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ʇʦʷʩʥʠʪʝʣʴʥʘʷ ʟʘʧʠʩʢʘ 

 
ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʠ ʢʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʳ çʊʝʭʥʠʯʝʩʢʘʷ 

ʤʝʭʘʥʠʢʘè ʨʘʟʨʘʙʦʪʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʌɻʆʉ3+ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ         

21.02.01 ʈʘʟʨʘʙʦʪʢʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 21.02.02 ɹʫʨʝʥʠʝ 

ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ. 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʩʚʦʝʥʠʷ ʜʠʩʮʠʧʣʠʥʳ ʦʙʫʯʘʶʱʠʡʩʷ ʜʦʣʞʝʥ ʫʤʝʪʴ: 

- ʦʧʨʝʜʝʣʷʪʴ ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʘʭ; 

- ʦʧʨʝʜʝʣʷʪʴ ʧʝʨʝʜʘʪʦʯʥʳʝ ʦʪʥʦʰʝʥʠʝ; 

- ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʝʪ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʜʝʪʘʣʠ ʠ ʩʙʦʨʦʯʥʦʡ ʝʜʠʥʠʮʳ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ; 

- ʧʨʦʚʦʜʠʪʴ ʩʙʦʨʦʯʥʦ-ʨʘʟʙʦʨʦʯʥʳʝ ʨʘʙʦʪʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʭʘʨʘʢʪʝʨʦʤ ʩʦʝʜʠʥʝʥʠʡ ʜʝʪʘʣʝʡ 

ʠ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ; 

- ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʝʪʳ ʥʘ ʩʞʘʪʠʝ, ʩʨʝʟ ʠ ʩʤʷʪʠʝ; 

- ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʝʪʳ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʧʨʦʯʥʦʩʪʴ, ʞʝʩʪʢʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ; 

- ʩʦʙʠʨʘʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʜʝʪʘʣʝʡ ʧʦ ʯʝʨʪʝʞʘʤ ʠ ʩʭʝʤʘʤ; 

- ʯʠʪʘʪʴ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʭʝʤʳ. 
 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʩʚʦʝʥʠʷ ʜʠʩʮʠʧʣʠʥʳ ʦʙʫʯʘʶʱʠʡʩʷ ʜʦʣʞʝʥ ʟʥʘʪʴ: 

- ʚʠʜʳ ʜʚʠʞʝʥʠʡ ʠ ʧʨʝʦʙʨʘʟʫʶʱʠʝ ʜʚʠʞʝʥʠʝ ʤʝʭʘʥʠʟʤʳ; 

- ʚʠʜʳ ʠʟʥʦʩʘ ʠ ʜʝʬʦʨʤʘʮʠʡ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ; 

- ʚʠʜʳ ʧʝʨʝʜʘʯ, ʠʭ ʫʩʪʨʦʡʩʪʚʦ, ʥʘʟʥʘʯʝʥʠʝ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʫʩʣʦʚʥʳʝ 

ʦʙʦʟʥʘʯʝʥʠʷ ʥʘ ʩʭʝʤʘʭ; 

- ʢʠʥʝʤʘʪʠʢʫ ʤʝʭʘʥʠʟʤʦʚ, ʩʦʝʜʠʥʝʥʠʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ, ʚʠʜʳ ʠ 

ʫʩʪʨʦʡʩʪʚʦ ʧʝʨʝʜʘʯ; 

- ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʧʨʦʯʥʦʩʪʴ, ʞʝʩʪʢʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 
ʚʠʜʘʭ ʜʝʬʦʨʤʘʮʠʠ; 

- ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ ʥʘ ʩʞʘʪʠʝ, ʩʨʝʟ ʠ ʩʤʷʪʠʝ; 

- ʥʘʟʥʘʯʝʥʠʝ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʧʦʜʰʠʧʥʠʢʦʚ; 

- ʭʘʨʘʢʪʝʨ ʩʦʝʜʠʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ ʠ ʜʝʪʘʣʝʡ; 

- ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʩʤʘʟʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ; 

- ʪʠʧʳ, ʥʘʟʥʘʯʝʥʠʝ, ʫʩʪʨʦʡʩʪʚʦ ʨʝʜʫʢʪʦʨʦʚ; 

- ʪʨʝʥʠʝ, ʝʛʦ ʚʠʜʳ, ʨʦʣʴ ʪʨʝʥʠʷ ʚ ʪʝʭʥʠʢʝ; 

- ʫʩʪʨʦʡʩʪʚʦ ʠ ʥʘʟʥʘʯʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʢʦʥʪʨʦʣʴʥʦ- ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ ʨʝʤʦʥʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 

ʅʘ ʠʟʫʯʝʥʠʝ ʜʠʩʮʠʧʣʠʥʳ ʦʪʚʦʜʠʪʩʷ 216 ʯʘʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 184 ʯʘʩʘ ʥʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ 

ʨʘʙʦʪʫ. ʇʨʠ ʟʘʦʯʥʦʡ ʬʦʨʤʝ ʦʙʫʯʝʥʠʷ ʜʠʩʮʠʧʣʠʥʘ ʊʝʭʥʠʯʝʩʢʘʷ ʤʝʭʘʥʠʢʘè ʠʟʫʯʘʝʪʩʷ ʥʘ ʧʝʨʚʦʤ ʠ 

ʚʪʦʨʦʤ ʢʫʨʩʝ. ʅʘ ʚʪʦʨʦʤ ʢʫʨʩʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ 18 ʯʘʩʦʚ ʘʫʜʠʪʦʨʥʳʭ ʟʘʥʷʪʠʡ, ʠʟ ʥʠʭ 6 ʯʘʩʦʚ 

ʦʪʚʝʜʝʥʦ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ. 

ʌʦʨʤʦʡ ʢʦʥʪʨʦʣʷ ʥʘ 2 ʢʫʨʩʝ ʷʚʣʷʝʪʩʷ ʵʢʟʘʤʝʥ. 
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ʊʨʝʙʦʚʘʥʠʷ ʢ ʚʳʧʦʣʥʝʥʠʶ ʠ ʦʬʦʨʤʣʝʥʠʶ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ 

 
ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʠ ʢʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʳ çʊʝʭʥʠʯʝʩʢʘʷ 

ʤʝʭʘʥʠʢʘè ʩʦʩʪʘʚʣʝʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʙʦʯʝʡ ʧʨʦʛʨʘʤʤʳ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çʊʝʭʥʠʯʝʩʢʘʷ 

ʤʝʭʘʥʠʢʘè ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ 21.02.01 ʈʘʟʨʘʙʦʪʢʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ 

ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 21.02.02 ɹʫʨʝʥʠʝ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʩʣʝʜʫʶʱʠʝ 

ʪʨʝʙʦʚʘʥʠʷ: 

1. ʂ ʚʳʧʦʣʥʝʥʠʶ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ ʧʨʠʩʪʫʧʘʪʴ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʪʱʘʪʝʣʴʥʦ 

ʠʟʫʯʝʥ ʥʝʦʙʭʦʜʠʤʳʡ ʤʘʪʝʨʠʘʣ. 

2. ʂʦʥʪʨʦʣʴʥʘʷ ʨʘʙʦʪʘ ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʚ ʪʝʪʨʘʜʠ ʚ ʢʣʝʪʢʫ. 

3. ʅʘ ʦʙʣʦʞʢʝ ʪʝʪʨʘʜʠ ʫʢʘʟʳʚʘʝʪʩʷ ʜʠʩʮʠʧʣʠʥʘ, ʰʠʬʨ, ʚʘʨʠʘʥʪ ʫʯʘʱʝʛʦʩʷ, ʌ.ʀ.ʆ. 

ʩʪʫʜʝʥʪʘ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ. 

4. ʅʦʤʝʨ ʚʘʨʠʘʥʪʘ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʤʝʨʫ ʩʧʠʩʢʘ ʚ ʞʫʨʥʘʣʝ. 

5. ɺʩʝ ʨʠʩʫʥʢʠ ʠ ʩʭʝʤʳ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʢʘʨʘʥʜʘʰʦʤ ʧʦʜ ʣʠʥʝʡʢʫ. 

6. ʈʝʰʘʝʤʘʷ ʟʘʜʘʯʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʣʦʛʠʯʝʩʢʦʝ ʟʘʢʣʶʯʝʥʠʝ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʧʦ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝ. 

7. ɺ ʢʦʥʮʝ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ ʫʢʘʟʳʚʘʝʪʩʷ ʩʧʠʩʦʢ ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ 

(ʬʘʤʠʣʠʷ ʘʚʪʦʨʘ, ʥʘʟʚʘʥʠʝ ʢʥʠʛʠ ʠ ʛʦʜ ʠʟʜʘʥʠʷ). 

8. ʇʨʠ ʚʦʟʚʨʘʪʝ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ ʚʥʠʤʘʪʝʣʴʥʦ ʧʨʦʯʠʪʘʪʴ 

ʨʝʮʝʥʟʠʶ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʚʳʧʦʣʥʠʪʴ ʚʩʝ ʝʛʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʠ ʩʦʚʝʪʳ. ʀʩʧʨʘʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʠʪʴ ʚ ʪʦʡ ʞʝ ʪʝʪʨʘʜʠ ʠ ʩʜʘʪʴ ʢʦʥʪʨʦʣʴʥʫʶ ʨʘʙʦʪʫ ʧʦʚʪʦʨʥʦ. 

9. ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʠʢʫ ʠ ʧʨʠʤʝʨʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʘʥʥʦʤ ʤʝʪʦʜʠʯʝʩʢʦʤ ʫʢʘʟʘʥʠʠ. 

10. ʂʦʥʪʨʦʣʴʥʘʷ ʨʘʙʦʪʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʚ ʫʯʝʙʥʫʶ ʯʘʩʪʴ ʚ ʩʨʦʢ, ʫʢʘʟʘʥʥʳʡ 

ʚ ʫʯʝʙʥʦʤ ʛʨʘʬʠʢʝ. 

11. ɺʳʧʦʣʥʝʥʥʘʷ ʢʦʥʪʨʦʣʴʥʘʷ ʨʘʙʦʪʘ ʦʮʝʥʠʚʘʝʪʩʷ ʦʮʝʥʢʦʡ çʟʘʯʪʝʥʦè ʠʣʠ çʥʝ 

ʟʘʯʪʝʥʦè. ʂʦʥʪʨʦʣʴʥʘʷ ʨʘʙʦʪʘ, ʚʳʧʦʣʥʝʥʥʘʷ ʥʝʙʨʝʞʥʦ ʠʣʠ ʥʝ ʧʦ ʩʚʦʝʤʫ ʚʘʨʠʘʥʪʫ, ʚʦʟʚʨʘʱʘʝʪʩʷ 

ʩʪʫʜʝʥʪʫ ʙʝʟ ʧʨʦʚʝʨʢʠ. 

12. ʉʪʫʜʝʥʪʳ, ʥʝ ʚʳʧʦʣʥʠʚʰʠʝ ʢʦʥʪʨʦʣʴʥʫʶ ʨʘʙʦʪʫ ʧʦ ʜʠʩʮʠʧʣʠʥʝ, ʢ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʤʫ ʟʘʯʝʪʫ ʠ ʵʢʟʘʤʝʥʫ ʥʝ ʜʦʧʫʩʢʘʶʪʩʷ. 

13. ʇʦ ʚʩʝʤ ʚʦʧʨʦʩʘʤ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠ 

ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ, ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴʩʷ ʢ ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʳ ʟʘ 

ʢʦʥʩʫʣʴʪʘʮʠʝʡ. 
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ʈɸɿɼɽʃ 2. ʊɽʆʈʀʗ ʄɽʍɸʅʀɿʄʆɺ ʀ ʄɸʐʀʅ 

 

ʊʝʤʘ 2.1 ʆʙʱʠʝ  ʩʚʝʜʝʥʠʷ ʦ ʥʝʢʦʪʦʨʳʭ ʤʝʭʘʥʠʟʤʘʭ 

 

ʇʣʦʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʧʨʠʥʮʠʧ 

ʜʝʡʩʪʚʠʷ. ɺʠʜʳ ʤʝʭʘʥʠʟʤʦʚ. ʉʪʨʫʢʪʫʨʘ ʤʝʭʘʥʠʟʤʦʚ. ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ: ʤʘʰʠʥʘ, 

ʤʝʭʘʥʠʟʤ, ʟʚʝʥʦ. ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʧʘʨʘ, ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʮʝʧʴ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʘʰʠʥ ʠ 

ʤʝʭʘʥʠʟʤʦʚ.  

 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ 

 

ʄʝʭʘʥʠʟʤ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʜʚʠʞʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʪʝʣ, ʧʨʠʤʝʥʷʝʤʘʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʜʚʠʞʝʥʠʷ. ʊʝʣʘ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʝʭʘʥʠʟʤ, ʥʘʟʳʚʘʶʪ ʟʚʝʥʴʷʤʠ. ʂʘʞʜʳʝ ʜʚʘ ʟʚʝʥʘ ʩʦʩʪʘʚʣʷʶʪ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ 

ʧʘʨʫ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʷʶʪʩʷ ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʮʝʧʠ: ʧʨʦʩʪʳʝ ʠ ʩʣʦʞʥʳʝ, ʟʘʤʢʥʫʪʳʝ ʠ ʦʪʢʨʳʪʳʝ. ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ 

ʮʝʧʠ ʤʦʛʫʪ ʙʳʪʴ ʧʣʦʩʢʠʤʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ. ʇʣʦʩʢʠʤʠ ʥʘʟʳʚʘʶʪ ʮʝʧʠ, ʫ ʢʦʪʦʨʳʭ ʪʨʘʝʢʪʦʨʠʠ ʪʦʯʝʢ ʚʩʝʭ 

ʟʚʝʥʴʝʚ ï ʧʣʦʩʢʠʝ ʢʨʠʚʳʝ ʠʣʠ ʧʨʷʤʳʝ ʣʝʞʘʪ ʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʦʩʢʦʩʪʷʭ.  

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ. 

1.  ʏʪʦ ʪʘʢʦʝ ʤʝʭʘʥʠʟʤ?  

2.  ʏʪʦ ʪʘʢʦʝ ʧʣʦʩʢʠʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʮʝʧʠ?  

3.  ʏʪʦ ʥʘʟʳʚʘʶʪ ʨʳʯʘʞʥʳʤ ʤʝʭʘʥʠʟʤʦʤ?  

4.  ɺʠʜʳ ʠ ʧʨʠʤʝʥʝʥʠʝ ʧʣʦʩʢʠʭ ʨʳʯʘʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. 
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ʊʝʤʘ 2.2 ɺʠʜʳ ʜʚʠʞʝʥʠʡ ʠ ʧʨʝʦʙʨʘʟʫʶʱʠʝ ʜʚʠʞʝʥʠʷ ʤʝʭʘʥʠʟʤʳ  
 

ʇʨʦʩʪʝʡʰʠʝ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ʇʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. ɺʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. 

ʏʘʩʪʥʳʝ ʩʣʫʯʘʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʉʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʪʦʯʝʢ ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʝʣʘ. 

ʇʨʝʦʙʨʘʟʫʶʱʠʝ ʜʚʠʞʝʥʠʷ ʤʝʭʘʥʠʟʤʳ. ʉʣʦʞʥʦʝ ʜʚʠʞʝʥʠʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 

ʇʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ʄʝʪʦʜ ʨʘʟʣʦʞʝʥʠʷ ʩʣʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʘ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʠ ʚʨʘʱʘʪʝʣʴʥʦʝ. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʤʛʥʦʚʝʥʥʦʛʦ ʮʝʥʪʨʘ ʩʢʦʨʦʩʪʝʡ. 

ʂʨʠʚʦʰʠʧʥʳʡ ʤʝʭʘʥʠʟʤ. 

 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ 

ʈʳʯʘʞʥʳʡ ʤʝʭʘʥʠʟʤ ï ʤʝʭʘʥʠʟʤ, ʟʚʝʥʴʷ ʢʦʪʦʨʦʛʦ ʩʪʝʨʞʥʠ-ʪʝʣʘ, ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʥʘ 

ʧʦʨʷʜʦʢ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʜʣʠʥʳ. ʈʳʯʘʞʥʳʝ ʤʝʭʘʥʠʟʤʳ ʤʦʛʫʪ ʙʳʪʴ ʧʣʦʩʢʠʤʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ. ɺ ʧʣʦʩʢʠʭ 

ʤʝʭʘʥʠʟʤʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʨʘʱʘʪʝʣʴʥʳʝ ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ ʧʘʨʳ. ɺʠʜʳ ʧʣʦʩʢʠʭ ʨʳʯʘʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ: 

ʰʘʨʥʠʨʥʳʝ ʯʝʪʳʨʸʭʟʚʝʥʥʳʝ, ʢʨʠʚʦʰʠʧʥʦ-ʧʦʣʟʫʥʥʳʝ,  ʢʫʣʠʩʥʳʝ. ʇʨʠʤʝʥʝʥʠʝ: ʰʘʨʥʠʨʥʳʡ ʯʝʪʳʨʸʭʟʚʝʥʥʠʢ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʢʨʠʚʦʰʠʧʥʦ-ʧʦʣʟʫʥʥʳʝ ʤʝʭʘʥʠʟʤ ʧʨʝʦʙʨʘʟʫʝʪ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚʦ ʚʨʘʱʘʪʝʣʴʥʦʝ ʠ ʥʘʦʙʦʨʦʪ,  ʚ ʢʫʣʠʩʥʦʤ ʤʝʭʘʥʠʟʤʝ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ 

ʢʨʠʚʦʰʠʧʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʢʫʣʠʩʥʦʛʦ ʢʘʤʥʷ ʠ ʢʘʯʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ 

ʢʫʣʠʩʳ.  

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ. 

1. ʏʪʦ ʥʘʟʳʚʘʶʪ ʪʨʘʝʢʪʦʨʠʝʡ ʜʚʠʞʝʥʠʷ? 

2. ʂʘʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʪʦʯʢʠ ʧʨʠ ʝʩʪʝʩʪʚʝʥʥʦʤ ʩʧʦʩʦʙʝ ʟʘʜʘʥʠʷ ʜʚʠʞʝʥʠʷ? 

3. ɿʘʧʠʰʠʪʝ ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʩʘʪʝʣʴʥʦʛʦ, ʥʦʨʤʘʣʴʥʦʛʦ ʠ ʧʦʣʥʦʛʦ ʫʩʢʦʨʝʥʠʡ? 

4. ʏʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʘʩʘʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʠ ʢʘʢ ʦʥʦ ʥʘʧʨʘʚʣʝʥʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʝʢʪʦʨʫ 
ʩʢʦʨʦʩʪʠ? 

5. ʏʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠ ʢʘʢ ʥʘʧʨʘʚʣʝʥʦ ʥʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ? 

6. ɿʘʧʠʰʠʪʝ ʬʦʨʤʫʣʫ ʫʩʢʦʨʝʥʠʷ ʧʨʠ ʧʨʷʤʦʣʠʥʝʡʥʦʤ ʜʚʠʞʝʥʠʠ 

7. ɿʘʧʠʰʠʪʝ ʬʦʨʤʫʣʫ ʧʦʣʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʧʨʠ ʢʨʠʚʦʣʠʥʝʡʥʦʤ ʜʚʠʞʝʥʠʠ. 

8. ʂʘʢʠʤʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʠ 
ʧʦʯʝʤʫ? 

9. ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 

10. ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʨʘʚʥʦʧʝʨʝʤʝʥʥʦʛʦ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 
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ʊʝʤʘ 2.3 ʊʨʝʥʠʝ 

 

ʇʦʥʷʪʠʝ ʦ ʪʨʝʥʠʠ. ɺʠʜʳ ʪʨʝʥʠʷ. ʈʦʣʴ ʪʨʝʥʠʷ ʚ ʪʝʭʥʠʢʝ. 

 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ. 

ʊʨʝʥʠʝ ï ʵʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʦʜʥʦʛʦ ʰʝʨʦʭʦʚʘʪʦʛʦ ʪʝʣʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʨʫʛʦʛʦ. ʇʨʠ ʩʢʦʣʴʞʝʥʠʠ ʪʝʣ ʚʦʟʥʠʢʘʝʪ ʪʨʝʥʠʝ ʩʢʦʣʴʞʝʥʠʷ, ʧʨʠ ʢʘʯʝʥʠʠ ï ʪʨʝʥʠʝ ʢʘʯʝʥʠʷ. ʇʨʠʨʦʜʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʜʚʠʞʝʥʠʶ ʚ ʨʘʟʥʳʭ ʩʣʫʯʘʷʭ ʨʘʟʣʠʯʥʘ. 

ʊʨʝʥʠʝ ʩʢʦʣʴʞʝʥʠʷ ï 

ʇʨʠʯʠʥʘ ï ʤʝʭʘʥʠʯʝʩʢʦʝ ʟʘʮʝʧʣʝʥʠʝ ʚʳʩʪʫʧʦʚ. ʉʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʧʨʠ ʩʢʦʣʴʞʝʥʠʠ 

ʥʘʟʳʚʘʝʪʩʷ ʩʠʣʦʡ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ. 

ɿʘʢʦʥʳ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ: 

1. ʉʠʣʘ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʠʣʝ ʥʦʨʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʉʠʣʘ ʪʨʝʥʠʷ ʚʩʝʛʜʘ ʥʘʧʨʘʚʣʝʥʘ ʚ ʩʪʦʨʦʥʫ, ʦʙʨʘʪʥʫʶ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ. 

2. ʉʠʣʘ ʪʨʝʥʠʷ ʤʝʥʷʝʪʩʷ ʦʪ ʥʫʣʷ ʜʦ ʥʝʢʦʪʦʨʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʥʘʟʳʚʘʝʤʦʛʦ ʩʠʣʦʡ ʪʨʝʥʠʷ 
ʧʦʢʦʷ. (ʩʪʘʪʠʯʝʩʢʦʝ ʪʨʝʥʠʝ) 

3. ʉʠʣʘ ʪʨʝʥʠʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʤʝʥʴʰʝ ʩʠʣʳ ʪʨʝʥʠʷ ʧʦʢʦʷ. ʉʠʣʘ ʪʨʝʥʠʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʥʘʟʳʚʘʝʪʩʷ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʦʡ ʪʨʝʥʠʷ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʩʣʝʜʫʶʱʠʭ ʬʘʢʪʦʨʦʚ: 

¶ ʦʪ ʤʘʪʝʨʠʘʣʘ: ʤʘʪʝʨʠʘʣʳ ʜʝʣʷʪʩʷ ʥʘ ʬʨʠʢʮʠʦʥʥʳʝ ʠ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝʝ. 

¶ ʦʪ ʥʘʣʠʯʠʷ ʩʤʘʟʢʠ; 

¶ ʦʪ ʩʢʦʨʦʩʪʠ ʚʟʘʠʤʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ. 

ʊʨʝʥʠʝ ʢʘʯʝʥʠʷ 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʢʘʯʝʥʠʠ ʩʚʷʟʘʥʦ ʩʦ ʚʟʘʠʤʥʦʡ ʜʝʬʦʨʤʘʮʠʡ ʛʨʫʥʪʘ ʠ ʢʦʣʝʩʘ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ 

ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ. 

ʋʩʣʦʚʠʝ ʢʘʯʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʜʚʠʞʫʱʠʡ ʤʦʤʝʥʪ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʤʝʥʴʰʝ ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ. 

 

1. ʏʪʦ ʥʘʟʳʚʘʶʪ ʤʘʩʩʦʡ ʪʝʣʘ? ʅʘʟʦʚʠʪʝ ʝʜʠʥʠʮʫ ʠʟʤʝʨʝʥʠʷ ʤʘʩʩʳ ʚ ʩʠʩʪʝʤʝ ʉʀ. 

2. ʏʪʦ ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ ʠʥʝʨʪʥʦʩʪʠ ʪʝʣʘ? 

3. ɿʘʧʠʰʠʪʝ ʦʩʥʦʚʥʦʡ ʟʘʢʦʥ ʜʠʥʘʤʠʢʠ ʚ ʚʝʢʪʦʨʥʦʡ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ. 

4. ʅʘ ʤʘʪʝʨʠʘʣʴʥʫʶ ʪʦʯʢʫ ʜʝʡʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʘʷ ʩʠʣʘ. ʂʘʢ ʜʚʠʞʝʪʩʷ ʪʦʯʢʘ? 

5. ʂʘʢʦʝ ʫʩʢʦʨʝʥʠʝ ʧʦʣʫʯʠʪ ʪʦʯʢʘ, ʝʩʣʠ ʥʘ ʥʝʝ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ, ʨʘʚʥʘʷ ʫʜʚʦʝʥʥʦʡ ʩʠʣʝ 

ʪʷʞʝʩʪʠ? 

6. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʧʨʠʥʮʠʧ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʜʝʡʩʪʚʠʷ ʩʠʣ? 

7. ʇʝʨʝʯʠʩʣʠʪʝ ʟʘʢʦʥʳ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ. 

8. ʇʝʨʝʯʠʩʣʠʪʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʚʝʣʠʯʠʥʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ. 

9. ʆʙʲʷʩʥʠʪʝ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʧʦʥʷʪʠʷʤʠ çʠʥʝʨʪʥʦʩʪʴè ʠ çʩʠʣʘ ʠʥʝʨʮʠʠè. 

10. ʂ ʢʘʢʠʤ ʪʝʣʘʤ ʧʨʠʣʦʞʝʥʘ ʩʠʣʘ ʠʥʝʨʮʠʠ, ʢʘʢ ʥʘʧʨʘʚʣʝʥʘ ʠ ʧʦ ʢʘʢʦʡ ʬʦʨʤʫʣʝ ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ? 

11. ʂʘʢ ʚʳʨʘʟʠʪʴ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ ʯʝʨʝʟ ʤʦʤʝʥʪʳ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʥʘ ʚʝʜʦʤʦʤ ʠ ʚʝʜʫʱʝʤ ʢʦʣʝʩʘʭ ʧʨʠ ʜʚʠʞʝʥʠʠ? 

12. ʂʘʢʠʝ ʚʠʜʳ ʩʠʣ ʤʦʛʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʤʝʭʘʥʠʟʤ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ? 

13. ʄʦʛʫʪ ʣʠ ʩʠʣʳ ʪʨʝʥʠʷ ʙʳʪʴ ʜʚʠʞʫʱʠʤʠ ʩʠʣʘʤʠ? 

14. ʂʘʢ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʢʠʥʝʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ: ʯʪʦ ʠʟʚʝʩʪʥʦ ʠ ʯʪʦ ʥʫʞʥʦ ʥʘʡʪʠ? 

15. ʂʘʢʠʤʠ ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʫʨʘʚʥʦʚʝʰʠʚʘʶʱʠʡ ʤʦʤʝʥʪ ʚ ʤʝʭʘʥʠʟʤʝ? 

ɿʘʚʠʩʠʪ ʣʠ ʦʥ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʟʚʝʥʴʝʚ? 

16. ʂʘʢʠʝ ʚʠʜʳ ʪʨʝʥʠʷ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʭ? 

17. ʂʘʢ ʦʧʨʝʜʝʣʠʪʴ ʤʦʱʥʦʩʪʴ, ʪʝʨʷʝʤʫʶ ʥʘ ʪʨʝʥʠʝ? 

18. ʂʘʢ ʧʨʠʤʝʥʠʪʴ ʨʳʯʘʛ ɾʫʨʘʚʩʢʦʛʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʚʝʜʝʥʥʦʡ ʩʠʣʳ? 

19. ʇʦʯʝʤʫ ʧʨʠʚʝʜʝʥʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʨʳʯʘʞʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠʟʤʝʥʷʝʪʩʷ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʝʛʦ ʧʦʣʦʞʝʥʠʷ, ʘ ʜʣʷ ʟʫʙʯʘʪʦʛʦ ʤʝʭʘʥʠʟʤʘ ʵʪʘ ʚʝʣʠʯʠʥʘ ʧʦʩʪʦʷʥʥʘ? 
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ʊʝʤʘ 3.1.  ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ 

 

ʄʝʭʘʥʠʟʤ, ʤʘʰʠʥʘ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʘʰʠʥ. ɼʝʪʘʣʴ ʠ ʩʙʦʨʦʯʥʘʷ ʝʜʠʥʠʮʘ. ʊʨʝʙʦʚʘʥʠʷ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʤʘʰʠʥʘʤ, ʜʝʪʘʣʷʤ ʠ ʩʙʦʨʦʯʥʳʤ ʝʜʠʥʠʮʘʤ. ʂʨʠʪʝʨʠʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʨʘʩʯʝʪʘ 

ʜʝʪʘʣʝʡ ʤʘʰʠʥ. ʇʦʥʷʪʠʝ ʦ ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ 

ʄʝʭʘʥʠʟʤ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʜʚʠʞʥʦ-ʩʦʝʜʠʥʝʥʥʳʭ ʪʝʣ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʚʠʞʝʥʠʷ ʧʦ 

ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʟʘʢʦʥʫ (ʧʨʠʤʝʨ: ʢʨʠʚʦʰʠʧʥʦ-h ʘʪʫʥʥʳʡ ʤʝʭʘʥʠʟʤ). 

ʄʘʰʠʥʘ ï ɻ ʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʝʭʘʥʠʟʤʦʚ ʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʧʦʩʦʙʥʘʷ ʚʳʧʦʣʥʷʪʴ ʧʦʣʝʟʥʫʶ ʨʘʙʦʪʫ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʘʰʠʥ: 

1.ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ. ʉʣʫʞʘʪ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ (ʧʨʠʤʝʨ: ʛʝʥʝʨʘʪʦʨʳ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ,  

ʧʘʨʦʚʘʷ ʪʫʨʙʠʥʘ). 

2.ʈʘʙʦʯʠʝ. ʆʥʠ ʜʝʣʷʪʩʷ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ï ʤʘʰʠʥʳ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤ, ʩʚʦʡʩʪʚ ʠ 

ʩʦʩʪʦʷʥʠʷ  ʧʨʝʜʤʝʪʘ;  ʠ ʪʨʘʥʩʧʦʨʪʥʳʝ ï ʤʘʰʠʥʳ, ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʶʪ ʧʦʣʦʞʝʥʠʷ ʧʨʝʜʤʝʪʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʘ 

ʧʣʦʩʢʦʩʪʠ (ʧʨʠʤʝʨʳ: ʤʦʪʦʮʠʢʣʳ, ʚʝʣʦʩʠʧʝʜʳ, ʪʨʘʤʚʘʠ, ʨʘʢʝʪʳ, ʚʝʨʪʦʣʝʪʳ, ʣʠʬʪʳ).  

3.ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ï ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʙʦʨʘ, ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ (ʧʨʠʤʝʨʳ: 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ, ʰʠʬʨʦʚʘʣʴʥʳʝ ʤʘʰʠʥʳ). 

ɼʝʪʘʣʴ ï ʠʟʜʝʣʠʝ, ʚʳʧʦʣʥʝʥʥʦʝ ʠʟ ʦʜʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʣʫʯʝʥʥʦʝ ʙʝʟ ʩʙʦʨʦʯʥʳʭ ʦʧʝʨʘʮʠʡ. 

ʉʙʦʨʦʯʥʘʷ ʝʜʠʥʠʮʘ ï ʠʟʜʝʣʠʝ, ʢʦʪʦʨʦʝ ʚʳʧʦʣʥʝʥʦ ʥʘ ʟʘʚʦʜʝ ʠʟʛʦʪʦʚʠʪʝʣʝ ʩ ʧʦʤʦʱʴʶ ʩʙʦʨʦʯʥʳʭ 

ʦʧʝʨʘʮʠʡ (ʩʦʙʨʘʥʘ ʠʟ ʜʝʪʘʣʝʡ). 

ʊʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʤʘʰʠʥʘʤ, ʜʝʪʘʣʷʤ ʠ ʩʙʦʨʦʯʥʳʤ ʝʜʠʥʠʮʘʤ: 

1.ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ï ʵʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʠʟʜʝʣʠʷ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ ʚ ʧʨʝʜʝʣʘʭ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ. 

2.ʅʘʜʝʞʥʦʩʪʴ ï ʩʚʦʡʩʪʚʦ ʠʟʜʝʣʠʷ ʩʦʭʨʘʥʷʪʴ ʚʦ ʚʨʝʤʝʥʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʚʳʧʦʣʥʝʥʠʶ ʪʨʝʙʫʝʤʳʭ  

ʬʫʥʢʮʠʡ ʚ ʟʘʜʘʥʥʳʭ ʨʝʞʠʤʘʭ ʧʨʠʤʝʥʝʥʠʷ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʭʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ. 

ʂʨʠʪʝʨʠʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ: 

1.ʇʨʦʯʥʦʩʪʴ ï ʩʧʦʩʦʙʥʦʩʪʴ ʜʝʪʘʣʠ ʚʳʜʝʨʞʠʚʘʪʴ ʥʘʛʨʫʟʢʠ ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ. 

  ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʛʨʫʟʦʢ, ʧʨʦʯʥʦʩʪʴ ʙʳʚʘʝʪ: ʩʪʘʪʠʯʝʩʢʘʷ, ʫʩʪʘʣʦʩʪʥʘʷ (ʮʠʢʣʠʯʝʩʢʘʷ ʠʣʠ 

ʧʝʨʝʤʝʥʥʘʷ), ʫʜʘʨʥʘʷ (ʜʠʥʘʤʠʯʝʩʢʘʷ). 

2.ɾʝʩʪʢʦʩʪʴ ï ʩʧʦʩʦʙʥʦʩʪʴ ʜʝʪʘʣʠ, ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ ʠʟʤʝʥʝʥʠʶ ʬʦʨʤʳ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʥʘʛʨʫʟʦʢ (ʚʳʯʠʩʣʷʝʤ ʧʦ ʬʦʨʤʫʣʘʤ ʩʦʧʨʦʤʘʪʘ). 

3.ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ï ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ ʠʟʥʦʩʫ 

(ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʠʜʦʤ ʪʨʝʥʠʷ, ʩʢʦʣʴʞʝʥʠʷ, ʢʘʯʝʥʠʷ, ʥʘʣʠʯʠʝʤ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʫʨʦʚʥʝʤ ʟʘʱʠʪʳ ʦʪ 

ʟʘʛʨʷʟʥʝʥʠʷ,  ʪʚʝʨʜʦʩʪʴʶ ʪʨʫʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ). 

4.ɺʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʴ ï ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʰʠʥʳ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ ʧʦʷʚʣʝʥʠʶ ʚʨʝʜʥʳʭ ʚʳʥʫʞʜʝʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʠ ʘʚʪʦʢʦʣʝʙʘʥʠʡ. 

5.ʊʝʧʣʦʩʪʦʡʢʦʩʪʴ ï ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʰʠʥʳ ʨʘʙʦʪʘʪʴ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

6.ʋʩʪʦʡʯʠʚʦʩʪʴ ï ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʛʨʫʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʭʨʘʥʷʪʴ ʩʚʦʶ ʬʦʨʤʫ ʧʨʠ 

ʜʝʡʩʪʚʠʠ ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʡ. 

7.ʂʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʢ ʭʠʤʠʯʝʩʢʦʤʫ ʠʣʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤʫ 

ʨʘʟʨʫʰʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʫʩʪʘʣʦʩʪʠ. 

ɻʠʙʢʦʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ (ɻɸʇ) ï ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʟʜʝʣʠʡ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʨʝʛʫʣʠʨʫʝʪʩʷ ʚ ɻɸʇ ʩ ʧʦʤʦʱʴʶ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ï ʛʠʙʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʜʫʣʝʡ (ʨʦʙʦʪ ï ʩʪʘʥʦʢ,  

ʨʦʙʦʪ ï ʧʨʝʩʩ, ʨʦʙʦʪ ï ʩʚʘʨʦʯʥʳʡ ʮʝʥʪʨ). ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʚ ɻɸʇ  ʚʳʧʦʣʥʷʶʪ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʉɸʇʈ) ʠ  ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ.     

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʅʘʟʦʚʠʪʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʤʝʭʘʥʠʟʤʦʤ ʠ ʤʘʰʠʥʦʡ. 

 2. ʂʘʢʠʝ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʨʝʜʲʷʚʣʷʶʪ ʢ ʤʘʰʠʥʘʤ ʠ ʠʭ ʜʝʪʘʣʷʤ?  

3. ʏʪʦ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʧʦʜ ʥʘʜʝʞʥʦʩʪʴʶ ʤʘʰʠʥ ʠ ʠʭ ʜʝʪʘʣʝʡ?         

4. ʂʘʢʦʚʳ ʦʩʥʦʚʥʳʝ ʢʨʠʪʝʨʠʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ?    

5.ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ.    
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ʊʝʤʘ 3.2 ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʧʝʨʝʜʘʯʘʭ 

 

ʅʘʟʥʘʯʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ ʠ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʷ. ʇʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʠ ʧʝʨʝʜʘʪʦʯʥʦʝ 

ʯʠʩʣʦ. ʆʩʥʦʚʥʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʠ ʩʠʣʦʚʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʧʝʨʝʜʘʯʘʭ. ʈʘʩʯʝʪ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʛʦ 

ʧʨʠʚʦʜʘ. 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ 

ʅʘʟʥʘʯʝʥʠʝ ʧʝʨʝʜʘʯ. ʇʝʨʝʜʘʯʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ, ʠʟʤʝʥʝʥʠʷ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ (ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ) ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʤʦʤʝʥʪʘ.  

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʝʨʝʜʘʯ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ ʚʩʝ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʧʝʨʝʜʘʯʠ ʜʝʣʷʪ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: 

1) ʧʝʨʝʜʘʯʠ ʟʘʮʝʧʣʝʥʠʝʤ ð ʟʫʙʯʘʪʳʝ, ʯʝʨʚʷʯʥʳʝ,  ʮʝʧʥʳʝ; 

2) ʧʝʨʝʜʘʯʠ ʪʨʝʥʠʝʤ ð ʬʨʠʢʮʠʦʥʥʳʝ, ʨʝʤʝʥʥʳʝ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʩʦʝʜʠʥʝʥʠʷ ʚʝʜʫʱʝʛʦ ʠ ʚʝʜʦʤʦʛʦ ʟʚʝʥʴʝʚ 

ʨʘʟʣʠʯʘʶʪ: 

ʘ) ʧʝʨʝʜʘʯʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ð ʟʫʙʯʘʪʳʝ, ʯʝʨʚʷʯʥʳʝ, ʬʨʠʢʮʠʦʥʥʳʝ,  

ʚʠʥʪ ð ʛʘʡʢʘ; 

ʙ) ʧʝʨʝʜʘʯʠ ʛʠʙʢʦʡ ʩʚʷʟʴʶ ð ʮʝʧʥʳʝ, ʨʝʤʝʥʥʳʝ. ʇʝʨʝʜʘʯʠ  ʛʠʙʢʦʡ ʩʚʷʟʴʶ 

ʜʦʧʫʩʢʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʚʝʜʫʱʠʤ ʠ  ʚʝʜʦʤʳʤ ʚʘʣʘʤʠ. 

ʆʩʥʦʚʥʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʠ ʩʠʣʦʚʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʧʝʨʝʜʘʯʘʭ 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

1) ʤʦʱʥʦʩʪʴ ʥʘ ʚʝʜʫʱʝʤ ʈ1 ʠ ʚʝʜʦʤʦʤ ʈ2 ʚʘʣʘʭ ʠʣʠ ʚʨʘʱʘʶʱʠʝ ʤʦʤʝʥʪʳ ʊ1, ʠ ʊ2 ʥʘ 

ʪʝʭ ʞʝ ʚʘʣʘʭ (ʨʠʩ. 2.1, ʘ ʠ ʙ); 

 
 ʉʭʝʤʘ ʩʠʣ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ 

ʚʨʘʱʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʚ ʧʝʨʝʜʘʯʝ:  ʘ ð ʢʦʣʝʩʘ ʚ ʨʘʙʦʯʝʤ ʧʦʣʦʞʝʥʠʠ; 6ðʢʦʣʝʩʘ 

ʫʩʣʦʚʥʦ ʨʘʟʜʚʠʥʫʪʳ 

2) ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ (ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ) ʚʝʜʫʱʝʛʦ n1, (w1) ʠ ʚʝʜʦʤʦʛʦ n2 (w2) ʚʘʣʦʚ. 

ʕʪʠ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʠʨʦʚʦʯʥʦʛʦ ʨʘʩʯʝʪʘ 

ʣʶʙʦʡ ʧʝʨʝʜʘʯʠ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʷʚʣʷʶʪʩʷ: 

ʘ) ʤʝʭʘʥʠʯʝʩʢʠʡ ʂʇɼ ʧʝʨʝʜʘʯʠ 

 .12 /ʈʈ=h    

ɼʣʷ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʛʦ ʧʨʠʚʦʜʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʦʪʜʝʣʴʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʧʝʨʝʜʘʯ, ʦʙʱʠʡ ʂʇɼ 

 

 

ɻʜʝ ,,...,, 21 nhhh  ð ʂʇɼ ʦʪʜʝʣʴʥʦʡ ʧʝʨʝʜʘʯʠ (ʟʫʙʯʘʪʦʡ, ʯʝʨʚʷʯʥʦʡ, ʨʝʤʝʥʥʦʡ ʠ ʜʨ.) ʠʣʠ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʧʘʨʳ (ʧʦʜʰʠʧʥʠʢʦʚ, ʤʫʬʪʳ). 

 

ʙ) ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ʚʝʜʫʱʝʛʦ ʠʣʠ ʚʝʜʦʤʦʛʦ ʟʚʝʥʘ, ʤ/ʩ, 

  

            

ʛʜʝ w ðʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ, ʩ
-1

;  n ð ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ, ʤʠʥ
-1

 ; d ðʜʠʘʤʝʪʨ, ʤʤ 

(ʢʦʣʝʩʘ, ʰʢʠʚʘ ʠ ʜʨ.). ʆʢʨʫʞʥʳʝ ʩʢʦʨʦʩʪʠ ʦʙʦʠʭ ʟʚʝʥʴʝʚ ʧʝʨʝʜʘʯʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʩʢʦʣʴʞʝʥʠʷ ʨʘʚʥʳ: v1 = v2;   

,60000/2000/ dnwd pn ==

,,...,, 21 nʦʙʱ hhhh =
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ʚ) ʦʢʨʫʞʥʘʷ ʩʠʣʘ ʅ, 

 

 

 

ʛʜʝ ʈðʤʦʱʥʦʩʪʴ, ʢɺʪ; vðʤ/ʩ;  ʊðʅʤ; dðʤʤ;   

ʛ) ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʅʤ 

                        

                               

 

ʛʜʝ ʈð ʢɺʪ;  Ft ð ʅ; dðʤʤ. 

ɺʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ T1 ʚʝʜʫʱʝʛʦ ʚʘʣʘ ʷʚʣʷʝʪʩʷ ʤʦʤʝʥʪʦʤ ʜʚʠʞʫʱʠʭ ʩʠʣ, ʝʛʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʨʘʱʝʥʠʷ ʚʘʣʘ. ʄʦʤʝʥʪ ʊ2 ʚʝʜʦʤʦʛʦ ʚʘʣʘ ð ʤʦʤʝʥʪ 

ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʧʦʵʪʦʤʫ ʝʛʦ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʨʘʱʝʥʠʷ ʚʘʣʘ; 

ʜ) ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʠ. ʇʨʠ v1 = v2 ʩ ʫʯʝʪʦʤ ʬʦʨʤʫʣʳ ʠʤʝʝʤ 

 

 

ɼʣʷ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʡ ʧʝʨʝʜʘʯʠ ʦʙʱʝʝ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ 

  

 

ʛʜʝ u1, u2, ..., un ð ʧʝʨʝʜʘʪʦʯʥʳʝ ʯʠʩʣʘ ʦʪʜʝʣʴʥʳʭ ʩʪʫʧʝʥʝʡ. 

    

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʂʘʢʠʝ ʬʫʥʢʮʠʠ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ? 

2. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ.  

3.  ʏʪʦ ʪʘʢʦʝ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ? 

4.  ʂʘʢ ʦʧʨʝʜʝʣʷʶʪ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʠ ʂʇɼ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʛʦ ʧʨʠʚʦʜʘ? 

5. ʅʘʟʦʚʠʪʝ ʦʩʥʦʚʥʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʧʝʨʝʜʘʯʘʭ. 

 

ʊʝʤʘ 3.3 ʌʨʠʢʮʠʦʥʥʳʝ ʧʝʨʝʜʘʯʠ ʠ ʚʘʨʠʘʪʦʨʳ 

 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʬʨʠʢʮʠʦʥʥʳʭ ʧʝʨʝʜʘʯ ʩ ʥʝʨʝʛʫʣʠʨʫʝʤʳʤ ʧʝʨʝʜʘʪʦʯʥʳʤ ʯʠʩʣʦʤ. 

ɼʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ. ʎʠʣʠʥʜʨʠʯʝʩʢʘʷ ʬʨʠʢʮʠʦʥʥʘʷ ʧʝʨʝʜʘʯʘ. ɺʠʜʳ 

ʨʘʟʨʫʰʝʥʠʡ ʠ ʢʨʠʪʝʨʠʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. ʇʝʨʝʜʘʯʘ ʩ ʙʝʩʩʪʫʧʝʥʯʘʪʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ 

ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ-ʚʘʨʠʘʪʦʨʳ. ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʭʝʤʳ ʚʘʨʠʘʪʦʨʦʚ. ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʜʠʘʧʘʟʦʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ.  

 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ 

ɺʦ ʬʨʠʢʮʠʦʥʥʦʡ ʧʝʨʝʜʘʯʝ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʦʪ ʚʝʜʫʱʝʛʦ ʢʘʪʢʘ ʢ ʚʝʜʦʤʦʤʫ 

ʧʝʨʝʜʘʝʪʩʷ ʩʠʣʘʤʠ ʪʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚ ʤʝʩʪʝ ʢʦʥʪʘʢʪʘ ʜʚʫʭ ʧʨʠʞʘʪʳʭ ʜʨʫʛ ʢ ʜʨʫʛʫ 

ʢʘʪʢʦʚ. 

ʋʩʣʦʚʠʝ ʧʝʨʝʜʘʯʠ ʟʘʜʘʥʥʦʡ ʥʘʛʨʫʟʢʠ 

Rf  >Ft, 

ʛʜʝ Ft ð ʧʝʨʝʜʘʚʘʝʤʘʷ ʦʢʨʫʞʥʘʷ ʩʠʣʘ;  Rf =Fr  ʩʠʣʘ ʪʨʝʥʠʷ  ʚ ʤʝʩʪʝ ʢʦʥʪʘʢʪʘ ʢʘʪʢʦʚ;Fr- 

ʧʨʠʞʠʤʥʘʷ ʩʠʣʘ; fðʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. 

ɼʦʩʪʦʠʥʩʪʚʘ. 1. ʇʨʦʩʪʘʷ ʬʦʨʤʘ ʨʘʙʦʯʠʭ ʪʝʣ. 2. ʇʣʘʚʥʦʩʪʴ ʠ ʙʝʩʰʫʤʥʦʩʪʴ ʨʘʙʦʪʳ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ. 3. ɺʦʟʤʦʞʥʦʩʪʴ ʙʝʩʩʪʫʧʝʥʯʘʪʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ ʙʝʟ ʦʩʪʘʥʦʚʘ ʧʝʨʝʜʘʯʠ. 4. ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʦʙʫʢʩʦʚʢʠ ʧʨʠ ʧʝʨʝʛʨʫʟʢʘʭ. 

ʅʝʜʦʩʪʘʪʢʠ. 1. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʩʧʝʮʠʘʣʴʥʳʭ ʥʘʞʠʤʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʧʨʠʞʘʪʠʷ ʨʘʙʦʯʠʭ 

ʪʝʣ. 2. ɹʦʣʴʰʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʚʘʣʳ ʠ ʧʦʜʰʠʧʥʠʢʠ. 3. ʅʝʧʦʩʪʦʷʥʥʦʝ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʠʟ-ʟʘ 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʢʘʪʢʦʚ. 4. ʀʟʥʘʰʠʚʘʥʠʝ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʘʪʢʦʚ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ 

ʧʦʚʨʝʞʜʝʥʠʷ (ʦʙʨʘʟʦʚʘʥʠʝ ʣʳʩʦʢ) ʧʨʠ ʙʫʢʩʦʚʘʥʠʠ. 

ʇʨʠʤʝʥʝʥʠʝ. ʌʨʠʢʮʠʦʥʥʳʝ ʧʝʨʝʜʘʯʠ ʩ ʧʦʩʪʦʷʥʥʳʤ ʧʝʨʝʜʘʪʦʯʥʳʤ ʯʠʩʣʦʤ ʠʩʧʦʣʴʟʫʶʪ 

ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʥʘʛʨʫʟʢʘʭ = ʚ ʧʨʠʙʦʨʘʭ (ʩʧʠʜʦʤʝʪʨʳ, ʤʘʛʥʠʪʦʬʦʥʳ ʠ ʜʨ.), ʛʜʝ ʪʨʝʙʫʶʪʩʷ 

ʧʣʘʚʥʦʩʪʴ ʠ ʙʝʩʰʫʤʥʦʩʪʴ ʨʘʙʦʪʳ. 

,/102/10 33 dTPFt Ö== n

,2000//9550/103 dFnPwPT t===

.//// 12211221 hTTwwddnnu ====

,,...,, 21 nʦʙʱ uuuu =
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ʐʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʨʝʚʝʨʩʠʚʥʳʝ ʬʨʠʢʮʠʦʥʥʳʝ ʧʝʨʝʜʘʯʠ ʚʠʥʪʦʚʳʭ ʧʨʝʩʩʦʚ, ʧʝʨʝʜʘʯʠ ʢʦʣʝʩʦ 

= ʨʝʣʴʩ ʠ ʢʦʣʝʩʦ = ʜʦʨʦʞʥʦʝ ʧʦʣʦʪʥʦ ʩʘʤʦʭʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

ʎʠʣʠʥʜʨʠʯʝʩʢʘʷ ʬʨʠʢʮʠʦʥʥʘʷ ʧʝʨʝʜʘʯʘ. 

ʉʢʦʣʴʞʝʥʠʝ. ɺʣʠʷʥʠʝ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʫʯʠʪʳʚʘʶʪ ʩ ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʢʦʣʴʞʝʥʠʷ 

ɹʫʢʩʦʚʘʥʠʝ.  ʅʘʨʫʰʝʥʠʝ ʫʩʣʦʚʠʷ ʧʨʠʚʦʜʠʪ ʢ ʙʫʢʩʦʚʘʥʠʶ. ʈʘʙʦʯʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʢʦʚ 

ʠʟʥʘʰʠʚʘʶʪʩʷ. ɼʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʙʫʢʩʦʚʘʥʠʷ ʩʦʟʜʘʶʪ ʜʦʩʪʘʪʦʯʥʳʡ ʟʘʧʘʩ ʩʮʝʧʣʝʥʠʷ ʂ.  

ʇʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ. ɺ ʧʝʨʝʜʘʯʝ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʢʘʪʢʘʤʠ  

,/)]1(/[/ 121221 DDDDnnu º-== e  

ʛʜʝ e ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʣʴʞʝʥʠʷ. 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʧʝʨʝʜʘʯʠ. ʄʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ  

2/)1(2/)( 121 +=+= uDDDa  

ɼʠʘʤʝʪʨ ʚʝʜʫʱʝʛʦ ʢʘʪʢʘ 

).1/(21 += uaD  

ɼʠʘʤʝʪʨ ʚʝʜʦʤʦʛʦ ʢʘʪʢʘ 

.12 uDD =  

ʉʠʣʳ ʚ ʧʝʨʝʜʘʯʝ. 
ʆʢʨʫʞʥʘʷ ʩʠʣʘ 
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3 DTFt Ö=     

ʛʜʝ ʊ1 ï ʚ ʅĀʤ, D1 ï ʚ ʤʤ. 

ʇʨʠʞʠʤʥʘʷ ʩʠʣʘ 

 ,/ fKFF tr =         

ʛʜʝ ʂ- ʟʘʧʘʩ ʩʮʝʧʣʝʥʠʷ. 

 

ʇʨʠʞʠʤʥʳʝ ʫʩʪʨʦʡʩʪʚʘ.  

ʇʦʩʪʦʷʥʥʦʝ ʧʨʠʞʘʪʠʝ ʢʘʪʢʦʚ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʨʫʞʠʥʘʤʠ, ʢʦʪʦʨʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʨʝʛʫʣʠʨʫʶʪ. ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʨʠʞʘʪʠʝ ʢʘʪʢʦʚ ʦʩʫʱʝʩʪʚʣʷʶʪ ʩʘʤʦʟʘʪʷʛʠʚʘʥʠʝʤ ʵʣʝʤʝʥʪʦʚ 

ʧʝʨʝʜʘʯʠ, ʘ ʪʘʢʞʝ ʥʘʞʠʤʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʥʘʧʨʠʤʝʨ, ʚʠʥʪʦʚʦʛʦ ʪʠʧʘ. 

ɺʠʜʳ ʨʘʟʨʫʰʝʥʠʷ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʢʨʠʪʝʨʠʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ʋʩʪʘʣʦʩʪʥʦʝ ʚʳʢʨʘʰʠʚʘʥʠʝ. ʍʘʨʘʢʪʝʨʥʦ ʜʣʷ ʟʘʢʨʳʪʳʭ ʧʝʨʝʜʘʯ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʤʘʟʳʚʘʥʠʷ ʠ ʟʘʱʠʱʝʥʥʳʭ ʦʪ ʧʦʧʘʜʘʥʠʷ ʘʙʨʘʟʠʚʥʳʭ ʯʘʩʪʠʮ. 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʫʩʪʘʣʦʩʪʥʦʛʦ ʚʳʢʨʘʰʠʚʘʥʠʷ ʧʨʦʚʦʜʷʪ ʨʘʩʯʝʪ ʥʘ ʢʦʥʪʘʢʪʥʫʶ 

ʧʨʦʯʥʦʩʪʴ. 

ɿʘʝʜʘʥʠʝ. ɺʦʟʥʠʢʘʝʪ ʚ ʙʳʩʪʨʦʭʦʜʥʳʭ ʪʷʞʝʣʦʥʘʛʨʫʞʝʥʥʳʭ ʧʝʨʝʜʘʯʘʭ ʧʨʠ ʨʘʟʨʳʚʝ 

ʤʘʩʣʷʥʦʡ ʧʣʝʥʢʠ ʤʝʞʜʫ ʨʘʙʦʯʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʢʘʪʢʦʚ. ɼʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʟʘʝʜʘʥʠʷ 

ʧʨʠʤʝʥʷʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʤʘʩʣʘ. 

ʀʟʥʘʰʠʚʘʥʠʝ. ʇʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʫʧʨʫʛʦʛʦ ʩʢʦʣʴʞʝʥʠʷ ʚ ʤʝʩʪʝ ʢʘʩʘʥʠʷ ʢʘʪʢʦʚ. 

ʇʦʚʳʰʝʥʥʦʝ ʠʟʥʘʰʠʚʘʥʠʝ ʠʤʝʶʪ ʦʪʢʨʳʪʳʝ ʧʝʨʝʜʘʯʠ. 

ɺʘʨʠʘʪʦʨʳ. ʉʣʫʞʘʪ ʜʣʷ ʧʣʘʚʥʦʛʦ (ʙʝʩʩʪʫʧʝʥʯʘʪʦʛʦ) ʠʟʤʝʥʝʥʠʷ ʥʘ ʭʦʜʫ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʚʝʜʦʤʦʛʦ ʚʘʣʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʚʝʜʫʱʝʛʦ ʚʘʣʘ. 

ʄʝʭʘʥʠʟʤ ʛʣʘʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʚʘʨʠʘʪʦʨʘʭ - ʧʝʨʝʜʘʯʠ ʨʘʟʥʦʛʦ ʪʠʧʘ ð ʬʨʠʢʮʠʦʥʥʳʝ, 

ʨʝʤʝʥʥʳʝ, ʮʝʧʥʳʝ. ʇʨʠʤʝʥʷʶʪ ʚ ʩʪʘʥʢʦʩʪʨʦʝʥʠʠ, ʭʠʤʠʯʝʩʢʦʡ, ʪʝʢʩʪʠʣʴʥʦʡ, ʙʫʤʘʞʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʜʨ. 

 ʆʩʥʦʚʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʘʨʠʘʪʦʨʘ - ʜʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʨʘʚʥʳʡ ʦʪʥʦʰʝʥʠʶ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʝʜʦʤʦʛʦ ʢʘʪʢʘ n2max ʢ ʝʛʦ ʤʠʥʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 

n2min: 

 .// minmaxmin2max2 uunnɼ ==     

ʆʙʳʯʥʦ ʜʣʷ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʭ ʚʘʨʠʘʪʦʨʦʚ ɼ= 3...8. 

ɺʘʨʠʘʪʦʨʳ ʧʦʜʙʠʨʘʶʪ ʧʦ ʢʘʪʘʣʦʛʘʤ ʠ ʩʧʨʘʚʦʯʥʠʢʘʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʝʜʘʚʘʝʤʦʛʦ 

ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ, ʜʠʘʧʘʟʦʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʝʜʫʱʝʛʦ ʚʘʣʘ. 
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ʈʘʟʥʦʚʠʜʥʦʩʪʠ ʚʘʨʠʘʪʦʨʦʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ ʪʝʣ ʢʘʯʝʥʠʷ ʚʘʨʠʘʪʦʨʳ ʙʳʚʘʶʪ 

ʣʦʙʦʚʳʝ, ʢʦʥʫʩʥʳʝ, ʪʦʨʦʚʳʝ ʠ ʜʨ. 

ʃʦʙʦʚʳʝ ʚʘʨʠʘʪʦʨʳ ʧʨʠʤʝʥʷʶʪ ʚ ʚʠʥʪʦʚʳʭ ʧʨʝʩʩʘʭ ʠ ʧʨʠʙʦʨʘʭ. ʀʤʝʶʪ ʠʥʪʝʥʩʠʚʥʳʡ 

ʠʟʥʦʩ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʘʪʢʦʚ ʠ ʧʦʥʠʞʝʥʥʳʡ ʂʇɼ. ʊʘʢ ʢʘʢ R1 = const, ʜʠʘʧʘʟʦʥ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʣʦʙʦʚʦʛʦ ʚʘʨʠʘʪʦʨʘ 

 ./ min2max2 RRɼ=   

ɺʘʨʠʘʪʦʨʳ ʩ ʨʘʟʜʚʠʞʥʳʤʠ ʢʦʥʫʩʘʤʠ ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. 

ʇʨʦʤʝʞʫʪʦʯʥʳʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʠʡ ʢʣʠʥʦʚʦʡ ʨʝʤʝʥʴ ʠʣʠ ʩʧʝʮʠʘʣʴʥʘʷ ʮʝʧʴ. 

ʇʣʘʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʝʜʦʤʦʛʦ ʚʘʣʘ ʜʦʩʪʠʛʘʝʪʩʷ ʨʘʟʜʚʠʞʝʥʠʝʤ ʚʝʜʫʱʝʛʦ ʠ 

ʩʠʥʭʨʦʥʥʳʤ ʩʙʣʠʞʝʥʠʝʤ ʚʝʜʦʤʦʛʦ ʢʦʥʫʩʥʳʭ ʢʘʪʢʦʚ, ʪ. ʝ. ʠʟʤʝʥʝʥʠʝʤ ʨʘʩʯʝʪʥʳʭ 

ʨʘʜʠʫʩʦʚ ʢʘʪʢʦʚ Rl  ʠ R2. 

     ʄʘʢʩʠʤʘʣʴʥʦʝ ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ: 

;// min1max2min21max RRnnu º=  

.// max1min2max21min RRnnu º=  

ʂʣʠʥʦʨʝʤʝʥʥʳʝ ʚʘʨʠʘʪʦʨʳ ʧʨʦʩʪʳ ʠ ʥʘʜʝʞʥʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʳ. ɼʠʘʧʘʟʦʥ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ɼ<5. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʰʠʨʦʢʠʭ ʨʝʤʥʝʡ ʧʝʨʝʜʘʚʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 

50 ʢɺʪ ʧʨʠ ʂʇɼ h = 0,8...0,9. 

ʎʝʧʥʳʝ ʚʘʨʠʘʪʦʨʳ ʩʣʦʞʥʝʝ ʠ ʜʦʨʦʞʝ ʢʣʠʥʦʨʝʤʝʥʥʳʭ, ʥʦ ʢʦʤʧʘʢʪʥʝʝ, ʜʦʣʛʦʚʝʯʥʝʝ. 

ʆʙʝʩʧʝʯʠʚʘʶʪ ʧʦʩʪʦʷʥʩʪʚʦ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ. ʇʨʠʤʝʥʷʶʪ ʜʣʷ ʤʦʱʥʦʩʪʝʡ ʜʦ 100 ʢɺʪ; 

ɼ<7;h = 0,8...0,9. 

ʊʦʨʦʚʳʝ ʚʘʨʠʘʪʦʨʳ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ 

ʩʦʦʩʥʳʭ ʢʘʪʢʦʚ ʩ ʪʦʨʦʠʜʘʣʴʥʦʡ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʜʚʫʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʦʣʠʢʦʚ. ʏʘʩʪʦʪʫ 

ʚʨʘʱʝʥʠʷ ʨʝʛʫʣʠʨʫʶʪ ʧʦʚʦʨʦʪʦʤ ʨʦʣʠʢʦʚ ʩ ʧʦʤʦʱʴʶ ʨʳʯʘʞʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʠʟʤʝʥʷʶʪʩʷ ʨʘʜʠʫʩʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʥʪʘʢʪʘ R1 ʠ R2. ʊʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʧʝʨʝʜʘʪʦʯʥʦʛʦ 

ʯʠʩʣʘ 

.// 1221 RRnnu º=  

ʀʟ ʚʩʝʭ ʚʘʨʠʘʪʦʨʦʚ ʪʦʨʦʚʳʝ ʥʘʠʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳ ʠ ʩʦʚʝʨʰʝʥʥʳ, ʩʢʦʣʴʞʝʥʠʝ ʫ ʥʠʭ ʩʚʝʜʝʥʦ 

ʢ ʤʠʥʠʤʫʤʫ, ʂʇɼ < 0,95; ɼ < 6,3. ʅʝʜʦʩʪʘʪʢʘʤʠ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʪʨʝʙʦʚʘʥʠʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʤʦʥʪʘʞʘ. 

ʄʥʦʛʦʜʠʩʢʦʚʳʝ ʚʘʨʠʘʪʦʨʳ ʩʦʩʪʦʷʪ ʠʟ ʧʘʢʝʪʦʚ ʚʝʜʫʱʠʭ ʠ ʚʝʜʦʤʳʭ ʨʘʟʜʚʠʞʥʳʭ  ʢʦʥʠʯʝʩʢʠʭ 

ʪʦʥʢʠʭ ʜʠʩʢʦʚ, ʧʨʠʞʠʤʘʝʤʳʭ ʧʨʫʞʠʥʘʤʠ. 

ʀʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʧ2 ʚʝʜʦʤʦʛʦ ʚʘʣʘ ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʜʠʘʣʴʥʳʤ ʩʤʝʱʝʥʠʝʤ 

ʚʝʜʫʱʝʛʦ ʚʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʜʦʤʦʛʦ, ʠʟʤʝʥʷʷ ʧʨʠ ʵʪʦʤ ʨʘʩʯʝʪʥʳʡ ʨʘʜʠʫʩ R1 ʚʝʜʫʱʠʭ 

ʜʠʩʢʦʚ. ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʨʘʙʦʪʝ ʜʠʩʢʦʚ ʚ ʤʘʩʣʷʥʦʡ ʚʘʥʥʝ. 

ʇʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʚʘʨʠʘʪʦʨʘ: ʠ = ʧ1/ʧ2 = R2/Rl.                

ɼʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ɼ < 4,5; ʂʇɼ h =0,8...0,9. 

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ  

1. ʂʘʢ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʬʨʠʢʮʠʦʥʥʳʝ ʧʝʨʝʜʘʯʠ? 

2.  ʇʝʨʝʯʠʩʣʠʪʝ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʧʝʨʝʜʘʯ. 

3.  ʂʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʥʘʟʳʚʘʶʪ ʚʘʨʠʘʪʦʨʘʤʠ? 

4. ʇʦʯʝʤʫ ʚʦ ʬʨʠʢʮʠʦʥʥʳʭ ʧʝʨʝʜʘʯʘʭ ʥʝʧʦʩʪʦʷʥʥʦʝ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ? 

5. ʏʪʦ ʪʘʢʦʝ ʟʘʝʜʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʘʪʢʦʚ? 

 

ʊʝʤʘ 3.4 ɿʫʙʯʘʪʳʝ ʧʝʨʝʜʘʯʠ 
ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯʘʭ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʦʙʣʘʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ. ʆʩʥʦʚʳ ʪʝʦʨʠʠ ʟʫʙʯʘʪʦʛʦ ʟʘʮʝʧʣʝʥʠʷ. ɿʘʮʝʧʣʝʥʠʝ ʜʚʫʭ 

ʵʚʦʣʴʚʝʥʪʥʳʭ ʢʦʣʝʩ, ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʮʝʧʣʝʥʠʷ. ɿʘʮʝʧʣʝʥʠʝ ʰʝʩʪʝʨʥʠ ʩ ʨʝʡʢʦʡ. 

ʂʨʘʪʢʠʝ ʩʚʝʜʝʥʠʷ ʦʙ ʠʟʛʦʪʦʚʣʝʥʠʠ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ. ʇʦʜʨʝʟʘʥʠʝ ʟʫʙʴʝʚ. ɺʠʜʳ ʨʘʟʨʫʰʝʥʠʡ ʟʫʙʯʘʪʳʭ 

ʢʦʣʝʩ. ʆʩʥʦʚʥʳʝ ʢʨʠʪʝʨʠʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʨʘʩʯʝʪ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ. ʄʘʪʝʨʠʘʣʳ ʠ ʜʦʧʫʩʢʘʝʤʳʝ 

ʥʘʧʨʷʞʝʥʠʷ. 

 

 

 

 

 



 13 

ʇʨʷʤʦʟʫʙʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ. ʉʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʚ 

ʟʘʮʝʧʣʝʥʠʠ. ʈʘʩʯʝʪ ʥʘ ʢʦʥʪʘʢʪʥʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʠʟʛʠʙ. ʂʦʩʦʟʫʙʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ. 

ʐʝʚʨʦʥʥʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ. ʆʩʦʙʝʥʥʦʩʪʠ ʛʝʦʤʝʪʨʠʠ ʠ ʨʘʩʯʝʪʘ ʥʘ ʧʨʦʯʥʦʩʪʴ. 

ʂʦʥʠʯʝʩʢʠʝ ʧʨʷʤʦʟʫʙʳʝ ʧʝʨʝʜʘʯʠ. ʆʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ. ʉʠʣʳ, 

ʜʝʡʩʪʚʫʶʱʠʝ ʚ ʟʘʮʝʧʣʝʥʠʠ. ʈʘʩʯʝʪʳ ʢʦʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ. ʇʝʨʝʜʘʯʠ ʩ ʟʘʮʝʧʣʝʥʠʝʤ ʅʦʚʠʢʦʚʘ. 

ʇʣʘʥʝʪʘʨʥʳʝ ʟʫʙʯʘʪʳʝ ʧʝʨʝʜʘʯʠ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʠ ʫʩʪʨʦʡʩʪʚʦ. 

 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯʘʭ. ɺ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʝ ʜʚʠʞʝʥʠʝ ʧʝʨʝʜʘʝʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʟʘʮʝʧʣʝʥʠʷ ʧʘʨʳ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ. ʄʝʥʴʰʝʝ ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ 

ʰʝʩʪʝʨʥʝʡ, ʙʦʣʴʰʝʝ ð ʢʦʣʝʩʦʤ.  

ɿʫʙʯʘʪʳʝ ʧʝʨʝʜʘʯʠ ð ʩʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚʠʜ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ, ʪʘʢ ʢʘʢ 

ʤʦʛʫʪ ʥʘʜʝʞʥʦ ʧʝʨʝʜʘʚʘʪʴ ʤʦʱʥʦʩʪʠ ʦʪ ʜʦʣʝʡ ʜʦ ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ ʢʠʣʦʚʘʪʪ ʧʨʠ ʦʢʨʫʞʥʳʭ 

ʩʢʦʨʦʩʪʷʭ ʜʦ 275 ʤ/ʩ. ɿʫʙʯʘʪʳʝ ʧʝʨʝʜʘʯʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 

ʠ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ. 

ɼʦʩʪʦʠʥʩʪʚʘ. 1. ɺʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʛʨʫʟʦʢ ʠ 

ʩʢʦʨʦʩʪʝʡ. 2. ʄʘʣʳʝ ʛʘʙʘʨʠʪʳ. 3. ɹʦʣʴʰʦʡ ʨʝʩʫʨʩ. 4. ɺʳʩʦʢʠʡ ʂʇɼ. 5. ʉʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʳʝ 

ʥʘʛʨʫʟʢʠ ʥʘ ʧʘʣʳ ʠ ʧʦʜʰʠʧʥʠʢʠ. 6. ʇʦʩʪʦʷʥʩʪʚʦ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ. 7. ʇʨʦʩʪʦʪʘ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʅʝʜʦʩʪʘʪʢʠ. 1. ʆʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ 

ʤʦʥʪʘʞʘ. 2. ʐʫʤ ʧʨʠ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʩʝʡ ʚʘʣʦʚ 

ʟʫʙʯʘʪʳʝ ʧʝʨʝʜʘʯʠ ʙʳʚʘʶʪ: ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ð ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʩʷʭ; ʢʦʥʠʯʝʩʢʠʝ ð ʧʨʠ 

ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʦʩʷʭ; ʚʠʥʪʦʚʳʝ ð ʧʨʠ ʧʝʨʝʢʨʝʱʠʚʘʶʱʠʭʩʷ ʦʩʷʭ. ɺʠʥʪʦʚʳʝ ʟʫʙʯʘʪʳʝ 

ʧʝʨʝʜʘʯʠ ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʦʝ ʩʢʦʣʴʞʝʥʠʝ ʚ ʟʘʮʝʧʣʝʥʠʠ ʠ ʥʠʟʢʫʶ ʥʘʛʨʫʟʦʯʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, 

ʧʦʵʪʦʤʫ ʧʨʠʤʝʥʷʶʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦ. 

ɼʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʠ ʥʘʦʙʦʨʦʪ  ʧʨʠʤʝʥʷʶʪ 

ʨʝʝʯʥʫʶ ʧʝʨʝʜʘʯʫ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ. 

ʈʝʡʢʫ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ, ʜʠʘʤʝʪʨ ʢʦʪʦʨʦʛʦ ʫʚʝʣʠʯʝʥ ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ ʧʨʦʬʠʣʷ ʟʫʙʘ ʧʝʨʝʜʘʯʠ ʙʳʚʘʶʪ: ʵʚʦʣʴʚʝʥʪʥʳʝ, ʩ 

ʟʘʮʝʧʣʝʥʠʝʤ ʅʦʚʠʢʦʚʘ, ʮʠʢʣʦʠʜʘʣʴʥʳʝ. ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠʤʝʝʪ ʵʚʦʣʴʚʝʥʪʥʦʝ 

ʟʘʮʝʧʣʝʥʠʝ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦʣʝʩ ʟʫʙʯʘʪʳʝ ʧʝʨʝʜʘʯʠ ʙʳʚʘʶʪ ʚʥʝʰʥʝʛʦ ʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʟʘʮʝʧʣʝʥʠʷ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʘʶʪ ʟʘʢʨʳʪʳʝ ʠ ʦʪʢʨʳʪʳʝ 

ʟʫʙʯʘʪʳʝ ʧʝʨʝʜʘʯʠ. ɺ ʟʘʢʨʳʪʳʭ ʧʝʨʝʜʘʯʘʭ ʢʦʣʝʩʘ ʧʦʤʝʱʝʥʳ ʚ ʧʳʣʝ- ʠ ʚʣʘʛʦʥʝʧʨʦʥʠʮʘʝʤʳʝ 

ʢʦʨʧʫʩʘ (ʢʘʨʪʝʨʳ) ʠ ʨʘʙʦʪʘʶʪ ʚ ʤʘʩʣʷʥʦʡ ʚʘʥʥʝ (ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ ʧʦʛʨʫʞʘʶʪ ʚ ʤʘʩʣʦ ʥʘ 

ʛʣʫʙʠʥʫ ʜʦ 1/3 ʨʘʜʠʫʩʘ). ɺ ʦʪʢʨʳʪʳʭ ʧʝʨʝʜʘʯʘʭ ʟʫʙʴʷ ʢʦʣʝʩ ʨʘʙʦʪʘʶʪ ʚʩʫʭʫʶ ʠʣʠ ʧʨʠ 

ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʩʤʘʟʳʚʘʥʠʠ ʧʣʘʩʪʠʯʥʳʤ ʩʤʘʟʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠ ʥʝ ʟʘʱʠʱʝʥʳ ʦʪ 

ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʩʪʫʧʝʥʝʡ ʟʫʙʯʘʪʳʝ ʧʝʨʝʜʘʯʠ ʙʳʚʘʶʪ ʦʜʥʦ- ʠ 

ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʝ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʜʚʠʞʝʥʠʷ ʦʩʝʡ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʨʘʟʣʠʯʘʶʪ 

ʨʷʜʦʚʳʝ ʟʫʙʯʘʪʳʝ ʧʝʨʝʜʘʯʠ (ʦʩʠ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʥʝʧʦʜʚʠʞʥʳ) ʠ ʧʣʘʥʝʪʘʨʥʳʝ (ʦʩʴ 

ʩʘʪʝʣʣʠʪʘ ʚʨʘʱʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ). 

ʆʩʥʦʚʥʳʝ ʪʝʦʨʠʠ ʟʫʙʯʘʪʦʛʦ ʟʘʮʝʧʣʝʥʠʷ. ʇʨʦʬʠʣʠ ʟʫʙʴʝʚ ʧʘʨʳ ʢʦʣʝʩ ʜʦʣʞʥʳ ʙʳʪʴ 

ʩʦʧʨʷʞʝʥʥʳʤʠ. 

ʆʩʥʦʚʥʘʷ ʪʝʦʨʝʤʘ ʟʘʮʝʧʣʝʥʠʷ 

 

ʉʭʝʤʘ ʢ ʜʦʢʘʟʘʪʝʣʴʩʪʚʫ ʦʩʥʦʚʥʦʡ ʪʝʦʨʝʤʳ ʟʘʮʝʧʣʝʥʠʷ 

ʇʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ    .// 1221 BOCOwwu ==   

ʅʦʨʤʘʣʴ NN ʧʝʨʝʩʝʢʘʝʪ ʣʠʥʠʶ ʮʝʥʪʨʦʚ ʆ1ʆ2 ʚ ʪʦʯʢʝ ʇ, ʥʘʟʳʚʘ-
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ʝʤʦʡ ʧʦʣʶʩʦʤ ʟʘʮʝʧʣʝʥʠʷ. ʀʟ ʧʦʜʦʙʠʷ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʆ2ʇʉ ʠ O1ʇB 

./// 121212 ww rrʇʆʇʆɺʆʉʆ ==  

ʉʨʘʚʥʠʚʘʷ ʦʪʥʦʰʝʥʠʷ, ʧʦʣʫʯʘʝʤ 

 .// 1221 constrrwwu ww ===    

ʦʩʥʦʚʥʘʷ ʪʝʦʨʝʤʘ ʟʘʮʝʧʣʝʥʠʷ: ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ ʟʫʙʯʘʪʳʭ 

ʢʦʣʝʩ ʧʨʦʬʠʣʠ ʠʭ ʟʫʙʴʝʚ ʜʦʣʞʥʳ ʙʳʪʴ ʦʯʝʨʯʝʥʳ ʧʦ ʢʨʠʚʳʤ, ʫ ʢʦʪʦʨʳʭ ʦʙʱʘʷ ʥʦʨʤʘʣʴ NN, ʧʨʦʚʝʜʝʥʥʘʷ 

ʯʝʨʝʟ ʪʦʯʢʫ ʢʘʩʘʥʠʷ ʧʨʦʬʠʣʝʡ, ʜʝʣʠʪ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʆ1 ʆ2 ʥʘ ʯʘʩʪʠ, ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʫʛʣʦʚʳʤ ʩʢʦʨʦʩʪʷʤ. 

ʀʟ ʤʥʦʞʝʩʪʚʘ ʢʨʠʚʳʭ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ ʦʩʥʦʚʥʦʡ ʪʝʦʨʝʤʳ ʟʘʮʝʧʣʝʥʠʷ, 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʧʦʣʫʯʠʣʘ ʵʚʦʣʴʚʝʥʪʘ ʦʢʨʫʞʥʦʩʪʠ. 

ʅʘʯʘʣʴʥʳʝ ʦʢʨʫʞʥʦʩʪʠ ï ʵʪʦ ʦʢʨʫʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʚ ʧʨʦʮʝʩʩʝ ʟʘʮʝʧʣʝʥʠʷ ʧʝʨʝʢʘʪʳʚʘʶʪʩʷ 

ʦʜʥʘ ʧʦ ʜʨʫʛʦʡ ʙʝʟ ʩʢʦʣʴʞʝʥʠʷ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʤʝʞʦʩʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʘw ʤʝʥʷʶʪʩʷ ʠ ʜʠʘʤʝʪʨʳ dw 

ʥʘʯʘʣʴʥʳʭ ʦʢʨʫʞʥʦʩʪʝʡ ʰʝʩʪʝʨʥʠ ʠ ʢʦʣʝʩʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫ ʧʘʨʳ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʤʦʞʝʪ ʙʳʪʴ 

ʤʥʦʞʝʩʪʚʦ ʥʘʯʘʣʴʥʳʭ ʦʢʨʫʞʥʦʩʪʝʡ. ʋ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ ʢʦʣʝʩʘ ʥʘʯʘʣʴʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 

ɼʝʣʠʪʝʣʴʥʘʷ ʦʢʨʫʞʥʦʩʪʴ. ʆʢʨʫʞʥʦʩʪʴ, ʥʘ ʢʦʪʦʨʦʡ ʰʘʛ ʨ ʠ ʫʛʦʣ ʟʘʮʝʧʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʨʘʚʥʳ ʰʘʛʫ ʠ ʫʛʣʫ ʧʨʦʬʠʣʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʨʝʡʢʠ, ʥʘʟʳʚʘʶʪ ʜʝʣʠʪʝʣʴʥʦʡ. ʕʪʘ ʦʢʨʫʞʥʦʩʪʴ 

ʧʨʠʥʘʜʣʝʞʠʪ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʤʫ ʢʦʣʝʩʫ, ʝʝ ʜʠʘʤʝʪʨ d ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʝʞʦʩʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʦʩʪʘʝʪʩʷ 

ʥʝʠʟʤʝʥʥʳʤ. 

ʆʢʨʫʞʥʦʡ ʰʘʛ ʟʫʙʴʝʚ ʨ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʜʥʦʠʤʝʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʟʫʙʴʝʚ, 

ʚʟʷʪʦʝ ʧʦ ʜʫʛʝ ʜʝʣʠʪʝʣʴʥʦʡ ʦʢʨʫʞʥʦʩʪʠ, ʥʘʟʳʚʘʶʪ ʦʢʨʫʞʥʳʤ ʰʘʛʦʤ ʟʫʙʴʝʚ ʧʦ ʜʝʣʠʪʝʣʴʥʦʡ 

ʦʢʨʫʞʥʦʩʪʠ. 

ɼʣʷ ʧʘʨʳ ʟʘʮʝʧʣʷʶʱʠʭʩʷ ʢʦʣʝʩ ʦʢʨʫʞʥʦʡ ʰʘʛ ʜʦʣʞʝʥ ʙʳʪʴ ʦʜʠʥʘʢʦʚʳʤ.  

ʆʩʥʦʚʥʦʡ ʰʘʛ pb  ʦʪʥʦʩʷʪ ʢ ʦʩʥʦʚʥʦʡ ʦʢʨʫʞʥʦʩʪʠ. 

.cos wb app =  

ʆʢʨʫʞʥʘʷ ʪʦʣʱʠʥʘ ʟʫʙʘ st  ʠ ʦʢʨʫʞʥʘʷ ʰʠʨʠʥʘ ʚʧʘʜʠʥʳ  ʝt ʧʦ ʜʫʛʝ ʜʝʣʠʪʝʣʴʥʦʡ ʦʢʨʫʞʥʦʩʪʠ 

ʢʦʣʝʩʘ ʧʝʨʝʜʘʯʠ  ʙʝʟ ʩʤʝʱʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʚʥʳ. 

ʇʦ ʜʝʣʠʪʝʣʴʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʚʩʝʛʜʘ  

.peS tt =+  

ʆʢʨʫʞʥʦʡ ʤʦʜʫʣʴ ʟʫʙʴʝʚ.  

./ppzd=  

ɼʣʷ ʫʜʦʙʩʪʚʘ ʨʘʩʯʝʪʦʚ ʠ ʠʟʤʝʨʝʥʠʷ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʨʘʩʯʝʪʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʧʨʠʥʷʪʦ ʨʘʮʠʦʥʘʣʴʥʦʝ ʯʠʩʣʦ ʨ/p, ʥʘʟʳʚʘʶʪ ʤʦʜʫʣʝʤ ʟʫʙʴʝʚ, ʦʙʦʟʥʘʯʘʶʪ  m ʠ 

ʠʟʤʝʨʷʶʪ ʚ ʤʠʣʣʠʤʝʪʨʘʭ: 

,/ppm=  

ʊʦʛʜʘ  

zmd Ö=    ʠʣʠ   zdm /=  

ʄʦʜʫʣʴ ʟʫʙʴʝʚ m ï ʯʘʩʪʴ ʜʠʘʤʝʪʨʘ ʜʝʣʠʪʝʣʴʥʦʡ ʦʢʨʫʞʥʦʩʪʠ, ʧʨʠʭʦʜʷʱʘʷ ʥʘ ʦʜʠʥ ʟʫʙ. 

ʄʦʜʫʣʴ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʨʘʟʤʝʨʦʚ ʟʫʙʴʝʚ. ɼʣʷ ʧʘʨʳ ʟʘʮʝʧʣʝʥʠʷ ʢʦʣʝʩ 

ʤʦʜʫʣʴ ʜʦʣʞʝʥ ʙʳʪʴ ʦʜʠʥʘʢʦʚʳʤ. 

ɺʳʩʦʪʘ ʛʦʣʦʚʢʠ ʠ ʥʦʞʢʠ ʟʫʙʘ. ɼʝʣʠʪʝʣʴʥʘʷ ʦʢʨʫʞʥʦʩʪʴ ʜʝʣʠʪ ʟʫʙ ʧʦ ʚʳʩʦʪʝ ʥʘ ʛʦʣʦʚʢʫ ha ʠ 

ʥʦʞʢʫ hf.  

.chh af +=  

ɼʣʷ ʧʝʨʝʜʘʯʠ ʙʝʟ ʩʤʝʱʝʥʠʷ  

mha =  

ɼʣʠʥʘ ʘʢʪʠʚʥʦʡ ʣʠʥʠʠ ʟʘʮʝʧʣʝʥʠʷ ï ɻ ʪʦ ʦʪʨʝʟʦʢ ʣʠʥʠʠ ʟʘʮʝʧʣʝʥʠʷ, ʦʙʦʟʥʘʯʘʶʪ ga.  

ʂʦʵʬʬʠʮʠʝʥʪ ʪʦʨʮʦʚʦʛʦ  ʧʝʨʝʢʨʳʪʠʷ. ʅʝʧʨʝʨʳʚʥʦʩʪʴ ʨʘʙʦʪʳ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ ʚʦʟʤʦʞʥʘ 

ʧʨʠ ʫʩʣʦʚʠʠ, ʢʦʛʜʘ ʧʦʩʣʝʜʫʶʱʘʷ ʧʘʨʘ ʟʫʙʴʝʚ ʚʭʦʜʠʪ ʚ ʟʘʮʝʧʣʝʥʠʝ ʜʦ ʚʳʭʦʜʘ ʧʨʝʜʳʜʫʱʝʡ, ʪ.ʝ. ʢʦʛʜʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʝʨʝʢʨʳʪʠʝ ʨʘʙʦʪʳ ʦʜʥʦʡ ʧʘʨʳ ʟʫʙʴʝʚ ʜʨʫʛʦʡ. ʏʝʤ ʙʦʣʴʰʝ ʧʘʨ ʟʫʙʴʝʚ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʮʝʧʣʝʥʠʠ, ʪʝʤ ʚʳʰʝ ʧʣʘʚʥʦʩʪʴ ʨʘʙʦʪʳ ʧʝʨʝʜʘʯʠ. 
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ʂʦʵʬʬʠʮʠʝʥʪʦʤ ʪʦʨʮʦʚʦʛʦ ʧʝʨʝʢʨʳʪʠʷʘeʥʘʟʳʚʘʶʪ ʦʪʥʦʰʝʥʠʝ ʜʣʠʥʳ ʘʢʪʠʚʥʦʡ ʣʠʥʠʠ 

ʟʘʮʝʧʣʝʥʠʷ ʢ ʦʩʥʦʚʥʦʤʫ ʰʘʛʫ: 

,/ baa pg=e  

ʂʨʘʪʢʠʝ ʩʚʝʜʝʥʠʷ ʦʙ ʠʟʛʦʪʦʚʣʝʥʠʠ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ 

ɿʘʛʦʪʦʚʢʠ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʧʦʣʫʯʘʶʪ ʢʦʚʢʦʡ ʚ ʰʪʘʤʧʘʭ ʠʣʠ ʩʚʦʙʦʜʥʦʡ ʢʦʚʢʦʡ, ʨʝʞʝ 

ʣʠʪʴʝʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ, ʤʘʪʝʨʠʘʣʘ, ʬʦʨʤʳ ʠ ʤʘʩʰʪʘʙʘ ʚʳʧʫʩʢʘ.  

ɿʫʙʴʷ ʢʦʣʝʩ ʧʦʣʫʯʘʶʪ ʥʘʨʝʟʘʥʠʝʤ ʠʣʠ ʥʘʢʘʪʳʚʘʥʠʝʤ. 

ʅʘʨʝʟʘʥʠʝ ʟʫʙʴʝʚ ʚʳʧʦʣʥʷʶʪ ʦʜʥʠʤ ʠʟ ʜʚʫʭ ʤʝʪʦʜʦʚ: ʢʦʧʠʨʦʚʘʥʠʝʤ ʠʣʠ ʦʙʢʘʪʢʦʡ. 

ʄʝʪʦʜ ʢʦʧʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʨʝʟʘʥʠʠ ʚʧʘʜʠʥ ʤʝʞʜʫ ʟʫʙʴʷʤʠ ʤʦʜʫʣʴʥʳʤʠ 

ʬʨʝʟʘʤʠ: ʜʠʩʢʦʚʳʤʠ ʠʣʠ ʢʦʥʮʝʚʳʤʠ. ʊʦʯʥʦʩʪʴ ʥʘʨʝʟʘʝʤʳʭ ʟʫʙʴʝʚ ʥʝʚʳʩʦʢʘʷ, ʤʝʪʦʜ 

ʤʘʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ, ʝʛʦ ʧʨʠʤʝʥʷʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʨʝʤʦʥʪʥʦʤ ʜʝʣʝ. 

ʄʝʪʦʜ ʦʙʢʘʪʢʠ. ʅʘʨʝʟʘʥʠʝ ʟʫʙʴʝʚ ʧʦ ʵʪʦʤʫ ʤʝʪʦʜʫ ʦʩʥʦʚʘʥʦ ʥʘ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʠ 

ʟʘʮʝʧʣʝʥʠʷ ʟʫʙʯʘʪʦʡ ʧʘʨʳ, ʦʜʥʠʤ ʠʟ ʵʣʝʤʝʥʪʦʚ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʨʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ ð 

ʯʝʨʚʷʯʥʘʷ ʬʨʝʟʘ, ʜʦʣʙʷʢ ʠʣʠ ʨʝʝʯʥʳʡ ʜʦʣʙʷʢ ð ʛʨʝʙʝʥʢʘ. 

ʅʘʨʝʟʘʥʠʝ ʟʫʙʴʝʚ ʯʝʨʚʷʯʥʳʤʠ ʬʨʝʟʘʤʠ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʢʦʣʝʩ ʩ ʚʥʝʰʥʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʟʫʙʴʝʚ. ɼʣʷ ʥʘʨʝʟʘʥʠʷ ʢʦʣʝʩ ʩ ʚʥʫʪʨʝʥʥʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʟʫʙʴʝʚ ʧʨʠʤʝʥʷʶʪ ʜʦʣʙʷʢʠ. ɻʨʝʙʝʥʢʘʤʠ ʥʘʨʝʟʘʶʪ ʧʨʷʤʦʟʫʙʳʝ ʠ ʢʦʩʦʟʫʙʳʝ ʢʦʣʝʩʘ ʩ ʙʦʣʴʰʠʤ 

ʤʦʜʫʣʝʤ ʟʘʮʝʧʣʝʥʠʷ. 

ʅʘʨʝʟʘʥʠʝ ʟʫʙʴʝʚ ʢʦʥʠʯʝʩʢʠʭ ʢʦʣʝʩ ʤʝʪʦʜʦʤ ʦʙʢʘʪʢʠ ʧʨʦʠʟʚʦʜʷʪ ʩʪʨʦʛʘʥʠʝʤ, 

ʬʨʝʟʝʨʦʚʘʥʠʝʤ, ʠʥʩʪʨʫʤʝʥʪʦʤ ʩ ʧʨʷʤʦʙʦʯʥʳʤ ʧʨʦʬʠʣʝʤ ʠʣʠ ʨʝʟʮʦʚʳʤʠ ʛʦʣʦʚʢʘʤʠ. 

ʅʘʢʘʪʳʚʘʥʠʝ ʟʫʙʴʝʚ ʧʨʠʤʝʥʷʶʪ ʚ ʤʘʩʩʦʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʟʫʙʴʝʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʠ ʢʦʥʠʯʝʩʢʠʭ ʢʦʣʝʩ ʧʨʦʠʟʚʦʜʷʪ ʛʦʨʷʯʠʤ 

ʥʘʢʘʪʳʚʘʥʠʝʤ. 
ʍʦʣʦʜʥʦʝ ʥʘʢʘʪʳʚʘʥʠʝ ʟʫʙʴʝʚ ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʤʦʜʫʣʝ ʜʦ 1ʤʤ. ɿʫʙʦʥʘʢʘʪʳʚʘʥʠʝ ï 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʣʴʥʳʡ ʤʝʪʦʜ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʢʦʣʝʩ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʦʪʭʦʜʦʤ ʤʝʪʘʣʣʘ ʚ ʩʪʨʫʞʢʫ. 

ʆʪʜʝʣʢʘ ʟʫʙʴʝʚ. ɿʫʙʴʷ ʢʦʣʝʩ ʪʦʯʥʳʭ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʧʦʩʣʝ ʥʘʨʝʟʘʥʠʷ ʧʦʜʚʝʨʛʘʶʪ 

ʦʪʜʝʣʢʠ ʰʝʚʠʥʛʦʚʘʥʠʝʤ, ʰʣʠʬʦʚʘʥʠʝʤ, ʧʨʠʪʠʨʢʦʡ ʠʣʠ ʦʙʢʘʪʢʦʡ. 

ʐʝʚʠʥʛʦʚʘʥʠʝ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʪʦʥʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʝʟʘʢʘʣʝʥʥʳʭ ʟʫʙʴʝʚ.  ɺʳʧʦʣʥʷʶʪ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ï ʰʝʚʝʨʦʤ. 

ʐʣʠʬʦʚʘʥʠʝ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʟʘʢʘʣʝʥʥʳʭ ʟʫʙʴʝʚ. 

ʇʨʠʪʠʨʢʫ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʪʜʝʣʢʠ ʟʘʢʘʣʝʥʥʳʭ ʟʫʙʴʝʚ ʢʦʣʝʩ.  

ʆʙʢʘʪʢʫ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʩʛʣʘʞʠʚʘʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ ʥʘ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʟʫʙʴʝʚ 

ʥʝʟʘʢʘʣʝʥʥʳʭ ʢʦʣʝʩ. 

ɺʠʜʳ ʨʘʟʨʫʰʝʥʠʷ ʟʫʙʴʝʚ ʠ ʢʨʠʪʝʨʠʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. ʇʦʚʪʦʨʥʦ-ʧʝʨʝʤʝʥʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʟʫʙʴʝʚ ð ʠʭ ʧʦʣʦʤʢʠ ʠʣʠ 

ʚʳʢʨʘʰʠʚʘʥʠʷ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʉʢʦʣʴʞʝʥʠʝ ʠ ʩʠʣʳ ʪʨʝʥʠʷ ʚ ʟʘʮʝʧʣʝʥʠʠ ʚʳʟʳʚʘʶʪ 

ʠʟʥʘʰʠʚʘʥʠʝ ʠ ʟʘʝʜʘʥʠʝ ʟʫʙʴʝʚ. 

ʇʦʣʦʤʢʘ ʟʫʙʴʝʚ. ʕʪʦ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʡ ʚʠʜ ʨʘʟʨʫʰʝʥʠʷ. ʀʟʣʦʤ ʟʫʙʴʝʚ ʷʚʣʷʝʪʩʷ 

ʩʣʝʜʩʪʚʠʝʤ ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʟʫʙʴʷʭ ʧʦʚʪʦʨʥʦ-ʧʝʨʝʤʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠʟʛʠʙʘ ʠʣʠ ʧʝʨʝʛʨʫʟʢʠ. 

ɼʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʫʩʪʘʣʦʩʪʥʦʡ ʧʦʣʦʤʢʠ ʟʫʙʴʝʚ ʧʨʦʚʦʜʷʪ ʨʘʩʯʝʪ ʥʘ ʧʨʦʯʥʦʩʪʴ ʧʦ 

ʥʘʧʨʷʞʝʥʠʷʤ ʠʟʛʠʙʘ s F.   

ʋʩʪʘʣʦʩʪʥʦʝ ʚʳʢʨʘʰʠʚʘʥʠʝ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ. ʕʪʦ ʦʩʥʦʚʥʦʡ ʚʠʜ ʨʘʟʨʫʰʝʥʠʷ 

ʟʫʙʴʝʚ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʟʘʢʨʳʪʳʭ ʭʦʨʦʰʦ ʩʤʘʟʳʚʘʝʤʳʭ ʧʝʨʝʜʘʯ. 

ɺʳʢʨʘʰʠʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʥʳʤ ʠ ʧʨʦʛʨʝʩʩʠʨʫʶʱʠʤ. ʆʛʨʥʠʯʝʥʥʦʝ 

ʚʳʢʨʘʰʠʚʘʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʫʯʘʩʪʢʘʭ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʘʧʨʷʞʝʥʠʡ. ʆʧʘʩʥʦ 

ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʝ ʚʳʢʨʘʰʠʚʘʥʠʝ, ʧʦʩʪʝʧʝʥʥʦ ʧʦʨʘʞʘʶʱʝʝ ʚʩʶ ʨʘʙʦʯʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʥʦʞʝʢ 

ʟʫʙʴʝʚ. 

ʇʨʝʜʦʪʚʨʘʱʝʥʠʶ ʚʳʢʨʘʰʠʚʘʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʫʙʴʝʚ, ʫʤʝʥʴʰʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʤʦʜʠʬʠʢʘʮʠʷ ʧʨʦʬʠʣʷ, ʧʨʘʚʠʣʴʥʳʡ 

ʚʳʙʦʨ ʩʦʨʪʘ ʤʘʩʣʘ. ɼʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʫʩʪʘʣʦʩʪʥʦʛʦ ʚʳʢʨʘʰʠʚʘʥʠʷ ʟʫʙʴʝʚ ʧʨʦʚʦʜʷʪ ʨʘʩʯʝʪ 

ʥʘ ʧʨʦʯʥʦʩʪʴ ʧʦ ʢʦʥʪʘʢʪʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ ʅs .  

ʀʟʥʘʰʠʚʘʥʠʝ ʟʫʙʴʝʚ. ʕʪʦ ʦʩʥʦʚʥʦʡ ʚʠʜ ʨʘʟʨʫʰʝʥʠʷ ʟʫʙʴʝʚ ʦʪʢʨʳʪʳʭ ʧʝʨʝʜʘʯ ʠ ʧʝʨʝʜʘʯ 

ʩ ʪʚʝʨʜʦʩʤʘʟʦʯʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ. ʀʟʥʘʰʠʚʘʥʠʝ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʟʘʱʠʪʦʡ ʦʪ ʧʦʧʘʜʘʥʠʷ 
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ʘʙʨʘʟʠʚʥʳʭ ʯʘʩʪʠʮ, ʧʦʚʳʰʝʥʠʝʤ ʪʚʝʨʜʦʩʪʠ ʠ ʧʦʥʠʞʝʥʠʝʤ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʨʘʙʦʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʴʝʚ, ʫʤʝʥʴʰʝʥʠʝ ʩʢʦʣʴʞʝʥʠʷ ʟʫʙʴʝʚ ʧʫʪʝʤ ʤʦʜʠʬʠʢʘʮʠʠ. 

ɿʘʝʜʘʥʠʝ ʟʫʙʴʝʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʚʘʨʠʚʘʥʠʠ ʯʘʩʪʠʮ ʤʘʪʝʨʠʘʣʘ ʦʜʥʦʛʦ ʟʫʙʘ ʢ ʜʨʫʛʦʤʫ 

ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʨʫʰʝʥʠʷ ʩʤʘʟʦʯʥʦʡ ʧʣʝʥʢʠ ʠ ʤʝʩʪʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ.  

ʄʘʪʝʨʠʘʣʳ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ. ɺʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʟʘʚʠʩʠʪ ʦʪ ʥʘʟʥʘʯʝʥʠʷ 

ʧʝʨʝʜʘʯʠ ʠ ʫʩʣʦʚʠʡ ʝʝ ʨʘʙʦʪʳ. ʏʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʶʪ ʩʪʘʣʠ, ʨʝʞʝ ʯʫʛʫʥʳ ʠ ʧʣʘʩʪʤʘʩʩʳ. 

ʉʪʘʣʠ. ʆʩʥʦʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʩʠʣʦʚʳʭ ʧʝʨʝʜʘʯ 

ʩʣʫʞʘʪ ʪʝʨʤʠʯʝʩʢʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʝ ʩʪʘʣʠ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʚʝʨʜʦʩʪʠ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ  

ʟʫʙʯʘʪʳʝ ʢʦʣʝʩʘ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ. 

ʇʝʨʚʘʷ ʛʨʫʧʧʘ ï ʟʫʙʯʘʪʳʝ ʢʦʣʝʩʘ ʩ ʪʚʝʨʜʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ  ʅ < 350  ʅɺ. 

ʄʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʢʦʣʝʩ ʵʪʦʡ ʛʨʫʧʧʳ ʩʣʫʞʘʪ ʫʛʣʝʨʦʜʠʩʪʳʝ ʩʪʘʣʠ ʤʘʨʦʢ 40, 45, 50ɻ, ʣʝʛʠʨʦʚʘʥʥʳʝ 

ʩʪʘʣʠ ʤʘʨʦʢ 40ʍ, 45ʍ, 40ʍʅ ʠ ʜʨ. 

ʊʝʨʤʦʦʙʨʘʙʦʪʢʫ ï ʫʣʫʯʰʝʥʠʝ ï ʧʨʦʠʟʚʦʜʷʪ ʜʦ ʥʘʨʝʟʘʥʠʷ ʟʫʙʴʝʚ. ʂʦʣʝʩʘ ʧʨʠ ʪʚʝʨʜʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ ʅ < 350 ʅɺ ʭʦʨʦʰʦ ʧʨʠʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʥʝ ʧʦʜʚʝʨʞʝʥʳ ʭʨʫʧʢʦʤʫ 

ʨʘʟʨʫʰʝʥʠʶ. 

ʊʚʝʨʜʦʩʪʴ ʰʝʩʪʝʨʥʠ ʧʨʷʤʦʟʫʙʦʡ ʧʝʨʝʜʘʯʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʥʠʤʘʪʴ ʥʘ (25é30) ʅɺ 

ʙʦʣʴʰʝ ʪʚʝʨʜʦʩʪʠ ʢʦʣʝʩʘ. 

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ï ʢʦʣʝʩʘ ʩ ʪʚʝʨʜʦʩʪʴʶ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʅ > 45 HRC    (H >350HB). 

ʇʨʠ H >350HB  ʪʚʝʨʜʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʰʢʘʣʝ    HRC. ɺʳʩʦʢʘʷ ʪʚʝʨʜʦʩʪʴ 

ʜʦʩʪʠʛʘʝʪʩʷ: ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʟʘʢʘʣʢʦʡ, ʮʝʤʝʥʪʘʮʠʝʡ ʠ ʥʠʪʨʦʮʝʤʝʥʪʘʮʠʝʡ ʩ ʟʘʢʘʣʢʦʡ, 

ʘʟʦʪʠʨʦʚʘʥʠʝʤ. 

ʉʪʘʣʴʥʦʝ ʣʠʪʴʝ. ʇʨʠʤʝʥʷʶʪ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʨʫʧʥʳʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ (dʘ>500ʤʤ). 

ʄʘʨʢʠ ʩʪʘʣʝʡ 35ʃé55ʃ. ʃʠʪʳʝ ʢʦʣʝʩʘ ʧʦʜʚʝʨʛʘʶʪ ʥʦʨʤʘʣʠʟʘʮʠʠ. 

ʏʫʛʫʥʳ. ʇʨʠʤʝʥʷʶʪ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʪʠʭʦʭʦʜʥʳʭ ʦʪʢʨʳʪʳʭ ʧʝʨʝʜʘʯ. 

ʄʘʨʢʠ ʯʫʛʫʥʦʚ ï ʉʏ 20éʉʏ 35. ʟʫʙʴʷ ʯʫʛʫʥʥʳʭ ʢʦʣʝʩ ʭʦʨʦʰʦ ʧʨʠʨʘʙʘʪʳʚʘʶʪʩʷ, ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ 

ʧʨʠ ʩʢʫʜʥʦʤ ʩʤʘʟʳʚʘʥʠʠ. ʀʤʝʶʪ ʧʦʥʠʞʝʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ, ʧʦʵʪʦʤʫ ʛʘʙʘʨʠʪʳ ʯʫʛʫʥʥʳʭ 

ʢʦʣʝʩ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʩʪʘʣʴʥʳʭ. 

ʇʣʘʩʪʤʘʩʩʳ. ʇʨʠʤʝʥʷʶʪ ʚ ʙʳʩʪʨʦʭʦʜʥʳʭ ʩʣʘʙʦʥʘʛʨʫʞʝʥʥʳʭ ʧʝʨʝʜʘʯʘʭ ʜʣʷ ʰʝʩʪʝʨʝʥ, 

ʨʘʙʦʪʘʶʱʠʭ ʚ ʧʘʨʝ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʢʦʣʝʩʘʤʠ. ɿʫʙʯʘʪʳʝ ʢʦʣʝʩʘ ʠʟ ʧʣʘʩʪʤʘʩʩ ʦʪʣʠʯʘʶʪʩʷ 

ʙʝʩʰʫʤʥʦʩʪʴʶ ʠ ʧʣʘʚʥʦʩʪʴʶ ʭʦʜʘ. ɺ ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʭ ʧʝʨʝʜʘʯʘʭ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʳ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʪʝʢʩʪʦʣʠʪ (ʤʘʨʦʢ ʇʊ ʠ ʇʊʂ), ʢʘʧʨʦʣʦʥ, ʧʦʣʠʬʦʨʤʘʣʴʜʝʛʠʜ, ʬʝʥʠʣʦʥ. 

ɼʦʧʫʩʢʘʝʤʳʝ ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ  ʜʣʷ ʰʝʩʪʝʨʥʠ ʠ ʢʦʣʝʩʘ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʦʙʱʝʡ 

ʟʘʚʠʩʠʤʦʩʪʠ  ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʥʘ ʢʦʥʪʘʢʪʥʫʶ ʧʨʦʯʥʦʩʪʴ ʜʦʣʛʦʚʝʯʥʦʩʪʠ (ʨʝʩʫʨʩʘ), 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʩʦʧʨʷʛʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ  ʠ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ: 

.]/[][ lim HVRNHH SZZZss =  

ʇʨʝʜʝʣ ʢʦʥʪʘʢʪʥʦʡ ʚʳʥʦʩʣʠʚʦʩʪʠ limHs  ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʪʘʙʣʠʮʘʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʘʪʝʨʠʘʣʘ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʠ ʩʨʝʜʥʝʡ ʪʚʝʨʜʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʴʝʚ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʦʣʛʦʚʝʯʥʦʩʪʠ zN, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʨʝʩʫʨʩʘ,  

6 / HEHGN NNz =  ʧʨʠ ʫʩʣʦʚʠʠ    max1 NN ZZ ¢¢  

ʎʠʣʠʥʜʨʠʯʝʩʢʠʝ  ʠ ʢʦʥʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ ʩ ʧʨʷʤʳʤʠ ʟʫʙʴʷʤʠ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ 

ʜʦʧʫʩʢʘʝʤʦʤʫ ʥʘʧʨʷʞʝʥʠʶ H][s . 

min21 ][)][]([45.0][ HHHH ssss ²+=  

ɼʦʧʫʩʢʘʝʤʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠʟʛʠʙʘ  

 

 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʣʛʦʚʝʯʥʦʩʪʠ  Fq
FEFGN NNY /=      ʧʨʠ ʫʩʣʦʚʠʠ    max1 NN YY ¢¢  

ʇʨʷʤʦʟʫʙʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ. ɺ ʧʨʷʤʦʟʫʙʦʡ ʧʝʨʝʜʘʯʝ ʟʫʙʴʷ ʚʭʦʜʷʪ ʚ 

ʟʘʮʝʧʣʝʥʠʝ ʧʦ ʚʩʝʡ ʜʣʠʥʝ. ʇʨʷʤʦʟʫʙʳʝ ʧʝʨʝʜʘʯʠ ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʥʝʚʳʩʦʢʠʭ ʦʢʨʫʞʥʳʭ 

ʩʢʦʨʦʩʪʷʭ. 

.]/[][ lim FARNFF SYYYss =
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ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ 

1. ʇʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ 

u=n1/n2=d2/d1=z2/z1 

2. ʈʘʟʤʝʨʳ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ 

ʜʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ 

d=mz 

ʜʠʘʤʝʪʨ ʚʝʨʰʠʥ 

da=d+2ha=d+2m 

ʜʠʘʤʝʪʨ ʚʧʘʜʠʥ 

df=d-2hf=d-2,5m 

3. ʄʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ï ʛʣʘʚʥʳʡ ʧʘʨʘʤʝʪʨ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ 

( ) ( ) ( )
22

1

2

1

2

1

2

11221 S=
+

=
+

=
+

=
+

=
mzudumz

u

uddd
aw  

4. ʏʠʩʣʦ ʟʫʙʴʝʚ ʰʝʩʪʝʨʥʠ 

z1=zɆ/(u+1) 

5. ʏʠʩʣʦ ʟʫʙʴʝʚ ʢʦʣʝʩʘ 

z2= zɆ- z1 

ʉʠʣʳ ʚ ʟʘʮʝʧʣʝʥʠʠ ʧʨʷʤʦʟʫʙʳʭ ʧʝʨʝʜʘʯ 
ʉʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʫʙʴʝʚ ʦʧʨʝʜʝʣʷʶʪ ʚ ʧʦʣʶʩʝ ʟʘʮʝʧʣʝʥʠʷ.  

 
ʉʭʝʤʘ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʧʨʷʤʦʟʫʙʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʝ 

 

ʆʢʨʫʞʥʘʷ ʩʠʣʘ           
1

1

3

2

2

3 102102

d

T

d

T
Ft

Ö
=

Ö
=  

ʈʘʜʠʘʣʴʥʘʷ ʩʠʣʘ       Fr=FttgŬw 

 

ʈʘʩʯʸʪ ʥʘ ʢʦʥʪʘʢʪʥʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʠʟʛʠʙ 

ʂʦʥʪʘʢʪʥʘʷ ʧʨʦʯʥʦʩʪʴ ʟʫʙʴʝʚ ï ʦʩʥʦʚʥʦʡ ʢʨʠʪʝʨʠʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ. 

ʂʦʥʪʘʢʪʥʘʷ ʧʨʦʯʥʦʩʪʴ ï ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ ʦʙʝʩʧʝʯʠʪʴ 

ʪʨʝʙʫʝʤʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʪʠʚ ʫʩʪʘʣʦʩʪʥʦʛʦ ʚʳʢʨʘʰʠʚʘʥʠʷ.  

ʋʩʣʦʚʠʝ ʧʨʦʯʥʦʩʪʠ                                       ůʅÒ[ů]H 

ʇʨʦʯʥʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ ï ʩʧʦʩʦʙʥʦʩʪʴ ʟʫʙʴʝʚ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʪʠʚ 

ʫʩʪʘʣʦʩʪʥʦʛʦ ʠʟʣʦʤʘ ʟʫʙʘ. 

ůFÒ[ů]F 

ʂʦʩʦʟʫʙʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ. 

ʎʠʣʠʥʜʨʠʯʝʩʢʠʝ ʢʦʣʸʩʘ, ʫ ʢʦʪʦʨʳʭ ʟʫʙʴʷ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʚʠʥʪʦʚʳʤ ʣʠʥʠʷʤ ʥʘ 

ʜʝʣʠʪʝʣʴʥʦʤ ʮʠʣʠʥʜʨʝ, ʥʘʟʳʚʘʶʪ ʢʦʩʦʟʫʙʳʤʠ. ɺ ʪʘʢʦʡ ʧʝʨʝʜʘʯʝ ʟʫʙʴʷ ʚʭʦʜʷʪ ʚ ʟʘʮʝʧʣʝʥʠʝ 

ʧʦʩʪʝʧʝʥʥʦ, ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ ʦʜʥʦʡ ʧʘʨʳ ʟʫʙʴʝʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʏʝʤ ʙʦʣʴʰʝ ʫʛʦʣ ʥʘʢʣʦʥʘ ʣʠʥʠʠ ʟʫʙʘ, ʪʝʤ ʚʳʰʝ ʧʣʘʚʥʦʩʪʴ ʟʘʮʝʧʣʝʥʠʷ. ʂʦʣʸʩʘ ʥʘʨʝʟʘʶʪ ʩ 

ʧʨʘʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʟʫʙʘ, ʰʝʩʪʝʨʥʠ ï ʩ ʣʝʚʳʤ.  
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ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ. 

1. ʄʦʜʫʣʴ: 

ʦʢʨʫʞʥʦʡ (ʪʦʨʮʦʚʦʝ ʩʝʯʝʥʠʝ t ï t) 

mt=pt/ˊ, mt=m/cosɓ 

ʥʦʨʤʘʣʴʥʳʡ (ʩʝʯʝʥʠʝ n ï n) 

m=p/ ,́ 

ʦʢʨʫʞʥʦʡ ʰʘʛ 

pt=p/cosɓ. 

ʅʦʨʤʘʣʴʥʳʡ ʤʦʜʫʣʴ m ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʪʘʥʜʘʨʪʫ ʠ ʷʚʣʷʝʪʩʷ ʠʩʭʦʜʥʦʡ ʚʝʣʠʯʠʥʦʡ 

ʧʨʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʩʯʸʪʘʭ. 

ɼʝʣʠʪʝʣʴʥʳʡ ʠ ʥʘʯʘʣʴʥʳʡ ʜʠʘʤʝʪʨʳ 

d=dw=mtz=mz/cosɓ 

ɺʳʩʦʪʳ ʛʦʣʦʚʢʠ ʢʦʩʦʛʦ ʟʫʙʘ hʘ ʠ ʥʦʞʢʠ hf: 

hʘ=m; hf=1,25m. 

ʜʠʘʤʝʪʨ ʚʝʨʰʠʥ 

da=d+2m 

ʜʠʘʤʝʪʨ ʚʧʘʜʠʥ 

df=d-2,5m 

ʄʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ 

( )
u

udmzzzmdd
aw

2

1

cos2cos2

)(

2

22121 +
==

+
=

+
= S

bb
. 

ʕʢʚʠʚʘʣʝʥʪʥʦʝ ʢʦʣʝʩʦ. ʇʨʦʬʠʣʴ ʢʦʩʦʛʦ ʟʫʙʘ ʚ ʥʦʨʤʘʣʴʥʦʤ ʩʝʯʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʠʩʭʦʜʥʦʤʫ ʢʦʥʪʫʨʫ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʨʝʡʢʠ ʠ ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʦʬʠʣʝʤ ʧʨʷʤʦʟʫʙʦʛʦ ʢʦʣʝʩʘ, 

ʥʘʟʳʚʘʝʤʦʛʦ ʵʢʚʠʚʘʣʝʥʪʥʳʤ. 

ʉʠʣʳ ʚ ʟʘʮʝʧʣʝʥʠʠ 
ʆʢʨʫʞʥʘʷ ʩʠʣʘ 

Ft=2Ā10
3
T1/d1 

ʈʘʜʠʘʣʴʥʘʷ ʩʠʣʘ 

Fr=FttgŬw/cosɓ 

ʆʩʝʚʘʷ ʩʠʣʘ 

Fa=Fttgɓ 

ʆʩʝʚʘʷ ʩʠʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʥʘʛʨʫʞʘʝʪ ʧʦʜʰʠʧʥʠʢʠ, ʚʦʟʨʘʩʪʘʷ ʩ  

ʫʚʝʣʠʯʝʥʠʝʤ ɓ. ʇʦ ʵʪʦʤʫ ʧʨʠʥʠʤʘʶʪ 

ɓ=8é20
0
. 

 

ʈʘʩʯʝʪʳ ʥʘ ʧʨʦʯʥʦʩʪʴ 

ʈʘʩʯʝʪ ʥʘ ʧʨʦʯʥʦʩʪʴ ʢʦʩʦʟʫʙʳʭ ʧʝʨʝʜʘʯ ʚʝʜʫʪ ʧʦ ʬʦʨʤʫʣʘʤ  ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʨʷʤʦʟʫʙʳʭ 

ʧʝʨʝʜʘʯ ʩ ʚʚʝʜʝʥʠʝʤ ʚ ʥʠʭ ʧʦʧʨʘʚʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʫʯʠʪʳʚʘʶʱʠʭ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ. ɻʘʙʘʨʠʪʳ 

ʢʦʩʦʟʫʙʳʭ ʧʝʨʝʜʘʯ ʧʦʣʫʯʘʶʪʩʷ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʷʤʦʟʫʙʳʭ. 

ɺʳʧʦʣʥʷʶʪ ʜʚʘ ʨʘʩʯʝʪʘ: ʧʨʦʝʢʪʠʨʦʚʦʯʥʳʡ ʠ ʧʨʦʚʝʨʦʯʥʳʡ. 

ʐʝʚʨʦʥʥʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ 
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ʐʝʚʨʦʥʥʦʝ ʢʦʣʝʩʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʜʚʦʝʥʥʦʝ ʢʦʩʦʟʫʙʦʝ ʢʦʣʝʩʦ, ʚʳʧʦʣʥʝʥʥʦʝ ʢʘʢ ʦʜʥʦ 

ʮʝʣʦʝ. ʊ.ʢ. ʥʘʧʨʘʚʣʝʥʠʷ ʟʫʙʴʝʚ ʥʘ ʧʦʣʫʰʝʚʨʦʥʘʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ, ʪʦ ʦʩʝʚʳʝ ʩʠʣʳ ʥʘ ʢʦʣʝʩʝ ʚʟʘʠʤʥʦ 

ʫʨʘʚʥʦʚʝʰʝʥʳ ʥʘ ʢʦʣʝʩʝ ʠ ʥʘ ʧʦʜʰʠʧʥʠʢʠ ʥʝ ʧʝʨʝʜʘʶʪʩʷ. ʋʛʦʣ ʥʘʢʣʦʥʘ ʟʫʙʘ ʧʨʠʥʠʤʘʶʪ ɓ=25é40
0
. 

 
ʐʝʚʨʦʥʥʳʝ ʧʝʨʝʜʘʯʠ ʧʨʠʤʝʥʷʶʪ ʚ ʤʦʱʥʳʭ ʙʳʩʪʨʦʭʦʜʥʳʭ ʟʘʢʨʳʪʳʭ ʧʝʨʝʜʘʯʘʭ. 

ʂʦʥʠʯʝʩʢʠʝ ʟʫʙʯʘʪʳʝ ʧʝʨʝʜʘʯʠ 

ʇʨʠʤʝʥʷʶʪ ʢʦʛʜʘ ʦʩʠ ʚʘʣʦʚ ʧʝʨʝʩʝʢʘʶʪʩʷ. ʂʦʥʠʯʝʩʢʠʝ ʢʦʣʸʩʘ ʙʳʚʘʶʪ ʩ ʧʨʷʤʳʤʠ, 

ʢʨʫʛʦʚʳʤʠ ʠ ʩ ʰʝʚʨʦʥʥʳʤʠ ʟʫʙʴʷʤʠ. ʇʨʷʤʦʟʫʙʳʝ ʧʝʨʝʜʘʯʠ ʠʤʝʶʪ ʣʠʥʝʡʥʳʡ ʢʦʥʪʘʢʪ ʚ 

ʟʘʮʝʧʣʝʥʠʠ, ʘ ʩ ʢʨʫʛʦʚʳʤʠ ʟʫʙʴʷʤʠ ï ʪʦʯʝʯʥʳʡ. ʐʝʩʪʝʨʥʠ ʚʳʧʦʣʥʷʶʪ ʩ ʧʨʘʚʳʤ ʟʫʙʦʤ, ʢʦʣʸʩʘ ï 

ʩ ʣʝʚʳʤ. ʐʝʩʪʝʨʥʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʢʦʥʩʦʣʴʥʦ. 

ʉʠʣʳ ʚ ʟʘʮʝʧʣʝʥʠʠ 

ʇʨʷʤʦʟʫʙʘʷ ʧʝʨʝʜʘʯʘ: 

ʈʘʜʠʘʣʴʥʘʷ ʩʠʣʘ ʥʘ ʰʝʩʪʝʨʥʝ: 

Fr1=FttgŬwcosŭ1=0,36Ft cosŭ1 

ʆʢʨʫʞʥʘʷ ʩʠʣʘ ʥʘ ʰʝʩʪʝʨʥʝ ʠʣʠ ʢʦʣʝʩʝ: 
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ʆʩʝʚʘʷ ʩʠʣʘ ʥʘ ʰʝʩʪʝʨʥʝ: 

Fa1=FttgŬwsinŭ1=0,36Ft sinŭ1 

 

ʉʠʣʳ ʥʘ ʢʦʣʝʩʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ: Fr2= Fa1, Fa2= Fr1. 

 

ɺ ʧʝʨʝʜʘʯʝ ʩ ʢʨʫʛʦʚʳʤ ʟʫʙʦʤ ʦʢʨʫʞʥʫʶ 

ʩʠʣʫ ʦʧʨʝʜʝʣʷʶʪ ʪʘʢ ʞʝ, ʢʘʢ ʚ ʧʨʷʤʦʟʫʙʦʡ 

ʢʦʥʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʝ. 

ʈʘʜʠʘʣʴʥʘʷ ʩʠʣʘ ʥʘ ʰʝʩʪʝʨʥʝ: 

Fr1=Ft(0,44cosŭ1-0,7sin ŭ1) 

ʆʩʝʚʘʷ ʩʠʣʘ ʥʘ ʰʝʩʪʝʨʥʝ: 

Fa1=Ft(0,44sinŭ1+0,7cos ŭ1) 

ʉʠʣʳ ʥʘ ʢʦʣʝʩʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ: 

Fr2= Fa1, Fa2= Fr1 

 

ʈʘʩʯʝʪʳ ʥʘ ʢʦʥʪʘʢʪʥʫʶ ʧʨʦʯʥʦʩʪʴ 
ʈʘʩʯʸʪ ʦʩʥʦʚʘʥ ʥʘ ʜʦʧʫʱʝʥʠʠ: ʥʝʩʫʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʟʫʙʴʝʚ ʢʦʥʠʯʝʩʢʦʛʦ ʢʦʣʝʩʘ ʪʘʢʘʷ 

ʞʝ, ʢʘʢ ʫ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ. ʅʘ 

ʧʨʘʢʪʠʢʝ ʢʦʥʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ ʚʳʭʦʜʷʪ ʠʟ ʩʪʨʦʷ 

ʙʳʩʪʨʝʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ. ɺʳʧʦʣʥʷʶʪ ʜʚʘ 

ʨʘʩʯʝʪʘ: ʧʨʦʚʝʨʦʯʥʳʡ ʠ ʧʨʦʝʢʪʠʨʦʚʦʯʥʳʡ. 
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ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1.ʂʘʢʦʝ ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ ʥʘʟʳʚʘʶʪ ʰʝʩʪʝʨʥʝʡ?  

2. ʏʪʦ ʥʘʟʳʚʘʶʪ ʣʠʥʠʝʡ ʟʘʮʝʧʣʝʥʠʷ? 

3. ʂʘʢ ʦʧʨʝʜʝʣʷʶʪ ʤʦʜʫʣʴ ʟʘʮʝʧʣʝʥʠʷ?  

4. ʂʘʢʦʚʳ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʨʘʟʨʫʰʝʥʠʷ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ?  

5. ʂʘʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʨʝʜʲʷʚʣʷʶʪ ʢ ʤʘʪʝʨʠʘʣʘʤ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ?  

6. ʂʘʢʦʚʳ ʦʩʥʦʚʥʳʝ ʢʨʠʪʝʨʠʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʝʨʝʜʘʯ? 

7. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʧʨʷʤʦʟʫʙʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʠ ʢʦʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯʘʭ. 

8. ʂʘʢʠʝ ʧʝʨʝʜʘʯʠ ʥʘʟʳʚʘʶʪ ʧʝʨʝʜʘʯʘʤʠ ʩ ʟʘʮʝʧʣʝʥʠʝʤ ʅʦʚʠʢʦʚʘ? 

 

ʊʝʤʘ 3.5 ʇʝʨʝʜʘʯʘ ʚʠʥʪ ï ʛʘʡʢʘ 

 

ɺʠʥʪʦʚʘʷ ʧʝʨʝʜʘʯʘ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ, ʫʩʪʨʦʡʩʪʚʦ, ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʠ ʦʙʣʘʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ. ʇʝʨʝʜʘʯʠ ʩ ʪʨʝʥʠʝʤ ʩʢʦʣʴʞʝʥʠʷ ʠ ʪʨʝʥʠʝʤ ʢʘʯʝʥʠʷ, ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ. ʂʇɼ 

ʧʝʨʝʜʘʯʠ. ɺʠʜʳ ʨʘʟʨʫʰʝʥʠʷ ʠ ʢʨʠʪʝʨʠʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. ʄʘʪʝʨʠʘʣʳ ʚʠʥʪʦʚʦʡ ʧʘʨʳ. 

ʇʨʦʚʝʨʦʯʥʳʡ ʠ ʧʨʦʝʢʪʥʳʡ ʨʘʩʯʝʪʳ ʧʝʨʝʜʘʯʠ ʩ ʪʨʝʥʠʝʤ ʩʢʦʣʴʞʝʥʠʷ. 

 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ 

ʇʝʨʝʜʘʯʘ ʚʠʥʪ-ʛʘʡʢʘ ʩʦʩʪʦʠʪ ʠʟ ʚʠʥʪʘ ʠ ʛʘʡʢʠ ʠ ʩʣʫʞʠʪ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʠ ʥʘʦʙʦʨʦʪ. 

ʇʝʨʝʜʘʯʘ ʚʠʥʪ-ʛʘʡʢʘ ʜʝʣʠʪʩʷ ʥʘ: 

- ʧʝʨʝʜʘʯʫ ʩʢʦʣʴʞʝʥʠʷ; 

- ʧʝʨʝʜʘʯʫ ʢʘʯʝʥʠʷ 

ɺ ʧʝʨʝʜʘʯʘʭ ʚʠʥʪ-ʛʘʡʢʘ ʢʘʯʝʥʠʷ ʨʘʟʤʝʱʝʥʳ ʪʝʣʘ ʢʘʯʝʥʠʷ ï ʰʘʨʠʢʠ. 

ʇʝʨʝʜʘʯʘ ʚʠʥʪ-ʛʘʡʢʘ ʩʢʦʣʴʞʝʥʠʝ: 

ɼʦʩʪʦʠʥʩʪʚʘ: 1. ɹʦʣʴʰʦʡ ʚʳʠʛʨʳʰ ʚ ʩʠʣʝ. 2. ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʤʝʜʣʝʥʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. 3. ʇʣʘʚʥʦʩʪʴ ʠ ʙʝʩʰʫʤʥʦʩʪʴ ʨʘʙʦʪʳ. 4. ʄʘʣʳʝ ʛʘʙʘʨʠʪʳ. 5. 

ʇʨʦʩʪʳ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ. 

ʅʝʜʦʩʪʘʪʢʠ: ʙʦʣʴʰʠʝ ʧʦʪʝʨʠ ʥʘ ʪʨʝʥʠʝ, ʠʟʥʘʰʠʚʘʥʠʝ, ʥʠʟʢʠʡ ʂʇɼ. 

ʇʨʠʤʝʥʝʥʠʝ. ʐʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʴʰʠʭ ʦʩʝʚʳʭ ʩʠʣ ï ʵʪʦ ʧʨʝʩʩʳ, 

ʨʘʟʨʳʚʥʳʝ ʤʘʰʠʥʳ, ʜʦʤʢʨʘʪʳ, ʪʠʩʢʠ ʠ ʪ.ʜ.; ʜʣʷ ʪʦʯʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ï ʤʝʭʘʥʠʟʤʳ ʧʦʜʘʯʠ ʚ 

ʩʪʘʥʢʘʭ, ʫʩʪʘʥʦʚʦʯʥʳʝ ʚʠʥʪʳ, ʨʝʛʫʣʠʨʦʚʦʯʥʳʝ ʚʠʥʪʳ, ʚʠʥʪʳ ʚ ʤʝʭʘʥʠʟʤʘʭ ʫʧʨʘʚʣʝʥʠʷ.  

ʂʠʥʝʤʘʪʠʢʘ ʧʝʨʝʜʘʯʠ. ɺʝʜʫʱʠʤ ʟʚʝʥʦʤ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʚʠʥʪ, ʪʘʢ ʠ ʛʘʡʢʘ. ʉʢʦʨʦʩʪʴ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʛʘʡʢʠ (ʚʠʥʪʘ) 

V=iʟpn/60 000 

ʈʘʟʥʦʚʠʜʥʦʩʪʠ: 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ, ʧʝʨʝʜʘʯʠ ʙʳʚʘʶʪ: 

- ʛʨʫʟʦʚʳʝ, ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʴʰʠʭ ʩʠʣ  

- ʭʦʜʦʚʳʝ, ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʤʝʭʘʥʠʟʤʘʭ ʧʦʜʘʯʠ 

- ʫʩʪʘʥʦʚʦʯʥʳʝ, ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʪʦʯʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʨʝʛʫʣʠʨʦʚʦʢ  

ʄʘʪʝʨʠʘʣʳ: ʚʠʥʪ ʠ ʛʘʡʢʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʥʪʠʬʨʠʢʮʠʦʥʥʫʶ ʧʘʨʫ, ʪ.ʝ. ʜʦʣʞʥʳ ʙʳʪʴ 

ʠʟʥʦʩʦʩʪʦʡʢʠʤʠ ʠ ʠʤʝʪʴ ʤʘʣʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. ɺʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʟʘʚʠʩʠʪ ʦʪ ʥʘʟʥʘʯʝʥʠʷ 

ʧʝʨʝʜʘʯʠ, ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʠ ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ ʨʝʟʴʙʳ. 

ɺʠʥʪʳ: ʧʨʠʤʝʥʷʶʪ ʩʪʘʣʠ ʤʘʨʦʢ 40, 50, 40ʍɻ, ʋ10. 

ɻʘʡʢʠ: ʜʣʷ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʧʝʨʝʜʘʯ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʦʣʦʚʷʥʥʦʡ ʙʨʦʥʟʳ, 

ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʯʫʛʫʥʦʚ ɸɺʏ1, ɸʂʏ1, ʉʏ20. 

ʈʘʩʯʝʪ ʧʝʨʝʜʘʯʠ: ʧʨʠʯʠʥʘ ʦʪʢʘʟʘ ʚ ʩʠʣʦʚʳʭ ʧʝʨʝʜʘʯʘʭ ï ʠʟʥʘʰʠʚʘʥʠʝ ʨʝʟʴʙʳ, ʚʳʧʦʣʥʷʶʪ 

ʨʘʩʯʝʪ ʥʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʧʨʦʚʝʨʦʯʥʳʡ ʨʘʩʯʝʪ, ʨʘʩʯʝʪ ʥʘ ʧʨʦʯʥʦʩʪʴ, ʝʩʣʠ ʜʣʠʥʥʳʡ ʚʠʥʪ, ʪʦ 

ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʩʯʝʪ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ. 

ʇʝʨʝʜʘʯʘ ʚʠʥʪ-ʛʘʡʢʘ ʢʘʯʝʥʠʝ: ʥʘ ʚʠʥʪʝ ʠ ʛʘʡʢʝ ʚʳʧʦʣʥʝʥʳ ʚʠʥʪʦʚʳʝ ʢʘʥʘʚʢʠ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʜʦʨʦʞʢʘʤʠ ʢʘʯʝʥʠʷ ʜʣʷ ʰʘʨʠʢʦʚ. 

ɼʦʩʪʦʠʥʩʪʚʘ:1. ʄʘʣʳʝ ʧʦʪʝʨʠ ʥʘ ʪʨʝʥʠʝ. 2.ɼʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ ʂʇɼ=0,9.3.ɺʳʩʦʢʘʷ 

ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʤʘʣʳʭ ʛʘʙʘʨʠʪʘʭ.4.ʄʦʞʥʦ ʧʦʣʫʯʠʪʴ ʤʘʣʳʝ ʠ ʪʦʯʥʳʝ 

ʧʝʨʝʤʝʱʝʥʠʷ.5.ɹʦʣʴʰʦʡ ʨʝʩʫʨʩ ʨʘʙʦʪʳ. 6. ɹʝʩʰʫʤʥʳ. 
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ʅʝʜʦʩʪʘʪʢʠ: ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʴʩʷ ʚ ʯʠʩʪʦʪʝ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʪʦʯʥʦʩʪʠ ʠ ʩʣʦʞʥʦʩʪʴ ʚ 

ʠʟʛʦʪʦʚʣʝʥʠʠ. 

ʇʨʠʤʝʥʝʥʠʝ: ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʚ ʩʣʝʜʷʱʠʭ ʩʠʩʪʝʤʘʭ, ʚ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʩʠʣʦʚʳʭ ʧʝʨʝʜʘʯʘʭ, 

ʨʘʢʝʪʦʩʪʨʦʝʥʠʝ, ʘʚʠʘʪʝʭʥʠʢʘ, ʘʪʦʤʥʘʷ ʪʝʭʥʠʢʘ, ʢʦʩʤʠʯʝʩʢʘʷ ʪʝʭʥʠʢʘ. 

ʄʘʪʝʨʠʘʣʳ: ʩʪʘʣʠ ʤʘʨʦʢ ʍɺɻ, 18ʍɻʊ (ʛʘʡʢʠ), ʍɺɻ, 8ʍʌ. ʐʘʨʠʢʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ 

ʩʪʘʣʠ ʐʍ15. 

ʇʝʨʝʜʘʯʘ ʚʠʥʪ-ʛʘʡʢʘ ʢʘʯʝʥʠʷ ʨʝʤʦʥʪʫ ʥʝ ʧʦʜʣʝʞʠʪ. 

ʈʘʩʯʝʪ ʰʘʨʠʢʦʚʦʡ ʧʝʨʝʜʘʯʠ: ʨʘʩʯʝʪ ʥʘ ʧʨʦʯʥʦʩʪʴ. ʆʩʥʦʚʥʳʝ ʢʨʠʪʝʨʠʠ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʥʪʘʢʪʥʦʡ ʫʩʪʘʣʦʩʪʠ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʦʪʩʫʪʩʪʚʠʝ 

ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ. 

ʐʘʨʠʢʦ-ʚʠʥʪʦʚʳʝ ʧʝʨʝʜʘʯʠ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʳ,ʧʦʜʙʠʨʘʶʪʩʷ ʧʦ ʢʘʪʘʣʦʛʫ. 

ɼʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʨʘʩʯʝʪ ʚʝʜʫʪ ʧʦ ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʩʝʚʦʡ 

ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ. ɼʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʨʘʩʯʝʪ ʚʝʜʫʪ ʧʦ ʩʪʘʪʠʯʝʩʢʦʡ 

ʦʩʝʚʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ. 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʂʘʢ ʫʩʪʨʦʝʥʘ ʧʝʨʝʜʘʯʘ ʚʠʥʪ-ʛʘʡʢʘ ʠ ʛʜʝ ʝʸ ʧʨʠʤʝʥʷʶʪ? 

2. ʏʝʤ ʦʙʲʷʩʥʠʪʴ ʙʦʣʴʰʦʡ ʚʳʠʛʨʳʰ ʚ ʩʠʣʝ ʚ ʧʝʨʝʜʘʯʝ ʚʠʥʪ-ʛʘʡʢʘ? 

3. ʀʟ ʢʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟʛʦʪʦʚʣʷʶʪ ʚʠʥʪʳ ʠ ʛʘʡʢʠ? 

4. ʂʘʢ ʦʧʨʝʜʝʣʠʪʴ ʤʦʤʝʥʪ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʚʨʘʱʝʥʠʷ ʚʠʥʪʘ ʠʣʠ ʛʘʡʢʠ? 

5. ʏʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʧʝʨʝʜʘʯʠ ʚʠʥʪ-ʛʘʡʢʘ 

ʩʢʦʣʴʞʝʥʠʷ? 

6. ʂʘʢ ʚʳʧʦʣʥʷʶʪ ʧʨʦʚʝʨʦʯʥʳʡ ʨʘʩʯʸʪ ʚʠʥʪʘ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ? 

 

ʊʝʤʘ 3.6 ʏʝʨʚʷʯʥʘʷ ʧʝʨʝʜʘʯʘ 

 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʯʝʨʚʷʯʥʳʭ ʧʝʨʝʜʘʯʘʭ: ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ, ʫʩʪʨʦʡʩʪʚʦ, ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʠ 

ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ. ʏʝʨʚʷʯʥʘʷ ʧʝʨʝʜʘʯʘ ʩ ʘʨʭʠʤʝʜʦʚʳʤ ʯʝʨʚʷʢʦʤ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʩʦʦʪʥʦʰʝʥʠʷ, ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ, ʂʇɼ. ʉʢʦʨʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ ʚ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʝ. ʉʠʣʳ, 

ʜʝʡʩʪʚʫʶʱʠʝ ʚ ʟʘʮʝʧʣʝʥʠʠ. ɺʠʜʳ ʨʘʟʨʫʰʝʥʠʷ ʟʫʙʴʝʚ ʯʝʨʚʷʯʥʳʭ ʢʦʣʝʩ ʠ ʦʩʥʦʚʥʳʝ ʢʨʠʪʝʨʠʠ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʝʨʝʜʘʯʠ. ʄʘʪʝʨʠʘʣʳ ʟʚʝʥʴʝʚ ʯʝʨʚʷʯʥʦʡ ʧʘʨʳ. ɼʦʧʫʩʢʘʝʤʳʝ ʥʘʧʨʷʞʝʥʠʷ. ʈʘʩʯʝʪ 

ʟʫʙʴʝʚ ʢʦʣʝʩʘ ʥʘ ʢʦʥʪʘʢʪʥʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʠʟʛʠʙ. ʊʝʧʣʦʚʦʡ ʨʘʩʯʝʪ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʠ. 

 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ.  ʏʝʨʚʷʯʥʳʝ ʧʝʨʝʜʘʯʠ ʦʪʥʦʩʷʪ ʢ ʧʝʨʝʜʘʯʘʤ ʟʘʮʝʧʣʝʥʠʝʤ. ʀʭ ʧʨʠʤʝʥʷʶʪ 

ʜʣʷ ʧʝʨʝʜʘʯʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʝʞʜʫ ʚʘʣʘʤʠ, ʫʛʦʣ ʧʝʨʝʢʨʝʱʠʚʘʥʠʷ ʦʩʝʡ ʢʦʪʦʨʳʭ 

ʩʦʩʪʘʚʣʷʝʪ 90Á. 

ʏʝʨʚʷʯʥʘʷ ʧʝʨʝʜʘʯʘ ð ʵʪʦ ʟʫʙʯʘʪʦ-ʚʠʥʪʦʚʘʷ ʧʝʨʝʜʘʯʘ, 

ʜʚʠʞʝʥʠʝ ʚ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ ʚʠʥʪʦʚʦʡ 

ʧʘʨʳ, ʢʦʪʦʨʦʡ ʧʨʠʩʫʱʝ ʧʦʚʳʰʝʥʥʦʝ ʩʢʦʣʴʞʝʥʠʝ. 

ɼʦʩʪʦʠʥʩʪʚʘ. 1. ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʦʛʦ 

ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ ʚ ʦʜʥʦʡ ʩʪʫʧʝʥʠ (ʠ ʜʦ 80). 2. 

ʂʦʤʧʘʢʪʥʦʩʪʴ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʘʷ ʤʘʩʩʘ 

ʢʦʥʩʪʨʫʢʮʠʠ.3.ʇʣʘʚʥʦʩʪʴ ʠ ʙʝʩʰʫʤʥʦʩʪʴ ʨʘʙʦʪʳ.4. 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʘʤʦʪʦʨʤʦʟʷʱʝʡ ʧʝʨʝʜʘʯʠ. 5. 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʪʦʯʥʳʭ ʠ ʤʘʣʳʭ ʧʝʨʝʤʝʱʝʥʠʡ. 

 

ʅʝʜʦʩʪʘʪʢʠ. 1. ʉʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʡ ʂʇɼ ʚʩʣʝʜʩʪʚʠʝ 

ʧʦʚʳʰʝʥʥʦʛʦ ʩʢʦʣʴʞʝʥʠʷ ʚʠʪʢʦʚ ʯʝʨʚʷʢʘ ʧʦ ʟʫʙʴʷʤ ʢʦʣʝʩʘ 

ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʳʜʝʣʝʥʠʝ ʪʝʧʣʦʪʳ ʚ ʟʦʥʝ ʟʘʮʝʧʣʝʥʠʷ. 2. ʅʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʚʝʥʮʦʚ ʯʝʨʚʷʯʥʳʭ ʢʦʣʝʩ ʜʝʬʠʮʠʪʥʳʭ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 3. 

ʇʦʚʳʰʝʥʥʦʝ ʠʟʥʘʰʠʚʘʥʠʝ ʠ ʩʢʣʦʥʥʦʩʪʴ ʢ ʟʘʝʜʘʥʠʶ. 4. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʛʫʣʠʨʦʚʢʠ 

ʟʘʮʝʧʣʝʥʠʷ (ʩʨʝʜʥʷʷ ʧʣʦʩʢʦʩʪʴ ʚʝʥʮʘ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ ʜʦʣʞʥʘ ʩʦʚʧʘʜʘʪʴ ʩ ʦʩʴʶ 

ʯʝʨʚʷʢʘ). 

ʇʨʠʤʝʥʝʥʠʝ. ʏʝʨʚʷʯʥʳʝ ʧʝʨʝʜʘʯʠ ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʠ ʩʨʝʜʥʠʭ ʤʦʱʥʦʩʪʷʭ, ʜʦ 

100 ʢɺʪ.  
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ʏʝʨʚʷʯʥʳʝ ʧʝʨʝʜʘʯʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʧʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʤʘʰʠʥʘʭ, ʘ ʪʘʢʞʝ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʤʘʣʳʭ ʠ ʪʦʯʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ. 

ʏʝʨʚʷʯʥʳʝ ʧʝʨʝʜʘʯʠ ʚʦ ʠʟʙʝʞʘʥʠʝ ʠʭ ʧʝʨʝʛʨʝʚʘ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʧʨʠʚʦʜʘʭ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ, ʘ ʥʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʯʝʨʚʷʯʥʳʭ ʧʝʨʝʜʘʯ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʯʝʨʚʷʢʘ ʧʝʨʝʜʘʯʠ ʙʳʚʘʶʪ ʩ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ (ʘ) ʠʣʠ ʩ ʛʣʦʙʦʠʜʥʳʤ (ʙ) ʯʝʨʚʷʢʦʤ 

ɻʣʦʙʦʠʜʥʘʷ ʧʝʨʝʜʘʯʘ ʠʤʝʝʪ ʧʦʚʳʰʝʥʥʳʡ ʂʇɼ ʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ (ʚ 1,5 ʨʘʟʘ) ʥʝʩʫʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ, ʥʦ ʩʣʦʞʥʘ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ, ʩʙʦʨʢʝ ʠ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʦʩʝʚʦʤʫ ʩʤʝʱʝʥʠʶ 

ʯʝʨʚʷʢʘ, ʚʳʟʳʚʘʝʤʦʤʫ, ʥʘʧʨʠʤʝʨ, ʠʟʥʘʰʠʚʘʥʠʝʤ ʧʦʜʰʠʧʥʠʢʦʚ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʣʠʥʠʠ ʚʠʪʢʘ ʯʝʨʚʷʢʘ ʯʝʨʚʷʯʥʳʝ ʧʝʨʝʜʘʯʠ ʙʳʚʘʶʪ ʩ 

ʧʨʘʚʳʤ (ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ) ʠ ʣʝʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʣʠʥʠʠ ʚʠʪʢʘ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʯʝʨʚʷʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʣʝʩʘ ʧʝʨʝʜʘʯʠ ʙʳʚʘʶʪ ʩ 

ʥʠʞʥʠʤ, ʚʝʨʭʥʠʤ  ʠ ʙʦʢʦʚʳʤ ʯʝʨʚʷʢʘʤʠ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʯʝʨʚʷʢʘ ʦʧʨʝʜʝʣʷʝʪ ʦʙʱʘʷ 

ʢʦʤʧʦʥʦʚʢʘ ʠʟʜʝʣʠʷ ʠ ʧʨʠʥʷʪʳʡ ʩʧʦʩʦʙ ʩʤʘʟʳʚʘʥʠʷ ʟʘʮʝʧʣʝʥʠʷ. 

 

ʆʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʝ 

ɺ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʝ ʨʘʩʯʝʪʥʳʤ ʷʚʣʷʝʪʩʷ ʦʩʝʚʦʡ ʤʦʜʫʣʴ ʯʝʨʚʷʢʘ ʪ, ʨʘʚʥʳʡ 

ʪʦʨʮʦʚʦʤʫ ʤʦʜʫʣʶ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ. 

ɿʥʘʯʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʤʦʜʫʣʝʡ ʪ ʧʨʠʥʠʤʘʶʪ ʧʦ ʩʪʘʥʜʘʨʪʫ ʠʟ ʨʷʜʘ: 1-1,25; 1,6; 2; 2,5; 

3,15; 4; 5; 6,3; 8; 10; 12,5; 16; 20; 25 ʤʤ. 

ʆʩʥʦʚʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ ʯʝʨʚʷʢʘ ʷʚʣʷʶʪʩʷ 

 
ʈʠʩ. 6.5. ʆʩʥʦʚʥʳʝ ʨʘʟʤʝʨʳ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʯʝʨʚʷʢʘ 

ʜʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ: 

d1=mq, 

ʛʜʝ q ð ʯʠʩʣʦ ʤʦʜʫʣʝʡ ʚ ʜʝʣʠʪʝʣʴʥʦʤ ʜʠʘʤʝʪʨʝ ʯʝʨʚʷʢʘ ʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʘʤʝʪʨʘ 

ʯʝʨʚʷʢʘ. 

ʨʘʩʯʝʪʥʳʡ ʰʘʛ ʯʝʨʚʷʢʘ 

ʨ = pʪ, 
ʭʦʜ ʚʠʪʢʘ  

Ph=pZ1,  

ʛʜʝ z1 ð ʯʠʩʣʦ ʚʠʪʢʦʚ ʯʝʨʚʷʢʘ: 1; 2 ʠʣʠ 4 (z1 = 3 ʩʪʘʥʜʘʨʪʦʤ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ); 

ʚʳʩʦʪʘ ʛʦʣʦʚʢʠ ʚʠʪʢʘ ʯʝʨʚʷʢʘ ʠ ʟʫʙʘ ʢʦʣʝʩʘ  

mhh aa == 21   

ʥʦʞʢʠ ʚʠʪʢʘ ʯʝʨʚʷʢʘ ʠ ʟʫʙʘ ʢʦʣʝʩʘ 

mhh ff 2.121 ==  

ʜʠʘʤʝʪʨ ʚʝʨʰʠʥ ʚʠʪʢʦʚ 

mdhdd aa 22 1111 +=+=  

ʜʠʘʤʝʪʨ ʚʧʘʜʠʥ ʚʠʪʢʦʚ 

mdhdd ff 4.22 1111 -=-=  

ʫʛʦʣ ʧʦʜʲʝʤʘ ʣʠʥʠʠ ʚʠʪʢʘ ʥʘ ʜʝʣʠʪʝʣʴʥʦʤ ʮʠʣʠʥʜʨʝ  

qzdptg h /)/( 11 == py  
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ʇʨʠ ʟʘʜʘʥʥʦʤ ʤʝʞʦʩʝʚʦʤ ʨʘʩʩʪʦʷʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪ ʩʤʝʱʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ 

)(5.0)/( 2zqmax w +-=   

ɿʜʝʩʴ z2 ð ʯʠʩʣʦ ʟʫʙʴʝʚ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ. 

ɼʣʠʥʘ b1 ʥʘʨʝʟʘʥʥʦʡ ʯʘʩʪʠ ʯʝʨʚʷʢʘ ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʩʤʝʱʝʥʠʷ ʭ < 0 

)||5.510( 11 zxmb ++=                                        

ɼʣʷ ʯʝʨʚʷʢʘ ʚ ʧʝʨʝʜʘʯʝ ʩʦ ʩʤʝʱʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʯʠʩʣʷʶʪ: 

ʜʠʘʤʝʪʨ ʥʘʯʘʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ (ʥʘʯʘʣʴʥʳʡ ʜʠʘʤʝʪʨ) 

)2(1 xqmdw +=                                                

ʫʛʦʣ ʧʦʜʲʝʤʘ ʣʠʥʠʠ ʚʠʪʢʘ ʥʘ ʥʘʯʘʣʴʥʦʤ ʮʠʣʠʥʜʨʝ 

)2/(1 xqztg w +=y                                            

ʆʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʚʝʥʮʘ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ ʦʧʨʝʜʝʣʷʶʪ ʚ ʝʛʦ 

ʩʨʝʜʥʝʤ ʩʝʯʝʥʠʠ 

ʈʠʩ. 6.6. ʆʩʥʦʚʥʳʝ ʨʘʟʤʝʨʳ ʚʝʥʮʘ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ 

ʜʝʣʠʪʝʣʴʥʳʡ ʠ ʩʦʚʧʘʜʘʶʱʠʡ ʩ ʥʠʤ ʥʘʯʘʣʴʥʳʡ ʜʠʘʤʝʪʨ 

222 mzdd w ==                                                   

ʜʠʘʤʝʪʨ ʚʝʨʰʠʥ ʟʫʙʴʝʚ 

)1(222 xmdda ++=                                            

ʜʠʘʤʝʪʨ ʚʧʘʜʠʥ ʟʫʙʴʝʚ 

)2.1(222 xmdd f --=                                         

ʥʘʠʙʦʣʴʰʠʡ ʜʠʘʤʝʪʨ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ 

)/(6 122 Czmdd aae ++¢                                        

ʐʠʨʠʥʘ ʚʝʥʮʘ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ (ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʚʠʪʢʦʚ ʯʝʨʚʷʢʘ) 

ʇʨʠ z1 = 1 ʠ 2      b2 = 0.355aw;                                  

ʇʨʠ z1 = 4             b2 = 0.315aw.                                   

ɿʜʝʩʴ aw ð ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ. 

ʏʝʨʚʷʯʥʦʝ ʢʦʣʝʩʦ ʷʚʣʷʝʪʩʷ ʢʦʩʦʟʫʙʳʤ ʩ ʫʛʣʦʤ y ʥʘʢʣʦʥʘ ʟʫʙʘ. ʄʝʞʦʩʝʚʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ð ʛʣʘʚʥʳʡ ʧʘʨʘʤʝʪʨ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʠ 

)2(5.0 21 xmddaw ++=                                        

ɼʣʷ ʩʪʘʥʜʘʨʪʥʳʭ ʨʝʜʫʢʪʦʨʦʚ aw: 40, 50, 63, 80, 100, 125, 140, 160, 180,  200, 224, 

250, 280,  315,  355, 400, 450,  500 ʤʤ. 

ʇʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʠ  

1221 // zznnu ==                                                

ʛʜʝ n1, ʧ2 ð ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʯʝʨʚʷʢʘ ʠ ʢʦʣʝʩʘ; z1 ʠ z2 ð ʯʠʩʣʦ ʚʠʪʢʦʚ ʯʝʨʚʷʢʘ ʠ 

ʯʠʩʣʦ ʟʫʙʴʝʚ ʢʦʣʝʩʘ. 

ʆʧʪʠʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ z2 = 32...63. 

ɼʣʷ ʯʝʨʚʷʯʥʳʭ ʧʝʨʝʜʘʯ ʩʪʘʥʜʘʨʪʥʳʭ ʨʝʜʫʢʪʦʨʦʚ ʧʝʨʝʜʘʪʦʯʥʳʝ ʯʠʩʣʘ ʚʳʙʠʨʘʶʪ ʠʟ 

ʨʷʜʘ: 8; 10; 12,5; 16; 20; 25; 31,5; 40; 50; 63; 80; 100. 

ʉʠʣʳ ʚ ʟʘʮʝʧʣʝʥʠʠ 
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ʆʢʨʫʞʥʘʷ ʩʠʣʘ Ft2 ʥʘ ʯʝʨʚʷʯʥʦʤ ʢʦʣʝʩʝ ʯʠʩʣʝʥʥʦ ʨʘʚʥʘ ʦʩʝʚʦʡ ʩʠʣʝ Fal ʥʘ ʯʝʨʚʷʢʝ: 

22

3

12 /102 dTFF at Ö==                                            

ʛʜʝ ʊ2 ð ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʥʘ ʯʝʨʚʷʯʥʦʤ ʢʦʣʝʩʝ, ʅ Å ʤ; d2 ð ʚ ʤʤ. 

ʆʢʨʫʞʥʘʷ ʩʠʣʘ  Ft1 ʥʘ ʯʝʨʚʷʢʝ ʯʠʩʣʝʥʥʦ ʨʘʚʥʘ ʦʩʝʚʦʡ ʩʠʣʝ Far2 ʥʘ ʯʝʨʚʷʯʥʦʤ ʢʦʣʝʩʝ 

)/(102/102 12

3

11

3

21 wwat duTdTFF hÖ=Ö==  ,                        

ʛʜʝ, ʊ1 ï ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʥʘ ʯʝʨʚʷʢʝ, ʅĀʤ; dw1 ï ʤʤ; h -- ʂʇɼ. 

 

ʄʘʪʝʨʠʘʣʳ ʯʝʨʚʷʯʥʦʡ ʧʘʨʳ.  

ʏʝʨʚʷʢ ʠ ʢʦʣʝʩʦ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʘʥʪʠʬʨʠʢʮʠʦʥʥʫʶ ʧʘʨʫ ʩ ʚʳʩʦʢʠʤʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʠ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴʶ ʟʘʝʜʘʥʠʶ.  

ʏʝʨʚʷʢʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ ʤʘʨʦʢ 45,50 ʠʣʠ ʣʝʛʠʨʦʚʘʥʥʳʭ 

ʩʪʘʣʝʡ ʤʘʨʦʢ 40ʍ, 40ʍʅ  ʩ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʠʣʠ ʦʙʲʝʤʥʦʡ ʟʘʢʘʣʢʦʡ ʜʦ ʪʚʝʨʜʦʩʪʠ  ʅ = 45é53HRC. 

ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʘ ʰʣʠʬʦʚʢʘ ʠ ʧʦʣʠʨʦʚʢʘ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʠʪʢʦʚ. ʍʦʨʦʰʫʶ ʨʘʙʦʪʫ 

ʧʝʨʝʜʘʯʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʯʝʨʚʷʢʠ ʠʟ ʮʝʤʝʥʪʫʝʤʳʭ ʩʪʘʣʝʡ ʤʘʨʦʢ 18ʍɻʊ, 20ʍ  ʩ ʪʚʝʨʜʦʩʪʴʶ ʧʦʩʣʝ 

ʟʘʢʘʣʢʠ ʅ = 56é63 HRC. 

ɿʫʙʯʘʪʳʝ ʚʝʥʮʳ ʯʝʨʚʷʯʥʳʭ ʢʦʣʝʩ ʠʟʛʦʪʦʚʣʷʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʙʨʦʥʟʳ, ʧʨʠʯʝʤ 

ʚʳʙʦʨ ʤʘʨʢʠ ʤʘʪʝʨʠʘʣʘ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ vs.  

ʄʘʪʝʨʠʘʣʳ ʟʫʙʯʘʪʳʭ ʚʝʥʮʦʚ ʯʝʨʚʷʯʥʳʭ ʢʦʣʝʩ ʧʦ ʤʝʨʝ ʫʙʳʚʘʥʠʷ  ʘʥʪʠʟʘʜʠʨʥʳʭ ʠ 

ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʠ ʨʝʢʦʤʝʥʜʫʝʤʳʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʷʤ ʩʢʦʣʴʞʝʥʠʷ ʤʦʞʥʦ 

ʫʩʣʦʚʥʦ ʩʚʝʩʪʠ ʢ ʪʨʝʤ ʛʨʫʧʧʘʤ. 

 ɻʨʫʧʧʘ I . ʆʣʦʚʷʥʥʳʝ ʙʨʦʥʟʳ (ʤʘʨʦʢ ɹʨʆ10ʅ1ʌ1, ɹʨʆ10ʌ1 ʠ ʜʨ.) ʧʨʠʤʝʥʷʶʪ ʧʨʠ 

ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʩʢʦʣʴʞʝʥʠʷ (vs=5é25).  

ɻʨʫʧʧʘ II . ɹʝʟʦʣʦʚʷʥʥʳʝ ʙʨʦʥʟʳ ʠ ʣʘʪʫʥʠ ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʩʨʝʜʥʠʭ ʩʢʦʨʦʩʪʷʭ ʩʢʦʣʴʞʝʥʠʷ 

(vs=3é5). ʏʘʱʝ ʜʨʫʛʠʭ ʧʨʠʤʝʥʷʶʪ ʘʣʶʤʠʥʠʝʚʫʶ ʙʨʦʥʟʫ ʤʘʨʢʠ ɹʨɸ9ɾ3ʃ.  

ɻʨʫʧʧʘ III .  ʉʝʨʳʝ ʯʫʛʫʥʳ ʤʘʨʦʢ ʉʏ15, ʉʏ20 ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ 

ʩʢʦʣʴʞʝʥʠʷ (vs<2é3). 

     ʇʨʠ ʚʳʙʦʨʝ ʤʘʪʝʨʠʘʣʘ ʢʦʣʝʩʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʶʪ ʦʞʠʜʘʝʤʫʶ ʩʢʦʨʦʩʪʴ 

ʩʢʦʣʴʞʝʥʠʷ vs, ʤ/ʩ. 

3
21

31045.0 Tnvs

-Öº  

ʛʜʝ n1 ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʯʝʨʚʷʢʘ, ʤʠʥ
-1
, ʊ2 ï ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʥʘ ʢʦʣʝʩʝ, ʅĀʤ. 

ɺʠʜʳ ʨʘʟʨʫʰʝʥʠʷ ʟʫʙʴʝʚ ʯʝʨʚʷʯʥʳʭ ʢʦʣʝʩ. 

ɺ ʯʝʨʚʷʯʥʦʡ ʧʘʨʝ ʤʝʥʝʝ ʧʨʦʯʥʳʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʟʫʙ ʢʦʣʝʩʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʦʟʤʦʞʥʳ 

ʚʩʝ ʚʠʜʳ ʨʘʟʨʫʰʝʥʠʡ ʠ ʧʦʚʨʝʞʜʝʥʠʡ. 

ʋʩʪʘʣʦʩʪʥʦʝ ʚʳʢʨʘʰʠʚʘʥʠʝ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ ʢʦʣʝʩʘ. 

 

ʉʭʝʤʘ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʯʝʨʚʷʯʥʦʤ ʟʘʮʝʧʣʝʥʠʠ 
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ɿʘʝʜʘʥʠʝ ʚ ʚʝʥʮʘʭ ʢʦʣʝʩ ʧʝʨʝʭʦʜʠʪ ʚ ʟʘʜʠʨ  ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ 

ʠʟʥʘʰʠʚʘʥʠʝʤ. 

ʀʟʥʘʰʠʚʘʥʠʝ ʟʫʙʴʝʚ ʢʦʣʝʩ ʯʝʨʚʷʯʥʳʭ ʧʝʨʝʜʘʯ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʤʘʩʣʘ, 

ʪʦʯʥʦʩʪʠ ʤʦʥʪʘʞʘ, ʯʘʩʪʦʪʳ ʧʫʩʢʦʚ ʠ ʦʩʪʘʥʦʚʦʚ, ʘ ʪʘʢʞʝ ʦʪ ʚʝʣʠʯʠʥʳ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. 

ʀʟʣʦʤ ʟʫʙʴʝʚ ʯʝʨʚʷʯʥʳʭ ʢʦʣʝʩ ʧʨʦʠʩʭʦʜʠʪ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʦʩʣʝ ʠʟʥʘʰʠʚʘʥʠʷ.  

ɼʦʧʫʩʢʘʝʤʳʝ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʚʝʥʮʦʚ ʯʝʨʚʷʯʥʳʭ ʢʦʣʝʩ. 

ɼʦʧʫʩʢʘʝʤʳʝ ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚʳʯʠʩʣʷʶʪ ʧʦ ʵʤʧʠʨʠʯʝʩʢʠʤ ʬʦʨʤʫʣʘʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʪʝʨʠʘʣʘ ʟʫʙʴʝʚ ʢʦʣʝʩʘ, ʪʚʝʨʜʦʩʪʠ ʚʠʪʢʦʚ ʯʝʨʚʷʢʘ, ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʠ 

ʟʘʜʘʥʥʦʛʦ ʨʝʩʫʨʩʘ. 

ɼʦʧʫʩʢʘʝʤʳʝ ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ .][ Hs  ɻʨʫʧʧʘ I. ɼʣʷ ʦʣʦʚʷʥʥʳʭ ʙʨʦʥʟ (ʤʘʨʦʢ 

ɹʨʆ10ʅ1ʌ1, ɹʨʆ10ʌ1 ʠ ʜʨ.) .][ Hs  ʦʧʨʝʜʝʣʷʶʪ ʠʟ ʫʩʣʦʚʠʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʩʪʘʣʦʩʪʥʦʤʫ 

ʚʳʢʨʘʰʠʚʘʥʠʶ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ ʢʦʣʝʩʘ ʩ ʫʯʝʪʦʤ ʠʟʥʦʩʘ ʠ ʨʝʩʫʨʩʘ ʧʝʨʝʜʘʯʠ.  

ɻʨʫʧʧʘ II . .][ Hs  ɼʣʷ ʙʝʟʦʣʦʚʷʥʥʳʭ ʙʨʦʥʟ ʠ ʣʘʪʫʥʝʡ (ʤʘʨʢʠ ɹʨɸ9ɾ3ʃ ʠ ʜʨ.) ʦʧʨʝʜʝʣʷʶʪ 

ʠʟ ʫʩʣʦʚʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʘʝʜʘʥʠʶ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ. 

ɻʨʫʧʧʘ III . ɼʣʷ ʯʫʛʫʥʦʚ ʤʘʨʦʢ ʉʏ15, ʉʏ20ʠ ʜʨ. .][ Hs  ʦʧʨʝʜʝʣʷʶʪ ʠʟ ʫʩʣʦʚʠʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʘʝʜʘʥʠʶ 

ɼʦʧʫʩʢʘʝʤʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠʟʛʠʙʘ .][ Fs . ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʛʠʙʥʘʷ ʧʨʦʯʥʦʩʪʴ ʟʫʙʴʝʚ 

ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ ʟʘʚʠʩʠʪ ʦʪ ʤʘʪʝʨʠʘʣʘ, ʟʘʜʘʥʥʦʛʦ ʨʝʩʫʨʩʘ ʠ ʭʘʨʘʢʪʝʨʘ ʥʘʛʨʫʟʢʠ. 

ʊʝʧʣʦʚʦʡ ʨʘʩʯʝʪ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʠ.  ʇʨʠ ʨʘʙʦʪʝ ʯʝʨʚʷʯʥʳʭ ʧʝʨʝʜʘʯ ʚʩʣʝʜʩʪʚʠʝ ʠʭ 

ʥʝʚʳʩʦʢʦʛʦ ʂʇɼ ʚʳʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ. ʊʝʧʣʦʚʦʡ ʨʘʩʯʝʪ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʠ 

ʧʨʠ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʧʨʦʠʟʚʦʜʷʪ ʥʘ ʦʩʥʦʚʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ, ʪ.ʝ. ʨʘʚʝʥʩʪʚʘ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʠ ʪʝʧʣʦʦʪʜʘʯʠ. 

ʄʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ: ʦʙʜʫʚ ʢʦʨʧʫʩʘ ʚʦʟʜʫʭʦʤ ʩ ʧʦʤʦʱʴʶ 

ʚʝʥʪʠʣʷʪʦʨʘ, ʦʭʣʘʞʜʝʥʠʝ ʤʘʩʣʘ ʚʦʜʦʡ 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ɼʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʯʝʨʚʷʯʥʳʭ ʧʝʨʝʜʘʯ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʫʙʯʘʪʳʤʠ. 

2. ʇʦʯʝʤʫ ʯʝʨʚʷʯʥʳʝ ʧʝʨʝʜʘʯʠ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʙʦʣʴʰʠʭ ʤʦʱʥʦʩʪʷʭ? 

3. ʀʟ ʢʘʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʚʳʙʠʨʘʶʪ ʯʠʩʣʦ ʚʠʪʢʦʚ ʯʝʨʚʷʢʘ? 

4. ʂʘʢʦʚʦ ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʟʫʙʴʝʚ ʢʦʣʝʩʘ? 

5. ʇʦʯʝʤʫ ʯʝʨʚʷʯʥʘʷ ʧʝʨʝʜʘʯʘ ʨʘʙʦʪʘʝʪ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʢʦʣʴʞʝʥʠʝʤ? 

6. ʂʘʢʠʝ ʩʠʣʳ ʜʝʡʩʪʚʫʶʪ ʥʘ ʯʝʨʚʷʢ ʠ ʯʝʨʚʷʯʥʦʝ ʢʦʣʝʩʦ, ʢʘʢ ʦʥʠ ʥʘʧʨʘʚʣʝʥʳ ʠ ʢʘʢ ʚʳʯʠʩʣʷʶʪ 

ʠʭ ʟʥʘʯʝʥʠʝ? 

7.  ʌʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʘ. 

8. ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʨʘʟʨʫʰʝʥʠʡ ʯʝʨʚʷʯʥʳʭ ʢʦʣʸʩ. 

9. ʅʘʟʦʚʠʪʝ ʩʧʦʩʦʙʳ ʦʭʣʘʞʜʝʥʠʷ ʯʝʨʚʷʯʥʳʭ ʧʝʨʝʜʘʯ. 

 

ʊʝʤʘ 3.7 ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʨʝʜʫʢʪʦʨʘʭ 

 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʨʝʜʫʢʪʦʨʘʭ. ʅʘʟʥʘʯʝʥʠʝ, ʫʩʪʨʦʡʩʪʚʦ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ. ʂʦʥʩʪʨʫʢʮʠʠ ʦʜʥʦ- ʠ 

ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʭ ʨʝʜʫʢʪʦʨʦʚ. ʄʦʪʦʨ-ʨʝʜʫʢʪʦʨʳ. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʝʜʫʢʪʦʨʦʚ. 

 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ 

ʈʝʜʫʢʪʦʨ -  ʤʝʭʘʥʠʟʤ, ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʚʠʜʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 

ʧʦʥʠʞʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʝʜʫʱʝʛʦ ʚʘʣʘ ʠ ʫʚʝʣʠʯʝʥʠʷ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘ ʚʝʜʦʤʦʤ ʚʘʣʫ. 

ʈʝʜʫʢʪʦʨ ʩʦʩʪʦʠʪ ʠʟ ʟʫʙʯʘʪʳʭ ʠʣʠ ʯʝʨʚʷʯʥʳʭ ʧʝʨʝʜʘʯ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʦʪʜʝʣʴʥʦʤ 

ʛʝʨʤʝʪʠʯʥʦʤ ʢʦʨʧʫʩʝ. 

ʐʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʦʙʲʝʜʠʥʸʥʥʳʝ ʚ ʦʜʥʦ 

ʮʝʣʦʝ ʬʣʘʥʮʝʚʳʡ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʠ ʨʝʜʫʢʪʦʨ, ʩʣʫʞʘʱʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ. ʄʦʪʦʨ-ʨʝʜʫʢʪʦʨʳ ʵʢʦʥʦʤʠʯʥʝʝ ʠ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʂʇɼ ʠ 

ʧʫʩʢʦʚʦʡ ʤʦʤʝʥʪ, ʯʝʤ ʦʙʳʯʥʳʝ ʪʠʭʦʭʦʜʥʳʝ ʚʳʩʦʢʦʤʦʤʝʥʪʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʨʝʜʫʢʪʦʨʦʚ 

ʈʝʜʫʢʪʦʨʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʧʦ ʪʠʧʘʤ, ʪʠʧʦʨʘʟʤʝʨʘʤ ʠ ʠʩʧʦʣʥʝʥʠʷʤ. 
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ʊʠʧ ʨʝʜʫʢʪʦʨʘ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʚʠʜʫ ʧʨʠʤʝʥʷʝʤʳʭ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʠ ʧʦʨʷʜʢʫ ʠʭ 

ʨʘʟʤʝʱʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʙʳʩʪʨʦʭʦʜʥʦʛʦ ʚʘʣʘ ʢ ʪʠʭʦʭʦʜʥʦʤʫ, ʧʦ ʯʠʩʣʫ ʩʪʫʧʝʥʝʡ ʠ ʧʦ 

ʨʘʩʧʦʣʦʞʝʥʠʶ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʩʠ ʪʠʭʦʭʦʜʥʦʛʦ ʚʘʣʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʇʦ ʯʠʩʣʫ ʩʪʫʧʝʥʝʡ ʨʘʟʣʠʯʘʶʪ ʨʝʜʫʢʪʦʨʳ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʝ, ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʝ, 

ʪʨʝʭʩʪʫʧʝʥʯʘʪʳʝ. ɽʩʣʠ ʯʠʩʣʦ ʦʜʠʥʘʢʦʚʳʭ ʧʝʨʝʜʘʯ ʜʚʝ ʠ ʙʦʣʝʝ, ʪʦ ʚ ʦʙʦʟʥʘʯʝʥʠʠ ʨʝʜʫʢʪʦʨʘ 

ʧʦʩʣʝ ʙʫʢʚʳ ʩʪʘʚʷʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʮʠʬʨʫ. 

ʇʦ ʨʘʩʧʦʣʦʞʝʥʠʶ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʩʠ ʪʠʭʦʭʦʜʥʦʛʦ ʚʘʣʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʘʟʣʠʯʘʶʪ 

ʨʝʜʫʢʪʦʨʳ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ, ʚʝʨʪʠʢʘʣʴʥʳʝ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʝ. ʊʠʧʦʨʘʟʤʝʨ ʨʝʜʫʢʪʦʨʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠʧʦʤ ʠ ʛʣʘʚʥʳʤ ʨʘʟʤʝʨʦʤ ʪʠʭʦʭʦʜʥʦʡ ʩʪʫʧʝʥʠ. 

ʂʦʨʧʫʩʘ ʨʝʜʫʢʪʦʨʦʚ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʯʥʳʤʠ ʠ ʞʝʩʪʢʠʤʠ. ʀʭ ʦʪʣʠʚʘʶʪ ʠʟ ʩʝʨʦʛʦ ʯʫʛʫʥʘ, ʨʝʞʝ ʠʟ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʩʙʦʨʢʠ ʢʦʨʧʫʩʘ ʨʝʜʫʢʪʦʨʦʚ ʚʳʧʦʣʥʷʶʪ ʨʘʟʲʝʤʥʳʤʠ ʧʦ ʧʣʦʩʢʦʩʪʠ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʘʣʦʚ. 

ʆʧʦʨʘʤʠ ʚʘʣʦʚ ʨʝʜʫʢʪʦʨʦʚ ʩʣʫʞʘʪ ʧʦʜʰʠʧʥʠʢʠ ʢʘʯʝʥʠʷ. 

ʉʤʘʟʳʚʘʥʠʝ ʟʫʙʯʘʪʳʭ ʠʣʠ ʯʝʨʚʷʯʥʳʭ ʧʝʨʝʜʘʯ ʨʝʜʫʢʪʦʨʦʚ ʧʨʠʤʝʥʷʶʪ ʚ ʮʝʣʷʭ ʫʤʝʥʴʰʝʥʠʷ 

ʠʟʥʘʰʠʚʘʥʠʷ. 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʏʪʦ ʪʘʢʦʝ ʨʝʜʫʢʪʦʨ? ʅʘʟʥʘʯʝʥʠʝ ʨʝʜʫʢʪʦʨʘ ʚ ʧʨʠʚʦʜʝ. 

2. ʏʪʦ ʪʘʢʦʝ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨ ʠ ʚ ʢʘʢʠʭ ʩʣʫʯʘʷʭ ʝʛʦ ʧʨʠʤʝʥʷʶʪ? 

3. ʇʦʯʝʤʫ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ  ʟʫʙʯʘʪʳʝ ʨʝʜʫʢʪʦʨʳ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ? 

4. ʂʘʢʦʚʳ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʝʜʫʢʪʦʨʘ? 

 

 

ʊʝʤʘ 3.8 ʈʝʤʝʥʥʳʝ ʧʝʨʝʜʘʯʠ 

 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʨʝʤʝʥʥʳʭ ʧʝʨʝʜʘʯʘʭ: ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ, ʫʩʪʨʦʡʩʪʚʦ, ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ, 

ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ. ɼʝʪʘʣʠ ʨʝʤʝʥʥʳʭ ʧʝʨʝʜʘʯ. ʆʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʩʦʦʪʥʦʰʝʥʠʷ. ʉʠʣʳ ʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʚʝʪʚʷʭ ʨʝʤʥʷ. ʉʢʦʣʴʞʝʥʠʝ ʨʝʤʥʷ ʥʘ ʰʢʠʚʘʭ. ʇʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ. 

ɺʠʜʳ ʨʘʟʨʫʰʝʥʠʡ ʠ ʢʨʠʪʝʨʠʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʝʨʝʜʘʯʠ. ʈʘʩʯʝʪ ʧʝʨʝʜʘʯ ʧʦ ʪʷʛʦʚʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ 

ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʦ ʨʝʤʝʥʥʳʭ ʧʝʨʝʜʘʯʘʭ.  ʈʝʤʝʥʥʘʷ ʧʝʨʝʜʘʯʘ ï ʧʝʨʝʜʘʯʘ ʪʨʝʥʠʝʤ ʩ ʛʠʙʢʦʡ 

ʩʚʷʟʴʶ. ʉʦʩʪʦʠʪ ʠʟ ʚʝʜʫʱʝʛʦ ʠ ʚʝʜʦʤʦʛʦ ʰʢʠʚʦʚ ʠ ʨʝʤʥʷ, ʥʘʪʷʥʫʪʦʛʦ ʥʘ ʥʠʭ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʨʝʤʥʷ ʧʝʨʝʜʘʯʠ ʙʳʚʘʶʪ: ʧʣʦʩʢʠʤ ʨʝʤʥʝʤ, 

ʢʣʠʥʦʚʳʤ ʨʝʤʥʝʤ, ʢʨʫʛʣʳʤ ʨʝʤʥʝʤ, ʧʦʣʠʢʣʠʥʦʚʳʤ ʨʝʤʥʝʤ. 

 
ʉʭʝʤʘ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ 

ɼʦʩʪʦʠʥʩʪʚʘ. 1. ʇʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʤʘʣʘʷ ʩʪʦʠʤʦʩʪʴ. 2. 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʚʠʞʝʥʠʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (ʜʦ 15 ʤ). 3. ɺʦʟʤʦʞʥʦʩʪʴ 

ʨʘʙʦʪʳ ʩ ʚʳʩʦʢʠʤʠ ʯʘʩʪʦʪʘʤʠ ʚʨʘʱʝʥʠʷ. 4. ʇʣʘʚʥʦʩʪʴ ʠ ʙʝʩʰʫʤʥʦʩʪʴ ʨʘʙʦʪʳ ʚʩʣʝʜʩʪʚʠʝ 

ʵʣʘʩʪʠʯʥʦʩʪʠ ʨʝʤʥʷ. 5. ʉʤʷʛʯʝʥʠʝ ʚʠʙʨʘʮʠʡ ʠ ʪʦʣʯʢʦʚ ʚʩʣʝʜʩʪʚʠʝ ʫʧʨʫʛʦʩʪʠ ʨʝʤʥʷ. 6. 

ʇʨʝʜʦʭʨʘʥʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʦʪ ʧʝʨʝʛʨʫʟʦʢ ʟʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʨʝʤʥʷ (ʢ 

ʧʝʨʝʜʘʯʘʤ ʟʫʙʯʘʪʳʤ ʨʝʤʥʝʤ ʵʪʦ ʩʚʦʡʩʪʚʦ ʥʝ ʦʪʥʦʩʠʪʩʷ). 

ʅʝʜʦʩʪʘʪʢʠ. I. ɹʦʣʴʰʠʝ ʨʘʜʠʘʣʴʥʳʝ ʨʘʟʤʝʨʳ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ. 2. ʄʘʣʘʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʨʝʤʥʷ ʚ ʙʳʩʪʨʦʭʦʜʥʳʭ ʧʝʨʝʜʘʯʘʭ. 3. 

ɹʦʣʴʰʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʚʘʣʳ ʠ ʧʦʜʰʠʧʥʠʢʠ ʦʪ ʥʘʪʷʞʝʥʠʷ ʨʝʤʥʷ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʪʨʦʡʩʪʚ ʜʣʷ 

ʥʘʪʷʞʝʥʠʷ ʨʝʤʥʷ. 4.ʅʝʧʦʩʪʦʷʥʥʦʝ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʚʩʣʝʜʩʪʚʠʝ ʥʝʠʟʙʝʞʥʦʛʦ ʫʧʨʫʛʦʛʦ 



 27 

ʩʢʦʣʴʞʝʥʠʷ ʨʝʤʥʷ. 5. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʥʘʛʨʫʟʦʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʥʘʣʠʯʠʶ ʧʘʨʦʚ ʚʣʘʛʠ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. 

ʇʨʠʤʝʥʝʥʠʝ. ʈʝʤʝʥʥʳʝ ʧʝʨʝʜʘʯʠ ʧʨʠʤʝʥʷʶʪ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʜʚʠʞʝʥʠʷ ʦʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠʣʠ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʢʦʛʜʘ ʤʝʞʦʩʝʚʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ, ʘ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʠ ʤʦʞʝʪ ʙʳʪʴ ʥʝ 

ʩʪʨʦʛʦ ʧʦʩʪʦʷʥʥʳʤ. ʇʝʨʝʜʘʯʠ ʟʫʙʯʘʪʳʤ ʨʝʤʥʝʤ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʠ ʚ ʧʨʠʚʦʜʘʭ, 

ʪʨʝʙʫʶʱʠʭ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠ. ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʧʝʨʝʜʘʯ ʨʝʤʝʥʥʫʶ 

ʧʝʨʝʜʘʯʫ ʧʨʠʤʝʥʷʶʪ ʥʘ ʙʳʩʪʨʦʭʦʜʥʳʭ ʩʪʫʧʝʥʷʭ ʧʨʠʚʦʜʘ. 

ʆʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʤʝʥʥʳʭ ʧʝʨʝʜʘʯ 

1. ʄʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʘ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʦʧʨʝʜʝʣʷʝʪ ʚ ʦʩʥʦʚʥʦʤ 

ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʠʚʦʜʘ ʤʘʰʠʥʳ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ: ʜʣʷ ʧʝʨʝʜʘʯ ʧʣʦʩʢʠʤ ʨʝʤʥʝʤ 

{ }2

12

2

1212 )(8)](2[)(2
8

1
ddddLddLa Pp --+-++-= pp  

2. ʋʛʦʣ ʦʙʭʚʘʪʘ ʨʝʤʥʝʤ ʤʘʣʦʛʦ ʰʢʠʚʘ 

ga 21801 -= A
 

 

ʉʠʣʳ ʚ ʧʝʨʝʜʘʯʝ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʪʨʝʥʠʷ ʤʝʞʜʫ ʨʝʤʥʝʤ ʠ ʰʢʠʚʦʤ ʨʝʤʥʶ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʥʘ ʰʢʠʚ ʩʦʟʜʘʶʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʥʘʪʷʞʝʥʠʝ ʩʠʣʦʡ Fo. ʏʝʤ ʙʦʣʴʰʝ Fo, ʪʝʤ ʚʳʰʝ ʪʷʛʦʚʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʧʝʨʝʜʘʯʠ. ɺ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʠʣʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʧʝʨʝʜʘʯʠ ʢʘʞʜʘʷ ʚʝʪʚʴ ʨʝʤʥʷ ʥʘʪʷʥʫʪʘ 

ʦʜʠʥʘʢʦʚʦ ʩ ʩʠʣʦʡ Fo. 

ʀʟ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʤʦʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ: 

tFFF =- 21 , 

ʛʜʝ F,  ð ʦʢʨʫʞʥʘʷ ʩʠʣʘ ʥʘ ʰʢʠʚʝ.  

ʇʨʠ ʦʙʝʛʘʥʠʠ ʨʝʤʥʝʤ ʰʢʠʚʦʚ ʥʘ ʥʝʛʦ ʜʝʡʩʪʚʫʝʪ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ, ʅ, 
2AvFv r= , 

ʛʜʝ ɸ ð ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʨʝʤʥʷ, ʤ
2
; ʨ ð ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʨʝʤʥʷ, ʢʛ/ʤ

3
; Vðʩʢʦʨʦʩʪʴ 

ʨʝʤʥʷ, ʤ/ʩ. 

ʉʠʣʳ ʥʘʪʷʞʝʥʠʷ ʚʝʜʫʱʝʡ ʠ ʚʝʜʦʤʦʡ ʚʝʪʚʝʡ ʨʝʤʥʷ ʙʫʜʫʪ: ʧʨʠ ʨʘʙʦʪʝ ʧʝʨʝʜʘʯʠ (Fl + 

Fv) ʠ (F2 + Fv) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʭʦʣʦʩʪʦʤ ʭʦʜʫ ð (F0 + Fv). 

 

ʅʘʛʨʫʟʢʘ ʥʘ ʚʘʣʳ ʠ ʧʦʜʰʠʧʥʠʢʠ. ʉʠʣʳ ʥʘʪʷʞʝʥʠʷ ʚʝʪʚʝʡ ʨʝʤʥʷ ʥʘʛʨʫʞʘʶʪ ʚʘʣʳ ʠ 

ʧʦʜʰʠʧʥʠʢʠ. ʈʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ ʩʠʣʘ 

)2/sin(2 10 aFFn = , 

ʛʜʝ Ŭ, ð ʫʛʦʣ ʦʙʭʚʘʪʘ. 

ʋʧʨʫʛʦʝ ʩʢʦʣʴʞʝʥʠʝ.  
ʋʧʨʫʛʦʝ ʩʢʦʣʴʞʝʥʠʝ ʨʝʤʥʷ ʥʝʠʟʙʝʞʥʦ ʚ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʝ, ʦʥʦ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʟʥʦʩʪʠ ʩʠʣ  F1 ʠ F2, ʥʘʛʨʫʞʘʶʱʠʭ ʚʝʜʫʱʫʶ ʠ ʚʝʜʦʤʫʶ ʚʝʪʚʠ ʨʝʤʥʷ. 

ʉʢʦʨʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ ʚ ʧʝʨʝʜʘʯʝ. ʇʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ 

ʇʨʠ ʨʘʙʦʪʝ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʠ ʚʠʪʢʠ ʯʝʨʚʷʢʘ ʩʢʦʣʴʟʷʪ ʧʦ ʟʫʙʴʷʤ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ. 

ʉʢʦʨʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ  

.
cos60000cos
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 ɹʦʣʴʰʦʝ ʩʢʦʣʴʞʝʥʠʝ ʚ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʝ ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʚ ʟʘʮʝʧʣʝʥʠʠ, 

ʥʘʛʨʝʚ ʧʝʨʝʜʘʯʠ, ʠʟʥʘʰʠʚʘʥʠʝ ʟʫʙʴʝʚ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ, ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʣʦʥʥʦʩʪʴ ʢ ʟʘʝʜʘʥʠʶ. 

ɹʫʢʩʦʚʘʥʠʝ. ʇʦ ʤʝʨʝ ʨʦʩʪʘ ʦʢʨʫʞʥʦʡ ʩʠʣʳ ʫʤʝʥʴʰʘʝʪʩʷ ʟʘʧʘʩ ʩʠʣ ʪʨʝʥʠʷ. ʇʨʠ 

ʙʫʢʩʦʚʘʥʠʠ ʨʝʤʥʷ ʥʘ ʚʝʜʫʱʝʤ ʰʢʠʚʝ ʚʝʜʦʤʳʡ ʰʢʠʚ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ï ʧʝʨʝʜʘʯʘ 

ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʘ. 

ʅʘʧʨʷʞʝʥʠʷ ʚ ʨʝʤʥʝ:  

ʇʨʠ ʨʘʙʦʪʝ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʜʣʠʥʝ ʨʝʤʥʷ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦ. ʈʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʥʘʧʨʷʞʝʥʠʡ ʚ ʨʝʤʥʝ: ʥʘʧʨʷʞʝʥʠʝ ʦʪ ʩʠʣʳ 
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ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ, ʧʦʣʝʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʥʘʧʨʷʞʝʥʠʝ ʠʟʛʠʙʘ, ʥʘʧʨʷʞʝʥʠʝ ʦʪ 

ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ 

 

ʊʷʛʦʚʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʂʇɼ ʨʝʤʝʥʥʳʭ ʧʝʨʝʜʘʯ. 

ʆʩʥʦʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʝʤʝʥʥʳʭ ʧʝʨʝʜʘʯ ʷʚʣʷʶʪʩʷ: ʪʷʛʦʚʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

(ʥʘʜʝʞʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʨʝʤʥʷ ʩʦ ʰʢʠʚʦʤ) ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʨʝʤʥʷ (ʝʛʦ ʩʚʦʡʩʪʚʦ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ 

ʫʩʪʘʣʦʩʪʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ).  

ʈʘʩʯʝʪ ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʚʳʧʦʣʥʷʶʪ ʢʘʢ ʧʨʦʚʝʨʦʯʥʳʡ. 

ʊʷʛʦʚʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʦʙʫʩʣʦʚʣʝʥʘ ʩʮʝʧʣʝʥʠʝʤ ʨʝʤʥʷ ʩʦ ʰʢʠʚʘʤʠ. 

ʂʇɼ ʨʝʤʝʥʥʳʭ ʧʝʨʝʜʘʯ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʧʝʨʝʜʘʯʠ, ʦʪ ʧʦʪʝʨʴ ʥʘ ʩʢʦʣʴʞʝʥʠʝ 

ʨʝʤʥʷ ʧʦ ʰʢʠʚʘʤ, ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʜʚʠʞʝʥʠʶ ʨʝʤʥʷ ʠ ʰʢʠʚʦʚ, ʥʘ ʪʨʝʥʠʝ ʚ ʧʦʜʰʠʧʥʠʢʘʭ. ʂʇɼ 

ʧʝʨʝʜʘʯ ʧʨʠ ʤʘʣʳʭ ʥʘʛʨʫʟʢʘʭ ʥʝʚʳʩʦʢ. 

ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʨʝʤʥʷ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ ʫʩʪʘʣʦʩʪʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. 

ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʠʟʛʠʙʦʚ ʨʝʤʥʷ ʥʘ ʰʢʠʚʘʭ.  

ɺ ʨʝʤʥʝ ʚʦʟʥʠʢʘʶʪ ʫʩʪʘʣʦʩʪʥʳʝ ʨʘʟʨʫʰʝʥʠʷ ï ʪʨʝʱʠʥʳ,  ʥʘʜʨʳʚʳ, ʨʘʩʩʣʘʠʚʘʥʠʝ ʨʝʤʥʷ. 

ʉʥʠʞʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʩʪʘʣʦʩʪʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʛʨʝʚ ʨʝʤʥʷ ʦʪ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʠ ʩʢʦʣʴʞʝʥʠʷ ʝʛʦ 

ʧʦ ʰʢʠʚʘʤ. 

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʀʟ ʢʘʢʠʭ ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ ʩʦʩʪʦʠʪ ʨʝʤʝʥʥʘʷ ʧʝʨʝʜʘʯʘ?  

2. ʈʝʤʥʠ ʢʘʢʦʛʦ ʪʠʧʘ ʩʦʯʝʪʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʘʯʝʩʪʚʘ ʧʣʦʩʢʠʭ ʠ ʢʣʠʥʦʚʳʭ ʨʝʤʥʝʡ? 

3. ʏʝʤ ʦʙʲʷʩʥʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʫʧʨʫʛʦʛʦ ʩʢʦʣʴʞʝʥʠʷ ʧʨʠ ʨʘʙʦʪʝ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ?  

4. ʏʝʤ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʧʦʩʪʦʷʥʩʪʚʦ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ? 

5. ʂʘʢʦʚʳ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʨʘʩʯʸʪʘ ʨʝʤʸʥʥʦʡ ʧʝʨʝʜʘʯʠ?  

6. ʂʘʢʦʚ ʦʩʥʦʚʥʦʡ ʢʨʠʪʝʨʠʡ ʨʘʩʯʸʪʘ ʟʫʙʯʘʪʦ-ʨʝʤʸʥʥʦʡ ʧʝʨʝʜʘʯʠ? 

 

ʊʝʤʘ 3.9  ʎʝʧʥʳʝ ʧʝʨʝʜʘʯʠ 

 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʮʝʧʥʳʭ ʧʝʨʝʜʘʯʘʭ: ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ, ʫʩʪʨʦʡʩʪʚʦ, ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ, 

ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ. ɼʝʪʘʣʠ ʮʝʧʥʳʭ ʧʝʨʝʜʘʯ. ʆʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʩʦʦʪʥʦʰʝʥʠʷ. ʇʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ. ʉʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʚ ʮʝʧʥʦʡ ʧʝʨʝʜʘʯʝ. ɺʠʜʳ ʨʘʟʨʫʰʝʥʠʡ ʠ 

ʢʨʠʪʝʨʠʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʝʨʝʜʘʯʠ. ʇʨʦʚʝʨʦʯʥʳʡ ʠ ʧʨʦʝʢʪʥʳʡ ʨʘʩʯʝʪʳ ʮʝʧʥʳʭ ʧʝʨʝʜʘʯ.  

 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ.  ʎʝʧʥʘʷ ʧʝʨʝʜʘʯʘ ï ʵʪʦ ʧʝʨʝʜʘʯʘ ʟʘʮʝʧʣʝʥʠʷ ʩ ʛʠʙʢʦʡ ʩʚʷʟʴʶ. ʉʦʩʪʦʠʪ ʠʟ 

ʚʝʜʫʱʝʡ ʠ ʚʝʜʦʤʦʡ ʟʚʝʟʜʦʯʝʢ, ʦʛʠʙʘʝʤʳʭ ʮʝʧʴʶ, ʢʦʪʦʨʘʷ ʧʝʨʝʜʘʝʪ ʜʚʠʞʝʥʠʝ. 

ɼʦʩʪʦʠʥʩʪʚʘ. 1. ʎʝʧʥʳʝ ʧʝʨʝʜʘʯʠ ʤʦʛʫʪ ʧʝʨʝʜʘʚʘʪʴ ʜʚʠʞʝʥʠʝ ʤʝʞʜʫ ʚʘʣʘʤʠ ʧʨʠ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʝʞʦʩʝʚʳʭ ʨʘʩʩʪʦʷʥʠʷʭ (ʜʦ 8 ʤ). 2. ɹʦʣʝʝ ʢʦʤʧʘʢʪʥʳ, ʧʝʨʝʜʘʶʪ ʙʦʣʴʰʠʝ 

ʤʦʱʥʦʩʪʠ, ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʩʠʣʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʧʦʩʪʦʷʥʩʪʚʦ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ (ʦʪʩʫʪʩʪʚʫʶʪ ʩʢʦʣʴʞʝʥʠʝ ʠ ʙʫʢʩʦʚʘʥʠʝ). 3. ʄʦʛʫʪ 

ʧʝʨʝʜʘʚʘʪʴ ʜʚʠʞʝʥʠʝ ʥʝʩʢʦʣʴʢʠʤ ʟʚʝʟʜʦʯʢʘʤ ʦʜʥʦʡ ʮʝʧʴʶ. 

ʅʝʜʦʩʪʘʪʢʠ. 1. ɿʥʘʯʠʪʝʣʴʥʳʡ ʰʫʤ ʧʨʠ ʨʘʙʦʪʝ. 2. ʉʨʘʚʥʠʪʝʣʴʥʦ ʙʳʩʪʨʦʝ ʠʟʥʘʰʠʚʘʥʠʝ 

ʰʘʨʥʠʨʦʚ ʮʝʧʠ; ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ ʩʤʘʟʳʚʘʥʠʷ. 3. ʋʜʣʠʥʝʥʠʝ ʮʝʧʠ ʠʟ-ʟʘ 

ʠʟʥʦʩʘ ʰʘʨʥʠʨʦʚ ʠ ʩʭʦʜ ʝʝ ʩʦ ʟʚʝʟʜʦʯʝʢ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʥʘʪʷʞʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʇʨʠʤʝʥʝʥʠʝ. ʇʨʠʤʝʥʷʶʪ ʚ ʩʪʘʥʢʘʭ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʦʙʦʪʘʭ, ʪʨʘʥʩʧʦʨʪʥʳʭ, 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʜʨʫʛʠʭ ʤʘʰʠʥʘʭ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʚʠʞʝʥʠʷ ʤʝʞʜʫ ʧʘʨʘʣʣʝʣʴʥʳʤʠ 

ʚʘʣʘʤʠ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ. 

ʅʘʠʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʮʝʧʥʳʝ ʧʝʨʝʜʘʯʠ ʤʦʱʥʦʩʪʴʶ ʜʦ 120 ʢɺʪ ʧʨʠ 

ʦʢʨʫʞʥʳʭ ʩʢʦʨʦʩʪʷʭ ʜʦ 15 ʤ/ʩ. 

ʇʨʠʚʦʜʥʳʝ ʮʝʧʠ 

ʇʨʠʚʦʜʥʘʷ ʮʝʧʴ ð ʛʣʘʚʥʳʡ ʵʣʝʤʝʥʪ ʮʝʧʥʦʡ ʧʝʨʝʜʘʯʠ ð ʩʦʩʪʦʠʪ ʠʟ ʩʦʝʜʠʥʝʥʥʳʭ 

ʰʘʨʥʠʨʘʤʠ ʦʪʜʝʣʴʥʳʭ ʟʚʝʥʴʝʚ. ʇʦʤʠʤʦ ʧʨʠʚʦʜʥʳʭ ʙʳʚʘʶʪ ʪʷʛʦʚʳʝ ʠ ʛʨʫʟʦʚʳʝ ʮʝʧʠ. 

ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʭ ʧʨʠʚʦʜʥʳʭ ʮʝʧʝʡ: ʨʦʣʠʢʦʚʳʝ, ʚʪʫʣʦʯʥʳʝ ʠ 

ʟʫʙʯʘʪʳʝ. 
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ʈʦʣʠʢʦʚʳʝ ʧʨʠʚʦʜʥʳʝ ʮʝʧʠ. ʉʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʨʷʜʦʚ ʥʘʨʫʞʥʳʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʧʣʘʩʪʠʥ. ʅʘ 

ʚʪʫʣʢʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʜʝʪʳ ʩʚʦʙʦʜʥʦ ʚʨʘʱʘʶʱʠʝʩʷ ʟʘʢʘʣʝʥʥʳʝ ʨʦʣʠʢʠ. ɿʘʮʝʧʣʝʥʠʝ ʮʝʧʠ 

ʩʦ ʟʚʝʟʜʦʯʢʦʡ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʨʦʣʠʢ, ʢʦʪʦʨʳʡ, ʧʦʚʦʨʘʯʠʚʘʷʩʴ ʥʘ ʚʪʫʣʢʝ, ʧʝʨʝʢʘʪʳʚʘʝʪʩʷ 

ʧʦ ʟʫʙʫ ʟʚʝʟʜʦʯʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʨʦʚʥʷʪʴ ʜʘʚʣʝʥʠʝ ʟʫʙʘ ʥʘ ʚʪʫʣʢʫ ʠ ʫʤʝʥʴʰʠʪʴ 

ʠʟʥʘʰʠʚʘʥʠʝ ʢʘʢ ʚʪʫʣʢʠ, ʪʘʢ ʠ ʟʫʙʘ. 

 
ʇʨʠʚʦʜʥʘʷ ʨʦʣʠʢʦʚʘʷ ʦʜʥʦʨʷʜʥʘʷ ʮʝʧʴ: 1 ð ʩʦʝʜʠʥʠʪʝʣʴʥʦʝ ʟʚʝʥʦ;  

2 ð ʧʝʨʝʭʦʜʥʦʝ ʟʚʝʥʦ 

 

ʈʦʣʠʢʦʚʳʝ ʮʝʧʠ ʠʤʝʶʪ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʀʭ ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʩʢʦʨʦʩʪʷʭ v < 15 

ʤ/ʩ. 

ɺʪʫʣʦʯʥʳʝ ʧʨʠʚʦʜʥʳʝ ʮʝʧʠ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜʦʙʥʳ ʨʦʣʠʢʦʚʳʤ, ʥʦ ʥʝ ʠʤʝʶʪ ʨʦʣʠʢʦʚ, 

ʯʪʦ ʫʜʝʰʝʚʣʷʝʪ ʮʝʧʴ, ʫʤʝʥʴʰʘʝʪ ʝʝ ʤʘʩʩʫ, ʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʠʟʥʦʩ ʚʪʫʣʦʢ ʮʝʧʠ ʠ 

ʟʫʙʴʝʚ ʟʚʝʟʜʦʯʝʢ. ɺʪʫʣʦʯʥʳʝ ʮʝʧʠ ʧʨʠʤʝʥʷʶʪ ʚ ʥʝʦʪʚʝʪʩʪʚʝʥʥʳʭ ʧʝʨʝʜʘʯʘʭ ʧʨʠ v < 1 ʤ/ʩ. 

ɺʪʫʣʦʯʥʳʝ ʠ ʨʦʣʠʢʦʚʳʝ ʮʝʧʠ ʠʟʛʦʪʦʚʣʷʶʪ ʦʜʥʦ-ʨʷʜʥʳʤʠ ʠ ʤʥʦʛʦʨʷʜʥʳʤʠ ʩ ʯʠʩʣʦʤ 

ʨʷʜʦʚ 2, 3 ʠ 4. ʄʥʦʛʦʨʷʜʥʘʷ ʮʝʧʴ ʩ ʤʝʥʴʰʠʤ ʰʘʛʦʤ ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʥʠʪʴ ʦʜʥʦʨʷʜʥʫʶ ʩ 

ʙʦʣʴʰʠʤ ʰʘʛʦʤ ʠ ʪʝʤ  ʩʘʤʳʤ ʫʤʝʥʴʰʠʪʴ ʜʠʘʤʝʪʨʳ ʟʚʝʟʜʦʯʝʢ,  ʩʥʠʟʠʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʥʘʛʨʫʟʢʠ ʚ ʧʝʨʝʜʘʯʝ. 

ɿʫʙʯʘʪʳʝ ʧʨʠʚʦʜʥʳʝ ʮʝʧʠ ʩʦʩʪʦʷʪ ʠʟ ʟʚʝʥʴʝʚ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʠʟ ʥʘʙʦʨʘ ʧʣʘʩʪʠʥ, 

ʰʘʨʥʠʨʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ. ʂʘʞʜʘʷ ʧʣʘʩʪʠʥʘ ʠʤʝʝʪ ʧʦ ʜʚʘ ʟʫʙʘ ʩʦ ʚʧʘʜʠʥʦʡ ʤʝʞʜʫ 

ʥʠʤʠ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʟʫʙʘ ʟʚʝʟʜʦʯʢʠ. 

ʏʠʩʣʦ ʧʣʘʩʪʠʥ ʦʧʨʝʜʝʣʷʝʪ ʰʠʨʠʥʫ ʮʝʧʠ ɺ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʚʠʩʠʪ ʦʪ 

ʧʝʨʝʜʘʚʘʝʤʦʡ ʤʦʱʥʦʩʪʠ. ɿʫʙʯʘʪʳʝ ʮʝʧʠ ʨʘʙʦʪʘʶʪ ʙʦʣʝʝ ʧʣʘʚʥʦ, ʩ ʥʝʙʦʣʴʰʠʤ ʰʫʤʦʤ, 

ʣʫʯʰʝ ʚʦʩʧʨʠʥʠʤʘʶʪ ʫʜʘʨʥʫʶ ʥʘʛʨʫʟʢʫ ʠ ʜʦʧʫʩʢʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ. 

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʧʦʚʦʨʦʪ ʟʚʝʥʴʝʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʰʘʨʥʠʨʳ ʩʢʦʣʴʞʝʥʠʷ ʠʣʠ ʢʘʯʝʥʠʷ. 

ʄʘʪʝʨʠʘʣ ʮʝʧʝʡ. ʎʝʧʠ ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʥʦʩʦʩʪʦʡʢʠʤʠ ʠ ʧʨʦʯʥʳʤʠ. ʇʣʘʩʪʠʥʳ ʮʝʧʝʡ 

ʠʟʛʦʪʦʚʣʷʶʪ ʠʟ ʩʪʘʣʝʡ ʤʘʨʦʢ 50, 40ʍ ʠ ʜʨʫʛʠʭ ʩ ʟʘʢʘʣʢʦʡ ʜʦ ʪʚʝʨʜʦʩʪʠ ʅ=4ʆ...5ʆ HRC. ɺʘʣʠʢʠ, 

ʚʪʫʣʢʠ, ʨʦʣʠʢʠ ʠ ʧʨʠʟʤʳ ð ʠʟ ʮʝʤʝʥʪʫʝʤʳʭ ʩʪʘʣʝʡ ʤʘʨʦʢ 20, 15ʍ ʠ ʜʨʫʛʠʭ ʩ ʟʘʢʘʣʢʦʡ ʜʦ 

ʪʚʝʨʜʦʩʪʠ ʅ = 52...65 HRC. 

ʇʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʮʝʧʥʦʡ ʧʝʨʝʜʘʯʠ 

ʉʢʦʨʦʩʪʴ ʮʝʧʠ v, ʤ/ʩ: 

60000/60000// 2211 npznpztsv ===  

ʛʜʝ ʨ ð ʰʘʛ ʮʝʧʠ,  ʤʤ; z1 n1  ʠ  z2 n2  ð ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʯʠʩʣʘ ʟʫʙʴʝʚ ʠ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʚʝʜʫʱʝʡ ʠ ʚʝʜʦʤʦʡ ʟʚʝʟʜʦʯʝʢ. 

ʇʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʮʝʧʥʦʡ ʧʝʨʝʜʘʯʠ ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʦʚʦʨʦʪʘ ʟʚʝʟʜʦʯʢʠ ʥʘ 

ʦʜʠʥ ʟʫʙ, ʯʪʦ ʟʘʤʝʪʥʦ ʧʨʠ ʤʘʣʦʤ ʯʠʩʣʝ z. ʅʝʧʦʩʪʦʷʥʩʪʚʦ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 

1...2 %, ʥʦ ʚʳʟʳʚʘʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʭʦʜʘ ʧʝʨʝʜʘʯʠ, ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʛʨʫʞʝʥʠʝ ʠ ʧʦʧʝʨʝʯʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʮʝʧʠ. ʉʨʝʜʥʝʝ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʧʝʨʝʜʘʯʠ ʟʘ ʦʙʦʨʦʪ ʧʦʩʪʦʷʥʥʦ. ɼʣʷ ʮʝʧʥʳʭ 

ʧʝʨʝʜʘʯ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠ<6. 

ʆʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʮʝʧʥʳʭ ʧʝʨʝʜʘʯʘʭ 

1. ʆʧʪʠʤʘʣʴʥʦʝ ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʧʝʨʝʜʘʯʠ ʧʨʠʥʠʤʘʶʪ ʠʟ ʫʩʣʦʚʠʷ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʮʝʧʠ 

ʨʘ )50...30(=  

ʛʜʝ ʨ ð ʰʘʛ ʮʝʧʠ. 

ʄʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʠ- 1...2, ʙʦʣʴʰʠʝ ʜʣʷ ʠ = 3...6. 
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2.ʄʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʧʝʨʝʜʘʯʠ ʧʨʠ ʦʢʦʥʯʘʪʝʣʴʥʦ 

ʚʳʙʨʘʥʥʦʤ ʯʠʩʣʝ   ʰʘʛʦʚ Lp 
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ʉʠʣʳ ʚ ʚʝʪʚʷʭ ʮʝʧʠ 

ʅʘʪʷʞʝʥʠʝ F1 ʚʝʜʫʱʝʡ ʚʝʪʚʠ ʮʝʧʠ ʧʨʠ ʨʘʙʦʪʝ 

ʧʝʨʝʜʘʯʠ  

vqt FFFF ++=1  

ʛʜʝ:  1. ʆʢʨʫʞʥʘʷ ʩʠʣʘ Ft (ʅ), ʧʝʨʝʜʘʚʘʝʤʘʷ ʮʝʧʴʶ: 

dTFt /102 3Ö=  

ʛʜʝ d ð ʜʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ ʟʚʝʟʜʦʯʢʠ, ʤʤ;  ʊð ʚ ʅ-ʤ. 

2. ʅʘʪʷʞʝʥʠʝ ʮʝʧʠ ʦʪ ʩʠʣʳ ʪʷʞʝʩʪʠ Fq (H) ʚʝʜʦʤʦʡ ʚʝʪʚʠ ʮʝʧʠ 

agqKF Mfq =  

ʛʜʝ kfðʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʚʠʩʘʥʠʷ: ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʝʨʝʜʘʯ kf =6, ʜʣʷ 

ʥʘʢʣʦʥʝʥʥʳʭ ʢ ʛʦʨʠʟʦʥʪʫ ʜʦ 45Á ð kf=3, ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʳʭ kf=1 

qMð ʤʘʩʩʘ 1 ʤ ʮʝʧʠ, ʢʛ/ʤ; ʘ ð ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʤ; g=9,81 ʤ/ʩ
2
. 

3. ʅʘʪʷʞʝʥʠʝ ʮʝʧʠ ʦʪ  ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ F, (ʅ)     

                          2vqF Mv =  

ʅʘʪʷʞʝʥʠʝ F2 ʚʝʜʦʤʦʡ ʚʝʪʚʠ ʮʝʧʠ ʨʘʚʥʦ ʙʦʣʴʰʝʤʫ ʠʟ ʥʘʪʷʞʝʥʠʡ Fq ʠʣʠ Fv. 

ʅʘʛʨʫʟʢʘ ʥʘ ʚʘʣʳ ʟʚʝʟʜʦʯʝʢ. ʉʠʣʘ Fn, ʩ ʢʦʪʦʨʦʡ ʮʝʧʴ ʜʝʡʩʪʚʫʝʪ ʥʘ ʚʘʣʳ ʟʚʝʟʜʦʯʝʢ, 

tBn FkF =  

ʛʜʝ ʢB ð ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʛʨʫʟʢʠ ʚʘʣʘ. 

ʂʨʠʪʝʨʠʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. ʆʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʮʝʧʥʳʭ ʧʝʨʝʜʘʯ 

ʷʚʣʷʝʪʩʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʮʝʧʠ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʠʟʥʘʰʠʚʥʠʝʤ ʰʘʨʥʠʨʦʚ. ɿʘ ʦʩʥʦʚʥʦʡ ʧʨʠʥʷʪ ʨʘʩʯʝʪ 

ʮʝʧʥʳʭ ʧʝʨʝʜʘʯ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʰʘʨʥʠʨʦʚ ʮʝʧʠ. ʇʨʠ ʵʪʦʤ ʮʝʧʠ ʦʙʣʘʜʘʶʪ 

ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʴʶ. 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

1. ʂʘʢʦʚʳ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʮʝʧʥʳʭ ʧʝʨʝʜʘʯ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʤʸʥʥʳʤʠ? 

2.  ʂʘʢʦʚʘ ʢʦʥʩʪʨʫʢʮʠʷ ʚʪʫʣʦʯʥʦʡ ʠ ʨʦʣʠʢʦʚʦʡ ʮʝʧʝʡ? 

3. ʇʦʯʝʤʫ ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʮʝʧʠ ʩ ʤʘʣʳʤ ʰʘʛʦʤ? 

4. ʏʪʦ ʪʘʢʦʝ ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʪ ʯʝʛʦ ʦʥ ʟʘʚʠʩʠʪ? 

5. ʏʝʤ ʦʙʫʩʣʦʚʣʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʟʫʙʴʝʚ ʤʘʣʦʡ ʟʚʸʟʜʦʯʢʠ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʟʫʙʴʝʚ ʙʦʣʴʰʦʡ ʟʚʸʟʜʦʯʢʠ? 

6. ʏʝʤ ʚʳʟʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʠʤʝʥʝʥʠʠ ʥʘʪʷʞʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʮʝʧʥʳʭ 

ʧʝʨʝʜʘʯʘʭ?  

7. ʂʘʢʠʝ ʩʧʦʩʦʙʳ ʩʤʘʟʳʚʘʥʠʷ ʧʨʠʤʝʥʷʶʪ ʚ ʮʝʧʥʳʭ ʧʝʨʝʜʘʯʘʭ? 

 

ʊʝʤʘ 3.10 ɺʘʣʳ  ʠ  ʦʩʠ 

 

ɺʘʣʳ ʠ ʦʩʠ, ʠʭ ʥʘʟʥʘʯʝʥʠʝ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ. ʕʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʡ. ʄʘʪʝʨʠʘʣʳ ʚʘʣʦʚ ʠ 

ʦʩʝʡ. ɺʳʙʦʨ ʨʘʩʯʝʪʥʳʭ ʩʭʝʤ. ʇʨʦʝʢʪʥʳʡ ʠ ʧʨʦʚʝʨʦʯʥʳʡ ʨʘʩʯʝʪʳ ʚʘʣʦʚ. 

 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ 

ɿʫʙʯʘʪʳʝ ʢʦʣʝʩʘ, ʰʢʠʚʳ, ʟʚʝʟʜʦʯʢʠ ʠ ʜʨʫʛʠʝ ʚʨʘʱʘʶʱʠʝʩʷ ʜʝʪʘʣʠ ʤʘʰʠʥ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘ ʚʘʣʘʭ ʠ ʦʩʷʭ. 

ɺʘʣ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʝʨʝʜʘʯʠ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʚʜʦʣʴ ʩʚʦʝʡ ʦʩʠ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʥʝʤ ʜʝʪʘʣʝʡ ʠ ʚʦʩʧʨʠʷʪʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʵʪʠ ʜʝʪʘʣʠ ʩʠʣ. 

ʇʨʠ ʨʘʙʦʪʝ ʚʘʣ ʠʩʧʳʪʳʚʘʝʪ ʠʟʛʠʙ ʠ ʢʨʫʯʝʥʠʝ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʨʘʩʪʷʞʝʥʠʝ ʠʣʠ ʩʞʘʪʠʝ. 

 

 


