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ʇʈɽɼɻʆɺʆʈ 

 

ʆʚʘ ʧʫʙʣʠʢʘʮʠʿʘ ʿʝ ʿʝʜʘʥ ʦʜ ʨʝʟʫʣʪʘʪʘ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʧʨʦʿʝʢʪʫ  ɼʨʫʛʘ ʰʘʥʩʘ ï ʨʘʟʚʦʿ 

ʩʠʩʪʝʤʘ ʬʫʥʢʮʠʦʥʘʣʥʦʛ ʦʩʥʦʚʥʦʛ ʦʙʨʘʟʦʚʘˁʘ ʦʜʨʘʩʣʠʭ ʢʦʿʠ ʩʝ ʫ ʦʙʨʘʟʦʚʥʦʤ ʩʠʩʪʝʤʫ ʉʨʙʠʿʝ 

ʨʝʘʣʠʟʫʿʝ ʫʟ ʬʠʥʘʥʩʠʿʩʢʫ ʧʦʜʨʰʢʫ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ. 

ʌʫʥʢʮʠʦʥʘʣʥʦ ʦʩʥʦʚʥʦ ʦʙʨʘʟʦʚʘˁʝ ʦʜʨʘʩʣʠʭ (ʌʆʆʆ)  ʧʨʝʜʩʪʘʚˀʘ ʫ ʤʥʦʛʦ ʯʝʤʫ 

ʟʥʘʯʘʿʥʫ  ʥʦʚʠʥʫ ʫ ʦʙʨʘʟʦʚʥʦʤ ʩʠʩʪʝʤʫ ʉʨʙʠʿʝ ʠ ʧʦ ʧʨʚʠ ʧʫʪ ʿʝ ʩʠʩʪʝʤʩʢʠ ʧʦʩʪʘʚˀʝʥʦ ʟʘ 

ʧʦʪʨʝʙʝ ʦʙʨʘʟʦʚʘˁʘ ʦʜʨʘʩʣʠʭ. ʌʫʥʢʮʠʦʥʘʣʥʦ ʦʩʥʦʚʥʦ ʦʙʨʘʟʦʚʘˁʝ ʿʝ ʠʟʠʩʢʠʚʘʣʦ ʠʟʨʘʜʫ 

ʥʦʚʦʛ ʦʙʨʘʟʦʚʥʦʛ ʧʨʦʛʨʘʤʘ, ʟʘʩʥʦʚʘʥʦʛ ʥʘ ʠʩʭʦʜʠʤʘ ʥʘʩʪʘʚʝ ʠ ʫʯʝˁʘ ʠ ʫʩʤʝʨʝʥʦʛ ʢʘ ʨʘʟʚʦʿʫ 

ʠ ʫʩʧʦʩʪʘʚˀʘˁʫ ʦʥʠʭ ʢʦʤʧʝʪʝʥʮʠʿʘ ʢʦʿʝ ʩʫ ʦʜʨʘʩʣʦʤʝ ʥʝʦʧʭʦʜʥe ʜʘ ʙʠ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠ, 

ʣʠʯʥʦ ʢʦʨʠʩʪʘʥ ʠ ʜʨʫʰʪʚʝʥʦ ʧʨʠʭʚʘʪˀʠʚ ʥʘʯʠʥ ʠ ʫ ʨʘʟʥʦʚʨʩʥʠʤ ʜʦʤʝʥʠʤʘ, ʦʜ ʣʠʯʥʦʛ ʠ 

ʧʦʨʦʜʠʯʥʦʛ, ʜʦ ʨʘʜʥʦʛ ʠ ʜʨʫʰʪʚʝʥʦʛ, ʦʜʛʦʚʦʨʠʦ ʥʘ ʟʘʭʪʝʚʝ ʥʘ ʢʦʿʝ ʩʚʘʢʦʜʥʝʚʥʦ ʥʘʠʣʘʟʠ ʠ 

ʫʥʘʧʨʝʜʠʦ ʢʚʘʣʠʪʝʪ ʞʠʚʦʪʘ ʠ ʫ ʦʢʨʫʞʝˁʫ ʫ ʢʦʤʝ ʞʠʚʠ ʠ ʨʘʜʠ, ʠ ʫ ʩʚʦʤ ʧʨʠʚʘʪʥʦʤ ʠ 

ʧʦʨʦʜʠʯʥʦʤ ʦʢʨʫʞʝˁʫ.  

ʌʆʆʆ ʿʝ ʥʘʤʝˁʝʥʦ ʩʚʠʤ ʦʜʨʘʩʣʠʤ ʦʩʦʙʘʤʘ ʠʟʥʘʜ 15 ʛʦʜʠʥʘ ʩʪʘʨʦʩʪʠ ʢʦʿʠ ʠʤʘʿʫ 

ʧʦʪʨʝʙʫ ʜʘ ʩʝ ʦʧʠʩʤʝʥʝ ʠ ʩʪʝʢʥʫ ʦʩʥʦʚʥʦ ʦʙʨʘʟʦʚʘˁʝ. ʇʨʦʛʨʘʤ ʌʆʆʆ ʦʩʪʚʘʨʫʿʝ ʩʝ ʫ 

ʦʩʥʦʚʥʠʤ ʰʢʦʣʘʤʘ ʠ ʰʢʦʣʘʤʘ ʟʘ ʦʩʥʦʚʥʦ ʦʙʨʘʟʦʚʘˁʝ ʦʜʨʘʩʣʠʭ ʫ ʢʦʿʠʤʘ ʩʫ ʰʢʦʣʩʢʠ ʪʠʤʦʚʠ 

ʧʦʩʝʙʥʦ ʦʙʫʯʝʥʠ, ʫ ʦʢʚʠʨʫ ʧʨʦʿʝʢʪʘ ɼʨʫʛʘ ʰʘʥʩʘ ʟʘ ʦʙʨʘʟʦʚʥʠ ʨʘʜ ʩʘ ʦʜʨʘʩʣʠʤʘ ʠ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʦʙʨʘʟʦʚʥʦʛ ʧʨʦʛʨʘʤʘ ʌʆʆʆ. ʆʙʨʘʟʦʚʥʠ ʧʨʦʛʨʘʤ ʫ ʰʢʦʣʘʤʘ ʦʩʪʚʘʨʫʿʝ ʩʝ ʫ 

ʚʨʝʤʝʥʫ ʢʦʿʝ ʥʘʿʚʠʰʝ ʧʦʛʦʜʫʿʝ ʦʜʨʘʩʣʠʤ ʧʦʣʘʟʥʠʮʠʤʘ ʠ ʠʟʣʘʟʠ ʫ ʩʫʩʨʝʪ ʧʦʪʨʝʙʘʤʘ ʦʜʨʘʩʣʠʭ 

ʜʘ ʦʙʨʘʟʦʚʘˁʝ ʫʩʢʣʘʜʝ ʩʘ ʩʚʦʿʠʤ ʦʩʥʦʚʥʠʤ, ʣʠʯʥʠʤ, ʧʦʨʦʜʠʯʥʠʤ ʠ ʨʘʜʥʠʤ ʦʙʘʚʝʟʘʤʘ.  

ʌʆʆʆ ʪʨʘʿʝ ʫʢʫʧʥʦ ʪʨʠ ʰʢʦʣʩʢʝ ʛʦʜʠʥʝ. ʋ ʦʢʚʠʨʫ ʧʨʚʦʛ ʮʠʢʣʫʩʘ ʦʜʨʘʩʣʠ ʧʦʣʘʟʥʠʮʠ 

ʟʘʚʨʰʘʚʘʿʫ ʧʨʦʛʨʘʤ ʢʦʿʠ ʿʝ ʝʢʚʠʚʘʣʝʥʪʘʥ ʧʨʦʛʨʘʤʫ ʧʨʚʘ ʯʝʪʠʨʠ ʨʘʟʨʝʜʘ ʦʩʥʦʚʥʝ ʰʢʦʣʝ ʠ 

ʩʪʠʯʫ ʦʩʥʦʚʝ ʧʠʩʤʝʥʦʩʪʠ. ʋ ʜʨʫʛʦʤ ʮʠʢʣʫʩʫ (V ʠ  VI ʨʘʟʨʝʜ) ʦʜʨʘʩʣʠ ʩʪʠʯʫ ʦʩʥʦʚʝ ʦʧʰʪʝʛ 

ʦʙʨʘʟʦʚʘˁʘ. ʊʨʝ˂ʠ ʮʠʢʣʫʩ (ʟʘʚʨʰʥʘ ʛʦʜʠʥʘ) ʦʜʥʦʩʠ ʩʝ ʥʘ ʟʘʚʨʰʝʪʘʢ ʦʩʥʦʚʥʦʛ ʦʙʨʘʟʦʚʘˁʘ 

(VII ʠ  VIII ʨʘʟʨʝʜ) ʠ ʦʙʫʢʫ ʟʘ ʦʜʨʝʹʝʥʝ ʧʦʩʣʦʚʝ/ʟʘʥʠʤʘˁʘ. 

ʅʘʩʪʘʚʥʠ ʧʣʘʥ ʠ ʧʨʦʛʨʘʤ, ʠʘʢʦ ʨʘʟʚʠʿʝʥ ʧʦ ʤʦʜʝʣʫ ʬʦʨʤʘʣʥʦʛ ʦʩʥʦʚʥʦʛ ʦʙʨʘʟʦʚʘˁʘ, 

ʬʫʥʢʮʠʦʥʘʣʥʦ ʿʝ ʧʨʠʣʘʛʦʹʝʥ ʦʜʨʘʩʣʠʤ ʧʦʣʘʟʥʠʮʠʤʘ. ʉʘʜʨʞʘʿʠ 12 ʧʨʝʜʤʝʪʘ ʠ 2 ʤʦʜʫʣʘ 

ʙʣʠʩʢʦ ʩʫ ʧʦʚʝʟʘʥʠ ʩʘ ʠʢʫʩʪʚʦʤ, ʧʦʪʨʝʙʘʤʘ ʠ ʠʥʪʝʨʝʩʦʚʘˁʠʤʘ ʦʜʨʘʩʣʠʭ. 

ɿʘ ʧʦʪʨʝʙʝ ʌʆʆʆ ʧʦʩʝʙʥʦ ʿʝ ʢʨʝʠʨʘʥ ʤʘʪʝʨʠʿʘʣ ʟʘ ʥʘʩʪʘʚʫ ʠ ʫʯʝˁʝ ʟʘ ʩʚʘʢʠ ʧʨʝʜʤʝʪ 

ʠ ʤʦʜʫʣ ʢʘʦ ʧʨʘʪʝ˂ʘ ʧʦʜʨʰʢʘ ʦʩʪʚʘʨʠʚʘˁʫ ʥʘʩʪʘʚʥʦʛ ʧʨʦʛʨʘʤʘ. ʇʦʜʥʘʩʣʦʚ ʦʚʝ ʧʫʙʣʠʢʘʮʠʿʝ 

ʧʦʢʘʟʫʿʝ ʜʘ ʿʝ ʦʥʘ ʥʘʤʝˁʝʥʘ ʠ ʥʘʩʪʘʚʥʠʮʠʤʘ ʢʦʿʠ ʠʟʚʦʜʝ ʥʘʩʪʘʚʫ ʫ ʦʢʚʠʨʫ ʧʨʦʛʨʘʤʘ 

ʬʫʥʢʮʠʦʥʘʣʥʦʛ ʦʩʥʦʚʥʦʛ ʦʙʨʘʟʦʚʘˁʘ ʦʜʨʘʩʣʠʭ ʠ ʩʘʤʠʤ ʧʦʣʘʟʥʠʮʠʤʘ ʦʚʦʛ ʧʨʦʛʨʘʤʘ. 

ʅʘʩʪʘʚʥʠʮʠʤʘ ʿʝ ʥʘʤʝˁʝʥʘ ʢʘʦ ʧʦʜʨʰʢʘ ʜʘ ʰʪʦ ʝʬʠʢʘʩʥʠʿʝ ʠ ʢʚʘʣʠʪʝʪʥʠʿʝ, ʩʘʛʣʘʩʥʦ 

ʟʘʭʪʝʚʠʤʘ ʬʫʥʢʮʠʦʥʘʣʥʦʛ ʦʩʥʦʚʥʦʛ ʦʙʨʘʟʦʚʘˁʘ, ʦʨʛʘʥʠʟʫʿʫ, ʧʣʘʥʠʨʘʿʫ, ʫʩʤʝʨʘʚʘʿʫ ʠ ʠʟʚʦʜʝ 

ʥʘʩʪʘʚʥʠ ʧʨʦʮʝʩ, ʫʟ ʧʫʥʫ ʩʘʨʘʜˁʫ ʠ ʫʯʝʰ˂ʝ ʧʦʣʘʟʥʠʢʘ. ʇʦʣʘʟʥʠʮʠʤʘ ʿʝ ʥʘʤʝˁʝʥʘ ʢʘʦ ʠʟʚʦʨ 

ʥʝʦʧʭʦʜʥʠʭ ʠ ʟʥʘʯʘʿʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ, ʘʣʠ ʠ ʧʦʜʩʪʠʮʘʿʘ ʥʘ ʘʢʪʠʚʥʦ ʫʯʝʰ˂ʝ ʥʝ ʩʘʤʦ ʫ ʥʘʩʪʘʚʠ 

ʬʫʥʢʮʠʦʥʘʣʥʦʛ ʦʙʨʘʟʦʚʘˁʘ ʠ ʫ ʧʨʦʮʝʩʫ ʫʯʝˁʘ, ʚʝ˂ ʠ, ʧʨʝʥʦʰʝˁʝʤ ʠ ʢʦʨʠʰ˂ʝˁʝʤ ʩʪʝʯʝʥʠʭ 

ʟʥʘˁʘ ʠ ʢʦʤʧʝʪʝʥʮʠʿʘ, ʫ ʩʚʘʢʦʜʥʝʚʥʦʿ, ʰʠʨʦʿ ʞʠʚʦʪʥʦʿ ʠ ʨʘʜʥʦʿ ʩʨʝʜʠʥʠ. ʐʠʨʘ ʜʨʫʰʪʚʝʥʘ ʠ 

ʨʘʜʥʘ ʩʨʝʜʠʥʘ ʩ ʨʘʟʣʦʛʦʤ ʦʯʝʢʫʿʫ ʜʘ ʠʤ ʧʦʣʘʟʥʠʮʠ ʧʨʦʛʨʘʤʘ ʬʫʥʢʮʠʦʥʘʣʥʦʛ ʦʩʥʦʚʥʦʛ 

ʦʙʨʘʟʦʚʘˁʘ ʦʜʨʘʩʣʠʭ ʧʨʫʞʝ ʢʦʥʩʪʨʫʢʪʠʚʘʥ ʠ ʚʘˀʘʥ ʜʦʧʨʠʥʦʩ. 

ɺʦʜʠʯ ʟʘ ʫʩʧʝʰʥʫ ʠ ʢʚʘʣʠʪʝʪʥʫ ʥʘʩʪʘʚʫ ʠ ʫʯʝˁʝ ʫ ʬʫʥʢʮʠʦʥʘʣʥʦʤ ʦʩʥʦʚʥʦʤ 

ʦʙʨʘʟʦʚʘˁʫ ʦʜʨʘʩʣʠʭ ʠʟʨʘʹʝʥ ʿʝ ʟʘ ʩʚʘʢʠ ʥʘʩʪʘʚʥʠ ʧʨʝʜʤʝʪ ʠ ʤʦʜʫʣ ʫ ʧʨʚʦʤ ʮʠʢʣʫʩʫ.  ɿʘ 

ʩʚʘʢʠ ʧʨʝʜʤʝʪ ʠ ʤʦʜʫʣ ʢʦʿʠ ʩʫ ʫʢˀʫʯʝʥʠ ʫ ʦʙʨʘʟʦʚʥʠ ʧʨʦʛʨʘʤ ʫ ʜʨʫʛʦʤ ʠ ʪʨʝ˂ʝʤ ʮʠʢʣʫʩʫ 
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ʬʫʥʢʮʠʦʥʘʣʥʦʛ ʦʩʥʦʚʥʦʛ ʦʙʨʘʟʦʚʘˁʘ  ʚʦʜʠʯʠ  ʦʙʫʭʚʘʪʘʿʫ ʥʘʩʪʘʚʥʠ ʠ ʦʙʨʘʟʦʚʥʠ ʧʨʦʛʨʘʤ ʦʙʘ 

ʦʚʘ ʮʠʢʣʫʩʘ.  

ʉʚʘʢʠ ʚʦʜʠʯ ʩʘʜʨʞʠ ʦʩʚʨʪ ʥʘ ʛʣʘʚʥʝ ʝʣʝʤʝʥʪʝ ʦʙʨʘʟʦʚʥʦʛ ʧʨʦʛʨʘʤʘ - ʦʧʰʪʝ ʠʩʭʦʜʝ, 

ʠʩʭʦʜʝ ʥʘʩʪʘʚʝ ʦʜʨʝʹʝʥʦʛ ʧʨʝʜʤʝʪʘ (ʤʦʜʫʣʘ), ʧʨʦʛʨʘʤʩʢʝ ʪʝʤʝ ʠ ʦʙʘʚʝʟʥʝ ʩʘʜʨʞʘʿʝ ʠ 

ʩʤʝʨʥʠʮʝ, ʧʨʝʜʣʦʛʝ, ʫʧʫʪʩʪʚʘ ʠ ʥʘʣʦʛʝ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ʥʘʩʪʘʚʝ. ʉʚʘʢʠ ʚʦʜʠʯ ʩʘʜʨʞʠ ʠ 

ʨʘʟʣʠʯʠʪʝ ʤʘʪʝʨʠʿʘʣʝ  ʟʘ ʧʦʣʘʟʥʠʢʝ. ʉʘʛʣʘʩʥʦ ʪʦʤʝ, ʩʚʘʢʠ ʧʦʿʝʜʠʥʘʯʥʠ ʚʦʜʠʯ ʿʝ ʩʘʩʪʘʚˀʝʥ ʦʜ 

ʥʝʢʦʣʠʢʦ ʮʝʣʠʥʘ. 

ɺʦʜʠʯ ʟʘ ʥʘʩʪʘʚʥʠʢʘ ʠ ʧʦʣʘʟʥʠʢʘ ʪʨʝʙʘ ʜʘ ʧʦʩʣʫʞʠ ʠ ʙʦˀʝʤ ʨʘʟʫʤʝʚʘˁʫ ʧʨʦʮʝʩʘ 

ʦʙʨʘʟʦʚʘˁʘ ʦʜʨʘʩʣʠʭ, ʢʚʘʣʠʪʝʥʦʿ ʨʝʘʣʠʟʘʮʠʿʠ ʦʙʨʘʟʦʚʥʦʛ ʧʨʦʛʨʘʤʘ ʠ ʝʬʠʢʘʩʥʦʤ ʠ 

ʢʚʘʣʠʪʝʪʥʦʤ ʧʨʦʮʝʩʫ ʫʯʝˁʘ.  

 

ʋ ʚʦʜʠʯʫ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʩʣʝʜʝ˂ʝ ʦʟʥʘʢʝ: 

                                                                                                

  

 

 

 

  

 

-  

 

 

 

                                                                       

                                                                                             

                                                                                                                                                                                                                                                                                                      

 

    

 

 

- ʢʦʨʠʩʥʠ ʠʟʚʦʨʠ, 
ʣʠʥʢʦʚʠ ʠ ʣʠʪʝʨʘʪʫʨʘ 

ʟʘ ʥʘʩʪʘʚʥʠʢʘ ʠ 

ʧʦʣʘʟʥʠʢʘ; ʥʦʩʝ ʦʟʥʘʢʫ 

ʩʣʦʚʘ ʊ ʠ ʨʝʜʥʦʛ ʙʨʦʿʘ 

ʪʝʤʝ; 

- ʰʪʘʤʧʘʥʠ ʤʘʪʝʨʠʿʘʣ ʟʘ ʨʘʜ ʧʦʣʘʟʥʠʢʘ; 

      ʥʘʣʘʟʠ ʩʝ ʠ ʥʘ CD- ʫ ʫ ʬʦʣʜʝʨʫ I; ʥʦʩʠ 

ʦʟʥʘʢʫ ʩʣʦʚʘ ʊ, ʨʝʜʥʦʛ ʙʨʦʿʘ ʪʝʤʝ ʠ 

ʙʨʦʿʘ ʧʨʠʣʦʛʘ;                                          

-    ʧʦʩʝʙʥʝ ʥʘʧʦʤʝʥʝ; 

- ʢˀʫʯʥʝ ʨʝʯʠ ʦʜʰʪʘʤʧʘʥʝ ʟʘ ʧʦʣʘʟʥʠʢʘ. 

ʬʦʣʜʝʨ II ʥʘ CD- ʫ: ʤʘʪʝʨʠʿʘʣ ʢʘʦ 

ʧʦʜʨʰʢʘ ʟʘ ʨʘʜ ʥʘʩʪʘʚʥʠʢʘ; ʥʦʩʠ 

ʦʟʥʘʢʫ ʩʣʦʚʘ ʊ, ʨʝʜʥʦʛ ʙʨʦʿʘ ʪʝʤʝ ʠ 

ʙʨʦʿʘ ʧʨʠʣʦʛʘ; 
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ʋɺʆɼ 

 

ʆʙʨʘʟʦʚʘˁʝ ʫ ʦʙʣʘʩʪʠ ʭʝʤʠʿʝ ʧʦʪʨʝʙʥʦ ʿʝ ʦʜʨʘʩʣʠʤʘ ʜʘ ʙʠ ʥʘ ʦʩʥʦʚʫ ʟʥʘˁʘ ʦ 

ʩʚʦʿʩʪʚʠʤʘ ʩʫʧʩʪʘʥʮʠ ʢʦʿʝ ʯʠʥʝ ʞʠʚʫ ʠ ʥʝʞʠʚʫ ʧʨʠʨʦʜʫ, ʨʘʟʫʤʝʚʘˁʘ ʛʨʘʹʝ ʩʫʧʩʪʘʥʮʠ ʢʦʿʘ 

ʦʜʨʝʹʫʿʝ ʩʚʦʿʩʪʚʘ ʩʫʧʩʪʘʥʮʠ ʠ ʧʨʦʤʝʥʘ ʢʦʿʠʤʘ ʧʦʜʣʝʞʫ, ʜʦʥʦʩʠʣʠ ʦʜʣʫʢʝ ʦ ʠʟʙʦʨʫ ʩʫʧʩʪʘʥʮʠ 

ʧʨʝʤʘ ʧʦʪʨʝʙʘʤʘ, ʧʨʘʚʠʣʥʦ ʠ ʙʝʟʙʝʜʥʦ ʨʘʜʠʣʠ ʩʘ ʩʫʧʩʪʘʥʮʘʤʘ ʠ, ʫ ʩʢʣʘʜʫ ʩ ʪʠʤ, ʙʨʠʥʫʣʠ ʦ 

ʩʦʧʩʪʚʝʥʦʤ ʟʜʨʘʚˀʫ, ʟʜʨʘʚˀʫ ʧʦʨʦʜʠʮʝ ʠ ʦʯʫʚʘˁʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ. ʇʦʪʨʝʙʘ ʟʘ ʫʯʝˁʝʤ 

ʭʝʤʠʿʝ ʧʨʦʠʟʠʣʘʟʠ ʠʟ ʯʠˁʝʥʠʮʝ ʜʘ ʩʝ ʫ ʩʚʘʢʦʜʥʝʚʥʦʤ ʞʠʚʦʪʫ ʢʦʨʠʩʪʝ ʨʘʟʣʠʯʠʪʝ ʩʫʧʩʪʘʥʮʝ ʠ 

ʠʟʚʦʜʝ ˁʠʭʦʚʝ ʧʨʦʤʝʥʝ. ɺʘʞʥʦ ʿʝ ʜʘ ʧʦʣʘʟʥʠʮʠ ʫʦʯʝ ʜʘ ʩʚʘʢʦʜʥʝʚʥʝ ʘʢʪʠʚʥʦʩʪʠ ʧʦʧʫʪ, ʥʘ 

ʧʨʠʤʝʨ, ʦʜʨʞʘʚʘˁʘ ʭʠʛʠʿʝʥʝ ʦʙʫʭʚʘʪʘʿʫ ʨʘʟʣʠʯʠʪʝ ʭʝʤʠʿʩʢʝ ʠ ʬʠʟʠʯʢʝ ʧʨʦʤʝʥʝ ʜʦ ʢʦʿʠʭ 

ʜʦʣʘʟʠ ʫ ʢʦʥʪʘʢʪʫ ʩʫʧʩʪʘʥʮʠ ʢʦʿʝ ʯʠʥʝ ʥʝʯʠʩʪʦ˂ʫ ʠ ʩʫʧʩʪʘʥʮʠ ʢʦʿʝ ʫʣʘʟʝ ʫ ʩʘʩʪʘʚ ʩʝʜʩʪʘʚʘ ʟʘ 

ʭʠʛʠʿʝʥʫ. ʀʣʠ, ʜʘ ʿʝ ˀʫʜʩʢʠ ʦʨʛʘʥʠʟʘʤ ʠʟʫʟʝʪʥʘ ʣʘʙʦʨʘʪʦʨʠʿʘ ʢʦʿʫ ʩʚʘʢʦʜʥʝʚʥʦ ʩʥʘʙʜʝʚʘʤʦ 

ʨʘʟʣʠʯʠʪʠʤ ʩʫʧʩʪʘʥʮʘʤʘ ʜʠʩʘˁʝʤ ʠ ʠʩʭʨʘʥʦʤ. ʆʜ ʪʠʭ ʩʫʧʩʪʘʥʮʠ ʦʨʛʘʥʠʟʘʤ ʧʨʘʚʠ ʥʝʢʝ 

ʜʨʫʛʝ, ˁʝʤʫ ʧʦʪʨʝʙʥʝ ʩʫʧʩʪʘʥʮʝ. ʊʦʢʦʤ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʤʝʥʘ ʚʝʟʫʿʝ ʩʝ ʠʣʠ ʦʩʣʦʙʘʹʘ ʝʥʝʨʛʠʿʘ 

ʧʦʪʨʝʙʥʘ ʟʘ ʧʨʦʮʝʩʝ ʫ ʦʨʛʘʥʠʟʤʫ, ʟʘ ʢʨʝʪʘˁʝ ʠ ʨʘʟʣʠʯʠʪʝ ʘʢʪʠʚʥʦʩʪʠ.  

ɼʘ ʙʠ ʧʦʣʘʟʥʠʮʠ ʨʘʟʫʤʝʣʠ ʦʢʨʫʞʝˁʝ ʫ ʢʦʤʝ ʞʠʚʝ, ʧʣʘʥʠʨʘʣʠ ʠ ʠʟʚʦʜʠʣʠ ʘʢʪʠʚʥʦʩʪʠ, 

ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʩʘʛʣʝʜʘʿʫ ʦʙʣʘʩʪ ʭʝʤʠʿʝ ʫ ʪʦʤ ʦʢʨʫʞʝˁʫ: ʢʫʭʠˁʘ (ʥʘʤʠʨʥʠʮʝ, ʬʠʟʠʯʢʝ ʠ 

ʭʝʤʠʿʩʢʝ ʧʨʦʤʝʥʝ ʢʦʿʝ ʩʝ ʜʝʰʘʚʘʿʫ ʪʦʢʦʤ ˁʠʭʦʚʝ ʧʨʠʧʨʝʤʝ), ʢʫʧʘʪʠʣʦ (ʩʘʧʫʥʠ, ʰʘʤʧʦʥʠ, 

ʜʝʪʝʨ˅ʝʥʪʠ, ʨʘʟʥʘ ʩʨʝʜʩʪʚʘ ʟʘ ʯʠʰ˂ʝˁʝ), ʨʝʩʪʦʨʘʥʠ (ʭʨʘʥʘ, ʧʠ˂ʘ), ʙʘʰʪʝ, ʚʨʪʦʚʠ (ʹʫʙʨʠʚʘ, 

ʧʝʩʪʠʮʠʜʠé), ʘʫʪʦʤʦʙʠʣʠ ʠ ʦʩʪʘʣʘ ʧʨʝʚʦʟʥʘ ʩʨʝʜʩʪʚʘ (ʙʝʥʟʠʥ ʠ ʜʨʫʛʠ ʜʝʨʠʚʘʪʠ ʥʘʬʪʝ), 

ʜʦʤʦʚʠ ʟʜʨʘʚˀʘ ʠ ʙʦʣʥʠʮʝ (ʣʝʢʦʚʠ, ʨʝʘʛʝʥʩʠ ʟʘ ʨʘʟʥʝ ʜʠʿʘʛʥʦʩʪʠʯʢʝ ʪʝʩʪʦʚʝ), ʧʨʦʜʘʚʥʠʮʝ (ʦʜ 

ʧʣʘʩʪʠʯʥʠʭ ʢʝʩʘ ʫ ʢʦʿʝ ʩʝ ʧʘʢʫʿʫ ʢʫʧˀʝʥʠ ʧʨʦʠʟʚʦʜʠ, ʜʦ ʮʝʣʦʢʫʧʥʝ ʧʦʥʫʜʝ ʧʨʦʜʘʚʥʠʮʝ).  

ɺʘʞʥʦʩʪ ʟʥʘˁʘ ʠ ʚʝʰʪʠʥʘ ʢʦʿʝ ʩʝ ʬʦʨʤʠʨʘʿʫ ʫʯʝˁʝʤ ʭʝʤʠʿʝ ʧʨʦʠʟʠʣʘʟʠ ʠʟ ʜʦʧʨʠʥʦʩʘ 

ʭʝʤʠʿʝ ʫ ʨʝʰʘʚʘˁʫ ʩʪʨʘʪʝʰʢʠʭ ʧʨʦʙʣʝʤʘ ʩʘʚʨʝʤʝʥʦʛ ʩʚʝʪʘ ʢʘʦ ʰʪʦ ʩʫ ʟʜʨʘʚˀʝ, ʭʨʘʥʘ, 

ʝʥʝʨʛʠʿʘ, ʤʘʪʝʨʠʿʘʣʠ ʠ ʝʢʦʣʦʛʠʿʘ.  

ʋʯʝ˂ʠ ʭʝʤʠʿʫ, ʚʘʞʥʦ ʿʝ ʜʘ ʧʦʣʘʟʥʠʮʠ ʩʘʛʣʝʜʘʿʫ ʠ ʧʨʠʨʦʜʫ ʭʝʤʠʿʝ ʢʘʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ 

ʥʘʫʢʝ, ʪʿ. ʜʘ ʭʝʤʠʯʘʨʠ ʜʦ ʩʘʟʥʘˁʘ ʜʦʣʘʟʝ ʢʨʦʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʠʩʪʨʘʞʠʚʘʯʢʠ ʨʘʜ 

(ʧʦʩʤʘʪʨʘʿʫ ʠ ʠʩʧʠʪʫʿʫ ʩʚʦʿʩʪʚʘ ʩʫʧʩʪʘʥʮʠ ʫ ʙʨʦʿʥʠʤ ʦʛʣʝʜʠʤʘ, ʪʨʘʞʝ ʧʨʘʚʠʣʥʦʩʪʠ ʤʝʹʫ 

ʧʨʠʢʫʧˀʝʥʠʤ ʧʦʜʘʮʠʤʘ, ʪʨʘʞʝ ʫʟʨʦʢʝ ʟʘ ʪʝ ʧʨʘʚʠʣʥʦʩʪʠ, ʧʨʝʪʧʦʩʪʘʚˀʘʿʫ ʦʙʿʘʰˁʝˁʘ 

(ʭʠʧʦʪʝʟʝ), ʧʨʦʚʝʨʘʚʘʿʫ ʧʨʝʪʧʦʩʪʘʚʢʝ ʫ ʥʦʚʠʤ ʦʛʣʝʜʠʤʘ, ʠʟʚʦʜʝ ʟʘʢˀʫʯʢʝ). ɿʘʪʦ ʩʝ 

ʦʙʨʘʟʦʚʘˁʝ ʧʦʣʘʟʥʠʢʘ ʫ ʦʙʣʘʩʪʠ ʭʝʤʠʿʝ ʫ ʦʢʚʠʨʫ ʌʆʆʆ ʙʘʟʠʨʘ ʥʘ ʠʩʧʠʪʠʚʘˁʠʤʘ ʩʚʦʿʩʪʘʚʘ 

ʩʫʧʩʪʘʥʮʠ ʢʨʦʟ ʦʛʣʝʜʝ.  

ʇʦʣʘʟʥʠʮʠ ʩʘʚʣʘʜʘʚʘʿʫ ʩʧʝʮʠʬʠʯʥʦʩʪ ʭʝʤʠʿʝ ʢʦʿʘ ʦʙʫʭʚʘʪʘ ʨʘʟʤʘʪʨʘˁʝ ʧʦʿʤʘ 

ʩʫʧʩʪʘʥʮʘ ʥʘ ʪʨʠ ʥʠʚʦʘ: ʤʘʢʨʦ, ʤʠʢʨʦ ʠ ʩʠʤʙʦʣʠʯʢʠ ʥʠʚʦ. ʀʩʧʠʪʠʚʘˁʘ ʩʚʦʿʩʪʘʚʘ ʩʫʧʩʪʘʥʮʠ 

ʠ ʤʝʨʝˁʘ ʠʟʚʦʜʝ ʩʝ ʫ ʤʘʢʨʦʩʚʝʪʫ, ʨʘʜʝ˂ʠ ʩʘ ʦʙʿʝʢʪʠʤʘ ʚʠʜˀʠʚʠʤ ʛʦʣʠʤ ʦʢʦʤ. ʆʙʿʘʰˁʝˁʘ ʟʘ 

ʩʚʦʿʩʪʚʘ ʪʨʘʞʝ ʩʝ ʫ ʤʠʢʨʦʩʚʝʪʫ, ʥʘ ʥʠʚʦʫ ʯʝʩʪʠʯʥʝ ʩʪʨʫʢʪʫʨʝ ʩʫʧʩʪʘʥʮʝ ʠ ʠʥʪʝʨʘʢʮʠʿʘ 

ʠʟʤʝʹʫ ʯʝʩʪʠʮʘ. ʉʠʤʙʦʣʠʯʢʠ ʥʠʚʦ ʦʙʫʭʚʘʪʘ ʧʨʝʜʩʪʘʚˀʘˁʝ ʩʫʧʩʪʘʥʮʠ ʧʦʤʦ˂ʫ ʭʝʤʠʿʩʢʠʭ 

ʩʠʤʙʦʣʘ ʠ ʬʦʨʤʫʣʘ, ʠ ʧʨʦʤʝʥʘ ʧʦʤʦ˂ʫ ʭʝʤʠʿʩʢʠʭ ʿʝʜʥʘʯʠʥʘ.  

 

 

 
H2O 

ɺʘʞʥʦ ʿʝ ʜʘ ʧʦʣʘʟʥʠʮʠ ʦʙʿʝʜʠʥʝ ʦʚʘ ʪʨʠ ʥʠʚʦʘ ʠ ʜʘ ʟʘ ˁʠʭ 

ʭʝʤʠʿʩʢʘ ʬʦʨʤʫʣʘ ʚʦʜʝ H2O ʟʥʘʯʠ ʠ ʿʝʜʘʥ ʤʦʣʝʢʫʣ ʚʦʜʝ, ʢʦʿʠ ʩʝ 

ʥʝ ʤʦʞʝ ʚʠʜʝʪʠ, ʘʣʠ ʠ ʤʥʦʰʪʚʦ ʪʠʭ ʤʦʣʝʢʫʣʘ ʢʦʿʠ ʯʠʥʝ ʪʝʯʥʦʩʪ 

ʢʦʘʿ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʫ ʯʘʰʠ.  
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ʎʀɲ ʅɸʉʊɸɺɽ ʀ ʋʏɽɳɸ ʍɽʄʀɱɽ 

 

ʆʧʰʪʠ ʮʠˀ ʥʘʩʪʘʚʝ ʠ ʫʯʝˁʘ ʭʝʤʠʿʝ ʫ ʦʢʚʠʨʫ ʌʆʆʆ ʿʝʩʪʝ:  

ʌʦʨʤʠʨʘˁʝ ʟʥʘˁʘ ʦ ʩʚʦʿʩʪʚʠʤʘ ʩʫʧʩʪʘʥʮʠ, ʧʨʦʤʝʥʘʤʘ ʢʦʿʠʤʘ ʧʦʜʣʝʞʫ ʠ ʧʨʘʢʪʠʯʥʦʿ 

ʧʨʠʤʝʥʠ ʩʫʧʩʪʘʥʮʠ, ʢʘʦ ʠ ʦʩʧʦʩʦʙˀʘʚʘˁʝ ʟʘ ʙʝʟʙʝʜʥʦ ʠ ʨʘʮʠʦʥʘʣʥʦ ʢʦʨʠʰ˂ʝˁʝ ʠ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʦʜʣʘʛʘˁʝ ʩʫʧʩʪʘʥʮʠ ʢʦʨʠʰ˂ʝʥʠʭ ʫ ʩʚʘʢʦʜʥʝʚʥʦʤ ʞʠʚʦʪʫ ʠ ʧʨʘʢʩʠ. 

ɼʨʫʛʠʤ ʨʝʯʠʤʘ, ʥʘʤʝʨʘ ʿʝ ʜʘ ʩʝ ʥʘʫʯʝ ʩʚʦʿʩʪʚʘ ʩʫʧʩʪʘʥʮʠ (ʢʘʦ ʰʪʦ ʩʫ, ʥʘ ʧʨʠʤʝʨ, 

ʢʠʩʝʣʠʥʝ ʠ ʙʘʟʝ) ʜʘ ʙʠ ʩʝ, ʥʘ ʧʨʚʦʤ ʤʝʩʪʫ, ʙʝʟʙʝʜʥʦ ʨʘʜʠʣʦ ʩʘ ˁʠʤʘ, ʥʝ ʫʛʨʦʞʘʚʘʿʫ˂ʠ ʜʨʫʛʝ 

ʪʦʢʦʤ ʨʘʜʘ, ʢʘʦ ʥʠ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. ʋʯʝˁʝ ʧʨʝʤʘ ʦʚʦʤ ʮʠˀʫ ʩʪʚʘʨʘ ʦʩʥʦʚʫ ʟʘ ʧʨʘʚʠʣʥʝ 

ʠʟʙʦʨʝ ʤʘʪʝʨʠʿʘʣʘ ʠʣʠ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʩʚʦʿʠʤ ʩʘʩʪʘʚʦʤ, ʘ ʩʘʤʠʤ ʪʠʤ ʠ ʩʚʦʿʩʪʚʠʤʘ, ʥʘʿʙʦˀʝ 

ʦʜʛʦʚʘʨʘʿʫ ʞʝˀʝʥʦʿ ʥʘʤʝʥʠ ʠʣʠ ʧʦʪʨʝʙʠ.    

ʊʘʢʦʹʝ, ʥʘʤʝʨʘ ʿʝ ʠ ʨʘʟʚʠʿʘˁʝ ʨʘʟʫʤʝʚʘʘˁ ʢʘʢʦ ʩʫ ʩʚʦʿʩʪʚʘ ʩʫʧʩʪʘʥʮʠ ʦʜʨʝʹʝʥʘ ˁʝʥʦʤ 

ʩʪʨʫʢʪʫʨʦʤ. ʊʦ ʦʙʝʟʙʝʹʫʿʝ ʦʩʥʦʚʫ ʟʘ ʥʘʩʪʘʚʘʢ ʦʙʨʘʟʦʚʘˁʘ, ʘʣʠ ʠ ʟʘ ʧʦʪʧʫʥʠʿʝ ʨʘʟʫʤʝʚʘˁʝ 

ʧʨʦʙʣʝʤʘ ʫ ʚʝʟʠ ʩ ʧʨʘʚʠʣʥʠʤ ʢʦʨʠʰ˂ʝˁʝʤ ʠ ʦʜʣʘʛʘˁʝʤ ʩʫʧʩʪʘʥʮʠ, ʟʘ ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʝ ʦ 

ʧʨʘʚʠʣʥʦʤ ʧʦʥʘʰʘˁʫ ʘʢʦ ʩʝ ʜʝʩʠ ʥʝʢʘ ʥʝʟʛʦʜʘ ʠ ʜʦʹʝ ʜʦ ʦʩʦʙʘʹʘˁʘ ʦʧʘʩʥʠʭ ʩʫʧʩʪʘʥʮʠ ʫ 

ʦʢʨʫʞʝˁʝ.  

ʇʨʝʤʘ ʦʚʦʤ ʮʠˀʫ ʨʘʟʚʠʿʘʿʫ ʩʝ ʚʝʰʪʠʥʝ ʢʦʿʝ ʩʝ ʤʦʛʫ ʧʨʠʤʝʥʠʪʠ ʫ ʩʚʘʢʦʜʥʝʚʥʦʤ 

ʞʠʚʦʪʫ, ʢʘʦ ʰʪʦ ʿʝ, ʥʘ ʧʨʠʤʝʨ, ʧʨʠʧʨʝʤʘˁʝ ʨʘʩʪʚʦʨʘ ʧʦʪʨʝʙʥʦʛ ʧʨʦʮʝʥʪʥʦʛ ʩʘʩʪʘʚʘ.   

 

 

ʆʇʐʊʀ ʀʉʍʆɼʀ ʌʆʆʆ ʀ ʅɸʉʊɸɺɸ ʍɽʄʀɱɽ 

 

ʍʝʤʠʿʘ, ʟʘʿʝʜʥʦ ʩʘ ʦʩʪʘʣʠʤ ʧʨʝʜʤʝʪʠʤʘ, ʜʦʧʨʠʥʦʩʠ ʧʦʩʪʠʟʘˁʫ ʦʧʰʪʠʭ ʠʩʭʦʜʘ ʌʆʆʆ. 

ʋ ʥʘʩʪʘʚʢʫ ʿʝ ʠʩʪʘʢʥʫʪ ʜʦʧʨʠʥʦʩ ʭʝʤʠʿʝ ʧʦʿʝʜʠʥʠʤ ʦʧhʪʠʤ ʠʩʭʦʜʠʤʘ.  

ɱʝʟʠʯʢʘ ʧʠʩʤʝʥʦʩʪ. ʍʝʤʠʿʘ ʦʙʫʭʚʘʪʘ ʩʧʝʮʠʬʠʯʥʝ ʪʝʨʤʠʥʝ - ʥʘʫʯʥʘ ʪʝʨʤʠʥʦʣʦʛʠʿʘ 

ʢʦʿʦʤ ʧʦʣʘʟʥʠʮʠ ʙʦʛʘʪʝ ʩʚʦʿ ʨʝʯʥʠʢ. 

ʄʘʪʝʤʘʪʠʯʢʘ ʧʠʩʤʝʥʦʩʪ. ʋʯʝˁʝ ʭʝʤʠʿʝ ʦʙʫʭʚʘʪʘ ʠʟʨʘʯʫʥʘʚʘˁʘ ʢʦʿʠʤʘ ʩʝ ʧʦʚʝʟʫʿʝ 

ʤʠʢʨʦ ʠ ʤʘʢʨʦ ʥʠʚʦ. ʂʚʘʥʪʠʪʘʪʠʚʥʠ ʘʩʧʝʢʪ ʬʠʟʠʯʢʠʭ ʠ ʭʝʤʠʿʩʢʠʭ ʧʨʦʤʝʥʘ ʠʤʘ ʧʨʘʢʪʠʯʘʥ 

ʟʥʘʯʘʿ ʫ ʩʚʘʢʦʜʥʝʚʥʦʤ ʞʠʚʦʪʫ ʠ ʧʨʦʠʟʚʦʜˁʠ. 

ʆʩʥʦʚʝ ʥʘʫʯʥʝ ʧʠʩʤʝʥʦʩʪʠ. ʏʠˁʝʥʠʮʝ, ʧʦʿʤʦʚʠ, ʧʨʠʥʮʠʧʠ, ʪʝʦʨʠʿʝ ʠ ʟʘʢʦʥʠ ʫ 

ʦʙʣʘʩʪʠ ʭʝʤʠʿʝ, ʢʘʦ ʠ ʤʝʪʦʜʝ ʢʦʿʠʤʘ ʩʝ ʬʦʨʤʠʨʘ ʟʥʘˁʝ ʦ ˁʠʤʘ, ʩ ʿʝʜʥʝ ʩʪʨʘʥʝ ʦʜʩʣʠʢʘʚʘʿʫ 

ʧʨʠʨʦʜʫ ʥʘʫʢʝ, ʘ ʩ ʜʨʫʛʝ, ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʩʥʦʚʫ ʟʘ ʨʘʟʫʤʝʚʘˁʝ ʦʢʨʫʞʝˁʘ, ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʘ ʠ 

ʠʟʚʦʹʝˁʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʩʚʘʢʦʜʥʝʚʥʦʤ ʞʠʚʦʪʫ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʦʿ ʜʝʣʘʪʥʦʩʪʠ.  

ɼʠʛʠʪʘʣʥʘ ʧʠʩʤʝʥʦʩʪ. ʋʯʝˁʝ ʭʝʤʠʿʝ ʩʝ ʦʩʣʘˁʘ ʥʘ ʠʟʚʦʨʝ ʠʥʬʦʨʤʘʮʠʿʘ ʫ 

ʝʣʝʢʪʨʦʥʩʢʦʤ ʚʠʜʫ. 

ʋʧʨʘʚˀʘˁʝ ʩʦʧʩʪʚʝʥʠʤ ʫʯʝˁʝʤ. ʋʯʝˁʝʤ ʭʝʤʠʿʝ ʨʘʟʚʠʿʘʿʫ ʩʝ ʦʧʰʪʝ ʚʝʰʪʠʥʝ 

ʘʥʘʣʠʟʠʨʘˁʘ ʩʘʜʨʞʘʿʘ, ʫʦʯʘʚʘˁʘ ʠ ʠʟʜʚʘʿʘˁʘ ʙʠʪʥʦʛ, ʧʦʚʝʟʠʚʘˁʘ ʩʘ ʧʨʝʪʭʦʜʥʦ ʫʯʝʥʠʤ 

ʛʨʘʜʠʚʦʤ ʠʟ ʭʝʤʠʿʝ, ʬʠʟʠʢʝ, ʙʠʦʣʦʛʠʿʝ, ʩʘ ʩʚʘʢʦʜʥʝʚʥʠʤ ʞʠʚʦʪʦʤ, ʢʦʨʠʰ˂ʝˁʝ ʨʘʟʣʠʯʠʪʠʭ 

ʠʟʚʦʨʘ ʠʥʬʦʨʤʘʮʠʿʘ, ʨʘʩʧʦʜʝʣʘ ʚʨʝʤʝʥʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʘʢʪʠʚʥʦʩʪʠ.   

ʈʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ. ʋʯʝˁʝʤ ʭʝʤʠʿʝ ʧʦʣʘʟʥʠʮʠ ʩʝ ʦʩʧʦʩʦʙˀʘʚʘʿʫ ʜʘ ʩʪʝʯʝʥʦ ʟʥʘˁʝ 

ʧʨʠʤʝˁʫʿʫ ʫ ʨʝʰʘʚʘˁʫ ʩʚʘʢʦʜʥʝʚʥʠʭ ʧʨʦʙʣʝʤʘ ʫ ʨʘʜʫ ʩʘ ʩʫʧʩʪʘʥʮʘʤʘ. 

ʉʦʮʠʿʘʣʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠ ʩʘʨʘʜˁʘ ʩʘ ʜʨʫʛʠʤʘ. ʈʝʟʫʣʪʘʪʠ ʜʦ ʢʦʿʠʭ ʩʝ ʜʦʹʝ ʫ 

ʠʥʜʠʚʠʜʫʘʣʥʦʤ ʠʣʠ ʛʨʫʧʥʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʨʘʜʫ ʠʣʠ ʢʦʨʠʰ˂ʝˁʝʤ ʨʘʟʣʠʯʠʪʠʭ ʠʟʚʦʨʘ 
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ʠʥʬʦʨʤʘʮʠʿʘ, ʤʦʛʫ ʩʝ ʜʝʣʠʪʠ ʩʘ ʜʨʫʛʠʤʘ ʫ ʮʠˀʫ ʬʦʨʤʫʣʠʩʘˁʘ ʦʙʿʘʰˁʝˁʘ, ʠʣʠ ʠʟʚʦʹʝˁʘ 

ʟʘʢˀʫʯʘʢʘ. ʇʦʣʘʟʥʠʮʠ ʬʦʨʤʠʨʘʿʫ ʟʥʘˁʝ ʥʘ ʦʩʥʦʚʫ ʢʦʛʘ ʤʦʛʫ ʘʨʛʫʤʝʥʪʦʚʘʥʦ ʜʠʩʢʫʪʦʚʘʪʠ. 

ɻʨʘʹʘʥʩʢʘ ʦʜʛʦʚʦʨʥʦʩʪ ʫ/ʟʘ ʜʝʤʦʢʨʘʪʠʿʫ. ʂʨʦʟ ʥʘʩʪʘʚʫ ʭʝʤʠʿʝ ʩʝ ʬʦʨʤʠʨʘ ʟʥʘˁʝ 

ʢʦʿʝ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʨʘʟʤʘʪʨʘˁʝ ʙʠʪʥʠʭ ʧʠʪʘˁʘ/ʧʨʦʙʣʝʤʘ ʩʘʚʨʝʤʝʥʦʛ ʜʨʫʰʪʚʘ ʫ 

ʦʙʣʘʩʪʠ ʭʨʘʥʝ, ʟʜʨʘʚˀʘ, ʝʥʝʨʛʠʿʝ, ʤʘʪʝʨʠʿʘʣʘ ʠ ʝʢʦʣʦʛʠʿʝ.  

ɿʜʨʘʚʩʪʚʝʥʝ ʢʦʤʧʝʪʝʥʮʠʿʝ. ɿʥʘʝˁ ʦ ʩʚʦʿʩʪʚʠʤʘ ʩʫʧʩʪʘʥʮʠ ʿʝ ʦʩʥʦʚʘ ʟʘ ˁʠʭʦʚ ʠʟʙʦʨ 

ʧʨʝʤʘ ʧʦʪʨʝʙʘʤʘ ʠ ʧʨʘʚʠʣʘʥ ʨʘʜ ʩʘ ˁʠʤʘ, ʙʨʠʛʫ ʦ ʩʦʧʩʪʚʝʥʦʤ ʟʜʨʘʚˀʫ ʠ ʟʜʨʘʚˀʫ ʧʦʨʦʜʠʮʝ. 

ɽʢʦʣʦʰʢʝ ʢʦʤʧʝʪʝʥʮʠʿʝ. ɿʥʘʝˁ ʦ ʩʚʦʿʩʪʚʠʤʘ ʩʫʧʩʪʘʥʮʠ ʿʝ ʦʩʥʦʚʘ ʟʘ ʧʨʝʜʫʟʠʤʘˁʝ 

ʧʦʪʨʝʙʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʟʘ ʦʯʫʚʘˁʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, ʦʜ ʧʨʘʚʠʣʥʦʛ ʦʜʣʘʛʘˁʘ ʦʪʧʘʜʘ, ʜʦ 

ʧʨʝʜʫʟʠʤʘˁʘ ʘʢʮʠʿʘ ʯʠʰ˂ʝˁʘ. 

ʀʥʠʮʠʿʘʪʠʚʘ ʠ ʧʨʝʜʫʟʝʪʥʠʰʪʚʦ. ʋʯʝˁʝʤ ʭʝʤʠʿʝ ʩʘʛʣʝʜʘʚʘ ʩʝ ˁʝʥʘ ʫʣʦʛʘ ʫ 

ʨʘʟʣʠʯʠʪʠʤ ʧʨʦʬʝʩʠʿʘʤʘ, ʘʣʠ ʠ ʨʘʟʣʠʯʠʪʝ ʧʨʦʬʝʩʠʿʝ ʠʟ ʫʛʣʘ ʭʝʤʠʿʝ. ɼʦʥʦʰʝˁʝ ʚʘˀʘʥʠʭ 

ʦʜʣʫʢʘ ʧʦʜʨʞʘʚʘʿʫ ʨʘʟʣʠʯʠʪʘ ʟʥʘˁʘ ʠ ʚʝʰʪʠʥʝ ʩʪʝʯʝʥʝ ʫ ʭʝʤʠʿʠ ʦ ʩʚʦʿʩʪʚʠʤʘ ʩʫʧʩʪʘʥʮʠ, 

ʧʨʦʤʝʥʘʤʘ ʢʦʿʠʤʘ ʧʦʜʣʝʞʫ ʠ ʧʨʘʢʪʠʯʥʦʿ ʧʨʠʤʝʥʠ, ˁʠʭʦʚʦʤ ʙʝʟʙʝʜʥʦʤ ʠ ʨʘʮʠʦʥʘʣʥʦʤ  

ʢʦʨʠʰ˂ʝˁʫ ʫ ʩʚʘʢʦʜʥʝʚʥʦʤ ʞʠʚʦʪʫ ʠ ʧʨʘʢʩʠ. 

ʂʫʣʪʫʨʥʘ ʩʚʝʩʪ, ʤʫʣʪʠʢʫʣʪʫʨʘʣʥʦʩʪ ʠ ʢʨʝʘʪʠʚʥʦʩʪ. ɼʦʩʪʠʛʥʫ˂ʘ ʥʘʫʢʝ ʧʨʠʧʘʜʘʿʫ 

ʩʚʠʤʘ. ʆʥʘ ʩʫ ʦʩʥʦʚʘ ʟʘ ʨʘʟʚʦʿ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʠ ʜʨʫʰʪʚʘ.   

   

 

ʀʉʍʆɼʀ ʅɸʉʊɸɺɽ ʀ ʋʏɽɳɸ ʍɽʄʀɱɽ 

 

ʇʨʝʤʘ ʥʘʩʪʘʚʥʦʤ ʧʣʘʥʫ ʌʆʆʆ ʭʝʤʠʿʘ ʩʝ ʫʯʠ ʫ ʜʨʫʛʦʤ ʮʠʢʣʫʩʫ (ʰʝʩʪʠ ʨʘʟʨʝʜ) ʠ 

ʪʨʝ˂ʝʤ ʮʠʢʣʫʩʫ (ʩʝʜʤʠ ʨʘʟʨʝʜ). ɿʥʘˁʝ ʠ ʚʝʰʪʠʥʝ ʢʦʿʠ ʩʝ ʬʦʨʤʠʨʘʿʫ ʫʯʝˁʝʤ ʭʝʤʠʿʝ ʫ ʰʝʩʪʦʤ 

ʠ ʩʝʜʤʦʤ ʨʘʟʨʝʜʫ, ʟʘʿʝʜʥʦ ʩʘ ʟʥʘˁʠʤʘ ʠʟ ʬʠʟʠʢʝ ʠ ʙʠʦʣʦʛʠʿʝ, ʩʣʫʞʝ ʢʘʦ ʦʩʥʦʚʘ ʟʘ ʜʘˀʫ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʿʫ ʟʥʘˁʘ ʫ ʦʢʚʠʨʫ ʧʨʝʜʤʝʪʘ/ʤʦʜʫʣʘ ʇʨʠʤʝˁʝʥʝ ʥʘʫʢʝ ʫ ʦʩʤʦʤ ʨʘʟʨʝʜʫ.  

ʋʢʫʧʥʠ ʦʯʝʢʠʚʘʥʠ ʨʝʟʫʣʪʘʪ ʫʯʝˁʘ ʭʝʤʠʿʝ ʿʝʩʫ ʫʩʧʦʩʪʘʚˀʝʥʝ ʚʝʟʝ ʠʟʤʝʹʫ ʩʚʦʿʩʪʘʚʘ 

ʩʫʧʩʪʘʥʮʠ, ʧʨʘʢʪʠʯʥʝ ʧʨʠʤʝʥʝ ʠ ʙʝʟʙʝʜʥʦʛ ʨʘʜʘ ʩʘ ʩʫʧʩʪʘʥʮʘʤʘ. ɼʘ ʙʠ ʩʝ ʪʦ ʧʦʩʪʠʛʣʦ ʫ 

ʰʝʩʪʦʤ ʨʘʟʨʝʜʫ ʩʝ ʦʯʝʢʫʿʝ ʬʦʨʤʠʨʘˁʝ ʧʦʿʤʦʚʥʦʛ ʦʢʚʠʨʘ ʢʦʿʠ ʦʙʫʭʚʘʪʘ ʩʣʝʜʝ˂ʝ ʧʦʿʤʦʚʝ: 

ʩʫʧʩʪʘʥʮʝ, ʬʠʟʠʯʢʘ ʠ ʭʝʤʠʿʩʢʘ ʩʚʦʿʩʪʚʘ ʩʫʧʩʪʘʥʮʠ, ʝʣʝʤʝʥʪʠ (ʩʝʜʘʤ ʥʝʤʝʪʘʣʘ ʠ ʜʝʚʝʪ 

ʤʝʪʘʣʘ), ʘʪʦʤʠ, ʭʝʤʠʿʩʢʘ ʚʝʟʘ, ʤʦʣʝʢʫʣʠ, ʿʦʥʠ, ʿʝʜʠˁʝˁʘ, ʬʠʟʠʯʢʝ ʠ ʭʝʤʠʿʩʢʝ ʧʨʦʤʝʥʝ 

ʩʫʧʩʪʘʥʮʠ, ʩʤʝʰʝ, ʨʘʩʪʚʦʨʠ. ɼʨʫʛʠʤ ʨʝʯʠʤʘ, ʦʯʝʢʠʚʘʥʠ ʠʩʭʦʜʠ ʫʯʝˁʘ ʭʝʤʠʿʝ ʫ ʜʨʫʛʦʤ 

ʮʠʢʣʫʩʫ ʦʜʥʦʩʝ ʩʝ ʥʘ ʧʦʿʤʦʚʝ ʦʧʰʪʝ ʭʝʤʠʿʝ, ʫʟ ʧʨʝʛʣʝʜ ʥʘʿʚʘʞʥʠʿʠʭ ʩʚʦʿʩʪʘʚʘ ʩʝʜʘʤ 

ʥʝʤʝʪʘʣʘ ʠ ʜʝʚʝʪ ʤʝʪʘʣʘ, ʯʠʿʠ ʟʥʘʯʘʿ ʧʦʣʘʟʥʠʮʠ ʤʦʛʫ ʜʘ ʩʘʛʣʝʜʘʿʫ ʫ ʩʚʘʢʦʜʥʝʚʥʦʤ ʞʠʚʦʪʫ 

ʠʣʠ ʧʨʘʢʩʠ.  

ʆʯʝʢʠʚʘʥʠ ʨʝʟʫʣʪʘʪʠ ʫʯʝˁʘ ʭʝʤʠʿʝ ʫ ʩʝʜʤʦʤ ʨʘʟʨʝʜʫ ʦʜʥʦʩʝ ʩʝ ʥʘ ʦʩʥʦʚʥʘ ʟʥʘˁʘ ʦ 

ʢʣʘʩʘʤʘ ʥʝʦʨʛʘʥʩʢʠʭ ʿʝʜʠˁʝˁʘ (ʦʢʩʠʜʠ, ʢʠʩʝʣʠʥʝ, ʙʘʟʝ ʠ ʩʦʣʠ), ʢʣʘʩʘʤʘ ʦʨʛʘʥʩʢʠʭ ʿʝʜʠˁʝˁʘ 

(ʫʛˀʦʚʦʜʦʥʠʮʠ, ʘʣʢʦʭʦʣʠ ʠ ʢʘʨʙʦʢʩʠʣʥʝ ʢʠʩʝʣʠʥʝ) ʠ, ʧʦʩʝʙʥʦ, ʦ ʙʠʦʣʦʰʢʠ ʚʘʞʥʠʤ 

ʿʝʜʠˁʝˁʠʤʘ: ʪʨʠʛʣʠʮʝʨʠʜʠʤʘ (ʤʘʩʪʠ ʠ ʫˀʘ), ʫʛˀʝʥʠʤ ʭʠʜʨʘʪʠʤʘ ʠ ʧʨʦʪʝʠʥʠʤʘ. ʆʜ 

ʧʦʣʘʟʥʠʢʘ ʩʝ ʦʯʝʢʫʿʝ ʜʘ ʩʚʦʿʩʪʚʘ ʿʝʜʠˁʝˁʘ ʧʦʚʝʟʫʿʫ ʩʘ ʫʣʦʛʦʤ ʠ ʟʥʘʯʘʿʝʤ ʫ ʩʚʘʢʦʜʥʝʚʥʦʤ 

ʞʠʚʦʪʫ ʠ ʧʨʘʢʩʠ, ʢʘʦ ʠ ʤʝʨʘʤʘ ʧʨʝʜʦʩʪʨʦʞʥʦʩʪʠ ʫ ʨʘʜʫ ʩʘ ˁʠʤʘ. 

ʋ ʥʘʩʪʘʚʢʫ ʩʫ ʥʘʚʝʜʝʥʠ ʦʯʝʢʠʚʘʥʠ ʠʩʭʦʜʠ ʫʯʝˁʘ ʧʨʝʤʘ ʧʨʦʛʨʘʤʫ ʭʝʤʠʿʝ ʫ ʌʆʆʆ.  

ʇʦ ʟʘʚʨʰʝʪʢʫ ʦʩʥʦʚʥʦʛ ʦʙʨʘʟʦʚʘˁʘ ʧʦʣʘʟʥʠʢ/ʮʘ ˂ʝ ʫʤʝʪʠ ʜʘ:  

¶ ʦʧʠʰʝ ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ ʯʠʩʪʠʭ ʩʫʧʩʪʘʥʮʠ (ʝʣʝʤʝʥʘʪʘ ʠ ʿʝʜʠˁʝˁʘ) ʠ ʩʤʝʰʘ ʥʘ ʦʩʥʦʚʫ 

ˁʠʭʦʚʝ ʩʣʦʞʝʥʦʩʪʠ 
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¶ ʧʨʝʧʦʟʥʘ ʬʠʟʠʯʢʘ ʠ ʭʝʤʠʿʩʢʘ ʩʚʦʿʩʪʚʘ ʩʫʧʩʪʘʥʮʠ  

¶ ʧʨʝʧʦʟʥʘ ʬʠʟʠʯʢʝ ʠ ʭʝʤʠʿʩʢʝ ʧʨʦʤʝʥʝ ʩʫʧʩʪʘʥʮʠ ʠ ʜʘ ʩʝ ʧʨʠ ʪʠʤ ʧʨʦʤʝʥʘʤʘ ʥʝ ʤʝˁʘ 

ʫʢʫʧʥʘ ʤʘʩʘ ʩʫʧʩʪʘʥʮʠ  (ʚʘʞʝˁʝ ɿʘʢʦʥʘ ʦʜʨʞʘˁʘ ʤʘʩʝ) 

¶ ʦʧʠʩʫʿʝ ʦʩʥʦʚʥʘ ʬʠʟʠʯʢʘ ʠ ʭʝʤʠʿʩʢʘ ʩʚʦʿʩʪʚʘ ʥʝʤʝʪʘʣʘ ʠ ʤʝʪʘʣʘ ʠ ʧʦʚʝʟʫʿʝ ʩʚʦʿʩʪʘʚʘ 

ʥʝʤʝʪʘʣʘ ʠ ʤʝʪʘʣʘ ʩʘ ˁʠʭʦʚʦʤ ʧʨʘʢʪʠʯʥʦʤ ʧʨʠʤʝʥʦʤ 

¶ ʥʘʚʝʜʝ ʜʘ ʘʪʦʤʠ ʠ ʤʦʣʝʢʫʣʠ ʛʨʘʜʝ ʝʣʝʤʝʥʪʝ ʠ ʜʘ ʤʦʣʝʢʫʣʠ ʠ ʿʦʥʠ ʛʨʘʜʝ ʿʝʜʠˁʝˁʘ 

¶ ʧʨʝʧʦʟʥʘ ʥʘ ʦʩʥʦʚʫ ʩʠʤʙʦʣʘ ʭʝʤʠʿʩʢʝ ʝʣʝʤʝʥʪʝ, ʘ ʥʘ ʦʩʥʦʚʫ ʭʝʤʠʿʩʢʠʭ ʬʦʨʤʫʣʘ ʿʝʜʠˁʝˁʘ 

ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʝ ʫ ʩʚʘʢʦʜʥʝʚʥʦʤ ʞʠʚʦʪʫ ʠ ʧʨʘʢʩʠ  

¶ ʧʨʝʧʦʟʥʘ ʪʠʧ ʭʝʤʠʿʩʢʝ ʚʝʟʝ ʠʟʤʝʹʫ ʯʝʩʪʠʮʘ ʠ ʧʦʚʝʞʝ ʪʠʧ ʭʝʤʠʿʩʢʝ ʚʝʟʝ ʩʘ ʩʚʦʿʩʪʚʠʤʘ 

ʩʫʧʩʪʘʥʮʠ (ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʧˀʝˁʘ ʠ ʢˀʫʯʘˁʘ, ʨʘʩʪʚʦʨˀʠʚʦʩʪ ʫ ʚʦʜʠ ʠ ʥʝʧʦʣʘʨʥʠʤ 

ʨʘʩʪʚʘʨʘʯʠʤʘ) 

¶ ʥʘʚʝʜʝ ʰʪʘ ʩʫ ʨʘʩʪʚʦʨʠ, ʦʧʠʰʝ ʢʘʢʦ ʩʝ ʧʨʠʧʨʝʤʘʿʫ ʠ ʧʨʝʧʦʟʥʘ ʧʨʠʤʝʨʝ ʨʘʩʪʚʦʨʘ ʫ 

ʩʚʘʢʦʜʥʝʚʥʦʤ ʞʠʚʦʪʫ ʠ ʧʨʘʢʩʠ 

¶ ʠʟʨʘʯʫʥʘ ʤʘʩʫ ʨʘʩʪʚʦʨʝʥʝ ʩʫʧʩʪʘʥʮʝ ʠ ʨʘʩʪʚʘʨʘʯʘ ʥʘ ʦʩʥʦʚʫ ʧʨʦʮʝʥʪʥʦʛ ʩʘʩʪʘʚʘ  ʨʘʩʪʚʦʨʘ 

ʠ ʦʙʨʥʫʪʦ, ʠ ʧʨʘʚʠ ʨʘʩʪʚʦʨ ʦʜʨʝʹʝʥʦʛ ʧʨʦʮʝʥʪʥʦʛ ʩʘʩʪʘʚʘ 

¶ ʙʠʨʘ ʥʘ ʦʩʥʦʚʫ ʩʚʦʿʩʪʘʚʘ ʩʘʩʪʦʿʘʢʘ ʩʤʝʰʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʧʦʩʪʫʧʘʢ ʟʘ ˁʠʭʦʚʦ ʨʘʟʜʚʘʿʘˁʝ ʠ 

ʠʟʚʦʜʠ ʛʘ 

¶ ʠʩʧʠʪʘ ʩʚʦʿʩʪʚʘ ʩʫʧʩʪʘʥʮʠ ʫ ʿʝʜʥʦʩʪʘʚʥʠʤ ʦʛʣʝʜʠʤʘ (ʘʛʨʝʛʘʪʥʦ ʩʪʘˁʝ, ʤʠʨʠʩ, ʙʦʿʫ, 

ʤʘʛʥʝʪʥʘ ʩʚʦʿʩʪʚʘ, ʨʘʩʪʚʦʨˀʠʚʦʩʪ), ʠ ʪʘ ʩʚʦʿʩʪʚʘ ʦʧʠʝh 

¶ ʙʝʟʙʝʜʥʦ ʨʫʢʫʿʝ ʩʫʧʩʪʘʥʮʘʤʘ, ʧʦʩʫʹʝʤ ʠ ʧʨʠʙʦʨʦʤ, ʟʘʛʨʝʚʘ ʩʫʧʩʪʘʥʮʫ ʥʘ ʙʝʟʙʝʜʘʥ ʥʘʯʠʥ, 

ʤʝʨʠ ʤʘʩʫ, ʟʘʧʨʝʤʠʥʫ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʩʫʧʩʪʘʥʮʝ 

¶ ʦʧʠhʝ ʦʩʥʦʚʥʘ ʬʠʟʠʯʢʘ ʠ ʭʝʤʠʿʩʢʘ ʩʚʦʿʩʪʚʘ ʦʢʩʠʜʘ, ʢʠʩʝʣʠʥʘ, ʙʘʟʘ ʠ ʩʦʣʠ ʠ ʧʦʚʝʞʝ ʠʭ ʩʘ 

ʧʨʘʢʪʠʯʥʦʤ ʧʨʠʤʝʥʦʤ ʦʚʠʭ ʿʝʜʠˁʝˁʘ 

¶ ʦʧʠhʝ ʦʩʥʦʚʥʘ ʬʠʟʠʯʢʘ ʠ ʭʝʤʠʿʩʢʘ ʩʚʦʿʩʪʚʘ ʫʛˀʦʚʦʜʦʥʠʢʘ, ʘʣʢʦʭʦʣʘ ʠ ʢʘʨʙʦʢʩʠʣʥʠʭ 

ʢʠʩʝʣʠʥʘ ʠ ʧʦʚʝʞʝ ʠʭ ʩʘ ʧʨʘʢʪʠʯʥʠʤ ʟʥʘʯʘʿʝʤ ʦʚʠʭ ʿʝʜʠˁʝˁʘ 

¶ ʦʧʠhʝ ʬʠʟʠʯʢʘ ʩʚʦʿʩʪʚʘ (ʘʛʨʝʛʘʪʥʦ ʩʪʘˁʝ ʠ ʨʘʩʪʚʦʨˀʠʚʦʩʪ) ʤʘʩʪʠ ʠ ʫˀʘ, ʫʛˀʝʥʠʭ 

ʭʠʜʨʘʪʘ ʠ ʧʨʦʪʝʠʥʘ 

¶ ʥʘʚʝʜʝ ʧʨʠʤʝʨʝ ʥʘʤʠʨʥʠʮʘ ʢʦʿʝ ʩʘʜʨʞʝ ʤʘʩʪʠ ʠ ʫˀʘ, ʫʛˀʝʥʝ ʭʠʜʨʘʪʝ ʠ ʧʨʦʪʝʠʥʝ 

¶ ʦʧʠhʝ ʥʘʿʚʘʞʥʠʿʝ ʫʣʦʛe ʤʘʩʪʠ ʠ ʫˀʘ, ʫʛˀʝʥʠʭ ʭʠʜʨʘʪʘ ʠ ʧʨʦʪʝʠʥʘ ʫ ʞʠʚʠʤ ʦʨʛʘʥʠʟʤʠʤʘ 

¶ ʧʨʝʧʦʟʥʘ ʟʘʛʘʹʠʚʘʯʝ ʚʘʟʜʫʭʘ, ʚʦʜʝ ʠ ʟʝʤˀʠʰʪʘ ʠ ʦʧʠʝh ˁʠʭʦʚ ʫʪʠʮʘʿ 

¶ ʦʧʠʰʝ ʙʝʟʙʝʜʥʦ ʧʦʩʪʫʧʘˁʝ ʩʘ ʩʫʧʩʪʘʥʮʘʤʘ ʫ ʩʢʣʘʜʫ ʩʘ ʟʥʘʯʝˁʝʤ ʦʟʥʘʢʘ ʫʧʦʟʦʨʝˁʘ ʥʘ 

ʧʘʢʦʚʘˁʠʤʘ ʠʣʠ ʙʦʮʘʤʘ ʫ ʢʦʿʠʤʘ ʩʝ ʩʫʧʩʪʘʥʮʝ ʯʫʚʘʿʫ, ʥʘʯʠʥʝ ˁʠʭʦʚʦʛ ʧʨʘʚʠʣʥʦʛ 

ʩʢʣʘʜʠʰʪʝˁʘ ʩ ʮʠˀʝʤ ʦʯʫʚʘˁʘ ʟʜʨʘʚˀʘ ʠ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ.  

ɺʘʞʥʦ ʿʝ ʠʩʪʘ˂ʠ ʜʘ ʩʝ ʦʜ ʧʦʣʘʟʥʠʢʘ ʦʯʝʢʫʿʝ ʠ ʨʘʟʚʠʿʘˁʝ ʚʝʰʪʠʥʘ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ 

ʨʘʜ ʠ ʟʘ ʙʝʟʙʝʜʥʦ ʨʫʢʦʚʘˁʝ ʩʘ ʩʫʧʩʪʘʥʮʘʤʘ ʫ ʩʚʘʢʦʜʥʝʚʥʦʤ ʞʠʚʦʪʫ ʠʣʠ ʧʨʘʢʩʠ. 

 ʅʘʚʝʜʝʥʠ ʠʩʭʦʜʠ ʩʫ ʚʦʜʠʯʠ ʟʘ ʧʣʘʥʠʨʘˁʝ ʠ ʨʝʘʣʠʟʘʮʠʿʫ ʥʘʩʪʘʚʥʠʭ ʩʠʪʫʘʮʠʿʘ, ʦʜʥʦʩʥʦ 

ʘʢʪʠʚʥʦʩʪʠ ʥʘʩʪʘʚʥʠʢʘ ʠ ʧʦʣʘʟʥʠʢʘ, ʢʘʦ ʠ ʟʘ ʦʩʤʠʰˀʘʚʘˁʝ ʟʘʜʘʪʘʢʘ ʟʘ ʧʦʣʘʟʥʠʢʝ ʢʨʦʟ ʢʦʿʝ 

ʩʝ ʤʦʞʝ ʧʨʘʪʠʪʠ ˁʠʭʦʚ ʥʘʧʨʝʜʘʢ ʫ ʫʯʝˁʫ ʭʝʤʠʿʝ. ʋ ʧʣʘʥʠʨʘˁʫ ʘʢʪʠʚʥʦʩʪʠ ʧʨʝʤʘ ʥʘʚʝʜʝʥʠʤ 

ʠʩʭʦʜʠʤʘ ʫʟʠʤʘʿʫ ʩʝ ʫ ʦʙʟʠʨ ʧʨʝʪʭʦʜʥʘ ʟʥʘˁʘ ʠ ʠʩʢʫʩʪʚʘ ʩʚʘʢʦʛ ʧʦʣʘʟʥʠʢʘ. ɸʢʪʠʚʥʦʩʪʠ ʩʝ 

ʧʨʠʣʘʛʦʹʘʚʘʿʫ ʧʨʝʤʘ ʩʚʘʢʦʤ ʧʦʣʘʟʥʠʢʫ ʜʘ ʙʠ ʦʥ ʦʩʪʚʘʨʠʦ ʥʘʧʨʝʜʘʢ ʠ ʜʦʩʪʠʛʘʦ ʟʥʘˁʝ ʠʣʠ 

ʚʝʰʪʠʥʫ ʦʧʠʩʘʥʫ ʦʜʨʝʹʝʥʠʤ ʠʩʭʦʜʦʤ. 
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ʇʈɽɻʃɽɼ ʉɸɼʈɾɸɱɸ ʍɽʄʀɱɽ 

 

ʂ ʫˀʯʥʘ ʨʝʯ ʫ ʦʚʦʤ ʢʦʥʮʝʧʪʫ ʦʙʨʘʟʦʚʘˁʘ ʦʜʨʘʩʣʠʭ ʿʝʩʪʝ ʜʘ ʿʝ ʦʥʦ ʬʫʥʢʮʠʦʥʘʣʥʦ. ʊʦ 

ʟʥʘʯʠ ʜʘ ʦʤʦʛʫ˂ʘʚʘ ʧʦʣʘʟʥʠʮʠʤʘ ʬʦʨʤʠʨʘˁʝ ʟʥʘˁʘ ʠ ʚʝʰʪʠʥʘ ʢʦʿʝ ʩʫ ʨʝʣʝʚʘʥʪʥʝ ʟʘ 

ʨʝʰʘʚʘˁʝ ʩʚʘʢʦʜʥʝʚʥʠʭ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʟʘʜʘʪʘʢʘ. ɼʨʫʛʠʤ ʨʝʯʠʤʘ, ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʘʥʘ 

ʟʥʘˁʘ ʠ ʚʝʰʪʠʥʝ ʯʠʥʝ ʧʦʪʨʝʙʥʝ ʢʦʤʧʝʪʝʥʮʠʿʝ ʟʘ ʫʩʧʝʰʥʦ ʠʩʧʫˁʘʚʘˁʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʣʠʯʥʦʤ 

ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʦʤ ʧʣʘʥʫ. ɼʘ ʙʠ ʩʝ ʪʦ ʧʦʩʪʠʛʣʦ ʧʦʪʨʝʙʥʦ ʿʝ ʥʘʧʨʘʚʠʪʠ:   

¶ ʠʟʙʦʨ ʩʘʜʨʞʘʿʘ ʢʦʿʠ ʿʝ ʨʝʣʝʚʘʥʪʘʥ ʟʘ ʦʜʨʘʩʣʝ ʠ Ăʠʜʝ ʫ ʩʫʩʨʝʪñ ʧʦʪʨʝʙʘʤʘ ʫ 

ʩʚʘʢʦʜʥʝʚʥʦʤ ʞʠʚʦʪʫ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʠʤ ʘʢʪʠʚʥʦʩʪʠʤʘ, 

¶ ʦʨʛʘʥʠʟʘʮʠʿʫ ʩʘʜʨʞʘʿʘ ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ ʠʟʛʨʘʜʠ ʩʠʩʪʝʤ ʧʦʿʤʦʚʘ ʠ ʪʠʤʝ ʦʙʝʟʙʝʜʠ 

ʨʘʟʫʤʝʚʘˁʝ ʠ ʧʨʠʤʝʥʘ ʟʥʘˁʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʩʠʪʫʘʮʠʿʘʤʘ.  

ʅʘʩʪʘʚʥʠ ʧʨʦʛʨʘʤ ʭʝʤʠʿʝ ʧʨʫʞʘ ʦʜʛʦʚʦʨʝ ʥʘ ʦʙʘ ʟʘʭʪʝʚʘ ʢʨʦʟ ʦʙʘʚʝʟʥʝ ʩʘʜʨʞʘʿʝ, 

ʥʘʤʝˁʝʥʝ ʩʚʘʢʦʤ ʧʦʣʘʟʥʠʢʫ, ʠ ʥʘʧʨʝʜʥʝ ʩʘʜʨʞʘʿʝ, ʟʘ ʦʥʝ ʢʦʿʠ ʞʝʣʝ ʜʘ ʥʘʫʯʝ ʚʠʰʝ ʠ ʥʘʩʪʘʚʝ 

ʦʙʨʘʟʦʚʘˁʝ ʥʘ ʩʨʝʜˁʦʰʢʦʣʩʢʦʤ ʥʠʚʦʫ.  

 

ʊʘʙʝʣʘ 1. ʆʙʣʘʩʪʠ/ʪʝʤʝ ʫ ʥʘʩʪʘʚʥʦʤ ʧʨʦʛʨʘʤʫ ʭʝʤʠʿʝ ʟʘ ʌʆʆʆ. 

ʈʘʟʨʝʜ/ 

ʮʠʢʣʫʩ 
ʆʙʣʘʩʪʠ/ʪʝʤʝ 

ʐʝʩʪʠ 

ʨʘʟʨʝʜ  

2. ʮʠʢʣʫʩ 

1. ʉʫʧʩʪʘʥʮʝ ʫ ʦʢʨʫʞʝˁʫ 

ï ʩʚʦʿʩʪʚʘ, ʩʪʨʫʢʪʫʨʘ ʠ 

ʧʨʘʢʪʠʯʥʘ ʧʨʠʤʝʥʘ 

2. ʇʨʦʤʝʥʝ ʩʫʧʩʪʘʥʮʠ ʫ 

ʧʨʠʨʦʜʠ ʠ ʧʨʘʢʩʠ 

3. ʉʤʝʰʝ ʠ ʨʘʩʪʚʦʨʠ ʫ 

ʧʨʠʨʦʜʠ ʠ ʧʨʘʢʩʠ 

ʉʝʜʤʠ 

ʨʘʟʨʝʜ  

3. ʮʠʢʣʫʩ 

4. ʅʝʦʨʛʘʥʩʢʘ ʿʝʜʠˁʝˁʘ  

 ς ʩʚʦʿʩʪʚʘ ʠ ʟʥʘʯʘʿ 

5. ʆʨʛʘʥʩʢʘ ʿʝʜʠˁʝˁʘ 

 ï ʩʚʦʿʩʪʚʘ ʠ ʟʥʘʯʘʿ 

6. ʍʝʤʠʿʘ ʞʠʚʦʪʥʝ 

ʩʨʝʜʠʥʝ 

 

ʋ ʰʝʩʪʦʤ ʨʘʟʨʝʜʫ ʫʯʝ ʩʝ ʦʩʥʦʚʥʠ ʧʦʿʤʦʚʠ ʦʧʰʪʝ ʭʝʤʠʿʝ ʠ ʬʦʨʤʠʨʘ ʧʦʿʤʦʚʥʠ ʦʢʚʠʨ 

(ʩʣʠʢʘ 1) ʢʦʿʠ ʩʝ ʜʘˀʝ ʙʦʛʘʪʠ ʩʚʦʿʩʪʚʠʤʘ ʠ ʧʨʦʤʝʥʘʤʘ ʨʘʟʣʠʯʠʪʠʭ ʩʫʧʩʪʘʥʮʠ, ʟʥʘʯʘʿʥʠʭ ʫ 

ʩʚʘʢʦʜʥʝʚʥʦʤ ʞʠʚʦʪʫ ʠ ʧʨʘʢʩʠ. ʀ ʪʦ, ʥʘʿʧʨʝ ʩʝ ʫʯʠ ʦ ʩʚʦʿʩʪʚʠʤʘ ʩʝʜʘʤ ʥʝʤʝʪʘʣʘ ʠ ʜʝʚʝʪ 

ʤʝʪʘʣʘ (ʰʝʩʪʠ ʨʘʟʨʝʜ), ʘ ʟʘʪʠʤ ʫ ʩʝʜʤʦʤ ʨʘʟʨʝʜʫ ʦ ʩʚʦʿʩʪʚʠʤʘ ʥʘʿʚʘʞʥʠʿʠʭ ʥʝʦʨʛʘʥʩʢʠʭ 

ʿʝʜʠˁʝˁʘ (ʦʢʩʠʜʘ, ʢʠʩʝʣʠʥʘ, ʙʘʟʘ ʠ ʩʦʣʠ) ʠ ʦʨʛʘʥʩʢʠʭ ʿʝʜʠˁʝˁʘ (ʫʛˀʦʚʦʜʦʥʠʢʘ, ʘʣʢʦʭʦʣʘ, 

ʢʘʨʙʦʢʩʠʣʥʠʭ ʢʠʩʝʣʠʥʘ ʠ ʙʠʦʣʦʰʢʠ ʚʘʞʥʠʭ ʦʨʛʘʥʩʢʠʭ ʿʝʜʠˁʝˁʘ) - ʪʘʙʝʣʘ 1.  
 

ʍʝʤʠʿʘ ʫ ʰʝʩʪʦʤ ʨʘʟʨʝʜʫ 

 

ʋ ʰʝʩʪʦʤ ʨʘʟʨʝʜʫ ʦʙʨʘʹʫʿʫ ʩʝ ʪʨʠ ʦʙʣʘʩʪʠ:  

1. ʉʫʧʩʪʘʥʮʝ ʫ ʦʢʨʫʞʝˁʫ ï ʩʚʦʿʩʪʚʘ, ʩʪʨʫʢʪʫʨʘ ʠ ʧʨʘʢʪʠʯʥʘ ʧʨʠʤʝʥʘ  

2. ʇʨʦʤʝʥʝ ʩʫʧʩʪʘʥʮʠ ʫ ʧʨʠʨʦʜʠ ʠ ʧʨʘʢʩʠ  

3. ʉʤʝʰʝ ʠ ʨʘʩʪʚʦʨʠ ʫ ʧʨʠʨʦʜʠ ʠ ʧʨʘʢʩʠ 

 

1. ʉʫʧʩʪʘʥʮʝ ʫ ʦʢʨʫʞʝˁʫ ï ʩʚʦʿʩʪʚʘ, ʩʪʨʫʢʪʫʨʘ ʠ ʧʨʘʢʪʠʯʥʘ ʧʨʠʤʝʥʘ. ʋ ʦʢʚʠʨʫ 

ʦʚʝ ʦʙʣʘʩʪʠ ʜʝʬʠʥʠʰʝ ʩʝ ʰʪʘ ʩʫ ʩʫʧʩʪʘʥʮʝ, ʢʦʘʿ ʩʚʦʿʩʪʚʘ ʠʤʘʿʫ, ʧʨʝʤʘ ʢʦʿʠʤ ʩʚʦʿʩʪʚʠʤʘ ʠʭ 

ʧʨʝʧʦʟʥʘʿʝʤʦ ʠ ʢʘʢʦ ʩʝ ʩʫʧʩʪʘʥʮʝ ʧʨʘʢʪʠʯʥʦ ʢʦʨʠʩʪʝ ʟʙʦʛ ʩʚʦʿʩʪʘʚʘ ʢʦʿʝ ʠʤʘʿʫ. ʇʦʪʦʤ ʩʝ 

ʜʝʬʠʥʠʰʫ ʝʣʝʤʝʥʪʠ, ʢʘʦ ʿʝʜʥʦʩʪʘʚʥʝ ʯʠʩʪʝ ʩʫʧʩʪʘʥʮʝ, ʠ ʿʝʜʠˁʝˁʘ ʢʘʦ ʩʣʦʞʝʥʝ ʯʠʩʪʝ 
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ʩʫʧʩʪʘʥʮʝ. ʅʘ ʦʚʦʤ ʤʝʩʪʫ ʧʦʣʘʟʥʠʮʠ ʫʯʝ ʜʘ ʩʫ ʝʣʝʤʝʥʪʠ ʠʟʛʨʘʹʝʥʠ ʦʜ ʯʝʩʪʠʮʘ: ʘʪʦʤʘ ʠ 

ʤʦʣʝʢʫʣʘ, ʠ ʜʘ ʩʫ ʪʦ ʫ ʮʝʣʠʥʠ ʥʝʥʘʝʣʝʢʪʨʠʩʘʥʝ ʯʝʩʪʠʮʝ. ɼʘˀʝ, ʦʥʠ ʫʯʝ ʜʘ ʩʝ ʝʣʝʤʝʥʘʪʠ 

ʦʙʝʣʝʞʘʚʘʿʫ ʧʦʤʦ˂ʫ ʭʝʤʠʿʩʢʠʭ ʩʠʤʙʦʣʘ ʠ ʦʙʿʘʰˁʘʚʘ ʩʝ ʢʚʘʣʠʪʘʪʠʚʥʦ ʠ ʢʚʘʥʪʠʪʘʪʠʚʥʦ 

ʟʥʘʯʝˁʝ ʭʝʤʠʿʩʢʠʭ ʩʠʤʙʦʣʘ. ʇʨʝʧʦʨʫʢʘ ʿʝ ʜʘ ʩʝ ʧʦʿʤʦʚʠ ʤʦʣʝʢʫʣ ʝʣʝʤʝʥʪʘ ʠ ʢʦʚʘʣʝʥʪʥʘ ʚʝʟʘ 

ʫʚʝʜʫ ʥʘ ʧʨʠʤʝʨʠʤʘ ʤʦʣʝʢʫʣʘ ʜʚʘ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʘ ʝʣʝʤʝʥʪʘ ʫ ʚʘʟʜʫʭʫ: ʘʟʦʪʘ ʠ ʢʠʩʝʦʥʠʢʘ. ʅʘ 

ʪʠʤ ʧʨʠʤʝʨʠʤʘ ʩʝ ʤʦʞʝ ʫʚʝʩʪʠ ʭʝʤʠʿʩʢʘ ʬʦʨʤʫʣʘ ʢʘʦ ʥʘʯʠʥ ʧʨʝʜʩʪʘʚˀʘˁʘ ʩʫʧʩʪʘʥʮʝ ʠ 

ʦʙʿʘʩʥʠʪʠ ʢʚʘʣʠʪʘʪʠʚʥʦ ʠ ʢʚʘʥʪʠʪʘʪʠʚʥʦ ʟʥʘʯʝˁʝ ʭʝʤʠʿʩʢʠʭ ʬʦʨʤʫʣʘ. ʂʦʚʘʣʝʥʪʥʦʤ ʚʝʟʦʤ ʩʝ 

ʧʦʚʝʟʫʿʫ ʘʪʦʤʠ ʥʝʢʠʭ ʝʣʝʤʝʥʘʪʘ ʠ ʛʨʘʜʝ ʢʨʠʩʪʘʣʥʝ ʩʠʩʪʝʤʝ ʢʘʦ ʰʪʦ ʿʝ, ʥʘ ʧʨʠʤʝʨ, ʜʠʿʘʤʘʥʪ - 

ʥʘʿʪʚʨʹʘ ʩʫʧʩʪʘʥʮʘ ʫ ʧʨʠʨʦʜʠ ʟʙʦʛ ʢʦʚʘʣʝʥʪʥʠʭ ʚʝʟʘ ʠʟʤʝʹʫ ʘʪʦʤʘ ʫʛˀʝʥʠʢʘ. ʄʦʣʝʢʫʣʠ ʩʝ 

ʤʝʹʫʩʦʙʥʦ ʧʨʠʚʣʘʯʝ, ʘ ʦʜ ʿʘʯʠʥʝ ʪʦʛ ʧʨʠʚʣʘʯʝˁʘ ʪʘʢʦʹʝ ʟʘʚʠʩʝ ʬʠʟʠʯʢʘ ʩʚʦʿʩʪʚʘ ʩʫʧʩʪʘʥʮʝ, 

ʥʘ ʧʨʠʤʝʨ, ʘʛʨʝʛʘʪʥʦ ʩʪʘˁʝ, ʪʝʤʧʝʨʘʪʫʨʝ ʪʦʧˀʝˁʘ ʠ ʢˀʫʯʘˁʘ. ʇʦʿʘʤ ʝʣʝʤʝʥʪ ʩʝ ʜʘˀʝ ʨʘʟʚʠʿʘ 

ʢʨʦʟ ʩʚʦʿʩʪʚʘ ʩʝʜʘʤ ʥʝʤʝʪʘʣʘ (ʚʦʜʦʥʠʢ, ʫʛˀʝʥʠʢ, ʘʟʦʪ, ʬʦʩʬʦʨ, ʢʠʩʝʦʥʠʢ, ʩʫʤʧʦʨ, ʭʣʦʨ) ʠ 

ʜʝʚʝʪ ʤʝʪʘʣʘ (ʥʘʪʨʠʿʫʤ, ʢʘʣʠʿʫʤ, ʤʘʛʥʝʟʠʿʫʤ, ʢʘʣʮʠʿʫʤ, ʘʣʫʤʠʥʠʿʫʤ, ʛʚʦʞʹʝ, ʙʘʢʘʨ, ʮʠʥʢ, 

ʦʣʦʚʦ). ʇʦʣʘʟʥʠʮʠ ʩʘʟʥʘʿʫ ʦ ʟʘʩʪʫʧˀʝʥʦʩʪʠ ʦʚʠʭ ʝʣʝʤʝʥʘʪʘ ʫ ʧʨʠʨʦʜʠ ʠ ˁʠʭʦʚʦʤ ʟʥʘʯʘʿʫ. 

ʄʦʞʝ ʩʝ ʠʩʪʘ˂ʠ ʜʘ ʛʨʘʹʘ ʯʝʩʪʠʮʘ ʤʝʪʘʣʘ ʠ ʧʨʠʚʣʘʯʝˁʝ ʠʟʤʝʹʫ ˁʠʭ ʫʩʣʦʚˀʘʚʘʿʫ ʩʚʦʿʩʪʚʘ 

ʤʝʪʘʣʘ ʟʙʦʛ ʢʦʿʠʭ ʠʤʘʿʫ ʚʝʣʠʢʫ ʧʨʘʢʪʠʯʥʫ ʧʨʠʤʝʥʫ (ʥʘ ʧʨʠʤʝʨ, ʜʦʙʨʠ ʩʫ ʧʨʦʚʦʜʥʠʮʠ 

ʪʦʧʣʦʪʝ ʠ ʝʣʝʢʪʨʠʮʠʪʝʪʘ, ʢʦʚʥʠ ʩʫ, ʤʦʛʫ ʩʝ ʠʟʚʣʘʯʠʪʠ ʫ ʞʠʮʝ). 

ʇʦʿʘʤ ʿʝʜʠˁʝˁʘ ʩʝ ʜʝʬʠʥʠʰʝ ʫ ʰʝʩʪʦʤ ʨʘʟʨʝʜʫ, ʥʘʚʝʜʝ ʩʝ ʜʘ ʩʫ ʯʝʩʪʠʮʝ ʥʝʢʠʭ 

ʿʝʜʠˁʝˁʘ ʢʘʦ ʰʪʦ ʩʫ, ʥʘ ʧʨʠʤʝʨ, ʚʦʜʘ, ʫʛˀʝʥ-ʜʠʦʢʩʠʜ, ʝʪʘʥʦʣ (ʘʣʢʦʭʦʣ), ʤʦʣʝʢʫʣʠ ʢʦʿʠ ʩʫ, ʟʘ 

ʨʘʟʣʠʢʫ ʦʜ ʤʦʣʝʢʫʣʘ ʝʣʝʤʝʥʘʪʘ, ʠʟʛʨʘʹʝʥʠ ʦʜ ʘʪʦʤʘ ʨʘʟʣʠʯʠʪʠʭ ʝʣʝʤʝʥʘʪʘ (ʤʦʣʝʢʫʣ ʚʦʜʝ ʦʜ 

ʘʪʦʤʘ ʚʦʜʦʥʠʢʘ ʠ ʢʠʩʝʦʥʠʢʘ, ʤʦʣʝʢʫʣ ʫʛˀʝʥ-ʜʠʦʢʩʠʜʘ ʦʜ ʘʪʦʤʘ ʫʛˀʝʥʠʢʘ ʠ ʢʠʩʝʦʥʠʢʘ, ʘ 

ʤʦʣʝʢʫʣ ʝʪʘʥʦʣʘ ʦʜ ʤʦʣʝʢʫʣʘ ʚʦʜʦʥʠʢʘ, ʫʛˀʝʥʠʢʘ ʠ ʢʠʩʝʦʥʠʢʘ). ʅʘ ʦʚʦʤ ʤʝʩʪʫ ʧʦʣʘʟʥʠʮʠ 

ʫʯʝ ʜʘ ʩʝ ʿʝʜʠˁʝˁʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʤʦ˂ʫ ʭʝʤʠʿʩʢʠʭ ʬʦʨʤʫʣʘ ʠ ʦ ʟʥʘʯʝˁʠʤʘ ʭʝʤʠʿʩʢʠʭ 

ʬʦʨʤʫʣʘ. ɿʘʪʠʤ ʧʦʣʘʟʥʠʮʠ ʩʘʟʥʘʿʫ ʜʘ ʩʚʘ ʿʝʜʠˁʝˁʘ ʢʦʿʘ ʢʦʨʠʩʪʝ ʥʠʩʫ ʠʟʛʨʘʹʝʥʘ ʦʜ ʤʦʣʝʢʫʣʘ, 

ʚʝ˂ ʜʘ ʧʦʩʪʦʿʝ ʠ ʿʝʜʠˁʝˁʘ ʯʠʿʝ ʩʫ ʯʝʩʪʠʮʝ ʥʘʝʣʝʢʪʨʠʩʘʥʝ ʠ ʦʟʥʘʯʘʚʘʿʫ ʩʝ ʢʘʦ ʿʦʥʠ, ʢʘʦ, ʥʘ 

ʧʨʠʤʝʨ, ʫ ʢʫʭʠˁʩʢʦʿ ʩʦʣʠ (ʥʘʪʨʠʿʫʤ-ʭʣʦʨʠʜʫ) ʠʣʠ ʥʝʛʘʰʝʥʦʤ ʢʨʝʯʫ (ʢʘʣʮʠʿʫʤ-ʦʢʩʠʜʫ).  

ʇʦʣʘʟʥʠʮʠʤʘ ʩʝ ʩʢʨʝʥʝ ʧʘʞˁʘ ʜʘ ˂ʝ ʫ ʩʝʜʤʦʤ ʨʘʟʨʝʜʫ ʫʯʠʪʠ ʦ ʩʚʦʿʩʪʚʠʤʘ ʨʘʟʣʠʯʠʪʠʭ 

ʿʝʜʠˁʝˁʘ ʢʦʿʘ ʢʦʨʠʩʪʝ ʫ ʩʚʘʢʦʜʥʝʚʥʦʤ ʞʠʚʦʪʫ ʠ ʧʨʘʢʩʠ.     

ʇʨʚʘ ʦʙʣʘʩʪ ʦʙʫʭʚʘʪʘ ʥʘʧʨʝʜʥʝ ʩʘʜʨʞʘʿʝ, ʥʘʤʝˁʝʥʝ ʧʦʣʘʟʥʠʮʠʤʘ ʢʦʿʠ ʞʝʣʝ ʜʘ 

ʩʘʟʥʘʿʫ ʚʠʰʝ ʠʣʠ ʜʘ ʥʘʩʪʘʚʝ ʦʙʨʘʟʦʚʘˁʝ, ʦ ʛʨʘʹʠ ʘʪʦʤʘ ʠ ʇʝʨʠʦʜʥʦʤ ʩʠʩʪʝʤʫ ʝʣʝʤʝʥʘʪʘ, ʦ 

ʭʝʤʠʿʩʢʦʿ ʚʝʟʠ (ʿʦʥʩʢʦʿ ʠ ʢʦʚʘʣʝʥʪʥʦʿ) ʠ ʦ ʢʨʠʩʪʘʣʥʠʤ ʩʠʩʪʝʤʠʤʘ.    

2. ʇʨʦʤʝʥʝ ʩʫʧʩʪʘʥʮʠ ʫ ʧʨʠʨʦʜʠ ʠ ʧʨʘʢʩʠ. ʋ ʦʢʚʠʨʫ ʜʨʫʛʝ ʦʙʣʘʩʪʠ ʫʯʠ ʩʝ ʦ 

ʧʨʦʤʝʥʘʤʘ ʢʦʿʠʤʘ ʧʦʜʣʝʞʫ ʩʫʧʩʪʘʥʮʝ (ʬʠʟʠʯʢʝ ʠ ʭʝʤʠʿʩʢʝ ʧʨʦʤʝʥʝ) ʠ ʠʣʫʩʪʨʫʿʫ ʩʝ 

ʧʨʠʤʝʨʠʤʘ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʤʝʥʘ ʫ ʨʝʘʣʥʦʤ ʦʢʨʫʞʝˁʫ. ʌʠʟʠʯʢʝ ʧʨʦʤʝʥʝ ʩʫʧʩʪʘʥʮʠ ʩʝ ʤʦʛʫ 

ʦʙʨʘʜʠʪʠ ʥʘ ʧʨʠʤʝʨʠʤʘ ʧʨʦʤʝʥʝ ʦʙʣʠʢʘ (ʠʟʚʣʘʯʝˁʝ ʤʝʪʘʣʘ ʫ ʞʠʮʝ, ʣʠʤʦʚʝ, ʢʣʝʩʘˁʝ ʢʘʤʝʥʘ, 

ʦʙʣʠʢʦʚʘˁʝ ʧʨʝʜʤʝʪʘ ʦʜ ʨʘʟʣʠʯʠʪʠʭ ʤʘʪʝʨʠʿʘʣʘ), ʧʨʦʤʝʥʝ ʘʛʨʝʛʘʪʥʦʛ ʩʪʘˁʘ (ʪʦʧˀʝˁʝ ʣʝʜʘ, 

ʯʦʢʦʣʘʜʝ, ʦʯʚʨʰ˂ʘʚʘˁʝ, ʠʩʧʘʨʘʚˁʝ ʚʦʜʝ ʧʨʠ ʢʫʚʘˁʫ ʠ ʢʦʥʜʝʥʟʦʚʘˁʝ ʚʦʜʝ ʥʘ ʧʦʢʣʦʧʮʫ). ʂʘʦ 

ʧʨʠʤʝʨʠ ʭʝʤʠʿʩʢʠʭ ʧʨʦʤʝʥʘ ʤʦʛʫ ʩʝ ʥʘʚʝʩʪʠ ʩʘʛʦʨʝʚʘˁʝ ʜʨʚʝʪʘ, ʨʹʘˁʝ, ʪʨʫˀʝˁʝ, ʚʘʨʝˁʝ 

ʭʨʘʥʝ, ʫʢʣʘˁʘˁʝ ʢʘʤʝʥʮʘ ʫ ʢʫʧʘʪʠʣʫ ʧʦʤʦ˂ʫ ʩʦʥʝ ʢʠʩʝʣʠʥʝ, ʫʢʣʘˁʘˁʝ ʢʘʤʝʥʮʘ ʠʟ ʯʘʿʥʠʢʘ 

ʧʦʤʦ˂ʫ ʩʠʨ˂ʝʪʘ. ʇʨʠ ʪʦʤʝ ʩʝ ʧʦʣʘʟʥʠʮʠ ʫʧʫ˂ʫʿʫ ʜʘ ʫʧʦʨʝʹʫʿʫ ʩʚʦʿʩʪʚʘ ʩʫʧʩʪʘʥʮʠ ʧʨʝ ʠ ʧʦʩʣʝ 

ʧʨʦʤʝʥʝ ʠ ʜʘ ʥʘ ʦʩʥʦʚʫ ʪʦʛʘ ʠʟʚʦʜʝ ʟʘʢˀʫʯʘʢ ʜʘ ʣʠ ʿʝ ʧʨʦʤʝʥʘ ʩʫʧʩʪʘʥʮʝ ʬʠʟʠʯʢʘ ʠʣʠ 

ʭʝʤʠʿʩʢʘ. ʆʥʠ ʩʝ ʫʩʤʝʨʘʚʘʿʫ ʜʘ ʫʦʯʝ ʧʦʢʘʟʘʪʝˀʝ ʢʦʿʠ ʫʢʘʟʫʿʫ ʥʘ ʭʝʤʠʿʩʢʫ ʧʨʦʤʝʥʫ (ʭʝʤʠʿʩʢʫ 

ʨʝʘʢʮʠʿʫ), ʪʿ. ʜʘ ʪʦʢʦʤ ʧʨʦʤʝʥʝ ʥʘʩʪʘʿʫ ʥʦʚʝ ʩʫʧʩʪʘʥʮʝ. 
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ʋ ʚʝʟʠ ʩ ʜʨʫʛʦʤ ʦʙʣʘʩʪʠ, ʧʨʦʛʨʘʤʦʤ ʩʫ ʧʨʝʜʚʠʹʝʥʠ ʥʘʧʨʝʜʥʠ ʩʘʜʨʞʘʿʠ, ʥʘʟʚʘʥʠ 

ʍʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ ʠ ʠʟʨʘʯʫʥʘʚʘˁʘ. ʆʙʫʭʚʘʪʘʿʫ ɿʘʢʦʥ ʦʜʨʞʘˁʘ ʤʘʩʝ ʠ ʠʟʨʘʯʫʥʘʚʘˁʘ ʟʥʘʯʘʿʥʘ 

ʫ ʧʨʘʢʩʠ.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 1. ʉʠʩʪʝʤ ʧʦʿʤʦʚʘ ʧʨʝʤʘ ʧʨʦʛʨʘʤʫ ʭʝʤʠʿʝ ʟʘ ʰʝʩʪʠ ʨʘʟʨʝʜ 

 

3. ʉʤʝʰʝ ʠ ʨʘʩʪʚʦʨʠ ʫ ʧʨʠʨʦʜʠ ʠ ʧʨʘʢʩʠ. ʋ ʦʢʚʠʨʫ ʪʨʝ˂ʝ ʦʙʣʘʩʪʠ ʫʯʠ ʩʝ ʦ ʩʤʝʰʘʤʘ 

ʩʫʧʩʪʘʥʮʠ ʠ ˁʠʭʦʚʠʤ ʩʚʦʿʩʪʘʚʠʤʘ ʟʘʚʠʩʥʦ ʦʜ ʩʚʦʿʩʪʘʚʘ ʩʘʩʪʦʿʘʢʘ ʢʦʿʠ ʯʠʥʝ ʩʤʝʰʫ ʠ ʦʜ 

ʟʘʩʪʫʧˀʝʥʦʩʪʠ ʩʘʩʪʦʿʘʢʘ ʫ ʩʤʝʰʠ. ʇʦʩʪʫʧʮʠ ʟʘ ʨʘʟʜʚʘʿʘˁʝ ʩʘʩʪʦʿʘʢʘ ʩʤʝʰʘ (ʢʣʘʩʠʨʘˁʝ ï 

ʩʝʿʘˁʝ, ʜʝʢʘʥʪʦʚʘˁʝ, ʮʝʹʝˁʝ, ʠʩʧʘʨʘʚʘˁʝ, ʜʝʩʪʠʣʘʮʠʿʘ ʠ ʦʜʚʘʿʘˁʝ ʫ ʤʘʛʥʝʪʥʦʤ ʧʦˀʫ) 

ʠʣʫʩʪʨʫʿʫ ʩʝ ʧʨʠʤʝʨʠʤʘ ʠʟ ʩʚʘʢʦʜʥʝʚʥʦʛ ʞʠʚʦʪʘ ʠ ʧʨʘʢʩʝ. ʊʘʢʦʹʝ, ʧʦʣʘʟʥʠʮʠ ʨʘʟʚʠʿʘʿʫ 

ʚʝʰʪʠʥʝ ʟʘ ʠʟʚʦʹʝˁʝ ʧʦʩʪʫʧʘʢʘ ʟʘ ʨʘʟʜʚʘʿʘˁʝ ʩʘʩʪʦʿʘʢʘ ʩʤʝʰʘ.  

ʇʦʿʘʤ ʩʤʝʰʘ ʩʝ ʜʘˀʝ ʨʘʟʚʠʿʘ ʢʨʦʟ ʧʦʿʘʤ ʨʘʩʪʚʦʨʘ, ʘ ʨʘʩʪʚʘʨʘˁʝ ʩʝ ʫʯʠ ʢʘʦ ʧʨʠʤʝʨ 

ʬʠʟʠʯʢʝ ʧʨʦʤʝʥʝ. ʇʦʿʘʤ ʨʘʩʪʚʦʨʘ ʩʝ ʤʦʞʝ ʠʣʫʩʪʨʦʚʘʪʠ ʙʨʦʿʥʠʤ ʧʨʠʤʝʨʠʤʘ ʠʟ ʩʚʘʢʦʜʥʝʚʥʦʛ 

ʞʠʚʦʪʘ ʠ ʧʨʘʢʩʝ (ʚʦʜʘ ʟʘ ʧʠ˂ʝ, ʤʦʨʩʢʘ ʚʦʜʘ, ʩʫʟʝ, ʙʠʩʪʘʨ ʩʦʢ, ʨʘʢʠʿʘ, ʩʠʨ˂ʝ, ʭʠʜʨʦʛʝʥ, 

ʬʠʟʠʦʣʦʰʢʠ ʨʘʩʪʚʦʨ, ʢʘʧʠ ʟʘ ʥʦʩ, ʠʪʜ.), ʘ ʥʘʩʪʘʚʥʠʢ ʤʦʞʝ ʠʟʘʙʨʘʪʠ ʦʥʝ ʟʘ ʢʦʿʝ ʧʨʦʮʝʥʠ ʜʘ ʩʫ 

ʥʘʿʙʣʠʞʠ ʠʩʢʫʩʪʚʫ ʧʦʣʘʟʥʠʢʘ ʩʘ ʢʦʿʠʤʘ ʨʘʜʠ. ʋ ʦʢʚʠʨʫ ʜʨʫʛʝ ʦʙʣʘʩʪʠ ʨʘʟʚʠʿʘʿʫ ʩʝ ʚʝʰʪʠʥʝ ʫ 

ʚʝʟʠ ʩ ʧʨʠʧʨʝʤʦʤ ʨʘʩʪʚʦʨʘ ʦʜʨʝʹʝʥʦʛ ʧʨʦʮʝʥʪʥʦʛ ʩʘʩʪʘʚʘ. ʇʦʣʘʟʥʠʮʠ ʨʘʯʫʥʩʢʠ ʦʜʨʝʹʫʿʫ 

ʤʘʩʫ ʩʫʧʩʪʘʥʮʝ ʠ ʤʘʩʫ ʨʘʩʪʚʘʨʘʯʘ ʜʘ ʙʠ ʜʦʙʠʣʠ ʨʘʩʪʚʦʨ ʞʝˀʝʥʦʛ ʧʨʦʮʝʥʪʥʦʛ ʩʘʩʪʘʚʘ, ʘ ʟʘʪʠʤ 

ʪʘʿ ʨʘʩʪʚʦʨ ʧʨʘʚʝ. 

 

 

7.ʨʘ-

ʟʨʝʜ 

ʉʄɽʐɽ  

ʚʨʩʪʝ 

ʍɽʊɽʈʆɻɽʅɽ ʍʆʄʆɻɽʅɽ 

ʈɸʉʊɺʆʈʀ 

ʇʈɽɿɸʉʀɴɽʅʀ ɿɸʉʀɴɽʅʀ ʅɽɿɸʉʀɴɽʅʀ 

ʈɸʉʊɺʆʈɲʀɺʆʉʊ 

ʇʈʆʎɽʅʊʅʀ 

ʉɸʉʊɸɺ 

ʏʀʉʊɽ 

ʉʋʇʉʊɸʅʎɽ ʍɽʄʀɱʉʂɸ ʌʀɿʀʏʂɸ ʍɽʄʀɱʉʂɽ ʌʀɿʀʏʂɽ 

ʩʚʦʿʩʪʚʘ ʧʨʦʤʝʥʝ 

ɱɽɼʀɳɽɳɸ ɸʊʆʄʀ ʩʪʨʫʢʪʫʨʘ ɽʃɽʄɽʅʊʀ 

ʅɽʄɽʊɸʃʀ ʄɽʊɸʃʀ 

H, C, N, P, O, 

S, Cl 

Na, K,  

Mg, Ca,  

Al, Fe, Cu, 

Zn, Pb 

ɱʆʅʀ ʩʪʨʫʢʪʫʨʘ ʚʨʩʪʝ ʄʆʃɽʂʋʃʀ 
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ʍʝʤʠʿʘ ʫ ʩʝʜʤʦʤ ʨʘʟʨʝʜʫ 

 

ʉʘʜʨʞʘʿ ʭʝʤʠʿʝ ʫ ʩʝʜʤʦʤ ʨʘʟʨʝʜʫ ʦʨʛʘʥʠʟʦʚʘʥ ʿʝ ʫ ʦʢʚʠʨʫ ʪʨʠ ʦʙʣʘʩʪʠ:  

4.   ʅʝʦʨʛʘʥʩʢʘ ʿʝʜʠˁʝˁʘ - ʩʚʦʿʩʪʚʘ ʠ ʟʥʘʯʘʿ  

5. ʆʨʛʘʥʩʢʘ ʿʝʜʠˁʝˁʘ ï ʩʚʦʿʩʪʚʘ ʠ ʟʥʘʯʘʿ   

6. ʍʝʤʠʿʘ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ.  

 

4. ʅʝʦʨʛʘʥʩʢʘ ʿʝʜʠˁʝˁʘ - ʩʚʦʿʩʪʚʘ ʠ ʟʥʘʯʘʿ. ʋ ʦʢʚʠʨʫ ʧʨʚʝ ʦʙʣʘʩʪʠ ʧʦʣʘʟʥʠʮʠ 

ʬʦʨʤʠʨʘʿʫ ʟʥʘˁʝ ʦ ʩʚʦʿʩʪʚʠʤʘ ʦʢʩʠʜʘ ʫʛˀʝʥʠʢʘ, ʩʫʤʧʦʨʘ ʠ ʘʟʦʪʘ, ʢʘʦ ʠ ʦ ˁʠʭʦʚʠʤ ʫʪʠʮʘʿʠʤʘ 

ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʠ ʟʜʨʘʚˀʝ ʯʦʚʝʢʘ. ɺʘʞʥʦ ʿʝ ʜʘ ʫʦʯʝ ʜʘ ʿʝ ʢʠʩʝʦʥʠʢ ʥʝʦʧʭʦʜʘʥ ʨʝʘʢʪʘʥʪ ʫ 

ʨʝʘʢʮʠʿʘʤʘ ʦʢʩʠʜʘʮʠʿʝ (ʩʘʛʦʨʝʚʘˁʘ). ʆʢʩʠʜʠ ʤʝʪʘʣʘ ʩʝ ʦʙʨʘʹʫʿʫ ʢʨʦʟ ʧʨʠʤʝʨʝ ʧʦʟʥʘʪʝ ʠʟ 

ʨʝʘʣʥʦʛ ʞʠʚʦʪʘ ʢʘʦ ʰʪʦ ʩʫ ʥʝʛʘʰʝʥʠ ʢʨʝʯ (ʢʘʣʮʠʿʫʤ-ʦʢʩʠʜ) ʠ ʨʹʘ.  

ɿʘʪʠʤ ʩʝ ʨʘʟʤʘʪʨʘʿʫ ʩʚʦʿʩʪʚʘ ʢʠʩʝʣʠʥʘ ʢʦʿʝ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʝ ʫ ʩʚʘʢʦʜʥʝʚʥʦʤ 

ʞʠʚʦʪʫ ʠ ʧʨʘʢʩʠ. pH-ʩʢʘʣʘ ʩʝ ʫʚʦʜʠ ʢʘʦ ʥʘʯʠʥ ʠʩʢʘʟʠʚʘˁʘ ʢʠʩʝʣʦʩʪʠ ʨʘʩʪʚʦʨʘ, ʠ ʠʣʫʩʪʨʫʿʝ 

ʧʨʠʤʝʨʠʤʘ ʠʟ ʩʚʘʢʦʜʥʝʚʥʦʛ ʞʠʚʦʪʘ (ʩʨʝʜʩʪʚʘ ʟʘ ʦʜʨʞʘʚʘˁʝ ʭʠʛʠʿʝʥʝ, ʢʦʟʤʝʪʠʯʢʠ ʧʨʝʧʘʨʘʪʠ, 

ʧʨʝʭʨʘʤʙʝʥʠ ʧʨʦʠʟʚʦʜʠ, ʪʝʣʝʩʥʝ ʪʝʯʥʦʩʪʠ).  

ʉʚʦʿʩʪʚʘ ʙʘʟʘ ʠ ˁʠʭʦʚʘ ʧʨʘʢʪʠʯʥʘ ʧʨʠʤʝʥʘ ʫʯʝ ʩʝ ʥʘ ʧʨʠʤʝʨʠʤʘ ʥʘʪʨʠʿʫʤ-

ʭʠʜʨʦʢʩʠʜʘ, ʢʘʣʮʠʿʫʤ-ʭʠʜʨʦʢʩʠʜʘ ʠ ʘʤʦʥʠʿʘʢʘ. ʇʦʿʘʤ ʩʦʣʠ ʠ ˁʠʭʦʚ ʧʨʘʢʪʠʯʥʠ ʟʥʘʯʘʿ 

ʦʙʨʘʹʫʿʝ ʩʝ ʥʘ ʧʨʠʤʝʨʠʤʘ ʥʘʪʨʠʿʫʤ-ʭʣʦʨʠʜʘ, ʥʘʪʨʠʿʫʤ-ʢʘʨʙʦʥʘʪʘ, ʥʘʪʨʠʿʫʤ-

ʭʠʜʨʦʛʝʥʢʘʨʙʦʥʘʪʘ, ʢʘʣʮʠʿʫʤ-ʢʘʨʙʦʥʘʪʘ, ʢʘʣʮʠʿʫʤ-ʭʠʜʨʦʛʝʥʢʘʨʙʦʥʘʪʘ, ʢʘʣʮʠʿʫʤ-ʩʫʣʬʘʪʘ, 

ʙʘʢʘʨ(II)-ʩʫʣʬʘʪʘ ʧʝʥʪʘʭʠʜʨʘʪʘ.  ʂʦʨʝʣʘʮʠʿʘ ʩʘ ʥʘʩʪʘʚʦʤ ʛʝʦʛʨʘʬʠʿʝ ʤʦʞʝ ʩʝ ʦʩʪʚʘʨʠʪʠ 

ʫʢʘʟʠʚʘˁʝʤ ʥʘ ʫʩʣʦʚˀʝʥʦʩʪ ʦʙʣʠʢʘ ʢʨʝʯˁʘʯʢʦʛ ʨʝˀʝʬʘ ʩʚʦʿʩʪʚʠʤʘ ʢʘʣʮʠʿʫʤ-ʢʘʨʙʦʥʘʪʘ ʠ 

ʢʘʣʮʠʿʫʤ-ʭʠʜʨʦʛʝʥʙʦʥʘʪʘ. ʇʦʚʝʟʠʚʘˁʝ ʩʘ ʩʚʘʢʦʜʥʝʚʥʠʤ ʞʠʚʦʪʦʤ ʤʦʞʝ ʩʝ ʦʩʪʚʘʨʠʪʠ 

ʫʢʘʟʠʚʘˁʝʤ ʥʘ ʪʚʨʜʦ˂ʫ ʚʦʜʝ ʠ ʩʘʩʪʘʚ ʤʠʥʝʨʘʣʥʠʭ ʚʦʜʘ. ʅʘ ʧʨʠʤʝʨʫ ʬʠʟʠʦʣʦʰʢʦʛ ʨʘʩʪʚʦʨʘ 

ʤʦʞʝ ʩʝ ʧʨʘʚʠʪʠ ʢʦʨʝʣʘʮʠʿʘ ʩʘ ʛʨʘʜʠʚʦʤ ʙʠʦʣʦʛʠʿʝ ʠ ʫʪʚʨʜʠʪʠ ʛʨʘʜʠʚʦ ʰʝʩʪʦʛ ʨʘʟʨʝʜʘ ʦ 

ʟʥʘʯʘʿʫ ʧʦʟʥʘʚʘˁʘ ʢʚʘʥʪʠʪʘʪʠʚʥʦʛ ʩʘʩʪʘʚʘ ʨʘʩʪʚʦʨʘ. 

5. ʆʨʛʘʥʩʢʘ ʿʝʜʠˁʝˁʘ ï ʩʚʦʿʩʪʚʘ ʠ ʟʥʘʯʘ.ʿ ʋʯʠ ʩʝ ʦ ʧʨʠʨʦʜʥʠʤ ʠʟʚʦʨʠʤʘ 

ʫʛˀʦʚʦʜʦʥʠʢʘ - ʥʘʬʪʠ ʠ ʟʝʤʥʦʤ ʛʘʩʫ. ʆʜ ʭʝʤʠʿʩʢʠʭ ʩʚʦʿʩʪʘʚʘ ʫʛˀʦʚʦʜʦʥʠʢʘ ʠʩʪʠʯʝ ʩʝ 

ˁʠʭʦʚʘ ʟʘʧʘˀʠʚʦʩʪ ʠ ʧʨʠʤʝʥʘ ʢʘʦ ʛʦʨʠʚʘ (ʟʝʤʥʠ ʠ ʨʘʬʠʥʝʨʠʿʩʢʠ ʛʘʩ, ʙʝʥʟʠʥ, ʜʠʟʝʣ ʛʦʨʠʚʦ, 

ʤʘʟʫʪ).  

ʋ ʥʘʩʪʘʚʢʫ ʩʝ ʦʙʨʘʹʫʿʫ ʬʠʟʠʯʢʘ ʠ ʭʝʤʠʿʩʢʘ ʩʚʦʿʩʪʚʘ ʦʨʛʘʥʩʢʠʭ ʿʝʜʠˁʝˁʘ ʩʘ 

ʢʠʩʝʦʥʠʢʦʤ: ʘʣʢʦʭʦʣʘ ʠ ʢʘʨʙʦʢʩʠʣʥʠʭ ʢʠʩʝʣʠʥʘ. ʋ ʦʢʚʠʨʫ ʦʚʝ ʦʙʣʘʩʪʠ ʚʘʞʥʦ ʿʝ ʜʘ ʩʝ 

ʠʩʪʘʢʥʝ ʰʪʝʪʥʦ ʬʠʟʠʦʣʦʰʢʦ ʜʝʣʦʚʘˁʝ ʘʣʢʦʭʦʣʘ ʠ ʧʨʦʙʣʝʤ ʘʣʢʦʭʦʣʠʟʤʘ.  

ʆʚʘ ʦʙʣʘʩʪ ʦʙʫʭʚʘʪʘ ʦʩʥʦʚʥʘ ʩʚʦʿʩʪʚʘ ʤʘʩʪʠ ʠ ʫˀʘ, ʫʛˀʝʥʠʭ ʭʠʜʨʘʪʘ ʠ ʧʨʦʪʝʠʥʘ, 

ˁʠʭʦʚ ʟʥʘʯʘʿ ʠ ʟʘʩʪʫʧˀʝʥʦʩʪ ʫ ʥʘʤʠʨʥʠʮʘʤʘ. ʇʦʣʘʟʥʠʮʠ ʫʯʝ ʦ ʩʚʦʿʩʪʚʠʤʘ, ʙʠʦʣʦʰʢʦʤ ʠ 

ʪʝʭʥʠʯʢʦʤ ʟʥʘʯʘʿ ʤʘʩʪʠ ʠ ʫˀʘ. ʆʥʠ ʫʯʝ ʦ ʧʨʠʤʝʥʠ ʦʚʠʭ ʿʝʜʠˁʝˁʘ ʢʘʦ ʩʠʨʦʚʠʥʘ ʠʣʠ 

ʧʦʣʫʧʨʦʠʟʚʦʜʘ ʫ ʜʘˀʦʿ ʭʝʤʠʿʩʢʦʿ ʧʨʝʨʘʜʠ, ʥʘ ʧʨʠʤʝʨ, ʜʦʙʠʿʘˁʝ ʤʘʨʛʘʨʠʥʘ ʠʟ ʫˀʘ ʠ 

ʧʨʦʠʟʚʦʜˁʘ ʩʘʧʫʥʘ, ʟʘʪʠʤ ʦ ʝʥʝʨʛʝʪʩʢʦ ʿʫʣʦʟʠ ʤʘʩʪʠ ʠ ʫˀʘ ʫ ʞʠʚʠʤ ʙʠ˂ʠʤʘ ʠ ˁʠʭʦʚ ʟʥʘʯʘʿ 

ʟʘ ʧʨʘʚʠʣʥʫ ʠʩʭʨʘʥʫ, ʢʘʦ ʠ ʟʥʘʯʘʿ ʟʘʩʪʫʧˀʝʥʦʩʪʠ ʥʝʟʘʩʠ˂ʝʥʠʭ ʤʘʩʥʠʭ ʢʠʩʝʣʠʥʘ ʫ ʠʩʭʨʘʥʠ.  

ɻʨʘʹʝˁʝ ʧʦʣʠʩʘʭʘʨʠʜʘ ʧʨʝʜʩʪʘʚˀʘ ʩʝ ʢʘʦ ʥʘʯʠʥ ʜʘ ʩʝ ʝʥʝʨʛʠʿʘ ʩʢʣʘʜʠʰʪʠ. ʂʦʨʝʣʘʮʠʿʘ 

ʩʘ ʛʨʘʜʠʚʦʤ ʙʠʦʣʦʛʠʿʝ ʩʝ ʤʦʞʝ ʦʩʪʚʘʨʠʪʠ ʢʨʦʟ ʨʘʟʤʘʪʨʘˁʝ ʛʨʘʜʠʚʥʝ ʠ ʟʘʰʪʠʪʥʝ ʫʣʦʛʝ 

ʮʝʣʫʣʦʟʝ ʫ ʙʠˀʢʘʤʘ. ʊʘʢʦʹʝ, ʚʘʞʥʦ ʿʝ ʜʘ ʩʝ ʫʢʘʞʝ ʥʘ ʰʠʨʦʢʫ ʟʘʩʪʫʧˀʝʥʦʩʪ ʫʛˀʝʥʠʭ ʭʠʜʨʘʪʘ 

ʫ ʧʨʠʨʦʜʠ ʠ ˁʠʭʦʚʫ ʧʨʠʤʝʥʫ ʫ ʩʚʘʢʦʜʥʝʚʥʦʤ ʞʠʚʦʪʫ: ʩʘʭʘʨʦʟʝ ʫ ʧʨʝʭʨʘʤʙʝʥʦʿ ʠʥʜʫʩʪʨʠʿʠ, 

ʩʢʨʦʙʘ ʫ ʧʨʝʭʨʘʤʙʝʥʦʿ ʠ ʬʘʨʤʘʮʝʫʪʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ, ʧʘʤʫʢʘ ʠ ʮʝʣʫʣʦʟʝ ʫ ʪʝʢʩʪʠʣʥʦʿ 
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ʠʥʜʫʩʪʨʠʿʠ. ʅʘ ʧʨʠʤʝʨʫ ʩʘʭʘʨʦʟʝ ʠ ʤʝʜʘ ʤʦʞʝ ʩʝ ʠʩʪʘ˂ʠ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʿʝʜʠˁʝˁʘ ʠ ʩʤʝʰʘ, ʘ 

ʢʨʠʩʪʘʣʠʟʘʮʠʿʘ ʤʝʜʘ ʤʦʞʝ ʩʝ ʧʨʝʜʩʪʘʚʠʪʠ ʢʘʦ ʢʨʠʩʪʘʣʠʟʘʮʠʿʘ ʧʨʝʟʘʩʠ˂ʝʥʦʛ ʨʘʩʪʚʦʨʘ.  

ʋ ʢʦʨʝʣʘʮʠʿʠ ʩʘ ʥʘʩʪʘʚʦʤ ʙʠʦʣʦʛʠʿʝ ʪʨʝʙʘ ʫʢʘʟʘʪʠ ʥʘ ʙʠʦʣʦʰʢʠ ʟʥʘʯʘʿ ʧʨʦʪʝʠʥʘ, 

ˁʠʭʦʚʫ ʛʨʘʜʠʚʥʫ ʠ ʢʘʪʘʣʠʪʠʯʢʫ ʬʫʥʢʮʠʿʫ ʫ ʦʨʛʘʥʠʟʤʫ. ʋ ʦʢʚʠʨʫ ʦʙʨʘʜʝ ʦʚʦʛ ʜʝʣʘ ʪʝʤʝ 

ʚʘʞʥʦ ʿʝ ʜʘ ʧʦʣʘʟʥʠʮʠ ʥʘʫʯʝ ʜʘ ʩʝ ʠʩʭʨʘʥʦʤ ʫʥʦʩʠ ʰʝʩʪ ʛʣʘʚʥʠʭ ʚʨʩʪʘ ʩʫʧʩʪʘʥʮʠ 

ʥʝʦʧʭʦʜʥʠʭ ˀʫʜʩʢʦʤ ʦʨʛʘʥʠʟʤʫ (ʧʨʦʪʝʠʥʠ, ʫʛˀʝʥʠ ʭʠʜʨʘʪʠ, ʤʘʩʪʠ ʠ ʫˀʘ, ʚʠʪʘʤʠʥʠ, 

ʤʠʥʝʨʘʣʠ ʠ ʚʦʜʘ), ʦ ʚʘʞʥʦʩʪʠ ʧʨʘʚʠʣʥʝ ʠʩʭʨʘʥʝ, ʢʘʦ ʠ ʦ ʧʦʨʝʤʝ˂ʘʿʠʤʘ ʠʩʭʨʘʥʝ. 

6. ʍʝʤʠʿʘ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ. ʋ ʦʢʚʠʨʫ ʪʨʝ˂ʝ ʪʝʤʝ ʧʦʪʨʝʙʥʦ ʿʝ ʨʘʟʤʦʨʠʪʠʪʠ ʫʟʨʦʢʝ 

ʟʘʛʘʹʠʚʘˁʘ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, ʢʘʢʦ ʯʦʚʝʢ ʩʚʦʿʠʤ ʘʢʪʠʚʥʦʩʪʠʤʘ ʪʦʤʝ ʜʦʧʨʠʥʦʩʠ ʠ ʢʘʢʦ ʩʝ 

ʧʦʩʣʝʜʠʮʝ ʦʚʠʭ ʫʪʠʮʘʿʘ ʤʦʛʫ ʫʤʘˁʠʪʠ. ʇʦʣʘʟʝ˂ʠ ʦʜ ʩʚʦʿʩʪʘʚʘ ʨʘʟʤʘʪʨʘʥʠʭ ʥʝʦʨʛʘʥʩʢʠʭ ʠ 

ʦʨʛʘʥʩʢʠʭ ʩʫʧʩʪʘʥʮʠ, ʥʘʚʦʜʝ ʩʝ ʟʘʛʘʹʠʚʘʯʠ ʚʘʟʜʫʭʘ, ʚʦʜʝ ʠ ʟʝʤˀʠʰʪʘ. ɺʘʞʥʦ ʿʝ ʠʩʪʘ˂ʠ 

ʜʦʧʨʠʥʦʩ ʭʝʤʠʿʝ ʟʘ ʦʯʫʚʘˁʝ ʠ ʫʥʘʧʨʝʹʝˁʝ ʢʚʘʣʠʪʝʪʘ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʢʨʦʟ ʠʩʪʨʘʞʠʚʘˁʝ 

ʩʣʦʞʝʥʦʩʪʠ ʭʝʤʠʿʝ ʟʝʤˀʝ, ʚʦʜʘ ʫ ʧʨʠʨʦʜʠ, ʘʪʤʦʩʬʝʨʝ ʠ ʙʠʦʩʬʝʨʝ, ʢʨʦʟ ʨʘʟʚʦʿ ʥʦʚʠʭ 

ʨʝʘʛʝʥʘʩʘ, ʤʝʪʦʜʘ ʠ ʠʥʩʪʨʫʤʝʥʘʪʘ ʟʘ ʜʝʪʝʢʮʠʿʫ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʦʧʘʩʥʠʭ ʩʫʧʩʪʘʥʮʠ. 
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ʆɹʃɸʉʊ/ʊɽʄɸ 1: ʉʋʇʉʊɸʅʎɽ ʋ ʆʂʈʋɾɽɳʋ ï ʉɺʆɱʉʊɺɸ, ʉʊʈʋʂʊʋʈɸ ʀ 

ʇʈɸʂʊʀʏʅɸ ʇʈʀʄɽʅɸ 

 

 

ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʩʘʜʨʞʘʿʘ ʫ ʦʢʚʠʨʫ ʦʙʣʘʩʪʠ/ ʪʝʤʝ 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

ʇʈʀʄɽʈ ʅɸʏʀʅɸ ʆɹʈɸɼɽ ʆɹʃɸʉʊʀ/ ʊɽʄɽ 1.ʌʠʟʠʯʢʘ ʠ ʭʝʤʠʿʩʢʘ ʩʚʦʿʩʪʚʘ ʩʫʧʩʪʘʥʮʠ   

 

ʎʠ:ˀ ʨʘʟʣʠʢʦʚʘˁʝ ʬʠʟʠʯʢʠʭ ʠ ʭʝʤʠʿʩʢʠʭ ʩʚʦʿʩʪʘʚʘ ʩʫʧʩʪʘʥʮʠ. 

ʄʘʪʝʨʠʿʘʣ:  ʨʘʟʣʠʯʠʪʠ ʤʘʪʝʨʠʿʘʣʠ ʠʟ ʩʚʘʢʦʜʥʝʚʥʦʛ ʞʠʚʦʪʘ ʠ ʩʫʧʩʪʘʥʮʝ ʠʟ ʣʘʙʦʨʘʪʦʨʠʿʝ ʫ 

ʯʚʨʩʪʦʤ ʠ ʪʝʯʥʦʤ ʘʛʨʝʛʘʪʥʦʤ ʩʪʘˁʫ, ʩʫʧʩʪʘʥʮʝ ʠ ʧʨʠʙʦʨ ʥʘʚʝʜʝʥ ʫ ʦʧʠʩʫ ʦʛʣʝʜʘ 1.1. 

ʊʦʢ ʨʘʜʘ: 

ʂʦʨʘʢ 1:  ɼʝʬʠʥʠʩʘˁʝ ʧʦʿʤʘ ʩʫʧʩʪʘʥʮʘ. ʅʘʩʪʘʚʥʠʢ ʦʙʿʘʰˁʘʚʘ ʜʘ ʿʝ ʧʨʝʜʤʝʪ ʠʟʫʯʘʚʘˁʘ 

ʭʝʤʠʿʝ ʩʫʧʩʪʘʥʮʘ (ˁʝʥʘ ʩʪʨʫʢʪʫʨʘ, ʩʚʦʿʩʪʚʘ ʠ ʧʨʦʤʝʥʝ) ʠ ʠʣʫʩʪʨʫʿʝ ʢʘʢʦ ʩʫʧʩʪʘʥʮʘ ʧʦʚʝʟʫʿʝ 

ʭʝʤʠʿʫ ʠ ʜʨʫʛʝ ʥʘʫʢʝ. ɿʘʪʠʤ ʫʩʤʝʨʘʚʘ ʧʘʞˁʫ ʧʦʣʘʟʥʠʢʘ ʥʘ ʧʨʘʢʪʠʯʘʥ ʟʥʘʯʘʿ ʩʫʧʩʪʘʥʮʠ, 

ʟʘʚʠʩʥʦ ʦʜ ˁʠʭʦʚʠʭ ʩʚʦʿʩʪʘʚʘ. ʄʦʞʝ ʜʘ ʠʣʫʩʪʨʫʿʝ ʧʨʠʤʝʨʠʤʘ ʠʟ ʨʘʟʚʦʿʘ ʮʠʚʠʣʠʟʘʮʠʿʝ, ʦʜ 

ʢʦʨʠʰ˂ʝˁʘ ʤʘʪʝʨʠʿʘʣʘ ʠʟ ʧʨʠʨʦʜʝ (ʢʘʤʝʥ, ʜʨʚʦ, ʞʠʚʦʪʠˁʩʢʘ ʢʦʞʘ), ʧʨʝʢʦ ʠʟʣʦʚʘˁʘ ʤʝʪʘʣʘ 

ʠʟ ʨʫʜʘ, ʠ ʜʘˀʝ ʦʚʣʘʜʘʚʘˁʝ ʧʦʩʪʫʧʮʠʤʘ ʟʘ ʜʦʙʠʿʘˁʝ ʩʫʧʩʪʘʥʮʠ ʪʘʢʚʠʭ ʩʚʦʿʩʪʘʚʘ ʢʦʿʘ ʙʦˀʝ 

ʦʜʛʦʚʘʨʘʿʫ ʧʦʪʨʝʙʘʤʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʦʙʣʘʩʪʠʤʘ (ʧʨʦʠʟʚʦʜˁʘ ʭʨʘʥʝ, ʪʝʭʥʠʢʘ, ʤʝʜʠʮʠʥʘ), ʜʦ 

ʟʘʭʪʝʚʘ ʜʘ ʩʝ ʤʘʢʩʠʤʘʣʥʦ ʚʦʜʠ ʨʘʯʫʥʘ ʦ ʦʯʫʚʘˁʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ.     

ʂʦʨʘʢ 2: ʋʪʚʨʹʠʚʘˁʝ ʩʚʦʿʩʪʚʘ ʩʫʧʩʪʘʥʮʠ. ʇʦʣʘʟʥʠʮʠ ʬʦʨʤʠʨʘʿʫ ʧʘʨʦʚʝ ʠʣʠ ʛʨʫʧʝ. ʉʚʘʢʘ 

ʛʨʫʧʘ ʜʦʙʠʿʘ ʫʟʦʨʢʝ ʨʘʟʣʠʯʠʪʠʭ ʤʘʪʝʨʠʿʘʣʘ ʠ ʩʫʧʩʪʘʥʮʠ ʠʟ ʣʘʙʦʨʘʪʦʨʠʿʝ (ʫ ʯʚʨʩʪʦʤ ʠ ʪʝʯʥʦʤ 

ʘʛʨʝʛʘʪʥʦʤ ʩʪʘˁʫ) ʠ ʟʘʜʘʪʘʢ ʜʘ ʦʧʠʰʝ ʤʘʪʝʨʠʿʘʣʝ/ʩʫʧʩʪʘʥʮʝ, ʪʿ. ʜʘ ʥʘʧʠʰʝ ʰʪʦ ʚʠʰʝ 

ʩʚʦʿʩʪʘʚʘ ʢʦʿʝ ʦʧʘʞʘ. ɼʦʢ ʧʦʣʘʟʥʠʮʠ ʨʘʜʝ ʥʘʩʪʘʚʥʠʢ ʥʘ ʪʘʙʣʠ ʮʨʪʘ ʪʘʙʝʣʫ. ʋ ʧʨʚʦʿ ʢʦʣʠʥʠ ʩʫ 

ʥʘʟʠʚʠ ʩʚʠʭ ʤʘʪʝʨʠʿʘʣʘ/ʩʫʧʩʪʘʥʮʠ ʩʘ ʢʦʿʠʤʘ ʧʦʣʘʟʥʠʮʠ ʨʘʜʝ, ʘ ʟʘʪʠʤ ʩʣʝʜʝ ʜʚʝ ʢʦʣʦʥʝ ʩʘ 

ʥʘʩʣʦʚʦʤ ʉɺʆɱʉʊɺɸ. 

ʏʀʉʊɽ 

ʉʋʇʉʊɸʅʎɽ ʍɽʄʀɱʉʂɸ ʌʀɿʀʏʂɸ 

ʩʚʦʿʩʪʚʘ 

ɱɽɼʀɳɽɳɸ ɽʃɽʄɽʅʊʀ 

ʅɽʄɽʊɸʃʀ ʄɽʊɸʃʀ 

H, C, N, P, O, 

S, Cl 

Na, K,  

Mg, Ca,  

Al, Fe, Cu, 

Zn, Pb 

ɸʊʆʄʀ ʩʪʨʫʢʪʫʨʘ 

ɱʆʅʀ ʩʪʨʫʢʪʫʨʘ ʚʨʩʪʝ ʄʆʃɽʂʋʃʀ 
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ʂʦʨʘʢ 3: ʀʟʚʝʰʪʘʚʘˁʝ. ʇʨʝʜʩʪʘʚʥʠʢ ʩʚʘʢʦʛ ʧʘʨʘ ʠʣʠ ʛʨʫʧʝ ʩʘʦʧʰʪʘʚʘ ʢʦʿʘ ʩʫ ʩʚʦʿʩʪʚʘ 

ʟʘʧʘʟʠʣʠ, ʘ ʥʘʩʪʘʚʥʠʢ ʠʭ ʟʘʧʠʩʫʿʝ ʫ ʪʘʙʝʣʫ ʥʘ ʪʘʙʣʠ. 

ʂʦʨʘʢ 4: ʋʧʦʨʝʹʠʚʘˁʝ ʬʠʟʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ ʩʫʧʩʪʘʥʮʠ.  ʇʦʣʘʟʥʠʮʠ ʫ ʧʘʨʫ ʠʣʠ ʛʨʫʧʠ ʠʟʚʦʜʝ 

ʦʛʣʝʜ 1.1. ʠʟ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʧʦʣʘʟʥʠʢe (I T1.1). ʉʚʘʢʠ ʧʘʨ ʠʣʠ ʛʨʫʧʘ ʜʦʙʠʿʘ ʧʦʪʨʝʙʥʝ 

ʩʫʧʩʪʘʥʮʝ, ʧʨʠʙʦʨ ʠ ʨʘʜʥʠ ʣʠʩʪ ʩʘ ʦʛʣʝʜʦʤ 1.1.   

ʂʦʨʘʢ 5: ʀʟʚʝʰʪʘʚʘˁʝ. ɼʨʫʛʠ ʧʨʝʜʩʪʘʚʥʠʢ ʩʚʘʢʦʛ ʧʘʨʘ ʠʣʠ ʛʨʫʧʝ ʩʘʦʧʰʪʘʚʘ ʢʦʿʘ ʩʫ 

ʩʚʦʿʩʪʚʘ ʟʘʧʘʟʠʣʠ ʫ ʠʟʚʝʜʝʥʦʤ ʦʛʣʝʜʫ, ʘ ʥʘʩʪʘʚʥʠʢ ʠʭ ʫʧʠʩʫʿʝ ʫ ʪʘʙʝʣʫ ʥʘ ʪʘʙʣʠ. 

ʂʦʨʘʢ 6: ɼʝʬʠʥʠʩʘˁʝ ʧʦʿʤʦʚʘ ʬʠʟʠʯʢʘ ʠ ʭʝʤʠʿʩʢʘ ʩʚʦʿʩʪʚʘ ʩʫʧʩʪʘʥʮʠ. ʅʘʩʪʘʚʥʠʢ 

ʦʙʿʘʰˁʘʚʘ ʜʘ ʩʫ ʩʚʦʿʩʪʚʘ ʢʦʿʘ ʩʫ ʥʘʚʝʣʠ ʧʦʣʘʟʥʠʮʠ ʬʠʟʠʯʢʘ ʩʚʦʿʩʪʚʘ ʩʫʧʩʪʘʥʮʠ, ʜʝʬʠʥʠʰʝ 

ʠʭ ʠ ʠʟʥʘʜ ʜʨʫʛʝ ʢʦʣʦʥʝ ʪʘʙʝʣʝ ʥʘʮʨʪʘʥʝ ʥʘ ʪʘʙʣʠ ʧʠʰʝ ʪʝʨʤʠʥ ʌʀɿʀʏʂɸ. ʇʦʪʦʤ 

ʦʙʿʘʰˁʘʚʘ ʰʪʘ ʩʫ ʭʝʤʠʿʩʢʘ ʩʚʦʿʩʪʚʘ, ʫʧʠʩʫʿʝ ʪʝʨʤʠʥ ʠʟʥʘʜ ʪʨʝ˂ʝ ʢʦʣʦʥʝ, ʥʘʚʦʜʠ ʥʝʢʘ ʠ 

ʫʧʠʩʫʿʝ ʠʭ ʫʟ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʧʨʠʤʝʨʝ ʫ ʪʘʙʝʣʠ, ʫʟ ʥʘʧʦʤʝʥʫ ʜʘ ˂ʝ ʪʦʢʦʤ ʧʨʝʜʩʪʦʿʝ˂ʝʛ ʨʘʜʘ 

ʫʯʠʪʠ ʦ ʭʝʤʠʿʩʢʠʤ ʩʚʦʿʩʪʚʠʤʘ ʨʘʟʣʠʯʠʪʠʭ ʩʫʧʩʪʘʥʮʠ.   

 

   ʉʫʧʩʪʘʥʮʘ ʿʝ ʚʠʜ ʤʘʪʝʨʠʿʝ ʢʦʿʠ ʠʟʛʨʘʹʫʿʝ ʪʝʣʘ, ʠʤʘ ʤʘʩʫ ʠ ʟʘʫʟʠʤʘ ʧʨʦʩʪʦʨ 

   (ʟʘʧʨʝʤʠʥʫ). 

   ʌʠʟʠʯʢʘ ʩʚʦʿʩʪʚʘ ʩʫʧʩʪʘʥʮʠ ʩʫ ʩʚʦʿʩʪʚʘ ʩʫʧʩʪʘʥʮʠ ʢʦʿʘ ʩʝ ʤʦʛʫ ʫʦʯʠʪʠ 

   ʧʦʩʤʘʪʨʘˁʝʤ ʠʣʠ ʤʝʨʝˁʝʤ: ʘʛʨʝʛʘʪʥʦ ʩʪʘˁʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʧˀʝˁʘ, ʪʝʤʧʝʨʘʪʫʨʘ 

   ʢˀʫʯʘˁʘ, ʛʫʩʪʠʥʘ, ʫʢʫʩ, ʤʠʨʠʩ, ʙʦʿʘ, ʪʚʨʜʦ˂ʘ, ʧʨʦʚʦʜˀʠʚʦʩʪ ʪʦʧʣʦʪʝ ʠ 

ʝʣʝʢʪʨʠʮʠʪʝʪʘ, ʨʘʩʪʚʦʨˀʠʚʦʩʪ.    

ʍʝʤʠʿʩʢʘ ʩʚʦʿʩʪʚʘ ʩʫʧʩʪʘʥʮʠ ʩʫ ʩʚʦʿʩʪʚʘ ʢʦʿʝ ʩʫʧʩʪʘʥʮʝ ʧʦʢʘʟʫʿʫ ʫ ʢʦʥʪʘʢʪʫ ʩʘ 

ʜʨʫʛʠʤ ʩʫʧʩʪʘʥʮʘʤʘ ʠ/ʠʣʠ ʧʦʜ ʦʜʨʝʹʝʥʠʤ ʫʩʣʦʚʠʤʘ ʢʘʜʘ ʩʝ ʤʝˁʘʿʫ ʠ ʧʨʠ ʪʦʤʝ 

ʥʘʩʪʘʿʫ ʥʦʚʝ ʩʫʧʩʪʘʥʮʝ.  

ɽʣʝʤʝʥʪʠ ʩʫ ʥʘʿʿʝʜʥʦʩʪʘʚʥʠʿʝ ʯʠʩʪʝ ʩʫʧʩʪʘʥʮʝ ʢʦʿʝ ʩʝ ʥʝ ʤʦʛʫ ʨʘʟʣʦʞʠʪʠ ʥʘ 

ʿʝʜʥʦʩʪʘʚʥʠʿʝ ʩʫʧʩʪʘʥʮʝ.  

ɱʝʜʠˁʝˁʘ ʩʫ ʩʣʦʞʝʥʝ ʯʠʩʪʝ ʩʫʧʩʪʘʥʮʝ ʫ ʢʦʿʠʤʘ ʩʫ ʜʚʘ ʠʣʠ ʚʠʰʝ ʝʣʝʤʝʥʘʪʘ 

ʧʦʚʝʟʘʥʠ ʭʝʤʠʿʩʢʦʤ ʚʝʟʦʤ. ɱʝʜʠˁʝˁʘ ʩʝ ʤʦʛʫ ʨʘʟʣʦʞʠʪʠ ʥʘ ʿʝʜʥʦʩʪʘʚʥʠʿʝ ʩʫʧʩʪʘʥʮʝ 

(ʿʝʜʥʦʩʪʘʚʥʠʿʘ ʿʝʜʠˁʝˁʘ ʠʣʠ ʝʣʝʤʝʥʪʝ). 

ɸʪʦʤ ʿʝ ʥʘʩʿʠʪʥʠʿʘ ʯʝʩʪʠʮʘ ʝʣʝʤʝʥʪʘ. ʇʦʩʪʦʿʠ ʦʥʦʣʠʢʦ ʨʘʟʣʠʯʠʪʠʭ ʘʪʦʤʘ ʢʦʣʠʢʦ 

ʧʦʩʪʦʿʠ ʝʣʝʤʝʥʘʪʘ. ɸʪʦʤ ʯʠʥʠ ʘʪʦʤʩʢʦ ʿʝʟʛʨʦ ʠ ʝʣʝʢʪʨʦʥʩʢʠ ʦʤʦʪʘʯ. ɸʪʦʤ ʿʝ ʫ 

ʮʝʣʠʥʠ ʥʝʥʘʝʣʝʢʪʨʠʩʘʥʘ ʯʝʩʪʠʮʘ.  

ʇʨʦʪʦʥʠ ʩʫ ʧʦʟʠʪʠʚʥʦ ʥʘʝʣʝʢʪʨʠʩʘʥʝ ʯʝʩʪʠʮʝ ʢʦʿʝ ʯʠʥʝ ʿʝʟʛʨʦ ʘʪʦʤʘ. 

ʅʝʫʪʨʦʥʠ ʩʫ ʥʝʥʘʝʣʝʢʪʨʠʩʘʥʝ ʯʝʩʪʠʮʝ ʢʦʿʝ ʯʠʥʝ ʿʝʟʛʨʦ ʘʪʦʤʘ.  

ɽʣʝʢʪʨʦʥʠ ʩʫ ʥʝʛʘʪʠʚʥʦ ʥʘʝʣʝʢʪʨʠʩʘʥʝ ʯʝʩʪʠʮʝ ʢʦʿʝ ʦʙʨʘʟʫʿʫ ʝʣʝʢʪʨʦʥʩʢʠ ʦʤʦʪʘʯ.   

ʄʦʣʝʢʫʣʠ ʩʫ ʯʝʩʪʠʮʝ ʥʘʩʪʘʣʝ ʤʝʹʫʩʦʙʥʠʤ ʧʦʚʝʟʠʚʘˁʝʤ ʘʪʦʤʘ ʢʦʚʘʣʝʥʪʥʦʤ ʚʝʟʦʤ. 

ɸʢʦ ʩʫ ʫ ʤʦʣʝʢʫʣʫ ʢʦʚʘʣʝʥʪʥʦʤ ʚʝʟʦʤ ʧʦʚʝʟʘʥʠ ʘʪʦʤʠ ʠʩʪʦʛ ʝʣʝʤʝʥʪʘ, ʦʥʜʘ ʿʝ ʪʦ 

ʤʦʣʝʢʫʣ ʝʣʝʤʝʥʪʘ, ʘ ʘʢʦ ʩʫ ʧʦʚʝʟʘʥʠ ʘʪʦʤʠ ʨʘʟʣʠʯʠʪʠʭ ʝʣʝʤʝʥʘʪʘ ʦʥʜʘ ʿʝ ʪʦ 

ʤʦʣʝʢʫʣ ʿʝʜʠˁʝˁʘ. ʄʦʣʝʢʫʣ ʿʝ ʫ ʮʝʣʠʥʠ ʥʝʥʘʝʣʝʢʪʨʠʩʘʥʘ ʯʝʩʪʠʮʘ. 

ɱʦʥʠ ʩʫ ʥʘʝʣʝʢʪʨʠʩʘʥʝ ʯʝʩʪʠʮʝ ʥʘʩʪʘʣʝ ʢʘʜʘ ʘʪʦʤ ʦʪʧʫʩʪʠ ʠʣʠ ʧʨʠʤʠ ʝʣʝʢʪʨʦʥʝ.    

ʇʦʟʠʪʠʚʥʦ ʥʘʝʣʝʢʪʨʠʩʘʥʠ ʿʦʥʠ ʥʘʟʠʚʘʿʫ ʩʝ ʿʦʰ ʢʘʪʿʦʥʠ, ʘ ʥʝʛʘʪʠʚʥʦ ʥʘʝʣʝʢʪʨʠʩʘʥʠ  

ʿʦʥʠ ʘʥʦʿʥʠ. 
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ʉʪʨʫʢʪʫʨʘ ʩʫʧʩʪʘʥʮʝ ʫ ʦʢʚʠʨʫ ʦʚʝ ʪʝʤʝ ʥʠʿʝ ʧʦʩʝʙʥʘ ʮʝʣʠʥʘ, ʚʝ˂ ʿʝ ʨʘʟʜʚʦʿʝʥʘ 

ʥʘ ʜʚʘ ʜʝʣʘ: ʘ) ʫʟ ʧʦʿʘʤ ʝʣʝʤʝʥʪʘ ʦʙʨʘʹʫʿʫ ʩʝ ʠʟʛʨʘʹʠʚʘʯʢʝ ʯʝʩʪʠʮʝ ʝʣʝʤʝʥʘʪʘ: 

ʘʪʦʤʠ ʠ ʤʦʣʝʢʫʣʠ, ʙ) ʫʟ ʧʦʿʘʤ ʿʝʜʠˁʝˁʘ ʦʙʨʘʹʫʿʫ ʩʝ ʠʟʛʨʘʹʠʚʘʯʢʝ ʯʝʩʪʠʮʝ 

ʿʝʜʠˁʝˁʘ: ʤʦʣʝʢʫʣʠ ʠ  ʿʦʥʠ.   

ʋ ʦʢʚʠʨʫ ʦʚʝ ʪʝʤʝ ʧʨʦʰʠʨʫʿʝ ʩʝ ʟʥʘˁʝ ʦ ʩʚʦʿʩʪʚʠʤʘ ʝʣʝʤʝʥʘʪʘ ʢʨʦʟ ʦʙʨʘʜʫ 

ʩʚʦʿʩʪʘʚʘ ʩʝʜʘʤ ʥʝʤʝʪʘʣʘ ʠ ʜʝʚʝʪ ʤʝʪʘʣʘ (ʫʦʙʠʯʘʿʝʥʦ ʿʝ ʜʘ ʩʝ ʦ ʥʝʤʝʪʘʣʠʤʘ ʠ 

ʤʝʪʘʣʠʤʘ ʫʯʠ ʫ ʦʢʚʠʨʫ ʥʝʦʨʛʘʥʩʢʝ ʭʝʤʠʿʝ).     

 

ʉ. ɸʥʪʠ˂, ʈ. ɱʘʥʢʦʚ, ɸ. ʇʝʰʠʢʘʥ, ʂʘʢʦ ʧʨʠʙʣʠʞʠʪʠ ʜʝʮʠ ʧʨʠʨʦʜʥʝ ʥʘʫʢʝ ʢʨʦʟ 

ʘʢʪʠʚʥʦ ʫʯʝˁʝ, ɿʙʠʨʢʘ ʩʮʝʥʘʨʠʿʘ, ʀʥʩʪʠʪʫʪ ʟʘ ʧʩʠʭʦʣʦʛʠʿʫ, ɹʝʦʛʨʘʜ, 2005 

ɻ.ʊ. ʉʠʙʦʨʛ ʠ ɽ.ɻ. ɺʝʣʝʥʩ, ɽʣʝʤʝʥʪʠ ɺʘʩʠʦʥʝ, STYLOS, ʅʦʚʠ ʉʘʜ, 2007. 

    ʊ1      I. Quere, ʄʘʪʝʨʠʿʘʣʠ, ɿʨʥʮʘ ʥʘʫʢʘ 1, ɼʨʫʰʪʚʦ ʬʠʟʠʯʘʨʘ ʉʨʙʠʿʝ, ɹʝʦʛʨʘʜ, 2003. 

ʀ. ɻʫʪʤʘʥ, ɾ. ʄʠʢʠ˂, ʀʟʦʪʦʧʠ ʫ ʘʨʭʝʦʣʦʛʠʿʠ, ʍʝʤʠʿʩʢʠ ʧʨʝʛʣʝʜ, 5 (2001) 105-107 

http://hemija.chem.bg.ac.rs/intro.htm 

http://old.iupac.org/general/FAQs/elements.html  

http://www.webelements.com/index.html ʠ http://www.rsc.org/chemsoc/visualelements/ 

ʠ  http://www.chemdex.org/  

 

ɿʘʜʘʮʠ ʟʘ ʧʨʦʮʝʥʫ ʥʘʧʨʝʜʦʚʘˁʘ ʧʦʣʘʟʥʠʢʘ  

 

 II  T1.1.             

 

1. ʈʘʟʚʨʩʪʘʿʪʝ ʥʘʚʝʜʝʥʝ ʧʨʠʤʝʨʝ ʫ ʝʣʝʤʝʥʪʝ ʠ ʿʝʜʠˁʝˁʘ: ʢʠʩʝʦʥʠʢ,  ʚʦʜʘ,  ʚʦʜʦʥʠʢ,  

ʢʫʭʠˁʩʢʘ ʩʦ,  ʫʛˀʝʥʠʢ,  ʛʚʦʞʹʝ,  ʫʛˀʝʥ-ʜʠʦʢʩʠʜ,  ʙʘʢʘʨ. 

ɽʣʝʤʝʥʪʠ:  ________________________________________________________________ 

ɱʝʜʠˁʝˁʘ:  ________________________________________________________________ 

 

2. ʅʘ ʣʠʥʠʿʠ ʫʟ ʩʚʘʢʫ ʨʝʯʝʥʠʮʫ ʥʘʧʠʰʠʪʝ ʩʣʦʚʦ ʌ, ʘʢʦ ʿʝ ʦʧʠʩʘʥʦ ʬʠʟʠʯʢʦ ʩʚʦʿʩʪʚʦ 

ʢʠʩʝʦʥʠʢʘ, ʠʣʠ ʍ, ʘʢʦ ʿʝ ʦʧʠʩʘʥʦ ʭʝʤʠʿʩʢʦ ʩʚʦʿʩʪʚʦ ʢʠʩʝʦʥʠʢʘ. 

ʘ) ʂʠʩʝʦʥʠʢ ʿʝ ʛʘʩ ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ.   __________ 

ʙ) ʂʠʩʝʦʥʠʢ ʨʝʘʛʫʿʝ ʩʘ ʚʦʜʦʥʠʢʦʤ ʠ ʛʨʘʜʠ ʚʦʜʫ.  __________ 

ʚ) ʂʠʩʝʦʥʠʢ ʿʝ ʙʝʟʙʦʿʘʥ.     __________ 

 

3. ɿʘʦʢʨʫʞʠʪʝ ʩʣʦʚʦ ʠʩʧʨʝʜ ʪʘʯʥʦʛ ʦʜʛʦʚʦʨʘ.  

ɹʘʢʘʨ ʩʝ ʥʘʣʘʟʠ ʫ ʝʣʝʢʪʨʠʯʥʠʤ ʢʘʙʣʦʚʠʤʘ ʟʘʪʦ ʰʪʦ: 

ʘ) ʤʦʞʝ ʩʝ ʠʟʚʫ˂ʠ ʫ ʞʠʮʫ 

ʙ) ʜʦʙʨʦ ʧʨʦʚʦʜʠ ʪʦʧʣʦʪʫ 

ʚ) ʜʦʙʨʦ ʧʨʦʚʦʜʠ ʝʣʝʢʪʨʠʯʥʫ ʩʪʨʫʿʫ 

ʛ) ʮʨʚʝʥʝ ʿʝ ʙʦʿʝ 

 

http://hemija.chem.bg.ac.rs/intro.htm
http://old.iupac.org/general/FAQs/elements.html
http://www.webelements.com/index.html
http://www.rsc.org/chemsoc/visualelements/
http://www.chemdex.org/
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4. ɿʘʦʢʨʫʞʠʪʝ ʩʣʦʚʦ ʠʩʧʨʝʜ ʪʘʯʥʦʛ ʦʜʛʦʚʦʨʘ.  

ɸʣʫʤʠʥʠʿʫʤ ʩʝ ʢʦʨʠʩʪʠ ʫ ʠʥʜʫʩʪʨʠʿʠ ʘʚʠʦʥʘ ʟʘʪʦ ʰʪʦ:  

ʘ) ʜʦʙʘʨ ʿʝ ʧʨʦʚʦʜʥʠʢ ʪʦʧʣʦʪʝ 

ʙ) ʜʦʙʘʨ ʿʝ ʧʨʦʚʦʜʥʠʢ ʝʣʝʢʪʨʠʮʠʪʝʪʘ 

ʚ) ʠʤʘ ʤʘʣʫ ʛʫʩʪʠʥʫ 

ʛ) ʠʤʘ ʤʝʪʘʣʥʠ ʩʿʘʿ 

 

5. ɿʘʦʢʨʫʞʠʪʝ ʩʣʦʚʦ ʠʩʧʨʝʜ ʪʘʯʥʦʛ ʦʜʛʦʚʦʨʘ. ʅʝʢʘ ʭʝʤʠʿʩʢʘ ʩʚʦʿʩʪʚʘ ʜʨʚʝʪʘ ʩʝ ʤʦʛʫ: 

ʘ) ʫʦʯʠʪʠ ʧʦʩʤʘʪʨʘˁʝʤ ʢʦʤʘʜʘ ʜʨʚʝʪʘ 

ʙ) ʠʟʤʝʨʠʪʠ ʤʝʨʥʠʤ ʠʥʩʪʨʫʤʝʥʪʠʤʘ 

ʚ) ʫʦʯʠʪʠ ʫʙʘʮʠʚʘˁʝʤ ʜʨʚʝʪʘ ʫ ʚʘʪʨʫ 

ʛ) ʫʦʯʠʪʠ ʪʦʢʦʤ ʩʝʯʝˁʘ ʜʨʚʝʪʘ 

 

6. ɿʘʦʢʨʫʞʠʪʝ ʩʣʦʚʦ ʠʩʧʨʝʜ ʪʘʯʥʦʛ ʦʜʛʦʚʦʨʘ. ʆʛʨʘʜʘ ʥʘʧʨʘʚˀʝʥʘ ʦʜ ʛʚʦʞʹʘ ʩʝ ʬʘʨʙʘ ʟʙʦʛ 

ʭʝʤʠʿʩʢʦʛ ʩʚʦʿʩʪʚʘ ʛʚʦʞʹʘ. ʂʦʿʝ ʿʝ ʪʦ ʩʚʦʿʩʪʚʦ? 

ʘ) ʄʦʞʝ ʩʝ ʥʘʤʘʛʥʝʪʠʩʘʪʠ          ʙ) ʉʠʚʘ ʙʦʿʘ          ʚ) ʂʦʨʦʟʠʚʥʦʩʪ 

 

7. ʅʘ ʣʠʥʠʿʠ ʠʩʧʨʝʜ ʥʘʟʠʚʘ ʭʝʤʠʿʩʢʦʛ ʝʣʝʤʝʥʪʘ ʥʘʧʠʰʠʪʝ ʩʣʦʚʦ ʢʦʿʝ ʧʠʰʝ ʠʩʧʨʝʜ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʧʨʠʤʝʥʝ ʭʝʤʠʿʩʢʦʛ ʝʣʝʤʝʥʪʘ. 

___ ʚʦʜʦʥʠʢ                                         ʘ) ʨʘʢʝʪʥʦ ʛʦʨʠʚʦ 

___ ʢʠʩʝʦʥʠʢ                                       ʙ) ʟʘ ʧʨʘʚˀʝˁʝ ʣʠʤʝʥʢʠ ʠ ʘʚʠʦʥʘ 

___ ʘʟʦʪ                                                ʚ) ʢʦʥʟʝʨʚʠʩʘˁʝ ʭʨʘʥʝ 

                                                              ʛ) ʟʘ ʚʝʰʪʘʯʢʦ ʜʠʩʘˁʝ 

 

ʀʟʙʦʨ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʧʦʣʘʟʥʠʢʘ  

I T1.1.                 ʉʋʇʉʊɸʅʎɽ ʀ ɳʀʍʆɺɸ ʉɺʆɱʉʊɺɸ 

ʌʠʟʠʯʢʘ ʠ ʭʝʤʠʿʩʢʘ ʩʚʦʿʩʪʚʘ ʩʫʧʩʪʘʥʮʠ 

ʉʚʘ ʪʝʣʘ ʞʠʚʝ ʠ ʥʝʞʠʚʝ ʧʨʠʨʦʜʝ ʢʦʿʠʤʘ ʩʤʦ ʦʢʨʫʞʝʥʠ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʥʘʩ ʩʘʤʝ, 

ʠʟʛʨʘʹʝʥʘ ʩʫ ʦʜ ʩʫʧʩʪʘʥʮʠ. ʇʦ ʥʝʢʠʤ ʩʚʦʿʩʪʚʠʤʘ ʩʫʧʩʪʘʥʮʝ ʩʝ ʤʝʹʫʩʦʙʥʦ ʨʘʟʣʠʢʫʿʫ ʚʝ˂ "ʥʘ 

ʧʨʚʠ ʧʦʛʣʝʜ", ʥʘ ʧʨʠʤʝʨ, ʧʦ ʙʦʿʠ, ʠʣʠ ʘʛʨʝʛʘʪʥʦʤ ʩʪʘˁʫ ʥʘ ʦʜʨʝʹʝʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ (ʥʘ 

ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʰʝ˂ʝʨ ʿʝ ʫ ʯʚʨʩʪʦʤ ʘʛʨʝʛʘʪʥʦʤ ʩʪʘˁʫ, ʘ ʚʦʜʘ ʫ ʪʝʯʥʦʤ). ɸʛʨʝʛʘʪʥʦ 

ʩʪʘˁʝ ʩʫʧʩʪʘʥʮʝ ʟʘʚʠʩʠ ʦʜ ʧʨʠʨʦʜʝ ʩʫʧʩʪʘʥʮʝ (ʯʝʩʪʠʮʘ ʢʦʿʝ ʿʝ ʛʨʘʜʝ ʠ ʧʨʠʚʣʘʯʝˁʘ ʤʝʹʫ 

ˁʠʤʘ), ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʨʠʪʠʩʢʘ.  

ʉʫʧʩʪʘʥʮʝ ʫ ʯʚʨʩʪʦʤ ʘʛʨʝʛʘʪʥʦʤ ʩʪʘˁʫ ʨʘʟʣʠʢʫʿʫ ʩʝ ʧʦ ʪʚʨʜʦ˂ʠ. ʊʘʢʦ, ʥʘ ʧʨʠʤʝʨ, 

ʧʦʤʦ˂ʫ ʛʚʦʟʜʝʥʦʛ ʝʢʩʝʨʘ ʤʦʞʝ ʩʝ ʟʘʛʨʝʙʘʪʠ ʧʦʚʨʰʠʥʘ ʧʨʝʜʤʝʪʘ ʥʘʧʨʘʚˀʝʥʦʛ ʦʜ ʧʣʘʩʪʠʢʝ. 

ʆʙʨʥʫʪʦ ʥʠʿʝ ʤʦʛʫ˂ʝ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʿʝ ʛʚʦʞʹʝ ʪʚʨʹʝ ʦʜ ʧʣʘʩʪʠʢʝ. ʊʦ ʿʝ, ʥʘ ʧʨʠʤʝʨ, ʚʘʞʥʦ ʟʘ 

ʠʟʙʦʨ ʤʘʪʝʨʠʿʘʣʘ ʦʜ ʢʦʛʘ ʩʝ ʧʨʘʚʝ ʘʣʘʪʠ. 

ʈʘʩʪʚʦʨˀʠʚʦʩʪ ʩʫʧʩʪʘʥʮʠ, ʧʨʦʚʦʜˀʠʚʦʩʪ ʪʦʧʣʦʪʝ ʠ ʝʣʝʢʪʨʠʮʠʪʝʪʘ ʩʫ ʩʚʦʿʩʪʚʘ ʢʦʿʘ ʩʝ 

ʤʦʛʫ ʫʪʚʨʜʠʪʠ ʿʝʜʥʦʩʪʘʚʥʠʤ ʠʩʧʠʪʠʚʘˁʠʤʘ. ʀʟ ʠʩʢʫʩʪʚʘ ʟʥʘʤʦ ʜʘ ʢʘʜʘ ʩʝ ʰʝ˂ʝʨ ʩʠʧʘ ʫ 

ʯʘʰʫ ʩʘ ʚʦʜʦʤ ʠ ʤʝʰʘ, ʥʘʩʪʘʿʝ ʙʠʩʪʘʨ ʨʘʩʪʚʦʨ. ʄʝʹʫʪʠʤ, ʪʦ ʩʝ ʥʝ˂ʝ ʜʝʩʠʪʠ ʘʢʦ ʩʝ ʩʠʧʘ 

ʙʨʘʰʥʦ.  

ʆ ʥʝʢʠʤ ʩʚʦʿʩʪʚʠʤʘ ʩʫʧʩʪʘʥʮʠ ʩʘʟʥʘʿʝʤʦ ʤʝʨʝˁʝʤ, ʥʘ ʧʨʠʤʝʨ, ʦ ʪʝʤʧʝʨʘʪʫʨʘʤʘ 
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ʪʦʧˀʝˁʘ ʠ ʢˀʫʯʘˁʘ, ʦ ʛʫʩʪʠʥʠ ʩʫʧʩʪʘʥʮʝ. ɻʫʩʪʠʥʘ ʿʝ ʬʠʟʠʯʢʘ ʚʝʣʠʯʠʥʘ ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ 

ʦʜʥʦʩ ʤʘʩʝ ʩʫʧʩʪʘʥʮʝ ʠ ʟʘʧʨʝʤʠʥʝ ʢʦʿʫ ʦʥʘ ʟʘʫʟʠʤʘ. ʆʥʘ ʿʝ, ʪʘʢʦʹʝ, ʿʝʜʥʦ ʦʜ ʩʚʦʿʩʪʘʚʘ 

ʩʫʧʩʪʘʥʮʠ. ʉʫʧʩʪʘʥʮʘ ʫ ʯʚʨʩʪʦʤ ʘʛʨʝʛʘʪʥʦʤ ʩʪʘˁʫ ʠʤʘ ʦʢʦ 20% ʚʝ˂ʫ ʛʫʩʪʠʥʫ ʥʝʛʦ ʢʘʜʘ ʿʝ ʫ 

ʪʝʯʥʦʤ ʘʛʨʝʛʘʪʥʦʤ ʩʪʘˁʫ, ʜʦʢ ʿʝ ʛʫʩʪʠʥʘ ʪʝʯʥʦʩʪʠ ʦʢʦ 800 ʧʫʪʘ ʚʝ˂ʘ ʦʜ ʛʫʩʪʠʥʝ ʠʩʪʝ 

ʩʫʧʩʪʘʥʮʝ ʫ ʛʘʩʦʚʠʪʦʤ ʘʛʨʝʛʘʪʥʦʤ ʩʪʘˁʫ. ʇʦʩʪʦʿʝ ʠʟʫʟʝʪʮʠ, ʥʘ ʧʨʠʤʝʨ, ʚʦʜʘ ʢʘʜʘ ʟʘʤʨʟʥʝ 

ʟʘʫʟʠʤʘ ʚʝ˂ʫ ʟʘʧʨʝʤʠʥʫ ʠ ʪʠʤʝ ʠʤʘ ʤʘˁʫ ʛʫʩʪʠʥʫ ʥʝʛʦ ʫ ʪʝʯʥʦʤ ʘʛʨʝʛʘʪʥʦʤ ʩʪʘˁʫ. ɿʙʦʛ 

ʪʦʛʘ ʣʝʜ ʧʣʠʚʘ ʥʘ ʧʦʚʨʰʠʥʠ ʚʦʜʝ. ʊʦ ʿʝ ʚʘʞʥʦ ʿʝʨ ʪʘʢʦ ʞʠʚʠ ʩʚʝʪ ʫ ʚʦʜʘʤʘ ʫ ʧʨʠʨʦʜʠ ʤʦʞʝ 

ʜʘ ʦʧʩʪʘʥʝ ʪʦʢʦʤ ʟʠʤʝ. ʊʘʢʦʹʝ, ʪʦ ʩʚʦʿʩʪʚʦ ʚʦʜʝ ʿʝ ʨʘʟʣʦʛ ʟʘʰʪʦ ʟʠʤʠ ʧʫʮʘʿʫ ʮʝʚʠ ʢʘʜʘ ʩʝ 

ʚʦʜʘ ʫ ˁʠʤʘ ʟʘʤʨʟʥʝ.  

 

 

 

 

 

 

ʋʧʦʨʝʜʠʪʝ ʬʠʟʠʯʢʘ ʩʚʦʿʩʪʚʘ ʩʫʧʩʪʘʥʮʠ ʫ ʩʣʝʜʝ˂ʝʤ ʦʛʣʝʜʫ.  
 

ʆʛʣʝʜ 1.1. ʋʧʦʨʝʹʠʚʘˁʝ ʬʠʟʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ ʩʫʧʩʪʘʥʮʠ. 

ʇʨʠʙʦʨ ʂʘʰʠʯʠʮʝ, ʤʘʛʥʝʪ, ʯʝʪʠʨʠ ʢʘʨʪʦʥʘ 

ʉʫʧʩʪʘʥʮʝ ʂʫʭʠˁʩʢʘ ʩʦ, ʩʫʤʧʦʨ, ʛʚʦʞʹʝ, ʙʘʢʘʨ,  ʚʦʜʘ 

ʆʧʠʩ ʧʦʩʪʫʧʢʘ 

 
ʉʣʠʢʘ 1.1. ʂʫʭʠˁʩʢʘ  

                  ʩʦ 

 
ʉʣʠʢʘ 1.2. ʉʫʤʧʦʨ 

 
ʉʣʠʢʘ 1.3. ɻʚʦʞʹʝ 

 
ʉʣʠʢʘ 1.4. ɹʘʢʘʨ 

 
ʉʣʠʢʘ 1.5. ɺʦʜʘ 

 

ʋʧʦʨʝʜʠʪʝ ʬʠʟʠʯʢʘ ʩʚʦʿʩʪʘʚʘ, 

ʘʛʨʝʛʘʪʥʦ ʩʪʘˁʝ ʠ ʙʦʫʿ, ʩʣʝʜʝ˂ʠʭ ʩʫʧʩʪʘʥʮʠ: 

ʢʫʭʠˁʩʢʝ ʩʦʣʠ, ʩʫʤʧʦʨʘ, ʛʚʦʞʹʘ, ʙʘʢʨʘ ʠ 

ʚʦʜʝ. ʇʦʩʤʘʪʨʘˁʝʤ ʫʟʦʨʘʢʘ ʩʫʧʩʪʘʥʮʠ 

ʤʦʞʝʪʝ ʟʘʢˀʫʯʠʪʠ ʦ ˁʠʭʦʚʦʤ ʘʛʨʝʛʘʪʥʦʤ 

ʩʪʘˁʫ ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʠ ʙʦʿʠ.  

ʀʩʧʠʪʘʿʪʝ ʢʦʿʘ ʦʜ ʩʫʧʩʪʘʥʮʠ ʫ ʯʚʨʩʪʦʤ 

ʘʛʨʝʛʘʪʥʦʤ ʩʪʘˁʫ ʠʤʘ ʤʘʛʥʝʪʥʘ ʩʚʦʿʩʪʚʘ. 

ʇʦʤʦ˂ʫ ʢʘʰʠʯʠʮʝ ʧʨʝʥʝʩʠʪʝ ʤʘʣʦ ʩʚʘʢʝ ʦʜ 

ʩʫʧʩʪʘʥʮʠ ʥʘ ʧʦʩʝʙʘʥ ʢʘʨʪʦʥ. ɿʘ ʩʚʘʢʫ 

ʩʫʧʩʪʘʥʮʫ ʢʦʨʠʩʪʠʪʝ ʧʦʩʝʙʥʫ ʢʘʰʠʯʠʮʫ. 

ʇʦʚʣʘʯʠʪʝ ʤʘʛʥʝʪ ʠʩʧʦʜ ʢʘʨʪʦʥʘ ʠ ʫʪʚʨʜʠʪʝ 

ʢʦʿʘ ʩʝ ʩʫʧʩʪʘʥʮʘ ʧʦʤʝʨʘ ʧʦʜ ʫʪʠʮʘʿʝʤ 

ʤʘʛʥʝʪʘ, ʦʜʥʦʩʥʦ ʢʦʿʘ ʠʤʘ ʤʘʛʥʝʪʥʘ 

ʩʚʦʿʩʪʚʘ.  

 

ʈʝʟʫʣʪʘʪʝ ʫʧʠʰʠʪʝ ʫ ʪʘʙʝʣʫ ʥʠʞʝ.   

ʈʝʟʫʣʪʘʪʠ 

 

ʌʠʟʠʯʢʘ ʩʚʦʿʩʪʚʘ ʂʫʭʠˁʩʢʘ ʩʦ ʉʫʤʧʦʨ ɻʚʦʞʹʝ ɹʘʢʘʨ ɺʦʜʘ 

ʘʛʨʝʛʘʪʥʦ ʩʪʘˁʝ      

ʙʦʿʘ      

ʤʘʛʥʝʪʥʘ ʩʚʦʿʩʪʚʘ       
 

ʅʝʢʘ ʩʚʦʿʩʪʚʘ, ʩʫʧʩʪʘʥʮʝ ʧʦʢʘʟʫʿʫ ʫ ʢʦʥʪʘʢʪʫ ʩʘ ʜʨʫʛʠʤ ʩʫʧʩʪʘʥʮʘʤʘ ʠʣʠ ʧʦʜ 

ʦʜʨʝʹʝʥʠʤ ʫʩʣʦʚʠʤʘ. 

ʉʚʦʿʩʪʚʘ ʩʫʧʩʪʘʥʮʠ ʢʦʿʘ ʩʝ ʤʦʛʫ ʫʦʯʠʪʠ ʧʦʩʤʘʪʨʘˁʝʤ ʠʣʠ ʤʝʨʝˁʝʤ ʥʘʟʠʚʘʿʫ ʩʝ 

ʬʠʟʠʯʢʠʤ ʩʚʦʿʩʪʚʠʤʘ ʠ ʪʦ ʩʫ: ʘʛʨʝʛʘʪʥʦ ʩʪʘˁʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʧˀʝˁʘ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʢˀʫʯʘˁʘ, ʛʫʩʪʠʥʘ, ʫʢʫʩ, ʤʠʨʠʩ, ʙʦʿʘ, ʪʚʨʜʦ˂ʘ, ʧʨʦʚʦʜˀʠʚʦʩʪ ʪʦʧʣʦʪʝ ʠ 

ʝʣʝʢʪʨʠʮʠʪʝʪʘ, ʨʘʩʪʚʦʨˀʠʚʦʩʪ.   
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ʅʘ ʧʨʠʤʝʨ, ʭʝʤʠʿʩʢʦ ʩʚʦʿʩʪʚʦ ʚʦʜʦʥʠʢʘ ʠ ʢʠʩʝʦʥʠʢʘ ʿʝʩʪʝ ʜʘ ʤʝʹʫʩʦʙʥʦ ʨʝʘʛʫʿʫ ʠ 

ʛʨʘʜʝ ʚʦʜʫ. ʍʝʤʠʿʩʢʦ ʩʚʦʿʩʪʚʦ ʛʚʦʞʹʘ ʿʝʩʪʝ ʜʘ ʨʹʘ (ʢʦʨʦʜʠʨʘ), ʪʿ. ʜʘ ʨʝʘʛʫʿʝ ʩʘ ʢʠʩʝʦʥʠʢʦʤ 

ʠʟ ʚʘʟʜʫʭʘ. ʈʹʘ ʥʝʤʘ ʩʚʦʿʩʪʚʘ ʢʦʿʘ ʠʤʘ ʛʚʦʞʹʝ, ʧʨʝ ʩʚʝʛʘ ʥʝʤʘ ʪʚʨʜʦ˂ʫ ʟʙʦʛ ʢʦʿʝ ʩʝ ʛʚʦʞʹʝ 

ʧʨʘʢʪʠʯʥʦ ʢʦʨʠʩʪʠ. ɼʘ ʧʨʝʜʤʝʪʠ ʥʝ ʙʠ ʧʨʦʧʘʜʘʣʠ ʨʹʘˁʝʤ ʦʥʠ ʩʝ, ʥʘ ʧʨʠʤʝʨ, ʬʘʨʙʘʿʫ. ʋ 

ʧʨʘʢʩʠ ʩʝ ʧʨʠʤʝˁʫʿʫ ʠ ʜʨʫʛʠ ʧʦʩʪʫʧʮʠ ʨʘʜʠ ʟʘʰʪʠʪʝ ʧʨʝʜʤʝʪʘ ʦʜ ʨʹʘˁʘ.  

ʇʨʘʢʪʠʯʥʘ ʧʨʠʤʝʥʘ ʩʫʧʩʪʘʥʮʠ ʟʘʩʥʠʚʘ ʩʝ ʫʧʨʘʚʦ ʥʘ ʩʚʦʿʩʪʚʠʤʘ ʢʦʿʝ ʦʥʝ ʠʤʘʿʫ. 

ʄʝʪʘʣʠ, ʢʦʿʠ ʩʫ ʜʦʙʨʠ ʧʨʦʚʦʜʥʠʮʠ ʪʦʧʣʦʪʝ, ʢʦʨʠʩʪʝ ʩʝ ʟʘ ʠʟʨʘʜʫ, ʥʘ ʧʨʠʤʝʨ, ʢʫʭʠˁʩʢʦʛ 

ʧʦʩʫʹʘ. ʄʝʪʘʣʠ ʩʝ ʤʦʛʫ ʧʨʝʩʦʚʘʪʠ ʫ ʨʘʟʣʠʯʠʪʝ ʦʙʣʠʢʝ. ʂʘʦ ʜʦʙʨʠ ʧʨʦʚʦʜʥʠʮʠ 

ʝʣʝʢʪʨʠʮʠʪʝʪʘ, ʤʝʪʘʣʠ (ʙʘʢʘʨ ʠ ʘʣʫʤʠʥʠʿʫʤ) ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʠʟʨʘʜʫ ʢʘʙʣʦʚʘ ʟʘ ʝʣʝʢʪʨʠʯʥʝ 

ʚʦʜʦʚʝ.  

 

ʏʠʩʪʝ ʩʫʧʩʪʘʥʮʝ  

 

ʋ ʧʨʠʨʦʜʠ ʩʝ ʨʝʪʢʦ ʥʘʣʘʟʠ ʩʘʤʦ ʿʝʜʥʘ ʩʫʧʩʪʘʥʮʘ (ʯʠʩʪʘ ʩʫʧʩʪʘʥʮʘ), ʚʝ˂ ʩʫ ʯʝʰ˂ʝ 

ʩʤʝʰʝ ʚʠʰʝ ʩʫʧʩʪʘʥʮʠ. ʏʠʩʪʝ ʩʫʧʩʪʘʥʮʝ ʠʤʘʿʫ ʩʪʘʣʘʥ ʩʘʩʪʘʚ, ʠʩʪʠ ʫ ʩʚʘʢʦʤ ʜʝʣʫ ʩʫʧʩʪʘʥʮʝ 

ʠ ʪʠʤʝ ʠʩʪʘ ʩʚʦʿʩʪʚʘ ʫ ʩʚʘʢʦʤ ʜʝʣʫ. ʉʘʩʪʘʚ ʠ ʩʚʦʿʩʪʚʘ ʯʠʩʪʝ ʩʫʧʩʪʘʥʮʝ ʩʫ ʠʩʪʠ ʫ ʩʚʘʢʦʤ 

ʫʟʦʨʢʫ ʪʝ ʩʫʧʩʪʘʥʮʝ, ʙʝʟ ʦʙʟʠʨʘ ʥʘ ˁʝʛʦʚʦ ʧʦʨʝʢʣʦ.  

ʀʩʧʠʪʠʚʘˁʝ ʯʠʩʪʦ˂ʝ ʩʫʧʩʪʘʥʮʝ ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʢʦʥʪʨʦʣʠ ˁʝʥʠʭ ʬʠʟʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ, 

ʢʦʿʘ ʩʫ ʟʘ ʩʚʘʢʫ ʩʫʧʩʪʘʥʮʫ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʠ ʩʪʘʣʥʘ (ʥʘ ʧʨʠʤʝʨ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʧˀʝˁʘ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʢˀʫʯʘˁʘ, ʛʫʩʪʠʥʘ, ʠʪʜ.).  

ʏʠʩʪʝ ʩʫʧʩʪʘʥʮʝ ʩʝ ʤʝʹʫʩʦʙʥʦ ʨʘʟʣʠʢʫʿʫ ʧʨʝʤʘ ʩʣʦʞʝʥʦʩʪʠ ʩʘʩʪʘʚʘ. ʆʥʝ ʢʦʿʝ ʩʝ ʥʝ 

ʤʦʛʫ ʨʘʟʣʦʞʠʪʠ ʥʘ ʿʝʜʥʦʩʪʘʚʥʠʿʝ ʯʠʩʪʝ ʩʫʧʩʪʘʥʮʝ ʥʘʟʠʚʘʿʫ ʩʝ ʭʝʤʠʿʩʢʠ ʝʣʝʤʝʥʪʠ. ʏʠʩʪʝ 

ʩʫʧʩʪʘʥʮʝ ʢʦʿʝ ʩʝ ʧʦʜ ʦʜʨʝʹʝʥʠʤ ʫʩʣʦʚʠʤʘ, ʥʘ ʧʨʠʤʝʨ, ʟʘʛʨʝʚʘˁʝʤ, ʧʦʜ ʜʝʿʩʪʚʦʤ ʩʚʝʪʣʦʩʪʠ 

ʠʣʠ ʝʣʝʢʨʠʮʠʪʝʪʘ ʤʦʛʫ ʨʘʟʣʦʞʠʪʠ ʥʘ ʿʝʜʥʦʩʪʘʚʥʠʿʝ ʯʠʩʪʝ ʩʫʧʩʪʘʥʮʝ ʥʘʟʠʚʘʿʫ ʩʝ ʭʝʤʠʿʩʢʘ 

ʿʝʜʠˁʝˁʘ (ʩʣʠʢʘ 1.6).  

 
 

 

ʉʣʠʢʘ 1.6. ɺʨʩʪʝ ʯʠʩʪʠʭ ʩʫʧʩʪʘʥʮʠ: ʝʣʝʤʝʥʪʠ (ʿʝʜʥʦʩʪʘʚʥʝ ʯʠʩʪʝ ʩʫʧʩʪʘʥʮʝ) ʠ ʿʝʜʠˁʝˁʘ (ʩʣʦʞʝʥʝ 

ʯʠʩʪʝ ʩʫʧʩʪʘʥʮʝ).  

 

ʏʀʉʊɽ ʉʋʇʉʊɸʅʎɽ 

ɽʣʝʤʝʥʪʠ 
ʅʝ ʤʦʛʫ ʩʝ ʨʘʟʣʦʞʠʪʠ ʥʘ 

ʿʝʜʥʦʩʪʘʚʥʠʿʝ ʯʠʩʪʝ ʩʫʧʩʪʘʥʮʝ. 

 

ɱʝʜʠˁʝˁʘ 
ʄʦʛʫ ʩʝ ʨʘʟʣʦʞʠʪʠ ʥʘ 

ʿʝʜʥʦʩʪʘʚʥʠʿʝ ʯʠʩʪʝ ʩʫʧʩʪʘʥʮʝ. 

 

ʉʚʦʿʩʪʚʦ ʩʫʧʩʪʘʥʮʝ ʜʘ ʨʝʘʛʫʿʝ ʩʘ ʥʝʢʦʤ ʜʨʫʛʦʤ ʩʫʧʩʪʘʥʮʦʤ ʠ/ʠʣʠ ʜʘ ʩʝ ʧʦʜ 

ʦʜʨʝʹʝʥʠʤ ʫʩʣʦʚʠʤʘ ʤʝˁʘ ʠ ʧʨʠ ʪʦʤʝ ʥʘʩʪʘʿʫ ʥʦʚʝ ʩʫʧʩʪʘʥʮʝ, ʥʘʟʠʚʘ ʩʝ ʭʝʤʠʿʩʢʦ 

ʩʚʦʿʩʪʚʦ ʩʫʧʩʪʘʥʮʝ. 
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ʍʝʤʠʿʩʢʠ ʝʣʝʤʝʥʪʠ 

 

ʍʝʤʠʿʩʢʠ ʝʣʝʤʝʥʪʠ ʩʫ ʥʘʿʿʝʜʥʦʩʪʘʚʥʠʿʝ ʯʠʩʪʝ ʩʫʧʩʪʘʥʮʝ. ɼʘʥʘʩ ʿʝ ʧʦʟʥʘʪʦ 118 

ʝʣʝʤʝʥʪʘ. ʄʝʹʫʪʠʤ, ʩʚʠ ʩʝ ʥʝ ʥʘʣʘʟʝ ʫ ʧʨʠʨʦʜʠ, ʚʝ˂ ʩʫ ʥʝʢʠ ʜʦʙʠʿʝʥʠ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ.   

ʆʜ ʝʣʝʤʝʥʘʪʘ ʿʝ ʠʟʛʨʘʹʝʥʦ ʩʚʝ ʰʪʦ ʚʠʜʠʤʦ, ʢʘʢʦ ʥʝʞʠʚʘ ʧʨʠʨʦʜʘ, ʪʘʢʦ ʠ ʞʠʚʠ 

ʦʨʛʘʥʠʟʤʠ. ɽʣʝʤʝʥʠ ʫ ʧʨʠʨʦʜʠ ʥʠʩʫ ʿʝʜʥʘʢʦ ʟʘʩʪʫʧˀʝʥʠ. ʋ ʩʚʝʤʠʨʫ ʿʝ ʥʘʿʨʘʩʧʨʦʩʪʨʘˁʝʥʠʿʠ 

ʝʣʝʤʝʥʪ ʚʦʜʦʥʠʢ. ʋ ɿʝʤˀʠʥʦʿ ʢʦʨʠ ʿʝ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʠ ʝʣʝʤʝʥʪ ʢʠʩʝʦʥʠʢ. ʉʠʣʠʮʠʿʫʤ ʿʝ 

ʜʨʫʛʠ ʝʣʝʤʝʥʪ ʧʦ ʨʘʩʧʨʦʩʪʨʘˁʝʥʦʩʪʠ ʫ ɿʝʤˀʠʥʦʿ ʢʦʨʠ, ʘ ˁʝʛʦʚʘ ʿʝʜʠˁʝˁʘ ʩʘ ʢʠʩʝʦʥʠʢʦʤ 

ʛʣʘʚʥʠ ʩʫ ʩʘʩʪʦʿʘʢ ʩʪʝʥʘ. ʊʨʝ˂ʠ ʝʣʝʤʝʥʪ ʧʦ ʟʘʩʪʫʧˀʝʥʦʩʪʠ ʫ ɿʝʤˀʠʥʦʿ ʢʦʨʠ ʿʝʩʪʝ 

ʘʣʫʤʠʥʠʿʫʤ.  

ʋ ʥʘʰʝʤ ʪʝʣʫ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʠ ʝʣʝʤʝʥʪ ʿʝʩʪʝ ʢʠʩʝʦʥʠʢ, ʿʝʨ ʦʢʦ ʜʚʝ ʪʨʝ˂ʠʥʝ ʤʘʩʝ ʪʝʣʘ 

ʯʠʥʠ ʚʦʜʘ, ʘ ʢʠʩʝʦʥʠʢ ʿʝ ʿʝʜʘʥ ʦʜ ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ ʛʨʘʜʠ ʿʝʜʠˁʝˁʝ ʚʦʜʫ. ʉʣʝʜʝ˂ʠ ʝʣʝʤʝʥʪ ʧʦ 

ʟʘʩʪʫʧˀʝʥʦʩʪʠ ʫ ʥʘʰʝʤ ʪʝʣʫ ʿʝʩʪʝ ʫʛˀʝʥʠʢ ʢʦʿʠ ʛʨʘʜʠ ʦʨʛʘʥʩʢʘ ʿʝʜʠˁʝˁʘ, ʢʦʿʘ ʛʨʘʜʝ ˂ʝʣʠʿʝ. 

ʅʘ ʪʨʝ˂ʝʤ ʤʝʩʪʫ ʧʦ ʟʘʩʪʫʧˀʝʥʦʩʪʠ ʫ ʥʘʰʝʤ ʪʝʣʫ ʿʝʩʪʝ ʝʣʝʤʝʥʪ ʚʦʜʦʥʠʢ.  

ɽʣʝʤʝʥʪʠ ʩʝ ʤʝʹʫʩʦʙʥʦ ʨʘʟʣʠʢʫʿʫ ʧʨʝʤʘ ʬʠʟʠʯʢʠʤ ʠ ʭʝʤʠʿʩʢʠʤ ʩʚʦʿʩʪʚʠʤʘ. ʀʧʘʢ, 

ʤʝʹʫ ˁʠʤʘ ʩʝ ʫʦʯʘʚʘʿʫ ʦʥʠ ʢʦʿʠ ʠʤʘʿʫ ʩʣʠʯʥʘ ʩʚʦʿʩʪʚʘ (ʪʘʙʝʣʝ 1.1. ʘ ʠ ʙ). ʇʨʝʤʘ ʩʚʦʿʩʪʘʚʤʘ 

ʨʘʟʣʠʢʫʿʫ ʩʝ ʤʝʪʘʣʠ, ʥʝʤʝʪʘʣʠ, ʤʝʪʘʣʦʠʜʠ ʠ ʧʣʝʤʝʥʠʪʠ ʛʘʩʦʚʠ. ʇʣʝʤʝʥʠʪʠ ʛʘʩʦʚʠ ʩʝ 

ʦʜʣʠʢʫʿʫ ʭʝʤʠʿʩʢʦʤ ʥʝʨʝʘʢʪʠʚʥʦʰ˂ʫ.  

 

ʊʘʙʝʣʘ 1.1.ʘ. ʌʠʟʠʯʢʘ ʩʚʦʿʩʪʚʘ ʝʣʝʤʝʥʘʪʘ: ʤʝʪʘʣʘ, ʥʝʤʝʪʘʣʘ ʠ ʤʝʪʘʣʦʠʜʘ. 

ʄɽʊɸʃʀ ʅɽʄɽʊɸʃʀ ʄɽʊɸʃʆʀɼʀ 

ʀʤʘʿʫ ʤʝʪʘʣʥʠ ʩʿʘʿ, ʦʜʥʦʩʥʦ 

ˁʠʭʦʚʝ ʧʦʚʨʰʠʥʝ ʠʤʘʿʫ ʚʝʣʠʢʫ 

ʨʝʬʣʝʢʩʠʦʥʫ ʤʦ˂. 

 

ʄʦʛʫ ʙʠʪʠ ʙʝʟʙʦʿʥʠ ʢʘʦ, ʥʘ 

ʧʨʠʤʝʨ, ʢʠʩʝʦʥʠʢ, ʘʟʦʪ, ʘ ʤʦʛʫ 

ʙʠʪʠ ʠ ʦʙʦʿʝʥʠ, ʢʘʦ, ʥʘ ʧʨʠʤʝʨ, 

ʩʫʤʧʦʨ ʠ ʮʨʚʝʥʠ ʬʦʩʬʦʨ.  

           

ʏʝʩʪʦ ʠʟʛʣʝʜʘʿʫ ʢʘʦ 

ʤʝʪʘʣʠ. 

 

 

ʅʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʩʫ ʫ 

ʯʚʨʩʪʦʤ ʘʛʨʝʛʘʪʥʦʤ ʩʪʘˁʫ, ʦʩʠʤ 

ʞʠʚʝ ʢʦʿʘ ʿʝ ʫ ʪʝʯʥʦʤ ʘʛʨʝʛʘʪʥʦʤ 

ʩʪʘˁʫ. 

 

ʇʦʩʪʦʿʝ ʫ ʩʚʘ ʪʨʠ ʘʛʨʝʛʘʪʥʘ ʩʪʘˁʘ, 

ʧʨʠ ʯʝʤʫ ʿʝ ʙʨʦʤ ʿʝʜʠʥʠ ʪʝʯʥʠ 

ʥʝʤʝʪʘʣ.   

        

ʋ ʯʚʨʩʪʦʤ ʩʫ 

ʘʛʨʝʛʘʪʥʦʤ ʩʪʘˁʫ. 

ʄʦʛʫ ʩʝ ʢʦʚʘʪʠ, ʠʟʚʣʘʯʠʪʠ ʫ ʞʠʮʝ 

ʠʣʠ ʧʨʝʩʦʚʘʪʠ ʫ ʨʘʟʣʠʯʠʪʝ ʦʙʣʠʢʝ 

ʙʝʟ ʧʨʝʢʠʜʘˁʘ. 

            

ʅʝʤʝʪʘʣʠ ʫ ʯʚʨʩʪʦʤ ʘʛʨʝʛʘʪʥʦʤ 

ʩʪʘˁʫ (ʫʛˀʝʥʠʢ, ʬʦʩʬʦʨ, ʩʫʤʧʦʨ ʠ 

ʿʦʜ) ʥʠʩʫ ʢʦʚʥʠ ʠ ʥʝ ʤʦʛʫ ʩʝ 

ʠʟʚʣʘʯʠʪʠ ʫ ʞʠʮʝ ʠʣʠ ʧʨʝʩʦʚʘʪʠ ʫ 

ʬʦʣʠʿʝ.  

ʏʝʩʪʦ ʩʫ ʢʨʪʠ ʢʘʦ 

ʥʝʤʝʪʘʣʠ. 

ʇʨʦʚʦʜʝ ʪʦʧʣʦʪʫ ʠ ʝʣʝʢʪʨʠʮʠʪʝʪ. ʅʝ ʧʨʦʚʦʜʝ ʪʦʧʣʦʪʫ ʠ 

ʝʣʝʢʪʨʠʮʠʪʝʪ (ʦʩʠʤ ʛʨʘʬʠʪʘ) ï 

ʠʟʦʣʘʪʦʨʠ ʩʫ. 

ʅʠʩʫ ʥʠ ʧʨʦʚʦʜʥʠʮʠ 

ʥʠ ʠʟʦʣʘʪʦʨʠ, ʚʝ˂ ʪʟʚ. 

ʧʦʣʫʧʨʦʚʦʜʥʠʮʠ. 



22 

 

ʊʘʙʝʣʘ 1.1.ʙ. ʍʝʤʠʿʩʢʘ ʩʚʦʿʩʪʚʘ ʝʣʝʤʝʥʘʪʘ: ʤʝʪʘʣʘ, ʥʝʤʝʪʘʣʘ ʠ ʤʝʪʘʣʦʠʜʘ. 

ʄɽʊɸʃʀ ʅɽʄɽʊɸʃʀ ʄɽʊɸʃʆʀɼʀ 

ʈʝʘʛʫʿʫ ʩʘ ʥʘʤʝʪʘʣʠʤʘ ʠ ʛʨʘʜʝ 

ʩʦʣʠ
1
 - ʿʦʥʩʢʘ ʿʝʜʠˁʝˁʘ. 

ʈʝʘʛʫʿʫ ʩʘ ʤʝʪʘʣʠʤʘ ʠ ʛʨʘʜʝ ʩʦʣʠ 

- ʿʦʥʩʢʘ ʿʝʜʠˁʝˁʘ. 

ʇʦ ʭʝʤʠʿʩʢʠʤ 

ʩʚʦʿʩʪʚʠʤʘ ʩʣʠʯʥʠʿʠ ʩʫ 

ʥʝʤʝʪʘʣʠʤʘ. ʈʝʘʛʫʿʫ ʩʘ ʢʠʩʝʦʥʠʢʦʤ ʠ ʛʨʘʜʝ 

ʦʢʩʠʜʝ
1
. 

ʈʝʘʛʫʿʫ ʩʘ ʢʠʩʝʦʥʠʢʦʤ ʠ ʛʨʘʜʝ 

ʦʢʩʠʜʝ. 

ʅʝʢʠ ʤʝʪʘʣʠ (ʘʣʢʘʣʥʠ ʠ 

ʟʝʤʥʦʘʣʢʘʣʠ), ʢʘʦ ʠ ʦʢʩʠʜʠ ʪʠʭ 

ʤʝʪʘʣʘ ʫ ʨʝʘʢʮʠʿʠ ʩʘ ʚʦʜʦʤ ʛʨʘʜʝ 

ʙʘʟʝ
1
. 

ʆʢʩʠʜʠ ʥʝʢʠʭ ʥʝʤʝʪʘʣʘ ʫ 

ʨʝʘʢʮʠʿʠ ʩʘ ʚʦʜʦʤ ʛʨʘʜʝ 

ʢʠʩʝʣʠʥʝ.  

ʈʝʘʛʫʿʫ ʩʘ ʢʠʩʝʣʠʥʘʤʘ
1
 ʠ ʛʨʘʜʝ 

ʩʦʣʠ ʫʟ ʠʟʜʚʘʿʘˁʝ ʚʦʜʦʥʠʢʘ ʠʣʠ 

ʦʢʩʠʜʘ ʥʝʤʝʪʘʣʘ, ʟʘʚʠʩʥʦ ʦʜ 

ʨʝʘʢʪʠʚʥʦʩʪʠ ʤʝʪʘʣʘ. 

ʅʝʤʝʪʘʣʠ ʤʝʹʫʩʦʙʥʦ ʛʨʘʜʝ 

ʢʦʚʘʣʝʥʪʥʘ ʿʝʜʠˁʝˁʘ, ʥʘ ʧʨʠʤʝʨ, 

ʚʦʜʦʥʠʢ ʠ ʢʠʩʝʦʥʠʢ ʛʨʘʜʝ ʚʦʜʫ.  

 

ɸʪʦʤʠ ʝʣʝʤʝʥʘʪʘ 

  

ʉʫʧʩʪʘʥʮʝ ʢʦʿʝ ʫ ʨʝʘʣʥʦʤ ʞʠʚʦʪʫ ʦʧʘʞʘʤʦ ʢʘʦ ʥʝʧʨʝʢʠʜʥʝ ʩʨʝʜʠʥʝ ʠʟʛʨʘʹʝʥʝ ʩʫ ʦʜ 

ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʯʝʩʪʠʮʘ. ʅʘʿʩʠʪʥʠʿʘ ʯʝʩʪʠʮʘ ʝʣʝʤʝʥʪʘ ʿʝʩʪʝ ʘʪʦʤ. ʇʦʩʪʦʿʠ ʦʥʦʣʠʢʦ 

ʨʘʟʣʠʯʠʪʠʭ ʘʪʦʤʘ ʢʦʣʠʢʦ ʧʦʩʪʦʿʠ ʝʣʝʤʝʥʘʪʘ.  

ɽʢʩʧʝʨʠʤʝʥʪʠ ʢʦʿʝ ʩʫ ʥʘʫʯʥʠʮʠ ʠʟʚʦʜʠʣʠ 

ʢʨʘʿʝʤ 19. ʠ ʧʦʯʝʪʢʦʤ 20. ʚʝʢʘ ʦʪʢʨʠʚʘʣʠ ʩʫ 

ʢʘʢʚʘ ʿʝ ʛʨʘʹʘ ʘʪʦʤʘ (ʩʣʠʢʘ 1.7). ʅʘʿʧʨʝ ʿʝ 

ʫʪʚʨʹʝʥʦ ʜʘ ʘʪʦʤ ʩʘʜʨʞʠ ʥʝʛʘʪʠʚʥʦ 

ʥʘʝʣʝʢʪʨʠʩʘʥʝ ʯʝʩʪʠʮʝ. ʆʚʝ ʯʝʩʪʠʮʝ ʥʘʟʚʘʥʝ ʩʫ 

ʝʣʝʢʪʨʦʥʠ (ʨʝʯ ʛʨʯʢʦʛ ʧʦʨʝʢʣʘ, ʘ ʟʥʘʯʠ 

˂ʠʣʠʙʘʨ). ʈʝʟʫʣʪʘʪʠ ʜʘˀʠʭ ʠʩʪʨʘʞʠʚʘˁʘ 

ʫʢʘʟʠʚʘʣʠ ʩʫ ʜʘ ʩʝ ʥʘʿʚʝ˂ʠ ʜʝʦ ʤʘʩʝ ʘʪʦʤʘ ʥʘʣʘʟʠ 

ʫ ʚʝʦʤʘ ʤʘʣʦʤ, ʧʦʟʠʪʠʚʥʦ ʥʘʝʣʝʢʪʨʠʩʘʥʦʤ ʜʝʣʫ 

ʘʪʦʤʘ, ʢʦʿʠ ʿʝ ʥʘʟʚʘʥ ʘʪʦʤʩʢʦ ʿʝʟʛʨʦ.  

ʇʦʟʠʪʠʚʥʦ ʥʘʝʣʝʢʪʨʠʩʘˁʝ ʿʝʟʛʨʘ ʧʦʪʠʯʝ ʦʜ ʧʦʟʠʪʠʚʥʦ 

ʥʘʝʣʝʢʪʨʠʩʘʥʠʭ ʯʝʩʪʠʮʘ ʢʦʿʝ ʛʘ ʯʠʥʝ. ʆʚʝ ʯʝʩʪʠʮʝ ʥʘʟʚʘʥʝ ʩʫ 

ʧʨʦʪʦʥʠ (ʨʝʯ ʛʨʯʢʦʛ ʧʦʨʝʢʣʘ, ʘ ʟʥʘʯʠ ʧʨʚʠ). ʇʦʨʝʜ ʧʨʦʪʦʥʘ 

ʿʝʟʛʨʦ ʯʠʥʠ ʿʦʰ ʿʝʜʥʘ ʚʨʩʪʘ ʯʝʩʪʠʮʘ ï ʥʝʫʪʨʦʥʠ (ʨʝʯ 

ʣʘʪʠʥʩʢʦʛ ʧʦʨʝʢʣʘ, ʘ ʟʥʘʯʠ ʥʝʫʪʨʘʣʘʥ). ʅʝʫʪʨʦʥʠ ʩʫ 

ʥʝʥʘʝʣʝʢʪʨʠʩʘʥʝ ʯʝʩʪʠʮʝ. ʆʚʝ ʯʝʩʪʠʮʝ ʫʤʘˁʫʿʫ ʦʜʙʠʿʘˁʝ 

ʠʟʤʝʹʫ ʧʦʟʠʪʠʚʥʦ ʥʘʝʣʝʢʪʨʠʩʘʥʠʭ ʧʨʦʪʦʥʘ (ʩʣʠʢʘ 1.8).  

ɽʣʝʢʪʨʦʥʠ ʩʝ ʢʨʝ˂ʫ ʫ ʧʨʦʩʪʦʨʫ ʦʢʦ ʿʝʟʛʨʘ, 

ʬʦʨʤʠʨʘʿʫ˂ʠ ʝʣʝʢʪʨʦʥʩʢʠ ʦʤʦʪʘʯ. ɸʪʦʤ ʿʝ ʫ ʮʝʣʠʥʠ 

ʥʝʥʘʝʣʝʢʪʨʠʩʘʥʘ ʯʝʩʪʠʮʘ, ʿʝʨ ʿʝ ʙʨʦʿ ʧʨʦʪʦʥʘ ʫ ʿʝʟʛʨʫ ʘʪʦʤʘ 

ʿʝʜʥʘʢ ʙʨʦʿʫ ʝʣʝʢʪʨʦʥʘ ʫ ʝʣʝʢʪʨʦʥʩʢʦʤ ʦʤʦʪʘʯʫ.  

 

                                                 
1
 ʆ ʦʢʩʠʜʠʤʘ, ʢʠʩʝʣʠʥʘʤʘ, ʙʘʟʘʤʘ ʠ ʩʦʣʠʤʘ ʫʯʠ ʩʝ ʫ ʩʝʜʤʦʤ ʨʘʟʨʝʜʫ. 

ʉʣʠʢʘ 1.8. ʄʦʜʝʣ 

ʩʪʨʫʢʪʫʨʝ ʘʪʦʤʘ. 

ʉʣʠʢʘ 1.7. ʏʝʩʪʠʮʝ ʢʦʿʝ ʛʨʘʜʝ ʘʪʦʤ. ɸʪʦʤ 

ʯʠʥʠ ʘʪʦʤʩʢʦ ʿʝʟʛʨʦ ʠ ʝʣʝʢʪʨʦʥʩʢʠ ʦʤʦʪʘʯ. 

ɸʪʦʤʩʢʦ ʿʝʟʛʨʦ ʯʠʥʝ ʧʨʦʪʦʥʠ ʠ ʥʝʫʪʨʦʥʠ. 

ʆʢʦ ʿʝʟʛʨʘ ʩʝ ʢʨʝ˂ʫ ʝʣʝʢʪʨʦʥʠ. 

ɸʊʆʄ 

ɸʪʦʤʩʢʦ  

ʿʝʟʛʨʦ 

ɽʣʝʢʪʨʦʥʩʢʠ 

ʦʤʦʪʘʯ 

ʅʝʫʪʨʦʥʠ ʇʨʦʪʦʥʠ ɽʣʝʢʪʨʦʥʠ 
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ʍʝʤʠʿʩʢʠ ʩʠʤʙʦʣʠ 

ʍʝʤʠʯʘʨʠ ʮʝʣʦʛ ʩʚʝʪʘ ʢʦʨʠʩʪʝ ʧʦʩʝʙʥʝ ʟʥʘʢʝ ʟʘ ʭʝʤʠʿʩʢʝ ʝʣʝʤʝʥʪʝ  ï ʭʝʤʠʿʩʢʝ 

ʩʠʤʙʦʣʝ. ɿʘ ʩʠʤʙʦʣ ʩʚʘʢʦʛ ʝʣʝʤʝʥʪʘ ʫʟʠʤʘ ʩʝ ʧʦʯʝʪʥʦ ʩʣʦʚʦ ʫʩʚʦʿʝʥʦʛ ʠʤʝʥʘ ʪʦʛ ʝʣʝʤʝʥʪʘ. 

ʅʘ ʧʨʠʤʝʨ, ʚʦʜʦʥʠʢ, ʯʠʿʝ ʿʝ ʣʘʪʠʥʩʢʦ ʠʤʝ hydrogenium, ʦʙʝʣʝʞʘʚʘ ʩʝ ʩʣʦʚʦʤ H, ʘ ʢʠʩʝʦʥʠʢ 

ʯʠʿʝ ʿʝ ʣʘʪʠʥʩʢʦ ʠʤʝ oxygenium, ʩʣʦʚʦʤ ʆ. ʂʦʜ ʝʣʝʤʝʥʘʪʘ ʯʠʿʘ ʠʤʝʥʘ ʧʦʯʠˁʫ ʠʩʪʠʤ ʩʣʦʚʦʤ, 

ʧʦʯʝʪʥʦʤ ʩʣʦʚʫ ʥʘʟʠʚʘ ʝʣʝʤʝʥʪʘ ʜʦʜʘʿʝ ʩʝ ʿʦʰ ʿʝʜʥʦ ʩʣʦʚʦ ʠʟ ʥʘʟʠʚʘ ʪʦʛ ʝʣʝʤʝʥʪʘ. ʇʨʚʦ 

ʩʣʦʚʦ ʿʝ ʫʚʝʢ ʚʝʣʠʢʦ, ʘ ʜʨʫʛʦ ʤʘʣʦ. ʅʘ ʧʨʠʤʝʨ:  

ʚʦʜʦʥʠʢ (hydrogenium) ï H 

ʭʝʣʠʿʫʤ (helium) ï He 

ʍʝʤʠʿʩʢʠ ʩʠʤʙʦʣʠ ʠʟʛʦʚʘʨʘʿʫ ʩʝ ʪʘʢʦ ʰʪʦ ʩʝ ʩʚʘʢʦ ʩʣʦʚʦ ʠʟʛʦʚʘʨʘ ʧʦʩʝʙʥʦ. ʅʘ 

ʧʨʠʤʝʨ, ʩʠʤʙʦʣ ʞʠʚʝ, Hg, ʠʟʛʦʚʘʨʘ ʩʝ ʭʘ-ʛʝ.  

ʉʚʘʢʠ ʭʝʤʠʿʩʢʠ ʩʠʤʙʦʣ ʠʜʝʥʪʠʬʠʢʫʿʝ ʝʣʝʤʝʥʪ ʠ ʦʟʥʘʯʘʚʘ ʿʝʜʘʥ ʘʪʦʤ ʪʦʛ ʝʣʝʤʝʥʪʘ.  

 

ʇʝʨʠʦʜʥʠ ʩʠʩʪʝʤ ʝʣʝʤʝʥʘʪʘ 

 

ʉʚʠ ʧʦʟʥʘʪʠ ʝʣʝʤʝʥʪʠ ʩʝ ʧʨʝʤʘ ʩʚʦʿʩʪʚʠʤʘ ʢʦʿʝ ʠʤʘʿʫ ʤʦʛʫ ʫʨʝʜʠʪʠ ʫ ʪʘʙʣʠʮʫ ʢʦʿʘ ʩʝ 

ʥʘʟʠʚʘ ʇʝʨʠʦʜʥʠ ʩʠʩʪʝʤ ʝʣʝʤʝʥʘʪʘ. ʆʚʫ ʪʘʙʣʠʮʫ ʧʨʚʠ ʿʝ ʩʘʩʪʘʚʠʦ ʨʫʩʢʠ ʭʝʤʠʯʘʨ ɼʤʠʪʨʠʿ 

ʀʚʘʥʦʚʠʯ ʄʝʥʜʝˀʝʿʝʚ ʠ ʦʙʿʘʚʠʦ ʿʝ 1869. ʛʦʜʠʥʝ. ʄʝʥʜʝˀʝʿʝʚ ʿʝ ʨʝʹʘʦ ʝʣʝʤʝʥʪʝ ʫ ʥʠʟ ʧʨʝʤʘ 

ʚʝʣʠʯʠʥʠ ʘʪʦʤʩʢʠʭ ʤʘʩʘ, ʦʜ ʤʘˁʝ ʢʘ ʚʝ˂ʦʿ, ʠ ʧʨʠ ʪʦʤʝ ʿʝ ʫʦʯʠʦ ʜʘ ʧʦʩʣʝ ʦʜʨʝʹʝʥʦʛ 

ʝʣʝʤʝʥʪʘ, ʩʣʝʜʝ˂ʠ ʝʣʝʤʝʥʪ ʠʤʘ ʩʣʠʯʥʘ ʩʚʦʿʩʪʚʘ ʢʘʦ ʝʣʝʤʝʥʪ ʥʘ ʧʦʯʝʪʢʫ ʥʠʟʘ, ʦʜʥʦʩʥʦ ʜʘ ʩʝ 

ʩʣʠʯʥʘ ʧʨʘʚʠʣʥʦʩʪ ʫ ʧʨʦʤʝʥʠ ʩʚʦʿʩʪʘʚʘ ʧʦʥʘʚˀʘ ʫ ʥʦʚʦʤ ʥʠʟʫ ʝʣʝʤʝʥʘʪʘ. ʊʘʢʦ ʩʫ 

ʬʦʨʤʠʨʘʥʠ ʭʦʨʠʟʦʥʪʘʣʥʠ ʠ ʚʝʨʪʠʢʘʣʥʠ ʥʠʟʦʚʠ ʝʣʝʤʝʥʘʪʘ. ʋ ʭʦʨʠʟʦʥʪʘʣʥʠʤ ʥʠʟʦʚʠʤʘ 

ʥʘʰʣʠ ʩʫ ʩʝ ʝʣʝʤʝʥʪʠ ʯʠʿʘ ʩʝ ʩʚʦʿʩʪʚʘ ʧʦʩʪʫʧʥʦ ʤʝˁʘʿʫ, ʘ ʫ ʚʝʨʪʠʢʘʣʥʠʤ ʥʠʟʦʚʠʤʘ 

ʝʣʝʤʝʥʪʠ ʩʣʠʯʥʠʭ ʬʠʟʠʯʢʠʭ ʠ ʭʝʤʠʿʩʢʠʭ ʩʚʦʿʩʪʘʚʘ. ʍʦʨʠʟʦʥʪʘʣʥʠ ʥʠʟ ʥʘʟʚʘʥ ʿʝ ʧʝʨʠʦʜʘ, ʘ 

ʚʝʨʪʠʢʘʣʥʠ ʛʨʫʧʘ.  

ʀʟʛʣʝʜ ʪʘʙʣʠʮʝ ʇʝʨʠʦʜʥʦʛ ʩʠʩʪʝʤʘ ʝʣʝʤʝʥʘʪʘ ʢʦʿʫ ʜʘʥʘʩ ʢʦʨʠʩʪʠʤʦ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ 

ʩʣʠʮʠ 1.9. ʋʢʫʧʥʦ ʠʤʘ ʩʝʜʘʤ ʧʝʨʠʦʜʘ ʠ ʦʩʘʤʥʘʝʩʪ ʛʨʫʧʘ, ʢʦʿʝ ʩʝ ʦʟʥʘʯʘʚʘʿʫ ʨʝʜʥʠʤ 

ʙʨʦʿʝʚʠʤʘ ʦʜ ʿʝʜʘʥ ʜʦ ʦʩʘʤʥʘʝʩʪ. ɺʝ˂ʠʥʘ ʝʣʝʤʝʥʘʪʘ ʩʫ ʤʝʪʘʣʠ ʠ ʦʥʠ ʩʝ ʥʘʣʘʟʝ ʥʘ ʣʝʚʦʿ 

ʩʪʨʘʥʠ ʪʘʙʣʠʮʝ ʇʝʨʠʦʜʥʦʛ ʩʠʩʪʝʤʘ ʝʣʝʤʝʥʘʪʘ. ɽʣʝʤʝʥʪʠ ʥʘ ʜʝʩʥʦʿ ʩʪʨʘʥʠ ʪʘʙʣʠʮʝ 

ʇʝʨʠʦʜʥʦʛ ʩʠʩʪʝʤʘ ʩʫ ʥʝʤʝʪʘʣʠ. ʀʟʤʝʹʫ ʦʚʠʭ ʝʣʝʤʝʥʘʪʘ ʥʘʣʘʟʝ ʩʝ ʤʝʪʘʣʦʠʜʠ ʢʦʿʠ ʠʤʘʿʫ 

ʩʚʦʿʩʪʚʘ ʠʟʤʝʹʫ ʤʝʪʘʣʘ ʠ ʥʝʤʝʪʘʣʘ. ʏʝʪʚʨʪʘ ʛʨʫʧʘʮʠʿʘ ʝʣʝʤʝʥʘʪʘ ʩʧʝʮʠʬʠʯʥʘ ʧʦ ʭʝʤʠʿʩʢʦʿ 

ʥʝʨʘʢʪʠʚʥʦʩʪʠ ʿʝʩʫ ʧʣʝʤʝʥʠʪʠʛʘʩʦʚʠ (18. ʛʨʫʧʘ).      
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ʉʣʠʢʘ 1.9. ʊʘʙʣʠʮʘ ʇʝʨʠʦʜʥʦʛ ʩʠʩʪʝʤʘ ʝʣʝʤʝʥʘʪʘ.             

 

ʄʦʣʝʢʫʣʠ ʝʣʝʤʝʥʘʪʘ ʠ ʭʝʤʠʿʩʢʝ ʬʦʨʤʫʣʝ 

 

ʂʘʜʘ ʫʜʘʭʥʝʤʦ ʚʘʟʜʫʭ, ʫ ʥʘʿʚʝ˂ʦʿ ʤʝʨʠ ʩʤʦ ʫʜʘʭʥʫʣʠ ʜʚʘ ʝʣʝʤʝʥʪʘ, ʜʚʘ ʛʘʩʘ: ʘʟʦʪ, 

ʢʦʿʠ ʿʝ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʠ ʫ ʚʘʟʜʫʭʫ, ʠ ʢʠʩʝʦʥʠʢ. ʋʜʘʭʥʫʣʠ ʩʤʦ ʟʘʧʨʘʚʦ ʠʟʫʟʝʪʥʦ ʤʥʦʛʦ 

ʯʝʩʪʠʮʘ ʦʚʘ ʜʚʘ ʛʘʩʘ. ʊʝ ʯʝʩʪʠʮʝ ʥʠʩʫ ʧʦʿʝʜʠʥʘʯʥʠ ʘʪʦʤʠ, ʚʝ˂ ʥʝʰʪʦ ʚʝ˂ʝ ʯʝʩʪʠʮʝ - 

ʤʦʣʝʢʫʣʠ ʘʟʦʪʘ ʠ ʤʦʣʝʢʫʣʠ ʢʠʩʝʦʥʠʢʘ. ʅʘ ʩʣʠʮʠ 1.10. ʘ) ʠ ʙ) ʧʨʠʢʘʟʘʥʠ ʩʫ ʤʦʜʝʣʠ 

ʤʦʣʝʢʫʣʘ ʘʟʦʪʘ ʠ ʢʠʩʝʦʥʠʢʘ. ʊʘʢʦʹʝ, ʫʟ ʤʦʜʝʣʝ ʩʫ ʧʨʠʢʘʟʘʥʠ ʠ ʥʘʯʠʥʠ ʧʨʝʜʩʪʘʚˀʘˁʘ ʦʚʠʭ 

ʤʦʣʝʢʫʣʘ ʧʦʤʦ˂ʫ ʭʝʤʠʿʩʢʠʭ ʬʦʨʤʫʣʘ.  

ʍʝʤʠʿʩʢʘ ʬʦʨʤʫʣʘ ʿʝ ʩʘʩʪʘʚˀʝʥʘ ʦʜ ʩʠʤʙʦʣʘ ʭʝʤʠʿʩʢʠʭ ʝʣʝʤʝʥʘʪʘ. ɹʨʦʿ ʢʦʿʠ ʧʠʰʝ ʩ 

ʜʦˁʝ ʜʝʩʥʝ ʩʪʨʘʥʝ ʫʟ ʩʠʤʙʦʣ ʝʣʝʤʝʥʪʘ ʫ ʬʦʨʤʫʣʠ ʦʟʥʘʯʘʚʘ ʙʨʦʿ ʘʪʦʤʘ ʪʦʛ ʝʣʝʤʝʥʪʘ ʫ 

ʤʦʣʝʢʫʣʫ ʠ ʥʘʟʠʚʘ ʩʝ ʠʥʜʝʢʩ. ɸʢʦ ʫʟ ʩʠʤʙʦʣ ʝʣʝʤʝʥʪʘ ʥʝ ʧʠʰʝ ʙʨʦʿ, ʧʦʜʨʘʟʫʤʝʚʘ ʩʝ ʜʘ ʿʝ 

ʿʝʜʘʥ ʘʪʦʤ ʪʦʛ ʝʣʝʤʝʥʪʘ ʫ ʤʦʣʝʢʫʣʫ. ʆʚʝ ʬʦʨʤʫʣʝ ʩʝ ʥʘʟʠʚʘʿʫ ʤʦʣʝʢʫʣʩʢʝ ʬʦʨʤʫʣʝ. 

 

     ʘ)                    ʙ)  

ʉʣʠʢʘ 1.10. ʄʦʜʝʣʠ ʠ ʭʝʤʠʿʩʢʝ ʬʦʨʤʫʣʝ ʤʦʣʝʢʫʣʘ ʘʟʦʪʘ (ʘ) ʠ ʤʦʣʝʢʫʣʘ ʢʠʩʝʦʥʠʢʘ (ʙ). 

 

ʄʦʣʝʢʫʣʠ ʘʟʦʪʘ ʠʟʛʨʘʹʝʥʠ ʩʫ ʤʝʹʫʩʦʙʥʠʤ ʧʦʚʝʟʠʚʘˁʝʤ ʜʚʘ ʘʪʦʤʘ ʘʟʦʪʘ. ʊʘʢʦʹʝ, 

ʤʦʣʝʢʫʣʠ ʢʠʩʝʦʥʠʢʘ ʩʫ ʠʟʛʨʘʹʝʥʠ ʤʝʹʫʩʦʙʥʠʤ ʧʦʚʝʟʠʚʘˁʝʤ ʜʚʘ ʘʪʦʤʘ ʢʠʩʝʦʥʠʢʘ. ɿʘʪʦ 

ʢʘʞʝʤʦ ʜʘ ʦʚʠ ʛʘʩʦʚʠ ʫ ʧʨʠʨʦʜʠ ʧʦʩʪʦʿʝ ʫ ʚʠʜʫ ʜʚʦʘʪʦʤʥʠʭ ʤʦʣʝʢʫʣʘ.  

ʂʠʩʝʦʥʠʢ ʛʨʘʜʠ ʠ ʤʦʣʝʢʫʣ ʫ 

ʢʦʤʝ ʩʫ ʧʦʚʝʟʘʥʘ ʪʨʠ ʘʪʦʤʘ ʢʠʩʝʦʥʠʢʘ, 

ʘ ʪʘʿ ʚʠʜ ʢʠʩʝʦʥʠʢʘ ʩʝ ʥʘʟʠʚʘ ʦʟʦʥ 

(ʩʣʠʢʘ 1.11). 

 ʉʣʠʢʘ 1.11. ʄʦʜʝʣ ʤʦʣʝʢʫʣʘ ʦʟʦʥʘ, 

              ʆ3, ʫ ʢʦʤʝ ʩʫ ʧʦʚʝʟʘʥʘ ʪʨʠ ʘʪʦʤʘ ʢʠʩʝʦʥʠʢʘ. 



25 

 

ɸʪʦʤʠ ʠ ʦʩʪʘʣʠʭ ʝʣʝʤʝʥʘʪʘ ʫ ʧʨʠʨʦʜʠ ʥʝ ʧʦʩʪʦʿʝ ʩʘʤʠ, ʚʝ˂ ʩʝ ʤʝʹʫʩʦʙʥʦ ʫʜʨʫʞʫʿʫ. 

ʀʟʫʟʝʪʘʢ ʩʫ ʩʘʤʦ ʘʪʦʤʠ ʧʣʝʤʝʥʠʪʠʭ ʛʘʩʦʚʘ (ʭʝʣʠʿʫʤ, ʥʝʦʥ, ʘʨʛʦʥ, ʢʨʠʧʪʦʥ, ʢʩʝʥʦʥ ʠ ʨʘʜʦʥ).  

ʍʝʤʠʿʘ ʝʣʝʤʝʥʘʪʘ 

ʉʘʟʥʘʿʪʝ ʦ ʥʝʤʝʪʘʣʠʤʘ: ʚʦʜʦʥʠʢʫ, ʫʛˀʝʥʠʢʫ, ʘʟʦʪʫ, ʬʦʩʬʦʨʫ, ʢʠʩʝʦʥʠʢʫ, ʩʫʤʧʦʨʫ ʠ 

ʭʣʦʨʫ, ʢʘʦ ʠ ʦ ʤʝʪʘʣʠʤʘ: ʥʘʪʨʠʿʫʤʫ, ʢʘʣʠʿʫʤʫ, ʤʘʛʥʝʟʠʿʫʤʫ, ʢʘʣʮʠʿʫʤʫ, ʘʣʫʤʠʥʠʿʫʤʫ, 

ʛʚʦʞʹʫ, ʙʘʢʨʫ, ʮʠʥʢʫ ʠ ʦʣʦʚʫ, ʢʦʨʠʩʪʝ˂ʠ ʠʟʚʦʨʝ ʥʘ ʀʥʪʝʨʥʝʪʫ ʯʠʿʝ ʩʫ ʘʜʨʝʩʝ ʥʘʚʝʜʝʥʝ ʥʘ 

ʢʨʘʿʫ ʦʚʦʛ ʧʦʛʣʘʚˀʘ. ʆʙʨʘʪʠʪʝ ʧʘʞˁʫ ʥʘ ʩʚʦʿʩʪʚʘ ʦʚʠʭ ʝʣʝʤʝʥʘʪʘ ʠ ˁʠʭʦʚʫ ʧʨʘʢʪʠʯʥʫ 

ʧʨʠʤʝʥʫ. ʇʦʚʝʞʠʪʝ ʩʚʦʿʩʪʚʘ ʩʚʘʢʦʛ ʝʣʝʤʝʥʪʘ ʩʘ ʦʧʰʪʠʤ ʩʚʦʿʩʪʚʠʤʘ ʤʝʪʘʣʘ ʠ ʥʝʤʝʪʘʣʘ ʢʦʿʘ 

ʩʫ ʥʘʚʝʜʝʥʘ ʫ ʪʘʙʝʣʠ 1.1.  

 

ʍʝʤʠʿʩʢʘ ʿʝʜʠˁʝˁʘ 

 

ɱʝʜʠˁʝˁʘ ʩʫ ʩʣʦʞʝʥʝ ʯʠʩʪʝ ʩʫʧʩʪʘʥʮʝ ʠ ʠʟʛʨʘʹʝʥʘ ʩʫ ʦʜ ʜʚʘ ʠʣʠ ʚʠʰʝ ʝʣʝʤʝʥʘʪʘ. 

ʌʠʟʠʯʢʘ ʠ ʭʝʤʠʿʩʢʘ ʩʚʦʿʩʪʚʘ ʝʣʝʤʝʥʘʪʘ ʠ ˁʠʭʦʚʠʭ ʿʝʜʠˁʝˁʘ ʤʝʹʫʩʦʙʥʦ ʩʝ ʨʘʟʣʠʢʫʿʫ. ʅʘ 

ʧʨʠʤʝʨ, ʚʦʜʘ, H2O, (ʤʦʜʝʣ ʤʦʣʝʢʫʣʘ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 1.12) ʿʝ ʿʝʜʠˁʝˁʝ ʠʟʛʨʘʹʝʥʦ ʦʜ 

ʜʚʘ ʝʣʝʤʝʥʪʘ, ʚʦʜʦʥʠʢʘ ʠ ʢʠʩʝʦʥʠʢʘ, ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʿʝ ʫ ʪʝʯʥʦʤ ʘʛʨʝʛʘʪʥʦʤ ʩʪʘˁʫ, 

ʜʦʢ ʩʫ ʚʦʜʦʥʠʢ ʠ ʢʠʩʝʦʥʠʢ ʛʘʩʦʚʠ.  

 ʉʣʠʢʘ 1.12. ʄʦʜʝʣ ʤʦʣʝʢʫʣʘ ʚʦʜʝ. 

 

ʂʫʭʠˁʩʢʘ ʩʦ (ʥʘʪʨʠʿʫʤ-ʭʣʦʨʠʜ) ʿʝ ʙʝʣʘ, ʢʨʠʩʪʘʣʥʘ ʩʫʧʩʪʘʥʮʘ (ʫ ʯʚʨʩʪʦʤ ʘʛʨʝʛʘʪʥʦʤ 

ʩʪʘˁʫ). ɽʣʝʤʝʥʪʠ ʢʦʿʠ ʛʨʘʜʝ ʢʫʭʠˁʩʢʫ ʩʦ, ʥʘʪʨʠʿʫʤ ʠ ʭʣʦʨ, ʠʤʘʿʫ ʨʘʟʣʠʯʠʪʘ ʩʚʦʿʩʪʚʘ ʦʜ 

ʩʦʣʠ. ʅʘʪʨʠʿʫʤ ʿʝ ʫ ʯʚʨʩʪʦʤ ʘʛʨʝʛʘʪʥʦʤ ʩʪʘˁʫ ʠ, ʢʘʦ ʠ ʜʨʫʛʠ ʤʝʪʘʣʠ, ʠʤʘ ʤʝʪʘʣʥʠ ʩʿʘʿ, ʜʦʢ 

ʿʝ ʭʣʦʨ ʞʫʪʦ-ʟʝʣʝʥʢʘʩʪʠ ʛʘʩ.      

ʍʝʤʠʿʩʢʘ ʿʝʜʠˁʝˁʘ ʠ ʝʣʝʤʝʥʪʠ ʠʟ ʢʦʿʠʭ ʿʝ ʠʟʛʨʘʹʝʥʘ ɿʝʤˀʠʥʘ ʢʦʨʘ ʥʘʟʠʚʘʿʫ ʩʝ 

ʤʠʥʝʨʘʣʠ (ʩʣʠʢʘ 1.13). ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʢʠʩʝʦʥʠʢ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʠ ʝʣʝʤʝʥʪ ʫ ɿʝʤˀʠʥʦʿ 

ʢʦʨʠ, ʥʘʿʚʝ˂ʠ ʙʨʦʿ ʿʝʜʠˁʝˁʘ ʫ ˁʦʿ ʩʘʜʨʞʠ ʦʚʘʿ ʝʣʝʤʝʥʪ ʧʦʚʝʟʘʥ ʩʘ ʩʠʣʠʮʠʿʫʤʦʤ, 

ʘʣʫʤʠʥʠʿʫʤʦʤ ʠ ʛʚʦʞʹʝʤ. ʈʘʩʧʨʦʩʪʨʘˁʝʥʦʩʪ ʤʠʥʝʨʘʣʘ ʫ ʧʨʠʨʦʜʠ ʿʝ ʚʝʦʤʘ ʨʘʟʣʠʯʠʪʘ. 

  

 

 

 

 

 

ʉʣʠʢʘ  1.13. ʘ) ʂʘʣʮʠʪ, CaCO3                                ʙ) ɼʠʿʘʤʘʥʪ, C (ʥʘʿʪʚʨʹʘ ʩʫʧʩʪʘʥʮʘ ʫ ʧʨʠʨʦʜʠ) 

 

ʄʦʣʝʢʫʣʠ ʿʝʜʠˁʝˁʘ. ɱʦʥʠ 

 

ʂʘʜʘ ʧʦʧʠʿʝʤʦ ʤʘʣʦ ʚʦʜʝ, ʧʨʦʛʫʪʘʣʠ ʩʤʦ ʦʛʨʦʤʘʥ ʙʨʦʿ ʤʦʣʝʢʫʣʘ ʢʦʿʝ ʯʠʥʝ ʜʚʘ ʘʪʦʤʘ 

ʚʦʜʦʥʠʢʘ ʧʦʚʝʟʘʥʘ ʩʘ ʿʝʜʥʠʤ ʘʪʦʤʦʤ ʢʠʩʝʦʥʠʢʘ (ʤʦʜʝʣ ʤʦʣʝʢʫʣʘ ʚʦʜʝ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 

1.12). ʄʦʣʝʢʫʣ ʚʦʜʝ ʧʨʝʜʩʪʘʚˀʘʤʦ ʤʦʣʝʢʫʣʩʢʦʤ ʬʦʨʤʫʣʦʤ H2O.  
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ʋ ʥʘʰʝʤ ʠʟʜʘʭʫ ʠʤʘ ʨʘʟʣʠʯʠʪʠʭ ʤʦʣʝʢʫʣʘ, ʘ ʤʝʹʫ ˁʠʤʘ ʩʫ ʠ ʤʦʣʝʢʫʣʠ ʫʛˀʝʥ-

ʜʠʦʢʩʠʜʘ, CO2, ʤʦʣʝʢʫʣʠ ʫ ʢʦʿʠʤʘ ʿʝ ʘʪʦʤ ʫʛˀʝʥʠʢʘ ʧʦʚʝʟʘʥ ʩʘ ʜʚʘ ʘʪʦʤʘ ʢʠʩʝʦʥʠʢʘ. 

ʄʝʹʫʪʠʤ, ʥʠʩʫ ʠʟʛʨʘʹʠʚʘʯʢʝ ʯʝʩʪʠʮʝ ʩʚʠʭ ʿʝʜʠˁʝˁʘ ʤʦʣʝʢʫʣʠ. ʀʟʛʨʘʹʠʚʘʯʢʝ ʯʝʩʪʠʮʝ 

ʢʫʭʠˁʩʢʝ ʩʦʣʠ ʩʫ ʿʦʥʠ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʘʪʦʤʘ ʠ ʤʦʣʝʢʫʣʘ ʢʦʿʠ ʩʫ ʫ ʮʝʣʠʥʠ ʥʝʥʘʝʣʝʢʪʨʠʩʘʥʝ 

ʯʝʩʪʠʮʝ ʿʝʨ ʿʝ ʫ ˁʠʤʘ ʿʝʜʥʘʢ ʫʢʫʧʘʥ ʙʨʦʿ ʝʣʝʢʪʨʦʥʘ ʠ ʧʨʦʪʦʥʘ, ʿʦʥʠ ʩʫ ʥʘʝʣʝʢʪʨʠʩʘʥʠ. ʊʘʢʦ 

ʢʫʭʠˁʩʢʫ ʩʦ ʛʨʘʜʝ ʧʦʟʠʪʠʚʥʦ ʥʘʝʣʝʢʪʨʠʩʘʥʠ ʿʦʥʠ ʥʘʪʨʠʿʫʤʘ ʠ ʥʝʛʘʪʠʚʥʦ ʥʘʝʣʝʢʪʨʠʩʘʥʠ 

ʿʦʥʠ ʭʣʦʨʘ. ʇʦʰʪʦ ʩʫ ʩʫʧʨʦʪʥʦ ʥʘʝʣʝʢʪʨʠʩʘʥʠ, ʦʿʥʠ ʩʝ ʩʥʘʞʥʦ ʧʨʠʚʣʘʯʝ ʠ ʧʘʢʫʿʫ ʛʨʘʜʝ˂ʠ 

ʢʨʠʩʪʘʣ (ʤʦʜʝʣ ʢʨʠʩʪʘʣʥʝ ʨʝʰʝʪʢʝ ʢʫʭʠˁʩʢʝ ʩʦʣʠ ʠ ʢʨʠʩʪʘʣ ʩʦʣʠ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʩʣʠʮʠ 

1.14). ɿʙʦʛ ʧʨʠʚʣʘʯʝˁʘ ʠʟʤʝʹʫ ʩʫʧʨʦʪʥʦ ʥʘʝʣʝʢʪʨʠʩʘʥʠʭ ʿʦʧʘ, ʪʘʢʚʘ ʿʝʜʠˁʝˁʘ ʩʫ ʫ ʯʚʨʩʪʦʤ 

ʘʛʨʝʛʘʪʥʦʤ ʩʪʘˁʫ ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʠ ʧʨʠ ʥʦʨʤʘʣʥʦʤ ʘʪʤʦʩʬʝʨʩʢʦʤ ʧʨʠʪʠʩʢʫ.   

 

 
ʉʣʠʢʘ 1.14. ʄʦʜʝʣ ʢʨʠʩʪʘʣʥʝ ʨʝʰʝʪʢʝ ʢʫʭʠˁʩʢʝ ʩʦʣʠ ʠ ʢʨʠʩʪʘʣ ʢʫʭʠˁʩʢʝ ʩʦʣʠ (NaCl). 
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ɿʘʜʘʮʠ ʟʘ ʩʘʤʦʝʚʘʣʫʘʮʠʿʫ ʧʦʣʘʟʥʠʢʘ  

 

I T1.2. 

 

 

1. ɿʘʦʢʨʫʞʠʪʝ ʩʣʦʚʦ ʠʩʧʨʝʜ ʪʘʯʥʦʛ ʦʜʛʦʚʦʨʘ. 

ɼʠʿʘʤʘʥʪ ʩʝ ʢʦʨʠʩʪʠ ʫ ʤʘʰʠʥʘʤʘ ʟʘ ʙʫʰʝˁʝ ʪʚʨʜʠʭ ʧʦʚʨʰʠʥʘ ʟʘʪʦ ʰʪʦ: 

ʘ) ʥʠʿʝ ʧʨʦʚʦʜʥʠʢ ʪʦʧʣʦʪʝ ʠ ʝʣʝʢʪʨʠʮʠʪʝʪʘ 

ʙ) ʥʘʿʪʚʨʹʘ ʿʝ ʩʫʧʩʪʘʥʮʘ 

ʚ) ʧʨʝʣʘʤʘ ʩʚʝʪʣʦʩʪ 

 

http://hemija.chem.bg.ac.rs/intro.htm
http://www.webelements.com/index.html
http://www.rsc.org/chemsoc/visualelements/
http://hemija.chem.bg.ac.rs/home.htm
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2. ɿʘʦʢʨʫʞʠʪʝ ʩʣʦʚʦ ʠʩʧʨʝʜ ʪʘʯʥʦʛ ʦʜʛʦʚʦʨʘ. 

ɺʦʜʦʥʠʢ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʩʝʯʝˁʝ ʠ ʦʙʨʘʜʫ ʤʘʪʝʨʠʿʘʣʘ ʟʘʪʦ ʰʪʦ: 

ʘ) ʠʤʘ ʤʘʣʫ ʛʫʩʪʠʥʫ 

ʙ) ʿʝ ʛʘʩ 

ʚ) ʥʝʤʘ ʤʠʨʠʩ 

ʛ) ʩʘʛʦʨʝʚʘˁʝʤ ʦʩʣʦʙʘʹʘ ʪʦʧʣʦʪʫ 

 

3. ʇʦʚʝʞʠʪʝ ʣʠʥʠʿʘʤʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʠʩʢʘʟʝ ʫ ʢʦʣʦʥʘʤʘ ɸ ʠ ɹ.  

ɸ  ɹ 

ɾʠʮʘ ʦʜ ʙʘʢʨʘ ʥʘʣʘʟʠ               ·                     

ʩʝ ʫ ʝʣʝʢʪʨʠʯʥʠʤ ʢʘʙʣʦʚʠʤʘ 

 · ʟʘʪʦ ʰʪʦ ʩʝ ʩʣʠʯʥʦ ʫ  

  ʩʣʠʯʥʦʤ ʨʘʩʪʚʘʨʘ 

   

ʊʢʘʥʠʥʘ ʩʝ ʤʦʞʝ ʦʯʠʩʪʠʪʠ ʦʜ  ·                            

ʤʘʩʥʝ ʬʣʝʢʝ ʧʦʤʦ˂ʫ ʙʝʥʟʠʥʘ 

 · ʟʘʪʦ ʰʪʦ ʥʝ ʨʝʘʛʫʿʝ ʩʘ  

   ʢʠʩʝʦʥʠʢʦʤ ʠʟ ʚʘʟʜʫʭʘ 

   

ʅʘʢʠʪ ʩʝ ʧʨʘʚʠ ʦʜ ʟʣʘʪʘ            ·                     · ʟʘʪʦ ʰʪʦ ʜʦʙʨʦ ʧʨʦʚʦʜʠ  

   ʪʦʧʣʦʪʫ 

   

ʃʦʥʘʮ ʩʝ ʧʨʘʚʠ ʦʜ ʤʝʪʘʣʘ         ·                    · ʟʘʪʦ ʰʪʦ ʜʦʙʨʦ ʧʨʦʚʦʜʠ  

   ʝʣʝʢʪʨʠʯʥʫ ʩʪʨʫʿʫ 

   

  · ʟʘʪʦ ʰʪʦ ʠʤʘ ʚʝʣʠʢʫ ʛʫʩʪʠʥʫ 

 

4. ɿʘʦʢʨʫʞʠʪʝ ʩʣʦʚʦ ʠʩʧʨʝʜ ʪʘʯʥʦʛ ʦʜʛʦʚʦʨʘ. 

ɱʝʜʥʦ ʦʜ ʥʘʚʝʜʝʥʠʭ ʩʚʦʿʩʪʘʚʘ ʿʝʩʪʝ ʭʝʤʠʿʩʢʦ ʩʚʦʿʩʪʚʦ ʚʦʜʦʥʠʢʘ. ʊʦ ʿʝ: 

ʘ) ʛʘʩʦʚʠʪʦ ʘʛʨʝʛʘʪʥʦ ʩʪʘˁʝ           

ʙ) ʥʝʤʘ ʤʠʨʠʩ           

ʚ) ʠʤʘ ʥʘʿʤʘˁʫ ʛʫʩʪʠʥʫ           

ʛ) ʟʘʧʘˀʠʚ ʿʝ 

 

5. ʇʦʚʝʞʠʪʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʧʦʿʤʦʚʝ ʪʘʢʦ ʰʪʦ ˂ʝʪʝ ʥʘ ʣʠʥʠʿʠ ʧʦʨʝʜ ʙʨʦʿʘ ʥʘʧʠʩʘʪʠ ʩʣʦʚʦ 
ʠʩʧʨʝʜ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʧʦʿʤʘ: 

 

1.___ʥʘʪʨʠʿʫʤ  

2. ___ʥʘʪʨʠʿʫʤ-ʭʣʦʨʠʜ ʘ) ʝʣʝʤʝʥʪ 

3.___ʢʠʩʝʦʥʠʢ  

4.___ʚʦʜʘ ʙ) ʿʝʜʠˁʝˁʝ 
 

 

            

                 I T1.1. ï ʤʘʪʝʨʠʿʘʣ ʟʘ ʧʦʣʘʟʥʠʢʝ ʩʘ ʥʘʧʨʝʜʥʠʤ ʩʘʜʨʞʘʿʠʤʘ ʠ ʟʘʜʘʮʠ ʟʘ  

                                ʩʘʤʦʝʚʘʣʫʘʮʠʿʫ ʧʦʣʘʟʥʠʢʘ 

 

II T1.1- 2 ï ʟʘʜʘʮʠ ʟʘ ʧʨʦʮʝʥʫ ʥʘʧʨʝʜʦʚʘˁʘ ʧʦʣʘʟʥʠʢʘ 
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ɸʂʆ ɾɽʃʀʊɽ ɼɸ ʉɸɿʅɸʊɽ ɺʀʐɽ ʆ ʉʊʈʋʂʊʋʈʀ ɸʊʆʄɸ... 

 

ʇʨʦʪʦʥʠ, ʥʝʫʪʨʦʥʠ ʠ ʝʣʝʢʪʨʦʥʠ ʥʘʟʠʚʘʿʫ ʩʝ ʝʣʝʤʝʥʪʘʨʥʝ ʯʝʩʪʠʮʝ, ʘ ʩʢʨʘ˂ʝʥʦ ʩʝ 

ʦʙʝʣʝʞʘʚʘʿʫ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: ʧʨʦʪʦʥʠ ʩʘ p
+
, ʥʝʫʪʨʦʥʠ ʩʘ n

0
, ʘ ʝʣʝʢʪʨʦʥʠ ʩʘ ʝ

-
. ɽʣʝʢʪʨʦʥʠ ʫ 

ʘʪʦʤʫ ʠʤʘʿʫ ʨʘʟʣʠʯʠʪʫ ʝʥʝʨʛʠʿʫ, ʪʝ ʩʝ ʫ ʧʨʦʩʪʦʨʫ ʦʢʦ ʿʝʟʛʨʘ ʘʪʦʤʘ ʢʨʝ˂ʫ ʥʘ ʨʘʟʣʠʯʠʪʠʤ 

ʨʘʩʪʦʿʘˁʠʤʘ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʩʝ ʝʣʝʢʪʨʦʥʠ ʥʝ ʤʦʛʫ ʥʘ˂ʠ ʫ ʙʠʣʦ ʢʦʤ ʜʝʣʫ 

ʧʨʦʩʪʦʨʘ ʦʢʦ ʿʝʟʛʨʘ ʘʪʦʤʘ, ʚʝ˂ ʫ ʦʜʨʝʹʝʥʠʤ ʜʝʣʦʚʠʤʘ ʧʨʦʩʪʦʨʘ ʢʦʿʝ ʦʟʥʘʯʘʚʘʤʦ ʢʘʦ 

ʝʥʝʨʛʝʪʩʢʝ ʥʠʚʦʝ. ʋ ʘʪʦʤʠʤʘ ʝʣʝʤʝʥʘʪʘ ʫ ʧʨʠʨʦʜʠ ʝʣʝʢʪʨʦʥʠ ʩʝ ʨʘʩʧʦʨʝʹʫʿʫ ʥʘ ʥʘʿʚʠʰʝ  

ʩʝʜʘʤ ʥʠʚʦʘ.  

ʅʘʝʣʝʢʪʨʠʩʘˁʝ ʧʨʦʪʦʥʘ ʿʝʜʥʘʢʦ ʿʝ ʥʘʝʣʝʢʪʨʠʩʘˁʫ ʝʣʝʢʪʨʦʥʘ, ʘʣʠ ʿʝ ʩʫʧʨʦʪʥʦʛ ʟʥʘʢʘ. 

ʄʘʩʝ ʧʨʦʪʦʥʘ ʠ ʥʝʫʪʨʦʥʘ ʩʫ ʧʨʠʙʣʠʞʥʦ ʿʝʜʥʘʢʝ ʠ ʦʢʦ 1800 ʧʫʪʘ ʚʝ˂ʝ ʦʜ ʤʘʩʝ ʝʣʝʢʪʨʦʥʘ.  

ɸʪʦʤʠ ʨʘʟʣʠʯʠʪʠʭ ʝʣʝʤʝʥʘʪʘ ʩʝ ʨʘʟʣʠʢʫʿʫ ʧʨʝʤʘ ʙʨʦʿʫ ʧʨʦʪʦʥʘ ʫ ʿʝʟʛʨʫ, ʘ ʪʠʤʝ ʠ 

ʧʨʝʤʘ ʙʨʦʿʫ ʝʣʝʢʪʨʦʥʘ ʫ ʝʣʝʢʪʨʦʥʩʢʦʤ ʦʤʦʪʘʯʫ. ɻʨʘʹʘ ʘʪʦʤʘ ʤʦʞʝ ʩʝ ʦʧʠʩʘʪʠ ʧʦʤʦ˂ʫ ʜʚʘ 

ʙʨʦʿʘ ʢʦʿʠ ʩʝ ʦʟʥʘʯʘʚʘʿʫ ʢʘʦ ʘʪʦʤʩʢʠ ʠ ʤʘʩʝʥʠ ʙʨʦʿ. ɸʪʦʤʩʢʠ ʙʨʦʿ ʦʙʝʣʝʞʘʚʘ ʩʝ ʩʘ Z ʠ 

ʧʨʝʜʩʪʘʚˀʘ ʙʨʦʿ ʧʨʦʪʦʥʘ ʫ ʿʝʟʛʨʫ ʘʪʦʤʘ, ʘ ʪʠʤʝ ʠ ʙʨʦʿ ʝʣʝʢʪʨʦʥʘ ʫ ʦʤʦʪʘʯʫ ʘʪʦʤʘ. ɸʪʦʤʩʢʠ 

ʙʨʦʿ ʠʜʝʥʪʠʬʠʢʫʿʝ ʝʣʝʤʝʥʪ: ʩʚʠ ʘʪʦʤʠ ʿʝʜʥʦʛ ʝʣʝʤʝʥʪʘ ʠʤʘʿʫ ʠʩʪʠ ʘʪʦʤʩʢʠ ʙʨʦʿ, ʪʿ. ʙʨʦʿ 

ʧʨʦʪʦʥʘ ʫ ʿʝʟʛʨʫ ʘʪʦʤʘ. 

ʄʘʩʝʥʠ ʙʨʦʿ ʦʙʝʣʝʞʘʚʘ ʩʝ ʩʘ ɸ ʠ ʧʨʝʜʩʪʘʚˀʘ ʟʙʠʨ ʙʨʦʿʘ ʧʨʦʪʦʥʘ ʠ ʥʝʫʪʨʦʥʘ ʫ 

ʿʝʟʛʨʫ ʘʪʦʤʘ.  

ɸʪʦʤʩʢʠ ʙʨʦʿ Z  ʠ ʤʘʩʝʥʠ ʙʨʦʿ ɸ  ʧʠʰʫ ʩʝ ʫʟ ʩʠʤʙʦʣ ʝʣʝʤʝʥʪʘ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ:  
A

Z
E . 

ʅʘ ʦʩʥʦʚʫ ʧʦʟʥʘʚʘˁʘ ʘʪʦʤʩʢʦʛ ʠ ʤʘʩʝʥʦʛ ʙʨʦʿʘ ʤʦʞʝ ʩʝ ʦʜʨʝʜʠʪʠ ʙʨʦʿ ʧʨʦʪʦʥʘ, ʝʣʝʢʪʨʦʥʘ ʠ 

ʥʝʫʪʨʦʥʘ ʫ ʘʪʦʤʫ ʝʣʝʤʝʥʪʘ.  

ʉʚʠ ʘʪʦʤʠ ʿʝʜʥʦʛ ʝʣʝʤʝʥʪʘ ʠʤʘʿʫ ʠʩʪʠ ʘʪʦʤʩʢʠ ʙʨʦʿ (ʦʥ ʠʜʝʥʪʠʬʠʢʫʿʝ ʝʣʝʤʝʥʪ), ʘʣʠ 

ʩʚʠ ʥʝ ʤʦʨʘʿʫ ʠʤʘʪʠ ʠʩʪʠ ʤʘʩʝʥʠ ʙʨʦʿ. ɺʦʜʦʥʠʢ ʿʝ ʥʘʿʣʘʢʰʠ ʝʣʝʤʝʥʪ ʫ ʧʨʠʨʦʜʠ. ʄʝʹʫʪʠʤ, 

ʩʚʠ ʘʪʦʤʠ ʚʦʜʦʥʠʢʘ ʥʝʤʘʿʫ ʠʩʪʫ ʤʘʩʫ. ʉʚʠ ʘʪʦʤʠ ʚʦʜʦʥʠʢʘ ʠʤʘʿʫ ʿʝʜʘʥ ʧʨʦʪʦʥ ʫ ʿʝʟʛʨʫ ʠ 

ʿʝʜʘʥ ʝʣʝʢʪʨʦʥ ʫ ʦʤʦʪʘʯʫ (ʫ ʩʫʧʨʦʪʥʦʤ ʥʝ ʙʠ ʙʠʣʠ ʘʪʦʤʠ ʚʦʜʦʥʠʢʘ). ʈʘʟʣʠʢʘ ʫ ʤʘʩʠ ʧʦʪʠʯʝ 

ʦʜ ʨʘʟʣʠʯʠʪʦʛ ʙʨʦʿʘ ʥʝʫʪʨʦʥʘ ʫ ʿʝʟʛʨʫ. ʋ ʧʨʠʨʦʜʠ ʠʤʘ ʥʘʿʚʠʰʝ ʘʪʦʤʘ ʚʦʜʦʥʠʢʘ ʢʦʿʠ ʠʤʘʿʫ 

ʿʝʜʘʥ ʧʨʦʪʦʥ ʫ ʿʝʟʛʨʫ ʠ ʿʝʜʘʥ ʝʣʝʢʪʨʦʥ ʫ ʦʤʦʪʘʯʫ. ʄʘˁʝ ʩʫ ʟʘʩʪʫʧˀʝʥʠ ʘʪʦʤʠ ʚʦʜʦʥʠʢʘ ʯʠʿʝ 

ʿʝʟʛʨʦ ʯʠʥʠ ʿʝʜʘʥ ʧʨʦʪʦʥ ʠ ʿʝʜʘʥ ʥʝʫʪʨʦʥ, ʘ ʥʘʿʤʘˁʝ ʩʫ ʟʘʩʪʫʧˀʝʥʠ ʘʪʦʤʠ ʚʦʜʦʥʠʢʘ ʯʠʿʝ 

ʿʝʟʛʨʦ ʯʠʥʠ ʿʝʜʘʥ ʧʨʦʪʦʥ ʠ ʜʚʘ ʥʝʫʪʨʦʥʘ.  

ɸʪʦʤʠ ʠʩʪʦʛ ʭʝʤʠʿʩʢʦʛ ʝʣʝʤʝʥʪʘ ʢʦʿʠ ʩʝ ʤʝʹʫʩʦʙʥʦ ʨʘʟʣʠʢʫʿʫ ʧʦ ʙʨʦʿʫ ʥʝʫʪʨʦʥʘ, 

ʦʜʥʦʩʥʦ ʧʦ ʤʘʩʝʥʦʤ ʙʨʦʿʫ ʥʘʟʠʚʘʿʫ ʩʝ ʠʟʦʪʦʧʠ (ʥʘʟʠʚ ʫʧʫ˂ʫʿʝ ʥʘ ʠʩʪʦ ʤʝʩʪʦ ʫ ʪʘʙʣʠʮʠ 

ʇʝʨʠʦʜʥʦʛ ʩʠʩʪʝʤʘ ʝʣʝʤʝʥʘʪʘ. ɺʝ˂ʠʥʘ ʝʣʝʤʝʥʘʪʘ ʫ ʧʨʠʨʦʜʠ ʠʤʘ ʜʚʘ ʠʣʠ ʚʠʰʝ ʠʟʦʪʦʧʘ. 

ʀʟʦʪʦʧʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʨʦʫʯʘʚʘˁʝ ʟʥʘʯʘʿʥʠʭ ʧʨʦʮʝʩʘ ʫ ʭʝʤʠʿʠ, ʬʠʟʠʮʠ, ʙʠʦʣʦʛʠʿʠ, 

ʤʝʜʠʮʠʥʠ ʠ ʜʨʫʛʠʤ ʥʘʫʢʘʤʘ. ʋ ʙʦʣʥʠʮʘʤʘ ʠ ʢʣʠʥʠʯʢʠʤ ʠʥʩʪʠʪʫʪʠʤʘ (ʦʜʩʝʮʠ ʥʫʢʣʝʘʨʥʝ 

ʤʝʜʠʮʠʥʝ) ʫʧʦʪʨʝʙˀʘʚʘʿʫ ʩʝ ʨʘʜʠʦʘʢʪʠʚʥʠ ʠʟʦʪʦʧʠ ʢʘʦ ʜʠʿʘʛʥʦʩʪʠʯʢʘ ʩʨʝʜʩʪʚʘ. ʂʦʙʘʣʪ, ʯʠʿʠ 

ʿʝ ʘʪʦʤʩʢʠ ʙʨʦʿ 60, ʚʨʣʦ ʯʝʩʪʦ ʩʝ ʫʧʦʪʨʝʙˀʘʚʘ ʢʦʜ ʢʘʨʮʠʥʦʛʝʥʠʭ ʦʙʦˀʝˁʘ ʢʘʦ ʠʟʚʦʨ g-ʟʨʘʢʘ 

ʢʦʿʠ ʩʝ ʫʩʤʝʨʘʚʘʿʫ ʥʘ ʧʦʪʨʝʙʥʦ ʤʝʩʪʦ. 

ʈʘʜʠʦʘʢʪʠʚʥʠ ʠʟʦʪʦʧʠ ʩʝ ʢʦʨʠʩʪʝ ʠ ʫ ʯʫʚʘˁʫ ʥʘʤʠʨʥʠʮʘ, ʥʘʨʦʯʠʪʦ ʥʘ ʜʫʞʝ ʚʨʝʤʝ. g-

ʟʨʘʮʠ ʢʦʿʝ ʝʤʠʪʫʿʫ ʤʦʛʫ ʜʘ ʫʙʠʿʫ ʠʥʩʝʢʪʝ, ˁʠʭʦʚʝ ʣʘʨʚʝ, ʢʘʦ ʠ ʧʘʨʘʟʠʪʝ ʢʦʿʠ ʠʟʘʟʠʚʘʿʫ 

ʪʨʠʭʠʥʦʟʫ ʩʚʠˁʩʢʦʛ ʤʝʩʘ. ʀʟʦʪʦʧʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʩʪʘʨʦʩʪʠ ʧʨʝʜʤʝʪʘ.  

ʇʦʛʣʝʜʘʿʪʝ ʪʝʢʩʪ ʥʘ ʀʥʪʝʨʥʝʪʫ ʥʘ ʘʜʨʝʩʠ http://hemija.chem.bg.ac.rs/home.htm 

ʀ. ɻʫʪʤʘʥ, ɾ. ʄʠʢʠ˂, ʀʟʦʪʦʧʠ ʫ ʘʨʭʝʦʣʦʛʠʿʠ, ʍʝʤʠʿʩʢʠ ʧʨʝʛʣʝʜ, 5 (2001) 105-107 
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ʂʦʣʠʢʘ ʿʝ ʤʘʩʘ ʘʪʦʤʘ? 

 

ɺʝ˂ʠʥʘ ʝʣʝʤʝʥʘʪʘ ʫ ʧʨʠʨʦʜʠ ʧʨʝʜʩʪʘʚˀʘ ʩʤʝʰʫ ʠʟʦʪʦʧʘ ʨʘʟʣʠʯʠʪʠʭ ʘʪʦʤʩʢʠʭ ʤʘʩʘ, ʪʝ 

ʛʦʚʦʨʠʤʦ ʦ ʧʨʦʩʝʯʥʦ ʿʤʘʩʠ ʘʪʦʤʘ ʥʝʢʦʛ ʝʣʝʤʝʥʪʘ. ʋ ʪʘʙʝʣʠ 1.2. ʜʘʪʝ ʩʫ ʧʨʦʩʝʯʥʝ ʤʘʩʝ ʘʪʦʤʘ 

(mʘ) ʥʝʢʠʭ ʭʝʤʠʿʩʢʠʭ ʝʣʝʤʝʥʘʪʘ. 

ʊʘʙʝʣʠ 1.2. ʇʨʦʩʝʯʥʝ ʠ ʨʝʣʘʪʠʚʥʝ ʤʘʩʝ ʘʪʦʤʘ ʥʝʢʠʭ ʭʝʤʠʿʩʢʠʭ ʝʣʝʤʝʥʘʪʘ. 

 

 

 

 

 

 

 

ʂʠʣʦʛʨʘʤ ʿʝ ʚʝʣʠʢʘ ʿʝʜʠʥʠʮʘ ʟʘ ʠʟʨʘʞʘʚʘˁʝ ʤʘʩʝ ʘʪʦʤʘ. ɿʘʪʦ ʭʝʤʠʯʘʨʠ ʢʦʨʠʩʪʝ 

ʨʝʣʘʪʠʚʥʫ ʘʪʦʤʩʢʫ ʤʘʩʫ.  

ʈʝʣʘʪʠʚʥʘ ʘʪʦʤʩʢʘ ʤʘʩʘ ʿʝ ʙʨʦʿ ʢʦʿʠ ʧʦʢʘʟʫʿʝ ʢʦʣʠʢʦ ʿʝ ʧʫʪʘ ʧʨʦʩʝʯʥʘ ʤʘʩʘ ʘʪʦʤʘ 

ʥʝʢʦʛ ʝʣʝʤʝʥʪʘ ʚʝ˂ʘ ʦʜ 1/12 ʤʘʩʝ ʘʪʦʤʘ ʫʛˀʝʥʠʢʦʚʦʛ ʠʟʦʪʦʧʘ 12

6
C.  

ɱʝʟʛʨʦ ʘʪʦʤʘ ʫʛˀʝʥʠʢʘ ʯʠʥʠ 12 ʯʝʩʪʠʮʘ: ʰʝʩʪ ʧʨʦʪʦʥʘ ʠ ʰʝʩʪ ʥʝʫʪʨʦʥʘ. ʇʨʠʙʣʠʞʥʦ 

1/12 ʤʘʩʝ ʘʪʦʤʘ ʫʛˀʝʥʠʢʘ, ʢʦʿʠ ʫ ʿʝʟʛʨʫ ʠʤʘ 12 ʯʝʩʪʠʮʘ, ʦʜʛʦʚʘʨʘ ʤʘʩʠ ʿʝʜʥʝ ʯʝʩʪʠʮʝ.  

ʈʝʣʘʪʠʚʥʘ ʘʪʦʤʩʢʘ ʤʘʩʘ ʝʣʝʤʝʥʪʘ ʦʙʝʣʝʞʘʚʘ ʩʝ ʩʘ ɸr. ʇʦʰʪʦ ʩʝ ʦʜʨʝʹʫʿʝ ʧʦʨʝʹʝˁʝʤ 

ʠʩʪʠʭ ʬʠʟʠʯʢʠʭ ʚʝʣʠʯʠʥʘ ʪʦ ʿʝ ʙʨʦʿ ʙʝʟ ʿʝʜʠʥʠʮʝ. 

 

ɸʂʆ ɾɽʃʀʊɽ ɼɸ ʉɸɿʅɸʊɽ ɺʀʐɽ ʆ ɺɽɿʀ ʀɿʄɽɫʋ ɻʈɸɫɽ ɸʊʆʄɸ ʀ 

ʇɽʈʀʆɼʅʆɻ ʉʀʉʊɽʄɸ ɽʃɽʄɽʅɸʊɸ ... 

  
 

 

 

 

 

 

ʍʝʤʠʿʩʢʠ 

ʝʣʝʤʝʥʪ 

ʇʨʦʩʝʯʥʘ ʤʘʩʘ ʘʪʦʤʘ,  mʘ (kg) ʈʝʣʘʪʠʚʥʘ 

ʘʪʦʤʩʢʘ ʤʘʩʘ 

ʚʦʜʦʥʠʢ, H 0,000000000000000000000000001674  1,008 

ʫʛˀʝʥʠʢ, C 0,00000000000000000000000001994  12 

ʢʠʩʝʦʥʠʢ, ʆ 0,00000000000000000000000002656 16 

ʛʚʦʞʹʝ, Fe 0,00000000000000000000000009274  56 

 

ʉʣʠʢʘ 1.15. ʀʟʛʨʘʜˁʘ ʝʣʝʢʪʨʦʥʩʢʦʛ ʦʤʦʪʘʯʘ ʧʨʚʠʭ 20  

ʝʣʝʤʝʥʘʪʘ ʫ ʇʝʨʠʦʜʥʦʤ ʩʠʩʪʝʤʫ ʝʣʝʤʝʥʘʪʘ. 

ɸʪʦʤʠ ʝʣʝʤʝʥʘʪʘ ʫ ʠʩʪʦʿ ʛʨʫʧʠ ʫ 

ʧʦʩʣʝʜˁʝʤ ʝʥʝʨʛʝʪʩʢʦʤ ʥʠʚʦʫ ʠʤʘʿʫ 

ʠʩʪʠ ʙʨʦʿ ʝʣʝʢʪʨʦʥʘ (ʩʣʠʢʘ 1.15). 

ɽʣʝʢʪʨʦʥʠ ʢʦʿʠ ʧʨʠʧʘʜʘʿʫ ʧʦʩʣʝʜˁʝʤ 

ʝʥʝʨʛʝʪʩʢʦʤ ʥʠʚʦʫ ʥʘʟʠʚʘʿʫ ʩʝ  

ʚʘʣʝʥʪʥʠ ʝʣʝʢʪʨʦʥʠ. ʉʚʦʿʩʪʚʘ 

ʝʣʝʤʝʥʘʪʘ ʫʛʣʘʚʥʦʤ ʟʘʚʠʩʝ ʦʜ ʙʨʦʿʘ 

ʚʘʣʝʥʪʥʠʭ ʝʣʝʢʪʨʦʥʘ. 

ɽʣʝʢʪʨʦʥʠ ʫ ʘʪʦʤʠʤʘ ʝʣʝʤʝʥʘʪʘ ʫ 

ʠʩʪʦʿ ʧʝʨʠʦʜʠ ʨʘʩʧʦʨʝʹʫʿʫ ʩʝ ʥʘ ʠʩʪʦʤ 

ʙʨʦʿʫ ʝʥʝʨʛʝʪʩʢʠʭ ʥʠʚʦʘ. ɸʪʦʤʠ 

ʝʣʝʤʝʥʘʪʘ ʫ ʠʩʪʦʿ ʧʝʨʠʦʜʠ ʩʝ ʤʝʹʫʩʦʙʥʦ 

ʨʘʟʣʠʢʫʿʫ ʧʨʝʤʘ ʧʦʚʝ˂ʘˁʫ ʙʨʦʿʘ 

ʚʘʣʝʥʪʥʠʭ ʝʣʝʢʪʨʦʥʘ (ʩʣʠʢʘ 1.15). 
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 ɿʘʜʘʮʠ ʟʘ ʧʨʦʮʝʥʫ ʥʘʧʨʝʜʦʚʘˁʘ ʧʦʣʘʟʥʠʢʘ 

    II  ʊ1.2.  

 

1. ʅʘ ʣʠʥʠʿʠ ʧʦʨʝʜ ʩʠʤʙʦʣʘ ʭʝʤʠʿʩʢʦʛ ʝʣʝʤʝʥʪʘ ʥʘʧʠʰʠʪʝ ʥʘʟʠʚ ʪʦʛ ʝʣʝʤʝʥʪʘ. 

O   _____________________           

C   _____________________           

H   _____________________           

Cu _____________________ 

 

2. ʅʘʚʝʜʝʥʝ ʩʫ ʭʝʤʠʿʩʢʝ ʬʦʨʤʫʣʝ ʤʦʣʝʢʫʣʘ: H2O, O2, CO2, H2, N2.  

Koje ʦʜ ʥʘʚʝʜʝʥʠʭ ʬʦʨʤʫʣʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʤʦʣʝʢʫʣʝ ʝʣʝʤʝʥʘʪʘ, ʘ ʢʦʿʝ ʤʦʣʝʢʫʣʝ ʿʝʜʠˁʝˁʘ? 

ʄʦʣʝʢʫʣʠ ʝʣʝʤʝʥʘʪʘ: ________________________________________________________ 

ʄʦʣʝʢʫʣʠ ʿʝʜʠˁʝˁʘ:  ________________________________________________________   

 

3. ɿʘʦʢʨʫʞʠʪʝ ʩʣʦʚʦ ʠʩʧʨʝʜ ʩʠʤʙʦʣʘ ʝʣʝʤʝʥʪʘ ʢʦʿʠ ʿʝ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʠ ʫ ʚʘʟʜʫʭʫ. 

a) N  ʙ) ʆ  ʚ) Ar  ʛ) H 

 

4. ɿʘʦʢʨʫʞʠʪʝ ʩʣʦʚʦ ʠʩʧʨʝʜ ʩʠʤʙʦʣʘ ʝʣʝʤʝʥʪʘ ʢʦʿʠ ʿʝ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʠ ʫ ɿʝʤˀʠʥʦʿ ʢʦʨʠ.  

a) Si  ʙ) Al  ʚ) Fe  ʛ) O 
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ʆɹʃɸʉʊ/ʊɽʄɸ 2: ʇʈʆʄɽʅɽ ʉʋʇʉʊɸʅʎʀ ʋ ʇʈʀʈʆɼʀ ʀ ʇʈɸʂʉʀ 

 

ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʩʘʜʨʘʞʘʿʘ ʫ ʦʢʚʠʨʫ ʦʙʣʘʩʪʠ/ ʪʝʤʝ 

 

 

 

 

 

 

 

 

 

 

 

  ʌʠʟʠʯʢʝ ʧʨʦʤʝʥʝ ʩʫʧʩʪʘʥʮʝ ʩʫ ʪʘʢʚʝ ʧʨʦʤʝʥʝ ʧʨʠ ʢʦʿʠʤʘ ʩʝ ʥʝ ʤʝˁʘ ʩʘʩʪʘʚ 

  ʩʫʧʩʪʘʥʮʝ, ʦʜʥʦʩʥʦ ʧʨʠ ʢʦʿʠʤʘ ʥʝ ʥʘʩʪʘʿʫ ʥʦʚʝ ʩʫʧʩʪʘʥʮʝ. ʇʨʠʤʝʨʠ ʬʠʟʠʯʢʠʭ 

  ʧʨʦʤʝʥʘ ʩʫʧʩʪʘʥʮʝ ʩʫ ʧʨʦʤʝʥʝ ʘʛʨʝʛʘʪʥʦʛ ʩʪʘˁʘ (ʪʦʧˀʝˁʝ, ʠʩʧʘʨʘʚʘˁʝ, 

  ʢʦʥʜʝʥʟʦʚʘˁʝ, ʦʯʚʨʰ˂ʘʚʘˁʝ), ʨʘʩʪʚʘʨʘˁʝ, ʧʨʦʤʝʥʘ ʦʙʣʠʢʘ (ʫʩʠʪˁʘʚʘˁʝ, ʤʣʝʚʝˁʝ,  

            ʣʦʤˀʝˁʝ, ʫʚʨʪʘˁʝ, ʠʩʪʝʟʘˁʝ). 
 

ʍʝʤʠʿʩʢʝ ʧʨʦʤʝʥʝ ʩʫʧʩʪʘʥʮʝ ʠʣʠ ʭʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ ʩʫ ʪʘʢʚʝ ʧʨʦʤʝʥʝ ʧʨʠ ʢʦʿʠʤʘ 

ʩʝ ʤʝˁʘ ʩʘʩʪʘʚ ʩʫʧʩʪʘʥʮʝ, ʦʜʥʦʩʥʦ ʧʨʠ ʢʦʿʠʤʘ ʥʘʩʪʘʿʫ ʥʦʚʝ ʩʫʧʩʪʘʥʮʝ. ʉʫʧʩʪʘʥʮʝ 

ʢʦʿʝ ʩʪʫʧʘʿʫ ʫ ʭʝʤʠʿʩʢʫ ʨʝʘʢʮʠʿʫ ʥʘʟʠʚʘʿʫ ʩʝ ʧʦʣʘʟʥʝ ʩʫʧʩʪʘʥʮʝ ʠʣʠ ʨʝʘʢʪʘʥʪʠ, ʘ 

ʩʫʧʩʪʘʥʮʝ ʢʦʿʝ ʥʘʩʪʘʿʫ ʫ ʭʝʤʠʿʩʢʦʿ ʨʝʘʢʮʠʿʠ ʥʘʟʠʚʘʿʫ ʩʝ ʧʨʦʠʟʚʦʜʠ ʨʝʘʢʮʠʿʝ. 

ɿʘʢʦʥ ʦʜʨʞʘˁʘ ʤʘʩʝ: ʋʢʫʧʥʘ ʤʘʩʘ ʩʫʧʩʪʘʥʮʠ ʧʨʝ ʧʨʦʤʝʥʝ ʿʝʜʥʘʢʘ ʿʝ ʫʢʫʧʥʦʿ ʤʘʩʠ 

ʩʫʧʩʪʘʥʮʠ ʧʦʩʣʝ ʧʨʦʤʝʥʝ. 

 

ʉ. ɸʥʪʠ˂, ʈ. ɱʘʥʢʦʚ, ɸ. ʇʝʰʠʢʘʥ, ʂʘʢʦ ʧʨʠʙʣʠʞʠʪʠ ʜʝʮʠ ʧʨʠʨʦʜʥʝ ʥʘʫʢʝ ʢʨʦʟ 

ʘʢʪʠʚʥʦ ʫʯʝˁʝ, ɿʙʠʨʢʘ ʩʮʝʥʘʨʠʿʘ, ʀʥʩʪʠʪʫʪ ʟʘ ʧʩʠʭʦʣʦʛʠʿʫ, ɹʝʦʛʨʘʜ, 2005. 

    http://hemija.chem.bg.ac.rs/home.htm 

   ʊ2 

 

ɿʘʜʘʮʠ ʟʘ ʧʨʦʮʝʥʫ ʥʘʧʨʝʜʦʚʘˁʘ ʧʦʣʘʟʥʠʢʘ 

 

 II  T2.1. 

 

1. ʅʘ ʣʠʥʠʿʠ ʧʦʨʝʜ ʩʚʘʢʦʛ ʧʨʠʤʝʨʘ ʥʘʧʠʰʠʪʝ ʩʣʦʚʦ ʌ, ʘʢʦ ʿʝ ʧʨʦʤʝʥʘ ʬʠʟʠʯʢʘ ʠʣʠ ʍ, ʘʢʦ ʿʝ 

ʭʝʤʠʿʩʢʘ: 

ʘ) ʊʦʧˀʝˁʝ ʣʝʜʘ.                   __________       ʙ) ʉʘʚʠʿʘˁʝ ʛʚʦʟʜʝʥʝ ʞʠʮʝ.  __________ 

ʚ) ʉʘʛʦʨʝʚʘˁʝ ʜʨʚʝʪʘ.           __________       ʛ) ʀʩʧʘʨʘʚˁʝ ʚʦʜʝ.                        __________ 

ʜ) ɻʫʞʚʘˁʝ ʭʘʨʪʠʿʝ.               __________      ʹ) ɺʘʨʝˁʝ ʭʨʘʥʝ                             __________ 

 

2. ʂʘʢʦ ʩʝ ʥʘʟʠʚʘ ʧʨʦʤʝʥʘ ʩʫʧʩʪʘʥʮʝ ʪʦʢʦʤ ʢʦʿʝ ʥʘʩʪʘʿʝ ʥʦʚʘ ʩʫʧʩʪʘʥʮʘ? ________________ 

ʇʈʆʄɽʅɽ 

ʉʋʇʉʊɸʅʎʀ 

ʍɽʄʀɱʉʂɽ 

ʇʈʆʄɽʅɽ 

ʅʘʩʪʘʿʫ ʥʦʚʝ 

ʩʫʧʩʪʘʥʮʝ 

ʌʀɿʀʏʂɽ 

ʇʈʆʄɽʅɽ 

ʅʝ ʥʘʩʪʘʿʫ ʥʦʚʝ 

ʩʫʧʩʪʘʥʮʝ 

http://hemija.chem.bg.ac.rs/home.htm
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3. ɿʘʦʢʨʫʞʠʪʝ ʩʣʦʚʦ ʠʩʧʨʝʜ ʪʘʯʥʦʛ ʦʜʛʦʚʦʨʘ. 

ʍʝʤʠʿʩʢʘ ʧʨʦʤʝʥʘ ʿʝ: 

ʘ) ʩʘʚʠʿʘˁʝ ʙʘʢʘʨʥʝ ʞʠʮʝ 

ʙ) ʨʹʘˁʝ ʛʚʦʞʹʘ 

ʚ) ʣʦʤˀʝˁʝ ʣʝʜʘ 

ʛ) ʪʦʧˀʝˁʝ ʛʚʦʞʹʘ 

 

4. ʇʦʧʫʥʠʪʝ ʩʣʝʜʝ˂ʫ ʤʘʧʫ ʠ ʦʙʿʘʩʥʠʪʝ ʦʜʛʦʚʦʨ ʧʦʤʦ˂ʫ ʥʘʚʝʜʝʥʠʭ ʧʨʠʤʝʨʘ.  

     

 

 

 

 

 

 

 

 

 

 

 

 

ʀʟʙʦʨ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʧʦʣʘʟʥʠʢʘ 

  

 I T2.1.      ʌʀɿʀʏʂɽ ʀ ʍɽʄʀɱʉʂɽ ʇʈʆʄɽʅɽ ʉʋʇʉʊɸʅʎʀ 

 

 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 2.1. ʌʠʟʠʯʢʝ ʧʨʦʤʝʥʝ: ʧʨʦʤʝʥʝ ʘʛʨʝʛʘʪʥʦʛ ʩʪʘˁʘ ʚʦʜʝ (ʪʦʧˀʝˁʝ ʣʝʜʘ ʠ ʠʩʧʘʨʘʚʘˁʝ ʚʦʜʝ). 

 

ʋ ʩʚʘʢʦʜʥʝʚʥʦʤ ʞʠʚʦʪʫ ʫʦʯʘʚʘʤʦ ʧʨʦʤʝʥʝ ʪʝʣʘ ʠ ʧʨʦʤʝʥʝ ʩʫʧʩʪʘʥʮʠ ʦʜ ʢʦʿʠʭ ʩʫ 

ʪʝʣʘ ʥʘʧʨʘʚˀʝʥʘ: ʣʝʜ ʩʝ ʪʦʧʠ, ʚʦʜʘ ʠʩʧʘʨʘʚʘ, ʛʚʦʟʜʝʥʠ ʧʨʝʜʤʝʪʠ ʨʹʘʿʫ, ʥʘʢʠʪ ʦʜ ʩʨʝʙʨʘ 

ʪʘʤʥʠ, ʥʘʤʠʨʥʠʮʝ ʩʝ ʤʝˁʘʿʫ ʪʦʢʦʤ ʧʨʠʧʨʝʤʝ ʦʙʨʦʢʘ, ʣʠʰ˂ʝ ʥʘ ʿʝʩʝʥ ʤʝˁʘ ʙʦʿʫ. ʅʝʢʝ ʦʜ 

ʥʘʚʝʜʝʥʠʭ ʧʨʦʤʝʥʘ ʩʝ ʥʘʟʠʚʘʿʫ ʬʠʟʠʯʢʠʤ ʧʨʦʤʝʥʘʤʘ, ʘ ʥʝʢʝ ʭʝʤʠʿʩʢʠʤ. ʇʨʠ ʬʠʟʠʯʢʠʤ 

ʧʨʦʤʝʥʘʤʘ ʩʫʧʩʪʘʥʮʝ ʥʝ ʥʘʩʪʘʿʫ ʥʦʚʝ ʩʫʧʩʪʘʥʮʝ, ʜʦʢ ʪʦʢʦʤ ʭʝʤʠʿʩʢʠʭ ʧʨʦʤʝʥʘ ʥʘʩʪʘʿʫ ʥʦʚʝ 

ʩʫʧʩʪʘʥʮʝ. ʉʫʧʩʪʘʥʮʫ ʯʠʥʠ ʤʥʦʰʪʚʦ ʯʝʩʪʠʮʘ ʠ ʘʢʦ ʩʫ ʪʝ ʯʝʩʪʠʮʝ ʦʩʪʘʣʝ ʠʩʪʝ ʧʦʩʣʝ 

ʧʨʦʤʝʥʝ, ʦʥʜʘ ʪʦʢʦʤ ʧʨʦʤʝʥʝ ʥʠʿʝ ʥʘʩʪʘʣʘ ʥʦʚʘ ʩʫʧʩʪʘʥʮʘ. ʅʘ ʧʨʠʤʝʨ, ʥʘʩʪʘʿʘˁʝ ʣʝʜʘ ʟʠʤʠ, 

ʪʦʧˀʝˁʝ ʣʝʜʘ ʠʣʠ ʥʘʩʪʘʿʘˁʝ ʚʦʜʝʥʝ ʧʘʨʝ ʧʨʠʣʠʢʦʤ ʢʫʚʘˁʘ ʚʦʜʝ ʫ ʧʦʩʫʜʠ, ʿʝʩʫ ʧʨʦʤʝʥʝ ʫ 

ʇʈʆʄɽʅɸ ʉʋʇʉʊɸʅʎɽ 

  

ʰʝ˂ʝʨ ʠ ʚʦʜʘ 

 

 

 +    ­  

ʰʝ˂ʝʨ ʠ ʢʦʥʮʝʥʪʨʦʚʘʥʘ ʩʫʤʧʦʨʥʘ 

ʢʠʩʝʣʠʥʘ (H2SO4) 

 

 +    ­  
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ʢʦʿʠʤʘ ʩʝ ʥʝ ʩʪʚʘʨʘʿʫ ʥʦʚʝ ʩʫʧʩʪʘʥʮʝ, ʿʝʨ ʩʫ ʣʝʜ, ʚʦʜʘ ʠ ʚʦʜʝʥʘ ʧʘʨʘ, ʪʨʠ ʘʛʨʝʛʘʪʥʘ ʩʪʘˁʘ 

ʠʩʪʝ ʩʫʧʩʪʘʥʮʝ ï ʚʦʜʝ (ʩʣʠʢʘ 2.1), ʢʦʿʫ ʫ ʩʚʘ ʪʨʠ ʘʛʨʝʛʘʪʥʘ ʩʪʘˁʘ ʯʠʥʠ ʤʥʦʰʪʚʦ ʠʩʪʠʭ 

ʤʦʣʝʢʫʣʘ (ʧʨʝʜʩʪʘʚˀʘʤʦ ʠʭ ʧʦʤʦ˂ʫ ʬʦʨʤʫʣʝ H2O).  

ʌʠʟʠʯʢʝ ʧʨʦʤʝʥʝ ʩʫʧʩʪʘʥʮʝ ʩʫ ʪʘʢʚʝ ʧʨʦʤʝʥʝ ʧʨʠ ʢʦʿʠʤʘ ʥʝ ʥʘʩʪʘʿʫ ʥʦʚʝ ʩʫʧʩʪʘʥʮʝ. 

ʇʨʠʤʝʨʠ ʬʠʟʠʯʢʠʭ ʧʨʦʤʝʥʘ ʩʫʧʩʪʘʥʮʝ ʩʫ ʧʨʦʤʝʥʝ ʘʛʨʝʛʘʪʥʦʛ ʩʪʘˁʘ (ʪʦʧˀʝˁʝ, ʠʩʧʘʨʘʚʘˁʝ, 

ʢʦʥʜʝʥʟʦʚʘˁʝ, ʦʯʚʨʰ˂ʘʚʘˁʝ), ʨʘʩʪʚʘʨʘˁʝ, ʧʨʦʤʝʥʘ ʦʙʣʠʢʘ (ʫʩʠʪˁʘʚʘˁʝ, ʤʣʝʚʝˁʝ, 

ʣʦʤˀʝˁʝ, ʫʚʨʪʘˁʝ, ʠʩʪʝʟʘˁʝ). ʇʦʩʣʝ ʬʠʟʠʯʢʠʭ ʧʨʦʤʝʥʘ, ʢʘʦ ʰʪʦ ʩʫ ʧʨʦʤʝʥʝ ʘʛʨʝʛʘʪʥʦʛ 

ʩʪʘˁʘ ʠʣʠ ʨʘʩʪʚʘʨʘˁʝ, ʩʫʧʩʪʘʥʮʘ ʩʝ ʤʦʞʝ ʚʨʘʪʠʪʠ ʫ ʧʨʝʪʭʦʜʥʦ ʩʪʘˁʝ.  

ɾʠʮʘ ʦʜ ʛʚʦʞʹʘ ʩʝ ʤʦʞʝ ʩʘʚʠʿʘʪʠ ʠ ʬʦʨʤʠʨʘʪʠ ʨʘʟʣʠʯʠʪʝ ʦʙʣʠʢʝ. ʉʘʚʠʿʘˁʝ ʞʠʮʝ ʿʝ 

ʬʠʟʠʯʢʘ ʧʨʦʤʝʥʘ, ʿʝʨ ʧʦʩʣʝ ʩʘʚʠʿʘˁʘ, ʠʘʢʦ ʠʤʘ ʜʨʫʛʘʯʠʿʠ ʦʙʣʠʢ, ʞʠʮʘ ʿʝ ʠ ʜʘˀʝ ʠʟʛʨʘʹʝʥʘ 

ʦʜ ʠʩʪʠʭ ʯʝʩʪʠʮʘ. ʄʝʹʫʪʠʤ, ʢʘʜʘ ʞʠʮʘ ʦʜ ʛʚʦʞʹʘ ʟʘʨʹʘ, ʥʘʩʪʘʣʘ ʿʝ ʥʦʚʘ ʩʫʧʩʪʘʥʮʘ.  

ʍʝʤʠʿʩʢʝ ʧʨʦʤʝʥʝ ʩʫʧʩʪʘʥʮʝ ʩʫ ʪʘʢʚʝ ʧʨʦʤʝʥʝ ʧʨʠ ʢʦʿʠʤʘ ʩʝ ʤʝˁʘ ʩʘʩʪʘʚ ʩʫʧʩʪʘʥʮʝ, 

ʦʜʥʦʩʥʦ ʧʨʠ ʢʦʿʠʤʘ ʥʘʩʪʘʿʫ ʥʦʚʝ ʩʫʧʩʪʘʥʮʝ. ʍʝʤʠʿʩʢʝ ʧʨʦʤʝʥʝ ʜʨʫʛʘʯʠʿʝ ʩʝ ʥʘʟʠʚʘʿʫ 

ʭʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ. ʈʹʘˁʝ ʛʚʦʟʜʝʥʦʛ ʝʢʩʝʨʘ (ʩʣʠʢʘ 2.2), ʩʘʛʦʨʝʚʘˁʝ ʜʨʚʝʪʘ ʠ ʭʘʨʪʠʿʝ ʿʝʩʫ 

ʧʨʠʤʝʨʠ ʭʝʤʠʿʩʢʠʭ ʧʨʦʤʝʥʘ.  

         
 

ʉʚʝ ʧʨʦʤʝʥʝ ʩʫʧʩʪʘʥʮʠ ʧʨʘ˂ʝʥʝ ʩʫ ʧʨʦʤʝʥʘʤʘ ʝʥʝʨʛʠʿʝ. ɼʘ ʙʠ ʩʝ ʥʝʢʝ ʧʨʦʤʝʥʝ 

ʩʫʧʩʪʘʥʮʠ ʦʜʚʠʿʘʣʝ ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʩʝ ʠʟ ʦʢʦʣʠʥʝ ʫʟʠʤʘ ʝʥʝʨʛʠʿʘ (ʥʘʿʯʝʰ˂ʝ ʫ ʚʠʜʫ ʪʦʧʣʦʪʝ). 

ʇʦʩʣʝ ʪʠʭ ʧʨʦʤʝʥʘ ʩʫʧʩʪʘʥʮʝ ʠʤʘʿʫ ʚʝ˂ʠ ʩʘʜʨʞʘʿ ʝʥʝʨʛʠʿʝ. ʊʘʢʚʝ ʩʫ, ʥʘ ʧʨʠʤʝʨ, ʩʣʝʜʝ˂ʝ 

ʧʨʦʤʝʥʝ: ʪʦʧˀʝˁʝ, ʠʩʧʘʨʘʚʘˁʝ, ʬʦʪʦʩʠʥʪʝʟʘ. ʊʦʢʦʤ ʥʝʢʠʭ ʜʨʫʛʠʭ ʧʨʦʤʝʥʘ ʩʫʧʩʪʘʥʮʠ 

ʝʥʝʨʛʠʿʘ ʩʝ ʦʩʣʦʙʘʹʘ ʫ ʦʢʦʣʠʥʫ (ʦʯʚʨʰ˂ʘʚʘˁʝ, ʢʦʥʜʝʥʟʦʚʘˁʝ, ʩʘʛʦʨʝʚʘˁʝ ʫʛˀʘ, ʩʘʛʦʨʝʚʘˁʝ 

ʭʘʨʪʠʿʝ), ʘ ʩʫʧʩʪʘʥʮʝ ʩʫ ʧʦʩʣʝ ʧʨʦʤʝʥʝ ʝʥʝʨʛʝʪʩʢʠ ʩʠʨʦʤʘʰʥʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʣʘʟʥʦ ʩʪʘˁʝ. 

ɽʥʝʨʛʝʪʩʢʝ ʧʨʦʤʝʥʝ ʧʨʠ ʭʝʤʠʿʩʢʠʤ ʧʨʦʤʝʥʘʤʘ ʩʫʧʩʪʘʥʮʠ ʤʥʦʛʦ ʩʫ ʠʟʨʘʞʝʥʠʿʝ ʥʝʛʦ ʧʨʠ 

ʬʠʟʠʯʢʠʤ ʧʨʦʤʝʥʘʤʘ ʩʫʧʩʪʘʥʮʠ. 

 

ʍʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ   

 

ʂˀ ʫʯʥʦ ʧʠʪʘˁʝ ʟʘ ʨʘʟʣʠʢʦʚʘˁʝ ʬʠʟʠʯʢʠʭ ʠ ʭʝʤʠʿʩʢʠʭ ʧʨʦʤʝʥʘ (ʭʝʤʠʿʩʢʠʭ ʨʝʘʢʮʠʿʘ) 

ʿʝʩʪʝ: ʜʘ ʣʠ ʪʦʢʦʤ ʧʨʦʤʝʥʝ ʥʘʩʪʘʿʝ ʥʦʚʘ ʩʫʧʩʪʘʥʮʘ? ʆʜʛʦʚʦʨ ʩʝ ʪʨʘʞʠ ʫʧʦʨʝʹʠʚʘˁʝʤ 

ʬʠʟʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ ʩʫʧʩʪʘʥʮʠ ʧʨʝ ʠ ʧʦʩʣʝ ʧʨʦʤʝʥʝ. ʉʫʧʩʪʘʥʮʝ ʢʦʿʝ ʩʪʫʧʘʿʫ ʫ ʭʝʤʠʿʩʢʫ 

ʨʝʘʢʮʠʿʫ ʥʘʟʠʚʘʿʫ ʩʝ ʧʦʣʘʟʥʝ ʩʫʧʩʪʘʥʮʝ ʠʣʠ ʨʝʘʢʪʘʥʪʠ, ʘ ʩʫʧʩʪʘʥʮʝ ʢʦʿʝ ʥʘʩʪʘʿʫ ʫ ʭʝʤʠʿʩʢʦʿ 

ʨʝʘʢʮʠʿʠ ʥʘʟʠʚʘʿʫ ʩʝ ʧʨʦʠʟʚʦʜʠ ʨʝʘʢʮʠʿʝ.  

ɼʘ ʿʝ ʜʦʰʣʦ ʜʦ ʭʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ ʠʟʤʝʹʫ ʩʫʧʩʪʘʥʮʠ ʫʢʘʟʫʿʝ ʠʟʜʚʘʿʘˁʝ ʛʘʩʘ, ʛʨʘʹʝˁʝ 

ʪʘʣʦʛʘ, ʧʨʦʤʝʥʘ ʙʦʿʝ ʩʫʧʩʪʘʥʮʝ.  

 

ʀʩʧʠʪʘʿʤʦ ʪʦ ʫ ʩʣʝʜʝ˂ʝʤ ʦʛʣʝʜʫ. 

 

ʉʣʠʢʘ 2.2. ʈʹʘˁʝ ʝʢʩʝʨʘ ʿʝ ʧʨʠʤʝʨ ʭʝʤʠʿʩʢʝ ʧʨʦʤʝʥʝ. ʅʘʩʪʘʣʘ 

ʥʦʚʘ ʩʫʧʩʪʘʥʮʘ, ʨʹʘ, ʠʤʘ ʩʚʦʿʩʪʚʘ ʨʘʟʣʠʯʠʪʘ ʦʜ ʛʚʦʞʹʘ. 

ʋʧʨʘʚʦ ʟʙʦʛ ʪʦʛʘ ʩʝ ʛʚʦʟʜʝʥʠ ʧʨʝʜʤʝʪʠ ʰʪʠʪʝ ʦʜ ʢʦʨʦʟʠʿʝ, ʥʘ 

ʧʨʠʤʝʨ, ʬʘʨʙʘˁʝʤ. 
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ʆʛʣʝʜ 2.1. ʋʪʚʨʹʠʚʘˁʝ ʜʦʢʘʟʘ ʜʘ ʿʝ ʜʦʰʣʦ ʜʦ ʭʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ. 

ʇʨʠʙʦʨ ɼʚʘ ʝʨʣʝʥʤʘʿʝʨʘ, ʜʚʘ ʛʫʤʝʥʘ ʙʘʣʦʥʘ, ʪʨʠ ʯʘʰʝ, ʝʧʨʫʚʝʪʘ, ʢʘʰʠʯʠʮʝ.  

ʉʫʧʩʪʘʥʮʝ ʉʦʜʘ ʙʠʢʘʨʙʦʥʘ, ʩʠʨ˂ʝ, ʚʦʜʘ, ʨʘʩʪʚʦʨ ʧʣʘʚʦʛ ʢʘʤʝʥʘ, ʛʚʦʟʜʝʥʠ ʝʢʩʝʨ, 

ʨʘʩʪʚʦʨ ʢʫʭʠˁʩʢʝ ʩʦʣʠ, ʨʘʩʪʚʦʨ ʩʨʝʙʨʦ-ʥʠʪʨʘʪʘ, ʥʝʛʘʰʝʥʠ ʢʨʝʯ.  

ʆʧʠʩ 

ʧʦʩʪʫʧʢʘ 

1. ʋ ʜʚʘ ʝʨʣʝʥʤʘʿʝʨʘ ʩʠʧʘʿʪʝ ʧʦ ʿʝʜʥʫ ʢʘʰʠʯʠʮʫ ʩʦʜʝ ʙʠʢʘʨʙʦʥʝ. ʇʦʪʦʤ ʫ 

ʿʝʜʘʥ  ʩʠʧʘʿʪʝ ʚʦʜʫ, ʘ ʫ ʜʨʫʛʠ ʩʠʨ˂ʝ ʠ ʥʘ ʦʪʚʦʨʝ ʥʘʚʫʮʠʪʝ ʛʫʤʝʥʝ ʙʘʣʦʥʝ. 

ʋ ʢʦʤ ʝʨʣʝʥʤʘʿʝʨʫ ʿʝ ʜʦʰʣʦ ʜʦ ʭʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ? ʐʪʘ ʿʝ ʜʦʢʘʟ ʜʘ ʿʝ 

ʜʦʰʣʦ ʜʦ ʭʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ? 

2. ʋ ʿʝʜʥʫ ʯʘʰʫ ʩʠʧʘʿʪʝ ʚʦʜʫ, ʘ ʫ ʜʨʫʛʫ ʨʘʩʪʚʦʨ ʧʣʘʚʦʛ ʢʘʤʝʥʘ. ʋ ʩʚʘʢʫ 

ʯʘʰʫ ʩʪʘʚʠʪʝ ʛʚʦʟʜʝʥʠ ʝʢʩʝʨ. ʋ ʢʦʿʦʿ ʯʘʰʠ ʿʝ ʜʦʰʣʦ ʜʦ ʭʝʤʠʿʩʢʝ 

ʨʝʘʢʮʠʿʝ? ʐʪʘ ʿʝ ʜʦʢʘʟ ʜʘ ʿʝ ʜʦʰʣʦ ʜʦ ʭʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ? 

3. ʋ ʝʧʨʫʚʝʪʫ ʩʠʧʘʿʪʝ ʨʘʩʪʚʦʨ ʢʫʭʠˁʩʢʝ ʩʦʣʠ ʜʦ ʯʝʪʚʨʪʠʥʝ ʟʘʧʨʝʤʠʥʝ 

ʝʧʨʫʚʝʪʝ. ɼʦʜʘʿʪʝ ʨʘʩʪʚʦʨ ʩʨʝʙʨʦ-ʥʠʪʨʘʪʘ. ɿʘʙʝʣʝʞʠʪʝ ʟʘʧʘʞʘˁʘ.  

4.  ʋ ʯʘʰʫ ʩʠʧʘʿʪʝ ʜʦ ʯʝʪʚʨʪʠʥʝ ʟʘʧʨʝʤʠʥʝ ʚʦʜʫ ʠ ʩʧʫʩʪʠʪʝ ʢʦʤʘʜ 

ʥʝʛʘʰʝʥʦʛ ʢʨʝʯʘ. ʇʠʧʥʠʪʝ ʟʠʜʦʚʝ ʯʘʰʝ. ɿʘʙʝʣʝʞʠʪʝ ʟʘʧʘʞʘˁʘ.  

ʈʝʟʫʣʪʘʪʠ 

 

1. 

2. 

3. 

4. 

 

ʋ ʠʟʚʝʜʥʠʤ ʦʛʣʝʜʠʤʘ ʥʝʢʝ ʩʫʧʩʪʘʥʮʝ ʩʫ ʤʝʹʫʩʦʙʥʦ ʨʝʘʛʦʚʘʣʝ, ʘ ʥʝʢʝ ʥʝ. ʋ ʧʨʚʦʤ 

ʦʛʣʝʜʫ ʟʘʢˀʫʯʠʣʠ ʩʤʦ ʜʘ ʿʝ ʜʦʰʣʦ ʜʦ ʭʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʩʝ ʠʟʜʚʘʿʘʦ ʛʘʩ, ʪʿ. 

ʥʘʩʪʘʿʘʣʘ ʩʫʧʩʪʘʥʮʘ ʨʘʟʣʠʯʠʪʦʛ ʘʛʨʝʛʘʪʥʦʛ ʩʪʘˁʘ ʦʜ ʧʦʣʘʟʥʠʭ ʩʫʧʩʪʘʥʮʠ. ʋ ʜʨʫʛʦʤ ʦʛʣʝʜʫ 

ʧʨʦʤʝʥʘ ʙʦʿʝ ʫʢʘʟʠʚʘʣʘ ʿʝ ʥʘ ʥʘʩʪʘʿʘˁʝ ʥʦʚʠʭ ʩʫʧʩʪʘʥʮʠ ʠ ʭʝʤʠʿʩʢʫ ʨʝʘʢʮʠʿʫ. ʋ ʪʨʝ˂ʝʤ 

ʩʣʫʯʘʿʫ ʤʝʰʘˁʝʤ ʜʚʘ ʨʘʩʪʚʦʨʘ ʥʘʩʪʘʣʘ ʿʝ ʩʫʧʩʪʘʥʮʘ ʯʠʿʘ ʿʝ ʨʘʩʪʚʦʨˀʠʚʦʩʪ ʫ ʚʦʜʠ ʚʝʦʤʘ 

ʤʘʣʘ, ʪʿ. ʪʘ ʩʫʧʩʪʘʥʮʘ ʩʝ ʠʟʜʚʦʿʠʣʘ ʫ ʚʠʜʫ ʪʘʣʦʛʘ. 

ʇʨʠʤʝʥʘ ʭʝʤʠʿʩʢʠʭ ʨʝʘʢʮʠʿʘ ʫ ʢʨʠʤʠʥʘʣʠʩʪʠʮʠ: ʩʨʝʙʨʦ-ʥʠʪʨʘʪʥʘ ʢʣʦʧʢʘ. ɿʘʜʘʪʘʢ 

ʢʨʠʤʠʥʘʣʠʩʪʠʢʝ ʿʝ ʜʚʦʿʘʢ: ʜʘ ʦʪʢʨʠʿʝ ʧʦʯʠʥʠʦʮʘ ʢʨʠʚʠʯʥʦʛ ʜʝʣʘ ʠ ʜʘ ʩʘʢʫʧʠ ʜʦʢʘʟʝ ʢʦʿʝ ˂ʝ ʩʫʜ 

ʧʨʠʭʚʘʪʠʪʠ ʘ ʦʜʙʨʘʥʘ ʦʢʨʠʚˀʝʥʦʛ ʥʝ˂ʝ ʤʦ˂ʠ ʦʩʧʦʨʠʪʠ. ɼʘ ʙʠ ʩʝ ʪʦ ʧʦʩʪʠʛʣʦ ʧʨʠʤʝˁʫʿʫ ʩʝ 

ʥʘʿʨʘʟʥʦʚʨʩʥʠʿʠ ʧʦʩʪʫʧʮʠ, ʤʝʹʫ ʢʦʿʠʤ ʠ ʤʥʦʛʠ ʭʝʤʠʿʩʢʠ. ɱʝʜʥʘ ʛʨʫʧʘ ʪʠʭ ʧʦʩʪʫʧʘʢʘ ʩʫ ʪʘʢʦʟʚʘʥʝ 

"ʢʣʦʧʢʝ". ʍʝʤʠʿʩʢʝ ʢʣʦʧʢʝ ʤʦʨʘʿʫ ʜʘ ʠʩʧʫˁʘʚʘʿʫ ʩʣʝʜʝ˂ʝ ʦʧʰʪʝ ʫʩʣʦʚʝ: ʩʫʧʩʪʘʥʮʝ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʥʝ 

ʩʤʝʿʫ ʜʘ ʙʫʜʫ ʦʪʨʦʚʥʝ, ʤʦʨʘʿʫ ʜʘ ʩʝ ʜʝʪʝʢʪʫʿʫ ʥʘ ʣʘʢ ʠ ʿʝʜʥʦʩʪʘʚʘʥ ʥʘʯʠʥ, ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʩʝ ʪʝʰʢʦ 

ʩʢʠʜʘʿʫ ʩʘ ʨʫʢʫ, ʦʜʝ˂ʝ ʠ ʦʙʫ˂ʝ, ʧʦʩʪʦʿʘˁʝ ʩʫʧʩʪʘʥʮʝ ʥʘ ʠʥʢʨʠʤʠʥʠʩʘʥʠʤ ʤʝʩʪʠʤʘ ʤʦʨʘ ʩʝ ʣʘʢʦ ʠ 

ʫʙʝʜˀʠʚʦ ʜʦʢʫʤʝʥʪʦʚʘʪʠ (ʟʘ ʧʦʪʨʝʙʝ ʧʨʝʜʩʪʦʿʝ˂ʝʛ ʩʫʹʝˁʘ).  

ɲʫʜʩʢʘ ʢʦʞʘ, ʙʝʟ ʦʙʟʠʨʘ ʢʦʣʠʢʦ ʩʫʚʦ ʠʟʛʣʝʜʘʣʘ, ʫʚʝʢ ʿʝ ʧʨʝʢʨʠʚʝʥʘ ʟʥʦʿʝʤ, ʢʦʿʠ ʩʝ ʠʟʣʫʯʫʿʝ 

ʠʟ ʟʥʦʿʥʠʭ ʞʣʝʟʜʘ. ʊʦ ʩʝ, ʥʘʨʘʚʥʦ, ʦʜʥʦʩʠ ʠ ʥʘ ʧʨʩʪʝ ʥʘ ʨʫʢʘʤʘ ʠ ʜʣʘʥʦʚʝ. ɻʣʘʚʥʠ ʩʘʩʪʦʿʘʢ ʟʥʦʿʘ 

(ʧʦʨʝʜ ʚʦʜʝ) ʿʝ ʥʘʪʨʠʿʫʤ-ʭʣʦʨʠʜ (NaCl). ʋ ʤʘʣʠʤ ʢʦʣʠʯʠʥʘʤʘ ʫ ʟʥʦʿʫ ʠʤʘ ʠ ʜʨʫʛʠʭ ʩʫʧʩʪʘʥʮʠ. ɸʢʦ 

ʨʫʢʘ ʜʦʹʝ ʫ ʢʦʥʪʘʢʪ ʩʘ ʩʨʝʙʨʦ-ʥʠʪʨʘʪʦʤ ʦʜʠʛʨʘ˂ʝ ʩʝ ʭʝʤʠʿʩʢʘ ʨʝʘʢʮʠʿʘ ʫ ʢʦʿʦʿ ʥʘʩʪʘʿʝ ʪʝʰʢʦ 

ʨʘʩʪʚʦʨʘʥ ʩʨʝʙʨʦ-ʭʣʦʨʠʜ. ʇʦʜ ʫʪʠʮʘʿʝʤ ʩʚʝʪʣʦʩʪʠ ʜʦʣʘʟʠ ʜʦ ʥʦʚʠʭ ʨʝʘʢʮʠʿʘ ʠ ʩʪʚʘʨʘˁʘ ʩʨʝʙʨʘ. 

ʅʘʩʪʘʣʦ (ʘʤʦʨʬʥʦ) ʩʨʝʙʨʦ ʩʝ ʪʘʣʦʞʠ ʜʫʙʦʢʦ ʫ ʧʦʨʘʤʘ ʢʦʞʝ ʠ ʥʝ ʤʦʞʝ ʩʝ ʫʢʣʦʥʠʪʠ ʧʨʘˁʝʤ. ʆʥʦ ʙʦʿʠ 

ʢʦʞʫ ʪʘʤʥʦ, ʛʦʪʦʚʦ ʮʨʥʦ. ʆʩʦʙʠ ʢʦʿʘ ʿʝ ʜʦʜʠʨʠʚʘʣʘ ʧʨʝʜʤʝʪʝ ʥʘ ʢʦʿʝ ʿʝ ʥʘʥʝʪ ʩʨʝʙʨʦ-ʥʠʪʨʘʪ, ʥʘ 

ʨʫʢʘʤʘ ˂ʝ ʩʝ ʩʪʚʦʨʠʪʠ ʪʘʤʥʝ ʤʨˀʝ. ʊʦ ʩʝ ʥʝ˂ʝ ʜʦʛʦʜʠʪʠ ʦʜʤʘʭ, ʥʝʛʦ ʧʦʩʣʝ ʥʝʢʦʣʠʢʦ ʩʘʪʠ ʠʣʠ 

ʥʝʢʦʣʠʢʦ ʜʘʥʘ, ʟʘʚʠʩʥʦ ʦʜ ʪʦʛʘ ʢʦʣʠʢʦ ʿʝ ʢʦʞʘ ʙʠʣʘ ʠʟʣʦʞʝʥʘ ʩʚʝʪʣʦʩʪʠ (ʀʟʚʦʨ: ʀ. ɻʫʪʤʘʥ ʠ ɹ. 

ʉʠʤʦʥʦʚʠ˂, ʇʨʠʤʝʥʘ ʭʝʤʠʿʝ ʫ ʢʨʠʤʠʥʘʣʠʩʪʠʮʠ (1. ʜʝʦ), ʍʝʤʠʿʩʢʠ ʧʨʝʛʣʝʜ, 3 (2002) ʩʪʨ. 54 ʠ 55)  
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ɺʝ˂ ʩʤʦ ʠʩʪʘʢʣʠ ʜʘ ʩʚʝ ʧʨʦʤʝʥʝ ʩʫʧʩʪʘʥʮʠ ʧʨʘʪʝ ʧʨʦʤʝʥʝ ʝʥʝʨʛʠʿʝ. ʇʨʦʤʝʥʘ 

ʩʫʧʩʪʘʥʮʝ ʫ ʯʝʪʚʨʪʦʤ ʦʛʣʝʜʫ ʫ ʨʝʘʣʥʦʤ ʞʠʚʦʪʫ ʿʝ ʧʦʟʥʘʪʘ ʢʘʦ Ăʛʘʰʝˁʝ ʢʨʝʯʘñ ʠ ʠʟʚʦʜʠ ʩʝ ʫ 

ʛʨʘʹʝʚʠʥʘʨʩʪʚʫ, ʧʨʘ˂ʝʥʘ ʿʝ ʦʩʣʦʙʘʹʘˁʝʤ ʪʦʧʣʦʪʝ ʢʦʿʫ ʩʤʦ ʤʦʛʣʠ ʦʩʝʪʠʪʠ ʧʦʤʦ˂ʫ ʯʫʣʘ 

ʜʦʜʠʨʘ. ʀʘʢʦ ʫ ʧʨʚʘ ʪʨʠ ʦʛʣʝʜʘ ʥʠʩʤʦ ʦʩʝʪʠʣʠ ʟʘʛʨʝʚʘˁʝ ʧʦʩʫʜʘ ʫ ʢʦʿʠʤʘ ʩʫ ʩʝ ʜʝʰʘʚʘʣʝ 

ʧʨʦʤʝʥʝ, ʪʝ ʧʨʦʤʝʥʝ ʩʫ, ʪʘʢʦʹʝ, ʙʠʣʝ ʧʨʘ˂ʝʥʝ ʧʨʦʤʝʥʘʤʘ ʝʥʝʨʛʠʿʝ, ʰʪʦ ʩʝ ʤʦʞʝ ʫʪʚʨʜʠʪʠ 

ʧʨʘ˂ʝˁʝʤ ʧʨʦʤʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʤʦ˂ʫ ʪʝʨʤʦʤʝʪʨʘ. 

ʄʝʹʫʪʠʤ, ʥʠʩʫ ʩʚʝ ʭʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ ʧʨʘ˂ʝʥʝ ʦʩʣʦʙʘʹʘˁʝʤ ʪʦʧʣʦʪʝ. ɿʘ ʦʜʚʠʿʘˁʝ 

ʥʝʢʠʭ ʭʝʤʠʿʩʢʠʭ ʨʝʘʢʮʠʿʘ ʧʦʪʨʝʙʥʦ ʿʝ ʩʫʧʩʪʘʥʮʘʤʘ ʜʦʚʦʜʠʪʠ ʝʥʝʨʛʠʿʫ. ʋ ʣʘʙʦʨʘʪʦʨʠʿʠ ʪʦ 

ʦʙʠʯʥʦ ʠʟʚʦʜʠʤʦ ʟʘʛʨʝʚʘˁʝʤ ʩʫʧʩʪʘʥʮʠ, ʥʘ ʧʨʠʤʝʨ, ʧʦʤʦ˂ʫ ʰʧʠʨʠʪʫʩʥʝ ʣʘʤʧʝ. ʋ ʪʦʤ 

ʩʣʫʯʘʿʫ ʝʥʝʨʛʠʿʘ ʢʦʿʘ ʩʝ ʜʦʚʦʜʠ ʩʫʧʩʪʘʥʮʘʤʘ ʢʦʿʝ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʨʝʘʛʫʿʫ ʿʝʩʪʝ ʪʦʧʣʦʪʘ 

ʦʩʣʦʙʦʹʝʥʘ ʫ ʭʝʤʠʿʩʢʦʿ ʨʝʘʢʮʠʿʠ ʩʘʛʦʨʝʚʘˁʘ ʘʣʢʦʭʦʣʘ, ʩʫʧʩʪʘʥʮʝ ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʫ 

ʰʧʠʨʠʪʫʩʥʦʿ ʣʘʤʧʠ. 

ʈʝʢʣʠ ʩʤʦ ʜʘ ʫ ʭʝʤʠʿʩʢʦʿ ʨʝʘʢʮʠʿʠ ʥʘʩʪʘʿʫ ʥʦʚʝ ʩʫʧʩʪʘʥʮʝ, ʪʿ. ʩʫʧʩʪʘʥʮʝ ʯʠʿʘ ʩʫ 

ʩʚʦʿʩʪʚʘ ʨʘʟʣʠʯʠʪʘ ʦʜ ʩʚʦʿʩʪʘʚʘ ʧʦʣʘʟʥʠʭ ʩʫʧʩʪʘʥʮʠ. ʊʦ ʟʥʘʯʠ ʜʘ ʩʝ ʫ ʭʝʤʠʿʩʢʠʤ ʨʝʘʢʮʠʿʘʤʘ 

ʤʝˁʘ ʩʪʨʫʢʪʫʨʘ ʩʫʧʩʪʘʥʮʠ, ʦʜʥʦʩʥʦ ʜʘ ʜʦʣʘʟʠ ʜʦ ʧʨʦʤʝʥʘ ʥʘ ʥʠʚʦʫ ʯʝʩʪʠʮʘ ʢʦʿʝ ʛʨʘʜʝ 

ʩʫʧʩʪʘʥʮʫ. ʀʩʧʘʨʘʚʘˁʝʤ ʘʣʢʦʭʦʣʘ, ʩʫʧʩʪʘʥʮʘ ʤʝˁʘ ʘʛʨʝʛʘʪʥʦ ʩʪʘˁʝ, ʘʣʠ ʠʩʪʠ ʤʦʣʝʢʫʣʠ, 

ʤʦʣʝʢʫʣʠ ʘʣʢʦʭʦʣʘ, ʧʦʩʪʦʿʝ ʠ ʫ ʪʝʯʥʦʤ ʠ ʫ ʛʘʩʦʚʠʪʦʤ ʘʛʨʝʛʘʪʥʦʤ ʩʪʘˁʫ. ɿʘʪʦ ʿʝ ʠʩʧʘʨʘʚʘˁʝ 

ʘʣʢʦʭʦʣʘ ʬʠʟʠʯʢʘ ʧʨʦʤʝʥʘ. ʄʝʹʫʪʠʤ, ʩʘʛʦʨʝʚʘˁʝʤ ʘʣʢʦʭʦʣʘ (C2H5OH) ʥʘʩʪʘʿʫ ʫʛˀʝʥ-

ʜʠʦʢʩʠʜ (Cʆ2) ʠ ʚʦʜʘ (H2ʆ), ʩʫʧʩʪʘʥʮʝ, ʦʜʥʦʩʥʦ ʤʦʣʝʢʫʣʠ, ʨʘʟʣʠʯʠʪʠ ʦʜ ʧʦʣʘʟʥʠʭ. 

ʉʘʛʦʨʝʚʘˁʝ ʘʣʢʦʭʦʣʘ ʿʝ ʭʝʤʠʿʩʢʘ ʧʨʦʤʝʥʘ, ʪʿ. ʭʝʤʠʿʩʢʘ ʨʝʘʢʮʠʿʘ.  

 

http://hemija.chem.bg.ac.rs/home.htm 

ɻ. ɼʝ ʄʘʨʩʠʿ, ʂʨʫʞʝˁʝ ʚʦʜʝ ʫ ʧʨʠʨʦʜʠ, ɿʨʥʮʘ ʥʘʫʢʘ 3, ɿʘʚʦʜ ʟʘ ʫ˅ʙʝʥʠʢʝ ʠ 

     T2       ʥʘʩʪʘʚʥʘ ʩʨʝʜʩʪʚʘ, ɹʝʦʛʨʘʜ, 2004. 

ʄ. ɾʠʣʿʘ, ɺʘʪʨʘ ʠ ʩʘʛʦʨʝʚʘˁʝ, ɿʨʥʮʘ ʥʘʫʢʘ 2, ɿʚʘʦʜ ʟʘ ʫ˅ʙʝʥʠʢʝ ʠ ʥʘʩʪʘʚʥʘ 

ʩʨʝʜʩʪʚʘ, ɼʨʫʰʪʚʦ ʬʠʟʠʯʘʨʘ ʉʨʙʠʿʝ, ɹʝʦʛʨʘʜ, 2004 

 

ɿʘʜʘʮʠ ʟʘ ʩʘʤʦʝʚʘʣʫʘʮʠʿʫ ʧʦʣʘʟʥʠʢʘ  

 

I T2.2. 

 

1. ɿʘʦʢʨʫʞʠʪʝ ɼɸ ʘʢʦ ʿʝ ʨʝʯʝʥʠʮʘ ʪʘʯʥʘ ʠʣʠ ʅɽ, ʘʢʦ ʥʠʿʝ. 

ʘ) ʂʘʜʘ ʚʦʜʘ ʟʘʤʨʟʥʝ ʥʘʩʪʘʣʘ ʿʝ ʥʦʚʘ ʩʫʧʩʪʘʥʮʘ.                ɼɸ ï ʅɽ 

ʙ) ʂʘʜʘ ʘʣʢʦʭʦʣ ʠʩʧʘʨʠ ʜʝʩʠʣʘ ʩʝ ʬʠʟʠʯʢʘ ʧʨʦʤʝʥʘ.        ɼɸ ï ʅɽ 

ʚ) ɻʘʰʝˁʝ ʢʨʝʯʘ ʿʝ ʭʝʤʠʿʩʢʘ ʧʨʦʤʝʥʘ.                                 ɼɸ ï ʅɽ 

ʛ) ʉʝʯʘ ʜʨʚʝʪʘ ʿʝ ʭʝʤʠʿʩʢʘ ʧʨʦʤʝʥʘ.                                     ɼɸ - ʅɽ  

 

2. ɿʘʦʢʨʫʞʠʪʝ ʩʣʦʚʦ ʠʩʧʨʝʜ ʪʘʯʥʦʛ ʦʜʛʦʚʦʨʘ. ʍʝʤʠʿʩʢʫ ʧʨʦʤʝʥʫ ʧʘʨʘʬʠʥʘ ʦʜ ʢʦʛʘ ʿʝ 

ʥʘʧʨʘʚˀʝʥʘ ʩʚʝ˂ʘ ʧʨʝʜʩʪʘʚˀʘ: 

ʘ) ʪʦʧˀʝˁʝ           ʙ) ʩʘʛʦʨʝʚʘˁʝ           ʚ) ʦʯʚʨʰ˂ʘʚʘˁʝ           ʛ) ʠʩʧʘʨʘʚʘˁʝ 

 

3.  ɿʘʦʢʨʫʞʠʪʝ ʩʣʦʚʦ ʠʩʧʨʝʜ ʪʘʯʥʝ ʪʚʨʜˁʝ. ʍʝʤʠʿʩʢʫ ʧʨʦʤʝʥʫ ʩʫʧʩʪʘʥʮʝ ʧʨʝʜʩʪʘʚˀʘ: 

ʘ) ʮʝʧʘˁʝ ʭʘʨʪʠʿʝ       ʙ) ʩʘʛʦʨʝʚʘˁʝ ʭʘʨʪʠʿʝ       ʚ) ʩʘʚʠʿʘˁʝ ʭʘʨʪʠʿʝ       ʛ) ʚʣʘʞʝˁʝ ʭʘʨʪʠʿʝ  
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4. ʅʘ ʟʠʜʦʚʠʤʘ ʯʘʿʥʠʢʘ ʩʝ ʥʘʪʘʣʦʞʠʦ ʢʘʤʝʥʘʮ. ʂʘʜʘ ʩʝ ʫ ʯʘʿʥʠʢ ʩʠʧʘ ʩʠʨ˂ʝ ʚʠʜʝ ʩʝ 

ʤʝʭʫʨʠ˂ʠ, ʘ ʢʘʤʝʥʘʮ ʧʦʩʣʝ ʥʝʢʦʛ ʚʨʝʤʝʥʘ ʥʝʩʪʘʿʝ ʩʘ ʟʠʜʦʚʘ ʯʘʿʥʠʢʘ. ɿʘʦʢʨʫʞʠʪʝ ʩʣʦʚʦ 

ʠʩʧʨʝʜ ʪʘʯʥʦʛ ʦʜʛʦʚʦʨʘ. ʏʘʿʥʠʢ ʿʝ ʦʯʠʰ˂ʝʥ ʦʜ ʢʘʤʝʥʮʘ: 

         ʘ) ʭʝʤʠʿʩʢʦʤ ʧʨʦʤʝʥʦʤ;          ʙ) ʬʠʟʠʯʢʦʤ ʧʨʦʤʝʥʦʤ   

 

            

              I T2.1-2 ï ʤʘʪʝʨʠʿʘʣ ʟʘ ʧʦʣʘʟʥʠʢʝ ʩʘ ʥʘʧʨʝʜʥʠʤ ʩʘʜʨʞʘʿʠʤʘ ʠ ʟʘʜʘʮʠ ʟʘ 

                               ʩʘʤʦʝʚʘʣʫʘʮʠʿʫ ʧʦʣʘʟʥʠʢʘ 

    II T2.1.ï ʟʘʜʘʮʠ ʟʘ ʧʨʦʮʝʥʫ ʥʘʧʨʝʜʦʚʘˁʘ ʧʦʣʘʟʥʠʢʘ 

 

ɿʘʢʦʥ ʦʜʨʞʘˁʘ ʤʘʩʝ 

ʍʝʤʠʿʘ ʠʟʫʯʘʚʘ ʩʫʧʩʪʘʥʮʝ, ˁʠʭʦʚʫ ʩʪʨʫʢʪʫʨʫ, ʩʚʦʿʩʪʚʘ, ʧʨʦʤʝʥʝ ʢʦʿʠʤʘ ʧʦʜʣʝʞʫ ʠ 

ʟʘʢʦʥʝ ʧʦ ʢʦʿʠʤʘ ʩʝ ʪʝ ʧʨʦʤʝʥʝ ʦʜʚʠʿʘʿʫ. ʀʟʚʝʜʠʤʦ ʦʛʣʝʜ ʢʦʿʠ ˂ʝ ʥʘʤ ʧʦʤʦ˂ʠ ʜʘ ʫʦʯʠʤʦ ʿʝʜʘʥ 

ʦʜ ʦʩʥʦʚʥʠʭ ʟʘʢʦʥʘ ʢʦʿʠ ʚʘʞʠ ʟʘ ʭʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ.  

ʆʛʣʝʜ 2.2. ʀʩʧʠʪʠʚʘˁʝ ʢʘʢʚʘ ʿʝ ʫʢʫʧʥʘ ʤʘʩʘ ʩʫʧʩʪʘʥʮʠ ʧʨʝ ʠ ʧʦʩʣʝ ʭʝʤʠʿʩʢʝ 

ʨʝʘʢʮʠʿʝ. 

ʇʨʠʙʦʨ ɼʚʝ ʯʘʰʝ, ʜʠʛʠʪʘʣʥʘ ʚʘʛʘ. 

ʉʫʧʩʪʘʥʮʝ ʈʘʩʪʚʦʨ ʥʘʪʨʠʿʫʤ-ʭʣʦʨʠʜʘ (NaCl), ʨʘʩʪʚʦʨ ʩʨʝʙʨʦ-ʥʠʪʨʘʪʘ (AgNO3) 

ʆʧʠʩ 

ʧʦʩʪʫʧʢʘ 

ʅʘ ʚʘʛʫ ʩʪʘʚʠʪʝ ʯʘʰʝ ʩʘ ʨʘʩʪʚʦʨʠʤʘ ʥʘʪʨʠʿʫʤ-ʭʣʦʨʠʜʘ (NaCl) ʠ ʩʨʝʙʨʦ-ʥʠʪʨʘʪʘ 

(AgNO3). ɿʘʙʝʣʝʞʠʪʝ ʤʘʩʫ ʢʦʿʫ ʧʦʢʘʟʫʿʝ ʚʘʛʘ. ɼʦʜʘʿʪʝ ʨʘʩʪʚʦʨ ʩʨʝʙʨʦ-ʥʠʪʨʘʪʘ ʫ 

ʯʘʰʫ ʩʘ ʨʘʩʪʚʦʨʦʤ ʥʘʪʨʠʿʫʤ-ʭʣʦʨʠʜʘ ʠ ʧʨʘʟʥʫ ʯʘʰʫ ʚʨʘʪʠʪʝ ʥʘ ʚʘʛʫ. 

ɿʘʙʝʣʝʞʠʪʝ ʧʦʥʦʚʦ ʤʘʩʫ.  

ʈʝʟʫʣʪʘʪ  

ɺʝ˂ ʩʤʦ ʟʘʢˀʫʯʠʣʠ ʜʘ ʢʘʜʘ ʩʝ ʧʦʤʝʰʘʿʫ ʨʘʩʪʚʦʨʠ ʥʘʪʨʠʿʫʤ-ʭʣʦʨʠʜʘ ʠ ʩʨʝʙʨʦ-ʥʠʪʨʘʪʘ 

ʜʦʣʘʟʠ ʜʦ ʭʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ ʿʝʨ ʥʘʩʪʘʿʝ ʩʫʧʩʪʘʥʮʘ ʯʠʿʘ ʿʝ ʨʘʩʪʚʦʨˀʠʚʦʩʪ ʫ ʚʦʜʠ ʤʘʣʘ. ʆʛʣʝʜ 

2.2. ʿʝ ʧʦʢʘʟʘʦ ʜʘ ʿʝ ʤʘʩʘ ʩʫʧʩʪʘʥʮʠ ʧʨʝ ʧʨʦʤʝʥʝ ʿʝʜʥʘʢʘ ʤʘʩʠ ʩʫʧʩʪʘʥʮʠ ʧʦʩʣʝ ʧʨʦʤʝʥʝ. ʊʦ 

ʚʘʞʠ ʟʘ ʩʚʝ ʭʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ, ʘ ʠʩʢʘʟʘʥʦ ʿʝ ɿʘʢʦʥʦʤ ʦʜʨʞʘˁʘ ʤʘʩʝ. 

ɿʘʢʦʥ ʦʜʨʞʘˁʘ ʤʘʩʝ: ʋʢʫʧʥʘ ʤʘʩʘ ʩʫʧʩʪʘʥʮʠ ʧʨʝ ʧʨʦʤʝʥʝ ʿʝʜʥʘʢʘ ʿʝ ʫʢʫʧʥʦʿ ʤʘʩʠ 

ʩʫʧʩʪʘʥʮʠ ʧʦʩʣʝ ʧʨʦʤʝʥʝ.  

 

ʆʛʣʝʜ 2.2. ʫʧʫ˂ʫʿʝ ʥʘ ʚʘʞʘʥ ʟʘʢˀʫʯʘʢ: ʩʚʠ ʘʪʦʤʠ ʢʦʿʠ ʩʫ ʧʦʩʪʦʿʘʣʠ ʧʨʝ ʭʝʤʠʿʩʢʝ 

ʨʝʘʢʮʠʿʝ, ʧʦʩʪʦʿʝ ʠ ʧʦʩʣʝ ʭʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ, ʩʘʤʦ ʩʫ ʜʨʫʛʘʯʠʿʝ ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʘʥʠ. ɼʘ ʙʠ 

ʜʦʰʣʦ ʜʦ ʭʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ ʚʘʞʥʦ ʿʝ ʜʘ ʯʝʩʪʠʮʝ ʢʦʿʝ ʠʟʛʨʘʹʫʿʫ ʩʫʧʩʪʘʥʮʝ ʤʝʹʫʩʦʙʥʦ ʜʦʹʫ ʫ 

ʢʦʥʪʘʢʪ, ʪʿ. ʜʘ ʩʝ ʩʫʜʘʨʝ. ʊʦʤ ʧʨʠʣʠʢʦʤ ʥʝʢʝ ʚʝʟʝ ʤʝʹʫ ʯʝʩʪʠʮʘʤʘ ʩʝ ʨʘʩʢʠʜʘʿʫ, ʘ ʥʦʚʝ 

ʫʩʧʦʩʪʘʚˀʘʿʫ. ɿʘʪʦ ʥʘ ʢʨʘʿʫ ʥʘʩʪʘʿʝ ʥʦʚʘ ʩʫʧʩʪʘʥʮʘ, ʢʦʿʫ ʠʟʛʨʘʹʫʿʫ ʜʨʫʛʘʯʠʿʝ ʤʝʹʫʩʦʙʥʦ 

ʫʜʨʫʞʝʥʠ ʘʪʦʤʠ (ʠʣʠ ʿʦʥʠ). ʇʨʠ ʪʦʤʝ ʥʝ ʥʘʩʪʘʿʫ ʥʦʚʠ ʘʪʦʤʠ, ʠ ʧʦʰʪʦ ʩʫ ʠʩʪʠ ʘʪʦʤʠ 

ʧʨʠʩʫʪʥʠ ʠ ʧʨʝ ʠ ʧʦʩʣʝ ʭʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ, ʤʘʩʘ ʩʫʧʩʪʘʥʮʠ ʧʨʝ ʠ ʧʦʩʣʝ ʭʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ 

ʦʩʪʘʿʝ ʥʝʧʨʦʤʝˁʝʥʘ.  
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ʍʝʤʠʿʩʢʝ ʿʝʜʥʘʯʠʥʝ 

ʍʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʝ ʧʦʤʦ˂ʫ ʭʝʤʠʿʩʢʠʭ ʿʝʜʥʘʯʠʥʘ. ʉʠʤʙʦʣʠ ʠ ʬʦʨʤʫʣʝ 

ʩʫʧʩʪʘʥʮʠ ʢʦʝʿ ʩʪʫʧʘʿʫ ʫ ʨʝʘʢʮʠʿʫ (ʧʦʣʘʟʥʝ ʩʫʧʩʪʘʥʮʝ ʠʣʠ ʨʝʘʢʪʘʥʪʠ) ʧʠʰʫ ʩʝ ʩ ʣʝʚʝ ʩʪʨʘʥʝ 

ʿʝʜʥʘʯʠʥʝ ʭʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ, ʘ ʩʠʤʙʦʣʠ ʠʣʠ ʬʦʨʤʫʣʝ ʩʫʧʩʪʘʥʮʠ ʢʦʿʝ ʥʘʩʪʘʿʫ ʫ ʭʝʤʠʿʩʢʦʿ 

ʨʝʘʢʮʠʿʠ (ʧʨʦʠʟʚʦʜʠ ʨʝʘʢʮʠʿʝ) ʧʠʰʫ ʩʝ ʩ ʜʝʩʥʝ ʩʪʨʘʥʝ ʭʝʤʠʿʩʢʝ ʿʝʜʥʘʯʠʥʝ. ʃʝʚʘ ʠ ʜʝʩʥʘ 

ʩʪʨʘʥʘ ʭʝʤʠʿʩʢʝ ʿʝʜʥʘʯʠʥʝ ʧʦʚʝʟʫʿʫ ʩʝ ʧʦʤʦ˂ʫ ʩʪʨʝʣʠʮʝ, ­, ʢʦʿʘ ʧʦʢʘʟʫʿʝ ʫ ʢʦʤ ʩʤʝʨʫ ʩʝ 

ʦʜʚʠʿʘ ʨʝʘʢʮʠʿʘ.  

 ʇʨʝʜʩʪʘʚʠʤʦ ʩʘʜʘ ʭʝʤʠʿʩʢʠʤ ʿʝʜʥʘʯʠʥʘʤʘ ʨʝʘʢʮʠʿʝ ʫ ʦʛʣʝʜʫ 2.1: 

1. NaHCO3 + CH3COOH ­ CH3COONa + CO2 + H2O 

2. CuSO4 + Fe ­ FeSO4 + Cu 

3. AgNO3 + NaCl ­ NaNO3 + AgCl 

4. CaO + H2O ­ Ca(OH)2 

 

ɼʘ ʙʠ ʿʝʜʥʘʯʠʥʘ ʭʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ ʙʠʣʘ ʧʨʘʚʠʣʥʦ ʥʘʧʠʩʘʥʘ ʦʥʘ ʤʦʨʘ ʜʘ ʧʦʢʘʟʫʿʝ 

ʚʘʞʝˁʝ ɿʘʢʦʥʘ ʦʜʨʞʘˁʘ ʤʘʩʝ, ʘ ʪʦ ʟʥʘʯʠ ʜʘ ʙʨʦʿ ʘʪʦʤʘ ʩʚʘʢʦʛ ʝʣʝʤʝʥʪʘ ʩ ʣʝʚʝ ʩʪʨʘʥʝ 

ʭʝʤʠʿʩʢʝ ʿʝʜʥʘʯʠʥʝ ʤʦʨʘ ʙʠʪʠ ʿʝʜʥʘʢ ʙʨʦʿʫ ʘʪʦʤʘ ʩ ʜʝʩʥʝ ʩʪʨʘʥʝ ʭʝʤʠʿʩʢʝ ʿʝʜʥʘʯʠʥʝ. ʊʦ ʩʝ 

ʤʦʞʝ ʧʦʩʪʠ˂ʠ ʫʚʦʹʝˁʝʤ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʙʨʦʿʘ, ʢʦʿʠ ʩʝ ʥʘʟʠʚʘ ʢʦʝʬʠʮʠʿʝʥʪ, ʠʩʧʨʝʜ ʩʠʤʙʦʣʘ, 

ʦʜʥʦʩʥʦ ʬʦʨʤʫʣʘ ʩʫʧʩʪʘʥʮʠ ʫ ʭʝʤʠʿʩʢʦʿ ʿʝʜʥʘʯʠʥʠ. ʇʨʠ ʪʦʤʝ, ʢʦʝʬʠʮʠʿʝʥʪʠ ʪʨʝʙʘ ʜʘ ʙʫʜʫ 

ʥʘʿʤʘˁʠ ʮʝʣʠ ʙʨʦʿʝʚʠ 

ʋ ʿʝʜʥʘʯʠʥʠ ʭʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ ʠʟʤʝʹʫ ʮʠʥʢʘ ʠ ʭʣʦʨʦʚʦʜʦʥʠʯʥʝ ʢʠʩʝʣʠʥʝ:  

Zn + HCl ­ H2 + ZnCl2 

ʚʠʜʠʤʦ ʜʘ ʙʨʦʿ ʘʪʦʤʘ ʚʦʜʦʥʠʢʘ ʠ ʭʣʦʨʘ ʥʠʿʝ ʠʩʪʠ ʩ ʣʝʚʝ ʠ ʜʝʩʥʝ ʩʪʨʘʥʝ ʿʝʜʥʘʯʠʥʝ. ʅʘ ʣʝʚʦʿ 

ʩʪʨʘʥʠ ʿʝʜʥʘʯʠʥʝ ʿʝ ʿʝʜʘʥ ʘʪʦʤ ʚʦʜʦʥʠʢʘ, ʘ ʥʘ ʜʝʩʥʦʿ ʜʚʘ. ʀʩʪʦ ʚʘʞʠ ʠ ʟʘ ʙʨʦʿ ʘʪʦʤʘ ʭʣʦʨʘ. 

ʋʚʦʹʝˁʝʤ ʢʦʝʬʠʮʠʿʝʥʪʘ 2 ʠʩʧʨʝʜ ʬʦʨʤʫʣʝ ʭʣʦʨʦʚʦʜʦʥʠʯʥʝ ʢʠʩʝʣʠʥʝ ʪʘʿ ʧʨʦʙʣʝʤ ʨʝʰʘʚʘʤʦ. 

ʇʨʝʤʘ ʪʦʤʝ, ʧʨʘʚʠʣʥʦ ʥʘʧʠʩʘʥʘ ʭʝʤʠʿʩʢʘ ʿʝʜʥʘʯʠʥʘ ʛʣʘʩʠ: Zn + 2HCl ­ H2 + ZnCl2 

ʍʝʤʠʿʩʢʝ ʿʝʜʥʘʯʠʥʝ ʩʫ ʚʝʦʤʘ ʚʘʞʥʝ ʿʝʨ ʦʥʝ ʥʝ ʦʧʠʩʫʿʫ ʩʘʤʦ ʢʦʿʝ ʩʫʧʩʪʘʥʮʝ ʤʝʹʫʩʦʙʥʦ 

ʨʝʘʛʫʿʫ ʠ ʢʦʿʠ ʧʨʦʠʟʚʦʜʠ ʥʘʩʪʘʿʫ, ʚʝ˂ ʠ ʢʦʣʠʢʦ ʢʦʿʝ ʩʫʧʩʪʘʥʮʝ ʫʯʝʩʪʚʫʿʝ ʫ ʨʝʘʢʮʠʿʠ (ʢʦʣʠʢʘ 

ʤʘʩʘ, ʠʣʠ ʙʨʦʿ ʯʝʩʪʠʮʘ). ʆʩʥʦʚʥʠ ʟʘʢʦʥ ʢʦʿʠ ʩʝ ʧʨʠ ʪʦʤʝ ʤʦʨʘ ʠʤʘʪʠ ʫ ʚʠʜʫ ʿʝʩʪʝ ɿʘʢʦʥ 

ʦʜʨʞʘˁʘ ʤʘʩʝ. 

 

1. ʅʘ ʚaʛʠ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ ʥʘʣʘʟʝ ʩʝ ʜʚʝ ʯʘʰʝ. ʋ ʿʝʜʥʦʿ ʯʘʰʠ ʿʝ ʩʫʧʩʪʘʥʮʘ ɸ, ʘ ʫ ʜʨʫʛʦʿ ʯʘʰʠ 

ʩʫʧʩʪʘʥʮʘ ɺ. ɺʘʛʘ ʧʦʢʘʟʫʿʝ ʤʘʩʫ ʢʘʦ ʰʪʦ ʧʨʠʢʘʟʫʿʝ ʩʣʠʢʘ 1. ʉʫʧʩʪʘʥʮʘ ɺ ʩʝ ʜʦʜʘ ʫ ʯʘʰʫ ʩʘ 

ʩʫʧʩʪʘʥʮʦʤ ɸ ʠ ʧʨʘʟʥʘ ʯʘʰʘ ʩʝ ʚʨʘʪʠ ʥʘ ʚʘʛʫ. ʆʙʿʘʩʥʠʪʝ ʟʘʰʪʦ ʚʘʛʘ ʧʦʢʘʟʫʿʝ ʤʘʩʫ ʢʘʦ ʥʘ 

ʩʣʠʮʠ 2? 

 

 

 

  
ʉʣʠʢʘ 1 ʉʣʠʢʘ 2 
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ʆɹʃɸʉʊ/ʊɽʄɸ 3: ʉʄɽʐɽ ʉʋʇʉʊɸʅʎʀ ʋ ʇʈʀʈʆɼʀ ʀ ʇʈɸʂʉʀ 

 

ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʩʘʜʨʞʘʿʘ ʫ ʦʢʚʠʨʫ ʦʙʣʘʩʪʠ/ ʪʝʤʝ 

 
 

ʉʤʝʝh ʩʫ ʩʢʫʧ ʜʚʝ ʠʣʠ ʚʠʰʝ ʯʠʩʪʠʭ ʩʫʧʩʪʘʥʮʠ ʢʦʿʝ ʤʝʹʫʩʦʙʥʦ ʥʝ ʨʝʘʛʫʿʫ, ʪʿ. 

ʩʘʩʪʦʿʮʠ ʩʤʝʰʘ ʟʘʜʨʞʘʚʘʿʫ ʩʚʦʿʘ ʩʚʦʿʩʪʚʘ, ʩʘʩʪʘʚ ʩʤʝʰʘ ʿʝ ʧʨʦʠʟʚʦˀʘʥ, ʘ ʩʚʦʿʩʪʚʘ 

ʩʤʝʰʘ ʟʘʚʠʩʝ ʦʜ ʦʜʥʦʩʘ ʢʦʣʠʯʠʥʘ ʩʘʩʪʦʿʘʢʘ. 

 ʈʘʩʪʚʦʨ ʿʝ ʭʦʤʦʛʝʥʘ ʩʤʝʰʘ, ʠʤʘ ʠʩʪʠ ʩʘʩʪʘʚ ʠ ʩʚʦʿʩʪʚʘ ʫ ʩʚʘʢʦʤ ʜʝʣʫ. ʉʘʩʪʦʿʮʠ 

ʨʘʩʪʚʦʨʘ ʤʦʛʫ ʙʠʪʠ ʨʘʟʣʠʯʠʪʝ ʩʫʧʩʪʘʥʮʝ, ʘʣʠ ʿʝ ʫʚʝʢ ʿʝʜʥʘ ʦʜ ˁʠʭ ʨʘʩʪʚʘʨʘʯ, ʘ 

ʦʩʪʘʣʝ ʩʫ ʨʘʩʪʚʦʨʝʥʝ ʩʫʧʩʪʘʥʮʝ. 

ʈʘʩʪʚʦʨˀʠʚʦʩʪ ʿʝ ʙʨʦʿ ʛʨʘʤʘ ʩʫʧʩʪʘʥʮʝ ʢʦʿʘ ʩʝ ʤʦʞʝ ʨʘʩʪʚʦʨʠʪʠ ʫ 100g ʨʘʩʪʚʘʨʘʯʘ 

ʥʘ ʦʜʨʝʹʝʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɿʘʩʠ˂ʝʥ ʨʘʩʪʚʦʨ ʿʝ ʨʘʩʪʚʦʨ ʫ ʢʦʤʝ ʿʝ ʨʘʩʪʚʦʨʝʥʘ ʤʘʢʩʠʤʘʣʥʘ ʤʘʩʘ ʩʫʧʩʪʘʥʮʝ ʢʦʿʘ ʩʝ 

ʤʦʞʝ ʨʘʩʪʚʦʨʠʪʠ ʫ ʦʜʨʝʹʝʥʦʿ ʤʘʩʠ ʨʘʩʪʚʘʨʘʯʘ ʥʘ ʦʜʨʝʹʝʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ.  

ʅʝʟʘʩʠ˂ʝʥʠ ʨʘʩʪʚʦʨ ʿʝ ʨʘʩʪʚʦʨ ʢʦʿʠ ʩʘʜʨʞʠ ʤʘˁʝ ʨʘʩʪʚʦʨʝʥʝ ʩʫʧʩʪʘʥʮʝ ʥʝʛʦ ʰʪʦ ʿʝ 

ˁʝʥʘ ʨʘʩʪʚʦʨˀʠʚʦʩʪ ʟʘ ʜʘʪʫ ʪʝʤʧʝʨʘʪʫʨʫ ʫ ʦʜʨʝʹʝʥʦʿ ʤʘʩʠ ʨʘʩʪʚʘʨʘʯʘ.  

ʇʨʝʟʘʩʠ˂ʝʥʠ ʨʘʩʪʚʦʨ ʿʝ ʨʘʩʪʚʦʨ ʫ ʢʦʤʝ ʿʝ ʤʘʩʘ ʨʘʩʪʚʦʨʝʥʝ ʩʫʧʩʪʘʥʮʝ ʚʝ˂ʘ ʦʜ ˁʝʥʝ 

ʨʘʩʪʚʦʨˀʠʚʦʩʪʠ ʫ ʦʜʨʝʹʝʥʦʿ ʤʘʩʠ ʨʘʩʪʚʘʨʘʯʘ ʥʘ ʦʜʨʝʹʝʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʇʨʦʮʝʥʪʥʠ ʩʘʩʪʘʚ ʨʘʩʪʚʦʨʘ ʧʨʝʜʩʪʘʚˀʘ ʙʨʦʿ ʛʨʘʤʘ ʨʘʩʪʚʦʨʝʥʝ ʩʫʧʩʪʘʥʮʝ ʫ 100 g 

ʨʘʩʪʚʦʨʘ. 

 

ʉ. ɸʥʪʠ˂, ʈ. ɱʘʥʢʦʚ, ɸ. ʇʝʰʠʢʘʥ, ʂʘʢʦ ʧʨʠʙʣʠʞʠʪʠ ʜʝʮʠ ʧʨʠʨʦʜʥʝ ʥʘʫʢʝ ʢʨʦʟ 

ʘʢʪʠʚʥʦ ʫʯʝˁʝ, ɿʙʠʨʢʘ ʩʮʝʥʘʨʠʿʘ, ʀʥʩʪʠʪʫʪ ʟʘ ʧʩʠʭʦʣʦʛʠʿʫ, ɹʝʦʛʨʘʜ, 2005 
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ɿʘʜʘʮʠ ʟʘ ʧʨʦʮʝʥʫ ʥʘʧʨʝʜʦʚʘˁʘ ʧʦʣʘʟʥʠʢʘ 

 

              II  T3.1. 

 

1. ɿʘʦʢʨʫʞʠʪʝ ʩʣʦʚʦ ʠʩʧʨʝʜ ʪʘʯʥʦʛ ʦʜʛʦʚʦʨʘ. 

ʂʦʿʠ ʦʜ ʥʘʚʝʜʝʥʠʭ ʧʨʠʤʝʨʘ ʿʝ ʩʤʝʰʘ? 

ʘ) ʢʠʩʝʦʥʠʢ          ʙ) ʚʘʟʜʫʭ          ʚ) ʘʟʦʪ          ʛ) ʫʛˀʝʥ-ʜʠʦʢʩʠʜ 

 

2. ɿʘʦʢʨʫʞʠʪʝ ʩʣʦʚʦ ʠʩʧʨʝʜ ʪʘʯʥʦʛ ʦʜʛʦʚʦʨʘ. 

ʂʦʿʠ ʦʜ ʥʘʚʝʜʝʥʠʭ ʧʨʠʤʝʨʘ ʿʝ ʩʤʝʰʘ? 

ʘ) ʙʘʢʘʨ           ʙ) ʮʠʥʢ          ʚ) ʤʝʩʠʥʛ          ʛ) ʘʣʫʤʠʥʠʿʫʤ 

 

3. ɿʘʦʢʨʫʞʠʪʝ ʩʣʦʚʦ ʠʩʧʨʝʜ ʪʘʯʥʦʛ ʦʜʛʦʚʦʨʘ. 

ʂʦʿʠ ʦʜ ʥʘʚʝʜʝʥʠʭ ʧʨʠʤʝʨʘ ʅʀɱɽ ʩʤʝʰʘ? 

ʘ) ʿʦʛʫʨʪ          ʙ) ʤʣʝʢʦ          ʚ) ʯʦʢʦʣʘʜʘ          ʛ) ʢʫʭʠˁʩʢʘ ʩʦ 

 

4. ɿʘʦʢʨʫʞʠʪʝ ʩʣʦʚʦ ʠʩʧʨʝʜ ʪʘʯʥʦʛ ʦʜʛʦʚʦʨʘ. 

ʇʨʦʮʝʩ ʢʘʜʘ ʤʘʰʘˁʝʤ ʜʚʝ ʩʫʧʩʪʘʥʮʝ ʥʘʩʪʘʿʝ ʭʦʤʦʛʝʥʘ ʩʤʝʰʘ ʥʘʟʠʚʘ ʩʝ: 

ʘ) ʫʩʠʪˁʘʚʘˁʝ           ʙ) ʦʢʩʠʜʘʮʠʿʘ          ʚ) ʨʘʩʪʚʘʨʘˁʝ 

 

5. ɿʘʦʢʨʫʞʠʪʝ ʩʣʦʚʦ ʠʩʧʨʝʜ ʪʘʯʥʦʛ ʦʜʛʦʚʦʨʘ. 

ʈʘʩʪʚʦʨ ʿʝ: 

ʘ) ʜʠʤ          ʙ) ʢʠʩʝʦʥʠʢ          ʚ) ʘʟʦʪ           ʛ) ʚʘʟʜʫʭ 

                                                             

6. ɿʘ ʚʨʝʤʝ ʝʧʠʜʝʤʠʿʝ ʛʨʠʧʘ ɸʥʜʨʠʿʘ ʿʝ ʫ ʘʧʦʪʝʮʠ ʢʫʧʠʦ ʩʨʝʜʩʪʚʦ ʟʘ ʜʝʟʠʥʬʝʢʮʠʿʫ ʨʫʢʫ. 

ɸʧʦʪʝʢʘʨʢʘ ʿʝ, ʜʘʿʫ˂ʠ ʜʝʟʠʥʬʝʢʮʠʦʥʦ ʩʨʝʜʩʪʚʦ, ʦʙʿʘʩʥʠʣʘ: Ăʆʚʜʝ ʠʤʘʪʝ 100g  5% ʨʘʩʪʚʦʨʘ. 

ɿʘ ʜʝʟʠʥʬʝʢʮʠʿʫ ʨʫʢʫ ʢʦʨʠʩʪʠʪʝ 2% ʨʘʩʪʚʦʨ. ʄʦʞʝʪʝ ʩʘʤʠ ʢʦʜ ʢʫ˂ʝ ʥʘʧʨʘʚʠʪʠ  2% ʨʘʩʪʚʦʨ 

ʪʘʢʦ ʰʪʦ ˂ʝʪʝ ʜʦʜʘʪʠ ʚʦʜʫ ʫ 5% ʨʘʩʪʚʦʨ.ñ ɸʥʜʨʠʿʘ ʿʝ ʢʦʜ ʢʫ˂ʝ ʫʟʝʦ ʧʨʘʟʥʫ ʙʦʮʫ, ʧʨʝʩʫʦ ʫ 

ˁʫ ʨʘʩʪʚʦʨ, ʜʦʜʘʦ ʚʦʜʫ ʠ ʥʘʧʨʘʚʠʦ 2% ʨʘʩʪʚʦʨ. ʂʦʣʠʢʦ ʛʨʘʤʘ ʚʦʜʝ ʿʝ ɸʥʜʨʠʿʘ ʜʦʜʘʦ ʜʘ ʙʠ 

ʦʜ ʢʫʧˀʝʥʦʛ ʨʘʩʪʚʦʨʘ ʥʘʧʨʘʚʠʦ 2% ʨʘʩʪʚʦʨ? 

 

7. ʌʠʟʠʦʣʦʰʢʠ ʨʘʩʪʚʦʨ ʿʝ 0,9% ʚʦʜʝʥʠ ʨʘʩʪʚʦʨ ʥʘʪʨʠʿʫʤ-ʭʣʦʨʠʜʘ 

(ʢʫʭʠˁʩʢʝ ʩʦʣʠ). ʂʦʣʠʢʦ ʛʨʘʤʘ ʥʘʪʨʠʿʫʤ-ʭʣʦʨʠʜʘ ʫʥʝʩʝ ʧʘʮʠʿʝʥʪ 

ʧʨʠʤʘˁʝʤ 500g ʦʚʝ ʠʥʬʫʟʠʿʝ? 
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ʀʟʙʦʨ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʧʦʣʘʟʥʠʢʘ  

  I T3.1.                              ʉʄɽʐɽ 

ʋ ʧʨʠʨʦʜʠ ʩʝ ʨʝʪʢʦ ʥʘʣʘʟʝ ʯʠʩʪʝ ʩʫʩʧʘʪʥʮʝ. ʅʘʿʯʝʰ˂ʝ ʩʫ ʠʟʤʝʰʘʥʝ ʜʚʝ ʠʣʠ ʚʠʰʝ 

ʩʫʧʩʪʘʥʮʠ, ʦʙʨʘʟʫʿʫ˂ʠ ʩʤʝʰʫ. ʊʝʣʘ ʦʢʦ ʥʘʩ ʥʘʧʨʘʚˀʝʥʘ ʩʫ ʦʜ ʤʘʪʝʨʠʿʘʣʘ
2
 ʢʦʿʝ ʫʛʣʘʚʥʦʤ 

ʯʠʥʝ ʚʠʰʝ ʠʟʤʝʰʘʥʠʭ ʩʫʧʩʪʘʥʮʠ. ʉʚʝ ʰʪʦ ʿʝʜʝʤʦ ʠ ʧʠʿʝʤʦ, ʰʪʦ ʦʙʣʘʯʠʤʦ, ʩʨʝʜʩʪʚʘ ʟʘ 

ʭʠʛʠʿʝʥʫ, ʣʝʢʦʚʠ ʠ ʙʨʦʿʥʠ ʜʨʫʛʠ ʧʨʠʤʝʨʠ ʿʝʩʫ ʩʤʝʰʝ ʩʫʧʩʪʘʥʮʠ. ʅʝʢʘʜʘ ʩʘʩʪʦʿʢʝ ʩʤʝʰʝ 

ʤʦʞʝʤʦ ʣʘʢʦ ʫʦʯʠʪʠ (ʥʘ ʧʨʠʤʝʨ, ʩʘʩʪʦʿʢʝ ʩʫʧʝ, ʢʘʬʝ, ʙʘʨʩʢʝ ʚʦʜʝ, ʟʝʤˀʠʰʪʘ), ʘ ʥʝʢʘʜʘ ʥʝ 

(ʥʘ ʧʨʠʤʝʨ, ʩʘʩʪʦʿʢʝ ʚʦʜʝ ʟʘ ʧʠ˂ʝ, ʙʠʩʪʨʦʛ ʩʦʢʘ, ʚʘʟʜʫʭʘ).  

ʇʦʰʪʦ ʩʫʧʩʪʘʥʮʝ ʫ ʩʤʝʰʠ ʤʝʹʫʩʦʙʥʦ ʥʝ ʨʝʘʛʫʿʫ, ʦʥʝ ʟʘʜʨʞʘʚʘʿʫ ʩʚʦʿʘ ʩʚʦʿʩʪʚʘ ʫ 

ʩʤʝʰʠ. ʅʘ ʪʦ ʥʘʤ ʫʢʘʟʫʿʝ ʠ ʩʚʘʢʦʜʥʝʚʥʦ ʠʩʢʫʩʪʚʦ: ʰʝ˂ʝʨ ʿʝ ʩʣʘʜʘʢ, ʘ ʢʘʜʘ ʛʘ ʜʦʜʘʤʦ ʫ 

ʣʠʤʫʥʘʜʫ ʠ ʦʥʘ ʧʦʩʪʘʿʝ ʩʣʘʪʢʘ.  

ɼʨʫʛʦ ʚʘʞʥʦ ʩʚʦʿʩʪʚʦ ʩʤʝʰʘ ʿʝʩʪʝ ʜʘ ʿʝ ʩʘʩʪʘʚ ʩʤʝʰʘ ʧʨʦʠʟʚʦˀʘʥ. ʇʦʰʪʦ ʿʝ ʩʘʩʪʘʚ 

ʩʤʝʰʘ ʧʨʦʠʟʚʦˀʘʥ, ʩʚʦʿʩʪʚʘ ʩʤʝʰʘ ʟʘʚʠʩʝ ʦʜ ʦʜʥʦʩʘ ʢʦʣʠʯʠʥʘ ʩʘʩʪʦʿʘʢʘ (ʣʠʤʫʥʘʜʘ ʿʝ ʩʣʘʹʘ 

ʘʢʦ ʩʤʦ ʜʦʜʘʣʠ ʚʠʰʝ ʰʝ˂ʝʨʘ, ʢʠʩʝʣʠʿʘ ʿʝ ʘʢʦ ʩʤʦ ʠʩʮʝʜʠʣʠ ʚʠʰʝ ʩʦʢʘ ʣʠʤʫʥʘ, ʠʪʜ.).  

ʉʤʝʰʝ ʤʦʛʫ ʙʠʪʠ ʫ ʨʘʟʣʠʯʠʪʠʤ ʘʛʨʝʛʘʪʥʠʤ ʩʪʘˁʠʤʘ: ʯʚʨʩʪʦʤ (ʥʘ ʧʨʠʤʝʨ, 

ʟʝʤˀʠʰʪʝ), ʪʝʯʥʦʤ (ʥʘ ʧʨʠʤʝʨ, ʨʝʯʥʘ ʚʦʜʘ, ʤʦʨʩʢʘ ʚʦʜʘ, ʚʦʜʘ ʟʘ ʧʠ˂ʝ), ʛʘʩʦʚʠʪʦʤ (ʥʘ 

ʧʨʠʤʝʨ, ʚʘʟʜʫʭ).  

ʉʘʩʪʦʿʮʠ ʩʤʝʰʝ ʤʦʛʫ ʙʠʪʠ ʪʘʢʦ ʠʟʤʝʰʘʥʠ ʜʘ ʩʤʝʰʘ ʫ ʩʚʘʢʦʤ ʜʝʣʫ ʠʤʘ ʠʩʪʠ ʩʘʩʪʘʚ ʠ, 

ʩʘʤʠʤ ʪʠʤ, ʠʩʪʘ ʩʚʦʿʩʪʚʘ. ʊʘʢʚʝ ʩʤʝʰʝ ʥʘʟʠʚʘʿʫ ʩʝ ʭʦʤʦʛʝʥʝ. ʂʘʜʘ ʧʠʿʝʤʦ ʚʦʜʫ ʟʘ ʧʠ˂ʝ ʦʥʘ  

ʠʤʘ ʩʪʘʣʥʦ ʠʩʪʠ ʫʢʫʩ. ʋ ʢʫʭʠˁʠ ʩʝ ʭʦʤʦʛʝʥʝ ʩʤʝʰʝ ʤʦʛʫ ʥʘʧʨʘʚʠʪʠ ʤʝʰʘˁʝʤ ʰʝ˂ʝʨʘ ʠ 

ʚʦʜʝ, ʢʫʭʠˁʩʢʝ ʩʦʣʠ ʠ ʚʦʜʝ. ʉʤʝʰʝ ʛʘʩʦʚʘ ʩʫ ʭʦʤʦʛʝʥʝ ʩʤʝʰʝ. ʃʝʛʫʨʝ, ʩʤʝʰʝ ʤʝʪʘʣʘ, ʢʘʦ 

ʰʪʦ ʿʝ, ʥʘ ʧʨʠʤʝʨ, ʤʝʩʠʥʛ ï ʩʤʝʰʘ ʙʘʢʨʘ ʠ ʮʠʥʢʘ, ʪʘʢʦʹʝ ʩʫ ʧʨʠʤʝʨʠ ʭʦʤʦʛʝʥʠʭ ʩʤʝʰʘ 

(ʧʨʦʥʘʹʠ ʥʘ ʀʥʪʝʨʥʝʪʫ ʪʝʢʩʪʦʚʝ ʦ ʣʝʛʫʨʘʤʘ ʠ ˁʠʭʦʚʦʿ ʧʨʘʢʪʠʯʥʦʿ ʧʨʠʤʝʥʠ).  

ʍʦʤʦʛʝʥʝ ʩʤʝʰʝ ʠʤʘʿʫ ʠʩʪʠ ʩʘʩʪʘʚ ʫ ʩʚʘʢʦʤ ʜʝʣʫ, ʘʣʠ ʦʥ ʥʠʿʝ ʩʪʘʣʘʥ ʠ ʨʘʟʣʠʢʫʿʝ ʩʝ 

ʟʘʚʠʩʥʦ ʦʜ ʦʜʥʦʩʘ ʢʦʣʠʯʠʥʘ ʧʦʤʝʰʘʥʠʭ ʩʘʩʪʦʿʘʢʘ. ʇʦʜʩʝʪʠʤʦ ʩʝ ʜʘ ˂ʝ ʩʤʝʰʘ ʙʠʪʠ ʩʣʘʹʘ ʘʢʦ 

ʩʤʦ ʫ ʯʘʰʫ ʚʦʜʝ ʩʠʧʘʣʠ ʜʚʝ ʢʘʰʠʢʝ ʰʝ˂ʝʨʘ ʠ ʧʨʦʤʝʰʘʣʠ, ʥʝʛʦ ʘʢʦ ʩʤʦ ʩʠʧʘʣʠ ʿʝʜʥʫ ʢʘʰʠʢʫ 

ʰʝ˂ʝʨʘ. ʋ ʦʙʘ ʩʣʫʯʘʿʘ ʜʦʙʠʿʝʥʝ ʩʫ ʭʦʤʦʛʝʥʝ ʩʤʝʰʝ ʠ ʩʚʘʢʘ ʦʜ ˁʠʭ ʧʦʥʘʦʩʦʙ ʠʤʘ ʠʩʪʠ ʩʘʩʪʘʚ 

ʠ ʠʩʪʘ ʩʚʦʿʩʪʚʘ ʫ ʩʚʘʢʦʤ ʜʝʣʫ, ʘʣʠ ʤʝʹʫʩʦʙʥʦ ʩʝ ʨʘʟʣʠʢʫʿʫ ʧʦ ʦʜʥʦʩʫ ʢʦʣʠʯʠʥʘ ʩʘʩʪʦʿʘʢʘ, 

ʚʦʜʝ ʠ ʰʝ˂ʝʨʘ.  

ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʙʘʨʩʢʘ ʚʦʜʘ ʥʝʤʘ ʠʩʪʠ ʩʘʩʪʘʚ ʫ ʩʚʘʢʦʤ ʜʝʣʫ ʘ, ʩʘʤʠʤ ʪʠʤ, ʥʠ ʩʚʦʿʩʪʚʘ. 

ʊʘʢʚʝ ʩʤʝʰʝ ʥʘʟʠʚʘʿʫ ʩʝ ʭʝʪʝʨʦʛʝʥʠʤ. ʇʦʿʝʜʠʥʠ ʩʘʩʪʦʿʮʠ ʭʝʪʝʨʦʛʝʥʠʭ ʩʤʝʰʘ ʯʝʩʪʦ ʩʫ 

ʚʠʜˀʠʚʠ ʛʦʣʠʤ ʦʢʦʤ, ʠʣʠ ʧʦʤʦ˂ʫ ʣʫʧʝ. ʇʨʠʧʨʝʤʘ ʭʨʘʥʝ ʫʛʣʘʚʥʦʤ ʧʨʝʜʩʪʘʚˀʘ ʧʨʘʚˀʝˁʝ 

ʭʝʪʝʨʦʛʝʥʠʭ ʩʤʝʰʘ. ʄʝʰʘˁʝʤ ʙʨʘʰʥʘ ʠ ʚʦʜʝ, ʢʘʬʝ ʠ ʚʦʜʝ, ʫˀʘ ʠ ʚʦʜʝ ʥʘʩʪʘʿʫ ʭʝʪʝʨʦʛʝʥʝ 

ʩʤʝʰʝ.      

ʋ ɿʝʤˀʠʥʦʿ ʢʦʨʠ ʯʝʩʪʦ ʩʝ ʥʘʣʘʟʠ ʧʦ ʥʝʢʦʣʠʢʦ ʫʜʨʫʞʝʥʠʭ ʤʠʥʝʨʘʣʘ. ʇʨʠʨʦʜʥʝ 

ʥʘʩʣʘʛʝ ʢʦʿʝ ʩʝ ʩʘʩʪʦʿʝ ʦʜ ʿʝʜʥʦʛ ʠʣʠ ʚʠʰʝ ʤʠʥʝʨʘʣʘ ʥʘʟʠʚʘʿʫ ʩʝ ʩʪʝʥʝ. ʄʠʥʝʨʘʣʠ ʢʦʿʠ 

ʩʘʜʨʞʝ ʥʝʢʠ ʤʝʪʘʣ ʫ ʜʦʚʦˀʥʦ ʚʠʩʦʢʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʜʘ ʩʝ ʦʥ ʠʟ ˁʠʭ ʤʦʞʝ ʜʦʙʠʪʠ ʥʘ 

ʝʢʦʥʦʤʠʯʘʥ ʥʘʯʠʥ, ʥʘʟʠʚʘʿʫ ʩʝ ʨʫʜʝ. ʈʫʜʝ ʩʫ ʯʠʩʪʠ ʤʠʥʝʨʘʣʠ ʠʣʠ ʩʤʝʰʝ ʤʠʥʝʨʘʣʘ. ʆʥʝ ʩʝ 

                                                 
2
 ʇʦʜ ʤʘʪʝʨʠʿʘʣʠʤʘ ʩʝ ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʩʫʧʩʪʘʥʮʝ ʢʦʿʝ ʟʙʦʛ ʩʚʦʿʠʭ ʬʠʟʠʯʢʠʭ ʩʚʦʿʩʪʘʚʘ ʠʤʘʿʫ ʦʜʨʝʹʝʥʫ ʧʨʘʢʪʠʯʥʫ 

ʧʨʠʤʝʥʫ. ɺʝ˂ʠʥʘ ʤʘʪʝʨʠʿʘʣʘ, ʙʠʣʦ ʜʘ ʩʫ ʧʨʠʨʦʜʥʠ ʠʣʠ ʠʥʜʫʩʪʨʠʿʩʢʠ ʧʨʦʠʟʚʦʜʠ, ʥʠʩʫ ʯʠʩʪʝ ʩʫʧʩʪʘʥʮʝ ʚʝ˂ 

ʩʤʝʰʝ ʩʫʧʩʪʘʥʮʠ.  
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ʩʘʩʪʦʿʝ ʦʜ ʢʦʨʠʩʥʠʭ ʤʠʥʝʨʘʣʘ ʠ ʿʘʣʦʚʠʥʝ. ʄʝʩʪʘ ʫ ʧʨʠʨʦʜʠ ʛʜʝ ʩʝ ʥʘʣʘʟʝ ʨʫʜʝ ʫ ʤʘˁʠʤ ʠʣʠ 

ʚʝ˂ʠʤ ʥʘʩʣʘʛʘʤʘ ʥʘʟʠʚʘʿʫ ʩʝ ʨʫʜʥʘ ʣʝʞʠʰʪʘ. ʈʫʜʝ ʩʝ ʤʦʛʫ ʚʘʜʠʪʠ ʫ ʨʫʜʥʠʮʠʤʘ, ʠʟ ʜʫʙʠʥʝ 

ɿʝʤˀʝ, ʠʣʠ ʩʝ ʟʘʭʚʘʪʘʪʠ ʩʘ ʧʦʚʨʰʠʥʩʢʠʭ ʢʦʧʦʚʘ. ʉʚʠ ʧʨʦʮʝʩʠ ʢʦʿʠʤʘ ʩʝ ʤʝʪʘʣʠ ʜʦʙʠʿʘʿʫ ʠʟ 

ʧʨʠʨʦʜʝ ʚʝʦʤʘ ʩʫ ʚʘʞʥʠ ʟʘ ʧʨʠʚʨʝʜʫ ʩʚʘʢʝ ʟʝʤˀʝ. ʆʥʠ ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʚʘʹʝˁʝ ʨʫʜʝ ʠʟ ʟʝʤˀʝ, 

ʫ ʨʫʜʥʠʮʠʤʘ, ʘ ʟʘʪʠʤ ʠ ʧʨʝʨʘʜʫ ʨʫʜʝ ʙʨʦʿʥʠʤ ʭʝʤʠʿʩʢʠʤ ʧʦʩʪʫʧʮʠʤʘ. ɼʝʦ ʭʝʤʠʿʝ ʢʦʿʠ ʩʝ 

ʪʠʤʝ ʙʘʚʠ ʟʦʚʝ ʩʝ ʤʝʪʘʣʫʨʛʠʿʘ.  

ʋ ʧʨʠʨʦʜʠ ʠʤʘ ʤʥʦʛʦ ʚʠʰʝ ʭʝʪʝʨʦʛʝʥʠʭ ʩʤʝʰʘ ʥʝʛʦ ʭʦʤʦʛʝʥʠʭ. ʋ ʥʘʩʪʘʚʢʫ ˂ʝʤʦ 

ʧʦʤʝʥʫʪʠ ʟʘ ʥʘʰ ʦʧʩʪʘʥʘʢ ʚʝʦʤʘ ʚʘʞʥʫ ʭʦʤʦʛʝʥʫ ʩʤʝʰʫ: ʚʘʟʜʫʭ.  

 

ɺʘʟʜʫʭ 

 

ɿʝʤˀʘ ʿʝ ʿʝʜʠʥʩʪʚʝʥʘ ʧʣʘʥʝʪʘ ʫ ʉʫʥʯʝʚʦʤ ʩʠʩʪʝʤʫ ʧʦ ʩʚʦʤ ʪʘʥʢʦʤ, ʘʣʠ ʟʘ ʦʧʩʪʘʥʘʢ 

ʞʠʚʦʪʘ ʥʘ ˁʦʿ, ʟʥʘʯʘʿʥʦʤ ʦʤʦʪʘʯʫ, ʢʦʿʠ ʟʦʚʝʤʦ ʘʪʤʦʩʬʝʨʘ. ʆʢʦ 99% ʘʪʤʦʩʬʝʨʝ ʿʝ ʫ ʦʙʣʘʩʪʠ 

ʜʦ 30 km ʦʜ ʧʦʚʨʰʠʥʝ ɿʝʤˀʝ. ʋ ʟʝʤˀʠʥʦʿ ʘʪʤʦʩʬʝʨʠ ʤʦʞʝ ʩʝ ʨʘʟʣʠʢʦʚʘʪʠ ʥʝʢʦʣʠʢʦ 

ʩʣʦʿʝʚʘ. ʉʣʦʿ ʥʘʿʙʣʠʞʠ ʧʦʚʨʰʠʥʠ ɿʝʤˀʝ ï ʪʨʦʧʦʩʬʝʨʘ, ʿʝʩʪʝ ʩʣʦʿ ʫ ʢʦʤʝ ʩʝ ʦʜʚʠʿʘʿʫ ʩʚʝ 

ʘʢʪʠʚʥʦʩʪʠ ʯʦʚʝʢʘ ʠ ʦʩʪʘʣʠʭ ʞʠʚʠʭ ʦʨʛʘʥʠʟʘʤʘ.   

ɺʘʟʜʫʭ ʿʝ ʩʤʝʰʘ ʛʘʩʦʚʘ. ʉʘʩʪʘʚ ʚʘʟʜʫʭʘ ʫ ʙʣʠʟʠʥʠ ɿʝʤˀʠʥʝ ʧʦʚʨʰʠʥʝ ʧʨʠʢʘʟʘʥ ʿʝ ʫ 

ʪʘʙʝʣʠ 3.1 (ʠʟʦʩʪʘʚˀʝʥʘ ʿʝ ʟʘʩʪʫʧˀʝʥʦʩʪ ʚʦʜʝʥʝ ʧʘʨʝ ʫ ʚʘʟʜʫʭʫ). ʇʦʨʝʜ ʥʘʚʝʜʝʥʠʭ ʛʣʘʚʥʠʭ 

ʢʦʤʧʦʥʝʪʠ, ʫ ʚʘʟʜʫʭʫ ʩʝ ʥʘʣʘʟʝ ʠ ʥʝʢʠ ʧʣʝʤʝʥʠʪʠ ʛʘʩʦʚʠ, ʚʦʜʥʠʢ, ʤʝʪʘʥ, ʦʢʩʠʜʠ ʘʟʦʪʘ ʠ 

ʩʫʤʧʦʨʘ, ʦʟʦʥ, ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜ. 

 

ʊʘʙʝʣʘ 3.1. ʉʘʩʪʘʚ "ʩʫʚʦʛ" ʚʘʟʜʫʭʘ ʫ ʙʣʠʟʠʥʠ ɿʝʤˀʠʥʝ ʧʦʚʨʰʠʥʝ. 

ʂʦʤʧʦʥʝʥʪʝ ɿʘʧʨʝʤʠʥʩʢʠ % 

ɸʟʦʪ (N2) 78,084 

ʂʠʩʝʦʥʠʢ (O2) 20,946 

ɸʨʛʦʥ (Ar) 0,934 

ʋʛˀʝʥ-ʜʠʦʢʩʠʜ (ʉO2) 0,0360 

 

ɺʦʜʘ ʫ ʧʨʠʨʦʜʠ 

 

ɺʦʜʘ ʩʝ ʫ ʧʨʠʨʦʜʠ ʿʘʚˀʘ ʢʘʦ ʘʪʤʦʩʬʝʨʩʢʘ, ʧʦʚʨʰʠʥʩʢʘ ʠ ʧʦʜʟʝʤʥʘ. ʆʥʘ ʤʦʞʝ 

ʩʘʜʨʞʘʪʠ ʨʘʩʪʚʦʨʝʥʝ ʨʘʟʣʠʯʠʪʝ ʩʫʧʩʪʘʥʮʝ, ʢʘʦ ʠ ʞʠʚʝ ʦʨʛʘʥʠʟʤʝ. ʂʦʣʠʯʠʥʘ ʠ ʚʨʩʪʘ ʧʨʠʤʝʩʘ 

ʫ ʚʦʜʠ ʟʘʚʠʩʝ ʦʜ ʧʫʪʘ ʢʦʿʠʤ ʩʝ ʚʦʜʘ ʢʨʝʪʘʣʘ.  

ɸʪʤʦʩʬʝʨʩʢʘ ʚʦʜʘ ʫʛʣʘʚʥʦʤ ʤʦʞʝ ʩʘʜʨʞʘʪʠ ʨʘʩʪʚʦʨʝʥʝ ʛʘʩʦʚʝ (ʫʛˀʝʥ-ʜʠʦʢʩʠʜ, 

ʩʫʤʧʦʨ-ʜʠʦʢʩʠʜ), ʢʠʩʝʣʠʥʝ (ʫ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʟʦʥʘʤʘ), ʧʨʘʰʠʥʫé 

ʇʨʠ ʧʦʥʠʨʘˁʫ ʫ ʚʦʜʠ ʩʝ ʨʘʩʪʚʘʨʘʿʫ ʩʦʣʠ (ʥʘʪʨʠʿʫʤ-ʭʣʦʨʠʜ, ʢʘʣʠʿʫʤ-ʭʣʦʨʠʜ, 

ʢʘʣʮʠʿʫʤ-ʢʘʨʙʦʥʘʪ - ʫ ʤʘʣʦʿ ʤʝʨʠ). ɿʘʭʚʘˀʫʿʫ˂ʠ ʧʨʠʤʝʩʘʤʘ ʢʘʦ ʰʪʦ ʿʝ ʫʛˀʝʥʘ ʢʠʩʝʣʠʥʘ ʠ 

ʦʨʛʘʥʩʢʝ ʢʠʩʝʣʠʥʝ ʥʘʩʪʘʣʝ ʧʨʠ ʤʠʢʨʦʙʠʦʣʦʰʢʦʤ ʨʘʟʣʘʛʘˁʫ ʦʨʛʘʥʩʢʠʭ ʩʫʧʩʪʘʥʮʠ, ʚʦʜʘ 

ʭʝʤʠʿʩʢʠ ʜʝʣʫʿʝ ʥʘ ʩʪʝʥʝ ʠ ʤʠʥʝʨʘʣʝ.       

ʇʦʚʨʰʠʥʩʢʝ ʚʦʜʝ ʩʘʜʨʞʝ ʟʥʘʪʥʦ ʤʘˁʝ ʨʘʩʪʚʦʨʝʥʠʭ ʩʦʣʠ ʿʝʨ ʩʝ ʨʘʟʙʣʘʞʫʿʫ 

ʘʪʤʦʩʬʝʨʩʢʦʤ ʚʦʜʦʤ, ʘ ʠ ʥʝʢʝ ʩʦʣʠ ʩʝ ʪʘʣʦʞʝ (ʥʘ ʧʨʠʤʝʨ, ʙʠʢʘʨʙʦʥʘʪʠ ʧʨʝʪʚʘʨʘˁʝʤ ʫ 

ʢʘʨʙʦʥʘʪʝ). ʂʦʣʠʯʠʥʘ ʤʝʭʘʥʠʯʢʠʭ ʧʨʠʤʝʩʘ ʫ ʧʦʚʨʰʠʥʩʢʦʿ ʚʦʜʠ ʿʝ ʚʝ˂ʘ. 

ɺʦʜʘ ʢʦʿʘ ʩʘʜʨʞʠ ʚʝ˂ʫ ʢʦʣʠʯʠʥʫ ʨʘʩʪʚʦʨʝʥʠʭ ʩʦʣʠ ʢʘʣʮʠʿʫʤʘ ʠ ʤʘʛʝʥʟʠʿʫʤʘ ʥʘʟʠʚʘ 
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ʩʝ ʪʚʨʜʦʤ ʚʦʜʦʤ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʤʝʢʝ ʚʦʜʝ ʢʦʜ ʢʦʿʝ ʿʝ ʩʘʜʨʞʘʿ ʦʚʠʭ ʩʦʣʠ ʤʘʣʠ. ʂʘʨʙʦʥʘʪʠ ʠ 

ʙʠʢʘʨʙʦʥʘʪʠ ʯʠʥʝ ʧʨʦʣʘʟʥʫ ʠʣʠ ʢʘʨʙʦʥʘʪʥʫ ʪʚʨʜʦ˂ʫ, ʘ ʭʣʦʨʠʜʠ, ʩʫʣʬʘʪʠ, ʥʠʪʨʘʪʠ, ʬʦʩʬʘʪʠ, 

ʩʠʣʠʢʘʪʠ ʯʠʥʝ ʩʪʘʣʥʫ ʠʣʠ ʥʝʢʘʨʙʦʥʘʪʥʫ ʪʚʨʜʦ˂ʫ ʚʦʜʝ. ʇʨʦʥʘʹʠʪʝ ʪʝʢʩʪʦʚʝ ʦ ʚʦʜʠ ʥʘ 

ʀʥʪʝʨʥʝʪʫ.  

ɺʦʜʘ ʟʘ ʧʠ˂ʝ ʤʦʨʘ ʦʜʛʦʚʘʨʘʪʠ, ʧʨʝ ʩʚʝʛʘ, ʬʠʟʠʯʢʠʤ ʠ ʙʠʦʣʦʰʢʠʤ ʩʪʘʥʜʘʨʜʠʤʘ, ʠ ʫ 

ʦʜʨʝʹʝʥʦʿ ʤʝʨʠ ʭʝʤʠʿʩʢʠʤ (ʙʠʩʪʨʘ, ʙʝʟʙʦʿʥʘ, ʙʝʟ ʤʠʨʠʩʘ, ʫʢʫʩʥʘ, ʥʝ ʩʫʚʠʰʝ ʪʚʨʜʘ, 

ʭʠʛʠʿʝʥʩʢʠ ʠʩʧʨʘʚʥʘ). ʋʢʫʩ ʧʠʿʘ˂ʦʿ ʚʦʜʠ ʜʘʿʫ ʤʘʣʝ ʢʦʣʠʯʠʥʝ ʨʘʩʪʚʦʨʝʥʠʭ ʩʦʣʠ. ʆʥʘ ʥʝ ʩʤʝ 

ʩʘʜʨʞʘʚʘʪʠ ʦʨʛʘʥʩʢʝ ʧʨʠʤʝʩʝ, ʿʝʨ ʿʝ ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʧʦʛʦʜʥʘ ʟʘ ʨʘʟʚʦ ʿʙʘʢʪʝʨʠʿʘ. 

 

ʈʘʟʜʚʘʿʘˁʝ ʩʘʩʪʦʿʘʢʘ ʩʤʝʰʝ 

 

ɱʝʜʘʥ ʦʜ ʟʘʜʘʪʘʢʘ ʭʝʤʠʯʘʨʘ ʿʝʩʪʝ ʜʦʙʠʿʘˁʝ ʩʫʧʩʪʘʥʮʠ ʧʦʪʨʝʙʥʦʛ ʩʪʝʧʝʥʘ ʯʠʩʪʦ˂ʝ. 

ʄʝʹʫʪʠʤ, ʯʘʢ ʥʠ ʧʘʞˀʠʚʠʤ ʨʘʜʦʤ ʫ ʭʝʤʠʿʩʢʦʿ ʣʘʙʦʨʘʪʦʨʠʿʠ ʥʠʿʝ ʫʚʝʢ ʿʝʜʥʦʩʪʘʚʥʦ ʜʦʙʠʪʠ 

ʜʦʚʦˀʥʦ ʯʠʩʪʫ ʩʫʧʩʪʘʥʮʫ. ʋ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʫʩʣʦʚʠʤʘ ʧʨʦʙʣʝʤ ʿʝ ʿʦʰ ʠʟʨʘʞʝʥʠʿʠ ʿʝʨ ʩʝ 

ʩʠʨʦʚʠʥʝ ʫʟʠʤʘʿʫ ʜʠʨʝʢʪʥʦ ʠʟ ʧʨʠʨʦʜʝ ʠ, ʩʘʤʠʤ ʪʠʤ, ʫʚʝʢ ʩʫ ʩʤʝʰʝ. ʂʘʜʘ ʩʝ ʫ ʩʠʨʦʚʠʥʘʤʘ 

ʧʦʨʝʜ ʞʝˀʝʥʝ ʩʫʧʩʪʘʥʮʝ ʥʘʣʘʟʝ ʠ ʜʨʫʛʝ ʩʫʧʩʪʘʥʮʝ ʢʦʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʝʯʠʩʪʦ˂ʝ, ʠʟʚʦʜʠ ʩʝ 

ʧʨʝʯʠʰ˂ʘʚʘˁʝ, ʦʜʥʦʩʥʦ ʠʟʜʚʘʿʘˁʝ ʩʫʧʩʪʘʥʮʝ ʢʦʿʘ ʿʝ ʧʦʪʨʝʙʥʘ.   

ʀʟʙʦʨ ʧʦʩʪʫʧʢʘ ʟʘ ʨʘʟʜʚʘʿʘˁʝ ʩʘʩʪʦʿʘʢʘ ʩʤʝʰʝ ʠʟʚʦʜʠ ʩʝ ʥʘ ʦʩʥʦʚʫ ʩʚʦʿʩʪʘʚʘ 

ʩʫʧʩʪʘʥʮʠ ʢʦʿʝ ʯʠʥʝ ʩʤʝʰʫ (ʚʝʣʠʯʠʥʘ ʯʝʩʪʠʮʘ, ʨʘʩʪʚʦʨˀʠʚʦʩʪ, ʠʩʧʘʨˀʠʚʦʩʪ, ʤʘʛʥʝʪʥʘ 

ʩʚʦʿʩʪʚʘ).  

ʈʘʟʜʚʘʿʘˁʝ ʭʝʪʝʨʦʛʝʥʝ ʩʤʝʰʝ, ʯʠʿʝ ʩʫ ʢʦʤʧʦʥʝʥʪʝ ʫ ʯʚʨʩʪʦʤ ʠ ʪʝʯʥʦʤ ʘʛʨʝʛʘʪʥʦʤ 

ʩʪʘˁʫ (ʩʫʩʧʝʥʟʠʿʘ), ʤʦʞʝ ʩʝ ʠʟʚʝʩʪʠ ʥʘ ʥʝʢʦʣʠʢʦ ʥʘʯʠʥʘ. ɸʢʦ ʯʚʨʩʪʘ ʩʫʧʩʪʘʥʮʘ ʠʤʘ ʟʥʘʪʥʦ 

ʚʝ˂ʫ ʛʫʩʪʠʥʫ ʦʜ ʪʝʯʥʝ, ʩʪʘʿʘˁʝʤ ʜʦʣʘʟʠ ʜʦ ʪʘʣʦʞʝˁʘ, ʧʘ ʩʝ ʨʘʟʜʚʘʿʘˁʝ ʤʦʞʝ ʠʟʚʝʩʪʠ 

ʦʜʣʠʚʘˁʝʤ, ʦʜʥʦʩʥʦ ʜʝʢʘʥʪʦʚʘˁʝʤ. ɸʢʦ ʿʝ ʯʚʨʩʪʘ ʩʫʧʩʪʘʥʮʘ ʤʘˁʝ ʛʫʩʪʠʥʝ ʦʜ ʪʝʯʥʝ, ʦʥʘ 

˂ʝ ʧʣʠʚʘʪʠ ʥʘ ʧʦʚʨʰʠʥʠ ʪʝʯʥʦʩʪʠ ʠ ʤʦʛʫ˂ʝ ʿʝ ʜʘ ʩʝ ʩʢʣʦʥʠ ʤʝʭʘʥʠʯʢʠʤ ʧʫʪʝʤ.  

ʀ ʿʝʜʥʘ ʠ ʜʨʫʛʘ ʤʝʪʦʜʘ ʩʫ ʛʨʫʙʝ ʠ ʥʝ ʦʙʝʟʙʝʹʫʿʫ 

ʧʦʪʧʫʥʦ ʨʘʟʜʚʘʿʘˁʝ ʩʫʧʩʪʘʥʮʠ. ɹʦˀʝ ʨʘʟʜʚʘʿʘˁʝ ʧʦʩʪʠʞʝ ʩʝ 

ʮʝʹʝˁʝʤ.   

ʎʝʹʝˁʝ ʿʝ ʧʦʩʪʫʧʘʢ ʦʜʚʘʿʘˁʘ ʪʝʯʥʦʩʪʠ ʦʜ ʯʚʨʩʪʝ 

ʩʫʧʩʪʘʥʮʝ ï ʪʘʣʦʛʘ. ʋ ʣʘʙʦʨʘʪʦʨʠʿʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʠ 

ʩʧʝʮʠʿʘʣʥʘ ʭʘʨʪʠʿʘ ʟʘ ʮʝʹʝˁʝ (ʬʠʣʪʝʨ-ʭʘʨʪʠʿʘ) ʢʦʿʘ ʩʝ 

ʩʪʘʚˀʘ ʫ ʩʪʘʢʣʝʥʠ ʣʝʚʘʢ. ɺʝʣʠʯʠʥʘ ʭʘʨʪʠʿʝ ʠ ʣʝʚʢʘ ʙʠʨʘ ʩʝ 

ʧʨʝʤʘ ʟʘʧʨʝʤʠʥʠ ʯʚʨʩʪʝ ʩʫʧʩʪʘʥʮʝ. ʍʘʨʪʠʿʘ ʩʝ ʩʪʘʚʠ ʫ 

ʣʝʚʘʢ, ʥʘʚʣʘʞʠ ʠ ʧʨʠˀʫʙʠ ʫʟ ʟʠʜʦʚʝ ʣʝʚʢʘ. ʃʝʚʘʢ ʩʝ ʧʦʩʪʘʚʠ 

ʫ ʤʝʪʘʣʥʠ ʧʨʩʪʝʥ, ʧʨʠʯʚʨʰ˂ʝʥ ʟʘ ʩʪʘʪʠʚ (ʩʣʠʢʘ 3.1).  

ʀʩʧʦʜ ʣʝʚʢʘ ʩʝ ʩʪʘʚʠ ʯʘʰʘ ʟʘ ʩʘʢʫʧˀʘˁʝ ʧʨʦʮʝʹʝʥʝ ʪʝʯʥʦʩʪʠ. ʎʝʚ ʣʝʚʢʘ ʤʦʨʘ ʩʚʦʿʠʤ 

ʢʨʘʿʝʤ ʜʦʜʠʨʠʚʘʪʠ ʟʠʜ ʯʘʰʝ ʜʘ ʥʝ ʙʠ ʜʦʰʣʦ ʜʦ ʧʨʩʢʘˁʘ ʪʝʯʥʦʩʪʠ. ʇʨʝ ʧʦʯʝʪʢʘ ʮʝʹʝˁʘ 

ʩʫʩʧʝʥʟʠʿʘ ʩʝ ʦʩʪʘʚʠ ʜʘ ʩʪʦʿʠ ʠʟʚʝʩʥʦ ʚʨʝʤʝ ʜʘ ʙʠ ʩʝ ʪʘʣʦʛ ʩʣʝʛʘʦ ʥʘ ʜʥʦ ʩʫʜʘ. ʅʘ ʧʦʯʝʪʢʫ ʩʝ 

ʫ ʣʝʚʘʢ ʩʠʧʘ ʩʘʤʦ ʙʠʩʪʨʘ ʪʝʯʥʦʩʪ ʠ ʪʦ ʥʠʟ ʩʪʘʢʣʝʥʠ ʰʪʘʧʠ˂ ʢʦʿʠ ʩʝ ʜʨʞʠ ʠʟʥʘʜ ʣʝʚʢʘ, ʘʣʠ 

ʪʘʢʦ ʜʘ ʥʝ ʜʦʜʠʨʫʿʝ ʭʘʨʪʠʿʫ. ɼʘ ʥʝ ʙʠ ʜʦʰʣʦ ʜʦ ʧʨʝʣʠʚʘˁʘ, ʣʝʚʘʢ ʩʘ ʭʘʨʪʠʿʦʤ ʟʘ ʮʝʹʝˁʝ ʩʝ 

ʧʫʥʠ ʥʘʿʚʠʰʝ 1cm ʠʩʧʦʜ ʛʦʨˁʝ ʠʚʠʮʝ ʭʘʨʪʠʿʝ. ʅʘ ʢʨʘʿʫ ʩʝ ʟʘʦʩʪʘʣʘ ʯʚʨʩʪʘ ʩʫʧʩʪʘʥʮʘ 

ʧʨʝʥʝʩʝ ʧʦʤʦ˂ʫ ʩʪʘʢʣʝʥʦʛ ʰʪʘʧʠ˂ʘ ʠ ʙʦʮʝ ʰʪʨʮʘˀʢʝ.        

ʆʜʚʘʿʘˁʝ ʨʘʩʪʚʦʨʝʥʝ ʯʚʨʩʪʝ ʩʫʧʩʪʘʥʮʝ ʦʜ ʨʘʩʪʚʘʨʘʯʘ ʤʦʞʝ ʩʝ ʠʟʚʝʩʪʠ ʠʩʧʘʨʘʚˁʝʤ 

ʨʘʩʪʚʘʨʘʯʘ ʠʣʠ ʜʝʩʪʠʣʘʮʠʿʦʤ. ɼʝʩʪʠʣʘʮʠʿʦʤ ʩʝ ʦʜʚʘʿʘʿʫ ʩʘʩʪʦʿʮʠ ʩʤʝʰʘ ʥʘ ʦʩʥʦʚʫ ˁʠʭʦʚʠʭ 

ʉʣʠʢʘ 3.1. ɸʧʘʨʘʪʫʨʘ ʟʘ ʮʝʹʝˁʝ. 
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ʨʘʟʣʠʯʠʪʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʢˀʫʯʘˁʘ. ʊʘʿ ʧʦʩʪʫʧʘʢ ʩʝ ʧʨʠʤʝˁʫʿʝ ʧʨʠ ʧʨʘʚˀʝˁʫ ʨʘʢʠʿʝ.  

ʂʘʜʘ ʩʝ ʢʦʤʧʦʥʝʥʪʝ ʩʤʝʰʝ ʨʘʟʣʠʢʫʿʫ ʧʦ ʤʘʛʥʝʪʥʠʤ ʩʚʦʿʩʪʚʠʤʘ, ʨʘʟʜʚʘʿʘˁʝ ʩʝ ʤʦʞʝ 

ʠʟʚʝʩʪʠ ʧʦʤʦ˂ʫ ʤʘʛʥʝʪʘ. 

 

ʈʘʩʪʚʦʨʠ ï ʭʦʤʦʛʝʥʝ ʩʤʝʰʝ 

 

ʈʘʩʪʚʦʨʝ ʩʚʘʢʦʜʥʝʚʥʦ ʢʦʨʠʩʪʠʤʦ, ʧʠʿʝʤʦ ʚʦʜʫ, ʩʦʢʦʚʝ. ɸʢʦ ʦʜ ʤʘʩʝ ʥʘʰʝʛ ʪʝʣʘ 

ʦʜʫʟʤʝʤʦ ʤʘʩʫ ʤʠʰʠ˂ʘ, ʢʦʞʝ, ʢʦʩʪʠʿʫ, ʥʘʿʚʝ˂ʠ ʜʝʦ ʧʨʝʦʩʪʘʣʝ ʤʘʩʝ ʯʠʥʠ ʚʦʜʘ ʠ ʩʫʧʩʪʘʥʮʝ 

ʨʘʩʪʚʦʨʝʥʝ ʫ ˁʦʿ (ʦʢʦ 2/3 ʤʘʩʝ ˀʫʜʩʢʦʛ ʪʝʣʘ ʯʠʥʠ ʚʦʜʘ).   

ʂʘʜʘ ʩʠʧʘʤʦ ʰʝ˂ʝʨ ʫ ʚʦʜʫ ʠ ʤʝʰʘʤʦ, ʥʘʩʪʘʿʝ ʨʘʩʪʚʦʨ ʢʦʿʠ ʿʝ ʿʝʜʥʘʢʦ ʩʣʘʜʘʢ ʫ ʩʚʘʢʦʤ 

ʜʝʣʫ. ʄʦʣʝʢʫʣʠ ʰʝ˂ʝʨʘ ʠ ʤʦʣʝʢʫʣʠ ʚʦʜʝ ʨʘʚʥʦʤʝʨʥʦ ʩʫ ʠʟʤʝʰʘʥʠ ʫ ʮʝʣʦʿ ʟʘʧʨʝʤʠʥʠ 

ʨʘʩʪʚʦʨʘ. ɿʘʪʦ ʢʘʞʝʤʦ ʜʘ ʿʝ ʨʘʩʪʚʦʨ ʭʦʤʦʛʝʥʘ ʩʤʝʰʘ ʜʚʝ ʠʣʠ ʚʠʰʝ ʩʫʧʩʪʘʥʮʠ.  

ʉʘʩʪʦʿʮʠ ʨʘʩʪʚʦʨʘ ʤʦʛʫ ʙʠʪʠ ʨʘʟʣʠʯʠʪʝ ʩʫʧʩʪʘʥʮʝ, ʘʣʠ ʿʝ ʫʚʝʢ ʿʝʜʥʘ ʦʜ ˁʠʭ 

ʨʘʩʪʚʘʨʘʯ, ʘ ʦʩʪʘʣʝ ʩʫ ʨʘʩʪʚʦʨʝʥʝ ʩʫʧʩʪʘʥʮʝ. ʂʘʜʘ ʩʫ ʩʚʠ ʩʘʩʪʦʿʮʠ ʨʘʩʪʚʦʨʘ ʠʩʪʦʛ 

ʘʛʨʝʛʘʪʥʦʛ ʩʪʘˁʘ, ʨʘʩʪʚʘʨʘʯ ʿʝ ʩʫʧʩʪʘʥʮʘ ʢʦʿʝ ʠʤʘ ʥʘʿʚʠʰʝ. ʂʘʜʘ ʨʘʩʪʚʘʨʘʯ ʠ ʨʘʩʪʚʦʨʝʥʘ 

ʩʫʧʩʪʘʥʮʘ ʥʠʩʫ ʠʩʪʦʛ ʘʛʨʝʛʘʪʥʦʛ ʩʪʘˁʘ, ʨʘʩʪʚʘʨʘʯ ʿʝ ʩʫʧʩʪʘʥʮʘ ʢʦʿʘ ʿʝ ʠʩʪʦʛ ʘʛʨʝʛʘʪʥʦʛ 

ʩʪʘˁʘ ʢʘʦ ʠ ʨʘʩʪʚʦʨ. ɺʦʜʘ ʿʝ ʨʘʩʪʚʘʨʘʯ ʫ ʢʦʤʝ ʩʝ ʨʘʩʪʚʘʨʘʿʫ ʤʥʦʛʝ ʩʫʧʩʪʘʥʮʝ. ʋ ʧʨʘʢʩʠ ʩʝ 

ʢʦʨʠʩʪʝ ʠ ʜʨʫʛʠ ʨʘʩʪʚʘʨʘʯʠ, ʥʘ ʧʨʠʤʝʨ, ʝʪʘʥʦʣ, ʘʮʝʪʦʥ, ʙʝʥʟʠʥ, ʠʪʜ. 

ʈʘʟʣʠʯʠʪʝ ʩʫʧʩʪʘʥʮʝ ʨʘʟʣʠʯʠʪʦ ʩʝ ʨʘʩʪʚʘʨʘʿʫ ʫ ʠʩʪʦʿ ʟʘʧʨʝʤʠʥʠ ʨʘʩʪʚʘʨʘʯʘ ʠ ʥʘ ʠʩʪʦʿ 

ʪʝʤʧʝʨʘʪʫʨʠ. ʀʩʧʠʪʘʿʪʝ ʪʦ ʩʣʝʜʝ˂ʠʤ ʦʛʣʝʜʦʤ. 

ʆʛʣʝʜ 3.1. ʀʩʧʠʪʠʚʘˁʝ ʜʘ ʣʠ ʩʝ ʩʫʧʩʪʘʥʮʝ ʨʘʩʪʘʚʘʨʘʿʫ  ʫ  ʚʦʜʠ, ʘʣʢʦʭʦʣʫ ʠ 

ʙʝʥʟʠʥʫ 

ʇʨʠʙʦʨ ɼʚʘʥʘʝʩʪ ʝʧʨʫʚʝʪʘ, ʩʪʘʣʘʢ, ʢʘʰʠʯʠʮʝ 

ʉʫʧʩʪʘʥʮʝ ʂʫʭʠˁʩʢʘ ʩʦ, ʰʝ˂ʝʨ, ʙʨʘʰʥʦ, ʫˀʝ, ʚʦʜʘ, ʘʣʢʦʭʦʣ (ʝʪʘʥʦʣ), ʙʝʥʟʠʥ 

ʆʧʠʩ 

ʧʦʩʪʫʧʢʘ 

ʀʩʧʠʪʘʿʪʝ ʨʘʩʪʚʦʨˀʠʚʦʩʪ ʢʫʭʠˁʩʢʝ ʩʦʣʠ ʫ ʚʦʜʠ, ʘʣʢʦʭʦʣʫ (ʝʪʘʥʦʣʫ) ʠ 

ʙʝʥʟʠʥʫ ʪʘʢʦ ʰʪʦ ˂ʝʪʝ ʧʦʤʦ˂ʫ ʢʘʰʠʯʠʮʝ ʤʘʣʦ ʩʫʧʩʪʘʥʮʝ (ʥʘ ʚʨʭ ʢʘʰʠʯʠʮʝ) 

ʩʪʘʚʠʪʠ ʫ ʪʨʠ ʝʧʨʫʚʝʪʝ, ʘ ʦʥʜʘ ʫ ʿʝʜʥʫ ʜʦʜʘʪʠ ʜʦ ʯʝʪʚʨʪʠʥʝ ʟʘʧʨʝʤʠʥʝ 

ʝʧʨʫʚʝʪʝ ʚʦʜʫ, ʫ ʜʨʫʛʫ ʘʣʢʦʭʦʣ ʠ ʫ ʪʨʝ˂ʫ ʙʝʥʟʠʥ. ʇʨʦʪʨʝʩʠʪʝ ʩʘʜʨʞʘʿ ʩʚʘʢʝ 

ʝʧʨʫʚʝʪʝ ʠ ʫ ʪʘʙʝʣʫ ʥʠʞʝ ʫʧʠʰʠʪʝ ʟʥʘʢ + ʘʢʦ ʩʝ ʩʦ ʨʘʩʪʚʦʨʠʣʘ, ʘ ï ʘʢʦ ʥʠʿʝ. 

ʅʘ ʠʩʪʠ ʥʘʯʠʥ ʠʩʧʠʪʘʿʪʝ ʨʘʩʪʚʦʨˀʠʚʦʩʪ ʰʝ˂ʝʨʘ, ʙʨʘʰʥʘ ʠ ʫˀʘ ʠ ʨʝʟʫʣʪʘʪʝ 

ʫʧʠʰʠʪʝ ʫ ʪʘʙʝʣʫ.  

ʈʝʟʫʣʪʘʪʠ 

 

ʈʘʩʪʚʘʨʘʯ 

ʈʘʩʪʚʦʨʝʥʘ ʩʫʧʩʪʘʥʮʘ 

ɺʦʜʘ ɸʣʢʦʭʦʣ  

(ʝʪʘʥʦʣ) 

ɹʝʥʟʠʥ 

ʂʫʭʠˁʩʘ ʩʦ    

ɹʨʘʰʥʦ    

ʐʝ˂ʝʨ    

ʋˀʝ    
 

 

ʋ ʦʛʣʝʜʫ ʩʤʦ ʫʪʚʨʜʠʣʠ ʜʘ ʩʝ ʩʫʧʩʪʘʥʮʝ ʫ ʥʝʢʠʤ ʨʘʩʪʚʘʨʘʯʠʤʘ ʨʘʩʪʚʘʨʘʿʫ, ʪʿ. ʩʘ ˁʠʤʘ 

ʛʨʘʜʝ ʭʦʤʦʛʝʥʝ ʩʤʝʰʝ, ʘ ʫ ʥʝʢʠʤʘ ʥʝ. ʈʘʟʣʦʛ ʟʘ ʪʘʢʚʦ ʧʦʥʦʰʘˁʝ ʿʝʩʪʝ ʩʪʨʫʢʪʫʨʘ ʩʫʧʩʪʘʥʮʠ 

ʢʦʿʝ ʩʝ ʤʝʰʘʿʫ ʠ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ˁʠʭʦʚʠʭ ʠʟʛʨʘʹʠʚʘʯʢʠʭ ʯʝʩʪʠʮʘ.  

ʆʙʠʯʥʦ ʩʫʧʩʪʘʥʮʝ ʦʧʠʩʫʿʝʤʦ ʢʘʦ ʨʘʩʪʚʦʨˀʠʚʝ ʠʣʠ ʥʝʨʘʩʪʚʦʨˀʠʚʝ ʫ ʚʦʜʠ ʠʣʠ ʥʝʢʦʤ 

ʜʨʫʛʦʤ ʨʘʩʪʚʘʨʘʯʫ, ʤʘʜʘ ʪʦ ʥʠʿʝ ʧʨʝʮʠʟʥʦ ʦʜʨʝʹʝˁʝ. ɿʘ ʚʝ˂ʠʥʫ ʩʫʧʩʪʘʥʮʠ ʨʘʩʪʚʦʨˀʠʚʠʭ ʫ 
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ʚʦʜʠ ʧʦʩʪʦʿʠ ʛʨʘʥʠʮʘ ʫ ʤʘʩʠ ʜʦ ʢʦʿʝ ʩʝ ʦʥʝ ʫ ʚʦʜʠ  ʨʘʩʪʚʘʨʘʿʫ ʥʘ ʦʜʨʝʹʝʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ. ʅʘ 

ʧʨʠʤʝʨ, ʫ 100 g ʚʦʜʝ ʥʘ 20C̄, ʨʘʩʪʚʘʨʘ ʩʝ 35,9 g ʢʫʭʠˁʩʢʝ ʩʦʣʠ (ʥʘʪʨʠʿʫʤ-ʭʣʦʨʠʜʘ), ʜʦʢ ʩʝ, 

ʧʦʜ ʠʩʪʠʤ ʫʩʣʦʚʠʤʘ, ʫ 100 g ʚʦʜʝ ʥʘ 20C̄ ʨʘʩʪʚʘʨʘ 202 g ʰʝ˂ʝʨʘ. 

ʈʘʩʪʚʦʨˀʠʚʦʩʪ ʩʫʧʩʪʘʥʮʝ ʧʨʝʜʩʪʘʚˀʘ ʤʘʩʫ ʩʫʧʩʪʘʥʮʝ ʢʦʿʘ ʩʝ ʤʦʞʝ ʨʘʩʪʚʦʨʠʪʠ ʫ  

100 g ʨʘʩʪʚʘʨʘʯʘ ʥʘ ʦʜʨʝʹʝʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ.  

ʂʦʣʠʢʘ ˂ʝ ʩʝ ʤʘʩʘ ʥʝʢʝ ʩʫʧʩʪʘʥʮʝ ʨʘʩʪʚʦʨʠʪʠ ʫ ʦʜʨʝʹʝʥʦʤ ʨʘʩʪʚʘʨʘʯʫ ʟʘʚʠʩʠ ʦʜ 

ʧʨʠʨʦʜʝ ʪʝ ʩʫʧʩʪʘʥʮʝ ʠ ʦʜ ʧʨʠʨʦʜʝ ʨʘʩʪʚʘʨʘʯʘ, ʢʘʦ ʠ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ. ɺʘʞʠ ʧʨʘʚʠʣʦ ʜʘ ʩʝ 

ʩʣʠʯʥʦ ʫ ʩʣʠʯʥʦʤ ʨʘʩʪʚʘʨʘ, ʪʿ. ʧʦʣʘʨʥʝ ʩʫʧʩʪʘʥʮʝ ʨʘʩʪʚʘʨʘʿʫ ʩʝ ʫ ʧʦʣʘʨʥʠʤ ʨʘʩʪʚʘʨʘʯʠʤʘ, ʘ 

ʥʝʧʦʣʘʨʥʝ ʫ ʥʝʧʦʣʘʨʥʠʤ.                     

ɺʦʜʘ ʠʤʘ ʿʝʜʠʥʩʪʚʝʥʘ ʩʚʦʿʩʪʚʘ ʢʦʿʘ ʧʦʪʠʯʫ ʦʜ ˁʝʥʝ ʩʪʨʫʢʪʫʨʝ, ʪʿ. ʦʜ ʤʦʣʝʢʫʣʘ ʚʦʜʝ ʠ 

ʨʝʣʘʪʠʚʥʦ ʿʘʢʠʭ ʧʨʠʚʣʘʯʥʠʭ ʩʠʣʘ ʢʦʿʝ ʤʝʹʫ ˁʠʤʘ ʧʦʩʪʦʿʝ.  

 

ʐʪʘ ʩʝ ʜʝʰʘʚʘ ʢʘʜʘ ʧʦʩʦʣʠʤʦ ʩʫʧʫ?  

 

ʂʘʜʘ ʩʝ ʢʨʠʩʪʘʣʠ ʢʫʭʠʩˁʢʝ ʩʦʣʠ ʩʪʘʚʝ ʫ ʚʦʜʫ, ʤʦʣʝʢʫʣʠ ʚʦʜʝ ʦʢʨʫʞʫʿʫ ʢʨʠʩʪʘʣ, 

ʦʨʠʿʝʥʪʠʰʫ˂ʠ ʩʝ ʥʝʛʘʪʠʚʥʠʤ ʢʨʘʿʝʤ ʦʢʦ ʿʦʥʘ ʥʘʪʨʠʿʫʤʘ ʠ ʧʦʟʠʪʠʚʥʠʤ ʢʨʘʿʝʤ ʦʢʦ ʿʦʥʘ ʭʣʦʨʘ. 

ʇʨʠʚʣʘʯʝˁʝ ʠʟʤʝʹʫ ʿʝʜʥʦʛ ʤʦʣʝʢʫʣʘ ʚʦʜʝ ʠ ʿʝʜʥʦʛ ʿʦʥʘ ʩʣʘʙʠʿʝ ʿʝ ʥʝʛʦ ʠʟʤʝʹʫ ʩʘʤʠʭ ʿʦʥʘ, 

ʘʣʠ ʥʘ ʩʚʘʢʠ ʿʦʥ ʜʝʣʫʿʝ ʧʨʠʚʣʘʯʥʘ ʩʠʣʘ ʥʝ ʩʘʤʦ ʦʜ ʿʝʜʥʦʛ ʤʦʣʝʢʫʣʘ ʚʦʜʝ, ʚʝ˂ ʚʠʰʝ ˁʠʭ. 

ʈʝʟʫʣʪʘʪ ʿʝ ʜʘ ʩʝ ʿʦʥʠ ʠʟʜʚʘʿʘʿʫ ʠʟ ʢʨʠʩʪʘʣʘ ʠ ʧʨʝʣʘʟʝ ʫ ʨʘʩʪʚʦʨ, ʦʢʨʫʞʝʥʠ ʤʦʣʝʢʫʣʠʤʘ ʚʦʜʝ 

(ʩʣʠʢʘ 3.2).  

 

 
ʉʣʠʢʘ 3.2. ʈʘʩʪʚʘʨʘˁʝ ʥʘʪʨʠʿʫʤ-ʭʣʦʨʠʜʘ ʫ ʚʦʜʠ. 

 

ʈʘʩʪʚʦʨˀʠʚʦʩʪ ʩʫʧʩʪʘʥʮʝ ʿʝ ʨʘʟʣʠʯʠʪʘ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ. ʈʘʩʪʚʦʨˀʠʚʦʩʪ 

ʚʝ˂ʠʥʝ ʯʚʨʩʪʠʭ ʩʫʧʩʪʘʥʮʠ ʧʦʚʝ˂ʘʚʘ ʩʝ ʩ ʧʦʚʠʰʝˁʝʤ ʪʝʤʧʝʨʘʪʫʨʝ, ʪʿ. ʥʘ ʚʠʰʦʿ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʝ ʤʦʞʝ ʨʘʩʪʚʦʨʠʪʠ ʚʝ˂ʘ ʤʘʩʘ ʩʫʧʩʪʘʥʮʝ ʫ ʠʩʪʦʿ ʤʘʩʠ (ʟʘʧʨʝʤʠʥʠ) ʨʘʩʪʚʘʨʘʯʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ 

ʯʚʨʩʪʠʭ ʩʫʧʩʪʘʥʮʠ, ʨʘʩʪʚʦʨˀʠʚʦʩʪ ʛʘʩʦʚʘ ʫʛʣʘʚʥʦʤ ʩʝ ʩʤʘˁʫʿʝ ʩ ʧʦʚʠʰʝˁʝʤ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʩʥʠʞʝˁʝʤ ʧʨʠʪʠʩʢʘ. ʅʘ ʚʠʰʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʣʝʢʫʣʠ ʛʘʩʦʚʘ ʩʝ ʙʨʞʝ ʢʨʝ˂ʫ (ʠʤʘʿʫ ʚʝ˂ʫ 
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ʢʠʥʝʪʠʯʢʫ ʝʥʝʨʛʠʿʫ) ʠ ʤʦʛʫ ʜʘ ʥʘʧʫʩʪʝ ʨʘʩʪʚʦʨ. ɿʘʪʦ ʛʘʟʠʨʘʥʘ ʧʠ˂ʘ, ʢʦʿʘ ʩʘʜʨʞʝ ʫʛˀʝʥ-

ʜʠʦʢʩʠʜ, ʯʫʚʘʤʦ ʫ ʬʨʠʞʠʜʝʨʫ.  

ʈʘʩʪʚʦʨ ʫ ʢʦʤʝ ʿʝ ʨʘʩʪʚʦʨʝʥʘ ʤʘʢʩʠʤʘʣʥʘ ʤʘʩʘ ʩʫʧʩʪʘʥʮʝ ʢʦʿʘ ʩʝ ʤʦʞʝ ʨʘʩʪʚʦʨʠʪʠ ʫ 

ʦʜʨʝʹʝʥʦʿ ʤʘʩʠ ʨʘʩʪʚʘʨʘʯʘ ʥʘ ʦʜʨʝʹʝʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ, ʥʘʟʠʚʘ ʩʝ ʟʘʩʠ˂ʝʥ ʨʘʩʪʚʦʨ. ɼʘˀʠʤ 

ʜʦʜʘʚʘˁʝʤ ʩʫʧʩʪʘʥʮʝ ʫ ʪʘʿ ʨʘʩʪʚʦʨ ʦʥʘ ʦʩʪʘʿʝ ʥʝʨʘʩʪʚʦʨʝʥʘ. ʈʘʩʪʚʦʨ ʢʦʿʠ ʩʘʜʨʞʠ ʤʘˁʝ 

ʨʘʩʪʚʦʨʝʥʝ ʩʫʧʩʪʘʥʮʝ ʥʝʛʦ ʰʪʦ ʿʝ ˁʝʥʘ ʨʘʩʪʚʦʨˀʠʚʦʩʪ ʟʘ ʜʘʪʫ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʟʠʚʘ ʩʝ 

ʥʝʟʘʩʠ˂ʝʥʠʤ ʨʘʩʪʚʦʨʦʤ.  

ʈʘʩʪʚʦʨˀʠʚʦʩʪ ʤʥʦʛʠʭ ʯʚʨʩʪʠʭ ʩʫʧʩʪʘʥʮʠ ʧʦʚʝ˂ʘʚʘ ʩʝ ʩ ʧʦʚʠʰʝˁʝʤ ʪʝʤʧʝʨʘʪʫʨʝ  ʿʝʨ 

ʩʝ ʩ ʧʦʚʠʰʝˁʝʤ ʪʝʤʧʝʨʘʪʫʨʝ ʢʨʝʪʘˁʝ ʯʝʩʪʠʮʘ ʫʙʨʟʘʚʘ ʠ ʦʥʝ ʣʘʢʰʝ ʥʘʧʫʰʪʘʿʫ ʢʨʠʩʪʘʣ. ɿʙʦʛ 

ʚʝʣʠʢʝ ʙʨʟʠʥʝ ʿʦʥʘ ʦʥʠ ʪʝʰʢʦ ʧʦʥʦʚʦ ʬʦʨʤʠʨʘʿʫ ʢʨʠʩʪʘʣ. ʇʘʞˀʠʚʠʤ ʭʣʘʹʝˁʝʤ ʪʘʢʚʠʭ 

ʨʘʩʪʚʦʨʘ ʤʦʞʝ ʠʟʦʩʪʘʪʠ ʠʟʜʚʘʿʘˁʝ ʚʠʰʢʘ ʨʘʩʪʚʦʨʝʥʝ ʩʫʧʩʪʘʥʮʝ, ʦʜʥʦʩʥʦ ʢʨʠʩʪʘʣʠʟʘʮʠʿʘ, 

ʪʘʢʦ ʜʘ ʥʘʩʪʘʿʝ ʧʨʝʟʘʩʠ˂ʝʥʠ ʨʘʩʪʚʦʨ, ʨʘʩʪʚʦʨ ʫ ʢʦʤʝ ʿʝ ʤʘʩʘ ʨʘʩʪʚʦʨʝʥʝ ʩʫʧʩʪʘʥʮʝ ʚʝ˂ʘ ʦʜ 

ˁʝʥʝ ʨʘʩʪʚʦʨˀʠʚʦʩʪʠ ʥʘ ʪʦʿ ʪʝʤʧʝʨʘʪʫʨʠ. ʊʘʢʘʚ ʨʘʩʪʚʦʨ ʧʨʝʜʩʪʘʚˀʘ ʩʣʘʪʢʦ. 

 

ʇʨʦʮʝʥʪʥʠ ʩʘʩʪʘʚ ʨʘʩʪʚʦʨʘ 

 

ʈʘʩʪʚʦʨʠ ʤʦʛʫ ʜʘ ʩʘʜʨʞʝ ʨʘʟʣʠʯʠʪʝ ʤʘʩʝ ʨʘʩʪʚʘʨʘʯʘ ʠ ʨʘʩʪʚʦʨʝʥʠʭ ʩʫʧʩʪʘʥʮʠ. 

ʂʘʢʦ ʩʝ ʤʦʞʝ ʧʨʠʢʘʟʘʪʠ ʩʘʩʪʘʚ ʨʘʩʪʚʦʨʘ? ʅʘ ʝʪʠʢʝʪʘʤʘ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʩʫ ʨʘʩʪʚʦʨ 

ʥʝʢʝ ʩʫʧʩʪʘʥʮʝ ʯʝʩʪʦ ʿʝ ʥʘʟʥʘʯʝʥ ʧʨʦʮʝʥʪʥʠ ʩʘʩʪʘʚ ʨʘʩʪʚʦʨʘ (ʩʣʠʢʘ 3.3). ʌʠʟʠʦʣʦʰʢʠ 

ʨʘʩʪʚʦʨ ʿʝ 0,9% ʨʘʩʪʚʦʨ ʥʘʪʨʠʿʫʤ-ʭʣʦʨʠʜʘ. 

 

ʇʨʦʮʝʥʪʥʠ ʩʘʩʪʘʚ ʨʘʩʪʚʦʨʘ ʧʨʝʜʩʪʘʚˀʘ ʙʨʦʿ ʛʨʘʤʘ ʨʘʩʪʚʦʨʝʥʝ ʩʫʧʩʪʘʥʮʝ ʫ 100 g ʨʘʩʪʚʦʨʘ.  

 

ʅʘ ʧʨʠʤʝʨ, 10% ʨʘʩʪʚʦʨ ʥʘʪʨʠʿʫʤ-ʭʣʦʨʠʜʘ ʩʘʜʨʞʠ 10 g NaCl ʫ 100 g ʨʘʩʪʚʦʨʘ. 

ɼʨʫʛʠʤ ʨʝʯʠʤʘ, ʦʚʘʿ ʨʘʩʪʚʦʨ ʩʝ ʧʨʠʧʨʝʤʘ ʤʝʰʘˁʝʤ 10 g NaCl  ʠ 90 g H2O (ʠʣʠ 90 cm
3
 ʚʦʜʝ, 

ʧʦʰʪʦ ʿʝ ʛʫʩʪʠʥʘ ʚʦʜʝ 1 g/cm
3
). 

 

        

ʉʣʠʢʘ 3.3. ʇʨʦʮʝʥʪʥʠ ʩʘʩʪʘʚ ʧʨʦʠʟʚʦʜʘ          

  



46 

 

 

http://hemija.chem.bg.ac.rs/home.htm 

     T3 

 

ɿʘʜʘʮʠ ʟʘ ʩʘʤʦʝʚʘʣʫʘʮʠʿʫ ʧʦʣʘʟʥʠʢʘ 

 

I T3.2. 

1. ɿʘ ʩʚʘʢʠ ʦʜ ʧʨʠʤʝʨʘ ʫ ʪʘʙʝʣʠ, ʟʥʘʢʦʤ + ʦʟʥʘʯʠʪʝ ʜʘ ʣʠ ʧʨʝʜʩʪʘʚˀʘ ʝʣʝʤʝʥʪ, ʿʝʜʠˁʝˁʝ ʠʣʠ 

ʩʤʝʫh. 

ʧʨʠʤʝʨʠ ʝʣʝʤʝʥʪ ʿʝʜʠˁʝˁʝ ʩʤʝʰʘ 

ʫʛˀʝʥ-ʜʠʦʢʩʠʜ    

ʰʣʘʛ    

ʟʣʘʪʦ    

ʣʘʢ ʟʘ ʢʦʩʫ    

ʢʠʰʥʠʮʘ    

 

2. ʋ ʩʣʝʜʝ˂ʝʤ ʥʠʟʫ ʧʦʜʚʫʮʠʪʝ ʧʨʠʤʝʨʝ ʩʤʝʰʘ. 

    ʜʠʤ          ʢʫʭʠˁʩʢʘ ʩʦ          h ʢʦˀʢʘ           ʞʝʣʘʪʠʥ ʟʘ ʢʦʩʫ          ʩʨʝʙʨʦ          ʤʘʨʛʘʨʠʥ 
 

3. ʋ ʢʚʘʜʨʘʪ ʧʦʨʝʜ ʥʘʟʠʚʘ ʩʤʝʰʝ (ʢʦʣʦʥʘ ɸ) ʫʧʠʰʠʪʝ ʩʣʦʚʦ ʢʦʿʠʤ ʿʝ ʦʙʝʣʝʞʝʥʘ ˁʝʥʘ  

ʫʦʙʠʯʘʿʝʥʘ ʧʨʠʤʝʥʘ (ʢʦʣʦʥʘ ɹ). 

ɸ   ɹ 

ʙʦʿʝ  ʘ) ʫ ʛʨʘʹʝʚʠʥʘʨʩʪʚʫ 

ʤʘʣʪʝʨ  ʙ) ʟʘ ʟʘʰʪʠʪʫ ʢʦʞʝ 

ʿʦʛʫʨʪ  ʚ) ʟʘ ʧʨʘʚˀʝˁʝ ʩʣʠʢʘ 

ʢʨʝʤʘ ʟʘ ʨʫʢʝ  ʛ) ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʧʘʧʠʨʘ 

  ʜ) ʫ ʠʩʭʨʘʥʠ 
 

4. ɿʘʦʢʨʫʞʠʪʝ ʩʣʦʚʦ ʠʩʧʨʝʜ ʩʤʝʰʝ ʯʠʿʠ ʩʝ ʩʘʩʪʦʿʮʠ ʤʦʛʫ ʨʘʟʜʚʦʿʠʪʠ ʮʝʹʝˁʝʤ. 

ʘ) ʫˀʝ ʠ ʚʦʜʘ          ʙ) ʧʝʩʘʢ ʠ ʚʦʜʘ          ʚ) ʘʣʢʦʭʦʣ ʠ ʚʦʜʘ          ʛ) ʰʝ˂ʝʨ ʠ ʚʦʜʘ  

                                                       

5. ʂʦʣʠʢʦ ʛʨʘʤʘ ʢʫʭʠˁʩʢʝ ʩʦʣʠ ʠ ʢʦʣʠʢʦ ʛʨʘʤʘ ʚʦʜʝ ʿʝ ʧʦʪʨʝʙʥʦ ʟʘ ʧʨʠʧʨʝʤʘˁʝ 200 g 5% 

ʨʘʩʪʚʦʨʘ ʢʫʭʠˁʩʢʝ ʩʦʣʠ?   
ʇʨʦʩʪʦʨ ʟʘ ʨʘʜ: 

                                                                                                                 ʆʜʛʦʚʦʨ: ________ g NaCl 

                                                                                                                                   ________ g H2O 
 

6. ʋ ʿʝʜʥʦʿ ʯʘʰʠ ʿʝ ʧʦʤʝʰʘʥʦ 10 g  ʥʘʪʨʠʿʫʤ-ʭʣʦʨʠʜʘ ʠ 100 g  ʚʦʜʝ. ʄʠʣʦʰ ʿʝ ʫ ʪʫ ʯʘʰʫ 

ʜʦʜʘʦ ʠ ʨʘʩʪʚʦʨʠʦ ʿʦʰ 10 g ʥʘʪʨʠʿʫʤ-ʭʣʦʨʠʜʘ. ɿʘ ʢʦʣʠʢʦ ʩʝ ʧʨʦʤʝʥʠʦ ʧʨʦʮʝʥʪʥʠ ʩʘʩʪʘʚ 

ʨʘʩʪʚʦʨʘ? 

7. ʋʧʠʰʠʪʝ ʟʥʘʢ + ʫ ʢʚʘʜʨʘʪ ʫʟ ʦʜʛʦʚʦʨ ʩʘ ʢʦʿʠʤ ʩʝ ʩʣʘʞʝʪʝ. ʋ ʧʦʩʫʜʠ ʩʝ ʥʘʣʘʟʠ ʩʤʝʰʘ 

ʦʧʠˀʘʢʘ ʛʚʦʞʹʘ ʠ ʙʘʢʨʘ ʆʧʠˀʮʠ ʛʚʦʞʹʘ ʩʝ ʦʜ ʦʧʠˀʘʢʘ ʙʘʢʨʘ ʤʦʛʫ ʣʘʢʦ ʦʜʚʦʿʠʪʠ ʥʘ ʦʩʥʦʚʫ: 

Ä ʨʘʟʣʠʯʠʪʝ ʧʨʦʚʦʜˀʠʚʦʩʪʠ ʝʣʝʢʪʨʠʯʥʝ ʩʪʨʫʿʝ          Ä ʨʘʟʣʠʯʠʪʠʭ ʤʘʛʥʝʪʥʠʭ ʩʚʦʿʩʪʘʚʘ  

                                  Ä ʨʘʟʣʠʯʠʪʝ ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʢʦʨʦʟʠʿʫ 
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ʆɹʃɸʉʊ/ʊɽʄɸ 4: ʅɽʆʈɻɸʅʉʂɸ ɱɽɼʀɳɽɳɸ ï ɳʀʍʆɺɸ ʉɺʆɱʉʊɺɸ ʀ ɿʅɸʏɸɱ 

 

ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʩʘʜʨʞʘʿʘ ʫ ʦʢʚʠʨʫ ʦʙʣʘʩʪʠ/ ʪʝʤʝ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʇʈʀʄɽʈ ʅɸʏʀʅɸ ʆɹʈɸɼɽ ʆɹʃɸʉʊʀ/ ʊɽʄɽ 4. ʂʠʩʝʣʠʥʝ ʠ ʙʘʟʝ 

 

ʎʠˀʝʚʠ: - ʨʘʟʫʤʝʚʘˁʝ ʦʩʥʦʚʥʠʭ ʩʚʦʿʩʪʘʚʘ ʢʠʩʝʣʠʥʘ ʠ ʙʘʟʘ;  

                 - ʨʘʟʚʠʿʘˁʝ ʚʝʰʪʠʥʘ ʟʘ ʠʜʝʥʪʠʬʠʢʦʚʘˁʝ ʢʠʩʝʣʠʥʘ ʠ ʙʘʟʘ ʠ ʙʝʟʙʝʜʘʥ ʨʘʜʘ ʩʘ ˁʠʤʘ. 

ʄʘʪʝʨʠʿʘʣ: ʭʣʦʨʦʚʦʜʦʥʠʯʥʘ ʢʠʩʝʣʠʥʘ (HCl), ʮʠʥʢ (Zn), ʛʚʦʞʹʝ (Fe), ʢʘʣʮʠʿʫʤ-ʢʘʨʙʦʥʘʪ 

(CaCO3), ʨʘʩʪʚʦʨ ʥʘʪʨʠʿʫʤ-ʭʠʜʨʦʢʩʠʜʘ (NaOH), ʨʘʩʪʚʦʨ ʢʘʣʮʠʿʫʤ-ʭʠʜʨʦʢʩʠʜʘ (Ca(OH)2), 

ʨʘʩʪʚʦʨ ʘʤʦʥʠʿʘʢʘ (NH3), ʨʘʟʣʠʯʠʪʠ ʧʨʠʨʦʜʥʠ ʠ ʠʥʜʫʩʪʨʠʿʩʢʠ ʧʨʦʠʟʚʦʜʠ, ʮʨʚʝʥʘ ʠ ʧʣʘʚʘ 

ʣʘʢʤʫʩ ʭʘʨʪʠʿʘ, ʫʥʠʚʝʨʟʘʣʥʘ ʠʥʜʠʢʘʪʦʨʩʢʘ ʭʘʨʪʠʿʘ, ʜʝʩʪʠʣʦʚʘʥʘ ʚʦʜʘ.   

ʊʦʢ ʨʘʜʘ: 

ʂʦʨʘʢ 1: ʋʚʦʹʝˁʝ ʫ ʪʝʤʫ. ʇʘʞˁʘ ʧʦʣʘʟʥʠʢʘ ʩʝ ʫʩʤʝʨʘʚʘ ʥʘ ʪʝʤʫ ʢʨʦʟ ʦʪʚʘʨʘˁʝ ʩʣʝʜʝ˂ʠʭ 

ʧʠʪʘˁʘ: ʟʘʰʪʦ ʩʫ ʩʦʢ ʦʜ ʣʠʤʫʥʘ, ʩʠʨ˂ʝ ʠ ʿʦʛʫʨʪ ʢʠʩʝʣʠ, ʢʘʢʦ ʩʝ ʤʦʞʝ ʩʢʠʥʫʪʠ ʢʘʤʝʥʘʮ ʫ 

ʯʘʿʥʠʢʫ, ʢʘʢʚʠʤ ʧʨʝʧʘʨʘʪʠʤʘ ʩʝ ʨʝʰʘʚʘ ʧʨʦʙʣʝʤ ʧʦʿʘʯʘʥʝ ʢʠʩʝʣʦʩʪʠ ʞʝʣʫʜʘʯʥʦʛ ʩʘʜʨʞʘʿʘ. 

ʂʦʨʘʢ 2: ɼʝʤʦʥʩʪʨʘʮʠʿʘ ʦʩʥʦʚʥʠʭ ʩʚʦʿʩʪʘʚʘ ʢʠʩʝʣʠʥʘ. ʅʘʩʪʘʚʥʠʢ ʜʝʤʦʥʩʪʨʠʨʘ ʦʛʣʝʜʝ: 

ʨʝʘʢʮʠʿʘ ʭʣʦʨʦʚʦʜʦʥʠʯʥʝ ʢʠʩʝʣʠʥʝ ʩʘ ʮʠʥʢʦʤ ʠ ʛʚʦʞʹʝʤ ʠ ʩʘ ʢʘʣʮʠʿʫʤ-ʢʘʨʙʦʥʘʪʦʤ. ʋʧʫ˂ʫʿʝ 

ʧʦʣʘʟʥʠʢʝ ʜʘ ʟʘʙʝʣʝʞʝ ʟʘʧʘʞʘˁʘ. ʅʘ ʪʘʙʣʠ ʧʠʰʝ ʬʦʨʤʫʣʝ ʠ ʥʘʟʠʚʝ ʩʣʝʜʝ˂ʠʭ ʢʠʩʝʣʠʥʘ: 

ʭʣʦʨʦʚʦʜʦʥʠʯʥʝ ʢʠʩʝʣʠʥʝ, ʩʫʤʧʦʨʥʝ ʢʠʩʝʣʠʥʝ, ʘʟʦʪʥʝ ʢʠʩʝʣʠʥʝ, ʬʦʩʬʦʨʥʝ ʢʠʩʝʣʠʥʝ ʠ 

ʫʛˀʝʥʝ ʢʠʩʝʣʠʥʝ. ʋʧʫ˂ʫʿʝ ʧʦʣʘʟʥʠʢʝ ʜʘ ʫʦʯʝ ʰʪʘ ʿʝ ʟʘʿʝʜʥʠʯʢʦ ʫ ʩʘʩʪʘʚʫ ʪʠʭ ʢʠʩʝʣʠʥʘ. 

ɼʝʬʠʥʠʰʝ ʧʦʿʘʤ ʢʠʩʝʣʠʥʘ ʠ ʦʙʿʘʰˁʘʚʘ ʟʘʰʪʦ ʢʠʩʝʣʠʥʝ ʠʤʘʿʫ ʩʚʦʿʩʪʚʘ ʜʘ ʨʝʘʛʫʿʫ ʩʘ ʥʝʢʠʤ 

ʤʝʪʘʣʠʤʘ, ʢʘʨʙʦʥʘʪʠʤʘ ʠ ʙʠʢʘʨʙʦʥʘʪʠʤʘ. ɿʘʪʠʤ ʜʝʬʠʥʠʰʝ ʧʦʿʘʤ ʠʥʜʠʢʘʪʦʨʘ ʠ ʧʦʤʦ˂ʫ 

ʣʘʢʤʫʩ ʭʘʨʪʠʿʝ ʠ ʫʥʠʚʝʨʟʘʣʥʝ ʠʥʜʠʢʘʪʦʨʩʢʝ ʭʘʨʪʠʿʝ ʠʩʧʠʪʫʿʝ ʩʚʦʿʩʪʚʘ ʥʝʦʨʛʘʥʩʢʠʭ ʢʠʩʝʣʠʥʘ. 

ʇʦʪʦʤ ʦʙʿʘʰˁʘʚʘ ʧʨʘʢʪʠʯʘʥ ʟʥʘʯʘʿ ʢʠʩʝʣʠʥʘ, ʢʘʦ ʠ ʤʝʨʝ ʧʨʝʜʦʩʪʨʦʞʥʦʩʪʠ ʫ ʨʘʜʫ ʩʘ ˁʠʤʘ.  

ʂʦʨʘʢ 3: ɼʝʤʦʥʩʪʨʘʮʠʿʘ ʦʩʥʦʚʥʠʭ ʩʚʦʿʩʪʘʚʘ ʙʘʟʘ. ʅʘʩʪʘʚʥʠʢ ʧʦʤʦ˂ʫ ʣʘʢʤʫʩ ʭʘʨʪʠʿʝ ʠ 

ʫʥʠʚʝʨʟʘʣʥʝ ʠʥʜʠʢʘʪʦʨʩʢʝ ʭʘʨʪʠʿʝ ʠʩʧʠʪʫʿʝ ʩʚʦʿʩʪʚʘ ʨʘʩʪʚʦʨʘ NaOH, Ca(OH)2 ʠ NH3. 

ɼʝʬʠʥʠʰʝ ʧʦʿʘʤ ʙʘʟʘ ʠ ʦʙʘʿʰˁʘʚʘ ʜʘ ʿʝ ʨʘʩʪʚʦʨ ʘʤʦʥʠʿʘʢʘ ʙʘʟʘʥ ʿʝʨ ʩʫ OH
-
 ʿʦʥʠ ʫ ʨʘʩʪʚʦʨʫ 

ʥʘʩʪʘʣʠ ʫ ʨʝʘʢʮʠʿʠ ʠʟʤʝʹʫ ʤʦʣʝʢʫʣʘ ʘʤʦʥʠʿʘʢʘ ʠ ʚʦʜʝ.     

ʉʋʇʉʊɸʅʎɽ 

ɽʃɽʄɽʅʊʀ ɱɽɼʀɳɽɳɸ 

ʅɽʄɽʊɸʃʀ ʄɽʊɸʃʀ ʆʂʉʀɼʀ ʂʀʉɽʃʀʅɽ ɹɸɿɽ ʉʆʃʀ 

ʂʀʉɽʃʀ 

ʆʂʉʀɼʀ  

ʅɽʄɽʊɸʃɸ 

 

ʅɽʄɽ 

ɹɸɿʅʀ 

ʆʂʉʀɼʀ  

ʅɽʄɽʊɸʃɸ 

 

ʅɽʄɽ 

+ H2O 

+ H2O 

+ O2 

+ O2 

+  
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ʂʦʨʘʢ 4: ɼʝʬʠʥʠʩʘˁʝ pH-ʩʢʘʣʝ. ʅʘʩʪʘʚʥʠʢ ʜʝʬʠʥʠʰʝ pH-ʩʢʘʣʫ ʢʘʦ ʤʝʨʫ ʢʠʩʝʣʦʩʪʠ ʨʘʩʪʚʦʨʘ 

ʠ ʧʦʢʘʟʫʿʝ ʰʝʤʫ ʩʘ pH-ʚʨʝʜʥʦʩʪʠʤʘ ʫ ʢʠʩʝʣʦʿ, ʥʝʫʪʨʘʣʥʦʿ ʠ ʙʘʟʥʦʿ ʩʨʝʜʠʥʠ. 

ʂʦʨʘʢ 5: ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʨʘʜ ʧʦʣʘʟʥʠʢʘ: ʠʩʧʠʪʠʚʘˁʝ ʢʠʩʝʣʦ-ʙʘʟʥʠʭ ʩʚʦʿʩʪʘʚʘ ʨʘʟʣʠʯʠʪʠʭ 

ʧʨʠʨʦʜʥʠʭ ʠ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʧʨʦʠʟʚʦʜʘ ï ʦʜʨʝʹʠʚʘˁʝ pH-ʚʨʝʜʥʦʩʪʠ. ʇʦʣʘʟʥʠʮʠ ʫ ʧʘʨʦʚʠʤʘ 

ʧʦʤʦ˂ʫ ʫʥʠʚʝʨʟʘʣʥʝ ʠʥʜʠʢʘʪʦʨʩʢʝ ʭʘʨʪʠʿʝ ʠʩʧʠʪʫʿʫ ʢʠʩʝʣʦ-ʙʘʟʥʘ ʩʚʦʿʩʪʚʘ ʨʘʟʣʠʯʠʪʠʭ 

ʧʨʦʠʟʚʦʜʘ (ʩʦʥʘ ʢʠʩʝʣʠʥʘ, ʩʠʨ˂ʝ, ʩʦʢ ʣʠʤʫʥʘ, ʨʘʩʪʚʦʨ ʰʘʤʧʦʥʘ, ʨʘʩʪʚʦʨ ʩʘʧʫʥʘ, ʩʨʝʜʩʪʚʦ ʟʘ 

ʯʠʰ˂ʝˁʝ ʩʪʘʢʣʘ, ʩʨʝʜʩʪʚʦ ʟʘ ʦʪʧʫʰʘʚʘˁʝ ʢʘʥʘʣʠʟʘʮʠʦʥʠʭ ʮʝʚʠ...) ʠ ʙʝʣʝʞʝ pH-ʚʨʝʜʥʦʩʪʠ. 

ʂʦʨʘʢ 6: ʀʟʚʝʰʪʘʚʘˁʝ. ʅʘʿʧʨʝ ʩʚʘʢʠ ʧʘʨ ʫʧʠʩʫʿʝ ʨʝʟʫʣʪʘʪʝ ʜʦ ʢʦʿʠʭ ʿʝ ʜʦʰʘʦ ʫ ʨʘʜʫ ʫ 

ʟʘʿʝʜʥʠʯʢʫ ʪʘʙʝʣʫ ʥʘ ʪʘʙʣʠ, ʘ ʧʦʪʦʤ ʩʝ ʨʝʟʫʣʪʘʪʠ ʦʙʿʘʰˁʘʚʘʿʫ.   

ʂʦʨʘʢ 7: ɼʝʤʦʥʩʪʨʘʮʠʿʘ ʨʝʘʢʮʠʿʝ ʥʝʫʪʨʘʣʠʟʘʮʠʿʝ. ʅʘʩʪʘʚʥʠʢ ʜʝʤʦʥʩʪʨʠʨʘ ʠ ʦʙʿʘʰˁʘʚʘ 

ʨʝʘʢʮʠʿʫ ʥʝʫʪʨʘʣʠʟʘʮʠʿʝ ʠʟʤʝʹʫ ʭʣʦʨʦʚʦʜʦʥʠʯʥʝ ʢʠʩʝʣʠʥʝ ʠ ʥʘʪʨʠʿʫʤ-ʭʠʜʨʦʢʩʠʜʘ. ʅʘʢʦʥ 

ʪʦʛʘ ʦʙʿʘʰˁʘʚʘ ʧʨʘʢʪʠʯʥʫ ʧʨʠʤʝʥʫ ʦʚʝ ʨʝʘʢʮʠʿʝ ʫʟ ʦʩʪʚˀʘˁʝ ʧʨʦʩʪʦʨʘ ʠ ʧʦʜʩʪʠʮʘˁʝ 

ʧʦʣʘʟʥʠʢʘ ʜʘ ʥʘʚʝʜʫ ʧʨʠʤʝʨʝ ʠʟ ʩʚʦʛ ʠʩʢʫʩʪʚʘ. 

ʆʢʩʠʜʘʮʠʿʘ ʿʝ ʭʝʤʠʿʩʢʘ ʨʝʘʢʮʠʿʘ ʫ ʢʦʿʦʿ ʩʝ ʥʝʢʠ ʝʣʝʤʝʥʪ ʩʿʝʜʠˁʫʿʝ ʩʘ ʢʠʩʝʦʥʠʢʦʤ, ʘ 

ʥʘʩʪʘʣʦ ʿʝʜʠˁʝˁʝ ʥʘʟʠʚʘ ʩʝ ʦʢʩʠʜ.  

ʂʠʩʝʣʠʥʝ ʩʫ ʩʫʧʩʪʘʥʮʝ ʯʠʿʠ ʚʦʜʝʥʠ ʨʘʩʪʚʦʨʠ ʢʘʦ ʧʦʟʠʪʠʚʘʥ ʿʦʥ ʩʘʜʨʞʝ ʠʩʢˀʫʯʠʚʦ ʿʦʥ 

ʚʦʜʦʥʠʢʘ, H
+
. 

ɹʘʟʝ ʩʫ ʩʫʧʩʪʘʥʮʝ ʯʠʿʠ ʚʦʜʝʥʠ ʨʘʩʪʚʦʨʠ ʢʘʦ ʥʝʛʘʪʠʚʘʥ ʿʦʥ ʩʘʜʨʞʝ ʠʩʢˀʫʯʠʚʦ 

ʭʠʜʨʦʢʩʠʜʥʠ ʿʦʥ, OH
-
. 

ʅʝʫʪʨʘʣʠʟʘʮʠʿʘ ʿʝ ʭʝʤʠʿʩʢʘ ʨʝʘʢʮʠʿʘ ʠʟʤʝʹʫ ʢʠʩʝʣʠʥʘ ʠ ʙʘʟʘ ʫ ʢʦʿʦʿ ʥʘʩʪʘʿʝ ʚʦʜʘ ʠ ʩʦ: 

2H ( ) OH ( ) H O+ - ½½­+ «½½aq aq
 

ʉʦʣʠ ʩʫ ʿʦʥʩʢʘ ʿʝʜʠˁʝˁʘ ʠʟʛʨʘʹʝʥʘ ʦʜ ʢʘʪʿʦʥʘ (ʠʟ ʙʘʟʝ) ʠ ʘʥʿʦʥʘ (ʠʟ ʢʠʩʝʣʠʥʝ).
 

 

ʉ. ɸʥʪʠ˂, ʈ. ɱʘʥʢʦʚ, ɸ. ʇʝʰʠʢʘʥ, ʂʘʢʦ ʧʨʠʙʣʠʞʠʪʠ ʜʝʮʠ ʧʨʠʨʦʜʥʝ ʥʘʫʢʝ ʢʨʦʟ 

ʘʢʪʠʚʥʦ ʫʯʝˁʝ, ɿʙʠʨʢʘ ʩʮʝʥʘʨʠʿʘ, ʀʥʩʪʠʪʫʪ ʟʘ ʧʩʠʭʦʣʦʛʠʿʫ, ɹʝʦʛʨʘʜ, 2005 
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   ʊ4 

 

ɿʘʜʘʮʠ ʟʘ ʧʨʦʮʝʥʫ ʥʘʧʨʝʜʦʚʘˁʘ ʧʦʣʘʟʥʠʢʘ 

 

   II  T4.1. 

 

1. ʀʜʝʥʪʠʬʠʢʫʿʪʝ ʦʢʩʠʜʝ, ʢʠʩʝʣʠʥʝ, ʙʘʟʝ ʠ ʩʦʣʠ ʥʘ ʦʩʥʦʚʫ ʩʣʝʜʝ˂ʠʭ ʬʦʨʤʫʣʘ: NaCl, CaCO3, 

CO2, HNO3, KOH, N2O5, Ca(OH)2, HCl, NaOH, NaNO3, H2SO4, CaO, CuSO4
.
5H2O: 

ʘ) ʦʢʩʠʜʠ _________  ʙ) ʢʠʩʝʣʠʥʝ __________  ʚ) ʙʘʟʝ ___________  ʛ) ʩʦʣʠ ____________           

 

2. ɿʘʦʢʨʫʞʠʪʝ ʩʣʦʚʦ ʠʩʧʨʝʜ ʨʝʯʝʥʠʮʝ ʢʦʿʘ ʦʧʠʩʫʿʝ ʩʫʧʩʪʘʥʮʫ ʢʦʿʘ ʿʝ ʥʝʤʝʪʘʣ.  

a) ʇʨʦʠʟʚʦʜ ʦʢʩʠʜʘʮʠʿʝ ʩʫʧʩʪʘʥʮʝ A ʫ ʨʝʘʢʮʠʿʠ ʩʘ ʚʦʜʦʤ ʛʨʘʜʠ ʢʠʩʝʣʠʥʫ. 

ʙ) ʇʨʦʠʟʚʦʜ ʦʢʩʠʜʘʮʠʿʝ ʩʫʧʩʪʘʥʮʝ ɹ ʫ ʨʝʘʢʮʠʿʠ ʩʘ ʚʦʜʦʤ ʛʨʘʜʠ ʭʠʜʨʦʢʩʠʜ. 

ʚ) ʉʫʧʩʪʘʥʮʘ ɺ ʩʝ ʤʦʞʝ ʢʦʚʘʪʠ. 
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ʀʟʙʦʨ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʧʦʣʘʟʥʠʢʘ  

I T4.1. 

ʆʢʩʠʜʠ 

 

ʀʟ ʩʚʘʢʦʜʥʝʚʥʦʛ ʞʠʚʦʪʘ ʟʥʘʤʦ ʜʘ ʩʝ ʨʘʟʣʠʯʠʪʝ ʩʫʧʩʪʘʥʮʝ ʤʦʛʫ ʦʢʩʠʜʦʚʘʪʠ. ɻʚʦʞʹʝ 

ʨʹʘ, ʘ ʫʛˀʝʥʠʢ ʩʘʛʦʨʝʚʘ. ʋ ʧʨʚʦʤ ʩʣʫʯʘʿʫ ʛʚʦʞʹʝ ʩʝ ʩʿʝʜʠˁʫʿʝ ʩʧʦʨʦ ʩʘ ʢʠʩʝʦʥʠʢʦʤ, ʜʦʢ ʿʝ ʫ 

ʜʨʫʛʦʤ ʩʣʫʯʘʿʫ ʩʿʝʜʠˁʘʚʘˁʝ ʫʛˀʝʥʠʢʘ ʠ ʢʠʩʝʦʥʠʢʘ ʙʨʟʦ (ʧʨʠʣʠʢʦʤ ʩʘʛʦʨʝʚʘˁʘ ʫʛˀʘ 

ʦʩʣʦʙʘʹʘ ʩʝ ʪʦʧʣʦʪʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ, ʥʘ ʧʨʠʤʝʨ, ʟʘʛʨʝʚʘˁʝ ʜʦʤʘ˂ʠʥʩʪʚʘ).  

ʇʨʦʮʝʩ ʩʿʝʜʠˁʘʚʘˁʘ ʥʝʢʦʛ ʝʣʝʤʝʥʪʘ ʩʘ ʢʠʩʝʦʥʠʢʦʤ ʥʘʟʠʚʘ ʩʝ ʦʢʩʠʜʘʮʠʿʘ, ʘ ʥʘʩʪʘʣʦ 

ʿʝʜʠˁʝˁʝ ʦʢʩʠʜ. ʆʢʩʠʜʠ ʤʥʦʛʠʭ ʝʣʝʤʝʥʘʪʘ ʥʘʩʪʘʿʫ ʜʠʨʝʢʪʥʠʤ ʩʿʝʜʠˁʘʚʘˁʝʤ ʝʣʝʤʝʥʪʘ ʩʘ 

ʢʠʩʝʦʥʠʢʦʤ:  

            C + O2 ­ CO2                            S + O2 ­ SO2                                 2Mg + O2 ­ 2MgO 

ʆʢʩʠʜʠ ʤʦʛʫ ʥʘʩʪʘʪʠ ʠ ʧʨʠ ʩʘʛʦʨʝʚʘˁʫ ʥʝʢʠʭ ʿʝʜʠˁʝˁʘ. ʅʘ ʧʨʠʤʝʨ, ʤʝʪʘʥ, ʩʘʩʪʦʿʘʢ 

ʟʝʤʥʦʛ ʛʘʩʘ, ʩʘʛʦʨʝʚʘˁʝʤ ʜʘʿʝ ʫʛˀʝʥ-ʜʠʦʢʩʠʜ ʠ ʚʦʜʫ: CH4 + 2O2 ­ CO2 + 2H2O 

ʆʢʩʠʜʠ ʩʝ ʤʝʹʫʩʦʙʥʦ ʨʘʟʣʠʢʫʿʫ ʧʦ ʬʠʟʠʯʢʠʤ ʠ ʭʝʤʠʿʩʢʠʤ ʩʚʦʿʩʪʚʠʤʘ. ʆʥʠ ʩʝ ʤʦʛʫ 

ʥʘ˂ʠ ʫ ʩʚʘ ʪʨʠ ʘʛʨʝʛʘʪʥʘ ʩʪʘˁʘ. ɺʘʞʥʦ ʭʝʤʠʿʩʢʦ ʩʚʦʿʩʪʚʦ ʦʢʩʠʜʘ ʠʩʧʦˀʘʚʘ ʩʝ ʫ ʨʝʘʢʮʠʿʠ ʩʘ 

ʚʦʜʦʤ: ʥʝʢʠ ʫ ʨʝʘʢʮʠʿʠ ʩʘ ʚʦʜʦʤ ʛʨʘʜʝ ʢʠʩʝʣʠʥʝ, ʢʘʦ, ʥʘ ʧʨʠʤʝʨ:  

N2O5 + H2O  ­ 2HNO3   (ʿʝʜʥʘ ʦʜ ʨʝʘʢʮʠʿʘ ʦʜʛʦʚʦʨʥʠʭ ʟʘ Ăʢʠʩʝʣʝ ʢʠʰʝñ).  

ʅʝʢʠ ʦʢʩʠʜʠ ʩʘ ʚʦʜʦʤ ʛʨʘʜʝ ʙʘʟʝ, ʢʘʦ, ʥʘ ʧʨʠʤʝʨ:  

CaO + H2O ­ Ca(OH)2   (ʫ ʛʨʘʹʝʚʠʥʘʨʩʪʚʫ ʧʦʟʥʘʪʦ ʢʘʦ Ăʛʘʰʝˁʝ ʢʨʝʯʘñ).  

ʄʝʹʫʪʠʤ, ʥʝ ʨʝʘʛʫʿʫ ʩʚʠ ʦʢʩʠʜʠ ʩʘ ʚʦʜʦʤ. ʆʢʩʠʜʠ ʢʦʿʠ ʫ ʨʝʘʢʮʠʿʠ ʩ ʚʦʜʦʤ ʛʨʘʜʝ 

ʢʠʩʝʣʠʥʝ ʥʘʟʠʚʘʿʫ ʩʝ ʢʠʩʝʣʠ ʦʢʩʠʜʠ ʠ ʪʦ ʩʫ: CO2, SO2, SO3, N2O5, P2O5. ʆʢʩʠʜʠ ʢʦʿʠ ʫ 

ʨʝʘʢʮʠʿʠ ʩʘ ʚʦʜʦʤ ʛʨʘʜʝ ʙʘʟʝ ʥʘʟʠʚʘʿʫ ʩʝ ʙʘʟʥʠ ʦʢʩʠʜʠ ʠ ʪʦ ʩʫ: Na2O, MgO, CaO. ʇʦʨʝʜ ʦʚʠʭ 

ʦʢʩʠʜʘ ʧʦʩʪʦʿʝ ʘʤʬʦʪʝʨʥʠ ʦʢʩʠʜʠ ʢʦʿʠ ʧʦʢʘʟʫʿʫ ʩʚʦʿʩʪʚʘ ʠ ʢʠʩʝʣʠʥʘ ʠ ʙʘʟʘ, ʟʘʚʠʩʥʦ ʦʜ 

ʜʨʫʛʦʛ ʨʝʘʢʪʘʥʪʘ (Al 2O3). ʏʝʪʚʨʪʘ ʛʨʫʧʘ ʦʢʩʠʜʘ ʿʝʩʫ ʥʝʫʪʨʘʣʥʠ ʦʢʩʠʜʠ ʢʦʿʠ ʥʝ ʧʦʢʘʟʫʿʫ 

ʥʘʚʝʜʝʥa ʩʚʦʿʩʪʘʚʘ. ʊʘʢʘʚ ʦʢʩʠʜ ʿʝ ʚʝʦʤʘ ʦʪʨʦʚʘʥ ʛʘʩ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜ, CO. ʇʨʦʥʘʹʠʪʝ ʥʘ 

ʀʥʪʝʨʥʝʪʫ ʧʦʜʘʪʢʝ ʦ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʫ.   

 

ʂʠʩʝʣʠʥʝ ʠ ʙʘʟʝ 

 

ʂʠʩʝʣʠʥʝ ʠ ʙʘʟʝ ʩʫ 

ʿʝʜʠˁʝˁʘ ʢʦʿʘ ʩʫ ʜʝʦ ʥʘʰʝ 

ʩʚʘʢʦʜʥʝʚʠʮʝ. ɺʝ˂ʠʥʘ ʚʦ˂ʘ ʠ 

ʧʦʚʨ˂ʘ ʢʦʿʝ ʢʦʨʠʩʪʠʤʦ ʫ ʠʩʭʨʘʥʠ 

ʩʫ ʙʣʘʛʦ ʢʠʩʝʣʠ. ʂʦʨʠʩʪʠʤʦ ʩʠʨ˂ʝ 

ʢʘʦ ʟʘʯʠʥ ʟʘ ʩʘʣʘʪʝ, ʧʠʿʝʤʦ ʩʦʢʦʚʝ 

ʢʦʿʠ ʩʘʜʨʞʝ ʣʠʤʫʥʩʢʫ ʢʠʩʝʣʠʥʫ 

(ʩʣʠʢʘ 4.1), ʿʦʛʫʨʪ ʢʦʿʠ ʩʘʜʨʞʠ 

ʤʣʝʯʥʫ ʢʠʩʝʣʠʥʫ (ʩʣʠʢʘ 4.2).  

 

 

 

ʉʣʠʢʘ 4.1. ɺʦ˂ʝ ʢʘʦ ʠʟʚʦʨ 

ʣʠʤʫʥʩʢʝ ʢʠʩʝʣʠʥʝ, ʤʦʜʝʣ 

ʤʦʣʝʢʫʣʘ ʠ ʩʪʨʫʢʪʫʨʥʘ 

ʬʦʨʤʫʣʘ ʣʠʤʫʥʩʢʝ ʢʠʩʝʣʠʥʝ. 
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ʉʣʠʢʘ 4.2. ɱʦʛʫʨʪ ʩʘʜʨʞʠ 

ʤʣʝʯʥʫ ʢʠʩʝʣʠʥʫ; 

ʩʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ 

ʤʦʣʝʢʫʣʘ ʤʣʝʯʥʝ ʢʠʩʝʣʠʥʝ. 
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ʉʣʠʢʘ 4.5. ʇʦʥʘʰʘˁʝ ʢʠʩʝʣʠʥʝ ʠ 

ʙʘʟʝ ʫ ʚʦʜʠ. 

ʉʣʠʢʘ 4.4. ʂʠʩʝʣʝ ʢʠʰʝ ʩʫ ʧʨʦʙʣʝʤ 
ʢʦʿʠ ʫʛʨʦʞʘʚʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. 

 

 

 

                                 

  

ʈʘʟʣʠʯʠʪʘ ʩʨʝʜʩʪʚʘ ʟʘ ʦʜʨʞʘʚʘˁʝ ʭʠʛʠʿʝʥʝ ʩʫ ʢʠʩʝʣʠʥʝ ʠʣʠ ʙʘʟʝ                                  

(ʩʣʠʢʘ 4.3).  

 

 

ʇʨʦʙʣʝʤ ʚʠʰʢʘ ʩʪʦʤʘʯʥʝ ʢʠʩʝʣʠʥʝ ʫʙʣʘʞʘʚʘ ʩʝ 

ʧʨʝʧʘʨʘʪʠʤʘ ʢʦʿʠ ʩʘʜʨʞʝ ʙʘʟʝ ʢʘʦ ʰʪʦ ʩʫ ʘʣʫʤʠʥʠʿʫʤ-

ʭʠʜʨʦʢʩʠʜ ʠʣʠ ʤʘʛʥʝʟʠʿʫʤ-ʭʠʜʨʦʢʩʠʜ. 

ʂʠʩʝʣʝ ʢʠʰʝ ʩʫ ʧʨʦʙʣʝʤ ʢʦʿʠ ʫʛʨʦʞʘʚʘ ʞʠʚʦʪʥʫ 

ʩʨʝʜʠʥʫ ʫ ʠʥʜʫʩʪʨʠʿʘʣʠʟʦʚʘʥʠʤ ʟʝʤˀʘʤʘ (ʩʣʠʢʘ 4.4). 

ʈʝʰʘʚʘˁʝ ʪʦʛ ʜʝʣʘ ʧʨʦʙʣʝʤʘ ʟʘʛʘʹʠʚʘˁʘ ʚʘʟʜʫʭʘ, ʚʦʜʝ ʠ 

ʟʝʤˀʠʰʪʘ ʙʘʟʠʨʘ ʩʝ ʥʘ ʟʥʘˁʫ ʩʚʦʿʩʪʘʚʘ ʢʠʩʝʣʠʥʘ ʠ ʙʘʟʘ. 

ʅʝʢʝ ʢʠʩʝʣʠʥʝ (ʥʝ ʩʚʝ) ʥʘʩʪʘʿʫ ʫ ʨʝʘʢʮʠʿʠ ʠʟʤʝʹʫ 

ʢʠʩʝʣʠʭ ʦʢʩʠʜʘ ʠ ʚʦʜʝ (ʪʘʙʝʣʘ 4.1). ʅʝʢʝ ʙʘʟʝ (ʥʝ ʩʚʝ) ʥʘʩʪʘʿʫ 

ʫ ʨʝʘʢʮʠʿʠ ʠʟʤʝʹʫ ʙʘʟʥʠʭ ʦʢʩʠʜʘ ʠ ʚʦʜʝ. ʋ ʪʘʙʝʣʠ 4.2. 

ʥʘʚʝʜʝʥʠ ʩʫ ʥʘʟʠʚʠ ʠ ʬʦʨʤʫʣʝ ʥʝʢʠʭ ʙʘʟʘ. 

 

ʊʘʙʝʣʘ 4.1. ʅʘʟʠʚʠ ʠ ʬʦʨʤʫʣʝ ʥʝʢʠʭ ʢʠʩʝʣʠʥʘ. 
 ʊʘʙʝʣʘ 4.2. ʅʘʟʠʚʠ ʠ ʬʦʨʤʫʣʝ ʥʝʢʠʭ 

ʙʘʟʘ. 

ʅʘʟʠʚ ʢʠʩʝʣʠʥʝ ʌʦʨʤʫʣʘ 
ʅʘʟʠʚ ʩʦʣʠ ʢʦʿʝ 

ʛʨʘʜʝ 

 
ʅʘʟʠʚ ʙʘʟʝ ʌʦʨʤʫʣʘ 

ʍʣʦʨʦʚʦʜʦʥʠʯʥʘ HCl ʭʣʦʨʠʜʠ  ʥʘʪʨʠʿʫʤ-ʭʠʜʨʦʢʩʠʜ NaOH 

ʉʫʤʧʦʨʥʘ H2SO4 ʩʫʣʬʘʪʠ  ʢʘʣʠʿʫʤ-ʭʠʜʨʦʢʩʠʜ KOH 

ɸʟʦʪʥʘ HNO3 ʥʠʪʨʘʪʠ  ʤʘʛʥʝʟʠʿʫʤ-ʭʠʜʨʦʢʩʠʜ Mg(OH)2 

ʌʦʩʬʦʨʥʘ H3PO4 ʬʦʩʬʘʪʠ  ʢʘʣʮʠʿʫʤ-ʭʠʜʨʦʢʩʠʜ Ca(OH)2 

ʋʛˀʝʥʘ H2CO3 ʢʘʨʙʦʥʘʪʠ  ʘʤʦʥʠʿʘʢ NH3 

 

ʂʠʩʝʣʠʥʝ ʩʫ ʩʫʧʩʪʘʥʮʝ ʯʠʿʠ ʚʦʜʝʥʠ ʨʘʩʪʚʦʨʠ ʩʘʜʨʞʝ ʢʘʦ ʧʦʟʠʪʠʚʥʝ ʿʦʥʝ ʠʩʢˀʫʯʠʚʦ 

ʅ
+
 ʿʦʥʝ. ɹʘʟʝ ʩʫ ʩʫʧʩʪʘʥʮʝ ʯʠʿʠ ʚʦʜʝʥʠ ʨʘʩʪʚʦʨʠ ʩʘʜʨʞʝ ʢʘʦ ʥʝʛʘʪʠʚʥʝ ʿʦʥʝ ʠʩʢˀʫʯʠʚʦ 

ʭʠʜʨʦʢʩʠʜʥʝ, ʆʅ
-
, ʿʦʥʝ (ʩʣʠʢʘ 4.5).   

 

ʂʘʢʦ ʠʩʧʠʪʘʪʠ ʜʘ ʣʠ ʿʝ ʥʝʢʘ ʩʫʧʩʪʘʥʮʘ ʢʠʩʝʣʠʥʘ 

ʠʣʠ ʙʘʟʘ? 

 

ʇʨʦʙʘˁʝ ʫʢʫʩʘ ʿʝ ʚʝʦʤʘ ʦʧʘʩʥʦ, ʿʝʨ ʩʫ ʥʝʢʝ 

ʢʠʩʝʣʠʥʝ ʦʪʨʦʚʥʝ, ʘ ʚʝ˂ʠʥʘ ʤʦʞʝ ʠʟʘʟʚʘʪʠ ʦʰʪʝ˂ʝˁʘ 

ʪʢʠʚʘ.  ɿʘ ʫʪʚʨʹʠʚʘˁʝ ʜʘ ʣʠ ʿʝ ʥʝʢʘ ʩʫʧʩʪʘʥʮʘ 

ʢʠʩʝʣʠʥʘ ʠʣʠ ʙʘʟʘ ʢʦʨʠʩʪʝ ʩʝ ʩʫʧʩʪʘʥʮʝ ʢʦʿʝ ʤʝˁʘʿʫ 

ʙʦʿʫ ʫ ʢʠʩʝʣʦʿ, ʦʜʥʦʩʥʦʿ ʙʘʟʥʦʿ ʩʨʝʜʠʥʠ. ʆʚʝ 

ʉʣʠʢʘ 4.3. ʉʨʝʜʩʪʘʚʘ 

ʟʘ ʭʠʛʠʿʝʥʫ. 
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ʩʫʧʩʪʘʥʮʝ ʩʝ ʿʝʜʥʠʤ ʠʤʝʥʦʤ ʥʘʟʠʚʘʿʫ 

ʠʥʜʠʢʘʪʦʨʠ. ɱʝʜʘʥ ʦʜ ʠʥʜʠʢʘʪʦʨʘ ʿʝ 

ʣʘʢʤʫʩ. ʋ ʢʠʩʝʣʦʿ ʩʨʝʜʠʥʠ ʧʣʘʚʘ 

ʣʘʢʤʫʩ ʭʘʨʪʠʿʘ ʤʝˁʘ ʙʦʿʫ ʫ ʮʨʚʝʥʦ, ʘ ʫ 

ʙʘʟʥʦʿ ʩʨʝʜʠʥʠ ʮʨʚʝʥʘ ʣʘʢʤʫʩ ʭʘʨʪʠʿʘ 

ʧʦʩʪʘʿʝ ʧʣʘʚʘ (ʩʣʠʢʘ 4.6). ʇʦʤʦ˂ʫ 

ʣʘʢʤʫʩ ʭʘʨʪʠʿʝ ʤʦʞʝ ʩʝ ʜʦʢʘʟʘʪʠ ʠ 

ʢʠʩʝʣʦʩʪ ʚʦ˂ʘ (ʩʣʠʢʘ 4.7).    

 

ɽʥʛʣʝʩʢʠ ʥʘʫʯʥʠʢ ʈʦʙʝʨʪ ɹʦʿʣ (Robert Boyle, 1627-1691) ʧʨʚʠ ʿʝ ʫʧʦʪʨʝʙˀʘʚʘʦ ʥʝʢʝ ʩʫʧʩʪʘʥʮʝ ʟʘ 

ʜʦʢʘʟʠʚʘˁʝ ʢʠʩʝʣʠʥʘ ʠ ʙʘʟʘ. ɻʦʜʠʥʝ 1663. ʟʘʧʘʟʠʦ ʿʝ ʜʘ ʨʘʩʪʚʦʨʠ ʜʦʙʠʿʝʥʠ ʢʫʚʘˁʝʤ ʥʝʢʠʭ ʮʚʝʪʦʚʘ (ʥʘ ʧʨʠʤʝʨ, 

ˀʫʙʠʯʠʮʝ) ʜʘʿʫ ʨʘʟʣʠʯʠʪʫ ʙʦʿʫ ʫ ʢʠʩʝʣʠʥʘʤʘ ʠ ʙʘʟʘʤʘ. ʅʝʢʦʣʠʢʦ ʛʦʜʠʥʘ ʢʘʩʥʠʿʝ (1667) ɹʦʿʣ ʿʝ ʥʘʢʚʘʩʠʦ ʮʝʜʠʣʦ 

ʨʘʩʪʚʦʨʦʤ ʪʨʦʧʩʢʦʛ ʣʠʰʘʿʘ ï ʣʘʢʤʫʩʘ, ʪʝ ʿʝ ʪʘʢʦ ʧʨʚʠ ʢʦʨʠʩʪʠʦ ʠʥʜʠʢʘʪʦʨʩʢʫ ʭʘʨʪʠʿʫ.  

ʇʨʠʨʦʜʥʠ ʠʥʜʠʢʘʪʦʨʠ, ʧʦʨʝʜ ʣʘʢʤʫʩʘ ʠ ˀʫʙʠʯʠʮʝ, ʥʘʣʘʟʝ ʩʝ ʫ ʮʨʚʝʥʦʿ ˀʫʩʮʠ ʿʘʙʫʢʝ, ʫ ʮʚʝʢʣʠ, 

ʿʘʛʦʜʘʤʘ, ʮʨʚʝʥʦʤ ʢʫʧʫʩʫ, ʮʨʚʝʥʠʤ ʪʨʝʰˁʘʤʘ, ʩʦʢʫ ʛʨʦʞʹʘ, ʮʨʚʝʥʦʤ ʣʫʢʫ, ˀʫʩʮʠ ʰˀʠʚʝ, ʧʘʪʣʠ˅ʘʥʫ, ʠʪʜ. 

  

ʂʠʩʝʣʠʥʝ ʠ ʙʘʟʝ ʤʝʹʫʩʦʙʥʦ ʩʝ ʥʝʫʪʨʘʣʠʰʫ, ʪʿ. ʫ ʤʝʹʫʩʦʙʥʦʿ ʨʝʘʢʮʠʿʠ ʢʠʩʝʣʠʥʘ ʠ ʙʘʟʘ 

ʩʧʘʿʘʿʫ ʩʝ ʅ
+
 ʠ ʆʅ

-
 ʿʦʥʠ ʠ ʛʨʘʜʝ ʤʦʣʝʢʫʣʝ ʚʦʜʝ ʅ2ʆ. ʋ ʦʚʦʿ ʨʝʘʢʮʠʿʠ, ʢʦʿʘ ʩʝ ʥʘʟʠʚʘ 

ʥʝʫʪʨʘʣʠʟʘʮʠʿʘ, ʥʘʩʪʘʿʫ ʿʦʰ ʠ ʩʦʣʠ.     

ʇʨʝʛʣʝʜ ʩʚʦʿʩʪʘʚʘ ʢʠʩʝʣʠʥʘ ʠ ʙʘʟʘ ʜʘʪ ʿʝ ʫ ʪʘʙʝʣʠ 4.3. 

 

ʊʘʙʝʣʘ 4.3. ʋʧʦʨʝʜʥʠ ʧʨʠʢʘʟ ʩʚʦʿʩʪʘʚʘ ʢʠʩʝʣʠʥʘ ʠ ʙʘʟʘ. 

ʉʚʦʿʩʪʚʘ ʢʠʩʝʣʠʥʘ ʉʚʦʿʩʪʚʘ ʙʘʟʘ 

ʂʠʩʝʣʠ ʫʢʫʩ. ʃʫʞʘʩʪ ʫʢʫʩ (ʢʘʦ ʩʘʧʫʥ). 

ʄʝˁʘ ʙʦʿʫ ʧʣʘʚʝ ʣʘʢʤʫʩ ʭʘʨʪʠʿʝ ʫ ʮʨʚʝʥʦ. ʄʝˁʘ ʙʦʿʫ ʮʨʚʝʥʝ ʣʘʢʤʫʩ ʭʘʨʪʠʿʝ ʫ ʧʣʘʚʦ. 

ʈʝʘʛʫʿʫ (ʥʝʫʪʨʘʣʠʰʫ ʩʝ) ʩʘ ʙʘʟʘʤʘ. ʈʝʘʛʫʿʫ 

ʩʘ ʥʝʢʠʤ ʤʝʪʘʣʠʤʘ ʫʟ ʠʟʜʚʘʿʘˁʝ ʚʦʜʦʥʠʢʘ. 

ʈʝʘʛʫʿʫ ʩʘ ʢʘʨʙʦʥʘʪʠʤʘ ʠ ʙʠʢʘʨʙʦʥʘʪʠʤʘ 

(ʩʦʣʠ ʫʛˀʝʥʝ ʢʠʩʝʣʠʥʝ) ï ʚʠʜ ʧʨʘʢʪʠʯʥʝ 

ʧʨʠʤʝʥʝ ʟʘ ʩʢʠʜʘˁʝ ʢʘʤʝʥʮʘ. 

ʈʝʘʛʫʿʫ (ʥʝʫʪʨʘʣʠʰʫ ʩʝ) ʩʘ ʢʠʩʝʣʠʥʘʤʘ. 

 

ʐʪʘ ʿʝ pH ʚʨʝʜʥʦʩʪ?  

 

pH (ʯʠʪʘ ʩʝ ʧʝ-ʭʘ) ʛʦʚʦʨʠ ʦ ʢʠʩʝʣʦʩʪʠ ʨʘʩʪʚʦʨʘ. ɸʢʦ ʿʝ ʨʘʩʪʚʦʨ ʢʠʩʝʦ, pH ʠʤʘ 

ʚʨʝʜʥʦʩʪʠ ʤʘˁʫ ʦʜ 7, ʘ ʙʨʦʿ H
+
 ʿʦʥʘ ʫ ʨʘʩʪʚʦʨʫ ʿʝ ʚʝ˂ʠ ʦʜ ʙʨʦʿʘ ʆH

-
 ʿʦʥʘ. ɸʢʦ ʫ ʨʘʩʪʚʦʨʫ ʠʤʘ 

ʚʠʰʝ ʆH
-
 ʿʦʥʘ ʥʝʛʦ H

+
 ʿʦʥʘ, ʨʘʩʪʚʦʨ ʿʝ ʙʘʟʘʥ, ʘ pH ʪʘʢʚʦʛ ʨʘʩʪʚʦʨʘ ʿʝ ʚʝ˂ʝ ʦʜ 7. ʈʘʩʪʚʦʨ ʢʦʿʠ 

ʠʤʘ ʿʝʜʥʘʢ ʙʨʦʿ H
+
 ʠ ʆH

-
 ʿʦʥʘ ʿʝ ʥʝʫʪʨʘʣʘʥ, ʪʿ. ʥʝʤʘ ʥʠ ʢʠʩʝʣʘ ʥʠ ʙʘʟʥʘ ʩʚʦʿʩʪʚʘ. ʊʘʜʘ ʿʝ 

pH=7. 

pH ʩʝ ʤʦʞʝ ʣʘʢʦ ʠ ʙʨʟʦ ʦʜʨʝʜʠʪʠ ʫʥʠʚʝʨʟʘʣʥʦʤ ʠʥʜʠʢʘʪʦʨʩʢʦʤ ʭʘʨʪʠʿʦʤ. 

ʋʥʠʚʝʨʟʘʣʥʘ ʠʥʜʠʢʘʪʦʨʩʢʘ ʭʘʨʪʠʿʘ ʩʝ ʜʦʙʠʿʘ ʪʘʢʦ ʰʪʦ ʩʝ ʫʩʢʘ ʪʨʘʢʘ ʬʠʣʪʝʨ-ʭʘʨʪʠʿʝ ʪʨʝʪʠʨʘ 

ʨʘʩʪʚʦʨʦʤ ʩʤʝʰʝ ʨʘʟʣʠʯʠʪʠʭ ʠʥʜʠʢʘʪʦʨʘ. ʄʝʨʥʦ ʧʦʜʨʫʯʿʝ ʫʥʠʚʝʨʟʘʣʥʝ ʠʥʜʠʢʘʪʦʨʩʢʝ 

ʭʘʨʪʠʿʝ ʠʟʥʦʩʠ ʦʜ 0 ʜʦ 14 pH ʿʝʜʠʥʠʮʘ. ʅʘ ʢʫʪʠʿʠ ʫʥʠʚʝʨʟʘʣʥʦʛ ʠʥʜʠʢʘʪʦʨʘ ʥʘʣʘʟʠ ʩʝ 

ʦʙʦʿʝʥʘ ʩʢʘʣʘ ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ pH. 

ʅʘʯʠʥ ʦʜʨʝʹʠʚʘˁʘ pH ʿʝ ʚʝʦʤʘ ʿʝʜʥʦʩʪʘʚʘʥ. ʋʥʠʚʝʨʟʘʣʥʠ ʠʥʜʠʢʘʪʦʨ ʩʝ ʟʘʨʦʥʠ ʧʘʨ 

ʉʣʠʢʘ 4.6. ɹʦʿʘ ʣʘʢʤʫʩ ʭʘʨʪʠʿʝ ʫ 

ʢʠʩʝʣʦʿ ʠ ʙʘʟʥʦʿ ʩʨʝʜʠʥʠ. 

ʉʣʠʢʘ 4.7. ʇʣʘʚʘ 

ʣʘʢʤʫʩ ʭʘʨʪʠʿʘ ʤʝˁʘ 

ʙʦʿʫ ʫ ʮʨʚʝʥʦ ʫ 

ʧʨʠʩʫʩʪʚʫ ʣʠʤʫʥʩʢʝ 

ʢʠʩʝʣʠʥʝ. 
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ʤʠʥʫʪʘ ʫ ʨʘʩʪʚʦʨ,  ʠʟʚʘʜʠ ʠ ʩʘʯʝʢʘ ʢʦʿʠ ʪʨʝʥʫʪʘʢ ʜʘ ʩʝ ʧʘʧʠʨ 

ʦʩʫʰʠ. ʅʘ ʢʨʘʿʫ ʩʝ ʫʧʦʨʝʜʠ ʧʨʦʤʝʥʘ ʙʦʿʝ ʥʘ ʧʘʧʠʨʫ ʩʘ ʙʦʿʘʤʘ 

ʥʘ ʩʢʘʣʠ. ʊʘʤʦ ʛʜʝ ʩʝ ʙʦʿʝ ʩʣʘʞʫ ʧʨʦʯʠʪʘ ʩʝ ʥʘ ʩʢʘʣʠ pH-

ʚʨʝʜʥʦʩʪ ʨʘʩʪʚʦʨʘ. ɸʢʦ ʩʝ, ʥʘ ʧʨʠʤʝʨ, ʙʦʿʘ ʫʥʠʚʝʨʟʘʣʥʝ 

ʠʥʜʠʢʘʪʦʨʩʢʝ ʪʨʘʢʝ ʧʦʜʫʜʘʨʘ ʩʘ ʙʦʿʦʤ ʢʦʿʘ ʿʝ ʥʘ ʩʢʘʣʠ 

ʦʟʥʘʯʝʥʘ ʩʘ ʙʨʦʿʝʤ 4, ʦʥʜʘ ʿʝ pH=4 (ʩʣʠʢʘ 4.8). 

 

ʉʦʣʠ 

 

ʂʘʜʘ ʩʝ ʢʘʞʝ ʩʦ, ʧʨʚʘ ʘʩʦʮʠʿʘʮʠʿʘ ʿʝ ʢʫʭʠˁʩʢʫ ʩʦ, 

NaCl. ʄʝʹʫʪʠʤ, ʢʘʜʘ ʩʝ ʫ ʭʝʤʠʿʠ ʢʘʞʝ ʩʦ ʤʠʩʣʠ ʩʝ ʥʘ ʚʝʣʠʢʫ 

ʛʨʫʧʫ ʿʦʥʩʢʠʭ ʿʝʜʠˁʝˁʘ. ʉʦʣʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʝʣʠʢʠ ʜʝʦ 

ɿʝʤˀʠʥʝ ʢʦʨʝ, ʨʘʩʧʨʦʩʪʨʘˁʝʥʝ ʩʫ ʫ ʚʠʜʫ ʩʪʝʥʘ, ʤʠʥʝʨʘʣʘ, 

ʨʫʜʘ. ʊʘʢʦʹʝ, ʫ ʚʝ˂ʠʤ ʢʦʣʠʯʠʥʘʤʘ ʨʘʩʪʚʦʨʝʥʝ ʩʫ ʫ ʤʦʨʩʢʦʿ 

ʚʦʜʠ (ʨʘʩʪʚʦʨʝʥʝ ʩʫ ʠ ʫ ʚʦʜʠ ʢʦʿʫ ʩʚʘʢʦʜʥʝʚʥʦ ʧʠʿʝʤʦ, ʜʘʿʫ 

ʿʦʿ ʫʢʫʩ, ʘ ʙʝʟ ˁʠʭ ʚʦʜʘ ʙʠ ʙʠʣʘ ʙˀʫʪʘʚʘ). ɹʠˀʢʝ ʢʘʦ 

ʭʨʘʥˀʠʚʝ ʩʫʧʩʪʘʥʮʝ ʢʦʨʠʩʪʝ ʨʘʩʪʚʦʨˀʠʚʝ ʩʦʣʠ ʠʟ ʟʝʤˀʠʰʪʘ ʠʣʠ ʫ ʚʠʜʫ ʚʝʰʪʘʯʢʠʭ ʹʫʙʨʠʚʘ. 

ʏʦʚʝʢʫ ʩʫ, ʪʘʢʦʹʝ, ʟʘ ʥʦʨʤʘʣʘʥ ʨʘʩʪ ʠ ʨʘʟʚʦʿ ʧʦʪʨʝʙʥʝ ʨʘʟʣʠʯʠʪʝ ʩʦʣʠ. ʉʦʣʠ ʩʝ ʢʦʨʠʩʪʝ ʫ 

ʤʥʦʛʠʤ ʩʬʝʨʘʤʘ ʞʠʚʦʪʘ (ʪʘʙʝʣʘ 4.4). 

ʉʦʣʠ ʩʝ ʜʝʬʠʥʠʰʫ ʢʘʦ ʿʝʜʠˁʝˁʘ ʫ ʯʠʿʠʤ ʚʦʜʝʥʠʤ ʨʘʩʪʚʦʨʠʤʘ ʧʦʩʪʦʿʝ ʧʦʟʠʪʠʚʥʠ ʿʦʥʠ 

ʤʝʪʘʣʘ ʠ ʥʝʛʘʪʠʚʥʠ ʿʦʥʠ ʢʠʩʝʣʠʥʩʢʦʛ ʦʩʪʘʪʢʘ.  

ʋ ʪʘʙʝʣʠ 4.4. ʥʘʚʝʜʝʥʠ ʩʫ ʥʘʟʠʚʠ ʠ ʬʦʨʤʫʣʝ ʩʦʣʠ.  

 

ʊʘʙʝʣʘ 4.4. ʅʘʟʠʚʠ ʠ ʬʦʨʤʫʣʝ ʩʦʣʠ. 

ʅʘʟʠʚʠ ʩʦʣʠ 
ʌʦʨʤʫʣʝ 

ʩʦʣʠ 

ʋʧʦʪʨʝʙʘ/ʫʣʦʛʘ 

ʥʘʪʨʠʿʫʤ-ʭʣʦʨʠʜ NaCl 
ɿʘ ʠʩʭʨʘʥʫ, ʢʘʦ ʬʠʟʠʦʣʦʰʢʠ ʨʘʩʪʚʦʨ, ʟʘ ʧʨʦʠʟʚʦʜˁʫ 

ʭʣʦʨʘ, HCl ʠ ʿʝʜʠˁʝˁʘ ʥʘʪʨʠʿʫʤʘ.  

ʥʘʪʨʠʿʫʤ-ʥʠʪʨʘʪ NaNO3 ɿʘ ʧʨʦʠʟʚʦʜˁʫ ʚʝʰʪʘʯʢʠʭ ʹʫʙʨʠʚʘ, HNʆ3, H2Sʆ4. 

ʥʘʪʨʠʿʫʤ-ʢʘʨʙʦʥʘʪ Na2CO3 ʋ ʬʘʙʨʠʢʘʤʘ ʩʪʘʢʣʘ, ʩʘʧʫʥʘ, ʫ ʪʝʢʩʪʠʣʥʦʿ ʠʥʜʫʩʪʨʠʿʠ. 

ʥʘʪʨʠʿʫʤ-

ʭʠʜʨʦʛʝʥʢʘʨʙʦʥʘʪ  

(ʩʦʜʘ ʙʠʢʘʨʙʦʥʘ) 

NaHCO3 

ɿʘ ʥʘʨʘʩʪʘˁʝ ʪʝʩʪʘ - ʩʘʩʪʦʿʘʢ Ăʇʨʘʰʢʘ ʟʘ ʧʝʮʠʚʦñ 

ʢʘʣʮʠʿʫʤ-ʢʘʨʙʦʥʘʪ CaCO3 
ʂʘʦ ʛʨʘʹʝʚʠʥʩʢʠ ʤʘʪʝʨʠʘʿʣ, ʟʘ ʜʦʙʠʿʘˁʝ ʥʝʛʘʰʝʥʦʛ 

ʢʨʝʯʘ CaO, ʦʜʥʦʩʥʦ ʛʘʰʝʥʦʛ ʢʨʝʯʘ Ca(OH)2. 

ʢʘʣʮʠʿʫʤ-ʩʫʣʬʘʪ CaSO4 ʂʘʦ ʛʨʘʹʝʚʠʥʩʢʠ ʤʘʪʝʨʠʿʘʣ ï ʛʠʧʩ. 

ʢʘʣʮʠʿʫʤ-ʬʦʩʬʘʪ Ca3(PO4)2 ʋ ʠʟʛʨʘʜˁʠ ʢʦʩʪʠʿʫ. 

ʙʘʢʘʨ(II)-ʩʫʣʬʘʪ 

ʧʝʥʪʘʭʠʜʨʘʪ (ʧʣʘʚʠ 

ʢʘʤʝʥ) 

CuSO4 5H2O 

ɿʘ ʧʨʩʢʘˁʝ ʚʠʥʦʚʝ ʣʦʟʝ, ʟʘ ʜʦʙʠʿʘˁʝ ʜʨʫʛʠʭ ʿʝʜʠˁʝˁʘ 

ʙʘʢʨʘ. 

 

ɺʝ˂ʠʥʘ ʩʦʣʠ ʜʦʙʠʿʘ ʩʝ ʨʝʘʢʮʠʿʦʤ ʢʦʿʘ ʩʝ ʥʘʟʠʚʘ ʥʝʫʪʨʘʣʠʟʘʮʠʿʘ. ʏʝʩʪʦ ʫ 

ʩʚʘʢʦʜʥʝʚʥʦʤ ʞʠʚʦʪʫ ʯʫʿʝʤʦ ʜʘ ʩʝ ʥʝʰʪʦ ʥʝʫʪʨʘʣʠʰʝ. ʋ ʭʝʤʠʿʠ ʪʦ ʟʥʘʯʠ ʜʘ ʤʝʹʫʩʦʙʥʦ 

ʨʝʘʛʫʿʫ ʢʠʩʝʣʠʥʝ ʠ ʙʘʟʝ. ʂʘʜʘ ʧʦʤʝʰʘʤʦ ʢʠʩʝʣʠʥʫ ʠ ʙʘʟʫ, ʨʝʘʛʫʿʫ H
+
 ʿʦʥʠ ʩʘ ʆH

-
 ʿʦʥʠʤʘ ʠ 

ʉʣʠʢʘ 4.8.ʋʥʠʚʝʨʟʘʣʥʠ ʠʥʜʠʢʘʪʦʨ. 


