʠ ʚ ʧʝʨʚʦʤ ʩʣʫ-
ʯʘʝ? (ʆʪʚʝʪ: t = 12 c). 
202. ʅʘ ʚʳʩʦʪʝ 3 ʤ ʥʘʜ ɿʝʤʣʝʡ ʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 4 ʩʤ ʦʪ ʩʪʝʥʳ ʚʠʩʠʪ 

ʣʘʤʧʘ ʩʠʣʦʡ ʩʚʝʪʘ 100 ʢʜ. ʆʧʨʝʜʝʣʠʪʴ ʦʩʚʝʱʝʥʥʦʩʪʴ ʩʪʝʥʢʠ ʠ ʛʦʨʠʟʦʥ-
ʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʫ ʣʠʥʠʠ ʠʭ ʧʝʨʝʩʝʯʝʥʠʷ. (ʆʪʚʝʪ: ɽ1 = 3,2 ʣʢ;  
ɽ2 = 2,4 ʣʢ). 
203. ʃʘʤʧʘ, ʩʠʣʘ ʩʚʝʪʘ ʢʦʪʦʨʦʡ 200 ʢʜ, ʫʢʨʝʧʣʝʥʘ ʥʘ ʧʦʪʦʣʢʝ ʢʦʤʥʘʪʳ. 

ʆʧʨʝʜʝʣʠʪʴ ʩʫʤʤʘʨʥʳʡ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ, ʧʘʜʘʶɦ ʠʡ ʥʘ ʚʩʝ ʩʪʝʥʳ ʠ ʧʦʣ 
ʢʦʤʥʘʪʳ. (ʆʪʚʝʪ: ʌ = 1256 ʣʢ). 
204. ʏʝʤʫ ʨʘʚʝʥ ʧʦʣʥʳʡ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ, ʩʦʟʜʘʚʘʝʤʳʡ ʠʩʪʦʯʥʠʢʦʤ, ʧʦ-

ʤʝʱʝʥʥʳʡ ʥʘ ʤʘʯʪʝ, ʚʳʩʦʪʦʡ 12 ʤ, ʝʩʣʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 16 ʤ ʦʪ ʦʩʥʦʚʘʥʠʷ 
ʤʘʯʪʳ ʦʥ ʩʦʟʜʘʝʪ ʦʩʚʝʱʝʥʥʦʩʪʴ 3 ʣʢ? (ʆʪʚʝʪ: ʌ = 25120 ʣʢ). 
205. ʂʨʫʛʣʳʡ ʟʘʣ ʜʠʘʤʝʪʨʦʤ 30 ʤ ʦʩʚʝʱʘʝʪʩʷ ʣʘʤʧʦʡ, ʫʢʨʝʧʣʝʥʥʦʡ ʚ 

ʮʝʥʪʨʝ ʧʦʪʦʣʢʘ. ʅʘʡʪʠ ʚʳʩʦʪʫ ʟʘʣʘ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʠʤʝʥʴʰʘʷ ʦʩʚʝ-
ʱʝʥʥʦʩʪʴ ʩʪʝʥʳ ʟʘʣʘ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ ʥʘʠʤʝʥʴʰʝʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʧʦʣʘ. 
(ʆʪʚʝʪ: ʅ = 7,5 ʤ). 

 206. ʕʢʨʘʥ ʦʩʚʝʱʘʝʪʩʷ ʜʚʫʤʷ ʣʘʤʧʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʩʠʤʤʝʪʨʠʯ-
ʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʵʢʨʘʥʘ. ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʢʘʞʜʦʡ ʣʘʤʧʳ ʜʦ ʵʢʨʘʥʘ  
4 ʤ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʣʘʤʧʘʤʠ 2 ʤ. ʉʠʣʘ ʩʚʝʪʘ ʢʘʞʜʦʡ ʣʘʤʧʳ 200 ʢʜ. ʂʘ-
ʢʦʡ ʩʠʣʳ ʩʚʝʪʘ ʥʫʞʥʦ ʚʟʷʪʴ ʦʜʥʫ ʣʘʤʧʫ, ʧʦʤʝʱʝʥʥʫʶ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 6 ʤ ʦʪ 
ʮʝʥʪʨʘ ʵʢʨʘʥʘ, ʯʪʦʙʳ ʦʥʘ ʜʘʣʘ ʚ ʮʝʥʪʨʝ ʵʢʨʘʥʘ ʪʘʢʫʶ ʞʝ ʦʩʚʝʱʝʥʥʦʩʪʴ, 
ʢʘʢ ʜʚʝ ʣʘʤʧʳ? (ʆʪʚʝʪ: I = 826 ʢʜ). 
207. ʅʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘ ʚʳʩʦʪʝ 2 ʤ ʨʘʩʧʦʣʦʞʝʥ ʪʦʯʝʯʥʳʡ ʠʩʪʦʯʥʠʢ 

ʩʚʝʪʘ ʩʠʣʦʡ 120 ʢʜ. ʅʘ ʨʘʩʩʪʦʷʥʠʠ 1 ʤ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʧʣʦʩʢʦʝ ʟʝʨʢʘʣʦ. ʆʧʨʝʜʝʣʠʪʴ ʦʩʚʝʱʝʥʥʦʩʪʴ ʧʦʚʝʨʭ-
ʥʦʩʪʠ ʧʦʜ ʠʩʪʦʯʥʠʢʦʤ. (ʆʪʚʝʪ: ɽ = 40,65 ʣʢ). 

208. ʊʦʯʝʯʥʳʡ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʛʣʘʚʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʩʦ-
ʙʠʨʘʶʱʝʡ ʣʠʥʟʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 30 ʩʤ ʦʪ ʥʝʝ. ʆʩʚʝʱʝʥʥʦʩʪʴ ʩʚʝʪʣʦʛʦ ʧʷʪʥʘ 
ʥʘ ʙʝʣʦʤ ʵʢʨʘʥʝ, ʧʦʤʝʱʝʥʥʦʤ ʟʘ ʣʠʥʟʦʡ ʥʘ ʨʘʩʩʪʦʥ̫ʠʠ 60 ʩʤ ʦʪ ʥʝʝ, ʚ 4 ʨʘʟʘ 
ʤʝʥʴʰʝ ʦʩʚʝʱʝʥʥʦʩʪʠ ʪʦʛʦ ʞʝ ʵʢʨʘʥʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚʧʣʦʪʥʫʶ ʢ ʣʠʥʟʝ.  
ʆʧʨʝʜʝʣʠʪʴ ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʣʠʥʟʳ. (ʆʪʚʝʪ: F1 = 0,12 ʤ; F2 = 0,60 ʤ). 
209. ɺ ʬʦʢʫʩʝ ʩʦʙʠʨʘʶʱʝʡ ʩ ʬʦʢʫʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ 10 ʩʤ ʥʘʭʦʜʠʪʩʷ 

ʪʦʯʝʯʥʳʡ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ. ʅʘ ʨʘʩʩʪʦʷʥʠʠ 2 ʤ ʦʪ ʣʠʥʟʳ ʧʦʤʝʱʝʥ ʵʢʨʘʥ, 
ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʡ ʢ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʣʠʥʟʳ. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʦʩʚʝʱʝʥʥʦʩʪʴ ʚ 
ʮʝʥʪʨʝ ʩʚʝʪʦʚʦʛʦ ʧʷʪʥʘ, ʧʦʣʫʯʘʶʱʝʛʦʩʷ ʥʘ ʵʢʨʘʥʝ ʙʦʣʴʰʝ, ʯʝʤ ʦʩʚʝʱʝʥ-
ʥʦʩʪʴ ʚ ʪʦʤ ʞʝ ʤʝʩʪʝ ʵʢʨʘʥʘ, ʩʦʟʜʘʚʘʝʤʘʷ ʠʩʪʦʯʥʠʢʦʤ ʣʠʥʟʳ? ʇʦʪʝʨʷʤʠ ʚ 
ʣʠʥʟʝ ʧʨʝʥʝʙʨʝʯʴ. (ʆʪʚʝʪ: ʚ 121 ʨʘʟ). 
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210. ʅʘ ʦʩʠ ʩʦʙʠʨʘʶʱʝʡ ʣʠʥʟʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 25 ʩʤ ʦʪ ʥʝʝ ʥʘʭʦʜʠʪʩʷ 
ʪʦʯʝʯʥʳʡ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ. ʇʦ ʜʨʫʛʫʶ ʩʪʦʨʦʥʫ ʣʠʥʟʳ ʦʜʠʥ ʨʘʟ ʥʘ ʨʘʩʩʪʦʷ-
ʥʠʠ 27 ʩʤ, ʘ ʜʨʫʛʦʡ ʨʘʟ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 48 ʩʤ ʩʪʘʥʦʚʠʪʩʷ ʵʢʨʘʥ. ʆʩʚʝʱʝʥ-
ʥʦʩʪʴ ʩʚʝʪʦʚʦʛʦ ʧʷʪʥʘ ʥʘ ʵʢʨʘʥʝ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʦʢʘʟʳʚʘʝʪʩʷ ʦʜʠʥʘʢʦʚʦʡ. 
ʆʧʨʝʜʝʣʠʪʴ ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʣʠʥʟʳ. (ʆʪʚʝʪ: F = 0,15 ʤ). 
211. ʀʩʪʦʯʥʠʢ ʩʚʝʪʘ ʚ ʚʠʜʝ ʰʘʨʠʢʘ ʜʠʘʤʝʪʨʦʤ 10 ʤʤ ʧʦʤʝʱʝʥ ʥʘ ʨʘʩ-

ʩʪʦʷʥʠʠ 1 ʤ ʦʪ ʙʝʣʦʛʦ ʵʢʨʘʥʘ, ʜʘʝʪ ʚ ʪʦʯʢʝ ʵʢʨʘʥʘ, ʙʣʠʞʘʡʰʝʡ ʢ ʠʩʪʦʯʥʠʢʫ, 
ʦʩʚʝʱʝʥʥʦʩʪʴ ɽ0. ʉ ʧʦʤʦʱʴʶ ʣʠʥʟʳ, ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʢʦʪʦʨʦʡ 21 ʩʤ ʠ 
ʜʠʘʤʝʪʨ 3 ʩʤ, ʥʘ ʵʢʨʘʥʝ ʧʦʣʫʯʘʶʪ ʫʚʝʣʠʯʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠʩʪʦʯʥʠʢʘ. 
ʅʘʡʪʠ ʦʩʚʝʱʝʥʥʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ. (ʆʪʚʝʪ: ɽ = 18 ɽ0). 
212. ʇʨʠ ʦʩʤʦʪʨʝ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʠʯʝʩʢʦʛʦ ʨʝʟʝʨʚʫʘʨʘ 

ʜʠʘʤʝʪʨʦʤ 20 ʤ ʚ ʝʛʦ ʚʝʨʭʥʝʡ ʪʦʯʢʝ ʙʳʣ ʫʢʨʝʧʣʝʥ ʪʦʯʝʯʥʳʡ ʠʩʪʦʯʥʠʢ ʩʚʝ-
ʪʘ 100 ʢʜ. ʆʧʨʝʜʝʣʠʪʴ ʦʩʚʝʱʝʥʥʦʩʪʴ ʚ ʪʦʡ ʪʦʯʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʝʨʚʫʘʨʘ, 

ʚ ʢʦʪʦʨʦʡ ʣʫʯʠ ʧʘʜʘʶʪ ʧʦʜ ʫʛʣʦʤ 34.̄ ʉʚʝʪ, ʦʪʨʘʞʝʥʥʳʡ ʦʪ ʩʪʝʥʦʢ, ʥʝ ʫʯʠ-
ʪʳʚʘʪʴ. (ʆʪʚʝʪ: ɽ = 3 ʣʢ). 
213. ʅʘʜ ʩʪʦʣʦʤ ʥʘ ʚʳʩʦʪʝ 120 ʩʤ ʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 80 ʩʤ ʦʪ ʩʪʝʥʳ ʚʠ-

ʩʠʪ ʣʘʤʧʘ ʚ 72 ʢʜ. ʅʠʞʝ ʣʘʤʧʳ ʥʘ ʩʪʝʥʝ ʚʝʨʪʠʢʘʣʴʥʦ ʚʝʩʠʪ ʟʝʨʢʘʣʦ, ʧʨʠ-
ʯʝʤ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʝʛʦ ʩʝʨʝʜʠʥʳ ʜʦ ʣʘʤʧʳ 100 ʩʤ. ʆʧʨʝʜʝʣʠʪʴ ʦʩʚʝʱʝʥ-
ʥʦʩʪʴ ʥʘ ʩʪʦʣʝ ʧʦʜ ʣʘʤʧʦʡ. ʂʘʢ ʠʟʤʝʥʠʪʩʷ ʵʪʘ ʦʩʚʝʱʝʥʥʦʩʪʴ, ʝʩʣʠ ʫʙʨʘʪʴ 

ʟʝʨʢʘʣʦ? (ʆʪʚʝʪ: ɽ = 61 ʣʢ; Dɽ = 11 ʣʢ). 
214. ʅʘ ʚʳʩʦʪʝ 2 ʤ ʥʘʜ ʩʝʨʝʜʠʥʦʡ ʢʨʫʛʣʦʛʦ ʩʪʦʣʘ ʜʠʘʤʝʪʨʦʤ 3 ʤ ʚʠʩʠʪ 

ʣʘʤʧʘ ʩʠʣʦʡ ʩʚʝʪʘ 100 ʢʜ. ɽʝ ʟʘʤʝʥʠʣʠ ʣʘʤʧʦʡ ʩʠʣʦʡ ʩʚʝʪʘ 25 ʢʜ, ʠʟʤʝʥʠʚ 
ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʩʪʦʣʘ ʪʘʢ, ʯʪʦ ʦʩʚʝʱʝʥʥʦʩʪʴ ʩʝʨʝʜʠʥʳ ʩʪʦʣʘ ʥʝ ʠʟʤʝʥʠʣʘʩʴ. 
ʂʘʢ ʠʟʤʝʥʠʪʩʷ ʦʩʚʝʱʝʥʥʦʩʪʴ ʢʨʘʷ ʩʪʦʣʘ? (ʆʪʚʝʪ: ʫʤʝʥʴʰʠʪʩʷ ʚ 3 ʨʘʟʘ) 
215. ʅʘ ʩʪʦʣʙʝ ʦʜʥʘ ʥʘʜ ʜʨʫʛʦʡ ʚʝʩʷʪ ʜʚʝ ʣʘʤʧʳ ʩʠʣʦʡ ʩʚʝʪʘ ʧʦ 200 ʢʜ 

ʥʘ ʚʳʩʦʪʝ 3 ʤ ʠ 4 ʤ ʥʘʜ ɿʝʤʣʝʡ. ʅʘʡʪʠ ʦʩʚʝʱʝʥʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ 
ʥʘ ʨʘʩʩʪʦʷʥʠʠ 2 ʤ ʦʪ ʦʩʥʦʚʘʥʠʷ ʩʪʦʣʙʘ. (ʆʪʚʝʪ: ɽ = 21,7 ʣʢ). 
216. ʉʦʣʥʝʯʥʳʝ ʣʫʯʠ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʣʠʥʟʫ, ʚʩʪʘʚʣʝʥʥʫʶ ʚ ʢʨʫʛʣʦʝ ʦʪ-

ʚʝʨʩʪʠʝ ʚ ʥʝʧʨʦʟʨʘʯʥʦʤ ʵʢʨʘʥʝ, ʠ ʦʩʚʝʱʘʶʪ ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʟʘ ʥʠʤ ʙʝʣʳʡ 
ʵʢʨʘʥ. ɼʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ 20 ʤʤ. ʅʘ ʢʘʢʦʤ ʨʘʩʩʪʦʷʥʠʠ ʩʣʝʜʫʝʪ ʨʘʩʧʦʣʦ-
ʞʠʪʴ ʙʝʣʳʡ ʵʢʨʘʥ, ʯʪʦʙʳ ʦʩʚʝʱʝʥʥʦʩʪʴ ʚ ʝʛʦ ʮʝʥʪʨʝ ʙʣrʘ ʚ ʪʨʠ ʨʘʟʘ 
ʤʝʥʴʰʝ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʩʦʟʜʘʚʘʝʤʦʡ ʣʫʯʘʤʠ ʩʚʝʪʘ ʚ ʧʣʦʩʢʦʩʪʠ ʦʪʚʝʨʩʪʠʷ? 
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʣʠʥʟʘ ʩ ʬʦʢʫʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ 2 ʤ ʜʘʝʪ ʠʟʦʙʨʘʞʝʥʠʝ 
ʉʦʣʥʮʘ ʜʠʘʤʝʪʨʦʤ 17,4 ʤʤ. (ʆʪʚʝʪ: r = 4 ʤ). 
217. ʇʨʘʚʜʦʧʦʜʦʙʥʘ ʣʠ ʣʝʛʝʥʜʘ ʦ ʪʦʤ, ʯʪʦ ʛʨʝʯʝʩʢʠʝ ʚʦʠʥʳ ʧʦ ʩʦʚʝʪʫ 

ɸʨʭʠʤʝʜʘ ʩʦʞʛʣʠ ʜʝʨʝʚʷʥʥʳʡ ʢʦʨʘʙʣʴ ʨʠʤʣʷʥ, ʥʘʧʨʘʚʠʚ ʥʘ ʥʝʛʦ ʩʦʣʥʝʯ-
ʥʳʝ ʣʫʯʠ, ʦʪʨʘʞʝʥʥʳʝ ʦʪ ʧʣʦʩʢʠʭ ʱʠʪʦʚ? ʉʢʦʣʴʢʦ ʜʣʷ ʵʪʦʛʦ ʧʦʥʘʜʦʙʠʪʴʩʷ 
ʚʦʠʥʦʚ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʩʦʣʥʝʯʥʫʶ ʧʦʛʦʜʫ ʫʜʘʝʪʩʷ ʟʘʞʝʯʴ ʢʫʩʦʢ ʩʫʭʦ-
ʛʦ ʜʝʨʝʚʘ ʧʨʠ ʧʦʤʦʱʠ ʣʠʥʟʳ ʜʠʘʤʝʪʨʦʤ 3 ʩʤ ʩ ʬʦʢʫʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ  
0,1 ʤ? ʋʛʣʦʚʦʡ ʨʘʟʤʝʨ ʉʦʣʥʮʘ 0,01 ʨʘʜ. ɼʠʘʤʝʪʨ ʱʠʪʘ 1 ʤ, ʨʘʩʩʪʦʷʥʠʝ  
ʜʦ ʢʦʨʘʙʣʷ 20 ʤ. (ʆʪʚʝʪ: 900 ʚʦʠʥʦʚ). 
218. ʕʥʝʨʛʠʷ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ, ʧʘʜʘʶʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʃʫʥʳ, ʯʘʩʪʠʯʥʦ 

ʧʦʛʣʦʱʘʝʪʩʷ (ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ 0,9) ʠ ʯʘʩʪʠʯʥʦ ʨʘʩʩʝʠʚʘʝʪʩʷ. ɺʦ 
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ʩʢʦʣʴʢʦ ʨʘʟ ʦʩʚʝʱʝʥʥʦʩʪʴ ɿʝʤʣʠ ʚʦ ʚʨʝʤʷ ʧʦʣʥʦʣʫʥʠʷ ʤʝʥʴʰʝ ʦʩʚʝʱʝʥʥʦ-
ʩʪʠ, ʩʦʟʜʘʚʘʝʤʦʡ ʧʨʷʤʳʤʠ ʩʦʣʥʝʯʥʳʤʠ ʣʫʯʘʤʠ? ʋʛʣʦʚʦʡ ʜʠʘʤʝʪʨ ʃʫʥʳ, ʚʠ-
ʜʠʤʳʡ ʩ ɿʝʤʣʠ 0,02 ʨʘʜ. ʉʯʠʪʘʪʴ, ʯʪʦ ʦʩʚʝʱʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʃʫʥʳ ʨʘʩʩʝ-

ʠʚʘʝʪ ʩʚʝʪ ʨʘʚʥʦʤʝʨʥʦ ʚ ʪʝʣʝʩʥʦʤ ʫʛʣʝ 12p. (ʆʪʚʝʪ: ʚ 8Ö105 ʨʘʟ). 
219. ʆʩʚʝʱʝʥʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʢʨʳʪʘ  ̫ʩʣʦʝʤ ʩʘʞʠ 150 ʣʢ, ʷʨʢʦ-

ʩʪʴʁ ʦʜʠʥʘʢʦʚʦʡ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʠ ʨʘʚʥʦʡ 
2

1
ʤ

ʢʜ
. ʆʧʨʝʜʝʣʠʪʴ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʩʘʞʠ. (ʆʪʚʝʪ: k = 0,98). 
220. ʅʘ ʢʘʢʦʡ ʚʳʩʦʪʝ ʥʘʜʦ ʧʦʚʝʩʠʪʴ ʣʘʤʧʦʯʢʫ ʩʠʣʦʡ ʩʚʝʪʘ 10 ʢʜ ʥʘʜ 

ʣʠʩʪʦʤ ʤʘʪʦʚʦʡ ʙʝʣʦʡ ʙʫʤʘʛʠ, ʯʪʦʙʳ ʷʨʢʦʩʪʴ ʙʫʤʘʛʠ ʙʳʣʘ ʨʘʚʥʘ 
2

1
ʤ

ʢʜ
, ʝʩ-

ʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʙʫʤʘʛʠ 0,8? (ʆʪʚʝʪ: ʅ = 1,6 ʤ). 
221. ɺ ʢʦʤʥʘʪʝ ʠʤʝʶʪʩʷ ʜʚʝ ʦʜʠʥʘʢʦʚʳʭ ʣʘʤʧʳ, ʧʨʠʢʨʝʧʣʝʥʥʳʝ ʢ ʧʦʪʦʣ-

ʢʫ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 4 ʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʅʘʡʪʠ ʦʪʥʦʰʝʥʠʝ ʦʩʚʝʱʝʥʥʦʩʪʝʡ ʮʝʥʪʨʘ 
ʩʪʦʣʘ ʚ ʜʚʫʭ ʝʛʦ ʧʦʣʦʞʝʥʠʷʭ: ʘ) ʧʦʜ ʦʜʥʦʡ ʠʟ ʣʘʤʧ; ʙ) ʧʦʩʝʨʝʜʠʥʝ ʤʝʞʜʫ 
ʣʘʤʧʘʤʠ. ɺʳʩʦʪʘ ʣʘʤʧʳ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʦʣʘ 2 ʤ. (ʆʪʚʝʪ: ʚ 1,5 ʨʘʟʘ). 
222. ʉʚʝʪʠʣʴʥʠʢ ʠʟ ʤʦʣʦʯʥʦʛʦ ʩʪʝʢʣʘ ʠʤʝʝʪ ʬʦʨʤʫ ʰʘʨʘ ʜʠʘʤʝʪʨʦʤ  

20 ʩʤ. ʉʠʣʘ ʩʚʝʪʘ ʰʘʨʘ 80 ʢʜ. ʆʧʨʝʜʝʣʠʪʴ ʧʦʣʥʳʡ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ, ʩʚʝʪʠ-

ʤʦʩʪʴ ʠ ʷʨʢʦʩʪʴ ʰʘʨʘ. (ʆʪʚʝʪ: ʌ = 1 ʢʌ; R = 8 ʢʣʤ; 
2

52
ʤ

ʢʢʜ
,B= ). 

223. ʉʦʣʥʮʝ ʥʘʭʦʜʠʪʩʷ ʚʙʣʠʟʠ ʟʝʥʠʪʘ, ʩʦʟʜʘʝʪ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ  

ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʚʝʱʝʥʥʦʩʪʴ 105 ʣʢ. ɼʠʘʤʝʪʨ ʉʦʣʥʮʘ ʚʠʜʝʥ ʧʦʜ ʫʛʣʦʤ 32¡. 
ʆʧʨʝʜʝʣʠʪʴ ʧʦ ʵʪʠʤ ʜʘʥʥʳʤ ʚʠʜʠʤʫʶ ʷʨʢʦʩʪʴ ʉʦʣʥʮʘ. (ʆʪʚʝʪ: 

2

2

ʤ

ɻʢʜ
51

2
,tg

ɽ
B =

a

p
= ). 

224. ʆʧʨʝʜʝʣʠʪʴ ʦʩʚʝʱʝʥʥʦʩʪʴ, ʩʚʝʪʠʤʦʩʪʴ ʠ ʷʨʢʦʩʪʴ ʢʠʥʦʵʢʨʘʥʘ, ʨʘʚ-
ʥʦʤʝʨʥʦ ʨʘʩʩʝʠʚʘʶʱʝʛʦ ʩʚʝʪ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʝʩʣʠ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ, 
ʧʘʜʘʶʱʠʡ ʥʘ ʵʢʨʘʥ ʠʟ ʦʙʲʝʢʪʠʚʘ ʢʠʥʦʘʧʧʘʨʘʪʘ 175 ʢʣʤ. ʈʘʟʤʝʨ ʵʢʨʘʥʘ 

5³3,6 ʤ2, ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ 0,75. (ʆʪʚʝʪ: ɽ = 97 ʣʢ; R = 73 ʣʢ; 

2ʤ

ʢʜ
23ɺ= ). 

225. ʃʘʤʧʘ ʚ 400 ʢʜ ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1 ʤ ʦʪ ʵʢʨʘʥʘ. ʅʘ ʢʘʢʦʤ 
ʨʘʩʩʪʦʷʥʠʠ ʩʣʝʜʫʝʪ ʧʦʩʪʘʚʠʪʴ ʧʦʟʘʜʠ ʣʘʤʧʳ ʧʣʦʩʢʦʝ ʟʝʨʢʘʣʘ, ʧʘʨʘʣʣʝʣʴ-
ʥʦʝ ʵʢʨʘʥʫ, ʯʪʦʙʳ ʦʩʚʝʱʝʥʥʦʩʪʴ ʚ ʮʝʥʪʨʝ ʵʢʨʘʥʘ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʥʘ  
100 ʣʢ? (ʆʪʚʝʪ: 0,5 ʤ). 
226. ʅʘʜ ʜʚʦʨʦʤ ʥʘ ʦʜʠʥʘʢʦʚʦʡ ʚʳʩʦʪʝ ʚ 3 ʤ ʚʠʩʷʪ ʪʨʠ ʣʘʤʧʳ ʧʦ  

200 ʢʜ. ɺʩʝ ʣʘʤʧʳ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 2,5 ʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʅʘʡʪʠ 
ʦʩʚʝʱʝʥʥʦʩʪʴ ʧʦʜ ʢʘʞʜʦʡ ʣʘʤʧʦʡ. (ʆʪʚʝʪ: ɽ1 = 42 ʣʢ; ɽ1 = 35,3 ʣʢ). 
227. ʊʦʯʝʯʥʳʡ ʠʩʪʦʯʥʠʢ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʚʝʪʘ ʠʟʣʫʯʘʝʪ ʤʦʥɦʦʩʪʴ 

W0 = 10 ɺʪ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ l = 0,5 ʤʢʤ. ʅʘ ʢʘʢʦʤ ʤʘʢʩʠʤʘʣʴʥʦʤ ʨʘʩʩʪʦʥ̫ʠʠ 
ʵʪʦʪ ʠʩʪʦʯʥʠʢ ʙʫʜʝʪ ʟʘʤʝʯʝʥ ʯʝʣʦʚʝʢʦʤ, ʝʩʣʠ ʛʣʘʟ ʨʝʘʛʠʨʫʝʪ ʥʘ ʩʚʝʪʦʚʦʡ ʧʦ-
ʪʦʢ ʚ 60 ʬʦʪʦʥʦʚ ʚ ʩʝʢʫʥʜʫ? ɼʠʘʤʝʪʨ ʟʨʘʯʢʘ d = 0,5 ʩʤ. (ʆʪʚʝʪ: R = 106 ʤ). 
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228. ɼʣʠʥʘ ʨʘʩʢʘʣʝʥʥʦʡ ʜʦʙʝʣʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʥʠʪʠ 30 ʩʤ, ʜʠʘʤʝʪʨ  
0,2 ʤʤ. ʉʠʣʘ ʩʚʝʪʘ ʥʠʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʝʝ ʜʣʠʥʝ,  

24 ʢʜ. ʆʧʨʝʜʝʣʠʪʴ ʷʨʢʦʩʪʴ ʥʠʪʠ. (ʆʪʚʝʪ: 
2

400
ʤ

ʢʜ
ɺ= ). 

229. ʊʦʯʝʯʥʳʡ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ S ʦʩʚʝʱʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ɸɺ. ɺʦ ʩʢʦʣʴʢʦ 
ʨʘʟ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʩʚʝʱʝʥʥʦʩʪʴ ʚ ʪʦʯʢʝ ʉ ʧʦʜ ʠʩʪʦʯʥʠʢʦʤ, ʝʩʣʠ ʥʘʜ ʠʩ-
ʪʦʯʥʠʢʦʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ SD = SC ʧʦʤʝʩʪʠʪʴ ʧʣʦʩʢʦʝ ʟʝʨʢʘʣʦ? ʂʦʵʬʬʠʮʠ-
ʝʥʪ ʦʪʨʘʞʝʥʠʷ ʟʝʨʢʘʣʘ ʨʘʚʝʥ 1. (ʆʪʚʝʪ: ʚ 1,11 ʨʘʟ). 
230. ʆʪʚʝʨʩʪʠʝ ʚ ʢʦʨʧʫʩʝ ʬʦʥʘʨʷ ʟʘʢʨʳʪʦ ʧʣʦʩʢʠʤ ʤʦʣʦʯʥʳʤ ʩʪʝʢʣʦʤ 

ʨʘʟʤʝʨʦʤ 10³15 ʩʤ2. ʉʠʣʘ ʩʚʝʪʘ ʬʦʥʘʨʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʩʦʩʪʘʚʣʷʶʱʝʤ 

ʫʛʦʣ 60 ,̄ ʩ ʥʦʨʤʘʣʴʶ I = 15 ʢʜ. ʆʧʨʝʜʝʣʠʪʴ ʷʨʢʦʩʪʴ ʩʪʝʢʣʘ. (ʆʪʚʝʪ: 

2
2
ʤ

ʢʢʜ
ɺ= ). 

 
 

3 . ȮȳȸȫȶȺȫȶȫȳȼȮɅ ȷȨȫȸȦ 

3.1. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ ʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʆʧʪʠʯʝʩʢʘʷ ʜʣʠʥʘ ʧʫʪʠ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ:  
 

nL ?= ,                                                                   (3.1) 
 

ʛʜʝ ? ï ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʜʣʠʥʘ ʧʫʪʠ; n ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʩʨʝʜʳ. 

¶ ʆʧʪʠʯʝʩʢʘʷ ʨʘʟʥʦʩʪʴ ʭʦʜʘ ʜʚʫʭ ʩʚʝʪʦʚʳʭ ʚʦʣʥ: 
 

D = L2 ï L1.                                                 (3.2)  
 

  ʀʥʪʝʨʬʝʨʝʥʮʠʷ ʦʪ ʜʚʫʭ ʢʦʛʝʨʝʥʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ (ʱʝʣʠ ʖʥʛʘ, 
ʟʝʨʢʘʣʘ ʠ ʙʠʧʨʠʟʤʳ ʌʨʝʥʝʣʷ) (ʨʠʩ. 3.1)  

¶ ʇʦʣʦʞʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʤʘʢʩʠʤʫʤʦʚ: 

d
kx
?
lÖ°= , (k = 0; 1; 2é).                                    (3.3) 

¶ ʇʦʣʦʞʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʤʠʥʠʤʫʤʦʚ: 
 

d

)k(
x

2

12 ?l+
°= , (k = 0; 1; 2é).                                 (3.4) 

 

¶ ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʤʠ ʧʦʣʦʩʘʤʠ: 
 

d
x

l
=D
?

.                                                 (3.5) 
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ʈʠʩ. 3.1. ʂ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʖʥʛʘ: S1 ʠ S2 ï ʢʦʛʝʨʝʥʪʥʳʝ  

ʠʩʪʦʯʥʠʢʠ ʩʚʝʪʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ l ; d ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ  
ʠʩʪʦʯʥʠʢʘʤʠ ʩʚʝʪʘ; ? ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʜʦ ʵʢʨʘʥʘ 

 
ʀʥʪʝʨʬʝʨʝʥʮʠʷ ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ (ʧʣʘʩʪʠʥʢʘʭ) (ʨʠʩ. 3.2). 

¶ ʆʧʪʠʯʝʩʢʘʷ ʨʘʟʥʦʩʪʴ ʭʦʜʘ ʩʚʝʪʦʚʳʭ ʚʦʣʥ, ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʚʝʨʭʥʝʡ ʠ 
ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʦʥʢʦʡ ʧʣʝʥʢʠ (ʧʣʘʩʪʠʥʢʠ), ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʚʦʟʜʫʭʝ 
(ʨʠʩ. 3.2, ʘ), 

2
2

l
+b=D cosnh .                                        (3.6) 

ɺʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ 
2

l
 ʫʯʠʪʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʜʣʠʥʳ ʧʫʪʠ ʩʚʝ-

ʪʦʚʦʡ ʚʦʣʥʳ ʥʘ 
2

l
 ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʝʝ ʦʪ ʩʨʝʜʳ ʦʧʪʠʯʝʩʢʠ ʙʦʣʝʝ ʧʣʦʪʥʦʡ.  

ɺ ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ (ʨʠʩ. 3.2, ʙ) ʦʪʨʘʞʝʥʠʝ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ ʧʨʦʠʩʭʦʜʠʪ ʦʪ 
ʩʨʝʜʳ ʦʧʪʠʯʝʩʢʠ ʤʝʥʝʝ ʧʣʦʪʥʦʡ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʘʟʥʦʩʪʠ ʭʦʜʘ ʩʚʝʪʦ-
ʚʳʭ ʣʫʯʝʡ ʥʝ ʚʦʟʥʠʢʘʝʪ. 

¶ ʈʝʟʫʣʴʪʘʪ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʦʪʨʘʞʝʥʥʳʭ ʣʫʯʝʡ 1 ʠ 2 (ʨʠʩ. 3.2, ʘ): 
ï ʫʩʠʣʝʥʠʝ ʩʚʝʪʘ: 

2
2

2
2

l
=
l
+b=D kcosnh ,  (k = 0; 1; 2é);                   (3.7) 

ï ʦʩʣʘʙʣʝʥʠʝ ʩʚʝʪʘ: 

2
12

2
2

l
+=

l
+b=D )k(cosnh , (k = 0; 1; 2é).                 (3.8) 

¶ ɺ ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ ʫʩʣʦʚʠʷ ʫʩʠʣʝʥʠʷ ʠ ʦʩʣʘʙʣʝʥʠʷ ʩʚʝʪʘ ʦʙʨʘʪʥʳ 
ʫʩʣʦʚʠʷʤ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ. 
 
 
 

ʆ 

ʍ 

M 

?
 

S2 

S1 

d 
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ʈʠʩ. 3.2. ʀʥʪʝʨʬʝʨʝʥʮʠʷ ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ: ʘ ï ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ;  
ʙ ï ʚ ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ; h ï ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ; n ï ʘʙʩʦʣʶʪʥʳʡ  

ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʧʣʝʥʢʠ; a ï ʫʛʦʣ ʧʘʜʝʥʠʷ; b ï ʫʛʦʣ ʧʨʝʣʦʤʣʝʥʠʷ 

 
 ʂʦʣʴʮʘ ʅʴʶʪʦʥʘ (ʨʠʩ. 3.3). 

¶ ʆʧʪʠʯʝʩʢʘʷ ʨʘʟʥʦʩʪʴ ʭʦʜʘ ʩʚʝʪʦʚʳʭ ʚʦʣʥ 1 ʠ 2, ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʚʦʟ-
ʜʫʰʥʦʡ ʧʨʦʩʣʦʡʢʠ (ʨʠʩ. 3.3, ʘ): 
 

2
2

l
+=D nh ,                                         (3.9) 

ʛʜʝ h ï ʪʦʣʱʠʥʘ ʚʦʟʜʫʰʥʦʡ ʧʨʦʩʣʦʡʢʠ; 
2

l
 ï ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʨʘʟʥʦʩʪʴ ʭʦʜʘ 

(ʣʫʯ 2 ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʦʧʪʠʯʝʩʢʠ ʙʦʣʝʝ ʧʣʦʪʥʦʡ ʩʨʝʜʳ). 

¶ ʈʘʜʠʫʩʳ ʩʚʝʪʣʳʭ ʢʦʣʝʮ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ: 
 

2

12 l-
=

R)k(
rk .                                    (3.10) 

 

¶ ʈʘʜʠʫʩʳ ʪʝʤʥʳʭ ʢʦʣʝʮ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ: 
 

l= Rkrk ,                                         (3.11) 
 

ʛʜʝ kï ʥʦʤʝʨ ʢʦʣʴʮʘ  (k = 0; 1; 2é); R ï ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʣʠʥʟʳ; l ï ʜʣʠʥʘ 
ʚʦʣʥʳ ʩʚʝʪʘ. 

¶ ɺ ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ (ʨʠʩ. 3.3, ʙ) ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʝʤʥʳʭ ʠ ʩʚʝʪʣʳʭ 
ʢʦʣʝʮ ʦʙʨʘʪʥʦ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʶ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ. 
 
 
 
 
 

1 

2 

ɓ 

a 

h 
n 

ʙ 

2 

1 

ɓ 

a 

h 

n 

ʘ 
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ʈʠʩ. 3.3. ʂʦʣʴʮʘ ʅʴʶʪʦʥʘ: ʘ ï ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ; ʙ ï ʚ ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ 
 
3.2. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ɿʘʜʘʯʘ 1. ʅʘ ʪʦʣʩʪʫʶ ʩʪʝʢʣʷʥʥʫʶ ʧʣʘʩʪʠʥʫ, ʧʦʢʨʳʪʫʶ ʪʦʥʢʦʡ ʧʣʝʥʢʦʡ ʩ 
ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ n = 1,4, ʧʘʜʘʝʪ ʥʦʨʤʘʣʴʥʦ ʧʘʨʘʣʣʝʣʴʥʳʡ ʧʫʯʦʢ 

ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʚʝʪʘ (l = 0,6 ʤʢʤ). ʆʪʨʘʞʝʥʥʳʡ ʩʚʝʪ ʤʘʢʩʠʤʘʣʴʥʦ 
ʦʩʣʘʙʣʝʥ ʚʩʣʝʜʩʪʚʠʝ ʠʥʪʝʨʬʝʨʝʥʮʠʠ. ʆʧʨʝʜʝʣʠʪʴ ʪʦʣʱʠʥʫ ʧʣʝʥʢʠ. 

 
  
ɼʘʥʦ: 
n = 1,4 

l = 0,6 ʤʢʤ = 6Ö10ï7 ʤ 

a = 0  ̄  

b = 0  ̄
 

  
 h = ?    

 
 
 

ʈʝʰʝʥʠʝ. ʇʘʨʘʣʣʝʣʴʥʳʡ ʧʫʯʦʢ ʩʚʝʪʘ, ʧʘʜʘʷ ʥʦʨʤʘʣʴʥʦ ʥʘ ʧʣʝʥʢʫ,  
ʦʪʨʘʞʘʝʪʩʷ ʢʘʢ ʦʪ ʚʝʨʭʥʝʡ, ʪʘʢ ʠ ʦʪ ʥʠʞʥʝʡ ʝʝ ʧʣʦʩʢʦʩʪʝʡ (ʨʠʩ. 3.4). ʕʪʠ 
ʦʪʨʘʞʝʥʥʳʝ ʧʫʯʢʠ ʩʚʝʪʘ ʢʦʛʝʨʝʥʪʥʳ. ʆʧʪʠʯʝʩʢʘʷ ʨʘʟʥʦʩʪʴ ʭʦʜʘ ʠʥʪʝʨʬʝ-
ʨʠʨʫʶʱʠʭ ʚʦʣʥ 1 ʠ 2 ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ h ʠ ʝʝ ʧʦʢʘʟʘʪʝʣʷ 
ʧʨʝʣʦʤʣʝʥʠʷ n  ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʫʩʣʦʚʠʷ ʦʪʨʘʞʝʥʠʷ ʵʪʠʭ ʣʫʯʝʡ ʦʜʠʥʘʢʦ-
ʚʳ ( 12     nnn ðð ) ʠ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

nhcosnh 2
2

2 =
l
+bÖ=D .                              (3.12) 

 

1 

h 

n2 

n1 

n 

2 

ʈʠʩ. 3.4 

H 

2 1 

O 

R 

rk 

ʘ 

2 

O 

1 

R 

rk 

ʙ 
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ʂʘʢ ʠʟʚʝʩʪʥʦ, ʫʩʣʦʚʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ ʧʨʠ ʠʥʪʝʨʬʝʨʝʥʮʠʠ 
ʩʚʝʪʘ ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ 

2
12
l

+=D )k( .                                            (3.13) 

 

ʇʨʠʨʘʚʥʠʚʘʷ ʧʨʘʚʳʝ ʯʘʩʪʠ (3.12) ʠ (3.13), ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʠʩ-
ʢʦʤʦʡ ʚʝʣʠʯʠʥʳ 

 
n

)k(
h

4

12 l+
= .                                            (3.14) 

 

ʇʦʣʘʛʘʷ k = 0; 1; 2; é ʚ (3.14), ʧʦʣʫʯʠʤ ʨʷʜ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʪʦʣ-
ʱʠʥʳ ʧʣʝʥʢʠ: 

ʤ,
n

h  10110
4

6
0

-Ö=
l

= ;  ʤ,
n

h  10330
4

3 6
1

-Ö=
l

= . 

 

ɿʘʜʘʯʘ 2. ʅʘ ʩʪʝʢʣʷʥʥʳʡ ʢʣʠʥ (n = 1,5), ʩ ʤʘʣʳʤ ʧʨʝʣʦʤʣʷʶʱʠʤ ʫʛʣʦʤ 
ʥʦʨʤʘʣʴʥʦ ʢ ʝʛʦ ʛʨʘʥʠ ʧʘʜʘʝʪ ʧʘʨʘʣʣʝʣʴʥʳʡ ʧʫʯʦʢ ʣʫʯʝʡ ʤʦʥʦʭʨʦʤʘʪʠʯʝ-

ʩʢʦʛʦ ʩʚʝʪʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ l = 0,6 ʤʢʤ. ɺ ʚʦʟʥʠʢʰʝʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ 
ʢʘʨʪʠʥʝ ʥʘ ʦʪʨʝʟʢʝ b = 1 ʩʤ ʥʘʙʣʶʜʘʝʪʩʷ 10 ʧʦʣʦʩ. ʆʧʨʝʜʝʣʠʪʴ ʧʨʝʣʦʤ-

ʣʷʶʱʠʡ ʫʛʦʣ ʢʣʠʥʘ g. 
 
ɼʘʥʦ: 
n = 1,5 

l = 0,6 ʤʢʤ = 6Ö10ï7 ʤ 
N = 10 
b = 10ï2 ʤ 

 

      g = ?  
 
  
ʈʝʰʝʥʠʝ. ʇʘʨʘʣʣʝʣʴʥʳʡ ʧʫʯʦʢ ʩʚʝʪʘ, ʧʘʜʘʷ ʥʦʨʤʘʣʴʥʦ ʢ ʛʨʘʥʠ ʢʣʠʥʘ, 

ʦʪʨʘʞʘʝʪʩʷ ʢʘʢ ʦʪ ʚʝʨʭʥʝʡ, ʪʘʢ ʠ ʦʪ ʥʠʞʥʝʡ ʛʨʘʥʝʡ. ʕʪʠ ʦʪʨʘʞʝʥʥʳʝ ʧʫʯʢʠ 
ʩʚʝʪʘ ʢʦʛʝʨʝʥʪʥʳ, ʧʦʵʪʦʤʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʠʥʘ ʙʫʜʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʠʥ-
ʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʧʦʣʦʩʳ. ʊʘʢ ʢʘʢ ʫʛʦʣ ʢʣʠʥʘ ʤʘʣ, ʪʦ ʦʪʨʘʞʝʥʥʳʝ ʧʫʯʢʠ 
ʩʚʝʪʘ 1 ʠ 2 (ʨʠʩ. 3.5) ʙʫʜʫʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʘʨʘʣʣʝʣʴʥʳ. ʈʘʟʥʦʩʪʴ ʭʦʜʘ ʧʫʯ-

ʢʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ (3.6), ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ cos b = 1: 
 

2
2

l
+=D nh ,                                         (3.15) 

ʛʜʝ h ï ʪʦʣʱʠʥʘ ʢʣʠʥʘ; n ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʩʪʝʢʣʘ; 
2

l
 ï ʜʦʙʘʚʦʯʥʘʷ 

ʨʘʟʥʦʩʪʴ ʭʦʜʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʩʚʝʪʦʚʦʛʦ ʧʫʯʢʘ 1, ʦʪ ʦʧʪʠʯʝʩʢʠ 
ʙʦʣʝʝ ʧʣʦʪʥʦʡ ʩʨʝʜʳ. ʊʝʤʥʳʝ ʧʦʣʦʩʳ ʚʠʜʥʳ ʥʘ ʪʝʭ ʫʯʘʩʪʢʘʭ ʢʣʠʥʘ, ʜʣʷ ʢʦʪʦ-
ʨʳʭ ʨʘʟʥʦʩʪʴ ʭʦʜʘ ʣʫʯʝʡ ʢʨʘʪʥʘ ʥʝʯʝʪʥʦʤʫ ʯʠʩʣʫ ʧʦʣʦʚʠʥ ʜʣʠʥ ʚʦʣʥ: 

ʈʠʩ. 3.5 

h1 

h2 

ɔ 

ɔ 

B 

C 

A 

2 1 2 1 



 22 

2
12
l

+=D )k( , (k = 0; 1; 2; é).                           (3.16) 

 

ʇʨʠʨʘʚʥʷʝʤ ʧʨʘʚʳʝ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚ (3.15) ʠ (3.16), ʨʘʩʢʨʦʝʤ ʩʢʦʙʢʠ, ʠ, 
ʧʦʩʣʝ ʫʧʨʦʱʝʥʠʷ, ʧʦʣʫʯʠʤ: 

l=knh2 .                                           (3.17) 
 

 ʇʫʩʪʴ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʝʤʥʦʡ ʧʦʣʦʩʝ k ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʘʷ 
ʪʦʣʱʠʥʘ ʢʣʠʥʘ ʚ ʵʪʦʤ ʤʝʩʪʝ kh , ʪʝʤʥʦʡ ʧʦʣʦʩʝ ʥʦʤʝʨʘ (k + 10) ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʪʦʣʱʠʥʘ ʢʣʠʥʘ 10+kh . ʇʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ 10 ʧʦʣʦʩ ʫʢʣʘʜʳʚʘʶʪʩʷ ʥʘ 

ʦʪʨʝʟʢʝ b = 1 ʩʤ. ɿʘʧʠʰʝʤ ʬʦʨʤʫʣʫ (3.17) ʜʣʷ kh  ʠ 10+kh : 
 

l=ÖÖ knhk2 ; 
 

l+=ÖÖ + )k(nhk 102 1 10+kh .                              (3.18)  
 

ʀʟ ʪʨʝʫʛʦʣʴʥʠʢʘ ɸɺʉ (ʨʠʩ. 3.5) (ɸɺ = b; kk hhBC -= +10 ) ʥʘʡʜʝʤ: 
 

b

hh
tg k10k -
=g + .                                        (3.19) 

 

ʀʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (3.18) ʚʳʨʘʟʠʤ (kk hh -+10 ) ʠ ʧʦʜʩʪʘʚʠʤ ʚ (3.19), 

ʫʯʠʪʳʚʘʷ, ʯʪʦ gºgtg  (ʠʟ-ʟʘ ʤʘʣʦʩʪʠ ʫʛʣʘ g), ʧʦʣʫʯʠʤ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʚʳʨʘ-

ʞʝʥʠʝ: 

nb

l
=g

5
. 

ʇʨʦʠʟʚʝʜʝʤ ʚʳʯʠʩʣʝʥʠʷ: 

             960 102
1051

10605 4

2

6

¡=Ö=
Ö

ÖÖ
=g -

-

-

,ʨʘʜ
,

,
. 

 

 ɿʘʜʘʯʘ 3. ʇʣʦʩʢʦʚʳʧʫʢʣʘʷ ʣʠʥʟʘ (n = 1,6) ʚʳʧʫʢʣʦʡ ʩʪʦʨʦʥʦʡ ʧʨʠʞʘʪʘ ʢ 
ʩʪʝʢʣʷʥʥʦʡ ʧʣʘʩʪʠʥʢʝ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʝʨʚʳʤʠ ʜʚʫʤʷ ʢʦʣʴʮʘʤʠ ʅʴʶ-
ʪʦʥʘ, ʥʘʙʣʶʜʘʝʤʳʤʠ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ, ʨʘʚʥʦ 0,5 ʤʤ. ʆʧʨʝʜʝʣʠʪʴ ʦʧ-
ʪʠʯʝʩʢʫʶ ʩʠʣʫ ʣʠʥʟʳ, ʝʩʣʠ ʦʩʚʝʱʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʤ 

ʩʚʝʪʦʤ ʩ l = 550 ʥʤ, ʧʘʜʘʶʱʠʤ ʥʦʨʤʘʣʥɹʦ. 
  
ɼʘʥʦ: 
n = 1,6  

ʤ,ʥʤ

ʤ,ʤʤ,rr
7

3
12

1055 550

 1050 50
-

-

Ö==l

Ö==-
 

 
 D = ?  
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ʈʝʰʝʥʠʝ. ʆʧʪʠʯʝʩʢʘʷ ʩʠʣʘ ʣʠʥʟʳ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ: 
 

ö
÷

õ
æ
ç

å
+ö

÷

õ
æ
ç

å
-=

211

11
1

RRn

n
D ,                                      (3.20) 

ʛʜʝ 
1n

n
 ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ (n ʠ n1 ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʣʠʥʟʳ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ); R1 ʠ R2 ï ʨʘʜʠʫʩʳ 
ʢʨʠʚʠʟʥʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʠʥʟʳ. 
ʇʦʩʢʦʣʴʢʫ ʣʠʥʟʘ ï ʧʣʦʩʢʦʚʳʧʫʢʣʘʷ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʚʦʟʜʫʭʝ (n1 = 1), ʜʣʷ 

ʥʝʝ ʦʧʪʠʯʝʩʢʘʷ ʩʠʣʘ 

R

)n(
D

1-
= .                                           (3.21) 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʫʩʘ ʣʠʥʟʳ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʚʳʨʘʞʝʥʠʝʤ ʜʣʷ ʨʘ-
ʜʠʫʩʘ ʪʝʤʥʦʛʦ ʢʦʣʮɹʘ ʅʴʶʪʦʥʘ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ (ʨʠʩ. 3.3, ʘ): 
 

Rkrk l=    (k = 0; 1; 2; é). 
 

ʊʦʛʜʘ ʨʘʟʥʦʩʪʴ ʨʘʜʠʫʩʦʚ ʧʝʨʚʳʭ ʜʚʫʭ ʪʝʤʥʳʭ ʢʦʣʝʮ )(Rrr l-l=- 212 ,   

ʦʪʢʫʜʘ 

l-

-
=

2

2
12

12 )(

)rr(
R .                                      (3.22) 

 
 ʇʦʜʩʪʘʚʠʚ (3.22) ʚ (3.21), ʥʘʡʜʝʤ ʠʩʢʦʤʫʶ ʦʧʪʠʯʝʩʢʫʶ ʩʠʣʫ ʣʠʥʟʳ: 
 

2
12

212
1

)rr(

)(
)n(D

-

-l
-= . 

      
     ɺʳʯʠʩʣʷʷ, ʧʦʣʫʯʠʤ D = 0,547 ʜʠʦʧʪʨ. 
 
3.3. ɿʘʜʘʯʠ ʜʣʷ ʩʘʤʦʩʪʦʪ̫ʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

301. ʆʪ ʜʚʫʭ ʢʦʛʝʨʝʥʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ S1 ʠ S2 (l = 0,8 ʤʢʤ) ʣʫʯʠ ʧʦʧʘʜʘʶʪ 
ʥʘ ʵʢʨʘʥ. ʅʘ ʵʢʨʘʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ. ʂʦʛʜʘ ʥʘ ʧʫʪʠ 
ʦʜʥʦʛʦ ʠʟ ʣʫʯʝʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʝʤʫ ʧʦʤʝʩʪʠʣʠ ʤʳʣʴʥʫʶ ʧʣʝʥʢʫ (n = 1,33), 
ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ ʠʟʤʝʥʠʣʘʩʴ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ. ʇʨʠ ʢʘʢʦʡ 

ʥʘʠʤʝʥʴʰʝʡ ʪʦʣʱʠʥʝ ʧʣʝʥʢʠ ʵʪʦ ʚʦʟʤʦʞʥʦ? (ʆʪʚʝʪ: h = 1,21Ö10ï6 ʤ). 
302. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʫʚʝʣʠʯʠʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʠʥʪʝʨʬʝ-

ʨʝʥʮʠʦʥʥʳʤʠ ʧʦʣʦʩʘʤʠ ʥʘ ʵʢʨʘʥʝ ʚ ʦʧʳʪʝ ʖʥʛʘ, ʝʩʣʠ ʟʝʣʝʥʳʡ ʩʚʝʪʦ-

ʬʠʣʴʪʨ (l1 = 500 ʥʤ) ʟʘʤʝʥʠʪʴ ʢʨʘʩʥʳʤ (l1 = 650 ʥʤ)? (ʆʪʚʝʪ: ʚ 1,3 ʨʘʟʘ). 
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303. ɺ ʦʧʳʪʝ ʖʥʛʘ ʦʪʚʝʨʩʪʠʷ ʦʩʚʝʱʘʣʠʩʴ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʤ ʩʚʝʪʦʤ 

(l = 600 ʥʤ). ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʪʚʝʨʩʪʠʷʤʠ d = 1 ʤʤ, ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʪ-
ʚʝʨʩʪʠʡ ʜʦ ʵʢʨʘʥʘ ? = 3 ʤ. ʅʘʡʪʠ ʧʦʣʦʞʝʥʠʝ ʪʨʝʭ ʧʝʨʚʳʭ ʩʚʝʪʣʳʭ ʧʦʣʦʩ. 

(ʆʪʚʝʪ: ʭ1 = 1,8Ö10ï3 ʤ; ʭ2 = 3,6Ö10ï3 ʤ; ʭ3 = 5,4Ö10ï3 ʤ). 
304. ʅʘ ʪʦʥʢʫʶ ʧʣʝʥʢʫ (n = 1,33) ʧʘʜʘʝʪ ʧʘʨʘʣʣʝʣʴʥʳʡ ʧʫʯʦʢ ʙʝʣʦʛʦ ʩʚʝ-

ʪʘ. ʋʛʦʣ ʧʘʜʝʥʠʷ ʨʘʚʝʥ a = 52 .̄ ʇʨʠ ʢʘʢʦʡ ʪʦʣʱʠʥʝ ʧʣʝʥʢʠ ʦʪʨʘʞʝʥʥʳʡ ʩʚʝʪ 

ʙʫʜʝʪ ʦʢʨʘʰʝʥ ʚ ʞʝʣʪʳʡ ʩʚʝʪ (l = 0,6 ʤʢʤ)? (ʆʪʚʝʪ: h = 0,14 (2k + 1) ʤʢʤ;  
k = 0; 1é).  
305. ʅʘʡʪʠ ʤʠʥʠʤʘʣʴʥʫʶ ʪʦʣʱʠʥʫ ʧʣʝʥʢʠ (n = 1,33), ʧʨʠ ʢʦʪʦʨʦʡ ʩʚʝʪ ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ ʢʨl = 0,64 ʤʢʤ ʠʩʧʳʪʳʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʨʘʞʝʥʠʝ, ʘ ʩʚʝʪ 

ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʬl = 0,40 ʤʢʤ ʥʝ ʦʪʨʘʞʘʝʪʩʷ ʩʦʚʩʝʤ. ʋʛʦʣ ʧʘʜʝʥʠʷ ʩʚʝʪʘ  

a = 30 .̄ (ʆʪʚʝʪ: ʤ,hhh minʬʢʨ  10650 6-Ö=== ). 

306. ʅʘ ʩʪʝʢʣʷʥʥʫʶ ʧʣʘʩʪʠʥʢʫ ʥʘʥʝʩʝʥ ʪʦʥʢʠʡ ʩʣʦʡ ʧʨʦʟʨʘʯʥʦʛʦ ʚʝʱʝ-
ʩʪʚʘ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ n = 1,3. ʇʣʘʩʪʠʥʢʘ ʦʩʚʝʱʝʥʘ ʧʘʨʘʣʣʝʣʴ-

ʥʳʤ ʧʫʯʢʦʤ ʩʚʝʪʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ l = 640 ʥʤ, ʧʘʜʘʶʱʠʤ ʥʘ ʧʣʘʩʪʠʥʢʫ 
ʥʦʨʤʘʣʴʥʦ. ʂʘʢʫʶ ʤʠʥʠʤʘʣʴʥʫʶ ʪʦʣʱʠʥʫ ʜʦʣʞʝʥ ʠʤʝʪʴ ʩʣʦʡ, ʯʪʦʙʳ ʦʪʨʘ-

ʞʝʥʥʳʡ ʧʫʯʦʢ ʠʤʝʣ ʥʘʠʤʝʥʴʰʫʶ ʷʨʢʦʩʪʴ? (ʆʪʚʝʪ: h = 123Ö10ï9 ʤ). 
307. ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʱʝʣʝʡ ʜʦ ʵʢʨʘʥʘ ʚ ʦʧʳʪʝ ʖʥʛʘ ʨʘʚʥʦ ? = 1 ʤ. ʆʧʨʝ-

ʜʝʣʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʱʝʣʷʤʠ d, ʝʩʣʠ ʥʘ ʦʪʨʝʟʢʝ ʜʣʠʥʦʡ ʘ = 1 ʩʤ 
ʫʢʣʘʜʳʚʘʝʪʩʷ N = 10 ʪʝʤʥʳʭ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ. ɼʣʠʥʘ ʚʦʣʥʳ 

ʩʚʝʪʘ l = 0,7 ʤʢʤ. (ʆʪʚʝʪ: d = 7Ö10ï4 ʤ). 
308. ʅʘ ʪʦʥʢʫʶ ʧʣʝʥʢʫ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʦʨʤʘʣʠ ʢ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʘʜʘʝʪ 

ʩʚʝʪ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ l = 500 ʥʤ. ʆʪʨʘʞʝʥʥʳʡ ʦʪ ʥʝʝ ʩʚʝʪ ʤʘʢʩʠʤʘʣʴʥʦ 
ʫʩʠʣʝʥ ʚʩʣʝʜʩʪʚʠʝ ʠʥʪʝʨʬʝʨʝʥʮʠʠ. ʆʧʨʝʜʝʣʠʪʴ ʤʠʥʠʤʘʣʥɹʫʶ ʪʦʣʱʠʥʫ 
ʧʣʝʥʢʠ, ʝʩʣʠ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʣʝʥʢʠ ʨʘʚʝʥ n = 1,4. 

(ʆʪʚʝʪ: h = 70Ö10ï9 ʤ). 
309. ʅʘ ʪʦʥʢʠʡ ʩʪʝʢʣʷʥʥʳʡ ʢʣʠʥ (n = 1,6) ʧʘʜʘʝʪ ʥʦʨʤʘʣʴʥʦ ʧʘʨʘʣʣʝʣʴ-

ʥʳʡ ʧʫʯʦʢ ʩʚʝʪʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ l = 500 ʥʤ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 
ʪʝʤʥʳʤʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʤʠ ʧʦʣʦʩʘʤʠ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ b = 0,5 ʤʤ. 

ʆʧʨʝʜʝʣʠʪʴ ʫʛʦʣ g ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʢʣʠʥʘ. (ʆʪʚʝʪ: g = 3Ö10ï4 ʨʘʜ). 

310. ʇʫʯʦʢ ʩʚʝʪʘ (l = 582 ʥʤ) ʧʘʜʘʝʪ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʢ-

ʣʷʥʥʦʛʦ ʢʣʠʥʘ (n = 1,5). ʋʛʦʣ ʢʣʠʥʘ g = 20¡¡. ʂʘʢʦʝ ʯʠʩʣʦ ʪʝʤʥʳʭ ʠʥʪʝʨʬʝʨʝʥ-
ʮʠʦʥʥʳʭ ʧʦʣʦʩ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʢʣʠʥʘ? (ʆʪʚʝʪ: N = 500 ʤï1). 
311. ʄʝʞʜʫ ʜʚʫʤʷ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ ʥʘ ʨʘʩʩʪʦʥ̫ʠʠ  

? = 10 ʩʤ ʦʪ ʛʨʘʥʠʮʳ ʠʭ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʧʨʦʚʦʣʦʢʘ ʜʠʘʤʝʪʨʦʤ 
d = 1,01 ʤʤ, ʦʙʨʘʟʫʷ ʚʦʟʜʫʰʥʳʡ ʢʣʠʥ. ʇʣʘʩʪʠʥʳ ʦʩʚʝʱʘʶʪʩʷ ʥʦʨʤʘʣʴʥʦ 

ʧʘʜʘʶʱʠʤ ʩʚʝʪʦʤ (l = 0,6 ʤʢʤ). ʆʧʨʝʜʝʣʠʪʴ ʰʠʨʠʥʫ N = 6 ʠʥʪʝʨʬʝʨʝʥʮʠ-

ʦʥʥʳʭ ʧʦʣʦʩ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ. (ʆʪʚʝʪ: ʘ = 18Ö10ï3 ʤ). 
312. ʄʳʣʴʥʘʷ ʧʣʝʥʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚʝʨʪʠʢʘʣʴʥʦ, ʦʙʨʘʟʫʝʪ ʢʣʠʥ 

ʚʩʣʝʜʩʪʚʠʝ ʩʪʝʢʘʥʠʷ ʞʠʜʢʦʩʪʠ. ʀʥʪʝʨʬʝʨʝʥʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʪʨʘʞʝʥ-
ʥʦʤ ʩʚʝʪʝ ʯʝʨʝʟ ʢʨʘʩʥʦʝ ʩʪʝʢʣʦ ( kl  = 631 ʥʤ). ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜ-
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ʥʠʤʠ ʢʨʘʩʥʳʤʠ ʧʦʣʦʩʘʤʠ ʧʨʠ ʵʪʦʤ ʤʤ 3bk = . ɿʘʪʝʤ ʵʪʘ ʧʣʝʥʢʘ ʥʘʙʣʶʜʘ-

ʝʪʩʷ ʯʝʨʝʟ ʩʠʥʝʝ ʩʪʝʢʣʦ (cl  = 400 ʥʤ). ʅʘʡʪʠ ʨʘʩʩʪʦʷʥʠʝ cb  ʤʝʞʜʫ ʩʦʩʝʜ-

ʥʠʤʠ ʩʠʥʠʤʠ ʧʦʣʦʩʘʤʠ. ʌʦʨʤʘ ʧʣʝʥʢʠ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʥʝ ʤʝʥʷʝʪʩʷ. 

(ʆʪʚʝʪ: cb  = 1,9Ö10ï3). 

313. ʅʘ ʪʦʥʢʠʡ ʩʪʝʢʣʷʥʥʳʡ ʢʣʠʥ (n = 1,55) ʧʘʜʘʝʪ ʥʦʨʤʘʣʴʥʦ ʤʦʥʦʭʨʦʤʘ-

ʪʠʯʝʩʢʠʡ ʩʚʝʪ. ʋʛʦʣ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʢʣʠʥʘ ʨʘʚʝʥ (g = 2¡). ʆʧʨʝʜʝʣʠʪʴ 
ʜʣʠʥʫ ʚʦʣʥʳ ʩʚʝʪʘ, ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳ-

ʤʠ ʤʘʢʩʠʤʫʤʘʤʠ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ b = 0,3 ʤʤ. (ʆʪʚʝʪ: l = 541Ö10ï9 ʤ). 
314. ʇʦʚʝʨʭʥʦʩʪʠ ʩʪʝʢʣʷʥʥʦʛʦ ʢʣʠʥʘ ʦʙʨʘʟʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʫʛʦʣ 20 ¡=g , . 

ʅʘ ʢʣʠʥ ʥʦʨʤʘʣʴʥʦ ʢ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʘʜʘʝʪ ʧʫʯʦʢ ʣʫʯʝʡ ʩʚʝʪʘ ʩ ʤʢʤ,  550=l . 

ʆʧʨʝʜʝʣʠʪʴ ʰʠʨʠʥʫ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʧʦʣʦʩʳ. (ʆʪʚʝʪ: ʤ,x  1074 3-Ö=D ). 

315. ɼʚʝ ʩʪʝʢʣʷʥʥʳʝ ʧʣʘʩʪʠʥʢʠ ʦʙʨʘʟʫʶʪ ʢʣʠʥ ʩ ʫʛʣʦʤ 03 ¡¡=g . ʇʨʦʩʪʨʘʥ-

ʩʪʚʦ ʤʝʞʜʫ ʧʣʘʩʪʠʥʢʘʤʠ ʟʘʧʦʣʥʝʥʦ ʛʣʠʮʝʨʠʥʦʤ (n = 1,46). ʅʘ ʢʣʠʥ ʥʦʨʤʘʣʴʥʦ 
ʢ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʘʜʘʝʪ ʧʫʯʦʢ ʩʚʝʪʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʥʤ 500=l . ɺ ʦʪʨʘʞʝʥ-
ʥʦʤ ʩʚʝʪʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ. ʂʘʢʦʝ ʯʠʩʣʦ ʪʝʤʥʳʭ 
ʧʦʣʦʩ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʘ = 1 ʩʤ ʜʣʠʥʳ ʢʣʠʥʘ? (ʆʪʚʝʪ: N = 8,5). 
316. ʇʣʦʩʢʦʚʳʧʫʢʣʘʷ ʣʠʥʟʘ ʩ ʦʧʪʠʯʝʩʢʦʡ ʩʠʣʦʡ ɺ = 2 ʜʠʦʧʪʨʠʠ  ʚʳʧʫʢ-

ʣʦʡ ʩʪʦʨʦʥʦʡ ʣʝʞʠʪ ʥʘ ʩʪʝʢʣʷʥʥʦʡ ʧʣʘʩʪʠʥʢʝ (cʪn  = 1,5). ʈʘʜʠʫʩ ʯʝʪʚʝʨʪʦ-

ʛʦ ʪʝʤʥʦʛʦ ʢʦʣʴʮʘ ʚ ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ ʨʘʚʝʥ ʤʤ,r  70= . ʆʧʨʝʜʝʣʠʪʴ ʜʣʠʥʫ 

ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ. (ʆʪʚʝʪ: ʤ 1056 8-Ö=l ).   
317. ʄʝʞʜʫ ʩʪʝʢʣʷʥʥʦʡ ʧʣʘʩʪʠʥʢʦʡ ʠ ʣʝʞʘʱʝʡ ʥʘ ʥʝʡ ʧʣʦʩʢʦʚʳʧʫʢʣʦʡ 

ʣʠʥʟʦʡ ʥʘʣʠʪʘ ʞʠʜʢʦʩʪʴ, ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʢʦʪʦʨʦʡ ʤʝʥʴʰʝ ʧʦʢʘ-
ʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʩʪʝʢʣʘ. ʈʘʜʠʫʩ ʚʦʩʴʤʦʛʦ ʪʝʤʥʦʛʦ ʢʦʣʴʮʘ ʅʴʶʪʦʥʘ ʚ 
ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ ʤʤr  2= . ʈʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʣʠʥʟʳ ʨʘʚʝʥ   1ʤR= . ʅʘʡʪʠ 
ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʝʩʣʠ ʜʣʠʥʘ ʚʦʣʥʳ ʩʚʝʪʘ ʥʤ 700=l . 
(ʆʪʚʝʪ: 41,n= ). 

318. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʪʦʨʳʤ ʠ ʧʝʨʚʳʤ ʪʝʤʥʳʤʠ ʢʦʣʴʮʘʤʠ ʅʴʶʪʦʥʘ ʚ 
ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ ʤʤr ,  121 =D . ʆʧʨʝʜʝʣʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʝʩʪ̫ʳʤ ʠ 

ʜʝʚʷʪʳʤ ʢʦʣʴʮʘʤʠ. (ʆʪʚʝʪ: ʤ,r ,
4

109 1093 -Ö=D ). 

319. ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʣʝʮ ʅʴʶʪʦʥʘ ʦʩʚʝʱʘʝʪʩʷ ʤʦʥʦʭʨʦʤʘ-
ʪʠʯʝʩʢʠʤ ʩʚʝʪʦʤ, ʧʘʜʘʶʱʠʤ ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʢʠ. ʇʦʩʣʝ 
ʪʦʛʦ ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʣʠʥʟʦʡ ʠ ʩʪʝʢʣʷʥʥʦʡ ʧʣʘʩʪʠʥʢʦʡ ʟʘʧʦʣʥʠʣʠ 
ʞʠʜʢʦʩʪʴʶ, ʨʘʜʠʫʩʳ ʪʝʤʥʳʭ ʢʦʣʝʮ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ ʫʤʝʥʴʰʠʣʠʩʴ ʚ 
1,25 ʨʘʟʘ. ʅʘʡʪʠ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʞʠʜʢʦʩʪʠ. (ʆʪʚʝʪ: 561,n= ). 

320. ʇʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʧʣʦʩʢʦʚʳʧʫʢʣʦʡ ʣʠʥʟʦʡ ʠ ʧʣʘʩʪʠʥʢʦʡ ʟʘʧʦʣ-
ʥʝʥʦ ʩʝʨʦʫʛʣʝʨʦʜʦʤ. ʇʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʣʠʥʟʳ, ʩʝʨʦʫʛʣʝʨʦʜʘ ʠ 
ʧʣʘʩʪʠʥʢʠ ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 5011 ,n = ; 6312 ,n = ; 713 ,n = . ʈʘʜʠʫʩ ʢʨʠ-

ʚʠʟʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʥʟʳ ʩʤR  100= . ʆʧʨʝʜʝʣʠʪʴ ʨʘʜʠʫʩ ʧʷʪʦʛʦ ʪʝʤʥʦʛʦ 
ʢʦʣʴʮʘ ʅʴʶʪʦʥʘ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʤʢʤ,  50=l . (ʆʪʚʝʪ: 

ʤ,r  1031 3-Ö= ). 
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321. ʄʝʞʜʫ ʢʨʘʷʤʠ ʜʚʫʭ ʭʦʨʦʰʦ ʦʪʰʣʠʬʦʚʘʥʥʳʭ ʧʣʦʩʢʠʭ ʧʣʘʩʪʠʥʦʢ 
ʧʦʤʝʱʝʥʘ ʪʦʥʢʘʷ ʧʨʦʚʦʣʦʯʢʘ ʜʠʘʤʝʪʨʦʤ ʤʤ,d  050= . ʇʨʦʪʠʚʦʧʦʣʦʞʥʳʝ 

ʢʦʥʮʳ ʧʣʘʩʪʠʥʦʢ ʧʣʦʪʥʦ ʧʨʠʞʘʪʳ ʜʨʫʛ ʢ ʜʨʫʛʫ. ʇʣʘʩʪʠʥʢʠ ʦʩʚʝʱʘʶʪʩʷ 
ʥʦʨʤʘʣʴʥʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ ʧʣʘʩʪʠʥʢʝ ʜʣʠʥʦʡ ʩʤ 10=?  ʥʘʙʣʶʜʘʪʝʣʴ ʚʠ-
ʜʠʪ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʧʦʣʦʩʳ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʨʘʚʥʦ 

ʤʤ,b  60= . ʆʧʨʝʜʝʣʠʪʴ ʜʣʠʥʫ ʚʦʣʥʳ ʩʚʝʪʘ. (ʆʪʚʝʪ: ʤ 106 7-Ö=l ). 

322. ʅʘ ʩʪʝʢʣʷʥʥʳʡ ʢʣʠʥ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ 51,n=  ʥʦʨʤʘʣʥɹʦ 

ʧʘʜʘʝʪ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʡ ʩʚʝʪ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʥʤ 698=l . ʆʧʨʝʜʝʣʠʪʴ 
ʫʛʦʣ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʢʣʠʥʘ, ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʠʥ-
ʪʝʨʬʝʨʝʥʮʠʦʥʥʳʤʠ ʤʠʥʠʤʫʤʘʤʠ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ ʨʘʚʥʦ ʤʤb  2= . (ʆʪ-
ʚʝʪ: 40 ¡=g , ). 

323. ʉʚʝʪ ʦʪ ʣʘʟʝʨʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʤʢʤ,  630=l  ʧʘʜʘʝʪ ʧʦ ʥʦʨʤʘʣʠ ʢ 

ʥʝʧʨʦʟʨʘʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʤʝʶʱʝʡ ʜʚʝ ʫʟʢʠʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʱʝʣʠ, ʨʘʩ-
ʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʤʤ,d  50= . ʆʧʨʝʜʝʣʠʪʴ ʰʠʨʠʥʫ ʠʥʪʝʨʬʝʨʝʥʮʠ-

ʦʥʥʳʭ ʧʦʣʦʩ ʥʘ ʵʢʨʘʥʝ, ʥʘʭʦʜʷʱʝʤʩʷ ʚ ʚʘʢʫʫʤʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ L = 1 ʤ ʦʪ 
ʧʣʦʩʢʦʩʪʠ ʱʝʣʝʡ. (ʆʪʚʝʪ: ʤʢʤ,x  21=D ). 

324. ʇʣʦʩʢʦʚʳʧʫʢʣʘʷ ʩʪʝʢʣʷʥʥʘʷ ʣʠʥʟʘ ʩ ʨʘʜʠʫʩʦʤ ʢʨʠʚʠʟʥʳ ʩʬʝʨʠʯʝ-
ʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʤ,R  52=  ʧʨʠʞʘʪʘ ʢ ʩʪʝʢʣʷʥʥʦʡ ʧʣʘʩʪʠʥʢʝ. ɼʠʘʤʝʪʨʳ ʜʝ-

ʩʷʪʦʛʦ ʠ ʧʷʪʥʘʜʮʘʪʦʛʦ ʢʦʣʝʮ ʅʴʶʪʦʥʘ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ ʨʘʚʥʳ ʤʤd  11=  ʠ 

ʤʤ,d  512 = . ʆʧʨʝʜʝʣʠʪʴ ʜʣʠʥʫ ʚʦʣʥʳ ʩʚʝʪʘ. (ʆʪʚʝʪ: ʤʢʤ,  50=l ). 

325. ʇʣʦʩʢʦʚʳʧʫʢʣʘʷ ʣʠʥʟʘ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ 61,n=  ʚʳʧʫʢ-

ʣʦʡ ʩʪʦʨʦʥʦʡ ʣʝʞʠʪ ʥʘ ʩʪʝʢʣʷʥʥʦʡ ʧʣʘʩʪʠʥʢʝ. ʈʘʜʠʫʩ ʪʨʝʪʴʝʛʦ ʩʚʝʪʣʦʛʦ 
ʢʦʣʴʮʘ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ (ʤʢʤ,  60=l ) ʨʘʚʝʥ ʤʤ,r  90= . ʆʧʨʝʜʝʣʠʪʴ ʬʦ-

ʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʣʠʥʟʳ. (ʆʪʚʝʪ: ʤ,F  90= ). 

326. ʇʫʯʦʢ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʩʚʝʪʦʚʳʭ ʚʦʣʥ (ʤʢʤ,  60=l ) ʧʘʜʘʝʪ ʧʦʜ 

ʫʛʣʦʤ A30=a  ʥʘ ʥʘʭʦʜʷʱʫʶʩʷ ʚ ʚʦʟʜʫʭʝ ʤʳʣʴʥʫʶ ʧʣʝʥʢʫ (31,n= ). ʇʨʠ ʢʘ-

ʢʦʡ ʥʘʠʤʝʥʴʰʝʡ ʪʦʣʱʠʥʝ ʧʣʝʥʢʠ ʦʪʨʘʞʝʥʥʳʝ ʩʚʝʪʦʚʳʝ ʚʦʣʥʳ ʙʫʜʫʪ ʤʘʢ-
ʩʠʤʘʣʴʥʦ ʦʩʣʘʙʣʝʥʳ ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʫʩʠʣʝʥʳ? (ʆʪʚʝʪ: 

ʤʢʤ,;ʤʢʤ,h  1250h  250 21 == ). 

327. ʂʦʣʴʮʘ ʅʴʶʪʦʥʘ ʥʘʙʣʶʜʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʧʣʦʩ-
ʢʦʚʳʧʫʢʣʳʭ ʣʠʥʟ ʨʘʜʠʫʩʦʤ ʢʨʠʚʠʟʥʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤR  1= , ʩʣʦʞʝʥʥʳʭ 
ʚʧʣʦʪʥʫʶ ʚʳʧʫʢʣʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ (ʧʣʦʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʥʟ ʧʘʨʘʣ-
ʣʝʣʴʥʳ). ʆʧʨʝʜʝʣʠʪʴ ʨʘʜʠʫʩ ʚʦʩʴʤʦʛʦ ʪʝʤʥʦʛʦ ʢʦʣʴʮʘ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ 
( ʥʤ 660=l ) ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʝʨʭʥʝʡ ʣʠʥ-

ʟʳ. (ʆʪʚʝʪ: ʤ,r  10047 4-Ö= ). 

328. ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʢʦʣʝʮ ʅʴʶʪʦʥʘ ʦʩʚʝʱʘʝʪʩʷ ʤʦʥʦʭʨʦ-
ʤʘʪʠʯʝʩʢʠʤ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʤʢʤ,  60=l , ʧʘʜʘʶʱʠʤ ʥʦʨʤʘʣʴʥʦ. 

ʇʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʣʠʥʟʦʡ ʠ ʩʪʝʢʣʷʥʥʦʡ ʧʣʘʩʪʠʥʢʦʡ ʟʘʧʦʣʥʝʥʦ ʞʠʜʢʦ-
ʩʪʴʶ, ʠ ʥʘʙʣʶʜʝʥʠʝ ʚʝʜʝʪʩʷ ʚ ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ. ʈʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʣʠʥʟʳ 

ʤR  4= . ʆʧʨʝʜʝʣʠʪʴ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʝʩʣʠ ʨʘʜʠʫʩ ʚʪʦ-
ʨʦʛʦ ʩʚʝʪʣʦʛʦ ʢʦʣʴʮʘ ʤʤ,r  81= . (ʆʪʚʝʪ: 481,n= ). 
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329. ɺ ʦʧʳʪʝ ʩ ʟʝʨʢʘʣʘʤʠ ʌʨʝʥʝʣʷ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʥʠʤʳʤʠ ʠʟʦʙ-
ʨʘʞʝʥʠʷʤʠ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʤʤ,d 50= , ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʠʭ ʜʦ ʵʢʨʘʥʘ ʤ 3=? . 

ɼʣʠʥʘ ʚʦʣʥʳ ʩʚʝʪʘ ʤʢʤ,  60=l . ʆʧʨʝʜʝʣʠʪʴ ʰʠʨʠʥʫ ʧʦʣʦʩ ʠʥʪʝʨʬʝʨʝʥʮʠʠ 

ʥʘ ʵʢʨʘʥʝ. (ʆʪʚʝʪ: ʤ,x  1063 3-Ö=D ). 

330. ɺ ʦʙʘ ʧʫʯʢʘ ʩʚʝʪʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ɾʘʤʝʥʘ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʮʠ-
ʣʠʥʜʨʠʯʝʩʢʠʝ ʪʨʫʙʢʠ ʜʣʠʥʦʡ ʩʤ 10=? , ʟʘʢʨʳʪʳʝ ʩ ʦʙʦʠʭ ʢʦʥʮʦʚ ʧʨʦʟʨʘʯ-
ʥʳʤʠ ʧʣʘʩʪʠʥʢʘʤʠ; ʚʦʟʜʫʭ ʠʟ ʪʨʫʙʦʢ ʙʳʣ ʦʪʢʘʯʘʥ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʘʩʴ 
ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ. ɺ ʦʜʥʫ ʠʟ ʪʨʫʙʦʢ ʚʧʫʩʪʠʣʠ ʚʦʜʦʨʦʜ, ʧʦʩʣʝ 
ʯʝʛʦ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ ʩʤʝʩʪʠʣʘʩʴ ʥʘ 723,N=  ʧʦʣʦʩʳ. ʅʘʡʪʠ 

ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʚʦʜʦʨʦʜʘ, ʝʩʣʠ ʜʣʠʥʘ ʚʦʣʥʳ ʩʚʝʪʘ ʥʤ 590=l . 
(ʆʪʚʝʪ: 000141,n= ). 

 
 

4. ȪȮȺȶȦȰȼȮɅ ȷȨȫȸȦ 

4.1. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ ʠ ʩʦʦʪʥʦʰʝʥʠʷ 

¶ ʈʘʜʠʫʩ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʳ k-ʡ ʟʦʥʳ ʌʨʝʥʝʣʷ: 
ï ʜʣʷ ʩʬʝʨʠʯʝʩʢʦʡ ʚʦʣʥʳ 

lÖ
+

Ö
= k

ba

ba
r  ,                                          (4.1) 

 

ʛʜʝ ʘ ï ʨʘʩʩʪʦʷʥʠʝ ʜʠʘʬʨʘʛʤʳ ʩ ʢʨʫʛʣʳʤ ʦʪʚʝʨʩʪʠʝʤ ʦʪ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 
ʩʚʝʪʘ; b ï ʨʘʩʩʪʦʷʥʠʝ ʜʠʘʬʨʘʛʤʳ ʦʪ ʵʢʨʘʥʘ, ʥʘ ʢʦʪʦʨʦʤ ʚʝʜʝʪʩʷ ʥʘʙʣʜʁʝʥʠʝ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ; k ï ʥʦʤʝʨ ʟʦʥʳ ʌʨʝʥʝʣʷ; l ï ʜʣʠʥʘ ʚʦʣʥʳ; 
ï ʜʣʷ ʧʣʦʩʢʦʡ ʚʦʣʥʳ 

                                        lÖÖ= kbr .                                              (4.2)  

¶ ɼʠʬʨʘʢʮʠʷ ʩʚʝʪʘ ʥʘ ʦʜʥʦʡ ʱʝʣʠ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʣʫʯʝʡ. 
ʋʩʣʦʚʠʷ ʤʠʥʠʤʫʤʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ: 

( )....,,k,kksina 321
2

2 =lÖ°=
l

°=j  ,                   (4.3) 

ʛʜʝ ʘ ï ʰʠʨʠʥʘ ʱʝʣʠ; j ï ʫʛʦʣ ʜʠʬʨʘʢʮʠʠ; k ï ʥʦʤʝʨ ʤʠʥʠʤʫʤʘ; l ï ʜʣʠʥʘ 
ʚʦʣʥʳ ʩʚʝʪʘ. 
ʋʩʣʦʚʠʷ ʤʘʢʩʠʤʫʤʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ: 

           ( ) ( ).....,,k,ksina 321
2

12 =
l

+°=j¡Ö ,                    (4.4) 

ʛʜʝ j¡ ï ʧʨʠʙʣʠʞʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʜʠʬʨʘʢʮʠʠ. 
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¶ ɼʠʬʨʘʢʮʠʦʥʥʘʷ ʨʝʰʝʪʢʘ. ʅʦʨʤʘʣʴʥʦʝ ʧʘʜʝʥʠʝ ʩʚʝʪʘ. 
ʋʩʣʦʚʠʷ ʛʣʘʚʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ: 

 

( )0,1,2.....k,ksind =lÖ°=jÖ ,                             (4.5) 
 

ʛʜʝ d ï ʧʝʨʠʦʜ (ʧʦʩʪʦʷʥʥʘʷ) ʨʝʰʝʪʢʠ; k ï ʥʦʤʝʨ ʛʣʘʚʥʦʛʦ ʤʘʢʩʠʤʫʤʘ; j ï 
ʫʛʦʣ ʤʝʞʜʫ ʥʦʨʤʘʣʴʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʰʝʪʢʠ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʠʬʨʘʢʮʠ-
ʦʥʥʳʭ ʚʦʣʥ (ʫʛʦʣ ʜʠʬʨʘʢʮʠʠ).  
ʋʩʣʦʚʠʷ ʜʦʙʘʚʦʯʥʳʭ ʤʠʥʠʤʫʤʦʚ: 

2

l
°=jÖ ksind  ,                                        (4.6) 

 

ʛʜʝ k = 1,2,3,é ʢʨʦʤʝ O , N, 2Né.; d ï ʧʦʩʪʦʷʥʥʘʷ ʨʝʰʝʪʢʠ; j ï ʫʛʦʣ ʜʠ-
ʬʨʘʢʮʠʠ; k ï ʧʦʨʷʜʦʢ ʩʧʝʢʪʨʘ. 
ʇʨʠ ʥʘʢʣʦʥʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʨʝʰʝʪʢʫ ʫʩʣʦʚʠʝ ʜʣʷ 

ʛʣʘʚʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʠʤʝʝʪ ʚʠʜ: 
 

( ) ( ),...,,k,kisinsind 210=l°=-j ,  
 

ʛʜʝ i ï ʫʛʦʣ ʧʘʜʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʨʝʰʝʪʢʠ; j ï ʫʛʦʣ ʜʠʬʨʘʢʮʠʠ  

¶ ʋʛʣʦʚʘʷ ʜʠʩʧʝʨʩʠʷ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ: 

j
=

dl

dj
=j

cosd

k
D .                                        (4.7) 

ʃʠʥʝʡʥʘʷ ʜʠʩʧʝʨʩʠʷ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ: 
 

dl

d
=
?

?D ;                                                (4.8) 

 

d

kF
DFD

Ö
=Ö= j? ,                                       (4.9) 

                              
ʛʜʝ F ï ʛʣʘʚʥʦʝ ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʣʠʥʟʳ, ʩʦʙʠʨʘʶʱʝʡ ʥʘ ʵʢʨʘʥʝ ʜʠ-
ʬʨʘʛʠʨʫʶʱʠʡ ʩʚʝʪ.  

¶ ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝh ʝʪʢʠ: 

NkR Ö=
dl

l
= ,                                        (4.10) 

ʛʜʝ N ï ʯʠʩʣʦ ʰʪʨʠʭʦʚ ʨʝʰʝʪʢʠ; k ï ʧʦʨʷʜʦʢ ʩʧʝʢʪʨʘ. 

¶ ʈʘʟʨʝʰʘʶʱʘʷ ʩʠʣʘ ʦʙʲʝʢʪʠʚʘ: 

l
=

dy
=

221

1

,

D
R ,                                         (4.11) 
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ʛʜʝ dy ï ʤʠʥʠʤʘʣʴʥʦʝ ʫʛʣʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʨʘʟʨʝʰʘʝʤʦʝ ʦʙʝ̡ʢʪʠʚʦʤ;  

D ï ʜʠʘʤʝʪʨ ʦʙʲʝʢʪʠʚʘ.            

¶ ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʦʪ ʦʜʥʦʡ 
ʱʝʣʠ: 

()
2

2

0

ö
÷

õ
æ
ç

å
j

l

Öp

ö
÷

õ
æ
ç

å
j

l

Öp

=j

sin
a

sin
a

sin

II ,                                  (4.12) 

ʛʜʝ 0I  ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʮʝʥʪʨʝ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ; ʘ ï ʰʠʨʠʥʘ ʱʝ-

ʣʠ; j ï ʫʛʦʣ ʤʝʞʜʫ ʥʦʨʤʘʣʴʶ ʢ ʧʣʦʩʢʦʩʪʠ ʱʝʣʠ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʠʬʨʘʛʠ-
ʨʫʶʱʝʛʦ ʣʫʯʘ.      
      

4.2. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ɿʘʜʘʯʘ 1. ʅʘ ʫʟʢʫʶ ʱʝʣʴ ʰʠʨʠʥʦʡ  a=0,03ʤʤ ʧʘʜʘʝʪ ʥʦʨʤʘʣʴʥʦ ʤʦʥʦ-

ʭʨʦʤʘʪʠʯʝʩʢʠʡ ʩʚʝʪ ʜʣʠʥʦʡ ʚʦʣʥʳ 0,65ʤʢʤ. ʆʧʨʝʜʝʣʠʪʴ ʫʛʦʣ ʤʝʞʜʫ ʧʝʨ-

ʚʦʥʘʯʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʫʯʢʘ ʩʚʝʪʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʧʷʪʫʶ ʪʝʤʥʫʶ 
ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʧʦʣʦʩʫ. 
ɼʘʥʦ: 

ʘ = 3Ö10ï5   

l = 65Ö10ï8 

k = 5 
 

j = ? 
 

 

ʛʜʝ ʘ ï ʰʠʨʠʥʘ ʱʝʣʠ; l ï ʜʣʠʥʘ ʚʦʣʥʳ; j ï ʫʛʦʣ ʤʝʞʜʫ ʧʝʨʚʦʥʘʯʘʣʥɹʳʤ 
ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʚʝʪʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ k-ʶ ʪʝʤʥʫʶ ʧʦʣʦʩʫ. ʀʟ ʵʪʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ sin j = °k l/ʘ. 
 
 

 
 

j 
j 

ʣʠʥʟʘ 

ʱʝʣʴ 

ʵʢʨʘʥ 

ʈʠʩ. 4.1 

ʈʝʰʝʥʠʝ. ʅʘ ʵʢʨʘʥʝ ʦʙʨʘʟʫʝʪʩʷ ʜʠʬʨʘʢʮʠʦʥʥʳʡ 
ʩʧʝʢʪʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ ʪʝʤʥʳʭ ʠ ʩʚʝʪ-
ʣʳʭ ʧʦʣʦʩ, ʨʘʩʭʦʜʷʱʠʭʩʷ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫ-
ʤʘ ʚʣʝʚʦ ʠ ʚʧʨʘʚʦ (ʨʠʩ. 4.1). ʀʟ ʫʩʣʦʚʠʷ ʤʠʥʠʤʫʤʘ 
ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ ʠʤʝʝʤ:  

 

lÖ°=jÖ ksina , 
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ʇʨʦʠʟʚʦʜʠʤ ʚʳʯʠʩʣʝʥʠʷ: 

-8
-3

-5

5 0,65 10
sin = =1,083 10

3 10

Ö Ö
j Ö

Ö
;     A321100831 3 ,,arcsin =Ö=j - . 

ɿʘʜʘʯʘ 2. ʅʘ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʨʝʰʝʪʢʫ, ʩʦʜʝʨʞʘʱʫʶ n = 200 ʰʪʨʠʭʦʚ ʥʘ 
1 ʤʤ, ʧʘʜʘʝʪ ʥʦʨʤʘʣʴʥʦ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʡ ʩʚʝʪ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 700 ʥʤ. 
ɿʘ ʨʝʰʝʪʢʦʡ ʧʦʤʝʱʝʥʘ ʩʦʙʠʨʘʶʱʘʷ ʣʠʥʟʘ ʩ ʛʣʘʚʥʳʤ ʬʦʢʫʩʥʳʤ ʨʘʩʩʪʦʷ-
ʥʠʝʤ F = 50 ʩʤ. ɺ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʣʠʥʟʳ ʨʘʩʧʦʣʦʞʝʥ ʵʢʨʘʥ. ʆʧʨʝʜʝ-

ʣʠʪʴ ʣʠʥʝʡʥʫʶ ʜʠʩʧʝʨʩʠʶ Dl ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʤʘʢʩʠʤʫʤʘ ʪʨʝʪʴʝʛʦ ʧʦ-

ʨʷʜʢʘ. ʆʪʚʝʪ ʚʳʨʘʟʠʪʴ ʚ ʤʠʣʣʠʤʝʪʨʘʭ ʥʘ ʥʘʥʦʤʝʪʨ. 
ɼʘʥʦ:     

n = 200 
ʤʤ

1
   

I = 10ï3 ʤ 

l = 7Ö10ï7 ʤ    
F = 0,5 ʤ                     

 

Dl = ? 

 
 
 
 

 
 
 

ʈʝʰʝʥʠʝ. ɽʩʣʠ ʚ ʦʧʪʠʯʝʩʢʦʡ ʨʘʟʥʦʩʪʠ ʭʦʜʘ ʜʠʬʨʘʛʠʨʦʚʘʥʥʳʭ ʣʫʯʝʡ  

D = d sin j ʫʢʣʘʜʳʚʘʝʪʩʷ ʮʝʣʦʝ ʯʠʩʣʦ ʜʣʠʥ ʚʦʣʥ, ʪ. ʝ. d sin j  = °kl  
(k = 1,2,3é), ʪʦ ʩʦʙʨʘʥʥʳʝ ʣʠʥʟʦʡ ʣʫʯʠ ʥʘ ʵʢʨʘʥʝ ʦʙʨʘʟʫʶʪ ʤʘʢʩʠʤʫʤʳ 
ʦʩʚʝʱʝʥʥʦʩʪʠ (ʨʠʩ. 4.2). ɿʥʘʢʠ ç+è ʠ çïè ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʘʢʩʠʤʫʤʳ ʦʪ 
ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʜʫʪ ʚʣʝʚʦ ʠ ʚʧʨʘʚʦ, d = 1/n ʥʘʟʳʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʜʠ-

ʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ. ʀʟ ʫʩʣʦʚʠʷ ʤʘʢʩʠʤʫʤʘ ʦʧʨʝʜʝʣʠʤ ʫʛʦʣ j: 

4201021073 57 ,sin;nk
d

ksind =ÖÖÖÖ°=jÖlÖ=
l

°=j - ;   

ʇʦ ʟʥʘʯʝʥʠʶ sin j ʥʘʭʦʜʠʤ ʫʛʦʣ j = 24,8 .̄ 

ʃʠʥʝʡʥʘʷ ʜʠʩʧʝʨʩʠʷ Dl = FÖD, ʛʜʝ F ï ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʣʠʥʟʳ; D ï  

ʫʛʣʦʚʘʷ ʜʠʩʧʝʨʩʠʷ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ; Dl ï ʣʠʥʝʡʥʘʷ ʜʠʩʧʝʨʩʠʷ ʨʝʰʝʪ-

ʢʠ. ʇʦʜʩʪʘʚʠʚ ʚ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʬʦʨʤʫʣʳ (4.7) ʠ (4.8), ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ: 
 

jÖ

Ö
=
jÖ

=
cos

nk
F

cosd

k
FD

?
? . 

j

j

ʣʠʥʟʘ

ʨʝʰʝʪʢʘ

ʵʢʨʘʥ

ʈʠʩ. 4.2

d

1
1 2 K2

K
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ʇʨʦʠʟʚʝʜʝʤ ʚʳʯʠʩʣʝʥʠʷ: 

Dl = 0,5 Ö 3 Ö 200 : (10ï3 cos 24,8) = 3,3 Ö 105 = 0,33 ʤʤ/ʥʤ. 

ɿʘʜʘʯʘ 3. ʅʘ ʰʧʠʣʝ ʙʘʰʥʠ ʚʳʩʦʪʥʦʛʦ ʟʜʘʥʠʷ ʫʢʨʝʧʣʝʥʳ ʦʜʥʘ ʥʘʜ ʜʨʫʛʦʡ 

ʜʚʝ ʢʨʘʩʥʳʝ ʣʘʤʧʦʯʢʠ (l = 650 ʥʤ). ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʣʘʤʧʦʯʢʘʤʠ d = 20 ʩʤ. 
ʈʘʩʩʤʘʪʨʠʚʘʶʪ ʟʜʘʥʠʝ ʥʦʯʴʶ ʚ ʪʝʣʝʩʢʦʧ ʩ ʨʘʩʩʪʦʷʥʠʷ L = 16 ʢʤ. ʆʧʨʝʜʝʣʠʪʴ 
ʥʘʠʤʝʥʴʰʠʡ ʜʠʘʤʝʪʨ ɼ ʦʙʲʝʢʪʠʚʘ ʪʝʣʝʩʢʦʧʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʝʛʦ ʬʦʢʘʣʴʥʦʡ 
ʧʣʦʩʢʦʩʪʠ ʧʦʣʫʯʘʶʪʩʷ ʨʘʟʜʝʣʴʥʳʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ. 
ɼʘʥʦ: 

l = 65Ö10ï8 ʤ  
d = 0,2 ʤ   

L = 16Ö103 ʤ 
    
Dl = ? 
 
 
 

 
 
 
 

ʅʘ ʨʠʩ. 4.3 ʆ1ʆ2 ï ʬʦʢʘʣʴʥʘʷ ʧʣʦʩʢʦʩʪʴ ʦʙʲʝʢʪʠʚʘ ʪʝʣʝʩʢʦʧʘ; ɸ1 ʠ ɸ2 ï 
ʠʟʦʙʨʘʞʝʥʠʷ 1 ʠ 2 ʣʘʤʧ; 1ʂ = 2ʂ = d/2; ʆʂ = L; ɺʉ ï ʦʙʲʝʢʪʠʚ ʪʝʣʝʩʢʦʧʘ. 

ʈʝʰʝʥʠʝ. ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʪʝʣʝʩʢʦʧʘ: 
dy
=

1
R , ʛʜʝ dy ï  

ʫʛʣʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʣʘʤʧʘʤʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʭ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʬʦ-
ʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʙʲʝʢʪʠʚʘ ʧʦʣʫʯʘʶʪʩʷ ʨʘʟʜʝʣʴʥʦ ɸ1 ʠ ɸ2. 
ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʲʝʢʪʠʚʘ: 

lÖ
=

221,

D
R min , 

ʛʜʝ minD  ï ʥʘʠʤʝʥʴʰʠʡ ʜʠʘʤʝʪʨ ʦʙʲʝʢʪʠʚʘ ʪʝʣʝʩʢʦʧʘ; l ï ʜʣʠʥʘ ʚʦʣʥʳ 

ʩʚʝʪʘ, ʠʟʣʫʯʘʝʤʦʛʦ ʣʘʤʧʘʤʠ 1 ʠ 2. 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ: 

lÖ
=

dy 221

1

,

Dmin . 

ʆʪʩʶʜʘ:  

                              
dy

lÖ
=

221,
Dmin                                            (4.13) 

ʀʟ ʪʨʝʫʛʦʣʴʥʠʢʘ 1O Kʠʤʝʝʤ: 
 

L

d

OK

K
tg

2

1

2
==

dy
. 

O

O

O

B

C

K

1

2

d

1

2

ʈʠʩ. 4.3
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ʊʘʢ ʢʘʢ ʟʥʘʯʝʥʠʝ ʪʘʥʛʝʥʩʘ ʦʯʝʥʴ ʤʘʣʦ, ʪʦ ʝʛʦ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʟʥʘʯʝʥʠ-
ʝʤ ʩʘʤʦʛʦ ʫʛʣʘ, ʚʳʨʘʞʝʥʥʦʛʦ ʚ ʨʘʜʠʘʥʘʭ, 

L2

d

2
,

22
tg =

dydy
=

dy
;                                  (4.14) 

ʧʦʜʩʪʘʚʣʷʝʤ ʚ (4.13) ʚʨrʘʞʝʥʠʝ (4.14) ʠ ʧʦʣʫʯʘʝʤ: 
 

d

L,
Dmin

ÖlÖ
=

221
. 

ʇʨʦʠʟʚʝʜʝʤ ʚʳʯʠʩʣʝʥʠʷ: 
 

ʤ.10634
20

10161065221 4
38

-
-

Ö=
ÖÖÖÖ

=
,

,
Dmin  

 
4.3. ɿʘʜʘʯʠ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

401. ʊʦʯʝʯʥʳʡ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ l = 0,50 ʤʢʤ ʨʘʩʧʦʣʦʞʝʥ 
ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʘ = 100 ʩʤ ʧʝʨʝʜ ʜʠʘʬʨʘʛʤʦʡ ʩ ʢʨʫʛʣʳʤ ʦʪʚʝʨʩʪʠʝʤ ʨʘʜʠʫ-
ʩʘ r = 1,0 ʤʤ. ʅʘʡʪʠ ʨʘʩʩʪʦʷʥʠʝ b ʦʪ ʜʠʘʬʨʘʛʤʳ ʜʦ ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ, ʜʣʷ 
ʢʦʪʦʨʦʡ ʯʠʩʣʦ ʟʦʥ ʌʨʝʥʝʣʷ ʚ ʦʪʚʝʨʩʪʠʠ ʩʦʩʪʘʚʣʷʝʪ k = 3. (ʆʪʚʝʪ: b = 2 ʤ). 
402. ʄʝʞʜʫ ʪʦʯʝʯʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʚʝʪʘ ʠ ʵʢʨʘʥʦʤ ʧʦʤʝʩʪʠʣʠ ʜʠʘʬʨʘʛʤʫ 

ʩ ʢʨʫʛʣʳʤ ʦʪʚʝʨʩʪʠʝʤ, ʨʘʜʠʫʩ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʤʝʥʷʪʴ ʚ ʧʨʦʮʝʩʩʝ ʦʧʳʪʘ. ʈʘʩ-
ʩʪʦʷʥʠʝ ʦʪ ʠʩʪʦʯʥʠʢʘ ʜʦ ʜʠʘʬʨʘʛʤʳ ʘ = 100  ʩʤ, ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʜʠʘʬʨʘʛʤʳ 
ʜʦ ʵʢʨʘʥʘ b = 125 ʩʤ. ʆʧʨʝʜʝʣʠʪʴ ʜʣʠʥʫ ʚʦʣʥʳ ʩʚʝʪʘ, ʝʩʣʠ ʤʘʢʩʠʤʫʤ ʦʩʚʝ-
ʱʝʥʥʦʩʪʠ ʚ ʮʝʥʪʨʝ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʥʘ ʵʢʨʘʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ  

r = 1,0 ʤʤ ʠ ʩʣʝʜʫʶʱʠʡ ʤʘʢʩʠʤʫʤ ʧʨʠ r = 1,29 ʤʤ. (ʆʪʚʝʪ: l = 6Ö10ï7 ʤ). 
403. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʥʫʣʝʚʦʛʦ ʤʘʢʩʠʤʫʤʘ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʦʪ 

ʦʜʥʦʡ ʱʝʣʠ ʨʘʚʥʘ 0I . ʆʧʨʝʜʝʣʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʩʣʝʜʫʶʱʠʭ ʪʨʝʭ ʤʘʢ-

ʩʠʤʫʤʦʚ. (ʆʪʚʝʪ: 1I  = 0,047 0I ; 2I  = 0,017 0I ; 3I  = 0,008 0I ). 

404. ɺʳʯʠʩʣʠʪʴ ʥʘʠʤʝʥʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ ʥʘ ʃʫʥʝ, 
ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʨʘʟʨʝʰʠʪʴ ʪʝʣʝʩʢʦʧʦʤ-ʨʝʬʣʝʢʪʦʨʦʤ ʩ ʜʠʘʤʝʪʨʦʤ ʟʝʨʢʘʣʘ 

ʚ 5 ʤ. ʉʯʠʪʘʪʴ, ʯʪʦ ʜʣʠʥʘ ʚʦʣʥʳ ʩʚʝʪʘ l = 0,55 ʤʢʤ. (ʆʪʚʝʪ: 50 ʤ). 
405. ʅʘ ʱʝʣʴ ʰʠʨʠʥʦʡ ʘ = 0,05 ʤʤ ʧʘʜʘʝʪ ʥʦʨʤʘʣʴʥʦ ʤʦʥʦʭʨʦʤʘʪʠʯʝ-

ʩʢʠʡ ʩʚʝʪ (l = 0,60 ʤʢʤ). ʆʧʨʝʜʝʣʠʪʴ ʫʛʦʣ ʤʝʞʜʫ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʥʘʧʨʘʚ-
ʣʝʥʠʝʤ ʣʫʯʘ ʩʚʝʪʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʯʝʪʚʝʨʪʫʶ ʪʝʤʥʫʶ ʜʠʬʨʘʢʮʠʦʥʥʫʶ 

ʧʦʣʦʩʫ. (ʆʪʚʝʪ: Dj = 2 4̄5¡). 

406. ʊʦʯʝʯʥʳʡ ʠʩʪʦʯʥʠʢ S ʩʚʝʪʘ (l = 0,50 ʤʢʤ), ʧʣʦʩʢʘʷ ʜʠʘʬʨʘʛʤʘ ʩ 
ʢʨʫʛʣʳʤ ʦʪʚʝʨʩʪʠʝʤ ʨʘʜʠʫʩʦʤ r = 1 ʤʤ ʠ ʵʢʨʘʥ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʦʜʥʦʡ ʧʨʷ-
ʤʦʡ (ʘ = 1 ʤ). ʆʧʨʝʜʝʣʠʪʴ ʨʘʩʩʪʦʷʥʠʝ b ʦʪ ʵʢʨʘʥʘ ʜʦ ʜʠʘʬʨʘʛʤʳ, ʧʨʠ ʢʦʪʦ-
ʨʦʤ ʦʪʚʝʨʩʪʠʝ ʦʪʢʨʳʚʘʣʦ ʙʳ ʜʣʷ ʪʦʯʢʠ P ʪʨʠ ʟʦʥʳ ʌʨʝʥʝʣʷ. (ʆʪʚʝʪ: b = 2 ʤ). 

407. ʅʘ ʫʟʢʫʶ ʱʝʣʴ ʧʘʜʘʝʪ ʥʦʨʤʘʣʴʥʦ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʡ ʩʚʝʪ. ʋʛʦʣ 
ʦʪʢʣʦʥʝʥʠʷ ʧʫʯʢʦʚ ʩʚʝʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʪʦʨʦʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʧʦʣʦʩʝ, 
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ʨʘʚʝʥ 1 .̄ ʉʢʦʣʴʢʠʤ ʜʣʠʥʘʤ ʚʦʣʥ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ʨʘʚʥʘ ʰʠʨʠʥʘ ʱʝʣʠ? 

(ʆʪʚʝʪ: ʚ = 143 l). 
408. ʉʢʦʣʴʢʦ ʰʪʨʠʭʦʚ ʥʘ ʢʘʞʜʳʡ ʤʤ ʩʦʜʝʨʞʠʪ ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʨʝʰʝʪ-

ʢʘ, ʝʩʣʠ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʤ ʩʚʝʪʝ (l = 0,60 ʤʢʤ) ʤʘʢ-

ʩʠʤʫʤʳ ʧʷʪʦʛʦ ʧʦʨʷʜʢʘ ʫʛʦʣ j = 18Á. (ʆʪʚʝʪ: 103 ʰʪʨʠʭʘ) 
409. ɼʠʬʨʘʢʮʠʦʥʥʘʷ ʨʝʰʝʪʢʘ ʩʦʜʝʨʞʠʪ n = 200 ʰʪ./ʤʤ. ʅʘ ʨʝʰʝʪʢʫ ʧʘ-

ʜʘʝʪ ʥʦʨʤʘʣʴʥʦ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʡ ʩʚʝʪ (l = 0,60 ʤʢʤ). ʄʘʢʩʠʤʫʤ ʢʘʢʦʛʦ 
ʥʘʠʙʦʣʴʰʝʛʦ ʧʦʨʷʜʢʘ ʜʘʝʪ ʵʪʘ ʨʝʰʝʪʢʘ? (ʆʪʚʝʪ: k = 8). 
410. ʇʨʠ ʦʩʚʝʱʝʥʠʠ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ ʙʝʣʳʤ ʩʚʝʪʦʤ ʩʧʝʢʪʨʳ 

ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʦʚ ʯʘʩʪʠʯʥʦ ʧʝʨʝʢʨʳʚʘʶʪ ʜʨʫʛ ʜʨʫʛʘ. ʅʘ ʢʘʢʫʶ 
ʜʣʠʥʫ ʚ ʩʧʝʢʪʨʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʬʠʦʣʝʪʦʚʘʷ ʛʨʘʥʠʮʘ  

(l = 0,40 ʤʢʤ) ʩʧʝʢʪʨʘ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ? (ʆʪʚʝʪ: l = 0,60 ʤʢʤ). 
411. ʂʘʢʫʶ ʨʘʟʨʝʰʘʶʱʫʶ ʩʠʣʫ ʜʦʣʞʝʥ ʠʤʝʪʴ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʧʧʘʨʘʪ 

(ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʨʝʰʝʪʢʘ) ʜʣʷ ʨʘʟʨʝʰʝʥʠʷ ʜʫʙʣʝʪʘ D ï ʣʠʥʠʠ ʥʘʪʨʠʷ  

(l = 589,0 ʥʤ (l = 589,6 ʥʤ). (ʆʪʚʝʪ: ʦʢʦʣʦ 1000). 
412. ʉʚʝʪ ʜʣʠʥʦʡ ʚʦʣʥʳ 0,50 ʤʢʤ ʧʘʜʘʝʪ ʥʘ ʱʝʣʴ ʰʠʨʠʥʦʡ b = 10 ʤʢʤ 

ʧʦʜ ʫʛʣʦʤ q = 30Á ʢ ʝʝ ʥʦʨʤʘʣʠ. ʅʘʡʪʠ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʧʝʨʚʳʭ ʤʠʥʠ-
ʤʫʤʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʘ. (ʆʪʚʝʪ: 

q1 = 27Á ʠ q2 = 33Á). 
413. ʇʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʨʝʰʝʪʢʫ ʫʛʦʣ 

ʜʠʬʨʘʢʮʠʠ ʜʣʷ ʣʠʥʠʠ l1 = 0,65 ʤʢʤ ʚʦ ʚʪʦʨʦʤ ʧʦʨʷʜʢʝ ʨʘʚʝʥ 45Á. ʅʘʡʪʠ 

ʫʛʦʣ ʜʠʬʨʘʢʮʠʠ ʜʣʷ ʣʠʥʠʠ l1 = 0,50 ʤʢʤ ʚ ʪʨʝʪʴʝʤ ʧʦʨʷʜʢʝ. (ʆʪʚʝʪ: 55Á). 
414. ʆʧʨʝʜʝʣʠʪʴ ʜʣʠʥʫ ʚʦʣʥʳ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʚʝʪʘ, ʧʘʜʘʶʱʝʛʦ 

ʥʦʨʤʘʣʴʥʦ ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʨʝʰʝʪʢʫ ʩ ʧʝʨʠʦʜʦʤ d = 2,2 ʤʢʤ, ʝʩʣʠ ʫʛʦʣ 

ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʥʘ ʤʘʢʩʠʤʫʤʳ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʦʚ Dj = 15Á. 

(ʆʪʚʝʪ: l = 5,4Ö10ï7 ʤ). 

415. ʉʚʝʪ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ l = 530 ʥʤ ʧʘʜʘʝʪ ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʨʝʰʝʪʢʫ, 
ʧʝʨʠʦʜ ʢʦʪʦʨʦʡ ʨʘʚʝʥ d = 1,5 ʤʢʤ. ʅʘʡʪʠ ʫʛʦʣ ʩ ʥʦʨʤʘʣʴʶ ʢ ʨʝʰʝʪʢʝ, ʧʦʜ ʢʦ-
ʪʦʨʳʤ ʦʙʨʘʟʫʝʪʩʷ ʤʘʢʩʠʤʫʤ ʥʘʠʙʦʣʴʰʝʛʦ ʧʦʨʷʜʢʘ, ʝʩʣʠ ʩʚʝʪ ʧʘʜʘʝʪ ʥʘ ʨʝ-
ʰʝʪʢʫ: ʘ) ʥʦʨʤʘʣʴʥʦ; ʙ) ʧʦʜ ʫʛʣʦʤ 20Á ʢ ʥʦʨʤʘʣʠ. (ʆʪʚʝʪ: ʘ) 45Á ʠ ʙ) 69Á). 

416. ʉʚʝʪ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ l ʧʘʜʘʝʪ ʥʦʨʤʘʣʴʥʦ ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʨʝ-
ʰʝʪʢʫ. ʅʘʡʪʠ ʝʝ ʫʛʣʦʚʫʶ ʜʠʩʧʝʨʩʠʶ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʜʠʬʨʘʢʮʠʠ. 

(ʆʪʚʝʪ: 
l

j
=
l

j tg

d

d
). 

417. ʅʘ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʨʝʰʝʪʢʫ, ʩʦʜʝʨʞʘʱʫʶ n = 400 ʰʪʨʠʭʦʚ ʥʘ 

ʤʠʣʣʠʤʝʪʨ, ʧʘʜʘʝʪ ʥʦʨʤʘʣʴʥʦ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʡ ʩʚʝʪ (l = 0,6 ʤʢʤ). 
ʅʘʡʪʠ ʦʙʱʝʝ ʯʠʩʣʦ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ, ʢʦʪʦʨʳʝ ʜʘʝʪ ʵʪʘ ʨʝʰʝʪ-

ʢʘ. ʆʧʨʝʜʝʣʠʪʴ ʫʛʦʣ ʜʠʬʨʘʢʮʠʠ j, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʦʩʣʝʜʥʝʤʫ ʤʘʢʩʠ-

ʤʫʤʫ. (ʆʪʚʝʪ: k = 8; j = 74Á). 
418. ʅʘ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʨʝʰʝʪʢʫ ʩ ʧʝʨʠʦʜʦʤ ʚ = 10 ʤʢʤ ʧʘʜʘʝʪ ʤʦʥʦ-

ʭʨʦʤʘʪʠʯʝʩʢʠʡ ʩʚʝʪ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ l = 600 ʥʤ. ʆʧʨʝʜʝʣʠʪʴ ʫʛʦʣ ʜʠʬʨʘʢ-

ʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʪʦʨʦʤʫ ʛʣʘʚʥʦʤʫ ʤʘʢʩʠʤʫʤʫ. (ʆʪʚʝʪ: j = 38,3Á). 
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419. ɼʠʬʨʘʢʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ ʧʦʣʫʯʝʥʘ ʩ ʧʦʤʦʱʴʶ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝ-
ʰʝʪʢʠ ʜʣʠʥʦʡ l  = 1,5 ʩʤ ʠ ʧʝʨʠʦʜʦʤ d = 5 ʤʢʤ. ʆʧʨʝʜʝʣʠʪʴ, ʚ ʩʧʝʢʪʨʝ ʢʘ-
ʢʦʛʦ ʥʘʠʤʝʥʴʰʝʛʦ ʧʦʨʷʜʢʘ ʵʪʦʡ ʢʘʨʪʠʥʳ ʧʦʣʫʯʘʪʩʷ ʨʘʟʜʝʣʴʥʳʝ ʠʟʦʙʨʘʞʝ-

ʥʠʷ ʜʚʫʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʩ ʨʘʟʥʦʩʪʴʶ ʜʣʠʥ ʚʦʣ Dl = 0,1 ʥʤ, ʝʩʣʠ ʣʠ-

ʥʠʠ ʣʝʞʘʪ ʚ ʢʨʘʩʥʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ (l = 760 ʥʤ). (ʆʪʚʝʪ: k = 3). 
420. ʂʘʢʦʡ ʥʘʠʤʝʥʴʰʝʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʠʣʦʡ R ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʜʠ-

ʬʨʘʢʮʠʦʥʥʘʷ ʨʝh ʝʪʢʘ, ʯʪʦʙʳ ʩ ʝʝ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʙʳʣʦ ʨʘʟʨʝʰʠʪʴ ʜʚʝ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʣʠʥʠʠ ʢʘʣʠʷ (l1 = 578 ʥʤ; l2 = 580 ʥʤ)? ʂʘʢʦʝ ʥʘʠʤʝʥʴʰʝʝ 
ʯʠʩʣʦ N ʰʪʨʠʭʦʚ ʜʦʣʞʥʘ ʠʤʝʪʴ ʵʪʘ ʨʝʰʝʪʢʘ, ʯʪʦʙʳ ʨʘʟʨʝʰʝʥʠʝ ʙʳʣʦ ʚʦʟ-
ʤʦʞʥʦ ʚ ʩʧʝʢʪʨʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ? (ʆʪʚʝʪ: R = 290; N = R/k). 
421. ʂʘʢʦʚʦ ʜʦʣʞʥʦ ʙʳʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʄʘʨʩʘ, ʯʪʦʙʳ ʠʭ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʪʝʣʝʩʢʦʧʝ ʩ ʜʠʘʤʝʪʨʦʤ ʦʙʲ-
ʝʢʪʠʚʘ 60 ʩʤ ʤʦʞʥʦ ʙʳʣʦ ʦʪʣʠʯʠʪʴ ʦʪ ʠʟʦʙʨʘʞʝʥʠʷ ʦʜʥʦʡ ʪʦʯʢʠ? ʉʯʠʪʘʪʴ, ʯʪʦ 
ʄʘʨʩ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʤʦʤʝʥʪ ʚʝʣʠʢʦʛʦ ʧʨʦʪʠʚʦʩʪʦʷʥʠʷ, ʢʦʛʜʘ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 

ʥʝʛʦ ʦʪ ɿʝʤʣʠ ʤʠʥʠʤʘʣʴʥʦ ʠ ʩʦʩʪʘʚʣʷʝʪ 56Ö106 ʢʤ. (ʆʪʚʝʪ: ʦʢʦʣʦ 28000 ʤ). 
422. ʋʛʣʦʚʘʷ ʜʠʩʧʝʨʩʠʷ D ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ ʜʣʷ ʥʝʢʦʪʦʨʦʡ ʜʣʠʥʳ 

ʚʦʣʥʳ (ʧʨʠ ʤʘʣʳʭ ʫʛʣʘʭ ʜʠʬʨʘʢʮʠʠ) ʩʦʩʪʘʚʣʷʝʪ 5 ʫʛʣʦʚʳʭ ʤʠʥʫʪ ʥʘ 10ï9 ʤ. 
ʆʧʨʝʜʝʣʠʪʴ ʨʘʟʨʝʰʘʶʱʫʶ ʩʠʣʫ R ʵʪʦʡ ʨʝʰʝʪʢʠ ʜʣʷ ʪʦʡ ʞʝ ʜʣʠʥʳ ʚʦʣʥʳ, 

ʝʩʣʠ ʜʣʠʥʘ ʨʝʰʝʪʢʠ ʨʘʚʥʘ 2 ʩʤ. (ʆʪʚʝʪ: R = 2,91Ö104). 
423. ʅʘ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʨʝʰʝʪʢʫ, ʩʦʜʝʨʞʘʱʫʶ n = 500 ʰʪʨʠʭʦʚ ʥʘ 1 ʤʤ, 

ʧʘʜʘʝʪ ʥʦʨʤʘʣʴʥʦ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʡ ʩʚʝʪ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ l = 700  ʥʤ. ɿʘ 
ʨʝʰʝʪʢʦʡ ʧʦʤʝʱʝʥʘ ʩʦʙʠʨʘʶʱʘʷ ʣʠʥʟʘ ʩ ʛʣʘʚʥʳʤ ʬʦʢʫʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ 
F = 50 ʩʤ. ɺ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʣʠʥʟʳ ʨʘʩʧʦʣʦʞʝʥ ʵʢʨʘʥ. ʆʧʨʝʜʝʣʠʪʴ 

ʣʠʥʝʡʥʫʶ ʜʠʩʧʝʨʩʠʶ Dl ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʤʘʢʩʠʤʫʤʘ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ. 

(ʆʪʚʝʪ: Dl = 1 ʤʤ/ʥʤ). 

424. ʇʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʨʝʰʝʪʢʫ ʰʠʨʠ-

ʥʦʡ 10 ʤʤ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʦʤʧʦʥʝʥʪʳ ʞʝʣʪʦʡ ʣʠʥʠʠ ʥʘʪʨʠʷ (l1 =  589,0 ʠ 

l2 = 589,6 ʥʤ) ʦʢʘʟʳʚʘʶʪʩʷ ʨʘʟʨʝʰʝʥʥʳʤʠ, ʥʘʯʠʥʘʷ ʩ ʧʷʪʦʛʦ ʧʦʨʷʜʢʘ ʩʧʝʢ-

ʪʨʘ. ʆʮʝʥʠʪʴ ʧʝʨʠʦʜ ʵʪʦʡ ʨʝʰʝʪʢʠ. (ʆʪʚʝʪ: ʚ = 5Ö10ï5 ʤ). 
425. ʉʚʝʪ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 589 ʥʤ ʧʘʜʘʝʪ ʥʦʨʤʘʣʴʥʦ ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʫʶ 

ʨʝʰʝʪʢʫ ʩ ʧʝʨʠʦʜʦʤ d = 2,5 ʤʢʤ, ʩʦʜʝʨʞʘʱʫʶ N = 10000 ʰʪʨʠʭʦʚ. ʅʘʡʪʠ ʫʛʣʦ-

ʚʫʶ ʰʠʨʠʥʫ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. (ʆʪʚʝʪ: Dj = 11¡). 
426. ʅʘ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʨʝʰʝʪʢʫ ʥʦʨʤʘʣʴʥʦ ʢ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʘʜʘʝʪ ʤʦ-

ʥʦʭʨʦʤʘʪʠʯʝʩʢʠʡ ʩʚʝʪ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ l = 650 ʥʤ. ɿʘ ʨʝʰʝʪʢʦʡ ʥʘʭʦʜʠʪʩʷ 
ʣʠʥʟʘ, ʚ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥ ʵʢʨʘʥ. ʅʘ ʵʢʨʘʥʝ ʥʘʙʣʶ-

ʜʘʝʪʩʷ ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ ʧʦʜ ʫʛʣʦʤ ʜʠʬʨʘʢʮʠʠ j = 30 .̄ ʇʨʠ ʢʘʢʦʤ 
ʛʣʘʚʥʦʤ ʬʦʢʫʩʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʣʠʥʟʳ ʣʠʥʝʡʥʘʷ ʜʠʩʧʝʨʩʠʷ D = 0,5 ʤʤ/ʥʤ? 

(ʆʪʚʝʪ: 1213 ,sin/cosDF =jjÖgÖ=  ʩʤ). 

427. ʅʘ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʨʝʰʝʪʢʫ ʩ ʧʦʩʪʦʷʥʥʦʡ d = 0,006 ʤʤ ʥʦʨʤʘʣʴʥʦ 
ʧʘʜʘʝʪ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʡ ʩʚʝʪ. ʋʛʦʣ ʤʝʞʜʫ ʩʧʝʢʪʨʘʤʠ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦ-

ʨʷʜʢʦʚ ʨʘʚʝʥ 4 3̄6¡. ʆʧʨʝʜʝʣʠʪʴ ʜʣʠʥʫ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ. (ʆʪʚʝʪ: l = 478 ʥʤ). 
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428. ʅʘʠʤʝʥʴʰʠʡ ʫʛʦʣ ʟʨʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʨʝʜʥʠʡ ʛʣʘʟ ʚʠʜʠʪ ʨʘʟ-

ʜʝʣʴʥʦ ʜʚʘ ʰʪʨʠʭʘ, ʨʘʚʝʥ 1¡. ʂʘʢʦʚʦ ʥʘʠʤʝʥʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʤʦ-
ʞʝʪ ʨʘʟʣʠʯʘʪʴ ʩʨʝʜʥʠʡ ʛʣʘʟ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʘʠʣʫʯʰʝʛʦ ʟʨʝʥʠʷ (25 ʩʤ). 

(ʆʪʚʝʪ: 7,3Ö10ï5 ʤ). 
 429. ʇʦʢʘʟʘʪʴ, ʠʩʭʦʜʷ ʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ ʦʪ ʫʛʣʘ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʷ ʣʫʯʝʡ ʧʨʠ ʜʠʬʨʘʢʮʠʠ ʦʪ ʦʜʥʦʡ ʱʝʣʠ, ʯʪʦ ʤʠʥʠʤʫʤʳ ʥʘʙʣʶʜʘʁ ʪʩʷ 

ʧʨʠ ʫʩʣʦʚʠʠ sin j = k l / a (k = 1, 2, 3 é), ʘ ʤʘʢʩʠʤʫʤʳ ʧʨʠ sin j = m k l / a, ʛʜʝ 
m = 1,43; 2,46; 3,47; 4,48 (a ï ʰʠʨʠʥʘ ʱʝʣʠ). 
430. ɼʚʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʨʝʰʝʪʢʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʰʠʨʠʥʫ l = 3 ʤʤ, 

ʥʦ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ: d1 = 3Ö10ï3 ʤʤ ʠ d2 = 6Ö10ï3 ʤʤ. ʆʧʨʝʜʝʣʠʪʴ ʠʭ ʥʘʠʙʦʣʴ-

ʰʫʶ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʣʷ ʞʝʣʪʦʡ ʣʠʥʠʠ ʥʘʪʨʠʷ (l = 5896  A).  
(ʆʪʚʝʪ: R = 5000). 

 
 

5. ȨȭȦȮȲȴȪȫȯȷȸȨȮȫ ȷȨȫȸȴȨɁȻ Ȩȴȱȳ ȷ ȨȫȿȫȷȸȨȴȲ 

5.1. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ ʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʇʦʛʣʦʱʝʥʠʝ ʩʚʝʪʘ  
 

ɿʘʢʦʥ ɹʫʛʝʨʘ 

               xeII a= -
0 ,                                                  (5.1) 

 

ʛʜʝ I ʠ I0  ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʠʟ ʩʣʦʷ ʩʨʝʜʳ ʪʦʣʱʠʥʦʡ  

ʍ, a ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ. 
ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʩʨʝʜʳ 
 

        
l

pb
=a

4
,                                    (5.2)  

 

ʛʜʝ b ï ʢʦʥʩʪʘʥʪʘ ʜʣʷ ʜʘʥʥʦʡ ʩʨʝʜʳ; l ï ʜʣʠʥʘ ʚʦʣʥʳ ʩʚʝʪʘ. 

ɼʣʷ ʨʘʩʪʚʦʨʦʚ a = bÖc, ʛʜʝ b ï ʢʦʥʩʪʘʥʪʘ ʜʣʷ ʜʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʩ ï 
ʢʦʥʮʝʥʪʨʘʮʠʷ  ʨʘʩʪʚʦʨʘ ʚ ʧʨʦʮʝʥʪʘʭ. 
ʆʪʨʘʞʘʪʝʣʴʥʘʷ  ʩʧʦʩʦʙʥʦʩʪʴ  ʩʨʝʜʳ  ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ: 
 

( )

( )2

2

ʧʘʜ

ʦʪʨ

1

1

W +

-
==d

n

nW
,                                          (5.3) 

 

ʛʜʝ n ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʩʨʝʜ; Wʦʪʨ ʠ Wʧʘʜ ï ʵʥʝʨ-
ʛʠʠ ʦʪʨʘʞʝʥʥʦʡ ʠ ʧʘʜʘʶʱʝʡ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ.  
ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʩʨʝʜʳ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ: 
 

( )
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+
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,                                     (5.4) 
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ʛʜʝ n ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ; Wʧʨʦ ʠ Wʧʘʜ ï ʵʥʝʨʛʠʠ 

ʧʨʦh ʝʜʰʝʡ ʠ ʧʘʜʘʶɦ ʝʡ ʚʦʣʥ; d ï ʦʪʨʘʞʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. 
 

ʉʢʦʨʦʩʪʴ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ ʚ ʩʨʝʜʝ 
 

ɻʨʫʧʧʦʚʘʷ ʩʢʦʨʦʩʪʴ 

   
dk

d
U

w
= ,                                                  (5.7) 

 

ʛʜʝ w = 2pn ï ʮʠʢʣʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ, k = 2p/l  ï ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ. 
 ʌʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ 

k
V
w
= .                                                  (5.8) 

 

ʉʚʷʟʴ ʤʝʞʜʫ ʛʨʫʧʧʦʚʦʡ ʠ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʷʤʠ 
 

l
l-=

d

dV
VU    .                                         (5.9) 

 
5.2. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ɿʘʜʘʯʘ 1. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ (n1 = 1,33) ʣʝʞʠʪ ʪʦʥʢʘʷ ʩʪʝʢʣʷʥʥʘʷ 
ʧʣʘʩʪʠʥʘ (n2 = 1,5). ʂʘʢʘʷ ʜʦʣʷ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ʦʪʨʘʟʠʪʩʷ ʥʘʟʘʜ? ʉʚʝʪ 
ʧʘʜʘʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʘʩʪʠʥʳ ʥʦʨʤʘʣʴʥʦ. 
ɼʘʥʦ: 
n1 = 1,33 
n2 = 1,5  
nʚ = 1 
 
I/Io = ? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

n1 

n2 

nʚ ʚʦʟʜʫʭ 

ʩʪʝʢʣʦ 

ʚʦʜʘ 

I0 

I01 

I1 

I2 

I3 

I4 

I5 

I6 

ʈʠʩ. 5.1. ʆʪʨʘʞʝʥʠʝ ʩʚʝʪʘ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʈʝʰʝʥʠʝ. ʈʘʩʩʤʦʪʨʠʤ ʭʦʜ ʣʫʯʝʡ (ʨʠʩ. 5. 1). ɽʩʣʠ ʥʘ 
ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʚʦʟʜʫʭ-ʩʪʝʢʣʦ ʧʘʜʘʝʪ ʩʚʝʪ ʠʥʪʝʥʩʠʚʥʦ-
ʩʪʴʶ I0, ʪʦ ʦʪʨʘʟʠʪʩʷ ʩʚʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ I1, ʠ ʧʨʦʡʜʝʪ ʚ 
ʩʪʝʢʣʦ ʩʚʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ I01. ʅʘ ʚʪʦʨʦʡ ʛʨʘʥʠʮʝ ʨʘʟʜʝ-
ʣʘ ʩʪʝʢʣʦ-ʚʦʜʘ ʦʪʨʘʟʠʪʩʷ ʩʚʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ I2.  
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ʉʚʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ I2 ʧʨʝʪʝʨʧʠʪ ʚʪʦʨʠʯʥʦʝ ʦʪʨʘʞʝʥʠʝ ʦʪ ʧʝʨʚʦʡ ʛʨʘ-
ʥʠʮʳ ʨʘʟʜʝʣʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ I4 ʠ ʚʳʡʜʝʪ ʯʝʨʝʟ ʥʝʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ I3 . 
ɽʩʣʠ ʥʝ ʫʯʠʪʳʚʘʪʴ ʜʘʣʴʥʝʡʰʠʝ ʦʪʨʘʞʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʝ ʩʚʝʪʘ, ʪʦ ʠʥʪʝʥ-
ʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʦʪ ʩʪʝʢʣʘ ʙʫʜʝʪ: Iʦʪʨ = I1 + I3. 
ɺʳʯʠʩʣʠʤ ʵʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʉ ʫʯʝʪʦʤ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʩʨʝʜ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʥʘ ʧʝʨʚʦʡ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ:  
 

101 d=II ,                                               (5.10) 
 

ʛʜʝ d1 ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʜʣʷ ʧʝʨʚʦʡ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ. 

ʊʘʢ ʢʘʢ ʧʦʛʣʦʱʝʥʠʝ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ, ʪʦ I01 = I0 ï I1 = I0 (1 ï d1) ʠ ʠʥʪʝʥ-
ʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʦʪ ʚʪʦʨʦʡ  ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʙʫʜʝʪ: 

  
( )

2102012
1III dd-=d= .                                    (5.11) 

 

ʅʘ ʧʝʨʚʦʡ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʚʝʪ ʚʥʦʚʴ ʧʨʝʪʝʨʧʠʪ ʦʪʨʘʞʝʥʠʝ, ʠ ʪʦʣʴʢʦ 
ʯʘʩʪʴ ʝʛʦ ʚʳʡʜʝʪ ʚ ʚʦʟʜʫʭ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʥʦʛʦ ʚ ʩʪʝʢʣʦ ʩʚʝʪʘ 

  

124 d=II .                                              (5.12) 
 

ʇʦʜʩʪʘʚʣʷʷ ʚ (5.12) ʚʳʨʘʞʝʥʠʝ (5.11) ʧʦʣʫʯʠʤ 
 

( ) 12104 1 ddd-=II .                                      (5.13) 
 

ʊʦʛʜʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʳʰʝʜʰʝʛʦ ʩʚʝʪʘ ʚ ʚʦʟʜʫʭ ʧʦʩʣʝ ʚʪʦʨʠʯʥʦʛʦ ʦʪ-
ʨʘʞʝʥʠʷ:  

( ) ( ) ( ) ( )12101210210423 1111 d-dd-=ddd--dd-=-= IIIIII .        (5.14) 
 

ʉʫʤʤʘʨʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ, ʦʪʨʘʞʝʥʥʘʷ ʦʪ ʩʪʝʢʣʷʥʥʦʡ ʧʣʘʩʪʠʥʳ ʚ 
ʚʦʟʜʫʭ, ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

 

( )21201031 1 d-d+d=+= IIIIIʦʪʨ ,                              (5.15) 
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 ï ʦʪʨʘʞʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ.  
ɼʦʣʷ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʦʪ ʩʪʝʢʣʷʥʥʦʡ ʧʣʘʩʪʠʥʳ: 
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ʇʨʦʠʟʚʝʜʝʤ ʚʳʯʠʩʣʝʥʠʷ:  
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ʪ. ʝ. ʦʪʨʘʟʠʪʩʷ 4,3 % ʩʚʝʪʘ. 
  

ɿʘʜʘʯʘ 2. ʆʧʨʝʜʝʣʠʪʴ ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʫʤʝʥʴʰʠʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ, 

ʧʨʦʰʝʜʰʝʛʦ ʚ ʩʨʝʜʝ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʛʣʦʱʝʥʠʷ a = 2,0 ʤ-1, ʨʘʩʩʪʦʷʥʠʝ 
60  ʩʤ. 
ɼʘʥʦ: 

a = 2,0 ʤ-1 

ʭ  = 60 ʩʤ 
 
I0/I = ? 
 
 

ɿʘʜʘʯʘ ɿ.  ʇʦʜ   ʜʝʡʩʪʚʠʝʤ  ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʠʥʦʡ ʚʦʣ-

ʥʳ l = 600 ʥʤ, ʵʣʝʢʪʨʦʥ ʩʦʚʝʨʰʘʝʪ ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʢʦʣʝʙʘʥʠʝ ʩ ʘʤʧʣʠʪʫ-

ʜʦʡ 2Ö10-19 ʤ. ʆʧʨʝʜʝʣʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ. 
ɼʘʥʦ: 

l = 600 ʥʤ 

ɸ  = 2Ö10-19 ʤ 
 
I = ? 
 

           wtcos
m

eE
a= .                                       (5.17) 

 

ʀʟ ʪʝʦʨʠʠ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʘ = ïʭ Ö w2, ʪʦʛʜʘ ʠʟ 
(5.17) ʧʦʣʫʯʘʝʤ 

wtcos
mw

eE
x

2
= ,                                    (5.18) 

 

ʛʜʝ ʍ = ɸ cos wt ï ʟʘʢʦʥ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʵʣʝʢʪʨʦʥʘ. 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟ (5.18) ʧʦʣʫʯʘʝʤ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʵʣʝʢʪʨʦ-

ʥʘ ʠʤʝʝʪ ʚʠʜ: 

2mw

eE
A= .                                            (5.19) 

 

 
 
 

ʈʝʰʝʥʠʝ. ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ɹʫʛʝʨʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦ-

ʰʝʜʰʝʛʦ ʩʚʝʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ xeII a-=0 . 

ʊʦʛʜʘ                           xe
I

I a=0 . 

ɺʳʯʠʩʣʠʤ:             I0/I = e1.2 = ɿ, 32. 
 

ʈʝʰʝʥʠʝ. ʉʦ ʩʪʦʨʦʥʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʥ ʜʝʡʩʪʚʫʝʪ ʩʠ-

ʣʘ F = e Ö E Ö cos (wt), ʛʜʝ e ï ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ ʠ E ï ʘʤ-
ʧʣʠʪʫʜʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʕʪʘ ʩʠʣʘ 
ʚʳʟʳʚʘʝʪ ʢʦʣʝʙʘʥʠʝ ʵʣʝʢʪʨʦʥʘ ʩ ʫʩʢʦʨʝʥʠʝʤ 
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ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ  
 

2
0

2

1
Ec

St

W
I ÖÖeÖe=

ÖD

D
= ,                              (5.20) 

 

ʛʜʝ ʩ = 3Ö108 ʤ/ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, e0 = 8,85Ö10-12 ʬ/ʤ ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦ-
ʩʪʦʷʥʥʘʷ ʚʘʢʫʫʤʘ. 
ʀʟ (5.19) ʚʳʨʘʞʘʝʤ ʘʤʧʣʠʪʫʜʫ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽ ʠ, 

ʧʦʜʩʪʘʚʠʚ ʚ (5.20), ʦʧʨʝʜʝʣʠʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠ ̫
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wÖÖÖÖe
= ,                          (5.21) 

ʛʜʝ 
l

p
=w

c2
 ï ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʇʨʦʚʝʨʠʤ ʨʘʟʤʝʨʥʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ: 
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ʇʦʜʩʪʘʚʠʤ ʚ (5.21) ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ ʠ ʚʳʯʠʩʣʠʤ ʠʥʪʝʥʩʠʚ-
ʥʦʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ: 
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5.3. ɿʘʜʘʯʠ ʜʣʷ ʩʘʤʦʩʪʦʪ̫ʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

501. ɼʣʷ ʤʥʦʛʠʭ ʧʨʦʟʨʘʯʥʳʭ ʙʝʩʮʚʝʪʥʳʭ ʚʝʱʝʩʪʚ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘ-
ʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩ-

ʪʘʚʣʝʥʘ ʚʳʨʘʞʝʥʠʝʤ n = a + b/l2, ʛʜʝ ʘ = 1,502 ʠ b = 0,004563 ʤʢʤ2 ï ʢʦʥ-
ʩʪʘʥʪʳ. ɺʳʯʠʩʣʠʪʴ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʜʣʷ ʜʣʠʥ ʚʦʣʥ ʢʨʘʩʥʦʡ ʯʘʩʪʠ 

ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ lʢ = 780 ʥʤ ʠ ʬʠʦʣʝʪʦʚʦʡ ʯʘʩʪʠ lʬ = 380 ʥʤ. (ʆʪʚʝʪ: nʢ = 
= 1,5095, nʬ = 1,5336) 
502. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʚ ʥʝʢʦʪʦʨʦʤ ʚʝʱʝʩʪʚʝ ʧʫʪʠ L ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ 

ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʜʚʘ ʨʘʟʘ, ʟʘ ʩʯʝʪ ʧʦʛʣʦʱʝʥʠʷ. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʫʤʝʥʴʰʠʪʩʷ ʠʥ-
ʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʫʪʠ 3L? (ʆʪʚʝʪ: ʚ 8 ʨʘʟ). 
503. ɺ ʥʝʢʦʪʦʨʦʡ ʩʨʝʜʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʣʦʩʢʘʷ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʘʷ 

ʚʦʣʥʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʩʨʝʜʳ a = 1 ʤ-1. ʅʘ ʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ 
ʫʤʝʥʴʰʠʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʚʦʣʥʦʡ ʧʫʪʠ, ʨʘʚʥʦʛʦ: 
ʘ) 5ʤʤ; ʙ) 4,6 ʤ? (ʆʪʚʝʪ: 0,5 %; 99 %). 
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504. ʀʤʝʝʪʩʷ ʧʨʦʟʨʘʯʥʘʷ ʧʣʘʩʪʠʥʘ ʪʦʣʱʠʥʦʡ d = 10 ʩʤ. ɼʣʷ ʥʝʢʦʪʦʨʦʡ 

ʜʣʠʥʳ ʚʦʣʥʳ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʧʣʘʩʪʠʥʳ ʠʟʤʝʥʷʝʪʩʷ ʣʠʥʝʡʥʦ ʦʪ 

ʟʥʘʯʝʥʠʷ a1 = 0,8 ʤ-1 ʫ ʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʜʦ a2 = 1,2 ʤ-1 ʫ ʜʨʫʛʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ. ʆʧʨʝʜʝʣʠʪʴ (ʚ ʧʨʦʮʝʥʪʘʭ) ʦʩʣʘʙʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʠʤ ʪʦʣʱʠ ʧʣʘʩʪʠʥʳ. (ʆʪʚʝʪ: 09502

0

21

,e
I

I d

==

a+a
-

 ʠʣʠ 9,5 %). 

505. ʅʘ ʩʪʝʢʣʷʥʥʫʶ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʫʶ ʧʣʘʩʪʠʥʫ ʧʘʜʘʝʪ ʧʦ ʥʦʨʤʘʣʠ 

ʧʣʦʩʢʘʷ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʘʷ ʩʚʝʪʦʚʘʷ ʚʦʣʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ I0 = 100 ʣʤ/ʤ2. ʇʦ-

ʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʧʣʘʩʪʠʥʳ n = 1,5, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ a = 1,0 ʤ-1. 

ʊʦʣʱʠʥʘ ʧʣʘʩʪʠʥʳ d = 10 ʩʤ. ɼʣʠʥʘ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʚʦʣʥʳ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ 

d. ʆʧʨʝʜʝʣʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʧʣʘʩʪʠʥʢʫ, ʩ ʫʯʝ-

ʪʦʤ ʦʪʨʘʞʝʥʠʷ ʦʪ ʜʚʫʭ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ. (ʆʪʚʝʪ: I = 83,4 ʣʤ/ʤ2).  

506. ʅʘʡʪʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ 

ʠʟ ʚʦʟʜʫʭʘ ʥʘ ʩʪʝʢʣʦ, ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʢʦʪʦʨʦʛʦ ʨʘʚʝʥ n = 1,5. 

(ʆʪʚʝʪ: ʛ = 0,96). 

507. ʅʘ ʩʪʝʢʣʷʥʥʫʶ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʫʶ ʧʣʘʩʪʠʥʫ ʧʘʜʘʝʪ ʧʦ ʥʦʨʤʘʣʠ 

ʧʣʦʩʢʘʷ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʘʷ ʩʚʝʪʦʚʘʷ ʚʦʣʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ I0 = 100 ʣʤ/ʤ2. ʇʦ-

ʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʧʣʘʩʪʠʥʳ n = 1,5, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ a = 1,0 ʤ-1. 

ʊʦʣʱʠʥʘ ʧʣʘʩʪʠʥʳ d = 10 ʩʤ. ɼʣʠʥʘ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʚʦʣʥʳ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ d. 

ʆʧʨʝʜʝʣʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʧʣʘʩʪʠʥʢʫ, ʩ ʫʯʝʪʦʤ  

ʦʪʨʘʞʝʥʠʡ ʪʦʣʴʢʦ ʦʪ ʧʝʨʚʦʡ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ. (ʆʪʚʝʪ: I = 86,859 ʣʤ/ʤ2 ). 

508. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʚʝʪʘ ʯʝʨʝʟ 10 % ʨʘʩʪʚʦʨ ʛʣʶ-

ʢʦʟʳ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʩʦʩʪʘʚʠʣʘ 0,29 I0. ʆʧʨʝʜʝʣʠʪʴ ʪʦʣʱʠʥʫ ʩʪʦʣʙʘ ʨʘʩ-

ʪʚʦʨʘ, ʝʩʣʠ b = 1,7 ʤ-1. ʆʪʨʘʞʝʥʠʝ ʥʝ ʫʯʠʪʳʚʘʪʴ. (ʆʪʚʝʪ: ʭ = 0,073 ʤ). 

509. ʅʘ ʩʪʝʢʣʷʥʥʫʶ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʫʶ ʧʣʘʩʪʠʥʫ ʧʘʜʘʝʪ ʧʦ ʥʦʨʤʘʣʠ 

ʧʣʦʩʢʘʷ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʘʷ ʩʚʝʪʦʚʘʷ ʚʦʣʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ I0 = 100 ʣʤ/ʤ2. 

ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʧʣʘʩʪʠʥʳ n = 1,5, ʪʦʣʱʠʥʘ ʧʣʘʩʪʠʥʳ d = 10 ʩʤ. 

ɼʣʠʥʘ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʚʦʣʥʳ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ d. ʆʧʨʝʜʝʣʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʚʝʪʘ, ʧʨʦhʝʜʰʝʛʦ ʯʝʨʝʟ ʧʣʘʩʪʠʥʢʫ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʧʦʛʣʦʱʝʥʠʝ ʚ ʧʣʘ-

ʩʪʠʥʢʝ ʦʪʩʫʪʩʪʚʫʝʪ. (ʆʪʚʝʪ: I = 92,2 ʣʤ/ʤ2 ). 

510. ʅʘ ʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʧʨʠ ʧʨʦ-

ʭʦʞʜʝʥʠʠ ʠʤ ʦʢʦʥʥʦʛʦ ʩʪʝʢʣʘ ʪʦʣʱʠʥʦʡ 4 ʤʤ ʟʘ ʩʯʝʪ ʧʦʛʣʦʱʝʥʠʠ,? ʂʦʵʬ-

ʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʨʘʚʝʥ 1,23 ʤ-1. (ʆʪʚʝʪ: ʥʘ 0,49 %). 

511. ʅʘ ʢʘʢʫʶ ʜʦʣʶ ʫʤʝʥɹh ʠʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 

ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʫʶ ʧʣʘʩʪʠʥʢʫ ʪʦʣʱʠʥʦʡ 4 ʤʤ ʟʘ ʩʯʝʪ ʦʪʨʘʞʝʥʠʷ? ʇʦʢʘʟʘ-

ʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʩʪʝʢʣʘ n = 1,52. (ɺʪʦʨʠʯʥʳʤʠ ʦʪʨʘʞʝʥʠʷʤʠ ʧʨʝʥʝ-

ʙʨʝʯʴ). (ʆʪʚʝʪ: 8,33 %). 

512. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 

ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʫʶ ʧʣʘʩʪʠʥʢʫ ʪʦʣʱʠʥʦʡ d = 2 ʤʤ ʟʘ ʩʯʝʪ ʦʪʨʘʞʝʥʠʷ ʧʨʝ-

ʚʦʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘ ʩʯʝʪ ʧʦʛʣʦʱʝʥʠʷ, ʝʩʣʠ ʧʦʢʘʟʘʪʝʣʴ 
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ʧʨʝʣʦʤʣʝʥʠʷ n = 1,5 ʠ ʢʦɻ ʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ a = 1,2 ʤ-1? (ʆʪʚʝʪ: 

ʨʘʟʘ,

n
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513. ʅʘ ʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ ʫʤʝʥʴʰʠʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ, ʧʨʦʰʝʜ-

ʰʝʛʦ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʫʶ ʧʣʘʩʪʠʥʢʫ ʪʦʣʱʠʥʦʡ 4 ʤʤ, ʩ ʫʯʝʪʦʤ ʧʦʛʣʦɦ ʝʥʠʷ ʠ 

ʦʪʨʘʞʝʥʠʷ? ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ a = 1,2 ʤ-1 ʠ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝ-

ʥʠʷ ʩʪʝʢʣʘ n = 1,52. (ʆʪʚʝʪ: ( ) =d--=
D ade
I

I 2

0

11 0,0829 ʥʘ 8,29 %). 

514. ʉʪʝʢʣʷʥʥʘʷ ʧʣʘʩʪʠʥʘ ʪʦʣʱʠʥʦʡ d = ɿ,82 ʤʤ, ʧʨʦʧʫʩʢʘʝʪ 88,2 % 

ʫʧʘʚʰʝʛʦ ʥʘ ʥʝʝ ʩʚʝʪʘ. ʆʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʩʪʝʢʣʘ ʜʣʷ 

ʜʘʥʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ. (ʆʪʚʝʪ: a = 32,8 ʤ-1). 

515. ʈʘʩʩʤʘʪʨʠʚʘʷ ʮʫʛ ʩʚʝʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩynʝʨʧʦʟʠʮʠʶ 

ʜʚʫʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʚʦʣʥ cos(wt-kx) ʠ cos(w1t-k1x), ʥʘʡʪʠ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ. (ʆʪʚʝʪ: U = (w1 ï w)/(k1 ï k). 

516. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʡ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ, ʧʘʜʘʶɦ ʝʡ ʥʘ 

ʩʪʝʢʣʷʥʥʫʶ ʧʣʘʩʪʠʥʢʫ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ n = 1,5, ʨʘʚʥʘ  

300 ʣʤ/ʤ2. ʆʧʨʝʜʝʣʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ. ʋʯʠʪʳʚʘʪʴ ʦʪ-

ʨʘʞʝʥʠʝ ʦʪ ʜʚʫʭ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ. (ʆʪʚʝʪ: Iʦʪʨ = 23,06 ʣʤ/ʤ2 ) 

517. ʅʘʡʪʠ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʩʚʝʪʘ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ (n = 1,33). (ʆʪʚʝʪ: d = 0,04). 

518. ʆʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠ ʥʦʨ-

ʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʠʟ ʚʦʜʳ (n1 = 1,ɿɿ) ʥʘ ʩʪʝʢʣʦ (n2 = 1,5). (ʆʪʚʝʪ:  

ʙ = 0,0047; ʛ = 0,9953). 

519. ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʚʝʪʘ ʜʣʠʥʦʡ ʚʦʣ-

ʥʳ 600 ʥʤ ʜʣʷ ʥʝʢʦʪʦʨʦʡ ʩʨʝʜʳ ʨʘʚʝʥ a0 = 1,25 ʤ-1. ʆʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʵʪʦʡ ʩʨʝʜʳ ʜʣʷ ʩʚʝʪʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 400 ʥʤ. (ʆʪʚʝʪ:  

a = 1,875 ʤ-1) 

520. ʅʘʡʪʠ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʦʧʪʠʯʝʩʢʦ-

ʛʦ ʵʣʝʢʪʨʦʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʡ ʚʦʣʳ l = 550 ʥʤ, ʝʩʣʠ 

ʘʤʧʣʠʪʫʜʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣ  ̫ɽ0 = 700 ɺ/ʤ. (ʆʪʚʝʪ: Vʤʘʭ = 

= =
ÖÖp

lÖÖ

Cm2

Ee
0  3,59 ʩʤ/ʩ) 

521. ʅʘ ʩʪʝʢʣʷʥʥʫʶ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʫʶ ʧʣʘʩʪʠʥʫ ʧʘʜʘʝʪ ʧʦ ʥʦʨʤʘʣʠ 

ʧʣʦʩʢʘʷ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʘʷ ʩʚʝʪʦʚʘʷ ʚʦʣʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ I0 = 200 ʣʤ/ʤ2. 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʩʪʝʢʣʘ a = l,0 ʤ-1. ʊʦʣʱʠʥʘ ʧʣʘʩʪʠʥʳ d = 5 ʩʤ. 

ʆʧʨʝʜʝʣʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʧʣʘʩʪʠʥʢʫ, ʝʩʣʠ ʦʪ-

ʨʘʞʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ. (ʆʪʚʝʪ: I = 190,24 ʣʤ/ʤ2).  
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522. ʄʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʡ ʩʚʝʪ ʥʦʨʤʘʣʴʥʦ ʧʘʜʘʝʪ ʥʘ ʜʚʝ ʩʣʦʞʝʥʥʳʝ ʚʤʝ-
ʩʪʝ ʩʪʝʢʣʷʥʥʳʝ ʧʣʘʩʪʠʥʢʠ ʪʦʣʱʠʥʦʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʍ1 = 1 ʩʤ ʠ ʍ2 = 1,5 ʩʤ, 

ʠʤʝʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ a1 = 1,5 ʤ-1 ʠ a2 = 1,8 ʤ-1 ʩʦʦʪʚʝʪ-
ʩʪʚʝʥʥʦ. ʆʧʨʝʜʝʣʠʪʴ ʥʘ ʢʘʢʫʶ ʜʦʣʶ ʫʤʝʥʴʰʠʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦ-
ʰʝʜʰʝʛʦ ʩʚʝʪʘ ʟʘ ʩʯʝʪ ʧʦʛʣʦɦ ʝʥʠʷ. (ʆʪʚʝʪ: ʥʘ 4,1 %). 

523. ʄʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʡ ʩʚʝʪ ʧʘʜʘʝʪ ʥʘ ʜʚʝ ʩʣʦʞʝʥʥʳʝ ʚʤʝʩʪʝ ʩʪʝʢ-
ʣʷʥʥʳʝ ʧʣʘʩʪʠʥʢʠ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʝʣʦʤʣʝʥʠʷ n1 = 1,5 ʠ n2 = 1,8.  
ʆʧʨʝʜʝʣʠʪʴ ʥʘ ʢʘʢʫʶ ʜʦʣʶ ʫʤʝʥʴʰʠʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʰʝʜʰʝʛʦ ʩʚʝʪʘ 
ʟʘ ʩʯʝʪ ʦʪʨʘʞʝʥʠʷ ʦʪ ʧʣʘʩʪʠʥ (ʤʥʦʛʦʢʨʘʪʥʦʝ ʦʪʨʘʞʝʥʠʝ ʥʝ ʫʯʠʪʳʚʘʪʴ)? 

(ʆʪʚʝʪ: ( )( )( )=d-d-d--=
D

321
0

1111
I

I
 12,6 %). 

524. ɺʳʨʘʟʠʪʴ ʛʨʫʧʧʦʚʫʶ ʩʢʦʨʦʩʪʴ 
dk

d
U

w
=  ʯʝʨʝʟ ʬʘʟʦʚʫʶ ʩʢʦʨʦʩʪʴ V ʠ 

dV/dl. (ʆʪʚʝʪ: 
l

-=
d

dV
VU ). 

525. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʧʨʦʰʝʜʰʝʡ ʯʝʨʝʟ ʧʨʦ-
ʟʨʘʯʥʫʶ ʧʣʘʩʪʠʥʢʫ ʪʦʣʱʠʥʦʡ 10 ʩʤ ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ 20 %. ʆʧʨʝʜʝʣʠʪʴ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ. (ʆʪʚʝʪ: a = 2,23 ʤ-1). 

526. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʩʠʥʝʛʦ ʩʚʝʪʘ (lʩ = 460 ʥʤ) 

ʙʦʣʴʰʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʢʨʘʩʥʦʛʦ ʩʚʝʪʘ (lʢ = 650 ʥʤ) ʜʣʷ ʦʜʥʦ-
ʛʦ ʠ ʪʦʛʦ ʞʝ ʚʝʱʝʩʪʚʘ? (ʆʪʚʝʪ: ʚ 1,41 ʨʘʟʘ). 

527. ʉʚʝʪʦʚʦʡ ʧʦʪʦʢ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʜʚʘ ʧʦʛʣʦʱʘʶʱʠʭ 
ʨʘʩʪʚʦʨʘ ʩʘʭʘʨʘ ʠ ʦʜʠʥʘʢʦʚʦ ʦʩʣʘʙʣʷʝʪʩʷ ʚ ʥʠʭ. ʆʜʠʥ ʨʘʩʪʚʦʨ ʠʤʝʝʪ 
ʪʦʣʱʠʥʫ 2 ʩʤ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ 10 %, ʚʪʦʨʦʡ ʨʘʩʪʚʦʨ ʠʤʝʝʪ ʪʦʣʱʠʥʫ 5 ʩʤ. 
ʆʧʨʝʜʝʣʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʪʦʨʦʛʦ ʨʘʩʪʚʦʨʘ. (ʆʪʚʝʪ: 4 %). 

528. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʙʝʣʦʛʦ ʩʚʝʪʘ ʯʝʨʝʟ ʥʝʢʦʪʦʨʫʶ ʩʨʝʜʫ ʪʦʣʱʠʥʦʡ  

1 ʩʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʥʝʛʦ ʩʚʝʪʘ (lʩ = 400 ʥʤ) ʦʢʘʟʘʣʘʩʴ ʨʘʚʥʘ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʠ ʢʨʘʩʥʦʛʦ ʩʚʝʪʘ (lʢ = 600 ʥʤ). ʆʧʨʝʜʝʣʠʪʴ ʢʦʥʩʪʘʥʪʫ ʧʦʛʣʦʱʝʥʠʷ ʜʘʥ-
ʥʦʡ ʩʨʝʜʳ, ʝʩʣʠ ʚ ʧʘʜʘʶʱʝʤ ʧʦʪʦʢʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʥʝʛʦ ʩʚʝʪʘ ʙʳʣʘ ʚ 

ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʨʘʩʥʦʛʦ ʩʚʝʪʘ. (ʆʪʚʝʪ: b = 6,87Ö10-6). 
529. ɼʣʷ ʥʝʢʦʪʦʨʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʩʚʝʪʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝ-

ʤʦʩʪʴ ʩʨʝʜʳ ʨʘʚʥʘ 2,323. ʏʝʤʫ ʨʘʚʝʥ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʩʨʝʜʳ ʜʣʷ 
ʵʪʦʡ ʜʣʠʥʳ ʚʦʣʥʳ? (ʆʪʚʝʪ: n = 1,524). 

530. ʉʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʥʝʢʦʪʦʨʦʡ ʩʨʝʜʝ ʨʘʚʥʘ 2,386Ö108 ʤ/ʩ. ʆʧʨʝʜʝʣʠʪʴ 
ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʦʩʪʦʷʥʥʫʶ ʩʨʝʜʳ. ɿʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʥɹʦʡ 

ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʨʝʜʳ ʧʨʠʥʷʪʴ ʨʘʚʥʦʡ Õ = 1. (ʆʪʚʝʪ: e = 1,581). 
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6. ȵȴȱɅȶȮȭȦȼȮɅ ȷȨȫȸȦ 

6.1. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ ʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ɿʘʢʦʥ ɹʨʶʩʪʝʨʘ: 
ntgi =ɹ ,                                              (6. 1) 

 

ʛʜʝ ɹi  ï ʫʛʦʣ ʧʘʜʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʪʨʘʞʝʥʥʘʷ ʩʚʝʪʦʚʘʷ ʚʦʣʥʘ ʧʦʣʥʦʩʪʴʶ 

ʧʦʣʷʨʠʟʦʚʘʥʘ: n  ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʩʨʝʜ. 
ʇʨʠ ʦʪʨʘʞʝʥʠʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ ʦʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ ʠʤʝ-

ʶʪ ʤʝʩʪʦ ʬʦʨʤʫʣʳ ʌʨʝʥʝʣʷ: 

 

2

ʧʝʨ 50 öö
÷

õ
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ç
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+

-
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)risin(

)risin(
I,I o ;                                       (6.2)      

              

2

ʧʘʨ 50 öö
÷

õ
ææ
ç

å

+

-
Ö=

)ri(tg

)ri(tg
I,I o ,                                       (6.3)                        

 

ʛʜʝ ʧʝʨI  ʠ ʧʘʨI  ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʦʚʳʭ ʚʦʣʥ, ʢʦʣʝʙʘʥʠʷ ʚ ʢʦʪʦʨʳʭ ʩʦʚʝʨ-

ʰʘʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʦʤ ʠ ʧʘʨʘʣʣʝʣʴʥʦʤ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝ-
ʥʠʷ ʩʚʝʪʘ; oI  ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʘʜʘʶʱʝʛʦ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ; i ï ʫʛʦʣ ʧʘ-

ʜʝʥʠʷ; rï ʫʛʦʣ ʧʨʝʣʦʤʣʝʥʠʷ. 
ɿʘʢʦʥ ʄʘʣʶʩʘ: 

j= 2cosII o ,                                         (6.4)                
 

ʛʜʝ I  ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʣʦʩʢʦʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʩʚʝʪʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ 
ʧʦʣʷʨʠʟʘʪʦʨ ʠ ʘʥʘʣʠʟʘʪʦʨ; oI  ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʣʦʩʢʦʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ 

ʩʚʝʪʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʧʦʣʷʨʠʟʘʪʦʨ; j ï ʫʛʦʣ  ʤʝʞʜʫ ʛʣʘʚʥʳʤʠ ʧʣʦʩʢʦ-
ʩʪʷʤʠ ʧʦʣʷʨʠʟʘʮʠʠ ʧʦʣʷʨʠʟʘʪʦʨʘ ʠ ʘʥʘʣʠʟʘʪʦʨʘ. 

 ʉʪʝʧʝʥʴ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ: 

ʧʝʨʧʘʨ

ʧʝʨʧʘʨ

II

II
P

+

-
= ,                                         (6.5) 

 

ʛʜʝ ʧʘʨI  ʠ ʧʝʨI  ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʠ ʤʠʥʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʯʘʩʪʠʯʥʦ ʧʦ-

ʣʷʨʠʟʦʚʘʥʥʦʛʦ ʩʚʝʪʘ ʧʨʦʧʫʩʢʘʝʤʦʛʦ ʘʥʘʣʠʟʘʪʦʨʦʤ. 
ʋʛʦʣ ʧʦʚʦʨʦʪʘ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤ ʚʝʱʝʩʪʚʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 
ï ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ 

  dÖa=j ,                                             (6.6) 
 

ʛʜʝ a ï ʧʦʩʪʦʷʥʥʘʷ ʚʨʘʱʝʥʠʷ; d ï ʜʣʠʥʘ ʧʫʪʠ, ʧʨʦʡʜʝʥʥʘʷ ʩʚʝʪʦʤ ʚ ʦʧʪʠ-
ʯʝʩʢʠ ʘʢʪʠʚʥʦʤ ʚʝʱʝʩʪʚʝ; 
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ɼʘʥʦ: 
n2 = 1,5 

j = 1,5 
 
n2 = ? 

ï ʚ ʯʠʩʪʳʭ ʞʠʜʢʦʩʪʷʭ 
[] ÖrÖa=j d,                                               (6.7) 

 

ɻʜʝ [a] ï ʫʜʝʣʴʥʦʝ ʚʨʘʱʝʥʠʝ; r ï ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ; d ï ʜʣʠʥʘ ʩʪʦʣʙʘ 
ʞʠʜʢʦʩʪʠ;  
ï ʚ ʨʘʩʪʚʦʨʘʭ  

[] dCÖÖa=j ,                                            (6.8) 
 

ʛʜʝ C ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ (ʤʘʩʩʘ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ 
ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʨʘʩʪʚʦʨʘ). 

 
6.2. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ɿʘʜʘʯʘ 1. ɽʩʪʝʩʪʚʝʥʥʳʡ ʣʫʯ ʩʚʝʪʘ ʧʘʜʘʝʪ ʥʘ ʧʦʣʠʨʦʚʘʥʥʫʶ ʧʦʚʝʨʭ-
ʥʦʩʪʴ ʩʪʝʢʣʷʥʥʦʡ ʧʣʘʩʪʠʥʳ, ʧʦʛʨʫʞʝʥʥʦʡ ʚ ʞʠʜʢʦʩʪʴ. ʆʪʨʘʞʝʥʥʳʡ ʦʪ ʧʣʘ-

ʩʪʠʥʳ ʣʫʯ ʩʦʩʪʘʚʣʷʝʪ ʫʛʦʣ j = 97  ̄ʩ ʧʘʜʘʶʱʠʤ ʣʫʯʦʤ (ʨʠʩ. 6.1). ʆʧʨʝ-
ʜʝʣʠʪʴ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ n  ʞʠʜʢʦʩʪʠ, ʝʩʣʠ ʦʪʨʘʞʝʥʥʳʡ ʩʚʝʪ ʤʘʢ-
ʩʠʤʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥ. 

ʈʝʰʝʥʠʝ. ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ɹʨʶʩʪʝʨʘ, ʩʚʝʪ, ʦʪʨʘʞʝʥʥʳʡ 
ʦʪ ʜʠʵʣʝʢʪʨʠʢʘ, ʧʦʣʥʦʩʪʴʶ ʧʦʣʷʨʠʟʦʚʘʥ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 
ʪʘʥʛʝʥʩ ʫʛʣʘ ʧʘʜʝʥʠʷ ʨʘʚʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ 
ʧʨʝʣʦʤʣʝʥʠʷ ntg =fɹ , ʛʜʝ n ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ 

ʧʨʝʣʦʤʣʝʥʠʷ ʚʪʦʨʦʡ ʩʨʝʜʳ (ʩʪʝʢʣʦ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʡ 
ʩʨʝʜʳ (ʞʠʜʢʦʩʪʴ). ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝ-

ʥʠʷ ʨʘʚʝʥ ʦʪʥʦʰʝʥʠʶ ʘʙʩʦʣʶʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ. ʉʣʝʜʦʚʘ-
ʪʝʣɹʥʦ: 

 

1

2

ɹ
n

n
tg =f .  

 

ʉʦʛʣʘʩʥʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ ʦʪʨʘʞʝʥʥʳʡ ʣʫʯ 

ʧʦʚʝʨʥʫʪ ʥʘ ʫʛʦʣ j ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʘʜʘʶʱʝʛʦ 
ʣʫʯʘ. ʊʘʢ ʢʘʢ ʫʛʦʣ ʧʘʜʝʥʠʷ ʨʘʚʝʥ ʫʛʣʫ ʦʪʨʘ-

ʞʝʥʠʷ, ʪʦ 
2
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ɿʘʜʘʯʘ 2. ɼʚʘ ʥʠʢʦʣʷ 1N  ʠ 2N  ʨʘʩʧʦʣʦʞʝʥʳ ʪʘʢ, ʯʪʦ ʫʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦ-

ʩʪʷʤʠ ʢʦʣʝʙʘʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 60.̄ 1. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʫʤʝʥʴʰʠʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 
ʩʚʝʪʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʦʜʠʥ ʥʠʢʦʣʴ 1N ? 2. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʫʤʝʥʴʰʠʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʦʙʘ ʥʠʢʦʣʷ? ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 
ʢʘʞʜʦʛʦ ʠʟ ʥʠʢʦʣʝʡ ʧʦʪʝʨʠ ʥʘ ʦʪʨʘʞʝʥʠʝ ʠ ʧʦʛʣʦʱʝʥʠʝ ʩʚʝʪʘ ʩʦʩʪʘʚʣʷʶʪ 5 %. 

ʈʝʰʝʥʠʝ. 1. ɽʩʪʝʩʪʚʝʥʥʳʡ ʩʚʝʪ, ʧʘʜʘʷ ʥʘ ʛʨʘʥʴ 
ʧʨʠʟʤʳ ʅʠʢʦʣʷ (ʨʠʩ. 6.2), ʨʘʩʱʝʧʣʝ̫ʪʩʷ ʚʩʣʝʜʩʪʚʠʝ 
ʜʚʦʡʥʦʛʦ ʣʫʯʝʧʨʝʣʦʤʣʝʥʠʷ ʥʘ ʜʚʘ ʣʫʯʘ: ʦʙʳʢʥʦʚʝʥ-
ʥʳʡ ʠ ʥʝʦʙʳʢʥʦʚʝʥʥʳʡ. ʆʙʘ ʣʫʯʘ ʦʜʠʥʘʢʦʚʳ ʧʦ ʠʥʪʝʥ-
ʩʠʚʥʦʩʪʠ ʠ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʳ. ʇʣʦʩʢʦʩʪʴ ʢʦʣʝʙʘ-
ʥʠʡ ʜʣʷ ʥʝʦʙʳʢʥʦʚʝʥʥʦʛʦ ʣʫʯʘ ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ ʯʝʨ-
ʪʝʞʘ (ʧʣʦʩʢʦʩʪʴ ʛʣʘʚʥʦʛʦ ʩʝʯʝʥʠʷ). 

 
 
 
 
 
 
 
 
 
ʇʣʦʩʢʦʩʪʴ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʣʫʯʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʢ ʧʣʦʩ-

ʢʦʩʪʠ ʯʝʨʪʝʞʘ. ʆʙʳʢʥʦʚʝʥʥʳʡ ʣʫʯ ʆ ʚʩʣʝʜʩʪʚʠʝ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪ-
ʨʘʞʝʥʠʷ ʦʪ ʛʨʘʥʠʮʳ ɸɺ ʦʪʙʨʘʩʳʚʘʝʪʩʷ ʥʘ ʟʘʯʝʨʥʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠʟ-
ʤʳ ʠ ʧʦʛʣʦʱʘʝʪʩʷ ʝʶ. 
ʅʝʦʙʳʢʥʦʚʝʥʥʳʡ ʣʫʯ ʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʧʨʠʟʤʫ, ʫʤʝʥʴʰʘʷ ʩʚʦʶ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʴ ʥʘ  ʚʝʣʠʯʠʥʫ ʧʦʪʝʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʩʚʝʪʘ ʚ ʪʦʣʱʝ ʧʨʠʟʤʳ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʧʝʨʚʫʶ ʧʨʠʟ-

ʤʫ 1N : 

( )kI,I o -= 1501 , 
 

ʛʜʝ k ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʚ ʥʠʢʦʣʝ; oI  ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʩʚʝʪʘ, ʧʘʜʘʶʱʝʛʦ ʥʘ ʧʝʨʚʳʡ ʥʠʢʦʣʴ. 
ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ ʧʦʣʫʯʠʤ, ʨʘʟʜʝʣʠʚ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ oI  ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ 

ʩʚʝʪʘ 1I . 

( ) ( )kkI,
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  .                               (6.9) 

  

ʇʦʜʩʪʘʚʠʚ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʥʘʡʜʝʤ: 
  

e 

N2 

( ) a-= 22
02 1

2

1
coskII  ɽʩʪʝʩʪʚʝʥʥʳʡ 

ʣʫʯ ʩʚʝʪʘ 

( )kII -= 1
2

1
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ʈʠʩ. 6.2 

ɼʘʥʦ: 

a = 60  ̄
K = 0,05 
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ʊʘʢʠʤʠ ʦʙʨʘʟʦʤ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʥʠʢʦʣʴ 1N  

ʫʤʝʥʴʰʘʝʪʩʷ ʚ 2,1 ʨʘʟʘ. 
2. ʇʣʦʩʢʦʧʦʣʷʨʠʟʦʚʘʥʥʳʡ ʣʫʯ ʩʚʝʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 1I  ʧʘʜʘʝʪ ʥʘ ʚʪʦʨʦʡ 

ʥʠʢʦʣʴ 2N  ʠ ʪʘʢʞʝ ʨʘʩʱʝʧʣʷʝʪʩʷ ʥʘ ʦʙʳʢʥʦʚʝʥʥʳʡ ʠ ʥʝʦʙʳʢʥʦʚʝʥʥʳʡ ʣʫ-

ʯʠ. ʆʙʳʢʥʦʚʝʥʥʳʡ ʣʫʯ ʧʦʣʥʦʩʪʴʶ ʧʦʛʣʦʱʘʝʪʩʷ ʧʨʠʟʤʦʡ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 
ʥʝʦʙʳʢʥʦʚʝʥʥʦʛʦ ʣʫʯʘ 2I , ʚʳʰʝʜʰʝʛʦ ʠʟ ʧʨʠʟʤʳ 2N , ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʢʦ-

ʥʦʤ ʄʘʣʶʩʘ (ʙʝʟ ʫʯʝʪʘ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ ʚʦ ʚʪʦʨʦʤ ʥʠʢʦʣʝ): 
 

jÖ= 2

12
cosII , 

 

ʛʜʝ j ï ʫʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʴʶ ʢʦʣʝʙʘʥʠʡ ʚ ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʧʫʯʢʝ ʠ ʧʣʦʩ-
ʢʦʩʪʴʶ ʧʨʦʧʫʩʢʘʥʠʷ ʥʠʢʦʣʷ 2N . ʋʯʠʪʳʚʘʷ ʧʦʪʝʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦ ʚʪʦʨʦʤ 

ʥʠʢʦʣʝ, ʧʦʣʫʯʠʤ: 

( ) jÖ-Ö= 2
12 1 coskII . 

 

ʀʩʢʦʤʦʝ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʩʚʝʪʘ ʯʝʨʝʟ ʦʙʘ 
ʥʠʢʦʣʷ ʥʘʡʜʝʤ, ʨʘʟʜʝʣʠʚ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

o
I  ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ ʥʘ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ 2I  ʩʚʝʪʘ, ʧʨʦʰʝʜʰʝʛʦ ʩʠʩʪʝʤʫ ʠʟ ʜʚʫʭ ʥʠʢʦʣʝʡ ʧʦʣʫʯʠʤ: 

( ) jÖ-
=

2
12 1 coskI

I

I

I oo , 

ʟʘʤʝʥʠʚ  
1I

Io  ʝʛʦ ʚʳʨʘʞʝʥʠʝʤ ʧʦ ʬʦʨʤʫʣʝ (6.9), ʧʦʣʫʯʠʤ: 

( ) jÖ-
=

22
2 1

2

coskI

Io . 

 

ʇʦʜʩʪʘʚʣʷʷ ʜʘʥʥʳʝ, ʧʨʦʠʟʚʝʜʝʤ ʚʳʯʠʩʣʝʥʠʷ: 
 

( )
868

600501

2
22

2
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o =
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= . 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʚʝʪʘ ʯʝʨʝʟ ʜʚʘ ʥʠʢʦʣʷ ʠʥʪʝʥʩʠʚ-
ʥʦʩʪʴ ʝʛʦ ʫʤʝʥʴʰʠʪʩʷ ʚ 8,86 ʨʘʟ. 

 
ɿʘʜʘʯʘ 3. ʆʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ, ʧʘ-

ʜʘʶʱʝʛʦ ʥʘ ʩʪʝʢʣʦ (n = 1,54) ʧʦʜ ʫʛʣʦʤ ʧʦʣʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. ʅʘʡʪʠ ʩʪʝʧʝʥʴ 
ʧʦʣʷʨʠʟʘʮʠʠ ʣʫʯʝʡ, ʧʨʦʰʝʜʰʠʭ ʚ ʩʪʝʢʣʦ. ʇʦʛʣʦʱʝʥʠʝʤ ʩʚʝʪʘ ʧʨʝʥʝʙʨʝʯʴ. 

ʈʝʰʝʥʠʝ. ʂʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ 
oI

I
K = , ʛʜʝ 

ʧʘʨI+=ʧʝʨII  ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʩʚʝʪʘ; I0 ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ 
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ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ. ʇʨʠʯʝʤ 
 

( )

( )risin

risin
I,I o

+

-
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2

2

ʧʝʨ 50 ;         
( )

( )ritg

ritg
I,I o

+

-
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2

2

ʧʘʨ 50 . 

 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʨʠ ʧʘʜʝʥʠʠ ʧʦʜ ʫʛʣʦʤ ʧʦʣʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ 541,ntgi == . 

ʇʦ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʤ ʪʘʙʣʠʮʘʤ ʥʘʭʦʜʠʤ i = 57 .̄ 
ʊʘʢ ʢʘʢ I + ʛ = 90 ,̄ ʪʦ ʫʛʦʣ ʧʨʝʣʦʤʣʝʥʠʷ r = 33 .̄ ʊʦʛʜʘ  i ï ʛ = 24 .̄ 
ʇʦʵʪʦʤʫ 

( )

( )risin

risin
I,I o

+

-
Ö=

2

2

ʧʝʨ 50 ;         
( )

( )ritg

ritg
I,I o

+

-
Ö=

2

2

ʧʘʨ 50 , 

 

ʪ. ʝ. ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ ʧʨʠ ʫʛʣʝ ʧʘʜʝʥʠʷ, ʨʘʚʥʦʤ ʫʛʣʫ ʧʦʣʥʦʡ ʧʦʣʷʨʠʟʘ-
ʮʠʠ, ʢʦʣʝʙʘʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʪʦʣʴʢʦ ʚ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʧʣʦʩʢʦ-
ʩʪʠ ʧʘʜʝʥʠʷ. ʇʨʠ ʵʪʦʤ  ( ) 0 8 30ʧʘʨʧʝʨ ,I/IIIIK oo =+== , ʪ. ʝ. ʦʪʨʘʞʘʝʪʩʷ ʦʪ 

ʩʪʝʢʣʘ 8,3 % ʵʥʝʨʛʠʠ ʧʘʜʘʶʱʠʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʣʫʯʝʡ. ʕʪʦ  ʙʫʜʫʪ ʣʫʯʠ ʩ ʢʦ-
ʣʝʙʘʥʠʷʤʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤʠ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʥʝʨ-
ʛʠʷ ʢʦʣʝʙʘʥʠʡ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ ʠ ʧʨʦh ʝʜʰʠʭ ʚʦ 
ʚʪʦʨʫʶ ʩʨʝʜʫ, ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ 41,7 % ʦʪ ʦʙʱʝʡ ʵʥʝʨʛʠʠ ʣʫʯʝʡ, ʫʧʘʚʰʠʭ 
ʥʘ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ, ʘ ʵʥʝʨʛʠʷ ʢʦʣʝʙʘʥʠʡ, ʣʝʞʘʱʠʭ ʚ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ, 
50 %. ʉʪʝʧʝʥʴ ʧʦʣʷʨʠʟʘʮʠʠ ʣʫʯʝʡ, ʧʨʦʰʝʜʰʠʭ ʚʦ ʚʪʦʨʫʶ ʩʨʝʜʫ, ʙʫʜʝʪ: 
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=== . 

 
6.3. 3ʘʜʘʯʠ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

601. ʇʫʯʦʢ ʩʚʝʪʘ, ʠʜʫʱʠʡ ʚ ʚʦʟʜʫʭʝ, ʧʘʜʘʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʩʪʠ 

ʧʦʜ ʫʛʣʦʤ 54.̄ ʆʧʨʝʜʝʣʠʪʴ ʫʛʦʣ ʧʨʝʣʦʤʣʝʥʠʷ ʧʫʯʢʘ, ʝʩʣʠ ʦʪʨʘʞʝʥʥʳʡ ʧʫ-

ʯʦʢ ʧʦʣʥʦʩʪʴʶ ʧʦʣʷʨʠʟʦʚʘʥ. (ʆʪʚʝʪ: 36)̄. 
602. ʅʘ ʢʘʢʦʡ ʫʛʣʦʚʦʡ ʚʳʩʦʪʝ ʥʘʜ ʛʦʨʠʟʦʥʪʦʤ ʜʦʣʞʥʦ ʥʘʭʦʜʠʪʴʩʷ 

ʉʦʣʥʮʝ, ʯʪʦʙʳ ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ, ʦʪʨʘʞʝʥʥʳʡ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ, ʙʳʣ 

ʧʦʣʥʦʩʪʴʶ ʧʦʣʷʨʠʟʦʚʘʥ? (ʆʪʚʝʪ: 37)̄. 
603. ʇʫʯʦʢ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ, ʠʜʫʱʠʡ ʚ ʚʦʜʝ, ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʛʨʘʥʠ 

ʘʣʤʘʟʘ, ʧʦʛʨʫʞʝʥʥʦʛʦ ʚ ʚʦʜʫ. ʇʨʠ ʢʘʢʦʤ ʫʛʣʝ ʧʘʜʝʥʠʷ ʦʪʨʘʞʝʥʥʳʡ ʩʚʝʪ 

ʧʦʣʥʦʩʪʴʶ ʧʦʣʷʨʠʟʦʚʘʥ? (ʆʪʚʝʪ: 611̄2¡). 
604. ʋʛʦʣ ɹʨʶʩʪʝʨʘ ʧʨʠ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʠʟ ʚʦʟʜʫʭʘ ʥʘ ʢʨʠʩʪʘʣʣ ʢʘʤʝʥ-

ʥʦʡ ʩʦʣʠ ʨʘʚʝʥ 57 .̄ ʆʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʵʪʦʤ ʢʨʠʩʪʘʣʣʝ. (ʆʪʚʝʪ: 

V = 1,94Ö106 ʤ/ʩ). 
605. ʇʨʝʜʝʣʴʥʳʡ ʫʛʦʣ ʧʦʣʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʧʫʯʢʘ ʩʚʝʪʘ ʥʘ ʛʨʘʥʠʮʝ ʞʠʜ-

ʢʦʩʪʠ ʩ ʚʦʟʜʫʭʦʤ ʨʘʚʝʥ 43Á. ʆʧʨʝʜʝʣʠʪʴ ʫʛʦʣ ɹʨʶʩʪʝʨʘ ʜʣʷ ʧʘʜʝʥʠʷ ʣʫʯʘ 

ʠʟ ʚʦʟʜʫʭʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʵʪʦʡ ʞʠʜʢʦʩʪʠ. (ʆʪʚʝʪ: 554̄5¡). 
606. ʇʫʯʦʢ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ ʧʘʜʘʝʪ ʥʘ ʧʦʣʠʨʦʚʘʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 
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ʩʪʝʢʣʷʥʥʦʡ ʧʣʘʩʪʠʥʳ, ʧʦʛʨʫʞʝʥʥʦʡ ʚ ʞʠʜʢʦʩʪʴ. ʆʪʨʘʞʝʥʥʳʡ ʦʪ ʧʣʘʩʪʠʥʳ 
ʧʫʯʦʢ ʩʚʝʪʘ ʦʙʨʘʟʫʝʪ ʫʛʦʣ 97Á ʩ ʧʘʜʘʶʱʠʤ ʧʫʯʢʦʤ. ʆʧʨʝʜʝʣʠʪʴ ʧʦʢʘʟʘʪʝʣʴ 
ʧʨʝʣʦʤʣʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʝʩʣʠ ʦʪʨʘʞʝʥʥʳʡ ʩʚʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥ. 
(ʆʪʚʝʪ:  n = 1,33). 
607. ʇʘʨʘʣʣʝʣʴʥʳʡ ʧʫʯʦʢ ʩʚʝʪʘ ʧʝʨʝʭʦʜʠʪ ʠʟ ʛʣʠʮʝʨʠʥʘ ʚ ʩʪʝʢʣʦ ʪʘʢ, 

ʯʪʦ ʧʫʯʦʢ, ʦʪʨʘʞʝʥʥʳʡ ʦʪ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʵʪʠʭ ʩʨʝʜ, ʦʢʘʟʳʚʘʝʪʩʷ ʤʘʢʩʠ-
ʤʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʤ. ʆʧʨʝʜʝʣʠʪʴ ʫʛʦʣ ʤʝʞʜʫ ʧʘʜʘʶʱʠʤ ʠ ʧʨʝʣʦʤ-
ʣʝʥʥʳʤ ʧʫʯʢʘʤʠ. (ʆʪʚʝʪ: 178Á26¡) . 
608 ʃʫʯ ʩʚʝʪʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʞʠʜʢʦʩʪʴ, ʥʘʣʠʪʫʶ ʚ ʩʪʝʢʣʷʥʥʳʡ ʩʦʩʫʜ, ʠ 

ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʜʥʘ. ʆʪʨʘʞʝʥʥʳʡ ʣʫʯ ʧʦʣʥʦʩʪʴʶ ʧʦʣʷʨʠʟʦʚʘʥ ʧʨʠ ʧʘʜʝʥʠʠ 
ʝʛʦ ʥʘ ʜʥʦ ʩʦʩʫʜʘ ʧʦʜ ʫʛʣʦʤ 42Á37¡. ʅʘʡʪʠ: ʘ) ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ 
ʞʠʜʢʦʩʪʠ; ʙ) ʧʦʜ ʢʘʢʠʤ ʫʛʣʦʤ ʜʦʣʞʝʥ ʧʘʜʘʪʴ ʥʘ ʜʥʦ ʩʦʩʫʜʘ ʣʫʯ ʩʚʝʪʘ, 
ʠʜʫʱʠʡ ʚ ʵʪʦʡ ʞʠʜʢʦʩʪʠ, ʯʪʦʙʳ ʥʘʩʪʫʧʠʣʦ ʧʦʣʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʦʪʨʘʞʝʥʠʝ?  
(ʆʪʚʝʪ: ʘ) n = 1,63; ʙ) 66Á56¡). 
609. ʇʫʯʦʢ ʩʚʝʪʘ  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʜʚʘ ʥʠʢʦʣʷ, ʧʣʦʩʢʦ-

ʩʪʠ ʧʨʦʧʫʩʢʘʥʠʷ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʫʛʦʣ ʨʘʚʥʳʡ 40Á. ʇʨʠʥʠ-
ʤʘʷ, ʯʪʦ   ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʢʘʞʜʦʛʦ ʥʠʢʦʣʷ ʨʘʚʝʥ 15 %. ʅʘʡʪʠ, ʚʦ 
ʩʢʦʣʴʢʦ ʨʘʟ ʧʫʯʦʢ ʩʚʝʪʘ ʚʳʭʦʜʷʱʠʡ ʠʟ ʚʪʦʨʦʛʦ ʥʠʢʦʣʷ, ʦʩʣʘʙʣʝʥ ʧʦ ʩʨʘʚ-
ʥʝʥʠʶ ʩ ʧʫʯʢʦʤ, ʧʘʜʘʶʱʠʤ ʥʘ ʧʝʨʚʳʡ ʥʠʢʦʣʴ? (ʆʪʚʝʪ: ʚ 4,72 ʨʘʟʘ). 
610. ʇʫʯʦʢ ʩʚʝʪʘ, ʠʜʫʱʠʡ ʚ ʩʪʝʢʣʷʥʥʦʤ ʩʦʩʫʜʝ ʩ ʛʣʠʮʝʨʠʥʦʤ, ʦʪʨʘ-

ʞʘʝʪʩʷ ʦʪ ʜʥʘ ʩʦʩʫʜʘ. ʇʨʠ ʢʘʢʦʤ ʫʛʣʝ ʧʘʜʝʥʠʷ ʦʪʨʘʞʝʥʥʳʡ ʧʫʯʦʢ ʩʚʝʪʘ 
ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥ? (ʆʪʚʝʪ: 45Á30¡). 
611. ʏʝʤʫ ʨʘʚʝʥ ʫʛʦʣ ʤʝʞʜʫ ʛʣʘʚʥʳʤʠ ʧʣʦʩʢʦʩʪʷʤʠ ʧʦʣʷʨʠʟʘʪʦʨʘ ʠ 

ʘʥʘʣʠʟʘʪʦʨʘ, ʝʩʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ 
ʧʦʣʷʨʠʟʘʪʦʨ ʠ ʘʥʘʣʠʟʘʪʦʨ, ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʯʝʪʳʨʝ ʨʘʟʘ? ʇʦʛʣʦʝɦʥʠʝʤ 
ʩʚʝʪʘ ʧʨʝʥʝʙʨʝʯʴ. (ʆʪʚʝʪ: 45Á). 
612. ɽʩʪʝʩʪʚʝʥʥʳʡ ʩʚʝʪ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʧʦʣʷʨʠʟʘʪʦʨ ʠ ʘʥʘʣʠʟʘʪʦʨ, ʧʦ-

ʩʪʘʚʣʝʥʥʳʝ ʪʘʢ,  ʯʪʦ ʫʛʦʣ ʤʝʞʜʫ ʠʭ ʛʣʘʚʥʳʤʠ ʧʣʦʩʢʦʩʪʷʤʠ ʨʘʚʝʥ a. ʂʘʢ 
ʧʦʣʷʨʠʟʘʪʦʨ, ʪʘʢ  ʠ ʘʥʘʣʠʟʘʪʦʨ ʧʦʛʣʦʱʘʶʪ ʠ ʦʪʨʘʞʘʶʪ 8 % ʧʘʜʘʶʱʝʛʦ ʥʘ 
ʥʠʭ ʩʚʝʪʘ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʫʯʘ, ʚʳʰʝʜʰʝʛʦ ʠʟ ʘʥʘʣʠʟʘʪʦ-
ʨʘ, ʨʘʚʥʘ 9 % ʠʥʪʝʥʩʠʚʥʦʩʪʠ  ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ, ʧʘʜʘʶʱʝʛʦ ʥʘ ʧʦʣʷʨʠ-
ʟʘʪʦʨ. ʅʘʡʪʠ ʫʛʦʣ a. (ʆʪʚʝʪ: a = 62 3̄2¡). 
613. ʋʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʧʨʦʧʫʩʢʘʥʠʷ ʧʦʣʷʨʦʠʜʦʚ ʨʘʚʝʥ 50.̄ ɽʩʪʝ-

ʩʪʚʝʥʥʳʡ ʩʚʝʪ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʪʘʢʫʶ ʩʠʩʪʝʤʫ, ʦʩʣʘʙʣʷʝʪʩʷ ʚ 8 ʨʘʟ. ʇʨʝʥʝ-
ʙʨʝʛʘʷ ʧʦʪʝʨʷʤʠ ʩʚʝʪʘ ʧʨʠ ʦʪʨʘʞʝʥʠʠ, ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦ-
ʱʝʥʠʷ ʩʚʝʪʘ ʚ ʧʦʣʷʨʦʠʜʘʭ. (ʆʪʚʝʪ: k = 0,222). 
614. ʋʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʧʨʦʧʫʩʢʘʥʠʷ ʧʦʣʷʨʠʟʘʪʦʨʘ  ʠ ʘʥʘʣʠʟʘ-

ʪʦʨʘ ʨʘʚʝʥ 45.̄ ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʫʤʝʥʴʰʠʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ, ʚʳʭʦʜʷ-
ʱʝʛʦ ʠʟ ʘʥʘʣʠʟʘʪʦʨʘ, ʝʩʣʠ ʫʛʦʣ ʫʚʝʣʠʯʠʪʴ ʜʦ 60?̄ (ʆʪʚʝʪ: ʚ 2 ʨʘʟʘ) 
615. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʦʩʣʘʙʣʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ, ʧʨʦʭʦʜʷʱʝʛʦ 

ʯʝʨʝʟ ʜʚʘ ʥʠʢʦʣʷ, ʧʣʦʩʢʦʩʪʠ ʧʨʦʧʫʩʢʘʥʠʷ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪ ʫʛʦʣ 30,̄ ʝʩʣʠ 
ʚ ʢʘʞʜʦʤ ʠʟ ʥʠʢʦʣʝʡ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʪʝʨʷʝʪʩʷ 10 % ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʘʜʘʶ-
ʱʝʛʦ ʥʘ ʥʝʛʦ ʩʚʝʪʘ? (ʆʪʚʝʪ: ʚ 3,3 ʨʘʟʘ). 

616. ɸʥʘʣʠʟʘʪʦʨ ʚ ʜʚʘ ʨʘʟʘ ʫʤʝʥʴʰʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ, ʧʨʠʭʦʜʷ-
ʱʝʛʦ ʢ ʥʝʤʫ ʦʪ ʧʦʣʷʨʠʟʘʪʦʨʘ. ʆʧʨʝʜʝʣʠʪʴ ʫʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʧʨʦ-
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ʧʫʩʢʘʥʠʷ ʧʦʣʷʨʠʟʘʪʦʨʘ ʠ ʘʥʘʣʠʟʘʪʦʨʘ. (ʇʦʪʝʨʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ ʚ 
ʘʥʘʣʠʟʘʪʦʨʝ ʧʨʝʥʝʙʨʝʯʴ). (ʆʪʚʝʪ: j = 45 )̄. 
617. ʇʣʘʩʪʠʥʢʫ ʢʚʘʨʮʘ ʪʦʣʱʠʥʦʡ 2 ʤʤ ʧʦʤʝʩʪʠʣʠ ʤʝʞʜʫ ʧʘʨʘʣʣʝʣʴʥʳ-

ʤʠ ʥʠʢʦʣʷʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʣʦʩʢʦʩʪʴ ʧʦʣʷʨʠʟʘʮʠʠ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩ-

ʢʦʛʦ ʩʚʝʪʘ ʧʦʚʝʨʥʫʣʘʩʴ ʥʘ ʫʛʦʣ 53.̄ ʂʘʢʦʡ ʥʘʠʤʝʥʴʰʝʡ  ʪʦʣʱʠʥʳ ʩʣʝʜʫʝʪ 
ʚʟʷʪʴ ʧʣʘʩʪʠʥʢʫ, ʯʪʦʙʳ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʳʰʝʜʰʝʛʦ ʠʟ ʵʪʦʡ ʩʠʩʪʝʤʳ ʩʚʝʪʘ 

ʙʳʣʘ ʤʠʥʠʤʘʣʴʥʦʡ? (ʆʪʚʝʪ: d = 3,4Ö10-3 ʤ). 
618. ʂʚʘʨʮʝʚʫʶ ʧʣʘʩʪʠʥʢʫ ʧʦʤʝʩʪʠʣʠ ʤʝʞʜʫ ʩʢʨʝʱʝʥʥʳʤʠ ʥʠʢʦʣʷʤʠ. 

ʇʨʠ ʢʘʢʦʡ ʥʘʠʤʝʥʴʰʝʡ ʪʦʣʱʠʥʝ ʢʚʘʨʮʝʚʦʡ ʧʣʘʩʪʠʥʢʠ ʧʦʣʝ ʟʨʝʥʠʷ ʙʫʜʝʪ 
ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʩʚʝʪʣʝʥʦ? ʇʦʩʪʦʷʥʥʘʷ ʚʨʘʱʝʥʠʷ ʢʚʘʨʮʘ ʨʘʚʥʘ 27 ʛʨ/ʤʤ. 

(ʆʪʚʝʪ: d = 3,33Ö10-3 ʤ). 
619. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʩʚʝʪʘ ʯʝʨʝʟ ʪʨʫʙʢʫ ʜʣʠʥʦʡ 20 ʩʤ, ʟʘʧʦʣʥʝʥʥʫʶ 

ʨʘʩʪʚʦʨʦʤ ʩʘʭʘʨʘ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 10 %, ʧʣʦʩʢʦʩʪʴ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ʧʦ-

ʚʝʨʥʫʣʘʩʴ ʥʘ ʫʛʦʣ 13,3 .̄ ɺ ʜʨʫʛʦʤ ʨʘʩʪʚʦʨʝ ʩʘʭʘʨʘ, ʥʘʣʠʪʦʤ ʚ ʪʨʫʙʢʫ ʜʣʠ-

ʥʦʡ 15 ʩʤ ʧʣʦʩʢʦʩʪʴ ʧʦʣʷʨʠʟʘʮʠʠ ʧʦʚʝʨʥʫʣʘʩʴ ʥʘ ʫʛʦʣ 5,2.̄ ʆʧʨʝʜʝʣʠʪʴ 
ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʪʦʨʦʛʦ ʨʘʩʪʚʦʨʘ. (ʆʪʚʝʪ: ʉ = 5,2 %). 
620. ʅʠʢʦʪʠʥ (ʯʠʩʪʘʷ ʞʠʜʢʦʩʪʴ), ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʩʪʝʢʣʷʥʥʦʡ ʪʨʫʙʢʝ 

ʜʣʠʥʦʡ 8 ʩʤ, ʧʦʚʦʨʘʯʠʚʘʝʪ ʧʣʦʩʢʦʩʪʴ ʧʦʣʷʨʠʟʘʮʠʠ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ 

ʩʚʝʪʘ ʥʘ ʫʛʦʣ 137.̄ ʇʣʦʪʥʦʩʪʴ ʥʠʢʦʪʠʥʘ 1,01Ö103 ʢʛ/ʤ. ʆʧʨʝʜʝʣʠʪʴ ʫʜʝʣʴ-

ʥʦʝ ʚʨʘʱʝʥʠʝ ʥʠʢʦʪʠʥʘ. (ʆʪʚʝʪ: a = 169 ʛʨÖʩʤ3/ʜʤÖʛ). 
621. ʈʘʩʪʚʦʨ ʛʣʶʢʦʟʳ ʩ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 280 ʢʛ/ʤ3, ʩʦʜʝʨʞʘ-

ʱʠʡʩʷ ʚ ʩʪʝʢʣʷʥʥʦʡ ʪʨʫʙʢʝ, ʧʦʚʦʨʘʯʠʚʘʝʪ ʧʣʦʩʢʦʩʪʴ ʧʦʣʷʨʠʟʘʮʠʠ ʤʦʥʦʭ-

ʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʚʝʪʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʵʪʦʪ ʨʘʩʪʚʦʨ, ʥʘ ʫʛʦʣ 32.̄ ʆʧʨʝ-
ʜʝʣʠʪʴ ʤʘʩʩʦʚʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʛʣʶʢʦʟʳ ʚ ʜʨʫʛʦʤ ʨʘʩʪʚʦʨʝ, ʥʘʣʠʪʦʤ ʚ 
ʪʨʫʙʢʫ ʪʘʢʦʡ ʞʝ ʜʣʠʥʳ, ʝʩʣʠ ʦʥ ʧʦʚʦʨʘʯʠʚʘʝʪ ʧʣʦʩʢʦʩʪʴ ʧʦʣʷʨʠʟʘʮʠʠ ʥʘ 

ʫʛʦʣ 24.̄ (ʆʪʚʝʪ: ʉ = 0,21 ʛ/ʩʤ3). 
622. ʋʛʦʣ ʧʦʚʦʨʦʪʘ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʚʝʪʘ 

ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʪʨʫʙʢʫ ʩ ʨʘʩʪʚʦʨʦʤ ʩʘʭʘʨʘ ʨʘʚʝʥ 40.̄ ɼʣʠʥʘ ʪʨʫʙ-

ʢʠ 15 cʤ, ʫʜʝʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʩʘʭʘʨʘ ʨʘʚʥʦ 1,17Ö10-2 paʜ ʤ3/ʤ ʢʛ. ʆʧʨʝʜʝ-
ʣʠʪʴ ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʘ. (ʆʪʚʝʪ: r = 0,4 ʛ/ʩʤ3). 

623. ʆʪʨʘʞʝʥʥʳʡ ʩʚʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥ, ʢʦʛʜʘ ʫʛʦʣ ʧʨʝʣʦʤʣʝʥʠʷ 

ʨʘʚʝʥ ɿ8.̄ ʅʘʡʪʠ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʚʝʱʝʩʪʚʘ. (ʆʪʚʝʪ: n = 1,28). 
624. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʫʤʝʥʴʰʠʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʧʦʩʣʝ ʧʨʦʭʦʞ-

ʜʝʥʠʷ ʯʝʨʝʟ ʧʨʠʟʤʫ ʅʠʢʦʣʷ, ʝʩʣʠ ʥʘ ʧʨʠʟʤʫ ʧʘʜʘʝʪ ʥʝʧʦʣʷʨʠʟʦʚʘʥʥʳʡ 
ʩʚʝʪ, ʧʦʪʝʨʠ ʩʚʝʪʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʩʢʚʦʟʴ ʧʨʠʟʤʫ ʩʦʩʪʘʚʣʷʶʪ 12 %?  
(ʆʪʚʝʪ: ʚ 2,27 ʨʘʟʘ). 
625. ʆʧʨʝʜʝʣʠʪʴ, ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʫʤʝʥʴʰʠʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʣʦʩʢʦʧʦʣʷ-

ʨʠʟʦʚʘʥʥʦʛʦ ʩʚʝʪʘ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʢʚʦʟʴ ʘʥʘʣʠʟʘʪʦʨ, ʝʩʣʠ ʫʛʦʣ ʤʝʞʜʫ 

ʧʣʦʩʢʦʩʪʷʤʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ʠ ʘʥʘʣʠʟʘʪʦʨʘ ʨʘʚʝʥ 45,̄ ʘ ʧʦʪʝʨʠ ʩʚʝʪʘ ʧʨʠ 
ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʘʥʘʣʠʟʘʪʦʨ ʩʦʩʪʘʚʣʷʶʪ 10 %? (ʆʪʚʝʪ: ʚ 2,22 ʨʘʟʘ). 
626. ʈʘʩʪʚʦʨ ʩʘʭʘʨʘ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,1 ʛ/ʩʤ3, ʥʘʣʠʪʳʡ ʚ ʩʘʭʘʨʦʤʝʪʨ, 

ʚʨʘʱʘʝʪ ʧʣʦʩʢʦʩʪʴ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ʥʘ 10.̄ ʆʧʨʝʜʝʣʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ 
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ʨʘʩʪʚʦʨʘ ʩʘʭʘʨʘ, ʚʨʘʱʘʶʱʝʛʦ ʧʣʦʩʢʦʩʪʴ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ʚ ʪʝʭ ʞʝ 

ʫʩʣʦʚʠʷʭ ʥʘ 2,5.̄ (ʆʪʚʝʪ: ʉ = 0,025 ʛ/ʩʤ3). 
627. ɺ ʯʘʩʪʠʯʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʩʚʝʪʝ ʘʤʧʣʠʪʫʜʘ ʩʚʝʪʦʚʦʛʦ ʚʝʢʪʦʨʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ, ʚ 2 ʨʘʟʘ ʙʦʣʴʰʝ 
ʘʤʧʣʠʪʫʜʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʠʥʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʆʧʨʝʜʝʣʠʪʴ 
ʩʪʝʧʝʥʴ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ. (ʆʪʚʝʪ: ʈ = 0,33). 
628. ʉʪʝʧʝʥʴ ʧʦʣʷʨʠʟʘʮʠʠ ʯʘʩʪʠʯʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʩʚʝʪʘ ʨʘʚʥʘ 0,5. 

ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʦʪʣʠʯʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ, ʧʨʦʧʫʩʢʘ-
ʝʤʘʷ ʯʝʨʝʟ ʘʥʘʣʠʟʘʪʦʨ ʦʪ ʤʠʥʠʤʘʣʴʥʦʡ? (ʆʪʚʝʪ: ʚ 3 ʨʘʟʘ). 
629. ʃʫʯ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ ʧʨʦʭʦʜʠʪ ʩʢʚʦʟʴ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʥɹʫʶ 

ʩʪʝʢʣʷʥʥʫʶ ʧʣʘʩʪʠʥʢʫ (n = 1,54), ʧʘʜʘʷ ʥʘ ʥʝʝ ʧʦʜ ʫʛʣʦʤ ʧʦʣʥʦʡ ʧʦʣʷʨʠʟʘ-
ʮʠʠ. ʅʘʡʪʠ ʩʪʝʧʝʥʴ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʧʣʘʩʪʠʥʫ.  
(ʆʪʚʝʪ: ʈ1 = 18,9 %). 
630. ʆʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʠ ʩʪʝʧʝʥʴ ʧʦʣʷʨʠʟʘʮʠʠ ʦʪ-

ʨʘʞʝʥʥʳʭ  ʣʫʯʝʡ ʧʨʠ ʧʘʜʝʥʠʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ ʥʘ ʩʪʝʢʣʦ (n = 1,5) ʧʦʜ  

ʫʛʣʦʤ 45.̄ (ʆʪʚʝʪ: s = 5,06 %; ʈ = 83 %). 
 

 

7. ȴȵȸȮȰȦ ȪȨȮȬȹȿȮȻȷɅ ȸȫȱ  

Ȯ ȷȵȫȼȮȦȱɂȳȦɅ ȸȫȴȶȮɅ ȴȸȳȴȷȮȸȫȱɂȳȴȷȸȮ 

7.1. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ ʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ɺ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʠʥʝʨ-
ʮʠʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ. ʂ(ʭ,ʫ,z) ï ʥʝʧʦʜʚʠʞʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, 

ʂ¡(ʭ¡,ʫ¡,z¡) ï ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʜʚʠʞʫʱʘʷʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ ʂ  

ʩʦ ʩʢʦʨʦʩʪʴʶ V ʚʜʦʣʴ ʦʙʱʝʡ ʦʩʠ ʆʍïʆ¡ʍ¡. ʂʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ ʆYïY¡ʍ¡  ʠ 

OZïZ¡X¡ ʩʦʥʘʧʨʘʚʣʝʥʳ. 

ɽʩʣʠ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 000 =¡=tt  ʩʠʩʪʝʤʳ ʂ ʠ ʂ¡ ʩʦʚʧʘʜʘ-

ʣʠ, ʪʦ ʢʦʦʨʜʠʥʘʪʳ ʠ ʚʨʝʤʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʚ ʩʠʩʪʝʤʝ ʂ¡ ʦʧʨʝʜʝʣʷʶʪʩʷ 
ʧʨʷʤʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʃʦʨʝʥʮʘ: 
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ʛʜʝ ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ. 
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ʂʦʦʨʜʠʥʘʪʳ ʵʪʦʡ ʞʝ ʪʦʯʢʠ ʚ ʩʠʩʪʝʤʝ  t,z,y,xʂ-  ʦʧʨʝʜʝʣʷʶʪʩʷ ʯʝʨʝʟ ʝʝ 

ʢʦʦʨʜʠʥʘʪʳ ʚ ʩʠʩʪʝʤʝ ʂ¡ ʦʙʨʘʪʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʃʦʨʝʥʮʘ: 
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ɼʣʠʥʘ ʩʪʝʨʞʥʷ L, ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʦʩʠ ʆʍ ʠ ʜʚʠʞʫʱʝʛʦʩʷ ʚ ʝʝ ʥʘʧʨʘʚʣʝ-
ʥʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ V, ʟʘʜʘʝʪʩʷ ʬʦʨʤʫʣʦʡ ʣʦʨʝʥʮʝʚʘ ʩʦʢʨʘʱʝʥʠʷ: 
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ʛʜʝ 0L  ï ʜʣʠʥʘ ʧʦʢʦʷʱʝʛʦʩʷ ʩʪʨʝʞʥʷ. 

ʀʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ 0tD  ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʙʳʪʠʷʤʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚ ʦʜ-

ʥʦʡ ʪʦʯʢʝ, ʠʟʤʝʨʝʥʥʳʡ ʜʚʠʞʫʱʠʤʠʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ V ʯʘʩʘʤʠ, ʩʚʷʟʘʥ ʠʥ-
ʪʝʨʚʘʣʦʤ ʚʨʝʤʝʥʠ tD, ʧʦʢʘʟʘʥʥʳʤ ʧʦʢʦʷʱʠʤʠʩʷ ʯʘʩʘʤʠ, ʬʦʨʤʫʣʦʡ ʟʘ-
ʤʝʜʣʝʥʠʷ ʚʨʝʤʝʥʠ: 
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ʛʜʝ c ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ. 

ɽʩʣʠ ʚ ʩʠʩʪʝʤʝ ʂ¡ ʤʘʪʝʨʠʘʣʴʥʘʷ ʪʦʯʢʘ ʜʚʠʞʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ U¡, ʪʦ ʩʦʦʪ-
ʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʝʢʮʠʠ ʵʪʦʡ ʩʢʦʨʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʂ ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʦʨʤʫʣʘʤʠ: 
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ʛʜʝ V ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʂ¡. 
ʈʝʣʷʪʠʚʠʩʪʩʢʘʷ ʤʘʩʩʘ ʯʘʩʪʠʮʳ, ʜʚʠʞʫʱʝʡʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ V: 
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ʛʜʝ 0m  ï ʤʘʩʩʘ ʧʦʢʦʷʱʝʡʩʷ ʯʘʩʪʠʮʳ. 

 
ʀʤʧʫʣʴʩ ʯʘʩʪʠʮʳ, ʜʚʠʞʫʱʝʡʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ V: 
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ʇʦʣʥʘʷ ʵʥʝʨʛʠʷ ʪʝʣʘ: 

TETcmcmE +=+Ö=Ö= 0
2

0
2 ,                           (7.8) 

 

ʛʜʝ ʊ ï ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʝʣʘ; 0E  ï ʵʥʝʨʛʠʷ ʧʦʢʦʷ ʪʝʣʘ. 

ʇʦʣʥʘʷ ʵʥʝʨʛʠʷ ʠ ʠʤʧʫʣʴʩ ʪʝʣʘ ʩʚʷʟʘʥʳ ʬʦʨʤʫʣʦʡ: 
 

42222 cmcpE Ö+Ö= .                                  (7.9) 
 

ɺʩʣʝʜʩʪʚʠʝ ʜʚʠʞʝʥʠʷ ʥʘʙʣʶʜʘʪʝʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʩʦ 
ʩʢʦʨʦʩʪʴʶ V ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʶ ʣʫʯʘ, ʧʨʦʠʩ-
ʭʦʜʠʪ ʘʙʝʨʨʘʮʠʷ ʩʚʝʪʘ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʣʫʯʘ ʥʘ 

ʫʛʦʣ a, ʦʧʨʝʜʝʣʷʝʤʳʡ ʠʟ ʫʩʣʦʚʠʷ 

c

V
sin =a .                                         (7.10) 

 

ʇʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʩʦ ʩʢʦʨʦʩʪʴʶ V, ʠʤʝʶ-
ʱʝʛʦ ʯʘʩʪʦʪʫ ʩʚʝʪʘ 0n, ʥʘʙʣʶʜʘʪʝʣʴ ʦʧʨʝʜʝʣʠʪ ʵʪʫ ʯʘʩʪʦʪʫ ʜʨʫʛʦʡ  

(ʬɻʬʝʢʪ ɼʦʧʣʝʨʘ) ʧʦ ʬʦʨʤʫʣʝ 
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ʛʜʝ q ï ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ V ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʠʩʪʦʯʥʠʢ ʚ ʩʠʩʪʝʤʝ ʦʪ-
ʩʯʝʪʘ, ʩʚʷʟʘʥʥʦʡ ʩ ʥʘʙʣʶʜʘʪʝʣʝʤ. 

ɽʩʣʠ ʟʘʨʷʞʝʥʥʘʷ ʯʘʩʪʠʮʘ ʜʚʠʞʝʪʩʷ ʚ ʚʝʱʝʩʪʚʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 
n

c
V >  

(ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʚ ʚʝʱʝʩʪʚʝ), ʪʦ ʦʥʘ ʠʟʣʫʯʘʝʪ (ʠʟʣʫʯʝʥʠʝ ɺʘʚʠʣʦ-

ʚʘ-ʏʝʨʝʥʢʦʚʘ). ʄʘʢʩʠʤʫʤ ʠʟʣʫʯʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʜ ʫʛʣʦʤ d ʦʪ ʚʝʢʪʦʨʘ 
ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮʳ: 
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( )Vn

c
cos

Ö
=d ,                                     (7.12) 

 

ʛʜʝ n ï ʘʙʩʦʣʶʪʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʩʚʝʪʘ ʚ ʚʝʱʝʩʪʚʝ. 
 
 
 

7.2. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ɿʘʜʘʯʘ 1. ʂʦʩʤʠʯʝʩʢʠʡ ʢʦʨʘʙʣʴ ʜʚʠʞʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ V = 0,8 ʩ (ʛʜʝ ʚʦ 
ʚʩʝʭ ʟʘʜʘʯʘʭ ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ) ʢ ɿʝʤʣʝ. ʂʘʢʦʝ ʨʘʩʩʪʦʷʥʠʝ S 
ʧʨʦʡʜʝʪ ʢʦʨʘʙʣʴ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʩʚʷʟʘʥʥʦʡ ʩ ɿʝʤʣʝʡ (ʩʠʩʪʝʤʘ ʂ), ʟʘ 

ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ Dt = 1 c, ʦʪʩʯʠʪʘʥʥʳʡ ʧʦ ʯʘʩʘʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʢʦʩʤʠ-

ʯʝʩʢʦʤ ʢʦʨʘʙʣʝ (ʩʠʩʪʝʤʘ ʂ¡)? ʅʘ ʢʘʢʦʝ ʨʘʩʩʪʦʷʥʠʝ S ʧʨʠʙʣʠʟʠʪʩʷ ʢ ʢʦʨʘʙ-
ʣʶ ɿʝʤʣʷ ʟʘ ʵʪʦ ʚʨʝʤʷ? 
ʈʝʰʝʥʠʝ. ʈʘʩʩʪʦʷʥʠʝ S, ʧʨʦʡʜʝʥʥʦʝ ʢʦʩʤʠʯʝʩʢʠʤ ʢʦʨʘʙʣʝʤ ʚ ʩʠʩʪʝʤʝ ʂ: 

tVS DÖ=  (Dt ï ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʚ ʩʠʩʪʝʤʝ ʂ), ʢʦʪʦʨʘʷ ʜʚʠʞʝʪʩʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʩʠʩʪʝʤʳ ʂ¡. ɺʳʨʘʟʠʚ ʝʛʦ ʧʦ ʬʦʨʤʫʣʝ (7.4), ʧʦʣʫʯʘʝʤ ʨʘʩʩʪʦʥ̫ʠʝ S,  
ʧʨʦʡʜʝʥʥʦʝ ɿʝʤʣʝʡ ʚ ʩʠʩʪʝʤʝ ʂ: 

 

( )
8

2

8

2

2

0 104
8,01

1038,0

c

V
1

tV
S Ö=

-

ÖÖ
=

-

DÖ
=  (ʤ). 

 

ɿʘʜʘʯʘ 2. ʂʘʢʫʶ ʨʘʙʦʪʫ ʜʦʣʞʝʥ ʩʦʚʝʨʰʠʪʴ ʫʩʢʦʨʠʪʝʣʴ, ʯʪʦʙʳ ʩʢʦʨʦʩʪʴ 
ʩʙʣʠʞʝʥʠʷ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʚ ʩʦʩʪʘʚʣʷʣʘ 0,999 ʩ? ɿʘʜʘʯʫ  ʨʝʰʠʪʴ ʜʣʷ ʩʣʫ-
ʯʘʝʚ: 1) ʦʜʠʥ ʵʣʝʢʪʨʦʥ ʥʝʧʦʜʚʠʞʝʥ; 2) ʜʚʘ ʵʣʝʢʪʨʦʥʘ ʜʚʠʞʫʪʩʷ ʥʘʚʩʪʨʝʯʫ 
ʜʨʫʛ ʜʨʫʛʫ ʩ ʦʜʠʥʘʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ. 
ʈʝʰʝʥʠʝ. ʉʢʦʨʦʩʪʴ ʩʙʣʠʞʝʥʠʷ ʝʩʪʴ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʪʦʨʦʛʦ ʵʣʝʢ-

ʪʨʦʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʛʦ, ʪ. ʝ. ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʂ¡: ʧʨʠʥʠʤʘʝʤ ʭUU ¡=¡ , 

ʪʦʛʜʘ 0z =¡=¡ UUy . 

1. ʉʢʦʨʦʩʪʴ ʧʝʨʚʦʛʦ ʵʣʝʢʪʨʦʥʘ, ʩ ʢʦʪʦʨʳʤ 

ʩʚʷʟʘʥʘ ʩʠʩʪʝʤʘ ʂ¡, 0=V . 

ʊʦʛʜʘ xʭ UUU =¡=¡ , ʧʦʩʢʦʣʴʢʫ ʩʠʩʪʝʤʘ ʂ¡ 

ʥʝʧʦʜʚʠʞʥʘ (ʩʦʚʧʘʜʘʝʪ ʩ ʩʠʩʪʝʤʦʡ ʂ). ʈʘʙʦʪʘ 
ɸ ʫʩʢʦʨʠʪʝʣʷ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʥʘ ʩʦʦʙʱʝʥʠʝ 
ʵʣʝʢʪʨʦʥʫ 2 (ʨʠʩ. 7.1) ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʊ, 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʢʦʨʦʩʪʠ UUʭ ¡= . ɺ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ (7.8) ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ: 
 

TcmcmE +Ö=Ö= 2
0

2 . 
 

ʆʪʢʫʜʘ, ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ (7.6), ʧʦʣʫʯʠʤ:  

y ʫ¡ 

x 

ʭ¡ 

z¡ z 

1 2 

ʈʠʩ. 7.1. ʕʣʝʢʪʨʦʥʳ ʜʚʠʞʫʱʠʝʩʷ 
ʚ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ 
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( )
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ʄʵʚ.17,5ɼʞ1021,41
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U
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2
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2. ʉʢʦʨʦʩʪʴ ʚʪʦʨʦʛʦ ʵʣʝʢʪʨʦʥʘ, ʩ ʢʦʪʦʨʳʤ ʩʚʷʟʘʥʘ ʩʠʩʪʝʤʘ ʂ¡, xUV -= . 

ʊʦʛʜʘ ʧʦ ʬʦʨʤʫʣʝ (7.5) ʩʢʦʨʦʩʪʴ ʚʪʦʨʦʛʦ ʵʣʝʢʪʨʦʥʘ ʚ ʩʠʩʪʝʤʝ ʂ, xU  ʚʳʨʘ-

ʟʠʪʩʷ ʯʝʨʝʟ ʩʢʦʨʦʩʪʴ ʝʛʦ ʜʚʠʞʝʥʠʷ xU¡ ʚ ʩʠʩʪʝʤʝ ʂ ʠ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʩʠʩʪʝʤʳ ʂ¡ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
 

22
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c

UU

UU

c

UV

VU
U

xʭ

xʭ

ʭ

ʭ
x

Ö¡
-

-¡
=
¡Ö
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ʦʪʢʫʜʘ: 
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ʭx
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¡
°= , 

 

ʛʜʝ ʟʥʘʢ (+) ʧʝʨʝʜ ʨʘʜʠʢʘʣʦʤ ʧʨʦʪʠʚʦʨʝʯʠʪ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ,  

ʧʦʩʢʦʣʴʢʫ ʧʨʠ 0¡ʭU , ¤xU . 

ʈʘʙʦʪʘ ʫʩʢʦʨʠʪʝʣʝʡ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʥʘ ʫʩʢʦʨʝʥʠʝ ʚʪʦʨʦʛʦ ʵʣʝʢʪʨʦʥʘ ʜʦ 
ʩʢʦʨʦʩʪʠ xU  ʠ ʧʝʨʚʦʛʦ ʵʣʝʢʪʨʦʥʘ ʜʦ ʩʢʦʨʦʩʪʠ xUV -= . ʊʦʛʜʘ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʬʦʨʤʫʣʘʤʠ (7.6) ʠ (7.8): 
 

ʄʵʚ.2,46ɼʞ103,961
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c
1cm21

c

U
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ʂʘʢ ʚʠʜʥʦ, ʚʪʦʨʦʡ ʩʣʫʯʘʡ ʫʩʢʦʨʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʫʩʢʦʨʠʪʝʣʝʤ ʥʘ 
ʚʩʪʨʝʯʥʳʭ ʧʫʯʢʘʭ ʙʦʣʝʝ ʚʳʛʦʜʝʥ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʝʪ ʤʝʥʴʰʠʭ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ. 

 

ɿʘʜʘʯʘ 3. ʀʩʧʦʣʴʟʫʷ ʧʨʷʤʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʃʦʨʝʥʮʘ, ʧʦʣʫʯʠʪʴ ʬʦʨ-

ʤʫʣʳ ʧʨʦʝʢʮʠʡ ʩʢʦʨʦʩʪʠ ʪʝʣʘ ʚ ʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʂ¡? 
ʈʝʰʝʥʠʝ. ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʢʦʨʦʩʪʠ ʠʤʝʝʤ: 
 

td

xd
Uʭ

¡

¡
=¡ ;       

td

yd
Uʫ

¡

¡
=¡ ;       

td

zd
U

¡

¡
=¡z . 



 55 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʘʤʠ (7.1) ʠʤʝʝʤ: 

2

2

1
c

V

dtVdx
xd

-

Ö-
=¡ ;    dyyd =¡ ;    dzzd =¡ ;     

2

2

2

1
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c

dx
Vdt

td

-

Ö-

=¡ . 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʜʠʬʬʝʨʝʥʮʠʘʣʦʚ ʚ ʧʨʝʜʳʜʫʱʠʝ ʚʳʨʘʞʝʥʠʷ ʧʦʣʫ-
ʯʠʤ: 
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ɿʥʘʢ ʧʝʨʝʜ ʩʢʦʨʦʩʪʴʶ V ʩ ʧʝʨʝʭʦʜʦʤ ʚ ʩʠʩʪʝʤʫ ʂ ʤʝʥʷʝʪʩʷ ʥʘ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʳʡ ʬʦʨʤʫʣʘʤ (7.5), ʧʦʩʢʦʣʴʢʫ V ʝʩʪʴ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʂ¡ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ ʂ xVV= . ʉʢʦʨʦʩʪʴ ʞʝ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʂ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʩʠʩʪʝʤʳ ʂ¡ VV -=¡ʭ . 
 

ɿʘʜʘʯʘ 4.  ʆʧʨʝʜʝʣʠʪʴ ʤʘʩʩʫ, ʠʤʧʫʣʴʩ ʠ ʵʥʝʨʛʠʶ ʬʦʪʦʥʘ, ʯʘʩʪʦʪʘ ʢʦ-

ʪʦʨʦʛʦ ʨʘʚʥʘ n. 
ʈʝʰʝʥʠʝ.  ʕʥʝʨʛʠʷ ʬʦʪʦʥʘ nÖ=hE0 . ʇʦ ʬʦʨʤʫʣʝ (7.8) ʤʘʩʩʘ ʬʦʪʦʥʘ 

ʨʘʚʥʘ: 

22
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ʩ c
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hE
cmp

n
==Ö=
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ʬ
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ɿʘʜʘʯʘ 5.  ʉʚʝʪ ʯʘʩʪʦʪʦʡ 14
0 106Ö=n  ɻʮ ʥʘʧʨʘʚʣʝʥ ʦʪ ʟʚʝʟʜʳ ʢ ʧʣʘʥʝ-

ʪʝ, ʜʚʠʞʫʱʝʡʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʣʫʯʫ ʩʚʝʪʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 60 ʢʤ/ʩ. ʆʧʨʝ-
ʜʝʣʠʪʴ ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʣʫʯʘ ʦʪ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʩʚʷ-
ʟʘʥʥʦʡ ʩ ʧʣʘʥʝʪʦʡ, ʠ ʥʘʙʣʶʜʘʝʤʫʶ ʩ ʧʣʘʥʝʪʳ ʯʘʩʪʦʪʫ ʩʚʝʪʘ. ʇʦʢʘʟʘʪʴ, ʯʪʦ 
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ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʘʥʝʪʳ ʨʘʚʥʘ ʧʦ ʚʝʣʠʯʠʥʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʚʝʟʜʳ. 

ʈʝʝhʥʠʝ. ɺʝʣʠʯʠʥʫ ʘʙʙʝʨʘʮʠʠ a ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ (7.10) 

aº=a
c

V
sin , ʪʘʢ ʢʘʢ ʫʛʦʣ 1<<a . 

341,ʨʘʜ102
103

106 4

8

4

¡¡=Ö=
Ö

Ö
=a -sin . 

 
ʅʘʙʣʶʜʘʝʤʘʷ ʥʘ ʧʣʘʥʝʪʝ ʯʘʩʪʦʪʘ ʩʚʝʪʘ ʦʧʨʝʜʝʣʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

(7.11), ʚ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʦʞʠʪʴ ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ ʩʢʦʨʦʩʪʠ 

ʩʚʝʪʘ ʠ ʩʢʦʨʦʩʪʠ ʧʣʘʥʝʪʳ A90=q . ʊʦʛʜʘ: 
 

6814

2

2

0 1059999998810211061 Ö=Ö-ÖÖ=-n=n -

c

V
 (ɻʮ). 

 

ʈʘʩʧʦʣʦʞʠʤ ʢʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ ʪʘʢ, ʯʪʦʙʳ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʂ, ʩʚʷ-
ʟʘʥʥʦʡ ʩʦ ʟʚʝʟʜʦʡ, ʦʩʴ OY ʩʦʚʧʘʣʘ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝ-
ʪʘ, ʘ ʦʩʴ OX ʩʦʚʧʘʣʘ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʣʘʥʝʪʳ. ʂʦʦʨʜʠʥʘʪʥʘʷ ʩʠ-

ʩʪʝʤʘ  ʂ¡ ʩʚʷʟʘʥʘ ʩ ʧʣʘʥʝʪʦʡ. ʊʦʛʜʘ ʚ ʩʠʩʪʝʤʝ ʂ:  00 === U;ʩU;U yx . ɺʦʩ-

ʧʦʣʴʟʫʝʤʩʷ ʬʦʨʤʫʣʘʤʠ ʟʘʜʘʯʠ 3 ʠ ʧʦʣʫʯʠʤ: 
 

c

c

V

Vc
U =

-

-
=

1

. 

 

ɿʘʜʘʯʘ 6.  ʆʧʨʝʜʝʣʠʪʴ ʥʘʠʤʝʥʴʰʫʶ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮʳ, ʯʪʦʙʳ ʚ ʩʨʝʜʝ ʩ 
ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ 42,n=  ʚʦʟʥʠʢʣʦ ʠʟʣʫʯʝʥʠʝ ɺʘʚʠʣʦʚʘ-ʏʝʨʝʥʢʦʚʘ. 

ʅʘʡʪʠ ʫʛʦʣ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʟʣʫʯʝʥʠʷ q ʧʨʠ ʩʢʦʨʦʩʪʠ minVV = . 

ʈʝʰʝʥʠʝ. ʅʘʠʤʝʥʴʰʫʶ ʩʢʦʨʦʩʪʴ ʥʘʡʜʝʤ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʣʫʯʝʥʠʷ 
ɺʘʚʠʣʦʚʘ-ʏʝʨʝʥʢʦʚʘ: 

n

c
Vmin = , 

ʦʪʢʫʜʘ 

8
8

10251
42

103
Ö=

Ö
== ,

,n

c
Vmin  ʤ/ʩ. 

 

ʋʛʦʣ ʥʘʧʨʘʚʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ 
(7.12): 

A6050
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c
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7.3. ɿʘʜʘʯʠ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

701. ʇʨʠ ʢʘʢʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʨʝʣʷʪʠʚʠʩʪʩʢʦʝ ʩʦʢʨʘʱʝʥʠʝ ʜʣʠʥʳ 

ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ ʩʦʩʪʘʚʠʪ h = 25 %? (ʆʪʚʝʪ: 810981 Ö=u ,  ʤ/ʩ). 

 
702. ʌʦʪʦʥʥʘʷ ʨʘʢʝʪʘ ʜʚʠʞʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ɿʝʤʣʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 
6=u  ʩ. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʟʘʤʝʜʣʠʪʩʷ ʭʦʜ ʯʘʩʦʚ ʚ ʨʘʢʝʪʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʝʤ-

ʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ? (ʆʪʚʝʪ: ʚ 1,25 ʨʘʟ.) 
703. ʉʦʙʩʪʚʝʥʥʦʝ ʚʨʝʤʷ ʞʠʟʥʠ ʤʶ-ʤʝʟʦʥʘ 20 =t  ʤʢʩ. ʆʪ ʪʦʯʢʠ ʨʦʞʜʝ-

ʥʠʷ ʜʦ ʪʦʯʢʠ ʦʪʩʯʝʪʘ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʤʶ-ʤʝʟʦʥ ʧʨʦʣʝʪʝʣ 
ʨʘʩʩʪʦʷʥʠʝ 6=?  ʢʤ. ʉ ʢʘʢʦʡ ʩʢʦʨʦʩʪʴʶ ʜʚʠʛʘʣʩʷ ʤʶ-ʤʝʟʦʥ? (ʆʪʚʝʪ: 

810982 Ö=u ,  ʤ/ʩ). 

704. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʠʟʤʝʥʠʪʩʷ ʧʣʦʪʥʦʩʪʴ ʪʝʣʘ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʩʦ ʩʢʦʨʦ-
ʩʪʴʶ, ʨʘʚʥʦʡ 0,8 ʦʪ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ? 80,=u  ʩ. (ʆʪʚʝʪ: ɺʦʟʨʘʩʪʝʪ ʚ 2,8 ʨʘʟ). 

705. ʆʪʥʦʰʝʥʠʝ ʟʘʨʷʜʘ ʜʚʠʞʫʱʝʛʦʩʷ ʵʣʝʢʪʨʦʥʘ ʢ ʝʛʦ ʤʘʩʩʝ, ʦʧʨʝʜʝʣʝʥ-

ʥʦʝ ʠʟ ʦʧʳʪʘ, ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ 1110880 Ö= ,k ʂʣ/ʢʛ. ʅʘʡʪʠ ʨʝʣʷʪʠʚʠʩʪʩʢʫʶ 

ʤʘʩʩʫ ʵʣʝʢʪʨʦʥʘ ʠ ʝʛʦ ʩʢʦʨʦʩʪʴ. (ʆʪʚʝʪ: ʤ/ʩ102,6ʢʛ;10218 831 Ö=uÖ= -,m ). 

706. ʇʦʣʥʘʷ ʵʥʝʨʛʠʷ ʪʝʣʘ ʚʦʟʨʦʩʣʘ ʥʘ 1 ɼʞ. ʅʘ ʩʢʦʣʴʢʦ ʧʨʠ ʵʪʦʤ ʠʟʤʝ-

ʥʠʣʘʩʴ ʤʘʩʩʘ ʪʝʣʘ? (ʆʪʚʝʪ: ʢʛ10111 17-Ö=D ,m ). 

707. ʉ ʝʜʠʥʠʮʳ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʉʦʣʥʮʘ ʝʞʝʩʝʢʫʥʜʥʦ ʠʩʧʫʩʢʘʝʪ-

ʩʷ ʵʥʝʨʛʠʷ )ʩʤ/(ʄɼʞW 274= . ʅʘ ʩʢʦʣʴʢʦ ʫʤʝʥʴʰʠʪʩʷ ʤʘʩʩʘ ʉʦʣʥʮʘ ʟʘ 

ʛʦʜ? (ʆʪʚʝʪ: ʢʛ1061 17Ö@D ,m ). 

708. ʆʙʲʝʤ ʚʦʜʳ ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ 91031 Öº ,V  ʢʤ3. ʅʘ ʩʢʦʣʴʢʦ ʚʦʟʨʘʩʪʝʪ 

ʤʘʩʩʘ ʚʦʜʳ ʚ ʆʢʝʘʥʝ, ʝʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʧʦʚʳʩʠʪʩʷ ʥʘ C1 A=Dt ? ʇʣʦʪ-

ʥʦʩʪʴ ʚʦʜʳ ʚ ʆʢʝʘʥʝ 310031 Ö=r ,  ʢʛ/ʤ3. (ʆʪʚʝʪ: ʢʛ10620 8Ö=D ,m ). 

709. ʅʘʡʪʠ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮʳ, ʝʩʣʠ ʝʝ ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʚ 10=n  ʨʘʟ 

ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ ʧʦʢʦʷ. (ʆʪʚʝʪ: 810982 Ö=u ,  ʤ/ʩ). 

710. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʢʘʪʦʜʥʦʡ ʪʨʫʙʢʝ 
ʨʘʚʥʘ 0,04 ʦʪ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ. ʅʘʡʪʠ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʵʣʝʢ-
ʪʨʦʜʘʤʠ. (ʆʪʚʝʪ: 512=U  ɺ). 
711. ʕʣʝʢʪʨʦʥ, ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʢʦʪʦʨʦʛʦ 51,Ek =  ʄʵʚ ʜʚʠʞʝʪʩʷ ʚ ʦʜ-

ʥʦʨʦʜʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʦ ʦʢʨʫʞʥʦʩʪʠ. ʀʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 020,ɺ=  

ʊʣ. ʅʘʡʪʠ ʧʝʨʠʦʜ ʝʛʦ ʚʨʘʱʝʥʠʷ. ʕʥʝʨʛʠʷ ʧʦʢʦʷ ʵʣʝʢʪʨʦʥʘ 500 ,E =  ʄʵʚ.  

(ʆʪʚʝʪ: 91017 -Ö= ,T  ʩ) 

712. ʆʧʨʝʜʝʣʠʪʴ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʯʘʩʪʠʮʳ, ʝʩʣʠ ʝʝ 

ʠʤʧʫʣʴʩ cmp 0= , ʛʜʝ 0m  ï ʤʘʩʩʘ ʧʦʢʦʷ ʯʘʩʪʠʮʳ. (ʆʪʚʝʪ: 2
0410 cm,Ek Ö= ). 

713. ʅʘʡʪʠ ʩʢʦʨʦʩʪʴ, ʧʨʠ ʢʦʪʦʨʦʡ ʨʝʣʷʪʠʚʠʩʪʩʢʠʡ ʠʤʧʫʣʴʩ ʯʘʩʪʠʮʳ ʚ 
2=n  ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʝʝ ʠʤʧʫʣʴʩ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠ-
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ʢʝ. (ʆʪʚʝʪ: 8105982 Ö=u ,  ʤ/ʩ). 

714. ʂʘʢʫʶ ʫʩʢʦʨʷʶʱʫʶ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʜʦʣʞʝʥ ʧʨʦʡʪʠ ʧʨʦʪʦʥ, 
ʯʪʦʙʳ ʝʛʦ ʧʨʦʜʦʣʴʥʳʝ ʨʘʟʤʝʨʳ ʫʤʝʥʴʰʠʣʠʩʴ ʚ 2 ʨʘʟʘ? (ʆʪʚʝʪ: 

810399 Ö= ,U  ɺ). 

715. ʀʦʥʠʟʠʨʦʚʘʥʥʳʡ ʘʪʦʤ, ʚʳʣʝʪʝʚ ʠʟ ʫʩʢʦʨʠʪʝʣʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 
80,=u  ʩ, ʠʩʧʫʩʪʠʣ ʬʦʪʦʥ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʚʦʝʛʦ ʜʚʠʞʝʥʠʷ. ʅʘʡʪʠ ʩʢʦʨʦʩʪʴ 

ʬʦʪʦʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʝʣʷ. (ʆʪʚʝʪ: ʩ=u ). 

716. ʋʩʢʦʨʠʪʝʣʴ ʩʦʦʙʱʠʣ ʨʘʜʠʦʘʢʪʠʚʥʦʤʫ ʷʜʨʫ ʩʢʦʨʦʩʪʴ u = 0,4 ʩ.  
ɺ ʤʦʤʝʥʪ ʚʳʣʝʪʘ ʠʟ ʫʩʢʦʨʠʪʝʣʷ ʷʜʨʦ ʚʳʙʨʦʩʠʣʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʚʦʝʛʦ 

ʜʚʠʞʝʥʠʷ b-ʯʘʩʪʠʮʫ ʩʦ ʩʢʦʨʦʩʪʴʶ u = 0,75 ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʝʣʷ. 

ʅʘʡʪʠ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʷʜʨʘ.  (ʆʪʚʝʪ: u = 0,5 ʩ). 

717. ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʣʠʥʠʠ l = 0,59 ʤʢʤ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ 
ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʢʨʘʷ ʩʦʣʥʝʯʥʦʛʦ ʜʠʩʢʘ ʥʘ ʝʛʦ ʵʢʚʘʪʦʨʝ ʦʙʥʘʨʫʞʠʣʠ 

ʨʘʟʣʠʯʠʝ ʚ ʜʣʠʥʘʭ ʚʦʣʥ ʥʘ 
ʦ

ɸ,0800=dl . ʅʘʡʪʠ ʧʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ ʉʦʣʥʮʘ. 

ʆʪʚʝʪ ʜʘʪʴ ʚ ʜʥʷʭ. (ʆʪʚʝʪ: 25@ʊ  ʜʥʝʡ). 
718. ɼʚʝ ʯʘʩʪʠʮʳ ʜʚʠʞʫʪʩʷ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ ʩʦ ʩʢʦʨʦʩʪʷʤʠ 5001 ,=u  ʩ 

ʠ 7502 ,=u  ʩ. ʅʘʡʪʠ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ. (ʆʪʚʝʪ: 910,=u  ʩ). 

719. ɼʚʝ ʨʘʢʝʪʳ ʜʚʠʞʫʪʩʷ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ ʩ ʨʘʚʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ 

4

3
21 =u=u  ʩ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʧʦʜʚʠʞʥʦʤʫ ʥʘʙʣʶʜʘʪʝʣʶ. ʅʘʡʪʠ ʩʢʦ-

ʨʦʩʪʴ ʩʙʣʠʞʝʥʠʷ ʨʘʢʝʪ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʬʦʨʤʫʣʘʤ ʩʣʦ-
ʞʝʥʠʷ ʩʢʦʨʦʩʪʝʡ. (ʆʪʚʝʪ: ʩ,u;ʩ,u ʨʝʣ 96051ʢʣ == ). 

720. ʅʘʡʪʠ ʩʢʦʨʦʩʪʴ ʬʦʪʦʥʘ, ʠʩʧʫʱʝʥʥʦʛʦ ʟʚʝʟʜʦʡ, ʜʚʠʞʫʱʝʡʩʷ ʢ ɿʝʤʣʝ 
ʩʦ ʩʢʦʨʦʩʪʴʶ u. (ʆʪʚʝʪ: ʩʢʦʨʦʩʪʴ ʧʨʠʙʣʠʞʝʥʠʷ ʬʦʪʦʥʘ ʢ ɿʝʤʣʝ ʨʘʚʥʘ ʩ). 
721. ʕʣʝʢʪʨʦʥ ʚʳʟʳʚʘʝʪ ʩʚʝʯʝʥʠʝ ɺʘʚʠʣʦʚʘ-ʏʝʨʝʥʢʦʚʘ ʧʦʧʘʜʘʷ ʚ ʚʦʜʫ 

(n = 1,33). ʧʦʜ ʢʘʢʠʤ ʥʘʠʤʝʥʴʰʠʤ ʫʛʣʦʤ ʙʫʜʝʪ ʵʪʦ ʩʚʝʯʝʥʠʝ, ʝʩʣʠ ʪʘʢʦʡ ʞʝ 

ʵʣʝʢʪʨʦʥ ʧʦʧʘʜʝʪ ʚ ʩʪʝʢʣʦ (n = 1,5)? (ʆʪʚʝʪ: q = 27 3̄0¡). 

722. ʅʘ ʩʪʝʢʣʦ ʧʘʜʘʶʪ ʧʨʦʪʦʥʳ ʩʦ ʩʢʦʨʦʩʪʴʶ 81082 Ö=u ,  ʤ/ʩ. ʇʦʢʘʟʘ-

ʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʩʪʝʢʣʘ n = 1,5. ʅʘʡʪʠ ʫʛʦʣ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ɺʘʚʠʣʦʚʘ-ʏʝʨʝʥʢʦʚʘ. (ʆʪʚʝʪ: q = 45 )̄. 

723. ʉʚʝʪ ʯʘʩʪʦʪʦʡ 14105Ö=n  ɻʮ ʦʪ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʘʚʣʷʝʪʩʷ ʧʝʨʧʝʥʜʠ-
ʢʫʣʷʨʥʦ ʥʘ ʟʝʨʢʘʣʦ, ʜʚʠʞʫʱʝʝʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʣʫʯʫ ʩʦ ʩʢʦʨʦʩʪʴʶ 900 ʢʤ/ʯ 
ʠ ʦʪʨʘʞʘʝʪʩʷ. ʅʘ ʩʢʦʣʴʢʦ (ʠ ʢʘʢ: ʫʤʝʥʴʰʠʪʩʷ ʠʣʠ ʫʚʝʣʠʯʠʪʩʷ) ʠʟʤʝʥʠʪʩʷ 
ʯʘʩʪʦʪʘ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ, ʝʩʣʠ ʟʝʨʢʘʣʦ ʫʜʘʣʷʝʪʩʷ ʦʪ ʠʩʪʦʯʥʠʢʘ? (ʆʪʚʝʪ: 

710283 Ö-=nD ,  ɻʮ ï ʫʤʝʥʴʰʠʪʩʷ). 

724. ʉʚʝʪ ʯʘʩʪʦʪʦʡ 14105Ö=n  ɻʮ ʦʪ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʘʚʣʷʝʪʩʷ ʧʝʨʧʝʥʜʠʢʫ-
ʣʷʨʥʦ ʥʘ ʟʝʨʢʘʣʦ, ʜʚʠʞʫʱʝʝʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʣʫʯʫ ʩʦ ʩʢʦʨʦʩʪʴʶ 900 ʢʤ/ʯ ʠ 
ʦʪʨʘʞʘʝʪʩʷ. ʅʘ ʩʢʦʣʴʢʦ ʠ ʢʘʢ ʠʟʤʝʥʠʪʩʷ ʯʘʩʪʦʪʘ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ, ʝʩʣʠ 

ʟʝʨʢʘʣʦ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʠʩʪʦʯʥʠʢʫ? (ʆʪʚʝʪ: ʫʚʝʣʠʯʠʪʩʷ ʥʘ 710283 Ö=nD ,  ɻʮ). 
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725. ʂʘʢʠʤ ʥʘʠʤʝʥʴʰʠʤ ʥʘʧʨʷʞʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦ ʫʩʢʦʨʠʪʴ ʵʣʝʢʪʨʦʥʳ, 

ʯʪʦʙʳ ʚ ʩʪʝʢʣʝ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ 51,n=  ʦʥʠ ʚʳʟʚʘʣʠ ʩʚʝʯʝʥʠʝ 

ɺʘʚʠʣʦʚʘ-ʏʝʨʝʥʢʦʚʘ ʧʨʠ A0=q ? (ʆʪʚʝʪ: 51,U= ʢɺ). 

 

726. ʉʠʛʥʘʣ ʯʘʩʪʦʪʦʡ 14106Ö=n  ɻʮ ʧʨʠʥʠʤʘʝʪʩʷ ʦʪ ʥʝʧʦʜʚʠʞʥʦʛʦ ʠʩʪʦʯʥʠ-

ʢʘ ʩʚʝʪʘ ʧʨʠʝʤʥʠʢʦʤ, ʧʨʠʙʣʠʞʘʶʱʠʤʩʷ ʢ ʠʩʪʦʯʥʠʢʫ ʩʦ ʩʢʦʨʦʩʪʴʶ 720=u  ʢʤ/ʯ. 

ʅʘʡʪʠ ʥʘ ʩʢʦʣʴʢʦ ɻʮ ʯʘʩʪʦʪʘ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʯʘʩʪʦʪʳ 

ʧʦʩʳʣʘʝʤʦʛʦ ʩʠʛʥʘʣʘ? (ʆʪʚʝʪ: 8104Ö=nD  ɻʮ (ʫʚʝʣʠʯʠʚʘʝʪʩʷ).) 

727. ʂʘʢʦʡ ʜʦʣʞʥʘ ʙʳʪʴ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʯʘʩʪʠʮʳ ʩ ʤʘʩʩʦʡ ʧʦʢʦʷ om , 

ʯʪʦʙʳ ʝʝ ʩʦʙʩʪʚʝʥʥʦʝ ʚʨʝʤʷ ʩʪʘʣʦ ʚ k ʨʘʟ ʤʝʥʴʰʝ ʣʘʙʦʨʘʪʦʨʥʦʛʦ? ʇʨʦʠʟʚʝ-

ʩʪʠ ʨʘʩʯʝʪ ʜʣʷ ʧʨʦʪʦʥʘ, ʝʩʣʠ 5=k . (ʆʪʚʝʪ: ( ) 6012 ,E;kcmE kok =-=  ʥɼʞ). 

728. ʂʘʢʦʡ ʜʦʣʞʥʘ ʙʳʪʴ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʯʘʩʪʠʮʳ, ʯʪʦʙʳ ʝʝ ʧʨʦ-

ʜʦʣʴʥʳʡ ʨʘʟʤʝʨ ʩʪʘʣ ʚ k ʨʘʟ ʤʝʥʴʰʝ ʧʦʧʝʨʝʯʥʦʛʦ? (ʆʪʚʝʪ: 

( )12 -= kcmE ok ). 

729. ɺʳʨʘʟʠʪʴ ʚ ʤʝʛʘʵʣʝʢʪʨʦʥʚʦʣʴʪʘʭ ʵʥʝʨʛʠʠ ʧʦʢʦʷ ʵʣʝʢʪʨʦʥʘ ʠ ʧʨʦ-

ʪʦʥʘ. (ʆʪʚʝʪ: 510,Eʦʝ=  ʄʵɺ; 939=ʦʨE  ʄʵɺ.) 

730. ʆʧʨʝʜʝʣʠʪʴ ʠʤʧʫʣʴʩ ʧʨʦʪʦʥʘ ʤʘʩʩʘ ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ ʤʘʩʩʝ ʧʦʢʦʷ 

ʛʝʣʠʷ (ʅʝ4). ʂʘʢʫʶ ʫʩʢʦʨʷʶʱʫʶ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʜʦʣʞʝʥ ʙʳʣ ʧʨʦʡʪʠ 

ʧʨʦʪʦʥ, ʯʪʦʙʳ ʧʨʠʦʙʨʝʩʪʠ ʵʪʦʪ ʠʤʧʫʣʴʩ? (ʆʪʚʝʪ: ʤ/ʩʢʛ10419 19 ÖÖ@ -,p ; 

910822 Ö= ,U  ɺ). 

 
 

8. ȰȨȦȳȸȴȨȦɅ ȴȵȸȮȰȦ 

8.1. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ ʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʌʦʨʤʫʣʘ ʕʡʥʰʪʝʡʥʘ ʜʣʷ ʚʥʝʰʥʝʛʦ ʬʦʪʦʵʬʬʝʢʪʘ: 
 

                                   maxTA
hc

h +=
l

=n=e ,                                 (8.1) 

 

ʛʜʝ e ï ʵʥʝʨʛʠʷ ʬʦʪʦʥʘ, ʧʘʜʘʶʱʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʪʘʣʣʘ; ɸ ï ʨʘʙʦʪʘ 
ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʘ ʠʟ ʤʝʪʘʣʣʘ; maxT  ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʵʥʝʨʛʠʷ ʬʦʪʦʥʘ ʤʥʦʛʦ ʙʦʣʴʰʝ ʨʘʙʦʪʳ 
ʚʳʭʦʜʘ maxTh),Ah( =n>>n .  

 ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ: 
ï ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʠʡ ʩʣʫʯʘʡ, ʝʩʣʠ 510,T<<  ʄʵɺ, ʪʦ 

 

2

mv
T

2

max

max
= ;                                        (8.2) 
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ï ʨʝʣʷʪʠʚʠʩʪʩʢʠʡ ʩʣʫʯʘʡ, ʝʩʣʠ 510,T²  ʄʵɺ 

 

         2
0 c)mm(Tmax Ö-=  ʠʣʠ 

ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ

ç

å

-

-

ÖÖ= 1

1

1

2

2

2
0

c

v
cmTmax ,               (8.3) 

 

ʛʜʝ m ï ʤʘʩʩʘ ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʵʣʝʢʪʨʦʥʘ; 0m  ï ʤʘʩʩʘ ʧʦʢʦʷʱʝʛʦʩʷ ʵʣʝʢ-

ʪʨʦʥʘ; ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ; v ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ.  
ʂʨʘʩʥʘʷ ʛʨʘʥʠʮʘ ʬʦʪʦʵʬʬʝʢʪʘ:  

 

                                     
A

hc
ʢ=l    ʠʣʠ   

h

A
ʢ=n ,                                     (8.4) 

 

ʛʜʝ ʢl  ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ (ʢn ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʠ-

ʥʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ), ʧʨʠ ʢʦʪʦʨʦʡ ʝʱʝ ʚʦʟʤʦʞʝʥ ʬʦʪʦʵʬʬʝʢʪ. 
ɼʘʚʣʝʥʠʝ ʩʚʝʪʘ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ: 
 

                          
( )

c
EP

r+
=

1
   ʠʣʠ ( )r+w= 1P ,                             (8.5) 

 

ʛʜʝ ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ; ɽ ï ʦʩʚʝʱʝʥʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ; w ï ʦʙ̡-

ʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ; r ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ. 
ʄʘʩʩʘ ʬʦʪʦʥʘ: 

                                             
l

==
c

h

c

E
m

2
.                                         (8.6) 

ʀʤʧʫʣʴʩ ʬʦʪʦʥʘ: 

                                              
l
==

h
mcp .                                          (8.7) 

ʕʬʬʝʢʪ ʂʦʤʧʪʦʥʘ: 
 

                  ( )
2

21 2 q=q-=l-l¡=lD sin
mc

h
cos

mc

h
,                 (8.8) 

 

ʛʜʝ m ï ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ ʦʪʜʘʯʠ; l ʠ l¡ ï ʜʣʠʥʳ ʚʦʣʥ ʧʘʜʘʶʱʝʛʦ ʠ ʨʘʩʩʝ-
ʷʥʥʦʛʦ ʬʦʪʦʥʦʚ. 
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8.2. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ɿʘʜʘʯʘ 1. ʂʨʘʩʥʘʷ ʛʨʘʥʠʮʘ ʬʦʪʦʵʬʬʝʢʪʘ ʜʣʷ ʮʝʟʠʷ 653=l  ʥʤ. ʆʧʨʝ-
ʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʮʝʟʠʷ ʬʠʦʣʝʪʦʚʳʤʠ ʣʫ-
ʯʘʤʠ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 400=l  ʥʤ. 
ʈʝʰʝʥʠʝ. ʉʢʦʨʦʩʪʴ ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ ʥʘʡʜʝʤ ʠʟ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʬʦʪʦ-

ʵʬʬʝʢʪʘ 

2

2mvhc
TA +

l
=+=e , 

 

ʛʜʝ e ï ʵʥʝʨʛʠʷ ʬʦʪʦʥʘ; ɸ ï ʨʘʙʦʪʘ ʚʳʭʦʜʘ; ʊ ï ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʬʦ-
ʪʦʵʣʝʢʪʨʦʥʦʚ. 
ʈʘʙʦʪʘ ʚʳʭʦʜʘ ʨʘʚʥʘ ʵʥʝʨʛʠʠ ʬʦʪʦʥʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʡ ʢʨʘʩʥʦʡ ʛʨʘʥʠʮʝ ʬʦʪʦʵʬʬʝʢʪʘ:  
 

ʂ

hc
A
l
= . 

 

ʊʘʢ ʢʘʢ ʵʥʝʨʛʠʷ ʬʦʪʦʥʦʚ ʚʠʜʠʤʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ ʦʯʝʥʴ ʤʘʣʘ ʧʦ ʩʨʘʚʥʝ-
ʥʠʶ ʩ ʵʥʝʨʛʠʝʡ ʧʦʢʦʷ ʵʣʝʢʪʨʦʥʘ, ʪʦ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ 
ʬʦʨʤʫʣʦʡ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ: 

 

2

2mv
T = , 

ʪʦʛʜʘ ʧʦʣʫʯʘʝʤ:  

2

2mvhchc

ʢ

+
l
=

l
 

ʠʣʠ 

( )
ll

l-l
=

ʢ

ʢ

m

hc
v

2
. 

 

ʇʨʦʠʟʚʝʜʝʤ ʧʨʦʚʝʨʢʫ ʨʘʟʤʝʨʥʦʩʪʠ ʠ ʚʳʯʠʩʣʠʤ:  
 

[V] = [ɼʞÖʩÖʤÖʩ-1Öʤ/(ʢʛÖʤÖʤ)]-1/2 = [ʥʤ/ʢʛ]-1/2 = [ʢʛÖʤÖʩ-2Öʤ/ʢʛ]-1/2 = [ʤ/c];  
 

( ) 5

7731

7834

1056
1041053610119

104536103106256
Ö=

ÖÖÖÖÖ

Ö-ÖÖÖ
=

---

--

,
,,

,,
v  (ʤ/ʩ). 

 

ɿʘʜʘʯʘ 2. ʇʘʨʘʣʣʝʣʴʥʳʡ ʧʫʯʦʢ ʩʚʝʪʘ ʜʣʠʥʦʡ ʚʦʣʥʳ 500=l  ʥʤ ʧʘʜʘʝʪ 
ʥʦʨʤʘʣʴʥʦ ʥʘ ʟʘʯʝʨʥʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʢʘʟʳʚʘʷ ʜʘʚʣʝʥʠʝ 10-5 ʥ/ʤ2. 
ʆʧʨʝʜʝʣʠʪʴ: 1) ʢʦʥʮʝʥʪʨʘʮʠʶ ʬʦʪʦʥʦʚ ʚ ʧʦʪʦʢʝ ʩʚʝʪʘ; 2) ʯʠʩʣʦ ʬʦʪʦʥʦʚ, 
ʧʘʜʘʶʱʠʭ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. 
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ʈʝʰʝʥʠʝ. 1. ʂʦʥʮʝʥʪʨʘʮʠʷ ʬʦʪʦʥʦʚ ʚ ʧʦʪʦʢʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ 
ʢʘʢ ʯʘʩʪʥʦʝ ʦʪ ʜʝʣʝʥʠʷ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʥʘ ʵʥʝʨʛʠʶ ʦʜʥʦʛʦ 
ʬʦʪʦʥʘ: 

                                                  
e

w
=0n ;                                               

( )r+
=w

1

P
, 

 
ʛʜʝ r ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ; e ï ʵʥʝʨʛʠʷ ʦʜʥʦʛʦ ʬʦʪʦʥʘ.  

ʇʦʜʩʪʘʚʠʚ ʚʳʨʘʞʝʥʠʝ w ʚ ʬʦʨʤʫʣʫ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 0n , ʧʦʣʫʯʠʤ: 
 

                                        
hc)(

P

)(

P
n

r+

l
=
er+

=
11

0 .   

       
ɼʣʷ ʟʘʯʝʨʥʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʨʘʚʝʥ ʥʫʣʶ. 
ʇʨʦʚʝʨʠʤ ʨʘʟʤʝʨʥʦʩʪʴ ʠ ʚʳʯʠʩʣʠʤ ʢʦʥʮʝʥʪʨʘʮʠʶ ʬʦʪʦʥʦʚ:  
 

[ 0n ] = [(ʥÖʤÖʩ)/(ʤ2ÖɼʞÖʩÖʤ)] = [ʥ/(ʤ2ÖʥÖʤ)] = [ʤ-3]; 
 

13

834

75

0 1052
1031062561

10510
Ö=

ÖÖÖÖ

ÖÖ
=

-

--

,
,

n  (ʤ-3). 

 

2. ʏʠʩʣʦ ʬʦʪʦʥʦʚ, ʧʘʜʘʶʱʠʭ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦɦ ʘʜʠ, 
ʦʧʨʝʜʝʣʠʤ, ʝʩʣʠ ʨʘʟʜʝʣʠʤ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʦʩʚʝʱʝʥʥʦʩʪʴ (ʵʥʝʨʛʠʶ, ʧʘʜʘ-
ʶʱʫʶ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ) ʥʘ ʵʥʝʨʛʠʶ ʦʜʥʦʛʦ ʬʦʪʦ-
ʥʘ:  

hc

EE
n

l
=
e
= . 

 

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ ʨʘʚʥʘ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ, 
ʫʤʥʦʞʝʥʥʦʡ ʥʘ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ:  

 

)(

Pc
cE

r+
=w=

1
. 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʦʢ ʧʦʣʫʯʘʝʤ:  
 

cnn
0

= . 
 

ʇʨʦʚʝʨʠʤ ʨʘʟʤʝʨʥʦʩʪʴ ʠ ʚʳʯʠʩʣʠʤ ʯʠʩʣʦ ʬʦʪʦʥʦʚ:  
 

[n] = [ʤ-3ÖʤÖʩ-1] = [ʤ-2Öʩ-1]; 
 

21813 10571031052 Ö=ÖÖÖ= ,,n  (ʤ-2Öʩ-1). 
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ɿʘʜʘʯʘ 3. ʌʦʪʦʥ ʩ ʵʥʝʨʛʠʝʡ 750,=e  ʄʵɺ ʨʘʩʩʝʷʣʩʷ ʥʘ ʩʚʦʙʦʜʥʦʤ ʵʣʝʢ-

ʪʨʦʥʝ ʧʦʜ ʫʛʣʦʤ A60=q . ʇʨʠʥʠʤʘʷ, ʯʪʦ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʠ ʠʤʧʫʣʴʩ 
ʵʣʝʢʪʨʦʥʘ ʜʦ ʩʦʫʜʘʨʝʥʠʷ ʩ ʬʦʪʦʥʦʤ ʙʳʣʠ ʧʨʝʥʝʙʨʝʞʠʪʝʣʴʥʦ ʤʘʣʳ, ʦʧʨʝ-
ʜʝʣʠʪʴ: 1) ʵʥʝʨʛʠʶ ʨʘʩʩʝʷʥʥʦʛʦ ʬʦʪʦʥʘ; 2) ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʵʣʝʢʪʨʦ-
ʥʘ ʦʪʜʘʯʠ; 3) ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʦʪʜʘʯʠ.  
ʈʝʰʝʥʠʝ. 1. ʕʥʝʨʛʠʶ ʨʘʩʩʝʷʥʥʦʛʦ ʬʦʪʦʥʘ ʥʘʡʜʝʤ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ 

ʬʦʨʤʫʣʦʡ ʂʦʤʧʪʦʥʘ: 

( )q-=l-l¡ cos
cm

h
1

0

. 

 

ɺʳʨʘʟʠʚ ʜʣʠʥʳ ʚʦʣʥ ʯʝʨʝʟ ʵʥʝʨʛʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʦʪʦʥʦʚ ʧʦ ʬʦʨ-

ʤʫʣʝ 
l

=e
hc
, ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ:  

)cos(
cm

hhchc
q-=

e
-

e¡
1

0

. 

 

ʈʘʟʜʝʣʠʚ ʦʙʝ ʯʘʩʪʠ ʵʪʦʛʦ ʨʘʚʝʥʩʪʚʘ ʥʘ hc, ʧʦʣʫʯʠʤ: 
 

2
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111

cm

)cos( q-
=
e
-
e

. 

 

ʆʙʦʟʥʘʯʠʚ ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʵʥʝʨʛʠʶ ʧʦʢʦʷ ʵʣʝʢʪʨʦʥʘ 0
2

0 Ecm = , ʥʘʡʜʝʤ 

)cos(E

E

q-e+

e
=e¡

10

0 . 

 

ʇʨʦʚʝʨʠʤ ʨʘʟʤʝʨʥʦʩʪʴ ʠ ʚʳʯʠʩʣʠʤ: 
 

[e¡] = [ɼʞ2/ɼʞ] = [ɼʞ]; 
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A
 ʄʵɺ. 

 

2. ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʘ ʦʪʜʘʯʠ, ʢʘʢ ʵʪʦ ʩʣʝʜʫʝʪ ʠʟ ʟʘʢʦʥʘ 
ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʨʘʚʥʘ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʵʥʝʨʛʠʝʡ ʧʘʜʘʶʱʝʛʦ ʬʦʪʦʥʘ ʠ 
ʵʥʝʨʛʠʝʡ ʨʘʩʩʝʷʥʥʦʛʦ ʬʦʪʦʥʘ:  

 

320,Te =e¡-e=  ʄʵɺ. 
 

3. ʅʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʦʪʜʘʯʠ ʥʘʡʜʝʤ, ʧʨʠʤʝʥʠʚ ʟʘʢʦʥ 
ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʠʤʧʫʣʴʩ ʧʘʜʘʶʱʝʛʦ ʬʦʪʦʥʘ ʨʘ-
ʚʝʥ ʚʝʢʪʦʨʥʦʡ ʩʫʤʤʝ ʠʤʧʫʣʴʩʦʚ ʨʘʩʩʝʷʥʥʦʛʦ ʬʦʪʦʥʘ ʠ ʵʣʝʢʪʨʦʥʘ ʦʪʜʘʯʠ:  

 

mvpp ʬʬ +¡= . 
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ɺʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʠʤʧʫʣʴʩʦʚ 
ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 8.1. ɺʩʝ ʚʝʢʪʦʨʳ 
ʧʨʦʚʝʜʝʥʳ ʠʟ ʪʦʯʢʠ 0, ʛʜʝ ʥʘʭʦʜʠʪʩʷ 
ʵʣʝʢʪʨʦʥ ʚ ʤʦʤʝʥʪ ʩʦʫʜʘʨʝʥʠʷ ʩ ʬʦʪʦ-

ʥʦʤ. ʋʛʦʣ j ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ 
ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʦʪʜʘʯʠ.  
ʀʟ ʪʨʝʫʛʦʣʴʥʠʢʘ OCD  ʥʘʭʦʜʠʤ:  

OD

CD
tg =j  

ʠʣʠ 

qÖ¡-

qÖ¡
=j

cospp

sinp
tg

ʬʬ

ʬ
, 

 

ʪʘʢ ʢʘʢ 
c

pʬ
e
=  ʠ 

c
p

'

ʬ
e
=¡ , ʪʦ 

qe¡-e

qe¡
=j

cos

sin
tg . 

 
ʇʨʦʠʟʚʝʜʝʤ ʚʳʯʠʩʣʝʥʠʷ:  
 

7010
60430750

60430
,

cos,,

sin,
tg =

-
=q

A

A

;  A35=j . 

 
8.3. ɿʘʜʘʯʠ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

801. ʆʧʨʝʜʝʣʠʪʴ ʨʘʙʦʪʫ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʘ ʠʟ ʥʘʪʨʠʷ, ʝʩʣʠ ʢʨʘʩʥʘʷ 

ʛʨʘʥʠʮʘ ʬʦʪʦʵʬʬʝʢʪʘ l = 500 ʥʤ. (ʆʪʚʝʪ: ɸ = 2,48 ʵɺ). 

802. ʌʦʪʦʥʳ ʩ ʵʥʝʨʛʠʝʡ e = 5 ʵɺ ʚʳʨʳʚʘʶʪ ʬʦʪʦʵʣʝʢʪʨʦʥʳ ʠʟ ʤʝʪʘʣʣʘ 
ʩ ʨʘʙʦʪʦʡ ʚʳʭʦʜʘ ɸ = 4,7 ʵɺ. ʆʧʨʝʜʝʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʡ ʠʤʧʫʣʴʩ, ʧʝʨʝʜʘ-
ʚʘʝʤʳʡ ʧʦʚʝʨʭʥʦʩʪʠ ʵʪʦʛʦ ʤʝʪʘʣʣʘ ʧʨʠ ʚʳʣʝʪʝ ʵʣʝʢʪʨʦʥʘ. (ʆʪʚʝʪ: 

2510962 -Ö= ,p  ʢʛÖʤ/ʩ). 

803. ʂʘʢʘʷ ʜʦʣʷ ʵʥʝʨʛʠʠ ʬʦʪʦʥʘ ʠʟʨʘʩʭʦʜʦʚʘʥʘ ʥʘ ʨʘʙʦʪʫ ʚʳʨʳʚʘʥʠʷ ʬʦ-

ʪʦʵʣʝʢʪʨʦʥʘ, ʝʩʣʠ ʢʨʘʩʥʘʷ ʛʨʘʥʠʮʘ ʬʦʪʦʵʬʬʝʢʪʘ l = 307 ʥʤ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʬʦʪʦʵʣʝʢʪʨʦʥʘ ʨʘʚʥʘ 1 ʵɺ? (ʆʪʚʝʪ: 80,
A
=
e

). 

804. ʅʘ ʧʦʚʝʨʭʥʦʩʪʴ ʣʠʪʠʷ ʧʘʜʘʝʪ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʡ ʩʚʝʪ ʩ ʜʣʠʥʦʡ 
ʚʦʣʥʳ 310 ʥʤ. ʏʪʦʙʳ ʧʨʝʢʨʘʪʠʪʴ ʵʤʠʩʩʠʶ ʵʣʝʢʪʨʦʥʦʚ, ʥʫʞʥʦ ʧʨʠʣʦʞʠʪʴ 
ʟʘʜʝʨʞʠʚʘʶʱʫʶ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʥʝ ʤʝʥʝʝ 1,7 ɺ. ʆʧʨʝʜʝʣʠʪʴ ʨʘʙʦ-
ʪʫ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʘ. (ʆʪʚʝʪ: ɸ = 2,3 ʵɺ). 
805. ɼʣʷ ʧʨʝʢʨʘʱʝʥʠʷ ʬʦʪʦʵʬʬʝʢʪʘ, ʚʳʟʚʘʥʥʦʛʦ ʦʙʣʫʯʝʥʠʝʤ ʫʣʴʪʨʘʬʠ-

ʦʣʝʪʦʚʳʤ ʩʚʝʪʦʤ ʧʣʘʪʠʥʦʚʳʭ ʧʣʘʩʪʠʥ, ʥʫʞʥʦ ʧʨʠʣʦʞʠʪʴ ʟʘʜʝʨʞʠʚʘʶɦ ʫʶ 
ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ 3,7 ɺ. ɽʩʣʠ ʧʣʘʪʠʥʦʚʫʶ ʧʣʘʩʪʠʥʫ ʟʘʤʝʥʠʪʴ ʜʨʫʛʦʡ 

 
ʈʠʩ. 8.1 
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ʧʣʘʩʪʠʥʦʡ, ʪʦ ʟʘʜʝʨʞʠʚʘʶʱʫʶ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʧʨʠʜʝʪʩʷ ʫʚʝʣʠʯʠʪʴ ʜʦ 

6 ɺ. ʆʧʨʝʜʝʣʠʪʴ ʨʘʙʦʪʫ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʦʚ. (ʆʪʚʝʪ: 1910426 -Ö= ,A  ɼʞ).  

806. ʅʘ ʮʠʥʢʦʚʫʶ ʧʣʘʩʪʠʥʢʫ ʧʘʜʘʝʪ ʩʚʝʪ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 220 ʥʤ. ʆʧʨʝ-

ʜʝʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ. (ʆʪʚʝʪ: 51057 Ö= ,vmax  ʤ/ʩ). 

807. ʆʧʨʝʜʝʣʠʪʴ ʜʣʠʥʫ ʚʦʣʥʳ ʩʚʝʪʘ, ʧʘʜʘʶʱʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝʢʦʪʦ-
ʨʦʛʦ ʤʝʪʘʣʣʘ, ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ, ʨʘʚʥʦʡ 10 ʄʤ/ʩ. ʈʘ-

ʙʦʪʦʡ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʤʝʪʘʣʣʘ ʧʨʝʥʝʙʨʝʯʴ. (ʆʪʚʝʪ: 910324 -Ö=l ,  ʤ). 

808. ʆʧʨʝʜʝʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ, ʚʳʨʳʚʘʝʤʳʭ ʩ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʮʠʥʢʘ g-ʣʫʯʘʤʠ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 0,1 ʥʤ. (ʆʪʚʝʪ: 810852 Ö= ,vmax  ʤ/ʩ).  

809. ʆʧʨʝʜʝʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ, ʚʳʨʳʚʘʝʤʳʭ ʩ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʩʝʨʝʙʨʘ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ ʩ ʵʥʝʨʛʠʝʡ 8 ʵɺ. (ʆʪʚʝʪ: 

61011 Ö=,vmax  ʤ/ʩ). 

810. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ, ʚʳʣʝʪʘʶʱʠʭ ʠʟ ʤʝʪʘʣʣʘ ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ ʝʛʦ g-ʬʦʪʦʥʘʤʠ, ʨʘʚʥʘ 2,91 ʄʤ/c. ʆʧʨʝʜʝʣʠʪʴ ʵʥʝʨʛʠʶ ʬʦʪʦ-

ʥʦʚ. (ʆʪʚʝʪ: e = 1,58 ʄʵɺ). 
811. ɼʣʠʥʘ ʚʦʣʥʳ ʩʚʝʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʨʘʩʥʦʡ ʛʨʘʥʠʮʝ ʬʦʪʦʵʬ-

ʬʝʢʪʘ, ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ ʤʝʪʘʣʣʘ ʢl  = 275ʥʤ. ʅʘʡʪʠ ʨʘʙʦʪʫ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦ-

ʥʦʚ ʠʟ ʤʝʪʘʣʣʘ, ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ, ʚʳʙʠʪʳʭ ʠʟ ʤʝʪʘʣʣʘ 
ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 180=l  ʥʤ, ʠ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʵʣʝʢʪʨʦʥʦʚ. 

(ʆʪʚʝʪ: ɸ = 4,5 ʵɺ, 51039 Ö= ,vmax  ʤ/ʩ, 19

max
1094,3T -Ö= ɼʞ). 

812. ʅʘʡʪʠ ʯʘʩʪʦʪʫ ʩʚʝʪʘ, ʚʳʨʳʚʘʶʱʝʛʦ ʠʟ ʤʝʪʘʣʣʘ ʵʣʝʢʪʨʦʥʳ, ʢʦʪʦ-
ʨʳʝ ʧʦʣʥʦʩʪʴʶ ʟʘʜʝʨʞʠʚʘʶʪʩʷ ʨʘʟʥʦʩʪʴʶ ʧʦʪʝʥʮʠʘʣʦʚ 3 ɺ. ʌʦʪʦɻ ʬʬʝʢʪ 

ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʯʘʩʪʦʪʝ ʩʚʝʪʘ 14106Ö  ɻʮ. ʅʘʡʪʠ ʨʘʙʦʪʫ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʦʚ 

ʠʟ ʤʝʪʘʣʣʘ. (ʆʪʚʝʪ: 1510321 Ö=n ,  ɻʮ; ɸ = 2,48 ʵɺ). 

813. ʅʘʡʪʠ ʟʘʜʝʨʞʠʚʘʶʱʫʶ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ, ʚʳ-
ʨʳʚʘʝʤʳʭ ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʢʘʣʠʷ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 330 ʥʤ. (ʆʪʚʝʪ:  
U = 1,75 ɺ). 
814. ʅʘʡʪʠ ʧʦʩʪʦʷʥʥʫʶ ʇʣʘʥʢʘ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʵʣʝʢʪʨʦʥʳ, ʚʳʨʚrʘ-

ʝʤʳʝ ʠʟ ʤʝʪʘʣʣʘ ʩʚʝʪʦʤ ʩ ʯʘʩʪʦʪʦʡ 151022 Ö=n ,  ɻʮ ʧʦʣʥʦʩʪʴʶ ʟʘʜʝʨʞʠ-

ʚʘʶʪʩʷ ʨʘʟʥʦʩʪʴʶ ʧʦʪʝʥʮʠʘʣʦʚ 6,6 ɺ, ʘ ʚʳʨʳʚʘʝʤʳʝ ʩʚʝʪʦʤ ʩ ʯʘʩʪʦʪʦʡ 
151064 Ö=n ,  ɻʮ ï ʨʘʟʥʦʩʪʴʶ ʧʦʪʝʥʮʠʘʣʦʚ 16,5 ɺ. (ʆʪʚʝʪ: 34106,6h -Ö=  ɼʞÖʩ). 

815. ʌʦʪʦʥʳ ʩ ʵʥʝʨʛʠʝʡ 4,9 ʵɺ ʚʳʨʳʚʘʶʪ ʵʣʝʢʪʨʦʥʳ ʠʟ ʤʝʪʘʣʣʘ ʩ ʨʘʙʦ-
ʪʦʡ ʚʳʭʦʜʘ 4,5 ʵɺ. ʅʘʡʪʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʠʤʧʫʣʴʩ, ʧʝʨʝʜʘʚʘʝʤʳʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʤʝʪʘʣʣʘ ʧʨʠ ʚʳʣʝʪʝ ʢʘʞʜʦʛʦ ʵʣʝʢʪʨʦʥʘ. (ʆʪʚʝʪ: 2510423 -Ö= ,p  ʢʛÖʤ/ʩ). 

816. ʆʧʨʝʜʝʣʠʪʴ ʜʘʚʣʝʥʠʝ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʟʘʯʝʨʥʝʥʥʫʶ ʧʣʘ-
ʩʪʠʥʢʫ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʩʦʣʥʝʯʥʳʤ ʣʫʯʘʤ ʠ ʥʘʭʦʜʷɦ ʫ-
ʶʩʷ ʚʥʝ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ ʥʘ ʩʨʝʜʥʝʤ ʨʘʩʩʪʦʷʥʠʠ ɿʝʤʣʠ ʦʪ ʉʦʣʥʮʘ. 

ʉʦʣʥʝʯʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ʨʘʚʥʘ 1,4 ʢɼʞ/ʤ2Öʩ. (ʆʪʚʝʪ: 610674 -Ö= ,P  ʥ/ʤ2). 
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817. ɼʘʚʣʝʥʠʝ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʚʝʪʘ ʥʘ ʟʘʯʝʨʥʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, 
ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʘʜʘʶʱʝʤʫ ʠʟʣʫʯʝʥʠʶ, ʨʘʚʥʦ 0,15 ʤʢʇʘ. 
ʆʧʨʝʜʝʣʠʪʴ ʜʣʠʥʫ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ, ʝʩʣʠ ʟʘ ʦʜʥʫ ʩʝʢʫʥʜʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʣʦʱʘʜʴʶ 40 ʩʤ2 ʧʘʜʘʝʪ 4,52Ö1017 ʬʦʪʦʥʦʚ. (ʆʪʚʝʪ: 7105 -Ö=l  ʤ). 
818. ʇʫʯʦʢ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʚʝʪʘ ʧʘʜʘʝʪ ʥʦʨʤʘʣʴʥʦ ʥʘ ʟʝʨʢʘʣʴʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ. ʇʦʪʦʢ ʵʥʝʨʛʠʠ FE = 0,6 ɺʪ. ʆʧʨʝʜʝʣʠʪʴ ʩʠʣʫ F ʜʘʚʣʝʥʠʷ, ʠʩ-
ʧʳʪʳʚʘʝʤʫʶ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. (ʆʪʚʝʪ: F  = 4 ʥʅ). 
819. ʈʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʜʣʠʥʦʡ ʚʦʣʥʳ 55,8 ʧʤ ʨʘʩʩʝʠʚʘʝʪʩʷ 

ʛʨʘʬʠʪʦʤ. ʆʧʨʝʜʝʣʠʪʴ ʜʣʠʥʫ ʚʦʣʥʳ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ ʧʦʜ ʫʛʣʦʤ 60  ̄ʢ 

ʥʘʧʨʘʚʣʝʥʠʶ ʧʘʜʘʶʱʝʛʦ ʧʫʯʢʘ ʩʚʝʪʘ. (ʆʪʚʝʪ: 121057 -Ö=l  ʤ). 
820. ʆʧʨʝʜʝʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʧʨʠ ʢʦʤʧʪʦ-

ʥʦʚʩʢʦʤ ʨʘʩʩʝʷʥʠʠ: 1) ʥʘ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʘʭ; 2) ʥʘ ʩʚʦʙʦʜʥʳʭ ʧʨʦʪʦ-

ʥʘʭ. (ʆʪʚʝʪ: 12
1 10854 -Ö=lD ,  ʤ, 15

2 10642 -Ö=lD ,  ʤ). 

821. ʆʧʨʝʜʝʣʠʪʴ ʫʛʦʣ ʨʘʩʩʝʷʥʠʷ ʬʦʪʦʥʘ, ʠʩʧʳʪʘʚʰʝʛʦ ʩʦʫʜʘʨʝʥʠʝ ʩʦ 
ʩʚʦʙʦʜʥʳʤ ʵʣʝʢʪʨʦʥʦʤ, ʝʩʣʠ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʧʨʠ ʨʘʩʩʝʷʥʠʠ ʨʘʚ-

ʥʦ 3,62 ʧʤ. (ʆʪʚʝʪ: q = 120  ̄ʠʣʠ 240 )̄. 
822. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʬʬʝʢʪʘ ʂʦʤʧʪʦʥʘ ʬʦʪʦʥ ʧʨʠ ʩʦʫʜʘʨʝʥʠʠ ʩ ʵʣʝʢʪʨʦ-

ʥʦʤ ʙʳʣ ʨʘʩʩʝʷʥ ʥʘ ʫʛʦʣ q = 90 .̄ ʕʥʝʨʛʠʷ ʨʘʩʩʝʷʥʥʦʛʦ ʬʦʪʦʥʘ 4=e¡  ʄʵɺ. 

ʆʧʨʝʜʝʣʠʪʴ ʵʥʝʨʛʠʶ ʬʦʪʦʥʘ e ʜʦ ʨʘʩʩʝʷʥʠʷ. (ʆʪʚʝʪ: e = 1,84 ʄʵɺ). 
823. ʆʧʨʝʜʝʣʠʪʴ ʜʣʠʥʫ ʚʦʣʥʳ ʣʫʯʝʡ, ʢʚʘʥʪʳ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʪʘʢʫʶ ʞʝ 

ʵʥʝʨʛʠʶ, ʯʪʦ ʠ ʵʣʝʢʪʨʦʥ, ʧʨʦʣʝʪʝʚʰʠʡ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ 4,1 ɺ. (ʆʪʚʝʪ: 

l = 0,3 ʤʢʤ). 
824. ʂʘʢʘʷ ʜʦʣʷ ʵʥʝʨʛʠʠ ʬʦʪʦʥʘ ʧʨʠ ʵʬʬʝʢʪʝ ʂʦʤʧʪʦʥʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʵʣʝʢʪʨʦʥ ʦʪʜʘʯʠ, ʝʩʣʠ ʬʦʪʦʥ ʧʨʝʪʝʨʧʝʣ ʨʘʩʩʝʷʥʠʝ ʥʘ ʫʛʦʣ 180 ?̄ ʕʥʝʨʛʠʷ e 

ʬʦʪʦʥʘ ʜʦ ʨʘʩʩʝʷʥʠʷ ʨʘʚʥʘ 0,255 ʄʵɺ. (ʆʪʚʝʪ: 50,
Te =
e

).  

825. ʌʦʪʦʥ ʩ ʵʥʝʨʛʠʝʡ 0,25 ʄʵɺ ʨʘʩʩʝʷʣʩʷ ʥʘ ʩʚʦʙʦʜʥʦʤ ʵʣʝʢʪʨʦʥʝ. 
ʕʥʝʨʛʠʷ ʨʘʩʩʝʷʥʥʦʛʦ ʬʦʪʦʥʘ ʨʘʚʥʘ 0,2 ʄʵɺ. ʆʧʨʝʜʝʣʠʪʴ ʫʛʦʣ ʨʘʩʩʝʷʥʠʷ. 

(ʆʪʚʝʪ: q = 60  ̄ʠʣʠ 300 )̄.  

826. ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʣʫʯʠ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ l = 70,8 ʧʤ ʠʩʧʳʪʳʚʘʶʪ ʢʦʤʧʪʦ-

ʥʦʚʩʢʦʝ ʨʘʩʩʝʷʥʠʝ ʥʘ ʧʘʨʘʬʠʥʝ. ʅʘʡʪʠ ʜʣʠʥʫ ʚʦʣʥʳ l¡ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ, 

ʨʘʩʩʝʷʥʥʳʭ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ: 1) 
2

p
=q ; 2) p=q . (ʆʪʚʝʪ: 12

1 102273 -Ö=l¡ , ʤ, 

12
2 106575 -Ö=l¡ ,  ʤ ). 

827. ʉ ʢʘʢʦʡ ʩʢʦʨʦʩʪʴʶ ʜʦʣʞʝʥ ʜʚʠʛʘʪʴʩʷ ʵʣʝʢʪʨʦʥ, ʯʪʦʙʳ ʝʛʦ ʠʤʧʫʣʴʩ ʙʳʣ 
ʨʘʚʝʥ ʠʤʧʫʣʴʩʫ ʬʦʪʦʥʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 640=l  ʥʤ? (ʆʪʚʝʪ: 1140=v  ʤ/ʩ). 
828. ɼʣʠʥʘ ʚʦʣʥʳ ʬʦʪʦʥʘ ʨʘʚʥʘ 2,436 ʧʤ. ʆʧʨʝʜʝʣʠʪʴ ʵʥʝʨʛʠʶ ʠ ʠʤ-

ʧʫʣʴʩ ʬʦʪʦʥʘ. (ʆʪʚʝʪ: 1410168 -Ö=e ,  ɼʞ; 221072 -Ö= ,p  ʢʛÖʤ/ʩ). 

829. ʕʥʝʨʛʠʷ ʧʘʜʘʶʱʝʛʦ ʬʦʪʦʥʘ ʨʘʚʥʘ ʵʥʝʨʛʠʠ ʧʦʢʦʷ ʵʣʝʢʪʨʦʥʘ. ʆʧʨʝ-
ʜʝʣʠʪʴ ʜʦʣʶ ʵʥʝʨʛʠʠ ʧʘʜʘʶʱʝʛʦ ʬʦʪʦʥʘ, ʢʦʪʦʨʫʶ ʩʦʭʨʘʥʠʪ ʨʘʩʩʝʷʥʥʳʡ ʬʦ-
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ʪʦʥ; ʜʦʣʶ ʵʥʝʨʛʠʠ, ʧʦʣʫʯʝʥʥʫʶ ʵʣʝʢʪʨʦʥʦʤ ʦʪʜʘʯʠ, ʝʩʣʠ ʫʛʦʣ ʨʘʩʩʝʷʥʠʷ ʨʘ-

ʚʝʥ: 1) 60 ;̄ 2) 90 ;̄ 3) 180 .̄ (ʆʪʚʝʪ: 1) ;,
T

;, e 330670 =
e

=
e

e¡
 2) ;,

Te 50=
e

=
e

e¡
  

3) 670330 ,
T

;, e =
e

=
e

e¡
). 

830. ʆʧʨʝʜʝʣʠʪʴ ʜʣʠʥʫ ʚʦʣʥʳ ʬʦʪʦʥʘ, ʠʤʧʫʣʴʩ ʢʦʪʦʨʦʛʦ ʨʘʚʝʥ ʠʤʧʫʣʴʩʫ 
ʵʣʝʢʪʨʦʥʘ, ʧʨʦʰʝʜʰʝʛʦ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ 8=U  ɺ. (ʆʪʚʝʪ: 434=l  ʧʤ). 

9. ȸȫȵȱȴȨȴȫ ȮȭȱȹȽȫȳȮȫ 

9.1. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ ʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʚʝʪʠʤʦʩʪʴ R  ɻʪʝʣʘ ʠʟʤʝʨʷʝʪʩʷ ʧʦʪʦʢʦʤ ʠʟʣʫʯʝʥʠʷ ʌ, 
(ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʟʘ ʚʨʝʤʷ, ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʝ ʧʝʨʠʦʜʘ 
ʩʚʝʪʦʚʳʭ ʢʦʣʝʙʘʥʠʡ), ʠʩʧʫʩʢʘʝʤʳʤ ʝʜʠʥʠʮʝʡ ʧʣʦʱʘʜʠ ʩʚʝʪʷʱʝʡʩʷ ʧʦ-
ʚʝʨʭʥʦʩʪʠ: 

dt

1

S

ʌ ʵʵ
ʵ

dW

S
R Ö== ,                                 (9.1) 

 

ʛʜʝ ɻdW  ï ʵʥʝʨʛʠʷ, ʠʟʣʫʯʘʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴʶ S ʟʘ ʚʨʝʤʷ dt. 

ʉʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʚʝʪʠʤʦʩʪʠ T,rn , ʭʘʨʘʢʪʝʨʠʟʫ-

ʶʱʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʩʧʝʢʪʨʝ ʠʟʣʫʯʝʥʠʷ ʪʝʣʘ ʧʦ ʯʘʩʪʦʪʘʤ, 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

 

nÖ=
n

= ñ
¤

nn dr;r T,,

0

ʵ
ʊ R   

d

dR
,                                (9.2) 

 

ʛʜʝ ɻdR  ï ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʚʝʪʠʤʦʩʪʴ, ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ ʠʥʪʝʨʚʘʣ ʯʘʩʪʦʪ 

ʦʪ n ʜʦ n+n d . 
ɿʘʢʦʥ ʂʠʨʭʛʦʬʘ. ʆʪʥʦʰʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʩʚʝʪʠʤʦʩʪʠ ʣʶʙʦʛʦ ʪʝʣʘ ʢ ʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʧʦʛʣʦʱʝʥʠʷ, ʝʩʪʴ ʚʝʣʠʯʠʥʘ 
ʧʦʩʪʦʷʥʥʘʷ ʠ ʯʠʩʣʝʥʥʦ ʨʘʚʥʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʚʝ-
ʪʠʤʦʩʪʠ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ: 

 

ʊ,
ʊ,

,

ʘ

r
n

n

n
e=

ʊ
,                                        (9.3) 

 

ʛʜʝ ʊ,ʘn  ï ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ, ʧʦʢʘʟʚrʘʶʱʠʡ 

ʢʘʢʘʷ ʯʘʩʪʴ ʧʘʜʘʶʱʝʛʦ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʪʝʣʘ ʧʦʛʣʦʱʘʝʪ-
ʩʷ ʠʤ; ʊ,ne  ï ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʚʝʪʠʤʦʩʪʠ ʘʙʩʦʣʶʪ-

ʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ. 
ɿʘʢʦʥ ʉʪʝʬʘʥʘ-ɹʦʣʴʮʤʘʥʘ. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʚʝʪʠʤʦʩʪʴ ʘʙʩʦʣʶʪʥʦ ʯʝʨ-

ʥʦʛʦ ʪʝʣʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʯʝʪʚʝʨʪʦʡ ʩʪʝʧʝʥʠ ʘʙʩʦʣʶʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ: 
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4
ʵ TR Ös= ,                                       (9.4) 

 

ʛʜʝ 428ɺʪ/ʤ 10675 ʂ, ÖÖ=s -  ï ʧʦʩʪʦʷʥʥʘʷ ʉʪʝʬʘʥʘ-ɹʦʣʴʮʤʘʥʘ. 

ɿʘʢʦʥʳ ɺʠʥʘ 
ʇʨʦʠʟʚʝʜʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ 

ʪʝʣʘ ʥʘ ʜʣʠʥʫ ʚʦʣʥʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 
ʩʚʝʪʠʤʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʘ, ʨʘʚʥʘ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʝ: 

1CTm =Öl ,                                             (9.5) 
 

ʛʜʝ ʂ,C ÖÖ= - ʤ 1092 3
1  ï ʧʦʩʪʦʷʥʥʘʷ ɺʠʥʘ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʚʝʪʠʤʦʩʪʠ ʘʙ-
ʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ʚʦʟʨʘʩʪʘʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʷʪʦʡ ʩʪʝʧʝʥʠ ʪʝʤʧʝ-
ʨʘʪʫʨʳ: 

5
2TCrmax = ,                                              (9.6) 

 

ʛʜʝ 535

2
ʂɺʪ/ʤ 1029,1C ÖÖ= -  ï ʧʦʩʪʦʷʥʥʘʷ ɺʠʥʘ. 

ʌʦʨʤʫʣʘ ʇʣʘʥʢʘ ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʚʝʪʠʤʦ-
ʩʪʠ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ: 
 

1

12
2

5

-

nÖÖpÖ
=n kT/hT,

ec

h
r ,                                    (9.7) 

 

ʛʜʝ ʩɼʞ10636 34 ÖÖ= -,h ï ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ; 
ʂ

ɼʞ
 10381 23-Ö=,k  ï  ʧʦʩʪʦʷʥ-

ʥʘʷ ɹʦʣʴʮʤʘʥʘ; ʩʤ 103 8 /ʩ Ö=  ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ. 
ʅʘʨʷʜʫ ʩ ʚʝʣʠʯʠʥʦʡ T,rn , ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʦ ʬʦʨʤʫʣʝ (9.2), ʩʧʝʢʪʨʘʣʴ-

ʥʫʶ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʚʝʪʠʤʦʩʪʠ ʪʝʣʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʪʘʢʞʝ ʚʝ-
ʣʠʯʠʥʦʡ Tr , ʧʦʢʘʟʳʚʘʶʱʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ ʧʦ ʜʣʠʥʘʤ 

ʚʦʣʥ. ʄʝʞʜʫ T,rn  ʠ T,rl  ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʩʪʦʝ ʩʦʦʪʥʦh ʝʥʠʝ: 
 

2l
=nl

C
rr T,T, .                                            (9.8) 

 

ʌʦʨʤʫʣʳ (9.4)ï(9.7) ʩʧʨʘʚʝʜʣʠʚʳ ʣʠʰʴ ʜʣʷ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ. 
ɼʣʷ ʥʝʯʝʨʥʳʭ ʪʝʣ (ʩʝʨʳʭ) ʚʤʝʩʪʦ (9.4) ʠʩʧʦʣʴʟʫʶʪ ʩʣʝʜʫʶʱʝʝ ʚʨrʘʞʝʥʠʝ: 

 

4
ʵ

1
ʵ ʊʘRʘR T,T, ÖsÖ=Ö-= nn ,                            (9.9) 
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ʛʜʝ T,an  ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʣʫʯʝʥʠʷ, ʧʦʢʘʟʳʚʘʶʱʠʡ, ʢʘʢʫʶ ʯʘʩʪʴ ʩʦʩʪʘʚ-

ʣʷʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʚʝʪʠʤʦʩʪʴ 
1
ʵR  ʜʘʥʥʦʛʦ ʪʝʣʘ ʦʪ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʚʝ-

ʪʠʤʦʩʪʠ ʵR , ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ, ʚʟʷʪʦʛʦ ʧʨʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ. 

 
9.2. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ɿʘʜʘʯʘ 1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʪʨʘ-ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 
ʤʘʢʩʠʤʫʤ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʚʝʪʠʤʦʩʪʠ ʩʦʦʪʚʝʪʩ-
ʪʚʫʝʪ ʜʣʠʥʝ ʚʦʣʥʳ 500 ʥʤ. 
ʇʨʠʥʠʤʘʷ ʉʦʣʥʮʝ ʟʘ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʝ ʪʝʣʦ, ʦʧʨʝʜʝʣʠʪʴ: 1) ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʫʶ ʩʚʝʪʠʤʦʩʪʴ ʉʦʣʥʮʘ; 2) ʧʦʪʦʢ ʵʥʝʨʛʠʠ, ʠʟʣʫʯʘʝʤʦʡ ʉʦʣʥʮʝʤ; 3) 
ʤʘʩʩʫ, ʪʝʨʷʝʤʫʶ ʉʦʣʥʮʝʤ ʟʘ ʦʜʥʫ ʩʝʢʫʥʜʫ. 
ʈʝʰʝʥʠʝ. 1. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʚʝʪʠʤʦʩʪʴ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ʦʧ-

ʨʝʜʝʣʷʝʪʩʷ ʟʘʢʦʥʦʤ ʉʪʝʬʘʥʘ-ɹʦʣʴʮʤʘʥʘ (9.4): 
 

4

ʵ
TR Ös= .  

 

ʊʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʠʟ ʟʘʢʦʥʘ ʩʤʝʱʝʥʠʷ ɺʠʥʘ (9.5): 
 

1CTm =Öl . 
 

ɺʳʨʘʟʠʚ ʠʟ ʟʘʢʦʥʘ ʩʤʝʱʝʥʠʷ ɺʠʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʊ ʠ ʧʦʜʩʪʘʚʠʚ ʝʝ ʚ 

(9.4), ʧʦʣʫʯʠʤ: 
4

1
ʵ ö

÷

õ
æ
ç

å

l
Ös=

m

C
R .                                      (9.10) 

ʇʨʦʚʝʨʠʤ ʨʘʟʤʝʨʥʦʩʪʴ ʵR : 

[] [ ]2

442

44

ʤ/ɺʪ
ʤʂʤ

ʂʤɺʪ
R =ù

ú

ø
é
ê

è

ÖÖ

ÖÖ
= . 

 

ʇʦʜʩʪʘʚʠʚ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʚ ʚʳʨʘʞʝʥʠʝ (9.10) ʠ ʧʨʦʠʟʚʝʜʷ ʚʳʯʠʩ-
ʣʝʥʠʷ, ʧʦʣʫʯʠʤ: 

 

 6410510921075 28128 =ÖÖÖÖÖ= --- ,,Rʵ (ʄɺʪ/ʤ2). 
 

2. ʇʦʪʦʢ ʵʥʝʨʛʠʠ ʌ, ʠʟʣʫʯʘʝʤʦʡ ʉʦʣʥʮʝʤ, ʨʘʚʝʥ ʧʨʦʠʟʚʝʜʝʥʠʶ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʦʡ ʩʚʝʪʠʤʦʩʪʠ ʉʦʣʥʮʘ ʥʘ ʧʣʦʱʘʜʴ S ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ: 
 

ʵʵ RrSRʌ ÖÖpÖ=Ö= 24ʌ   ʠʣʠ   ,                   (9.11) 
 

ʛʜʝ  810966 Ö= ,r  ʤ ï ʨʘʜʠʫʩ ʉʦʣʥʮʘ.  

ʇʨʦʚʝʨʠʤ ʨʘʟʤʝʨʥʦʩʪʴ ʌ: 
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  [ʌ] = [ʤ2Ŀɺʪ/ʤ2] = [ɺʪ]. 
 

ʇʦʜʩʪʘʚʠʚ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʚ ʬʦʨʤʫʣʫ (9.11), ʧʦʣʫʯʘʝʤ:  
 

 109,3104,6)1096,6(14,34ʌ 26728 Ö=ÖÖÖÖÖ= - (ɺʪ). 
 

3. ʄʘʩʩʫ, ʪʝʨʷʝʤʫʶ ʉʦʣʥʮʝʤ ʟʘ 1 ʩ, ʦʧʨʝʜʝʣʠʤ, ʧʨʠʤʝʥʠʚ ʟʘʢʦʥ ʵʢʚʠ-
ʚʘʣʝʥʪʥʦʩʪʠ ʤʘʩʩʳ ʠ ʵʥʝʨʛʠʠ: 

 

2ʩmɽ Ö= ;                                         (9.12) 
 

ʛʜʝ ɽ ï ʵʥʝʨʛʠʷ, ʪʝʨʷʝʤʘʷ ʉʦʣʥʮʝʤ ʟʘ 1 ʩʝʢʫʥʜʫ, ʚ ʚʠʜʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦ-
ʛʦ ʠʟʣʫʯʝʥʠʷ. ʕʥʝʨʛʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ, ʠʟʣʫʯʝʥʥʳʭ ʟʘ ʚʨʝʤʷ t, 
ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ (ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ) ʥʘ ʚʨʝʤʷ: 
 

tʌE Ö= . 
 

ʇʦʜʩʪʘʚʠʚ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʚ (9,12), ʧʦʣʫʯʠʤ: 
 

2mʩtʌ =Ö , ʦʪʢʫʜʘ ʠʤʝʝʤ: 
2ʩ

ʌt
m= . 

ʇʨʦʚʝʨʠʤ ʨʘʟʤʝʨʥʦʩʪʴ m: 
 

[] []ʢʛ
ʩʤ

ʩʤʢʛ

ʤ

ʩɺʪ
m =ù

ú

ø
é
ê

è

Ö

ÖÖ
=ù
ú

ø
é
ê

è Ö
=

22

22

2

3

. 

 

ʉʜʝʣʘʚ ʧʦʜʩʪʘʥʦʚʢʫ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ ʚʝʣʠʯʠʥ, ʥʘʡʜʝʤ: 
 

( )
9

28

26

104

103

11093
Ö=

Ö

ÖÖ
=

,
m  (ʢʛ). 

 

ɿʘʜʘʯʘ 2. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʧʝʯʴ ʧʦʪʨʝʙʣʷʝʪ ʤʦʱʥʦʩʪʴ ʈ = 500 ɺʪ. ʊʝʤʧʝ-
ʨʘʪʫʨʘ ʝʝ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʦʪʢʨʳʪʦʤ ʥʝʙʦʣʴʰʦʤ ʦʪʚʝʨʩʪʠʠ 

ʜʠʘʤʝʪʨʦʤ d = 5,0 ʩʤ ʨʘʚʥʘ 700 ʉ̄. ʂʘʢʘʷ ʯʘʩʪʴ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ 
ʨʘʩʩʝʠʚʘʝʪʩʷ ʩʪʝʥʢʘʤʠ? 
ʈʝʰʝʥʠʝ. ʇʨʠ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʪʝʧʣʦʚʦʤ ʨʝʞʠʤʝ ʧʝʯʠ ʚʩʷ ʝʞʝʩʝʢʫʥʜ-

ʥʦ ʧʦʪʨʝʙʣʷʝʤʘʷ ʝʶ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʈ (ʪ. ʝ. ʤʦʱʥʦʩʪʴ) ʠʟʣʫʯʘʝʪʩʷ 
ʥʘʨʫʞʫ ʦʪʚʝʨʩʪʠʝʤ ʠ ʩʪʝʥʢʘʤʠ.  ʉʣʝʜʦʚʘʪʝʣʴʥʦ: 

 

                                                ʵʵ ʌʌP ¡¡+¡= ,                                          (9.13) 
 

ʛʜʝ ɻʌ¡, ʌɻ¡¡ ï ʧʦʪʦʢʠ ʠʟʣʫʯʝʥʠʷ, ʠʩʧʫʩʢʘʝʤʳʝ ʦʪʚʝʨʩʪʠʝʤ ʠ ʩʪʝʥʢʘʤʠ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ. ɺ ʟʘʜʘʯʝ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʦʪʥʦʰʝʥʠʝ P/ʌɻ¡¡=a .  

ʉ ʫʯʝʪʦʤ ʬʦʨʤʫʣʳ (9.13) ʝʛʦ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʪʘʢ: 
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P

ʌ

P

ʌP ʵʵ ¡
-=

¡-
=a 1 .                                     (9.14) 

 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʠʟʣʫʯʝʥʠʝ ʧʝʯʠ ʯʝʨʝʟ ʥʝʙʦʣʴʰʦʝ ʦʪʚʝʨʩʪʠʝ ʚ ʥʝʡ, ʢʘʢ 
ʠʟʣʫʯʝʥʠʝ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ, ʥʘʭʦʜʠʤ: 

 

    424 /dTSRʌ ʵʵ ÖpÖÖs=Ö=¡ .                             (9.15) 
 

ʊʝʧʝʨʴ ʧʦ ʬʦʨʤʫʣʝ (9.14) ʩ ʫʯʝʪʦʤ ʬʦʨʤʫʣʳ (9.15) ʧʦʣʫʯʠʤ: 
 

P

Td

4
1

42 ÖsÖÖp
-=a . 

ʇʦʜʩʪʘʚʠʚ ʚ ʧʦʣʫʯʝʥʥʫʶ ʬʦʨʤʫʣʫ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ, ʧʦʣʫʯʠʤ: 
 

8050049731067510251431 484 ,/,, =ÖÖÖÖÖÖ-=a -- . 
 

ɿʘʜʘʯʘ 3. ɺ ʩʧʝʢʪʨʝ ʉʦʣʥʮʘ ʤʘʢʩʠʤʫʤ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʝ-
ʪʠʯʝʩʢʦʡ ʩʚʝʪʠʤʦʩʪʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʣʠʥʫ ʚʦʣʥʳ 470 ʥʤ. ʇʨʠʥʷʚ, ʯʪʦ 
ʩʦʣʥʮʝ ʠʟʣʫʯʘʝʪ ʢʘʢ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʝ ʪʝʣʦ, ʥʘʡʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʣʥʝʯ-
ʥʦʡ ʨʘʜʠʘʮʠʠ (ʪ. ʝ. ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ) ʚʙʣʠʟʠ ɿʝʤʣʠ ʟʘ ʧʨʝʜʝ-
ʣʘʤʠ ʝʝ ʘʪʤʦʩʬʝʨʳ. 

ʈʝʰʝʥʠʝ. ʉʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ I, ʥʘʟr-
ʚʘʝʤʦʡ ʪʘʢʞʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠʟʣʫʯʝʥʠʷ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

 

S/ʌtS/WI ʵʵ =Ö= , 
 

ʛʜʝ ɻW  ï ʵʥʝʨʛʠʷ ʠʟʣʫʯʝʥʠʷ; t/Wʌ ʵʵ=  ï ʧʦʪʦʢ ʠʟʣʫʯʝʥʠʷ ʩʢʚʦʟʴ ʧʦʚʝʨʭ-

ʥʦʩʪʴ S . 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ I ʉʦʣʥʮʘ ʚʙʣʠʟʠ ɿʝʤʣʠ ʧʨʦ-
ʧʦʨʮʠʦʥʘʣʴʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʚʝʪʠʤʦʩʪʠ R  ɻʧʦʚʝʨʭʥʦʩʪʠ ʉʦʣʥʮʘ. ʏʪʦʙʳ 
ʥʘʡʪʠ ʩʚʷʟʴ ʤʝʞʜʫ I ʠ R ,ɻ ʫʯʪʝʤ, ʯʪʦ ʚʝʩʴ ʧʦʪʦʢ ʠʟʣʫʯʝʥʠʷ, ʠʩʧʫʩʢʘʝʤʳʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʉʦʣʥʮʘ, ʧʨʦʭʦʜʠʪ ʩʢʚʦʟʴ ʧʦʚʝʨʭʥʦʩʪʴ ʩʬʝʨʳ ʨʘʜʠʫʩʦʤ ʵc
r
- , 

ʨʘʚʥʳʤ ʨʘʩʩʪʦʷʥʠʶ ʦʪ ʉʦʣʥʮʘ ʜʦ ɿʝʤʣʠ: 
 

22 44 ʵcrIrRʌ cʵʵ -ÖpÖÖ=ÖpÖÖ= . 

 

ʆʪʩʶʜʘ                              

  22
ʵccʵ r/rRI -Ö= .                                       (9.16) 

 

ʀʩʧʦʣʴʟʫʷ ʟʘʢʦʥ ʉʪʝʬʘʥʘ-ɹʦʣʴʮʤʘʥʘ ʠ ʚʳʯʠʩʣʠʚ ʪʝʤʧʝʨʘʪʫʨʫ ʩʦʣʥʝʯʥʦʡ 
ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʟʘʢʦʥʫ ʩʤʝʱʝʥʠʷ ɺʠʥʘ, ʥʘʭʦʜʠʤ: 
 

44
1

4
mʵ /CTR lÖs=Ös= .                               (9.17) 
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ʊʘʢ ʢʘʢ ʚʝʣʠʯʠʥʳ ʵcc r,r -  ï ʪʘʙʣʠʯʥʳʝ, ʪʦ, ʟʘʧʠʩʘʚ ʚ (9.16) ʚʤʝʩʪʦ R ,ɻ ʝʝ 

ʟʥʘʯʝʥʠʝ ʠʟ (9.17), ʦʧʨʝʜʝʣʠʤ ʠʩʢʦʤʫʶ ʚʝʣʠʯʠʥʫ: 
 

44

1
öö
÷

õ
ææ
ç

å
ö
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õ
æ
ç

å

l
Ös=

-ɻc

c

m r

rC
I . 

 

ʇʦʜʩʪʘʚʠʚ ʚ ʬʦʨʤʫʣʫ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ, ʚʳʨʘʞʝʥʥʳʝ ʚ ʝʜʠʥʠ-
ʮʘʭ ʉʀ, ʧʦʣʫʯʠʤ: 

31081 Ö=,I  (ɺʪ/ʤ2). 
 

 

ɿʘʜʘʯʘ 4. ʆʧʨʝʜʝʣʠʪʴ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ ʇʣʘʥʢʘ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ 
ʩʚʝʪʠʤʦʩʪʴ ʵRD , ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ, ʧʨʠʭʦʜʷʱʫʶʩʷ ʥʘ ʫʟʢʠʡ ʠʥʪʝʨ-

ʚʘʣ ʜʣʠʥ ʚʦʣʥ 910-=lD  ʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʘʢʩʠʤʫʤʫ ʩʧʝʢʪʨʘʣʴʥʦʡ 
ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʚʝʪʠʤʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʪʝʣʘ ʊ = 3000 ʂ. 
ʈʝʰʝʥʠʝ. ʀʟ ʬʦʨʤʫʣʳ (9.2), ʧʦʩʢʦʣʴʢʫ ʨʝʯʴ ʠʜʝʪ ʦʙ ʫʟʢʦʤ ʠʥʪʝʨʚʘʣʝ 

ʜʣʠʥ ʚʦʣʥ, ʩʣʝʜʫʝʪ:  
lDÖ=D mʵ rR ,                                       (9.18) 

 
ʛʜʝ mr  ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʩʚʝʪʠʤʦʩʪʠ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 
ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ mr  ʧʦ ʬʦʨʤʫʣʝ ʇʣʘʥʢʘ, ʥʘʜʦ, ʢʨʦʤʝ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʊ, ʟʥʘʪʴ ʜʣʠʥʫ ʚʦʣʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʚʝʣʠʯʠʥʝ mr . ʕʪʫ ʜʣʠʥʫ 

ʚʦʣʥʳ ʥʘʡʜʝʤ ʧʦ ʟʘʢʦʥʫ ʩʤʝʱʝʥʠʷ ɺʠʥʘ: 
 

T/Cm 1=l . 
 

ʊʝʧʝʨʴ, ʧʦʜʩʪʘʚʠʚ ʵʪʦ ʟʥʘʯʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʚ ʬʦʨʤʫʣʫ (9.7), ʧʦʣʫ-
ʯʠʤ: 
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ʀʟ ʬʦʨʤʫʣ (9.18), (9.19) ʧʦʣʫʯʘʝʤ: 
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ʇʨʦʚʝʨʠʤ ʨʘʟʤʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʡ ʚʝʣʠʯʠʥʳ: 
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ʇʦʜʩʪʘʚʠʚ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʧʨʦʠʟʚʝʜʝʤ ʚʳʯʠʩʣʝʥʠʷ: 
 

31023 Ö=D ,R  (ɺʪ/ʤ2). 

 
9.3. ɿʘʜʘʯʠ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

901. ʄʥʦʛʠʝ ʚʝʱʝʩʪʚʘ ʚ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʜʘʞʝ ʚ ʪʦʥʢʠʭ 
ʩʣʦʷʭ ʥʝ ʧʨʦʟʨʘʯʥʳ. ʂʘʢ ʦʧʨʝʜʝʣʠʪʴ ʧʦʛʣʦʱʘʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʪʘʢʠʭ 

ʪʝʣ, ʝʩʣʠ ʠʟʚʝʩʪʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ r? (ʆʪʚʝʪ: ʘʪ = 1ï r). 
902. ʇʨʠ ʢʘʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʚʝʪʠʤʦʩʪʴ ʘʙʩʦʣʶʪʥʦ 

ʯʝʨʥʦʛʦ ʪʝʣʘ R = 10 ʢɺ/ʤ2? (ʆʪʚʝʪ: ʊ = 645 ʂ). 
 
903. ʇʦʪʦʢ ʵʥʝʨʛʠʠ, ʠʟʣʫʯʘʝʤʦʡ ʠʟ ʩʤʦʪʨʦʚʦʛʦ ʦʢʦʰʢʘ ʧʣʘʚʠʣʴʥʦʡ 

ʧʝʯʠ, ʌ = 34 ɺʪ. ʆʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʝʯʠ, ʝʩʣʠ ʧʣʦʱʘʜʴ ʦʪʚʝʨʩʪʠʷ  
S = 6 ʩʤ2. (ʆʪʚʝʪ: ʊ = 1000 ʂ). 

904. ʅʘ ʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ ʫʚʝʣʠʯʠʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʚʝʪʠʤʦʩʪʴ  
ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ, ʝʩʣʠ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 1 %?  
(ʆʪʚʝʪ: ʥʘ 4 %). 

905. ʂʘʢ ʠʟʤʝʥʷʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʚʝʪʠʤʦʩʪʴ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ 
ʪʝʣʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 2; 5 ʠ 10 ʨʘʟ? ʂʘʢ ʦʥʘ ʠʟʤʝʥʝ̫ʪʩʷ 
ʜʣʷ ʩʝʨʳʭ ʪʝʣ? (ʆʪʚʝʪ: ʚ 16; 625 ʠ 104 ʨʘʟ). 

906.ʏʝʤʫ ʨʘʚʥʘ ʵʥʝʨʛʠʷ, ʠʟʣʫʯʘʝʤʘʷ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʳʤ ʪʝʣʦʤ ʩ ʧʣʦ-
ʱʘʜʠ 1 ʤ2 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1 ʂ ʚ ʩʨʝʜʝ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʙʣʠʟʢʦʡ ʢ 0 ʂ?  
(ʆʪʚʝʪ: W = 5,67Ŀ10-8 ɺʪ). 
907. ʆʧʨʝʜʝʣʠʪʴ ʫʩʪʘʥʦʚʠʚʰʫʶʩʷ ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʯʝʨʥʝʥʥʦʡ ʤʝʪʘʣʣʠ-

ʯʝʩʢʦʡ ʧʣʘʩʪʠʥʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʩʦʣʥʝʯʥʳʤ ʣʫʯʘʤ, 
ʚʥʝ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ ʥʘ ʩʨʝʜʥʝʤ ʨʘʩʩʪʦʷʥʠʠ ɿʝʤʣʠ ʦʪ ʉʦʣʥʮʘ. (ʆʪʚʝʪ: 
ʊ = 3,3Ŀ102 ʂ). 
908. ʉʦʣʥʝʯʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ʉ = 1,4 ʢɼʞ/(ʤ2Ŀʩ). ʋʛʦʣ, ʧʦʜ ʢʦʪʦʨʳʤ ʩ 

ɿʝʤʣʠ ʚʠʜʝʥ ʨʘʜʠʫʩ ʉʦʣʥʮʘ, ʨʘʚʝʥ 16¡. ʆʧʨʝʜʝʣʠʪʴ ʧʦ ʵʪʠʤ ʜʘʥʥʳʤ ʵʥʝʨ-
ʛʝʪʠʯʝʩʢʫʶ ʩʚʝʪʠʤʦʩʪʴ ʉʦʣʥʮʘ. ʇʨʠʥʠʤʘʷ, ʯʪʦ ʉʦʣʥʮʝ ʠʟʣʫʯʘʝʪ ʢʘʢ ʘʙʩʦ-
ʣʶʪʥʦ ʯʝʨʥʦʝ ʪʝʣʦ, ʚʳʯʠʩʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. (ʆʪʚʝʪ:  
ʊ = 5800 ʂ). 

909. ʈʘʩʩʯʠʪʘʪʴ ʠʥʪʝʛʨʘʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʚʦʣʴʬʨʘʤʘ 
ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 3000 ʂ (a3000 = 0,347). (ʆʪʚʝʪ: R = 16Ŀ105 ɺʪ/ʤ2). 

910. ʂʘʢʦʡ ʣʫʯʠʩʪʳʡ ʧʦʪʦʢ ʠʟʣʫʯʘʝʪ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʝ ʪʝʣʦ ʩ ʧʣʦɦ ʘʜʠ 
1 ʤ2, ʝʩʣʠ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 1Á ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʨʝʜʳ, ʨʘʚʥʦʡ 27Áʉ? 
(ʆʪʚʝʪ: ʌ = 6 ɺʪ). 

911. ɺʦʣʴʬʨʘʤʦʚʘʷ ʥʠʪʴ ʜʠʘʤʝʪʨʦʤ d1 =0,1 ʤʤ ʩʦʝʜʠʥʝʥʘ ʧʦʩʣʝʜʦʚʘ-
ʪʝʣɹʥʦ ʩ ʚʦʣʴʬʨʘʤʦʚʦʡ ʥʠʪʴʶ ʥʝʠʟʚʝʩʪʥʦʛʦ ʜʠʘʤʝʪʨʘ. ʅʠʪʠ ʥʘʢʘʣʠʚʘʶʪʩʷ ʚ 
ʚʘʢʫʫʤʝ ʪʦʢʦʤ, ʧʨʠ ʵʪʦʤ ʠʭ ʫʩʪʘʥʦʚʠʚʰʠʝʩʷ ʪʝʤʧʝʨʘʪʫʨʳ T1 = 2Ŀ103 ʂ,  
T2 = 3Ŀ103 ʂ. ʅʘʡʪʠ ʜʠʘʤʝʪʨ d2 ʚʪʦʨʦʡ ʥʠʪʠ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 
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ʚʦʣʴʬʨʘʤʘ ʠ ʝʛʦ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ a1 = 0,26;  

a2 = 0,334; r1 = 5,91Ŀ10-7 ʆʤĿʤ; r2 = 9,62Ŀ10-7 ʆʤĿʤ. (ʆʪʚʝʪ: d2 = 6Ŀ10-5 ʤ). 
911. ʅʘ ʢʘʢʫʶ ʜʣʠʥʫ ʚʦʣʥʳ ʧʨʠʭʦʜʠʪʩʷ ʤʘʢʩʠʤʫʤ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪ-

ʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʚʝʪʠʤʦʩʪʠ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫ-

ʨʝ 0 Áʉ? (ʆʪʚʝʪ: l = 10,62Ŀ10-6 ʤ). 
913. ʂʘʢʦʚʘ ʜʦʣʞʥʘ ʙʳʪʴ ʪʝʤʧʝʨʘʪʫʨʘ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ, ʯʪʦʙʳ 

ʤʘʢʩʠʤʫʤ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʚʝʪʠʤʦʩʪʠ ʧʨʠʭʦʜʠʣʩʷ 

ʥʘ ʢʨʘʩʥʫʶ ʛʨʘʥʠʮʫ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ (lʢ = 760 ʥʤ)? ʅʘ ʬʠʦʣʝʪʦʚʫʶ (lʬ =  
= 380 ʥʤ)? (ʆʪʚʝʪ: ʊ1 = 3820 ʂ; ʊ2 = 7640 ʂ). 

914. ʄʘʢʩʠʤʫʤ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʚʝʪʠʤʦʩʪʠ ʷʨ-
ʢʦʡ ʢʨʘʩʥʦʚʘʪʦʡ ʟʚʝʟʜʳ ɸʨʢʪʫʨ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʣʠʥʫ ʚʦʣʥʳ 580 ʥʤ. ʇʨʠ-
ʥʠʤʘʷ, ʯʪʦ ʟʚʝʟʜʘ ʠʟʣʫʯʘʝʪ ʢʘʢ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʝ ʪʝʣʦ, ʦʧʨʝʜʝʣʠʪʴ ʪʝʤ-
ʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʦʩʪʠ ʟʚʝʟʜʳ. (ʆʪʚʝʪ: ʊ = 5000 ʂ). 

915. ɺʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ʤʘʢʩʠ-
ʤʫʤ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʚʝʪʠʤʦʩʪʠ ʩʤʝʩʪʠʣʩʷ ʩ 2,4 ʤʢʤ 
ʥʘ 0,8 ʤʢʤ. ʂʘʢ ʠ ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʠʟʤʝʥʠʣʠʩʴ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʚʝʪʠʤʦʩʪʴ 
ʪʝʣʘ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 
ʩʚʝʪʠʤʦʩʪʠ? (ʆʪʚʝʪ: R  ɻʫʚʝʣʠʯʠʣʘʩʴ ʚ 81 ʨʘʟ; r1 = 2,5Ŀ104 ʚʪ/ʤ2Ŀʤʢʤ; r2 =  
= 6,08Ŀ104 ʚʪ/ʤ2Ŀʤʢʤ). 

916. ʂʘʢʫʶ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʚʝʪʠʤʦʩʪʴ R  ɻʠʤʝʝʪ ʟʘʪʚʝʨʜʝʚʘʶʱʠʡ ʩʚʠ-
ʥʝʮ? ʆʪʥʦʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʚʝʪʠʤʦʩʪʠ ʩʚʠʥʮʘ ʠ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ 

ʪʝʣʘ ʜʣʷ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ k = 0,6. (ʆʪʚʝʪ: R  ɻ= 4,6Ö103 ɺʪ/ʤ2)  
917. ʄʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ N = 10 ʢɺʪ. ʅʘʡʪʠ 

ʧʣʦʱʘʜʴ ʠʟʣʫʯʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ, ʝʩʣʠ ʤʘʢʩʠʤʫʤ ʩʧʝʢʪʨʘʣʥɹʦʡ 
ʧʣʦʪʥʦʩʪʠ ʝʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʚʝʪʠʤʦʩʪʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʣʠʥʫ ʚʦʣʥʳ  

700 ʥʤ. (ʆʪʚʝʪ: S = 6Ö10-4 ʤ). 
918. ʅʘ ʢʘʢʫʶ ʜʣʠʥʫ ʚʦʣʥʳ ʧʨʠʭʦʜʠʪʩʷ ʤʘʢʩʠʤʫʤ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪ-

ʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʚʝʪʠʤʦʩʪʠ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ, ʠʤʝʶʱʝʛʦ 

ʪʝʤʧʝʨʘʪʫʨʫ, ʨʘʚʥʫʶ ʪʝʤʧʝʨʘʪʫʨʝ t = 37 ÁC ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʪʝʣʘ. (ʆʪʚʝʪ: l 
=  

= 9,3Ö10-6 ʤ ). 

919. ɼʣʠʥʳ ʚʦʣʥ lʦ1 ʠ lʦ2, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʢʩʠʤʫʤʘʤ ʩʧʝʢʪʨʘʣʴʥʦʡ 
ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʚʝʪʠʤʦʩʪʠ ʚ ʩʧʝʢʪʨʝ ʜʚʫʭ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʳʭ 
ʪʝʣ, ʨʘʟʣʠʯʘʶʪʩʷ ʥʘ 500102 ,=l-l=lD  ʤʢʤ. ʆʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ 

ʚʪʦʨʦʛʦ ʪʝʣʘ ʊ2, ʝʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʚʦʛʦ T1 = 2,5Ö103 ʂ. (ʆʪʚʝʪ: 
3

11112 10751 Ö=lDÖ+Ö= ,)ʊʉ/(ʊʉʊ  ʂ). 

920. ʉʦʚʧʘʜʘʶʪ ʣʠ ʤʘʢʩʠʤʫʤʳ ʬʫʥʢʮʠʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨ-
ʛʝʪʠʯʝʩʢʦʡ ʩʚʝʪʠʤʦʩʪʠ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ ʠ ʯʘʩʪʦʪʝ?  
 (ʆʪʚʝʪ: ʥʝʪ). 

921. ʏʝʤʫ ʨʘʚʥʦ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʚʝʪʠʤʦʩʪʠ ʩʝʨʦʛʦ ʠʟʣʫʯʘʪʝʣʷ? (ʆʪʚʝʪ: 5
2 TCr mm ÖÖe= ). 

922. ʅʘʡʪʠ ʢʦʥʝʯʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ, ʝʩʣʠ ʦʥʘ 
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ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ 600 ʂ, ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʤʝʥʴʰʠʣʦ ʯʘʩʪʦʪʫ ʠʟʣʫʯʝʥʠʷ ʚ 

3 ʨʘʟʘ? (ʆʪʚʝʪ: 300
1

2 =
-

D
=

k

T
T  ʂ). 

923. ɺ ʢʘʢʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʥʘʭʦʜʠʪʩʷ ʤʘʢʩʠʤʫʤ ʠʟʣʫʯʝʥʠʷ  

ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 0 Áʉ? (ʆʪʚʝʪ: 610610 -Ö=l ,  ʤ). 

924. ɼʦ ʢʘʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʢʩʠʤʫʤ ʠʟʣʫʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝ-
ʣʘ ʝʱʝ ʥʝ ʚʳʭʦʜʠʪ ʠʟ ʀʂ-ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. (ʆʪʚʝʪ: 3700 ʂ). 
925. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʚʝʪʠʤʦ-

ʩʪʠ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ʨʘʚʥʘ 2160 ɺʪ/ʩʤ2Ŀʤʢʤ. ʈʘʩʩʯʠʪʘʪʴ ʪʝʤʧʝʨʘ-
ʪʫʨʫ ʠ ʜʣʠʥʫ ʚʦʣʥʳ ʤʘʢʩʠʤʫʤʘ ʠʟʣʫʯʝʥʠʷ ʵʪʦʛʦ ʪʝʣʘ. (ʆʪʚʝʪ: ʊ = 400 ʂ; 

71066 -Ö=l , ʤ). 

926. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʠʟʤʝʥʷʝʪʩʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 
ʩʚʝʪʠʤʦʩʪʠ ʪʝʣ: ʘ) ʜʣʷ ʦʙʣʘʩʪʠ ʤʘʢʩʠʤʫʤʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʝ-
ʪʠʯʝʩʢʦʡ ʩʚʝʪʠʤʦʩʪʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 5 ʨʘʟʘ; ʙ) ʜʣʷ ʨʘʟʥʳʭ 
ʜʣʠʥ ʚʦʣʥ ʧʨʠ ʨʘʟʥʳʭ ʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʦ ʧʨʠ ʧʦʩʪʦʷʥ-

ʥʦʤ ʟʥʘʯʝʥʠʠ ʠʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʊÖl ? (ʆʪʚʝʪ: ʘ) 5
5

1

2 3=ö
÷

õ
æ
ç

å

ʊ

ʊ
; ʙ) 

5

1

2ö
÷

õ
æ
ç

å

ʊ

ʊ
). 

927. ɺ ʢʘʢʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʨʘʩʧʦʣʦʞʝʥ ʤʘʢʩʠʤʫʤ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ 
ʉʦʣʥʮʘ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʰʢʘʣʝ ʜʣʠʥ ʚʦʣʥ ʠ ʧʦ ʰʢʘʣʝ ʯʘʩʪʦʪ. 
 (ʆʪʚʝʪ: ʚ ʚʠʜʠʤʦʡ 501 ,=l  ʤʢʤ; ʙʣʠʞʥʝʡ ʀʂ-ʦʙʣʘʩʪʠ 8802 ,=l  ʤʢʤ). 

928. ʈʘʩʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʚʝ-
ʪʠʤʦʩʪʠ ʚʦʣʴʬʨʘʤʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 2000 ʂ ʜʣʷ ʜʣʠʥ ʚʦʣʥ 0,38 ʤʢʤ;  
0,555 ʤʢʤ; 0,76 ʤʢʤ ʠ 1,45 ʤʢʤ. (ʆʪʚʝʪ: 014201 ,r = ; 76202 ,r = ; 8543 ,r = ; 

0114 ,r =  ɺʪ/ʩʤ2Ŀʤʢʤ). 

929. ʂʘʢ ʠʟʤʝʥʷʶʪʩʷ ʤʘʢʩʠʤʫʤ ʠʟʣʫʯʝʥʠʷ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʚʝʪʠʤʦʩʪʴ 
ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ, ʝʩʣʠ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʫʚʝʣʠʯʠʪʩʷ ʦʪ 27 Áʉ ʜʦ 37 Áʉ? 

(ʆʪʚʝʪ: 7103 -Ö=lD  ʤʢʤ; ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʚʝʪʠʤʦʩʪʴ ʫʚʝʣʠʯʠʪʩʷ ʥʘ 13 %). 
930. ʈaccʯʠʪʘʪʴ ʠʥʪʝʛʨʘʣʴʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʚʝʪʠʤʦʩʪʠ ʘʙʩʦʣʶʪʥʦ 

ʯʸʨʥʦʛʦ ʪʝʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 2304 ʂ ʠ ʚʦʣʴʬʨʘʤʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ  
3000 ʂ. ʉʨʘʚʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ (34703000 ,ʂʧʨʠʚʦʣʴʬ =e ). 

(ʆʪʚʝʪ: 51016Ö=r  ɺʪ/ʤ2; 2304 ï ʨʘʜʠʘʮʠʦʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ). 
 
 

10. ɃȱȫȲȫȳȸɁ ȩȴȱȴȩȶȦȺȮȮ 

10.1. ʆʩʥʦʚʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ 

ʀʟʛʦʪʦʚʣʝʥʠʝ (ʟʘʧʠʩʴ) ʛʦʣʦʛʨʘʤʤʳ (ʨʠʩ. 10.1) 
ʂʦʤʧʣʝʢʩʥʘʷ ʬʫʥʢʮʠʷ ʦʧʦʨʥʦʡ ʚʦʣʥʳ 
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( )iaxexpaA -00 = ,                                    (10.1) 

ʛʜʝ q
l

p
= sina

2
, a0 ï ʘʤʧʣʠʪʫʜʘ; )ixaexp(-  ï ʬʘʟʘ.   

 
 
 
 
 
 
 
 
 
 
 
ʂʦʤʧʣʝʢʩʥʘʷ ʘʤʧʣʠʪʫʜʘ ʧʨʝʜʤʝʪʥʦʡ ʚʦʣʥʳ 
 

         ( ) ( )[ ]y,xiexpy,xaA nn ʌ= ,                                 (10.2) 
 

ʛʜʝ an(x,y) ï ʘʤʧʣʠʪʫʜʘ ʨʘʩʩʝʷʥʥʦʛʦ ʦʙʲʝʢʪʦʤ ʠʟʣʫʯʝʥʠʷ; ʌ(x,y) ï ʬʘʟʘ 
ʵʪʦʛʦ ʠʟʣʫʯʝʥʠʷ; x ʠ y ï ʢʦʦʨʜʠʥʘʪʳ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʤʘʣʦʛʦ ʫʯʘʩʪʢʘ ʬʦʪʦ-
ʧʣʘʩʪʠʥʢʠ 
ʉʫʤʤʘʨʥʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʘʤʧʣʠʪʫʜʘ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ ʚ ʧʣʦʩʢʦʩʪʠ ʬʦʪʦ-

ʧʣʘʩʪʠʥʢʠ:  
( ) ( ) ( )[ ]y,xiexpy,xaiaxexpaAAA nn ʌ00 +-=+= .     (10.3) 

 

ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ  ʪʦʯʢʝ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 
x,y, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʘʷ ʬʦʪʦʧʣʘʩʪʠʥʢʦʡ:  

 

)AA)(AA(AA)y,x(J n0n0
*** ++== , 

 

ʛʜʝ A* ï ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʳʝ ʩ A0 ʠ An ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜ.  
ʈʝʟʫʣʴʪʠʨʫʶʱʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘ ʬʦʪʦʧʣʘʩʪʠʥʢʝ: 
  

[ ])y,x(axcos)y,x(aa2)y,x(aa)y,x(J n0
2

n
2

0 F+++= , 
 

ʪ. ʝ. ʠʤʝʝʤ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʢʘʢ ʦʙ ʘʤʧʣʠʪʫʜʝ, ʪʘʢ ʠ ʦ ʬʘʟʝ ʚʦʣʥʳ, 
ʨʘʩʩʝʷʥʥʦʡ ʦʙʲʝʢʪʦʤ. ʕʪʦ ï ʫʨʘʚʥʝʥʠʝ ʛʦʣʦʛʨʘʤʤ .r  
ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʝʜʤʝʪʥʦʡ ʚʦʣʥʳ (ʨʠʩ. 10.2) 
 
 
 
 
 

an(x,y)exp[iʌ(x,y)] 

an(x,y)exp[-iʌ(x,y)] 

O/ O 

q 
 

ʈʠʩ. 10.1. ʂ ʚʳʚʦʜʫ ʫʨʘʚʥʝʥʠʷ ʛʦʣʦʛʨʘʤʤ  r



 77 

 
 
 
 
 
 
 

ʈʠʩ. 10.2.  ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ʚʦʣʥʦʚʳʭ  
ʧʦʣʝʡ ʟʘ ʛʦʣʦʛʨʘʤʤʦʡ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ  
ʧʦʣʷ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ, ʨʘʩʩʝʷʥʥʦʡ ʦʙʲʝʢʪʦʤ 

 
ɻʦʣʦʛʨʘʤʤʘ ʦʩʚʝʱʘʝʪʩʷ ʧʣʦʩʢʦʡ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʡ ʚʦʣʥʦʡ ʚʠʜʘ 
  

( )ikzexpEE 0= . 
ʕʪʘ ʚʦʣʥʘ ʠʜʝʥʪʠʯʥʘ ʚʦʣʥʝ, ʦʩʚʝʱʘʶʱʝʡ ʬʦʪʦʧʣʘʩʪʠʥʢʫ ʧʨʠ ʨʝʛʠ-

ʩʪʨʘʮʠʠ.  
ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʦʣʷ ʟʘ ʛʦʣʦʛʨʘʤʤʦʡ ʥʘʜʦ E0 ʫʤʥʦʞʠʪʴ ʥʘ J(x,y). ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʜʠʬʨʘʢʮʠʠ ʩʚʝʪʘ ʥʘ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʛʦʣʦʛʨʘʤʤʳ ʚʦʟ-
ʥʠʢʘʶʪ 4 ʩʚʝʪʦʚʳʭ ʚʦʣʥʳ:  

 

( ) ( ) ( ) ( )[ ]
( ) ( ) ( )[ ].y,xiexpiaxexpEy,xaa2

y,xiexpiaxexpEy,xaa2y,xaE2aE2

0n0

0n0
2

n0
2

00

F--+

+F++=I

 
 

ʊʨʝʪʠʡ ʯʣʝʥ ( ) ( ) ( )[ ]y,xiexpiaxexpEy,xaa n ʌ2 00  ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʤʥʦʞʠʪʝ-

ʣʷ ( )iaxexpaE 002  ʦʧʠʩʳʚʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʤʧʣʠʪʫʜ ʠ ʬʘʟ ʚ ʚʦʣʥʦʚʦʤ 

ʧʦʣʝ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʤʩʷ ʦʪ ʦʙʲʝʢʪʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʦʪʩʫʪʩʪʚʠʝ 
ʦʙʲʝʢʪʘ ʟʘ ʛʦʣʦʛʨʘʤʤʦʡ, ʦʩʚʝʱʝʥʥʦʡ ʧʣʦʩʢʦʡ ʚʦʣʥʦʡ, ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʪʦ 
ʞʝ ʚʦʣʥʦʚʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ ʨʘʩʧʨʦʩʪʨʘʥʷʣʦʩʴ ʦʪ ʦʙʲʝʢʪʘ ʧʨʠ ʝʛʦ ʦʩʚʝʱʝ-
ʥʠʠ ʪʘʢʦʡ ʞʝ ʧʣʦʩʢʦʡ ʚʦʣʥʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʘʝʤ ʤʥʠʤʦʝ ʠʟʦʙʨʘʞʝ-

ʥʠʝ ʦʙʲʝʢʪʘ ʆ¡.  
ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʬʦʨʤʫʣʳ, ʩʧʨʘʚʝʜʣʠʚʳʝ ʜʣʷ ʣʶʙʳʭ ʩʭʝʤ ʛʦʣʦʛʨʘʬʠʠ 

ʠ ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʯʠʩʣʠʪʴ ʧʦʣʦʞʝʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠ 
ʝʛʦ ʫʚʝʣʠʯʝʥʠʝ.  
ɺʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ (ʨʠʩ. 10.3): ʛʦʣʦʛʨʘʤʤʘ ʨʘʩʧʦʣʦʞʝʥʘ 

ʚ ʧʣʦʩʢʦʩʪʠ x, y ʧʨʠ z = 0; ʦʥʘ ʩʦʭʨʘʥʷʝʪ ʵʪʦ ʧʦʣʦʞʝʥʠʝ ʠ ʧʨʠ ʩʲʝʤʢʝ, ʠ 
ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ; ʢʦʦʨʜʠʥʘʪʘ ʦʙʲʝʢʪʘ z0, ʨʝʢʦʥʩʪʨʫ-
ʠʨʦʚʘʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ zB, ʪʦʯʝʯʥʦʛʦ ʦʧʦʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ zR; ʪʦʯʝʯʥʦʛʦ 
ʠʩʪʦʯʥʠʢʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ, zʉ.  

 
 
 
 
 

ʇʣʦʩʢʦʩʪʴ 
ʛʦʣʦʛʨʘʤʤʳ
kjuhfvvs 

ʆʙ̡ʝʢʪ 

ʀʟʦʙʨʘʞʝʥʠʝ 

Z0 

x 

y 
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ʈʠʩ. 10.3. ʆʙʲʷʩʥʝʥʠʝ ʦʙʦʟʥʘʯʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʬʦʨʤʫʣʝ (10.4) 

 
ʇʫʩʪʴ ʧʝʨʝʜ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʛʦʣʦʛʨʘʤʤʘ ʫʚʝʣʠʯʝʥʘ ʚ m ʨʘʟ, ʘ ʜʣʠʥʘ 

ʚʦʣʥʳ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʠʩʪʦʯʥʠʢʘ ʚ m ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʠʩʪʦʯʥʠʢʘ ʩʚʝ-
ʪʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʦʣʦʛʨʘʤʤʳ. ʊʦʛʜʘ 

 

                    öö
÷

õ
ææ
ç

å
-

m
°=

RCB zzmzz

1111

0
2

.                             (10.4) 

ʋʛʣʦʚʦʝ ʫʚʝʣʠʯʝʥʠʝ ʛʦʣʦʛʨʘʤʤʳ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʩʝʭ 

ʚʭʦʜʷʱʠʭ ʚ (10.4) ʚʝʣʠʯʠʥ, ʨʘʚʥʦ 
m

m
. ʇʦʵʪʦʤʫ ʣʠʥʝʡʥʦʝ ʧʦʧʝʨʝʯʥʦʝ ʫʚʝ-

ʣʠʯʝʥʠʝ 

0

B
ʧʦʧ

z

z

m
Ö
m
=M

 
ʠ ʩʦʛʣʘʩʥʦ (10.4)  

               

RC z

z

z

zm

m
M

00
2ʧʦʧ

1 -
m

°

= .                               (10. 5) 

 

ɿʥʘʢ ʧʣʶʩ ʚ (10.4) ʠ (10.5) ʦʪʥʦʩʠʪʩʷ ʢ ʤʥʠʤʦʤʫ, ʘ ʟʥʘʢ ʤʠʥʫʩ ï ʢ ʜʝʡ-
ʩʪʚʠʪʝʣʴʥʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ ʦʙʲʝʢʪʘ.  
ʇʨʦʜʦʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

                              
.

1
ʧʦʧ

2
ʧʨʦʜ M

m
=M

                                 

(10.6) 

    
10.2. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ɿʘʜʘʯʘ 1. ʈʝʛʠʩʪʨʘʮʠʷ ʛʦʣʦʛʨʘʤʤʳ. 
ʂʦʛʝʨʝʥʪʥʘʷ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʘʷ ʧʣʦʩʢʘʷ ʚʦʣʥʘ ʧʘʜʘʝʪ ʥʘ ʫʩʪʘʥʦʚʢʫ, 

ʠʟʦʙʨʘʞʝʥʥʫʶ ʥʘ ʨʠʩ. 10.4, ʛʜʝ Pr ï ʧʨʠʟʤʘ ʩ ʤʘʣʳʤ ʫʛʣʦʤ ʧʨʠ ʚʝʨh ʠʥʝ a 
ʠ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ n; Ob ï ʦʙʲʝʢʪ, ʠʩʩʣʝʜʫʝʤʳʡ ʥʘ ʧʨʦʧʫʩʢʘʥʠʝ. 

ʅʘ ʧʣʦʩʢʦʩʪʠ P(x) ʠʟʫʯʘʝʪʩʷ ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʤʝʞʜʫ ʚʦʣʥʦʡ S ʩ ʢʦʤʧʣʝʢʩ-

ʥʦʡ ʘʤʧʣʠʪʫʜʦʡ () ()[ ]xiexpxA ʌÖ , ʧʨʦʧʫʩʢʘʝʤʦʡ ʦʙʝ̡ʢʪʦʤ, ʠ ʚʦʣʥʦʡ S0 

(ʦʧʦʨʥʘʷ ʚʦʣʥʘ), ʢʦʪʦʨʘʷ ʦʪʢʣʦʥʷʝʪʩʷ ʧʨʠʟʤʦʡ ʠ ʠʤʝʝʪ ʘʤʧʣʠʪʫʜʫ 
( ) ( )[ ]xʌiexpxA . ʆʧʨʝʜʝʣʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ I(x), ʥʘʡʜʷ 

ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʦʪʢʣʦʥʝʥʠʝʤ q ʥʘ ʧʨʠʟʤʝ ʠ ʬʘʟʦʡ ʦʧʦʨʥʦʡ ʚʦʣʥʳ.  
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ʈʝʰʝʥʠʝ. ʆʧʦʨʥʘʷ ʚʦʣʥʘ ʦʪʢʣʦʥʷʝʪʩʷ ʥʘ ʫʛʦʣ  
 

a-=q )1n( . 
 

ʕʪʘ ʚʦʣʥʘ S0 ʧʦʩʪʦʷʥʥʫʶ ʘʤʧʣʠʪʫʜʫ A0. ɽʝ ʬʘʟʘ ʌ0(x) ʠʟʤʝʥʷʝʪʩʷ ʣʠ-
ʥʝʡʥʦ ʢʘʢ ʬʫʥʢʮʠʷ ʍ ʚ ʧʣʦʩʢʦʩʪʠ  XOY.  
ʀʤʝʝʤ 

                              () xÖq
l

p
=

2
xʌ .                                      (10.7) 

 

ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʘʤʧʣʠʪʫʜʘ ʚ ʪʦʯʢʝ  P(x) ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ  
 

                           [ ] ()[ ].xiexp)x(A)x(iexpA 00 F+F-                    (10.8) 
 
 
 
 
 
 
 
 
 
 
 

ʈʠʩ. 10.4. ʈʝʛʠʩʪʨʘʮʠʷ ʛʦʣʦʛʨʘʤʤ  r
 
ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʙʫʜʝʪ  
 

[ ][ ]
[ ].)x()x(cos)x(AA2)x(AA)x(

,e)x(AeAe)x(AeA)x(

00
2

0
2

)x(i)x(i
0

)x(i)x(i
0

00

F+F++=I

++=I F-FFF-

    (10.9) 
 

ɿʘʜʘʯʘ 2. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʬʦʨʤʳ ʦʙʲʝʢʪʘ 
ɻʦʣʦʛʨʘʤʤʘ ʥʘ ʬʦʪʦʧʣʘʩʪʠʥʢʝ ʦʩʚʝʱʘʝʪʩʷ ʧʣʦʩʢʦʡ ʢʦʛʝʨʝʥʪʥʦʡ ʚʦʣ-

ʥʦʡ s0, ʬʨʦʥʪ ʢʦʪʦʨʦʡ ʧʘʨʘʣʣʝʣʝʥ ʧʣʘʩʪʠʥʢʝ (ʨʠʩ. 10.5). ʈʘʩʧʨʝʜʝʣʝʥʠʝ 
ʘʤʧʣʠʪʫʜʳ ʚ ʧʣʦʩʢʦʩʪʠ ʧʣʘʩʪʠʥʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ (10.9)    

 
 
          
 
               
 
 

-q 

+q 
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s+1 
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ʭ 

ʈʠʩ. 10.5. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʬʦʨʤʳ ʦʙʝ̡ʢʪʘ 

ʧʣʦʩʢʘʷ ʚʦʣʥʘ 

Ob 
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ʈʝʰʝʥʠʝ. ʌʦʨʤʫʣʫ (10.9) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 
 

.e)x(AeA2e)x(AeA2)x(A2A2)x( )x(ii
0

)x(ii
0

2
0

2 00 F-F-FF
Ö-Ö---=I  

 

ʀʤʝʝʤ ʧʨʷʤʫʶ ʚʦʣʥʫ s0 ʩ ʘʤʧʣʠʪʫʜʦʡ ()xAA 22
0 22 -- , ʨʘʩʧʨʦʩʪʨʘʥʷʶ-

ʱʝʡʩʷ ʧʦʜ ʫʛʣʦʤ q = 0; ʚʦʣʥʫ s+1, ʦʙʨʘʟʫʶʱʫʶ ʫʛʦʣ +q ʩ ʦʩʴʶ OX ʠ ʚʦʩ-

ʧʨʦʠʟʚʦʜʷʱʫʶ ʚʦʣʥʫ S ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ï2A0; ʚʦʣʥʫ s-1, 

ʠʤʝʁɦ ʫʶ ʪʘʢʫʶ ʞʝ ʘʤʧʣʠʪʫʜʫ, ʢʘʢ ʠ ʚʦʣʥʘ s+1, ʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʬʘʟʫ 

(ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦʜ ʫʛʣʦʤ ïq).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  ʚʳʨʘʞʝʥʠʝ ʚʠʜʘ  () ()xii exʌeA ʌʌ
0

02 -- Ö-  ʤʦʞʥʦ ʠʥʪʝʨ-

ʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʘʤʧʣʠʪʫʜʫ ʩʚʝʪʘ, ʠʜʫʱʝʛʦ ʦʪ ʦʙʲʝʢʪʘ. ʇʫʯʦʢ ʩʚʝʪʘ, ʜʠ-

ʬʨʘʛʠʨʦʚʘʚʰʠʡ ʧʦʜ ʫʛʣʦʤ +q, ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʬʦʨʤʫ ʦʙʝ̡ʢʪʘ. 
 
10.3. ɿʘʜʘʯʠ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

1001.  ʇʣʦʩʢʘʷ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʘʷ ʚʦʣʥʘ ʧʘʜʘʝʪ ʧʦʜ ʫʛʣʦʤ q ʥʘ ʵʢʨʘʥ ʕ, 
ʧʣʦʩʢʦʩʪʴ ʢʦʪʦʨʦʛʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʢ ʧʣʦʩʢʦʩʪʠ ʨʠʩ. 10.6 ʠ ʧʨʠʥʷʪʘ ʟʘ ʢʦ-
ʦʨʜʠʥʘʪʥʫʶ ʧʣʦʩʢʦʩʪʴ XY ʩ ʥʘʯʘʣʦʤ ʢʦʦʨʜʠʥʘʪ ʚ ʪʦʯʢʝ ʆ. ʅʦʨʤʘʣʴ ʢ ʚʦʣʥʝ 
ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ ʨʠʩʫʥʢʘ. ʅʘʡʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟʳ ʚʦʣʥʳ ʌ(x) ʚ ʧʣʦʩ-
ʢʦʩʪʠ ʵʪʦʛʦ ʵʢʨʘʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʦʨʜʠʥʘʪʳ x. ɿʘ ʥʫʣʝʚʫʶ ʧʨʠʥʷʪʴ ʬʘʟʫ 
ʚʦʣʥʳ ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ ʆ. ɿʘʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʥʘʧʨʞ̫ʝʥʥʦʩʪʠ ʧʦʣʷ 
ʚʦʣʥʳ Eʈ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ P ʵʢʨʘʥʘ, ʚʳʨʘʟʠʚ ʝʝ ʯʝʨʝʟ ʥʘʧʨʷʞʝʥʥʦʩʪʴ 
E0  ʧʦʣʷ ʚ ʪʦʯʢʝ ʆ ʚ ʪʦʪ ʞʝ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ɿʘʜʘʪʴ ʧʘʜʘʶʱʫʶ ʚʦʣʥʫ ʚ ʚʠʜʝ 

( )[ ]q-q+w= coskzsinkxtiexpAE 0 . (ʆʪʚʝʪ: () ( )xiexpEE,xxʌ p a=a= 0 , ʛʜʝ  

a = ksinq.) 
1002. ʆʧʠʩʘʪʴ ʧʨʦʮʝʩʩ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤʳ  ʧʨʠ ʧʘʜʝʥʠʠ ʥʘ ʬʦʪʦʧʣʘ-

ʩʪʠʥʢʫ ʜʚʫʭ ʧʣʦʩʢʠʭ ʚʦʣʥ, ʨʘʟʥʝʩʝʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘ ʫʛʦʣ q. (ʆʪʚʝʪ : 

( ) ö
÷

õ
æ
ç

å

l

qp
++=

sinx
cosIIIII

/ 2
2

21
21210 ). 

1003. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʛʦʣʦʛʨʘʤʤʳ ʧʣʦʩʢʦʡ ʚʦʣʥʳ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦ-
ʚʘʥʘ ʩʣʝʜʫʶʱʘʷ ʩʭʝʤʘ: ʧʣʦʩʢʘʷ ʦʧʦʨʥʘʷ ʚʦʣʥʘ ʩ ʘʤʧʣʠʪʫʜʦʡ E0 ʠ ʜʣʠʥʦʡ 

ʚʦʣʥʳ l ʧʘʜʘʝʪ ʥʦʨʤʘʣʴʥʦ ʥʘ ʬʦʪʦʧʣʘʩʪʠʥʢʫ. ɼʨʫʛʘʷ ʧʣʦʩʢʘʷ ʚʦʣʥʘ 

(ʧʨʝʜʤʝʪʥʘʷ) ʩ ʘʤʧʣʠʪʫʜʦʡ E1 ʧʘʜʘʝʪ ʥʘ ʪʫ ʞʝ ʬʦʪʦʧʣʘʩʪʠʥʢʫ ʧʦʜ ʫʛʣʦʤ q. 
ʅʘʡʪʠ ʘʤʧʣʠʪʫʜʥʫʶ ʧʨʦʟʨʘʯʥʦʩʪʴ ʛʦʣʦʛʨʘʤʤʳ. ʅʘʡʪʠ ʨʘʩʩʪʦʷʥʠʝ d ʤʝʞʜʫ 
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ʣʠʥʠʷʤʠ ʨʘʚʥʦʛʦ ʧʦʯʝʨʥʝʥʠʷ ʥʘ ʧʦʣʫʯʝʥʥʦʡ ʛʦʣʦʛʨʘʤʤʝ (ʩʤ. ʨʠʩ.  10.7). 
(ʆʪʚʝʪ:   

( )

( )
,

yxi
xiexpEE

yx
i

xiexpEEEE2)x(D

22

10

22
101

2
0

2

ý
ü
û

í
ì
ë

la

+p
-a-g-

-
ý
ü
û

í
ì
ë

+
la

p
+ag-g-=

 
 

ʛʜʝ a = ks̟inq, ʘ ʜʣʷ ʦʧʦʨʥʦʡ ʚʦʣʥʳ ʙʳʣʦ ʧʨʠʥʷʪʦ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ 

( )[ ]q-q+w= coskzsinkxtiexpEE 0 ; ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʧʝʨʠʦʜ ʨʘʩʧʦʣʦʞʝ-

ʥʠʷ ʧʦʣʦʩ ʧʦʯʝʨʥʝʥʠʷ 
q

l
=

sin
d ). 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

1004. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 1003 ʨʘʩʩʯʠʪʘʡʪʝ ʘʤʧʣʠʪʫʜʥʫʶ 
ʧʨʦʟʨʘʯʥʦʩʪʴ ʛʦʣʦʛʨʘʤʤʳ D(x) ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʧʝʨʠʦʜ ʨʘʩʧʦʣʦʞʝʥʠʷ 
ʧʦʣʦʩ. ɼʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʚʦʟʴʤʠʪʝ ʠʟ ʪʘʙʣ. 1 (ʜʣʷ ʩʚʦʝʛʦ ʚʘʨʠʘʥʪʘ).  

 

ʊʘʙʣʠʮʘ 1 
 

ɺʘʨʠʘʥʪ E0, ɺ/ʤ E1, ɺ/ʤ g l, ʤʢʤ X, ʤʤ q, ʨʘʜ 

1 1 1 ï2 0,63 1 0. 1 

2 2 2 ï2 0,63 1,1 0,2 

3 3 2 ï2 0,63 1,2 0,2 

4 4 3 ï3 0,63 1 0,1 

5 1 1 ï4 0,63 1,1 0,3 

6 3 3 ï2 0,48 1,2 0,4 

7 2 2 ï4 0. 48 1 0. 5 

8 1 3 ï2 0,48 1,1 0,2 

9 5 4 ï5 0,63 0,1 0,3 

10 3 1 ï2 0,6 1 0,1 

11 1 3 ï2 0,48 1,1 0,2 

O 
z 

x 

q 

ʈʠʩ. 10.6 

x 

q 
z 

O 

ʈʠʩ. 10.7 
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12 1 1 ï2 0,63 1 0,1 

13 1 3 ï4 0,48 1,2 0,3 

14 3 4 ï5 0,6 1,3 0,5 

15 1 1 ï2 0,63 1,4 0,1 

16 1 1 ï2 0,63 1 0. 1 

17 3 4 ï6 0,48 1,3 0,5 

18 1 1 ï2 0,63 1 0. 1 

19 1 1 ï5 0,63 1 0,3 

20 3 4 ï4 0,48 1,3 0,4 

21 1 1 ï2 0,63 1 0,5 

22 3 4 ï6 0,48 1 0,1 

23 3 4 ï4 0,63 0,1 0,3 

24 1 1 ï2 0,48 1,3 0,4 

25 3 4 ï5 0,48 1 0,5 

 
1005. ɻʦʣʦʛʨʘʤʤʘ ʧʣʦʩʢʦʛʦ ʦʙʲʝʢʪʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ, ʧʘʨʘʣ-

ʣʝʣʴʥʦʡ ʦʙʲʝʢʪʫ. ʇʦʢʘʟʘʪʴ, ʯʪʦ ʧʦʣʫʯʘʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʦʙʨʘʞʝʥʠʷ 
ʣʝʞʘʪ ʚ ʧʣʦʩʢʦʩʪʷʭ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʛʦʣʦʛʨʘʤʤʝ. ɼʣʷ ʧʨʦʩʪʦʪʳ ʨʘʩʯʝʪʘ 
ʦʧʦʨʥʫʶ ʠ ʧʨʝʜʤʝʪʥʫʶ ʚʦʣʥʳ ʩʯʠʪʘʪʴ ʧʣʦʩʢʠʤʠ.  
1006. ɼʣʷ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʚʝʪ ʘʨʛʦʥʦʚʦʛʦ ʣʘʟʝʨʘ  

(l = 0,48 ʤʢʤ), ʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ï ʩʚʝʪ ʛʝʣʠʡ ʥʝʦʥʦʚʦʛʦ ʣʘʟʝ-

ʨʘ (l = 0,63 ʤʢʤ). ʇʦʣʘʛʘʷ zʩ = ¤, zR = ¤ ʠ z0 = 10 ʩʤ,  ʥʘʡʪʠ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 
ʠʟʦʙʨʘʞʝʥʠʷ zB.  

1007. ɺ ʟʘʜʘʯʝ 1005, 1006 ʧʦʣʦʞʠʪʴ zc = ¤, zR = 2z0 ʠ z0 = 10 ʩʤ, ʥʘʡʪʠ 
zB. ʆʧʨʝʜʝʣʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʄ.  

1008. ʇʦʢʘʟʘʪʴ, ʯʪʦ ʧʨʠ l2 = l1 ʠ zC = zR ʧʦʣʫʯʘʝʪʩʷ ʤʥʠʤʦʝ ʠʟʦʙʨʘʞʝ-

ʥʠʝ ʩ ʝʜʠʥʠʯʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ, ʘ ʧʨʠ l2 = l1 ʠ zC = -zR ʧʦʣʫʯʘʝʪʩʷ ʜʝʡʩʪʚʠ-
ʪʝʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʝʜʠʥʠʯʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ.  
 
 

11. ȳȫȱȮȳȫȯȳȦɅ ȴȵȸȮȰȦ 

11.1. ʆʩʥʦʚʥʳʝ ʫʨʘʚʥʝʥʠʷ ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʢʠ  

ʇʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʥʝʣʠʥʝʡʥʳʭ ʩʨʝʜʘʭ ʤʦʱʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫ-
ʯʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʚʦʣʥʘ ʥʝʣʠʥʝʡʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯ-
ʥʠʢʦʤ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʥʦʚʳʭ ʯʘʩʪʦʪʘʭ. 
 

...EEEEEXEP kjijkkjijkjiji +q++a= ?? ,                         (11.1) 
 

ʛʜʝ ɽ ï ʢʦʤʧʦʥʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ; a  ï ʣʠʥʝʡʥʘʷ, ʍ ʠ J ï ʥʝʣʠʥʝʡ-
ʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʩʨʝʜʳ. 
ʇʝʨʚʳʡ ʯʣʝʥ ʚ (11.1) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʥʝʡʥʦʤʫ ʦʪʢʣʠʢʫ ʩʨʝʜʳ ʠ ʦʪʚʝʪ-

ʩʪʚʝʥʝʥ ʟʘ ʦʙʳʯʥʦʝ ʣʠʥʝʡʥʦʝ ʦʪʨʘʞʝʥʠʝ ʠ ʧʨʝʣʦʤʣʝʥʠʝ ʠʟʣʫʯʝʥʠʷ, ʚʪʦ-
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ʨʦʡ ï ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʝʥʝʨʘʮʠʠ ʛʘʨʤʦʥʠʢ, ʩʫʤʤʘʨʥʳʭ ʠʣʠ ʨʘʟʥʦʩʪʥʳʭ ʯʘ-
ʩʪʦʪ, ʪʨʝʪʠʡ ï ʪʨʝʪʴʝʡ ʛʘʨʤʦʥʠʢʝ, ʩʫʤʤʘʨʥʳʤ ʠʣʠ ʨʘʟʥʦʩʪʥʳʤ ʯʘʩʪʦʪʘʤ 
ʪʠʧʘ 21 ɤɤ2 @ . ʕʪʦʪ ʨʷʜ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʜʦʣʞʝʥ, ʠ ʚ ʥʝʛʦ ʤʦʛʫʪ ʙʳʪʴ ʚʢʣʶ-

ʯʝʥʳ ʢʚʘʜʨʫʧʦʣʴʥʳʝ ʠ ʤʘʛʥʠʪʥʦ-ʜʠʧʦʣʴʥʳʝ ʯʣʝʥʳ. ʂʘʞʜʳʡ ʧʦʩʣʝʜʫʶʱʠʡ 
ʯʣʝʥ ʤʝʥʴʰʝ ʧʨʝʜʳʜʫʱʝʛʦ, ʝʩʣʠ ʧʨʝʜʳʜʫʱʠʡ ʥʝ ʨʘʚʝʥ ʥʫʣʶ. 
ʇʦʜʩʪʘʚʣʷʷ (11.1) ʚ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʠ ʠʩʢʣʶʯʘʷ ʅ, ʧʨʠʭʦʜʠʤ ʢ 

ʥʝʣʠʥʝʡʥʦʤʫ ʚʦʣʥʦʚʦʤʫ ʫʨʘʚʥʝʥʠʶ 
 

2

ʅʃ2

22

2

2

4

t

P

ct

E

c
rotrotE

µ

µp
-=

µ

µe
+ .                                  (11.2) 

 

ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʫʤ-
ʤʘʨʥʳʭ ʠʣʠ ʨʘʟʥʦʩʪʥʳʭ ʯʘʩʪʦʪ.  ɿʜʝʩʴ ʥʝʣʠʥʝʡʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʷʚʣʷʝʪʩʷ 
ʅʃʈ  (ʩ ʯʘʩʪʦʪʦʡ 3ɤ  ʠʣʠ 4w). ʏʘʩʪʦʪʳ: 213 w°w=w ; 3214 w°w+w=w . 

ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (11.2) ʩʦʩʪʦʠʪ ʠʟ ʦʙʱʝʛʦ ʨʝʰʝʥʠʷ ʦʜʥʦʨʦʜ-
ʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (ʩʚʦʙʦʜʥʘʷ ʚʦʣʥʘ) ʠ ʯʘʩʪʥʦʛʦ ʨʝʰʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʛʦ 
ʫʨʘʚʥʝʥʠʷ  (ʚʳʥʫʞʜʝʥʥʘʷ ʚʦʣʥʘ) 
 

( ) ( )[ ]rKtirKti
kjijk

ʅʇ

eEEAXE
CCCC

3333

3
e- ww

w = ;                       (11.3) 

 

( ) ( )[ ]rKtirKti
olokojijkl

ʅʇ

eEEEBE
CCCC

4444

4
e- ww

w q= ,                   (11.4) 

 

ʛʜʝ ɸ, ɺ ï ʧʦʩʪʦʷʥʥʳʝ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʛʝʦʤʝʪʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ; ?ijkijk ,X q  ï

ʠʩʧʦʣʴʟʫʝʤʳʝ ʢʦʤʧʦʥʝʥʪʳ ʥʝʣʠʥʝʡʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ; 43 ʂ,ʂ
CC

 ʠ ʅʇʅʇʂ,ʂ 43

CC
 ï 

ʚʦʣʥʦʚʳʝ ʚʝʢʪʦʨʳ ʩʚʦʙʦʜʥʦʡ ʚʦʣʥʳ ʠ ʚʳʥʫʞʜʝʥʥʦʡ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʪʠʧʘ 

213 w°w=w ; 3214 w°w+w=w ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 3wI  ʠ 4wI  ʚʳʨʘʞʝʥʠʡ 

(11.3) ʠ (11.4), ʟʘʧʠʩʘʥʥʳʝ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʬʦʨʤʝ (ʙʝʟ ʫʯʝʪʘ ʬʘʟʦʚʦʛʦ 
ʤʥʦʞʠʪʝʣʷ): 

( ) 2

2

22
21

2
3

0201
2

3

KL
sin

)KK(K

CX D

°-

II
=Iw ;                           (11.5) 

 

( ) 2

12

22
321

2
4

030201
2

4

LK
sin

)KKK(K

D D

°+-

IIIq
=Iw ,                       (11.6) 

 

ʛʜʝ ʉ, D ï ʧʦʩʪʦʷʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ; 213 ʂʂKʅʇ
CCC
°= , 3214 ʂʂʂʂʅʇ

CCCC
°+= ; 

ʅʇʂʂʂ 33

CCC
-=D ; ʅʇʂʂʂ 441

CCC
-=D . 

ʀʟ ʚʳʨʘʞʝʥʠʡ  (11.5) ʠ (11.6) ʚʠʜʥʳ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʝʣʠʥʝʡʥʦ-
ʛʦ ʧʨʦʮʝʩʩʘ. 
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ʂʦʛʜʘ 0=Dʂ , ʩʣʝʜʫʝʪ ʚ ʚʳʨʘʞʝʥʠʷʭ (11.5), (11.6) ʚʳʜʝʣʠʪʴ 

,
K

LKsin
2

2
ö
ö

÷

õ

æ
æ

ç

å

D

D
 ʢʦʪʦʨʳʡ ʨʘʚʝʥ ( )2

2
L  (ʧʝʨʚʳʡ ʟʘʤʝʯʘʪʝʣʴʥʳʡ ʧʨʝʜʝʣ). ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘʨʘʩʪʘʝʪ ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʦ ʢʚʘʜʨʘʪʫ ʜʣʠʥʳ ʢʨʠʩʪʘʣʣʘ 2L . ʋʩʣʦʚʠʝ 0=Dʂ  ʥʘʟʳʚʘʝʪʩʷ ʫʩʣʦʚʠ-

ʝʤ ʬʘʟʦʚʦʛʦ ʩʠʥʭʨʦʥʠʟʤʘ, ʘ ʛʝʥʝʨʘʮʠʷ 
3w
I  ʠʣʠ 

4w
I ~ 2L  ï ʛʝʥʝʨʘʮʠʷ ʛʘʨʤʦ-

ʥʠʢ, ʩʫʤʤʘʨʥʳʭ ʠʣʠ ʨʘʟʥʦʩʪʥʳʭ ʯʘʩʪʦʪ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ ʬʘʟʦʚʦʛʦ 
ʩʠʥʭʨʦʥʠʟʤʘ. ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ï ʚʦʣʥʘ ʥʝʣʠʥʝʡʥʦʡ ʧʦ-
ʣʷʨʠʟʘʮʠʠ, ʷʚʣʷʶʱʘʷ ʠʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ ʥʘ ʯʘʩʪʦʪʝ ʛʘʨʤʦʥʠʢ ʨʘʩʧʨʦ-
ʩʪʨʘʥʷʝʪʩʷ  ʩ ʪʦʡ ʞʝ ʩʢʦʨʦʩʪʴʶ, ʯʪʦ ʠ ʨʦʞʜʝʥʥʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫ-
ʯʝʥʠʝ (ʥʘ ʯʘʩʪʦʪʝ ʛʘʨʤʦʥʠʢ). 
ʉʣʫʯʘʡ 0̧Dʂ  ï ʛʝʥʝʨʘʮʠʷ ʛʘʨʤʦʥʠʢ ʚʥʝ ʩʠʥʭʨʦʥʠʟʤʘ ʦʪʣʠʯʘʝʪʩʷ ʧʦ 

ʭʘʨʘʢʪʝʨʫ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ L 

43 wwI , ~ 
2

2 KL
sin

D
.                                    (11.7) 

 

ɼʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʚʚʦʜʠʪʩʷ ʜʣʠʥʘ 
ʢʦʛʝʨʝʥʪʥʦʛʦ  ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ K? , 

ʨʘʚʥʘʷ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʝ ʢʨʠʩʪʘʣʣʘ 
( )L( K =? , ʥʘ ʢʦʪʦʨʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʦʩʪʠʛʘ-
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=? .              (11.8) 

 

ɺ ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʢʝ ʚʦʟʤʦʞʥʳ ʚʝʢ-
ʪʦʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʪ. ʝ. ʢʦʛʜʘ ʚʩʝ 
ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʚʦʣʥʳ ʠʤʝʶʪ ʨʘʟ-
ʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʝ. ʇʨʠʤʝ-
ʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʚʝʢʪʦʨʥʘʷ ʛʝʥʝʨʘ-
ʮʠʷ ʛʘʨʤʦʥʠʢ )ʂʂʂ;( ==w=w=w 2121  

(ʨʠʩ. 11.1). 
ɺ ʵʪʦʤ ʩʣʫʯʘʝ (ʨʠʩ. 11.1) ʚʦʣʥʦʚʦʡ 

ʚʝʢʪʦʨ ʚʦʣʥʳ ʥʝʣʠʥʝʡʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ  
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ʈʠʩ. 11.1.  ɺʝʢʪʦʨʥʘʷ ʛʝʥʝʨʘʮʠʷ  
ʦʧʪʠʯʝʩʢʠʭ ʛʘʨʤʦʥʠʢ: 21 ww,  ï ʯʘʩʪʦʪʳ 

ʩʚʝʪʦʚʳʭ ʚʦʣʥ, ʧʘʜʘʶʱʠʭ ʥʘ ʢʨʠʩʪʘʣʣ; 

21ʂ,ʂ
CC

 ï ʠʭ ʚʦʣʥʦʚʳʝ ʚʝʢʪʦʨʳ; j ï ʫʛʦʣ 

ʤʝʞʜʫ ʚʦʣʥʦʚʳʤʠ ʚʝʢʪʦʨʘʤʠ 1ʂ ʠ 2ʂ   

ʚ ʢʨʠʩʪʘʣʣʝ 213 w+w=w ; 21 w=w  
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ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ʨʘʚʝʥ 
ʅʇ
ʩʨu

w2
, ʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝ-

ʥʠʝ: 

ʅʇ
ʩʨ

cosK
u

w
=
j 2

2
2 1 . 

 

ʀʟ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʦʣʥʳ ʧʦʣʷʨʠʟʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ 

j ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

2
1

j
=u

cosn

ʩʅʇ
ʩʨ ,                                      (11.10) 

ʛʜʝ ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ;21 nn =  ï ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʢʨʠ-

ʩʪʘʣʣʘ ʜʣʷ ʯʘʩʪʦʪ 1w  ʠ 2w . 

ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ 21 w=w ; 21 nn = ; 
21

KK =  ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ʚʦʣ-

ʥʳ ʥʝʣʠʥʝʡʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʅʇK3  ʚʜʦʣʴ ʦʩʠ ʭ (ʨʠʩ. 11.1). ɺʦʣʥʘ ʥʝʣʠʥʝʡ-

ʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʩ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ ʅʇK3  ʚʦʟʙʫʞʜʘʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ 

ʚʦʣʥʫ ʩ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ 3ʂ
C

( 213 w+w=w ), ʪʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶɦ ʫʶʩʷ 

ʚʜʦʣʴ ʦʩʠ ʭ. ʌʘʟʦʚʘʷ ʨʘʩʩʪʨʦʡʢʘ ʩʠʥʭʨʦʥʠʟʤʘ ʂ
C
D  ʨʘʚʥʘ 

 

ʅʇʂʂʂ 33 -D=D
CG

.                                      (11.11) 
 

ʈʘʩʯʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥ 
ʧʦ ʬʦʨʤʫʣʘʤ (11.5) ʠ (11.6). ʇʨʠ ʨʘʩʯʝʪʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʛʦ 
ʠʟʣʫʯʝʥʠʷ ʥʫʞʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʚʢʣʘʜ ʚ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚʥʦ-
ʩʠʪ ʪʦʣʴʢʦ ʢʦʤʧʦʥʝʥʪʘ ʥʝʣʠʥʝʡʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘʷ ʣʫʯʝʚʦ-

ʤʫ ʚʝʢʪʦʨʫ 3S
C

 (ʚ ʠʟʦʪʨʦʧʥʦʡ ʩʨʝʜʝ ʚʦʣʥʦʚʦʤʫ ʚʝʢʪʦʨʫ 3K
G

), ʪ. ʝ. 
 

3E ~ bÖsinPʅʇi   ʠ   ʅʇiP  = kjijk EEX ,                          (11.12) 
 

ʛʜʝ ijkX  ï ʢʦʤʧʦʥʝʥʪʘ ʪʝʥʟʦʨʘ ʥʝʣʠʥʝʡʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʠʩʧʦʣʴʟʫʝ-

ʤʘʷ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ; b ï ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ ʥʝʣʠʥʝʡʥʦʡ ʧʦʣʷʨʠʟʘ-

ʮʠʠ ʅʇiP  ʠ ʚʝʢʪʦʨʦʤ 3S
C

 (ʠʣʠ 3K
G

). 

ɼʣʷ ʢʚʘʜʨʘʪʠʯʥʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ ijkX  ʠ ʢʫʙʠʯʥʦʡ ?ijkq  ʢʘʞʜʳʡ ʠʥʜʝʢʩ 

?ijk  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʡ ʠʟ ʢʦʦʨʜʠʥʘʪ z,ʫ,x  (ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥ-

ʥʘʷ ʩ ʢʨʠʩʪʘʣʣʦʤ, ʚ ʢʦʪʦʨʦʡ ʦʧʠʩʳʚʘʝʪʩʷ ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ). ʀʥʦʛʜʘ 
ʚʤʝʩʪʦ z,ʫ,x  ʜʣʷ ʧʨʦʩʪʦʪʳ ʟʘʧʠʩʠ ʚʚʦʜʷʪ ʠʥʜʝʢʩʳ 1, 2, 3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘʧʨʠʤʝʨ, 312XXzxʫ= . ʉʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʜʣʷ ijkX  (ʘ ʪʘʢʞʝ ?ijkq ) ʧʝʨ-

ʚʳʡ ʠʥʜʝʢʩ iʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʦʨʜʠʥʘʪʝ, ʚʜʦʣʴ ʢʦʪʦʨʦʡ ʥʘʧʨʘʚʣʝʥ ʚʝʢʪʦʨ 
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ʅʇ
iP . ʇʦʩʣʝʜʫʶʱʠʝ ʠʥʜʝʢʩʳ ?,k,j  ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʧʨʘʚʣʝʥʠʶ ʚʝʢʪʦʨʘ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɽ
G

 ʧʦʣʷ ʧʘʜʘʶʱʝʡ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ. ɺ ʩʣʫʯʘʝ ijkX  ʥʘ ʢʨʠ-

ʩʪʘʣʣ ʧʘʜʘʝʪ ʜʚʝ ʚʦʣʥʳ; ʚ ʩʣʫʯʘʝ ?ijkq  ï ʪʨʠ. ʃʶʙʘʷ ʠʟ ʧʘʜʘʶʱʠʭ ʚʦʣʥ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʳʢʥʦʚʝʥʥʦʡ (ʠʥʜʝʢʩ o) ʠʣʠ ʥʝʦʙʳʢʥʦʚʝʥʥʦʡ (ʠʥʜʝʢʩ ʝ), ʧʦ-

ʵʪʦʤʫ ʧʨʦʮʝʩʩ, ʥʘʧʨʠʤʝʨ 321 w=w+w  ʦʙʦʟʥʘʯʘʶʪ ʦʦʝ (ʠʣʠ ʦʝʝ; 

ʦʦʦ; ʝʝʦ; ʝʦʦ). ʇʝʨʚʳʝ ʜʚʘ ʠʥʜʝʢʩʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʠʧʫ ʧʘʜʘʶʱʠʭ 
ʥʘ ʢʨʠʩʪʘʣʣ ʚʦʣʥ, ʪʨʝʪʠʡ ï ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʚ ʢʨʠʩʪʘʣʣʝ ʚʦʣʥʝ. ɺʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʦʦʝ, ʝʝʦ, ʦʦʦʝ, ʝʝʝʦ ʥʘʟʳʚʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʧʝʨʚʦ-

ʛʦ ʪʠʧʘ; ʦʝʝ; ʦʝʦ; ʝʝʦʝ; ʝʝʦʝ; ʝʦʦʝ ʠ ʪ. ʜ. ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ 
ʚʪʦʨʦʛʦ ʪʠʧʘ. ɼʣʷ ʪʝʭ ʠ ʜʨʫʛʠʭ ʚ ʦʧʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ 

ʫʩʣʦʚʠʷ ʬʘʟʦʚʦʛʦ ʩʠʥʭʨʦʥʠʟʤʘ Dʂ = 0. ɼʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʦʦʦ; ʝʝʝ; 

ʦʦʦʦ; ʝʝʝʝ ï ʬʘʟʦʚʳʡ ʩʠʥʭʨʦʥʠʟʤ ʦʪʩʫʪʩʪʚʫʝʪ. 
ʈʘʩʯʝʪ ʥʘʧʨʘʚʣʝʥʠʡ ʬʘʟʦʚʦʛʦ ʩʠʥʭʨʦʥʠʟʤʘ (ʫʛʣʘ ʬʘʟʦʚʦʛʦ ʩʠʥʭʨʦʥʠʟ-

ʤʘ ʩq) ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʦʝ ʚ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʢʨʠʩʪʘʣʣʝ ʧʨʦʚʦʜʠʪʩʷ 

ʥʘ ʦʩʥʦʚʝ ʨʘʚʝʥʩʪʚʘ  

)(nn c
eo q=
ww 2

,                                    (11.13) 
 

ʛʜʝ onw ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʜʣʷ ʠʟʣʫʯʝʥʠʷ ʩ ʯʘʩʪʦʪʦʡ w, ʧʘʜʘʶɦ ʝʛʦ ʚ 

ʢʨʠʩʪʘʣʣ; )(n c
e qw2  ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʜʣʷ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʬʘʟʦʚʦʛʦ ʩʠʥʭʨʦʥʠʟʤʘ; q ï ʫʛʦʣ ʤʝʞʜʫ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ ʦʩ-

ʥʦʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʯʘʩʪʦʪʦʡ w ʠ ʦʧʪʠʯʝʩʢʦʡ ʦʩʴʶ ʢʨʠʩʪʘʣʣʘ; ʩq=q  ï ʫʛʦʣ 

ʬʘʟʦʚʦʛʦ ʩʠʥʭʨʦʥʠʟʤʘ ʜʣʷ ʚʪʦʨʦʡ ʦʧʪʠʯʝʩʢʦʡ ʛʘʨʤʦʥʠʢʠ. ʇʦʢʘʟʘʪʝʣʴ ʧʨʝ-

ʣʦʤʣʝʥʠʷ (ʥʝʦʙʳʢʥʦʚʝʥʥʳʡ ʣʫʯ) )(ne qw2  ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ (ʦʪ ʫʛʣʘ q)  
 

2
2

2
2

2

2
2

2 1

))(n()n(

sin

)n(

cos
eeo q

=
q

+
q

www

,                      (11.14) 

 

ʛʜʝ ʦn w2  ʠ en w2  ï ʛʣʘʚʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʢʨʠʩʪʘʣʣʘ ʥʘ 

ʯʘʩʪʦʪʝ 2w. 

ɼʣʷ ʨʘʩʯʝʪʘ ʩq  ʥʝʦʙʭʦʜʠʤʦ ʚ ʬʦʨʤʫʣʝ (11.14) ʚʤʝʩʪʦ )(n c
e qw2  ʧʦʜʩʪʘ-

ʚʠʪʴ ʦnw ʠ ʥʘʡʪʠ ʩq=q . 

 
11.2. ɿʘʜʘʯʠ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

1101. ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʝ (11.1), ʧʨʦʚʝʩʪʠ ʦʙʱʠʡ ʘʥʘʣʠʟ ʯʘʩʪʦʪ, ʩ 
ʢʦʪʦʨʳʤʠ ʚʳʭʦʜʷʪ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʧʦ ʯʘʩʪʦʪʝ ʣʫʯʠ, ʝʩʣʠ ʚ ʢʨʠʩʪʘʣʣ ʧʦ-
ʩʳʧʘʣʠ ʠʟʣʫʯʝʥʠʷ ʩ ʯʘʩʪʦʪʘʤʠ 1w  ʠ 2w . (ʆʪʚʝʪ: 12w; 22w ; 21 w°w ; 13w ; 

23w ; 121 w-w+w ; 212 w°w+w ). 
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1102. ɺ ʧʨʝʜʳʜʫʱʝʡ ʟʘʜʘʯʝ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʚ ʩʣʫʯʘʝ ʧʘʜʝʥʠʷ ʥʘ ʢʨʠ-
ʩʪʘʣʣ ʪʨʝʭ ʣʫʯʝʡ ʩ ʯʘʩʪʦʪʘʤʠ 321 www ,, . ʀʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʚʪʦʨʦʡ ʯʣʝʥ 

ʚ (11.1). (ʆʪʚʝʪ: 12w; 22w ; 32w ; 21 w°w ; 31 w°w ; 32 w°w ). 

1103. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʧʨʝʜʳʜʫʱʝʡ ʟʘʜʘʯʠ ʜʣʷ ʩʣʫʯʘʷ w=w=w=w 321 . 

ʉʜʝʣʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʚʳʚʦʜʳ. (ʆʪʚʝʪ: 2w; 0; 3w; w). 
1104. ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʝ (11.5), ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

3w
I  

ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʢʨʠ-

ʩʪʘʣʣʘ L. ʈʘʩʩʤʦʪʨʝʪʴ ʜʚʘ ʩʣʫʯʘʷ: ʘ) Dʂ = 0; ʙ) 410
2

=DD
w

=D n,n
c

K . ʇʦ-

ʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ. 
1105. ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʷ (11.5) ʠ (11.6), ʥʘʡʪʠ ʟʘʚʠʩʠʤʦʩʪʴ 

3w
I  ʠ 

4w
I  

ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦI. ʉʯʠʪʘʪʴ 0030201 I=I=I=I .  

ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ. 

1106. ʈʘʩʩʯʠʪʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ 
3w
I  ʠ 

4w
I  ʦʪ ʍ ʠ q, ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ. 

1107. ʇʦʩʪʨʦʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ 
4w
I  ʦʪ )n

c
K(n D

w
=DD

2
. ʈʘʟʥʦʩʪʴ Dn ʠʟʤʝ-

ʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0·0,1. 
1108. ʅʘʡʪʠ ʜʣʠʥʫ ʢʦʛʝʨʝʥʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢ?, ʝʩʣʠ ʜʣʷ ʢʨʠʩʪʘʣ-

ʣʘ ʢʚʘʨʮʘ 4105
3

Ö==D ww nnn , ʘ w=w=w 21 , ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʥʝ ʚʦʣʥʳ 

l = 1 ʤʢʤ. (ʆʪʚʝʪ: 50105 2 ,ʤʢʤʢ =Ö=?  ʤʤ). 

1109. ɺ ʩʣʫʯʘʝ ʚʝʢʪʦʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʚʦʣʥ ( 213 w+w=w ; 

w=w=w 21 ) (ʨʠʩ. 11.1) ʥʘʡʪʠ ʚʳʨʘʞʝʥʠʝ ʜʣʷ Dʂ, ʜʣʠʥʳ ʢʦʥʢʨʝʪʥʦʛʦ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʢ? ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ j ʤʝʞʜʫ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʚʦʣ-

ʥʘʤʠ. (ʆʪʚʝʪ: 

)cosnn(
ʢ

2
4 13

j

l
=

-

? ). 

1110. ʈʘʩʩʯʠʪʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʢ? ʦʪ ʫʛʣʘ j ʤʝʞʜʫ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠ-

ʤʠ ʚʦʣʥʘʤʠ. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ. ʉʤʦʪʨʝʪʴ ʧʨʝʜʳʜʫʱʫʶ ʟʘʜʘʯʫ. 

1111. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʅʇ
ʩʨV  ʚʦʣʥʳ ʥʝ-

ʣʠʥʝʡʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ (11.10). ʉʨʘʚʥʠʪʴ ʩʦ ʩʢʦʨʦ-
ʩʪʴʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʩ ʯʘʩʪʦʪʦʡ 3w , ʨʦʞʜʝʥʥʦʡ ʚʦʣʥʦʡ ʥʝʣʠʥʝʡ-

ʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. ɺʦʟʤʦʞʥʘ ʣʠ ʩʢʦʨʦʩʪʴ ʅʇ
ʩʨV  ʚ ʢʨʠʩʪʘʣʣʝ, ʧʨʝʚʳʰʘʶʱʘʷ 

ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ? (ʆʪʚʝʪ: ʜʘ, ʚʦʟʤʦʞʥʘ). 
1112. ʉʚʝʪʦʚʘʷ ʚʦʣʥʘ ʧʘʜʘʝʪ ʥʘ ʦʜʥʦʦʩʥʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʥʝʣʠʥʝʡ-

ʥʳʡ ʦʧʪʠʯʝʩʢʠʡ ʢʨʠʩʪʘʣʣ ʂɼʈ (ʂʅ2ʈʆ4). ɼʘʥʥʳʡ ʢʨʠʩʪʘʣʣ ʠʤʝʝʪ ʩʣʝʜʫʶ-
ʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʫzxxzʫzxʫ X;X;X . ɺʳʙʨʘʪʴ ʦʨʠʝʥʪʘʮʠʶ ʢʨʠʩʪʘʣʣʘ 

ʪʘʢ, ʯʪʦʙʳ ʨʝʘʣʠʟʦʚʘʣʘʩʴ ʛʝʥʝʨʘʮʠʷ ʦʧʪʠʯʝʩʢʦʡ ʛʘʨʤʦʥʠʢʠ ʜʣʷ ʚʟʘʠʤʦ-
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ʜʝʡʩʪʚʠʡ ʪʠʧʘ ooʝ ʠ ʦʝʝ. ʇʦʢʘʟʘʪʴ ʦʪ ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʟʘʚʠ-
ʩʠʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʪʦʨʦʡ ʦʧʪʠʯʝʩʢʦʡ ʛʘʨʤʦʥʠʢʠ. 
1113. ʈʘʩʩʯʠʪʘʪʴ ʫʛʦʣ ʬʘʟʦʚʦʛʦ ʩʠʥʭʨʦʥʠʟʤʘ ʩq  ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ooʝ (ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʢʨʠʩʪʘʣʣ ʂʅ2ʈʆ4 (ʂɼʈ), ʜʣʷ zxʫX . ɼʣʠʥʳ ʚʦʣʥ ʧʘʜʘʶ-

ʱʝʛʦ wl  = 0,6943 ʤʢʤ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ wl2  = 0,3472 ʤʢʤ. ʇʦʢʘ-

ʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʜʣʷ ʠʟʣʫʯʝʥʠʷ ʩ ʯʘʩʪʦʪʦʡ w ʦn  = 1,5054; en  = 1,5335; ʜʣʷ  

ʯʘʩʪʦʪʳ 2w ʦn  = 1,5335, en  = 1,4879. (ʆʪʚʝʪ: ʩq  = 50 4̄9¡). 

1114. ʈʘʩʩʯʠʪʘʪʴ ʜʣʠʥʫ ʢʦʛʝʨʝʥʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ ʢʨʠʩʪʘʣʣʘ 

ʢʚʘʨʮʘ (ʜʣʷ 2w) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ q. ʀʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʧʦʥʝʥʪʘ xxxX . 

ʇʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ;,n;,n eo 543171534421 == ww  (ʜʣʠʥʘ ʚʦʣʥʳ 1,0417 

ʤʢʤ); 555991546801 22 ,n;,n eʦ == ww . ʆʧʨʝʜʝʣʠʪʴ ʪʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ? 

 
 

1115. ʆʧʨʝʜʝʣʠʪʴ ʢ? ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ q ʜʣʷ ʢʨʠʩʪʘʣʣʘ ʂɼʈ. ʀʩʧʦʣʴʟʫʝʪʩʷ 

ʢʦʤʧʦʥʝʥʪʘ ʥʝʣʠʥʝʡʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 
zxʫ

X  (ʦʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ). ʇʦʢʘ-

ʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʚʟʷʪʴ ʠʟ ʟʘʜʘʯʠ 1113. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ. 

1116. ʅʘʡʪʠ ʢ? ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ j ʜʣʷ ʢʨʠʩʪʘʣʣʘ ʂɼʈ ʧʨʠ ʚʝʢʪʦʨʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʚʝʪʦʚʳʭ ʚʦʣʥ (ʩʤ. ʨʠʩ. 11.1). ʇʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ 
ʚʟʷʪʴ ʠʟ ʟʘʜʘʯʠ ˉ 1113. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ. 
1117. ʈʘʩʩʤʦʪʨʝʪʴ ʟʘʜʘʯʫ 1116 ʜʣʷ ʢʨʠʩʪʘʣʣʘ ʢʚʘʨʮʘ. ʇʦʢʘʟʘʪʝʣʠ ʧʨʝ-

ʣʦʤʣʝʥʠʷ ʚʟʷʪʴ ʠʟ ʟʘʜʘʯʠ 1114. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ. ɺ ʢʚʘʨʮʝ ʦʪʣʠʯʥʳ ʦʪ ʥʫʣʷ 
ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʥʝʣʠʥʝʡʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ: ʫxʫxʫʫxxx X;X;X . 

1118. ɺʳʚʝʩʪʠ ʫʨʘʚʥʝʥʠʝ (11.2), ʫʧʨʦʩʪʠʪʴ ʠ ʥʘʡʪʠ ʨʝʰʝʥʠʝ ʚ ʧʨʠʙʣʠ-
ʞʝʥʠʠ ʟʘʜʘʥʥʦʛʦ ʧʦʣʷ. ʉʜʝʣʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʚʳʚʦʜʳ. 
1119. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʵʬʬʝʢʪʘ ʦʧʪʠʯʝʩʢʦʛʦ ʚʳʧʨʷʤʣʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʝ 

ʂɼʈ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʦʦʝ; ʦʦʦ ʠ ʪ. ʜ.). ʅʘʡʪʠ ʟʘʚʠʩʠ-
ʤʦʩʪʴ ʧʦʣʷʨʠʟʘʮʠʠ ʢʨʠʩʪʘʣʣʘ ʦʪ ʢʦʦʨʜʠʥʘʪʳ. ʉʜʝʣʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʚʳʚʦ-
ʜʳ (ʜʣʷ ʂɼʈ ï ʫxzxʫzzxʫ X;X;X ). 

1120. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʵʬʬʝʢʪʘ ʦʧʪʠʯʝʩʢʦʛʦ ʚʳʧʨʷʤʣʝʥʠʷ ʜʣʷ ʢʨʠ-
ʩʪʘʣʣʘ ʢʚʘʨʮʘ (ʢʦʤʧʦʥʝʥʪʳ ʫxzxʫzxxx X;X;X ) ʜʣʷ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʪʠʧʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 
 
 

12. ȰȶȮȷȸȦȱȱȴȴȵȸȮȰȦ 

12.1. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ ʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʋʨʘʚʥʝʥʠʝ ʧʣʦʩʢʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ (ʦʧʪʠʯʝʩʢʦʡ) ʚʦʣʥʳ: 
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ʛʜʝ 


E  ʠ 


H  ï ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ t ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 


0
E ʠ 



0H  ï ʘʤʧʣʠʪʫʜʳ ʵʪʠʭ ʧʦʣʝʡ: pn=w 2 , n ï 

ʯʘʩʪʦʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ; 


K  ï ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ( )lp= /K 2 ; 


r  ï 

ʨʘʜʠʫʩ-ʚʝʢʪʦʨ (ʛ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʜʦ ʪʦʯʢʠ ʥʘʙʣ-ʁ

ʜʝʥʠʷ); l ï ʜʣʠʥʘ ʚʦʣʥʳ.  
 
 

ɺ ʚʘʢʫʫʤʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ ʷʚʣʷʶʪʩʷ ʧʦʧʝʨʝʯʥʳʤʠ, 


E  ʠ 


H  

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ 


K. ʅʦ ʚ ʘʥʠʟʦʪʨʦʧʥʳʭ ʠ ʧʦʛʣʦʱʘʶʱʠʭ ʩʨʝʜʘʭ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ ʤʦʛʫʪ ʠʤʝʪʴ ʧʨʦʜʦʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ 


E  ʠ 


H  ʦʪʥʦʩʠʪʝ-

ʣʴʥʦ 


K, ʪ. ʝ. ʫʛʦʣ ʤʝʞʜʫ 


E  (ʠʣʠ 


H) ʠ 


K  ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʴh ʝ ʠʣʠ ʙʦʣʴʰʝ 

90ʦ (ʚʦʣʥʳ ʥʝ ʧʦʧʝʨʝʯʥʳʝ). 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ: 

 zKyKxKrK zyx Ö+Ö+Ö=Ö


,                          (12.2) 

ʛʜʝ xK , yK , zK  ï ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ 


K  ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ X,Y,Z. 

ɽʩʣʠ ʚʦʣʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʜʦʣʴ ʦʩʠ ʍ, ʪʦ ʫʨʘʚʥʝʥʠʝ ʚʦʣʥʳ ʟʘʧʠ-

ʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ: 
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 .                            (12.3) 

 

ɺ ʘʥʠʟʦʪʨʦʧʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʝʥʠʝ ʩʚʝʪʦ-

ʚʳʭ ʣʫʯʝʡ. ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʣʫʯʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ on . ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝ-

ʥʠʷ ʥʝʦʙʳʢʥʦʚʝʥʥʦʛʦ ʣʫʯʘ en  ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦ 

ʩʣʝʜʫʶʱʝʤʫ ʟʘʢʦʥʫ (ʚ ʧʣʦʩʢʦʩʪʠ ʛʣʘʚʥʦʛʦ ʩʝʯʝʥʠʷ ʢʨʠʩʪʘʣʣʘ): 
 

()q=q+q 22222 1 eoe n/n/cosn/sin   ,                        (12.4) 
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ʛʜʝ q ï ʫʛʦʣ ʤʝʞʜʫ ʦʧʪʠʯʝʩʢʦʡ ʦʩʴʶ ʢʨʠʩʪʘʣʣʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʷ ʣʫʯʘ (ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ 


K ).  

ɽʩʣʠ  0nne >  ï ʢʨʠʩʪʘʣʣ ʥʘʟʳʚʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤ, ʝʩʣʠ 0nne <  ï 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ. 

ʆʧʪʠʯʝʩʢʘʷ ʦʩʴ ʢʨʠʩʪʘʣʣʘ ï ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʢʨʠʩʪʘʣʣʝ, ʚʜʦʣʴ ʢʦʪʦʨʦ-

ʛʦ ( ) 00 nQne == . 

ɻʣʘʚʥʦʝ ʩʝʯʝʥʠʝ ʢʨʠʩʪʘʣʣʘ ï ʧʣʦʩʢʦʩʪʴ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʦʧʪʠʯʝ-

ʩʢʫʶ ʦʩʴ ʢʨʠʩʪʘʣʣʘ ʠ ʧʘʜʘʶʱʠʡ ʣʫʯ (ʚʝʢʪʦʨ 


K ). 

ʃʫʯ ʷʚʣʷʝʪʩʷ ʦʙʳʢʥʦʚʝʥʥʳʤ, ʝʩʣʠ ʚʝʢʪʦʨ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʧʣʦʩʢʦʩ-

ʪʠ ʛʣʘʚʥʦʛʦ ʩʝʯʝʥʠʷ ʠ ʥʝʦʙʳʢʥʦʚʝʥʥʳʤ ï ʝʩʣʠ ʚʝʢʪʦʨ 


E  ʥʘʭʦʜʠʪʩʷ ʚ 

ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ. ʆʙʳʢʥʦʚʝʥʥʳʡ ʠ ʥʝʦʙʳʢʥʦʚʝʥʥʳʡ ʣʫʯʠ ʚʩʝʛʜʘ ʧʦʣʷʨʠʟʦ-

ʚʘʥʳ ʚʟʘʠʤʥʦ-ʧʝʨʧʝʥʜʠʢʫʣʷʨʥ.r ʆʙʳʢʥʦʚʝʥʥʳʡ ʠ ʥʝʦʙʳʢʥʦʚʝʥʥʳʡ ʣʫʯʠ 

ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʢʘʢ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʠʤʝʝʪʩʷ ʚ ʚʠʜʫ, ʯʪʦ 


0K  ʠ 


eK ʧʘʨʘʣʣʝʣʴʥʳ), ʪʘʢ ʠ ʚ ʨʘʟʥʳʭ (ʥʘʧʨʘʚʣʝʥʳ ʚ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ).  

ʉʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʙʳʢʥʦʚʝʥʥʦʡ V0 ʠ ʥʝʦʙʳʢʥʦʚʝʥʥʦʡ Ve ʚʦʣʥ 
ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

                             V0 = c/n0; Ve = c/ne(q).                                                      (12.5) 
 

ɽʩʣʠ ʥʘ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʫʶ ʧʣʘʩʪʠʥʫ, ʚʳʨʝʟʘʥʥʫʶ ʠʟ ʢʨʠʩʪʘʣʣʘ, ʧʘ-

ʜʘʝʪ ʧʦʣʷʨʠʟʦʚʘʥʥʳʡ ʣʫʯ ʧʦʜ ʫʛʣʦʤ a, ʪʦ ʚ ʢʨʠʩʪʘʣʣʝ ʦʥ (ʚ  ʦʙʱʝʤ ʩʣʫ-
ʯʘʝ) ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʦʙʳʢʥʦʚʝʥʥʳʡ ʠ ʥʝʦʙʳʢʥʦʚʝʥʥʳʡ ʣʫʯʠ, ʠʜʫʱʠʝ ʚ ʥʝ-
ʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ (oj  ʠ ej ). ʇʨʠ ʚʳʭʦʜʝ ʠʟ  ʧʣʘʩʪʠʥʢʠ ʦʙʘ 

ʣʫʯʘ ʧʘʨʘʣʣʝʣʴʥʳ (ʠʜʫʪ ʧʦʜ ʦʜʥʠʤ ʫʛʣʦʤ) ʠ ʠʤʝʶʪ ʨʘʟʥʦʩʪʴ ʬʘʟ: 
 

( ) ö
÷
õæ

ç
å a--a-j

l

p
=d 22

0
222

sinnsinn
d

ee  .                   (12.6) 

 

ɿʘʢʦʥʳ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʠ 
ʥʝʦʙʳʢʥʦʚʝʥʥʦʛʦ ʣʫʯʝʡ. 
ʅʝʦʙʭʦʜʠʤʦ ʯʝʪʢʦ ʧʦʤʥʠʪʴ: ʫʛʣʳ ʧʘʜʝʥʠʷ, ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ, 

ʚʭʦʜʷʱʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʢʦʥʳ, ï ʵʪʦ ʫʛʣʳ ʤʝʞʜʫ ʥʦʨʤʘʣʴʶ ʢ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʦʧʪʠʯʝʩʢʠʭ ʩʨʝʜ ʠ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ ʜʣʷ ʧʘʜʘʶɦ ʝʡ, 
ʧʨʝʣʦʤʣʝʥʥʦʡ ʠ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʘʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʘ ʥʝ ʣʫʯʘʤʠ).  
ɿʘʢʦʥ ʧʨʝʣʦʤʣʝʥʠʷ: 

                         () eeoo sinnsinnsinn jÖq=jÖ=aÖ .                    (12.7) 

ɿʘʢʦʥ ʦʪʨʘʞʝʥʠʷ: 

               () R

ee

R

oo
sinnsinnsinn jÖq=jÖ=aÖ  ,                    (12.8) 

 

ʛʜʝ a ï ʫʛʦʣ ʧʘʜʝʥʠʷ: oj , ej , R
oj , R

ej  ï ʫʛʣʳ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ 
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ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʠ ʥʝʦʙʳʢʥʦʚʝʥʥʦʛʦ ʣʫʯʝʡ. 
  
12.2. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ɿʘʜʘʯʘ 1. ʅʝ ʧʦʣʷʨʠʟʦʚʘʥʥʳʡ ʣʫʯ ʩʚʝʪʘ (12.1) ( kl  = 0,6328 ʤʢʤ) ʧʘʜʘʝʪ 

ʥʦʨʤʘʣʴʥʦ ʥʘ ʚʭʦʜʥʫʶ ʛʨʘʥʴ ʧʨʠʟʤʳ, ʚʳʨʝʟʘʥʥʦʡ ʠʟ ʢʨʠʩʪʘʣʣʘ ʢʘʣʴʮʠʪʘ 

(ʨʠʩ. 12.1). ʋʛʦʣ ʤʝʞʜʫ ʚʭʦʜʥʦʡ ʠ ʥʘʢʣʦʥʥʦʡ ʛʨʘʥʷʤʠ ʧʨʠʟʤʳ a = 45 ,̄ ʘ 

ʚʭʦʜʥʦʡ ʠ ʦʩʥʦʚʘʥʠʝʤ ï b = 90 .̄ ʅʘʡʪʠ ʫʛʣʳ  ʦʪʨʘʞʝʥʠʷ ʣʫʯʝʡ ʦʪ ʥʘʢʣʦʥ-
ʥʦʡ ʛʨʘʥʠ ʦʙʳʢʥʦʚʝʥʥʦʛʦ 2 ʠ ʥʝʦʙʳʢʥʦʚʝʥʥʦʛʦ 3 ʣʫʯʝʡ ʠʟ ʧʨʠʟʤʳ. ʆʧʪʠʯʝ-
ʩʢʘʷ ʦʩʴ ZZ ʧʘʨʘʣʣʝʣʴʥʘ ʦʩʥʦʚʘʥʠʶ ʧʨʠʟʤʳ. 

 
 
 
 
 
ɼʘʥʦ:   

a = 45¯                                                                              

b = 90  ̄

kl  = 0,6328 ʤʢʤ 

no = 1,6556 
ne = 1,4850 
 

j ï ? 
 
 
 
 

ʈʝʰʝʥʠʝ. ʍʦʜ ʣʫʯʝʡ ʚ ʧʨʠʟʤʝ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 12.1. ɺ ʥʘʧʨʘʚʣʝʥʠʠ 
ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʠ ʥʝʦʙʳʢʥʦ-
ʚʝʥʥʦʛʦ ʣʫʯʝʡ ʨʘʚʥʳ ne ( )0=q  = no = 1,6556. 

ɿʘʢʦʥ ʦʪʨʘʞʝʥʠʷ ʣʫʯʝʡ ʦʪ ʥʘʢʣʦʥʥʦʡ ʛʨʘʥʠ ʧʨʠʟʤʳ: 
ï ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʣʫʯʘ: 

              ooo sinnsinn jÖ=aÖ ;                                 (12.9) 
 

ï ʜʣʷ ʥʝʦʙʳʢʥʦʚʝʥʥʦʛʦ ʣʫʯʘ: 
 

               () eeo sinnsinn jÖq=aÖ  ,                           (12.10) 
 

ʛʜʝ a ï ʫʛʦʣ ʧʘʜʝʥʠʷ; oj  ʠ ejï ʫʛʣʳ ʦʪʨʘʞʝʥʠʷ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʠ ʥʝ-

ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʣʫʯʝʡ; ()qen  ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʥʝʦʙʳʢʥʦʚʝʥʥʦʛʦ 

ʣʫʯʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ʥʝʦʙʳʢʥʦʚʝʥʥʦʛʦ ʣʫʯʘ. 

ʋʛʦʣ q ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʤʝʞʜʫ ʦʧʪʠʯʝʩʢʦʡ ʦʩʴʶ ʢʨʠʩʪʘʣʣʘ ZZ ʠ ʥʘʧʨʘʚ-
ʣʝʥʠʝʤ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ eK  ʜʣʷ ʥʝʦʙʳʢʥʦʚʝʥʥʦʛʦ ʣʫʯʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʜʣʷ ʥʝʦʙʳʢʥʦʚʝʥʥʦʛʦ ʣʫʯʘ 1, ʧʘʜʘʶʱʝʛʦ ʥʘ ʥʘʢʣʦʥʥʫʶ ʛʨʘʥʴ, ʫʛʦʣ 0=q  

e o 

a

1 

3 2 

1 

a

1 

z 

j0 

je 

je 

z 
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(ʥʝʦʙʳʢʥʦʚʝʥʥʳʡ ʣʫʯ ʠʜʝʪ ʚ ʢʨʠʩʪʘʣʣʝ ʚʜʦʣʴ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ 2Z), ʘ ʫʛʦʣ 

ʧʘʜʝʥʠʷ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʠ ʥʝʦʙʳʢʥʦʚʝʥʥʦʛʦ ʣʫʯʝʡ a = 45 .̄ ʀʟ ʨʠʩ. 12.1 
ʠ ʟʘʢʦʥʦʚ ʦʪʨʘʞʝʥʠʷ (12.9) ʠ (12.10) ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʣʫʯʘ 2 

 

osinsin j=a , 
 

ʪ. ʝ. ʫʛʦʣ ʦʪʨʘʞʝʥʠʷ ʨʘʚʝʥ ʫʛʣʫ ʧʘʜʝʥʠʷ oj=a . 

ɼʣʷ ʦʪʨʘʞʝʥʥʦʛʦ ʥʝʦʙʳʢʥʦʚʝʥʥʦʛʦ ʣʫʯʘ 3 ʟʥʘʯʝʥʠʝ () oe nn <q , ʥʦ 

ʙʦʣʴʰʝ ( ),48501n 1,6556; e ==oe nn . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʛʦʣ ʦʪʨʘʞʝʥʠʷ oj  ʥʝ-

ʩʢʦʣʴʢʦ ʙʦʣʴʰʝ 45.̄ ɸ ʫʛʦʣ q ʜʣʷ ʦʪʨʘʞʝʥʥʦʛʦ ʥʝʦʙʳʢʥʦʚʝʥʥʦʛʦ ʣʫʯʘ ʨʘ-
ʚʝʥ ej+a , ʪ. ʝ. 

() ( )eee nn j+a=q . 
 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ()qen  ʠ esinj  ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʝʡ ʫʛʣʘ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ ej  ʛʨʘʬʠʯʝʩʢʠ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʥʘ ʤʠʣʣʠʤʝʪʨʦʚʦʡ  

ʙʫʤʘʛʝ  ʩʪʨʦʠʪʩʷ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ () esinn jÖq  ʦʪ ej  (ʨʠʩ. 12.2) ʜʣʷ ʥʝ-

ʩʢʦʣʴʢʠʭ ʟʥʘʯʝʥʠʡ ej, ʥʘʧʨʠʤʝʨ, ej  = 45 ;̄ 48 ;̄ 50 ;̄ 55 .̄ ɼʣʷ ʵʪʠʭ ʟʥʘʯʝ-

ʥʠʡ ej  ʫʛʣʳ q ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 90;̄ 93 :̄ 95 ;̄ 100  ̄(ʨʠʩ. 12.1). ɿʥʘʯʝ-

ʥʠʷ ()qen  ʥʘʭʦʜʷʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (12.4). 

 

 
ɺʳʯʠʩʣʝʥʥʳʝ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʟʥʘʯʝʥʠʷ esinj  ʠ ()qen  ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 12.1. 
ʊʘʙʣʠʮʘ 12.1 

 

ej , ʛʨʘʜʫʩ esinj  q, ʛʨʘʜʫʩ ()qen  () ee sinn jq  

45 0,7071 90 1,4850 1,0500 
48 0,7431 93 1,4853 1,1038 
50 0,7660 95 1,4861 1,1384 
53 0,7986 98 1,1878 1,1882 

1,05 

1,10 

54 50 

1,20 

1,15 

ne(q)sinje, 
ʛʨʘʜ. 

je, ʛʨʘʜ. 
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55 0,8191 100 1,4893 1,2200 

 
ʇʦ ʛʨʘʬʠʢʫ (ʨʠʩ. 12.2) ʥʘ ʦʩʥʦʚʘʥʠʠ ʬʦʨʤʫʣʳ (12.10) ʥʘʭʦʜʠʤ oj  ʜʣʷ 

() 1706170710655614565561 ,,,sin,sinnsinn o
oee =Ö=Ö=aÖ=jÖq . 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ej  = 51 5̄7¡, ʪ. ʝ. ʫʛʦʣ ʦʪʨʘʞʝʥʠʷ ʙʦʣʴʰʝ ʫʛʣʘ ʧʘʜʝ-

ʥʠʷ o45=a . ʂʣʘʩʩʠʯʝʩʢʠʡ ʟʘʢʦʥ ʦʪʨʘʞʝʥʠʷ, ʢʦʛʜʘ ʫʛʦʣ ʦʪʨʘʞʝʥʠʷ ʠ ʧʘʜʝ-
ʥʠʷ ʨʘʚʥʳ, ʜʣʷ ʘʥʠʟʦʪʨʦʧʥʳʭ ʩʨʝʜ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ. 
ʅʘʭʦʜʠʤ ʫʛʣʳ ʧʘʜʝʥʠʷ ʣʫʯʝʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʟʤʳ. ʆʥʠ ʨʘʚʥʳ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʠ ʥʝʦʙʳʢʥʦʚʝʥʥʦʛʦ ʣʫʯʝʡ ï 0 ;̄ 6 5̄7¡. ʉʣʝ-
ʜʦʚʘʪʝʣʴʥʦ, ʦʙʳʢʥʦʚʝʥʥʳʡ ʣʫʯ ʚʳʭʦʜʠʪ ʠʟ ʧʨʠʟʤʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʛʦ-
ʨʠʟʦʥʪʘʣʴʥʦʡ ʛʨʘʥʠ, ʘ ʥʝʦʙʳʢʥʦʚʝʥʥʳʡ ï ʧʦʜ ʫʛʣʦʤ ʚj. ʋʛʦʣ ʚj  ʥʘʭʦʜʠʤ 

ʠʟ ʟʘʢʦʥʘ ʧʨʝʣʦʤʣʝʥʠʷ: 

( ) ʚ17567596 jÖ=¡Ö¡=q sinsinn oo
e . 

 

ʇʦ ʬʦʨʤʫʣʝ (11.5) ʥʘʭʦʜʠʤ ( )7596 ¡=q o
en  = 1,4851. ʊʦʛʜʘ ʟʥʘʯʝʥʠʝ ʫʛ-

ʣʘ ej  ʜʣʷ ʥʝʦʙʳʢʥʦʚʝʥʥʦʛʦ ʣʫʯʘ ʙʫʜʝʪ ʨʘʚʥʦ 102̄1¡ . 

ɿʘʜʘʯʘ 2. ʃʫʯ ʛʝʣʠʡ-ʥʝʦʥʦʚʦʛʦ ʣʘʟʝʨʘ (l = 0,6328 ʤʢʤ) ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 
ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʜʚʫʭ ʧʦʣʨ̫ʦʠʜʦʚ ʠ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʡ ʧʣʘʩʪʠʥʢʠ 
ʢʚʘʨʮʘ, ʚʳʨʝʟʘʥʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʠ ʧʦʤʝʱʝʥʥʦʡ ʤʝʞʜʫ 
ʧʦʣʷʨʦʠʜʘʤʠ. ʊʦʣʱʠʥʘ ʧʣʘʩʪʠʥʢʠ d. ɻʣʘʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʷʨʦʠʜʦʚ 
ʧʘʨʘʣʣʝʣʴʥʳ. ʅʘʡʪʠ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝ-

ʥʠʷ, ʚʳʰʝʜʰʝʛʦ ʠʟ ʩʠʩʪʝʤʳ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ a ʧʣʦʩʢʦʩʪʠ ʛʣʘʚʥʦʛʦ ʩʝʯʝ-
ʥʠʷ ʢʨʠʩʪʘʣʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʘʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʣʷʨʦʠʜʦʚ. 
ʈʝʰʝʥʠʝ. ʅʘ ʨʠʩ. 11.3 ʧʦʢʘʟʘʥʦ: 1 ï ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʦʧʫʩʢʘʥʠʷ ʧʦʣʷʨʦ-

ʠʜʦʚ; 2 ï ʥʘʧʨʘʚʣʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʛʣʘʚʥʦʛʦ ʩʝʯʝʥʠʷ ʢʚʘʨʮʝʚʦʡ ʧʣʘʩʪʠʥʢʠ. 
ɼʣʷ ʣʫʯʘ, ʧʨʦʰʝʜʰʝʛʦ ʧʝʨʚʳʡ ʧʦʣʷʨʦʠʜ 

(ʧʦʣʷʨʠʟʘʪʦʨ), ʚʝʢʪʦʨ 


E  ʧʘʨʘʣʣʝʣʝʥ 
ʥʘʧʨʘʚʣʝʥʠʶ 1. 

ʇʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ 


E  ʚ ʢʚʘʨʮʝʚʦʡ ʧʣʘ-
ʩʪʠʥʢʝ ʥʘ ʥʘʧʨʘʚʣʝʥʠʷ ʛʣʘʚʥʦʛʦ ʩʝʯʝʥʠʷ ʠ 
ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʢ ʥʝʤʫ ʨʘʚʥʳ: 
ï ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʣʫʯʘ       
  

aÖ= sinEEo ; 
 

ï ʜʣʷ ʥʝʦʙʳʢʥʦʚʝʥʥʦʛʦ ʣʫʯʘ    
 

aÖ= cosEEe , 
 

ʛʜʝ a ï ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʦʧʫʩʢʘʥʠʷ ʧʦʣʷʨʦʠʜʦʚ ʠ ʥʘʧʨʘʚʣʝʥʠ-
ʝʤ ʛʣʘʚʥʦʛʦ ʩʝʯʝʥʠʷ ʧʣʘʩʪʠʥʢʠ. 

E0 

1 

E 

E2 

E1 

E e 

ʈʠʩ. 11.3 
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ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʧʣʘʩʪʠʥʢʫ ʦʙʳʢʥʦʚʝʥʥʳʡ ʠ 
ʥʝʦʙʳʢʥʦʚʝʥʥʳʡ ʣʫʯʠ ʧʨʠʦʙʨʝʪʘʶʪ ʨʘʟʥʦʩʪʴ ʬʘʟ: 

 

( )eo nn
d

-
l

p
=d

2
. 

 

ʋʛʦʣ ʧʘʜʝʥʠʷ ʣʫʯʘ ʥʘ ʧʣʘʩʪʠʥʢʫ ʨʘʚʝʥ ʥʫʣʶ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʛʣʳ ʧʨʝ-
ʣʦʤʣʝʥʠʷ 0=j=j eo .  

ɼʘʣʝʝ ʧʦʩʣʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʢʠ, ʦʙʳʢʥʦʚʝʥʥʳʡ ʠ ʥʝʦʙʳʢʥʦ-
ʚʝʥʥʳʡ ʣʫʯʠ ʯʘʩʪʠʯʥʦ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʧʦʣʷʨʦʠʜ (ʘʥʘʣʠʟʘʪʦʨ). ʇʨʦʝʢʮʠʠ 
ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʠ ʥʝʦʙʳʢʥʦʚʝʥʥʦʛʦ ʣʫʯʝʡ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʦʧʫʩʢʘʥʠʷ 
ʘʥʘʣʠʟʘʪʦʨʘ (ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ 1) ʨʘʚʥʳ: 

 
aÖ= sinEE o1 ;    aÖ= cosEE e2 , 

 
ʠʣʠ, ʧʦʜʩʪʘʚʣʷʷ oE  ʠ eE  ʧʦʣʫʯʘʝʤ: 
 

aÖ= 2
1 sinEE ;      aÖ= 2

2 cosEE . 
 

ʀʩʧʦʣʴʟʫʷ ʫʩʣʦʚʠʝ ʩʣʦʞʝʥʠʷ ʜʚʫʭ ʚʦʣʥ ʦʜʠʥʘʢʦʚʦʡ ʯʘʩʪʦʪʳ ʠ ʦʜʠʥʘ-
ʢʦʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʧʦʣʫʯʠʤ: 

 

dÖaÖaÖ+aÖ+aÖ= coscossinsinEcosEE 2242422
ʨʝʟ 2 , 

 

ʠʣʠ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ ʘʤʧʣʠ-
ʪʫʜʳ ʥʘʧʨʷʞʝʥʥʦʩʪʠ, ʠʤʝʝʤ: 

 

( )dÖaÖaÖ+a+a= coscossinsincoso
2244

ʨʝʟ 2II , 
 

ʛʜʝ oI  ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʧʨʠ a = 0. ʇʨʠ 

ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ d ʚʦʟʤʦʞʥʳ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ:  
.....2     ,0 .p=d                          ;oII =  

......3    , pp=d                           ( )a-a= 22 sincosoII ; 

./2........3    ,2/ pp=d                ( )a+a= 44 sincosoII . 

 
12.3. ɿʘʜʘʯʠ ʜʣʷ ʩʘʤʦʩʪʦʪ̫ʝʣʴʥʦʛʦ 

ʨʝʰʝʥʠʷ 
 
1201. ʅʘ ʧʝʨʝʜʥʶʶ ʛʨʘʥʴ ʧʣʦʩʢʦʧʘ-

ʨʘʣʣʝʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʢʠ, 
ʚʳʨʝʟʘʥʥʦʡ ʠʟ ʢʨʠʩʪʘʣʣʘ ʢʚʘʨʮʘ, ʧʦʜ 

ʫʛʣʦʤ a ʧʘʜʘʝʪ ʥʝ ʧʦʣʷʨʠʟʦʚʘʥʥʳʡ ʣʫʯ 
ʩʚʝʪʘ (ʨʠʩ. 12.4). 

a 

je bo 

gʦ1 ge1 

z 

be 

jo 
z 

ʈʠʩ. 12.4 
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ʆʧʪʠʯʝʩʢʘʷ ʦʩʴ ʧʘʨʘʣʣʝʣʴʥʘ ʚʭʦʜʥʦʡ ʛʨʘʥʠ ʧʣʘʩʪʠʥʢʠ. ʇʦʩʣʝ ʧʨʝʣʦʤ-
ʣʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʦʙʳʢʥʦʚʝʥʥʳʡ ʠ ʥʝʦʙʳʢʥʦʚʝʥʥʳʡ ʣʫʯʠ. 
ʋʛʣʳ ʧʨʝʣʦʤʣʝʥʠʷ ʵʪʠʭ ʣʫʯʝʡ ʥʘ ʧʝʨʝʜʥʝʡ ʛʨʘʥʠ ob  ʠ eb. ʋʛʣʳ ʦʪʨʘ-

ʞʝʥʠʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʠ ʥʝʦʙʳʢʥʦʚʝʥʥʦʛʦ ʣʫʯʝʡ ʚ ʧʣʘʩʪʠʥʢʝ ʦʪ ʚʳʭʦʜʥʦʡ 
ʛʨʘʥʠ oj  ʠ  ej. ʋʛʣʳ ʚʳʭʦʜʘ ʣʫʯʝʡ ʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʢʠ og ʠ eg. 

ʈʘʩʩʪʦʷʥʠʝ ʥʘ ʚʳʭʦʜʥʦʡ ʛʨʘʥʠ ʧʣʘʩʪʠʥʢʠ ʤʝʞʜʫ ʦʙʳʢʥʦʚʝʥʥʳʤ ʠ ʥʝʦʙʳʢ-
ʥʦʚʝʥʥʳʤ ʣʫʯʘʤʠ 1.  
ɺ ʪʘʙʣ. 12.2 ʜʘʥʳ ʧʘʨʘʤʝʪʨʳ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ. 

ʆʧʨʝʜʝʣʠʪʝ ʚ ʟʘʜʘʯʝ ʩʚʦʝʛʦ ʚʘʨʠʘʥʪʘ ʥʝʜʦʩʪʘʶʱʠʝ ʧʘʨʘʤʝʪʨʳ 

I,,,,,,, eoeeoeo
11 gggjjbb  (ʫʛʣʳ ʟʘʜʘʥʥʳ ʚ ʛʨʘʜʫʩʘʭ). 

 
ɿʘʜʘʯʫ ʨʝʰʠʪʴ ʜʣʷ ʜʚʫʭ ʩʣʫʯʘʝʚ: ʘ) ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ ʢʨʠʩʪʘʣʣʘ ʧʘʨʘʣ-

ʣʝʣʴʥʘ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ; ʙ) ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ ʢʨʠʩʪʘʣʣʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ 
ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ. 

ʊʘʙʣʠʮʘ 12.2 
 

ɺʘʨʠʘʥʪ d, ʤʤ 
a, 
ʛʨʘʜ 

ɺʘʨʠʘʥʪ d,ʤʤ 
a, 
ʛʨʘʜ 

ɺʘʨʠʘʥʪ d,ʤʤ 
a, 
ʛʨʘʜ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

15 
20 
25 
30 
35 
40 
45 
50 
55 
60 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

17 
24 
28 
30 
33 
36 
42 
52 
58 
62 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

31 
15 
30 
25 
38 
45 
50 
56 
60 
26 

 

ʇʨʠʤʝʯʘʥʠʝ. ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ 1201 ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʧʪʠ-
ʯʝʩʢʘʷ ʦʩʴ ʧʘʨʘʣʣʝʣʴʥʘ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ, ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʥʝʦʙʳʢʥʦʚʝʥʥʦʛʦ 

ʣʫʯʘ ()qen  ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ eK . 

 

1202. ʃʫʯ ʛʝʣʠʡ-ʥʝʦʥʦʚʦʛʦ ʣʘʟʝʨʘ (l = 0,6328 ʤʢʤ) ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʩʠ-
ʩʪʝʤʫ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʜʚʫʭ ʧʦʣʷʨʦʠʜʦʚ ʠ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʡ ʧʣʘʩʪʠʥʢʠ 
ʢʚʘʨʮʘ, ʚʳʨʝʟʘʥʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʠ ʧʦʤʝʱʝʥʥʦʡ ʤʝʞʜʫ 
ʧʦʣʷʨʦʠʜʘʤʠ (ʨʠʩ. 12.5). ʊʦʣʱʠʥʘ ʧʣʘʩʪʠʥʢʠ d. ɻʣʘʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦ-
ʣʷʨʦʠʜʦʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ. ʅʘʡʪʠ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚ-
ʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ, ʚʳʰʝʜʰʝʛʦ ʠʟ ʩʠʩʪʝʤʳ, ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ a ʧʣʦʩʢʦʩʪʠ 
ʛʣʘʚʥʦʛʦ ʩʝʯʝʥʠʷ ʢʨʠʩʪʘʣʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʘʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʝʨʚʦʛʦ 

ʧʦʣʷʨʦʠʜʘ (ʧʦʣʷʨʠʟʘʪʦʨʘ). ɺʳʯʠʩʣʠʪʴ ʨʘʟʥʦʩʪʴ ʬʘʟ d ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ 
ʠ ʥʝʦʙʳʢʥʦʚʝʥʥʦʛʦ ʣʫʯʝʡ ʧʦʩʣʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʢʠ. ʇʦʩʪʨʦʠʪʴ 
ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʩʠʩʪʝ-

ʤʫ, ʦʪ ʫʛʣʘ a. ɺʘʨʠʘʥʪʳ ʚʙrʠʨʘʪʴ ʧʦ ʪʘʙʣ. 12.3. 
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  ʊʘʙʣʠʮʘ 12.3 
   

ɺʘʨʠʘʥʪ D, ʤʤ ɺʘʨʠʘʥʪ D, ʤʤ ɺʘʨʠʘʥʪ D, ʤʤ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0,10 
0,15 
0,20 
0,24 
0,28 
0,25 
0,35 
0,41 
0,44 
0,48 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

0,50 
0,52 
0,49 
0,55 
0,57 
0,60 
0,63 
0,65 
0,70 
0,72 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

0,75 
0,80 
0,83 
0,85 
0,87 
0,90 
0,95 
1,00 
1,10 
1,20 

 
 
 
 
 
 
 
 
 
 
 
 
 

1203. ʃʫʯ ʛʝʣʠʡ-ʥʝʦʥʦʚʦʛʦ ʣʘʟʝʨʘ 1 (a = 0,6328 ʤʢʤ) ʧʘʜʘʝʪ ʥʘ ʧʨʠʟʤʫ, 
ʚʳʨʝʟʘʥʥʫʶ ʠʟ ʢʨʠʩʪʘʣʣʘ ʢʘʣʴʮʠʪʘ (ʨʠʩ. 12.6). ʆʧʪʠʯʝʩʢʘʷ ʦʩʴ ZZ ʧʝʨʧʝʥ-
ʜʠʢʫʣʷʨʥʘ ʦʩʥʦʚʘʥʠʶ ʧʨʠʟʤʳ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʝʣʦʤʣʷʶ-

ʱʝʛʦ ʫʛʣʘ ʧʨʠʟʤʳ a ʥʘʡʪʠ ʫʛʣʳ ʧʨʝʣʦʤʣʝʥʠʷ eo,jj  ʠ ʦʪʨʘʞʝʥʠʷ og, eg  

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ 2 ʠ ʥʝʦʙʳʢʥʦʚʝʥʥʦʛʦ 3 ʣʫʯʝʡ. 
ʅʘʡʪʠ ʫʛʦʣ ʤʝʞʜʫ ʦʙʳʢʥʦʚʝʥʥʳʤ ʠ ʥʝʦʙʳʢʥʦʚʝʥʥʳʤ ʣʫʯʘʤʠ ʜʣʷ ʧʨʝ-

ʣʦʤʣʝʥʥʳʭ ʠ ʦʪʨʘʞʝʥʥʳʭ ʣʫʯʝʡ ʥʘ ʚʳʭʦʜʥʦʡ ʛʨʘʥʠ ʧʨʠʟʤʳ. ɺʘʨʠʘʥʪʳ ʟʘ-
ʜʘʯ ʚʳʙʨʘʪʴ ʧʦ ʪʘʙʣ. 12.4. 

ʊʘʙʣʠʮʘ 12.4 
 

ɺʘʨʠʘʥʪ a, ʛʨʘʜ ɺʘʨʠʘʥʪ a, ʛʨʘʜ ɺʘʨʠʘʥʪ a, ʛʨʘʜ 
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ʈʠʩ. 12.5. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʣʷʨʦʠʜʦʚ 
2, 4 ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʢʠ 3 ʈʠʩ. 12.6 

4 2 

5 

3 

2 

2 

3 

3 

1 

z
1 

z
1 

je 

z
1 

jo 

g

e 

go 

a 



 97 

9 
10 

50 
22 

19 
20 

38 
42 

29 
30 

64 
66 

 
 

1 3 . ȲȫȸȦȱȱȴȴȵȸȮȰȦ 

13.1. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ ʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʇʦʣʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ  
ʩʚʝʪʘ ʚ ʤʝʪʘʣʣʝ, ʠʤʝʝʪ ʚʠʜ: 

 

;
t

D
ʅrot ʧʨʦʚ

d

d
+=

C
CC
j                                    (13.1) 

;
t

ɺ
ɽrot
d

d
=

C
C

                                          (13.2) 

;ɺdiv 0=
C

                                           (13.3) 
 

.Ddiv ʩʚʦʙr=
C

                                      (13.4) 
 

ʄʘʪʝʨʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʩʚʷʟʳʚʘʶʱʠʝ ʤʝʞʜʫ ʩʦʙʦʡ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚ-
ʥʳʭ ʚʝʢʪʦʨʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ: 
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ë

d=

mm=

e=

ʅ

ʅɺ

ɽD

ʧʨʦʚ

CC

CC

CC

j

0

0

,                                       (13.5) 

 

ʛʜʝ ɽ
C

 ʠ ʅ
C

 ï ʚʝʢʪʦʨʳ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ;  

D
C

 ʠ ɺ
C

 ï ʚʝʢʪʦʨʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ; ʩʚʦʙr  ï ʧʣʦʪʥʦʩʪʴ 

ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ; ʧʨʦʚj
C

 ï ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʧʨʦʚʦʜʠʤʦʩʪʠ; 

0e ʠ m0 ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠ ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʳʝ ʚʘʢʫʫʤʘ; e ʠ m ï ʦʪʥʦʩʠ-

ʪʝʣʴʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʨʝʜʳ; d ï ʫʜʝʣʴʥʘʷ 
ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ. 

ʋʨʘʚʥʝʥʠʝ ʧʣʦʩʢʠʭ ʚʦʣʥ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʤʝʪʘʣʣʝ: 
 

í
ì
ë

Ö-Öw=

Ö-Öw=

)rKt(sinʅʅ

)rKt(sinEE
CCCC
CCCC

0

0 ,                               (13.6) 
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ʛʜʝ  ï ɽ0, ʅ0 ʘʤʧʣʠʪʫʜʳ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦ-

ʣʝʡ; w = 2pn ï ʮʠʢʣʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ; K
C

 = w Ö N
C
/ʩ ï ʢʦʤʧʣʝʢʩʥʳʡ ʚʦʣʥʦʚʦʡ 

ʚʝʢʪʦʨ; r
C

 ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ. 
ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ: 
 

knN Ö-= 1 ,                                         (13.7) 
 

ʛʜʝ k,n  ï ʛʣʘʚʥʳʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʤʝʪʘʣʣʘ; 1 ï ʤʥʠʤʘʷ ʝʜʠʥʠʮʘ. 
ʇʦʣʝʟʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ: 
 

wpdmÖ-mÖe= /)(N 41 ;                               (13.8) 
 

0

2122

00 1 E)exp(
)kn(

E
N

H
/

g-
m

+
=

m
= ;                      (13.9) 

 

n/ktg =g ;                                              (13.10) 
 

22 kn -=mÖe ;                                           (13.11) 
 

vkn ÖÖ=mÖd ,                                           (13.12) 
  

ʛʜʝ g ï ʩʜʚʠʛ ʬʘʟ ʤʝʞʜʫ ɽ
C

 ʠ ʅ
C

 ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʣʝʡ. 
ʋʨʘʚʥʝʥʠʝ ʧʣʦʩʢʠʭ ʚʦʣʥ ʚ ʤʝʪʘʣʣʝ ʩ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʡ (13.7) ʠ (13.9) 

(ʦʩʴ Z ï ʥʘʧʨʘʚʣʝʥʘ ʚ ʤʝʪʘʣʣ ʥʦʨʤʘʣʴʥʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ): 
 

)rn
c

t(sinZ
k

expEE


ÖÖ
w
-Öwö

÷

õ
æ
ç

å
Ö

l

p
-Ö=

2
0

CC
;                  (13.13) 

 

)r
c

t(sinZ
k

exp
)kn(

ʅʅ
/

g-ÖÖ
w
-Öwö

÷

õ
æ
ç

å

l

p
-

m

+
=

CCCC
n

22122

0 ,       (13.14) 

 

ʛʜʝ n
C

-ʚʝʢʪʦʨ ʨʝʬʨʘʢʮʠʠ, ʧʦ ʤʦʜʫʣʶ ʨʘʚʥʳʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ n 
ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ, ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩʦʚʧʘʜʘʶʱʠʡ ʩ 
ʥʦʨʤʘʣʴʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʬʘʟ. 

ʄʝʞʜʫ ʚʝʢʪʦʨʘʤʠ E
C

 ʠ ʅ
C

 ʚ ʤʝʪʘʣʣʝ ʠʤʝʝʪʩʷ ʨʘʟʥʦʩʪʴ ʬʘʟ, ʦʧʨʝʜʝ-
ʣʷʝʤʘʷ ʩʦʦʪʥʦʰʝʥʠʝʤ (13.10), ʪʦ ʝʩʪʴ ʦʪʥʦʰʝʥʠʝʤ ʤʥʠʤʦʡ ʠ ʚʝʱʝ-
ʩʪʚʝʥʥʦʡ ʯʘʩʪʝʡ N. 
ɻʣʘʚʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʦʛʣʦʱʝʥʠʷ k ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʟʘʪʫʭʘʥʠʝ ʩʚʝʪʦʚʦʡ 

ʚʦʣʥʳ. 
ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʚʦʣʥʦʡ ʨʘʩʩʪʦʷʥʠʷ 
 

)k/(h pl= 2                                     (13.15) 

ʘʤʧʣʠʪʫʜʘ ʚʦʣʥʳ ʟʘʪʫʭʘʝʪ ʚ ʝ ʨʘʟ. 
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ʈʘʩʩʪʦʷʥʠʝ h ʩʣʫʞʠʪ ʥʘʛʣʷʜʥʦʡ ʤʝʨʦʡ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʦʣʥʳ ʚ 

ʤʝʪʘʣʣ. ʀʟ (13.12) ʚʠʜʥʦ, ʯʪʦ k ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ d. 
ʇʦʛʣʦʱʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʤʝʪʘʣʣʘ, ʪ. ʝ. ʢʦʵʬʬʠʮʠʝʥʪ k 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʜʦʣʶ ʦʪʨʘʞʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʟʘ ʩʯʝʪ ʠʟʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʥʘ-
ʤʠ ʚʪʦʨʠʯʥʳʭ ʚʦʣʥ, ʘ ʥʝ ʜʦʣʶ ʠʩʪʠʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ. ɺ ʜʞʦʫʣʝʚʦ ʪʝʧʣʦ 
ʧʝʨʝʭʦʜʠʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʘʷ ʵʥʝʨʛʠʷ ʧʦʣʷ. 
ʅʝʦʙʨʘʪʠʤʦ ʧʦʛʣʦʱʝʥʥʘʷ ʤʝʪʘʣʣʦʤ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʩʚʝʪʦʚʳʭ ʚʦʣʥ ʧʨʦ-

ʧʦʨʮʠʦʥʘʣʴʥʘ d
- 21/
, ʪʦ ʝʩʪʴ ʧʦʛʣʦʱʝʥʠʝ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʤʝʥʴʰʝ ʧʨʦʚʦ-

ʜʠʤʦʩʪʴ d, ʭʦʪʷ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ (ʪʦʯʥʝʝ ʟʘʪʫʭʘʥʠʷ) k, ʥʘʦʙʦʨʦʪ, 

ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ d. 
ʇʨʠ ʥʘʢʣʦʥʥʦʤ ʧʘʜʝʥʠʠ ʘʤʧʣʠʪʫʜʘ ʚʦʣʥʳ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʢʦʦʨʜʠʥʘ-

ʪʳ, ʥʦʨʤʘʣʴʥʦʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ (Z), ʧʦʵʪʦʤʫ ʧʣʦʩʢʦʩʪʠ Z-const, ʜʣʷ 
ʢʦʪʦʨʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʰʝʜʰʝʛʦ ʚ ʤʝʪʘʣʣ ʠʟʣʫʯʝʥʠʷ ʧʦʩʪʦʷʥʥʘ, ʧʘ-
ʨʘʣʣʝʣʴʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ. ʕʪʠ ʧʣʦʩʢʦʩʪʠ ʥʘʟʳʚʘʶʪʩʷ ʧʣʦʩʢʦ-
ʩʪʷʤʠ ʨʘʚʥʳʭ ʘʤʧʣʠʪʫʜ (ʨʠʩ. 13.1). 

 
ʅʘ ʨʠʩ. 13.1 ʚʦʣʥʦʚʳʝ ʚʝʢʪʦʨʳ (ʚʝʢʪʦʨʳ ʨʝʬʨʘʢʮʠʠ) 1 ʠ 2 ʚʦʣʥʳ, ʥʦʨ-

ʤʘʣʴʥʳʝ ʬʨʦʥʪʫ ʚʦʣʥʳ (ʬʨʦʥʪ ʧʣʦʩʢʠʡ). ʇʣʦʩʢʦʩʪʠ, ʩʦʚʧʘʜʘʶʱʠʝ ʩ ʬʨʦʥ-
ʪʦʤ ʚʦʣʥʳ ʠʣʠ ʧʘʨʘʣʣʝʣʴʥʳʝ ʝʤʫ, ʥʘʟʳʚʘʶʪʩʷ ʧʣʦʩʢʦʩʪʷʤʠ ʨʘʚʥʳʭ ʬʘʟ. 
ʋʛʣʳ ʧʘʜʝʥʠʷ ʠ ʧʨʝʣʦʤʣʝʥʠʷ ʦʪʩʯʠʪʳʚʘʶʪʩʷ ʤʝʞʜʫ ʥʦʨʤʘʣʴʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 
ʤʝʪʘʣʣʘ ʠ ʚʦʣʥʦʚʳʤʠ ʚʝʢʪʦʨʘʤʠ 1 ʠ 2. 
ɺ ʩʣʫʯʘʝ ʤʝʪʘʣʣʦʚ ʫʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʨʘʚʥʳʭ ʬʘʟ ʠ ʘʤʧʣʠʪʫʜ 

ʨʘʚʝʥ ʫʛʣʫ ʧʨʝʣʦʤʣʝʥʠʷ b ʠ ʦʪʣʠʯʝʥ ʦʪ ʥʫʣʷ.  
ɺʦʣʥʳ, ʫ ʢʦʪʦʨʳʭ ʧʣʦʩʢʦʩʪʴ ʨʘʚʥʳʭ ʬʘʟ ʠ ʧʣʦʩʢʦʩʪʴ ʨʘʚʥʳʭ ʘʤʧʣʠ-

ʪʫʜ ʥʝ ʩʦʚʧʘʜʘʶʪ, ʥʘʟʳʚʘʶʪʩʷ ʥʝʦʜʥʦʨʦʜʥʳʤʠ.  

ʇʨʠ ʥʘʢʣʦʥʥʦʤ ʧʘʜʝʥʠʠ ʠʟʣʫʯʝʥʠʷ ʧʦʜ ʫʛʣʦʤ j ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ 
ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ n ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ k ʥʝ ʦʩʪʘʶʪʩʷ ʧʦ-
ʩʪʦʷʥʥʳʤʠ. 
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ʈʠʩ. 13.1. ʇʣʦʩʢʦʩʪʠ ʨʘʚʥʳʭ ʘʤʧʣʠʪʫʜ ʠ ʬʘʟ 

 
ɿʘʢʦʥ ʧʨʝʣʦʤʣʝʥʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ: 
 

j=
b

j
n

sin

sin
,                                        (13.16) 

 

ʛʜʝ b ï ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʫʛʦʣ ʧʨʝʣʦʤʣʝʥʠʷ. 

ɿʥʘʯʝʥʠʷ n ʠ k ʧʨʠ j = 0 ʥʘʟʳʚʘʶʪʩʷ ʛʣʘʚʥʳʤʠ 
 

() nn ==j 0 ,                                        (13.17) 
 

() kk ==j 0 .                                       (13.18) 

ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʚ ʟʥʘʯʝʥʠʷ n ʠ k ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 13.1. 
ʊʘʙʣʠʮʘ 13.1 

ɻʣʘʚʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ  
ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʚ  

 

ʄʝʪʘʣʣʳ n k 

ɿʦʣʦʪʦ 
ʉʝʨʝʙʨʦ 
ʅʘʪʨʠʡ 

0,37 
0,18 
0,04 

2,82 
3,64 
2,61 

ʄʘʛʥʠʡ 
ʄʝʜʴ 
ʅʠʢʝʣʴ 

0,37 
0,64 
1,79 

4,42 
2,62 
3,32 

ɾʝʣʝʟʦ 
ʈʪʫʪʴ 

1,51 
1,62 

1,63 
4,41 

 

       ʈʠʩ 12.1 ʇʣʦʩʢʦʩʪʠ ʨʘʚʥʳʭ ʘʤʧʣʠʪʫʜ ʠ ʬʘʟ 
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ɿʘʢʦʥʳ ʦʪʨʘʞʝʥʠʷ ʜʣʷ ʤʝʪʘʣʣʦʚ ʘʥʘʣʦʛʠʯʥʳ ʟʘʢʦʥʘʤ ʦʪʨʘʞʝʥʠʷ ʜʣʷ 
ʜʠʵʣʝʢʪʨʠʢʦʚ ï ʫʛʦʣ ʦʪʨʘʞʝʥʠʷ ʨʘʚʝʥ ʫʛʣʫ ʧʘʜʝʥʠʷ. 
ʆʜʥʘʢʦ ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʦʪ ʤʝʪʘʣʣʘ ʤʝʞʜʫ çSè ʠ çPè ʢʦʤʧʦʥʝʥʪʘʤʠ ʦʪ-

ʨʘʞʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʷʚʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴ ʬʘʟ d, ʯʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 
ʠʟʤʝʨʝʥʠʷ n ʠ k.   
ʆʧʪʠʯʝʩʢʠʝ ʠʥʚʘʨʠʘʥʪʳ, ʥʝ ʟʘʚʠʩʷʱʠʝ ʦʪ ʫʛʣʦʚ ʧʘʜʝʥʠʷ (ʬʦʨʤʫʣʳ 

ʂʝʪʪʝʣʝʨʘ): 
2222

1 knkn -=-=I gg ;                               (13.19) 

kncoskn Ö=jÖÖ=I gg2 .                             (13.20) 

ɿʥʘʯʝʥʠʷ  gn  ʠ gk : 
 

})sin(sin{/n 2
2

22
1

2
1

2 421 IÖ+j-I+j+I=g ,           (13.21) 

})sin(sin{/k 2
2

22
1

2
1

2 421 IÖ+j-I+j+I-=g .           (13.22) 
 

ɼʣʷ ʤʝʪʘʣʣʦʚ ʩʫʱʝʩʪʚʫʝʪ ʦʪʣʠʯʥʳʡ ʦʪ ʥʫʣʷ ʫʛʦʣ ʧʘʜʝʥʠʷ j, ʧʨʠ ʢʦʪʦ-

ʨʦʤ ʫʛʦʣ ʧʨʝʣʦʤʣʝʥʠʷ b = j, ʪʘʢ ʯʪʦ ʣʫʯ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʝʪʘʣʣ, ʥʝ ʠʩʧʳ-
ʪr ʚʘʷ ʧʨʝʣʦʤʣʝʥʠʷ. 
ʕʪʦʪ ʫʛʦʣ ʤʦʞʥʦ ʥʘʡʪʠ ʠʟ ʚʳʨʘʞʝʥʠʷ: 
 

1
1

1

2
2

0
2

-I

I
+=jsin .                                 (13.23) 

 

ʌʦʨʤʫʣʳ ʌʨʝʥʝʣʷ ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʧʦʛʣʦʱʘʶʱʠʭ ʩʨʝʜ, ʝʩʣʠ ʧʦʜ jsin  ʠ 

jcos  ʧʦʥʠʤʘʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʚʝʣʠʯʠʥ r

ʂʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʦʪ ʤʝʪʘʣʣʘ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʠʟʣʫʯʝʥʠʷ  
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+-
= .                                  (13.24) 

13.2. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ɿʘʜʘʯʘ 1. ʀʟʣʫʯʝʥʠʝ ʛʝʣʠʡ-ʥʝʦʥʦʚʦʛʦ ʣʘʟʝʨʘ (l = 0,63 ʤʢʤ) ʧʘʜʘʝʪ ʥʘ 
ʟʝʨʢʘʣʦ, ʠʟʛʦʪʦʚʣʝʥʥʦʝ ʠʟ ʩʝʨʝʙʨʘ. ʅʘʡʪʠ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʠʟʣʫʯʝ-
ʥʠʷ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʠ ʛʣʫʙʠʥʫ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʚ ʤʝʪʘʣʣ. 
ʈʝʰʝʥʠʝ. ʀʟ ʪʘʙʣ. 13.1 ʚʳʙʝʨʝʤ ʟʥʘʯʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʧʦʩʪʦʷʥʥʳʭ ʜʣʷ 

ʩʝʨʝʙʨʘ n = 0,18, k = 3,64. 
ʇʦ ʬʦʨʤʫʣʝ (13.24) ʦʧʨʝʜʝʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ: 
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ɻʣʫʙʠʥʫ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʚ ʤʝʪʘʣʣ ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ 
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(13.15): 

 (ʤʢʤ) 

 
ɿʘʜʘʯʘ 2. ʃʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʧʘʜʘʝʪ ʥʘ ʩʝʨʝʙʨʷʥʦʝ ʟʝʨʢʘʣʦ ʧʦʜ ʫʛ-

ʣʦʤ 45 .̄ ʅʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ n ʠ ʢʦʵʬ-
ʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ. 

 

ʈʝʰʝʥʠʝ. ɻʣʘʚʥʳʝ ʟʥʘʯʝʥʠʷ n ʠ k ʜʣʷ ʩʝʨʝʙʨʘ ʚʳ-
ʙʝʨʝʤ ʧʦ ʪʘʙʣ. 13.1. 
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʬʦʨʤʫʣʘʤʠ 
(13.21) ʠ (13.22)             

 

; 
 

, 
 

ʛʜʝ  ʠ  ï ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʘʤ (13.19) ʠ (13.20) ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʛʣʘʚ-

ʥʳʝ ʟʥʘʯʝʥʠʷ n ʠ k: 

;  . 
 

ɺʳʯʠʩʣʷʝʤ ʟʥʘʯʝʥʠʷ  ʠ  ʠ ʧʦʜʩʪʘʚʣʷʝʤ ʚ ʬʦʨʤʫʣʳ ʜʣʷ n ʠ ʢ: 
 

. 
 

. 
 

ʇʦʩʣʝ ʚʳʯʠʩʣʝʥʠʡ ʠʤʝʝʤ: ; . 

13.3. ɿʘʜʘʯʠ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

1301. ʃʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ (l = 0,7 ʤʢʤ) ʧʘʜʘʝʪ ʥʘ ʟʦʣʦʪʦʝ ʟʝʨʢʘʣʦ. 
ʅʘʡʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ ʚ ʤʝʪʘʣʣʝ. ʇʦ-
ʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. 

1302. ʃʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ (l = 0,55 ʤʢʤ) ʧʘʜʘʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʨʪʫʪʠ. 
ʅʘʡʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ ʚ ʤʝʪʘʣʣʝ. ʇʦʩʪʨʦ-
ʠʪʴ ʛʨʘʬʠʢ. 

1303. ʃʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ (l = 0,7 ʤʢʤ) ʧʘʜʘʝʪ ʥʘ ʟʝʨʢʘʣʦ, ʠʟʛʦʪʦʚʣʝʥ-
ʥʦʝ ʠʟ ʞʝʣʝʟʘ. ʅʘʡʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ 
ʚ ʤʝʪʘʣʣʝ. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ. 

1304. ʆʮʝʥʠʪʴ ʛʣʫʙʠʥʫ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ (l = 0,6 ʤʢʤ) ʚ 

ʤʘʛʥʠʡ. (ʆʪʚʝʪ: ʤ). 

ɼʘʥʦ: 
n = 1,18 
k = 3,64 

j = 45  ̄
 

,  


