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9 ʢʣʘʩʩ. 
ɺʦʧʨʦʩ 1.        
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ȴɓ ɈɓɕɍɌɓɒɗɅɐɍ 

2. ʉʪʘʜʠʷ ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠ ̫

5. ʇʝʨʠʦʜ ʙʨʘʯʥʭr ʠʛʨ, ʩʦʩʪʷʟʘʥʠʡ ʠ ʪʫʨʥʠʨʦʚ ʫ ʤʥʦʛʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ 

6. ʇʦ çʪʨʫʙʦʧʨʦʚʦʜʘʤè ʵʪʦʡ ʪʢʘʥʠ ʨʘʩʪʝʥʠʷ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪ ʚʦʜʫ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ 

9. ʇʦʜʚʠʞʥʘʷ ʩʧʦʨʘ ʥʝʢʦʪʦʨʳʭ ʚʦʜʦʨʦʩʣʝʡ ʠ ʛʨʠʙʦʚ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʞʛʫʪʠʢʠ ʜʣʷ ʨʘʩʩʝʣʝʥʠ ̫

13. çʉʝʨʜʮʝè ʜʨʝʚʝʩʥʦʛʦ ʩʪʝʙʣʷ, ʪʦʥʢʠʡ ʩʣʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʢʘʥʠ, ʜʘʶʱʠʡ ʞʠʟʥʴ ʜʨʝʚʝʩʠʥʝ ʠ ʣʫʙʫ 

15. ʈʦʪʦʚʳʝ ʧʨʠʜʘʪʢʠ ʧʘʫʢʦʦʙʨʘʟʥʳʭ, ʩʣʫʞʘʱʠʝ ʜʣʷ ʟʘʭʚʘʪʘ ʠ ʫʤʝʨʱʚʣʝʥʠʷ ʜʦʙʳʯʠ (ʤʥ.ʯ.) 

16. ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʩʢʨʳʪʳʡ ʧʝʨʠʦʜ ʙʦʣʝʟʥʠ, ʥʦ ʠ ʧʨʦʮʝʩʩ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʣʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʚʳʚʝʜʝʥʠʷ 

ʜʝʪʸʥʳʰʝʡ ʠʟ ʷʠʮ 

17. çʆʩʪʨʦʚʢʦʚʳʡè ʛʦʨʤʦʥ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟ r

18. ʊʝʣʦ ʪʨʫʙʯʘʪʦʡ ʢʦʩʪʠ 

19. ʄʫʞʩʢʦʡ çʜʦʤè ʜʣʷ ʛʘʤʝʪ ʫ ʨʘʩʪʝʥʠʡ 



 

 

ȴɓ ɇɊɕɗɍɏɅɐɍ 

1. ʇʠʛʤʝʥʪʠʨʦʚʘʥʥʘʷ ʯʘʩʪʴ ʛʣʘʟʘ 

2. çɾʠʚʦʪʥʳʡ ʢʨʘʭʤʘʣ» 

3. ɻʦʨʤʦʥ, ʢʦʪʦʨʳʡ çʜʦʢʣʘʜʳʚʘʝʪè ʤʦʟʛʫ ʦ ʥʘʩʳʱʝʥʠʠ 

4. ʏʫʚʩʪʚʦ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʩ ʟʘʢʨʳʪʳʤʠ ʛʣʘʟʘʤʠ ʢʦʩʥʫʪʴʩʷ ʢʦʥʯʠʢʘ ʥʦʩʘ ʠʣʠ ʦʧʠʩʘʪʴ ʜʚʠʞʝʥʠʝ ʩʚʦʝʡ 

ʨʫʢʠ 

7. ʆʜʠʥ ʠʟ ʛʣʘʚʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʤʳʰʝʯʥʦʛʦ ʩʦʢʨʘʱʝʥʠ ̫

8. ʌʘʤʠʣʠʷ ʠʪʘʣʴʷʥʩʢʦʛʦ ʘʥʘʪʦʤʘ, ʚ ʯʝʩʪʴ ʢʦʪʦʨʦʛʦ ʥʘʟʚʘʥ ʨʝʮʝʧʪʦʨ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʛʣʫʙʦʢʦ ʚ ʢʦʞʝ ʠ 

ʚʦʩʧʨʠʥʠʤʘʶʱʠʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʚʠʙʨʘʮʠʠ 

10. ɺ ʩʠʩʪʝʤʘʪʠʢʝ ð ʛʨʫʧʧʘ ʦʨʛʘʥʠʟʤʦʚ, ʧʨʦʠʩʭʦʜʷʱʘʷ ʦʪ ʨʘʟʥʳʭ ʧʨʝʜʢʦʚ (ʩʫʱ., ʝʜ.ʯ.) 

11. ʇʦʢʦʣʝʥʠʝ ʨʘʩʪʝʥʠʡ, ʢʦʪʦʨʦʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʩʧʦʨ r

12. ʅʝʞʠʚʘ ̫ʪʢʘʥʴ ʨʘʩʪʝʥʠʡ, ʢʣʝʪʢʠ ʢʦʪʦʨʦʡ ʠʤʝʶʪ ʨʘʚʥʦʤʝʨʥʦ ʫʪʦʣʱʸʥʥʳʝ ʠ ʦʯʝʥʴ ʧʨʦʯʥʳʝ ʩʪʝʥʢʠ 

14. ɹʦʣʝʟʥʴ, ʥʘʟʚʘʥʠʝ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʠʪʘʣʴʷʥʩʢʦʛʦ çʧʣʦʭʦʡ ʚʦʟʜʫʭ», ʨʘʥʝʝ ʠʟʚʝʩʪʥʘ ʢʘʢ çʙʦʣʦʪʥʘʷ 

ʣʠʭʦʨʘʜʢʘ» 

 

  



 

 

 

ɺʦʧʨʦʩ 2 

 

«ð ʄʦʞʝʪ, ʚ rʚʠʜʝʣʠ ʤʦ ʁʧʴʝʩʫ çʉʘʜ ʮʚʝʪʠʩʪʳʡè? ʗ ʥʘʟʚʘʣ ʝ yʭʠʤʠʯʝʩʢʦʡ ʜʨʘʤʦʡ. 

ʎʚʝʪʳ ð ʵʪʦ ʙʘʢʪʝʨʠʠ, ʧʦʩʢʦʣʴʢʫ ʙʘʢʪʝʨʠʠ ʨʘʩʪʝʥʠʷ, ʘ ʩʘʜ ð ʯʝʣʦʚʝʯʝʩʢʦʝ ʪʝʣʦ, ʚ 

ʢʦʪʦʨʦʤ ʦʥʠ ʨʘʟʤʥʦʞʘʶʪʩʷ. ʊʘʤ ʠʜʝʪ ʦʞʝʩʪʦʯʝʥʥʘʷ ʙʦʨʴʙʘ ʤʝʞʜʫ ʪʫʙʝʨʢʫʣʸʟʥʳʤʠ 

ʧʘʣʦʯʢʘʤʠ ʠ ʣʝʡʢʦʮʠʪʘʤʠ. ʈʘʟʜʦʙʳʚ ʙʨʦʥʝʞʠʣʝʪʳ ʠʟ ʣʠʧʠʜʦʚ, ʥʝʢʦʝ ʧʦʜʦʙʠʝ ʰʘʧʢʠ-

ʥʝʚʠʜʠʤʢʠ, ʙʘʢʪʝʨʠʠ ʦʙʲʝʜʠʥʷʶʪʩʷ ʧʦʜ ʚʦʜʠʪʝʣʴʩʪʚʦʤ ʩʚʝʨʭʤʠʢʨʦʙʘ, ʧʦʙʝʞʜʘʶʪ 

ʘʨʤʠʶ ʣʝʡʢʦʮʠʪʦʚ, ʠ ʧʝʨʝʜ ʥʠʤʠ ʚʦʪ-ʚʦʪ ʜʦʣʞʥʦ ʦʪʢʨʳʪʴʩʷ ʙʣʘʛʦʩʪʥʦʝ ʠ ʩʚʝʪʣʦʝ 

ʙʫʜʫʱʝʝ, ʥʦ ʚʜʨʫʛ ʩʘʜ ʫʤʠʨʘʝʪ ʫ ʥʠʭ ʧʦʜ ʥʦʛʘʤʠ, ʪʦ ʝʩʪʴ ʛʠʙʥʝʪ ʯʝʣʦʚʝʢ, ʠ ʙʝʜʥʳʝ 

ʨʘʩʪʝʥʴʠʮʘ ʚʳʥʫʞʜʝʥʳ ʫʤʝʨʝʪʴ ʚʤʝʩʪʝ ʩ ʥʠʤéè 

ʉʪʘʥʠʩʣʘʚ ʃʝʤ, ɹʦʣʴʥʠʮʘ ʇʨʝʦʙʨʘʞʝʥʠʷ 

 

ʈʘʩʩʤʦʪʨʠʪʝ ʩʭʝʤʫ, ʦʪʦʙʨʘʞʘʶʱʫʶ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ 

ʪʨʠʘʮʠʣʛʣʠʮʝʨʦʣʦʚ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ, ʠ ʦʪʚʝʪʴʪʝ ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ. 

 

ɺʦʧʨʦʩʳ ʠ ʦʪʚʝʪʳ: 

1. ʂʘʢʠʝ ʠʟ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʩʭʝʤʝ ʦʪʥʦʩʷʪʩʷ ʢ ʛʝʢʩʦʟʘʤ? 

2. ʂʘʢ ʥʘʟʳʚʘʶʪʩʷ ʢʣʝʪʢʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʤʝʩʪʦʤ ʜʝʧʦʥʠʨʦʚʘʥʠʷ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ 
ʫʢʘʟʘʥʥʦʡ ʥʘ ʩʭʝʤʝ ʮʝʧʦʯʢʠ ʨʝʘʢʮʠʠ? ɺ ʢʘʢʠʭ ʣʦʢʘʮʠʷʭ ʥʘʰʝʛʦ ʦʨʛʘʥʠʟʤʘ ʥʘʭʦʜʷʪʩʷ ɻ ʪʠ 

ʢʣʝʪʢʠ? 

3. ʉ ʢʘʢʦʛʦ ʠʤʝʥʥʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʭʝʤʝ ʥʘʯʠʥʘʝʪʩʷ ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʛʣʠʢʦʣʠʟʦʤ ʠ 

ʣʠʧʦʛʝʥʝʟʦʤ? ʇʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʦʡʜʝʪ ʥʘ ʩʠʥʪʝʟ ʣʠʧʠʜʦʚ? 

4. ʂʘʢʦʡ ʛʦʨʤʦʥ ̫ ʚʣʷʝʪʩʷ ʩʪʠʤʫʣʷʪʦʨʦʤ ʜʘʥʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʢʘʢʘʷ ʫ ʥʝʛʦ ʩʪʨʫʢʪʫʨʘ? ɺ 

ʢʘʢʠʭ ʢʣʝʪʢʘʭ ʢʘʢʦʛʦ ʦʨʛʘʥʘ ʦʥ ʩʠʥʪʝʟʠʨʫʝʪʩʷ? 

5. ʅʘʟʦʚʠʪʝ ʥʘʟʚʘʥʠʝ ʫʢʘʟʘʥʥʳʭ ʥʠʞʝ ʟʘʙʦʣʝʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʫʶ ʪʝʨʘʧʠʶ ʜʣʷ ʠʭ 

ʣʝʯʝʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ: 

ɿʘʙʦʣʝʚʘʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʨʫʰʘʝʪʩʷ ʨʝʮʝʧʮʠʷ ʜʘʥʥʦʛʦ ʛʦʨʤʦʥʘ ʧʨʠ ʝʛʦ ʥʦʨʤʘʣʴʥʦʡ 

ʩʝʢʨʝʮʠʠ; 



 

 

ɿʘʙʦʣʝʚʘʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʨʫʰʘʝʪʩʷ ʩʝʢʨʝʮʠʷ ʜʘʥʥʦʛʦ ʛʦʨʤʦʥʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʥʦʨʤʘʣʴʥʦʡ ʨʝʮʝʧʮʠʠ ʢ ʥʝʤʫ; 

6. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʨʠʘʮʠʣʛʣʠʮʝʨʦʣʳ (ʊɸɻ) ʦʪʥʦʩʷʪʩʷ ʢ ʧʨʦʩʪʳʤ ʣʠʧʠʜʘʤ. ɸ ʢʘʢʠʝ ʝʱʝ 

ʚʝʱʝʩʪʚʘ ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʠ ʚ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʠʭ ʦʙʱʘʷ ʦʩʦʙʝʥʥʦʩʪʴ? 

7. ʅʘʟʦʚʠʪʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʥʘ ʩʭʝʤʝ «X» ʠ «Y». ʂʘʢʦʡ ʝʱʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʫʪʴ 

ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ çXè ʚʘʤ ʠʟʚʝʩʪʝʥ? 

8. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʩʠʥʪʝʟʘ ʫ ʨʘʩʪʝʥʠʡ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʦʜʥʘ ʠʟ 
ʢʦʬʝʨʤʝʥʪʥʳʭ ʬʦʨʤ ʥʠʘʮʠʥʘ ï ʚʠʪʘʤʠʥ ɺ3. ɺ ʢʘʢʦʡ ʬʘʟʝ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʚ ʢʘʢʦʤ ʮʠʢʣʝ 

ʫʯʘʩʪʚʫʝʪ ʜʘʥʥʳʡ ʢʦʬʝʨʤʝʥʪ? ɺ ʢʘʢʦʡ ʠʟ ʨʝʘʢʮʠʡ ʫʢʘʟʘʥʥʦʛʦ ʥʘ ʩʭʝʤʝ ʧʨʦʮʝʩʩʘ ʫʯʘʩʪʚʫʝʪ 

ʜʨʫʛʘʷ ʬʦʨʤʘ ʵʪʦʛʦ ʚʠʪʘʤʠʥʘ? 

9. ʂʘʢʠʝ ʠʟ ʫʢʘʟʘʥʥʳʭ ʥʘ ʩʭʝʤʝ ʬʝʨʤʝʥʪʦʚ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʮʠʢʣʝ ʪʨʠʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ? ʏʪʦ ʧʦʜ ʩʦʙʦʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʚʦʡʩʪʚʦ çʩʝʣʝʢʪʠʚʥʦʩʪʠè ʜʣʷ ʬʝʨʤʝʥʪʦʚ? 

10. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʫ ʢʦʥʝʯʥʦʡ ʤʦʣʝʢʫʣʳ, ʫʢʘʟʘʥʥʦʡ ʚ ʜʘʥʥʦʡ ʮʝʧʦʯʢʝ ʧʨʝʚʨʘʱʝʥʠʡ, 

ʚʭʦʜʷʪ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ. ʇʨʝʜʧʦʣʦʞʠʪʝ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʤʦʞʥʦ ʚʠʟʫʘʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ 

ʠʟ ʵʪʠʭ ʢʠʩʣʦʪ ʩʢʦʨʝʝ ʚʩʝʛʦ ʠʤʝʶʪ ʞʠʚʦʪʥʦʝ, ʘ ʢʘʢʠʝ ï ʨʘʩʪʠʪʝʣʴʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ? ɿʘ 

ʩʯʝʪ ʢʘʢʠʭ ʭʠʤʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʵʪʠ ʚʠʟʫʘʣʴʥʳʝ 

ʨʘʟʣʠʯʠʷ? 

ʆʪʚʝʪʳ: 

1. ɻʣʶʢʦʟʘ, ʛʣʶʢʦʟʘ-6-ʬʦʩʬʘʪ, ʬʨʫʢʪʦʟʘ-6-ʬʦʩʬʘʪ, ʬʨʫʢʪʦʟʘ-1,6-ʜʠʬʦʩʬʘʪ (2 ʙʘʣʣʘ ʟʘ 

ʫʢʘʟʘʥʠʝ ʚʩʝʭ ʯʝʪʳʨʝʭ ʩʦʝʜʠʥʝʥʠʡ ʙʝʟ ʣʠʰʥʠʭ ʤʦʣʝʢʫʣ, 1 ʙʘʣʣ ʟʘ ʫʢʘʟʘʥʠʝ ʪʨʝʭ 

ʢʦʨʨʝʢʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʝʟ ʫʢʘʟʘʥʠʷ ʣʠʰʥʠʭ ʤʦʣʝʢʫʣ) 

2. ʕʪʠ ʢʣʝʪʢʠ ʥʘʟʳʚʘʶʪʩʷ ʘʜʠʧʦʮʠʪʘʤʠ (1 ʙʘʣʣ ʟʘ ʫʢʘʟʘʥʠʝ ʢʦʨʨʝʢʪʥʦʛʦ ʥʘʟʚʘʥʠʷ. ʆʪʚʝʪ 

çʢʣʝʪʢʠ ʞʠʨʦʚʦʡ ʪʢʘʥʠè ʥʝ ʧʨʠʥʠʤʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʚ ʚʦʧʨʦʩʝ ʩʧʨʘʰʠʚʘʝʪʩʷ ʧʨʦ 

ʢʦʥʢʨʝʪʥʦʝ ʥʘʟʚʘʥʠʝ). ɼʘʥʥʳʝ ʢʣʝʪʢʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʜʢʦʞʥʦʤ ʠ 

ʚʠʩʮʝʨʘʣʴʥʦʤ ʞʠʨʝ, ʘ ʪʘʢʞʝ ʚ ʞʝʣʪʦʤ ʢʦʩʪʥʦʤ ʤʦʟʛʝ (1 ʙʘʣʣ ʟʘ ʫʢʘʟʘʥʠʝ ʤʠʥʠʤʫʤ ʜʚʫʭ 

ʢʦʨʨʝʢʪʥʳʭ ʚʘʨʠʘʥʪʦʚ ʦʪʚʝʪʦʚ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʝʢʦʨʨʝʢʪʥʳʭ ʚʘʨʠʘʥʪʦʚ) 

3. ɼɸʌ/ʜʠʦʢʩʠʘʮʝʪʦʥʬʦʩʬʘʪ (1 ʙʘʣʣ ʟʘ ʢʦʨʨʝʢʪʥʦʝ ʫʢʘʟʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ), ʧʨʠ 

ʛʠʧʝʨʛʣʠʢʝʤʠʠ (1 ʙʘʣʣ ʟʘ ʢʦʨʨʝʢʪʥʦ ʫʢʘʟʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ) 

4. ʀʥʩʫʣʠʥ, ʧʝʧʪʠʜʥʳʡ ʛʦʨʤʦʥ/ʩʦʩʪʦʠʪ ʠʟ ʘʤʠʥʦʢʠʩʣʦʪ (1 ʙʘʣʣ ʟʘ ʫʢʘʟʘʥʠʝ ʥʘʟʚʘʥʠʷ 

ʛʦʨʤʦʥʘ ʠ ʝʛʦ ʩʪʨʫʢʪʫʨʳ), ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʚ ʙʝʪʘ-ʢʣʝʪʢʘʭ ʦʩʪʨʦʚʢʦʚ ʃʘʥʛʝʨʛʘʥʩʘ 

ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ (1 ʙʘʣʣ ʟʘ ʫʢʘʟʘʥʠʝ ʥʘʟʚʘʥʠʷ ʢʣʝʪʦʢ ʠ ʥʘʟʚʘʥʠʷ ʩʘʤʦʛʦ 

ʦʨʛʘʥʘ) 

5. ʇʝʨʚʦʝ ʟʘʙʦʣʝʚʘʥʠʝ ï ʵʪʦ ʩʘʭʘʨʥʳʡ ʜʠʘʙʝʪ ʚʪʦʨʦʛʦ ʪʠʧʘ/ʠʥʩʫʣʠʥʨʝʟʠʩʪʝʥʪʥʳʡ ʩʘʭʘʨʥʳʡ 

ʜʠʘʙʝʪ. ʊʝʨʘʧʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʦʥʪʨʦʣʴ ʟʘ ʧʠʱʝʚʳʤ ʧʦʚʝʜʝʥʠʝʤ, ʨʝʛʫʣʷʨʥʳʝ 

ʬʠʟʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ, ʘ ʪʘʢʞʝ ʙʘʨʠʘʪʨʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ (1 ʙʘʣʣ ʟʘ ʥʘʟʚʘʥʠʝ ʢʦʥʢʨʝʪʥʦʡ 

ʬʦʨʤʳ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʢʦʨʨʝʢʪʥʦʡ ʪʝʨʘʧʠʠ). ɺʪʦʨʦʝ ʟʘʙʦʣʝʚʘʥʠʝ ï ʵʪʦ ʩʘʭʘʨʥʳʡ ʜʠʘʙʝʪ 

ʧʝʨʚʦʛʦ ʪʠʧʘ/ʠʥʩʫʣʠʥʟʘʚʠʩʠʤʳʡ ʩʘʭʘʨʥʳʡ ʜʠʘʙʝʪ. ʊʝʨʘʧʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʦʥʪʨʦʣʴ ʟʘ 

ʫʨʦʚʥʝʤ ʛʣʶʢʦʟʳ ʚ ʦʨʛʘʥʠʟʤʝ ʠ ʚʚʝʜʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʦʟʳ ʠʥʩʫʣʠʥʘ ʜʣʷ ʝʝ ʢʦʥʪʨʦʣʷ 

ʠʣʠ ʫʩʪʘʥʦʚʢʘ ʠʥʩʫʣʠʥʦʚʦʡ ʧʦʤʧʳ (1 ʙʘʣʣ ʟʘ ʥʘʟʚʘʥʠʝ ʢʦʥʢʨʝʪʥʦʡ ʬʦʨʤʳ ʟʘʙʦʣʝʚʘʥʠʷ 

ʠ ʢʦʨʨʝʢʪʥʦʡ ʪʝʨʘʧʠʠ). ʆʪʚʝʪ çʜʠʘʙʝʪè ʠʣʠ çʩʘʭʘʨʥʳʡ ʜʠʘʙʝʪè ʙʝʟ ʫʢʘʟʘʥʠʷ ʪʠʧʘ 

ʟʘʙʦʣʝʚʘʥʠʷ ʩʯʠʪʘʝʪʩʷ ʥʝʢʦʨʨʝʢʪʥʳʤ, ʪʘʢ ʢʘʢ ʜʠʘʙʝʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʟ ʩʝʙʷ ʮʝʣʫʶ 

ʛʨʫʧʧʫ ʯʘʩʪʦ ʥʝʨʦʜʩʪʚʝʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʩʠʤʧʪʦʤʘʪʠʢʠ 

6. ʂ ʧʨʦʩʪʳʤ ʣʠʧʠʜʘʤ ʪʘʢʞʝ ʦʪʥʦʩʷʪʩʷ ʚʦʩʢʘ (1 ʙʘʣʣ ʟʘ ʢʦʨʨʝʢʪʥʦʝ ʥʘʟʚʘʥʠʝ ʛʨʫʧʧʳ 

ʩʦʝʜʠʥʝʥʠʡ). ʆʙʱʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʧʨʦʩʪʳʭ ʣʠʧʠʜʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʩʧʠʨʪʦʚ ʠ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʧʨʠ ʛʠʜʨʦʣʠʟʝ (1 ʙʘʣʣ ʟʘ ʧʦʣʥʦʝ ʢʦʨʨʝʢʪʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ) 

7. «X» - ʛʣʶʢʦʟʘ-6-ʬʦʩʬʘʪ ʠ çYè - 1,2-ʜʠʘʮʠʣʛʣʠʮʝʨʦʣ/ʜʠʘʮʠʣʛʣʠʮʝʨʦʣ/1,2-ɼɸɻ/ɼɸɻ (1 

ʙʘʣʣ ʟʘ ʢʦʨʨʝʢʪʥʳʝ ʥʘʟʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʫʢʘʟʘʥʠʝʤ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʩʠʤʚʦʣʫ 

ʥʘ ʩʭʝʤʝ). ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʫʪʴ ʩʦʝʜʠʥʝʥʠʷ çXè - ʧʝʥʪʦʟʦʬʦʩʬʘʪʥʳʡ ʧʫʪʴ (1 ʙʘʣʣ ʟʘ 

ʢʦʨʨʝʢʪʥʦ ʥʘʟʚʘʥʥʳʡ ʤʝʪʘʙʦʣʠʯʝʩʢʠʡ ʧʫʪʴ. ʆʪʚʝʪ çʛʣʠʢʦʛʝʥʦʛʝʥʝʟè ʢʦʨʨʝʢʪʥʳʤ 

ʷʚʣʷʪʴʩʷ ʥʝ ʙʫʜʝʪ, ʪʘʢ ʢʘʢ ʚ ʥʝʤ ʛʣʶʢʦʟʘ-6-ʬʦʩʬʘʪ ʧʦʣʫʯʘʝʪʩʷ ʟʘ ʩʯʝʪ ʜʨʫʛʦʡ 

ʠʟʦʬʦʨʤʳ ʛʝʢʩʦʢʠʥʘʟʳ (ʛʝʢʩʦʢʠʥʘʟʳ-4/ʛʣʶʢʦʢʠʥʘʟʳ)) 



 

 

8. ɺʦ ʚʨʝʤʷ ʪʝʤʥʦʚʦʡ ʬʘʟʳ ʬʦʪʦʩʠʥʪʝʟʘ, ʚ ʮʠʢʣʝ ʂʘʣʴʚʠʥʘ (1 ʙʘʣʣ ʟʘ ʫʢʘʟʘʥʠʝ ʢʦʨʨʝʢʪʥʦʡ 

ʬʘʟʳ ʠ ʢʦʨʨʝʢʪʥʦʛʦ ʥʘʟʚʘʥʠʷ ʮʠʢʣʘ). ɺ ʨʝʘʢʮʠʠ ʧʨʝʚʨʘʱʝʥʠʠ 

ʜʠʦʢʩʠʘʮʝʪʦʥʬʦʩʬʘʪʘ/ɼɸʌ ʚ ʛʣʠʮʝʨʦʣ-3-ʬʦʩʬʘʪ ʀʃʀ ʚ ʨʝʘʢʮʠʠ ʩ ʛʣʠʮʝʨʦʣ-3-ʬʦʩʬʘʪ-

ʜʝʛʠʜʨʦʛʝʥʘʟʦʡ (1 ʙʘʣʣ ʟʘ ʢʦʨʨʝʢʪʥʦʝ ʫʢʘʟʘʥʠʝ ʨʝʘʢʮʠʠ) 

9. ɺ ʫʢʘʟʘʥʥʦʤ ʧʨʦʮʝʩʩʝ ʪʘʢʠʝ ʬʝʨʤʝʥʪʳ ʦʪʩʫʪʩʪʚʫʶʪ (1 ʙʘʣʣ ʟʘ ʢʦʨʨʝʢʪʥʳʡ ʦʪʚʝʪ). 

ʉʚʦʡʩʪʚʦ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʢʘʞʜʳʡ ʢʦʥʢʨʝʪʥʳʡ ʬʝʨʤʝʥʪ/ʝʛʦ ʠʟʦʬʦʨʤʘ 

ʤʦʞʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʚ ʢʦʥʢʨʝʪʥʦʡ ʨʝʘʢʮʠʠ (1 ʙʘʣʣ ʟʘ ʢʦʨʨʝʢʪʥʳʡ ʦʪʚʝʪ) 

10. ɾʠʨʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʯʘʱʝ ʚʩʝʛʦ ʠʤʝʶʪ ʞʠʜʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʘ ʞʠʚʦʪʥʳʝ ï 

ʪʚʝʨʜʦʝ (1 ʙʘʣʣ ʟʘ ʧʦʣʥʳʡ ʢʦʨʨʝʢʪʥʳʡ ʦʪʚʝʪ). ɺ ʩʪʨʫʢʪʫʨʝ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʦʡʥʳʝ ʩʚʷʟʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʠʭ 

ʥʝʥʘʩʳʱʝʥʥʦʩʪʴ ʠ ʞʠʜʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʥʘʩʳʱʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʞʠʨʥʳʭ 

ʢʠʩʣʦʪ ʜʚʦʡʥʳʝ ʩʚʷʟʠ ʦʪʩʫʪʩʪʚʫʶʪ (1 ʙʘʣʣ ʟʘ ʢʦʨʨʝʢʪʥʳʡ ʦʪʚʝʪ ʩʦ ʩʭʦʞʝʡ ʧʦ ʩʤʳʩʣʫ 

ʬʦʨʤʫʣʠʨʦʚʢʝ) 



 

 

ɺʦʧʨʦʩ 3. ɸʥʘʪʦʤʠʷ ʠ ʬʠʟʠʦʣʦʛʠʷ 

Ăɺʩʷʢʠʡ ʟʘʤʢʥʫʪ ʚ ʩʚʦʸʤ ʩʦʟʥʘʥʠʠ, ʢʘʢ ʚ ʩʚʦʝʡ ʢʦʞʝ, ʠ ʪʦʣʴʢʦ ʚ ʥʝʤ ʞʠʚʝʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ.ñ 

ɸʨʪʫʨ ʐʦʧʝʥʛʘʫʵʨ 

ʂʦʞʘ ʩʘʤʳʡ ʙʦʣʴʰʦʡ ʦʨʛʘʥ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ï ʝʝ ʧʣʦʱʘʜʴ ʫ ʚʟʨʦʩʣʦʛʦ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2 ʢʚʘʜʨʘʪʥʳʭ ʤʝʪʨʦʚ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ, 

ʢʦʞʘ ʥʝ ʪʦʣʴʢʦ ʟʘʱʠʱʘʝʪ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʥʦ ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʘʞʥʳʭ ʬʫʥʢʮʠʡ. 

 

 

ɺʦʧʨʦʩʳ ʠ ʦʪʚʝʪʳ: 

1) ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʩʪʨʦʝʥʠʝ ʢʦʞʠ ʣʘʜʦʥʠ. ʆʧʨʝʜʝʣʠʪʝ 
ʚʠʜ (ʪʠʧ) ɻ ʧʠʪʝʣʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ, ʠ ʫʢʘʞʠʪʝ, ʧʦ ʢʘʢʠʤ ʢʨʠʪʝʨʠʷʤ ɻ ʪʦ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ? 

2) ʂʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʦʟʥʘʯʝʥʘ ʮʠʬʨʦʡ 2 ʥʘ ʨʠʩʫʥʢʝ? ʂʘʢʦʚʘ ʝʝ ʬʫʥʢʮʠʷ? 

3) ɺʦʣʦʩʳ ï ʵʪʦ ʧʨʠʜʘʪʢʠ ʢʦʞʠ. ʀʟ ʢʘʢʦʛʦ ʩʣʦʷ ʢʦʞʠ ʬʦʨʤʠʨʫʶʪʩʷ ʚʦʣʦʩʳ? ʅʘʟʦʚʠʪʝ 

ʦʩʥʦʚʥʦʡ ʙʝʣʦʢ (ʛʨʫʧʧʫ ʙʝʣʢʦʚ), ʬʦʨʤʠʨʫʶʱʠʡ ʚʦʣʦʩʳ? 

4) ʂʘʢ ʢʦʞʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʮʝʩʩ ʪʝʨʤʦʨʝʛʫʣʷʮʠʠ ʫ ʯʝʣʦʚʝʢʘ? ʅʘʟʦʚʠʪʝ ʤʝʭʘʥʠʟʤʳ 

ʪʝʨʤʦʨʝʛʫʣʷʮʠʠ ʚ ʢʦʞʝ ʠ ʦʧʠʰʠʪʝ ʠʭ ʧʨʠʥʮʠʧʳ. 

5) ʈʝʮʝʧʪʦʨʳ ʢʦʞʠ ʚʦʩʧʨʠʥʠʤʘʶʪ ʨʘʟʣʠʯʥʳʝ ʨʘʟʜʨʘʞʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʝʧʣʦʚʳʝ ʠ ʭʦʣʦʜʦʚʳʝ. 

ʂʘʢʠʭ ʠʟ ʵʪʠʭ ʜʚʫʭ ʪʠʧʦʚ ʨʝʮʝʧʪʦʨʦʚ ʚ ʢʦʞʝ ʯʝʣʦʚʝʢʘ ʙʦʣʴʰʝ? ʇʦʯʝʤʫ? 

6) ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʦ ʥʘʨʫʰʝʥʠʝ ʧʠʛʤʝʥʪʘʮʠʠ ʢʦʞʠ ʯʝʣʦʚʝʢʘ. 

 
ʂʘʢ ʥʘʟʳʚʘʝʪʩʷ ʵʪʦ ʥʘʨʫʰʝʥʠʝ? ɺʳʨʘʙʦʪʢʘ ʢʘʢʦʛʦ ʧʠʛʤʝʥʪʘ ʠ ʢʘʢʠʤʠ ʢʣʝʪʢʘʤʠ ʢʦʞʠ 

ʥʘʨʫʰʝʥʘ? 

7) ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʚ ʢʦʞʝ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʚʠʪʘʤʠʥ. ʂʘʢʦʡ ɻ ʪʦ ʚʠʪʘʤʠʥ? ʇʨʠ 

ʢʘʢʦʡ ʜʣʠʥʝ ʚʦʣʥ ʦʥ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ? 



 

 

8) ʇʨʠ ʦʞʦʛʘʭ, ʜʣʷ ʙʳʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʱʘʜʠ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʢʦʞʥʦʛʦ ʧʦʢʨʦʚʘ 
ʠʩʧʦʣʴʟʫʶʪ çʧʨʘʚʠʣʦ ʜʝʚʷʪʦʢè. ɺ ʯʝʤ ʦʥʦ ʟʘʢʣʶʯʘʝʪʩʷ? ʇʣʦʱʘʜʴ ʢʘʢʦʛʦ ʘʥʘʪʦʤʠʯʝʩʢʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʚʥʘ 1% ʧʣʦʱʘʜʠ ʢʦʞʥʦʛʦ ʧʦʢʨʦʚʘ? 

9) ɺʦ ʤʥʦʛʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʨʘʩ ʯʝʣʦʚʝʢʘ, ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʪʝ 

ʠʣʠ ʠʥʳʝ ʨʘʩʳ, ʷʚʣʷʝʪʩʷ ʮʚʝʪ (ʦʪʪʝʥʦʢ) ʢʦʞʠ. ʅʘʧʨʠʤʝʨ, ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʗ.ʗ. ʈʦʛʠʥʩʢʦʛʦ 

ʠ ʄ.ɻ. ʃʝʚʠʥʘ ʚʳʜʝʣʷʶʪ 3 ʙʦʣʴʰʠʝ ʨʘʩʳ ï ʵʢʚʘʪʦʨʠʘʣʴʥʘʷ (ʘʚʩʪʨʘʣʦ-ʥʝʛʨʦʠʜʥʘʷ), 

ʝʚʨʘʟʠʡʩʢʘʷ (ʝʚʨʦʧʝʦʠʜʥʘʷ), ʘʟʠʘʪʩʢʦ-ʘʤʝʨʠʢʘʥʩʢʘʷ (ʤʦʥʛʦʣʦʠʜʥʘʷ). ʇʨʠ ʵʪʦʤ, ʮʚʝʪ 

(ʦʪʪʝʥʦʢ) ʢʦʞʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʠʟʥʘʢʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʳ, ʚʚʠʜʫ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʦʞʫ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʤʝʥʷʶʱʠʭ ʮʚʝʪ (ʦʪʪʝʥʦʢ) ʢʦʞʠ. ʅʘʟʦʚʠʪʝ 

ʩʘʤʳʡ ʯʘʩʪʳʡ ʬʘʢʪʦʨ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʚʣʠʷʶʱʠʡ ʥʘ ʮʚʝʪ (ʦʪʪʝʥʦʢ) ʢʦʞʠ ʠ ʭʘʨʘʢʪʝʨ ʝʛʦ 

ʚʣʠʷʥʠʷ? ʂʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʩ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʮʚʝʪ (ʦʪʪʝʥʦʢ) ʢʦʞʠ ʙʝʟ 

ʜʝʡʩʪʚʠʷ ʵʪʦʛʦ ʬʘʢʪʦʨʘ? 

10) ʉʫʱʝʩʪʚʫʶʪ ʥʘʩʣʝʜʩʪʚʝʥʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʢʦʞʠ (ʥʘʧʨʠʤʝʨ, ʠʭʪʠʦʟ), ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ 
ʠʟʙʳʪʦʯʥʳʤ ʦʨʦʛʦʚʝʥʠʝʤ ʢʦʞʠ. ɺ ʢʘʢʦʤ ʩʣʦʝ ʢʦʞʠ ʧʨʦʠʩʭʦʜʷʪ ʥʘʨʫʰʝʥʠʷ? ʂʘʢʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʢʣʝʪʦʯʥʳʡ ʤʝʭʘʥʠʟʤ ʨʘʟʚʠʪʠʷ ʵʪʠʭ ʥʘʨʫʰʝʥʠʡ? 

 

ʆʪʚʝʪʳ: 

1. ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥ ʤʥʦʛʦʩʣʦʡʥʳʡ ʧʣʦʩʢʠʡ ʦʨʦʛʦʚʝʚʘʶʱʠʡ ʵʧʠʪʝʣʠʡ. (1 ʙʘʣʣ). ɺ 

ʵʧʠʪʝʣʠʠ ʤʥʦʛʦ ʩʣʦʝʚ ʢʣʝʪʦʢ, ʢʣʝʪʢʠ ʧʣʦʩʢʦʡ ʬʦʨʤʳ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʧʠʪʝʣʠʷ ʨʦʛʦʚʳʡ 

ʩʣʦʡ (ʦʙʦʟʥʘʯʝʥ ʮʠʬʨʦʡ 1). (1 ʙʘʣʣ). 

2. ʎʠʬʨʦʡ 2 ʦʙʦʟʥʘʯʝʥʘ ʙʘʟʘʣʴʥʘʷ ʤʝʤʙʨʘʥʘ ɻ ʧʠʪʝʣʠʷ. (1 ʙʘʣʣ). ɹʘʟʘʣʴʥʘʷ ʤʝʤʙʨʘʥʘ ʦʪʜʝʣʷʝʪ 

ʵʧʠʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʦʪ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʠʞʝ; ʦʨʛʘʥʠʟʫʝʪ 

(ʩʪʨʫʢʪʫʨʠʨʫʝʪ) ʢʣʝʪʢʠ ɻ ʧʠʪʝʣʠʷ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʠ ʨʦʩʪʫ; ʠʟʙʠʨʘʪʝʣʴʥʦ 

ʬʠʣʴʪʨʫʝʪ ʚʝʱʝʩʪʚʘ, ʧʦʩʪʫʧʘʶʱʠʝ ʚ ʵʧʠʪʝʣʠʡ. (1 ʙʘʣʣ ʟʘ 2 ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʘʚʠʣʴʥʦ 

ʬʫʥʢʮʠʠ). 

3. ʆʪʚʝʪ: ʚʦʣʦʩʳ ï ʵʪʦ ʧʨʦʠʟʚʦʜʥʳʝ ʵʧʠʜʝʨʤʠʩʘ. (1 ʙʘʣʣ). ʆʩʥʦʚʥʦʡ ʙʝʣʦʢ ʚʦʣʦʩ ï ʢʝʨʘʪʠʥ 

(ʢʝʨʘʪʠʥʳ). (1 ʙʘʣʣ). 

4. ʀʟʤʝʥʝʥʠʝ ʧʨʦʩʚʝʪʘ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ ʢʦʞʠ (ʢʘʧʠʣʣʷʨʦʚ). ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʩʚʝʪʘ 
ʢʘʧʠʣʣʷʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʝʧʣʦʦʪʜʘʯʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ, ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʩʚʝʪʘ 

ï ʢ ʫʤʝʥʴʰʝʥʠʶ ʪʝʧʣʦʦʪʜʘʯʠ. (1 ʙʘʣʣ). ʈʘʙʦʪʘ ʧʦʪʦʚʳʭ ʞʝʣʝʟ. ʋʚʝʣʠʯʝʥʠʝ ʚʳʨʘʙʦʪʢʠ ʧʦʪʘ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʝʛʦ ʠʩʧʘʨʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʞʠ ʠ ʝʝ ʦʭʣʘʞʜʝʥʠʶ. ʋʤʝʥʴʰʝʥʠʝ 

ʚʳʨʘʙʦʪʢʠ ï ʢ ʫʤʝʥʴʰʝʥʠʶ ʠʩʧʘʨʝʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʶ ʪʝʧʣʦʦʪʜʘʯʠ. (1 ʙʘʣʣ). 

5. ɺ ʢʦʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʭʦʣʦʜʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ, ʯʝʤ ʪʝʧʣʦʚʳʭ. (1 ʙʘʣʣ), ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʵʚʦʣʶʮʠʦʥʥʦ çʪʦʯʥʝʝè ʯʫʚʩʪʚʦʚʘʪʴ ʭʦʣʦʜ ʙʳʣʦ ʚʘʞʥʝʝ, ʯʪʦʙʳ ʥʝ 

ʟʘʤʝʨʟʥʫʪʴ ʠ ʥʝ ʧʦʛʠʙʥʫʪʴ. (1 ʙʘʣʣ). 

6. ɸʣʴʙʠʥʠʟʤ. (1 ʙʘʣʣ). ʇʠʛʤʝʥʪ ï ʤʝʣʘʥʠʥ. ʂʣʝʪʢʠ ï ʤʝʣʘʥʦʮʠʪʳ. (1 ʙʘʣʣ ʟʘ ʜʚʘ ʵʣʝʤʝʥʪʘ 

ʦʪʚʝʪʘ). 

7. ɺʠʪʘʤʠʥ D (D3). (1 ʙʘʣʣ). ʇʨʠ ʜʣʠʥʝ ʚʦʣʥ 290-315 (320) ʥʤ. (1 ʙʘʣʣ). 

8. ʇʣʦʱʘʜʴ ʢʦʞʥʦʛʦ ʧʦʢʨʦʚʘ ʦʜʥʦʡ ʚʝʨʭʥʝʡ ʢʦʥʝʯʥʦʩʪʠ ï 9% ʧʣʦʱʘʜʠ ʢʦʞʥʦʛʦ ʧʦʢʨʦʚʘ ʪʝʣʘ, 

ʦʜʥʦʡ ʥʠʞʥʝʡ ʢʦʥʝʯʥʦʩʪʠ ï 18%, ʛʨʫʜʥʦʡ ʢʣʝʪʢʠ ʩʧʝʨʝʜʠ ʠ ʩʟʘʜʠ ʧʦ 9%, ʞʠʚʦʪʘ ʠ ʧʦʷʩʥʠʮʳ 

ʧʦ 9%, ʛʦʣʦʚʳ ʠ ʰʝʠ 9%, ʧʨʦʤʝʞʥʦʩʪʠ 1%. (1 ʙʘʣʣ). ʇʣʦʱʘʜʴ ʣʘʜʦʥʠ ʨʘʚʥʘ 1% ʧʣʦʱʘʜʠ 

ʢʦʞʥʦʛʦ ʧʦʢʨʦʚʘ ʪʝʣʘ. (1 ʙʘʣʣ). 

9. ʉʦʣʥʝʯʥʳʡ ʩʚʝʪ (ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ) ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʤʥʝʥʠʶ ʢʦʞʠ (ʟʘʛʘʨʫ). (1 

ʙʘʣʣ). ʅʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʮʚʝʪ ʢʦʞʠ ʥʘ ʫʯʘʩʪʢʘʭ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ 

ʩʦʣʥʝʯʥʦʛʦ ʮʚʝʪʘ (ʦʙʣʘʩʪʴ ʧʦʜʤʳʰʝʯʥʦʡ ʚʧʘʜʠʥʳ, ʧʨʦʤʝʞʥʦʩʪʠ ʠ ʜʨ). (1 ʙʘʣʣ). 

10. ʅʘʨʫʰʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʚ ʵʧʠʜʝʨʤʠʩʝ. (1 ʙʘʣʣ). ʇʨʠ ʪʘʢʠʭ ʟʘʙʦʣʝʚʘʥʠʷʭ ʥʘʨʫʰʘʝʪʩʷ 

ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʢʣʝʪʢʠ ʵʧʠʜʝʨʤʠʩʘ, ʦʥʠ ʙʳʩʪʨʝʝ ʠ ʣʝʛʯʝ ʪʝʨʷʶʪ ʤʝʞʢʣʝʪʦʯʥʳʝ ʢʦʥʪʘʢʪʳ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʙʳʪʦʯʥʦʤʫ ʦʨʦʛʦʚʝʥʠʶ. ʇʦʩʢʦʣʴʢʫ ʵʪʦ ʥʘʩʣʝʜʩʪʚʝʥʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ, ʘ 

ʤʝʞʢʣʝʪʦʯʥʳʝ ʢʦʥʪʘʢʪʳ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʙʝʣʢʦʚʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʤʦʣʝʢʫʣʷʨʥʘʷ ʧʨʠʯʠʥʘ ï 

ʵʪʦ ʛʝʥʥʳʝ ʤʫʪʘʮʠʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʠʟʤʝʥʝʥʠʷʤ ʙʝʣʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʝʞʢʣʝʪʦʯʥʳʝ 

ʢʦʥʪʘʢʪʳ ʚ ʵʧʠʜʝʨʤʠʩʝ. (1 ʙʘʣʣ). 



 

 

ɺʦʧʨʦʩ 4 

ʈʘʟʥʦʮʚʝʪʥʳʡ, ʢʘʢ ʧʠʦʥ, 

ʐʸʣ ʧʦ ʧʘʨʢʫ ʧʦʥʠ. 

ʄʫʨʘʚʝʡ ʚʦʩʢʣʠʢʥʫʣ: - ʉʣʦʥ! 

ɺ ʨʦʟʦʚʦʡ ʧʦʧʦʥʝ! 

ʀʨʠʥʘ ɿʫʝʥʢʦʚʘ 

 
ɺ ʠʟʚʝʩʪʥʦʡ ʩʢʘʟʢʝ çɸʣʠʩʘ ʚ ʉʪʨʘʥʝ ʏʫʜʝʩè ʩʘʜʦʚʥʠʢʠ ʙʳʣʠ ʚʳʥʫʞʜʝʥʳ 

ʧʝʨʝʢʨʘʰʠʚʘʪʴ ʙʝʣʳʝ ʨʦʟʳ ʚ ʢʨʘʩʥʳʡ ʮʚʝʪ. ʇʦʭʦʞʠʝ ʜʝʡʩʪʚʠʷ ʚ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ ʠʥʦʛʜʘ 

ʧʨʝʜʧʨʠʥʠʤʘʶʪ ʥʝ ʩʘʜʦʚʦʜʳ, ʘ ʩʢʦʪʦʚʦʜʳ: ʧʝʨʝʢʨʘʰʠʚʘʶʪ ʚ ʜʨʫʛʦʡ ʮʚʝʪ ʩʚʦʠʭ ʞʠʚʦʪʥʳʭ. 

ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʦʥʠ ʧʳʪʘʶʪʩʷ ʟʘʱʠʪʠʪʴ ʠʭ ʦʪ ʜʝʡʩʪʚʠʷ ʨʘʩʪʝʥʠʷ, ʩʧʦʩʦʙʥʦʛʦ ʥʘʥʝʩʪʠ ʚʨʝʜ 

ʦʚʮʘʤ, ʢʦʟʘʤ, ʢʦʨʦʚʘʤ ʠ ʜʨʫʛʠʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʞʠʚʦʪʥʳʤ ʧʨʠ ʝʛʦ ʧʦʝʜʘʥʠʠ. 

ʇʦʧʳʪʘʡʪʝʩʴ ʦʧʨʝʜʝʣʠʪʴ ʦ ʢʘʢʦʤ ʨʘʩʪʝʥʠʠ ʠʜʸʪ ʨʝʯʴ ʠ ʦʪʚʝʪʴʪʝ ʥʘ ʧʨʠʚʝʜʸʥʥʳʝ ʥʠʞʝ 

ʚʦʧʨʦʩʳ. 

1. ʅʘʟʦʚʠʪʝ ʨʫʩʩʢʦʝ ʠ ʣʘʪʠʥʩʢʦʝ ʥʘʟʚʘʥʠʝ ʨʦʜʘ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʥʘʜʣʝʞʠʪ ʜʘʥʥʦʝ ʨʘʩʪʝʥʠʝ. 

2. ʋʢʘʞʠʪʝ ʨʫʩʩʢʦʝ ʠ ʣʘʪʠʥʩʢʦʝ ʥʘʟʚʘʥʠʝ ʩʝʤʝʡʩʪʚʘ, ʢ ʢʦʪʦʨʦʤʫ ʦʪʥʦʩʠʪʩʷ ʜʘʥʥʳʡ ʨʦʜ. 

3. ɾʠʚʦʪʥʳʝ ʢʘʢʦʡ ʤʘʩʪʠ ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʳ ʜʝʡʩʪʚʠʶ? ʆʪ ʯʝʛʦ ʦʥʠ ʩʪʨʘʜʘʣʠ? 

4. ʉ ʢʘʢʠʤ ʚʝʱʝʩʪʚʦʤ ʩʚʷʟʘʥʦ ʧʦʨʘʞʝʥʠʝ ʞʠʚʦʪʥʳʭ? ʂʘʢ ʦʥʦ ʜʝʡʩʪʚʫʝʪ? 

5. ɺ ʢʘʢʦʡ ʮʚʝʪ ʧʝʨʝʢʨʘʰʠʚʘʣʠ ʞʠʚʦʪʥʳʭ? ɺ ʥʝʢʦʪʦʨʳʭ ʩʪʨʘʥʘʭ (ɸʚʩʪʨʘʣʠʠ, ʉʝʚʝʨʥʦʡ 
ɸʤʝʨʠʢʝ, ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ) ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʵʪʦʛʦ ʨʘʩʪʝʥʠʷ ʘʢʪʠʚʥʦ ʙʦʨʦʣʠʩʴ. ʂʘʢʦʡ 

ʤʝʪʦʜ ʙʦʨʴʙʳ ʦʢʘʟʘʣʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ? 

6. ʂʘʢ ʜʘʥʥʦʝ ʨʘʩʪʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʘʫʯʥʦʡ ʤʝʜʠʮʠʥʝ? 

7. ʂʘʢʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ɻ ʪʦ ʨʘʩʪʝʥʠʝ ʧʦʤʠʤʦ ʤʝʜʠʮʠʥʩʢʦʛʦ? 

8. ʆʜʠʥ ʠʟ ʚʠʜʦʚ ʜʘʥʥʦʛʦ ʨʘʩʪʝʥʠʷ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʚ ʩʨʝʜʥʝʡ ʧʦʣʦʩʝ ʈʦʩʩʠʠ, 
ʧʦʣʫʯʠʣ ʩʚʦʸ ʥʘʟʚʘʥʠʝ ʟʘ ʦʩʦʙʝʥʥʦʩʪʴ ʩʪʨʦʝʥʠʷ ʣʠʩʪʴʝʚ. ʅʘʟʦʚʠʪʝ ʵʪʦʪ ʚʠʜ ʠ ʦʙʲʷʩʥʠʪʝ ʩ 

ʯʝʤ ʩʚʷʟʘʥʦ ʝʛʦ ʥʘʟʚʘʥʠʝ. 

9. ɺ ʢʘʢʠʭ ʤʝʩʪʦʦʙʠʪʘʥʠʷʭ ʚ ʩʨʝʜʥʝʡ ʧʦʣʦʩʝ ʈʦʩʩʠʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʵʪʦ 

ʨʘʩʪʝʥʠʝ? ʅʘʟʦʚʠʪʝ ʝʛʦ ʧʣʦʜ. 



 

 

10. ʂʘʢʦʝ ʝʱʸ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʝ ʨʘʩʪʝʥʠʝ, ʷʚʣʷʶʱʝʝʩʷ ʠʥʚʘʟʠʚʥʳʤʠ ʚʠʜʦʤ, ʠʟ 
ʜʨʫʛʦʛʦ ʩʝʤʝʡʩʪʚʘ ʦʙʣʘʜʘʝʪ ʧʦʜʦʙʥʳʤ ʜʝʡʩʪʚʠʝʤ ʠ ʩʧʦʩʦʙʥʦ ʧʨʠʥʝʩʪʠ ʩʝʨʴʸʟʥʳʡ ʚʨʝʜ 

ʯʝʣʦʚʝʢʫ? ʅʘʟʦʚʠʪʝ ʪʘʢʞʝ ʝʛʦ ʩʝʤʝʡʩʪʚʦ. 

 

ʆʪʚʝʪʳ: 

1. ʈʦʜ ɿʚʝʨʦʙʦʡ (1 ʙʘʣʣ); Hypericum (1 ʙʘʣʣ). 

2. ʉʝʤʝʡʩʪʚʦ ɿʚʝʨʦʙʦʡʥʳʝ (1 ʙʘʣʣ); Hypericaceae (1 ʙʘʣʣ). 

3. ʉʪʨʘʜʘʶʪ ʞʠʚʦʪʥʳʝ ʙʝʣʦʡ ʤʘʩʪʠ ʠʣʠ ʩ ʙʝʣʳʤʠ ʦʪʤʝʪʠʥʘʤʠ (1 ʙʘʣʣ). ʋ ʪʘʢʠʭ ʞʠʚʦʪʥʳʭ 

ʧʨʠ ʧʦʝʜʘʥʠʠ ʟʚʝʨʦʙʦʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʭ ʣʫʯʝʡ ʥʘʙʣʶʜʘʶʪʩʷ ʜʝʨʤʘʪʠʪʳ, 

ʦʞʦʛʠ, ʪʨʫʜʥʦʟʘʞʠʚʘʶʱʠʝ ʷʟʚʳ, ʩʪʦʤʘʪʠʪʳ, ʚʦʩʧʘʣʝʥʠʷ ʣʠʤʬʘʪʠʯʝʩʢʠʭ ʞʝʣʸʟ (1 ʙʘʣʣ ʟʘ 

ʣʶʙʦʡ ʩʠʤʧʪʦʤ ʠʟ ʩʧʠʩʢʘ). 

4. ɺʝʱʝʩʪʚʦ, ʷʚʣʷʶʱʝʝʩʷ ʧʨʠʯʠʥʦʡ ʪʘʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, - ʧʠʛʤʝʥʪ ʛʠʧʝʨʠʮʠʥ (1 ʙʘʣʣ). ʕʪʦ 

ʚʝʱʝʩʪʚʦ ʧʦʚʳʰʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʥʝʧʠʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʢʦʞʠ ʢ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʣʫʯʘʤ (1 ʙʘʣʣ). 

5. ɹʝʣʳʭ ʠ ʧʷʪʥʠʩʪʳʭ ʞʠʚʦʪʥʳʭ ʧʨʠʭʦʜʠʣʦʩʴ ʧʝʨʝʢʨʘʰʠʚʘʪʴ ʚ ʯʸʨʥʳʡ ʮʚʝʪ (1 ʙʘʣʣ). 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʦʢʘʟʘʣʩʷ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ ʙʦʨʴʙʳ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʚʠʜʦʚ ʞʫʢʦʚ-ʬʠʪʦʬʘʛʦʚ (1 ʙʘʣʣ). 

6. ʅʘʫʯʥʘʷ ʤʝʜʠʮʠʥʘ ʧʨʝʜʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʚʘʨ ʪʨʘʚʳ ʟʚʝʨʦʙʦʷ ʢʘʢ ʚʷʞʫʱʝʝ, 
ʜʝʟʠʥʬʠʮʠʨʫʶʱʝʝ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ ʩʨʝʜʩʪʚʦ. ɿʚʝʨʦʙʦʡʥʦʝ ʤʘʩʣʦ ʦʙʣʘʜʘʝʪ 

ʨʘʥʦʟʘʞʠʚʣʷʶʱʠʤ ʜʝʡʩʪʚʠʝʤ. ʇʨʝʧʘʨʘʪʳ ʠʤʘʥʠʥ ʠ ʥʦʚʦʠʤʘʥʠʥ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʣʝʯʝʥʠʷ 

ʦʞʦʛʦʚ, ʦʙʤʦʨʦʞʝʥʠʡ ʠ ʜʣʠʪʝʣʴʥʦ ʥʝʟʘʞʠʚʘʶʱʠʭ ʨʘʥ (1 ʙʘʣʣ ï ʟʘ ʫʧʦʤʠʥʘʥʠʝ ʦʜʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʠʟ ʩʧʠʩʢʘ; 2 ʙʘʣʣʘ ï ʟʘ ʜʚʘ ʠ ʙʦʣʝʝ). 

7. ɿʚʝʨʦʙʦʡ ʩʦʜʝʨʞʠʪ ʜʫʙʠʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʜʫʙʣʝʥʠʷ ʢʦʞ (1 

ʙʘʣʣ). ɿʚʝʨʦʙʦʡ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʢʨʘʩʠʪʝʣʝʤ ʜʣʷ ʦʢʨʘʰʠʚʘʥʠʷ ʪʢʘʥʝʡ, ʰʝʨʩʪʠ ʠ ʜʨʫʛʠʭ 

ʤʘʪʝʨʠʘʣʦʚ (1 ʙʘʣʣ). 

8. ɿʚʝʨʦʙʦʡ ʧʨʦʜʳʨʷʚʣʝʥʥʳʡ (1 ʙʘʣʣ). ʇʦʣʫʯʠʣ ʩʚʦʸ ʥʘʟʚʘʥʠʝ ʟʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʵʬʠʨʦ-

ʤʘʩʣʠʯʥʳʝ ʞʝʣʸʟʢʠ ʚ ʣʠʩʪʴʷʭ, ʚʳʛʣʷʜʷʱʠʝ ʢʘʢ ʩʢʚʦʟʥʳʝ ʦʪʚʝʨʩʪʠʷ ʧʨʠ ʨʘʩʩʤʘʪʨʠʚʘʥʠʠ 

ʣʠʩʪʘ ʥʘ ʧʨʦʩʚʝʪ (1 ʙʘʣʣ). 

9. ɿʚʝʨʦʙʦʡ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʥʘ ʩʫʭʠʭ ʣʫʛʘʭ, ʣʝʩʥʳʭ ʦʧʫʰʢʘʭ ʠ ʧʦʣʷʥʘʭ (1 ʙʘʣʣ). 

ʇʣʦʜ ï ʧʨʦʜʦʣʛʦʚʘʪʦ-ʷʡʮʝʚʠʜʥʳʝ ʢʦʨʠʯʥʝʚʳʝ ʢʦʨʦʙʦʯʢʠ (1 ʙʘʣʣ). 

10. ɹʦʨʱʝʚʠʢ ʉʦʩʥʦʚʩʢʦʛʦ ʩʦʜʝʨʞʠʪ ʬʫʨʘʥʦʢʫʤʘʨʠʥʳ, ʚʳʟʳʚʘʶʱʠʝ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʢʦʞʝʡ 

ʯʝʣʦʚʝʢʘ ʠ ʜʝʡʩʪʚʠʠ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʬʦʪʦʭʠʤʠʯʝʩʢʦʝ ʧʦʨʘʞʝʥʠʝ (1 ʙʘʣʣ). ɹʦʨʱʝʚʠʢ 

ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʩʝʤʝʡʩʪʚʫ ʉʝʣʴʜʝʨʝʡʥʳʝ (ɿʦʥʪʠʯʥʳʝ) (1 ʙʘʣʣ). 
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ʆʜʠʥ ʠʟ ʇʝʪʴʢʠʥʳʭ ʩʪʘʨʰʠʭ ʙʨʘʪʴʝʚ ʙʳʣ ʫʞʝ ʪʘʢʦʡ ʩʪʘʨʰʠʡ, ʯʪʦ ʜʘʞʝ ʭʦʜʠʣ ʥʘ 

ʨʘʙʦʪʫ. ɹʨʘʪ ʨʘʙʦʪʘʣ ʥʘ ʤʦʣʦʢʦʟʘʚʦʜʝ ï ʦʥ ʚʤʝʩʪʝ ʩ ʜʨʫʛʠʤʠ ʤʠʢʨʦʙʘʤʠ ʩʠʜʝʣ ʚ 

ʙʦʣʴʰʦʤ ʢʦʪʣʝ ʠ ʜʝʣʘʣ ʠʟ ʤʦʣʦʢʘ ʧʨʦʩʪʦʢʚʘʰʫ. 

ɻ.ɹ. ʆʩʪʝʨ. ʇʝʪʴʢʘ-ʤʠʢʨʦʙ 

 

ɺ ʤʝʜʠʮʠʥʩʢʦʡ ʠ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʨʫʪʠʥʥʘʷ ʟʘʜʘʯʘ ʤʠʢʨʦʙʠʦʣʦʛʦʚ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ʙʘʢʪʝʨʠʡ ʠ ʛʨʠʙʦʚ) ʚ ʩʳʨʴʝ ʠ 

ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. ʊʘʢ ʥʘ ʚʩʝʭ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʚʝʜʝʪʩʷ ʫʯʸʪ ʂʄɸʌɸʥʄ 

(ʢʦʣʠʯʝʩʪʚʘ ʤʝʟʦʬʠʣʴʥʳʭ ʘʵʨʦʙʥʳʭ ʠ ʬʘʢʫʣʴʪʘʪʠʚʥʦ ʘʥʘʵʨʦʙʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ), ʵʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ ʦʪʨʘʞʘʝʪ ʦʙʱʫʶ ʦʙʩʝʤʝʥʝʥʥʦʩʪʴ ʙʘʢʪʝʨʠʷʤʠ ʧʨʦʜʫʢʪʦʚ (ʠʣʠ ʩʳʨʴʷ). ɽʛʦ ʥʠʟʢʠʝ 

ʟʥʘʯʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʢʮʠʠ ʠ ʩʦʙʣʶʜʝʥʠʠ ʩʘʥʠʪʘʨʥʳʭ ʥʦʨʤ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝ. ʂʄɸʌɸʥʄ ʠʟʤʝʨʷʝʪʩʷ ʚ ʂʆɽ\ʛ ʠʣʠ ʂʆɽ\ʤʣ. ʂʆɽ - ʢʦʣʦʥʠʝʦʙʨʘʟʫʶʱʠʝ 

ʝʜʠʥʠʮʳ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʘ ʪʚʸʨʜʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʦʜʥʘ ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʢʣʝʪʢʘ ʦʙʨʘʟʫʝʪ 

ʦʜʥʫ ʢʦʣʦʥʠʶ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʝʩʣʠ ʚ ʦʙʨʘʟʮʝ ʙʳʣʦ ʦʢʦʣʦ 1000 ʢʣʝʪʦʢ ʚ 1 ʤʣ (ʠʣʠ 

ʛʨʘʤʤʝ) ʦʙʨʘʟʮʘ, ʪʦ ʧʨʠ ʧʦʩʝʚʝ ʥʘ ʪʚʝʨʜʫʶ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ 100 ʤʢʣ (0,1 ʤʣ) ʦʙʨʘʟʮʘ 

ʤʦʞʝʪ ʚʳʨʘʩʪʠ 95, 100, 110 ʢʦʣʦʥʠʡ. ʇʦʩʝʷʚ 100 ʤʢʣ ʠʟ ʧʝʨʚʦʛʦ ʜʝʩʷʪʠʢʨʘʪʥʦʛʦ ʨʘʟʚʝʜʝʥʠʷ 

ʪʦʛʦ ʞʝ ʦʙʨʘʟʮʘ ʤʦʞʝʪ ʚʳʨʘʩʪʠ ʦʢʦʣʦ 8, 10, 13 ʢʦʣʦʥʠʡ. ʀ ʢʦʣʠʯʝʩʪʚʦ ʢʣʝʪʦʢ ʙʫʜʝʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʫʯʝʪʦʤ ʨʘʟʚʝʜʝʥʠʷ: 

(95*10+100*10+110*10 + 8*100+10*100+13*100):6. ʀ ʙʫʜʝʪ ʨʘʚʥʦ 1025 ʢʣʝʪʦʢ ʥʘ ʤʣ, 

ʠʣʠ 1,03 * 103 ʂʆɽ/ʤʣ. 

 
ʈʠʩʫʥʦʢ 1. ʇʨʠʥʮʠʧ ʫʯʝʪʘ ʢʣʝʪʦʢ ʩ ʧʦʤʦʱʴʶ ʩʝʨʠʠ ʜʝʩʷʪʠʢʨʘʪʥʳʭ ʨʘʟʚʝʜʝʥʠʡ 

ʊʘʢʞʝ ʚ ʂʆɽ/ʤʣ ʠʣʠ ʂʆɽ/ʛ ʦʧʨʝʜʝʣʷʶʪ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʝʟʥʳʭ ʙʘʢʪʝʨʠʡ ʚ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʘʭ, ʚ ʤʦʣʦʯʥʦʢʠʩʣʳʭ ʧʨʦʜʫʢʪʘʭ. ʊʫʪ ʥʘʦʙʦʨʦʪ 

ʚʘʞʥʦ, ʯʪʦʙʳ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʙʳʣ ʚʳʩʦʢʠʤ. ɺʝʜʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʙʠʦʪʠʢʦʚ ʥʘʧʨʠʤʝʨ ʣʝʯʘʪ 

ʜʠʩʙʘʢʪʝʨʠʦʟ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʘʥʪʠʙʠʦʪʠʢʦʚ. 

 

ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʝʧʘʨʘʪʘ ʍ ʩ ʙʘʢʪʝʨʠʝʡ ʋ ʙʳʣ ʧʨʝʜʦʩʪʘʚʣʝʥ ʦʙʨʘʟʝʮ ʧʨʝʧʘʨʘʪʘ. 

ʉʪʫʜʝʥʪ ʧʨʦʚʝʣ ʩʝʨʠʶ ʜʝʩʷʪʠʢʨʘʪʥʳʭ ʨʘʟʚʝʜʝʥʠʡ ʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʠ ʧʦʩʝʷʣ ʥʘ ʯʘʰʢʠ ʇʝʪʨʠ 

ʩ ʪʚʸʨʜʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʦʡ 100 ʤʢʣ ʠʟ 5, 5 ʠ 6 ʨʘʟʚʝʜʝʥʠʡ ʚ ʜʚʫʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. ʅʘ ʚʩʝʭ 

6 ʯʘʰʢʘʭ ʇʝʪʨʠ ʚʳʨʦʩʣʠ ʜʚʘ ʪʠʧʘ ʢʦʣʦʥʠʡ (ʨʠʩ. 2, ʨʘʟʤʝʨʳ ʩʦʭʨʘʥʝʥʳ): 1 ʪʠʧ - ʢʨʫʧʥʳʝ 

ʢʦʣʦʥʠʠ ʩ ʚʦʣʥʠʩʪʳʤʠ ʢʨʘʷʤʠ, 2 ʪʠʧ - ʤʝʣʢʠʝ ʢʦʣʦʥʠʠ ʩ ʨʦʚʥʳʤ ʢʨʘʝʤ. 



 

 

 

ʈʠʩʫʥʦʢ 2. ʇʨʠʤʝʨʳ ʢʦʣʦʥʠʡ, ʚʳʨʦʩʰʠʭ ʥʘ ʘʛʘʨʠʟʦʚʘʥʥʦʡ ʙʦʛʘʪʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ 

BHI. 

 

ɹʳʣ ʧʨʦʚʝʜʸʥ ʫʯʸʪ ʚʳʨʦʩʰʠʭ ʢʦʣʦʥʠʡ ʥʘ ʚʩʝʭ ʯʘʰʢʘ ʇʝʪʨʠ (ʩʤʦʪʨʠ ʪʘʙʣ. 1). 

 

ʊʘʙʣʠʮʘ 1. ʋʯʸʪ ʚʳʨʦʩʰʠʭ ʢʦʣʦʥʠʡ ʧʨʠ ʧʦʩʝʚʝ 100 ʤʢʣ ʠʟ ʩʝʨʠʠ ʜʝʩʷʪʠʢʨʘʪʥʳʭ 

ʨʘʟʚʝʜʝʥʠʡ. 

ʊʠʧ 

ʢʦʣʦʥʠʡ 

4-ʝ 

ʜʝʩʷʪʠʢʨʘʪʥʦʝ ʨʘʟʚʝʜʝʥʠʝ 

5-ʝ ʜʝʩʷʪʠʢʨʘʪʥʦʝ 

ʨʘʟʚʝʜʝʥʠʝ 

6-ʝ ʜʝʩʷʪʠʢʨʘʪʥʦʝ 

ʨʘʟʚʝʜʝʥʠʝ 

1 ʪʠʧ 

ʢʦʣʦʥʠʠ 

4 ʢʦʣʦʥʠʠ 5 ʢʦʣʦʥʠʡ 7 ʢʦʣʦʥʠʡ 

5 ʢʦʣʦʥʠʡ 8 ʢʦʣʦʥʠʡ 5 ʢʦʣʦʥʠʡ 

2 ʪʠʧ 

ʢʦʣʦʥʠʠ 

ɹʦʣʴʰʝ 1000 ʢʦʣʦʥʠʡ 223 ʢʦʣʦʥʠʠ 17 ʢʦʣʦʥʠʡ 

ɹʦʣʴʰʝ 1000 ʢʦʣʦʥʠʡ 189 ʢʦʣʦʥʠʡ 20 ʢʦʣʦʥʠʡ 

 

ɿʘʪʝʤ ʩʪʫʜʝʥʪ ʧʨʦʚʸʣ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʦʢʨʘʰʠʚʘʥʠʷ ʢʣʝʪʦʢ ʦʙʦʠʭ ʪʠʧʦʚ ʢʦʣʦʥʠʡ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʙʘʢʪʝʨʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

 

ʊʠʧ 

ʢʦʣʦʥʠʡ 

ʆʢʨʘʩʢʘ ʧʦ ɻʨʘʤʫ ʆʢʨʘʩʢʘ ʧʦ 

ʇʝʰʢʦʚʫ 

ʆʢʨʘʩʢʘ ʧʦ ʤʝʪʦʜʫ 

ɹʫʨʨʠ-ɻʠʥʩʘ 

1 ʪʠʧ 

ʢʦʣʦʥʠʠ 

ʌʠʦʣʝʪʦʚʳʝ ʢʨʫʧʥʳʝ ʧʘʣʦʯʢʠ 

ʩ ʦʙʨʫʙʣʝʥʥʳʤʠ ʢʦʥʮʘʤʠ, 

ʦʜʠʥʦʯʥʳʝ ʠ ʩʦʙʨʘʥʥʳʝ ʚ 

ʮʝʧʦʯʢʠ 

ʈʦʟʦʚʳʝ ʢʣʝʪʢʠ 

ʚ ʮʝʥʪʨʝ ʩʠʥʷʷ 

ʦʚʘʣʴʥʘʷ 

ʩʪʨʫʢʪʫʨʘ 

ʈʦʟʦʚʳʝ ʢʣʝʪʢʠ ʥʘ 

ʪʸʤʥʦʤ ʬʦʥʝ 

2 ʪʠʧ 

ʢʦʣʦʥʠʠ 

ʈʦʟʦʚʳʝ ʤʝʣʢʠʝ ʦʜʠʥʦʯʥʳʝ 

ʧʘʣʦʯʢʠ ʩ ʦʢʨʫʛʣʳʤʠ ʢʦʥʮʘʤʠ 

ʈʦʟʦʚʳʝ ʢʣʝʪʢʠ ʅʘ ʪʝʤʥʦʤ ʬʦʥʝ 

ʨʦʟʦʚʳʝ ʢʣʝʪʢʠ, 

ʦʢʨʫʞʸʥʥʳʝ 

ʧʨʦʟʨʘʯʥʦʡ 

ʦʙʦʣʦʯʢʦʡ 

 

ʇʦʩʣʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʝʩʪʦʚ, ʩʪʫʜʝʥʪ ʦʧʨʝʜʝʣʠʣ, ʯʪʦ ʵʪʦ ʩʝʥʥʘʷ ʠ ʢʠʰʝʯʥʘʷ ʧʘʣʦʯʢʠ. 

1) ʅʘʟʦʚʠʪʝ ʣʘʪʠʥʩʢʦʝ ʚʠʜʦʚʦʝ ʥʘʟʚʘʥʠʝ ʧʘʣʦʯʝʢ ʠ ʩʦʦʪʥʝʩʠʪʝ ʠʭ ʩ ʪʠʧʦʤ ʢʦʣʦʥʠʡ. 

2) ʆʙʲʷʩʥʠʪʝ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʣʠʯʠʷ ʢʘʢʠʭ ʢʣʝʪʦʯʥʳʭ ʩʪʨʫʢʪʫʨ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʆʢʨʘʩʢʠ ʧʦ ʇʝʰʢʦʚʫ. ʀ ʫ ʢʘʢʦʡ ʧʘʣʦʯʢʠ ʠʭ ʤʦʞʥʦ ʙʳʣʦ ʫʚʠʜʝʪʴ. 

3) ʏʝʤ ʦʪʣʠʯʘʶʪʩʷ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʝ ʙʘʢʪʝʨʠʠ. ʂʘʢ ʦʥʠ 

ʦʢʨʘʰʠʚʘʶʪʩʷ ʧʦ ɻʨʘʤʫ. 



 

 

4) ʆʧʨʝʜʝʣʠʪʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʝʪʦʢ, ʦʙʨʘʟʫʶʱʠʭ ʚʪʦʨʦʡ ʪʠʧ ʢʦʣʦʥʠʡ, ʚ ʠʩʭʦʜʥʦʤ ʦʙʨʘʟʮʝ. 

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦʣʦʥʠʡ ʥʘ ʏʘʰʢʘʭ ʩ ʋʏɪʊʆʄ 

ʨʘʟʚʝʜʝʥʠʷ. 

5) ʇʦ ʢʘʢʠʤ ʧʨʠʯʠʥʘʤ ʯʠʩʣʦ ʢʦʣʦʥʠʡ ʧʝʨʚʦʛʦ ʪʠʧʘ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʧʨʠ ʧʦʩʝʚʝ ʨʘʟʥʳʭ 

ʨʘʟʚʝʜʝʥʠʡ. ʅʘʟʦʚʠʪʝ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʘ. 

6) ɽʩʣʠ ʪʝʩʪʠʨʫʝʤʳʤ ʦʙʨʘʟʮʦʤ ʙʳʣʦ ʤʦʣʦʢʦ, ʤʦʞʥʦ ʣʠ ʝʛʦ ʫʧʦʪʨʝʙʣʷʪʴ ʚ ʧʠʱʫ ʠ ʧʦʯʝʤʫ. 

7) ʂʘʢʘʷ ʠʟ ɻ ʪʠʭ ʧʘʣʦʯʝʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʞʝʥʝʨʠʠ ʠ ʜʣʷ ʢʘʢʠʭ ʮʝʣʝʡ. 

8) ʂʘʢʘʷ ʠʟ ʧʘʣʦʯʝʢ ʦʪʥʦʩʠʪʩʷ ʢ ʪʨʘʥʟʠʪʦʨʥʦʡ ʤʠʢʨʦʬʣʦʨʝ ʢʠʰʝʯʥʠʢʘ ʯʝʣʦʚʝʢʘ, ʠ ʯʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʵʪʦʛʦ ʪʠʧʘ ʬʣʦʨʳ ʢʠʰʝʯʥʠʢʘ. 

9) ʂʘʢʘʷ ʠʟ ʧʘʣʦʯʝʢ ʦʪʥʦʩʠʪʩʷ ʢ ʥʦʨʤʘʣʴʥʦʡ ʤʠʢʨʦʬʣʦʨʝ ʢʠʰʝʯʥʠʢʘ ʯʝʣʦʚʝʢʘ ʠ ʢʘʢʫʶ 

ʬʫʥʢʮʠʶ ʦʥʘ ʚʳʧʦʣʥʷʝʪ. 

10) ʂʘʢʘʷ ʠʟ ʧʘʣʦʯʝʢ ʦʪʥʦʩʠʪʩʷ ʢ ʫʩʣʦʚʥʦ ʧʘʪʦʛʝʥʥʦʡ ʤʠʢʨʦʬʣʦʨʝ ʢʠʰʝʯʥʠʢʘ ʯʝʣʦʚʝʢʘ ʠ 

ʢʘʢʠʝ ʬʘʢʪʦʨʳ ʧʘʪʦʛʝʥʥʦʩʪʠ ʫ ʥʝʝ ʝʩʪʴ, ʥʘʟʦʚʠʪʝ ʭʦʪʷ ʙʳ ʜʚʘ ʠʟ ʥʠʭ. 

 

ʆʪʚʝʪʳ: 

1) ʉʝʥʥʘʷ ʧʘʣʦʯʢʘ - 1 ʪʠʧ ʢʦʣʦʥʠʡ - Bacillus subtilis. ʂʠʰʝʯʥʘʷ ʧʘʣʦʯʢʘ - ʚʪʦʨʦʡ ʪʠʧ 

ʢʦʣʦʥʠʡ - Escherichia coli (1 ʙʘʣʣ ʧʨʘʚʠʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʣʦʥʠʠ ʠ ʚʠʜʘ ʧʘʣʦʯʢʠ, 2 

ʙʘʣʣʘ ʝʩʣʠ ʝʱʝ ʥʘʟʚʘʥʳ ʚʝʨʥʳʝ ʣʘʪʠʥʩʢʠʝ ʚʠʜʦʚʳʝ ʥʘʟʚʘʥʠʷ). 

ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʦʪʚʝʪʘʭ (2-10) ʜʦʧʫʩʢʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʠʥʦʥʠʤʳ: 
ʢʠʰʝʯʥʘʷ ʧʘʣʦʯʢʘ - Escherichia coli - E. coli 
ʩʝʥʥʘʷ ʧʘʣʦʯʢʘ - Bacillus subtilis - B. subtilis 

2) ʆʢʨʘʩʢʘ ʧʦ ʇʝʰʢʦʚʫ - ʧʦʟʚʦʣʷʝʪ ʫʚʠʜʝʪʴ ʵʥʜʦʩʧʦʨʳ ʚʥʫʪʨʠ ʙʘʢʪʝʨʠʠ. ʉʧʦʨʳ 

ʦʢʨʘʰʠʚʘʶʪʩʷ ʚ ʛʦʣʫʙʦʚʘʪʦ-ʩʠʥʠʡ ʮʚʝʪ, ʢʣʝʪʢʠ ʚ ʨʦʟʦʚʳʡ. ʂʠʰʝʯʥʘʷ ʧʘʣʦʯʢʘ - 

ʥʝʩʧʦʨʦʦʙʨʘʟʫʶʱʘʷ, ʩʝʥʥʘʷ ʧʘʣʦʯʢʘ ʠʤʝʝʪ ʵʥʜʦʩʧʦʨʳ (1 ʙʘʣʣ ʥʘʟʚʘʥʘ ʩʪʨʫʢʪʫʨʘ, 

ʢʦʪʦʨʘʷ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʢʨʘʰʠʚʘʥʠʷ, 2 ʙʘʣʣʘ ʝʩʣʠ 

ʪʘʢʞʝ ʫʢʘʟʘʥʦ ʫ ʢʘʢʦʛʦ ʚʠʜʘ ʙʘʢʪʝʨʠʠ ʵʪʠ ʩʪʨʫʢʪʫʨʳ ʚʠʜʥʳ). 

3) ɻʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʝ ʙʘʢʪʝʨʠʠ ʦʪʣʠʯʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʩʪʨʦʝʥʠʷ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ (1 ʙʘʣʣ). ɻʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʣʝʪʢʠ ʬʠʦʣʝʪʦʚʳʝ, 

ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʝ - ʨʦʟʦʚʳʝ (1 ʙʘʣʣ). 

4) 1,95*107 ʂʆɽ/ʤʣ 19500000 ʂʆɽ/ʤʣ. (1 ʙʘʣʣ ʦʰʠʙʢʘ ʚ ʧʦʨʷʜʢʝ, 2 ʙʘʣʣʘ - ʚʝʨʥʦ 

ʧʦʣʫʯʝʥʥʦʝ ʩʨʝʜʥʝʝ ʠ ʧʦʨʷʜʦʢ). 

5) ʉʝʥʥʦʡ ʧʘʣʦʯʢʦʡ ʟʘʛʨʷʟʥʝʥʘ ʪʚʸʨʜʘʷ ʧʠʪʘʪʝʣʴʥʘʷ ʩʨʝʜʘ (1 ʙʘʣʣ) ʠʣʠ ʨʘʩʪʚʦʨ, ʚ ʢʦʪʦʨʦʤ 

ʧʨʦʚʦʜʠʣʠ ʩʝʨʠʶ ʨʘʟʚʝʜʝʥʠʡ (1 ʙʘʣʣ). 

6) ʅʝʣʴʟʷ (1 ʙʘʣʣ), ʪʘʢ ʢʘʢ ʢʠʰʝʯʥʘʷ ʧʘʣʦʯʢʘ ʚʳʟʳʚʘʝʪ ɻ ʰʝʨʠʭʠʦʟ/ʢʠʰʝʯʥʫʶ 

ʠʥʬʝʢʮʠʶ/ʜʠʘʨʝʶ (1 ʙʘʣʣ). 

7) ʆʙʝ, ʠ ʩʝʥʥʘʷ, ʠ ʢʠʰʝʯʥʘʷ, ʧʘʣʦʯʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʞʝʥʝʨʠʠ (1 ʙʘʣʣ) ʚ 

ʚʠʜʝ ʢʦʤʧʝʪʝʥʪʥʳʭ ʢʣʝʪʦʢ ʜʣʷ ʢʣʦʥʠʨʦʚʘʥʠʷ ʛʝʥʦʚ (1 ʙʘʣʣ). 

8) Bacillus subtilis ʦʪʥʦʩʠʪʩʷ ʢ ʪʨʘʥʟʠʪʦʨʥʦʡ ʤʠʢʨʦʬʣʦʨʝ ʢʠʰʝʯʥʠʢʘ ʯʝʣʦʚʝʢʘ (1 ʙʘʣʣ), 

ʙʘʢʪʝʨʠʠ ʵʪʦʡ ʛʨʫʧʧʳ ʥʝ ʢʦʣʦʥʠʟʠʨʫʶʪ ʢʠʰʝʯʥʠʢ (1 ʙʘʣʣ). 

9) Escherichia coli ʦʪʥʦʩʠʪʩʷ ʢ ʥʦʨʤʘʣʴʥʦʡ ʤʠʢʨʦʬʣʦʨʝ ʢʠʰʝʯʥʠʢʘ ʯʝʣʦʚʝʢʘ (1 ʙʘʣʣ). 

ʉʠʥʪʝʟʠʨʫʝʪ ʚʠʪʘʤʠʥ ʂ, ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ ʙʘʢʪʝʨʠʷʤʠ ʢʦʥʪʨʦʣʠʨʫʝʪ ʨʦʩʪ ʧʘʪʦʛʝʥʥʦʡ 

ʤʠʢʨʦʬʣʦʨʳ (1 ʙʘʣʣ). 

10) Escherichia coli ʦʪʥʦʩʠʪʩʷ ʢ ʫʩʣʦʚʥʦ-ʧʘʪʦʛʝʥʥʦʡ ʤʠʢʨʦʬʣʦʨʝ ʢʠʰʝʯʥʠʢʘ ʯʝʣʦʚʝʢʘ (1 

ʙʘʣʣ). ʇʘʪʦʛʝʥʥʦʩʪʴ ʙʘʢʪʝʨʠʠ ʩʚʷʟʘʥʘ ʩ ʥʘʣʠʯʠʝʤ ʵʥʝʪʨʦʪʦʢʩʠʥʦʚ (ʵʢʟʦʪʦʢʩʠʥʦʚ), 

ʬʘʢʪʦʨʦʚ ʘʜʛʝʟʠʠ (ʧʨʠʢʨʝʧʣʝʥʠʷ) ʠ ʠʥʚʘʟʠʠ (ʧʨʦʥʠʢʥʦʚʝʥʠʷ) ʚ ʢʣʝʪʢʠ ʢʠʰʝʯʥʠʢʘ (1 ʙʘʣʣ 

- ʥʘʟʚʘʥʳ 2 ʬʘʢʪʦʨʘ ʧʘʪʦʛʝʥʥʦʩʪʠ). 
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ȴɓ ɈɓɕɍɌɓɒɗɅɐɍ 

1. ʕʪʦ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʘʷ ʧʨʠʨʦʜʥʘʷ ʪʝʨʨʠʪʦʨʠʷ, ʩʦʟʜʘʥʥʘʷ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʣʠ 

ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʨʦʜʳ (ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ, ʨʘʩʪʝʥʠʡ, ʮʝʥʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ, ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ ʪ.ʜ.) ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʨʫʛʠʭ ʨʝʩʫʨʩʦʚ 

3. ʄʝʪʘʙʦʣʠʪ ʦʨʥʠʪʠʥʦʚʦʛʦ ʮʠʢʣʘ 

7. ʂʣʝʪʢʘ, ʩʝʢʨʝʪʠʨʫʶʱʘʷ ʩʫʨʬʘʢʪʘʥʪ 

9. ʃʘʟʦʨʝʚʳʡ ʮʚʝʪʦʢ, ʯʘʩʪʦ ʫʧʦʤʠʥʘʝʤʳʡ ʚ ʨʦʤʘʥʝ çʊʠʭʠʡ ʜʦʥ» 

11. ʇʘʨʘʟʠʪʠʯʝʩʢʠʝ ʯʝʨʚʠ, ʠʤʝʶʱʠʝ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʭʦʟʷʠʥʘ, ʩ ʦʙʷʟʘʪʝʣʴʥʦʡ ʩʤʝʥʦʡ 

ʭʦʟʷʝʚ (ʤʥ. ʯ.)  

12. ɺʠʣʦʯʢʦʚʠʜʥʳʡ ʭʠʪʠʥʦʚʳʡ ʚʳʨʦʩʪ ʥʘ ʟʘʜʥʝʤ ʢʦʥʮʝ ʪʝʣʘ ʫ ʤʥʦʛʦʥʦʞʝʢ ʠ ʥʦʛʦʭʚʦʩʪʦʢ 

13. ʈʝʘʛʝʥʪ, ʠʩʧʦʣʴʟʫʶʱʠʡʩʷ ʧʨʠ ʦʢʨʘʩʢʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʪʢʘʥʝʡ 

14. ɺʠʜ ʣʦʧʘʩʪʝʚʠʜʥʳʭ ʣʦʞʥʦʥʦʞʝʢ 

15. ɾʸʩʪʢʘʷ ʧʨʠʙʨʝʞʥʘʷ ʪʨʘʚʘ, ʢʦʪʦʨʘʷ ʣʝʛʢʦ ʨʝʞʝʪ ʨʫʢʠ ʠ ʥʦʛʠ ʜʦ ʢʨʦʚʠ 

16. ʉʦʙʠʨʘʪʝʣʴʥʦʝ ʥʘʟʚʘʥʠʝ ʜʣʷ ʤʝʣʢʠʭ ʢʨʦʚʦʩʦʩʫʱʠʭ ʜʚʫʢʨʳʣʳʭ ʥʘʩʝʢʦʤʳʭ, ʥʘʧʘʜʘʶʱʠʭ ʥʘ ʯʝʣʦʚʝʢʘ ʠ 

ʪʝʧʣʦʢʨʦʚʥʳʭ ʞʠʚʦʪʥʳʭ 



 

 

17. çɿʘʧʘʩʥʦʡ ʚʭʦʜè ʜʣʷ ʚʦʜʳ ʫ ʘʢʫʣ ʠ ʩʢʘʪʦʚ 

18. ʊʠʧ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʦʨʛʘʥʠʟʤʘʤʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʜʥʘ ʧʦʧʫʣʷʮʠʷ ʠʟʚʣʝʢʘʝʪ ʧʦʣʴʟʫ ʦʪ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ, ʘ ʜʨʫʛʘʷ ʥʝ ʧʦʣʫʯʘʝʪ ʥʠ ʧʦʣʴʟʳ, ʥʠ ʚʨʝʜʘ 

ȴɓ ɇɊɕɗɍɏɅɐɍ 

2. ʇʠʛʤʝʥʪ ʣʠʩʪʘ ʨʘʩʪʝʥʠʡ, ʦʪʨʘʞʘʶʱʠʡ ʠʟʣʫʯʝʥʠʝ ʞʸʣʪʦʛʦ ʩʧʝʢʪʨʘ 

4. ɺʠʜ ʥʘʧʨʘʚʣʝʥʥʦʡ ʜʚʠʛʘʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ (ʠʣʠ ʢʣʝʪʢʠ) ʚ ʦʪʚʝʪ ʥʘ ʩʠʣʫ ʟʝʤʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ 

(ʛʨʘʚʠʪʘʮʠʶ) 

5. ɾʠʟʥʝʥʥʘʷ ʬʦʨʤʘ ʨʘʩʪʝʥʠʡ, ʢʦʛʜʘ ʧʦʯʢʠ ʚʦʟʦʙʥʦʚʣʝʥʠ̫ ʨʘʩʧʦʣʦʞʝʥʳ ʥʝʚʳʩʦʢʦ ʥʘʜ ʫʨʦʚʥʝʤ ʟʝʤʣʠ (ʧʦ 

ʈʘʫʥʢʠʝʨʫ) 

6. é ʯʝʣʦʚʝʢ ï ʚʳʤʝʨʰʠʡ ʚʠʜ ʣʶʜʝʡ, ʥʘʟʚʘʥʥʳʡ ʚ ʯʝʩʪʴ ʧʝʱʝʨʳ, ʚ ʢʦʪʦʨʦʡ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʝʛʦ 

ʦʩʪʘʥʢʠ (ʫʢʘʞʠʪʝ ʚʠʜʦʚʦʡ ʵʧʠʪʝʪ) 

8. ʉʠʥʦʥʠʤ ʘʥʪʠʪʝʣ (ʝʜ. ʯ.) 

9. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʠʛʫʨʘ, ʚ ʯʝʩʪʴ ʢʦʪʦʨʦʡ ʥʘʟʚʘʥʳ ʜʚʝ ʢʦʩʪʠ ʟʘʧʷʩʪʴ ̫

10. ʉʘʤʦʧʝʨʝʚʘʨʠʚʘʥʠʝ ʢʣʝʪʢʠ 

13. ʈʘʟʜʝʣ ʙʠʦʣʦʛʠʠ ʠ ʵʢʦʣʦʛʠʠ, ʠʟʫʯʘʶʱʠʡ ʧʝʨʠʦʜʠʯʝʩʢʠʝ (ʩʝʟʦʥʥʳʝ) ʷʚʣʝʥʠʷ ʚ ʞʠʚʦʡ ʧʨʠʨʦʜʝ, ʠʭ ʩʚʷʟʴ ʩ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʬʘʢʪʦʨʘʤʠ ʩʨʝʜ r

  



 

 

 

ɺʦʧʨʦʩ 2 

 

ʀ ʚʩʝ ʪʝʨʷʣʦʩʴ ʚ ʩʥʝʞʥʦʡ ʤʛʣʝ 

ʉʝʜʦʡ ʠ ʙʝʣʦʡ. 

ʉʚʝʯʘ ʛʦʨʝʣʘ ʥʘ ʩʪʦʣʝ, 

ʉʚʝʯʘ ʛʦʨʝʣʘ. 

ɹ. ʃ. ʇʘʩʪʝʨʥʘʢ 

ɺʥʝʢʣʝʪʦʯʥʳʡ ʤʘʪʨʠʢʩ ï ʜʠʥʘʤʠʯʥʘʷ ʠ ʩʣʦʞʥʦʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʩʝʪʴ, ʦʧʨʝʜʝʣʷʶʱʘʷ 

ʬʦʨʤʫ, ʧʨʦʯʥʦʩʪʴ ʠ ʬʫʥʢʮʠʶ ʪʢʘʥʝʡ. ɼʚʫʤʷ ʢʣʶʯʝʚʳʤʠ ʢʣʘʩʩʘʤʠ ʤʦʣʝʢʫʣ, ʦʪʚʝʯʘʶʱʠʤʠ 

ʟʘ ʝʛʦ ʫʥʠʢʘʣʴʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʷʚʣʷʶʪʩʷ ʛʣʶʢʦʟʘʤʠʥʦʛʣʠʢʘʥʳ (ɻɸɻ) ʠ 

ʧʨʦʪʝʦʛʣʠʢʘʥʳ. 

ɻʣʁʢʦʟʘʤʠʥʦʛʣʠʢʘʥʳ ð ʵʪʦ ʜʣʠʥʥʳʝ, ʥʝʨʘʟʚʝʪʚʣʝʥʥʳʝ ʧʦʣʠʩʘʭʘʨʠʜʥʳʝ ʮʝʧʠ, 

ʧʦʩʪʨʦʝʥʥʳʝ ʠʟ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʜʠʩʘʭʘʨʠʜʥʳʭ ʝʜʠʥʠʮ. ʕʪʠ ʝʜʠʥʠʮʳ ʩʦʩʪʦʷʪ ʠʟ 

ʘʤʠʥʦʩʘʭʘʨʘ (ʥʘʧʨʠʤʝʨ, N-ʘʮʝʪʠʣʛʣʶʢʦʟʘʤʠʥʘ ʠʣʠ N-ʘʮʝʪʠʣʛʘʣʘʢʪʦʟʘʤʠʥʘ) ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʛʣʶʢʫʨʦʥʦʚʦʡ ʠʣʠ ʠʜʫʨʦʥʦʚʦʡ). ʅʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ 

ʧʦʚʪʦʨʷʶʱʝʝʩʷ ʜʠʩʘʭʘʨʠʜʥʦʡ ʝʜʠʥʠʮʳ. 

 
ɻɸɻ ʯʨʝʟʚʳʯʘʡʥʦ ʛʠʜʨʦʬʠʣʴʥʳʝ. ʂʘʞʜʘʷ ʤʦʣʝʢʫʣʘ ʩʧʦʩʦʙʥʘ ʫʜʝʨʞʠʚʘʪʴ ʚʦʢʨʫʛ ʩʝʙʷ 

ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʚ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʨʘʟ ʧʨʝʚʳʰʘʶʱʝʝ ʝʸ ʩʦʙʩʪʚʝʥʥʳʡ 

ʚʝʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʣʝʢʫʣʳ ɻɸɻ ʬʦʨʤʠʨʫʶʪ ʚ ʤʝʞʢʣʝʪʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʡ ʛʝʣʴ ð ʚʷʟʢʫʶ, ʫʧʨʫʛʫʶ ʩʨʝʜʫ, ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʷʱʫʶ ʜʣʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʩʞʠʤʘʶʱʠʤ ʥʘʛʨʫʟʢʘʤ, ʢʘʢ ʘʤʦʨʪʠʟʘʪʦʨ. ʂʣʘʩʩʠʯʝʩʢʠʤʠ ʧʨʠʤʝʨʘʤʠ ɻɸɻ ʷʚʣʷʶʪʩʷ 

ʛʠʘʣʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ (ʝʜʠʥʩʪʚʝʥʥʘʷ, ʥʝʩʫʣʴʬʘʪʠʨʦʚʘʥʥʘʷ ʠ ʥʝ ʩʚʷʟʘʥʥʘʷ ʩ ʙʝʣʢʦʤ ʚ 

ʤʘʪʨʠʢʩʝ), ʭʦʥʜʨʦʠʪʠʥʩʫʣʴʬʘʪ (ʦʩʥʦʚʘ ʭʨʷʱʘ) ʠ ʛʝʧʘʨʘʥʩʫʣʴʬʘʪ (ʢʦʤʧʦʥʝʥʪ ʙʘʟʘʣʴʥʳʭ 

ʤʝʤʙʨʘʥ). ɻʣʶʛʦʟʦʘʤʠʥʦʛʣʠʢʘʥʳ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ) ʥʝ ʦʙʥʘʨʫʞʝʥʳ 

ʚ ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ, ʥʦ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʧʨʦʪʝʦʛʣʠʢʘʥʦʚ. ʀʭ ʩʝʨʜʮʝʚʠʥʦʡ ʷʚʣʷʝʪʩʷ ʙʝʣʢʦʚʦʝ 

ʷʜʨʦ (ʢʦʨʦʚʦʡ ʙʝʣʦʢ) ʩ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʜʝʩʷʪʢʘʤʠ ʠ ʩʦʪʥʷʤʠ ʨʘʟʣʠʯʥʳʭ ʮʝʧʝʡ ɻɸɻ. 

 



 

 

ʇʝʨʝʜ ʚʘʤʠ ʩʭʝʤʘ, ʧʦʢʘʟʳʚʘʶʱʘʷ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʤʦʥʦʤʝʨʥʳʝ 

ʝʜʠʥʠʮʳ ɻɸɻ ï ʘʤʠʥʦʩʘʭʘʨʘ ʠ ʫʨʦʥʦʚʳʝ ʢʠʩʣʦʪʳ. ɼʘʣʝʝ ʤʦʥʦʩʘʭʘʨʠʜʥʳʝ ʦʩʪʘʪʢʠ 

ʧʝʨʝʥʦʩʷʪʩʷ ʥʘ ʨʘʩʪʫʱʫʶ ʮʝʧʴ ɻɸɻ ʚ ʚʠʜʝ ʋɼʌ-ʧʨʦʠʟʚʦʜʥʳʭ, ʫʢʘʟʘʥʥʳʭ ʥʘ ʩʭʝʤʝ. 
 

 

ʀʩʧʦʣʴʟʫʷ ʧʨʠʚʝʜʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʥʠʷ ʦʪʚʝʪʴʪʝ ʥʘ ʚʦʧʨʦʩʳ: 

1) ʋʢʘʞʠʪʝ ʠʩʪʦʯʥʠʢ ʘʟʦʪʘ ʜʣʷ ʤʦʥʦʤʝʨʦʚ ʛʣʶʢʦʟʦʘʤʠʥʦʛʣʠʢʘʥʦʚ. ʂ ʢʘʢʦʡ ʛʨʫʧʧʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʦʥ ʦʪʥʦʩʠʪʩʷ? 

2) ʋʢʘʞʠʪʝ ʤʠʥʠʤʫʤ ʪʨʠ ʦʨʛʘʥʦʠʜʘ ʢʣʝʪʢʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʩʠʥʪʝʟ ʧʨʦʪʝʦʛʣʠʢʘʥʦʚ. 

3) ʂ ʢʘʢʦʤʫ ʢʣʘʩʩʫ ʤʦʥʦʩʘʭʘʨʠʜʦʚ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʦʪʥʦʩʠʪʩʷ ʩʘʭʘʨ ʍ? 

ʆʙʲʷʩʥʠʪʝ ʧʦʯʝʤʫ. 

4) ʅʘʡʜʠʪʝ ʥʘ ʩʭʝʤʝ ʝʱʝ ʦʜʥʦ ʩʦʝʜʠʥʝʥʠʝ, ʚ ʢʦʪʦʨʦʝ ʚʭʦʜʠʪ ʤʦʥʦʩʘʭʘʨʠʜ ʩ ʪʘʢʠʤ ʞʝ 

ʢʦʣʠʯʝʩʪʚʦʤ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʢʘʢ ʠ X. ʋʢʘʞʠʪʝ ʵʪʦʪ ʤʦʥʦʩʘʭʘʨʠʜ ʠ ʩʦʝʜʠʥʝʥʠʝ. 

5) ɻɸɻ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʢʦʨʦʚʦʤʫ ʙʝʣʢʫ ʯʝʨʝʟ ʪʝʪʨʘʩʘʭʘʨʠʜʥʳʡ ʧʦʚʪʦʨ, ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ 

ʨʠʩʫʥʢʝ: 



 

 

 

 

ʂʘʢʦʡ ʮʠʬʨʦʡ ʩʨʝʜʠ ʯʝʪʳʨʝʭ ʫʛʣʝʚʦʜʦʚ ʦʙʦʟʥʘʯʝʥ ʤʦʥʦʩʘʭʘʨʠʜ X? ʂʘʢʦʡ ʟʘʨʷʜ ʙʫʜʝʪ 

ʠʤʝʪʴ ʚ ʨʘʩʪʚʦʨʝ ʘʤʠʥʦʢʠʩʣʦʪʘ, ʧʨʠʚʝʜʸʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ ʧʨʠ pH 7.0? 

6) ʇʨʠʚʝʜʠʪʝ ʜʚʘ ʧʨʝʚʨʘʱʝʥʠʷ ʠʟ ʩʭʝʤʳ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʛʣʠʢʦʣʠʟʝ. 

7) ɼʣʷ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʟʚʝʥʴʝʚ ɻɸɻ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʤʦʣʝʢʫʣʘ. 

 

ʇʦʯʝʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʪʘʢʞʝ ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʝʟʚʨʝʞʠʚʘʥʠʠ ʪʦʢʩʠʯʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʧʝʯʝʥʠ? ʇʨʝʜʧʦʣʦʞʠʪʝ ʠʟ ʢʘʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʥʦ ʦʙʨʘʟʫʝʪʩʷ? 

8) ʂʘʢʦʡ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʡ ʠʟ ʩʭʝʤʳ ʤʦʞʝʪ ʥʘʧʨʷʤʫʶ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʜʳʭʘʪʝʣʴʥʦʡ 
ʮʝʧʠ ʤʠʪʦʭʦʥʜʨʠʡ? ɺ ʢʘʢʠʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʦʥ ʝʱʝ ʦʙʨʘʟʫʝʪʩʷ? 

9) ʇʝʨʝʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ ʩʪʦʠʪ ʟʘʜʘʯʘ ʚʳʜʝʣʠʪʴ ʠʟ ʪʢʘʥʝʡ ʧʨʦʪʝʦʛʣʠʢʘʥʳ ʜʣʷ ʠʭ ʠʟʫʯʝʥʠʷ. 
ʋʢʘʞʠʪʝ ʢʘʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʪʝʦʛʣʠʢʘʥʦʚ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʯʠʩʪʢʠ: 1) ʛʝʣʴ-

ʭʨʦʤʘʪʦʛʨʘʬʠʶ 2) ʠʦʥʦʙʤʝʥʥʫʶ ʭʨʦʤʘʪʦʛʨʘʬʠʶ. 

10) ʇʝʨʝʜ ʚʘʤʠ ʥʘʟʚʘʥʠʷ ʬʝʨʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ɻɸɻ: ʠʜʫʨʦʥʘʪ-2-

ʩʫʣʴʬʘʪʘʟʘ, ʛʣʶʢʦʨʦʥʘʪʩʫʣʴʬʘʪʘʟʘ, -̡ʛʣʶʢʦʨʦʥʠʜʘʟʘ, -̡ʛʘʣʘʢʪʦʟʠʜʘʟʘ, -̡ʛʝʢʩʦʟʘʤʠʥʠʜʘʟʘ. 

ʇʨʝʜʧʦʣʦʞʠʪʝ, ʜʣʷ ʯʝʛʦ ʚ ʦʙʱʝʤ ʥʝʦʙʭʦʜʠʤʳ ɻ ʪʠ ʬʝʨʤʝʥʪʳ? ɺ ʢʘʢʦʤ ʦʨʛʘʥʦʠʜʝ ʥʘʭʦʜʷʪʩʷ 

ʵʪʠ ʬʝʨʤʝʥʪʳ? 

 

ʆʪʚʝʪʳ: 

1) ɻʣʫʪʘʤʠʥ (1 ʙʘʣʣ). ɸʤʠʥʦʢʠʩʣʦʪʘ (1 ʙʘʣʣ) 

2) ʈʠʙʦʩʦʤʘ, ʕʇʈ, ʘʧʧʘʨʘʪ ɻʦʣʴʜʞʠ (2 ʙʘʣʣʘ ʟʘ 3 ʦʨʛʘʥʦʠʜʘ, 1 ʙʘʣʣ ʟʘ 2 ʦʨʛʘʥʦʠʜʘ) 

3) ʇʝʥʪʦʟʘ (1 ʙʘʣʣ). ʇʨʝʜʰʝʩʪʚʫʶʱʠʝ ʤʦʥʦʩʘʭʘʨʠʜʳ ï ʛʝʢʩʦʟʳ. ɺ ʨʝʘʢʮʠʠ ʦʜʠʥ ʘʪʦʤ 

ʫʛʣʝʨʦʜʘ çʫʭʦʜʠʪè ʩ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ (1 ʙʘʣʣ) 

4) ʉʦʝʜʠʥʝʥʠʝ ï ʋɼʌ ʀʃʀ ʣʶʙʦʝ ʋɼʌ-ʧʨʦʠʟʚʦʜʥʦʝ ʀʃʀ ʋʊʌ ʀʃʀ ʘʮʝʪʠʣ-SKoA ʀʃʀ 

ʅɸɼ (ʅ) (1 ʙʘʣʣ), ʤʦʥʦʩʘʭʘʨʠʜ ï ʨʠʙʦʟʘ (1 ʙʘʣʣ) 

5) ʎʠʬʨʘ 4 (1 ʙʘʣʣ), ʟʘʨʷʜ ʘʤʠʥʦʢʠʩʣʦʪʳ 0 (1 ʙʘʣʣ). 

6) ɻʣʶʢʦʟʘ ʚ ʛʣʶʢʦʟʦ-6-ʬʦʩʬʘʪ (1 ʙʘʣʣ) ʠ ʛʣʶʢʦʟʦ-6-ʬʦʩʬʘʪ ʚʦ ʬʨʫʢʪʦʟʦ-6-ʬʦʩʬʘʪ (1 ʙʘʣʣ). 



 

 

7) ʕʪʦ ʩʦʝʜʠʥʝʥʠʝ ʩʧʦʩʦʙʥʦ ʧʦʚʳʰʘʪʴ ʧʦʣʷʨʥʦʩʪʴ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ ʟʘ ʩʯʝʪ ʜʦʙʘʚʣʝʥʠʝ ʢ 

ʥʠʤ ʩʫʣʴʬʦʛʨʫʧʧʳ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʙʳʩʪʨʦʝ ʚʳʚʝʜʝʥʠʝ (1 ʙʘʣʣ). ʀʟ ɸʊʌ (ʀʃʀ 

ɸʄʌ) (1 ʙʘʣʣ). 

8) ʅɸɼʅ (1 ʙʘʣʣ). ɻʣʠʢʦʣʠʟ ʠ ʎʊʂ (1 ʙʘʣʣ) 

9) ɻʝʣʴ-ʭʨʦʤʘʪʦʛʨʘʬʠʷ ï ʙʦʣʴʰʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ (1 ʙʘʣʣ), ʠʦʥʥʦʙʤʝʥʥʘʷ 

ʭʨʦʤʘʪʦʛʨʘʬʠʷ ï ʚʳʩʦʢʠʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ (1 ʙʘʣʣ). 

10) ʋʯʘʩʪʚʫʶʪ ʚ ʨʘʩʧʘʜʝ ɻɸɻ (1 ʙʘʣʣ). ɺ ʣʠʟʦʩʦʤʘʭ (1 ʙʘʣʣ). 



 

 

ɺʦʧʨʦʩ 3 

ʀʩʪʠʥʘ ʨʝʜʢʦ ʙʳʚʘʝʪ ʯʠʩʪʦʡ ʠ ʥʠʢʦʛʜʘ ð ʧʨʦʩʪʦʡè 

ʆʩʢʘʨ ʋʘʡʣʴʜ 

 

ʇʝʨʦʢʩʠʜʘʟʘ ʭʨʝʥʘ (ʂʌ 1.11.1.7) ð ɻ ʪʦ ʛʝʤ-ʩʦʜʝʨʞʘʱʠʡ ʛʣʠʢʦʧʨʦʪʝʠʥ (Mr = 40 ʢɼʘ), 

ʢʘʪʘʣʠʟʠʨʫʶʱʠʡ ʦʢʠʩʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ (ʥʘʧʨʠʤʝʨ, ʧʠʨʦʛʘʣʣʦʣʘ, 

ʬʝʥʦʣʦʚ, ʘʤʠʥʦʚ) ʧʝʨʝʢʠʩʴʶ ʚʦʜʦʨʦʜʘ. ʇʝʨʦʢʩʠʜʘʟʘ ʭʨʝʥʘ (HRP ð Horseradish Peroxidase) 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʬʝʨʤʝʥʪʦʚ ʚ ʙʠʦʭʠʤʠʠ ʠ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ (ʥʘʧʨʠʤʝʨ, ʚ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʦʤ ʘʥʘʣʠʟʝ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʢʠ). 

ʇʦʵʪʦʤʫ ʧʦʣʫʯʝʥʠʝ ʵʪʦʛʦ ʙʝʣʢʘ ʯʨʝʟʚʳʯʘʡʥʘʷ ʘʢʪʫʘʣʴʥʘʷ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʟʘʜʘʯʘ. 

1) ɺ ʢʦʨʥʝ ʭʨʝʥʘ (Armoracia rusticana) ʧʝʨʦʢʩʠʜʘʟʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ ʩʣʦʞʥʦʡ ʩʤʝʩʠ 

ʠʟʦʬʝʨʤʝʥʪʦʚ (ʪʘʙʣ. 1). ʉʨʝʜʠ ʥʠʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʳʜʝʣʷʶʪ ʪʦʣʴʢʦ ʦʜʠʥ ʠʟʦʬʝʨʤʝʥʪ. 

ʊʘʙʣʠʮʘ 1. ʊʘʙʣʠʮʘ ʠʟʦʬʝʨʤʝʥʪʦʚ ʧʝʨʦʢʩʠʜʘʟʳ ʭʨʝʥʘ. 
 

 

 

 

 

 

ʇʘʨʘʤʝʪʨ 

 

 

HRP A 

 

 

HRP C 

 

 

HRP D 

 

ʀʟʦʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʪʦʯʢʘ (pI) 

 

 

3.5 ð 5.0 

 

 

9.0 

 

 

10.0 ʠ ʚʳʰʝ 

ɼʦʣʷ ʦʪ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ 

 

ʤʝʥʝʝ 5% 

 

ʜʦ 50% ʠ ʙʦʣʝʝ 

 

~ 45 % 

ɻʣʠʢʦʟʠʣʠʨʦʚʘʥʠʝ 
ʧʦʨʷʜʢʘ 30% ʧʦ 

ʤʘʩʩʝ) 
~18-22% ʅʠʞʝ 20 % 

 

ɼʠʩʫʣʴʬʠʜʥʳʝ 

ʩʚʷʟʠ 

ɼʘ, ʤʝʞʜʫ 

ʮʠʩʪʝʠʥʘʤʠ 11-91, 

44-49, 97-301, 177- 
209 

ɼʘ, ʤʝʞʜʫ ʮʠʩʪʝʠʥʘʤʠ 

11-91, 44-49, 97-301, 

177-209 

ɼʘ, ʤʝʞʜʫ 

ʮʠʩʪʝʠʥʘʤʠ 11-91, 

44-49, 97-301, 177- 
209 

 

 

 

ɿʥʘʯʝʥʠʝ 

ʢʦʥʩʪʘʥʪʳ 

ʄʠʭʘʵʣʠʩʘ (Km) 

 

 

 

ɺʳʩʦʢʠʡ Km ʜʣʷ 

H O  ʠ ʜʦʥʦʨʦʚ 

ʵʣʝʢʪʨʦʥʦʚ 

 

 

 

 

ʅʠʟʢʠʡ Km ʜʣʷ H O ʠ 

ʜʦʥʦʨʦʚ ʵʣʝʢʪʨʦʥʦʚ 

 

 

 

 

ʉʨʝʜʥʠʡ Km ʜʣʷ H O  

ʠ ʜʦʥʦʨʦʚ ʵʣʝʢʪʨʦʥʦʚ 



 

 

 

 

ʉʪʘʙʠʣʴʥʦʩʪʴ 

 

 

ʄʝʥʝʝ ʩʪʘʙʠʣʴʥʳ 

 

ʅʘʠʙʦʣʝʝ 

ʩʪʘʙʠʣʴʥʘʷ (ʦʩʦʙʝʥʥʦ 

ʢ pH, ʪʝʨʤʠʯʝʩʢʘʷ) 

 

 

ʇʨʦʤʝʞʫʪʦʯʥʘʷ ʠʣʠ 

ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʘʷ 

 

 

1) ʂʘʢʫʶ ʠʟ ʠʟʦʬʦʨʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʜʝʣʷʪʴ ʜʣʷ  ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʙʠʦʭʠʤʠʠ ʠ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ?  ʇʨʠʚʝʜʠʪʝ ʥʝ ʤʝʥʝʝ 2 ʘʨʛʫʤʝʥʪʦʚ. 

2) ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʠʟ ʩʤʝʩʠ ʠʟʦʬʝʨʤʝʥʪʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʠʤʝʥʥʦ ʠʩʢʦʤʳʡ ʠʟʦʬʝʨʤʝʥʪ? 
ʇʨʝʜʣʦʞʠʪʴ ʤʠʥʠʤʫʤ ʜʚʘ ʩʧʦʩʦʙʘ. 

3) ʇʝʨʦʢʩʠʜʘʟʘ ʭʨʝʥʘ, ʢʘʢ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʙʝʣʢʠ, ʦʩʘʞʜʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 
ʥʘʩʳʱʝʥʠʷ ʩʫʣʴʬʘʪʦʤ ʘʤʤʦʥʠʷ. ʆʩʘʜʦʢ, ʩʦʜʝʨʞʘʱʠʡ ʛʨʫʙʦ ʦʯʠʱʝʥʥʫʶ ʧʝʨʦʢʩʠʜʘʟʫ, 

ʦʪʜʝʣʷʶʪ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʠ ʨʘʩʪʚʦʨʷʶʪ ʚ ʥʝʙʦʣʴʰʦʤ ʦʙʲʸʤʝ ʧʦʜʭʦʜʷʱʝʛʦ ʙʫʬʝʨʘ. ɼʣʷ 

ʫʜʘʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʦʣʝʡ ʠʩʧʦʣʴʟʫʶʪ ʜʠʘʣʠʟ. 

ɼʠʘʣʠʟ ð ʵʪʦ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʫʜʘʣʠʪʴ ʥʝʙʦʣʴʰʠʝ ʤʦʣʝʢʫʣʳ ʠʟ ʩʤʝʩʠ 

ʤʦʣʝʢʫʣ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ. ʆʙʨʘʟʝʮ ʜʦʙʘʚʣʷʝʪʩʷ ʢ ʜʠʘʣʠʟʥʦʡ ʤʝʤʙʨʘʥʝ, ʠʤʝʶʱʝʡ ʧʦʨʳ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʟʤʝʨʘ. ʄʦʣʝʢʫʣʳ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ ʧʨʦʥʠʢʘʶʪ ʯʝʨʝʟ ʧʦʨʳ ʚ 

ʨʘʩʪʚʦʨʠʪʝʣʴ, ʘ ʤʦʣʝʢʫʣʳ ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ (ʥʘʧʨʠʤʝʨ, ʙʝʣʢʠ) ʟʘʜʝʨʞʠʚʘʶʪʩʷ ʤʝʤʙʨʘʥʦʡ. 
 

ʇʦʩʣʝ ʚʳʩʘʣʠʚʘʥʠʷ ʧʦʣʫʯʠʣʩʷ ʨʘʩʪʚʦʨ ʧʝʨʦʢʩʠʜʘʟʳ (2 ʤʛ/ʤʣ) ʦʙʲʝʤʦʤ 2 ʤʣ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʦʣʠ 2 ʄ. ɽʛʦ ʧʝʨʝʥʝʩʣʠ ʚ ʜʠʘʣʠʟʥʳʡ ʤʝʰʦʢ ʠ ʧʦʤʝʩʪʠʣʠ ʧʨʦʪʠʚ 100 ʤʣ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ʂʘʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʠ ʦʩʪʘʥʝʪʩʷ ʚ ʨʘʩʪʚʦʨʝ ʧʝʨʦʢʩʠʜʘʟʳ ʧʦʩʣʝ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ? ʆʪʚʝʪ ʦʢʨʫʛʣʠʪʝ ʜʦ ʪʨʝʪʴʝʛʦ ʟʥʘʢʘ ʧʦʩʣʝ ʟʘʧʷʪʦʡ. 

4) ɼʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʝʥʥʦʡ ʧʝʨʦʢʩʠʜʘʟʳ ʠʩʧʦʣʴʟʫʶʪ ʩʪʝʧʝʥʴ ʯʠʩʪʦʪʳ (RZ). RZ ï ʵʪʦ 

ʦʪʥʦʰʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʧʣʦʪʥʦʩʪʝʡ ʧʨʠ 403 ʥʤ (ʧʦʛʣʦʱʝʥʠʝ ʛʝʤʘ) ʠ 275 ʥʤ (ʧʦʛʣʦʱʝʥʠʝ 

ʙʝʣʢʦʚ). ʂʘʢ ʚʳ ʩʯʠʪʘʝʪʝ ʚʳʩʦʢʠʤ ʠʣʠ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ RZ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʭʦʨʦʰʦ 

ʦʯʠʱʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʧʝʨʦʢʩʠʜʘʟʳ? ʇʨʠʚʝʜʠʪʝ ʜʚʘ ʘʨʛʫʤʝʥʪʘ, ʧʦʜʪʚʝʨʞʜʘʶʱʫʶ ʚʘʰʫ 

ʪʦʯʢʫ ʟʨʝʥʠʷ. 

5) ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʨʦʢʩʠʜʘʟʫ ʭʨʝʥʘ ʚ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʦʤ ʘʥʘʣʠʟʝ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʩʪʠ ʢʦʥʲʶʛʠʨʦʚʘʥʠʝ (ʩʰʠʚʘʥʠʝ) ʬʝʨʤʝʥʪʘ ʩ ʘʥʪʠʪʝʣʘʤʠ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʠʥʢʫʙʠʨʫʶʪ ʬʝʨʤʝʥʪ ʩ ʩʰʠʚʘʶʱʠʤ ʘʛʝʥʪʦʤ (ʧʝʨʠʦʜʘʪ ʥʘʪʨʠʷ ʠʣʠ ʛʣʫʪʘʨʦʚʳʡ ʘʣʴʜʝʛʠʜ), 

ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʢ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʝʨʦʢʩʠʜʘʟʝ ʜʦʙʘʚʣʷʶʪʩʷ ʘʥʪʠʪʝʣʘ. ʇʨʠ ʵʪʦʤ 

ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʤʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʬʝʨʤʝʥʪʘ ʠ ʘʥʪʠʪʝʣ ʙʳʣʦ 4:1. ʂʘʢʫʶ ʤʘʩʩʫ 

ʘʥʪʠʪʝʣ (ʚ ʤʛ) ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʢ ʧʝʨʦʢʩʠʜʘʟʝ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʧ. 3, ʯʪʦʙʳ ʩʦʙʣʶʩʪʠ 

ʜʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ? ʇʨʠ ʨʘʩʯʝʪʘʭ ʧʨʠʤʝʪʝ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʘʥʪʠʪʝʣ 150 ʢɼʘ (ʢʛ/ʤʦʣʴ). 

ʆʪʚʝʪ ʦʢʨʫʛʣʠʪʝ ʜʦ ʪʨʝʪʴʝʛʦ ʟʥʘʢʘ ʧʦʩʣʝ ʟʘʧʷʪʦʡ. 

6) ʅʘ ʨʠʩʫʥʢʝ ʠʟʦʙʨʘʞʝʥʘ ʩʭʝʤʘ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ʂʘʢʦʡ ʮʠʬʨʦʡ ʥʘ ʨʠʩʫʥʢʝ 

ʦʙʦʟʥʘʯʝʥʘ ʧʝʨʦʢʩʠʜʘʟʘ ʠ ʥʝʢʦʥʲʶʛʠʨʦʚʘʥʥʦʝ ʘʥʪʠʪʝʣʦ? 



 

 

 

 

7) ʏʪʦ ʥʘ ʨʠʩʫʥʢʝ ʫʢʘʟʘʥʦ ʧʦʜ ʮʠʬʨʘʤʠ 1 ʠ 4? 

8) ʋʯʸʥʳʝ ʨʝʰʠʣʠ ʧʦʣʫʯʠʪʴ ʨʝʢʦʤʙʠʥʘʥʪʥʫʶ HRP ʚ ʙʘʢʪʝʨʠʷʭ E. coli. ʆʥʠ ʢʣʦʥʠʨʦʚʘʣʠ ʛʝʥ 

HRP, ʵʢʩʧʨʝʩʩʠʨʦʚʘʣʠ ʙʝʣʦʢ, ʥʦ ʦʙʥʘʨʫʞʠʣʠ ʝʛʦ ʚ ʢʣʝʪʢʘʭ ʚ ʚʠʜʝ ʥʝʘʢʪʠʚʥʳʭ 

ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʘʛʨʝʛʘʪʦʚ (ʚʢʣʶʯʝʥʠʡ). ʆʙʲʷʩʥʠʪʝ, ʧʦʯʝʤʫ ʘʢʪʠʚʥʳʡ ʬʝʨʤʝʥʪ ʥʝ 

ʦʙʨʘʟʦʚʘʣʩʷ ʚ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ? 

9) ʇʦʯʝʤʫ ʢʣʘʩʩʠʯʝʩʢʠʡ ʤʝʪʦʜ ʚʳʜʝʣʝʥʠʷ HRP ʠʟ ʢʦʨʥʷ ʭʨʝʥʘ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʸʪʩʷ 
ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ɼʅʂ? 

ʅʘʟʦʚʠʪʝ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʧʨʠʯʠʥ. 

10) ɾʝʣʝʟʥʳʡ ʭʣʦʨʦʟ ð ʚʠʜ ʥʝʠʥʬʝʢʮʠʦʥʥʦʛʦ ʭʣʦʨʦʟʘ ʫ ʨʘʩʪʝʥʠʡ, ʚʳʟʚʘʥʥʳʡ ʜʝʬʠʮʠʪʦʤ 

ʞʝʣʝʟʘ. ʂʘʢʦʝ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʦʢʘʞʝʪ ʪʘʢʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘ ʧʦʣʫʯʝʥʠʝ ʧʝʨʦʢʩʠʜʘʟʳ ʠʟ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ? 

 

ʆʪʚʝʪʳ: 

1) HRP C. ʅʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ, ʚʳʩʦʢʦʝ ʩʨʦʜʩʪʚʦ ʢ ʩʫʙʩʪʨʘʪʘʤ (ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ʂm), 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ h ʠʨʦʢʦʤ ʟʥʘʯʝʥʠʠ pH. (2 ʙʘʣʣʘ ʟʘ ʣʶʙʳʝ 2 ʘʨʛʫʤʝʥʪʘ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ) 

2) ʀʦʥʥʦʙʤʝʥʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ, ʠʟʦʵʣʝʢʪʨʦʬʦʢʫʩʠʨʦʚʘʥʠʝ, ɸʬʠʥʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ (2 

ʙʘʣʣʘ ʟʘ ʣʶʙʳʝ 2 ʩʧʦʩʦʙʘ) 

3) ɺʥʫʪʨʠ ʤʝʰʢʘ (2 ʤʣ): ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʠ = 2 ʄ, ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʠ = C·V = 2 ʄ · 0.002 ʣ = 

0.004 ʤʦʣʴ. 

ʉʥʘʨʫʞʠ ʤʝʰʢʘ (100 ʤʣ): ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʠ = 0 ʄ (ʯʠʩʪʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ), ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʠ 

= 0 ʤʦʣʴ. 

ʆʙʱʠʡ ʦʙʲʸʤ, ʜʦʩʪʫʧʥʳʡ ʜʣʷ ʩʦʣʠ: = 0.002 ʣ + 0.1 ʣ = 0.102 ʣ. 

ʈʘʩʯʸʪ ʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ: 

C = 0.004 ʤʦʣʴ / 0.102 ʣ = 0.039 ʄ 

(2 ʙʘʣʣʘ ʟʘ ʚʝʨʥʳʡ ʨʘʩʯʝʪ. ʇʨʠʥʠʤʘʶʪʩʷ ʪʘʢʞʝ ʜʨʫʛʠʝ ʨʝʰʝʥʠʷ, ʥʘʧʨʠʤʝʨ ʯʝʨʝʟ 

ʫʨʘʚʥʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʦʣʫʯʘʝʪʩʷ ʚʝʨʥʳʡ ʦʪʚʝʪ) 

4) ʅʠʟʢʦʝ ʟʥʘʯʝʥʠʝ RZ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʧʨʝʧʘʨʘʪʝ ʤʥʦʛʦ ʧʦʩʪʦʨʦʥʥʠʭ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʛʝʤ 
ʙʝʣʢʦʚ (ʧʨʠʤʝʩʝʡ). ʊʘʢʠʝ ʧʨʠʤʝʩʠ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʤʦʛʫʪ ʜʘʚʘʪʴ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʝ 

ʩʚʷʟʳʚʘʥʠʝ ʠ ʣʦʞʥʳʝ ʩʠʛʥʘʣʳ. (1 ʙʘʣʣ) ɺʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦʯʪʠ ʚʝʩʴ ʙʝʣʦʢ ʚ 

ʧʨʝʧʘʨʘʪʝ ð ʵʪʦ HRP ʩ ʧʨʘʚʠʣʴʥʦ ʚʢʣʶʯʝʥʥʳʤ ʛʝʤʦʤ. ʊʘʢʦʡ ʧʨʝʧʘʨʘʪ ʜʘʝʪ ʯʠʩʪʳʡ, 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʡ ʩʠʛʥʘʣ ʚ ʨʝʘʢʮʠʷʭ. (1 ʙʘʣʣ) 

5) ʄʘʩʩʘ HRP ʠʟ ʧ.3: 2 ʤʛ/ʤʣ Ĭ 2 ʤʣ = 4 ʤʛ 

ʂʦʣʠʯʝʩʪʚʦ HRP 0,004 ʛ / 40000 ʛ/ʤʦʣʴ = 10-7 ʤʦʣʴ 



 

 

ʂʦʣʠʯʝʩʪʚʦ ʘʥʪʠʪʝʣ: 10-7 ʤʦʣʴ : 4 = 2,5 Ā 10-8 ʤʦʣʴ 

ʄʘʩʩʘ ʘʥʪʠʪʝʣ 2,5 Ā 10-8 × 150000 ʛ/ʤʦʣʴ = 0,00375 ʛ = 3,750 ʤʛ 

(2 ʙʘʣʣʘ ʟʘ ʚʝʨʥʳʡ ʨʘʩʯʝʪ, ʧʨʠʥʠʤʘʶʪʩʷ ʪʘʢʞʝ ʜʨʫʛʠʝ ʨʝʰʝʥʠʷ ʩ ʚʝʨʥʦ ʧʦʣʫʯʝʥʥʳʤ 

ʦʪʚʝʪʦʤ) 

6) ʇʝʨʦʢʩʠʜʘʟʘ ï 3 (1 ʙʘʣʣ), ʥʝʢʦʥʲʛʠʨʦʚʘʥʥʦʝ ʘʥʪʠʪʝʣʦ ï 5 (1 ʙʘʣʣ) 

7) 1 ï ʩʫʙʩʪʨʘʪ ʜʣʷ ʧʝʨʦʢʩʠʜʘʟʳ (1 ʙʘʣʣ), 4 ï ʢʦʥʲʶʛʠʨʦʚʘʥʥʦʝ ʩ ʧʝʨʦʢʩʠʜʘʟʦʡ ʘʥʪʠʪʝʣʦ (1 

ʙʘʣʣ). 

8) ʘ) ɺ E. coli ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʢ ʧʨʘʚʠʣʴʥʦʤʫ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʦʤʫ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʶ 

ʙʝʣʢʦʚ, ʪ.ʢ. ʦʙʨʘʟʫʶʪʩʷ ʥʝʘʢʪʠʚʥʳʝ ʘʛʨʝʛʘʪʳ. 

ʙ) ʆʪʩʫʪʩʪʚʠʝ ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ. HRP ð ʛʣʠʢʦʧʨʦʪʝʠʥ. ɺ ʙʘʢʪʝʨʠʷʭ ʥʝʪ ʘʧʧʘʨʘʪʘ ʜʣʷ 

ʜʦʙʘʚʣʝʥʠʷ ʫʛʣʝʚʦʜʥʳʭ ʮʝʧʝʡ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʙʝʣʢʘ. 

ʚ) ʅʝʧʨʘʚʠʣʴʥʳʡ ʬʦʣʜʠʥʛ ʠ ʦʪʩʫʪʩʪʚʠʝ ʢʦʬʘʢʪʦʨʘ. ɺ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʮʠʪʦʧʣʘʟʤʝ ʥʝʪ 

ʫʩʣʦʚʠʡ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʯʝʪʳʨʸʭ ʜʠʩʫʣʴʬʠʜʥʳʭ ʩʚʷʟʝʡ. ɹʝʣʦʢ ʥʝ ʤʦʞʝʪ 

ʧʨʠʥʷʪʴ ʥʘʪʠʚʥʫʶ ʢʦʥʬʦʨʤʘʮʠʶ ʠ ʚʳʧʘʜʘʝʪ ʚ ʦʩʘʜʦʢ. 

(1 ʙʘʣʣ ï ʟʘ ʫʢʘʟʘʥʠʝ ʧ. ʘ), 2 ʙʘʣʣʘ - ʫʢʘʟʘʥ ʭʦʪʷ ʙʳ ʦʜʠʥ ʠʟ ʧʨʠʤʝʨʦʚ 

ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ (ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʝ, ʜʠʩʫʣʴʬʠʜʥʳʝ ʩʚʷʟʠ, 

ʚʩʪʨʘʠʚʘʥʠʝ ʛʝʤʘ) 

9) ʉʳʨʴʸ (ʢʦʨʝʥʴ ʭʨʝʥʘ) ð ʜʝʰʸʚʦʝ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʦʝ. ʅʝ ʪʨʝʙʫʝʪ ʜʦʨʦʛʦʩʪʦʷʱʠʭ 

ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜ, ʩʣʦʞʥʳʭ ʙʠʦʨʝʘʢʪʦʨʦʚ ʠ ʩʪʝʨʠʣʴʥʳʭ ʫʩʣʦʚʠʡ. 

ɺʳʩʦʢʦʝ ʝʩʪʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʝʨʤʝʥʪʘ. HRP ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʙʝʣʢʦʚ ʚ 

ʢʦʨʥʝ ʭʨʝʥʘ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʚʳʜʝʣʝʥʠʝ ʠ ʜʘʸʪ ʭʦʨʦʰʠʡ ʚʳʭʦʜ. 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʩʪʦʪʘ ʪʝʭʥʦʣʦʛʠʠ. ʇʨʦʮʝʩʩ ʥʝ ʪʨʝʙʫʝʪ ʛʝʥʝʪʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 

ʦʨʛʘʥʠʟʤʦʚ, ʨʘʙʦʪʳ ʩ ʚʝʢʪʦʨʘʤʠ 

(2 ʙʘʣʣʘ ʟʘ ʣʶʙʳʝ 2 ʘʨʛʫʤʝʥʪʘ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ) 

10) ɸʢʪʠʚʥʳʡ ʮʝʥʪʨ HRP ð ʵʪʦ ʛʝʤ. ɾʝʣʝʟʦ ð ʣʠʤʠʪʠʨʫʶʱʠʡ ʩʫʙʩʪʨʘʪ ʜʣʷ ʩʠʥʪʝʟʘ ʛʝʤʘ (1 

ʙʘʣʣ). ɺʤʝʩʪʦ ʧʦʣʥʦʮʝʥʥʦʛʦ ʬʝʨʤʝʥʪʘ ʙʫʜʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴʩʷ ʥʝʘʢʪʠʚʥʳʡ (1 ʙʘʣʣ). 



 

 

ɺʦʧʨʦʩ 4 

ʇʦʪʦʤʫ, ʯʪʦ ̫  ʩ ʩʝʚʝʨʘ, ʯʪʦ ʣʠ, 

ʏʪʦ ʣʫʥʘ ʪʘʤ ʦʛʨʦʤʥʝʡ ʚ ʩʪʦ ʨʘʟé 

C. ɸ. ɽʩʝʥʠʥ 

ʅʘ ʧʣʘʥʝʪʝ ʂʨʠʦʣʠʩ ʧʨʦʞʠʚʘʶʪ ʠʥʦʧʣʘʥʝʪʥʳʝ ʩʫʱʝʩʪʚʘ ʛʫʤʘʥʦʠʜʥʦʛʦ ʪʠʧʘ. ʅʘ 

ʧʣʘʥʝʪʝ ʮʘʨʠʪ ʧʦʩʪʦʷʥʥʘʷ ʟʠʤʘ ʠ ʜʫʶʪ ʩʠʣʴʥʳʝ ʚʝʪʨʘ ʩ ʣʝʜʷʥʦʡ ʢʨʦʰʢʦʡ. ɸʪʤʦʩʬʝʨʥʦʝ 

ʜʘʚʣʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 0.6 ʦʪ ʟʝʤʥʦʛʦ c ʛʨʘʚʠʪʘʮʠʝʡ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ ʟʝʤʥʦʡ. ʇʠʪʘʶʪʩʷ 

ʩʫʱʝʩʪʚʘ ʞʝʩʪʢʠʤʠ ʢʣʫʙʥʷʤʠ, ʙʦʛʘʪʳʤʠ ʢʨʝʤʥʠʝʤ. ʄʥʦʛʠʝ ʢʦʩʪʠ ʢʨʠʦʣʠʪʷʥ ʯʝʤ-ʪʦ 

ʥʘʧʦʤʠʥʘʶʪ ʟʝʤʣʷʥ, ʥʦ ʝʩʪʴ ʠ ʦʪʣʠʯʠʷ. ʋʯʝʥʳʝ ʚʳʷʩʥʠʣʠ ʦʩʦʙʝʥʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʢʦʩʪʝʡ 

ʯʝʨʝʧʘ ʵʪʠʭ ʩʫʱʝʩʪʚ. ɺ ʧ. 1-6 ʬʨʘʛʤʝʥʪʳ ʠʟ ʦʪʯʝʪʘ ʫʯʝʥʳʭ. ɺʘʰʘ ʟʘʜʘʯʘ ʜʦʛʘʜʘʪʴʩʷ ʢʘʢʠʝ 

ʢʦʩʪʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʯʝʨʝʧʘ ʥʘʧʦʤʠʥʘʶʪ ʢʨʦʠʣʠʩʩʢʠʝ, ʘ ʪʘʢʞʝ ʫʢʘʟʘʪʴ ʠʭ ʮʠʬʨʳ, 

ʦʪʤʝʯʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ. ʂʘʢʦʡ ʢʦʩʪʠ ʫʧʦʤʷʥʫʪʦʡ ʚ ʦʪʯʝʪʝ ʥʝʪ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ? 

1) ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ ʛʫʙʯʘʪʳʡ ʣʘʙʠʨʠʥʪ, ʘ ʝʜʠʥʫʶ ʢʦʩʪʥʫʶ ʢʘʤʝʨʫ ʩ ʜʚʫʤʷ ʢʨʫʧʥʳʤʠ 

ʦʪʚʝʨʩʪʠʷʤʠ, ʚʝʜʫʱʠʤʠ ʚ ʥʦʩʦʚʫʶ ʧʦʣʦʩʪʴ. ʆʪ ʥʝʸ ʦʪʭʦʜʠʪ ʪʦʥʢʘʷ ʢʦʩʪʥʘʷ ʧʝʨʝʛʦʨʦʜʢʘ, 

ʨʘʟʜʝʣʷʶʱʘʷ ʥʦʩ. 

2) ʂʦʩʪʴ ʠʤʝʝʪ ʛʠʛʘʥʪʩʢʠʡ, ʨʘʟʚʝʨʥʫʪʳʡ ʚʧʝʨʝʜ ʩʣʫʭʦʚʦʡ ʧʨʦʭʦʜ ʚ ʬʦʨʤʝ ʩʧʠʨʘʣʴʥʦʡ 

ʚʦʨʦʥʢʠ. 

3) ʂʦʩʪʴ ʥʝ ʠʤʝʝʪ ʬʦʨʤʳ ʢʣʘʩʩʠʯʝʩʢʦʡ ʧʦʜʢʦʚʳ. ʕʪʦ ʤʘʩʩʠʚʥʘʷ ʧʣʘʩʪʠʥʘ ʩ ʦʪʚʝʨʩʪʠʷʤʠ, 

ʩʦʝʜʠʥʝʥʥʘʷ ʩ ʥʠʞʥʝʡ ʯʝʣʶʩʪʴʶ ʠ ʦʩʥʦʚʘʥʠʝʤ ʯʝʨʝʧʘ ʤʦʱʥʳʤʠ ʩʚʷʟʦʯʥʳʤʠ ʢʘʥʘʣʘʤʠ. 

4) ʄʘʩʩʠʚʥʘʷ ʩʜʚʦʝʥʥʘʷ ʢʦʩʪʴ, ʠʤʝʶʱʘʷ ʬʦʨʤʫ ʤʦʪʳʣʴʢʘ ʩ 

ʦʛʨʦʤʥʳʤʠ ʧʥʝʚʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʩʠʥʫʩʘʤʠ. 

5) ɺ ʦʪʣʠʯʠʝ ʦʪ ʯʝʣʦʚʝʯʝʩʢʦʡ ʢʦʩʪʠ ʤʳʱʝʣʢʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʩ ʘʪʣʘʥʪʦʤ ʦʪʩʫʪʩʪʚʫʶʪ. 

6) é(ʥʘʟʚʘʥʠʝ ʢʦʩʪʠ) ʠ ʩʢʫʣʦʚʘʷ ʢʦʩʪʴ ʩʨʦʩʣʠʩʴ ʚ ʤʦʥʦʣʠʪʥʳʡ çʪʝʧʣʦʦʙʤʝʥʥʳʡ ʙʣʦʢè. ɺ ʝʛʦ 

ʪʦʣʱʝ ʚʠʜʥʳ ʩʣʦʞʥʳʝ ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʢʘʥʘʣʳ. 

 

 

ʆʪʚʝʪʴʪʝ ʥʘ ʚʦʧʨʦʩʳ: 

7) ʏʘʩʪʴ ʢʘʥʘʣʦʚ, ʫʧʦʤʷʥʫʪʳʭ ʚ ʧ. 6 ʩʭʝʤʘʪʠʯʥʦ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ: 



 

 

 

ʂʘʢʦʚ ʚʝʨʦʷʪʥʳʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʘʥʘʣʦʚ ʚ ɻ ʪʦʤ ʪʝʧʣʦʦʙʤʝʥʥʦʤ ʙʣʦʢʝ? ʂʘʢʫʶ ʨʦʣʴ 

ʠʛʨʘʶʪ ʢʦʩʪʥʳʝ ʩʪʚʦʨʢʠ ʫ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʥʦʩʦʚʦʛʦ ʦʪʚʝʨʩʪʠʷ? 

8) ɺʤʝʩʪʦ ʨʘʟʜʝʣʴʥʳʭ ʣʦʙʥʦʡ ʠ ʪʝʤʝʥʥʦʡ ʢʦʩʪʝʡ ï ʝʜʠʥʘʷ ʚʳʧʫʢʣʘʷ ʩʬʝʨʠʯʝʩʢʘʷ 

ʢʫʧʦʣʦʦʙʨʘʟʥʘʷ ʢʦʩʪʴ ʙʝʟ ʰʚʦʚ. ɽʸ ʪʦʣʱʠʥʘ ʥʝʨʘʚʥʦʤʝʨʥʘ: ʤʘʢʩʠʤʘʣʴʥʘ ʥʘ ʤʘʢʫʰʢʝ. 

ʇʦʯʝʤʫ ʩʨʘʱʝʥʠʝ ʣʦʙʥʦʡ ʠ ʪʝʤʝʥʥʦʡ ʢʦʩʪʝʡ ʚ ʪʦʣʩʪʳʡ ʢʫʧʦʣ ʚʳʛʦʜʥʦ ʜʣʷ ʢʨʠʦʣʠʪʷʥ? 

ɼʘʡʪʝ ʜʚʘ ʬʠʟʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʦʩʥʦʚʘʥʠʷ. 

9) ʆ ʯʝʤ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʫ ʢʨʠʦʣʠʪʷʥ ʥʘ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ ʦʪʩʫʪʩʪʚʫʝʪ 
ʧʦʜʙʦʨʦʜʦʯʥʳʡ ʚʳʩʪʫʧ (ʢʦʪʦʨʳʡ ʝʩʪʴ ʪʦʣʴʢʦ ʫ Homo sapiens), ʥʦ ʧʦʷʚʠʣʠʩʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʫʩʪʘʚʥʳʝ ʦʪʨʦʩʪʢʠ? 

10) ʅʘʧʠʰʠʪʝ ʥʘʟʚʘʥʠʝ ʢʘʢ ʤʠʥʠʤʫʤ ʯʝʪʳʨʝʭ ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ ʢʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʩ ʙʦʣʴʰʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʙʨʘʟʫʶʪ ʛʣʘʟʥʠʯʥʫʶ ʚʧʘʜʠʥʫ ʢʨʠʦʣʠʪʷʥ. 

 

ʆʪʚʝʪʳ: 

1) ʈʝʰʝʪʯʘʪʘʷ ʢʦʩʪʴ  6 (2 ʙʘʣʣʘ ʟʘ ʢʦʩʪʴ ʠ ʮʠʬʨʫ) 

2) ɺʠʩʦʯʥʘʷ ʢʦʩʪʴ 4 (2 ʙʘʣʣʘ ʟʘ ʢʦʩʪʴ ʠ ʮʠʬʨʫ) 

3) ʇʦʜʲʷʟʳʯʥʘʷ ʢʦʩʪʴ. ʅʘ ʠʟʦʙʨʘʞʝʥʠʠ ʥʝʪ. (2 ʙʘʣʣʘ ʟʘ ʢʦʩʪʴ ʠ ʫʢʘʟʘʥʠʷ ʯʪʦ ʢʦʩʪʠ ʥʝʪ 

ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ) 

4) ʂʣʠʥʦʚʠʜʥʘʷ ʢʦʩʪʴ 5 (2 ʙʘʣʣʘ ʟʘ ʢʦʩʪʴ ʠ ʮʠʬʨʫ) 

5) ɿʘʪʳʣʦʯʥʘʷ ʢʦʩʪʴ 3 (2 ʙʘʣʣʘ ʟʘ ʢʦʩʪʴ ʠ ʮʠʬʨʫ) 

6) ɺʝʨʭʥʷʷ ʯʝʣʶʩʪʴ 9 (2 ʙʘʣʣʘ ʟʘ ʢʦʩʪʴ ʠ ʮʠʬʨʫ) 

7) ʂʘʥʘʣʳ ð ʧʨʦʪʠʚʦʪʦʯʥʳʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ: ʭʦʣʦʜʥʳʡ ʚʜʳʭʘʝʤʳʡ ʚʦʟʜʫʭ ʩʦʛʨʝʚʘʝʪʩʷ 

ʪʝʧʣʦʤ ʚʳʜʳʭʘʝʤʦʛʦ, ʧʨʦʭʦʜʷ ʧʦ ʩʦʩʝʜʥʠʤ ʢʘʥʘʣʘʤ. (1 ʙʘʣʣ) 

ʂʦʩʪʥʳʝ ʩʪʚʦʨʢʠ ð ʜʣʷ ʧʦʣʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ ʚʦ ʚʨʝʤʷ ʣʝʜʷʥʳʭ ʙʫʨʴ. (1 

ʙʘʣʣ) 

8) 1) ʄʠʥʠʤʠʟʘʮʠʷ ʪʝʧʣʦʧʦʪʝʨʴ (ʤʝʥʴʰʝ ʧʣʦʱʘʜʠ ʰʚʦʚ, ʙʦʣʴʰʘʷ ʪʦʣʱʠʥʘ ð 

ʪʝʨʤʦʠʟʦʣʷʮʠʷ). (1 ʙʘʣʣ) 

2) ʇʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʧʨʦʪʠʚ ʧʘʜʝʥʠʡ ʥʘ ʣʴʜʫ ʠ ʩʞʘʪʠʷ ʚ ʫʪʨʦʙʝ ʧʨʠ ʚʳʩʦʢʦʡ 

ʛʨʘʚʠʪʘʮʠʠ (ʩʬʝʨʘ ð ʦʧʪʠʤʘʣʴʥʘʷ ʬʦʨʤʘ ʜʣʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʘʚʣʝʥʠʶ). (1 ʙʘʣʣ) 

9) ʆʪʩʫʪʩʪʚʠʝ ʧʦʜʙʦʨʦʜʢʘ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʨʝʯʠ (1 ʙʘʣʣ) 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʫʩʪʘʚʥʳʝ ʦʪʨʦʩʪʢʠ ʧʦʟʚʦʣʷʶʪ ʩʣʦʞʥʳʝ ʙʦʢʦʚʳʝ ʠ ʚʨʘʱʘʪʝʣʴʥʳʝ 

ʜʚʠʞʝʥʠʷ ʯʝʣʶʩʪʠ ʜʣʷ ʧʝʨʝʪʠʨʘʥʠʷ ʞʝʩʪʢʦʡ ʨʘʩʪʠʪʝʣʴʥʦʡ ʧʠʱʠ (ʢʘʢ ʫ ʞʚʘʯʥʳʭ). (1 ʙʘʣʣ) 

10) ʈʝʰʝʪʯʘʪʘʷ, ʢʣʠʥʦʚʠʜʥʘʷ, ʚʝʨʭʥʷʷ ʯʝʣʶʩʪʴ, ʩʢʫʣʦʚʘʷ, ʣʦʙʥʘʷ (ʟʘ ʣʶʙʳʝ 4 ʢʦʩʪʠ ʠʟ ʩʧʠʩʢʘ 

ï 2 ʙʘʣʣʘ, ʟʘ ʜʚʝ ï 1 ʙʘʣʣ) 
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ʊʘʤ, ʛʜʝ ʥʝʪ ʦʧʘʩʥʦʩʪʠ, ʥʘʩʣʘʞʜʝʥʠʝ ʤʝʥʝʝ ʧʨʠʷʪʥʦ 

ʆʚʠʜʠʡ 

 
ɺ ʥʘʯʘʣʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʥʘ ʶʛʝ ʉʐɸ ʙʝʜʥʝʡʰʠʝ ʩʣʦʠ ʩʝʣʴʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʤʘʩʩʦʚʦ 

ʩʪʨʘʜʘʣʠ ʦʪ ʧʘʨʘʟʠʪʘʨʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʱʝʛʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. 

ʆʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʦʩʪ ʙʳʣʦ ʪʘʢ ʚʝʣʠʢʦ, ʯʪʦ ʧʦʪʨʝʙʦʚʘʣʠʩʴ 

ʩʨʦʯʥʳʝ ʤʝʨʳ ʧʦ ʩʥʠʞʝʥʠʶ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʘʫʯʥʦʤ ʧʦʜʭʦʜʝ. ɺ ʥʘʰʠ ʜʥʠ 

ʚ ʟʦʥʫ ʨʠʩʢʘ ʜʘʥʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʧʦʧʘʜʘʶʪ ʣʶʙʠʪʝʣʠ ʧʠʢʥʠʢʦʚ ʥʘ ʣʦʥʝ ʧʨʠʨʦʜʳ, 

ʩʦʣʥʝʯʥʳʭ ʚʘʥʥ ʠ ʧʨʦʛʫʣʦʢ ʙʦʩʠʢʦʤ ʧʦ ʪʸʧʣʦʡ ʟʝʤʣʝ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʦʧʨʝʜʝʣʸʥʥʳʭ 

ʧʨʦʬʝʩʩʠʡ. ʇʦʧʳʪʘʡʪʝʩʴ ʦʧʨʝʜʝʣʠʪʴ ʦ ʢʘʢʠʭ ʧʘʨʘʟʠʪʘʭ ʠʜʸʪ ʨʝʯʴ ʠ ʦʪʚʝʪʴʪʝ ʥʘ 

ʧʨʠʚʝʜʸʥʥʳʝ ʥʠʞʝ ʚʦʧʨʦʩʳ. 

1. ʋʢʘʞʠʪʝ ʥʘʟʚʘʥʠʷ ʜʚʫʭ ʩʭʦʜʥʳʭ ʨʦʜʦʚ ʧʘʨʘʟʠʪʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʜʘʥʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ. 

2. ʏʝʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʨʘʟʣʠʯʘʶʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʵʪʠʭ ʨʦʜʦʚ? ʏʝʤ ʧʠʪʘʶʪʩʷ 
ʵʪʠ ʧʘʨʘʟʠʪʳ? 

3. ʂ ʢʘʢʦʤʫ ʪʠʧʫ ʦʪʥʦʩʷʪʩʷ ɻ ʪʠ ʧʘʨʘʟʠʪʳ? ʉ ʯʝʤ ʩʚʷʟʘʥʦ ʥʘʟʚʘʥʠʝ ʜʘʥʥʦʛʦ ʪʠʧʘ? 

4. ʋʢʘʞʠʪʝ ʥʘʨʦʜʥʦʝ ʥʘʟʚʘʥʠʝ ʧʘʨʘʟʠʪʦʚ. ʉ ʢʘʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʪʨʦʝʥʠʷ ʦʥʦ ʩʚʷʟʘʥʦ? 

5. ɺ ʢʘʢʠʭ ʦʨʛʘʥʘʭ ʧʘʨʘʟʠʪʠʨʫʶʪ ʚʟʨʦʩʣʳʝ ʩʪʘʜʠʠ ʧʘʨʘʟʠʪʦʚ? ʂʘʢ ʥʘʟʳʚʘʝʪʩʷ ʟʘʙʦʣʝʚʘʥʠʝ, 

ʢʦʪʦʨʦʝ ʦʥʠ ʚʳʟʳʚʘʶʪ? 

6. ʂʘʢ ʧʘʨʘʟʠʪ ʤʝʥʷʝʪ ʚʢʫʩʦʚʳʝ ʧʨʠʩʪʨʘʩʪʠʷ ʯʝʣʦʚʝʢʘ? ʇʦʯʝʤʫ ʜʘʥʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ ʨʝʟʢʦ 
ʩʥʠʞʘʝʪ ʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʴ? 

7. ʂʘʢ ʧʨʦʠʩʭʦʜʠʪ ʟʘʨʘʞʝʥʠʝ ɻ ʪʠʤʠ ʧʘʨʘʟʠʪʘʤʠ? ʋʢʘʞʠʪʝ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʧʫʪʝʡ. 

8. ɺ ʯʝʤ ʧʨʦʷʚʣʷʝʪʩʷ ʩʭʦʜʩʪʚʦ ʚ ʨʘʟʚʠʪʠʠ ʣʠʯʠʥʦʢ ʜʘʥʥʳʭ ʧʘʨʘʟʠʪʦʚ ʩ ʣʠʯʠʥʢʘʤʠ 
ʘʩʢʘʨʠʜʳ? ʕʪʦ ʩʭʦʜʩʪʚʦ ʧʨʦʷʚʣʷʝʪʩʷ ʣʠʰʴ ʧʨʠ ʦʜʥʦʤ ʩʧʦʩʦʙʝ ʟʘʨʘʞʝʥʠʷ, ʘ ʧʨʠ ʜʨʫʛʦʤ ï 

ʥʝʪ. ʋʢʘʞʠʪʝ ʧʨʠ ʢʘʢʦʤ ʩʧʦʩʦʙʝ ʟʘʨʘʞʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʜʘʥʥʦʝ ʷʚʣʝʥʠʝ. 

9. ʃʶʜʠ ʢʘʢʦʡ ʧʨʦʬʝʩʩʠʠ ʯʘʱʝ ʚʩʝʛʦ ʩʪʨʘʜʘʶʪ ʦʪ ʜʘʥʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ? ʉ ʯʝʤ ɻ ʪʦ ʩʚʷʟʘʥʦ? 



 

 

10. ɺ ʢʘʢʠʭ ʨʘʡʦʥʘʭ ʥʘʰʝʡ ʩʪʨʘʥʳ ʧʦʚʳʰʝʥ ʨʠʩʢ ʟʘʨʘʞʝʥʠʷ ʜʘʥʥʳʤ ʟʘʙʦʣʝʚʘʥʠʝʤ? ʇʦʯʝʤʫ 

ʜʠʘʛʥʦʩʪʠʢʘ ʜʘʥʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʧʫʪʸʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʣʘ ʥʘ ʷʡʮʘ ʜʘʥʥʦʛʦ ʧʘʨʘʟʠʪʘ 

ʟʘʪʨʫʜʥʝʥʘ? 

 

ʆʪʚʝʪʳ: 

1. ɸʥʢʠʣʦʩʪʦʤʘ (1 ʙʘʣʣ). ʅʝʢʘʪʦʨ (1 ʙʘʣʣ). 

2. ʈʦʪʦʚʘʷ ʢʘʧʩʫʣʘ ʘʥʢʠʣʦʩʪʦʤʳ ʩʦʜʝʨʞʠʪ ʯʝʪʳʨʝ ʚʝʥʪʨʘʣʴʥʳʭ ʠ ʜʚʘ ʜʦʨʩʘʣʴʥʳʭ ʟʫʙʘ, 
ʨʦʪʦʚʘʷ ʢʘʧʩʫʣʘ ʥʝʢʘʪʦʨʘ ï ʜʚʝ ʨʝʞʫʱʠʝ ʧʣʘʩʪʠʥʢʠ (1 ʙʘʣʣ). ɻʝʣʴʤʠʥʪʳ ʧʠʪʘʶʪʩʷ ʢʨʦʚʴʶ 

(1 ʙʘʣʣ). 

3. ʊʠʧ ʂʨʫʛʣʳʝ ʯʝʨʚʠ (1 ʙʘʣʣ). ʆʙʣʘʜʘʶʪ ʢʨʫʛʣʦʡ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʬʦʨʤʦʡ ʪʝʣʘ (1 

ʙʘʣʣ). 

4. ʅʘʨʦʜʥʦʝ ʥʘʟʚʘʥʠʝ ʵʪʠʭ ʧʘʨʘʟʠʪʦʚ çʢʨʠʚʦʛʦʣʦʚʢʘè (1 ʙʘʣʣ). ʉʚʷʟʘʥʦ ʦʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʧʝʨʝʜʥʠʡ ʢʦʥʝʮ ʪʝʣʘ ʟʘʛʥʫʪ ʥʘ ʚʝʥʪʨʘʣʴʥʫʶ (ʘʥʢʠʣʦʩʪʦʤʘ) ʠʣʠ ʜʦʨʩʘʣʴʥʫʶ (ʥʝʢʘʪʦʨ) 

ʩʪʦʨʦʥʫ (1 ʙʘʣʣ). 

5. ɺʟʨʦʩʣʳʝ ʬʦʨʤʳ ʧʘʨʘʟʠʪʘ ʧʘʨʘʟʠʪʠʨʫʶʪ ʚ ʜʚʝʥʘʜʮʘʪʠʧʝʨʩʪʥʦʡ ʢʠʰʢʝ (1 ʙʘʣʣ). 

ɿʘʙʦʣʝʚʘʥʠʝ ï ʘʥʢʠʣʦʩʪʦʤʠʜʦʟ (ʜʦʧʫʩʢʘʝʪʩʷ ʦʪʚʝʪ ʘʥʢʠʣʦʩʪʦʤʦʟ ʠ ʥʝʢʘʪʦʨʦʟ) (1 ʙʘʣʣ). 

6. ʇʨʠ ʘʥʢʠʣʦʩʪʦʤʠʜʦʟʝ ʫ ʯʝʣʦʚʝʢʘ ʧʦʷʚʣʷʝʪʩʷ ʞʝʣʘʥʠʝ ʝʩʪʴ ʥʝʩʲʝʜʦʙʥʳʝ ʧʨʝʜʤʝʪʳ: 
ʙʫʤʘʛʫ, ʛʣʠʥʫ, ʰʪʫʢʘʪʫʨʢʫ, ʤʝʣ, ʫʛʦʣʴ (1 ʙʘʣʣ). ʉʥʠʞʝʥʠʝ ʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʠ ʚʦ ʤʥʦʛʦʤ 

ʩʚʷʟʘʥʦ ʩ ʨʘʟʚʠʪʠʝʤ ʭʨʦʥʠʯʝʩʢʦʡ ʘʥʝʤʠʠ ʠʟ-ʟʘ ʢʨʦʚʦʧʦʪʝʨʠ ʠ ʧʦʥʠʞʝʥʠʝʤ ʢʠʩʣʦʪʥʦʩʪʠ ʚ 

ʞʝʣʫʜʢʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʝʬʠʮʠʪʫ ʚʝʱʝʩʪʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʩʚʦʝʥʠʷ ʞʝʣʝʟʘ ʠʟ ʧʠʱʠ (1 

ʙʘʣʣ). 

7. ʏʘʱʝ ʚʩʝʛʦ ʟʘʨʘʞʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʣʠʯʠʥʦʢ ʯʝʨʝʟ 

ʢʦʞʫ ʧʨʠ ʭʦʞʜʝʥʠʠ ʙʦʩʠʢʦʤ ʧʦ ʟʝʤʣʝ ʠʣʠ ʪʨʘʚʝ, ʛʜʝ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʣʠʯʠʥʢʠ (1 ʙʘʣʣ). 

ʊʘʢʞʝ ʟʘʨʘʞʝʥʠʝ ʚʦʟʤʦʞʥʦ ʧʨʠ ʫʧʦʪʨʝʙʣʝʥʠʠ ʚ ʧʠʱʫ ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʟʘʛʨʷʟʥʸʥʥʳʭ 

ʠʥʚʘʟʠʦʥʥʳʤʠ ʣʠʯʠʥʢʘʤʠ (1 ʙʘʣʣ). 

8. ʃʠʯʠʥʢʠ ʢʨʠʚʦʛʦʣʦʚʢʠ ʩʦʚʝʨʰʘʶʪ ʤʠʛʨʘʮʠʶ ʧʦ ʙʦʣʴʰʦʤʫ ʠ ʤʘʣʦʤʫ ʢʨʫʛʫ 

ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, ʦʢʘʟʳʚʘʶʪʩʷ ʚ ʣʸʛʢʠʭ ʠ ʟʘʛʣʘʪʳʚʘʶʪʩʷ, ʧʦʧʘʜʘʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚ 

ʢʠʰʝʯʥʠʢ (1 ʙʘʣʣ). ʊʘʢʘʷ ʤʠʛʨʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʟʘʨʘʞʝʥʠʠ ʧʫʪʸʤ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʣʠʯʠʥʦʢ ʯʝʨʝʟ ʢʦʞʫ, ʧʨʠ ʧʨʦʛʣʘʪʳʚʘʥʠʠ ʣʠʯʠʥʦʢ ʦʥʠ ʧʦʧʘʜʘʶʪ ʚ ʢʠʰʝʯʥʠʢ ʠ ʥʝ ʤʠʛʨʠʨʫʶʪ 

(1 ʙʘʣʣ). 

9. ɸʥʢʠʣʦʩʪʦʤʠʜʦʟʦʤ ʯʘʩʪʦ ʩʪʨʘʜʘʶʪ ʰʘʭʪʸʨʳ (1 ʙʘʣʣ). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʠʜʝʘʣʴʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʟʘʨʘʞʝʥʠʷ ʧʘʨʘʟʠʪʦʤ: ʢʦʥʪʘʢʪ ʩ ʟʝʤʣʸʡ ʚ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʪʦʯʥʦʡ ʢʘʥʘʣʠʟʘʮʠʠ, 

ʚʳʩʦʢʘʷ ʚʣʘʞʥʦʩʪʴ, ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ ʚʳʞʠʚʘʥʠʶ ʣʠʯʠʥʦʢ, ʯʘʩʪʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʢʦʞʠ, 

ʦʙʣʝʛʯʘʶʱʠʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʣʠʯʠʥʦʢ ʧʘʨʘʟʠʪʘ ʚ ʦʨʛʘʥʠʟʤ (1 ʙʘʣʣ). 

10. ɺ ʈʦʩʩʠʠ ʘʥʢʠʣʦʩʪʦʤʠʜʦʟʦʤ ʤʦʞʥʦ ʟʘʨʘʟʠʪʴʩʷ ʥʘ ʏʝʨʥʦʤʦʨʩʢʦʤ ʧʦʙʝʨʝʞʴʝ 

ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ (1 ʙʘʣʣ). ʅʝʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʪʘʥʜʘʨʪʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʣʘ ʥʘ ʷʡʮʘ 

ʧʘʨʘʟʠʪʘ ʤʦʞʝʪ ʙʳʪʴ ʥʝʵʬʬʝʢʪʠʚʥʦʡ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʧʣʦʜʦʚʠʪʦʩʪʠ ʢʨʠʚʦʛʦʣʦʚʢʠ (1 ʙʘʣʣ). 
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ȴɓ ɈɓɕɍɌɓɒɗɅɐɍ 

5. ʏʘʩʪʴ ʛʣʘʟʘ, ʢʦʪʦʨʘʷ ʙʦʛʘʪʘ ʙʝʣʢʘʤʠ-ʢʨʠʩʪʘʣʣʠʥʘʤʠ 

11. ʉʦʚʦʢʫʧʥʦʩʪʴ ʷʠʮ, ʦʪʣʦʞʝʥʥʳʭ ʩʘʤʢʦʡ ʟʘ ʦʜʠʥ ʧʨʠʸʤ (ʠʣʠ ʟʘ ʦʜʠʥ ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʮʠʢʣ) ʚ 

ʦʧʨʝʜʝʣʸʥʥʦʤ ʤʝʩʪʝ 

12. ɸʣʴʪʝʨʥʘʪʠʚʥʦʝ ʥʘʟʚʘʥʠʝ ɸʂʊɻ 

14. ʅʝʦʙʭʦʜʠʤʳʡ ʨʝʘʢʪʠʚ ʚ ʇʎʈ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ɼʅʂ 

16. ʆʙ ʵʪʦʡ ʧʨʠʨʦʜʥʦʡ ʟʦʥʝ ʙʳʣʦ ʥʘʧʠʩʘʥʦ: çʊʘʤ ʜʘʣʴ ʙʝʟʙʨʝʞʥʘʷ. ɿʘʨʷ ʙʘʛʨʦʚʘʷ. 

ʇʫʩʪʳʥʷ ʩʥʝʞʥʘʷ. ɿʠʤʘ ʩʫʨʦʚʘʷ.» 

17. ʆʨʛʘʥ ʧʦʣʦʚʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ ʫ ʥʝʢʦʪʦʨʳʭ ʛʨʠʙʦʚ, ʥʘʧʨʠʤʝʨ ʤʫʢʦʨʘ 

19. ʊʝʨʤʠʥ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʥʘʟʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʫʟʳʨʝʚʠʜʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʫ ʩʘʤʳʭ ʨʘʟʥʳʭ ʞʠʚʦʪʥʳʭ, 

ʥʘʧʨʠʤʝʨ ʫ ʦʜʥʦʢʣʝʪʦʯʥʳʭ (ʩʧʦʨʦʚʠʢʦʚ, ʠʥʬʫʟʦʨʠʡ) ʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ (ʝʜ. ʯ.) 

20. ɸʜʝʥʦʟʠʥ, ʪʠʤʠʜʠʥ, ʛʫʘʥʦʟʠʥ, ʫʨʠʜʠʥ - ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʠʤ (ʚ ʝʜ. ʯ.) 

ȴɓ ɇɊɕɗɍɏɅɐɍ 

1. ʆʜʥʘ ʠʟ ʯʘʩʪʝʡ ʮʚʝʪʢʘ ʙʦʙʦʚʳʭ ʨʘʩʪʝʥʠʡ 



 

 

2. ʕʤʙʨʠʦʣʦʛ ʃʴʶʠʩʩ ʋʦʣʧʝʨʪ ʩʯʠʪʘʣ, ʯʪʦ çʅʝ ʨʦʞʜʝʥʠʝ, ʩʚʘʜʴʙʘ ʠʣʠ ʩʤʝʨʪʴ, ʘ é ð ʧʦʠʩʪʠʥʝ ʩʘʤʦʝ ʚʘʞʥʦʝ 

ʩʦʙʳʪʠʝ ʚ ʚʘʰʝʡ ʞʠʟʥʠ» 

3. ʈʦʜ ʧʘʨʘʟʠʪʠʯʝʩʢʠʭ ʯʝʨʚʝʡ ʠʟ ʮʝʩʪʦʜ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʯʝʣʦʚʝʢ ʷʚʣʷʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʭʦʟʷʠʥʦʤ 

4. ɼʠʢʘʷ ʩʣʠʚʘ, ʦʜʥʘ ʠʟ ʠʩʭʦʜʥʳʭ ʬʦʨʤ, ʦʪ ʢʦʪʦʨʦʡ ʧʨʦʠʟʦʰʣʠ ʤʥʦʛʠʝ ʢʫʣʴʪʫʨʥʳʝ ʩʦʨʪʘ ʩʣʠʚ 

6. ʂʨʘʩʠʪʝʣʴ, ʠʩʧʦʣʴʟʫʶʱʠʡʩʷ ʜʣʷ ʦʢʨʘʩʢʠ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

7. ʕʪʦ ʩʦʝʜʠʥʝʥʠʝ ʦʙʥʘʨʫʞʠʚʘʶʪ ʧʨʠ ʦʢʨʘʩʢʝ ʜʨʦʞʞʝʡ ʨʘʩʪʚʦʨʦʤ ʃʶʛʦʣ ̫

8. ʉʪʨʫʢʪʫʨʘ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʷʪ ʟʨʠʪʝʣʴʥʳʝ ʙʫʛʨ r

9. ʌʝʨʤʝʥʪ, ʬʦʩʬʦʨʠʣʠʨʫʶʱʠʡ ʙʝʣʢʠ ʟʘ ʩʯʝʪ ʧʝʨʝʥʦʩʘ ʦʩʪʘʪʢʘ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ ʩ ɸʊʌ 

10. ʈʦʜ ʮʠʘʥʦʙʘʢʪʝʨʠʡ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʜʦʙʘʚʢʠ 

13. ɻʝʡʜʝʣʴʙʝʨʛʩʢʠʡ ʯʝʣʦʚʝʢ ʷʚʣʷʣʩʷ ʧʨʝʜʢʦʤ ʵʪʦʛʦ ʚʳʤʝʨʰʝʛʦ ʨʦʜʘ ʣʶʜʝʡ 

15. ɸʫʪʦʩʦʤʥʦ-ʨʝʮʝʩʩʠʚʥʦʝ ʛʝʥʝʪʠʯʝʩʢʦʝ ʟʘʙʦʣʝʚʘʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʜʝʬʝʢʪʦʤ ʛʝʥʘ ʭʣʦʨʥʦʛʦ ʢʘʥʘʣʘ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʥʦʡ ʚʷʟʢʦʩʪʠ ʩʝʢʨʝʪʘ ʵʢʟʦʢʨʠʥʥʳʭ ʞʝʣʸʟ 

18. ʏʝʛʣʦʢ ï çʤʣʘʜʰʠʡ ʙʨʘʪè ʵʪʦʡ ʧʪʠʮʳ ʠʟ ʩʝʤʝʡʩʪʚʘ ʩʦʢʦʣʠʥʭr 

  



 

 

 

ɺʦʧʨʦʩ 2 

ʄ  rʥʘʚʦʜʠʤ ʧʦʨʷʜʦʢ ʚ ʭʘʦʩʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ɻ ʚʦʣʶʮʠʠé 

Sovereign, Mass Effect 

 

 

1. ʂʘʢʫʶ ʪʢʘʥʴ ʯʝʣʦʚʝʢʘ ʯʘʱʝ ʚʩʝʛʦ ʙʝʨʫʪ ʜʣʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʝʩʪʦʚ? ʀʟ ʢʘʢʠʭ ʪʠʧʦʚ ʢʣʝʪʦʢ 
ʚʳʜʝʣʷʝʪʩʷ ɼʅʂ? 

2. ʂʘʢ ʧʦʩʯʠʪʘʪʴ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ GC ʚ ʛʝʥʦʤʝ? ʇʦʯʝʤʫ ʵʪʫ ʚʝʣʠʯʠʥʫ ʚʘʞʥʦ 
ʦʧʨʝʜʝʣʷʪʴ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ? 

3. ɹʫʜʝʪ ʣʠ ʵʪʘ ʚʝʣʠʯʠʥʘ GC ʦʜʠʥʘʢʦʚʘ ʩʨʝʜʠ ʨʘʟʥʳʭ ʦʩʦʙʝʡ ʦʜʥʦʛʦ ʚʠʜʘ? ʉʨʝʜʠ ʩʣʫʯʘʡʥʳʭ 

ʫʯʘʩʪʢʦʚ ʛʝʥʦʤʘ ʦʜʥʦʛʦ ʦʨʛʘʥʠʟʤʘ (1-5% ʦʪ ʛʝʥʦʤʘ)? ʇʦʯʝʤʫ? 

4. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʯʠʪʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ ʛʝʥʦʤʳ 

(> 10^9 ʧ.ʦ.) ʢʘʢ ʝʜʠʥʫʶ ʩʪʨʦʢʫ. ɼʣʷ ʵʪʦʛʦ ʠʭ ʧʨʦʯʠʪʳʚʘʶʪ ʬʨʘʛʤʝʥʪʘʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ 

ʜʣʠʥʦʡ ʤʥʦʛʦ ʤʝʥʴʰʠʤʠ, ʯʝʤ ʩʘʤ ʛʝʥʦʤ. ɺʦʟʤʦʞʥʦ ʣʠ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʝʩʪʦ ʠʟʥʘʯʘʣʴʥʦʝ 

ʤʝʩʪʦ ʢʘʞʜʦʛʦ ʬʨʘʛʤʝʥʪʘ (ʧʨʦʯʪʝʥʠʷ) ʧʨʦʩʪʳʤ ʧʦʠʩʢʦʤ ʧʦʜʩʪʨʦʢʠ ʚ ʵʪʘʣʦʥʥʦʤ ʛʝʥʦʤʝ? 

ʆʙʦʩʥʫʡʪʝ ʦʪʚʝʪ. 

5. ʏʪʦ ʪʘʢʦʝ ʨʝʬʝʨʝʥʩʥʳʡ ʛʝʥʦʤ? ʉʢʦʣʴʢʦ ʭʨʦʤʦʩʦʤ ʠ ʢʘʢʠʭ ʚ ʩʝʙʝ ʩʦʜʝʨʞʠʪ ʬʘʡʣ ʩ ʧʦʩʣʝʜʥʝʡ 

ʚʝʨʩʠʝʡ ʨʝʬʝʨʝʥʩʥʦʛʦ ʛʝʥʦʤʘ ʯʝʣʦʚʝʢʘ T2T-CHM13v2.0? 

6. ɺʘʞʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʘʯʝʩʪʚʘ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ʠ ʰʠʨʠʥʘ 

ʧʦʢʨʳʪʠʷ ʙʦʣʴʰʝ ʥʝʢʦʪʦʨʦʡ ʛʣʫʙʠʥʳ. ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʤ ʧʦʥʷʪʠʷʤ. ʇʦʯʝʤʫ ʦʥʠ 

ʚʘʞʥʳ? 

7. ʉʝʢʚʝʥʠʨʦʚʘʪʴ ʦʜʠʥ ʦʙʨʘʟʝʮ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʪʘʢ ʢʘʢ ʨʝʘʢʪʠʚʳ ʦʯʝʥʴ 
ʜʦʨʦʛʠʝ, ʘ ʥʘ ʯʠʧ ʚʣʝʟʘʝʪ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʦʙʨʘʟʮʦʚ. ʇʨʝʜʣʦʞʠʪʝ ʧʨʠʸʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʳ 

ʩʤʦʞʝʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʪʣʠʯʠʪʴ ʧʨʦʯʪʝʥʠʷ ʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʦʪ ʜʨʫʛʦʛʦ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʂʘʢ ʧʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʧʨʠʸʤʘ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʘʥʘʣʠʟʝ? 

8. ʉʝʢʚʝʥʘʪʦʨ ʫʤʝʝʪ ʦʧʨʝʜʝʣʷʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʫʢʣʝʦʪʠʜʘ, ʯʪʦ ʚʘʞʥʦ 
ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʕʪʫ ʚʝʣʠʯʠʥʫ ʧʨʠʥʷʪʦ ʧʝʨʝʚʦʜʠʪʴ ʚ ʮʝʣʦʝ ʯʠʩʣʦ 
ʧʦ ʬʦʨʤʫʣʝ ὗὗ = 10  z log10 ὖὖὩὩὩὩὩὩὩὩὩὩ +  33. ʇʨʝʦʙʨʘʟʦʚʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʢʘʯʝʩʪʚʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ 

ʬʘʡʣ ʦʩʦʙʳʤ ʦʙʨʘʟʦʤ. ʂʘʢʠʤ ʠʤʝʥʥʦ? ʀ ʜʣʷ ʯʝʛʦ ɻ ʪʦ ʥʝʦʙʭʦʜʠʤʦ? ɿʘʯʝʤ ʥʫʞʥʦ ʧʨʠʙʘʚʣʷʪʴ 
33? 

9. ʇʦʭʦʞʠʤ ʮʝʣʷʤ ʩʣʫʞʠʪ ʜʨʫʛʦʡ ʪʨʶʢ ʠʟ ʠʥʬʦʨʤʘʪʠʢʠ. ʅʘ ʜʘʣʴʥʝʡʰʠʭ ʵʪʘʧʘʭ ʘʥʘʣʠʟʘ 
ʢʘʞʜʦʝ ʧʨʦʚʝʨʷʝʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʨʷʜ ʚʦʧʨʦʩʦʚ, ʥʘ ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʦʪʚʝʪʠʪʴ ʚ ʬʦʨʤʘʪʝ 

çɼʘ/ʅʝʪè. ʆʜʥʘʢʦ ʚ ʪʘʙʣʠʮʫ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʪʚʝʪʳ ʥʘ ʵʪʠ 

ʚʦʧʨʦʩʳ ʩʧʝʮʠʘʣʴʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ ʦʜʥʦʛʦ ʮʝʣʦʛʦ ʯʠʩʣʘ. ʂʘʢ 

ʨʘʙʦʪʘʝʪ ʵʪʦʪ ʪʨʶʢ? ʇʦʩʯʠʪʘʡʪʝ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʝʩʣʠ ʵʪʠʭ ʚʦʧʨʦʩʦʚ ʚʩʝʛʦ 12. 

10. ʂʘʢʠʝ ʪʠʧʳ ʤʫʪʘʮʠʡ ʚʳʜʝʣʷʶʪ ʧʦ ʚʨʝʤʝʥʠ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ ʦʥʪʦʛʝʥʝʟʝ. ʏʝʤʫ ʤʦʞʝʪ 
ʙʳʪʴ ʨʘʚʥʘ ʚʝʣʠʯʠʥʘ ʯʘʩʪʦʪʳ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʘʣʣʝʣʷ (ὠὠὠὠὠὠ =  ὔὔὥὥ/ὔὔὸὸὩὩὸὸὥὥὸὸ) ʚ ʨʘʟʥʳʭ ʛʨʫʧʧʘʭ? 

N_a ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʯʪʝʥʠʡ ʩ ʚʘʨʠʘʥʪʦʤ ʚ ʢʦʥʢʨʝʪʥʦʡ ʧʦʟʠʮʠʠ 
N_total ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʯʪʝʥʠʡ ʧʦʢʨʳʚʘʶʱʠʭ ʜʘʥʥʫʶ ʧʦʟʠʮʠʶ 

ʆʪʚʝʪʳ: 

1. 1 ʙʘʣʣ ï ʢʨʦʚʴ, 1 ʙʘʣʣ ï ʣʝʡʢʦʮʠʪʳ 
2. 

1 ʙʘʣʣ = ὋὋὋὋ ὧὧὧὧὧὧὧὧὧὧὧὧὧὧ = 
ὔὔ(ὋὋ)+ὔὔ(ὅὅ) 

ὔὔ(ὃὃ)+ὔὔ(ὋὋ)+ὔὔ(ὝὝ)+ὔὔ(ὅὅ) 

 
ᶻ 100 

1 ʙʘʣʣ ὋὋὋὋ ὧὧὧὧὧὧὧὧὧὧὧὧὧὧ ð ɻ ʪʦ ʢʦʥʩʝʨʚʘʪʠʚʥʘʷ ʤʝʪʨʠʢʘ, ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʘʷ ʜʣʷ ʦʩʦʙʝʡ ʦʜʥʦʛʦ 

ʚʠʜʘ, ʧʦ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʢʦʥʪʘʤʠʥʘʮʠʶ ʙʠʙʣʠʦʪʝʢʠ ʥʝʮʝʣʝʚʦʡ ɼʅʂ 



 

 

3. 1 ʙʘʣʣ. ʉʨʝʜʠ ʨʘʟʥʳʭ ʦʩʦʙʝʡ ʦʜʥʦʛʦ ʚʠʜʘ ʙʫʜʝʪ, ʩʤ ʚʦʧ. 2 

1 ʙʘʣʣ. ʉʨʝʜʠ ʩʣʫʯʘʡʥʳʭ ʫʯʘʩʪʢʦʚ ʛʝʥʦʤʘ ʥʝʪ, ʩʤ. ʚʦʧ. 1 

4. 1 ʙʘʣʣ. ʅʝʪ. 

1 ʙʘʣʣ. ʉʣʝʜʩʪʚʠʝ ʩʚʦʡʩʪʚʘ ʠʟʤʝʥʯʠʚʦʩʪʠ ʞʠʚʦʛʦ, ʟʘ ʵʪʘʣʦʥ ʧʨʠʥʠʤʘʝʪʩʷ ʥʝʢʦʪʦʨʘʷ 

ʩʙʦʨʥʘʷ ʩʦʣʷʥʢʘ ʠʟ ʛʝʥʦʤʦʚ ʚʠʜʘ, ʠ ʢʘʞʜʘʷ ʦʪʜʝʣʴʥʘʷ ʦʩʦʙʴ ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʵʪʘʣʦʥʘ ʚ 

ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʤʝʩʪ. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʦʜʳ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʠʤʝʶʪ 

ʩʚʦʶ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ. 

5. 1 ʙʘʣʣ. ʨʝʬʝʨʝʥʩʥʳʡ ʛʝʥʦʤ - ʩʙʦʨʢʘ ʛʝʥʦʤʘ, ʦʪʦʙʨʘʞʘʶʱʘʷ ʧʦʣʥʫʶ ʛʝʥʝʪʠʯʝʩʢʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʨʛʘʥʠʟʤʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʚʠʜʝ ʥʝʧʨʝʨʳʚʥʦʡ ʩʪʨʦʢʠ ʠʟ ʩʠʤʚʦʣʦʚ-

ʥʫʢʣʝʦʪʠʜʦʚ, ʠ ʠʤʝʶʱʘʷ ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʦʨʜʠʥʘʪʘʭ ʛʝʥʦʚ, ʠʭ 

ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʠ ʪʨʘʥʩʢʨʠʧʪʦʚ. 

1 ʙʘʣʣ 24 (ʛʘʧʣʦʠʜʥʳʡ ʥʘʙʦʨ ʘʫʪʦʩʦʤ, X, Y) 

6. 1 ʙʘʣʣ. ɻʣʫʙʠʥʘ ʧʦʢʨʳʪʠʷ ï ʢʦʣʠʯʝʩʪʚʦ ʬʨʘʛʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʫʶ 

ʛʝʥʦʤʥʫʶ ʧʦʟʠʮʠʶ 

ʐʠʨʠʥʘ ʧʦʢʨʳʪʠʷ ï ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʦʤʥʳʭ ʧʦʟʠʮʠʡ, ʢʦʪʦʨʳʝ ʧʦʢʨʳʪʳ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʛʣʫʙʠʥʦʡ. 

1 ʙʘʣʣ. ʐʠʨʠʥʘ ï ʧʦʢʘʟʳʚʘʝʪ ʧʦʣʥʦʪʫ ʚʳʧʦʣʥʝʥʠʷ ɻ ʢʩʧʝʨʠʤʝʥʪʘ, ʪ.ʝ. ʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ ʦʪ 

ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʛʦ ʚʳʧʦʣʥʝʥʦ. 

ɻʣʫʙʠʥʘ ï ʷʚʣʷʝʪʩʷ ʢʦʩʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʥʘʜʝʞʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʫʢʣʝʦʪʠʜʘ ʚ ʜʘʥʥʦʡ 

ʧʦʟʠʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʠʟʤʝʥʝʥʠʶ ʛʣʫʙʠʥʳ ʤʦʞʥʦ ʥʘʭʦʜʠʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ 

ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ. 

7.  1 ʙʘʣʣ. ʅʝʦʙʭʦʜʠʤʦ ʢ ʢʦʥʮʘʤ ʬʨʘʛʤʝʥʪʦʚ ʧʝʨʝʜ ʩʤʝʰʠʚʘʥʠʝʤ ʣʠʛʠʨʦʚʘʪʴ ʢʦʨʦʪʢʠʝ 

ʩʣʫʞʝʙʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʫʢʣʝʦʪʠʜʦʚ. 

1 ʙʘʣʣ. ʇʦʩʣʝ ʜʝʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ (ʦʧʝʨʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʪʝʥʠʡ ʧʦ ʦʙʨʘʟʮʘʤ) 

ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʝʟʘʪʴ ʩʧʝʮʠʘʣʴʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ. 

8. 1 ʙʘʣʣ. ʇʦʣʫʯʝʥʥʦʝ ʮʝʣʦʝ ʯʠʩʣʦ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʩʠʤʚʦʣ ʧʦ ʪʘʙʣʠʮʝ ASCII. ʉʠʤʚʦʣʳ ʚ ʧʘʤʷʪʠ 

ʢʦʤʧʴʶʪʝʨʘ ʭʨʘʥʷʪʩʷ ʢʘʢ ʮʝʣʳʝ ʯʠʩʣʘ, ʧʦʵʪʦʤʫ ʚʦʟʤʦʞʥʦ ʚʟʘʠʤʦʦʜʥʦʟʥʘʯʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ. 

1 ʙʘʣʣ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʩʞʘʪʠʷ ʬʘʡʣʦʚ. ʉʝʢʚʝʥʘʪʦʨ ʚʳʜʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʟʘʧʫʩʢ. ɿʘʧʠʩʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʜʚʫʭ ʩʠʤʚʦʣʦʚ ʥʘ ʥʫʢʣʝʦʪʠʜ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʚʳʩʪʘʚʣʷʪʴ ʢʘʞʜʦʤʫ ʥʫʢʣʝʦʪʠʜʫ ʦʜʠʥ ʩʠʤʚʦʣ, ʜʣʷ ʟʘʧʠʩʠ ʢʘʯʝʩʪʚʘ, ʫʤʝʥʴʰʘʷ 

ʦʙʲʝʤ ʬʘʡʣʘ >= ʚ 2 ʨʘʟʘ. 33 ʧʨʠʙʘʚʣʷʶʪ ʜʣʷ ʫʜʦʙʩʪʚʘ: ʧʝʨʚʳʝ 33 ʩʠʤʚʦʣʘ ʚ ʪʘʙʣʠʮʝ ASCII 

ʥʝʯʠʪʘʝʤʳʝ. 

9. 1 ʙʘʣʣ. ʂʘʞʜʦʝ ʯʠʩʣʦ ʚ ʧʘʤʷʪʠ ʢʦʤʧʴʶʪʝʨʘ ʭʨʘʥʠʪʩʷ ʚ ʜʚʦʠʯʥʦʤ ʚʠʜʝ, ʛʜʝ ʢʘʞʜʳʡ ʙʠʪ 

ʧʨʠʥʠʤʘʝʪ ʜʚʘ ʟʥʘʯʝʥʠʷ 1 ʠʣʠ 0. ɿʘʬʠʢʩʠʨʦʚʘʚ, ʢʘʢʦʡ ʙʠʪ ʥʘ ʢʘʢʦʡ ʚʦʧʨʦʩ ʦʪʚʝʯʘʝʪ, ʤʦʞʥʦ 

ʣʝʛʢʦ ʦʪʚʝʯʘʪʴ ʥʘ ʚʦʧʨʦʩ, ʠʟʚʣʝʢʘʷ ʥʫʞʥʳʡ ʙʠʪ ʧʫʪʝʤ ʦʧʝʨʘʮʠʠ ʩʜʚʠʛʘ. ʊʘʢʦʡ ʪʨʶʢ 

ʥʘʟʳʚʘʝʪʩʷ ʙʠʪʦʚʳʤ ʬʣʘʛʦʤ. 

1 ʙʘʣʣ. ʅʘ ʦʜʥʫ ʧʝʨʝʤʝʥʥʫʶ ʣʦʛʠʯʝʩʢʦʛʦ ʪʠʧʘ ʚʳʜʝʣʷʝʪʩʷ 1 ʙʘʡʪ (ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ) 

12 ʚʦʧʨʦʩʦʚ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʥʘʤ ʥʫʞʥʦ 12 ʙʠʪ. 1 ʙʘʡʪʘ ʙʫʜʝʪ ʤʘʣʦ, ʙʝʨʝʤ 2 ʙʘʡʪʘ ʥʘ 

ʢʦʜʠʨʦʚʘʥʠʝ ʮʝʣʳʤ ʯʠʩʣʦʤ 12 ʚʦʧʨʦʩʦʚ. 

(12 ʣʦʛʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ * 1 ʙʘʡʪ) / (1 ʮʝʣʦʯʠʩʣʝʥʥʘʷ ʧʝʨʝʤʝʥʥʘʷ * 2 ʙʘʡʪʘ) = ʵʢʦʥʦʤʠʷ 

ʧʘʤʷʪʠ ʚ 6 ʨʘʟ ʥʘ ʦʜʥʫ ʟʘʧʠʩʴ ʚ ʪʘʙʣʠʮʝ! 

10. 1 ʙʘʣʣ. ɻʝʨʤʠʥʘʣʴʥʳʝ (ʚʦʟʥʠʢʘʶʪ ʚ ʧʦʣʦʚʳʭ ʢʣʝʪʢʘʭ ʠ ʠʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʭ) ʠ 

ʩʦʤʘʪʠʯʝʩʢʠʝ (ʚ ʪʝʯʝʥʠʝ ʞʠʟʥʠ) 

1 ʙʘʣʣ. ʇʨʠ ʛʝʨʤʠʥʘʣʴʥʳʭ VAF ʢʘʢ ʧʨʘʚʠʣʦ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ 0.5 (ʛʝʪʝʨʦʟʠʛʦʪʘ), 1 

(ʛʦʤʦʟʠʛʦʪʘ); ʧʨʠ ʩʦʤʘʪʠʯʝʩʢʠʭ VAF ʤʦʞʝʪ ʙʳʪʴ ʣʶʙʳʤ ʠ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʧʦʨʮʠʠ ʢʣʝʪʦʢ ʩ 

ʚʘʨʠʘʥʪʦʤ, ʧʦʧʘʚʰʠʤ ʚ ʦʙʨʘʟʝʮ 
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çɹʦʣʝʟʥʠ ʠʟʣʝʯʠʚʘʝʪ ʧʨʠʨʦʜʘ, ʚʨʘʯ ʪʦʣʴʢʦ ʧʦʤʦʛʘʝʪ ʝʡè 

ɻʠʧʧʦʢʨʘʪ 

 

ɸʣʣʝʨʛʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʩʦʛʣʘʩʥʦ ʦʪʯʝʪʫ ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʦʪʥʦʩʷʪʩʷ ʢ ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʤ ʥʝʠʥʬʝʢʮʠʦʥʥʳʤ ʭʨʦʥʠʯʝʩʢʠʤ 

ʚʦʩʧʘʣʠʪʝʣʴʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ, ʚʩʪʨʝʯʘʶʱʠʤʩʷ ʫ ʜʝʪʝʡ ʠ ʚʟʨʦʩʣʳʭ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ɸʣʣʝʨʛʠʯʝʩʢʠʡ ʨʠʥʠʪ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʦʢʦʣʦ 1 ʤʠʣʣʠʘʨʜʘ 

ʣʶʜʝʡ ʩʪʨʘʜʘʶʪ ʭʨʦʥʠʯʝʩʢʠʤʠ ʨʝʩʧʠʨʘʪʦʨʥʳʤʠ ʥʝʠʥʬʝʢʮʠʦʥʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ, 400 

ʤʣʥ ʠʟ ʢʦʪʦʨʳʭ ð ʘʣʣʝʨʛʠʯʝʩʢʠʤ ʨʠʥʠʪʦʤ. 

ɸʣʣʝʨʛʠʯʝʩʢʠʡ ʨʠʥʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʧʘʮʠʝʥʪʦʚ, ʚʳʟʳʚʘʷ 

ʥʘʨʫʰʝʥʠʷ ʩʥʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʠʤʘʥʠʷ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʚʦʜʠʚʰʝʤʩʷ ʚ 2016 ʛʦʜʫ ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ɸʈ ʥʘ ʧʦʚʩʝʜʥʝʚʥʫʶ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ 

ʙʳʣʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʪʘʢʦʚʳʤʠ ʦʱʫʱʝʥʠʷʤʠ ʫ ʙʦʣʴʥʳʭ ʩ ʵʧʠʣʝʧʩʠʝʡ ʠ ʩ ʭʨʦʥʠʯʝʩʢʦʡ 

ʤʠʛʨʝʥʴʶ. 

ɸʣʣʝʨʛʠʯʝʩʢʠʡ ʨʠʥʠʪ ð ʵʪʦ IgE-ʟʘʚʠʩʠʤʘʷ ʘʣʣʝʨʛʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʩʣʠʟʠʩʪʳʭ 

ʦʙʦʣʦʯʝʢ ʥʦʩʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʘʣʣʝʨʛʝʥʘ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ 

ʨʠʥʦʨʝʝʡ, ʟʘʣʦʞʝʥʥʦʩʪʴʶ ʥʦʩʘ, ʟʫʜʦʤ ʠ ʯʠʭʘʥʠʝʤ. ʊʘʢʘʷ ʨʝʘʢʮʠʷ ʚʳʟʳʚʘʝʪʩʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʦʩʪʫʧʘʶʱʠʭ ʠʟʚʥʝ ʘʣʣʝʨʛʝʥʦʚ ʩ ʘʥʪʠʪʝʣʘʤʠ ʢʣʘʩʩʘ IgE, 

ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʫʯʥʳʭ ʢʣʝʪʦʢ ʠ ʙʘʟʦʬʠʣʦʚ. ʈʝʘʢʮʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʘʢʪʠʚʘʮʠʝʡ ʠ ʜʝʛʨʘʥʫʣʷʮʠʝʡ ʪʫʯʥʳʭ ʢʣʝʪʦʢ ʩ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʤʝʜʠʘʪʦʨʦʚ ʘʣʣʝʨʛʠʠ. 

 

ʄʝʜʠʢʘʤʝʥʪʦʟʥʘʷ ʪʝʨʘʧʠʷ ʘʣʣʝʨʛʠʯʝʩʢʦʛʦ ʨʠʥʠʪʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʯʝʪʳʨʝ ʩʪʫʧʝʥʠ, 

ʢʘʞʜʘʷ ʧʦʩʣʝʜʫʶʱʘʷ ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʳʜʫʱʝʡ. 

ʉʪʫʧʝʥʴ 1 ʉʪʫʧʝʥʴ 2 ʉʪʫʧʝʥʴ 3 ʉʪʫʧʝʥʴ 4 

ʆʜʠʥ ʠʟ: 

ʘʥʪʠʛʠʩʪʘʤʠʥʥʳʝ 

ʩʨʝʜʩʪʚʘ ʩʠʩʪʝʤʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʙʝʟ 

ʩʝʜʘʪʠʚʥʦʛʦ ɻ ʬʬʝʢʪʘ 

(ʧʦʩʣʝʜʥʝʛʦ 

ʧʦʢʦʣʝʥʠʷ) 

ʠʥʪʨʘʥʘʟʘʣʴʥʳʝ 

ʘʥʪʠʛʠʩʪʘʤʠʥʥʳʝ 

(ʠʩʢʣ. 

ʢʦʨʪʠʢʦʩʪʝʨʦʠʜʳ) 

ʢʨʦʤʦʛʣʠʮʠʝʚʘʷ 

ʢʠʩʣʦʪʘ 

ʘʥʪʘʛʦʥʠʩʪʳ 

ʣʝʡʢʦʪʨʠʝʥʦʚʳʭ 

ʨʝʮʝʧʪʦʨʦʚ 

ʆʜʠʥ ʠʟ: 

ʠʥʪʨʘʥʘʟʘʣʴʥʳʝ 

ʛʣʶʢʦʢʦʨʪʠʢʦʩʪʝʨʦʠ 

ʜʳ ï 

ʢʦʨʪʠʢʦʩʪʝʨʦʠʜʳ ʜʣʷ 

ʤʝʩʪʥʦʛʦ, ʥʘʟʘʣʴʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ 

(ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ) 

ʘʥʪʠʛʠʩʪʘʤʠʥʥʳʝ 

ʩʨʝʜʩʪʚʘ ʩʠʩʪʝʤʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʙʝʟ 

ʩʝʜʘʪʠʚʥʦʛʦ ɻ ʬʬʝʢʪʘ 

(ʧʦʩʣʝʜʥʝʛʦ 

ʧʦʢʦʣʝʥʠʷ) 

ʠʥʪʨʘʥʘʟʘʣʴʥʳʝ 

ʘʥʪʠʛʠʩʪʘʤʠʥʥʳʝ 

(ʠʩʢʣ. 

ʢʦʨʪʠʢʦʩʪʝʨʦʠʜʳ) 

ʘʥʪʘʛʦʥʠʩʪʳ 

ʣʝʡʢʦʪʨʠʝʥʦʚʳʭ 

ʨʝʮʝʧʪʦʨʦʚ 

ʂʦʤʙʠʥʘʮʠʠ 

ʠʥʪʨʘʥʘʟʘʣʴʥʳʭ 

ʛʣʶʢʦʢʦʨʪʠʢʦʩʪʝʨʦʠ 

ʜʦʚ ʩ ʦʜʥʠʤ ʠʣʠ 

ʙʦʣʝʝ ʠʟ: 

ʘʥʪʠʛʠʩʪʘʤʠʥʥʳʝ 

ʩʨʝʜʩʪʚʘ ʩʠʩʪʝʤʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʙʝʟ 

ʩʝʜʘʪʠʚʥʦʛʦ ɻ ʬʬʝʢʪʘ 

(ʧʦʩʣʝʜʥʝʛʦ 

ʧʦʢʦʣʝʥʠʷ) 

ʠʥʪʨʘʥʘʟʘʣʴʥʳʝ 

ʘʥʪʠʛʠʩʪʘʤʠʥʥʳʝ 

(ʠʩʢʣ. 

ʢʦʨʪʠʢʦʩʪʝʨʦʠʜʳ) 

ʘʥʪʘʛʦʥʠʩʪʳ 

ʣʝʡʢʦʪʨʠʝʥʦʚʳʭ 

ʨʝʮʝʧʪʦʨʦʚ 

ʦʤʘʣʠʟʫʤʘʙ (ʣʝʯʝʥʠʝ 

ʪʦʣʴʢʦ 

ʩʧʝʮʠʘʣʠʩʪʦʤ) 

ʅʘʟʥʘʯʝʥʠʝ 

ʦʤʘʣʠʟʫʤʘʙʘ 

ʚʦʟʤʦʞʥʦ ʜʣʷ 

ʧʘʮʠʝʥʪʦʚ 12 ʣʝʪ ʠ 

ʩʪʘʨʰʝ ʧʨʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ 

ʪʝʨʘʧʠʠ 

 

 

1. ʅʘʟʦʚʠʪʝ ʛʣʘʚʥʳʡ ʤʝʜʠʘʪʦʨ ʘʣʣʝʨʛʠʠ. ʇʝʨʝʯʠʩʣʠʪʝ ɻ ʬʬʝʢʪʳ, ʢʦʪʦʨʳʝ ̫ ʚʣʷʶʪʩʷ ʚʝʜʫʱʠʤʠ 

ʚ ʨʘʟʚʠʪʠʠ ʘʣʣʝʨʛʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. 



 

 

2. ʈʘʟʚʠʪʠʝ ʘʣʣʝʨʛʠʯʝʩʢʦʛʦ ʨʠʥʠʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʛʠʧʝʨʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

1ʛʦ ʪʠʧʘ, ʤʝʭʘʥʠʟʤ ʢʦʪʦʨʦʡ ʦʙʫʩʣʦʚʣʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʘʣʣʝʨʛʝʥʘ ʩ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʘʤʠ 

E. ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʥʷʪʠʶ çʠʤʤʫʥʦʛʣʦʙʫʣʠʥʳè. ʇʝʨʝʯʠʩʣʠʪʝ 5 ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʦʚ 

ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʦʚ. 

3. ʀʩʭʦʜʷ ʠʟ ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʰʝ ʠʥʬʦʨʤʘʮʠʠ, ʥʘʟʦʚʠʪʝ ʪʠʧ ʠʤʤʫʥʠʪʝʪʘ, ʢ ʢʦʪʦʨʦʤʫ ʦʪʥʦʩʠʪʩʷ 

ʨʝʘʢʮʠʷ ʛʠʧʝʨʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʨʘʟʚʠʪʠʶ ʘʣʣʝʨʛʠʯʝʩʢʦʛʦ ʨʠʥʠʪʘ. 

ʇʝʨʝʯʠʩʣʠʪʝ ʯʝʨʪʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʠʤʤʫʥʠʪʝʪʘ. 

4. ʆʩʥʦʚʥʳʤ ʧʨʦʮʝʩʩʦʤ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʢʘʨʪʠʥʝ ʘʣʣʝʨʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʚʦʩʧʘʣʝʥʠʝ 

- ʢʦʤʧʣʝʢʩʥʘʷ ʨʝʘʢʮʠʷ ʦʨʛʘʥʠʟʤʘ ʚ ʦʪʚʝʪ ʥʘ ʧʦʚʨʝʞʜʝʥʠʝ, ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʚ ʚʠʜʝ 

ʧʦʵʪʘʧʥʳʭ ʠʟʤʝʥʝʥʠʡ ʤʠʢʨʦʮʠʨʢʫʣʷʪʦʨʥʦʛʦ ʨʫʩʣʘ, ʢʨʦʚʠ ʠ ʩʪʨʦʤʳ ʦʨʛʘʥʘ ʠʣʠ ʪʢʘʥʠ. 

ʇʨʝʜʧʦʣʦʞʠʪʝ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʩ ʩʦʩʫʜʘʤʠ ʚ ʦʯʘʛʝ ʚʦʩʧʘʣʝʥʠʷ. ʇʦʯʝʤʫ ʫ 

ʧʦʞʠʣʳʭ ʣʶʜʝʡ ʤʦʛʫʪ ʙʳʪʴ ʩʣʘʙʝʝ ʚʳʨʘʞʝʥʳ ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ? 

5. ʂ ʦʩʥʦʚʥʳʤ ʧʨʠʥʮʠʧʘʤ ʣʝʯʝʥʠʷ ʘʣʣʝʨʛʠʯʝʩʢʦʛʦ ʨʠʥʠʪʘ ʦʪʥʦʩʷʪ: ʤʝʜʠʢʘʤʝʥʪʦʟʥʫʶ 
ʪʝʨʘʧʠʶ, ʵʣʠʤʠʥʘʮʠʦʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʠ ʘʣʣʝʨʛʝʥ-ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʪʝʨʘʧʠʶ. ɼʘʡʪʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʥʷʪʠʶ çʵʣʠʤʠʥʘʮʠʷè ʚ ʢʦʥʪʝʢʩʪʝ ʘʣʣʝʨʛʠʠ. ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ 

ʵʣʠʤʠʥʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

6. ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʧʘʨʘʪʘ ʜʣʷ ʩʠʤʧʪʦʤʘʪʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ ʧʨʠ ʘʣʣʝʨʛʠʯʝʩʢʦʤ ʨʠʥʠʪʝ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʩʫʜʦʩʫʞʠʚʘʶʱʠʭ ʩʨʝʜʩʪʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʧʫʪʝʤ 

ʩʪʠʤʫʣʷʮʠʠ ʘʣʴʬʘ-1-ʘʜʨʝʥʦʨʝʮʝʧʪʦʨʦʚ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʢʫʨʩʘ ʪʘʢʠʭ ʩʨʝʜʩʪʚ ʥʝ ʜʦʣʞʥʘ 

ʧʨʝʚʳʰʘʪʴ 10 ʜʥʝʡ. ʂ ʯʝʤʫ ʧʨʠʚʦʜʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʩʫʜʦʩʫʞʠʚʘʶʱʠʭ ʩʨʝʜʩʪʚ ʙʦʣʝʝ 10 

ʜʥʝʡ? ʆʙʲʷʩʥʠʪʝ ʤʝʭʘʥʠʟʤ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʡ ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʨʝʘʢʮʠʠ. 

7. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ ʚʦʟʤʦʞʥʳʭ ʛʨʫʧʧ ʧʨʝʧʘʨʘʪʦʚ ʚ 1 ʩʪʫʧʝʥʠ ʪʝʨʘʧʠʠ ʘʣʣʝʨʛʠʯʝʩʢʦʛʦ 
ʨʠʥʠʪʘ ʧʨʠʚʦʜʷʪʩʷ ʘʥʪʘʛʦʥʠʩʪʳ ʣʝʡʢʦʪʨʠʝʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ. ʂ ʨʘʟʚʠʪʠʶ ʢʘʢʠʭ ʵʬʬʝʢʪʦʚ 

ʧʨʠʚʦʜʠʪ ʚʳʨʘʙʦʪʢʘ ʣʝʡʢʦʪʨʠʝʥʦʚ ʚ ʭʦʜʝ ʘʣʣʝʨʛʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ? ʂʘʢʦʝ ʚʝʱʝʩʪʚʦ ̫ ʚʣʷʝʪʩʷ 

ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ ʩʠʥʪʝʟʘ ʣʝʡʢʦʪʨʠʝʥʦʚ? 

8. ɺ ʢʘʯʝʩʪʚʝ 2 ʩʪʫʧʝʥʠ ʪʝʨʘʧʠʠ ʘʣʣʝʨʛʠʯʝʩʢʦʛʦ ʨʠʥʠʪʘ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ 
ʧʨʠʤʝʥʝʥʠʝ ʠʥʪʨʘʥʘʟʘʣʴʥʳʭ ʢʦʨʪʠʢʦʩʪʝʨʦʠʜʦʚ. ʆʜʥʠʤ ʠʟ ʩʝʨʴʝʟʥʳʭ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ, 

ʢ ʢʦʪʦʨʳʤ ʧʨʠʚʦʜʠʪ ʜʣʠʪʝʣʴʥʳʡ ʧʨʠʝʤ ʢʦʨʪʠʢʦʩʪʝʨʦʠʜʦʚ, ̫ ʚʣʷʝʪʩʷ ʩʠʥʜʨʦʤ ʂʫʰʠʥʛʘ - ɻ ʪʦ 

ʧʘʪʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʠʟʙʳʪʦʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʛʦʨʤʦʥʘ 

ʢʦʨʪʠʟʦʣʘ ʢʦʨʦʡ ʥʘʜʧʦʯʝʯʥʠʢʦʚ ʠʣʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʧʨʠʝʤʘ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ. ʆʩʥʦʚʥʳʤ ʧʨʠʟʥʘʢʦʤ ʩʠʥʜʨʦʤʘ ʂʫʰʠʥʛʘ ̫ ʚʣʷʝʪʩʷ ʚʳʨʘʞʝʥʥʦʝ ʦʞʠʨʝʥʠʝ. ʇʨʠ 

ʵʪʦʤ ʠʟʣʠʰʥʷʷ ʤʘʩʩʘ ʪʝʣʘ ʨʘʩʧʨʝʜʝʣʝʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦ ï ʞʠʨ ʦʪʢʣʘʜʳʚʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʣʠʮʘ, 

ʰʝʠ, ʛʨʫʜʠ, ʩʧʠʥʳ ʠ ʞʠʚʦʪʘ. ʂʦʥʝʯʥʦʩʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʪʦʥʯʘʶʪʩʷ. ʃʠʮʦ ʩʪʘʥʦʚʠʪʩʷ 

ʣʫʥʦʦʙʨʘʟʥʳʤ, ʥʘ ʥʝʤ ʧʦʷʚʣʷʝʪʩʷ ʣʠʭʦʨʘʜʦʯʥʳʡ ʙʘʛʨʦʚʦ-ʢʨʘʩʥʳʡ ʨʫʤʷʥʝʮ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʛʨʝʚʘʷ ʩʳʧʴ. ʂʘʢʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʢʦʨʪʠʢʦʩʪʝʨʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ ʷʚʣʷʝʪʩʷ 

ʮʝʣʝʚʳʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʨʪʠʢʦʩʪʝʨʦʠʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ? 

ʂʘʢʠʝ ʵʬʬʝʢʪʳ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ ʩʠʥʜʨʦʤʘ ʂʫʰʠʥʛʘ? 

9. ʇʨʠ ʙʳʩʪʨʦʡ ʦʪʤʝʥʝ ʜʣʠʪʝʣʴʥʦʡ ʪʝʨʘʧʠʠ ʢʦʨʪʠʢʦʩʪʝʨʦʠʜʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʫ ʧʘʮʠʝʥʪʦʚ 
ʨʘʟʚʠʚʘʝʪʩʷ ʩʠʥʜʨʦʤ ʦʪʤʝʥʳ. ʂʣʠʥʠʯʝʩʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ ʩʠʥʜʨʦʤʘ ʦʪʤʝʥʳ ʷʚʣʷʶʪʩʷ: 

ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʣʘ, ʪʦʰʥʦʪʘ, ʙʦʣʠ ʚ ʤʳʰʮʘʭ, ʙʝʩʩʦʥʥʠʮʘ, ʩʥʠʞʝʥʠʝ ʘʧʧʝʪʠʪʘ, ʘ 

ʚ ʢʨʘʡʥʠʭ ʩʣʫʯʘʷʭ ʨʚʦʪʘ, ʩʥʠʞʝʥʠʝ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʩʫʜʦʨʦʞʥʳʡ ʩʠʥʜʨʦʤ. 

ʇʨʝʜʧʦʣʦʞʠʪʝ, ʩ ʯʝʤ ʩʚʷʟʘʥ ʩʠʥʜʨʦʤ ʦʪʤʝʥʳ. ʂʘʢ ʩʣʝʜʫʝʪ ʫʙʠʨʘʪʴ ʢʦʨʪʠʢʦʩʪʝʨʦʠʜʳ ʠʟ 

ʪʝʨʘʧʠʠ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢ ʝʛʦ ʨʘʟʚʠʪʠʷ? 

10. ʇʨʠ ʚʳʙʦʨʝ ʤʝʞʜʫ ʩʠʩʪʝʤʥʳʤʠ ʢʦʨʪʠʢʦʩʪʝʨʦʠʜʥʳʤʠ ʛʦʨʤʦʥʘʤʠ ʠ ʪʦʧʠʯʝʩʢʠʤʠ, ʪʦ ʝʩʪʴ 

ʤʝʩʪʥʳʤʠ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʙʫʜʝʪ ʚʳʙʦʨ ʤʝʩʪʥʳʭ ʢʦʨʪʠʢʦʩʪʝʨʦʠʜʦʚ. ʅʘʟʦʚʠʪʝ ʧʫʪʠ 

ʚʚʝʜʝʥʠʷ ʩʠʩʪʝʤʥʳʭ ʛʣʶʢʦʢʦʨʪʠʢʦʩʪʝʨʦʠʜʦʚ? ʇʦʯʝʤʫ ʠʭ ʚʳʙʦʨ ʤʝʥʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ? 

 

ʆʪʚʝʪʳ: 

1. ɻʠʩʪʘʤʠʥ (1 ʙʘʣʣ). ʈʘʩʰʠʨʝʥʠʝ ʤʝʣʢʠʭ ʩʦʩʫʜʦʚ; ʧʦʚʳʰʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʦʩʫʜʠʩʪʦʡ 

ʩʪʝʥʢʠ; ʩʧʘʟʤ ʛʣʘʜʢʦʡ ʤʫʩʢʫʣʘʪʫʨʳ. (1 ʙʘʣʣ) 



 

 

2. ʀʤʤʫʥʦʛʣʦʙʫʣʠʥʳ - ʙʝʣʢʠ, ʢʦʪʦʨʳʝ ʚʳʨʘʙʘʪʳʚʘʶʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʘʥʪʠʛʝʥʦʚ ʠ ʦʙʣʘʜʘʶʪ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʥʠʤʠ (1 ʙʘʣʣ). IgA, IgG, IgM, IgE, IgD. (1 ʙʘʣʣ) 

3. ʇʨʠʦʙʨʝʪʝʥʥʳʡ (1 ʙʘʣʣ). ʌʦʨʤʠʨʫʝʪʩʷ ʧʦʩʣʝ ʢʦʥʪʘʢʪʘ ʩ ʧʘʪʦʛʝʥʦʤ; ʚʳʩʦʢʦʩʧʝʮʠʬʠʯʝʥ; 

ʬʦʨʤʠʨʫʝʪ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʫʶ ʧʘʤʷʪʴ; ʥʝ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʥʘʩʣʝʜʩʪʚʫ.(1 ʙʘʣʣ) 

4. ʈʘʩʰʠʨʝʥʠʝ ʩʦʩʫʜʦʚ ʠ ʧʦʚʳʰʝʥʠʝ ʠʭ ʧʨʦʥʠʮʘʝʤʦʩʪʠ.(1 ʙʘʣʣ) ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʞʝʥʠʷ 

ʨʝʘʢʪʠʚʥʦʩʪʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ.(1 ʙʘʣʣ) 

5. ʕʣʠʤʠʥʘʮʠʷ - ʧʨʦʮʝʩʩ ʫʜʘʣʝʥʠʷ ʧʨʠʯʠʥʥʦ-ʟʥʘʯʠʤʦʛʦ ʘʣʣʝʨʛʝʥʘ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (1 

ʙʘʣʣ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʬʠʣʴʪʨʦʚ, ʝʞʝʜʥʝʚʥʘʷ ʚʣʘʞʥʘʷ ʫʙʦʨʢʘ, ʠʩʢʣʶʯʝʥʠʝ 

ʢʦʥʪʘʢʪʘ ʩ ʘʣʣʝʨʛʝʥʦʤ, ʠʨʨʠʛʘʮʠʷ ʧʦʣʦʩʪʠ ʥʦʩʘ. (1 ʙʘʣʣ) 

6. ʂ ʧʦʪʝʨʝ ɻ ʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʜʝʡʩʪʚʠʷ ʠ ʫʩʫʛʫʙʣʝʥʠʶ ʦʪʝʢʘ (1 ʙʘʣʣ). ʂʨʦʚʝʥʦʩʥʳʝ ʩʦʩʫʜʳ ʚ 

ʥʦʩʫ ʧʨʠʚʳʢʘʶʪ ʢ ʧʦʩʪʦʷʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʘʜʨʝʥʦʤʠʤʝʪʠʢʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʘʣʴʬʘ-1-

ʘʜʨʝʥʦʨʝʮʝʧʪʦʨʳ ʩʥʠʞʘʶʪ ʩʚʦʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ (1 ʙʘʣʣ). 

7. ʇʦʚʳʰʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʦʩʫʜʠʩʪʦʡ ʩʪʝʥʢʠ; ʧʦʚʳʰʝʥʠʝ ʨʝʘʢʪʠʚʥʦʩʪʠ ʙʨʦʥʭʦʚ; 

ʧʦʚʳʰʝʥʠʝ ʧʨʦʜʫʢʮʠʠ ʩʣʠʟʠ; ʩʧʘʟʤ ʛʣʘʜʢʦʡ ʤʫʩʢʫʣʘʪʫʨʳ (1 ʙʘʣʣ). ɸʨʘʭʠʜʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

(1 ʙʘʣʣ). 

8. ʀʤʤʫʥʦʩʫʧʨʝʩʩʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ; ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ (1 ʙʘʣʣ). ʉʪʠʤʫʣʷʮʠʷ 

ʛʣʶʢʦʥʝʦʛʝʥʝʟʘ ʠʟ ʘʤʠʥʦʢʠʩʣʦʪ; ʩʪʠʤʫʣʷʮʠʷ ʘʥʘʙʦʣʠʟʤʘ ʞʠʨʦʚ; ʩʪʠʤʫʣʷʮʠʷ ʢʘʪʘʙʦʣʠʟʤʘ 

ʙʝʣʢʦʚ.(1 ʙʘʣʣ) 

9. ʉʥʠʞʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʢʦʨʪʠʢʦʩʪʝʨʦʠʜʘʤ ʠʟ-ʟʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʨʛʘʥʠʟʤ (1 ʙʘʣʣ). ʆʪʤʝʥʷʪʴ ʩʣʝʜʫʝʪ ʧʦʩʪʝʧʝʥʥʦ (1 ʙʘʣʣ.) 

10. ʇʝʨʦʨʘʣʴʥʦ; ʧʘʨʝʥʪʝʨʘʣʴʥʦ.(1 ʙʘʣʣ) ʉʠʩʪʝʤʥʳʝ ʢʦʨʪʠʢʦʩʪʝʨʦʠʜʳ ʧʦʧʘʜʘʶʪ ʚ ʢʨʦʚʦʪʦʢ ʠ 

ʦʢʘʟʳʚʘʶʪ ʩʠʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʚʝʩʴ ʦʨʛʘʥʠʟʤ, ʘ ʪʦʧʠʯʝʩʢʠʝ (ʤʝʩʪʥʳʝ) ʥʘʠʙʦʣʝʝ 

ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚ ʤʝʩʪʝ ʚʚʝʜʝʥʠʷ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʥʠʞʘʝʪ ʨʠʩʢ ʨʘʟʚʠʪʠʷ 

ʩʠʩʪʝʤʥʳʭ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ. (1 ʙʘʣʣ) 



 

 

ɺʦʧʨʦʩ 4 

ʊʘʢ ʢʪʦ ʞ ʪʳ, ʥʘʢʦʥʝʮ? 

ð ʗ ð ʯʘʩʪʴ ʪʦʡ ʩʠʣʳ, ʯʪʦ ʚʝʯʥʦ ʭʦʯʝʪ ʟʣʘ ʠ 

ʚʝʯʥʦ ʩʦʚʝʨʰʘʝʪ ʙʣʘʛʦ. 

ʀʦʛʘʥʥ ɺʦʣʴʬʛʘʥʛ ɻʸʪʝ 

 

Listeria monocytogenes ï ʵʪʦ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʘʷ ʧʘʣʦʯʢʦʚʠʜʥʘʷ ʙʘʢʪʝʨʠʷ, 

ʚʦʟʙʫʜʠʪʝʣʴ ʣʠʩʪʝʨʠʦʟʘ, ʪʷʞʝʣʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʧʠʱʝʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʃʠʩʪʝʨʠʦʟ ï 

ʨʝʜʢʦʝ, ʥʦ ʦʧʘʩʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ ʩ ʚʳʩʦʢʦʡ ʣʝʪʘʣʴʥʦʩʪʴʶ (20-30%) ʫ ʫʷʟʚʠʤʳʭ ʛʨʫʧʧ. 

1) ʅʘ ʨʠʩʫʥʢʝ ʠʟʦʙʨʘʞʝʥʳ ʙʘʢʪʝʨʠʠ, ʦʢʨʘʰʝʥʥʳʝ ʧʦ ɻʨʘʤʫ. ʆʧʨʝʜʝʣʠʪʝ ʥʘ ʢʘʢʦʤ 

ʠʟʦʙʨʘʞʝʥʠʠ Listeria monocytogenes. ʋʢʘʞʠʪʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ ʵʪʦʡ 

ʙʘʢʪʝʨʠʠ. 
 

 

2) ʕʪʘ ʙʘʢʪʝʨʠʷ ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʝʝ ʦʩʦʙʝʥʥʦ ʦʧʘʩʥʦʡ. 
ʅʘʧʨʠʤʝʨ, L. monocytogenes ʩʧʦʩʦʙʥʘ ʨʘʟʤʥʦʞʘʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +4ÁC. ʆʙʲʷʩʥʠʪʝ, 

ʧʦʯʝʤʫ ʵʪʦ ʩʚʦʡʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʫʶ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʯʝʩʪʚʘ? 

3) ʂʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʚ ʨʘʟʚʠʪʠʠ ʠʥʬʝʢʮʠʠ ʩʣʫʞʠʪ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʙʘʢʪʝʨʠʠ L. 

monocytogenes ʚ ʢʣʝʪʢʠ,  ʥʝ ʷʚʣʷʶʱʠʝʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʬʘʛʦʮʠʪʘʤʠ 

(ʵʥʪʝʨʦʮʠʪʳ, ʛʝʧʘʪʦʮʠʪʳ). ʏʪʦʙʳ ʦʩʫʱʝʩʪʚʠʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʙʘʢʪʝʨʠʷ ʠʩʧʦʣʴʟʫʝʪ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʙʝʣʢʠ ʠʥʪʝʨʥʘʣʠʥ ɸ (InlA)  ʠ ʠʥʪʝʨʥʘʣʠʥ ɺ (InlB). ɹʝʣʦʢ InlA, ʧʨʦʯʥʦ 

ʟʘʢʨʝʧʣʸʥʥʳʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʢʪʝʨʠʠ, ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʨʝʮʝʧʪʦʨʦʤ ɽ-ʢʘʜʛʝʨʠʥʦʤ ʥʘ ʢʣʝʪʢʝ-

ʤʠʰʝʥʠ. InlB c ʨʝʮʝʧʪʦʨʦʤ c-Met. ʇʨʠ ʵʪʦʤ ʦʩʦʙʝʥʥʦ ʤʥʦʛʦ E-ʢʘʜʛʝʨʠʥʘ ʥʘ ʵʥʪʝʨʦʮʠʪʘʭ 

(ʢʣʝʪʢʘʭ ʢʠʰʝʯʥʦʛʦ ɻ ʧʠʪʝʣʠʷ) ʠ ʥʘ ʢʣʝʪʢʘʭ ʧʣʘʮʝʥʪʳ, ʘ c-Met - ʥʘ ʢʣʝʪʢʘʭ ʛʝʧʘʪʦʮʠʪʦʚ. ʕʪʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʧʫʩʢʘʶʪ ʧʝʨʝʩʪʨʦʡʢʫ ʮʠʪʦʩʢʝʣʝʪʘ ʠ ʧʦʛʣʦʱʝʥʠʝ (ʠʥʪʝʨʥʘʣʠʟʘʮʠʶ) 

ʙʘʢʪʝʨʠʠ ʢʣʝʪʢʦʡ. 



 

 

 

 

ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ L. monocytogenes. InlA, InlB, LLO, PlcA, PlcB, Mpl, ActA ï ʬʘʢʪʦʨʳ 

ʧʘʪʦʛʝʥʥʦʩʪʠ, ʙʝʣʢʠ ʧʦʤʦʛʘʶʱʠʝ ʙʘʢʪʝʨʠʠ ʚʥʝʜʨʷʪʴʩʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚʥʫʪʨʠ ʢʣʝʪʢʠ-

ʭʦʟʷʠʥʘ. ʆʢʦʣʦ ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʫʢʘʟʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʘʢʪʦʨʳ ʧʘʪʦʛʝʥʥʦʩʪʠ. 

ʋʯʝʥʳʝ ʭʦʪʷʪ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʠʤʝʥʥʦ ʩʚʷʟʳʚʘʥʠʝ InlB ʩ c-Met ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ 

ʟʘʨʘʞʝʥʠʷ ʢʣʝʪʦʢ ʧʝʯʝʥʠ. ʇʨʝʜʣʦʞʠʪʝ ʧʝʨʚʳʡ ʧʦʜʭʦʜ ʜʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʛʝʥʥʦʡ ʠʥʞʝʥʝʨʠʠ (ʨʘʙʦʪʘ ʩ ʙʘʢʪʝʨʠʝʡ). ʆʧʠʰʠʪʝ ʦʞʠʜʘʝʤʳʡ 

ʨʝʟʫʣʴʪʘʪ, ʢʦʪʦʨʳʡ ʧʦʜʪʚʝʨʜʠʪ ʛʠʧʦʪʝʟʫ. 

4) ʇʨʝʜʣʦʞʠʪʝ ʚʪʦʨʦʡ ʧʦʜʭʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʢʣʝʪʦʯʥʦʡ ʙʠʦʣʦʛʠʠ (ʨʘʙʦʪʘ ʩ 
ʢʣʝʪʢʘʤʠ-ʤʠʰʝʥʷʤʠ). ʆʧʠʰʠʪʝ ʦʞʠʜʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ, ʢʦʪʦʨʳʡ ʧʦʜʪʚʝʨʜʠʪ ʛʠʧʦʪʝʟʫ. 

5) Listeria monocytogenes, ʦʢʘʟʘʚʰʠʩʴ ʚ ʮʠʪʦʧʣʘʟʤʝ ʢʣʝʪʢʠ-ʭʦʟʷʠʥʘ, ʩʧʦʩʦʙʥʘ ʧʦʣʠʤʝʨʠʟʦʚʘʪʴ 

ʢʣʝʪʦʯʥʳʡ ʘʢʪʠʥ, ʬʦʨʤʠʨʫʷ çʭʚʦʩʪè ʠʣʠ çʢʦʤʝʪʫè, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʡ ʧʝʨʝʤʝʱʘʪʴʩʷ ʠ 

ʧʝʨʝʭʦʜʠʪʴ ʚ ʩʦʩʝʜʥʠʝ ʢʣʝʪʢʠ, ʥʝ ʚʳʭʦʜʷ ʚ ʤʝʞʢʣʝʪʦʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʂʘʢʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʘʝʪ ʪʘʢʦʡ ʩʧʦʩʦʙ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʝʢʮʠʠ ʧʝʨʝʜ ʚʳʭʦʜʦʤ ʚʦ 

ʚʥʝʢʣʝʪʦʯʥʫʶ ʩʨʝʜʫ? ʋʢʘʞʠʪʝ ʤʠʥʠʤʫʤ ʜʚʘ. 

6) ʈʘʥʝʝ ʙʝʣʦʢ ʙʘʢʪʝʨʠʠ FepA ʙʳʣ ʠʟʚʝʩʪʝʥ ʪʦʣʴʢʦ ʢʘʢ ʵʬʬʣʶʢʩʥʘʷ ʧʦʤʧʘ, ʚʳʢʘʯʠʚʘʶʱʘʷ 
ʘʥʪʠʤʠʢʨʦʙʥʳʝ ʧʨʝʧʘʨʘʪʳ ʠʟ ʢʣʝʪʢʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʘʥʪʠʙʠʦʪʠʢʘʤ. 

ʆʜʥʘʢʦ ʥʦʚʳʝ ʜʘʥʥʳʝ ʟʘʩʪʘʚʣʷʶʪ ʧʝʨʝʩʤʦʪʨʝʪʴ ʝʛʦ ʬʫʥʢʮʠʶ. 

 

ʋʯʝʥʳʝ ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ ʙʝʣʢʘ FepA ʥʘ ʦʜʠʥ ʠʟ ʧʨʦʮʝʩʩʦʚ ʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʙʘʢʪʝʨʠʠ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʳʪʫʝʤʳʝ ʢʫʣʴʪʫʨʳ ʙʘʢʪʝʨʠʡ (EGDe ï ʜʠʢʠʡ ʰʪʘʤʤ, ȹfepA ï ʰʪʘʤʤ, 

ʜʝʣʝʮʠʦʥʥʳʡ ʧʦ ʛʝʥʫ fepA). ʚʳʩʝʚʘʣʠ ʫʢʦʣʦʤ ʚ ʮʝʥʪʨ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʩ ʧʦʣʫʞʠʜʢʠʤ 

ʘʛʘʨʦʤ. ʇʦʩʣʝ ʯʝʛʦ ʚʳʜʝʨʞʠʚʘʣʠ ʩʫʪʢʠ ʧʨʠ 25 ʦʉ. ʈʝʟʫʣʴʪʘʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʨʠʩʫʥʢʝ. 

 



 

 

ʏʪʦ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠʟʫʯʘʣʠ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʠ ʜʠʢʠʡ ʠ 

ʜʝʣʝʮʠʦʥʥʳʡ ʰʪʘʤʤ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ? ʅʘ 

ʩʙʦʨʢʫ ʢʘʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʚʣʠʷʝʪ ʙʝʣʦʢ fepA? 

 

7) ʇʝʨʝʜ ʚʘʤʠ ʨʝʟʫʣʴʪʘʪʳ ʠʤʤʫʥʦʙʣʦʪ-ʘʥʘʣʠʟʘ ʜʣʷ ʩʝʢʨʝʪʠʨʫʝʤʳʭ ʙʝʣʢʦʚ L. monocytogenes. 

ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʜʘʥʥʳʭ ʧʨʝʜʧʦʣʦʞʠʪʝ ʥʘ ʢʘʢʦʡ ʧʨʦʮʝʩʩ ʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʙʘʢʪʝʨʠʠ 

ʪʘʢʞʝ ʚʣʠʷʝʪ fepA? ʆʙʲʷʩʥʠʪʝ ʩʚʦʶ ʪʦʯʢʫ ʟʨʝʥʠʶ 

 

8) ɺʳʛʦʜʥʦ ʣʠ ʣʠʩʪʝʨʠʷʤ ʜʦʣʛʦʝ ʚʨʝʤʷ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ? ʇʦʯʝʤʫ? 

9) ʂʘʢ ʚʳ ʜʫʤʘʝʪʝ, ʯʪʦ ʧʨʦʠʟʦʡʜʝʪ ʩ ʙʘʢʪʝʨʠʝʡ, ʝʩʣʠ ʵʢʩʧʨʝʩʩʠʷ ʙʝʣʢʘ LLO ʙʫʜʝʪ ʩʥʠʞʝʥʘ? 
ʇʦʯʝʤʫ? 

10) ʆʧʠʰʠʪʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ (ʠ ʜʘʞʝ ʙʦʣʝʝ ʚʘʞʥʳʝ) ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʥʛʠʙʠʪʦʨʘ, 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʤʝʥʥʦ ʧʨʦʪʠʚ FepA L. monocytogenes, ʠʩʭʦʜʷ ʠʟ ʥʦʚʳʭ ʜʘʥʥʳʭ ʦ ʝʛʦ ʨʦʣʠ. 

 

ʆʪʚʝʪʳ: 

1) ʈʠʩʫʥʦʢ 3. (1 ʙʘʣʣ). ʂʣʝʪʦʯʥʘʷ ʩʪʝʥʢʘ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʫʨʝʠʥʘ, ʥʘʣʠʯʠʝ 

ʪʝʡʭʦʚʳʭ ʢʠʩʣʦʪ (1 ʙʘʣʣ ʫʢʘʟʘʥʘ ʭʦʪʷ ʙʳ ʦʜʥʘ ʦʩʦʙʝʥʥʦʩʪʴ). 

2) + 4 ʦʉ ð ʵʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʙʳʪʦʚʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ (1 ʙʘʣʣ). ɹʦʣʴʰʠʥʩʪʚʦ ʧʘʪʦʛʝʥʥʳʭ 

ʙʘʢʪʝʨʠʡ (ʩʘʣʴʤʦʥʝʣʣʳ, ʢʠʰʝʯʥʳʝ ʧʘʣʦʯʢʠ) ʧʨʠ ʪʘʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʨʘʟʤʥʦʞʘʶʪʩʷ, ʘ 

ʣʠʰʴ ʩʦʭʨʘʥʷʶʪʩʷ. Listeria ʞʝ ʘʢʪʠʚʥʦ ʨʘʩʪʝʪ, ʧʨʝʚʨʘʱʘʷ ʭʦʣʦʜʠʣʴʥʠʢ ʠʟ ʭʨʘʥʠʣʠʱʘ ʚ 

çʠʥʢʫʙʘʪʦʨè ʜʣʷ ʧʘʪʦʛʝʥʘ. ʕʪʦ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪ ʠʥʬʝʢʮʠʦʥʥʫʶ ʜʦʟʫ ʚ ʧʨʦʜʫʢʪʝ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. (1 ʙʘʣʣ) 

3) ʄʝʪʦʜ: ʉʦʟʜʘʪʴ ʤʫʪʘʥʪʥʳʡ ʰʪʘʤʤ Listeria monocytogenes ʩ ʜʝʣʝʮʠʝʡ (ʫʜʘʣʝʥʠʝʤ) ʛʝʥʘ inlB 

ʀʃʀ ʩ ʪʦʯʝʯʥʦʡ ʤʫʪʘʮʠʝʡ, ʥʘʨʫʰʘʶʱʝʡ ʩʚʷʟʳʚʘʥʠʝ ʩ c-Met. 

ʆʞʠʜʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ: ɼʠʢʠʡ ʪʠʧ (WT) ʙʘʢʪʝʨʠʠ ʙʫʜʝʪ ɻ ʬʬʝʢʪʠʚʥʦ ʠʥʬʠʮʠʨʦʚʘʪʴ ʢʫʣʴʪʫʨʫ 

ʛʝʧʘʪʦʮʠʪʦʚ in vitro. ʄʫʪʘʥʪʥʳʡ ʰʪʘʤʤ (ȹinlB) ʙʫʜʝʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʩʥʠʞʝʥʠʝ (ʥʦ ʥʝ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ) ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʠʥʚʘʟʠʠ ʚ ʛʝʧʘʪʦʮʠʪʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

WT. ʕʪʦ ʜʦʢʘʞʝʪ, ʯʪʦ InlB ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʟʘʨʘʞʝʥʠʷ. (1 ʙʘʣʣ ʟʘ 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ, 1 ʙʘʣʣ ʟʘ ʦʞʠʜʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ) 

4) ʆʙʨʘʙʦʪʘʪʴ ʢʫʣʴʪʫʨʫ ʛʝʧʘʪʦʮʠʪʦʚ ʙʣʦʢʘʪʦʨʦʤ ʨʝʮʝʧʪʦʨʘ c-Met. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ: 1) 

ʥʝʡʪʨʘʣʠʟʫʶʱʝʝ ʘʥʪʠʪʝʣʦ ʢ c-Met; ʀʃʀ 2) ʠʥʛʠʙʠʪʦʨ c-Met. 



 

 

ʆʞʠʜʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ: ɺ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ (ʢʣʝʪʢʠ ʙʝʟ ʦʙʨʘʙʦʪʢʠ) ʠʥʚʘʟʠʷ WT Listeria 

ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ ʥʦʨʤʘʣʴʥʦ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʝ (ʢʣʝʪʢʠ ʩ ʟʘʙʣʦʢʠʨʦʚʘʥʥʳʤ c-Met) 

ʠʥʚʘʟʠʷ WT Listeria ʙʫʜʝʪ ʟʘʤʝʪʥʦ ʧʦʜʘʚʣʝʥʘ. ʕʪʦ ʜʦʢʘʞʝʪ, ʯʪʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʨʝʮʝʧʪʦʨ 

c-Met ʥʘ ʢʣʝʪʢʝ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʠʥʬʝʢʮʠʠ. (1 ʙʘʣʣ ʟʘ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ, 1 ʙʘʣʣ ʟʘ 

ʦʞʠʜʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ) 

5) ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ çʠʟ ʢʣʝʪʢʠ ʚ ʢʣʝʪʢʫè, ʤʠʥʫʷ ʤʝʞʢʣʝʪʦʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʧʦʟʚʦʣʷʝʪ 

ʙʘʢʪʝʨʠʠ: 

1) ʀʟʙʝʛʘʪʴ ʛʫʤʦʨʘʣʴʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ: ʆʥʘ ʥʝʜʦʩʪʫʧʥʘ ʜʣʷ ʘʥʪʠʪʝʣ, ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚ ʢʨʦʚʠ 

ʠ ʪʢʘʥʝʚʦʡ ʞʠʜʢʦʩʪʠ. 

2) ʉʢʨʳʚʘʪʴʩʷ ʦʪ ʢʣʝʪʦʢ ʚʨʦʞʜʝʥʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ (ʤʘʢʨʦʬʘʛʦʚ, ʥʝʡʪʨʦʬʠʣʦʚ). 

3) ʕʬʬʝʢʪʠʚʥʦ ʢʦʣʦʥʠʟʠʨʦʚʘʪʴ ʪʢʘʥʠ, ʥʝ ʧʦʜʚʝʨʛʘʷʩʴ ʘʪʘʢʝ ʠʟʚʥʝ. 

(2 ʙʘʣʣʘ ʟʘ 2 ʣʶʙʳʭ ʠʟ ʫʢʘʟʘʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ, 1 ʙʘʣʣ ʟʘ 1 ʧʨʝʠʤʫʱʝʩʪʚʦ.) 

6) FepA ʚʣʠʷʝʪ ʥʘ ʧʦʜʚʠʞʥʦʩʪʴ ʙʘʢʪʝʨʠʠ (1 ʙʘʣʣ). FepA ʢʘʢʠʤ-ʪʦ ʦʙʨʘʟʦʤ ʚʣʠʷʝʪ ʥʘ ʩʙʦʨʢʫ 

ʞʛʫʪʠʢʦʚ (1 ʙʘʣʣ). 

7) ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʪʠ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ FepA, ʚʝʨʦʷʪʥʦ, ʩʧʦʩʦʙʩʪʚʫʝʪ 
ʩʝʢʨʝʮʠʠ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʙʝʣʢʦʚ ʚʠʨʫʣʝʥʪʥʦʩʪʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ InlB, ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ L. monocytogenes ʢ ʠʥʚʘʟʠʠ ʚ ʛʝʧʘʪʦʮʠʪʳ, ʪʘʢ ʢʘʢ InlB ʩʚʷʟʳʚʘʝʪʩʷ ʩ c-Met, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʥʘ ʵʪʠʭ ʢʣʝʪʢʘʭ. (ɺʦʟʤʦʞʥʦ ʪʘʢʞʝ ʫʢʘʟʘʥʠʝ ʥʘ ʩʝʢʨʝʮʠʶ Mpl ʠ 

ʧʦʚʳʰʝʥʠʝ ʚʳʭʦʜʘ ʠʟ ʚʘʢʫʦʣʠ). (1 ʙʘʣʣ ï ʫʢʘʟʘʥʦ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʩʝʢʨʝʮʠʶ InlB ʀʃʀ 

Mpl, 1 ʙʘʣʣ ʫʢʘʟʘʥʦ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʙʘʢʪʝʨʠʠ ʢ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʚ 

ʛʝʧʘʪʦʮʠʪʳ ʀʃʀ ʧʦʚʳʰʘʝʪ ʚʳʭʦʜ ʠʟ ʚʘʢʫʦʣʠ) 

8) ʅʘʭʦʜʠʪʴʩʷ ʧʦʩʪʦʷʥʥʦ ʚ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ ʣʠʩʪʝʨʠʠ ʥʝʚʳʛʦʜʥʦ ð ʵʪʦ ʦʧʘʩʥʦ ʠ 

ʥʝʧʨʦʜʫʢʪʠʚʥʦ. 

1) ɸʪʘʢʘ ʩʦ ʩʪʦʨʦʥʳ ʛʫʤʦʨʘʣʴʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ. 

2) ɸʪʘʢʘ ʬʘʛʦʮʠʪʦʚ: ʅʝʡʪʨʦʬʠʣʳ ð ʛʣʘʚʥʳʝ çʢʠʣʣʝʨʳè ʚʥʝʢʣʝʪʦʯʥʳʭ ʙʘʢʪʝʨʠʡ. ʀʭ ʦʩʥʦʚʥʦʝ 

ʧʦʣʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ð ʠʤʝʥʥʦ ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʪʢʘʥʴ. 

3) ʆʪʩʫʪʩʪʚʠʝ ʠʜʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʨʘʟʤʥʦʞʝʥʠʷ: ɺʥʝʢʣʝʪʦʯʥʘʷ ʩʨʝʜʘ ð ʵʪʦ ʥʝ 

ʧʠʪʘʪʝʣʴʥʘʷ ʮʠʪʦʧʣʘʟʤʘ ʢʣʝʪʢʠ-ʭʦʟʷʠʥʘ. ɿʜʝʩʴ ʤʝʥʴʰʝ ʛʦʪʦʚʳʭ ʨʝʩʫʨʩʦʚ, ʠ ʙʘʢʪʝʨʠʷ ʥʝ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʝ ʨʘʟʤʥʦʞʝʥʠʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. 

2 ʙʘʣʣʘ ʟʘ ʧʦʣʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʀʃʀ ʫʢʘʟʘʥʳ ʭʦʪʷ ʙ  r2 ʠʟ 3 ʘʨʛʫʤʝʥʪʦʚ, 1 ʙʘʣʣ ʥʝʧʦʣʥʘʷ 

ʘʨʛʫʤʝʥʪʘʮʠʷ, ʧʨʠʚʝʜʝʥʦ 1 ʠʟ 3 ʘʨʛʫʤʝʥʪʦʚ) 

9) ɹʝʟ LLO ʙʘʢʪʝʨʠʷ ʥʝ ʩʤʦʞʝʪ ʚʳʡʪʠ ʠʟ ʚʘʢʫʦʣʠ. (1 ʙʘʣʣ). ɺʘʢʫʦʣʴ ʜʘʣʴʥʝʡʰʝʤ ʩʦʣʴʝʪʩʷ ʩ 

ʣʠʟʦʩʦʤʦʡ ʠ ʨʘʟʨʫʰʠʪ ʙʘʢʪʝʨʠʶ. (1 ʙʘʣʣ). 

10) ʀʥʛʠʙʠʪʦʨ, ʩʧʝʮʠʬʠʯʥʳʡ ʢ FepA Listeria, ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʜʚʦʡʥʳʤ ʠʣʠ ʜʘʞʝ ʪʨʦʡʥʳʤ 

ʵʬʬʝʢʪʦʤ, ʜʝʡʩʪʚʫʷ ʢʘʢ ʧʨʦʪʠʚʦʚʠʨʫʣʝʥʪʥʳʡ ʧʨʝʧʘʨʘʪ. 

1) ʇʦʚʳʩʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʘʥʪʠʙʠʦʪʠʢʘʤ (1 ʙʘʣʣ) 

2) ʇʦʜʘʚʠʪʴ ʙʝʣʢʠ ʚʠʨʫʣʝʥʪʥʦʩʪʠ: ɹʣʦʢʠʨʦʚʘʥʠʝ FepA ʣʠʰʠʪ ʙʘʢʪʝʨʠʶ ʩʧʦʩʦʙʥʦʩʪʠ 
ʬʦʨʤʠʨʦʚʘʪʴ ʞʛʫʪʠʢʠ, ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʜʣʷ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʦʚ ʠʥʬʝʢʮʠʠ (ʧʨʝʦʜʦʣʝʥʠʝ 

ʩʣʠʟʠʩʪʦʛʦ ʙʘʨʴʝʨʘ, ʘʜʛʝʟʠʷ ʢ ʵʧʠʪʝʣʠʶ). ʕʪʦ ʩʜʝʣʘʝʪ ʙʘʢʪʝʨʠʶ ʤʝʥʝʝ ʟʘʨʘʟʥʦʡ ʜʘʞʝ ʜʦ 

ʚʩʪʨʝʯʠ ʩ ʘʥʪʠʙʠʦʪʠʢʦʤ. 

(1 ʙʘʣʣ ï ʫʢʘʟʘʥʳ ʧʨʠʤʝʨʳ ʵʬʬʝʢʪʦʚ) 



 

 

5 ʟʘʜʘʥʠʝ 

çʇʣʘʟʤʠʜʘ ð ʠʜʝʘʣʴʥʳʡ ʢʦʣʦʥʠʟʘʪʦʨ: ʦʥʘ ʟʘʩʪʘʚʣʷʝʪ ʭʦʟʷʠʥʘ ʚʝʨʠʪʴ, ʯʪʦ ʝʛʦ 

ʚʳʞʠʚʘʥʠʝ ð ɻ ʪʦ ʝ yʟʘʩʣʫʛʘ ʠ ʝʜʠʥʩʪʚʝʥʥʘʷ ʮʝʣʴ, ʩʢʨʳʚʘʷ ʟʘ ʬʘʩʘʜʦʤ ʩʠʤʙʠʦʟʘ 

ʜʠʢʪʘʪʫʨʫ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʵʛʦʠʩʪʠʯʥʦʛʦ ʨʝʧʣʠʢʘʪʦʨʘ ɼʦʢʠʥʟʘè 

ʀʟ ʨʝʯʠ ɺ. ʀ. ʃʝʥʠʥʘ ʥʘ ʟʘʩʝʜʘʥʠʠ ʦʙʱʝʩʪʚʘ 

ʧʨʘʢʪʠʢʫʶʱʠʭ ʛʝʥʥʳʭ-ʠʥʞʝʥʝʨʦʚ ʠʤ ʊ.ɼ. ʃʳʩʝʥʢʦ 

 

 

ʂʘʢ ʚʘʤ ʜʦʣʞʥʦ ʙʳʪʴ ʠʟʚʝʩʪʥʦ, ʧʣʘʟʤʠʜʳ ï ʚʥʝʭʨʦʤʦʩʦʤʥʳʝ ʘʚʪʦʥʦʤʥʳʝ, ʦʙʳʯʥʦ 

ʢʦʣʴʮʝʚʳʝ, ʛʝʥʝʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʦʙʣʘʜʘʶʱʠʝ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʥʝʟʘʚʠʩʠʤʦʡ ʨʝʧʣʠʢʘʮʠʠ 

ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢʣʝʪʢʘʭ, ʯʘʱʝ ʚʩʝʛʦ ï ʚ ʙʘʢʪʝʨʠʷʭ ʠ ʘʨʭʝʷʭ. ɹʣʘʛʦʜʘʨʷ ɻ ʪʦʤʫ ʠ ʥʝʢʦʪʦʨʳʤ 

ʜʨʫʛʠʤ ʩʚʦʡʩʪʚʘʤ, ʧʣʘʟʤʠʜʥʳʝ ʚʝʢʪʦʨʳ ʩʪʘʣʠ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ. ʇʝʨʝʜ ʥʝʢʦʪʦʨʦʡ ʣʘʙʦʨʘʪʦʨʠʝʡ, ʟʘʥʠʤʘʶʱʝʡʩʷ 

ʤʝʜʠʮʠʥʩʢʦʡ ʛʝʥʝʪʠʢʦʡ, ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʘʪʴ ʧʦʜʭʦʜ ʜʣʷ ʪʝʨʘʧʠʠ 

ʥʘʩʣʝʜʩʪʚʝʥʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ é ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ ʤʝʪʦʜʦʚ ʛʝʥʦʤʥʦʛʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ. 

ʈʝʰʝʥʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʚʝʢʪʦʨʘ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʜʦʩʪʘʚʣʷʪʴ ʚ ʮʝʣʝʚʳʝ ʢʣʝʪʢʠ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʙʫʜʫʪ ʚʳʩʪʫʧʘʪʴ ʥʝʠʥʪʝʛʨʠʨʫʶʱʠʝʩʷ ʚʠʨʫʩʥʳʝ ʚʝʢʪʦʨʳ ʥʘ 

ʦʩʥʦʚʝ ʣʝʥʪʠʚʠʨʫʩʦʚ ʯʝʣʦʚʝʢʘ. ʆʙʳʯʥʦ ʪʘʢʠʝ ʚʝʢʪʦʨʳ ʩʦʙʠʨʘʶʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʣʝʪʦʯʥʦʡ ʤʘʰʠʥʝʨʠʠ ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ, ʪʨʘʥʩʬʠʮʠʨʦʚʘʥʥʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʤʠ ʧʣʘʟʤʠʜʥʳʤʠ ʚʝʢʪʦʨʘʤʠ, ʨʘʟʥʦʛʦ ʪʠʧʘ, ʢʦʜʠʨʫʶʱʠʤʠ ʥʝʦʙʭʦʜʠʤʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʚʠʨʫʩʥʳʭ ʚʝʢʪʦʨʦʚ. ɼʘʣʝʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʵʪʘʧʳ ʪʘʢʦʡ ʨʘʙʦʪʳ. 

 

1. ʅʘʯʥʝʤ ʩ ʧʨʦʩʪʦʛʦ. ʇʦʯʝʤʫ ʧʨʠ ʩʙʦʨʢʝ ʣʝʥʪʠʚʠʨʫʩʥʳʭ ʚʝʢʪʦʨʦʚ ʚ ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʭ 

ʢʣʝʪʢʘʭ ʠʩʧʦʣʴʟʫʶʪ ʧʣʘʟʤʠʜʥʳʝ ɼʅʂ-ʢʦʥʩʪʨʫʢʮʠʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʧʣʘʟʤʠʜʳ ʥʝ 

ʷʚʣʷʶʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʨʝʧʣʠʢʦʥʘʤʠ ʵʫʢʘʨʠʦʪ? ʄʦʛʫʪ ʣʠ ʧʣʘʟʤʠʜʳ ʚ ʢʘʢʠʭ-ʣʠʙʦ 

ʫʩʣʦʚʠʷʭ ʨʝʧʣʠʮʠʨʦʚʘʪʴʩʷ ʚ ʢʣʝʪʢʘʭ-ʧʨʦʜʫʮʝʥʪʘʭ ʚʠʨʫʩʥʳʭ ʚʝʢʪʦʨʦʚ? ʂʦʥʢʨʝʪʠʟʠʨʫʡʪʝ 

ʦʪʚʝʪ. 

2. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʝʥʳ, ʠʤʝʶʱʠʝʩʷ ʚ ʧʣʘʟʤʠʜʘʭ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 
(ʩʚʦʡʩʪʚʘ ʢʦʜʠʨʫʝʤʳʭ ʛʝʥʥʳʭ ʣʦʢʫʩʦʚ), ɻ ʢʩʧʨʝʩʩʠʨʦʚʘʪʴʩʷ ʚ ʢʣʝʪʢʘʭ, ʥʘʧʨʠʤʝʨ, ʞʠʚʦʪʥʳʭ. 

ʏʪʦ ʵʪʦ ʟʘ ʫʩʣʦʚʠʷ? 

ʄʥʦʛʠʝ ʠʟ ʪʘʢʦʚʳʭ ʧʣʘʟʤʠʜ ʩʦʜʝʨʞʘʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʯʘʩʪʢʠ ʛʝʥʦʤʦʚ ʥʝʢʦʪʦʨʳʭ 

ʚʠʨʫʩʦʚ. ʂʘʢ ɺʳ ʜʫʤʘʝʪʝ, ʯʪʦ ʵʪʦ ʟʘ ʫʯʘʩʪʢʠ? ʂʘʢ ɺʳ ʤʦʞʝʪʝ ʵʪʦ ʦʙʲʷʩʥʠʪʴ? ʇʨʠ ʦʪʚʝʪʝ 

ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʚ ɻ ʪʦʤ ʚʦʧʨʦʩʝ ʨʝʯʴ ʠʜʝʪ ʦʙ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʚ ʮʝʣʝʚʳʭ ʢʣʝʪʢʘʭ, 

ʘ ʥʝ ʦ ʩʙʦʨʢʝ ʚʠʨʫʩʥʳʭ ʚʝʢʪʦʨʦʚ. 

3. ʆʜʠʥ ʠʟ ʪʠʧʦʚ ʧʣʘʟʤʠʜ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʩʙʦʨʢʝ ʨʝʪʨʦʚʠʨʫʩʥʳʭ ʚʝʢʪʦʨʦʚ, ʚ ʦʙʱʝʤ, 

ʠ ʣʝʥʪʠʚʠʨʫʩʥʳʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ð ʵʪʦ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ, ʪʨʘʥʩʬʝʨʥʳʝ ʧʣʘʟʤʠʜʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʚʩʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʫʜʫʱʝʛʦ ʚʠʨʫʩʥʦʛʦ ʚʝʢʪʦʨʘ ʚ ʚʠʜʝ ɼʅʂ. ʊʘʢʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʥʘʢʣʘʜʳʚʘʝʪ ʥʝʢʦʪʦʨʳʝ ʚʘʞʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʵʢʩʧʨʝʩʩʠʦʥʥʳʭ 

ʢʘʩʩʝʪ ʪʨʘʥʩʛʝʥʦʚ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʪʨʘʥʩʬʝʨʥʳʭ ʧʣʘʟʤʠʜʘʭ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʶʙʳʤʠ 

ʜʨʫʛʠʤʠ ʵʢʩʧʨʝʩʩʠʦʥʥʳʤʠ ʢʘʩʩʝʪʘʤʠ ʚ ʧʣʘʟʤʠʜʘʭ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʨʘʙʦʪʘʪʴ ʚ 

ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʭ ʢʣʝʪʢʘʭ. ʂʘʢʫʶ ʦʩʥʦʚʥʫʶ ʦʪʣʠʯʠʪʝʣʴʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ʚʳ ʤʦʞʝʪʝ 

ʥʘʟʚʘʪʴ? ʉ ʯʝʤ ʩʚʷʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʥʝʡ? 



 

 

 
4. ʅʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʩʙʦʨʢʠ ʣʝʥʪʠʚʠʨʫʩʥʳʭ ʚʝʢʪʦʨʦʚ ʪʨʘʥʩʬʝʨʥʘʷ ʧʣʘʟʤʠʜʘ ʠʤʝʝʪʩʷ ʚ 

ʥʘʰʝʡ ʫʩʣʦʚʥʦʡ ñʣʘʙʦʨʘʪʦʨʠʠ ʤʝʜʠʮʠʥʩʢʦʡ ʛʝʥʝʪʠʢʠò. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʵʪʦʡ 

ʨʝʧʦʨʪʝʨʥʦʡ ʧʣʘʟʤʠʜʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʵʢʩʧʨʝʩʩʠʦʥʥʘʷ ʢʘʩʩʝʪʘ ʨʝʧʦʨʪʝʨʥʦʛʦ 

(ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ) ʙʝʣʢʘ eGFP ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʢʦʥʩʪʠʪʫʪʠʚʥʦʛʦ ʧʨʦʤʦʪʦʨʘ EF1Ŭ. ʈʝʰʝʥʦ 

ʧʦʣʫʯʘʪʴ ʫʩʣʦʚʥʦ çʙʠʮʠʩʪʨʦʥʥʫʶè ʢʦʥʩʪʨʫʢʮʠʶ, ʛʜʝ ʬʝʨʤʝʥʪ SaCas9 ʩʪʦʷʪʴ ʧʝʨʝʜ eGFP, 

ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʧʨʦʤʦʪʦʨʘ CMV, ʦʪʜʝʣʝʥʥʳʡ çʩʘʤʦʦʪʱʝʧʣʷʶʱʠʤʩʷè t2a ʧʝʧʪʠʜʦʤ (ʜʣʠʥʘ 

ʢʦʜʠʨʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ T2a ï 54 ʥʫʢʣʝʦʪʠʜʘ). ʊʨʘʥʩʢʨʠʧʮʠʷ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʙʱʝʡ ʤʈʅʂ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʟʜʝʣʴʥʦʡ ʪʨʘʥʩʣʷʮʠʝʡ. ʀʩʪʦʯʥʠʢʦʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ SaCas9 ʧʦʩʣʫʞʠʪ ʜʨʫʛʘʷ ʧʣʘʟʤʠʜʘ, ʥʝ ʷʚʣʷʶʱʘʷʩʷ ʪʨʘʥʩʬʝʨʥʦʡ. 

ʇʦʩʤʦʪʨʠʪʝ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʢʘʨʪʳ ʧʣʘʟʤʠʜ. ʏʪʦ ʠʤʝʥʥʦ ʩʣʝʜʫʝʪ 

ʫʙʨʘʪʴ ʠ ʜʦʙʘʚʠʪʴ ʚ ʪʨʘʥʩʬʝʨʥʦʡ ʧʣʘʟʤʠʜʝ ʠ ʯʪʦ ʠʟ ʵʪʦʛʦ ʤʦʞʥʦ ʚʟʷʪʴ ʠʟ ʜʦʥʦʨʥʦʡ pAAV-

SaCas9-sgʈʅʂ ʧʣʘʟʤʠʜʳ? ʉʦʪʨʫʜʥʠʢʠ ʣʘʙʦʨʘʪʦʨʠʠ ʧʨʝʜʧʦʯʣʠ ʘʤʧʣʠʬʠʮʠʨʦʚʘʪʴ ʫʯʘʩʪʢʠ 

ʜʦʥʦʨʥʦʡ ʧʣʘʟʤʠʜʳ ʚ ʇʎʈ. ʆʜʥʘʢʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʦʱʝ ʚʳʨʝʟʘʪʴ ʨʝʩʪʨʠʢʪʘʟʘʤʠ 

ʠʩʢʦʤʳʝ ʫʯʘʩʪʢʠ ʠʟ ʦʜʥʦʡ ʧʣʘʟʤʠʜʳ ʠ ʚʩʪʘʚʠʪʴ ʚ ʜʨʫʛʫʶ. ɺʦʟʤʦʞʥʦ ʣʠ ʵʪʦ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ? ʆʪʚʝʪ ʧʦʷʩʥʠʪʝ? 

5. ʇʦʜʫʤʘʡʪʝ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʜʦʣʞʥʳ ʙʳʣʠ ʧʦʣʫʯʘʪʴ 
ʥʝʦʙʭʦʜʠʤʫʶ ʚʩʪʘʚʢʫ ʧʦʩʨʝʜʩʪʚʦʤ ʇʎʈ. ʂʘʢʠʤ ʵʣʝʤʝʥʪʘʤ ʜʦʥʦʨʥʦʡ ʧʣʘʟʤʠʜʳ ʜʦʣʞʥʳ 

ʙʳʪʴ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳ ʧʨʘʡʤʝʨʳ ʚ ʇʎʈ ʠ ʛʜʝ ʠʤʝʥʥʦ ʚ ʵʪʠʭ ʵʣʝʤʝʥʪʘʭ ʦʥʠ ʜʦʣʞʥʳ 

çʣʝʞʘʪʴè? ʂʘʢʦʚʘ ʜʦʣʞʥʘ ʙʳʪʴ ʩʪʨʫʢʪʫʨʘ ʧʨʘʡʤʝʨʦʚ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʘʤʧʣʠʢʦʥ, ʧʨʠʛʦʜʥʳʡ 

ʜʣʷ ʚʩʪʨʘʠʚʘʥʠʷ ʚ ʥʫʞʥʦʝ ʤʝʩʪʦ. 

 

6. ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʚʩʪʘʚʢʠ ʠ ʨʘʟʨʝʟʘʥʠʷ ʪʨʘʥʩʬʝʨʥʦʡ ʧʣʘʟʤʠʜʳ ʨʝʩʪʨʠʢʪʘʟʘʤʠ 

ʥʝʦʙʭʦʜʠʤʦ ʠʭ ʦʙʲʝʜʠʥʠʪʴ ʚ ʝʜʠʥʳʡ ʚʝʢʪʦʨ ʧʦʩʨʝʜʩʪʚʦʤ ʊ4 ɼʅʂ-ʣʠʛʘʟʳ. ʇʦʩʣʝ ʦʯʠʩʪʢʠ 

ʬʨʘʛʤʝʥʪʦʚ ʧʦʣʫʯʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ 40 ʥʛ/ʤʢʣ ʜʣʷ ʚʩʪʘʚʢʠ ʠ 300 ʥʛ/ʤʢʣ ʜʣʷ 

ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʪʨʘʥʩʬʝʨʥʦʡ ʧʣʘʟʤʠʜʳ (ʟʘ ʚʳʯʝʪʦʤ ʚʳʨʝʟʘʥʥʦʛʦ ʠʟ ʥʝʝ ʬʨʘʛʤʝʥʪʘ). 

ʀʩʧʦʣʴʟʫʷ ʠʥʬʦʨʤʘʮʠʶ ʩ ʢʘʨʪ ʦʙʝʠʭ ʧʣʘʟʤʠʜ, ʘ ʪʘʢʞʝ ʜʣʠʥʳ ʵʣʝʤʝʥʪʦʚ ʢʘʩʩʝʪʳ 

Cas9 ʚ ʜʦʥʦʨʥʦʡ ʧʣʘʟʤʠʜʝ (CMV ʧʨʦʤʦʪʦʨ ʜʦ Cas9 ~ 650 ʧ.ʦ., SaCas9 ï 3321 ʧ.ʦ., bGH-PA 

ʩʠʛʥʘʣ ʧʦʣʠʘʜʝʥʠʣʠʨʦʚʘʥʠʷ - ~200 ʧ.ʦ.) ʧʦʩʯʠʪʘʡʪʝ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ (ʤʘʩʩʫ) 

ʚʩʪʘʚʢʠ ʚ ʩʤʝʩʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʠʛʠʨʦʚʘʥʠʷ (ʜʝʩʷʪʠʢʨʘʪʥʳʡ ʙʫʬʝʨ ʊ4 ɼʅʂ-ʣʠʛʘʟʳ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʣʠʛʘʟʘ, ʚʦʜʘ ʠ ʦʙʘ ʬʨʘʛʤʝʥʪʘ). ɺ ʦʪʚʝʪʝ ʫʢʘʞʠʪʝ ʢʦʣʠʯʝʩʪʚʦ (ʤʘʩʩʫ) 

ʚʩʪʘʚʢʠ ʚ ʨʝʘʢʮʠʠ. ʋʯʠʪʳʚʘʡʪʝ ʫʩʨʝʜʥʝʥʥʳʝ ʤʘʩʩʳ ʥʫʢʣʝʦʪʠʜʦʚ, ʘ ʩʦʦʪʥʦʰʝʥʠʝ ʧʣʘʟʤʠʜʘ: 

ʚʩʪʘʚʢʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʙʨʘʪʴ ʢʘʢ ʵʢʚʠʤʦʣʷʨʥʦʝ, ʧʨʠ ʢʦʣʠʯʝʩʪʚʝ ʧʣʘʟʤʠʜʳ ʚ ʨʝʘʢʮʠʠ 300 ʥʛ. 

ʂʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʧʣʘʟʤʠʜʳ (ʃʇ) ʠ ʚʩʪʘʚʢʠ ʥʘʭʦʜʠʪʩʷ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ? 


