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ɺɺɽɼɽʅʀɽ 

 

ɼʘʥʥʦʝ ʧʦʩʦʙʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʩʪʫʜʝʥʪʦʚ-ʙʘʢʘʣʘʚʨʦʚ, 

ʠʟʫʯʘʶʱʠʭ ʬʠʟʠʢʫ ʚ ʨʘʤʢʘʭ ʢʨʘʪʢʦʛʦ ʣʝʢʮʠʦʥʥʦʛʦ ʢʫʨʩʘ, ʘ ʪʘʢʞʝ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʥʷʪʠʡ. ʇʨʠ ʙʶʜʞʝʪʝ ʚʨʝʤʝʥʠ, ʯʪʦ ʟʘʣʦʞʝʥ ʥʘ 

ʠʟʫʯʝʥʠʝ ʬʠʟʠʢʠ ʚ  ʆʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʩʪʘʥʜʘʨʪʝ, ʧʨʦʙʣʝʤʘʪʠʯʥʦ 

ʚʩʝʩʪʦʨʦʥʥʝ ʠ ʛʣʫʙʦʢʦ ʠʟʫʯʠʪʴ ʚʩʝ ʚʦʧʨʦʩʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ  ʢʫʨʩ ʦʙʱʝʡ 

ʬʠʟʠʢʠ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʝʦʙʭʦʜʠʤʦ ʘʢʮʝʥʪʠʨʦʚʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ 

ʦʩʥʦʚʥʳʭ ʧʦʥʷʪʠʷʭ, ʨʘʩʩʤʦʪʨʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʤʝʪʦʜʳ 

ʠ ʧʨʠʸʤʳ ʥʘʫʢʠ, ʩʦʩʪʘʚʣʷʶʱʝʡ, ʧʦ ʦʙʨʘʟʥʦʤʫ ʚʳʨʘʞʝʥʠʶ 

ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʬʠʟʠʢʘ ʈʘʙʠ
1
,
 
çʩʝʨʜʮʝʚʠʥʫ ʛʫʤʘʥʠʪʘʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʥʘʰʝʛʦ ʚʨʝʤʝʥʠè. 

ʃʝʢʮʠʦʥʥʳʡ ʢʫʨʩ ʧʨʝʜʩʪʘʚʣʝʥ ʧʣʘʥʘʤʠ 28 ʣʝʢʮʠʡ, ʩʥʘʙʞʸʥʥʳʭ 

ʚʦʧʨʦʩʘʤʠ ʠ ʪʝʩʪʦʚʳʤʠ ʟʘʜʘʥʠʷʤʠ. ʇʨʦʨʘʙʦʪʢʫ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʣʝʢʮʠʡ ʩʪʫʜʝʥʪ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦ ʧʘʨʘʛʨʘʬʘʤ çʂʫʨʩʘ 

ʬʠʟʠʢʠè ʊ.ʀ. ʊʨʦʬʠʤʦʚʦʡ ʠ çʂʫʨʩʘ ʬʠʟʠʢʠè ʈ.ʀ. ɻʨʘʙʦʚʩʢʦʛʦ, 

ʫʢʘʟʘʥʥʳʤ ʢ ʣʝʢʮʠʷʤ. ʊʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʜʨʫʛʠʝ ʫʯʝʙʥʠʢʠ ʠ 

ʧʦʩʦʙʠʷ (ʩʧʠʩʦʢ ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʨʠʚʝʜʝʥ ʥʘ ʩ. 271 

ʧʦʩʦʙʠʷ). ʇʨʠ ʵʪʦʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʠʚʘʪʴʩʷ 

ʧʦʥʠʤʘʥʠʷ ʠʟʫʯʘʝʤʳʭ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ ʠ ʷʚʣʝʥʠʡ. 

ɸʥʘʣʠʟ ʧʨʠʤʝʨʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʧʨʠʚʝʜʸʥʥʳʭ ʧʦʩʣʝ ʢʘʞʜʦʡ 

ʣʝʢʮʠʠ, ʧʦʟʚʦʣʠʪ ʩʪʫʜʝʥʪʫ ʙʦʣʝʝ ʦʩʦʟʥʘʥʥʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ 

ʠʟʫʯʘʝʤʦʤ ʤʘʪʝʨʠʘʣʝ (ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʦʥ ʚʦʟʴʤʸʪ ʥʘ ʩʝʙʷ ʪʨʫʜ 

ʧʦʧʨʦʙʦʚʘʪʴ ʨʝʰʠʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʟʘʜʘʯʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ).  

ɺ ʧʦʩʦʙʠʝ ʚʢʣʶʯʝʥʳ ʪʘʢʞʝ ʦʪʜʝʣʴʥʳʝ ʪʝʤʳ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ ʜʣʷ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʩʪʫʜʝʥʪʘʤʠ. ʕʪʠ ʪʝʤʳ, ʧʦʤʠʤʦ ʧʣʘʥʘ 

ʠʟʫʯʝʥʠʷ,  ʜʣʷ ʫʜʦʙʩʪʚʘ ʩʪʫʜʝʥʪʦʚ ʩʥʘʙʞʝʥʳ ʨʘʟʚʸʨʥʫʪʳʤʠ ʪʝʢʩʪʘʤʠ. 

 

 

 

 

 

                                                 
1
 ʀʟʠʜʦʨ ʈʘʙʠ (1898 ï 1988) ï ʘʤʝʨʠʢʘʥʩʢʠʡ ʬʠʟʠʢ, ʥʦʙʝʣʝʚʩʢʠʡ ʣʘʫʨʝʘʪ 

(1944). 
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ʊʝʤʘ 1 (ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ) 

 

ʇʈɽɼʄɽʊ ʌʀɿʀʂʀ 

 

ʇʣʘʥ ʠʟʫʯʝʥʠʷ ʪʝʤʳ 

1. ʅʘʫʢʘ ï ʯʘʩʪʴ ʤʠʨʦʚʦʡ ʢʫʣʴʪʫʨʳ. 

2. ʌʠʟʠʢʘ ʠ ʜʨʫʛʠʝ ʥʘʫʢʠ. 

3. ʌʠʟʠʢʘ ï ʷʜʨʦ ʛʫʤʘʥʠʪʘʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

4. ʕʢʩʧʝʨʠʤʝʥʪ. ʊʝʦʨʠʷ. ʇʨʘʢʪʠʢʘ. 

 

ɺ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʩʣʦʚʘ ʧʦʥʷʪʠʝ ʢʫʣʴʪʫʨʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʩʸ, 

ʯʪʦ ʩʦʟʜʘʥʦ ʯʝʣʦʚʝʯʝʩʪʚʦʤ ʥʘ ʧʫʪʠ ʝʛʦ ʨʘʟʚʠʪʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʦʟʠʜʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʂʫʣʴʪʫʨʫ ʧʨʠʥʷʪʦ ʧʦʜʨʘʟʜʝʣʷʪʴ ʥʘ 

ʤʘʪʝʨʠʘʣʴʥʫʶ ʠ ʜʫʭʦʚʥʫʶ. ʄʘʪʝʨʠʘʣʴʥʘʷ ʢʫʣʴʪʫʨʘ ʦʭʚʘʪʳʚʘʝʪ ʚʩʶ 

ʦʙʣʘʩʪʴ ʤʘʪʝʨʠʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʠ ʝʸ ʨʝʟʫʣʴʪʘʪʳ (ʦʨʫʜʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʨʝʜʩʪʚʘ ʪʨʘʥʩʧʦʨʪʘ ʠ ʩʚʷʟʠ, ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʩʪʨʦʝʥʠʷ ʠ 

ʪ. ʜ.).  ɼʫʭʦʚʥʘʷ ʢʫʣʴʪʫʨʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʦʩʧʠʪʘʥʠʝ  ʠ ʧʨʦʩʚʝʱʝʥʠʝ, 

ʠʩʢʫʩʩʪʚʦ, ʣʠʪʝʨʘʪʫʨʫ, ʨʝʣʠʛʠʶ, ʥʘʫʢʫ. 

ʅʘʫʢʘ ï ʦʙʣʘʩʪʴ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ 

ʚʳʨʘʙʦʪʢʫ ʠ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʘʪʠʟʘʮʠʶ ʦʙʲʝʢʪʠʚʥʳʭ ʟʥʘʥʠʡ. 

ʈʘʟʣʠʯʥʳʝ ʥʘʫʯʥʳʝ ʜʠʩʮʠʧʣʠʥʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʘʫʢʫ, ʤʦʞʥʦ 

ʧʦʜʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ ï ʝʩʪʝʩʪʚʝʥʥʳʝ, ʪʝʭʥʠʯʝʩʢʠʝ ʠ 

ʦʙʱʝʩʪʚʝʥʥʳʝ ʥʘʫʢʠ. 

ɽʩʪʝʩʪʚʝʥʥʳʝ ʥʘʫʢʠ ï ʥʘʫʢʠ ʦ ʧʨʠʨʦʜʝ. ʇʨʠʨʦʜʘ ʞʝ ï ʵʪʦ ʚʩʸ, ʯʪʦ  

ʥʘʩ ʦʢʨʫʞʘʝʪ, ʚʝʩʴ ʤʘʪʝʨʠʘʣʴʥʳʡ ʤʠʨ ʚʦ ʚʩʸʤ ʤʥʦʛʦʦʙʨʘʟʠʠ ʝʛʦ ʬʦʨʤ. 

ʇʦ ʘʚʪʦʨʠʪʝʪʥʦʤʫ ʤʥʝʥʠʶ ʚʳʜʘʶʱʝʛʦʩʷ ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʬʠʟʠʢʘ-

ʪʝʦʨʝʪʠʢʘ ɉɉ ʚʝʢʘ, ʣʘʫʨʝʘʪʘ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ ʈʠʯʘʨʜʘ ʌʝʡʥʤʘʥʘ,     

ʩ ʢʦʪʦʨʳʤ ʩʦʣʠʜʘʨʥʳ ʜʨʫʛʠʝ ʫʯʸʥʳʝ, ʩʘʤʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠʟ ʚʩʝʭ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʩʘʤʦʡ ʚʩʝʦʙʲʝʤʣʶʱʝʡ ʥʘʫʢʦʡ ʦ ʧʨʠʨʦʜʝ ʷʚʣʷʝʪʩʷ 

ʬʠʟʠʢʘ. ʉʣʦʚʦ çʬʠʟʠʢʘè ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʛʨʝʯʝʩʢʦʛʦ physis ï ʧʨʠʨʦʜʘ. 

ʆʥʦ ʙʳʣʦ ʚʚʝʜʝʥʦ ʚ ʥʘʫʯʥʳʡ ʦʙʠʭʦʜ ʚʝʣʠʢʠʤ ʤʳʩʣʠʪʝʣʝʤ ɼʨʝʚʥʝʡ 

ɻʨʝʮʠʠ ɸʨʠʩʪʦʪʝʣʝʤ (384-322 ʜʦ ʥʘʰʝʡ ʵʨʳ). ɺ ʨʫʩʩʢʦʤ ʷʟʳʢʝ ʪʝʨʤʠʥ 

çʬʠʟʠʢʘè ʧʦʷʚʠʣʩʷ ʙʣʘʛʦʜʘʨʷ ʚʳʜʘʶʱʝʤʫʩʷ ʫʯʸʥʦʤʫ-ʵʥʮʠʢʣʦʧʝʜʠʩʪʫ 

ʄʠʭʘʠʣʫ ɺʘʩʠʣʴʝʚʠʯʫ ʃʦʤʦʥʦʩʦʚʫ (1711-1765), ʢʦʪʦʨʳʡ ʚ 1746 ʛʦʜʫ 

ʧʝʨʝʚʸʣ ʩ ʥʝʤʝʮʢʦʛʦ ʷʟʳʢʘ ʠ ʠʟʜʘʣ ʧʝʨʚʳʡ ʚ ʈʦʩʩʠʠ ʫʯʝʙʥʠʢ ʬʠʟʠʢʠ. 

 ʏʪʦ ʠʟʫʯʘʝʪ ʥʘʫʢʘ ʬʠʟʠʢʘ? ʉʦʚʨʝʤʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʢʠ ʢʘʢ 

ʥʘʫʢʠ, ʧʨʠʚʝʜʸʥʥʦʝ ʚ ʬʠʟʠʯʝʩʢʦʤ ʵʥʮʠʢʣʦʧʝʜʠʯʝʩʢʦʤ ʩʣʦʚʘʨʝ, ʟʚʫʯʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  
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ʌʠʟʠʢʘ ï ʥʘʫʢʘ, ʠʟʫʯʘʶʱʘʷ ʧʨʦʩʪʝʡʰʠʝ ʠ ʚʤʝʩʪʝ ʩ ʪʝʤ 

ʥʘʠʙʦʣʝʝ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʷʚʣʝʥʠʡ ʧʨʠʨʦʜʳ, ʩʚʦʡʩʪʚʘ ʠ 

ʩʪʨʦʝʥʠʝ ʤʘʪʝʨʠʠ ʠ ʟʘʢʦʥʳ ʝʸ ʜʚʠʞʝʥʠʷ. ʌʠʟʠʢʘ ʦʪʥʦʩʠʪʩʷ ʢ 

ʪʦʯʥʳʤ ʥʘʫʢʘʤ ʠ ʠʟʫʯʘʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʷʚʣʝʥʠʡ. 
 ʇʦ ʫʪʚʝʨʞʜʝʥʠʶ ʘʢʘʜʝʤʠʢʘ ɺʣʘʜʠʤʠʨʘ ʀʚʘʥʦʚʠʯʘ ɺʝʨʥʘʜʩʢʦʛʦ 

(1863-1945), ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʘ ʢʦʤʧʣʝʢʩʘ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʢ ʦ ɿʝʤʣʝ 

(ʛʝʦʭʠʤʠʠ, ʙʠʦʛʝʦʭʠʤʠʠ, ʨʘʜʠʦʛʝʦʣʦʛʠʠ), ʧʨʦʠʟʦʰʝʜʰʠʡ ʟʘ ʧʦʩʣʝʜʥʠʝ 

ʜʚʝʩʪʠ ʣʝʪ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʢʘʯʦʢ ʚ ʨʘʟʚʠʪʠʠ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʠʟʤʝʥʠʣ 

ʨʦʣʴ ʠ ʤʝʩʪʦ ʯʝʣʦʚʝʢʘ ʥʘ ɿʝʤʣʝ, ʜʝʷʪʝʣʴʥʦʩʪʴ ʣʶʜʝʡ ʩʪʘʣʘ ʬʘʢʪʦʨʦʤ 

ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʘʩʰʪʘʙʘ, ʧʨʝʦʙʨʘʟʫʶʱʝʡ ʩʠʣʦʡ ʵʚʦʣʶʮʠʠ ʙʠʦʩʬʝʨʳ. 

ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʫʩʧʝʭʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ 

ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʥʘʫʢʘʤʠ (ʘʩʪʨʦʥʦʤʠʷ, ʭʠʤʠʷ, ʙʠʦʣʦʛʠʷ ʠ ʪ. ʜ.) 

ʜʦʩʪʠʛʥʫʪʳ ʚ ʬʠʟʠʢʝ. ɹʫʜʫʯʠ ʣʠʜʝʨʦʤ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ, ʬʠʟʠʢʘ 

ʨʘʟʨʘʙʦʪʘʣʘ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʬʫʥʜʘʤʝʥʪʦʤ 

ʝʩʪʝʩʪʚʝʥʥʦ ʥʘʫʯʥʦʡ ʢʘʨʪʠʥʳ ʤʠʨʘ (ʥʘʧʨʠʤʝʨ: ʘʪʦʤʠʩʪʠʯʝʩʢʦʝ 

ʩʪʨʦʝʥʠʝ ʚʝʱʝʩʪʚʘ, ʢʦʥʮʝʧʮʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʠʥʳʭ ʚʠʜʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ). ʀʤʝʥʥʦ ʥʘ ʦʩʥʦʚʝ ʬʠʟʠʯʝʩʢʠʭ ʠʜʝʡ ʚʦʟʥʠʢʘʶʪ ʠ 

ʨʘʟʚʠʚʘʶʪʩʷ ʥʦʚʳʝ ʦʙʣʘʩʪʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ: ʬʠʟʠʢʘ 

ʩʝʛʦʜʥʷ ï ʵʪʦ ʪʝʭʥʠʢʘ ʟʘʚʪʨʘ. 

 ʌʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʠʟʫʯʝʥʠʷ ʤʠʨʘ, ʧʨʦʥʠʟʳʚʘʷ ʚʩʝ 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʥʘʫʢʠ, ʩʪʠʤʫʣʠʨʫʶʪ ʠʭ ʨʘʟʚʠʪʠʝ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ 

ʘʩʪʨʦʥʦʤʠʠ, ʠʤʝʥʥʦ ʬʠʟʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʠʣ 

ʦʧʨʝʜʝʣʠʪʴ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʙʝʩʢʦʥʝʯʥʦ ʫʜʘʣʸʥʥʳʭ ʟʚʸʟʜ ʠ 

ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʚ ʩʦʩʪʘʚʝ ʟʚʸʟʜ ʥʝʪ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʝ 

ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʥʘ ɿʝʤʣʝ. ʀʤʝʥʥʦ ʬʠʟʠʢʘ ʧʦʟʚʦʣʠʣʘ ʚʳʷʩʥʠʪʴ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ ʟʚʸʟʜ.  

 ʌʠʟʠʢʘ, ʫʩʪʘʥʦʚʠʚ ʩʪʨʦʝʥʠʝ ʘʪʦʤʘ (ʷʜʨʦ ʠ ʵʣʝʢʪʨʦʥʥʘʷ ʦʙʦʣʦʯʢʘ),      

ʧʦʟʚʦʣʠʣʘ ʧʦʥʷʪʴ, ʯʪʦ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʠ ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʵʪʦʤ 

ʧʨʝʚʨʘʱʝʥʠʷ ʚʝʱʝʩʪʚ ʦʙʫʩʣʦʚʣʝʥʳ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʵʣʝʢʪʨʦʥʥʳʭ 

ʦʙʦʣʦʯʢʘʭ ʘʪʦʤʦʚ ʚ ʭʦʜʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʌʠʟʠʢʠ ʚʳʷʩʥʠʣʠ, ʯʪʦ 

ʥʦʤʝʨ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ   ɼ. ʀ. 

ʄʝʥʜʝʣʝʝʚʘ ʩʦʚʧʘʜʘʝʪ ʩ ʯʠʩʣʦʤ ʧʨʦʪʦʥʦʚ ʚ ʷʜʨʝ, ʘ ʟʥʘʯʠʪ, ʠ ʩ ʯʠʩʣʦʤ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʥʝʡʪʨʘʣʴʥʦʤ ʘʪʦʤʝ, ʦʧʨʝʜʝʣʷʷ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʵʣʝʤʝʥʪʘ.  

 ʇʨʦʥʠʟʘʥʘ ʬʠʟʠʯʝʩʢʠʤʠ ʧʦʥʷʪʠʷʤʠ ʠ ʙʠʦʣʦʛʠʷ ï ʥʘʫʢʘ ʦ ʞʠʟʥʠ ʚʦ 

ʚʩʝʭ ʝʸ ʧʨʦʷʚʣʝʥʠʷʭ. ʂʘʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʟʨʝʥʠʷ, ʢʘʢ ʨʘʙʦʪʘʝʪ 

ʦʨʛʘʥ ʩʣʫʭʘ, ʢʘʢ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʜʘʯʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ 
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ʥʝʨʚʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ ʜʘʚʣʝʥʠʝ ʢʨʦʚʠ ʧʨʠ ʩʦʢʨʘʱʝʥʠʷʭ 

ʩʝʨʜʝʯʥʦʡ ʤʳʰʮʳ ï ʚʦʪ ʪʦʣʴʢʦ ʥʝʩʢʦʣʴʢʦ ʠʟ ʤʥʦʞʝʩʪʚʘ ʬʠʟʠʯʝʩʢʠʭ 

ʚʦʧʨʦʩʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʥʪʝʨʝʩ ʜʣʷ ʙʠʦʣʦʛʠʠ. ɺʥʝʜʨʝʥʠʝ 

ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ 

ʤʠʢʨʦʩʢʦʧʦʚ, ʧʨʠʤʝʥʝʥʠʝ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ) ʧʨʝʚʨʘʪʠʣʦ 

ʙʠʦʣʦʛʠʶ ʚ ʥʘʠʙʦʣʝʝ ʙʫʨʥʦ ʨʘʟʚʠʚʘʶʱʫʶʩʷ ʦʪʨʘʩʣʴ ʟʥʘʥʠʡ. ʇʦ 

ʤʥʝʥʠʶ ʵʢʩʧʝʨʪʦʚ, ʚ ɉɉɯ  ʚʝʢʝ ʠʤʝʥʥʦ ʙʠʦʣʦʛʠʷ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ 

ʚʳʜʚʠʥʫʣʠʩʴ ʚ ʣʠʜʝʨʳ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ, ʩʤʝʥʠʚ ʥʘ ʵʪʦʡ ʧʦʟʠʮʠʠ ʬʠʟʠʢʫ. 

 ɺʦ ʚʚʝʜʝʥʠʠ ʢ ʫʯʝʙʥʦʤʫ ʧʦʩʦʙʠʶ ʧʨʠʚʝʜʝʥʳ ʩʣʦʚʘ ʘʤʝʨʠʢʘʥʩʢʦʛʦ 

ʬʠʟʠʢʘ ʈʘʙʠ ʦ ʪʦʤ, ʯʪʦ çʬʠʟʠʢʘ ï ʩʝʨʜʮʝʚʠʥʘ ʛʫʤʘʥʠʪʘʨʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʰʝʛʦ ʚʨʝʤʝʥʠè. ʅʝ ʷʚʣʷʶʪʩʷ ʣʠ ʵʪʠ ʩʣʦʚʘ 

ʧʨʝʫʚʝʣʠʯʝʥʠʝʤ? ɺʝʜʴ çʛʫʤʘʥʠʪʘʨʥʦʝè - ʵʪʦ ʦʪʥʦʩʷʱʝʝʩʷ ʢ 

ʯʝʣʦʚʝʯʝʩʢʦʤʫ ʦʙʱʝʩʪʚʫ, ʢ ʯʝʣʦʚʝʢʫ ʠ ʝʛʦ ʢʫʣʴʪʫʨʝ. ɼʘ ʠ ʥʝ ʪʘʢ ʨʝʜʢʦ 

ʧʨʠʭʦʜʠʪʩʷ ʩʣʳʰʘʪʴ ʦ çʥʝʥʫʞʥʦʩʪʠè ʬʠʟʠʢʠ, ʦ ʪʦʤ, ʯʪʦ çʬʠʟʠʢʘ ʥʝ 

ʧʨʠʛʦʜʠʪʩʷ ʤʥʝ ʚ ʞʠʟʥʠ, ʦʥʘ ʥʝ ʚʘʞʥʘ ʜʣʷ ʤʝʥʷè. 

ɻʣʘʚʥʘʷ ʮʝʣʴ ʬʠʟʠʢʠ ï ʚʳʷʚʠʪʴ ʟʘʢʦʥʳ ʧʨʠʨʦʜʳ, ʦʙʲʷʩʥʠʪʴ, ʢʘʢ 

ʧʨʦʪʝʢʘʶʪ ʬʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, ʠ ʫʢʘʟʘʪʴ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʕʪʦ ʥʝ ʤʦʞʝʪ ʥʝ ʙʳʪʴ ʚʘʞʥʳʤ ʜʣʷ 

ʯʝʣʦʚʝʢʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʯʘʩʪʴʶ ʧʨʠʨʦʜʳ. 

 ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚʳ ʠʤʝʝʪʝ ʜʝʣʦ ʩ ʬʠʟʠʢʦʡ ʢʘʢ ʩ 

ʫʯʝʙʥʳʤ ʧʨʝʜʤʝʪʦʤ. ʀ ʟʜʝʩʴ ʬʠʟʠʢʝ ʧʨʠʥʘʜʣʝʞʠʪ ʦʩʥʦʚʥʘʷ ʨʦʣʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʫʯʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʙ ʦʢʨʫʞʘʶʱʝʤ ʤʠʨʝ. ɺ 

ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʬʠʟʠʢʠ ʚʳ ʟʥʘʢʦʤʠʪʝʩʴ ʩ ʦʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʥʘʫʯʥʦʛʦ ʧʦʟʥʘʥʠʷ ʧʨʠʨʦʜʳ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ 

(ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤ); ʧʨʠʦʙʨʝʪʘʝʪʝ ʫʤʝʥʠʷ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʠ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʚʳʷʚʣʷʪʴ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʬʠʟʠʯʝʩʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʟʥʘʢʦʤʠʪʝʩʴ ʩ 

ʧʨʠʥʮʠʧʘʤʠ ʜʝʡʩʪʚʠʷ ʦʪʜʝʣʴʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ; ʨʘʟʚʠʚʘʝʪʝ 

ʩʚʦʠ ʫʤʝʥʠʷ ʩʪʘʚʠʪʴ ʠ ʨʘʟʨʝʰʘʪʴ ʧʨʦʙʣʝʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʠʟʠʢʘ, 

ʬʦʨʤʠʨʫʷ ʝʩʪʝʩʪʚʝʥʥʦ ʥʘʫʯʥʳʡ ʩʪʠʣʴ ʤʳʰʣʝʥʠʷ, ʧʦʥʠʤʘʥʠʝ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʦʟʥʘʚʘʝʤʦʩʪʠ ʤʠʨʘ, ʙʝʟʫʩʣʦʚʥʦ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ 

ʵʣʝʤʝʥʪʦʤ ʦʙʱʝʯʝʣʦʚʝʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ. 

 ʄʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʚʦʧʨʦʩ: çɸ ʧʦʯʝʤʫ ʠʤʝʥʥʦ ʬʠʟʠʢʘ ï ʢʣʶʯʝʚʦʝ 

ʟʚʝʥʦ ʛʫʤʘʥʠʪʘʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ? ɸ ʜʨʫʛʠʝ ʝʩʪʝʩʪʚʝʥʥʳʝ ʥʘʫʢʠ? ʈʘʟʚʝ 

ʩʚʦʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʥʠ ʥʝ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʤʠʨʦʚʦʟʟʨʝʥʠʷ, ʘ ʟʥʘʯʠʪ, ʚ ʛʫʤʘʥʠʪʘʨʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ?è. ʇʨʠ ʧʦʠʩʢʝ 

ʩʚʦʝʛʦ ʚʘʨʠʘʥʪʘ ʦʪʚʝʪʘ ʥʘ ʧʦʜʦʙʥʳʡ ʚʦʧʨʦʩ ʦʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ 
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ʬʠʟʠʢʘ ï ʥʘʫʢʘ, ʠʟʫʯʘʶʱʘʷ ʧʨʦʩʪʝʡʰʠʝ ʠ ʚʤʝʩʪʝ ʩ ʪʝʤ ʥʘʠʙʦʣʝʝ ʦʙʱʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʙʲʝʢʪʠʚʥʦʛʦ ʤʠʨʘ. ʀʤʝʥʥʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʬʠʟʠʢʠ 

ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʡʪʠ ʚʝʩʴ ʮʠʢʣ ʧʦʟʥʘʥʠʷ ʦʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʥʘʙʣʶʜʝʥʠʷ ʷʚʣʝʥʠʷ ʢ ʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʠʟʫʯʝʥʠʶ, ʘ ʜʘʣʝʝ ʢ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʦʩʤʳʩʣʝʥʠʶ ʤʦʜʝʣʠ ʠʟʫʯʘʝʤʦʛʦ ʷʚʣʝʥʠʷ, ʧʨʦʚʝʨʢʝ 

ʩʣʝʜʩʪʚʠʡ ʪʝʦʨʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʳʚʦʜʦʚ ʪʝʦʨʠʠ ʥʘ ʧʨʘʢʪʠʢʝ.  

ʈʘʩʩʤʦʪʨʠʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʢʘʢ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʥʘʫʯʥʳʝ 

ʟʥʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʪʝʧʣʦʚʳʭ ʷʚʣʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʨʘʟʣʠʯʥʳʝ ʥʘʫʯʥʳʝ ʤʝʪʦʜʳ ï ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʟʥʘʥʠʡ. ʉ 

ʜʘʚʥʠʭ ʚʨʝʤʸʥ ʯʝʣʦʚʝʢ ʥʘʙʣʶʜʘʣ ʪʝʧʣʦʚʳʝ ʷʚʣʝʥʠʷ: ʥʘʛʨʝʚʘʥʠʝ ʚʦʜʳ, 

ʧʣʘʚʣʝʥʠʝ ʤʝʪʘʣʣʦʚ, ʛʦʨʝʥʠʝ ʪʦʧʣʠʚʘ. ɽʩʣʠ ʥʘʙʣʶʜʝʥʠʝ ʧʨʦʚʦʜʠʪʩʷ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ, ʧʦ ʟʘʨʘʥʝʝ ʧʨʦʜʫʤʘʥʥʦʤʫ ʧʣʘʥʫ, ʝʛʦ ʨʝʟʫʣʴʪʘʪ 

ʬʠʢʩʠʨʫʝʪʩʷ, ʪʦ ʵʪʦ ʥʘʫʯʥʦʝ ʥʘʙʣʶʜʝʥʠʝ. ʅʦ ʦʩʫʱʝʩʪʚʣʷʶʱʠʝʩʷ ʚ ʪʦ 

ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʷ ʪʝʧʣʦʚʳʭ ʷʚʣʝʥʠʡ ʙʳʣʠ ʥʘʙʣʶʜʝʥʠʷʤʠ 

ʢʘʯʝʩʪʚʝʥʥʳʤʠ, ʦʥʠ ʥʝ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ 

ʠʟʤʝʨʝʥʠʷʤʠ.  

 ʅʦʚʳʡ ʵʪʘʧ ʚ ʠʟʫʯʝʥʠʠ ʪʝʧʣʦʚʳʭ ʷʚʣʝʥʠʡ ʥʘʤʝʪʠʣʩʷ ʚ ʩʝʤʥʘʜʮʘʪʦʤ 

ʚʝʢʝ. ʀʟʦʙʨʝʪʝʥʠʝ ʪʝʨʤʦʤʝʪʨʘ ʧʦʟʚʦʣʠʣʦ ʧʝʨʝʡʪʠ ʢ ʥʘʫʯʥʳʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʘʙʣʶʜʝʥʠʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ (ʦʪ 

ʣʘʪʠʥʩʢʦʛʦ experimentum ï ʧʨʦʙʘ, ʦʧʳʪ) ʫʯʸʥʳʡ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʨʦʣʴʶ ʧʨʦʩʪʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʧʨʦʠʩʭʦʜʷʱʠʭ ʩʦʙʳʪʠʡ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʠʟʫʯʘʝʤʦʝ ʷʚʣʝʥʠʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʧʨʘʚʣʷʝʤʳʭ 

ʫʩʣʦʚʠʷʭ. ʀʤʝʥʥʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʜʦʙʳʚʘʶʪʩʷ ʥʘʫʯʥʳʝ ʬʘʢʪʳ, 

ʷʚʣʷʶʱʠʝʩʷ ʬʘʢʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʣʶʙʦʡ ʥʘʫʢʠ. ʀʤʝʥʥʦ ʦʧʳʪ, 

ʵʢʩʧʝʨʠʤʝʥʪ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʥʘʫʯʥʳʭ ʟʥʘʥʠʡ. ʀʤʝʥʥʦ 

ʵʢʩʧʝʨʠʤʝʥʪ ï ʝʜʠʥʩʪʚʝʥʥʳʡ ʢʨʠʪʝʨʠʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʥʘʫʯʥʦʡ ʠʩʪʠʥʳ, 

ʜʦʩʪʠʛʥʫʪʦʡ ʥʘʤʠ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ. ʇʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʬʠʟʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʠʪʴ 

ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ, ʦʮʝʥʠʪʴ ʜʦʧʫʱʝʥʥʳʝ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ 

ʧʦʛʨʝʰʥʦʩʪʠ ʠ, ʝʩʣʠ ʵʪʦ ʥʫʞʥʦ, ʧʨʦʚʝʩʪʠ ʨʘʩʯʸʪʳ, ʠʩʧʦʣʴʟʫʷ ʟʥʘʯʝʥʠʷ 

ʚʝʣʠʯʠʥ, ʠʟʤʝʨʝʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ.  

 ʀʟʤʝʨʝʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ ï ʦʧʝʨʘʮʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʩ 

ʧʦʤʦʱʴʶ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ ʫʩʪʘʥʦʚʠʪʴ, ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʠʟʤʝʨʷʝʤʘʷ 

ʚʝʣʠʯʠʥʘ ʙʦʣʴʰʝ ʠʣʠ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ. 

ʈʘʟʣʠʯʘʶʪ ʜʚʘ ʚʠʜʘ ʠʟʤʝʨʝʥʠʡ: ʧʨʷʤʳʝ ʠ ʢʦʩʚʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ. 

ʇʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ ï ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʨʝʜʩʪʚʦʤ ʠʟʤʝʨʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʠʟʤʝʨʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʦʤʝʪʨʦʤ, ʦʙʲʸʤʘ ʛʠʨʠ ʩ ʧʦʤʦʱʴʶ ʤʝʥʟʫʨʢʠ, ʩʠʣʳ 
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ʪʦʢʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʘʤʧʝʨʤʝʪʨʦʤ, ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʝʟʠʩʪʦʨʘ ʧʨʠʙʦʨʦʤ ʦʤʤʝʪʨʦʤ ʠ ʪ. ʜ. ʂʦʩʚʝʥʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ï ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ ʢʘʢ ʨʝʟʫʣʴʪʘʪ 

ʨʘʩʯʸʪʘ ʧʦ ʬʦʨʤʫʣʝ, ʩʚʷʟʳʚʘʶʱʝʡ ʜʘʥʥʫʶ ʚʝʣʠʯʠʥʫ ʩ ʜʨʫʛʠʤʠ 

ʬʠʟʠʯʝʩʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʯʴʠ ʟʥʘʯʝʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʧʫʪʸʤ ʧʨʷʤʳʭ 

ʠʟʤʝʨʝʥʠʡ. ʇʨʠʤʝʨʳ ʢʦʩʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ: ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʲʸʤʘ 

ʢʦʤʥʘʪʳ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ʧʫʪʸʤ ʠʟʤʝʨʝʥʠʷ ʝʸ ʜʣʠʥʳ, ʰʠʨʠʥʳ ʠ 

ʚʳʩʦʪʳ ʠʣʠ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʝʟʠʩʪʦʨʘ ʧʫʪʸʤ ʠʟʤʝʨʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʠʣʳ ʪʦʢʘ.  

 ɺ ʬʠʟʠʢʝ, ʢʘʢ ʠ ʚ ʣʶʙʦʡ ʜʨʫʛʦʡ ʝʩʪʝʩʪʚʝʥʥʦʡ ʥʘʫʢʝ, ʥʠʢʘʢʦʝ 

ʠʟʤʝʨʝʥʠʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʦ ʘʙʩʦʣʶʪʥʦ ʪʦʯʥʦ, ʨʝʟʫʣʴʪʘʪ 

ʠʟʤʝʨʝʥʠʷ ʚʩʝʛʜʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ 

ʚʝʣʠʯʠʥʳ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨ 

ʠʩʧʦʣʴʟʫʝʪ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʷʚʣʷʶʪʩʷ ʠʜʝʘʣʴʥʳʤʠ 

(ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ), ʠʤ ʜʦʧʫʩʢʘʝʪʩʷ ʦʧʨʝʜʝʣʸʥʥʘʷ ʦʰʠʙʢʘ 

ʧʨʠ ʩʯʠʪʳʚʘʥʠʠ ʧʦʢʘʟʘʥʠʡ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ (ʧʦʛʨʝʰʥʦʩʪʴ 

ʦʪʩʯʸʪʘ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʠʟʤʝʨʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ 

ʷʚʣʷʝʪʩʷ ʥʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ (ʵʪʦ 

ʥʝʚʦʟʤʦʞʥʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ!), ʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʛʨʘʥʠʮ ʠʥʪʝʨʚʘʣʘ, ʚ 

ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ. ʂʘʢ ʞʝ ʫʩʪʘʥʦʚʠʪʴ ʛʨʘʥʠʮʳ  

ʵʪʦʛʦ ʠʩʢʦʤʦʛʦ ʠʥʪʝʨʚʘʣʘ? ʀʟʚʝʩʪʥʘʷ ʨʫʩʩʢʘʷ ʧʦʩʣʦʚʠʮʘ ʛʣʘʩʠʪ: çʉʝʤʴ 

ʨʘʟ ʦʪʤʝʨʴ ï ʦʜʠʥ ʨʘʟ ʦʪʨʝʞʴè. ʆʢʘʟʳʚʘʝʪʩʷ, ʧʦʩʣʦʚʠʮʘ ʚʝʨʥʦ ʦʪʨʘʞʘʝʪ 

ʚʘʞʥʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ, ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʚ ʪʝʦʨʠʠ ʠʟʤʝʨʝʥʠʡ! ɽʩʣʠ ʩ 

ʦʜʠʥʘʢʦʚʦʡ ʪʱʘʪʝʣʴʥʦʩʪʴʶ ʧʨʦʚʝʩʪʠ ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʨʝʥʠʡ ʦʜʥʦʡ  ʠ ʪʦʡ 

ʞʝ ʥʝʠʟʤʝʥʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ, ʪʦ ʤʳ ʧʦʣʫʯʠʤ ʯʠʩʣʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ A1, ɸ2,  ɸ3éɸn, ʦʪʣʠʯʘʶʱʠʝʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɺʳʯʠʩʣʠʤ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ὃӶ (ʯʝʨʪʘ ʥʘʜ ʩʠʤʚʦʣʦʤ ʚʝʣʠʯʠʥʳ ï ʟʥʘʢ 

ʩʨʝʜʥʝʛʦ): 

ὃӶ 
    ȣ  

, 

ʛʜʝ ὲ - ʯʠʩʣʦ ʠʟʤʝʨʝʥʠʡ. 

ɺ ʪʝʦʨʠʠ ʠʟʤʝʨʝʥʠʡ ʜʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʧʨʦʚʝʜʝʥʦ 

ʠʟʤʝʨʝʥʠʡ, ʪʝʤ ʙʣʠʞʝ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ὃӶ ʢ ʠʩʪʠʥʥʦʤʫ 
ʟʥʘʯʝʥʠʶ ʠʟʤʝʨʷʝʤʦʡ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ ɸ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʠʩʪʠʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ:  

ὃӶЎὃ ὃ  ὃӶЎὃȟ  
ʛʜʝ Ўὃ - ʘʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ (ʤʦʜʫʣʴ ʨʘʟʥʦʩʪʠ 

ʨʝʟʫʣʴʪʘʪʘ ʠʟʤʝʨʝʥʠʷ ʠ ʠʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ). 
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 ʆʩʚʦʝʥʠʝ ʤʝʪʦʜʦʚ ʨʘʩʯʸʪʘ ʘʙʩʦʣʶʪʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠ  ʦʙʨʘʙʦʪʢʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʷʤʳʭ ʠ ʢʦʩʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʚʳʨʘʙʦʪʢʘ ʫʤʝʥʠʷ 

ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʦʚʝʜʸʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ 

ʟʘʜʘʯ ʮʠʢʣʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪʩʷ ʢʘʞʜʳʤ ʠʟ 

ʩʪʫʜʝʥʪʦʚ ʧʨʠ ʠʟʫʯʝʥʠʠ ʠʤ ʢʫʨʩʘ ʬʠʟʠʢʠ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʩʪʘʥʦʚʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʰʝʩʪʚʫʝʪ ʚʳʜʚʠʞʝʥʠʝ 

ʛʠʧʦʪʝʟʳ (ʦʪ ʛʨʝʯʝʩʢʦʛʦ hypothesis ï ʦʩʥʦʚʘʥʠʝ, ʧʨʝʜʧʦʣʦʞʝʥʠʝ) ʦ ʭʦʜʝ 

ʧʨʦʪʝʢʘʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʷʚʣʝʥʠʷ, ʦ ʟʘʚʠʩʠʤʦʩʪʠ (ʠʣʠ ʥʝʟʘʚʠʩʠʤʦʩʪʠ) 

ʦʜʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ ʦʪ ʜʨʫʛʦʡ. ɺʦʪ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʰʚʝʜʩʢʠʡ 

ʘʩʪʨʦʥʦʤʠʠ ʬʠʟʠʢ ʎʝʣʴʩʠʡ ʦʧʠʩʳʚʘʝʪ ʦʧʳʪʳ ʧʦ ʧʨʦʚʝʨʢʝ ʧʦʩʪʦʷʥʩʪʚʘ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʣʴʜʘ: çʕʪʠ ʦʧʳʪʳ ʷ ʧʦʚʪʦʨʷʣ ʜʚʘ ʛʦʜʘ, ʚʦ ʚʩʝ 

ʟʠʤʥʠʝ ʤʝʩʷʮʳ, ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʧʦʛʦʜʝ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʠʟʤʝʥʝʥʠʷʭ 

ʩʦʩʪʦʷʥʠʷ ʙʘʨʦʤʝʪʨʘ ʠ ʚʩʝʛʜʘ ʥʘʭʦʜʠʣ ʪʦʯʥʦ ʪʘʢʫʶ ʞʝ ʪʦʯʢʫ ʥʘ 

ʪʝʨʤʦʤʝʪʨʝ. ʗ ʧʦʤʝʱʘʣ ʪʝʨʤʦʤʝʪʨ ʥʝ ʪʦʣʴʢʦ ʚ ʪʘʶʱʠʡ ʣʸʜ, ʥʦ ʪʘʢʞʝ 

ʧʨʠ ʩʠʣʴʥʳʭ ʭʦʣʦʜʘʭ ʧʨʠʥʦʩʠʣ ʩʥʝʛ ʚ ʤʦʶ ʢʦʤʥʘʪʫ ʥʘ ʦʛʦʥʴ ʜʦ ʪʝʭ 

ʧʦʨ, ʧʦʢʘ ʦʥ ʥʝ ʥʘʯʠʥʘʣ ʪʘʷʪʴ. ʗ ʧʦʤʝʱʘʣ ʪʘʢʞʝ ʢʦʪʸʣ ʩ ʪʘʶʱʠʤ 

ʩʥʝʛʦʤ ʚʤʝʩʪʝ ʩ ʪʝʨʤʦʤʝʪʨʦʤ ʚ ʪʦʧʷʱʫʶʩʷ ʧʝʯʴ ʠ ʚʩʝʛʜʘ ʥʘʭʦʜʠʣ, ʯʪʦ 

ʪʝʨʤʦʤʝʪʨ ʧʦʢʘʟʳʚʘʣ ʦʜʥʫ ʠ ʪʫ ʞʝ ʪʦʯʢʫ, ʝʩʣʠ ʪʦʣʴʢʦ ʩʥʝʛ ʣʝʞʘʣ 

ʧʣʦʪʥʦ ʚʦʢʨʫʛ ʰʘʨʠʢʘ ʪʝʨʤʦʤʝʪʨʘè. (ʆʜʥʦʚʨʝʤʝʥʥʦ ʎʝʣʴʩʠʡ 

ʠʩʩʣʝʜʦʚʘʣ ʪʦʯʢʫ ʢʠʧʝʥʠʷ ʚʦʜʳ ʠ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ 

ʚʦʜʳ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ.)  

ʅʘʢʦʧʣʝʥʥʳʝ ʥʘʫʯʥʳʝ ʬʘʢʪʳ, ʧʦʜʪʚʝʨʞʜʸʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʦʤ 

ʛʠʧʦʪʝʟʳ, ʨʘʙʦʪʘ ʤʳʩʣʠ ʠ ʚʦʦʙʨʘʞʝʥʠʷ ʫʯʸʥʳʭ ʧʦʟʚʦʣʷʶʪ ʠʤ ʦʪʢʨʳʪʴ 

ʟʘʢʦʥʳ ʧʨʠʨʦʜʳ. ɿʘʢʦʥ ʧʨʠʨʦʜʳ ï ʥʘʠʙʦʣʝʝ ʚʘʞʥʘʷ ʩʫʱʝʩʪʚʝʥʥʘʷ 

ʥʝʠʟʤʝʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʷʚʣʝʥʠʷʤʠ. ʆʪʢʨʳʪʳʡ ʫʯʸʥʳʤʠ ʟʘʢʦʥ ʧʨʠʨʦʜʳ 

ʧʦʩʣʝ ʝʛʦ ʦʧʠʩʘʥʠʷ ʥʘ ʷʟʳʢʝ ʥʘʫʢʠ (ʬʦʨʤʫʣʠʨʦʚʢʘ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʚʳʨʘʞʝʥʠʝ ʟʘʢʦʥʘ) ʩʪʘʥʦʚʠʪʩʷ ʟʘʢʦʥʦʤ ʥʘʫʢʠ. ʂʘʢ ʚʳ ʟʥʘʝʪʝ, ʠʟʫʯʝʥʠʝ 

ʪʝʧʣʦʚʳʭ ʷʚʣʝʥʠʡ ʧʨʠʚʝʣʦ ʫʯʸʥʳʭ ʚ ʜʘʣʴʥʝʡʰʝʤ ʢ ʦʪʢʨʳʪʠʶ ʦʜʥʦʛʦ ʠʟ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʢʦʥʦʚ ï ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ.  

ʂʦʤʧʣʝʢʩ ʚʟʛʣʷʜʦʚ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ (ʦʧʨʝʜʝʣʝʥʠʷ, ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʥʘʫʯʥʳʝ ʟʘʢʦʥʳ), ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʠʩʪʦʣʢʦʚʘʥʠʝ ʠ ʦʙʲʷʩʥʝʥʠʝ ʢʘʢʦʡ-ʣʠʙʦ ʛʨʫʧʧʳ ʷʚʣʝʥʠʡ, ʦʙʨʘʟʫʶʪ 

ʥʘʫʯʥʫʶ ʪʝʦʨʠʶ.  

ʎʝʥʥʦʩʪʴ ʥʘʫʯʥʦʡ ʪʝʦʨʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʠ ʥʝ ʩʪʦʣʴʢʦ ʪʝʤ, 

ʢʘʢʦʡ ʢʨʫʛ ʠʟʚʝʩʪʥʳʭ ʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʘʫʢʦʡ ʷʚʣʝʥʠʡ ʝʶ ʦʙʲʷʩʥʷʝʪʩʷ, 

ʥʦ ʪʝʤʠ ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ ʥʦʚʳʭ ʷʚʣʝʥʠʡ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ 

ʜʝʣʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʘʟʚʸʨʥʫʪʳʭ ʩ ʮʝʣʴʶ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʛʠʧʦʪʝʟ, 
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ʚʳʜʚʠʥʫʪʳʭ ʙʣʘʛʦʜʘʨʷ ʪʝʦʨʠʠ, ʠ ʦʧʨʝʜʝʣʷʶʪ ʩʫʜʴʙʫ ʪʝʦʨʠʠ, ɽʩʣʠ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʪʝʦʨʠʶ, ʪʦ ʦʥʘ ʧʨʠʟʥʘʸʪʩʷ ʠʩʪʠʥʥʦʡ ʥʘ 

ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ.  

ʇʨʠ ʠʟʫʯʝʥʠʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʷʚʣʝʥʠʷ ʫʯʸʥʳʝ ʥʝ ʤʦʛʫʪ ʠʟʫʯʠʪʴ ʝʛʦ 

ʧʦʣʥʦʩʪʴʶ ʚʩʝʩʪʦʨʦʥʥʝ ʠ ʫʯʝʩʪʴ ʚʣʠʷʥʠʝ ʚʩʝʭ ʬʘʢʪʦʨʦʚ ʥʘ ʭʦʜ ʷʚʣʝʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʠʟʫʯʘʝʪʩʷ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʷʯʝʡ ʚʦʜʳ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ  ʚʨʷʜ ʣʠ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʠʪʳʚʘʪʴ 

ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʩʦʩʫʜʘ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʚʦʜʘ, ʟʘ ʩʯʸʪ ʪʝʧʣʦʚʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʩʦʩʫʜʘ, ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʚʦʜʳ ʠ 

ʪ. ʜ. ɺʦ ʚʥʠʤʘʥʠʝ ʙʫʜʫʪ ʧʨʠʥʷʪʳ ʤʘʩʩʘ ʠ ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ, 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʩ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʠʩʧʘʨʝʥʠʝ ʚʦʜʳ. ɹʫʜʝʪ 

ʫʯʪʝʥʦ, ʝʩʪʴ ʠʣʠ ʥʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʧʣʸʥʢʘ ʤʘʩʣʘ (ʚʩʧʦʤʥʠʪʝ, ʢʘʢ 

ʜʦʣʛʦ ʦʩʪʳʚʘʝʪ ʞʠʨʥʳʡ ʩʫʧ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢʘʭ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʬʠʟʠʢʝ, ʬʘʢʪʠʯʝʩʢʠ ʠʟʫʯʘʶʪʩʷ ʥʝ ʨʝʘʣʴʥʳʝ, ʘ 

ʫʧʨʦʱʸʥʥʳʝ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʝ ʦʙʲʝʢʪʳ - ʤʦʜʝʣʠ.  

ʄʦʜʝʣʠ ʙʳʚʘʶʪ ʤʘʪʝʨʠʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ. ʅʘʧʨʠʤʝʨ, 

ʪʝʨʤʦʩ ï ʤʘʪʝʨʠʘʣʴʥʘʷ ʤʦʜʝʣʴ ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʫʜʦʙʝʥ 

ʧʨʠ ʠʟʫʯʝʥʠʠ ʪʝʧʣʦʚʳʭ ʷʚʣʝʥʠʡ. ʋʤʝʥʴʰʝʥʥʘʷ ʢʦʧʠʷ ï ʤʦʜʝʣʴ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʨʘʙʣʷ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ, ʢʘʢ ʙʫʜʝʪ ʥʘʛʨʝʚʘʪʴʩʷ ʢʦʨʧʫʩ 

ʩʧʫʩʢʘʝʤʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʧʣʦʪʥʳʭ ʩʣʦʷʭ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ.  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ï ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʭʦʜ 

ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʚ ʢʦʪʦʨʳʭ ʩʧʝʮʠʘʣʴʥʦ ʩʜʝʣʘʥʳ 

ʦʧʨʝʜʝʣʸʥʥʳʝ ʫʧʨʦʱʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʩʯʸʪʝ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ-

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʦ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʪʨʫʙʝ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ, ʯʪʦ ʞʠʜʢʦʩʪʴ 

ʚʙʣʠʟʠ ʩʪʝʥʢʠ ʪʨʫʙʳ ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, ʯʝʤ ʚ ʮʝʥʪʨʝ ʪʨʫʙʳ. 

ɺ ʥʘʰʝ ʚʨʝʤʷ ʤʦʱʥʳʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʪʘʣʦ 

ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʂʘʢ ʠ ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ, ʢʨʠʪʝʨʠʝʤ 

ʠʩʪʠʥʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʠʭ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ.  

ʇʨʠ ʠʟʫʯʝʥʠʠ ʪʝʧʣʦʚʳʭ ʷʚʣʝʥʠʡ ʧʝʨʚʦʡ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠ 

ʦʙʱʝʧʨʠʥʷʪʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʩʪʘʣʘ ʤʦʜʝʣʴ ʦʩʦʙʦʡ çʪʝʧʣʦʚʦʡ 

ʞʠʜʢʦʩʪʠè, ʢʦʪʦʨʦʡ ʷʢʦʙʳ ʦʙʤʝʥʠʚʘʶʪʩʷ ʪʝʣʘ ʧʨʠ ʪʝʧʣʦʚʦʤ ʢʦʥʪʘʢʪʝ. 

ʅʘ ʦʩʥʦʚʝ ʪʘʢʦʡ ʤʦʜʝʣʠ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʚʦʩʝʤʥʘʜʮʘʪʦʛʦ ʚʝʢʘ 

ʫʯʸʥʳʤʠ ʙʳʣʠ ʚʚʝʜʝʥʳ ʧʦʥʷʪʠʷ ʪʝʧʣʦʸʤʢʦʩʪʠ ʚʝʱʝʩʪʚʘ, ʫʜʝʣʴʥʦʡ 

ʪʝʧʣʦʪʳ ʧʣʘʚʣʝʥʠʷ, ʙʳʣʠ ʚʳʚʝʜʝʥʳ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʸʪʘ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʞʠʜʢʦʩʪʝʡ ʚ ʪʝʨʤʦʩʝ (ʢʘʣʦʨʠʤʝʪʨʝ). 

ʅʦ, ʢʘʢ ʚʘʤ ʠʟʚʝʩʪʥʦ, ʵʪʘ ʤʦʜʝʣʴ ʪʝʧʣʦʚʳʭ ʷʚʣʝʥʠʡ ʥʝ ʚʳʜʝʨʞʘʣʘ 

ʠʩʧʳʪʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. ɺ ʢʦʥʮʝ ʚʦʩʝʤʥʘʜʮʘʪʦʛʦ ʚʝʢʘ 
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ʝʩʪʝʩʪʚʦʠʩʧʳʪʘʪʝʣʴ ʛʨʘʬ ʈʫʤʬʦʨʜ ʧʨʦʚʸʣ ʚʘʞʥʦʝ ʥʘʙʣʶʜʝʥʠʝ: ʧʨʠ 

ʩʚʝʨʣʝʥʠʠ ʤʝʪʘʣʣʘ ʟʘʪʫʧʣʝʥʥʳʤ ʩʚʝʨʣʦʤ ʚʳʜʝʣʷʝʪʩʷ ʩʪʦʣʴʢʦ ʪʝʧʣʘ, ʯʪʦ 

ʯʝʨʝʟ 2,5 ʯʘʩʘ ʨʘʙʦʪʳ ʚʦʜʘ, ʚ ʢʦʪʦʨʫʶ ʙʳʣʠ ʧʦʛʨʫʞʝʥʳ ʤʝʪʘʣʣʠʯʝʩʢʘʷ 

ʟʘʛʦʪʦʚʢʘ ʠ ʩʚʝʨʣʦ, ʟʘʢʠʧʝʣʘ. ʋʯʸʥʳʝ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʢʦʪʦʨʳʡ ʚʘʤ 

ʫʞʝ ʠʟʚʝʩʪʝʥ ʠʟ ʰʢʦʣʴʥʦʛʦ ʢʫʨʩʘ ʬʠʟʠʢʠ: ʧʨʠ ʩʦʚʝʨʰʝʥʠʠ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʵʥʝʨʛʠʷ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ 

(ʤʦʣʝʢʫʣ, ʘʪʦʤʦʚ), ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʝʣʦ. ʇʨʦʠʩʭʦʜʠʪ ʧʨʝʚʨʘʱʝʥʠʝ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʵʥʝʨʛʠʶ ʪʝʣ. ʀʤʝʥʥʦ ʥʘ ʵʪʠʭ 

ʥʘʫʯʥʳʭ ʧʦʥʷʪʠʷʭ ʙʘʟʠʨʫʝʪʩʷ ʩʦʚʨʝʤʝʥʥʘʷ ʥʘʫʯʥʘʷ ʪʝʦʨʠʷ ʪʝʧʣʦʚʳʭ 

ʷʚʣʝʥʠʡ, ʦʩʥʦʚʦʡ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ï 

ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʧʨʠʤʝʥʸʥʥʳʡ ʢ ʪʝʧʣʦʚʳʤ ʧʨʦʮʝʩʩʘʤ. 

ʇʨʠ ʵʪʦʤ ʤʳ ʧʦ-ʧʨʝʞʥʝʤʫ ʠʩʧʦʣʴʟʫʝʤ ʚʚʝʜʝʥʥʳʝ ʨʘʥʝʝ  ʧʦʥʷʪʠʷ: 

ʪʝʧʣʦʸʤʢʦʩʪʴ, ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ ʧʣʘʚʣʝʥʠʷ ʠ ʪʘʢ ʜʘʣʝʝ.  ɺ ʵʪʦʤ ʥʘʭʦʜʠʪ 

ʩʚʦʸ ʦʪʨʘʞʝʥʠʝ ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʦʚ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ: ʥʦʚʘʷ 

ʥʘʫʯʥʘʷ ʪʝʦʨʠʷ ʥʝ ʦʪʤʝʪʘʝʪ ʠ ʥʝ ʚʳʯʸʨʢʠʚʘʝʪ ʠʟ ʥʘʫʯʥʦʛʦ ʦʙʠʭʦʜʘ 

ʧʦʥʷʪʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʧʨʝʜʳʜʫʱʝʡ ʪʝʦʨʠʝʡ ï ʥʦʚʘʷ ʪʝʦʨʠʷ ʣʠʰʴ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʠ ʫʪʦʯʥʷʝʪ ʦʙʣʘʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ, ʫʜʝʨʞʠʚʘʷ ʚʩʸ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ, ʯʪʦ ʙʳʣʦ ʥʘʢʦʧʣʝʥʦ ʨʘʥʝʝ. ʊʘʢʦʚ ʧʨʦʮʝʩʩ ʧʦʟʥʘʥʠʷ 

ʤʠʨʘ  ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʥʘʫʢʘʤʠ ï ʥʝʪ ʘʙʩʦʣʶʪʥʳʭ ʠ ʚʝʯʥʳʭ ʠʩʪʠʥ çʚ 

ʧʦʩʣʝʜʥʝʡ ʠʥʩʪʘʥʮʠʠè, ʘ ʝʩʪʴ ʧʦʩʪʝʧʝʥʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʠ ʫʪʦʯʥʝʥʠʝ 

ʥʘʰʠʭ ʟʥʘʥʠʡ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʚʨʝʤʝʥʠ, ʤʘʪʝʨʠʠ. 

ʂʘʢ ʭʫʜʦʞʥʠʢʠ ʫ ʤʦʣʴʙʝʨʪʘ, ʧʦʢʦʣʝʥʠʷ ʫʯʸʥʳʭ ʜʦʙʘʚʣʷʶʪ ʚʩʸ 

ʥʦʚʳʝ ʠ ʥʦʚʳʝ ʢʨʘʩʢʠ ʚ ʥʘʫʯʥʫʶ ʢʘʨʪʠʥʫ ʤʠʨʘ, çʧʨʦʨʠʩʦʚʳʚʘʷ 

ʜʝʪʘʣʠè, çʦʪʪʝʥʷʷ ʧʦʜʨʦʙʥʦʩʪʠè ʠ ʦʙʲʝʜʠʥʷʷ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ ʦʪʜʝʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ ʢʘʨʪʠʥʳ. ʀʥʦʛʜʘ ʢʘʢʘʷ-ʪʦ ʯʘʩʪʴ ʢʘʨʪʠʥʳ ʧʠʰʝʪʩʷ ʟʘʥʦʚʦ, ʥʦ 

ʧʨʝʞʥʠʝ ʩʣʦʠ çʢʨʘʩʢʠè ʥʝ ʧʨʦʧʘʜʘʶʪ ï ʦʥʠ ʩʪʘʥʦʚʷʪʩʷ ʦʩʥʦʚʘʥʠʝʤ-

ʛʨʫʥʪʦʤ, ʥʘ ʢʦʪʦʨʦʝ ʣʦʞʘʪʩʷ ʥʦʚʳʝ ʫʟʦʨʳ. 

ʅʝ ʙʝʩʧʦʣʝʟʝʥ ʣʠ ʪʨʫʜ ʫʯʸʥʳʭ, ʝʩʣʠ ʦʢʦʥʯʘʪʝʣʴʥʘʷ ʠʩʪʠʥʘ ʥʝ 

ʜʦʩʪʠʞʠʤʘ ʚʯʝʨʘ, ʩʝʛʦʜʥʷ, ʟʘʚʪʨʘ? ʂʦʥʝʯʥʦ ʞʝ, ʥʝʪ! ʅʦʚʳʝ ʥʘʫʯʥʳʝ 

ʚʟʛʣʷʜʳ, ʥʦʚʳʝ ʥʘʫʯʥʳʝ ʪʝʦʨʠʠ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʦʩʥʦʚʦʡ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʥʘʭʦʜʷʪ ʩʚʦʸ ʚʝʱʝʩʪʚʝʥʥʦʝ ʚʦʧʣʦʱʝʥʠʝ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʰʠʥʘʭ, ʧʨʠʙʦʨʘʭ, ʩʪʘʥʦʚʷʪʩʷ ʪʝʤʠ ʧʨʘʢʪʠʯʝʩʢʠʤʠ 

ʚʝʱʘʤʠ, ʢʦʪʦʨʳʝ ʦʢʨʫʞʘʶʪ ʯʝʣʦʚʝʢʘ ʢʘʢ çʚʪʦʨʘʷ ʧʨʠʨʦʜʘè. 
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ʃʠʪʝʨʘʪʫʨʘ
1
 

I. ʉ. 4ï5. ɺʚʝʜʝʥʠʝ   

II. ɺʚʝʜʝʥʠʝ. ʉ. 5ï8. Ä 1. ʇʨʝʜʤʝʪ ʬʠʟʠʢʠ. ʉʚʷʟʴ ʬʠʟʠʢʠ ʩ ʜʨʫʛʠʤʠ 

ʥʘʫʢʘʤʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦʤ
 

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʉʨʘʚʥʠʪʝ ʤʝʪʦʜʳ ʥʘʫʯʥʦʛʦ  ʧʦʟʥʘʥʠʷ ï ʥʘʙʣʶʜʝʥʠʝ ʠ ʦʧʳʪ. 

2. ɺʘʤ ʥʝʦʙʭʦʜʠʤʦ ʢʘʢ ʤʦʞʥʦ ʪʦʯʥʝʝ  ʠʟʤʝʨʠʪʴ ʤʘʩʩʫ ʜʝʪʘʣʠ. ɼʣʷ ʵʪʦʛʦ 

ʚʳ ʠʟʤʝʨʷʝʪʝ ʝ y ʤʘʩʩʫ ʥʘ ʧʷʪʠ ʨʘʟʥʳʭ ʚʝʩʘʭ, ʘ ʟʘʪʝʤ ʚʳʯʠʩʣʷʝʪʝ 

ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʤʘʩʩʳ. ʇʨʘʚʠʣʴʥʦ ʣʠ ʚʳ ʜʝʡʩʪʚʫʝʪʝ? 

3. ɺ ʢʥʠʛʝ ʬʠʟʠʢʘ-ʪʝʦʨʝʪʠʢʘ ɸ.ɹ. ʄʠʛʜʘʣʘ çʂʘʢ ʨʦʞʜʘʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ 

ʪʝʦʨʠʠè ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʵʧʠʟʦʜ: çɺ ʣʘʙʦʨʘʪʦʨʠʠ, ʢʦʪʦʨʫʶ 

ʚʦʟʛʣʘʚʣʷʣ ʦʧʳʪʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨ,  ʠʟʫʯʘʣʠ, ʢʘʢ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ 

ʵʥʝʨʛʠʷʤ ʘʣʴʬʘ-ʯʘʩʪʠʮʳ, ʚʳʣʝʪʘʶʱʠʝ ʠʟ ʷʜʝʨ é ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʳ 

ʥʘʰʣʠ ʨʘʚʥʦʦʪʩʪʦʷʱʠʝ ʧʦ ʵʥʝʨʛʠʠ ʛʨʫʧʧʳ ʘʣʴʬʘ-ʯʘʩʪʠʮ é ʕʪʦʪ 

ʨʝʟʫʣʴʪʘʪ é ʧʨʦʪʠʚʦʨʝʯʠʣ ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʩʪʨʫʢʪʫʨʝ 

ʷʜʨʘ. é ɺ ʩʘʤʦʤ ʥʘʯʘʣʝ ʨʘʚʥʦʦʪʩʪʦʷʱʠʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʧʦʣʫʯʠʣʠʩʴ 

ʩʣʫʯʘʡʥʦ, ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʦʚ ʪʘʢ ʚʟʚʦʣʥʦʚʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʜʝʣʘʪʴ 

ʦʪʢʨʳʪʠʝ, ʯʪʦ ʚʩʷʢʠʡ ʨʘʟ, ʢʦʛʜʘ ʚʳʭʦʜʠʣʦ ʧʦ-ʜʨʫʛʦʤʫ, ʦʥʠ ʧʨʦʚʝʨʷʣʠ 

ʥʘʧʨʷʞʝʥʠʝ ʚ ʩʝʪʠ. ɽʩʣʠ ʥʘʧʨʷʞʝʥʠʝ ʦʪʣʠʯʘʣʦʩʴ ʦʪ ʥʦʨʤʳ, ʨʝʟʫʣʴʪʘʪ 

ʠʟʤʝʨʝʥʠʡ ʦʪʙʨʘʩʳʚʘʣʩʷ é ʧʨʦʚʝʨʢʫ ʜʝʣʘʣʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ 

ʧʦʣʫʯʘʣʩʷ ʥʝʞʝʣʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪè.  ɺʝʨʥʦ ʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʘʤʠ 

ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʚ ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ?  

4.  ʇʦ ʦʜʥʦʡ ʠʟ  ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʥʘʫʢʠ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʝʩʪʝʩʪʚʝʥʥʳʝ, 

ʪʝʭʥʠʯʝʩʢʠʝ  ʠ ʦʙʱʝʩʪʚʝʥʥʳʝ ʥʘʫʢʠ. ʂ ʢʘʢʦʡ ʛʨʫʧʧʝ ʥʘʫʢ, ʧʦ ʚʘʰʝʤʫ 

ʤʥʝʥʠʶ, ʦʪʥʦʩʠʪʩʷ ʤʘʪʝʤʘʪʠʢʘ? 

5. ʅʝ ʥʝʩʸʪ ʣʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʥʘʫʢʠ ʫʛʨʦʟʳ ʯʝʣʦʚʝʯʝʩʪʚʫ? ʇʦ 

ʵʪʦʤʫ ʧʦʚʦʜʫ  ɸ. ʕʡʥʰʪʝʡʥ ʧʠʩʘʣ: çʆʪʢʨʳʪʠʝ ʜʝʣʝʥʠʷ ʫʨʘʥʘ ʫʛʨʦʞʘʝʪ 

ʮʠʚʠʣʠʟʘʮʠʠ ʠ ʣʶʜʷʤ ʥʝ ʙʦʣʝʝ, ʯʝʤ ʠʟʦʙʨʝʪʝʥʠʝ ʩʧʠʯʢʠ. ʉʫʜʴʙʘ ʤʠʨʘ 

ʦʪʥʳʥʝ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʤʦʨʘʣʴʥʳʭ ʫʩʪʦʝʚ ʯʝʣʦʚʝʯʝʩʪʚʘ, ʘ ʥʝ ʦʪ 

ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠè. ʉʦʛʣʘʩʥʳ ʣʠ ʚʳ ʩ ʤʥʝʥʠʝʤ ʕʡʥʰʪʝʡʥʘ?  

                                                 
1
 ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʧʦʜ ʮʠʬʨʦʡ I ʫʢʘʟʘʥʳ ʥʦʤʝʨʘ ʧʘʨʘʛʨʘʬʦʚ ʠ ʥʦʤʝʨʘ ʩʪʨʘʥʠʮ ʧʦ 

ʧʦʩʦʙʠʶ: ʊʨʦʬʠʤʦʚʘ, ʊ. ʀ. ʂʫʨʩ ʬʠʟʠʢʠ [ʊʝʢʩʪ]: ʫʯʝʙ. ʧʦʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ / ʊ. ʀ. 

ʊʨʦʬʠʤʦʚʘ. ï 7-ʝ ʠʟʜ., ʩʪʝʨ. ï ʄ.: ɺʳʩʰ. ʰʢ., 2003. ï 541 ʩ.;  ʧʦʜ ʮʠʬʨʦʡ II  - 

ʥʦʤʝʨʘ ʧʘʨʘʛʨʘʬʦʚ ʠ ʥʦʤʝʨʘ ʩʪʨʘʥʠʮ ʧʦ ʧʦʩʦʙʠʶ: ɻʨʘʙʦʚʩʢʠʡ, ʈ. ʀ. ʂʫʨʩ ʬʠʟʠʢʠ 

[ʊʝʢʩʪ]: ʫʯʝʙ. ʧʦʩʦʙʠʝ / ʈ. ʀ. ɻʨʘʙʦʚʩʢʠʡ. ï 12-ʝ ʠʟʜ., ʩʪʝʨ. ï ʉʇʙ.: ʀʟʜʘʪʝʣʴʩʪʚʦ 

çʃʘʥʴè, 2012. ï 608 ʩ.    
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ʃʝʢʮʠʷ 1 

 

ʂʀʅɽʄɸʊʀʂɸ 

ʇʆʉʊʋʇɸʊɽʃʔʅʆɻʆ ʀ ɺʈɸʑɸʊɽʃʔʅʆɻʆ ɼɺʀɾɽʅʀʗ 

 

ʂ ʜʘʥʥʦʡ ʣʝʢʮʠʠ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ 

ï ʟʥʘʪʴ ʧʨʘʚʠʣʘ ʩʣʦʞʝʥʠʷ ʠ ʚʳʯʠʪʘʥʠʷ ʚʝʢʪʦʨʦʚ, ʥʘʭʦʞʜʝʥʠʷ ʧʨʦʝʢʮʠʠ 

ʚʝʢʪʦʨʘ ʥʘ ʢʦʦʨʜʠʥʘʪʥʫʶ ʦʩʴ; 

ï ʫʤʝʪʴ ʧʨʠʤʝʥʷʪʴ ʵʣʝʤʝʥʪʘʨʥʳʝ ʬʦʨʤʫʣʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʠ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʠʩʯʠʩʣʝʥʠʡ. 

 

ʇʣʘʥ ʣʝʢʮʠʠ 

1. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʤʘʩʰʪʘʙʳ ʤʠʨʘ. ʄʝʭʘʥʠʯʝʩʢʦʝ 

ʜʚʠʞʝʥʠʝ. 

2. ʂʠʥʝʤʘʪʠʢʘ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

3. ʂʠʥʝʤʘʪʠʢʘ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʉʚʷʟʴ ʤʝʞʜʫ ʣʠʥʝʡʥʳʤʠ ʠ 

ʫʛʣʦʚʳʤʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

4. ʉʨʘʚʥʝʥʠʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʠ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. 

5. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

I. ʉ. 6ï9. Ä 1. ʄʦʜʝʣʠ ʚ ʤʝʭʘʥʠʢʝ. ʉʠʩʪʝʤʘ ʦʪʩʯʸʪʘ. ʊʨʘʝʢʪʦʨʠʷ, 

ʜʣʠʥʘ ʧʫʪʠ, ʚʝʢʪʦʨ  ʧʝʨʝʤʝʱʝʥʠʷ 

ʉ. 8ï9. Ä 2.  ʉʢʦʨʦʩʪʴ 

ʉ. 9ï12. Ä 3. ʋʩʢʦʨʝʥʠʝ ʠ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʉ. 12ï14. Ä 4. ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʠ ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ 

II. ʏʘʩʪʴ I. ʉ. 19 ï 22. Ä 4. ʆʙʱʠʡ ʩʣʫʯʘʡ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʞʝʥʠʷ
 

ʉ. 22ï23. Ä 5. ʇʨʷʤʦʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ
 

ʉ. 23ï26. Ä 6. ɼʚʠʞʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʧʦ ʦʢʨʫʞʥʦʩʪʠ 

 

ʌʦʨʤʫʣʳ 

ʋʢʘʞʠʪʝ, ʦʙʦʟʥʘʯʝʥʠʷ ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʞʜʦʡ ʬʦʨʤʫʣʝ, ʢʘʢʦʚʳ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ. ʋʢʘʞʠʪʝ 

ʬʠʟʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ. 

Ȣ   ὼ ὼ Ὓ    Ȣ  Ὓᴆ ὺᴆὸ      Ȣ   ὺᴆ
ᴆ
     Ȣ   ὥᴆ

ᴆ
     Ȣ   ὥᴆ

ᴆ ᴆ
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Ȣ   ὼ ὼ ὺὸ         Ȣ    ὥʮ                 Ȣ    ὥʢʘʩ
Ў

Ў
                              

 

Ȣ     ὥ ὥʮ ὥʢʘʩ           Ȣ    ‫              Ȣ  • • ‫ὸ    

 

Ȣ    ὲ                           Ȣ    ‫              Ȣ    ὺ ‫ὶ 

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ɿʥʘʤʝʥʠʪʦʤʫ ʥʝʤʝʮʢʦʤʫ ʬʠʟʠʢʫ-ʪʝʦʨʝʪʠʢʫ, ʦʜʥʦʤʫ ʠʟ ʩʦʟʜʘʪʝʣʝʡ 

ʢʚʘʥʪʦʚʦʡ ʬʠʟʠʢʠ ʄʘʢʩʫ ɹʦʨʥʫ (1882 ï 1970) ʧʨʠʥʘʜʣʝʞʠʪ ʩʣʝʜʫʶʱʝʝ 

ʚʳʩʢʘʟʳʚʘʥʠʝ: çɺʩʸ-ʪʘʢʠ ʩʪʨʘʥʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʩʣʦʚʦ ʜʣʷ 

ʦʙʦʟʥʘʯʝʥʠʷ ʪʦʛʦ, ʯʝʛʦ, ʩʪʨʦʛʦ ʛʦʚʦʨʷ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʚ ʧʨʠʨʦʜʝ, - 

ʠʤʝʥʥʦ ʧʦʢʦʷè. ʇʨʦʢʦʤʤʝʥʪʠʨʫʡʪʝ ʵʪʦ ʚʳʩʢʘʟʳʚʘʥʠʝ. 

2. ɺ ʠʟʚʝʩʪʥʦʡ ʧʝʩʥʝ ʧʦʝʪʩʷ, ʯʪʦ çʝʩʪʴ ʪʦʣʴʢʦ ʤʠʛ ʤʝʞʜʫ ʧʨʦʰʣʳʤ ʠ 

ʙʫʜʫʱʠʤéè ʆʮʝʥʠʪʝ, ʢʘʢʦʚʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʤʠʛʘʥʠʷ. 

3. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʨʘʟʤʝʨʳ ʉʦʣʥʮʘ ʙʦʣʴʰʝ ʨʘʟʤʝʨʦʚ ʯʝʣʦʚʝʢʘ, ʚʦ 

ʩʢʦʣʴʢʦ ʨʘʟ ʯʝʣʦʚʝʢ ʙʦʣʴʰʝ ʘʪʦʤʘ? 

4. ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ u ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʦʪ ʚʨʝʤʝʥʠ t 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ () 24,0 tt =u (ʤ/ʩ). ʆʧʨʝʜʝʣʠʪʝ ʧʫʪʴ, 

ʧʨʦʡʜʝʥʥʳʡ ʪʝʣʦʤ, ʟʘ ʧʝʨʚʳʝ 5 ʩ. 

5. ʄʘʪʝʨʠʘʣʴʥʘʷ ʪʦʯʢʘ ʚʨʘʱʘʝʪʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʦʤ       20 ʩʤ. 

ʇʨʠ ʵʪʦʤ ʫʛʦʣ ʧʦʚʦʨʦʪʘ j ʪʦʯʢʠ ʤʝʥʷʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ t ʧʦ 

ʟʘʢʦʥʫ  23t=j (ʨʘʜ). ɺʳʯʠʩʣʠʪʝ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʝ, ʢʘʩʘʪʝʣʴʥʦʝ ʠ 

ʧʦʣʥʦʝ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t = 2 ʩ. 

 

ʊʝʩʪ 

1. ʄʦʜʫʣʴ ʫʩʢʦʨʝʥʠʷ ʘ
C

 ʨʘʚʥʦʫʩʢʦʨʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ 

1. Rʘ 2w=
C

.   2. 
t

a
D

D
=
uC

.   3. 
2

2

dt

xd
a =
C

.   4. 
t

a 0uu
CC

C -
= .   5. 

dt

d
a

u
C

C
= . 

 

2. ʂʦʦʨʜʠʥʘʪʘ ʭ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʧʨʠ ʝʸ ʧʨʷʤʦʣʠʥʝʡʥʦʤ ʜʚʠʞʝʥʠʠ 

ʠʟʤʝʥʷʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ t ʧʦ ʟʘʢʦʥʫ 25 2+= tʭ (ʤ). ʅʘ ʢʘʢʦʤ ʠʟ 

ʛʨʘʬʠʢʦʚ (ʨʠʩ.1) ʚʝʨʥʦ ʠʟʦʙʨʘʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ u 
ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʦʪ ʚʨʝʤʝʥʠ t? 
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ʈʠʩ. 1. 

 

1. 1.       2. 2.      3. 3.       4. 4.        5. 5.  

 

3. ʂʦʦʨʜʠʥʘʪʘ ʭ ʪʝʣʘ ʧʨʠ ʧʨʷʤʦʣʠʥʝʡʥʦʤ ʜʚʠʞʝʥʠʠ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ 

t ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʟʘʢʦʥʫ () 2523 tttx ++= (ʤ). ʏʝʤʫ ʨʘʚʥʘ ʥʘʯʘʣʴʥʘʷ 

ʢʦʦʨʜʠʥʘʪʘ ʭ0, ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ u0 ʠ ʫʩʢʦʨʝʥʠʝ ʘ ʪʝʣʘ? 

1. ʭ0 = 3 ʤ;   u0 = 2 ʤ/ʩ;   ʘ = 5 ʤ/ʩ
2
.  

2. ʭ0 = 2 ʤ;   u0 = 3 ʤ/ʩ;   ʘ = 5 ʤ/ʩ
2
. 

3. ʭ0 = 5 ʤ;   u0 = 2 ʤ/ʩ;   ʘ = 3 ʤ/ʩ
2
. 

4. ʭ0 = 3 ʤ;   u0 = 2 ʤ/ʩ;   ʘ = 10 ʤ/ʩ
2
. 

5. ʭ0 = 3 ʤ;   u0 = 4 ʤ/ʩ;   ʘ = 10 ʤ/ʩ
2
. 

 

4. ʂʦʣʝʩʦ ʘʚʪʦʤʦʙʠʣʷ ʚʨʘʱʘʝʪʩʷ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ 5p ʨʘʜ/ʩ. ʇʝʨʠʦʜ 

ʊ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩʘ ʨʘʚʝʥ: 

1. ʊ = 5 ʩ.     2. ʊ = 5p ʩ.     3. ʊ = 0,4 ʩ.     4. ʊ = 0,2 ʩ.     5. ʊ = 0,1 ʩ.      
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5. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʦʚʦʨʦʪʘ ʘʚʪʦʤʦʙʠʣʴ ʫʤʝʥʴʰʠʣ ʩʢʦʨʦʩʪʴ ʚ  2 ʨʘʟʘ. 

ʂʘʢ ʠʟʤʝʥʠʣʦʩʴ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʘʚʪʦʤʦʙʠʣʷ? ʈʘʜʠʫʩ 

ʧʦʚʦʨʦʪʘ ʧʦʩʪʦʷʥʝʥ. 

1. ʋʚʝʣʠʯʠʣʦʩʴ ʚ 2 ʨʘʟʘ. 2. ʋʚʝʣʠʯʠʣʦʩʴ ʚ 4 ʨʘʟʘ. 3. ʋʤʝʥʴʰʠʣʦʩʴ ʚ       

2 ʨʘʟʘ.   4. ʋʤʝʥʴʰʠʣʦʩʴ ʚ 4 ʨʘʟʘ.   5. ʅʝ ʠʟʤʝʥʠʣʦʩʴ. 

 

 

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ɿʘʜʘʯʘ 1.1 

ʇʦ ʙʝʨʝʛʫ ʦʟʝʨʘ ʧʨʦʛʫʣʠʚʘʝʪʩʷ ʶʥʦʰʘ. ɺ ʦʟʝʨʝ ʢʫʧʘʝʪʩʷ ʜʝʚʫʰʢʘ. 

ɺʥʝʟʘʧʥʦ ʦʥʘ ʧʦʯʫʚʩʪʚʦʚʘʣʘ ʩʝʙʷ ʧʣʦʭʦ, ʥʘʯʠʥʘʝʪ ʪʦʥʫʪʴ ʠ ʟʦʚʸʪ ʥʘ 

ʧʦʤʦʱʴ. ʇʦ ʢʘʢʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʦʣʞʝʥ ʜʚʠʛʘʪʴʩʷ ʶʥʦʰʘ, ʯʪʦʙʳ ʙʳʩʪʨʝʝ 

ʚʩʝʛʦ ʧʨʠʡʪʠ ʥʘ ʧʦʤʦʱʴ? ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʶʥʦʰʠ ʜʦ 

ʢʨʦʤʢʠ ʦʟʝʨʘ ʨʘʚʥʦ ʅ, ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʜʝʚʫʰʢʠ ʜʦ ʙʝʨʝʛʘ ïh . ʉʢʦʨʦʩʪʴ 

ʙʝʛʘ ʶʥʦʰʠ ï ɡ, ʩʢʦʨʦʩʪʴ ʧʣʘʚʘʥʠʷ ï u (ʨʠʩ. 2).  

ʈʝʰʝʥʠʝ. 

 

 
                                                ʈʠʩ. 2 

  

ʇʫʩʪʴ ʶʥʦʰʘ ʜʦʙʝʛʘʝʪ ʜʦ ʪʦʯʢʠ ʆ, ʘ ʟʘʪʝʤ ʧʫʩʢʘʝʪʩʷ ʚʧʣʘʚʴ    (ʩʤ. 

ʨʠʩ. 2). ʆʙʦʟʥʘʯʠʤ ʨʘʩʩʪʦʷʥʠʝ ʖ1ʆ ʯʝʨʝʟ x . 

ʊʦʛʜʘ    

;22 xHʖʆ +=  

 

ʆɼ= ( ).
2

1

2

1
xɼʖh -+  

ʈʘʩʩʪʦʷʥʠʝ ʖʆ  ʶʥʦʰʘ ʧʨʦʙʝʛʘʝʪ ʟʘ ʚʨʝʤʷ  



 

17 

 

t1 = 
u

ʖʆ
.  

ʈʘʩʩʪʦʷʥʠʝ  ʆɼ  ʦʥ ʧʨʦʧʣʳʚʘʝʪ ʟʘ ʚʨʝʤʷ  

t2 = 
u

ʆɼ
.  

ɺʩʝ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ  t  ʨʘʚʥʦ 

t = t1 +t2 . 

 

( )
.

2

11

222

u

xɼʖhxH
t

-+
+

+
=

u
 

ʇʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ ʶʥʦʰʝ ʥʝʦʙʭʦʜʠʤʦ ʜʚʠʛʘʪʴʩʷ ʧʦ ʪʨʘʝʢʪʦʨʠʠ 

ʥʘʠʤʝʥʴʰʝʛʦ  ʚʨʝʤʝʥʠ. ɿʥʘʯʠʪ, ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʤʠʥʠʤʫʤ ʬʫʥʢʮʠʠ  

t(x). 

tȭ(x) = 0; 

( )
,0

2

11

222

=

¡

ö
ö

÷

õ

æ
æ

ç

å -+
+

+

u

ʭɼʖhʭʅ

u
 

( )

( )
.0

2

2

12

2

1

2

11

2

11

22
=

-+

-
-

+ ʭɼʖhu

ʭɼʖ

xH

x

u
 

 

ʈʘʩʩʤʦʪʨʠʤ ʪʨʝʫʛʦʣʴʥʠʢ ʆʖʖ1. ʆʯʝʚʠʜʥʦ, ʯʪʦ  

.sin
22 xH

x

+
=a  

ɸʥʘʣʦʛʠʯʥʦ  

( )
.sin

2

11

2

11

ʭɼʖh

ʭɼʖ

-+

-
=b  

ʊʦʛʜʘ  

,0
sinsin

=-
u

b

u

a
 

ʠʣʠ  

.
sin

sin

u

u

b

a
=  

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʶʥʦʰʘ ʜʦʣʞʝʥ ʜʚʠʛʘʪʴʩʷ ʪʘʢ, ʯʪʦʙʳ ʦʪʥʦʰʝʥʠʝ 

çʩʠʥʫʩʘ ʫʛʣʘ ʧʘʜʝʥʠʷè ʢ çʩʠʥʫʩʫ ʫʛʣʘ ʧʨʝʣʦʤʣʝʥʠʷè ʙʳʣʦ ʨʘʚʥʦ 

ʦʪʥʦʰʝʥʠʶ ʩʢʦʨʦʩʪʝʡ ʝʛʦ ʜʚʠʞʝʥʠʷ ʚ ʨʘʟʥʳʭ çʩʨʝʜʘʭè ï ʧʦ ʙʝʨʝʛʫ ʠ ʚ 

ʚʦʜʝ. 
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ɿʘʜʘʯʘ 1.2 

ɺʨʝʤʷ ʦʪʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʢʠ ʧʦ ʨʘʩʧʠʩʘʥʠʶ ï 12
00

 . ʅʘ ʚʘʰʠʭ 

ʯʘʩʘʭ 12
00
, ʥʦ ʤʠʤʦ ʚʘʩ ʫʞʝ ʥʘʯʠʥʘʝʪ ʧʨʦʝʟʞʘʪʴ ʧʨʝʜʧʦʩʣʝʜʥʠʡ ʚʘʛʦʥ, 

ʢʦʪʦʨʳʡ ʜʚʠʞʝʪʩʷ ʤʠʤʦ ʚʘʩ ʚ ʪʝʯʝʥʠʝ 10 ʩ. ʇʦʩʣʝʜʥʠʡ ʚʘʛʦʥ ʧʨʦʭʦʜʠʪ 

ʤʠʤʦ ʚʘʩ ʚ ʪʝʯʝʥʠʝ 8 ʩ. ʕʣʝʢʪʨʠʯʢʘ ʦʪʧʨʘʚʠʣʘʩʴ ʚʦʚʨʝʤʷ ʠ ʜʚʠʞʝʪʩʷ 

ʨʘʚʥʦʫʩʢʦʨʝʥʥʦ. ʅʘ ʢʘʢʦʝ ʚʨʝʤʷ ʦʪʩʪʘʶʪ ʚʘʰʠ ʯʘʩʳ? 

ʈʝʰʝʥʠʝ. 

ʇʫʩʪʴ ʯʘʩʳ ʦʪʩʪʘʶʪ ʥʘ t ʩʝʢʫʥʜ, ʵʣʝʢʪʨʠʯʢʘ ʠʤʝʝʪ N  ʚʘʛʦʥʦʚ, 

ʢʘʞʜʳʡ ʜʣʠʥʦʡ L . ʊʘʢ ʢʘʢ ʵʣʝʢʪʨʠʯʢʘ ʜʚʠʞʝʪʩʷ ʨʘʚʥʦʫʩʢʦʨʝʥʥʦ ʠ ʝʸ 

ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʚʥʘ ʥʫʣʶ, ʪʦ 

( ) ;
2

2
2at

LN =-  

( )
( )

;
2

10
1

2
+

=-
ta

LN  

( )
.

2

18
2

+
=

ta
NL  

ʀʟ ʪʨʝʪʴʝʛʦ ʫʨʘʚʥʝʥʠʷ ʚʳʯʪʝʤ ʚʪʦʨʦʝ, ʘ ʠʟ ʚʪʦʨʦʛʦ ʚʳʯʪʝʤ ʧʝʨʚʦʝ:   

( )
( ) ( )

;
2

10

2

18
1

22
+

-
+

=--
tata

LNNL  

 

( ) ( )
( )

.
22

10
21

22
atta

LNLN -
+

=---  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

( ) ( )[ ]
;

2

1018
22

+-+
=

tta
L  

 

( )[ ]
.

2

10 22
tta

L
-+

=  

ʆʪʩʶʜʘ  

( ) ( ) ( ) .101018 2222
tttt -+=+-+  

t = 31c. 

ʆʪʚʝʪ: t = 31c. 

 

ɿʘʜʘʯʘ 1.3 

ʂʘʤʝʥʴ ʙʨʦʰʝʥ ʩ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ɡ0 = 20ʤ/ʩ ʧʦʜ ʫʛʣʦʤ 45
0
  ʢ 

ʛʦʨʠʟʦʥʪʫ (ʨʠʩ. 3). ʏʝʤʫ ʨʘʚʝʥ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ 

ʢʘʤʥʷ ʚ ʝʸ ʚʝʨʭʥʝʡ ʪʦʯʢʝ? ʉʠʣʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʥʝ ʫʯʠʪʳʚʘʪʴ. 
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ʈʝʰʝʥʠʝ. 

 
ʈʠʩ. 3 

 ʅʘ ʢʘʤʝʥʴ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ ʪʷʞʝʩʪʠ (ʩʠʣʦʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʨʝʥʝʙʨʝʛʘʝʤ), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʩʢʦʨʝʥʠʝ ʪʝʣʘ a
C

 ʨʘʚʥʦ ʫʩʢʦʨʝʥʠʶ 

ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ:                       ga
CC
= . 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʪʝʣʘ ʧʦ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʦʣʥʦʝ 

ʫʩʢʦʨʝʥʠʝ ʪʝʣʘ ὥᴆ ʨʘʚʥʦ ʩʫʤʤʝ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʛʦ (ʥʦʨʤʘʣʴʥʦʛʦ) ὥᴆʮ 

ʠ ʢʘʩʘʪʝʣʴʥʦʛʦ (ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ)  ὥᴆʢʘʩ ʫʩʢʦʨʝʥʠʡ. 

ὥᴆ ὥᴆʮ ὥᴆʢʘʩȢ 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʢʘʤʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ ɡx  ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ. 
.cos0 auu=x  

ɺʝʨʪʠʢʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʷʝʪʩʷ, ʚ ʚʝʨʭʥʝʡ ʪʦʯʢʝ 

ʪʨʘʝʢʪʦʨʠʠ ʦʥʘ ʨʘʚʥʘ ʥʫʣʶ.  

ɡy = 0. 

ʎʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʘʮ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʢʦʨʦʩʪʠ ɡ. 

ɿʥʘʯʠʪ, ʚ ʚʝʨʭʥʝʡ ʪʦʯʢʝ ʪʨʘʝʢʪʦʨʠʠ ʚʝʢʪʦʨʮʘ
C

 ʥʘʧʨʘʚʣʝʥ ʚʝʨʪʠʢʘʣʴʥʦ 

ʚʥʠʟ. ʂʘʩʘʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ  ʢʘʩʘ
C

 ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʚʥʦ ʥʫʣʶ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,                     gʘʮ
CC
= . 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ,                .
2

R
a ʭ
ʮ

u
=  

ʊʦʛʜʘ                                    R = ;
2

ʮ

ʭ

ʘ

u
 

;
cos22

g
R

au
=  

( )
()ʤ20

10

45cos20
22

=
Ö

=R . 

ʆʪʚʝʪ: R = 20 ʤ. 
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ʃʝʢʮʠʷ 2 

 

ɿɸʂʆʅʓ ʅʔʖʊʆʅɸ. ʄɽʍɸʅʀʏɽʉʂʀɽ ʉʀʃʓ 

 

ʂ ʜʘʥʥʦʡ ʣʝʢʮʠʠ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ 

ï ʟʥʘʪʴ, ʯʪʦ ʠʟʫʯʘʝʪ ʤʝʭʘʥʠʢʘ; 

ï ʫʤʝʪʴ ʧʨʠʤʝʥʷʪʴ ʵʣʝʤʝʥʪʘʨʥʳʝ ʬʦʨʤʫʣʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʠ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʠʩʯʠʩʣʝʥʠʡ. 

 

ʇʣʘʥ ʣʝʢʮʠʠ 

1. ʈʘʟʚʠʪʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝ-ʚʨʝʤʝʥʠ: ɸʨʠʩʪʦʪʝʣʴ, 

ɽʚʢʣʠʜ, ɻʘʣʠʣʝʡ, ʅʴʶʪʦʥ, ʕʡʥʰʪʝʡʥ. 

2. ɿʘʢʦʥʳ ʅʴʶʪʦʥʘ. 

    2.1. ʇʝʨʚʳʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ. 

    2.2. ɺʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ. ʉʠʣʘ ʠ ʠʤʧʫʣʴʩ. 

    2.3. ʊʨʝʪʠʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ. 

    2.4. ɸʣʛʦʨʠʪʤ ʧʨʠʤʝʥʝʥʠʷ ʟʘʢʦʥʦʚ ʅʴʶʪʦʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 

3. ʉʠʣʳ ʚ ʤʝʭʘʥʠʢʝ. 

    3.1. ʉʠʣʘ ʪʷʛʦʪʝʥʠʷ. 

    3.2.ʉʠʣʘ ʫʧʨʫʛʦʩʪʠ. 

    3.3.ʉʠʣʘ ʪʨʝʥʠʷ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

I. ʉ.14ï15. Ä 5. ʇʝʨʚʳʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ. ʄʘʩʩʘ. ʉʠʣʘ 

 ʉ.15ï17. Ä 6. ɺʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ 

 ʉ.17. Ä 7. ʊʨʝʪʠʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ 

ʉ. 46ï48. Ä 22.  ɿʘʢʦʥʳ ʂʝʧʣʝʨʘ. ɿʘʢʦʥ ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ 

ʉ. 48ï49. Ä 23. ʉʠʣʘ ʪʷʞʝʩʪʠ ʠ ʚʝʩ. ʅʝʚʝʩʦʤʦʩʪʴ 

ʉ. 43ï44. Ä 21(ʯʘʩʪʠʯʥʦ). ɼʝʬʦʨʤʘʮʠʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ 

ʉ. 17ï19. Ä 8. ʉʠʣʳ ʪʨʝʥʠʷ 

II. ʏʘʩʪʴ I. ʉ. 28ï30. Ä 7. ɿʘʢʦʥʳ ʅʴʶʪʦʥʘ. ʄʘʩʩʘ ʠ ʩʠʣʘ
 

ʉ. 39ï41. Ä 12. ʉʠʣʳ ʪʷʛʦʪʝʥʠʷ  

ʉ. 46ï47. Ä 15 (ʯʘʩʪʠʯʥʦ). ɺʝʩ ʪʝʣ. ʋʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. 

ʅʝʚʝʩʦʤʦʩʪʴ 

ʉ. 36ï37. Ä 10. ʉʠʣʳ ʫʧʨʫʛʦʩʪʠ 

ʉ. 37ï39. Ä 10. ʉʠʣʳ ʪʨʝʥʠʷ 
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ʌʦʨʤʫʣʳ 

ʋʢʘʞʠʪʝ, ʦʙʦʟʥʘʯʝʥʠʷ ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʞʜʦʡ ʬʦʨʤʫʣʝ, ʢʘʢʦʚʳ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ. ʋʢʘʞʠʪʝ 

ʬʠʟʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ. 

Ȣ   ὥᴆ
ᴆ
             Ȣ    Ὂᴆ Ὂᴆ        Ȣ     ὴᴆ άὺᴆ           Ȣ    Ὂᴆ

ᴆ
    

 

Ȣ   Ὂ Ὃ    Ȣ   Ὂᴆʫʧʨ Ὧὼ       Ȣ  ὊʪʨȢʩʢʦʣὪὔ     Ȣ  ὖᴆ άὫᴆ ὥᴆ 

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʉʨʘʚʥʠʪʝ ʚʟʛʣʷʜʳ ʅʴʶʪʦʥʘ ʠ ʕʡʥʰʪʝʡʥʘ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʦ-ʚʨʝʤʷ. 

2. ʇʫʩʪʴ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʪʝʣʦ, ʨʘʚʥʘ ʥʫʣʶ (F
C

= 0). ʊʦʛʜʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ II ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘ (amF
CC

= ), ʫʩʢʦʨʝʥʠʝ 

ʪʝʣʘ ʨʘʚʥʦ ʥʫʣʶ (a
C
= 0). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʢʦʨʦʩʪʴ ʪʝʣʘ ʧʦʩʪʦʷʥʥʘ 

ö
÷

õ
æ
ç

å
=Ý=Ý== const00; uu

u CCC
C

C
da

dt

d
a . ʄʦʞʥʦ ʣʠ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʠʟ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʠʤʝʨʘ ʚʳʪʝʢʘʝʪ I ʟʘʢʦʥ ʅʴʶʪʦʥʘ? 

3. ʇʨʠ ʧʨʷʤʦʣʠʥʝʡʥʦʤ ʜʚʠʞʝʥʠʠ ʪʝʣʘ ʤʘʩʩʦʡ m = 2 ʢʛ ʝʛʦ ʢʦʦʨʜʠʥʘʪʘ ʭ 

ʠʟʤʝʥʷʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ t ʧʦ ʟʘʢʦʥʫ  ʭ(t) = 15 + 3t +2t
3
. 

ɺʳʯʠʩʣʠʪʝ ʩʢʦʨʦʩʪʴ ʪʝʣʘ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t = 1ʩ, ʫʩʢʦʨʝʥʠʝ ʪʝʣʘ ʠ 

ʩʠʣʫ, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʪʝʣʦ, ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t = 3 ʩ. 

4. ɺ ʧʨʝʧʦʜʘʚʘʥʠʠ ʬʠʟʠʢʠ ʩʫʱʝʩʪʚʫʝʪ ʟʥʘʤʝʥʠʪʘʷ ʟʘʜʘʯʘ çʧʨʦ ʣʦʰʘʜʴè. 

çɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ III  ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘ, ʩ ʢʘʢʦʡ ʩʠʣʦʡ ʣʦʰʘʜʴ 

ʜʝʡʩʪʚʫʝʪ ʥʘ ʪʝʣʝʛʫ, ʩ ʪʘʢʦʡ ʞʝ ʧʦ ʚʝʣʠʯʠʥʝ, ʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʩʠʣʦʡ ʠ ʪʝʣʝʛʘ ʜʝʡʩʪʚʫʝʪ ʥʘ ʣʦʰʘʜʴ. ʇʦʯʝʤʫ ʞʝ ʣʦʰʘʜʴ 

ʤʦʞʝʪ ʪʘʱʠʪʴ ʪʝʣʝʛʫ?è ʆʪʚʝʪʴʪʝ ʥʘ ʚʦʧʨʦʩ. 

5. ɿʝʤʣʷ ʧʦ ʬʦʨʤʝ ʥʝ ʷʚʣʷʝʪʩʷ ʰʘʨʦʤ; ʦʥʘ ʩʧʣʶʩʥʫʪʘ ʫ ʧʦʣʶʩʦʚ, ʠ ʝʸ 

ʵʢʚʘʪʦʨʠʘʣʴʥʳʡ ʨʘʜʠʫʩ ʙʦʣʴʰʝ ʧʦʣʷʨʥʦʛʦ. ɻʜʝ ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ 

ʧʘʜʝʥʠʷ ʙʦʣʴʰʝ ï ʥʘ ʵʢʚʘʪʦʨʝ ʠʣʠ ʥʘ ʧʦʣʶʩʝ? 

 

ʊʝʩʪ 

1. ʅʘ ʤʘʪʝʨʠʘʣʴʥʫʶ ʪʦʯʢʫ ʤʘʩʩʦʡ m ʜʝʡʩʪʚʫʶʪ ʜʚʝ ʩʠʣʳ ï 1F
C

 ʠ 2F
C
, ʫʛʦʣ 

ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʨʘʚʝʥ 90.̄ ʏʝʤʫ ʨʘʚʝʥ ʤʦʜʫʣʴ ʫʩʢʦʨʝʥʠʷ a
C

 ʪʝʣʘ? 

1. 
m

F
a 1=
C

.   2. 
m

F
a 2=
C

.   3. 
m

FF
a 21+=
C

.    4. 
m

FF
a

21Ö
=
C

.    5. 
m

FF
a

2
2

2
1 +

=
C

. 
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2. ʉʢʦʨʦʩʪʴ u ʪʝʣʘ, ʜʚʠʞʫʱʝʛʦʩʷ 

ʧʨʷʤʦʣʠʥʝʡʥʦ, ʠʟʤʝʥʷʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ t ʪʘʢ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4. ɺ 

ʢʘʢʦʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʥʘ ʪʝʣʦ ʜʝʡʩʪʚʫʝʪ 

ʥʘʠʙʦʣʴʰʘʷ ʧʦ ʤʦʜʫʣʶ ʩʠʣʘ? 

1. ʆʪ t1 ʜʦ t2.   2. ʆʪ t2 ʜʦ t3.  3. ʆʪ t3 ʜʦ t4.     

4. ʆʪ t4 ʜʦ t5.    5. ʆʪ t5 ʜʦ t6 . 

3. ʀʤʧʫʣʴʩ ʪʝʣʘ  ὴᴆ ʠʟʤʝʥʠʣʩʷ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʢʦʨʦʪʢʦʛʦ ʫʜʘʨʘ, ʠ ʩʢʦʨʦʩʪʴ ʪʝʣʘ 

ʩʪʘʣʘ ʨʘʚʥʦʡ ὺᴆ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5. ɺ 
ʢʘʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʤʦʛʣʘ ʜʝʡʩʪʚʦʚʘʪʴ 

ʩʠʣʘ? 

1. ʊʦʣʴʢʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 2.   2.ʊʦʣʴʢʦ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ 3.  3. ʊʦʣʴʢʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ  4.    

4. ɺ ʥʘʧʨʘʚʣʝʥʠʠ  3 ʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 4.       

5. ɺ ʥʘʧʨʘʚʣʝʥʠʠ  1 ʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 2. 

 

4. ʇʨʠ  ʙʫʢʩʠʨʦʚʢʝ  ʘʚʪʦʤʦʙʠʣʷ  ʤʘʩʩʳ  3 ʪ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʜʦʨʦʛʝ 

 

 

 

 

 

ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ  ʩʠʣ  ʩʦʧʨʦʪʠʚʣʝʥʠʷ  ʠ ʪʨʝʥʠʷ ʚ 50 ʨʘʟ  ʤʝʥʴʰʝ   ʚʝʩʘ  

ʘʚʪʦʤʦʙʠʣʷ. ʏʝʤʫ ʨʘʚʥʘ ʞʝʩʪʢʦʩʪʴ ʙʫʢʩʠʨʥʦʛʦ ʪʨʦʩʘ, ʝʩʣʠ ʧʨʠ  

ʨʘʚʥʦʤʝʨʥʦʤ ʜʚʠʞʝʥʠʠ ʘʚʪʦʤʦʙʠʣʷ ʪʨʦʩ ʫʜʣʠʥʠʣʩʷ ʥʘ 2 ʩʤ? 

1. 30 ʅ/ʤ.   2. 300 ʅ/ʤ.  3. 3000 ʅ/ʤ.  4. 30 000 ʅ/ʤ.  5. 1200 ʅ/ʤ. 

 

5. ʉʧʫʪʥʠʢ, ʜʚʠʞʫʱʠʡʩʷ ʧʦ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ  ʨʘʜʠʫʩʦʤ RA  ʚʦʢʨʫʛ 

ʧʣʘʥʝʪʳ A ʠʤʝʝʪ ʩʢʦʨʦʩʪʴ ὺ.  ʉʧʫʪʥʠʢ, ʜʚʠʞʫʱʠʡʩʷ ʧʦ ʢʨʫʛʦʚʦʡ 

ʦʨʙʠʪʝ ʚʜʚʦʝ ʤʝʥʴʰʝʛʦ ʨʘʜʠʫʩʘ ʚʦʢʨʫʛ ʧʣʘʥʝʪʳ B, ʠʤʝʝʪ ʚʜʚʦʝ 

ʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ. ʆʪʥʦʰʝʥʠʝ ʤʘʩʩ ʧʣʘʥʝʪ   ʨʘʚʥʦ 

1. Ȣ    2. Ȣ     3. 1.    4. 2.     5. 4. 

 

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ɿʘʜʘʯʘ 2.1 

ʆʜʠʥ ʢʦʥʝʮ ʧʨʫʞʠʥʳ ʟʘʢʨʝʧʣʸʥ ʥʘ ʦʩʠ ʩʪʝʨʞʥʷ (ʨʠʩ. 6), 

ʩʧʦʩʦʙʥʦʛʦ ʚʨʘʱʘʪʴʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʂ ʜʨʫʛʦʤʫ ʢʦʥʮʫ 

ʧʨʫʞʠʥʳ ʧʨʠʢʨʝʧʣʸʥ ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʛʨʫʟ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʢʦʣʴʟʠʪʴ ʧʦ ʩʪʝʨʞʥʶ ʙʝʟ ʪʨʝʥʠʷ. ʄʘʩʩʘ ʛʨʫʟʘ 400 ʛ. 

              ʈʠʩ. 4 
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ʂʘʢʘʷ ʩʠʣʘ ʫʧʨʫʛʦʩʪʠ ʙʫʜʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʛʨʫʟ ʧʨʠ ʝʛʦ ʚʨʘʱʝʥʠʠ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 5 ʤ/ʩ. ʈʘʜʠʫʩ ʚʨʘʱʝʥʠʷ ʛʨʫʟʘ ʧʨʠ ʪʘʢʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʨʘʚʝʥ 20 ʩʤ. 

ʈʝʰʝʥʠʝ. 

ʋʢʘʞʝʤ ʚʩʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʮʠʣʠʥʜʨ (ʨʠʩ. 6).  

 

 

 

 

 

 

 

 

ɿʘʧʠʰʝʤ II ʟʘʢʦʥ ʅʴʶʪʦʥʘ:  

           ʪʷʞʫʧʨ FNFam
CCCC
++= . 

ɺʳʙʝʨʝʤ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʦʩʴ ʍ 

ʥʘʧʨʘʚʠʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʩʠʣʳ ʫʧʨʫʛʦʩʪʠ, ʦʩʴ Y ï 

ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʍ. 

ʊʘʢ ʫʩʢʦʨʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʛʨʫʟʘ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʚʜʦʣʴ ʦʩʠ ʍ, ʪʦ 

ʟʘʧʠʰʝʤ II ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʚ ʧʨʦʝʢʮʠʠ ʥʘ ʵʪʫ ʦʩʴ: 

max = Fʫʧʨ. 

 ʎʠʣʠʥʜʨ ʚʨʘʱʘʝʪʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʧʦ ʚʝʣʠʯʠʥʝ 

ʩʢʦʨʦʩʪʴʶ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥ ʜʚʠʞʝʪʩʷ ʩ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʳʤ 

ʫʩʢʦʨʝʥʠʝʤ: 

ʘʭ = ʘʮ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

                                                Fʫʧʨ = maʮ                                                 (1) 

ʎʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʘʮ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ 

                                                  ὥʮ Ȣ 

ʊʦʛʜʘ ʚʳʨʘʞʝʥʠʝ (1) ʧʨʠʤʝʪ ʚʠʜ: 

R

m
Fʫʧʨ

2u
= . 

ʇʨʦʚʝʜʝʤ ʚʳʯʠʩʣʝʥʠʷ. 

Ὂʫʧʨ
πȟτϽυ

πȟς
υʅȢ 

ʆʪʚʝʪ: Fʫʧʨ = 5 ʅ. 

ʈʠʩ. 6 
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ɿʘʜʘʯʘ 2.2 

ɸʚʪʦʤʦʙʠʣʴ ʪʷʥʝʪ ʧʣʘʪʬʦʨʤʫ ʩ ʛʨʫʟʦʤ, ʤʘʩʩʘ ʢʦʪʦʨʦʛʦ m1 = 250 ʢʛ 

ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʜʦʨʦʛʝ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʤʝʞʜʫ 

ʧʣʘʪʬʦʨʤʦʡ ʠ ʛʨʫʟʦʤ 0,05. ʄʘʩʩʘ ʩʘʤʦʡ ʧʣʘʪʬʦʨʤʳ m2 = 820 ʢʛ. ʉʠʣʘ, ʩ 

ʢʦʪʦʨʦʡ ʪʷʥʝʪ ʘʚʪʦʤʦʙʠʣʴ ʧʣʘʪʬʦʨʤʫ, ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʟʘʢʦʥʫ  

                                        F = ʉt,   

ʛʜʝ ʉ = 4,25 ʢʛÖʤ/ʩ
3
 ï ʥʝʢʦʪʦʨʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

ʆʧʨʝʜʝʣʠʪʝ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t0, ʢʦʛʜʘ ʧʣʘʪʬʦʨʤʘ  ʥʘʯʥʸʪ 

ʚʳʩʢʘʣʴʟʳʚʘʪʴ ʠʟ-ʧʦʜ ʛʨʫʟʘ. ʉʠʣʫ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʫʶ 

ʤʝʞʜʫ ʢʦʣʸʩʘʤʠ ʧʣʘʪʬʦʨʤʳ ʠ ʜʦʨʦʞʥʳʤ ʧʦʢʨʳʪʠʝʤ, ʥʝ ʫʯʠʪʳʚʘʪʴ.   

ʈʝʰʝʥʠʝ. 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ  ʚʥʝʰʥʝʡ ʩʠʣʳ F ʧʣʘʪʬʦʨʤʘ ʠ ʛʨʫʟ  ʦʙʱʝʡ  ʤʘʩʩʦʡ  

m1 +  m2  ʙʫʜʫʪ ʜʚʠʛʘʪʴʩʷ ʩ ʫʩʢʦʨʝʥʠʝʤ  ʘ1,  ʨʘʚʥʳʤ: 

                                        ὥ Ȣ                                                (2) 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ, ʢʦʛʜʘ  ʛʨʫʟ 

ʥʝ ʧʨʦʩʢʘʣʴʟʳʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʣʘʪʬʦʨʤʳ,  ʛʨʫʟ ʜʚʠʞʝʪʩʷ ʩ 

ʫʩʢʦʨʝʥʠʝʤ ʘ2, ʨʘʚʥʳʤ 

ʫʩʢʦʨʝʥʠʶ ʧʣʘʪʬʦʨʤʳ ʘ1. 

ʊʨʝʙʫʝʤʦʝ ʫʩʢʦʨʝʥʠʝ ʘ2  

ʩʦʦʙʱʘʝʪʩʷ ʛʨʫʟʫ ʩʠʣʦʡ ʪʨʝʥʠʷ 

ʧʦʢʦʷ (ʨʠʩ. 7). ʉ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ ʚʥʝʰʥʷʷ ʩʠʣʘ F  ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʫʩʢʦʨʝʥʠʝ ʘ1, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʦʣʞʥʘ ʚʦʟʨʘʩʪʘʪʴ ʠ ʩʠʣʘ ʪʨʝʥʠʷ ʧʦʢʦʷ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ 

ʛʨʫʟ, ʯʪʦʙʳ ʩʦʦʙʱʘʪʴ ʛʨʫʟʫ ʙʦʣʴʰʝʝ ʫʩʢʦʨʝʥʠʝ.  

ʆʜʥʘʢʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʠʣʘ ʪʨʝʥʠʷ ʧʦʢʦʷ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʘ ʩʠʣʝ 

ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ 

ὊʪʨȢʩʢʦʣὪὔ, 

ʛʜʝ Ὢ  - ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ,  

N -  ʩʠʣʘ ʨʝʘʢʮʠʠ. 

ʊʘʢ ʢʘʢ ʧʣʘʪʬʦʨʤʘ ʠ ʛʨʫʟ ʜʚʠʞʫʪʩʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʜʦʨʦʛʝ, ʪʦ 

N = mg 

ʠ    

                                     ὊʪʨȢʩʢʦʣὪάὫȢ                                         (3) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʫʩʢʦʨʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʠʣʘ 

ʪʨʝʥʠʷ ʤʦʞʝʪ ʩʦʦʙʱʠʪʴ ʛʨʫʟʫ ʨʘʚʥʦ: 

ʈʠʩ. 7 
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                                                   ὥ
ʪʨȢʩʢʦʣ
ȟ   

ʠʣʠ ʩ ʫʯʸʪʦʤ ʚʳʨʘʞʝʥʠʷ (3) ʠʤʝʝʤ: 

                                                         ὥ ὪὫȢ                                                                      (4) 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʫʩʢʦʨʝʥʠʝ ʛʨʫʟʘ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʘ2, ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʫʩʢʦʨʝʥʠʷ ʧʣʘʪʬʦʨʤʳ  ʘ1 ʛʨʫʟ ʫʞʝ  

ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʩ ʤʝʥʴʰʠʤ ʫʩʢʦʨʝʥʠʝʤ, ʠ ʙʫʜʝʪ çʦʪʩʪʘʚʘʪʴè ʦʪ 

ʧʣʘʪʬʦʨʤʳ (ʩʢʦʣʴʟʠʪʴ ʧʦ ʧʣʘʪʬʦʨʤʝ). ɺʳʷʩʥʠʤ, ʚ ʢʘʢʦʡ   ʤʦʤʝʥʪ    

ʚʨʝʤʝʥʠ  t0  ʛʨʫʟ ʥʘʯʥʸʪ ʧʨʦʩʢʘʣʴʟʳʚʘʪʴ 

ʘ1 = ʘ2, 

ʠʣʠ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʚʳʨʘʞʝʥʠʷʤʠ (2) ʠ (4) ʜʣʷ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ        

t = t0 ,  
ὅὸ

ά ά
ὪὫȢ 

ʆʪʩʶʜʘ 

ὸ Ȣ          . 

ʇʨʦʚʝʜʸʤ ʚʳʯʠʩʣʝʥʠʷ. 

ὸ
πȟπυϽωȟψρϽςυπψςπ

τȟςυ
ρςπ ʩȢ 

ὸ ς ʤʠʥȢ 
ʆʪʚʝʪ:ὸ ς ʤʠʥȢ 
 

ɿʘʜʘʯʘ 2.3 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʩʧʫʪʥʠʢ ʜʚʠʞʝʪʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʚ ʧʣʦʩʢʦʩʪʠ 

ʟʝʤʥʦʛʦ ʵʢʚʘʪʦʨʘ, ʦʩʪʘʚʘʷʩʴ ʚʩʸ ʚʨʝʤʷ ʥʘʜ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʧʫʥʢʪʦʤ 

ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʧʨʝʜʝʣʠʪʝ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ wʠ ʚʳʩʦʪʫ 

ʩʧʫʪʥʠʢʘ h . ʈʘʜʠʫʩ ɿʝʤʣʠ R3 = 6370 ʢʤ.  

ʈʝʰʝʥʠʝ. 

ʉʧʫʪʥʠʢ, ʦʧʠʩʘʥʥʳʡ ʚ ʟʘʜʘʯʝ, ʥʘʟʳʚʘʶʪ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʤ. ʊʘʢʦʛʦ 

ʪʠʧʘ ʩʧʫʪʥʠʢʠ ʚʝʩʴʤʘ ʫʜʦʙʥʳ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʘʜʠʦ- ʠ 

ʪʝʣʝʚʠʟʠʦʥʥʦʡ ʩʚʷʟʠ (ʪʘʢ ʢʘʢ ʩʧʫʪʥʠʢ çʚʠʩʠʪè ʥʘʜ ʦʜʥʦʡ ʪʦʯʢʦʡ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʪʦ ʦʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʚʦʨʦʪʘ ʠ ʥʘʩʪʨʦʡʢʠ 

ʧʝʨʝʜʘʶʱʝʡ ʘʥʪʝʥʥʳ). 

ʋʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʩʧʫʪʥʠʢʘ ʣʝʛʢʦ ʥʘʡʪʠ: 

                                            ,
2

ʊ

p
w=                                                  (5) 

ʛʜʝ ʊ = 24 ʯʘʩʘ ï ʧʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ ɿʝʤʣʠ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ.  
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ɼʚʠʞʝʥʠʝ ʩʧʫʪʥʠʢʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʚʩʝʤʠʨʥʦʛʦ 

ʪʷʛʦʪʝʥʠʷ 

( )
,

2
hRʟ

GmM
F

+
=                                             (6) 

ʛʜʝ  m ï ʤʘʩʩʘ ɿʝʤʣʠ;  

M ï ʤʘʩʩʘ ʩʧʫʪʥʠʢʘ;  

 G ï ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ.  

ʇʨʝʦʙʨʘʟʫʝʤ ʚʳʨʘʞʝʥʠʝ (6):  

                                      .

1

2

2

ö
ö
÷

õ
æ
æ
ç

å
+

=

ʟ

ʟ
R

h
R

GmM
R                                           (7) 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ɿʝʤʣʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ  

                                                 .
2

ʟR

GM
g=                                                  (8) 

ʉʨʘʚʥʠʚʘʷ (7) ʠ (8), ʠʤʝʝʤ  

                   .

1

2

ö
ö
÷

õ
æ
æ
ç

å
+

=

ʟR

h

mg
F                                              (9) 

ʎʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʘʮ  ʨʘʚʥʦ: 

                ( ),2 hRʘ ʟʮ +=w                                                                        (10) 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʚʪʦʨʳʤ ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘ  

F = mʘʮ . 
ʉ ʫʯʝʪʦʤ ʩʦʦʪʥʦʰʝʥʠʡ (9) ʠ (10) 

( ).

1

2

2
hRm

R

h

mg
ʟ

ʟ

+=

ö
ö
÷

õ
æ
æ
ç

å
+

w  

ʆʪʩʶʜʘ 

.3
2

2

ʟ
ʟ R

gR
h -=

w
 

ʇʨʦʚʝʜʸʤ ʚʳʯʠʩʣʝʥʠʷ. 

                               ;
ʩ

ʨʘʜ
103,7

360024

14,32 5
ö
÷
õ

æ
ç
åÖ=

Ö

Ö
= -w  

                               
( )
( )

;1037,6
103,7

1037,681,9 6
3

25

26

Ö-
Ö

ÖÖ
=

-
h  

( ).ʢʤ36000=h  
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ʆʪʚʝʪ: ;
ʩ

ʨʘʜ
103,7 5

ö
÷
õ

æ
ç
åÖ= -w  h = 36000 ʢʤ. 

ʃʝʢʮʠʷ 3 

 

ɺʈɸʑɸʊɽʃʔʅʆɽ ɼɺʀɾɽʅʀɽ ʊɺɪʈɼʆɻʆ ʊɽʃɸ 

 

ʂ ʜʘʥʥʦʡ ʣʝʢʮʠʠ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ 

ï ʟʥʘʪʴ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʜʠʥʘʤʠʢʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ; 

ï ʫʤʝʪʴ ʧʨʠʤʝʥʷʪʴ ʟʘʢʦʥʳ ʅʴʶʪʦʥʘ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʩʪʝʡʰʠʭ ʩʣʫʯʘʝʚ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʝʣʘ (ʩʠʩʪʝʤʳ ʪʝʣ). 

 

 

ʇʣʘʥ ʣʝʢʮʠʠ 

1. ʄʦʤʝʥʪ ʩʠʣʳ. 

2. ɺʨʘʱʝʥʠʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ. ʄʦʤʝʥʪ 
ʠʥʝʨʮʠʠ. ʊʝʦʨʝʤʘ ʐʪʝʡʥʝʨʘ. ʇʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʪʝʦʨʝʤʳ ʐʪʝʡʥʝʨʘ 

ʜʣʷ ʨʘʩʯʸʪʘ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʥʝʢʦʪʦʨʳʭ ʪʝʣ. 

3. ʆʩʥʦʚʥʦʡ ʟʘʢʦʥ ʜʠʥʘʤʠʢʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ. 

4. ʉʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ 
ʠ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. 

5. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

I. ʉ. 37. Ä 18 (ʯʘʩʪʠʯʥʦ). ʄʦʤʝʥʪ ʩʠʣʳ. ʋʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ 

ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ  

ʉ. 34ï35. Ä 16.  ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ 

ʉ. 38. Ä 18 (ʯʘʩʪʠʯʥʦ). ʄʦʤʝʥʪ ʩʠʣʳ. ʋʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ 

ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ  

II. ʏʘʩʪʴ I. ʉ. 71ï73. Ä 21. ʆʩʥʦʚʥʦʡ ʟʘʢʦʥ ʜʠʥʘʤʠʢʠ ʚʨʘʱʝʥʠʷ 

ʉ. 73ï76. Ä 22. ʄʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʥʝʢʦʪʦʨʳʭ ʪʝʣ 

    

ʌʦʨʤʫʣʳ 

 ʋʢʘʞʠʪʝ, ʦʙʦʟʥʘʯʝʥʠʷ ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʞʜʦʡ ʬʦʨʤʫʣʝ, ʢʘʢʦʚʳ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ. ʋʢʘʞʠʪʝ 

ʬʠʟʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ. 

Ȣ   Ὅ Вάὶ           Ȣ      Ὅ Ὅ άὥ             Ȣ    ὓᴆ ὶᴆὊᴆ       

Ȣ   ὓ Ὂǎ                  Ȣ  ꜡ᴆ
ᴆ
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ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʈʘʙʦʯʠʡ ʧʨʠʧʦʜʥʠʤʘʝʪ ʪʨʫʙʫ (ʨʠʩ. 8). ɺ 

ʢʘʢʦʤ ʩʣʫʯʘʝ ʦʥ ʧʨʠʢʣʘʜʳʚʘʝʪ ʙʦʣʴʰʫʶ  

ʩʠʣʫ ï ʢʦʛʜʘ ʩʠʣʘ ʥʘʧʨʘʚʣʝʥʘ ʚʝʨʪʠʢʘʣʴʥʦ  

ʚʚʝʨʭ ʠʣʠ ʢʦʛʜʘ ʩʠʣʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ 

ʪʨʫʙʝ?     

2. ɼʠʘʤʝʪʨ ʨʫʣʝʚʦʛʦ ʢʦʣʝʩʘ ʩʦʚʨʝʤʝʥʥʳʭ 

ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ   

380ï425 ʤʤ, ʪʷʞʸʣʳʭ ʛʨʫʟʦʚʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ  ʠ ʘʚʪʦʙʫʩʦʚ - 440ï550 ʤʤ. 

ʏʝʤ ʦʙʫʩʣʦʚʣʝʥʦ ʵʪʦ ʦʪʣʠʯʠʝ ʜʠʘʤʝʪʨʦʚ? 

3. ʆʪ ʯʝʛʦ ʟʘʚʠʩʠʪ ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʪʝʣʘ,  ʚʨʘʱʘʶʱʝʛʦʩʷ  

ʦʪʥʦʩʠʪʝʣʴʥʦ  ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ? 

4. ʆʙʦʩʥʫʡʪʝ ʫʩʣʦʚʠʝ ʨʘʚʥʦʚʝʩʠʷ ʨʳʯʘʛʘ, ʠʩʭʦʜʷ ʠʟ ʦʩʥʦʚʥʦʛʦ ʟʘʢʦʥʘ 

ʜʠʥʘʤʠʢʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ. 

5. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʪʝʦʨʝʤʫ ʐʪʝʡʥʝʨʘ. ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʫʶ ʪʝʦʨʝʤʫ, 

ʦʧʨʝʜʝʣʠʪʝ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʜʠʩʢʘ ʤʘʩʩʦʡ m ʠ ʜʠʘʤʝʪʨʦʤ d 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʢʨʘʡ ʜʠʩʢʘ ʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʧʣʦʩʢʦʩʪʠ ʜʠʩʢʘ. 

 

ʊʝʩʪ 

 

1. ʊʚʸʨʜʦʝ ʪʝʣʦ ʠʟ ʩʦʩʪʦʷʥʠʷ ʧʦʢʦʷ 

ʥʘʯʠʥʘʝʪ ʚʨʘʱʘʪʴʩʷ ʚʦʢʨʫʛ ʦʩʠ Z ʩ 

ʫʛʣʦʚʳʤ ʫʩʢʦʨʝʥʠʝʤ, ʧʨʦʝʢʮʠʷ 

ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʛʨʘʬʠʢʝ (ʨʠʩ. 9). ʄʦʜʫʣʴ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʪʝʣʘ ʚ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t = 5 c ʨʘʚʝʥ é 

1. 1 ʨʘʜ/ʩ.   2.  2 ʨʘʜ/ʩ.    3.  3 ʨʘʜ/ʩ.                        

4.  4 ʨʘʜ/ʩ.      5.  11 ʨʘʜ/ʩ. 

 

    2. ʅʘ ʨʠʩ. 10 ʠʟʦʙʨʘʞʝʥʦ ʪʝʣʦ, ʢ 

ʢʦʪʦʨʦʤʫ ʧʨʠʣʦʞʝʥʳ ʪʨʠ ʩʠʣʳ 1F
C

, 2F
C

, 

3F
C
, ʨʘʚʥʳʝ ʧʦ ʤʦʜʫʣʶ. ʂʘʢʦʚʦ 

ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʤʦʤʝʥʪʘʤʠ ʜʘʥʥʳʭ 

ʩʠʣ ʄ1, ʄ2, ʄ3 ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ʆ? 

ʈʠʩ. 8 

ʈʠʩ.9 

ʈʠʩ. 10 
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1. ʄ3 > ʄ2 > ʄ1.     2. ʄ2 > ʄ1 > ʄ3.    3. ʄ1 > ʄ2 > ʄ3.     4. ʄ1 = ʄ2 = ʄ3.     

5. ʄ2 > ʄ3 > ʄ1. 

 

3. ʂʘʢ ʠʟʤʝʥʠʪʩʷ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʰʘʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ 

ʯʝʨʝʟ ʮʝʥʪʨ ʰʘʨʘ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʠʘʤʝʪʨʘ ʰʘʨʘ ʚ 2 ʨʘʟʘ? 

1. ʋʚʝʣʠʯʠʪʩʷ ʚ 2 ʨʘʟʘ. 2. ʋʚʝʣʠʯʠʪʩʷ ʚ 2
2
 ʨʘʟʘ.  3. ʋʚʝʣʠʯʠʪʩʷ ʚ 2

3
 ʨʘʟʘ.    

4. ʋʚʝʣʠʯʠʪʩʷ ʚ 2
4
 ʨʘʟʘ.  5. ʋʚʝʣʠʯʠʪʩʷ ʚ 2

5
 ʨʘʟʘ. 

 

4. ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʧʣʦʰʥʦʛʦ ʮʠʣʠʥʜʨʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʆʆᾳ (ʨʠʩ.11) ʚ ʩʣʫʯʘʝ, 

ʝʩʣʠ ʘ = R/2 ʨʘʚʝʥ:  

1.  Ὅ άὙȢ  

 

2.  Ὅ άὙȢ 

3.  Ὅ άὙȢ 4.  Ὅ άὙȢ 

υȢ  Ὅ ςάὙȢ 
 

5. ʂ ʪʝʣʫ, ʟʘʢʨʝʧʣʸʥʥʦʤʫ ʥʘ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ, ʧʨʠʣʦʞʝʥʳ ʩʠʣʳ, 

ʤʦʤʝʥʪ ʢʦʪʦʨʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʘʥʥʦʡ ʦʩʠ ʨʘʚʝʥ ʄ. ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ 

ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʘʥʥʦʡ ʦʩʠ ʩʦʩʪʘʚʣʷʝʪ I. ʏʝʤʫ ʨʘʚʥʦ ʫʛʣʦʚʦʝ 

ʫʩʢʦʨʝʥʠʝ ʪʝʣʘ e ? 

1. e = 0.     2. 
M

I
=e .     3. MI Ö=e .     4. 

I

M
=e .     5. IMÖ=e . 

 

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ɿʘʜʘʯʘ 3.1 

ʄʘʭʦʚʠʢ ʚ ʚʠʜʝ ʢʦʣʝʩʘ ʤʘʩʩʦʡ m = 30 ʢʛ ʠ ʜʠʘʤʝʪʨʦʤ D = 60 ʩʤ 

ʚʨʘʱʘʝʪʩʷ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ w, ʠʟʤʝʥʷʶʱʝʡʩʷ ʩʦ ʚʨʝʤʝʥʝʤ t ʧʦ 

ʟʘʢʦʥʫ w = ɸt
10
, ʛʜʝ ɸ = 2 ʨʘʜ/ʩ

11
.  ʆʧʨʝʜʝʣʠʪʝ ʟʘʢʦʥ ʜʚʠʞʝʥʠʷ j (t), 

ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ e (t) ʠ ʤʦʤʝʥʪ ʩʠʣ ʄ (t). ɺʳʯʠʩʣʠʪʴ ʵʪʠ ʚʝʣʠʯʠʥʳ 

ʯʝʨʝʟ 2 ʩ ʧʦʩʣʝ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ. ʉʯʠʪʘʪʴ ʥʘʯʘʣʴʥʳʡ ʫʛʦʣ   j0 = 0 . 

ʈʝʰʝʥʠʝ. 

ɽʩʣʠ ʠʟʚʝʩʪʝʥ ʟʘʢʦʥ ʜʚʠʞʝʥʠʷ, ʪʦ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʘʢ ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ j (t)  ʧʦ ʚʨʝʤʝʥʠ: 

                    

‫ὸ
Ὠ•

Ὠὸ
Ȣ 

R 

a 
O 

Oô 
              ʈʠʩ. 11 
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 ɿʘʢʦʥ ʜʚʠʞʝʥʠʷ j (t) ʥʘʭʦʜʠʪʩʷ ʨʝʰʝʥʠʝʤ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ, ʪ.ʝ. 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ w (t) ʧʦ ʚʨʝʤʝʥʠ: 

                                            

•ὸ •‫ὸὨὸ  

                                  

ʇʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ w (t) = 2 t
10 
,ʪʦʛʜʘ, ʩ ʫʯʸʪʦʤ  j0 = 0, ʠʤʝʝʤ: 

 

•ὸ ςϽὸ Ὠὸ•
ςϽὸ

ρρ
Ȣ 

ʂ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ t = 2 ʩ ʤʘʭʦʚʠʢ ʧʦʚʝʨʥʸʪʩʷ ʥʘ ʫʛʦʣ  

j (t = 2 ʩ) = 
11

22
11

Ö
 = 370 ʨʘʜ. 

ʋʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʦ ʚʨʝʤʝʥʠ: 

‐
Ὠ‫

Ὠὸ
ȟ 

 

                                        ‐
Ͻ

ςπὸ                                   (11) 

ɺ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t = 2 c ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʨʘʚʥʦ: 

                       e ( t = 2c) = 10 Ö 2 Ö 2
9
 = 10

4
 ʨʘʜ/ʩ

2
   

ʄʦʤʝʥʪ ʩʠʣ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʦʩʥʦʚʥʦʛʦ ʟʘʢʦʥʘ ʜʠʥʘʤʠʢʠ ʜʣʷ 

ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ: 

          ʄ = Ie,                                                  (12) 

ʛʜʝ I - ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʪʝʣʘ. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʧʨʠ ʚʨʘʱʝʥʠʠ ʢʦʣʝʩʘ ʨʘʜʠʫʩʦʤ R ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ 

ʨʘʚʝʥ: 

                         Ὅ άὙ ά                                          (13) 

 

ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʷ (11) ʠ (13) ʚ (12) ʧʦʣʫʯʠʤ: 

 

ὓ
άὈ

τ
ϽςπὸȢ 
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ʇʨʠ t = 2 c  

ὓ
σπϽπȟφϽςπϽς

τ
ςȟχϽρπ˚Ͻ̍ Ȣ 

 

ʆʪʚʝʪ: ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t = 2 ʩ j = 370 ʨʘʜ, e =10
4
 ʨʘʜ/ʩ

2
,        

ʄ = 2,7 Ö 10
4
 ʅ

.
ʤ. 

  

 

ɿʘʜʘʯʘ 3.2 

ʅʘ ʙʘʨʘʙʘʥ ʨʘʜʠʫʩʦʤ R = 20 ʩʤ ʥʘʤʦʪʘʥ ʪʦʥʢʠʡ ʣʝʛʢʠʡ 

ʥʝʨʘʩʪʷʞʠʤʳʡ ʰʥʫʨ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʚʷʟʘʥ ʛʨʫʟ ʤʘʩʩʦʡ m = 0,50 ʢʛ (ʨʠʩ. 

12). ɼʦ ʥʘʯʘʣʘ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ʛʨʫʟ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʳʩʦʪʝ  h = 1,0 ʤ 

ʦʪ ʧʦʣʘ. ʆʧʨʝʜʝʣʠʪʝ:  

- ʥʘʪʷʞʝʥʠʝ ʥʠʪʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʛʨʫʟʘ;  

- ʯʝʨʝʟ ʩʢʦʣʴʢʦ ʚʨʝʤʝʥʠ ʛʨʫʟ ʦʧʫʩʪʠʪʩʷ ʜʦ ʧʦʣʘ; 

-  ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʛʨʫʟʘ ʚ ʤʦʤʝʥʪ ʫʜʘʨʘ ʦ ʧʦʣ.  

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʙʘʨʘʙʘʥʘ,I = 0,10 ʢʛ
.
ʤ

2
. ʊʨʝʥʠʝʤ ʧʨʝʥʝʙʨʝʯʴ. 

ʈʝʰʝʥʠʝ. 

ɿʘʧʠʰʝʤ ʚʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʜʣʷ 

ʜʚʠʞʫʱʝʛʦʩʷ ʛʨʫʟʘ: 

  amNgm
CCC

=+ , 

ʛʜʝ ʘ
C
  - ʫʩʢʦʨʝʥʠʝ ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ,                                             

      N
C

- ʩʠʣʘ  ʥʘʪʷʞʝʥʠʷ  ʛʨʫʟʘ. 

ɺ ʧʨʦʝʢʮʠʠ ʥʘ ʦʩʴ ʆY ʠʤʝʝʤ 

            mg ï N = ma.                  (14) 

ʂ ʙʘʨʘʙʘʥʫ ʧʨʠʣʦʞʝʥ ʤʦʤʝʥʪ ʩʠʣʳ 

ʥʘʪʷʞʝʥʠʷ, ʨʘʚʥʳʡ  M  = NR, ʠ ʙʘʨʘʙʘʥ 

ʚʨʘʱʘʝʪʩʷ ʩ ʫʛʣʦʚʳʤ ʫʩʢʦʨʝʥʠʝʤ e.  
ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʩʥʦʚʥʳʤ ʟʘʢʦʥʦʤ 

ʜʠʥʘʤʠʢʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

                         Ie = M.                                               (15) 

ʀʣʠ      

                   Ie = NR.                                              (16) 

ʃʠʥʝʡʥʦʝ ʫʩʢʦʨʝʥʠʝ ʘ  ʠ ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ e  ʩʚʷʟʘʥʳ 

ʩʦʦʪʥʦʰʝʥʠʝʤ  

                                            ʘ = eR.                                            (17) 

      ʈʠʩ. 12 
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ʈʝʰʘʷ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (14)ï(17), ʠʤʝʝʤ 

;
2mRI

I
mgN

+
=  

                                             e = ;
2mRI

mgR

+
 

                                             
.

2

2

mRI

mR
ga
+

=
                                           (18) 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʚʨʝʤʝʥʠ t ʜʚʠʞʝʥʠʷ  ʛʨʫʟʘ ʜʦ ʧʦʣʘ  ʩ ʚʳʩʦʪʳ  h 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

.
2

2at
h=

 

ʆʪʩʶʜʘ                                            ὸ Ȣ 

ʉʢʦʨʦʩʪʴ ʛʨʫʟʘ u ʚ ʤʦʤʝʥʪ ʫʜʘʨʘ ʙʫʜʝʪ ʨʘʚʥʘ  

u = ʘt,  

ὺ ЍςὬὥȢ 
ʀʣʠ, ʩ ʫʯʸʪʦʤ ʚʳʨʘʞʝʥʠʷ (18): 

.2
2

2

mRI

mR
gh
+

=u  

ʊʝʧʝʨʴ ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʛʨʫʟʘ ɽʢ  ʚ ʤʦʤʝʥʪ 

ʫʜʘʨʘ ʦ ʧʦʣ:  

;
2

2um
ɽʢ=  

.
2

2

mRI

mR
mghɽʢ

+
=  

ʆʪʚʝʪ:  N  =  4,1 ʅ;  t  =  1,1 ʩ;  ɽʢ =  0,81 ɼʞ. 

 

ɿʘʜʘʯʘ 3.3 

ɺʩʣʝʜʩʪʚʠʝ ʜʝʡʩʪʚʠʷ ʧʨʠʣʠʚʦʚ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʫʪʦʢ ʥʘ ɿʝʤʣʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘ    =Dt 100 ʣʝʪ ʥʘ  TD = 0,001ʩ. ʆʧʨʝʜʝʣʠʪʝ ʧʨʠʣʠʚʥʫʶ 

ʩʠʣʫ ʪʨʝʥʠʷ Fʪʨ. ɿʝʤʣʶ ʩʯʠʪʘʪʴ ʦʜʥʦʨʦʜʥʳʤ ʰʘʨʦʤ ʤʘʩʩʦʡ         m  = 

6
.
10

24
 ʢʛ ʠ ʨʘʜʠʫʩʦʤ  R  = 6400 ʢʤ. 

ʈʝʰʝʥʠʝ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʩʥʦʚʥʳʤ ʟʘʢʦʥʦʤ ʜʠʥʘʤʠʢʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ                                          ,
I

M
=e  
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ʛʜʝ  2

5

2
mRI =  ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʟʝʤʥʦʛʦ ʰʘʨʘ;  

tD

D
=
w

e  ï ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ, ʨʘʚʥʦʝ ʦʪʥʦʰʝʥʠʶ ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ   wD   ʢ ʧʨʦʤʝʞʫʪʢʫ ʚʨʝʤʝʥʠ tD, ʟʘ ʢʦʪʦʨʦʝ 

ʵʪʦ ʠʟʤʝʥʝʥʠʝ ʧʨʦʠʟʦʰʣʦ;   

M = Fʪʨ R ï ʤʦʤʝʥʪ ʩʠʣʳ ʧʨʠʣʠʚʥʦʛʦ ʪʨʝʥʠʷ Fʪʨ.  

ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ  ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ ʨʘʚʥʘ    

ʊ

p
w

2
= , 

ʛʜʝ ʊ ï ʟʝʤʥʳʝ ʩʫʪʢʠ.  

ʀʟʤʝʥʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ɿʝʤʣʠ ʨʘʚʥʦ  

( )
.

2222
2ʊ

ʊ

ʊʊʊ

ʊ

ʊʊʊ

D
º

D+

D
=

D+
-=D

pppp
w  

ʇʨʦʚʝʜʷ ʥʝʩʣʦʞʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʣʫʯʠʤ 

;
5

4
2 tT

TmR
Fʪʨ

D

D
=
p

 

( ) 360024365103600245

10104,610614,34
22

3624

ÖÖÖÖÖÖ

ÖÖÖÖÖÖ
=

-

ʪʨF . 

Fʪʨ = 6Ŀ10
6 
ʅ. 

ʆʪʚʝʪ:  Fʪʨ = 6 ʄʅ. 

 

 

ʃʝʢʮʠʷ 4 

 

ɿɸʂʆʅʓ ʉʆʍʈɸʅɽʅʀʗ ɺ ʄɽʍɸʅʀʂɽ 

ʂ ʜʘʥʥʦʡ ʣʝʢʮʠʠ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ 

ï ʟʥʘʪʴ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʢʠʥʝʤʘʪʠʢʠ ʠ ʜʠʥʘʤʠʢʠ.  

 

ʇʣʘʥ ʣʝʢʮʠʠ 

1. ʀʤʧʫʣʴʩ. ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ. 

2. ʕʥʝʨʛʠʷ. ʂʠʥʝʪʠʯʝʩʢʘʷ ʠ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ  ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

3.  ʄʝʭʘʥʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʠ ʤʦʱʥʦʩʪʴ. 

4. ʄʦʤʝʥʪ ʠʤʧʫʣʴʩʘ. ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ. 

5. ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʝʣʘ ʧʨʠ ʚʨʘʱʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ. 

6. ɿʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ, ʵʥʝʨʛʠʠ, ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ʠ ʩʚʦʡʩʪʚʘ 

ʩʠʤʤʝʪʨʠʡ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ.  

7. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 
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ʃʠʪʝʨʘʪʫʨʘ 

I. ʉ. 19ï21. Ä 9. ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ. ʎʝʥʪʨ ʤʘʩʩ 

ʉ. 23ï24. Ä 11. ʕʥʝʨʛʠʷ, ʨʘʙʦʪʘ, ʤʦʱʥʦʩʪʴ 

ʉ. 24ï27. Ä 12. ʂʠʥʝʪʠʯʝʩʢʘʷ ʠ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʠ 

ʉ. 27ï29. Ä 13. ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ 

ʉ. 38ï40. Ä 19  (ʯʘʩʪʠʯʥʦ). ʄʦʤʝʥʪ ʠʤʧʫʣʴʩʘ ʠ ʟʘʢʦʥ ʝʛʦ ʩʦʭʨʘʥʝʥʠʷ 

ʉ. 36ï37. Ä 17. ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʨʘʱʝʥʠʷ 

II. ʏʘʩʪʴ I. ʉ. 30ï32. Ä 8. ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ 

ʉ. 32ï34. Ä 9. ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʚ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ 

ʉ. 51ï53. Ä 16. ʈʘʙʦʪʘ ʠ ʤʦʱʥʦʩʪʴ 

ʉ. 53ï58. Ä 17. ʕʥʝʨʛʠʷ 

ʉ. 58ï62. Ä 18. ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠ ʧʨʝʚʨʘʱʝʥʠʷ ʵʥʝʨʛʠʠ 

ʉ. 76ï78  Ä 23. ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ.  ʂʠʥʝʪʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ ʚʨʘʱʘʶʱʝʛʦʩʷ  ʪʝʣʘ 

   

ʌʦʨʤʫʣʳ 

 ʋʢʘʞʠʪʝ: ʙʫʢʚʝʥʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʞʜʦʡ ʠʟ ʧʨʠʚʝʜʸʥʥʳʭ ʥʠʞʝ ʬʦʨʤʫʣ, ʢʘʢʦʚʳ ʝʜʠʥʠʮʳ 

ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ. ʋʢʘʞʠʪʝ ʬʠʟʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ. 

Ȣ   ὴᴆ άὺᴆ     Ȣ   В άὺᴆ ὧέὲίὸ    Ȣ   Ὁʢ      Ȣ   Ὁʧ άὫὬ        

 

Ȣ   Ὁʧ                 Ȣ   Ὁʧ                Ȣ   ὃ ὊὛÃÏÓ‌                                 

 

Ȣ   ὃ ᷿ὊὨὛÃÏÓ‌      Ȣ   ὔ
Ў

Ў
         Ȣ  ὔ       Ȣ  Ὁʢ  

 

Ȣ   В Ὁ ὧέὲίὸ     Ȣ   ὒᴆ ὶᴆὴᴆ            Ȣ   В ὒᴆ ὧέὲίὸ 

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʇʨʠ ʧʨʷʤʦʣʠʥʝʡʥʦʤ ʜʚʠʞʝʥʠʠ ʪʝʣʘ ʤʘʩʩʦʡ m = 5 ʢʛ ʝʛʦ ʠʤʧʫʣʴʩ ʨ 

ʠʟʤʝʥʷʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ t ʧʦ ʟʘʢʦʥʫ () 24220 tttp ++= (ʢʛĿʤ/ʩ). 

ɺʳʯʠʩʣʠʪʝ: 

- ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʪʝʣʘ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t = 3 ʩ; 

- ʨʘʙʦʪʫ, ʩʦʚʝʨʰʸʥʥʫʶ ʚʥʝʰʥʠʤʠ ʩʠʣʘʤʠ ʥʘʜ ʪʝʣʦʤ, ʚ ʠʥʪʝʨʚʘʣʝ 

ʚʨʝʤʝʥʠ ʦʪ t1 = 2 ʩ ʜʦ t2 = 3 ʩ; 
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- ʩʨʝʜʥʶʶ ʤʦʱʥʦʩʪʴ ʚʥʝʰʥʠʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʪʝʣʦ, ʟʘ ʫʢʘʟʘʥʥʳʡ 

ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ. 

 

2. ʇʨʠ ʘʙʩʦʣʶʪʥʦ ʫʧʨʫʛʦʤ ʫʜʘʨʝ 

ʰʘʨ ʦʪʨʘʞʘʝʪʩʷ ʪʘʢ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 13. ʀʟʤʝʥʷʝʪʩʷ ʣʠ ʧʨʠ ʫʜʘʨʝ 

ʠʤʧʫʣʴʩ ʰʘʨʘ ʠ ʝʩʣʠ ʜʘ, ʪʦ ʯʝʤʫ 

ʨʘʚʥʦ ʠʟʤʝʥʝʥʠʝ ʠʤʧʫʣʴʩʘ ʪʝʣʘ? 

ʅʘʯʘʣʴʥʳʡ ʠʤʧʫʣʴʩ ʰʘʨʘ ʨ0. 

3. ʇʨʠ ʩʪʘʨʪʝ ʨʘʢʝʪʳ ʦʥʘ 

ʧʦʜʥʠʤʘʝʪʩʷ ʥʘ ʚʳʩʦʪʫ, ʨʘʚʥʫʶ 

ʨʘʜʠʫʩʫ ɿʝʤʣʠ. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʠʟʤʝʥʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ 

ʨʘʢʝʪʳ? ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʫʢʘʟʘʥʥʦʡ ʚʳʩʦʪʳ ʤʘʩʩʘ ʨʘʢʝʪʳ ʤʝʥʴʰʝ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʚ 2 ʨʘʟʘ (ʟʘ ʩʯʸʪ ʨʘʩʭʦʜʘ ʨʘʢʝʪʥʦʛʦ ʪʦʧʣʠʚʘ). 

4. ʆʙʦʩʥʫʡʪʝ ʚʪʦʨʦʡ ʟʘʢʦʥ ʂʝʧʣʝʨʘ: çʈʘʜʠʫʩ-ʚʝʢʪʦʨ ʧʣʘʥʝʪʳ ʟʘ ʨʘʚʥʳʝ 

ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ çʟʘʤʝʪʘʝʪè ʨʘʚʥʳʝ ʧʣʦʱʘʜʠè.  

5. ʉʪʘʣʴʥʦʡ ʰʘʨʠʢ ʨʘʜʠʫʩʦʤ 5 ʩʤ ʚʨʘʱʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʮʝʥʪʨ ʰʘʨʠʢʘ, ʜʝʣʘʷ 10 ʦʙʦʨʦʪʦʚ ʚ 

ʩʝʢʫʥʜʫ. ɺʳʯʠʩʣʠʪʝ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʰʘʨʠʢʘ. 

 

ʊʝʩʪ 

1. ʇʨʠ ʩʞʘʪʠʠ ʧʨʫʞʠʥʳ ʘʤʦʨʪʠʟʘʪʦʨʘ ʚʦʟʥʠʢʘʝʪ ʩʠʣʘ ʫʧʨʫʛʦʩʪʠ ()xF , 

ʟʘʚʠʩʷʱʘʷ ʦʪ ʩʞʘʪʠʷ ʭ ʧʨʫʞʠʥʳ ʠ ʥʘʧʨʘʚʣʝʥʥʘʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ 

ʜʝʬʦʨʤʘʮʠʠ. ʂʘʢ ʚʳʯʠʩʣʠʪʴ ʨʘʙʦʪʫ ʩʠʣʳ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ 

ʧʨʫʞʠʥʳ ʦʪ ʭ1 ʜʦ ʭ2? 

1. ()ñ-=
2

1

x

x

dxxFA .     2. ()ñ=
2

1

x

x

dxxFA .     3. 
() ( )

( )21
21

2
xx

xFxF
A +

+
= . 

4. ()( )121 xxxFA -Ö= .     5. ()( )122 xxxFA -Ö= . 

 

2. ʉʢʦʨʦʩʪʴ ʧʦʩʪʫʧʘʪʝʣʴʥʦ ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ ʫʚʝʣʠʯʠʣʘʩʴ ʚ 2 ʨʘʟʘ. ʂʘʢ 

ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʠʣʠʩʴ ʠʤʧʫʣʴʩ ʠ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʝʣʘ? 

1.  ʀʤʧʫʣʴʩ ʫʚʝʣʠʯʠʣʩʷ ʚ 2 ʨʘʟʘ, ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʫʚʝʣʠʯʠʣʘʩʴ ʚ 2 

ʨʘʟʘ.    2. ʀʤʧʫʣʴʩ ʫʚʝʣʠʯʠʣʩʷ ʚ 2 ʨʘʟʘ, ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʫʚʝʣʠʯʠʣʘʩʴ ʚ 4 ʨʘʟʘ.   3. ʀʤʧʫʣʴʩ ʫʚʝʣʠʯʠʣʩʷ ʚ 4 ʨʘʟʘ, ʢʠʥʝʪʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ ʫʚʝʣʠʯʠʣʘʩʴ ʚ 2 ʨʘʟʘ.  4. ʀʤʧʫʣʴʩ ʫʚʝʣʠʯʠʣʩʷ ʚ 4 ʨʘʟʘ, 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʫʚʝʣʠʯʠʣʘʩʴ ʚ 4 ʨʘʟʘ.  5.  ʀʤʧʫʣʴʩ ʫʚʝʣʠʯʠʣʩʷ ʚ 2 

ʨʘʟʘ, ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʫʤʝʥʴʰʠʣʘʩʴ ʚ 2 ʨʘʟʘ. 

 

ʈʠʩ. 13 
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3. ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ɽ ʧʦʩʪʫʧʘʪʝʣʴʥʦ ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ ʟʘʚʠʩʠʪ ʦʪ 

ʚʨʝʤʝʥʠ t ʧʦ ʟʘʢʦʥʫ() 240ttE = (ɼʞ). ɺʳʯʠʩʣʠʪʝ ʤʛʥʦʚʝʥʥʫʶ ʤʦʱʥʦʩʪʴ 

ʚʥʝʰʥʠʭ ʩʠʣ, ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʪʝʣʫ, ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ  t = 3 ʩ. 

1. 40 ɺʪ.     2. 60 ɺʪ.     3. 80 ɺʪ.     4. 120 ɺʪ.     5. 240 ɺʪ.     

 

4. ʌʠʛʫʨʠʩʪʢʘ, ʚʨʘʱʘʷʩʴ ʥʘ ʣʴʜʫ, ʚʳʙʨʘʩʳʚʘʝʪ ʨʫʢʠ ʚ ʩʪʦʨʦʥʳ ʠ ʧʦʩʣʝ 

ʵʪʦʛʦ ʯʘʩʪʦʪʘ ʝʸ ʚʨʘʱʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ. ʂʘʢʦʡ ʬʠʟʠʯʝʩʢʠʡ ʟʘʢʦʥ 

ʦʙʲʷʩʥʷʝʪ ʥʘʙʣʶʜʘʝʤʦʝ ʷʚʣʝʥʠʝ? 

1. ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ.  2. ɿʘʢʦʥ  ʩʦʭʨʘʥʝʥʠʷ 

ʠʤʧʫʣʴʩʘ.    3. ɿʘʢʦʥ   ʩʦʭʨʘʥʝʥʠʷ   ʤʦʤʝʥʪʘ   ʠʤʧʫʣʴʩʘ.  4. ɿʘʢʦʥ 

ʩʦʭʨʘʥʝʥʠʷ  ʤʘʩʩʳ.   5. ʅʘʙʣʶʜʘʝʤʦʝ  ʷʚʣʝʥʠʝ ʥʝ  ʠʤʝʝʪ ʥʘʫʯʥʦʛʦ 

ʦʙʲʷʩʥʝʥʠʷ. 

 

5. ʇʝʨʠʦʜ ʚʨʘʱʝʥʠʷ ʤʘʭʦʚʠʢʘ ʫʤʝʥʴʰʠʣʩʷ ʚ 3 ʨʘʟʘ. ʂʘʢ ʠʟʤʝʥʠʣʘʩʴ 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʤʘʭʦʚʠʢʘ? 

1. ʋʤʝʥʴʰʠʣʘʩʴ ʚ 3 ʨʘʟʘ.   2. ʋʤʝʥʴʰʠʣʘʩʴ ʚ 9 ʨʘʟ.   3. ʋʚʝʣʠʯʠʣʘʩʴ     ʚ 

3 ʨʘʟʘ.   4. ʋʚʝʣʠʯʠʣʘʩʴ ʚ 9 ʨʘʟ.     5. ʅʝ ʠʟʤʝʥʠʣʘʩʴ 

 

 

ɿʘʜʘʯʘ 4.1 

ʊʝʣʦ ʤʘʩʩʦʡ m = 3 ʢʛ ʜʚʠʞʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ u = 4 ʤ/ʩ ʠ ʫʜʘʨʷʝʪʩʷ ʦ 
ʥʝʧʦʜʚʠʞʥʦʝ ʪʝʣʦ ʪʘʢʦʡ ʞʝ ʤʘʩʩʳ. ʉʯʠʪʘʷ ʫʜʘʨ ʘʙʩʦʣʶʪʥʦ ʥʝʫʧʨʫʛʠʤ, 

ʦʧʨʝʜʝʣʠʪʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ Q, ʚʳʜʝʣʠʚʰʝʝʩʷ ʧʨʠ ʫʜʘʨʝ. 

ʈʝʰʝʥʠʝ. 

ɸʙʩʦʣʶʪʥʦ ʥʝʫʧʨʫʛʠʡ ʫʜʘʨ ï ʩʪʦʣʢʥʦʚʝʥʠʝ ʜʚʫʭ ʪʝʣ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʪʦʨʦʛʦ ʪʝʣʘ ʦʙʲʝʜʠʥʷʶʪʩʷ, ʜʚʠʛʘʷʩʴ ʜʘʣʴʰʝ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ. 

ʆʙʦʟʥʘʯʠʤ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʰʘʨʦʚ ʧʦʩʣʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʯʝʨʝʟ u ʠ 

ʟʘʧʠʰʝʤ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ (ʩʢʦʨʦʩʪʠ ʰʘʨʦʚ ʧʦʩʣʝ ʫʜʘʨʘ 

ʦʜʠʥʘʢʦʚʳ).   

mu
C

 = 2mu
C

. 

ʆʪʩʶʜʘ  

u
C

 = .
2

u
C

 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʰʘʨʦʚ ɽʢ ʧʦʩʣʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʨʘʚʥʘ  

ɽʢ = 
( )

.
42

2 22 umum
=  

ʅʘʯʘʣʴʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ɽʢ0 ʨʘʚʥʘ 
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2

2

0

um
ɽʢ = . 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ 

Q, ʚʳʜʝʣʠʚʰʝʝʩʷ ʧʨʠ ʫʜʘʨʝ: 

Q = ɽʢʦ ï ɽʢ ; 

   

;
42

22 uu mm
Q -=  

;
4

2um
Q=  

Q =  12 ɼʞ. 

ʆʪʚʝʪ: Q = 12 ɼʞ.  

 

ɿʘʜʘʯʘ 4.2 

ʇʫʣʷ, ʣʝʪʷʱʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʧʦʧʘʜʘʝʪ ʚ ʤʘʷʪʥʠʢ, ʧʦʜʚʝʰʝʥʥʳʡ ʥʘ 

ʥʠʪʠ, ʠ ʟʘʩʪʨʝʚʘʝʪ ʚ ʥʸʤ. ʄʘʩʩʘ ʧʫʣʠ ʚ 1000 ʨʘʟ ʤʝʥʴʰʝ ʤʘʩʩʳ 

ʤʘʷʪʥʠʢʘ. ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʯʢʠ ʧʦʜʚʝʩʘ ʜʦ ʮʝʥʪʨʘ ʤʘʷʪʥʠʢʘ L = 1,0 ʤ. 

ʆʧʨʝʜʝʣʠʪʝ ʩʢʦʨʦʩʪʴ ʧʫʣʠ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʠʪʴ ʧʦʜʚʝʩʘ ʩ 

ʤʘʪ̫ʥʠʢʦʤ ʦʪʢʣʦʥʠʣʘʩʴ ʦʪ ʫʜʘʨʘ ʥʘ 

ʫʛʦʣ 10
0
. 

ʈʝʰʝʥʠʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ çʧʫʣʷï

ʤʘʷʪʥʠʢè. ʀʟʤʝʥʝʥʠʝ ʠʤʧʫʣʴʩʘ 

ʩʠʩʪʝʤʳ ,ʩʠʩʪʨ
C
D ʧʨʦʠʩʭʦʜʷʱʝʝ ʟʘ ʚʨʝʤʷ

tD, ʩʚʷʟʘʥʦ ʩ ʚʥʝʰʥʠʤʠ ʩʠʣʘʤʠ F
C
, 

ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʘ ʩʠʩʪʝʤʫ, 

ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʩʠʩʪʨ
C
D =F

C
tD. 

ʂʘʢʠʝ ʚʥʝʰʥʠʝ ʩʠʣʳ ʜʝʡʩʪʚʫʶʪ ʥʘ 

ʩʠʩʪʝʤʫ? ʕʪʦ ʩʠʣʘ ʪʷʞʝʩʪʠ gm
C
 (m ï ʤʘʩʩʘ ʧʫʣʠ), ʩʠʣʘ ʪʷʞʝʩʪʠ gM

C
        

(M ï ʤʘʩʩʘ ʤʘʷʪʥʠʢʘ) ʠ ʩʠʣʘ ʨʝʘʢʮʠʠ  N
C
, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʤʘʷʪʥʠʢ ʩʦ 

ʩʪʦʨʦʥʳ ʥʠʪʠ. ɿʘ ʤʘʣʦʝ ʚʨʝʤʷ ʫʜʘʨʘ tD ʤʘʷʪʥʠʢ ʥʝ ʫʩʧʝʚʘʝʪ ʩʤʝʩʪʠʪʴʩʷ, 

ʟʥʘʯʠʪ, ʩʠʣʘ N
C
ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥʘ ʚʝʨʪʠʢʘʣʴʥʦ   ʚʚʝʨʭ. ʉʠʣʳ  gm

C
 ʠ gM

C
  

ʥʘʧʨʘʚʣʝʥʳ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʝʢʮʠʷ  

ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ ʩʠʣʳ  F
C
= gm

C
 + gM

C
 + N

C
 ʥʘ ʦʩʴ ʆʍ (ʨʠʩ. 6) ʚʦ ʚʨʝʤʷ 

ʫʜʘʨʘ ʨʘʚʥʘ ʥʫʣʶ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ,               ( ) 0=D
ʭʩʠʩʪʨ . 

                        ʈʠʩ. 14 
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ʆʯʝʚʠʜʥʦ, ʯʪʦ  

                               ( ) ( ) .umumMʨ
ʭʩʠʩʪ -+=D                                    (19) 

ʛʜʝ u ï ʩʢʦʨʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ ʤʘʷʪʥʠʢ ʜʚʠʞʝʪʩʷ ʧʦʩʣʝ ʫʜʘʨʘ ʧʫʣʠ;  

      u ï ʩʢʦʨʦʩʪʴ ʧʫʣʠ. 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʷ (19) ʠʤʝʝʤ    

;u
m

Mm+
=u  

                                          .1 u
m

M
ö
÷

õ
æ
ç

å
+=u                                           (20) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ u ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʇʨʠʤʝʤ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦ 

ʚʝʨʪʠʢʘʣʠ ʟʘ ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ, ʪ.ʝ. ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʥʘʯʘʣʴʥʫʶ 

ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʩʠʩʪʝʤʳ ʨʘʚʥʦʡ ʥʫʣʶ.  ʇʨʠ ʦʪʢʣʦʥʝʥʠʠ 

ʤʘʷʪʥʠʢʘ ʥʘ ʫʛʦʣ Ŭ   ʤʘʷʪʥʠʢ ʧʦʜʥʠʤʝʪʩʷ ʜʦ ʚʳʩʦʪʳ h, ʠ ʚ ʵʪʦʪ ʤʦʤʝʥʪ 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʤʘʷʪʥʠʢʘ ʙʫʜʝʪ ʨʘʚʥʘ ʥʫʣʶ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

( )
( ) ;

2

2

ghMm
uMm

+=
+

 

                                            ghu 2= .                                               (21) 

ʃʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ 

h = L ï LcosŬ; 

  h = L(1 ï cosŬ); 

                                       h = 2L sin
2
 

2

a
. 

ʇʦʜʩʪʘʚʠʤ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʚ ʩʦʦʪʥʦʰʝʥʠʝ (21): 

.
2

sin2
a

gLu=  

ʉ ʫʯʸʪʦʤ ʩʦʦʪʥʦʰʝʥʠʷ (20) ʦʢʦʥʯʘʪʝʣʴʥʦ ʠʤʝʝʤ 

;
2

sin12
a

u gL
m

M
ö
÷

õ
æ
ç

å
+=  

 

.5sin0,181,9
1

1000
12 0ÖÖö

÷

õ
æ
ç

å
+=u  

ʆʪʚʝʪ: u = 550 ʤ/ʩ. 

ʇʦʩʣʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: çʅʝʣʴʟʷ ʣʠ ʙʳʣʦ ʜʣʷ 

ʥʘʭʦʞʜʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʫʣʠ ʧʨʠʨʘʚʥʷʪʴ ʝʸ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʢ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʤʘʷʪʥʠʢʘ, ʧʦʜʥʷʪʦʛʦ ʥʘ ʚʳʩʦʪʫ  h?è  
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ʅʝʪ, ʪʘʢʦʡ ʧʦʜʭʦʜ ʥʝ ʚʝʨʝʥ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʧʫʣʠ  ʤʘʷʪʥʠʢ 

ʥʘʛʨʝʚʘʝʪʩʷ, ʯʘʩʪʴ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʫʣʠ ʧʝʨʝʭʦʜʠʪ ʚʦ 

ʚʥʫʪʨʝʥʥʶʶ ʵʥʝʨʛʠʶ ʤʘʷʪʥʠʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʘʷ ʯʘʩʪʴ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʫʣʠ ʠʜʝʪ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ 

ʤʘʷʪʥʠʢʘ ʠ ʝʛʦ ʧʦʜʲʸʤ ʥʘ ʥʝʢʦʪʦʨʫʶ ʚʳʩʦʪʫ.  

 

ɿʘʜʘʯʘ 4.3 

ʄʘʣʴʯʠʢ ʢʘʪʠʣ ʦʙʨʫʯ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʜʦʨʦʞʢʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 7,2 

ʢʤ/ʯ. ʅʘ ʢʘʢʦʝ ʨʘʩʩʪʦʷʥʠʝ L ʤʦʞʝʪ ʚʢʘʪʠʪʴʩʷ ʦʙʨʫʯ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʥʘ 

ʛʦʨʢʫ ʟʘ ʩʯʸʪ ʩʚʦʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ? ʋʢʣʦʥ ʛʦʨʢʠ 10 ʤ ʥʘ ʢʘʞʜʳʝ 

100 ʤ ʧʫʪʠ.   

ʈʝʰʝʥʠʝ. 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ:  

             mgh
Im
=+

22

22 wu
,                                   (22) 

ʛʜʝ m ï ʤʘʩʩʘ ʦʙʨʫʯʘ;   

I ï ʤʦʤʝʥʪ ʝʛʦ ʠʥʝʨʮʠʠ; 

ɤ  ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʦʙʨʫʯʘ;   

h ï ʚʳʩʦʪʘ, ʥʘ ʢʦʪʦʨʫʶ ʧʦʜʥʠʤʝʪʩʷ ʦʙʨʫʯ.  

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ I ʠ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ  ɤ  ʦʙʨʫʯʘ ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ:                                                

;2mRI =  

      
r

u
w=  , 

ʛʜʝ  R ï ʨʘʜʠʫʩ ʦʙʨʫʯʘ. 

ʀʟ  ʫʨʘʚʥʝʥʠʷ  (22):                        .
2

g
h
u
=    h = 0,41 ʤ. 

ʉʦʩʪʘʚʠʤ ʧʨʦʧʦʨʮʠʶ             ;
10

100
=

h

L
      L = 4,1 ʤ. 

ʆʪʚʝʪ: L = 4,1 ʤ. 

 

 

ʊʝʤʘ 2 (ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ) 

ʇʆʉʊʋʃɸʊʓ  

ʉʇɽʎʀɸʃʔʅʆʁ ʊɽʆʈʀʀ ʆʊʅʆʉʀʊɽʃʔʅʆʉʊʀ 

 

ʇʣʘʥ ʠʟʫʯʝʥʠʷ ʪʝʤʳ 

 

1. ʇʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʚ ʤʝʭʘʥʠʢʝ 

2. ʇʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ 
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3. ɿʘʢʦʥ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʠ ʧʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ 

4. ʇʦʩʪʫʣʘʪʳ ʉʊʆ ʠ ʨʝʣʷʪʠʚʠʩʪʩʢʠʝ ʵʬʬʝʢʪʳ 

5. ʈʝʣʷʪʠʚʠʩʪʩʢʠʡ ʟʘʢʦʥ ʩʣʦʞʝʥʠʷ ʩʢʦʨʦʩʪʝʡ 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʤʝʭʘʥʠʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʫʶ ʬʦʨʤʫ 

ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʠ ï ʤʝʭʘʥʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ. ʄʝʭʘʥʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ 

ï ʵʪʦ ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʪʝʣʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛʠʭ ʪʝʣ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ʆʩʥʦʚʦʡ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ 

ʷʚʣʷʶʪʩʷ ʟʘʢʦʥʳ ʅʴʶʪʦʥʘ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʠʤ ʚ ʝʛʦ ʦʩʥʦʚʥʦʤ 

ʥʘʫʯʥʦʤ ʪʨʫʜʝ çʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʯʘʣʘ ʥʘʪʫʨʘʣʴʥʦʡ ʬʠʣʦʩʦʬʠʠè 

(1687 ʛ.). ʂʘʢ ʠ ʜʨʫʛʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʘʢʦʥʳ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ 

ʬʠʟʠʢʠ, ʦʥʠ ʷʚʣʷʶʪʩʷ ʦʙʦʙʱʝʥʠʝʤ ʥʘʫʯʥʳʭ ʬʘʢʪʦʚ.  

ʅʝʦʙʭʦʜʠʤʦ ʩʧʝʮʠʘʣʴʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʢʦʥʳ ʅʴʶʪʦʥʘ 

ʦʧʨʝʜʝʣʷʶʪ ʜʚʠʞʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʪʝʣ.  ɺ ʧʝʨʚʦʤ ʟʘʢʦʥʝ 

ʅʴʶʪʦʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʠʞʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʪʝʣʘ, ʪʦ ʝʩʪʴ, ʪʝʣʘ, 

ʢʦʪʦʨʦʝ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʥʠ ʩ ʢʘʢʠʤʠ ʜʨʫʛʠʤʠ ʪʝʣʘʤʠ
1
. ʅʘʧʦʤʥʠʤ 

ʬʦʨʤʫʣʠʨʦʚʢʫ  ʜʘʥʥʦʛʦ ʟʘʢʦʥʘ: ʚʩʷʢʦʝ ʪʝʣʦ ʧʨʦʜʦʣʞʘʝʪ 

ʫʜʝʨʞʠʚʘʪʴʩʷ ʚ ʩʚʦʸʤ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʠʣʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʠ 

ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʧʦʢʘ ʠ ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʥʝ ʧʦʥʫʞʜʘʝʪʩʷ 

ʧʨʠʣʦʞʝʥʥʳʤʠ ʩʠʣʘʤʠ ʠʟʤʝʥʠʪʴ ʵʪʦ ʩʦʩʪʦʷʥʠʝ.  

ɺʪʦʨʦʡ ʠ ʪʨʝʪʠʡ ʟʘʢʦʥʳ ʅʴʶʪʦʥʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʭʘʨʘʢʪʝʨ 

ʜʚʠʞʝʥʠʷ ʪʝʣʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩ ʜʨʫʛʠʤʠ ʪʝʣʘʤʠ.  

ʊʘʢ, ʧʦ ȽȽ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ, ʝʩʣʠ ʥʘ ʪʝʣʦ ʤʘʩʩʦʡ ά ʩʦ ʩʪʦʨʦʥʳ 

ʜʨʫʛʠʭ ʪʝʣ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ Ὂᴆ, ʪʦ ʪʝʣʦ ʜʚʠʞʝʪʩʷ ʩ ʫʩʢʦʨʝʥʠʝʤ ὥᴆ. 

Ὂᴆ άὥᴆȢ                                                       (23)    

ɺʩʧʦʤʥʠʤ, ʯʪʦ ʫʩʢʦʨʝʥʠʝ ï ʵʪʦ ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʙʳʩʪʨʦʪʫ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʪʝʣʘ: 

ὥᴆ
ᴆ
Ȣ                                                   (24 

ʊʦʛʜʘ ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ (23) ʠ (24) ʠʤʝʝʤ: 

ά
Ὠ‡ᴆ

Ὠὸ
Ὂᴆ 

ʠʣʠ  

                                                 
1
 ɺʚʠʜʫ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʠʣ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʠʭ ʙʝʩʢʦʥʝʯʥʳʤ 

ʨʘʜʠʫʩʦʤ ʜʝʡʩʪʚʠʷ ʷʩʥʦ, ʯʪʦ ʧʦʥʷʪʠʝ ʩʚʦʙʦʜʥʦʛʦ ʪʝʣʘ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʸʥʥʦʡ 

ʬʠʟʠʯʝʩʢʦʡ ʠʜʝʘʣʠʟʘʮʠʝʡ. ʅʦ, ʝʩʣʠ ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʙʝ, ʯʪʦ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʪʝʣʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʪʦ ʤʳ ʠ ʧʨʠʭʦʜʠʤ ʚ ʧʨʝʜʝʣʝ ʢ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʦ ʩʚʦʙʦʜʥʦʤ 

ʪʝʣʝ.  
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ᴆ
ὊᴆȢ                                              (25)           

ʇʨʦʠʟʚʝʜʝʥʠʝ ʤʘʩʩʳ ʪʝʣʘ ά ʥʘ ʝʛʦ ʩʢʦʨʦʩʪʴ ‡ᴆ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ 
ʤʝʭʘʥʠʢʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʠʤʧʫʣʴʩ ʪʝʣʘ ὴᴆ: 

ὴᴆ ά‡ᴆȢ                                                (26)             

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʦʪʥʦʰʝʥʠʝ (25), ʚʳʨʘʞʘʶʱʝʝ ȽȽ ʟʘʢʦʥ ʅʴʶʪʦʥʘ, 

ʧʨʠʤʝʪ ʚʠʜ 
ᴆ
ὊᴆȢ                                               (27)                             

ȽȽȽ ʟʘʢʦʥ ʙʳʣ ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʅʴʶʪʦʥʦʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʜʝʡʩʪʚʠʶ ʚʩʝʛʜʘ ʝʩʪʴ ʨʘʚʥʦʝ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ, 

ʠʥʘʯʝ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʪʝʣ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʤʝʞʜʫ ʩʦʙʦʡ ʨʘʚʥʳ ʠ 

ʥʘʧʨʘʚʣʝʥʳ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʪʦʨʦʥʳ. 

Ὂᴆ Ὂᴆ. 

ʆʧʠʩʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʚʝʩʪʠ, ʥʝ 

ʠʩʧʦʣʴʟʫʷ ʧʦʥʷʪʠʷ çʩʠʩʪʝʤʘ ʦʪʩʯʸʪʘè. ʉʠʩʪʝʤʘ ʦʪʩʯʸʪʘ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʪʝʣʦ ʦʪʩʯʸʪʘ, ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʠ ʧʨʠʙʦʨ ʜʣʷ ʦʪʩʯʸʪʘ ʚʨʝʤʝʥʠ 

(ʯʘʩʳ). ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʩʠʩʪʝʤʘ ʦʪʩʯʸʪʘ  ʂ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ 

ʩʚʦʙʦʜʥʦʝ ʪʝʣʦ ʧʦʢʦʠʪʩʷ ʠʣʠ ʜʚʠʞʝʪʩʷ ʧʨʷʤʦʣʠʥʝʡʥʦ ʠ ʨʘʚʥʦʤʝʨʥʦ 

(ʨʠʩ. 15).  ɺʳʙʝʨʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʝʱʸ ʩʠʩʪʝʤʫ ʦʪʩʯʸʪʘ ʂ', ʢʦʪʦʨʘʷ 

ʜʚʠʞʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ ʦʪʩʯʸʪʘ ʂ ʧʨʷʤʦʣʠʥʝʡʥʦ ʠ 

ʨʘʚʥʦʤʝʨʥʦ. ʊʦʛʜʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ ʦʪʩʯʸʪʘ  ʂ' ʩʚʦʙʦʜʥʦʝ ʪʝʣʦ 

ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʧʨʷʤʦʣʠʥʝʡʥʦ ʠ ʨʘʚʥʦʤʝʨʥʦ.  

 

 

ɺʦʟʤʦʞʥʘ ʠ ʠʥʘʷ ʩʠʪʫʘʮʠʷ (ʨʠʩ. 16). ʄʦʞʥʦ ʚʳʙʨʘʪʴ ʩʠʩʪʝʤʫ 

ʦʪʩʯʸʪʘ ʂ'', ʢʦʪʦʨʘʷ ʜʚʠʞʝʪʩʷ ʫʩʢʦʨʝʥʥʦ ʠʣʠ ʚʨʘʱʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʠʩʪʝʤʳ ʦʪʩʯʸʪʘ ʂ. ʊʦʛʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʸʪʘ ʂ'' 

          ʈʠʩ. 15                                                     ʈʠʩ. 16 
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ʩʚʦʙʦʜʥʦʝ ʪʝʣʦ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʥʘʧʨʠʤʝʨ, ʧʦ 

ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ.  

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʧʨʠʤʝʨʳ (ʨʠʩ. 15 ʠ 16) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʠʩʪʝʤʳ 

ʦʪʩʯʸʪʘ ʜʝʣʷʪʩʷ ʥʘ ʜʚʘ ʢʣʘʩʩʘ:  

1. ʀʥʝʨʮʠʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʦʪʩʯʸʪʘ. ɺ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ 

ʦʪʩʯʸʪʘ ʚʳʧʦʣʥʷʝʪʩʷ Ƚ ʟʘʢʦʥ ʅʴʶʪʦʥʘ.  

2. ʅʝʠʥʝʨʮʠʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʦʪʩʯʸʪʘ. ɺ ʥʝʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ 

ʦʪʩʯʸʪʘ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ Ƚ ʟʘʢʦʥ ʅʴʶʪʦʥʘ.  

ʀʩʧʦʣʴʟʫʷ ʚʚʝʜʸʥʥʦʝ ʧʦʥʷʪʠʝ ʠʥʝʨʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʸʪʘ, 

ʩʦʜʝʨʞʘʥʠʝ Ƚ ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ ʤʦʞʥʦ ʠʟʣʦʞʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʩʫʱʝʩʪʚʫʶʪ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʦʪʩʯʸʪʘ, ʠʭ ʥʘʟʳʚʘʶʪ ʠʥʝʨʮʠʘʣʴʥʳʤʠ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʳʭ ʩʚʦʙʦʜʥʦʝ ʪʝʣʦ ʣʠʙʦ ʧʦʢʦʠʪʩʷ, ʣʠʙʦ ʜʚʠʞʝʪʩʷ 

ʧʨʷʤʦʣʠʥʝʡʥʦ ʠ ʨʘʚʥʦʤʝʨʥʦ.  

ʗʚʣʷʝʪʩʷ ʠʣʠ ʥʝʪ ʪʘ ʠʣʠ ʠʥʘʷ ʩʠʩʪʝʤʘ ʦʪʩʯʸʪʘ ʠʥʝʨʮʠʘʣʴʥʦʡ, ʤʦʞʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʯʘʩʪʦ ʧʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ 

ʦʪʩʯʸʪʘ ʧʨʠʥʠʤʘʶʪ ɿʝʤʣʶ. ʅʦ ʚʩʧʦʤʥʠʤ, ʯʪʦ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ 

ʟʚʸʟʜʥʦʛʦ ʥʝʙʘ ʤʳ ʦʙʥʘʨʫʞʠʚʘʝʤ ʩʫʪʦʯʥʦʝ ʚʨʘʱʝʥʠʝ ʟʚʸʟʜ, ʧʦʚʦʨʦʪ 

ʥʝʙʝʩʥʦʡ ʩʬʝʨʳ. ɿʥʘʯʠʪ, ɿʝʤʣʷ ʷʚʣʷʝʪʩʷ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʣʠʰʴ 

ʚ ʛʨʫʙʦʤ ʧʨʠʙʣʠʞʝʥʠʠ: ʜʘʣʸʢʠʝ ʟʚʸʟʜʳ ï ʧʨʘʢʪʠʯʝʩʢʠ ʩʚʦʙʦʜʥʳʝ ʪʝʣʘ, 

ʚʨʘʱʘʶʪʩʷ, ʪʦ ʝʩʪʴ ʜʚʠʞʫʪʩʷ ʩ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʳʤ ʫʩʢʦʨʝʥʠʝʤ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ ʦʪʩʯʸʪʘ çɿʝʤʣʷè. ʅʘʤʥʦʛʦ ʙʣʠʞʝ ʢ 

ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʙʫʜʝʪ ʩʠʩʪʝʤʘ ʦʪʩʯʸʪʘ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʪʝʣʘ 

ʦʪʩʯʸʪʘ ʚʟʷʪʦ ʉʦʣʥʮʝ, ʘ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʦʙʨʘʟʫʶʪ ʩʚʝʪʦʚʳʝ ʣʫʯʠ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʪʨʠ ʜʘʣʸʢʠʝ ʟʚʝʟʜʳ, ʥʝ ʣʝʞʘʱʠʝ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

ʆʜʥʘʢʦ ʝʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʉʦʣʥʝʯʥʘʷ ʩʠʩʪʝʤʘ ʚʨʘʱʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʮʝʥʪʨʘ ɻʘʣʘʢʪʠʢʠ, ʜʝʣʘʷ ʦʜʠʥ ʦʙʦʨʦʪ ʟʘ 200 ʤʣʥ. ʣʝʪ, ʪʦ ʠ ʪʘʢʘʷ ʩʠʩʪʝʤʘ 

ʷʚʣʷʝʪʩʷ ʠʥʝʨʮʠʘʣʴʥʦʡ ʣʠʰʴ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ (ʭʦʪʷ ʠ 

ʦʯʝʥʴ ʚʳʩʦʢʠʤ). 

ɽʩʣʠ ʠʤʝʝʪʩʷ ʭʦʪʷ ʙʳ ʦʜʥʘ ʠʥʝʨʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʦʪʩʯʸʪʘ (ʘ 

ʠʤʝʥʥʦ ʵʪʦ ʠ ʫʪʚʝʨʞʜʘʝʪ Ƚ ʟʘʢʦʥ ʅʴʶʪʦʥʘ), ʪʦ ʣʶʙʘʷ ʜʨʫʛʘʷ ʩʠʩʪʝʤʘ 

ʦʪʩʯʸʪʘ, ʜʚʠʞʫʱʘʷʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʸ ʧʨʷʤʦʣʠʥʝʡʥʦ ʠ ʨʘʚʥʦʤʝʨʥʦ, 

ʪʘʢʞʝ ʙʫʜʝʪ ʠʥʝʨʮʠʘʣʴʥʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʤʥʦʞʝʩʪʚʦ 

ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʪʩʯʸʪʘ, ʠ ʚ ʵʪʦʡ ʩʚʷʟʠ ʝʩʪʝʩʪʚʝʥʥʦ ʚʦʟʥʠʢʘʝʪ 

ʚʦʧʨʦʩ ï ʨʘʚʥʦʮʝʥʥʳ ʣʠ ʠʥʝʨʮʠʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʤʝʞʜʫ ʩʦʙʦʡ. ʀʥʳʤʠ 

ʩʣʦʚʘʤʠ, ʦʜʠʥʘʢʦʚʳʤ ʣʠ ʟʘʢʦʥʘʤ ʧʦʜʯʠʥʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ 

ʚ ʨʘʟʣʠʯʥʳʭ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʩʯʸʪʘ, ʥʝ ʚʣʠʷʝʪ ʣʠ 
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ʧʨ̫ʤʦʣʠʥʝʡʥʦʝ ʨʘʚʥʦʤʝʨʥʦʝ ʜʚʠʞʝʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨ ʧʨʦʪʝʢʘʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ? 

ʆʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʙʳʣ ʜʘʥ ʚʳʜʘʶʱʠʤʩʷ ʠʪʘʣʴʷʥʩʢʠʤ ʫʯʸʥʳʤ, 

ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʦʚ ʥʘʫʯʥʦʛʦ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ ɻʘʣʠʣʝʦ 

ɻʘʣʠʣʝʝʤ (1564-1642).     

ɻʘʣʠʣʝʝʤ ʙʳʣ ʚʳʜʚʠʥʫʪ ʧʨʠʥʮʠʧ
1
 ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ.  ʆʥ ʧʠʩʘʣ: 

çʋʝʜʠʥʠʪʝʩʴé ʚ ʧʨʦʩʪʦʨʥʦʝ ʧʦʤʝʱʝʥʠʝ ʧʦʜ ʧʘʣʫʙʦʡ ʢʘʢʦʛʦ-ʥʠʙʫʜʴ 

ʢʦʨʘʙʣʷé ɿʘʩʪʘʚʴʪʝ ʪʝʧʝʨʴ ʢʦʨʘʙʣʴ ʜʚʠʛʘʪʴʩʷ ʩ ʣʶʙʦʡ ʩʢʦʨʦʩʪʴʶ, ʠ 

ʪʦʛʜʘ (ʝʩʣʠ ʪʦʣʴʢʦ ʜʚʠʞʝʥʠʝ ʙʫʜʝʪ ʨʘʚʥʦʤʝʨʥʳʤ ʠ ʙʝʟ ʢʘʯʢʠ ʚ ʪʫ ʠ 

ʜʨʫʛʫʶ ʩʪʦʨʦʥʫ) é ʚʳ ʥʝ ʦʙʥʘʨʫʞʠʪʝ ʥʠ ʤʘʣʝʡʰʝʛʦ ʠʟʤʝʥʝʥʠʷ ʠ ʥʠ ʧʦ 

ʦʜʥʦʤʫ ʠʟ ʥʠʭ ʥʝ ʩʤʦʞʝʪʝ ʫʩʪʘʥʦʚʠʪʴ, ʜʚʠʞʝʪʩʷ ʣʠ ʢʦʨʘʙʣʴ ʠʣʠ ʩʪʦʠʪ 

ʥʝʧʦʜʚʠʞʥʦéè. ʇʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ɻʘʣʠʣʝʷ ʛʣʘʩʠʪ: ʟʘʢʦʥʳ 

ʤʝʭʘʥʠʢʠ ʦʜʠʥʘʢʦʚʳ ʚʦ ʚʩʝʭ  ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʩʯʸʪʘ. 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʚʠʪʠʠ ʬʠʟʠʯʝʩʢʦʡ ʥʘʫʢʠ ʪʨʫʜʘʤʠ ʚʝʣʠʢʦʛʦ 

ʘʥʛʣʠʡʩʢʦʛʦ ʬʠʟʠʢʘ ɼ.ʂ. ʄʘʢʩʚʝʣʣʘ (1831-1879) ʙʳʣʘ ʩʦʟʜʘʥʘ ʪʝʦʨʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʦʟʚʦʣʠʚʰʘʷ ʜʘʪʴ ʦʙʲʷʩʥʝʥʠʷ ʮʝʣʦʤʫ 

ʢʦʤʧʣʝʢʩʫ ʷʚʣʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʤʘʛʥʝʪʠʟʤʘ ʠ ʦʧʪʠʢʠ. 

ʋʯʸʥʳʤ ʩʪʘʣʦ ʷʩʥʦ, ʯʪʦ ʚʩʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʚʩʝ ʩʦʙʳʪʠʷ 

ʧʨʠʨʦʜʳ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʪʦʣʴʢʦ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʤʝʭʘʥʠʢʠ.          ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʦʟʥʠʢ ʚʦʧʨʦʩ ʦ ʧʨʘʚʦʤʝʨʥʦʩʪʠ ʧʨʠʥʮʠʧʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʥʝ ʪʦʣʴʢʦ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ, ʥʦ ʠ 

ʣʶʙʳʤ ʧʨʠʨʦʜʥʳʤ ʷʚʣʝʥʠʷʤ. ʇʨʠʚʝʜʸʤ, ʩʣʝʜʫʷ ʘʨʛʫʤʝʥʪʘʮʠʠ 

ʕʡʥʰʪʝʡʥʘ, ʥʝʩʢʦʣʴʢʦ ʜʦʚʦʜʦʚ ʚ ʧʦʣʴʟʫ çʨʘʩʰʠʨʝʥʠʷè ʧʨʠʥʮʠʧʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʥʘ ʚʩʝ ʬʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ. ɺʦ-ʧʝʨʚʳʭ, ʷʚʣʷʝʪʩʷ 

ʤʘʣʦʚʝʨʦʷʪʥʳʤ, ʯʪʦʙʳ ʧʨʠʥʮʠʧ ʩʪʦʣʴ ʙʦʣʴʰʦʛʦ ʦʙʱʝʛʦ ʟʥʘʯʝʥʠʷ, 

ʙʫʜʫʯʠ ʧʨʠʤʝʥʷʝʤ ʚ ʤʝʭʘʥʠʢʝ, ʦʢʘʟʘʣʩʷ ʙʳ ʥʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʚ 

ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ. ɺʦ-ʚʪʦʨʳʭ, ʥʘʰʘ ʧʣʘʥʝʪʘ ɿʝʤʣʷ ʚʚʠʜʫ ʝʸ 

ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʦʢʨʫʛ ʉʦʣʥʮʘ, ʜʚʠʞʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʦʣʥʮʘ 

ʩʦ ʩʢʦʨʦʩʪʴʶ 30 ʢʤ/ʩ, ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʷ ʥʘʧʨʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʠ. 

çʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ 

ʥʝʜʝʡʩʪʚʠʪʝʣʝʥ, ʥʘʜʦ ʙʳʣʦ ʙʳ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ 

ɿʝʤʣʠ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʟʘʢʦʥʘʭ ʧʨʠʨʦʜʳ. ɸ ʚ ʩʠʣʫ ʵʪʦʛʦ 

ʬʠʟʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʚ ʩʚʦʠʭ ʧʨʦʮʝʩʩʘʭ ʟʘʚʠʩʝʣʠ ʙʳ ʦʪ ʠʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ɿʝʤʣʝé ʧʨʠ ʚʩʝʡ 

ʪʱʘʪʝʣʴʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʡ ʥʠʢʦʛʜʘ ʥʝ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʪʘʢʘʷ 

ʘʥʠʟʦʪʨʦʧʠʷ ʟʝʤʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʪʦ ʝʩʪʴ ʧʦʜʦʙʥʘʷ 

                                                 
1
 ʇʨʠʥʮʠʧ ï ʦʩʥʦʚʥʦʝ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ ʢʘʢʦʡ-ʣʠʙʦ ʪʝʦʨʠʠ, ʥʘʫʢʠ. ʌʠʟʠʯʝʩʢʠʝ 

ʧʨʠʥʮʠʧʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʦʧʳʪʥʳʤʠ ʬʘʢʪʘʤʠ. 
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ʬʠʟʠʯʝʩʢʘʷ ʥʝʨʘʚʥʦʮʝʥʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, - ʠ ʚ ʵʪʦʤ ʚʝʩʴʤʘ 

ʚʝʩʢʠʡ ʘʨʛʫʤʝʥʪ ʚ ʧʦʣʴʟʫ ʧʨʠʥʮʠʧʘ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠè. ʉʬʦʨʤʫʣʠʨʫʝʤ 

ʧʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ: ʟʘʢʦʥʳ ʬʠʟʠʢʠ ʦʜʠʥʘʢʦʚʳ ʚʦ ʚʩʝʭ 

ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʩʯʸʪʘ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʛʦʚʦʨʷ, 

ʧʨʷʤʦʣʠʥʝʡʥʦʝ ʨʘʚʥʦʤʝʨʥʦʝ ʜʚʠʞʝʥʠʝ ʥʝ ʚʣʠʷʝʪ ʥʘ ʭʘʨʘʢʪʝʨ 

ʧʨʦʪʝʢʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʤʝʭʘʥʠʯʝʩʢʠʭ, ʥʦ ʣʶʙʳʭ ʙʝʟ ʠʩʢʣʶʯʝʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ!  

ʅʘʧʦʤʥʠʤ ʠʟʚʝʩʪʥʳʡ ʚ ʤʝʭʘʥʠʢʝ ʟʘʢʦʥ ʩʣʦʞʝʥʠʷ ʩʢʦʨʦʩʪʝʡ. ʇʫʩʪʴ 

ʚʘʛʦʥ ʧʦʝʟʜʘ ʜʚʠʞʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʝʤʣʠ (ʧʦʣʦʪʥʘ ʜʦʨʦʛʠ) 

ʧʨʷʤʦʣʠʥʝʡʥʦ ʠ ʨʘʚʥʦʤʝʨʥʦ ʩʦ ʩʢʦʨʦʩʪʴʶ ὠ (ʨʠʩ.  17). ɺʥʫʪʨʠ ʚʘʛʦʥʘ 

(ʠʥʝʨʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʦʪʩʯʸʪʘ ʂ') ʚʜʦʣʴ ʥʝʛʦ ʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʝʛʦ 

ʜʚʠʞʝʥʠʷ ʰʘʛʘʝʪ ʯʝʣʦʚʝʢ ʩʦ ʩʢʦʨʦʩʪʴʶ ‡ᴂ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʘʛʦʥʘ. ʉ ʢʘʢʦʡ 
ʩʢʦʨʦʩʪʴʶ ‡ ʦʥ ʙʫʜʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʝʤʣʠ (ʠʥʝʨʮʠʘʣʴʥʦʡ 
ʩʠʩʪʝʤʳ ʂ)? ʆʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʠ ʥʘʟʳʚʘʶʪ çʟʘʢʦʥʦʤ ʩʣʦʞʝʥʠʷ 

ʩʢʦʨʦʩʪʝʡ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝè: 

‡ ‡ᴂ ὠȢ                                          (28)              

ʊʘʢʦʡ ʟʘʢʦʥ ʩʣʦʞʝʥʠʷ 

ʩʢʦʨʦʩʪʝʡ ʚʳʪʝʢʘʝʪ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʨʘʩʩʫʞʜʝʥʠʡ: 

çɽʩʣʠ ʙʳ ʯʝʣʦʚʝʢ ʚ 

ʪʝʯʝʥʠʝ ʩʝʢʫʥʜʳ 

ʦʩʪʘʚʘʣʩʷ ʩʪʦʷʪʴ 

ʩʧʦʢʦʡʥʦ, ʪʦ ʦʥ 

ʧʦʜʚʠʥʫʣʩʷ ʙʳ ʚʧʝʨʸʜ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʣʦʪʥʫ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ὠ, ʨʘʚʥʦʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 
ʚʘʛʦʥʘ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʞʝ ʦʥ ʥʝ ʩʪʦʠʪ, ʘ ʠʜʸʪ, ʘ ʧʦʵʪʦʤʫ ʦʪʤʝʨʠʪ ʚ 

ʵʪʫ ʩʝʢʫʥʜʫ ʚ ʦʪʥʦʰʝʥʠʠ ʢ ʚʘʛʦʥʫ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʚ ʦʪʥʦʰʝʥʠʠ ʢ 

ʧʦʣʦʪʥʫ ʝʱʸ ʨʘʩʩʪʦʷʥʠʝ ‡ᴂ, ʨʘʚʥʦʝ ʩʢʦʨʦʩʪʠ ʝʛʦ ʰʘʛʘʥʠʷ. ʊʘʢʠʤ 
ʦʙʨʘʟʦʤ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʩʝʢʫʥʜʫ ʦʥ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʣʦʪʥʫ ʚʩʝʛʦ 

ʧʦʜʚʠʥʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ‡ ‡ᴂ ὠȢè ʊʘʢ ʤʳ ʨʘʩʩʫʞʜʘʝʤ ʚ ʨʘʤʢʘʭ 
ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ, ʠ ʵʪʠ ʨʘʩʩʫʞʜʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʥʘʰʠʤ 

ʧʨʠʚʳʯʥʳʤ ʞʠʟʥʝʥʥʳʤ ʦʧʳʪʦʤ.  

ʇʦʧʨʦʙʫʝʤ ʧʨʦʚʝʩʪʠ ʧʦʜʦʙʥʳʝ ʨʘʩʩʫʞʜʝʥʠʷ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʩʣʝʜʫʶʱʝʛʦ ʤʳʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺʦʦʙʨʘʟʠʤ, ʯʪʦ ʚ ʢʦʩʤʠʯʝʩʢʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʚʠʞʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ɿʝʤʣʠ ʨʘʢʝʪʘ ʩʦ ʩʢʦʨʦʩʪʴʶ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦʡ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ὧ. ɺ ʥʦʩʦʚʦʡ ʯʘʩʪʠ 
ʨʘʢʝʪʳ ʚʢʣʶʯʘʝʪʩʷ ʧʨʦʞʝʢʪʦʨ, ʢʦʪʦʨʳʡ ʧʦʩʳʣʘʝʪ ʣʫʯ ʩʚʝʪʘ ʧʦ ʭʦʜʫ 
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ʜʚʠʞʝʥʠʷ ʨʘʢʝʪʳ. ʂʘʢʦʚʘ ʙʫʜʝʪ ʩʢʦʨʦʩʪʴ ʵʪʦʛʦ ʣʫʯʘ ʩʚʝʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʟʝʤʥʦʛʦ ʘʩʪʨʦʥʦʤʘ, ʥʘʙʣʶʜʘʶʱʝʛʦ ʟʘ ʧʦʣʸʪʦʤ ʨʘʢʝʪʳ? 

ʆʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʠ ʝʸ 

ʟʘʢʦʥʘ ʩʣʦʞʝʥʠʷ ʩʢʦʨʦʩʪʝʡ (28)  ʟʚʫʯʠʪ ʩʦʚʝʨʰʝʥʥʦ ʥʝʦʞʠʜʘʥʥʦ. 

ʆʢʘʟʳʚʘʝʪʩʷ (ʠ ʵʪʦ ʷʚʣʷʝʪʩʷ ʜʦʩʪʦʚʝʨʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʬʘʢʪʦʤ), 

ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ.   

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʘʩʪʨʦʥʦʤ ɺʠʣʣʝʤ ʜʝ ʉǲ̉ʪʪʝʨ (1872-1934) ʧʦʜʪʚʝʨʜʠʣ 

ʵʪʦʪ ʚʳʚʦʜ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʜʚʦʡʥʳʤʠ ʟʚʸʟʜʘʤʠ. 

ɺʦʦʙʨʘʟʠʤ, ʛʦʚʦʨʠʪ ʜʝ ʉʠʪʪʝʨ, 

ʜʚʦʡʥʫʶ ʟʚʝʟʜʫ ʠ ʥʘʙʣʶʜʘʪʝʣʷ ʆ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʧʣʦʩʢʦʩʪʠ ʦʨʙʠʪʳ 

ʜʚʦʡʥʦʡ ʟʚʝʟʜʳ ʥʘ ʦʛʨʦʤʥʦʤ 

ʨʘʩʩʪʦʷʥʠʠ  L  ʦʪ ʥʝʸ (ʨʠʩ. 18). ʇʫʩʪʴ 

ʜʣʷ ʧʨʦʩʪʦʪʳ ʦʜʥʘ ʠʟ ʟʚʸʟʜ ʚʨʘʱʘʝʪʩʷ 

ʩʦ ʩʢʦʨʦʩʪʴʶ ‡ ʧʦ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ 
ʚʦʢʨʫʛ ʤʘʩʩʠʚʥʦʡ ʟʚʝʟʜʳ ï ʮʝʥʪʨʘ 

ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʳ. ɽʩʣʠ ʩʢʦʨʦʩʪʴ 

ʩʚʝʪʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʜʚʠʞʝʥʠʷ 

ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ, ʪʦ ʠ ʚ ʪʦʯʢʝ ɸ,  ʠ ʚ ʪʦʯʢʝ ɺ ʩʚʝʪ, ʠʩʧʫʩʢʘʝʤʳʡ ʟʚʝʟʜʦʡ, 

ʠʤʝʝʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʩʢʦʨʦʩʪʴ ὧ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʠʟ ʪʦʯʢʠ ɸ, ʠ ʠʟ ʪʦʯʢʠ 

ɺ ʩʚʝʪ ʜʦʡʜʸʪ ʜʦ ʥʘʙʣʶʜʘʪʝʣʷ ʟʘ ʦʜʥʦ ʠ ʪʦ ʞʝ ʚʨʝʤʷ, ʠ ʵʪʠ ʩʦʙʳʪʠʷ 

ʙʫʜʫʪ ʨʘʟʜʝʣʝʥʳ ʧʨʦʤʝʞʫʪʢʦʤ ʚʨʝʤʝʥʠ  , ʨʘʚʥʳʤ ʧʦʣʦʚʠʥʝ ʧʝʨʠʦʜʘ 

ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʟʚʝʟʜʳ.   

ɽʩʣʠ ʞʝ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʟʘʚʠʩʠʪ ʦʪ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ, ʪʦ ʠʟ ʪʦʯʢʠ 

ɸ ʩʚʝʪ ʜʦʡʜʸʪ ʜʦ ʥʘʙʣʶʜʘʪʝʣʷ ʟʘ ʚʨʝʤʷ  

ὸ
ὒ

ὧ ‡
ȟ 

ʛʜʝ ὧ - ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, ʠʩʧʫʩʢʘʝʤʦʛʦ ʥʝʧʦʜʚʠʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ, 

‡ - ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʟʚʝʟʜʳ ʧʦ ʦʨʙʠʪʝ.  

ʀʟ ʪʦʯʢʠ ɺ ʩʚʝʪ ʜʦʡʜʸʪ ʜʦ ʥʘʙʣʶʜʘʪʝʣʷ ʟʘ ʚʨʝʤʷ  

ὸ
ὒ

ὧ ‡
Ȣ 

ʊʦʛʜʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʟʚʝʟʜʳ ʧʦ ʦʨʙʠʪʝ ʠʟ ʪʦʯʢʠ ɸ ʚ ʪʦʯʢʫ ɺ ʝʸ 

ʧʦʣʫʧʝʨʠʦʜ ʫʜʣʠʥʠʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ ɝὸ, ʨʘʚʥʫʶ: 

ɝὸ ὸ ὸȟ 
 

ɝὸ
ςὒ‡

ὧ ‡
Ȣ 
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ɝὸ
ςὒ‡

ὧ
Ȣ 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʟʚʝʟʜʳ ʧʦ ʦʨʙʠʪʝ ʠʟ ʪʦʯʢʠ ɺ ʚ ʪʦʯʢʫ ɸ ʥʘ ʪʘʢʫʶ ʞʝ 

ʚʝʣʠʯʠʥʫ Ўὸ ʧʦʣʫʧʝʨʠʦʜ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʟʚʝʟʜʳ ʜʦʣʞʝʥ ʙʳʣ 
ʙʳ ʫʢʦʨʦʪʠʪʴʩʷ (ʚʝʜʴ ʠʟ ʪʦʯʢʠ ɸ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʢ ʥʘʙʣʶʜʘʪʝʣʶ 

ʧʨʠʭʦʜʠʪ ʙʦʣʝʝ çʙʳʩʪʨʳʡè ʩʚʝʪ, ʯʝʤ ʠʟ ʪʦʯʢʠ ɺ).  ʆʜʥʘʢʦ, ʧʦʜʦʙʥʳʝ 

çʢʦʣʝʙʘʥʠʷ ʧʦʣʫʧʝʨʠʦʜʦʚè ʜʣʷ ʜʚʦʡʥʳʭ ʟʚʸʟʜ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ, ʯʪʦ ʠ 

ʩʣʫʞʠʪ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ 

ʠʩʪʦʯʥʠʢʘ.  

ʆʜʠʥ ʠʟ ʷʨʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʨʷʤʦʡ ʜʝʤʦʥʩʪʨʘʮʠʠ 

ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʙʳʣ 

ʧʨʦʚʝʜʸʥ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʪʦʤʫ ʥʘʟʘʜ ʨʦʩʩʠʡʩʢʠʤʠ ʬʠʟʠʢʘʤʠ ʚ 

ʂʫʨʯʘʪʦʚʩʢʦʤ ʮʝʥʪʨʝ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè 

ɺ ʵʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʚ ʢʘʯʝʩʪʚʝ ʠʤʧʫʣʴʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʩʪʦʯʥʠʢ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ï 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʜʠʘʧʘʟʦʥʦʚ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʩʛʫʩʪʢʘ ʵʣʝʢʪʨʦʥʦʚ ʧʦ 

ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 19. ɺ 

ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʝ ʩʛʫʩʪʦʢ ʵʣʝʢʪʨʦʥʦʚ, ʫʩʢʦʨʝʥʥʳʭ ʜʦ ʩʢʦʨʦʩʪʠ, 

ʙʣʠʟʢʦʡ ʢ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ὧ, ʜʚʠʞʝʪʩʷ ʧʦ ʟʘʤʢʥʫʪʦʡ ʢʨʠʚʦʣʠʥʝʡʥʦʡ 
ʪʨʘʝʢʪʦʨʠʠ. ʆʨʙʠʪʫ ʵʣʝʢʪʨʦʥʦʚ ʬʦʨʤʠʨʫʝʪ ʤʘʛʥʠʪʥʘʷ ʩʠʩʪʝʤʘ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʯʝʪʳʨʸʭ ʤʘʛʥʠʪʦʚ ʄ 1 ï ʄ 4, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ ʩ ʠʥʜʫʢʮʠʝʡ 1,5 ʊʣ. ʅʘ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʘʭ ʪʨʘʝʢʪʦʨʠʠ (ʠʭ 

ʨʘʜʠʫʩ 1 ʤ) ʵʣʝʢʪʨʦʥʳ ʜʚʠʞʫʪʩʷ ʩ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʳʤ ʫʩʢʦʨʝʥʠʝʤ ʠ 

ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɿʘ ʦʜʠʥ ʦʙʦʨʦʪ 

ʵʣʝʢʪʨʦʥ ʪʝʨʷʝʪ ʥʘ ʠʟʣʫʯʝʥʠʝ ʤʝʥʝʝ 0,001 % ʦʪ ʚʩʝʡ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ, ʠ ʵʪʠ ʧʦʪʝʨʠ ʚʦʩʧʦʣʥʷʶʪʩʷ ʚ ʨʝʟʦʥʘʪʦʨʝ, ʢ ʫʩʢʦʨʷʶʱʝʤʫ 

ʧʨʦʤʝʞʫʪʢʫ ʢʦʪʦʨʦʛʦ ʧʨʠʣʦʞʝʥʦ ʧʝʨʝʤʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʘʤʧʣʠʪʫʜʦʡ 

15 ʢɺ ʠ ʯʘʩʪʦʪʦʡ, ʨʘʚʥʦʡ ʯʘʩʪʦʪʝ ʦʙʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʛʫʩʪʢʘ ʚ 

ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʝ.  
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ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʚ ʦʙʣʘʩʪʠ ʤʘʛʥʠʪʘ ʄ 3 ʫʩʪʨʦʝʥ 

ʢʘʥʘʣ ʜʣʷ ʚʳʚʦʜʘ ʩʚʝʪʘ ʜʣʠʥʦʡ 7,2 ʤ. ʀʤʧʫʣʴʩ ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʠʩʧʫʱʝʥʥʳʡ ʨʝʣʷʪʠʚʠʩʪʩʢʠʤʠ ʵʣʝʢʪʨʦʥʘʤʠ, ʬʦʢʫʩʠʨʫʝʪʩʷ ʣʠʥʟʦʡ ʥʘ 

ʬʦʪʦʜʠʦʜ, ʠ ʚʦʟʥʠʢʰʠʡ ʟʘ ʩʯʸʪ ʩʚʝʪʘ ʠʤʧʫʣʴʩ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʬʦʪʦʜʠʦʜʝ ʬʦʨʤʠʨʫʝʪ ʩʠʛʥʘʣ ʥʘ ʵʢʨʘʥʝ ʦʩʮʠʣʣʦʛʨʘʬʘ. ɺ ʩʚʝʪʦʚʦʤ 

ʢʘʥʘʣʝ ʨʘʩʧʦʣʦʞʝʥʦ ʩʧʝʮʠʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʚʚʦʜʘ ï ʚʳʚʦʜʘ 

ʩʪʝʢʣʷʥʥʦʡ ʧʣʘʩʪʠʥʢʠ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʥʘ ʧʫʪʠ ʩʚʝʪʘ.  

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ. 

ʕʣʝʢʪʨʦʥʳ ʠʟʣʫʯʘʶʪ ʩʚʝʪ, ʜʚʠʛʘʷʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʨʘʚʥʦʡ 

ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ὧ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʩʢʦʨʦʩʪʴ ʠʟʣʫʯʸʥʥʦʛʦ ʵʣʝʢʪʨʦʥʘʤʠ 
ʩʚʝʪʘ ʜʦʣʞʥʘ ʙʳʣʘ ʙʳ ʙʳʪʴ ʨʘʚʥʦʡ 2 ʩ. 

ɽʩʣʠ ʞʝ ʥʘ ʧʫʪʠ ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʩʪʘʚʠʪʴ ʩʪʝʢʣʷʥʥʫʶ 

ʧʣʘʩʪʠʥʢʫ, ʪʦ ʯʘʩʪʴ ʧʫʪʠ (ʜʣʠʥʦʡ 1,8 ʤ, ʩʤʦʪʨʠʪʝ ʩʭʝʤʫ ʫʩʪʘʥʦʚʢʠ ʥʘ 

ʨʠʩʫʥʢʝ  19) ʩʚʝʪ ʜʦʣʞʝʥ ʧʨʦʡʪʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 2 ʩ. ɿʘʪʝʤ ʩʚʝʪ 

ʧʦʛʣʦʱʘʝʪʩʷ ʩʪʝʢʣʷʥʥʦʡ ʧʣʘʩʪʠʥʢʦʡ, ʠ ʥʝʧʦʜʚʠʞʥʳʝ ʘʪʦʤʳ ʚʝʱʝʩʪʚʘ 

ʠʟʣʫʯʘʶʪ ʩʚʝʪ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩ.  ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʩʪʘʚʰʫʶʩʷ ʯʘʩʪʴ ʧʫʪʠ 

(7,2 ʤ ï 1,8 ʤ) ʧʦ ʚʘʢʫʫʤʥʦʤʫ ʢʘʥʘʣʫ ʚʳʚʦʜʘ ʩʚʝʪ ʧʨʦʡʜʸʪ ʩ ʤʝʥʴʰʝʡ 

ʩʢʦʨʦʩʪʴʶ.  ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʯʝʨʝʜʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ʥʘ ʵʢʨʘʥʝ 

ʦʩʮʠʣʣʦʛʨʘʬʘ, ʬʦʨʤʠʨʫʝʤʳʭ ʩʚʝʪʦʚʳʤʠ ʠʤʧʫʣʴʩʘʤʠ, ʜʦʣʞʥʦ ʙʳʪʴ 

ʨʘʟʣʠʯʥʳʤ. ʆʜʥʘʢʦ ʚ ʦʧʳʪʝ ʵʪʦ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ (ʨʠʩ. 20, 21).  
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ʈʠʩ. 20. ʉʠʛʥʘʣ ʥʘ ʵʢʨʘʥʝ ʦʩʮʠʣʣʦʛʨʘʬʘ        ʈʠʩ. 21. ʉʠʛʥʘʣ ʥʘ ʵʢʨʘʥʝ ʦʩʮʠʣʣʦʛʨʘʬʘ 

 ʚ ʩʣʫʯʘʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʚʝʪʘ ʧʦ ʩʚʦʙʦʜ-         ʚ ʩʣʫʯʘʝ  ʧʨʦʭʦʞʜʝʥʠʷ  ʩʚʝʪʘ ʧʦ  ʢʘʥʘʣʫ 

ʥʦʤʫ  ʢʘʥʘʣʫ  ʚʳʚʦʜʘ  ʙʝʟ   ʩʪʝʢʣʷʥʥʦʡ          ʚʳʚʦʜʘ,  ʧʝʨʝʛʦʨʦʞʝʥʥʦʤʫ   ʩʪʝʢʣʷʥʥʦʡ 

                      ʧʣʘʩʪʠʥʢʠ.                                                    ʧʣʘʩʪʠʥʢʦʡ. 

 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, ʠʟʣʫʯʸʥʥʦʛʦ ʜʚʠʞʫʱʠʤʠʩʷ 

ʵʣʝʢʪʨʦʥʘʤʠ, ʠ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, ʠʟʣʫʯʸʥʥʦʛʦ ʥʝʧʦʜʚʠʞʥʳʤʠ ʘʪʦʤʘʤʠ 

ʚʝʱʝʩʪʚʘ, ʦʜʠʥʘʢʦʚʘ! ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʙʝʟʦʛʦʚʦʨʦʯʥʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʬʘʢʪ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ 

ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ, ʠʟʣʫʯʘʶʱʝʛʦ ʩʚʝʪ.  

ɽʩʣʠ ʩʢʦʨʦʩʪʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʳ ʠ ʟʘʚʠʩʷʪ ʦʪ 

ʩʢʦʨʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʥʘʙʣʶʜʘʪʝʣʷ, ʪʦ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ 

ʘʙʩʦʣʶʪʥʘ ï ʦʥʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʜʚʠʞʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʠʩʪʦʯʥʠʢʘ, ʥʦ ʠ 

ʥʘʙʣʶʜʘʪʝʣʷ.  

ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʵʪʦʪ ʬʘʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʚʝʨʦʷʪʥʳʤ ʠ 

ʧʨʦʪʠʚʦʨʝʯʠʪ çʟʜʨʘʚʦʤʫ ʩʤʳʩʣʫè. ʅʦ ʟʜʨʘʚʳʡ ʩʤʳʩʣ ï ʵʪʦ ʪʦ, ʯʪʦ 

ʧʦʯʝʨʧʥʫʪʦ ʥʘʤʠ ʠʟ ʦʧʳʪʘ, ʵʪʦ ʢʦʥʮʝʥʪʨʘʪ ʥʘʰʝʛʦ ʦʧʳʪʘ. ʗʩʥʦ, ʯʪʦ ʤʳ 

ʥʝ ʦʙʣʘʜʘʝʤ ʦʧʳʪʦʤ, ʢʘʢ ʜʦʣʞʝʥ ʚʳʛʣʷʜʝʪʴ ʤʠʨ ʧʨʠ ʜʚʠʞʝʥʠʠ ʩʦ 

ʩʢʦʨʦʩʪʴʶ, ʙʣʠʟʢʦʡ ʢ ʩʢʦʨʦʩʪʠ 300 000 ʢʤ/ʩ.  ɺ ʪʘʢʠʭ ʩʠʪʫʘʮʠʷʭ 

ʥʝʦʙʭʦʜʠʤʦ ʜʝʡʩʪʚʦʚʘʪʴ ʚ ʨʘʤʢʘʭ ʦʙʳʯʥʦʛʦ ʥʘʫʯʥʦʛʦ ʤʝʪʦʜʘ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʦʜʥʠ ʥʘʫʯʥʳʝ ʪʝʦʨʠʠ ʧʨʠʥʠʤʘʶʪʩʷ, ʘ ʜʨʫʛʠʝ ï 

ʦʪʚʝʨʛʘʶʪʩʷ.  

ʂʘʢ ʚʳ ʟʥʘʝʪʝ, çʧʨʘʚʦ ʥʘ ʛʨʘʞʜʘʥʩʪʚʦè ʚ ʥʘʫʢʝ ʠʤʝʝʪ ʪʦʣʴʢʦ ʪʘ 

ʪʝʦʨʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ɺʳʚʦʜ ʦ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʛʣʘʩʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʡ 

ʫʪʚʝʨʞʜʘʝʪ ʦʜʠʥʘʢʦʚʦʩʪʴ ʟʘʢʦʥʦʚ ʧʨʠʨʦʜʳ (ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʟʘʢʦʥʘ 

ʠʟʣʫʯʝʥʠʷ ʩʚʝʪʘ) ʚʦ ʚʩʝʭ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʩʯʸʪʘ. ʆʜʥʘʢʦ, ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʪʦʪ ʚʳʚʦʜ ʧʨʦʪʠʚʦʨʝʯʠʪ çʟʘʢʦʥʫ ʩʣʦʞʝʥʠʷ ʩʢʦʨʦʩʪʝʡ 

ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝè, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʝʪ ʢʣʘʩʩʠʯʝʩʢʘʷ ʤʝʭʘʥʠʢʘ.  

ɸʥʘʣʠʟ ʚʦʟʥʠʢʰʝʛʦ ʧʨʦʪʠʚʦʨʝʯʠʷ ʧʨʠʚʸʣ ɸʣʴʙʝʨʪʘ ʕʡʥʰʪʝʡʥʘ ʢ 

ʚʳʚʦʜʫ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʩʤʦʪʨʘ ʩʠʩʪʝʤʳ ʥʘʫʯʥʳʭ ʚʟʛʣʷʜʦʚ ʥʘ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʚʨʝʤʷ ʠ ʩʦʟʜʘʥʠʷ ʥʦʚʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʢʦʥʮʝʧʮʠʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ï ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ (ʉʊʆ). 
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ʅʘʨʷʜʫ ʩ ʕʡʥʰʪʝʡʥʦʤ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʩʦʟʜʘʥʠʝ ʉʊʆ ʙʳʣ ʩʜʝʣʘʥ 

ʚʳʜʘʶʱʠʤʩʷ ʬʠʟʠʢʦʤ-ʪʝʦʨʝʪʠʢʦʤ ʍʝʥʜʨʠʢʦʤ ɸʥʪʦʥʦʤ ʃʦʨʝʥʮʝʤ 

(1853-1928), ʟʥʘʤʝʥʠʪʳʤ ʬʨʘʥʮʫʟʩʢʠʤ ʤʘʪʝʤʘʪʠʢʦʤ ʠ ʬʠʣʦʩʦʬʦʤ 

ɾ ʣʁʝʤ ɸʥʨʠ ʇʫʘʥʢʘʨʝ (1854-1912), ʠʟʚʝʩʪʥʳʤ ʥʝʤʝʮʢʠʤ ʤʘʪʝʤʘʪʠʢʦʤ 

ʠ ʬʠʟʠʢʦʤ ɻʝʨʤʘʥʦʤ ʄʠʥʢʦʚʩʢʠʤ (1864-1909). 

ʉʧʝʮʠʘʣʴʥʘʷ (ʯʘʩʪʥʘʷ) ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʜʚʫʭ ʧʦʩʪʫʣʘʪʘʭ: ʧʨʠʥʮʠʧʝ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʩʪʫʣʘʪʝ 

ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ.  

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʷʚʣʝʥʠʷ, ʦʧʠʩʳʚʘʝʤʳʝ ʪʝʦʨʠʝʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʠʣʠ, ʢʘʢ ʧʨʠʥʷʪʦ ʠʭ ʥʘʟʳʚʘʪʴ, ʨʝʣʷʪʠʚʠʩʪʩʢʠʝ
1
 

ʵʬʬʝʢʪʳ.  

1. ʆʪʥʦʩʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʠ. ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʡ 

ʤʳʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ. ʇʫʩʪʴ ʚʘʛʦʥ ʧʦʝʟʜʘ ï ʠʥʝʨʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ʦʪʩʯʸʪʘ ʂ' ï ʜʚʠʞʝʪʩʷ ʧʨʷʤʦʣʠʥʝʡʥʦ ʠ ʨʘʚʥʦʤʝʨʥʦ ʩʦ ʩʢʦʨʦʩʪʴʶ ὠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʪʥʘ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ï ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʦʪʩʯʸʪʘ ʂ (ʨʠʩ. 22). ʇʫʩʪʴ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʢʦʥʮʘʭ ʚʘʛʦʥʘ 

ʨʘʩʧʦʣʦʞʝʥʳ ʜʚʝʨʠ, ʧʨʠ ʦʪʢʨʳʚʘʥʠʠ ʢʦʪʦʨʳʭ ʚʩʧʳʭʠʚʘʶʪ ʣʘʤʧʳ ɸ' ʠ 

ɺ' ʠ ʧʫʩʪʴ ʧʦʩʝʨʝʜʠʥʝ ʚʘʛʦʥʘ (ʚ ʪʦʯʢʝ ʄ ') ʥʘʭʦʜʠʪʩʷ ʬʦʪʦʧʨʠʸʤʥʠʢ, 

ʩʧʦʩʦʙʥʳʡ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʧʨʠʭʦʜʷʱʝʝ ʩʚʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ.  ʊʘʢʦʡ ʞʝ 

ʬʦʪʦʧʨʠʸʤʥʠʢ ʧʦʤʝʩʪʠʤ ʚ ʪʦʯʢʝ ʄ ʥʘ ʧʦʣʦʪʥʝ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ.  

 
 

  

ɼʦʧʫʩʪʠʤ, ʚ ʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʪʦʯʢʠ ʄ ʠ ʄ ' ʩʦʚʧʘʜʘʶʪ (ʝʩʣʠ 

ʩʤʦʪʨʝʪʴ ʩ ʧʦʣʦʪʥʘ ʜʦʨʦʛʠ), ʜʚʝʨʠ ʚʘʛʦʥʘ ʦʪʢʨʳʚʘʶʪʩʷ ʠ ʚʩʧʳʭʠʚʘʶʪ 

ʣʘʤʧʳ  ɸ' ʠ ɺ'. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʘʥʮʠʦʥʥʦʛʦ ʩʤʦʪʨʠʪʝʣʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ 

ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ ʂ ʚ ʪʦʯʢʝ ʄ, ʜʚʝʨʠ ʦʪʢʨʳʣʠʩʴ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ï ʠʟ ʪʦʯʝʢ ɸ' ʠ ɺ' ʩʚʝʪ ʜʦʩʪʠʛʘʝʪ ʥʘʙʣʶʜʘʪʝʣʷ ʄ, ʧʨʦʡʜʷ 

ʩ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʢʦʨʦʩʪʴʶ ὧ ʦʜʠʥʘʢʦʚʳʝ ʨʘʩʩʪʦʷʥʠʷ, ʦʜʥʦʚʨʝʤʝʥʥʦ.  

                                                 
1
 ʆʪ ʣʘʪʠʥʩʢʦʛʦ  relatives - ʦʪʥʦʩʠʪʝʣʴʥʳʡ. ʉʘʤʫ ʪʝʦʨʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʪʘʢʞʝ 

ʥʘʟʳʚʘʶʪ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʪʝʦʨʠʝʡ. 
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ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʘʩʩʘʞʠʨʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʦʪʩʯʸʪʘ ʂ' ʚ ʪʦʯʢʝ ʄ ', ʜʚʝʨʠ ʦʪʢʨʳʣʠʩʴ ʥʝ ʦʜʥʦʚʨʝʤʝʥʥʦ. ɺʝʜʴ 

ʥʘʙʣʶʜʘʪʝʣʴ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʪʦʯʢʝ ʄ ', ʫʜʘʣʷʝʪʩʷ ʦʪ ʣʫʯʘ ʩʚʝʪʘ, 

ʥʘʛʦʥʷʶʱʝʛʦ ʝʛʦ ʠʟ ʪʦʯʢʠ ɸ', ʠ ʜʚʠʞʝʪʩʷ ʥʘʚʩʪʨʝʯʫ ʣʫʯʫ ʩʚʝʪʘ, 

ʠʜʫʱʝʤʫ ʠʟ ʪʦʯʢʠ ɺ '. 

ʉʦʙʳʪʠʷ, ʢʦʪʦʨʳʝ ʦʜʥʦʚʨʝʤʝʥʥʳ ʚ ʦʜʥʦʡ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʦʪʩʯʸʪʘ ʂ, ʥʝ ʦʜʥʦʚʨʝʤʝʥʥʳ ʚ ʜʨʫʛʦʡ ʩʠʩʪʝʤʝ ʂ', ʠ ʥʘʦʙʦʨʦʪ 

(ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʠ).  

ʇʦʣʫʯʝʥʥʳʡ ʥʘʤʠ ʚʳʚʦʜ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʠ 

ʢʘʞʝʪʩʷ ʧʘʨʘʜʦʢʩʘʣʴʥʳʤ. ʄʳ çʪʚʸʨʜʦè ʟʥʘʝʤ, ʯʪʦ ʝʩʣʠ ʫ ʜʚʫʭ 

ʥʘʙʣʶʜʘʪʝʣʝʡ ʠʤʝʶʪʩʷ ʦʜʠʥʘʢʦʚʳʝ ʯʘʩʳ, ʢʦʪʦʨʳʝ ʦʥʠ ʩʚʝʨʠʣʠ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ (ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʣʠ), ʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʢʘʢ 

ʜʚʠʞʫʪʩʷ ʥʘʙʣʶʜʘʪʝʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ, ʯʘʩʳ ʙʫʜʫʪ 

ʧʦʢʘʟʳʚʘʪʴ ʦʜʠʥʘʢʦʚʦʝ ʚʨʝʤʷ.  

ʅʦ ʵʪʦ çʪʚʸʨʜʦʝ  ʟʥʘʥʠʝè ʩʬʦʨʤʠʨʦʚʘʣʦʩʴ ʧʨʠ ʜʚʠʞʝʥʠʠ ʩ ʤʘʣʳʤʠ 

ʩʢʦʨʦʩʪʷʤʠ! ʈʘʩʧʨʦʩʪʨʘʥʷʪʴ ʝʛʦ ʥʘ ʜʚʠʞʝʥʠʝ ʩʦ ʩʢʦʨʦʩʪʷʤʠ, 

ʩʨʘʚʥʠʤʳʤʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ, ʥʝʪ ʥʠʢʘʢʠʭ ʦʩʥʦʚʘʥʠʡ. ʂʘʢ ʧʠʩʘʣ ɸ. 

ʕʡʥʰʪʝʡʥ, çʜʦ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʬʠʟʠʢʘ ʚʩʝʛʜʘ çʤʦʣʯʘʣʠʚʦè      

ʧʨʠʥʠʤʘʣʘ, ʯʪʦ ʫʢʘʟʘʥʠʷ ʚʨʝʤʝʥʠ ʦʙʣʘʜʘʶʪ ʘʙʩʦʣʶʪʥʳʤ, ʪʦ ʝʩʪʴ 

ʥʝʟʘʚʠʩʷʱʠʤ ʦʪ ʩʦʩʪʦʷʥʠʷ ʜʚʠʞʝʥʠʷ ʪʝʣ, ʟʥʘʯʝʥʠʝʤè. ʊʝʧʝʨʴ ʩʣʝʜʫʝʪ 

ʧʨʠʚʳʢʥʫʪʴ ʢ ʤʳʩʣʠ, ʯʪʦ ʚʨʝʤʷ ï ʜʝʣʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ. ɺʨʝʤʷ ï ʵʪʦ ʪʦ, 

ʯʪʦ ʠʟʤʝʨʷʝʪʩʷ ʯʘʩʘʤʠ, ʠ ʨʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʠʟʤʝʨʝʥʠʡ, ʫʪʚʝʨʞʜʘʝʪ 

ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʨʘʟʣʠʯʥʘ ʚ ʨʘʟʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʩʯʸʪʘ, 

ʜʚʠʞʫʱʠʭʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ.  

2. ʆʪʥʦʩʠʪʝʣʴʥʦʩʪʴ ʨʘʩʩʪʦʷʥʠʡ. ʇʨʝʜʩʪʘʚʠʤ, ʯʪʦ ʥʘʤ 

ʥʝʦʙʭʦʜʠʤʦ ʩʨʘʚʥʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ɸ'ɺ', ʠʟʤʝʨʝʥʥʦʝ ʚ ʩʠʩʪʝʤʝ ʂ ', - ʜʣʠʥʫ 

ʚʘʛʦʥʘ ʠ ʨʘʩʩʪʦʷʥʠʝ ɸɺ ï ʜʣʠʥʫ ʚʘʛʦʥʘ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ ʂ. ɼʣʷ ʵʪʦʛʦ 

ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʪʦʯʢʠ ɸ ʠ ɺ ʥʘ çʧʦʣʦʪʥʝ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠè 

(ʩʠʩʪʝʤʘ ʦʪʩʯʸʪʘ ʂ), ʩ ʢʦʪʦʨʳʤʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʩʦʚʧʘʜʘʶʪ ʦʙʝ ʪʦʯʢʠ ɸ' 

ʠ ɺ' ʚ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʦʧʨʝʜʝʣʷʷ ʝʛʦ ʩ çʧʦʣʦʪʥʘ 

ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠè (ʩʠʩʪʝʤʘ ʦʪʩʯʸʪʘ ʂ). ʅʦ ʪʘʢ ʢʘʢ ʥʘʤʠ ʫʩʪʘʥʦʚʣʝʥʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʠ, ʪʦ ʩʣʝʜʫʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʠ ʦʙ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʨʘʩʩʪʦʷʥʠʡ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʨʘʟʣʠʯʥʳ ʚ ʨʘʟʥʳʭ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ 

ʦʪʩʯʸʪʘ, ʜʚʠʞʫʱʠʭʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ ʧʨʠʚʳʯʥʦʛʦ ʥʘʤ ʧʦʥʷʪʠʷ ʘʙʩʦʣʶʪʥʦʡ ʜʣʠʥʳ.  

ʂʘʢ ʫʩʪʘʥʦʚʠʣ ʕʡʥʰʪʝʡʥ, ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʜʣʠʥʳ ʚʘʛʦʥʘ ɸɺ, 

ʚʳʧʦʣʥʝʥʥʳʝ çʩʪʘʥʮʠʦʥʥʳʤ ʩʤʦʪʨʠʪʝʣʝʤè - ʥʘʙʣʶʜʘʪʝʣʝʤ, 
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ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ ʂ, ʜʘʜʫʪ ʤʝʥʴʰʝʝ 

ʟʥʘʯʝʥʠʝ ʜʣʠʥʳ, ʯʝʤ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʜʣʠʥʳ çʧʘʩʩʘʞʠʨʦʤè - 

ʥʘʙʣʶʜʘʪʝʣʝʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ çʜʚʠʞʫʱʝʡʩʷè ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ ʂ' ʠ 

ʠʟʤʝʨʷʶʱʠʤ ʜʣʠʥʫ ɸ'ɺ' ʥʝʧʦʜʚʠʞʥʦʛʦ ʜʣʷ ʥʝʛʦ ʚʘʛʦʥʘ. 

ὃὄ ὃὄᴂȢ 
ʕʪʦʪ ʵʬʬʝʢʪ ʥʘʟʳʚʘʶʪ ʨʝʣʷʪʠʚʠʩʪʩʢʠʤ ʩʦʢʨʘʱʝʥʠʝʤ ʨʘʟʤʝʨʦʚ 

ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ. ʆʥ ʚʳʨʘʞʝʥ ʪʝʤ ʩʠʣʴʥʝʝ, ʯʝʤ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʴ 

çʜʚʠʞʫʱʝʡʩʷèʩʠʩʪʝʤʳ ʦʪʩʯʸʪʘ ʂ '. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʙʳ 

ʥʘʙʣʶʜʘʪʝʣʴ ʥʘʭʦʜʠʣʩʷ ʥʘ ʉʦʣʥʮʝ ʠ ʠʟʤʝʨʷʣ ʙʳ ʜʠʘʤʝʪʨ ɿʝʤʣʠ, 

ʜʚʠʞʫʱʝʡʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 30 ʢʤ/ʩ, ʦʥ ʦʙʥʘʨʫʞʠʣ ʙʳ ʩʦʢʨʘʱʝʥʠʝ 

ʨʘʟʤʝʨʘ ɿʝʤʣʠ ʥʘ 6 ʩʤ.  

ʇʨʝʜʩʪʘʚʠʤ, ʯʪʦ ʜʚʘ ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʨʘʙʣʷ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʅʘʙʣʶʜʘʪʝʣʴ ʥʘ ʧʝʨʚʦʤ ʢʦʨʘʙʣʝ ʦʙʥʘʨʫʞʠʪ 

ʩʦʢʨʘʱʝʥʠʝ ʨʘʟʤʝʨʦʚ ʚʪʦʨʦʛʦ ʢʦʨʘʙʣʷ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʝʛʦ 

ʜʚʠʞʝʥʠʷ. ʅʘʙʣʶʜʘʪʝʣʴ ʥʘ ʚʪʦʨʦʤ ʢʦʨʘʙʣʝ ʦʙʥʘʨʫʞʠʪ ʩʦʢʨʘʱʝʥʠʝ 

ʨʘʟʤʝʨʦʚ ʧʝʨʚʦʛʦ ʢʦʨʘʙʣʷ. ʀʥʦʛʜʘ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ï ʢʘʢ ʵʪʦ 

ʚʦʟʤʦʞʥʦ, ʯʪʦʙʳ ʢʘʞʜʳʡ ʢʦʨʘʙʣʴ ʙʳʣ ʢʦʨʦʯʝ ʜʨʫʛʦʛʦ? ʅʦ ʧʦʜʦʙʥʳʡ 

ʚʦʧʨʦʩ ʥʝʚʝʨʝʥ ʚ ʧʨʠʥʮʠʧʝ. ʊʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʥʝ ʛʦʚʦʨʠʪ, ʯʪʦ 

ʢʘʞʜʳʡ ʢʦʨʘʙʣʴ ʢʦʨʦʯʝ ʜʨʫʛʦʛʦ. ʆʥʘ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʢʦʩʤʦʥʘʚʪ ʥʘ 

ʢʘʞʜʦʤ ʢʦʨʘʙʣʝ, ʧʨʦʚʝʜʷ ʠʟʤʝʨʝʥʠʷ, ʦʧʨʝʜʝʣʠʪ, ʯʪʦ ʜʨʫʛʦʡ ʢʦʨʘʙʣʴ 

ʢʦʨʦʯʝ. ʕʪʦ ʩʦʚʩʝʤ ʨʘʟʥʳʝ ʚʝʱʠ. ʏʪʦʙʳ ʧʦʷʩʥʠʪʴ ʵʪʫ ʤʳʩʣʴ, ʤʦʞʥʦ 

ʚʩʧʦʤʥʠʪʴ ʠʟʚʝʩʪʥʦʝ ʦʙʨʘʟʥʦʝ ʩʨʘʚʥʝʥʠʝ. ʇʨʝʜʩʪʘʚʴʪʝ, ʯʪʦ ʜʚʘ 

ʥʘʙʣʶʜʘʪʝʣʷ ʥʘʭʦʜʷʪʩʷ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʦʛʨʦʤʥʦʡ ʜʚʦʷʢʦʚʳʧʫʢʣʦʡ 

ʣʠʥʟʳ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʫʚʠʜʠʪ ʜʨʫʛʦʛʦ ʤʝʥʴʰʝ ʩʝʙʷ; ʥʦ ʥʝ ʪʦ 

ʞʝ ʩʘʤʦʝ, ʯʪʦ ʩʢʘʟʘʪʴ, ʙʫʜʪʦ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʤʝʥʴʰʝ ʜʨʫʛʦʛʦ.  

3. ʆʪʥʦʩʠʪʝʣʴʥʦʩʪʴ ʧʨʦʤʝʞʫʪʢʦʚ ʚʨʝʤʝʥʠ. ʈʘʩʩʤʦʪʨʠʤ 

ʩʣʝʜʫʶʱʠʡ ʤʳʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ. ʧʫʩʪʴ ʢʦʩʤʠʯʝʩʢʠʡ ʢʦʨʘʙʣʴ ï 

ʠʥʝʨʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʦʪʩʯʸʪʘ ʂ ' 

ï ʧʨʦʣʝʪʘʝʪ ʩʦ ʩʢʦʨʦʩʪʴʶ ὠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʡ 

ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʂ ï ɿʝʤʣʠ 

(ʨʠʩ.   23). ɺ ʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ 

ʢʦʩʤʠʯʝʩʢʠʡ ʢʦʨʘʙʣʴ ʧʦʨʘʚʥʷʣʩʷ 

ʩ ɿʝʤʣʸʡ, ʥʘ ʧʦʣʫ ʢʦʨʘʙʣʷ 

ʚʢʣʶʯʠʣʠ ʣʘʤʧʫ, ʣʫʯ ʩʚʝʪʘ 

ʜʦʣʝʪʝʣ ʜʦ ʧʦʪʦʣʢʘ ʢʦʨʘʙʣʷ, 

ʦʪʨʘʟʠʣʩʷ ʦʪ ʟʝʨʢʘʣʘ ʠ ʚʝʨʥʫʣʩʷ 

ʦʙʨʘʪʥʦ, ʧʦʧʘʚ ʚ ʬʦʪʦʧʨʠʸʤʥʠʢ.  
 ʈʠʩ. 23 
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ʉʢʦʣʴʢʦ ʚʨʝʤʝʥʠ Ўὸᴂ ʟʘʡʤʸʪ çʧʫʪʝʰʝʩʪʚʠʝ ʩʚʝʪʘè ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 
ʢʦʩʤʦʥʘʚʪʘ ï ʥʘʙʣʶʜʘʪʝʣʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ çʜʚʠʞʫʱʝʡʩʷè ʩʠʩʪʝʤʝ 

ʦʪʩʯʸʪʘ  ʂ'? 

Ўὸᴂ
ςὌ

ὧ
ȟ 

ʛʜʝ  Ὄï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʣʘʤʧʳ ʜʦ ʟʝʨʢʘʣʘ ʚ ʢʦʩʤʠʯʝʩʢʦʤ ʢʦʨʘʙʣʝ.  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʝʤʣʷʥʠʥʘ ï ʥʘʙʣʶʜʘʪʝʣʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ 

çʥʝʧʦʜʚʠʞʥʦʡè ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ ʂ, ʣʫʯ ʩʚʝʪʘ ʜʚʠʞʝʪʩʷ ʧʦ ʣʦʤʘʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʠ ʧʨʦʭʦʜʠʪ ʧʫʪʴ ςὒ (ʩʤʦʪʨʠʪʝ ʩʭʝʤʫ ʥʘ ʨʠʩ. 23). ʉ ʪʦʯʢʠ 
ʟʨʝʥʠʷ çʥʝʧʦʜʚʠʞʥʦʛʦè ʥʘʙʣʶʜʘʪʝʣʷ ʚʨʝʤʷ  Ўὸ çʧʫʪʝʰʝʩʪʚʠʷ ʩʚʝʪʘè 
ʨʘʚʥʦ: 

Ўὸ
ςὒ

ὧ
Ȣ 

ʆʯʝʚʠʜʥʦ, ʯʪʦ                      Ўὸ ЎὸᴂȢ 
ʕʪʦʪ ʵʬʬʝʢʪ ʥʘʟʳʚʘʶʪ ʨʝʣʷʪʠʚʠʩʪʩʢʠʤ ʟʘʤʝʜʣʝʥʠʝʤ ʚʨʝʤʝʥʠ ʚ 

ʜʚʠʞʫʱʝʡʩʷ ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ.  

ʇʦʜʦʙʥʳʡ ʵʬʬʝʢʪ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʦʚʝʨʷʣʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʧʨʦʪʦʥʦʚ ʩ 

ʚʝʱʝʩʪʚʦʤ ʚʦʟʥʠʢʘʶʪ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ʧʠ-ʤʝʟʦʥʳ, ʢʦʪʦʨʳʝ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʨʘʩʧʘʜʘʶʪʩʷ. ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʞʠʟʥʠ   ʧʠ-ʤʝʟʦʥʘ ʚ 

ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʯʘʩʪʠʮʘ ʧʦʢʦʠʪʩʷ, ʨʘʚʥʦ 

2,60Ā10
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 ʩ. ɽʩʣʠ ʞʝ ʚ ʫʩʢʦʨʠʪʝʣʝ ʯʘʩʪʠʮʳ ʨʘʟʦʛʥʘʥʳ ʜʦ ʩʢʦʨʦʩʪʠ, 

ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 75 % ʦʪ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ, ʪʦ ʚʨʝʤʷ ʞʠʟʥʠ ʧʠ-ʤʝʟʦʥʦʚ 

ʚʦʟʨʘʩʪʘʝʪ ʚ 1,5 ʨʘʟʘ, ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ
1
.  

ɺʩʧʦʤʥʠʤ, ʢʘʢʠʝ ʨʘʩʩʫʞʜʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʣʠ ʚʳʚʦʜ ʟʘʢʦʥʘ 

ʩʣʦʞʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ. ʄʳ ʩʢʣʘʜʳʚʘʣʠ ʧʫʪʴ 

ʧʘʩʩʘʞʠʨʘ, ʠʟʤʝʨʝʥʥʳʡ ʚ ʚʘʛʦʥʝïʜʚʠʞʫʱʝʡʩʷ ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ  ʂ' ʠ 

ʧʨʦʡʜʝʥʥʳʡ ʠʤ ʟʘ ʦʜʥʫ ʩʝʢʫʥʜʫ, ʩ ʧʫʪʸʤ ʚʘʛʦʥʘ, ʠʟʤʝʨʝʥʥʳʤ 

ʩʪʘʥʮʠʦʥʥʳʤ ʩʤʦʪʨʠʪʝʣʝʤïʥʘʙʣʶʜʘʪʝʣʝʤ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ 

ʦʪʩʯʸʪʘ ʂ, ʪʘʢʞʝ ʧʨʦʡʜʝʥʥʳʡ ʚʘʛʦʥʦʤ ʟʘ ʦʜʥʫ ʩʝʢʫʥʜʫ. 

ʊʝʧʝʨʴ ʧʦʩʣʝ ʘʥʘʣʠʟʘ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʬʬʝʢʪʦʚ ʥʘʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʩʝʢʫʥʜʘ ʧʘʩʩʘʞʠʨʘ ʥʝ ʨʘʚʥʘ ʩʝʢʫʥʜʝ ʩʪʘʥʮʠʦʥʥʦʛʦ ʩʤʦʪʨʠʪʝʣʷ - ʚ 

                                                 
1
 ʆʪʤʝʪʠʤ, ʯʪʦ ʪʘʢʦʡ çʵʢʟʦʪʠʯʝʩʢʠʡè ʨʝʣʷʪʠʚʠʩʪʩʢʠʡ ʵʬʬʝʢʪ ʢʘʢ ʟʘʤʝʜʣʝʥʠʝ 

ʚʨʝʤʝʥʠ ʚ ʜʚʠʞʫʱʝʡʩʷ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʫʯʠʪʳʚʘʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ 

ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤʘʭ ʥʘʚʠʛʘʮʠʠ (GPS, ɻʃʆʅɸʉʉ ʠ ʜʨʫʛʠʝ). ʅʝʦʙʭʦʜʠʤʦʩʪʴ 

ʚʝʜʝʥʠʷ ʧʦʧʨʘʚʦʢ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʩʝʢʫʥʜ ʚ ʜʝʥʴ, 

ʦʙʫʩʣʦʚʣʝʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʚʠʞʝʥʠʝʤ ʩʧʫʪʥʠʢʦʚ ʚʦʢʨʫʛ ɿʝʤʣʠ. 
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ʢʘʞʜʦʡ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ ʩʦʙʩʪʚʝʥʥʦʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ 

ʚʨʝʤʷ! ʊʝʧʝʨʴ ʥʘʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʨʦʤʝʞʫʪʢʦʚ ʚ ʜʚʠʞʫʱʝʡʩʷ ʠ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ 

ʦʪʩʯʸʪʘ ʨʘʟʣʠʯʥʳ. ʕʪʠ ʬʘʢʪʳ ʧʦʟʚʦʣʷʶʪ ʦʩʦʟʥʘʪʴ, ʯʪʦ ʨʝʣʷʪʠʚʠʩʪʩʢʠʡ 

ʟʘʢʦʥ ʩʣʦʞʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʜʦʣʞʝʥ ʙʝʟʫʩʣʦʚʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʟʘʢʦʥʘ 

ʩʣʦʞʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ, ʛʜʝ ʦʥ ʠʤʝʝʪ ʚʠʜ 

[ʬʦʨʤʫʣʘ    (28)]: 

‡ ‡ᴂ ὠȢ 
ʈʝʣʷʪʠʚʠʩʪʩʢʠʡ ʟʘʢʦʥ ʩʣʦʞʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʙʳʣ ʚʳʚʝʜʝʥ 

ʕʡʥʰʪʝʡʥʦʤ ʠ ʟʘʧʠʩʘʥ ʠʤ ʚ ʚʠʜʝ: 

‡ ȟ                                                  (29)                   

ʛʜʝ  ‡ -  ʩʢʦʨʦʩʪʴ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ çʥʝʧʦʜʚʠʞʥʦʡè ʩʠʩʪʝʤʳ ʦʪʩʯʸʪʘ, 

       ‡ᴂ - ʩʢʦʨʦʩʪʴ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ çʜʚʠʞʫʱʝʡʩʷè ʩʠʩʪʝʤʳ ʦʪʩʯʸʪʘ, 

ὠ - ʩʢʦʨʦʩʪʴ ʜʚʠʞʫʱʝʡʩʷ ʩʠʩʪʝʤʳ ʦʪʩʯʸʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʧʦʜʚʠʞʥʦʡ. 

ʌʦʨʤʫʣʘ ʟʘʧʠʩʘʥʘ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʚʝʢʪʦʨʘ ‡ᴆȟ‡ᴂᴆ ̉ ὠᴆ ʩʦʥʘʧʨʘʚʣʝʥʳ.  

ʇʨʦʚʝʨʠʤ, ʯʪʦ ʨʝʣʷʪʠʚʠʩʪʩʢʠʡ ʟʘʢʦʥ ʩʣʦʞʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʥʝ 

ʧʨʦʪʠʚʦʨʝʯʠʪ ʚʪʦʨʦʤʫ ʧʦʩʪʫʣʘʪʫ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. 

ʇʫʩʪʴ ʢʦʩʤʠʯʝʩʢʠʡ ʢʦʨʘʙʣʴ ʜʚʠʞʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ὠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ 

ɿʝʤʣʠ. ɺ ʥʦʩʦʚʦʡ ʯʘʩʪʠ ʢʦʨʘʙʣʷ ʚʢʣʶʯʘʝʪʩʷ ʧʨʦʞʝʢʪʦʨ, ʠ ʣʫʯ ʩʚʝʪʘ 

ʜʚʠʞʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʘʙʣʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ὧ: 
‡ ὧȢ 

ʇʨʦʚʝʨʠʤ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʣʫʯʘ ʩʚʝʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ɿʝʤʣʠ ʪʘʢʞʝ 

ʨʘʚʥʘ ὧ.            

                                               ‡
ǋ
ǋȟ 

ʊʘʢ ʢʘʢ                                      ‡ ὧȟ 
ʪʦ 

‡
ὧ ὠ

ρ
ὧὠ
ὧ

ȟ 

‡ ὧȢ 
ʏʪʦ ʠ ʪʨʝʙʦʚʘʣʦʩʴ ʧʨʦʚʝʨʠʪʴ.  

ʈʝʣʷʪʠʚʠʩʪʩʢʠʡ ʟʘʢʦʥ ʩʣʦʞʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʙʳʣ ʪʘʢʞʝ ʫʩʧʝʰʥʦ 

ʧʨʦʚʝʨʝʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʆʜʠʥ ʠʟ ʪʘʢʠʭ ʦʧʳʪʦʚ ʟʘʢʣʶʯʘʣʩʷ ʚ 

ʠʟʤʝʨʝʥʠʠ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʚ ʜʚʠʞʫʱʝʡʩʷ ʚʦʜʝ. ʊʨʫʙʢʫ ʟʘʧʦʣʥʠʣʠ 

ʧʨʦʪʝʢʘʶʱʝʡ ʧʦ ʥʝʡ ʩ ʥʝʢʦʪʦʨʦʡ ʩʢʦʨʦʩʪʴʶ ὠ ʚʦʜʦʡ ʠ ʠʟʤʝʨʠʣʠ 
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ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ‡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʫʙʢʠ. ʉʢʦʨʦʩʪʴ ʩʚʝʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʚʦʜʳ ‡ᴂ ʙʳʣʘ ʠʟʚʝʩʪʥʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ ʘʙʩʦʣʶʪʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʚʦʜʳ. (ɺ ʵʪʦʤ ʦʧʳʪʝ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ‡ᴂ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʜʳ ï ʵʪʦ çʩʢʦʨʦʩʪʴ ʧʘʩʩʘʞʠʨʘ, ʠʜʫʱʝʛʦ ʧʦ ʚʘʛʦʥʫè, 

ʩʢʦʨʦʩʪʴ ʚʦʜʳ ὠ, ʧʨʦʪʝʢʘʶʱʝʡ ʧʦ ʪʨʫʙʢʝ, - ʵʪʦ çʩʢʦʨʦʩʪʴ ʚʘʛʦʥʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘè, ʘ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ 

‡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʫʙʢʠ  - ʵʪʦ çʩʢʦʨʦʩʪʴ ʧʘʩʩʘʞʠʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘè.)   

ɺ ʟʘʢʣʶʯʝʥʠʝ ʧʨʠʤʝʥʠʤ ʨʝʣʷʪʠʚʠʩʪʩʢʠʡ ʟʘʢʦʥ ʩʣʦʞʝʥʠʷ ʩʢʦʨʦʩʪʝʡ 

‡
‡ᴂ ὠ

ρ
‡ᴂὠ
ὧ

 

ʜʣʷ ʩʣʫʯʘʷ ʤʝʜʣʝʥʥʳʭ ʜʚʠʞʝʥʠʡ. 

ɽʩʣʠ ‡ᴂḺὧ ʠ ‡Ḻὧ, ʪʦ ʩʣʘʛʘʝʤʳʤ   ʚ ʩʨʘʚʥʝʥʠʠ ʩ 1 ʚ 

ʟʥʘʤʝʥʘʪʝʣʝ ʜʘʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʠ ʤʳ ʚʠʜʠʤ, ʯʪʦ 

‡ ‡ᴂ ὠȢ 
ɺ ʧʦʣʫʯʝʥʥʦʤ ʨʝʟʫʣʴʪʘʪʝ ʥʝʪ ʥʠʯʝʛʦ ʥʝʦʞʠʜʘʥʥʦʛʦ. ɺʝʜʴ 

ʩʧʝʮʠʘʣʴʥʘʷ ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʥʝ çʦʪʤʝʥʷʝʪè ʟʘʢʦʥʳ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ, ʘ ʣʠʰʴ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʩʣʫʯʘʷʤʠ 

ʤʝʜʣʝʥʥʦʛʦ (ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ c) ʜʚʠʞʝʥʠʷ. ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʚʩʝ ʚʳʨʘʞʝʥʠʷ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʪʝʦʨʠʠ ʧʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ çʚ 

ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝè ʧʝʨʝʭʦʜʷʪ ʚ ʚʳʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʳ ʧʦʣʫʯʘʝʤ ʚ 

ʨʘʤʢʘʭ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

I. ʉ. 67ï69. Ä 34. ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ɻʘʣʠʣʝʷ. ʄʝʭʘʥʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ 

ʉ. 69ï70. Ä 35. ʇʦʩʪʫʣʘʪʳ ʩʧʝʮʠʘʣʴʥʦʡ (ʯʘʩʪʥʦʡ) ʪʝʦʨʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ 

ʉ. 70ï71. Ä 35. ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ 

ʉ. 72ï75. Ä 35 (ʯʘʩʪʠʯʥʦ). ʉʣʝʜʩʪʚʠʷ ʠʟ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʦʨʝʥʮʘ
 

II. ʉ. 463ï468. ʆʧʳʪ ʄʘʡʢʝʣʴʩʦʥʘ. ʉʧʝʮʠʘʣʴʥʘʷ ʪʝʦʨʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ 

  

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʇʦʯʝʤʫ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʣʦʚʦʩʦʯʝʪʘʥʠʷ çʜʚʠʞʫʱʘʷʩʷ 

ʩʠʩʪʝʤʘ ʦʪʩʯʸʪʘè, çʥʝʧʦʜʚʠʞʥʘʷ ʩʠʩʪʝʤʘ ʦʪʩʯʸʪʘè ʚ ʪʝʢʩʪʝ ʚʟʷʪʳ ʚ 

ʢʘʚʳʯʢʠ? (ʊʘʤ ʞʝ, ʛʜʝ ʵʪʦ ʥʝ ʩʜʝʣʘʥʦ, ʢʘʚʳʯʢʠ ʧʦʜʨʘʟʫʤʝʚʘʶʪʩʷ.) 
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2. ɺ 1881 ʛʦʜʫ ʘʤʝʨʠʢʘʥʩʢʠʤ ʬʠʟʠʢʦʤ  ɸʣʴʙʝʨʪʦʤ ɸʙʨʘʭʘʤʦʤ  

ʄʘʡʢʝʣʴʩʦʥʦʤ (1852ï1931) ʙʳʣ ʧʦʩʪʘʚʣʝʥ ʦʧʳʪ ʩ ʮʝʣʴʶ ʠʟʤʝʨʝʥʠʷ 

ʚʣʠʷʥʠʷ ʜʚʠʞʝʥʠʷ ɿʝʤʣʠ  ʥʘ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ. ɺ 1887 ʛʦʜʫ ʦʧʳʪ ʙʳʣ ʠʤ 

ʧʨʦʚʝʜʸʥ ʩ ʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʴʶ ʩʦʚʤʝʩʪʥʦ ʩ ʘʤʝʨʠʢʘʥʩʢʠʤ ʫʯʸʥʳʤ 

ʕʜʚʘʨʜʦʤ ʋʠʣʴʷʤʩʦʥʦʤ ʄʦʨʣʠ (1838ï1923).  ɺ 1964 ʛʦʜʫ ʘʤʝʨʠʢʘʥʩʢʠʝ 

ʬʠʟʠʢʠ ʧʦʚʪʦʨʠʣʠ ʦʧʳʪ ʄʘʡʢʝʣʴʩʦʥʘ,  ʠʩʧʦʣʴʟʦʚʘʚ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʛʝʣʠʡ-ʥʝʦʥʦʚʳʝ ʣʘʟʝʨʳ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʨʝʟʫʣʴʪʘʪ 

ʦʧʳʪʘ ʄʘʡʢʝʣʴʩʦʥʘ ʙʳʣ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʥʠʢʘʢ ʥʝ 

ʟʘʚʠʩʝʣʘ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ɿʝʤʣʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʠʟʤʝʨʷʝʤʦʡ 

ʩʢʦʨʦʩʪʠ. ʇʦʯʝʤʫ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʦʧʳʪʘ ʄʘʡʢʝʣʴʩʦʥʘ 

ʧʨʦʪʠʚʦʨʝʯʠʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʝ? 

3. ʅʘ ʢʦʩʤʠʯʝʩʢʦʤ ʢʦʨʘʙʣʝ, ʜʚʠʞʫʱʝʤʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ɿʝʤʣʠ, ʩʦ 

ʩʢʦʨʦʩʪʴʶ, ʨʘʚʥʦʡ ʧʦʣʦʚʠʥʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ c (ʬʘʥʪʘʩʪʠʢʘ), ʚʢʣʶʯʸʥ 

ʣʠʥʝʡʥʳʡ ʫʩʢʦʨʠʪʝʣʴ ʵʣʝʢʪʨʦʥʦʚ, ʫʩʢʦʨʷʶʱʠʡ ʯʘʩʪʠʮʳ ʚʜʦʣʴ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʨʘʙʣʷ ʜʦ ʩʢʦʨʦʩʪʠ, ʨʘʚʥʦʡ 

ʧʦʣʦʚʠʥʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ c. ʏʝʤʫ ʨʘʚʥʘ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ɿʝʤʣʠ?  

4. ʇʦ ʥʘʙʣʶʜʝʥʠʶ ʟʝʤʥʦʛʦ ʘʩʪʨʦʥʦʤʘ ʜʚʘ ʟʚʸʟʜʥʳʭ ʩʢʦʧʣʝʥʠʷ 

ʩʠʤʤʝʪʨʠʯʥʦ ʫʜʘʣʷʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʪʘʢ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ 

ʚʦʟʨʘʩʪʘʝʪ ʩʦ ʩʢʦʨʦʩʪʴʶ  . ʂʘʢʦʚʘ ʩʢʦʨʦʩʪʴ ʦʜʥʦʛʦ ʟʚʸʟʜʥʦʛʦ 

ʩʢʦʧʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʛʦ? 

5. ʀʩʧʦʣʴʟʫʷ ʨʝʣʷʪʠʚʠʩʪʩʢʠʡ ʟʘʢʦʥ ʩʣʦʞʝʥʠʷ ʩʢʦʨʦʩʪʝʡ, ʜʦʢʘʞʠʪʝ, ʯʪʦ 

ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ὧ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʩʢʦʨʦʩʪʴʶ 
ʚ ʧʨʠʨʦʜʝ. 

ʊʝʤʘ 3 (ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ) 

 

ʆʉʅʆɺʓ ʈɽʃʗʊʀɺʀʉʊʉʂʆʁ ɼʀʅɸʄʀʂʀ 

 

ʇʣʘʥ ʠʟʫʯʝʥʠʷ ʪʝʤʳ 

 

1. ʀʤʧʫʣʴʩ ʚ ʉʊʆ 

2. ʕʥʝʨʛʠʷ ʚ ʉʊʆ 

 

 ɺ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʠʤʧʫʣʴʩʘ ʪʝʣʘ ὴ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʧʦʩʪʫʣʘʪʘʤ ʪʝʦʨʠʠ 
ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʠʤʝʝʪ ʚʠʜ  

ὴ ȟ                                                     (30) 
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ʛʜʝ ά ï ʤʘʩʩʘ ʪʝʣʘ, 

       ‡ ï ʝʛʦ ʩʢʦʨʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʢʦʪʦʨʦʡ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 
ʦʪʩʯʸʪʘ. 

ʃʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ ʨʝʣʷʪʠʚʠʩʪʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʠʤʧʫʣʴʩʘ  (30) 

ʚ ʩʣʫʯʘʝ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ ‡Ḻὧ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʨʘʞʝʥʠʶ ʜʣʷ 

ʠʤʧʫʣʴʩʘ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ  (26). 

ʇʨʠ ʪʘʢʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʠʤʧʫʣʴʩʘ ʩʦʦʪʥʦʰʝʥʠʝ (27), ʚʳʨʘʞʘʶʱʝʝ 

ɯɯ ʟʘʢʦʥ ʅʴʶʪʦʥʘ,  

Ὠὶᴆ

Ὠὸ
Ὂᴆ 

ʦʢʘʟʳʚʘʝʪʩʷ ʩʧʨʘʚʝʜʣʠʚʳʤ ʠ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ.  

ʇʫʩʪʴ ʥʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʦʢʦʷʱʝʝʩʷ ʪʝʣʦ ʤʘʩʩʦʡ ά ʜʝʡʩʪʚʫʝʪ 

ʧʦʩʪʦʷʥʥʘʷ ʩʠʣʘ Ὂ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʦʡ ʪʝʣʦ ʧʨʠʭʦʜʠʪ ʚ ʜʚʠʞʝʥʠʝ. 
ɺʳʷʩʥʠʤ, ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʟʤʝʥʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʪʝʣʘ ʩ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ. 

ɿʘʧʠʰʝʤ ʬʦʨʤʫʣʫ ɯɯ ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ: 
Ὠὴ

Ὠὸ
ὊȢ 

ʆʪʩʶʜʘ 

Ὠὴ ὊὨὸȢ 
ʀʥʪʝʛʨʠʨʫʷ, ʠʤʝʝʤ: 

Ὠὴ ὊὨὸȟ 

ὴ ὴ ὊὸȢ 
ʊʘʢ ʢʘʢ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʪʝʣʦ ʧʦʢʦʠʣʦʩʴ, ʪʦ  

ὴ π 
ʠ ʦʢʦʥʯʘʪʝʣʴʥʦ ʠʤʝʝʤ: 

ὴ ὊὸȢ                                                  (31)     

ʉ ʫʯʸʪʦʤ ʚʳʨʘʞʝʥʠʷ (30)  ʬʦʨʤʫʣʘ (31) ʧʨʠʤʝʪ ʚʠʜ: 

ὊὸȢ                                               (32)                     

ʀʟ ʩʦʦʪʥʦʰʝʥʠʷ (32)  ʚʳʨʘʟʠʤ ʩʢʦʨʦʩʪʴ: 

ά ‡

ρ
‡
ὧ

Ὂὸ 

ʠ 
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‡ Ȣ                                               (33)  

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʚʳʨʘʞʝʥʠʝ (33). 

1. ɽʩʣʠ ʩʠʣʘ Ὂ ʜʝʡʩʪʚʫʝʪ ʥʘ ʪʝʣʦ ʚ ʪʝʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ὸO Ð, ʪʦ ʚ ʟʥʘʤʝʥʘʪʝʣʝ ʚʳʨʘʞʝʥʠʷ  (33)  ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ 

ʝʜʠʥʠʮʝʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʣʘʛʘʝʤʳʤ    ʠ ʪʦʛʜʘ 

 

‡O

Ὂὸ
ά
Ὂὸ
άὧ

ȟ 

‡O ὧȢ 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʡ ʩʢʦʨʦʩʪʴʶ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ. 

2. ʇʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ, ʢʦʛʜʘ 

ὊὸḺάὧȟ ʠʤʝʝʤ ʧʨʠʙʣʠʞʸʥʥʦʝ 

ʨʘʚʝʥʩʪʚʦ 

‡
Ὂ

ά
ὸȟ 

ʪʦ ʝʩʪʴ, ʜʚʠʞʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʨʘʚʥʦʫʩʢʦʨʝʥʥʳʤ. 

ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʦʪ 

ʚʨʝʤʝʥʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 24.   

 

  

ʇʦʣʥʘʷ ʵʥʝʨʛʠʷ Ὁ ʩʚʦʙʦʜʥʦʛʦ ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʪʝʣʘ, ʢʘʢ 

ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʉʊʆ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

Ὁ Ȣ                                                (34)  

ʈʝʣʷʪʠʚʠʩʪʩʢʦʝ  ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʵʥʝʨʛʠʠ   (34) ʧʦʟʚʦʣʷʝʪ ʚʚʝʩʪʠ 

ʧʦʥʷʪʠʝ, ʢʦʪʦʨʦʛʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ, - ʧʦʥʷʪʠʝ 

ʵʥʝʨʛʠʠ ʧʦʢʦʷ. ʆʢʘʟʳʚʘʝʪʩʷ, ʜʘʞʝ ʝʩʣʠ ʪʝʣʦ ʥʝ ʜʚʠʞʝʪʩʷ, ʦʥʦ ʚʩʸ 

ʨʘʚʥʦ ʦʙʣʘʜʘʝʪ ʵʥʝʨʛʠʝʡ, ʥʘʟʳʚʘʝʤʦʡ ʵʥʝʨʛʠʝʡ ʧʦʢʦʷ. 

 ʏʝʤʫ ʨʘʚʥʘ ʵʥʝʨʛʠʷ ʧʦʢʦʷ Ὁ? ʇʫʩʪʴ ʪʝʣʦ ʥʝ ʜʚʠʞʝʪʩʷ (‡  = 0), 

ʪʦʛʜʘ ʠʟ ʚʳʨʘʞʝʥʠʷ (34) ʩʣʝʜʫʝʪ, ʯʪʦ ʵʥʝʨʛʠʷ ʧʦʢʦʷ Ὁ ʨʘʚʥʘ: 

Ὁ άὧȢ                                                 (35)    

 ʈʠʩ. 23 
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ʅʠʞʝ ʚ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʤʘʩʩʳ ʠ ʵʥʝʨʛʠʠ ʧʦʢʦʷ 

ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʠʮ 
ʊʘʙʣʠʮʘ 1 

ʄʘʩʩʘ ʠ ʵʥʝʨʛʠʷ ʧʦʢʦʷ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʠʮ 

 
ʏʘʩʪʠʮʘ ʄʘʩʩʘ ʯʘʩʪʠʮʳ, ʢʛ ʕʥʝʨʛʠʷ ʧʦʢʦʷ ʯʘʩʪʠʮʳ, ʄʵɺ 

ʅʝʡʪʨʦʥ 1,67493Ā10
-27 

939,6 

ʇʨʦʪʦʥ 1,67262Ā10
-27

 938,3 

ʕʣʝʢʪʨʦʥ 9,10938Ā10
-31

 0,511 

 

ʕʥʝʨʛʠʷ ʧʦʢʦʷ ʯʘʩʪʠʮ ʚ ʪʘʙʣʠʮʝ 1 ʫʢʘʟʘʥʘ ʚ ʤʝʛʘʵʣʝʢʪʨʦʥʚʦʣʴʪʘʭ. 

ʅʘʧʦʤʥʠʤ, ʯʪʦ  

1 ʵɺ  = 1,602Ā10
-19

 ɼʞ, 

1 ʄʵɺ = 1,602Ā10
-13

 ɼʞ. 

ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʵʥʝʨʛʠʷ ʧʦʢʦʷ ʦʜʥʦʡ ʯʘʩʪʠʮʳ ʥʝʚʝʣʠʢʘ. ʅʦ 

ʚʩʧʦʤʥʠʪʝ, ʯʪʦ ʯʠʩʣʦ ʯʘʩʪʠʮ ʚ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʪʝʣʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦʩʪʦʷʥʥʦʡ ɸʚʦʛʘʜʨʦ ὔ φȟπςϽρπ 
ʤʦʣʴ
. ʇʝʨʝʤʥʦʞʠʚ ʵʥʝʨʛʠʶ 

ʧʦʢʦʷ ʦʜʥʦʡ ʯʘʩʪʠʮʳ ʥʘ ʯʠʩʣʦ ʯʘʩʪʠʮ ʚ ʦʜʥʦʤ ʤʦʣʝ, ʚʳ ʫʚʠʜʠʪʝ, ʯʪʦ 

ʵʥʝʨʛʠʷ ʧʦʢʦʷ  - ʵʪʦ ʢʦʣʦʩʩʘʣʴʥʳʡ ʨʝʟʝʨʚʫʘʨ ʵʥʝʨʛʠʠ.  

ɺ ʥʘʰʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʧʦʢʦʷ ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʷ 

ï ʚʝʜʴ ʠʤʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʵʥʝʨʛʠʠ ʧʦʢʦʷ çʨʘʙʦʪʘʝʪè ʷʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ. 

ʇʨʠ ʜʝʣʝʥʠʠ, ʥʘʧʨʠʤʝʨ, ʷʜʨʘ ʠʟʦʪʦʧʘ ʫʨʘʥʘ ʥʘ ʜʚʘ ʷʜʨʘ-çʦʩʢʦʣʢʘè 

ʦʙʱʘʷ ʤʘʩʩʘ ʚʩʝʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʤʝʥʴʰʝ ʤʘʩʩʳ ʷʜʨʘ ʫʨʘʥʘ. 

ʋʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ ʦʟʥʘʯʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʵʥʝʨʛʠʠ ʧʦʢʦʷ, ʘ ʟʥʘʯʠʪ, ʧʨʠ 

ʜʝʣʝʥʠʠ ʷʜʨʘ ʫʨʘʥʘ ʧʨʦʠʩʭʦʜʠʪ ʚʳʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ (ʝɦy  ʦʜʠʥ 

ʨʝʣʷʪʠʚʠʩʪʩʢʠʡ ʵʬʬʝʢʪ). 

ɽʩʣʠ ʪʝʣʦ ʜʚʠʞʝʪʩʷ, ʪʦ ʝʛʦ ʵʥʝʨʛʠʷ Ὁ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ ʧʦʢʦʷ Ὁ ʥʘ 

ʚʝʣʠʯʠʥʫ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ Ὁʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʧʝʮʠʘʣʴʥʦʡ 
ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ Ὁʢ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ 

Ὁʢ Ὁ ὉȢ                                                    (36)              

ʀʣʠ ʩ ʫʯʸʪʦʤ ʚʳʨʘʞʝʥʠʡ (34) ʠ (35)  

Ὁʢ άὧȢ                                            (37) 

ɼʦʢʘʞʝʤ, ʯʪʦ ʧʨʠ ʤʝʜʣʝʥʥʳʭ ʜʚʠʞʝʥʠʷʭ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʪʝʣʘ ‡ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ὧ, ʚʳʨʘʞʝʥʠʝ (17.8) 
ʧʝʨʝʭʦʜʠʪ ʚ ʠʟʚʝʩʪʥʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʸʪʘ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ.  
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ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʧʨʦʚʝʜʸʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʳʨʘʞʝʥʠʷ 
ρ

ρ
‡
ὧ

 

 

ʩ ʫʯʸʪʦʤ ʪʦʛʦ, ʯʪʦ ‡Ḻὧ ʠʣʠ ḺρȢ  

ʅʘʧʨʠʤʝʨ, ʧʝʨʚʘʷ ʢʦʩʤʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʨʘʚʥʘ 8 ʢʤ/ʩ, ʩʨʝʜʥʷʷ 

ʩʢʦʨʦʩʪʴ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ɿʝʤʣʠ ʚʦʢʨʫʛ ʉʦʣʥʮʘ ï 30 ʢʤ/ʩ. ɽʩʣʠ 

‡ σπ 
ʢʤ

ʩ
ȟὧ σππ πππ

ʢʤ

ʩ
ȟ  ʪʦ ρπȟ ρπ . 

ʀʪʘʢ,  

ρ

ρ
‡
ὧ

ρ
‡
ὧ

ρ
‡
ὧ
ρ
‡
ὧ

ρ
‡
ὧ

ρ
‡
ὧ

Ȣ 

 

ɽʩʣʠ  Ḻρ, ʪʦ   - ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦ ʠ  

ρ

ρ
‡
ὧ

ρ
‡

ὧ
Ȣ 

ʇʨʦʜʦʣʞʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ: 

ρ
‡

ὧ
ρ

‡

ςὧ

‡

τὧ
 

 

ʠʣʠ, ʚʥʦʚʴ ʧʨʝʥʝʙʨʝʛʘʷ  ȟ 

ρ
‡

ὧ
ρ

‡

ςὧ
ρ

‡

ςὧ
Ȣ 

ʇʦʜʩʪʘʚʠʤ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʚ ʩʦʦʪʥʦʰʝʥʠʝ  (37)  

Ὁʢ άὧ ρ
‡

ςὧ
άὧȟ 

Ὁʢ
ά‡

ς
Ȣ 
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ʇʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ ʠ ʝʩʪʴ ʬʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʸʪʘ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ. 

ɿʘʧʠʰʝʤ ʪʘʢʞʝ ʦʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ 

ʤʝʭʘʥʠʢʠ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʵʥʝʨʛʠʝʡ Ὁ, ʵʥʝʨʛʠʝʡ ʧʦʢʦʷ 
Ὁ ʠ ʠʤʧʫʣʴʩʦʤ ὴ ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ, 

Ὁ Ὁ ὴὧȢ                                         (38)  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ ʚ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʩʦʦʪʥʦʰʝʥʠʷ (38), 

ʜʦʩʪʘʪʦʯʥʦ ʧʦʩʪʘʚʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʥʝʛʦ ʚʳʨʘʞʝʥʠʷ   (30), (34) ʠ 

(35), ʦʧʨʝʜʝʣʷʶʱʠʝ ʠʤʧʫʣʴʩ, ʵʥʝʨʛʠʶ ʠ ʵʥʝʨʛʠʶ ʧʦʢʦʷ ʪʝʣʘ ʚ 

ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʪʝʦʨʠʠ. (ʇʨʦʜʝʣʘʡʪʝ ʥʝʦʙʭʦʜʠʤʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʚʳʢʣʘʜʢʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ.) 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʤʝʥʝʥʠʷ ʬʦʨʤʫʣ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʜʠʥʘʤʠʢʠ, 

ʨʘʩʩʯʠʪʘʝʤ,  ʢʘʢʫʶ ʫʩʢʦʨʷʶʱʫʶ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʜʦʣʞʝʥ ʧʨʦʡʪʠ 

ʧʨʦʪʦʥ, ʯʪʦʙʳ ʧʨʠʦʙʨʝʩʪʠ ʩʢʦʨʦʩʪʴ, ʨʘʚʥʫʶ 0,6 ʩ? ʅʘʯʘʣʴʥʫʶ  

ʩʢʦʨʦʩʪʴ ʧʨʦʪʦʥʘ ʧʨʠ ʵʪʦʤ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʨʘʚʥʦʡ ʥʫʣʶ. 

ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʨʦʪʦʥʦʤ ʫʩʢʦʨʷʶʱʝʡ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ Ὗ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʩʦʚʝʨʰʘʝʪ ʨʘʙʦʪʫ ὃ, ʨʘʚʥʫʶ 

ὃ ὟϽȿὩȿȟ                                              (39)    

ʛʜʝ ȿὩȿï ʟʘʨʷʜ ʧʨʦʪʦʥʘ.                                                                                                                                                                     

ʉʦʚʝʨʰʝʥʠʝ  ʨʘʙʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʨʦʪʦʥʘ: 

ὃ ЎὉʢȟ 
ʛʜʝ ЎὉʢ - ʠʟʤʝʥʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʦʪʦʥʘ. 

ЎὉʢ Ὁʢ Ὁʢ, 

Ὁʢ  - ʢʦʥʝʯʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʨʦʪʦʥʘ, 

Ὁʢʦ ï ʥʘʯʘʣʴʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʨʦʪʦʥʘ (ʧʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ 
ʦʥʘ ʨʘʚʥʘ ʥʫʣʶ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ὃ ὉʢȢ                                                (40)  

ʉ ʫʯʸʪʦʤ ʚʳʨʘʞʝʥʠʡ  (37) ʠ  (39) ʩʦʦʪʥʦʰʝʥʠʝ (40) ʧʨʠʤʝʪ ʚʠʜ 

ὟϽȿὩȿ άὧȢ                                 (41)   

ɺʩʧʦʤʥʠʤ, ʯʪʦ ʵʥʝʨʛʠʷ ʧʦʢʦʷ Ὁ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʠʟʚʝʩʪʥʦʡ 

ʬʦʨʤʫʣʝ  (35): 

                                                Ὁ άὧȢ 
ʊʦʛʜʘ ʩʦʦʪʥʦʰʝʥʠʝ  (41) ʧʨʠʤʝʪ ʚʠʜ: 
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ὟϽȿὩȿ ὉȢ                                       (42)  

ʇʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ ʩʢʦʨʦʩʪʴ ʧʨʦʪʦʥʘ ‡ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ 

ʫʩʢʦʨʷʶʱʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʨʘʚʥʘ 

‡ πȟφ ὧȢ 
ʇʦʜʩʪʘʚʠʚ ʵʪʦ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚ ʚʳʨʘʞʝʥʠʝ (42), ʧʦʣʫʯʠʤ 

ὟϽȿὩȿ
Ὁ

ρ
πȟφὧ
ὧ

ὉȢ 

                                            ὟϽȿὩȿ ὉȢ 

ɼʘʣʴʥʝʡʰʠʡ ʨʘʩʯʸʪ ʤʦʞʥʦ ʫʧʨʦʩʪʠʪʴ, ʝʩʣʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʟʥʘʯʝʥʠʝʤ ʵʥʝʨʛʠʠ ʧʦʢʦʷ ʧʨʦʪʦʥʘ, ʚʳʨʘʞʝʥʥʳʤ ʚ ʵʣʝʢʪʨʦʥʚʦʣʴʪʘʭ (ʩʤ. 

ʪʘʙʣʠʮʫ 1): 

                                             Ὁ ωσψȟσ ʄʵɺȢ 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʪʦʥ ʜʦʣʞʝʥ ʧʨʦʡʪʠ ʫʩʢʦʨʷʶʱʫʶ ʨʘʟʥʦʩʪʴ 

ʧʦʪʝʥʮʠʘʣʦʚ Ὗ, ʨʘʚʥʫʶ  

                                             Ὗ
ȟϽ  ɺ

Ȣ 

                                             Ὗ ςστȟφϽρπɺȢ 
                                             Ὗ ςστȟφ ʄɺȢ 
ʉʨʘʚʥʠʤ, ʢʘʢʦʡ ʙʳʣ ʙʳ ʧʦʣʫʯʝʥ ʨʝʟʫʣʴʪʘʪ, ʝʩʣʠ ʙʳ ʨʘʩʯʸʪ 

ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʬʦʨʤʫʣʘʤ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ, ʛʜʝ ʢʠʥʝʪʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ  

Ὁʢ
ά‡

ς
Ȣ 

ʊʘʢ ʢʘʢ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ ʩʢʦʨʦʩʪʴ ʧʨʦʪʦʥʘ ‡ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ 
ʫʩʢʦʨʷʶʱʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʨʘʚʥʘ πȟφ ὧȟʪʦ 

 

Ὁʢ πȟρψάὧ 

Ὁʢ πȟρψὉ 
ʠ 

ὟϽȿὩȿ πȟρψὉȢ 
Ὗ πȟρψϽωσψȟσϽρπ ɺ Ȣ 

Ὗ ρφψȟω ʄɺȢ 
ʂʘʢ ʚʠʜʠʤ, ʨʘʩʭʦʞʜʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ  

ςστȟφ ρφψȟω

ςστȟφ 
ϽρππϷ ςψϷȦ 
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ʃʝʛʢʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʫʩʢʦʨʠʪʴ ʯʘʩʪʠʮʳ ʜʦ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ, ʪʦ ʨʘʩʭʦʞʜʝʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʘʭ, ʜʘʚʘʝʤʳʭ 

ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʪʝʦʨʠʝʡ ʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʦʡ, ʙʫʜʝʪ ʝʱʸ ʙʦʣʝʝ 

ʨʘʟʠʪʝʣʴʥʳʤ. 

ʕʪʦʪ ʧʨʠʤʝʨ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʬʨʘʟʘ çʉʧʝʮʠʘʣʴʥʘʷ ʪʝʦʨʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʠʥʞʝʥʝʨʥʦʡ ʥʘʫʢʦʡè ʥʝ ʛʠʧʝʨʙʦʣʘ, ʘ 

ʢʦʥʩʪʘʪʘʮʠʷ ʦʙʲʝʢʪʠʚʥʦʛʦ ʬʘʢʪʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʣʶʙʳʝ ʨʘʩʯʸʪʳ 

ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʧʨʦʚʦʜʷʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʧʦ ʬʦʨʤʫʣʘʤ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʕʡʥʰʪʝʡʥʘ.  

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʩʫʜʠʤ ʝʱʸ ʦʜʠʥ ʚʦʧʨʦʩ ï ʢʘʢʦʚʦ ʥʝʦʙʭʦʜʠʤʦʝ 

ʫʩʣʦʚʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʟʤʦʞʝʥ ʨʘʩʧʘʜ ʷʜʨʘ (ʠʣʠ ʯʘʩʪʠʮʳ) ʥʘ ʜʚʘ (ʠʣʠ 

ʙʦʣʝʝ) çʦʩʢʦʣʢʘè.  

ʇʫʩʪʴ ʷʜʨʦ ʤʘʩʩʦʡ ὓ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʜʚʘ ʷʜʨʘ-

çʦʩʢʦʣʢʘè ʤʘʩʩʘʤʠ ά  ʠ ά .  

ɿʘʧʠʰʝʤ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ: 

Ὁ Ὁ Ὁȟ                                            (43)   

ʛʜʝ Ὁ ï ʵʥʝʨʛʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʷʜʨʘ 

      Ὁ ʠ Ὁ - ʵʥʝʨʛʠʷ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʷʜʝʨ-çʦʩʢʦʣʢʦʚè. 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʷ   (38)  ʠʤʝʝʤ: 

Ὁ Ὁ ὴὧȟ 

 

Ὁ Ὁ ὴὧȢ 

ʛʜʝ ɽ10, ʨ1 ʠ ɽ20, ʨ2 ï ʵʥʝʨʛʠʷ ʧʦʢʦʷ ʠ ʠʤʧʫʣʴʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʝʨʚʦʛʦ  ʠ 

ʚʪʦʨʦʛʦ ʷʜʨʘ-çʦʩʢʦʣʢʘè. 

ʊʦʛʜʘ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ [ʫʨʘʚʥʝʥʠʝ  (43)] ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ 

Ὁ Ὁ ὴὧ + Ὁ ὴὧ. 

 

ʊʘʢ ʢʘʢ  

ὴὧ πȟ 
ὴὧ πȟ 

ʪʦ 

Ὁ Ὁ Ὁ Ȣ 

 

Ὁ Ὁ Ὁ Ȣ                                           (44)  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʧʘʜ ʷʜʨʘ (ʠʣʠ ʯʘʩʪʠʮʳ) ʚʦʟʤʦʞʝʥ, ʝʩʣʠ ʵʥʝʨʛʠʷ ʷʜʨʘ 

(ʠʣʠ ʯʘʩʪʠʮʳ) ʙʦʣʴʰʝ ʩʫʤʤʘʨʥʦʡ ʵʥʝʨʛʠʠ ʧʦʢʦʷ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ. 

ɽʩʣʠ ʠʩʭʦʜʥʦʝ ʷʜʨʦ (ʠʣʠ ʯʘʩʪʠʮʘ) ʧʦʢʦʠʪʩʷ, ʪʦ ʵʥʝʨʛʠʷ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʷʜʨʘ ɽ  ʨʘʚʥʘ ʝʛʦ ʵʥʝʨʛʠʠ ʧʦʢʦʷ  

 ɽ = ʄʩ
2
 

ʠ ʩʦʦʪʥʦʰʝʥʠʝ  (44) ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʦʯʝʚʠʜʥʦ, ʧʨʠʦʙʨʝʪʘʝʪ ʝʱʸ ʙʦʣʝʝ 

ʢʦʥʢʨʝʪʥʳʡ ʚʠʜ: 

ὓ ά ά Ȣ 
ʈʘʩʧʘʜ ʥʝʧʦʜʚʠʞʥʦʛʦ ʷʜʨʘ (ʠʣʠ ʯʘʩʪʠʮʳ) ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʚ ʪʦʤ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʤʘʩʩʘ ʷʜʨʘ (ʠʣʠ ʯʘʩʪʠʮʳ) ʙʦʣʴʰʝ ʩʫʤʤʘʨʥʦʡ ʤʘʩʩʳ 

ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ. 

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʏʝʤʫ ʨʘʚʝʥ ʠʤʧʫʣʴʩ ʧʨʦʪʦʥʘ, ʜʚʠʞʫʱʝʛʦʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 0,6 ʩ? ɺʦ 

ʩʢʦʣʴʢʦ ʨʘʟ ʫʚʝʣʠʯʠʪʩʷ ʠʤʧʫʣʴʩ ʯʘʩʪʠʮʳ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʝʸ ʩʢʦʨʦʩʪʠ 

ʜʦ 0,8 ʩ? 

2. ʇʨʠ ʢʘʢʦʡ ʩʢʦʨʦʩʪʠ ʵʥʝʨʛʠʷ ʯʘʩʪʠʮʳ ʙʫʜʝʪ ʙʦʣʴʰʝ ʝʸ ʵʥʝʨʛʠʠ ʧʦʢʦʷ 

ʚ 3 ʨʘʟʘ? 

3. ʀʟʤʝʨʝʥʠʝ ʵʥʝʨʛʠʠ ʠ ʠʤʧʫʣʴʩʘ ʯʘʩʪʠʮʳ, ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ, ʜʘʣʦ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: ʵʥʝʨʛʠʷ 

ʯʘʩʪʠʮʳ 1000,85 ʄʵɺ, ʠʤʧʫʣʴʩ ï φȟφψφϽρπ  
ʢʛϽʤ

ʩ
Ȣ ʆʧʨʝʜʝʣʠʪʝ 

ʵʥʝʨʛʠʶ ʧʦʢʦʷ ʠ ʤʘʩʩʫ ʯʘʩʪʠʮʳ. 

4. ʆʧʨʝʜʝʣʠʪʝ ʠʤʧʫʣʴʩ ʵʣʝʢʪʨʦʥʘ, ʧʨʦʰʝʜʰʝʛʦ ʫʩʢʦʨʷʶʱʫʶ ʨʘʟʥʦʩʪʴ 

ʧʦʪʝʥʮʠʘʣʦʚ 1 ʄɺ. 

5. ʏʘʩʪʠʮʘ ʤʘʩʩʦʡ ʄ, ʜʚʠʛʘʚʰʘʷʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 0,3 ʩ, ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ 

ʜʚʝ ʯʘʩʪʠʮʳ ʦʜʠʥʘʢʦʚʦʡ ʤʘʩʩʳ, ʢʦʪʦʨʳʝ ʨʘʟʣʝʪʘʶʪʩʷ ʩ ʦʜʠʥʘʢʦʚʳʤʠ 

ʩʢʦʨʦʩʪʷʤʠ, ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʧʦʜ ʧʨʷʤʳʤ ʫʛʣʦʤ ʜʨʫʛ ʢ ʜʨʫʛʫ. 

ʆʧʨʝʜʝʣʠʪʝ ʤʘʩʩʳ ά ʠ ʩʢʦʨʦʩʪʠ ‡ ʯʘʩʪʠʮ.  

   

 
ʃʝʢʮʠʷ 5 

 

ʆʉʅʆɺʓ  

ɻʀɼʈʆɸʕʈʆʉʊɸʊʀʂʀ ʀ ɻʀɼʈʆɸʕʈʆɼʀʅɸʄʀʂʀ 

 

ʂ ʜʘʥʥʦʡ ʣʝʢʮʠʠ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ 

ï ʟʥʘʪʴ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʸʪʘ ʜʘʚʣʝʥʠʷ, ʩʠʣʳ ɸʨʭʠʤʝʜʘ, ʚʪʦʨʦʡ ʟʘʢʦʥ 

ʅʴʶʪʦʥʘ, ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ; 
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ï ʫʤʝʪʴ ʧʨʠʤʝʥʷʪʴ ʵʣʝʤʝʥʪʘʨʥʳʝ ʬʦʨʤʫʣʳ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ 

ʜʣʷ ʨʘʩʯʸʪʘ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ ʚʝʣʠʯʠʥʳ. 

 

ʇʣʘʥ ʣʝʢʮʠʠ 

1. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʣʦʰʥʳʭ ʩʨʝʜ. ɻʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ.  

2. ʃʠʥʠʠ ʠ ʪʨʫʙʢʠ ʪʦʢʘ. ʋʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʧʦʪʦʢʘ. 

3. ʋʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ. 

4. ʀʩʪʝʯʝʥʠʝ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʠʟ ʦʪʚʝʨʩʪʠʷ. 

5. ɺʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ. ʆʧʨʝʜʝʣʝʥʠʝ ʚʷʟʢʦʩʪʠ  

6. ʈʝʞʠʤʳ ʪʝʯʝʥʠʷ ʧʦʪʦʢʘ. ʂʨʠʪʝʨʠʡ ʈʝʡʥʦʣʴʜʩʘ.  

7. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 

 

                                             ʃʠʪʝʨʘʪʫʨʘ 

I. ʉ. 56ï58. Ä 28. ɼʘʚʣʝʥʠʝ ʚ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʝ 

ʉ. 58. Ä 29. ʋʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ 

ʉ. 59ï62. Ä 30. ʋʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ ʠ ʩʣʝʜʩʪʚʠʷ ʠʟ ʥʝʛʦ 

ʉ. 62ï63. Ä 31. ɺʷʟʢʦʩʪʴ (ʚʥʫʪʨʝʥʥʝʝ ʪʨʝʥʠʝ). ʃʘʤʠʥʘʨʥʳʡ ʠ 

ʪʫʨʙʫʣʝʥʪʥʳʡ ʨʝʞʠʤʳ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʝʡ 

ʉ. 64. Ä 32 (ʯʘʩʪʠʯʥʦ). ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʷʟʢʦʩʪʠ 

II. ʏʘʩʪʴ I. ʉ. 80ï81. Ä 24. ʆʩʥʦʚʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ. ʋʨʘʚʥʝʥʠʝ 

ʥʝʨʘʟʨʳʚʥʦʩʪʠ 

ʉ. 82ï84. Ä 25. ʋʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ 

ʉ. 186ï189. Ä 60. ɺʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ. ʊʫʨʙʫʣʝʥʪʥʦʝ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ 

 

ʌʦʨʤʫʣʳ 

ʋʢʘʞʠʪʝ, ʦʙʦʟʥʘʯʝʥʠʷ ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʞʜʦʡ ʬʦʨʤʫʣʝ, ʢʘʢʦʚʳ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ. ʋʢʘʞʠʪʝ 

ʬʠʟʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ. 

 

Ȣ  ὴ                       Ȣ  ὴ ”ὫὬ                       Ȣ   Ὂʘʨʭ”Ὣὠʧʦʛʨ                                

Ȣ   ίὺ ίὺ ὧέὲίὸ                    Ȣ   ”ὫὬ ὴ ὧέὲίὸ           

Ȣ   Ὂ –
Ў

Ў
Ὓ           Ȣ   ὙὩ                       Ȣ   Ὂ φ“–ὶὺ 

 

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʇʦʯʝʤʫ ʥʘ ʪʝʣʦ, ʧʦʛʨʫʞʸʥʥʦʝ ʚ ʞʠʜʢʦʩʪʴ ʠʣʠ ʛʘʟ, ʜʝʡʩʪʚʫʝʪ 

ʚʳʪʘʣʢʠʚʘʶʱʘʷ ʩʠʣʘ? 
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2. ʂʘʢʦʚ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʜʣʷ ʥʝʩʞʠʤʘʝʤʦʡ 
ʞʠʜʢʦʩʪʠ? ɺʳʚʝʜʠʪʝ ʜʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ. 

3. ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ. ʇʨʦʢʦʤʤʝʥʪʠʨʫʡʪʝ ʝʛʦ. 

4. ʆʪ ʯʝʛʦ ʟʘʚʠʩʠʪ ʩʠʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʞʠʜʢʦʩʪʠ? 

5. ʂʘʢʠʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ? 
ʏʪʦ ʦʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ? 

ʊʝʩʪ 

1. ɹʝʪʦʥʥʘʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʩʚʘʷ ï ʦʧʦʨʘ ʤʦʩʪʘ ʜʣʠʥʦʡ 3 ʤ ï ʚʢʦʧʘʥʘ 

ʚʝʨʪʠʢʘʣʴʥʦ ʚ ʜʥʦ ʨʝʢʠ ʪʘʢ, ʯʪʦ 1 ʤ ʩʚʘʠ ʚʦʟʚʳʰʘʝʪʩʷ ʥʘʜ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦʜʳ, 1 ʤ ʩʚʘʠ ʥʘʭʦʜʠʪʩʷ ʚ ʚʦʜʝ ʠ 1 ʤ  ʫʛʣʫʙʣʝʥ ʚ ʜʥʦ 

ʨʝʢʠ. ʆʧʨʝʜʝʣʠʪʝ ʘʨʭʠʤʝʜʦʚʫ ʩʠʣʫ, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʩʚʘʶ ʩʦ ʩʪʦʨʦʥʳ 

ʚʦʜʳ. 

1. 5 ʢʅ.     2. 10 ʢʅ.     3. 15 ʢʅ.     4. 27 ʢʅ.     5. 0 ʢʅ. 

 

2. ʅʝʩʞʠʤʘʝʤʘʷ ʠʜʝʘʣʴʥʘʷ ʞʠʜʢʦʩʪʴ ʪʝʯʝʪ ʧʦ ʪʨʫʙʝ. ʂʘʢ ʤʝʥʷʝʪʩʷ 

ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʧʨʠ ʧʣʘʚʥʦʤ ʩʫʞʝʥʠʠ ʪʨʫʙʳ ʠ ʫʤʝʥʴʰʝʥʠʠ 

ʜʠʘʤʝʪʨʘ ʪʨʫʙʳ ʚ 2 ʨʘʟʘ? 

1. ʋʤʝʥʴʰʘʝʪʩʷ ʚ 4 ʨʘʟʘ. 2. ʋʤʝʥʴʰʘʝʪʩʷ ʚ 2 ʨʘʟʘ. 3. ʆʩʪʘʝʪʩʷ 

ʥʝʠʟʤʝʥʥʦʡ.  4. ʋʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 2 ʨʘʟʘ.  5. ʋʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 4 ʨʘʟʘ. 

 

3. ɺʦʜʘ ʚʳʪʝʢʘʝʪ ʯʝʨʝʟ ʥʝʙʦʣʴʰʦʝ ʦʪʚʝʨʩʪʠʝ (ʩ ʟʘʢʨʫʛʣʝʥʥʳʤʠ ʢʨʘʷʤʠ) 

ʚ ʙʦʢʦʚʦʡ ʩʪʝʥʢʝ ʨʝʟʝʨʚʫʘʨʘ. ʂʘʢ ʠʟʤʝʥʠʪʩʷ ʩʢʦʨʦʩʪʴ ʚʳʪʝʢʘʥʠʷ ʚʦʜʳ, 

ʝʩʣʠ ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ ʫʚʝʣʠʯʠʪʴ ʚ 2 ʨʘʟʘ? ʋʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ ʚ 

ʨʝʟʝʨʚʫʘʨʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ. 

1. ʋʤʝʥʴʰʠʪʩʷ ʚ 4 ʨʘʟʘ. 2. ʋʤʝʥʴʰʠʪʩʷ ʚ 2 ʨʘʟʘ. 3. ʆʩʪʘʥʝʪʩʷ 

ʥʝʠʟʤʝʥʥʳʤ. 4. ʋʚʝʣʠʯʠʪʩʷ ʚ 2 ʨʘʟʘ. 5. ʋʚʝʣʠʯʠʪʩʷ ʚ 4 ʨʘʟʘ. 

 

4. ʏʪʦ ʠʟʤʝʨʷʝʪʩʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ ʧʦ ʤʝʪʦʜʫ 

ʇʫʘʟʝʡʣʷ? 

1. ʆʙʲʸʤ ʞʠʜʢʦʩʪʠ, ʚʳʪʝʢʘʶʱʠʡ ʟʘ ʦʧʨʝʜʝʣʸʥʥʦʝ ʚʨʝʤʷ ʯʝʨʝʟ ʢʘʧʠʣʣʷʨ 

ʠʟʚʝʩʪʥʦʛʦ ʜʠʘʤʝʪʨʘ; 

2. ʉʢʦʨʦʩʪʴ ʚʳʪʝʢʘʥʠʷ ʞʠʜʢʦʩʪʠ ʠʟ ʢʘʧʠʣʣʷʨʘ ʠʟʚʝʩʪʥʦʛʦ ʜʠʘʤʝʪʨʘ; 

3. ɼʘʣʴʥʦʩʪʴ ʧʦʣʝʪʘ ʩʪʨʫʠ ʞʠʜʢʦʩʪʠ, ʚʳʪʝʢʘʶʱʝʡ ʠʟ ʢʘʧʠʣʣʷʨʘ 

ʠʟʚʝʩʪʥʦʛʦ ʜʠʘʤʝʪʨʘ; 

4. ɼʘʚʣʝʥʠʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʩʪʦʣʙʦʤ ʞʠʜʢʦʩʪʠ; 

5. ɻʨʘʜʠʝʥʪ ʩʢʦʨʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʡ ʧʨʠ ʪʝʯʝʥʠʠ ʩʣʦʝʚ ʞʠʜʢʦʩʪʠ. 
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5. ʇʨʠ ʠʟʫʯʝʥʠʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʚʝʜʝʥʠʷ ʪʝʣʘ, ʦʙʪʝʢʘʝʤʦʛʦ 

ʧʦʪʦʢʦʤ ʞʠʜʢʦʩʪʠ, ʠʩʧʦʣʴʟʫʶʪ ʤʦʜʝʣʴ ʪʝʣʘ. ɼʣʷ ʬʠʟʠʯʝʩʢʠ ʚʝʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳé 

1. ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ, ʦʙʪʝʢʘʶʱʝʛʦ ʤʦʜʝʣʴ, ʠ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ 

ʞʠʜʢʦʩʪʠ, ʦʙʪʝʢʘʶʱʝʛʦ ʪʝʣʦ, ʙʳʣʠ ʨʘʚʥʳ; 

2. ʇʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʦʙʪʝʢʘʶʱʝʡ ʤʦʜʝʣʴ, ʠ ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, 

ʦʙʪʝʢʘʶʱʝʡ ʪʝʣʦ, ʙʳʣʠ ʨʘʚʥʳ; 

3. ɺʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʦʙʪʝʢʘʶʱʝʡ ʤʦʜʝʣʴ, ʠ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ, 

ʦʙʪʝʢʘʶʱʝʡ ʪʝʣʦ, ʙʳʣʠ ʨʘʚʥʳ; 

4. ʆʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʢ ʝʝ ʚʷʟʢʦʩʪʠ ʧʨʠ ʦʙʪʝʢʘʥʠʠ 

ʤʦʜʝʣʠ ʠ ʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʞʠʜʢʦʩʪʠ ʢ ʝʝ ʚʷʟʢʦʩʪʠ ʧʨʠ ʦʙʪʝʢʘʥʠʠ 

ʪʝʣʘ ʙʳʣʠ ʨʘʚʥʳ; 

5. ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʤʦʜʝʣʠ ʠ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʪʝʣʘ ʙʳʣʠ 

ʨʘʚʥʳ. 

 

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ  

 

ɿʘʜʘʯʘ 5.1 

ɹʘʢ ʚʳʩʦʪʦʡ ʅ ʟʘʧʦʣʥʝʥ 

ʥʝʚʷʟʢʦʡ ʞʠʜʢʦʩʪʴʶ (ʨʠʩ. 25). 

ʅʘ ʢʘʢʦʡ ʚʳʩʦʪʝ S ʦʪ ʜʥʘ 

ʥʝʦʙʭʦʜʠʤʦ ʚ ʩʪʝʥʢʝ ʙʘʢʘ 

ʧʨʦʜʝʣʘʪʴ ʥʝʙʦʣʴʰʦʝ 

ʦʪʚʝʨʩʪʠʝ ʩ ʛʣʘʜʢʠʤʠ ʢʨʘʷʤʠ, 

ʯʪʦʙʳ ʜʘʣʴʥʦʩʪʴ ʧʦʣʝʪʘ L 

ʚʳʪʝʢʘʶʱʝʡ ʠʟ ʙʘʢʘ ʩʪʨʫʠ 

ʞʠʜʢʦʩʪʠ ʙʳʣʘ ʥʘʠʙʦʣʴʰʝʡ?  

 

 

 

ʈʝʰʝʥʠʝ. 

ʋʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʬʦʨʤʫʣʫ ʊʦʨʨʠʯʝʣʣʠ ʜʣʷ 

ʥʘʭʦʞʜʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʩʪʝʯʝʥʠʷ  ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ ʚ ʩʪʝʥʢʝ 

ʠʣʠ ʜʥʝ ʩʦʩʫʜʘ
1
:  

      
.2gh=u
                                           (45) 

                                                 
1
ʉʤʦʪʨʠʪʝ, ʥʘʧʨʠʤʝʨ:  ʊʨʦʬʠʤʦʚʘ, ʊ. ʀ. ʂʫʨʩ ʬʠʟʠʢʠ [ʊʝʢʩʪ]: ʫʯʝʙ. ʧʦʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ / 

ʊ. ʀ. ʊʨʦʬʠʤʦʚʘ. ï 7-ʝ ʠʟʜ., ʩʪʝʨ. ï ʄ.: ɺʳʩʰ. ʰʢ., 2003. ïï ʉ. 61ï 62. 

ʈʠʩ. 25 
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ɺʨʝʤʷ ʧʘʜʝʥʠʷ ʩ ʚʳʩʦʪʳ S = H ï h ʣʝʛʢʦ ʥʘʡʪʠ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 

.
2

2gt
hH =-                                          (46) 

ʆʪʩʶʜʘ 

( )
g

hH
t

-
=

2
. 

ɼʘʣʴʥʦʩʪʴ ʧʦʣʝʪʘ L ʨʘʚʥʘ 

.tL u=  
ʉ ʫʯʸʪʦʤ (45) ʠ (46) ʠʤʝʝʤ 

( ).hHhL -=  

ʅʘʭʦʞʜʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ L(h) ʥʝ ʩʦʩʪʘʚʣʷʝʪ ʪʨʫʜʘ:  

() .0=¡hL  

ʊʦʛʜʘ  

.
2

H
h=  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  

.
2

H
S=  

ʆʪʚʝʪ: .
2

H
S=  

 

ɿʘʜʘʯʘ 5.2 

ɹʘʢ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʧʣʦʱʘʜʴʶ ʦʩʥʦʚʘʥʠʷ S = 1 ʤ
2
 ʠ 

ʦʙʲʸʤʦʤ V = 3 ʤ
3
  ʟʘʧʦʣʥʝʥ ʚʦʜʦʡ. ʇʨʝʥʝʙʨʝʛʘʷ ʚʷʟʢʦʩʪʴʶ ʚʦʜʳ, 

ʦʧʨʝʜʝʣʠʪʝ ʚʨʝʤʷ  Ű, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʦʧʫʩʪʦʰʝʥʠʷ ʙʘʢʘ, ʝʩʣʠ ʥʘ ʜʥʝ 

ʙʘʢʘ ʦʙʨʘʟʦʚʘʣʦʩʴ ʦʪʚʝʨʩʪʠʝ ʧʣʦʱʘʜʴʶ S0 = 2 ʩʤ
2
. 

ʈʝʰʝʥʠʝ. 

ʇʫʩʪʴ ʚ ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʫʨʦʚʝʥʴ ʚʦʜʳ ʚ ʙʘʢʝ ʨʘʚʝʥ h. 

ʊʦʛʜʘ ʩʢʦʨʦʩʪʴ ʚʳʪʝʢʘʥʠʷ ʞʠʜʢʦʩʪʠ ʠʟ ʦʪʚʝʨʩʪʠʷ  

                       .2gh=u                                          (47) 

ɿʘ ʚʨʝʤʷ  dt  ʠʟ ʙʘʢʘ ʚʳʪʝʢʘʝʪ ʦʙʲʝʤ ʚʦʜʳ d V , ʨʘʚʥʳʡ 

             .0 dtSdV u=                                          (48) 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ,              

,SdhdV=                                         (49) 

ʛʜʝ  dh   ï ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʚ ʙʘʢʝ. 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (47) ï (49) ʠʤʝʝʤ   
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h

dh

gs

s
dt

20

=
. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʚʨʝʤʝʥʠ  Ű, ʟʘ ʢʦʪʦʨʦʝ ʙʘʢ ʦʧʫʩʪʝʝʪ (ʫʨʦʚʝʥʴ 

ʞʠʜʢʦʩʪʠ ʚ ʙʘʢʝ ʧʦʥʠʟʠʪʩʷ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʫʨʦʚʥʷ H ʜʦ ʥʫʣʷ), 

ʧʨʦʠʥʪʝʛʨʠʨʫʝʤ ʧʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ: 

.
20 00

ñ ñ=

t H

h

dh

gs

s
dt  

ʊʦʛʜʘ  

g

H

s

s 2

0

=t . 

ʇʝʨʚʦʥʘʯʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ H ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ: 

s

V
H = . 

ʆʢʦʥʯʘʪʝʣʴʥʦ ʠʤʝʝʤ  

;
21

0 g

sV

s
=t  

();ʩ3900
81,9

312

102

1

4
=

ÖÖ

Ö
=

-
t  

ʤʠʥ65=t  
ʆʪʚʝʪ:  ʤʠʥ65=t .        

 

ɿʘʜʘʯʘ 5.3 

ɺ ʰʠʨʦʢʦʤ ʩʦʩʫʜʝ, ʥʘʧʦʣʥʝʥʥʦʤ ʛʣʠʮʝʨʠʥʦʤ, ʧʘʜʘʝʪ ʩʪʝʢʣʷʥʥʳʡ 

ʰʘʨʠʢ ʜʠʘʤʝʪʨʦʤ d = 1 ʤʤ ʩ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʩʢʦʨʦʩʪʴʶ u  = 5 ʩʤ/ʩ. 

ʆʧʨʝʜʝʣʠʪʝ ʜʠʥʘʤʠʯʝʩʢʫʶ ʚʷʟʢʦʩʪʴ  ʛʣʠʮʝʨʠʥʘ  ɖ. ʇʣʦʪʥʦʩʪʴ 

ʛʣʠʮʝʨʠʥʘ   ɟ  = 1,2 ʛ/ʩʤ
3
, ʧʣʦʪʥʦʩʪʴ ʩʪʝʢʣʘ  ɟʩ = 2,7 ʛ/ ʩʤ

3
.  

 

ʈʝʰʝʥʠʝ. 

ʅʘ ʰʘʨʠʢ, ʧʘʜʘʶʱʠʡ ʚ ʞʠʜʢʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʦ 

ʚʥʠʟ, ʜʝʡʩʪʚʫʶʪ ʪʨʠ ʩʠʣʳ: ʩʠʣʘ ʪʷʞʝʩʪʠ Fʪʷʞ, 

ʘʨʭʠʤʝʜʦʚʘ ʩʠʣʘ Fʘʨʭ  ʠ ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʉʪʦʢʩʘ Fʩʪ         
(ʨʠʩ. 26). ʇʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʜʚʠʞʝʥʠʠ ʫʩʢʦʨʝʥʠʝ 

ʰʘʨʠʢʘ ʨʘʚʥʦ ʥʫʣʶ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʚʪʦʨʳʤ ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘ 
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               0=++ ʩʪʘʨʭʪʷʞ FFF
CCC

. 

ɺ ʧʨʦʝʢʮʠʶ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫʶ ʦʩʴ ʆY  ʠʤʝʝʤ 

Fʪʷʞ ï Fʘʨʭ ï Fʩʪ = 0.                          (50)  

ʂʘʢ ʚʳʯʠʩʣʷʶʪʩʷ ʜʘʥʥʳʝ ʩʠʣʳ? 

ʉʠʣʘ ʪʷʞʝʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʩʩʦʡ ʪʝʣʘ:  

         Fʪʷʞ  = mg, 

ʛʜʝ m  ï ʤʘʩʩʘ ʰʘʨʠʢʘ;   

      Vm cr= . 

V ï ʦʙʲʸʤ ʰʘʨʠʢʘ;                             .
3

4 3rV p=                                     (51) 

                                          VgF ʩʪʷʞ r= .                                     (52) 

ɺʳʪʘʣʢʠʚʘʶʱʘʷ ʩʠʣʘ ʟʘʚʠʩʠʪ ʦʪ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʠ ʦʙʲʸʤʘ 

ʧʦʛʨʫʞʝʥʥʦʡ ʯʘʩʪʠ ʪʝʣʘ: 

    gVFʘʨʭr= .                                        (53) 

ʉʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʟʘʢʦʥʫ ʉʪʦʢʩʘ:  

                                       ,6 uphrFʩʪ=                                           (54) 

ʛʜʝ  r ï ʨʘʜʠʫʩ ʰʘʨʠʢʘ, ʨʘʚʥʳʡ ʧʦʣʦʚʠʥʝ ʝʛʦ ʜʠʘʤʝʪʨʘ ,
2

d
r =  

u ï  ʩʢʦʨʦʩʪʴ ʰʘʨʠʢʘ. 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (50)ï(54) ʠʤʝʝʤ 

( )
;

18

2

u

rr
h

gdc -=  

( ) ( )
;

10518

10181,9102,1107,2
2

333

-

-

ÖÖ

ÖÖÖÖ-Ö
=h  

ʩʇʘ16 Ö=h . 

ʆʪʚʝʪ: ʩ ʇʘ16 Ö=h .           

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʨʠʚ ʩʢʦʨʦʩʪʴ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʨʘʚʥʦʤʝʨʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʰʘʨʠʢʘ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʜʠʥʘʤʠʯʝʩʢʫʶ ʚʷʟʢʦʩʪʴ 

ʞʠʜʢʦʩʪʠ. 

ʃʝʢʮʠʷ 6 

 

ʆʉʅʆɺʓ ʄʆʃɽʂʋʃʗʈʅʆʁ ʌʀɿʀʂʀ 

 

ʂ ʜʘʥʥʦʡ ʣʝʢʮʠʠ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ 

ï ʟʥʘʪʴ ʩʤʳʩʣ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ: ʠʤʧʫʣʴʩ, ʩʠʣʘ, ʜʘʚʣʝʥʠʝ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ, ʧʣʦʪʥʦʩʪʴ; 

   

ʈʠʩ. 26 
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ï ʫʤʝʪʴ ʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʬʠʟʠʯʝʩʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ 

(ʜʘʚʣʝʥʠʝ, ʦʙʲʝʤ, ʪʝʤʧʝʨʘʪʫʨʘ). 

 

ʇʣʘʥ ʣʝʢʮʠʠ 

1. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 

2. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ (ʄʂʊ). 

ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʠ ʤʘʩʩʳ ʤʦʣʝʢʫʣ. 

3. ʄʦʜʝʣʴ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. ʆʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʄʂʊ. 

4. ʉʢʦʨʦʩʪʠ ʤʦʣʝʢʫʣ ʛʘʟʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʄʘʢʩʚʝʣʣʘ. ʊʝʤʧʝʨʘʪʫʨʘ. 

5. ʋʨʘʚʥʝʥʠʝ ʂʣʘʧʝʡʨʦʥʘ. ʀʟʦʧʨʦʮʝʩʩʳ. 

6. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

I. ʉ. 81ï84. Ä 41. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʝʪʦʜʳ. 

ʆʧʳʪʥʳʝ ʟʘʢʦʥʳ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ 

ʉ. 86ï88. Ä 43. ʆʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦ - ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʠʜʝʘʣʴʥʳʭ ʛʘʟʦʚ 

ʉ. 88ï90. Ä 44. ɿʘʢʦʥ ʄʘʢʩʚʝʣʣʘ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʦʣʝʢʫʣ ʠʜʝʘʣʴʥʦʛʦ 

ʛʘʟʘ ʧʦ ʩʢʦʨʦʩʪʷʤ ʠ ʵʥʝʨʛʠʷʤ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ 

ʉ. 84ï86. Ä 42. ʋʨʘʚʥʝʥʠʝ ʂʣʘʧʝʡʨʦʥʘ ï ʄʝʥʜʝʣʝʝʚʘ  

II. ʏʘʩʪʴ I. ʉ. 123ï124. Ä 40. ʇʨʝʜʤʝʪ ʠ ʤʝʪʦʜʳ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʬʠʟʠʢʠ 

ʉ. 115ï118. Ä 37. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʪʝʦʨʠʠ 

ʉ. 119ï121. Ä 38. ʅʝʢʦʪʦʨʳʝ ʷʚʣʝʥʠʷ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʦʩʥʦʚʥʳʝ 

ʧʦʣʦʞʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ  

ʉ. 129ï133. Ä 42. ʆʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʠʜʝʘʣʴʥʦʛʦ 

ʛʘʟʘ (ʫʨʘʚʥʝʥʠʝ ʂʣʘʫʟʠʫʩʘ) 

ʉ. 133ï135. Ä 43. ʉʨʝʜʥʷʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ (ʫʨʘʚʥʝʥʠʝ ɹʦʣʴʮʤʘʥʘ) 

ʉ. 147 ï 151. Ä 47. ʉʢʦʨʦʩʪʴ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ ʛʘʟʘ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʤʦʣʝʢʫʣ ʧʦ ʩʢʦʨʦʩʪʠ 

ʉ. 135 ï 138. Ä 44. ʇʦʣʫʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʛʘʟʦʚʳʭ ʟʘʢʦʥʦʚ ʠʟ 

ʫʨʘʚʥʝʥʠʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ 
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ʌʦʨʤʫʣʳ 

ʋʢʘʞʠʪʝ, ʦʙʦʟʥʘʯʝʥʠʷ ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʞʜʦʡ ʬʦʨʤʫʣʝ, ʢʘʢʦʚʳ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ. ʋʢʘʞʠʪʝ 

ʬʠʟʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ. 

Ȣ   ’
ɸ
               ’                ά          

 

Ȣ   ὴ ὲά ὺᴆ             ὴ ὲὉ              Ὁ ὯὝ 

 

Ȣ   Ὢὺ               Ὢὺ τ“ Ὡ  

 

Ȣ   ὺʚ        ὺʩʨ           ὺʩʨȢʢʚ            Ὑ Ὧὔ  

 

Ȣ   ὴὠ ὙὝ  

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʆʮʝʥʠʝ, ʩʢʦʣʴʢʦ ʤʦʣʝʢʫʣ ʧʦʧʘʜʘʝʪ ʚ ʚʘʰʠ ʣʸʛʢʠʝ ʧʨʠ ʢʘʞʜʦ ʚʜʦʭʝ. 
ʆʮʝʥʠʪʝ, ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʯʠʩʣʦ ʤʦʣʝʢʫʣ ʚ ʢʘʧʣʝ ʚʦʜʳ ʙʦʣʴʰʝ ʯʠʩʣʘ 

ʞʠʪʝʣʝʡ ʥʘ ɿʝʤʣʝ? 

2. ʏʪʦ ʪʘʢʦʝ çʤʦʜʝʣʴè ʚ ʬʠʟʠʢʝ? ʂʘʢʦʚʳ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 
ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ? ʇʝʨʝʯʠʩʣʠʪʝ ʠʟʚʝʩʪʥʳʝ ʚʘʤ ʬʠʟʠʯʝʩʢʠʝ ʤʦʜʝʣʠ. 

3. ʂʘʢ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʨʘʟʤʝʨ, ʤʘʩʩʘ ʤʦʣʝʢʫʣ ʠ  ʩʢʦʨʦʩʪʴ ʪʝʧʣʦʚʦʛʦ 

ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ? 

4. ɿʘʧʠʰʠʪʝ ʬʦʨʤʫʣʫ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʣʝʢʫʣ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʧʦ 
ʩʢʦʨʦʩʪʷʤ. ʇʦʷʩʥʠʪʝ ʝʝ. ʂʘʢ ʨʘʩʩʯʠʪʘʪʴ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʫʶ ʩʢʦʨʦʩʪʴ 

ʤʦʣʝʢʫʣ? 

5. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʝʤʘ ʛʘʟʘ ʝʛʦ ʜʘʚʣʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ. 
ʇʦʯʝʤʫ ʞʝ ʢʦʛʜʘ ʥʘʜʫʚʘʶʪ ʱʝʢʠ, ʪʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʠ ʦʙʲʝʤ, ʠ 

ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ? 

 

 

ʊʝʩʪ 

1. ʂʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʩʦʜʝʨʞʠʪʩʷ ʚ 8 ʛ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʚʦʜʦʨʦʜʘ? 

1. 1/8 ʤʦʣʷ.     2. 1/4 ʤʦʣʷ.     3. 4 ʤʦʣʷ.     4. 8 ʤʦʣʝʡ.     5. 2 ʤʦʣʷ. 
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2. ʄʦʣʝʢʫʣʘ ʢʠʩʣʦʨʦʜʘ ʣʝʪʠʪ ʩʦ ʩʢʦʨʦʩʪʴʶ u
C

 ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ 

ʩʪʝʥʢʝ ʩʦʩʫʜʘ. ʏʝʤʫ ʨʘʚʝʥ ʚʝʢʪʦʨ ʠʟʤʝʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʤʦʣʝʢʫʣʳ? 

1. 0
C
.     2. u

C
m .     3. u

C
m2 .     4. u

C
m2- .     5. u

C
m- . 

 

3. ʄʦʣʝʢʫʣʳ ʢʘʢʠʭ ʛʘʟʦʚ (ʢʠʩʣʦʨʦʜʘ, ʚʦʜʦʨʦʜʘ ʠʣʠ ʘʟʦʪʘ), ʥʘʭʦʜʷʱʠʝʩʷ 

ʚ ʚʦʟʜʫʭʝ ʢʦʤʥʘʪʳ, ʜʚʠʞʫʪʩʷ ʙʳʩʪʨʝʝ? 

1. ɺʦʜʦʨʦʜ.  

2. ʂʠʩʣʦʨʦʜ.  

3. ɸʟʦʪ.  

4. ʉʢʦʨʦʩʪʠ ʚʩʝʭ ʛʘʟʦʚ ʦʜʠʥʘʢʦʚʳ.     

5. ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʩʢʦʨʦʩʪʷʤʠ ʛʘʟʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚ ʢʦʤʥʘʪʝ. 

 

4. ʅʘ ʨʠʩ. 27 ʧʦʢʘʟʘʥʳ ʛʨʘʬʠʢʠ 

ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʣʝʢʫʣ 

ʛʘʟʘ ʧʦ ʩʢʦʨʦʩʪʷʤ f(u) ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʊ1, ʊ2, ʊ3. 

ʂʘʢʦʚʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ? 

1. ʊ1 > ʊ2 > ʊ3. 

2. ʊ2 > ʊ3 > ʊ1. 

3. ʊ3 > ʊ1 > ʊ2. 

4. ʊ3 > ʊ2 > ʊ1. 

5. ʊ1 = ʊ2 = ʊ3. 

 
                                                           

5. ʂʘʢ ʠʟʤʝʥʠʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ, ʝʩʣʠ ʫʤʝʥʴʰʠʪʴ ʝʛʦ 

ʦʙʲʸʤ ʚ 2 ʨʘʟʘ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʧʨʦʮʝʩʩʘ, ʦʧʠʩʳʚʘʝʤʦʛʦ ʬʦʨʤʫʣʦʡ 

pV
2
 = const? (p ï ʜʘʚʣʝʥʠʝ ʛʘʟʘ; V ï ʝʛʦ ʦʙʲʸʤ). 

1. ʋʤʝʥʴʰʠʪʩʷ ʚ 2 ʨʘʟʘ.   

2. ʋʤʝʥʴʰʠʪʩʷ ʚ 4 ʨʘʟʘ.  

3. ʅʝ ʠʟʤʝʥʠʪʩʷ.  

4. ʋʚʝʣʠʯʠʪʩʷ ʚ 2 ʨʘʟʘ.  

5. ʋʚʝʣʠʯʠʪʩʷ ʚ 4 ʨʘʟʘ.  
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ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ  

 

ɿʘʜʘʯʘ 6.1 

ɼʣʷ ʜʘʣʴʥʝʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʫʪʥʠʢ ʦʙʲʸʤʦʤ    V 

= 1000 ʤ
3 
, ʥʘʧʦʣʥʝʥʥʳʡ ʚʦʟʜʫʭʦʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ.  ʄʝʪʝʦʨʠʪ ʧʨʦʙʠʣ ʚ ʢʦʨʧʫʩʝ ʦʪʚʝʨʩʪʠʝ ʧʣʦʱʘʜʴʶ  s = 1 ʩʤ
2 

. 

ʆʮʝʥʠʪʝ ʚʨʝʤʷ t , ʯʝʨʝʟ ʢʦʪʦʨʦʝ ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʠ ʩʧʫʪʥʠʢʘ ʠʟʤʝʥʠʪʩʷ 

ʥʘ 1 %. ʊʝʤʧʝʨʘʪʫʨʫ ʛʘʟʘ ʩʯʠʪʘʪʴ ʥʝʠʟʤʝʥʥʦʡ. 

ʈʝʰʝʥʠʝ. 

ʆʧʨʝʜʝʣʠʤ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʯʠʩʣʦ ʤʦʣʝʢʫʣ ʚʦʟʜʫʭʘ ʚ ʩʧʫʪʥʠʢʝ N:  

N = nV,                                               (55) 

ʛʜʝ n ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʣʝʢʫʣ ʚ ʩʧʫʪʥʠʢʝ. 

ɼʘʚʣʝʥʠʝ ʛʘʟʘ p ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʝʡ n ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ T:  

p = nkT,                                              (56) 

ʛʜʝ k  ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ. 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (55) ʠ (56) ʠʤʝʝʤ 

  N = 
kT

PV
.                                             (57) 

ʇʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʠ ʩʧʫʪʥʠʢʘ ʫʧʘʣʦ ʥʘ 1 % (0,01), 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʝʨʝʟ ʧʨʦʙʦʠʥʫ ʚ ʢʦʩʤʦʩ ʚʳʣʝʪʝʣʦ ʯʠʩʣʦ ʤʦʣʝʢʫʣ æN, 

ʨʘʚʥʦʝ                           

æN  = 0,01N, 

ʠʣʠ ʩ ʫʯʸʪʦʤ (57) 

                                             æN = 
kT

PV
01,0 .                                      (58) 

ʊʝʧʝʨʴ ʜʣʷ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ, 

ʩʢʦʣʴʢʦ ʤʦʣʝʢʫʣ ʫʜʘʨʷʝʪ ʦʙ ʫʯʘʩʪʦʢ ʩʪʝʥʢʠ ʧʣʦʱʘʜʴʶ s ʟʘ ʝʜʠʥʠʮʫ 

ʚʨʝʤʝʥʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚʝʜʴ ʚʩʝ çʫʜʘʨʠʚʰʠʝʩʷè ʤʦʣʝʢʫʣʳ ʚʳʣʝʪʷʪ 

ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ.  (ɺʳʩʢʘʟʳʚʘʷ ʵʪʦ ʫʪʚʝʨʞʜʝʥʠʝ, ʤʳ ʩʯʠʪʘʝʤ ʪʦʣʱʠʥʫ 

ʩʪʝʥʢʠ ʩʧʫʪʥʠʢʘ ʤʘʣʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʣʠʥʦʡ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ 

ʤʦʣʝʢʫʣ ʠ ʥʝ ʫʯʠʪʳʚʘʝʤ, ʯʪʦ  ʯʘʩʪʴ ʤʦʣʝʢʫʣ ʚ ʧʨʦʮʝʩʩʝ ʚʳʣʝʪʘ ʯʝʨʝʟ 

ʦʪʚʝʨʩʪʠʝ ʤʦʞʝʪ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʜʨʫʛʠʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʠʟʤʝʥʠʪʴ 

ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʦʝʛʦ ʜʚʠʞʝʥʠʷ ʠ ʚʝʨʥʫʪʴʩʷ ʚ ʩʧʫʪʥʠʢ.)  

ɺʳʜʝʣʠʤ ʚʙʣʠʟʠ ʦʪʚʝʨʩʪʠʷ ʵʣʝʤʝʥʪ ʦʙʲʸʤʘ æV ï ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ 

ʧʣʦʱʘʜʴʶ s ʠ ʚʳʩʦʪʦʡ æh.  

æh = xu æt, 

ʛʜʝ xu ï ʩʨʝʜʥʝʝ  ʟʥʘʯʝʥʠʝ  ʤʦʜʫʣʷ ʧʨʦʝʢʮʠʠ  ʩʢʦʨʦʩʪʠ ʥʘ OX (ʨʠʩ. 28);  
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æt  ï ʤʘʣʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ. 

                           æV =  xu sæt.              (59) 

ɿʘ ʚʨʝʤʷ  æt  ʧʦʣʦʚʠʥʘ ʚʩʝʭ ʤʦʣʝʢʫʣ,  

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʵʪʦʤ ʦʙʲʝʤʝ, ʧʦʢʠʥʫʪ 

ʩʧʫʪʥʠʢ. ʇʦʯʝʤʫ ʧʦʣʦʚʠʥʘ? ʅʝ ʟʘʙʳʚʘʡʪʝ, 

ʯʪʦ ʤʦʣʝʢʫʣʳ ʜʚʠʞʫʪʩʷ ʭʘʦʪʠʯʝʩʢʠ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʨʝʜʥʝʤ ʧʦʣʦʚʠʥʘ ʚʩʝʭ 

ʤʦʣʝʢʫʣ ʜʚʠʞʝʪʩʷ ʢ ʦʪʚʝʨʩʪʠʶ, ʘ ʧʦʣʦʚʠʥʘ ï 

ʦʪ ʦʪʚʝʨʩʪʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʠʩʣʦ ʤʦʣʝʢʫʣ  

Ȼ, ʚʳʣʝʪʝʚʰʠʭ ʟʘ ʚʨʝʤʷ  æt,  ʨʘʚʥʦ 

Ȼ =  İ næV, 

ʠʣʠ ʩ ʫʯʝʪʦʤ (59) 

  Ȼ = İ n
xu sæt.                                     (60) 

ʏʝʨʝʟ ʚʨʝʤʷ  t  ʚʳʣʝʪʠʪ æN  ʤʦʣʝʢʫʣ:  

                                                  æN = İ n xu s t .                                  (61) 

(ʀʟʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʨʝʥʝʙʨʝʛʘʝʤ.) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ (56), (58) ʠ (61) ʠʤʝʝʤ: 

xs

V
t

u

02,0
=  .                                           (62) 

ɼʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ xu
C

. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ                           ɡ
2
= ɡx

2
+ ɡy

2
 + ɡz

2
, 

ʛʜʝ  ɡ ï ʩʢʦʨʦʩʪʴ ʤʦʣʝʢʫʣʳ; 

       ɡ X , ɡY, ɡZ  ï ʧʨʦʝʢʮʠʠ ʩʢʦʨʦʩʪʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʩʠ ʢʦʦʨʜʠʥʘʪ. 

ʋʩʨʝʜʥʠʤ  
2222

zyx uuuu ++= . 

ɺʚʠʜʫ  ʭʘʦʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ  
222

zyx uuu == . 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

                             Ö= 22

3

1
uux                                             (63) 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʩʢʦʨʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ ʩʚʷʟʘʥʘ 

ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ:  

kTm
2

3

2

1 2

0 =u ,                                          (64) 

ʛʜʝ 0m  ï ʤʘʩʩʘ ʤʦʣʝʢʫʣʳ; 

       k ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ.  
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,0

AN

M
m =                                            (65) 

ʛʜʝ   ʄ   ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʚʦʟʜʫʭʘ;  

 NA   ï ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ. 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (63)ï(65) ʠʤʝʝʤ 

M

RT
x =u , 

ʛʜʝ R = kNA  ï ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

ʇʦʜʩʪʘʚʠʤ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ  ʚ ʩʦʦʪʥʦʰʝʥʠʝ (62). 

ʊʦʛʜʘ 

t = 
RT

M

S

V02,0
 ; 

 

t = 70
29331,8

1029

10

1002,0 3

4

3

=
Ö

Ö
Ö

Ö -

-
(c). 

ʆʪʚʝʪ: t = 70 c . 

 

ɿʘʜʘʯʘ 6.2 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʪʝʦʨʠʠ, ʦʮʝʥʠʪʝ ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚʥʫʪʨʠ ʉʦʣʥʮʘ. ʄʘʩʩʘ ʉʦʣʥʮʘ  

mc = 2Ŀ10 
30 
ʢʛ, ʝʛʦ ʨʘʜʠʫʩ Rc  = 7Ŀ10

8 
ʤ. ɺ ʨʘʩʯʝʪʘʭ ʤʦʞʥʦ ʧʨʠʥʷʪʴ, ʯʪʦ 

ʉʦʣʥʮʝ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʠʪ ʠʟ ʘʪʦʤʘʨʥʦʛʦ ʚʦʜʦʨʦʜʘ.  

ʈʝʰʝʥʠʝ. 

ʉʦʛʣʘʩʥʦ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʜʘʚʣʝʥʠʝ ʛʘʟʘ p 

ʩʚʷʟʘʥʦ ʩ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʦʡ ʊ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʦʣʝʢʫʣ n  

ʩʦʦʪʥʦʰʝʥʠʝʤ 

p = nkɇ, 

ʛʜʝ k ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ.  

ʊʦʛʜʘ  

ʊ =  
nk

ʨ
. 

ʇʦʩʢʦʣʴʢʫ ʉʦʣʥʮʝ ʥʝ ʨʘʩʰʠʨʷʝʪʩʷ ʠ ʥʝ ʩʞʠʤʘʝʪʩʷ, ʥʘ ʣʶʙʦʡ 

ʛʣʫʙʠʥʝ ʛʘʟʦʚʦʝ ʜʘʚʣʝʥʠʝ ʝʛʦ ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʝʚ ʨʘʚʥʦ ʜʘʚʣʝʥʠʶ 

ʚʳʰʝʣʝʞʘʱʠʭ ʩʣʦʝʚ, ʦʙʫʩʣʦʚʣʝʥʥʦʤʫ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ. 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʘʢʦʡ-ʪʦ ʛʣʫʙʠʥʝ 

ʚʥʫʪʨʠ ʉʦʣʥʮʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʪʦʤʦʚ  n ʥʘ 

ʵʪʦʡ ʛʣʫʙʠʥʝ ʠ  ʜʘʚʣʝʥʠʝ ʚʳʰʝʣʝʞʘʱʠʭ ʩʣʦʝʚ p.   
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ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʟʘʜʘʜʠʤʩʷ ʮʝʣʴʶ ʦʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ 

ʦʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʨʘʩʩʪʦʷʥʠʠ Rc/2 ʦʪ ʮʝʥʪʨʘ ʉʦʣʥʮʘ (ʨʠʩ. 29). 

ʂʦʥʮʝʥʪʨʘʮʠʶ ʘʪʦʤʦʚ ʧʨʠʙʣʠʞʝʥʥʦ ʧʨʠʤʝʤ ʨʘʚʥʦʡ ʩʨʝʜʥʝʤʫ 

ʟʥʘʯʝʥʠʶ ʜʣʷ ʉʦʣʥʮʘ:   

n  = 
V

N
, 

ʛʜʝ N  ï ʯʠʩʣʦ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ;  

      V  ï ʦʙʲʝʤ ʉʦʣʥʮʘ. 

N = 
0m

mc

 , 

ʛʜʝ m0 = 
AN

M
 ï ʤʘʩʩʘ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ, ʨʘʚʥʘʷ 

ʦʪʥʦʰʝʥʠʶ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʘʪʦʤʘʨʥʦʛʦ 

ʚʦʜʦʨʦʜʘ  ʄ = 0,001 ʢʛ/ʤʦʣʴ ʢ ʯʠʩʣʫ   

ɸʚʦʛʘʜʨʦ Nɸ. 

3

3

4
cRV p= . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʚʥʘ 

.
4

3
3

c

Ac

MR

Nm
n

p
=                                                              (66) 

ɼʘʚʣʝʥʠʝ ʚʳʰʝʣʝʞʘʱʠʭ ʩʣʦʝʚ ʚʳʩʦʪʦʡ 
2

cR
 ʦʮʝʥʠʤ ʧʦ ʬʦʨʤʫʣʝ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ 

p = rg
2

cR
,                                          (67) 

ʛʜʝ ɟ ï ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ;  

       g ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. 

ʉʨʝʜʥʶʶ ʧʣʦʪʥʦʩʪʴ ʦʧʨʝʜʝʣʠʤ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʉʦʣʥʮʘ ʢ ʝʛʦ 

ʦʙʲʝʤʫ: 

.

3

4 3

c

c

R

m

p

r=
                                          (68) 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʩʢʦʨʝʥʠʷ ʚʳʯʠʩʣʠʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʰʘʨʘ ʨʘʜʠʫʩʦʤ r  ʠ ʤʘʩʩʦʡ m  ʫʩʢʦʨʝʥʠʝ 

ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ g ʨʘʚʥʦ 

,
2r

Gm
g=  

        

        ʈʠʩ. 29 
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ʛʜʝ   G ï ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

ɽʩʣʠ ʚ ʥʘʰʝʤ ʨʘʩʯʝʪʝ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʫʩʢʦʨʝʥʠʷ 

ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʧʨʠʥʷʪʴ ʟʥʘʯʝʥʠʝ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ 3/4 Rc ʦʪ ʮʝʥʪʨʘ ʉʦʣʥʮʘ, ʪʦ 

r = 3/4Rc. 

ʆʙʲʝʤ ʰʘʨʘ ʪʘʢʦʛʦ ʨʘʜʠʫʩʘ ʩʦʩʪʘʚʣʷʝʪ (3/4)
3 
ʦʪ ʦʙʲʝʤʘ ʚʩʝʛʦ 

ʉʦʣʥʮʘ, ʘ ʤʘʩʩʘ ʰʘʨʘ m ʨʘʚʥʘ (ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ 

ʧʦʩʪʦʷʥʥʘ) 

m = (3/4)
3 
mc. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  

;

4

3

4

3

2

3

ö
÷

õ
æ
ç

å

ö
÷

õ
æ
ç

å

=

c

c

R

mG

g  

                                           .
4

3
2

c

c

R

Gm
g=                                           (69) 

ʉ ʫʯʸʪʦʤ (38) ʠ (39) ʚʳʨʘʞʝʥʠʝ (37) ʧʨʠʤʝʪ ʚʠʜ 

;
32

9
4

2

c

c

R

Gm
p

p
=                                           (70) 

( )
( )

( ).ʇʘ10
10714,332

1021067,69 14

48

23011

º
ÖÖÖ

ÖÖÖÖ
=

-

ʨ  

ɸʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʨʘʚʥʦ 10
5 
ʇʘ; ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʜʘʚʣʝʥʠʝ ʚ ʥʝʜʨʘʭ ʉʦʣʥʮʘ ʩʦʩʪʘʚʣʷʝʪ ʤʠʣʣʠʘʨʜʳ ʘʪʤʦʩʬʝʨʥʳʭ 

ʜʘʚʣʝʥʠʡ! 

ʊʝʧʝʨʴ ʦʮʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʫ. 

Ὕ Ȣ      

ʉ ʫʯʸʪʦʤ (36) ʠ (40) ʠʤʝʝʤ 

;
8

3

cA

c

kRN

GMm
T =  

().ʂ10
1071038,11068

102101067,63 7

82323

30311

º
ÖÖÖÖÖÖ

ÖÖÖÖÖ
=

-

--

T  

ʊʦ ʝʩʪʴ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʩʪʘʚʣʷʝʪ ʜʝʩʷʪʢʠ ʤʠʣʣʠʦʥʦʚ ʢʝʣʴʚʠʥ! 

ʇʨʠ ʚʩʝʤ ʦʮʝʥʦʯʥʦʤ ʭʘʨʘʢʪʝʨʝ ʨʘʩʯʸʪʦʚ ʥʘʤʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʧʦ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʤ, ʯʪʦ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ 

ʙʦʣʝʝ ʩʪʨʦʛʠʭ ʚʳʯʠʩʣʝʥʠʡ. 

ʆʪʚʝʪ: p = 10
14 
ʇʘ; ɇ = 10

7
 ʂ.  
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ɿʘʜʘʯʘ 6.3 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ɺʝʥʝʨʳ ʪʝʤʧʝʨʘʪʫʨʘ ʊ ʠ ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ p 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ: ʊ = 750 ʂ ʠ p = 9120 ʢʇʘ. ʆʧʨʝʜʝʣʠʪʝ ʧʣʦʪʥʦʩʪʴ 

ʘʪʤʦʩʬʝʨʳ  ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʝʪʳ, ʩʯʠʪʘʷ, ʯʪʦ ʦʥʘ ʩʦʩʪʦʠʪ ʠʟ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. 

ʈʝʰʝʥʠʝ. 

ɺʳʜʝʣʠʤ ʥʝʢʦʪʦʨʳʡ ʵʣʝʤʝʥʪ ʘʪʤʦʩʬʝʨʳ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʝʪʳ 

ʦʙʲʝʤʦʤ V. ʊʦʛʜʘ ʤʘʩʩʘ ʛʘʟʘ m ʚ ʚʳʜʝʣʝʥʥʦʤ ʦʙʲʝʤʝ ʨʘʚʥʘ 

m = ɟV.                                                (71) 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ ʂʣʘʡʧʝʨʦʥʘ 

,RT
M

m
pV=                                              (72) 

ʛʜʝ ʄ ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ;  

R  ï ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (71) ʠ (72) ʠʤʝʝʤ 

( ).ʢʛ/ʤ64
75031,8

1044109120 3
33

=
Ö

ÖÖÖ
=

-

r  

ɼʣʷ ʩʨʘʚʥʝʥʠʷ: ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʩʦʩʪʘʚʣʷʝʪ 1,3 ʢʛ/ʤ
3 
. 

ʆʪʚʝʪ:  r = 64 ʢʛ/ʤ
3
. 

 

 

 

ʃʝʢʮʠʷ 7 

 

ʆʉʅʆɺʅʓɽ ʇʆʃʆɾɽʅʀʗ ʊɽʈʄʆɼʀʅɸʄʀʂʀ 

 

ʂ ʜʘʥʥʦʡ ʣʝʢʮʠʠ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ 

ï ʟʥʘʪʴ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʘʤ, ʫʨʘʚʥʝʥʠʝ ʂʣʘʧʝʡʨʦʥʘ; 

ï ʫʤʝʪʴ ʧʨʠʤʝʥʷʪʴ ʬʦʨʤʫʣʳ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ ʜʣʷ ʨʘʩʯʸʪʘ 

ʨʘʙʦʪʳ ʧʝʨʝʤʝʥʥʦʡ ʩʠʣʳ. 

 

ʇʣʘʥ ʣʝʢʮʠʠ 

1. ɺʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʪʝʣʘ. 

2. ʈʘʙʦʪʘ ʛʘʟʘ. 

3. ʇʝʨʚʦʝ ʥʘʯʘʣʦ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. 
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4. ʊʝʧʣʦʸʤʢʦʩʪʴ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. 

5. ɸʜʠʘʙʘʪʥʳʡ ʧʨʦʮʝʩʩ. ʋʨʘʚʥʝʥʠʝ ʇʫʘʩʩʦʥʘ. 

6. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʪʝʧʣʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʂʇɼ. 

7. ʅʝʦʙʨʘʪʠʤʦʩʪʴ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. ʕʥʪʨʦʧʠʷ. 

8. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

I. ʉ. 100ï101. Ä 50. ʏʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʤʦʣʝʢʫʣʳ. ɿʘʢʦʥ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʧʦ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ ʤʦʣʝʢʫʣ         

ʉ. 102ï103. Ä 52. ʈʘʙʦʪʘ ʛʘʟʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʝʛʦ ʦʙʲʸʤʘ 

ʉ. 101ï102. Ä 51. ʇʝʨʚʦʝ ʥʘʯʘʣʦ ʪʝʨʤʦʜʠʥʘʤʠʢʠ   

ʉ. 105ï107. Ä 54. ʇʨʠʤʝʥʝʥʠʝ ʧʝʨʚʦʛʦ ʥʘʯʘʣʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʢ 

ʠʟʦʧʨʦʮʝʩʩʘʤ 

ʉ. 103ï105. Ä 53. ʊʝʧʣʦʸʤʢʦʩʪʴ 

ʉ. 107ï110. Ä 55 ɸʜʠʘʙʘʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. ʇʦʣʠʪʨʦʧʥʳʡ ʧʨʦʮʝʩʩ  

ʉ. 115ï118. Ä 59. ʊʝʧʣʦʚʳʝ ʜʚʠʛʘʪʝʣʠ ʠ ʭʦʣʦʜʠʣʴʥʳʝ ʤʘʰʠʥʳ. ʎʠʢʣ 

ʂʘʨʥʦ ʠ ʝʛʦ ʢ. ʧ. ʜ. ʜʣʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ 

ʉ. 110ï111. Ä 56. ʂʨʫʛʦʚʦʡ ʧʨʦʮʝʩʩ (ʮʠʢʣ). ʆʙʨʘʪʠʤʳʝ ʠ ʥʝʦʙʨʘʪʠʤʳʝ 

ʧʨʦʮʝʩʩʳ  

ʉ.111ï113. Ä 57. ʕʥʪʨʦʧʠʷ, ʝʸ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʪʦʣʢʦʚʘʥʠʝ ʠ ʩʚʷʟʴ ʩ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 

II. ʏʘʩʪʴ I. ʉ. 223ï227. Ä 71. ʅʝʢʦʪʦʨʳʝ ʦʙʱʠʝ ʧʦʥʷʪʠʷ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ. ʇʝʨʚʦʝ ʥʘʯʘʣʦ ʪʝʨʤʦʜʠʥʘʤʠʢʠ 

ʉ. 227ï232. Ä 72. ʈʘʙʦʪʘ, ʩʦʚʝʨʰʘʝʤʘʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʦʙʲʸʤʘ ʛʘʟʘ. 

ɸʜʠʘʙʘʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʉ. 232ï236. Ä 73. ʎʠʢʣ ʂʘʨʥʦ. ɺʪʦʨʦʝ ʥʘʯʘʣʦ ʪʝʨʤʦʜʠʥʘʤʠʢʠ.  

ʉ. 236ï240. Ä 74. ʕʥʪʨʦʧʠʷ 

ʉ. 240ï244. Ä 75. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʩʤʳʩʣ ʵʥʪʨʦʧʠʠ ʠ ʚʪʦʨʦʛʦ ʥʘʯʘʣʘ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ 

ʌʦʨʤʫʣʳ 

ʋʢʘʞʠʪʝ, ʦʙʦʟʥʘʯʝʥʠʷ ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʞʜʦʡ ʬʦʨʤʫʣʝ, ʢʘʢʦʚʳ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ. ʋʢʘʞʠʪʝ 

ʬʠʟʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ. 

Ȣ   Ὁ ὯὝ       Ȣ  Ὗ ὙὝ       Ȣ   ὃ ᷿ ὴὨὠ     Ȣ  ὗ ȹὟ ὃʛʘʟ 

 

Ȣ   ὧ
ȹ

ȹ
         ὅ ὧὓ          ὅ Ὑ              ὅ Ὑ 
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Ȣ   ὴὠ ὧέὲίὸȟ    ‎                       Ȣ   –  

 

Ȣ   –ʤʘʢʩ            Ȣ   ὨὛ                Ȣ   Ὓ Ὧǎὲὡ 

 

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʇʦʯʝʤʫ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʦʙʲʸʤʘ? ʆʪ 
ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʥʘ ʟʘʚʠʩʠʪ? 

2. ʋ ʤʦʣʷ ʦʜʥʦʘʪʦʤʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 300 ʂ, ʠʟʦʭʦʨʥʦ ʫʚʝʣʠʯʠʚʘʶʪ ʜʘʚʣʝʥʠʝ ʚ 2 ʨʘʟʘ. ʂʘʢʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ʙʳʣʦ ʧʝʨʝʜʘʥʦ ʛʘʟʫ ʧʨʠ ʵʪʦʤ? 

3. ʄʦʞʝʪ ʣʠ ʪʝʧʣʦʝʤʢʦʩʪʴ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʙʳʪʴ ʨʘʚʥʦʡ ʥʫʣʶ? 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ? 

4. ʂʘʢʦʚ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʩʠʩʪʝʤʳ 
ɼʠʟʝʣʷ? 

5. ʏʪʦ ʪʘʢʦʝ ʵʥʪʨʦʧʠʷ? ʂʘʢ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʵʥʪʨʦʧʠʷ ʩʠʩʪʝʤʳ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ? ɺ ʢʘʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʤʦʞʝʪ 

ʠʟʤʝʥʷʪʴʩʷ ʵʥʪʨʦʧʠʷ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ? ʥʝʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ? 

 

ʊʝʩʪ 

1. ʂʘʢ ʠʟʤʝʥʷʝʪʩʷ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʧʨʠ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʩʞʘʪʠʠ? 

1. ʋʚʝʣʠʯʠʚʘʝʪʩʷ.  2. ʋʤʝʥʴʰʘʝʪʩʷ.  3. ʅʝ ʠʟʤʝʥʷʝʪʩʷ.  4. ɺʥʘʯʘʣʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʟʘʪʝʤ ʫʤʝʥʴʰʘʝʪʩʷ. 5. ɺʥʘʯʘʣʝ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʟʘʪʝʤ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ.  

 

2. ʂʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ʥʫʞʥʦ ʧʝʨʝʜʘʪʴ ʜʚʫʤ ʤʦʣʷʤ ʦʜʥʦʘʪʦʤʥʦʛʦ 

ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ, ʯʪʦʙʳ ʠʟʦʙʘʨʥʦ ʫʚʝʣʠʯʠʪʴ ʝʛʦ ʦʙʲʸʤ ʚ       3 ʨʘʟʘ? 

ʅʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʊ0. 

1. RT0.     2. 3RT0.     3. 5RT0.     4. 6RT0.     5. 10RT0. 

 

3. ʂʘʢʠʝ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʠʞʝ ʤʝʭʘʥʠʟʤʦʚ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʳʤʠ 

ʯʘʩʪʷʤʠ ʣʶʙʦʛʦ ʪʝʧʣʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ? 

1. ʊʫʨʙʠʥʘ. 2. ʍʦʣʦʜʠʣʴʥʠʢ. 3. ʎʠʣʠʥʜʨ. 4. ʇʦʨʰʝʥʴ. 5. ʄʘʭʦʚʠʢ. 
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4. ʊʝʤʧʝʨʘʪʫʨʫ ʥʘʛʨʝʚʘʪʝʣʷ ʠ ʭʦʣʦʜʠʣʴʥʠʢʘ ʪʝʧʣʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʧʦʥʠʟʠʣʠ ʥʘ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʨʘʜʫʩʦʚ. ʂʘʢ ʠʟʤʝʥʠʪʩʷ ʧʨʠ ʵʪʦʤ 

ʂʇɼ ʜʚʠʛʘʪʝʣʷ? 

1. ʋʚʝʣʠʯʠʪʩʷ.     2. ʋʤʝʥʴʰʠʪʩʷ.     3. ʅʝ ʠʟʤʝʥʠʪʩʷ.    4. ʇʨʠ 

ʧʦʥʠʞʝʥʠʠ ʥʘ ʯʝʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʨʘʜʫʩʦʚ ʂʇɼ ʫʤʝʥʴʰʠʪʩʷ.  5. ʇʨʠ 

ʧʦʥʠʞʝʥʠʠ ʥʘ ʥʝʯʝʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʨʘʜʫʩʦʚ ʂʇɼ ʫʤʝʥʴʰʠʪʩʷ. 

 

5. ʕʥʪʨʦʧʠʷ ʩʠʩʪʝʤʳ S ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ W ʩʚʷʟʘʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (k ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ). 

1. W
k

S ln
1
= . 2. WS ln= . 3. WkS ln= . 4. W

k
S ln

1
2

= . 5. WkS ln2= . 

 

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ɿʘʜʘʯʘ 7.1 

ʆʜʠʥ ʤʦʣʴ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʠʟʦʪʝʨʤʠʯʝʩʢʠ ʨʘʩʰʠʨʷʝʪʩʷ ʪʘʢ, ʯʪʦ 

ʦʙʲʸʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʜʚʦʝ. ʆʧʨʝʜʝʣʠʪʝ ʨʘʙʦʪʫ, ʩʦʚʝʨʰʘʝʤʫʶ ʛʘʟʦʤ 

ʧʨʠ ʝʛʦ ʨʘʩʰʠʨʝʥʠʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʊ = 300 ʂ.  

ʈʝʰʝʥʠʝ. 

ʇʫʩʪʴ ʜʘʚʣʝʥʠʝ ʛʘʟʘ p. ʇʨʠ ʤʘʣʦʤ ʠʟʤʝʥʝʥʠʠ ʦʙʲʝʤʘ dV ʛʘʟʘ ʠʤ 

ʩʦʚʝʨʰʘʝʪʩʷ ʨʘʙʦʪʘ dA, ʨʘʚʥʘʷ  

dA =   pdV.                                       (73) 

ʇʦʣʥʫʶ ʨʘʙʦʪʫ ʛʘʟʘ, ʩʦʚʝʨʰʘʝʤʫʶ ʠʤ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʦʪ ʦʙʲʸʤʘ 

V1  ʜʦ ʦʙʲʸʤʘ V2, ʦʧʨʝʜʝʣʠʤ, ʠʥʪʝʛʨʠʨʫʷ ʬʦʨʤʫʣʫ (73): 

A =ñ
2

1

.

V

V

pdV  

ɼʘʚʣʝʥʠʝ ʛʘʟʘ ʚʳʨʘʟʠʤ ʯʝʨʝʟ ʫʨʘʚʥʝʥʠʝ ʂʣʘʧʝʡʨʦʥʘ: 

RT
M

m
pV= , 

ʛʜʝ m ï ʤʘʩʩʘ ʛʘʟʘ;   

      ʄ ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʛʘʟʘ;  

      R ï  ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

;
2

1
V

dV
RT

M

m
A

V

V

ñ=  

 

 
.ln

1

2

V

V
RT

M

m
A=
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ʇʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ, 

ρ̍ ̏̌Ƞ̝      

.2
1

2 =
V

V
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ɸ = RTln 2; 

ɸ = 8,31
.
300

.
0,69 = 1700 (ɼʞ). 

 

ʆʪʚʝʪ: ɸ = 1700 ɼʞ. 

 

ɿʘʜʘʯʘ 7.2 

ʆʧʨʝʜʝʣʠʪʝ, ʢʘʢʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʦʙʲʸʤʦʤ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʜʣʷ ʩʣʫʯʘʷ 

ʦʜʥʦʘʪʦʤʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʧʨʠ ʘʜʠʘʙʘʪʥʦʤ ʧʨʦʮʝʩʩʝ.  

ʈʝʰʝʥʠʝ. 

ʇʝʨʚʳʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ 

ʢʦʣʠʯʝʩʪʚʦʤ ʪʝʧʣʦʪʳ Q, ʧʝʨʝʜʘʥʥʦʡ ʛʘʟʫ, ʠʟʤʝʥʝʥʠʝʤ ʝʛʦ ʚʥʫʪʨʝʥʥʝʡ 

ʵʥʝʨʛʠʠ æU ʠ ʨʘʙʦʪʦʡ ɸ, ʩʦʚʝʨʰʸʥʥʦʡ ʛʘʟʦʤ: 

   Q = æU + ɸ. 

ɼʣʷ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʧʨʦʮʝʩʩʘ (ʪ.ʝ. ʧʨʠ ʤʘʣʦʤ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ) ʚ ʩʣʫʯʘʝ ʘʜʠʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʣʷ 1 

ʤʦʣʷ ʦʜʥʦʘʪʦʤʥʦʛʦ ʛʘʟʘ ʠʤʝʝʤ 

,
2

3
0 pdVRdT+=                                      (74) 

ʛʜʝ R  ï  ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ;  

dT ï ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ;  

p ï ʜʘʚʣʝʥʠʝ ʛʘʟʘ; 

dV ï ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʛʘʟʘ. 

ʀʟ ʫʨʘʚʥʝʥʠʷ ʂʣʘʧʝʡʨʦʥʘ  ʜʣʷ 1 ʤʦʣʷ ʛʘʟʘ 

  pV = RT 

ʚʳʨʘʟʠʤ ʜʘʚʣʝʥʠʝ: 

      
V

RT
p=  

ʠ ʧʦʜʩʪʘʚʠʤ ʚ ʫʨʘʚʥʝʥʠʝ (74). 

ʊʦʛʜʘ  

;0
2

3
=+

V

dV
RTRdT  
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;0
2

3
=+

V

dV

T

dT
 

.
2

3

V

dV

T

dT
-=  

ʀʥʪʝʛʨʠʨʫʷ ʧʦʩʣʝʜʥʝʝ ʫʨʘʚʥʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ʊ1 ʜʦ ʊ2 ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪ V1  ʜʦ V2, ʧʦʣʫʯʠʤ 

   ,lnln
2

3

2

1

2

1

öö
÷

õ
ææ
ç

å
-=öö

÷

õ
ææ
ç

å

V

V

T

T
 

     .lnln
1

2
2

3

2

1

öö
÷

õ
ææ
ç

å
=öö

÷

õ
ææ
ç

å

V

V

T

T
 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ,      

;
1

2

2
3

2

1

V

V

T

T
=öö

÷

õ
ææ
ç

å
 

   ,2
2

3

21
2

3

1 VTVT =  

  .const2
3

=VT  

ʆʪʚʝʪ: .const2
3

=VT  

 

ɿʘʜʘʯʘ 7.3 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʷʚʣʷʝʪʩʷ 

ʘʜʠʘʙʘʪʥʦʝ ʩʞʘʪʠʝ ʚʦʟʜʫʭʘ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ, 

ʥʘʧʨʠʤʝʨ, ʪʦʣʩʪʦʩʪʝʥʥʳʤ ʮʠʣʠʥʜʨʦʤ, ʟʘʢʨʳʪʳʤ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ, ʩ 

ʧʝʨʝʤʝʱʘʶʱʠʤʩʷ ʚ ʥʝʤ ʧʦʨʰʥʝʤ. ʇʦ ʦʜʥʫ ʩʪʦʨʦʥʫ ʦʪ ʧʦʨʰʥʷ 

ʧʦʤʝʱʘʝʪʩʷ ʧʦʨʦʭʦʚʦʡ ʟʘʨʷʜ, ʘ ʧʦ ʜʨʫʛʫʶ ï ʛʘʟ. ʇʨʠ ʚʟʨʳʚʝ ʧʦʨʦʭʘ 

ʧʦʨʰʝʥʴ çʚʳʩʪʨʝʣʠʚʘʝʪʩʷè ʠ ʧʨʦʠʟʚʦʜʠʪ ʘʜʠʘʙʘʪʥʦʝ ʩʞʘʪʠʝ ʛʘʟʘ ʚ 

ʪʨʫʙʝ. ɺʳʯʠʩʣʠʪʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʛʨʝʚʘʥʠʝ 2 ʛ ʚʦʜʦʨʦʜʘ ʧʨʠ ʩʞʘʪʠʠ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʧʦʨʦʭʦʚʦʡ ʟʘʨʷʜ ʩʦʦʙʱʘʝʪ ʧʦʨʰʥʶ ʤʘʩʩʦʡ mʧ = 10 

ʢʛ ʥʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ u = 1 ʢʤ/ʩ. 

ʈʝʰʝʥʠʝ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʝʨʚʳʤ ʟʘʢʦʥʦʤ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʝ 

ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ  ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ æU ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʨʘʙʦʪʦʡ ɸʚʥʝʰ ʚʥʝʰʥʠʭ ʩʠʣ ʠ ʧʝʨʝʜʘʥʥʳʤ ʩʠʩʪʝʤʝ ʢʦʣʠʯʝʩʪʚʦʤ ʪʝʧʣʦʪʳ 

Q:   

                                       æU = ɸʚʥʝʰ + Q.                                   (75) 

ɺʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ U ʜʣʷ ʩʣʫʯʘʷ ʜʚʫʭʘʪʦʤʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ 

ʨʘʚʥʘ  
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,
2

5
RT

M

m
U =  

ʛʜʝ m ï ʤʘʩʩʘ ʛʘʟʘ;  

      ʄ ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʛʘʟʘ;  

      R ï  ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ;  

      ʊ ï  ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ. 

ʊʦʛʜʘ   

                                           .
2

5
TR

M

m
U D=D                                         (46) 

ʈʘʙʦʪʘ, ʩʦʚʝʨʰʸʥʥʘʷ ʥʘʜ ʛʘʟʦʤ, ʦʯʝʚʠʜʥʦ, ʨʘʚʥʘ ʨʘʟʥʦʩʪʠ 

ʥʘʯʘʣʴʥʦʡ ʠ ʢʦʥʝʯʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʡ ʧʦʨʰʥʷ. ɺ ʤʦʤʝʥʪ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʞʘʪʠʷ ʛʘʟʘ ʧʦʨʰʝʥʴ ʥʝʧʦʜʚʠʞʝʥ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ,  

ɸʚʥʝʰ = .
2

2uʧm
                                          (77) 

ʇʨʠ ʙʳʩʪʨʦʤ ʩʞʘʪʠʠ ʛʘʟʘ ʪʝʧʣʦʦʙʤʝʥ ʥʝ ʫʩʧʝʚʘʝʪ ʧʨʦʠʟʦʡʪʠ, ʟʥʘʯʠʪ,    

Q = 0.                                                (78) 

ʉʦʦʪʥʦʰʝʥʠʷ (75)ï(78) ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʦʪʚʝʪ: 

;
5

2

mR

Mm
T ʧ u=D  

( )
().ʂ104,2

31,81025

1010210 5

3

233

Ö=
ÖÖÖ

ÖÖÖ
=D

-

-

T  

ʈʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʠʰʴ ʦʮʝʥʢʫ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʛʘʟʘ, ʪ. ʢ. ʚ ʨʘʩʯʸʪʘʭ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ ʪʘʢʠʝ ʷʚʣʝʥʠʷ, ʢʘʢ ʨʘʩʧʘʜ ʤʦʣʝʢʫʣ 

ʠ ʠʦʥʠʟʘʮʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʆʪʚʝʪ: æT = 2,4
.
10

5 
ʂ. 

 

 

ʃʝʢʮʠʷ 8 

 

ʈɽɸʃʔʅʓɽ ɻɸɿʓ 

 

ʂ ʜʘʥʥʦʡ ʣʝʢʮʠʠ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ 

ï ʟʥʘʪʴ, ʚ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʤʦʜʝʣʴ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ, ʫʨʘʚʥʝʥʠʝ 

ʂʣʘʧʝʡʨʦʥʘ, ʯʪʦ ʥʘʟʳʚʘʝʪʩʷ ʠʟʦʧʨʦʮʝʩʩʘʤʠ; 

ï ʫʤʝʪʴ ʦʙʲʷʩʥʷʪʴ ʩʚʦʡʩʪʚʘ ʛʘʟʦʚ, ʠʩʭʦʜʷ ʠʟ ʤʦʜʝʣʠ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ;  

ï ʫʤʝʪʴ ʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʠʟʦʧʨʦʮʝʩʩʦʚ. 
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ʇʣʘʥ ʣʝʢʮʠʠ 

1. ʇʨʠʯʠʥʳ ʦʪʢʣʦʥʝʥʠʷ ʨʝʘʣʴʥʳʭ ʛʘʟʦʚ ʦʪ ʤʦʜʝʣʠ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ 

(ʩʦʙʩʪʚʝʥʥʳʡ ʦʙʲʝʤ ʤʦʣʝʢʫʣ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʣʝʢʫʣ ʛʘʟʘ). 

2. ʋʨʘʚʥʝʥʠʝ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ. 

3. ʀʟʦʪʝʨʤʳ ʨʝʘʣʴʥʳʭ ʛʘʟʦʚ. ʂʨʠʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ. 

4. ʉʞʠʞʝʥʠʝ ʛʘʟʦʚ. 

5. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 

ʃʠʪʝʨʘʪʫʨʘ 

I. ʉ. 119ï120. Ä 60. ʉʠʣʳ ʠ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʉ. 120ï121. Ä 61. ʋʨʘʚʥʝʥʠʝ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ 

ʉ. 121ï124. Ä 62. ʀʟʦʪʝʨʤʳ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ ʠ ʠʭ ʘʥʘʣʠʟ 

 ʉ. 127ï128. Ä 65. ʉʞʠʞʝʥʠʝ ʛʘʟʦʚ 

II. ʏʘʩʪʴ I. ʉ. 205ï207. Ä 65. ʈʝʘʣʴʥʳʡ ʛʘʟ. ʋʨʘʚʥʝʥʠʝ ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʘ 

ʉ. 207ï210. Ä 66. ʆʧʳʪ ʕʥʜʨʶʩʘ. ʂʨʠʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

    

ʌʦʨʤʫʣʳ 

ʋʢʘʞʠʪʝ, ʦʙʦʟʥʘʯʝʥʠʷ ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʞʜʦʡ ʬʦʨʤʫʣʝ, ʢʘʢʦʚʳ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ. ʋʢʘʞʠʪʝ 

ʬʠʟʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ. 

Ȣὴ
שׂ

ὠ
ὠ ὦ ὙὝ 

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʆʙʦʩʥʫʡʪʝ, ʧʨʦʚʝʜʷ ʨʘʩʯʝʪ, ʯʪʦ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ (ʩʦʪʥʠ ʠ 
ʪʳʩʷʯʠ ʘʪʤʦʩʬʝʨ) ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʦʙʲʝʤʘ ʛʘʟʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʩʦʙʩʪʚʝʥʥʳʡ ʦʙʲʸʤ ʤʦʣʝʢʫʣ. 

2. ʅʘʯʝʨʪʠʪʝ ʠ ʧʨʦʢʦʤʤʝʥʪʠʨʫʡʪʝ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ 

ʛʘʟʘ, ʛʨʘʬʠʢ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. 

3. ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ. ʆʙʦʩʥʫʡʪʝ ʚʚʝʜʝʥʠʝ ʧʦʧʨʘʚʦʢ 

ʚ ʫʨʘʚʥʝʥʠʝ. 

4. ʏʝʤ ʠʟʦʪʝʨʤʳ ʨʝʘʣʴʥʦʛʦ ʛʘʟʘ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʟʦʪʝʨʤ ʠʜʝʘʣʴʥʦʛʦ 

ʛʘʟʘ? 

5. ʏʪʦ ʥʘʟʳʚʘʶʪ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ? ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ 

ʟʥʘʯʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʧʦʥʷʪʠʷ ʜʣʷ ʧʨʘʢʪʠʢʠ? 
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ʊʝʩʪ 

1. ʍʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʤʦʣʝʢʫʣʳ ʩʦʩʪʘʚʣʷʝʪé 

1. 10
-6
 ʩʤ.     2. 10

-6
 ʤ.     3. 10

-8
 ʩʤ.     4. 10

-8
 ʤ.     5. 10

-13
 ʩʤ. 

 

2. ʋʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʜʣʷ 1 ʤʦʣʷ ʨʝʘʣʴʥʦʛʦ ʛʘʟʘ ʠʤʝʝʪ ʚʠʜé 

1. RTPV= .  2. p = nkT.  3. RT
M

m
PV= .  4. ( ) RTbV

V

a
p =-ö

÷

õ
æ
ç

å
+

2
.  5. Enp

3

2
= . 

 

3. ʅʘ ʨʠʩ. 30 ʧʨʠʚʝʜʝʥʳ ʠʟʦʪʝʨʤʳ ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʘ. ʂʘʢʘʷ ʠʟ ʠʟʦʪʝʨʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ? 

1. 1.   2. 2.  3. 3.   4. 4.  5. 5. 

 

4. ɼʣʷ ʩʞʠʞʝʥʠʷ ʛʘʟʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ ʢʨʠʪʠʯʝʩʢʦʡ, ʥʝʦʙʭʦʜʠʤʦé 

1. ʩʞʘʪʴ ʛʘʟ ʜʦ ʜʘʚʣʝʥʠʷ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʛʦ 

ʢʨʠʪʠʯʝʩʢʦʝ. 

2. ʩʞʘʪʴ ʛʘʟ ʜʦ ʜʘʚʣʝʥʠʷ, ʧʨʝʚʳʰʘʶʱʝʛʦ ʢʨʠʪʠʯʝʩʢʦʝ. 

3. ʩʞʘʪʴ ʛʘʟ ʜʦ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

4. ʫʚʝʣʠʯʠʪʴ ʦʙʲʸʤ ʛʘʟʘ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ. 

5. ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʛʘʟʘ ʪʘʢ, ʯʪʦʙʳ ʦʥʘ ʙʳʣʘ 

ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʡ. 

 

5. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʩʞʠʞʝʥʠʷ ʛʘʟʦʚ ʧʨʠʤʝʥʷʶʪ é 

1. ʧʦʨʰʥʝʚʳʝ ʤʘʰʠʥʳ, ʚ ʢʦʪʦʨʳʭ ʛʘʟ ʦʭʣʘʞʜʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʦʚʝʨʰʝʥʠʷ 

ʠʤ ʨʘʙʦʪʳ. 

2. ʪʫʨʙʦʜʝʪʘʥʜʝʨʳ, ʚ ʢʦʪʦʨʳʭ ʛʘʟ ʦʭʣʘʞʜʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʦʚʝʨʰʝʥʠʷ ʠʤ 

ʨʘʙʦʪʳ. 

3. ʤʘʰʠʥr ʃʠʥʜʝ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʘ ɼʞʦʫʣʷ-ʊʦʤʩʦʥʘ. 

4. ʤʘʰʠʥʳ ʃʠʥʜʝ, ʚ ʢʦʪʦʨʳʭ ʛʘʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʭʣʘʞʜʝʥ ʥʠʞʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠʥʚʝʨʩʠʠ. 

5. ʤʘʰʠʥʳ ʃʠʥʜʝ, ʚ ʢʦʪʦʨʳʭ ʛʘʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠʥʚʝʨʩʠʠ. 

 

 

 

 

 

                                                                                                   

ʈʠʩ. 30 
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ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ  

 

ɿʘʜʘʯʘ 8.1  

ɺ ʦʧʨʝʜʝʣʸʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʨʘʩʩʪʦʷʥʠʡ ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʦʣʝʢʫʣ ʨʝʘʣʴʥʦʛʦ ʛʘʟʘ U(r) ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ r  ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ:                 

() ,
6r

A
rU -=  

ʛʜʝ ɸ ï ʧʦʩʪʦʷʥʥʘʷ ʜʣʷ ʜʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚʝʣʠʯʠʥʘ, ɸ > 0.  

ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʠʟʤʝʥʠʪʩʷ ʩʠʣʘ ʧʨʠʪʷʞʝʥʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʥʘ 1 %? 

ʈʝʰʝʥʠʝ. 

ʉʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ F ʨʘʚʥʘ 

.
dr

dU
F -=  

ʊʦʛʜʘ 

;
7

1

7

2

2

1

r

r

F

F
=  

.07,1
2

1 =
F

F
 

ʆʪʚʝʪ: .07,1
2

1 =
F

F
 

ɿʘʜʘʯʘ 8.2 

ʆʮʝʥʠʪʝ, ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʠʟʤʝʥʠʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ 

ʚʦʜʳ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚʦʜʳ ʠʟ ʞʠʜʢʦʛʦ ʚ ʛʘʟʦʦʙʨʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʧʨʠ 

ʥʦʨʤʘʣʴʥʦʤ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ). 

ʈʝʰʝʥʠʝ. 

ɺʳʯʠʩʣʠʤ, ʢʘʢʦʡ ʦʙʲʸʤ V1 ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʦʣʶ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ 

ʚʦʜʳ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ: 

,1

AN

V
V =  

ʛʜʝ V ï ʦʙʲʸʤ, ʟʘʥʠʤʘʝʤʳʡ ʦʜʥʠʤ ʤʦʣʝʤ ʚʦʜʳ;  

      NA ï ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ. 

,
r

M
V =  

ʛʜʝ ʄ ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʚʦʜʳ;  

ɟ ï ʝʸ ʧʣʦʪʥʦʩʪʴ. 

ʊʦʛʜʘ                                      ;1

AN

M
V

r
=  
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( ).ʤ103
10610

1018 329

233

3

1

-
-

Ö=
ÖÖ

Ö
=V  

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ d1  ʙʫʜʝʪ ʨʘʚʥʦ 

;3
11 Vd =  

().ʤ103103 103 29

1

-- ÖºÖ=d  

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʚʦʜʷʥʦʡ ʧʘʨ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʘʪʤʦʩʬʝʨʥʦʤ 

ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 100
0
ʉ. ʆʙʲʸʤ V, ʟʘʥʠʤʘʝʤʳʡ 1 ʤʦʣʝʤ ʚʦʜʷʥʦʛʦ 

ʧʘʨʘ ʧʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ 

ʫʨʘʚʥʝʥʠʝʤ ʂʣʘʧʝʡʨʦʥʘ: 

pV = RT, 

ʛʜʝ p ï ʜʘʚʣʝʥʠʝ ʚʦʜʷʥʦʛʦ ʧʘʨʘ;  

      R ïʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ;  

      T ï ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʘʨʘ.  

.
p

RT
V =  

ʆʙʲʸʤ V2 , ʧʨʠʭʦʜʷʱʠʡʩʷ ʥʘ ʜʦʣʶ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʚʦʜʷʥʦʛʦ ʧʘʨʘ 

ʧʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ:                         ;2

AN

V
V =  

;2

ApN

RT
V =  

( ).ʤ105
10610

37331,8 326

2352

-Ö=
ÖÖ

Ö
=V  

ʉʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ d2 ʨʘʚʥʦ 

;3
22 Vd =  

().ʤ107,3105 93 26

2

-- ÖºÖ=d  

ʇʦʣʫʯʠʚ ʯʠʩʣʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʤʦʣʝʢʫʣ ʚʝʱʝʩʪʚʘ ʚ ʞʠʜʢʦʤ ʠ ʛʘʟʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʷʭ, ʩʨʘʚʥʠʤ ʠʭ 

ʤʝʞʜʫ ʩʦʙʦʡ: 

;1700
103

105
29

26

2

1 =
Ö

Ö
=

-

-

V

V
 

.12
103

107,3
10

9

1

2 =
Ö

Ö
=

-

-

d

d
 

ʈʘʩʯʸʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚʦʜʳ ʠʟ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʚ ʛʘʟʦʦʙʨʘʟʥʦʝ ʧʨʠ ʫʩʣʦʚʠʷʭ, ʙʣʠʟʢʠʭ ʢ ʥʦʨʤʘʣʴʥʳʤ, ʦʙʲʝʤ, 

ʧʨʠʭʦʜʷʱʠʡʩʷ ʥʘ ʜʦʣʶ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʯʪʠ ʚ 2000 

ʨʘʟ. ʆʜʥʘʢʦ ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʝ 

ʪʘʢ ʟʥʘʯʠʪʝʣʴʥʦ. 
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ɿʘʜʘʯʘ 8.3 

ɺ ʚʝʨʪʠʢʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʮʠʣʠʥʜʨʝ ʧʦʜ ʧʦʨʰʥʝʤ ʥʘʭʦʜʠʪʩʷ 1 

ʤʦʣʴ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T, ʨʘʚʥʦʡ ʫʜʚʦʝʥʥʦʡ 

ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ Tʢʨ.  ʆʙʲʸʤ ʛʘʟʘ V ʨʘʚʝʥ ʢʨʠʪʠʯʝʩʢʦʤʫ ʦʙʲʝʤʫ 

Vʢʨ. 

 ʂʘʢʘʷ ʩʠʣʘ F ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʠʣʦʞʝʥʘ ʢ ʧʦʨʰʥʶ, ʯʪʦʙʳ ʦʥ 

ʥʘʭʦʜʠʣʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ? ʄʘʩʩʫ ʧʦʨʰʥʷ ʥʝ ʫʯʠʪʳʚʘʪʴ. ʊʨʝʥʠʷ ʤʝʞʜʫ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʦʡ ʮʠʣʠʥʜʨʘ ʠ ʧʦʨʰʥʝʤ ʥʝʪ, ʚʥʝʰʥʠʤ ʜʘʚʣʝʥʠʝʤ 

ʧʨʝʥʝʙʨʝʯʴ. ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʦʨʰʥʷ S = 5 ʩʤ
2 

, 

ʢʨʠʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ 73 ʘʪʤ. 

ʈʝʰʝʥʠʝ. 

ɼʘʚʣʝʥʠʝ p ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʜʦʣʞʥʦ ʫʨʘʚʥʦʚʝʰʠʚʘʪʴ ʜʘʚʣʝʥʠʝ, 

ʩʦʟʜʘʚʘʝʤʦʝ ʚʥʝʰʥʝʡ ʩʠʣʦʡ, ʧʨʠʣʦʞʝʥʥʦʡ ʢ ʧʦʨʰʥʶ: 

                                         .
s

F
p=                                                   (79) 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʜʘʚʣʝʥʠʝ ʛʘʟʘ, ʚʦʩʧʦʣʴʟʫʝʤʩʷ 

ʫʨʘʚʥʝʥʠʝʤ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ (ʜʣʷ ʤʦʣʷ ʛʘʟʘ): 

( ) RTbV
V

a
p =-ö

÷

õ
æ
ç

å
+

2
 ,                                       (80) 

ʛʜʝ a ʠ b ï ʧʦʩʪʦʷʥʥʳʝ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʠʣʳ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ 

ʩʦʙʩʪʚʝʥʥʳʡ ʦʙʲʸʤ ʤʦʣʝʢʫʣ ʛʘʟʘ.  

ʂʨʠʪʠʯʝʩʢʠʝ ʦʙʲʸʤ, ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ 

ʧʦʩʪʦʷʥʥʳʝ a ʠ b ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ
1
:  

Vʢʨ = 3b;                                              (81) 

;
27 2b

ʘ
ʨʢʨ=                                           (82) 

Rb

ʘ
Tʢʨ

27

8
= .                                      (83) 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ  

T = 2ʊʢʨ; 

                                                  V = Vʢʨ, 

ʦʧʨʝʜʝʣʠʤ ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ (80)ï(83) ʜʘʚʣʝʥʠʝ ʛʘʟʘ. 

ʆʥʦ ʙʫʜʝʪ ʨʘʚʥʦ:  

p = 5 p ʢʨ . 

 

 
                                                 
1
 ʊʨʦʬʠʤʦʚʘ, ʊ. ʀ. ʂʫʨʩ ʬʠʟʠʢʠ [ʊʝʢʩʪ]: ʫʯʝʙ. ʧʦʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ / ʊ. ʀ. 

ʊʨʦʬʠʤʦʚʘ. ï 7-ʝ ʠʟʜ., ʩʪʝʨ. ï ʄ.: ɺʳʩʰ. ʰʢ., 2003. ï ʉ. 123. 
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ʊʦʛʜʘ ʠʟ (79) ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ ʩʠʣʫ F:  

;5 spF ʢʨ=  

F = 5
.
73

.
10

5.
5

.
10

-4 
= 18000 (ʅ). 

F = 18 ʢʅ. 

ʆʪʚʝʪ:  F = 18 ʢʅ.  

 

ʃʝʢʮʠʷ 9 

 

ʗɺʃɽʅʀʗ ʇɽʈɽʅʆʉɸ 

 

ʂ ʜʘʥʥʦʡ ʣʝʢʮʠʠ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ 

ï ʟʥʘʪʴ ʦʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʄʂʊ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ, ʩʚʷʟʴ ʤʝʞʜʫ ʩʨʝʜʥʝʡ 

ʵʥʝʨʛʠʝʡ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʠ 

ʘʙʩʦʣʶʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ; 

ï ʫʤʝʪʴ ʧʨʠʤʝʥʷʪʴ ʦʩʥʦʚʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʄʂʊ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʜʣʷ 

ʨʘʩʯʝʪʘ ʜʘʚʣʝʥʠʷ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʟʘ, ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ ʛʘʟʘ. 

 

ʇʣʘʥ ʣʝʢʮʠʠ 

1. ʉʨʝʜʥʝʝ ʯʠʩʣʦ ʩʪʦʣʢʥʦʚʝʥʠʡ ʠ ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ 

ʤʦʣʝʢʫʣ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. 

2. ɿʘʢʦʥ ʌʠʢʘ. ɼʠʬʬʫʟʠʷ ʛʘʟʦʚ. 

3. ɿʘʢʦʥ ʌʫʨʴʝ. ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʛʘʟʦʚ. 

4. ɺʘʢʫʫʤ. ʉʚʦʡʩʪʚʘ ʨʘʟʨʝʞʝʥʥʳʭ ʛʘʟʦʚ. 

5. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

I. ʉ. 92ï93. Ä 46. ʉʨʝʜʥʝʝ ʯʠʩʣʦ ʩʪʦʣʢʥʦʚʝʥʠʡ ʠ ʩʨʝʜʥʷʷ ʜʣʠʥʘ 

ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʤʦʣʝʢʫʣ 

ʉ. 95ï97. Ä 48.  ʗʚʣʝʥʠʝ ʧʝʨʝʥʦʩʘ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ 

ʩʠʩʪʝʤʘʭ 

ʉ. 97ï99. Ä 49. ɺʘʢʫʫʤ ʠ ʤʝʪʦʜʳ ʝʛʦ ʧʦʣʫʯʝʥʠʷ. ʉʚʦʡʩʪʚʘ 

ʫʣʴʪʨʘʨʘʟʨʝʞʸʥʥʳʭ ʛʘʟʦʚ 

II. ʏʘʩʪʴ I. ʉ. 153ï156. Ä 48. ʉʨʝʜʥʷʷ ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ 

ʤʦʣʝʢʫʣ 

ʉ. 156ï158. Ä 48. ʗʚʣʝʥʠʝ ʧʝʨʝʥʦʩʘ ʚ ʛʘʟʘʭ. ʋʨʘʚʥʝʥʠʝ ʧʝʨʝʥʦʩʘ 

ʉ. 158ï160. Ä 50. ɼʠʬʬʫʟʠʷ 

ʉ. 16 ï164. Ä 51. ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 
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ʌʦʨʤʫʣʳ 

ʋʢʘʞʠʪʝ, ʦʙʦʟʥʘʯʝʥʠʷ ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʞʜʦʡ ʬʦʨʤʫʣʝ, ʢʘʢʦʚʳ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ. ʋʢʘʞʠʪʝ 

ʬʠʟʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ. 

Ȣ   ὤʩʨ Ѝς“Ὠὲὺʩʨ             Ȣ    ǎʩʨ Ѝ
  

 

Ȣ   Ὦ Ὀ      Ὀ ὺʩʨϽǎʩʨ         Ȣ   Ὦ ‗         ‗ ὅ”ὺʩʨǎʩʨ 

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1.  ʆʪ ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʟʘʚʠʩʠʪ ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʩʪʦʣʢʥʦʚʝʥʠʡ ʠ 
ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ? 

2.  ɿʘʧʠʰʠʪʝ ʬʦʨʤʫʣʫ ʟʘʢʦʥʘ ʌʠʢʘ. ʇʦʷʩʥʠʪʝ, ʢʘʢʠʝ ʚʝʣʠʯʠʥʳ 

ʦʧʨʝʜʝʣʷʶʪ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʜʠʬʬʫʟʠʠ. ʂʘʢʠʤʠ ʬʠʟʠʯʝʩʢʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʛʘʟʦʚ? 

3.  ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʧʨʦʮʝʩʩ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ? ʂʘʢʠʤʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʦʧʠʩʳʚʘʝʪʩʷ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ? 

4.  ʉʨʘʚʥʠʪʝ ʤʝʭʘʥʠʟʤʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʣʦʪʥʳʭ ʠ ʨʘʟʨʝʞʸʥʥʳʭ 
ʛʘʟʦʚ. 

5.  ʂʘʢʦʝ ʩʦʩʪʦʷʥʠʝ ʛʘʟʘ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʚʘʢʫʫʤʦʤ? 

 

ʊʝʩʪ 

1. ɻʘʟ ʠʟʦʪʝʨʤʠʯʝʩʢʠ ʩʞʘʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʝʛʦ ʜʘʚʣʝʥʠʝ ʚʦʟʨʦʩʣʦ ʚ 

2 ʨʘʟʘ. ʂʘʢ ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʠʣʘʩʴ ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʤʦʣʝʢʫʣ? 

1. ʋʚʝʣʠʯʠʣʘʩʴ ʚ 4 ʨʘʟʘ.  2. ʋʚʝʣʠʯʠʣʘʩʴ ʚ 2 ʨʘʟʘ. 3. ʅʝ ʠʟʤʝʥʠʣʘʩʴ. 4. 

ʋʤʝʥʴʰʠʣʘʩʴ ʚ 2 ʨʘʟʘ.    5. ʋʤʝʥʴʰʠʣʘʩʴ ʚ 4 ʨʘʟʘ. 

 

2. ʄʝʞʜʫ ʜʚʫʤʷ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʤʠ 

ʩʪʝʥʢʘʤʠ ʩʦʩʫʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʘʟʘ 

ʠʟʤʝʥʷʝʪʩʷ ʪʘʢ, ʢʘʢ ʵʪʦ ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 

31. ʏʝʤʫ ʨʘʚʝʥ ʛʨʘʜʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʟʘ? 

1. 7,5Ö10
26

 ʤ
-4
.    2. 7,5Ö10

24
 ʤ

-4
.  3. 2,5Ö10

24
 ʤ

-4
.  

4. 2,5Ö10
26

 ʤ
-4
. 

5. 1,33Ö10
23

 ʤ
-4
. 

 

3. ʂʘʢ ʠʟʤʝʥʠʪʩʷ ʩʨʝʜʥʝʝ ʯʠʩʣʦ 

ʩʪʦʣʢʥʦʚʝʥʠʡ ʟʘ 1 ʩ ʤʦʣʝʢʫʣ ʛʘʟʘ ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʚ 4 ʨʘʟʘ? 

ʈʠʩ. 31 
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1. ʋʚʝʣʠʯʠʪʩʷ ʚ 4 ʨʘʟʘ. 2. ʋʚʝʣʠʯʠʪʩʷ ʚ 2 ʨʘʟʘ. 3. ʅʝ ʠʟʤʝʥʠʪʩʷ.  

4. ʋʤʝʥʴʰʠʪʩʷ ʚ 2 ʨʘʟʘ.  5. ʋʤʝʥʴʰʠʪʩʷ ʚ 4 ʨʘʟʘ. 

4. ɺʦ ʚʨʝʤʷ ʟʠʤʳ ʪʦʣʱʠʥʘ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʦʟʝʨʝ ʫʚʝʣʠʯʠʣʘʩʴ ʚ 2 

ʨʘʟʘ. ʂʘʢ ʠʟʤʝʥʠʣʘʩʴ ʧʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, 

ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʣʝʜ? ʊʝʤʧʝʨʘʪʫʨʫ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʩʯʠʪʘʪʴ 

ʧʦʩʪʦʷʥʥʦʡ. 

1. ʋʚʝʣʠʯʠʣʘʩʴ ʚ 4 ʨʘʟʘ.  2. ʋʚʝʣʠʯʠʣʘʩʴ ʚ 2 ʨʘʟʘ.  3. ʅʝ ʠʟʤʝʥʠʣʘʩʴ.   

4. ʋʤʝʥʴʰʠʣʘʩʴ ʚ 2 ʨʘʟʘ.  5. ʋʤʝʥʴʰʠʣʘʩʴ ʚ 4 ʨʘʟʘ. 

5. ʄʝʞʜʫ ʜʚʫʤʷ ʩʪʝʥʢʘʤʠ ʢʦʣʙʳ ʪʝʨʤʦʩʘ ʥʘʭʦʜʠʪʩʷ ʨʘʟʨʝʞʸʥʥʳʡ ʛʘʟ. 

ʇʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʝʞʜʫ ʩʪʝʥʢʘʤʠ ʢʦʣʙʳé 

1. ʧʨʦʪʝʢʘʪʴ ʥʝ ʙʫʜʝʪ. 2. ʦʙʫʩʣʦʚʣʝʥ ʧʝʨʝʥʦʩʦʤ ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣʘʤʠ 

ʛʘʟʘ ʦʪ ʦʜʥʦʡ ʩʪʝʥʢʠ ʪʝʨʤʦʩʘ ʢ ʜʨʫʛʦʡ. 3. ʦʙʫʩʣʦʚʣʝʥ ʚʳʨʘʚʥʠʚʘʝʤ 

ʩʨʝʜʥʠʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ ʛʘʟʘ ʟʘ ʩʯʸʪ ʩʪʦʣʢʥʦʚʝʥʠʡ ʠʭ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ.  4. ʧʨʦʪʝʢʘʝʪ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʟʘʧʦʣʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʤʝʞʜʫ ʩʪʝʥʢʘʤʠ ʧʣʦʪʥʳʤ ʛʘʟʦʤ.  5. ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʟʘ ʤʝʞʜʫ ʩʪʝʥʢʘʤʠ ʢʦʣʙʳ. 

 

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ɿʘʜʘʯʘ 9.1 

ʂʘʢ ʟʘʚʠʩʠʪ ʩʠʣʘ ʪʦʢʘ I, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʛʦʨʘʥʠʝ 

ʧʨʦʚʦʜʥʠʢʘ, ʦʪ ʜʠʘʤʝʪʨʘ ʧʨʦʚʦʜʥʠʢʘ D? 

ʈʝʰʝʥʠʝ. 

ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʪʦʢʘ ʧʦ ʧʨʦʚʦʜʥʠʢʫ ʚʳʜʝʣʷʝʪʩʷ ʥʝʢʦʪʦʨʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ (ʜʞʦʫʣʝʚʦ ʪʝʧʣʦ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʦʜʥʠʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʘʝʪ ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨ 

ʤʝʞʜʫ ʧʨʦʚʦʜʥʠʢʦʤ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʦʪʚʦʜ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʦʚʦʜʥʠʢʘ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ɼʞʦʫʣʷ ï ʃʝʥʮʘ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ dQʚʳʜ, 

ʚʳʜʝʣʷʶʱʝʝʩʷ ʟʘ ʚʨʝʤʷ dt, ʨʘʚʥʦ 

dQ = I
2
Rdt,                                             (84) 

ʛʜʝ I ï ʩʠʣʘ ʪʦʢʘ ʚ ʧʨʦʚʦʜʥʠʢʝ;  

      R ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʜʥʠʢʘ. 

R =
s

?
r  ,                                                (85) 

ʛʜʝ ɟ ï ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʜʥʠʢʘ;   

      ǎ ï ʜʣʠʥʘ ʧʨʦʚʦʜʥʠʢʘ;  

     s ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʨʦʚʦʜʥʠʢʘ. 
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s = 
4

p
D

2
.                                               (86) 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (84)ï(86) ʠʤʝʝʤ 

dQʚʳʜ = .
4

2

2

D

dtI

p

r ?
                                       (87) 

ʇʝʨʝʥʦʩ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ ʌʫʨʴʝ: 

j = 
dx

dT
l- ,                                             (88) 

ʛʜʝ j ï ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʚʝʣʠʯʠʥʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʵʥʝʨʛʠʝʡ,     

ʧʝʨʝʥʦʩʠʤʦʡ ʚ ʬʦʨʤʝ ʪʝʧʣʦʪʳ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʯʝʨʝʟ ʝʜʠʥʠʯʥʫʶ 

ʧʣʦʱʘʜʴ;  

      ɚ ï  ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ;  

     
dx

dT
 ï ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʨʘʚʥʳʡ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘ         

ʪʫʨʳ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ x ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʦʨʤʘʣʠ ʢ ʧʣʦʱʘʜʢʝ. ɿʥʘʢ 

ʤʠʥʫʩ ʚ ʬʦʨʤʫʣʝ (88) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʵʥʝʨʛʠʷ 

ʧʝʨʝʥʦʩʠʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʫʙʳʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɿʘ ʚʨʝʤʷ dt ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʦʚʦʜʥʠʢʘ Sʧʦʚʝʨʭ ʦʪʚʦʜʠʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ dQʦʪʚ, ʨʘʚʥʦʝ  

dQʦʪʚ  = jSdt.                                         (89) 

ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʥʠʢʘ ï ʧʣʦʱʘʜʴ ʮʠʣʠʥʜʨʘ ʜʠʤʝʪʨʦʤ 

D ʠ ʚʳʩʦʪʦʡ ǎ: 

S =ˊDǎ.                                             (90)  

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (88)ï(90) ʠʤʝʝʤ 

dQʦʪʚ = ɚˊDǎ dt
dx

dT
.                                   (91) 

ɺ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ, ʢʦʛʜʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ 

ʤʝʥʷʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ,  

dQʚʳʜ = dQʦʪʚ . 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (87) ʠ (91) ʠʤʝʝʤ  

dx

dT
D

D

I
pl

p

r
=

2

24
 .                                      (92) 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ Imʘʭ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʧʦ ʧʨʦʚʦʜʥʠʢʫ, 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ 
dx

dT
, 

ʦʧʨʝʜʝʣʷʝʤʳʤ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ ʧʨʦʚʦʜʥʠʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ (92) 

I
2
mʘʭ

  
~  D

3
; 

Imʘʭ
  
~
  
 D

3/2
. 

ʆʪʚʝʪ: 
 
Imʘʭ

  
~
 
 D

3/2
. 
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ɿʘʜʘʯʘ 9.2 

ʃʘʙʦʨʘʪʦʨʥʘʷ ʢʦʣʦʥʥʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʸʤʢʦʩʪʴ, ʦʙʨʘʟʦʚʘʥʥʫʶ ʜʚʫʤʷ ʜʣʠʥʥʳʤʠ ʢʦʘʢʩʠʘʣʴʥʳʤʠ
1 
ʮʠʣʠʥʜʨʘʤʠ ʩ 

ʚʥʫʪʨʝʥʥʠʤ ʨʘʜʠʫʩʦʤ r0 = 0,5 ʤ ʠ ʚʥʝʰʥʠʤ ʨʘʜʠʫʩʦʤ R = 1 ʤ. 

 ɺʳʯʠʩʣʠʪʝ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʤʘʩʩʳ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʚʝʱʝʩʪʚʘ ʤʝʞʜʫ 

ʩʪʝʥʢʘʤʠ ʮʠʣʠʥʜʨʘ ʚ ʪʦʯʢʝ r = 0,75 ʤ, ʝʩʣʠ ʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ 

ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ r ʜʦ ʦʩʠ ʢʦʣʦʥʥʳ ʧʦ ʟʘʢʦʥʫ 

ɟ(r) = ɟ0 ö
ö
÷

õ
æ
æ
ç

å

0r

r
10

1

 ,   ɟ0 = 0,5 ʢʛ/ʤ
3 
;  r0 Ò r Ò R. 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʚʝʱʝʩʪʚʘ D = 0,15Ā10
-4
 ʤ

2
/ʩ. 

ʈʝʰʝʥʠʝ. 

ʗʚʣʝʥʠʝ ʜʠʬʬʫʟʠʠ ʜʣʷ ʛʘʟʘ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ ʌʠʢʘ: 

Djm -=
C

qrad ɟ,                                          (93) 

ʛʜʝ   mj
C

 ï  ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʤʘʩʩʳ; 

  qradɟ ï ʛʨʘʜʠʝʥʪ ʧʣʦʪʥʦʩʪʠ, 

qradɟ = k
z

j
y

i
x

CCC

µ

µ
+

µ

µ
+

µ

µ rrr
, 

ʛʜʝ kji
CCC

,,  ï ʝʜʠʥʠʯʥʳʝ ʚʝʢʪʦʨʳ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ. 

ɺʳʯʠʩʣʠʤ ʛʨʘʜʠʝʥʪ ʧʣʦʪʥʦʩʪʠ: 

xµ

µr
= ;

x

r

r µ

µ
Ö

µ

µr
 

r = ( x
2 
+y

2 
)
1/2

; 

( ) ;2
2

1
2

1
22

r

x
xyx

x

r
=Ö+=

µ

µ -

 

;
r

y

y

r
=

µ

µ
 

;0=
µ

µ

z

r
 

qradɟ =  ;j
r

y

r
i

r

x

r

CC
ÖÖ

µ

µ
+Ö

µ

µ rr
 

qradɟ =  ;
r

jyix

r

CC
+

Ö
µ

µr
 

qradɟ = ;
r

r

r

C

Ö
µ

µr
 

                                                 
1
 ʂʦʘʢʩʠʘʣʴʥʳʡ ï ʩʦʦʩʥʳʡ. 
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;
10

1

0

0 ö
ö
÷

õ
æ
æ
ç

å
=

r

r
rr  

rr

r

r

1

10

1 10

1

0

0 Öö
ö
÷

õ
æ
æ
ç

å
=

µ

µ
r

r
. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,           qradɟ =  2

10

1

0

0

10 r

r

r

r
C

Öö
ö
÷

õ
æ
æ
ç

år
. 

ʉ ʫʯʝʪʦʤ ʩʦʦʪʥʦʰʝʥʠʷ (93) ʠʩʢʦʤʳʡ ʧʦʪʦʢ ʤʘʩʩʳ ʨʘʚʝʥ 

;
10 2

10

1

0

0

r

r

r

rD
mj

CC
ö
ö
÷

õ
æ
æ
ç

å
-=
r

 

jm = Öö
÷

õ
æ
ç

å
Ö

Ö - 10

1
4

5,0

75,0

10

1015,0
ö
÷

õ
æ
ç

å
= -

ʩʤ

ʢʛ
10

75,0

1
2

5
; 

jm = 10
-5 

 ʢʛ/ʤ
2
ʩ. 

ʆʪʚʝʪ: jm = 10
-5 

 ʢʛ/ʤ
2
ʩ. 

 

ɿʘʜʘʯʘ 9.3 

ʆʧʨʝʜʝʣʠʪʝ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʘʟʦʪʘ ʧʨʠ ʜʘʚʣʝʥʠʠ p = 50 ʢʇʘ 

ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ = 300 ʂ. ɼʠʘʤʝʪʨ ʤʦʣʝʢʫʣʳ ʘʟʦʪʘ  d = 0,37 ʥʤ. 

ʈʝʰʝʥʠʝ. 

ʉʦʛʣʘʩʥʦ ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʛʘʟʦʚ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ D 

ʨʘʚʝʥ                                        D = ððàà ?u
3

1
,                                           (94) 

ʛʜʝ  ðàuï ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʤʦʣʝʢʫʣʳ;  

       ðà?ï ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ   ʧʨʦʙʝʛʘ ʤʦʣʝʢʫʣ. 

M

RT

p
u

8
=ðà  ,                                              (95) 

ʛʜʝ R ï ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ;  

      M ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʘʟʦʪʘ. 
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1

p
=ðà? ,                                            (96) 

ʛʜʝ n ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʣʝʢʫʣ. 

ɺʳʨʘʟʠʤ  ʜʘʚʣʝʥʠʝ ʛʘʟʘ ʯʝʨʝʟ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠ ʪʝʤʧʝʨʘʪʫʨʫ: 

p = nkT,                                                (97) 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (94)ï(97) ʠʤʝʝʤ 
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ʊʝʤʘ 4 (ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ) 

 

ʆʉʅʆɺʅʓɽ ʉɺʆʁʉʊɺɸ ɾʀɼʂʆʉʊɽʁ ʀ ʊɺɪʈɼʓʍ ʊɽʃ 

 

ʇʣʘʥ ʠʟʫʯʝʥʠʷ ʪʝʤʳ 

1. ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ. 

2. ʗʚʣʝʥʠʝ ʩʤʘʯʠʚʘʥʠʷ ʠ ʥʝʩʤʘʯʠʚʘʥʠʷ. 

3. ʂʘʧʠʣʣʷʨʥʳʝ ʷʚʣʝʥʠʷ. 

4. ʂʨʠʩʪʘʣʣʳ. 

5. ʈʦʣʴ ʜʝʬʝʢʪʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ. 

6. ɾʠʜʢʠʝ ʢʨʠʩʪʘʣʣʳ. 

7. ɸʤʦʨʬʥʳʝ ʪʝʣʘ. 

8. ʇʦʣʠʤʝʨʳ. 

 

ʇʨʠʭʦʜʠʣʦʩʴ ʣʠ ʚʘʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʥʘʙʣʶʜʘʪʴ ʥʝ ʢʘʧʝʣʴʢʠ, ʘ 

ʢʫʙʠʢʠ ʨʦʩʳ? ʋʜʘʚʘʣʦʩʴ ʣʠ ʚʘʤ ʚʳʜʫʚʘʪʴ ʤʳʣʴʥʳʝ ʧʫʟʳʨʠ  ʚ ʬʦʨʤʝ 

ʧʠʨʘʤʠʜʦʢ? ʇʦʯʝʤʫ, ʝʩʣʠ ʪʦʥʢʫʶ ʤʝʜʥʫʶ ʧʨʦʚʦʣʦʢʫ ʧʦʤʝʩʪʠʪʴ ʚ 

ʧʣʘʤʷ ʛʘʟʦʚʦʡ ʛʦʨʝʣʢʠ, ʪʦ ʥʘ ʢʦʥʮʝ ʨʘʩʧʣʘʚʣʝʥʥʦʡ ʧʨʦʚʦʣʦʢʠ 

ʦʙʨʘʟʫʝʪʩʷ ʤʘʣʝʥʴʢʠʡ ʰʘʨʠʢ? ʇʦʯʝʤʫ ʥʝʙʦʣʴʰʠʝ ʧʦʨʮʠʠ ʞʠʜʢʦʩʪʠ 

ʩʪʨʝʤʷʪʩʷ ʧʨʠʥʷʪʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʰʘʨʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ? ɺʦʪ ʢʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢ ʧʨʠʤʝʨʫ, ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʠʟʛʦʪʘʚʣʠʚʘʶʪ 

ʦʭʦʪʥʠʯʴʶ ʜʨʦʙʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ ʙʘʰʝʥʥʳʤ ʤʝʪʦʜʦʤ. ʈʘʩʧʣʘʚʣʝʥʥʳʡ 

ʤʝʪʘʣʣ ʚʳʣʠʚʘʶʪ ʚ ʤʝʜʥʳʡ çʜʫʨʰʣʘʛè ʩ ʦʪʚʝʨʩʪʠʷʤʠ ʦʪ 0,07 ʜʦ 0,5 ʤʤ, 

ʟʘʢʨʝʧʣʸʥʥʳʡ ʥʘ ʚʳʩʦʪʝ 30-45 ʤ. ɺ ʧʦʣʸʪʝ ʢʘʧʣʠ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ 

ʤʝʪʘʣʣʘ ʧʨʠʥʠʤʘʶʪ ʬʦʨʤʫ ʰʘʨʘ, ʫʩʧʝʚʘʶʪ ʦʭʣʘʜʠʪʴʩʷ, ʠ 

ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʪʚʸʨʜʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʰʘʨʠʢʠ-ʜʨʦʙʠʥʢʠ ʧʘʜʘʶʪ ʚ 

ʨʝʟʝʨʚʫʘʨ ʩ ʚʦʜʦʡ. ʆʢʘʟʳʚʘʝʪʩʷ, ʝʩʣʠ ʞʠʜʢʦʩʪʴ ʥʝ çʨʘʩʧʣʶʱʝʥʘè ʩʠʣʦʡ 

ʪʷʞʝʩʪʠ, ʪʦ ʦʥʘ ʧʨʠʥʠʤʘʝʪ ʬʦʨʤʫ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʣʦʱʘʜʴ ʝʸ 

ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʦʡ ï ʬʦʨʤʫ ʰʘʨʘ. ɽʩʣʠ ʩʨʘʚʥʠʪʴ 

ʨʘʟʣʠʯʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʪʝʣʘ ʨʘʚʥʦʛʦ ʦʙʲʸʤʘ, ʪʦ ʠʤʝʥʥʦ ʰʘʨ 

ʦʙʣʘʜʘʝʪ ʥʘʠʤʝʥʴʰʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʂ ʧʨʠʤʝʨʫ, ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʰʘʨʘ ʥʘ 20 % ʤʝʥʴʰʝ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʫʙʘ ʪʦʛʦ ʞʝ ʦʙʲʸʤʘ. 
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ʏʝʤ ʞʝ ʦʙʫʩʣʦʚʣʝʥʦ çʩʪʨʝʤʣʝʥʠʝè ʞʠʜʢʦʩʪʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʚʦʶ 

ʧʦʚʝʨʭʥʦʩʪʴ? ɼʝʣʦ ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ 

ʞʠʜʢʦʩʪʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʝʸ ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʸʚ. ɺʥʫʪʨʠ ʞʠʜʢʦʩʪʠ 

ʢʘʞʜʘʷ ʤʦʣʝʢʫʣʘ ʦʢʨʫʞʝʥʘ ʤʦʣʝʢʫʣʘʤʠ-çʩʦʩʝʜʷʤʠè. ɺ ʠʪʦʛʝ, ʚ ʩʨʝʜʥʝʤ 

ʩʠʣʳ ʧʨʠʪʷʞʝʥʠʷ ʵʪʠʭ ʤʦʣʝʢʫʣ-çʩʦʩʝʜʝʡè ʫʨʘʚʥʦʚʝʰʠʚʘʶʪ ʜʨʫʛ ʜʨʫʛʘ 

(ʨʠʩ. 32). 

ʀʥʦʝ ʜʝʣʦ ï ʤʦʣʝʢʫʣʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʞʠʜʢʦʩʪʠ (ʨʠʩ. 33). ʉʦ ʩʪʦʨʦʥʳ ʚʥʫʪʨʝʥʥʠʭ 

ʩʣʦʸʚ ʞʠʜʢʦʩʪʠ ʥʘ ʤʦʣʝʢʫʣʫ ʜʝʡʩʪʚʫʶʪ ʩʠʣʳ 

ʧʨʠʪʷʞʝʥʠʷ, ʘ ʩ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʳ ʪʘʢʠʝ ʩʠʣʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʜʝʡʩʪʚʫʶʪ (ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʤʦʣʝʢʫʣ ʧʘʨʘ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʣʝʢʫʣ ʞʠʜʢʦʩʪʠ). ʇʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʧʨʠʪʷʞʝʥʠʷ ʯʘʩʪʴ ʤʦʣʝʢʫʣ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʚʪʷʛʠʚʘʝʪʩʷ ʚʥʫʪʨʴ 

ʞʠʜʢʦʩʪʠ ï ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʩʪʠ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʅʝʯʪʦ ʧʦʜʦʙʥʦʝ ʥʘʙʣʶʜʘʝʪʩʷ, 

ʢʦʛʜʘ ʯʘʩʪʴ ʧʯʸʣ ʧʦʢʠʜʘʝʪ ʫʣʝʡ: ʚʳʣʝʪʝʚʰʠʝ 

ʧʯʸʣʳ ʧʣʦʪʥʦ ʛʨʫʧʧʠʨʫʶʪʩʷ, ʩʦʙʠʨʘʷʩʴ ʚ 

ʢʘʧʣʝʦʙʨʘʟʥʳʡ ʧʯʝʣʠʥʳʡ ʨʦʡ. 

ʂʦʥʝʯʥʦ, ʥʝ ʚʩʝ ʤʦʣʝʢʫʣʳ ʤʦʛʫʪ ʫʡʪʠ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʥʫʪʨʴ ʞʠʜʢʦʩʪʠ. ʕʪʦʤʫ 

ʧʨʝʧʷʪʩʪʚʫʶʪ ʩʠʣʳ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʦʪʪʘʣʢʠʚʘʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʳʜʫʪʴ, ʥʘʧʨʠʤʝʨ, 

ʤʳʣʴʥʳʡ ʧʫʟʳʨʴ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʝʨʰʠʪʴ ʦʧʨʝʜʝʣʸʥʥʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ 

ʨʘʙʦʪʫ. ʇʦʯʝʤʫ? ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʪʦ ʝʩʪʴ, ʚʳʪʷʥʫʪʴ ʤʦʣʝʢʫʣʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʧʨʝʦʜʦʣʝʚʘʷ ʩʠʣʳ ʧʨʠʪʷʞʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʤʦʣʝʢʫʣ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʦ 

ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʷʭ ʞʠʜʢʦʩʪʠ. ʋʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

ʪʨʝʙʫʝʪ çʧʦʜʲʸʤʘè ʤʦʣʝʢʫʣ ʠʟ çʛʣʫʙʠʥ ʞʠʜʢʦʩʪʠè, ʘ ʟʥʘʯʠʪ, ʤʦʣʝʢʫʣʳ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ, ʯʝʤ 

ʤʦʣʝʢʫʣʳ ʚʥʫʪʨʠ ʞʠʜʢʦʩʪʠ. 

ʀʟʙʳʪʦʢ ʵʥʝʨʛʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʨʘʟʣʠʯʠʝʤ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʥʫʪʨʠ ʞʠʜʢʦʩʪʠ ʠ ʥʘ ʛʨʘʥʠʮʝ 

çʞʠʜʢʦʩʪʴ - ʛʘʟè ʥʘʟʳʚʘʶʪ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʝʡ. ʏʝʤ ʙʦʣʴʰʝ 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʪʝʤ ʙʦʣʴʰʝ ʤʦʣʝʢʫʣ ʦʙʣʘʜʘʶʪ ʠʟʙʳʪʢʦʤ 

ʈʠʩ. 33 

ʈʠʩ. 32 
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ʵʥʝʨʛʠʠ, ʪʝʤ ʙʦʣʴʰʝ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ ɽ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʞʠʜʢʦʩʪʠ s:  

Ὁ ͯ ίȟ 
ʠʣʠ 

Ὁ „ίȟ                                                 (98) 

ʛʜʝ „ (ʯʠʪʘʝʪʩʷ: ʩʠʛʤʘ) ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, 

ʥʘʟʳʚʘʝʤʳʡ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʥʘʪʷʞʝʥʠʝʤ. ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ 

ʠʟʤʝʨʷʝʪʩʷ ʚ 
ɼʞ

ʤ
  ʠʣʠ  

ʅ

ʤ
. (ʅʘʧʦʤʥʠʤ, ʯʪʦ ɼʞ = ʅĀʤ.) 

ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʨʦʜʘ ʞʠʜʢʦʩʪʠ ʠ ʝʸ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʟʥʘʯʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʵʥʝʨʛʠʠ 

ʙʝʩʧʦʨʷʜʦʯʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ, ʘ ʟʥʘʯʠʪ, ʫʤʝʥʴʰʝʥʠʝ ʚʝʣʠʯʠʥʳ 

ʠʟʙʳʪʦʯʥʦʡ ʵʥʝʨʛʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʧʝʨʝʭʦʜʘ ʤʦʣʝʢʫʣʳ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ. 

ɺ ʪʘʙʣʠʮʝ 2  ʫʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʞʠʜʢʦʩʪʝʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 
0
ʉ. 

ʊʘʙʣʠʮʘ 2 

ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʞʠʜʢʦʩʪʝʡ, ʤʅ/ʤ 

 

ɺʦʜʘ 73 ʈʪʫʪʴ 510 

ɻʣʠʮʝʨʠʥ 63 ʉʧʠʨʪ 22 

ʄʳʣʴʥʳʡ ʨʘʩʪʚʦʨ 25-40 ʂʝʨʦʩʠʥ 24 

 

ɽʩʣʠ  ʧʨʝʢʨʘʪʠʪʴ  ʚʳʜʫʚʘʪʴ  ʤʳʣʴʥʳʡ ʧʫʟʳʨʴ, ʪʦ ʦʥ ʩʞʠʤʘʝʪʩʷ, ʠ 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʫʟʳʨʷ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʜʦʣʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʜʝʡʩʪʚʫʶʪ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʩʠʣʳ, ʩʪʨʝʤʷʱʠʝʩʷ 

ʩʦʢʨʘʪʠʪʴ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. 

ɽʩʣʠ ʥʘ ʚʦʜʫ ʘʢʢʫʨʘʪʥʦ ʧʦʣʦʞʠʪʴ 

ʠʛʦʣʢʫ, ʪʦ ʦʥʘ ʥʝ ʫʪʦʥʝʪ, ʘ ʦʩʪʘʥʝʪʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. ɺʥʠʤʘʪʝʣʴʥʦ 

ʨʘʟʛʣʷʜʳʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ, ʤʳ 

ʫʚʠʜʠʤ, ʯʪʦ ʠʛʦʣʢʘ ʥʘʭʦʜʠʪʩʷ ʚ ʫʛʣʫʙʣʝʥʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʫʚʝʣʠʯʠʣʘʩʴ, ʠ ʚʥʦʚʴ ʜʝʡʩʪʚʫʶʪ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʩʠʣʳ, ʩʪʨʝʤʷʱʠʝʩʷ ʩʦʢʨʘʪʠʪʴ ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. ʕʪʠ ʩʠʣʳ ʥʘʟʳʚʘʶʪ ʩʠʣʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ (ʨʠʩ. 34). 
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ɺʳʚʝʜʝʤ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʸʪʘ ʩʠʣʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ. 

ʇʫʩʪʴ ʥʘ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʨʘʤʢʝ ʩ ʧʝʨʝʤʳʯʢʦʡ ɸɺ ʜʣʠʥʦʡ Љ ʩʦʟʜʘʥʘ 

ʤʳʣʴʥʘʷ ʧʣʸʥʢʘ (ʨʠʩ. 35). ʇʨʠʣʦʞʠʚ ʩʠʣʫ F, ʨʘʚʥʦʤʝʨʥʦ ʧʝʨʝʤʝʩʪʠʤ 

ʧʝʨʝʤʳʯʢʫ ʥʘ ʨʘʩʩʪʦʷʥʠʝ dx, ʫʚʝʣʠʯʠʚ ʧʨʠ ʵʪʦʤ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʸʥʢʠ. 

ʕʣʝʤʝʥʪʘʨʥʘʷ ʨʘʙʦʪʘ dA, ʩʦʚʝʨʰʘʝʤʘʷ ʧʨʠ ʵʪʦʤ ʩʠʣʦʡ F, ʨʘʚʥʘ: 

dA = Fdx. 

ʅʘ ʧʝʨʝʤʳʯʢʫ ʩʦ ʩʪʦʨʦʥʳ 

ʤʳʣʴʥʦʡ ʧʣʸʥʢʠ ʜʝʡʩʪʚʫʶʪ ʜʚʝ 

ʩʠʣʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ 

Ὂʧʦʚ (ʚʝʜʴ ʫ ʤʳʣʴʥʦʡ ʧʣʸʥʢʠ ʜʚʘ 
ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷ). ʊʘʢ ʢʘʢ 

ʧʝʨʝʤʳʯʢʘ ʧʝʨʝʤʝʱʘʣʘʩʴ 

ʨʘʚʥʦʤʝʨʥʦ, ʪʦ ʚʥʝʰʥʷʷ ʩʠʣʘ F ʠ 

ʩʠʣʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ςὊʧʦʚ ʫʨʘʚʥʦʚʝʰʠʚʘʣʠ ʜʨʫʛ ʜʨʫʛʘ:  

                                       Ὂ ςὊʧʦʚȢ 
ʊʦʛʜʘ: 

                                    dA =2Fʧʦʚdx.                                               (99) 

ɿʘ ʩʯʸʪ ʩʦʚʝʨʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ dA ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʵʥʝʨʛʠʷ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ dE.  

      dE =  dA.                                                  (100)                                            

ʉ ʫʯʸʪʦʤ ʚʳʨʘʞʝʥʠʷ (98) ʠʤʝʝʤ: 

                                dE =   ůds                                                 (101) 

ʛʜʝ ds - ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. 

                                      ds = 2ldx                                                (102) 

ɺʳʨʘʞʝʥʠʷ (99) ς(102) ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʠʪʦʛʦʚʳʡ ʨʝʟʫʣʴʪʘʪ: 

Ὂʧʦʚ„Љ. 
ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ 

ʚʳʨʘʞʝʥʠʷ, ʩʠʣʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ ʠ ʜʣʠʥʳ ʛʨʘʥʠʮʳ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. 

ɽʩʣʠ ʢʘʧʣʷ ʞʠʜʢʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ    (ʨʠʩ. 36, 

ʘ, ʙ), ʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ 

ʤʦʣʝʢʫʣʳ ʠ ʛʘʟʘ, ʠ ʞʠʜʢʦʩʪʠ, ʠ 

ʪʚʸʨʜʦʛʦ ʪʝʣʘ. ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳ 
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ʧʨʠ ʵʪʦʤ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ 

ʩʘʤʦʡ ʞʠʜʢʦʩʪʠ ʠ ʯʘʩʪʠʮʘʤʠ ʞʠʜʢʦʩʪʠ ʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ. ʈʝʟʫʣʴʪʘʪ 

ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤ. 

ɽʩʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ çʪʚʸʨʜʦʝ ʪʝʣʦ-ʞʠʜʢʦʩʪʴè ʙʦʣʴʰʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ çʞʠʜʢʦʩʪʴ-ʞʠʜʢʦʩʪʴè, ʪʦ ʢʘʧʣʷ ʞʠʜʢʦʩʪʠ ʨʘʩʪʝʢʘʝʪʩʷ 

ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ (ʨʠʩ. 36, ʘ).   ʊʘʢ ʧʨʦʠʩʭʦʜʠʪ, ʥʘʧʨʠʤʝʨ, 

ʩ ʢʘʧʣʝʡ ʚʦʜʳ, ʧʦʤʝʱʸʥʥʦʡ ʥʘ ʯʠʩʪʫʶ ʩʪʝʢʣʷʥʥʫʶ ʧʣʘʩʪʠʥʢʫ ʠʣʠ ʩ 

ʢʘʧʣʝʡ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʦʣʦʚʘ, ʧʦʧʘʚʰʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʜʠ. ɽʩʣʠ 

ʞʠʜʢʦʩʪʴ ʨʘʩʪʝʢʘʝʪʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʪʦ ʪʘʢʦʝ ʷʚʣʝʥʠʝ 

ʥʘʟʳʚʘʶʪ ʩʤʘʯʠʚʘʥʠʝʤ. 

ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ çʪʚʸʨʜʦʝ ʪʝʣʦ-ʞʠʜʢʦʩʪʴè 

ʤʝʥʴʰʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ çʞʠʜʢʦʩʪʴ-ʞʠʜʢʦʩʪʴè, ʪʦ ʢʘʧʣʷ ʞʠʜʢʦʩʪʠ 

ʩʦʭʨʘʥʷʝʪ ʰʘʨʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ, ʙʫʜʫʯʠ çʧʨʠʧʣʶʩʥʫʪʦʡè ʩʠʣʦʡ 

ʪʷʞʝʩʪʠ  (ʨʠʩ. 36, ʙ). ʊʘʢ ʧʨʦʠʩʭʦʜʠʪ, ʝʩʣʠ ʢʘʧʣʷ ʚʦʜʳ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʘʨʘʬʠʥʘ ʠʣʠ ʧʨʦʤʘʩʣʝʥʥʦʡ ʙʫʤʘʛʠ, ʣʠʙʦ ʢʘʧʣʷ 

ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʦʣʦʚʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʶʤʠʥʠʷ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʛʦʚʦʨʷʪ, ʯʪʦ ʢʘʧʣʷ ʥʝ ʩʤʘʯʠʚʘʝʪ ʪʚʸʨʜʦʝ ʪʝʣʦ.  

ʗʚʣʝʥʠʝ ʩʤʘʯʠʚʘʥʠʷ ʠ ʥʝʩʤʘʯʠʚʘʥʠʷ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʙʳʪʫ. ʆʢʨʘʰʠʚʘʥʠʝ ʠʟʜʝʣʠʡ, ʥʘʥʝʩʝʥʠʝ 

ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ, ʩʪʠʨʢʘ, ʩʢʣʝʠʚʘʥʠʝ ʠʟʜʝʣʠʡ ï ʧʨʠʤʝʨʳ 

ʧʨʦʮʝʩʩʦʚ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʭʦʨʦʰʝʝ ʩʤʘʯʠʚʘʥʠʝ. ɻʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʦʥʪʠʢʘ, ʧʘʣʘʪʢʠ ʠʣʠ 

ʜʦʞʜʝʚʦʛʦ ʧʣʘʱʘ, ʥʘʦʙʦʨʦʪ,  ʠʤʝʶʪ ʤʘʣʫʶ ʩʤʘʯʠʚʘʝʤʦʩʪʴ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʦʜʘ ʣʫʯʰʝ ʩʤʘʯʠʚʘʣʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʥʘʧʨʠʤʝʨ 

ʪʢʘʥʠ, ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʠʪʴ ʝʸ ʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʥʘʪʷʞʝʥʠʝ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʫʶʪ ʤʳʣʦ, 

ʨʘʟʣʠʯʥʳʝ ʩʪʠʨʘʣʴʥʳʝ ʧʦʨʦʰʢʠ, ʚ ʩʦʩʪʘʚ 

ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-

ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ. ʄʦʣʝʢʫʣʳ ʧʦʚʝʨʭʥʦʩʪʥʦ-

ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʚʚʠʜʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ 

ʩʪʨʦʝʥʠʷ ʫʤʝʥʴʰʘʶʪ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ 

ʚʦʜʳ, ʘ ʵʪʦ ʚʝʜʸʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʝʸ ʧʨʦʥʠʢʘʶʱʝʡ 

ʠ ʩʤʘʯʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʝʡ. ɺ ʠʪʦʛʝ, ʤʳʣʴʥʘʷ 

ʚʦʜʘ ʦʙʚʦʣʘʢʠʚʘʝʪ ʠ ʫʚʣʘʞʥʷʝʪ ʯʘʩʪʠʮʳ ʛʨʷʟʠ, 

ʦʯʠʱʘʝʪ ʪʢʘʥʠ ʠ ʜʨʫʛʠʝ ʤʘʪʝʨʠʘʣʳ ʩʫʱʝʩʪʚʝʥʥʦ 

ʣʫʯʰʝ, ʯʝʤ ʯʠʩʪʘʷ ʚʦʜʘ.  

ʄʝʞʤʦʣʝʢʫʣʷʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ çʪʚʸʨʜʦʝ 

ʪʝʣʦ-ʞʠʜʢʦʩʪʴè ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʨʠʚʣʝʥʠʶ 
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ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʫ ʩʪʝʥʢʠ ʩʦʩʫʜʘ (ʨʠʩ. 37, 38).   ʇʨʠ ʩʤʘʯʠʚʘʥʠʠ 

ʞʠʜʢʦʩʪʴʶ ʩʪʝʥʦʢ ʩʦʩʫʜʘ ʩʠʣʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ 

ʧʨʠʧʦʜʥʠʤʘʝʪ ʢʨʘʡ ʞʠʜʢʦʩʪʠ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʫʨʘʚʥʦʚʝʰʝʥʘ 

ʩʠʣʦʡ ʪʷʞʝʩʪʠ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʧʦʜʥʷʪʫʶ ʞʠʜʢʦʩʪʴ (ʨʠʩ. 37). ɺ ʩʣʫʯʘʝ, 

ʝʩʣʠ ʞʠʜʢʦʩʪʴ ʥʝ ʩʤʘʯʠʚʘʝʪ ʪʚʸʨʜʦʝ ʪʝʣʦ, ʧʨʦʠʩʭʦʜʠʪ ʦʧʫʩʢʘʥʠʝ ʢʨʘʷ 

ʞʠʜʢʦʩʪʠ (ʨʠʩ. 38).     

ʆʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʷʚʣʝʥʠʝ ʧʦʜʲʸʤʘ ʩʤʘʯʠʚʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʚ 

ʫʟʢʠʭ ʪʨʫʙʢʘʭ - ʢʘʧʠʣʣʷʨʘʭ
1
. ʏʝʤ ʤʝʥʴʰʝ ʜʠʤʝʪʨ ʪʨʫʙʢʠ-ʢʘʧʠʣʣʷʨʘ, ʪʝʤ 

ʥʘ ʙʦʣʴʰʫʶ ʚʳʩʦʪʫ ʧʦʜʥʷʪʘ 

ʩʤʘʯʠʚʘʶʱʘʷ ʞʠʜʢʦʩʪʴ (ʨʠʩ. 39). ɺʳʩʦʪʘ 

ʧʦʜʲʸʤʘ ʟʘʚʠʩʠʪ ʪʘʢʞʝ ʠ ʦʪ ʩʚʦʡʩʪʚ 

ʞʠʜʢʦʩʪʠ ï ʝʸ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ 

ʠ ʧʣʦʪʥʦʩʪʠ.  

ʅʝʩʤʘʯʠʚʘʶʱʘʷ ʞʠʜʢʦʩʪʴ ʙʫʜʝʪ 

ʥʘʦʙʦʨʦʪ ʦʧʫʩʢʘʪʴʩʷ ʚ ʢʘʧʠʣʣʷʨʝ ʥʘ 

ʥʝʢʦʪʦʨʫʶ ʛʣʫʙʠʥʫ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʫʨʦʚʥʝʤ ʞʠʜʢʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʩʦʩʫʜʝ 

(ʨʠʩ. 40). ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚʝʜʸʪ ʩʝʙʷ ʨʪʫʪʴ 

ʚ ʩʪʝʢʣʷʥʥʦʡ ʪʨʫʙʢʝ.  

ʗʚʣʝʥʠʝ ʢʘʧʠʣʣʷʨʥʦʩʪʠ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʚ ʧʨʠʨʦʜʝ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʙʳʪʫ ʠ ʪʝʭʥʠʢʝ. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʢʘʧʠʣʣʷʨʳ ʧʨʦʥʠʟʳʚʘʶʪ ʨʘʩʪʠʪʝʣʴʥʳʝ ʠ ʞʠʚʦʪʥʳʝ 

ʪʢʘʥʠ. ʉʘʣʬʝʪʢʠ, ʧʦʣʦʪʝʥʮʘ, ʛʫʙʢʠ ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ ʧʨʦʤʦʢʥĨʪʴ ʚʦʜʫ 

ʙʣʘʛʦʜʘʨʷ ʤʝʣʢʠʤ ʧʦʨʘʤ ï ʢʘʧʠʣʣʷʨʘʤ. ʄʥʦʞʝʩʪʚʦ ʢʘʧʠʣʣʷʨʦʚ 

ʧʨʦʥʠʟʳʚʘʶʪ ʧʦʯʚʫ. ʇʦ ʵʪʠʤ ʢʘʧʠʣʣʷʨʘʤ ʚʦʜʘ ʧʦʜʥʠʤʘʝʪʩʷ ʜʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʘʤ ʠʩʧʘʨʷʝʪʩʷ. ʏʪʦʙʳ 

ʠʟʙʝʞʘʪʴ ʧʝʨʝʩʳʭʘʥʠʷ ʧʦʯʚʳ, 

ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʢʘʧʠʣʣʷʨʦʚ ʚ ʧʦʯʚʝ 

ʩʪʘʨʘʶʪʩʷ ʨʘʟʨʫʰʠʪʴ, ʧʨʦʚʦʜʷ 

ʙʦʨʦʥʦʚʘʥʠʝ. ʂʠʨʧʠʯʠ, ʠʤʝʶʱʠʝ ʤʝʣʢʠʝ 

ʧʦʨʳ, ʭʦʨʦʰʦ ʚʧʠʪʳʚʘʶʪ ʚʣʘʛʫ. ʏʪʦʙʳ 

ʚʦʜʘ ʦʪ ʬʫʥʜʘʤʝʥʪʘ ʟʜʘʥʠʷ ʥʝ ʧʦʩʪʫʧʘʣʘ 

ʢ ʢʠʨʧʠʯʘʤ ʠ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘʤʦʢʘʥʠʝ 

ʩʪʝʥ, ʤʝʞʜʫ ʬʫʥʜʘʤʝʥʪʦʤ ʠ ʢʠʨʧʠʯʥʦʡ 

ʢʣʘʜʢʦʡ ʧʨʦʢʣʘʜʳʚʘʶʪ ʩʣʦʡ 

ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.   

 
                                                 
1
 ʆʪ ʣʘʪʠʥʩʢʦʛʦ capillaris - ʚʦʣʦʩʥʦʡ. 

ʈʠʩ. 39 

ʈʠʩ. 40 
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ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʪʚʸʨʜʳʭ ʪʝʣ. ʉʚʦʡʩʪʚʘ 

ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʦʙʫʩʣʦʚʣʝʥʳ ʚʝʣʠʯʠʥʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʭʘʨʘʢʪʝʨʦʤ 

ʜʚʠʞʝʥʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʯʘʩʪʠʮ ʪʝʣʘ. ʉʠʣʳ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ 

ʚʝʣʠʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʣʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ 

ʞʠʜʢʦʩʪʠ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʪʚʸʨʜʦʝ ʪʝʣʦ ʩʦʭʨʘʥʷʝʪ ʥʝ ʪʦʣʴʢʦ ʩʚʦʡ 

ʦʙʲʸʤ, ʥʦ ʠ ʩʚʦʶ ʬʦʨʤʫ. ʏʪʦʙʳ ʜʝʬʦʨʤʠʨʦʚʘʪʴ (ʠʟʤʝʥʠʪʴ ʬʦʨʤʫ) 

ʞʝʣʝʟʥʳʡ ʛʚʦʟʜʴ ʠʣʠ ʜʝʨʝʚʷʥʥʫʶ ʨʝʡʢʫ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʣʦʞʠʪʴ 

ʦʧʨʝʜʝʣʸʥʥʫʶ ʩʠʣʫ. 

ʗʚʣʝʥʠʝ ʜʠʬʬʫʟʠʠ, ʢʦʪʦʨʦʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʪʚʸʨʜʳʭ ʪʝʣ, 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʪʚʸʨʜʦʛʦ 

ʪʝʣʘ. ʂʘʢ ʚʘʤ ʠʟʚʝʩʪʥʦ, ʯʘʩʪʠʮʳ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʩʦʚʝʨʰʘʶʪ ʢʦʣʝʙʘʥʠʷ 

ʚʙʣʠʟʠ ʧʦʣʦʞʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ. ʏʝʤ ʙʦʣʴʰʝ ʵʥʝʨʛʠʷ ʠ ʘʤʧʣʠʪʫʜʘ ʪʘʢʠʭ 

ʢʦʣʝʙʘʥʠʡ, ʪʝʤ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ ʪʚʸʨʜʦʛʦ ʪʝʣʘ.  

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʯʘʩʪʠʮʳ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ 

ʦʧʨʝʜʝʣʸʥʥʦʤ ʧʦʨʷʜʢʝ, ʦʙʨʘʟʫʷ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʨʝʰʸʪʢʫ. ʅʘ ʨʠʩʫʥʢʝ 41 ʠʟʦʙʨʘʞʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʨʝʰʸʪʢʠ ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ, ʛʨʘʬʠʪʘ ʠ ʘʣʤʘʟʘ. ʋʯʸʥʳʤʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝʛʦ ʚ ʧʨʠʨʦʜʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʪʝʣʘ ʤʦʛʫʪ ʠʤʝʪʴ 

230 ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʸʪʦʢ ï ʚʘʨʠʘʥʪʦʚ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʯʘʩʪʠʮ ʚ ʪʚʸʨʜʦʤ ʪʝʣʝ. 

 
 

 

 

 

  

 

 

 

ʈʠʩ. 41. ʄʦʜʝʣʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʸʪʦʢ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ. ʏʘʩʪʠʮʳ ʚʝʱʝʩʪʚʘ 

ʠʟʦʙʨʘʞʝʥʳ ʫʩʣʦʚʥʦ ʚ ʚʠʜʝ ʰʘʨʠʢʦʚ, ʩʠʣʳ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ï ʢʘʢ ʩʪʝʨʞʥʠ, 

ʩʦʝʜʠʥʷʶʱʠʝ ʯʘʩʪʠʮʳ. 

ʘ ï ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʸʪʢʘ ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ, 

   ʙ ï ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʸʪʢʘ ʛʨʘʬʠʪʘ (ʫʛʣʝʨʦʜ), 

                             ʚ ï ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʸʪʢʘ ʘʣʤʘʟʘ (ʫʛʣʝʨʦʜ) 

ʇʨʠʤʝʨ ʫʛʣʝʨʦʜʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʜʥʦ ʠ ʪʦ ʞʝ ʚʝʱʝʩʪʚʦ ʤʦʞʝʪ 

ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ (ʨʘʟʥʦʚʠʜʥʦʩʪʠ). 

ʘ                                                ʙ                                                  ʚ 
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ʈʘʟʣʠʯʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ  ʤʦʜʠʬʠʢʘʮʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʫ 

ʚʩʝʭ ʚʝʱʝʩʪʚ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʡ ʦʧʳʪ. ɾʝʣʝʟʥʫʶ ʧʨʦʚʦʣʦʢʫ ʜʣʠʥʦʡ 

ʧʨʠʤʝʨʥʦ 1,5 ʤ ʨʘʩʧʦʣʦʞʠʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ï ʦʜʠʥ ʢʦʥʝʮ ʧʨʦʚʦʣʦʢʠ 

ʟʘʢʨʝʧʠʤ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʰʪʘʪʠʚʝ, ʘ ʜʨʫʛʦʡ ʧʝʨʝʙʨʦʩʠʤ ʯʝʨʝʟ ʙʣʦʢ . 

ɺʢʣʶʯʠʤ ʧʨʦʚʦʣʦʢʫ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ, ʧʦʜʘʜʠʤ ʪʘʢʦʝ ʥʘʧʨʷʞʝʥʠʝ, 

ʯʪʦʙʳ ʧʨʦʚʦʣʦʢʘ ʙʳʣʘ ʥʘʛʨʝʪʘ ʧʨʦʭʦʜʷʱʠʤ ʪʦʢʦʤ ʜʦʢʨʘʩʥʘ. ʇʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʧʨʦʚʦʣʦʢʘ ʫʜʣʠʥʷʝʪʩʷ. ɺʳʢʣʶʯʠʤ ʪʦʢ, ʞʝʣʝʟʥʘʷ ʧʨʦʚʦʣʦʢʘ 

ʧʦʩʪʝʧʝʥʥʦ ʦʭʣʘʞʜʘʝʪʩʷ, ʝʸ ʜʣʠʥʘ ʧʣʘʚʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʆʜʥʘʢʦ ʚ 

ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʨʦʚʦʣʦʢʘ ʨʝʟʢʦ ʫʜʣʠʥʷʝʪʩʷ ʠ ʣʠʰʴ ʟʘʪʝʤ 

ʦʭʣʘʞʜʝʥʠʝ ʧʨʦʚʦʣʦʢʠ ʠ ʫʤʝʥʴʰʝʥʠʝ ʝʸ ʜʣʠʥʳ ʠʜʸʪ ʚ ʧʨʝʞʥʝʤ 

ʧʦʨʷʜʢʝ. ʏʪʦ ʞʝ ʧʨʦʠʟʦʰʣʦ? ʅʘʙʣʶʜʘʶʱʠʡʩʷ ʩʢʘʯʦʢ ʚ ʠʟʤʝʥʝʥʠʠ 

ʜʣʠʥʳ ʧʨʦʚʦʣʦʢʠ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʦʭʣʘʞʜʝʥʠʷ ʞʝʣʝʟʘ 

ʥʘʩʪʫʧʘʝʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʦʝ ʠʟʤʝʥʝʥʠʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʞʝʣʝʟʘ. ʇʨʠ ʵʪʦʤ ʚ ʞʝʣʝʟʝ ʤʝʥʷʝʪʩʷ 

ʭʘʨʘʢʪʝʨ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ, ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʩʪʦʷʥʠʝ ʩ 

ʤʝʥʴʰʝʡ ʵʥʝʨʛʠʝʡ. ɺʳʜʝʣʷʶʱʠʡʩʷ çʠʟʙʳʪʦʢè ʵʥʝʨʛʠʠ ʤʝʞʘʪʦʤʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʚʦʜʠʪ ʢ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤʫ ʥʘʛʨʝʚʘʥʠʶ ʧʨʦʚʦʣʦʢʠ ʠ 

ʝʸ ʩʢʘʯʢʦʦʙʨʘʟʥʦʤʫ ʨʘʩʰʠʨʝʥʠʶ.  

ʆʩʥʦʚʥʘʷ ʭʘʨʘʢʪʝʨʥʘʷ ʯʝʨʪʘ ʢʨʠʩʪʘʣʣʦʚ ï ʵʪʦ ʘʥʠʟʦʪʨʦʧʠʷ. 

ɸʥʠʟʦʪʨʦʧʠʷ ʢʨʠʩʪʘʣʣʦʚ ï ʟʘʚʠʩʠʤʦʩʪʴ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʢʨʠʩʪʘʣʣʘ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ. ʆʙʱʝʠʟʚʝʩʪʥʳʡ ʧʨʠʤʝʨ ʘʥʠʟʦʪʨʦʧʠʠ ï 

ʨʘʟʣʠʯʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ ʧʦ ʨʘʟʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ. ʅʘʧʨʠʤʝʨ, ʛʨʘʬʠʪ (ʨʠʩ. 41, ʙ) ʠʤʝʝʪ ʩʣʦʠʩʪʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʚ ʢʘʞʜʦʤ ʩʣʦʝ ʘʪʦʤʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʚʝʨʰʠʥʘʭ ʧʨʘʚʠʣʴʥʳʭ 

ʰʝʩʪʠʫʛʦʣʴʥʠʢʦʚ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʣʦʷʤʠ ʚ 2,4 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ 

ʤʝʞʜʫ ʘʪʦʤʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʚʝʨʰʠʥʘʭ ʰʝʩʪʠʫʛʦʣʴʥʠʢʦʚ. ʇʦ 

ʵʪʦʡ ʧʨʠʯʠʥʝ ʛʨʘʬʠʪ ʣʝʛʢʦ ʨʘʟʜʝʣʷʝʪʩʷ ʧʦʩʣʦʡʥʦ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʪʚʸʨʜʳʭ ʪʝʣ, ʠʤʝʶʱʠʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʥʘʧʨʠʤʝʨ ʜʣʷ ʤʝʪʘʣʣʦʚ, ʷʚʣʝʥʠʝ 

ʘʥʠʟʦʪʨʦʧʠʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ɽʩʣʠ ʚʟʷʪʴ ʞʝʣʝʟʥʳʡ ʢʫʙʠʢ, ʪʦ ʦʥ 

ʦʜʠʥʘʢʦʚʳʤ ʦʙʨʘʟʦʤ ʧʨʦʚʦʜʠʪ ʪʝʧʣʦ, ʟʚʫʢ ʠʣʠ  ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ. ʇʦʯʝʤʫ? ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʪʚʸʨʜʦʝ ʪʝʣʦ ï ʵʪʦ ʥʝ ʦʜʠʥ 

ʢʨʠʩʪʘʣʣ, ʘ ʤʥʦʞʝʩʪʚʦ ʩʨʦʩʰʠʭʩʷ ʤʘʣʝʥʴʢʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʢ ʜʨʫʛʫ ʩʦʚʝʨʰʝʥʥʦ ʧʨʦʠʟʚʦʣʴʥʳʤ 

ʦʙʨʘʟʦʤ. ɺʦʪ ʵʪʦʪ ʙʝʩʧʦʨʷʜʦʢ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ ʢʨʠʩʪʘʣʣʠʢʦʚ ʠ 

çʟʘʪʫʰʸʚʳʚʘʝʪè ʘʥʠʟʦʪʨʦʧʠʶ. 
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ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʨʠʩʪʘʣʣʘ ʠ ʝʛʦ ʜʘʣʴʥʝʡʰʝʤ ʨʦʩʪʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʚʦʟʥʠʢʘʝʪ ʥʝ ʠʜʝʘʣʴʥʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʘ 

ʩʪʨʫʢʪʫʨʘ, ʠʤʝʶʱʘʷ ʦʧʨʝʜʝʣʸʥʥʳʝ ʥʘʨʫʰʝʥʠʷ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ ʯʘʩʪʠʮ. 

ʅʘʨʫʰʝʥʠʷ ʧʨʘʚʠʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʯʘʩʪʠʮ ʚ ʫʟʣʘʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʸʪʢʠ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʜʝʬʝʢʪʘʤʠ ʚ ʢʨʠʩʪʘʣʣʘʭ.  

ʇʨʠʤʝʨʳ ʧʨʦʩʪʝʡʰʠʭ (ʪʦʯʝʯʥʳʭ) ʜʝʬʝʢʪʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 

42, ʘ - ʚ. 

ʊʦʯʝʯʥʳʝ ʜʝʬʝʢʪʳ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ. 

ʉʦʩʪʘʚ ʠ ʩʦʩʪʦʷʥʠʝ ʜʝʬʝʢʪʦʚ ʦʧʨʝʜʝʣʷʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʦʧʪʠʯʝʩʢʠʝ, 

ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʠʩʪʘʣʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʢʦʥʪʨʦʣʠʨʫʤʦʝ ʚʥʝʜʨʝʥʠʝ ʜʝʬʝʢʪʦʚ ʚ ʢʨʠʩʪʘʣʣ, ʠʟʤʝʥʝʥʠʝ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʜʝʬʝʢʪʦʚ ï ʧʫʪʴ ʢ ʫʧʨʘʚʣʝʥʠʶ ʩʚʦʡʩʪʚʘʤʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʪʝʣʘ.  

 

 

 

 

 

 

 

 ʚ ï ʟʘʤʝʱʝʥʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʘʪʦʤʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ ʧʨʠʤʝʩʥʳʤ ʘʪʦʤʦʤ 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʠ  ʣʠʥʝʡʥʳʝ ʜʝʬʝʢʪʳ, ʥʘʟʳʚʘʝʤʳʝ 

ʜʠʩʣʦʢʘʮʠʷʤʠ. ɺʠʥʪʦʚʘʷ ʜʠʩʣʦʢʘʮʠʷ ï ʩʤʝʱʝʥʠʝ ʘʪʦʤʥʳʭ ʩʣʦʸʚ, 

ʚʳʭʦʜʷʱʝʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʠʩʪʘʣʣʘ (ʨʠʩ. 43).  

ɺʠʥʪʦʚʘʷ ʜʠʩʣʦʢʘʮʠʷ-ʩʪʫʧʝʥʴʢʘ ʷʚʣʷʝʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʫʩʣʦʚʠʝʤ 

ʜʣʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ. ɺʝʜʴ, ʝʩʣʠ ʘʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʟʘʢʨʝʧʠʪʴʩʷ ʥʘ 

ʟʘʚʝʨʰʸʥʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ, ʦʪʢʨʳʚ ʨʦʩʪ ʥʦʚʦʛʦ ʩʣʦʷ 

ʢʨʠʩʪʘʣʣʘ, ʪʦ ʦʥ ʙʫʜʝʪ ʩʚʷʟʘʥ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʯʠʩʣʦʤ ʘʪʦʤʦʚ ʢʨʠʩʪʘʣʣʘ 

ʈʠʩ. 42. ʉʭʝʤʘ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ. 

     ʘ - ʦʪʩʫʪʩʪʚʠʝ ʘʪʦʤʘ ʚ ʦʜʥʦʤ ʠʟ ʫʟʣʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ, 

ʙ ï ʚʥʝʜʨʝʥʠʝ ʘʪʦʤʘ ʤʝʞʜʫ ʫʟʣʘʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ, 

            ʈʠʩ. 43                                ʈʠʩ. 44                                   ʈʠʩ. 45 
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(ʨʠʩ. 44). ʊʘʢʘʷ ʩʚʷʟʴ ʩʣʘʙʘ, ʯʘʩʪʦ ʨʘʟʨʫʰʘʝʪʩʷ ʧʨʠ ʪʝʧʣʦʚʦʤ ʜʚʠʞʝʥʠʠ 

ʯʘʩʪʠʮ, ʠ ʨʦʩʪ ʢʨʠʩʪʘʣʣʘ ʟʘʪʨʫʜʥʸʥ. ʇʨʠ ʥʘʣʠʯʠʠ ʚʠʥʪʦʚʦʡ ʜʠʩʣʦʢʘʮʠʠ 

ʥʦʚʳʝ ʘʪʦʤʳ ʧʨʠʩʪʨʘʠʚʘʶʪʩʷ ʢ ʩʪʫʧʝʥʴʢʝ (ʨʠʩ. 45). ɸʪʦʤʳ ʥʘʨʘʱʠʚʘʶʪ 

çʩʪʫʧʝʥʴʢʫ, ʦʙʨʘʟʫʷ ʚʠʥʪʦʚʫʶ çʙʘʰʝʥʢʫè ʥʘ ʛʨʘʥʠ ʢʨʠʩʪʘʣʣʘ (ʨʠʩ. 46, 

ʘ, ʙ, ʚ, ). ʅʠʞʥʠʝ çʵʪʘʞʠè ʙʘʰʝʥʢʠ ʩʦ ʚʨʝʤʝʥʝʤ çʟʘʩʪʨʘʠʚʘʶʪʩʷè - 

ʟʘʧʦʣʥʷʶʪʩʷ ʘʪʦʤʘʤʠ, ʦʙʨʘʟʫʷ ʟʘʚʝʨʰʸʥʥʳʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʩʣʦʡ.  

 

 

 

 

 

                                                             ʈʠʩ. 46 

ɼʨʫʛʦʡ ʚʠʜ ʣʠʥʝʡʥʦʛʦ ʜʝʬʝʢʪʘ ï ʢʨʘʝʚʘʷ ʜʠʩʣʦʢʘʮʠʷ. ʂʨʘʝʚʘʷ 

ʜʠʩʣʦʢʘʮʠʷ ʚʦʟʥʠʢʘʝʪ, ʝʩʣʠ ʦʜʥʘ ʠʟ ʘʪʦʤʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʦʙʨʳʚʘʝʪʩʷ 

ʚʥʫʪʨʠ ʢʨʠʩʪʘʣʣʘ  (ʨʠʩ. 47). ʊʘʢʦʛʦ ʪʠʧʘ 

ʜʝʬʝʢʪʳ ʩʠʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʧʨʦʯʥʦʩʪʴ 

ʢʨʠʩʪʘʣʣʦʚ. ɺ ʩʣʫʯʘʝ ʠʜʝʘʣʴʥʦʛʦ 

ʢʨʠʩʪʘʣʣʘ ʜʣʷ ʜʝʬʦʨʤʘʮʠʡ ʢʨʠʩʪʘʣʣʘ 

ʩʤʝʱʝʥʠʷ ʚʜʦʣʴ ʧʣʦʩʢʦʩʪʠ ɸɸǋ (ʨʠʩ. 47) 

ʥʝʦʙʭʦʜʠʤ ʦʜʥʦʤʦʤʝʥʪʥʳʡ ʨʘʟʨʳʚ ʚʩʝʭ 

ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ 1 ï 1ǋ, 2 - 2ǋ, 3 - 3ǋ. 

ɽʩʣʠ ʞʝ ʚ ʢʨʠʩʪʘʣʣʝ ʠʤʝʝʪʩʷ ʢʨʘʝʚʘʷ 

ʜʠʩʣʦʢʘʮʠʷ, ʪʦ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʜʝʬʦʨʤʘʮʠʠ ʩʤʝʱʝʥʠʷ ʚʜʦʣʴ ʧʣʦʩʢʦʩʪʠ 

ɺɺǋ ʥʝʦʙʭʦʜʠʤʦ çʧʝʨʝʤʳʢʘʥʠʝè ʩʚʷʟʝʡ ï 

ʚʥʘʯʘʣʝ 9 - 10ǋ, ʟʘʪʝʤ 8 - 9ǋ, ʟʘʪʝʤ 7 - 8ǋ ʠ 

ʪʘʢ ʜʘʣʝʝ. ʆʩʫʱʝʩʪʚʣʷʪʴ ʪʘʢʦʡ 

ʧʦʦʯʝʨʸʜʥʳʡ ʨʘʟʨʳʚ ʩʚʷʟʝʡ ʟʥʘʯʠʪʝʣʴʥʦ 

ʣʝʛʯʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʯʥʦʩʪʴ 

ʢʨʠʩʪʘʣʣʘ ʩʥʠʞʘʝʪʩʷ.  

ʇʨʠʚʝʜʸʤ ʠʟʚʝʩʪʥʦʝ ʦʙʨʘʟʥʦʝ ʩʨʘʚʥʝʥʠʝ, ʠʣʣʶʩʪʨʠʨʫʶʱʝʝ ʜʘʥʥʫʶ 

ʩʠʪʫʘʮʠʶ. ʇʨʝʜʩʪʘʚʴʪʝ, ʯʪʦ ʚʘʤ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʜʚʠʥʫʪʴ ʪʷʞʸʣʳʡ 

ʢʦʚʸʨ, ʣʝʞʘʱʠʡ ʥʘ ʧʦʣʫ, - ʟʘʜʘʯʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʘ. ʅʦ ʝʩʣʠ ʚʜʦʣʴ ʦʜʥʦʡ 

ʠʟ ʩʪʦʨʦʥ ʢʦʚʨʘ ʧʨʦʭʦʜʠʪ ʩʢʣʘʜʢʘ, ʪʦ, ʪʦʣʢʘʷ ʩʢʣʘʜʢʫ, ʚʳ ʣʝʛʢʦ 

ʚʳʧʦʣʥʠʪʝ ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ ʠ ʙʝʟ ʦʩʦʙʳʭ ʫʩʠʣʠʡ ʧʝʨʝʜʚʠʥʝʪʝ 

ʢʦʚʸʨ. ʊʘʢ ʠ ʚ ʢʨʠʩʪʘʣʣʝ, ʙʣʘʛʦʜʘʨʷ ʧʝʨʝʤʝʱʝʥʠʶ çʩʢʣʘʜʢʠè  - ʢʨʘʝʚʦʡ 

            ʘ                                          ʙ                                               ʚ 
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ʜʠʩʣʦʢʘʮʠʠ ï ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʜʚʠʛ ʘʪʦʤʥʳʭ ʩʣʦʸʚ ʢʨʠʩʪʘʣʣʘ ï ʝʛʦ 

ʜʝʬʦʨʤʘʮʠʷ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʚʝʨʭʧʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝʦʙʭʦʜʠʤʳ ʢʨʠʩʪʘʣʣʳ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ  ʯʠʩʣʦʤ ʜʝʬʝʢʪʦʚ. ʅʦ ʧʦʣʫʯʝʥʠʝ ʪʘʢʠʭ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʠʜʝʘʣʴʥʳʭ, ʢʨʠʩʪʘʣʣʦʚ ï ʧʨʦʮʝʩʩ ʠ ʪʨʫʜʦʸʤʢʠʡ, ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʡ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʜʫʪ ʧʦ ʧʫʪʠ ʥʝ 

ʧʦʥʠʞʝʥʠʷ, ʘ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʬʝʢʪʦʚ ʚ ʢʨʠʩʪʘʣʣʝ! 

ɺʥʦʚʴ ʦʙʨʘʪʠʤʩʷ ʢ ʧʨʠʤʝʨʫ ʩ ʢʦʚʨʦʤ. ɽʩʣʠ ʥʘ ʢʦʚʨʝ ʦʙʨʘʟʫʶʪʩʷ 

ʜʚʝ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʩʢʣʘʜʢʠ, ʪʦ ʦʥʠ ʙʫʜʫʪ ʤʝʰʘʪʴ 

ʜʚʠʞʝʥʠʶ ʜʨʫʛ ʜʨʫʛʘ ʠ ʢʦʚʸʨ ʦʧʷʪʴ ʙʫʜʝʪ ʩʣʦʞʥʦ ʧʝʨʝʜʚʠʥʫʪʴ. ɺ 

ʢʨʠʩʪʘʣʣʝ ʧʨʝʧʷʪʩʪʚʠʝʤ, ʟʘʪʨʫʜʥʷʶʱʠʤ ʧʝʨʝʤʝʱʝʥʠʝ  ʜʠʩʣʦʢʘʮʠʡ, 

ʷʚʣʷʶʪʩʷ ʜʨʫʛʠʝ ʜʠʩʣʦʢʘʮʠʠ, ʠʩʢʘʞʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ ʟʘ 

ʩʯʸʪ ʧʨʠʤʝʩʠ ʠ ʠʥʳʝ ʜʝʬʝʢʪʳ.  ʅʘʧʨʠʤʝʨ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʞʝʣʝʟʦ 

ʤʝʥʝʝ 2 % ʫʛʣʝʨʦʜʘ   ʧʦʣʫʯʘʶʪ ʥʘʤʥʦʛʦ ʙʦʣʝʝ ʧʨʦʯʥʳʡ ʠ ʪʚʸʨʜʳʡ 

ʤʘʪʝʨʠʘʣ ï ʩʪʘʣʴ.  ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢʘʯʝʩʪʚʦ ʩʪʘʣʠ ʧʦʚʳʰʘʶʪ 

ʣʝʛʠʨʦʚʘʥʠʝʤ ï ʚʚʝʜʝʥʠʝʤ ʚ ʨʘʩʧʣʘʚ ʜʦʙʘʚʦʢ ʭʨʦʤʘ, ʥʠʢʝʣʷ, ʤʝʜʠ, 

ʚʦʣʴʬʨʘʤʘ ʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ.  

ʇʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʩʢʘʟʘʥʥʦʝ ʝʱʸ 

ʦʜʥʠʤ ʧʨʠʤʝʨʦʤ. ʃʘʪʫʥʥʫʶ
1
 ʧʣʘʩʪʠʥʢʫ 

ʧʣʦʪʥʦ ʟʘʞʤʸʤ ʚ ʣʘʧʢʝ ʰʪʘʪʠʚʘ (ʨʠʩ. 48, ʘ). 

ʉ ʧʦʤʦʱʴʶ ʧʨʦʯʥʦʡ ʥʠʪʠ ʢ ʩʚʦʙʦʜʥʦʤʫ 

ʢʦʥʮʫ ʧʣʘʩʪʠʥʢʠ ʧʦʜʚʝʩʠʤ ʛʨʫʟ ʠ ʟʘʤʝʪʠʤ, 

ʢʘʢ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʦʛʥʫʣʘʩʴ ʧʣʘʩʪʠʥʢʘ.   

ʇʦʩʣʝ ʵʪʦʛʦ ʚʳʥʝʤ ʧʣʘʩʪʠʥʢʫ ʠʟ ʣʘʧʢʠ 

ʰʪʘʪʠʚʘ, ʧʦʣʦʞʠʤ ʥʘ ʞʝʣʝʟʥʫʶ ʧʣʘʩʪʠʥʫ - 

çʥʘʢʦʚʘʣʴʥʶè ʠ ʙʳʩʪʨʳʤʠ ʫʜʘʨʘʤʠ 

ʤʦʣʦʪʢʘ ʧʨʦʚʝʜʸʤ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʘʩʪʠʥʢʠ ʥʘʢʣʸʧ ï ʦʙʨʘʙʦʪʘʝʤ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʨʘʚʥʠʪʝʣʴʥʦ ʣʸʛʢʠʤʠ 

ʫʜʘʨʘʤʠ ʪʘʢ, ʯʪʦʙʳ ʦʥʘ ʦʩʪʘʣʘʩʴ ʨʦʚʥʦʡ, 

ʙʝʟ ʟʘʤʝʪʥʳʭ ʚʤʷʪʠʥ. ʉʥʦʚʘ ʟʘʞʤʸʤ 

ʧʣʘʩʪʠʥʢʫ, ʧʦʜʚʝʩʠʤ ʪʦʪ ʞʝ ʛʨʫʟ 

ʠʫʙʝʜʠʤʩʷ, ʯʪʦ ʧʣʘʩʪʠʥʢʘ ʩʪʘʣʘ ʙʦʣʝʝ 

ʫʧʨʫʛʦʡ (ʨʠʩ. 48, ʙ). ʇʦʯʝʤʫ ʧʦʩʣʝ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ 

ʣʘʪʫʥʠ ʠʟʤʝʥʠʣʠʩʴ?  

 
                                                 

 
1
 ʃʘʪʫʥʴ ï ʩʧʣʘʚ ʤʝʜʠ (ʦʩʥʦʚʘ) ʩ ʮʠʥʢʦʤ, ʯʘʩʪʦ ʩ ʜʦʙʘʚʢʘʤʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ.  
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ʇʨʦʚʝʜʷ  ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ,  ʤʳ ʫʚʝʣʠʯʠʣʠ ʯʠʩʣʦ ʜʝʬʝʢʪʦʚ 

ʚ ʣʘʪʫʥʥʦʡ ʧʣʘʩʪʠʥʢʝ.  ʇʨʠ ʙʦʣʴʰʦʤ ʯʠʩʣʝ  ʜʝʬʝʢʪʦʚ ʦʥʠ 

ʧʨʝʧʷʪʩʪʚʫʶʪ ʩʤʝʱʝʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʦʸʚ  ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʠ ʧʦ 

ʵʪʦʡ ʧʨʠʯʠʥʝ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʚʦʟʨʘʩʪʘʶʪ.     

ʅʘʚʝʨʥʦʝ, ʢʘʞʜʦʤʫ ʠʟ ʥʘʩ ʧʨʠʭʦʜʠʣʦʩʴ ʩʣʳʰʘʪʴ ʩʣʦʚʦʩʦʯʝʪʘʥʠʝ, 

ʢʦʪʦʨʦʝ  ʟʚʫʯʠʪ ʧʘʨʘʜʦʢʩʘʣʴʥʦ - çʞʠʜʢʠʝ ʢʨʠʩʪʘʣʣʳè. ɺʝʜʴ ʧʨʦʠʟʥʦʩʷ 

ʩʣʦʚʦ çʢʨʠʩʪʘʣʣè, ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʪʚʸʨʜʦʝ ʪʝʣʦ, ʚ ʢʦʪʦʨʦʤ ʯʘʩʪʠʮʳ 

(ʠʦʥʳ, ʘʪʦʤʳ, ʤʦʣʝʢʫʣʳ) ʦʙʨʘʟʫʶʪ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʸʥʥʫʶ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʧʦʚʪʦʨʷʶʱʫʶʩʷ ʩʪʨʫʢʪʫʨʫ, ʣʠʰʴ ʦʪʯʘʩʪʠ ʥʘʨʫʰʘʝʤʫʶ ʜʝʬʝʢʪʘʤʠ. ɺ 

ʞʠʜʢʦʩʪʠ ʞʝ ʣʠʰʴ ʙʣʠʞʘʡʰʠʝ ʩʦʩʝʜʠ ʢʘʞʜʦʡ ʤʦʣʝʢʫʣʳ ʚ ʩʨʝʜʥʝʤ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʢʘʢʦʤ-ʣʠʙʦ ʧʦʨʷʜʢʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʚʸʨʜʳʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʪʝʣ ʞʠʜʢʦʩʪʠ ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʦʤ ʪʝʢʫʯʝʩʪʠ. ʅʦ 

ʛʣʘʚʥʘʷ ʦʪʣʠʯʠʪʝʣʴʥʘʷ ʯʝʨʪʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ï ʵʪʦ 

ʘʥʠʟʦʪʨʦʧʠʷ. ʀ ʠʤʝʥʥʦ ʩʚʦʡʩʪʚʦʤ ʘʥʠʟʦʪʨʦʧʠʠ ʦʙʣʘʜʘʶʪ ʞʠʜʢʠʝ 

ʢʨʠʩʪʘʣʣʳ. 

ʂ ʞʠʜʢʠʤ ʢʨʠʩʪʘʣʣʘʤ ʦʪʥʦʩʷʪʩʷ ʥʝʢʦʪʦʨʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, 

ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʳʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ 

ʚʳʪʷʥʫʪʫʶ çʤʘʢʘʨʦʥʦʧʦʜʦʙʥʫʶè ʬʦʨʤʫ. 

ɺ ʦʧʨʝʜʝʣʸʥʥʦʤ ʜʣʷ ʢʘʞʜʦʛʦ 

ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʵʪʦ ʚʝʱʝʩʪʚʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʞʠʜʢʦʩʪʴ (ʦʙʣʘʜʘʝʪ 

ʪʝʢʫʯʝʩʪʴʶ), ʠ ʢʨʠʩʪʘʣʣ (ʦʙʣʘʜʘʝʪ 

ʘʥʠʟʦʪʨʦʧʠʝʡ). 

 ʇʦʨʷʜʦʢ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʦʣʝʢʫʣ ʚ 

ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʘʭ ʩʭʝʤʘʪʠʯʝʩʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 49, ʘ - ʚ. 
 

ʈʠʩ. 49. ʉʭʝʤʘ ʚʦʟʤʦʞʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʤʦʣʝʢʫʣ ʚ ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʘʭ. 

ʘ ï ʮʝʥʪʨʳ ʤʦʣʝʢʫʣ ʨʘʩʧʦʣʦʞʝʥʳ 

ʙʝʩʧʦʨʷʜʦʯʥʦ, ʥʦ ʩʘʤʠ ʤʦʣʝʢʫʣʳ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʫ, 

ʙ ï ʤʦʣʝʢʫʣʳ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʦʜʠʥʘʢʦʚʦ ʠ 

ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʩʣʦʡʥʦ, ʩʣʦʠ ʧʘʨʘʣʣʝʣʴʥʳ 

ʜʨʫʛ ʜʨʫʛʫ, 

ʚ ï ʤʦʣʝʢʫʣʳ ʨʘʩʧʦʣʦʞʝʥʳ ʨʘʚʥʦʤʝʨʥʦ, 

ʠʭ ʦʨʠʝʥʪʘʮʠʷ ʦʙʨʘʟʫʝʪ ʩʧʠʨʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ 
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ɾʠʜʢʠʝ ʢʨʠʩʪʘʣʣʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ (ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʜʘʪʯʠʢʠ, 

ʠʥʜʠʢʘʪʦʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʦʧʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʵʢʨʘʥʦʚ ɾʂ-

ʪʝʣʝʚʠʟʦʨʦʚ ʠ ʪ. ʜ.). ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʠʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʩʚʦʡʩʪʚ 

ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ (ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʷ).  

ʅʘʧʨʠʤʝʨ, ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʘʞʝ ʥʘ ʩʦʪʫʶ ʜʦʣʶ ʛʨʘʜʫʩʘ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʧʠʨʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʦʚ    

(ʨʠʩ. 49, ʚ). çʀʟʤʝʥʠʚʰʠʝʩʷè ʢʨʠʩʪʘʣʣʳ ʠʥʳʤ ʦʙʨʘʟʦʤ ʦʪʨʘʞʘʶʪ ʩʚʝʪ, 

ʠ ʠʭ ʮʚʝʪ ʤʝʥʷʝʪʩʷ. ʀʩʧʦʣʴʟʫʷ ʧʣʸʥʢʫ ʪʘʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʪʝʣʘ ʯʝʣʦʚʝʢʘ ʧʨʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʝ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʅʘʥʝʩʷ ʪʘʢʫʶ 

ʧʣʸʥʢʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʠʢʨʦʩʭʝʤʳ, ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʝʸ 

ʪʝʤʧʝʨʘʪʫʨʫ  ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ. 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʤʝʥʝʥʠʷ ʦʩʥʦʚʘʥʳ ʥʘ 

ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʦʚ. ʇʦʤʝʩʪʠʤ ʪʦʥʢʠʡ 

ʩʣʦʡ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʤʝʞʜʫ ʜʚʫʤʷ ʧʨʦʟʨʘʯʥʳʤʠ ʠ 

ʧʨʦʚʦʜʷʱʠʤʠ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʧʣʸʥʢʘʤʠ. ʕʪʠ ʧʣʸʥʢʠ ʷʚʣʷʶʪʩʷ 

ʧʣʘʩʪʠʥʘʤʠ ʩʚʦʝʦʙʨʘʟʥʦʛʦ  ʢʦʥʜʝʥʩʘʪʦʨʘ. ɽʩʣʠ ʥʘ ʧʣʘʩʪʠʥʳ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʦʜʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʨʠʝʥʪʘʮʠʷ ʤʦʣʝʢʫʣ ʚ ʞʠʜʢʦʤ ʢʨʠʩʪʘʣʣʝ 

ʠʟʤʝʥʠʪʩʷ ʠ ʠʟʤʝʥʠʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʪʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ 

ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ï ʧʠʢʩʝʣʴ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʮʚʝʪʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʘʜʘʶʱʠʡ ʥʘ ʧʠʢʩʝʣʴ ʙʝʣʳʡ ʩʚʝʪ ʧʨʦʧʫʩʢʘʶʪ ʯʝʨʝʟ  

ʢʨʘʩʥʳʡ, ʟʝʣʸʥʳʡ ʠʣʠ ʩʠʥʠʡ ʩʚʝʪʦʬʠʣʴʪʨʳ. ʄʥʦʞʝʩʪʚʦ ʪʘʢʠʭ 

ʧʠʢʩʝʣʴʥʳʭ ʪʨʠʘʜ (ʛʨʫʧʧʳ ʠʟ ʪʨʝʭ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ) ʠ 

ʬʦʨʤʠʨʫʝʪ ʮʚʝʪʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʵʢʨʘʥʝ ɾʂ-ʤʦʥʠʪʦʨʘ ʠʣʠ 

ʪʝʣʝʚʠʟʦʨʘ.  

ʉʨʝʜʠ ʪʝʣ, ʩʦʭʨʘʥʷʶʱʠʭ ʩʚʦʶ ʬʦʨʤʫ ʠ ʦʙʲʸʤ ʠ ʢʦʪʦʨʳʝ ʤʳ 

ʪʨʘʜʠʮʠʦʥʥʦ ʦʪʥʦʩʠʤ ʢ ʪʚʸʨʜʳʤ ʪʝʣʘʤ, ʠʤʝʶʪʩʷ ʪʝʣʘ ʩ 

ʥʝʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʚʝʱʝʩʪʚʘ. ʊʘʢʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘʟʳʚʘʶʪ 

ʘʤʦʨʬʥʳʤ
1
 ʩʦʩʪʦʷʥʠʝʤ. ʂ ʘʤʦʨʬʥʳʤ ʪʝʣʘʤ ʦʪʥʦʩʷʪʩʷ, ʥʘʧʨʠʤʝʨ, 

ʩʪʝʢʣʦ, ʢʘʥʠʬʦʣʴ, ʷʥʪʘʨʴ. ʇʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʘʤʦʨʬʥʳʝ ʪʝʣʘ, ʢʘʢ 

ʠ ʪʚʸʨʜʳʝ ʪʝʣʘ, ʧʨʦʷʚʣʷʶʪ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ, ʜʝʬʦʨʤʠʨʫʶʪʩʷ. ʧʨʠ 

ʨʝʟʢʦʤ ʫʜʘʨʝ ʤʦʛʫʪ ʨʘʩʢʦʣʦʪʴʩʷ ʥʘ ʢʫʩʢʠ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʘʤʦʨʬʥʳʝ ʪʝʣʘ ʧʦʩʪʝʧʝʥʥʦ ʨʘʟʤʷʛʯʘʶʪʩʷ, ʩʪʘʥʦʚʠʪʩʷ ʟʘʤʝʪʥʦʡ ʠʭ 

ʪʝʢʫʯʝʩʪʴ. ʇʦ ʚʥʫʪʨʝʥʥʝʤʫ ʩʪʨʦʝʥʠʶ ï ʧʦ ʨʘʩʧʦʣʦʞʝʥʠʶ ʯʘʩʪʠʮ ʠ 
                                                 
1
 ʆʪ ʛʨʝʯʝʩʢʦʛʦ  amorphos -ʙʝʩʬʦʨʤʝʥʥʳʡ. 
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ʭʘʨʘʢʪʝʨʫ ʠʭ ʜʚʠʞʝʥʠʷ ï ʘʤʦʨʬʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʝʱʝʩʪʚʘ ʙʣʠʞʝ ʢ 

ʞʠʜʢʦʩʪʠ, ʯʝʤ ʢ ʪʚʸʨʜʦʤʫ ʪʝʣʫ. ʆʜʠʥʘʢʦʚʦʩʪʴ ʩʚʦʡʩʪʚ ʧʦ ʨʘʟʣʠʯʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ (ʠʟʦʪʨʦʧʠʷ), ʦʪʩʫʪʩʪʚʠʝ ʦʧʨʝʜʝʣʸʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʣʘʚʣʝʥʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʫ 

ʘʤʦʨʬʥʦʛʦ ʪʝʣʘ. ʊʝʢʫʯʝʩʪʴ ʘʤʦʨʬʥʳʭ ʪʝʣ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

çʞʠʜʢʦʩʪʥʦʤè ʭʘʨʘʢʪʝʨʝ ʜʚʠʞʝʥʠʠ ʯʘʩʪʠʮ ï ʧʝʨʝʩʢʦʢʝ ʯʘʩʪʠʮ ʧʦʜʦʙʥʦ 

ʪʦʤʫ, ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʞʠʜʢʦʩʪʠ. ɺʩʸ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʘʤʦʨʬʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʝʱʝʩʪʚʘ, ʦʙʨʘʟʥʦ ʛʦʚʦʨʷ, ʢʘʢ ʩʚʝʨʭʚʷʟʢʫʶ 

ʞʠʜʢʦʩʪʴ.  ɺ ʘʤʦʨʬʥʳʭ ʪʝʣʘʭ ʩʦ ʚʨʝʤʝʥʝʤ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʦʮʝʩʩ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʪʝʣʘ  ʠ ʧʨʝʚʨʘʱʝʥʠʝ ʘʤʦʬʥʦʛʦ ʪʝʣʘ ʚ 

çʩʢʦʧʣʝʥʠʝè ʤʥʦʞʝʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ - ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʪʚʸʨʜʦʝ 

ʪʝʣʦ. ʅʘʧʨʠʤʝʨ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʪʝʢʣʦ ʩʦ ʚʨʝʤʝʥʝʤ ʥʘʯʠʥʘʝʪ ʤʫʪʥʝʪʴ, 

ʪʝʨʷʝʪ ʧʨʟʨʘʯʥʦʩʪʴ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚ ʥʸʤ ʦʙʨʘʟʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ 

ʢʨʠʩʪʘʣʣʠʢʦʚ. 

ʆʩʦʙʫʶ ʛʨʫʧʧʫ ʪʝʣ ʩʦʩʪʘʚʣʷʶʪ ʧʦʣʠʤʝʨʳ
1
 - ʘʤʦʨʬʥʳʝ ʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʄʦʣʝʢʫʣʳ 

ʧʦʣʠʤʝʨʦʚ ʩʦʩʪʦʷʪ ʠʟ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʛʨʫʧʧ ʘʪʦʤʦʚ, 

ʩʦʝʜʠʥʸʥʥʳʭ ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʷʟʷʤʠ. ʄʦʣʷʨʥʘʷ ʤʘʩʩʘ ʚʝʱʝʩʪʚʘ 

ʧʦʣʠʤʝʨʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʪʦʥʥ ʥʘ ʤʦʣʴ! ʄʘʢʨʦʤʦʣʝʢʫʣʘ 

ʧʦʣʠʤʝʨʘ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʧʦ ʬʦʨʤʝ ʮʝʧʴ, ʮʝʧʴ ʩ 

ʨʘʟʚʝʪʚʣʝʥʠʷʤʠ ʠʣʠ ʩʝʪʢʫ. 

ʇʦ ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʧʦʣʠʤʝʨʳ ʜʝʣʷʪ ʥʘ ʧʨʠʨʦʜʥʳʝ (ʙʠʦʧʦʣʠʤʝʨʳ) 

ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʝ. ɹʠʦʧʦʣʠʤʝʨʳ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʚʩʝʭ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ. ʂ ʧʨʠʨʦʜʥʳʤ ʧʦʣʠʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʦʪʥʦʩʷʪʩʷ, 

ʥʘʧʨʠʤʝʨ, ʢʦʞʘ, ʤʝʭ, ʰʝʨʩʪʴ, ʰʸʣʢ, ʭʣʦʧʦʢ. ʀʩʢʫʩʩʪʚʝʥʥʳʝ ʧʦʣʠʤʝʨʳ ï 

ʦʩʥʦʚʘ ʨʘʟʣʠʯʥʳʭ ʧʣʘʩʪʤʘʩʩ, ʭʠʤʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ, ʨʝʟʠʥ, 

ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʣʝʝʚ, ʛʝʨʤʝʪʠʢʦʚ. ʄʝʭʘʥʠʯʝʩʢʘʷ 

ʧʨʦʯʥʦʩʪʴ, ʣʸʛʢʦʩʪʴ, ʚʳʩʦʢʠʝ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʝ ʢʘʯʝʩʪʚʘ, 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʝʰʝʚʠʟʥʘ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʩʘʤʦʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʙʳʪʫ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

I. ʉ. 128ï130. Ä 66. ʉʚʦʡʩʪʚʘ ʞʠʜʢʦʩʪʝʡ. ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ 

ʉ. 130ï132. Ä 67. ʉʤʘʯʠʚʘʥʠʝ 

ʉ. 133ï134. Ä 69. ʂʘʧʠʣʣʷʨʥʳʝ ʷʚʣʝʥʠʷ 

ʉ. 134ï135. Ä 70. ʊʚʸʨʜʳʝ ʪʝʣʘ. ʄʦʥʦ- ʠ ʧʦʣʠʢʨʠʩʪʘʣʣʳ 
                                                 
1
 ʆʪ ʛʨʝʯʝʩʢʦʛʦ polemer±s - ʩʦʩʪʦʷʱʠʡ ʠʟ ʤʥʦʛʠʭ ʯʘʩʪʝʡ, ʤʥʦʛʦʦʙʨʘʟʥʳʡ. 
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ʉ. 139ï140. Ä 72. ɼʝʬʝʢʪʳ ʚ ʢʨʠʩʪʘʣʣʘʭ 

 II. ʏʘʩʪʴ I.  ʉ. 191ï196. Ä 61. ɺʥʫʪʨʝʥʥʝʝ ʜʘʚʣʝʥʠʝ ʚ ʞʠʜʢʦʩʪʠ. 

ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʠ ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ 

ʉ. 199ï202. Ä 63. ʂʘʧʠʣʣʷʨʥʳʝ ʷʚʣʝʥʠʷ. ʌʦʨʤʫʣʘ ɹʦʨʝʣʣʠ ï ɾʶʨʝʥʘ 

ʉ. 168ï174. Ä 53. ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʞʠʜʢʦʩʪʝʡ ʠ ʪʚʸʨʜʳʭ ʪʝʣ 
 

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʀʟʤʝʥʠʪʩʷ ʣʠ ʚʳʩʦʪʘ ʧʦʜʲʸʤʘ ʞʠʜʢʦʩʪʠ ʚ ʢʘʧʠʣʣʷʨʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʝʸ ʪʝʤʧʝʨʘʪʫʨʳ? 

2. ʉʨʘʚʥʠʪʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʪʚʸʨʜʳʝ ʪʝʣʘ, ʘʤʦʨʬʥʳʝ ʪʝʣʘ ʠ ʧʦʣʠʤʝʨʳ. 

3. ʇʦʯʝʤʫ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ ʥʝʢʦʪʦʨʦʛʦ ʧʨʝʜʝʣʘ ʞʠʜʢʠʝ 

ʢʨʠʩʪʘʣʣʳ ʧʝʨʝʭʦʜʷʪ ʚ ʩʦʩʪʦʷʥʠʝ ʦʙʳʯʥʦʡ ʞʠʜʢʦʩʪʠ? 

4. ɺ 1924 ʛ ʚ ʦʧʳʪʘʭ, ʧʨʦʚʝʜʸʥʥʳʭ ʘʢʘʜʝʤʠʢʦʤ ʀʦʬʬʝ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ, 

ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʢʨʠʩʪʘʣʣʘ ʢʘʤʝʥʥʦʡ ʩʦʣʠ ʥʘ ʨʘʟʨʳʚ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʚ 300 ʨʘʟ, ʝʩʣʠ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʪʴ ʩ 

ʢʨʠʩʪʘʣʣʘʤʠ, ʧʦʛʨʫʞʸʥʥʳʤʠ ʚ ʨʘʩʪʚʦʨ ʢʘʤʝʥʥʦʡ ʩʦʣʠ. ʇʨʝʜʣʦʞʠʪʝ 

ʦʙʲʷʩʥʝʥʠʝ ʥʘʙʣʶʜʘʚʰʝʛʦʩʷ ʷʚʣʝʥʠʷ. 

5. ʇʦʣʠʵʪʠʣʝʥ ï ʧʦʣʠʤʝʨ, ʠʤʝʶʱʠʡ ʭʠʤʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ          

ὅὌ ὅὌ , ʛʜʝ n - ʩʪʝʧʝʥʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʄʦʣʷʨʥʘʷ ʤʘʩʩʘ 

ʧʦʣʠʤʝʨʘ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ  ʦʪ 50 ʜʦ 3000 ʢʛ/ʤʦʣʴ. ʆʮʝʥʠʪʝ, ʚ ʢʘʢʠʭ 

ʧʨʝʜʝʣʘʭ ʥʘʭʦʜʠʪʩʷ ʟʥʘʯʝʥʠʝ ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ n.  

 

ʃʝʢʮʠʷ 10 

 

ʆʉʅʆɺʅʓɽ ʇʆʅʗʊʀʗ ʕʃɽʂʊʈʆʉʊɸʊʀʂʀ 

 

ʂ ʜʘʥʥʦʡ ʣʝʢʮʠʠ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ 

- ʟʥʘʪʴ ʚʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ, ʟʘʢʦʥ ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ; 

- ʫʤʝʪʴ ʧʨʠʤʝʥʷʪʴ ʧʨʘʚʠʣʘ ʩʣʦʞʝʥʠʷ ʚʝʢʪʦʨʦʚ.  

 

ʇʣʘʥ ʣʝʢʮʠʠ 

1. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ɿʘʢʦʥ ʂʫʣʦʥʘ. 

2. ʅʘʧʨʷʞʸʥʥʦʩʪʴ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʇʦʪʦʢ ʚʝʢʪʦʨʘ 

ʥʘʧʨʷʞʸʥʥʦʩʪʠ. ʊʝʦʨʝʤʘ ɻʘʫʩʩʘ. 

3. ʇʨʠʤʝʥʝʥʠʝ ʪʝʨʝʤʳ ɻʘʫʩʩʘ ʜʣʷ ʨʘʩʯʝʪʘ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʧʦʣʷ 

(ʧʣʦʩʢʦʩʪʴ, ʥʠʪʴ, ʰʘʨ). 

4. ʇʦʪʝʥʮʠʘʣ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʈʘʙʦʪʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 
ʧʦʣʷ. ʉʚʷʟʴ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ ʧʦʪʝʥʮʠʘʣʘ. 
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5. ʕʣʝʢʪʨʦʸʤʢʦʩʪʴ. ʕʣʝʢʪʨʦʸʤʢʦʩʪʴ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ. 

6. ʕʥʝʨʛʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʆʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ 

ʵʣʝʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

7. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ʃʠʪʝʨʘʪʫʨʘ 

I. ʉ. 148ï149. Ä 77. ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ    

ʉ. 149ï150. Ä 78.  ɿʘʢʦʥ ʂʫʣʦʥʘ 

ʉ. 150ï152. Ä 79. ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ. ʅʘʧʨʷʞʸʥʥʦʩʪʴ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʉ. 154ï156. Ä 81. ʊʝʦʨʝʤʘ ɻʘʫʩʩʘ ʜʣʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ 

ʚʘʢʫʫʤʝ 

ʉ. 156ï158. Ä 82. ʇʨʠʤʝʥʝʥʠʝ ʪʝʦʨʝʤʳ ɻʘʫʩʩʘ ʢ ʨʘʩʯʝʪʫ ʥʝʢʦʪʦʨʳʭ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚ ʚʘʢʫʫʤʝ  

ʉ. 159ï161. Ä 84. ʇʦʪʝʥʮʠʘʣ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ  

ʉ. 161ï162. Ä 85. ʅʘʧʨʷʞʸʥʥʦʩʪʴ ʢʘʢ ʛʨʘʜʠʝʥʪ ʧʦʪʝʥʮʠʘʣʘ. 

ʕʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʉ. 173ï174. Ä 93. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʸʤʢʦʩʪʴ ʫʝʜʠʥʝʥʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ  

ʉ. 174ï177. Ä 94. ʂʦʥʜʝʥʩʘʪʦʨʳ 

ʉ. 177ï179. Ä 95. ʕʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʟʘʨʷʜʦʚ, ʫʝʜʠʥʝʥʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʠ 

ʢʦʥʜʝʥʩʘʪʦʨʘ. ʕʥʝʨʛʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ  

II. ʏʘʩʪʴ II. ʉ. 248ï249. Ä 1. ʕʣʝʢʪʨʠʟʘʮʠʷ ʪʝʣ. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ 

ʉ. 250ï253. Ä 2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ  ʚ ʚʘʢʫʫʤʝ. 

ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʠ ʝʛʦ ʥʘʧʨʷʞʸʥʥʦʩʪʴ  

ʉ. 255ï260. Ä 4. ʊʝʦʨʝʤʘ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ï ɻʘʫʩʩʘ ʠ ʝʸ ʧʨʠʣʦʞʝʥʠʷ 

ʉ. 260ï263. Ä 5. ʈʘʙʦʪʘ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʟʘʨʷʜʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ. 

ʇʦʪʝʥʮʠʘʣ 

ʉ. 275ï277. Ä 10. ʂʦʥʜʝʥʩʘʪʦʨ. ʕʥʝʨʛʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

 

ʌʦʨʤʫʣʳ 

ʋʢʘʞʠʪʝ, ʦʙʦʟʥʘʯʝʥʠʷ ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʞʜʦʡ ʬʦʨʤʫʣʝ, ʢʘʢʦʚʳ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ. ʋʢʘʞʠʪʝ 

ʬʠʟʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ. 

 

Ȣ   ή ή Ễ ὧέὲίὸ      Ȣ   Ὂ             Ȣ   Ὁᴆ
ᴆ
 

 

Ȣ   ū ḂὉὨὛ     Ȣ   •       Ȣ   ὃ ή• • ,   Ὗ • •  
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Ȣ   Ὁ  ,        Ὁᴆ ήὶὥὨ• 

Ȣ   ὅ                Ȣ   ὅ            Ȣ   ὡ ȟ   ‫  

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1.  ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʩʠʣʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 
ʵʣʝʢʪʨʦʥʦʤ ʠ ʧʨʦʪʦʥʦʤ ʚ ʘʪʦʤʝ ʚʦʜʦʨʦʜʘ ʙʦʣʴʰʝ ʩʠʣʳ ʠʭ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ? 

2.  ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʪʝʦʨʝʤʫ ɻʘʫʩʩʘ. ʇʦʢʘʞʠʪʝ, ʢʘʢ ʧʨʠʤʝʥʷʪʴ ʝʝ ʜʣʷ 
ʨʘʩʯʝʪʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

3.  ʇʫʩʪʴ ʪʦʥʢʘʷ ʜʣʠʥʥʘʷ ʥʠʪʴ ʜʠʘʤʝʪʨʦʤ 1 ʤʤ ʟʘʨʷʞʝʥʘ ʪʘʢ, ʯʪʦ ʥʘ 

ʢʘʞʜʳʡ ʩʘʥʪʠʤʝʪʨ ʜʣʠʥʳ ʧʨʠʭʦʜʠʪʩʷ ʠʟʙʳʪʦʯʥʳʡ ʟʘʨʷʜ ʚ 100 ʤʣʥ 

ʵʣʝʢʪʨʦʥʦʚ. ʅʘʯʝʨʪʠʪʝ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ 

ʧʦʪʝʥʮʠʘʣʘ ʦʪ ʨʘʩʩʪʦʷʥʠʷ. 

4.  ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʰʘʨ ʨʘʜʠʫʩʦʤ R, ʠʤʝʶʱʠʡ ʟʘʨʷʜ q, ʜʣʠʥʥʳʤ 

ʧʨʦʚʦʜʥʠʢʦʤ ʩʦʝʜʠʥʷʶʪ ʩ ʥʝʟʘʨʷʞʝʥʥʳʤ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʰʘʨʦʤ 

ʨʘʜʠʫʩʦʤ 2R. ʂʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ʚʳʜʝʣʠʪʩʷ ʧʨʠ ʵʪʦʤ ʚ 

ʧʨʦʚʦʜʥʠʢʝ? 

5.  ʆʙʦʩʥʫʡʪʝ, ʯʪʦ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 
ʢʚʘʜʨʘʪʫ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ. 

 

 

ʊʝʩʪ 

1. ʂʘʢ ʠʟʤʝʥʠʪʩʷ ʤʦʜʫʣʴ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʰʘʨʦʚ, ʠʤʝʶʱʠʭ ʟʘʨʷʜʳ + q1 ʠ ï q2 , ʝʩʣʠ ʰʘʨʳ 

ʧʨʠʚʝʩʪʠ ʚ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʝ ʠ ʨʘʟʜʚʠʥʫʪʴ ʥʘ ʧʨʝʞʥʝʝ ʨʘʩʩʪʦʷʥʠʝ? 

1. ʅʝ ʠʟʤʝʥʠʪʩʷ.  2. ʋʚʝʣʠʯʠʪʩʷ.  3. ʋʤʝʥʴʰʠʪʩʷ.  4.  ʄʦʞʝʪ 

ʫʚʝʣʠʯʠʪʴʩʷ, ʤʦʞʝʪ ʠ ʫʤʝʥʴʰʠʪʴʩʷ. 5. ʉʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʪʘʥʝʪ 

ʨʘʚʥʘ   ʥʫʣʶ. 

 

2. ʂʘʢ ʟʘʚʠʩʠʪ ʥʘʧʨʷʞʸʥʥʦʩʪʴ E 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʪʦʯʢʝ ʆ, 

ʩʦʟʜʘʥʥʦʛʦ ʜʠʧʦʣʝʤ, ʦʪ ʨʘʩʩʪʦʷʥʠʷ R (ʨʠʩ. 

50)?  R >> l. 

1. 
3r

q
E

?
= .  2. 

4

2

r

q
E

?
= .  3. 

3r

q
E

?
= .  4. 

2r

q
E= .           

5. 
2?

q
E= . ʈʠʩ. 50 
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3. ɺ ʦʜʥʦʨʦʜʥʦʤ  ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʥʘʧʨʷʞʸʥʥʦʩʪʴʶ ɽ = 2
.
10

9 
ɺ/ʤ 

ʥʘʯʠʥʘʝʪ ʜʚʠʞʝʥʠʝ ʟʘʨʷʞʝʥʥʘʷ ʯʘʩʪʠʮʘ  (q = 10
-5 
ʂʣ) ʤʘʩʩʦʡ m = 1ʛ. 

ʂʘʢʫʶ ʩʢʦʨʦʩʪʴ ʧʨʠʦʙʨʝʪʝʪ ʯʘʩʪʠʮʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ l = 10 

ʩʤ? 

1.  0,2 ʤ/ʩ.      2.  2 ʤ/ʩ.       3.  20 ʤ/ʩ.       4.  67 ʤ/ʩ.      5.  6,7 ʤ/ʩ. 

 

4. ɿʘʨʷʜ ʥʘ ʦʙʢʣʘʜʢʘʭ ʢʦʥʜʝʥʩʘʪʦʨʘ ʫʤʝʥʴʰʠʣʠ ʚ 4 ʨʘʟʘ. ʂʘʢ ʠʟʤʝʥʠʪʩʷ 

ʵʣʝʢʪʨʦʸʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ? 

1. ʅʝ ʠʟʤʝʥʠʪʩʷ.  2. ʋʚʝʣʠʯʠʪʩʷ ʚ 4 ʨʘʟʘ. 3. ʋʤʝʥʴʰʠʪʩʷ ʚ 4 ʨʘʟʘ.    

4. ʋʚʝʣʠʯʠʪʩʷ ʚ 2  ʨʘʟʘ.    5. ʋʤʝʥʴʰʠʪʩʷ ʚ 2 ʨʘʟʘ. 

 

5. ʄʝʞʜʫ ʜʚʫʤʷ ʦʙʢʣʘʜʢʘʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʩʦʟʜʘʥʦ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ 

ʥʘʧʨʷʞʸʥʥʦʩʪʴʶ ɽ. ʂʘʢ ʠʟʤʝʥʠʪʩʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʢʦʥʜʝʥʩʘʪʦʨʘ, 

ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʝʛʦ ʦʙʢʣʘʜʢʘʤʠ ʫʚʝʣʠʯʠʪʴ ʚ 4 ʨʘʟʘ? 

1. ʅʝ ʠʟʤʝʥʠʪʩʷ.   2. ʋʚʝʣʠʯʠʪʩʷ ʚ 4 ʨʘʟ. 3.   ʋʤʝʥʴʰʠʪʩʷ ʚ 4 ʨʘʟʘ.  

4. ʋʚʝʣʠʯʠʪʩʷ ʚ 2 ʨʘʟʘ.  5. ʋʤʝʥʴʰʠʪʩʷ ʚ 2 ʨʘʟʘ. 

 

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ɿʘʜʘʯʘ 10.1 

ɼʚʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʙʝʩʢʦʥʝʯʥʳʝ ʪʦʥʢʠʝ ʥʠʪʠ ʥʘʭʦʜʷʪʩʷ ʚ ʚʘʢʫʫʤʝ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ R = 10 ʩʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ (ʨʠʩ. 51).  

ʂʘʢʠʝ ʧʦ ʚʝʣʠʯʠʥʝ ʢʫʣʦʥʦʚʩʢʠʝ ʩʠʣʳ ʙʫʜʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʤʝʪʨ 

ʜʣʠʥʳ ʥʠʪʠ, ʝʩʣʠ ʣʠʥʝʡʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʥʘ ʢʘʞʜʦʡ ʠʟ ʥʠʪʝʡ 

ʩʦʩʪʘʚʣʷʝʪ Ű = 1 ʥʂʣ/ʤ?  

ʈʝʰʝʥʠʝ. 

ʂʫʣʦʥʦʚʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʘʨʷʞʝʥʥʳʭ ʥʠʪʝʡ ʦʙʫʩʣʦʚʣʝʥʦ 

ʜʝʡʩʪʚʠʝʤ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʟʘʨʷʜʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʦʜʥʦʡ ʠʟ ʥʠʪʝʡ, 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʥʥʦʛʦ ʜʨʫʛʦʡ ʟʘʨʷʞʝʥʥʦʡ ʥʠʪʴʶ. 

 

 

 

 

 

 

 

 

         ʈʠʩ. 51 
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ɼʣʷ ʨʘʩʯʝʪʘ  ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʧʦʣʷ ɽ
C
, ʩʦʟʜʘʚʘʝʤʦʛʦ ʙʝʩʢʦʥʝʯʥʦʡ 

ʨʘʚʥʦʤʝʨʥʦ ʟʘʨʷʞʝʥʥʦʡ ʥʠʪʴʶ, ʧʨʠʤʝʥʠʤ ʪʝʦʨʝʤʫ ɻʘʫʩʩʘ.   

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ  ʩ  ʜʘʥʥʦʡ ʪʝʦʨʝʤʦʡ ʧʦʪʦʢ ʚʝʢʪʦʨʘ ɽ
C
 ʯʝʨʝʟ 

ʟʘʤʢʥʫʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʦʱʘʜʴʶ S ʦʧʨʝʜʝʣʷʝʪʩʷ  ʚʝʣʠʯʠʥʦʡ ʟʘʨʷʜʘ Q 

ʧʦʜ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ:  

                                                 ñ =
s

Q
SdE

0e

CC
,                                      (103)          

ʛʜʝ 0e ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

ʇʫʩʪʴ ʙʝʩʢʦʥʝʯʥʘʷ ʥʠʪʴ ʟʘʨʷʞʝʥʘ ʨʘʚʥʦʤʝʨʥʦ ʩ ʣʠʥʝʡʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ Ű (Ű  =  
?d

dQ
 ï ʟʘʨʷʜ, ʧʨʠʭʦʜʷʱʠʡʩʷ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʥʠʪʠ). 

ʀʟ ʩʦʦʙʨʘʞʝʥʠʡ ʩʠʤʤʝʪʨʠʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʣʠʥʠʠ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʙʫʜʫʪ 

ʥʘʧʨʘʚʣʝʥʳ ʧʦ ʨʘʜʠʫʩʘʤ ʢʨʫʛʦʚʳʭ ʩʝʯʝʥʠʡ ʮʠʣʠʥʜʨʘ ʩ ʦʜʠʥʘʢʦʚʦʡ 

ʛʫʩʪʦʪʦʡ ʚʦ ʚʩʝ ʩʪʦʨʦʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʮʠʣʠʥʜʨʘ (ʨʠʩ. 51). ɺ 

ʢʘʯʝʩʪʚʝ ʟʘʤʢʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʳʩʣʝʥʥʦ ʧʦʩʪʨʦʠʤ ʢʦʘʢʩʠʘʣʴʥʳʡ 

ʮʠʣʠʥʜʨ ʨʘʜʠʫʩʦʤ r ʠ ʚʳʩʦʪʦʡ ǎ. ʇʦʪʦʢ ʚʝʢʪʦʨʘ ɽ
C

 ʩʢʚʦʟʴ ʪʦʨʮʳ 

ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ ʨʘʚʝʥ ʥʫʣʶ, ʘ ʩʢʚʦʟʴ ʙʦʢʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʦʩʪʘʚʣʷʝʪ 2ˊrǎE.  

ʇʦ ʪʝʦʨʝʤʝ ɻʘʫʩʩʘ (103)  

2ˊrǎE = 
0e

t?
, 

ʦʪʩʶʜʘ   

                                                  Ὁ Ȣ                                        (104) 

ɺʳʜʝʣʠʤ ʥʘ ʩʚʦʙʦʜʥʦʡ ʥʠʪʠ ʵʣʝʤʝʥʪ ʤʘʣʦʡ ʜʣʠʥʳ dǎʠ ʦʧʨʝʜʝʣʠʤ 

ʝʛʦ ʟʘʨʷʜ dQ: 

dQ = Űdǎ. 

ʉʠʣʘ  dF
C
, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʟʘʨʷʜ  dQ , ʨʘʚʥʘ 

dF
C
 = ɽ
C
dQ. 

ʅʘʭʦʞʜʝʥʠʝ ʩʠʣʳ,  ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʚʝʩʴ ʫʯʘʩʪʦʢ ʥʠʪʠ ʜʣʠʥʦʡ l = 1 ʤ, 

ʥʝ ʩʦʩʪʘʚʣʷʝʪ ʪʨʫʜʘ, ʪ. ʢ. ʩʠʣʳ dF
C
, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʵʣʝʤʝʥʪʘʨʥʳʝ 

ʫʯʘʩʪʢʠ, ʧʘʨʘʣʣʝʣʴʥʳ ʜʨʫʛ ʜʨʫʛʫ, ʘ ʟʥʘʯʠʪ: 

      F = ñ
?

0

dF; 

F = E ñ
?

0

dQ. 
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ʉ ʫʯʸʪʦʤ ʚʳʨʘʞʝʥʠʷ (104)  

           Ὂ                        ȟא

ʛʜʝ 

                                               Q = Űǎ. 

 

ʊʦʛʜʘ ʦʢʦʥʯʘʪʝʣʴʥʦ ʠʤʝʝʤ 

                                            Ὂ
Љ
Ƞ       

                       

F = 6

112

18

1018,0
101085,814,32

110 -

--

-

Ö=
ÖÖÖÖ

Ö
(H). 

ʆʪʚʝʪ: F = 0,18 ʤʢʅ. 

 

ɿʘʜʘʯʘ 10.2 

ɼʚʝ Ŭ - ʯʘʩʪʠʮʳ  ʜʚʠʞʫʪʩʷ  ʥʘʚʩʪʨʝʯʫ  ʜʨʫʛ  ʜʨʫʛʫ.   ʇʨʠ ʙʦʣʴʰʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʯʘʩʪʠʮʳ ʠʤʝʶʪ ʩʢʦʨʦʩʪʠ ɡ1 = 15000 ʢʤ/ʩ ʠ   ɡ2 

= 5000 ʢʤ/ʩ. ʅʘ ʢʘʢʦʝ ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ r  ʩʙʣʠʟʷʪʩʷ ʯʘʩʪʠʮʳ? 

ʄʘʩʩʘ Ŭ - ʯʘʩʪʠʮʳ m = 6,65
.
10

-27  
ʢʛ, ʟʘʨʷʜ Ŭ - ʯʘʩʪʠʮʳ 3,2

.
10

-19 
ʂʣ.  

ʈʝʰʝʥʠʝ. 

ʇʨʠ ʩʙʣʠʞʝʥʠʠ ʯʘʩʪʠʮ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʫʤʝʥʴʰʘʝʪʩʷ. ʆʜʥʘʢʦ ʦʯʝʚʠʜʥʦ, 

ʯʪʦ ʚ ʤʦʤʝʥʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʙʣʠʞʝʥʠʷ ʯʘʩʪʠʮ ʠʭ ʢʠʥʝʪʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ ʥʝ ʨʘʚʥʘ ʥʫʣʶ, ʪʘʢ ʢʘʢ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʩʪʘʣ ʙʳ ʨʘʚʝʥ ʥʫʣʶ 

ʠʤʧʫʣʴʩ ʩʠʩʪʝʤʳ, ʯʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ.  

ɺ ʤʦʤʝʥʪ ʥʘʠʙʦʣʴʰʝʛʦ ʩʙʣʠʞʝʥʠʷ ʯʘʩʪʠʮʳ ʥʝ ʫʜʘʣʷʶʪʩʷ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ ʠ ʥʝ ʧʨʠʙʣʠʞʘʶʪʩʷ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ 

ʨʘʚʥʳ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ 

m uuuu
CGCC

mmm +=+ 21 ,                           (105)               

ʛʜʝ ɡ ï ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮ ʚ ʤʦʤʝʥʪ ʠʭ ʥʘʠʙʦʣʴʰʝʛʦ ʩʙʣʠʞʝʥʠʷ.  

ɺʳʙʝʨʝʤ ʦʩʴ ʢʦʦʨʜʠʥʘʪ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩʢʦʨʦʩʪʠ  
1u
C ʠ ʟʘʧʠʰʝʤ 

ʚʳʨʘʞʝʥʠʝ (105) ʚ ʧʨʦʝʢʮʠʠ ʥʘ ʚʳʙʨʘʥʥʫʶ ʦʩʴ:       

mɡ1 ï mɡ2  = mɡ + mɡ. 
ʊʦʛʜʘ 

2

21 uu
u

-
=  .                                       (106)                 

ʇʨʠʤʝʥʠʤ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ: 

224

1

22

222

0

2

2

2

1 uu

pe

uu mm

r

qmm
++Ö=+ . 
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ʆʪʩʶʜʘ ʩ ʫʯʝʪʦʤ (106) ʠʤʝʝʤ 

r = 
( )2210

2

uupe +m

q
; 

r = 
( )

( )
15

272712

219

104,1
1021065,61085,814,3

106,1 -

--

-

Ö=
ÖÖÖÖÖ

Ö
 (ʤ). 

ʆʪʚʝʪ: r = 1,4
.
10

-15
ʤ. 

 

ɿʘʜʘʯʘ 10.3 

ʇʦʪʝʥʮʠʘʣ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʟʘʜʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

() ()B
zyx

A
++

=
1

j , ʛʜʝ ()Aj  ï ʧʦʪʝʥʮʠʘʣ ʧʦʣʷ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ɸ, ʥʝ 

ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʥʘʯʘʣʦʤ ʢʦʦʨʜʠʥʘʪ, ʘ  x, y, z ï ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ɸ. ʉ 

ʢʘʢʠʤ ʫʩʢʦʨʝʥʠʝʤ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʵʣʝʢʪʨʦʥ ʚ ʪʦʯʢʝ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 

(1;1;1)? 

ʈʝʰʝʥʠʝ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʚʪʦʨʳʤ ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘ ʫʩʢʦʨʝʥʠʝ a ʵʣʝʢʪʨʦʥʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʥʝʛʦ ʩʠʣʦʡ  F ʠ ʤʘʩʩʦʡ m ʵʣʝʢʪʨʦʥʘ:  

m

F
a

C
C
=  .                                              (107)            

ʉʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʵʣʝʢʪʨʦʥ ʩʦ ʩʪʦʨʦʥʳ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʧʦʣʷ, ʨʘʚʥʘ   

EF
CC
= e,                                               (108)                  

ʛʜʝ E
C

 ï ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʧʦʣʷ;  

       e ï ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ. 

ʅʘʧʨʷʞʸʥʥʦʩʪʴ ʧʦʣʷ ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ: 

E
C

 = ï qradű.                                      (109)                 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (107)ï(109) ʠʤʝʝʤ 

m
a

jqrad-
=
C

 e. 

ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ       qradű = k
z

j
y

i
x

CCC

µ

µ
+

µ

µ
+

µ

µ jjj
, 

ʛʜʝ  kji
CCC

,,    ï ʝʜʠʥʠʯʥʳʝ ʚʝʢʪʦʨʳ.  

ʇʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ             
zyx ++

=
1

j . 

ʊʦʛʜʘ 
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( )2
qrad

zyx

kji

++

++
-=

CC

j . 

ʆʢʦʥʯʘʪʝʣʴʥʦ ʠʤʝʝʤ  

( )
( )

;
2
mzyx

ekji
a

++

++
=

C
C

 

( )
;

2
mzyx

ekji
a

++

++
=

CCC
C

 

( )
( )

10

312

19222

104,3
101,9111

106,1111
Ö=

ÖÖ++

ÖÖ++
=

-

-

a
C

(ʤ/ʩ
2
). 

ʆʪʚʝʪ: ʘ = 3,4Ŀ10
10

 ʤ/ʩ
2
.  

 

 

ʃʝʢʮʠʷ 11 

 

ʇʆʉʊʆʗʅʅʓʁ ʊʆʂ 

 

ʂ ʜʘʥʥʦʡ ʣʝʢʮʠʠ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ 

- ʟʥʘʪʴ ʧʦʥʷʪʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

 

ʇʣʘʥ ʣʝʢʮʠʠ 

1. ʋʩʣʦʚʠʷ ʧʦʷʚʣʝʥʠʷ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʦʢʘ. 

2. ʉʠʣʘ ʪʦʢʘ. ɺʝʢʪʦʨ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ. 

3.  ʇʨʠʨʦʜʘ ʪʦʢʘ ʚ  ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ (ʤʝʪʘʣʣʳ, ʞʠʜʢʦʩʪʠ, ʛʘʟʳ, 

ʪʦʢ ʯʝʨʝʟ ʚʘʢʫʫʤ)  

4. ɿʘʢʦʥ ʆʤʘ ʜʣʷ ʫʯʘʩʪʢʘ ʮʝʧʠ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ. ɿʘʢʦʥ ʆʤʘ ʚ 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ.  

5. ʕʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ. ɿʘʢʦʥ ʆʤʘ ʜʣʷ ʧʦʣʥʦʡ ʮʝʧʠ.  

6. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 

ʃʠʪʝʨʘʪʫʨʘ 

I. ʉ. 180 ï181. Ä 96. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʩʠʣʘ ʠ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ 

ʉ. 190ï191. Ä 102. ʕʣʝʤʝʥʪʘʨʥʘʷ ʢʣʘʩʩʠʯʝʩʢʘʷ ʪʝʦʨʠʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʤʝʪʘʣʣʦʚ 

ʉ. 197ï199. Ä 106. ʀʦʥʠʟʘʮʠʷ ʛʘʟʦʚ. ʅʝʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʛʘʟʦʚʳʡ ʨʘʟʨʷʜ 

ʉ. 199ï202. Ä 107. ʉʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʛʘʟʦʚʳʡ ʨʘʟʨʷʜ ʠ ʝʛʦ ʪʠʧʳ 

ʉ. 181ï182. Ä 97. ʉʪʦʨʦʥʥʠʝ ʩʠʣʳ. ʕʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ ʠ 

ʥʘʧʨʷʞʝʥʠʝ 

ʉ. 183ï184. Ä 98. ɿʘʢʦʥ ʆʤʘ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʜʥʠʢʦʚ 
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ʉ. 186ï187. Ä 100. ɿʘʢʦʥ ʆʤʘ ʜʣʷ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʫʯʘʩʪʢʘ ʮʝʧʠ 

II. ʏʘʩʪʴ II. ʉ. 282ï284. Ä 11. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. ʉʠʣʘ ʪʦʢʘ.  

ʕʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ. ʅʘʧʨʷʞʝʥʠʝ 

 ʉ. 284ï289. Ä 12 (ʯʘʩʪʠʯʥʦ). ʊʦʢ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʚʦʜʥʠʢʘʭ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ. ʈʘʙʦʪʘ ʠ ʤʦʱʥʦʩʪʴ ʪʦʢʘ 

ʉ. 294ï297. Ä 14. ʆʩʥʦʚʳ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʦʨʠʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʝʪʘʣʣʦʚ    

ʉ. 331ï332. Ä 21 (ʯʘʩʪʠʯʥʦ). ʊʦʢ ʚ ʞʠʜʢʦʩʪʷʭ. ʕʣʝʢʪʨʦʣʠʟ. ɿʘʢʦʥ 

ʌʘʨʘʜʝʷ 

ʉ. 336ï339. Ä 22. ʊʦʢ ʚ ʛʘʟʘʭ. ʅʝʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ 

ʛʘʟʦʚʳʝ ʨʘʟʨʷʜʳ 

ʉ. 339ï341. Ä 23. ʊʠʧʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʛʘʟʦʚʦʛʦ ʨʘʟʨʷʜʘ 

 

ʌʦʨʤʫʣʳ 

ʋʢʘʞʠʪʝ, ʦʙʦʟʥʘʯʝʥʠʷ ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʞʜʦʡ ʬʦʨʤʫʣʝ, ʢʘʢʦʚʳ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ. ʋʢʘʞʠʪʝ 

ʬʠʟʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ. 

 

Ȣ   Ὅ
Ў

Ў
ȟ        Ὅὸ         Ȣ   Ὦ         Ȣ   Ὅ ήὲὺʩʨί       Ȣ  Ὅ  

 

Ȣ   Ὑ ”
ǎ
      Ȣ   Ὦ Ὁ      Ȣ   ꜡ ʩʪ     Ȣ   Ὅ

꜡
 

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʂʘʢʦʚʳ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʪʦʢʘ? 

2. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʟʘʢʦʥ ʆʤʘ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ. ʇʦʷʩʥʠʪʝ 
ʩʤʳʩʣ ʬʠʟʠʯʝʩʢʠʭ    ʚʝʣʠʯʠʥ, ʚʭʦʜʷʱʠʭ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ 

ʟʘʢʦʥʘ. 

3. ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʚʦʜʥʠʢ, ʚʳʪʷʥʫʚ, ʫʜʣʠʥʠʣʠ ʚ 2 ʨʘʟʘ. ʂʘʢ 

ʠʟʤʝʥʠʣʦʩʴ ʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ? 

4. ʉʨʘʚʥʠʪʝ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ çʥʘʧʨʷʞʝʥʠʝè ʠ çʕɼʉè. 

  5. ɺ ʩʚʦʝʡ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ çʆʧʨʝʜʝʣʝʥʠʝ ʟʘʢʦʥʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʤʝʪʘʣʣʳ 

ʧʨʦʚʦʜʷʪ ʢʦʥʪʘʢʪʥʦʝ ʵʣʝʢʪʨʠʯʝʩʪʚʦ éè ɻʝʦʨʛ ʆʤʘ ʧʠʩʘʣ: çɺʳʰʝ 

ʧʨʠʚʝʜʸʥʥʳʝ ʜʘʥʥʳʝ ʤʦʞʥʦ ʚʧʦʣʥʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʩʚʝʩʪʠ  ʢ 

ʫʨʘʚʥʝʥʠʶ: 

ὢ
ὥ

ὦ ὼ
ȟ 



 

119 

 

ʛʜʝ X - ʩʠʣʘ ʤʘʛʥʠʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʧʨʦʚʦʜʥʠʢ, ʜʣʠʥʘ ʢʦʪʦʨʦʛʦ  x, ʘ     

a ʠ b ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʩʪʦʷʥʥʳʝ ʚʝʣʠʯʠʥʳ. 

  ʏʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʧʦʥʠʤʘʥʠʠ ʦʙʦʟʥʘʯʘʶʪ ʚʝʣʠʯʠʥʳ X, x,  a, b, 

ʫʢʘʟʘʥʥʳʝ ʚ ʜʘʥʥʦʡ ʬʦʨʤʫʣʝ? 

 

ʊʝʩʪ 

1. ʂʘʢ ʠʟʤʝʥʠʣʘʩʴ ʩʠʣʘ ʪʦʢʘ ʚ ʮʝʧʠ, ʝʩʣʠ ʩʢʦʨʦʩʪʴ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʜʨʝʡʬʘ ʵʣʝʢʪʨʦʥʦʚ ʫʚʝʣʠʯʠʣʘʩʴ ʚ 4 ʨʘʟʘ? 

1. ʋʚʝʣʠʯʠʣʘʩʴ ʚ 2 ʨʘʟʘ. 2. ʋʚʝʣʠʯʠʣʘʩʴ ʚ 4 ʨʘʟʘ. 3. ʋʤʝʥʴʰʠʣʘʩʴ ʚ 4 

ʨʘʟʘ.  4. ʋʤʝʥʴʰʠʣʘʩʴ ʚ 2 ʨʘʟʘ. 5. ʅʝ ʠʟʤʝʥʠʣʘʩʴ. 

 

2. ʆʮʝʥʠʪʝ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ 

ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʧʨʦʚʦʜʥʠʢʝ ʧʨʠ ʟʘʤʳʢʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ. 

1. 10
-3
 ʤ/ʩ.    2. 1 ʤ/ʩ.     3.  10

3
 ʤ/ʩ.   4.   10

5
ʤ/ʩ.     5.   10

8
 ʤ/ʩ. 

 

3. ʄʝʜʥʘʷ ʧʨʦʚʦʣʦʢʘ ʦʙʣʘʜʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ  12 ʆʤ. 

ʂʘʢʠʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʦʙʣʘʜʘʝʪ ʤʝʜʥʘʷ ʧʨʦʚʦʣʦʢʘ, ʫ 

ʢʦʪʦʨʦʡ ʚ 2 ʨʘʟʘ ʙʦʣʴʰʘʷ ʜʣʠʥʘ ʠ ʚ 3 ʨʘʟʘ ʙʦʣʴʰʝ ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ? 

1. 72 ʆʤ.     2. 18 ʆʤ.     3. 8 ʆʤ.     4. 2 ʆʤ.     5. 36 ʆʤ. 

 

4.  ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʩʦʩʪʦʠʪ ʠʟ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ʩ ʚʥʫʪʨʝʥʥʠʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 2 ʆʤ ʠ ʧʨʦʚʦʜʥʠʢʘ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 1 

ʆʤ. ʉʠʣʘ ʪʦʢʘ ʚ ʵʪʦʡ ʮʝʧʠ ʨʘʚʥʘ 3 ɸ. ʏʝʤʫ ʨʘʚʥʘ ʕɼʉ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ? 

1. 9 ɺ.     2. 6 ɺ.     3. 3 ɺ.     4. 1,5 ɺ.     5. 1 ɺ. 

 

5. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʩʦʩʪʦʠʪ ʠʟ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ʩ ʕɼʉ 12 ɺ ʠ 

ʧʨʦʚʦʜʥʠʢʘ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 1 ʆʤ. ʏʝʤʫ ʨʘʚʥʘ ʩʠʣʘ 

ʪʦʢʘ ʚ ʮʝʧʠ, ʝʩʣʠ ʧʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʝʧʠ 2 ʆʤ? 

1. 12 ɸ.     2. 6 ɸ.     3. 4 ɸ.     4. 2 ɸ.     5. 0,25 ɸ. 

 

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ɿʘʜʘʯʘ 11.1 

ʇʫʩʪʴ ʚ ʚʘʰʝʤ ʨʘʩʧʦʨʷʞʝʥʠʠ ʠʤʝʝʪʩʷ ʤʝʜʥʘʷ ʧʨʦʚʦʣʦʢʘ, 

ʩʢʨʫʯʝʥʥʘʷ ʚ ʤʦʪʦʢ, ʚʝʩʳ ʩ ʨʘʟʥʦʚʝʩʘʤʠ, ʠʩʪʦʯʥʠʢ ʪʦʢʘ, ʘʤʧʝʨʤʝʪʨ, 

ʚʦʣʴʪʤʝʪʨ, ʨʝʦʩʪʘʪ, ʢʣʶʯ, ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʧʨʦʚʦʜʘ. ʂʘʢ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʜʣʠʥʫ l ʠ ʜʠʘʤʝʪʨ d ʧʨʦʚʦʣʦʢʠ? 
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ʈʝʰʝʥʠʝ. 

ʀʩʧʦʣʴʟʫʷ ʚʝʩʳ ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʤʘʩʩʫ ʧʨʦʚʦʣʦʢʠ m.  

ɿʘʪʝʤ ʚʢʣʶʯʠʤ ʧʨʦʚʦʣʦʢʫ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ, ʩʭʝʤʘ ʢʦʪʦʨʦʡ 

ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 52 (ʧʨʦʚʦʣʦʢʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʩʭʝʤʝ ʢʘʢ 

ʨʝʟʠʩʪʦʨ R).  ʀʟʤʝʨʠʚ ʩʠʣʫ ʪʦʢʘ ʚ ʮʝʧʠ I ʠ ʥʘʧʨʷʞʝʥʠʝ U ʥʘ ʢʦʥʮʘʭ 

ʧʨʦʚʦʣʦʢʠ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ R ʤʝʜʥʦʡ 

ʧʨʦʚʦʣʦʢʠ: 

                 Ὑ Ȣ 

 ʄʘʩʩʘ ʚʝʱʝʩʪʚʘ ʧʣʦʪʥʦʩʪʴʶ  ” ʙʫʜʝʪ 

ʨʘʚʥʘ 

ά ”ὠȟ                             (110) 

 

ʛʜʝ V ς ʦʙʲʸʤ ʚʝʱʝʩʪʚʘ. 

ʆʙʲʸʤ ʤʝʜʥʦʡ ʧʨʦʚʦʣʦʢʠ ʣʝʛʢʦ 

ʨʘʩʩʯʠʪʘʪʴ ʢʘʢ ʦʙʲʸʤ ʮʠʣʠʥʜʨʘ ʜʣʠʥʦʡ Љ ʠ 

ʠʤʝʶʱʝʛʦ ʧʣʦʱʘʜʴ ʦʩʥʦʚʘʥʠʷ s (ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʧʨʦʚʦʣʦʢʠ): 

ὠ ǎίȢ                                                 (111) 

ʛʜʝ  s - ʧʣʦʱʘʜʴ ʢʨʫʛʘ ʜʠʘʤʝʪʨʦʤ d, ʦʥʘ ʨʘʚʥʘ: 

                              ί Ȣ                                                  (112) 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (110)ς(112) ʠʤʝʝʤ: 

ά
Љ
Ȣ                                                 (113)      

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʣʦʢʠ R, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ 

ʧʨʦʚʦʣʦʢʠ l, ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʨʦʚʦʣʦʢʠ s ʠ ʫʜʝʣʴʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʝʱʝʩʪʚʘ ”, ʠʟ ʢʦʪʦʨʦʛʦ ʠʟʛʦʪʦʚʣʝʥʘ ʧʨʦʚʦʣʦʢʘ: 

                                              Ὑ
Љ
ȟ 

ʉ ʫʯʸʪʦʤ (112) 

                    Ὑ
Љ
Ȣ                                                       (114) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥʳ ʤʝʜʥʦʡ ʧʨʦʚʦʣʦʢʠ Љ ʠ ʝʸ 

ʜʠʘʤʝʪʨʘ d  ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (113) ʠ (114): 

 

ά
“”ЉὨ

τ

Ὑ
τ”Љ

“Ὠ
Ȣ

 

            ʈʠʩ. 52 
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ɿʘʜʘʯʘ 11.2 

ʕʢʩʧʝʨʠʤʝʥʪʘʪʦʨ ʭʦʯʝʪ ʧʨʠʛʦʪʦʚʠʪʴ ʩʣʦʡ ʘʣʶʤʠʥʠʷ ʪʦʣʱʠʥʦʡ       

d = 500 ʥʤ, ʥʘʧʳʣʷʷ ʝʛʦ ʚ ʚʘʢʫʫʤʝ ʥʘ ʯʠʩʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʝʢʣʷʥʥʦʡ 

ʧʣʘʩʪʠʥʢʠ. ʉʥʘʯʘʣʘ ʦʥ ʥʘʥʦʩʠʪ ʜʚʘ ʜʦʚʦʣʴʥʦ ʪʦʣʩʪʳʭ ʩʣʦʷ ʘʣʶʤʠʥʠʷ, 

ʦʩʪʘʚʣʷʷ ʚ ʮʝʥʪʨʝ ʧʣʘʩʪʠʥʢʠ ʧʦʣʦʩʢʫ ʯʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʢʨʳʪʫʶ 

ʟʘʱʠʪʥʦʡ ʤʘʩʢʦʡ. ʇʦʪʦʤ, ʠʩʧʦʣʴʟʫʷ ʜʨʫʛʫʶ ʤʘʩʢʫ, ʥʘʧʳʣʷʝʪ ʥʘ ʩʪʝʢʣʦ 

ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʣʦʩʢʫ ʘʣʶʤʠʥʠʷ ʪʦʡ ʞʝ ʰʠʨʠʥʳ, ʯʪʦ ʠ 

ʯʠʩʪʘʷ ʧʦʣʦʩʢʘ. ʇʨʠ ʵʪʦʤ ʪʦʣʩʪʳʝ ʩʣʦʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʚʳʚʦʜʳ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʧʳʣʷʝʤʦʛʦ ʩʣʦʷ. ʇʨʠ ʢʘʢʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ 

ʩʣʦʷ ʥʘʧʳʣʝʥʠʝ ʩʣʝʜʫʝʪ ʧʨʝʢʨʘʪʠʪʴ, ʝʩʣʠ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʘʣʶʤʠʥʠʷ ɟ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʚʥʦ 2,83Ā10
-8 
ʆʤĀʤ?  

ʈʝʰʝʥʠʝ. 

ʇʫʩʪʴ ʰʠʨʠʥʘ ʯʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʢʨʳʪʦʡ 

ʟʘʱʠʪʥʦʡ ʤʘʩʢʦʡ, ʨʘʚʥʘ a (ʨʠʩ. 53). ʊʦʛʜʘ ʚ 

ʧʨʦʮʝʩʩʝ ʥʘʧʳʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨ ʧʦʣʫʯʘʝʪ 

ʘʣʶʤʠʥʠʝʚʳʡ ʧʨʦʚʦʜʥʠʢ ʜʣʠʥʦʡ ǎ ʠ ʧʣʦʱʘʜʴʶ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ s:  

                                ǎ = a;                      (115) 

                               s = d a.                     (116) 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʜʥʠʢʘ R 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʚʝʱʝʩʪʚʘ ʧʨʦʚʦʜʥʠʢʘ ʠ ʝʛʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ: 

                                 R = ɟ
s

?
.                                           (117) 

ʀʩʧʦʣʴʟʫʷ ʩʦʦʪʥʦʰʝʥʠʷ (75)ï(77), ʧʦʣʫʯʠʤ  

R = ;
d

r
 

R = 
9

8

10500

1083,2
-

-

Ö

Ö
= 0,0566 (ʆʤ) 

ʆʪʚʝʪ: R = 56,6 ʤʆʤ. 

 

ɿʘʜʘʯʘ 11.3 

ɺʦʣʴʪʤʝʪʨ ʧʦʜʢʣʶʯʸʥ ʢ ʧʦʣʶʩʘʤ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ. ʂʘʢʦʝ ʟʥʘʯʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʧʦʢʘʞʝʪ ʚʦʣʴʪʤʝʪʨ? 

ʈʝʰʝʥʠʝ: 

ɿʘʧʠʰʝʤ ʬʦʨʤʫʣʫ  ʟʘʢʦʥʘ ʆʤʘ ʜʣʷ ʧʦʣʥʦʡ ʮʝʧʠ.  

Ὅ
꜡

Ὑ ὶ
ȟ 

ʈʠʩ. 53 
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ʛʜʝ Ὅ ï ʩʠʣʘ ʪʦʢʘ  ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ; 

       ꜡ ς ʵʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ ʠʩʪʦʯʥʠʢʘ; 

      ὶï ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʩʪʦʯʥʠʢʘ; 

      Ὑ ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʥʝʰʥʝʡ ʮʝʧʠ, ʨʘʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʶ 

ʚʦʣʴʪʤʝʪʨʘ. 

ʆʪʩʶʜʘ                               ꜡ ὍὙὍὶȢ 
ʂʘʢ ʧʨʘʚʠʣʦ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʣʴʪʤʝʪʨʘ ʚʦ ʤʥʦʛʦ ʨʘʟ ʙʦʣʴʰʝ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ (ʥʘʧʨʠʤʝʨ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʚʦʣʴʪʤʝʪʨʘ  700 ʆʤ, ʘ ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʤʝʥʝʝ 1 ʆʤ). 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ  

ὍὙḻὍὶ 
ʠ 

                          ꜡ ὍὙȢ                                              (118) 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʆʤʘ ʜʣʷ ʫʯʘʩʪʢʘ ʮʝʧʠ  

Ὅ
Ὗ

Ὑ
ȟ 

ʛʜʝ Ὗ - ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʫʯʘʩʪʢʝ ʮʝʧʠ. 

ʀʤʝʥʥʦ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʦʢʘʟʳʚʘʝʪ ʚʦʣʴʪʤʝʪʨ. ɺʳʨʘʟʠʤ 

ʝʛʦ ʠʟ ʟʘʢʦʥʘ ʆʤʘ ʜʣʷ ʫʯʘʩʪʢʘ ʮʝʧʠ: 

  Ὗ ὍὙȢ                                               (119) 

ʉʨʘʚʥʠʚʘʷ ʩʦʦʪʥʦʰʝʥʠʷ (118) ʠ (119), ʠʤʝʝʤ: 

꜡ ὟȢ 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʣʴʪʤʝʪʨ, ʧʦʜʢʣʶʯʸʥʥʳʡ ʢ ʧʦʣʶʩʘʤ ʠʩʪʦʯʥʠʢʘ 

ʪʦʢʘ, ʧʦʢʘʟʳʚʘʝʪ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦʝ ʕɼʉ 

ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ. 

 

 

ʃʝʢʮʠʷ 12 

 

ʇʈɸɺʀʃɸ ʂʀʈʍɻʆʌɸ. ʄʆʑʅʆʉʊʔ ʀ ʈɸɹʆʊɸ ʊʆʂɸ 

 

ʂ ʜʘʥʥʦʡ ʣʝʢʮʠʠ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ 

- ʫʤʝʪʴ ʧʨʦʠʟʚʦʜʠʪʴ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʝʰʘʪʴ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ, 

- ʟʥʘʪʴ ʟʘʢʦʥ ʆʤʘ  ʜʣʷ ʫʯʘʩʪʢʘ ʮʝʧʠ, ʧʦʥʷʪʠʝ ʕɼʉ, ʟʘʢʦʥ ʆʤʘ ʜʣʷ 

ʧʦʣʥʦʡ ʮʝʧʠ,  

- ʟʥʘʪʴ ʧʦʥʷʪʠʷ ʨʘʙʦʪʳ ʠ ʤʦʱʥʦʩʪʠ. 
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ʇʣʘʥ ʣʝʢʮʠʠ 

1. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʠ ʧʘʨʘʣʣʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʨʦʚʦʜʥʠʢʦʚ. 

2. ʇʨʘʚʠʣʘ ʂʠʨʭʛʦʬʘ. 

3. ɿʘʢʦʥ ɼʞʦʫʣʷ  ʠ ʃʝʥʮʘ. ʄʦʱʥʦʩʪʴ ʪʦʢʘ. 

4. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

I. ʉ.  187ï189. Ä 101. ʇʨʘʚʠʣʘ ʂʠʨʭʛʦʬʘ ʜʣʷ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʮʝʧʝʡ 

ʉ.  184ï186. Ä 99. ʈʘʙʦʪʘ ʠ ʤʦʱʥʦʩʪʴ ʪʦʢʘ. ɿʘʢʦʥ ɼʞʦʫʣʷ ï ʃʝʥʮʘ 

II. ʏʘʩʪʴ II.  ʉ. 289ï293. Ä 13. ʈʘʟʚʝʪʚʣʸʥʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ. 

ʇʨʘʚʠʣʘ ʂʠʨʭʛʦʬʘ 

ʉ. 289ï293. Ä 12 (ʯʘʩʪʠʯʥʦ). ʊʦʢ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʚʦʜʥʠʢʘʭ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ. ʈʘʙʦʪʘ ʠ ʤʦʱʥʦʩʪʴ ʪʦʢʘ 

 

ʌʦʨʤʫʣʳ 

ʋʢʘʞʠʪʝ, ʦʙʦʟʥʘʯʝʥʠʷ ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʞʜʦʡ ʬʦʨʤʫʣʝ, ʢʘʢʦʚʳ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ. ʋʢʘʞʠʪʝ 

ʬʠʟʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ. 

 

Ȣ   Ὑ̐ ̏̒̌Ὑ Ὑ Ễ            Ȣ   
̐́̑́̌

Ễ 

 

Ȣ   В Ὅ π,        В ꜡ В ὍὙ 

 

Ȣ   ὃ ὟὍὸ              Ȣ   ὗ ὍὙὸ                  Ȣ   ὖ ὟὍ 
 

 

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʂʘʢʦʚʳ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʠ 

ʧʘʨʘʣʣʝʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʧʨʦʚʦʜʥʠʢʦʚ. ʂʘʢʠʤʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ 

ʬʠʟʠʯʝʩʢʠʤʠ ʟʘʢʦʥʘʤʠ ʦʥʠ ʦʙʫʩʣʦʚʣʝʥʳ? 

2. ʏʪʦ ʥʘʟʳʚʘʶʪ ʫʟʣʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ? ʢʦʥʪʫʨʦʤ? 

3. ɹʣʘʛʦʜʘʨʷ ʢʘʢʠʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʟʘʢʦʥʘʤ 

ʚʳʧʦʣʥʷʶʪʩʷ ʧʨʘʚʠʣʘ ʂʠʨʭʛʦʬʘ? 

4. ʏʪʦ ʪʘʢʦʝ ʨʝʦʭʦʨʜʥʳʡ ʤʦʩʪʠʢ ʋʠʪʩʪʦʥʘ? ʂʘʢ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʝʟʠʩʪʦʨʘ? 



 

124 

 

5. ʇʦʯʝʤʫ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʠʣʳ ʪʦʢʘ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʤʝʪʘʣʣʠʯʝʩʢʠʡ 

ʧʨʦʚʦʜʥʠʢ, ʚ 5 ʨʘʟ, ʤʦʱʥʦʩʪʴ, ʚʳʜʝʣʷʶʱʘʷʩʷ ʚ ʧʨʦʚʦʜʥʠʢʝ, ʫʚʝʣʠʯʠʪʩʷ 

ʙʦʣʝʝ ʯʝʤ ʚ 25 ʨʘʟ? 

 

ʊʝʩʪ 

1. ɼʚʘ ʨʝʟʠʩʪʦʨʘ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ R1 = 5 ʆʤ; R2 = 10 ʆʤ ʩʦʝʜʠʥʝʥʳ 

ʧʘʨʘʣʣʝʣʴʥʦ. ʏʝʤʫ  ʨʘʚʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʣ ʪʦʢʦʚ I1/I2, ʧʨʦʪʝʢʘʶʱʠʭ 

ʯʝʨʝʟ ʵʪʠ ʨʝʟʠʩʪʦʨʳ? 

1. 1.        2. 1/2.       3. 2.        4. 1/4.           5. 4. 

 

2. ʂʘʢʦʝ ʚʳʨʘʞʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʢʦʥʫ ʆʤʘ 

ʜʣʷ ʮʝʧʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 54?           

1. I = Ů/(2R + r/3).   2. I = Ů/(R/2 + r/3).     

3. I = 3Ů/(2R + 3r).  4. I = 3Ů/(R/2 + 3r).      

5. I = 1,5Ů/(R/2 + r/3). 

 

3. ɼʚʘ ʨʝʟʠʩʪʦʨʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ R1 = 10 ʆʤ ʠ  

R2 = 20 ʆʤ ʩʦʝʜʠʥʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ʏʝʤʫ  

ʨʘʚʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʱʥʦʩʪʠ P1/P2, 

ʚʳʜʝʣʷʶʱʝʡʩʷ ʥʘ ʵʪʠʭ ʨʝʟʠʩʪʦʨʘʭ? 

1. 1.        2. 1/2.       3. 2.        4. 1/4.           5. 4. 

 

4. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʮʝʧʠ ʚ 3 ʨʘʟʘ ʤʦʱʥʦʩʪʴ ʪʦʢʘ 

ʫʤʝʥʴʰʠʣʘʩʴ ʚ 9 ʨʘʟ. ʂʘʢ ʠʟʤʝʥʠʣʘʩʴ ʧʨʠ ʵʪʦʤ ʩʠʣʘ ʪʦʢʘ ʚ ʮʝʧʠ? 

1. ʋʚʝʣʠʯʠʣʘʩʴ ʚ 3 ʨʘʟʘ.  2. ʋʚʝʣʠʯʠʣʘʩʴ ʚ 9 ʨʘʟ.   3.  ʆʩʪʘʣʘʩʴ 

ʥʝʠʟʤʝʥʥʦʡ.  4. ʋʤʝʥʴʰʠʣʘʩʴ ʚ 3 ʨʘʟʘ. 5. ʋʤʝʥʴʰʠʣʘʩʴ ʚ 9 ʨʘʟ. 

 5. ɼʚʝ ʣʘʤʧʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ 220 ɺ ʠ ʠʤʝʶʱʠʝ ʥʦʤʠʥʘʣʴʥʳʝ 

ʤʦʱʥʦʩʪʠ P1 = 100 ɺʪ;  P2 =25 ɺʪ, ʚʢʣʶʯʝʥʳ ʚ ʩʝʪʴ U = 220 ɺ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ʂʘʢʘʷ ʠʟ ʣʘʤʧ ʙʫʜʝʪ ʛʦʨʝʪʴ ʷʨʯʝ? 

1. ʇʝʨʚʘʷ. 2. ɺʪʦʨʘʷ. 3. ʃʘʤʧʳ ʙʫʜʫʪ ʛʦʨʝʪʴ ʦʜʠʥʘʢʦʚʦ ʷʨʢʦ.  4. ʃʘʤʧʳ 

ʛʦʨʝʪʴ ʥʝ ʙʫʜʫʪ.  5. ʆʪʚʝʪ ʥʝʦʜʥʦʟʥʘʯʝʥ.  

 

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ɿʘʜʘʯʘ 12.1 

ɺʩʸ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ ʘʚʪʦʤʦʙʠʣʷ (ʩʠʛʥʘʣʠʟʘʮʠʷ, ʦʩʚʝʱʝʥʠʝ, 

ʩʪʝʢʣʦʦʯʠʩʪʠʪʝʣʴ, ʩʪʘʨʪʝʨ) ʦʙʩʣʫʞʠʚʘʝʪʩʷ  ʜʚʫʤʷ ʠʩʪʦʯʥʠʢʘʤʠ: ʥʘ 

ʦʩʪʘʥʦʚʢʘʭ ʠ ʧʨʠ ʤʘʣʳʭ ʦʙʦʨʦʪʘʭ ʜʚʠʛʘʪʝʣʷ ʙʘʪʘʨʝʝʡ ʘʢʢʫʤʫʣʷʪʦʨʘ,     

ʈʠʩ. 54 
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ʘ ʧʨʠ ʙʦʣʴʰʠʭ ʦʙʦʨʦʪʘʭ ʜʚʠʛʘʪʝʣʷ ʛʝʥʝʨʘʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʚʤʝʩʪʝ ʩ ʪʝʤ 

ʯʘʩʪʠʯʥʦ ʧʦʜʟʘʨʷʞʘʝʪ ʘʢʢʫʤʫʣʷʪʦʨ. ʅʘ ʨʠʩ.55ï56 ʠʟʦʙʨʘʞʝʥʘ 

ʫʧʨʦʱʸʥʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʘʚʪʦʤʦʙʠʣʷ ʩ ʫʢʘʟʘʥʠʝʤ 

ʧʘʨʘʤʝʪʨʦʚ ʮʝʧʠ (ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʕɼʉ 

ʘʢʢʫʤʫʣʷʪʦʨʘ ʠ ʛʝʥʝʨʘʪʦʨʘ, ʠʭ ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ). ʂʘʢʫʶ ʩʠʣʫ 

ʪʦʢʘ ʙʫʜʝʪ ʧʦʢʘʟʳʚʘʪʴ ʘʤʧʝʨʤʝʪʨ ʧʨʠ ʨʘʟʦʤʢʥʫʪʦʤ ʠ ʟʘʤʢʥʫʪʦʤ 

ʧʦʣʦʞʝʥʠʷʭ ʢʣʶʯʘ ʂ? 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʝʰʝʥʠʝ.    

ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʚʳʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʢʣʶʯ ʨʘʟʦʤʢʥʫʪ (ʨʠʩ. 55). ʇʨʠ 

ʵʪʦʤ ʛʝʥʝʨʘʪʦʨ ʦʪʢʣʶʯʝʥ, ʠʩʪʦʯʥʠʢ ʪʦʢʘ ï ʘʢʢʫʤʫʣʷʪʦʨ. ʉʠʣʘ ʪʦʢʘ I0, 

ʢʦʪʦʨʫʶ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʢʘʟʳʚʘʝʪ ʘʤʧʝʨʤʝʪʨ,  ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʟʘʢʦʥʫ ʆʤʘ ʜʣʷ ʧʦʣʥʦʡ ʮʝʧʠ.  

                  Ὅ
꜡
Ȣ   

 

   Ὅ
ȟ ȟ

ςȟωˍȢ 

 

 ʈʘʩʩʤʦʪʨʠʤ ʚʪʦʨʦʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʢʣʶʯ ʟʘʤʢʥʫʪ (ʨʠʩ. 56). ʇʨʠ ʵʪʦʤ 

ʠʜʝʪ ʟʘʨʷʜʢʘ ʘʢʢʫʤʫʣʷʪʦʨʘ ʪʦʢʦʤ I1. ʏʝʨʝʟ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ  R ʧʨʦʭʦʜʠʪ ʪʦʢ I2, ʘ ʪʦʢ, ʠʜʫʱʠʡ ʦʪ ʛʝʥʝʨʘʪʦʨʘ, 

ʩʦʩʪʘʚʣʷʝʪ I. 

 ʇʦ ʧʝʨʚʦʤʫ ʧʨʘʚʠʣʫ ʂʠʨʭʛʦʬʘ ʜʣʷ ʫʟʣʘ ʉ (ʨʠʩ. 56): 

                                      I =  I1 +  I2.                                       (120) 

                ʈʠʩ. 55                                                                  ʈʠʩ. 56 

ʉ 
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ʇʨʠʤʝʥʠʤ ʚʪʦʨʦʝ ʧʨʘʚʠʣʦ ʂʠʨʭʛʦʬʘ ʜʣʷ ʥʠʞʥʝʛʦ ʢʦʥʪʫʨʘ         

(ʨʠʩ. 56),  ʚʢʣʶʯʘʶʱʝʛʦ ʛʝʥʝʨʘʪʦʨ ʠ ʘʢʢʫʤʫʣʷʪʦʨ. ʇʨʠ ʦʙʭʦʜʝ ʢʦʥʪʫʨʘ 

ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʠʤʝʝʤ: 

                                ꜡ ꜡ ὍὶὍὶȢ                                            (121) 

ɼʣʷ ʚʝʨʭʥʝʛʦ ʢʦʥʪʫʨʘ ʧʦ   ʚʪʦʨʦʤʫ ʧʨʘʚʠʣʫ ʂʠʨʭʛʦʬʘ: 

                             ꜡ Ὅὶ ὍὙȢ                                                 (122) 

ʈʝʰʘʷ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ  (120)ï(122), ʧʦʣʫʯʠʤ 

I1 = 0,95 ɸ. 

ʆʪʚʝʪ: I0 = 2,9 ɸ, I1 = 0,95 ɸ. 

 

ɿʘʜʘʯʘ 12.2 

ʂʘʢʫʶ ʥʘʠʙʦʣʴʰʫʶ ʤʦʱʥʦʩʪʴ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʩ 

ʕɼʉ Ů = 100 ɺ ʠ ʚʥʫʪʨʝʥʥʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ r = 200 ʆʤ?  

ʈʝʰʝʥʠʝ. 

ʇʫʩʪʴ ʢ ʚʳʭʦʜʫ ʛʝʥʝʨʘʪʦʨʘ ʧʦʜʢʣʶʯʝʥ ʧʦʪʨʝʙʠʪʝʣʴ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ R. ʊʦʛʜʘ ʤʦʱʥʦʩʪʴ ʈ, ʚʳʜʝʣʷʶʱʘʷʩʷ ʥʘ ʥʘʛʨʫʟʢʝ, 

ʨʘʚʥʘ 

P = I
2
R,                                             (123)   

ʛʜʝ  I ï ʩʠʣʘ ʪʦʢʘ ʚ ʮʝʧʠ.  

ʉʠʣʫ ʪʦʢʘ ʦʧʨʝʜʝʣʠʤ ʠʟ ʟʘʢʦʥʘ ʆʤʘ ʜʣʷ ʧʦʣʥʦʡ ʮʝʧʠ: 

       Ὅ
꜡
Ȣ                                               (124)       

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (123) ʠ (124) ʠʤʝʝʤ 

   ὖ ꜡ Ȣ                                      (125)           

ʀʟ ʧʦʩʣʝʜʥʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ (125) ʚʠʜʥʦ, ʯʪʦ ʚʳʜʝʣʷʶʱʘʷʩʷ 

ʤʦʱʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʛʨʫʟʢʠ. ʇʨʠ ʤʘʣʦʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʥʘʛʨʫʟʢʠ (R Ÿ 0) ʤʦʱʥʦʩʪʴ ʤʘʣʘ (ʈ Ÿ 0). ʇʨʠ ʙʦʣʴʰʦʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʥʘʛʨʫʟʢʠ (R Ÿ Ð) ʤʦʱʥʦʩʪʴ ʪʘʢʞʝ ʤʘʣʘ (P Ÿ 0). ʂʘʢʠʤ 

ʞʝ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʠʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʛʨʫʟʢʠ R, ʧʨʠ ʢʦʪʦʨʦʤ 

ʚʳʜʝʣʷʶʱʘʷʩʷ ʤʦʱʥʦʩʪʴ P  ʤʘʢʩʠʤʘʣʴʥʘ? 

 ɼʣʷ ʦʪʚʝʪʘ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʠʩʩʣʝʜʫʝʤ ʬʫʥʢʮʠʶ P(R) ʠ ʦʧʨʝʜʝʣʠʤ 

ʤʘʢʩʠʤʫʤ ʬʫʥʢʮʠʠ.  

 Pǋ(R) = 0; 

ϊŮ
2
( )2rR

R

+ ϋ
ǋ 
= 0. 

 ʃʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ ʤʘʢʩʠʤʫʤ ʠʩʩʣʝʜʫʝʤʦʡ ʬʫʥʢʮʠʠ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʨʠ R = r. 
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ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʳʜʝʣʷʶʱʘʷʩʷ ʤʦʱʥʦʩʪʴ ʧʨʠ ʵʪʦʤ ʨʘʚʥʘ  

ὖ ꜡ Ƞ              

ὖ
꜡
Ƞ                             

ὖ
Ͻ

ρςυˏ Ȣ̓                          

ʆʪʚʝʪ: ὖ ρςυ ˏ Ȣ̓  
 

ɿʘʜʘʯʘ 12.3 

 ʂʦʥʜʝʥʩʘʪʦʨ ʸʤʢʦʩʪʴʶ ʉ = 100 ʤʢʌ ʟʘʨʷʜʠʣʠ ʜʦ ʥʘʧʨʷʞʝʥʠʷ         

U0  = 12 ɺ ʠ ʧʦʜʢʣʶʯʠʣʠ ʢ ʨʝʟʠʩʪʦʨʫ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ R = 50 ʢʆʤ. 

ʅʘʯʝʨʪʠʪʝ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣʳ ʪʦʢʘ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʟʨʷʜʢʝ 

ʢʦʥʜʝʥʩʘʪʦʨʘ.  

ʈʝʰʝʥʠʝ. 

ɺ ʮʝʧʠ, ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʠʟʦʙʨʘʞʝʥʘ ʥʘ  ʨʠʩ. 57, ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, 

ʚʳʜʝʣʷʶʱʝʝʩʷ ʥʘ ʥʘʛʨʫʟʢʝ (ʨʝʟʠʩʪʦʨʝ) ʧʨʠ ʨʘʟʨʷʜʢʝ ʢʦʥʜʝʥʩʘʪʦʨʘ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʙʳʣʴʶ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʇʫʩʪʴ ʚ ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʩʠʣʘ ʪʦʢʘ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ ʨʘʚʥʘ i.  

ʊʦʛʜʘ  ʢʦʣʠʯʝʩʪʚʦ  ʪʝʧʣʦʪʳ  dQ,  

ʚʳʜʝʣʷʶʱʝʝʩʷ  ʥʘ  ʨʝʟʠʩʪʦʨʝ  ʟʘ  ʤʘʣʳʡ  

ʠʥʪʝʨʚʘʣ  ʚʨʝʤʝʥʠ dt, ʨʘʚʥʦ 

dQ =  i
2
Rdt .                               (126)               

ʕʥʝʨʛʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʢʦʥʜʝʥʩʘʪʦʨʘ 

W ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ  

                     W = 
C

q

2

2

, 

ʛʜʝ q  ï ʟʘʨʷʜ ʢʦʥʜʝʥʩʘʪʦʨʘ.  

          dW = 
C

qdq

2

2
; 

 dW = dq
C

q
.                                     (127)         

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ 

        dW + dQ = 0. 

ʉ ʫʯʝʪʦʤ ʩʦʦʪʥʦʰʝʥʠʡ (126) ʠ (127) ʠʤʝʝʤ 

+dq
C

q
 i

2
Rdt = 0; 

  +Ö
dt

dq

C

q
 i

2
R = 0.                                    (128)                  

ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʠʣʳ ʪʦʢʘ  
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i = 
dt

dq
.                                             (129)                   

ʊʦʛʜʘ ʩ ʫʯʝʪʦʤ (129) ʚʳʨʘʞʝʥʠʝ (128) ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ: 

;02 =+ii
C

q
 

;0=+iR
C

q
 

iR = ;
C

q
-  

;
C

q
R

dt

dq
-=Ö  

dt
RCq

dq 1
-= . 

ʇʨʦʠʥʪʝʛʨʠʨʦʚʘʚ ʧʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ, ʠʤʝʝʤ 

ǎn q(t) = +- t
RC

1
const, 

ʛʜʝ const ï ʢʦʥʩʪʘʥʪʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʫʶ ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ 

ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. 

ʇʨʠ t = 0   

q(0) = q0, 

ʛʜʝ q0 ï ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʟʘʨʷʜ ʢʦʥʜʝʥʩʘʪʦʨʘ. 

ʊʦʛʜʘ  

const = ǎnq0 

ʠ  

ǎnq(t)  = +- t
RC

1
 ǎnq0. 

ǎn t
RCq

tq 1)(

0

-= . 

ʆʪʩʶʜʘ  

  q(t) = 0q
RC

t

e
-

.                                   (130)                       

ʇʝʨʚʦʥʘʯʘʣʴʥʳʡ ʟʘʨʷʜ ʢʦʥʜʝʥʩʘʪʦʨʘ ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ: 

                                                C = 
0

0

U

q
. 

ʊʦʛʜʘ 

                                               q0 = CU0. 

ʇʦʜʩʪʘʚʠʚ ʧʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ ʚ ʩʦʦʪʥʦʰʝʥʠʝ (130), ʠʤʝʝʤ 
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                   q(t) = CU0
RC

t

e
-

. 

 ʀʩʧʦʣʴʟʫʷ ʩʦʦʪʥʦʰʝʥʠʝ (129), 

ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ ʜʣʷ 

ʚʝʣʠʯʠʥʳ ʩʠʣʳ ʪʦʢʘ ʩʣʝʜʫʶʱʝʝ 

ʚʳʨʘʞʝʥʠʝ: 

              i(t) = 
R

U 0 ;RC

t

e
-

 

                 i(t) = 504104,2

t

e
-

-Ö  (A).  

ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣʳ ʪʦʢʘ 

ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʟʨʷʜʢʝ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩ. 58                                          

 

  

 

  

ʊʝʤʘ 5 (ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ) 

 

ʇʆʃʋʇʈʆɺʆɼʅʀʂʀ 

 

ʇʣʘʥ ʠʟʫʯʝʥʠʷ ʪʝʤʳ 

1. ʆʩʦʙʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. 

2. ʕʣʝʤʝʥʪʳ ʟʦʥʥʦʡ ʪʝʦʨʠʠ.   

3. ʈʦʣʴ ʧʨʠʤʝʩʠ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ.  

 

ʇʦʤʠʤʦ ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʠʟʦʣʷʪʦʨʦʚ ʩʫʱʝʩʪʚʫʝʪ ʦʙʰʠʨʥʘʷ ʛʨʫʧʧʘ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʘʟʳʚʘʝʤʘʷ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ. ʇʦʣʫʧʨʦʚʦʜʥʠʢʠ ʠʤʝʶʪ ʮʝʣʳʡ ʨʷʜ ʩʚʦʡʩʪʚ, 

ʢʦʪʦʨʳʝ ʠʭ ʦʪʣʠʯʘʶʪ ʦʪ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ: 

- ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ, 

- ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ 

ʩʚʝʪʘ, 

- ʚʦʟʤʦʞʝʥ ʦʩʦʙʳʡ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ, 

- ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ 

ʧʨʠʤʝʩʝʡ ʚ ʥʠʭ. 

ʈʠʩ. 58 
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ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʘʣʣʦʚ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʫʤʝʥʴʰʘʝʪʩʷ. ʕʪʦ ʩʚʦʡʩʪʚʦ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʧʨʠʙʦʨʝ ʪʝʨʤʦʨʝʟʠʩʪʦʨʝ 

(ʪʝʨʤʠʩʪʦʨʝ). 

ɺʢʣʶʯʠʤ ʪʝʨʤʠʩʪʦʨ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ, ʩʦʜʝʨʞʘʱʫʶ ʠʩʪʦʯʥʠʢ 

ʪʦʢʘ ʠ ʘʤʧʝʨʤʝʪʨ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʠʣʘ ʪʦʢʘ ʚ ʮʝʧʠ 

ʥʝʚʝʣʠʢʘ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʞʝ ʪʝʨʤʠʩʪʦʨʘ ʩʠʣʘ ʪʦʢʘ ʚ ʮʝʧʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʪʝʨʤʠʩʪʦʨʘ ʫʤʝʥʴʰʘʝʪʩʷ. ʊʝʨʤʠʩʪʦʨʳ ʧʨʠʤʝʥʷʶʪ ʚ ʫʩʪʨʦʡʩʪʚʘʭ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʪʝʤʧʝʨʘʪʫʨʳ: ʙʳʪʦʚʘʷ ʵʣʝʢʪʨʦʥʠʢʘ 

(ʭʦʣʦʜʠʣʴʥʠʢʠ ʠ ʤʦʨʦʟʠʣʴʥʠʢʠ, ʧʦʩʫʜʦʤʦʝʯʥʳʝ ʤʘʰʠʥʳ), 

ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʵʣʝʢʪʨʦʥʠʢʘ (ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʠʣʠ ʤʘʩʣʘ, 

ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʘʣʦʥʝ ʘʚʪʦʤʦʙʠʣʷ), ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ 

(ʠʟʤʝʨʝʥʠʝ ʠ ʢʦʤʧʝʥʩʘʮʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʘʭ) ʠ ʪʘʢ 

ʜʘʣʝʝ. ʀʩʧʦʣʴʟʫʶʪ ʪʝʨʤʠʩʪʦʨʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

(ʚʦʟʤʦʞʥʳʡ ʠʥʪʝʨʚʘʣ ʠʟʤʝʨʷʝʤʳʭ ʪʝʤʧʝʨʘʪʫʨ ʦʪ -260 0ʉ ʜʦ 1100 
0
ʉ) ʠ 

ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ.  

ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʦʪ ʝʛʦ ʦʩʚʝʱʸʥʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʧʨʠʙʦʨʝ ʬʦʪʦʨʝʟʠʩʪʦʨʝ. ʉʦʙʝʨʸʤ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ, 

ʧʦʜʢʣʶʯʠʚ ʢ ʠʩʪʦʯʥʠʢʫ ʪʦʢʘ ʘʤʧʝʨʤʝʪʨ ʠ ʬʦʪʦʨʝʟʠʩʪʦʨ. ʂʦʛʜʘ 

ʬʦʪʦʨʝʟʠʩʪʦʨ ʥʝ ʦʩʚʝʱʸʥ, ʪʦʢʘ ʚ ʮʝʧʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ. ʅʦ, ʝʩʣʠ 

ʥʘʧʨʘʚʠʪʴ ʥʘ ʬʦʪʦʨʝʟʠʩʪʦʨ ʩʚʝʪ ʦʪ ʣʘʤʧʳ, ʚʦʟʥʠʢʘʝʪ ʟʘʤʝʪʥʳʡ ʧʦ 

ʚʝʣʠʯʠʥʝ ʪʦʢ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʝʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʬʦʪʦʨʝʟʠʩʪʦʨʳ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 

ʨʘʟʣʠʯʥʳʤ ʜʠʘʧʘʟʦʥʘʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʠʥʬʨʘʢʨʘʩʥʦʤʫ, 

ʚʠʜʠʤʦʤʫ, ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤʫ). ʌʦʪʦʨʝʟʠʩʪʦʨʳ ʥʘʭʦʜʷʪ ʩʘʤʦʝ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʦʡ ʘʚʪʦʤʘʪʠʢʝ: ʜʘʪʯʠʢʠ ʧʝʨʝʩʝʯʝʥʠʷ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʣʫʯʘ ʜʣʷ ʦʭʨʘʥʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ ʜʣʷ ʟʘʱʠʪʳ 

ʧʝʨʩʦʥʘʣʘ ʦʪ ʚʭʦʜʘ ʚ ʦʧʘʩʥʳʝ ʟʦʥʳ, ʜʘʪʯʠʢʠ ʢʦʥʪʨʦʣʷ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʳ 

ʠ ʢʦʥʪʨʦʣʴ ʟʘ ʟʘʧʳʣʸʥʥʦʩʪʴʶ ʥʘ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ, ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʬʦʪʦʧʨʠʙʦʨʦʚ, ʚʝʜʫʱʠʭ ʩʯʸʪ ʜʝʪʘʣʝʡ, ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʧʦ ʢʦʥʚʝʡʝʨʫ, 

ʠʣʠ ʠʟʤʝʨʷʶʱʠʭ ʚʣʘʞʥʦʩʪʴ ʧʦ ʦʪʨʘʞʸʥʥʦʤʫ ʩʚʝʪʫ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʟʜʝʣʠʷ.  

ʇʨʦʚʦʜʠʤʦʩʪʴ ʤʝʪʘʣʣʦʚ ʙʳʣʘ ʨʘʥʝʝ ʦʙʲʷʩʥʝʥʘ ʥʘʤʠ ʚ ʨʘʤʢʘʭ 

ʤʦʜʝʣʠ ʛʘʟʘ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʟʘʧʦʣʥʷʶʱʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʨʝʰʸʪʢʫ. ʅʦ ʧʦ ʢʘʢʦʡ ʧʨʠʯʠʥʝ ʦʜʥʠ ʚʝʱʝʩʪʚʘ ʷʚʣʷʶʪʩʷ ʧʨʦʚʦʜʥʠʢʘʤʠ, 

ʘ ʜʨʫʛʠʝ ʠʟʦʣʷʪʦʨʘʤʠ ʠʣʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ? ʇʨʠ ʧʦʠʩʢʝ ʦʪʚʝʪʘ ʥʘ 
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ʵʪʦʪ ʚʦʧʨʦʩ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʪʦʤʦʚ ʤʝʞʜʫ 

ʩʦʙʦʡ ʠ ʩ ʵʣʝʢʪʨʦʥʘʤʠ.  

ɸʪʦʤʳ, ʢʘʢ ʚʘʤ ʠʟʚʝʩʪʥʦ, ʷʚʣʷʶʪʩʷ ʢʚʘʥʪʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʉʪʨʦʛʦʝ ʥʘʫʯʥʦʝ ʦʧʠʩʘʥʠʝ ʩʚʦʡʩʪʚ ʘʪʦʤʦʚ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʜʨʫʛʠʤʠ ʘʪʦʤʘʤʠ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʨʘʤʢʘʭ ʢʚʘʥʪʦʚʦʡ ʬʠʟʠʢʠ. ɺ 

ʥʘʯʘʣʝ ʜʚʘʜʮʘʪʦʛʦ ʚʝʢʘ ʫʯʸʥʳʝ ʚʳʷʩʥʠʣʠ, ʯʪʦ ʟʘʢʦʥʳ ʤʝʭʘʥʠʢʠ 

ʅʴʶʪʦʥʘ (ʟʘʢʦʥʳ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, ʢʘʢ ʠʭ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ) 

ʥʝʧʨʠʤʝʥʠʤʳ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʠʢʨʦʯʘʩʪʠʮ 

(ʵʣʝʢʪʨʦʥʦʚ, ʘʪʦʤʦʚ). ʊʨʫʜʘʤʠ ʤʥʦʛʠʭ ʚʳʜʘʶʱʠʭʩʷ ʫʯʸʥʳʭ ʙʳʣʘ 

ʩʦʟʜʘʥʘ ʢʚʘʥʪʦʚʘʷ ʤʝʭʘʥʠʢʘ ï ʪʝʦʨʠʷ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʘʷ ʩʧʦʩʦʙ 

ʦʧʠʩʘʥʠʷ ʠ ʟʘʢʦʥʳ ʜʚʠʞʝʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮ ʠ ʠʭ ʩʠʩʪʝʤ.  

ʇʝʨʚʘʷ ʪʝʦʨʠʷ ʩʪʨʦʝʥʠʷ ʘʪʦʤʘ, ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʦʡ ʙʳʣʠ ʧʦʣʦʞʝʥʳ 

ʢʚʘʥʪʦʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚʝʣʠʢʠʤ ʜʘʪʩʢʠʤ ʬʠʟʠʢʦʤ 

ʠ ʪʝʦʨʝʪʠʢʦʤ ʅʠʣʴʩʦʤ ɹʦʨʦʤ ʚ 1913 ʛʦʜʫ. ʅʠʣʴʩ ɹʦʨ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ 

ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʘ ʚ ʘʪʦʤʝ ʥʝ ʤʦʞʝʪ ʠʤʝʪʴ ʧʨʦʠʟʚʦʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ï 

ʵʣʝʢʪʨʦʥ ʚ ʘʪʦʤʝ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʪʦʣʴʢʦ ʚ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʸʥʥʳʭ, 

ʥʝʠʟʤʝʥʥʳʭ ʩʦ ʚʨʝʤʝʥʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ.  

ʅʘ ʨʠʩʫʥʢʝ 59 ʧʨʠʚʝʜʝʥʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ ʘʪʦʤʘ 

ʚʦʜʦʨʦʜʘ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʅʠʣʴʩʦʤ 

ɹʦʨʦʤ. ʋʩʣʦʚʥʦ ʢʘʞʜʦʝ 

ʜʦʧʫʩʪʠʤʦʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʘʪʦʤʘ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤ 

ʥʦʤʝʨʦʤ n ʠʟʦʙʨʘʞʝʥʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʯʝʨʪʦʡ ï 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʫʨʦʚʥʝʤ. ʕʥʝʨʛʠʷ 

ʩʦʩʪʦʷʥʠʷ ʫʢʘʟʘʥʘ ʥʘ ʜʠʘʛʨʘʤʤʝ ʚ 

ʵʣʝʢʪʨʦʥʚʦʣʴʪʘʭ
1
 ʠ ʦʥʘ ʠʤʝʝʪ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ʇʦʯʝʤʫ? 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʜʠʘʛʨʘʤʤʳ 

ʵʥʝʨʛʠʷ çʥʘʠʙʦʣʝʝ ʵʥʝʨʛʠʯʥʦʛʦè 

ʵʣʝʢʪʨʦʥʘ, ʢʦʪʦʨʳʡ ʩʤʦʞʝʪ 

ʫʜʘʣʠʪʴʩʷ ʦʪ ʷʜʨʘ, ʧʨʝʦʜʦʣʝʚ ʝʛʦ 

ʧʨʠʪʷʞʝʥʠʝ, ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ 

ʥʫʣʶ. ʇʦʵʪʦʤʫ ʵʥʝʨʛʠʷ ʦʩʪʘʣʴʥʳʭ, çʤʝʥʝʝ ʵʥʝʨʛʠʯʥʳʭè ʵʣʝʢʪʨʦʥʦʚ, 

ʢʦʪʦʨʳʝ çʥʝ ʤʦʛʫʪ ʚʳʧʨʳʛʥʫʪʴ ʠʟ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʳè, ʩʯʠʪʘʝʪʩʷ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ.  
                                                 
1
 1 ʵɺ = 1,60219Ŀ10

-19
 ɼʞ. 
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 ʊʝʦʨʠʷ ʅʠʣʴʩʘ ɹʦʨʘ ʩʤʦʛʣʘ ʦʙʲʷʩʥʠʪʴ ʟʘʛʘʜʢʫ ʣʠʥʝʡʯʘʪʳʭ 

ʩʧʝʢʪʨʦʚ. ɽʩʣʠ ʚʟʷʪʴ ʚʝʱʝʩʪʚʦ ʚ ʛʘʟʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʩʦʦʙʱʠʪʴ 

ʘʪʦʤʘʤ ʠʟʙʳʪʦʢ ʵʥʝʨʛʠʠ, ʥʘʧʨʠʤʝʨ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʪʦʢʘ ʯʝʨʝʟ ʛʘʟ, ʪʦ 

ʛʘʟ ʙʫʜʝʪ ʩʚʝʪʠʪʴʩʷ. ʇʨʠ ʵʪʦʤ ʘʪʦʤʳ, ʧʦʣʫʯʠʚʰʠʝ ʠʟʙʳʪʦʢ ʵʥʝʨʛʠʠ, 

ʠʟʣʫʯʘʶʪ ʢʚʘʥʪʳ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʸʥʥʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʵʣʝʢʪʨʦʥʘ 

ʚ ʘʪʦʤʝ ʠʟ ʩʦʩʪʦʷʥʠʷ ʩ ʙʦʣʴʰʝʡ ʵʥʝʨʛʠʝʡ (çʚʳʩʦʢʠʡè ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʫʨʦʚʝʥʴ) ʚ ʩʦʩʪʦʷʥʠʝ ʩ ʤʝʥʴʰʝʡ ʵʥʝʨʛʠʝʡ (çʥʠʟʢʠʡè ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʫʨʦʚʝʥʴ). 

ɽʩʣʠ ʚʩʧʦʤʥʠʪʴ, ʢʘʢ ʵʥʝʨʛʠʷ ʢʚʘʥʪʘ Ὁ ʩʚʷʟʘʥʘ ʩ ʯʘʩʪʦʪʦʡ ’ 
ʠʟʣʫʯʝʥʠʷ: 

Ὁ Ὤ’ȟ 
ʛʜʝ Ὤ - ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ, Ὤ φȟφςφϽρπ  ˑ Ͻ̇̒ȟ 
ʪʦ ʟʘʛʘʜʢʘ ʣʠʥʝʡʯʘʪʳʭ ʩʧʝʢʪʨʦʚ ʨʘʟʨʝʰʝʥʘ: ʚʦʟʙʫʞʜʸʥʥʳʝ ʘʪʦʤʳ 

ʠʟʣʫʯʘʶʪ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʸʥʥʳʝ ʯʘʩʪʦʪʳ (ʜʣʠʥʳ ʚʦʣʥ), 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʧʨʝʜʝʣʸʥʥʳʤ ʢʚʘʥʪʦʚʳʤ ʧʝʨʝʭʦʜʘʤ ʚ ʘʪʦʤʝ.  

ʃʠʥʝʡʯʘʪʳʝ ʩʧʝʢʪʨʳ ʜʘʶʪ ʚʝʱʝʩʪʚʘ ʚ ʛʘʟʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʦ 

ʝʩʪʴ, ʢʦʛʜʘ ʘʪʦʤʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʠ 

ʢʘʞʜʳʡ ʘʪʦʤ ʦʙʣʘʜʘʝʪ çʠʥʜʠʚʠʜʫʘʣʴʥʳʤè ʥʘʙʦʨʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʫʨʦʚʥʝʡ, ʦʜʠʥʘʢʦʚʳʭ ʜʣʷ ʚʩʝʭ ʘʪʦʤʦʚ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʚʝʱʝʩʪʚʘ (ʨʠʩ. 

60).  

  

 

 

 

 
ʈʠʩ. 60. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʘʪʦʤʦʚ 

 

ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, 

ʧʨʠ ʩʙʣʠʞʝʥʠʠ ʘʪʦʤʦʚ ʠ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʥʦʞʝʩʪʚʦ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʫʨʦʚʥʝʡ ʦʪʜʝʣʴʥʳʭ 

ʘʪʦʤʦʚ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ 

ʟʦʥʫ (ʨʠʩ. 61). ʆʙʨʘʟʦʚʘʥʠʝ ʟʦʥʥʦʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ (ʨʘʩʱʝʧʣʝʥʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ) ʚ ʪʚʸʨʜʦʤ ʪʝʣʝ 

ʷʚʣʷʝʪʩʷ ʩʫʛʫʙʦ ʢʚʘʥʪʦʚʳʤ ʵʬʬʝʢʪʦʤ, 

ʢʦʪʦʨʳʡ ʦʙʫʩʣʦʚʣʝʥ ʟʘʢʦʥʘʤʠ 

ʢʚʘʥʪʦʚʦʡ ʬʠʟʠʢʠ.  

ʈʠʩ. 61. ʆʙʨʘʟʦʚʘʥʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʦʥ ʪʚʸʨʜʦʛʦ 

ʪʝʣʘ 
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ʊʘʢ ʢʘʢ ʯʠʩʣʦ ʘʪʦʤʦʚ ʚ ʪʚʸʨʜʦʤ ʪʝʣʝ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ɸʚʦʛʘʜʨʦ ὔ̱ φȟπςϽρπ 
̝̍̏̌

, ʘ ʰʠʨʠʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʟʦʥʳ 

ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʵʣʝʢʪʨʦʥʚʦʣʴʪ, ʪʦ çʨʘʩʩʪʦʷʥʠʝè ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʫʨʦʚʥʷʤʠ ʨʘʚʥʦ: 
ρ ̞ˏ

ρπ
ρͯπ  ̞  ˏ

ʉʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ Ὁ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʊ = 300 ʂ) 

Ὁ
σ

ς
ὯὝȟ 

ʛʜʝ Ὧ - ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ, Ὧ ρȟσψϽρπ
ˑ̇

˗
Ȣ   

  Ὁ ϽρȟσψϽρπ  
ˑ̇

˗
Ͻσππ ̠Ȣ       

Ὁ φϽρπ  ˑ  ̇

Ὁ πȟπτ ̞ Ȣˏ 
ʕʪʦʡ ʵʥʝʨʛʠʠ ʙʦʣʝʝ ʯʝʤ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʝʨʝʭʦʜʘ ʵʣʝʢʪʨʦʥʘ ʩ 

ʦʜʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʥʘ ʜʨʫʛʦʡ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʟʦʥʳ.  

ɺʚʝʜʸʤ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: ʦʩʥʦʚʥʫʶ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʟʦʥʫ 

(ʥʘ ʨʠʩ. 61  ʵʪʦ ʟʦʥʘ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʧʨʠ ʨʘʩʱʝʧʣʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʫʨʦʚʥʷ Ὁ), ʟʘʧʦʣʥʝʥʥʫʶ ʵʣʝʢʪʨʦʥʘʤʠ, ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʚʘʣʝʥʪʥʦʡ 

ʟʦʥʦʡ, ʟʦʥʫ ʚʦʟʙʫʞʜʸʥʥʳʭ ʫʨʦʚʥʝʡ (ʥʘ ʨʠʩ. 61 ʵʪʦ ʟʦʥʘ, ʦʙʨʘʟʦʚʘʥʥʘʷ 

ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ Ὁ) ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʟʦʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ, ʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ çʨʘʩʩʪʦʷʥʠʝè ʦʪ çʧʦʪʦʣʢʘè  ʚʘʣʝʥʪʥʦʡ 

ʟʦʥʳ  ʜʦ çʜʥʘè ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ï ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʦʡ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʭʝʤʘ ʟʦʥ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 62.  

ʋʧʨʦʱʘʷ ʩʠʪʫʘʮʠʶ, ʤʦʞʥʦ 

ʩʢʘʟʘʪʴ, ʯʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʟʦʥʥʦʡ ʪʝʦʨʠʠ ʨʘʟʣʠʯʠʷ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ 

ʤʝʪʘʣʣʦʚ, ʠʟʦʣʷʪʦʨʦʚ ʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʦʙʲʷʩʥʷʶʪʩʷ 

ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ ЎὉȢ 
ɽʩʣʠ ʰʠʨʠʥʘ ʟʘʧʨʝʱʸʥʥʦʡ 

ʟʦʥʳ  ʨʘʚʥʘ ʥʫʣʶ ʠʣʠ ʟʦʥʘ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʚʘʣʝʥʪʥʘʷ ʟʦʥʘ ʠ 

ʚʦʚʩʝ ʧʝʨʝʢʨʳʚʘʶʪʩʷ (ʨʠʩ. 63), ʪʦ  

 ʈʠʩ. 62 
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ʚʝʱʝʩʪʚʦ ʦʙʣʘʜʘʝʪ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʯʘʩʪʴ 

ʵʣʝʢʪʨʦʥʦʚ ʫʞʝ ʩʚʦʙʦʜʥʘ ï ʥʘʭʦʜʠʪʩʷ ʚ 

ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʃʠʙʦ ʵʣʝʢʪʨʦʥ, 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚ ʩʚʦʶ ʵʥʝʨʛʠʶ ʟʘ 

ʩʯʸʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠʣʠ ʪʝʧʣʦʚʦʛʦ 

ʜʚʠʞʝʥʠʷ, ʤʦʞʝʪ ʧʝʨʝʡʪʠ ʥʘ ʙʦʣʝʝ 

ʚʳʩʦʢʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ 

(ʥʘʧʦʤʥʠʤ, ʯʪʦ çʨʘʩʩʪʦʷʥʠʝè ʤʝʞʜʫ 

ʫʨʦʚʥʷʤʠ ʚʩʝʛʦ ~10
-23

 ʵɺ). ʊʘʢʠʝ 

ʩʚʦʙʦʜʥʳʝ ʵʣʝʢʪʨʦʥʳ ʠ ʩʦʟʜʘʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʚ ʤʝʪʘʣʣʝ
1
. 

ɺ ʜʠʵʣʝʢʪʨʠʢʘʭ çʰʠʨʠʥʘè ʟʘʧʨʝʱʸʥʥʦʡ 

ʟʦʥʳ ʙʦʣʝʝ 2 ʵɺ (ʨʠʩ. 64). ʇʨʠ ʘʙʩʦʣʶʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ 0 ʂ ʚʩʝ ʵʣʝʢʪʨʦʥʳ ʫ 

ʜʠʵʣʝʢʪʨʠʢʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ, ʘ 

ʚ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ    (ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʤʝʪʘʣʣʦʚ) ʵʣʝʢʪʨʦʥʦʚ ʥʝʪ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʣʠʰʴ ʥʠʯʪʦʞʥʦʝ ʯʠʩʣʦ 

ʵʣʝʢʪʨʦʥʦʚ, ʯʴʷ ʵʥʝʨʛʠʷ ʚʦ ʤʥʦʛʦ ʨʘʟ 

ʙʦʣʴʰʝ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ ʪʝʧʣʦʚʦʛʦ 

ʜʚʠʞʝʥʠʷ, ʤʦʛʫʪ ʧʨʝʦʜʦʣʝʪʴ ʟʘʧʨʝʱʸʥʥʫʶ 

ʟʦʥʫ ʠ ʦʢʘʟʘʪʴʩʷ ʚ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ. 

ʇʦʵʪʦʤʫ ʜʠʵʣʝʢʪʨʠʢʠ ʥʝ ʠʤʝʶʪ ʩʚʦʙʦʜʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʥʝ ʧʨʦʚʦʜʷʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʪʦʢ.  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʦʥʥʦʡ ʪʝʦʨʠʠ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʛʦ ʦʪʣʠʯʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ 

ʦʪ ʜʠʵʣʝʢʪʨʠʢʦʚ ʥʝʪ. ʋ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ 

ʤʝʞʜʫ ʟʦʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʚʘʣʝʥʪʥʦʡ 

ʟʦʥʦʡ ʩʫʱʝʩʪʚʫʝʪ ʟʘʧʨʝʱʸʥʥʘʷ ʟʦʥʘ, ʥʦ 

çʰʠʨʠʥʘè ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ ʫ ʥʠʭ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʜʠʵʣʝʢʪʨʠʢʦʚ 

(ʨʠʩ. 65). ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʫ ʪʘʢʠʭ ʪʠʧʠʯʥʳʭ 

                                                 
1
 ɼʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʥʘ ʚ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʨʦʮʝʩʩ 

ʧʝʨʝʭʦʜʘ ʠʟ ʦʜʥʦʛʦ ʚʦʟʤʦʞʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ. ʏʪʦʙʳ ʪʘʢʠʝ 

ʧʝʨʝʭʦʜʳ ʙʳʣʠ ʚʦʟʤʦʞʥʳ, ʥʝʦʙʭʦʜʠʤʦ ʯʪʦʙʳ ʜʦʩʪʫʧʥʦʝ ʧʦ ʵʥʝʨʛʠʠ ʢʚʘʥʪʦʚʦʝ 

ʩʦʩʪʦʷʥʠʝ ʙʳʣʦ ʩʚʦʙʦʜʥʦ, ʥʝ ʟʘʥʷʪʦ ʵʣʝʢʪʨʦʥʦʤ. ʀʤʝʥʥʦ ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ ʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʤʝʪʘʣʣʘʭ. 

ʈʠʩ. 64 

ʈʠʩ. 65 

ʈʠʩ. 63 
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ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʢʘʢ ʛʝʨʤʘʥʠʡ (Ge) ʠ ʢʨʝʤʥʠʡ (Si) çʰʠʨʠʥʘè 

ʟʘʧʨʝʱʸʥʥʦʡ ЎὉ ʟʦʥʳ  ʨʘʚʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0,7 ʵɺ ʠ 1,1 ʵɺ. 

ʇʨʠ ʘʙʩʦʣʶʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 0 ʂ ʧʦʣʫʧʨʦʚʦʜʥʠʢ, ʪʘʢʞʝ ʢʘʢ ʠ 

ʜʠʵʣʝʢʪʨʠʢ, ʥʝ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. ʉʚʦʙʦʜʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʝʪ, ʘ ʚʘʣʝʥʪʥʘʷ ʟʦʥʘ ʟʘʧʦʣʥʝʥʘ ʠ 

ʦʪʩʫʪʩʪʚʫʶʪ ʩʚʦʙʦʜʥʳʝ ʢʚʘʥʪʦʚʳʝ ʩʦʩʪʦʷʥʠʷ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʛ ʙʳ 

ʧʝʨʝʤʝʱʘʪʴʩʷ ʵʣʝʢʪʨʦʥ.  

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʪʫʘʮʠʷ ʠʟʤʝʥʷʝʪʩʷ. ɹʣʘʛʦʜʘʨʷ 

ʤʘʣʦʡ çʰʠʨʠʥʝè ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ ʥʝʢʦʪʦʨʘʷ ʯʘʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʤʦʞʝʪ 

ʙʳʪʴ çʟʘʙʨʦʰʝʥʘè ʪʝʧʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʠʟ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʚ ʟʦʥʫ 

ʧʨʦʚʦʜʠʤʦʩʪʠ (ʨʠʩ. 66). ʍʦʪʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ( ʊ å 300 ʂ) 

ʩʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʠ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ ʦʢʦʣʦ 

0,04  ʵɺ (ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ çʰʠʨʠʥʳè ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ), ʥʦ 

ʠʤʝʶʪʩʷ ʠ ʵʣʝʢʪʨʦʥʳ, ʯʴʷ ʵʥʝʨʛʠʷ ʛʦʨʘʟʜʦ ʚʳʰʝ, ʯʝʤ ʩʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ.  

ʉ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʝʦʜʦʣʝʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ çʙʘʨʴʝʨè - ʟʘʧʨʝʱʸʥʥʫʶ ʟʦʥʫ, ʚʦʟʨʘʩʪʘʝʪ. 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ï ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʩʚʦʙʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ï 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ.  

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʪʘʢʞʝ ʠ ʧʨʠ ʠʭ 

ʦʩʚʝʱʝʥʠʠ. ɺʦʩʧʨʠʥʠʤʘʝʤʳʡ ʥʘʤʠ ʟʨʠʪʝʣʴʥʦ ʜʠʘʧʘʟʦʥ (ʦʧʪʠʯʝʩʢʦʝ 

ʠʟʣʫʯʝʥʠʝ) ï ʵʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ ʦʪ 0,4 

ʤʢʤ  ʜʦ 0,76 ʤʢʤ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʜʣʠʥʘ ʚʦʣʥʳ  ‗, ʯʘʩʪʦʪʘ ʠʟʣʫʯʝʥʠʷ ’ ʠ 
ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ὧ ὧ ςȟωωχωϽρπ ̍ϳ̒   ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʝʤ 

̒ ‗’Ȣ 
ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʠ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʵʥʝʨʛʠʠ ʢʚʘʥʪʘ, 

ʧʦʣʫʯʠʤ  

Ὁ
Ὤὧ

‗
Ȣ 

ɺʳʯʠʩʣʠʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʵʥʝʨʛʠʶ ʢʚʘʥʪʘ ʠʥʬʨʘʢʨʘʩʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ‗ πȟχφ ̍̋  ̍ 

Ὁ ςȟφϽρπ  ˑ Ȣ̇ 
Ὁ ρȟφ ̞ Ȣˏ     

ʈʘʩʯʸʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʚʘʥʪ ʠʟʣʫʯʝʥʠʷ ʩ ʪʘʢʦʡ ʵʥʝʨʛʠʝʡ ʩʧʦʩʦʙʝʥ 

çʧʦʤʦʯʴè ʵʣʝʢʪʨʦʥʫ ʧʨʝʦʜʦʣʝʪʴ ʟʘʧʨʝʱʸʥʥʫʶ ʟʦʥʫ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʯʠʥʘ ʫʤʝʥʴʰʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ 

ʧʨʠ ʠʭ ʦʩʚʝʱʝʥʠʠ ʪʘ ʞʝ, ʯʪʦ ʠ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ï 

ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʩʚʦʙʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ.  
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ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʥʘʤʠ ʵʣʝʤʝʥʪʳ ʟʦʥʥʦʡ ʪʝʦʨʠʠ ʧʦʟʚʦʣʠʣʠ ʚʳʷʩʥʠʪʴ, 

ʧʦʯʝʤʫ ʠ ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʩʚʝʱʸʥʥʦʩʪʠ. ʊʘʢʞʝ ʟʦʥʥʘʷ ʪʝʦʨʠʷ ʧʦʟʚʦʣʷʝʪ 

ʚʳʷʩʥʠʪʴ, ʢʘʢʦʚʳ ʤʝʭʘʥʠʟʤʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ! 

ɺʦ-ʧʝʨʚʳʭ, ʵʣʝʢʪʨʦʥʳ, ʦʢʘʟʘʚʰʠʝʩʷ ʚ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʤʦʛʫʪ 

ʩʦʚʝʨʰʘʪʴ ʚʥʫʪʨʠʟʦʥʦʚʳʝ ʢʚʘʥʪʦʚʳʝ ʧʝʨʝʭʦʜʳ (ʚ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʝʩʪʴ ʩʚʦʙʦʜʥʳʝ ʢʚʘʥʪʦʚʳʝ ʩʦʩʪʦʷʥʠʷ!). ʇʨʠ ʵʪʦʤ ʵʣʝʢʪʨʦʥʳ ʤʦʛʫʪ 

ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʫ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʦʪ ʢʦʪʦʨʦʛʦ ʵʣʝʢʪʨʦʥʳ ʠ çʯʝʨʧʘʶʪè ʵʥʝʨʛʠʶ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʚʘʥʪʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʩ ʦʜʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ 

ʥʘ ʜʨʫʛʦʡ. ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʨʦʜʥʠ ʧʨʦʚʦʜʠʤʦʩʪʠ, 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʚ ʤʝʪʘʣʣʘʭ, ʠ ʥʘʟʳʚʘʝʪʩʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ.  

ɺʦ-ʚʪʦʨʳʭ, ʧʝʨʝʭʦʜ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʚ ʟʦʥʫ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʩʚʦʙʦʞʜʘʝʪ ʢʚʘʥʪʦʚʳʝ ʩʦʩʪʦʷʥʠʷ ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ 

(ʨʠʩ.66). ʇʦʵʪʦʤʫ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ ʨʝʘʣʠʟʫʝʪʩʷ ʠ ʠʥʦʡ ʤʝʭʘʥʠʟʤ 

ʧʨʦʚʦʜʠʤʦʩʪʠ: ʵʣʝʢʪʨʦʥʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ, ʤʦʛʫʪ 

ʩʦʚʝʨʰʘʪʴ ʚʥʫʪʨʠʟʦʥʦʚʳʝ ʢʚʘʥʪʦʚʳʝ ʧʝʨʝʭʦʜʳ (ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ 

ʚʦʟʥʠʢʣʠ ʩʚʦʙʦʜʥʳʝ ʢʚʘʥʪʦʚʳʝ ʩʦʩʪʦʷʥʠʷ!). ʇʨʠ ʵʪʦʤ ʵʣʝʢʪʨʦʥʳ ʪʘʢʞʝ 

ʙʫʜʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ, ʚʥʦʩʷ ʩʚʦʡ ʚʢʣʘʜ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ. 

 

 
 

ʈʠʩ. 66 

ʉʚʦʙʦʜʥʳʝ ʢʚʘʥʪʦʚʳʝ ʩʦʩʪʦʷʥʠʷ ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ, ʢʦʪʦʨʦʝ 

ʧʦʢʠʥʫʣ ʵʣʝʢʪʨʦʥ, ʠʤʝʶʱʠʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʥʘʟʳʚʘʶʪ ʚ ʬʠʟʠʢʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ çʜʳʨʢʦʡè. ɼʳʨʢʝ ʧʨʠʧʠʩʳʚʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʟʘʨʷʜ, ʠ ʚʤʝʩʪʦ ʪʦʛʦ, ʯʪʦʙʳ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ 

ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ, ʧʨʠʥʷʪʦ ʦʧʠʩʳʚʘʪʴ ʜʚʠʞʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʢʚʘʟʠʯʘʩʪʠʮʳ (ʢʘʢ ʙʳ ʯʘʩʪʠʮʳ) ʜʳʨʢʠ. ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʥʘʟʳʚʘʶʪ ʜʳʨʦʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. 
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ʄʳ ʨʘʩʩʤʦʪʨʝʣʠ ʩ ʚʘʤʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠʜʝʘʣʴʥʦʛʦ 

ʧʨʦʚʦʜʥʠʢʘ, ʚ ʢʦʪʦʨʦʤ ʦʪʩʫʪʩʪʚʫʶʪ ʜʝʬʝʢʪʳ, ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ 

ʧʨʠʤʝʩʝʡ. ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʯʠʩʪʦʛʦ ʙʝʩʧʨʠʤʝʩʥʦʛʦ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʩʦʙʩʪʚʝʥʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ. 

 ʉʦʙʩʪʚʝʥʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʦʙʫʩʣʦʚʣʝʥʘ 

ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʜʳʨʦʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ.  

ɼʘʞʝ ʤʘʣʝʡʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʝʡ ʨʘʟʠʪʝʣʴʥʳʤ ʦʙʨʘʟʦʤ ʤʝʥʷʝʪ 

ʢʘʨʪʠʥʫ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ. ʇʨʠʤʝʩʴ ʨʝʟʢʦ 

ʠʟʤʝʥʷʝʪ ʠ ʚʝʣʠʯʠʥʫ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʠ ʪʦ, ʢʘʢʦʡ ʠʟ ʤʝʭʘʥʠʟʤʦʚ 

ʧʨʦʚʦʜʠʤʦʩʪʠ  ʧʨʝʦʙʣʘʜʘʝʪ ï ʵʣʝʢʪʨʦʥʥʘʷ ʠʣʠ ʜʳʨʦʯʥʘʷ. ʊʘʢ ʥʘʧʨʠʤʝʨ, 

ʜʦʙʘʚʣʝʥʠʝ ʢ ʯʠʩʪʦʤʫ ʢʨʠʩʪʘʣʣʫ ʢʨʝʤʥʠʷ ʬʦʩʬʦʨʘ ʚ ʧʨʦʧʦʨʮʠʠ ʚʩʝʛʦ       

1 ʘʪʦʤ ʬʦʩʬʦʨʘ ʥʘ 100 000 ʘʪʦʤʦʚ ʢʨʝʤʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʢʨʠʩʪʘʣʣʘ ʙʦʣʝʝ, ʯʝʤ ʩʪʦ ʪʳʩʷʯ ʨʘʟ! ʇʨʠ ʵʪʦʤ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʧʨʦʭʦʞʜʝʥʠʝ ʪʦʢʘ ʯʝʨʝʟ ʢʨʠʩʪʘʣʣ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʫʪʸʤ ʵʣʝʢʪʨʦʥʥʦʡ  ʧʨʦʚʦʜʠʤʦʩʪʠ
1
. 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʘʣʠʯʠʝʤ ʧʨʠʤʝʩʠ 

ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ, ʥʘʟʳʚʘʶʪ ʧʨʠʤʝʩʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ. 

ʏʝʤ ʞʝ ʦʙʫʩʣʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʦʪ ʥʘʣʠʯʠʷ ʧʨʠʤʝʩʠ ʚ ʥʠʭ? ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʧʨʠ ʚʚʝʜʝʥʠʠ ʧʨʠʤʝʩʠ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʧʝʢʪʨʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʚ 

ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʝ ʚʦʟʥʠʢʘʶʪ ʜʦʙʘʚʦʯʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ. 

ʊʘʢ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʢʨʠʩʪʘʣʣ ʛʝʨʤʘʥʠʷ (Ge) ʠʣʠ ʢʨʝʤʥʠʷ  (Si)
2
 ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʩʠ ʵʣʝʤʝʥʪʦʚ V ʛʨʫʧʧʳ ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʬʦʩʬʦʨʘ (P), ʤʳʰʴʷʢʘ (As) ʚ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʝ ʚʦʟʥʠʢʘʶʪ ʜʦʙʘʚʦʯʥʳʝ 

ʧʨʠʤʝʩʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʚʙʣʠʟʠ ʜʥʘ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ (ʨʠʩ. 

67).  

                                                 
1
 ʇʨʝʜʩʪʘʚʴʪʝ, ʢʘʢ ʩʣʦʞʥʦ ʙʳʣʦ ʠʟʫʯʘʪʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ ʠ ʧʦʣʫʯʘʪʴ ʜʦʩʪʦʚʝʨʥʳʝ 

ʩʨʘʚʥʠʤʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʝʩʣʠ ʚ ʥʘʯʘʣʝ 20 ʚʝʢʘ ʚʝʱʝʩʪʚʘ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʨʠʤʝʩʠ  0,1 %  ʫʞʝ ʩʯʠʪʘʣʠʩʴ ʯʠʩʪʳʤʠ. ʅʠʢʦʛʜʘ ʨʘʥʝʝ ʬʠʟʠʢʠ ʥʝ 

ʚʩʪʨʝʯʘʣʠʩʴ ʩ ʩʠʪʫʘʮʠʝʡ, ʢʦʛʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʠʟʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʚ ʪʘʢʦʡ ʙʳ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʣʠ ʦʪ ʥʠʯʪʦʞʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʤʝʩʠ ʚ ʥʸʤ.
   

2
 ɻʝʨʤʘʥʠʡ ʠ ʢʨʝʤʥʠʡ ï ʵʣʝʤʝʥʪʳ  IV ʛʨʫʧʧʳ ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 
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ʈʠʩ. 67. ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʩ ʜʦʥʦʨʥʦʡ ʧʨʠʤʝʩʴʶ 

(ʧʦʣʫʧʨʦʚʦʜʥʠʢ n-ʪʠʧʘ) 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ çʨʘʩʩʪʦʷʥʠʝè ʦʪ ʧʨʠʤʝʩʥʳʭ ʫʨʦʚʥʝʡ 

ʜʦ ʜʥʘ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ   ЎὉ̐  ̑ ʥʝʚʝʣʠʢʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ çʰʠʨʠʥʦʡè 

ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ ЎὉ 

   ЎὉ̐ ̑ ЎὉȢ             

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʵʣʝʢʪʨʦʥʳ, ʟʘʧʦʣʥʷʚʰʠʝ ʧʨʠʤʝʩʥʳʝ ʫʨʦʚʥʠ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʭʦʜʷʪ ʚ ʟʦʥʫ ʧʨʦʚʦʜʠʤʦʩʪʠ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʨʘʥʴʰʝ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʱʝʣʴ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ 

ʤʦʛʣʠ ʧʨʝʦʜʦʣʝʪʴ ʪʦʣʴʢʦ çʨʝʜʢʦʩʪʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʛʠʛʘʥʪʳ ï 

ʵʣʝʢʪʨʦʥʳè, ʩʦʚʝʨʰʘʶʱʠʝ ʧʝʨʝʭʦʜ çʚʘʣʝʥʪʥʘʷ ʟʦʥʘ - ʟʦʥʘ 

ʧʨʦʚʦʜʠʤʦʩʪʠè, ʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʧʨʠʤʝʩʥʳʭ ʫʨʦʚʥʝʡ ʧʝʨʝʭʦʜ 

ʵʣʝʢʪʨʦʥʦʚ ʩ ʧʨʠʤʝʩʥʳʭ ʫʨʦʚʥʝʡ ʚ ʟʦʥʫ ʧʨʦʚʦʜʠʤʦʩʪʠ  - ʨʷʜʦʚʦʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʩʦʙʳʪʠʝ. ʇʨʠʤʝʩʴ, ʧʦʩʪʘʚʣʷʶʱʘʷ ʵʣʝʢʪʨʦʥʳ ʚ ʟʦʥʫ 

ʧʨʦʚʦʜʠʤʦʩʪʠ, ʥʘʟʳʚʘʝʪʩʷ ʜʦʥʦʨʥʦʡ ʧʨʠʤʝʩʴʶ.  

ʇʦʣʫʧʨʦʚʦʜʥʠʢʠ ʩ ʜʦʥʦʨʥʦʡ ʧʨʠʤʝʩʴʶ ʥʘʟʳʚʘʶʪ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ n- ʪʠʧʘ (ʦʪ ʘʥʛʣʠʡʩʢʦʛʦ ʩʣʦʚʘ negative - 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ). 

ɽʩʣʠ ʚʚʝʩʪʠ ʚ ʢʨʠʩʪʘʣʣ ʛʝʨʤʘʥʠʷ ʠʣʠ ʢʨʝʤʥʠʷ ʵʣʝʤʝʥʪʳ III ʛʨʫʧʧʳ 

ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʛʘʣʣʠʡ (Ga), ʠʥʜʠʡ (In), ʪʦ ʩʠʪʫʘʮʠʷ ʙʫʜʝʪ 

ʜʠʘʤʝʪʨʘʣʴʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ. ɺ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʝ ʚʦʟʥʠʢʘʶʪ 

ʜʦʙʘʚʦʯʥʳʝ ʧʨʠʤʝʩʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʚʙʣʠʟʠ ʧʦʪʦʣʢʘ 

ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ (ʨʠʩ. 68).           
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ʈʠʩ. 68. ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʩ ʘʢʮʝʧʪʦʨʥʦʡ ʧʨʠʤʝʩʴʶ 

(ʧʦʣʫʧʨʦʚʦʜʥʠʢ p-ʪʠʧʘ) 

 

ʕʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʵʣʝʢʪʨʦʥʘʤ ʠʟ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ çʟʘʩʝʣʠʪʴè 

ʧʨʠʤʝʩʥʳʝ ʫʨʦʚʥʠ. ʇʨʠʤʝʩʴ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʭʦʜʘ 

ʵʣʝʢʪʨʦʥʘʤ ʠʟ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʠʤʝʩʥʳʝ ʫʨʦʚʥʠ, 

ʥʘʟʳʚʘʝʪʩʷ ʘʢʮʝʧʪʦʨʥʦʡ ʧʨʠʤʝʩʴʶ. ɹʣʘʛʦʜʘʨʷ ʘʢʮʝʧʪʦʨʥʦʡ ʧʨʠʤʝʩʠ ʚ 

ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ ʚʦʟʥʠʢʘʶʪ ʩʚʦʙʦʜʥʳʝ ʢʚʘʥʪʦʚʳʝ ʩʦʩʪʦʷʥʠʷ ï ʜʳʨʢʠ. 

ʇʦʣʫʧʨʦʚʦʜʥʠʢʠ ʩ ʘʢʮʝʧʪʦʨʥʦʡ ʧʨʠʤʝʩʴʶ ʥʘʟʳʚʘʶʪ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ p - ʪʠʧʘ (ʦʪ ʘʥʛʣʠʡʩʢʦʛʦ ʩʣʦʚʘ positive - 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ).  

ʃʠʪʝʨʘʪʫʨʘ 

I. ʉ. 442 ï443. Ä 240. ʇʦʥʷʪʠʝ ʦ ʟʦʥʥʦʡ ʪʝʦʨʠʠ ʪʚʸʨʜʳʭ ʪʝʣ 

ʉ. 443ï445. Ä 241. ʄʝʪʘʣʣʳ, ʜʠʵʣʝʢʪʨʠʢʠ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ ʧʦ ʟʦʥʥʦʡ 

ʪʝʦʨʠʠ 

ʉ. 445ï446. Ä 242 (ʯʘʩʪʠʯʥʦ). ʉʦʙʩʪʚʝʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ 

ʉ. 448ï450. Ä 243. ʇʨʠʤʝʩʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ 

II. ʏʘʩʪʴ II.  ʉ. 320ï326. Ä 19. ʊʦʢ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ.  ʉʦʙʩʪʚʝʥʥʘʷ 

ʠ ʧʨʠʤʝʩʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ 

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʏʝʤ ʨʘʟʣʠʯʘʶʪʩʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʟʦʥʥʦʡ ʪʝʦʨʠʠ  ʤʝʪʘʣʣʳ ʠ ʜʠʵʣʝʢʪʨʠʢʠ? 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ ʠ  ʜʠʵʣʝʢʪʨʠʢʠ? 

2. ʊʝʨʤʠʩʪʦʨ ʧʦʜʢʣʶʯʸʥ ʢ ʠʩʪʦʯʥʠʢʫ 

ʪʦʢʘ ʥʘʧʨʷʞʝʥʠʝʤ 3 ɺ (ʨʠʩ. 69). ʂʘʢʦʚʦ 

ʧʦʢʘʟʘʥʠʝ ʤʠʣʣʠʘʤʧʝʨʤʝʪʨʘ ʚ ʜʘʥʥʦʡ 

ʮʝʧʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʪʝʨʤʠʩʪʦʨʘ 80 
0
ʉ? 

ʈʠʩ. 69 
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ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʨʤʠʩʪʦʨʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʝʜʝʥʘ ʚ 

ʪʘʙʣʠʮʝ:  

 
ʊʝʤʧʝʨʘʪʫʨʘ 

ʪʝʨʤʠʩʪʦʨʘ, 
0
ʉ 

-25 0 25 50 75 100 150 200 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ  

ʪʝʨʤʠʩʪʦʨʘ, ʢʆʤ 

580 145 46 16,4 6,7 3,2 0,83 0,30 

 

3. ʊʠʧʠʯʥʳʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʱʠʤʠʩʷ ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ, ʷʚʣʷʶʪʩʷ ʛʝʨʤʘʥʠʡ ʠ ʢʨʝʤʥʠʡ. ɿʘʧʦʣʥʠʪʝ 

ʪʘʙʣʠʮʫ, ʧʨʠʚʝʜʸʥʥʫʶ ʥʠʞʝ, ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʧʨʠʤʝʩʥʳʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ ʠʟʛʦʪʦʚʣʝʥʳ ʥʘ ʠʭ ʦʩʥʦʚʝ.  

 
ʅʘʟʚʘʥʠʝ ʧʨʠʤʝʩʥʦʛʦ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ 

ʇʦʣʫʧʨʦʚʦʜʥʠʢ  

 n-ʪʠʧʘ (n- Ge, n- Si) 

ʇʦʣʫʧʨʦʚʦʜʥʠʢ 

 p-ʪʠʧʘ (p- Ge, p- Si) 

ʅʘʟʚʘʥʠʝ ʧʨʠʤʝʩʠ ʚ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ 

  

ʇʨʠʤʝʨʳ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʩʠ 

  

ʂ ʢʘʢʦʡ ʛʨʫʧʧʝ (ʛʨʫʧʧʘʤ) 

ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʦʪʥʦʩʠʪʩʷ ʧʨʠʤʝʩʴ 

  

ʂʘʢʦʚ (ʚ ʦʩʥʦʚʥʦʤ) 

ʤʝʭʘʥʠʟʤ ʧʨʦʚʦʜʠʤʦʩʪʠ 

  

ʆʩʥʦʚʥʳʝ ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʘ   

ʅʝʦʩʥʦʚʥʳʝ ʥʦʩʠʪʝʣʠ 

ʟʘʨʷʜʘ 

  

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ   

 

4. ʉʨʘʚʥʠʪʝ ʵʣʝʢʪʨʦʥʥʫʶ ʧʨʠʤʝʩʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ 

ʜʳʨʦʯʥʫʶ ʧʨʠʤʝʩʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. 

5. ʆʜʥʠʤ ʠʟ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʘʨʩʝʥʠʜ 

ʠʥʜʠʷ (InAs) ð ʭʠʤʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʠʥʜʠʷ ʠ ʤʳʰʴʷʢʘ. ʐʠʨʠʥʘ 

ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ ʚ ʜʘʥʥʦʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ ʩʦʩʪʘʚʣʷʝʪ 0,354 ʵɺ. 

ʆʮʝʥʠʪʝ, ʤʦʞʝʪ ʣʠ ʘʨʩʝʥʠʜ ʠʥʜʠʷ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ (ʀʂ)-ʠʟʣʫʯʝʥʠʷ? 
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    ʊʝʤʘ 6 (ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ) 

 

pïn-ʇɽʈɽʍʆɼ 

 

ʇʣʘʥ ʠʟʫʯʝʥʠʷ ʪʝʤʳ 

1. pïn-ʇʝʨʝʭʦʜ.   

2. ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʜʠʦʜ. 

3. ʌʦʪʦʵʣʝʤʝʥʪ. 

4. ʊʨʘʥʟʠʩʪʦʨ. 

 

pïn-ʇʝʨʝʭʦʜʦʤ ʥʘʟʳʚʘʶʪ ʢʦʥʪʘʢʪ ʚ ʢʨʠʩʪʘʣʣʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ 

ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʩʥʳʭ ʦʙʣʘʩʪʝʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʩ ʜʳʨʦʯʥʦʡ ʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʷʤʠ. ʇʨʘʢʪʠʯʝʩʢʠ, ʥʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʩʦʟʜʘʪʴ  

pïn-ʧʝʨʝʭʦʜ ʚ ʧʨʦʮʝʩʩʝ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, 

ʜʦʙʘʚʣʷʷ ʚ ʨʘʩʪʫʱʠʡ ʢʨʠʩʪʘʣʣ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʘʢʮʝʧʪʦʨʥʫʶ, ʘ ʟʘʪʝʤ 

ʜʦʥʦʨʥʫʶ ʧʨʠʤʝʩʴ.  

ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʨʘʟʦʚʘʥʠʠ  pïn-ʧʝʨʝʭʦʜʘ ʠʛʨʘʝʪ ʷʚʣʝʥʠʝ 

ʜʠʬʬʫʟʠʠ. ʆʙʨʘʪʠʤʩʷ ʢ ʨʠʩ. 70, ʥʘ ʢʦʪʦʨʦʤ ʠʟʦʙʨʘʞʝʥʘ ʩʭʝʤʘ pïn-

ʧʝʨʝʭʦʜʘ.  

ɺ ʦʙʣʘʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, ʩʥʘʙʞʸʥʥʦʛʦ 

ʜʦʥʦʨʥʦʡ ʧʨʠʤʝʩʴʶ (ʧʦʣʫʧʨʦʚʦʜʥʠʢ  n-

ʪʠʧʘ), ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʦʙʣʘʩʪʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, ʩʥʘʙʞʸʥʥʦʛʦ 

ʘʢʮʝʧʪʦʨʥʦʡ ʧʨʠʤʝʩʴʶ (ʧʦʣʫʧʨʦʚʦʜʥʠʢ  p-

ʪʠʧʘ).  

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʜʠʬʬʫʟʠʷ ʵʣʝʢʪʨʦʥʦʚ ʯʝʨʝʟ  pïn-ʧʝʨʝʭʦʜ 

ʠʟ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ  n-ʪʠʧʘ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢ  

p-ʪʠʧʘ. ʕʣʝʢʪʨʦʥʳ, ʧʦʧʘʜʘʷ ʚ ʦʙʣʘʩʪʴ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ p-ʪʠʧʘ, ʚʦ-ʧʝʨʚʳʭ, 

ʧʨʠʥʦʩʷʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ, ʚʦ-ʚʪʦʨʳʭ, ʚʩʪʨʝʯʘʷʩʴ ʩ 

ʜʳʨʢʘʤʠ, ʵʣʝʢʪʨʦʥʳ ʟʘʧʦʣʥʷʶʪ ʩʚʦʙʦʜʥʳʝ ʢʚʘʥʪʦʚʳʝ ʩʦʩʪʦʷʥʠʷ ʚ 

ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ ʠ ʚ ʦʙʣʘʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ p-ʪʠʧʘ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ  pï

n-ʧʝʨʝʭʦʜʫ, ʠʩʯʝʟʘʶʪ ʩʚʦʙʦʜʥʳʝ ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʘ.  

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʜʳʨʢʠ ʜʠʬʬʫʥʜʠʨʫʶʪ ʯʝʨʝʟ pïn-ʧʝʨʝʭʦʜ ʠʟ 

ʦʙʣʘʩʪʠ  p-ʪʠʧʘ ʚ ʦʙʣʘʩʪʴ n-ʪʠʧʘ. çɼʳʨʢʠè ʧʨʠʥʦʩʷʪ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢ 

p-ʪʠʧʘ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʚʩʪʨʝʯʘʶʪʩʷ ʩ ʵʣʝʢʪʨʦʥʘʤʠ ʠ ʧʨʦʠʩʭʦʜʠʪ 
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ʦʙʝʜʥʝʥʠʝ ʦʙʣʘʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ n-ʪʠʧʘ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ pïn-

ʧʝʨʝʭʦʜʫ, ʩʚʦʙʦʜʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ ʟʘʨʷʜʘ.  

ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʟʘ ʩʯʸʪ ʜʠʬʬʫʟʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ ʩʣʦʡ ʥʘ  pï

n-ʧʝʨʝʭʦʜʝ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʜʝʨʞʘʱʠʡ ʩʚʦʙʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, 

ʥʘʟʳʚʘʶʪ ʟʘʧʠʨʘʶʱʠʤ ʩʣʦʝʤ (ʨʠʩ. 71). ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʟʘʧʠʨʘʶʱʝʛʦ 

ʩʣʦʷ, ʦʯʝʚʠʜʥʦ, ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ,  

ʯʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʨʫʛʠʭ ʦʙʣʘʩʪʝʡ 

ʢʨʠʩʪʘʣʣʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ.  

ɿʘʧʠʨʘʶʱʠʡ ʩʣʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʚʦʝʦʙʨʘʟʥʳʡ ʢʦʥʜʝʥʩʘʪʦʨ, ʛʜʝ 

ʵʣʝʢʪʨʦʥʳ, ʜʠʬʬʫʥʜʠʨʦʚʘʚʰʠʝ ʚ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢ p-ʪʠʧʘ, ʦʙʨʘʟʫʶʪ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʫʶ çʦʙʢʣʘʜʢʫ 

ʢʦʥʜʝʥʩʘʪʦʨʘè, ʘ ʜʳʨʢʠ, ʧʨʦʥʠʢʰʠʝ ʚ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢ n-ʪʠʧʘ,  - ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʫʶ çʦʙʢʣʘʜʢʫ ʢʦʥʜʝʥʩʘʪʦʨʘè         

(ʨʠʩ. 71). 

ɺʢʣʶʯʠʤ  pïn-ʧʝʨʝʭʦʜ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ ʪʘʢ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 72. ʕʣʝʢʪʨʦʜ ʙʘʪʘʨʝʠ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ʧʦʪʝʥʮʠʘʣʘ 

(çʧʣʶʩè ʙʘʪʘʨʝʠ) ʧʦʜʢʣʶʯʸʥ ʢ ʦʙʣʘʩʪʠ p-ʪʠʧʘ, ʘ ʵʣʝʢʪʨʦʜ ʙʘʪʘʨʝʠ ʩ 

ʙʦʣʝʝ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ ʧʦʪʝʥʮʠʘʣʘ (çʤʠʥʫʩè ʙʘʪʘʨʝʠ) ï ʢ ʦʙʣʘʩʪʠ n-

ʪʠʧʘ. ʅʘʧʨʷʞʸʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʥʥʦʛʦ ʠʩʪʦʯʥʠʢʦʤ ʚ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ ,  ʥʘʧʨʘʚʣʝʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʷʞʸʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʟʘʧʠʨʘʶʱʝʛʦ ʩʣʦʷ  . ɺ ʠʪʦʛʝ ʥʘʧʨʷʞʸʥʥʦʩʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʟʘʧʠʨʘʶʱʝʤ ʩʣʦʝ ʫʤʝʥʴʰʘʝʪʩʷ, ʣʠʙʦ ʚʦʚʩʝ 

ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ ʥʫʣʶ ʠʣʠ ʤʝʥʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ 

ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ. ɺ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʪʦʣʱʠʥʘ 

ʟʘʧʠʨʘʶʱʝʛʦ ʩʣʦʷ ʫʤʝʥʴʰʘʝʪʩʷ, ʣʠʙʦ ʟʘʧʠʨʘʶʱʠʡ ʩʣʦʡ ʧʦʣʥʦʩʪʴʶ 

ʠʩʯʝʟʘʝʪ ï ʠʩʯʝʟʘʝʪ ʦʙʣʘʩʪʴ ʧʦʚʳʰʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʅʠʯʪʦ ʥʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʜʚʠʞʝʥʠʶ ʜʳʨʦʢ ʠ ʵʣʝʢʪʨʦʥʦʚ 

ʈʠʩ. 71 

ʈʠʩ. 72 ʈʠʩ. 73 
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ʯʝʨʝʟ  pïn-ʧʝʨʝʭʦʜ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ. 

ʂʘʢ ʛʦʚʦʨʷʪ,  pïn-ʧʝʨʝʭʦʜ ʚʢʣʶʯʸʥ ʚ çʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠè, ʝʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʣʦ ʠ ʯʝʨʝʟ  pïn-ʧʝʨʝʭʦʜ ʠʜʸʪ ʪʦʢ.  

ʏʪʦ ʧʨʦʠʟʦʡʜʸʪ, ʝʩʣʠ ʧʦʤʝʥʷʪʴ ʧʦʣʷʨʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʙʘʪʘʨʝʠ 

(ʨʠʩ. 73)? ʇʨʠ ʪʘʢʦʤ ʚʢʣʶʯʝʥʠʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ 

ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʟʘʧʠʨʘʶʱʝʤ ʩʣʦʝ ʫʚʝʣʠʯʠʪʩʷ. 

ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʫʜʘʣʠʪ ʜʳʨʢʠ ʚ ʦʙʣʘʩʪʠ p-ʪʠʧʘ ʦʪ  pïn-ʧʝʨʝʭʦʜʘ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʥʦ ʫʜʘʣʠʪ ʵʣʝʢʪʨʦʥʳ ʚ ʦʙʣʘʩʪʠ n-ʪʠʧʘ ʦʪ pïn-ʧʝʨʝʭʦʜʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʰʠʨʠʥʘ ʟʘʧʠʨʘʶʱʝʛʦ ʩʣʦʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʩʚʦʙʦʜʥʳʤʠ 

ʥʦʩʠʪʝʣʷʤʠ ʟʘʨʷʜʘ, ʫʚʝʣʠʯʠʪʩʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ  pïn-ʧʝʨʝʭʦʜʘ ʚʦʟʨʘʩʪʸʪ. ʏʝʨʝʟ  pïn-ʧʝʨʝʭʦʜ ʧʨʠ ʪʘʢʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʤʦʛʫʪ çʧʫʪʝʰʝʩʪʚʦʚʘʪʴè ʪʦʣʴʢʦ 

ʥʝʦʩʥʦʚʥʳʝ ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʘ ï ʵʣʝʢʪʨʦʥʳ ʠʟ ʦʙʣʘʩʪʠ p-ʪʠʧʘ ʠ ʜʳʨʢʠ ʠʟ 

ʦʙʣʘʩʪʠ n-ʪʠʧʘ. ʅʦ ʥʝʦʩʥʦʚʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʧʨʠʤʝʩʥʦʤ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ ʢʨʘʡʥʝ ʤʘʣʦ, ʠ ʪʦʢʘ ʯʝʨʝʟ pïn-ʧʝʨʝʭʦʜ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʙʫʜʝʪ. ʂʘʢ ʛʦʚʦʨʷʪ,  pïn-ʧʝʨʝʭʦʜ ʚʢʣʶʯʸʥ ʚ çʦʙʨʘʪʥʦʤè ʥʘʧʨʘʚʣʝʥʠʠ,  

ʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʝʣʠʢʦ ʠ ʪʦʢ ʯʝʨʝʟ  pïn-ʧʝʨʝʭʦʜ ʥʝ 

ʠʜʸʪ. 

ʆʜʥʠʤ ʠʟ ʧʨʠʙʦʨʦʚ, ʚ ʢʦʪʦʨʦʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʚʦʡʩʪʚʦ ʦʜʥʦʩʪʦʨʦʥʥʝʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ  pïn-ʧʝʨʝʭʦʜʘ, ʷʚʣʷʝʪʩʷ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʜʠʦʜ (ʨʠʩ. 74).ʋʩʣʦʚʥʦʝ 

ʦʙʦʟʥʘʯʝʥʠʝ ʜʠʦʜʘ ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 75. 

pïn-ʇʝʨʝʭʦʜ ʜʠʦʜʘ ʤʦʞʝʪ ʙʳʪʴ 

ʠʟʛʦʪʦʚʣʝʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚ ʢʨʠʩʪʘʣʣ 

ʛʝʨʤʘʥʠʷ  n -ʪʠʧʘ (ʩ ʜʦʥʦʨʥʦʡ ʧʨʠʤʝʩʴʶ) 

ʚʧʣʘʚʣʷʶʪ ʘʢʮʝʧʪʦʨʥʫʶ ʧʨʠʤʝʩʴ, 

ʥʘʧʨʠʤʝʨ, ʠʥʜʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʘʩʪʴ 

ʢʨʠʩʪʘʣʣʘ ʛʝʨʤʘʥʠʷ ʧʨʠʦʙʨʝʪʘʝʪ ʜʳʨʦʯʥʫʶ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʩʪʘʥʦʚʠʪʩʷ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ  p-ʪʠʧʘ (ʨʠʩ. 76). 

ʈʠʩ. 74 

ʈʠʩ. 76 

1 - ʢʨʠʩʪʘʣʣ ʛʝʨʤʘʥʠʷ n-ʪʠʧʘ 

2 ï ʢʨʠʩʪʘʣʣ ʛʝʨʤʘʥʠʷ p-ʪʠʧʘ 

3 - pïn-ʧʝʨʝʭʦʜ 

4 ï ʢʦʥʪʘʢʪʳ 

5 - ʢʦʨʧʫʩ 

ʈʠʩ. 75 
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ɺʦʣʴʪ-ʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʠʦʜʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 77. 

ʇʨʘʚʘʷ ʯʘʩʪʴ ʛʨʘʬʠʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ çʧʨʷʤʦʤʫè ʚʢʣʶʯʝʥʠʶ ʜʠʦʜʘ   

(ʨʠʩ. 72). ʇʨʠ ʪʘʢʦʤ ʚʢʣʶʯʝʥʠʠ ʜʠʦʜʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ ʫʞʝ ʧʨʠ 

ʥʘʧʨʷʞʝʥʠʠ ʚ ʜʦʣʠ ʚʦʣʴʪʘ ʩʠʣʘ ʪʦʢʘ 

ʩʦʩʪʘʚʣʷʝʪ 10 ʤɸ, ʪʦ ʝʩʪʴ ʚ 20 000 

ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ çʦʙʨʘʪʥʦʤè  

ʚʢʣʶʯʝʥʠʠ ʜʠʦʜʘ. ʃʝʚʘʷ ʯʘʩʪʴ 

ʛʨʘʬʠʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ çʦʙʨʘʪʥʦʤʫè 

ʚʢʣʶʯʝʥʠʶ ʜʠʦʜʘ (ʨʠʩ. 73). ɼʘʞʝ 

ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʚ ʩʦʪʥʠ ʚʦʣʴʪ ʪʦʢ 

ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ  0,5 ʤʢɸ. 

ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ (ʨʠʩ. 74),  pï

n-ʧʝʨʝʭʦʜ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ 

ʜʠʦʜʘ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʧʨʦʟʨʘʯʥʦʤ ʜʣʷ 

ʩʚʝʪʘ ʢʦʨʧʫʩʝ.  

ʀ ʵʪʦ, ʢʘʢ ʚʳ ʧʦʥʠʤʘʝʪʝ, 

ʥʝʩʧʨʦʩʪʘ ï ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʩʚʝʪʦʚʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ. ʕʪʦ çʥʝʜʦʩʪʘʪʦʢè ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ 

ʨʘʙʦʪʳ ʬʦʪʦʵʣʝʤʝʥʪʦʚ. ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʬʦʪʦʵʣʝʤʝʥʪʳ - ʵʪʦ 

ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʨʷʤʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʫʩʪʨʦʝʥ ʢʨʝʤʥʠʝʚʳʡ 

ʬʦʪʦʵʣʝʤʝʥʪ      (ʨʠʩ. 78). ʆʩʥʦʚʦʡ ʬʦʪʦʵʣʝʤʝʥʪʘ ʩʣʫʞʠʪ ʧʣʘʩʪʠʥʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ n-ʪʠʧʘ 1 

ʪʦʣʱʠʥʦʡ ʚ ʜʝʩʷʪʳʝ ʜʦʣʠ ʤʠʣʣʠʤʝʪʨʘ. 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʷ ʧʫʪʸʤ 

ʜʠʬʬʫʟʠʠ ʙʦʨʘ ʠʣʠ ʘʣʶʤʠʥʠʷ 

(ʘʢʮʝʧʪʦʨʥʳʝ ʧʨʠʤʝʩʠ) ʩʦʟʜʘʸʪʩʷ 

ʦʙʣʘʩʪʴ ʢʨʝʤʥʠʷ  p-ʪʠʧʘ 2. ʊʦʣʱʠʥʘ 

ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 

ʪʳʩʷʯʥʦʡ ʜʦʣʠ ʤʠʣʣʠʤʝʪʨʘ. ʅʘ ʛʨʘʥʠʮʝ 

ʵʪʦʡ ʦʙʣʘʩʪʠ ʩ ʢʨʠʩʪʘʣʣʦʤ ʢʨʝʤʥʠʷ  n-

ʪʠʧʘ ʠ ʦʙʨʘʟʫʝʪʩʷ  pïn-ʧʝʨʝʭʦʜ 3. ɼʣʷ 

ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʥʘ ʦʙʣʘʩʪʴ ʢʨʝʤʥʠʷ  p-ʪʠʧʘ ʚ 

ʚʘʢʫʫʤʝ ʥʘʧʳʣʷʝʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʧʣʸʥʢʘ 4, ʢʦʪʦʨʘʷ ʧʨʦʟʨʘʯʥʘ ʜʣʷ 

ʩʚʝʪʘ. ʂ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʸʥʢʝ ʠ ʢʨʠʩʪʘʣʣʫ ʢʨʝʤʥʠʷ ʢʨʝʧʷʪʩʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʥʪʘʢʪʳ 5.  
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ʅʘʧʨʘʚʠʤ ʧʦʪʦʢ ʩʚʝʪʘ ʥʘ  

ʬʦʪʦʵʣʝʤʝʥʪ (ʨʠʩ. 79)? ʇʨʠ ʧʦʛʣʦʱʝʥʠʠ 

ʢʚʘʥʪʦʚ ʩʚʝʪʘ ʠ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ  p-

ʪʠʧʘ, ʠ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ n-ʪʠʧʘ 

ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʵʣʝʢʪʨʦʥʦʚ ʠʟ 

ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʚ ʟʦʥʫ ʧʨʦʚʦʜʠʤʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʙʝʠʭ ʦʙʣʘʩʪʷʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʢʨʠʩʪʘʣʣʘ 

ʚʦʟʥʠʢʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʦʙʦʜʥʳʝ 

ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʘ ï ʵʣʝʢʪʨʦʥʳ ʠ ʜʳʨʢʠ.  

ɼʳʨʢʠ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ  p-ʦʙʣʘʩʪʠ, ʥʝ ʤʦʛʫʪ ʤʠʥʦʚʘʪʴ  pïn-

ʧʝʨʝʭʦʜ ï ʠʤ ʧʨʝʧʷʪʩʪʚʫʝʪ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʟʘʧʠʨʘʶʱʝʛʦ ʩʣʦʷ  pïn-

ʧʝʨʝʭʦʜʘ. ʅʦ ʥʝʦʩʥʦʚʥʳʝ ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʘ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ p-ʪʠʧʘ  - 

ʵʣʝʢʪʨʦʥʳ ï ʤʦʛʫʪ ʤʠʥʦʚʘʪʴ  pïn-ʧʝʨʝʭʦʜ. ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ʜʣʷ 

ʥʝʦʩʥʦʚʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ n-ʪʠʧʘ ï ʜʣʷ ʜʳʨʦʢ: 

ʦʥʠ ʪʘʢʞʝ ʤʦʛʫʪ ʧʨʝʦʜʦʣʝʪʴ ʧʝʨʝʭʦʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʜʥʦʤ ʧʦʣʶʩʝ 

çʙʘʪʘʨʝʡʢʠè - ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ p-ʪʠʧʘ ï ʩʢʘʧʣʠʚʘʶʪʩʷ çʧʣʶʩʳè, ʥʘ 

ʜʨʫʛʦʤ ʧʦʣʶʩʝ çʙʘʪʘʨʝʡʢʠè - ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ  n-ʪʠʧʘ ï ʩʢʘʧʣʠʚʘʶʪʩʷ  

çʤʠʥʫʩʳè. ʀ ʝʩʣʠ ʧʦʜʢʣʶʯʠʪʴ ʢ ʬʦʪʦʵʣʝʤʝʥʪʫ ʨʝʟʠʩʪʦʨ, ʪʦ ʚ ʮʝʧʠ 

ʙʫʜʝʪ ʠʜʪʠ ʪʦʢ, ʢʦʪʦʨʳʡ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʪʦʢʘ  - 

ʬʦʪʦʵʣʝʤʝʥʪʦʤ. ʕɼʉ ʬʦʪʦʵʣʝʤʝʥʪʘ ʥʝʚʝʣʠʢʘ, ʦʥʘ ʥʝ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 

ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ ʟʘʧʠʨʘʶʱʝʤ ʩʣʦʝ  pïn-ʧʝʨʝʭʦʜʘ, ʠ ʩʦʩʪʘʚʣʷʝʪ 

ʜʦʣʠ ʚʦʣʴʪʘ. ʆʜʥʘʢʦ, ʩʦʝʜʠʥʷʷ ʬʦʪʦʵʣʝʤʝʥʪʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʦʣʫʯʘʶʪ ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ, ʚ ʫʩʪʨʦʡʩʪʚʘʭ 

ʘʚʪʦʤʘʪʠʢʠ, ʜʣʷ ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤ ʘʚʪʦʥʦʤʥʳʡ ʠʩʪʦʯʥʠʢ 

ʵʥʝʨʛʠʠ ʠ ʜʨʫʛʠʭ ʧʨʠʙʦʨʘʭ.  

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʧʨʠʙʦʨ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ  - 

ʵʪʦ ʪʨʘʥʟʠʩʪʦʨ. ʊʨʘʥʟʠʩʪʦʨʳ, ʚʳʪʝʩʥʠʚ ʚʘʢʫʫʤʥʳʝ ʣʘʤʧʳ, ʩʦ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʳ 20 ʚʝʢʘ ʩʪʘʣʠ ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʪʦʛʜʘʰʥʠʭ 

ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʢʘʞʜʳʡ ʠʟ ʪʨʘʥʟʠʩʪʦʨʦʚ 

ʠʟʛʦʪʘʚʣʠʚʘʣʩʷ ʚ ʦʪʜʝʣʴʥʦʤ - ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ - ʢʦʨʧʫʩʝ (ʨʠʩ. 80). 
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ʉʣʝʜʫʶʱʠʡ ʧʨʠʥʮʠʧʠʘʣʴʥʳʡ ʰʘʛ ï ʩʦʟʜʘʥʠʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ ï 

ʩʠʩʪʝʤ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʤʥʦʞʝʩʪʚʘ ʪʨʘʥʟʠcʪʦʨʦʚ, ʜʠʦʜʦʚ, ʢʦʥʜʝʥʩʘʪʦʨʦʚ, 

ʨʝʟʠʩʪʦʨʦʚ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʦʜʥʦʤ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʤ ʢʨʠʩʪʘʣʣʝ ʧʫʪʸʤ ʧʨʦʚʝʜʝʥʠʷ ʤʥʦʛʦʦʧʝʨʘʮʠʦʥʥʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʝʨʚʘʷ ʠʥʪʝʛʨʘʣʴʥʘʷ ʩʭʝʤʘ (1961 ʛ.) 

ʩʦʜʝʨʞʘʣʘ 4 ʪʨʘʥʟʠʩʪʦʨʘ  ʠ 2 ʨʝʟʠʩʪʦʨʘ ï ʚʩʝʛʦ 6 ʵʣʝʤʝʥʪʦʚ  (ʨʠʩ. 81). ɺ 

1965 ʛʦʜʫ  ʠʥʪʝʛʨʘʣʴʥʘʷ ʩʭʝʤʘ (ʀʉ) ʩʦʜʝʨʞʘʣʘ 30 ʵʣʝʤʝʥʪʦʚ, ʚ 1970 

ʛʦʜʫ  ï 1000, ʚ 1975 ʛʦʜʫ ï 65 000 ʵʣʝʤʝʥʪʦʚ. ʂ 1982 ʛʦʜʫ ʯʠʩʣʦ 

ʢʦʤʧʦʥʝʥʪʦʚ ʀʉ ʚʦʟʨʦʩʣʦ ʜʦ 200 000, ʢ 1989 ï ʜʦ 1 400 000, ʢ 2002 ʛʦʜʫ 

ï ʜʦ 55 000 000, ʢ 2011 ʛʦʜʫ ï ʜʦ 3,9 ʤʣʨʜ ʠ ʪʘʢ ʜʘʣʝʝ. ʊʘʢʦʚʳ 

ʚʧʝʯʘʪʣʷʶʱʠʝ ʪʝʤʧʳ ʨʘʟʚʠʪʠʷ ʥʦʚʦʛʦ ʨʘʟʜʝʣʘ ʵʣʝʢʪʨʦʥʠʢʠ ï 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ.  

ɿʘʯʝʤ ʞʝ ʥʫʞʥʳ ʩʪʦʣʴ ʩʣʦʞʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʭʝʤʳ? ɺ 

ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ (ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚʘʭ) 

ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʢʘʢ ʚʳ ʟʥʘʝʪʝ, ʚ ʜʚʦʠʯʥʦʡ 

ʩʠʩʪʝʤʝ ʩʯʠʩʣʝʥʠʷ. çʇʝʨʝʚʦʜʷè ʥʘ ʷʟʳʢ ʵʣʝʢʪʨʦʥʠʢʠ, ʵʪʦ ʦʟʥʘʯʘʝʪ: 

ʣʦʛʠʯʝʩʢʠʡ ç0è - ʦʪʩʫʪʩʪʚʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʣʦʛʠʯʝʩʢʘʷ ç1è  - 

ʥʘʣʠʯʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. ʇʦʵʪʦʤʫ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʦʡ 

ʩʦʚʨʝʤʝʥʥʳʭ ʕɺʄ ʠ ʷʚʣʷʶʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʭʝʤʳ ï ʫʩʪʨʦʡʩʪʚʘ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʦʩʫʱʝʩʪʚʠʪʴ ʦʙʨʘʙʦʪʢʫ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ.  

ʆʩʥʦʚʥʳʤ ʞʝ ʵʣʝʤʝʥʪʦʤ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ ʪʨʘʥʟʠʩʪʦʨ 

ï ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʵʣʝʤʝʥʪ, ʩʧʦʩʦʙʥʳʡ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ. ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʪʠʧʘ ʪʨʘʥʟʠʩʪʦʨʦʚ.  

ɼʘʣʝʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʫʩʪʨʦʡʩʪʚʦ ʠ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʛʦ ʙʠʧʦʣʷʨʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʩ ʜʚʫʤʷ  pï n-ʧʝʨʝʭʦʜʘʤʠ (ʨʠʩ. 

82).  

 

 

 

 

 

 

 

ʊʨʘʥʟʠʩʪʦʨ ʩʦʜʝʨʞʠʪ ʪʨʠ ʦʙʣʘʩʪʠ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʪʠʧʦʤ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʨʠʤʝʩʠ: ʵʤʠʪʪʝʨ ʕ, ʙʘʟʘ ɹ, 

ʢʦʣʣʝʢʪʦʨ ʂ.. ʕʤʠʪʪʝʨ ʕ ʷʚʣʷʝʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ n-ʪʠʧʘ, ʙʘʟʘ ɹ ï 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ p-ʪʠʧʘ, ʘ ʢʦʣʣʝʢʪʦʨ ʂ ï ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ n -ʪʠʧʘ. 

ʊʘʢʦʡ ʪʨʘʥʟʠʩʪʦʨ ʩʦʜʝʨʞʠʪ ʜʚʘ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʳʭ ʧʝʨʝʭʦʜʘ: 
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ʵʤʠʪʪʝʨ-ʙʘʟʘ ʠ ʙʘʟʘ-ʢʦʣʣʝʢʪʦʨ ʠ ʥʘʟʳʚʘʝʪʩʷ  nï pï n-ʪʨʘʥʟʠʩʪʦʨʦʤ. 

ɺʦʟʤʦʞʝʥ ʠ ʠʥʦʡ ʚʘʨʠʘʥʪ ʯʝʨʝʜʦʚʘʥʠʷ ʦʙʣʘʩʪʝʡ ʚ ʩʪʨʫʢʪʫʨʝ 

ʪʨʘʥʟʠʩʪʦʨʘ, ʪʘʢʦʡ ʧʨʠʙʦʨ ʥʘʟʳʚʘʶʪ   pï nï p- ʪʨʘʥʟʠʩʪʦʨ. ʋʩʣʦʚʥʳʝ 

ʦʙʦʟʥʘʯʝʥʠʷ ʪʨʘʥʟʠʩʪʦʨʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 83.  

ʈʘʩʩʤʦʪʨʠʤ ʢʣʶʯʝʚʦʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʪʨʘʥʟʠʩʪʦʨʘ, ʢʦʪʦʨʳʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. ʈʝʞʠʤ ʨʘʙʦʪʳ ʥʘʟʳʚʘʝʪʩʷ 

ʢʣʶʯʝʚʳʤ, ʧʦʪʦʤʫ ʯʪʦ ʪʨʘʥʟʠʩʪʦʨ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʵʣʝʢʪʨʦʥʥʦʛʦ 

çʢʣʶʯʘè, çʟʘʤʳʢʘʷè ʠ çʨʘʟʤʳʢʘʷè ʮʝʧʴ.  

ʇʫʩʪʴ nï pï n-  ʪʨʘʥʟʠʩʪʦʨ ʚʢʣʶʯʸʥ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ (ʨʠʩ. 84) 

ʠ ʧʫʩʪʴ ʥʘ çʚʭʦʜè - ʤʝʞʜʫ ʵʤʠʪʪʝʨʦʤ ʠ ʙʘʟʦʡ  - ʥʘʧʨʷʞʝʥʠʝ ʥʝ ʧʦʜʘʥʦ 

(ʣʦʛʠʯʝʩʢʠʡ ç0è). ʅʘ ʚʳʭʦʜʝ ï ʤʝʞʜʫ ʵʤʠʪʪʝʨʦʤ ʠ ʢʦʣʣʝʢʪʦʨʦʤ ï 

ʥʘʧʨʷʞʝʥʠʝ ʙʫʜʝʪ ʨʘʚʥʦ ʥʘʧʨʷʞʝʥʠʶ ʠʩʪʦʯʥʠʢʘ (ʣʦʛʠʯʝʩʢʘʷ ç1è). 

 ʇʨʠ ʵʪʦʤ ʪʦʢ ʯʝʨʝʟ ʪʨʘʥʟʠʩʪʦʨ ʠʜʪʠ ʥʝ ʙʫʜʝʪ, ʪʘʢ ʢʘʢ ʵʤʠʪʪʝʨʥʳʡ 

ʧʝʨʝʭʦʜ (ʵʤʠʪʪʝʨ - ʙʘʟʘ) ʥʘʭʦʜʠʪʩʷ ʚ ʦʪʢʨʳʪʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ 

ʢʦʣʣʝʢʪʦʨʥʳʡ ʧʝʨʝʭʦʜ (ʢʦʣʣʝʢʪʦʨ-ʙʘʟʘ) ʟʘʢʨʳʪ (ʨʠʩ. 84). ʅʘ ʵʪʦʤ 

ʧʝʨʝʭʦʜʝ ʩʦʭʨʘʥʠʣʩʷ ʟʘʧʠʨʘʶʱʠʡ ʩʣʦʡ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʝʭʦʜʘ 

ʚʝʣʠʢʦ, ʠ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʪʦʢ ʯʝʨʝʟ ʪʨʘʥʟʠʩʪʦʨ ʥʝ ʠʜʝʪ. ʃʘʤʧʘ, 

ʚʢʣʶʯʸʥʥʘʷ ʚ ʮʝʧʴ ʢʦʣʣʝʢʪʦʨʘ, ʩʚʝʪʠʪʴʩʷ, ʦʯʝʚʠʜʥʦ, ʥʝ ʙʫʜʝʪ ʠ 

ʥʘʧʨʷʞʝʥʠʝ ʥʝʡ ʨʘʚʥʦ ʥʫʣʶ.  

 

 

 

 

 

 

 

ʇʦʜʘʜʠʤ ʥʘ çʚʭʦʜè  - ʤʝʞʜʫ ʵʤʠʪʪʝʨʦʤ ʠ ʙʘʟʦʡ ï ʥʘʧʨʷʞʝʥʠʝ 

(ʣʦʛʠʯʝʩʢʘʷ ç1è), ʪʘʢ, ʯʪʦʙʳ ʥʘ ʙʘʟʫ ʧʨʠʭʦʜʠʣʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʡ 

ʈʠʩ. 84 

                                              ʈʠʩ. 85 
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ʧʦʪʝʥʮʠʘʣ (çʧʣʶʩè) ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʤʠʪʪʝʨʘ (ʨʠʩ. 85). ʕʣʝʢʪʨʠʯʝʩʢʦʝ 

ʧʦʣʝ, ʩʦʟʜʘʥʥʦʝ ʤʝʞʜʫ ʵʤʠʪʪʝʨʦʤ ʠ ʙʘʟʦʡ, çʟʘʪʷʛʠʚʘʝʪè ʵʣʝʢʪʨʦʥʳ  - 

ʦʩʥʦʚʥʳʝ ʥʦʩʠʪʝʣʠ ʪʦʢʘ ʚ ʵʤʠʪʪʝʨʝ ï ʚ ʙʘʟʫ. ɹʘʟʘ ï ʦʙʣʘʩʪʴ ʩ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ p-ʪʠʧʘ, ʠ ʯʘʩʪʴ ʵʣʝʢʪʨʦʥʦʚ, ʧʦʧʘʚʰʠʭ ʠʟ ʵʤʠʪʪʝʨʘ ʚ 

ʙʘʟʫ, ʚʩʪʨʝʯʘʝʪ ʜʳʨʢʠ ʠ çʚʳʙʳʚʘʝʪ ʠʟ ʠʛʨʳè ʚ ʢʘʯʝʩʪʚʝ ʩʚʦʙʦʜʥʳʭ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ. ʅʦ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʪʨʘʥʟʠʩʪʦʨʘ ʙʘʟʫ ʩʧʝʮʠʘʣʴʥʦ 

ʚʳʧʦʣʥʷʶʪ ʪʦʥʢʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʙʣʘʩʪʴʶ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʘʢʮʝʧʪʦʨʥʦʡ ʧʨʠʤʝʩʠ ʚ ʙʘʟʝ ʜʝʣʘʶʪ ʥʝ ʦʯʝʥʴ ʚʳʩʦʢʦʡ. ʇʦʵʪʦʤʫ 

ʙʦʣʴʰʠʥʩʪʚʦ ʵʣʝʢʪʨʦʥʦʚ, çʨʘʩʪʝʢʘʷʩʴè  ʜʠʬʬʫʥʜʠʨʫʷ ʧʦ ʙʘʟʝ, 

ʜʦʩʪʠʛʘʶʪ ʢʦʣʣʝʢʪʦʨʥʦʛʦ ʧʝʨʝʭʦʜʘ (ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʙʘʟʦʡ ʠ 

ʢʦʣʣʝʢʪʦʨʦʤ). ʕʪʦʪ nï pï n-ʧʝʨʝʭʦʜ çʙʘʟʘ - ʢʦʣʣʝʢʪʦʨè ʥʘʭʦʜʠʪʩʷ ʚ 

ʟʘʢʨʳʪʦʤ ʩʦʩʪʦʷʥʠʠ ʜʣʷ ʜʳʨʦʢ ï ʦʩʥʦʚʥʳʭ ʥʦʩʠʪʝʣʝʡ ʪʦʢʘ ʚ ʙʘʟʝ. ʅʦ ʥʝ 

ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ, ʧʦʧʘʚʰʠʭ ʚ ʙʘʟʫ ʠʟ ʵʤʠʪʪʝʨʘ! ʕʣʝʢʪʨʦʥʳ 

çʧʦʜʭʚʘʪʳʚʘʶʪʩʷè ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʢʦʣʣʝʢʪʦʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʠ 

ʯʝʨʝʟ ʪʨʘʥʟʠʩʪʦʨ, ʚ ʠʪʦʛʝ, ʠʜʸʪ ʪʦʢ. ʃʘʤʧʘ, ʚʢʣʶʯʝʥʥʘʷ ʚ ʮʝʧʴ 

ʢʦʣʣʝʢʪʦʨʘ, ʩʚʝʪʠʪʩʷ, ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʣʘʤʧʝ ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʦ, ʘ ʥʘ 

çʚʳʭʦʜʝè - ʵʤʠʪʪʝʨ ï ʢʦʣʣʝʢʪʦʨ ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʪʝʧʝʨʴ 

ʥʝʚʝʣʠʢʦ, ʥʘʧʨʷʞʝʥʠʝ ʩʪʘʥʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦ ʥʫʣʶ (ʣʦʛʠʯʝʩʢʠʡ 

ç0è). 

ʊʘʢʠʤ  ʦʙʨʘʟʦʤ, ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʥʘ çʚʭʦʜʝè ʪʨʘʥʟʠʩʪʦʨʘ 

çʚʢʣʶʯʘʝʪè ʠ çʚʳʢʣʶʯʘʝʪè ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʥʘ çʚʳʭʦʜʝè 

ʪʨʘʥʟʠʩʪʦʨʘ. ʇʨʠʤʝʥʝʥʠʝ ʧʦʜʦʙʥʳʭ ʩʭʝʤ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʕɺʄ.  

ʃʠʪʝʨʘʪʫʨʘ 

 I. ʉ.  460ï462. Ä 249. ʂʦʥʪʘʢʪ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ ʜʳʨʦʯʥʦʛʦ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ (pïn-ʧʝʨʝʭʦʜ) 

ʉ.  463ï465. Ä 250. ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʜʠʦʜʳ ʠ ʪʨʠʦʜʳ (ʪʨʘʥʟʠʩʪʦʨʳ) 

  II. ʏʘʩʪʴ II.  ʉ. 320ï326. Ä 19. ʊʦʢ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ. ʉʦʙʩʪʚʝʥʥʘʷ 

ʠ ʧʨʠʤʝʩʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ 

ʉ. 327ï328. Ä 20 (ʯʘʩʪʠʯʥʦ). ɿʘʧʠʨʘʶʱʠʡ ʩʣʦʡ. ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ 

ʚʳʧʨʷʤʠʪʝʣʠ, ʫʩʠʣʠʪʝʣʠ ʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʙʘʪʘʨʝʠ 
 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʆʮʝʥʠʪʝ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʟʘʧʠʨʘʶʱʝʛʦ ʧʦʣʷ ʚ 

ʛʝʨʤʘʥʠʠ, ʩʯʠʪʘʷ  ʧʦʣʝ  ʦʜʥʦʨʦʜʥʳʤ, ʝʩʣʠ  ʨʘʟʥʦʩʪʴ  ʧʦʪʝʥʮʠʘʣʦʚ  ʥʘ  

pï n-ʧʝʨʝʭʦʜʝ 0,7 ɺ, ʘ ʪʦʣʱʠʥʘ ʟʘʧʠʨʘʶʱʝʛʦ ʩʣʦʷ 8,5 ʤʢʤ. 

2. ɼʠʦʜ ʠ ʨʝʟʠʩʪʦʨ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 430 ʆʤ ʩʦʝʜʠʥʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʠ ʧʦʜʢʣʶʯʝʥʳ ʢ ʠʩʪʦʯʥʠʢʫ ʪʦʢʘ (ʨʠʩ. 86). ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ 
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ʥʘ   ʜʠʦʜʝ  ʚʦʣʴʪʤʝʪʨ ʧʦʢʘʟʳʚʘʝʪ ʥʘʧʨʷʞʝʥʠʝ 0,2 ɺ. ʏʝʤʫ ʨʘʚʥʘ ʩʠʣʘ 

ʪʦʢʘ ʚ ʮʝʧʠ? ʂʘʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦʢʘʞʝʪ ʚʦʣʴʪʤʝʪʨ, ʢʦʛʜʘ ʝʛʦ 

ʧʦʜʢʣʶʯʘʪ ʢ ʨʝʟʠʩʪʦʨʫ? ʏʝʤʫ ʨʘʚʥʘ ʕɼʉ ʠʩʪʦʯʥʠʢʘ? ɺʥʫʪʨʝʥʥʠʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠʩʪʦʯʥʠʢʘ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ɺʦʣʴʪ-ʘʤʧʝʨʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʠʦʜʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 77. 

3. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ pï nï p- ʪʨʘʥʟʠʩʪʦʨʘ (ʨʠʩ. 87) 

ʩʠʣʘ ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ  ʵʤʠʪʪʝʨ, 10,2 ʤɸ, ʩʠʣʘ ʪʦʢʘ ʯʝʨʝʟ 

ʢʦʣʣʝʢʪʦʨ 9,7 ʤɸ. ʏʝʤʫ ʨʘʚʥʘ ʩʠʣʘ ʪʦʢʘ ʯʝʨʝʟ ʙʘʟʫ? 

4. ʇʦ ʢʘʢʦʡ ʧʨʠʯʠʥʝ ʚʘʢʫʫʤʥʳʝ ʨʘʜʠʦʣʘʤʧʳ ʟʘ ʨʝʜʢʠʤ ʠʩʢʣʶʯʝʥʠʝʤ 

ʚʳʪʝʩʥʝʥʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʧʨʠʙʦʨʘʤʠ? 

5. ʇʦʩʪʨʦʡʪʝ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ 

ʦʜʥʦʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʭʝʤʝ (ʀʉ), ʦʪ ʛʦʜʘ ʩʦʟʜʘʥʠʷ ʀʉ. ʋʜʘʩʪʩʷ ʣʠ ʚʘʤ 

ʧʦʩʪʨʦʠʪʴ ʵʪʦʪ ʛʨʘʬʠʢ ʚ ʣʠʥʝʡʥʦʤ ʤʘʩʰʪʘʙʝ? 

 

 

 

 

 

 

 

 

 

ʃʝʢʮʠʷ 13 

 

ʄɸɻʅʀʊʅʆɽ ʇʆʃɽ 

 

ʂ ʜʘʥʥʦʡ ʣʝʢʮʠʠ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ 

- ʟʥʘʪʴ ʧʦʥʷʪʠʝ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ; 

- ʫʤʝʪʴ ʧʨʠʤʝʥʷʪʴ ʠʥʪʝʛʨʘʣʴʥʦʝ ʠʩʯʠʩʣʝʥʠʝ. 

 

ʇʣʘʥ ʣʝʢʮʠʠ 

1. ʄʘʛʥʠʪʥʳʝ ʷʚʣʝʥʠʷ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ.  

2. ɺʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. ʇʦʪʦʢ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. 

3. ɿʘʢʦʥ ɹʠʦ ï ʉʘʚʘʨʘ ï ʃʘʧʣʘʩʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

 I. ʉ. 202ï206. Ä 109 (ʯʘʩʪʠʯʥʦ). ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠ ʝʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

               ʈʠʩ. 86 ʈʠʩ. 87 
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ʉ. 207ï208. Ä 110. ɿʘʢʦʥ ɹʠʦ ï ʉʘʚʘʨʘ ï ʃʘʧʣʘʩʘ ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʢ 

ʨʘʩʯʝʪʫ ʠʥʜʫʢʮʠʠ  ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

II. ʏʘʩʪʴ II. ʉ. 344ï347. Ä 24. ʇʦʩʪʦʷʥʥʳʡ ʤʘʛʥʠʪ ʠ ʢʨʫʛʦʚʦʡ ʪʦʢ. 

ʄʘʛʥʠʪʥʳʝ ʧʦʣʷ ʤʘʛʥʠʪʦʚ ʠ ʪʦʢʦʚ 

 

ʌʦʨʤʫʣʳ 

ʋʢʘʞʠʪʝ, ʦʙʦʟʥʘʯʝʥʠʷ ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʞʜʦʡ ʬʦʨʤʫʣʝ, ʢʘʢʦʚʳ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ. ʋʢʘʞʠʪʝ 

ʬʠʟʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ. 

 

Ȣ   ὄ ̍́̋̒           Ȣ   ɮ ὄίÃÏÓ‌               Ȣ   Ὠὄᴆ  
Љᴆȟᴆ

    

 

Ȣ   ὄ           Ȣ   ὄ ‘‘  

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʇʦ ʢʘʢʠʤ ʧʨʘʚʠʣʘʤ ʦʧʨʝʜʝʣʷʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ 
ʠʥʜʫʢʮʠʠ? ʂʘʢ ʧʨʦʚʦʜʷʪʩʷ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʠʥʜʫʢʮʠʠ 

(ʣʠʥʠʠ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ)? 

2. ʂʘʢ, ʨʘʩʧʦʣʘʛʘʷ ʤʘʛʥʠʪʥʦʡ ʩʪʨʝʣʢʦʡ ʠ ʢʫʩʢʦʤ ʧʨʦʚʦʣʦʢʠ, ʤʦʞʥʦ 
ʧʨʘʢʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʢʠ ʧʦʣʶʩʦʚ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ? 

3. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʷʚʣʷʝʪʩʷ ʚʠʭʨʝʚʳʤ. ʂʘʢʦʚ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ 

ʜʘʥʥʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ? 

4. ɺ ʢʘʯʝʩʪʚʝ ʚʝʣʠʯʠʥʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʢʘʢ 

ʦʪʥʦʰʝʥʠʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʩʦ ʩʪʦʨʦʥʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ, ʢ ʚʝʣʠʯʠʥʝ ʟʘʨʷʜʘ. ʇʦʯʝʤʫ ʥʝʣʴʟʷ ʚʚʝʩʪʠ 

ʘʥʘʣʦʛʠʯʥʫʶ ʚʝʣʠʯʠʥʫ ʚ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ? 

5. ɺʳʨʘʟʠʪʝ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ  ʤʦʜʫʣʷ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʦʪʦʢʘ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ (ʪʝʩʣʘ ʠ ʚʝʙʝʨ) 

ʯʝʨʝʟ ʦʩʥʦʚʥʳʝ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʉʀ. 

 

ʊʝʩʪ 

1. ʈʘʤʢʫ, ʧʣʦʱʘʜʴ ʢʦʪʦʨʦʡ ʨʘʚʥʘ s = 0,5 ʤ
2
, ʧʦʤʝʩʪʠʣʠ ʚ ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʝʛʦ ʣʠʥʠʷʤ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. ʂʦʛʜʘ ʧʦ 

ʨʘʤʢʝ ʧʨʦʧʫʩʪʠʣʠ ʪʦʢ I = 4ɸ, ʥʘ ʥʝʝ ʩʪʘʣ ʜʝʡʩʪʚʦʚʘʪʴ ʤʦʤʝʥʪ ʩʠʣ  ʄ = 

12 ʅĀʤ. ʏʝʤʫ ʨʘʚʝʥ ʤʦʜʫʣʴ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ? 

1. 0,16  ʊʣ.       2.  1,5 ʊʣ.          3.  6 ʊʣ.          4. 12 ʊʣ.         5. 24 ʊʣ. 
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2. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩʦʟʜʘʥʦ ʜʚʫʤʷ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʜʣʠʥʥʳʤʠ 

ʧʨʦʚʦʜʥʠʢʘʤʠ (ʨʠʩ. 88), ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʯʝʨʪʝʞʘ, ʩʠʣʘ 

ʪʦʢʘ ʚ ʢʦʪʦʨʳʭ I1 ʠ I2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʘʢ 

ʥʘʧʨʘʚʣʝʥ ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ ʠʥʜʫʢʮʠʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʪʦʯʢʝ ɸ, ʝʩʣʠ I2 = 2I1? 

 1. ɺʥʠʟ.   2. ɺʣʝʚʦ.   3. ɺʚʝʨʭ..    4. ɺʧʨʘʚʦ.   5. ʆʧʨʝʜʝʣʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ 

ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ʪʦʯʢʝ ɸ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

 

3. ʅʘ ʨʠʩʫʥʢʝ  88 ʠʟʦʙʨʘʞʝʥʳ ʩʝʯʝʥʠʷ ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʜʣʠʥʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ 

ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʪʦʢʘʤʠ. ʉʠʣʘ ʪʦʢʘ ʚ ʧʨʦʚʦʜʥʠʢʘʭ ʨʘʚʥʘ   I1 ʠ I2 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʯʝʤ I1 = 2I2. ʄʦʜʫʣʴ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ  

ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʘʚʝʥ ʥʫʣʶ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ ʫʯʘʩʪʢʘé. 

  

 

 

 

  

1. a.   2. b.    3. c.    4. d.   5.  ʊʘʢʦʡ ʪʦʯʢʠ, ʛʜʝ ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ  

ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʘʚʝʥ ʥʫʣʶ, ʥʝʪ. 

 

4. ʌʦʨʤʫʣʘ ɹʠʦ ï ʉʘʚʘʨʘ ï ʃʘʧʣʘʩʘ ʠʤʝʝʪ ʚʠʜ (ʦʙʦʟʥʘʯʝʥʠʷ 

ʩʪʘʥʜʘʨʪʥʳʝ): 

1. 
IS

M
B= .     2. 

?I

F
B= .    3. 

[ ]
3

0 ,

4 r

rdI
Bd

C
?
C

C

p

mm
= .    4. 

u0q

F
B=  .    5. 

u

E
B= .  

5. ʇʦ ʢʘʪʫʰʢʝ ʜʠʘʤʝʪʨʦʤ 35 ʩʤ, ʩʦʜʝʨʞʘʱʝʡ 200 ʚʠʪʢʦʚ, ʧʨʦʧʫʱʝʥ ʪʦʢ. 

ʇʨʠ ʵʪʦʤ ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ʮʝʥʪʨʝ ʚʠʪʢʘ ʨʘʚʝʥ 25 

ʤʢʊʣ. ʏʝʤʫ ʙʫʜʝʪ ʨʘʚʝʥ ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ʮʝʥʪʨʝ 

ʚʠʪʢʘ, ʝʩʣʠ ʠʟʤʝʥʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʪʦʢʘ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ,  ʠ 

ʫʚʝʣʠʯʠʪʴ ʩʠʣʫ ʪʦʢʘ ʚʜʚʦʝ? 

1. 25 ʤʢʊʣ.  2. 12,5 ʤʢʊʣ.  3. 50 ʤʢʊʣ.  4. 100 ʤʢʊʣ. 5. 6,25 ʤʢʊʣ. 

                                                                                                                                                                                                                                                                                                                                                                                                                                          

 

 

 

ʈʠʩ. 88 

ʈʠʩ. 89 
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ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ɿʘʜʘʯʘ 13.1 

ʅʘ ʢʚʘʜʨʘʪʥʫʶ ʨʘʤʢʫ ʩʦ ʩʪʦʨʦʥʦʡ 5 ʩʤ ʥʘʤʦʪʘʥʦ 100 ʚʠʪʢʦʚ 

ʧʨʦʚʦʜʘ. ʈʘʤʢʫ ʚʥʝʩʣʠ ʚ ʦʜʥʦʨʦʜʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠ ʨʘʩʧʦʣʦʞʠʣʠ ʝʸ 

ʪʘʢ, ʯʪʦ ʧʣʦʩʢʦʩʪʴ ʨʘʤʢʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʥʘʧʨʘʚʣʝʥʠʶ ʚʝʢʪʦʨʘ 

ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʧʦʣʷ. ʏʝʤʫ ʨʘʚʝʥ ʤʦʜʫʣʴ ʠʟʤʝʥʝʥʠʷ ʧʦʣʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʧʨʦʥʠʟʳʚʘʶʱʝʛʦ ʨʘʤʢʫ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ? ʄʦʜʫʣʴ ʚʝʢʪʦʨʘ 

ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʧʦʣʷ ʨʘʚʝʥ 20 ʤʢʊʣ. 

ʈʝʰʝʥʠʝ. 

ɼʣʷ ʦʜʥʦʨʦʜʥʦʛʦ ʧʦʣʷ ʧʦʣʥʳʡ ʧʦʪʦʢ ʌ1 ʯʝʨʝʟ ʧʣʦʩʢʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʦʱʘʜʴʶ s, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʚʝʢʪʦʨʫ 

ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ B, ʨʘʚʝʥ 

ʌ1 = BsN, 

ʛʜʝ N ï ʯʠʩʣʦ ʚʠʪʢʦʚ ʨʘʤʢʠ. 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 180
0 
ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ, ʧʨʦʥʠʟʳʚʘʶʱʠʡ ʨʘʤʢʫ,  

ʩʪʘʥʝʪ ʨʘʚʝʥ: 

ʌ2 = - BsN 

ʠ ʤʦʜʫʣʴ ʠʟʤʝʥʝʥʠʷ ʧʦʣʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʧʨʦʥʠʟʳʚʘʶʱʝʛʦ 

ʨʘʤʢʫ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ȹʌ ʩʦʩʪʘʚʠʪ: 

ȹʌ = 2BsN. 

ʊʘʢ ʢʘʢ 

s = a
2
, 

ʪʦ ʦʢʦʥʯʘʪʝʣʴʥʦ ʠʤʝʝʤ: 

ȹʌ = 2Ba
2
N. 

ȹʌ = 2
.
20

.
10

-6.
0,05

2.
100 = 10

-5
 (ɺʙ). 

ȹʌ = 10ʤʢɺʙ. 

ʆʪʚʝʪ:  ȹʌ = 10ʤʢɺʙ. 

 

ɿʘʜʘʯʘ 13.2 

ɼʚʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʳʭ ʧʨʦʚʦʜʘ D ʠ C , ʧʦ ʢʦʪʦʨʳʤ 

ʪʝʢʫʪ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʪʦʢʠ ʩʠʣʦʡ I = 50 ɸ, 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ d = 10 ʩʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ (ʨʠʩ. 90). 

ʆʧʨʝʜʝʣʠʪʝ ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʧʦʣʷ ɺ ʚ ʪʦʯʢʝ ɽ, 
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ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʦʪʨʝʟʢʝ, ʩʦʝʜʠʥʷʶʱʝʤ ʧʨʦʚʦʜʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ  3 ʩʤ ʦʪ 

ʦʜʥʦʛʦ ʠʟ ʥʠʭ. 

ʈʝʰʝʥʠʝ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ὄᴆ  
ʫʩʪʘʥʦʚʠʤ, ʧʨʠʤʝʥʠʚ ʧʨʘʚʠʣʦ ʙʫʨʘʚʯʠʢʘ, ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʦʚ 

ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ὄᴆ̉  ὄᴆʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʩʦʟʜʘʚʘʝʤʳʭ ʧʨʦʚʦʜʘʤʠ 

D ʠ C ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʪʦʯʢʝ ɽ (ʨʠʩ. 90). ɺʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠὄᴆ  
ʙʫʜʝʪ ʨʘʚʝʥ: 

ὄᴆ ὄᴆ ὄᴆ  

ʊʘʢ ʢʘʢ ʚʝʢʪʦʨʳ ὄᴆ̉  ὄᴆ ʥʘʧʨʘʚʣʝʥʳ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ, ʪʦ ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ὄᴆ 
ʦʧʨʝʜʝʣʠʪʴ ʥʝ ʩʦʩʪʘʚʣʷʝʪ ʪʨʫʜʘ: 

B = B1 ï B2.                            (131) 

ʄʦʜʫʣʴ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʧʨʷʤʳʤ 

ʙʝʩʢʦʥʝʯʥʳʤ ʧʨʦʚʦʜʥʠʢʦʤ ʩ ʪʦʢʦʤ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ r ʦʪ ʧʨʦʚʦʜʥʠʢʘ, ʚʳʯʠʩʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ
1
: 

                                           ὄ ȟ                                             (132) 

ʛʜʝ  I - ʩʠʣʘ ʪʦʢʘ ʚ ʧʨʦʚʦʜʥʠʢʝ; 

  ɛ - ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʨʝʜʳ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʝʸ ʤʦʞʥʦ 

ʧʨʠʥʷʪʴ ʨʘʚʥʦʡ 1); 

  ɛ0 - ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ.     

 ʊʘʢ ʢʘʢ ʧʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ  ὶ Ὠ, ʘ  ὶ Ὠȟ ʪʦ ʩ  ʫʯʸʪʦʤ 

ʩʦʦʪʥʦʰʝʥʠʡ (131) ʠ (132) ʧʦʣʫʯʠʤ:    

ὄ
σ‘‘Ὅ

τ“Ὠ
Ȣ 

ὄ
σϽτ“Ͻρπ Ͻυπ

τ“Ͻπȟρ
ρȟυϽρπ ˟  ̌

   ʆʪʚʝʪ:  B = 1,5
.
10

-4 
ʊʣ. 

 

ɿʘʜʘʯʘ 13.3 

ʇʦ ʢʨʫʛʦʚʦʤʫ ʚʠʪʢʫ ʨʘʜʠʫʩʦʤ R ʧʨʦʧʫʱʝʥ ʪʦʢ ʩʠʣʦʡ I. ʆʧʨʝʜʝʣʠʪʝ 

ʚʝʣʠʯʠʥʫ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ B  ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʅ ʦʪ ʧʣʦʩʢʦʛʦ 

ʚʠʪʢʘ ʧʦ ʦʩʠ ʚʠʪʢʘ (ʨʠʩ. 91). 

                                                 
1
 ʊʨʦʬʠʤʦʚʘ, ʊ. ʀ. ʂʫʨʩ ʬʠʟʠʢʠ [ʊʝʢʩʪ]: ʫʯʝʙ. ʧʦʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ / ʊ. ʀ. 

ʊʨʦʬʠʤʦʚʘ. ï 7-ʝ ʠʟʜ., ʩʪʝʨ. ï ʄ.: ɺʳʩʰ. ʰʢ., 2003. ï ʉ. 208. 
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ʈʝʰʝʥʠʝ. 

ɿʘʢʦʥ ɹʠʦ ï ʉʘʚʘʨʘ ï ʃʘʧʣʘʩʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʠʥʜʫʢʮʠʶ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ Bd
G
, ʩʦʟʜʘʚʘʝʤʦʛʦ ʵʣʝʤʝʥʪʦʤ ʧʨʦʚʦʜʥʠʢʘ dǎ , ʢʦʛʜʘ ʧʦ 

ʥʝʤʫ ʧʨʦʪʝʢʘʝʪ ʪʦʢ I:  

     
[ ]

3

0

4

,

r

rdI
Bd

p

mm
C
?
C

C
= , 

ʛʜʝ 0m  ï ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ;  

 m - ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʨʝʜʳ;   

      ?
C

d  ï ʚʝʢʪʦʨ, ʧʦ ʤʦʜʫʣʶ ʨʘʚʥʳʡ ʜʣʠʥʝ dǎ ʵʣʝʤʝʥʪʘ ʧʨʦʚʦʜʥʠʢʘ  ʠ 

ʩʦʚʧʘʜʘʶʱʠʡ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩ ʪʦʢʦʤ;  

 r
C

 ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ, ʧʨʦʚʝʜʝʥʥʳʡ ʠʟ ʵʣʝʤʝʥʪʘ dǎ ʧʨʦʚʦʜʥʠʢʘ ʚ 

ʪʦʯʢʫ ʧʦʣʷ;  

       r ï ʤʦʜʫʣʴ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ r
C

.  

ʅʘʧʨʘʚʣʝʥʠʝ Bd
G
 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ?
C

d  ʠ r
C
, ʪʦ 

ʝʩʪʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʧʣʦʩʢʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʦʥʠ 

ʣʝʞʘʪ. ʄʦʜʫʣʴ ʚʝʢʪʦʨʘ Bd
G

 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

              ,
sin

4 2

0

r

dI
dB

a

p

mm ?
=  

ʛʜʝ  Ŭ ï ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ  ?
C

d  ʠ  r
C

. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʠʤʝʨʝ Ŭ = 90
0
. 

  .
4 2

0

r

Id
dB

p

mm ?
=                                    (133)         

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʟʥʘʯʝʥʠʷ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʪʦʯʢʝ ɸ ʦʪ 

ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʪʦʢʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʩʣʦʞʝʥʠʝ ʚʝʢʪʦʨʦʚ Bd
G
. ɼʣʷ 

ʵʪʦʛʦ ʨʘʟʣʦʞʠʤ ʚʝʢʪʦʨ Bd
G
 ʥʘ ʜʚʝ ʢʦʤʧʦʥʝʥʪʳ ï ʚʜʦʣʴ ʦʩʠ ʆZ  ʠ ʚʜʦʣʴ 

ʦʩʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʆZ. ʇʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ Bd
G
 ʥʘ ʦʩʴ ʆZ ʨʘʚʥʘ  

dBz = dBcos ű,                                  (134)              

ʛʜʝ ű ï ʫʛʦʣ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ ʚʝʢʪʦʨ Bd
G
 ʩ ʦʩʴʶ ʆZ.  

       ʀʟ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʠ  

ʫʛʣʦʚ ʩʦ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤʠ ʩʪʦʨʦʥʘʤʠ, ʚʠʜʥʦ, ʯʪʦ ʫʛʦʣ ű 

ʨʘʚʝʥ ʫʛʣʫ ɸʄʆ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʪʨʝʫʛʦʣʴʥʠʢʝ. ʊʦʛʜʘ 

cos ű = 
r

R
.                                        (135)                    
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ʉ ʫʯʸʪʦʤ (133) ʠ (135) ʩʦʦʪʥʦʰʝʥʠʝ (134) ʧʨʠʤʝʪ ʚʠʜ 

dBz = ;
4 3

0 ?d
r

IR

p

mm
 

;
4 3

0

ñ= ?d
r

IR
Bz

p

mm
 

;2
4 3

0 R
r

IR
Bz p

p

mm
=  

;
2 3

2

0

r

IR
Bz

mm
=  

( )
.

2 2
3

22

2

0

HR

IR
Bz

+

=
mm

 

ʉʣʦʞʝʥʠʝ ʧʨʦʝʢʮʠʡ ʚʝʢʪʦʨʦʚ Bd
G
 ʥʘ ʦʩʴ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʦʩʠ 

ʆZ, ʦʯʝʚʠʜʥʦ, ʚʚʠʜʫ ʩʠʤʤʝʪʨʠʠ ʟʘʜʘʯʠ, ʧʨʠʚʝʜʝʪ ʢ ʥʫʣʝʚʦʤʫ 

ʨʝʟʫʣʴʪʘʪʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʪʦʯʢʝ ɸ ʥʘʧʨʘʚʣʝʥʘ 

ʚʜʦʣʴ ʦʩʠ ʆZ ʠ ʨʘʚʥʘ 

( )
.

2 2
3

22

2

0

HR

IR
B

+

=
mm

 

ʈʘʩʩʤʦʪʨʠʤ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ. 

1. ʇʫʩʪʴ ʪʦʯʢʘ ɸ ʥʘʭʦʜʠʪʩʷ ʜʘʣʝʢʦ ʦʪ ʮʝʥʪʨʘ ʚʠʪʢʘ: H >> R.  ʊʦʛʜʘ                                           

B ~
3H

I
. 

2. ʇʫʩʪʴ ʪʦʯʢʘ ɸ ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʚʠʪʢʘ: ʅ = 0. ʊʦʛʜʘ  

                                                   
R

I
B

2

0mm= . 

 

ʃʝʢʮʠʷ 14 

 

ʄɸɻʅʀʊʅʓɽ ʉɺʆʁʉʊɺɸ ɺɽʑɽʉʊɺɸ 

ɼɺʀɾɽʅʀɽ ɿɸʈʗɾɽʅʅʓʍ ʏɸʉʊʀʎ ɺ ʄɸɻʅʀʊʅʆʄ ʇʆʃɽ.  

 

ʂ ʜʘʥʥʦʡ ʣʝʢʮʠʠ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ 

- ʟʥʘʪʴ ʦʩʥʦʚʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʢʠʥʝʤʘʪʠʢʠ ʠ ʜʠʥʘʤʠʢʠ ʜʣʷ ʩʣʫʯʘʷ 

ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʝʣʘ; 

- ʫʤʝʪʴ ʧʨʠʤʝʥʷʪʴ ʚʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʜʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ 

ʪʨʘʝʢʪʦʨʠʠ ʯʘʩʪʠʮʳ, ʜʚʠʞʫʱʝʡʩʷ ʧʦ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʧʦ ʤʦʜʫʣʶ ʩʢʦʨʦʩʪʴʶ. 
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ʇʣʘʥ ʣʝʢʮʠʠ 

1. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚʘ. 

2. ɼʚʠʞʝʥʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʌʠʟʠʯʝʩʢʠʝ 

ʧʨʠʥʮʠʧʳ ʜʝʡʩʪʚʠʷ ʫʩʢʦʨʠʪʝʣʝʡ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ. 

3. ɿʘʢʦʥ ɸʤʧʝʨʘ. ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʠʣʳ ɸʤʧʝʨʘ 

(ʵʣʝʢʪʨʦʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ). 

4. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

 I. ʉ. 238ï239. Ä 132. ɼʠʘ- ʠ ʧʘʨʘʤʘʛʥʝʪʠʟʤ 

ʉ. 243ï245. Ä135. ʌʝʨʨʦʤʘʛʥʝʪʠʢʠ ʠ ʠʭ ʩʚʦʡʩʪʚʘ 

ʉ. 245ï247. Ä136. ʇʨʠʨʦʜʘ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ 

ʉ. 212ï213. Ä 114. ɼʝʡʩʪʚʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʜʚʠʞʫʱʠʡʩʷ ʟʘʨʷʜ  

ʉ. 213ï214. Ä 115. ɼʚʠʞʝʥʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

ʉ. 209ï210. Ä 111. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʪʦʢʦʚ 

II. ʏʘʩʪʴ II. ʉ. 373ï378. Ä 32. ʅʝʢʦʪʦʨʳʝ ʧʨʠʙʦʨʳ ʠ ʫʩʪʘʥʦʚʢʠ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʜʚʠʞʝʥʠʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 

 

ʌʦʨʤʫʣʳ 

ʋʢʘʞʠʪʝ, ʦʙʦʟʥʘʯʝʥʠʷ ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʞʜʦʡ ʬʦʨʤʫʣʝ, ʢʘʢʦʚʳ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ. ʋʢʘʞʠʪʝ 

ʬʠʟʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ. 

 

Ȣ   Ὂ̆ ήὄὺÓÉÎ‌             Ȣ  Ὂ̱ ὍὄЉÓÉÎ‌ 

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʂʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʚʘ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʨʦʚʦʜʥʠʢʘ, 

ʧʦ ʢʦʪʦʨʳʤ ʠʜʫʪ ʪʦʢʠ ʦʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ? ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ 

ʨʘʩʩʫʞʜʝʥʠʡ ʠʩʧʦʣʴʟʫʡʪʝ ʧʨʘʚʠʣʦ ʙʫʨʘʚʯʠʢʘ ʠ ʧʨʘʚʠʣʦ ʣʝʚʦʡ ʨʫʢʠ. 

2. ʇʨʦʚʦʜʥʠʢ ʩ ʪʦʢʦʤ ʨʘʩʧʦʣʦʞʝʥ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʆʪ ʯʝʛʦ ʟʘʚʠʩʠʪ 

ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʧʨʦʚʦʜʥʠʢ ʩʦ ʩʪʦʨʦʥʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ? 

3. ʏʪʦ ʪʘʢʦʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ? ʂʘʢʦʚ ʧʨʠʥʮʠʧ ʝʛʦ ʜʝʡʩʪʚʠʷ? 

4. ɿʘʨʷʞʝʥʥʘʷ ʯʘʩʪʠʮʘ ʚʣʝʪʘʝʪ ʚ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʦʜ ʫʛʣʦʤ ʢ ʣʠʥʠʷʤ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʂʘʢʦʚʘ ʜʘʣʴʥʝʡʰʘʷ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ? 

5. ɺ ʯʸʤ ʟʘʢʣʶʯʘʝʪʩʷ ʷʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ?  
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ʊʝʩʪ 

1. ɼʚʘ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʘ ʜʚʠʞʫʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʦʜʠʥʘʢʦʚʳʤʠ 

ʩʢʦʨʦʩʪʷʤʠ; ʚʝʢʪʦʨʳ ʠʭ ʩʢʦʨʦʩʪʝʡ ʚʭʦʜʷʪ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʚ ʧʣʦʩʢʦʩʪʴ ʨʠʩ. 92 (ʵʪʦ 

ʦʙʦʟʥʘʯʝʥʦ ʥʘ ʨʠʩʫʥʢʝ ʫʩʣʦʚʥʳʤ ʟʥʘʯʢʦʤ: Ä). 

ʂʘʢʦʝ ʠʟ ʫʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ ʥʘʧʨʘʚʣʝʥʠʡ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʧʨʘʚʣʝʥʠʶ ʚʝʢʪʦʨʘ ʩʠʣʳ, 

ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʦʜʠʥ ʠʦʥ ʩʦ ʩʪʦʨʦʥʳ ʤʘʛʥʠʪʥʦʛʦ 

                                  ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʚʪʦʨʳʤ ʠʦʥʦʤ? 

               Ä               1. 1.     2. 2.     3. 3.     4. 4.     5. F
C
=0. 

 

2. ʇʨʠ ʜʚʠʞʝʥʠʠ ʚ ʢʘʤʝʨʝ ʤʘʩʩ-ʩʧʝʢʪʦʛʨʘʬʘ ʨʘʜʠʫʩ 

ʢʨʠʚʠʟʥʳ ʪʨʘʝʢʪʦʨʠʠ ʥʝʠʟʚʝʩʪʥʳʭ ʠʦʥʦʚ ʦʢʘʟʘʣʩʷ ʚ 4 ʨʘʟʘ ʙʦʣʴʰʝ 

ʨʘʜʠʫʩʘ ʢʨʠʚʠʟʥʳ ʪʨʘʝʢʪʦʨʠʠ ʠʦʥʦʚ ʛʝʣʠʷ. ʏʝʤʫ ʨʘʚʥʦ ʦʪʥʦʰʝʥʠʝ 

ʤʘʩʩʳ ʥʝʠʟʚʝʩʪʥʦʛʦ ʠʦʥʘ ʢ ʤʘʩʩʝ ʠʦʥʘ ʛʝʣʠʷ. ʉʢʦʨʦʩʪʠ ʠ ʟʘʨʷʜʳ ʠʦʥʦʚ 

ʦʜʠʥʘʢʦʚʳʝ. 

1. 4.     2. 2.     3. 1.     4. 
2

1
.     5. 

4

1
. 

 

3. ʂʘʢ ʠʟʤʝʥʠʪʩʷ ʧʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʳ ʚ ʫʩʢʦʨʠʪʝʣʝ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮʳ ʚ 2 ʨʘʟʘ? 

ʈʘʩʩʤʦʪʨʠʪʝ ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʠʡ ʩʣʫʯʘʡ (ɡ << c). 

1. ʋʚʝʣʠʯʠʪʩʷ ʚ 2 ʨʘʟʘ. 2. ʋʚʝʣʠʯʠʪʩʷ ʚ 4 ʨʘʟʘ.  3. ʋʤʝʥʴʰʠʪʩʷ ʚ 2 ʨʘʟʘ.   

4. ʋʤʝʥʴʰʠʪʩʷ ʚ 4 ʨʘʟʘ. 5. ʅʝ ʠʟʤʝʥʠʪʩʷ. 

 

4. ʂʘʢʦʚʘ ʪʨʘʝʢʪʦʨʠʷ ʧʨʦʪʦʥʘ, ʚʣʝʪʝʚʰʝʛʦ ʚ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʦʜ ʫʛʣʦʤ 

30
0 
ʢ ʚʝʢʪʦʨʫ  ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ? 

1. ʇʨʷʤʘʷ. 2. ʇʘʨʘʙʦʣʘ.  3. ʆʢʨʫʞʥʦʩʪʴ.  4. ʕʣʣʠʧʩ.   5. ɺʠʥʪʦʚʘʷ ʣʠʥʠʷ.     

 

5. ʇʨʷʤʦʣʠʥʝʡʥʳʡ ʧʨʦʚʦʜʥʠʢ ʜʣʠʥʦʡ 0,2 ʤ, ʧʦ ʢʦʪʦʨʦʤʫ ʪʝʯʸʪ ʪʦʢ 2 ɸ, 

ʥʘʭʦʜʠʪʩʷ ʚ ʦʜʥʦʨʦʜʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩ ʠʥʜʫʢʮʠʝʡ 6 ʊʣ ʠ 

ʨʘʩʧʦʣʦʞʝʥ ʧʦʜ ʫʛʣʦʤ 30
0 
ʢ ʚʝʢʪʦʨʫ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. ʏʝʤʫ ʨʘʚʥʘ 

ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʧʨʦʚʦʜʥʠʢ ʩʦ ʩʪʦʨʦʥʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ? 

1. 1,2 ʅ.         2. 2,1 ʅ.         3. 2,8 ʅ.        4. 4,8 ʅ.           5. 9,6 ʅ. 

 

 

 

 

    ʈʠʩ. 92 
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ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ɿʘʜʘʯʘ 14.1 

 ʕʣʝʢʪʨʦʥ, ʧʨʦʡʜʷ ʫʩʢʦʨʷʶʱʫʶ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ U  = 400 ɺ, 

ʧʦʧʘʣ ʚ ʦʜʥʦʨʦʜʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩ ʠʥʜʫʢʮʠʝʡ B = 1 ʤʊʣ. 

ʆʧʨʝʜʝʣʠʪʝ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ r ʪʨʘʝʢʪʦʨʠʠ ʵʣʝʢʪʨʦʥʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

ɺʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʣʠʥʠʷʤ ʧʦʣʷ. 

ʈʝʰʝʥʠʝ. 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʘ ɽʢʠʥ, ʧʨʦʰʝʜʰʝʛʦ ʫʩʢʦʨʷʶʱʝʝ 

ʥʘʧʨʷʞʝʥʠʝ U, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ɽʢʠʥ = Ue 

ʠʣʠ                                                    ὟὩ                                         (136) 

ʛʜʝ m ï ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ; 

       ɡ -  ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʘ; 

e ï ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ. 

ʈʘʩʩʯʠʪʘʡʪʝ ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʘ ʠ ʫʙʝʜʠʪʝʩʴ, ʯʪʦ ʩʠʣʘ ʃʦʨʝʥʮʘ ʚʦ 

ʤʥʦʛʦ ʨʘʟ ʙʦʣʴʰʝ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʠʣʦʡ ʪʷʞʝʩʪʠ 

ʧʨʝʥʝʙʨʝʯʴ. ʉʠʣʘ ʃʦʨʝʥʮʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʚʝʢʪʦʨʫ ʩʢʦʨʦʩʪʠ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥʘ ʩʦʦʙʱʘʝʪ ʵʣʝʢʪʨʦʥʫ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʝ 

ʫʩʢʦʨʝʥʠʝ: 

                                            Fʣʦʨ = maʮ 

ʠʣʠ                                                ὄὩὺ Ȣ                                         (137) 

(ʋʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ ʩʢʦʨʦʩʪʠ ὺ ʠ ʚʝʢʪʦʨʦʤ ὄᴆ ʩʦʩʪʘʚʣʷʝʪ 900
.)  

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (136) ʠ (137) ʧʦʣʫʯʠʤ 

Ὑ
ρ

ὄ

ςάὟ

Ὡ
Ȣ 

Ὑ
ρ

ρπ
Ͻ
ςϽωȟρϽρπ ϽτϽρπ

ρȟφϽρπ
φȟχϽρπ ̍Ȣ 

R = 6,7 ʩʤ. 

 ʆʪʚʝʪ: R = 6,7 ʩʤ. 

 

ɿʘʜʘʯʘ 14.2 

ʂʘʪʫʰʢʘ ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʷ ʜʠʘʤʝʪʨʦʤ D = 40 ʤʤ  ʩʦʜʝʨʞʠʪ  N = 70 

ʚʠʪʢʦʚ ʧʨʦʚʦʜʘ. ʄʝʭʘʥʠʯʝʩʢʘʷ ʞʸʩʪʢʦʩʪʴ ʜʠʬʬʫʟʦʨʘ ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʷ 

k = 80 ʅ/ʤ, ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʝʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʘ             
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ɺ = 200 ʤʊʣ. ʅʘ ʢʘʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʭ ʩʤʝʱʘʝʪʩʷ ʢʘʪʫʰʢʘ ʜʠʬʬʫʟʦʨʘ ʧʨʠ 

ʩʠʣʝ ʪʦʢʘ ʚ ʥʝʤ I = 0,5 ɸ?  

 ʈʝʰʝʥʠʝ. 

ʂʘʪʫʰʢʘ ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʷ ʥʘʭʦʜʠʪʩʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʇʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʪʦʢʘ ʧʦ ʧʨʦʚʦʜʥʠʢʫ ʥʘ ʥʝʛʦ ʜʝʡʩʪʚʫʝʪ ʩʦ ʩʪʦʨʦʥʳ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʠʣʘ ɸʤʧʝʨʘ FA , ʨʘʚʥʘʷ  

FA = BIǎ, 

ʛʜʝ ǎ ï ʜʣʠʥʘ ʧʨʦʚʦʜʥʠʢʘ, ʨʘʚʥʘʷ ʧʨʦʠʟʚʝʜʝʥʠʶ ʜʣʠʥʳ ʦʢʨʫʞʥʦʩʪʠ 

ʜʠʘʤʝʪʨʦʤ D ʥʘ ʯʠʩʣʦ ʚʠʪʢʦʚ N.    

ǎ= ́ DN; 

FA = ́ ȸȽDN.                                       (138)               

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ɸʤʧʝʨʘ ʢʘʪʫʰʢʘ ʩʤʝʱʘʝʪʩʷ, ʜʠʬʬʫʟʦʨ 

ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʠ ʚʦʟʥʠʢʘʝʪ ʩʠʣʘ ʫʧʨʫʛʦʩʪʠ  Fʫʧʨ:  

Fʫʧʨ = kx.                                         (139)                 

ʇʨʠ ʨʘʚʥʦʚʝʩʠʠ ʩʠʣʳ ʨʘʚʥʳ: 

Fʫʧʨ = FA 

ʉ ʫʯʝʪʦʤ (138) ʠ (139) ʠʤʝʝʤ 

x = ;
k

ɺIDNp
 

x = 011,0
80

7010405,01020014,3 33

=
ÖÖÖÖÖÖ --

(ʤ). 

ʆʪʚʝʪ: x = 11 ʤʤ.  

 

ɿʘʜʘʯʘ 14.3 

ʄʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ (ʧʣʦʱʘʜʴ ʧʣʘʩʪʠʥʳ        

s = 600 ʩʤ
2
) ʧʨʦʪʝʢʘʝʪ ʩʦ ʩʢʦʨʦʩʪʴʶ ɡ = 8,0 ʤ/ʩ ʧʨʦʚʦʜʷʱʘʷ ʞʠʜʢʦʩʪʴ, 

ʠʤʝʶʱʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ Ů = 30 (ʨʠʩ. 93). 

ʂʦʥʜʝʥʩʘʪʦʨ ʧʦʤʝʱʝʥ ʚ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ                    

ɺ = 500 ʤʊʣ ʢʦʪʦʨʦʛʦ ʧʘʨʘʣʣʝʣʝʥ ʧʣʦʩʢʦʩʪʠ ʧʣʘʩʪʠʥ ʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʚʝʢʪʦʨʫ ʩʢʦʨʦʩʪʠ ʞʠʜʢʦʩʪʠ.  

ʆʧʨʝʜʝʣʠʪʝ ʟʘʨʷʜ q ʥʘ ʧʣʘʩʪʠʥʘʭ. 

ʈʝʰʝʥʠʝ. 

ɺ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʥʘ ʜʚʠʞʫʱʫʶʩʷ ʟʘʨʷʞʝʥʥʫʶ ʯʘʩʪʠʮʫ ʜʝʡʩʪʚʫʝʪ 

ʩʠʣʘ ʃʦʨʝʥʮʘ. ʇʫʩʪʴ ʧʨʦʚʦʜʷʱʘʷ ʞʠʜʢʦʩʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʤʝʝʪ 

ʵʣʝʢʪʨʦʥʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʜʚʠʞʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʫʢʘʟʘʥʥʦʤ ʥʘ 

ʨʠʩ. 93. ʊʦʛʜʘ ʧʨʠ ʫʢʘʟʘʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ ʥʘʧʨʘʚʣʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ  

ʥʘ ʯʘʩʪʠʮʫ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ ʃʦʨʝʥʮʘ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʩʤʝʱʝʥʠʶ ʯʘʩʪʠʮʳ 

ʚʧʨʘʚʦ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʘʚʘʷ ʧʣʘʩʪʠʥʘ ʧʨʠʦʙʨʝʪʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ 

ʟʘʨʷʜ, ʘ ʣʝʚʘʷ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 
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ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʚʦʟʥʠʢʘʝʪ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʜʝʡʩʪʚʫʶʱʝʝ ʥʘ 

ʯʘʩʪʠʮʫ ʩ ʩʠʣʦʡ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʣʝʚʦ.   

ɺ ʩʦʩʪʦʷʥʠʠ ʨʘʚʥʦʚʝʩʠʷ ʩʠʣʘ 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʠʣʘ Fʵʣ ʠ ʩʠʣʘ ʃʦʨʝʥʮʘ 

Fʣʦʨ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ: 

                               Fʵʣ  = Fʣʦʨ;                     (140) 

        Fʵʣ = Eq0;               (141)                             

                        Fʣʦʨ = Bq0ɡ,            (142)                        

ʛʜʝ  ɽ ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ;  

       q0 ï ʟʘʨʷʜ ʜʚʠʞʫʱʝʡʩʷ ʯʘʩʪʠʮʳ. 

ʋʯʪʸʤ ʪʘʢʞʝ ʩʚʷʟʴ ʥʘʧʨʷʞʸʥʥʦʩʪʠ  

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽ ʩ ʨʘʟʥʦʩʪʴʶ 

ʧʦʪʝʥʮʠʘʣʦʚ U ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ: 

E = 
d

U
,                                                 (143)                              

ʛʜʝ d ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ. 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (140) ï(143) ʠʤʝʝʤ 

U = Bɡd.                                               (144)                                

 ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʚ ʟʘʜʘʯʝ ʩʠʩʪʝʤʘ ʧʣʘʩʪʠʥ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʞʠʜʢʦʩʪʴʶ ʤʝʞʜʫ ʥʠʤʠ  ʷʚʣʷʝʪʩʷ ʧʣʦʩʢʠʤ ʢʦʥʜʝʥʩʘʪʦʨʦʤ, ʸʤʢʦʩʪʴ ʉ 

ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ 

,0

d

s
ʉ
ee
=                                                 (145)                                      

ʛʜʝ  Ů0 ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ,  

C =
U

q
.                                                (146)                                     

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʦʪʥʦʰʝʥʠ ̫(144)ï(146) ʧʦʟʚʦʣʷʶʪ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ 

ʟʘʜʘʯʠ:  

q = ŮŮ0sBɡ. 

q = 
123412 1064810500106001085,830 ---- Ö=ÖÖÖÖÖÖÖ (ʂʣ) 

ʆʪʚʝʪ:  q = 64 ʧʂʣ. 
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ʃʝʢʮʠʷ 15 

 

ʗɺʃɽʅʀɽ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʆʁ ʀʅɼʋʂʎʀʀ. 

 ʋʈɸɺʅɽʅʀʗ ʄɸʂʉɺɽʃʃɸ 

 

ʂ ʜʘʥʥʦʡ ʣʝʢʮʠʠ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ 

-ʟʥʘʪʴ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ 

(ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʧʦʪʝʥʮʠʘʣ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, 

ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, ʧʦʪʦʢ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ), 

ʬʦʨʤʫʣʠʨʦʚʢʫ ʪʝʦʨʝʤʳ ɻʘʫʩʩʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʕɼʉ. 

 

ʇʣʘʥ ʣʝʢʮʠʠ 

1. ʗʚʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ (ʕʄʀ). 

2. ɿʘʢʦʥ ʕʄʀ. 

3. ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʕʄʀ. 

4. ʗʚʣʝʥʠʝ ʩʘʤʦʠʥʜʫʢʮʠʠ. ʀʥʜʫʢʪʠʚʥʦʩʪʴ. ʕʥʝʨʛʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

5. ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ, ʠʭ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ. 

6. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

 I. ʉ. 223ï224. Ä 122. ʗʚʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ (ʦʧʳʪʳ 

ʌʘʨʘʜʝʷ) 

ʉ. 224ï226. Ä 123. ɿʘʢʦʥ ʌʘʨʘʜʝʷ   ʠ ʝʛʦ ʚʳʚʦʜ ʠʟ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ 

ʵʥʝʨʛʠʠ 

ʉ. 226ï227. Ä 124. ɺʨʘʱʝʥʠʝ ʨʘʤʢʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

ʉ. 233ï234. Ä 129. ʊʨʘʥʩʬʦʨʤʘʪʦʨʳ 

ʉ. 228ï229. Ä 126. ʀʥʜʫʢʪʠʚʥʦʩʪʴ ʢʦʥʪʫʨʘ. ʉʘʤʦʠʥʜʫʢʮʠʷ 

ʉ. 234ï235. Ä 130. ʕʥʝʨʛʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

II. ʏʘʩʪʴ II . ʉ. 382ï387. Ä 33. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ. ɿʘʢʦʥ 

ʌʘʨʘʜʝʷ. ʇʨʘʚʠʣʦ ʣʝʥʮʘ. ʊʦʢʠ ʌʫʢʦ 

ʉ. 387ï392. Ä 34. ɺʟʘʠʤʥʘʷ ʠʥʜʫʢʮʠʷ ʠ ʩʘʤʦʠʥʜʫʢʮʠʷ  

 

ʌʦʨʤʫʣʳ 

ʋʢʘʞʠʪʝ, ʦʙʦʟʥʘʯʝʥʠʷ ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʞʜʦʡ ʬʦʨʤʫʣʝ, ʢʘʢʦʚʳ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ. ʋʢʘʞʠʪʝ 

ʬʠʟʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ. 

Ȣ   ꜡ ȟ   ꜡ ὸ       Ȣ   
꜡

꜡
,    ὟὍ ὟὍ     Ȣ   ɮ ὒὍ 
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Ȣ   ꜡ ὒ ȟ       ꜡ ὸ ὒ              Ȣ   ὡ ȟ       ‫  

Ȣ   ḂὉᴆὨЉᴆ ᷿ Ὠίȟ                          ‐‐ḂὉᴆὨίᴆ ”᷿Ὠὠ 

ḂὄᴆὨЉᴆ ᷿Ὦ ‐‐ Ὠίȟ              ᷿ ὄᴆὨίᴆ π   

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʅʝʧʨʦʚʦʜʷʱʠʡ ʢʦʥʪʫʨ ʧʨʦʥʠʟʳʚʘʝʪ ʧʝʨʝʤʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, 
ʠʥʜʫʢʮʠʦʥʥʳʡ ʪʦʢ ʚ ʢʦʥʪʫʨʝ ʥʝ ʚʦʟʥʠʢʘʝʪ. ɺʦʟʥʠʢʘʝʪ ʣʠ ʧʨʠ ʵʪʦʤ 

ʷʚʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ? 

2. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʩʦʜʝʨʞʠʪ ʠʩʪʦʯʥʠʢ ʕɼʉ, ʢʘʪʫʰʢʫ 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʨʝʟʠʩʪʦʨ, ʢʣʶʯ, ʩʦʝʜʠʥʝʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ʂʘʢ 

ʟʘʚʠʩʠʪ ʩʠʣʘ ʪʦʢʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʚ ʮʝʧʠ ʧʦʩʣʝ ʟʘʤʳʢʘʥʠʷ ʢʣʶʯʘ, ʦʪ 

ʚʨʝʤʝʥʠ? 

3. ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʘʤʦʠʥʜʫʢʮʠʠ. 

4. ʂʘʢʠʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʲʸʤʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʵʥʝʨʛʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ? 

5. ɿʘʧʠʰʠʪʝ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ, ʧʦʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ 

ʩʤʳʩʣ ʢʘʞʜʦʛʦ ʠʟ ʫʨʘʚʥʝʥʠʡ. 

 

ʊʝʩʪ 

1. ʇʦʩʪʦʷʥʥʳʡ ʧʨʷʤʦʡ ʤʘʛʥʠʪ ʧʘʜʘʝʪ ʩʢʚʦʟʴ ʘʣʶʤʠʥʠʝʚʦʝ ʢʦʣʴʮʦ. 

ʄʦʜʫʣʴ ʫʩʢʦʨʝʥʠʷ ʧʘʜʝʥʠʷ ʤʘʛʥʠʪʘ (g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ 

ʧʘʜʝʥʠʷ) é 

1. ʚ ʥʘʯʘʣʝ ʧʨʦʣʝʪʘ ʢʦʣʴʮʘ ʤʝʥʴʰʝ g, ʚ ʢʦʥʮʝ ï ʙʦʣʴʰʝ g.   

2. ʚ ʥʘʯʘʣʝ ʧʨʦʣʝʪʘ ʢʦʣʴʮʘ ʙʦʣʴʰʝ g, ʚ ʢʦʥʮʝ ï ʤʝʥʴʰʝ g.     

3. ʨʘʚʝʥ  g.   4.  ʙʦʣʴʰʝ g.    5. ʤʝʥʴʰʝ g.   

 

2. ɺ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʫʶ ʢʘʪʫʰʢʫ ʚʜʚʠʛʘʶʪ ʧʦʩʪʦʷʥʥʳʡ ʤʘʛʥʠʪ: ʦʜʠʥ ʨʘʟ 

ʙʳʩʪʨʦ, ʜʨʫʛʦʡ ʨʘʟ ʤʝʜʣʝʥʥʦ. ʉʨʘʚʥʠʪʝ ʟʥʘʯʝʥʠʝ ʟʘʨʷʜʘ  q1 ʠ q2, 

ʧʨʦʰʝʜʰʝʛʦ ʧʦ ʮʝʧʠ  ʚ ʧʝʨʚʦʤ ʠ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʷʭ. 

1. q1 = q2.   2. q1 > q2.   3. q1 <  q2.   4. q1 = 0; q2  Í   0.   5. q1 Í 0; q2 = 0.   

 

3. ʄʘʛʥʠʪʥʳʡ ʧʦʪʦʢ, ʧʨʦʥʠʟʳʚʘʶʱʠʡ 

ʢʘʪʫʰʢʫ, ʠʟʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ʪʘʢ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʛʨʘʬʠʢʝ  (ʨʠʩ. 94).  ɺ ʢʘʢʦʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʦʜʫʣʴ ʕɼʉ 

ʠʥʜʫʢʮʠʠ ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ?  
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1.  ʆʪ 0 ʜʦ  t1.    2. ʆʪ t1  ʜʦ t2.    3. ʆʪ t2  ʜʦ t3.   4. ʆʪ t3  ʜʦ t4.       

5. ʕɼʉ ʠʥʜʫʢʮʠʠ ʨʘʚʥʘ ʥʫʣʶ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ..  

 

4. ʏʝʤʫ ʨʘʚʥʘ ʕɼʉ ʩʘʤʦʠʥʜʫʢʮʠʠ ʚ ʢʘʪʫʰʢʝ ʩ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ L = 3 ɻʥ 

ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʫʤʝʥʴʰʝʥʠʠ ʩʠʣʳ ʪʦʢʘ ʦʪ 5 ʜʦ 1 ɸ ʟʘ 2 ʩ? 

1. 6 ɺ.     2. 9 ɺ.     3. 12 ɺ.    4. 24 ɺ.     5. 36 ɺ. 

 

5. ʂʘʢ ʠʟʤʝʥʠʪʩʷ ʵʥʝʨʛʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʥʥʦʛʦ ʩʦʣʝʥʦʠʜʦʤ, ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʩʠʣʳ ʪʦʢʘ ʚ ʩʦʣʝʥʦʠʜʝ ʚ 3 ʨʘʟʘ? 

1. ʅʝ ʠʟʤʝʥʠʪʩʷ.    2. ʋʚʝʣʠʯʠʪʩʷ ʚ 3 ʨʘʟʘ.    3. ʋʚʝʣʠʯʠʪʩʷ ʚ 9 ʨʘʟ.  

4. ʋʤʝʥʴʰʠʪʩʷ ʚ 3 ʨʘʟʘ.     5. ʋʤʝʥʴʰʠʪʩʷ ʚ 9 ʨʘʟ. 

 

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ɿʘʜʘʯʘ 15.1 

 ʇʨʦʚʦʜʷʱʠʡ ʢʦʥʪʫʨ ʚ ʬʦʨʤʝ ʢʨʫʛʦʚʦʛʦ ʚʠʪʢʘ ʨʘʜʠʫʩʦʤ r = 4 ʩʤ, 

ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʤʝʜʥʦʡ ʧʨʦʚʦʣʦʢʠ ʜʠʘʤʝʪʨʦʤ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ  

d = 0,9 ʤʤ, ʧʨʦʥʠʟʳʚʘʝʪʩʷ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʩ ʠʥʜʫʢʮʠʝʡ ɺ = 1,8 ʤʊʣ. 

(ʅʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʧʣʦʩʢʦʩʪʠ ʚʠʪʢʘ.) ʂʘʢʦʡ ʟʘʨʷʜ Q ʧʨʦʡʜʝʪ ʯʝʨʝʟ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ 

ʚʠʪʢʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ? ʋʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʜʠ ɟ = 1,7
.
10

-7
 ʆʤĀʤ. 

ʈʝʰʝʥʠʝ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʷʚʣʝʥʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʌ, ʧʨʦʥʠʟʳʚʘʶʱʝʛʦ ʢʦʥʪʫʨ, ʚ ʢʦʥʪʫʨʝ 

ʚʦʟʥʠʢʘʝʪ ʕɼʉ ʠʥʜʫʢʮʠʠ ꜡Ȣ ɺ ʧʨʦʚʦʜʷʱʝʤ ʢʦʥʪʫʨʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ 

ʚʦʟʥʠʢʘʝʪ ʪʦʢ, ʠ ʥʝʢʦʪʦʨʳʡ ʟʘʨʷʜ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ 

ʧʨʦʚʦʜʥʠʢʘ. ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʟʘʢʦʥʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ: 

 ꜡ = ,
dt

dʌ
-                                            (147)                

ʛʜʝ dʌ ï ʠʟʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʟʘ ʤʘʣʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ dt. 

ʉʠʣʘ ʪʦʢʘ i , ʚʦʟʥʠʢʰʝʛʦ ʚ ʢʦʥʪʫʨʝ, ʥʘʭʦʜʠʪʩʷ ʧʦ ʟʘʢʦʥʫ ʆʤʘ:   

,
R

i ie=                                            (148)                      

ʛʜʝ R  ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʥʪʫʨʘ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ,          
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                                                ,
dt

dq
i =                                           (149)                       

ʛʜʝ dq ï ʟʘʨʷʜ, ʧʨʦʰʝʜʰʠʡ ʯʝʨʝʟ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʧʨʦʚʦʜʥʠʢʘ. 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (147)ï(149) ʠʤʝʝʤ  

R

dʌ
dq -= .  

ʇʨʦʠʥʪʝʛʨʠʨʫʝʤ ʧʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ: 

;
1
ññ -= dʌ

R
dq  

Q = ( ),
1

0ʌʌ
R

--                                     (150)                        

ʛʜʝ ʌ0  ï ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ;  

ʌ ï ʢʦʥʝʯʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ. 

ʊʘʢ ʢʘʢ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʢʦʥʪʫʨʘ, ʘ ʟʘʪʝʤ ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʤʝʥʷʝʪʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ, ʪʦ 

ʌ0  =  ;2rBp   

ʌ  = - .2rBp  

ʊʦʛʜʘ ʩʦʦʪʥʦʰʝʥʠʝ (150) ʧʨʠʤʝʪ ʚʠʜ 

Q = .
2 2

R

rBp
                                         (151)                     

ʆʩʪʘʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʥʪʫʨʘ - ʧʨʦʚʦʜʥʠʢ ʜʣʠʥʦʡ    

                                                   ǎ = 2́ r 

ʠ ʧʣʦʱʘʜʴʶ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ    

                                                 ;
4

2d
s
p
=  

                                                   R = ;
s

?r
 

R = .
8

2d

rr
 

ʇʦʩʣʝʜʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ (151) ʚ ʚʠʜʝ 

Q = ;
4

2

r

pBrd
 

( ) 3

8

2323

107,2
107,14

109,0104108,114,3 -

-

---

Ö=
ÖÖ

ÖÖÖÖÖÖ
=Q ʂʣ. 

ʆʪʚʝʪ:  Q = 2,7 ʤʂʣ. 
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ɿʘʜʘʯʘ 15.2 

ʊʦʢ ʚ ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʝ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʨʘʚʥʦʤʝʨʥʦ ʫʚʝʣʠʯʠʚʘʶʪ. 

ʇʦ ʢʘʢʦʤʫ ʟʘʢʦʥʫ ʤʝʥʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʚʦ 

ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʝ (ʨʠʩ. 95)?  

ʈʝʰʝʥʠʝ. 

 ʇʫʩʪʴ ʚʪʦʨʠʯʥʫʶ ʦʙʤʦʪʢʫ 

ʧʨʦʥʠʟʳʚʘʝʪ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʌ. ʊʦʛʜʘ  

ʕɼʉ ꜡   ʚʦ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʝ ʨʘʚʥʘ  

꜡= 
- 
N2ʌǋ,                                      (152)                        

ʛʜʝ N2  ï ʯʠʩʣʦ ʚʠʪʢʦʚ ʚʦ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʝ. 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʨʘʩʩʝʷʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʠ 

ʪʘʢʦʡ ʞʝ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʌ ʧʨʦʥʠʟʳʚʘʝʪ ʠ ʧʝʨʚʠʯʥʫʶ ʦʙʤʦʪʢʫ. ʕʪʦʪ  

ʤʘʛʥʠʪʥʳʡ  ʧʦʪʦʢ  ʦʙʫʩʣʦʚʣʝʥ  ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ɺ, ʩʦʟʜʘʥʥʳʤ ʪʦʢʦʤ ʚ 

ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʝ:      

ʌ ~ ɺ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ɹʠʦ ï ʉʘʚʘʨʘ ïʃʘʧʣʘʩʘ ʠʥʜʫʢʮʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɺ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʠʣʝ ʪʦʢʘ  (ʚ ʧʝʨʚʠʯʥʦʡ 

ʦʙʤʦʪʢʝ):  

ɺ ~ I.
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʌ ~ I.                                            (153)                                   

ʇʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ ʩʠʣʫ ʪʦʢʘ ʨʘʚʥʦʤʝʨʥʦ ʫʚʝʣʠʯʠʚʘʶʪ, ʪʦ ʝʩʪʴ 

ʩʠʣʘ ʪʦʢʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʨʝʤʝʥʠ  t:  

I ~ t.                                             (154)                              

ɸʥʘʣʠʟʠʨʫʷ ʩʦʦʪʥʦʰʝʥʠʷ (152)ï(154), ʚʠʜʠʤ, ʯʪʦ ꜡ ʧʦʩʪʦʷʥʥʘ ʠ ʥʝ 
ʤʝʥʷʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. 

 

ɿʘʜʘʯʘ 15.3 

ɺ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʩʭʝʤʘ 

ʢʦʪʦʨʦʡ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 96,  ʕɼʉ 

ʙʘʪʘʨʝʠ  ꜡  = 12 ɺ, ʝʸ ʚʥʫʪʨʝʥʥʝʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ r = 1 ʆʤ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʪʫʰʢʠ Rʂ = 3 ʆʤ, 

ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʢʘʪʫʰʢʠ L = 0,8 ɻʥ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʨʝʟʠʩʪʦʨʘ R = 15 ʆʤ. 

ʂʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ʚʳʜʝʣʠʪʩʷ 

ʈʠʩ. 96 

ʈʠʩ. 95 
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ʥʘ ʨʝʟʠʩʪʦʨʝ ʧʦʩʣʝ ʨʘʟʤʳʢʘʥʠʷ ʢʣʶʯʘ ʂ? ɼʠʦʜ D ʩʯʠʪʘʪʴ ʠʜʝʘʣʴʥʳʤ.        

 

ʈʝʰʝʥʠʝ. 

ɺ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʢʣʶʯ ʂ ʟʘʤʢʥʫʪ, ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ ʙʣʘʛʦʜʘʨʷ ʜʠʦʜʫ 

D ʪʦʢ çʥʝ ʠʜʸʪè, ʠ ʚ ʮʝʧʠ ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʪʦʢ ʯʝʨʝʟ ʢʘʪʫʰʢʫ L, 

ʢʦʪʦʨʳʡ ʩʦʟʜʘʸʪ ʚʦʢʨʫʛ ʥʝʸ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ʇʨʠ ʨʘʟʤʳʢʘʥʠʠ ʢʣʶʯʘ ʂ 

ʪʦʢ ʚ ʢʘʪʫʰʢʝ, ʙʣʘʛʦʜʘʨʷ ʷʚʣʝʥʠʶ ʩʘʤʦʠʥʜʫʢʮʠʠ, ʫʙʳʚʘʝʪ ʥʝ 

ʤʛʥʦʚʝʥʥʦ, ʘ ʧʦʩʪʝʧʝʥʥʦ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʢʘʪʫʰʢʠ, çʠʩʯʝʟʘʷè, 

ʧʦʨʦʞʜʘʝʪ ʚʠʭʨʝʚʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʚʦʟʥʠʢʘʝʪ ʕɼʉ ʩʘʤʦʠʥʜʫʢʮʠʠ. 

ʏʝʨʝʟ ʨʝʟʠʩʪʦʨ R, ʜʠʦʜ D ʠ ʢʘʪʫʰʢʫ ʠʜʸʪ ʪʦʢ, ʚʳʜʝʣʷʝʪʩʷ ʪʝʧʣʦ.                                                                   

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ 

                                      Wʤʘʛʥ = QR + QK,                               (155)                         

ʛʜʝ Wʤʘʛʥ  ï ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʢʘʪʫʰʢʠ;  

Qʂ ï ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʢʦʪʦʨʦʝ ʚʳʜʝʣʠʪʩʷ ʥʘ ʢʘʪʫʰʢʝ;  

       QR ï ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʢʦʪʦʨʦʝ ʚʳʜʝʣʠʪʩʷ ʥʘ ʨʝʟʠʩʪʦʨʝ. 

 ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʚʳʜʝʣʷʶʱʝʝʩʷ ʟʘ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʥʘ ʫʯʘʩʪʢʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ɼʞʦʫʣʷ ï ʃʝʥʮʘ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʚʘʜʨʘʪʦʤ ʩʠʣʳ ʪʦʢʘ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʫʯʘʩʪʢʘ ʮʝʧʠ. ʊʘʢ 

ʢʘʢ ʯʝʨʝʟ ʢʘʪʫʰʢʫ ʠ ʨʝʟʠʩʪʦʨ ʧʦʩʣʝ ʨʘʟʤʳʢʘʥʠʷ ʢʣʶʯʘ ʧʨʦʪʝʢʘʝʪ 

ʦʜʠʥʘʢʦʚʳʡ ʪʦʢ, ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʚʳʜʝʣʠʚʰʝʝʩʷ ʥʘ ʢʘʪʫʰʢʝ ʠ 

ʨʝʟʠʩʪʦʨʝ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠʭ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠ.ʁ  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ                                 
R

R

Q

Q K

R

K = .                                         (156)                      

ʕʥʝʨʛʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʢʘʪʫʰʢʠ ʨʘʚʥʘ:  

Wʤʘʛʥ = ,
2

2LI
                                   (157)                             

ʛʜʝ I ï ʩʠʣʘ ʪʦʢʘ ʚ ʢʘʪʫʰʢʝ ʚ ʤʦʤʝʥʪ ʨʘʟʤʳʢʘʥʠʷ ʮʝʧʠ.  

ʉʠʣʫ ʪʦʢʘ ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ, ʧʨʠʤʝʥʠʚ ʟʘʢʦʥ ʆʤʘ ʜʣʷ ʧʦʣʥʦʡ ʮʝʧʠ: 

                                            I = rRK +

e
.                                            (158)                          

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (155) ï (158) ʠʤʝʝʤ 

=RQ
( )( )

;
2

2

2

RRrR

RL

KK ++

e
 

=RQ
( )( )

3
153312

15128,0
2

2

=
++

ÖÖ
(ɼʞ). 

ʆʪʚʝʪ: QR = 3 ɼʞ.  
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ʃʝʢʮʠʷ 16 

 

ʄɽʍɸʅʀʏɽʉʂʀɽ ʀ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʓɽ  

ʂʆʃɽɹɸʅʀʗ 
 

ʂ ʜʘʥʥʦʡ ʣʝʢʮʠʠ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ 

- ʟʥʘʪʴ ʟʘʢʦʥ ɻʫʢʘ, ʚʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ, ʧʦʥʷʪʠʝ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʠ 

ʤʦʤʝʥʪʘ ʩʠʣʳ, ʦʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʣʳ ʪʦʢʘ, ʵʣʝʢʪʨʦʸʤʢʦʩʪʠ, ʬʦʨʤʫʣʫ ʟʘʢʦʥʘ ʆʤʘ ʠ 

ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʸʪʘ ʕɼʉ ʩʘʤʦʠʥʜʫʢʮʠʠ; 

- ʫʤʝʪʴ ʥʘʭʦʜʠʪʴ ʧʨʦʠʟʚʦʜʥʳʝ ʬʫʥʢʮʠʡ ʩʠʥʫʩ ʠ ʢʦʩʠʥʫʩ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʛʨʘʬʠʢʠ ʵʪʠʭ ʬʫʥʢʮʠʡ. 

  

ʇʣʘʥ ʣʝʢʮʠʠ 

1. ɺʠʜʳ ʢʦʣʝʙʘʥʠʡ. ɻʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ. ʌʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ. 

2. ʉʚʦʙʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ. ʋʨʘʚʥʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ. ɿʘʪʫʭʘʥʠʝ 
ʢʦʣʝʙʘʥʠʡ. 

3. ɺʳʥʫʞʜʝʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ. ʄʝʭʘʥʠʯʝʩʢʠʡ ʨʝʟʦʥʘʥʩ. 

4. ɸʚʪʦʢʦʣʝʙʘʥʠʷ. 

5. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 

6.  

ʃʠʪʝʨʘʪʫʨʘ 

I. ʉ. 255ï256. Ä 140 (ʯʘʩʪʠʯʥʦ). ɻʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʠ ʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

ʉ. 257ï258. Ä 141. ʄʝʭʘʥʠʯʝʩʢʠʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ 

ʉ. 258ï261. Ä 142. ɻʘʨʤʦʥʠʯʝʩʢʠʡ ʦʩʮʠʣʣʷʪʦʨ. ʇʨʫʞʠʥʥʳʡ, 

ʬʠʟʠʯʝʩʢʠʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʘʷʪʥʠʢʠ     

 ʉ. 261ï263. Ä 143. ʉʚʦʙʦʜʥʳʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʚ 

ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʢʦʥʪʫʨʝ 

ʉ. 267ï271. Ä 146 ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩʚʦʙʦʜʥʳʭ 

ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ (ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ) ʠ ʝʛʦ 

ʨʝʰʝʥʠʝ. ɸʚʪʦʢʦʣʝʙʘʥʠʷ 

II. ʏʘʩʪʴ I. ʉ. 88ï91. Ä 27. ɻʘʨʤʦʥʠʯʝʩʢʦʝ ʢʦʣʝʙʘʥʠʝ ʠ ʝʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʉ. 96ï99. Ä 30. ɼʠʥʘʤʠʢʘ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʄʘʷʪʥʠʢ 

ʉ. 99ï101. Ä 31. ɿʘʪʫʭʘʶʱʠʝ ʠ ʚʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʏʘʩʪʴ II. ʉ. 416ï418. Ä 41. ɿʘʢʨʳʪʳʡ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ 
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ʌʦʨʤʫʣʳ 

ʋʢʘʞʠʪʝ, ʦʙʦʟʥʘʯʝʥʠʷ ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʞʜʦʡ ʬʦʨʤʫʣʝ, ʢʘʢʦʚʳ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ. ʋʢʘʞʠʪʝ 

ʬʠʟʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ. 

Ȣ   ὼ ὼ̍ÃÏÓ‫ὸ • ȟ         ὺ ὼὸȟ             ׂש ὺ ὸ 
 

 ή ή̍ÃÏÓ‫ὸ • ȟ        Ὥ ήὸ 

  

Ȣ   ’ ȟ       ‫ ς“’  

Ȣ   ὼ ‫ὼ π  
 

Ȣ   Ὕ ς“
Љ
ȟ         Ὕ ς“ ȟ           Ὕ ς“

Љ 
            Ὕ ς“Ѝὒὅ 

 

Ȣ   ὼ ς‏ὼ ‫ὼ π ȟ      ὼ ὼᴢ ÃÏÓ‫ὸ • ,    ‫ ‫  ‏

 

Ȣ   ɡ ÌÎ  ȟ          ὗ  

 

Ȣ   ή ή ή π ȟ         ‏  

    

ήὸ ήᴢ ÃÏÓ‫ὸ • ,       ‫  ,        ɡ  

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʄʘʣʴʯʠʢ ʢʘʯʘʝʪʩʷ ʥʘ ʢʘʯʝʣʷʭ, ʚʩʷʢʠʡ ʨʘʟ ʧʨʠʩʝʜʘʷ ʚ ʥʠʞʥʝʡ ʪʦʯʢʝ 
ʪʨʘʝʢʪʦʨʠʠ. ʂ ʢʘʢʦʤʫ ʚʠʜʫ ʦʪʥʦʩʷʪʩʷ ʪʘʢʠʝ ʢʦʣʝʙʘʥʠʷ? 

2. ʆʪ ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʟʘʚʠʩʠʪ ʯʘʩʪʦʪʘ ʤʘʣʳʭ ʩʚʦʙʦʜʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʛʨʫʟʘ ʥʘ ʧʨʫʞʠʥʝ? ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ? ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʘʷʪʥʠʢʘ? ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ ʠʜʝʘʣʴʥʦʤ ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʢʦʥʪʫʨʝ? 

3. ɻʨʫʟ ʤʘʩʩʦʡ m ʩʦʚʝʨʰʘʝʪ ʤʘʣʳʝ ʩʚʦʙʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʙʫʜʫʯʠ 

ʧʨʠʢʨʝʧʣʝʥ ʢ ʧʨʫʞʠʥʝ ʞʝʩʪʢʦʩʪʴʶ k. ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ɸ. 

ʅʘʯʝʨʪʠʪʝ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʛʨʫʟʘ ʦʪ ʚʨʝʤʝʥʠ.  

4. ʂʘʢʦʚ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʚʝʣʠʯʠʥ ʜʝʢʨʝʤʝʥʪ ʟʘʪʫʭʘʥʠʷ ʠ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʜʝʢʨʝʤʝʥʪ ʟʘʪʫʭʘʥʠʷ? 

5. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʷʚʣʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ? ʇʨʠʚʝʜʠʪʝ 
ʧʨʠʤʝʨʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʵʪʦʛʦ ʷʚʣʝʥʠʷ. 



 

169 

 

 

      ʊʝʩʪ 

1. ʅʘ ʨʠʩ. 97 ʠʟʦʙʨʘʞʸʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʦʨʜʠʥʘʪʳ x ʛʘʨʤʦʥʠʯʝʩʢʠ ʢʦʣʝʙʣʶʱʝʛʦʩʷ 

ʪʝʣʘ ʦʪ ʚʨʝʤʝʥʠ t. ʏʝʤʫ ʨʘʚʥʘ ʯʘʩʪʦʪʘ  ʠ 

ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ? 

1. 50 ɻʮ, 4 ʤʤ.    2. 25 ɻʮ, 2 ʤʤ.  

3. 25  ɻʮ, 4 ʤʤ.   4. 12,5 ɻʮ, 2 ʤʤ.  

5. 12,5 ɻʮ, 4 ʤʤ.     

 

2. ʉʢʦʨʦʩʪʴ ɡ ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʪʝʣʘ ʤʝʥʷʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ t 

(ʠʟʤʝʨʷʝʪʩʷ ʚ ʩʝʢʫʥʜʘʭ) ʧʦ ʟʘʢʦʥʫ ɡ(t) = 20cos100t (ʤ/ʩ). ʏʝʤʫ ʨʘʚʥʘ 

ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʢʦʦʨʜʠʥʘʪʳ ʪʝʣʘ? 

1. 20 ʤ.  2. 100 ʤ.  3. 0,4 ʤ.  4. 0,2 ʤ.  5. 0,002 ʤ.   

 

3. ʂʦʣʝʙʘʥʠʷ ʛʨʫʟʘ ʚʜʦʣʴ ʦʩʠ ʆʭ ʟʘʜʘʥʳ ʫʨʘʚʥʝʥʠʝʤ  

                                ʭ = 3cos(2t + ˊ/2) (ʤʤ). 

ʏʝʤʫ ʨʘʚʥʘ ʬʘʟʘ ʢʦʣʝʙʘʥʠʡ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ? 

1. 3 ʨʘʜ.       2. 2t + ˊ/2 ʨʘʜ.       3. 2t ʨʘʜ.       4. ˊ/2 ʨʘʜ.       5. 0 ʨʘʜ. 

 

4. ɻʨʫʟ ʤʘʩʩʦʡ m1, ʧʦʜʚʝʰʝʥʥʳʡ ʥʘ ʧʨʫʞʠʥʝ,  ʩʦʚʝʨʰʘʝʪ 

ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ  ʩ ʧʝʨʠʦʜʦʤ ʊ1. ʏʝʤʫ ʨʘʚʝʥ ʧʝʨʠʦʜ ʊ2  

ʢʦʣʝʙʘʥʠʡ ʛʨʫʟʘ ʤʘʩʩʦʡ m2 = 4m1   ʥʘ ʪʦʡ ʞʝ ʧʨʫʞʠʥʝ?   

1. ʊ2 =  ʊ1/4.          2. ʊ2 =  ʊ1/2.  3. ʊ2 =  ʊ1.   4. ʊ2 =  2ʊ1.   5. ʊ2=  4ʊ1. 

 

5. ʕʣʝʢʪʨʦʸʤʢʦʩʪʴ ʠʜʝʘʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʫʚʝʣʠʯʠʣʠ ʚ 2 

ʨʘʟʘ. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʠʟʤʝʥʠʪʩʷ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʢʦʥʪʫʨʘ? 

1. ʅʝ ʠʟʤʝʥʠʪʩʷ.  2. ʋʚʝʣʠʯʠʪʩʷ ʚ 2 ʨʘʟʘ.  3. ʋʚʝʣʠʯʠʪʩʷ ʚ 2  ʨʘʟ.  4. 

ʋʤʝʥʴʰʠʪʩʷ ʚ 2 ʨʘʟʘ. 5. ʋʤʝʥʴʰʠʪʩʷ ʚ  2  ʨʘʟ. 

 

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ɿʘʜʘʯʘ 16.1 

ɻʨʫʟʦʚʠʢʠ ʚʲʝʟʞʘʶʪ ʧʦ ʛʨʫʥʪʦʚʦʡ ʜʦʨʦʛʝ ʥʘ ʟʝʨʥʦʚʦʡ ʩʢʣʘʜ ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ; ʨʘʟʛʨʫʞʘʶʪʩʷ ʠ ʚʳʝʟʞʘʶʪ ʩʦ ʩʢʣʘʜʘ ʩ ʪʦʡ ʞʝ 

ʩʢʦʨʦʩʪʴʶ, ʥʦ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʩʢʣʘʜʘ ʚʳʙʦʠʥʳ ʥʘ 

ʜʦʨʦʛʝ ʠʜʫʪ ʯʘʱʝ, ʯʝʤ ʩ ʜʨʫʛʦʡ (ʨʠʩ. 98). ʂʘʢ ʧʦ ʩʦʩʪʦʷʥʠʶ ʜʦʨʦʛʠ 

ʦʧʨʝʜʝʣʠʪʴ, ʩ ʢʘʢʦʡ ʩʪʦʨʦʥʳ ʚʲʝʟʜ, ʘ ʩ ʢʘʢʦʡ  ʚʳʝʟʜ? 

                  ʈʠʩ. 97 
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ʈʝʰʝʥʠʝ.  

ʊʘʢ ʢʘʢ ʘʚʪʦʤʦʙʠʣʴ ʚʲʝʟʞʘʝʪ ʥʘ ʩʢʣʘʜ 

ʠ ʚʳʝʟʞʘʝʪ ʩʦ ʩʢʣʘʜʘ ʩ ʦʜʠʥʘʢʦʚʳʤʠ 

ʩʢʦʨʦʩʪʷʤʠ, ʪʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʚʳʙʦʠʥʘʤʠ ʙʫʜʝʪ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ 

ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʥʘ ʫʧʨʫʛʠʭ ʨʝʩʩʦʨʘʭ 

ʧʦʜʚʝʩʢʠ. ʇʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʘʚʪʦʤʦʙʠʣʷ 

ʊ ʥʘ ʨʝʩʩʦʨʘʭ ʧʦʜʚʝʩʢʠ, ʦʯʝʚʠʜʥʦ, ʟʘʚʠʩʠʪ 

ʦʪ ʠʥʝʨʪʥʳʭ ʩʚʦʡʩʪʚ ʘʚʪʦʤʦʙʠʣʷ (ʤʘʩʩʘ m, ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ï ʢʛ) ʠ 

ʫʧʨʫʛʦʩʪʠ ʧʦʜʚʝʩʢʠ. ʋʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʞʸʩʪʢʦʩʪʴ k 

(ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ï ʚʝʣʠʯʠʥʘ  ʅ/ʤ; 
22 ʩ

ʢʛ

ʤʩ

ʤʢʛ

ʤ

ʅ
=

Ö

Ö
= ). 

 ʂʘʢʦʚʘ ʜʦʣʞʥʘ ʙʳʪʴ ʢʦʤʙʠʥʘʮʠʷ ʜʚʫʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ m ʠ k, 

ʯʪʦʙʳ ʦʥʘ ʠʤʝʣʘ ʨʘʟʤʝʨʥʦʩʪʴ ʚʨʝʤʝʥʠ (ʩ)? ʆʯʝʚʠʜʥʦ, ʵʪʦʡ 

ʢʦʤʙʠʥʘʮʠʝʡ ʙʫʜʝʪ ʩʦʦʪʥʦʰʝʥʠʝ  
k

m
; 

ʩʩ
ʩ

ʢʛ
:ʢʛ 2

2
== . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

T  ~ 
k

m . 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʛʜʘ ʘʚʪʦʤʦʙʠʣʴ ʛʨʫʞʸʥ, ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʤʘʩʩʫ, ʪʦ 

ʧʝʨʠʦʜ ʝʛʦ ʢʦʣʝʙʘʥʠʡ ʙʦʣʴʰʝ, ʘ ʟʥʘʯʠʪ, ʚʳʙʦʠʥʳ ʥʘ ʜʦʨʦʛʝ ʜʘʣʴʰʝ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʊʝʧʝʨʴ, ʛʣʷʜʷ ʥʘ ʨʠʩ. 98, ʤʳ ʤʦʞʝʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʚʲʝʟʜ ʥʘ ʩʢʣʘʜ ʥʘʭʦʜʠʪʩʷ ʩʣʝʚʘ, ʘ ʚʳʝʟʜ ï ʩʧʨʘʚʘ.  

 

ɿʘʜʘʯʘ 16.2 

ʂʦʥʜʝʥʩʘʪʦʨ ʵʣʝʢʪʨʦʸʤʢʦʩʪʴʶ ʉ = 5 ʤʢʌ 

ʟʘʨʷʜʠʣʠ  ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʧʦʜʢʣʶʯʠʣʠ  ʢ ʢʘʪʫʰʢʝ ʩ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ L = 0,5 

ɻʥ ʠ ʘʢʪʠʚʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ R = 0,5 ʆʤ   (ʨʠʩ. 

99). ʄʦʞʥʦ ʣʠ ʩʯʠʪʘʪʴ ʢʦʣʝʙʘʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ 

ʜʘʥʥʦʤ ʢʦʥʪʫʨʝ, ʛʘʨʤʦʥʠʯʝʩʢʠʤʠ? 

ʈʝʰʝʥʠʝ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʷʚʣʷʶʪʩʷ ʣʠ 

ʢʦʣʝʙʘʥʠʷ ʚ ʜʘʥʥʦʤ ʢʦʥʪʫʨʝ ʛʘʨʤʦʥʠʯʝʩʢʠʤʠ, 

ʦʮʝʥʠʤ, ʢʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʨʘʩʩʝʠʚʘʝʪʩʷ (ʚʳʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʪʝʧʣʘ ʟʘ ʩʯʝʪ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʪʫʰʢʠ) ʟʘ ʦʜʠʥ ʧʝʨʠʦʜ 

ʢʦʣʝʙʘʥʠʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ  çʟʘʧʘʩʦʤè ʵʥʝʨʛʠʠ E0. 

ʈʠʩ. 99 

ʈʠʩ. 98 
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ʇʫʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʟʘʨʷʞʝʥ ʜʦ ʥʘʧʨʷʞʝʥʠʷ U0 .  

ʊʦʛʜʘ  

2

2

0

0

ʉU
ɽ = ,                                           (159)            

ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ ʚ ʢʘʪʫʰʢʝ I0  ʦʮʝʥʠʤ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 

.
22

2

00 LICU
=                                           (160)                  

ʇʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʊ ʦʮʝʥʠʤ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ ʊʦʤʩʦʥʘ: 

T = LCp2 .                                           (161) 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ Q, ʚʳʜʝʣʠʚʰʝʝʩʷ ʚ ʢʦʥʪʫʨʝ ʟʘ 

ʦʜʥʦ ʢʦʣʝʙʘʥʠʝ, ʥʠʢʘʢ ʥʝ ʙʦʣʴʰʝ, ʯʝʤ      

Q = I0
2 
RT.                                         (162)                   

ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʷ (159)ï(162), ʦʮʝʥʠʤ ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʪʝʧʣʦʪʳ Q ʢ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʠ  ʢʦʥʪʫʨʘ E0: 

;4
0 L

C
R

E

Q
p=  

2
6

0

102
5,0

105
5,014,34 -

-

Ö=
Ö

ÖÖÖ=
E

Q
. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʞʝ ʧʨʠ ʟʘʚʳʰʝʥʥʦʡ ʦʮʝʥʢʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, 

ʚʳʜʝʣʠʚʰʝʝʩʷ ʚ ʢʦʥʪʫʨʝ ʟʘ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʷ, ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 2 % 

ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʢʦʥʪʫʨʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ ʜʦʩʪʘʪʦʯʥʦʡ 

ʪʦʯʥʦʩʪʴʶ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ ʚ ʢʦʥʪʫʨʝ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ  ʢʦʣʝʙʘʥʠʡ. 

 

ɿʘʜʘʯʘ 16.3 

ɺ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ ʩ ʤʘʣʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

ʚʢʣʶʯʝʥ ʢʦʥʜʝʥʩʘʪʦʨ ʸʤʢʦʩʪʴʶ ʉ = 0,5 ʤʢʌ ʠ ʢʘʪʫʰʢʘ ʩ 

ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ L = 20 ʤɻʥ. ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʥʘʧʨʷʞʝʥʠʷ, ʟʘʨʷʜʘ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʝ, ʩʠʣʳ ʪʦʢʘ ʚ ʢʦʥʪʫʨʝ, ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʪʦʢʘ ʚ ʢʘʪʫʰʢʝ, ʕɼʉ ʩʘʤʦʠʥʜʫʢʮʠʠ ʚ ʢʘʪʫʰʢʝ ʦʪ ʚʨʝʤʝʥʠ. ʉʨʘʚʥʠʪʝ 

ʬʘʟʳ ʜʘʥʥʳʭ ʚʝʣʠʯʠʥ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʢʦʥʜʝʥʩʘʪʦʨ ʟʘʨʷʞʝʥ ʜʦ 

ʥʘʧʨʷʞʝʥʠʷ  ɿʘʪʫʭʘʥʠʝʤ ʢʦʣʝʙʘʥʠʡ ʧʨʝʥʝʙʨʝʯʴ. 

ʈʝʰʝʥʠʝ: 

ʊʘʢ ʢʘʢ ʚ ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʢʦʥʪʫʨʝ ʧʨʦʠʩʭʦʜʷʪ ʛʘʨʤʦʥʠʯʝʩʢʠʝ 

ʢʦʣʝʙʘʥʠʷ, ʪʦ ʥʘʧʨʷʞʝʥʠʝ ʤʝʥʷʝʪʩʷ ʧʦ ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ: 

                               Ὗὸ Ὗ̍ ́̋Ã̒ÏÓ‫ὸȢ                                          (163) 

ʛʜʝ ,ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ - ‫ 

                                 ‫
Ѝ
Ȣ                                                            (164)          
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ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʵʣʝʢʪʨʦʸʤʢʦʩʪʴ ὅ ʨʘʚʥʘ  

ὅ
ήὸ

Ὗὸ
ȟ 

ʛʜʝ ήὸ  - ʟʘʨʷʜ ʢʦʥʜʝʥʩʘʪʦʨʘ. 

ʉ ʫʯʸʪʦʤ (163) ʠʤʝʝʤ: 

                             ήὸ ὅὟ̍ ́̋Ã̒ÏÓ‫ὸȢ                                    (165) 

ʉʠʣʘ ʪʦʢʘ ʝʩʪʴ ʧʨʦʠʟʚʦʜʥʘʷ ʬʫʥʢʮʠʠ ʟʘʨʷʜʘ ʧʦ ʚʨʝʤʝʥʠ: 

Ὅὸ ήὸȢ 
Ὅὸ ‫ὅὟ̍ ́̋Ó̒ÉÎ‫ὸ 

ʠʣʠ                       Ὅὸ ‫ὅὟ̍ ́̋Ã̒ÏÓ‫ὸ Ȣ                                    (166) 

ʄʘʛʥʠʪʥʳʡ ʧʦʪʦʢ  ὸ, ʧʨʦʥʠʟʳʚʘʶʱʠʡ ʢʘʪʫʰʢʫ, ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ ʢʘʪʫʰʢʠ ʠ ʩʠʣʦʡ ʪʦʢʘ ʚ ʥʝʡ: 

 ὸ ὒὍὸȢ 
ʉ ʫʯʸʪʦʤ (166) ʠʤʝʝʤ 

                                       ὸ ‫ὒὅὟ̍ ́̋Ã̒ÏÓ‫ὸ ȟ                                 

ʠʣʠ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ (164), ʪʦ 

                  ὸ Ѝ,#5̍ ́̋Ã̒ÏÓʖÔ Ȣ                              

 ʕɼʉ ʩʘʤʦʠʥʜʫʢʮʠʠ, ʚʦʟʥʠʢʘʶʱʘʷ ʚ ʢʘʪʫʰʢʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʠʣʳ 

ʪʦʢʘ ʚ ʢʘʪʫʰʢʝ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

                    ꜡ ὒὍὸȢ                        
ʊʦʛʜʘ  

                                  ꜡ ὒ‫ὅὟ̍ ́̋Ã̒ÏÓ‫ὸ Ȣ                                  

                                       

꜡ ‫ὒὅὟ̍ ́̋Ó̒ÉÎ‫ὸ
“

ς
Ȣ 

                                      

ʠʣʠ         

                                    ꜡ Ὗ̍ ́̋Ã̒ÏÓ‫ὸȢ    
ʉʨʘʚʥʠʚʘʷ ʬʘʟʫ ʢʦʣʝʙʘʥʠʡ ʟʘʨʷʜʘ, ʥʘʧʨʷʞʝʥʠʷ, ʩʠʣʳ ʪʦʢʘ, 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʠ ʕɼʉ ʩʘʤʦʠʥʜʫʢʮʠʠ, ʤʳ ʤʦʞʝʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʬʘʟʳ ʢʦʣʝʙʘʥʠʡ ʟʘʨʷʜʘ, ʥʘʧʨʷʞʝʥʠʷ ʠ ʕɼʉ ʩʘʤʦʠʥʜʫʢʮʠʠ ʦʜʠʥʘʢʦʚʳ, ʠ 

ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʬʘʟʳ ʢʦʣʝʙʘʥʠʡ ʩʠʣʳ ʪʦʢʘ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʥʘ . 

ʆʪʚʝʪ: Ὗὸ υÃÏÓρπὸ ˏȟ   ήὸ ςȟυϽρπÃÏÓρπὸ ̠ ȟ̌ 

Ὅὸ ςȟυϽρπÃÏÓρπὸ  ̱ȟ  ɮὸ υϽρπÃÏÓρπὸ  ˏ ȟ̂

꜡ὸ υÃÏÓρπὸ ˏȢ 
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ʃʝʢʮʠʷ 17 

 

ʇɽʈɽʄɽʅʅʓʁ ʊʆʂ.  

ɿɸʂʆʅ ʆʄɸ ɼʃʗ ʎɽʇʀ ʇɽʈɽʄɽʅʅʆɻʆʊʆʂɸ  

 

 

ʂ ʜʘʥʥʦʡ ʣʝʢʮʠʠ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ 

- ʟʥʘʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʣʳ ʪʦʢʘ, ʵʣʝʢʪʨʦʝʤʢʦʩʪʠ, ʠʥʜʫʢʪʠʚʥʦʩʪʠ, 

ʬʦʨʤʫʣʫ ʟʘʢʦʥʘ ʆʤʘ ʠ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʘ ʕɼʉ ʩʘʤʦʠʥʜʫʢʮʠʠ, ʟʥʘʪʴ 

ʧʨʘʚʠʣʘ ʩʣʦʞʝʥʠʷ ʚʝʢʪʦʨʦʚ; 

- ʫʤʝʪʴ ʥʘʭʦʜʠʪʴ ʧʨʦʠʟʚʦʜʥʳʝ ʬʫʥʢʮʠʡ ʩʠʥʫʩ ʠ ʢʦʩʠʥʫʩ, ʫʤʝʪʴ 

ʧʨʠʤʝʥʷʪʴ ʧʨʘʚʠʣʘ ʂʠʨʭʛʦʬʘ.  

 

ʇʣʘʥ ʣʝʢʮʠʠ 

1. ʇʝʨʝʤʝʥʥʳʡ ʪʦʢ. ɸʢʪʠʚʥʳʡ, ʠʥʜʫʢʪʠʚʥʳʡ, ʸʤʢʦʩʪʥʳʡ ʫʯʘʩʪʢʠ ʮʝʧʠ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

2. ɿʘʢʦʥ ʆʤʘ ʜʣʷ ʮʝʧʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

3. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

I. ʉ. 276ï280. Ä 149. ʇʝʨʝʤʝʥʥʳʡ ʪʦʢ 

ʉ. 280ï281. Ä 150. ʈʝʟʦʥʘʥʩ ʥʘʧʨʷʞʝʥʠʡ 

ʉ. 281ï282. Ä 151. ʈʝʟʦʥʘʥʩ ʪʦʢʦʚ 

ʉ. 282ï283. Ä 152. ʄʦʱʥʦʩʪʴ, ʚʳʜʝʣʷʝʤʘʷ ʚ ʮʝʧʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 

II. ʏʘʩʪʴ II . ʉ. 400ï404. Ä 37. ɪʤʢʦʩʪʥʦʝ ʠ ʠʥʜʫʢʪʠʚʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ   

ʉ. 404ï408. Ä 38. ʆʙʦʙʱʸʥʥʳʡ ʟʘʢʦʥ ʆʤʘ. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʨʝʟʦʥʘʥʩ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ 

 

ʌʦʨʤʫʣʳ 

ʋʢʘʞʠʪʝ, ʦʙʦʟʥʘʯʝʥʠʷ ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʞʜʦʡ ʬʦʨʤʫʣʝ, ʢʘʢʦʚʳ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ. ʋʢʘʞʠʪʝ 

ʬʠʟʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ. 

 

Ȣ   Ὗὸ Ὗ̍ ÃÏÓ‫ὸ ȟ         Ὥὸ Ὅ̍ÃÏÓ‫ὸ •  

 

Ȣ  Ὅ̍ ̍        Ȣ   Ὅ̍ ̍ ȟ      Ὑ ‫ὒ        Ȣ   Ὅ̍ ̍ ȟ     Ὑ  
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Ȣ   Ὅ̍ ̍ ȟ           ὤ Ὑ Ὑ Ὑ  ȟ          ὸὫ•  

 

Ȣ   Ὅ ̍

Ѝ
 ȟ       Ὗ ̍

Ѝ
                       Ȣ   ὖ ὍὟÃÏÓ•  

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʅʘʯʝʨʪʠʪʝ ʚʝʢʪʦʨʥʫʶ ʜʠʘʛʨʘʤʤʫ ʜʣʷ ʮʝʧʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, 

ʩʦʜʝʨʞʘʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʢʣʶʯʸʥʥʳʝ ʢʦʥʜʝʥʩʘʪʦʨ ʠ ʨʝʟʠʩʪʦʨ. 

ʏʝʤʫ ʨʘʚʥʦ ʧʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʘʢʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ? 

2. ʅʘʯʝʨʪʠʪʝ ʚʝʢʪʦʨʥʫʶ ʜʠʘʛʨʘʤʤʫ ʜʣʷ ʮʝʧʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, 

ʩʦʜʝʨʞʘʱʝʡ ʧʘʨʘʣʣʝʣʴʥʦ ʚʢʣʶʯʸʥʥʳʝ ʢʘʪʫʰʢʫ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ 

ʨʝʟʠʩʪʦʨ. ʏʝʤʫ ʨʘʚʥʦ ʧʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʘʢʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ? 

3. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ 

ʨʝʟʠʩʪʠʚʥʦʤ, ʠʥʜʫʢʪʠʚʥʦʤ, ʸʤʢʦʩʪʥʦʤ ʫʯʘʩʪʢʘʭ ʮʝʧʠ ʧʝʨʝʤʝʥʥʦʛʦ 

ʪʦʢʘ. 

4. ʉʨʘʚʥʠʪʝ ʷʚʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ ʚ ʮʝʧʷʭ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

5. ʏʪʦ ʪʘʢʦʝ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʚ ʮʝʧʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ʏʪʦ ʦʥ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ? ʆʪ ʯʝʛʦ ʟʘʚʠʩʠʪ? 

 

ʊʝʩʪ 

1. ʏʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʪʘʥʦʚʠʚʰʘʷʩʷ ʯʘʩʪʦʪʘ ʚʳʥʫʞʜʝʥʥʳʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ: ʘ) ʚʝʣʠʯʠʥʦʡ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʮʝʧʠ,    ʙ) ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ ʮʝʧʠ, ʚ) ʸʤʢʦʩʪʴʶ ʮʝʧʠ, ʛ) ʯʘʩʪʦʪʦʡ 

ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʛʦ ʥʘʧʨʷʞʝʥʠʷ? 

1. ʊʦʣʴʢʦ ʘ. 2. ʊʦʣʴʢʦ ʙ. 3. ʊʦʣʴʢʦ ʚ. 4. ʊʦʣʴʢʦ ʛ. 5. ʊʦʣʴʢʦ ʙ ʠ  ʚ. 

 

2. ʂʘʢʦʡ ʠʟ ʧʨʠʚʝʜʸʥʥʳʭ ʥʠʞʝ ʛʨʘʬʠʢʦʚ (ʨʠʩ.100) ʚʝʨʥʦ ʦʪʨʘʞʘʝʪ 

ʟʘʚʠʩʠʤʦʩʪʴ ʸʤʢʦʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ XC ʚ ʮʝʧʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʦʪ 

ʯʘʩʪʦʪʳ ʪʦʢʘ ɜ?  

 

 

 

 

 

 

 

1. 
1                     2                        3                         4                       5  

ʈʠʩ100 
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1.    2. 2.     3. 3.   4. 4.     5. 5. 

3. ʋʯʘʩʪʦʢ ʮʝʧʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʪʫʰʢʫ 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʦʙʣʘʜʘʶʱʫʶ ʠʥʜʫʢʪʠʚʥʳʤ ʠ ʘʢʪʠʚʥʳʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. ʂʘʢ ʠʟʤʝʥʠʪʩʷ ʧʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ 

ʮʝʧʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʪʦʢʘ ʚ 2 ʨʘʟʘ? 

1. ʇʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʯʘʩʪʢʘ ʮʝʧʠ ʫʤʝʥʴʰʠʪʩʷ ʚ 2 ʨʘʟʘ.  2. ʇʦʣʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʯʘʩʪʢʘ ʮʝʧʠ ʥʝ ʠʟʤʝʥʠʪʩʷ. 3. ʇʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʫʯʘʩʪʢʘ ʮʝʧʠ ʫʚʝʣʠʯʠʪʩʷ ʤʝʥʝʝ, ʯʝʤ  ʚ 2 ʨʘʟʘ.  4. ʇʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʫʯʘʩʪʢʘ ʮʝʧʠ ʫʚʝʣʠʯʠʪʩʷ ʚ 2 ʨʘʟʘ.  5. ʇʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʯʘʩʪʢʘ 

ʮʝʧʠ ʫʚʝʣʠʯʠʪʩʷ ʙʦʣʝʝ, ʯʝʤ ʚ 2 ʨʘʟʘ. 

 

4. ʂ ʛʝʥʝʨʘʪʦʨʫ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦʜʢʣʶʯʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʩʦʝʜʠʥʸʥʥʳʝ ʨʝʟʠʩʪʦʨ, ʢʦʥʜʝʥʩʘʪʦʨ ʠ ʢʘʪʫʰʢʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʩ ʤʘʣʳʤ 

ʘʢʪʠʚʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. ʄʦʞʝʪ ʣʠ ʧʨʠ ʥʝʢʦʪʦʨʦʡ ʯʘʩʪʦʪʝ 

ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚʳʨʘʙʘʪʳʚʘʝʤʦʛʦ ʛʝʥʝʨʘʪʦʨʦʤ, ʚʦʟʥʠʢʥʫʪʴ 

ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʦʜʥʦʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʫʯʘʩʪʢʘʭ ʮʝʧʠ 

(ʘʢʪʠʚʥʦʤ, ʸʤʢʦʩʪʥʦʤ, ʠʥʜʫʢʪʠʚʥʦʤ) ʙʫʜʝʪ ʙʦʣʴʰʝ, ʯʝʤ ʥʘ ʢʣʝʤʤʘʭ 

ʛʝʥʝʨʘʪʦʨʘ? 

1. ʇʨʠ ʥʝʢʦʪʦʨʦʡ ʯʘʩʪʦʪʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʘʢʪʠʚʥʦʤ ʫʯʘʩʪʢʝ ʮʝʧʠ ʤʦʞʝʪ 

ʙʳʪʴ  ʙʦʣʴʰʝ, ʯʝʤ ʥʘ ʢʣʝʤʤʘʭ ʛʝʥʝʨʘʪʦʨʘ. 2. ʇʨʠ ʥʝʢʦʪʦʨʦʡ ʯʘʩʪʦʪʝ 

ʥʘʧʨʷʞʝʥʠʝ ʠ ʥʘ ʘʢʪʠʚʥʦʤ ʫʯʘʩʪʢʝ ʮʝʧʠ, ʠ ʥʘ ʸʤʢʦʩʪʥʦʤ ʫʯʘʩʪʢʝ ʮʝʧʠ 

ʤʦʞʝʪ ʙʳʪʴ  ʙʦʣʴʰʝ, ʯʝʤ ʥʘ ʢʣʝʤʤʘʭ ʛʝʥʝʨʘʪʦʨʘ. 3. ʇʨʠ ʥʝʢʦʪʦʨʦʡ 

ʯʘʩʪʦʪʝ ʥʘʧʨʷʞʝʥʠʝ ʠ ʥʘ ʘʢʪʠʚʥʦʤ ʫʯʘʩʪʢʝ ʮʝʧʠ, ʠ ʥʘ ʠʥʜʫʢʪʠʚʥʦʤ 

ʫʯʘʩʪʢʝ ʮʝʧʠ ʤʦʞʝʪ ʙʳʪʴ  ʙʦʣʴʰʝ, ʯʝʤ ʥʘ ʢʣʝʤʤʘʭ ʛʝʥʝʨʘʪʦʨʘ. 4. ʇʨʠ 

ʥʝʢʦʪʦʨʦʡ ʯʘʩʪʦʪʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʸʤʢʦʩʪʥʦʤ ʫʯʘʩʪʢʝ ʠʣʠ ʥʘ 

ʠʥʜʫʢʪʠʚʥʦʤ ʫʯʘʩʪʢʝ, ʠʣʠ ʥʘ ʜʚʫʭ ʵʪʠʭ ʫʯʘʩʪʢʘʭ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʝ, 

ʯʝʤ ʥʘ ʢʣʝʤʤʘʭ ʛʝʥʝʨʘʪʦʨʘ. 5. ʇʨʠ ʣʶʙʦʡ ʯʘʩʪʦʪʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ 

ʫʯʘʩʪʢʝ ʮʝʧʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʝ, ʯʝʤ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʣʝʤʤʘʭ 

ʛʝʥʝʨʘʪʦʨʘ.   

 

 5. ʂ ʛʝʥʝʨʘʪʦʨʫ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦʜʢʣʶʯʝʥʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʮʝʧʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʨʝʟʠʩʪʦʨʘ, ʢʘʪʫʰʢʠ 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʢʦʥʜʝʥʩʘʪʦʨʘ. ʂʘʢ ʠʟʤʝʥʷʝʪʩʷ ʩʠʣʘ ʪʦʢʘ ʚ ʮʝʧʠ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʥʘʯʠʥʘʷ ʦʪ ʟʥʘʯʝʥʠʷ 

ʯʘʩʪʦʪʳ, ʙʣʠʟʢʦʛʦ ʢ ʥʫʣʶ? ɸʤʧʣʠʪʫʜʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ 

ʛʝʥʝʨʘʪʦʨʘ ʥʝʠʟʤʝʥʥʘ. 
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1. ʅʝ ʠʟʤʝʥʷʝʪʩʷ. 2. ʋʚʝʣʠʯʠʚʘʝʪʩʷ. 3. ʋʤʝʥʴʰʘʝʪʩʷ. 4. ɺʥʘʯʘʣʝ   

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʟʘʪʝʤ ʫʤʝʥʴʰʘʝʪʩʷ.  5. ɺʥʘʯʘʣʝ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʟʘʪʝʤ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

 

 

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ɿʘʜʘʯʘ 17.1 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩ. 101, ʧʠʪʘʝʪʩʷ ʦʪ ʠʩʪʦʯʥʠʢʘ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʪʦʢʘ ʩ ʯʘʩʪʦʪʦʡ 400 ɻʮ ʠ ʥʘʧʨʷʞʝʥʠʝʤ 26 ɺ. ʠʟʚʝʩʪʥʦ, 

ʯʪʦ R = 5 ʆʤ, L = 6,4 ʤɻʥ, C = 100 ʤʢʌ. ɺʳʯʠʩʣʠʪʴ ʪʦʢ ʚ ʮʝʧʠ, 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʩʝʭ ʫʯʘʩʪʢʘʭ. ʇʦʩʪʨʦʡʪʝ ʚʝʢʪʦʨʥʫʶ ʜʠʘʛʨʘʤʤʫ ʠ 

ʦʧʨʝʜʝʣʠʪʝ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ. 

 

ʈʠʩ. 101 

ʈʝʰʝʥʠʝ. 

ɺʳʯʠʩʣʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ  ʠ ʧʦʣʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʩʝʡ ʮʝʧʠ. 

ʀʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ: 

RL = 2ˊɜL,  RL = 2
.
3,14

.
400

.
6,4Ŀ10

-3
 = 16 (ʆʤ). 

ɪʤʢʦʩʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ: 

Ὑ ȟ              Ὑ
Ͻȟ Ͻ Ͻ Ͻ

τ˛ Ȣ̍ 

ʇʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʩʝʡ ʮʝʧʠ: 

ὤ Ὑ Ὑ Ὑ ȟ           ὤ υ ρφ τ ρσ̨ Ȣ̍ 
ʉʠʣʫ ʪʦʢʘ I ʠ ʥʘʧʨʷʞʝʥʠʝ UR, UL, UC ʥʘ ʘʢʪʠʚʥʦʤ, ʠʥʜʫʢʪʠʚʥʦʤ ʠ 

ʸʤʢʦʩʪʥʦʤ ʫʯʘʩʪʢʘʭ ʮʝʧʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ: 
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   ╘
╤

╩
ȟ                    ╘ ˍȟ  

    Ὗ ὍὙȟ            Ὗ ςϽυ ρπˏ ȟ   
    Ὗ ὍὙȟ           Ὗ ςϽρφ σςˏ ȟ 
    Ὗ ὍὙȟ           Ὗ ςϽτ ψˏȢ  

ɺʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʜʣʷ ʜʘʥʥʦʡ ʮʝʧʠ 

ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 102.   

˗̞̗̏̉̉̆̎̓̕̕ ̍̏̎̏̒̓̉̚ cos ʒ ̑ ́̃̆̎ȡ 

ÃÏÓ•
Ὗ

Ὗ
 

ʠʣʠ: 

ÃÏÓ•
ὍὙ

Ὅὤ
ȟ 

ÃÏÓ• ȟ 

ÃÏÓ•
υ

ρσ
πȟσψȢ 

 

ʆʪʚʝʪ: RL = 16 ʆʤ,  RC = 4 ʆʤ,  Z = 13 ʆʤ,  I = 2 ɸ,   UR = 10 ɺ,     

UL = 32 ɺ, UC = 8 ɺ, cosű = 0,38. 

 

ɿʘʜʘʯʘ 17.2 

ʂʘʪʫʰʢʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ (ʨʠʩ. 103) ʧʦʜʢʣʶʯʝʥʘ ʢ ʩʝʪʠ ʩ 

ʥʘʧʨʷʞʝʥʠʝʤ 100 ɺ. ɺʘʪʪʤʝʪʨ ʧʦʢʘʟʳʚʘʝʪ ʟʥʘʯʝʥʠʝ P = 600 ɺʪ, 

ʘʤʧʝʨʤʝʪʨ -I = 10 ɸ. ʆʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʢʘʪʫʰʢʠ ï ʝʸ ʘʢʪʠʚʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʴ. ʏʘʩʪʦʪʘ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 50 ɻʮ. 

 

 

ʈʝʰʝʥʠʝ. 

ʇʦʢʘʟʘʥʠʝ ʘʤʧʝʨʤʝʪʨʘ ï ʩʠʣʘ ʪʦʢʘ I ʚ ʮʝʧʠ ï ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʘʧʨʷʞʝʥʠʝʤ U ʠ ʧʦʣʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʢʘʪʫʰʢʠ Z: 

ʈʠʩ. 102 

ʈʠʩ. 103 
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                                              Ὅ ȟ                                               (167)                                                                                               

 ὤ Ὑ Ὑȟ                                             (168) 

R - ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʪʫʰʢʠ, 

RL- ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʪʫʰʢʠ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʯʘʩʪʦʪʦʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ɜ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ ʢʘʪʫʰʢʠ L: 

Ὑ ς“’ὒȢ                                          (169) 

ʇʦʢʘʟʘʥʠʝ ʚʘʪʪʤʝʪʨʘ ï ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ P - ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʣʦʡ 

ʪʦʢʘ ʚ ʢʘʪʫʰʢʝ ʠ ʘʢʪʠʚʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʢʘʪʫʰʢʠ: 

 ὖ ὍὙȢ                                          (170) 

ʈʝʰʘʷ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (167) ï (170), ʧʦʣʫʯʠʤ 

Ὑ
ὖ

Ὅ
ȟ 

ὒ
ЍὟὍ ὖ

ς“’Ὅ
Ȣ 

 

ɺʳʯʠʩʣʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʩʣʝʜʫʶʱʠʤ ʨʝʟʫʣʴʪʘʪʘʤ:  

R = 6 ʆʤ, 

L = 25 ʤɻʥ. 

 

ʆʪʚʝʪ: R = 6 ʆʤ, L = 25 ʤɻʥ. 

 

ɿʘʜʘʯʘ 17.3 

ʂ ʛʝʥʝʨʘʪʦʨʫ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʧʦʜʢʣʶʯʝʥʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʨʝʟʠʩʪʦʨʘ ʩ ʤʘʣʳʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʢʦʥʜʝʥʩʘʪʦʨʘ ʠ ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ (ʨʠʩ. 104, ʘ). 

ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣʳ ʪʦʢʘ ʚ ʜʘʥʥʦʡ ʮʝʧʠ ʦʪ ʯʘʩʪʦʪʳ ʛʝʥʝʨʘʪʦʨʘ 

ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 104, ʙ. ʏʝʤʫ ʨʘʚʥʘ ʝʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʝʩʣʠ 

ʠʥʜʫʢʪʠʚʥʦʩʪʴ L = 50 ʤɻʥ? ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʚʳʭʦʜʝ ʛʝʥʝʨʘʪʦʨʘ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʧʦʩʪʦʷʥʥʦʡ.  

                               ʘ                                                            ʙ 

                                                            ʈʠʩ. 104 
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ʈʝʰʝʥʠʝ. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʩʦʚʝʨʰʘʶʪʩʷ 

ʚʳʥʫʞʜʝʥʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ, ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ 

ʯʘʩʪʦʪʳ ʛʝʥʝʨʘʪʦʨʘ. ʄʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜʘ ʚʳʥʫʞʜʝʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʜʦʩʪʠʛʘʝʪ ʧʨʠ ʨʝʟʦʥʘʥʩʝ, ʪʦ ʝʩʪʴ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʯʘʩʪʦʪʘ 

ʛʝʥʝʨʘʪʦʨʘ ɜ ʩʦʚʧʘʜʘʝʪ ʩ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʢʦʣʝʙʘʥʠʡ  ɜʩʦʙʩʪʚ. LC - 

ʢʦʥʪʫʨʘ.  

ʀʟ  ʛʨʘʬʠʢʘ (ʨʠʩ. 104, ʙ) ʚʠʜʥʦ, ʯʪʦ ʨʝʟʦʥʘʥʩ ʥʘʩʪʫʧʘʝʪ ʧʨʠ ʯʘʩʪʦʪʝ    

ɜ = 2 ʢɻʮ.  

ʉʦʙʩʪʚʝʥʥʫʶ ʯʘʩʪʦʪʫ ʢʦʣʝʙʘʥʠʡ ʢʦʥʪʫʨʘ ʚ ʩʣʫʯʘʝ ʤʘʣʦʛʦ 

ʘʢʪʠʚʥʦʛʦʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʘʣʴʥʳʡ ʢʦʣʝʙʘʪʝʣʴʥʳʡ 

ʢʦʥʪʫʨ) ʦʧʨʝʜʝʣʠʤ ʠʟ ʬʦʨʤʫʣʳ ʊʦʤʩʦʥʘ: 

ɜʩʦʙʩʪʚ = ;
2

1

LCp
 

ɜ = ɜʩʦʙʩʪʚ; 

ɜ = 
LCp2

1
. 

ʆʪʩʶʜʘ 

ʉ = ;
4

1
22 Lnp

 

C = 
( )

7

323
103,1

105010214,34

1 -

-
Ö=

ÖÖÖÖÖ
(ʌ). 

 

ʆʪʚʝʪ: C = 0,13 ʤʢʌ.  

 

ʃʝʢʮʠʷ 18 

 

ʄɽʍɸʅʀʏɽʉʂʀɽ ɺʆʃʅʓ. ɿɺʋʂ 

 

ʂ ʜʘʥʥʦʡ ʣʝʢʮʠʠ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ 

- ʟʥʘʪʴ ʦʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ. 

 

ʇʣʘʥ ʣʝʢʮʠʠ 

1. ɺʦʣʥʳ. ʊʠʧʳ ʚʦʣʥ. ʋʨʘʚʥʝʥʠʝ ʚʦʣʥ. 

2. ʄʝʭʘʥʠʯʝʩʢʠʝ ʚʦʣʥʳ. ɺʦʣʥʦʚʳʝ ʷʚʣʝʥʠʷ (ʦʪʨʘʞʝʥʠʝ,  ʧʨʝʣʦʤʣʝʥʠʝ, 

ʠʥʪʝʨʬʝʨʝʥʮʠʷ, ʜʠʬʨʘʢʮʠʷ ʚʦʣʥ). 
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3. ɿʚʫʢ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʚʫʢʘ. ʋʣʴʪʨʘʟʚʫʢ ʠ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ. 

4. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

I. ʉ. 284ï286. Ä 153. ɺʦʣʥʦʚʳʝ ʧʨʦʮʝʩʩʳ. ʇʨʦʜʦʣʴʥʳʝ ʠ 

ʧʦʧʝʨʝʯʥʳʝ ʚʦʣʥʳ 

ʉ. 286. Ä 154. ʋʨʘʚʥʝʥʠʝ ʙʝʛʫʱʝʡ ʚʦʣʥʳ. ʌʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ. ɺʦʣʥʦʚʦʝ 

ʫʨʘʚʥʝʥʠʝ 

ʉ. 289ï290. Ä 156. ʀʥʪʝʨʬʝʨʝʥʮʠʷ ʚʦʣʥ 

ʉ. 291ï294. Ä 158. ɿʚʫʢʦʚʳʝ ʚʦʣʥʳ 

ʉ. 294ï295. Ä 159. ʕʬʬʝʢʪ ɼʦʧʣʝʨʘ ʚ ʘʢʫʩʪʠʢʝ 

II. ʏʘʩʪʴ I. ʉ. 101ï103. Ä 32. ɺʦʣʥʦʚʦʡ ʧʨʦʮʝʩʩ  

ʉ. 103. Ä 33 (ʯʘʩʪʠʯʥʦ). ʋʨʘʚʥʝʥʠʝ ʚʦʣʥʳ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʣʥʳ 

ʉ. 104ï107. Ä 34. ʀʥʪʝʨʬʝʨʝʥʮʠʷ ʚʦʣʥ. ʉʪʦʷʯʠʝ ʚʦʣʥʳ.  

  

ʌʦʨʤʫʣʳ 

ʋʢʘʞʠʪʝ, ʦʙʦʟʥʘʯʝʥʠʷ ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʞʜʦʡ ʬʦʨʤʫʣʝ, ʢʘʢʦʚʳ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ. ʋʢʘʞʠʪʝ 

ʬʠʟʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ.  

Ȣ   ‗ ὺὝ          ὺ ‗’         Ȣ   ώὼȟὸ ὃÃÏÓ‫ὸ  

Ȣ   ɝὨ ά‗ ȟ   ά πȟρȟςȟȣȠ       ɝὨ ςά ρ
‗

ς
 ȟά πȟρȟςȟȣ 

Ȣ  ὺ   

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ɺ ʜʨʘʤʝ ɸ. ʉ. ʇʫʰʢʠʥʘ çɹʦʨʠʩ ɻʦʜʫʥʦʚè ʠʤʝʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʩʪʨʦʢʠ:   çʇʦʩʣʫʰʘʡ! ʏʪʦ ʟʘ ʰʫʤ? 

 ʅʘʨʦʜ ʟʘʚʳʣ, ʪʘʤ ʧʘʜʘʶ, ʯʪʦ ʚʦʣʥʳ, 

 ɿʘ ʨʷʜʦʤ ʨʷʜ é ʝʱʸ é ʝʱʸ é ʅʫ, ʙʨʘʪ, 

ɼʦʰʣʦ ʜʦ ʥʘʩ; ʩʢʦʨʝʝ! ʅʘ ʢʦʣʝʥʠ!è 

ʂʘʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʣʥʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʜʤʝʯʝʥʳ ʧʦʵʪʦʤ ʚ ʵʪʠʭ 

ʩʪʨʦʢʘʭ? 

2. ʉʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʬʦʨʤʫʣʝ:  

Ӓ = ɚ/T.  ʄʦʞʥʦ ʣʠ ʥʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʚʦʣʥʳ ʚ ʜʘʥʥʦʡ ʩʨʝʜʝ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʝʨʠʦʜʫ ʢʦʣʝʙʘʥʠʡ? 
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M 

L1 

L2 

S1 

S1 

3. ʂʘʢ ʤʝʥʷʶʪʩʷ ʘʤʧʣʠʪʫʜʳ ʧʣʦʩʢʦʡ ʠ ʩʬʝʨʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʠʩʪʦʯʥʠʢʘ  ʢʦʣʝʙʘʥʠʡ? 

4. ʇʦʯʝʤʫ ʥʝ ʠʥʪʝʨʬʝʨʠʨʫʶʪ ʟʚʫʢʦʚʳʝ ʚʦʣʥʳ, ʠʟʣʫʯʘʝʤʳʝ ʨʘʟʣʠʯʥʳʤʠ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʦʨʢʝʩʪʨʘ? 

5. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʵʬʬʝʢʪ ɼʦʧʣʝʨʘ? 

 

ʊʝʩʪ 

1.ʏʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʠʩʪʦʯʥʠʢʘ ʚʦʣʥ ʨʘʚʥʘ 0,4 ɻʮ, ʩʢʦʨʦʩʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ 20 ʤ/ʩ. ʏʝʤʫ ʨʘʚʥʘ ʜʣʠʥʘ ʚʦʣʥʳ? 

1.  0,4 ʤ.   2. 20 ʤ.   3. 8 ʤ.      4. 0,02 ʤ.    5. 50 ʤ.      

 

2. ʇʨʠ ʧʝʨʝʭʦʜʝ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʠʟ ʦʜʥʦʡ ʩʨʝʜʳ ʚ ʜʨʫʛʫʶ ʜʣʠʥʘ ʚʦʣʥʳ 

ʫʚʝʣʠʯʠʣʘʩʴ ʚ 2 ʨʘʟʘ. ʂʘʢ ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʠʣʘʩʴ ʚʳʩʦʪʘ ʟʚʫʢʘ? 

1. ʋʚʝʣʠʯʠʣʘʩʴ ʚ 4 ʨʘʟʘ.  2. ʋʚʝʣʠʯʠʣʘʩʴ ʚ 2 ʨʘʟʘ.  3. ʋʚʝʣʠʯʠʣʘʩʴ ʚ 2   

ʨʘʟ.  4. ʅʝ ʠʟʤʝʥʠʣʘʩʴ. 5. ʋʤʝʥʴʰʠʣʘʩʴ ʚ 2  ʨʘʟ.  

 

3. ɼʚʘ ʜʠʥʘʤʠʢʘ ʧʦʜʢʣʶʯʝʥʳ ʢ ʚʳʭʦʜʫ 

ʦʜʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. ʀʟʣʫʯʘʝʤʘʷ ʠʤʠ ʚʦʣʥʘ 

ʠʤʝʝʪ ʜʣʠʥʫ 0,4 ʤ. ɺ ʢʘʢʦʡ ʪʦʯʢʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ 

ʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ? ʈʘʩʩʪʦʷʥʠʷ ʦʪ 

ʜʠʥʘʤʠʢʦʚ ʜʦ ʪʦʯʝʢ ʥʘʙʣʶʜʝʥʠʷ ʫʢʘʟʘʥʳ ʥʘ 

ʨʠʩ. 105. 

1. 1.    2. 2.    3. 3.    4. 4.    5. 5.  

 

                                                   4. ɼʚʘ ʢʦʛʝʨʝʥʪʥʳʭ ʠʩʪʦʯʥʠʢʘ ʩ ʜʣʠʥʦʡ    

                      ʚʦʣʥʳ  l ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʨʘʟʥʳʭ 

   ʨʘʩʩʪʦʷʥʠʷʭ 1L  ʠ 2L  ʦʪ ʪʦʯʢʠ ʄ (ʨʠʩ. 106).  

   ʏʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʪʦʯʢʝ ʄ?    

 1. ʄʘʢʩʠʤʫʤ.   2. ʄʠʥʠʤʫʤ.  3. ʆʪʚʝʪ 

ʥʝʦʜʥʦʟʥʘʯʝʥ. 4. ʆʪʩʫʪʩʪʚʫʝʪ ʢʦʣʝʙʘʥʠʝ.  5. ʉʨʝʜʠ ʦʪʚʝʪʦʚ  1 ï 4 ʥʝʪ 

ʧʨʘʚʠʣʴʥʦʛʦ. 

 

5. ʀʩʪʦʯʥʠʢ ʠ ʧʨʠʸʤʥʠʢ ʟʚʫʢʘ ʜʚʠʞʫʪʩʷ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ. ʂʘʢʫʶ 

ʚʳʩʦʪʫ ʟʚʫʢʘ ʙʫʜʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʸʤʥʠʢ ʟʚʫʢʘ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʪʦʡ ʚʳʩʦʪʦʡ ʟʚʫʢʘ, ʢʦʪʦʨʫʶ ʦʥ ʙʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣ, ʝʩʣʠ ʙʳ 

ʠʩʪʦʯʥʠʢ ʠ ʧʨʠʸʤʥʠʢ ʟʚʫʢʘ ʙʳʣʠ ʙʳ ʥʝʧʦʜʚʠʞʥʳ? 

ʈʠʩ. 105 

ʈʠʩ. 106 
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1. ʇʨʠʸʤʥʠʢ ʟʚʫʢʘ ʙʫʜʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʪʘʢʫʶ ʞʝ ʚʳʩʦʪʫ ʟʚʫʢʘ, ʢʘʢ ʠ  

ʚ ʩʣʫʯʘʝ ʥʝʧʦʜʚʠʞʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠ ʧʨʠʸʤʥʠʢʘ ʟʚʫʢʘ. 2. ʇʨʠʸʤʥʠʢ 

ʟʚʫʢʘ ʙʫʜʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʟʚʫʢ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʦʡ 

ʚʳʩʦʪʦʡ ʟʚʫʢʘ, ʢʦʪʦʨʫʶ ʦʥ ʙʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣ, ʝʩʣʠ ʙʳ ʠʩʪʦʯʥʠʢ ʠ 

ʧʨʠʸʤʥʠʢ ʟʚʫʢʘ ʙʳʣʠ ʙʳ ʥʝʧʦʜʚʠʞʥʳ. 3. ʇʨʠʸʤʥʠʢ ʟʚʫʢʘ ʙʫʜʝʪ 

ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʙʦʣʝʝ ʥʠʟʢʠʡ ʟʚʫʢ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʦʡ ʚʳʩʦʪʦʡ ʟʚʫʢʘ, 

ʢʦʪʦʨʫʶ ʦʥ ʙʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣ, ʝʩʣʠ ʙʳ ʠʩʪʦʯʥʠʢ ʠ ʧʨʠʸʤʥʠʢ ʟʚʫʢʘ 

ʙʳʣʠ ʙʳ ʥʝʧʦʜʚʠʞʥʳ. 4. ʇʨʠʸʤʥʠʢ ʥʝ ʙʫʜʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʟʚʫʢ.         

5. ʉʨʝʜʠ ʦʪʚʝʪʦʚ 1 ï 4 ʥʝʪ ʧʨʘʚʠʣʴʥʦʛʦ. 

 

 

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ɿʘʜʘʯʘ 18.1 

ʅʘ ʢʘʢʦʤ ʤʠʥʠʤʘʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ L ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʜʦʣʞʥʳ 

ʥʘʭʦʜʠʪʴʩʷ ʜʚʘ ʚʳʩʦʢʠʭ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʟʜʘʥʠʷ, ʯʪʦʙʳ 

ʤʝʞʜʫ ʥʠʤʠ ʤʦʛʣʠ çʨʘʩʢʘʯʘʪʴʩʷè ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʳʝ 

ʠʥʬʨʘʟʚʫʢʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʩ ʯʘʩʪʦʪʦʡ ɜ = 7 ɻʮ?  ʉʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ 

ʚʦʟʜʫʭʝ ɡ = 330 ʤ/ʩ. 

ʈʝʰʝʥʠʝ. 

ɺ ʩʣʫʯʘʝ ʚʝʪʨʘ ʤʝʞʜʫ ʟʜʘʥʠʷʤʠ ʚʦʟʜʫʭ, ʜʚʠʞʫʱʠʡʩʷ ʩ ʥʝʢʦʪʦʨʦʡ 

ʩʢʦʨʦʩʪʴʶ, ʙʫʜʝʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ ɹʝʨʥʫʣʣʠ ʠʤʝʪʴ 

ʤʝʥʴʰʝʝ ʜʘʚʣʝʥʠʝ, ʯʝʤ ʦʢʨʫʞʘʶʱʠʡ ʚʦʟʜʫʭ. ʕʪʦ ʩʦʟʜʘʩʪ  ʢʦʣʝʙʘʥʠʷ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ï ʟʚʫʢʦʚʫʶ ʚʦʣʥʫ. ʀʥʪʝʨʬʝʨʝʥʮʠʷ ʟʚʫʢʦʚʳʭ ʚʦʣʥ, 

ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʩʪʝʥ ʟʜʘʥʠʡ, ʧʨʠʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʦʷʯʝʡ ʚʦʣʥʳ. 

ʈʘʩʩʪʦʷʥʠʝ L ʤʝʞʜʫ ʟʜʘʥʠʷʤʠ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʫʟʣʘʤʠ ʩʪʦʷʯʝʡ 

ʚʦʣʥʳ ï ʙʫʜʝʪ ʨʘʚʥʦ ʧʦʣʦʚʠʥʝ ʜʣʠʥʳ ʙʝʛʫʱʝʡ ʚʦʣʥʳ ɚ: 

2

l
=L . 

ɼʣʠʥʫ ʚʦʣʥʳ ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ. 

(ɼʘʣʴʥʝʡʰʠʝ ʜʝʡʩʪʚʠʷ ʧʦ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʨʫʜʘ, 

ʚʳʧʦʣʥʠʪʝ ʠʭ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ.) 

ʆʪʚʝʪ: L = 24 ʤ. 

 

ɿʘʜʘʯʘ 18.2 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʝʩʣʠ ʠʩʪʦʯʥʠʢ ʟʚʫʢʘ ʠ ʯʝʣʦʚʝʢ ʥʘʭʦʜʷʪʩʷ ʥʘ ʦʜʥʦʡ 

ʚʳʩʦʪʝ, ʪʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʪʨʘ ʟʚʫʢ ʩʣʳʰʝʥ ʣʫʯʰʝ, ʯʝʤ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ. ʂʘʢ ʦʙʲʷʩʥʠʪʴ ʵʪʦ ʷʚʣʝʥʠʝ? 
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ʈʝʰʝʥʠʝ. 

ʇʫʩʪʴ ʪʦʯʢʘ S ï ʠʩʪʦʯʥʠʢ ʟʚʫʢʦʚʳʭ ʩʬʝʨʠʯʝʩʢʠʭ ʚʦʣʥ (ʨʠʩ. 107). ʅʘ 

ʨʠʩ. 107, ʘ ʠʟʦʙʨʘʞʝʥʳ ʚʦʣʥʦʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ï ʪʦʯʢʠ, ʢʦʣʝʙʣʶʱʠʝʩʷ ʚ 

ʦʜʠʥʘʢʦʚʦʡ ʬʘʟʝ ï ʜʣʷ ʩʣʫʯʘʷ ʥʝʧʦʜʚʠʞʥʦʛʦ ʚʦʟʜʫʭʘ. ʅʘ ʨʠʩ. 107, ʙ 

ʠʟʦʙʨʘʞʝʥʳ ʚʦʣʥʦʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʚʦʟʜʫʭ ʩʤʝʱʘʝʪʩʷ 

ʩ ʥʝʢʦʪʦʨʦʡ ʩʢʦʨʦʩʪʴʶ ï ʠʤʝʝʪʩʷ ʚʝʪʝʨ. 

 

ʇʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʚʦʣʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʝʜʝʤ ʣʫʯʠ, 

ʥʘʧʨʘʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ 

ʚʦʣʥʦʡ      (ʨʠʩ. 107, ʚ). ʅʘʛʣʷʜʥʦ ʚʠʜʥʦ, ʯʪʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʪʨʘ 

ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚ çʧʨʠʟʝʤʥʦʤè ʩʣʦʝ, ʘ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ (ʧʨʦʪʠʚ ʚʝʪʨʘ) ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ 

ʙʦʣʴʰʠʭ ʚʳʩʦʪʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʚʫʢ ʙʫʜʝʪ ʣʫʯʰʝ ʩʣʳʰʝʥ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʪʨʘ, ʯʝʤ 

ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʈʘʟʦʙʨʘʚʰʠʩʴ ʚ ʨʝʰʝʥʠʠ ʵʪʦʡ ʟʘʜʘʯʠ, ʧʦʧʨʦʙʫʡʪʝ ʦʙʲʷʩʥʠʪʴ, 

ʧʦʯʝʤʫ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʟʚʫʢʠ ʩʣʳʰʥʳ ʥʘ ʙʦʣʴʰʝʤ ʨʘʩʩʪʦʷʥʠʠ, ʯʝʤ 

ʜʥʸʤ. ʇʨʠ ʘʥʘʣʠʟʝ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʫʯʪʠʪʝ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʚʦʟʜʫʭʝ 

ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, ʧʦʩʪʨʦʡʪʝ ʚʦʣʥʦʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʧʨʦʚʝʜʠʪʝ ʣʫʯʠ ï ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʦʚʦʡ ʵʥʝʨʛʠʠ ʠ 

ʩʜʝʣʘʡʪʝ ʚʳʚʦʜ  ʦʙ ʫʩʣʦʚʠʷʭ ʩʣʳʰʠʤʦʩʪʠ ʟʚʫʢʘ. 

 

ɿʘʜʘʯʘ 18.3 

ʉʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʯʫʛʫʥʝ ʚʧʝʨʚʳʝ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʬʨʘʥʮʫʟʩʢʠʤ 

ʫʯʝʥʳʤ ɹʠʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʋ ʦʜʥʦʛʦ ʢʦʥʮʘ ʯʫʛʫʥʥʦʡ ʪʨʫʙʳ 

ʫʜʘʨʷʣʠ ʚ ʢʦʣʦʢʦʣ; ʫ ʜʨʫʛʦʛʦ ʢʦʥʮʘ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨ ʩʣʳʰʘʣ ʜʚʘ ʟʚʫʢʘ: 

ʦʜʠʥ, ʧʨʠʰʝʜʰʠʡ ʧʦ ʯʫʛʫʥʫ, ʘ ʩʧʫʩʪʷ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ï ʚʪʦʨʦʡ, 

ʧʨʠʰʝʜʰʠʡ ʧʦ ʚʦʟʜʫʭʫ. ɼʣʠʥʘ ʪʨʫʙʳ ʙʳʣʘ 930 ʤ, ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ 

ʤʝʞʜʫ ʧʨʠʭʦʜʦʤ ʟʚʫʢʦʚ ʦʢʘʟʘʣʩʷ ʨʘʚʥʳʤ 2,5 ʩ. ʆʧʨʝʜʝʣʠʪʝ ʧʦ ʵʪʠʤ 

ʜʘʥʥʳʤ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʯʫʛʫʥʝ. ʉʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʚʦʟʜʫʭʝ ʧʨʠʥʷʪʴ 

ʨʘʚʥʦʡ 340 ʤ/ʩ. 

 

ʈʠʩ. 107 
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ʈʝʰʝʥʠʝ. 

ʉʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʯʫʛʫʥʝ ʨʘʚʥʘ: 

ʯʫʛ

ʯʫʛ
t

S
=u , 

ʛʜʝ tʯʫʛ ï ʚʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦ 

ʯʫʛʫʥʥʦʡ ʪʨʫʙʝ. 

ʇʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ 

ttt ʚʭʯʫʛ D-= , 

ʛʜʝ tʚʭ ï ʚʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʟʚʫʢʦʚʦʡ ʚʦʣʥʦʡ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦ 

ʚʦʟʜʫʭʫ ʥʘ ʨʘʩʩʪʦʷʥʠʝ, ʨʘʚʥʦʝ ʜʣʠʥʝ ʪʨʫʙʳ. 

ʚʭ

ʚʭ

S
t
u
= . 

(ɼʘʣʴʥʝʡʰʠʝ ʜʝʡʩʪʚʠʷ ʧʦ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʨʫʜʘ, 

ʚʳʧʦʣʥʠʪʝ ʠʭ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ.) 

ʆʪʚʝʪ: ɡʯʫʛ = 4,0 ʢʤ/ʩ. 

  

ʃʝʢʮʠʷ 19 

 

ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʓɽ ɺʆʃʅʓ 

 

ʂ ʜʘʥʥʦʡ ʣʝʢʮʠʠ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ 

- ʟʥʘʪʴ ʦʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʢʦʣʝʙʘʥʠʷ; 

- ʫʤʝʪʴ ʚʳʯʠʩʣʷʪʴ ʜʣʠʥʫ ʚʦʣʥʳ ʠ ʯʘʩʪʦʪʫ ʢʦʣʝʙʘʥʠʡ ʚ ʩʣʫʯʘʝ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʣʥ. 

 

ʇʣʘʥ ʣʝʢʮʠʠ 

1. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ. ʉʚʦʡʩʪʚʘ ʚʦʣʥ. 

2. ʌʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʨʘʜʠʦʩʚʷʟʠ. ʊʝʣʝʚʠʜʝʥʠʝ. 

3. ʐʢʘʣʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʠ ʠʟʣʫʯʝʥʠʡ. 

4. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

I. ʉ. 297 ï 299. Ä 161. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʣʫʯʝʥʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ 

ʉ. 302 ï 303. Ä 164. ʀʟʣʫʯʝʥʠʝ ʜʠʧʦʣʷ. ʇʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʚʦʣʥ 

II. ʏʘʩʪʴ II. ʉ. 413 ï 415. Ä 40. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ   

ʉ. 421ï 426.  Ä 43. ʈʘʜʠʦʩʚʷʟʴ 
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ʌʦʨʤʫʣʳ 

ʋʢʘʞʠʪʝ, ʦʙʦʟʥʘʯʝʥʠʷ ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʞʜʦʡ ʬʦʨʤʫʣʝ, ʢʘʢʦʚʳ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ. ʋʢʘʞʠʪʝ 

ʬʠʟʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ.  

 

Ȣ   ὧ ‗’                   Ȣ   Ὕ ς“Ѝὒὅ 
 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʇʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʠʟʣʫʯʘʶʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ? 

2. ʂʘʢ ʙʳʣʠ ʦʪʢʨʳʪʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ ɻ ɻʝʨʮʝʤ? ʉ ʢʘʢʦʡ 

ʮʝʣʴʶ ʦʥ ʠʩʧʦʣʴʟʦʚʘʣ ʦʪʢʨʳʪʳʡ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ? 

3. ɺ ʯʝʤ ʟʘʢʣʶʯʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʤʦʜʫʣʷʮʠʠ ʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʨʘʜʠʦʚʦʣʥ? ʉ ʢʘʢʦʡ ʮʝʣʴʶ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʜʘʥʥʳʝ ʧʨʦʮʝʩʩʳ? 

4. ʂʘʢʦʚʳ ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʦʨʛʘʥʠʟʘʮʠʠ ʩʦʪʦʚʦʡ ʩʚʷʟʠ? 

5. ʂʘʢʦʚʳ ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʪʝʣʝʚʝʱʘʥʠʷ? 

 

ʊʝʩʪ 

1. ʆʧʨʝʜʝʣʠʪʝ ʯʘʩʪʦʪʫ ʢʦʣʝʙʘʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʚ ʚʘʢʫʫʤʝ. ɼʣʠʥʘ ʚʦʣʥʳ 

2ʩʤ. 

1. 1,5
.
10

10
 ɻʮ.  2. 1,5

.
10

8
 ɻʮ.  3. 6

.
10

6
 ɻʮ.  4. 1,5

.
10

8
 ɻʮ.  5. 3

.
10

5
 ɻʮ. 

 

2. ʂʘʢ ʨʘʩʧʦʣʦʞʝʥʳ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʚʝʢʪʦʨ ʥʘʧʨʷʞʸʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ 

ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ?  

1. ɺʝʢʪʦʨ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ. 2. ɺʝʢʪʦʨ 

ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʚʦʣʥʳ ʧʘʨʘʣʣʝʣʴʥʳ. 3. ɺʝʢʪʦʨ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ 

ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ  ʧʘʨʘʣʣʝʣʴʥʳ, ʘ ʚʝʢʪʦʨ 

ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ 

ʠʤ.        4. ɺʝʢʪʦʨ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʚʝʢʪʦʨ 

ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʧʘʨʘʣʣʝʣʴʥʳ, ʘ 

ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʠʤ. 5. 

ɺʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ 



 

186 

 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʧʘʨʘʣʣʝʣʴʥʳ, ʘ ʚʝʢʪʦʨ 

ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ  ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʠʤ. 

 

3. ʈʘʩʩʤʦʪʨʠʤ ʪʨʠ ʩʣʫʯʘʷ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ: 

I. ʕʣʝʢʪʨʦʥ ʜʚʠʞʝʪʩʷ ʨʘʚʥʦʫʩʢʦʨʝʥʥʦ. 

II. ʕʣʝʢʪʨʦʥ ʩʦʚʝʨʰʘʝʪ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ 

III. ʕʣʝʢʪʨʦʥ ʜʚʠʞʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʧʨʷʤʦʣʠʥʝʡʥʦ. 

ɺ ʢʘʢʦʤ ʩʣʫʯʘʝ (ʢʘʢʠʭ ʩʣʫʯʘʷʭ) ʧʨʦʠʩʭʦʜʠʪ ʠʟʣʫʯʝʥʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ? 

1. ʊʦʣʴʢʦ ʚ I ʩʣʫʯʘʝ. 2. ʊʦʣʴʢʦ ʚʦ II ʩʣʫʯʘʝ. 3. ʊʦʣʴʢʦ ʚ III  ʩʣʫʯʘʝ.      4. 

ɺ  I  ʠ ʚʦ  II   ʩʣʫʯʘʷʭ.  5. ɺʦ  II  ʠ  III   ʩʣʫʯʘʷʭ. 

 

4. ʂʦʥʪʫʨ  ʨʘʜʠʦʧʨʠʝʤʥʠʢʘ  ʥʘʩʪʨʦʝʥ  ʥʘ    ʜʣʠʥʫ ʚʦʣʥʳ 50 ʤ.  ʂʘʢ  

ʥʫʞʥʦ ʠʟʤʝʥʠʪʴ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʢʘʪʫʰʢʠ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ 

ʧʨʠʝʤʥʠʢʘ, ʯʪʦʙʳ ʦʥ ʙʳʣ ʥʘʩʪʨʦʝʥ ʥʘ ʜʣʠʥʫ ʚʦʣʥʳ 25 ʤ?   

1. ʋʚʝʣʠʯʠʪʴ ʚ 2  ʨʘʟ.   2. ʋʚʝʣʠʯʠʪʴ  ʚ 2 ʨʘʟʘ. 3. ʋʚʝʣʠʯʠʪʴ ʚ 4 ʨʘʟʘ. 

4.ʆʩʪʘʚʠʪʴ ʥʝʠʟʤʝʥʥʦʡ.   5. ʋʤʝʥʴʰʠʪʴ ʚ 2  ʨʘʟ.       

 

5. ʏʝʤʫ ʨʘʚʥʦ ʦʪʥʦʰʝʥʠʝ ʵʥʝʨʛʠʡ 
2

1

W

W
  ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ, 

ʠʟʣʫʯʘʝʤʳʭ ʚʠʙʨʘʪʦʨʦʤ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʘʤʧʣʠʪʫʜʝ 

ʢʦʣʝʙʘʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ ʚʠʙʨʘʪʦʨʝ, ʝʩʣʠ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ɜ 

ʫʚʝʣʠʯʠʪʩʷ ʦʪ  ɜ1 =  1 ʄɻʮ  ʜʦ ɜ2 = 10 ʄɻʮ? 

1.  10
-4
.   2.   10

-2
.   3.   1.     4.   10

2
.    5.  10

4
.  

 

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ɿʘʜʘʯʘ 19.1 

ʂʘʢʦʚʘ ʜʣʠʥʘ ʨʘʜʠʦʚʦʣʥʳ, ʧʨʠʥʠʤʘʝʤʦʡ ʩʦʪʦʚʳʤ ʪʝʣʝʬʦʥʦʤ, ʝʩʣʠ 

ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʝʡ ʠʟʣʫʯʘʝʪʩʷ ʩʠʛʥʘʣ ʯʘʩʪʦʪʦʡ 940 ʄɻʮ? 

ʈʝʰʝʥʠʝ. 

ɼʣʠʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ɚ, ʯʘʩʪʦʪʘ ʠʟʣʫʯʝʥʠʷ ɜ ʠ ʩʢʦʨʦʩʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ c ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʝʤ 

c = ɚɜ. 

(ɼʘʣʴʥʝʡʰʠʝ ʜʝʡʩʪʚʠʷ ʧʦ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʨʫʜʘ, 

ʚʳʧʦʣʥʠʪʝ ʠʭ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ.) 

ʆʪʚʝʪ: ɚ = 32 ʩʤ. 
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ɿʘʜʘʯʘ 19.2 

ʆʮʝʥʠʪʝ, ʢʘʢʦʚʘ ʜʘʣʴʥʦʩʪʴ ʫʚʝʨʝʥʥʦʛʦ ʧʨʠʸʤʘ ʪʝʣʝʚʠʟʠʦʥʥʳʭ 

ʧʝʨʝʜʘʯ, ʩʯʠʪʘʷ, ʯʪʦ ʦʥʘ ʦʛʨʘʥʠʯʝʥʘ ʣʠʥʠʝʡ 

ʛʦʨʠʟʦʥʪʘ. ʇʨʠ ʨʘʩʯʸʪʝ ʧʨʠʤʠʪʝ, ʯʪʦ ʘʥʪʝʥʥʘ 

ʪʝʣʝʚʠʟʠʦʥʥʦʛʦ ʧʝʨʝʜʘʪʯʠʢʘ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ 

ʚʳʩʦʪʝ h = 300 ʤ. 

ʈʝʰʝʥʠʝ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 108, ʜʘʣʴʥʦʩʪʴ ʧʨʠʸʤʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝʤ L ʦʪ ʪʝʣʝʚʠʟʠʦʥʥʦʛʦ 

ʧʝʨʝʜʘʪʯʠʢʘ ʜʦ ʣʠʥʠʠ ʛʦʨʠʟʦʥʪʘ. 

ʀʟ ʪʨʝʫʛʦʣʴʥʠʢʘ ʆɸʉ (ʨʠʩ 108) 

                      ὒ Ὑ̈ Ὤ Ὑ̈ȟ               (171) 

ʛʜʝ Rʟ - ʨʘʜʠʫʩ ɿʝʤʣʠ (ʧʨʠʤʝʤ ʝʛʦ ʨʘʚʥʳʤ 6400 ʢʤ). 

ʊʘʢ ʢʘʢ ὬḺὙ̈, ʪʦ ʠʟ ʚʳʨʘʞʝʥʠʷ (171) ʧʦʣʫʯʠʤ ὒ ςὙ̈Ὤȟ 

ὒ ςϽφȟτϽρπϽσϽρπ φϽρπ̍Ȣ 
L = 60 ʢʤ. 

ʆʪʚʝʪ: L = 60 ʢʤ. 

ɿʘʜʘʯʘ 19.3 

ɼʣʷ ʥʘʙʣʶʜʝʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʟʣʫʯʘʪʝʣʴ ʠ ʧʨʠʸʤʥʠʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ (ʨʠʩ. 

109). ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʚ ʧʨʠʸʤʥʠʢ ʚʦʣʥʘ 

ʚʦʟʙʫʞʜʘʝʪ ʚ ʧʨʠʸʤʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʷ ʚ ʟʚʫʢ, ʠ ʦʙ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ, ʧʦʩʪʫʧʠʚʰʝʡ ʚ ʧʨʠʸʤʥʠʢ, ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ 

ʛʨʦʤʢʦʩʪʠ ʟʚʫʢʘ. ʈʘʩʧʦʣʦʞʠʤ ʠʟʣʫʯʘʪʝʣʴ ʠ ʧʨʠʸʤʥʠʢ ʠ ʥʘ ʥʝʢʦʪʦʨʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʧʦʤʝʩʪʠʤ ʤʝʞʜʫ ʥʠʤʠ ʤʝʪʘʣʣʠʯʝʩʢʫʶ 

ʧʣʘʩʪʠʥʢʫ    (ʨʠʩ. 109). ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚ ʧʨʠʸʤʥʠʢ ʧʦʩʪʫʧʘʶʪ ʜʚʝ 

ʢʦʛʝʨʝʥʪʥʳʝ ʚʦʣʥʳ.  

ʆʜʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ 

ʚʦʣʥʘ ʧʦʩʪʫʧʘʝʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʠʟʣʫʯʘʪʝʣʷ 

ʚ ʧʨʠʸʤʥʠʢ, ʭʦʜ ʵʪʦʡ ʚʦʣʥʳ d1 

ʝʩʪʴ ʨʘʩʩʪʦʷʥʠʝ ɸɺ: 

d1 = AB. 

ɼʨʫʛʘʷ ʚʦʣʥʘ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ, ʦʪʨʘʟʠʚʰʠʩʴ 

ʦʪ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ, ʭʦʜ ʵʪʦʡ ʚʦʣʥʳ  d2 ʝʩʪʴ ʨʘʩʩʪʦʷʥʠʝ ɸʆɺ: 
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         d2 = AO + OB. 

ɽʩʣʠ ʤʝʜʣʝʥʥʦ ʧʝʨʝʤʝʱʘʪʴ ʚʚʝʨʭ ʠʣʠ ʚʥʠʟ ʤʝʪʘʣʣʠʯʝʩʢʫʶ 

ʧʣʘʩʪʠʥʢʫ (ʨʠʩ. 110), ʪʦ ʧʨʠ ʵʪʦʤ ʨʘʟʥʦʩʪʴ ʭʦʜʘ  

         ЎὨ Ὠ Ὠ      

ʠʟʤʝʥʷʝʪʩʷ, ʠ ʠʟʤʝʥʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʚʦʣʥ ʦʪ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ 

ʤʘʢʩʠʤʫʤʘ ʜʦ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ 

ʤʠʥʠʤʫʤʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ 

ʦʧʳʪʝ ʙʫʜʝʪ ʩʣʳʰʥʦ 

ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ 

ʛʨʦʤʢʦʩʪʠ ʩʠʛʥʘʣʘ, 

ʩʦʟʜʘʚʘʝʤʦʛʦ 

ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʝʤ ʧʨʠʸʤʥʠʢʘ: 

ʤʘʢʩʠʤʫʤ ï ʤʠʥʠʤʫʤ ï 

ʤʘʢʩʠʤʫʤ - ʤʠʥʠʤʫʤ ʠ ʪʘʢ ʜʘʣʝʝ.  

ɺ ʦʜʥʦʤ ʠʟ ʦʧʳʪʦʚ ʨʘʩʩʪʦʷʥʠʝ ɸɺ ʩʦʩʪʘʚʣʷʣʦ 150 ʩʤ, ʘ ʚʳʩʦʪʳ Ὤ ʠ  
Ὤ ʜʣʷ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ï ʩʣʝʜʫʶʱʠʭ ʦʜʠʥ ʟʘ ʜʨʫʛʠʤ ï 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʤʠʥʠʤʫʤʘ ʙʳʣʠ ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 17,5 ʠ 10 

ʩʤ (ʨʠʩ. 110).  

ʆʧʨʝʜʝʣʠʪʝ  ʧʦ ʵʪʠʤ ʜʘʥʥʳʤ ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ï 

ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʩ, ʝʩʣʠ ʯʘʩʪʦʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ, 

ʚʳʨʘʙʘʪʳʚʘʝʤʳʭ ʠʟʣʫʯʘʪʝʣʝʤ, ʩʦʩʪʘʚʣʷʣʘ 11 Ñ 1 ɻɻʮ.  

ʈʝʰʝʥʠʝ. 

ɺʳʨʘʟʠʤ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ὧ ʯʝʨʝʟ ʯʘʩʪʦʪʫ ʢʦʣʝʙʘʥʠʡ  ʠ ʜʣʠʥʫ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ‗: 
ὧ ‗’Ȣ 

ʏʘʩʪʦʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠʟʚʝʩʪʥʘ, ʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʣʠʥʳ ʠʟʣʫʯʘʝʤʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʠʩʧʦʣʴʟʫʝʤ ʨʝʟʫʣʴʪʘʪʳ 

ʦʧʳʪʘ, ʧʨʠʚʝʜʸʥʥʳʝ ʚ ʫʩʣʦʚʠʠ ʟʘʜʘʯʠ.  

ʅʦʤʝʨʘ ʩʦʩʝʜʥʠʭ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʤʠʥʠʤʫʤʦʚ ʦʪʣʠʯʘʶʪʩʷ ʥʘ 

ʝʜʠʥʠʮʫ, ʠ ʨʘʟʥʦʩʪʴ ʭʦʜʘ ʚʦʣʥ ЎὨ ʠ ЎὨ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʵʪʠʤ 
ʤʠʥʠʤʫʤʘʤ, ʨʘʚʥʘ: 

ЎὨ ά ρ‗
‗

ς
 

ʠ 

ɝὨ ά‗
‗

ς
Ȣ 
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ʆʪʩʶʜʘ 

              ɝὨ ɝὨ ‗Ȣ                                          (172) 

ʆʩʪʘʣʦʩʴ ʚʳʨʘʟʠʪʴ ʨʘʟʥʦʩʪʴ ʭʦʜʘ ЎὨ ʠ ЎὨ  ʯʝʨʝʟ  ʨʘʩʩʪʦʷʥʠʝ  ɸɺ, 

Ὤ, Ὤ.  

 ɝὨ ὃὕ ὕὄ ὃὄȟ                                                      

   ɝὨ ςὃὕ ὃὄȟ                                       

ɝὨ ς Ὤ ὃὄȢ                              (173) 

ɸʥʘʣʦʛʠʯʥʦ  

 ɝὨ ς Ὤ ὃὄȢ                           (174) 

ʇʦʜʩʪʘʚʠʚ ʩʦʦʪʥʦʰʝʥʠʷ (173) ʠ (174) ʚ ʚʳʨʘʞʝʥʠʝ (172), ʠʤʝʝʤ: 

 

 ‗ ς Ὤ Ὤ Ȣ                                          

(ɼʘʣʴʥʝʡʰʠʝ ʜʝʡʩʪʚʠʷ ʧʦ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʨʫʜʘ, 

ʚʳʧʦʣʥʠʪʝ ʠʭ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ.) 

ʆʪʚʝʪ: ʩ = 3,0
.
10

8
 ʤ/ʩ. 

 

 

ʃʝʢʮʠʷ 20 

 

ɿɸʂʆʅʓ ɻɽʆʄɽʊʈʀʏɽʉʉʂʆʁ ʆʇʊʀʂʀ 

 

ʂ ʜʘʥʥʦʡ ʣʝʢʮʠʠ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ 

- ʟʥʘʪʴ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ, ʠʟʫʯʘʚʰʠʝʩʷ ʚ 

ʩʨʝʜʥʝʡ ʰʢʦʣʝ. 

 

ʇʣʘʥ ʣʝʢʮʠʠ 

1. ʆʩʥʦʚʥʳʝ ʟʘʢʦʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ. 

2. ɻʣʘʟ. ʆʯʢʠ 

3. ʆʧʪʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ 

4. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

I. ʉ. 304ï306. Ä 165. ʆʩʥʦʚʥʳʝ ʟʘʢʦʥʳ ʦʧʪʠʢʠ. ʇʦʣʥʦʝ ʦʪʨʘʞʝʥʠʝ 

ʉ. 309ï310. Ä 166 (ʯʘʩʪʠʯʥʦ). ʊʦʥʢʠʝ ʣʠʥʟʳ. ʀʟʦʙʨʘʞʝʥʠʝ ʧʨʝʜʤʝʪʦʚ ʩ 

ʧʦʤʦʱʴʶ ʣʠʥʟ 
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II. ʏʘʩʪʴ II. ʉ. 430ï435. Ä 45. ʆʪʨʘʞʝʥʠʝ ʠ ʧʨʝʣʦʤʣʝʥʠʝ ʩʚʝʪʘ.  

ʇʦʣʥʦʝ ʦʪʨʘʞʝʥʠʝ 

ʉ. 437ï444.  Ä 47. ʊʦʥʢʠʝ ʣʠʥʟʳ. ʄʠʢʨʦʩʢʦʧ 

ʉ. 444ï446.  Ä 48. ɻʣʘʟ ʢʘʢ ʦʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ. ʉʧʝʢʪʨʘʣʴʥʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʛʣʘʟʘ 

ʌʦʨʤʫʣʳ 

ʋʢʘʞʠʪʝ, ʦʙʦʟʥʘʯʝʥʠʷ ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʞʜʦʡ ʬʦʨʤʫʣʝ, ʢʘʢʦʚʳ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ. ʋʢʘʞʠʪʝ 

ʬʠʟʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ.  

 

Ȣ   ‌ ‍     Ȣ  ὲ          Ȣ   ὲÓÉÎ‌ ὲÓÉÎ‍      Ȣ   ὲ  

 

Ȣ   ‌ ὥὶὧίὭὲ    Ȣ   Ὀ ȟ   Ὀ ὲ ρ      Ȣ   Ὀ 

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1.  ʂʘʢʦʚ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʘʙʩʦʣʶʪʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ? 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ? 

 2. ʂʘʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʚʝʪʦʚʳʭ ʚʦʣʥ ï ʜʣʠʥʘ ʚʦʣʥʳ ʠʣʠ ʯʘʩʪʦʪʘ 

ʢʦʣʝʙʘʥʠʡ ï ʤʝʥʷʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʩʚʝʪʘ ʠʟ ʦʜʥʦʡ ʧʨʦʟʨʘʯʥʦʡ ʩʨʝʜʳ ʚ 

ʜʨʫʛʫʶ? 

3. ʉʚʦʡʩʪʚʦ ʟʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʯʝʣʦʚʝʢʘ ʩʦʟʜʘʚʘʪʴ ʦʪʯʝʪʣʠʚʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʝʜʤʝʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʟʣʠʯʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ 

ʥʘʙʣʶʜʘʪʝʣʷ, ʥʘʟʳʚʘʶʪ ʘʢʢʦʤʦʜʘʮʠʝʡ. ʂʘʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʘʢʢʦʤʦʜʘʮʠʷ?   

4. ʂʘʢʦʡ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʠʤʝʝʪ ʧʦʩʣʦʚʠʮʳ: çʅʦʯʴʶ ʚʩʝ ʢʦʰʢʠ ʩʝʨʳè 

ʠ çʅʦʯʴʶ ʚʩʝ ʣʦʰʘʜʠ ʚʦʨʦʥʳʝè? 

5. ɺ 1990 ʛʦʜʫ ʥʘ ʦʨʙʠʪʫ ʚʦʢʨʫʛ ɿʝʤʣʠ ʙʳʣʘ ʚʳʚʝʜʝʥʘ ʧʝʨʚʘʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ ï ʢʦʩʤʠʯʝʩʢʠʡ ʪʝʣʝʩʢʦʧ ʍʘʙʙʣ. ʇʦʯʝʤʫ 

ʘʩʪʨʦʥʦʤʳ ʩʯʠʪʘʶʪ ʥʝʦʙʭʦʜʠʤʳʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʩʤʠʯʝʩʢʠʝ 

ʪʝʣʝʩʢʦʧʳ? 

 

ʊʝʩʪ 

1. ʉʨʘʚʥʠʪʝ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʨʘʩʥʦʛʦ ʠ ʬʠʦʣʝʪʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʚʘʢʫʫʤʝ (ʢu - ʩʢʦʨʦʩʪʴ ʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʬu   - ʩʢʦʨʦʩʪʴ 

ʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ). 

1.  ὺ̋ ὺ̕Ȣ        2.  ὺ̋ ὺ̕Ȣ      3.  ὺ̋ ὺ̕Ȣ      4. ʆʪʚʝʪ ʥʝʦʜʥʦʟʥʘʯʝʥ.     

5. ʉʨʝʜʠ ʦʪʚʝʪʦʚ 1ï4 ʥʝʪ ʧʨʘʚʠʣʴʥʦʛʦ. 
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2.  ɽʩʣʠ Ӓ - ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʩʨʝʜʝ, ʪʦ ʘʙʩʦʣʶʪʥʳʡ ʧʦʢʘʟʘʪʝʣʴ 

ʧʨʝʣʦʤʣʝʥʠʷ ʩʨʝʜʳ n ʨʘʚʝʥ (ʩ - ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ) 

1. ὲ Ȣ     2. ὲ ρ Ȣ      3. ὲ Ȣ      4. ὲ ρ Ȣ    5. ὲ Ȣ 

 

3. ʂʘʢ ʠʟʤʝʥʠʪʩʷ ʜʣʠʥʘ ʚʦʣʥʳ ʧʨʠ ʧʝʨʝʭʦʜʝ ʩʚʝʪʘ ʠʟ ʚʘʢʫʫʤʘ ʚ 

ʧʨʦʟʨʘʯʥʫʶ ʩʨʝʜʫ ʩ ʘʙʩʦʣʶʪʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ n = 2? 

1. ʋʤʝʥʴʰʠʪʩʷ ʚ 2 ʨʘʟʘ. 2. ʋʚʝʣʠʯʠʪʩʷ ʚ 2 ʨʘʟʘ. 3. ʋʤʝʥʴʰʠʪʩʷ ʚ 2   

ʨʘʟ. 4.ʋʚʝʣʠʯʠʪʩʷ ʚ 2  ʨʘʟ. 5. ʅʝ ʠʟʤʝʥʠʪʩʷ.   

       

4. ʇʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʟʜʫʭʘ ʜʣʷ ʚʦʜʳ, ʩʪʝʢʣʘ ʠ 

ʘʣʤʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ 1,33; 1,5; 2,42. ɺ ʢʘʢʦʤ ʠʟ ʵʪʠʭ ʚʝʱʝʩʪʚ 

ʧʨʝʜʝʣʴʥʳʡ ʫʛʦʣ ʧʦʣʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʧʨʠ ʚʳʭʦʜʝ ʩʚʝʪʦʚʦʛʦ ʣʫʯʘ ʚ 

ʚʦʟʜʫʭ ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ?  

1. ʇʨʠ ʫʢʘʟʘʥʥʳʭ  ʫʩʣʦʚʠʷʭ ʥʠ ʚ ʦʜʥʦʤ  ʚʝʱʝʩʪʚʝ  ʧʦʣʥʦʛʦ ʦʪʨʘʞʝʥʠʷ 

ʥʝ ʙʫʜʝʪ. 2. ʇʨʝʜʝʣʴʥʳʡ ʫʛʦʣ ʧʦʣʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʧʨʠ ʚʳʭʦʜʝ ʩʚʝʪʦʚʦʛʦ 

ʣʫʯʘ ʚ ʚʦʟʜʫʭ ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʦʝ ʟʥʘʯʝʥʠʝ ʚʦ ʚʩʝʭ ʪʨʝʭ ʚʝʱʝʩʪʚʘʭ.         

3. ɺ ʚʦʜʝ.   4. ɺ ʩʪʝʢʣʝ.  5. ɺ ʘʣʤʘʟʝ. 

5. ʅʘ ʨʠʩʫʥʢʝ 111 ʧʨʠʚʝʜʝʥʳ ʩʭʝʤʳ ʭʦʜʘ 

ʣʫʯʝʡ ʚ ʛʣʘʟʝ ʧʨʠ ʙʣʠʟʦʨʫʢʦʩʪʠ ʠ 

ʜʘʣʴʥʦʟʦʨʢʦʩʪʠ. ʂʘʢʘʷ ʠʟ ʵʪʠʭ ʩʭʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʫʯʘʶ ʙʣʠʟʦʨʫʢʦʩʪʠ ʠ 

ʢʘʢʠʝ ʣʠʥʟʳ ʥʫʞʥʳ ʜʣʷ ʦʯʢʦʚ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ? 

1. 1, ʨʘʩʩʝʠʚʘʶʱʠʝ.   2. 1, ʩʦʙʠʨʘʶʱʠʝ.    

3. 2, ʨʘʩʩʝʠʚʘʶʱʠʝ.  4. 2, ʩʦʙʠʨʘʶʱʠʝ.  

 5. ʅʠ ʦʜʥʘ ʠʟ ʩʭʝʤ. 

 

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 
ɿʘʜʘʯʘ 20.1 

ʆʜʥʠʤ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʟʜʝʣʦʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ ʷʚʣʷʝʪʩʷ 

ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʚʦʣʦʢʦʥʥʘʷ ʦʧʪʠʢʘ. ʆʩʥʦʚʥʦʡ ʨʘʙʦʯʠʡ ʵʣʝʤʝʥʪ 

ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ ï ʵʪʦ ʚʦʣʦʢʦʥʥʳʡ ʩʚʝʪʦʚʦʜ (ʨʠʩ. 112, ʘ, ʙ).  

            ʈʠʩ. 111 
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ʈʠʩ. 112. ʋʩʪʨʦʡʩʪʚʦ ʧʨʦʩʪʝʡʰʝʛʦ ʚʦʣʦʢʦʥʥʦʛʦ ʚʦʣʥʦʚʦʜʘ: 

ʘ ï ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʨʝʟ; ʙ ï ʧʨʦʜʦʣʴʥʳʡ ʨʘʟʨʝʟ 

 

ɸʙʩʦʣʶʪʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩʚʝʪʦʚʦʜʘ 

ï ʩʝʨʜʝʯʥʠʢʘ ï ʙʦʣʴʰʝ, ʯʝʤ ʘʙʩʦʣʶʪʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʝʛʦ 

ʧʨʦʟʨʘʯʥʦʡ ʦʙʦʣʦʯʢʠ. ʇʦʵʪʦʤʫ ʥʘ ʛʨʘʥʠʮʝ çʩʝʨʜʝʯʥʠʢ ï ʦʙʦʣʦʯʢʘè 

ʧʨʦʠʩʭʦʜʠʪ ʷʚʣʝʥʠʝ ʧʦʣʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʠ ʩʚʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ 

ʚʦʣʦʢʦʥʥʦʤʫ ʩʚʝʪʦʚʦʜʫ ʧʫʪʸʤ ʤʥʦʛʦʢʨʘʪʥʳʭ ʦʪʨʘʞʝʥʠʡ (ʨʠʩ. 113).  

 

 

 

 

 

 

 

 

 

 

 

ʋʩʪʨʦʡʩʪʚʘ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ ʥʘʭʦʜʷʪ ʩʘʤʦʝ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ. ɺ ʤʝʜʠʮʠʥʝ, ʥʘʧʨʠʤʝʨ, ʠʭ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʩʚʝʱʝʥʠʷ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʝʣʫʜʢʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʧʝʨʘʮʠʡ ʠʣʠ ʧʨʠ 

ʜʠʘʛʥʦʩʪʠʢʝ. ʉʦʟʜʘʥʳ ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ ʩʠʩʪʝʤʳ ʩʚʷʟʠ. ʆʥʠ ʠʤʝʶʪ 

ʮʝʣʳʡ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʣʠʥʠʷʤʠ ʩʚʷʟʠ ʥʘ ʦʩʥʦʚʝ ʤʝʜʥʳʭ 

ʧʨʦʚʦʜʥʠʢʦʚ: ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʳ ʧʦʤʝʭʘʤ, ʥʝ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ 

ʈʠʩ. 113                                                               ʈʠʩ. 114 



 

193 

 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʦʜʜʝʨʞʠʚʘʶʪ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠ ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʦʧʪʦʚʦʣʦʢʦʥʥʦʡ 

ʩʠʩʪʝʤʝ ʩʚʷʟʠ ʥʘ ʚʭʦʜʝ ʧʨʦʠʟʚʦʜʷʪ ʤʦʜʫʣʷʮʠʶ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ï 

ʤʝʥʷʶʪ ʘʤʧʣʠʪʫʜʫ, ʯʘʩʪʦʪʫ, ʬʘʟʫ ʩʠʛʥʘʣʘ, ʣʠʙʦ, ʚʢʣʶʯʘʷ ʠ ʚʳʢʣʶʯʘʷ, 

çʧʨʝʚʨʘʱʘʶʪè ʥʘʙʦʨ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ ʚ ʥʘʙʦʨ ʩʚʝʪʦʚʳʭ 

ʩʠʛʥʘʣʦʚ, ʘ ʥʘ ʚʳʭʦʜʝ  - ʜʝʤʦʜʫʣʷʮʠʶ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʦʙʨʘʪʥʦʝ ʝʛʦ 

ʧʨʝʚʨʘʱʝʥʠʝ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ. 

ʆʮʝʥʠʪʝ, ʢʘʢʦʚ ʤʦʞʝʪ ʙʳʪʴ ʚʥʝʰʥʠʡ ʨʘʜʠʫʩ ʠʟʛʠʙʘ ʩʝʨʜʝʯʥʠʢʘ 

ʩʚʝʪʦʚʦʜʘ Ὑ, ʯʪʦʙʳ ʩʚʝʪ, ʚʦʰʝʜʰʠʡ ʚ ʩʚʝʪʦʚʦʜ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 
ʧʣʦʩʢʦʩʪʠ ʝʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʷʣʩʷ ʙʳ, ʥʝ ʚʳʭʦʜʷ 

ʯʝʨʝʟ ʙʦʢʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʝʨʜʝʯʥʠʢʘ ʚ ʦʙʦʣʦʯʢʫ ʩʚʝʪʦʚʦʜʘ  (ʨʠʩ. 

114).  

ʈʝʰʝʥʠʝ. 

ʉʚʝʪʦʚʦʜ ʙʫʜʝʪ ʥʦʨʤʘʣʴʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ, ʢʦʛʜʘ ʥʘ ʛʨʘʥʠʮʝ 

çʩʝʨʜʝʯʥʠʢ ï ʦʙʦʣʦʯʢʘè ʧʨʦʠʩʭʦʜʠʪ ʷʚʣʝʥʠʝ ʧʦʣʥʦʛʦ ʦʪʨʘʞʝʥʠʷ. 

ʇʦʣʥʦʝ ʦʪʨʘʞʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʫʛʦʣ ʧʘʜʝʥʠʷ ʩʚʝʪʦʚʦʛʦ 

ʣʫʯʘ ‌ ʙʦʣʴʰʝ ʧʨʝʜʝʣʴʥʦʛʦ ʫʛʣʘ ʧʦʣʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ‌: 

‌  ‌Ȣ 
ʇʨʝʜʝʣʴʥʳʡ ʫʛʦʣ ʧʦʣʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ‌ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ 

ʩʦʦʪʥʦʰʝʥʠʷ
1
 

ÓÉÎ‌ Ȣ                                           (175) 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʟ ʪʨʝʫʛʦʣʴʥʠʢʘ ʆɸɺ (ʨʠʩ. 114) 

 ÓÉÎ‌                 

ʠʣʠ  

      ÓÉÎ‌
Ͻ

                                       (176) 

 

ʛʜʝ Ὠ ï ʜʠʘʤʝʪʨ ʩʝʨʜʝʯʥʠʢʘ ʩʚʝʪʦʚʦʜʘ. 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (175) ʠ (176) ʠʤʝʝʤ: 

   Ȣ 

ʆʪʩʶʜʘ  

 Ὑ ϽὨȢ            

 

                                                 
1
 ʊʨʦʬʠʤʦʚʘ, ʊ. ʀ. ʂʫʨʩ ʬʠʟʠʢʠ [ʊʝʢʩʪ]: ʫʯʝʙ. ʧʦʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ / ʊ. ʀ. ʊʨʦʬʠʤʦʚʘ. ï     

7-ʝ ʠʟʜ., ʩʪʝʨ. ï ʄ.: ɺʳʩʰ. ʰʢ., 2003. ï ʉ. 306. 
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  Ὑ
ȟ Ͻ Ͻ  ̍

ȟ ȟ
ȟ                                      

  Ὑ ςȟυ ̍ Ȣ̍                  
ʆʪʚʝʪ: R = 2,5 ʤʤ. 

 

ɿʘʜʘʯʘ 20.2 

ɼʘʡʪʝ ʬʠʟʠʯʝʩʢʦʝ ʪʦʣʢʦʚʘʥʠʝ ʨʫʩʩʢʦʡ ʧʦʩʣʦʚʠʮʳ: çʅʝ ʟʥʘʷ ʙʨʦʜʫ, 

ʥʝ ʩʫʡʩʷ ʚ ʚʦʜʫè. 

       ʈʝʰʝʥʠʝ. 

ʇʫʩʪʴ ʥʘʙʣʶʜʘʪʝʣʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʨʝʜʤʝʪ S, ʥʘʭʦʜʷʱʠʡʩʷ ʥʘ ʜʥʝ 

ʚʦʜʦʸʤʘ, ʛʣʷʜʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ (ʨʠʩ. 115). 

ʇʦʩʪʨʦʠʤ ʭʦʜ ʣʫʯʝʡ, çʠʩʧʫʩʢʘʝʤʳʭè ʧʨʝʜʤʝʪʦʤ (ʪʦʯʥʝʝ, ʦʪʨʘʞʘʝʤʳʭ 

ʧʨʝʜʤʝʪʦʤ). ʃʫʯ 1 ʥʘʧʨʘʚʣʝʥ ʚʝʨʪʠʢʘʣʴʥʦ 

ʚʚʝʨʭ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʜʳ. ʕʪʦʪ ʣʫʯ ʥʝ ʠʩʧʳʪʳʚʘʝʪ 

ʧʨʝʣʦʤʣʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ çʚʦʜʘ ï ʚʦʟʜʫʭè. 

ʃʫʯ 2 ʥʘʧʨʘʚʣʝʥ ʧʦʜ ʤʘʣʳʤ ʫʛʣʦʤ 

ʧʘʜʝʥʠʷ ‌Ȣ ʕʪʦʪ ʣʫʯ ʧʨʝʣʦʤʣʷʝʪʩʷ, 

ʧʨʠʯʸʤ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʩʚʝʪʘ ʠʟ ʦʧʪʠʯʝʩʢʠ 

ʙʦʣʝʝ ʧʣʦʪʥʦʡ ʩʨʝʜʳ (ʚʦʜʳ) ʚ ʦʧʪʠʯʝʩʢʠ 

ʤʝʥʝʝ ʧʣʦʪʥʫʶ (ʚʦʟʜʫʭ) ʫʛʦʣ 

ʧʨʝʣʦʤʣʝʥʠʷ ‍ ʙʫʜʝʪ ʙʦʣʴʰʝ ʫʛʣʘ 

ʧʘʜʝʥʠʷ ‌Ȣ 
‍ ‌Ȣ 

ʃʫʯʠ 1 ʠ 2 ʷʚʣʷʶʪʩʷ ʨʘʩʭʦʜʷʱʠʤʠʩʷ. 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʟʝʨʢʘʣʘ ʠʣʠ ʨʘʩʩʝʠʚʘʶʱʝʡ 

ʣʠʥʟʳ ʤʦʟʛ ʯʝʣʦʚʝʢʘ ʤʳʩʣʝʥʥʦ ʧʨʦʜʦʣʞʘʝʪ ʣʫʯʠ 1 ʠ 2, ʠ ʥʘʙʣʶʜʘʪʝʣʶ 

ʢʘʞʝʪʩʷ, ʯʪʦ ʩʚʝʪʦʚʳʝ ʣʫʯʠ ʠʩʭʦʜʷʪ ʠʟ ʪʦʯʢʠ Ὓ - ʤʥʠʤʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʨʝʜʤʝʪʘ Ὓ. 
ʈʘʩʩʤʘʪʨʠʚʘʷ ʤʥʠʤʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʝʜʤʝʪʘ Ὓ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʢʘʞʫʱʘʷʩʷ ʝʤʫ ʛʣʫʙʠʥʘ ʚʦʜʦʸʤʘ Ὤ ʤʝʥʴʰʝ, ʯʝʤ ʛʣʫʙʠʥʘ Ὤ. 
Ὤ ὬȢ      

ʆʙ ʵʪʦʤ ʢʘʢ ʨʘʟ ʠ ʧʨʝʜʫʧʨʝʞʜʘʝʪ ʧʦʩʣʦʚʠʮʘ ï ʥʝ ʩʣʝʜʫʝʪ ʜʦʚʝʨʷʪʴ 

ʟʨʠʪʝʣʴʥʳʤ ʦʱʫʱʝʥʠʷʤ, ʥʝ ʟʥʘʷ ʠʩʪʠʥʥʦʡ ʛʣʫʙʠʥʳ ʚʦʜʦʸʤʘ. 

ʆʧʨʝʜʝʣʠʤ, ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʢʘʞʫʱʘʷʩʷ ʛʣʫʙʠʥʘ ʚʦʜʦʸʤʘ Ὤ ʤʝʥʴʰʝ 

ʠʩʪʠʥʥʦʡ ʛʣʫʙʠʥʳ ʚʦʜʦʸʤʘ Ὤ. 
ʈʘʩʩʤʦʪʨʠʤ ʪʨʝʫʛʦʣʴʥʠʢ  ASB. ʅʝ ʩʦʩʪʘʚʣʷʝʪ ʪʨʫʜʘ ʜʦʢʘʟʘʪʴ, ʯʪʦ 

ʫʛʦʣ ASB ʨʘʚʝʥ ʫʛʣʫ ʧʘʜʝʥʠʷ ‌ ʣʫʯʘ 2.  
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ʊʦʛʜʘ  

      ὸὫ ‌                      

ʠʣʠ  

 ὸὫ ‌ Ȣ                                      (177) 

ʈʘʩʩʤʦʪʨʠʤ ʪʨʝʫʛʦʣʴʥʠʢ ASǋB. ɺ ʵʪʦʤ ʪʨʝʫʛʦʣʴʥʠʢʝ ʫʛʦʣ ASǋB 

ʨʘʚʝʥ ʫʛʣʫ ʧʨʝʣʦʤʣʝʥʠʷ ‍ ʣʫʯʘ 2. ʊʦʛʜʘ  

    ὸὫ ‍ ȟ              

 

ὸὫ ‌ Ȣ                                       (178) 

 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (11.3) ʠ (11.4) ʠʤʝʝʤ: 

 
 

 
Ȣ                                         (179) 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʪʘʥʛʝʥʩʘ ʤʘʣʦʛʦ ʫʛʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦ 

ʟʥʘʯʝʥʠʶ ʩʠʥʫʩʘ ʤʘʣʦʛʦ ʫʛʣʘ (ʧʨʦʚʝʨʴʪʝ ʵʪʦ, ʠʩʧʦʣʴʟʫʷ ʢʘʣʴʢʫʣʷʪʦʨ, 

ʚʳʯʠʩʣʠʚ ʟʥʘʯʝʥʠʷ ʩʠʥʫʩʘ ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ 5 ï 10 
0
). ʊʘʢ ʢʘʢ ʫʛʣʳ ‌ ʠ ‍ 

ʤʘʣʳ, ʪʦ  

      ὸὫ ‌ ÓÉÎ‌ȟ                 
             ὸὫ ‍ ÓÉÎ‍Ȣ 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʨʘʞʝʥʠʝ (179) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

Ȣ                                        (180) 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʧʨʝʣʦʤʣʝʥʠʷ 

       ὲ̃ ̏Ó̅ÉÎ‌ ὲ̃ ̏̈Ó̅ÉÎ‍ȟ 
 

          
̃̏̈̅

̃̏̅
Ȣ                                         181) 

 ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (180) ʠ (181) ʦʢʦʥʯʘʪʝʣʴʥʦ ʠʤʝʝʤ: 

  
̃̏̈̅

̃̏̅
Ȣ    

                        

      
ȟ

ȟ
πȟχυȢ                               

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʫʱʘʷʩʷ ʛʣʫʙʠʥʘ  ʩʦʩʪʘʚʣʷʝʪ ʪʦʣʴʢʦ 75% ʦʪ 

ʠʩʪʠʥʥʦʡ ʛʣʫʙʠʥʳ ʚʦʜʦʸʤʘ. 

ʆʪʚʝʪ: ʠʟ-ʟʘ ʧʨʝʣʦʤʣʝʥʠʷ ʩʚʝʪʘ ʢʘʞʫʱʘʷʩʷ ʛʣʫʙʠʥʘ ʚʦʜʦʸʤʘ 

ʤʝʥʴʰʝ ʠʩʪʠʥʥʦʡ. 
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ɿʘʜʘʯʘ 20.3 

ʏʝʣʦʚʝʢ ʯʠʪʘʝʪ ʢʥʠʛʫ, ʜʝʨʞʘ ʝʸ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 20 ʩʤ ʦʪ ʛʣʘʟ. ʂʘʢʠʝ 

ʦʯʢʠ ʩʣʝʜʫʝʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʥʦʩʠʪʴ =ʵʪʦʤʫ ʯʝʣʦʚʝʢʫ? ʈʘʩʩʪʦʷʥʠʝ 

ʥʘʠʣʫʯʰʝʛʦ ʟʨʝʥʠʷ (ʥʦʨʤʘ) ʩʦʩʪʘʚʣʷʝʪ 25 ʩʤ. 

ʈʝʰʝʥʠʝ. 

ɺʘʨʠʘʥʪ 1.  

ʏʠʪʘʷ ʚ ʦʯʢʘʭ, ʯʝʣʦʚʝʢ ʙʫʜʝʪ ʜʝʨʞʘʪʴ ʢʥʠʛʫ ʥʘ ʨʘʩʩʪʦʷʥʠʠ, ʨʘʚʥʦʤ 

ʨʘʩʩʪʦʷʥʠʶ ʥʘʠʣʫʯʰʝʛʦ ʟʨʝʥʠʷ ὥ ςυ ̒  ̍  ʘ ʛʣʘʟ ʯʝʣʦʚʝʢʘ ʙʫʜʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʤʥʠʤʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʜʘʚʘʝʤʦʝ ʨʘʩʩʝʠʚʘʶʱʝʡ ʣʠʥʟʦʡ, 

ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ  a = 20 ʩʤ ʦʪ ʛʣʘʟʘ (ʨʠʩ. 116).  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ 

ʣʠʥʟʳ  

Ὀ̏ ȟ̘                              

ʛʜʝ Ὀ̏  ̘- ʦʧʪʠʯʝʩʢʘʷ ʩʠʣʘ ʣʠʥʟʳ 

ʦʯʢʦʚ. 

 Ὀ̏ ̘ ȟ  ̍ ȟ ̍
ȟ                            

 Ὀ̏ ̘ ρ ̅ Ȣ̐               
ɺʘʨʠʘʥʪ 2.  

ɿʘʧʠʰʝʤ ʬʦʨʤʫʣʫ ʣʠʥʟʳ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʯʝʣʦʚʝʢ ʯʠʪʘʝʪ ʢʥʠʛʫ 

ʙʝʟ ʦʯʢʦʚ, ʜʝʨʞʘ ʝʸ ʥʘ ʨʘʩʩʪʦʷʥʠʠ a. 

 Ὀ̄ ȟ̌                                            (182) 

ʛʜʝ ὦï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʛʣʘʟʘ ʜʦ ʩʝʪʯʘʪʢʠ, 

      Ὀ̄  ̌  - ʦʧʪʠʯʝʩʢʘʷ ʩʠʣʘ ʛʣʘʟʘ. 

ɺʦʦʨʫʞʠʚʰʠʩʴ ʦʯʢʘʤʠ, ʯʝʣʦʚʝʢ ʯʠʪʘʝʪ ʢʥʠʛʫ ʩ ʨʘʩʩʪʦʷʥʠʷ 

ʥʘʠʣʫʯʰʝʛʦ ʟʨʝʥʠʷ ὥ. 

ʊʦʛʜʘ 

 

 Ὀ̏ ̘ Ὀ̄ Ȣ̌                                    (183) 

ʇʨʠ ʵʪʦʤ ʤʳ ʩʯʠʪʘʝʤ ʦʧʪʠʯʝʩʢʫʶ ʩʠʣʫ ʩʠʩʪʝʤʳ çʦʯʢʠ ʠ ʛʣʘʟè, 

ʨʘʚʥʦʡ ʩʫʤʤʝ ʦʧʪʠʯʝʩʢʠʭ ʩʠʣ ʣʠʥʟ ʦʯʢʦʚ ʠ ʛʣʘʟʘ. 

ɺʳʯʪʷ ʠʟ ʫʨʘʚʥʝʥʠʷ (183) ʫʨʘʚʥʝʥʠʝ (182), ʠʤʝʝʤ: 

Ὀ̏ ̘ Ȣ              

 

ʆʪʚʝʪ:   Ὀ̏ ̘ ρ ̅ Ȣ̐                      
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ʃʝʢʮʠʷ 21 

 

ʉɺɽʊʆɺʓɽ ɺʆʃʅʓ ʀ ɺʆʃʅʆɺʓɽ ʗɺʃɽʅʀʗ 

 (ɼʀʉʇɽʈʉʀʗ, ʈɸʉʉɽʗʅʀɽ, ʇʆʃʗʈʀɿɸʎʀʗ)) 

 

ʂ ʜʘʥʥʦʡ ʣʝʢʮʠʠ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ 

- ʟʥʘʪʴ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ; 

- ʫʤʝʪʴ ʧʨʠʤʝʥʷʪʴ ʟʘʢʦʥ ʦʪʨʘʞʝʥʠʷ ʩʚʝʪʘ, ʟʘʢʦʥ ʧʨʝʣʦʤʣʝʥʠʷ ʩʚʝʪʘ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʭʦʜʘ ʣʫʯʘ ʚ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. 

 

ʇʣʘʥ ʣʝʢʮʠʠ 

1. ʗʚʣʝʥʠʝ ʜʠʩʧʝʨʩʠʠ ʩʚʝʪʘ. ʇʨʠʨʦʜʥʳʝ ʷʚʣʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʜʠʩʧʝʨʩʠʝʡ ʩʚʝʪʘ. 

2. ʗʚʣʝʥʠʝ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ. 

3. ʗʚʣʝʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ. ɿʘʢʦʥ ʄʘʣʶʩʘ.  

4. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

I. ʉ. 347ï348. Ä 185 (ʯʘʩʪʠʯʥʦ). ɼʠʩʧʝʨʩʠʷ ʩʚʝʪʘ 

ʉ. 355ï357. Ä 190. ɽʩʪʝʩʪʚʝʥʥʳʡ ʠ ʧʦʣʷʨʠʟʦʚʘʥʥʳʡ ʩʚʝʪ 

ʉ. 358. Ä 191. ʇʦʣʷʨʠʟʘʮʠʷ ʩʚʝʪʘ ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʧʨʝʣʦʤʣʝʥʠʠ ʥʘ 

ʛʨʘʥʠʮʝ ʜʚʫʭ ʜʠʵʣʝʢʪʨʠʢʦʚ 

ʉ. 365ï366. Ä 196. ɺʨʘʱʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ 

II. ʏʘʩʪʴ II. ʉ. 435 Ä 46 (ʯʘʩʪʠʯʥʦ). ɼʠʩʧʝʨʩʠʷ ʩʚʝʪʘ. ʉʧʝʢʪʨʳ 

 ʉ. 485ï489. Ä 58. ʇʦʣʷʨʠʟʘʮʠʷ ʩʚʝʪʘ. ɽʩʪʝʩʪʚʝʥʥʳʡ ʠ ʧʦʣʷʨʠʟʦʚʘʥʥʳʡ 

ʩʚʝʪ. ʇʦʣʷʨʠʟʘʮʠʷ ʩʚʝʪʘ ʚ ʪʫʨʤʘʣʠʥʝ. ʇʦʣʷʨʦʠʜʳ 

 ʉ. 493ï495. Ä 60. ɺʨʘʱʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ 

ʩʚʝʪʘ. ʇʦʣʷʨʠʤʝʪʨ 

ʌʦʨʤʫʣʳ 

ʋʢʘʞʠʪʝ, ʦʙʦʟʥʘʯʝʥʠʷ ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʞʜʦʡ ʬʦʨʤʫʣʝ, ʢʘʢʦʚʳ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ. ʋʢʘʞʠʪʝ 

ʬʠʟʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ.  

 

Ȣ   Ὅ Ὅὧέί‌             Ȣ    ὸὫ‌ ὲ             Ȣ    • ‌ὅὨ 
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ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʅʴʶʪʦʥ ʦʜʠʥ ʠʟ ʧʨʦʚʝʜʸʥʥʳʭ ʠʤ ʦʧʪʠʯʝʩʢʠʭ ʦʧʳʪʦʚ ʦʧʠʩʳʚʘʝʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: çʅʘ éʢʫʩʦʢ ʙʫʤʘʛʠ, ʜʚʝ ʧʦʣʦʚʠʥʳ ʢʦʪʦʨʦʛʦ ʙʳʣʠ 

ʦʢʨʘʰʝʥʳ ʚ ʢʨʘʩʥʳʡ ʠ ʩʠʥʠʡ ʮʚʝʪé ʷ ʥʘʤʦʪʘʣ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʪʦʥʢʫʶ 

ʥʠʪʴ ʦʯʝʥʴ ʯʸʨʥʦʛʦ ʰʸʣʢʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʚʠʪʢʦʚ ʥʘ 

ʦʢʨʘʰʝʥʥʦʡ ʙʫʤʘʛʝ ʢʘʟʘʣʠʩʴ ʨʷʜʦʤ ʯʸʨʥʳʭ ʣʠʥʠʡ, ʥʘʥʝʩʸʥʥʳʭ ʥʘ 

ʙʫʤʘʛʫé ʗ ʤʦʛ ʙʳ ʥʘʯʝʨʪʠʪʴ ʯʸʨʥʳʝ ʣʠʥʠ ʧʝʨʦʤ, ʥʦ ʥʠʪʢʠ ʙʳʣʠ ʙʦʣʝʝ 

ʪʦʥʢʠʤʠ ʠ ʦʪʯʸʪʣʠʚʳʤʠé ɺʙʣʠʟʠ ʙʫʤʘʛʠ, ʦʢʦʣʦ ʨʘʟʜʝʣʘ ʢʨʘʩʦʢ, ʚʥʠʟʫ 

ʷ ʧʦʤʝʩʪʠʣ ʩʚʝʯʫ ʜʣʷ ʩʠʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʙʫʤʘʛʠ, ʪʘʢ ʢʘʢ ʦʧʳʪ 

ʧʨʦʠʟʚʦʜʠʣʩʷ ʥʦʯʴʶé ɼʘʣʝʝéʷ ʧʦʩʪʘʚʠʣ ʩʪʝʢʣʷʥʥʫʶ ʣʠʥʟʫé, 

ʩʦʙʠʨʘʚʰʫʶ ʣʫʯʠé ʠ ʟʘʩʪʘʚʣʷʚʰʫʶ ʠʭ ʩʭʦʜʠʪʴʩʷ . é ʙʝʣʫʶ ʙʫʤʘʛʫé 

ʷ ʧʝʨʝʜʚʠʥʫʣ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʪʦ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʣʠʥʟʝ, ʪʦ ʦʪ ʥʝʸ, ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʥʘʡʪʠ ʪʝ ʤʝʩʪʘ, ʛʜʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʠʥʝʡ ʠ ʢʨʘʩʥʦʡ ʯʘʩʪʝʡ 

ʦʢʨʘʰʝʥʥʦʡ ʙʫʤʘʛʠ ʢʘʞʫʪʩʷ ʥʘʠʙʦʣʝʝ ʦʪʯʸʪʣʠʚʳʤʠ. ʗ ʣʝʛʢʦ ʫʟʥʘʚʘʣ 

ʵʪʠ ʤʝʩʪʘ ʧʦ ʠʟʦʙʨʘʞʝʥʠʷʤ ʯʸʨʥʳʭ ʣʠʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ 

ʰʸʣʢʘ, ʥʘʤʦʪʘʥʥʦʛʦ ʥʘ ʙʫʤʘʛʫè. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʘ 

ʅʴʶʪʦʥ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ çʨʘʩʩʪʦʷʥʠʝ ʙʝʣʦʡ ʙʫʤʘʛʠ ʦʪ ʣʠʥʟʳ ʚ ʩʣʫʯʘʝ 

ʦʪʯʸʪʣʠʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʢʨʘʩʥʦʡ ʧʦʣʦʚʠʥʳ ʦʢʨʘʰʝʥʥʦʡ ʙʫʤʘʛʠ ʙʳʣʦ 

ʥʘ ʦʜʠʥ ʜʶʡʤ ʩ ʧʦʣʦʚʠʥʦʡ ʙʦʣʴʰʝ, ʯʝʤ ʨʘʩʩʪʦʷʥʠʝ ʪʦʡ ʞʝ ʙʝʣʦʡ 

ʙʫʤʘʛʠ ʦʪ ʣʠʥʟʳ, ʢʦʛʜʘ ʠʟʦʙʨʘʞʝʥʠʝ ʩʠʥʝʡ ʧʦʣʦʚʠʥʳ ʢʘʟʘʣʦʩʴ 

ʥʘʠʙʦʣʝʝ ʦʪʯʸʪʣʠʚʳʤè. ʂʘʢ ʦʙʲʷʩʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʦʧʳʪʘ? 

2. ʇʨʠ ʠʟʫʯʝʥʠʠ ʩʧʝʢʪʨʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʚʠʜʠʤʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʥʝʜʘʣʸʢʦʤ 

ʧʨʦʰʣʦʤ ʯʘʩʪʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʠʟʤʝʥʥʳʡ ʩʧʝʢʪʨʦʩʢʦʧ (ʨʠʩ. 117, ʘ). 

ʆʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʠʙʦʨʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 117, ʙ.  

ʇʦʷʩʥʠʪʝ ʫʩʪʨʦʡʩʪʚʦ ʠ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʧʨʠʙʦʨʘ, ʦʪʚʝʪʠʚ ʥʘ 

ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ: 

1. ʇʦʯʝʤʫ ʩʚʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʧʨʠʙʦʨ ʯʝʨʝʟ ʫʟʢʫʶ    

ʱʝʣʴ 1?  

2. ʉ ʢʘʢʦʡ ʮʝʣʴʶ ʩʦʙʠʨʘʶʱʘʷ ʣʠʥʟʘ 2 ʨʘʩʧʦʣʦʞʝʥʘ ʪʘʢ, ʯʪʦ ʱʝʣʴ 1 

ʥʘʭʦʜʠʪʩʷ ʚ ʬʦʢʫʩʝ ʣʠʥʟʳ? 
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1. ʇʦʯʝʤʫ ʩʚʝʪ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʧʨʠʙʦʨ ʯʝʨʝʟ ʫʟʢʫʶ ʱʝʣʴ 1?  

2. ʉ ʢʘʢʦʡ ʮʝʣʴʶ ʩʦʙʠʨʘʶʱʘʷ ʣʠʥʟʘ 2 ʨʘʩʧʦʣʦʞʝʥʘ ʪʘʢ, ʯʪʦ ʱʝʣʴ 1 

ʥʘʭʦʜʠʪʩʷ ʚ ʬʦʢʫʩʝ ʣʠʥʟʳ? 

3. ʂʘʢʦʚʘ ʨʦʣʴ ʧʨʠʟʤʳ 3 ʚ ʧʨʠʙʦʨʝ? 

4. ʆʙʲʝʢʪʠʚ 4 ʠ ʦʢʫʣʷʨ 5 ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʝʡʰʝʡ ʟʨʠʪʝʣʴʥʦʡ ʪʨʫʙʦʡ.       

ʉ ʢʘʢʦʡ ʮʝʣʴʶ ʦʢʫʣʷʨ 5 ʩʜʝʣʘʥ ʧʦʜʚʠʞʥʳʤ? 

3. ʇʦʯʝʤʫ ʉʦʣʥʮʝ ʥʘ ʟʘʢʘʪʝ ʢʨʘʩʥʦʝ? 

4. ɽʩʪʝʩʪʚʝʥʥʳʡ ʩʚʝʪ 

ʧʦʧʘʜʘʝʪ ʥʘ ʜʚʘ ʧʦʣʷʨʦʠʜʘ, 

ʢʦʪʦʨʳʝ ʧʦʚʸʨʥʫʪʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ 

ʪʘʢ, ʯʪʦ ʥʘ ʵʢʨʘʥʝ ʟʘ 

ʧʦʣʷʨʦʠʜʘʤʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʸʤʥʦʝ ʥʝʦʩʚʝʱʸʥʥʦʝ 

ʧʷʪʥʦ (ʨʠʩ. 118). ʂʘʢʦʡ ʠʟ 

ʧʦʣʷʨʦʠʜʦʚ ï 1 ʠʣʠ 2 ï ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʝʨʥʫʪʴ ʠ ʥʘ ʢʘʢʦʡ ʫʛʦʣ, ʯʪʦʙʳ 

ʥʘ ʵʢʨʘʥʝ ʟʘ ʧʦʣʷʨʦʠʜʘʤʠ ʥʘʙʣʶʜʘʣʦʩʴ ʤʘʢʩʠʤʘʣʴʥʦ ʦʩʚʝʱʸʥʥʦʝ 

ʧʷʪʥʦ? 

5. ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʷʚʣʝʥʠʷ 

ʧʦʣʷʨʠʟʘʮʠʠ. 

   

ʊʝʩʪ 

1. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʙʝʣʦʛʦ ʩʚʝʪʘ ʯʝʨʝʟ ʪʨʝʭʛʨʘʥʥʫʶ ʧʨʠʟʤʫ 

ʥʘʙʣʶʜʘʝʪʩʷ ʝʛʦ ʨʘʟʣʦʞʝʥʠʝ ʚ ʩʧʝʢʪʨ. ʕʪʦ ʷʚʣʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷé 

1. ʧʦʣʥʳʤ ʦʪʨʘʞʝʥʠʝʤ ʦʪ ʛʨʘʥʝʡ ʧʨʠʟʤʳ. 2. ʧʦʣʷʨʠʟʘʮʠʝʡ ʩʚʝʪʘ. 3. 

ʥʘʣʦʞʝʥʠʝʤ ʩʚʝʪʦʚʳʭ ʚʦʣʥʘ. 4. ʜʠʩʧʝʨʩʠʝʡ ʩʚʝʪʘ. 5. ʨʘʩʩʝʷʥʠʝʤ ʩʚʝʪʘ. 

2. ʅʘ ʢʘʢʦʤ ʨʠʩʫʥʢʝ (ʨʠʩ. 119 ʠʣʠ ʨʠʩ. 120) ʧʨʘʚʠʣʴʥʦ ʧʨʝʜʩʪʘʚʣʝʥ ʭʦʜ 

ʣʫʯʝʡ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʙʝʣʦʛʦ ʩʚʝʪʘ  ʩʪʝʢʣʷʥʥʦʡ ʧʨʠʟʤʦʡ (ɹ - ʙʝʣʳʡ 

ʩʚʝʪ, ʂ- ʢʨʘʩʥʳʡ ʩʚʝʪ, ʌ - ʬʠʦʣʝʪʦʚʡr ʩʚʝʪ)? 
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1. ʅʘ ʨʠʩ. 119.   2. ʅʘ ʨʠʩ. 120.   3. ʀ ʥʘ ʨʠʩ. 119, ʠ  ʥʘ ʨʠʩ. 120.  4. ʅʠ ʥʘ 

ʨʠʩ. 119,  ʥʠ ʥʘ ʨʠʩ. 120.  5. ʉʨʝʜʠ ʦʪʚʝʪʦʚ 1 ï 4 ʥʝʪ ʧʨʘʚʠʣʴʥʦʛʦ. 

 

3. ɽʩʪʝʩʪʚʝʥʥʳʤ  ʥʘʟʳʚʘʝʪʩʷ ʩʚʝʪ é 

1. ʩʦ ʚʩʝʚʦʟʤʦʞʥʳʤʠ ʨʘʚʥʦʚʝʨʦʷʪʥʳʤʠ  ʦʨʠʝʥʪʘʮʠʷʤʠ ʚʝʢʪʦʨʘ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ. 2. 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʚ ʦʧʪʠʯʝʩʢʠ ʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ. 3. ʠʟʣʫʯʘʝʤʳʡ 

ʣʘʟʝʨʦʤ. 4. ʦʧʪʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʬʠʢʩʠʨʫʝʤʳʡ ʛʣʘʟʦʤ ʯʝʣʦʚʝʢʘ. 5. ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ ʦʪ 0,6 ʤʢʤ ʜʦ 0,9 ʤʢʤ. 

 

4. ʇʦʣʷʨʠʟʘʮʠʷ ʩʚʝʪʘ ʷʚʣʷʝʪʩʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ é 

1. ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩ = 3
.
10

8
ʤ/ʩ.  2. 

ʧʨʦʜʦʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚʦʣʥ. 3. ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʧʨʠʨʦʜʳ ʩʚʝʪʘ. 4. 

ʧʦʩʪʦʷʥʩʪʚʘ ʯʘʩʪʦʪʳ ʩʚʝʪʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʦʜʥʦʡ ʧʨʦʟʨʘʯʥʦʡ ʩʨʝʜʳ ʚ 

ʜʨʫʛʫʶ. 5. ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʷʚʣʝʥʠʠ ʜʠʩʧʝʨʩʠʠ ʩʚʝʪʘ. 

 

5. ʇʦʣʷʨʠʟʘʪʦʨʳ ï ʵʪʦ é 

1. ʚʝʱʝʩʪʚʘ, ʠʟʦʪʨʦʧʥʳʝ ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʣʝʙʘʥʠʡ  ʚʝʢʪʦʨʘ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ.  2. 

ʚʝʱʝʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʠʪʴ,  ʢʘʢ ʤʝʥʷʝʪʩʷ ʜʣʠʥʘ ʚʦʣʥʳ ʩʚʝʪʘ 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʚʘʢʫʫʤʘ ʚ ʜʘʥʥʦʝ ʚʝʱʝʩʪʚʦ.   3. ʚʝʱʝʩʪʚʘ, ʧʨʠʤʝʥʝʥʠʝ  

ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʨʠʪʴ ʟʘʢʦʥ ʦʪʨʘʞʝʥʠʷ ʩʚʝʪʘ.  4. ʚʝʱʝʩʪʚʘ, 

ʧʨʠʤʝʥʝʥʠʝ  ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʨʠʪʴ ʟʘʢʦʥ ʧʨʝʣʦʤʣʝʥʠʷ ʩʚʝʪʘ.   

5. ʚʝʱʝʩʪʚʘ, ʘʥʠʟʦʪʨʦʧʥʳʝ ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʣʝʙʘʥʠʡ ʚʝʢʪʦʨʘ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ.    

 

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ɿʘʜʘʯʘ 21.1 

ʋʟʢʠʡ ʧʫʯʦʢ ʙʝʣʦʛʦ ʩʚʝʪʘ ʧʘʜʘʝʪ ʥʘ ʜʠʩʧʝʨʩʠʦʥʥʫʶ ʩʪʝʢʣʷʥʥʫʶ 

ʧʨʠʟʤʫ ʪʘʢ, ʯʪʦ ʫʛʦʣ ʧʘʜʝʥʠʷ ʩʚʝʪʘ ʥʘ ʛʨʘʥʴ ʧʨʠʟʤʳ ʩʦʩʪʘʚʣʷʝʪ  Ŭ =20
0 

(ʨʠʩ. 121). ʏʝʤʫ ʨʘʚʝʥ ʫʛʦʣ ű ʤʝʞʜʫ ʢʨʘʩʥʳʤ ʠ ʬʠʦʣʝʪʦʚʳʤ ʣʫʯʦʤ 

ʧʦʩʣʝ ʧʨʝʣʦʤʣʝʥʠʷ ʩʚʝʪʘ ʥʘ ʵʪʦʡ ʛʨʘʥʠ? ɸʙʩʦʣʶʪʥʳʡ ʧʦʢʘʟʘʪʝʣʴ 

ʧʨʝʣʦʤʣʝʥʠʷ ʩʪʝʢʣʘ ʜʣʷ ʢʨʘʩʥʦʛʦ ʩʚʝʪʘ ʩʦʩʪʘʚʣʷʝʪ  

nʢ = 1,54, ʜʣʷ ʬʠʦʣʝʪʦʚʦʛʦ ï nʬ = 1,56. 

ʈʝʰʝʥʠʝ. 
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ɿʘʧʠʰʝʤ ʟʘʢʦʥ ʧʨʝʣʦʤʣʝʥʠʷ ʩʚʝʪʘ ʥʘ ʛʨʘʥʠʮʝ ʜʚʫʭ ʩʨʝʜ çʚʦʟʜʫʭ ï 

ʩʪʝʢʣʦè ʜʣʷ ʢʨʘʩʥʦʛʦ ʠ ʬʠʦʣʝʪʦʚʦʛʦ ʩʚʝʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

̋̑

̋̑

̖̃
ȟ                                         (184) 

̕

̕

̖̃
ȟ                                          (185) 

ʛʜʝ ɓʢʨ ï ʫʛʦʣ ʧʨʝʣʦʤʣʝʥʠʷ ʢʨʘʩʥʦʛʦ ʣʫʯʘ; 

      ɓʬ ï ʫʛʦʣ ʧʨʝʣʦʤʣʝʥʠʷ ʬʠʦʣʝʪʦʚʦʛʦ ʣʫʯʘ; 

      nʚʭ ï ʘʙʩʦʣʶʪʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ 

ʚʦʟʜʫʭʘ, nʚʭ = 1,000292. 

ʀʩʢʦʤʳʡ ʫʛʦʣ ű ʤʝʞʜʫ ʢʨʘʩʥʳʤ ʠ ʬʠʦʣʝʪʦʚʳʤ ʣʫʯʘʤʠ ʨʘʚʝʥ 

ű = ɓʢʨ - ɓʬ.                                               (186) 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (184)ï(186) ʠʤʝʝʤ: 

• ὥὶὧίὭὲ
ὲ̃ ̖

ὲ̋ ̑
ÓÉÎ‌ ὥὶὧίὭὲ

ὲ̃ ̖

ὲ̕
ÓÉÎ‌Ȣ 

• ὥὶὧίὭὲ
ρȟπππςως

ρȟυτ
ϽÓÉÎςπЈ ὥὶὧίὭὲ

ρȟπππςως

ρȟυφ
ϽÓÉÎςπЈȢ 

ű = 0,17Ј. 
ʆʪʚʝʪ: ű = 0,17Ј. 

 

ɿʘʜʘʯʘ 21.2 

 ʇʫʯʦʢ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ ʧʘʜʘʝʪ ʥʘ ʧʦʣʠʨʦʚʘʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʪʝʢʣʷʥʥʦʡ ʧʣʘʩʪʠʥʳ, ʧʦʛʨʫʞʝʥʥʦʡ ʚ ʞʠʜʢʦʩʪʴ (ʨʠʩ. 122). ʆʪʨʘʞʸʥʥʳʡ 

ʦʪ ʧʣʘʩʪʠʥʳ ʧʫʯʦʢ ʩʚʝʪʘ ʦʙʨʘʟʫʝʪ ʫʛʦʣ ű = 97
0
 ʩ ʧʘʜʘʶʱʠʤ ʧʫʯʢʦʤ. 

ʆʧʨʝʜʝʣʠʪʝ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ n1 ʞʠʜʢʦʩʪʠ, ʝʩʣʠ ʦʪʨʘʞʸʥʥʳʡ 

ʩʚʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥ. ɸʙʩʦʣʶʪʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ 

ʩʪʝʢʣʘ ʧʨʠʥʷʪʴ ʨʘʚʥʳʤ n2 = 1,5. 

ʈʝʰʝʥʠʝ. 

ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ɹʨʶʩʪʝʨʘ
1
, ʧʫʯʦʢ ʩʚʝʪʘ, ʦʪʨʘʞʸʥʥʳʡ ʦʪ 

ʜʠʵʣʝʢʪʨʠʢʘ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʪʘʥʛʝʥʩ ʫʛʣʘ 

ʧʘʜʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʣʫʯʘ iB ʨʘʚʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ 

ʧʨʝʣʦʤʣʝʥʠʷ: 

ὸὫὭ ὲ ȟ 
 

                                                 
1
 ʊʨʦʬʠʤʦʚʘ, ʊ. ʀ. ʂʫʨʩ ʬʠʟʠʢʠ [ʊʝʢʩʪ]: ʫʯʝʙ. ʧʦʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ / ʊ. ʀ. ʊʨʦʬʠʤʦʚʘ. ï 7-

ʝ ʠʟʜ., ʩʪʝʨ. ï ʄ.: ɺʳʩʰ. ʰʢ., 2003. ï ʉ. 358. 
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ʛʜʝ n21 ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʚʪʦʨʦʡ ʩʨʝʜʳ 

(ʩʪʝʢʣʘ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʡ (ʞʠʜʢʦʩʪʠ). 

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ 

ʨʘʚʝʥ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʦʪʥʦʰʝʥʠʶ ʘʙʩʦʣʶʪʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  

ὸὫὭ
ὲ

ὲ
Ȣ 

ʊʘʢ ʢʘʢ ʫʛʦʣ ʧʘʜʝʥʠʷ ʨʘʚʝʥ ʫʛʣʫ ʦʪʨʘʞʝʥʠʷ, 

ʪʦ Ὥ  ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

                                                                 ὸὫ ,  

ʦʪʢʫʜʘ 

                             ὲ
ὲ

ὸὫ
•
ς

Ȣ 

 

          n1= 1,33. 

ʆʪʚʝʪ: n1 = 1,33. 

 

ɿʘʜʘʯʘ 21.3 

ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʩʚʝʪʘ ʯʝʨʝʟ ʜʚʝ ʧʣʦʩʢʠʝ ʧʣʘʩʪʠʥʳ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʢʨʠʩʪʘʣʣʘ ʪʫʨʤʘʣʠʥʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 8 ʨʘʟ. ʏʝʤʫ ʨʘʚʝʥ ʫʛʦʣ ʤʝʞʜʫ ʦʧʪʠʯʝʩʢʠʤʠ 

ʦʩʷʤʠ ʢʨʠʩʪʘʣʣʘ? 

ʈʝʰʝʥʠʝ. 

ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʩʚʝʪʘ ʯʝʨʝʟ ʧʝʨʚʫʶ ʧʣʘʩʪʠʥʫ ï ʧʦʣʷʨʠʟʘʪʦʨ ï

ʝʩʪʝʩʪʚʝʥʥʳʡ ʩʚʝʪ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʧʣʦʩʢʦʧʦʣʷʨʠʟʦʚʘʥʥʳʡ. ʇʨʠ ʵʪʦʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 2 ʨʘʟʘ: 

I1  = İIʝʩʪ,                                        (123) 

ʛʜʝ Iʝʩʪ  ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ;  

       I1 ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʣʦʩʢʦʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʩʚʝʪʘ.  

ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʣʦʩʢʦʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʩʚʝʪʘ ʯʝʨʝʟ ʚʪʦʨʫʶ 

ʧʣʘʩʪʠʥʫ ï ʘʥʘʣʠʟʘʪʦʨ ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʣʦʩʢʦʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʩʚʝʪʘ 

ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʄʘʣʶʩʘ:   

I = I1 cos
2 
ű,                                      (124) 

ʛʜʝ I ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ;  

      ű ï ʫʛʦʣ ʤʝʞʜʫ ʦʧʪʠʯʝʩʢʠʤʠ ʦʩʷʤʠ ʧʦʣʷʨʠʟʘʪʦʨʘ ʠ ʘʥʘʣʠʟʘʪʦʨʘ. 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (123) ʠ (124) ʠʤʝʝʤ 

         ʈʠʩ. 122 
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I = j2cos
2

1
ʝʩʪI . 

ʇʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ  

8

1
=

ʝʩʪI

I
, 

ʪʦʛʜʘ  

cos ű = 
2

1
; 

ű = 60
0
. 

ʆʪʚʝʪ: ű = 60
0
.  

 

 

ʃʝʢʮʠʷ 22 

 

ʉɺɽʊʆɺʓɽ ɺʆʃʅʓ ʀ ɺʆʃʅʆɺʓɽ ʗɺʃɽʅʀʗ 

 (ʀʅʊɽʈʌɽʈɽʅʎʀʗ, ɼʀʌʈɸʂʎʀʗ) 

 

ʂ ʜʘʥʥʦʡ ʣʝʢʮʠʠ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ 

- ʟʥʘʪʴ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ; ʟʥʘʪʴ, ʚ ʯʸʤ 

ʟʘʢʣʶʯʘʶʪʩʷ ʷʚʣʝʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʠ ʜʠʬʨʘʢʮʠʠ ʚʦʣʥ (ʥʘ ʧʨʠʤʝʨʝ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʣʥ).  

 

ʇʣʘʥ ʣʝʢʮʠʠ 

1. ʗʚʣʝʥʠʝ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʩʚʝʪʘ. ʇʨʠʨʦʜʥʳʝ ʷʚʣʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ ʩʚʝʪʘ. 

2. ɼʠʬʨʘʢʮʠʷ ʩʚʝʪʘ. ʇʦʥʷʪʠʝ ʦ ʟʦʥʘʭ ʌʨʝʥʝʣʷ. 

3. ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʷʚʣʝʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʠ ʜʠʬʨʘʢʮʠʠ 

ʩʚʝʪʘ. 

4. ɻʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ. 

5. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 
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ʉ. 332ï333. Ä 176. ʇʨʠʥʮʠʧ ɻʶʡʛʝʥʩʘ ï ʌʨʝʥʝʣʷ 

ʉ. 333ï335. Ä 177. ʄʝʪʦʜ ʟʦʥ ʌʨʝʥʝʣʷ. ʇʨʷʤʦʣʠʥʝʡʥʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʚʝʪʘ 

ʉ. 339ï341. Ä 180. ɼʠʬʨʘʢʮʠʷ ʌʨʘʫʥʛʦʬʝʨʘ ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʝ 
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ʉ. 343ï344. Ä 183 (ʯʘʩʪʠʯʥʦ). ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʧʪʠʯʝʩʢʠʭ 

ʧʨʠʙʦʨʦʚ 

II. ʏʘʩʪʴ II. ʉ. 457ï463.   Ä 51. ʀʥʪʝʨʬʝʨʝʥʮʠʷ ʩʚʝʪʘ. ʀʥʪʝʨʬʝʨʦʤʝʪʨ 

ʉ. 468ï470. Ä 53. ʀʥʪʝʨʬʝʨʝʥʮʠʷ ʩʚʝʪʘ, ʦʪʨʘʞʸʥʥʦʛʦ ʦʪ ʧʨʦʟʨʘʯʥʳʭ 

ʧʣʸʥʦʢ 

ʉ. 470ï473. Ä 54. ɼʠʬʨʘʢʮʠʷ ʩʚʝʪʘ. ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʦʧʪʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ 

 

ʌʦʨʤʫʣʳ 

ʋʢʘʞʠʪʝ, ʦʙʦʟʥʘʯʝʥʠʷ ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʞʜʦʡ ʬʦʨʤʫʣʝ, ʢʘʢʦʚʳ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ. ʋʢʘʞʠʪʝ 

ʬʠʟʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ.  

 

Ȣ   ɝὨ ά‗ ȟ   ά πȟρȟςȟȣȠ  ɝὨ ςά ρ  ȟά πȟρȟςȟ 

Ȣ   ὶ ά‗          Ȣ   ὨÓÉÎ• ά‗          Ȣ    •
Ȣ  
  

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

 

1. ʂʘʢʠʝ ʩʚʝʪʦʚʳʝ ʚʦʣʥʳ ʷʚʣʷʶʪʩʷ ʢʦʛʝʨʝʥʪʥʳʤʠ?  ʂʘʢ ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʦʟʜʘʶʪ ʩʠʩʪʝʤʳ ʢʦʛʝʨʝʥʪʥʳʭ ʩʚʝʪʦʚʳʭ ʚʦʣʥ? 

2. ɽʩʣʠ ʩʪʘʣʴʥʦʝ ʣʝʟʚʠʝ ʥʦʞʘ ʧʦʤʝʩʪʠʪʴ ʚ ʧʣʘʤʷ ʛʘʟʦʚʦʡ ʛʦʨʝʣʢʠ, ʪʦ 

ʣʝʟʚʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʨʘʜʫʞʥʫʶ ʦʢʨʘʩʢʫ. ʇʦʯʝʤʫ? 

3. ʏʪʦ ʪʘʢʦʝ çʧʨʦʩʚʝʪʣʝʥʠʝ ʦʧʪʠʢʠè? ʂʘʢ ʦʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ? 

4. ʂʘʢ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʨʝʰʸʪʢʠ? ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʨʝʰʸʪʦʢ. 

5. ʂʘʢʠʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʯʠʥʳ ʦʛʨʘʥʠʯʠʚʘʶʪ ʧʨʠʤʝʥʝʥʠʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ ʧʨʠ ʨʘʩʯʝʪʝ ʭʦʜʘ ʩʚʝʪʦʚʳʭ ʣʫʯʝʡ ʚ ʦʧʪʠʯʝʩʢʠʭ 

ʧʨʠʙʦʨʘʭ? 

 

ʊʝʩʪ 

1. ʈʘʜʫʞʥʘʷ ʦʢʨʘʩʢʘ ʤʳʣʴʥʦʛʦ ʧʫʟʳʨʷ ʦʙʫʩʣʦʚʣʝʥʘ é 

1. ʷʚʣʝʥʠʝʤ ʜʠʩʧʝʨʩʠʠ ʩʚʝʪʘ.  

2. ʷʚʣʝʥʠʝʤ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʩʚʝʪʘ. 

3. ʷʚʣʝʥʠʝʤ ʜʠʬʨʘʢʮʠʠ ʩʚʝʪʘ.   

4. ʷʚʣʝʥʠʝʤ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ.   

5. ʷʚʣʝʥʠʝʤ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʦʤ. 

 



 

205 

 

 

ʵʢʨʘʥ 

ʄ 

d+l 

d 

l 

2. ʇʨʠ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʩʚʝʪʘ ʚ ʤʝʩʪʘʭ ʤʘʢʩʠʤʫʤʘ ʩʢʣʘʜʳʚʘʶʪʩʷ: 

ʘ) ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ;  

ʙ) ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʢʚʘʜʨʘʪʫ ʘʤʧʣʠʪʫʜʳ 

ʢʦʣʝʙʘʥʠʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

1. ʘ.  2. ʙ.  3. ʘ ʠ ʙ.  4. ʅʠ ʘ, ʥʠ ʙ. 5. ʉʨʝʜʠ ʦʪʚʝʪʦʚ 1ï4 ʥʝʪ ʧʨʘʚʠʣʴʥʦʛʦ. 

 

3. ʅʘ ʜʠʘʬʨʘʛʤʫ ʩ ʢʨʫʛʣʳʤ ʦʪʚʝʨʩʪʠʝʤ ʧʘʜʘʝʪ ʧʣʦʩʢʘʷ ʩʚʝʪʦʚʘʷ ʚʦʣʥʘ 

ʜʣʠʥʦʡ l. ɺ ʪʦʯʢʝ  ʄ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ  d  ʦʪ ʵʢʨʘʥʘ (ʩʤ. ʨʠʩ. 123), 

ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ é 

1. ʪʝʤʥʦʝ ʧʷʪʥʦ.    

2. ʩʚʝʪʣʦʝ ʧʷʪʥʦ.     

3. ʨʘʚʥʦʤʝʨʥʘʷ, ʢʘʢ ʧʦ ʚʩʝʤʫ ʵʢʨʘʥʫ, 

ʦʩʚʝʱʝʥʥʦʩʪʴ.  

4. ʯʝʨʝʜʦʚʘʥʠʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʚʝʪʣʳʭ 

ʠ ʪʸʤʥʳʭ ʧʦʣʦʩ.   

5. ʯʝʨʝʜʦʚʘʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʚʝʪʣʳʭ ʠ ʪʸʤʥʳʭ ʧʦʣʦʩ. 

 

4. ʂʘʢʠʝ ʠʟʣʫʯʝʥʠʷ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʠʞʝ ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ: 

1 ïʚʠʜʠʤʳʡ ʩʚʝʪ;  2 ï ʨʘʜʠʦʚʦʣʥʳ;   3 ï ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʣʫʯʠ;   4 ï 

ʠʥʬʨʘʢʨʘʩʥʳʝ ʣʫʯʠ? 

1. ʊʦʣʴʢʦ  1.  2. ʊʦʣʴʢʦ 1 ʠ 2.  3. ʊʦʣʴʢʦ 3. 4. ʊʦʣʴʢʦ 1, 2, 4 .  5. 1, 2, 3, 4.         

 

5. ʅʘ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʨʝʰʝʪʢʫ ʩ ʧʝʨʠʦʜʦʤ d ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʝʝ 

ʧʣʦʩʢʦʩʪʠ ʧʘʜʘʝʪ ʧʘʨʘʣʣʝʣʴʥʳʡ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʡ ʧʫʯʦʢ ʩʚʝʪʘ ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ ɚ. ʂʘʢʦʝ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʥʠʞʝ ʫʩʣʦʚʠʡ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ 

ʫʛʣʘ ű, ʧʦʜ ʢʦʪʦʨʳʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʚʳʡ ʛʣʘʚʥʳʡ ʤʘʢʩʠʤʫʤ? 

1.  sinű = 
d

l
.  2. sinű = 

l

d
.   3. cosű = 

d

l
.   4. cosű = 

l

d
.   5. sinű = 

d

l2
.        

 

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ɿʘʜʘʯʘ 22.1 

ʇʨʦʚʦʜʠʪʩʷ ʦʧʳʪ ʧʦ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʩʚʝʪʘ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʝ, 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʖʥʛʦʤ (ʨʠʩ. 124). ʈʘʩʩʪʦʷʥʠʝ d ʤʝʞʜʫ ʦʪʚʝʨʩʪʠʷʤʠ ʆ1 ʠ 

ʆ2 ʩʦʩʪʘʚʣʷʝʪ 0,5 ʤʤ, ʨʘʩʩʪʦʷʥʠʝ y ʦʪ ʮʝʥʪʨʘ ʵʢʨʘʥʘ ʜʦ ʧʝʨʚʦʛʦ 

ʤʘʢʩʠʤʫʤʘ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ ʙʳʣʦ ʨʘʚʥʦ 2 ʤʤ, ʘ ʨʘʩʩʪʦʷʥʠʝ L ʦʪ 

                     ʈʠʩ. 123 
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ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʜʦ ʵʢʨʘʥʘ ï 1,5 ʤ (ʨʠʩ. 125). ʏʝʤʫ ʨʘʚʥʘ ʜʣʠʥʘ ʚʦʣʥʳ 

ʩʚʝʪʘ ɚ? 

ʈʝʰʝʥʠʝ. 

ɺ ʮʝʥʪʨʝ ʵʢʨʘʥʘ (ʪʦʯʢʘ ʆ'), ʦʯʝʚʠʜʥʦ, ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʡ ʤʘʢʩʠʤʫʤ (ʩʚʝʪʣʘʷ ʧʦʣʦʩʘ), ʪʘʢ ʢʘʢ  

ʆ1ʆ' = ʆ2ʆ' 

ʠ ʨʘʟʥʦʩʪʴ ʭʦʜʘ ʩʚʝʪʦʚʳʭ ʚʦʣʥ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʆ1 ʠ ʆ2 ʨʘʚʥʘ ʥʫʣʶ.  

ʇʫʩʪʴ ʥʘ ʵʢʨʘʥʝ ʚ ʪʦʯʢʝ ʄ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ώ ʦʪ 
ʮʝʥʪʨʘ ʵʢʨʘʥʘ (ʆ'ʄ = y) ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʡ 

ʤʘʢʩʠʤʫʤ. ʕʪʦ ʚʦʟʤʦʞʥʦ, ʝʩʣʠ ʨʘʟʥʦʩʪʴ ʭʦʜʘ ʚʦʣʥ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ 

ʆ1 ʠ ʆ2 ʙʫʜʝʪ ʨʘʚʥʘ ʜʣʠʥʝ ʚʦʣʥʳ: 

Ὠ Ὠ ‗ȟ                                      (187) 

 ɺʳʨʘʟʠʤ ʭʦʜ ʚʦʣʥʳ Ὠ ʠ Ὠ ʯʝʨʝʟ ʠʟʚʝʩʪʥʳʝ ʚʝʣʠʯʠʥʳ. ʀʩʧʦʣʴʟʫʷ 

ʪʝʦʨʝʤʫ ʇʠʬʘʛʦʨʘ, ʧʦʣʫʯʠʤ (ʨʠʩ. 125): 

Ὠ ὒ ώ
Ὠ

ς
ȟ 

Ὠ ὒ ώ
Ὠ

ς
Ȣ 

ʊʦʛʜʘ  

Ὠ Ὠ ώ
Ὠ

ς
ώ
Ὠ

ς
ȟ 

 

Ὠ Ὠ ςώὨȟ 
Ὠ Ὠ Ὠ Ὠ ςώὨȢ 

ʉ ʫʯʸʪʦʤ ʚʳʨʘʞʝʥʠʷ (187) ʧʝʨʝʧʠʰʝʤ ʧʦʩʣʝʜʥʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚ 

ʚʠʜʝ 

              ‗Ὠ Ὠ ςώὨȢ                                       (188) 

ɺ  ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʦʧʳʪʝ ʨʘʩʩʪʦʷʥʠʝ Ὠ ʤʝʞʜʫ ʦʪʚʝʨʩʪʠʷʤʠ ʆ1 ʠ 

ʆ2 ʩʦʩʪʘʚʣʷʝʪ 0,5 ʤʤ, ʨʘʩʩʪʦʷʥʠʝ ώ ʦʪ ʮʝʥʪʨʘ ʵʢʨʘʥʘ ʜʦ ʧʝʨʚʦʛʦ 

                           ʈʠʩ. 124                                                 ʈʠʩ. 125 
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ʤʘʢʩʠʤʫʤʘ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ ʙʳʣʦ 2ʤʤ ʤʤ, ʘ ʨʘʩʩʪʦʷʥʠʝ ὒ ʦʪ ʠʩʪʦʯʥʠʢʦʚ 
ʩʚʝʪʘ ʜʦ ʵʢʨʘʥʘ ï 1,5 ʤ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

         Ὠ Ὠ ςὒȟ                                             
ʠ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ (188) ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʨʘʩʯʸʪʘ ʜʣʠʥʳ ʚʦʣʥʳ 

ʩʚʝʪʘ. 

‗
ώὨ

ὒ
Ȣ 

ɚ = 670 ʥʤ. 

ʆʪʚʝʪ: ɚ = 670 ʥʤ.  

 

ɿʘʜʘʯʘ 22.2 

ʇʣʦʩʢʘʷ ʩʚʝʪʦʚʘʷ ʚʦʣʥʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ɚ = 0,65 ʤʢʤ ʧʘʜʘʝʪ 

ʥʦʨʤʘʣʴʥʦ ʥʘ ʜʠʘʬʨʘʛʤʫ ʩ ʢʨʫʛʣʳʤ ʦʪʚʝʨʩʪʠʝʤ ʜʠʘʤʝʪʨʦʤ  d = 3 ʤʤ. 

ʆʧʨʝʜʝʣʠʪʝ, ʥʘ ʢʘʢʦʤ  ʨʘʩʩʪʦʷʥʠʠ L ʥʘʧʨʦʪʠʚ ʜʠʘʬʨʘʛʤʳ ʜʦʣʞʝʥ 

ʥʘʭʦʜʠʪʴʩʷ ʬʦʪʦʜʠʦʜ, ʯʪʦʙʳ ʦʥ ʬʠʢʩʠʨʦʚʘʣ ʤʠʥʠʤʫʤ ʧʨʠʭʦʜʷʱʝʛʦ ʥʘ 

ʥʝʛʦ ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ? 

ʈʝʰʝʥʠʝ. 

ʌʦʪʦʜʠʦʜ ʬʠʢʩʠʨʫʝʪ ʤʠʥʠʤʫʤ ʠʟʣʫʯʝʥʠʷ, ʝʩʣʠ ʦʥ ʧʦʤʝʱʸʥ ʚ 

ʪʘʢʫʶ ʪʦʯʢʫ ʌ, ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʠʟ ʢʦʪʦʨʦʡ ʚ ʦʪʚʝʨʩʪʠʠ ʫʢʣʘʜʳʚʘʝʪʩʷ 

ʜʚʝ ʟʦʥʳ ʌʨʝʥʝʣʷ (ʨʠʩ. 126). 

ʇʦ ʪʝʦʨʝʤʝ ʇʠʬʘʛʦʨʘ 

ὒ ‗ ὒ Ȣ        (189) 

ʋʯʪʝʤ, ʯʪʦ ʧʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ 

‗ḺὨȢ 
ʊʦʛʜʘ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ (189) ʧʦʣʫʯʠʤ 

ὒ
Ὠ

ψ‗
Ȣ 

ὒ
σϽρπ ̍

ψϽπȟφυϽρπ ̍
ρȟχ ̍ Ȣ 

ʆʪʚʝʪ: L = 1,7 ʤ.  

 

ɿʘʜʘʯʘ 22.3 

ʆʮʝʥʠʪʝ, ʢʘʢʦʚ ʜʦʣʞʝʥ ʙʳʪʴ ʜʠʘʤʝʪʨ ʦʙʲʝʢʪʠʚʘ,  ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ  

ʥʘ  ʩʧʫʪʥʠʢʝ-ʨʘʟʚʝʜʯʠʢʝ, ʯʪʦʙʳ ʥʘ ʬʦʪʦʛʨʘʬʠʠ, ʚʳʧʦʣʥʝʥʥʦʡ ʠʟ 

ʢʦʩʤʦʩʘ, ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʨʘʟʣʠʯʠʪʴ ʟʚʝʟʜʦʯʢʠ ʥʘ ʧʦʛʦʥʘʭ ʚʦʝʥʥʳʭ. 

ɺʳʩʦʪʘ ʧʦʣʝʪʘ ʩʧʫʪʥʠʢʘ    ʅ = 100 ʢʤ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʟʚʝʟʜʦʯʢʘʤʠ   

ʭ = 5 ʩʤ. 

             ʈʠʩ. 126 
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ʈʝʰʝʥʠʝ. 

ʇʫʩʪʴ ʫʜʘʣʝʥʥʳʡ ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʘʝʪ ʩʚʝʪʦʚʫʶ ʚʦʣʥʫ. ɺʩʣʝʜʩʪʚʠʝ 

ʜʠʬʨʘʢʮʠʠ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ ʥʘ ʦʪʚʝʨʩʪʠʠ ï ʦʙʲʝʢʪʠʚʝ ï ʧʦʣʫʯʝʥʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʷʚʣʷʝʪʩʷ ʜʠʬʨʘʢʮʠʦʥʥʦʡ 

ʢʘʨʪʠʥʦʡ, ʠʤʝʶʱʝʡ ʚʠʜ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʢʦʣʝʮ 

(ʨʠʩ. 127, ʘ). 

ɽʩʣʠ ʜʚʘ ʪʦʯʝʯʥʳʭ ʠʩʪʦʯʥʠʢʘ ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʤʘʣʦʤ ʫʛʣʦʚʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʪʦ ʠʭ 

ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʠ 

ʨʘʟʣʠʯʠʪʴ ʦʙʲʝʢʪʳ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʥʝ ʫʜʘʝʪʩʷ 

(ʨʠʩ. 127, ʙ). ʀʟʦʙʨʘʞʝʥʠʝ ʜʚʫʭ ʠʩʪʦʯʥʠʢʦʚ 

ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʚʝʪʘ, ʧʦʣʫʯʘʝʤʳʭ ʩ 

ʧʦʤʦʱʴʶ ʦʙʲʝʢʪʠʚʘ, ʨʘʟʨʝʰʠʤʳ, ʝʩʣʠ ʫʛʣʦʚʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʘʤʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʩʣʝʜʫʶʱʝʤʫ ʢʨʠʪʝʨʠʶ
1
:  

D

l
j

22,1
² ,                                          (190)  

ʛʜʝ  ű ï ʫʛʣʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʘʤʠ; 

       ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʚʝʪʘ;  

      D ï ʜʠʘʤʝʪʨ ʦʙʲʝʢʪʠʚʘ. 

      ʋʛʦʣ ű ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ: 

ű = 
ʅ

ʭ
.                                           (191) 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (190) ʠ (191) ʠʤʝʝʤ 

D
ʭ

ʅl22,1
² ; 

D ().ʤ1
105

1010422,1
2

57

º
Ö

ÖÖÖ
²

-

-

 

ʊʦ ʝʩʪʴ ʪʘʢʦʡ ʧʨʦʝʢʪ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠ ʦʩʫʱʝʩʪʚʠʤ. 

ʆʪʚʝʪ: .ʤ1ºD  

 

 

 

 

                                                 
1
 ʊʨʦʬʠʤʦʚʘ, ʊ. ʀ. ʂʫʨʩ ʬʠʟʠʢʠ [ʊʝʢʩʪ]: ʫʯʝʙ. ʧʦʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ / ʊ. ʀ. ʊʨʦʬʠʤʦʚʘ. ï 7-

ʝ ʠʟʜ., ʩʪʝʨ. ï ʄ.: ɺʳʩʰ. ʰʢ., 2003. ï ʉ. 344. 
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ʃʝʢʮʠʷ 23 

 

ɿɸʂʆʅʓ ʊɽʇʃʆɺʆɻʆ ʀɿʃʋʏɽʅʀʗ.  

ʂɺɸʅʊʆɺʓʁ ʍɸʈɸʂʊɽʈ ʀɿʃʋʏɽʅʀʗ 

 

ʂ ʜʘʥʥʦʡ ʣʝʢʮʠʠ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ 

- ʟʥʘʪʴ, ʢʘʢʦʚʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʜʣʠʥʦʡ ʚʦʣʥʳ ʠ ʯʘʩʪʦʪʦʡ 

ʠʟʣʫʯʝʥʠʷ; ʢʘʢʦʚʦ ʦʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ 

ʤʝʭʘʥʠʢʠ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʩʚʷʟʴ ʤʝʞʜʫ ʵʥʝʨʛʠʝʡ, ʵʥʝʨʛʠʝʡ ʧʦʢʦʷ  ʠ 

ʠʤʧʫʣʴʩʦʤ  ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ. 

 

ʇʣʘʥ ʣʝʢʮʠʠ 

1. ɿʘʢʦʥʳ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ: ʟʘʢʦʥ ʉʪʝʬʘʥʘ ï ɹʦʣɹʮʤʘʥʘ, ʟʘʢʦʥ 

ɺʠʥʘ. ʋʣʴʪʨʘʬʠʦʣʝʪʦʚʘʷ çʢʘʪʘʩʪʨʦʬʘè. 

2. ɻʠʧʦʪʝʟʘ ʇʣʘʥʢʘ. ʕʥʝʨʛʠʷ ʠ ʠʤʧʫʣʴʩ ʢʚʘʥʪʘ. 

3. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

I. ʉ. 367ï368. Ä 197. ʊʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʠ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʉ. 370ï371. Ä 199. ɿʘʢʦʥʳ ʉʪʝʬʘʥʘ ï ɹʦʣʴʮʤʘʥʘ ʠ ʩʤʝʱʝʥʠʷ ɺʠʥʘ 

 ʉ. 381. Ä 205 (ʯʘʩʪʠʯʥʦ). ʄʘʩʩʘ ʠ ʠʤʧʫʣʴʩ ʬʦʪʦʥʘ. ɼʘʚʣʝʥʠʝ ʩʚʝʪʘ 

II. ʏʘʩʪʴ II. ʉ. 498ï499. Ä 61 (ʯʘʩʪʠʯʥʦ). ʊʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ. 

ɸʙʩʦʣʶʪʥʦ ʯʸʨʥʦʝ ʪʝʣʦ. ɿʘʢʦʥ ʂʠʨʭʛʦʬʘ 

 ʉ. 501ï504. Ä 62 (ʯʘʩʪʠʯʥʦ). ɿʘʢʦʥʳ ʠʟʣʫʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦ ʯʸʨʥʦʛʦ 

ʪʝʣʘ. ʂʚʘʥʪʦʚʳʡ ʭʘʨʘʢʪʝʨ ʠʟʣʫʯʝʥʠʷ. ʌʦʨʤʫʣʘ ʇʣʘʥʢʘ 

 

ʌʦʨʤʫʣʳ 

ʋʢʘʞʠʪʝ, ʦʙʦʟʥʘʯʝʥʠʷ ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʞʜʦʡ ʬʦʨʤʫʣʝ, ʢʘʢʦʚʳ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ. ʋʢʘʞʠʪʝ 

ʬʠʟʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ.  

 

Ȣ   Ὑᴢ „Ὕ               Ȣ    ‗̍ ̖́             Ȣ    Ὁ Ὤ’ ȟ       ὴ         

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʏʪʦ ʥʘʟʳʚʘʶʪ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʳʤ ʪʝʣʦʤ? ʂʘʢʦʡ ʬʠʟʠʯʝʩʢʠʡ ʦʙʲʝʢʪ 
ʙʣʠʟʦʢ ʧʦ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢ ʘʙʩʦʣʶʪʥʦ ʯʸʨʥʦʤʫ ʪʝʣʫ? 

2. ʄʦʞʝʪ ʣʠ ʘʙʩʦʣʶʪʥʦ ʯʸʨʥʦʝ ʪʝʣʦ ʩʚʝʪʠʪʴʩʷ? ɽʩʣʠ ʜʘ, ʪʦ ʧʨʠ ʢʘʢʠʭ 

ʫʩʣʦʚʠʷʭ? 
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3. ʂʘʢ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʟʘʢʦʥ ʉʪʝʬʘʥʘ ï ɹʦʣʴʮʤʘʥʘ? 

4. ʂʘʢ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʟʘʢʦʥ ʩʤʝʱʝʥʠʷ ɺʠʥʘ? 

5. ʂʘʢʘʷ ʛʠʧʦʪʝʟʘ ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʚʳʜʘʶʱʠʤʩʷ ʥʝʤʝʮʢʠʤ ʬʠʟʠʢʦʤ 

ʄʘʢʩʦʤ ʇʣʘʥʢʦʤ (1858ï1947) ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʙʲʷʩʥʝʥʠʷ ʟʘʢʦʥʦʚ 

ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ? 

 

ʊʝʩʪ 

1. ʅʘ ʨʠʩ. 128 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʚʝʪʠʤʦʩʪʠ Iɜ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ʦʪ 

ʯʘʩʪʦʪʳ ɜ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʂʘʢʦʡ ʠʟ ʧʨʠʚʝʜʸʥʥʳʭ ʥʘ 

ʨʠʩʫʥʢʝ ʛʨʘʬʠʢʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʠʙʦʣʴʰʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʪʝʣʘ?      

1. ɻʨʘʬʠʢ 1.  ɻʨʘʬʠʢ 2.  ɻʨʘʬʠʢ 3.  4. 

ʃʶʙʦʡ ʠʟ ʛʨʘʬʠʢʦʚ 1 ï 3, ʪʘʢ ʢʘʢ ʚʠʜ 

ʛʨʘʬʠʢʘ  ʟʘʚʠʩʠʤʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʚʝʪʠʤʦʩʪʠ Iɜ 

ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ʦʪ ʯʘʩʪʦʪʳ ɜ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʪʝʣʘ. 5. ʉʨʝʜʠ ʦʪʚʝʪʦʚ 1ï4 ʥʝʪ 

ʧʨʘʚʠʣʴʥʦʛʦ. 

 

2. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʣʘ ʚ 2 ʨʘʟʘ ʝʛʦ ʠʥʪʝʛʨʘʣʴʥʘʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʚʝʪʠʤʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ: 

1. ɺ 2   ʨʘʟ.   2. ɺ 2 ʨʘʟʘ.   3. ɺ 4 ʨʘʟʘ.      4. ɺ 8 ʨʘʟ.     5.  ɺ 16 ʨʘʟ.   

 

3. ʇʨʘʚʠʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʢʨʘʩʥʳʭ  ʊʢʨ , 

ʞʝʣʪʳʭ  ʊʞʸʣ , ʛʦʣʫʙʳʭ   ʊʛʦʣ ʟʚʝʟʜ ʟʘʜʘʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦʤ: 

1. ʊʢʨ  > ʊʞʸʣ  > ʊʛʦʣ.  2. ʊʞʸʣ  > ʊʢʨ > ʊʛʦʣ.    3. ʊʛʦʣ  > ʊʢʨ > ʊʞʸʣ.   

4. ʊʛʦʣ  > ʊʞʸʣ > ʊʢʨ.  5. ʊʞʸʣ  > ʊʛʦʣ  > ʊʢʨ. 

 

4. ʇʨʠ ʧʝʨʝʭʦʜʝ ʩʚʝʪʘ ʠʟ ʚʦʟʜʫʭʘ ʚ ʩʪʝʢʣʦ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ   

n = 1,5 ʵʥʝʨʛʠʷ ʬʦʪʦʥʘé 

1. ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 1,5 ʨʘʟʘ.    2. ʫʤʝʥʴʰʘʝʪʩʷ ʚ 1,5 ʨʘʟʘ.    3. ʦʩʪʘʝʪʩʷ 

ʥʝʠʟʤʝʥʥʦʡ.   4. ʫʤʝʥʴʰʘʝʪʩʷ ʚ 3 ʨʘʟʘ.   5. ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 3 ʨʘʟʘ. 

5. ʕʥʝʨʛʠʷ ʢʚʘʥʪʦʚ ʠʟʣʫʯʝʥʠʷ ɸ ʚ 2 ʨʘʟʘ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ ʢʚʘʥʪʦʚ 

ʠʟʣʫʯʝʥʠʷ ɺ. ʂʚʘʥʪʳ ʢʘʢʦʛʦ ʠʟ ʠʟʣʫʯʝʥʠʡ  - ɸ ʠʣʠ ɺ ï ʦʙʣʘʜʘʶʪ 

ʙʦʣʴʰʠʤ ʠʤʧʫʣʴʩʦʤ ʠ ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ? 
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1. ʂʚʘʥʪʳ ʠʟʣʫʯʝʥʠʷ ɸ, ʚ 2 ʨʘʟʘ. 2. ʂʚʘʥʪʳ ʠʟʣʫʯʝʥʠʷ ɸ, ʚ 4 ʨʘʟʘ.            

3.  ʀʤʧʫʣʴʩʳ ʢʚʘʥʪʦʚ ʠʟʣʫʯʝʥʠʷ ɸ ʠ ɺ ʨʘʚʥʳ.  4. ʂʚʘʥʪʳ ʠʟʣʫʯʝʥʠʷ ɺ, ʚ 

2 ʨʘʟʘ.   5.  ʂʚʘʥʪʳ ʠʟʣʫʯʝʥʠʷ ɺ, ʚ 4 ʨʘʟʘ. 

 

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ɿʘʜʘʯʘ 23.1 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʨʫʞʥʳʭ ʩʣʦʝʚ ʟʚʝʟʜʳ ɸʨʢʪʫʨ ʊ = 4100 ʂ, ʘ 

ʩʚʝʪʠʤʦʩʪʴ L = 105. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʧʦ ʨʘʟʤʝʨʫ ɸʨʢʪʫʨ ʙʦʣʴʰʝ, ʯʝʤ 

ʉʦʣʥʮʝ? ʄʘʢʩʠʤʫʤ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 470 ʥʤ. 

ʉʚʝʪʠʤʦʩʪʴ ï ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʚʝʟʜʳ, ʧʦʢʘʟʳʚʘʶʱʘʷ, ʚʦ 

ʩʢʦʣʴʢʦ ʨʘʟ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʟʚʝʟʜʳ ʙʦʣʴʰʝ ʤʦʱʥʦʩʪʠ ʉʦʣʥʮʘ. 

ʈʝʰʝʥʠʝ. 

ʇʨʠʤʝʤ ʟʚʝʟʜʫ ʟʘ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʝ ʪʝʣʦ, ʯʴʷ ʠʥʪʝʛʨʘʣʴʥʘʷ 

ʩʚʝʪʠʤʦʩʪʴ R ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʉʪʝʬʘʥʘ ï ɹʦʣʴʮʤʘʥʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʯʝʪʚʝʨʪʦʡ ʩʪʝʧʝʥʠ ʝʛʦ ʘʙʩʦʣʶʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ:  

R =„Ὕ ,                                         (192) 

ʛʜʝ „ï ʧʦʩʪʦʷʥʥʘʷ ʉʪʝʬʘʥʘ ï ɹʦʣʴʮʤʘʥʘ. 

ʄʦʱʥʦʩʪʴ ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʟʚʝʟʜʳ W  ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʸ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʚʝʪʠʤʦʩʪʴʶ ʠ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ S. 

S = 4́ r
2
,                                         (193) 

r ï ʨʘʜʠʫʩ ʟʚʝʟʜʳ. 

W = RS. 

ʉ ʫʯʝʪʦʤ ʩʦʦʪʥʦʰʝʥʠʡ (192) ʠ (193) ʠʤʝʝʤ 

W = 4́ „T
4
r

2
.                                     (194)  

ʉʚʝʪʠʤʦʩʪʴ L ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʨʘʚʥʘ 

L = 
oW

W
 , 

ʛʜʝ  oW   ï ʤʦʱʥʦʩʪʴ ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ. 

ʉ ʫʯʝʪʦʤ ʩʦʦʪʥʦʰʝʥʠʷ (194) ʠʤʝʝʤ: 
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ö
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r

T

T
L ,                                   (195) 

ʛʜʝ oT   ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʨʫʞʥʳʭ ʩʣʦʝʚ ʉʦʣʥʮʘ; 

       or  ï ʨʘʜʠʫʩ ʉʦʣʥʮʘ. 

ʊʝʤʧʝʨʘʪʫʨʫ ʥʘʨʫʞʥʳʭ ʩʣʦʝʚ ʉʦʣʥʮʘ ʦʧʨʝʜʝʣʠʤ, ʠʩʭʦʜʷ ʠʟ ʟʘʢʦʥʘ 

ʩʤʝʱʝʥʠʷ ɺʠʥʘ: 
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o

l
ʊ

ʚ
m=  ,                                        (196) 

ʛʜʝ ɚm  = 470 ʥʤ ï ʜʣʠʥʘ ʚʦʣʥʳ, ʥʘ ʢʦʪʦʨʫʶ ʧʨʠʭʦʜʠʪʩʷ ʤʘʢʩʠʤʫʤ 

ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ; 

       ʚ ï ʧʦʩʪʦʷʥʥʘʷ ɺʠʥʘ. 

ʉʦʦʪʥʦʰʝʥʠʷ (195), (196) ʧʦʟʚʦʣʷʶʪ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ ʟʘʜʘʯʠ: 

r = 0

2

rL
T

ʚ

m
ö
ö
÷

õ
æ
æ
ç

å

l
; 

r = 0

2

9

3

105
410010470
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röö

÷
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ææ
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å

ÖÖ

Ö
-

-

. 

r = 23 r0 . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʘʟʤʝʨʫ ɸʨʢʪʫʨ ʙʦʣʴʰʝ, ʯʝʤ ʉʦʣʥʮʝ, ʚ 23 ʨʘʟʘ.   

ʆʪʚʝʪ: r = 23 r0 . 

 

ɿʘʜʘʯʘ 23.2 

ɸʙʩʦʣʶʪʥʦ ʯʸʨʥʦʝ ʪʝʣʦ ʠʤʝʝʪ ʪʝʤʧʝʨʘʪʫʨʫ T1 = 2600 ʂ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʩʪʳʚʘʥʠʷ ʪʝʣʘ ʜʣʠʥʘ ʚʦʣʥʳ, ʥʘ ʢʦʪʦʨʫʶ ʧʨʠʭʦʜʠʪʩʷ 

ʤʘʢʩʠʤʫʤ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʚʝʪʠʤʦʩʪʠ, 

ʠʟʤʝʥʠʣʘʩʴ ʥʘ ȹɚ = 1,1 ʤʢʤ. ɼʦ ʢʘʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ T2 ʦʭʣʘʜʠʣʦʩʴ ʪʝʣʦ? 

ʈʝʰʝʥʠʝ. 

ɿʘʧʠʰʝʤ ʟʘʢʦʥ ʩʤʝʱʝʥʠʷ ɺʠʥʘ ʜʚʘʞʜʳ ï ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʪʝʣʦ 

ʠʤʝʣʦ ʪʝʤʧʝʨʘʪʫʨʫ T1 ʠ ʜʣʷ ʩʣʫʯʘʷ, ʦʥʦ ʦʭʣʘʜʠʣʦʩʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ T2: 

 

‗ ȟ                                                 (197) 

 ‗ ȟ                                                 (198) 

 

ʛʜʝ ɚ1 ʠ ɚ2 ï ʜʣʠʥʳ ʚʦʣʥ, ʥʘ ʢʦʪʦʨʳʝ ʧʨʠʭʦʜʠʪʩʷ ʳ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʚʝʪʠʤʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ T1 ʠ T2 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ,  

b ï ʧʦʩʪʦʷʥʥʘʷ ɺʠʥʘ, b = 2,9
.
10

-3
ʤ

.
ʂ.  

ʇʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ 

ɚ2 ï ɚ1 = ȹɚ.                                       (199) 

ʉʦʦʪʥʦʰʝʥʠʷ (197) ï (199) ʧʦʟʚʦʣʷʶʪ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ ʟʘʜʘʯʠ: 

Ὕ
Ὕ

ρ
ɝ‗Ὕ
ὦ

Ȣ 
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Ὕ
ςφππ

ρ
ρȟρϽρπ ϽςȟφϽρπ

ςȟωϽρπ

ρσππ ̠ Ȣ 

T2 = 1300 ʂ. 

ʆʪʚʝʪ: T2 = 1300 ʂ. 

ɿʘʜʘʯʘ 23.3 

ʇʨʠ ʢʘʢʦʡ ʜʣʠʥʝ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ ʵʥʝʨʛʠʷ ʢʚʘʥʪʘ ʠʟʣʫʯʝʥʠʷ ʨʘʚʥʘ 

ʵʥʝʨʛʠʠ ʧʦʢʦʷ ʵʣʝʢʪʨʦʥʘ? 

ʈʝʰʝʥʠʝ. 

ʕʥʝʨʛʠʷ ʢʚʘʥʪʘ ʠʟʣʫʯʝʥʠʷ E ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʘʩʪʦʪʦʡ ʠʟʣʫʯʝʥʠʷ ɜ 

E = hɜ,                                            (200) 

ʛʜʝ h ï ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ. 

ʏʘʩʪʦʪʫ ʠʟʣʫʯʝʥʠʷ  ɜ ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʠʟʚʝʩʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 

c = ɚɜ,                                            (201) 

ʛʜʝ c ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ; 

      ɚ ï ʠʩʢʦʤʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ. 

ʇʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ 

E = E0,                                            (202) 

ʛʜʝ E0 ï ʵʥʝʨʛʠʷ ʧʦʢʦʷ ʵʣʝʢʪʨʦʥʘ, E0 = 8,187
.
10

-14
 ɼʞ. 

(ɼʘʣʴʥʝʡʰʠʝ ʜʝʡʩʪʚʠʷ ʧʦ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʦʦʪʥʦʰʝʥʠʷ (200) ï (202), ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʨʫʜʘ, ʚʳʧʦʣʥʠʪʝ ʠʭ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ.) 

ʆʪʚʝʪ: ɚ = 2,426
.
10

-12
 ʤ. 

 

 

ʃʝʢʮʠʷ 24 

 

ʗɺʃɽʅʀɽ ʌʆʊʆʕʌʌɽʂʊɸ.  

ʂʆʈʇʋʉʂʋʃʗʈʅʆ-ɺʆʃʅʆɺʆʁ ɼʋɸʃʀɿʄ 

 

ʂ ʜʘʥʥʦʡ ʣʝʢʮʠʠ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ 

- ʟʥʘʪʴ, ʢʘʢʦʚʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʜʣʠʥʦʡ ʚʦʣʥʳ ʠ ʯʘʩʪʦʪʦʡ 

ʠʟʣʫʯʝʥʠʷ; ʢʘʢ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʵʥʝʨʛʠʷ ʠ ʠʤʧʫʣʴʩ ʢʚʘʥʪʘ; 

- ʫʤʝʪʴ ʧʨʠʤʝʥʷʪʴ ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʠʤʧʫʣʴʩʘ ʜʣʷ ʘʥʘʣʠʟʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ. 
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ʇʣʘʥ ʣʝʢʮʠʠ 

1. ʗʚʣʝʥʠʝ ʬʦʪʦʵʬʬʝʢʪʘ. ɿʘʢʦʥʳ ʬʦʪʦʵʬʬʝʢʪʘ. ʋʨʘʚʥʝʥʠʝ ʕʡʥʰʪʝʡʥʘ 

ʜʣʷ ʬʦʪʦʵʬʬʝʢʪʘ. 

2. ʕʬʬʝʢʪ ʂʦʤʧʪʦʥʘ. 

3. ʂʦʨʧʫʩʢʫʣʷʨʥʦ-ʚʦʣʥʦʚʦʡ ʜʫʘʣʠʟʤ.  

4. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 

  

ʃʠʪʝʨʘʪʫʨʘ 

I. ʉ. 376ï378. Ä 202. ɺʠʜʳ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. ɿʘʢʦʥʳ 

ʚʥʝʰʥʝʛʦ ʬʦʪʦʵʬʬʝʢʪʘ 

ʉ. 378ï380. Ä 203. ʋʨʘʚʥʝʥʠʝ ʕʡʥʰʪʝʡʥʘ ʜʣʷ ʚʥʝʰʥʝʛʦ ʬʦʪʦʵʬʬʝʢʪʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʢʚʘʥʪʦʚʳʭ ʩʚʦʡʩʪʚ ʩʚʝʪʘ 

ʉ. 382ï384.  Ä 206. ʕʬʬʝʢʪ ʂʦʤʧʪʦʥʘ ʠ ʝʛʦ ʵʣʝʤʝʥʪʘʨʥʘʷ ʪʝʦʨʠʷ 

ʉ. 384ï385.  Ä 207. ɽʜʠʥʩʪʚʦ ʢʦʨʧʫʩʢʫʣʷʨʥʳʭ ʠ ʚʦʣʥʦʚʳʭ ʩʚʦʡʩʪʚ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʉ. 393ï395.  Ä 213. ʂʦʨʧʫʩʢʫʣʷʨʥʦ-ʚʦʣʥʦʚʦʡ ʜʫʘʣʠʟʤ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚʘ 

 II. ʏʘʩʪʴ II. ʉ. 529ï534.   Ä 68. ʌʦʪʦʵʬʬʝʢʪ. ɿʘʢʦʥʳ ʬʦʪʦʵʬʬʝʢʪʘ. 

ʌʦʪʦʵʣʝʤʝʥʪʳ 

ʉ. 537ï538. Ä 69 (ʯʘʩʪʠʯʥʦ). ʄʘʩʩʘ ʠ ʠʤʧʫʣʴʩ ʬʦʪʦʥʘ. ʉʚʝʪʦʚʦʝ 

ʜʘʚʣʝʥʠʝ. ʕʬʬʝʢʪ ʂʦʤʧʪʦʥʘ. ʌʣʫʢʪʫʘʮʠʷ ʩʚʝʪʘ  

 

ʌʦʨʤʫʣʳ 

ʋʢʘʞʠʪʝ, ʦʙʦʟʥʘʯʝʥʠʷ ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʞʜʦʡ ʬʦʨʤʫʣʝ, ʢʘʢʦʚʳ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ. ʋʢʘʞʠʪʝ 

ʬʠʟʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ.  

 

Ȣ   Ὤ’ ὃ̃ ̜̖
̖̍́ ,      ’ ̜̖̃      Ȣ   ɝ‗ ς‗ίὭὲ ,      ‗         

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʷʚʣʝʥʠʝ ʬʦʪʦʵʬʬʝʢʪʘ? ʂʘʢʦʚʳ ʦʩʥʦʚʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʪʦʵʬʬʝʢʪʘ? ɺ ʯʝʤ ʵʪʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʪʠʚʦʨʝʯʘʪ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʝ? 

2. ɺ ʯʸʤ ʟʘʢʣʶʯʘʝʪʩʷ ʨʘʟʚʠʪʠʝ ʢʚʘʥʪʦʚʦʡ ʛʠʧʦʪʝʟʳ ʄ. ʇʣʘʥʢʘ 

ʧʨʝʜʣʦʞʝʥʥʦʝ ɸ. ʕʡʥʰʪʝʡʥʦʤ (ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ 

ʬʦʪʦʵʬʬʝʢʪʘ)? 

3. ʂʘʢ, ʠʩʭʦʜʷ ʠʟ ʫʨʘʚʥʝʥʠʷ ʕʡʥʰʪʝʡʥʘ ʜʣʷ ʬʦʪʦʵʬʬʝʢʪʘ, ʦʙʲʷʩʥʠʪʴ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çʢʨʘʩʥʦʡ ʛʨʘʥʠʮʳè ʬʦʪʦʵʬʬʝʢʪʘ? 
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4. ʂʨʦʤʝ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʝʱʸ ʦʜʠʥ ʚʠʜ ʠʟʣʫʯʝʥʠʷ ï 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ. ʃʶʤʠʥʝʩʮʝʥʮʠʷ ï ʠʟʣʫʯʝʥʠʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ 

ʠʟʙʳʪʦʢ ʥʘʜ ʪʝʧʣʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ ʪʝʣʘ ʠ ʧʨʦʜʦʣʞʘʶʱʝʝʩʷ ʚ ʪʝʯʝʥʠʝ 

ʚʨʝʤʝʥʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʝʛʦ ʧʝʨʠʦʜ ʩʚʝʪʦʚʳʭ ʢʦʣʝʙʘʥʠʡ. 

ʃʶʤʠʥʝʩʮʝʥʮʠʷ ʚʦʟʥʠʢʘʝʪ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʣʶʤʠʥʝʩʮʠʨʫʶʱʝʤʫ 

ʚʝʱʝʩʪʚʫ ʧʝʨʝʜʘʸʪʩʷ ʵʥʝʨʛʠʷ, ʠ ʠʩʪʦʯʥʠʢʠ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʩʚʝʯʝʥʠʷ 

ʧʝʨʝʭʦʜʷʪ ʚ ʚʦʟʙʫʞʜʸʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʘ ʟʘʪʝʤ ʠʩʪʦʯʥʠʢʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ çʠʟʙʘʚʣʷʶʪʩʷè ʦʪ ʠʟʙʳʪʢʘ ʵʥʝʨʛʠʠ.  

 ɸʥʛʣʠʡʩʢʠʡ ʫʯʸʥʳʡ ɼʞʦʨʜʞ ɻʘʙʨʠʝʣʴ  ʉʪʦʢʩ (1819ï1093), 

ʠʩʩʣʝʜʫʷ ʣʶʤʠʥʝʩʮʝʥʮʠʶ, ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʩʣʝʜʫʶʱʝʝ ʧʨʘʚʠʣʦ: ʜʣʠʥʘ 

ʚʦʣʥʳ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʩʝʛʜʘ ʙʦʣʴʰʝ ʜʣʠʥʳ ʚʦʣʥʳ ʩʚʝʪʘ, 

ʚʦʟʙʫʜʠʚʰʝʛʦ ʝʛʦ. ʂʘʢ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʜʘʥʥʦʝ ʧʨʘʚʠʣʦ?  

5. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʵʬʬʝʢʪ ʂʦʤʧʪʦʥʘ? ʂʘʢ ʜʘʥʥʦʝ ʷʚʣʝʥʠʝ 

ʦʙʲʷʩʥʷʝʪʩʷ  ʩ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ? 

 

 

ʊʝʩʪ 

1.ɻʣʘʟ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʡ (ʧʨʠʩʧʦʩʦʙʠʚʰʠʡʩʷ) ʢ ʪʝʤʥʦʪʝ, ʦʙʣʘʜʘʝʪ 

ʨʝʟʢʠʤ ʧʦʨʦʛʦʤ ʟʨʠʪʝʣʴʥʦʛʦ  ʦʱʫʱʝʥʠʷ, ʪʦ ʝʩʪʴ ʚʦʩʧʨʠʥʠʤʘʝʪ ʩʚʝʪ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ  ʥʝ ʤʝʥʴʰʝ ʥʝʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʸʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ. ɽʩʣʠ ʚ ʦʧʳʪʝ ʥʘʙʣʶʜʘʪʴ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦʚʪʦʨʷʶʱʠʝʩʷ 

ʚʩʧʳʰʢʠ ʩʚʝʪʘ, ʪʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʥʝʢʦʪʦʨʳʝ ʠʟ 

ʚʩʧʳʰʝʢ ʫʞʝ ʥʝ  ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʛʣʘʟʦʤ. ʂʘʢʦʡ ʠʟ ʪʝʦʨʠʡ ʩʚʝʪʘ ï 

ʚʦʣʥʦʚʦʡ ʠʣʠ ʢʚʘʥʪʦʚʦʡ ï ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʳ ʵʪʠ ʧʨʦʧʫʩʢʠ ʚ 

ʥʘʙʣʶʜʝʥʠʠ ʚʩʧʳʰʝʢ ʩʚʝʪʘ? 

1. ʊʦʣʴʢʦ ʚʦʣʥʦʚʦʡ ʪʝʦʨʠʝʡ ʩʚʝʪʘ. 2. ʊʦʣʴʢʦ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʝʡ ʩʚʝʪʘ. 

3. ʀ ʚʦʣʥʦʚʦʡ ʪʝʦʨʠʝʡ ʩʚʝʪʘ, ʠ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʝʡ ʩʚʝʪʘ. 4. ʕʪʦ ʷʚʣʝʥʠʝ 

ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʥʠ ʚʦʣʥʦʚʦʡ ʪʝʦʨʠʝʡ ʩʚʝʪʘ, ʥʠ ʢʚʘʥʪʦʚʦʡ 

ʪʝʦʨʠʝʡ ʩʚʝʪʘ. 5.  ʉʨʝʜʠ ʦʪʚʝʪʦʚ 1 ï 4 ʥʝʪ ʧʨʘʚʠʣʴʥʦʛʦ. 

 

2. ʆʜʠʥʘʢʦʚʳʡ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ ʧʘʜʘʝʪ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʥʘ ʟʝʨʢʘʣʴʥʫʶ 

ʦʪʨʘʞʘʶʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʘ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ï ʥʘ ʪʸʤʥʫʶ 

ʧʦʛʣʦʱʘʶʱʫʶ ʩʚʝʪ ʧʦʚʝʨʭʥʦʩʪʴ. ɺ ʢʘʢʦʤ ʩʣʫʯʘʝ ʩʚʝʪʦʚʦʝ ʜʘʚʣʝʥʠʝ 

ʙʫʜʝʪ ʙʦʣʴʰʝ? 

1. ʇʨʠ ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʥʘ ʟʝʨʢʘʣʴʥʫʶ ʦʪʨʘʞʘʶʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. 2. ʇʨʠ 

ʧʘʜʝʥʠʠ ʩʚʝʪʘ ʥʘ ʪʸʤʥʫʶ ʧʦʛʣʦʱʘʶʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. 3. ɺ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ ʩʚʝʪʦʚʦʝ ʜʘʚʣʝʥʠʝ ʦʜʠʥʘʢʦʚʦ. 4. ʉʚʝʪ ʥʝ ʧʨʦʠʟʚʦʜʠʪ ʜʘʚʣʝʥʠʷ. 

5. ʉʨʝʜʠ ʦʪʚʝʪʦʚ 1 ï 4 ʥʝʪ ʧʨʘʚʠʣʴʥʦʛʦ. 
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3. ʅʘ ʨʠʩ. 129 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʝ ʚʦʣʴʪʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʘʢʫʫʤʥʦʛʦ ʬʦʪʦʵʣʝʤʝʥʪʘ (ʟʘʚʠʩʠʤʦʩʪʴ ʩʠʣʳ ʪʦʢʘ I, ʧʨʦʪʝʢʘʶʱʝʛʦ 

ʯʝʨʝʟ ʬʦʪʦʵʣʝʤʝʥʪ ʦʪ ʧʨʠʣʦʞʝʥʥʦʛʦ ʢ ʥʝʤʫ ʥʘʧʨʷʞʝʥʠʷ U). ɽʩʣʠ ɽ ï 

ʦʩʚʝʱʸʥʥʦʩʪʴ ʬʦʪʦʢʘʪʦʜʘ (ʤʦʱʥʦʩʪʴ ʩʚʝʪʘ, ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ ʝʜʠʥʠʮʫ 

ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʪʦʢʘʪʦʜʘ), ʘ ɜ ï ʯʘʩʪʦʪʘ ʧʘʜʘʶʱʝʛʦ ʥʘ ʥʝʛʦ 

ʩʚʝʪʘ, ʪʦ ʢʘʢʠʝ ʠʟ ʧʨʠʚʝʜʸʥʥʳʭ ʥʠʞʝ ʩʦʦʪʥʦʰʝʥʠʡ ʚʝʣʠʯʠʥ 

ʩʧʨʘʚʝʜʣʠʚʳ?  

 

 
ʈʠʩ. 129 

 

ρȢ   ’ ’ȟὉ Ὁ     2.   ’ ’ȟ Ὁ Ὁ      3.   ’ ’ȟ Ὁ Ὁ    

4.   ’ ’ȟ Ὁ Ὁ    5.   ’ ’ȟὉ Ὁ 

 

4. ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʤʝʪʘʣʣ ʠʟʣʫʯʝʥʠʷ ʩ ʯʘʩʪʦʪʦʡ ɜ ʧʨʦʠʩʭʦʜʠʪ 

ʬʦʪʦʵʬʬʝʢʪ. ɽʩʣʠ ʯʘʩʪʦʪʫ ʫʚʝʣʠʯʠʪʴ ʚ 2 ʨʘʟʘ, ʪʦ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ ʫʚʝʣʠʯʠʪʩʷ  

1. ɺ 4 ʨʘʟʘ.  2. ɺ 3 ʨʘʟʘ. 3. ɺ 2,5 ʨʘʟʘ. 4. ɺ 2 ʨʘʟʘ. 5. ʄʝʥʴʰʝ, ʯʝʤ ʚ 2 

ʨʘʟʘ. 

 

5. ʂʦʨʧʫʩʢʫʣʷʨʥʦ-ʚʦʣʥʦʚʦʡ ʜʫʘʣʠʟʤ ʦʟʥʘʯʘʝʪ, ʯʪʦ é 

1. ʪʦʣʴʢʦ ʬʦʪʦʥʳ, ʥʘʨʷʜʫ ʩ ʢʦʨʧʫʩʢʫʣʷʨʥʳʤʠ, ʦʙʣʘʜʘʶʪ ʪʘʢʞʝ ʠ 

ʚʦʣʥʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

2. ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʥʳ, ʥʘʨʷʜʫ ʩ ʢʦʨʧʫʩʢʫʣʷʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʙʣʘʜʘʶʪ 

ʪʘʢʞʝ ʚʦʣʥʦʚʳʤʠ.  

3. ʯʘʩʪʠʮʳ ʤʘʪʝʨʠʠ ʦʙʣʘʜʘʶʪ ʠʣʠ ʪʦʣʴʢʦ ʢʦʨʧʫʩʢʫʣʷʨʥʳʤʠ, ʠʣʠ ʪʦʣʴʢʦ 

ʚʦʣʥʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.   

4. ʯʘʩʪʠʮʳ ʤʘʪʝʨʠʠ ʦʙʣʘʜʘʶʪ ʠ ʢʦʨʧʫʩʢʫʣʷʨʥʳʤʠ, ʠ ʚʦʣʥʦʚʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ.  

5. ʯʘʩʪʠʮʳ ʤʘʪʝʨʠʠ ʦʙʣʘʜʘʶʪ ʪʦʣʴʢʦ ʢʦʨʧʫʩʢʫʣʷʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 
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ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ɿʘʜʘʯʘ 24.1 

ʉ ʢʘʢʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʩʣʝʜʫʝʪ ʥʘʧʨʘʚʠʪʴ ʩʚʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʮʝʟʠʷ, ʯʪʦʙʳ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ ʙʳʣʘ ʨʘʚʥʘ           

Ӓmax = 2000 ʢʤ/ʩ?  

ʂʨʘʩʥʘʷ ʛʨʘʥʠʮʘ ʬʦʪʦʵʬʬʝʢʪʘ ʜʣʷ ʮʝʟʠʷ ʨʘʚʥʘ ɚ0 = 690 ʥʤ.  

ʈʝʰʝʥʠʝ. 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʕʡʥʰʪʝʡʥʘ ʜʣʷ ʚʥʝʰʥʝʛʦ ʬʦʪʦʵʬʬʝʢʪʘ: 

Ὤ’ ὃ ̖̍́ȟ                                       (203) 

ʛʜʝ h ï ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ;  

       ɜ  ï ʯʘʩʪʦʪʘ ʠʟʣʫʯʝʥʠʷ ʩʚʝʪʘ;  

       ɸ -  ʨʘʙʦʪʘ ʚʳʭʦʜʘ ʮʝʟʠʷ;  

       m ï ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ;  

       Ӓmax ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ, ʚʳʣʝʪʘʶʱʠʭ ʩ ʢʘʪʦʜʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ. 

ʈʘʙʦʪʘ ʚʳʭʦʜʘ ʮʝʟʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʬʦʨʤʫʣʝ 

A = hɜ0,                                          (204) 

ʛʜʝ ɜ0 ï ʤʠʥʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʝʢʨʘʱʘʝʪʩʷ ʬʦʪʦʵʬʬʝʢʪ. 

ɼʣʠʥʘ ʚʦʣʥʳ ɚ ʠ ʯʘʩʪʦʪʘ ʠʟʣʫʯʝʥʠʷ ɜ ʩʚʷʟʘʥʳ ʠʟʚʝʩʪʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ  

c = ɚɜ.                                           (205) 

(ɼʘʣʴʥʝʡʰʠʝ ʜʝʡʩʪʚʠʷ ʧʦ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʦʦʪʥʦʰʝʥʠʷ (203)ï(205), ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʨʫʜʘ, ʚʳʧʦʣʥʠʪʝ ʠʭ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ.) 

ʆʪʚʝʪ: ɚ = 94 ʥʤ. 

 

ɿʘʜʘʯʘ 24.2 

ʌʦʪʦʢʘʪʦʜ, ʧʦʢʨʳʪʳʡ ʢʘʣʴʮʠʝʤ (ʨʘʙʦʪʘ ʚʳʭʦʜʘ ɸ = 4,42Ā10
-19 
ɼʞ), 

ʦʩʚʝʱʘʝʪʩʷ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ɚ = 300 ʥʤ. ɺʳʣʝʪʝʚʰʠʝ ʠʟ ʢʘʪʦʜʘ 

ʵʣʝʢʪʨʦʥʳ ʧʦʧʘʜʘʶʪ ʚ ʦʜʥʦʨʦʜʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩ ʠʥʜʫʢʮʠʝʡ             

ɺ = 8,3Ā10
-4 
ʊʣ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʣʠʥʠʷʤ ʠʥʜʫʢʮʠʠ ʵʪʦʛʦ ʧʦʣʷ. 

ʈʘʩʩʯʠʪʘʡʪʝ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʜʠʫʩ ʦʢʨʫʞʥʦʩʪʠ R, ʧʦ ʢʦʪʦʨʦʡ ʜʚʠʞʫʪʩʷ 

ʵʣʝʢʪʨʦʥʳ. 

ʈʝʰʝʥʠʝ. 

ʉʢʦʨʦʩʪʴ ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ 

ʫʨʘʚʥʝʥʠʝʤ ʕʡʥʰʪʝʡʥʘ ʜʣʷ ʚʥʝʰʥʝʛʦ ʬʦʪʦʵʬʬʝʢʪʘ: 
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Ὤ’ ὃ ̖̍́,                                  (206) 

ʛʜʝ h ï ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ;  

      ɜ  ï ʯʘʩʪʦʪʘ ʠʟʣʫʯʝʥʠʷ ʩʚʝʪʘ;  

      m ï ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ;  

      Ӓmax ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ, ʚʳʣʝʪʘʶʱʠʭ ʩ ʢʘʪʦʜʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ. 

               ’ ȟ                                          (207) 

ʛʜʝ c ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ. 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (206) ʠ (207) ʠʤʝʝʤ  

     ὺ ὃȢ                                                  (208) 

ʅʘ ʚʳʣʝʪʝʚʰʠʝ ʠʟ ʢʘʪʦʜʘ ʵʣʝʢʪʨʦʥʳ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʜʝʡʩʪʚʫʝʪ 

ʩʠʣʘ ʃʦʨʝʥʮʘ Fʣ, ʨʘʚʥʘʷ  

Fʣ = eBɡ,                                        (209) 

ʛʜʝ e ï ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ. 

(ɺ ʚʳʨʘʞʝʥʠʠ (209) ʫʯʪʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʥʘʧʨʘʚʣʝʥʠʶ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ɺ
C
.)  

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʃʦʨʝʥʮʘ ʵʣʝʢʪʨʦʥ ʜʚʠʞʝʪʩʷ ʧʦ ʜʫʛʝ 

ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʦʤ R ʩ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʳʤ ʫʩʢʦʨʝʥʠʝʤ ὥ, ʨʘʚʥʳʤ  

ὥ Ȣ                                          (210) 

ʇʦ ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ  

                     Ὂ̌ άὥȢ                                              (211) 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (209)ï(211) ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʜʠʫʩʘ 

ʦʢʨʫʞʥʦʩʪʠ Rmax, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʵʣʝʢʪʨʦʥʦʚ Ӓmax, ʦʢʦʥʯʘʪʝʣʴʥʦ ʠʤʝʝʤ   

 Ὑ ςά ὃ Ƞ    

Rmax = ()ʤ108,41042,4
10300

1031063,6
101,92

103,8106,1

1 319

9

834
31

419

--

-

-
-

--
Ö=öö

÷

õ
ææ
ç

å
Ö-

Ö

ÖÖÖ
ÖÖ

ÖÖÖ
; 

Rmax = 4,8 ʤʤ. 

ʆʪʚʝʪ: Rmax = 4,8 ʤʤ. 

 

ɿʘʜʘʯʘ 24.3 

ɼʣʷ ʨʘʟʛʦʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ ʢʦʨʨʝʢʮʠʠ ʠʭ ʦʨʙʠʪ 

ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʣʥʝʯʥʳʡ ʧʘʨʫʩ ï ʩʢʨʝʧʣʝʥʥʳʡ ʩ ʘʧʧʘʨʘʪʦʤ 

ʣʝʛʢʠʡ ʵʢʨʘʥ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʠʟ ʪʦʥʢʦʡ ʧʣʝʥʢʠ, ʢʦʪʦʨʘʷ ʟʝʨʢʘʣʴʥʦ 
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ʦʪʨʘʞʘʝʪ ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ. ʈʘʩʩʯʠʪʘʡʪʝ ʤʘʩʩʫ m  ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, 

ʩʥʘʙʞʝʥʥʦʛʦ ʧʘʨʫʩʦʤ ʚ ʬʦʨʤʝ ʢʚʘʜʨʘʪʘ ʨʘʟʤʝʨʦʤ L = 100 ʤ Ĭ 100 ʤ, 

ʢʦʪʦʨʦʤʫ ʜʘʚʣʝʥʠʝ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʩʦʦʙʱʘʝʪ ʫʩʢʦʨʝʥʠʝ  a  = 10
-4 

g. 

ʄʦʱʥʦʩʪʴ W ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʘʜʘʶʱʝʛʦ ʥʘ 1 ʤ
2 
ʧʦʚʝʨʭʥʦʩʪʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʩʦʣʥʝʯʥʳʤ ʣʫʯʘʤ, ʩʦʩʪʘʚʣʷʝʪ  1370 ɺʪ/ʤ
2 
. 

ʈʝhʝʥʠʝ. 

ʇʨʠ ʦʪʨʘʞʝʥʠʠ ʢʚʘʥʪʦʚ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʘʨʫʩʘ ʥʘ ʥʝʛʦ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ F
C
, ʨʘʚʥʘʷ    

t

ʨN
F

D

D
= ,                                            (212) 

ʛʜʝ æʨ ï ʠʟʤʝʥʝʥʠʝ ʠʤʧʫʣʴʩʘ ʦʜʥʦʛʦ ʢʚʘʥʪʘ ʧʨʠ ʦʪʨʘʞʝʥʠʠ;  

      N ï ʯʠʩʣʦ ʢʚʘʥʪʦʚ, ʦʪʨʘʞʘʶʱʠʭʩʷ ʦʪ ʧʘʨʫʩʘ ʟʘ ʚʨʝʤʷ æt . 

ʊʘʢ ʢʘʢ ʧʨʦʠʩʭʦʜʠʪ ʟʝʨʢʘʣʴʥʦʝ ʦʪʨʘʞʝʥʠʝ, ʪʦ 

æʨ  = 2ʨʢʚ,                                         (213) 

ʛʜʝ pʢʚ ï ʠʤʧʫʣʴʩ ʢʚʘʥʪʘ, 

ʨʢʚ  =  
l

h
,                                           (214)   

ʛʜʝ h ï ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ; 

      ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ. 

n
l

c
= ,                                           (215) 

ʛʜʝ ʩ  ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ; 

      ɜ   ï ʯʘʩʪʦʪʘ ʠʟʣʫʯʝʥʠʷ. 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (212)ï(215) ʠʤʝʝʤ 

cdt

Nh
F

n2
= .                                      (216) 

ʕʥʝʨʛʠʷ ʢʚʘʥʪʘ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ɽʢʚ  =  hɜ. 

ʊʦʛʜʘ ʦʪʥʦʰʝʥʠʝ  

t

h

D

Nn
, 

 ʢʦʪʦʨʦʝ ʚʭʦʜʠʪ ʚ ʚʳʨʘʞʝʥʠʝ (216) ʝʩʪʴ ʵʥʝʨʛʠʷ ʚʩʝʭ ʢʚʘʥʪʦʚ, 

ʦʪʨʘʞʘʶʱʠʭʩʷ ʟʘ ʚʨʝʤʷ æt ʦʪ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ. ʕʪʦ ʦʪʥʦʰʝʥʠʝ, 

ʦʯʝʚʠʜʥʦ, ʨʘʚʥʦ WS,  ʪʘʢ ʢʘʢ W ï ʤʦʱʥʦʩʪʴ (ʪʦ ʝʩʪʴ ʵʥʝʨʛʠʷ ʩʦʣʥʝʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ), ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ, ʘ S 

= L
2 
 ï ʧʣʦʱʘʜʴ ʩʦʣʥʝʯʥʦʛʦ ʧʘʨʫʩʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʦʪʥʦʰʝʥʠʝ (216) ʧʨʠʤʝʪ ʚʠʜ   

c

WL
F

22
= .                                          (217) 
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ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʤʘʩʩʫ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʚʪʦʨʳʤ ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘ: 

F = ma.                                           (218) 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (217) ʠ (218) ʠʤʝʝʤ 

ca

WL
m

22
= ; 

m = 
( )

93
81,910103

10013702
48

2

=
ÖÖÖ

ÖÖ
-

(ʢʛ); 

m = 93 ʢʛ. 

ʆʪʚʝʪ: m = 93 ʢʛ.   
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ʉʊʈʆɽʅʀɽ ɸʊʆʄɸ. 

 ʉʇɽʂʊʈɸʃʔʅʓɽ ɿɸʂʆʅʆʄɽʈʅʆʉʊʀ 

 

ʂ ʜʘʥʥʦʡ ʣʝʢʮʠʠ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ 

- ʟʥʘʪʴ ʦʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʩʪʨʦʝʥʠʠ ʘʪʦʤʘ, ʠʟʣʘʛʘʝʤʳʝ ʚ ʰʢʦʣʴʥʦʤ 

ʢʫʨʩʝ ʬʠʟʠʢʠ ʠ ʭʠʤʠʠ, ʟʥʘʪʴ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʘ ʵʥʝʨʛʠʠ ʢʚʘʥʪʘ. 

 

ʇʣʘʥ ʣʝʢʮʠʠ 

1. ʆʧʳʪʳ ʈʝʟʝʨʬʦʨʜʘ ʧʦ ʠʟʫʯʝʥʠʶ ʩʪʨʦʝʥʠʷ ʘʪʦʤʘ. ʇʣʘʥʝʪʘʨʥʘʷ ʤʦʜʝʣʴ 
ʘʪʦʤʘ. 

2. ʇʦʩʪʫʣʘʪʳ ɹʦʨʘ. ʃʠʥʝʡʯʘʪʳʝ ʩʧʝʢʪʨʳ. 

3. ʃʘʟʝʨ. 

4. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

I. ʉ. 386ï387. Ä 208. ʄʦʜʝʣʠ ʘʪʦʤʘ ʊʦʤʩʦʥʘ ʠ ʈʝʟʝʨʬʦʨʜʘ 

ʉ. 387ï388. Ä 209. ʃʠʥʝʡʯʘʪʳʡ ʩʧʝʢʪʨ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ 

ʉ. 388ï389.  Ä 210. ʇʦʩʪʫʣʘʪʳ ɹʦʨʘ 

ʉ. 428ï430.  Ä 232. ʇʦʛʣʦʱʝʥʠʝ. ʉʧʦʥʪʘʥʥʦʝ ʠ ʚʳʥʫʞʜʝʥʥʦʝ ʠʟʣʫʯʝʥʠʷ 

ʉ. 430ï433.  Ä 233. ʆʧʪʠʯʝʩʢʠʝ ʢʚʘʥʪʦʚʳʝ ʛʝʥʝʨʘʪʦʨʳ (ʣʘʟʝʨʳ) 

II. ʏʘʩʪʴ II. ʉ. 506ï509.   Ä 63 (ʯʘʩʪʠʯʥʦ). ʉʪʨʦʝʥʠʝ ʘʪʦʤʘ (ʷʜʝʨʥʘʷ 

ʤʦʜʝʣʴ). ɼʠʩʢʨʝʪʥʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʘʪʦʤʘ. ʇʦʩʪʫʣʘʪʳ 

ɹʦʨʘ 

ʉ. 526ï529.   Ä 67. ʀʥʜʫʮʠʨʦʚʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ. ʂʚʘʥʪʦʚʳʝ ʛʝʥʝʨʘʪʦʨʳ 
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 ʌʦʨʤʫʣʳ 

ʋʢʘʞʠʪʝ, ʦʙʦʟʥʘʯʝʥʠʷ ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʞʜʦʡ ʬʦʨʤʫʣʝ, ʢʘʢʦʚʳ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ. ʋʢʘʞʠʪʝ 

ʬʠʟʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ.  

 

Ȣ  ’ Ὑ  ȟ   ά ρȟςȟσȟτȟȣȟ   ὲ ά ρȟά ςȟȣȟ Ὑ ᴢᴢ   

Ȣ   Ὤ’ Ὁ Ὁ   

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʇʦʯʝʤʫ ʧʨʝʜʣʦʞʝʥʥʘʷ ʈʝʟʝʨʬʦʨʜʦʤ ʧʣʘʥʝʪʘʨʥʘʷ ʤʦʜʝʣʴ ʩʪʨʦʝʥʠʷ 

ʘʪʦʤʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʦʪʠʚʦʨʝʯʠʠ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʦʡ? 

2. ʏʪʦ ʪʘʢʦʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʜʠʘʛʨʘʤʤʳ? ʂʘʢ  ʩ ʧʦʤʦʱʴʶ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʜʠʘʛʨʘʤʤ ʦʧʠʩʳʚʘʶʪʩʷ ʩʦʩʪʦʷʥʠʷ ʘʪʦʤʦʚ?   

3. ʇʦʯʝʤʫ ʚʩʝ ʘʪʦʤʳ ʦʜʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʠʟʣʫʯʘʶʪ ʩʚʝʪ ʩ 

ʦʜʠʥʘʢʦʚʳʤ ʣʠʥʝʡʯʘʪʳʤ ʩʧʝʢʪʨʦʤ, ʘ ʣʠʥʝʡʯʘʪʳʝ ʩʧʝʢʪʨʳ ʢʘʞʜʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʨʘʟʣʠʯʥʳ? 

4. ʂʘʢʦʚ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʣʘʟʝʨʘ? 

5. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʧʨʠʥʮʠʧ ʩʦʦʪʚʝʪʩʪʚʠʷ ɹʦʨʘ? 

 

ʊʝʩʪ 

1. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʦʨʠʠ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʅʠʣʴʩ ɹʦʨ ʩʬʦʨʤʫʣʠʨʦʚʘʣ 

ʜʚʘ ʧʦʩʪʫʣʘʪʘ: 

ʘ) ʚ ʘʪʦʤʝ ʩʫʱʝʩʪʚʫʶʪ ʩʪʘʮʠʦʥʘʨʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʦʥ ʥʝ 

ʠʟʣʫʯʘʝʪ ʵʥʝʨʛʠʶ;  

ʙ)  ʧʨʠ ʧʝʨʝʭʦʜʝ ʵʣʝʢʪʨʦʥʘ ʩ ʦʜʥʦʛʦ ʫʨʦʚʥʷ ʥʘ ʜʨʫʛʦʡ ʠʟʣʫʯʘʝʪʩʷ 

(ʧʦʛʣʦʱʘʝʪʩʷ) ʦʜʠʥ ʬʦʪʦʥ ʩ ʵʥʝʨʛʠʝʡ, ʨʘʚʥʦʡ ʨʘʟʥʦʩʪʠ ʵʥʝʨʛʠʡ 

ʫʨʦʚʥʝʡ. ʂʘʢʦʡ (ʢʘʢʠʝ) ʠʟ ʵʪʠʭ ʧʦʩʪʫʣʘʪʦʚ ʧʨʦʪʠʚʦʨʝʯʠʪ 

(ʧʨʦʪʠʚʦʨʝʯʘʪ) ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʝ?  

1. ʘ.  2. ʙ.  3. ʅʠ ʘ, ʥʠ ʙ.  4. ʀ ʘ, ʠ ʙ.  5. ʉʨʝʜʠ 

ʦʪʚʝʪʦʚ 1ï4 ʥʝʪ ʧʨʘʚʠʣʴʥʦʛʦ.  

  

2. ʅʘ ʨʠʩ. 130 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʘʪʦʤʘ. ʂʘʢʦʡ ʮʠʬʨʦʡ 

ʦʙʦʟʥʘʯʝʥ ʧʝʨʝʭʦʜ ʩ ʠʟʣʫʯʝʥʠʝʤ ʬʦʪʦʥʘ 

ʥʘʠʙʦʣʴʰʝʡ ʯʘʩʪʦʪʳ? 

1. 1.    2. 2.    3. 3.    4. 4.    5. 5.    

 

3. ʉʦʛʣʘʩʥʦ ʙʦʨʦʚʩʢʦʡ ʤʦʜʝʣʠ ʘʪʦʤʘ ʵʣʝʢʪʨʦʥ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠé 

 

   1       2        3     4         5 

ɽ4 

 

 

ɽ3 

 

ɽ2 

 

 

ɽ1 

ʈʠʩ. 130 
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1. ʥʘʭʦʜʠʪʩʷ ʚʩʝʛʜʘ. 2. ʥʝʧʨʝʨʳʚʥʦ ʠʟʣʫʯʘʝʪ ʵʥʝʨʛʠʶ. 3. ʥʘʭʦʜʠʪʩʷ ʜʦ 

ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʧʦʣʫʯʠʪ ʜʦʩʪʘʪʦʯʥʦ ʵʥʝʨʛʠʠ, ʯʪʦʙʳ ʧʝʨʝʡʪʠ ʥʘ ʜʨʫʛʫʶ 

ʦʨʙʠʪʫ.  4. ʠʟʣʫʯʘʝʪ ʩʚʝʪ ʦʧʨʝʜʝʣʝʥʥʳʭ ʯʘʩʪʦʪ.  5. ʥʘʭʦʜʠʪʴʩʷ ʥʝ ʤʦʞʝʪ. 

 

4. ʂʘʢʦʛʦ ʪʠʧʘ ʩʧʝʢʪʨʘʤʠ ʷʚʣʷʶʪʩʷ ʩʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʠ ʩʧʝʢʪʨ 

ʧʦʛʣʦʱʝʥʠʷ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ?  

1. ʉʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ï ʣʠʥʝʡʯʘʪʳʡ, ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ï ʣʠʥʝʡʯʘʪʳʡ.     

2. ʉʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ï ʣʠʥʝʡʯʘʪʳʡ, ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ï ʩʧʣʦʰʥʦʡ.   

3. ʉʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ï ʩʧʣʦʰʥʦʡ, ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ï ʣʠʥʝʡʯʘʪʳʡ. 

4. ʉʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ï ʩʧʣʦʰʥʦʡ, ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ï ʩʧʣʦʰʥʦʡ.   

5. ʉʨʝʜʠ ʦʪʚʝʪʦʚ 1ï4 ʥʝʪ ʧʨʘʚʠʣʴʥʦʛʦ. 

 

5. ʂ ʢʘʢʦʤʫ ʚʠʜʫ ʠʟʣʫʯʝʥʠʡ ʦʪʥʦʩʠʪʩʷ ʠʟʣʫʯʝʥʠʝ ʣʘʟʝʨʘ? 

1. ʂ ʪʝʧʣʦʚʦʤʫ ʠʟʣʫʯʝʥʠʶ.  2. ʂ ʩʧʦʥʪʘʥʥʦʤʫ (ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʤʫ) 

ʠʟʣʫʯʝʥʠʶ. 3. ʂ ʠʥʜʫʮʠʨʦʚʘʥʥʦʤʫ (ʚʳʥʫʞʜʝʥʥʦʤʫ) ʠʟʣʫʯʝʥʠʶ. 4. ʂ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 5. ʂ ʪʦʨʤʦʟʥʦʤʫ ʠʟʣʫʯʝʥʠʶ. 

 

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 
 

ɿʘʜʘʯʘ 25.1 

ʇʘʨʳ ʨʪʫʪʠ ʦʙʣʫʯʘʶʪ ʧʦʪʦʢʦʤ ʵʣʝʢʪʨʦʥʦʚ, ʫʩʢʦʨʝʥʥʳʭ 

ʥʘʧʨʷʞʝʥʠʝʤ U = 4,86 ɺ. ʇʨʠ ʵʪʦʤ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʵʣʝʢʪʨʦʥʘ ʩ 

ʘʪʦʤʦʤ ʨʪʫʪʠ ʵʣʝʢʪʨʦʥ ʧʦʣʥʦʩʪʴʶ ʪʝʨʷʝʪ ʵʥʝʨʛʠʶ, ʧʝʨʝʜʘʚʘʷ ʝʸ ʘʪʦʤʫ 

ʨʪʫʪʠ. ʂʘʢʦʚʘ ʜʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʠʩʧʫʩʢʘʶʪ ʘʪʦʤʳ ʨʪʫʪʠ, 

ʚʦʟʚʨʘʱʘʷʩʴ ʚ ʥʝʚʦʟʙʫʞʜʸʥʥʦʝ ʩʦʩʪʦʷʥʠʝ? 

ʈʝʰʝʥʠʝ. 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ Eʢ, ʧʨʠʦʙʨʝʪʘʝʤʘʷ ʵʣʝʢʪʨʦʥʦʤ ʧʨʠ ʝʛʦ 

ʫʩʢʦʨʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʙʦʪʦʡ A 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ.  

Eʢ = A.                                           (219) 

ʇʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʵʣʝʢʪʨʦʥʘ ʩ ʘʪʦʤʦʤ ʨʪʫʪʠ, ʘʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪ 

ʩʚʦʶ ʵʥʝʨʛʠʶ ʥʘ ʚʝʣʠʯʠʥʫ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʘ Eʢ, ʘ ʟʘʪʝʤ 

ʚʦʟʙʫʞʜʸʥʥʳʡ ʘʪʦʤ ʠʩʧʫʩʢʘʝʪ ʢʚʘʥʪ, ʵʥʝʨʛʠʷ E ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ 

ʧʨʠʦʙʨʝʪʸʥʥʦʡ ʘʪʦʤʦʤ ʵʥʝʨʛʠʠ Eʢ. 

E  = Eʢ.                                          (220) 

ʋʯʪʸʤ, ʯʪʦ ʨʘʙʦʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ A, ʩʦʚʝʨʰʘʝʤʘʷ ʠʤ ʚ 

ʧʨʦʮʝʩʩʝ ʫʩʢʦʨʝʥʠʷ ʵʣʝʢʪʨʦʥʘ, ʨʘʚʥʘ 

 A = Ue,                                          (221) 
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ʛʜʝ eï ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ. 

ʕʥʝʨʛʠʷ ʢʚʘʥʪʘ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫʣʝ 

ɽ =  hɜ,                                           (222) 

ʛʜʝ ɜ ï ʯʘʩʪʦʪʘ ʠʟʣʫʯʝʥʠʷ. 

ʀʩʢʦʤʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ ɚ ʠ ʯʘʩʪʦʪʘ ʠʟʣʫʯʝʥʠʷ ɜ ʩʚʷʟʘʥʳ 

ʩʦʦʪʥʦʰʝʥʠʝʤ 

c = ɚɜ.                                             (223) 

ʛʜʝ c ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ. 

(ʇʨʠʤʝʥʠʪʝ ʚʳʨʘʞʝʥʠʷ (219)ï(223), ʠ ʜʘʣʴʥʝʡʰʠʝ ʜʝʡʩʪʚʠʷ ʧʦ 

ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʚʳʧʦʣʥʠʪʝ  ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ.) 

ʆʪʚʝʪ: ɚ = 255 ʥʤ. 

ɿʘʜʘʯʘ 25.2 

ʕʣʝʢʪʨʦʥ ʚ ʘʪʦʤʝ ʚʦʜʦʨʦʜʘ ʧʝʨʝʭʦʜʠʪ ʩ 6-ʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʫʨʦʚʥʷ ʥʘ 2-ʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ. ʂʘʢʦʡ ʠʤʧʫʣʴʩ ʧʨʠ ʵʪʦʤ 

ʧʨʠʦʙʨʸʣ ʘʪʦʤ? 

ʈʝʰʝʥʠʝ. 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʦʟʙʫʞʜʸʥʥʳʡ ʘʪʦʤ ʚʦʜʦʨʦʜʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʧʦʢʦʠʣʩʷ.  ʇʨʠ ʧʝʨʝʭʦʜʝ ʵʣʝʢʪʨʦʥʘ ʚ ʘʪʦʤʝ ʚʦʜʦʨʦʜʘ  ʩ 6-ʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʥʘ 2-ʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʘʪʦʤ ʠʟʣʫʯʘʝʪ 

ʢʚʘʥʪ, ʦʙʣʘʜʘʶʱʠʡ ʦʧʨʝʜʝʣʸʥʥʳʤ ʠʤʧʫʣʴʩʦʤ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʧʨʠ ʵʪʦʤ ʠ ʘʪʦʤ ʧʨʠʦʙʨʝʪʘʝʪ ʨʘʚʥʳʡ ʧʦ 

ʚʝʣʠʯʠʥʝ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʠʤʧʫʣʴʩ. 

ʀʤʧʫʣʴʩ ʢʚʘʥʪʘ p ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 

ὴ ȟ    

ʛʜʝ h ï ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ; 

       ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ. 

ɼʣʠʥʳ ʚʦʣʥ ʠʟʣʫʯʝʥʠʷ ɚ, ʠʩʧʫʩʢʘʝʤʦʛʦ ʘʪʦʤʦʤ ʚʦʜʦʨʦʜʘ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʵʣʝʢʪʨʦʥʘ ʩ 6-ʛʦ ʥʘ 2-ʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ, ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʬʦʨʤʫʣʝ ɹʘʣʴʤʝʨʘ: 

ö
÷

õ
æ
ç

å
-=

22

1

2

11

n
Rl

l
, 

ʛʜʝ n = 6; 

      lR   = 1,10Ā10
7 
ʤ

-1 
ï ʧʦʩʪʦʷʥʥʘʷ ʈʠʜʙʝʨʛʘ. 

(ɼʘʣʴʥʝʡʰʠʝ ʜʝʡʩʪʚʠʷ ʧʦ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʨʫʜʘ, 

ʚʳʧʦʣʥʠʪʝ ʠʭ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ.) 

ʆʪʚʝʪ: p = 1,6
.
10

-27
ʢʛ

.
ʤ/ʩ. 
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ɿʘʜʘʯʘ 25.3 

ʅʘ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʨʝʰʝʪʢʫ, ʠʤʝʶʱʫʶ N = 500 ʰʪʨʠʭʦʚ ʥʘ 1 ʤʤ, 

ʧʘʜʘʝʪ ʥʦʨʤʘʣʴʥʦ ʧʫʯʦʢ ʩʚʝʪʘ ʦʪ ʛʘʟʦʨʘʟʨʷʜʥʦʡ ʪʨʫʙʢʠ, ʥʘʧʦʣʥʝʥʥʦʡ 

ʘʪʦʤʘʨʥʳʤ ʚʦʜʦʨʦʜʦʤ. ʉʢʦʣʴʢʦ ʧʦʣʥʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʩʧʝʢʪʨʦʚ 

ʠʟʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʩ ʧʦʤʦʱʴʶ ʪʘʢʦʡ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ? 

ʈʝʰʝʥʠʝ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ ʠʟ ʵʣʝʤʝʥʪʘʨʥʦʡ ʪʝʦʨʠʠ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ, ʚ 

ʦʧʪʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʧʦʧʘʜʘʝʪ ʠʟʣʫʯʝʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʩʝʨʠʠ 

ɹʘʣʴʤʝʨʘ ï ʠʟʣʫʯʝʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʧʨʠ ʧʝʨʝʭʦʜʝ ʵʣʝʢʪʨʦʥʘ ʚ ʘʪʦʤʝ 

ʚʦʜʦʨʦʜʘ ʩ 3-, 4-, 5-, 6- ʛʦ ʫʨʦʚʥʝʡ ʥʘ ʚʪʦʨʦʡ ʫʨʦʚʝʥʴ.  

ɼʣʠʥʳ ʚʦʣʥ ʠʟʣʫʯʝʥʠʷ ʩʝʨʠʠ ɹʘʣʴʤʝʨʘ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ö
÷

õ
æ
ç

å
-=

22

1

2

11

n
Rl

l
   (n = 3, 4, 5, 6),                           (224) 

ʛʜʝ lR   = 1,10Ā10
7 
ʤ

-1 
ï ʧʦʩʪʦʷʥʥʘʷ ʈʠʜʙʝʨʛʘ. 

ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʩʚʝʪʘ ʯʝʨʝʟ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʨʝʰʝʪʢʫ ʦʥ 

ʨʘʟʣʘʛʘʝʪʩʷ ʚ ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʩʧʝʢʪʨ. ʇʦʣʦʞʝʥʠʝ ʛʣʘʚʥʦʛʦ 

ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʜʣʷ ʠʟʣʫʯʝʥʠʷ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ɚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

                              d sinű = kɚ   (k  = 0,1, 2, 3, é), 

ʛʜʝ d ï ʧʝʨʠʦʜ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ; 

      ű ï ʫʛʦʣ, ʧʦʜ ʢʦʪʦʨʳʤ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʫʤ  k-ʛʦ ʧʦʨʷʜʢʘ. 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʥʦʤʝʨ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʨʝʜʝʣʴʥʦʤʫ ʫʛʣʫ ʥʘʙʣʶʜʝʥʠʷ  ű = 90
0 
.  

ʊʦʛʜʘ  

d = kmax ɚ.                                          (225) 

ʇʝʨʠʦʜ ʨʝʰʝʪʢʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:   

Ὠ
ρ ̍̍

ὔ
Ȣ 

ʇʨʦʚʝʜʸʤ ʚʳʯʠʩʣʝʥʠʝ: 

Ὠ
ρ ̍̍

υππ
ςϽρπ  ̍ Ȣ̍ 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (224) ʠ (225) ʠʤʝʝʤ  

      kmʘʭ = d lR ö
÷

õ
æ
ç

å
-

22

1

2

1

n
.                                (226) 

ʇʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʙʣʶʜʘʪʴ ʧʦʣʥʳʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ 

ʩʧʝʢʪʨʳ (ʪ. ʝ. ʚʩʝ ʯʝʪʳʨʝ ʣʠʥʠʠ ʠʟʣʫʯʝʥʠʷ). ʊʘʢ ʢʘʢ ʜʠʬʨʘʢʮʠʦʥʥʳʡ 
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ʫʛʦʣ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʜʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ, ʪʦ 

ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʩʧʝʢʪʨ, ʝʩʪʝʩʪʚʝʥʥʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ, ʝʩʣʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʫʤ ʜʣʷ ʥʘʠʙʦʣʴʰʝʡ ʜʣʠʥʳ ʚʦʣʥʳ.  

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʨʠ ʨʘʩʯʝʪʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʦʤʝʨʘ 

ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʩʧʝʢʪʨʘ  kmax ʧʦ ʬʦʨʤʫʣʝ (226) ʙʫʜʝʤ ʚʝʩʪʠ ʨʘʩʯʝʪʳ 

ʜʣʷ ʥʘʠʙʦʣʴʰʝʡ ʜʣʠʥʳ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ ʩ 

3-ʛʦ ʥʘ 2-ʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ (n  = 3). 

kmax = 3
3

1

2

1
101,110102

22

733 =ö
÷

õ
æ
ç

å
-ÖÖÖÖ -- . 

ʆʪʚʝʪ: kmax= 3. 

 

 

ʃʝʢʮʠʷ 26 

 

ʗɼʈʆ ɸʊʆʄɸ. ʗɺʃɽʅʀɽ ʈɸɼʀʆɸʂʊʀɺʅʆʉʊʀ 

 

ʂ ʜʘʥʥʦʡ ʣʝʢʮʠʠ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ 

- ʟʥʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʵʥʝʨʛʠʝʡ ʧʦʢʦʷ ʠ ʤʘʩʩʦʡ ʪʝʣʘ: ɽ0 = mʩ
2
. 

 
 

 

ʇʣʘʥ ʣʝʢʮʠʠ 

1. ʇʨʦʪʦʥʥʦ-ʥʝʡʪʨʦʥʥʘʷ ʤʦʜʝʣʴ  ʘʪʦʤʥʦʛʦ ʷʜʨʘ. ʀʟʦʪʦʧʳ. 

2.  ʉʚʦʡʩʪʚʘ ʷʜʝʨʥʳʭ ʩʠʣ. ʕʥʝʨʛʠʷ ʩʚʷʟʠ. 

3. ʗʚʣʝʥʠʝ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ. ʇʨʠʨʦʜʘ Ŭ -, ɓ -, ɔ - ʠʟʣʫʯʝʥʠʡ. 

4. ɿʘʢʦʥ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ. 

5. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

I. ʉ. 466ï467. Ä 251. ʈʘʟʤʝʨ, ʩʦʩʪʘʚ ʠ ʟʘʨʷʜ ʘʪʦʤʥʦʛʦ ʷʜʨʘ. 

ʄʘʩʩʦʚʦʝ ʠ ʟʘʨʷʜʦʚʦʝ ʯʠʩʣʘ 

ʉ. 467ï468. Ä 252. ɼʝʬʝʢʪ ʤʘʩʩʳ ʠ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʷʜʨʘ 

ʉ. 470ï471. Ä 254. ʗʜʝʨʥʳʝ ʩʠʣʳ. ʄʦʜʝʣʠ ʷʜʨʘ 

ʉ. 471ï472. Ä 255. ʈʘʜʠʦʘʢʪʠʚʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠ ʝʛʦ ʚʠʜʳ 

ʉ. 472ï474. Ä 256. ɿʘʢʦʥ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ 

II. ʏʘʩʪʴ II. ʉ. 541ï544. Ä 70. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦʙ ʘʪʦʤʥʳʭ ʷʜʨʘʭ. 

ʀʟʦʪʦʧʳ 

 ʉ. 544ï550. Ä 71. ɽʩʪʝʩʪʚʝʥʥʘʷ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ. ɸʣʴʬʘ-, ʙʝʪʘ- ʠ 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ. ɿʘʢʦʥʳ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ 
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ʌʦʨʤʫʣʳ 

ʋʢʘʞʠʪʝ, ʦʙʦʟʥʘʯʝʥʠʷ ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʞʜʦʡ ʬʦʨʤʫʣʝ, ʢʘʢʦʚʳ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ. ʋʢʘʞʠʪʝ 

ʬʠʟʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ.  

Ȣ   Ὁ̒ ̃ ὤά ὔά ά̠ ὧ   

Ȣ   ὔ ὔᴢ  ȟ      ὔ ὔς  ȟ    Ὕ  

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʇʦʯʝʤʫ ʦʪʢʨʳʪʠʝ ʥʝʡʪʨʦʥʘ ʷʚʠʣʦʩʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʩʦʙʳʪʠʝʤ ʚ 

ʷʜʝʨʥʦʡ ʬʠʟʠʢʝ? 

2. ʉʨʘʚʥʠʪʝ ʠʟʦʪʦʧʳ ʚʦʜʦʨʦʜʘ. 

3. ʂʘʢʦʚʳ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʷʜʝʨʥʳʭ ʩʠʣ? 

4. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʷʚʣʝʥʠʝ Ŭïʨʘʩʧʘʜʘ ʠ ʷʚʣʝʥʠʝ ɓïʨʘʩʧʘʜʘ? 

5. ɺ ʯʸʤ ʟʘʢʣʶʯʘʝʪʩʷ ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʡ ʤʝʪʦʜ ʜʘʪʠʨʦʚʢʠ ʠʩʪʦʨʠʯʝʩʢʠʭ 

ʩʦʙʳʪʠʡ? 

 

ʊʝʩʪ 

1. ʏʝʤ ʦʪʣʠʯʘʶʪʩʷ ʠʟʦʪʦʧʳ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʵʣʝʤʝʥʪʘ? 

1. ʂʦʣʠʯʝʩʪʚʦʤ ʧʨʦʪʦʥʦʚ ʚ ʷʜʨʝ. 2. ʂʦʣʠʯʝʩʪʚʦʤ ʵʣʝʢʪʨʦʥʦʚ ʚ ʘʪʦʤʝ.  

3. ʉʫʤʤʘʨʥʳʤ ʟʘʨʷʜʦʤ ʷʜʨʘ ʘʪʦʤʘ. 4. ʂʦʣʠʯʝʩʪʚʦʤ ʥʝʡʪʨʦʥʦʚ ʚ ʷʜʨʝ.  

5. ʍʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

 

2. ʉʢʦʣʴʢʦ ʧʨʦʪʦʥʦʚ Z ʠ ʩʢʦʣʴʢʦ ʥʝʡʪʨʦʥʦʚ N ʩʦʜʝʨʞʠʪʩʷ  ʚ ʷʜʨʝ 

ʠʟʦʪʦʧʘ ʫʛʣʝʨʦʜʘ  C14

6 ? 

1. Z = 14, N = 6.  2. Z = 6, N = 14.  3. Z = 6, N = 8.  4. Z = 8, N = 8.  

5. Z = 8, N = 6. 

 

3. ʂʘʢʦʚ ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʝʩʣʠ ʝʛʦ 

ʘʢʪʠʚʥʦʩʪʴ ʫʤʝʥʴʰʠʣʘʩʴ ʚ 4 ʨʘʟʘ  ʟʘ 8 ʜʥʝʡ? 

1. 32 ʜʥʷ.   2. 2 ʜʥʷ.   3. 16 ʜʥʝʡ.   4. 8 ʜʥʝʡ.  5. 4 ʜʥʷ. 

 

4. ʅʘ ʨʠʩ. 131 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʚʳʝ 

ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ ʜʣʷ ʯʝʪʳʨʝʭ 

ʠʟʦʪʦʧʦʚ. ʂʘʢʘʷ ʢʨʠʚʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʦʪʦʧʫ 

ʩ ʥʘʠʙʦʣʴʰʠʤ ʧʝʨʠʦʜʦʤ ʧʦʣʫʨʘʩʧʘʜʘ? 

1. 1.   2. 2.    3. 3.   4. 4.    5. ɺʩʝ ʯʝʪʳʨʝ ʠʟʦʪʦʧʘ 

ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʧʝʨʠʦʜʳ ʧʦʣʫʨʘʩʧʘʜʘ. 

 

ʚʨʝʤʷ 0 

 
  

 
 

2  

 

ʯʠʩʣʦ ʘʪʦʤʦʚ 

1 

3

4 

ʈʠʩ. 131 
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5.  ʋʢʘʞʠʪʝ ʚʝʨʥʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʘ ʵʥʝʨʛʠʠ ʩʚʷʟʠ  ʷʜʨʘ  F19

9 . 

(ʄ̫  ï ʤʘʩʩʘ ʷʜʨʘ ʘʪʦʤʘ; mp ï ʤʘʩʩʘ ʧʨʦʪʦʥʘ;  mn ï ʤʘʩʩʘ ʥʝʡʪʨʦʥʘ; ʩ ï 

ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ.) 

1. ʩ
2
(ʄ̫  ï mp ï mn).     

2. ʩ
2
(ʄ̫   + mp  +  mn).     

3. ʩ
2
(9 mp +10 mn ï ʄ̫ )/19.        

4. ʩ
2
(9 mp  + 19mn  ï ʄ̫ ).       

5. ʩ
2
(9 mp+10 mn  ï ʄ̫ ). 

 

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 
 

ɿʘʜʘʯʘ 26.1 

ɺ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 

0,14% ʦʪ ʝʛʦ ʤʘʩʩʳ. ʈʘʜʠʦʘʢʪʠʚʥʳʡ ʠʟʦʪʦʧ ʂ40

19   ʚ ʧʨʠʨʦʜʥʦʡ ʩʤʝʩʠ 

ʠʟʦʪʦʧʦʚ ʩʦʩʪʘʚʣʷʝʪ 0,012 %, ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ ʠʟʦʪʦʧʘ ʊ = 1,24 

ʤʣʨʜ ʣʝʪ. ʉʢʦʣʴʢʦ ʷʜʝʨ ʠʟʦʪʦʧʘ ʂ40

19 ʨʘʩʧʘʜʘʝʪʩʷ ʟʘ 1ʩ ʚ ʪʢʘʥʷʭ 

ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʤʘʩʩʦʡ 70 ʢʛ? 

ʈʝʰʝʥʠʝ. 

ʆʧʨʝʜʝʣʠʤ ʤʘʩʩʫ m ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʟʦʪʦʧʘ ʂ40

19 ʚ ʦʨʛʘʥʠʟʤʝ 

ʯʝʣʦʚʝʢʘ: 

m = 1,2 Ā10
-4 
Ā1,9 Ā10

-3 
Ā70 ʢʛ = 16 Ā10

-6
 ʢʛ; 

m = 16Ā10
-3
 ʛ. 

ʊʘʢ ʢʘʢ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʄ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʟʦʪʦʧʘ ʢʘʣʠʷ ʨʘʚʥʘ 40 

ʛ/ʤʦʣʴ, ʘ ʦʜʠʥ ʤʦʣʴ ʩʦʜʝʨʞʠʪ ʯʠʩʣʦ ʯʘʩʪʠʮ  NA  = 6Ā10
23 
ʤʦʣʴ

-1
, ʪʦ ʣʝʛʢʦ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʯʠʩʣʦ ʘʪʦʤʦʚ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʟʦʪʦʧʘ N0  ʚ 

ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ. 

M  ï  NA ; 

m  ï N0. 

ʀʟ ʜʘʥʥʦʡ ʧʨʦʧʦʨʮʠʠ ʠʤʝʝʤ 

M

mN
N A=0 . 

                               20
233

0 104,2
40

1061016
Ö=

ÖÖÖ
=

-

N . 

ʏʠʩʣʦ ʘʪʦʤʦʚ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʟʦʪʦʧʘ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ 

ʤʝʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ: 

N(t) = Ɂ0
te l-

, 
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ʛʜʝ N(t) ï ʯʠʩʣʦ ʘʪʦʤʦʚ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʟʦʪʦʧʘ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t; 

ɚ   ï ʧʦʩʪʦʷʥʥʘʷ ʨʘʩʧʘʜʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ ʨʘʩʧʘʜʦʚ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ (ʘʢʪʠʚʥʦʩʪʠ 

ʦʙʨʘʟʮʘ) ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʠʪʴ ʤʦʜʫʣʴ ʧʨʦʠʟʚʦʜʥʦʡ ʬʫʥʢʮʠʠ ʦʪ  N(t):   

A = 
()

dt

tdN
 , 

ʛʜʝ ɸ ï ʘʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʮʘ. 

A = teN ll -

0 ; 

A = ɚN(t). 

ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ (t =  0)   

                                                 N(0)  =  N0,  

ʪʦʛʜʘ  

ɸ =  ɚN0. 

ʇʦʩʪʦʷʥʥʘʷ ʨʘʩʧʘʜʘ ɚ ʣʝʛʢʦ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ  ʊ: 

                                                 
T

2ln
=l . 

ʊʦʛʜʘ 

T

N
A

2ln0= ; 

ö
÷

õ
æ
ç

åÖ=
ÖÖÖÖ

ÖÖ
=

ʩ
ʨʘʩʧ

103,4
3600243651024,1

693,0104,2 3

9

20

A . 

ʆʪʚʝʪ: ɸ = .
ʩ

 ʨʘʩʧ
103,4 3Ö      

 

ɿʘʜʘʯʘ 26.2 

ʋʥʠʚʝʨʩʘʣʴʥʦʡ ʤʝʨʦʡ ʚʦʟʜʝʡʩʪʚʠʷ ʣʶʙʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʚʝʱʝʩʪʚʦ 

ʷʚʣʷʝʪʩʷ ʧʦʛʣʦʱʝʥʥʘʷ ʜʦʟʘ ʠʟʣʫʯʝʥʠʷ, ʨʘʚʥʘʷ ʦʪʥʦʰʝʥʠʶ ʵʥʝʨʛʠʠ, 

ʧʝʨʝʜʘʥʥʦʡ ʠʦʥʠʟʠʨʫʶʱʠʤ ʠʟʣʫʯʝʥʠʝʤ ʚʝʱʝʩʪʚʫ, ʢ ʤʘʩʩʝ ʚʝʱʝʩʪʚʘ:    

D = 
m

E
, 

ʛʜʝ D ï ʧʦʛʣʦʱʝʥʥʘʷ ʜʦʟʘ ʠʟʣʫʯʝʥʠʷ;  

      ɽ  ï ʵʥʝʨʛʠʷ ʠʟʣʫʯʝʥʠʷ; 

      m  ï ʤʘʩʩʘ ʚʝʱʝʩʪʚʘ.  

ɿʘ ʝʜʠʥʠʮʫ ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʳ ʚ ʉʀ ʧʨʠʥʷʪ ʛʨʝʡ (ɻʨ): 

1ɻʨ =     
ʢʛ 1

ɼʞ 1
. 

ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʨʛʘʥʠʟʤ 

ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʡ ʥʝʦʜʠʥʘʢʦʚʦ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʝ 

ʠʟʣʫʯʝʥʠʷ. ʈʘʟʣʠʯʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʨʘʟʥʳʭ ʚʠʜʦʚ ʠʟʣʫʯʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʘʯʝʩʪʚʘ ʂ. (ʅʘʧʨʠʤʝʨ, ʜʣʷ 
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ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʂ = 1, ʜʣʷ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʂ = 

3.)   

ʇʦʛʣʦʱʝʥʥʘʷ ʜʦʟʘ D, ʫʤʥʦʞʝʥʥʘʷ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʢʘʯʝʩʪʚʘ ʂ, 

ʥʘʟʳʚʘʝʪʩʷ  ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʜʦʟʦʡ ʅ: 

ʅ = Dʂ. 

ɽʜʠʥʠʮʝʡ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʜʦʟʳ ʚ ʉʀ ʷʚʣʷʝʪʩʷ ʟʠʚʝʨʪ (ɿʚ). 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʨʘʜʠʘʮʠʦʥʥʳʤ ʬʦʥʦʤ, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2 ʤɿʚ ʟʘ 1 ʛʦʜ. 

ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʜʦʟʦʡ (ʇɼɼ) ʦʙʣʫʯʝʥʠʷ ʜʣʷ ʣʠʮ, 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʪʦʯʥʠʢʦʚ 

ʠʦʥʠʟʠʨʫʶʱʝʡ ʨʘʜʠʘʮʠʠ, ʷʚʣʷʝʪʩʷ 50 ʤɿʚ ʟʘ ʛʦʜ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʡ ʜʦʟʳ ʜʣʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ ʜʣʷ ʥʘʩʝʣʝʥʠʷ 

ʫʩʪʘʥʦʚʣʝʥʘ ʜʦʟʘ 5 ʤɿʚ ʟʘ ʛʦʜ. 

ʌʠʟʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʣʶʙʦʛʦ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʚʝʱʝʩʪʚʦ ʩʚʷʟʘʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʠʦʥʠʟʘʮʠʝʡ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʡ ʤʝʨʦʡ ʜʝʡʩʪʚʠʷ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ  ʩʣʫʞʠʪ 

ʵʢʩʧʦʟʠʮʠʦʥʥʘʷ ʜʦʟʘ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʦʥʠʟʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʚʦʟʜʫʭ.  

ʕʢʩʧʦʟʠʮʠʦʥʥʘʷ ʜʦʟʘ ʨʘʚʥʘ ʦʪʥʦʰʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ 

ʠʦʥʦʚ ʦʜʥʦʛʦ ʟʥʘʢʘ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʩʫʭʦʤ ʚʦʟʜʫʭʝ ʧʨʠ ʝʛʦ ʦʙʣʫʯʝʥʠʠ 

ʢʚʘʥʪʘʤʠ, ʢ ʤʘʩʩʝ ʚʦʟʜʫʭʘ. ɺ ʉʀ ʝʜʠʥʠʮʝʡ ʵʢʩʧʦʟʠʮʠʦʥʥʦʡ ʜʦʟʳ 

ʷʚʣʷʝʪʩʷ ʢʫʣʦʥ ʥʘ ʢʠʣʦʛʨʘʤʤ (ʂʣ/ʢʛ). ɺʥʝʩʠʩʪʝʤʥʘʷ ʝʜʠʥʠʮʘ 

ʵʢʩʧʦʟʠʮʠʦʥʥʦʡ ʜʦʟʳ ï ʨʝʥʪʛʝʥ (ʈ): 

1ʈ = 2,58Ā10
-4 
ʂʣ/ ʢʛ. 

ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʤʷʛʢʠʭ ʪʢʘʥʝʡ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ 

ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʠʣʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝʤ ʵʢʩʧʦʟʠʮʠʦʥʥʦʡ ʜʦʟʝ 1ʈ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʛʣʦʱʝʥʥʘʷ ʜʦʟʘ 8,8 ʤɻʨ.  

ʇʦʩʣʝ ʘʚʘʨʠʠ ʥʘ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ɸʕʉ ʚ ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʘʭ ʜʦ ʩʠʭ 

ʧʦʨ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʩ ʤʦʱʥʦʩʪʴʶ ʵʢʩʧʦʟʠʮʠʦʥʥʦʡ 

ʜʦʟʳ 160 ʤʠʢʨʦʨʝʥʪʛʝʥ ʚ ʯʘʩ. ʆʧʨʝʜʝʣʠʪʝ, ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʵʪʦ 

ʧʨʝʚʦʩʭʦʜʠʪ ʇɼɼ ʜʣʷ ʥʘʩʝʣʝʥʠʷ. 

ʈʝʰʝʥʠʝ. 

ʊʘʢ ʢʘʢ 1ʈ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 8,8 ʤɻʨ, ʪʦ ʤʦʞʥʦ ʧʦʩʯʠʪʘʪʴ, ʢʘʢʦʡ 

ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 160 ʤʠʢʨʦʨʝʥʪʛʝʥ: 

1ʈ ï 8,8  ʤɻʨ; 

160Ā10
-6 
ʈ ï ʭ  ɻʨ. 

ʀʟ ʜʘʥʥʦʡ ʧʨʦʧʦʨʮʠʠ ʠʤʝʝʤ 

ʭ = 160Ā10
-6 
Ā8,8 ʤɻʨ; 



 

230 

 

ʭ =  1,4Ā10
-3 
ʤɻʨ. 

ʊʦʛʜʘ ʛʦʜʦʚʘʷ ʧʦʛʣʦʱʝʥʥʘʷ ʜʦʟʘ ʙʫʜʝʪ ʨʘʚʥʘ 

                                   D  = 1,4Ā10
-3 
Ā365 Ā 24 = 12,3 ʤɻʨ. 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʜʦʟʘ ʅ ʨʘʚʥʘ 

ʅ = Dʂ. 

ʅ =  12,3Ā1 = 12,3 (ɿʚ). 

(ɼʣʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ  ʢʦʵʬʬʠʮʠʝʥʪ ʢʘʯʝʩʪʚʘ ʂ = 1.) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʚʳʰʝʥʠʝ ʇɼɼ ʜʣʷ ʥʘʩʝʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ        

12,3 /5 = 2,5 (ʨʘʟʘ). 

ʆʪʚʝʪ: ʧʨʝʚʳʰʝʥʠʝ ʇɼɼ ʜʣʷ ʥʘʩʝʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 2,5 ʨʘʟʘ. 

 

ɿʘʜʘʯʘ 26.3 

ɺʳʯʠʩʣʠʪʝ ʵʥʝʨʛʠʶ ʩʚʷʟʠ ʠʟʦʪʦʧʘ ʣʠʪʠʷ ὒὭ.  ʆʪʥʦʩʠʪʝʣʴʥʘʷ 
ʘʪʦʤʥʘʷ ʤʘʩʩʘ ʥʝʡʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʠʟʦʪʦʧʘ ὒὭ ʩʦʩʪʘʚʣʷʝʪ ὓ́ ̓

χȟπρφπρȢ́̆Ȣ̍Ȣ  
ʈʝʰʝʥʠʝ. 

ʆʧʨʝʜʝʣʠʤ ʯʠʩʣʦ ʧʨʦʪʦʥʦʚ ὤ ʠ ʥʝʡʪʨʦʥʦʚ ὔ ʚ ʷʜʨʝ ʠʟʦʪʦʧʘ ʣʠʪʠʷ 

ὒὭȢ 
ὤ σȟ ὔ τȢ 

ʇʨʦʚʝʜʸʤ ʨʘʩʯʸʪ ʜʝʬʝʢʪʘ ʤʘʩʩ Ўάȡ  
Ўά ὤά ὔά ὓ̠ ȟ̅                                      (227) 

ʛʜʝ ά  - ʤʘʩʩʘ ʧʨʦʪʦʥʘ, ά ρȟππχςψ ́Ȣ̆Ȣ̍ȢȠ 

       ά  - ʤʘʩʩʘ ʥʝʡʪʨʦʥʘ, ά ρȟππψφφ ́Ȣ̆Ȣ̍ȢȠ 
       ὓ̠  ̅- ʤʘʩʩʘ ʷʣʨʘ ʠʟʦʪʦʧʘ ὒὭȢ 

ὓ̠ ̅ ὓ́ ̓ ὤ ά ȟ                                                                            (228) 

ʛʜʝ ά  - ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ, ά πȟπππυτψφ ́Ȣ̆Ȣ̍Ȣ 
ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (227) ʠ (228) ʠʤʝʝʤ: 

Ўά ὤά ά ὔά ὓ́ Ȣ̓ 

Ўά σρȟππχςψπȟππυτψφτϽρȟππψφφχȟπρφπρ
πȟπτςρς ́Ȣ̆Ȣ̍ȢȢ 

ɼʘʣʴʥʝʡʰʠʡ ʨʘʩʯʸʪ ʵʥʝʨʛʠʠ ʩʚʷʟʠ Ὁ̒  ̃ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʨʦʚʝʩʪʠ ʧʦ 
ʬʦʨʤʫʣʝ Ὁ̒ ̃ Ўά ὧȟ 
ʛʜʝ ὧ - ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʨʘʟʠʚ ʟʥʘʯʝʥʠʝ ʜʝʬʝʢʪʘ ʤʘʩʩʳ 
Ўά ʚ ʢʠʣʦʛʨʘʤʤʘʭ ʠ ʧʦʣʫʯʠʚ ʨʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʝʥʠʷ ʵʥʝʨʛʠʠ ʩʚʷʟʠ Ὁ̒  ̃ ʚ 

ʜʞʦʫʣʷʭ.  

ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʠ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʚʘʨʠʘʥʪ ʨʘʩʯʸʪʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ         

1 ʘ. ʝ. ʤ. ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʥʝʨʛʠʠ  Ὁ ωσρȟυ ̞̇Ȣˏ 
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(ʕʣʝʢʪʨʦʥʚʦʣʴʪ ï ʵʥʝʨʛʠʷ, ʧʨʠʦʙʨʝʪʘʝʤʘʷ ʵʣʝʢʪʨʦʥʦʤ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʠʤ ʫʩʢʦʨʷʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ 1 ɺ. ρ ̞ˏ ρȟφπςρωϽ
ρπ  ˑ Ȣ̇ 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʫʶ ʧʨʦʧʦʨʮʠʶ 

Ὁ̒ ̃  Ўά 

          Ὁ  ρ ́Ȣ̆Ȣ̍Ȣ 
ʠ ʚʳʯʠʩʣʠʪʴ ʵʥʝʨʛʠʶ ʩʚʷʟʠ. 

Ὁ̒ ̃

ωσρȟυ ̞̇Ͻˏπȟπτςρς ́Ȣ̆Ȣ̍Ȣ

ρ ́Ȣ̆Ȣ̍Ȣ
ȟ 

Ὁ̒ ̃ σωȟςσ ̞̇Ȣˏ 

ʆʪʚʝʪ: Ὁ̒ ̃ σωȟςσ ̞̇Ȣˏ 

 

ʃʝʢʮʠʷ 27 

 

ʗɼɽʈʅʓɽ ʈɽɸʂʎʀʀ.  

ɼɽʃɽʅʀɽ ʋʈɸʅɸ ʀ ʊɽʈʄʆʗɼɽʈʅʓʁ ʉʀʅʊɽɿ 

 

ʂ ʜʘʥʥʦʡ ʣʝʢʮʠʠ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ 

- ʟʥʘʪʴ ʧʨʦʪʦʥʥʦ-ʥʝʡʪʨʦʥʥʘʷ ʤʦʜʝʣʴ ʩʪʨʦʝʥʠʷ ʷʜʨʘ ʘʪʦʤʘ. 

 

ʇʣʘʥ ʣʝʢʮʠʠ 

1. ʇʦʟʠʪʨʦʥ.  

2.  ʗʜʝʨʥʳʝ ʨʝʘʢʮʠʠ. 

3. ʈʝʘʢʮʠʠ ʜʝʣʝʥʠʷ ʷʜʝʨ. ʎʝʧʥʘʷ ʨʝʘʢʮʠʷ ʜʝʣʝʥʠʷ ʫʨʘʥʘ. 

4. ʊʝʨʤʦʷʜʝʨʥʳʡ ʩʠʥʪʝʟ. 

5. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 
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II. ʏʘʩʪʴ II.  ʉ. 561ï566.   Ä 75. ʈʝʘʢʮʠʷ ʜʝʣʝʥʠʷ. ʎʝʧʥʘʷ ʨʝʘʢʮʠʷ. 

ʗʜʝʨʥʳʡ ʨʝʘʢʪʦʨ 

ʉ. 566ï568.   Ä 76. ʈʝʘʢʮʠʷ ʩʠʥʪʝʟʘ (ʪʝʨʤʦʷʜʝʨʥʘʷ ʨʝʘʢʮʠʷ). ʕʥʝʨʛʠʷ 

ʟʚʸʟʜ 

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʏʪʦ ʥʘʟʳʚʘʶʪ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʝʡ? ʂʘʢʘʷ ʷʜʝʨʥʘʷ ʨʝʘʢʮʠʷ ʷʚʣʷʣʘʩʴ 

ʠʩʪʦʨʠʯʝʩʢʠ ʧʝʨʚʦʡ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʝʡ, ʦʩʫʱʝʩʪʚʣʸʥʥʦʡ ʯʝʣʦʚʝʢʦʤ? 

2. ʂʘʢʠʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʯʠʥʳ ʦʛʨʘʥʠʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ 

ʪʝʭ ʠʣʠ ʠʥʳʭ ʚʘʨʠʘʥʪʦʚ  ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ? 

3. ʇʦʯʝʤʫ ʥʝʡʪʨʦʥʳ ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʷʜʝʨʥʳʝ ʨʝʘʢʮʠʠ ʧʨʠ ʣʶʙʳʭ 

ʵʥʝʨʛʠʷʭ, ʘ ʧʨʦʪʦʥʳ ʠ ʘʣʴʬʘ-ʯʘʩʪʠʮʳ ï ʪʦʣʴʢʦ ʧʨʠ ʠʭ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ? 

4. ʕʥʝʨʛʠʶ, ʦʩʚʦʙʦʞʜʘʶʱʫʶʩʷ ʧʨʠ  ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ, ʥʘʟʳʚʘʶʪ 

ʚʳʭʦʜʦʤ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ. ʇʦʯʝʤʫ ʚʳʭʦʜ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʚ ʤʠʣʣʠʦʥʳ 

ʨʘʟ ʧʨʝʚʦʩʭʦʜʠʪ ʚʳʭʦʜ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ? 

5. ʇʦ ʢʘʢʠʤ ʧʨʠʯʠʥʘʤ ʨʝʘʢʮʠʠ ʜʝʣʝʥʠʷ ʪʷʞʝʣʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʠ ʩʠʥʪʝʟʘ ʣʝʛʢʠʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤʠ 

ʨʝʘʢʮʠʷʤʠ? ʂʘʢ ʧʨʘʢʪʠʯʝʩʢʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʪʘʢʦʛʦ ʪʠʧʘ ʨʝʘʢʮʠʠ? 

 

ʊʝʩʪ 

1. ʆʧʨʝʜʝʣʠʪʝ ʧʨʦʜʫʢʪ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ 

ὄὩ ὌὩO ὲ ȩ 
1.   ὴ             2.   Ὄ              3.   ὒὭ          4.   ὅ 

 

2. ɺʳʜʝʣʷʝʪʩʷ ʠʣʠ ʧʦʛʣʦʱʘʝʪʩʷ ʵʥʝʨʛʠʷ ʧʨʠ ʩʣʝʜʫʶʱʝʡ ʷʜʝʨʥʦʡ 

ʨʝʘʢʮʠʠ  

ὔ ὌὩO ὕ Ὄ ȩ 
ʄʘʩʩʳ ʷʜʝʨ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: ὔ  ρσȟωωωςσ ́Ȣ̆Ȣ̍Ȣ,        
ὌὩ  τȟππρυπ ́Ȣ̆Ȣ̍Ȣȟὕ  ρφȟωωτχτ ́Ȣ̆Ȣ̍Ȣȟ Ὄ  ρȟππχςψ ́Ȣ̆Ȣ̍Ȣ  

1. ɺʳʜʝʣʷʝʪʩʷ.  2. ʇʦʛʣʦʱʘʝʪʩʷ.  3. ʄʦʞʝʪ ʠ ʚʳʜʝʣʷʪʴʩʷ, ʤʦʞʝʪ ʠ 

ʧʦʛʣʦʱʘʪʴʩʷ.  4. ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʳʭʦʜ ʨʝʘʢʮʠʠ ʨʘʚʝʥ ʥʫʣʶ. 5. ʉʨʝʜʠ 

ʦʪʚʝʪʦʚ 1-4 ʥʝʪ ʧʨʘʚʠʣʴʥʦʛʦ. 

 

3. ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʠʟʦʪʦʧʘ ʫʛʣʝʨʦʜʘ ὅ ʧʨʦʪʦʥʘʤʠ ʦʙʨʘʟʫʝʪʩʷ ʠʟʦʪʦʧ 

ʫʛʣʝʨʦʜʘ ὅȢ ʂʘʢʘʷ ʧʨʠ ʵʪʦʤ ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʯʘʩʪʠʮʘ? 

1. ʕʣʝʢʪʨʦʥ. 2. ʅʝʡʪʨʦʥ.   3. ɸʣʴʬʘ-ʯʘʩʪʠʮʘ.  4. ʇʨʦʪʦʥ.  5. ʇʦʟʠʪʨʦʥ. 
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4.  ɼʣʷ ʟʘʤʝʜʣʝʥʠʷ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ ʚ ʷʜʝʨʥʦʤ ʨʝʘʢʪʦʨʝ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʷʞʸʣʫʶ ʚʦʜʫ ʠʣʠ ʛʨʘʬʠʪ. ɺ ʢʘʢʦʤ ʠʟ ʵʪʠʭ ʟʘʤʝʜʣʠʪʝʣʝʡ 

ʥʝʡʪʨʦʥ ʠʩʧʳʪʳʚʘʝʪ ʤʝʥʴʰʝʝ ʯʠʩʣʦ ʩʪʦʣʢʥʦʚʝʥʠʡ, ʧʦʢʘ ʝʛʦ ʩʢʦʨʦʩʪʴ 

ʥʝ ʩʥʠʟʠʪʩʷ ʜʦ ʩʢʦʨʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ (ʦʢʦʣʦ 2 ʢʤ/ʩ)? 

1. ɺ ʪʷʞʸʣʦʡ ʚʦʜʝ. 2. ɺ ʛʨʘʬʠʪʝ. 3. ʀ ʚ ʪʷʞʸʣʦʡ ʚʦʜʝ ʠ ʚ ʛʨʘʬʠʪʝ ʯʠʩʣʦ 

ʩʪʦʣʢʥʦʚʝʥʠʡ, ʢʦʪʦʨʦʝ ʠʩʧʳʪʳʚʘʝʪ ʥʝʡʪʨʦʥ, ʧʦʢʘ ʝʛʦ ʩʢʦʨʦʩʪʴ ʥʝ 

ʧʦʥʠʟʠʪʩʷ ʜʦ ʩʢʦʨʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ, ʦʜʠʥʘʢʦʚʦ. 5. ʉʨʝʜʠ 

ʦʪʚʝʪʦʚ 1-4 ʥʝʪ ʧʨʘʚʠʣʴʥʦʛʦ. 

 

5.  ʋʢʘʞʠʪʝ ʯʘʩʪʠʮʫ ʍ, ʚʳʟʚʘʚʰʫʶ ʜʘʥʥʦʝ ʷʜʝʨʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ:   

                                     Li7

3   + X  Ą  Be8

4  + n1

0 . 

1. ʨ
1

1 .  2. H2

1 .  3. ʅ
3

1 .   4. ʅʝ
4

2 .    5. ʅʝ
3

2 . 

 

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 
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ʂʘʢʦʚʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʘʪʦʤʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, 

ʨʘʩʭʦʜʫʶʱʝʡ ʚ ʩʫʪʢʠ ά πȟυ ̋  ̄ʠʟʦʪʦʧʘ ʫʨʘʥʘ Ὗ ʠ ʠʤʝʶʱʝʡ ʂʇɼ 

– σσϷ? ʋʯʝʩʪʴ, ʯʪʦ ʧʨʠ ʜʝʣʝʥʠʠ ʦʜʥʦʛʦ ʷʜʨʘ Ὗ ʥʘ ʜʚʘ ʦʩʢʦʣʢʘ 

ʚʳʜʝʣʷʝʪʩʷ ʵʥʝʨʛʠʷ Ὁ ςππ ̞̇Ȣˏ (ρ ̞ˏ ρȟφπςρωϽρπ  ˑ Ȣ̇  

ʈʝʰʝʥʠʝ. 

ʆʧʨʝʜʝʣʠʤ, ʩʢʦʣʴʢʦ ʷʜʝʨ ʠʟʦʪʦʧʘ ʫʨʘʥʘ Ὗ ʩʦʜʝʨʞʠʪʩʷ ʚ ʪʦʡ 

ʤʘʩʩʝ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ, ʯʪʦ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʘʪʦʤʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʟʘ 

ʩʫʪʢʠ. ʉʦʩʪʘʚʠʤ ʧʨʦʧʦʨʮʠʶ: 

ὔ ά 

ὔ  ὓȟ 
ʛʜʝ ὔ - ʠʩʢʦʤʦʝ ʯʠʩʣʦ ʷʜʝʨ; 

       ὔ  - ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ; 

      ὓ - ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ Ὗ. 

ʆʪʩʶʜʘ  

ὔ ὔȢ                                          (229) 

ʉʦʦʪʥʦʰʝʥʠʝ (229) ʠ ʠʟʚʝʩʪʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʚʳʭʦʜʘ 

ʨʝʘʢʮʠʠ ʜʝʣʝʥʠʷ ʠʟʦʪʦʧʘ ʫʨʘʥʘ Ὗ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʵʥʝʨʛʠʶ Ὁ, 

ʚʳʜʝʣʷʶʱʫʶʩʷ ʥʘ ʘʪʦʤʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʟʘ ʩʫʪʢʠ. 

Ὁ ὔὉȢ                                      (230) 
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ʊʦʣʴʢʦ ʯʘʩʪʴ ʵʪʦʡ ʵʥʝʨʛʠʠ çʠʜʸʪè ʥʘ ʚʳʨʘʙʦʪʢʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʠ 

ʤʦʱʥʦʩʪʴ ὖ ʘʪʦʤʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʙʫʜʝʪ ʨʘʚʥʘ: 

                    ὖ ȟ      

ʛʜʝ ὸ - ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʠʟʨʘʩʭʦʜʦʚʘʥʦ ʷʜʝʨʥʦʝ ʪʦʧʣʠʚʦ. 

 ʉ ʫʯʸʪʦʤ ʚʳʨʘʞʝʥʠʡ (230) ʠ (231) ʦʢʦʥʯʘʪʝʣʴʥʦ ʠʤʝʝʤ: 

ὖ
–άὔὉ

ὓὸ
Ȣ 

ὖ
πȟσσϽπȟυϽφȟπςϽρπϽςϽρπϽρȟφπςρωϽρπ

πȟςσυϽςτϽσφππ
ρȟφϽρπ ˏ Ȣ̓ 

ὖ ρφπ ̇ˏȢ̓ 
ʆʪʚʝʪ: ὖ ρφπ ̇ˏȢ̓ 
 

ɿʘʜʘʯʘ 27.2 

  ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʨʤʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʫʧʨʘʚʣʷʝʤʦʛʦ 

ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ, ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ 

Ὄ Ὄᴼ ὌὩ ὲȢ 
ʆʧʨʝʜʝʣʠʪʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʳʭʦʜ ʨʝʘʢʮʠʠ ὗ, ʝʩʣʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 
ʘʪʦʤʥʘʷ ʤʘʩʩʘ ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʟʦʪʦʧʦʚ ʨʘʚʥʘ 

Ὄ (ʜʝʡʪʝʨʠʡ) ï 2,01410 ʘ. ʝ. ʤ., Ὄ (ʪʨʠʪʠʡ) ï 3,01605 ʘ. ʝ. ʤ., ὌὩ 
(ʛʝʣʠʡ) ï 4,00260 ʘ. ʝ. ʤ.. ʄʘʩʩʘ ʥʝʡʪʨʦʥʘ 1,00866 ʘ. ʝ. ʤ.. 

 ʈʝʰʝʥʠʝ. 

 ʆʧʨʝʜʝʣʠʤ ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ Ўά ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ 

Ўά ά ά ά ά Ȣ 

Ўά πȟπρψψω ́Ȣ̆Ȣ̍Ȣ 
 ɼʘʣʝʝ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʧʨʦʧʦʨʮʠʝʡ: 

ὗ  Ўά  
ωσρȟυ ̇˪ˏρ ́Ȣ̆Ȣ̍Ȣ 

ʠ ʦʧʨʝʜʝʣʠʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʳʭʦʜ ʨʝʘʢʮʠʠ ὗȢ  

ὗ
ωσρȟυ ̞̇Ͻˏπȟπρψψω ́Ȣ̆Ȣ̍Ȣ

ρ ́Ȣ̆Ȣ̍Ȣ
ρχȟυω ̞̇Ȣˏ 

ὗ ρχȟυω ̞̇Ȣˏ 

ʆʪʚʝʪ: ὗ ρχȟυω ̞̇Ȣˏ 
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27.3 

ʄʠʨʦʚʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ φϽρπˑ  ̇ ʚ 
ʛʦʜ. ʉʢʦʣʴʢʦ ʜʝʡʪʝʨʠʷ ʝʞʝʩʝʢʫʥʜʥʦ ʥʫʞʥʦ ʙʳʣʦ ʙʳ ʨʘʩʭʦʜʦʚʘʪʴ ʚ 

ʪʝʨʤʦʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʘʭ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʩʦʚʨʝʤʝʥʥʳʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʪʚʘ? 

ʈʝʰʝʥʠʝ.  

ʇʨʠ ʨʝʰʝʥʠʠ ʧʨʝʜʳʜʫʱʝʡ ʟʘʜʘʯʠ ʙʳʣ ʚʳʯʠʩʣʝʥ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʚʳʭʦʜ ʦʜʥʦʡ ʠʟ ʨʝʘʢʮʠʡ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ ʩ ʫʯʘʩʪʠʝʤ ʜʝʡʪʝʨʠʷ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʛʦʜʦʚʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʯʝʣʦʚʝʯʝʩʪʚʘ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʙʳ ʦʩʫʱʝʩʪʚʠʪʴ ʩʣʝʜʫʶʱʝʝ ʯʠʩʣʦ ʪʘʢʠʭ 

ʨʝʘʢʮʠʡ ὔ: 

 

ὔ
φϽρπ ˑ̇

ρχȟυωϽρπϽρȟφπςρωϽρπ  ˑ̇
ςȟρϽρπȢ 

 

ʊʦʛʜʘ ʝʞʝʩʝʢʫʥʜʥʦ ʜʦʣʞʥʦ ʧʨʦʠʩʭʦʜʠʪʴ ʯʠʩʣʦ ʨʝʘʢʮʠʡ, ʨʘʚʥʦʝ: 

ὔ
ςȟρϽρπ

σφυȟςυϽςτϽσφππ
φȟχϽρπȢ 

ʊʘʢ ʢʘʢ 1 ʤʦʣʴ ʚʝʱʝʩʪʚʘ ʩʦʜʝʨʞʠʪ ʯʠʩʣʦ ʯʘʩʪʠʮ, ʨʘʚʥʦʝ ʯʠʩʣʫ 

ɸʚʦʛʘʜʨʦὔ φȟπςϽρπ 
̝̍̏̌
ȟ  ʪʦ ʝʞʝʩʝʢʫʥʜʥʦ ʧʦʪʨʝʙʫʝʪʩʷ ʯʠʩʣʦ 

ʤʦʣʝʡ ’, ʨʘʚʥʦʝ 

’
ὔ

ὔ
ȟ 

’
φȟχϽρπ

φȟπςϽρπ
ρρ ̍ ̏̌Ȣ̝ 

ʊʘʢ ʢʘʢ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʜʝʡʪʝʨʠʷ Ὄ ʩʦʩʪʘʚʣʷʝʪ 2 ʛ/ʤʦʣʴ, ʪʦ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʞʝʩʝʢʫʥʜʥʦ ʧʦʪʨʝʙʫʝʪʩʷ ʚʩʝʛʦ 22 ʛ ʜʝʡʪʝʨʠʷ! 

 ɼʘʞʝ ʝʩʣʠ ʧʨʠʥʷʪʴ ʂʇɼ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʨʘʚʥʳʤ 10 % ʠ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʪʚʘ 

ʫʚʝʣʠʯʘʪʩʷ ʚ 100 ʨʘʟ, ʪʦ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʝʞʝʩʝʢʫʥʜʥʳʝ ʦʙʱʝʤʠʨʦʚʳʝ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʜʝʡʪʝʨʠʠ ʙʫʜʫʪ ʠʩʯʠʩʣʷʪʴʩʷ ʪʦʣʴʢʦ ʜʝʩʷʪʢʘʤʠ 

ʢʠʣʦʛʨʘʤʤʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʤʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʚ 

ʤʠʨʥʳʭ ʮʝʣʷʭ (ʫʧʨʘʚʣʷʝʤʳʡ ʪʝʨʤʦʷʜʝʨʥʳʡ ʩʠʥʪʝʟ) ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʜʦʡ 

ʥʘ ʨʝʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʯʝʣʦʚʝʯʝʩʪʚʘ, ʧʦʩʢʦʣʴʢʫ ʜʝʡʪʝʨʠʡ, 

ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʚʦʜʝ ʦʢʝʘʥʦʚ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʠʩʯʝʨʧʘʝʤʳʡ ʠʩʪʦʯʥʠʢ ʛʦʨʶʯʝʛʦ ʜʣʷ ʫʧʨʘʚʣʷʝʤʳʭ ʪʝʨʤʦʷʜʝʨʥʳʭ 
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ʨʝʘʢʮʠʡ. ʀʩʪʦʯʥʠʢʦʤ ʪʨʠʪʠʷ ʤʦʞʝʪ ʙʳʪʴ, ʥʘʧʨʠʤʝʨ, ʨʝʘʢʮʠʷ ὲ
ὒὭO Ὄ ὌὩȢ 

 

 

 

ʃʝʢʮʠʷ 28 

 

ʕʃɽʄɽʅʊɸʈʅʓɽ ʏɸʉʊʀʎʓ.  

ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ 

 

ʂ ʜʘʥʥʦʡ ʣʝʢʮʠʠ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ 

- ʟʥʘʪʴ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʢʫʨʩʝ ʬʠʟʠʢʠ. 

 

ʇʣʘʥ ʣʝʢʮʠʠ 

1. ʕʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ: ʠʩʪʦʨʠʷ ʚʦʧʨʦʩʘ; ʘʥʪʠʯʘʩʪʠʮʳ; 

ʚʟʘʠʤʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʯʘʩʪʠʮ ʠ ʢʚʘʥʪʦʚ. 

 2. ʄʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ. 

3. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ. ʂʚʘʨʢʠ.  

4. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: ʪʠʧʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ; ʦʙʤʝʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʚʠʨʪʫʘʣʴʥʳʝ ʯʘʩʪʠʮʳ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

I. ʉ. 501ï504. Ä 273. ʏʘʩʪʠʮʳ ʠ ʘʥʪʠʯʘʩʪʠʮʳ 

ʉ. 505ï509. Ä 275. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ 

ʉ. 500ï501. Ä 272. ʊʠʧʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ 

II. ʏʘʩʪʴ II.  ʉ. 568ï574. Ä 77. ʂʦʩʤʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ. ʕʣʝʤʝʥʪʘʨʥʳʝ 

ʯʘʩʪʠʮʳ. ʊʠʧʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʲʝʢʪʦʚ ʤʘʪʝʨʠʠ. 

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʂʘʢʠʝ ʯʘʩʪʠʮʳ ʩʯʠʪʘʶʪ ʵʣʝʤʝʥʪʘʨʥʳʤʠ? 

2. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʧʨʦʮʝʩʩ ʘʥʥʠʛʠʣʷʮʠʠ? ʇʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ 
ʚʦʟʤʦʞʥʦ ʨʦʞʜʝʥʠʝ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʦʡ ʧʘʨʳ? 

3. ʂʘʢʦʚʘ ʩʦʚʨʝʤʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ? 

4. ʏʪʦ ʪʘʢʦʝ ʢʚʘʨʢʠ? 

5. ʂʘʢ ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʘʩʪʠʮ (ʥʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ)? 
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ʊʝʩʪ 

1.ʏʘʩʪʠʮʳ ʠ ʘʥʪʠʯʘʩʪʠʮʳ ʠʤʝʶʪ 

1. ʈʘʟʥʳʝ ʤʘʩʩʳ ʧʦʢʦʷ. 2. ʈʘʟʥʳʝ ʧʦ ʤʦʜʫʣʶ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʟʘʨʷʜʳ.     

3. ʆʜʠʥʘʢʦʚʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʟʘʨʷʜʳ. 4. ʄʘʩʩʳ ʧʦʢʦʷ ʦʙʷʟʘʪʝʣʴʥʦ 

ʨʘʚʥʳ ʥʫʣʶ. 5. ʆʜʠʥʘʢʦʚʳʝ ʤʘʩʩʳ, ʦʜʠʥʘʢʦʚʳʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʚ 

ʚʘʢʫʫʤʝ, ʦʜʠʥʘʢʦʚʳʝ ʧʦ ʤʦʜʫʣʶ, ʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʧʦ ʟʥʘʢʫ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʟʘʨʷʜʳ. 

2. ʕʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʧʦʜʛʨʫʧʧʳ: 

1. ʄʝʟʦʥʳ, ʙʘʨʠʦʥʳ, ʛʠʧʝʨʦʥʳ. 2 ʌʦʪʦʥʳ, ʣʝʧʪʦʥʳ, ʘʜʨʦʥʳ. 3. 

ʃʝʧʪʦʥʳ, ʥʝʡʪʨʠʥʦ, ʬʦʪʦʥʳ. 4. ʌʦʪʦʥʳ, ʣʝʧʪʦʥʳ, ʤʝʟʦʥʳ. 5. ʃʝʧʪʦʥʳ, 

ʥʝʡʪʨʠʥʦ, ʵʣʝʢʪʨʦʥʳ. 

 

3. ʇʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʥʫʢʣʦʥʳ (ʧʨʦʪʦʥʳ ʠ ʥʝʡʪʨʦʥʳ) 

ʩʦʩʪʦʷʪ ʠʟ é 

1. ʢʚʘʨʢʘ.  2. ʜʚʫʭ ʢʚʘʨʢʦʚ.  3. ʢʚʘʨʢʘ ʠ ʘʥʪʠʢʚʘʨʢʘ. 4. ʜʚʫʭ ʘʥʪʠʢʚʘʨʢʦʚ.   

5. ʪʨʝʭ ʢʚʘʨʢʦʚ. 

 

4. ʇʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʩʫʱʝʩʪʚʫʶʪ é 

1. ʜʚʘ ʪʠʧʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ: ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ. 2. ʜʚʘ ʪʠʧʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ: 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠ ʩʠʣʴʥʦʝ. 3. ʜʚʘ ʪʠʧʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ: ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʠ ʩʣʘʙʦʝ. 4. ʊʨʠ ʪʠʧʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ: ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ, ʩʠʣʴʥʦʝ ʠ 

ʩʣʘʙʦʝ. 4. ʏʝʪʳʨʝ ʪʠʧʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ: 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ, ʩʠʣʴʥʦʝ, ʩʣʘʙʦʝ, ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ. 

 

5. ʇʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʚʦʟʤʦʞʥʦʩʪʴ ʚʟʘʠʤʥʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ é 

1. ʪʦʣʴʢʦ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ. 2. ʪʦʣʴʢʦ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ 

ʠʤʧʫʣʴʩʘ.   3. ʪʦʣʴʢʦ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ. 4. ʪʦʣʴʢʦ 

ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ. 5. ʟʘʢʦʥʘʤʠ ʩʦʭʨʘʥʝʥʠʷ, 

ʚʳʧʦʣʥʷʶʱʠʤʠʩʷ ʚ ʤʠʢʨʦʤʠʨʝ. 

 

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ɿʘʜʘʯʘ 28.1 

ʆʜʥʠʤ ʠʟ ʷʨʢʠʭ ʧʨʠʤʝʨʦʚ ʚʟʘʠʤʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ 

ʨʦʞʜʝʥʠʝ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʳʭ ʧʘʨ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʛʘʤʤʘ ʢʚʘʥʪʘ 
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ʙʦʣʴʰʦʡ ʵʥʝʨʛʠʠ ʚʙʣʠʟʠ ʘʪʦʤʥʦʛʦ ʷʜʨʘ (ʌʨʝʜʝʨʠʢ ʠ ʀʨʝʥ ɾʦʣʠʦ-

ʂʶʨʠ, 1933 ʛ.): 

      ɔ Ÿ ee ~0

1

0

1 +- + . 

ʆʧʨʝʜʝʣʠʪʝ, ʧʨʠ ʢʘʢʦʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ ɔ - ʠʟʣʫʯʝʥʠʷ 

ʚʦʟʤʦʞʥʘ ʜʘʥʥʘʷ ʨʝʘʢʮʠʷ. ʕʥʝʨʛʠʷ ʧʦʢʦʷ ʵʣʝʢʪʨʦʥʘ  ɽ0  = 0,511 ʄʵɺ. 

ʈʝʰʝʥʠʝ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ  

        ɽɔ  =  2ɽ0  +  ɽʢʠʥ, 

ʛʜʝ ɽɔ  ï  ɻ ʥʝʨʛʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʘ; 

       ɽ0  ï  ʵʥʝʨʛʠʷ ʧʦʢʦʷ ʵʣʝʢʪʨʦʥʘ (ʧʦʟʠʪʨʦʥʘ);  

       ɽʢʠʥ ï  ʩʫʤʤʘʨʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʘ ʠ ʧʦʟʠʪʨʦʥʘ.  

ʕʥʝʨʛʠʶ ɔ-ʢʚʘʥʪʘ ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ:  

ɽɔ  = hɜ, 

ʛʜʝ   ɜ  ī ʯʘʩʪʦʪʘ ʠʟʣʫʯʝʥʠʷ. 

ɜ = 
l

ʩ
, 

ʛʜʝ  ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ; 

       ɚ  ī ʜʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ.   

ɽɔ = 
l

hc
. 

ʊʦʛʜʘ 

l

hc
  =    2ɽ0  +  ɽʢʠʥ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ɔ-ʠʟʣʫʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʠʤʫʤʫ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʦʡ ʧʘʨʳ:  

ɽʢʠʥ  = 0. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

l

hc   =  2ɽ0 . 

ʆʪʩʶʜʘ    

02E

hc
=l ; 

()ʤ102,1
106,110511,02

1031063,6 12

196

834
-

-

-

Ö=
ÖÖÖÖ

ÖÖÖ
=l . 

ʆʪʚʝʪ: ɚ = 1,2
.
10

-12
 ʤ. 

 

ɿʘʜʘʯʘ 28.2 

ɺ ʢʚʘʥʪʦʚʦʡ ʬʠʟʠʢʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ 

ʦʙʤʝʥʘ ʯʘʩʪʠʮʘʤʠ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʝʩʪʴ ʩʣʝʜʩʪʚʠʝ 



 

239 

 

ʦʙʤʝʥʘ ʬʦʪʦʥʘʤʠ ʤʝʞʜʫ  ʯʘʩʪʠʮʘʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʟʘʨʷʜʦʤ; ʷʜʝʨʥʳʝ ʩʠʣʳ ï ʩʣʝʜʩʪʚʠʝ ʦʙʤʝʥʘ ʯʘʩʪʠʮʘʤʠ - ʧʠʦʥʘʤʠ ʤʝʞʜʫ 

ʥʫʢʣʦʥʘʤʠ (ʧʨʦʪʦʥʘʤʠ ʠ ʥʝʡʪʨʦʥʘʤʠ). ʇʦʣʴʟʫʷʩʴ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʤʝʞʜʫ ʠʤʧʫʣʴʩʦʤ ʠ ʢʦʦʨʜʠʥʘʪʦʡ, ʦʮʝʥʠʪʝ ʤʘʩʩʳ 

ʧʠʦʥʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʞʜʫ ʥʫʢʣʦʥʘʤʠ ʚ ʩʣʫʯʘʝ ʷʜʝʨʥʳʭ ʩʠʣ. 

ʈʝʰʝʥʠʝ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʫʢʣʦʥʳ ʚ ʷʜʨʝ ʥʘʭʦʜʷʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ 

ʨʘʩʩʪʦʷʥʠʷʭ ʧʦʨʷʜʢʘ r0 = 1,5Ā10
-15 
ʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ 

ʢʦʦʨʜʠʥʘʪʳ ʯʘʩʪʠʮʳ-ʧʠʦʥʘ, ʫʯʘʩʪʚʫʶʱʝʡ ʚ ʦʙʤʝʥʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʤʝʞʜʫ ʥʫʢʣʦʥʘʤʠ, ʨʘʚʥʘ  

0rxºD . 

ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠʤʧʫʣʴʩʘ   ʭʈD  ʧʦʣʦʞʠʤ ʨʘʚʥʦʡ ʠʤʧʫʣʴʩʫ p.  

ʭʈD cmʨ p¢º , 

ʛʜʝ  pm ī ʤʘʩʩʘ ʧʠʦʥʘ; 

        ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ. 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʠʤʝʝʤ 

>ºcrmp ; 

pm
cr0

>
º ; 

                                 pm  = ()ʢʛ103,2
103105,1

1005,1 28

815

34
-

-

-

Ö=
ÖÖÖ

Ö . 

ʉʨʘʚʥʠʤ ʤʘʩʩʫ ʯʘʩʪʠʮʳ ʩ ʤʘʩʩʦʡ ʵʣʝʢʪʨʦʥʘ me  = 9,1Ā10
-31 
ʢʛ: 

m  ́ = 260 me. 

ʀʪʘʢ, ʤʘʩʩʘ ʧʠʦʥʘ ʜʦʣʞʥʘ ʧʨʠʤʝʨʥʦ ʨʘʚʥʷʪʴʩʷ 260 ʵʣʝʢʪʨʦʥʥʳʭ 

ʤʘʩʩ, ʯʪʦ ʦʯʝʥʴ ʙʣʠʟʢʦ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ: ʤʘʩʩʘ 

ʟʘʨʷʞʝʥʥʦʛʦ ʧʠʦʥʘ ʨʘʚʥʘ 273,1 me, ʥʝʡʪʨʘʣʴʥʦʛʦ ī 264 me. 

ʆʪʚʝʪ: m  ́ = 260  me. 

 

ɿʘʜʘʯʘ 28.3 

ʇʦʢʦʷʱʠʡʩʷ ʤʶʦʥ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʵʣʝʢʪʨʦʥ ʠ ʜʚʘ ʥʝʡʪʨʠʥʦ: 

mnnm ++­ --

ee ~ ,  

ʛʜʝ -m  ï ʤʶʦʥ;  

      -e  ï ʵʣʝʢʪʨʦʥ; 

      en
~  ï ʘʥʪʠʥʝʡʪʨʠʥʦ ʵʣʝʢʪʨʦʥʥʦʝ; 

      mn  ï ʥʝʡʪʨʠʥʦ ʤʶʦʥʥʦʝ. 
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ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʵʣʝʢʪʨʦʥ ʪʦʞʝ ʧʦʢʦʠʪʩʷ, ʦʧʨʝʜʝʣʠʪʝ 

ʵʥʝʨʛʠʶ ʠ ʠʤʧʫʣʴʩ ʥʝʡʪʨʠʥʦ. ʄʘʩʩʘ ʤʶʦʥʘ ʨʘʚʥʘ mɛ = 207 me. 

ʈʝʰʝʥʠʝ. 

ʊʘʢ ʢʘʢ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʤʶʦʥ ʧʦʢʦʠʣʩʷ, ʪʦ ʝʛʦ ʠʤʧʫʣʴʩ ʨʘʚʝʥ ʥʫʣʶ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʩʫʤʤʘ 

ʠʤʧʫʣʴʩʦʚ ʵʣʝʢʪʨʦʥʘ ʠ ʜʚʫʭ ʥʝʡʪʨʠʥʦ ʪʘʢʞʝ ʨʘʚʥʘ ʥʫʣʶ:       

0~ =++
mnn PPP

ee

CCC
, 

ʛʜʝ  eP   - ʠʤʧʫʣʴʩ ʵʣʝʢʪʨʦʥʘ;  

       
e

Pn~  -  ʠʤʧʫʣʴʩ ʘʥʪʠʥʝʡʪʨʠʥʦ ʵʣʝʢʪʨʦʥʥʦʛʦ;  

       
mn

P   -  ʠʤʧʫʣʴʩ ʥʝʡʪʨʠʥʦ ʤʶʦʥʥʦʛʦ. 

ʇʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ ʵʣʝʢʪʨʦʥ ʧʦʢʦʠʪʩʷ, ʟʥʘʯʠʪ,  

     eP  = 0. 

ʊʦʛʜʘ      

                                                             
mnn PP

e

CC
-=~ ; 

mnn Pʈ
e
=~  .                                      (232) 

ʀʟ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʩʣʝʜʫʝʪ, ʯʪʦ   

       
mnnm EEcmcm

ee ++= ~
22

.                       (233) 

ʊʘʢ ʢʘʢ ʥʝʡʪʨʠʥʦ ï ʙʝʟʤʘʩʩʦʚʘʷ ʯʘʩʪʠʮʘ, ʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 

ʵʥʝʨʛʠʝʡ ʠ ʠʤʧʫʣʴʩʦʤ ʪʘʢʦʡ ʯʘʩʪʠʮʳ ʠʤʝʝʪ ʚʠʜ 

cPE
ee nn ~~ = ;                                     (234) 

cPE
mm nn =  .                                   (235) 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (232)ï(235) ʠʤʝʝʤ 

( )
2

2

~

cmm
EE

e

e

-
==

m

nn m
; 

( )
2

~

cmm
PP

e

e

-
==

m

nn m  ; 

( ) ( )
( ) ʄʵɺ53ɼʞ104,8

2

103101,91207 12

2831

~ =Ö=
ÖÖÖÖ-

== -
-

mnn ɽɽ
e

; 

( )
ö
÷

õ
æ
ç

å Ö
Ö=

ÖÖÖÖ-
==

-

ʩ 

 ʤʢʛ
108,2

2

103101,91207 20
831

~
mnn PP

e
; 

ʆʪʚʝʪ: ʄʵɺ53~ ==
mnn ɽɽ

e
;      

ʩ 

 ʤʢʛ
108,2 20

~
Ö

Ö==
mnn PP

e
. 
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ʊʝʤʘ 7 (ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ) 

 

ʇʈʆʀʉʍʆɾɼɽʅʀɽ ʀ ʕɺʆʃʖʎʀʗ ɺʉɽʃɽʅʅʆʁ 

 

ʇʣʘʥ ʠʟʫʯʝʥʠʷ ʪʝʤʳ 

1. ʂʦʩʤʦʣʦʛʠʷ ʠ ʝʸ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʙʘʟʠʩ 

2. ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ɺʩʝʣʝʥʥʦʡ. ɿʘʢʦʥ ʍʘʙʙʣʘ 

3. ʉʮʝʥʘʨʠʠ ʵʚʦʣʶʮʠʠ ɺʩʝʣʝʥʥʦʡ 

4. ʄʦʜʝʣʴ çʛʦʨʷʯʝʡ ɺʩʝʣʝʥʥʦʡè 

 

ʂʦʩʤʦʣʦʛʠʷ (ʦʪ ʛʨʝʯʝʩʢʦʛʦ k smos - ʤʠʨ, ɺʩʝʣʝʥʥʘʷ ʠ l gos - ʩʣʦʚʦ, 

ʫʯʝʥʠʝ) ï ʨʘʟʜʝʣ ʘʩʪʨʦʥʦʤʠʠ, ʠʟʫʯʘʶʱʠʡ ɺʩʝʣʝʥʥʫʶ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ. 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʠʩʪʦʨʠʠ ʯʝʣʦʚʝʯʝʩʢʦʡ ʮʠʚʠʣʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʦ ʩʪʨʦʝʥʠʠ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ ʷʚʣʷʣʠʩʴ ʥʝʦʪʲʝʤʣʝʤʳʤ ʵʣʝʤʝʥʪʦʤ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ, ʦʪʨʘʞʘʷ ʦʧʳʪ ʥʘʫʯʥʦʛʦ ʧʦʟʥʘʥʠʷ ʧʨʠʨʦʜʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʧʨʝʜʝʣʸʥʥʦʡ ʵʧʦʭʝ.   

ɿʘʜʘʯʘ ʠʟʫʯʝʥʠʷ ɺʩʝʣʝʥʥʦʡ ʢʘʢ ʝʜʠʥʦʛʦ ʮʝʣʦʛʦ ʦʟʥʘʯʘʝʪ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʛʠʛʘʥʪʩʢʦʛʦ ʤʘʩʰʪʘʙʘ ʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʠ ʚʦ ʚʨʝʤʝʥʠ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ ʢʦʩʤʦʣʦʛʠʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ï 

ʘʩʪʨʦʥʦʤʠʯʝʩʢʘʷ ʝʜʠʥʠʮʘ, ʩʚʝʪʦʚʦʡ ʛʦʜ, ʧʘʨʩǲ̆ʢ.  
ɸʩʪʨʦʥʦʤʠʯʝʩʢʘʷ ʝʜʠʥʠʮʘ (ʩʦʢʨʘʱʸʥʥʦ ʦʙʦʟʥʘʯʘʝʪʩʷ ʘ. ʝ.) ï 

ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ɿʝʤʣʠ ʜʦ ʉʦʣʥʮʘ.  

1 ʘ. ʝ. = 149 600 000 ʢʤ.  

ʉʚʝʪʦʚʦʡ ʛʦʜ (ʩʦʢʨʘʱʸʥʥʦ ʦʙʦʟʥʘʯʘʝʪʩʷ ʩʚ. ʛ., ʩʚ. ʣʝʪ) ï 

ʨʘʩʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʩʚʝʪ ʧʨʦʭʦʜʠʪ ʟʘ ʛʦʜ. 

ρ ̒ Ȣ̃̄Ȣ ωȟτχϽρπ ̋ Ȣ̍ 
ρ ̒ Ȣ̃̄Ȣ ωȟσσϽρπ ́Ȣ̆Ȣ 

ʇʘʨʩʝʢ (ʩʦʢʨʘʱʸʥʥʦ ʦʙʦʟʥʘʯʘʝʪʩʷ 

ʧʢ) ï ʨʘʩʩʪʦʷʥʠʝ, ʩ ʢʦʪʦʨʦʛʦ ʦʪʨʝʟʦʢ 

ʜʣʠʥʦʡ ʚ ʦʜʥʫ ʘʩʪʨʦʥʦʤʠʯʝʩʢʫʶ 

ʝʜʠʥʠʮʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʡ ʣʫʯʫ 

ʟʨʝʥʠʷ, ʚʠʜʝʥ ʧʦʜ ʫʛʣʦʤ ʚ ʦʜʥʫ 

ʫʛʣʦʚʫʶ ʩʝʢʫʥʜʫ (ʨʠʩ. 132).  

  1 ʧʢ  =  206 265 ʘ. ʝ. 

1 ʧʢ  å 3,26 ʩʚ. ʣʝʪ. 

ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʘʩʪʨʦʬʠʟʠʢʠ ʠʟʤʝʨʷʶʪ ʛʠʛʘʥʪʩʢʠʝ ʨʘʩʩʪʦʷʥʠʷ ʚʦ 

ɺʩʝʣʝʥʥʦʡ? ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ï ʤʝʪʦʜ çʩʪʘʥʜʘʨʪʥʦʡ ʩʚʝʯʠè. ʋʜʘʣʠʪʝ 

ʈʠʩ. 132 
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ʜʚʝ ʦʜʠʥʘʢʦʚʳʝ ʟʘʞʞʸʥʥʳʝ ʩʚʝʯʠ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 1 ʠ 2 ʤ ʦʪ ʤʝʩʪʘ 

ʥʘʙʣʶʜʝʥʠʷ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʪ ʙʦʣʝʝ ʫʜʘʣʸʥʥʦʡ (2 ʤ) ʩʚʝʯʠ ʚ ʛʣʘʟ 

ʥʘʙʣʶʜʘʪʝʣʷ ʙʫʜʝʪ ʧʦʩʪʫʧʘʪʴ ʚ ʯʝʪʳʨʝ ʨʘʟʘ ʤʝʥʴʰʝ ʩʚʝʪʦʚʦʡ ʵʥʝʨʛʠʠ, 

ʯʝʤ ʦʪ ʙʣʠʞʥʝʡ (1 ʤ) ʩʚʝʯʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚʝʜʴ ʧʣʦʱʘʜʴ ʩʬʝʨʳ Ὓ, 
ʦʩʚʝʱʘʝʤʦʡ ʩʚʝʯʦʡ, ʟʘʚʠʩʠʪ ʦʪ ʢʚʘʜʨʘʪʘ ʨʘʜʠʫʩʘ ʩʬʝʨʳ ὶ: 

Ὓ τ“ὶȢ 
ʈʘʟʣʠʯʥʳʝ ʟʚʸʟʜʳ ʠʟʣʫʯʘʶʪ ʵʥʝʨʛʠʶ ʩ ʥʝʦʜʠʥʘʢʦʚʦʡ ʤʦʱʥʦʩʪʴʶ. 

ʊʘʢ, ʢ ʧʨʠʤʝʨʫ, ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ (ʝʸ ʥʘʟʳʚʘʶʪ 

ʩʚʝʪʠʤʦʩʪʴʶ ʉʦʣʥʮʘ ὒ) ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 4Ā10
26

 ɺʪ. 

ὒ τϽρπ ˏ Ȣ̓ 
ɼʨʫʛʠʝ ʟʚʸʟʜʳ ʤʦʛʫʪ ʠʤʝʪʴ ʩʚʝʪʠʤʦʩʪʴ ʠ ʙʦʣʴʰʝ, ʠ ʤʝʥʴʰʝ, ʯʝʤ 

ʩʚʝʪʠʤʦʩʪʴ ʉʦʣʥʮʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʯʪʦʙʳ ʤʝʪʦʜʦʤ çʩʪʘʥʜʘʨʪʥʦʡ 

ʩʚʝʯʠè ʩʨʘʚʥʠʚʘʪʴ ʨʘʩʩʪʦʷʥʠʷ, ʥʘ ʢʦʪʦʨʳʝ ʫʜʘʣʝʥʳ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʝ 

ʦʙʲʝʢʪʳ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʠʭ ʩʚʝʪʠʤʦʩʪʴ ʙʳʣʘ ʦʜʠʥʘʢʦʚʘ. ɼʣʷ 

ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʚ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ ʤʘʩʰʪʘʙʘʭ ʥʘ ʨʦʣʴ 

çʩʪʘʥʜʘʨʪʥʦʡ ʩʚʝʯʠè ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʜʭʦʜʷʪ ʚʟʨʳʚʳ ʟʚʸʟʜ 

ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʪʠʧʘ. ʊʘʢ ʢʘʢ ʵʪʠ ʚʟʨʳʚʳ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʦʧʨʝʜʝʣʸʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʟʚʸʟʜʥʦʡ ʩʠʩʪʝʤʝ, ʪʦ ʠʭ 

ʩʚʝʪʠʤʦʩʪʴ (ʤʦʱʥʦʩʪʴ) ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʘ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 10 

ʤʣʨʜ. ʩʚʝʪʠʤʦʩʪʝʡ ʉʦʣʥʮʘ. ʇʨʠ ʪʘʢʦʡ ʦʛʨʦʤʥʦʡ ʩʚʝʪʠʤʦʩʪʠ ʧʦʜʦʙʥʳʝ 

ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʥʘʙʣʶʜʘʶʪʩʷ ʚʧʣʦʪʴ ʜʦ ʨʘʩʩʪʦʷʥʠʷ ʚ 

ʤʠʣʣʠʘʨʜʳ ʩʚʝʪʦʚʳʭ ʣʝʪ.  

ɺʨʝʤʝʥʥʳʝ ʤʘʩʰʪʘʙʳ ʥʘʠʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʭ 

ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʤʦʛʫʪ ʧʨʝʚʦʩʭʦʜʠʪʴ ʜʝʩʷʪʦʢ ʤʠʣʣʠʘʨʜʦʚ ʣʝʪ.  

ʊʝʦʨʝʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʩʤʦʣʦʛʠʠ ʩʦʩʪʘʚʣʷʝʪ 

ʩʦʟʜʘʥʥʘʷ ʚ ʥʘʯʘʣʝ ʜʚʘʜʮʘʪʦʛʦ ʚʝʢʘ ɸʣʴʙʝʨʪʦʤ ʕʡʥʰʪʝʡʥʦʤ 

ʨʝʣʷʪʠʚʠʩʪʩʢʘʷ ʪʝʦʨʠʷ ʪʷʛʦʪʝʥʠʷ ï ʦʙʱʘʷ ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. 

ɺ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʪʷʛʦʪʝʥʠʷ ʕʡʥʰʪʝʡʥʘ ʣʝʞʠʪ ʬʘʢʪ ʨʘʚʝʥʩʪʚʘ 

ʠʥʝʨʪʥʦʡ ʤʘʩʩʳ, ʚʭʦʜʷʱʝʡ ʚ ʫʨʘʚʥʝʥʠʝ ȽȽ ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ 

Ὂ άὥ,                                                  (236) 

ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʤʘʩʩʳ, ʚʭʦʜʷʱʝʡ ʚ ʟʘʢʦʥ ʪʷʛʦʪʝʥʠʷ 

Ὂ Ὃ Ȣ                                                 (237) 

ʀʥʝʨʪʥʘʷ ʤʘʩʩʘ ά ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ ʠʥʝʨʪʥʦʩʪʠ ʪʝʣʘ [ʫʨʘʚʥʝʥʠʝ 

(236)], ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʤʘʩʩʘ ά ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʚʦʡʩʪʚʦ ʪʝʣʘ 

ʧʨʠʪʷʛʠʚʘʪʴʩʷ ʢ ʜʨʫʛʦʤʫ ʪʝʣʫ ʤʘʩʩʦʡ ὓ [ʫʨʘʚʥʝʥʠʝ (237)]. 

ɽʩʣʠ ʵʪʠ ʤʘʩʩʳ ʨʘʚʥʳ, ʪʦ ʠʟ ʫʨʘʚʥʝʥʠʡ (236) ʠ (237) ʤʦʞʥʦ 

ʚʳʨʘʟʠʪʴ ʫʩʢʦʨʝʥʠʝ, ʧʨʠʦʙʨʝʪʘʝʤʦʝ ʪʝʣʦʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ 
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ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ, - ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ  - ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ 

ὥ Ὃ Ȣ                                                  (238) 

ʋʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʢʘʢ ʵʪʦ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʤʘʩʩʳ ʪʝʣʘ, ʯʪʦ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʨʘʚʝʥʩʪʚʝ ʠʥʝʨʪʥʦʡ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʤʘʩʩ.  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʕʡʥʰʪʝʡʥʦʤ ʪʝʦʨʠʷ ʦʙʲʷʩʥʠʣʘ ʬʠʟʠʯʝʩʢʫʶ 

ʩʫʱʥʦʩʪʴ ʪʷʛʦʪʝʥʠʷ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ï ʠʩʢʨʠʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʚʙʣʠʟʠ ʪʝʣ, 

ʩʦʟʜʘʶʱʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʝʩʣʠ çʧʫʩʪʦʝè 

ʧʨʦʩʪʨʘʥʩʪʚʦ-ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʝʚʢʣʠʜʦʚʳʤ çʧʣʦʩʢʠʤè ʧʨʦʩʪʨʘʥʩʪʚʦʤ, ʪʦ 

ʤʘʪʝʨʠʷ ʠʩʢʨʠʚʣʷʝʪ ʧʨʦʩʪʨʘʥʩʪʚʦ-ʚʨʝʤʷ (ʨʠʩ. 133). ʂʘʢ ʧʠʩʘʣ ʩʘʤ 

ʕʡʥʰʪʝʡʥ: çʉʦʛʣʘʩʥʦ ʦʙʱʝʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳ, ʥʦ ʦʙʫʩʣʦʚʣʝʥʳ ʤʘʪʝʨʠʝʡè 

ʇʨʠʚʝʜʸʤ ʚ ʢʘʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘʮʠʠ ʧʨʠʤʝʨ, ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʦʷʩʥʝʥʠʷ ʜʘʥʥʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ. ʇʨʝʜʩʪʘʚʴʪʝ, ʯʪʦ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ï ʵʪʦ ʫʧʨʫʛʘʷ ʨʝʟʠʥʦʚʘʷ ʧʣʸʥʢʘ. ʇʦʤʝʩʪʠʤ ʥʘ ʥʝʸ ʢʘʤʝʥʴ 

ʪʘʢ, ʯʪʦʙʳ ʧʣʸʥʢʘ ʧʨʦʛʥʫʣʘʩʴ: ʯʝʤ ʪʷʞʝʣʝʝ ʢʘʤʝʥʴ, ʪʝʤ ʙʦʣʴʰʝ ʧʨʦʛʠʙ.  

ʐʘʨʠʢ, ʢʘʪʷʱʠʡʩʷ ʧʦ ʵʪʦʡ ʧʣʸʥʢʝ, ʙʫʜʝʪ ʦʪʢʣʦʥʷʪʴʩʷ, ʧʨʦʭʦʜʷ ʦʢʦʣʦ 

ʢʘʤʥʷ. ʏʝʤ ʙʦʣʴʰʝ ʢʘʤʝʥʴ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʢʘʤʥʶ, ʪʝʤ ʙʦʣʴʰʝ ʙʫʜʝʪ 

ʦʪʢʣʦʥʝʥʠʝ. ʊʦʯʥʦ ʪʘʢʞʝ  ʚ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ ʠ ʪʝʣʘ, ʠ ʠʟʣʫʯʝʥʠʝ, 

ʧʨʦʭʦʜʷ ʦʢʦʣʦ ʤʘʩʩʠʚʥʳʭ ʦʙʲʝʢʪʦʚ, ʦʪʢʣʦʥʷʶʪʩʷ. ʀʤʝʥʥʦ ʵʪʠʤ 

ʦʙʲʷʩʥʷʝʪʩʷ ʚʨʘʱʝʥʠʝ ɿʝʤʣʠ ʚʦʢʨʫʛ ʉʦʣʥʮʘ, ʃʫʥʳ ï ʚʦʢʨʫʛ ɿʝʤʣʠ.  

 

 
 

ʈʠʩ. 133. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʴʶʪʦʥʦʚʩʢʦʡ ʪʝʦʨʠʠ ʪʷʛʦʪʝʥʠʷ ʥʘ ʣʶʙʦʡ ʧʨʝʜʤʝʪ ʚ 

ʦʢʨʝʩʪʥʦʩʪʷʭ ʤʘʩʩʠʚʥʦʛʦ ʪʝʣʘ (ʥʘʧʨʠʤʝʨ, ʟʚʝʟʜʳ) ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ ʪʷʛʦʪʝʥʠʷ. ʉ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʡʥʰʪʝʡʥʦʚʩʢʦʡ ʪʝʦʨʠʠ ʤʘʩʩʠʚʥʦʝ ʪʝʣʦ ʠʩʢʨʠʚʣʷʝʪ ʧʨʦʩʪʨʘʥʩʪʚʦ-

ʚʨʝʤʷ ʠ ʧʨʝʜʤʝʪ ʜʚʠʞʝʪʩʷ ʚ ʵʪʦʤ ʠʩʢʨʠʚʣʸʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ-ʚʨʝʤʝʥʠ 
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ʊʝʦʨʠʷ ʪʷʛʦʪʝʥʠʷ ʕʡʥʰʪʝʡʥʘ ʢʨʘʡʥʝ ʩʣʦʞʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠ. ɼʘ ʠ 

ʦʩʦʟʥʘʪʴ, ʢʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʦʜʥʠʤ ʠʟ ʠʟʚʝʩʪʥʳʭ ʬʠʟʠʢʦʚ, ʯʪʦ 

çʪʷʛʦʪʝʥʠʝ ï ʥʝ ʯʫʞʝʨʦʜʥʘʷ ʠ ʬʠʟʠʯʝʩʢʘʷ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʯʝʨʝʟ 

ʧʨʦʩʪʨʘʥʩʪʚʦ, - ʦʥʦ ʝʩʪʴ ʧʨʦʷʚʣʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʤʝʥʥʦ 

ʪʘʤ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʤʘʩʩʘè ʚʝʩʴʤʘ ʠ ʚʝʩʴʤʘ ʥʝʧʨʦʩʪʦ! 

ʅʦ ʫ ʪʝʦʨʠʠ ʪʷʛʦʪʝʥʠʷ ʕʡʥʰʪʝʡʥʘ ʝʩʪʴ ʦʜʥʦ ʙʝʟʫʩʣʦʚʥʦʝ 

ʜʦʩʪʦʠʥʩʪʚʦ, ʧʨʠʩʫʱʝʝ ʣʶʙʦʡ 

çʥʦʨʤʘʣʴʥʦʡè ʬʠʟʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ï ʦʥʘ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʆʜʥʦ ʠʟ ʧʝʨʚʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ 

ʪʝʦʨʠʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ 1919 ʛʦʜʫ 

ʘʥʛʣʠʡʩʢʠʤ ʘʩʪʨʦʥʦʤʦʤ ɸʨʪʫʨʦʤ 

ʉʪʝʥʣʠ ʕʜʜʠʥʛʪʦʥʦʤ (1882-1944). 

ɺʦ ʚʨʝʤʷ ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ ʠʤ 

ʙʳʣʦ ʠʟʤʝʨʝʥʦ ʦʪʢʣʦʥʝʥʠʝ 

ʩʚʝʪʦʚʳʭ ʣʫʯʝʡ ʟʚʸʟʜ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʩʚʝʪʘ ʚʙʣʠʟʠ ʉʦʣʥʮʘ 

(ʨʠʩ. 134).  

ʂʘʢ ʧʠʩʘʣ ʕʡʥʰʪʝʡʥ çʉʚʝʪʦʚʦʡ ʣʫʯ ʚ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ ʜʦʣʞʝʥ 

ʠʩʧʳʪʳʚʘʪʴ ʩʢʨʠʚʣʝʥʠʝ, ʧʦʜʦʙʥʦʝ ʪʦʤʫ, ʢʦʪʦʨʦʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʧʫʪʴ 

ʪʝʣʘ, ʥʝʩʫʱʝʛʦʩʷ ʚ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ. ʉʚʝʪʦʚʦʡ ʣʫʯ, ʧʨʦʭʦʜʷʱʠʡ ʤʠʤʦ 

ʥʝʙʝʩʥʦʛʦ ʪʝʣʘ, ʧʦ ʪʝʦʨʠʠ ʠʟʛʠʙʘʝʪʩʷ ʢ ʥʝʤʫé ʅʫʞʥʦ ʧʨʠʙʘʚʠʪʴ, ʯʪʦ 

ʵʪʦ ʦʪʢʣʦʥʝʥʠʝ ʧʦ ʪʝʦʨʠʠ ʥʘʧʦʣʦʚʠʥʫ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʣʝʤ ʧʨʠʪʷʞʝʥʠʷ 

(ʅʴʶʪʦʥʦʚʳʤ) ʩʦʣʥʮʘ, ʥʘ ʧʦʣʦʚʠʥʫ ʦʙʫʩʣʦʚʣʝʥʦ ʚʳʟʚʘʥʥʳʤ ʩʦʣʥʮʝʤ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʝʤ (çʩʢʨʠʚʣʝʥʠʝè) ʧʨʦʩʪʨʘʥʩʪʚʘè. 

ʀʟʤʝʨʝʥʥʦʝ ʕʜʜʠʥʛʪʦʥʦʤ ʦʪʢʣʦʥʝʥʠʝ ʩʚʝʪʦʚʳʭ ʣʫʯʝʡ ʥʘ ʫʛʦʣ ʦʢʦʣʦ 

1,75'' ʙʳʣʦ ʢʘʢ ʨʘʟ ʪʘʢʠʤ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʢʘʟʳʚʘʣʘ ʪʝʦʨʠʷ ʪʷʛʦʪʝʥʠʷ 

ʕʡʥʰʪʝʡʥʘ.  

ʆʧʠʰʝʤ ʝʱʸ ʦʜʠʥ ʵʢʩʧʝʨʠʤʝʥʪ, ʧʨʦʚʝʜʸʥʥʳʡ ʚ 1976 ʛʦʜʫ 

ʘʤʝʨʠʢʘʥʩʢʠʤʠ ʫʯʸʥʳʤʠ. ʉʚʝʨʭʪʦʯʥʳʝ ʘʪʦʤʥʳʝ ʯʘʩʳ ʙʳʣʠ ʧʦʜʥʷʪʳ 

ʨʘʢʝʪʦʡ ʥʘ ʚʳʩʦʪʫ ʦʢʦʣʦ 10 000 ʢʤ. ʇʦʢʘʟʘʥʠʷ ʯʘʩʦʚ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ 

ʧʦʢʘʟʘʥʠʷʤʠ ʪʘʢʠʭ ʞʝ ʯʘʩʦʚ, ʦʩʪʘʚʰʠʭʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʯʘʩʳ ʥʘ ʦʨʙʠʪʝ (ʚ ʙʦʣʝʝ ʩʣʘʙʦʤ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ) ʚ 

ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ ʕʡʥʰʪʝʡʥʘ ʫʙʳʩʪʨʷʣʠ ʩʚʦʡ ʭʦʜ.  

ɽʩʣʠ ʚʟʷʪʴ ʙʫʣʦʯʢʫ ʠ ʚʳʨʝʟʘʪʴ ʠʟ ʥʝʸ ʪʦʥʢʠʡ ʣʦʤʪʠʢ ʭʣʝʙʘ, ʪʦ, 

ʨʘʩʩʤʘʪʨʠʚʘʷ ʪʘʢʦʡ ʣʦʤʪʠʢ, ʤʳ ʫʚʠʜʠʤ, ʯʪʦ ʭʣʝʙ ʦʙʣʘʜʘʝʪ 

ʦʧʨʝʜʝʣʸʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ: ʩʪʝʥʢʠ ʠʟ ʪʝʩʪʘ ʦʢʨʫʞʘʶʪ ʚʦʟʜʫʰʥʳʝ 

ʈʠʩ. 134 
 



 

245 

 

ʧʫʟʳʨʠ. ʆʙ ʦʪʜʝʣʴʥʦʤ ʣʦʤʪʠʢʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʥ ʥʝʦʜʥʦʨʦʜʝʥ ʠ 

ʝʛʦ ʩʚʦʡʩʪʚʘ ʧʦ ʨʘʟʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʥʝʦʜʠʥʘʢʦʚʳ (ʘʥʠʟʦʪʨʦʧʠʷ). ʊʘʢ 

ʠ ɺʩʝʣʝʥʥʘʷ ʚ ʤʘʣʳʭ ʤʘʩʰʪʘʙʘʭ ʥʝʦʜʥʦʨʦʜʥʘ ʠ ʘʥʠʟʦʪʨʦʧʥʘ: ʠʤʝʶʪʩʷ 

ʩʢʦʧʣʝʥʠʷ ʚʝʱʝʩʪʚʘ ï ʧʣʘʥʝʪʳ, ʟʚʸʟʜʳ, ʟʚʸʟʜʥʳʝ ʩʠʩʪʝʤʳïʛʘʣʘʢʪʠʢʠ; 

ʠʤʝʶʪʩʷ ʚʳʜʝʣʝʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ï ʥʘʧʨʠʤʝʨ, ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ 

ʚʨʘʱʝʥʠʷ ʧʣʘʥʝʪʳ, ʟʚʝʟʜʳ. 

ʅʦ ʢʘʢʘʷ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʢʘʨʪʠʥʘ, ʝʩʣʠ ʧʝʨʝʡʪʠ ʢ ʢʨʫʧʥʳʤ 

ʤʘʩʰʪʘʙʘʤ ʠ ʚʳʜʝʣʠʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ɺʩʝʣʝʥʥʦʡ ʢʫʙ ʩ ʨʝʙʨʦʤ ʦʢʦʣʦ 1 

ʄʧʢ (ʦʢʦʣʦ ʪʨʸʭʩʦʪ ʤʠʣʣʠʦʥʦʚ ʩʚʝʪʦʚʳʭ ʣʝʪ)? ʉʦʚʨʝʤʝʥʥʘʷ 

ʢʦʩʤʦʣʦʛʠʷ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʯʠʩʣʦ ʟʚʸʟʜ ʠ ʟʚʸʟʜʥʳʭ ʩʠʩʪʝʤ ï ʛʘʣʘʢʪʠʢ 

ʚʥʫʪʨʠ ʪʘʢʦʛʦ ʢʫʙʘ ʙʫʜʝʪ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʤ, ʚ ʢʘʢʦʡ ʙʳ ʯʘʩʪʠ 

ɺʩʝʣʝʥʥʦʡ ʵʪʦʪ ʢʫʙ ʥʠ ʥʘʭʦʜʠʣʩʷ
1
. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʙʦʣʴʰʠʭ 

ʤʘʩʰʪʘʙʘʭ ɺʩʝʣʝʥʥʘʷ ʦʜʥʦʨʦʜʥʘ ʠ ʠʟʦʪʨʦʧʥʘ (ʨʠʩ. 135). ʋʪʚʝʨʞʜʝʥʠʝ 

ʦ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʠʟʦʪʨʦʧʠʠ ɺʩʝʣʝʥʥʦʡ 

(ʦʜʠʥʘʢʦʚʦʩʪʠ ʩʚʦʡʩʪʚ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʦʪʩʫʪʩʪʚʠʝ ʚʳʜʝʣʝʥʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ) ʧʦʣʫʯʠʣʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʝ ʥʘʟʚʘʥʠʝ 

ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʥʮʠʧʘ. 

ʆʧʠʨʘʷʩʴ ʥʘ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧ, ʤʳ ʤʦʞʝʤ ʩʜʝʣʘʪʴ ʨʷʜ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʚʳʚʦʜʦʚ ʦ ʩʪʨʦʝʥʠʠ ɺʩʝʣʝʥʥʦʡ: 

 

 

 

 

 

  
 

 

 

 

 

 

ʈʠʩ. 135. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʥʝʙʫ ʛʘʣʘʢʪʠʢ, ʠʟʣʫʯʘʶʱʠʭ ʚ ʨʘʜʠʦʜʠʘʧʘʟʦʥʝ. 

(çʇʫʩʪʳʝ ʧʦʣʦʩʳè - ʦʙʣʘʩʪʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʜʩʯʸʪʳ.) 

 

- ʫ ɺʩʝʣʝʥʥʦʡ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʮʝʥʪʨʘ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʘʥʠʮʳ 

(ʠʥʘʯʝ ʙʳ ʥʘʨʫʰʘʣʦʩʴ ʫʩʣʦʚʠʝ ʦʜʥʦʨʦʜʥʦʩʪʠ ɺʩʝʣʝʥʥʦʡ); 

- ɺʩʝʣʝʥʥʘʷ ʢʘʢ ʮʝʣʦʝ ʥʝ ʜʦʣʞʥʘ ʚʨʘʱʘʪʴʩʷ (ʠʥʘʯʝ ʙʳ ʥʘʨʫʰʘʣʦʩʴ 

ʫʩʣʦʚʠʝ ʠʟʦʪʨʦʧʥʦʩʪʠ ɺʩʝʣʝʥʥʦʡ). 
                                                 
1
 ɺ ʚʠʜʠʤʦʡ ʯʘʩʪʠ ɺʩʝʣʝʥʥʦʡ ʤʦʞʥʦ ʨʘʟʤʝʩʪʠʪʴ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʪʘʢʠʭ ʢʫʙʦʚ. 
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ʉʣʝʜʫʶʱʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʬʘʢʪ, ʦʪʨʘʞʘʶʱʠʡ ʩʪʨʦʝʥʠʝ 

ɺʩʝʣʝʥʥʦʡ, ʩʚʷʟʘʥ ʩ ʷʚʣʝʥʠʝʤ ʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʷ.  

ɽʜʠʥʩʪʚʝʥʥʳʡ ʥʦʩʠʪʝʣʴ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʠʡ ʢ ʥʘʤ ʦʪ ʟʚʸʟʜ 

ʠ ʟʚʸʟʜʥʳʭ ʩʢʦʧʣʝʥʠʡ ï ʛʘʣʘʢʪʠʢ, ʵʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ 

(ʨʘʜʠʦʜʠʘʧʘʟʦʥ, ʠʥʬʨʘʢʨʘʩʥʦʝ, ʚʠʜʠʤʦʝ, ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʠ 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ). ɼʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʵʬʬʝʢʪ ɼʦʧʣʝʨʘ
1
  - ʧʨʠ ʫʜʘʣʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʦʪ ʥʘʙʣʶʜʘʪʝʣʷ ʧʦʩʣʝʜʥʠʡ ʨʝʛʠʩʪʨʠʨʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ 

ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ, ʯʪʦ ʠʟʣʫʯʘʝʪʩʷ 

ʥʝʧʦʜʚʠʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚʦʟʙʫʞʜʸʥʥʳʝ ʘʪʦʤʳ ʠʟʣʫʯʘʶʪ ʵʥʝʨʛʠʶ ʢʚʘʥʪʘʤʠ. 

ʕʥʝʨʛʠʷ ʢʚʘʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʩ ʢʘʢʦʛʦ çʙʦʣʝʝ ʚʳʩʦʢʦʛʦè 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʥʘ ʢʘʢʦʡ çʙʦʣʝʝ ʥʠʟʢʠʡè ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʫʨʦʚʝʥʴ ʵʣʝʢʪʨʦʥ ʩʦʚʝʨʰʘʝʪ ʧʝʨʝʭʦʜ ʚ ʘʪʦʤʝ. ʇʫʩʪʴ ‗ - ʜʣʠʥʘ ʚʦʣʥʳ 

ʠʟʣʫʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚʦʜʦʨʦʜʘ, ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ (ʥʘ ɿʝʤʣʝ), 

‗ - ʜʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ, ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʦʪ ʜʘʣʸʢʦʡ ʛʘʣʘʢʪʠʢʠ. 
ɸʩʪʨʦʥʦʤʘʤʠ ʝʱʸ ʚ ʥʘʯʘʣʝ XX ʚʝʢʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʧʝʢʪʨʘʭ 

ʛʘʣʘʢʪʠʢ ʣʠʥʠʠ ʠʟʣʫʯʝʥʠʷ ʫ ʚʩʝʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʤʝʱʝʥʳ ʚ 

ʢʨʘʩʥʫʶ ʩʪʦʨʦʥʫ: 

‗ ‗Ȣ 
ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʚʠʞʝʥʠʠ ʛʘʣʘʢʪʠʢ, ʦʙ ʠʭ ʚʟʘʠʤʥʦʤ 

ʫʜʘʣʝʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʀʩʭʦʜʷ ʠʟ ʥʘʙʣʶʜʘʝʤʦʛʦ ʜʣʷ ʛʘʣʘʢʪʠʢ ʬʘʢʪʘ 

ʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʷ, ʘʩʪʨʦʥʦʤʳ ʩʜʝʣʘʣʠ ʚʳʚʦʜ, ʯʪʦ ɺʩʝʣʝʥʥʘʷ ʷʚʣʷʝʪʩʷ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ, ʦʥʘ ʠʟʤʝʥʷʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ï ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʘʩʰʠʨʝʥʠʝ ɺʩʝʣʝʥʥʦʡ. 

ʏʝʤ ʙʦʣʴʰʝ ʚʝʣʠʯʠʥʘ ʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʷ, ʪʝʤ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʝʦʨʠʝʡ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ, ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʴ ʫʜʘʣʝʥʠʷ ʠʩʪʦʯʥʠʢʘ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʦʵʪʦʤʫ ʠʟʤʝʨʝʥʠʝ ʚʝʣʠʯʠʥʳ ʢʨʘʩʥʦʛʦ 

ʩʤʝʱʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʫʩʪʘʥʦʚʠʪʴ ʬʘʢʪ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ, 

ʥʦ ʠ ʠʟʤʝʨʠʪʴ ʩʢʦʨʦʩʪʴ ʨʘʟʣʸʪʘ ʛʘʣʘʢʪʠʢ, ʩʢʦʨʦʩʪʴ ʠʭ ʫʜʘʣʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ.  

ɺ 1929 ʛʦʜʫ ʚʳʜʘʶʱʠʡʩʷ ʘʤʝʨʠʢʘʥʩʢʠʡ ʘʩʪʨʦʥʦʤ ʕʜʚʠʥ ʇʘʫʵʣʣ 

ʍʘʙʙʣ (1889 - 1953), ʦʙʦʙʱʠʚ ʠʤʝʚʰʠʝʩʷ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʜʘʥʥʳʝ ʦ 

ʩʢʦʨʦʩʪʷʭ ʛʘʣʘʢʪʠʢ ʠ ʫʜʘʣʸʥʥʦʩʪʠ ʜʦ ʥʠʭ, ʧʨʠʰʸʣ ʢ ʚʳʚʦʜʫ, ʢʦʪʦʨʳʡ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʟʘʢʦʥʘ ʍʘʙʙʣʘ. 

ɼʘʣʸʢʠʝ ʛʘʣʘʢʪʠʢʠ ʫʭʦʜʷʪ ʦʪ ʥʘʩ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ 

ʫʜʘʣʸʥʥʦʩʪʠ ʦʪ ʥʘʩ. ʏʝʤ ʜʘʣʴʰʝ ʛʘʣʘʢʪʠʢʘ, ʪʝʤ ʙʦʣʴʰʝ ʝʸ ʩʢʦʨʦʩʪʴ. 
                                                 
1
 ʂʨʠʩʪʠʘʥ ɼʦʧʣʝʨ (1803 - 1853) ï ʘʚʩʪʨʠʡʩʢʠʡ ʬʠʟʠʢ ʠ ʘʩʪʨʦʥʦʤ. 
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ʌʦʨʤʫʣʘ ʟʘʢʦʥʘ ʍʘʙʙʣʘ ʠʤʝʝʪ 

ʚʠʜ: 

ὺ Ὄὶ                       (239) 

ʛʜʝ ὺ - ʩʢʦʨʦʩʪʴ ʫʜʘʣʝʥʠʷ ʛʘʣʘʢʪʠʢʠ; 

  ὶ  - ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʛʘʣʘʢʪʠʢʠ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ Ὄ 

ʙʳʣ ʥʘʟʚʘʥ ʧʦʩʪʦʷʥʥʦʡ ʍʘʙʙʣʘ. 

ʇʦ ʩʦʚʨʝʤʝʥʥʳʤ ʨʘʩʯʸʪʘʤ 

ʟʥʘʯʝʥʠʝ ʧʦʩʪʦʷʥʥʦʡ ʍʘʙʙʣʘ ʣʝʞʠʪ ʚ 

ʠʥʪʝʨʚʘʣʝ  

υυ 
̋̍ϳ̒

˙̐̋
Ὄ χυ 

̋̍ϳ̒

˙̐̋
Ȣ 

ɺ ʥʘʰʝ ʚʨʝʤʷ ʟʘʢʦʥ ʍʘʙʙʣʘ ʥʘʜʸʞʥʦ ʧʦʜʪʚʝʨʞʜʸʥ ʠʤʝʶʱʠʤʠʩʷ ʚ 

ʨʘʩʧʦʨʷʞʝʥʠʠ ʘʩʪʨʦʥʦʤʦʚ ʜʘʥʥʳʤʠ (ʨʠʩ. 136).  

ʅʘʙʣʶʜʘʝʤʳʝ ʫʯʸʥʳʤʠ ʩʚʦʡʩʪʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʥʘʰʝʡ 

ɺʩʝʣʝʥʥʦʡ (ʝʸ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʘʷ ʦʜʥʦʨʦʜʥʦʩʪʴ ʠ ʠʟʦʪʨʦʧʥʦʩʪʴ, 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ɺʩʝʣʝʥʥʦʡ) ʜʦʣʞʥʳ ʥʘʭʦʜʠʪʴ ʩʚʦʸ ʦʙʲʷʩʥʝʥʠʝ ʚ 

ʨʘʤʢʘʭ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʠʠ ʪʷʛʦʪʝʥʠʷ ʕʡʥʰʪʝʡʥʘ. ʅʘʧʦʤʥʠʤ, ʯʪʦ 

ʩʦʛʣʘʩʥʦ ʵʪʦʡ ʪʝʦʨʠʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʘʩʩʳ ʪʝʣ ʧʨʦʩʪʨʘʥʩʪʚʦ-ʚʨʝʤʷ 

ʠʩʢʨʠʚʣʷʝʪʩʷ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʨʠʚʣʝʥʠʶ ʪʨʘʝʢʪʦʨʠʠ ʪʝʣ, 

ʜʚʠʞʫʱʠʭʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ-ʚʨʝʤʝʥʠ, ʯʪʦ ʠ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ 

ʨʝʟʫʣʴʪʘʪ ʜʝʡʩʪʚʠʷ ʩʠʣ ʪʷʛʦʪʝʥʠʷ.  

ɺʧʝʨʚʳʝ ʫʩʧʝʰʥʘʷ ʧʦʧʳʪʢʘ ʧʨʠʤʝʥʠʪʴ ʫʨʘʚʥʝʥʠʷ ʪʝʦʨʠʠ ʪʷʛʦʪʝʥʠʷ 

(ʦʙʱʝʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ) ʢ ʦʧʠʩʘʥʠʶ ɺʩʝʣʝʥʥʦʡ ʢʘʢ ʝʜʠʥʦʛʦ 

ʮʝʣʦʛʦ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʚ 1922-1924 ʛʦʜʘʭ ʨʦʩʩʠʡʩʢʠʤ ʤʘʪʝʤʘʪʠʢʦʤ 

ɸʣʝʢʩʘʥʜʨʦʤ ɸʣʝʢʩʘʥʜʨʦʚʠʯʝʤ ʌʨʠʜʤʘʥʦʤ (1888-1925).  

ʈʝʰʠʚ ʫʨʘʚʥʝʥʠʷ ʵʡʥʰʪʝʡʥʦʚʩʢʦʡ ʪʝʦʨʠʠ ʪʷʛʦʪʝʥʠʷ, ʌʨʠʜʤʘʥ 

ʧʦʣʫʯʠʣ ʨʝʰʝʥʠʷ, ʠʟ ʢʦʪʦʨʳʭ ʩʣʝʜʦʚʘʣʦ, ʯʪʦ ɺʩʝʣʝʥʥʘʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʥʝʠʟʤʝʥʥʦʡ. ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʚʳʜʘʶʱʠʤʩʷ ʜʦʩʪʠʞʝʥʠʝʤ 

ʥʘʫʢʠ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣ ʧʦʜʪʚʝʨʞʜʸʥ ʦʪʢʨʳʪʳʤ ʍʘʙʙʣʦʤ ʟʘʢʦʥʦʤ  ʠ 

ʥʘʙʣʶʜʘʝʤʳʤ ʢʨʘʩʥʳʤ ʩʤʝʱʝʥʠʝʤ ʛʘʣʘʢʪʠʢ.  

ʌʨʠʜʤʘʥ ʚʳʷʩʥʠʣ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʜʘʣʴʥʝʡʰʝʡ ʵʚʦʣʶʮʠʠ ɺʩʝʣʝʥʥʦʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʢʘʢʦʚʘ ʝʸ ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ” ʚ ʩʨʘʚʥʝʥʠʠ ʩ 
ʢʨʠʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ”̋ ȟ̑ ʨʘʚʥʳʤ  

”̋ ̑

σὌ

ψ“Ὃ
ȟ 

ʛʜʝ Ὃ - ʧʦʩʪʦʷʥʥʘʷ ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ, Ὃ φȟφχϽρπ  
Ͻ̊̍

̋̄
Ȣ                 
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ʩʮʝʥʘʨʠʠ ʚʦʟʤʦʞʥʦʡ ʵʚʦʣʶʮʠʠ 

ɺʩʝʣʝʥʥʦʡ. ɽʩʣʠ ʩʨʝʜʥʷʷ 

ʧʣʦʪʥʦʩʪʴ ɺʩʝʣʝʥʥʦʡ ʤʝʥʴʰʝ 

ʢʨʠʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ” ”̋ ,̑ 

ʪʦ ʨʘʩʰʠʨʝʥʠʝ ʙʫʜʝʪ ʚʝʯʥʳʤ ʠ 

ʩʢʦʨʦʩʪʴ ʨʘʟʣʸʪʘ ʛʘʣʘʢʪʠʢ ʚʩʝʛʜʘ 

ʙʫʜʝʪ ʦʪʣʠʯʥʘ ʦʪ ʥʫʣʷ. ɽʩʣʠ 

ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ɺʩʝʣʝʥʥʦʡ 

ʨʘʚʥʘ ʢʨʠʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

” ”̋ ȟ̑ ʪʦ ʨʘʩʰʠʨʝʥʠʝ ʙʫʜʝʪ 

ʚʝʯʥʳʤ, ʥʦ ʩʢʦʨʦʩʪʴ ʛʘʣʘʢʪʠʢ ʚ 

ʠʪʦʛʝ ʩʪʘʥʝʪ ʨʘʚʥʦʡ ʥʫʣʶ. ʊʘʢʠʝ 

ʩʮʝʥʘʨʠʠ ʢʦʩʤʦʣʦʛʠ ʥʘʟʳʚʘʶʪ 

ʚʘʨʠʘʥʪʘʤʠ çʆʪʢʨʳʪʦʡ ɺʩʝʣʝʥʥʦʡè. 

ɽʩʣʠ ʞʝ ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ɺʩʝʣʝʥʥʦʡ ʙʦʣʴʰʝ ʢʨʠʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ” ”̋ ,̑ ʪʦ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥ ʚʘʨʠʘʥʪ çʟʘʢʨʳʪʦʡ 

ɺʩʝʣʝʥʥʦʡè. ʈʘʩʰʠʨʝʥʠʝ ɺʩʝʣʝʥʥʦʡ, ʧʨʦʠʩʭʦʜʠʚʰʝʝ ʚ ʧʨʦʰʣʦʤ ʠ 

ʧʨʦʠʩʭʦʜʷʱʝʝ ʚ ʥʘʩʪʦʷʱʝʤ, ʩʤʝʥʠʪʩʷ ʚ ʙʫʜʫʱʝʤ ʩʞʘʪʠʝʤ ɺʩʝʣʝʥʥʦʡ. 

ʂʘʢʦʚʦ ʞʝ ʨʝʘʣʴʥʦʝ ʙʫʜʫʱʝʝ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ? ɹʫʜʝʪ ʣʠ 

ʨʘʩʰʠʨʝʥʠʝ ʧʨʦʜʦʣʞʘʪʴʩʷ ʠ ʜʘʣʝʝ, ʣʠʙʦ ʦʥʦ ʩʤʝʥʠʪʩʷ ʩʞʘʪʠʝʤ? ɼʣʷ 

ʦʪʚʝʪʘ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ 

ɺʩʝʣʝʥʥʦʡ. ʇʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʟʚʸʟʜ ʫʯʸʥʳʝ ʤʦʛʫʪ 

ʦʮʝʥʠʪʴ ʠʭ ʤʘʩʩʫ ʠ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʧʣʦʪʥʦʩʪʠ. ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ɺʩʝʣʝʥʥʦʡ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ. ʅʦ ʚ ʤʠʨʝ, ʧʦʤʠʤʦ ʟʚʸʟʜ ʠ ʩʚʝʪʷʱʝʛʦʩʷ ʛʘʟʘ, ʝʩʪʴ ʠ 

ʥʝʩʚʝʪʷʱʝʝʩʷ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʥʝʚʠʜʠʤʦʝ ʥʘʤʠ ʚʝʱʝʩʪʚʦ. 

(ɸʩʪʨʦʥʦʤʳ ʥʘʟʳʚʘʶʪ ʪʘʢʦʝ ʚʝʱʝʩʪʚʦ ʪʸʤʥʦʡ ʤʘʪʝʨʠʝʡ.) 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ ʧʦʜʪʚʝʨʞʜʝʥʦ ʥʘʣʠʯʠʝʤ ʚʦ ɺʩʝʣʝʥʥʦʡ 

ʩʢʦʧʣʝʥʠʡ ʛʘʣʘʢʪʠʢ. ʅʝ ʙʫʜʴ ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ, ʫʜʝʨʞʠʚʘʶʱʝʡ 

ʛʘʣʘʢʪʠʢʠ ʚ ʩʢʦʧʣʝʥʠʠ, ʛʘʣʘʢʪʠʢʠ ʙʳ ʧʦʢʠʥʫʣʠ ʪʘʢʦʝ ʩʢʦʧʣʝʥʠʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʦʧʨʦʩ ʦ ʚʝʣʠʯʠʥʝ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ɺʩʝʣʝʥʥʦʡ ʦʩʪʘʸʪʩʷ 

ʦʪʢʨʳʪʳʤ, ʠ ʪʦʯʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ ʦ ʙʫʜʫʱʝʤ ɺʩʝʣʝʥʥʦʡ ʫ ʫʯʸʥʳʭ 

ʧʦʢʘ ʝʱʸ ʥʝʪ. 

ɹʦʣʝʝ ʦʧʨʝʜʝʣʸʥʥʦ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʧʨʦʰʣʦʝ ɺʩʝʣʝʥʥʦʡ. ʇʫʩʪʴ 

ʥʝʢʦʪʦʨʘʷ ʛʘʣʘʢʪʠʢʘ ʥʘʭʦʜʠʪʩʷ ʦʪ ʥʘʙʣʶʜʘʪʝʣʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ὶȢ ɽʩʣʠ 
ʩʯʠʪʘʪʴ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʛʘʣʘʢʪʠʢʠ ὺ ʥʝʠʟʤʝʥʥʦʡ, ʪʦ ʜʣʷ ʫʜʘʣʝʥʠʷ ʥʘ 
ʪʘʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʛʘʣʘʢʪʠʢʝ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʚʨʝʤʷ  ὸ, ʨʘʚʥʦʝ 
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ὸ Ȣ    

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʬʦʨʤʫʣʦʡ ʟʘʢʦʥʘ ʍʘʙʙʣʘ 

      ὺ ὌὶȢ              
ʊʦʛʜʘ  

   ὸ Ȣ            

  ὸ ρυ ̍̌̑Ȣ̅̌ ̆Ȣ̓             

(ʇʨʠ ʨʘʩʯʸʪʝ ʟʥʘʯʝʥʠʝ ʧʦʩʪʦʷʥʥʦʡ ʍʘʙʙʣʘ ʧʨʠʥʷʪʦ ʨʘʚʥʳʤ φυ 
̋̍ϳ̒

˙̐̋
Ȣ  ) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʦʣʦ 15 ʤʣʨʜ. ʣʝʪ ʥʘʟʘʜ ʚʝʱʝʩʪʚʦ ɺʩʝʣʝʥʥʦʡ ʙʳʣʦ 

ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʚ ʥʝʙʦʣʴʰʦʤ ʦʙʲʸʤʝ, ʙʳʣʦ ʥʘʩʪʦʣʴʢʦ ʧʣʦʪʥʳʤ, ʯʪʦ ʥʠ 

ʛʘʣʘʢʪʠʢʠ, ʥʠ ʟʚʸʟʜ ʥʝ ʩʫʱʝʩʪʚʦʚʘʣʦ. ʀʟ ʵʪʦʛʦ ʩʚʝʨʭʧʣʦʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʥʘʯʘʣʦʩʴ ʨʘʩʰʠʨʝʥʠʝ ɺʩʝʣʝʥʥʦʡ. ɺ ʧʨʦʮʝʩʩʝ ʪʘʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 

ʤʘʪʝʨʠʷ ʧʨʠʥʷʣʘ ʪʝ ʬʦʨʤʳ, ʚ ʢʦʪʦʨʳʭ ʤʳ ʝʸ ʥʘʙʣʶʜʘʝʤ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ, ʦʙʨʘʟʦʚʘʣʠʩʴ ʟʚʸʟʜʳ ʠ ʛʘʣʘʢʪʠʢʠ. ʊʘʢʦʡ ʧʨʦʮʝʩʩ ʨʘʩʰʠʨʝʥʠʷ 

ɺʩʝʣʝʥʥʦʡ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʩʤʦʣʦʛʠʠ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʪʝʦʨʠʠ 

ɹʦʣʴʰʦʛʦ ʚʟʨʳʚʘ. 

ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ ʤʘʪʝʨʠʷ ʟʘʥʠʤʘʣʘ 

ʩʚʝʨʭʤʘʣʳʡ ʦʙʲʸʤ, ʥʘʭʦʜʠʣʘʩʴ ʚ ʥʝʚʦʦʙʨʘʟʠʤʦ ʧʣʦʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ 

ʛʠʛʘʥʪʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʢʦʩʤʦʣʦʛʠ ʥʘʟʳʚʘʶʪ ʤʦʜʝʣʴ 

ʨʘʩʰʠʨʷʶʱʝʡʩʷ ɺʩʝʣʝʥʥʦʡ ʤʦʜʝʣʴʶ çʛʦʨʷʯʝʡ ɺʩʝʣʝʥʥʦʡè.  

ɻʠʧʦʪʝʟʘ ʛʦʨʷʯʝʡ ɺʩʝʣʝʥʥʦʡ ʙʳʣʘ ʚʳʩʢʘʟʘʥʘ ʚ 1946-1948 ʛʦʜʘʭ 

ʬʠʟʠʢʦʤ ʨʦʩʩʠʡʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ɻʝʦʨʛʠʝʤ ɸʥʪʦʥʦʚʠʯʝʤ ɻʘʤʦʚʳʤ 

(1904-1968). ʇʨʠ ʦʛʨʦʤʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ 

ʥʝʚʦʟʤʦʞʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʘʪʦʤʦʚ, ʥʦ ʠ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʯʘʩʪʠʮ; ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʪʠʧʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʩʠʣʴʥʦʝ, 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ, ʩʣʘʙʦʝ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ) ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʵʪʦʛʦ ʵʪʘʧʘ ʵʚʦʣʶʮʠʠ ɺʩʝʣʝʥʥʦʡ 

ʫʯʸʥʳʤ ʥʝʜʦʩʪʫʧʥʦ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʝʪ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʚ ʨʘʤʢʘʭ 

ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʛʨʘʚʠʪʘʮʠʠ, ʢʦʪʦʨʘʷ ʝʱʸ ʥʝ ʩʦʟʜʘʥʘ.  

ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʨʘʩʰʠʨʝʥʠʠ ɺʩʝʣʝʥʥʦʡ ʠ ʝʸ ʦʭʣʘʞʜʝʥʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʜʝʣʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʘ ʠʟʚʝʩʪʥʳʝ ʥʘʤ ʚʠʜʳ, 

ʧʦʵʪʘʧʥʦ ʚʦʟʥʠʢʘʶʪ ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ ʠʟ ʯʠʩʣʘ ʪʝʭ, ʯʪʦ ʩʝʡʯʘʩ 

ʥʘʤ ʠʟʚʝʩʪʥʳ. ɺ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ ʪʨʸʭ ʤʠʥʫʪ ʧʨʦʠʩʭʦʜʠʪ ʚʘʞʥʝʡʰʠʡ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʵʚʦʣʶʮʠʠ ɺʩʝʣʝʥʥʦʡ ʧʨʦʮʝʩʩ ʥʫʢʣʝʦʩʠʥʪʝʟʘ ï 

ʦʙʨʘʟʦʚʘʥʠʝ ʷʜʝʨ ʧʝʨʚʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ.  

ʈʘʩʯʸʪʳ, ʧʨʦʚʝʜʸʥʥʳʝ ʬʠʟʠʢʘʤʠ-ʪʝʦʨʝʪʠʢʘʤʠ ʜʣʷ ʵʪʦʛʦ ʵʪʘʧʘ 

ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ, ʛʦʚʦʨʷʪ, ʯʪʦ ʚ ʧʝʨʚʠʯʥʦʤ ʚʝʱʝʩʪʚʝ ɺʩʝʣʝʥʥʦʡ 

ʷʜʨʘ ʚʦʜʦʨʦʜʘ ʩʦʩʪʘʚʣʷʣʠ 75 %, ʷʜʨʘ ʛʝʣʠʷ ʧʦʯʪʠ 25 % ʠ ʩʦʪʳʝ ʜʦʣʠ 



 

250 

 

ʧʨʦʮʝʥʪʘ ʧʨʠʭʦʜʠʣʠʩʴ ʥʘ ʷʜʨʘ ʜʝʡʪʝʨʠʷ, ʣʠʪʠʷ ʠ ʜʨʫʛʠʭ ʣʸʛʢʠʭ 

ʵʣʝʤʝʥʪʦʚ. ɼʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʚʧʘʜʘʶʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʙʣʶʜʝʥʠʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʟʚʸʟʜ, ʧʦʣʫʯʝʥʥʦʛʦ ʘʩʪʨʦʥʦʤʘʤʠ ʧʫʪʸʤ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɽʱʸ ʦʜʥʠʤ ʫʙʝʜʠʪʝʣʴʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʧʨʘʚʦʤʝʨʥʦʩʪʠ ʤʦʜʝʣʠ 

ʛʦʨʷʯʝʡ ɺʩʝʣʝʥʥʦʡ ʩʪʘʣʦ ʦʙʥʘʨʫʞʝʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʨʝʣʠʢʪʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʧʨʝʜʩʢʘʟʘʥʥʦʛʦ ʪʝʦʨʝʪʠʢʘʤʠ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʵʚʦʣʶʮʠʠ 

ɺʩʝʣʝʥʥʦʡ ʚʦʟʥʠʢʣʠ ʢʚʘʥʪʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ çʧʫʪʝʰʝʩʪʚʫʶʱʠʝè ʚʦ ɺʩʝʣʝʥʥʦʡ. ʈʘʩʯʸʪʳ 

ʪʝʦʨʝʪʠʢʦʚ ʫʢʘʟʳʚʘʣʠ ʥʘ ʪʦ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ɺʩʝʣʝʥʥʦʡ ʤʘʢʩʠʤʫʤ 

ʪʘʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʦʣʞʝʥ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʠʟʣʫʯʝʥʠʝ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 

ʦʢʦʣʦ 2 ʤʤ. ɺ 1965 ʛʦʜʫ ʧʦʜʦʙʥʦʝ ʨʘʜʠʦʠʟʣʫʯʝʥʠʝ, ʧʨʠʭʦʜʷʱʝʝ ʠʟ 

ʢʦʩʤʦʩʘ, ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʘʤʝʨʠʢʘʥʩʢʠʤʠ ʘʩʪʨʦʥʦʤʘʤʠ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʧʝʭʠ, ʜʦʩʪʠʛʥʫʪʳʝ ʚ ʢʦʩʤʦʣʦʛʠʠ ʚ 

ʨʘʤʢʘʭ ʪʝʦʨʠʠ ɹʦʣʴʰʦʛʦ ʚʟʨʳʚʘ ʠ ʤʦʜʝʣʠ ʛʦʨʷʯʝʡ ɺʩʝʣʝʥʥʦʡ, 

ʙʝʟʫʩʣʦʚʥʦ, ʚʧʝʨʝʜʠ ʫ ʫʯʸʥʳʭ ʧʦʠʩʢʠ ʦʪʚʝʪʦʚ ʥʘ ʤʥʦʛʠʝ ʚʦʧʨʦʩʳ. ʆʜʠʥ 

ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʦʨʠʠ ʥʝ ʜʘʶʪ 

ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ, ʯʪʦ ʙʳʣʦ ʜʦ ɹʦʣʴʰʦʛʦ ʚʟʨʳʚʘ, ʢʘʢʠʤʠ ʬʠʟʠʯʝʩʢʠʤʠ 

ʟʘʢʦʥʘʤʠ ʦʧʠʩʳʚʘʣʦʩʴ ʩʦʩʪʦʷʥʠʝ ʤʘʪʝʨʠʠ ʜʦ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ. 

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʀʟʚʝʩʪʥʦʤʫ ʘʤʝʨʠʢʘʥʩʢʦʤʫ ʬʠʟʠʢʫ ɼʞʦʥʫ ɸʨʯʘʙʘʣʴʜʫ ʋʠʣʝʨʫ 

(1911-2008) ʧʨʠʥʘʜʣʝʞʠʪ ʩʣʝʜʫʶʱʝʝ ʘʬʦʨʠʩʪʠʯʥʦʝ ʠʟʨʝʯʝʥʠʝ: 

çɻʝʦʤʝʪʨʠʷ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʟʘʢʦʥʳ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʠ, ʘ ʤʘʪʝʨʠʷ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʝʜʧʠʩʳʚʘʝʪ ʛʝʦʤʝʪʨʠʠ ʢʨʠʚʠʟʥʫè. ʇʨʦʘʥʘʣʠʟʠʨʫʡʪʝ 

ʵʪʦ ʠʟʨʝʯʝʥʠʝ.  

2. ʅʝʤʝʮʢʠʡ ʬʠʣʦʩʦʬ, ʤʘʪʝʤʘʪʠʢ, ʮʝʨʢʦʚʥʦ-ʧʦʣʠʪʠʯʝʩʢʠʡ ʜʝʷʪʝʣʴ 

ʅʠʢʦʣʘʡ ʂʫʟʘʥʩʢʠʡ (1401-1464) ʝʱʸ ʚ ʧʷʪʥʘʜʮʘʪʦʤ ʚʝʢʝ ʫʪʚʝʨʞʜʘʣ: 

çɺʩʝʣʝʥʥʘʷ ʝʩʪʴ ʩʬʝʨʘ, ʮʝʥʪʨ ʢʦʪʦʨʦʡ ʚʩʶʜʫ, ʘ ʦʢʨʫʞʥʦʩʪʴ ʥʠʛʜʝè. 

ʂʘʢʦʡ ʥʘʫʯʥʳʡ ʧʨʠʥʮʠʧ ʦʪʨʘʞʘʝʪ ʫʪʚʝʨʞʜʝʥʠʝ ʬʠʣʦʩʦʬʘ? 

3. ɻʘʣʘʢʪʠʢʘ ɺʝʨʪʫʰʢʘ ʚ ʩʦʟʚʝʟʜʠʠ ɹʦʣʴʰʦʡ ʄʝʜʚʝʜʠʮʳ ʥʘʭʦʜʠʪʩʷ ʦʪ 

ɿʝʤʣʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 27 ʤʣʥ. ʩʚ. ʣʝʪ. ʆʧʨʝʜʝʣʠʪʝ ʩʢʦʨʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ 

ʛʘʣʘʢʪʠʢʘ ʫʜʘʣʷʝʪʩʷ ʦʪ ɿʝʤʣʠ. 

4. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʟʙʝʛʘʥʠʷ ʛʘʣʘʢʪʠʢ ʥʝ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 

ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ. ʆʮʝʥʠʪʝ, ʠʩʭʦʜʷ ʠʟ ʟʘʢʦʥʘ ʍʘʙʙʣʘ, ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ, ʜʦ ʢʦʪʦʨʦʛʦ ʤʳ ʤʦʞʝʤ ʥʘʙʣʶʜʘʪʴ ʥʝʙʝʩʥʳʝ ʪʝʣʘ ï ʨʘʜʠʫʩ 

ɺʩʝʣʝʥʥʦʡ. 
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5. ʇʦ ʩʦʚʨʝʤʝʥʥʳʤ ʥʘʫʯʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʚʦʟʨʘʩʪ ɺʩʝʣʝʥʥʦʡ 

ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 15 ʤʣʨʜ. ʣʝʪ. ʆʟʥʘʯʘʝʪ ʣʠ ʵʪʦ, ʯʪʦ ɺʩʝʣʝʥʥʘʷ ʙʳʣʘ 

ʩʦʪʚʦʨʝʥʘ ʥʝʢʠʤ ʩʚʝʨʭʲʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ?  

 

 

ʊʝʤʘ 8 (ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ) 

 

ɻɸʃɸʂʊʀʂʀ ʀ ɿɺɪɿɼʓ 

 

ʇʣʘʥ ʠʟʫʯʝʥʠʷ ʪʝʤʳ 

 

  1. ɻʘʣʘʢʪʠʢʠ. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

  2. ʅʘʰʘ ɻʘʣʘʢʪʠʢʘ  - ʄʣʝʯʥʳʡ ʧʫʪʴ 

  3. ʏʸʨʥʳʝ ʜʳʨʳ 

  4. ʇʨʦʙʣʝʤʘ ʩʢʨʳʪʦʡ ʤʘʩʩʳ 

  5. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʚʸʟʜ 

  6. ɿʚʸʟʜʳ: ʠʭ ʨʦʞʜʝʥʠʝ, ʞʠʟʥʴ ʠ ʩʤʝʨʪʴ 

  7. ʇʝʨʝʤʝʥʥʳʝ ʟʚʸʟʜʳ 

 

ʆʩʥʦʚʥʦʡ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧ ʫʪʚʝʨʞʜʘʝʪ ʦʜʥʦʨʦʜʥʦʩʪʴ ʠ 

ʠʟʦʪʨʦʧʥʦʩʪʴ ɺʩʝʣʝʥʥʦʡ, ʥʘʯʠʥʘʷ ʩ ʤʘʩʰʪʘʙʘ 100 ʄʧʢ. ʇʨʠ ʤʝʥʴʰʝʤ 

ʤʘʩʰʪʘʙʝ ʚʦ ɺʩʝʣʝʥʥʦʡ ʠʤʝʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ: 

ʟʚʸʟʜʳ ʠ ʠʭ ʩʢʦʧʣʝʥʠʷ, ʟʚʸʟʜʥʳʝ ʩʠʩʪʝʤʳ-ʛʘʣʘʢʪʠʢʠ ʠ ʛʨʫʧʧʳ ʛʘʣʘʢʪʠʢ, 

ʦʙʲʝʜʠʥʷʶʱʠʝ ʦʜʥʫ-ʜʚʝ ʢʨʫʧʥʳʝ ʛʘʣʘʢʪʠʢʠ ʠ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ 

ʤʝʣʢʠʭ ʛʘʣʘʢʪʠʢ. 

ʀʤʝʶʪʩʷ ʪʘʢʞʝ ʩʘʤʳʝ ʢʨʫʧʥʳʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʩʚʷʟʘʥʥʳʝ ʦʙʲʝʢʪʳ 

ï ʩʢʦʧʣʝʥʠʷ ʛʘʣʘʢʪʠʢ, ʢʘʞʜʦʝ ʠʟ ʪʘʢʠʭ ʩʢʦʧʣʝʥʠʡ ʩʦʜʝʨʞʠʪ ʪʳʩʷʯʠ 

ʛʘʣʘʢʪʠʢ. 

ʅʘʙʣʶʜʝʥʠʷ ʘʩʪʨʦʥʦʤʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʢʦʧʣʝʥʠʷ ʛʘʣʘʢʪʠʢ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʝʨʘʚʥʦʤʝʨʥʦ. ʆʙʨʘʟʥʦ ʛʦʚʦʨʷ, ɺʩʝʣʝʥʥʘʷ ʠʤʝʝʪ 

ʷʯʝʠʩʪʫʶ ʩʦʪʦʧʦʜʦʙʥʫʶ ʩʪʨʫʢʪʫʨʫ (ʨʠʩ. 138). ɻʘʣʘʢʪʠʢʠ  ʠ ʠʭ 

ʩʢʦʧʣʝʥʠʷ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ çʩʪʝʥʢʘʭè ʷʯʝʝʢ ʪʦʣʱʠʥʦʡ 

3-4 ʄʧʢ.  

ɺʥʫʪʨʠ ʷʯʝʝʢ ʨʘʟʤʝʨʦʤ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʝʛʘʧʘʨʩʝʢ ʧʣʦʪʥʦʩʪʴ 

ʛʘʣʘʢʪʠʢ ʢʘʢ ʤʠʥʠʤʫʤ ʚ ʜʝʩʷʪʴ ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʩʨʝʜʥʝʤ ʚʦ 

ɺʩʝʣʝʥʥʦʡ.  

 

 



 

252 

 

 

ʂʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ ɺʩʝʣʝʥʥʦʡ ʤʦʛʣʘ 

ʦʙʨʘʟʦʚʘʪʴʩʷ ʪʘʢʦʛʦ ʨʦʜʘ ʩʪʨʫʢʪʫʨʘ ï çʩʪʝʥʢʠè ʷʯʝʝʢ ʠ ʧʫʩʪʦʪʳ? 

ɸʩʪʨʦʬʠʟʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʵʪʦʪ ʧʨʦʮʝʩʩ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʅʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ɺʩʝʣʝʥʥʦʡ ʚ ʥʝʡ ʩʣʫʯʘʡʥʦ ʚʦʟʥʠʢʣʠ ʦʙʣʘʩʪʠ, 

ʚ ʢʦʪʦʨʳʭ ʧʣʦʪʥʦʩʪʴ ʙʳʣʘ ʯʫʪʴ ʙʦʣʴʰʝ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ. ʇʨʠ 

ʨʘʩʰʠʨʝʥʠʠ ɺʩʝʣʝʥʥʦʡ ʦʙʣʘʩʪʠ ʩ ʧʦʚʳʰʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 

ʨʘʩʰʠʨʷʣʠʩʴ ʯʫʪʴ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ɺʩʝʣʝʥʥʘʷ ʚ ʮʝʣʦʤ, ʪʘʢ ʢʘʢ ʩʠʣʘ 

ʪʷʛʦʪʝʥʠʷ ʚʝʱʝʩʪʚʘ ʢ ʮʝʥʪʨʫ çʩʛʫʩʪʢʘè ʪʦʨʤʦʟʠʪ ʨʘʩʰʠʨʝʥʠʝ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʦʙʣʘʩʪʠ ʩ ʤʝʥʴʰʝʡ ʧʣʦʪʥʦʩʪʴʶ ʨʘʩʰʠʨʷʣʠʩʴ ʯʫʪʴ 

ʙʳʩʪʨʝʝ, ʯʝʤ ɺʩʝʣʝʥʥʘʷ ʚ ʮʝʣʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʦ ʧʨʦʰʝʩʪʚʠʠ  ʜʝʩʷʪʢʘ 

ʤʠʣʣʠʘʨʜʘ ʣʝʪ ʚʦ ɺʩʝʣʝʥʥʦʡ ʧʨʝʦʙʣʘʜʘʶʪ ʦʙʣʘʩʪʠ ʩ ʧʦʥʠʞʝʥʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ, ʠ ʚʝʱʝʩʪʚʦ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʚ çʩʪʝʥʢʘʭè 

ʷʯʝʝʢ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʨʦʚʦʜʠʤʦʝ ʥʘ ʢʦʤʧʴʶʪʝʨʘʭ, ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʨʘʩʯʸʪʳ ʪʝʦʨʝʪʠʢʦʚ ï ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʚ 

ʨʘʩʰʠʨʷʶʱʝʡʩʷ ɺʩʝʣʝʥʥʦʡ ʚ ʧʨʦʮʝʩʩʝ ʝʸ ʵʚʦʣʶʮʠʠ ʜʦʣʞʥʳ ʧʨʠʚʝʩʪʠ ʢ 

ʪʦʡ ʷʯʝʠʩʪʦʡ ʩʪʨʫʢʪʫʨʝ, ʯʪʦ ʘʩʪʨʦʥʦʤʳ ʥʘʙʣʶʜʘʶʪ ʚ ʩʝʛʦʜʥʷʰʥʝʡ 

ɺʩʝʣʝʥʥʦʡ.  

ʗʯʝʡʢʠ ï ʵʪʦ, ʢʦʥʝʯʥʦ ʞʝ, ʥʝ ʧʦʩʣʝʜʥʷʷ, ʘ ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʩʪʘʜʠʷ 

ʨʘʟʚʠʪʠʷ ʩʪʨʫʢʪʫʨʳ ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʝʡ ɺʩʝʣʝʥʥʦʡ. ʏʝʨʝʟ ʤʠʣʣʠʘʨʜʳ 

ʣʝʪ çʩʪʝʥʢʠè ʷʯʝʝʢ ʨʘʟʜʝʣʷʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʰʘʨʦʦʙʨʘʟʥʳʝ ʩʛʫʱʝʥʠʷ. 

ʊʘʢʦʚ ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʤ ʪʝʦʨʠʷʤ ʩʮʝʥʘʨʠʡ ʵʚʦʣʶʮʠʠ 

ɺʩʝʣʝʥʥʦʡ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠʟ ʧʦʯʪʠ ʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʳ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʵʪʦʡ ʩʨʝʜʳ ʚ ʷʯʝʠʩʪʫʶ 

ʩʪʨʫʢʪʫʨʫ.  
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ʆʩʥʦʚʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ï ʢʠʨʧʠʯʠʢʘʤʠ ɺʩʝʣʝʥʥʦʡ ï 

ʷʚʣʷʶʪʩʷ ʟʚʸʟʜʥʳʝ ʩʢʦʧʣʝʥʠʷ ï ʛʘʣʘʢʪʠʢʠ. ɸʩʪʨʦʥʦʤʳ, ʠʩʧʦʣʴʟʫʷ 

ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʣʝʩʢʦʧʳ, ʫʣʘʚʣʠʚʘʶʱʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ, 

ʧʨʠʭʦʜʷʱʝʝ ʠʟ ʛʣʫʙʠʥʳ ɺʩʝʣʝʥʥʦʡ ʩ ʨʘʩʩʪʦʷʥʠʷ ʚʧʣʦʪʴ ʜʦ 10-12 

ʤʠʣʣʠʘʨʜʦʚ ʩʚʝʪʦʚʳʭ ʣʝʪ, ʦʮʝʥʠʚʘʶʪ ʦʙʱʝʝ ʯʠʩʣʦ ʚʩʝʭ ʛʘʣʘʢʪʠʢ ʚʦ 

ɺʩʝʣʝʥʥʦʡ ʚ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʤʠʣʣʠʘʨʜʦʚ.  

ʉʚʝʜʝʥʠʷ ʦ ʛʘʣʘʢʪʠʢʘʭ ʟʘʥʝʩʝʥʳ ʚ ʩʧʝʮʠʘʣʴʥʳʝ ʢʘʪʘʣʦʛʠ. ʇʝʨʚʳʡ 

ʪʘʢʦʡ ʢʘʪʘʣʦʛ, ʩʦʜʝʨʞʘʱʠʡ ʢʦʦʨʜʠʥʘʪʳ ʙʦʣʝʝ ʩʪʘ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʘ, ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʬʨʘʥʮʫʟʩʢʠʤ ʘʩʪʨʦʥʦʤʦʤ ʐʘʨʣʝʤ ʄʝʩʩʴʝ (1730 

- 1817) ʚ XVɯɯɯ ʚʝʢʝ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʦʙʲʝʢʪʦʚ ʄʝʩʩʴʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʦʢʘʟʘʣʠʩʴ ʛʘʣʘʢʪʠʢʘʤʠ ʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʙʦʟʥʘʯʘʶʪʩʷ 

ʥʦʤʝʨʘʤʠ ʝʛʦ ʢʘʪʘʣʦʛʘ (ʥʘʧʨʠʤʝʨ, ʄ 31 ï ʛʘʣʘʢʪʠʢʘ ʊʫʤʘʥʥʦʩʪʴ 

ɸʥʜʨʦʤʝʜʳ). 

ʊʘʢʞʝ ʰʠʨʦʢʦ ʠʟʚʝʩʪʝʥ ʙʦʣʝʝ ʦʙʰʠʨʥʳʡ ʢʘʪʘʣʦʛ NGC ï ʅʦʚʳʡ 

ʦʙʱʠʡ ʢʘʪʘʣʦʛ (New General Catalogue), ʥʦʤʝʨʘʤʠ ʢʦʪʦʨʦʛʦ ʯʘʩʪʦ 

ʦʙʦʟʥʘʯʘʶʪ ʛʘʣʘʢʪʠʢʠ (NGC 224 ï ʛʘʣʘʢʪʠʢʘ ʊʫʤʘʥʥʦʩʪʴ ɸʥʜʨʦʤʝʜʳ).  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʘʩʪʨʦʥʦʤʦʚ ʮʝʣʳʡ ʨʷʜ 

ʢʘʪʘʣʦʛʦʚ ʛʘʣʘʢʪʠʢ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʩʪʘʚʣʝʥʥʳʭ ʠ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʚ 

ʨʘʜʠʦ-, ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʠʣʠ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʘʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʧʝʢʪʨʘ. 

ɼʘʞʝ ʙʣʠʞʘʡʰʠʝ ʢ ʥʘʤ ʛʘʣʘʢʪʠʢʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʚ 

ʩʦʪʥʠ ʪʳʩʷʯ ʩʚʝʪʦʚʳʭ ʣʝʪ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʨʘʟʣʠʯʠʪʴ ʥʝʚʦʦʨʫʞʸʥʥʳʤ 

ʛʣʘʟʦʤ ʥʘ ʥʝʙʝ ʢʘʢ ʪʫʤʘʥʥʳʝ ʧʷʪʥʳʰʢʠ ʤʦʞʥʦ ʣʠʰʴ ʪʨʠ ʠʟ ʥʠʭ: 

ʊʫʤʘʥʥʦʩʪʴ ɸʥʜʨʦʤʝʜʳ (ʚʠʜʥʘ ʥʘʙʣʶʜʘʪʝʣʶ, ʥʘʭʦʜʷʱʝʤʫʩʷ ʚ 

ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ ɿʝʤʣʠ) ʠ ɹʦʣʴʰʦʝ ʠ ʄʘʣʦʝ ʄʘʛʝʣʣʘʥʦʚʳ ʆʙʣʘʢʘ 

(ʚʠʜʥʳ ʚ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʠ). ʂ ʢʦʥʮʫ XX ʚʝʢʘ ʩ ʧʦʤʦʱʴʶ ʪʝʣʝʩʢʦʧʦʚ 

ʫʜʘʣʦʩʴ ʨʘʟʣʠʯʠʪʴ ʦʪʜʝʣʴʥʳʝ ʟʚʸʟʜʳ ʥʝ ʙʦʣʝʝ ʯʝʤ ʚ ʪʨʸʭ ʜʝʩʷʪʢʘʭ 

ʛʘʣʘʢʪʠʢ. ʉʠʪʫʘʮʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʣʘʩʴ ʣʠʰʴ ʧʦʩʣʝ ʟʘʧʫʩʢʘ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʪʝʣʝʩʢʦʧʘ çʍʘʙʙʣè (1990 ʛ.) ʠ ʚʚʦʜʘ ʚ ʩʪʨʦʡ 10-ʤʝʪʨʦʚʳʭ 

ʥʘʟʝʤʥʳʭ ʪʝʣʝʩʢʦʧʦʚ (1994 - 1996 ʛ. ʛ.).  

ʈʘʟʤʝʨʳ ʛʘʣʘʢʪʠʢ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 20 ʜʦ 800 ʪʳʩʷʯ ʩʚʝʪʦʚʳʭ ʣʝʪ, 

ʤʘʩʩʳ ʛʘʣʘʢʪʠʢ ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ ʜʝʩʷʪʠ ʤʠʣʣʠʦʥʦʚ ʜʦ ʪʳʩʷʯʠ 

ʤʠʣʣʠʘʨʜʦʚ ʤʘʩʩ ʉʦʣʥʮʘ, ʚ ʪʘʢʠʭ ʞʝ ʧʨʝʜʝʣʘʭ ʥʘʭʦʜʷʪʩʷ ʠ ʠʭ 

ʩʚʝʪʠʤʦʩʪʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʚʝʪʠʤʦʩʪʴʶ ʉʦʣʥʮʘ.  

ʀʤʝʥʥʦ ʚ ʛʘʣʘʢʪʠʢʘʭ ʥʘʭʦʜʠʪʩʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʩʝʭ ʟʚʸʟʜ, 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʦ ɺʩʝʣʝʥʥʦʡ. ʏʠʩʣʦ ʟʚʸʟʜ ʚ ʛʘʣʘʢʪʠʢʝ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 

ʩʦʪʝʥ ʠ ʜʘʞʝ ʪʳʩʷʯʠ ʤʠʣʣʠʘʨʜʦʚ! ʉʫʱʝʩʪʚʫʶʪ ʠ ʤʘʣʝʥʴʢʠʝ  ʛʘʣʘʢʪʠʢʠ, 

ʩʦʜʝʨʞʘʱʠʝ çʚʩʝʛʦ ʣʠʰʴè ʤʠʣʣʠʦʥʳ ʟʚʸʟʜ.  
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ʇʦʤʠʤʦ ʟʚʸʟʜ ʚ ʩʦʩʪʘʚ ʛʘʣʘʢʪʠʢ ʚʭʦʜʷʪ ʤʝʞʟʚʸʟʜʥʳʡ ʛʘʟ, ʧʳʣʴ. ɻʘʟ 

ʚ ʛʘʣʘʢʪʠʢʘʭ ʯʘʩʪʴʶ ʨʘʩʩʝʷʥ ʤʝʞʜʫ ʟʚʸʟʜʘʤʠ, ʘ ʯʘʩʪʴʶ ʦʙʨʘʟʫʝʪ 

ʛʨʦʤʘʜʥʳʝ ʦʙʣʘʢʘ ʤʘʩʩʦʡ ʜʦ ʤʠʣʣʠʦʥʘ ʤʘʩʩ ʉʦʣʥʮʘ. ʉʫʱʝʩʪʚʫʶʪ ʢʘʢ 

ʧʣʦʪʥʳʝ ʭʦʣʦʜʥʳʝ ʛʘʟʦʧʳʣʝʚʳʝ ʪʫʤʘʥʥʦʩʪʠ, ʪʘʢ ʠ ʩʚʝʪʷʱʠʝʩʷ 

ʪʫʤʘʥʥʦʩʪʠ ʚʦʢʨʫʛ ʛʦʨʷʯʠʭ ʟʚʸʟʜ. 

ɻʘʣʘʢʪʠʢʠ ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʳ ʧʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʠ ʩʪʨʫʢʪʫʨʝ.  

ʅʝʧʨʘʚʠʣʴʥʳʝ ʛʘʣʘʢʪʠʢʠ. ʅʝ ʠʤʝʶʪ ʯʸʪʢʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʧʨʘʚʠʣʴʥʦʡ 

ʬʦʨʤʳ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ ʷʚʣʷʶʪʩʷ ʛʘʣʘʢʪʠʢʠ ɹʦʣʴʰʦʝ ʠ ʄʘʣʦʝ 

ʄʘʛʝʣʣʘʥʦʚʳ ʆʙʣʘʢʘ, ʥʘʟʚʘʥʥʳʝ ʪʘʢ ʩʧʫʪʥʠʢʘʤʠ ʄʘʛʝʣʣʘʥʘ, 

ʥʘʙʣʶʜʘʚʰʠʭ ʵʪʠ ʛʘʣʘʢʪʠʢʠ ʚ ʖʞʥʦʤ ʧʦʣʫʰʘʨʠʠ. ʄʘʛʝʣʣʘʥʦʚʳ ʦʙʣʘʢʘ 

ʚʥʫʰʠʪʝʣʴʥʦ ʚʳʛʣʷʜʷʪ ʥʘ ʥʝʙʝ: ɹʦʣʴʰʦʝ ʄʘʛʝʣʣʘʥʦʚʦ ʆʙʣʘʢʦ ʠʤʝʝʪ 

ʚʠʜʠʤʳʡ ʨʘʟʤʝʨ ʙʦʣʝʝ 5Á (ʜʝʩʷʪʴ ʚʠʜʠʤʳʭ ʜʠʘʤʝʪʨʦʚ ʃʫʥʳ), ʄʘʣʦʝ 

ʄʘʛʝʣʣʘʥʦʚʦ ʠʤʝʝʪ ʚʠʜʠʤʳʡ ʨʘʟʤʝʨ ʚ ʯʝʪʳʨʝ ʜʠʘʤʝʪʨʘ ʃʫʥʳ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʥʝʧʨʘʚʠʣʴʥʳʭ ʛʘʣʘʢʪʠʢ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʥʠʭ ʤʝʞʟʚʸʟʜʥʦʛʦ ʛʘʟʘ ï ʜʦ 50 % ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ ʛʘʣʘʢʪʠʢʠ.  

ʕʣʣʠʧʪʠʯʝʩʢʠʝ ʛʘʣʘʢʪʠʢʠ ʩʦʩʪʘʚʣʷʶʪ ʜʦ ʯʝʪʚʝʨʪʠ ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ 

ʛʘʣʘʢʪʠʢ. ʀʤʝʶʪ ʜʳʥʝʦʙʨʘʟʥʫʶ ʬʦʨʤʫ, ʠʭ ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʚʳʛʣʷʜʷʪ ʢʘʢ ʦʚʘʣ-ʵʣʣʠʧʩ ʩ ʷʨʢʦ ʩʚʝʪʷʱʠʤʩʷ ʮʝʥʪʨʦʤ.  

ʃʠʥʟʦʚʠʜʥʳʝ ʛʘʣʘʢʪʠʢʠ ʧʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʥʘʧʦʤʠʥʘʶʪ 

ʜʚʦʷʢʦʚʳʧʫʢʣʫʶ ʣʠʥʟʫ. ʋ ʛʘʣʘʢʪʠʢ ʪʘʢʦʛʦ ʪʠʧʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʨʢʦ 

ʚʳʨʘʞʝʥʳ ʪʘʢʠʝ ʵʣʝʤʝʥʪʳ ʩʪʨʫʢʪʫʨʳ ʢʘʢ ʷʜʨʦ ʛʘʣʘʢʪʠʢʠ ï ʝʸ 

ʮʝʥʪʨʘʣʴʥʘʷ ʦʙʣʘʩʪʴ, ʛʘʣʘʢʪʠʯʝʩʢʠʡ ʜʠʩʢ, ʪʦʣʱʠʥʘ ʢʦʪʦʨʦʛʦ ʚ ʜʝʩʷʪʢʠ 

ʨʘʟ ʤʝʥʴʰʝ ʝʛʦ ʨʘʜʠʫʩʘ, ʮʝʥʪʨʘʣʴʥʦʝ ʫʪʦʣʱʝʥʠʝ ʜʠʩʢʘ  ʠ ʨʘʟʨʝʞʝʥʥʦʝ 

ʟʚʸʟʜʥʦʝ ʦʙʣʘʢʦ ʰʘʨʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ, ʚ ʢʦʪʦʨʦʝ ʧʦʛʨʫʞʸʥ 

ʛʘʣʘʢʪʠʯʝʩʢʠʡ ʜʠʩʢ. ʉʨʝʜʠ ʟʚʸʟʜʥʳʭ ʩʠʩʪʝʤ ʣʠʥʟʦʚʠʜʥʳʭ ʛʘʣʘʢʪʠʢ 

ʧʨʠʤʝʨʥʦ 20 %. 

ʉʧʠʨʘʣʴʥʳʝ ʛʘʣʘʢʪʠʢʠ ʠʤʝʶʪ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʝʤ 

ʣʠʥʟʦʚʠʜʥʳʝ ʛʘʣʘʢʪʠʢʠ. ʇʦʤʠʤʦ  ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʜʠʩʢʘ, ʝʛʦ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʪʦʣʱʝʥʠʷ ʠ ʦʢʨʫʞʘʶʱʝʡ ʜʠʩʢ ʢʦʨʦʥʳ ʚ ʪʘʢʠʭ 

ʛʘʣʘʢʪʠʢʘʭ ʧʦ ʜʠʩʢʫ ʝʱʸ ʧʨʦʭʦʜʷʪ ʚʝʪʚʠ ï ʨʫʢʘʚʘ ʛʘʣʘʢʪʠʢ. 

ʉʧʠʨʘʣʴʥʳʡ ʫʟʦʨ ʛʘʣʘʢʪʠʢ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʠ ʙʦʣʝʝ (ʜʦ ʜʝʩʷʪʠ) ʨʫʢʘʚʦʚ, 

ʚʳʭʦʜʷʱʠʭ ʠʟ ʮʝʥʪʨʘ ʛʘʣʘʢʪʠʢʠ (ʨʠʩ. 139, ʘ, ʙ). ɺʜʦʣʴ ʩʧʠʨʘʣʴʥʳʭ 

ʨʫʢʘʚʦʚ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʩʘʤʳʝ ʤʦʣʦʜʳʝ ʟʚʸʟʜʳ ʛʘʣʘʢʪʠʢʠ, ʘ ʪʘʢʞʝ 

ʦʙʣʘʩʪʠ ʧʣʦʪʥʳʭ ʦʙʣʘʢʦʚ ʤʝʞʟʚʸʟʜʥʦʛʦ ʛʘʟʘ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʜʦʣʞʘʝʪʩʷ 

ʧʨʦʮʝʩʩ ʟʚʸʟʜʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʠʯʠʥʳ, ʧʦ ʢʦʪʦʨʳʤ ʚ ʜʠʩʢʘʭ ʛʘʣʘʢʪʠʢ 

ʚʦʟʥʠʢʣʠ ʪʘʢʠʝ ʵʣʝʤʝʥʪʳ ʩʪʨʫʢʪʫʨʳ, ʢʘʢ ʩʧʠʨʘʣʴʥʳʝ ʨʫʢʘʚʘ, ʝʱʸ ʥʝ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʷʩʥʳ ʘʩʪʨʦʬʠʟʠʢʘʤ, ʠ ʥʘʜ ʵʪʦʡ ʧʨʦʙʣʝʤʦʡ ʨʘʙʦʪʘʶʪ 

ʤʥʦʛʠʝ ʫʯʸʥʳʝ. 
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ʈʠʩ. 139. 

ʘ ï ʛʘʣʘʢʪʠʢʘ ʊʫʤʘʥʥʦʩʪʴ ɸʥʜʨʦʤʝʜʳ. ʈʘʩʩʪʦʷʥʠʝ ʜʦ ʛʘʣʘʢʪʠʢʠ 2,5 ʤʣʥ ʩʚ. ʣʝʪ. 

ʈʘʜʠʫʩ ï 110 000 ʩʚ. ʣʝʪ. ɼʚʠʞʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʉʦʣʥʮʫ (ʠʤʝʝʪ ʬʠʦʣʝʪʦʚʦʝ 

ʩʤʝʱʝʥʠʝ). ʌʦʪʦ ʕʜʚʘʨʜʘ ɻʝʥʨʠ; 

ʙ ï ʛʘʣʘʢʪʠʢʘ ʄ 101 ɺʝʨʪʫʰʢʘ. ʈʘʩʩʪʦʷʥʠʝ ʜʦ ʛʘʣʘʢʪʠʢʠ 27 ʤʣʥ ʩʚ. ʣʝʪ. ʈʘʜʠʫʩ 

ʛʘʣʘʢʪʠʢʠ 85 000 ʩʚ. ʣʝʪ. ʌʦʪʦ ʪʝʣʝʩʢʦʧʘ ʍʘʙʙʣ 

  

ʇʨʠʤʝʨʥʦ ʧʦʣʦʚʠʥʘ ʚʩʝʭ ʛʘʣʘʢʪʠʢ ʷʚʣʷʶʪʩʷ ʩʧʠʨʘʣʴʥʳʤʠ, ʢ 

ʪʘʢʦʤʫ ʪʠʧʫ ʛʘʣʘʢʪʠʢ ʦʪʥʦʩʠʪʩʷ ʠ ʥʘʰʘ ɻʘʣʘʢʪʠʢʘ ï ʄʣʝʯʥʳʡ ʧʫʪʴ, ʚ 

ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥʘ ʉʦʣʥʝʯʥʘʷ ʩʠʩʪʝʤʘ.  

ʇʨʠ ʚʟʛʣʷʜʝ ʥʘ ʟʚʸʟʜʥʦʝ ʥʝʙʦ ʚ ʙʝʟʣʫʥʥʫʶ ʥʦʯʴ ʚʥʠʤʘʥʠʝ 

ʥʘʙʣʶʜʘʪʝʣʷ ʚʩʝʛʜʘ ʧʨʠʚʣʝʢʘʝʪ ʩʚʝʪʣʘʷ ʧʦʣʦʩʘ, ʪʷʥʫʱʘʷʩʷ ʯʝʨʝʟ ʚʩʸ 

ʥʝʙʦ. ʕʪʦ ʄʣʝʯʥʳʡ ʧʫʪʴ. ɺʝʣʠʢʠʡ ʠʪʘʣʴʷʥʩʢʠʡ ʬʠʟʠʢ ʠ ʘʩʪʨʦʥʦʤ 

ɻʘʣʠʣʝʦ ɻʘʣʠʣʝʡ (1564-1642) ʧʝʨʚʳʤ ʠʟ ʘʩʪʨʦʥʦʤʦʚ ʠʩʧʦʣʴʟʦʚʘʣ 

ʪʝʣʝʩʢʦʧ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʥʝʙʝʩʥʳʭ ʪʝʣ ʠ ʦʙʥʘʨʫʞʠʣ, ʯʪʦ ʄʣʝʯʥʳʡ 

ʧʫʪʴ ʩʦʩʪʦʠʪ ʠʟ ʢʦʣʦʩʩʘʣʴʥʦʛʦ ʯʠʩʣʘ ʟʚʸʟʜ.  

ʀʟʚʝʩʪʥʳʡ ʘʥʛʣʠʡʩʢʠʡ ʘʩʪʨʦʥʦʤ ʋʠʣʴʷʤ ɻʝʨʰʝʣʴ (1738-1822), 

ʠʟʫʯʘʷ ʩʪʨʫʢʪʫʨʫ ʄʣʝʯʥʦʛʦ ʧʫʪʠ, ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʉʦʣʥʝʯʥʘʷ ʩʠʩʪʝʤʘ 

ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʟʚʸʟʜʥʦʡ ʩʠʩʪʝʤʳ, ʠʤʝʶʱʝʡ ʬʦʨʤʫ ʜʠʩʢʘ. ʉʦʣʥʮʝ ï 

ʦʜʥʘ ʠʟ ʟʚʸʟʜ ʥʘʰʝʡ ɻʘʣʘʢʪʠʢʠ ï ʄʣʝʯʥʦʛʦ ʧʫʪʠ ï ʥʘʭʦʜʠʪʩʷ ʚʙʣʠʟʠ 

ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʜʠʩʢʘ, ʠ ʧʦʵʪʦʤʫ ʙʦʣʴʰʠʥʩʪʚʦ ʟʚʸʟʜ ʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʘʤʠ ʚ ʚʠʜʝ ʧʦʣʦʩʳ ʄʣʝʯʥʦʛʦ ʧʫʪʠ.  

ɽʩʣʠ ʚʩʧʦʤʥʠʪʴ ʠʟʚʝʩʪʥʫʶ ʧʦʩʣʦʚʠʮʫ, ʯʪʦ çʟʘ ʜʝʨʝʚʴʷʤʠ ʣʝʩʘ ʥʝ 

ʚʠʜʥʦè, ʪʦ ʩʪʘʥʝʪ ʧʦʥʷʪʥʦ, ʢʘʢ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʘʩʪʨʦʥʦʤʘʤ ʠʟʫʯʘʪʴ 

ʩʪʨʫʢʪʫʨʫ ʥʘʰʝʡ ɻʘʣʘʢʪʠʢʠ, ʥʘʭʦʜʷʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʥʝʡ. ʅʦ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʤʥʦʛʦʝ ʚ ʩʪʨʦʝʥʠʠ ɻʘʣʘʢʪʠʢʠ ʫʞʝ ʜʦʩʪʦʚʝʨʥʦ ʠʟʚʝʩʪʥʦ 

ʫʯʸʥʳʤ (ʨʠʩ. 140).  
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