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ɺɺɽɼɽʅʀɽ 

1. ʅʘʩʪʦʷʱʝʝ ʠʟʜʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʤ ʜʦʢʫʤʝʥʪʦʤ  ʫʯʝʙʥʦ-
ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ  ɹ1.ɹ7 ʌʠʟʠʢʘ ʚ ʩʦʩʪʘʚʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 
(ʆʇ ɺʆ) ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʜʛʦʪʦʚʢʠ 21.03.02  ɿʝʤʣʝʫʩʪʨʦʡʩʪʚʦ ʠ ʢʘʜʘʩʪʨʳ.  

ʆʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʩʪʘʪʴ ʜʣʷ ʥʠʭ ʤʝʪʦʜʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʧʦ ʦʩʚʦʝʥʠʶ ʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʳ. 
2. ʉʦʜʝʨʞʘʪʝʣʴʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʘʩʪʦʷʱʝʛʦ ʠʟʜʘʥʠʷ ʧʦʩʣʫʞʠʣʘ ʧʨʠʤʝʨʥʘʷ 

ʧʨʦʛʨʘʤʤʘ ʄʠʥʦʙʨʥʘʫʢʠ ʧʦ ʜʠʩʮʠʧʣʠʥʝ ʬʠʟʠʢʘ ʜʣʷ ʌɻʆʉ.  
3. ʄʝʪʦʜʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʥʘʩʪʦʷʱʝʛʦ ʠʟʜʘʥʠʷ ʨʘʟʚʠʪʳ ʚ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠ 

ʜʨʫʛʠʭ ʨʘʟʨʘʙʦʪʢʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʋʄʂ ʧʦ ʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʝ. ʇʦ ʤʝʨʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 
ʤʝʪʦʜʠʢʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʠ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʠʟʫʯʝʥʠʷ ʦʙʫʯʘʶʱʠʤʠʩʷ 
ʜʠʩʮʠʧʣʠʥʳ  ɹ1.ɹ7 ʌʠʟʠʢʘ ʩʦʚʦʢʫʧʥʦʩʪʴ ʠʟʜʘʥʥʦʡ ʜʣʷ ʦʙʫʯʘʶʱʠʭʩʷ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ 
ʣʠʪʝʨʘʪʫʨʳ ʠ ʜʨʫʛʠʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʧʦ ʥʝʡ ʙʫʜʝʪ ʨʘʩʰʠʨʷʪʴʩʷ. ʉʦʩʪʦʷʥʠʝ ʵʪʦʡ 
ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʪʨʘʞʝʥʦ ʚ  ʧ. 7 

4. ɼʦʩʪʫʧ ʩʪʫʜʝʥʪʦʚ ʢ ʵʣʝʢʪʨʦʥʥʦʡ ʚʝʨʩʠʠ ʄʝʪʦʜʠʯʝʩʢʠʭ ʫʢʘʟʘʥʠʡ ʧʦ ʠʟʫʯʝʥʠʶ ʜʠʩʮʠʧʣʠʥʳ  
ɹ1.ɹ7 ʌʠʟʠʢʘ  ʚ ʊʘʨʩʢʦʤ ʬʠʣʠʘʣʝ, ʦʙʝʩʧʝʯʝʥ ʥʘ ʚʳʧʫʩʢʘʶʱʝʡ ʢʘʬʝʜʨʝ. 

ʇʨʠ ʵʪʦʤ ʚ ʵʣʝʢʪʨʦʥʥʫʶ ʚʝʨʩʠʶ ʤʦʛʫʪ ʙʳʪʴ ʚʥʝʩʝʥʳ ʪʝʢʫʱʠʝ ʠʟʤʝʥʝʥʠʷ ʠ ʜʦʧʦʣʥʝʥʠʷ, 
ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʥʘʩʪʦʷʱʠʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʫʢʘʟʘʥʠʡ ʜʦ ʠʭ ʧʝʨʝʠʟʜʘʥʠʷ ʚ 
ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʧʦʨʷʜʢʝ. 
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ʋʚʘʞʘʝʤʳʝ ʩʪʫʜʝʥʪʳ! 
 

ʇʨʠʩʪʫʧʘʷ ʢ ʠʟʫʯʝʥʠʶ ʥʦʚʦʡ ʜʣʷ ɺʘʩ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʳ, ʥʘʯʥʠʪʝ ʩ ʚʜʫʤʯʠʚʦʛʦ ʧʨʦʯʪʝʥʠʷ 
ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ ɺʘʩ ʢʘʬʝʜʨʦʡ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʫʢʘʟʘʥʠʡ. ʕʪʦ ʧʦʤʦʞʝʪ ɺʘʤ ʚʦʚʨʝʤʷ 
ʧʦʥʷʪʴ ʠ ʧʨʘʚʠʣʴʥʦ ʦʮʝʥʠʪʴ ʝʝ ʨʦʣʴ ʚ ɺʘʰʝʤ ʦʙʨʘʟʦʚʘʥʠʠ. 

ʆʟʥʘʢʦʤʠʚʰʠʩʴ ʩ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢʘʬʝʜʨʳ ʧʦ ʵʪʦʡ ʜʠʩʮʠʧʣʠʥʝ ʠ ʩʦʠʟʤʝʨʠʚ 
ʩ ʥʠʤʠ ʩʚʦʠ ʩʠʣʳ, ɺʳ ʩʤʦʞʝʪʝ ʩʜʝʣʘʪʴ ʦʩʦʟʥʘʥʥʳʡ ʚʳʙʦʨ ʩʦʙʩʪʚʝʥʥʦʡ ʪʘʢʪʠʢʠ ʠ ʩʪʨʘʪʝʛʠʠ ʫʯʝʙʥʦʡ 
ʜʝʷʪʝʣʴʥʦʩʪʠ, ʫʙʝʨʝʯʴ ʩʘʤʠʭ ʩʝʙʷ ʦʪ ʥʝʨʘʟʫʤʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʡ ʚ ʥʘʯʘʣʝ ʩʝʤʝʩʪʨʘ, ʘ 
ʥʝ ʪʦʛʜʘ, ʢʦʛʜʘ ʫʞʝ ʩʪʘʥʝʪ ʧʦʟʜʥʦ. ʀʩʧʦʣʴʟʫʷ ʵʪʦ ʠʟʜʘʥʠʝ, ɺʳ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʩʣʦʞʥʝʥʠʡ 
ʧʦʜʦʡʜʝʪʝ ʢ ʩʝʤʝʩʪʨʦʚʦʡ ʘʪʪʝʩʪʘʮʠʠ ʧʦ ʵʪʦʡ ʜʠʩʮʠʧʣʠʥʝï ʵʢʟʘʤʝʥ. ʋʩʧʝʰʥʦʩʪʴ ʘʪʪʝʩʪʘʮʠʠ ʟʘʚʠʩʠʪ, 
ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʪ ɺʘʩ. ɽʝ ʟʘʣʦʛ ï ʨʠʪʤʠʯʥʘʷ, ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʘʷ, ʚʜʫʤʯʠʚʘʷ ʫʯʝʙʥʘʷ ʨʘʙʦʪʘ, ʚ ʮʝʣʷʭ 
ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʪʦʨʦʡ ʠ ʨʘʟʨʘʙʦʪʘʥʳ ʵʪʠ ʤʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ. 

 
1. ʄʝʩʪʦ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʳ ʚ ʧʦʜʛʦʪʦʚʢʝ ʚʳʧʫʩʢʥʠʢʘ 

 
ʋʯʝʙʥʘʷ ʜʠʩʮʠʧʣʠʥʘ ɹ1.ɹ7 ʌʠʟʠʢʘ  ʦʪʥʦʩʠʪʩʷ ʢ ʜʠʩʮʠʧʣʠʥʘʤ (ʤʦʜʫʣʷʤ) ʙʘʟʦʚʦʡ ʯʘʩʪʠ ɹʣʦʢʘ 1 ʆʇ, 
ʷʚʣʷʝʪʩʷ ʜʠʩʮʠʧʣʠʥʦʡ ʦʙʷʟʘʪʝʣʴʥʦʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʪʫʜʝʥʪʘʤʠ. ʈʘʙʦʯʘʷ ʧʨʦʛʨʘʤʤʘ ʫʯʝʙʥʦʡ 
ʜʠʩʮʠʧʣʠʥʳ ʩʬʦʨʤʠʨʦʚʘʥʘ  ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʝʸ ʧʨʝʧʦʜʘʚʘʥʠʝ ʢʘʬʝʜʨʦʡ. 
ʎʝʣʴ ʜʠʩʮʠʧʣʠʥʳ ï ʩʬʦʨʤʠʨʦʚʘʪʴ ʮʝʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʘʭ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ ʚ 
ʠʭ ʝʜʠʥʩʪʚʝ ʠ ʚʟʘʠʤʦʩʚʷʟʠ, ʚʦʦʨʫʞʠʪʴ ʙʘʢʘʣʘʚʨʦʚ ʥʝʦʙʭʦʜʠʤʳʤʠ ʟʥʘʥʠʷʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʥʘʫʯʥʦ-
ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ ʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʘʩʧʝʢʪʘʭ 
. 
ɺ ʭʦʜʝ ʦʩʚʦʝʥʠʷ ʜʠʩʮʠʧʣʠʥʳ ʦʙʫʯʘʶʱʠʡʩʷ ʜʦʣʞʝʥ: 
      ʀʤʝʪʴ ʮʝʣʦʩʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʦʩʥʦʚʥʳʭ ʷʚʣʝʥʠʷʭ ,  ʟʘʢʦʥʘʭ ʬʠʟʠʢʠ ʠ ʛʨʘʥʠʮʘʭ ʠʭ 
ʧʨʠʤʝʥʠʤʦʩʪʠ. 
 
1) ɿʥʘʪʴ:  
- ʦʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʠ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʳ ʬʠʟʠʢʠ; ʛʨʘʥʠʮʳ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʠ, ʧʨʠʤʝʥʝʥʠʝ 
ʟʘʢʦʥʦʚ ʚ ʚʘʞʥʝʡʰʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ; 
 - ʦʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʠ ʬʠʟʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ, ʠʭ ʦʧʨʝʜʝʣʝʥʠʝ, ʩʤʳʩʣ, ʩʧʦʩʦʙʳ ʠ 
ʝʜʠʥʠʮʳ ʠʭ ʠʟʤʝʨʝʥʠʷ; 
 - ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʦʧʳʪʳ ʠ ʠʭ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʥʘʫʢʠ; 
 - ʥʘʟʥʘʯʝʥʠʝ ʠ ʧʨʠʥʮʠʧʳ ʜʝʡʩʪʚʠʷ ʚʘʞʥʝʡʰʠʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ; 
 
2) ʋʤʝʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ (ʚʣʘʜʝʪʴ):  
- ʦʙʲʷʩʥʠʪʴ ʦʩʥʦʚʥʳʝ ʥʘʙʣʶʜʘʝʤʳʝ ʧʨʠʨʦʜʥʳʝ ʠ ʪʝʭʥʦʛʝʥʥʳʝ ʷʚʣʝʥʠʷ ʠ ʵʬʬʝʢʪʳ ʩ ʧʦʟʠʮʠʡ 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ; 
- ʫʢʘʟʘʪʴ, ʢʘʢʠʝ ʟʘʢʦʥʳ ʦʧʠʩʳʚʘʶʪ ʜʘʥʥʦʝ ʷʚʣʝʥʠʝ ʠʣʠ ʵʬʬʝʢʪ; 
- ʠʩʪʦʣʢʦʚʳʚʘʪʴ ʩʤʳʩʣ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠ ʧʦʥʷʪʠʡ; 
- ʟʘʧʠʩʳʚʘʪʴ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʚ ʩʠʩʪʝʤʝ ʉʀ; 
- ʨʘʙʦʪʘʪʴ ʩ ʧʨʠʙʦʨʘʤʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ; 
- ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʠʢʠ ʬʠʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʠ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ; 
- ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʘʜʝʢʚʘʪʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 
ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜʳ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢ ʨʝʰʝʥʠʶ ʢʦʥʢʨʝʪʥʳʭ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʭ ʠ 
ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ; 
 
3) ʀʤʝʪʴ ʦʧʳʪ: 
- ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʦʙʱʝʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ ʠ ʧʨʠʥʮʠʧʦʚ ʚ ʚʘʞʥʝʡʰʠʭ - ʧʨʘʢʪʠʯʝʩʢʠʭ 
ʧʨʠʣʦʞʝʥʠʷʭ; 
- ʧʨʠʤʝʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʨʝʰʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʭ 
ʟʘʜʘʯ; 
- ʧʨʘʚʠʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʩʥʦʚʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʯʝʩʢʦʡ 
ʣʘʙʦʨʘʪʦʨʠʠ; 
- ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ; 
- ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ. 
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1.1. ʂʦʤʧʝʪʝʥʮʠʠ ʦʙʫʯʘʶʱʝʛʦʩʷ, ʬʦʨʤʠʨʫʝʤʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʩʚʦʝʥʠʷ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʳ: 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʩʚʦʝʥʠʷ ʜʠʩʮʠʧʣʠʥʳ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʩʣʝʜʫʶʱʠʤʠ ʢʦʤʧʝʪʝʥʮʠʷʤʠ: 
 

ʂʦʤʧʝʪʝʥʮʠʠ, 
ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʢʦʪʦʨʳʭ ʟʘʜʝʡʩʪʚʦʚʘʥʘ  
ʫʯʝʙʥʘʷ ʜʠʩʮʠʧʣʠʥʘ 

ʂʦʤʧʦʥʝʥʪʳ  ʢʦʤʧʝʪʝʥʮʠʡ, 

ʬʦʨʤʠʨʫʝʤʳʝ ʚ  ʨʘʤʢʘʭ  ʜʘʥʥʦʡ  ʫʯʝʙʥʦʡ  ʜʠʩʮʠʧʣʠʥʳ 
(ʢʘʢ ʦʞʠʜʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ ʝʸ ʦʩʚʦʝʥʠʷ) 

ʉ
ʪʘʜʠʷ 
ʬʦʨʤʠʨ
ʦʚʘʥʠʷ 
ʢʦʤʧʝʪʝ
ʥʮʠʠ* 

ʢ
ʦʜ 

ʥʘʠʤʝʥʦʚʘʥʠʝ 

ʟʥʘʪʴ ʠ ʧʦʥʠʤʘʪʴ 
ʫʤʝʪʴ ʜʝʣʘʪʴ 
(ʜʝʡʩʪʚʦʚʘʪʴ) 

ʚʣʘʜʝʪʴ 
ʥʘʚʳʢʘʤʠ 

(ʠʤʝʪʴ 
ʥʘʚʳʢʠ) 

1 2 3 4 5 

ʆʂ-6 ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʚ 
ʢʦʤʘʥʜʝ, ʪʦʣʝʨʘʥʪʥʦ 
ʚʦʩʧʨʠʥʠʤʘʷ 
ʩʦʮʠʘʣʴʥʳʝ ʠ 
ʢʫʣʴʪʫʨʥʳʝ ʨʘʟʣʠʯʠʷ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ  
ʦʩʥʦʚʳ  
ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ  
ʢʦʣʣʝʢʪʠʚʘ (ʢʦʤʘʥʜʳ) 

ʨʘʙʦʪʘʪʴ ʚ  
ʢʦʤʘʥʜʝ (ʥʘ 
ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ 
ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʷʭ),  
ʨʫʢʦʚʦʜʠʪʴ ʣʶʜʴʤʠ ʠ  
ʧʦʜʯʠʥʷʪʴʩʷ  
ʨʫʢʦʚʦʜʷʱʠʤ  
ʫʢʘʟʘʥʠʷʤ 

ʥʘʚʳʢʘʤʠ ʨʘʙʦʪʳ ʚ 
ʢʦʤʘʥʜʝ 

ʇʌ 

ʆʂ-7 ʩʧʦʩʦʙʥʦʩʪʴ ʢ 
ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʠ 
ʩʘʤʦʨʘʟʚʠʪʠʶ 

ʦʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ 
ʷʚʣʝʥʠʷ, 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 
ʧʦʥʷʪʠʷ, ʟʘʢʦʥʳ ʠ 
ʪʝʦʨʠʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ 
ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ.  
. 
 
 

ʦʙʲʷʩʥʠʪʴ ʦʩʥʦʚʥʳʝ  
ʥʘʙʣʶʜʘʝʤʳʝ  
ʧʨʠʨʦʜʥʳʝ ʠ  
ʪʝʭʥʦʛʝʥʥʳʝ ʷʚʣʝʥʠʷ  
ʠ ʵʬʬʝʢʪʳ ʩ ʧʦʟʠʮʠʡ  
ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ  
ʬʠʟʠʯʝʩʢʠʭ  
ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ;  
ʫʢʘʟʳʚʘʪʴ ʟʘʢʦʥʳ,  
ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ  
ʜʘʥʥʦʝ ʷʚʣʝʥʠʝ ʠʣʠ  
ʵʬʬʝʢʪ;  
ʠʩʪʦʣʢʦʚʳʚʘʪʴ ʩʤʳʩʣ  
ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ  
ʠ ʧʦʥʷʪʠʡ;  
ʟʘʧʠʩʳʚʘʪʴ  
ʫʨʘʚʥʝʥʠʷ ʜʣʷ  
ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ  
ʚ ʩʠʩʪʝʤʝ ʉʀ; 
ʨʘʙʦʪʘʪʴ ʩ  
ʧʨʠʙʦʨʘʤʠ ʠ  
ʦʙʦʨʫʜʦʚʘʥʠʝʤ  
ʩʦʚʨʝʤʝʥʥʦʡ  
ʬʠʟʠʯʝʩʢʦʡ  
ʣʘʙʦʨʘʪʦʨʠʠ; 
ʠʩʧʦʣʴʟʦʚʘʪʴ  
ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʠʢʠ  
ʬʠʟʠʯʝʩʢʠʭ  
ʠʟʤʝʨʝʥʠʡ ʠ  
ʦʙʨʘʙʦʪʢʠ  
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ  
ʜʘʥʥʳʭ;  
ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ  
ʘʜʝʢʚʘʪʥʦʛʦ  
ʬʠʟʠʯʝʩʢʦʛʦ ʠ  
ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ  
ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ  
ʪʘʢʞʝ ʧʨʠʤʝʥʷʪʴ  
ʤʝʪʦʜʳ ʬʠʟʠʢʦ-
ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ  
ʘʥʘʣʠʟʘ ʢ ʨʝʰʝʥʠʶ  
ʢʦʥʢʨʝʪʥʳʭ  
ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʭ  
ʠ ʪʝʭʥʠʯʝʩʢʠʭ  
ʧʨʦʙʣʝʤ 

ʥʘʚʳʢʘʤʠ  
ʠʩʧʦʣʴʟʦʚʘʥʠʷ  
ʦʩʥʦʚʥʳʭ  
ʦʙʱʝʬʠʟʠʯʝʩʢʠʭ  
ʟʘʢʦʥʦʚ ʠ ʧʨʠʥʮʠʧʦʚ  
ʚ ʚʘʞʥʝʡʰʠʭ  
ʧʨʘʢʪʠʯʝʩʢʠʭ  
ʧʨʠʣʦʞʝʥʠʷʭ;  
ʥʘʚʳʢʘʤʠ  
ʧʨʠʤʝʥʝʥʠʷ  
ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ  
ʬʠʟʠʢʦ-
ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 
ʘʥʘʣʠʟʘ ʜʣʷ 
ʨʝʰʝʥʠʷ  
ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʭ  
ʟʘʜʘʯ; ʥʘʚʳʢʘʤʠ  
ʧʨʘʚʠʣʴʥʦʡ  
ʵʢʩʧʣʫʘʪʘʮʠʠ  
ʦʩʥʦʚʥʳʭ ʧʨʠʙʦʨʦʚ 
ʠ  
ʦʙʦʨʫʜʦʚʘʥʠʷ  
ʩʦʚʨʝʤʝʥʥʦʡ  
ʬʠʟʠʯʝʩʢʦʡ  
ʣʘʙʦʨʘʪʦʨʠʠ;  
ʥʘʚʳʢʘʤʠ ʦʙʨʘʙʦʪʢʠ  
ʠ 
ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʠʷ  
ʨʝʟʫʣʴʪʘʪʦʚ 
ʵʢʩʧʝʨʠʤʝʥʪʘ 
 

ʇʌ 

* ʅʌ - ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʝʪʝʥʮʠʠ ʥʘʯʠʥʘʝʪʩʷ  ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʳ 
ʇʌ - ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʝʪʝʥʮʠʠ ʧʨʦʜʦʣʞʘʝʪʩʷ  ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʳ 
ɿʌ - ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʝʪʝʥʮʠʠ ʟʘʚʝʨʰʘʝʪʩʷ  ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʳ 
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1.2 ʆʧʠʩʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʨʠʪʝʨʠʝʚ ʠ ʰʢʘʣ ʦʮʝʥʠʚʘʥʠʷ ʢʦʤʧʝʪʝʥʮʠʡ ʧʦ ʜʠʩʮʠʧʣʠʥʝ 
 

ʐ
ʠ
ʬ
ʨ
 
ʠ
 

ʥ
ʘ
ʟ
ʚ
ʘ
ʥ
ʠ
ʝ
 
ʢ
ʦ
ʤ
ʧ
ʝ
ʪ
ʝ
ʥ
ʮ
ʠ
ʠ

 

ʕ
ʪ
ʘ
ʧ
ʳ
 
ʬ
ʦ
ʨ
ʤ
ʠ
ʨ
ʦ
ʚ
ʘ
ʥ
ʠ
ʷ
 
ʢ
ʦ
ʤ
ʧ
ʝ
ʪ
ʝ
ʥ
ʮ
ʠ
ʡ
 
ʚ
 
ʨ
ʘ
ʤ
ʢ
ʘ
ʭ
 
ʜ
ʠ
ʩ
ʮ
ʠ
ʧ
ʣ
ʠ
ʥ
ʳ

 

ʇʦʢʘʟʘʪʝʣʴ 
ʦʮʝʥʠʚʘʥʠʷ ï 
ʟʥʘʥʠʷ, ʫʤʝʥʠʷ, 
ʥʘʚʳʢʠ 
(ʚʣʘʜʝʥʠʷ) 

ʋʨʦʚʥʠ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʢʦʤʧʝʪʝʥʮʠʡ 

ʌ
ʦʨʤʳ 
ʠ 

ʩʨʝʜʩʪ
ʚʘ 

ʢʦʥʪʨʦ
ʣʷ 

ʬʦʨʤʠ
ʨʦʚʘʥ
ʠʷ 
ʢʦʤʧʝ
ʪʝʥʮʠ
ʡ 

ʥʝ ʩʬʦʨʤʠʨʦʚʘʥʘ ʤʠʥʠʤʘʣʴʥʳʡ ʩʨʝʜʥʠʡ ʚʳʩʦʢʠʡ  

ʐʢʘʣʘ ʦʮʝʥʠʚʘʥʠʷ 

2 3 4 5 

ʆʮʝʥʢʘ 
çʥʝʫʜʦʚʣʝʪʚ
ʦʨʠʪʝʣʴʥʦè 
ʛʦʚʦʨʠʪ ʦ 
ʪʦʤ, ʯʪʦ 
ʦʙʫʯʘʶʱʠʡʩʷ 
ʥʝ ʟʥʘʝʪ 
ʟʥʘʯʠʪʝʣʴʥʦʡ 
ʯʘʩʪʠ 
ʤʘʪʝʨʠʘʣʘ ʧʦ  
ʜʠʩʮʠʧʣʠʥʝ, 
ʜʦʧʫʩʢʘʝʪ 
ʩʫʱʝʩʪʚʝʥʥʳ
ʝ  ʦʰʠʙʢʠ ʚ 
ʦʪʚʝʪʘʭ, ʥʝ 
ʤʦʞʝʪ 
ʨʝʰʠʪʴ 
ʧʨʘʢʪʠʯʝʩʢʠʝ 
ʟʘʜʘʯʠ ʠʣʠ 
ʨʝʰʘʝʪ ʠʭ ʩ 
ʟʘʪʨʫʜʥʝʥʠʷʤ
ʠ.   
 

ʆʮʝʥʢʫ 
çʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè 
ʧʦʣʫʯʘʝʪ 
ʦʙʫʯʘʶʱʠʡʩʷ, ʢʦʪʦʨʳʡ 
ʠʤʝʝʪ ʟʥʘʥʠʷ ʪʦʣʴʢʦ 
ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 
ʥʦ ʥʝ ʫʩʚʦʠʣ ʝʛʦ 
ʜʝʪʘʣʠ, ʠʩʧʳʪʳʚʘʝʪ 
ʟʘʪʨʫʜʥʝʥʠʷ ʧʨʠ 
ʨʝʰʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ 
ʟʘʜʘʯ. ɺ ʦʪʚʝʪʘʭ ʥʘ 
ʧʦʩʪʘʚʣʝʥʥʳʝ ʚʦʧʨʦʩʳ 
ʦʙʫʯʘʶʱʠʤʩʷ 
ʜʦʧʫʱʝʥʳ ʥʝʪʦʯʥʦʩʪʠ, 
ʜʘʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ 
ʧʨʘʚʠʣʴʥʳʝ 
ʬʦʨʤʫʣʠʨʦʚʢʠ, 
ʥʘʨʫʰʝʥʘ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ  ʚ 
ʠʟʣʦʞʝʥʠʠ 
ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ.   

ʆʮʝʥʢʫ çʭʦʨʦʰʦè 
ʟʘʩʣʫʞʠʚʘʝʪ 
ʦʙʫʯʘʶʱʠʡʩʷ, 
ʪʚʝʨʜʦ ʟʥʘʶʱʠʡ 
ʧʨʦʛʨʘʤʤʥʳʡ 
ʤʘʪʝʨʠʘʣ 
ʜʠʩʮʠʧʣʠʥʳ, 
ʛʨʘʤʦʪʥʦ ʠ ʧʦ 
ʩʫʱʝʩʪʚʫ 
ʠʟʣʘʛʘʶʱʠʡ ʝʛʦ. ʅʝ 
ʩʣʝʜʫʝʪ ʜʦʧʫʩʢʘʪʴ 
ʩʫʱʝʩʪʚʝʥʥʳʭ 
ʥʝʪʦʯʥʦʩʪʝʡ ʧʨʠ 
ʦʪʚʝʪʘʭ ʥʘ ʚʦʧʨʦʩʳ, 
ʥʝʦʙʭʦʜʠʤʦ 
ʧʨʘʚʠʣʴʥʦ 
ʧʨʠʤʝʥʷʪʴ 
ʪʝʦʨʝʪʠʯʝʩʢʠʝ 
ʧʦʣʦʞʝʥʠʷ ʧʨʠ 
ʨʝʰʝʥʠʠ 
ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, 
ʚʣʘʜʝʪʴ 
ʦʧʨʝʜʝʣʝʥʥʳʤʠ 
ʥʘʚʳʢʘʤʠ ʠ 
ʧʨʠʝʤʘʤʠ ʠʭ 
ʚʳʧʦʣʥʝʥʠʷ. 

ʆʮʝʥʢʫ çʦʪʣʠʯʥʦè 
ʚʳʩʪʘʚʣʷʶʪ 
ʦʙʫʯʘʶʱʝʤʫʩʷ, ʛʣʫʙʦʢʦ 
ʠ ʧʨʦʯʥʦ ʦʩʚʦʠʚʰʝʤʫ 
ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ 
ʧʨʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ 
ʜʠʩʮʠʧʣʠʥʳ. ʆʪʚʝʪ 
ʜʦʣʞʝʥ ʙʳʪʴ ʣʦʛʠʯʥʳʤ, 
ʛʨʘʤʦʪʥʳʤ. 
ʆʙʫʯʘʶʱʝʤʫʩʷ 
ʥʝʦʙʭʦʜʠʤʦ  ʧʦʢʘʟʘʪʴ 
ʟʥʘʥʠʝ ʥʝ ʪʦʣʴʢʦ 
ʦʩʥʦʚʥʦʛʦ, ʥʦ ʠ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ, ʙʳʩʪʨʦ 
ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ, 
ʦʪʚʝʯʘʷ ʥʘ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 
ʚʦʧʨʦʩʳ.  ʆʙʫʯʘʶʱʠʡʩʷ 
ʜʦʣʞʝʥ ʩʚʦʙʦʜʥʦ 
ʩʧʨʘʚʣʷʪʴʩʷ ʩ 
ʧʦʩʪʘʚʣʝʥʥʳʤʠ 
ʟʘʜʘʯʘʤʠ, ʧʨʘʚʠʣʴʥʦ 
ʦʙʦʩʥʦʚʳʚʘʪʴ ʧʨʠʥʷʪʳʝ 
ʨʝʰʝʥʠʷ.   

ʆʂ-6 ʇʌ 

ɿʥʘʝʪ ʠ 
ʧʦʥʠʤʘʝʪ 
ʪʝʦʨʝʪʠʯʝʩʢʠʝ 
ʦʩʥʦʚʳ 
ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩ-
ʪʠ  ʢʦʣʣʝʢʪʠʚʘ 
(ʢʦʤʘʥʜʳ) 
 

ʅʝ ʟʥʘʝʪ ʠ ʥʝ 
ʧʦʥʠʤʘʝʪ 
ʪʝʦʨʝʪʠʯʝʩʢʠ
ʝ ʦʩʥʦʚʳ  
ɾʠʟʥʝʜʝʷʪʝʣ
ʴʥʦʩʪʠ 
ʢʦʣʣʝʢʪʠʚʘ 
(ʢʦʤʘʥʜʳ)  
 
 

ʇʦʚʝʨʭʥʦʩʪʥʦ ʟʥʘʝʪ ʠ 
ʧʦʥʠʤʘʝʪʪʝʦʨʝʪʠʯʝʩʢʠ
ʝ ʦʩʥʦʚʳ  
ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ  
ʢʦʣʣʝʢʪʠʚʘ (ʢʦʤʘʥʜʳ)  
ʟʘʪʨʫʜʥʷʝʪʩʷ 
ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʭ 
ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʉʚʦʙʦʜʥʦ 
ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʠ 
ʧʦʥʠʤʘʝʪ 
ʪʝʦʨʝʪʠʯʝʩʢʠʝ  
ʦʩʥʦʚʳ  
ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ  
ʢʦʣʣʝʢʪʠʚʘ 
(ʢʦʤʘʥʜʳ) 

ɿʥʘʝʪ ʠ ʧʦʥʠʤʘʝʪ 
ʪʝʦʨʝʪʠʯʝʩʢʠʝ  
ʦʩʥʦʚʳ  
ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ  
ʢʦʣʣʝʢʪʠʚʘ (ʢʦʤʘʥʜʳ)  
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ʋʤʝʝʪ ʨʘʙʦʪʘʪʴ ʚ 
ʢʦʤʘʥʜʝ (ʥʘ 
ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ 
ʧʨʘʢʪʠʯʝʩʢʠʭ 
ʟʘʥʷʪʠʷʭ), 
ʨʫʢʦʚʦʜʠʪʴ 
ʣʶʜʴʤʠ ʠ 
ʧʦʜʯʠʥʷʪʴʩʷ 
ʨʫʢʦʚʦʜʷʱʠʤ 
ʫʢʘʟʘʥʠʷʤ 

ʅʝ ʫʤʝʝʪ 
ʨʘʙʦʪʘʪʴ ʚ  
ʢʦʤʘʥʜʝ (ʥʘ 
ʣʘʙʦʨʘʪʦʨʥʳ
ʭ ʠ 
ʧʨʘʢʪʠʯʝʩʢʠʭ 
ʟʘʥʷʪʠʷʭ),  
ʨʫʢʦʚʦʜʠʪʴ 
ʣʶʜʴʤʠ ʠ  
ʧʦʜʯʠʥʷʪʴʩʷ  
ʨʫʢʦʚʦʜʷʱʠʤ  
ʫʢʘʟʘʥʠʷʤ 

ʉ ʙʦʣʴʰʠʤ ʪʨʫʜʦʤ, 
ʧʨʝʦʜʦʣʝʚʘʷ ʩʝʙʷ,  
ʨʘʙʦʪʘʝʪ ʚ  
ʢʦʤʘʥʜʝ (ʥʘ 
ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ 
ʧʨʘʢʪʠʯʝʩʢʠʭ 
ʟʘʥʷʪʠʷʭ),  
ʨʫʢʦʚʦʜʠʪʴ ʣʶʜʴʤʠ ʠ  
ʧʦʜʯʠʥʷʪʴʩʷ  
ʨʫʢʦʚʦʜʷʱʠʤ  
ʫʢʘʟʘʥʠʷʤ 

ʉʚʦʙʦʜʥʦ ʨʘʙʦʪʘʝʪ ʚ  
ʢʦʤʘʥʜʝ (ʥʘ 
ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ 
ʧʨʘʢʪʠʯʝʩʢʠʭ 
ʟʘʥʷʪʠʷʭ),  
ʨʫʢʦʚʦʜʠʪʴ ʣʶʜʴʤʠ ʠ  
ʧʦʜʯʠʥʷʪʴʩʷ  
ʨʫʢʦʚʦʜʷʱʠʤ  
ʫʢʘʟʘʥʠʷʤ 

ɺ ʩʦʚʝʨʰʝʥʩʪʚʝ ʫʤʝʝʪ 
ʨʘʙʦʪʘʪʴ ʚ  
ʢʦʤʘʥʜʝ (ʥʘ 
ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ 
ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʷʭ),  
ʨʫʢʦʚʦʜʠʪʴ ʣʶʜʴʤʠ ʠ  
ʧʦʜʯʠʥʷʪʴʩʷ  
ʨʫʢʦʚʦʜʷʱʠʤ  
ʫʢʘʟʘʥʠʷʤ   

ɺʣʘʜʝʝʪ 
ʥʘʚʳʢʘʤʠ ʨʘʙʦʪʳ 
ʚ ʢʦʤʘʥʜʝ 

ʅʝ ʚʣʘʜʝʝʪ 
ʥʘʚʳʢʘʤʠ 
ʨʘʙʦʪʳ ʚ 
ʢʦʤʘʥʜʝ  

ʇʦʚʝʨʭʥʦʩʪʥʦ ʚʣʘʜʝʝʪ 
ʥʘʚʳʢʘʤʠ ʨʘʙʦʪʳ ʚ 
ʢʦʤʘʥʜʝ  

ʉʚʦʙʦʜʥʦ ʚʣʘʜʝʝʪ 
ʥʘʚʳʢʘʤʠ ʨʘʙʦʪʳ ʚ 
ʢʦʤʘʥʜʝ  

ɺ ʩʦʚʝʨʰʝʥʩʪʚʝ 
ʚʣʘʜʝʝʪ ʥʘʚʳʢʘʤʠ 
ʨʘʙʦʪʳ ʚ ʢʦʤʘʥʜʝ 

ʆʂ-7 ʇʌ 

ɿʥʘʝʪ ʦʩʥʦʚʥʳʝ 
ʬʠʟʠʯʝʩʢʠʝ 
ʷʚʣʝʥʠʷ, 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʳ
ʝ ʧʦʥʷʪʠʷ, ʟʘʢʦʥʳ 
ʠ ʪʝʦʨʠʠ 
ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ 
ʩʦʚʨʝʤʝʥʥʦʡ 
ʬʠʟʠʢʠ. 
 
 

ʅʝ ʟʥʘʝʪ 
ʦʩʥʦʚʥʳʝ 
ʬʠʟʠʯʝʩʢʠʝ 
ʷʚʣʝʥʠʷ, 
ʬʫʥʜʘʤʝʥʪʘʣ
ʴʥʳʝ 
ʧʦʥʷʪʠʷ, 
ʟʘʢʦʥʳ ʠ 
ʪʝʦʨʠʠ 
ʢʣʘʩʩʠʯʝʩʢʦʡ 
ʠ 
ʩʦʚʨʝʤʝʥʥʦʡ 
ʬʠʟʠʢʠ.  

. 
 

ʇʦʚʝʨʭʥʦʩʪʥʦ ʟʥʘʝʪ 
ʦʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ 
ʷʚʣʝʥʠʷ, 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 
ʧʦʥʷʪʠʷ, ʟʘʢʦʥʳ ʠ 
ʪʝʦʨʠʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ 
ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ.  

 

ʉʚʦʙʦʜʥʦ ʦʙʲʷʩʥʷʝʪ 
ʦʩʥʦʚʥʳʝ 
ʬʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, 
ʚʣʘʜʝʝʪ 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ 
ʧʦʥʷʪʠʷʤʠ, ʟʘʢʦʥʘʤʠ  
ʠ ʪʝʦʨʠʷʤʠ 
ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ 
ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ  

 

ɺ ʩʦʚʝʨʰʝʥʩʪʚʝ ʟʥʘʝʪ 
ʦʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ 
ʷʚʣʝʥʠʷ, 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 
ʧʦʥʷʪʠʷ, ʟʘʢʦʥʳ ʠ 
ʪʝʦʨʠʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ 
ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ.  

   

ʋʤʝʝʪ ʥʘ 
ʧʨʘʢʪʠʢʝ 
ʧʨʠʤʝʥʷʪʴ ʟʘʢʦʥʳ 
ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ 
ʩʦʚʨʝʤʝʥʥʦʡ 

ʅʝ ʫʤʝʝʪ  ʥʘ 
ʧʨʘʢʪʠʢʝ 
ʧʨʠʤʝʥʷʪʴ 
ʟʘʢʦʥʳ 
ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʏʘʩʪʠʯʥʦ ʫʤʝʝʪ   ʥʘ 
ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʪʴ 
ʟʘʢʦʥʳ ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ 
ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ,  
ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʠ ʫʤʝʝʪ 

ʉʚʦʙʦʜʥʦ ʧʨʠʤʝʥʷʝʪ 
ʥʘ ʧʨʘʢʪʠʢʝ ʟʘʢʦʥʳ 
ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ 
ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ,  
ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʠ  

ɺ ʩʦʚʝʨʰʝʥʩʪʚʝ ʫʤʝʝʪ 
ʧʨʠʤʝʥʷʪʴ ʥʘ ʧʨʘʢʪʠʢʝ 
ʟʘʢʦʥʳ ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ 
ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ, 
ʩʚʦʙʦʜʥʦ  
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ʬʠʟʠʢʠ, 
ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʠ 
ʫʤʝʝʪ ʦʙʲʷʩʥʷʪʴ 
ʦʩʥʦʚʥʳʝ 
ʬʠʟʠʯʝʩʢʠʝ 
ʷʚʣʝʥʠʷ 

ʠ 
ʩʦʚʨʝʤʝʥʥʦʡ 
ʬʠʟʠʢʠ, ʥʝ 
ʦʨʠʝʥʪʠʨʫʝʪʩ
ʷ ʠ ʫʤʝʝʪ 
ʦʙʲʷʩʥʷʪʴ 
ʦʩʥʦʚʥʳʝ 
ʬʠʟʠʯʝʩʢʠʝ 
ʷʚʣʝʥʠʷ 

ʦʙʲʷʩʥʷʪʴ ʦʩʥʦʚʥʳʝ 
ʬʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ 

ʦʙʲʷʩʥʷʝʪ ʩʫʱʥʦʩʪʴ 
ʦʩʥʦʚʥʳʭ 
ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ  

ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʠ  
ʦʙʲʷʩʥʷʝʪ ʩʫʱʥʦʩʪʴ 
ʦʩʥʦʚʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 
ʷʚʣʝʥʠʡ   

ɺʣʘʜʝʝʪ 
ʥʘʚʳʢʘʤʠ 
ʦʧʠʩʘʥʠʷ 
ʬʠʟʠʯʝʩʢʠʭ 
ʷʚʣʝʥʠʡ ʠ 
ʧʨʦʮʝʩʩʦʚ,  
ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 
ʧʨʦʚʝʜʝʥʠʷ 
ʬʠʟʠʯʝʩʢʠʭ  
ʵʢʩʧʝʨʠʤʝʥʪʦʚ 
ʘʜʝʢʚʘʪʥʳʤʠ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥ
ʳʤʠ ʤʝʪʦʜʘʤʠ; 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʨʘʟʣʠʯʥʳʭ 
ʤʝʪʦʜʦʚ 
ʬʠʟʠʯʝʩʢʠʭ 
ʠʟʤʝʨʝʥʠʡ ʠ 
ʦʙʨʘʙʦʪʢʠ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥ
ʳʭ ʜʘʥʥʳʭ; 
ʦʮʝʥʠʚʘʥʠʷ 
ʪʦʯʥʦʩʪʠ ʠ 
ʧʦʛʨʝʰʥʦʩʪʠ 
ʠʟʤʝʨʝʥʠʡ 

ʅʝ ʠʤʝʝʪ 
ʥʘʚʳʢʦʚ 
ʦʧʠʩʘʥʠʷ 
ʬʠʟʠʯʝʩʢʠʭ 
ʷʚʣʝʥʠʡ ʠ 
ʧʨʦʮʝʩʩʦʚ,  
ʧʣʘʥʠʨʦʚʘʥʠ
ʷ ʠ 
ʧʨʦʚʝʜʝʥʠʷ 
ʬʠʟʠʯʝʩʢʠʭ  
ʵʢʩʧʝʨʠʤʝʥʪʦ
ʚ 
ʘʜʝʢʚʘʪʥʳʤʠ 
ʵʢʩʧʝʨʠʤʝʥʪʘ
ʣʴʥʳʤʠ 
ʤʝʪʦʜʘʤʠ; 
ʠʩʧʦʣʴʟʦʚʘʥʠ
ʷ ʨʘʟʣʠʯʥʳʭ 
ʤʝʪʦʜʦʚ 
ʬʠʟʠʯʝʩʢʠʭ 
ʠʟʤʝʨʝʥʠʡ ʠ 
ʦʙʨʘʙʦʪʢʠ 
ʵʢʩʧʝʨʠʤʝʥʪʘ
ʣʴʥʳʭ 
ʜʘʥʥʳʭ; 
ʦʮʝʥʠʚʘʥʠʷ 
ʪʦʯʥʦʩʪʠ ʠ 
ʧʦʛʨʝʰʥʦʩʪʠ 
ʠʟʤʝʨʝʥʠʡ 

ʏʘʩʪʠʯʥʦ ʠʤʝʝʪ 
ʥʘʚʳʢʠ ʦʧʠʩʘʥʠʷ 
ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʠ 
ʧʨʦʮʝʩʩʦʚ,  
ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 
ʧʨʦʚʝʜʝʥʠʷ 
ʬʠʟʠʯʝʩʢʠʭ  
ʵʢʩʧʝʨʠʤʝʥʪʦʚ 
ʘʜʝʢʚʘʪʥʳʤʠ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 
ʤʝʪʦʜʘʤʠ; 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ 
ʬʠʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ 
ʠ ʦʙʨʘʙʦʪʢʠ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 
ʜʘʥʥʳʭ; ʦʮʝʥʠʚʘʥʠʷ 
ʪʦʯʥʦʩʪʠ ʠ 
ʧʦʛʨʝʰʥʦʩʪʠ 
ʠʟʤʝʨʝʥʠʡ 

ʀʤʝʝʪ ʥʘʚʳʢʠ 
ʦʧʠʩʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ 
ʷʚʣʝʥʠʡ ʠ ʧʨʦʮʝʩʩʦʚ,  
ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 
ʧʨʦʚʝʜʝʥʠʷ 
ʬʠʟʠʯʝʩʢʠʭ  
ʵʢʩʧʝʨʠʤʝʥʪʦʚ 
ʘʜʝʢʚʘʪʥʳʤʠ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 
ʤʝʪʦʜʘʤʠ; 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ 
ʬʠʟʠʯʝʩʢʠʭ 
ʠʟʤʝʨʝʥʠʡ ʠ 
ʦʙʨʘʙʦʪʢʠ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 
ʜʘʥʥʳʭ; ʦʮʝʥʠʚʘʥʠʷ 
ʪʦʯʥʦʩʪʠ ʠ 
ʧʦʛʨʝʰʥʦʩʪʠ 
ʠʟʤʝʨʝʥʠʡ  

ɺ ʩʦʚʝʨʰʝʥʩʪʚʝ 
ʚʣʘʜʝʝʪ ʥʘʚʳʢʘʤʠ 
ʦʧʠʩʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ 
ʷʚʣʝʥʠʡ ʠ ʧʨʦʮʝʩʩʦʚ,  
ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 
ʧʨʦʚʝʜʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ  
ʵʢʩʧʝʨʠʤʝʥʪʦʚ 
ʘʜʝʢʚʘʪʥʳʤʠ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 
ʤʝʪʦʜʘʤʠ; 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ 
ʬʠʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʠ 
ʦʙʨʘʙʦʪʢʠ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 
ʜʘʥʥʳʭ; ʦʮʝʥʠʚʘʥʠʷ 
ʪʦʯʥʦʩʪʠ ʠ ʧʦʛʨʝʰʥʦʩʪʠ 
ʠʟʤʝʨʝʥʠʡ 

 
2. ʆʙʱʠʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʯʝʙʥʦʡ ʨʘʙʦʪʝ ʩʪʫʜʝʥʪʘ 
2.1.  ʆʨʛʘʥʠʟʘʮʠʷ ʟʘʥʷʪʠʡ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʯʝʙʥʦʡ ʨʘʙʦʪʝ ʩʪʫʜʝʥʪʘ 

ʆʨʛʘʥʠʟʘʮʠʷ ʟʘʥʷʪʠʡ ʧʦ ʜʠʩʮʠʧʣʠʥʝ ʥʦʩʠʪ ʮʠʢʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ʇʦ  ʝʝ ʨʘʟʜʝʣʘʤ  
ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʟʘʠʤʦʫʚʷʟʘʥʥʘʷ ʮʝʧʦʯʢʘ ʫʯʝʙʥʳʭ ʨʘʙʦʪ: ʣʝʢʮʠʷ ïʧʨʘʢʪʠʯʝʩʢʦʝ ʟʘʥʷʪʠʝ- 
ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ -ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʩʪʫʜʝʥʪʦʚ (ʘʫʜʠʪʦʨʥʘʷ ʠ ʚʥʝʘʫʜʠʪʦʨʥʘʷ).  ʅʘ  
ʟʘʥʷʪʠʷʭ ʩʪʫʜʝʥʯʝʩʢʘʷ ʛʨʫʧʧʘ ʧʦʣʫʯʘʝʪ ʟʘʜʘʥʠʝ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ  ʨʘʙʦʪʳ, ʢʦʪʦʨʘʷ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʘ ʙʣʦʢʘ ʧʦ 15-20 ʟʘʜʘʯ. ʇʨʝʜʫʩʤʦʪʨʝʥʦ ʪʘʢʞʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʪʝʤ ʠ 
ʧʦʜʛʦʪʦʚʢʘ ʢ ʘʫʜʠʪʦʨʥʳʤ ʟʘʥʷʪʠʷʤ ʠ ʢʦʥʪʨʦʣʴʥʳʤ ʠʩʧʳʪʘʥʠʷʤ. 

ɼʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʧʦʤʦʱʠ ʩʪʫʜʝʥʪʘʤ ʧʨʠ ʠʟʫʯʝʥʠʠ ʜʠʩʮʠʧʣʠʥʳ ʢʘʬʝʜʨʦʡ ʦʨʛʘʥʠʟʫʶʪʩʷ  
ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʠ ʛʨʫʧʧʦʚʳʝ ʢʦʥʩʫʣʴʪʘʮʠʠ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʨʝʤʷ ʧʨʠʝʤʘ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ. 

ʇʦ ʠʪʦʛʘʤ ʠʟʫʯʝʥʠʷ ʜʠʩʮʠʧʣʠʥʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʪʪʝʩʪʘʮʠʷ ʩʪʫʜʝʥʪʘ ʚ ʬʦʨʤʝ ʠʪʦʛʦʚʦʛʦ 
ʢʦʥʪʨʦʣʷ (ʪʝʩʪʠʨʦʚʘʥʠʝ). 
     ʋʯʠʪʳʚʘʷ ʩʪʘʪʫʩ ʜʠʩʮʠʧʣʠʥʳ ʢ ʝʸ ʠʟʫʯʝʥʠʶ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ 
ʪʨʝʙʦʚʘʥʠʷ: 
- ʦʙʷʟʘʪʝʣʴʥʦʝ ʧʦʩʝʱʝʥʠʝ ʩʪʫʜʝʥʪʦʤ ʚʩʝʭ ʚʠʜʦʚ ʘʫʜʠʪʦʨʥʳʭ ʟʘʥʷʪʠʡ; 
- ʦʙʷʟʘʪʝʣʴʥʦʝ ʚʝʜʝʥʠʝ ʢʦʥʩʧʝʢʪʘ ʚ ʭʦʜʝ ʣʝʢʮʠʦʥʥʳʭ ʟʘʥʷʪʠʡ; 
- ʢʘʯʝʩʪʚʝʥʥʘʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʢ ʧʨʘʢʪʠʯʝʩʢʠʤ ʠ ʣʘʙʦʨʘʪʦʨʥʳʤ  ʟʘʥʷʪʠʷʤ, ʘʢʪʠʚʥʘʷ 
ʨʘʙʦʪʘ ʥʘ ʥʠʭ; 
- ʘʢʪʠʚʥʘʷ, ʨʠʪʤʠʯʥʘʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʘʫʜʠʪʦʨʥʘʷ ʠ ʚʥʝʘʫʜʠʪʦʨʥʘʷ ʨʘʙʦʪʘ ʩʪʫʜʝʥʪʘ ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʠ. 
- ʩʚʦʝʚʨʝʤʝʥʥʘʷ ʩʜʘʯʘ ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʦʪʯʝʪʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʘʫʜʠʪʦʨʥʳʤ ʠ ʚʥʝʘʫʜʠʪʦʨʥʳʤ 
ʚʠʜʘʤ ʨʘʙʦʪ; 
- ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʧʨʦʧʫʱʝʥʥʳʭ ʩʪʫʜʝʥʪʦʤ  ʟʘʥʷʪʠʷʤ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʢʦʥʩʫʣʴʪʘʮʠʶ ʧʦ 
ʧʦʜʛʦʪʦʚʢʝ ʠ ʦʬʦʨʤʣʝʥʠʶ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʟʘʜʘʥʠʡ.   
 ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʦʩʚʦʝʥʠʷ ʢʫʨʩʘ, ʩʪʫʜʝʥʪʫ ʧʨʝʜʣʘʛʘʶʪʩʷ ʫʯʝʙʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʚ ʚʠʜʝ 
ʫʯʝʙʥʦʡ, ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʚʩʝʤ  ʨʘʟʜʝʣʘʤ (ʩʤ. ʧ.7) 
 

2.2 ʋʩʣʦʚʠʷ ʜʦʧʫʩʢʘ ʢ ʟʘʯʝʪʫ 
 

ʉʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠ ̫ ʦ ʪʝʢʫʱʝʤ ʢʦʥʪʨʦʣʝ ʫʩʧʝʚʘʝʤʦʩʪʠ, ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʘʪʪʝʩʪʘʮʠʠ 
ʦʙʫʯʘʶʱʠʭʩʷ ʧʦ ʧʨʦʛʨʘʤʤʘʤ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ (ʙʘʢʘʣʘʚʨʠʘʪ, ʩʧʝʮʠʘʣʠʪʝʪ, ʤʘʛʠʩʪʨʘʪʫʨʘ) ʠ 
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ʩʨʝʜʥʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʌɻɹʆʋ ɺʆ ʆʤʩʢʠʡ ɻɸʋ, ʚʳʧʦʣʥʠʚʰʝʤʫ ʚ ʧʦʣʥʦʤ 
ʦʙʲʝʤʝ ʚʩʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʯʝʙʥʦʡ ʨʘʙʦʪʝ, ʧʨʦʰʝʜʰʠʡ ʚʩʝ ʚʠʜʳ ʢʦʥʪʨʦʣʷ (ʪʝʢʫʱʠʡ, ʨʫʙʝʞʥʳʡ, 
ʠʪʦʛʦʚʳʡ). ɺ ʩʣʫʯʘʝ ʥʝ ʧʦʣʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʡ ʧʦ ʫʚʘʞʠʪʝʣʴʥʦʡ ʧʨʠʯʠʥʝ, ʩʪʫʜʝʥʪʫ 
ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥʳ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʟʘʜʘʥʠʷ ʧʦ ʧʨʦʧʫʱʝʥʥʦʤʫ ʫʯʝʙʥʦʤʫ ʤʘʪʝʨʠʘʣʫ. 
 

3. ʆʙʱʠʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʟʫʯʝʥʠʶ  
ʦʪʜʝʣʴʥʳʭ ʨʘʟʜʝʣʦʚ ʜʠʩʮʠʧʣʠʥʳ 

 
ʇʨʠ ʠʟʫʯʝʥʠʠ ʢʦʥʢʨʝʪʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʮʠʧʣʠʥʳ, ʠʟ ʯʠʩʣʘ ʚʳʥʝʩʝʥʥʳʭ ʥʘʣʝʢʮʠʦʥʥʳʝ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʝʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʟʘʥʷʪʠʷ, ʦʙʫʯʘʶʱʝʤʫʩʷ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʠʟʣʦʞʝʥʥʳʝ ʥʠʞʝ 
ʨʝʢʦʤʝʥʜʘʮʠʠ. ʆʙʨʘʪʠʪʝ ʥʘ ʥʠʭ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʘʪʪʝʩʪʘʮʠʠ. 

 
ʈʘʟʜʝʣ 1.ʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ. 

ʊʝʤʘ 1.1.  ʂʠʥʝʤʘʪʠʢʘ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ. ʂʦʦʨʜʠʥʘʪʥʳʡ, ʚʝʢʪʦʨʥʳʡ ʤʝʪʦʜʳ ʦʧʠʩʘʥʠʷ 
ʜʚʠʞʝʥʠʷ. ʂʠʥʝʤʘʪʠʢʘ ʜʚʠʞʝʥʠʝ ʧʦ ʦʢʨʫʞʥʦʩʪʠ 

 
ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ ʧʦ ʨʘʟʜʝʣʫ: 

          1. ɼʘʡʪʝ ʧʦʥʷʪʠʷ ʦʩʥʦʚʥʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ: ʩʢʦʨʦʩʪʠ  
ʠ ʫʩʢʦʨʝʥʠʷ. 
2. ɺ ʯʝʤ ʨʘʟʣʠʯʠʝ ʥʦʨʤʘʣʴʥʦʛʦ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ? 
3. ʈʘʩʩʢʘʞʠʪʝ ʦ ʢʠʥʝʤʘʪʠʢʝ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. 
           4. ɼʘʡʪʝ ʧʦʥʷʪʠʝ    ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ, ʠʭ ʩʚʷʟʠ ʩ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠ 
ʫʩʢʦʨʝʥʠʝʤ. 
 

ʋʯʝʙʥʘʷ ʣʠʪʝʨʘʪʫʨʘ 
ʆʩʥʦʚʥʘʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʣʠʪʝʨʘʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧ.7 ʥʘʩʪʦʷʱʠʭ ʋʢʘʟʘʥʠʡ. 

 
ʊʝʤʘ 1.2. ɼʠʥʘʤʠʢʘ. ɿʘʢʦʥʳ ʜʠʥʘʤʠʢʠ. ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ. ʄʘʩʩʘ, ʩʠʣʘ, ʠʤʧʫʣʴʩ. 

ʄʦʤʝʥʪ ʩʠʣʳ, ʤʦʤʝʥʪ ʠʤʧʫʣʴʩʘ. ʆʩʥʦʚʥʦʡ ʟʘʢʦʥ ʜʠʥʘʤʠʢʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ.ʊʝʦʨʝʤʘ 
ʐʪʝʡʥʝʨʘ. ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 

 
 

ʇʦʥʷʪʠʝ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʪʩʯʝʪʘ; ʟʘʢʦʥʳ ʅʴʶʪʦʥʘ; ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ; ʟʘʢʦʥ 
ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ;  ʩʠʣʳ ʪʨʝʥʠʷ. 
 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ ʧʦ ʨʘʟʜʝʣʫ: 
1. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʩʫʱʥʦʩʪʴ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʪʩʯʝʪʘ? 
2. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʩʫʱʥʦʩʪʴ ʟʘʢʦʥʦʚ ʅʴʶʪʦʥʘ? 
3. ɼʘʡʪʝ ʧʦʥʷʪʠʝ ʠ ʦʙʲʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ  ʤʘʩʩʳ, ʠʤʧʫʣʴʩʘ, ʩʠʣʳ, ʤʦʤʝʥʪʘ ʩʠʣʳ, ʤʦʤʝʥʪʘ 
ʠʤʧʫʣʴʩʘ. 
4. ɿʘʧʠʰʠʪʝ ʠ ʦʙʲʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʫʨʘʚʥʝʥʠʷ ʤʦʤʝʥʪʦʚ. 
          5.ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʠ ʦʙʲʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʦʩʥʦʚʥʦʛʦ ʟʘʢʦʥʘ ʜʠʥʘʤʠʢʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ 
ʜʚʠʞʝʥʠʷ. 
          6. ɿʘʧʠʰʠʪʝ ʠ ʦʙʲʷʩʥʠʪʝ ʩʤʳʩʣ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ? 
7. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʩʫʱʥʦʩʪʴ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ? 
8. . ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʩʫʱʥʦʩʪʴ ʟʘʢʦʥʘ ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ? 
9. ʈʘʩʩʢʘʞʠʪʝ ʦ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʣʳ ʪʨʝʥʠʷ. 

 
ʋʯʝʙʥʘʷ ʣʠʪʝʨʘʪʫʨʘ 

ʆʩʥʦʚʥʘʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʣʠʪʝʨʘʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧ.7 ʥʘʩʪʦʷʱʠʭ ʋʢʘʟʘʥʠʡ. 
 

ʊʝʤʘ 1.3.  ʈʘʙʦʪʘ ʠ ʵʥʝʨʛʠʷ. ʈʘʙʦʪʘ ʧʝʨʝʤʝʥʥʦʡ ʩʠʣʳ. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʠ ʧʦʪʝʥʮʠʘʣʴʥʘʷ 
ʵʥʝʨʛʠʷ. ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

 
ʉʠʣʘ, ʨʘʙʦʪʘ ʠ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ. ʂʦʥʩʝʨʚʘʪʠʚʥʳʝ ʠ ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʩʠʣʳ. ʈʘʙʦʪʘ ʠ 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ. ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʧʦʣʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʧʦʣʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʩʠʣ. 
 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ ʧʦ ʨʘʟʜʝʣʫ: 
1. ɼʘʡʪʝ ʧʦʥʷʪʠʝ ʩʠʣʳ, ʨʘʙʦʪʳ, ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 
2. ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʙʦʪʳ ʠ ʝʝ ʝʜʠʥʠʮʳ. 
3..ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ  ʝʜʠʥʠʮʝ ʤʦʱʥʦʩʪʠ. 
4. ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʩʠʣʘʤ.  
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           5. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʠ ʦʙʦʩʥʫʡʪʝ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʧʦʣʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʧʦʣʝ 
ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʩʠʣ. 
           6. ʏʪʦ ʥʘʟʳʚʘʝʪʩʷ ʮʝʥʪʨʘʣʴʥʳʤ ʫʜʘʨʦʤ ʘʙʩʦʣʶʪʥʦ ʫʧʨʫʛʠʭ ʰʘʨʦʚ? 
 

ʋʯʝʙʥʘʷ ʣʠʪʝʨʘʪʫʨʘ 
ʆʩʥʦʚʥʘʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʣʠʪʝʨʘʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧ.7 ʥʘʩʪʦʷʱʠʭ ʋʢʘʟʘʥʠʡ. 

 
ʊʝʤʘ 1.4 ʕʣʝʤʝʥʪʳ ʉʊʆ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ɻʘʣʠʣʝʷ. ʄʝʭʘʥʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʃʦʨʝʥʮʘ ʠ ʩʣʝʜʩʪʚʠʝ ʠʟ ʥʠʭ. 
ʇʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɻʘʣʠʣʝʷ. ʅʝʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʷʚʣʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ɻʘʣʠʣʝʷ. ʇʦʩʪʫʣʘʪʳ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ 
(ʉʊʆ) ʕʡʥʰʪʝʡʥʘ. ʆʪʥʦʩʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ. ʆʪʥʦʩʠʪʝʣʴʥʦʩʪʴ 
ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ. ʇʘʨʘʜʦʢʩʳ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʢʠʥʝʤʘʪʠʢʠ: ʩʦʢʨʘʱʝʥʠʝ 
ʜʣʠʥʳ ʠ ʟʘʤʝʜʣʝʥʠʝ ʚʨʝʤʝʥʠ ʚ ʜʚʠʞʫʱʠʭʩʷ ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ. ʈʝʣʷʪʠʚʠʩʪʩʢʠʡ ʠʤʧʫʣʴʩ. ɺʟʘʠʤʦʩʚʷʟʴ 
ʤʘʩʩʳ ʠ ʵʥʝʨʛʠʠ ʚ ʉʊʆ. ʉʊʆ ʠ ʷʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ. 
 
 
                                           ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 
1.ʉʬʦʨʤʫʣʠʨʫʡʪʝ, ʟʘʧʠʰʠʪʝ ʠ ʦʙʲʷʩʥʠʪʝ ʧʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɻʘʣʠʣʝʷ. 
2.ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʠ ʟʘʧʠʰʠʪʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ. 
3.ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʠ ʦʙʲʷʩʥʠʪʝ ʧʦʩʪʫʣʘʪʳ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ (ʉʊʆ) ʕʡʥʰʪʝʡʥʘ. 
4.ʆʙʴʷʩʥʠʪʝ ʧʘʨʘʜʦʢʩʳ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʢʠʥʝʤʘʪʠʢʠ: ʩʦʢʨʘʱʝʥʠʝ ʜʣʠʥʳ ʠ ʟʘʤʝʜʣʝʥʠʝ ʚʨʝʤʝʥʠ ʚ 
ʜʚʠʞʫʱʠʭʩʷ ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ. 
5.ʏʪʦ ʪʘʢʦʝ ʨʝʣʷʪʠʚʠʩʪʩʢʠʡ ʠʤʧʫʣʴʩ? 
6.ʆʙʦʩʥʫʡʪʝ ʚʟʘʠʤʦʩʚʷʟʴ ʤʘʩʩʳ ʠ ʵʥʝʨʛʠʠ ʚ ʉʊʆ. 
 

ʋʯʝʙʥʘʷ ʣʠʪʝʨʘʪʫʨʘ 
ʆʩʥʦʚʥʘʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʣʠʪʝʨʘʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧ.7 ʥʘʩʪʦʷʱʠʭ ʋʢʘʟʘʥʠʡ. 

 
ʈʘʟʜʝʣ 2. ʄʦʣʝʢʫʣʷʨʥʘʷ ʬʠʟʠʢʘ ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʘ. 

ʊʝʤʘ 2.1. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʠ ʤ-ʢ ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʤʘʢʨʦʪʝʣ. ʀʜʝʘʣʴʥʳʡ ʛʘʟ. ʆʩʥʦʚʥʦʝ 
ʫʨʘʚʥʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦ ï ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ. ʉʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʤʦʣʝʢʫʣʳ. 

 
ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1.ʂʘʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ  ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ  ʩʦʩʪʦʷʥʠʝ ʛʘʟʘ? 
 2.ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʩʫʱʥʦʩʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠ ʤ-ʢ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʤʘʢʨʦʪʝʣ, ʯʪʦ ʩʦʙʦʡ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ? 
 3.ʏʪʦ ʪʘʢʦʝ ʵʤʧʠʨʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʰʢʘʣʘ? 
 4.ʏʪʦ ʥʘʟʳʚʘʝʪʩʷ ʠʜʝʘʣʴʥʳʤ ʛʘʟʦʤ? 
 5. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʠ ʦʙʲʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣʦʩʥʦʚʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦ ï ʢʠʥʝʪʠʯʝʩʢʦʡ 
ʪʝʦʨʠʠ. 
 6.ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʜʘʚʣʝʥʠʝ ʛʘʟʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʄʂʊ. 
 7.ʂʘʢ ʩʚʷʟʘʥʳ ʪʝʧʣʦʝʤʢʦʩʪʴ ʠ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʤʦʣʝʢʫʣ ʛʘʟʘ? 
 8.ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʄʘʢʩʚʝʣʣʘ ʜʣʷ ʤʦʜʫʣʷ ʠ ʧʨʦʝʢʮʠʡ ʩʢʦʨʦʩʪʠ ʤʦʣʝʢʫʣ 
ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʄʘʢʩʚʝʣʣʘ? 
 9.ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʩʫʱʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɹʦʣʴʮʤʘʥʘ? 
 10.ɿʘʧʠʰʠʪʝ ʠ ʦʙʲʷʩʥʠʪʝ ʩʫʱʥʦʩʪʴ ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʫʣʳ. 
 

ʋʯʝʙʥʘʷ ʣʠʪʝʨʘʪʫʨʘ 
ʆʩʥʦʚʥʘʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʣʠʪʝʨʘʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧ.7 ʥʘʩʪʦʷʱʠʭ ʋʢʘʟʘʥʠʡ. 

 
 

ʈʘʟʜʝʣ 2, 
ʊʝʤʘ 2.2ɺʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. ʊʝʧʣʦʪʘ, ʨʘʙʦʪʘ. ʇʝʨʚʦʝ ʥʘʯʘʣʦ ʪʝʨʤʦʜʠʥʘʤʠʢʠ 
ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʠʟʦʧʨʦʮʝʩʩʘʤ. ʆʙʨʘʪʠʤʳʝ ʠ ʥʝ ʦʙʨʘʪʠʤʳʝ ʧʨʦʮʝʩʩʳ. ʎʠʢʣ ʂʘʨʥʦ. ɺʪʦʨʦʝ 
ʥʘʯʘʣʦ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. ʕʥʪʨʦʧʠʷ, ʝʸ ʩʪʘʪʠʯʝʩʢʦʝ ʪʦʣʢʦʚʘʥʠʝ ʠ ʩʚʷʟʴ ʩ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ 

                                                    ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ. 
           1. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʧʦʥʷʪʠʷ ʠ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ, ʪʝʧʣʦʪʳ, 
ʨʘʙʦʪʳ. 
         2.ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʠ  ʟʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʚ ʪʝʨʤʦʜʠʥʘʤʠʢʝ. 
         3. ɼʘʡʪʝ ʧʦʥʷʪʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ, ʩʬʦʨʤʫʣʠʨʫʡʪʝ ʠ ʟʘʧʠʰʠʪʝʫʨʘʚʥʝʥʠʝ ʄʘʡʝʨʘ . 
          4. ʂʘʢʠʤ ʟʘʢʦʥʘʤ ʧʦʜʯʠʥʷʶʪʩʷ  ʠʟʦʧʨʦʮʝʩʩʳ? 
          5. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ  ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʧʣʦʪʳ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ. 
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         6.ʆʙʲʷʩʥʠʪʝ ʧʨʦʮʝʩʩʳ,  ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʮʠʢʣʝ  ʂʘʨʥʦ ʠ ʦʪ ʯʝʛʦ ʟʘʚʠʩʠʪ ʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪ 
ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ? 
         7. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʠ ʦʙʲʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ  ʚʪʦʨʦʛʦ ʥʘʯʘʣʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. 
         7. ʏʪʦ ʪʘʢʦʝ ʵʥʪʨʦʧʠʷ ʠ ʝʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʪʦʣʢʦʚʘʥʠʝ? 

 
ʋʯʝʙʥʘʷ ʣʠʪʝʨʘʪʫʨʘ 

ʆʩʥʦʚʥʘʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʣʠʪʝʨʘʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧ.7 ʥʘʩʪʦʷʱʠʭ ʋʢʘʟʘʥʠʡ. 
 

ʈʘʟʜʝʣ 3, ʕʣʝʢʪʨʠʯʝʩʪʚʦ ʠ ʤʘʛʥʝʪʠʟʤ 
ʊʝʤʘ 3.1. ʕʣʝʢʪʨʦʩʪʘʪʠʢʘ. ʕʣʝʤʝʥʪʘʨʥʳʡ ʟʘʨʷʜ. ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʟʘʨʷʜʘ. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, 

ɿʘʢʦʥ ʂʫʣʦʥʘ. ʊʝʦʨʝʤʘ ɻʘʫʩʩʘ ʝʸ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʨʘʩʯʸʪʘ ʧʦʣʝʡ. ʈʘʙʦʪʘ ʩʠʣ ʧʦʣʷ ʧʦ 
ʧʝʨʝʤʝʱʝʥʠʶ ʪʦʯʝʯʥʦʛʦ ʟʘʨʷʜʘ. ʎʠʨʢʫʣʷʮʠʷ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʸʥʥʦʩʪʠ. ʇʦʪʝʥʮʠʘʣ. ʉʚʷʟʴ 

ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʠ ʧʦʪʝʥʮʠʘʣʘ. 
ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ. 

           1.ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʟʘʨʷʜʘ. 
           2. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʟʘʢʦʥ ʂʫʣʣʦʥʘ. 
            2. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ. 
           3. ɺʦʩʧʨʦʠʟʚʝʜʠʪʝ ʚʳʚʦʜ ʪʝʦʨʝʤʳ ɻʫʩʩʘ ʠ ʧʦʢʘʞʠʪʝ ʝʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 
ʧʦʣʝʡ. 
          4.ʂʘʢ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʠ ʧʦʪʝʥʮʠʘʣ? 
           5. ɿʘʧʠʰʠʪʝ ʠ ʦʙʲʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣʨʘʙʦʪʳ ʩʠʣ ʧʦʣʷ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʪʦʯʝʯʥʦʛʦ 
ʟʘʨʷʜʘ. 
           4. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʦʩʥʦʚʥʫʶ ʟʘʜʘʯʫ ʵʣʝʢʪʨʦʩʪʘʪʠʢʠ ʧʨʦʚʦʜʥʠʢʦʚ. 
            5.ʆʙʲʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʧʦʪʝʥʮʠʘʣʘ ʠ  ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʩʠʣʦʚʳʭ 
ʣʠʥʠʡ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʤʝʞʜʫ ʧʨʦʚʦʜʥʠʢʘʤʠ. 
            6.ʆʙʲʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʟʘʱʠʪʳ. 
          7.ʈʘʩʩʢʘʞʠʪʝ ʦ ʝʤʢʦʩʪʠ ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʠ ʵʥʝʨʛʠʠ ʟʘʨʷʞʝʥʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ. 

ʋʯʝʙʥʘʷ ʣʠʪʝʨʘʪʫʨʘ 
ʆʩʥʦʚʥʘʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʣʠʪʝʨʘʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧ.7 ʥʘʩʪʦʷʱʠʭ ʋʢʘʟʘʥʠʡ. 

 
ʊʝʤʘ 3.2 ʇʦʩʪʦʷʥʥʳʡ ʪʦʢ. ʋʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʦʢʘ. ɿʘʢʦʥ ʆʤʘ. ʇʨʘʚʠʣʘ ʂʠʨʭʛʦʬʘ ʠ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. 
 
                                                               ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ. 
                1. ʆʙʲʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʠ ʫʩʣʦʚʠʡ ʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ? 
                2.  ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʠ  ʦʙʲʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʟʘʢʦʥʘ ʆʤʘ. 
            3.  ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʠ  ʦʙʲʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣʧʨʘʚʠʣ ʂʠʨʭʛʦʬʘ. 

 
ʋʯʝʙʥʘʷ ʣʠʪʝʨʘʪʫʨʘ 

ʆʩʥʦʚʥʘʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʣʠʪʝʨʘʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧ.7 ʥʘʩʪʦʷʱʠʭ ʋʢʘʟʘʥʠʡ. 
 
ʊʝʤʘ 3.3 ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʦʢʦʚ. ɿʘʢʦʥ ɸʤʧʝʨʘ. ɿʘʢʦʥ ɹʠʦ-ʉʘʚʘʨʘ-ʃʘʧʣʘʩʘ ʠ 
ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʢ ʨʘʩʯʸʪʫ ʧʦʣʝʡ: ʧʦʣʷ ʢʨʫʛʦʚʦʛʦ ʪʦʢʘ, ʧʨʷʤʦʛʦ ʪʦʢʘ. ʄʘʛʥʠʪʥʳʡ ʧʦʪʦʢ. ʈʘʙʦʪʘ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 
                                                                ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ. 
                  1. ʆʙʲʷʩʥʠʪʝ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʦʢʦʚ. 
               2. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʠ ʦʙʲʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣʟʘʢʦʥʘ ɸʤʧʝʨʘ? 
               3. ɿʘʧʠʰʠʪʝ ʠ ʦʙʲʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣʟʘʢʦʥʘ  ɹʠʦ-ʉʘʚʘʨʘ-ʃʘʧʣʘʩʘ ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʢ 
ʨʘʩʯʸʪʫ ʧʦʣʝʡ: ʧʦʣʷ ʢʨʫʛʦʚʦʛʦ ʪʦʢʘ, ʧʨʷʤʦʛʦ ʪʦʢʘ. 
               4. ʆʙʲʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ. 
               5. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ  ʧʨʦʮʝʩʩ  ʨʘʙʦʪʳ  ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 
 

ʋʯʝʙʥʘʷ ʣʠʪʝʨʘʪʫʨʘ 
ʆʩʥʦʚʥʘʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʣʠʪʝʨʘʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧ.7 ʥʘʩʪʦʷʱʠʭ ʋʢʘʟʘʥʠʡ. 

 
ʊʝʤʘ 3.4.ʗʚʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚʘ. ʎʠʨʢʫʣʷʮʠʷ 
ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. ʗʚʣʝʥʠʝ ʩʘʤʦʠʥʜʫʢʮʠʠ. ʊʨʘʥʩʬʦʨʤʘʪʦʨʳ. ʕʥʝʨʛʠʷ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʪʝʦʨʠʷ ʄʘʢʩʚʝʣʣʘ ʜʣʷ ʵ/ʤ ʧʦʣʷ. 
                                                                ɺʦʧʨʦʩʳ  ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ. 
                  1. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʩʫʱʥʦʩʪʴʷʚʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ? 
                 2. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʠ ʦʙʲʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣʷʚʣʝʥʠʷ ʩʘʤʦʠʥʜʫʢʮʠʠ? 
                 3. ʆʙʲʷʩʥʠʪʝ ʫʩʪʨʦʡʩʪʚʦ ʠ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ? 
                  4. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʧʨʘʚʠʣʦ ʃʝʥʮʘ, ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʚ ʝʛʦ ʧʨʠʤʝʨʘʤʠ? 
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                  5. ʆʪʯʝʛʦ ʟʘʚʠʩʠʪ ʕɼʉ ʩʘʤʦʠʥʜʫʢʮʠʠ? 
                  6. ʇʦ ʢʘʢʦʡ ʬʦʨʤʫʣʝ ʦʧʨʝʜʝʣʷʶʪ ʵʥʝʨʛʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ? 
               7. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʩʫʱʥʦʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʪʝʦʨʠʠ ʄʘʢʩʚʝʣʣʘ ʜʣʷ ʵ/ʤ ʧʦʣʷ? 
 

ʋʯʝʙʥʘʷ ʣʠʪʝʨʘʪʫʨʘ 
ʆʩʥʦʚʥʘʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʣʠʪʝʨʘʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧ.7 ʥʘʩʪʦʷʱʠʭ ʋʢʘʟʘʥʠʡ. 

 
ʂʦʣʝʙʘʥʠʷ ʠ ʚʦʣʥʳ. 

ʊʝʤʘ: ɻʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ. ʅʝʟʘʪʫʭʘʶʱʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ. 
ʂʦʣʝʙʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ. ʄʘʷʪʥʠʢʠ. ʉʣʦʞʝʥʠʝ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. 

       ʀʜʝʘʣʴʥʳʡ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʦʩʮʠʣʣʷʪʦʨ.  ʋʨʘʚʥʝʥʠʝ ʠʜʝʘʣʴʥʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʠ ʝʛʦ ʨʝʰʝʥʠʝ. 
ɸʤʧʣʠʪʫʜʘ, ʯʘʩʪʦʪʘ ʠ ʬʘʟʘ ʢʦʣʝʙʘʥʠʷ.  ʇʨʠʤʝʨʳ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʬʠʟʠʯʝʩʢʦʡ 
ʧʨʠʨʦʜʳ. ʅʝʟʘʪʫʭʘʶʱʠʝʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ.  ɺʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ. 
ʉʣʦʞʝʥʠʝ ʢʦʣʝʙʘʥʠʡ (ʙʠʝʥʠʷ, ʬʠʛʫʨʳ ʃʠʩʩʘʞʫ).ʂʦʣʝʙʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ. ʄʘʷʪʥʠʢʠ. 
 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ ʧʦ ʨʘʟʜʝʣʫ: 
          1.ʏʪʦ ʥʘʟʳʚʘʝʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʦʩʮʠʣʣʷʪʦʨʦʤ? 
 2. ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʠʜʝʘʣʴʥʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʠ ʦʙʲʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʚʭʦʜʷʱʠʭ ʚ ʥʝʛʦ 
ʚʝʣʠʯʠʥ. 
          3. ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʩʚʦʙʦʜʥʳʭ ʟʘʪʫʭʘʶʱʠʭ ʠ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʦʙʲʷʩʥʠʪʝ 
ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʚʭʦʜʷʱʠʭ ʚ ʥʠʭ  ʚʝʣʠʯʠʥ. 
          4. ʅʘʟʦʚʠʪʝ ʫʩʣʦʚʠʷ ʧʨʦʪʝʢʘʥʠʷ ʥʝʟʘʪʫʭʘʶʱʠʭʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. 
        5.ʆʙʲʷʩʥʠʪʝ ʩʫʱʥʦʩʪʴ ʨʘʙʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ. 
          4. ʂʘʢʦʝ ʷʚʣʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʨʝʟʦʥʘʥʩʦʤ? 
          5. ʏʪʦ ʪʘʢʦʝ ʘʚʪʦʢʦʣʝʙʘʥʠʷ? 

ʋʯʝʙʥʘʷ ʣʠʪʝʨʘʪʫʨʘ 
ʆʩʥʦʚʥʘʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʣʠʪʝʨʘʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧ.7 ʥʘʩʪʦʷʱʠʭ ʋʢʘʟʘʥʠʡ. 

 
ʊʝʤʘ: ɽʜʠʥʳʡ ʧʦʜʭʦʜ ʢ ʢʦʣʝʙʘʥʠʷʤ ʨʘʟʣʠʯʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʩʚʦʙʦʜʥʳʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʠʭ ʨʝʰʝʥʠʝ. 
 
ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩʚʦʙʦʜʥʳʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʠʭ ʨʝʰʝʥʠʝ. 
 
1.ɿʘʧʠʰʠʪʝ ʠ ʦʙʲʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠ ʝʛʦ ʨʝʰʝʥʠʷ ʩʚʦʙʦʜʥʳʭ 
ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. 
 

ʋʯʝʙʥʘʷ ʣʠʪʝʨʘʪʫʨʘ 
ʆʩʥʦʚʥʘʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʣʠʪʝʨʘʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧ.7 ʥʘʩʪʦʷʱʠʭ ʋʢʘʟʘʥʠʡ. 

 
ʊʝʤʘ:ɿʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ (ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ). ɸʧʝʨʠʦʜʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. 

ɺʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ. ʈʝʟʦʥʘʥʩ. ʇʝʨʝʤʝʥʥʳʡ ʪʦʢ. 
ɿʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ (ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ). ɸʧʝʨʠʦʜʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. ɺʳʥʫʞʜʝʥʥʳʝ 
ʢʦʣʝʙʘʥʠʷ. ʈʝʟʦʥʘʥʩ. ʇʝʨʝʤʝʥʥʳʡ ʪʦʢ. 
 
       1. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʩʚʦʙʦʜʥʳʝ ʟʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ ʧʨʫʞʠʥʥʦʛʦ ʤʘʷʪʥʠʢʘ. 
       2. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʩʚʦʙʦʜʥʳʝ ʟʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʢʦʥʪʫʨʝ. 
       3. ʂʘʢʦʡ ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʝʪʩʷ ʘʧʝʨʠʦʜʠʯʝʩʢʠʤ? 
       4. ɿʘʧʠʰʠʪʝ ʠ ʦʙʲʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠ ʝʛʦ ʨʝʰʝʥʠʷ 
ʚʳʥʫʞʜʝʥʥʳʭ (ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ) ʢʦʣʝʙʘʥʠʡ. 
      5. ʆʙʲʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ ʚʳʥʫʞʜʝʥʥʳʭ (ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ)  ʢʦʣʝʙʘʥʠʡ. 
      6. ʆʙʲʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʷʚʣʝʥʠʷ ʨʝʟʦʥʘʥʩʘ. 
      7. . ʆʙʲʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʩʚʦʡʩʪʚ ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 
ʪʦʢʘ. 

ʋʯʝʙʥʘʷ ʣʠʪʝʨʘʪʫʨʘ 
ʆʩʥʦʚʥʘʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʣʠʪʝʨʘʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧ.7 ʥʘʩʪʦʷʱʠʭ ʋʢʘʟʘʥʠʡ. 

 
ʊʝʤʘ:  ɺʦʣʥʦʚʳʝ ʧʨʦʮʝʩʩʳ. ɺʦʣʥʦʚʦʝ ʫʨʘʚʥʝʥʠʝ (ʦʜʥʦʤʝʨʥʦʝ). ʌʘʟʦʚʘʷ ʠ ʛʨʫʧʧʦʚʘʷ ʩʢʦʨʦʩʪʴ 
          ɺʦʣʥʦʚʦʝ ʜʚʠʞʝʥʠʝ. ʇʣʦʩʢʘʷ ʛʘʨʤʦʥʠʯʝʩʢʘʷ ʚʦʣʥʘ. ɼʣʠʥʘ ʚʦʣʥʳ, ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ, ʬʘʟʦʚʘʷ 
ʩʢʦʨʦʩʪʴ. ʋʨʘʚʥʝʥʠʝ ʚʦʣʥʳ. ʆʜʥʦʤʝʨʥʦʝ ʚʦʣʥʦʚʦʝ ʫʨʘʚʥʝʥʠʝ. ʋʧʨʫʛʠʝ ʚʦʣʥʳ ʚ ʛʘʟʘʭ ʞʠʜʢʦʩʪʷʭ ʠ 
ʪʚʝʨʜʳʭ ʪʝʣʘʭ. ʇʣʦʩʢʠʝ ʠ ʩʬʝʨʠʯʝʩʢʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ. ʇʦʣʷʨʠʟʘʮʠʷ ʚʦʣʥ. 
 
                           ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 
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1.ʆʙʲʷʩʥʠʪʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʚʦʣʥʳ ʠ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ  ʯʘʩʪʠʮ ʚ ʚʦʣʥʝ. 
2. ʆʙʲʷʩʥʠʪʝ ʧʦʥʷʪʠʷ ʧʝʨʠʦʜʘ, ʜʣʠʥʳ ʚʦʣʥʳ, ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ. 
3. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʠ ʦʙʲʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʫʨʘʚʥʝʥʠʷ  ʚʦʣʥʳ. 
4. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʧʣʦʩʢʠʝ ʠ ʩʬʝʨʠʯʝʩʢʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ 
 

ʋʯʝʙʥʘʷ ʣʠʪʝʨʘʪʫʨʘ 
ʆʩʥʦʚʥʘʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʣʠʪʝʨʘʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧ.7 ʥʘʩʪʦʷʱʠʭ ʋʢʘʟʘʥʠʡ. 

 
ʆʧʪʠʢʘ 

ʊʝʤʘ:  ʈʘʟʚʠʪʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʨʠʨʦʜʝ ʩʚʝʪʘ. ʂʦʛʝʨʝʥʪʥʦʩʪʴ ʠ ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʩʪʴ 
ʩʚʝʪʦʚʳʭ ʚʦʣʥ. ʈʘʩʯʸʪ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʦʪ ʜʚʫʭ ʠʩʪʦʯʥʠʢʦʚ.   ʀʥʪʝʨʬʝʨʝʥʮʠʷ 
ʩʚʝʪʘ. ʀʥʪʝʨʬʝʨʝʥʮʠʷ ʩʚʝʪʘ ʚ ʪʦʥʢʠʭ ʧʣʸʥʢʘʭ. ʇʨʦʩʚʝʪʣʝʥʠʝ ʦʧʪʠʢʠ. ʀʥʪʝʨʬʝʨʦʤʝʪʨʳ. 

 
ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 
1.ʂʘʢʦʚʘ ʧʨʠʨʦʜʘ ʩʚʝʪʘ? 
2. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʠ ʦʙʲʷʩʥʠʪʝ ʫʩʣʦʚʠʷ ʢʦʛʝʨʝʥʪʥʦʩʪʠ  ʠ ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʩʪʠ ʩʚʝʪʦʚʳʭ ʚʦʣʥ. 
1.ʏʪʦ ʪʘʢʦʝ ʠʥʪʝʨʬʝʨʝʥʮʠʷ? ʂʘʢʠʤ ʫʩʣʦʚʠʷʤ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʚʦʣʥʳ ʧʨʠ ʠʥʪʝʨʬʝʨʝʥʮʠʠ? 
2.ʂʘʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʧʪʠʯʝʩʢʘʷ ʨʘʟʥʦʩʪʴ ʭʦʜʘ? 
3.ʇʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘʙʣʶʜʘʶʪ ʧʦʣʦʩʳ ʨʘʚʥʦʡ ʪʦʣʱʠʥʳ? ʨʘʚʥʦʛʦ ʥʘʢʣʦʥʘ? 
4. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʩʫʪʴ ʧʨʦʩʚʝʪʣʝʥʠʷ ʦʧʪʠʢʠ? 
 

ʋʯʝʙʥʘʷ ʣʠʪʝʨʘʪʫʨʘ 
ʆʩʥʦʚʥʘʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʣʠʪʝʨʘʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧ.7 ʥʘʩʪʦʷʱʠʭ ʋʢʘʟʘʥʠʡ. 

 
ʊʝʤʘ:. ɼʠʬʨʘʢʮʠʷ ʩʚʝʪʘ. ʇʨʠʥʮʠʧ ɻʶʡʛʝʥʩʘ-ʌʨʝʥʝʣʷ. ɼʠʬʨʘʢʮʠʷ ʌʨʝʥʝʣʷ. ɼʠʬʨʘʢʮʠʷ 

ʌʨʘʫʥʛʦʬʝʨʘ. ɼʠʬʨʘʢʮʠʷ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʝʰʸʪʢʝ. 
       ʇʨʠʥʮʠʧ ɻʶʡʛʝʥʩʘ-ʌʨʝʥʝʣʷ. ɼʠʬʨʘʢʮʠʷ ʌʨʝʥʝʣʷ ʥʘ ʧʨʦʩʪʝʡʰʠʭ ʧʨʝʛʨʘʜʘʭ. 
ɼʠʬʨʘʢʮʠʷ ʌʨʘʫʥʛʦʬʝʨʘ. ɼʠʬʨʘʢʮʠʦʥʥʘʷ ʨʝʰʝʪʢʘ ʢʘʢ ʩʧʝʢʪʨʘʣʴʥʳʡ ʧʨʠʙʦʨ. ʇʦʥʷʪʠʝ ʦ 
ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʤ ʤʝʪʦʜʝ ʧʦʣʫʯʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ.  
 
                                                  ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 
1. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʠ ʦʙʲʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ  ʧʨʠʥʮʠʧʘ ɻʶʡʛʝʥʩʘ-ʌʨʝʥʝʣʷ. 
2. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʩʫʪʴ ʜʠʬʨʘʢʮʠʠ ʌʨʘʫʥʛʦʬʝʨʘ? 
3. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʤʝʪʦʜ ʟʦʥ ʌʨʝʥʝʣʷ? 
4. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʨʝʰʝʪʢʫ ʢʘʢ ʩʧʝʢʪʨʘʣʴʥʳʡ ʧʨʠʙʦʨ. 
5.ɿʘʧʠʰʠʪʝ ʫʩʣʦʚʠʷ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʜʣʷ ʨʝʰʝʪʢʠ? 
 

ʋʯʝʙʥʘʷ ʣʠʪʝʨʘʪʫʨʘ 
ʆʩʥʦʚʥʘʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʣʠʪʝʨʘʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧ.7 ʥʘʩʪʦʷʱʠʭ ʋʢʘʟʘʥʠʡ. 

 
ʊʝʤʘ: ʇʦʣʷʨʠʟʘʮʠʷ ʩʚʝʪʘ. ɽʩʪʝʩʪʚʝʥʥʳʡ ʠ ʧʦʣʷʨʠʟʦʚʘʥʥʳʡ ʩʚʝʪ. ɿʘʢʦʥʳ ɹʨʶʩʪʝʨʘ ʠ ʄʘʣʶʩʘ. 

ʇʦʣʷʨʦʠʜʳ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ. 
           ʌʦʨʤʘ ʠ ʩʪʝʧʝʥʴ ʧʦʣʷʨʠʟʘʮʠʠ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʚʦʣʥ.  ʇʦʣʫʯʝʥʠʝ ʠ ʘʥʘʣʠʟ ʣʠʥʝʡʥʦ-
ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʩʚʝʪʘ.  ʃʠʥʝʡʥʦʝ ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʝʥʠʝ.  ʇʨʦʭʦʞʜʝʥʠʝ ʩʚʝʪʘ ʯʝʨʝʟ ʣʠʥʝʡʥʳʝ 
ʬʘʟʦʚʳʝ ʧʣʘʩʪʠʥʢʠ. ʀʩʢʫʩʩʪʚʝʥʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʘʥʠʟʦʪʨʦʧʠʷ.  ʌʦʪʦʫʧʨʫʛʦʩʪʴ.  ʎʠʨʢʫʣʷʨʥʘʷ ʬʘʟʦʚʘʷ 
ʘʥʠʟʦʪʨʦʧʠʷ. ʕʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ.ɿʘʢʦʥʳ ɹʨʶʩʪʝʨʘ ʠ ʄʘʣʶʩʘ. 
ʇʦʣʷʨʦʠʜʳ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ. 
 
 
 
                                             ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ. 
            1. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʬʦʨʤʫ  ʠ ʩʪʝʧʝʥʴ ʧʦʣʷʨʠʟʘʮʠʠ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʚʦʣʥ, ʧʦʣʫʯʝʥʠʝ ʠ 
ʘʥʘʣʠʟ ʣʠʥʝʡʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʩʚʝʪʘ. 
            2. ʆʙʲʷʩʥʠʪʝ ʷʚʣʝʥʠʝ ʣʠʥʝʡʥʦʛʦ ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʝʥʠʷ. 
     3. ɺ ʯʝʤ ʟʘʢʣʶʯʘʶʪʩʷ ʩʫʱʥʦʩʪʴ ʷʚʣʝʥʠʷ ʬʦʪʦʫʧʨʫʛʦʩʪʠ. 
     4.ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʩʫʱʥʦʩʪʴ  ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ? 
            5. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʠ ʦʙʲʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ  ʟʘʢʦʥʦʚ ɹʨʶʩʪʝʨʘ ʠ ʄʘʣʶʩʘ. 
 

ʋʯʝʙʥʘʷ ʣʠʪʝʨʘʪʫʨʘ 
ʆʩʥʦʚʥʘʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʣʠʪʝʨʘʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧ.7 ʥʘʩʪʦʷʱʠʭ ʋʢʘʟʘʥʠʡ. 
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ɸʪʦʤ ʠ ʷʜʨʦ. 
ʂʚʘʥʪʦʚʘʷ ʬʠʟʠʢʘ 

ʊʝʤʘ:  ʂʚʘʥʪʦʚʳʝ ʩʚʦʡʩʪʚʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 
     ʂʚʘʥʪʦʚʘʷ ʧʨʠʨʦʜʘ ʠʟʣʫʯʝʥʠʷ. ʊʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ. ɿʘʢʦʥʳ ʘʙʩʦʣʶʪʥʦ ʯʸʨʥʦʛʦ ʪʝʣʘ. 
ʌʦʪʦʵʬʬʝʢʪ. ʕʬʬʝʢʪ ʂʦʤʧʪʦʥʘ. ʉʚʝʪʦʚʦʝ ʜʘʚʣʝʥʠʝ.   ʂʦʨʧʫʩʢʫʣʷʨʥʦ ï ʚʦʣʥʦʚʦʡ ʜʫʘʣʠʟʤ. 
ɼʠʬʨʘʢʮʠʷ ʵʣʝʢʪʨʦʥʦʚ. ɺʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ. ʋʨʘʚʥʝʥʠʝ ʐʨʝʜʠʥʛʝʨʘ. 
 
                                                ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ. 
1. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. 
2. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʠ ʦʙʲʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʟʘʢʦʥʦʚ ʂʠʨʭʛʦʬʘ, ʉʪʝʬʘʥʘ-ɹʦʣʴʮʤʘʥʘ ʠ ɺʠʥʘ ʠ 
ʬʦʨʤʫʣʳ ʈʝʣʝʷ-ɼʞʠʥʩʘ? 
3. ɺ ʯʝʤ ʟʘʢʣʶʯʘʶʪʩʷ ʩʫʱʥʦʩʪʴ  ʛʠʧʦʪʝʟʳ ʇʣʘʥʢʘ? 
4. ʆʙʲʷʩʥʠʪʝ ʟʘʢʦʥʳ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 
5.  ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʩʫʱʥʦʩʪʴ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʚʦʣʥʦʚʦʛʦ ʜʫʘʣʠʟʤʘ ʩʚʝʪʘ? 
6. ʆʙʲʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʜʠʬʨʘʢʮʠʠ ʵʣʝʢʪʨʦʥʦʚ. 
7. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʚʦʣʥʦʚʫʶ ʬʫʥʢʮʠʶ, ʝʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʩʤʳʩʣ ʠ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʤ ʦʥʘ ʜʦʣʞʥʘ 
ʫʜʦʚʣʝʪʚʦʨʷʪʴ. 
8. ɿʘʧʠʰʠʪʝ ʠ ʦʙʲʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʫʨʘʚʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ. 
9. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʩʫʱʥʦʩʪʴ  ʦʧʳʪʘ ʐʪʝʨʥʘ ʠ ɻʝʨʣʘʭʘ, ʕʬʬʝʢʪ ɿʝʝʤʘʥʘ? 
10. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʩʫʱʥʦʩʪʴ  ʬʦʪʦɻʬʬʝʢʪʘ ʠ ʵʬʬʝʢʪʘ ʂʦʤʧʪʦʥʘ? 
 

ʋʯʝʙʥʘʷ ʣʠʪʝʨʘʪʫʨʘ 
ʆʩʥʦʚʥʘʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʣʠʪʝʨʘʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧ.7 ʥʘʩʪʦʷʱʠʭ ʋʢʘʟʘʥʠʡ. 

 
ʊʝʤʘ: ɸʪʦʤ ʚʦʜʦʨʦʜʘ ʧʦ ʈʝʟʝʨʬʦʨʜʫ  - ɹʦʨʫ. ʇʨʦʠʩʭʦʞʜʝʥʠʷ ʣʠʥʝʡʯʘʪʦʛʦ ʩʧʝʢʪʨʘ ʚʦʜʦʨʦʜʘ. 

ʉʝʨʠʘʣʴʥʘʷ ʬʦʨʤʫʣʘ 
ɸʪʦʤ ʚʦʜʦʨʦʜʘ ʧʦ ʈʝʟʝʨʬʦʨʜʫ  - ɹʦʨʫ. ʇʨʦʠʩʭʦʞʜʝʥʠʷ ʣʠʥʝʡʯʘʪʦʛʦ ʩʧʝʢʪʨʘ ʚʦʜʦʨʦʜʘ. ʉʝʨʠʘʣʴʥʘʷ 
ʬʦʨʤʫʣʘ 
 
                                                               ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ. 
                      1. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʩʫʱʥʦʩʪʴ  ʦʧʳʪʦʚ  ʈʝʟʝʨʬʦʨʜʘ? 
                      2. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʩʫʱʥʦʩʪʴ  ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʣʠʥʝʡʯʘʪʦʛʦ ʩʧʝʢʪʨʘ ʚʦʜʦʨʦʜʘ? 
                  3. ʆʙʲʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʩʝʨʠʘʣʴʥʦʡ ʬʦʨʤʫʣʳ? 
                  3. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʷʜʝʨʥʫʶ ʤʦʜʝʣʴ ʘʪʦʤʘ. 
                  4. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʩʫʱʥʦʩʪʴ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ  ʚ ʘʪʦʤʥʳʭ ʩʧʝʢʪʨʘʭ? 
                   5. ɿʘʧʠʰʠʪʝ ʠ ʦʙʲʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʬʦʨʤʫʣʳ ɹʘʣʴʤʝʨʘ. 
 

ʋʯʝʙʥʘʷ ʣʠʪʝʨʘʪʫʨʘ 
ʆʩʥʦʚʥʘʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʣʠʪʝʨʘʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧ.7 ʥʘʩʪʦʷʱʠʭ ʋʢʘʟʘʥʠʡ. 

 
ʊʝʤʘ: ʆʩʥʦʚʳ ʬʠʟʠʢʠ ʘʪʦʤʥʦʛʦ ʷʜʨʘ. 

          ʉʪʨʦʝʥʠʝ ʘʪʦʤʘ. ʀʟʦʪʦʧʳ. ʈʘʜʠʦʘʢʪʠʚʥʦʩʪʴ. ʗʜʝʨʥʘʷ ʨʝʘʢʮʠʷ. ɿʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ ʚ ʷʜʝʨʥʳʭ 
ʨʝʘʢʮʠʷʭ. ʎʝʧʥʘʷ ʨʝʘʢʮʠʷ ʜʝʣʝʥʠʷ. ʕʣʝʤʝʥʪʳ ʬʠʟʠʢʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ 
 
                                          ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ.    
        1.ʂʘʢʦʡ ʩʦʩʪʘʚ ʠʤʝʝʪ ʘʪʦʤʥʦʝ ʷʜʨʦ?   
        2. ɼʘʡʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʷʜʨʘ: ʟʘʨʷʜʘ, ʤʘʩʩʳ, ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʥʫʢʣʦʥʦʚ.  
        3. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʷʚʣʝʥʠʝ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ. 
         4. ʅʘʟʦʚʠʪʝ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʠ ʟʘʢʦʥʳ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 
         5. ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ. 
         6. ʇʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʩʭʦʜʠʪ  ʜʝʣʝʥʠʝ ʠ  ʩʠʥʪʝʟ ʷʜʝʨ?  
         7.ʏʪʦ ɺʳ ʫʟʥʘʣʠ ʦ ʜʦʟʠʤʝʪʨʠʠ ʠ ʟʘʱʠʪʝ? 
 

ʋʯʝʙʥʘʷ ʣʠʪʝʨʘʪʫʨʘ 
ʆʩʥʦʚʥʘʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʣʠʪʝʨʘʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧ.7 ʥʘʩʪʦʷʱʠʭ ʋʢʘʟʘʥʠʡ. 
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3.1 .ʆʙʱʠʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʬʦʨʤʣʝʥʠʶ ʠ ʚʳʧʦʣʥʝʥʠʶ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ. 
 

ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ 1  
ʆʇʈɽɼɽʃɽʅʀɽ ʇʆɻʈɽʐʅʆʉʊʀ ʇʈʗʄʓʍ ʀ ʂʆʉɺɽʅʅʓʍ ʀɿʄɽʈɽʅʀʁ  

 
ʎʝʣʠ ʨʘʙʦʪʳ: 
1) ʠʟʫʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʧʨʷʤʳʭ ʠ ʢʦʩʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʷʭ 
ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, 
2) ʦʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚʝʱʝʩʪʚʘ ʪʚʝʨʜʳʭ ʪʝʣ ʧʨʘʚʠʣʴʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ (ʮʠʣʠʥʜʨ, 
ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ). 
ʇʨʠʙʦʨʳ ʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ: ʰʪʘʥʛʝʥʮʠʨʢʫʣʴ, ʚʝʩʳ, ʮʠʣʠʥʜʨ.  
 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ 
 

ʀʟʤʝʨʝʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ ï ʧʨʦʮʝʩʩ ʩʨʘʚʥʝʥʠʷ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ ʩ ʧʦʤʦʱʴʶ 
ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʩ ʦʜʥʦʨʦʜʥʦʡ ʝʡ ʚʝʣʠʯʠʥʦʡ, ʫʩʣʦʚʥʦ ʧʨʠʥʷʪʦʡ ʟʘ ʝʜʠʥʠʮʫ. 

ʈʘʟʣʠʯʘʶʪ ʜʚʘ ʚʠʜʘ ʠʟʤʝʨʝʥʠʡ: ʧʨʷʤʳʝ ʠ ʢʦʩʚʝʥʥʳʝ. 
ʇʨʷʤʦʝ ʠʟʤʝʨʝʥʠʝ ï ʵʪʦ ʠʟʤʝʨʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʩʢʦʤʦʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʥʘʭʦʜʷʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʦʧʳʪʘ. 
ʂʦʩʚʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ï ʵʪʦ ʠʟʤʝʨʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʩʢʦʤʦʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʥʘʭʦʜʷʪ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʠʟʚʝʩʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʥʝʡ ʠ ʚʝʣʠʯʠʥʘʤʠ ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ 
ʧʨʦʚʝʜʝʥʠʠ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ. 

ʇʦʛʨʝʰʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʦʪʢʣʦʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʠʟʤʝʨʝʥʠʡ ʦʪ 
ʠʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ ʥʘʟʳʚʘʝʪʩʷ ʝʸ ʟʥʘʯʝʥʠʝ, ʥʘʡʜʝʥʥʦʝ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʸʤ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʦʝ ʢ ʠʩʪʠʥʥʦʤʫ ʟʥʘʯʝʥʠʶ. ʂʘʢ ʪʘʢʦʚʦʝ 
ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʦʪʜʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

ä
=

>=<
n

i

ix
n

x
1

1
       ʧʨʠ ix  - ʨʝʟʫʣʴʪʘʪ i  ï ʦʛʦ ʟʘʤʝʨʘ ʚʝʣʠʯʠʥʳ x . n - ʯʠʩʣʦ         ʠʟʤʝʨʝʥʠʡ 

ʚʝʣʠʯʠʥʳ x . 

ɸʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ï ʵʪʦ ʤʦʜʫʣʴ ʦʪʢʣʦʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ i - ʦʛʦ ʠʟʤʝʨʝʥʠʷ ix , ʦʪ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɺʳʨʘʞʘʝʪʩʷ ʚ ʝʜʠʥʠʮʘʭ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ. 

><-=D xxx ii  

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ï ʵʪʦ ʧʦʛʨʝʰʥʦʩʪʴ, ʚʳʨʘʞʝʥʥʘʷ ʦʪʥʦʰʝʥʠʝʤ ʘʙʩʦʣʶʪʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 
ʢ ʜʝʡʩʪʚʠʪʝʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ. 
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D
=

x

xi

id  

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʚ ʩʝʙʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʠ ʩʣʫʯʘʡʥʫʶ 
ʩʦʩʪʘʚʣʷʶʱʫʶ. 
ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʘʟʳʚʘʶʪ ʧʦʛʨʝʰʥʦʩʪʴ, ʩʦʭʨʘʥʷʶʱʫʶ ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʟʥʘʢ 
ʠʣʠ ʤʝʥʷʶʱʫʶʩʷ ʧʦ ʠʟʚʝʩʪʥʦʤʫ ʟʘʢʦʥʫ ʧʨʠ ʧʦʚʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʦʜʥʦʡ ʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʚʝʣʠʯʠʥʳ 
ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ. 
ʉʣʫʯʘʡʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʧʦʚʪʦʨʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʦʜʥʦʡ ʠ 
ʪʦʡ ʞʝ ʚʝʣʠʯʠʥʳ ʚ ʚʠʜʫ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. 
çɺʳʧʘʜʳè (çʧʨʦʤʘʭʠè) ï ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʪ ʦʞʠʜʘʝʤʳʭ, ʧʨʠ 
ʠʟʚʝʩʪʥʳʭ ʧʦʛʨʝʰʥʦʩʪʷʭ. 
ʉʨʝʜʥʷʷ ʘʨʠʬʤʝʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ. 
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ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ 
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ʇʨʠʙʦʨʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 
ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʤʥʦʛʦʢʨʘʪʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʥʘʙʣʶʜʝʥʠʡ ʜʘʝʪ ʦʜʥʦ ʠ ʪʦ ʞʝ ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʷʝʤʦʡ 
ʚʝʣʠʯʠʥʳ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʜʠʘʤʝʪʨʘ ʮʠʣʠʥʜʨʘ ʤʠʣʣʠʤʝʪʨʦʚʦʡ ʣʠʥʝʡʢʦʡ ʧʦʣʫʯʘʝʪʩʷ ʦʜʥʦ 
ʠ ʪʦ ʞʝ ʟʥʘʯʝʥʠʝ d = 45,0 ʤʤ. ʕʪʦ ʥʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. ʃʶʙʦʡ 
ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʠʙʦʨ ʦʙʣʘʜʘʝʪ ʩʦʙʩʪʚʝʥʥʦʡ ʠʣʠ ʧʨʠʙʦʨʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʪʦʯʥʦʩʪʴʶ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʛʨʘʜʫʠʨʦʚʢʠ ʧʨʠʙʦʨʘ, ʫʩʣʦʚʠʷʤʠ ʨʘʙʦʪʳ. ʇʨʠʙʦʨʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 
ʟʘʥʦʩʠʪʩʷ ʚ ʧʘʩʧʦʨʪ ʧʨʠʙʦʨʘ. ɽʩʣʠ ʩʧʝʮʠʘʣʴʥʳʭ ʫʢʘʟʘʥʠʡ ʥʝʪ, ʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʙʦʨʥʦʡ 
ʧʦʛʨʝʰʥʦʩʪʠ ʙʝʨʝʪʩʷ ʧʦʣʦʚʠʥʘ ʥʘʠʤʝʥʴʰʝʛʦ ʜʝʣʝʥʠʷ ʰʢʘʣʳ. ɺ ʥʘʰʝʤ ʧʨʠʤʝʨʝ ʚʝʣʠʯʠʥʫ ʮʠʣʠʥʜʨʘ 
ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

d = (45,0 ° 0,5) ʤʤ. 
ɽʩʣʠ ʧʨʠʙʦʨ ʠʤʝʝʪ ʦʜʥʫ ʰʢʘʣʫ ʠʣʠ ʦʜʠʥ ʧʨʝʜʝʣ ʠʟʤʝʨʝʥʠʷ, ʪʦʛʜʘ ʥʘʠʤʝʥʴʰʝʝ ʜʝʣʝʥʠʝ ʰʢʘʣʳ 
ʦʧʨʝʜʝʣʷʝʪ ʮʝʥʫ ʜʝʣʝʥʠʷ ʧʨʠʙʦʨʘ. ɺ ʤʥʦʛʦʧʨʝʜʝʣʴʥʳʭ, ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʧʨʠʙʦʨʘʭ ʰʢʘʣʘ ʦʙʳʯʥʦ ʥʝ 
ʛʨʘʜʫʠʨʫʝʪʩʷ ʚ ʟʥʘʯʝʥʠʷʭ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʮʝʥʘ ʜʝʣʝʥʠʷ ʧʨʠʙʦʨʘ ʟʘʚʠʩʠʪ ʦʪ 
ʚʳʙʨʘʥʥʦʛʦ ʧʨʝʜʝʣʘ ʠʟʤʝʨʝʥʠʷ. ʇʨʝʜʝʣ ʠʟʤʝʨʝʥʠʷ ï ʵʪʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, 
ʠʟʤʝʨʷʝʤʘʷ ʧʨʠʙʦʨʦʤ ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ. 
ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ. ʇʨʝʜʝʣ ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʚʦʣʴʪʤʝʪʨʘ ʩʦʩʪʘʚʣʷʝʪ Umax = 50 B, ʰʢʘʣʘ ʧʨʠʙʦʨʘ 
ʠʤʝʝʪ nmax = 100 ʜʝʣʝʥʠʡ. ʎʝʥʘ ʜʝʣʝʥʠʷ ʰʢʘʣʳ: 

.
ʜʝʣ.

B
5,0==

max

max

n

U
c  

ʉʪʨʝʣʢʘ ʧʨʠʙʦʨʘ ʦʩʪʘʥʦʚʠʣʘʩʴ ʥʘ nX = 30 ʜʝʣ. ʀʟʤʝʨʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʚʥʦ: 

.ɺ 15ʜʝʣ 30
ʜʝʣ.

B
5,0 =Ö=Ö= XX ncU  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʷʝʤʦʡ ʤʥʦʛʦʧʨʝʜʝʣʴʥʳʤ ʧʨʠʙʦʨʦʤ ʬʠʟʠʯʝʩʢʦʡ 

ʚʝʣʠʯʠʥʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʞʜʝ ʚʩʝʛʦ, ʠʩʭʦʜʷ ʠʟ ʚʳʙʨʘʥʥʦʛʦ ʧʨʝʜʝʣʘ ʠʟʤʝʨʝʥʠʷ 
maxC , ʢʦʪʦʨʳʡ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
maxn  ï ʜʝʣʝʥʠʡ ʰʢʘʣʳ, ʨʘʩʩʯʠʪʘʪʴ ʮʝʥʫ ʜʝʣʝʥʠʷ 

.
maxn

c maxC
=  (1.6) 

ɿʘʪʝʤ ʦʧʨʝʜʝʣʠʪʴ ʠʩʢʦʤʦʝ ʟʥʘʯʝʥʠʝ, ʫʤʥʦʞʠʚ ʧʦʢʘʟʘʥʠʷ ʧʨʠʙʦʨʘ ʥʘ ʮʝʥʫ ʜʝʣʝʥʠʷ: 

maxnʩÖ=C
. (1.7) 

ʊʦʯʥʦʩʪʴ ʧʨʠʙʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʯʥʦʩʪʴʶ ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʛʨʘʜʫʠʨʦʚʢʠ. ʉʦʛʣʘʩʥʦ ɻʆʉʊ ʚʩʝ 
ʵʣʝʢʪʨʦʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ ʨʘʟʜʝʣʷʶʪ ʥʘ 8 ʢʣʘʩʩʦʚ ʪʦʯʥʦʩʪʠ: 
4,0 ï 2,5 ï 1,5 ï 1,0 ï 0,5 ï 0,2- 0,1 ï 0,05. 
ʇʦ ʢʣʘʩʩʫ ʪʦʯʥʦʩʪʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʘʙʩʦʣʶʪʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ. 
ɸʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʧʨʝʜʝʣʘ ʠʟʤʝʨʝʥʠʷ ʠ ʧʦʩʪʦʷʥʥʘ ʚ ʣʶʙʦʡ ʯʘʩʪʠ ʰʢʘʣʳ. ɼʣʷ 
ʦʧʨʝʜʝʣʝʥʠʷ ʘʙʩʦʣʶʪʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʚʝʣʠʯʠʥʫ ʚʳʙʨʘʥʥʦʛʦ ʧʨʝʜʝʣʘ ʠʟʤʝʨʝʥʠʷ 
ʫʤʥʦʞʠʪʴ ʥʘ ʢʣʘʩʩ ʪʦʯʥʦʩʪʠ. ʂʣʘʩʩ ʪʦʯʥʦʩʪʠ ʟʘʜʘʥ ʚ ʧʨʦʮʝʥʪʘʭ. 
ʅʘʧʨʠʤʝʨ, ʜʣʷ ʧʨʠʙʦʨʘ ʩ ʢʣʘʩʩʦʤ ʪʦʯʥʦʩʪʠ 0,5 ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʪʦʢʘ ʥʘ ʧʨʝʜʝʣʝ 10ɸ ʘʙʩʦʣʶʪʥʘʷ 
ʧʦʛʨʝʰʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ: 

( ) ( ) .105105,010%5,0ɸ10 22 ɸɸI -- Ö=ÖÖ°=Ö°=D  

ɽʩʣʠ ʠʟʤʝʨʠʪʴ ʵʪʠʤ ʧʨʠʙʦʨʦʤ ʩʣʝʜʫʶʱʠʝ ʪʦʢʠ ɸ1,ɸ5,ɸ10 321 === III , ʪʦ ʘʙʩʦʣʶʪʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʦʜʠʥʘʢʦʚʘ ɸ105 2-Ö=I . ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ: 

( )

( )

( ) .ɸ05,01

;ɸ05,05

;ɸ05,010

3

2

1

°=

°=

°=

I

I

I

 

ʆʜʥʘʢʦ, ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʢʘʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʷ, ʙʫʜʫʪ ʨʘʟʣʠʯʥʳ: 
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ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʪʝʤ ʤʝʥʴʰʝ, ʯʝʤ ʙʣʠʞʝ ʠʟʤʝʨʷʝʤʘʷ ʚʝʣʠʯʠʥʘ ʢ ʧʨʝʜʝʣʫ ʠʟʤʝʨʝʥʠʷ. 
ʇʦʵʪʦʤʫ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʙʠʨʘʪʴ ʧʨʝʜʝʣ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʠʟʤʝʨʷʝʤʦʝ ʟʥʘʯʝʥʠʝ ʥʘʭʦʜʠʣʦʩʴ ʚʦ 
ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʰʢʘʣʳ ʧʨʠʙʦʨʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʨʝʣʦʯʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʧʨʠʙʦʨʦʚ ʩ 
ʟʝʨʢʘʣʴʥʦʡ ʰʢʘʣʦʡ ʧʨʠ ʩʯʠʪʳʚʘʥʠʠ ʧʦʢʘʟʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʤʝʩʪʠʪʴ ʩʪʨʝʣʢʫ ʩ ʝʝ ʟʝʨʢʘʣʴʥʳʤ 
ʠʟʦʙʨʘʞʝʥʠʝʤ. ʇʨʠ ʪʘʢʦʤ ʧʦʣʦʞʝʥʠʠ ʛʣʘʟʘ ʦʢʘʟʳʚʘʝʪʩʷ ʥʘʠʤʝʥʴʰʝʡ ʦʰʠʙʢʘ ʥʘ ʧʘʨʘʣʣʘʢʩ. 
ɺ ʩʣʫʯʘʝ ʠʟʤʝʨʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʩʣʦʞʥʳʤʠ ʧʨʠʙʦʨʘʤʠ ʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʧʨʠʙʦʨʥʘʷ 
ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʟʘʚʠʩʠʤʦʩʪʷʤ, ʢʦʪʦʨʳʝ ʫʢʘʟʘʥʳ ʚ ʧʘʩʧʦʨʪʝ ʧʨʠʙʦʨʘ. ʅʘʧʨʠʤʝʨ, ʧʨʠ 
ʠʟʤʝʨʝʥʠʠ ʪʦʢʘ, ʥʘʧʨʷʞʝʥʠʷ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʮʠʬʨʦʚʳʤʠ ʧʨʠʙʦʨʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 
ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʘʤʠ: 

e %;
ɉ

ɉ
1,01,0 ö
÷

õ
æ
ç

å
°°= ʂ

 (1.8) 

e %.
ɉ

ɉ
05,005,0 ö

÷

õ
æ
ç

å
°°= ʂ

 (1.9) 

ʂʦʵʬʬʠʮʠʝʥʪʳ 0,1 ʠ 0,05 ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʩʣʦʚʠʷʤʠ ʠʟʤʝʨʝʥʠʷ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 
ʧʨʠʙʦʨʦʚ. XK ï ʢʦʥʝʯʥʦʝ ʟʥʘʯʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʨʝʜʝʣʘ ʠʟʤʝʨʝʥʠʡ (ʧʨʝʜʝʣ), ʍ ï ʧʦʢʘʟʘʥʠʷ 
ʧʨʠʙʦʨʘ. 
ɺʳʙʦʨ ʬʦʨʤʫʣʳ (1.8) ʠʣʠ (1.9) ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʦʡ ʠ ʧʨʝʜʝʣʦʤ ʠʟʤʝʨʝʥʠʷ. ɺʦ ʚʩʝʭ 
ʩʣʫʯʘʷʭ ʥʝʦʙʭʦʜʠʤʦ, ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʪʘʢʠʤʠ ʧʨʠʙʦʨʘʤʠ, ʦʙʨʘʱʘʪʴʩʷ ʢ 
ʧʘʩʧʦʨʪʥʳʤ ʜʘʥʥʳʤ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 
2.ʆʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʚʝʨʜʳʭ ʪʝʣ ʧʨʘʚʠʣʴʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʇʣʦʪʥʦʩʪʴʶ ʪʝʣʘ 
ʥʘʟʳʚʘʶʪ ʤʘʩʩʫ ʪʝʣʘ, ʦʙʲʝʤ ʢʦʪʦʨʦʛʦ ʨʘʚʝʥ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ 1 ʤ

3
. 

ʉʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʪʝʣʘ ʨʘʚʥʘ ʦʪʥʦʰʝʥʠʶ ʤʘʩʩʳ ʪʝʣʘ ʢ ʝʛʦ ʦʙʲʝʤʫ 
4

2D
hV
p

= ;       
V

m
=r  (ʢʛ/ʤ

3
);        

2

4

Dh

m

p
r= , 

ʛʜʝ  m ï ʤʘʩʩʘ ʪʝʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʟʚʝʰʠʚʘʥʠʝʤ ʥʘ ʪʝʭʥʠʯʝʩʢʠʭ ʚʝʩʘʭ;  
 V ï ʦʙʲʝʤ ʪʝʣʘ, ʥʘʭʦʜʠʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʨʝʥʠʷ ʝʛʦ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʰʪʘʥʛʝʥʮʠʨʢʫʣʝʤ ʠ 
ʤʠʢʨʦʤʝʪʨʦʤ. 

 
ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

 
1. ʆʧʨʝʜʝʣʠʪʴ ʚʳʩʦʪʫ ʮʠʣʠʥʜʨʘ ʰʪʘʥʛʝʥʮʠʨʢʫʣʝʤ. 
2. ʀʟʤʝʨʝʥʠʷ ʧʦʚʪʦʨʠʪʴ ʥʝ ʤʝʥʝʝ 3-ʭ ʨʘʟ, ʢʘʞʜʳʡ ʨʘʟ ʧʦʚʦʨʘʯʠʚʘʷ ʮʠʣʠʥʜʨ. 
3. ɿʘʧʠʩʘʪʴ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʚ ʪʘʙʣʠʮʫ 1.3. 
4. ɺʳʯʠʩʣʠʪʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʳʩʦʪʳ ʮʠʣʠʥʜʨʘ, ʘʙʩʦʣʶʪʥʫʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʠ. 
5. ɿʘʧʠʩʘʪʴ ʚ ʪʘʙʣʠʮʫ 1.3  ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠʙʦʨʘ. 
 
ʊʘʙʣʠʮʘ 1.3 

ˉ 
ʠʟʤ. 

h, 
ʤʤ 

<h>, ʤʤ Dh, ʤʤ <Dh>, ʤʤ Dhʧʨ., 
ʤʤ 

Dh = <Dh> + Dhʧʨ.,  
ʤʤ 

1 
2 
3 
4 
5 

      

h = <Dh>°Dh 
 

e1 = 
ðà

D

h

h
100% 
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6. ʇʨʝʞʜʝ, ʯʝʤ ʧʦʣʴʟʦʚʘʪʴʩʷ ʤʠʢʨʦʤʝʪʨʦʤ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʥʫʣʠ ʰʢʘʣ (ʙʘʨʘʙʘʥʘ ʠ 
ʤʠʣʣʠʤʝʪʨʦʚʦʡ ʰʢʘʣʳ) ʩʦʚʧʘʜʘʣʠ. 
ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʦʰʠʙʦʢ ʧʨʠ ʧʦʣʴʟʦʚʘʥʠʠ ʤʠʢʨʦʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʥʘʞʘʪʠʷ 
ʚʠʥʪʘ ʥʘ ʠʟʤʝʨʷʝʤʳʡ ʧʨʝʜʤʝʪ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʩʦʚʨʝʤʝʥʥʳʝ ʤʠʢʨʦʤʝʪʨʳ 
ʩʥʘʙʞʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʤ (ʪʨʝʱʝʪʢʦʡ), ʥʝ ʜʦʧʫʩʢʘʶʱʠʤ ʩʣʠʰʢʦʤ ʩʠʣʴʥʦʛʦ 
ʥʘʞʘʪʠʷ (ʜʝʬʦʨʤʘʮʠʠ ʪʝʣʘ). 
7. ʀʟʤʝʨʠʪʴ ʜʠʘʤʝʪʨ ʮʠʣʠʥʜʨʘ (ʧʨʦʚʦʣʦʢʠ) ɼ ʤʠʢʨʦʤʝʪʨʦʤ, ʧʦʚʪʦʨʠʪʴ ʠʟʤʝʨʝʥʠʷ 3-5 ʨʘʟ. 
8. ɺʳʯʠʩʣʠʪʴ ʘʙʩʦʣʶʪʥʫʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ. 
9. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʠ ʚʳʯʠʩʣʝʥʠʡ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣʠʮʫ 1.4. 
ʊʘʙʣʠʮʘ 1.4 

ˉ 
ʠʟʤ. 

ɼ, 
ʤʤ 

<ɼ>, 
ʤʤ 

Dɼ, 
ʤʤ 

<Dɼ>, 
ʤʤ 

Dɼʧʨ., 
ʤʤ 

Dɼ = <Dɼ>+ Dɼʧʨ., ʤʤ 
e2 = 

ðà

D

ɼ

ɼ
100% 

 

1 
2 
3 
4 
5 

      
_____________ 

ɼ = <Dɼ>°Dɼ 
 

 

 

ɺ ʵʪʠʭ ʪʘʙʣʠʮʘʭ Dh ʠ Dɼ ï ʧʦʛʨʝʰʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ; 

<Dh> ʠ <Dɼ> ï ʩʨʝʜʥʷʷ ʘʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ; 

DhʧʨʠDɼʧʨ  ï ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠʙʦʨʥʘʷ, ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ; 

e1 = 
ðà

D

h

h
100%;          e2 = 

ðà

D

ɼ

ɼ
100%. 

10.  ʀʟʤʝʨʠʪʴ ʤʘʩʩʫ ʮʠʣʠʥʜʨʘ 

Dm ï ʘʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʤʘʩʩʳ, ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʪʘʙʣʠʮʝ 1.5. 

11. ʇʦ ʬʦʨʤʫʣʝ 
4

2D
hV
p

=  ï ʚʳʯʠʩʣʠʪʴ ʦʙʲʝʤ ʮʠʣʠʥʜʨʘ ʚ ʩʤ
3
, ʘ ʟʘʪʝʤ ʚ ʤ

3
. 

12. ʇʦ ʬʦʨʤʫʣʝ 
V

m
=r  ʚʳʯʠʩʣʠʪʴ ʧʣʦʪʥʦʩʪʴ ʪʝʣʘ. 

13.  ʇʦ ʚʳʚʝʜʝʥʥʳʤ ʬʦʨʤʫʣʘʤ ʚʳʯʠʩʣʠʪʴ ʘʙʩʦʣʶʪʥʫʶ, ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ e ʧʣʦʪʥʦʩʪʠ ʠ 
ʟʘʧʠʰʠʪʝ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ: 

r = <r>°Dr (ʢʛ/ʤ
3
), 

e3 = 
ðà

D

r

r
100%. 

ʊʘʙʣʠʮʘ 1.5 

ʇʦʛʨʝʰʥʦʩʪʠ ʛʠʨʴ ʇʦʛʨʝʰʥʦʩʪʠ ʛʠʨʴ 

ʅʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʇʦʛʨʝʰʥʦʩʪʴ ʅʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʇʦʛʨʝʰʥʦʩʪʴ 

10 ʤʛ; 20 ʤʛ, 50 ʤʛ, 100ʤʛ ° 1 ʤʛ 5 ʛ ° 8 ʤʛ 

200 ʤʛ ° 2 ʤʛ 10 ʛ ° 12 ʤʛ 

500 ʤʛ ° 3 ʤʛ 20 ʛ ° 20 ʤʛ 

1 ʛ ° 4 ʤʛ 50 ʛ ° 30 ʤʛ 

2 ʛ ° 6 ʤʛ 100 ʛ ° 40 ʤʛ 

 
3. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1 .  ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ. 
2 .  ɺʳʯʠʩʣʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʨʠ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʷʭ. 
3.   ʇʨʠʙʦʨʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ. ʂʣʘʩʩ ʪʦʯʥʦʩʪʠ ʧʨʠʙʦʨʘ. 
4. ʂʘʢ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠ ʧʨʦʤʘʭʦʚ? 
5.   ʆʢʨʫʛʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʛʨʝʰʥʦʩʪʴ ʪʘʙʣʠʯʥʦʡ ʚʝʣʠʯʠʥʳ. 
6.   ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ, ʪʘʙʣʠʮ, ʫʢʘʟʘʥʠʝ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘ ʛʨʘʬʠʢʘʭ. 
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ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ 2  
 

ʆʇʈɽɼɽʃɽʅʀɽ ʋʉʂʆʈɽʅʀʗ ʉɺʆɹʆɼʅʆɻʆ ʇɸɼɽʅʀʗ ʇʈʀ ʇʆʄʆʑʀ ʄɸʊɽʄɸʊʀʏɽʉʂʆɻʆ 
ʄɸʗʊʅʀʂɸ  

 
ʎʝʣʠ ʨʘʙʦʪʳ:ʦʧʨʝʜʝʣʠʪʴ ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʤʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 
ʤʘʷʪʥʠʢʘ,ʩʨʘʚʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʩ g0. 
 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ 

ɻʘʨʤʦʥʠʯʝʩʢʠʤ ʢʦʣʝʙʘʥʠʝʤ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ a ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʝʝ ʟʘ ʚʨʝʤʷ t ʧʦ 
ʟʘʢʦʥʫ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ, ʥʘʧʨʠʤʝʨ: 

a = Asin(w t + jo),  (1) 
ʛʜʝ    ɸ ï ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʣʝʙʣʶʱʝʡʩʷ ʚʝʣʠʯʠʥʳ, 

wï ʮʠʢʣʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʷ, ʚʝʣʠʯʠʥʘ j = w t + jo ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʬʘʟʳ ʢʦʣʝʙʘʥʠʷ, 

jo ï ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʢʦʣʝʙʘʥʠʡ. 
ʇʝʨʠʦʜʦʤ ʢʦʣʝʙʘʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʟʘ ʢʦʪʦʨʳʡ ʩʦʚʝʨʰʘʝʪʩʷ ʦʜʥʦ ʧʦʣʥʦʝ 

ʢʦʣʝʙʘʥʠʝ. ʇʨʠ ʵʪʦʤ ʬʘʟʘ  ʢʦʣʝʙʘʥʠʷ ʠʟʤʝʥʠʪʩʷ ʥʘ 2p, ʪ.ʝ. w (t + T) + jo = wt + jo + 2p, 
ʦʪʢʫʜʘ 

w = 
ʊ

p2
.  (2) 

ɺʝʣʠʯʠʥʘ w ï ʢʨʫʛʦʚʘʷ (ʮʠʢʣʠʯʝʩʢʘʷ) ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʟʤʝʥʝʥʠʝ ʬʘʟʳ ʢʦʣʝʙʘʥʠʷ 
ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. 
ʇʨʠʤʝʨʘʤʠ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʷʚʣʷʶʪʩʷ  ʢʦʣʝʙʘʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 
ʤʘʷʪʥʠʢʦʚ. 
ʌʠʟʠʯʝʩʢʠʤ ʤʘʷʪʥʠʢʦʤ ʥʘʟʳʚʘʝʪʩʷ ʪʝʣʦ, ʫʢʨʝʧʣʝʥʥʦʝ ʥʘ ʥʝʧʦʜʚʠʞʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ, ʥʝ 
ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʝʛʦ ʮʝʥʪʨ ʪʷʞʝʩʪʠ, ʠ ʩʧʦʩʦʙʥʦʝ ʩʦʚʝʨʰʘʪʴ ʢʦʣʝʙʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʦʡ ʦʩʠ 
(ʨʠʩʫʥʦʢ 1). 

 
ʈʠʩʫʥʦʢ 1 
ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʘʷʪʥʠʢ ï ʵʪʦ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ m, 
ʧʦʜʚʝʰʝʥʥʦʡ ʥʘ ʥʝʨʘʩʪʷʞʠʤʦʡ ʥʝʚʝʩʦʤʦʡ ʥʠʪʠ ʠ ʢʦʣʝʙʣʶʱʝʡʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ. 
ʍʦʨʦʰʠʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʷʚʣʷʝʪʩʷ ʪʷʞʝʣʳʡ ʰʘʨʠʢ, ʧʦʜʚʝʰʝʥʥʳʡ ʥʘ 
ʪʦʥʢʦʡ ʜʣʠʥʥʦʡ ʥʠʪʠ (ʜʠʘʤʝʪʨ ʰʘʨʠʢʘ ʚʦ ʤʥʦʛʦ ʨʘʟ ʤʝʥʴʰʝ ʜʣʠʥʳ ʥʠʪʠ, ʤʘʩʩʘ ʢʦʪʦʨʦʡ ʚʦ ʤʥʦʛʦ ʨʘʟ 
ʤʝʥʴʰʝ ʤʘʩʩʳ ʰʘʨʠʢʘ), ʚʪʦʨʦʡ ʢʦʥʝʮ ʢʦʪʦʨʦʡ ʟʘʢʨʝʧʣʝʥ ʥʝʧʦʜʚʠʞʥʦ. 
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ʈʠʩʫʥʦʢ 2 

 
ʈʠʩʫʥʦʢ 3 

ʇʨʠ ʤʘʣʳʭ ʫʛʣʘʭ ʦʪʢʣʦʥʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʘʷʪʥʠʢ ʩʦʚʝʨʰʘʝʪ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʩ 

ʮʠʢʣʠʯʝʩʢʦʡ ʯʘʩʪʦʪʦʡ wʦʠ ʧʝʨʠʦʜʦʤ ʢʦʣʝʙʘʥʠʷ ʊ. 

ʊ = 

 

2

0w
p

 = 2p
g

l
.            (3) 

  
ʀʟ ʬʦʨʤʫʣʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʤʘʩʩʳ. 

2. ʆʧʠʩʘʥʠʝ ʫʩʪʘʥʦʚʢʠ ʠ ʪʝʦʨʠʷ ʤʝʪʦʜʘ 
ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʘʷʪʥʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʩʩʠʚʥʳʡ ʰʘʨʠʢ ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ, ʧʦʜʚʝʰʝʥʥʳʡ 
ʥʘ ʜʣʠʥʥʦʡ ʜʚʦʡʥʦʡ ʥʠʪʠ, ʯʪʦʙʳ ʢʦʣʝʙʘʥʠʷ ʧʨʦʠʩʭʦʜʠʣʠ ʩʪʨʦʛʦ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʨʠʩʫʥʦʢ 5.5). 
 

 
ʈʠʩʫʥʦʢ 4. 
ʅʘ ʧʝʨʝʢʣʘʜʠʥʝ BC ʧʦʜʚʝʰʝʥ ʥʘ ʜʚʦʡʥʦʡ ʥʠʪʠ ʰʘʨʠʢ ɸ. ɼʣʠʥʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʤʦʞʥʦ 
ʠʟʤʝʥʷʪʴ, ʥʘʪʷʛʠʚʘʷ ʥʠʪʴ ʥʘ ʙʘʨʘʙʘʥ. ʇʝʨʠʦʜʳ ʢʦʣʝʙʘʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʊ1 ʠ ʊ2 
ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠ ʨʘʟʥʳʭ ʜʣʠʥʘʭ l1ʠl2ʧʦ ʬʦʨʤʫʣʝ (5.12) 

ʊ1 = 2p
g

l1 ,                 ʊ2 = 2p
g

l 2  (4) 

ɺʦʟʚʦʜʠʤ ʚ ʢʚʘʜʨʘʪ ʊ1 ʠ ʊ2 

ʊ1 
2 
= 4p

2

g

l1
,      ʊ2 

2 
= 4p

2

g

l 2
 

ʠ ʧʦʣʫʯʠʤ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ g ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ: 
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g = 4p
2

TT

ll
2

2

2

1

21

-

-
. 

(5) 

ʊʘʢ ʢʘʢ ʚ ʬʦʨʤʫʣʫ (5) ʚʭʦʜʠʪ ʨʘʟʥʦʩʪʴ ʜʣʠʥ ʤʘʷʪʥʠʢʦʚ, ʪʦ ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʪʦʯʢʠ 0 ʜʦ 

ʪʦʯʢʠ ʧʦʜʚʝʩʘ ʰʘʨʠʢʘ (Ö)ɸ (ʨʠʩʫʥʦʢ 4). 
 

3.ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 
 

1. ʋʩʪʘʥʦʚʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʜʣʠʥʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ l1. 
2. ʆʧʨʝʜʝʣʠʪʴ ʩ ʧʦʤʦʱʴʶ ʩʝʢʫʥʜʦʤʝʨʘ ʚʨʝʤʷ t 20-30 N ʧʦʣʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʚʳʯʠʩʣʠʪʴ ʧʝʨʠʦʜ 

ʢʦʣʝʙʘʥʠʡ ʊ1 = 
N

t1  ʤʘʷʪʥʠʢʘ. ʀʟʤʝʨʝʥʠʝ ʧʦʚʪʦʨʠʪʴ ʥʝ ʤʝʥʝʝ 3 
ʭ
 ʨʘʟ. ʋʛʣʳ ʦʪʢʣʦʥʝʥʠʷ ʤʘʷʪʥʠʢʘ 

ʜʦʣʞʥʳ ʙʳʪʴ 4
0
 ï 6

0
.  

3. ʇʦʜʥʷʪʴ ʰʘʨʠʢ ʥʘ 15-20 ʩʤ, ʥʘʤʘʪʳʚʘʷ ʥʠʪʴ ʥʘ ʙʘʨʘʙʘʥ, ʟʘʢʨʝʧʠʚ ʝʛʦ ʩʪʦʧʦʨʥʳʤ ʚʠʥʪʦʤ, ʠ 
ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʜʣʠʥʫ l2  

            4.ʆʧʨʝʜʝʣʠʪʴ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʘ ʊ2 = 
N

t2 . ʀʟʤʝʨʝʥʠʝ ʧʨʦʠʟʚʝʩʪʠ ʥʝ ʤʝʥʝʝ 3
ʭ
 ʨʘʟ.  

            5.ʈʘʩʩʯʠʪʘʪʴ ʘʙʩʦʣʶʪʥʫʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʠ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ Dg ʠ 

egʠ ʩʨʘʚʥʠʪʴ ʩ g0 = 9,81 ʤ/c
2
. 

            6.ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʠ ʚʳʯʠʩʣʝʥʠʡ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣʠʮʫ 1. 
ʊʘʙʣʠʮʘ 1  

ˉ 
ʠʟʤ. 

N ʯʠʩʣʦ 
ʢʦʣʝʙ. 

l1 t1 T1 l2 t2 T2 g Ů,% Dg, 
ʤ/ʩ

2
 

1           

2           

3           

 
4.ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1. ʂʘʢʦʡ ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʝʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʢʦʣʝʙʘʥʠʝʤ? 
2. ʏʪʦ ʥʘʟʳʚʘʝʪʩʷ ʬʠʟʠʯʝʩʢʠʤ ʤʘʷʪʥʠʢʦʤ? 
3. ɺʳʚʝʩʪʠ ʬʦʨʤʫʣʫ ʧʝʨʠʦʜʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ. 
4. ɿʘʚʠʩʠʪ ʣʠ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʦʪ ʝʛʦ ʤʘʩʩʳ. 

 
ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ 3  

 
ʀɿʋʏɽʅʀɽ ɺʈɸʑɸʊɽʃʔʅʆɻʆ ɼɺʀɾɽʅʀʗ ʉ ʇʆʄʆʑʔʖ ʄɸʗʊʅʀʂɸ ʆɹɽʈɹɽʂɸ  

 
ʎʝʣʴ ʨʘʙʦʪʳ:  
- ʟʥʘʢʦʤʩʪʚʦ ʩ ʦʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʪʝʣ;  
- ʧʨʦʚʝʨʢʘ ʦʩʥʦʚʥʦʛʦ ʟʘʢʦʥʘ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ.  
ʆʙʦʨʫʜʦʚʘʥʠʝ: ʤʘʷʪʥʠʢ ʆʙʝʨʙʝʢʘ, ʥʘʙʦʨ ʛʨʫʟʦʚ, ʩʝʢʫʥʜʦʤʝʨ, ʤʘʩʰʪʘʙʥʘʷ ʣʠʥʝʡʢʘ, 
ʰʪʘʥʛʝʥʮʠʨʢʫʣʴ, ʪʝʭʥʠʯʝʩʢʠʝ ʚʝʩʳ.  
 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ 
ɺʨʘʱʝʥʠʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ ʦʧʠʩʳʚʘʝʪʩʷ ʟʘʢʦʥʦʤ 
ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ:  

 

 

((1) 

ʊ.ʝ. ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ e ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʤʦʤʝʥʪʫ ʩʠʣʳ ʄ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʠ 
ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʤʦʤʝʥʪʫ ʠʥʝʨʮʠʠ ʪʝʣʘ J ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʡ ʞʝ ʦʩʠ.  
ʄʦʤʝʥʪʦʤ ʩʠʣʳ (ʠʣʠ ʚʨʘʱʘʶʱʠʤ ʤʦʤʝʥʪʦʤ) ʄ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʝʡʩʪʚʫʶʱʝʡ ʩʠʣʳ F ʥʘ 
ʢʨʘʪʯʘʡʰʝʝ ʨʘʩʩʪʦʷʥʠʝ l ʤʝʞʜʫ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʣʠʥʠʠ ʜʝʡʩʪʚʠʷ ʩʠʣʳ, ʪ.ʝ.  

  (2) 

ʛʜʝ l- ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʪʦʯʢʠ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ.  
ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʪʝʣʘ J ʷʚʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʦʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʠʥʝʨʪʥʦʩʪʴ ʪʝʣʘ ʢ 
ʠʟʤʝʥʝʥʠʶ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ.  
ʄʦʤʝʥʪʦʤ ʠʥʝʨʮʠʠ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʝ ʝʝ 
ʤʘʩʩʳ m ʥʘ ʢʚʘʜʨʘʪ ʝʝ ʨʘʩʩʪʦʷʥʠʷ r ʜʦ ʵʪʦʡ ʦʩʠ:  
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((3) 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʨʘʚʝʥ ʩʫʤʤʝ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʚʩʝʭ ʪʦʯʝʢ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʡ ʞʝ ʦʩʠ:  

 

 

(4) 

ʀʟ ʬʦʨʤʫʣʳ (4) ʚʠʜʥʦ, ʯʪʦ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʪʝʣʘ J ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʝʝ ʤʘʩʩʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʘʥʥʦʡ ʦʩʠ.  
ʀʟ ʦʩʥʦʚʥʦʛʦ ʟʘʢʦʥʘ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ (1) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʤʦʤʝʥʪʝ ʠʥʝʨʮʠʠ J1 = 
J2 ʫʛʣʦʚʳʝ ʫʩʢʦʨʝʥʠʷ e 1 ʠ e 2 ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʜʝʡʩʪʚʫʶʱʠʤ ʥʘ ʪʝʣʦ ʤʦʤʝʥʪʘʤ ʩʠʣ ʄ1 = ʄ2, ʪ. ʝ.  

 

 

(5) 

ʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʤʦʤʝʥʪʝ ʩʠʣ (ʄ1 = ʄ2) ʫʛʣʦʚʳʝ ʫʩʢʦʨʝʥʠʷ e 1 ʠ e 2 ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ 
ʤʦʤʝʥʪʘʤ ʠʥʝʨʮʠʠ J1 ʠ J2, ʪ. ʝ.  

 

   (6) 

 
ʈʠʩ.1 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʘʝʪʩʷ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʧʨʠʙʦʨʝ, 
ʥʘʟʳʚʘʝʤʦʤ ʤʘʷʪʥʠʢʦʤ ʆʙʝʨʙʝʢʘ (ʨʠʩ. 1).  
ʆʩʥʦʚʥʦʡ ʯʘʩʪʴʶ ʤʘʷʪʥʠʢʘ ʆʙʝʨʙʝʢʘ ʷʚʣʷʝʪʩʷ ʢʨʝʩʪʦʦʙʨʘʟʥʳʡ ʤʘʭʦʚʠʢ 1, ʟʘʢʨʝʧʣʝʥʥʳʡ ʥʘ 
ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ 2. ʅʘ ʩʧʠʮʳ ʢʨʝʩʪʦʚʠʥʳ ʥʘʩʘʞʝʥʳ ʦʜʠʥʘʢʦʚʳʝ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʤʘʩʩʝ ʮʠʣʠʥʜʨʳ 3, 
ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʤʝʥʷʪʴ. ʂʦʛʜʘ ʮʠʣʠʥʜʨʳ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʨʘʚʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʦʩʠ 
ʚʨʘʱʝʥʠʷ, ʤʘʭʦʚʠʢ ʥʘʭʦʜʠʪʩʷ ʚ ʙʝʟʨʘʟʣʠʯʥʦʤ ʨʘʚʥʦʚʝʩʠʠ. ʅʘ ʦʜʥʦʡ ʦʩʠ ʩ ʤʘʭʦʚʠʢʦʤ ʥʘʭʦʜʠʪʩʷ 
ʰʢʠʚ 4 ʩ ʥʘʤʦʪʘʥʥʦʡ ʥʘ ʥʝʛʦ ʥʠʪʴʶ 5. ʂ ʢʦʥʮʫ ʥʠʪʠ ʧʨʠʚʷʟʘʥ ʛʨʫʟ ʈ.  
ɽʩʣʠ ʥʘʤʦʪʘʪʴ ʥʠʪʴ ʥʘ ʰʢʠʚ, ʧʨʝʜʦʩʪʘʚʠʪʴ ʤʘʭʦʚʠʢ ʩʘʤʦʤʫ ʩʝʙʝ, ʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʫʟʘ ʥʠʪʴ, 
ʨʘʟʤʘʪʳʚʘʷʩʴ, ʧʨʠʚʦʜʠʪ ʤʘʭʦʚʠʢ ʚ ʨʘʚʥʦʫʩʢʦʨʝʥʥʦʝ ʚʨʘʱʝʥʠʝ ʩ ʫʛʣʦʚʳʤ ʫʩʢʦʨʝʥʠʝʤ e . ʀʟʤʝʨʷʷ 
ʩʝʢʫʥʜʦʤʝʨʦʤ ʚʨʝʤʷ ʧʘʜʝʥʠʷ ʛʨʫʟʘ t ʩ ʚʳʩʦʪʳ h, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʫʩʢʦʨʝʥʠʝ ʧʘʜʝʥʠʷ ʘ, ʧʦʣʴʟʫʷʩʴ 
ʫʨʘʚʥʝʥʠʝʤ ʧʫʪʠ ʨʘʚʥʦʫʩʢʦʨʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʙʝʟ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ  

 

 

(7) 

ɽʩʣʠ ʥʠʪʴ ʥʝʨʘʩʪʷʞʠʤʘ ʠ ʧʨʠ ʧʘʜʝʥʠʠ ʛʨʫʟʘ ʩʤʘʪʳʚʘʝʪʩʷ ʩʦ ʰʢʠʚʘ ʙʝʟ ʩʢʦʣʴʞʝʥʠʷ, ʪʦ ʫʩʢʦʨʝʥʠʝ 
ʪʦʯʝʢ, ʣʝʞʘʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʰʢʠʚʘ, ʨʘʚʥʦ ʫʩʢʦʨʝʥʠʶ ʧʘʜʝʥʠʷ ʛʨʫʟʘ ʈ. ʊʦʛʜʘ, ʠʟʤʝʨʠʚ ʨʘʜʠʫʩ 
ʰʢʠʚʘ R ʠ ʠʩʧʦʣʴʟʦʚʘʚ ʩʚʷʟʴ ʤʝʞʜʫ ʣʠʥʝʡʥʳʤ ʠ ʫʛʣʦʚʳʤ ʫʩʢʦʨʝʥʠʝʤ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʫʛʣʦʚʦʝ 
ʫʩʢʦʨʝʥʠʝ:  
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(8) 

ɺʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʩʦʟʜʘʝʪʩʷ ʩʠʣʦʡ ʥʘʪʷʞʝʥʠʷ ʥʠʪʠ ʊ, ʢʦʪʦʨʘʷ ʧʨʠʣʦʞʝʥʘ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʰʢʠʚʫ. 
ʇʣʝʯʦʤ ʩʠʣʳ ʊ ʷʚʣʷʝʪʩʷ ʨʘʜʠʫʩ R ʰʢʠʚʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  

  (9) 

ʉʠʣʘ ʥʘʪʷʞʝʥʠʷ ʚʳʟʚʘʥʘ ʜʝʡʩʪʚʠʝʤ ʛʨʫʟʘ ʈ. ʇʨʠ ʫʩʣʦʚʠʠ ʥʝʚʝʩʦʤʦʩʪʠ ʥʠʪʠ ʥʘʪʷʞʝʥʠʝ ʦʩʪʘʝʪʩʷ 
ʧʦʩʪʦʷʥʥʳʤ ʚʜʦʣʴ ʚʩʝʡ ʥʠʪʠ.  
ʏʪʦʙʳ ʥʘʡʪʠ ʩʠʣʫ ʊ, ʧʨʠʤʝʥʠʤ ʚʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ. ʇʨʠ ʧʘʜʝʥʠʠ ʛʨʫʟʘ ʈ ʩ ʫʩʢʦʨʝʥʠʝʤ ʘ ʥʘ ʥʝʛʦ 

ʜʝʡʩʪʚʫʶʪ ʜʚʝ ʩʠʣʳ: ʩʠʣʘ ʚʝʩʘ ʵʪʦʛʦ ʛʨʫʟʘ ʠ ʥʘʪʷʞʝʥʠʝ ʥʠʪʠ ʊ, ʪ.ʝ. ʦʪʩʶʜʘ:  

 

 

(10) 

ɽʩʣʠ ʧʦʜʩʪʘʚʠʪʴ ʵʪʦ ʚ (9), ʧʦʣʫʯʠʤ ʨʘʩʯʝʪʥʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʩʠʣʳ:  

 

 

(11) 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʨʘʩʯʝʪʥʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ, ʧʨʦʠʟʚʝʜʝʤ ʧʦʜʩʪʘʥʦʚʢʫ (8) ʠ (11) ʚ (1)  

 

 

(12) 

ʕʪʦ ʠ ʝʩʪʴ ʨʘʩʯʝʪʥʘʷ ʬʦʨʤʫʣʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦ ʠʟʤʝʨʝʥʥʳʤ ʈ, R, h, t ʥʘʡʪʠ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ 
ʤʘʷʪʥʠʢʘ ʆʙʝʨʙʝʢʘ.  
ɿʘʤʝʪʠʤ, ʯʪʦ ʬʦʨʤʫʣʫ (12) ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʥʘ ʦʩʥʦʚʝ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ. ɺʨʘʱʝʥʠʝ ʤʘʭʦʚʠʢʘ 
ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʛʨʫʟʘ ʈ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ. ɽʩʣʠ ʥʝ ʫʯʠʪʳʚʘʪʴ 
ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʚʩʣʝʜʩʪʚʠʝ ʪʨʝʥʠʷ ʚ ʧʦʜʰʠʧʥʠʢʘʭ ʦʩʝʡ ʤʘʭʦʚʠʢʘ ʠ ʙʣʦʢʘ, ʪʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ 
ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʛʨʫʟʘ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʭʦʜʠʪ ʚ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚʨʘʱʝʥʠʷ ʤʘʭʦʚʠʢʘ  

 

 

 (13) 

ʛʜʝ w - ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʤʘʭʦʚʠʢʘ, ʘ ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʛʨʫʟʘ 
(ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʪʦʯʝʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʰʢʠʚʘ).  
ʈʝʰʠʤ ʫʨʘʚʥʝʥʠʝ (13) ʦʪʥʦʩʠʪʝʣʴʥʦ J:  

 

 

(14) 

ʊʘʢ ʢʘʢ ʜʣʷ ʨʘʚʥʦʫʩʢʦʨʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʠʣʠ , ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʚ 
(14) ʧʦʣʫʯʠʤ ʦʢʦʥʯʘʪʝʣʴʥʦ (12)  

 

 

(12a) 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʤʘʷʪʥʠʢʘ ʆʙʝʨʙʝʢʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩ ʭʦʨʦʰʠʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʚ ʚʠʜʝ:  

 

 

(14a) 

ʝʩʣʠ .  
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ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʤʘʷʪʥʠʢʘ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ  

 
 

(15) 

ʛʜʝ J0 - ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʢʨʝʩʪʦʚʠʥʳ ʤʘʷʪʥʠʢʘ ʙʝʟ ʛʨʫʟʦʚ,  
m0- ʤʘʩʩʘ ʯʝʪʳʨʝʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʛʨʫʟʦʚ, ʥʘʜʝʪʳʭ ʥʘ ʢʨʝʩʪʦʚʠʥʫ,  
L - ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʩʠ ʧʨʠʙʦʨʘ ʜʦ ʮʝʥʪʨʘ ʮʠʣʠʥʜʨʦʚ.  

 

ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

1.ɿʘʢʨʝʧʠʪʝ ʮʠʣʠʥʜʨʳ ʫ ʦʩʥʦʚʘʥʠʷ ʢʨʝʩʪʦʚʠʥʳ. ʀʟʤʝʨʴʪʝ ʨʘʩʩʪʦʷʥʠʝ L1 ʦʪ ʦʩʠ ʜʦ ʮʝʥʪʨʘ ʮʠʣʠʥʜʨʦʚ 

ʩ ʪʦʯʥʦʩʪʴʶ .  

2.ʆʧʨʝʜʝʣʠʪʝ ʤʘʩʩʫ ʛʠʨʠ ʩ ʪʦʯʥʦʩʪʴʶ .  

3.ʀʟʤʝʨʴʪʝ ʨʘʜʠʫʩ ʰʢʠʚʘ ʩ ʪʦʯʥʦʩʪʴʶ .  
4.ʇʦʜʚʝʩʴʪʝ ʛʠʨʶ ʥʘ ʥʠʪʠ ʠ ʚʨʘʱʝʥʠʝʤ ʤʘʷʪʥʠʢʘ ʥʘʤʦʪʘʡʪʝ ʥʠʪʴ ʥʘ ʰʢʠʚ ʪʘʢ, ʯʪʦʙʳ ʨʘʩʩʪʦʷʥʠʝ ʦʪ 

ʧʦʣʘ ʙʳʣʦ . ʀʟʤʝʨʴʪʝ ʚʳʩʦʪʫ h ʩ ʪʦʯʥʦʩʪʴʶ .  
5.ʆʪʧʫʩʪʠʪʝ ʤʘʷʪʥʠʢ; ʚʢʣʶʯʠʚ ʩʝʢʫʥʜʦʤʝʨ, ʦʧʨʝʜʝʣʠʪʝ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ t, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ 
ʛʠʨʷ ʦʧʫʩʢʘʝʪʩʷ ʜʦ ʧʦʣʘ. ʇʦʚʪʦʨʠʪʝ 3 ʨʘʟʘ ʠ ʥʘʡʜʠʪʝ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʠ ʩʨʝʜʥʠʝ ʦʰʠʙʢʠ t.  
6.ʈʘʩʩʯʠʪʘʡʪʝ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ J1 ʧʦ ʬʦʨʤʫʣʝ (14a).  
7.ɿʘʢʨʝʧʠʪʝ ʮʠʣʠʥʜʨʳ ʤʘʷʪʥʠʢʘ ʥʘ ʢʦʥʮʘʭ ʢʨʝʩʪʦʚʠʥʳ, ʠʟʤʝʨʴʪʝ L2 ʠ ʩʨʝʜʥʝʝ ʚʨʝʤʷ, ʩʦʛʣʘʩʥʦ ʧ.5.  
8.ʈʘʩʩʯʠʪʘʡʪʝ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ J2 ʧʦ ʬʦʨʤʫʣʝ (14a).  
9.ʈʝʟʫʣʴʪʘʪʳ ʟʘʥʝʩʠʪʝ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʣʦʥʢʠ ʪʘʙʣʠʮʳ 1.  

ʆʧʨʝʜʝʣʝʥʠʝ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʠ ʤʦʤʝʥʪʘ ʩʠʣʳ  

ʊʘʙʣʠʮʘ 1 
 

I II 

L   

P   

R   

h   

t1   

t2   

t3   

tʩʨ   

ʄ   

J   

e   

1. ʉʥʠʤʠʪʝ ʮʠʣʠʥʜʨʳ ʤʘʷʪʥʠʢʘ ʩ ʢʨʝʩʪʦʚʠʥʳ ʠ ʠʟʤʝʨʴʪʝ, ʩʦʛʣʘʩʥʦ ʧ. 5, ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʦʜʥʦʡ 
ʢʨʝʩʪʦʚʠʥʳ J0. ʈʝʟʫʣʴʪʘʪʳ ʟʘʥʝʩʠʪʝ ʚ ʪʘʙʣʠʮʫ 2.  

ʆʧʨʝʜʝʣʝʥʠʝ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʢʨʝʩʪʦʚʠʥʳ  

ʊʘʙʣʠʮʘ 2 
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1.ʆʮʝʥʠʪʝ ʧʦʛʨʝʰʥʦʩʪʠ D J1, D J2,, D J3. ʉʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (14), ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʠ ʘʙʩʦʣʶʪʥʳʝ 
ʧʦʛʨʝʰʥʦʩʪʠ ʦʮʝʥʠʚʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʘʢ:  

 

 
2.ʅʘʡʜʠʪʝ ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʷʤ D J1, D J2, D J3.  

3.ɿʘʧʠʰʠʪʝ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʚ ʚʠʜʝ  
4.ʈʘʩʩʯʠʪʘʡʪʝ ʤʦʤʝʥʪʳ J1 ʠ J2 ʧʦ ʬʦʨʤʫʣʝ (15) ʠ ʩʨʘʚʥʠʪʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ.  
5.ʇʨʠ ʨʘʟʥʳʭ L ʨʘʩʩʯʠʪʘʡʪʝ ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʫʛʣʦʚʳʝ ʫʩʢʦʨʝʥʠʷ e ʩʦʛʣʘʩʥʦ (8) ʠ ʚʨʘʱʘʶʱʠʝ 
ʤʦʤʝʥʪʳ M ʩʦʛʣʘʩʥʦ (11), ʧʨʦʚʝʨʴʪʝ ʩʦʦʪʥʦʰʝʥʠʝ (6).  

 
ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ. 

 1.ʂʘʢʘʷ ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ ʥʘʟʳʚʘʝʪʩʷ ʤʦʤʝʥʪʦʤ ʠʥʝʨʮʠʠ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ, ʪʝʣʘ?  
             2.ʏʪʦ ʥʘʟʳʚʘʝʪʩʷ ʤʦʤʝʥʪʦʤ ʩʠʣʳ, ʧʣʝʯʦʤ ʩʠʣʳ?  
 3.ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʦʩʥʦʚʥʦʡ ʟʘʢʦʥ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʉʨʘʚʥʠʪʝ ʩ ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ.  
 4.ʉ ʢʘʢʦʡ ʩʠʣʦʡ ʜʚʠʞʫʱʠʡʩʷ ʚʤʝʩʪʝ ʩ ʥʠʪʴʶ ʛʨʫʟ ʜʝʡʩʪʚʫʝʪ ʥʘ ʥʠʪʴ?  
 5.ʂʘʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʨʘʙʦʪʝ ʤʦʤʝʥʪ ʩʠʣʳ? ʂʘʢ ʝʛʦ ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ?  
 6.ʂʘʢ ʦʧʨʝʜʝʣʷʶʪʩʷ ʣʠʥʝʡʥʦʝ ʫʩʢʦʨʝʥʠʝ ʛʨʫʟʘ ʠ ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʤʘʭʦʚʠʢʘ?  
 
 
 

 
ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ 4 

 
ʆʇʈɽɼɽʃɽʅʀɽ ʂʆʕʌʌʀʎʀɽʅʊɸ ʊʈɽʅʀʗ ʂɸʏɽʅʀʗ ʄɽʊʆɼʆʄ ʅɸʂʃʆʅʅʆɻʆ ʄɸʗʊʅʀʂɸ 

ʎʝʣʴ ʨʘʙʦʪʳ: ʠʟʫʯʝʥʠʝ ʩʠʣʳ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʤʝʪʦʜʦʤ ʥʘʢʣʦʥʥʦʛʦ ʤʘʷʪʥʠʢʘ, ʦʧʨʝʜʝʣʝʥʠʝ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ. 

 
ʂʨʘʪʢʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ 

ʇʨʠ ʣʶʙʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʪʝʣ ʠʣʠ ʠʭ ʯʘʩʪʝʡ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʚʦʟʥʠʢʘʝʪ 
ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʵʪʦʤʫ ʜʚʠʞʝʥʠʶ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʪʨʝʥʠʷ. ʊʨʝʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ 
ʤʝʞʜʫ ʩʦʧʨʠʢʘʩʘʶʱʠʤʠʩʷ ʪʝʣʘʤʠ, ʥʘʟʳʚʘʝʪʩʷ ʚʥʝʰʥʠʤ, ʘ ʪʨʝʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʤʝʞʜʫ ʯʘʩʪʷʤʠ 
ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʪʝʣʘ; ʥʘʟʳʚʘʝʪʩʷ ʚʥʫʪʨʝʥʥʠʤ. ʊʨʝʥʠʝ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʪʚʝʨʜʳʭ ʪʝʣ ʧʨʠ 
ʦʪʩʫʪʩʪʚʠʠ ʢʘʢʦʡ-ʣʠʙʦ ʩʤʘʟʢʠ ʤʝʞʜʫ ʥʠʤʠ ʥʘʟʳʚʘʝʪʩʷ ʩʫʭʠʤ, ʘ ʪʨʝʥʠʝ ʤʝʞʜʫ ʩʣʦʷʤʠ ʞʠʜʢʦʩʪʠ ʠʣʠ 
ʛʘʟʘ - ʞʠʜʢʠʤ ʠʣʠ ʚʷʟʢʠʤ. 
ʂʠʥʝʪʠʯʝʩʢʦʝ ʪʨʝʥʠʝ  ʨʘʟʜʝʣʷʶʪ ʥʘ ʪʨʝʥʠʝ ʩʢʦʣʴʞʝʥʠʷ ʠ ʪʨʝʥʠʝ ʢʘʯʝʥʠʷ. ʊʨʝʥʠʝ ʩʢʦʣʴʞʝʥʠʷ 
ʚʦʟʥʠʢʘʝʪ ʪʦʛʜʘ, ʢʦʛʜʘ ʚʦ ʚʨʝʤʷ ʚʩʝʛʦ ʜʚʠʞʝʥʠʷ ʦʜʥʦ ʪʝʣʦ ʩʦʧʨʠʢʘʩʘʝʪʩʷ ʩ ʜʨʫʛʠʤ ʦʧʨʝʜʝʣʝʥʥʦʡ 
ʯʘʩʪʴʶ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʏʪʦʙʳ ʚʳʟʚʘʪʴ ʜʚʠʞʝʥʠʝ (ʩʢʦʣʴʞʝʥʠʝ) ʪʝʣʘ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʣʦʞʠʪʴ ʢ 
ʥʝʤʫ ʚʥʝʰʥʶʶ ʩʠʣʫ F.  ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʩʠʣʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ ʩʠʣʳ ʪʨʝʥʠʷ ʧʦʢʦʷ 
(Fʪʨʧʦʢʦʷ)ʤʘʢʩ. ɸʤʦʥʪʦʥ ʠ ʂʫʣʦʥ ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʩʠʣʘ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ 
Fʪʨʩʢ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ:                                                       

,N

ʩʢ

ʪʨ FF m=
                                                               (2) 

ʛʜʝ ɛ - ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʧʨʠʨʦʜʳ ʠ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʦʪ 
ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ V (ʨʠʩ 2). ʏʘʩʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ɛ ʦʪ V ʚʳʨʘʞʝʥʘ ʩʣʘʙʦ ʠ ʝʶ ʧʨʝʥʝʙʨʝʛʘʶʪ. 
ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʧʳʪʥʳʤ ʧʫʪʝʤ ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʠ ʤʘʣʳʭ 
ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʪʝʣ ʦʥ ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʧʦʢʦʷ, ʪʦ 
ʝʩʪʴ ɛ< ɛ0. 

 
 ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 
ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʪʝʣ 
ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʪʨʝʥʠʷ ʥʝ ʫʩʪʘʥʦʚʣʝʥ, ʥʦ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʠʛʨʘʶʪ ʜʚʝ 
ʛʨʫʧʧʳ ʩʠʣ: ʘ) ʩʠʣʳ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʥʘʣʠʯʠʝʤ ʥʝʨʦʚʥʦʩʪʝʡ 
(ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ) ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ; ʙ) ʩʠʣʳ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 
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ʢʦʪʦʨʳʝ ʙʳʩʪʨʦ ʫʙʳʚʘʶʪ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʠ ʧʦʵʪʦʤʫ ʧʨʦʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʚ ʤʝʩʪʘʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 
ʢʦʥʪʘʢʪʘ ʪʝʣ. 
ɿʘʢʦʥ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ, ʫʯʠʪʳʚʘʶʱʠʡ ʦʙʝ ʵʪʠ ʛʨʫʧʧʳ ʩʠʣ, ʙʳʣ ʧʨʝʜʣʦʞʝʥ ɼʝʨʷʛʠʥʳʤ ɹ.ɺ. ʚ 
ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

),( 00SPFF N

ʩʢ

ʪʨ +=m                                                               (3) 

ʛʜʝ ʈ0 - ʜʘʚʣʝʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʤʝʞʤʦʣʝʢʫʣʷʨ-ʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, S0 - ʧʣʦʱʘʜʴ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʪʝʣ. S0 ʚʩʝʛʜʘ ʤʥʦʛʦ ʤʝʥʴʰʝ ʧʣʦʱʘʜʠ S ʢʘʞʫʱʝʛʦʩʷ ʢʦʥʪʘʢʪʘ, ʪʦ ʝʩʪʴ 
ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʪʝʣ. ɼʣʷ ʰʝʨʦʭʦʚʘʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʝʣʠʯʠʥʘ S0 
ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʘ ʠ ʫʨʘʚʥʝʥʠʝ ( 3 ) ʧʝʨʝʭʦʜʠʪ ʚ ʫʨʘʚʥʝʥʠʝ ( 2 ). ɺ ʩʣʫʯʘʝ ʠʜʝʘʣʴʥʦ ʛʣʘʜʢʠʭ 
ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʝʣʠʯʠʥʘ S0 ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʠ ʜʝʡʩʪʚʠʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʣ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 
ʢ "ʩʣʠʧʘʥʠʶ" ʪʝʣ. ʋ ʧʣʘʩʪʠʯʝʩʢʠʭ ʤʝʪʘʣʣʦʚ ʵʬʬʝʢʪ "ʩʣʠʧʘʥʠʷ" ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʠʟ-ʟʘ 
ʜʝʬʦʨʤʘʮʠʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ FN ʥʦʨʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ. 
ʊʨʝʥʠʝ ʢʘʯʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʧʝʨʝʢʘʪʳʚʘʥʠʠ ʮʠʣʠʥʜʨʘ ʠʣʠ ʰʘʨʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 
ʉʠʣʘ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʟʘʢʦʥʦʤ ʂʫʣʦʥʘ: 

,/ RFF Nk

ʢʘʯ

ʪʨ m=                                                                 (4) 

ʛʜʝ ɛʢ - ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ. FN - ʩʠʣʘ ʥʦʨʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ, R - ʨʘʜʠʫʩ ʢʘʪʷʱʝʛʦʩʷ ʪʝʣʘ. 
ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʥʝ ʷʚʣʷʝʪʩʷ 
ʙʝʟʨʘʟʤʝʨʥʦʡ ʚʝʣʠʯʠʥʦʡ, ɛʢ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʜʣʠʥʳ. ʉʠʣʘ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʤʝʥʴʰʝ 
ʩʠʣʳ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ. ʉʠʣʘ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʚʩʣʝʜʩʪʚʠʝ ʚʟʘʠʤʥʳʭ ʜʝʬʦʨʤʘʮʠʡ 
ʧʦʚʝʨʭʥʦʩʪʝʡ ʮʠʣʠʥʜʨʘ (ʠʣʠ ʰʘʨʘ) ʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʢʘʢ 
ʦʙʨʘʪʠʤʳʝ ʫʧʨʫʛʠʝ ʜʝʬʦʨʤʘʮʠʠ, ʪʘʢ ʠ ʥʝʦʙʨʘʪʠʤʳʝ ʧʣʘʩʪʠʯʝʩʢʠʝ (ʥʝʫʧʨʫʛʠʝ) ʜʝʬʦʨʤʘʮʠʠ, 
ʈʘʩʩʤʦʪʨʠʤ ʮʠʣʠʥʜʨ, ʢʘʪʷʱʠʡʩʷ ʙʝʟ ʩʢʦʣʴʞʝʥʠʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʨʠʩ.3 ). ʀʟ-ʟʘ 
ʚʦʟʥʠʢʘʶʱʠʭ ʜʝʬʦʨʤʘʮʠʡ ʢʘʩʘʥʠʝ ʮʠʣʠʥʜʨʘ ʩ ʧʣʦʩʢʦʩʪʴʶ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʚ ʦʜʥʦʡ ʪʦʯʢʝ ɸ, ʘ ʚʜʦʣʴ 
ʥʝʢʦʪʦʨʦʡ ʧʣʦʱʘʜʢʠ ɸɺ, ʩʤʝʱʝʥʥʦʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ ʮʠʣʠʥʜʨʘ. ʕʪʦʪ. ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʥʘ 
ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʬʘʢʪ, ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʣʠʥʠʷ ʜʝʡʩʪʚʠʷ ʩʠʣʳ ʨʝʘʢʮʠʠ ʦʧʦʨʳ Fp ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ 
ʣʠʥʠʝʡ ʜʝʡʩʪʚʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʮʠʣʠʥʜʨʘ Fʪ. 
ʈʘʩʩʤʦʪʨʠʤ ʤʦʤʝʥʪʳ ʵʪʠʭ ʩʠʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʮʠʣʠʥʜʨʘ. ʄʦʤʝʥʪ ʩʠʣʳ ʪʷʞʝʩʪʠ Fʪ ʨʘʚʝʥ ʥʫʣʶ, ʪʘʢ 
ʢʘʢ ʨʘʚʥʦ ʥʫʣʶ ʧʣʝʯʦ ʵʪʦʡ ʩʠʣʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʮʠʣʠʥʜʨʘ. ʄʦʤʝʥʪ ʩʠʣʳ ʨʝʘʢʮʠʠ ʦʧʦʨʳ Fʨ ʨʘʚʝʥ 

,kFʄ p=                                                                            (5) 

ʛʜʝ k - ʧʣʝʯʦ ʩʠʣʳ Fp. ʄʦʤʝʥʪ ʩʠʣʳ ʨʝʘʢʮʠʠ ʦʧʦʨʳ Fp, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 3, ʪʦʨʤʦʟʠʪ ʢʘʯʝʥʠʝ 
ʮʠʣʠʥʜʨʘ. 

 
ʈʠʩ.3. ʉʠʣʘ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ. ʇʨʠʯʠʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ - ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ 
ʌʦʨʤʘʣʴʥʦ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʤʦʤʝʥʪ ʩʠʣʳ ʨʝʘʢʮʠʠ ʦʧʦʨʳ Fp ʥʘ ʤʦʤʝʥʪ ʩʠʣʳ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ Fʪʨ

ʢʘʯ
. 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ ʧʨʠ ʵʪʦʤ, ʯʪʦ ʩʠʣʘ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ Fʪʨ
ʢʘʯ

 ʥʘʧʨʘʚʣʝʥʘ, ʢʘʢ ʠ ʩʠʣʘ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ, ʧʦ 
ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʦʙʣʘʩʪʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ (ʧʣʦʱʘʜʢʘ ɸɺ) ʮʠʣʠʥʜʨʘ ʩ ʧʣʦʩʢʦʩʪʴʶ. ʊʦʛʜʘ ʤʦʤʝʥʪ ʩʠʣʳ 
ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʮʠʣʠʥʜʨʘ ʚʳʨʘʟʠʪʩʷ ʬʦʨʤʫʣʦʡ 

,RFʄ ʢʘʯ

ʪʨʪʨ=                                                              ( 6 ) 
ʛʜʝ R - ʧʣʝʯʦ ʩʠʣʳ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ, ʨʘʚʥʦʝ ʨʘʜʠʫʩʫ ʮʠʣʠʥʜʨʘ. ʀʟ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʬʦʨʤʫʣ ( 5 ) ʠ ( 6 ), ʩ 

ʫʯʝʪʦʤ 
Np FF =
, ʩʣʝʜʫʝʪ 

.// RkFRkFF Np

ʢʘʯ

ʪʨ ==
                                                                 (7) 
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ʀʟ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʩ ʟʘʢʦʥʦʤ ʂʫʣʦʥʘ ʜʣʷ ʩʠʣʳ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ (ʬʦʨʤʫʣʘ 4), 
ʚʠʜʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ k ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ. ʌʦʨʤʘʣʴʥʦ ʦʥ ʨʘʚʝʥ 
ʧʣʝʯʫ ʩʠʣʳ ʨʝʘʢʮʠʠ ʦʧʦʨʳ ʠ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʜʣʠʥʳ. 

1.2. ʆʧʠʩʘʥʠʝ ʫʩʪʘʥʦʚʢʠ. 

ʅʘʢʣʦʥʥʳʡ ʤʘʷʪʥʠʢ ( ʨʠʩ.4) ʩʦʩʪʦʠʪ ʠʟ ʰʘʨʠʢʘ (1), ʧʦʜʚʝʰʝʥʥʦʛʦ ʥʘ ʢʨʦʥʰʪʝʡʥʝ (2) ʩ ʧʦʤʦʱʴʶ 
ʪʦʥʢʦʡ ʥʠʪʠ (3). ʐʘʨʠʢ ʦʧʠʨʘʝʪʩʷ ʥʘ ʥʘʢʣʦʥʥʫʶ ʧʣʦʩʢʦʩʪʴ (4). ɽʩʣʠ ʥʠʪʴ ʩ ʰʘʨʠʢʦʤ ʦʪʢʣʦʥʠʪʴ ʥʘ 
ʥʝʙʦʣʴʰʦʡ ʫʛʦʣ Ŭ ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʠ ʦʪʧʫʩʪʠʪʴ, ʪʦ ʰʘʨʠʢ ʥʘʯʥʝʪ ʧʝʨʝʢʘʪʳʚʘʪʴʩʷ ʙʝʟ 
ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʧʦ ʧʣʦʩʢʦʩʪʠ, ʩʦʚʝʨʰʘʷ ʢʦʣʝʙʘʥʠʷ. ʕʪʠ ʢʦʣʝʙʘʥʠʷ ʙʫʜʫʪ ʧʦʩʪʝʧʝʥʥʦ ʟʘʪʫʭʘʪʴ ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʩʠʣʳ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ. 
 

 
                                         ʈʠʩ. 4. ʅʘʢʣʦʥʥʳʡ ʤʘʷʪʥʠʢ 
ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʫʛʣʘ ʦʪʢʣʦʥʝʥʠʷ ʤʘʷʪʥʠʢʘ (ʥʠʪʠ 
ʩ ʰʘʨʠʢʦʤ) ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʩʦ ʚʨʝʤʝʥʝʤ. ʋʛʦʣ ʦʪʢʣʦʥʝʥʠʷ Ŭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʠʟʫʘʣʴʥʦ ʧʦ 
ʰʢʘʣʝ (5). ʉ ʧʦʤʦʱʴʶ ʚʦʨʦʪʢʘ (6), ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʫ ʦʩʥʦʚʘʥʠʷ ʢʨʦʥʰʪʝʡʥʘ (2), ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʫʛʦʣ 
ɔ - ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʣʦʩʢʦʩʪʠ (4) ʢ ʛʦʨʠʟʦʥʪʫ. ʊʘʤ ʞʝ ʫ ʦʩʥʦʚʘʥʠʷ ʢʨʦʥʰʪʝʡʥʘ ʥʘʭʦʜʠʪʩʷ ʰʢʘʣʘ (7) ʜʣʷ 
ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ ɔ. 

1.3. ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʥʘʢʣʦʥʥʦʛʦ ʤʘʷʪʥʠʢʘ 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʤʝʪʦʜʦʤ ʥʘʢʣʦʥʥʦʛʦ ʤʘʷʪʥʠʢʘ ʦʩʥʦʚʘʥʦ ʥʘ ʠʟʤʝʨʝʥʠʠ 
ʫʤʝʥʴʰʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʝʛʦ ʢʦʣʝʙʘʥʠʡ ʩʦ ʚʨʝʤʝʥʝʤ. ʂʦʛʜʘ ʤʘʷʪʥʠʢ ʩʦʚʝʨʰʠʪ n ʢʦʣʝʙʘʥʠʡ, ʫʛʦʣ 
ʦʪʢʣʦʥʝʥʠʷ ʝʛʦ ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʫʤʝʥʴʰʠʪʩʷ ʦʪ Ŭ0 ʜʦ Ŭn. ʇʨʠ ʵʪʦʤ ʩʠʣʳ ʪʨʝʥʠʷ ʩʦʚʝʨʰʘʪ 
ʨʘʙʦʪʫ ɸʪʨ ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʦʣʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʤʘʷʪʥʠʢʘ ɽ: 

ɽɸʪʨ D-=                                                             (8) 

ʊʘʢ ʢʘʢ ʰʘʨʠʢ ʧʝʨʝʢʘʪʳʚʘʝʪʩʷ ʧʦ ʧʣʦʩʢʦʩʪʠ ʙʝʟ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ, ʪʦ ʨʘʙʦʪʘ ʩʠʣ ʪʨʝʥʠʷ ʨʘʚʥʘ ʣʠʰʴ 
ʨʘʙʦʪʝ ʩʠʣ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ (ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʚʦʟʜʫʭʘ ʧʨʝʥʝʙʨʝʛʘʝʤ),  

,SFɸ ʢʘʯ

ʪʨʪʨ -=                                                                   (9) 

ʛʜʝ S - ʧʫʪʴ, ʧʨʦʡʜʝʥʥʳʡ ʰʘʨʠʢʦʤ ʟʘ n ʢʦʣʝʙʘʥʠʡ. 
ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫʤʝʥʴʰʝʥʠʝ ʧʦʣʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʤʘʷʪʥʠʢʘ ʨʘʚʥʦ ʫʤʝʥʴʰʝʥʠʶ ʝʛʦ 
ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ æEn

ʤʘʢc;
, ʢʦʪʦʨʦʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʚʥʦ 

hmgɽʤʘʢʩn DD = ,                                                                  (10) 

ʛʜʝ m - ʤʘʩʩʘ ʤʘʷʪʥʠʢʘ, æh - ʫʤʝʥʴʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʩʦʪʳ ʧʦʜʲʝʤʘ ʤʘʷʪʥʠʢʘ ʟʘ n ʢʦʣʝʙʘʥʠʡ. 
ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʷ (9) ʠ (10) ʚ ʬʦʨʤʫʣʫ (8), ʧʦʣʫʯʠʤ 

hmgSFʢʘʯʪʨ D=
.                                                                        (11) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

).cos(cossin 0aagD -= nLh
                              (12 ) 

 ʋʯʠʪʳʚʘʷ, ʯʪʦ ʜʣʷ ʤʘʣʳʭ ʫʛʣʦʚ ʧʨʠʙʣʠʞʝʥʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ 
,21cos 2aa -=
 

ʧʨʝʦʙʨʘʟʫʝʤ ʚʳʨʘʞʝʥʠʝ (12) ʢ ʩʣʝʜʫʶʱʝʤʫ ʚʠʜʫ : 

).(sinL5,0h 2

n

2

0 aagD -=
                                                       (13) 



 26 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʫʪʴ S1, ʧʨʦʭʦʜʠʤʳʡ ʰʘʨʠʢʦʤ ʟʘ ʦʜʥʦ ʧʦʣʥʦʝ ʢʦʣʝʙʘʥʠʝ, ʨʘʚʝʥ 
a4LS1 Ö=

. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘ n ʧʦʣʥʳʭ ʢʦʣʝʙʘʥʠʡ ʰʘʨʠʢ ʧʨʦʡʜʝʪ ʧʫʪʴ: 

)4L(nS ʩʨaÖ=
,                                                                       (14) 

ʛʜʝ                      
2/)( n0ʩʨ aaa +=

. 

ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʷ ( 13 ) ʠ ( 14 ) ʚ ʬʦʨʤʫʣʫ (11), ʧʦʣʫʯʠʤ ʜʣʷ ʩʠʣʳ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʩʣʝʜʫʶʱʝʝ 

ʩʦʦʪʥʦʰʝʥʠʝ : 

.n4/)(sinmgF n0

ʢʘʯ

ʪʨ aag -=
                                                           (15) 

ʇʦʜʩʪʘʚʣʷʷ ʧʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ (15) ʚ ʬʦʨʤʫʣʫ (7) ʠ ʫʯʠʪʳʚʘʷ, ʯʪʦ ʩʠʣʘ ʥʦʨʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ 

FN ʰʘʨʠʢʘ ʥʘ ʥʘʢʣʦʥʥʫʶ ʧʣʦʩʢʦʩʪʴ ʨʘʚʥʘ 

gcosmgFN = ,                                                                        (16)  

ʧʦʣʫʯʠʤ ʦʢʦʥʯʘʪʝʣʴʥʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʤʝʪʦʜʦʤ 

ʥʘʢʣʦʥʥʦʛʦ ʤʘʷʪʥʠʢʘ : 

n4/)(Rtgk n0 aag -Ö=
                                                                        (17) 

1.4. ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

1. ʋʩʪʘʥʦʚʠʪʴ ʫʛʦʣ ɔ ʥʘʢʣʦʥʘ ʧʣʦʩʢʦʩʪʠ ʤʘʷʪʥʠʢʘ ʢ ʛʦʨʠʟʦʥʪʫ ʚ ʠʥʪʝʨʚʘʣʝ 300 ï 600 (ʧʦ ʫʢʘʟʘʥʠʶ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ). 

2. ʆʪʢʣʦʥʠʪʴ ʰʘʨʠʢ ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʥʘ ʥʝʙʦʣʴʰʦʡ ʫʛʦʣ Ŭ0 å 8 -100. (ʚʦ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ 

ʠʟʤʝʨʝʥʠʷʭ Ŭ0 ʩʦʭʨʘʥʷʪʴ ʦʜʠʥʘʢʦʚʳʤ ') 

3 ʀʟʤʝʨʠʪʴ ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʰʘʨʠʢʘ ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ Ŭn ʧʦʩʣʝ ʩʦʚʝʨʰʝʥʠʷ ʠʤ n = 10-15 

ʧʦʣʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʀʟʤʝʨʝʥʠʷ Ŭn ʧʦʚʪʦʨʠʪʴ ʧʷʪʴ ʨʘʟ, ʨʝʟʫʣʴʪʘʪʳ ʟʘʧʠʩʘʪʴ ʚ ʪʘʙʣʠʮʫ. 

 

                           ʈʠʩ. 5. ʉʭʝʤʘʪʠʯʝʩʢʠʡ ʚʠʜ ʥʘʢʣʦʥʥʦʛʦ ʤʘʷʪʥʠʢʘ 
4. ɺʳʯʠʩʣʠʪʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʦʪʢʣʦʥʝʥʠʷ ʤʘʷʪʥʠʢʘ ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʧʦʩʣʝ n 

ʢʦʣʝʙʘʥʠʡ : ä
=

=
m

1i

ni

ʩʨ

n
m

1
aa , (m - ʯʠʩʣʦ ʠʟʤʝʨʝʥʠʡ). 
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5. ʇʦ ʬʦʨʤʫʣʝ (17), ʚʟʷʚ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ: Ŭn
ʩʨ
, ʨʘʩʩʯʠʪʘʪʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ 

ʢʘʯʝʥʠʷ kʩʨ  (ʈʘʜʠʫʩ ʰʘʨʠʢʘ R = 11,1 ʤʤ ) 
6. ʆʮʝʥʠʪʴ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ, ʧʦʣʴʟʫʷʩʴ ʧʨʘʚʠʣʘʤʠ ʦʙʨʘʙʦʪʢʠ 
ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʩʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ: 

ʘ) ʚʳʯʠʩʣʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʦʰʠʙʢʫ k/kDe=  ʠʟʤʝʨʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʧʨʠ 

ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ (ʥʘʜʝʞʥʦʩʪʠ) ŭ = 0,95 ʧʦ ʬʦʨʤʫʣʝ: 

,)
)(

()t
)(3

()t
sincos3

()t
R3

R
( 2

n0

n2

,

n0

02

,

2

,
aa

aD

aa

aD

gg

gDD
e ddd

-
+

-
++= ¤¤¤  

ʛʜʝ æR = 0,05 ʤʤ,    æɔ = 0,5 ʛʨʘʜ, ( ʚ ʨʘʩʯʝʪʘʭ æɔ ʚʳʨʘʞʘʪʴ ʚ ʨʘʜʠʘʥʘʭ.), æŬ0
=
 0,5 ʛʨʘʜ;    æŬn - 

ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ Ŭn, ʢʦʪʦʨʘʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʧʨʘʚʠʣʘʤ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʷʤʳʭ 
ʠʟʤʝʨʝʥʠʡ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ : 
- ʥʘʭʦʜʠʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ Ŭn: 

;
m

1 m

1i

ni

ʩʨ

n ä
=

= aa  

- ʥʘʭʦʜʠʤ ʦʩʪʘʪʦʯʥʳʝ ʦʰʠʙʢʠ ʦʪʜʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʫʛʣʘ Ŭn: 

);( ʩʨ

nnini aaaD -=  

- ʚʳʯʠʩʣʷʝʤ ʩʨʝʜʥʶʶ ʢʚʘʜʨʘʪʠʯʥʫʶ ʦʰʠʙʢʫ ʦʪʜʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ: 

ä
=

=
m

1i

2

nim )(
m

1
S aD  

- ʠ ʦʪʙʨʘʩʳʚʘʝʤ ʧʨʦʤʘʭʠ (ʧʨʦʤʘʭʦʤ ʩʯʠʪʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪ, ʦʩʪʘʪʦʯʥʘʷ ʦʰʠʙʢʘ ʢʦʪʦʨʦʛʦ   mni S3>aD
); 

- ʦʧʨʝʜʝʣʷʝʤ ʩʨʝʜʥʶʶ ʢʚʘʜʨʘʪʠʯʥʫʶ ʦʰʠʙʢʫ ʩʨʝʜʥʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ: 

;)(
)1m(m

1
S

m

1i

2

niʩʨ. ä
=-

= aDa  

- ʧʦ ʯʠʩʣʫ ʠʟʤʝʨʝʥʠʡ m ʠ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ŭ = 0,95 ʥʘʭʦʜʠʤ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʉʪʴʶʜʝʥʪʘ 
m,td ; 

- ʥʘʭʦʜʠʤ ʦʰʠʙʢʫ ʠʟʤʝʨʝʥʠʡ ʫʛʣʘ Ŭn ʩ ʫʯʝʪʦʤ ʩʣʫʯʘʡʥʦʡ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʝʡ : 

,)
3

t()St( 2

,

2

ʩʨ,m,n

aD
aD dad ¤+=  

ʛʜʝ æŬ = æŬ0 = 0,5 ʛʨʘʜ.  
ʙ) ʦʮʝʥʠʪʴ ʛʨʘʥʠʮʳ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ æk: 

.kk ʩʨeD =  

7. ɿʘʧʠʩʘʪʴ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʡ ʚ ʚʠʜʝ 

,kkk ʩʨ D°=  ʧʨʠ ŭ =         , m =        , Ů =         %. 

ɔ, ʛʨʘʜ Ŭ0, ʛʨʘʜ Ŭn, ʛʨʘʜ Ŭn
ʩʨ
, ʛʨʘʜ kʩʨ, ʤ 

  1. 
2. 
3. 
4. 
5. 

  

 
1.5. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1. ʏʪʦ ʥʘʟʳʚʘʝʪʩʷ ʩʪʘʪʠʯʝʩʢʠʤ ʪʨʝʥʠʝʤ, ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʪʨʝʥʠʝʤ, ʪʨʝʥʠʝʤ ʩʢʦʣʴʞʝʥʠʷ, ʪʨʝʥʠʝʤ 
ʢʘʯʝʥʠʷ? 
2. ʋʢʘʞʠʪʝ ʧʨʠʨʦʜʫ ʩʠʣ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ, ʧʦʷʩʥʠʪʝ ʬʦʨʤʫʣʫ (3).  
3. ʋʥʠʞʠʪʝ ʧʨʠʨʦʜʫ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ, ʧʦʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ.  
4. ʇʦʣʫʯʠʪʝ ʚʳʨʘʞʝʥʠʝ ( 7 ) ʜʣʷ ʩʠʣʳ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ. 
5. ʂʘʢ ʟʘʚʠʩʠʪ ʩʠʣʘ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʦʪ ʨʘʜʠʫʩʘ ʢʘʪʷʱʝʛʦʩʷ ʪʝʣʘ?  
6. ʏʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʢʣʦʥʥʳʡ ʤʘʷʪʥʠʢ? 
7. ʆʧʠʰʠʪʝ ʤʝʪʦʜʠʢʫ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʥʘʢʣʦʥʥʦʛʦ ʤʘʷʪʥʠʢʘ, 
ʜʘʡʪʝ ʚʳʚʦʜ ʬʦʨʤʫʣʳ (17). 
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ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ 5  
 

ʆʇʈɽɼɽʃɽʅʀɽ ʉʂʆʈʆʉʊʀ ʇʋʃʀ ɹɸʃʃʀʉʊʀʏɽʉʂʀʄ ʄɽʊʆɼʆʄ  
 

ʎʝʣʴ ʨʘʙʦʪʳ: ʠʟʫʯʝʥʠʝ ʜʚʠʞʝʥʠʷ ʢʨʫʪʠʣʴʥʦʛʦ ʤʘʷʪʥʠʢʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʨʦʪʢʦʛʦ ʠʤʧʫʣʴʩʘ 
ʚʥʝʰʥʝʡ ʩʠʣʳ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʫʣʠ ʤʝʪʦʜʦʤ ʢʨʫʪʠʣʴʥʦʛʦ ʤʘʷʪʥʠʢʘ.  
ʆʙʦʨʫʜʦʚʘʥʠʝ: ʣʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʥʘʙʦʨ, ʥʘʙʦʨ çʧʫʣʴè, ʵʣʝʢʪʨʦʥʥʳʡ ʩʝʢʫʥʜʦʤʝʨ.  . 
 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʚʚʝʜʝʥʠʝ 
 ʆʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʢʨʫʪʠʣʴʥʳʡ ʤʘʷʪʥʠʢ (ʨʠʩ. 1). ʇʨʠ 
ʧʦʧʘʜʘʥʠʠ 
ʚ ʥʝʛʦ ʚʳʧʫʱʝʥʥʦʡ ʩʪʨʝʣʷʶʱʠʤ  
ʫʩʪʨʦʡʩʪʚʦʤ çʧʫʣʠè ʤʘʷʪʥʠʢ ʥʘ- 
ʯʠʥʘʝʪ ʚʨʘʱʘʪʴʩʷ ʠ ʩʦʚʝʨʰʘʪʴ                                      
ʢʨʫʪʠʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʦʢʨʫʛ  
ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ.                                                                                   
 ʆʧʠʰʝʤ ʫʜʘʨ ʧʫʣʠ ʦ ʤʘ- 
ʷʪʥʠʢ ʩ ʧʦʤʦʱʴʶ ʟʘʢʦʥʘ ʩʦʭʨʘ- 
ʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ʜʣʷ                                                                        
ʩʠʩʪʝʤʳ çʧʫʣʷ ï ʤʘʷʪʥʠʢè :                                                            

mVoL + 0 = 0 + Iwo           (1) 
ɿʜʝʩʴ m ï ʤʘʩʩʘ ʧʫʣʠ, Vo ï ʩʢʦ-                                                            
ʨʦʩʪʴ ʧʫʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ                                                                 
ʧʝʨʝʜ ʫʜʘʨʦʤ, Lï ʧʨʠʮʝʣʴʥʦʝ 
ʨʘʩʩʪʦʷʥʠʝ (ʨʠʩ. 1), I ï ʤʦʤʝʥʪ                                               

ʚʨʘʱʝʥʠʷ, wo ï ʠʥʝʨʮʠʠ ʤʘʷʪʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ 
ʥʘʯʘʣʴʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ, 
ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ ʤʘʷʪʥʠʢʦʤ  ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʫʜʘʨʘ. ʇʝʨʝʜ ʫʜʘʨʦʤ ʤʘʷʪʥʠʢ ʥʝʧʦʜʚʠʞʝʥ. ʉʯʠʪʘʝʤ, ʯʪʦ ʧʫʣʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʨʘ ʧʨʘʢʪʠʯʝʩʢʠ 
ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ʂʨʦʤʝ ʪʦʛʦ, ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʫʜʘʨ ʧʨʦʠʩʭʦʜʠʪ ʦʯʝʥʴ ʙʳʩʪʨʦ - ʚʨʝʤʷ ʩʦʫʜʘʨʝʥʠʷ 
ʤʘʣʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʠʦʜʦʤ ʧʦʩʣʝʜʫʶʱʠʭ ʢʨʫʪʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʘ. 
 ʇʦʩʣʝ ʫʜʘʨʘ ʤʘʷʪʥʠʢ ʥʘʯʥʝʪ ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ, ʝʛʦ ʥʘʯʘʣʴʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ 
ʜʚʠʞʝʥʠʷ ʙʫʜʝʪ ʧʝʨʝʭʦʜʠʪʴ ʚ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʟʘʢʨʫʯʝʥʥʦʡ ʧʨʦʚʦʣʦʢʠ ʧʦʜʚʝʩʘ ʤʘʷʪʥʠʢʘ. 
ɽʩʣʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʛʦʣ ʟʘʢʨʫʯʠʚʘʥʠʷ ʧʨʦʚʦʣʦʢʠ (ʚ ʤʦʤʝʥʪ ʦʩʪʘʥʦʚʢʠ ʤʘʷʪʥʠʢʘ) ʦʙʦʟʥʘʯʠʪʴ ʯʝʨʝʟ 

qʤʘʢʩ (ʠʟʤʝʨʷʝʪʩʷ ʚ ʨʘʜʠʘʥʘʭ !), ʪʦ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

Iwo
2
/2 = Dq

2
ʤʘʢʩ/2                                           (2) 

ʛʜʝ D ï ʧʦʩʪʦʷʥʥʘʷ ʤʦʤʝʥʪʘ ʫʧʨʫʛʠʭ ʩʠʣ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʟʘʢʨʫʯʝʥʥʦʡ ʧʨʦʚʦʣʦʢʝ. 
 ʀʟ (1) ʠ (2) ʤʦʞʥʦ ʥʘʡʪʠ: 

O ʤʘʢʩ

IDV
mL
q=                                           (3) 

 ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʫʣʠ ʫʜʦʙʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ (3) ʪʘʢ, 
ʯʪʦʙʳ ʚ ʥʝʛʦ ʚʭʦʜʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟʤʝʨʷʝʤʳʝ ʥʘ ʦʧʳʪʝ ʚʝʣʠʯʠʥʳ. ʉʥʘʯʘʣʘ ʚʦʩʧʦʣʴʟʫʝʤʩʷ 
ʬʦʨʤʫʣʦʡ ʜʣʷ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ ʊ ʩʣʘʙʦ ʟʘʪʫʭʘʶʱʠʭ ʢʨʫʪʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʘ (ʩʤ. 
ʥʘʧʨʠʤʝʨ, ʦʧʠʩʘʥʠʝ ʨʘʙʦʪʳ ˉ 9): 

2 IT
D

p=                                                       (4) 

 
ʠ ʠʩʢʣʶʯʠʤ ʥʝʠʟʚʝʩʪʥʫʶ ʚʝʣʠʯʠʥʫ D. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ: 

2
O ʤʘʢʩ

IV
T mL
p q=                                         (5) 

 ʉʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ ɻʶʡʛʝʥʩʘ ï ʐʪʝʡʥʝʨʘ, ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʤʘʷʪʥʠʢʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 
I = Io + 2MR

2
                                              (6) 

ʛʜʝ 2Mï ʤʘʩʩʘ ʜʚʫʭ ʠʤʝʶʱʠʭʩʷ ʥʘ ʤʘʷʪʥʠʢʝ ʧʦʜʚʠʞʥʳʭ ʛʨʫʟʦʚ, R ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʤʘʩʩ 
ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʛʨʫʟʦʚ ʜʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʤʘʷʪʥʠʢʘ, Io ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʤʘʷʪʥʠʢʘ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 
ʨʘʩʩʪʦʷʥʠʝ R ʙ ʣrʦ ʙʳ ʨʘʚʥʦ ʥʫʣʶ. ʇʦʜʩʪʘʚʣʷʷ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʚ (5), ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫʣʫ 
ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʫʣʠ: 
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222 O
O ʤʘʢʩ

I MR
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T mL
p q

+
=                                           (7) 

 
 

ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 
     1.ʋʩʪʘʥʦʚʠʪʝ ʧʦʜʚʠʞʥʳʝ ʛʨʫʟʳ ʄ ʥʘ ʤʠʥʠʤʘʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ ʠ, ʩʜʝʣʘʚ 2 ï 3 

ʚʳʩʪʨʝʣʘ, ʦʧʨʝʜʝʣʠʪʝ ʧʨʠʙʣʠʞʝʥʥʦ ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ q1 ʤʘʷʪʥʠʢʘ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʥʝʛʦ ʧʫʣʠ.  

    2.ʆʮʝʥʠʪʝ ʧʦ ʬʦʨʤʫʣʝ (9) Dqʩʠʩʪ . ɼʣʷ ʵʪʦʛʦ ʦʪʢʣʦʥʠʪʝ ʤʘʷʪʥʠʢ ʠʟ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʥʘ ʫʛʦʣ 

q1 , ʦʪʧʫʩʪʠʪʝ ʙʝʟ ʪʦʣʯʢʘ, ʠʟʤʝʨʴʪʝ ʘʤʧʣʠʪʫʜʫ q2 ʚʪʦʨʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʤʘʷʪʥʠʢʘ ʚ ʪʫ ʞʝ ʩʪʦʨʦʥʫ. 

ʀʟʤʝʨʝʥʠʷ ʧʦʚʪʦʨʠʪʝ ʪʨʠ ʨʘʟʘ ʠ ʥʘʡʜʠʪʝ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ q2 . ʈʝʟʫʣʴʪʘʪʳ 
ʠʟʤʝʨʝʥʠʡ ʟʘʥʝʩʠʪʝ ʚ ʪʘʙʣ. 1. 
ʊʘʙʣʠʮʘ 1 

q1  q2,1 q2,2 q2,3 q2ʩʨ Dqʩʠʩʪ  D(Dqʩʠʩʪ)  

       

 

       3.ʉʨʘʚʥʠʪʝ ʥʘʡʜʝʥʥʦʝ ʟʥʘʯʝʥʠʝ Dqʩʠʩʪ  ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ Dq ʠʟʤʝʨʝʥʠʡ ʫʛʣʘ ʧʦ ʰʢʘʣʝ ʫʩʪʨʦʡʩʪʚʘ 
(ʦʥʘ ʨʘʚʥʘ ʧʦʣʦʚʠʥʝ ʮʝʥʳ ʜʝʣʝʥʠʷ ʰʢʘʣʳ).  
       4.ʆʧʨʝʜʝʣʠʪʝ Iʦ. ɼʣʷ ʵʪʦʛʦ ʠʟʤʝʨʴʪʝ ʧʝʨʠʦʜʳ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʘ ʊ1 ʠ ʊ2 ʧʨʠ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ 
ʧʦʣʦʞʝʥʠʷʭ R1 (ʤʠʥʠʤʘʣʴʥʦʤ) ʠ R2 (ʤʘʢʩʠʤʘʣʴʥʦʤ) ʧʘʨ ʧʦʜʚʠʞʥʳʭ ʛʨʫʟʦʚ ʄ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 
ʟʘʥʝʩʠʪʝ ʚ ʪʘʙʣ. 2. 
ʊʘʙʣʠʮʘ 2 

R1 R1
2 

DR1 R2  R2
2
 DR2  ʊ1  ʊ1

2
 ʊ2 ʊ2

2 
ʄ Io DIo 

             

 

    4.ʋʩʪʘʥʦʚʠʚ ʥʘ ʨʘʩʩʪʦʷʥʠʠ R1 (ʤʠʥʠʤʘʣʴʥʦʤ) ʛʨʫʟʳ ʄ, ʠʟʤʝʨʴʪʝ ʦʪʢʣʦʥʝʥʠʝ ʤʘʷʪʥʠʢʘ qʤʘʢʩ ʠ 
ʧʨʠʮʝʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ L ʚ ʩʝʨʠʠ ʠʟ ʯʝʪʳʨʝʭ ʚʳʩʪʨʝʣʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʟʘʥʝʩʠʪʝ ʚ ʪʘʙʣ. 3. 
ʊʘʙʣʠʮʘ 3. 

L1 L2 L3 L4 Lʩʨ DL q1 q2 q3 q4 qʩʨ Dqʩʨ 

            

 

Rʩʨ Rʩʨ
2
 ʊʩʨ Dʊʩʨ Vo, ʤ/ʩ DVo, ʤ/ʩ 

      

 
 ʇʦʣʴʟʫʷʩʴ ʩʦʦʪʥʦʰʝʥʠʝʤ (7), ʦʧʨʝʜʝʣʠʪʝ ʩʢʦʨʦʩʪʴ ʧʫʣʠ. 

 
ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ. 

 
  1.ɺʳʚʝʜʠʪʝ ʬʦʨʤʫʣʫ (3). 
  2.ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ɺʘʤʠ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʦʮʝʥʠʪʝ ʧʦʩʪʦʷʥʥʫʶ ʤʦʤʝʥʪʘ ʫʧʨʫʛʠʭ ʩʠʣ D. 
  3.ʇʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʦʮʝʥʠʪʝ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʤʘʷʪʥʠʢʘ ʩʨʘʟʫ ʧʦʩʣʝ ʫʜʘʨʘ 
ʧʫʣʠ ʦ ʤʘʷʪʥʠʢ. ʆʮʝʥʠʪʝ, ʢʘʢʘʷ ʯʘʩʪʴ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʫʣʠ ʧʨʠ ʫʜʘʨʝ ʧʝʨʝʭʦʜʠʪ ʚ ʪʝʧʣʦ. 

 
 

ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ 6 
 

ʆʇʈɽɼɽʃɽʅʀɽ ʂʆʕʌʌʀʎʀɽʅʊɸ ɺʗɿʂʆʉʊʀ ɾʀɼʂʆʉʊʀ  ʄɽʊʆɼʆʄ   ʉʊʆʂʉɸ 
  
ʎʝʣʴ ʨʘʙʦʪʳ: ʠʟʤʝʨʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʩʪʠ. 
ʇʨʠʙʦʨʳ ʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ: ʩʪʝʢʣʷʥʥʳʡ ʮʠʣʠʥʜʨ ʩ ʠʩʩʣʝʜʫʝʤʦʡ ʞʠʜʢʦʩʪʴʶ, ʤʝʪʘʣʣʠʯʝʩʢʠʝ 
ʰʘʨʠʢʠ, ʤʠʢʨʦʤʝʪʨ, ʩʝʢʫʥʜʦʤʝʨ, ʤʠʣʣʠʤʝʪʨʦʚʘʷ ʣʠʥʝʡʢʘ. 

 
ʂʨʘʪʢʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ 
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 ʇʨʠ ʜʚʠʞʝʥʠʠ ʞʠʜʢʦʩʪʠ ʤʝʞʜʫ ʝʝ ʩʦʩʝʜʥʠʤʠ ʩʣʦʷʤʠ, ʜʚʠʞʫʱʠʤʠʩʷ ʩ ʨʘʟʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ, 
ʚʦʟʥʠʢʘʶʪ ʩʠʣʳ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʫʨʘʚʥʷʪʴ ʩʢʦʨʦʩʪʠ ʚʩʝʭ 
ʩʣʦʝʚ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʵʪʠʭ ʩʠʣ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʣʦʠ, ʜʚʠʞʫʱʠʝʩʷ ʩ ʨʘʟʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ, 
ʦʙʤʝʥʠʚʘʶʪʩʷ ʤʦʣʝʢʫʣʘʤʠ. ʄʦʣʝʢʫʣʳ ʠʟ ʙʦʣʝʝ ʙʳʩʪʨʦʛʦ ʩʣʦʷ ʧʝʨʝʜʘʶʪ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʤʫ ʩʣʦʶ 
ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʚʠʞʝʥʠʷ (ʠʤʧʫʣʴʩ), ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʥ ʥʘʯʠʥʘʝʪ ʜʚʠʛʘʪʴʩʷ ʙʳʩʪʨʝʝ. 
ʄʦʣʝʢʫʣʳ ʠʟ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʛʦ ʩʣʦʷ ʧʦʣʫʯʘʶʪ ʚ ʙʳʩʪʨʦʤ ʩʣʦʝ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʚʠʞʝʥʠʷ, ʯʪʦ 
ʧʨʠʚʦʜʠʪ ʢ ʪʦʨʤʦʞʝʥʠʶ ʙʳʩʪʨʦʛʦ ʩʣʦʷ. ʇʨʠ ʧʝʨʝʥʦʩʝ ʠʤʧʫʣʴʩʘ ʦʪ ʩʣʦʷ ʢ ʩʣʦʶ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ 
ʠʤʧʫʣʴʩʘ ʚʩʝʭ ʩʣʦʝʚ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʥʘ ʢʘʞʜʳʡ ʠʟ ʩʣʦʝʚʜʝʡʩʪʚʫʝʪ ʩʠʣʘ, ʨʘʚʥʘʷ ʠʟʤʝʥʝʥʠʶ 
ʠʤʧʫʣʴʩʘ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ (ʚʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ). 
 ʈʘʩʩʤʦʪʨʠʤ ʞʠʜʢʦʩʪʴ, ʜʚʠʞʫɦʫʁ ʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʭ (ʨʠʩ. 2.1). ʇʫʩʪʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ dz 
ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʦʪʣʠʯʘʶʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ dv. ʆʪʥʦʰʝʥʠʝ dv/dz ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ 
ʧʦʪʦʢʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ z ʠ ʥʘʟʳʚʘʝʪʩʷ ʛʨʘʜʠʝʥʪʦʤ ʩʢʦʨʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʨʘʜʠʝʥʪ ʩʢʦʨʦʩʪʠ 
ʯʠʩʣʝʥʥʦ ʨʘʚʝʥ ʠʟʤʝʥʝʥʠʶ ʩʢʦʨʦʩʪʠ ʥʘ ʝʜʠʥʠʮʝ ʜʣʠʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʩʢʦʨʦʩʪʠ. 
 ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ, ʩʠʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ (ʚʷʟʢʦʩʪʠ), ʜʝʡʩʪʚʫʶʱʘʷ ʤʝʞʜʫ ʜʚʫʤʷ ʩʣʦʷʤʠ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʣʦʱʘʜʠ ʠʭ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ DS ʠ ʛʨʘʜʠʝʥʪʫ ʩʢʦʨʦʩʪʠ: 

S
zd

vd
  F Dh=

(2.1) 

ɺʝʣʠʯʠʥʘhñʵʪʘò) ʥʘʟʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ. ɽʩʣʠ ʚ ʬʦʨʤʫʣʝ (2.1) ʧʦʣʦʞʠʪʴ ʯʠʩʣʝʥʥʦ dv/dz = 1 ʠ DS = 1, ʪʦ F = h , ʪ.ʝ. 
ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʯʠʩʣʝʥʥʦ ʨʘʚʝʥ ʩʠʣʝ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʝʡ ʥʘ 
ʢʘʞʜʦʡ ʝʜʠʥʠʮʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʜʚʫʭ ʩʣʦʝʚ, ʜʚʠʞʫʱʠʭʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʩ 

ʛʨʘʜʠʝʥʪʦʤ ʩʢʦʨʦʩʪʠ, ʨʘʚʥʳʤ ʝʜʠʥʠʮʝ.  ɺ 

ʩʠʩʪʝʤʝ ʉʀ ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ [ h ] = ʢʛ / (ʤÖʩ) 

= ʇʘÖʩ.  

 ʂʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʩʪʠ h  ʟʘʚʠʩʠʪ ʦʪ 
ʧʨʠʨʦʜʳ ʞʠʜʢʦʩʪʠ ʠ ʜʣʷ ʜʘʥʥʦʡ  ʞʠʜʢʦʩʪʠ ʩ 
ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʫʤʝʥʴʰʘʝʪʩʷ.  
 ʉʠʣʘʤʠ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʚ ʞʠʜʢʦʩʪʠ 
ʦʙʫʩʣʦʚʣʝʥʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ 
ʠʩʧʳʪʳʚʘʝʪ ʪʚʝʨʜʦʝ ʪʝʣʦ ʧʨʠ ʜʚʠʞʝʥʠʠ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʞʠʜʢʦʩʪʠ. ɸʥʘʣʠʪʠʯʝʩʢʦʝ 
ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʥʘʭʦʞʜʝʥʠʷ ʩʠʣʳ 
ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʩʣʦʞʥʳʤ. 
ʇʦʜʦʙʥʘʷ ʟʘʜʘʯʘ ʙʳʣʘ ʨʝʰʝʥʘ ʘʥʛʣʠʡʩʢʠʤ 
ʬʠʟʠʢʦʤ ʉʪʦʢʩʦʤ ʣʠʰʴ ʜʣʷ ʩʣʫʯʘʷ ʦʯʝʥʴ 
ʤʝʜʣʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʰʘʨʠʢʘ ʚ ʙʝʟʛʨʘʥʠʯʥʦʤ 
ʦʙʲʝʤʝ ʞʠʜʢʦʩʪʠ. ʉʠʣʘ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʚ 
ʪɻʦʤ ʩʣʫʯʘʝ ʦʢʘʟʘʣʘʩʴ ʨʘʚʥʦʡ ʩʣʝʜʫʶʱʝʡ 
ʚʝʣʠʯʠʥʝ: 

F = 6ph r v ,                                              (2.2) 
ʟʜʝʩʴ r - ʨʘʜʠʫʩ ʰʘʨʠʢʘ; v - ʝʛʦ ʩʢʦʨʦʩʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʘʩʪʠ ʞʠʜʢʦʩʪʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʧʦʢʦʝ. 
ʄʝʪʦʜ ʉʪʦʢʩʘ 

  ʌʦʨʤʫʣʘ ʉʪʦʢʩʘ (2.2) ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʩʪʠ h, ʝʩʣʠ ʠʟʚʝʩʪʥʳ ʜʨʫʛʠʝ 
ʚʝʣʠʯʠʥʳ. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʷʟʢʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ (2.2) ʥʘʟʳʚʘʝʪʩʷ 
ʤʝʪʦʜʦʤ ʉʪʦʢʩʘ. 
 ʈʘʩʩʤʦʪʨʠʤ ʧʘʜʝʥʠʝ ʰʘʨʠʢʘ ʚ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʰʘʨʠʢʘ ʩʣʦʡ ʞʠʜʢʦʩʪʠ, ʛʨʘʥʠʯʘʱʠʡ 
ʩ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʧʨʠʣʠʧʘʝʪ ʢ ʰʘʨʠʢʫ ʠ ʜʚʠʞʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʰʘʨʠʢʘ, ʧʦʵʪʦʤʫ ʨʘʟʣʠʯʥʳʝ ʩʣʦʠ 
ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʢʦʨʦʩʪʠ, ʠ ʚʦʟʥʠʢʘʝʪ ʩʠʣʘ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ. 
 ʅʘ ʰʘʨʠʢ, ʧʘʜʘʶʱʠʡ ʚ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ, ʜʝʡʩʪʚʫʶʪ ʪʨʠ ʩʠʣʳ (ʨʠʩ.2.2): 

 1) cʠʣʘ ʪʷʞʝʩʪʠ  F1 = mg = r Vg; 

 2) cʠʣʘ ɸʨʭʠʤʝʜʘ F2 = rʞVg (ʨʘʚʥʘʷ ʚʝʩʫ ʞʠʜʢʦʩʪʠ ʚ ʦʙʲʝʤʝ ʰʘʨʠʢʘ); 

3) ʩʠʣʘ   ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ,   ʦʙʫʩʣʦʚʣʝʥʥʘʷ   ʚʷʟʢʦʩʪʴʶ    ʞʠʜʢʦʩʪʠ   F3 =6ph rv.  

ɿʜʝʩʴ r- ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʰʘʨʠʢʘ; rʞ - ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ; V ï ʦʙʲʝʤ ʰʘʨʠʢʘ;g - ʫʩʢʦʨʝʥʠʝ 
ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. ɺʩʝ ʪʨʠ ʩʠʣʳ ʥʘʧʨʘʚʣʝʥʳ ʧʦ ʚʝʨʪʠʢʘʣʠ: F1 - ʚʥʠʟ,  F2ʠ F3 - ʚʚʝʨʭ. 
 

 

v 

d

z 

D
S 

v + 

dv 

z 

x 

y 
ʈʠʩ. 2.1 



 31 

 ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʰʘʨʠʢʘ ʠʤʝʝʪ ʚʠʜ 
 F1 - F2 - F3 = m dv/dt.(2.3) 
 ʇʦʩʢʦʣʴʢʫ ʩʠʣʘ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʰʘʨʠʢ, 
ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ, ʪʦ ʫʩʢʦʨʝʥʠʝ dv/dt ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, 
ʧʦʢʘ ʰʘʨʠʢ ʥʝ ʜʦʩʪʠʛ ʪʘʢʦʡ ʩʢʦʨʦʩʪʠ v0, ʧʨʠ ʢʦʪʦʨʦʡ ʫʩʢʦʨʝʥʠʝ 
ʨʘʚʥʦ ʥʫʣʶ. ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ (2.3) ʧʨʠʤʝʪ ʚʠʜ: 

(r - rʞ ) Vg - 6ph r v0 = 0.(2.4) 
ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʰʘʨʠʢ ʜʚʠʞʝʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶv0. 

 ʈʝʰʘʷ ʫʨʘʚʥʝʥʠʝ (2.4) ʦʪʥʦʩʠʪʝʣʴʥʦ h, ʧʦʣʫʯʠʤ 

.
vr

Vg)(
 

06p

r-r
=h ʞ

                              (2.5) 

ɽʩʣʠ ʪʝʧʝʨʴ ʫʯʝʩʪʴ, ʯʪʦ V = 4/3p r
3
,    r = d/2,   v0 = l / t,   ʛʜʝd ï 

ʜʠʘʤʝʪʨ ʰʘʨʠʢʘ;   l- ʜʣʠʥʘ ʫʯʘʩʪʢʘ ʨʘʚʥʦʤʝʨʥʦʛʦ ʜʚʠʞʝʥʠʷ, 
ʧʨʦʡʜʝʥʥʦʛʦ ʟʘ ʚʨʝʤʷt,  ʪʦ ʬʦʨʤʫʣʘ (2.5) ʧʨʠʤʝʪ ʦʢʦʥʯʘʪʝʣʴʥʳʡ 
ʚʠʜ: 

( )
l

tdg

18

2
ʞr-r=h .                                        (2.6) 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ h  ʥʫʞʥʦ ʠʟʤʝʨʠʪʴ d, l ʠt. 
 

ʆʧʠʩʘʥʠʝ ʫʩʪʘʥʦʚʢʠ 
ɼʣʠʥʥʳʡ ʩʪʝʢʣʷʥʥʳʡ ʮʠʣʠʥʜʨ, ʥʘʧʦʣʥʝʥʥʳʡ ʠʩʩʣʝʜʫʝʤʦʡ  
ʞʠʜʢʦʩʪʴʶ, ʠʤʝʝʪ ʜʚʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʤʝʪʢʠ: ɸ ʠ ɺ, 
ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ l ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʄʝʪʢʘ ɸ 
ʫʩʪʘʥʦʚʣʝʥʘ ʪʘʢ, ʯʪʦ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʥʝʝ ʰʘʨʠʢʠ ʫʞʝ 
ʠʤʝʶʪ ʧʦʩʪʦʷʥʥʫʶ ʩʢʦʨʦʩʪʴ v0(ʩʤ. ʨʠʩ.2.2). 
ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʠ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ 
1. ʀʟʤʝʨʠʪʴ ʜʠʘʤʝʪʨ ʰʘʨʠʢʘ ʤʠʢʨʦʤʝʪʨʦʤ. ɿʘʧʠʩʘʪʴ ʨʝʟʫʣʴʪʘʪ ʚ ʪʘʙʣ. 2.1. 
ʊʘʙʣʠʮʘ 2.1 

r = é ʢʛ/ ʤ
3
rʞ = é ʢʛ/ ʤ

3
l = é ʩʤ           
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Dhi = <h> - hi , 
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2
 , 

ʇʘ
2
Ö ʩ
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1 
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4 
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. 
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<hi> =                                           SDhi
2
 =     

 
2. ʉ ʧʦʤʦʱʴʶ ʩʝʢʫʥʜʦʤʝʨʘ ʠʟʤʝʨʠʪʴ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʰʘʨʠʢʦʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʤʝʪʢʘʤʠ ɸ ʠ ɺ. 
ɿʘʧʠʩʘʪʴ ʨʝʟʫʣʴʪʘʪ ʚ ʪʘʙʣ. 2.1. ʆʧʳʪ ʧʨʦʠʟʚʝʩʪʠ ʩ 5 - 7 ʰʘʨʠʢʘʤʠ.          
3. ʀʟʤʝʨʠʪʴ ʨʘʩʩʪʦʷʥʠʝ lʤʝʞʜʫ ʤʝʪʢʘʤʠ. ɿʘʧʠʩʘʪʴ ʚ ʪʘʙʣ. 2.1. 

4. ʊʘʢ ʢʘʢ h  ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʟʘʧʠʩʘʪʴ ʚ ʪʘʙʣʠʮʫ ʪʝʤʧʝʨʘʪʫʨʫ ʊ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʷʪʩʷ 
ʠʟʤʝʨʝʥʠʷ. 
5. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʘʞʜʦʛʦ ʦʧʳʪʘ ʚʳʯʠʩʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʩʪʠ ʧʦ ʬʦʨʤʫʣʝ (2.6). ʇʣʦʪʥʦʩʪʴ 
ʤʘʪʝʨʠʘʣʘ ʰʘʨʠʢʘ ʫʢʘʟʳʚʘʝʪʩʷ ʣʘʙʦʨʘʥʪʦʤ, ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ ʠʟʤʝʨʷʝʪʩʷ ʘʨʝʦʤʝʪʨʦʤ (ʝʩʣʠ 
ʧʨʠʙʦʨ ʦʪʩʫʪʩʪʚʫʝʪ - ʝʝ ʪʦʞʝ ʟʘʜʘʝʪ ʣʘʙʦʨʘʥʪ). 

6. ʅʘʡʪʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ <h> ʠʟ ʚʳʯʠʩʣʝʥʥʳʭ ʧʦ ʬʦʨʤʫʣʝ  

( )
l

tdg ʞ

18

2
r-r

=h . 

7. ɸʙʩʦʣʶʪʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ (ʧʦʣʫʰʠʨʠʥʫ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ) ʥʘʡʪʠ ʧʦ ʬʦʨʤʫʣʝ  
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ʂʦʵʬʬʠʮʠʝʥʪ ʉʪʴʶʜʝʥʪʘ, ta,n - ʥʘʡʪʠ ʧʦ ʪʘʙʣʠʮʝ (ʧʨʠʣʦʞʝʥʠʝ 1), ʟʘʜʘʚʰʠʩʴ ʥʘʜʝʞʥʦʩʪʴʶ a. 
8. ʆʮʝʥʠʪʴ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, ʥʘʡʜʷ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ 
 

e = Dh/ <h> . 
 

9. ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ h = <h>°Dhc 

ʫʢʘʟʘʥʠʝʤʟʥʘʯʝʥʠʷa. 
 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 
 

1. ʏʪʦ ʪʘʢʦʝ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ? ʆʙʲʷʩʥʠʪʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʠʣ ʚʷʟʢʦʩʪʠ ʩ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ 
ʪʦʯʢʠ ʟʨʝʥʠʷ. 
2. ʂʘʢʦʚ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ? ʇʦʣʴʟʫʷʩʴ ʬʦʨʤʫʣʦʡ (2.2), 
ʚʳʚʝʜʠʪʝ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʷʟʢʦʩʪʠ. 
3. ʏʪʦ ʥʘʟʳʚʘʝʪʩʷ ʛʨʘʜʠʝʥʪʦʤ ʩʢʦʨʦʩʪʠ? 
4. ɿʘʧʠʰʠʪʝ ʠ ʧʦʷʩʥʠʪʝ ʬʦʨʤʫʣʫ ʉʪʦʢʩʘ ʜʣʷ ʩʠʣʳ ʚʷʟʢʦʩʪʠ. 
5. ʂʘʢʠʝ ʩʠʣʳ ʜʝʡʩʪʚʫʶʪ ʥʘ ʰʘʨʠʢ, ʧʘʜʘʶʱʠʡ ʚ ʞʠʜʢʦʩʪʠ? ʂʘʢ ʦʥʠ ʥʘʧʨʘʚʣʝʥʳ? 
6. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʟʘʢʦʥ ɸʨʭʠʤʝʜʘ. 
7. ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʰʘʨʠʢʘ ʚ ʞʠʜʢʦʩʪʠ. 
8.   ʂʘʢʦʚ  ʭʘʨʘʢʪʝʨ  ʜʚʠʞʝʥʠʷ  ʰʘʨʠʢʘ  ʚ  ʞʠʜʢʦʩʪʠ  ʤʝʞʜʫ  ʤʝʪʢʘʤʠ   ɸ  ʠ   ɺ? 
9. ɺʳʚʝʜʠʪʝ ʨʘʩʯʝʪʥʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʷʟʢʦʩʪʠ. 
10. ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ. 
 

ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ 7  
 

ʆʇʈɽɼɽʃɽʅʀɽ ʂʆʕʌʌʀʎʀɽʅʊɸ ʇʆɺɽʈʍʅʆʉʊʅʆɻʆ ʅɸʊʗɾɽʅʀʗ ɾʀɼʂʆʉʊʀ  
 

 ʎʝʣʴ ʨʘʙʦʪʳ: ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʚʦʜʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 
ʪʝʤʧʝʨʘʪʫʨʝ.  
ʇʨʠʙʦʨʳ ʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ:ʩʦʩʫʜ ʩ ʚʦʜʦʡ, ʤʝʨʥʳʡ ʩʪʘʢʘʥ. 
 

1.1.ʂʨʘʪʢʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ 
ʅʘʙʣʶʜʘʷ ʟʘ ʦʪʨʳʚʦʤ ʢʘʧʣʠ ʞʠʜʢʦʩʪʠ ʦʪ ʚʝʨʪʠʢʘʣʴʥʦʡ ʫʟʢʦʡ ʪʨʫʙʢʠ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪ sʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʞʠʜʢʦʩʪʠ.  
ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʯʠʩʣʝʥʥʦ ʨʘʚʝʥ ʩʠʣʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ, 
ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʛʨʘʥʠʮʳ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ: 

                                            (1) 
ʛʜʝ l ï ʜʣʠʥʘ ʫʯʘʩʪʢʘ ʢʦʥʪʫʨʘ, ʥʘ ʢʦʪʦʨʳʡ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ F (ʩʤ. ʨʠʩ. 3 ʣʘʙ. ʨʘʙ. ˉ 207, ʘ ʪʘʢʞʝ 
ʥʝʙʦʣʴʰʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʚʚʝʜʝʥʠʝ ʦʙ ʵʥʝʨʛʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʥʘʪʷʞʝʥʠʠ 
ʞʠʜʢʦʩʪʝʡ). 
ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʨʘʩʪʝʪ ʢʘʧʣʷ ʞʠʜʢʦʩʪʠ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʫʟʢʦʡ ʪʨʫʙʢʠ. ʈʘʟʤʝʨ ʢʘʧʣʠ ʧʦʩʪʝʧʝʥʥʦ 
ʥʘʨʘʩʪʘʝʪ, ʥʦ ʦʪʨʳʚʘʝʪʩʷ ʦʥʘ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʜʦʩʪʠʛʘʝʪ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʟʤʝʨʘ (ʩʤ. ʨʠʩ. 1 ʘ). 

 
ʘ                                 bc 
ʈʠʩ. 1. 
ʇʦʢʘ ʢʘʧʣʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ, ʩʠʣʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʜʦʩʪʘʪʦʯʥʳ, ʯʪʦʙʳ ʧʨʦʪʠʚʦʩʪʦʷʪʴ 
ʩʠʣʝ ʪʷʞʝʩʪʠ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʦʪʨʳʚ. ʇʝʨʝʜ ʦʪʨʳʚʦʤ ʦʙʨʘʟʫʝʪʩʷ ʩʫʞʝʥʠʝ ï ʰʝʡʢʘ ʢʘʧʣʠ (ʨʠʩ. 1b). 
ʇʦʢʘ ʢʘʧʣʷ ʫʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʢʦʥʮʝ ʢʘʧʠʣʣʷʨʥʦʡ ʪʨʫʙʢʠ, ʥʘ ʥʝʝ ʙʫʜʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʩʠʣʳ: 

ʩʠʣʘ ʪʷʞʝʩʪʠ , ʥʘʧʨʘʚʣʝʥʥʘʷ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ ʠ ʩʪʨʝʤʷʱʘʷʩʷ ʦʪʦʨʚʘʪʴ ʢʘʧʣʶ (ʨʠʩ. 2); 
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ʩʠʣʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʠ 
ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢʦʥʪʫʨʫ l ʰʝʡʢʠ ʢʘʧʣʠ.  

 
ʈʠʩ. 2. 
  

ʕʪʠ ʩʠʣʳ ʩʪʨʝʤʷʪʩʷ ʫʜʝʨʞʘʪʴ ʢʘʧʣʶ. ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʩʠʣʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ  
ʥʘʧʨʘʚʣʝʥʘ ʚʚʝʨʭ ʠ ʨʘʚʥʘ 

                                                 (2) 
ʛʜʝ l ï ʜʣʠʥʘ ʢʦʥʪʫʨʘ ʰʝʡʢʠ ʢʘʧʣʠ. ʂʦʛʜʘ ʩʠʣʘ ʪʷʞʝʩʪʠ ʩʪʘʥʝʪ ʨʘʚʥʘ ʩʠʣʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ 
ʧʨʦʠʟʦʡʜʝʪ ʦʪʨʳʚ ʢʘʧʣʠ: 

 
ɼʣʷ ʤʦʜʫʣʝʡ ʩʠʣ: 

                                                (3) 
ʉ ʫʯʝʪʦʤ (2) ʟʘʧʠʰʝʤ: 

 
ʊʘʢ ʢʘʢ ʜʣʠʥʘ ʢʦʥʪʫʨʘ ʰʝʡʢʠ ʢʘʧʣʠ 

 
ʛʜʝ d ï ʜʠʘʤʝʪʨ ʰʝʡʢʠ ʢʘʧʣʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ 

 
ʦʪʢʫʜʘ 

                                                (4)   
ʄʘʩʩʘ ʦʜʥʦʡ ʢʘʧʣʠ 

 
ʛʜʝ r- ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ (ʜʣʷ ʚʦʜʳ r = 1000 ʢʛ/ʤ

3
), Vʢ ï ʦʙʲʝʤ ʦʜʥʦʡ ʢʘʧʣʠ. 

ɽʩʣʠ ʧʦʩʯʠʪʘʪʴ, ʩʢʦʣʴʢʦ ʢʘʧʝʣʴ ʚʳʪʝʯʝʪ ʠʟ ʢʘʧʠʣʣʷʨʥʦʡ ʪʨʫʙʢʠ ʚ ʤʝʨʥʳʡ ʩʪʘʢʘʥ, ʠ ʠʟʤʝʨʠʪʴ ʠʭ 
ʦʙʲʝʤ V, ʪʦ ʤʦʞʥʦ ʥʘʡʪʠ ʦʙʲʝʤ ʦʜʥʦʡ ʢʘʧʣʠ: 

 
ʊʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

                                               (5)    
ʌʦʨʤʫʣʘ (5) ʷʚʣʷʝʪʩʷ ʨʘʙʦʯʝʡ ʨʘʩʯʝʪʥʦʡ ʬʦʨʤʫʣʦʡ. 
ʆʧʠʩʘʥʥʳʡ ʩʧʦʩʦʙ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ 
ʞʠʜʢʦʩʪʠ ʜʘʝʪ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʪʨʳʚ ʢʘʧʣʠ ʧʨʦʠʩʭʦʜʠʪ 
ʥʝ ʩʦʚʩʝʤ ʪʘʢ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ. 
ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢʘʧʣʷ ʥʝ ʦʪʨʳʚʘʝʪʩʷ ʧʦ ʣʠʥʠʠ ʦʢʨʫʞʥʦʩʪʠ ʰʝʡʢʠ. ɺ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʨʘʟʤʝʨ ʢʘʧʣʠ 
ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʨʘʚʝʥʩʪʚʦʤ (3), ʰʝʡʢʘ ʥʘʯʠʥʘʝʪ ʙʳʩʪʨʦ ʩʫʞʘʪʴʩʷ (ʨʠʩ. 1b), 
ʧʨʠʯʝʤ ʝʡ ʩʦʧʫʪʩʪʚʫʝʪ ʝʱʝ ʦʜʥʘ ʤʘʣʝʥʴʢʘʷ ʢʘʧʣʷ (ʨʠʩ. 1 ʩ). 
ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʩʯʝʪʘʭ, ʜʠʘʤʝʪʨ ʰʝʡʢʠ ʢʘʧʣʠ ʚ ʤʦʤʝʥʪ ʦʪʨʳʚʘ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʨʘʚʥʳʤ ʚʥʫʪʨʝʥʥʝʤʫ 
ʜʠʘʤʝʪʨʫ ʪʨʫʙʢʠ, ʪʘʢ ʢʘʢ ʪʨʫʙʢʘ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʘʷ ʠ ʝʝ ʜʠʘʤʝʪʨ ʩʨʘʚʥʠʤ ʩ ʜʠʘʤʝʪʨʦʤ ʰʝʡʢʠ ʢʘʧʣʠ. 

ɼʣʷ ʨʘʩʯʝʪʘ s ʧʦ ʬʦʨʤʫʣʝ (5) ʥʝʦʙʭʦʜʠʤʦ ʚʦ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʩʣʝʜʠʪʴ ʟʘ ʯʠʩʪʦʪʦʡ ʢʘʧʠʣʣʷʨʘ ʠ 

ʚʦʜʳ. ʂʨʦʤʝ ʪʦʛʦ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ s  ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʩʣʝʜʫʝʤʦʡ 
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ʞʠʜʢʦʩʪʠ: ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʥ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 20 ʉ̄ ʪʘʙʣʠʯʥʦʝ 

ʟʥʘʯʝʥʠʝ  ʢʦʵʬʬʠʮʠʝʥʪʘ s ʜʣʷ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ sʪʘʙʣ = 72,5Ö10-
3
ʅ/ʤ. 

 
 

1.2. ʆʧʠʩʘʥʠʝ ʨʘʙʦʯʝʡ ʫʩʪʘʥʦʚʢʠ 
ʈʘʙʦʯʘʷ ʫʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʩʦʩʫʜʘ ʩ ʚʦʜʦʡ 1, ʫʢʨʝʧʣʝʥʥʦʛʦ ʥʘ ʰʪʘʪʠʚʝ 5. 

 ʈʠʩ. 3. 
 ʂ ʩʦʩʫʜʫ ʧʨʠʢʨʝʧʣʝʥʘ ʢʘʧʠʣʣʷʨʥʘʷ ʪʨʫʙʢʘ 3 ʩ ʢʣʘʧʘʥʦʤ 2. ʂʣʘʧʘʥ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʦʪʦʢ 
ʚʦʜʳ, ʚʳʪʝʢʘʶʱʝʡ ʠʟ ʩʦʩʫʜʘ 1 ʚ ʤʝʨʥʳʡ ʩʪʘʢʘʥ 4. 
ʇʨʠ ʦʪʢʨʳʪʦʤ ʢʣʘʧʘʥʝ 2 ʚʦʜʘ ʢʘʧʘʝʪ ʠʟ ʪʨʫʙʢʠ 3 ʚ ʤʝʨʥʳʡ ʩʪʘʢʘʥ 4. ɽʩʣʠ ʧʦʩʯʠʪʘʪʴ ʯʠʩʣʦ ʢʘʧʝʣʴ N ʠ 
ʠʟʤʝʨʠʪʴ ʠʭ ʦʙʲʝʤ ʚ ʤʝʨʥʦʤ ʩʪʘʢʘʥʝ V, ʘ ʪʘʢʞʝ, ʟʥʘʷ ʜʠʘʤʝʪʨ ʢʘʧʠʣʣʷʨʘ d, ʤʦʞʥʦ ʥʘʡʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʚʦʜʳ s.  

1.3. ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

 
1.ʅʘʣʠʪʴ ʚʦʜʫ ʚ ʩʦʩʫʜ 1. 
2.ʆʪʢʨʳʪʴ ʢʣʘʧʘʥ 2, ʪʘʢ ʯʪʦʙʳ ʚʦʜʘ ʠʟ ʢʘʧʠʣʣʷʨʥʦʡ ʪʨʫʙʢʠ 3 ʚʳʪʝʢʘʣʘ ʧʦ ʦʜʥʦʡ ʢʘʧʣʝ. 

3.      ʇʦʩʯʠʪʘʪʴ, ʩʢʦʣʴʢʦ ʢʘʧʝʣʴ ʚʳʪʝʯʝʪ ʠʟ ʪʨʫʙʢʠ, ʯʪʦʙʳ ʤʝʨʥʳʡ ʩʪʘʢʘʥ ʙʳʣ ʟʘʧʦʣʥʝʥ ʜʦ ʦʙʲʝʤʘ Vº 

5·20 ʤʣ (ʧʦ ʫʢʘʟʘʥʠʶ ʧʨʝʧʦʜʘʚʘʪʝʣʷ) (1 ʤʣ = 10-
6
ʤ

3
). 

4.      ɿʘʥʝʩʪʠ ʚ ʪʘʙʣʠʮʫ ʯʠʩʣʦ ʢʘʧʝʣʴ N  ʠ ʦʙʲʝʤ Vʞʠʜʢʦʩʪʠ ʚ ʤʝʨʥʦʤ ʩʪʘʢʘʥʝ. 
5.      ʆʧʳʪ ʧʦʚʪʦʨʠʪʴ 3 ï 4 ʨʘʟʘ. 
6.      ʈʘʩʩʯʠʪʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ (5). ɿʥʘʯʝʥʠʝ ʜʠʘʤʝʪʨʘ 
ʢʘʧʠʣʣʷʨʘ d ʩʧʨʦʩʠʪʝ ʫ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠʣʠ ʫ ʣʘʙʦʨʘʥʪʘ. 
7.      ʀʟʤʝʨʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 
8.      ʉʨʘʚʥʠʪʴ ʨʘʩʩʯʠʪʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʩ ʪʘʙʣʠʯʥʳʤ (ʩʤ. 
ʚʳʰʝ). 

9.      ʈʘʩʩʯʠʪʘʪʴ ʘʙʩʦʣʶʪʥʫʶ Ds  ʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ɽ ʧʦʛʨʝʰʥʦʩʪʠ ʠʩʢʦʤʦʡ ʚʝʣʠʯʠʥʳ: 

   ʠ    
 
 
ʊʘʙʣʠʮʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ˉ 
ʦʧʳʪʘ 

t V N d s 
 

Ds ɽ 

  C̄ ʤ
3
   ʤ ʅ/ʤ ʅ/ʤ ʅ/ʤ % 

  
  
  
  

                

 
 
  

1.4. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 
 
1. ʏʪʦ ʥʘʟʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ? 
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2.ʅʘʧʠʰʠʪʝ ʨʘʙʦʯʫʶ ʬʦʨʤʫʣʫ ʠ ʧʦʷʩʥʠʪʝ ʚʭʦʜʷʱʠʝ ʚ ʥʝʝ ʚʝʣʠʯʠʥʳ. 
3.ʆʪ ʯʝʛʦ ʟʘʚʠʩʠʪ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʞʠʜʢʦʩʪʝʡ? 
 

ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ 8  
ʆʇʈɽɼɽʃɽʅʀɽ ʋɼɽʃʔʅʆʁ ʊɽʇʃʆɽʄʂʆʉʊʀ ʊɺɽʈɼʆɻʆ ʊɽʃɸ  

 
1.ʎʝʣʴ ʨʘʙʦʪʳ:  ʠʟʤʝʨʝʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʟʘʢʨʝʧʣʝʥʠʝ ʨʷʜʘ ʧʦʥʷʪʠʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, 
ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʧʦʩʦʙʘʤʠ ʪʝʧʣʦʧʝʨʝʜʘʯʠ.  
 

ʇʨʠʙʦʨʳ ʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ: 
2 ʢʘʣʦʨʠʤʝʪʨʘ, 2 ʪʝʨʤʦʤʝʪʨʘ, ʪʚʝʨʜʦʝ ʪʝʣʦ ʤʘʩʩʦʡ 100 ʛ ʠʟ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʦʨʘ, ʛʦʨʷʯʘʷ ʠ ʭʦʣʦʜʥʘʷ 

ʚʦʜʘ, ʩʦʩʫʜ ʦʙʲʝʤʦʤ ʥʝ ʤʝʥʝʝ 300 ʤʣ, ʣʦʧʘʪʢʘ ʜʣʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚʦʜʳ.  
 

 ʂʨʘʪʢʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʚʚʝʜʝʥʠʝ  
 

 
           ʊʝʨʤʦʜʠʥʘʤʠʢʘ (ʠʣʠ ʦʙʱʘʷ ʪʝʦʨʠʷ ʪʝʧʣʦʪʳ) ʠʟʫʯʘʝʪ ʩʠʩʪʝʤʳ ʠʟ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʯʘʩʪʠʮ ʥʘ 
ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʳʭ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʧʨʝʚʨʘʱʝʥʠʡ ʵʥʝʨʛʠʠ ʙʝʟ ʫʯʝʪʘ ʝʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ 
ʩʪʨʦʝʥʠʷ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 
ʩʠʩʪʝʤʝ ʚ ʮʝʣʦʤ ï ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʥʘʧʨʠʤʝʨ, ʜʘʚʣʝʥʠʝ, ʦʙʲʝʤ, ʪʝʤʧʝʨʘʪʫʨʘ). ɽʩʣʠ 
ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʠ ʧʦʩʪʦʷʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʣʶʙʦʡ ʯʘʩʪʠ ʤʘʢʨʦʩʠʩʪʝʤʳ, ʪʦ 
ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʥʘʟʳʚʘʶʪ ʨʘʚʥʦʚʝʩʥʳʤ. ʀʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʦʚʝʨʰʝʥʠʠ 
ʩʠʩʪʝʤʦʡ (ʠʣʠ ʥʘʜ ʥʝʡ) ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʝʨʝʜʘʯʝ ʝʡ (ʠʣʠ ʦʪʚʝʜʝʥʠʠ) ʪʝʧʣʦʪʳ.  
ɺʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ U ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʵʥʝʨʛʠʠ ʙʝʩʧʦʨʷʜʦʯʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʘʪʦʤʦʚ ʠʣʠ 
ʤʦʣʝʢʫʣ ʠ ʵʥʝʨʛʠʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʤʝʞʘʪʦʤʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʜʚʠʞʝʥʠʡ.  
^ ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳQ ï ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʵʥʝʨʛʠʶ, ʧʦʣʫʯʝʥʥʫʶ ʪʝʣʦʤ ʧʨʠ 
ʪʝʧʣʦʦʙʤʝʥʝ. ʉʦʛʣʘʩʥʦ ʧʝʨʚʦʤʫ ʥʘʯʘʣʫ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ʠʜʝʪ ʥʘ ʧʨʠʨʘʱʝʥʠʝ 
ʝʝ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʠ ʥʘ ʩʦʚʝʨʰʝʥʠʝ ʩʠʩʪʝʤʦʡ ʨʘʙʦʪʳ(ȹɸ=p ȹV) ʥʘʜ ʚʥʝʰʥʠʤʠ ʪʝʣʘʤʠ : 
Q=ȹU+ȹA.  
ʊʝʧʣʦʦʙʤʝʥ ï ʧʝʨʝʭʦʜ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʦʜʥʦʛʦ ʪʝʣʘ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʵʥʝʨʛʠʶ ʜʨʫʛʦʛʦ ʪʝʣʘ ʙʝʟ 
ʩʦʚʝʨʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ. ʉʫʱʝʩʪʚʫʶʪ ʪʨʠ ʩʧʦʩʦʙʘ ʪʝʧʣʦʦʙʤʝʥʘ: ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, 
ʢʦʥʚʝʢʮʠʷ, ʠʟʣʫʯʝʥʠʝ. 
ʊʝʧʣʦʦʙʤʝʥ - ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʡ ʥʝʦʙʨʘʪʠʤʳʡ ʧʝʨʝʥʦʩ ʪʝʧʣʦʪʳ (ʪʦʯʥʝʝ, ʵʥʝʨʛʠʠ ʚ ʬʦʨʤʝ ʪʝʧʣʦʪʳ) 
ʤʝʞʜʫ ʪʝʣʘʤʠ ʠʣʠ ʫʯʘʩʪʢʘʤʠ ʚʥʫʪʨʠ ʪʝʣʘ ʩ ʨʘʟʣʠʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʚʪʦʨʳʤ 
ʥʘʯʘʣʦʤ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʪʝʧʣʦʪʘ ʧʝʨʝʥʦʩʠʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʤʝʥʴʰʝʛʦ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. 
ʊʝʧʣʦʦʙʤʝʥ ʚʩʝʛʜʘ ʚʝʜʝʪ ʢ ʚʳʨʘʚʥʠʚʘʶ ʪʝʤʧʝʨʘʪʫʨ ʪʝʣ.  
ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʤʠʢʨʦʯʘʩʪʠʮ (ʘʪʦʤʦʚ, ʤʦʣʝʢʫʣ, ʠʦʥʦʚ ʠ ʜʨ.). ɹʦʣʝʝ ʧʦʜʚʠʞʥʳʝ (ʪ. ʝ. ʙʦʣʝʝ ʥʘʛʨʝʪʳʝ) ʯʘʩʪʠʮʳ ʪʝʣʘ 
(ʤʦʣʝʢʫʣʳ, ʘʪʦʤʳ) ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʠ ʧʝʨʝʜʘʶʪ ʯʘʩʪʴ ʩʚʦʝʡ ʵʥʝʨʛʠʠ ʤʝʥʝʝ 
ʧʦʜʚʠʞʥʳʤ, ʪ. ʝ. ʙʦʣʝʝ ʭʦʣʦʜʥʳʤ ʯʘʩʪʠʮʘʤ. ʇʨʦʮʝʩʩ ʪʝʧʣʦʦʙʤʝʥʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠʤʝʝʪ ʤʝʩʪʦ 
ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ, ʯʘʩʪʠʮʳ ʢʦʪʦʨʳʭ ʙʦʣʝʝ ʩʙʣʠʞʝʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʊʘʢ, ʧʨʠ 
ʥʘʛʨʝʚʘʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʣʠʩʪʘ ʚʦʜʥʦʤ ʤʝʩʪʝ, ʥʘʧʨʠʤʝʨ ʧʨʠ ʝʛʦ ʩʚʘʨʢʝ, ʩʧʫʩʪʷ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ 
ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ, ʯʪʦ ʧʦʚʳʩʠʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʨʫʛʠʭ ʫʯʘʩʪʢʦʚ ʣʠʩʪʘ, ʢʦʪʦʨʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 
ʥʝ ʥʘʛʨʝʚʘʣʠʩʴ: ʪʝʧʣʦ ʨʘʩʧʨʦʩʪʨʘʥʠʣʦʩʴ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ. ɺ ʯʠʩʪʦʤ ʚʠʜʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 
ʤʦʞʝʪ ʚʩʪʨʝʯʘʪʴʩʷ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ, ʥʝ ʠʤʝʶʱʠʭ ʚʥʫʪʨʝʥʥʠʭ ʧʦʨ ʠ ʚ ʥʝʧʦʜʚʠʞʥʳʭ ʩʣʦʷʭ ʞʠʜʢʦʩʪʝʡ, 
ʛʘʟʦʚ ʠʣʠ ʧʘʨʦʚ. ɺ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʘʭ ʢʘʧʝʣʴʥʳʭ ʞʠʜʢʦʩʪʝʡ, ʘ ʪʝʤ ʙʦʣʝʝ ʛʘʟʦʚ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 
ʠʛʨʘʝʪ ʤʘʣʫʶ ʨʦʣʴ (ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ ʥʝʚʝʣʠʢʘ). 
ʂʦʥʚʝʢʮʠʷ (ʂ) (ʦʪ ʣʘʪ. convectio ð ʧʨʠʥʝʩʝʥʠʝ, ʜʦʩʪʘʚʢʘ), ʧʝʨʝʥʦʩ ʪʝʧʣʦʪʳ ʚ ʞʠʜʢʦʩʪʷʭ, ʛʘʟʘʭ ʠʣʠ 
ʩʳʧʫʯʠʭ ʩʨʝʜʘʭ ʧʦʪʦʢʘʤʠ ʚʝʱʝʩʪʚʘ. ʈʘʟʣʠʯʘʶʪ ʝʩʪʝʩʪʚʝʥʥʫʶ, ʠʣʠ ʩʚʦʙʦʜʥʫʶ, ʠ ʚʳʥʫʞʜʝʥʥʫʶ ʂ. 
ɽʩʪʝʩʪʚʝʥʥʘʷ ʂ. ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʥʘʛʨʝʚʝ (ʥʘʛʨʝʚʝ ʩʥʠʟʫ) ʪʝʢʫʯʠʭ ʠʣʠ ʩʳʧʫʯʠʭ 
ʚʝʱʝʩʪʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ (ʠʣʠ ʚ ʩʠʩʪʝʤʝ, ʜʚʠʞʫʱʝʡʩʷ ʩ ʫʩʢʦʨʝʥʠʝʤ). ɺʝʱʝʩʪʚʦ, 
ʥʘʛʨʝʪʦʝ ʩʠʣʴʥʝʝ, ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʧʣʦʪʥʦʩʪʴ ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʨʭʠʤʝʜʦʚʦʡ ʩʠʣʳ FA ʧʝʨʝʤʝʱʘʝʪʩʷ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʥʝʝ ʥʘʛʨʝʪʦʛʦ ʚʝʱʝʩʪʚʘ. ʉʠʣʘ FA = ȹɟĿVg (ȹɟ ð ʨʘʟʥʦʩʪʴ ʧʣʦʪʥʦʩʪʝʡ ʥʘʛʨʝʪʦʛʦ 
ʚʝʱʝʩʪʚʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, V ð ʦʙʲʸʤ ʥʘʛʨʝʪʦʛʦ ʚʝʱʝʩʪʚʘ, g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ). 
ʅʘʧʨʘʚʣʝʥʠʝ ʩʠʣʳ FA, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʂ. ʜʣʷ ʥʘʛʨʝʪʳʭ ʦʙʲʸʤʦʚ ʚʝʱʝʩʪʚʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ 
ʥʘʧʨʘʚʣʝʥʠʶ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʂ. ʧʨʠʚʦʜʠʪ ʢ ʚʳʨʘʚʥʠʚʘʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʚʝʱʝʩʪʚʘ. ʇʨʠ ʩʪʘʮʠʦʥʘʨʥʦʤ 
ʧʦʜʚʦʜʝ ʪʝʧʣʦʪʳ ʢ ʚʝʱʝʩʪʚʫ ʚ ʥʸʤ ʚʦʟʥʠʢʘʶʪ ʩʪʘʮʠʦʥʘʨʥʳʝ ʢʦʥʚʝʢʮʠʦʥʥʳʝ ʧʦʪʦʢʠ, ʧʝʨʝʥʦʩʷʱʠʝ 
ʪʝʧʣʦʪʫ ʦʪ ʙʦʣʝʝ ʥʘʛʨʝʪʳʭ ʩʣʦʝʚ ʢ ʤʝʥʝʝ ʥʘʛʨʝʪʳʤ. ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ 
ʩʣʦʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʂ. ʧʘʜʘʝʪ. ʇʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ ʩʨʝʜʳ ʂ. ʪʘʢʞʝ 
ʦʢʘʟʳʚʘʝʪʩʷ ʦʩʣʘʙʣʝʥʥʦʡ. ɺ ʫʩʣʦʚʠʷʭ ʥʝʚʝʩʦʤʦʩʪʠ ʝʩʪʝʩʪʚʝʥʥʘʷ ʂ. ʥʝʚʦʟʤʦʞʥʘ. 
ʇʨʠ ʚʳʥʫʞʜʝʥʥʦʡ ʂ. ʧʝʨʝʤʝʱʝʥʠʝ ʚʝʱʝʩʪʚʘ ʧʨʦʠʩʭʦʜʠʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 
ʢʘʢʦʛʦ-ʣʠʙʦ ʫʩʪʨʦʡʩʪʚʘ (ʥʘʩʦʩʘ, ʤʝʰʘʣʢʠ ʠ ʪ.ʧ.). ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʝʨʝʥʦʩʘ ʪʝʧʣʦʪʳ ʟʜʝʩʴ ʟʘʚʠʩʠʪ ʥʝ 
ʪʦʣʴʢʦ ʦʪ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʬʘʢʪʦʨʦʚ, ʥʦ ʠ ʦʪ ʩʢʦʨʦʩʪʠ ʚʳʥʫʞʜʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʝʱʝʩʪʚʘ. 
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ʂ. ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʧʨʠʨʦʜʝ: ʚ ʥʠʞʥʝʤ ʩʣʦʝ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ, ʤʦʨʷʭ ʠ ʦʢʝʘʥʘʭ, ʚ ʥʝʜʨʘʭ 
ɿʝʤʣʠ, ʥʘ ʉʦʣʥʮʝ (ʚ ʩʣʦʝ ʜʦ ʛʣʫʙʠʥʳ ~20ð30% ʨʘʜʠʫʩʘ ʉʦʣʥʮʘ ʦʪ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ) ʠ ʪ.ʜ. ʉ 
ʧʦʤʦʱʴʶ ʂ. ʦʩʫʱʝʩʪʚʣʷʶʪ ʦʭʣʘʞʜʝʥʠʝ ʠʣʠ ʥʘʛʨʝʚʘʥʠʝ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 
ʫʩʪʨʦʡʩʪʚʘʭ. 
 ʃʫʯʠʩʪʳʡ ʪʝʧʣʦʦʙʤʝʥ, ʨʘʜʠʘʮʠʦʥʥʳʡ ʪʝʧʣʦʦʙʤʝʥ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʦʚ 
ʧʨʝʚʨʘʱʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʚʝʱʝʩʪʚʘ ʚ ʵʥʝʨʛʠʶ ʠʟʣʫʯʝʥʠʷ, ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ ʠ ʝʸ 
ʧʦʛʣʦʱʝʥʠʷ ʚʝʱʝʩʪʚʦʤ. ʇʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʃʫʯʠʩʪʳʡ ʪʝʧʣʦʦʙʤʝʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʟʘʠʤʥʳʤ 
ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʝʣ, ʦʙʤʝʥʠʚʘʶʱʠʭʩʷ ʪʝʧʣʦʤ, ʩʚʦʡʩʪʚʘʤʠ ʩʨʝʜʳ, ʨʘʟʜʝʣʷʶʱʝʡ ʵʪʠ 
ʪʝʣʘ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʦʪ ʜʨʫʛʠʭ ʚʠʜʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʪʦʤ, ʯʪʦ ʦʥ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʨʝʜʳ, ʨʘʟʜʝʣʷʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 
ʪʝʧʣʦʦʙʤʝʥʘ, ʪʘʢ ʢʘʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 
 ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʝʱʝʩʪʚʘC ï ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, 
ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 1 ʢʛ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ 1 ʛʨʘʜʫʩ. ɽʜʠʥʠʮʘ ï 1 ɼʞ/(ʢʛÁʉ).  
ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʧʦʣʫʯʝʥʥʦʝ/ʦʪʜʘʥʥʦʝ ʪʝʣʦʤ ʧʨʠ ʪʝʧʣʦʦʙʤʝʥʝ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʤʘʩʩʝ ʪʝʣʘ m ʠ 
ʠʟʤʝʥʝʥʠʶ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ ȹT. ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ 
ʚʝʱʝʩʪʚʘ: 
 
Q=CĀmĀȹT. (1) 
 
ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʘʩʩʯʠʪʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ, ʢʦʪʦʨʫʶ ʙʫʜʝʪ ʠʤʝʪʴ ʪʝʣʦ ʧʨʠ ʪʝʧʣʦʧʝʨʝʜʘʯʝ, ʥʝʦʙʭʦʜʠʤʦ 
ʩʦʩʪʘʚʠʪʴ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ: ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʦʪʜʘʥʥʦʛʦ ʦʜʥʠʤʠ ʪʝʣʘʤʠ, ʨʘʚʥʦ 
ʢʦʣʠʯʝʩʪʚʫ ʪʝʧʣʘ, ʧʨʠʥʷʪʦʤʫ ʜʨʫʛʠʤʠ ʪʝʣʘʤʠ ʩʠʩʪʝʤʳ. ʆʥʦ ʚʳʨʘʞʘʝʪ ʩʦʙʦʡ ʚʩʝʦʙʱʠʡ ʟʘʢʦʥ 
ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʪʝʨʤʦʜʠʥʘʤʠʢʝ. (ʆʪʤʝʪʠʤ, ʯʪʦ ʨʘʙʦʪʳ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʝ ʥʘʜ 
ʩʠʩʪʝʤʦʡ ʥʝ ʩʦʚʝʨʰʘʣʦʩʴ). 
 

(2) 
 
 
2.2. ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ 
ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʝʡ ʨʘʟʥʳʭ ʪʝʣ ʧʦʣʴʟʫʶʪʩʷ ʢʘʣʦʨʠʤʝʪʨʦʤ. ʂʘʣʦʨʠʤʝʪʨ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʩʦʩʫʜ ʩ ʢʨʳʰʢʦʡ, ʠʤʝʶʱʠʡ ʬʦʨʤʫ ʩʪʘʢʘʥʘ. 
ʉʦʩʫʜ ʩʪʘʚʷʪ ʥʘ ʧʨʦʙʢʠ, ʧʦʤʝʱʝʥʥʳʝ ʚ ʜʨʫʛʦʡ, ʙʦʣʴʰʠʡ ʩʦʩʫʜ ʪʘʢ, 
ʯʪʦ ʤʝʞʜʫ ʦʙʦʠʤʠ ʩʦʩʫʜʘʤʠ ʦʩʪʘʝʪʩʷ ʩʣʦʡ ʚʦʟʜʫʭʘ (ʨʠʩ.). ɺʩʝ ʵʪʠ 
ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ ʫʤʝʥʴʰʘʶʪ ʦʪʜʘʯʫ ʪʝʧʣʦʪʳ ʦʢʨʫʞʘʶʱʠʤ ʪʝʣʘʤ. 
ʉʦʩʫʜ ʥʘʧʦʣʥʷʶʪ ʠʟʚʝʩʪʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʜʳ ʤʘʩʩʦʡ mʚ, 
ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʦʡ ʜʦ ʦʧʳʪʘ ʠʟʤʝʨʷʝʪʩʷ (ʧʫʩʪʴ ʦʥʘ ʨʘʚʥʘ t1). 
ʊʝʧʣʦʝʤʢʦʩʪʴ ʚʦʜʳ ʧʨʠ ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʝʨʝʤ ʠʟ ʪʘʙʣʠʮ: 
ʩʚ=4,19 ɼʞ/(ʢʛĀʂ). ɿʘʪʝʤ ʙʝʨʫʪ ʪʝʣʦ ʤʘʩʩʳ m, ʪʝʧʣʦʝʤʢʦʩʪʴ 
ʢʦʪʦʨʦʛʦ ʭʦʪʷʪ ʠʟʤʝʨʠʪʴ, ʠ ʥʘʛʨʝʚʘʶʪ ʜʦ ʠʟʚʝʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ t2 
(ʥʘʧʨʠʤʝʨ, ʧʦʤʝʱʘʶʪ ʚ ʧʘʨʳ ʢʠʧʷʱʝʡ ʚʦʜʳ, ʪʘʢ ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ 
t2=100Áʉ). ʅʘʛʨʝʪʦʝ ʪʝʣʦ ʦʧʫʩʢʘʶʪ ʚ ʚʦʜʫ ʢʘʣʦʨʠʤʝʪʨʘ, ʟʘʢʨʳʚʘʶʪ 

ʢʨʳʰʢʫ ʠ, ʧʦʤʝʰʠʚʘʷ ʤʝʰʘʣʢʦʡ, ʞʜʫʪ, ʧʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʘʣʦʨʠʤʝʪʨʝ ʫʩʪʘʥʦʚʠʪʩʷ (ʵʪʦ ʧʨʦʠʟʦʡʜʝʪ, 
ʢʦʛʜʘ ʚʦʜʘ ʠ ʪʝʣʦ ʧʨʠʤʫʪ ʦʜʠʥʘʢʦʚʫʶ ʪʝʤʧʝʨʘʪʫʨʫ). ʊʦʛʜʘ ʦʪʤʝʯʘʶʪ ʵʪʫ ʪʝʤʧʝʨʘʪʫʨʫ t. 
 
ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʳʪʦʚ ʤʦʞʥʦ ʥʘʡʪʠ ʫʜʝʣʴʥʫʶ ʪʝʧʣʦʝʤʢʦʩʪʴ ʪʝʣʘ ʩ2, ʧʦʣʴʟʫʷʩʴ ʪʝʤ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ 
ʵʥʝʨʛʠʠ ʦʭʣʘʞʜʘʶʱʝʛʦʩʷ ʪʝʣʘ ʨʘʚʥʦ ʫʚʝʣʠʯʝʥʠʶ ʵʥʝʨʛʠʠ ʥʘʛʨʝʚʘʶʱʝʡʩʷ ʧʨʠ ʵʪʦʤ ʚʦʜʳ ʠ 
ʢʘʣʦʨʠʤʝʪʨʘ, ʪ. ʝ. ʧʨʠʤʝʥʷʷ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ: 
 

, (3) 
 
ɻʜʝ ʉʢ ï ʧʦʣʥʘʷ (ʥʝ ʫʜʝʣʴʥʘʷ, ʘ ʜʣʷ ʚʩʝʡ ʤʘʩʩʳ) ʪʝʧʣʦʝʤʢʦʩʪʴ ʢʘʣʦʨʠʤʝʪʨʘ ʠ ʤʝʰʘʣʢʠ (ʧʨʠ ʝʝ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ). ʕʪʘ ʚʝʣʠʯʠʥʘ ʥʝʠʟʚʝʩʪʥʘ, ʠ ʦʧʨʝʜʝʣʠʪʴ ʝʝ ʤʦʞʥʦ ʚ ʭʦʜʝ ʩʣʝʜʫʶʱʝʛʦ ʧʨʦʩʪʦʛʦ 
ʵʢʩʧʝʨʠʤʝʥʪʘ. 
 
ʅʘʣʴʝʤ ʚ ʢʘʣʦʨʠʤʝʪʨ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ (ʤʘʩʩʳ m) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ t1, ʘ ʟʘʪʝʤ 
ʪʘʢʦʝ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ t2. ʏʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʠʟʤʝʨʠʤ ʫʩʪʘʥʦʚʠʚʰʫʶʩʷ 
ʪʝʤʧʝʨʘʪʫʨʫ t. ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ: 
 

(4) 
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ɺʳʨʘʟʠʤ ʠʟ ʥʝʛʦ ʥʝʠʟʚʝʩʪʥʫʶ ʉʢ: 
 

. (5) 
 
ɿʘʤʝʯʘʥʠʝ: ʇʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʜʦʚʦʣʴʥʦ ʚʝʣʠʢʘ ï ʜʦ 30%. ʈʝʢʦʤʝʥʜʫʝʤ ʜʣʷ ʝʝ 
ʫʤʝʥʴʰʝʥʠʷ ʠʟʤʝʨʠʪʴ ʪʝʧʣʦʝʤʢʦʩʪʴ ʢʘʣʦʨʠʤʝʪʨʘ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚ ʭʦʜʝ ʦʪʜʝʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ 
ʨʘʙʦʪʳ ʠʣʠ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʟʘʜʘʥʠʷ ʜʣʷ ʛʨʫʧʧʳ ʫʯʘʱʠʭʩʷ. ʕʪʦ ʟʥʘʯʝʥʠʝ ʤʦʞʥʦ 
ʫʢʘʟʘʪʴ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʢʘʢ ʠʟʚʝʩʪʥʦʝ, ʘ ʨʘʙʦʪʫ ʧʦ ʥʘʭʦʞʜʝʥʠʶ ʚʳʧʦʣʥʷʪʴ ʚʦ 
ʬʨʦʥʪʘʣʴʥʦʤ ʚʘʨʠʘʥʪʝ. 
 
ʊʝʧʝʨʴ ʚʳʨʘʟʠʤ ʠʟ (3) ʠʩʢʦʤʫʶ ʪʝʧʣʦʝʤʢʦʩʪʴ ʩ2: 
 

(6) 
 
3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ.  
 
1. ʅʘʣʠʪʴ ʚ ʢʘʣʦʨʠʤʝʪʨ 100 ʛ ʚʦʜʳ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ t1.  
2. ʊʝʣʦ ʤʘʩʩʦʡ 100 ʛ, ʪʝʧʣʦʝʤʢʦʩʪʴ ʢʦʪʦʨʦʛʦ ʭʦʪʷʪ ʠʟʤʝʨʠʪʴ, ʧʦʤʝʱʘʶʪ ʚ ʧʘʨʳ ʢʠʧʷʱʝʡ ʚʦʜʳ, ʪʘʢ ʯʪʦ 
ʪʝʤʧʝʨʘʪʫʨʘ t2=100Áʉ.  
3. ʆʩʪʦʨʦʞʥʦ ʧʦʛʨʫʞʘʶʪ ʥʘʛʨʝʪʦʝ ʪʝʣʦ ʚ ʢʘʣʦʨʠʤʝʪʨ (ʵʪʦʪ ʵʪʘʧ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʣʘʙʦʨʘʥʪʦʤ). 
ʇʦʤʝʰʠʚʘʷ ʚʦʜʫ ʣʦʧʘʪʢʦʡ, ʜʦʞʜʘʪʴʩʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ t, ʟʘʧʠʩʘʪʴ ʝʝ 
ʟʥʘʯʝʥʠʝ ʚ ʪʘʙʣʠʮʫ. 
4. ʈʘʩʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʪʝʣʘ.  
 

ˉ t1, 
0
C t2, 

0
C t, 

0
C ʉʨʝʜʥ <ʩ2> 

 

     

     

     

     

     

 

5. ʈʘʩʩʯʠʪʘʪʴ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʨʝʜʥʝʛʦ ʧʦ ʬʦʨʤʫʣʝ: 
 

, 
 
ʛʜʝ n ï ʯʠʩʣʦ ʦʧʳʪʦʚ. 
 
6. ʈʘʩʩʯʠʪʘʪʴ ʦʮʝʥʢʫ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʩʯʝʪʘ ŭʩ2=Sʩ2 /<ʩ2>.ʠ ʟʘʧʠʩʘʪʴ ʨʝʟʫʣʴʪʘʪ ʚ 
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ʩʪʘʥʜʘʨʪʥʦʤ ʚʠʜʝ: 
 
ʩ2=( <ʩ2>+ Sʩ2) ʢɼʞ/(ʢʛ ʂ) , ŭʩ2= .  
 
7. ʉʨʘʚʥʠʪʴ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩ ʪʘʙʣʠʯʥʳʤ. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʠ ʟʘʧʠʰʠʪʝ ʚʳʚʦʜ. 
 
 
 

4. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 
 
1. ʏʪʦ ʪʘʢʦʝ ʪʝʧʣʦʪʘ? 
2. ʉʬʦʨʤʫʣʠʨʫʡʪʝ 1 ʠ 2 ʥʘʯʘʣʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. 
3. ʂʘʢʠʝ ʚʠʜʳ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚʳ ʟʥʘʝʪʝ? ʂʘʢʠʝ ʠʟ ʥʠʭ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʨʘʙʦʪʝ? 
ɺʳʜʝʣʠʪʝ ʠʟ ʥʠʭ ʦʩʥʦʚʥʳʝ.  
4. ʆʧʠʰʠʪʝ ʫʩʪʨʦʡʩʪʚʦ ʢʘʣʦʨʠʤʝʪʨʘ. ʂʘʢʦʚʘ ʨʦʣʴ ʚʦʟʜʫʰʥʦʡ ʧʨʦʩʣʦʡʢʠ ʤʝʞʜʫ ʥʘʨʫʞʥʳʤ ʠ 
ʚʥʫʪʨʝʥʥʠʤ ʩʪʘʢʘʥʘʤʠ ʧʨʠʙʦʨʘ?  
5. ʏʪʦ ʠʟʤʝʥʠʣʦʩʴ ʙʳ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʝʩʣʠ ʙʳ ʤʳ ʥʝ ʧʝʨʝʤʝʰʠʚʘʣʠ ʣʦʞʝʯʢʦʡ ʚʦʜʫ ʚ 
ʢʘʣʦʨʠʤʝʪʨʝ? ʂʘʢ ʵʪʦ ʩʢʘʟʘʣʦʩʴ ʙʳ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ? 
6. ʏʪʦ ʥʫʞʥʦ ʙʳʣʦ ʙʳ ʩʜʝʣʘʪʴ, ʯʪʦʙ ʫʤʝʥʴʰʠʪʴ ʧʦʪʝʨʠ ʪʝʧʣʘ ʥʘ ʠʟʣʫʯʝʥʠʝ? 
7. ɽʩʣʠ ʢ ʪʚʝʨʜʳʤ ʪʝʣʘʤ ʩ ʦʜʠʥʘʢʦʚʦʡ ʤʘʩʩʦʡ ʠ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʜʚʝʩʪʠ ʦʜʠʥʘʢʦʚʦʝ 
ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ (ʚʩʝ ʤʘʪʝʨʠʘʣʳ ʦʩʪʘʶʪʩʷ ʪʚʝʨʜʳʤʠ), ʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʝʱʝʩʪʚʘ ʩ ʙʦʣʴʰʝʡ 
ʪʝʧʣʦʝʤʢʦʩʪʴʶ ʙʫʜʝʪ ʙʦʣʴʰʝ, ʤʝʥʴʰʝ ʠʣʠ ʨʘʚʥʘ ʪʝʤʧʝʨʘʪʫʨʝ ʪʝʣʘ ʩ ʤʝʥʴʰʝʡ ʪʝʧʣʦʝʤʢʦʩʪʴʶ?  
8. ʀʟ ʥʘʙʣʶʜʝʥʠʡ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʣʝʪʥʠʡ ʜʝʥʴ ʩʫʰʘ ʥʘʛʨʝʚʘʝʪʩʷ ʠ ʦʩʪʳʚʘʝʪ ʙʳʩʪʨʝʝ, ʯʝʤ ʚʦʜʘ ʚ 
ʦʟʝʨʝ. ʏʪʦ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʧʨʦ ʫʜʝʣʴʥʳʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʩʫʰʠ ʠ ʚʦʜʳ (ʢʘʢʘʷ ʠʟ ʚʝʣʠʯʠʥ ʙʦʣʴʰʝ)? 
 

ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ 9 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʟʦʧʨʦʮʝʩʩʦʚ (ʠʟʦʙʘʨʥʳʡ ʧʨʦʮʝʩʩ) 

ʎʝʣʴ: ʧʨʦʚʝʨʢʘ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʠʟʤʝʨʝʥʠʝʤ ʦʙʲʝʤʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 
ʛʘʟʘ ʧʨʠ ʝʛʦ ʠʟʦʙʘʨʥʦʤ ʦʭʣʘʞʜʝʥʠʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ɻʝʡ-ʃʶʩʩʘʢʘ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʜʦʣʞʥʦ 
ʠʤʝʪʴ ʚʠʜ: V1/T1 = V2/T2 (1), ʛʜʝ V1 ʠ V2 ï ʦʙʲʝʤʳ, ʟʘʥʠʤʘʝʤʳʝ ʜʘʥʥʦʡ ʤʘʩʩʦʡ ʛʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦ 
ʠ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ, ʘ T1 ʠ T2 ï ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ. 
ʆʙʦʨʫʜʦʚʘʥʠʝ: ʧʨʦʟʨʘʯʥʘʷ ʪʨʫʙʢʘ ʩ ʜʚʫʤʷ ʢʨʘʥʘʤʠ ʥʘ ʢʦʥʮʘʭ, ʣʘʙʦʨʘʪʦʨʥʳʡ ʪʝʨʤʦʤʝʪʨ, 
ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʣʝʥʪʘ, ʚʥʝʰʥʠʡ ʩʪʘʢʘʥ ʢʘʣʦʨʠʤʝʪʨ, ʩʦʩʫʜ ʩ ʪʝʧʣʦʡ ʚʦʜʦʡ, ʩʦʩʫʜ ʩ ʭʦʣʦʜʥʦʡ ʚʦʜʦʡ. 

ʉʦʜʝʨʞʘʥʠʝ ʠ ʤʝʪʦʜ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 
ʀʩʩʣʝʜʫʝʤʳʝ ʛʘʟʦʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʷʚʣʷʝʪʩʷ ʚʦʟʜʫʭ, ʥʘʭʦʜʷʱʠʡʩʷ ʚʥʫʪʨʠ ʧʨʦʟʨʘʯʥʦʡ 

ʪʨʫʙʢʠ. ɼʣʷ ʠʟʦʣʷʮʠʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʠ ʪʨʫʙʢʠ ʦʪ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʥʘ ʢʦʥʮʘʭ ʟʘʢʨʝʧʣʝʥʳ 
ʩʧʝʮʠʘʣʴʥʳʝ ʢʨʘʥʳ. 

ʀʟʤʝʨʝʥʠʷ ʦʙʲʝʤʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʛʦ ʠ ʭʦʣʦʜʥʦʛʦ ʚʦʟʜʫʭʘ ʚʥʫʪʨʠ ʪʨʫʙʢʠ ʧʨʦʚʦʜʷʪ ʚ 
ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ. 

ʊʨʫʙʢʫ ʧʣʦʪʥʦ, ʚʠʪʦʢ ʢ ʚʠʪʢʫ, ʫʢʣʘʜʳʚʘʶʪ ʚʥʫʪʨʴ ʩʪʘʢʘʥʘ ʢʘʣʦʨʠʤʝʪʨʘ. ʂʨʘʥ, ʢʦʪʦʨʳʡ 
ʨʘʩʧʦʣʦʞʠʪʩʷ ʧʨʠ ʵʪʦʤ ʚʙʣʠʟʠ ʜʥʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʢʨʳʚʘʶʪ. ɺʝʨʭʥʠʡ ʢʨʘʥ ʦʩʪʘʚʣʷʶʪ ʦʪʢʨʳʪʳʤ. 
ɿʘʪʝʤ ʚ ʢʘʣʦʨʠʤʝʪʨ ʥʘʣʠʚʘʶʪ ʥʘʛʨʝʪʫʶ ʜʦ 55 ï 60

0
ʉ ʚʦʜʫ. ɺʦʜʫ ʟʘʣʠʚʘʶʪ ʪʘʢ, ʯʪʦʙʳ ʦʪʢʨʳʪʳʡ ʢʨʘʥ 

ʦʢʘʟʘʣʩʷ ʙʳ ʧʦʛʨʫʞʝʥʥʳʤ ʚ ʥʝʝ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 5 ï 10ʤʤ. ʇʦ ʤʝʨʝ ʧʨʦʛʨʝʚʘ ʦʙʲʝʤ ʚʦʟʜʫʭʘ ʚ ʪʨʫʙʢʝ 
ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ ʠ ʠʟ ʦʪʢʨʳʪʦʛʦ ʢʨʘʥʘ ʩʪʘʥʫʪ ʚʳʭʦʜʠʪʴ ʧʫʟʳʨʴʢʠ. ɺ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ 
ʚʦʟʜʫʭʘ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʪʝʧʣʦʡ ʚʦʜʳ, ʚʳʜʝʣʝʥʠʝ ʧʫʟʳʨʴʢʦʚ ʧʨʝʢʨʘʪʠʪʩʷ. ʕʪʦ 
ʩʦʩʪʦʷʥʠʝ ʚʦʟʜʫʭʘ ʚ ʪʨʫʙʢʝ ʧʨʠʥʠʤʘʶʪ ʟʘ ʠʩʭʦʜʥʦʝ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʊ1 
ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʝʩʣʠ ʠʟʤʝʨʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʜʳ ʚ ʩʪʘʢʘʥʝ. ɽʛʦ ʦʙʲʝʤ V1 ʨʘʚʝʥ ʦʙʲʝʤʫ 
ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʠ ʪʨʫʙʢʠ. 

ʇʦʩʣʝ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʡ ʚʦʜʳ ʚʦʟʜʫʭ ʧʝʨʝʚʦʜʷʪ ʚ ʩʦʩʪʦʷʥʠʝ ʩ ʜʨʫʛʠʤʠ 
ʧʘʨʘʤʝʪʨʘʤʠ. ɼʣʷ ʵʪʦʛʦ ʟʘʢʨʳʚʘʶʪ ʢʨʘʥ, ʪʝʧʣʫʶ ʚʦʜʫ ʩʣʠʚʘʶʪ ʠ ʟʘʧʦʣʥʷʶʪ ʩʪʘʢʘʥ ʭʦʣʦʜʥʦʡ ʚʦʜʦʡ, 
ʩʣʝʜʷ ʟʘ ʪʝʤ, ʯʪʦʙʳ ʝʝ ʫʨʦʚʝʥʴ ʥʘʜ ʚʝʨʭʥʠʤ ʢʨʘʥʦʤ ʦʢʘʟʘʣʩʷ ʪʘʢʠʤ ʞʝ, ʢʘʢ ʚ ʧʝʨʚʦʡ ʯʘʩʪʠ ʦʧʳʪʘ. 
ʇʦʩʣʝ ʵʪʦʛʦ ʢʨʘʥ ʦʧʷʪʴ ʦʪʢʨʳʚʘʶʪ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʙʲʝʤ ʚʦʟʜʫʭʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʯʝʨʝʟ ʦʪʢʨʳʪʳʡ 
ʢʨʘʥ ʚ ʪʨʫʙʢʫ ʧʦʩʪʫʧʠʪ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ. ʂʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ ʦʧʷʪʴ ʩʪʘʥʫʪ 
ʦʜʠʥʘʢʦʚʳʤʠ (ʯʝʨʝʟ 1 -2 ʤʠʥʫʪʳ), ʧʨʠʩʪʫʧʘʶʪ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʘ ʚ ʥʦʚʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʊʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ ʚʥʦʚʴ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʳ. ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʦʙʲʝʤ 
ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ, ʟʘʢʨʳʚʘʶʪ ʚʝʨʭʥʠʡ ʢʨʘʥ, ʪʨʫʙʢʫ ʠʟʚʣʝʢʘʶʪ ʠʟ ʢʘʣʦʨʠʤʝʪʨʘ ʠ, ʫʜʝʨʞʠʚʘʷ 
ʚʝʨʪʠʢʘʣʴʥʦ, ʨʝʟʢʦ ʚʩʪʨʷʭʠʚʘʶʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʇʨʠ ʵʪʦʤ ʢʘʧʣʠ ʚʦʜʳ, ʧʦʧʘʚʰʠʝ ʚʥʫʪʨʴ, ʩʦʣʴʶʪʩʷ ʠ 
ʦʙʨʘʟʫʶʪ ʥʝʨʘʟʨʳʚʥʳʡ ʩʪʦʣʙʠʢ. ʀʟʤʝʨʠʚ ʦʙʲʝʤ ʵʪʦʛʦ ʚʦʜʷʥʦʛʦ ʩʪʦʣʙʘ ʠ ʚʳʯʪʷ ʝʛʦ ʠʟ ʚʥʫʪʨʝʥʥʝʛʦ 
ʦʙʲʝʤʘ ʪʨʫʙʢʠ, ʫʟʥʘʶʪ ʦʙʲʝʤ ʚʦʟʜʫʭʘ ʚ ʢʦʥʝʯʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʀʟʤʝʨʝʥʠʝ ʦʙʲʝʤʦʚ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʫʜʦʙʥʦ ʧʨʦʚʦʜʠʪʴ ʚ ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮʘʭ ʧʦ ʜʣʠʥʝ 
ʚʦʟʜʫʰʥʦʛʦ ʠʣʠ ʚʦʜʷʥʦʛʦ ʩʪʦʣʙʘ : ʚʥʫʪʨʝʥʥʷʷ ʧʦʣʦʩʪʴ ʪʨʫʙʢʠ ʠʤʝʝʪ ʬʦʨʤʫ ʮʠʣʠʥʜʨʘ ʠ ʝʝ ʦʙʲʝʤ V = 
Sx 1, ʥʦ ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ S ʚ ʭʦʜʝ ʦʧʳʪʘ ʥʝ ʤʝʥʷʝʪʩʷ, ʠ, ʯʪʦʙʳ ʥʝ ʠʟʤʝʨʷʪʴ ʵʪʫ 
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ʚʝʣʠʯʠʥʫ, ʢʦʪʦʨʘʷ ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʚ ʨʘʚʝʥʩʪʚʦ (1) ʚʩʝ ʨʘʚʥʦ ʩʦʢʨʘʪʠʪʩʷ, ʦʙʲʝʤ ʚʳʨʘʞʘʶʪ ʚ 
ʝʜʠʥʠʮʘʭ ʜʣʠʥʳ. 

ɼʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʪʨʫʙʢʝ ʚ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʯʘʩʪʠ ʦʧʳʪʘ ʨʘʚʥʷʣʦʩʴ ʩʫʤʤʝ ʘʪʤʦʩʬʝʨʥʦʛʦ 
ʜʘʚʣʝʥʠʷ ʠ ʜʘʚʣʝʥʠʷ ʥʝʙʦʣʴʰʦʛʦ ʩʪʦʣʙʘ ʚʦʜʳ ʥʘʜ ʦʪʢʨʳʪʳʤ ʢʨʘʥʦʤ. ʇʦʩʢʦʣʴʢʫ ʫʨʦʚʝʥʴ ʪʝʧʣʦʡ ʠ 
ʭʦʣʦʜʥʦʡ ʚʦʜʳ ʥʝ ʤʝʥʷʣʩʷ, ʪʦ ʵʪʘ ʩʫʤʤʘ ʚ ʭʦʜʝ ʦʧʳʪʘ ʥʝ ʤʝʥʷʣʘʩʴ, ʘ ʟʥʘʯʠʪ ʠ ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʚ 
ʪʨʫʙʢʝ ʧʨʠ ʝʛʦ ʦʭʣʘʞʜʝʥʠʠ ʦʩʪʘʚʘʣʦʩʴ ʧʦʩʪʦʷʥʥʳʤ, ʪʦ ʝʩʪʴ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʣ ʠʟʦʙʘʨʠʯʝʩʢʠ. 

ɺ ʟʘʚʝʨʰʝʥʠʠ ʨʘʙʦʪʳ ʩʨʘʚʥʠʚʘʶʪ ʦʪʥʦʰʝʥʠʷ ʦʙʲʝʤʘ ʚʦʟʜʫʭʘ ʢ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ ʠ ʧʦʩʣʝ 
ʦʭʣʘʞʜʝʥʠʷ 

ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 
1. ʇʦʜʛʦʪʦʚʴʪʝ ʪʘʙʣʠʮʫ ʜʣʷ ʟʘʧʠʩʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʠ ʚʳʯʠʩʣʝʥʠʡ: 
2.  

l1, ʩʤ t1, 
0
C T1, 

0
ʂ æ l, ʩʤ l2, ʩʤ t2, 

0
C T2, 

0
ʂ l1/T1 l2/T2 

         

3. ʀʟʤʝʨʴʪʝ ʜʣʠʥʫ ʚʦʟʜʫʰʥʦʛʦ ʩʪʦʣʙʘ ʚ ʪʨʫʙʢʝ ï l1. 
4. ɿʘʢʨʦʡʪʝ ʦʜʠʥ ʢʨʘʥ ʠ ʫʣʦʞʠʪʝ ʪʨʫʙʢʫ ʚʠʪʦʢ ʢ ʚʠʪʢʫ ʚ ʩʪʘʢʘʥ ʢʘʣʦʨʠʤʝʪʨʘ. ʂʨʘʥ ʥʘ ʚʝʨʭʥʝʤ ʢʦʥʮʝ 
ʦʩʪʘʚʴʪʝ ʦʪʢʨʳʪʳʤ. 
5. ɿʘʧʦʣʥʠʪʝ ʩʪʘʢʘʥ ʪʝʧʣʦʡ ʚʦʜʦʡ ʠ ʧʦʤʝʩʪʠʪʝ ʚ ʥʝʛʦ ʢʘʣʦʨʠʤʝʪʨ. 
6. ʅʘʙʣʶʜʘʡʪʝ ʟʘ ʚʳʜʝʣʝʥʠʝʤ ʧʫʟʳʨʴʢʦʚ ʚʦʟʜʫʭʘ ʠʟ ʦʪʢʨʳʪʦʛʦ ʢʨʘʥʘ. ʂʘʢ ʪʦʣʴʢʦ ʦʥʦ ʧʨʝʢʨʘʪʠʪʩʷ, 
ʦʧʨʝʜʝʣʠʪʝ ʠ ʟʘʧʠʰʠʪʝ ʧʦʢʘʟʘʥʠʷ - t1 (

0
C). 

7. ɿʘʢʨʦʡʪʝ ʢʨʘʥ, ʩʣʝʡʪʝ ʪʝʧʣʫʶ ʚʦʜʫ, ʟʘʧʦʣʥʠʪʝ ʩʪʘʢʘʥ ʭʦʣʦʜʥʦʡ ʚʦʜʦʡ ʜʦ ʧʨʝʞʥʝʛʦ ʫʨʦʚʥʷ ʠ ʩʥʦʚʘ 
ʦʪʢʨʦʡʪʝ ʢʨʘʥ. 
8. ɺʳʞʜʘʚ ʧʦʣʪʦʨʳ ï ʜʚʝ ʤʠʥʫʪʳ, ʦʧʨʝʜʝʣʠʪʝ ʠ ʟʘʧʠʰʠʪʝ ʧʦʢʘʟʘʥʠʷ ʪʝʨʤʦʤʝʪʨʘ - t2 (

0
C). 

9. ɿʘʢʨʦʡʪʝ ʢʨʘʥ, ʩʣʝʡʪʝ ʚʦʜʫ, ʠʟʚʣʝʢʠʪʝ ʰʣʘʥʛ ʠʟ ʩʪʘʢʘʥʘ, ʚʩʪʨʷʭʥʠʪʝ ʝʛʦ ʠ ʠʟʤʝʨʴʪʝ ʜʣʠʥʫ ʩʪʦʣʙʘ 
ʚʦʜʳ ʚ ʥʝʤ - æ l (ʩʤ). 
10. ɺʳʯʠʩʣʠʪʝ ʜʣʠʥʫ ʩʪʦʣʙʘ ʦʭʣʘʞʜʝʥʥʦʛʦ ʚʦʟʜʫʭʘ: l2 = l1 - æ l 
11. ʇʝʨʝʚʝʜʠʪʝ ʟʘʧʠʩʘʥʥʳʝ ʧʦʢʘʟʘʥʠʷ ʪʝʨʤʦʤʝʪʨʘ ʚ ʛʨʘʜʫʩʳ ʂʝʣʴʚʠʥʘ: T = t + 273

0
. 

12. ɺʳʯʠʩʣʠʪʝ ʦʪʥʦʰʝʥʠʷ l1/T1 ʠ l2/T2 ʠ ʩʜʝʣʘʡʪʝ ʚʳʚʦʜ ʦ ʪʦʤ, ʥʘʩʢʦʣʴʢʦ ʪʦʯʥʦ ʠʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 
ʛʘʟʘ ʚ ʧʨʦʜʝʣʘʥʥʦʤ ʦʧʳʪʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘʢʦʥʫ ɻʝʡ-ʃʶʩʩʘʢʘ. 
13. ʋʢʘʞʠʪʝ ʧʨʠʯʠʥʳ, ʧʦʚʣʠʷʚʰʠʝ ʥʘ ʪʦʯʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

 
ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1. ʇʦʯʝʤʫ ʧʨʦʮʝʩʩ ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠʟʦʙʘʨʥʳʤ? 
2. ʂʘʢʠʝ ʫʩʣʦʚʠʷ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ, ʯʪʦʙʳ, ʦʧʨʝʜʝʣʷʷ ʧʘʨʘʤʝʪʨʳ ʛʘʟʘ, ʤʦʞʥʦ ʙʳʣʦ 
ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʟʘʢʦʥʦʤ ɻʝʡ-ʃʶʩʩʘʢʘ? 
 
 

 
 
 
 

ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ 10  
 

ʆʇʓʊ ʇɽʈʈɽʅɸ  
 

ʎʝʣʴ: ʥʘʙʣʶʜʝʥʠʝ ʙʨʦʫʥʦʚʩʢʦʛʦ ʜʚʠʞʝʥʠʷ 
 

ʂʨʘʪʢʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʣʠ ʩʧʨʘʚʦʯʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 
  
ɺ 1827 ʛ. ʘʥʛʣʠʡʩʢʠʡ ʙʦʪʘʥʠʢ ʈʦʙʝʨʪ ɹʨʦʫʥ  ʦʙʨʘʪʠʣ ʚʥʠʤʘʥʠʝ ʥʘ ʜʚʠʞʝʥʠʝ ʚʟʚʝʰʝʥʥʳʭ ʚ ʞʠʜʢʦʩʪʠ 
ʯʘʩʪʠʮ.  ʇʦʟʜʥʝʝ ʦʥ ʦʧʠʩʘʣ ʵʪʦ ʜʚʠʞʝʥʠʝ. ʆʥʦ ʙʳʣʦ ʙʝʩʧʦʨʷʜʦʯʥʳʤ, ʚʩʝ ʯʘʩʪʠʮʳ ʜʚʠʛʘʣʠʩʴ ʧʦ 
ʥʝʦʙʳʯʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʩʦʙʦʡ ʣʦʤʘʥʥʳʝ ʣʠʥʠʠ. ɼʚʠʞʝʥʠʝ ʙʳʣʦ ʥʝʧʨʝʨʳʚʥʳʤ ʠ 
ʥʠ ʥʘ ʤʠʛ ʥʝ ʧʨʝʢʨʘʱʘʣʦʩʴ. ʆʙʥʘʨʫʞʝʥʥʦʝ ʫʯʝʥʳʤ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ  ʩʪʘʣʦ ʥʘʟʳʚʘʪʴʩʷ ʚ ʝʛʦ 
ʯʝʩʪʴ ʙʨʦʫʥʦʚʩʢʠʤ ʜʚʠʞʝʥʠʝʤ [21, C. 5]  (ʨʠʩ. 1). 
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ʈʠʩ 1. ʊʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʙʨʦʫʥʦʚʩʢʠʭ ʯʘʩʪʠʮ  [24] 
ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʫʯʝʥʳʝ ʥʝ ʧʨʦʷʚʣʷʣʠ ʠʥʪʝʨʝʩ ʢ ʵʪʦʤʫ ʷʚʣʝʥʠʶ. ʊʝʤ ʙʦʣʝʝ, ʥʝ 

ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʩʝʨʴʝʟʥʳʝ ʧʦʧʳʪʢʠ ʢ ʝʛʦ ʦʙʲʷʩʥʝʥʠʶ. ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ XIX ʚʝʢʘ 
ʦʙʲʷʩʥʝʥʠʝ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʝ ʟʘʠʥʪʝʨʝʩʦʚʘʣʦ ʤʥʦʛʠʭ ʫʯʝʥʳʭ. ɺʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʢʘʞʜʦʡ 
ʯʘʩʪʠʮʳ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤ ʠ ʥʝ ʩʚʷʟʘʥʦ ʩ  ʜʚʠʞʝʥʠʝʤ ʦʢʨʫʞʘʶʱʠʭ ʯʘʩʪʠʮ. ʆʥʦ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 
ʷʨʢʦʩʪʠ  ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʥʝʛʦ  ʩʚʝʪʘ.  ʇʨʠ ʵʪʦʤ ʥʘ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮ ʚʣʠʷʝʪ ʠʭ ʤʘʩʩʘ ʠ ʚʷʟʢʦʩʪʴ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʄʝʣʢʠʝ ʯʘʩʪʠʮʳ ʜʚʠʛʘʣʠʩʴ ʙʳʩʪʨʝʝ, ʯʝʤ ʢʨʫʧʥʳʝ. 

ɺ 1863 ʛ. ʃʶʜʚʠʛ ʂʨʠʩʪʠʘʥ ɺʠʥʝʨ, ʦʙʦʙʱʠʚ ʨʝʟʫʣʴʪʘʪʳ ʚʩʝʭ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ, ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʵʪʦ ʙʨʦʫʥʦʚʩʢʦʝ ʜʚʠʞʝʥʠʝ ʚʳʟʚʘʥʦ ʥʝ ʚʥʝʰʥʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ, ʘ  
ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʚʥʫʪʨʝʥʥʠʤʠ ʜʚʠʞʝʥʠʷʤʠ, ʧʨʠʩʫʱʠʤʠ ʩʘʤʦʡ ʞʠʜʢʦʩʪʠ. ʆʥʦ ʦʙʷʟʘʥʦ ʩʚʦʠʤ 
ʧʨʦʠʩʭʦʞʜʝʥʠʝʤ ʩʪʦʣʢʥʦʚʝʥʠʷʤ  ʙʨʦʫʥʦʚʩʢʦʡ ʯʘʩʪʠʮʳ  ʩ ʤʦʣʝʢʫʣʘʤʠ ʞʠʜʢʦʩʪʠ. ʃ.ɺʠʥʝʨ ʚʧʝʨʚʳʝ 
ʧʦʧʳʪʘʣʩʷ ʠʟʤʝʨʠʪʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʙʨʦʫʥʦʚʩʢʠʭ ʯʘʩʪʠʮ ʠ ʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʠʭ ʨʘʟʤʝʨʘ   

ʅʝ ʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʥʘʯʘʣʝ 20 ʚ. ʙʦʣʴʰʠʥʩʪʚʦ ʫʯʝʥʳʭ  ʚʝʨʥʦ ʧʦʥʠʤʘʣʠ ʤʦʣʝʢʫʣʷʨʥʫʶ 
ʧʨʠʨʦʜʫ ʙʨʦʫʥʦʚʩʢʦʛʦ ʜʚʠʞʝʥʠʷ, ʚʩʝ ʦʙʲʷʩʥʝʥʠʷ  ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʦʩʪʘʚʘʣʠʩʴ ʯʠʩʪʦ ʢʘʯʝʩʪʚʝʥʥʳʤʠ. 
ʂʦʣʠʯʝʩʪʚʝʥʥʦʡ ʪʝʦʨʠʠ ʷʚʣʝʥʠʷ ʥʝ ʩʫʱʝʩʪʚʦʚʘʣʦ, ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ  ʥʝ ʙʳʣʦ  ʷʩʥʦ, ʢʘʢʠʝ ʠʤʝʥʥʦ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʥʫʞʥʦ ʠʟʤʝʨʠʪʴ, ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ ʚ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʤʦʣʝʢʫʣʷʨʥʦʡ 
ʪʝʦʨʠʠ ʩʪʨʦʝʥʠʷ ʚʝʱʝʩʪʚʘ. 

ʂʘʢ ʵʪʦ ʥʝ ʫʜʠʚʠʪʝʣʴʥʦ, ʥʦ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʢʘʞʫʱʠʡʩʷ ʙʝʩʧʦʨʷʜʦʢ ʠ ʩʣʫʯʘʡʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ 
ʙʨʦʫʥʦʚʩʢʠʭ ʯʘʩʪʠʮ, ʦʢʘʟʘʣʦʩʴ ʚʩʝ ʞʝ ʚʦʟʤʦʞʥʳʤ ʦʧʠʩʘʪʴ ʵʪʦ ʜʚʠʞʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ  ʬʦʨʤʫʣʦʡ. 
ɺʧʝʨʚʳʝ ʩʪʨʦʛʦʝ ʦʙʲʷʩʥʝʥʠʝ ʙʨʦʫʥʦʚʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʜʘʣ ʚ 1904 ʧʦʣʴʩʢʠʡ ʬʠʟʠʢ ʄʘʨʠʘʥ 
ʉʤʦʣʫʭʦʚʩʢʠʡ (1872ï1917). ʆʜʥʦʚʨʝʤʝʥʥʦ ʨʘʟʨʘʙʦʪʢʫ ʪʝʦʨʠʠ  ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʚʝʣ ɸʣʴʙʝʨʪ 
ʕʡʥʰʪʝʡʥ (1879ï1955). ɺ ʤʘʝ ʚ 1905 ʚ ʥʝʤʝʮʢʦʤ ʞʫʨʥʘʣʝ Annalen der Physik ʧʦʷʚʠʣʘʩʴ ʝʛʦ ʩʪʘʪʴʷ 
ʧʦʜ ʜʣʠʥʥʳʤ ʥʘʟʚʘʥʠʝʤ çʆ ʜʚʠʞʝʥʠʠ ʚʟʚʝʰʝʥʥʳʭ ʚ ʧʦʢʦʷʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʯʘʩʪʠʮ, ʪʨʝʙʫʝʤʦʤ 
ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʝʡ ʪʝʧʣʦʪʳè. ʊʘʢʦʝ ʥʘʟʚʘʥʠʝ ɸ.ʕʡʥʰʪʝʡʥ  ʚʳʙʨʘʣ ʜʣʷ ʪʦʛʦ, 
ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʣʫʯʘʡʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʝʣʴʯʘʡʰʠʭ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ ʞʠʜʢʦʩʪʷʭ  
ʷʚʣʷʝʪʩʷ ʧʨʷʤʳʤ ʩʣʝʜʩʪʚʠʝʤ  ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʩʪʨʦʝʥʠʷ ʚʝʱʝʩʪʚʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ 
ʩ ʪʝʦʨʠʝʡ ʉʤʦʣʫʭʦʚʩʢʦʛʦ-ʕʡʥʰʪʝʡʥʘ, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʚʘʜʨʘʪʘ ʩʤʝʱʝʥʠʷ ʙʨʦʫʥʦʚʩʢʦʡ ʯʘʩʪʠʮʳ 
(s

2
) ʟʘ ʚʨʝʤʷ t ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʪʝʤʧʝʨʘʪʫʨʝ ʊ ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʷʟʢʦʩʪʠ 

ʞʠʜʢʦʩʪʠ h, ʨʘʟʤʝʨʫ ʯʘʩʪʠʮʳ r ʠ ʧʦʩʪʦʷʥʥʦʡ ɸʚʦʛʘʜʨʦ NA: 
  

  , 
  

ʛʜʝ R ï ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ. 
ʆʢʘʟʘʣʦʩʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʤ, ʯʪʦ ʚ ʵʪʫ ʬʦʨʤʫʣʫ ʚʭʦʜʠʪ ʧʦʩʪʦʷʥʥʘʷ ɸʚʦʛʘʜʨʦ, ʢʦʪʦʨʫʶ 

ʪʝʧʝʨʴ ʤʦʞʥʦ  ʙʳʣʦ ʦʧʨʝʜʝʣʠʪʴ ʧʫʪʝʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʝʨʝʤʝʱʝʥʠʷ ʙʨʦʫʥʦʚʩʢʦʡ 
ʯʘʩʪʠʮʳ. 

ʌʨʘʥʮʫʟʩʢʠʡ ʬʠʟʠʢ ɾʘʥ ɹʘʪʠʩʪ ʇʝʨʨʝʥ   ʚ 1908 ʛ. ʧʦʩʪʘʚʠʣ ʵʢʩʧʝʨʠʤʝʥʪ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ 
ʜʦʣʞʥʳ ʙʳʣʠ ʩʪʘʪʴ ʧʨʷʤʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʙʨʦʫʥʦʚʩʢʦʛʦ ʜʚʠʞʝʥʠʷ  
ʕʡʥʰʪʝʡʥʘïʉʤʦʣʫʭʦʚʩʢʦʛʦ. 

ʀʩʪʠʥʥʦʩʪʴ ʪʝʦʨʠʠ ɾ. ʇʝʨʨʝʥ ʧʨʦʚʝʨʠʣ, ʠʩʩʣʝʜʫʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʵʤʫʣʴʩʠʠ ʧʦ ʚʳʩʦʪʝ. 
ɺ ʦʩʥʦʚʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ ɾ.ʇʝʨʨʝʥʘ  ʣʝʛʣʠ  ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʃ. ɹʦʣʴʮʤʘʥʘ, 
ʢʦʪʦʨʳʡ ʚ 1876 ʛ. ʦʪʢʨʳʣ  ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʣʝʢʫʣ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ. ɺ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ ʵʪʦʪ ʟʘʢʦʥ ʠʤʝʣ ʩʣʝʜʫʶʱʠʡ  ʚʠʜ: 

  
  
  
  

 
 
         ɾ. ɹ. ʇʝʨʨʝʥ ʧʨʠʤʝʥʠʣ ʵʪʫ ʬʦʨʤʫʣʫ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʨʦʫʥʦʚʩʢʠʭ ʯʘʩʪʠʮ ʩ 
ʚʳʩʦʪʦʡ, ʧʦʩʢʦʣʴʢʫ ʩʯʠʪʘʣ, ʯʪʦ ʩʠʩʪʝʤʫ ʠʟ ʙʨʦʫʥʦʚʩʢʠʭ ʯʘʩʪʠʮ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 
ʤʦʜʝʣʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʛʘʟʘ. 
ʀʪʘʢ, ʵʢʩʧʝʨʠʤʝʥʪ, ʧʦʩʪʘʚʣʝʥʥʳʡ ɾ. ʇʝʨʨʝʥʦʤ, ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʥʘ ʧʨʦʚʝʨʢʫ ʧʦʣʫʯʝʥʥʳʭ 
ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʧʫʪʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʢʦʪʦʨʳʤ ʧʦʜʯʠʥʷʝʪʩʷ ʙʨʦʫʥʦʚʩʢʦʝ 
ʜʚʠʞʝʥʠʝ. ɺ ʩʣʫʯʘʝ ʫʩʧʝʭʘ ʧʦʣʫʯʘʣʘ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʠ ʤʦʣʝʢʫʣʷʨʥʘʷ ʪʝʦʨʠʷ ʩʪʨʦʝʥʠʷ ʚʝʱʝʩʪʚʘ.   
  ɼʣʷ ʧʨʦʚʝʨʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ  ʪʝʦʨʠʠ ʕʡʥʰʪʝʡʥʘ-ʉʤʦʣʫʭʦʚʩʢʦʛʦ ʠ  ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ   ʃ. 
ɹʦʣʴʮʤʘʥʘ ɾ. ʇʝʨʨʝʥ ʠʩʧʦʣʴʟʦʚʘʣ ʩʣʝʜʫʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ: ʧʨʝʜʤʝʪʥʦʝ ʩʪʝʢʣʦ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ 
ʫʛʣʫʙʣʝʥʠʝʤ, ʦʜʥʦʨʦʜʥʫʶ ʵʤʫʣʴʩʠʶ ʠʟ ʯʘʩʪʠʮ ʛʫʤʤʠʛʫʪʘ (ʩʤʦʣʳ garciniamorel) ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ 
(r~10

-5
ʩʤ), ʧʦʢʨʦʚʥʦʝ ʩʪʝʢʣʦ,  ʤʠʢʨʦʩʢʦʧ ʩ ʤʘʣʦʡ ʛʣʫʙʠʥʦʡ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʆʜʠʥʘʢʦʚʳʝ ʧʦ ʨʘʟʤʝʨʫ ʟʝʨʥʳʰʢʠ ʨʘʩʪʚʦʨʘ ʜʦʣʞʥʳ ʙʳʣʠ ʨʘʩʧʦʣʦʞʠʪʴʩʷ ʧʦ ʧʨʝʜʧʦʣʦʞʝʥʠʶ ɾ.  
ʇʝʨʨʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ ʯʘʩʪʠʮ ʩ ʚʳʩʦʪʦʡ. ʀʤʝʥʥʦ ʜʣʷ 

  

  

 



 41 

ʠʩʩʣʝʜʦʚʘʥʠʷ  ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ ʚʳʩʦʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨ ʩʜʝʣʘʣ ʚ ʧʨʝʜʤʝʪʥʦʤ ʩʪʝʢʣʝ 
ʮʠʣʠʥʜʨʠʯʝʩʢʦʝ ʫʛʣʫʙʣʝʥʠʝ. ʕʪʦ ʫʛʣʫʙʣʝʥʠʝ ʦʥ ʟʘʧʦʣʥʠʣ ʵʤʫʣʴʩʠʝʡ, ʟʘʪʝʤ  ʟʘʢʨʳʣ ʩʚʝʨʭʫ 
ʧʦʢʨʦʚʥʳʤ ʩʪʝʢʣʦʤ. ɼʣʷ  ʥʘʙʣʶʜʝʥʠʷ ʵʬʬʝʢʪʘ ɾ. ʇʝʨʨʝʥ ʠʩʧʦʣʴʟʦʚʘʣ ʤʠʢʨʦʩʢʦʧ ʩ ʤʘʣʦʡ ʛʣʫʙʠʥʦʡ 
ʠʟʦʙʨʘʞʝʥʠʷ (ʨʠʩ.2) . [19, C. 197]. 
  
  

  

  

 
 
ʈʠʩ.2. ʄʝʪʦʜ ʥʘʙʣʶʜʝʥʠʷ ʙʨʦʫʥʦʚʩʢʠʭ ʯʘʩʪʠʮ ʚ ʤʠʢʨʦʩʢʦʧ ʚ ʦʧʳʪʝ ɾ.ʇʝʨʨʝʥʘ 
  
  

ʉʚʦʠ ʠʩʩʣʝʜʦʚʘʥʠʷ  ɾ. ʇʝʨʨʝʥ ʥʘʯʘʣ ʩ ʧʨʦʚʝʨʢʠ ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ɸ. 
ʕʡʥʰʪʝʡʥʘ.  ʕʢʩʧʝʨʠʤʝʥʪʘʪʦʨ ʦʪʤʝʯʘʣ ʠ ʧʦʪʦʤ ʟʘʨʠʩʦʚʳʚʘʣ ʚ ʤʘʩʰʪʘʙʝ ʥʘ ʨʘʟʛʨʘʬʣʝʥʥʦʤ ʣʠʩʪʝ 
ʙʫʤʘʛʠ ʧʦʣʦʞʝʥʠʝ  ʙʨʦʫʥʦʚʩʢʠʭ ʯʘʩʪʠʮ ʯʝʨʝʟ ʨʘʚʥʳʝ ʚʨʝʤʝʥʥʳʝ  ʠʥʪʝʨʚʘʣʳ. ʅʘʙʣʶʜʝʥʠʷ 
ʧʨʦʚʦʜʠʣʠʩʴ  ʯʝʨʝʟ ʢʘʞʜʳʝ 30 ʩʝʢ.  ʉʦʝʜʠʥʷʷ ʧʦʣʫʯʝʥʥʳʝ ʪʦʯʢʠ ʧʨʷʤʳʤʠ, ɾ.ʇʝʨʨʝʥ ʧʦʣʫʯʘʣ 
ʟʘʤʳʩʣʦʚʘʪʳʝ ʣʦʤʘʥʥʳʝ ʪʨʘʝʢʪʦʨʠʠ (ʩʤ. ʨʠʩ. 3  ʠʟ ʢʥʠʛʠ ɾ. ʇʝʨʨʝʥʘ çɸʪʦʤʳè, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ 
1920 ʛ. ʚ ʇʘʨʠʞʝ). 

ɼʘʣʝʝ ɾ. ʇʝʨʨʝʥ ʦʧʨʝʜʝʣʠʣ  ʯʠʩʣʦ ʯʘʩʪʠʮ ʚ ʨʘʟʥʳʭ ʧʦ ʛʣʫʙʠʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʣʦʷʭ 
ʤɻʫʣʴʩʠʠ. ɼʣʷ ʵʪʦʛʦ ʦʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʬʦʢʫʩʠʨʦʚʘʣ ʤʠʢʨʦʩʢʦʧ ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʣʦʠ ʚʟʚʝʩʠ. 
ʀʩʧʦʣʴʟʫʷ ʵʪʦʪ ʤʝʪʦʜ,  ʫʯʝʥʳʡ ʤʦʛ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟʤʝʥʝʥʠʝ ʯʠʩʣʘ  ʙʨʦʫʥʦʚʩʢʠʭ ʯʘʩʪʠʮ 
ʩ ʚʳʩʦʪʦʡ. [19, C. 197]. 

ʆʧʠʨʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʧʦʩʣʝʜʥʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ɾ. ʇʝʨʨʝʥ ʩʤʦʛ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ 

ʯʠʩʣʘ ɸʚʦʛʘʜʨʦ - . 
ʉʧʦʩʦʙ ʨʘʩʯʝʪʘ  ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʢʦʥʩʪʘʥʪʳ ʙʘʟʠʨʦʚʘʣʩʷ ʥʘ ʩʣʝʜʫʶʱʠʭ ʨʘʩʩʫʞʜʝʥʠʷʭ. 
ɹʨʦʫʥʦʚʩʢʠʝ ʯʘʩʪʠʮʳ, ʢʘʢ ʠ ʤʦʣʝʢʫʣʳ, ʥʘʭʦʜʷʪʩʷ ʚ ʙʝʩʧʦʨʷʜʦʯʥʦʤ ʜʚʠʞʝʥʠʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʦʥʠ ʧʦʜʯʠʥʷʶʪʩʷ ʚʩʝʤ ʛʘʟʦʚʳʤ ʟʘʢʦʥʘʤ. ʀʟ ʦʙʱʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʩʨʝʜʥʷʷ 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ  ʦʜʥʦʡ ʙʨʦʫʥʦʚʩʢʦʡ ʯʘʩʪʠʮʳ ʨʘʚʥʘ ʩʨʝʜʥʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣ 
ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʊ, ʪʦ ʝʩʪʴ: 

  
  
  
  

 
 
ʛʜʝ  R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ (R= 8, 31441 ɼʞ/ ʤʦʣʴĿ ʂ), ʢ ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ (ʢ = 

1,38 ɼʞ / ʂ),  ï ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ, ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʪʚʦʨʘ. 

 ʀʟ ʵʪʦʡ ʬʦʨʤʫʣʳ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ : 
  
  
  
 

 

ʆʧʨʝʜʝʣʠʚ  ʩʨʝʜʥʶʶ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ  ʙʨʦʫʥʦʚʩʢʦʡ ʯʘʩʪʠʮʳ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʤʦʞʥʦ ʥʘʡʪʠ  ʟʥʘʯʝʥʠʝ . 
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ɾ. ʇʝʨʨʝʥ ʥʘʰʝʣ ʩʨʝʜʥʶʶ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʜʨʫʛʠʤ ʩʧʦʩʦʙʦʤ (ʠʟ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ 
ʩ ʚʳʩʦʪʦʡ). [19, ʉ. 235]. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʬʦʨʤʫʣʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʨʦʫʥʦʚʩʢʠʭ ʯʘʩʪʠʮ ʩ ʚʳʩʦʪʦʡ  

ʤʦʞʥʦ  ʚʤʝʩʪʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʩʪʘʚʠʪʴ ʝʝ ʚʳʨʘʞʝʥʠʝ ʯʝʨʝʟ . ʊʦʛʜʘ ʬʦʨʤʫʣʘ ɹʦʣʴʮʤʘʥʘ 
ʧʨʠʦʙʨʝʪʝʪ ʚʠʜ: 

  
  
  
 

 

ɿʥʘʷ ʤʘʩʩʫ ʯʘʩʪʠʮ - , ʠʭ ʯʠʩʣʦ  ʚ ʩʣʦʷʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʳʩʦʪʘʭ,  ʤʦʞʥʦ ʥʘʡʪʠ , ʘ 

ʟʘʪʝʤ ʠ ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ - . 
ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ ɸʚʦʛʘʜʨʦ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ  ʤʘʩʩʫ ʰʘʨʠʢʦʚ ʛʫʤʤʠʛʫʪʘ.  ʉ ʪʦʡ 
ʮʝʣʴʶ ɾ.ʇʝʨʨʝʥ ʚʳʧʘʨʠʚʘʣ ʢʘʧʣʶ ʨʘʩʪʚʦʨʘ ʛʫʤʤʠʛʫʪʘ. ɺʟʚʝʩʠʚ ʩʫʭʦʡ ʦʩʪʘʪʦʢ, ʦʥ ʩʦʩʯʠʪʘʣ 
ʢʦʣʠʯʝʩʪʚʦ ʟʝʨʥʳʰʝʢ, ʟʘʪʝʤ ʦʧʨʝʜʝʣʠʣ ʨʘʟʤʝʨʳ ʠ ʤʘʩʩʫ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ [17, C. 146].                 
                                
  
ʅʘʙʣʶʜʘʷ  ʚ ʦʩʚʝʱʝʥʥʦʡ ʢʘʤʝʨʝ  ʯʝʨʝʟ ʨʘʚʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ 
ʚʟʚʝʰʝʥʥʳʭ ʚ ʨʘʩʪʚʦʨʝ ʛʣʠʮʝʨʠʥʘ ʯʘʩʪʠʮ, ɾ. ʇʝʨʨʝʥ ʚʳʧʦʣʥʠʣ ʧʦʩʪʨʦʝʥʠʝ ʠʭ ʪʨʘʝʢʪʦʨʠʡ.  ʅʘ 
ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʧʠʷ ʬʦʪʦʩʥʠʤʢʘ ʨʝʟʫʣʴʪʘʪʦʚ  ʝʛʦ ʦʧʳʪʘ. 
  

 
ʈʠʩ. 3  ʈʠʩʫʥʢʠ ʪʨʘʝʢʪʦʨʠʡ ʙʨʦʫʥʦʚʩʢʠʭ ʯʘʩʪʠʮ ʠʟ ʢʥʠʛʠ ɾ. ʇʝʨʨʝʥʘ çɸʪʦʤʳè, 
ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ 1920 ʛ. ʚ ʇʘʨʠʞʝ  

  
ʆʙʨʘʙʦʪʘʚ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ɾ. ʇʝʨʨʝʥ   ʜʦʢʘʟʘʣ, ʯʪʦ  ʩʨʝʜʥʠʡ ʢʚʘʜʨʘʪ ʧʝʨʝʤʝʱʝʥʠʷ 
ʙʨʦʫʥʦʚʩʢʦʡ ʯʘʩʪʠʮʳ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʚʨʝʤʝʥʠ ʝʝ ʜʚʠʞʝʥʠʷ . 

  
  
  
  

 
 
ʅʘʙʣʶʜʘʷ  ʚ ʤʠʢʨʦʩʢʦʧ  ʨʘʩʧʦʣʦʞʝʥʠʝ ʯʘʩʪʠʮ ʛʫʤʤʠʛʫʪʘ ʚ ʩʣʦʷʭ  ʨʘʩʪʚʦʨʘ,  ʥʘʭʦʜʠʚʰʠʭʩʷ ʥʘ ʨʘʟʥʦʡ 
ʚʳʩʦʪʝ, ɾ.. ʇʝʨʨʝʥ ʟʘʤʝʪʠʣ, ʯʪʦ ʯʠʩʣʦ ʯʘʩʪʠʮ ʚ ʞʠʜʢʦʩʪʠ ʫʙʳʚʘʣʦ ʩ ʚʳʩʦʪʦʡ, ʧʨʠʯʝʤ  ʦʯʝʥʴ ʙʳʩʪʨʦ: 
ʯʝʨʝʟ ʢʘʞʜʳʝ 30 ʤʠʢʨʦʥ  ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʚ ʩʣʦʝ ʩʦʢʨʘʱʘʣʦʩʴ ʧʦʯʪʠ ʚʜʚʦʝ. ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʠʟʦʙʨʘʞʝʥʠʷ çʥʘʩʝʣʝʥʥʦʩʪʠè  ʨʘʟʣʠʯʥʳʭ ʩʣʦʝʚ ʨʘʩʪʚʦʨʘ ʙʨʦʫʥʦʚʩʢʠʤʠ ʯʘʩʪʠʮʘʤʠ. ɺʠʜʥʦ, ʯʪʦ ʚ 
ʥʠʞʥʝʤ ʩʣʦʝ ʯʘʩʪʠʮ ʤʥʦʛʦ, ʘ ʚ ʚʝʨʭʥʝʤ ʤʘʣʦ.  
  

 
 
 
ʈʠʩ. 4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʙʨʦʫʥʦʚʩʢʠʭ ʯʘʩʪʠʮ ʚ ʩʣʦʷʭ ʥʘ ʨʘʟʥʦʡ ʚʳʩʦʪʝ. 
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ʕʪʦ  ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʢʘʢ ʦ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʃ. ɹʦʣʴʮʤʘʥʦʤ  ʟʘʢʦʥʘ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʣʝʢʫʣ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ, ʪʘʢ ʠ ʦ ʧʨʠʤʝʥʠʤʦʩʪʠ ʵʪʦʛʦ ʟʘʢʦʥʘ ʢ 
ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʯʠʩʣʘ ʙʨʦʫʥʦʚʩʢʠʭ ʯʘʩʪʠʮ ʧʦ ʚʳʩʦʪʝ.  

ɾ. ʇʝʨʨʝʥ ʧʨʠʤʝʥʠʣ ʬʦʨʤʫʣʫ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ ʯʘʩʪʠʮ ʩ ʚʳʩʦʪʦʡ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ ɸʚʦʛʘʜʨʦ - . ʀʩʧʦʣʴʟʫʷ  ʵʪʫ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ ʠ  ʜʘʥʥʳʝ ʩʚʦʝʛʦ 
ʵʢʩʧʝʨʠʤʝʥʪʘ, ʦʥ ʧʦʣʫʯʠʣ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʝ ʜʣʷ ʪʦʛʦ ʚʨʝʤʝʥʠ ʟʥʘʯʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ 
ʢʦʥʩʪʘʥʪʳ: NA = 6,8Ŀ10

23
 ʤʦʣʴ

ï1
. 

ʆʧʳʪ ɾ.ʇʝʨʨʝʥʘ  ʙʳʣ ʧʝʨʚʳʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʧʦʜʪʚʝʨʜʠʣ 
ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʵʪʦʡ ʪʝʦʨʠʠ. ʉʚʦʠʤ ʦʧʳʪʦʤ ɾ ʇʝʨʨʝʥ ʦʢʦʥʯʘʪʝʣʴʥʦ ʜʦʢʘʟʘʣ  ʨʝʘʣʴʥʦʩʪʴ ʤʦʣʝʢʫʣ ʠ 
ʚʝʨʥʦʩʪʴ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʫʯʝʥʠʷ ʦ ʩʪʨʦʝʥʠʠ ʚʝʱʝʩʪʚʘ. 

ɹʳʣʦ ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ ʯʠʩʣʘ ɸʚʦʛʘʜʨʦ -  ʦʜʥʦʡ ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ, 
ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʪʨʦʝʥʠʝ ʥʘʰʝʛʦ ʤʠʨʘ.  ɽʝ ʟʥʘʯʝʥʠʝ,  ʧʦʣʫʯʝʥʥʦʝ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ  ʨʘʚʥʦ: 

  
  
  
 

 
ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ɾ. ʇʝʨʨʝʥʦʤ, ʧʦʜʪʚʝʨʜʠʣʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʚʳʚʦʜʳ ɸ. ʕʡʥʰʪʝʡʥʘ. 

ʕʪʦ ʧʨʦʠʟʚʝʣʦ ʚʝʩʴʤʘ ʩʠʣʴʥʦʝ ʚʧʝʯʘʪʣʝʥʠʝ ʥʘ ʥʘʫʯʥʫʶ ʦʙʱʝʩʪʚʝʥʥʦʩʪʴ. ʇʦʩʣʝ ʧʫʙʣʠʢʘʮʠʠ 
ʨʝʟʫʣʴʪʘʪʦʚ ɾ. ʇʝʨʨʝʥʘ ʙʳʚʰʠʡ ʧʨʦʪʠʚʥʠʢ ʘʪʦʤʠʟʤʘ ɺ. ʆʩʪʚʘʣʴʜ ʧʨʠʟʥʘʣʩʷ, ʯʪʦ çʩʦʚʧʘʜʝʥʠʝ 
ʙʨʦʫʥʦʚʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʛʠʧʦʪʝʟʳ... ʜʘʝʪ ʪʝʧʝʨʴ ʧʨʘʚʦ ʩʘʤʦʤʫ 
ʦʩʪʦʨʦʞʥʦʤʫ ʫʯʝʥʦʤʫ ʛʦʚʦʨʠʪʴ ʦʙ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʝ ʘʪʦʤʠʩʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 
ʤʘʪʝʨʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʪʦʤʠʩʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʚʦʟʚʝʜʝʥʘ ʚ ʨʘʥʛ ʥʘʫʯʥʦʡ, ʧʨʦʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦʡ 
ʪʝʦʨʠʠè.  ʉ ʥʠʤ ʩʦʛʣʘʰʘʝʪʩʷ  ʬʨʘʥʮʫʟʩʢʠʡ ʤʘʪʝʤʘʪʠʢ ʠ ʬʠʟʠʢ ɸʥʨʠ ʇʫʘʥʢʘʨʝ: çɹʣʝʩʪʷʱʝʝ 
ʦʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʘʪʦʤʦʚ ʇʝʨʨʝʥʦʤ ʟʘʚʝʨʰʠʣʦ ʪʨʠʫʤʬ ʘʪʦʤʠʟʤʘ... ɸʪʦʤ ʭʠʤʠʢʦʚ ʩʪʘʣ ʪʝʧʝʨʴ 
ʨʝʘʣʴʥʦʩʪʴʶè  

ʕʢʩʧʝʨʠʤʝʥʪ: ʅʘʙʣʶʜʝʥʠʝ ʙʨʦʫʥʦʚʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʚ ʚʦʜʝ 
 

ɿʘʜʘʥʠʝ 1. .ɼʣʷ ʥʘʙʣʶʜʝʥʠʷ ʙʨʦʫʥʦʚʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʚʦʜʝ ʚʘʤ ʧʦʥʘʜʦʙʷʪʩʷ ʤʠʢʨʦʩʢʦʧ (ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ 50), ʧʨʝʜʤʝʪʥʦʝ ʩʪʝʢʣʦ, ʧʦʢʨʦʚʥʦʝ ʩʪʝʢʣʦ (ʪʦʣʱʠʥʦʡ 0,18 ʤʤ), ʘʢʚʘʨʝʣʴʥʳʝ ʢʨʘʩʢʠ, 
ʢʠʩʪʦʯʢʘ, ʩʪʝʢʣʷʥʥʘʷ ʧʘʣʦʯʢʘ, ʬʠʣʴʪʨʦʚʘʣʴʥʘʷ ʙʫʤʘʛʘ, ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʝ ʚʝʱʝʩʪʚʦ. 

ʅʘ ʧʨʝʜʤʝʪʥʦʝ ʩʪʝʢʣʦ ʧʨʠ ʧʦʤʦʱʠ ʩʪʝʢʣʷʥʥʦʡ ʧʘʣʦʯʢʠ ʥʘʥʝʩʠʪʝ ʢʘʧʣʶ ʚʦʜʳ. ʅʝʙʦʣʴʰʦʝ 
ʢʦʣʠʯʝʩʪʚʦ ʢʨʘʩʢʠ ʢʠʩʪʦʯʢʦʡ ʜʦʙʘʚʴʪʝ ʚ ʚʦʜʫ (ʚʦʜʘ ʜʦʣʞʥʘ ʣʠʰʴ ʩʣʝʛʢʘ ʦʢʨʘʩʠʪʴʩʷ). ʇʦʚʝʨʭ ʢʘʧʣʠ 
ʧʦʣʦʞʠʪʝ ʧʦʢʨʦʚʥʦʝ ʩʪʝʢʣʦ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʘʢʣʦʥʦʤ ʧʨʝʜʤʝʪʥʦʛʦ ʩʪʝʢʣʘ ʫʜʘʣʠʪʝ ʠʟ ʚʟʚʝʩʠ 
ʚʦʟʥʠʢʰʠʝ ʧʫʟʳʨʴʢʠ ʚʦʟʜʫʭʘ. ʇʦʜ ʧʦʢʨʦʚʥʳʤ ʩʪʝʢʣʦʤ ʜʦʣʞʥʦ ʥʘʭʦʜʠʪʩʷ ʪʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, 
ʯʪʦʙʳ ʧʨʠ ʣʶʙʦʤ ʥʘʢʣʦʥʝ ʧʨʝʜʤʝʪʥʦʛʦ ʩʪʝʢʣʘ ʧʦʢʨʦʚʥʦʝ ʩʪʝʢʣʦ ʥʝ ʩʤʝʱʘʣʦʩʴ. ʀʟʣʠʰʥʶʶ ʚʦʜʫ 
ʥʫʞʥʦ ʫʜʘʣʠʪʴ ʧʨʠ ʧʦʤʦʱʠ ʧʦʣʦʩʢʠ ʬʠʣʴʪʨʦʚʘʥʥʦʡ ʙʫʤʘʛʠ, ʧʦʜʥʦʩʠʤʦʡ ʢ ʢʨʘʶ ʧʦʢʨʦʚʥʦʛʦ ʩʪʝʢʣʘ. 
ʕʢʩʧʝʨʠʤʝʥʪ ʙʫʜʝʪ ʪʝʤ ʫʜʘʯʥʝʝ, ʯʝʤ ʪʦʥʴʰʝ ʩʣʦʡ ʚʦʜʳ ʤʝʞʜʫ ʩʪʝʢʣʘʤʠ. 

ɻʦʪʦʚʳʡ ʧʨʝʧʘʨʘʪ ʧʦʤʝʱʘʝʪʩʷ ʥʘ ʩʪʦʣʠʢ ʤʠʢʨʦʩʢʦʧʘ. ʇʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʦʙʲʝʢʪʠʚʘ ʢ 
ʧʨʝʧʘʨʘʪʫ ʩʥʘʯʘʣʘ ʚʠʜʥʳ ʣʠʰʴ ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ ʪʫʰʠ. ʕʪʠ ʯʘʩʪʠʮʳ ʥʝ ʧʨʦʷʚʣʷʶʪ ʙʨʦʫʥʦʚʩʢʦʛʦ 
ʜʚʠʞʝʥʠʷ. ɺʙʣʠʟʠ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʚʠʜʥʳ ʙʦʣʝʝ ʤʝʣʢʠʝ, ʚʦʪ  ʦʥʠ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʧʨʝʨʳʚʥʦʤ 
ʜʚʠʞʝʥʠʠ (ʠʣʠ çʜʨʦʞʘʥʠʠè), ʧʦʣʫʯʘʷ ʨʘʟʣʠʯʥʳʝ ʠʤʧʫʣʴʩʳ ʦʪ  ʤʦʣʝʢʫʣ ʚʦʜʳ . 

ʇʦʚʪʦʨʠʪʝ ʦʧʳʪ ʩ ʨʘʩʪʚʦʨʦʤ ʤʦʣʦʢʘ. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ  ʜʚʠʞʝʥʠʷ 
ʯʘʩʪʠʯʝʢ ʞʠʨʘ ʚ ʨʘʩʪʚʦʨʝ. ʀʤʝʷ ʤʝʥʴʰʫʶ ʤʘʩʩʫ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʯʘʩʪʠʮʘʤʠ ʢʨʘʩʢʠ, ʵʪʠ ʙʨʦʫʥʦʚʩʢʠʝ 
ʯʘʩʪʠʮʳ ʜʚʠʛʘʶʪʩʷ  ʙʦʣʝʝ ʘʢʪʠʚʥʦ. 

  
ɿʘʜʘʥʠʝ 2.      ʇʦʜʛʦʪʦʚʴʪʝ ʫʩʪʘʥʦʚʢʫ ʠ  ʧʨʦʥʘʙʣʶʜʘʡʪʝ ʙʨʦʫʥʦʚʩʢʦʝ ʜʚʠʞʝʥʠʝ ʚ ʚʦʟʜʫʭʝ 

(ʟʘʜʘʥʠʝ ʧʦ ʚʳʙʦʨʫ ï ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʨʦʝʢʪ). 

ɼʣʷ ʵʪʦʛʦ ʧʦʥʘʜʦʙʷʪʩʷ ʤʠʢʨʦʩʢʦʧ (ʩ ʫʚʝʣʠʯʝʥʠʝʤ 30), ʩʘʤʦʜʝʣʴʥʘʷ ʥʘʙʣʶʜʘʪʝʣʴʥʘʷ ʢʘʤʝʨʘ 
ʠʟ ʩʪʝʢʣʘ ʠ ʜʝʨʝʚʘ, ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ, 2 ʨʝʟʠʥʦʚʳʝ ʪʨʫʙʢʠ, 2 ʟʘʞʠʤʘ. 

ʅʘʙʣʶʜʘʪʝʣʴʥʘʷ ʢʘʤʝʨʘ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʬʘʥʝʨʳ ʠ ʠʤʝʝʪ ʢʚʘʜʨʘʪʥʫʶ ʬʦʨʤʫ ʩ ʨʝʙʨʦʤ 
ʦʢʦʣʦ 20 ʤʤ. ɺ ʙʦʢʦʚʳʭ ʩʪʝʥʢʘʭ ʧʨʦʜʝʣʳʚʘʶʪʩʷ ʢʨʫʛʣʳʝ ʦʪʚʝʨʩʪʠʷ, ʧʦ ʦʜʥʦʤʫ ʩ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ, ʚ 
ʢʦʪʦʨʳʭ ʫʢʨʝʧʣʷʶʪʩʷ ʠ ʚʢʣʝʠʚʘʶʪʩʷ ʢʦʨʦʪʢʠʝ ʩʪʝʢʣʷʥʥʳʝ ʪʨʫʙʢʠ (D=5 ʤʤ). ɼʚʝ ʜʨʫʛʠʝ ʩʪʝʥʢʠ 
ʜʝʣʘʶʪʩʷ ʠʟ ʜʚʦʡʥʦʡ ʬʘʥʝʨʳ, ʠ ʚ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʚʳʧʠʣʠʚʘʝʪʩʷ ʢʨʫʛʣʦʝ ʦʢʥʦ (D=18 ʤʤ), ʪʘʢ ʞʝ 
ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠ ʢʨʳʰʢʘ ʢʘʤʝʨʳ. ɿʘʪʝʤ ʥʘ ʩʪʝʥʢʠ ʩ ʙʦʣʴʰʠʤʠ ʦʢʥʘʤʠ ʠ ʥʘ ʢʨʳʰʢʫ ʥʘʢʣʝʠʚʘʶʪʩʷ 
ʧʦʢʨʦʚʥʳʝ ʩʪʝʢʣʘ (ʩʦ ʩʪʦʨʦʥʦʡ 22 ʤʤ) (ʨʠʩ.4). 

  

    

  
   NA = 6,02Ŀ10

23
 ʤʦʣʴ

ï1
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ʈʠʩ. 4. ʂʘʤʝʨʘ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ  ʙʨʦʫʥʦʚʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʪʘʙʘʯʥʦʤ ʜʳʤʫ 
  
ʅʘʙʣʶʜʘʪʝʣʴʥʘʷ ʢʘʤʝʨʘ (ʨʠʩ.4) ʧʦʤʝʱʘʝʪʩʷ ʥʘ ʩʪʦʣʠʢ ʤʠʢʨʦʩʢʦʧʘ, ʪʫʙʫʩ ʢʦʪʦʨʦʛʦ ʜʦʣʞʝʥ 

ʙʳʪʴ ʧʦʜʥʷʪ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʢʘʢ ʤʦʞʥʦ ʚʳʰʝ. ʇʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʪʫʙʫʩʦʤ ʤʠʢʨʦʩʢʦʧʘ ʠ ʩʪʝʢʣʦʤ 
ʢʘʤʝʨʳ ʜʦʣʞʥʦ ʙʳʪʴ ʪʘʢʠʤ, ʯʪʦʙʳ ʫʜʦʙʥʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʲʝʢʪʠʚ ʩ ʥʝʙʦʣʴʰʠʤ ʫʚʝʣʠʯʝʥʠʝʤ. 
ʈʷʜʦʤ ʩ ʤʠʢʨʦʩʢʦʧʦʤ ʩʪʘʚʠʪʩʷ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ ï ʧʨʦʝʢʪʦʨ, ʜʘʶʱʠʡ ʩʭʦʜʷʱʠʡʩʷ ʧʫʯʦʢ ʩʚʝʪʘ. ʇʫʯʦʢ 
ʩʚʝʪʘ ʥʘʧʨʘʚʣʷʝʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʦʥ ʧʨʦʭʦʜʠʣ ʯʝʨʝʟ ʦʙʘ ʦʢʥʘ ʢʘʤʝʨʳ ʠ ʩʭʦʜʠʣʩʷ ʚ ʩʨʝʜʥʝʡ ʪʦʯʢʝ 
ʧʦʣʦʩʪʠ ʢʘʤʝʨʳ. 

ʏʝʨʝʟ ʙʦʢʦʚʳʝ ʩʪʝʢʣʷʥʥʳʝ ʪʨʫʙʢʠ, ʥʘ ʢʦʪʦʨʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʜʝʚʘʶʪʩʷ ʨʝʟʠʥʦʚʳʝ ʪʨʫʙʢʠ, 
ʚ ʢʘʤʝʨʫ ʚʜʫʚʘʝʪʩʷ ʧʘʧʠʨʦʩʥʳʡ ʜʳʤ ʠʣʠ ʘʤʤʠʘʯʥʳʡ ʪʫʤʘʥ, ʧʦʩʣʝ ʯʝʛʦ ʨʝʟʠʥʦʚʳʝ ʪʨʫʙʢʠ 
ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʟʘʞʠʤʘʤʠ. ʇʝʨʝʜ ʥʘʙʣʶʜʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʚʳʞʜʘʪʴ, ʧʦʢʘ ʥʝ 
ʫʩʧʦʢʦʠʪʩʷ ʪʫʨʙʫʣʝʥʪʥʦʝ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ, ʚʦʟʥʠʢʰʝʝ ʚ ʧʨʦʮʝʩʩʝ ʚʜʫʚʘʥʠʷ. ʅʘʙʣʶʜʝʥʠʝ 
ʥʝʦʙʭʦʜʠʤʦ ʚʝʩʪʠ ʚ ʫʯʘʩʪʢʝ ʩʭʦʞʜʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʣʫʯʘ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʫʜʘʨʘ ʯʘʩʪʠʮ ʚʦʟʜʫʭʘ ʯʘʩʪʠʮʳ 
ʜʳʤʘ ʧʨʠʭʦʜʷʪ ʚ ʙʝʩʧʦʨʷʜʦʯʥʦʝ ʙʨʦʫʥʦʚʩʢʦʝ ʜʚʠʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʤʠʢʨʦʩʢʦʧ. 

  
ɿʘʜʘʥʠʝ 3. ʀʩʧʦʣʴʟʫʷ ʬʦʪʦʩʥʠʤʢʠ ɾ. ʇʝʨʨʝʥʘ, ʜʦʢʘʞʠʪʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʴ ʩʨʝʜʥʝʛʦ 

ʢʚʘʜʨʘʪʘ ʩʤʝʱʝʥʠʷ ʙʨʦʫʥʦʚʩʢʦʡ ʯʘʩʪʠʮʳ ʦʪ ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʝʥʠʷ. ʂʦʧʠʷ ʬʦʪʦʩʥʠʤʢʘ ʨʝʟʫʣʴʪʘʪʦʚ 
ʦʧʳʪʘ ɾ. ɹ. ʇʝʨʨʝʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5. 

  
  
  
  
  
  
  
  
ʈʠʩ. 5. ʊʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ 
ʙʨʦʫʥʦʚʩʢʠʭ ʯʘʩʪʠʮ  ʚ ʦʧʳʪʝ ɾ. ɹ. 

ʇʝʨʨʝʥʘ 
  
ʈʘʩʩʤʦʪʨʠʪʝ ʢʦʧʠʶ ʬʦʪʦʩʥʠʤʢʘ ɾ. ɹ. ʇʝʨʨʝʥʘ (ʨʠʩ. 2), ʥʘ ʢʦʪʦʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʘ çʟʘʧʠʩʴè ʜʚʠʞʝʥʠʷ 
ʪʨʝʭ ʙʨʦʫʥʦʚʩʢʠʭ ʯʘʩʪʠʮ. ɺ ʦʧʳʪʝ ʧʨʝʜʩʪʦʠʪ ʠʩʩʣʝʜʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʘ 
ʧʝʨʝʤʝʱʝʥʠʷ ʙʨʦʫʥʦʚʩʢʠʭ ʯʘʩʪʠʮ ʦʪ ʚʨʝʤʝʥʠ ʠʭ ʜʚʠʞʝʥʠʷ. 
  
ʀʟʤʝʨʴʪʝ ʧʝʨʝʤʝʱʝʥʠʝ ʧʝʨʚʦʡ ʙʨʦʫʥʦʚʩʢʦʡ ʯʘʩʪʠʮʳ ʟʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʨʘʚʥʳʝ ʧʨʦʤʝʞʫʪʢʠ 

ʚʨʝʤʝʥʠ: . ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʟʘʥʝʩʠʪʝ ʚ ʪʘʙʣʠʮʫ 1. ʨʘʩʩʯʠʪʘʡʪʝ ʢʚʘʜʨʘʪ 
ʧʝʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮʳ ʟʘ ʢʘʞʜʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʠ ʩʨʝʜʥʠʡ ʢʚʘʜʨʘʪ ʝʝ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 
ʜʘʥʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ: 

  
  
 

                                                                                                                        ʊʘʙʣʠʮʘ 1 
           ʉʨʝʜʥʠʡ ʢʚʘʜʨʘʪ ʧʝʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮʳ ʟʘ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ 30 c 

  

  

 

  

  

 

ˉ   
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 ʉʚʝʨʭʫ ʥʘ ʬʦʪʦʢʦʧʠʶ ʥʘʣʦʞʠʪʝ ʣʠʩʪ ʢʘʣʴʢʠ. ʅʘ ʢʘʣʴʢʝ ʩʦʝʜʠʥʠʪʝ ʪʦʯʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʯʝʨʝʟ 
ʦʜʥʫ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʠʪʩʷ ʨʠʩʫʥʦʢ, ʠʟʦʙʨʘʞʘʶʱʠʡ ʧʦʣʦʞʝʥʠʝ ʧʝʨʚʦʡ ʙʨʦʫʥʦʚʩʢʦʡ ʯʘʩʪʠʮʳ 
ʪʝʧʝʨʴ ʫʞʝ ʯʝʨʝʟ ʢʘʞʜʳʝ 60 ʩʝʢʫʥʜ. ɺʥʦʚʴ ʠʟʤʝʨʴʪʝ ʧʝʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮʳ ʟʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ 
ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ. ʈʘʩʩʯʠʪʘʡʪʝ ʩʨʝʜʥʠʡ ʢʚʘʜʨʘʪ ʧʝʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮʳ ʚ ʪʝʯʝʥʠʝ ʜʘʥʥʦʛʦ 
ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ. ɼʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʟʘʥʝʩʠʪʝ ʚ ʪʘʙʣʠʮʫ 2. 
                                                                                                                 ʊʘʙʣʠʮʘ 2 
           ʉʨʝʜʥʠʡ ʢʚʘʜʨʘʪ ʧʝʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮʳ ʟʘ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ 60 c 
  

  
  
  
  
  

    
ʅʘ ʠʩʭʦʜʥʫʶ ʬʦʪʦʢʦʧʠʶ ʥʘʣʦʞʠʪʝ ʚʪʦʨʦʡ ʣʠʩʪ ʢʘʣʴʢʠ ʠ ʩʦʝʜʠʥʠʪʝ ʥʘ ʥʝʤ ʪʦʯʢʠ, ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʦʡ, 
ʯʝʨʝʟ ʜʚʝ. ʊʝʧʝʨʴ ʧʦʣʫʯʠʪʩʷ ʨʠʩʫʥʦʢ, ʦʪʦʙʨʘʞʘʶʱʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ ʧʝʨʚʦʡ 
ʙʨʦʫʥʦʚʩʢʦʡ ʯʘʩʪʠʮʳ ʯʝʨʝʟ ʢʘʞʜʳʝ 90 ʩʝʢʫʥʜ. ɺʥʦʚʴ ʠʟʤʝʨʴʪʝ ʧʝʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮʳ ʨʘʩʩʯʠʪʘʡʪʝ 
ʩʨʝʜʥʠʡ ʢʚʘʜʨʘʪ ʝʝ ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʪʝʯʝʥʠʝ ʜʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ. ɼʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ 
ʟʘʥʝʩʠʪʝ ʚ ʪʘʙʣʠʮʫ 3. 
                                                                                                               ʊʘʙʣʠʮʘ 3 
          ʉʨʝʜʥʠʡ ʢʚʘʜʨʘʪ ʧʝʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮʳ ʟʘ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ 90 c 

  
  
  
  
  

                                                                                                                  
ʋʯʠʪʳʚʘʷ ʣʠʥʝʡʥʳʡ ʤʘʩʰʪʘʙ ʚ ʦʧʳʪʘʭ ɾ. ʇʝʨʨʝʥʘ (1150:1), ʦʧʨʝʜʝʣʠʪʝ ʠʩʪʠʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʠʭ 
ʢʚʘʜʨʘʪʦʚ ʧʝʨʝʤʝʱʝʥʠʡ ʧʝʨʚʦʡ ʙʨʦʫʥʦʚʩʢʦʡ ʯʘʩʪʠʮʳ. ɼʘʥʥʳʝ ʨʘʩʯʝʪʦʚ ʟʘʥʝʩʠʪʝ ʚ ʪʘʙʣʠʮʫ 4. 
ʊʘʙʣʠʮʘ 4 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʘ ʧʝʨʝʤʝʱʝʥʠʷ ʧʝʨʚʦʡ ʙʨʦʫʥʦʚʩʢʦʡ ʯʘʩʪʠʮʳ ʦʪ ʚʨʝʤʝʥʠ 
  

  
  
  
  
  
  
  

ʇʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ 4 ʧʦʩʪʨʦʡʪʝ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʘ ʩʤʝʱʝʥʠʷ ʧʝʨʚʦʡ 
ʙʨʦʫʥʦʚʩʢʦʡ ʯʘʩʪʠʮʳ ʦʪ ʚʨʝʤʝʥʠ ʜʚʠʞʝʥʠʷ. 
ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʚʳʚʦʜʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
  
 
 

ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ 11 
 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʕʃɽʂʊʈʀʏɽʉʂʆʁ ʎɽʇʀ ʇʆʉʊʆʗʅʅʆɻʆ ʊʆʂɸ 
 
ʎʝʣʴ ʨʘʙʦʪʳ: ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʚʳʚʦʜʦʚ ʦ ʟʘʚʠʩʠʤʦʩʪʠ 
ʧʦʣʝʟʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʂʇɼ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʦʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʥʝʰʥʝʡ 
ʥʘʛʨʫʟʢʠ ʠ ʩʠʣʳ ʪʦʢʘ ʚ ʮʝʧʠ.  
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ʈʘʩʩʤʦʪʨʠʤ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ʠ ʚʥʝʰʥʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʨʠʩʫʥʦʢ 
9.2). ɽʩʣʠ ʟʘʤʢʥʫʪʴ ʮʝʧʴ, ʪʦ ʧʘʜʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʨʘʩʧʨʝʜʝʣʠʪʩʷ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤ ʠ ʚʥʝʰʥʠʤ 
ʫʯʘʩʪʢʘʤʠ ʮʝʧʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤ: 

)( RrIIRIr ii +=+=e , (9.1) 

ʛʜʝ   
ir  - ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ; 

R- ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʥʝʰʥʝʡ ʮʝʧʠ; 

e ï ʕɼʉ ʠʩʪʦʯʥʠʢʘ. 

ʀʟ ʚʳʨʘʞʝʥʠʷ (9.1) ʩʣʝʜʫʝʪ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʥʝʰʥʝʡ ʮʝʧʠ, ʪʝʤ ʙʦʣʴʰʝ ʧʘʜʝʥʠʝ 
ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʥʝʤ. ʇʦʢʘʟʘʥʠʝ ʚʦʣʴʪʤʝʪʨʘ, ʧʨʠʩʦʝʜʠʥʝʥʥʦʛʦ ʢ ʧʦʣʶʩʘʤ ʠʩʪʦʯʥʠʢʘ, ʧʨʠ ʨʘʟʦʤʢʥʫʪʦʡ 

ʮʝʧʠ ʨʘʚʥʦ 
vU , ʪʘʢ ʢʘʢ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʝʡ ʮʝʧʠ ʩʘʤ ʚʦʣʴʪʤʝʪʨ ʷʚʣʷʝʪʩʷ ʥʘʛʨʫʟʢʦʡ. ɽʩʣʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʣʴʪʤʝʪʨʘ 
vR  ʚʝʣʠʢʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠʩʪʦʯʥʠʢʘ 

ir , ʪʦ ʝʛʦ 

ʧʦʢʘʟʘʥʠʝ ʙʫʜʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʦ ʕɼʉ ʠʩʪʦʯʥʠʢʘ: 

vU  = e ï Iri. 

ʇʨʠ ʧʝʨʝʥʦʩʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ q  ʧʦ ʧʨʦʚʦʜʥʠʢʫ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʩ ʧʦʪʝʥʮʠʘʣʘʤʠ 
Aj  ʠ 

Bj  

ʩʦʚʝʨʰʘʝʪʩʷ ʨʘʙʦʪʘ, ʨʘʚʥʘʷ: 

tUIqA BA ÖÖ=-= )( jj .  (9.2) 

ʄʦʱʥʦʩʪʴ ʪʦʢʘ, ʠʟʤʝʨʷʝʤʘʷ ʨʘʙʦʪʦʡ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʙʫʜʝʪ ʨʘʚʥʘ: 

UI
t

A
P Ö== . (9.3) 

ʀʟ ʟʘʢʦʥʘ ʆʤʘ ʜʣʷ ʦʜʥʦʨʦʜʥʦʛʦ ʫʯʘʩʪʢʘ ʮʝʧʠ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʮʝʧʠ ʨʘʚʥʦ RIU Ö= , 

ʛʜʝ R ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʯʘʩʪʢʘ ʮʝʧʠ. ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʝ ʜʣʷ U  ʚ ʬʦʨʤʫʣʫ ʤʦʱʥʦʩʪʠ, ʧʦʣʫʯʠʤ: 

RIP Ö= 2
. (9.4) 

ʇʦʣʥʘʷ ʤʦʱʥʦʩʪʴ P, ʚʳʜʝʣʷʶʱʘʷʩʷ ʚ ʟʘʤʢʥʫʪʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʨʘʚʥʘ ʩʫʤʤʝ ʤʦʱʥʦʩʪʝʡ ʚʦ 
ʚʥʝʰʥʝʡ 

eP  ʠ ʚʥʫʪʨʝʥʥʝʡ 
iP  ʯʘʩʪʠ ʮʝʧʠ, ʪ.ʝ. 

iie rIRIPPP 22 +=+=  (9.5) 

ʠʣʠ   

)(2

irRIP += = Ie. (9.6) 

ʇʦʣʝʟʥʦʡ ʤʦʱʥʦʩʪʴʶ 
eP  ʥʘʟʳʚʘʝʪʩʷ ʤʦʱʥʦʩʪʴ, ʨʘʟʚʠʚʘʝʤʘʷ ʥʘ  ʚʥʝʰʥʝʤ ʫʯʘʩʪʢʝ ʮʝʧʠ. ʆʥʘ ʤʦʞʝʪ 

ʙʳʪʴ ʥʘʡʜʝʥʘ ʠʟ ʫʨʘʚʥʝʥʠʷ: 
. (9.7) 

ʀʟ ʫʨʘʚʥʝʥʠʷ (9.7) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʣʝʟʥʘʷ ʤʦʱʥʦʩʪʴ 
eP, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʧʨʦʠʟʚʝʜʝʥʠʝʤ 

)( iIrI -e , ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʜʚʫʭ ʩʦʤʥʦʞʠʪʝʣʝʡ: I  ʠ )( iIr-e .  

ʇʦʣʝʟʥʘʷ ʤʦʱʥʦʩʪʴ ʤʦʞʝʪ ʨʘʚʥʷʪʴʩʷ ʥʫʣʶ ʪʦʛʜʘ, ʢʦʛʜʘ ʦʜʠʥ ʠʟ ʩʦʤʥʦʞʠʪʝʣʝʡ ʨʘʚʝʥ ʥʫʣʶ:  

1) 0=I , ʪ.ʝ. ʧʨʠ ʦʯʝʥʴ ʙʦʣʴʰʦʤ ʟʥʘʯʝʥʠʠ ʚʥʝʰʥʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ  

(RÝ¤),  

2) 

ir
I
e
= , ʢʦʛʜʘ ʚʥʝʰʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʚʥʦ ʥʫʣʶ R = 0 (ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ). 

ʇʨʠ ʥʝʢʦʪʦʨʦʡ ʩʠʣʝ ʪʦʢʘ, ʧʨʠʥʠʤʘʶʱʝʡ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʤʝʞʜʫ 0=I  ʠ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʩʠʣʳ ʪʦʢʘ 
maxI , ʤʦʱʥʦʩʪʴ ʚʦ ʚʥʝʰʥʝʡ ʮʝʧʠ ʤʘʢʩʠʤʘʣʴʥʘ. ʏʪʦʙʳ ʥʘʡʪʠ ʩʠʣʫ ʪʦʢʘ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʧʦʣʝʟʥʘʷ ʤʦʱʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ ʥʘʠʙʦʣʴʰʝʛʦ ʟʥʘʯʝʥʠʷ, ʥʫʞʥʦ ʚʟʷʪʴ ʧʨʦʠʟʚʦʜʥʫʶ ʧʦ I  ʦʪ 
ʧʦʣʝʟʥʦʡ ʤʦʱʥʦʩʪʠ, ʚʳʨʘʞʝʥʥʦʡ ʬʦʨʤʫʣʦʡ (9.7), ʠ ʧʨʠʨʘʚʥʷʪʴ ʝʸ ʢ ʥʫʣʶ: 

0)( 2 =-= i
e rII

dI

d

dI

dP
e . 

ʇʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ 02 =- iIre , ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ: 

ir
I

2

e
= . ʕʪʦ ʦʪʥʦʰʝʥʠʝ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʪʦʤ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ (ʩʤ. ʫʨʘʚʥʝʥʠʝ (9.1)) ʚʥʝʰʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʝʧʠ ʙʫʜʝʪ ʨʘʚʥʦ ʚʥʫʪʨʝʥʥʝʤʫ 
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ʩʦʧʨʦʪʠʚʣʝʥʠʶ R =ri. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ )(2 IfPe=  ʠʤʝʝʪ ʚʠʜ ʧʘʨʘʙʦʣʳ (ʨʠʩʫʥʦʢ 9.1), ʯʪʦ 

ʩʣʝʜʫʝʪ ʠʟ ʬʦʨʤʫʣʳ (9.7). 

 
ʈʠʩʫʥʦʢ 9.1. ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʝʟʥʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʪʦʢʘ 
 
ʊʘʢ ʢʘʢ e ï ʕɼʉ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥʥʘ, ʪʦ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʪʦʢʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʷʤʫʶ, ʧʨʦʭʦʜʷʱʫʶ ʯʝʨʝʟ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ: 

IP Ö=e . 

ʂʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ʥʘʟʳʚʘʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʤʦʱʥʦʩʪʠ 
eP , 

ʨʘʟʚʠʚʘʝʤʦʡ ʥʘ ʚʥʝʰʥʝʤ ʫʯʘʩʪʢʝ ʮʝʧʠ, ʢ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ P, ʨʘʟʚʠʚʘʝʤʦʡ ʠʩʪʦʯʥʠʢʦʤ ʪʦʢʘ ʚʦ ʚʩʝʡ 
ʮʝʧʠ: 

ee

e
h iie Ir

I

rII

P

P
-=

Ö

-Ö
== 1

2

 (9.8) 

ʠʣʠ 

e
h

U

IrIR

IR

rIRI

RI

P

P

ii

e =
+

=
+

==
22

2

 = 

rR

R

i
  +

. (9.9) 

ʌʦʨʤʫʣʘ (9.8) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʂʇɼ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʕɼʉ ʠ ʧʦʩʪʦʷʥʥʦʤ ʚʥʫʪʨʝʥʥʝʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʠ 
ir  ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʩʠʣʳ ʪʦʢʘ I , ʧʨʠʯʸʤ ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʣʠʥʝʡʥʘʷ, ʪʘʢ ʢʘʢ I  

ʚʭʦʜʠʪ ʚ ʬʦʨʤʫʣʫ (9.8) ʚ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ, ʠ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ )(3 If=h  ʚʳʨʘʞʘʝʪʩʷ ʧʨʷʤʦʡ 

ʣʠʥʠʝʡ. ʇʨʠ ʩʠʣʝ ʪʦʢʘ, ʙʣʠʟʢʦʡ ʢ ʥʫʣʶ, ʪ.ʝ. ʧʨʠ ʦʯʝʥʴ ʙʦʣʴʰʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʚʥʝʰʥʝʡ ʮʝʧʠ, ʂʇɼ 

ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ 1ºh , ʘ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʩʪʨʝʤʷʱʝʝʩʷ ʢ ʥʫʣʶ, ï 

ʧʨʠ ʚʥʝʰʥʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ, ʨʘʚʥʦʤ ʥʫʣʶ (ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ).  

ʇʨʠ. ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʚʥʝʰʥʝʡ ʮʝʧʠ, ʨʘʚʥʦʤ ʚʥʫʪʨʝʥʥʝʤʫ, 
irR= , ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʙʫʜʝʪ ʨʘʚʝʥ 0,5 (50 %), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʣʝʟʥʦʡ ʤʦʱʥʦʩʪʠ. 
 

ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 
 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʣʝʟʥʦʡ ʤʦʱʥʦʩʪʠ ʠ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ʦʪ ʩʠʣʳ ʪʦʢʘ ʠ ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ: 

)(1 IfP= , )(2 IfPe= , )(3 If=h . 

1. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʢʘʟʘʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʨʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ ʧʦ 
ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 9.2 ʩʭʝʤʝ. 
ɼʣʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ (ʘ ʟʥʘʯʠʪ ʦʛʨʘʥʠʯʝʥʠʷ 
ʪʦʢʘ ʧʨʠ ʤʘʣʦʤ ʚʥʝʰʥʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ) ʚʥʫʪʨʠ ʠʩʪʦʯʥʠʢʘ ʚʤʦʥʪʠʨʦʚʘʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 
ʩʦʧʨʦʪʠʚʣʝʥʠʝ ri. 

ʄʘʢʩʠʤʫʤ ʧʦʣʝʟʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʨʘʚʝʥʩʪʚʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʥʝʰʥʝʛʦ ʫʯʘʩʪʢʘ ʮʝʧʠ R ʠ 

ʚʥʫʪʨʝʥʥʝʛʦ 
ir , ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ R ʠ 

ir  ʙʳʣʠ ʩʨʘʚʥʠʤʳ ʧʦ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥʳ. ɿʥʘʯʝʥʠʝ 

ir  ʫʢʘʟʳʚʘʝʪ ʧʨʝʧʦʜʘʚʘʪʝʣʴ. 
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e ï ʠʩʪʦʯʥʠʢ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʂ ï ʢʣʶʯ, V ï ʚʦʣʴʪʤʝʪʨ, ɸ ï ʘʤʧʝʨʤʝʪʨ, R ï ʤʘʛʘʟʠʥ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ, 
ir  ï ʚʤʦʥʪʠʨʦʚʘʥʥʦʝ ʚʥʫʪʨʠ ʠʩʪʦʯʥʠʢʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʠʣʠ ʤʘʛʘʟʠʥ ʩʦʧʨʦʪʠʚʣʝʥʠʡ). 

ʈʠʩʫʥʦʢ 9.2. ï ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ  

2. ʇʨʠ ʨʘʟʦʤʢʥʫʪʦʤ ʢʣʶʯʝ ʂ ʟʘʧʠʩʘʪʴ ʧʦʢʘʟʘʥʠʝ ʚʦʣʴʪʤʝʪʨʘ. ʕʪʦ ʧʦʢʘʟʘʥʠʝ ʧʨʠʥʷʪʴ ʟʘ ʕɼʉ e¡ 
ʠʩʪʦʯʥʠʢʘ. 
3. ɿʘʤʢʥʫʪʴ ʢʣʶʯ ʂ ʠ ʫʩʪʘʥʦʚʠʪʴ ʥʘ ʤʘʛʘʟʠʥʝ ʪʘʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʯʪʦʙʳ ʪʦʢ ʙʳʣ ʥʘʠʙʦʣʴʰʠʤ. 
ʇʦʢʘʟʘʥʠʷ ʘʤʧʝʨʤʝʪʨʘ ʠ ʚʦʣʴʪʤʝʪʨʘ ʟʘʧʠʩʘʪʴ. 

4. ʉ ʧʦʤʦʱʴʶ ʤʘʛʘʟʠʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʡ R ʨʘʚʥʦʤʝʨʥʦ ʠʟʤʝʥʷʪʴ ʪʦʢ ʦʪ ʥʘʠʙʦʣʴʰʝʛʦ ʜʦ ʥʘʠʤʝʥʴʰʝʛʦ 
ʟʥʘʯʝʥʠʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʙʳʣʦ ʧʦ 5-6 ʟʥʘʯʝʥʠʡ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʚʥʝʰʥʝʡ 

ʮʝʧʠ 
irR>  ʠ 

irR<  (ʚʩʝʛʦ 10ï12 ʟʥʘʯʝʥʠʡ). 

5. ʈʘʟʦʤʢʥʫʪʴ ʢʣʶʯ ʂ  ʠ ʟʘʧʠʩʘʪʴ ʧʦʢʘʟʘʥʠʝ ʚʦʣʴʪʤʝʪʨʘ e¡¡. 

6. ɺʳʯʠʩʣʠʪʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʕɼʉ 
2

ee
e

¡¡+¡
= . 

7. ɺʳʯʠʩʣʠʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʩʠʣʳ ʪʦʢʘ ʧʦʣʥʫʶ ʠ ʧʦʣʝʟʥʫʶ ʤʦʱʥʦʩʪʴ ʧʦ ʬʦʨʤʫʣʘʤ: 

IP Ö=e ,  IUPe= . 

8. ɺʳʯʠʩʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʦ ʬʦʨʤʫʣʝ: 
e

h
U
=  (ʚʳʨʘʟʠʪʴ ʚ ʧʨʦʮʝʥʪʘʭ). 

9. ɿʘʧʦʣʥʠʪʴ ʪʘʙʣʠʮʫ  1. 
ʊʘʙʣʠʮʘ .1 

ˉ ʠʟʤ. R, ʆʤ I , ʤɸ U , ɺ e, ɺ P, ɺʪ Pe, ɺʪ h, % 

1        

é        

10. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ )(1 IfP= , )(2 IfPe= , )(3 If=h  ʥʘ ʦʜʥʦʤ ʨʠʩʫʥʢʝ. ʇʦ ʦʩʠ 

ʘʙʩʮʠʩʩ ʦʪʢʣʘʜʳʚʘʪʴ ʟʥʘʯʝʥʠʷ ʩʠʣʳ ʪʦʢʘ, ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ï ʟʥʘʯʝʥʠʷ P , 
eP , h. 

ʋʢʘʟʘʥʠʷ. ɼʣʷ ʢʘʞʜʦʡ ʚʝʣʠʯʠʥʳ P , 
eP , h ʚʳʙʨʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʘʟʤʝʨʘʤ ʨʠʩʫʥʢʘ ʤʘʩʰʪʘʙ, 

ʦʩʪʘʚʣʷʷ ʤʘʩʰʪʘʙ ʜʣʷ I  ʥʝʠʟʤʝʥʥʳʤ. 
 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 
1. ʇʦʣʝʟʥʘʷ ʠ ʧʦʣʥʘʷ ʤʦʱʥʦʩʪʴ ʮʝʧʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʝʸ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʠʣʳ ʪʦʢʘ, ʚʥʝʰʥʝʛʦ ʠ 
ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɿʘʢʦʥ ɼʞʦʫʣʷ-ʃʝʥʮʘ. 
2. ɿʘʢʦʥ ʆʤʘ ʜʣʷ ʦʜʥʦʨʦʜʥʦʛʦ ʠ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʫʯʘʩʪʢʦʚ ʮʝʧʠ, ʟʘʢʦʥ ʆʤʘ ʜʣʷ ʧʦʣʥʦʡ ʮʝʧʠ. 
3. ʂʇɼ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ, ʝʛʦ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʠʣʳ ʪʦʢʘ, ʚʥʝʰʥʝʛʦ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 
4. ʏʪʦ ʪʘʢʦʝ ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ? 
5. ʇʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʚʳʜʝʣʷʝʪʩʷ ʤʘʢʩʠʤʫʤ ʧʦʣʝʟʥʦʡ ʤʦʱʥʦʩʪʠ? ʂʘʢʦʚʦ ʟʥʘʯʝʥʠʝ ʂʇɼ ʧʨʠ ʵʪʠʭ 
ʫʩʣʦʚʠʷʭ? 

ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ ˉ11  

ʀɿʋʏɽʅʀɽ ʊɽʄʇɽʈɸʊʋʈʅʆʁ ɿɸɺʀʉʀʄʆʉʊʀ ʉʆʇʈʆʊʀɺʃɽʅʀʗ ʇʆʃʋʇʈʆɺʆɼʅʀʂɸ 

ʎʝʣʴ ʨʘʙʦʪʳ: ʀʟʫʯʠʪʴ ʥʘ ʦʧʳʪʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʥʘʫʯʠʪʴʩʷ ʦʙʨʘʱʘʪʴʩʷ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʧʨʠʙʦʨʘʤʠ, ʧʨʠʦʙʨʝʩʪʠ 
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ʥʘʚʳʢʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʈʘʩʯʝʪ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ. 

ʇʨʠʙʦʨʳ ʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ: ʧʝʯʴ, ʪʝʨʤʦʤʝʪʨ, ʧʦʣʫʧʨʦʚʦʜʥʠʢ, ʤʘʛʘʟʠʥ ʩʦʧʨʦʪʠʚʣʝʥʠʡ (ʠʣʠ 
ʤʠʣʠʘʤʧʝʨʤʝʪʨ ʠ ʚʦʣʴʪʤʝʪʨ). 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ 

ʇʦʣʫʧʨʦʚʦʜʥʠʢʠ, ʢʘʢ ʦʩʦʙʳʡ ʢʣʘʩʩ ʚʝʱʝʩʪʚ, ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʝʱʝ ʩ ʢʦʥʮʘ 19 ʚʝʢʘ, ʥʦ ʪʦʣʴʢʦ 
ʨʘʟʚʠʪʠʝ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʧʦʟʚʦʣʠʣʦ ʧʦʥʷʪʴ ʠʭ ʦʩʦʙʝʥʥʦʩʪʠ (30-ʝ ʛʦʜʳ 20 ʚʝʢʘ). ɺ 
ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʝ ʠ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʜʠʦʜʳ ʠ 
ʪʨʘʥʟʠʩʪʦʨʳ, ʠʥʪʝʛʨʘʣʴʥʳʝ ʤʠʢʨʦʩʭʝʤʳ. ʉʦʟʜʘʥʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʣʘʟʝʨʳ, ʦʙʣʘʜʘʶʱʠʝ ʤʘʣʳʤʠ 
ʨʘʟʤʝʨʘʤʠ, ʤʘʣʦʡ ʠʥʝʨʮʠʦʥʥʦʩʪʴʶ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ. 

ʇʦʣʫʧʨʦʚʦʜʥʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʧʨʦʤʝʞʫʪʦʯʥʦʡ 
ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʚʦʜʥʠʢʦʚ (~10

ï7
 ʆʤ ʤ) ʠ ʜʠʵʣʝʢʪʨʠʢʦʚ (~10

8
 ʆʤ ʤ). ɺ 

ʥʘʫʯʥʦʤ ʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʚʝʨʜʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ: Si, 
Ge, Te ʠ ʜʨ. ï ʵʣʝʤʝʥʪʳ IV, V ʠ VI ʛʨʫʧʧ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʄʝʥʜʝʣʝʝʚʘ ʠ ʠʭ ʭʠʤʠʯʝʩʢʠʝ 
ʩʦʝʜʠʥʝʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʘʣʣʦʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ: 

1) ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ;  
2) ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ ʦʙʫʩʣʦʚʣʝʥ ʧʝʨʝʤʝʱʝʥʠʝʤ ʥʝ ʪʦʣʴʢʦ ʩʚʦʙʦʜʥʳʭ, ʥʦ ʠ 
ʩʚʷʟʘʥʥʳʭ (ʩ ʘʪʦʤʘʤʠ) ʵʣʝʢʪʨʦʥʦʚ;  
3) ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʠ ʤʦʞʝʪ ʦʯʝʥʴ ʩʠʣʴʥʦ ʥʘʤʝʥʷʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ 
(ʩʦʪʥʠ ʜʦʣʠ ʧʨʦʮʝʥʪʘ ʠʟʤʝʥʷʶʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʜʝʩʷʪʢʠ ʪʳʩʷʯ ʨʘʟ).  
ʂʣʘʩʩʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʭʦʨʦʰʦ ʦʙʲʷʩʥʷʶʱʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʝʪʘʣʣʦʚ ʚ ʰʠʨʦʢʦʤ 
ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ, ʥʝ ʠ ʩʦʩʪʦʷʥʠʠ ʦʙʲʷʩʥʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. 

ʅʘ ʵʪʠ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʚʦʧʨʦʩʳ ʦʪʚʝʯʘʝʪ ʢʚʘʥʪʦʚʘʷ ʪʝʦʨʠʷ.  
ɹʦʣʴʰʦʡ ʨʘʟʜʝʣ ʢʚʘʥʪʦʚʦʡ ʬʠʟʠʢʠ ʟʘʥʠʤʘʝʪ ʟʦʥʥʘʷ ʪʝʦʨʠʷ ʪʚʝʨʜʳʭ ʪʝʣ. ʇʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʘʪʦʤʦʚ ʚ 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʪʝʣʦ ʩʪʨʫʢʪʫʨʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʵʣʝʢʪʨʦʥʦʚ ʧʨʝʪʝʨʧʝʚʘʝʪ ʚʘʞʥʳʝ 
ʠʟʤʝʥʝʥʠʷ. ʋ ʦʜʠʥʦʯʥʳʭ ʘʪʦʤʦʚ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʵʣʝʤʝʥʪʘ ʵʥʝʨʛʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʨʦʚʥʝʡ ʚ 
ʪʦʯʥʦʩʪʠ ʦʜʠʥʘʢʦʚʘ. 

ʇʨʠ ʩʙʣʠʞʝʥʠʠ N ʘʪʦʤʦʚ ʵʪʠ ʫʨʦʚʥʠ ʨʘʩʱʝʧʣʷʶʪʩʷ ʪʘʢ, ʢʘʢ ʵʪʦ ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 13ʘ, ʠ 
ʦʙʨʘʟʫʶʪ ʩʦʚʦʢʫʧʥʦʩʪʠ N ʫʨʦʚʥʝʡ, ʥʘʟʳʚʘʝʤʳʭ ʟʦʥʘʤʠ (ʦʙʦʟʥʘʯʝʥʳ ʥʘ ʨʠʩ.13 ʮʠʬʨʘʤʠ 1 ʠ 3). 

ʐʠʨʠʥʘ ʟʦʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʘʪʦʤʦʚ ʚ 
ʢʨʠʩʪʘʣʣʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢʦʣʠʯʝʩʪʚʦ ʫʨʦʚʥʝʡ ʚ ʟʦʥʝ ʨʘʚʥʦ ʯʠʩʣʫ ʘʪʦʤʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʪʦʷʥʠʝ 
ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʦʢʘʟʳʚʘʝʪʩʷ ʩʪʦʣʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ, ʯʪʦ ʛʦʚʦʨʠʪʴ ʦ ʧʦʣʦʞʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʫʨʦʚʥʝʡ ʚ 
ʟʦʥʝ ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢʦʣʠʯʝʩʪʚʦ ʫʨʦʚʥʝʡ ʩʦʭʨʘʥʷʝʪ ʚʧʦʣʥʝ ʷʩʥʳʡ ʩʤʳʩʣ, ʪʘʢ ʢʘʢ ʧʨʠ ʩʙʣʠʞʝʥʠʠ 
ʘʪʦʤʦʚ ʯʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ (ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʟʘʥʷʪʴ ʵʪʠ 
ʩʦ-ʩʪʦʷʥʠʷ) ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 
ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʫʨʦʚʥʷʤ. 

ɺ ʤʝʪʘʣʣʘʭ ʵʣʝʢʪʨʦʥʳ ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʷʶʪ ʧʦʩʣʝʜʥʶʶ ʠʟ ʟʘʥʠʤʘʝʤʳʭ ʟʦʥ - ʟʦʥʫ 
ʧʨʦʚʦʜʠʤʦʩʪʠ, ʥʝʟʘʧʦʣʥʝʥʥʳʝ ʫʨʦʚʥʠ ʚ ʥʝʡ ʷʚʣʷʶʪʩʷ ʩʚʦʙʦʜʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ (ʨʠʩ.13ʚ). ɺ 
ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʣʷ ʵʣʝʢʪʨʦʥʳ ʟʦʥʳ ʤʦʛʫʪ ʟʘʥʠʤʘʪʴ ʵʪʠ ʩʦʩʪʦʷʥʠʷ, ʯʪʦ ʨʘʚʥʦʩʠʣʴʥʦ ʧʦʣʫʯʝʥʠʶ 
ʵʣʝʢʪʨʦʥʘʤʠ ʠʤʧʫʣʴʩʘ, ʪ.ʝ. ʢʨʠʩʪʘʣʣ ʧʨʦʚʦʜʠʪ ʪʦʢ. 

ɺ ʠʟʦʣʷʪʦʨʘʭ ʵʣʝʢʪʨʦʥʳ ʜʦʚʝʨʭʫ ʟʘʧʦʣʥʷʶʪ ʧʦʩʣʝʜʥʶʶ ʠʟ ʟʘʥʷʪʳʭ ʟʦʥ 3 (ʚʘʣʝʥʪʥʫʶ ʟʦʥʫ) 
(ʨʠʩ.13ʙ). ʉʣʝʜʫʶʱʘʷ ʨʘʟʨʝʰʝʥʥʘʷ ʟʦʥʘ 1 ʥʝ ʩʦʜʝʨʞʠʪ ʵʣʝʢʪʨʦʥʦʚ. ʐʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 2 

(ʦʙʦʟʥʘʯʘʝʤʘʷ ʢʘʢ ɽg), ʨʘʟʜʝʣʷʶʱʘʷ ʚʘʣʝʥʪʥʫʶ ʟʦʥʫ ʠ ʟʦʥʫ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚʝʣʠʢʘ (ɽg 10 ʵɺ), ʪʘʢ 
ʯʪʦ ʵʣʝʢʪʨʦʥʳ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʤʦʛʫʪ ʯʝʨʝʟ ʥʝʝ "ʧʝʨʝʧʨʳʛʥʫʪʴ". ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ 
ʦʪʩʫʪʩʪʚʫʝʪ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʩʣʘʙʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʠ ʦʜʠʥ ʠʟ ʵʣʝʢʪʨʦʥʦʚ ʟʦʥʳ 3 ʥʝ ʤʦʞʝʪ 
ʠʟʤʝʥʠʪʴ ʩʚʦʝʛʦ ʜʚʠʞʝʥʠʷ, ʪʘʢ ʢʘʢ ʥʝʪ ʙʣʠʟʢʠʭ ʩʚʦʙʦʜʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʚ ʟʦʥʝ. 
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ʘ) ʚʩʣʝʜʩʪʚʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ ʧʨʠ ʠʭ ʩʙʣʠʞʝʥʠʠ ʚ ʢʨʠʩʪʘʣʣʝ (d - ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʘʪʦʤʘʤʠ ʚ ʢʨʠʩʪʘʣʣʝ) ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʦʥ; I - ʟʦʥʘ ʧʨʦʚʦʜʠʤʦʩʪʠ, 2 - 
ʟʘʧʨʝʱʝʥʥʘʷ ʟʦʥʘ, 3 - ʚʘʣʝʥʪʥʘʷ ʟʦʥʘ, 4 - ʫʨʦʚʥʠ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʘʪʦʤʦʚ; ʜʠʘʛʨʘʤʤʳ ʫʨʦʚʥʝʡ ʠ ʠʭ 
ʟʘʧʦʣʥʝʥʠʝ ʵʣʝʢʪʨʦʥʘʤʠ ʚ ʜʠʵʣʝʢʪʨʠʢʝ (ʙ) ʠ ʚ ʤʝʪʘʣʣʝ (ʚ). 

ʂ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤ ʦʪʥʦʩʷʪʩʷ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʷʚʣʷʶʪʩʷ 
ʠʟʦʣ̫ʪʦʨʘʤʠ. ʆʥʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʦʙʳʯʥʳʭ ʠʟʦʣʷʪʦʨʦʚ ʥʝʙʦʣʴʰʦʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 

(ɽg 1 ʵɺ). ʋʞʝ ʧʨʠ ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʝʧʣʦʚʦʝ ʜʚʠʞʝʥʠʝ "ʧʝʨʝʙʨʘʩʳʚʘʝʪ" ʯʘʩʪʴ ʵʣʝʢʪʨʦʥʦʚ 
ʠʟ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʚ ʟʦʥʫ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʚʦʟʥʠʢʘʝʪ ʢʘʢ ʚ ʟʦʥʝ 
ʧʨʦʚʦʜʠʤʦʩʪʠ, ʪʘʢ ʠ ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ. ɺ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʫʶʱʠʤʠ ʪʘʤ 
ʵʣʝʢʪʨʦʥʘʤʠ (ʵʣʝʢʪʨʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ). ɺ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʦʡ ʠʟ-
ʟʘ ʧʦʷʚʣʝʥʠʷ ʩʚʦʙʦʜʥʳʭ ʩʦʩʪʦʷʥʠʝ (ʜʳʨʦʢ), ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʟʘʥʷʪʘ ʵʣʝʢʪʨʦʥʘʤʠ ʟʦʥʳ 
(ʜʳʨʦʯʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ). 

ʅʘʡʜʝʤ ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʦʪ ʝʛʦ ʨʘʟʣʠʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ j ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʧʝʨʝʥʦʩʠʤʳʭ ʟʘʨʷʜʦʚ ʵʣʝʢʪʨʦʥʘʤʠ ʠ "ʜʳʨʢʘʤʠ" ʠ , ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʠ nn, np ʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʠʭ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠ . 

 

ɿʘʨʷʜʳ ʵʣʝʢʪʨʦʥʘ ʠ "ʜʳʨʢʠ" ʨʘʚʥʳ ʧʦ ʚʝʣʠʯʠʥʝ, ʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʧʦ ʟʥʘʢʫ. ʂʦʥʮʝʥʪʨʘʮʠʷ 
ʵʣʝʢʪʨʦʥʦʚ ʚ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʜʳʨʦʢ ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ ʚ ʭʠʤʠʯʝʩʢʠ ʯʠʩʪʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ 
ʨʘʚʥʳ ʜʨʫʛ ʜʨʫʛʫ nn = np.  
ʂʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʯʠʩʣʘ ʠʤʝʶʱʠʭʩʷ 
ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʠʭ ʟʘʧʦʣʥʝʥʠʷ. 
ɺʝʨʦʷʪʥʦʩʪʴ ʟʘʧʦʣʥʝʥʠʷ ʫʨʦʚʥʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʌʝʨʤʠ, ʢʦʪʦʨʘʷ ʜʣʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ 
ʠʤʝʝʪ ʚʠʜ: 

 
ʛʜʝ ɽ - ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʘ ʚ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ; ɛ - ʥʝʢʦʪʦʨʘʷ ʢʦʥʩʪʘʥʪʘ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʚʝʱʝʩʪʚʘ, 
ʥʦʩʷʱʘʷ ʥʘʟʚʘʥʠʝ ʵʥʝʨʛʠʠ ʌʝʨʤʠ; k - ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ; T - ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʘʢ ʢʘʢ 

, ʪʦ ʝʜʠʥʠʮʝʡ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ.  
ʕʥʝʨʛʠʷ ʌʝʨʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʥʝʨʛʠʶ, ʢʦʪʦʨʫʶ ʤʦʛʫʪ ʠʤʝʪʴ ʵʣʝʢʪʨʦʥʳ ʧʨʠ T = 
0 K. ɺ ʯʠʩʪʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ ʵʥʝʨʛʠʷ ʌʝʨʤʠ ɛ ʣʝʞʠʪ ʚʙʣʠʟʠ ʩʝʨʝʜʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (ʨʠʩ.14).  
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ʂʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʙʫʜʝʪ ʨʘʚʥʘ 

 

ʀʟ ʫʨʘʚʥʝʥʠʷ (4ɹ-3) ʚʠʜʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʙʫʜʝʪ ʨʘʩʪʠ ʩ 
ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʈʘʟʥʦʩʪʴ E - ɛ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʨʘʚʥʦʡ ʧʦʣʦʚʠʥʝ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ 
ʟʦʥʳ, ʪ.ʝ. 2(E-ɛ)=Eg. ʊʦʛʜʘ ʬʦʨʤʫʣʘ (4ɹ-3) ʧʨʠʤʝʪ ʚʠʜ: 

 

Eg ʥʘʟʳʚʘʶʪ ʪʘʢʞʝ ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ, ʪ.ʝ. ʵʪʦ ʵʥʝʨʛʠʷ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʙʱʠʪʴ ʵʣʝʢʪʨʦʥʫ, 
ʯʪʦʙʳ ʧʝʨʝʚʝʩʪʠ ʝʛʦ ʠʟ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʚ ʟʦʥʫ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʷʚʣʷʝʪʩʷ 
ʚʘʞʥʝʡʰʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ.  
ʇʦʜʩʪʘʥʦʚʢʘ (4ɹ-4) ʚ (4ɹ-1) ʜʘʝʪ ʚʳʨʘʞʝʥʠʝ: 

 

ʋʜʝʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ɔ ʩʚʷʟʘʥʘ ʩ ʧʣʦʪʥʦʩʪʴʶ ʪʦʢʘ ʟʘʢʦʥʦʤ ʆʤʘ ʚ 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ 

 

ɿʜʝʩʴ , ɟ - ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, - ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʀʟ 
ʚʳʨʘʞʝʥʠʷ (4ɹ-5) ʠ (4ɹ-6) ʥʘʡʜʝʤ ɔ ʠ, ʦʙʦʟʥʘʯʘʷ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʩʝʭ ʧʦʩʪʦʷʥʥʳʭ ʜʣʷ ʜʘʥʥʦʛʦ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʚʝʣʠʯʠʥ , ʧʦʣʫʯʠʤ 
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ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʷʚʣʷʝʪʩʷ ʠʭ ʭʘʨʘʢʪʝʨʥʦʡ 
ʦʩʦʙʝʥʥʦʩʪʴʶ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʘʥʥʦʡ ʪʝʦʨʠʠ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʘʢ: ʩ ʧʦʚʳʰʝʥʠʝʤ 
ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʝʪ ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʳʝ ʚʩʣʝʜʩʪʚʠʝ ʪʝʧʣʦʚʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʧʝʨʝʭʦʜʷʪ ʚ ʟʦʥʫ 
ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʚʦʜʠʤʦʩʪʠ.  
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ R ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, ʢʦʪʦʨʦʝ ʩʚʷʟʘʥʦ 
ʩ ɔ ʬʦʨʤʫʣʦʡ: 

 

ʇʦʜʩʪʘʚʣʷʷ (4ɹ-7) ʚ (4ɹ-8), ʧʦʣʫʯʠʤ 

 

ʛʜʝ - ʧʦʩʪʦʷʥʥʘʷ ʚʝʣʠʯʠʥʘ ʜʣʷ ʜʘʥʥʦʛʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ. ɻʨʘʬʠʢʦʤ ʟʘʚʠʩʠʤʦʩʪʠ 
ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʙʫʜʝʪ ʫʙʳʚʘʶʱʘʷ ʵʢʩʧʦʥʝʥʪʘ, ʢʘʢ ʥʘ ʨʠʩ.16ʘ.  
ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ Eg ʧʨʦʣʦʛʘʨʠʬʤʠʨʫʝʤ ʚʳʨʘʞʝʥʠʝ (4ɹ-9): 

 

ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ (4ɹ-10) ʙʫʜʝʪ ʣʠʥʝʡʥʳʤ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʫʛʣʦʚʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʢʘʢ ʥʘ ʨʠʩ.16ʙ. ʇʦ ʥʘʢʣʦʥʫ ʛʨʘʬʠʢʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʰʠʨʠʥʫ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ: 

 

ʛʜʝ k - ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ (k 1,38 10
-23

 ɼʞ/ʂ). ʊʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʜʚʫʤ 
ʪʦʯʢʘʤ ʥʘ ʛʨʘʬʠʢʝ: 

 

2. ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

1.ʉʦʙʨʘʪʴ ʩʭʝʤʫ ʫʩʪʘʥʦʚʢʠ. 
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Rx - ʠʩʩʣʝʜʫʝʤʳʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢ; ʊ ï ʪʝʨʤʦʤʝʪʨ; ʇ ï ʧʝʯʴ.  
2.ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ.  
3.ɺʢʣʶʯʠʪʴ ʧʝʯʴ ʠ ʧʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʯʝʨʝʟ ʢʘʞʜʳʝ 10Áʉ ʠʟʤʝʨʷʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 
ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ. ʀʟʤʝʨʝʥʠʷ R ʧʨʦʚʝʩʪʠ ʚ ʠʥʪʝʨʚʘʣʝ 20ï100Áʉ.  
ɺʥʠʤʘʥʠʝ: ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʤʘʛʘʟʠʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʤʦʞʝʪ ʙʳʪʴ 
ʠʟʤʝʥʝʥʘ. ɺ ʩʭʝʤʫ ʚʢʣʶʯʝʥʠʷ ʧʨʠʙʦʨʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ, ʧʦʜʩʦʝʜʠʥʷʝʪʩʷ 
ʤʠʣʣʠʘʤʧʝʨʤʝʪʨ ʠ - ʧʘʨʘʣʣʝʣʴʥʦ ï ʚʦʣʴʪʤʝʪʨ. ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʨʠ 
6.0 ɺ. ʊʦʛʜʘ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ R=U/I=6.0/I, I ï ʪʦʢ (ʚ 
ɸʤʧʝʨʘʭ), ʠʟʤʝʨʷʝʤʳʡ ʤʠʣʣʠʘʤʧʝʨʤʝʪʨʦʤ.  

4.ɿʘʧʦʣʥʠʪʴ ʪʘʙʣʠʮʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ (t, R) ʠ ʨʘʩʯʝʪʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ (, lnR, tgŬ, Eg). 

ʊʘʙʣʠʮʘ 7 

ˉ ʦʧʳʪʘ t
ʦ
C T, K 1/T I, A R, ʆʤ lnR tgŬ Eg, ɼʞ Eg, ʵɺ ʇʦʛʨʝʰʥʦʩʪʴ ŭ(ȹE) 

1                     

2                     

3                     

...                     

15                     

 

5.ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ . ʇʦ ʛʨʘʬʠʢʫ ʥʘʡʪʠ , (ʛʜʝ 

).  
6.ʇʦ ʬʦʨʤʫʣʝ (4ɹ-11) ʥʘʡʪʠ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ Eg (ʚ ɼʞ ʠ ʵɺ) (1 ʵɺ=1.6 10

-19
 ɼʞ).  

7.ʉʜʝʣʘʪʴ ʦʮʝʥʢʫ ʧʦʛʨʝʰʥʦʩʪʠ ʚʳʯʠʩʣʝʥʥʦʡ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʧʦ ʚʝʣʠʯʠʥʝ ʨʘʟʙʨʦʩʘ ʪʦʯʝʢ ʦʢʦʣʦ 

ʣʠʥʠʠ ʥʘ ʛʨʘʬʠʢʝ (ʢʘʢ ʥʘ ʨʠʩ.16). ɿʘʧʠʩʘʪʴ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʚ ʚʠʜʝ:  
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3. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1.ʏʪʦ ʧʦʥʠʤʘʪʴ ʧʦʜ ʪʝʨʤʠʥʦʤ "ʜʳʨʢʘ" ʚ ʟʦʥʥʦʡ ʪʝʦʨʠʠ?  
2.ʏʪʦ ʪʘʢʦʝ ʩʦʙʩʪʚʝʥʥʘʷ ʠ ʧʨʠʤʝʩʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ?  
3.ʅʘʯʝʨʪʠʪʝ ʧʨʠʤʝʨʥʳʡ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʭʠʤʠʯʝʩʢʠ ʯʠʩʪʦʛʦ 
ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ.  
4.ʏʪʦ ʪʘʢʦʝ ʵʥʝʨʛʠʷ ʌʝʨʤʠ, ʫʨʦʚʝʥʴ ʌʝʨʤʠ, ʬʫʥʢʮʠʷ ʌʝʨʤʠ?  
5.ʇʦʯʝʤʫ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʜʥʠʢʦʚ ʨʘʩʪʝʪ, ʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 
ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʧʘʜʘʝʪ?  
6.ʏʪʦ ʪʘʢʦʝ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʠ ʢʘʢ ʦʥʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ? 

ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ 12 (1ʯ)  
 

ʀɿʋʏɽʅʀɽ ʗɺʃɽʅʀʗ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʆʁ ʀʅɼʋʂʎʀʀ 
 
 

ʎʝʣʴ ʨʘʙʦʪʳ -ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʷʚʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. 

ʇʨʠʙʦʨʳ: ʤʠʣʣʠʘʤʧʝʨʤʝʪʨ, ʢʘʪʫʰʢʘ-ʤʦʪʦʢ, ʤʘʛʥʠʪ ʜʫʛʦʦʙʨʘʟʥʳʡ, ʤʘʛʥʠʪ ʧʦʣʦʩʦʚʦʡ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ 
 

ɼʚʠʞʫʱʠʝʩʷ ʟʘʨʷʜʳ (ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʪʦʢʠ) ʩʦʟʜʘʶʪ ʚʦʢʨʫʛ ʩʝʙʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ʆʜʥʠʤ ʠʟ ʩʚʦʡʩʪʚ 
ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʦ ʚʳʟʳʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ 
ʥʘ ʜʚʠʞʫʱʠʝʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʟʘʨʷʜʳ, ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʧʨʦʚʦʜʥʠʢʠ ʩ ʪʦʢʦʤ. 

ʉʠʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʣʫʞʠʪ ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ B
C
. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʥʘʛʣʷʜʥʦ ʤʦʞʥʦ ʠʟʦʙʨʘʞʘʪʴ ʛʨʘʬʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, ʧʨʦʚʦʜʠʤʳʭ ʪʘʢʠʤ 
ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʢʘʩʘʪʝʣʴʥʘʷ ʢ ʥʠʤ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʚʧʘʜʘʣʘ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ 

B
C

. 
ʄʘʛʥʠʪʥʳʝ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʯʝʨʝʟ ʢʘʞʜʫʶ ʪʦʯʢʫ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʃʠʥʠʠ ʥʝ 
ʧʝʨʝʩʝʢʘʶʪʩʷ. ɻʫʩʪʦʪʘ ʣʠʥʠʡ, ʧʨʦʭʦʜʷʱʠʭ ʧʦʜ ʧʨʷʤʳʤ ʫʛʣʦʤ ʯʝʨʝʟ ʝʜʠʥʠʮʫ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʤʦʜʫʣʶ ʚʝʢʪʦʨʘ ʠʥʜʫʢʮʠʠ B
C
. ɽʩʣʠ ʚ ʦʜʥʦʨʦʜʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ( )constB=

C
 

ʧʦʤʝʱʝʥʘ ʧʣʦʩʢʘʷ ʧʣʦʱʘʜʢʘ S (ʨʠʩ. 1), ʪʦ ʦʥʘ ʧʨʦʥʠʟʳʚʘʝʪʩʷ 
ʤʘʛʥʠʪʥʳʤʠ ʣʠʥʠʷʤʠ, ʦʙʨʘʟʫʷ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʌ, ʦʧʨʝʜʝʣʷʝʤʳʡ 
ʢʘʢ: 

( ) ScosSSBʌ nÖB=aÖÖB=Ö=
CC

,                                   (1) 

ʛʜʝ a - ʫʛʦʣ, ʦʙʨʘʟʫʝʤʳʡ ʥʦʨʤʘʣʴʶ n
C

 ʧʣʦʱʘʜʢʠ ʩ ʚʝʢʪʦʨʦʤ B
C

; Bn 

ï ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ B
C

 ʥʘ ʥʦʨʤʘʣʴ n
C
. ʄʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʝʩʪʴ 

ʩʢʘʣʷʨʥʘʷ ʚʝʣʠʯʠʥʘ.  

S 

n
C

 

a 

ʈ

ʠʩ. 1 
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ɽʩʣʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʝʦʜʥʦʨʦʜʥʦʝ ( )z,y,xBB
CC
=  ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ S ʥʝ ʧʣʦʩʢʘʷ (ʨʠʩ. 2), ʪʦ ʵʪʫ ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ 

ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʝ ʫʯʘʩʪʢʠ Sd , ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʣʦʩʢʠʝ 

ʧʣʦʱʘʜʢʠ, ʘ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʡ ʧʣʦʱʘʜʢʠ ʢʘʢ ʦʜʥʦʨʦʜʥʦʝ 
ʠ, ʪʦʛʜʘ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʯʝʨʝʟ ʪʘʢʫʶ ʵʣʝʤʝʥʪʘʨʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʚʝʥ: 

SdBdSnBdSʌd n

CCCC
==B= ,                                      (2) 

ʛʜʝ Bn ï ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ B
C

 ʥʘ ʥʦʨʤʘʣʴn
C

; dSnSd Ö=
CC

. 

ʇʦʣʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʯʝʨʝʟ ʚʩʶ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʚʝʥ 

Sdʌ
S

CC
ñB= .                                                  (3) 

ʈʘʟʤʝʨʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʉʀ: []ʊʣɺ=  (ʊʝʩʣʘ), [ʌ]=ɺʙ (ɺʝʙʝʨ), [ ][ ][ ]2ʤ1ʊʣ1ɺʙ1 Ö= .  

ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩʦʟʜʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʪʦʢʘʤʠ. ʉʫʱʝʩʪʚʫʝʪ ʠ ʦʙʨʘʪʥʦʝ ʷʚʣʝʥʠʝ: ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 
ʚʳʟʳʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʦʢʦʚ. ʕʪʦ ʷʚʣʝʥʠʝ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 
ʠʥʜʫʢʮʠʠ, ʠ ʙʳʣʦ ʦʪʢʨʳʪʦ ʄ. ʌʘʨʘʜʝʝʤ ʚ 1831 ʛ. ɺ ʟʘʤʢʥʫʪʦʤ ʧʨʦʚʦʜʷʱʝʤ ʢʦʥʪʫʨʝ ʧʨʠ ʚʩʷʢʦʤ 
ʠʟʤʝʥʝʥʠʠ ʧʦʪʦʢʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ʦʛʨʘʥʠʯʝʥʥʫʶ ʵʪʠʤ ʢʦʥʪʫʨʦʤ, ʚʦʟʥʠʢʘʝʪ 
ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʧʦʣʫʯʠʚʰʠʡ ʥʘʟʚʘʥʠʝ ʠʥʜʫʢʮʠʦʥʥʦʛʦ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ ʌʘʨʘʜʝʷ ʚ ʧʦʩʣʝʜʩʪʚʠʠ 
ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣ ɼʞ. ʄʘʢʩʚʝʣʣ ʠ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʚʦʟʥʠʢʘʶʱʘʷ ʵʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ (ʕɼʉ) 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʙʳʩʪʨʦʪʝ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʯʝʨʝʟ 
ʧʣʦʱʘʜʴ, ʦʛʨʘʥʠʯʝʥʥʫʶ ʢʦʥʪʫʨʦʤ. ʈʦʩʩʠʡʩʢʠʡ ʬʠʟʠʢ ʕ. ʃʝʥʮ ʫʩʪʘʥʦʚʠʣ ʟʘʢʦʥ, ʧʦʟʚʦʣʷʶʱʠʡ 
ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʪʦʢʘ ï ʧʨʘʚʠʣʦ ʃʝʥʮʘ, ʢʦʪʦʨʦʝ ʛʣʘʩʠʪ: ʠʥʜʫʢʮʠʦʥʥʳʡ ʪʦʢ 
ʚʩʝʛʜʘ ʥʘʧʨʘʚʣʝʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʝʛʦ ʜʝʡʩʪʚʠʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʜʝʡʩʪʚʠʶ ʧʨʠʯʠʥʳ, 
ʚʳʟʚʘʚʰʝʡ ʵʪʦʪ ʪʦʢ.  
ɿʘʢʦʥ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ:    

td

dʌ
i -=e .                                                    (4) 

ɿʥʘʢ ç-è ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʘʚʠʣʫ ʃʝʥʮʘ. 
ʊʘʢ ʢʘʢ ʧʦʪʦʢ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1), ʪʦ ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ 
ʪʨʝʤʷ ʩʧʦʩʦʙʘʤʠ: 

1) ʠʟʤʝʥʷʷ ʠʥʜʫʢʮʠʶ ()tBB
CC
= ; 

2) ʠʟʤʝʥʷʷ ʧʣʦʱʘʜʴ ʢʦʥʪʫʨʘ ()tSS= ; 

3) ʠʟʤʝʥʷʷ ʫʛʦʣ ()ta=a . 

 

ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

I. ɺʳʷʩʥʝʥʠʝ ʫʩʣʦʚʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʪʦʢʘ. 
 
1.ʇʦʜʢʣʶʯʠʪʝ ʢʘʪʫʰʢʫ-ʤʦʪʦʢ ʢ ʟʘʞʠʤʘʤ ʤʠʣʣʠʘʤʧʝʨʤʝʪʨʘ.  
2. ʅʘʙʣʶʜʘʷ ʟʘ ʧʦʢʘʟʘʥʠʷʤʠ ʤʠʣʣʠʘʤʧʝʨʤʝʪʨʘ, ʦʪʤʝʪʴʪʝ, ʚʦʟʥʠʢʘʣ ʣʠ ʠʥʜʫʢʮʠʦʥʥʳʡ ʪʦʢ, ʝʩʣʠ: 
1. ʚ ʥʝʧʦʜʚʠʞʥʫʶ ʢʘʪʫʰʢʫ ʚʚʦʜʠʪʴ ʤʘʛʥʠʪ, 
2. ʠʟ ʥʝʧʦʜʚʠʞʥʦʡ ʢʘʪʫʰʢʠ ʚʳʚʦʜʠʪʴ ʤʘʛʥʠʪ,  
3. ʤʘʛʥʠʪ ʨʘʟʤʝʩʪʠʪʴ ʚʥʫʪʨʠ ʢʘʪʫʰʢʠ, ʦʩʪʘʚʣʷʷ ʥʝʧʦʜʚʠʞʥʳʤ. 
      4.  ʚʳʷʩʥʠʪʝ, ʢʘʢ ʠʟʤʝʥʷʣʩʷ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʌ, ʧʨʦʥʠʟʳʚʘʶʱʠʡ ʢʘʪʫʰʢʫ ʚ ʢʘʞʜʦʤ    ʩʣʫʯʘʝ, 
ʩʜʝʣʘʡʪʝ ʚʳʚʦʜ ʦ ʪʦʤ, ʧʨʠ ʢʘʢʦʤ ʫʩʣʦʚʠʠ ʚ ʢʘʪʫʰʢʝ ʚʦʟʥʠʢʘʣ ʠʥʜʫʢʮʠʦʥʥʳʡ ʪʦʢ. 
 
II. ʀʟʫʯʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʪʦʢʘ. 
ʆ ʥʘʧʨʘʚʣʝʥʠʠ ʪʦʢʘ ʚ ʢʘʪʫʰʢʝ ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʪʦʤʫ, ʚ ʢʘʢʫʶ ʩʪʦʨʦʥʫ ʦʪ ʥʫʣʝʚʦʛʦ ʜʝʣʝʥʠʷ 
ʦʪʢʣʦʥʷʝʪʩʷ ʩʪʨʝʣʢʘ ʤʠʣʣʠʘʤʧʝʨʤʝʪʨʘ.  
ʇʨʦʚʝʨʴʪʝ, ʦʜʠʥʘʢʦʚʳʤ ʣʠ ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʪʦʢʘ, ʝʩʣʠ: 
      1.ʚʚʦʜʠʪʴ ʚ ʢʘʪʫʰʢʫ ʠ ʫʜʘʣʷʪʴ ʤʘʛʥʠʪ ʩʝʚʝʨʥʳʤ ʧʦʣʶʩʦʤ; 
      2.ʚʚʦʜʠʪʴ ʤʘʛʥʠʪ ʚ ʢʘʪʫʰʢʫ ʤʘʛʥʠʪ ʩʝʚʝʨʥʳʤ ʧʦʣʶʩʦʤ ʠ ʶʞʥʳʤ ʧʦʣʶʩʦʤ. 
      3.ʚʳʷʩʥʠʪʝ, ʯʪʦ ʠʟʤʝʥʷʣʦʩʴ ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ,  ʩʜʝʣʘʡʪʝ ʚʳʚʦʜ ʦ ʪʦʤ, ʦʪ ʯʝʛʦ ʟʘʚʠʩʠʪ 
ʥʘʧʨʘʚʣʝʥʠʝ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʪʦʢʘ. 
 
III. ʀʟʫʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʪʦʢʘ. 
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      1.ʇʨʠʙʣʠʞʘʡʪʝ ʤʘʛʥʠʪ ʢ ʥʝʧʦʜʚʠʞʥʦʡ ʢʘʪʫʰʢʝ ʤʝʜʣʝʥʥʦ ʠ ʩ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ, ʦʪʤʝʯʘʷ, ʥʘ 
ʩʢʦʣʴʢʦ ʜʝʣʝʥʠʡ (N1, N2) ʦʪʢʣʦʥʷʝʪʩʷ ʩʪʨʝʣʢʘ ʤʠʣʣʠʘʤʧʝʨʤʝʪʨʘ. 
       2. ʇʨʠʙʣʠʞʘʡʪʝ ʤʘʛʥʠʪ ʢ ʢʘʪʫʰʢʝ ʩʝʚʝʨʥʳʤ ʧʦʣʶʩʦʤ. ʆʪʤʝʪʴʪʝ, ʥʘ ʩʢʦʣʴʢʦ ʜʝʣʝʥʠʡ N1 
ʦʪʢʣʦʥʷʝʪʩʷ ʩʪʨʝʣʢʘ ʤʠʣʣʠʘʤʧʝʨʤʝʪʨʘ. 
ʂ ʩʝʚʝʨʥʦʤʫ ʧʦʣʶʩʫ ʜʫʛʦʦʙʨʘʟʥʦʛʦ ʤʘʛʥʠʪʘ ʧʨʠʩʪʘʚʴʪʝ ʩʝʚʝʨʥʳʡ ʧʦʣʶʩ ʧʦʣʦʩʦʚʦʛʦ ʤʘʛʥʠʪʘ. 
ɺʳʷʩʥʠʪʝ, ʥʘ ʩʢʦʣʴʢʦ ʜʝʣʝʥʠʡ N2 ʦʪʢʣʦʥʷʝʪʩʷ ʩʪʨʝʣʢʘ ʤʠʣʣʠʘʤʧʝʨʤʝʪʨʘ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ 
ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʫʭ ʤʘʛʥʠʪʦʚ. 
      3.ɺʳʷʩʥʠʪʝ, ʢʘʢ ʠʟʤʝʥʷʣʩʷ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ. ʉʜʝʣʘʡʪʝ ʚʳʚʦʜ, ʦʪ ʯʝʛʦ ʟʘʚʠʩʠʪ 
ʚʝʣʠʯʠʥʘ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʪʦʢʘ. 
 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 
 

     1.ɺ ʢʘʪʫʰʢʫ ʠʟ ʤʝʜʥʦʛʦ ʧʨʦʚʦʜʘ ʩʥʘʯʘʣʘ ʙʳʩʪʨʦ, ʟʘʪʝʤ ʤʝʜʣʝʥʥʦ ʚʜʚʠʛʘʶʪ ʤʘʛʥʠʪ. ʆʜʠʥʘʢʦʚʳʡ 
ʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʧʨʠ ʵʪʦʤ ʧʝʨʝʥʦʩʠʪʩʷ ʯʝʨʝʟ ʩʝʯʝʥʠʝ ʧʨʦʚʦʜʘ ʢʘʪʫʰʢʠ? 
    2.ɺʦʟʥʠʢʥʝʪ ʣʠ ʠʥʜʫʢʮʠʦʥʥʳʡ ʪʦʢ ʚ ʨʝʟʠʥʦʚʦʤ ʢʦʣʴʮʝ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʥʝʛʦ ʤʘʛʥʠʪʘ? 
    3. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʷʚʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ? 
    4. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʠ ʟʘʧʠʰʠʪʝ ʟʘʢʦʥ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ (ʫʨʘʚʥʝʥʠʝ ʌʘʨʘʜʝʷ). 

 
ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ 12 (2ʯ) 

 
ʀɿʋʏɽʅʀɽ ʉɸʄʆʀʅɼʋʂʎʀʀ ʀ ɺɿɸʀʄʅʆʁ ʀʅɼʋʂʎʀʀ 

 
ʎʝʣʴ ʨʘʙʦʪʳ: ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʷʚʣʝʥʠʷ ʩʘʤʦʠʥʜʫʢʮʠʠ ʠ ʚʟʘʠʤʥʦʡ ʠʥʜʫʢʮʠʠ. 
ʆʧʨʝʜʝʣʝʥʠʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʢʘʪʫʰʢʠ ʠ ʚʟʘʠʤʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʢʦʥʪʫʨʦʚ. 

 
ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ 

 
ɿʘʢʦʥ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ:    

td

dʌ
i -=e .                                                    (4) 

. 
ʊʘʢ ʢʘʢ ʧʦʪʦʢ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1), ʪʦ ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ 
ʪʨʝʤʷ ʩʧʦʩʦʙʘʤʠ: 

4) ʠʟʤʝʥʷʷ ʠʥʜʫʢʮʠʶ ()tBB
CC
= ; 

5) ʠʟʤʝʥʷʷ ʧʣʦʱʘʜʴ ʢʦʥʪʫʨʘ ()tSS= ; 

6) ʠʟʤʝʥʷʷ ʫʛʦʣ ()ta=a . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʟʘʤʢʥʫʪʦʤ ʢʦʥʪʫʨʝ (ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʦʚʦʜʷʱʝʤ) ʚʦʟʥʠʢʘʝʪ ʕɼʉ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ 
i
e ʚ ʣʶʙʦʤ ʠʟ ʫʢʘʟʘʥʥʳʭ ʩʣʫʯʘʝʚ. ʂʨʦʤʝ ʪʦʛʦ, ʝʩʣʠ ʵʪʦʪ ʧʦʪʦʢ ʌ ʩʦʟʜʘʝʪʩʷ ʪʦʢʦʤ I, ʪʝʢʫʱʝʤ 

ʚ ʩʘʤʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʦʚʦʜʷʱʝʤ ʢʦʥʪʫʨʝ, ʪʦ ʠʟʤʝʥʝʥʠʝ ʩʠʣʳ ʪʦʢʘ ʚ ʥʝʤ ʚʳʟʳʚʘʝʪ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʪʦʢ ʚ ʢʦʥʪʫʨʝ. ʕʪʦ ʷʚʣʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʩʘʤʦʠʥʜʫʢʮʠʝʡ, ʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʦʢʠ, 
ʚʳʟʳʚʘʝʤʳʝ ʕɼʉ ʩʘʤʦʠʥʜʫʢʮʠʠ ï ʵʢʩʪʨʘʪʦʢʘʤʠ ʩʘʤʦʠʥʜʫʢʮʠʠ.  

ʄʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ B
C

 ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʧʦʣʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʠʣʝ ʪʦʢʘ I ʚ ʢʦʥʪʫʨʝ. ʇʦʵʪʦʤʫ ʠ 
ʧʦʣʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ (ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝ), ʧʨʦʥʠʟʳʚʘʶʱʠʡ ʢʦʥʪʫʨ, ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʪʦʢʫ: 

IL=y ,                                                     (5) 

ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ L ʥʘʟʳʚʘʝʪʩʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ ʢʦʥʪʫʨʘ. ʀʥʜʫʢʪʠʚʥʦʩʪʴ 
ʢʘʢʦʛʦ ï ʣʠʙʦ ʢʦʥʪʫʨʘ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ, ʘ ʪʘʢʞʝ ʦʪ ʩʚʦʡʩʪʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʉʀ 
ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʚʳʨʘʞʘʝʪʩʷ ʚ ʛʝʥʨʠ (ɻʥ). 
ʇʨʠʤʝʥʷʷ ʢ ʷʚʣʝʥʠʶ ʩʘʤʦʠʥʜʫʢʮʠʠ ʦʩʥʦʚʥʦʡ ʟʘʢʦʥ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, ʧʦʣʫʯʘʝʤ ʜʣʷ ʕɼʉ 
ʩʘʤʦʠʥʜʫʢʮʠʠ ʚʳʨʘʞʝʥʠʝ:  

()
ö
÷

õ
æ
ç

å
+-=-=e

dt

Ld
I

dt

Id
L

dt

LId
S .                                   (6) 

ɽʩʣʠ ʠʥʜʫʢʪʠʚʥʦʩʪʴ L ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʦʢʘ, ʘ ʵʪʦ ʚʦʟʤʦʞʥʦ, ʝʩʣʠ: 
                 ʘ) ʢʦʥʪʫʨ ʞʝʩʪʢʠʡ, ʪ. ʝ. ʥʝ ʜʝʬʦʨʤʠʨʫʝʪʩʷ, 
                 ʙ) ʚʙʣʠʟʠ ʢʦʥʪʫʨʘ ʥʝʪ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ, 
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ʪʦʛʜʘ:                                   0Ld =  ʠ 
td

Id
LS -=e .                                           (7) 

ʂʘʢ ʚʠʜʥʦ, ʕɼʉ ʩʘʤʦʠʥʜʫʢʮʠʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʙʳʩʪʨʦʪʝ ʠʟʤʝʥʝʥʠʷ ʪʦʢʘ. ʕʢʩʪʨʘʪʦʢʠ ʩʘʤʦʠʥʜʫʢʮʠʠ, 
ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʃʝʥʮʘ ʚʩʝʛʜʘ ʧʨʝʧʷʪʩʪʚʫʶʪ ʠʟʤʝʥʝʥʠʷʤ ʪʦʢʘ, ʠʭ ʚʳʟʚʘʚʰʠʭ. ʇʨʠ ʚʢʣʶʯʝʥʠʠ 
ʚ ʮʝʧʴ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ʵʢʩʪʨʘʪʦʢʠ ʥʘʧʨʘʚʣʝʥʳ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʪʦʢʫ, ʩʦʟʜʘʚʘʝʤʦʤʫ ʠʩʪʦʯʥʠʢʦʤ, ʪ. ʝ. 
ʦʥʠ ʧʨʝʧʷʪʩʪʚʫʶʪ ʥʘʨʘʩʪʘʥʠʶ ʪʦʢʘ. ʇʨʠ ʚʳʢʣʶʯʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ʵʢʩʪʨʘʪʦʢʠ ʧʦʜʜʝʨʞʠʚʘʶʪ 
ʦʩʣʘʙʝʚʘʶʱʠʡ ʪʦʢ ʠʩʪʦʯʥʠʢʘ.  

ʈʘʩʩʤʦʪʨʠʤ ʮʝʧʴ (ʨʠʩ. 3), ʩʦʜʝʨʞʘʱʫʶ ʠʩʪʦʯʥʠʢ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ ʕɼʉ e, ʩʦʧʨʦʪʠʚʣʝʥʠʝ r, ʠʥʜʫʢʪʠʚʥʦʩʪʴ L, 
ʠ ʧʝʨʝʢʣʶʯʘʪʝʣʴ ʇ. 
ɿʘʤʢʥʝʤ ʧʝʨʝʢʣʶʯʘʪʝʣʴ ʇ ʚ ʧʦʣʦʞʝʥʠʠ 1, ʪʝʤ ʩʘʤʳʤ 
ʚʢʣʶʯʠʚ ʚ ʮʝʧʴ ʧʦʩʪʦʷʥʥʫʶ ʕɼʉ. ɺ ʮʝʧʠ ʥʘʯʥʝʪ ʥʘʨʘʩʪʘʪʴ 

ʪʦʢ I ʠ ʥʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʚʦʟʥʠʢʥʝʪ ʕɼʉ ʩʘʤʦʠʥʜʫʢʮʠʠ eS, 
ʪʦʛʜʘ ʧʦ ʟʘʢʦʥʫ ʆʤʘ ʜʣʷ ʟʘʤʢʥʫʪʦʡ ʮʝʧʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

td

Id
LrI S -e=e+e= .                                          (8) 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 
ʨʘʟʜʝʣʠʤ ʧʝʨʝʤʝʥʥʳʝ ʠ ʟʘʪʝʤ ʧʨʦʠʥʪʝʛʨʠʨʫʝʤ, ʫʯʠʪʳʚʘʷ, 
ʯʪʦ ʚ ʤʦʤʝʥʪ ʚʢʣʶʯʝʥʠʷ (t=0) ʩʠʣʘ ʪʦʢʘ I(0)=0, ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʨʝʰʝʥʠʷ ʧʦʣʫʯʠʤ ʟʘʢʦʥ ʚʦʟʨʘʩʪʘʥʠʷ ʪʦʢʘ: 

ö
ö

÷

õ

æ
æ

ç

å
-=

ö
ö

÷

õ

æ
æ

ç

å
-

e
=

--
L

tr

m
L

tr

e1Ie1
r

I .                                    (9) 

ʉʠʣʘ ʪʦʢʘ ʚʦʟʨʘʩʪʘʝʪ ʦʪ 0 ʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʩʪʨʝʤʠʪʩʷ ʢ ʫʩʪʘʥʦʚʠʚʰʝ- 

ʤʫʩʷ ʟʥʘʯʝʥʠʶ 
r

I m

e
=  (ʨʠʩ. 4). 

ʃʶʙʘʷ ʢʘʪʫʰʢʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʦʝ 
ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ r. ɽʩʣʠ ʠʟʤʝʨʠʪʴ 
ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ ʟʥʘʯʝʥʠʝ ʩʠʣʳ ʪʦʢʘ ʚ ʮʝʧʠ ʢʘʪʫʰʢʠ 
ʠ ʥʘʧʨʷʞʝʥʠʷ U_ ʥʘ ʝʝ ʢʦʥʮʘʭ (ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʘ ʠ ʙ, 
ʨʠʩ. 3), ʪʦʛʜʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ r ʧʦ 
ʬʦʨʤʫʣʝ: 

mI

_U
r= ,                                                   (10) 

ʛʜʝ U_ - ʥʘʧʨʷʞʝʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʘ ʢʦʥʮʘʭ 
ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ; 
Im ï ʩʠʣʘ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 
ɽʩʣʠ ʟʘʤʢʥʫʪʴ ʧʝʨʝʢʣʶʯʘʪʝʣʴ ʇ ʚ ʧʦʣʦʞʝʥʠʠ 2 (ʩʤ. 

ʨʠʩ. 3) ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʜʘʪʴ ʧʝʨʝʤʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩ ʮʠʢʣʠʯʝʩʢʦʡ ʯʘʩʪʦʪʦʡ pn=w 2 : 

tcosUU
m
w=  

ʥʘ ʢʦʥʮʳ ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ L, ʪʦ ʚ ʮʝʧʠ ʚʦʟʥʠʢʥʫʪ ʚʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʪʦʡ ʞʝ ʯʘʩʪʦʪʳ w. ɺ 
ʵʪʦʤ ʩʣʫʯʘʝ ʬʦʨʤʫʣʘ (8) ʧʨʠʤʝʪ ʚʠʜ: 

tcosU
td

Id
LrI m w+-= . 

ʈʝʰʝʥʠʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʘʝʪ ʜʣʷ ʩʠʣʳ ʪʦʢʘ ʚ ʢʦʥʪʫʨʝ:  

( )j-w= tcosII m ,                                           (11) 

ʛʜʝ Im ï ʘʤʧʣʠʪʫʜʘ ʪʦʢʘ ʨʘʚʥʘʷ: 

( )22

m
m

LR

U
I

w+
= .                                           (12) 

ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʫʨʘʚʥʝʥʠʶ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʢʦʥʪʫʨʘ L. ɼʣʷ ʵʪʦʛʦ ʫʯʪʝʤ, ʯʪʦ 
ʘʤʧʣʠʪʫʜʥʳʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ ʪʦʢʘ Im ʠ ʥʘʧʨʷʞʝʥʠʷ Um ʩʚʷʟʘʥʳ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ I~ ʠ U~, 
ʠʟʤʝʨʷʝʤʳʝ ʧʨʠʙʦʨʘʤʠ  

ʘ 

1 

2 ʇ 

e 

L r ʙ 

ʈʠʩ. 3 

n 
~ 

I 

I

m 

t 
ʈʠʩ. 4 0 
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ʩʦʦʪʥʦʰʝʥʠʷʤʠ:  

2II
~m

=    ʠ   2UU
~m

= ,                                (13) 

ʪʦʛʜʘ: 

( )

~

2

~

2

~

I2

rIU
L

pn

-
= .                                           (14) 

ʇʦʜʩʪʘʚʠʤ (11) ʚ (7) ʠ ʦʧʨʝʜʝʣʠʤ ʕɼʉ ʩʘʤʦʠʥʜʫʢʮʠʠ: 

( ) ( )j-we=j-ww=e tcostcosIL mmS . 

ʇʝʨʝʭʦʜʷ ʦʪ ʘʤʧʣʠʪʫʜʥʳʭ ʟʥʘʯʝʥʠʡ ʢ ʜʝʡʩʪʚʫʶʱʠʤ ʟʥʘʯʝʥʠʷʤ, ʠʤʝʝʤ: 

( )2~
2
~~~ʵʬ,S rIULI2IL -=pn=w=e .                          (15) 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʜʚʘ ʢʦʥʪʫʨʘ ʩ ʪʦʢʦʤ, ʥʘʧʨʠʤʝʨ, ʜʚʘ ʢʨʫʛʦʚʳʭ ʚʠʪʢʘ 1 ʠ 2 (ʨʠʩ.5) ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ 
ʯʘʩʪʴ ʣʠʥʠʡ (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʢʦʥʪʫʨʦʤ 1, ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ 
ʯʝʨʝʟ ʢʦʥʪʫʨ 2, ʪ.ʝ. ʙʫʜʝʪ ʩʮʝʧʣʝʥʘ ʩ ʵʪʠʤ ʢʦʥʪʫʨʦʤ. ʀ, ʦʙʨʘʪʥʦ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʯʠʩʣʦ ʣʠʥʠʡ 
ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ (ʧʨʝʨʳʚʠʩʪʳʝ ʣʠʥʠʠ) ʩʦʟʜʘʚʘʝʤʳʭ ʢʦʥʪʫʨʦʤ 2, ʙʫʜʝʪ ʩʮʝʧʣʝʥʦ ʩ ʢʦʥʪʫʨʦʤ 1. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʛʦʚʦʨʷʪ, ʯʪʦ ʤʝʞʜʫ ʦʙʦʠʤʠ 
ʢʦʥʪʫʨʘʤʠ ʩʫʱʝʩʪʚʫʝʪ ʤʘʛʥʠʪʥʘʷ ʩʚʷʟʴ. 
ʀʥʜʫʢʮʠʷ ʧʦʣʷ ʢʦʥʪʫʨʘ 1 ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʠʣʝ 
ʪʦʢʘ I1 ʚ ʵʪʦʤ ʢʦʥʪʫʨʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʥʳʡ 

ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ y12 ʯʝʨʝʟ ʢʦʥʪʫʨ 2, ʩʦʟʜʘʚʘʝʤʳʡ 
ʢʦʥʪʫʨʦʤ 1, ʪʘʢʞʝ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʪʦʢʫ I1:              

11212 IL=y .                (16) 

ʉʦʚʝʨʰʝʥʥʦ ʪʘʢʞʝ, ʝʩʣʠ ʚ ʢʦʥʪʫʨʝ 2 ʠʤʝʝʪʩʷ ʪʦʢ 

I2, ʪʦ ʦʥ ʩʦʟʜʘʝʪ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ y21 ʯʝʨʝʟ ʢʦʥʪʫʨ 
1, ʧʨʠʯʝʤ: 

22121 IL=y .                                              (17) 

ʂʦʵʬʬʠʮʠʝʥʪʳ L12, L21 ʥʘʟʳʚʘʶʪʩʷ ʚʟʘʠʤʥʦʡ 
ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ ʢʦʥʪʫʨʦʚ.  

ɺʟʘʠʤʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʢʦʥʪʫʨʦʚ ʠ ʦʪ ʠʭ 
 ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʪ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʦʪʩʫʪʩʪʚʠʠ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ L12=L21. 
ʅʘʣʠʯʠʝ ʤʘʛʥʠʪʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʥʪʫʨʘʤʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʚʩʷʢʦʤ ʠʟʤʝʥʝʥʠʠ ʩʠʣʳ ʪʦʢʘ ʚ 
ʦʜʥʦʤ ʠʟ ʢʦʥʪʫʨʦʚ, ʚ ʜʨʫʛʦʤ ʢʦʥʪʫʨʝ ʧʦʷʚʣʷʝʪʩʷ ʕɼʉ ʠʥʜʫʢʮʠʠ: 

td

Id
L

td

d 1
12

12
2 -=

y
-=e ;   

td

Id
L

dt

d 2
21

21
1 -=

y
-=e ,                   (18) 

ʛʜʝ e2 ï ʕɼʉ ʠʥʜʫʢʮʠʠ, ʚʦʟʥʠʢʘʶʱʘʷ ʚ ʢʦʥʪʫʨʝ 2, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʦʢʘ I1 ʚ 1ïʦʤ ʢʦʥʪʫʨʝ; e1 ï ʕɼʉ 
ʠʥʜʫʢʮʠʠ, ʚʦʟʥʠʢʘʶʱʘʷ ʚ ʢʦʥʪʫʨʝ 1, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʦʢʘ I2 ʚʦ 2ïʦʤ ʢʦʥʪʫʨʝ. 
ʇʫʩʪʴ ʩʠʣʘ ʪʦʢʘ ʚ 1-ʦʤ ʢʦʥʪʫʨʝ ʤʝʥʷʝʪʩʷ ʧʦ ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ  

tsinII 1m1 w= .                                             (19) 

ʇʦʜʩʪʘʚʣʷʷ (19) ʚ (18) ʧʦʣʫʯʘʝʤ 

tcostcosIL m21m122 we-=ww-=e .                            (20) 

ɽʩʣʠ ʢʦʥʪʫʨ 2 ʨʘʟʦʤʢʥʫʪʴ, ʪʦ ʥʘʧʨʷʞʝʥʠʝ U2 ʥʘ ʝʛʦ ʢʦʥʮʘʭ ʙʫʜʝʪ ʨʘʚʥʦ ʕɼʉ e2. ʇʝʨʝʭʦʜʷ ʦʪ 
ʘʤʧʣʠʪʫʜʥʳʭ ʟʥʘʯʝʥʠʡ Um2 ʠ Um1 ʢ ʜʝʡʩʪʚʫʶʱʠʤ (ʵʬʬʝʢʪʠʚʥʳʤ) ʟʥʘʯʝʥʠʷʤ U2~ ʠ U1~ ʥʘʧʨʷʞʝʥʠʷ ʠ 
ʩʠʣʳ ʪʦʢʘ ʧʦʣʫʯʘʝʤ: 

~1

~2

~1

~2
12
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w
= ,                                         (21) 
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pn
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w
= .                                        (22) 

3. ʆʧʠʩʘʥʠʝ ʫʩʪʘʥʦʚʢʠ 
 
ʋʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ: 
1) ʟʚʫʢʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ (3ɻ) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʜʘʚʘʝʤʦʛʦ ʚ ʮʝʧʴ ʩ 
ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ; 
2) ʚʦʣʴʪʤʝʪʨʘ (V); 
3) ʤʠʣʣʠʘʤʧʝʨʤʝʪʨʘ (mɸ). 

1B
C

1 2 

ʈʠʩ. 5 
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4. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʷʚʣʝʥʠʷ ʩʘʤʦʠʥʜʫʢʮʠʠ ʩʦʩʪʘʚʣʷʝʪʩʷ ʮʝʧʴ (ʨʠʩ 6), ʩʦʜʝʨʞʘʱʘʷ ʢʘʪʫʰʢʫ 
ʠʥʜʫʢʪʠʚʥʦʩʪʠ L ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ r, ʨʝʦʩʪʘʪ R14, ʠʩʪʦʯʥʠʢ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ G4 (8 ɺ), ʠʩʪʦʯʥʠʢ 
ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (3ɻ), ʧʝʨʝʢʣʶʯʘʪʝʣʴ S3, ʤʠʣʣʠʘʤʧʝʨʤʝʪʨʘ mɸ ʠ ʚʦʣʴʪʤʝʪʨ V. 
ʇʝʨʝʢʣʶʯʘʪʝʣʝʤ S3 ʤʦʞʥʦ ʧʦʜʢʣʶʯʘʪʴ ʣʠʙʦ ʠʩʪʦʯʥʠʢ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ G4, ʣʠʙʦ ʠʩʪʦʯʥʠʢ 
ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 3ɻ. ʇʝʨʝʢʣʶʯʘʪʝʣʝʤ S3 ʧʦʜʢʣʶʯʘʝʪʩʷ ʠʩʪʦʯʥʠʢ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ G4 ʢ 
ʢʘʪʫʰʢʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ L. ʀʟʤʝʨʷʷ, ʩ ʧʦʤʦʱʴʶ ʤʠʣʣʠʘʤʧʝʨʤʝʪʨʘ mA ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ ʟʥʘʯʝʥʠʝ ʩʠʣʳ 
ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ Im ʚ ʮʝʧʠ ʢʘʪʫʰʢʠ L ʠ ʥʘʧʨʷʞʝʥʠʷ U_ (ʩ ʧʦʤʦʱʴʶ ʚʦʣʴʪʤʝʪʨʘ V) ʥʘ ʝʝ ʢʦʥʮʘʭ, 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ r ʧʦ ʬʦʨʤʫʣʝ (10). 

       ɿʘʪʝʤ ʧʝʨʝʢʣʶʯʘʪʝʣʝʤ S3 ʧʦʜʢʣʶʯʘʝʪʩʷ ʠʩʪʦʯʥʠʢ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ (3ɻ) ʢ ʢʘʪʫʰʢʝ L. 
ʀʟʤʝʨʷʷ, ʵʬʬʝʢʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ ʩʠʣʳ ʪʦʢʘ I~ ʚ ʮʝʧʠ ʢʘʪʫʰʢʠ L ʠ ʥʘʧʨʷʞʝʥʠʷ U~ ʥʘ ʝʝ ʢʦʥʮʘʭ, 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʢʘʪʫʰʢʠ L ʧʦ ʬʦʨʤʫʣʝ (4) ʠ ʕɼʉ ʩʘʤʦʠʥʜʫʢʮʠʠ eS ʧʦ ʬʦʨʤʫʣʝ (15). 
       ɼʣʷ ʠʟʫʯʝʥʠʷ ʷʚʣʝʥʠʷ ʚʟʘʠʤʥʦʡ ʠʥʜʫʢʮʠʠ ʚʤʝʩʪʦ ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ L ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʪʦʨʦʠʜʘʣʴʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ (ʊʨ), ʧʝʨʚʠʯʥʘʷ ʦʙʤʦʪʢʘ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ ʠʥʜʫʢʪʠʚʥʦʩʪʴ Lʊ1, ʘ 
ʚʪʦʨʠʯʥʘʷ ʦʙʤʦʪʢʘ ʠʤʝʝʪ ʠʥʜʫʢʪʠʚʥʦʩʪʴ Lʊ2 (ʨʠʩ. 7), ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʠʩʪʦʯʥʠʢ 
ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ (3ɻ). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʟʘʠʤʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ L21 ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʠʩ. 7. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʟʘʠʤʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ L12 ʦʙʤʦʪʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 
ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ ʚ ʩʭʝʤʝ ʧʦʜʢʣʶʯʝʥʠʷ. 
 

 
 

 
5. ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʠ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ 

1) ɼʣʷ ʠʟʫʯʝʥʠʷ ʷʚʣʝʥʠʷ ʩʘʤʦʠʥʜʫʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʨʘʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʩʭʝʤʫ (ʨʠʩ. 6). 

2) ɺʢʣʶʯʠʪʴ ʚ ʩʝʪʴ ʟʚʫʢʦʚʦʡ ʛʝʥʝʨʘʪʦʨ (3ɻ) ʠ ʧʨʦʛʨʝʪʴ ʝʛʦ 2 ï 3 ʤʠʥ. ʋʩʪʘʥʦʚʠʪʴ ʯʘʩʪʦʪʫ n=50 ɻʮ. 
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3) ʋʩʪʘʥʦʚʠʪʴ ʥʘ ʚʦʣʴʪʤʝʪʨʝ ʧʨʝʜʝʣ ʠʟʤʝʨʝʥʠʷ 20 ɺ ʩ ʫʯʝʪʦʤ ʨʦʜʘ ʪʦʢʘ: ʧʝʨʝʤʝʥʥʳʡ ç~è: 
ʧʦʩʪʦʷʥʥʳʡ ç-è. 
 ʋʩʪʘʥʦʚʠʪʴ ʥʘ ʤʠʣʣʠʘʤʧʝʨʤʝʪʨʝ ʧʨʝʜʝʣ ʠʟʤʝʨʝʥʠʷ 150 ʤɸ ʩ ʫʯʝʪʦʤ ʨʦʜʘ ʪʦʢʘ (~ ʠʣʠ -). 
4) ʇʦʜʢʣʶʯʠʪʴ ʧʝʨʝʢʣʶʯʘʪʝʣʝʤ S3 ʠʩʩʣʝʜʫʝʤʫʶ ʮʝʧʴ ʢ ʠʩʪʦʯʥʠʢʫ ʧʦʩ- 
ʪʦʷʥʥʦʛʦ ʪʦʢʘ G4. 
5) ʋʩʪʘʥʦʚʠʪʴ ʨʝʦʩʪʘʪʦʤ R14 ʚ ʮʝʧʠ ʢʘʪʫʰʢʠ L ʪʦʢ I, ʨʘʚʥʳʡ 50 ʤɸ ʠʣʠ ʫʤʝʥʴʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 
ʩʦʛʣʘʩʥʦ ʧ.12, ʠ ʟʘʧʠʩʘʪʴ ʚ ʪʘʙʣʠʮʫ 1. 
6) ʀʟʤʝʨʠʪʴ ʚʦʣʴʪʤʝʪʨʦʤ ʥʘʧʨʷʞʝʥʠʝ U_, ʟʘʥʝʩʪʠ ʚ ʪʘʙʣʠʮʫ 1. 
7) ʇʝʨʝʢʣʶʯʘʪʝʣʝʤ S3 ʧʦʜʢʣʶʯʠʪʴ ʠʩʪʦʯʥʠʢ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ (3ɻ). 
8) ʋʩʪʘʥʦʚʠʪ ʨʝʦʩʪʘʪʦʤ ʟʥʘʯʝʥʠʝ ʪʦʢʘ 50 ʤɸ, ʠʣʠ ʫʤʝʥʴʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʛʣʘʩʥʦ ʧ.12, ʠ ʟʘʧʠʩʘʪʴ ʚ 
ʪʘʙʣʠʮʫ 1.  
9) ʉʥʷʪʴ ʧʦʢʘʟʘʥʠʷ ʚʦʣʴʪʤʝʪʨʘ U~, ʠ ʟʘʧʠʩʘʪʴ ʚ ʪʘʙʣʠʮʫ 1. 
10) ʇʦ ʬʦʨʤʫʣʝ (10) ʨʘʩʩʯʠʪʘʪʴ ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ r ʢʘʪʫʰʢʠ ʠ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣʠʮʫ 1. 
11) ʇʦ ʬʦʨʤʫʣʘʤ (14) ʠ (15) ʨʘʩʩʯʠʪʘʪʴ ʚʝʣʠʯʠʥʫ L ʠ ʕɼʉ ʩʘʤʦʠʥʜʫʢʮʠʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʚ ʢʘʪʫʰʢʝ, 
ʨʝʟʫʣʴʪʘʪʳ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣʠʮʫ 1. 
12) ʇʦʚʪʦʨʠʪʴ ʧ.ʧ. 3,é,12, ʫʤʝʥʴʰʘʷ ʪʦʢ I ʢʘʞʜʳʡ ʨʘʟ ʥʘ 5 ʤɸ, ʚʧʣʦʪʴ ʜʦ 30 ʤɸ. 
13) ɼʣʷ ʠʟʫʯʝʥʠʷ ʷʚʣʝʥʠʷ ʚʟʘʠʤʥʦʡ ʠʥʜʫʢʮʠʠ ʩʦʙʨʘʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʩʭʝʤʫ ʩʦʛʣʘʩʥʦ ʨʠʩ. 7, 
ʟʘʤʝʥʠʚ ʢʘʪʫʰʢʫ ʠʥʜʫʢʪʠʚʥʦʩʪʠ L ʥʘ ʠʥʜʫʢʪʠʚʥʦʩʪʴ Lʊ1 ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʠ ʪʦʨʦʠʜʘ, ʧʨʠ ʵʪʦʤ 
ʩʦʝʜʠʥʠʚ ʚʦʣʴʪʤʝʪʨ V ʩ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʦʡ Lʊ2 ʪʦʨʦʠʜʘ. 
14) ʋʩʪʘʥʦʚʠʪʴ ʥʘ ʚʦʣʴʪʤʝʪʨʝ ʧʨʝʜʝʣ ʠʟʤʝʨʝʥʠʷ 20 ɺ ʜʣʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 
15) ʋʩʪʘʥʦʚʠʪʴ ʥʘ ʤʠʣʣʠʘʤʧʝʨʤʝʪʨʝ ʧʨʝʜʝʣ ʠʟʤʝʨʝʥʠʷ 150 ʤɸ ʜʣʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 
16) ʇʦʜʢʣʶʯʠʪʴ ʧʝʨʝʢʣʶʯʘʪʝʣʝʤ S3 ʧʝʨʚʠʯʥʫʶ ʦʙʤʦʪʢʫ ʪʦʨʦʠʜʘ ʢ ʠʩʪʦʯʥʠʢʫ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 
17) ʋʩʪʘʥʦʚʠʪʴ ʨʝʦʩʪʘʪʦʤ ʚ ʮʝʧʠ ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʠ ʪʦʢ I1~ - 50 ʤɸ, ʠʣʠ ʫʤʝʥʴʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 
ʩʦʛʣʘʩʥʦ ʧ.20 ʠ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣʠʮʫ 2. 
18) ʀʟʤʝʨʠʪʴ ʥʘʧʨʷʞʝʥʠʝ ʚʦʣʴʪʤʝʪʨʦʤ ʥʘ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʠ U2~ ʠ ʟʥʘʯʝʥʠʝ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣʠʮʫ 2. 

19) ʈʘʩʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ L21 ʧʦ ʬʦʨʤʫʣʝ 
np

=
1

~2
21

I2

U
L  ʠ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣʠʮʫ 2. 

20) ʇʦʚʪʦʨʠʪʴ ʧ.ʧ. 17,é,19 ʫʤʝʥʴʰʘʷ ʪʦʢ I ʥʘ 5 ʤɸ ʢʘʞʜʳʡ ʨʘʟ ʚʧʣʦʪʴ ʜʦ 30 ʤɸ. 
21) ʇʦʤʝʥʷʪʴ ʤʝʩʪʘʤʠ ʦʙʤʦʪʢʠ ʪʦʨʦʠʜʘ ʠ ʧʦʚʪʦʨʠʪʴ ʧ.ʧ. 17,é,20, ʧʨʠ ʵʪʦʤ ʚʤʝʩʪʦ I1~ ʙʫʜʝʪ I2~, 

ʚʤʝʩʪʦ U2~  ʙʫʜʝʪ U1~, ʚʤʝʩʪʦ L21 ʙʫʜʝʪ 
np

=
2

~1
12

I2

U
L . 

ʊʘʙʣʠʮʘ 1 

ˉ I- I~, ʤɸ U_, ɺ U~, ɺ e, ɺ r, ʆʤ L, ɻʥ L , ɻʥ 

1 50       

é é      

5 30      

        

 
 

ʊʘʙʣʠʮʘ 2 

ˉ I1~,ʤɸ U2~,ɺ I2~, ʤɸ U1~, ɺ 
1,2L , ɻʥ 2,1L , ɻʥ 

1,2L ,ɻʥ 2,1L , ɻʥ 

1 50  50      

é é  é    

5 30  30    

 
5. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

 
1.ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʦʩʥʦʚʥʦʝ ʩʚʦʡʩʪʚʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ? 
2.ʏʪʦ ʪʘʢʦʝ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ? 
3.ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʷʚʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ? 
4.ʏʪʦ ʪʘʢʦʝ ʠʥʜʫʢʮʠʦʥʥʳʡ ʪʦʢ? 
5.ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʠ ʟʘʧʠʰʠʪʝ ʟʘʢʦʥ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ (ʫʨʘʚʥʝʥʠʝ ʌʘʨʘʜʝʷ). 
6.ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʧʨʘʚʠʣʦ ʃʝʥʮʘ. 
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ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ 12 (3ʯ) 
 
ʀɿʋʏɽʅʀɽ  ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ ʂɸʊʋʐʂʀ ʉ ʊʆʂʆʄ   
 
ʎʝʣʴ ʨʘʙʦʪʳ: ʠʟʤʝʨʝʥʠʝ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʦʩʠ ʢʘʪʫʰʢʠ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ 
 
ʇʨʠʙʦʨʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ: ʩʝʢʮʠʦʥʥʳʡ ʩʦʣʝʥʦʠʜ (4 ʩʝʢʮʠʠ), ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʢʘʪʫʰʢʘ, ʣʠʥʝʡʢʘ, ʙʣʦʢ 
ʧʠʪʘʥʠʷ, ʨʝʦʩʪʘʪ, ʘʤʧʝʨʤʝʪʨ, ʮʠʬʨʦʚʦʡ ʤʠʣʣʠʚʦʣʴʪʤʝʪʨ, ʧʘʥʝʣʴ ʧʝʨʝʢʣʶʯʝʥʠʷ. 
 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ 
 
ʇʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʩʦʟʜʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʟʘʨʷʜʘʤʠ, ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 
ʩʦʟʜʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʪʦʢʘʤʠ. ʇʫʩʪʴ ʧʦ ʪʦʥʢʦʤʫ ʥʝʧʦʜʚʠʞʥʦʤʫ ʧʨʦʚʦʜʫ ʪʝʯʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ 

ʩʠʣʦʡ I. ʈʘʩʩʤʦʪʨʠʤ ʤʘʣʫʶ ʯʘʩʪʴ ʧʨʦʚʦʜʘ, ʢʦʪʦʨʫʶ ʙʫʜʝʤ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʚʝʢʪʦʨʦʤ ld
C
. ʕʪʦʪ 

ʚʝʢʪʦʨ ʥʘʯʠʥʘʝʪʩʷ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ ʧʨʦʚʦʜʘ, ʝʛʦ ʤʦʜʫʣʴ ʨʘʚʝʥ ʜʣʠʥʝ dl  ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʯʘʩʪʠ ʧʨʦʚʦʜʘ, ʘ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʪʦʢʘ (ʨʠʩ.12.1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ʕʣʝʤʝʥʪ ʪʦʢʘ lId
C
ʩʦʟʜʘʝʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʠʥʜʫʢʮʠʷ Bd

C
 ʢʦʪʦʨʦʛʦ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʪʦʯʢʝ ɸ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʚʘʢʫʫʤʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʢʦʥʦʤ ɹʠʦ-ʉʘʚʘʨʘ-ʃʘʧʣʘʩʘ:  
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,            (12.1)                                            

ʛʜʝ 0m  ï ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ; r
C

 ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ, ʧʨʦʚʝʜʝʥʥʳʡ ʦʪ ʵʣʝʤʝʥʪʘ ʪʦʢʘ ʜʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʠ (ʨʠʩ.12.1). 

ʄʦʜʫʣʴ ʚʝʢʪʦʨʘ dB  ʤʦʞʥʦ ʥʘʡʪʠ ʧʦ ʬʦʨʤʫʣʝ: 

a
p

m
sin

4 2
0 Ö
Ö

Ö=
r

dlI
dB                                               (12.2) 

ʛʜʝ a ï ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ dl  ʠ r . ʌʦʨʤʫʣʘ (12.1) ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʃʘʧʣʘʩʦʤ ʧʨʠ ʠʟʫʯʝʥʠʠ 
ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʪʦʢʦʚ ʚ ʧʨʦʚʦʜʘʭ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ, 
ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ɹʠʦ ʠ ʉʘʚʘʨʦʤ.  
ʄʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ, ʩʦʟʜʘʚʘʝʤʘʷ ʚʩʝʤ ʧʨʦʚʦʜʦʤ ʩ ʪʦʢʦʤ, ʨʘʚʥʘ ʩʫʤʤʝ ʚʝʢʪʦʨʦʚ 
ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʦʪ ʢʘʞʜʦʛʦ ʤʘʣʦʛʦ ʫʯʘʩʪʢʘ ʪʦʢʘ. ʕʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ 
ʧʨʠʥʮʠʧʘ ʩʫʧʝʨʧʦʟʠʮʠʠ. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʧʨʠʥʮʠʧʫ ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʧʦʣʷ, ʩʦʟʜʘʥʥʦʛʦ 
ʚʩʝʤ ʧʨʦʚʦʜʥʠʢʦʤ ʩ ʪʦʢʦʤ, ʚʳʨʘʞʘʝʪʩʷ ʠʥʪʝʛʨʘʣʦʤ: 

ñ=
L

BdB
CC

,                                                      (12.3) 

ʛʜʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʚʩʝʤʫ ʢʦʥʪʫʨʫ ʩ ʪʦʢʦʤ. 
ʕʪʘ ʬʦʨʤʫʣʘ ʜʘʸʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʥʘ ʪʦʨʮʘʭ ʩʦʣʝʥʦʠʜʘ ʠ ʚ ʝʛʦ ʩʝʨʝʜʠʥʝ: 
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ʛʜʝ D=2R ï ʜʠʘʤʝʪʨ ʩʦʣʝʥʦʠʜʘ. 
ʅʝʪʨʫʜʥʦ ʫʙʝʜʠʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʬʦʨʤʫʣʘ (12.14) ʩʧʨʘʚʝʜʣʠʚʘ ʜʣʷ ʚʩʝʭ ʪʦʯʝʢ ʥʘ ʦʩʠ ʩʦʣʝʥʦʠʜʘ, ʚ ʪʦʤ 
ʯʠʩʣʝ ʧʨʠ x<0 ʠ x>l . ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʬʦʨʤʫʣʝ ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʝʪ ʜʦ ʥʫʣʷ ʧʨʠ 

¤­x . 

 ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ B=f(x) ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩ. 12.6. ʇʨʠ ¤­l  ʬʦʨʤʫʣʘ (12.16)  

 
 
ʜʣʷ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ʮʝʥʪʨʝ ʩʦʣʝʥʦʠʜʘ ʧʝʨʝʭʦʜʠʪ ʚ ʧʦʣʫʯʝʥʥʦʝ ʨʘʥʝʝ ʚʳʨʘʞʝʥʠʝ (12.12) ʜʣʷ 
ʙʝʩʢʦʥʝʯʥʦʛʦ ʩʦʣʝʥʦʠʜʘ. 
 

ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ 
ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʧʦʣʷ, ʩʦʟʜʘʥʥʦʛʦ ʩʦʣʝʥʦʠʜʦʤ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʷʚʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. ʇʦ ʦʙʤʦʪʢʝ ʩʦʣʝʥʦʠʜʘ ʪʝʯʸʪ ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ ʯʘʩʪʦʪʦʡ ɜ ʠ 
ʘʤʧʣʠʪʫʜʦʡ I0: 

( )tcosII Ö= pn20 ,                                           (12.17) 

ʩʦʟʜʘʶʱʠʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʝʨʝʤʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʠʥʜʫʢʮʠʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʥʘʡʪʠ ʠʟ (12.14): 
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ʛʜʝ ʘʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʨʘʚʥʦ: 
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ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʢʘʪʫʰʢʘ ʧʣʦʱʘʜʴʶ S, ʠʤʝʶʱʘʷ Nʢʘʪ. ʚʠʪʢʦʚ, ʧʦʤʝʱʘʝʪʩʷ ʚʥʫʪʨʴ ʩʦʣʝʥʦʠʜʘ ʩʦʦʩʥʦ ʩ 
ʥʠʤ. ʄʘʛʥʠʪʥʳʡ ʧʦʪʦʢ, ʧʨʦʥʠʟʳʚʘʶʱʠʡ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʢʘʪʫʰʢʫ, ʪʘʢʞʝ ʙʫʜʝʪ ʧʝʨʝʤʝʥʥʳʤ: 

( ) ( )t,xSBNt,x .ʢʘʪ=F .                                             (12.20) 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʕɼʉ ʠʥʜʫʢʮʠʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʢʘʪʫʰʢʝ, ʧʨʠʤʝʥʠʤ ʟʘʢʦʥ ʌʘʨʘʜʝʷ 
ʜʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ: ʕɼʉ ʠʥʜʫʢʮʠʠ ʚ ʟʘʤʢʥʫʪʦʤ ʢʦʥʪʫʨʝ ʨʘʚʥʘ ʧʦ ʚʝʣʠʯʠʥʝ ʠ 
ʧʨʦʪʠʚʦʧʦʣʦʞʥʘ ʧʦ ʟʥʘʢʫ ʙʳʩʪʨʦʪʝ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ, 
ʥʘʪʷʥʫʪʫʶ ʥʘ ʜʘʥʥʳʡ ʢʦʥʪʫʨ:  

dt

dʌ
i -=e .                                              (12.21) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ (12.18-12.21) ʧʦʣʫʯʠʤ: 

( ) ( )tsintsinSBN
dt

dʌ
.ʢʘʪi Ö=Ö=-= pnpnpn ee 222 00 ,                   (12.22) 

ʧʨʠʯʝʤ ʘʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ ʕɼʉ ʠʥʜʫʢʮʠʠ ʨʘʚʥʦ: 
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ʇʨʠʙʦʨʳ ʠʟʤʝʨʷʶʪ ʵʬʬʝʢʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ: 

2

0e=U
2

0II = , 

ʧʦʵʪʦʤʫ ʠʟ (12.23) ʧʦʣʫʯʠʤ: 

pn20SBNU .ʢʘʪ= ,                                      (12.24) 
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ʧʨʠʯʸʤ ɜ=50 ɻʮ. 
ʀʟ ʬʦʨʤʫʣʳ (12.23) ʠʤʝʝʤ:  
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ɻʣʘʚʥʦʡ ʯʘʩʪʴʶ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʩʦʣʝʥʦʠʜ, ʩʦʩʪʦʷʱʠʡ ʠʟ 4 ʩʝʢʮʠʡ, ʢʘʞʜʫʶ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 
ʧʦʜʢʣʶʯʘʪʴ ʦʪʜʝʣʴʥʦ ʠʣʠ ʚ ʣʶʙʦʤ ʩʦʯʝʪʘʥʠʠ ʩ ʧʦʤʦʱʴʶ ʢʦʥʪʘʢʪʦʚ 1õ5 ʥʘ ʧʘʥʝʣʠ ʧʝʨʝʢʣʶʯʝʥʠʷ ʢ 
ʠʩʪʦʯʥʠʢʫ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʪʨʘʥʩʬʦʨʤʘʪʦʨʫ) ʯʝʨʝʟ ʦʛʨʘʥʠʯʠʪʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 
(ʨʝʦʩʪʘʪ) R (ʨʠʩ.12.7). ʏʠʩʣʦ ʚʠʪʢʦʚ ʩʝʢʮʠʡ ʨʘʚʥʦ ʩʦʩʪʚʝʪʩʪʚʝʥʥʦ: N1=93, N2=39,N3=87,N4=30. 
ɺʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʩʦʣʝʥʦʠʜʘ D=82 ʤʤ. ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʢʘʪʫʰʢʘ ʠʤʝʝʪ ʜʠʘʤʝʪʨ dʢʘʪ.=66 ʤʤ ʠ ʠʤʝʝʪ 
ʜʚʝ ʦʙʤʦʪʢʠ ʠʟ Nʢʘʪ.=20 ʠ Nʢʘʪ=60 ʚʠʪʢʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʝʨʝʢʣʶʯʝʥʠʝʤ ʢʦʥʪʘʢʪʦʚ A, ɹ, ɺ, ɻ ʥʘ 
ʧʘʥʝʣʠ ʧʝʨʝʢʣʶʯʝʥʠʡ ʦʙʤʦʪʢʠ ʤʦʞʥʦ ʚʢʣʶʯʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʘʢ, ʯʪʦ ʤʘʛʥʠʪʥʳʝ ʧʦʪʦʢʠ, 
ʩʦʟʜʘʚʘʝʤʳʝ ʚ ʥʠʭ, ʣʠʙʦ ʩʢʣʘʜʳʚʘʶʪʩʷ (Nʢʘʪ=80), ʣʠʙʦ ʚʳʯʠʪʘʶʪʩʷ (Nʢʘʪ=40). ɸʤʧʝʨʤʝʪʨ ʩʣʫʞʠʪ ʜʣʷ 
ʠʟʤʝʨʝʥʠʷ ʩʠʣʳ ʪʦʢʘ ʚ ʦʙʤʦʪʢʝ ʩʦʣʝʥʦʠʜʘ. ʕɼʉ ʠʥʜʫʢʮʠʠ, ʚʦʟʥʠʢʘʶʱʫʶ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʢʘʪʫʰʢʝ, 
ʧʦʢʘʟʳʚʘʝʪ ʮʠʬʨʦʚʦʡ ʤʠʣʣʠʚʦʣʴʪʤʝʪʨ. 
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ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ɿʘʜʘʥʠʝ: 
ʀʟʤʝʨʝʥʠʝ ʠ ʨʘʩʯʸʪ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʢʦʨʦʪʢʦʡ ʢʘʪʫʰʢʠ. 
1. ʋʩʪʘʥʦʚʠʪʴ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʢʘʪʫʰʢʫ ʥʘ ʣʝʚʦʤ ʪʦʨʮʝ ʚʳʙʨʘʥʥʦʡ ʩʝʢʮʠʠ, ʜʣʷ ʵʪʦʛʦ ʨʘʩʩʯʠʪʘʪʴ 

ʧʦʣʦʞʝʥʠʝ ʭ ʣʠʥʝʡʢʠ ʧʦ ʬʦʨʤʫʣʝ: 
2

l
xx ʩ.ʣʝʚ += . 

         2.ɿʘʧʠʩʘʪʴ ʧʦʢʘʟʘʥʠʷ ʚʦʣʴʪʤʝʪʨʘ ʚ ʪʘʙʣ.1. 
3.ɿʘʧʠʩʘʪʴ ʩʠʣʫ ʪʦʢʘ ʠ ʯʠʩʣʦ ʧʦʜʢʣʶʯʝʥʥʳʭ ʚʠʪʢʦʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʢʘʪʫʰʢʠ ʚ ʪʘʙʣ.12.4. 

2. ʇʦʚʪʦʨʠʪʴ ʠʟʤʝʨʝʥʠʷ ʧʦ ʧʫʥʢʪʘʤ 1 ʠ 2 ʜʣʷ ʧʨʘʚʦʛʦ ʪʦʨʮʘ ʪʦʡ ʞʝ ʩʝʢʮʠʠ: 
2

l
xx ʩ.ʧʨ -= . 

ɿʥʘʯʝʥʠʷ Uʣʝʚ.ʠUʧʨ. ʜʦʣʞʥʳ ʙʳʪʴ ʙʣʠʟʢʠ. ʈʘʩʩʯʠʪʘʡʪʝ ʠʭ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ Uʩʨ. ʠ, ʠʩʧʦʣʴʟʫʷ 
ʵʪʦ ʟʥʘʯʝʥʠʝ, ʧʦ ʬʦʨʤʫʣʝ (12.27) ʨʘʩʩʯʠʪʘʡʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʠʥʜʫʢʮʠʠ 

( ) .ʵʢʩʧl;B 00 .  ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʪʦʨʮʝ ʢʦʨʦʪʢʦʡ ʢʘʪʫʰʢʠ, ʟʘʧʠʰʠʪʝ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚ 

ʪʘʙʣʠʮʫ 1. 
ʊʘʙʣʠʮʘ 1 

I, ɸ Nʢʘʪ. Ni x, ʤ U, ʤɺ Uʩʨ., 
ʤɺ 

( ) .ʵʢʩʧl;B 00
, 

ʤʊʣ 

( ) .ʪʝʦʨl;B 00
, 

ʤʊʣ 

   =.ʣʝʚx  Uʣʝʚ=.    

=.ʧʨx  Uʧʨ.= 
 

 

      4.ɺ ʬʦʨʤʫʣʫ (12.15) ʚʤʝʩʪʦ I ʩʣʝʜʫʝʪ ʧʦʜʩʪʘʚʠʪʴ ʘʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ 20 II = , ʪʦʛʜʘ 

ʧʦʣʫʯʠʤ ʘʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ:  

ʪʨʘʥʩʬʦʨʤʘ

ʪʦʨ 

5      4       ʩʦʣʝʥʦʠʜ         3         2                     

1 

R 

ɸ 

ʈʠʩ.12.7 

ɸ 
 

ɹ 
 

ɺ 
 

ɻ 

6.3  12.6   24   

36 

V 

1 
 

2 
 

3 
 

4 

5 

 

}  ʢʦʥʪʘʢʪʳ ʩʝʢʮʠʡ ʩʦʣʝʥʦʠʜʘ 

ʣʠʥʝʡʢʘ  
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( )

ö
ö

÷

õ

æ
æ

ç

å
ö
÷

õ
æ
ç

å
+Ö

=

+

=
2

2

0

22

0
0

2
2

2

2
0

D
l

IN

Rl

IN
l;B ii

.ʪʝʦʨ
mm

 .                 (12.15ʘ) 

ʈʘʩʩʯʠʪʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠʥʜʫʢʮʠʠ ʥʘ ʪʦʨʮʝ ʢʦʨʦʪʢʦʡ ʢʘʪʫʰʢʠ ʧʦ ʬʦʨʤʫʣʝ (12.15ʘ), 
ʟʘʧʠʩʘʪʴ ʚ ʪʘʙʣʠʮʫ 12.4, ʩʨʘʚʥʠʪʴ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ. 
3. ʇʝʨʝʜʚʠʥʫʪʴ ʣʠʥʝʡʢʫ ʚ ʢʨʘʡʥʝʝ ʣʝʚʦʝ ʧʦʣʦʞʝʥʠʝ, ʦʪʢʣʶʯʠʪʴ ʫʩʪʘʥʦʚʢʫ ʦʪ ʩʝʪʠ. 
4. ʉʜʝʣʘʪʴ ʚʳʚʦʜʳ. 
ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 
1. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʟʘʢʦʥ ɹʠʦ-ʉʘʚʘʨʘ-ʃʘʧʣʘʩʘ. 
2. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ. 
3. ʇʦʣʴʟʫʷʩʴ ʟʘʢʦʥʦʤ ɹʠʦ-ʉʘʚʘʨʘ-ʃʘʧʣʘʩʘ, ʜʘʡʪʝ ʚʳʚʦʜ ʬʦʨʤʫʣʳ ʜʣʷ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 
ʦʩʠ ʢʨʫʛʦʚʦʛʦ ʚʠʪʢʘ ʩ ʪʦʢʦʤ. 
4. ʇʦʣʴʟʫʷʩʴ ʟʘʢʦʥʦʤ ɹʠʦ-ʉʘʚʘʨʘ-ʃʘʧʣʘʩʘ, ʧʦʣʫʯʠʪʝ ʬʦʨʤʫʣʫ ʜʣʷ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʦʩʠ 
ʩʦʣʝʥʦʠʜʘ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ. ɺʳʚʝʜʠʪʝ ʠʟ ʥʝʝ  ʬʦʨʤʫʣʫ ʜʣʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʙʝʩʢʦʥʝʯʥʦʛʦ ʩʦʣʝʥʦʠʜʘ. 
5. ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʪʦʢʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. 
6. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʟʘʢʦʥ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʌʘʨʘʜʝʷ ʠ ʧʨʘʚʠʣʦ ʃʝʥʮʘ.  

 
ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ 2 

ʉɺʗɿɸʅʅʓɽ ɻɸʈʄʆʅʀʏɽʉʂʀɽ ʂʆʃɽɹɸʅʀʗ  
 
ʎʝʣʴ ʨʘʙʦʪʳ:  ï ʠʟʫʯʝʥʠʝ ʩʠʩʪʝʤʳ ʜʚʫʭ ʩʚʷʟʘʥʥʳʭʧʨʫʞʠʥʥʳʭ  ʤʘʷʪʥʠʢʦʚ 
 
ʇʨʠʙʦʨʳ ʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ:-  ʥʘʙʦʨ ʧʨʫʞʠʥ ʠ ʛʨʫʟʦʚ, ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ 
ʦʪʩʯʝʪʘ ʦʪʢʣʦʥʝʥʠʡ ʛʨʫʟʦʚ, ʩʝʢʫʥʜʦʤʝʨ 
 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ 
 
ʇʨʫʞʠʥʥʳʡ ʤʘʷʪʥʠʢ ï ʵʪʦ ʛʨʫʟʠʢ, ʧʦʜʚʝʰʝʥʥʳʡ ʥʘ ʧʨʫʞʠʥʝ. ʇʦʩʣʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 
ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʦʥ ʙʫʜʝʪ ʩʦʚʝʨʰʘʪʴ ʚʝʨʪʠʢʘʣʴʥʳʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ, 
ʝʩʣʠ ʫʧʨʫʛʘʷ ʧʨʫʞʠʥʘ ʪʘʢʦʚʘ, ʯʪʦ ʩʠʣʘ ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʝʣʠʯʠʥʝ 

ʫʜʣʠʥʝʥʠʷ ʧʨʫʞʠʥʳ (lkF DÖ= , ʛʜʝ k  ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʨʫʛʦʩʪʠ).   

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʛʨʫʟʠʢʘ ʦʥʘ ʨʘʩʪʷʥʝʪʩʷ ʥʘ ʜʣʠʥʫ 0lD  (ʨʠʩ. 1.2) ï ʵʪʦ 

ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʫʩʣʦʚʠʶ, ʯʪʦ ʩʫʤʤʘ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʤʘʩʩʫ m, ʨʘʚʥʘ 

ʥʫʣʶ ( 0=ä iF
C

),ʠʣʠ ʫʩʣʦʚʠʶ ʤʠʥʠʤʫʤʘ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ: 

 gradUF -=
C

ʠʣʠ 

dx

dU
F -=
C

 

.  
 
 

ʈʠʩ. 

1.2 

f
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ʇʨʠ ʦʪʢʣʦʥʝʥʠʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʥʘ ʚʝʣʠʯʠʥʫ x  ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʚʨʘʱʘʶʱʘʷ 

ʩʠʣʘ kxf -=  (ʨʠʩ. 1.2); ʪʝʣʦ ʥʘʯʠʥʘʝʪ ʢʦʣʝʙʘʪʴʩʷ. 

ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʪʝʣʘ: 
 

fxm =## ;  

kxxm -=## , ʪ.ʝ. 0=+ x
m

k
x##  

 
ï ʫʨʘʚʥʝʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʥʝʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ ʩ ʯʘʩʪʦʪʦʡ  

m

k
=0w .  

 
ʈʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʙʫʜʝʪ (ʧʨʠ ʫʩʣʦʚʠʠ ʥʘʯʘʣʴʥʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ)  

 

t
m

k
AX ÖÖ= cos .  

 
ʇʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʨʘʚʝʥ  
 

0

2

w

p
=T , ʪ.ʝ. 

k

m
T p2= .      (1.1)  

 

ʀʟ (1.1) ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʧʨʫʛʦʩʪʠ (k) ʧʨʫʞʠʥʳ ʨʘʩʪʝʪ 
ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ.  
ʍʘʨʘʢʪʝʨ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʫʞʠʥʥʦʛʦ ʤʘʷʪʥʠʢʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʠʣʳ ʪʷʞʝʩʪʠ, 
ʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʧʝʨʝʤʝʥʥʦʡ ʚʦʟʚʨʘʱʘʶʱʝʡ ʩʠʣʳ. 
 
 
 
ʉʠʩʪʝʤʘ ʜʚʫʭ ʧʨʫʞʠʥ ʩ ʨʘʟʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʫʧʨʫʛʦʩʪʠ, ʩʚʷʟʘʥʥʳʭ ʜʨʫʛ ʩ 
ʜʨʫʛʦʤʧʦ ʩʭʝʤʝ ʨʠʩ.1.1,ʙ ʠʣʠ 1.1,ʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʚʷʟʘʥʥʫʶ ʩʠʩʪʝʤʫ ʩ ʜʚʫʤʷ 
ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. ʇʨʠ ʢʦʣʝʙʘʥʠʷʭ ʩʠʩʪʝʤʳ (ʨʠʩ.1.1,ʙ) ʩʤʝʱʝʥʠʷ ʫ ʨʘʟʥʳʭ ʧʨʫʞʠʥ 

ʚ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʝ ʙʫʜʫʪ ʦʜʠʥʘʢʦʚʳʤʠ: 21 XX ¸ . ɺʦ ʚʨʝʤʷ 

ʢʦʣʝʙʘʥʠʡ ʙʫʜʫʪ ʠʟʤʝʥʷʪʴʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʝ ʚʝʣʠʯʠʥʳ 1X  ʠ 2X , ʪ.ʝ. ʝʩʣʠ ʤʳ 

ʨʝʟʢʠʤ ʪʦʣʯʢʦʤ ʚʳʚʝʜʝʤ ʠʟ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʪʦʣʴʢʦ ʥʠʞʥʶʶ ʧʨʫʞʠʥʫ, ʪʦ 
ʚʦʟʥʠʢʰʠʝ ʢʦʣʝʙʘʥʠʷ ʦʙʷʟʘʪʝʣʴʥʦ ʧʝʨʝʜʘʜʫʪʩʷ ʢ ʚʝʨʭʥʝʡ ʧʨʫʞʠʥʝ. ʇʦʵʪʦʤʫ ʧʨʠ 

ʘ ʙ ʚ 

ʈʠʩ. 

1.1 
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ʘʥʘʣʠʟʝ ʢʦʣʝʙʘʥʠʡ ʤʳ ʦʙʷʟʘʥʳ ʫʯʠʪʳʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʦʙʝʠʭ ʧʨʫʞʠʥ. 
ʇʦʜʦʙʥʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʜʚʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ. 
ʅʘʙʣʶʜʘʷ ʢʦʣʝʙʘʥʠʷ ʟʘ ʥʝʢʦʪʦʨʦʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʝʱʝ ʥʝ 
ʩʢʘʟʘʣʦʩʴ ʜʝʡʩʪʚʠʝ ʩʠʣ ʪʨʝʥʠʷ, ʤʳ ʫʚʠʜʠʤ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʤʘʷʪʥʠʢʦʚ 
ʥʝʛʘʨʤʦʥʠʥʳ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʧʝʨʝʢʘʯʢʦʡ ʵʥʝʨʛʠʠ ʦʪ ʦʜʥʦʡ ʧʨʫʞʠʥʳ ʢ ʜʨʫʛʦʡ. 

ʂʦʣʝʙʘʥʠʷ ʙʫʜʫʪ ʥʦʩʠʪʴ ʭʘʨʘʢʪʝʨ ʙʠʝʥʠʡ. ɺʨʝʤʷ t, ʟʘ ʢʦʪʦʨʦʝ ʧʨʫʞʠʥʳ ʦʙʤʝʥʷʣʠʩʴ 
ʵʥʝʨʛʠʝʡ, ʥʘʟʳʚʘʝʪʩʷ ʧʝʨʠʦʜʦʤ ʙʠʝʥʠʡ. ʄʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʙʫʜʝʪ ʧʦʣʥʦʩʪʴʶ 
ʧʝʨʝʭʦʜʠʪʴ ʠʟ ʦʜʥʦʡ ʧʨʫʞʠʥʳ ʚ ʜʨʫʛʫʶ, ʧʦʢʘ ʦʥʘ ʥʝ ʧʨʝʚʨʘʪʠʪʩʷ ʚ ʪʝʧʣʦʚʫʶ ʠ 
ʢʦʣʝʙʘʥʠʷ ʥʝ ʧʨʝʢʨʘʪʷʪʩʷ. 
ʍʘʨʘʢʪʝʨ ʙʠʝʥʠʡ ʚ ʩʣʫʯʘʝ ʜʚʫʭ ʧʨʫʞʠʥ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʤʘʩʩ ʧʨʫʞʠʥ ʠ ʠʭ 
ʫʧʨʫʛʦʩʪʠ (ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ).ʏʝʤ ʤʝʥʴʰʝ ʤʘʩʩʳ ʧʨʫʞʠʥ, ʪʝʤ ʙʦʣʝʝ ʛʘʨʤʦʥʠʯʥʳʤʠ 
ʩʪʘʥʦʚʷʪʩʷ ʢʦʣʝʙʘʥʠʷ. ɽʩʣʠ ʧʨʝʥʝʙʨʝʯʴ ʤʘʩʩʘʤʠ ʧʨʫʞʠʥ, ʪʦ ʩʠʩʪʝʤʫ ʧʨʫʞʠʥʥʳʭ 
ʤʘʷʪʥʠʢʦʚ, ʠʟʦʙʨʘʞʝʥʥʳʭ ʥʘ ʨʠʩ.1.1,ʙ,ʚ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʧʨʫʞʠʥʥʳʡ ʤʘʷʪʥʠʢ 
ʩ ʦʜʥʦʡ ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ, ʦʙʣʘʜʘʶʱʠʡ ʥʝʢʦʪʦʨʳʤ ʵʬʬʝʢʪʠʚʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 
ʫʧʨʫʛʦʩʪʠ. 
ʌʦʨʤʫʣʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʫʛʦʩʪʠ ʜʣʷ ʩʭʝʤʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 
ʩʦʝʜʠʥʝʥʠʷ ʧʨʫʞʠʥ ʚʳʚʦʜʠʪʩʷ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʚ ʪʦʯʢʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʫʞʠʥ 

ʩʠʣʳ ʫʧʨʫʛʦʩʪʠ ʦʙʝʠʭ ʧʨʫʞʠʥ ʦʜʠʥʘʢʦʚʳ. ʊʦʛʜʘ, ʝʩʣʠ ʤʳ ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ 1X  

ʫʜʣʠʥʝʥʠʝ ʧʨʫʞʠʥʳ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʧʨʫʛʦʩʪʠ 1K , ʘ ʯʝʨʝʟ 2X  ʫʜʣʠʥʝʥʠʝ 

ʧʨʫʞʠʥʳ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʧʨʫʛʦʩʪʠ 2K , ʪʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ  

 

2211 XKXK = .      (1.2)  

 
ʆʙʱʝʝ ʫʜʣʠʥʝʥʠʝ ʦʙʝʠʭ ʧʨʫʞʠʥ  

21 XXX += .       (1.3)  

ʊʦʛʜʘ 

221121 )( XKXKXXK
p
ʵʬ ==+Ö .    (1.4)  

ʇʦʜʩʪʘʚʣʷʷ ʚʤʝʩʪʦ 

2

11
2

K

XK
X = , ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʫʛʦʩʪʠ: 
 

11
2

11
1 )( XK

K

XK
XK

p
ʵʬ =

Ö
+ ,  

ʦʪʢʫʜʘ 

21

21

KK

KK
K

p
ʵʬ +
= .      (1.5)  

 

ʇʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʪʘʢʦʛʦ ʤʘʷʪʥʠʢʘ ʨʘʚʝʥ 
p
ʵʬK

m
T p2= , ʠʣʠ 

.
)(

2
21

21

KK

KKm
T

Ö

+Ö
=p      (1.6)  

ʌʦʨʤʫʣʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʫʛʦʩʪʠ ʤʘʷʪʥʠʢʘ, ʩʦʩʪʘʚʣʝʥʥʦʛʦ ʠʟ ʜʚʫʭ 
ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʧʨʫʞʠʥ, ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʝʩʣʠ ʛʨʫʟ 
ʧʦʜʚʝʰʝʥ ʢ ʪʦʯʢʝ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʤʦʤʝʥʪʳ ʩʠʣ ʫʧʨʫʛʦʩʪʠ ʠ ʚʝʩʦʚ ʯʘʩʪʝʡ 
ʧʣʘʥʢʠ, ʨʘʟʜʝʣʝʥʥʦʡ ʪʦʯʢʦʡ ʧʦʜʚʝʩʘ ʨʘʚʥʳ, ʪʦ ʚʨʘʱʝʥʠʷ ʥʝʪ. Cʣʝʜʦʚʘʪʝʣʴʥʦ, 
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2211 XKXKKX
p
ʵʬ +=Ö ,  21 KKK

p
ʵʬ += . (1.7)  

 
ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

 
   
1.ʆʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʫʛʦʩʪʠ ʩʠʩʪʝʤʳ ʜʚʫʭ 
ʧʨʫʞʠʥ, ʩʦʝʜʠʥʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 
 
1. ʉʦʙʨʘʪʴ ʩʭʝʤʫ (ʨʠʩ.1.1.ʙ) ʠʟ ʧʨʫʞʠʥ ˉ1,2. 

2. ʀʟʤʝʨʠʪʴ 1t  ï ʚʨʝʤʷ 50=n ʢʦʣʝʙʘʥʠʡ. 

3. ʆʧʳʪ ʧʦʚʪʦʨʠʪʴ 5 ʨʘʟ. ɼʘʥʥʳʝ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣʠʮʫ 4. ɺʳʧʦʣʥʠʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ 

ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. ʈʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ TTT D°>=< .  

4. ʆʧʨʝʜʝʣʠʪʴ ʧʝʨʠʦʜ T  ʩʠʩʪʝʤʳ ʧʦ ʬʦʨʤʫʣʝ 

n

t
T = .  

5. ɺʳʯʠʩʣʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ  

11 2

ʵʬʬK

m
T p=  

ʛʜʝ ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʨʫʛʦʩʪʠ: 
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m
Kʵʬʬ

p
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6. ʈʘʩʩʯʠʪʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʦʰʠʙʢʫ 
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(ʢʘʢ ʚ ʫʧʨʘʞʥʝʥʠʠ 3) ʠ ʥʘʡʪʠ  

ʵʬʬKʵʬʬʵʬʬ EKK Ö=D 11
.  

7. ʈʘʩʩʯʠʪʘʪʴ  

21

21

KK

KK
K
ʨʘʩʯ
ʵʬʬ +
= ,  

ʚʟʷʚ ʟʥʘʯʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʧʨʫʞʠʥ 1K  ʠ 2K  ʠʟ ʫʧʨʘʞʥʝʥʠʷ 1. 

8. ʉʨʘʚʥʠʪʴ ʟʥʘʯʝʥʠʷ K  (ʚ ʧʨʝʜʝʣʘʭ ʦʰʠʙʦʢ), ʧʦʣʫʯʝʥʥʳʝ ʚ ʧ.5 ʠ ʧ.7. 
ʊʘʙʣʠʮʘ 4. 
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2   

3   

4    

5    

22°=m  

50=n  

 
ʆʧʨʝʜʝʣʝʥʠʝ ʞʝʩʪʢʦʩʪʠ ʧʨʫʞʠʥ, ʩʦʝʜʠʥʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ 

1. ʉʦʙʨʘʪʴ ʩʭʝʤʫ ʧʦ ʨʠʩ.1.1,ʚ ʜʣʷ ʪʝʭ ʞʝ ʧʨʫʞʠʥ 1K , 2K .  

2. ʀʟʤʝʨʠʪʴ 2t  ï ʚʨʝʤʷ 50=n  ʢʦʣʝʙʘʥʠʡ.  

3. ʆʧʳʪ ʧʦʚʪʦʨʠʪʴ 5 ʨʘʟ. ɼʘʥʥʳʝ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣʠʮʫ 4. ɺʳ-ʧʦʣʥʠʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ 
ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ  
4. ʆʧʨʝʜʝʣʠʪʴ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʧʦ ʬʦʨʤʫʣʝ 
 

n

t
T = .  

5. ɺʳʯʠʩʣʠʪʴ ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʨʫʛʦʩʪʠ:  
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6. ʈʘʩʩʯʠʪʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʦʰʠʙʢʫ 
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(ʢʘʢ ʚ ʫʧʨʘʞʥʝʥʠʠ 3) ʠ ʥʘʡʪʠ 

ʵʬʬKʵʬʬʵʬʬ EKK Ö=D 22
.  

7. ʈʘʩʩʯʠʪʘʪʴ 

21 KKK
ʨʘʩʯ
ʵʬʬ += ,  

ʚʟʷʚ ʟʥʘʯʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʧʨʫʞʠʥ 1K  ʠ 2K  ʠʟ ʫʧʨʘʞʥʝʥʠʷ 1. 

8. ʉʨʘʚʥʠʪʴ ʟʥʘʯʝʥʠʷ K  (ʚ ʧʨʝʜʝʣʘʭ ʦʰʠʙʦʢ), ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʧ5,7. 
 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ  

1. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʟʘʢʦʥ ɻʫʢʘ. 
2. ɺʳʚʝʜʠʪʝ ʬʦʨʤʫʣʫ ʜʣʷ ʞʝʩʪʢʦʩʪʠ ʧʨʫʞʠʥ, ʩʦʝʜʠʥʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ. 
3. ʂʘʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʘʩʪʦʪʘ, ʧʝʨʠʦʜ, ʘʤʧʣʠʪʫʜʘ, ʬʘʟʘ ʠ ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʥʝʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ? 
4.ʏʪʦ ʪʘʢʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ? 
5.ʇʦʯʝʤʫ ʧʨʠ ʨʘʩʯʝʪʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʤʳ ʧʨʝʥʝʙʨʝʛʘʝʤ ʤʘʩʩʦʡ ʧʨʫʞʠʥʳ? 
6. ʂʘʢʠʤʠ ʷʚʣʷʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ï ʟʘʪʫʭʘʶʱʠʤʠ ʠʣʠ ʥʝʟʘʪʫʭʘʶʱʠʤʠ? 

 
ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ 4 

ʕʃɽʂʊʈʀʏɽʉʂʀʁ ʂʆʃɽɹɸʊɽʃʔʅʓʁ ʂʆʅʊʋʈ 
 
ʎʝʣʴ ʨʘʙʦʪʳ: ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʷʚʣʝʥʠʷ ʨʝʟʦʥʘʥʩʘ ʥʘʧʨʷʞʝʥʠʡ, 
ʫʩʣʦʚʠʡ ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʫʨʘ ʤʝʪʦʜʦʤ 
ʨʝʟʦʥʘʥʩʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ 
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        ʂʦʣʝʙʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ ð ʦʩʮʠʣʣʷʪʦʨ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ, 
ʩʦʜʝʨʞʘʱʫʶ ʩʦʝʜʠʥʸʥʥʳʝ ʢʘʪʫʰʢʫ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ ʢʦʥʜʝʥʩʘʪʦʨ. ɺ ʪʘʢʦʡ ʮʝʧʠ ʤʦʛʫʪ ʚʦʟʙʫʞʜʘʪʴʩʷ 
ʢʦʣʝʙʘʥʠʷʪʦʢʘ (ʠ ʥʘʧʨʷʞʝʥʠʷ). ʂʦʣʝʙʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ ð ʧʨʦʩʪʝʡʰʘʷ ʩʠʩʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʤʦʛʫʪ 
ʧʨʦʠʩʭʦʜʠʪʴ ʩʚʦʙʦʜʥʳʝʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝʢʦʣʝʙʘʥʠʷ 
ʈʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʢʦʥʪʫʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʬʦʨʤʫʣʦʡ ʊʦʤʩʦʥʘ: 

 
 

ʇʫʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨ ʸʤʢʦʩʪʴʶC ʟʘʨʷʞʝʥ ʜʦ ʥʘʧʨʷʞʝʥʠʷ . ʕʥʝʨʛʠʷ, ʟʘʧʘʩʸʥʥʘʷ ʚ ʢʦʥʜʝʥʩʘʪʦʨʝ 
ʩʦʩʪʘʚʣʷʝʪ 

 

 
 

ʇʘʨʘʣʣʝʣʴʥʳʡ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ 

ʇʨʠ ʩʦʝʜʠʥʝʥʠʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʩ ʢʘʪʫʰʢʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʚ ʮʝʧʠ ʧʦʪʝʯʸʪ ʪʦʢ , ʯʪʦ ʚʳʟʦʚʝʪ ʚ ʢʘʪʫʰʢʝ 
ʵʣʝʢʪʨʦʜʚʠʞʫʱʫʶ ʩʠʣʫ (ʕɼʉ) ʩʘʤʦʠʥʜʫʢʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʪʦʢʘ ʚ ʮʝʧʠ. ʊʦʢ, 
ʚʳʟʚʘʥʥʳʡ ʵʪʦʡ ʕɼʉ (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʦʪʝʨʴ ʚ ʠʥʜʫʢʪʠʚʥʦʩʪʠ) ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʙʫʜʝʪ ʨʘʚʝʥ ʪʦʢʫ 
ʨʘʟʨʷʜʘ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʪʦ ʝʩʪʴ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʪʦʢ ʙʫʜʝʪ ʨʘʚʝʥ ʥʫʣʶ. ʄʘʛʥʠʪʥʘʷ ʵʥʝʨʛʠʷ ʢʘʪʫʰʢʠ ʚ 
ʵʪʦʪ (ʥʘʯʘʣʴʥʳʡ) ʤʦʤʝʥʪ ʨʘʚʥʘ ʥʫʣʶ. 
ɿʘʪʝʤ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʪʦʢ ʚ ʮʝʧʠ ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ, ʘ ʵʥʝʨʛʠʷ ʠʟ ʢʦʥʜʝʥʩʘʪʦʨʘ ʙʫʜʝʪ ʧʝʨʝʭʦʜʠʪʴ ʚ 
ʢʘʪʫʰʢʫ ʜʦ ʧʦʣʥʦʛʦ ʨʘʟʨʷʜʘ ʢʦʥʜʝʥʩʘʪʦʨʘ. ɺ ʵʪʦʪ ʤʦʤʝʥʪ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʢʦʥʜʝʥʩʘʪʦʨʘ 

. ʄʘʛʥʠʪʥʘʷ ʞʝ ʵʥʝʨʛʠʷ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʘʷ ʚ ʢʘʪʫʰʢʝ, ʥʘʧʨʦʪʠʚ, ʤʘʢʩʠʤʘʣʴʥʘ ʠ ʨʘʚʥʘ 

, ʛʜʝ  ð ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʢʘʪʫʰʢʠ,  ð ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ. 
ʇʦʩʣʝ ʵʪʦʛʦ ʥʘʯʥʸʪʩʷ ʧʝʨʝʟʘʨʷʜʢʘ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʪʦ ʝʩʪʴ ʟʘʨʷʜ ʢʦʥʜʝʥʩʘʪʦʨʘ ʥʘʧʨʷʞʝʥʠʝʤ ʜʨʫʛʦʡ 
ʧʦʣʷʨʥʦʩʪʠ. ʇʝʨʝʟʘʨʷʜʢʘ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʤʘʛʥʠʪʥʘʷ ʵʥʝʨʛʠʷ ʢʘʪʫʰʢʠ ʥʝ ʧʝʨʝʡʜʸʪ ʚ 
ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʂʦʥʜʝʥʩʘʪʦʨ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʩʥʦʚʘ ʙʫʜʝʪ ʟʘʨʷʞʝʥ ʜʦ 

ʥʘʧʨʷʞʝʥʠʷ . 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʮʝʧʠ ʚʦʟʥʠʢʘʶʪ ʢʦʣʝʙʘʥʠʷ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 
ʧʦʪʝʨʷʤ ʵʥʝʨʛʠʠ ʚ ʢʦʥʪʫʨʝ. 
ɺ ʦʙʱʝʤ, ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʧʨʦʮʝʩʩʳ ʚ ʧʘʨʘʣʣʝʣʴʥʦʤ ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʢʦʥʪʫʨʝ ʥʘʟʳʚʘʶʪʩʷ ʨʝʟʦʥʘʥʩ 
ʪʦʢʦʚ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʯʝʨʝʟ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʠ yʤʢʦʩʪʴ ʧʨʦʪʝʢʘʶʪ ʪʦʢʠ, ʙʦʣʴʰʝ ʪʦʢʘ ʧʨʦʭʦʜʷʱʝʛʦ 
ʯʝʨʝʟ ʚʝʩʴ ʢʦʥʪʫʨ, ʧʨʠʯʝʤ ʵʪʠ ʪʦʢʠ ʙʦʣʴʰʝ ʚ ʦʧʨʝʜʝʣʸʥʥʦʝ ʯʠʩʣʦ ʨʘʟ, ʢʦʪʦʨʦʝ ʥʘʟʳʚʘʝʪʩʷ 
ʜʦʙʨʦʪʥʦʩʪʴʶ. ʕʪʠ ʙʦʣʴʰʠʝ ʪʦʢʠ ʥʝ ʧʦʢʠʜʘʶʪ ʧʨʝʜʝʣʦʚ  ʢʦʥʪʫʨʘ, ʪʘʢ ʢʘʢ ʦʥʠ ʧʨʦʪʠʚʦʬʘʟʥʳ ʠ ʩʘʤʠ 
ʩʝʙʷ ʢʦʤʧʝʥʩʠʨʫʶʪ. ʉʪʦʠʪʪʘʢʞʝ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ 
ʥʘ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ ʩʪʨʝʤʠʪʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ 
ʢʦʥʪʫʨʘ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʥʘ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ), ʘ ʵʪʦ ʜʝʣʘʝʪ ʝʛʦ 
ʥʝʟʘʤʝʥʠʤʳʤ ʬʠʣʴʪʨʦʤ. 
 
 
 
 
 
 
 

http://ru.wikipedia.org/wiki/%D0%93%D0%B0%D1%80%D0%BC%D0%BE%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BE%D1%81%D1%86%D0%B8%D0%BB%D0%BB%D1%8F%D1%82%D0%BE%D1%80
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%86%D0%B5%D0%BF%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D1%82%D1%83%D1%88%D0%BA%D0%B0_%D0%B8%D0%BD%D0%B4%D1%83%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D0%BE%D1%81%D1%82%D0%B8
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BA%D0%BE%D0%BD%D0%B4%D0%B5%D0%BD%D1%81%D0%B0%D1%82%D0%BE%D1%80
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BB%D0%B5%D0%B1%D0%B0%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BB%D0%B5%D0%B1%D0%B0%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%BD%D0%B0%D0%BF%D1%80%D1%8F%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%BE%D0%B1%D0%BE%D0%B4%D0%BD%D1%8B%D0%B5_%D0%BA%D0%BE%D0%BB%D0%B5%D0%B1%D0%B0%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%BE%D0%B1%D0%BE%D0%B4%D0%BD%D1%8B%D0%B5_%D0%BA%D0%BE%D0%BB%D0%B5%D0%B1%D0%B0%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BB%D0%B5%D0%B1%D0%B0%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B7%D0%BE%D0%BD%D0%B0%D0%BD%D1%81%D0%BD%D0%B0%D1%8F_%D1%87%D0%B0%D1%81%D1%82%D0%BE%D1%82%D0%B0
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%91%D0%BC%D0%BA%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%AD%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%B4%D0%B2%D0%B8%D0%B6%D1%83%D1%89%D0%B0%D1%8F_%D1%81%D0%B8%D0%BB%D0%B0
http://ru.wikipedia.org/wiki/%D0%A1%D0%B0%D0%BC%D0%BE%D0%B8%D0%BD%D0%B4%D1%83%D0%BA%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%98%D0%BD%D0%B4%D1%83%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BB%D0%B5%D0%B1%D0%B0%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B7%D0%BE%D0%BD%D0%B0%D0%BD%D1%81_%D1%82%D0%BE%D0%BA%D0%BE%D0%B2
http://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B7%D0%BE%D0%BD%D0%B0%D0%BD%D1%81_%D1%82%D0%BE%D0%BA%D0%BE%D0%B2
http://ru.wikipedia.org/wiki/%D0%98%D0%BD%D0%B4%D1%83%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%91%D0%BC%D0%BA%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%94%D0%BE%D0%B1%D1%80%D0%BE%D1%82%D0%BD%D0%BE%D1%81%D1%82%D1%8C
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ʆʧʠʩʘʥʠʝ ʫʩʪʘʥʦʚʢʠ. 

 
 
 
 
 
 
 
 

 
ʃʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ (ʨʠʩ.1) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʝ ʠʩʪʦʯʥʠʢ 
ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ G, ʢʦʥʜʝʥʩʘʪʦʨ ʧʝʨʝʤʝʥʥʦʡ ʝʤʢʦʩʪʠ ʉ ʠ ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ L ʩ 
ʘʢʪʠʚʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ R. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʭʝʤʝ ʠʤʝʝʪʩʷ ʤʠʢʨʦʘʤʧʝʨʤʝʪʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʠʣʳ ʪʦʢʘ 
ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʢʦʥʪʫʨʝ. 

 
 

ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ. 
1. ʆʟʥʘʢʦʤʠʪʴʩʷ ʩʦ ʩʭʝʤʦʡ ʫʩʪʘʥʦʚʢʠ. 
2. ʉʥʷʪʴ ʨʝʟʦʥʘʥʩʥʫʶ ʢʨʠʚʫʶ, ʪ.ʝ. ʠʟʤʝʥʷʷ ʟʥʘʯʝʥʠʷ ʝʤʢʦʩʪʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ, ʠʟʤʝʨʷʪʴ ʧʦʢʘʟʘʥʠʷ 
ʤʠʢʨʦʘʤʧʝʨʤʝʪʨʘ ʠ ʜʘʥʥʳʝ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣʠʮʫ 1. 

3. ʇʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ 1 ʧʦʩʪʨʦʠʪʴ ʨʝʟʦʥʘʥʩʥʫʶ ʢʨʠʚʫʶ 
0 ( )I f C= . 

ʊʘʙʣʠʮʘ1. R1 = ................. ʆʤ;          R2 = .................. ʆʤ. 

ɼʝʣʝʥʠʷ ʥʘ 
ʢʦʥʜʝʥʩʘʪʦʨʝ 

            

ʉ, ʧʌ             

I0, ʤʢɸ (R1)             

I0, ʤʢɸ (R2)             

 
 
4. ʆʧʨʝʜʝʣʠʪʴ ʧʦ ʨʝʟʦʥʘʥʩʥʦʡ ʢʨʠʚʦʡ ʟʥʘʯʝʥʠʝ ʝʤʢʦʩʪʠ ʉʨʝʟ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 
ʟʥʘʯʝʥʠʶ ʪʦʢʘ I0. 

5. ʆʧʨʝʜʝʣʠʪʴ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʢʦʥʪʫʨʘ L ʧʦ ʬʦʨʤʫʣʝ 
2

ʨʝʟ ʨʝʟ

1
L

C
=
w

. ʈʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ 

02ʨʝʟw = pn ʩʦʚʧʘʜʘʝʪ ʩ ʯʘʩʪʦʪʦʡ ʕ.ɼ.ʉ. ʠʩʪʦʯʥʠʢʘ G. ɿʥʘʯʝʥʠʝ 
0n ʫʢʘʟʘʥʦ ʥʘ ʫʩʪʘʥʦʚʢʝ. 

6. ʈʘʩʩʯʠʪʘʪʴ ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʥʪʫʨʘ ʧʦ ʬʦʨʤʫʣʝ 
L

C
r= . 

7. ʈʘʩʩʯʠʪʘʪʴ ʜʦʙʨʦʪʥʦʩʪʴ ʢʦʥʪʫʨʘ Q ʧʦ ʬʦʨʤʫʣʝ Q
R

r
= . ʉʦʧʨʦʪʠʚʣʝʥʠʝ R ʫʢʘʟʘʥʥʦ ʥʘ ʫʩʪʘʥʦʚʢʝ. 

8. ɿʘʧʦʣʥʠʪʴ ʪʘʙʣʠʮʫ 2. 
 

ʉʨʝʟ, ʤʢʌ ɤʨʝʟ, ʩ
ï1

 L, ɻʥ R, ʆʤ ɟ, ʆʤ Q 

      

     

 
 
 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ. 
 
1. ʅʘʨʠʩʦʚʘʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʭʝʤʫ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʨʝʟʦʥʘʥʩʘ ʪʦʢʘ. 
2. ɿʘʧʠʩʘʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚʳʥʫʞʜʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. 
3. ʂʘʢʦʝ ʷʚʣʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʨʝʟʦʥʘʥʩʦʤ? 
4. ʅʘʡʪʠ ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ ʜʣʷ ʢʦʣʝʙʘʥʠʡ ʟʘʨʷʜʘ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʝ. 
5. ʅʘʡʪʠ ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ ʜʣʷ ʢʦʣʝʙʘʥʠʡ ʩʠʣʳ ʪʦʢʘ ʚ ʢʦʥʪʫʨʝ. 
6. ʅʘʡʪʠ ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ ʜʣʷ ʢʦʣʝʙʘʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʘʪʫʰʢʝ ʀʥʜʫʢʪʠʚʥʦʩʪʠ. 
7. ʈʝʟʦʥʘʥʩ ʢʘʢʦʡ ʚʝʣʠʯʠʥʳ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʭʝʤʝ ʥʘ ʨʠʩ.1? 
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8. ʂʘʢ ʠʟʤʝʥʠʪʩʷ ʨʝʟʦʥʘʥʩʥʘʷ ʢʨʠʚʘʷ ʜʣʷ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ ʚ ʮʝʧʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʘʢʪʠʚʥʦʛʦ 
ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʢʦʥʪʫʨʝ? 
9. ʇʦʯʝʤʫ ʚ ʨʘʜʠʦʧʨʠʝʤʥʠʢʘʭ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʝʤʥʳʡ ʢʦʥʪʫʨ ʩ ʙʦʣʴʰʦʡ ʜʦʙʨʦʪʥʦʩʪʴʶ? 

 
ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ 5 

 
ʀɿʋʏɽʅʀɽ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʓʍ ɺʆʃʅ 

 
ʎʝʣʴ ʨʘʙʦʪʳ: ʠʟʫʯʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ. 

 
ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ 

 
        ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘðʵʪʦ ʧʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʢʦʥʝʯʥʦʡ ʩʢʦʨʦʩʪʴʶ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʧʨʝʜʩʢʘʟʘʣ ʝʱʝ ʚ 1832 ʛ. 
ʄ. ʌʘʨʘʜʝʡ, ʘ ʚ 1865 ʛ, ɼʞ. ʂʣ. ʄʘʢʩʚʝʣʣ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʢʦʣʝʙʘʥʠʷ 
ʜʦʣʞʥʳ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚ ʚʘʢʫʫʤʝ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ.  
ɺ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʝ ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ 
ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʜʨʫʛ ʜʨʫʛʫ, ʢʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʣʝʞʘʪ ʚ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʢ ʥʘʧʨʘʚʣʝʥʠʶ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ, ʪ. ʝ. ʚʝʢʪʦʨʫ ʩʢʦʨʦʩʪʠ ʚʦʣʥʳ. ʕʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳð ʧʦʧʝʨʝʯʥʳ. ʅʘʧʨʘʚʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʦʧʨʝʜʝʣʷʶʪ ʚʝʢʪʦʨ 
ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽ ʠ ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ɺ, ʢʦʪʦʨʳʝ  ʢʦʣʝʙʣʶʪʩʷ ʚ ʦʜʥʦʡ 
ʬʘʟʝ, ʪ. ʝ. ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʥʫʣʴ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʦʩʪʠʛʘʶʪ ʤʘʢʩʠʤʫʤʘ.  

        ʀʟ ʨʝʰʝʥʠʷ ʚʦʣʥʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʪʝʦʨʠʠ ʄʘʢʩʚʝʣʣʘ ʚʳʪʝʢʘʣʦ, ʯʪʦ ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʚʘʢʫʫʤʝ ʨʘʚʥʘ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ. ʇʝʨʝʤʝʥʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ 
ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ɽ ʧʦʨʦʞʜʘʝʪ ʧʝʨʝʤʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩ ʠʥʜʫʢʮʠʝʡ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ 
ʧʝʨʝʥʦʩʠʪ ʵʥʝʨʛʠʶ.  
      ʀʤʧʫʣʴʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʤʘʣ. ʇʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚʧʝʨʚʳʝ ʙʳʣʠ 
ʧʨʦʠʟʚʝʜʝʥʳ ʟʘʤʝʯʘʪʝʣʴʥʳʤ ʨʫʩʩʢʠʤ ʫʯʝʥʳʤ ʇ. ʅ. ʃʝʙʝʜʝʚʳʤ ʚ 1900 ʛ. ɼʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʥʘʣʠʯʠʷ 
ʠʤʧʫʣʴʩʘ ʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʣʫʞʠʪ ʧʦʚʝʜʝʥʠʝ ʭʚʦʩʪʦʚ ʢʦʤʝʪ: ʠʟ-ʟʘ ʨʘʜʠʘʮʠʦʥʥʦʛʦ 
ʜʘʚʣʝʥʠʷ ʭʚʦʩʪʳ ʢʦʤʝʪ ʥʘʧʨʘʚʣʝʥʳ ʦʪ ʉʦʣʥʮʘ. 
ʉʚʦʙʦʜʥʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʦʙʣʘʜʘʝʪ ʥʝ ʪʦʣʴʢʦ ʵʥʝʨʛʠʝʡ ʠ ʠʤʧʫʣʴʩʦʤ, ʥʦ ʠ ʤʘʩʩʦʡ. 
ʇʦʩʢʦʣʴʢʫ ʵʥʝʨʛʠʷ ʨʘʚʥʘ ɽ=mʩ

2
, ʘ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚʝʣʠʢʘ, ʪʦ ʜʘʞʝ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʧʦʣʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʯʝʥʴ ʤʘʣʘʷ ʤʘʩʩʘ. ʅʘʧʨʠʤʝʨ, ʤʘʩʩʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʵʥʝʨʛʠʠ, ʠʟʣʫʯʘʝʤʦʡ ʦʯʝʥʴ 
ʤʦʱʥʦʡ ʨʘʜʠʦʩʪʘʥʮʠʝʡ (500 ʢɺʪ) ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ, ʨʘʚʥʘ 0,02 ʤʛ. 
         ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʧʨʠʨʦʜʫ ʠʤʝʝʪ ʯʨʝʟʚʳʯʘʡʥʦ ʰʠʨʦʢʠʡ ʢʨʫʛ ʠʟʣʫʯʝʥʠʡ. ʄʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ 
ʥʝʧʨʝʨʳʚʥʦʤ ʨʷʜʝ ʠʟʣʫʯʝʥʠʡ, ʧʨʦʩʪʠʨʘʶʱʠʭʩʷ ʦʪ ʨʘʜʠʦʚʦʣʥ ʜʦ ʛʘʤʤʘ-ʣʫʯʝʡ, ʪ. ʝ. ʦ ʩʧʝʢʪʨʝ ʠʣʠ 
ʰʢʘʣʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ. ʅʘʟʚʘʥʠʷ ʜʣʷ ʠʟʣʫʯʝʥʠʡ, ʣʝʞʘʱʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ 
ʩʧʝʢʪʨʘ, ʩʣʦʞʠʣʠʩʴ ʠʩʪʦʨʠʯʝʩʢʠ. ʆʥʠ ʬʘʢʪʠʯʝʩʢʠ ʜʘʶʪ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ. 

       ɼʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʭʘʨʘʢʪʝʨʥʳ ʷʚʣʝʥʠʷ ʦʪʨʘʞʝʥʠʷ, ʧʨʝʣʦʤʣʝʥʠʷ, 
ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʜʠʬʨʘʢʮʠʠ, ʧʦʣʷʨʠʟʘʮʠʠ.  

 
 
 

ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 
 

ʆʧʳʪ 1.ʆʪʨʘʞʝʥʠʝ. ɺʢʣʶʯʠʪʝ ʪʝʣʝʚʠʟʦʨ (ɺʄ ʠʣʠ ɺʇ), ʚʦʟʴʤʠʪʝ ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ ʚ ʦʜʥʫ 
ʨʫʢʫ, ʘ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʣʘʩʪʠʥʫ ʧʨʦʠʟʚʦʣʴʥʦʡ ʧʣʦʱʘʜʠ ʚ ʜʨʫʛʫʶ. ʇʦʚʝʨʥʠʪʝʩʴ ʩʧʠʥʦʡ ʢ ʪʝʣʝʚʠʟʦʨʫ 
(ɺʄ, ɺʇ). ɺʳʪʷʥʠʪʝ ʨʫʢʫ ʩ ʧʣʘʩʪʠʥʦʡ ʚʧʝʨʝʜ ʧʝʨʝʜ ʩʦʙʦʡ ʠ ʥʘʧʨʘʚʴʪʝ ʧʫʣʴʪ ʚ ʩʪʦʨʦʥʫ ʧʣʘʩʪʠʥʳ. 
ʅʘʞʤʠʪʝ ʥʘ ʢʘʢʫʶ-ʣʠʙʦ ʢʥʦʧʢʫ ʥʘ ʧʫʣʴʪʝ. ɼʦʙʝʡʪʝʩʴ ʧʝʨʝʢʣʶʯʝʥʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʪʝʣʝʚʠʟʦʨʘ (ɺʄ, 
ɺʇ). ɺʳʚʦʜ: ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ ʦʪʨʘʞʝʥʠʷ.  

 
ʆʧʳʪ 2. ʇʦʛʣʦʱʝʥʠʝ. ʇʦʚʝʨʥʠʪʝʩʴ ʣʠʮʦʤ ʢ ʪʝʣʝʚʠʟʦʨʫ (ɺʄ, ɺʇ). ʇʝʨʝʢʨʦʡʪʝ ʧʫʣʴʪ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʪʨʘʜʢʦʡ (ʛʘʟʝʪʦʡ ʠ ʪ. ʧ.). ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʢʥʦʧʢʠ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʢʣʶʯʝʥʠʷ 
ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʧʨʠʙʦʨʦʚ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʇʦʜʦʡʜʠʪʝ ʥʘ ʤʘʣʦʝ ʨʘʩʩʪʦʷʥʠʝ ʢ ʪʝʣʝʚʠʟʦʨʫ (ɺʄ, ɺʇ). 
ʇʦʚʪʦʨʠʪʝ ʦʧʳʪ. ɼʦʙʝʡʪʝʩʴ ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʫʨʳ.  

ɺʳʚʦʜʳ: 1) ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ ʧʦʛʣʦʱʘʝʪʩʷ ʚʝʱʝʩʪʚʦʤ; 2) ʵʥʝʨʛʠʷ ʚʦʣʥʳ ʟʘʚʠʩʠʪ ʦʪ 
ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʠʩʪʦʯʥʠʢʘ.  

 
 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 
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1.ʂʘʢʘʷ ʚʦʣʥʘ ʥʘʟʳʚʘʝʪʩʷ ʧʣʦʩʢʦʡ ʚʦʣʥʦʡ? ʇʨʠ ʢʘʢʦʤ ʫʩʣʦʚʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʚʦʣʥʫ 
ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʣʦʩʢʦʡ ʚʦʣʥʦʡ? 

2. ʏʝʤ ʦʙʫʩʣʦʚʣʝʥʳ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʚ ʜʠʵʣʝʢʪʨʠʢʝ, ʧʨʦʚʦʜʥʠʢʝ ʠ 
ʚʘʢʫʫʤʝ? 

 
ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ 10  

ʆʇʈɽɼɽʃɽʅʀɽ ɻʃɸɺʅʆɻʆ ʌʆʂʋʉʅʆɻʆ 
ʈɸʉʉʊʆʗʅʀʗ ʉʀʉʊɽʄʓ ʃʀʅɿ 

ʎʝʣʴ ʨʘʙʦʪʳ: ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʛʠʧʦʪʝʟʫ ʠʟʫʯʝʥʠʷ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʩʣʦʞʥʦʩʪʠ, ʠʟʫʯʠʪʴ 
ʥʝʢʦʪʦʨʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʢʫʩʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʪʦʥʢʠʭ ʣʠʥʟ. 

ʇʨʠʙʦʨʳ ʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ: ʦʧʪʠʯʝʩʢʘʷ ʩʢʘʤʴʷ ʩ ʥʘʙʦʨʦʤ ʨʝʡʪʝʨʦʚ, ʦʩʚʝʪʠʪʝʣʴ ʩ 
ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ, ʵʢʨʘʥ, ʩʦʙʠʨʘʶʱʘʷ ʠ ʨʘʩʩʝʠʚʘʶʱʘʷ ʣʠʥʟʳ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ 
ʃʠʥʟʘ ï ʵʪʦ ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʦʧʪʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʆʥʘ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʪʠʯʝʩʢʠ 
ʧʨʦʟʨʘʯʥʦʝ ʪʝʣʦ (ʥʘʧʨʠʤʝʨ, ʠʟ 
ʩʪʝʢʣʘ), ʦʛʨʘʥʠʯʝʥʥʦʝ ʩ ʜʚʫʭ ʩʪʦʨʦʥ 
ʧʨʝʣʦʤʣʷʶʱʠʤʠ (ʯʘʱʝ ʚʩʝʛʦ 
ʩʬʝʨʠʯʝʩʢʠʤʠ) ʧʦʚʝʨʭʥʦʩʪʷʤʠ. ɽʩʣʠ 
ʨʘʩʩʪʦʷʥʠʝ ʆ1ʆ2 (ʨʠʩ. 1) ʤʝʞʜʫ ʵʪʠʤʠ 
ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ 
ʨʘʜʠʫʩʦʚ ʢʨʠʚʠʟʥʳ, ʪʦ ʣʠʥʟʘ 
ʥʘʟʳʚʘʝʪʩʷ ʪʦʥʢʦʡ. ɽʝ ʚʝʨʰʠʥʳ ʆ1 ʠ 
ʆ2 ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 
ʩʦʚʧʘʜʘʶʱʠʤʠ ʚ ʪʦʯʢʝ ʆ, ʥʘʟʳʚʘʝʤʦʡ 

ʦʧʪʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʣʠʥʟʳ. ʇʨʠʯʝʤ ʦʩʴ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʦʧʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʣʠʥʟʳ ʠ ʮʝʥʪʨʳ 

ʢʨʠʚʠʟʥʳ ʝʝ ʧʨʝʣʦʤʣʷʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʥʘʟʳʚʘʝʪʩʷ ʛʣʘʚʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʴʶ ʣʠʥʟʳ (ʧʨʷʤʘʷ ʈʈ¡, 
ʨʠʩ. 1). 
 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

ɽʩʣʠ ʥʘʧʨʘʚʠʪʴ ʣʫʯ ʩʚʝʪʘ ʧʘʨʘʣʣʝʣʴʥʦ ʛʣʘʚʥʦʡ  ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ (ʚʙʣʠʟʠ ʥʝʝ), ʪʦ 
ʧʨʝʣʦʤʠʚʰʠʩʴ, ʦʥ ʧʨʦʡʜʝʪ ʯʝʨʝʟ ʪʦʯʢʠ F1 ʠʣʠ F2 (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʩʣʝʚʘ ʠʣʠ ʩʧʨʘʚʘ ʦʪ ʣʠʥʟʳ 
ʧʘʜʘʝʪ ʥʘ ʥʝʝ ʣʫʯ), ʣʝʞʘʱʠʝ ʥʘ ʛʣʘʚʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʣʠʥʟʳ. ʕʪʠ ʪʦʯʢʠ ʥʘʟʳʚʘʶʪ ʛʣʘʚʥʳʤʠ 
ʬʦʢʫʩʘʤʠ ʣʠʥʟʳ, ʘ ʩʘʤʘ ʣʠʥʟʘ, ʧʨʝʣʦʤʣʷʶʱʘʷ ʣʫʯʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʟʳʚʘʝʪʩʷ ʩʦʙʠʨʘʶʱʝʡ (ʨʠʩ. 1, 
ʘ). ɽʩʣʠ ʞʝ ʧʦʩʣʝ ʧʨʝʣʦʤʣʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʣʫʯʘ ʣʠʥʟʦʡ ʯʝʨʝʟ ʪʦʯʢʠ F1 ʠʣʠ F2 (ʛʣʘʚʥʳʝ ʬʦʢʫʩʳ) ʤʦʞʥʦ 
ʧʨʦʚʝʩʪʠ ʣʠʰʴ ʧʨʷʤʫʶ, ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʧʨʦʜʦʣʞʝʥʠʝ ʧʨʝʣʦʤʣʝʥʥʦʛʦ ʣʫʯʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, 
ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʶ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʪʦ ʪʘʢʘʷ ʣʠʥʟʘ ʥʘʟʳʚʘʝʪʩʷ ʨʘʩʩʝʠʚʘʶʱʝʡ (ʨʠʩ. 1, ʙ). 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʧʪʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʣʠʥʟʳ ʠ ʝʝ ʛʣʘʚʥʳʤʠ ʬʦʢʫʩʘʤʠ (ʨʘʩʩʪʦʷʥʠʷ f1 ʠʣʠ f2) 
ʥʘʟʳʚʘʶʪ ʛʣʘʚʥʳʤʠ ʬʦʢʫʩʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ ʣʠʥʟʳ. ʆʥʠ ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʪ.ʝ. f1 = f2 = f, ʝʩʣʠ 
ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ ʦʪ ʣʠʥʟʳ ʥʘʭʦʜʠʪʩʷ ʦʜʥʘ ʠ ʪʘ ʞʝ ʩʨʝʜʘ (ʥʘʧʨʠʤʝʨ ʚʦʟʜʫʭ). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʠ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ 
ʬʦʢʫʩʥʳʭ ʨʘʩʩʪʦʷʥʠʡ 

ɻʣʘʚʥʦʝ ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʪʦʥʢʠʭ ʣʠʥʟ ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ɼʣʷ ʵʪʦʡ 
ʮʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʩʪʘʥʦʚʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 2. ʋʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʦʧʪʠʯʝʩʢʦʡ ʩʢʘʤʴʠ 1, 
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